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VJIK 621.313.322-82

C. @. APTIOX, n-p texH. Hayk, npod. HTY «XIT1»
O. . YPMAHOB, nupexrop Kackag Kuesckux 'DC-I'ADC

CTATUCTUYECKHI AHAJIN3 OTKA30B JIEKTPOOBOPY-
JOBAHUA HA THJAPOJJIEKTPOCTAHINUAX KACKAIA
KHEBCKHUX I'SC-T'A2C

B cratbe paccMOTpeHBI pe3ynbTaThl CTATHCTHUECKOrO aHalinM3a OTKa3a JJIeKTPHYECKOro u
SHEPreTHYecKoro o0opyaoBanusi ruapodnekTpocranuuii Kackama KwueBckux I'EC-I'ADC. Ha
OCHOBE ATOT0 aHaJM3a C/IeJlaHbl BBIBOJBI O HEOOXOANMON MOJECPHHU3ALUU 3TOr0 00OPYAOBAHUS U
HaNpaBJICHHUSAX €ro KOHCTPYKTHBHBIX JOpabOTOK W  coOBeplueHCTBOBaHMM. ['paduueckue
pe3ysbTaThl aHAIN3a MOTYT CIY)KUTh B JAJIbHEHIIIEM UX aHAJIMTUYECKOT O BHIPAXKEHUSI.

V cTaTTi pO3MIHYTI Pe3yNbTaTH CTATHCTHYHOIO aHATI3y BIIMOBH €JIEKTPHYHOTO 1 €HEPreTHYHOT O
obnanHanus rigpoenexTpoctaHniii Kackamy KuiBcskux 'EC-I'AEC. Ha ocHoBi mporo anaisy
3po0JIeHI BHCHOBKM IPO HEOOXiJHY MOJAEpHI3alil0 IbOro OONaJHAHHSA 1 HaANpsAMKH #Ooro
KOHCTPYKTUBHUX JIOPOOOK 1 BIOCKOHaNeHb. I'padivuHi pe3ysibTaTH aHaNi3y MOXYTh CIYXKHTH B
MOZANIBIIOMY X aHAJIITHYHOTO BUPAXKEHHS.

In the article the results of statistical analysis of refusal of equipment of the hydroelectric power
stations of Cascade of Kiev GES-GAES electric and power are considered. On the basis of this
analysis the conclusions about necessary modernization of this equipment and directions of his
structural revisions and perfections are done. The graphic results of analysis can serve in future
their analytical expression.

W3noc o0opynoBaHHs 3JEKTPOCTAHIMM NPUBOAWT K YXYIIICHUIO €ro
XapaKTepUCTUK M, B KOHEYHOM cueTe, K ero orkazy. C Ienblo OLEHKH
Ha/ISKHOCTH PA3IMYHOTO BUAA DJIEKTPOOOOPYAOBAHUS, YCTAaHOBJICHHOTO Ha
anextpoctanimax Kackama KwueBckux I'OC u T'ADC, Obul mpoeneH
CTaTUCTUUYECKUH aHANM3 BBIXOJA M3 CTPOS Pa3IMYHOrO OOOpYHOBaHUS 3a
nepuon ¢ 1977 mo 2010 roxa. TIpoBefeHHBIC HCCIEOBAHUS OBLTH MOJIOXKEHBI B
OCHOBY MOJiepHU3aLIK ruapodiexTpocTaHuuii Kuesckoro Kackana.

[Ipexxne Bcero, ObLIa MPOM3BE/IEHA OIIEHKA OOIIET0 KOJMYECTBA OTKAa30B
000pyIOBaHUS TUAPOITICKTPOCTAHIUH (puc. 1).
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Puc. 1 — luarpamma pacripesneneHus 0Tka3oB 1mo roxam (1977-2010 )
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AHanu3 nokasall, YT0 HauOOJbIlee KOJIMYECTBO OTKA30B IIPUIIAJAeT Ha
reHepaTopsl, TYpOMHBI, YCTPOWCTBA pENEHHOW 3allUThl M aBTOMATHUKH |
CHUCTEM YNpaBJIECHUS. YBEINYEHUE KOJINYECTBA OTKa30B B nepuon 1984-1993
IT. O0BACHSIETCA U3HOCOM 000pYyIOBaHUS.

B Tabnune | npuBeneHb OCHOBHBIE IPHYUHEI OTKa3a reHepaTtopoB. Kak
BUJHO M3 TaOJNUIBI MaKCHMaJbHOE KOJIMYECTBO MOBPEXJIEHUI TIeHeparopa
MPOUCXOJMJIO [0 TIPUYMHE CTapeHWs M30JSMM OOMOTOK  cTaropa,
npociadieHnsl KJIMHOB B Mas3ax CTaropa M MOBPEKACHHUS M3OJSLUHA KaTyIIeK
nonocos poropa. Hapymenue pa®oThl yka3aHHBIX BbIIIE JeTajell U y3lI0B
reHepaTopa TpeOOBalld UX OCTAHOBKYU U JUIUTEILHOIO PEMOHTA.

Tabnuna 1 — [TpuunHbBI 0TKA30B reHEPaTOPOB

Ne OcHOBHBIE IPHYHHBI 0TKA30B
Konngecrso
n/n T¢eHEPaTOPOB

OOpBIB KpeIuieHHs] aKTHBHOTO JKene3a 8
cTaTopa

OO6psIB CTEepIKHSA JeMItipepHOit 11
OOMOTKHM pOTOpa C BBIXOJIOM CTEPXKHS B
BO3/YIIHBIN 3a30p

YBnaxkxuneHne 0OMOTKH CTaTopa, poTopa 11
C TOCJIEAYIOIMM HapyHUIEHUEM U30JISIIUU

CrapeHne U30JsIIMM OOMOTKH CTaTopa, 25
npocnallieHue KIMHOBKU N1a30B CTAaTOpa

IlepexpsiTie Ha TOKOCHEMHBIX 6
KOIIbIIaX poTOpa

IoBpexnenus 3NIEKTPOABUraTeNs 28
arperara OXJaxJIeHUs TeHepaTopa

IloBpexxneHne  M30MALMM  KaTyLIeK 21
MOJIOCOB POTOpa

JlokanbHbIN meperpeB Ha KOHTaKTHBIX 5
COEJIMHEHUSIX

IloBpexxaeHne B TpakTax CHCTEMBI 9
YIIpaBJIeHUs BO3/YIIHBIX BRIKIIFOUaTene (1o
1998 rona)

OTKa3bl  I€HEepaTOpHBIX  MAaCISHBIX 4
BeIkrouateriet TADC (mo 1997 rona)

KoMMyTannoHHbIE BBICOKOBOJIBTHBIC amiiapaThl pabOTaa B OCHOBHOM
HOPMAJIbHO, @ HUX BBIXOJ] U3 CTPOSl MPOMCXOAWUJ MO MPUYMHE HEMOJaJ0K B
CHUCTEME WX YIpaBICHUSA. OTO TJIABHBIM 00pa3oM KacajloCh BO3IYIIHBIX
BhIKTIOUaTenei. JlanpHelInas WX 3aM€Ha Ha 3JIera3oBble  BBIKIHOUATENN
yCTpaHHWIa OTMEUCHHBIC Te(DEKTHI.




Hano ormeruts, uTo 3HaunTENbHAs paboTa MO MOAEPHU3AMN (PU3HIECKH
U MOpaJIbHO yCTapeBIIero o0OpyJOoBaHMs CTaHIMI HpoBeleHa Ha 1-M 3Tame
PEKOHCTPYKIMH, THAPOIIEKTPOCTAHIIMNA MIPOAOIIKAETCA U MPU peanus3aluu 2-
TO 3Tana MOJICPHHU3ALUH.

ITocne 3ameHbl OJIOYHBIX M TEHEPATOPHBIX BbIKIMOUaTenedl Ha ['DC u
I'ADC ycTpaHeHBl MNpPUYUHBI OTKA30B, CBSI3aHHBIX C 3KCIUTyaTaluein
KOMMYTAIlMOHHBIX aNlNaparTos.

Iocne 3ameHsl pabouux Konec Ha 19 arperarax KOIHMYeCTBO OTKAa30B IO
IIPUYMHE TOBPEXACHUS YIUIOTHEHUM Pe3Ko ymajo.

Pe3ynpraThl aHanM3a OPUYMH  OTKAa30B  JJIEMEHTOB  TYpOWHHOTO
o0opynoBaHus TipuBe/ieHb! B Tabnuie 2. Kak BuaHO U3 TaOmuIbl Hanbosbiee
KOJIMYECTBO TMOBPEXIECHUI MPUXOJUTCS HA YIUIOTHEHMs JIOMAacTed pabouero
Koleca M €€ MOAIIMMHHUKOBBIX y370B. K coxaneHuto, Ha HPOTSHKEHUU
aHAJIU3UPYEMOro IIepHoJa He yIaloch U30exaTh U NPOTEUYEK BOJBI U3 Macio-
U BO3AYXOOXJIAAUTENEH, 4YTO BBI3BIBAJIO HAPEKAHHS CO  CTOPOHBI
MIPUPOAOOXPAHUTEIBHBIX OPTaHOB.

Tabnuna 2 — [MpuanHbl 0TKAa30B TypOMH

Ne OcHoOBHBIE IPHYHHBI 0TKA30B
Konngectso
n/n TYpOuH
IloBpexxaeHne yIIOTHEHWM JiomacTen 27
pabouux Koec
[ToBpexieHre MacIoNpUEMHUKOB 3
IToBpexxaeHns YIUIOTHEHUS] IPOXOHON 6
KOJIOHHBI
Teun BOJIBI u3 Macio- u 10
BO3yX00XJIaguTenei
IToBpexnenue YIJIOTHEHUH 3
TypOuHHBIX moxmunHukoB 'TADC (mo 1989
roja)
IToBpexxneHne MOMIIUITHUKOBBIX Y3JI0B 10
u camux arperatoB OXJIAXKICHUSI
reHepaTopoB

K coxanenuto, TOYHOE KOJIHMYECTBO OTKA30B YCTPOICTB peneiHoM
3anmThl ¥ aBToMaTHKH (P3A) ycTaHOBUTE HE yaioch, HO aHAJIN3 TI0OKa3all, YTo
OCHOBHBIMHM TPUYMHAMH O3THX YCTPOWCTB W CHCTEM YIPaBIICHUS SIBUJINCH
HEHAJIeKHOCTh 3JIEKTPOMEXaHUYECKUX YCTpoiicTB P3A, oTcyTCcTBHE HAaJ@KHBIX
JTyOJMPYIOIINX YCTPONCTB U CTapeHUE 000PYIOBAHUSL.

OcoOb1ii HHTEpeC TPENCTaBISIET paclpe/iesieHne OTKa30B 000pYAOBaHUS
10 OT/ACNBHBIM arperataM craHmmid (puc. 2). Kak BuAHO W3 pHCYHKa,
pacmpeneieHue  OTKa30B IO  arperataM HE HUMEET  OIpelesIeHHOU
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3aKOHOMCPHOCTH H CBsA3aHa C YCJIOBUIAMHU MOHTAXa, PEKUMOB pa6OTI>I
arperaTtoB U HaAJACKHOCTHIO MTOCTABJIAEMOI 0O O60pyI[OBaHI/IH.
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Puc. 2 — [lnarpamma pacnpeaeneHus otkaszoB 1o arperaram KI'oC

Ho uacrora n KOIM4YecTBO OTKAa30B HE B IMOJHOH Mepe XapaKTepU3YIOT
MOKa3aTeIu HaJIeKHOCTH 00opymoBaHus. Jlias momydeHuss OOBEKTHBHOMN
OLIEHKH NIOKa3aTesel HaJeKHOCTH HEOOXOMMO YYUTHIBATh, KPOME TOTO:

1) meproaMYHOCTH MOBPEX/ICHHUH, HEUCTIPABHOCTEH M OTKA30B;

2) BpeMs JIMKBHIAIMM aBapuyd JaHHOTO BHJAa 00OpYAOBaHUS,
TPYO3aTpaThl ¥ CTOMMOCTh BOCCTAHOBUTEILHBIX padoT;

3) NepuOAMYHOCTH MPOBENEHUS IUIAHOBBIX PEMOHTOB, CBS3aHHBIX C
BBIBOJIOM 00OpYZOBaHUS U3 pabOTHI, TPYAO3aTpaThl U CTOUMOCTH PEMOHTHO-
9KCILTYaTallMOHHBIX paloT.

AHanu3 BpeMEHH IIPOCTOS 00OpYIOBaHMS IOKA3bIBAET, YTO CpEAHSsS
MIPOJODKUTENEHOCTD PEMOHTA COCTaBIISIET 4-5 CYTOK.

CaMoe TpOJOIDKUTENFHOE BPEMsl aBapHiiHO-BOCCTAHOBHUTENFHBIX PalbOT
COCTaBJISIFOT TIOBPEXKACHHS CBSI3aHHBIE!

C BOCCTQHOBJIGHHEM IMOBPEXKICHUH H30JISAIUA OOMOTKH CTaTtopa — OT
HeJIeTN JI0 MecseB (0COOEHHO ITpY 3aMEHe HIDKHHUX CTEp)KHEN);

C 3aMEHOM arperara OXJaXKJAeHHS WM ABUIATENs — 10 HEJEIH;

C 3aMEHOM BKJIAJbIIEH TMOANIMITHUKOB. YCTpaHeHHE Je(eKTOB
TIOALTUITHUKOB — JI0 HECKOJIBKUX HEZeIb;

C YCTpaHEHHEM IIOBPEXIEHHH B CHIIOBHIX TpaHCpopMmaTopax — J0
HECKOJIbKUX HEZIENb;

C TTOBPEK/ICHHEM MAaCJIOIPUEMHUKOB — JI0 HECKOJIBKUX HEJEIb.

Tak Hampumep, 3aMeHa IINHWIEK KPEIUIEHUs! «rpeOHs» MOAMSTHUKA Ha
MIepBOM TeHepaTope norpedoBasia 4-X MeECSIEB, a YCTPaHEHHWE ITOBPEXKICHHS
MOAISATHUKA Ha JBaguatoM reHeparope Kuesckoit I'DC mponomxkanoce 14
MECSIIEB.

Bce 3T0 mpuBOIMIO K HEBBINONHEHHWIO CTAHIUSIMHU IUIaHa Mo paboueit
MOIIHOCTH U HEIOBBIPAOOTKE 3JIEKTPOIHEPTHH.

[Tocne 3amMeHBI cHCTEMBI yIpaBJIeHUs! HA arperatax M Oimokax Kuesckoit
I'SC cokparniioch KOIMYECTBO OTKAa30B B CXe€Max yNpaBieHHs (OCHOBHBIE
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OTKa3bl 10 CHCTEME YNpaBJIEHHsS M BO30YXKICHHUS HMEIOT MECTO Ha He
mpouleeM peKoHCTpyKuuto Oioke Ne5) — 5 orkazos ¢ 2008 ropxa.

ITocme 3ameHbl OOMOTOK W aKTHBHOTO JKele3a CTaTtopa M poTopa
MIPAKTUYECKH UCUE3JIM OTKa3bl Ha reHeparopax Kuesckoii 'OC.

3aMeHa 3JIeKTPOMEXaHNYeCKUX yCTpoHCTB P3A Ha MukpompoueccopHbie
NIPUBENIO K 3HAYUTEIILHOMY ITOBBIIICHWIO HAJEKHOCTH O0OpYHOBaHUS. OTO
MIOATBEPXKIAET TPABWIBHOCTh BBIOPAHHOW CTpaTETMHd Ha MOJIEPHU3ALHIO
000pyIOBaHUS CTAHIIHH.

B Hacrosimee Bpemst wueT 2-i 3Tanm MOJEpHHU3AIMU  00OPYAOBaHUS
ruaposnekTpocrannuii Kackamga. Kpome miaHOBBIX paboT, KOTOphIE OBLTH
MIPEIYyCMOTPEHBl B nepuon mnepBoro srama pexoHcTpykiuu ['DC n I'ADC,
CI0/1a BKJIOYEHBI paboThI, KOTOPBIE IO PsAY IPUYHMH HE OBLIM BBIIIOIHEHBI HA
MIEPBOM 3Talle, a TaKKe MPOSBUINCH B IPOLIECCE MOCIEAYIOMEN IKCILTyaTallui
CTaHLUI.

Croma B MeEpByI0 oOd4epelb OTHOCHTCS 3aMEHa BO3AyXOOXJaauTesnel
reHepaTopoB, MOJICPHHU3AIIMS arperaToB OXJIAX/ICHNS M 3aMeHa UX JIBUTaTeleH,
3aMEeHa CEpJeYHHKOB IIOJNIOCOB MX arperatoB c Ooiee HaAEKHOH
KOHCTpYyKLMel aemidepHoii 0OMOTKH.

Buenpsiercs cucrema BHOPAalMOHHOTO KOHTPOJS HA ITOIIMITHUKOBBIX
y3JlaX arperaTtoB OXJaXKAEHHs U UX ABHTaTelsix. [IpoBomuTcest 3aMeHa Kperiexka
OCHOBHBIX y3JIOB arperaTtoB U IIMPOKO BHEAPSAETCS UX Je()EKTOCKOITHSL.

HameueHo o0opynmoBaTh IIETOYHBIE ammapartsl T'€HEPaToOpoB CTAHIWN
YCTpOHCTBAMH KOHTPOJIS UCKPEHUSI.

Benercs moaroroBka 1o BHEJPEHUIO YaCTOTHOT'O pa3BOpOTa 0OPaTHMBIX
arperatoB KI'ADC u cucTeMBbl KOHTPOJS YacCTUYHOTO pa3psia OOMOTOK, a
TaKXKe€ COCTOSIHUS BO3YLIHOTO 3a30pa T'€HEpaTOpOB.

Kak mokazanu ucciiesoBaHusl KOJIMYECTBO OTKAa30B M IOBPEXICHUH Ha
obpatumbix arperatax Kuerckoii 'TADC B HECKOIBKO pa3 BBINIC, YeM Ha
HEoOpaTUMBIX arperarax, 4ro oObSCHsSETCS Ooiiee MHTEHCHBHBIMU PEXKUMaMHU
paboTHI ¥ TSDKETBIMHU YCIOBHSAMH «IPSIMOTO» ITyCKa B IBUTATEIEHOM PEKUME.

JlaHHBIN aHaIM3 NOATBEP)KIAAET NPaBHILHOCTh BEIOPAaHHOW CTpaTEerHy Ha
MIEpBOOYEPEHYIO0 MOJICPHU3AIMIO 00pPaTUMBIX arperaTtoB — 3aMeHy OOMOTOK
cTaTopa ¢ HOBBIM COBPEMEHHBIM KJIACCOM H3O0JIALUH, 3aMEHY MOIIOCOB POTOpa
¢ 00MOTKaMH, 3aMEHY MAacJIO- ¥ BO3/1yX0OXJIaIUTENIeH.

B Onmkaiimee Bpemst IUIaHUpYeTCsl 3aMeHa TypOMH C HarpaBIIsSIOIINMUA
anmaparamMy ¥ TeHepaTopoB Ha HeoOpaTuMbIX arperatax ['ADC.

[lpuBeneHHBI BBIIE aHANM3 OTKAa30B oOopyxoBanus Ha Kackazae
Kueckux I'29C — T'ADC mnOCHyKUT CEpbE3HBIM MOJCIOPhEM 3aBOJAM-
W3TOTOBHUTENSIM OTOr0 OOOPYAOBAaHUS ISl YCTPaHEHHS KOHCTPYKTHBHBIX
HEJI0JIETIOK M JaJIbHEHIIIero MOBBIIIEHHS €0 HaJeXHOCTH.

Hocmynuna 6 peokoanecuro 30.09.2011

YIK 621.316.925 (075.8)
B.H. BA’KEHOB, xaun. TexH. Hayk, jno1l., HTY «XIII»

COBPEMEHHBIE CUCTEMBI PEJIEWHOM 3AIIIATHI 1
ABTOMATHMKHU TATOBBIX IOICTAHIIAIA

PaccMOTpeHBI  BOIPOCHL NEPEBOOPYIKEHHST CHCTEM OJJIEKTPOCHAOKEHHS IKEJIE3HOLOPOIKHOIO
TPaHCIIOPTa  CPEACTBAMH MHKPOIPOLECCOPHOH TeXHHKH. [IpenyiokeH COBpEMEHHBIH 00beM
peneiiHON 3alMThl U AaBTOMATHKHM COBMELIEHHBIX TATOBBIX MNOACTaHUMN. JlaHBI MpUMeEpHl MO
BEIOOpDY IapaMeTpoB IHM(POBOH HPOROIPHOH auddepeHnanbHol TOKOBOH  3allUTBI
Tpancdopmaropos Tua TP/TH.

Po3rnsiHyTI MUTaHHS MEpeo30pPOEHHST CHUCTEM EJEKTPONOCTaYaHHs 3ali3HUYHOIO TPAHCIOPTY
3aco0aMM MIKPOIPOIECOPHOI TEXHIKH. 3alpONOHOBAHUI Cyd4acHHH 00'eM peleHOro 3axucry i
aBTOMATHKH CYMILIICHHUX TATOBUX TiJcTaHIii. [laHi npukiIaam mo BUOOpPy mapaMeTpis udpoBoro
MOZIOBKHBOTO TU(EPEHIIIaIbHOr0 CTPYMOBOrO 3aXucTy TpaHcdopmaropis timy TPIH.

The questions of rearmament of the systems of elektrosnabzhenyya of railway transport by
facilities of microprocessor technique are considered. The modern volume of relay defence and
automation of the combined hauling substations is offered. Examples are given on the choice of
parameters of digital longitudinal differential current defence of transformers.

ObecnieueHrie  HAAEKHONO M OecnepeOOHHOro  3JIEKTPOCHAOKEHUS
MoTpeduTENeH KEIe3HOJOPOKHOI'O TPAHCIIOPTA 3JIEKTPOIHEPTHel TpedyeMoro
KauecTBa IPU MUHUMAJIBHBIX 3aTpaTaxX HEPAa3phIBHO CBA3aHO C MOBBIIIEHUEM
TEXHHMYECKOTO YPOBHS YCTPOMCTB peneiiHoW 3ammtsel n aBromatuku (P3A),
BHEJIPEHHEM  KOMIUIEKCHOW  aBTOMATH3allMd  YNpaBJeHUs  pabounMH,
aBapUMHBIMU M MOCIE€aBapUMHBIMU pexuMaMu. DU3HUECKUl U MOpPaJIbHBIN
pecypc 3IJIEKTpOMEXaHWYEeCKUX YCTpoilcTB P3A, 3HauuTenbHbIE 3aTpaThl Ha
o0CITy)kMBaHHE ¥ PEMOHT, TIEPEBOOPYKEHHE OCHOBHOIO O0OpYIOBaHHUS
TIOICTAHIINH, TIOBBIIIEHHBIE TPEOOBAHUS K AJIEKTPOIHEPTETHKE CIIOCOOCTBYIOT
BHEJIPEHHUIO TPOMBIIUICHHBIX MHKpPOINPOIECCOPHBIX  ycTpoiictB  (MITY).
MupoBoii perHOK MITY mpeanaraer MeToasl U TEXHHYECKHE CpeAcTBa (HpM
ALSTOM, ABB, SIEMENS, AEG, SCHNEIDER, PAJINYC,
MEXAHOTPOHUKA, KUEBITPUBOP, MUUT (r. Mocksa), HUND DA (r.
C.-IlerepOypr), XAPTPOH-MHKOP (r. XapskoB) u ap.(1). CoBpemeHHbIE
mudpoBsle  ycTpoiictBa P3A  uHTErpupoBaHBI B paMKax  CIUHOTO
nH(pOpMaMOHHOTO KOMIUIEKca (DYHKIMI peleiHOlN 3aluThl, PeryIUpOBaHUs,
U3MEpEHUsl U YIpaBJIE€HHs DJIEKTPOYCTaHOBKOHU. Takue ycTpoiicTBa BXOAST B
COCTaB aBTOMATU3UPOBAHHOM CHCTEMBl YIPABIEHHUS TEXHOJOTHUECKUM
MIPOLIECCOM DHEPreTHYecKoro o0beKTa, Hanmpumep, noxacraHumu (ACY TII
[1C). MuxkporponeccopHble CHCTEMbI  YIIPaBICHUS PEKUMaMU IMOACTAHIUH
JAIOT  CYILIECTBEHHbIE MpenMyllecTBa. Hanpumep, usmepeHue M KOHTPOIb
MapamMeTpoB pexuMa paboThl AIIEKTPOYCTAHOBKH; MPOCTOTA HapallWBaHUS M
n3MeHeHus1 QYHKIMH yCTpOWCTBa; ObICTpasi cMeHa ycraBok P3A; onpeznenenue
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BUJa W MecTa TOBPEXKICHUS; JPYKECTBEHHbIH HHTEp(EHC KOHTPOISI WU
yrpaBiieHus] (HWKHUH ypOBEHbB); CHIDKEHHE TPYJOEMKOCTH OSKCIUTyaTalluH;
YMEHbIIIEHNE pacxofa Ha KabellbHO — MPOBOJHUKOBYIO MPOIYKINI0; MUHUMYM
paboueli TIoNa M; 3HAYUTEIHHOE YMEHBIICHNUE YPOBHS SHEPronoTpedIeHus;
MIOCTOSIHHBI ~ aBTOMATHYECKHH CaMOKOHTpois U 1p.OnxHaKo,BHEApeHUE
MUKponporeccopHoii  P3A  cBs3aHO ¢ OONBIIMMU TPYIAHOCTSIMH H3-3a:
OTCYTCTBUSI KBaJU(PUIMPOBAHHOTO OOCIY)KMBAIOIIETO MEpCOHala M OIbITA
9KCILUTyaTalMy; HEJOCTATOYHOCTH Y4eOHOro Marepuaia; BEICOKOW CTOMMOCTH;
TUIOXOH DJIEKTPOMAarHUTHOM COBMECTHMOCTH C peajbHBIMH  YCIOBUSMHU
JKCIUTyaTaluu  moactanmuu ¥ ap.  C ydetoM  BO3MOXKHOCTEH
MUKPOITPOIIECCOPHON 3JIEMEHTHOM 0a3bl Ipeasiaraercs CieAylonmid o0beM
pemneiHOM 3aIyThl 1 aBTOMAaTHUKH COBMELIEHHOH TATO0BOM mojcraHuu (2,3,4).

o [IpononsHas  muddepeHnmansHas TOKOBasg  3alluTa Ias3)
Tpanchopmaropa.

o Jlornueckas muddepennmansaas 3amura (JI3) Tpanchopmaropa.

e MakcuManbHasl TOKOBasl 3allliTa Ha CTOPOHE BBICIIETO HATPSDKEHUS
(MT3 BH) Ttpancpopmaropa u JIOIIOJHUTEIIbHBIE  3allUThl  IIyCKa
OXJIQXKJCHUsI M OJIOKMPOBKH PEryJMpOBaHMs I10J] Harpy3Koil koddduimenta
Tpanchopmarmu Tpancopmartopa( PITH).

e MakcuMajbHasi TOKOBas 3allliTa Ha BBOJE HU3IIEro HampsokeHus (MT3
HH) tpancdopmaropa.

e MakcuMajbHass TOKOBas 3allluTa CEKIMOHHOro BhIKIrouatens (MT3
CB).

e JlucraHuMoOHHAs 3alMTa HA CTOpOHe BhIcmiero HanpspkeHus (3 BH)
TpaHchopMaTOpa ¢ TOKOBOH OJIOKUPOBKOM.

e JlucraHumoHHas 3amyTa Ha cropoHe Huzmiero Hanpspkenust (3 HH)
TpaHchopMaTOpa ¢ TOKOBOH OJIOKUPOBKOM.

o JlucranumonHas 3amuTta ¢punepo Harpysku (/13 D).

e 3ammra ot meperpy3ku (3I1 HH) Ha cTopoHEe HM3IIEro HAMpPSHKCHUS
TpaHchopmaropa.

e JlyroBast 3ammra (/Ir3) sueek KOMIDICKTHOTO PaCHpeeIUTEIHLHOIO
YCTpOMCTBA.

e YCTpOICTBO pe3epBUPOBaHUS B ClIydae oTKa3a Beikirouatenei (YPOB).

o Jlornmueckas 3amura mud (JISII).

e ToxoBass orceuka (TO T) tpanchopmaropa, TONKIIOYCHHAS K
BBIHOCHBIM ~TpaHcopmaropaMm TOKa, ecinu auddepeHIranpHas —3ammTa
MIPUCOEeTUHEHa K BCTPOSHHBIM TpaHCpOopMaTopam TOKa.

o TokoBas orceuka puaepoB Harpysku (TO @).

e 3amuTa OT 3aMBIKaHMS HA 3E€MJII0 HA CTOPOHE BBICIIEr0 HaIpsOKEHHS
tparchopmatopa (33H3 BH).

o CurHanuzanusi 3aMbIKaHUs Ha 3eMJTIO Ha CTOPOHE HU3IIEr0 HaNpsHKEHHs
tparchopmatopa (C3H3 HH).

e 3amura OT 3aMbIKaHHWS Ha 3EMJII0 Ha TPHCOEIUHEHHSX HU3IIEro
HanpspkeHus Tpancdopmaropa (33H3 @).

BricTpoaeiicTByromas momexoycroiuusas 3ammra punaepos (BI13 @).
Ksasureruiopas 3ammuTta (KT3).

3ammra MuHIMankHOro Harpspxenus (3MH).

[Norenmmanbhas 3ammra (113).

e OrkiroyeHHe BBOJIOB TpaHchopMaropa NpH CpadaThIBaHUU T'a30BOU
3anmrtsl (I3 T) TpancopmaTopa U ycTpOHCTBa PEryIUPOBaHUS HATIPSHKEHUSI
niox Harpyskoi (I'3 PITH).

o CurHanuzanusi cpabaTbIBaHUsI BEPXHETO MOIUIAaBKa (YalleuyKH) ra30BOU
3aIUTH TpaHchopMaTopa.

o CurHanuzanusi OBBIIIEHHS TEMIIEpATyphl Macia B TpaHCopMaTope.

o Tenebnokuporka (TH).

e ABTOMAaTHYeCKO€ peryitupoBanue kodddunmenra TpaHchopMayu
(APKT).

e ABrOoMaTHyecKkoe BKIodeHHWe pesepBa (ABP) Ha cekumoHHBIX
BBIKITIOYATEIISIX.

e ABTOMAaTHYECKOE TIOBTOPHOE BKIIOUEHHE (ATIB) Ha BBOJAx
Tparchopmaropa.

o JucTaHIIMOHHOE BKIIIOUEHUE U OTKIIIOYEHHE BBIKIIOYATENeH.

e biioknpoBka BKiIto4YeHHs Beikirouareneii (bBB).

e YckopeHue peneiiHoi 3ammThl (YP3) npu TUCTaHIIMOHHOM BKJITFOUCHHU
BEIKITIOUaTenel u nociue aeiicrsus ABP u AIIB.

e Omnpenenurens Buaa U Mecta nospexaeHus (OMII).

e MecTHBII 1 IMCTAaHIMOHHBIA BBOJI, XpaHEHHE M 0TOOpaKEHHE JIBYX
TPYMIT YCTaBOK 3aIIUT U aBTOMAaTHKH.

e BBoj, XpaHeHHe U OTOOpaskeHNE HKCIUTYaTallIOHHBIX [TapaMETPOB.

o OroOpakeHHe TEKYNIUX IEKTPUUECKHUX MTapaMeTPOB 3alHUIIaEMOro
000pyTOBaHUS TIOICTAHIIUY.

e Perucrpanus,xpaHeHue TEKYIINX U aBapUHHBIX aHAJIOTOBBIX
AIIEKTPUUYECKHX MApaMETPOB 3aIIHIIAEMOro OOOPYIOBaHMS [TOICTAaHLIUN
(«Ocumnnorpatuposanue» u "lunbposoi perucTpaTop") .

o Duxcanyst TOKOB M HaNpsHKEHUH KOPOTKOTO 3aMbBIKaHHUSI.

o TexHuueckHil yueT KOJMUECTBA MOTPEOJICHHON 3JIEKTPOIHEPTHH 110
TIOICTAHIINH.

o KOHTpOIJBb pecypcoB U HCIIPABHOCTH BBIKIIOUYATENEH MTOJCTAHINH.

Ha xadenpe aBromatmzanmu sHeprocucrem HTY «XIIM» Bexyrcs
pa3paboTKKu METOMUK IPAKTUYECKUX PACUETOB YCTABOK MHUKPOIPOIIECCOPHBIX
3aIUT 3NEKTPOYCTAaHOBOK IJIEKTPOCHAOKEHHS notpeduTene
KEJIE3HOJJOPO)KHOTO TpaHcHopTa. B KadecTBe mNpuMepa HIKE NPUBEICHEI
MaTepHalbl 110 BBIOOPY apaMeTpoB NPOJONEHON TU(PepeHInaTIbHON 3aIIUThI
tpancgopmaropa tina TPIIH-25/115+16% xB/6,3kB; U” =9,84; 10,5; 11,72.
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K o0muM ycraBkaMm 3alWTBl OTHOCSTCS HOMHHAJIBHBIE ITapaMeTphl
TpaHc(hOpMaTOPOB TOKA U 3aUIIAEMOr0 CUIIOBOrO TpaHchopMaTopa:

e HomuHanbHBINH BTOPUYHBIH TOK (ha3HBIX TpaHC(HOPMATOPOB TOKA
Iypr=lumn=5 A

e HoMuHanbHBI BTOPHUYHBIA TOK TpPaHC(OPMATOPOB TOKa HYJIEBOM
MOCIIEN0BATENBHOCT [y pyy = Loy =14 -

e HomuHanbHBINH NEpBUYHBIA TOK TpaHCPOPMATOPOB TOKa cTopoHbl BH
Iy gy =300 4 (mapamnenbHOe COSIUHEHUE JBYX BTOPUUHBIX 0OMoTOok 1TA un

2TA mo 600/5).

o HoMuHanbHBINA NEPBUYHBIN TOK TpaHC(hOpMaTOpoB Toka cropon HH
TparchopmaTopa
Iy =1y e = 3000 A (6TA u 8TA).

e HomuHanbHBIH TEPBHYHBIA TOK TpaHC(OPMATOPOB TOKAa HYJIEBOI
nocnenosarensHocTd (TTHID) 7y, 5y = 1oy =100 4.

e [lonmsapHOCTh TpaHC(HOPMATOPOB TOKA HYJIEBOH MMOCIEAOBATEIBHOCTH
«HOPM)» (Bce TpaHchopMaTopsl TOKa COOpaHbI OHOMOISPHBIMHU 3KUMAMHU K
perne).

e HomuHasabHAs MONITHOCTE TpaHCHOpMATOpa Mo 0OMOTKaM
Sypn = 25000 kBA; Sy 1 = Sy = 12500 xBA.

¢ HomuHaneHOe HanpspkeHHe TpaHcdopMaTopa o 0OMOTKaM
U, gy =115%B (cpennee nonoxenue), Uy i = Uy iy = 6,3 KB.

e [pynma coemuHeHuii Tpancpopmatopa: BH — 3Besma, HH —
tpeyronpHUK (Yd11: d11).

e basucHblii TOk (0a3uCHBI KOI(PQPHUIMEHT MO TOKY) OTHOLICHHUE
HOMHHAQJIBHOTO TOKa OOMOTOK TpaHCopMaTopa K HOMHHAJIBHOMY TOKY
TpaHchopMaTopa ToKa:

cropona BH

I =1y /Ty =126/300=0,42;

b1 — 4BH cp
cropona HH
1 /Ly =1147/3000 = 0,382.

Ly =15 =1y op
VYcraBka  HaOupaemass Ha  peine Uit IepBOM CTYIICHU
JTudhepeHITMaTbHOrO TOKa ( B OTHOCUTEIBHBIX SIUHUIAX )
l,>=1ID-1,,

rae ID — Tox Cpa6aTI>IBaHI/IH 1 CTYIICHH, HpHBeI[eHHOﬁ K HOMUHAJIbHOMY TOKY

b2

TpaHcdopmaropa, mo pexkoMmeniamuu 3asoga >=0.2; [, — GasucHbIA TOkK

croponsl BH TpancdopmaTopa.
Torza ycraBka, KoTopyto HabupaeM Ha pene: [, >=0,2-0,42=0,084.
MuHuMaJbHAS YCTaBKa, KOTOpAst MOXKET OBITh BBHITIOJTHEHA Ha pelie,

11

paBHa 0,15. Ilostomy mpunumaem [4>=0,15, uTo cocraBnger:
ID >=0,15/0,42 = 0,36 OT HOMHHAJIBHOTO TOKa TpaHChOpMAaTOpa.

IlepBast TOpMO3HAst XapaKTEPUCTHUKA OLEHHMBAETCS KOA(PPHUIMEHTOM
TopMOokeHHs1 P1 (HAaKIOH XapakTEepUCTUKU B 30HE MANbIX TOKOB 10 2,51y
TpaHc(opMaTopoB TOKa C MaJIBIMH HOTPEITHOCTSIMU):

Pl=K,-(K'+K")=12-(5+16) = 252%,
raie K, —xoadduuuenr 3amaca, pasen 1,2;

K' — norpemwHocts TT, mpuHUMaeTCs U1l MAJIbIX TOKOB paBHOH 5%;

K"— nuana3oH perymupoBanus kod(dduipeHta TpaHchopMaIuu
3amMIaeMoro TpaHchopmaropa B % paBHBIH CyMMapHOMY JHaIla3oHy
CTOpOH, paBeH 16%.

Ha pene P1 moxer perynupoBatbess oT 20 go 50 %. Ilpunumaem
P1=25%.

Bropas TopMO3Has XapakTepUCTHKa OLEHHBAeTCs KO3((PHUIUCHTOM
TOpMOXKeHHs1 P2 (HaKJIOH XapaKTEpUCTUKH B 30HE OOJBIIMX TOKOB K.3. Oonee
2,5 HOMHHAJIBHOTO TOKA ¢ OONBIIMMHU TIorpermHocTsMU TT):

P2=K,- (K, -K/+K")=1,2-(1,5-10+16)=37%,

rae K, — Xxo>p(dULIUEHT yuuTHIBAIONMI POCT IOrPELIHOCTH 33 CYeT

aNepuoINUECKON COCTABIIAIONIEH, MPUHUMAaeM paBHOM 1,5;
K| — norpenisocts TpaHc(opMaTOpOB TOKA, IPUHUMAETCS ISl GOMBIIUX

CKBO3HBIX TOKOB paBHOU 10% mpu yclioBuH BBIOOpa TpaHC(HOPMATOPOB TOKa
1o kpuBbIM 10% morpemniHocTy.

P2 moxer perynmupoBathest B mpenenax oT 40 mo 100%. Ilpunumaem
P2=40%.

YcraBka BTOpOW CTymeHH Au(QepeHIraIbHOr0 TOKa BHIOMpaeTcst 1o
MaKCUMYyMY U3 JBYX YCIOBMIA:

[lepBoe ycioBue — OTCTpOliKa OT MAaKCUMaJbHOI'O TOKAa HeOajlaHCca MpH
CKBO3HOM TOKE K.3.

ID>>=K (K. K]+ K") Ly paxe = 1,2(3-0,1+0,16)-832 = 460A ,

rie K, — KO0d(h(UIMEHT yYUTHIBAIOIIMA POCT MHOTPEIIHOCTH 33 CYET
aNepuoNUECKON COCTABIIAIONIEH, MPUHUMAETCSI PaBHBIM 3;
I i3maxc — CKBO3HOM TOK K.3. B MaKCHMaJIbHOM DEXKHME Ha CTOPOHE

HHU3KOT'O MJIM CPETHETO HAIPSIKEHHUSI.
Bropoe ycioBue — oTcTpoiika oT Opocka TOKa HaMarHUYUBaHUS:
ID >>= 615, =6-126 =756A..
W3 nByx ycioBuii BeIOHpaercs Hanoonbiee /D = 756A .
Beruuncnsiercs: ycraBka BTOPO# CTYIEHH 3alHUThI:
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ID
[d >>= :E =2,52.
Lisy 300
HonyquHoe 3HAUYCHUC OKPYIJIACTCA OO0 Onmmkaitiero Oejaoro 4ucia,

KOTOpOE U 33JaeTCs B KayeCcTBEe yCTaBKH [, >>=3. JlaHHas yCTaBKa MOMKET
perynuposartcs B mpezaenax ot 1 10 307, 5, -

broxkupoBka 3alUTHl TOKOM BTOPOH TapMOHHMKU HpUMEHSeTCS [
OTCTPOMKM OT OpOCKOB TOKa HAMarHUYMBaHWS. YCTaBKa OLIEHMBACTCS
OTHOIIEHHEM TOKa OJIOKMPOBKH ID(Z fH) K OCHOBHOMY Au(epeHITHaTbHOMY
TOKY U peryaupyercs B npeaenax 10-50%.

IMpennaraercs: ID(Z fH)=12%. Crnioco0 ONOKUPOBKM MOXKET ObITh

BoiOpan (BKJI): modasnas Gmokuposka mim (BKJI ABC): GnokupoBka Bcex
¢a3 nHanbonpmM TOKOM BTOpoi Tapmonuky, (OTKJI): OnokupoBka
OTKIJTIOYEHA.

PexxuM ONMOKUPOBKM TOKOM IISITOW TapMOHHMKU TPHMEHSTCS IS
NpPeNOTBpaLICHHsT JIOKHOW paboThl  3alUTHl  OT MOBBIIICHHOTO TOKa
HAMArHMYMBaHWS BO BpeMsl MoOjayd Ha OOMOTKY TpaHcdopmaTopa
HAMpPSHKEHHUS 3HAYUTENBHO BBIIIE HOMUHATIBHOTO. Criocod GIIOKUPOBKH MOXKET
6biTh BoIOpaH (BKJI): modasnas Gmoxuposka mimm (BKJI ABC): GnokupoBka
Bcex (a3 nHamOompmmMm TOkOoM TmsiTod rapmonuku (OTKJI): OmoxupoBka
OTKIJTIOYEHA.

OOBIYHO TPOBEPKY YYBCTBUTEILHOCTH MUKPOMPOLECCOPHO# 3allUThI He
BBINOJHSIOT. DTO 00YCIIOBJIEHO TEM, YTO yCTaBKa | CTYNEHHU 3alIMTHI MIPHU K.3.
3a  TpaHCHOPMATOPOM  Majia ({, 20,15 or HOMUHANBHOTO TOKa

TpaHchopmaropa Toka Ha cropoHe BH (7,5, =300 A)).

bonee rpybas Bropas crTymeHb, oTceuka ([,))=3) Tamke He

MIPOBEPSETCS, TaK KaK MpeIHa3HauCHa I paOOTHI P OOJIBIINX TOKAX K.3. HA
cropone BH tpancdopmaropa.

[Ipu HEOOXOMUMOCTH MOXKHO PACCUUTATh UYYBCTBUTEIHHOCTH 3alllUTHI
AHAIUTHYECKUM METOIOM.

UyBCTBUTEIBHOCTE B 30HE MaJIbIX TOKOB K.3., Ha ctopone HH cumoBoro

Tpanchopmaropa.
\/g [[((322, mua BH 5480

4BH — =7

(7> Tys)  (0.15-300)

Koa¢punmenTt uyBcTBUTENEHOCTH TOJDKEH OBITH HE MeHee 2.
UyBCTBUTENBEHOCTH B 30HE OOJNBIINX TOKOB K.3, Ha ctopoHe BH cuitoBoro
Tpanchopmaropa.
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3 0 \/g

K—-1, mun BH 73000

2 2
- - =2.89>12.
T 1> L) (30-300) 7 =

K

UyBCTBUTENBEHOCTD 2 CTYIIEHH JIOJDKHA OBITH HE MeHee 1,2.

IIpencraBnsier uHTEpEC CPaBHUTH JAHHYIO 3aIUTy C 3alllUTON Ha peie
tumia PHT-560 (5). YcraBka 3ammrsl BHIOMpaeTcs MaKCHMalbHOH 1O JBYM
ycrmoBusiM. [lepBoe ycnoBue OTCTpOWKH OT HebalaHca MPU MaKCHMaJIbHOM
BHEIIIHEM K.3.:

I, =K,-(K|+K")-1 .. =13-(0,1+0,16)-832 =281 A .

K3 Makc
Bropoe ycioBue OTCTpOIKH OT OpPOCKOB HAMArHUYHBAIOIIETO TOKA!
I,=K, I =13-126=164 A.

IMpurumaem: [, =280 A
UyBCTBUTENBEHOCTH B 30HE MaJIBIX TOKOB!

ﬁ'lﬁﬁz Bt £.480 416 OX 138
K, =2 ’ -2 == =7 _148<2.
1 280 280 OS 093

c3

Mo ITYD K, nomxeH ObiTh Oonee 2. [Toatomy 3amura ¢ PHT He moxer

OBbITH IPUMEHEHA.

BeiBoas!. CcopmynrpoBaHbl OCHOBHBIE 3a7[a4ll COBEPIICHCTBOBAHUS
CHCTEMBI peJieHON 3alliThl U aBTOMATHKU TATOBBIX MOJACTaHIMNA Ha Oa3ze
MIPOMBIIIJIEHHBIX MUKPONPOIIECCOPHBIX yCTpOHCTB. [lokazaHbl BO3MOXKHOCTH
MHUKPOIPOILIECCOPHOM muddepennmansHOR TOKOBOH 3aIIUTHL
TpaHcdopMaTOpPOB TOJACTAHIMU M TPEAIOKEHB PEKOMEHJAUH IO BBIOODPY
rapamMeTpoB 3alUTHl Ha mpuMmepe TpaHchopmaropa turma TPIAH-25/115+16%
kB/6,3xB.

Cnucoxk aurtepartypwi:1.Queypnos EJI.  Peneiinas 3ammra.YueOHHK Uil CTYJCHTOB
JNEKTPOTEXHUIECKUX H JJIEKTPOMEXaHHIECKUX CHEIHAIbHOCTEH TPAHCIOPTHBIX U IPYTHX BY30B /
E.Il. ®ueypnos— K. : Tpancnopt Ykpaunsl, 2004. — 565 c. 2. Illabao M.A. Pacyers! peneiiHoi
3alUThl 1 ABTOMATHUKH paclpeieuTeNnbHbIX cereil /| M.A. [llabaod. — J1. : Dueproaromuszat, 1985.
— 280 c. 3. @edocees A.M. Peneiinas 3amuTa 3JIEKTPOIHEPTeTUUECKUX CHCTEM. YUEOHHK IS
BY30B / AM. @edocees, M. A. Dedocees. — M. : Dueproaromusaart, 1992. — 528 c. 4.
Anopees B.A. Peneiinas 3amura 1 aBTOMAaTHKa CHCTEM JIEKTPOCHAOKEHUS. YUeOHUK [l By30B 110
criet.»DnekTpocHabxkenne» / B.A. Audpees— M. : Beicunuik.,1991. - 496 c. 5. MeronuuHi
BKa3iBKH JI0 BUKOHAHHS KypCOBOTO IPOEKTY 3 AucLUILIHM «Peneiinuil 3axuct» / yknan. B.M.

Baowcernos, M.M. Ooezos. — X. : YkpJJA3T, 2006. — 40 c.

Hocmynuaa 6 peokoanecuro 30.09.2011
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V]IK 621.314

JI. H. BAKJIAHM, accuctent, HTY «XITN»;
O. B. LIYTEHKO, xanj. TexH. Hayk, jpoil., HTY «XITN»

NPUHIMUIIBI IOCTPOEHUSA BA3 TAHHBIX B
UH®OPMAIIMOHHO-AHAJIMTUYECKOM CUCTEME
«CUPEHA

B cratbe pacCMOTpEHHBI HNPHHIUIEI M METOABI OpraHM3aniy 0a3 NaHHBIX B WH(OPMAIMOHHO-
aHamMTH4YecKOM cucreMe «CHpeHa» NpedHAa3HAYeHHOH ISl JAMarHOCTUKU BBICOKOBOJIbTHOI'O
MaclIOHATIOJIHEHHOro o0opynoBanus. [IpeioxkeHHas CTPYKTypa ABIDKEHHS HH(OPMAIMOHHBIX
MOTOKOB I IIOCTPOCHUS €IMHCTBEHHOW HH(pOPMAIMOHHOM KOPIOPaTHBHON CHCTEMBI Ha 0a3e
HH(OPMAIMOHHO-aHATUTHIECKON cHCTeMbl «CHpeHa».

VY craTTi pO3MIIAHYTI NPUHIMITK Ta METOIM OpraHizamii 6a3 maHux B iH(popMaNiiHO-aHATITHYHIN
cucreMi «CHpeHa» NpH3HAYEHO! NI JMIarHOCTUKM BHCOKOBOJITHOTO MAaCJIOHAIIOBHEHOTO
obnanHaHHA. 3alpoIOHOBaHA CTPYKTypa pyXy iH(OpMAaIiiHHX MOTOKIB s MOOYAOBH €JHHOI
iH(opMariitHOI KOPIOpaTHBHOI cHcTeMH Ha (a3i inopManiiiHo-aHamiTHIHOI cucTeMu «CHUpeHay.

In the article the principles and methods of the databases in the information-analytical system
"Sirena" intended for the diagnosis of high-voltage oil-filled equipment. The structure of the
movement of information flows to build a unified information system based on corporate
information-analytical system "Sirena".

Breagenue. MupoBoil ONBIT BEAYIIUX 3JIEKTPOIHEPTEeTUIECKUX KOMITAHUM
CBUJETENIBCTBYET O IIUPOKOM HCIOJIb30BAHUM CUCTEM HCKYCCTBEHHOIO
naremiekra (MW) [1] Ttakmx Kak OKcnepTHele W MH(OPMAIHMOHHO-
AQHAJIUTHUYECKHE CUCTEMBI, KOTOPHIE OTJIMYAIOTCS NPUHIMIIAMU MOCTPOEHUS,
MeToJaMH  OOpaOOTKM  JaHHBIX W Pa3IUYHBIMH  (DYHKIMOHAIEHBIMH
BO3MOYKHOCTSIMH.

B Hacrosimee Bpems KoiuleKTHBOM aBTopoB Kadeapsl «I103» HTY
«XIIN»  paszpabatbiBaeTcss  MH(OPMAIMOHHO-aHAJIUTUYECKAass  CHUCTEMa
«Cupena». OHa mnpenHa3HaueHHass Ui aBTOMATU3MPOBAHHOTO BEIEHUS
MACMOPTHBIX ~ JAHHBIX UM JAHHBIX  IEPUOAMYECKHX  HUCIIBITAaHUMN
BBICOKOBOJIFTHOT'O MACJIOHAIIOJIHEHHOTO 000pYI0BaHHs, a TAaK JKe IPOBEICHUS
JIUAaTHOCTUUYECKUX AIKCHEPTHU3 MO pe3yabTaTaM NEePHOAMYECKUX HCIBITAaHUM ¢
BO3MOXKHOCTbIO ~ TIOJIy4E€HHUSI  OLEHKHM  COCTOSHUSI ~ KOHTPOJIUPYEMOIO
000pyIOBaHUS W PEKOMEHIAIMNA IO €ro JaJbHCHINCeH SKCIUTyaTallid Ha
YpOBHE 3KcIepTa-uelioBeka B 00jacTé JuarHocTukd. Cucrema paboraer ¢
0a30if TaHHBIX B JIOKAIBLHOM CETH MPEAIIPUSTHS B PeXHME KIHMEHT-cepsep. B
KauecTBe cepBepa JaHHbIX Hcnonb3yercs npombinuienHas CYB]] InterBase, a
B KayecTBe IONb30oBarelieil (KIMEHTOB) MOTYT  BBICTYHaTh  JIIOObIE
npomslinuieHHele OBM, MoAkiIroueHHblE K JIOKAJIBHOW CETH MPEAnpHUsITHS U
MMEIOIINE COOTBETCTBYIOIIHE IIOJIHOMOYHS JJIs JOCTYTIA K MH(pOPMAaIHH.
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Heas cratbm — Ilpemmaraercs cmocod TMOCTPOEHHs — €IUHOM
KOpHOpaTHUBHOW HMH(MOPMALMOHHOW CHCTEMBI Ha OCHOBE HWH(OpPMAalMOHHO-
aHAJUTHYECKOH cucremMbl «CHUpeHay, HCIONb3YyeMOH Ui JTHarHOCTHKH
COCTOSIHHS BBICOKOBOJIETHOTO MAacJIOHATIOTHEHHOTO 00opyoBaHUsL.
[TpuBeneHsl NMPUHIMNHANBHBIE MOJIOKEHHS OpraHM3ally PENSIMOHHBIX 0a3
JIAaHHBIX, TOTOKOB JIaHHBIX M CHCTEM yIpaBJIeHHs] 0a3aMU JaHHbIX.

Anann3 myOaukamuii. OOmias CTPyKTypa CHCTEM OCHOBAaHHBIX Ha
ucnons3oBanuu MU [2] cocTouT U3 ciaeayromux OCHOBHBIX KOMIIOHEHTOB!

— pewarens (MHTEpIpETaTopa);

— 0a3bl manHbIX (B);

— 0a3b1 3HaHui (B3);

— KOMIIOHEHTOB NPHOOPETEeHUsI 3HAHWH;
— OOBSICHUTEIEHOT'O KOMITOHEHTA;

— IMaJIOrOBOr0 KOMITOHEHTA.

OmHUM W3  OCHOBHBIX KOMIIOHEHTOB JIIO0OH  WH(OpMaIHOHHO-
anamutuaeckoii MAC sBnserca 6asa manubix (BJ[) m MexaHumsMbl cucrem
yopaBieHus 0Oa3zamu  maHHbiX  (CYBJI). bBasamu JaHHBIX — Ha3BIBAIOT
9JIEKTPOHHBIE XPaHWININA HH(POPMAIHH, JTOCTYI K KOTOPBIM OCYIIECTBIISETCS
C MOMOIIBIO OJHOTO WIIM HECKOJNBKUX KOoMITbIoTepoB. OObruHO B/ co3maercs
JUIL XpaHEHWs W JOCTyNa K AaHHBIM, COJEpKallliM CBEACHHS O HEKOTOPOH
npeAMeTHOW  o0yiacTH, TO €CTh HEKOTOpPOH o00JlacTH  YelnoBEeYecKOH
JIeITeIbHOCTH WM 00JlacTH peajbHOro Mupa. [IpuHATO cyMTarh, 4TO
WCTIONIb30BaHKUE KOHIICTIINY 0a3 JAHHBIX II03BOJISET:

®  TIOBBICUTH HAJIKHOCTh, LIEIOCTHOCTh M COXPAHHOCTD JaHHBIX;

®  COXPaHUTH 3aTPaThl HHTEIJIEKTYAIILHOTO TPY/Ia;

e  o0ecneuuTh NPOCTOTY M JIETKOCTh MCIOIBb30BAHNUS JIAHHBIX;

e 00€CIeYnTh HE3aBUCUMOCTb NPUKIAIAHBIX IPOrpaMM OT JaHHBIX
(M3MEHEeHM X OMHMCaHMi U crIocoOOB XpaHEHHs);

e  00ecneuuTs JI0CTOBEPHOCTH JJaHHBIX;
obecreuuTs TpedyeMyIo CKOPOCTh JOCTYIIA K TAHHBIM;
CTaHAapTU30BaTh JaHHBIE B MIPE/IENIaX OJHOW MpeIMETHON 001acTH;
AaBTOMATU3UPOBATH PEOPTaHU3ALUIO JJAHHBIX;
00€ecneunTh 3alIUTY OT UCKaXECHHUS U YHUITOKEHHUS TaHHBIX;
COKpaTuTh AyOnupoBaHue WH(OpPMAIMU 3a CUET CTPYKTYpHPOBAHHUS
JIaHHBIX;

e obecneunts 00pabOTKY HE3aIUITAHMPOBAHHBIX 3aIPOCOB K XPaHUMOW

nH}opmanuy;

®  CO37aTh NPENNOCBUIKMA ISl CO3JAaHUs paclpeieneHHON o00paboTKu

JIAHHBIX.

Crpykrypa uHpopmaumonnbix motokoB HAC  «Cupenay.
PazpabareiBaemas MAC mpearnonaraer noaaepKUBaHnue IPUHSATHE PEIICHUH 1
obecrieueHre BBIMIONHEHMSI 3aJad Ppa3IMYHBIX KaTEeropuil MOJIb30BaTENeH,
paboraronux ¢ UHGOpPMAaIMel 0 COCTOSIHUM 00OPYAOBaHUS HA BCEX YPOBHSIX.
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Cucrema MOxeT paboTaTh Kak Ha OJHOM pabodeM MecTe, Tak U B Clydae
pacripeneneHHOi 0a3bl JaHHBIX. bBilokn WH(MOpMannoOHHO-aHATUTHYECKON
CHCTEMBI YCTaHOBJIEHBI B paiioHax oHeprocereli (POC), Ha cereBbIX
npeanpustusax  (I19C), B  xummaboparopun (XJI) wm B ympaBieHuu
SHeprokoMmanuu. [loTokn ABwXeHHs MHPOpPMAIMU U ee 00pabOTKy MOXKHO
TIPE/ICTABHUTH B BUJIE TPEXYPOBHEBON CXeMBI (cM. pHc. 1).

Cepeep B4
| cUCTEMBI

Puc.1 — Cxema nBmkenust norokoB nagopmarm B MAC «Cuperay

Ha nmxHeM ypoBHe IepcoHaj, NMPOBOASAIIMN UCHBITAHUS U U3MEPEHUS
00opy/oBaHuUs, 3aHOCHT IIONy4eHHbIE pe3yiabTaTel B 0a3y maHHbix (BJl), B
KOTOpOH Tarke OoTpaykaercs HH(GOPMAals O BHEIIHMX BO3JEHCTBHAX Ha
obopynoBaHue (IepeHaNpsDKEHUSIX, Meperpy3kax U T.7.) U KCIUTyaTallMOHHBIX
MEpOIpUATHAX (JONMBKMA Maciia, 3aMeHa y3J0B oOopyaoBaHus W T.1.). B
XMMHUYECKOH J1abopaTopuu TpPOBOIATCS  XpoMaTtorpaduyeckuii  aHaims,
pacTBopeHHbIX B MacJe ra3oB (XAPI') u moiHbi GU3UKO-XUMHYECKHH aHATU3
Macina (DXAM). Pe3ynbTaThl 3THX U3MEPECHUA HHXCHEP-XUMHUK 3aHOCHUT B BJ]
nH(pOpMaMOHHO-aHAIUTHYECKOH CcHUCTeMBl. Ha OCHOBaHMM STHX JaHHBIX
cHCTeMa OCYIIECTBISIET BepU(UKAIMI0O W HWHTEPIPETAlUIO, BBIJAET BHI
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nedekra, crenmeHb ero pas3BUTHA. VIH)KEHEp-XMMHK, OIEHHWB BBIBOJPBI,
C/ETaHHBIC CUCTEMOH, pukcupyeT cBoe 3akimoucHue B BJI. Pesynprater XAPT
u ®XAM BMecTe C 3aKIIOYEHHEM HWHXKEHEpa-XUMHUKa TPAHCIUPYIOTCS Ha
cepsep bJI sHeprocucremsr u B]1 ciyx0bI U3OIAIHH.

Ha cpennem ypoBHE ¢ cucTeMoill pabOTalOT MHXKECHEP 10 TUATHOCTUKE U
HavaIbHUK CITYKObI m3osiuu. [IpoBonurcest HeoOxonumast 00paboTKa JaHHBIX
W3MEpEeHni: CpaBHEHHE C pe3y/bTaTaMH WCIBITAHWN Ha 3aBOAE WIH TIPH
MOHTa)Ke 00OPY/IOBaHUs C JAHHBIMU TPEBIAYIINX U3MEPEHUH ITapaMeTpoB U
COOTHOIIEHHH MEXIy HHMH; OTCIEXKHBAEeTCs JAWHAMHKA HW3MEHEHHWH
MapaMeTpoB M COOTHOIIEHUH MEXIy HUMHU. VIH)KeHep 1Mo AMarHOCTHKE MOXKET
MIPOCMOTPETh PE3yJbTaThl pacyeTa NapamMeTpoB W OOBSICHEHHWE ITOCTAaHOBKH
IuarHosa. AHaiu3 WHGOpPMAalMM BelIeTcsl Kak B TEKCTOBOM, TaK U B
rpaguyeckoM Bujie (YCTPOHCTBO BBIBOJIA HA TIEYATh).

Ha BepxHem ypoBHe NpoBOIUTCS OOIMIMH IO DHEPrOCHCTEME aHaIU3
Opaka M OTKa30B OOOPYIOBaHHUS, OCYIIECTBISETCS CPaBHUTENBHBIN aHan3
cyx0 M30sIIMU IpeanpusTHil. Tak Kak ¢ cUCTEMOH paboTaroT HECKOJIBKO
KaTeropui Ioibp3oBaTeseld, TO TPHCYTCTBYeT HYETKO OpraHM30BaHHas
TexHonorust paboTel ¢ uHpopManueld. HempoTHBOpeunBOCTh M IENOCTHOCTh
JITAaHHBIX 00ECTICUMBAETCSI €MHONW KOJUPOBKOHW CIHPaBOYHHUKOB IO CTPYKTYpeE
9HEProcUCTeMBl, (POPMHUPYIOIIMX aJapec 00O0pyJOBaHMsS, a TAKXKE CEPBHCHBIX
CIPABOYHHUKOB, BBIPAKAIOIIMX MOJUTHKY OKCIUTyaTallid W JHUArHOCTHKH.
CripaBouHass mH(OpManust peako OOHOBIsieTcs, (QopMHUpyeMcss Ha YpOBHE
YIIpaBIICHUS] HEPTOCHCTEMBI, MyONHpyeTcsi Ha BTOPOM M TPETHH YpOBHH, B
OCHOBHOM, 0€3 npaBa pefakTupoBaHus. s TpaHcAuyu HHPOPMAIU MEXIY
YPOBHSIMH MOXKHO JI€JIaTh BEIOOPKH IO BHY M3MEpPEHHUs], THITy 000pyIOBaHMS,
MECTy YCTAHOBKM M BpEMEHH IIpOBeleHHs u3MepeHus. [lpu ciausHum
nocrynuBmied  mHpopMammu ¢ cepsepom B/l cucrembr  (mocie
TPaHCIIOPTUPOBAHUS MEXIY YPOBHSAMH B OOOMX HAaNpaBJIEHHSX) ITPOUCXOIUT
npoBepka HMHGOPMaNMKM Ha HENPOTHBOPEYMBOCTh C YUETOM NPHOPUTETA
JIOCTOBEPHOCTH, ~ OLIEHMBAeTCs IOJHOTa BHECEHHOW HH(pOpManmuu B
KOHKYPHUPYIOUIMX 3aIUCSX, UCKITIOYAETCS] TABTOJIOTHS 3aITUCEH.

Opranmzanuss CYB/J u B/l B UAC «Cupena». B nacrosiuiee Bpems
CYIIECTBYET JOCTAaTOYHO OOJBIIOE KOJMYECTBO MPOTPAMMHBIX CHCTEM,
TIO3BOJISIIOIMX CO3/1aBaTh W HCIIONB30BaTh 0a3bl AaHHBIX. B 3aBHCHMOCTH OT
pacIioNoXXeH!sl MpOrpaMMBbl, HCIHOJB3YIOUIeH JaHHbIe, U CaMUX JaHHBIX, a
TaKXke Crocoba pasjeNneHusl JaHHBIX MEXKAY HECKOJIbKUMH IOJIb30BATEIIMHU
pasnnuator sokanbHele (ABASE, FoxPro, Access, Paradox) u ynaneHHble
(Interbase, Oracle, Sysbase, Infomix, Microsoft SQL Server) 6a3b1 qaHubIX [3].
IIpu 3TOM pa3nuuUaloT TPU OCHOBHBIX BHIAa IPOrPAMMHBIX CpPEICTB,
Npe/iHa3HaYeHHbBIX ISl CO3/IaHusl, HANIOJIHEHMs, OOHOBIICHUSI U yAaJjeHus 0a3
JIAaHHBIX: TIPOMBIIUIEHHbIE YHHBEPCAJBHOTO HA3HAYEHHs, MPOMBIIUICHHbIE
CHeLUUaIbHOr0 Ha3HAYeHHs M pa3pabaThiBaeMble Il KOHKPETHOI'O 3aKa34yHKa.
CrienmanusupoBanabie CYBJ] co3marorest juis ynpaBiieHust 0azamMu JaHHBIX

18



KOHKPETHOTO Ha3HAYCHUs — OyXTaJTepCKUe, CKIAJCKUE, OAHKOBCKHE W T.II.
VYuusepcanenble CYB/] HEe MMEIOT YeTKO OYEpUYEHHBIX PaMOK NPUMEHEHUs,
OHM pACCUMTaHbl «HAa BCE CIy4au KU3HU» M, KaK CJEICTBUE, JOCTATOYHO
CIOXKHBI W TpeOyIT OT TMONB30BATENs CIHCIMATbHBIX 3HaHWA. Kak
ClieUaNN3UPOBAaHHbIE, TaK W yHUBepcalbHble mnpombiluieHHble CYBJ]
OTHOCHTEIIEHO JICIICBBI, JIOCTATOYHO HAJCKHBI (OTJIAXKECHBI) M TOTOBHI K
HeMemIeHHOH pabote, B TO Bpems kak 3akasHele CVYBJ[ T1peOyroT
CYIIICCTBEHHBIX 3aTPaT, a WX IOATOTOBKa K paboTe W OTIajJKa 3aHUMAOT
3HAYUTEBHBIA Teproa (OT HECKOIBKUX MECSIEB IO HECKOJBKHX JieT). B
3aBUCUMOCTH OT pachojiokeHus otTaenbHeix vactedt CYBJl pasnugator
JIOKalbHBIE U ceTeBbie  (daiin-cepBepHbIE,  KIUCHT-CEPBEPHBIC U
pacnpeneneunbie) CYB/I.

[IpunuMmass BO BHUMaHHE CTPYKTYPHYIO OpraHM3alUMI0 U HEPAPXUI0
VIOpaBJICHUS, TPHUHIUNBI BeleHUS 0a3 JAHHBIX Ha OTCYCCTBCHHBIX
SHEPTreTUUECKUX KOMIIAHUSX, OCHOBHBIE TEHACHIIMU U TIOJXO/bI ITPU CO3AaHUU
0a3 MaHHBIX W CHUCTEM YIpaBJICHUS 0a3aMu JaHHBIX npu pa3paborke MAC
«Cupena» ObUla TpPUHATA TPOMBINUICHHAS YHUBEPCAIBHOIO HAa3HAYCHUS
kimueHt-cepBepHas (puc. 2) CYBP Borland Database Engine (BDE) u

ynanenHas B/ InterBase npou3BoacTBa OAHOMMEHHON KOPIIOPALIUY.
)

BDE

I

j«<>»] SQL-Links I

(Borland Database Engine) I
I

I

IIpnnoskeHue -
KJIHEHT

A

CepBep JaHHBIX

)
JlokabHAs ceTh NpejMp HATHA

Y naneHHsIN

— |
I — v | |
| — BDE . | | BA
. > sQLLinks

| Ipuaoere - (Borland Database Engine) I |
| KJIHEHT |

I
' |

_l'[puMuu.meHHaﬁ 3BM N

u
Puc. 2 — Apxurexrypa CYB /] Kitment-Cepsep

KineHT-cepBepHBIC CUCTEMBI 3HAYUTEIFHO CHU)KAIOT HATPY3Ky Ha CETh,
TaK Kak JaHHbIC yhaleHHON BJl Haxomsrcs Ha yHaJeHHOM KOMITBIOTEpE
(cepBep cuctembl). Kaxnmelii ypOBEHb YIpaBlieHHsS OO0JIaJaeT CBOMMMU
(YHKIIMOHATBHEIME Y WH()OPMAIMOHHBIMU BO3MOKHOCTSMH. [Iporpamma
palboTHI ¢ ynajieHHOW 0a30l JaHHBIX COCTOHMT W3 JIBYX YACTCH: KIMCHTCKOW U
cepBepHOil. KimeHTCKas 9acTh mporpamMmbl, paboTarolias Ha KOMITBIOTEpPE
TIOJTb30BaTelsi, 00ecIeYrBaeT B3aWMOJAEHCTBHE C CEpPBEPHOH IIPOrpaMMON:
MMOCPEIICTBOM ~ 3aIPOCOB, TEpENaBaeMbIX HA  YOAJICHHBIH  KOMIIBIOTED,
MPEJOCTABIIICT JOCTYN K JaHHbIM. CepBepHass dYacTh IPOTPaAMMBIL,
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paboraromasi Ha yJaJIEHHOM KOMITBIOTEpE, NPUHUMAET 3arpoChl, BBITIONHSET
UX M HepechlIaeT JaHHbIE KIMEHTCKOH IMporpamme. 3ampochl MPEACTaBISIOT
co0oii KoMmaHAbl, TpencraBieHHble Ha si3bike Structured Query Language
(SQL) — s13bIKe CTPYKTYpUPOBAHHBIX 3ampocoB. [Iporpamma, paboTaromas Ha
YIQJIEHHOM CepBepe, CIPOEKTHpOBaHa TaKUM 00pa3oM, YTOObI O0ECHe4HTh
OJHOBPEMEHHBIN JOCTyN K MH(pOPMALMH HECKOJIBKAM Mojb30oBaTensaM. [Ipu
9TOM AJIsl oOecredeHusl JIOCTyNa K JJaHHBIM BMECTO MEXaHW3Ma OJIOKUPOBKH
(aiiyioB MCMONB3YIOT MEXaHW3M TPaH3aKIUH. TpaH3aKkuusi — 3TO HEKOTOpas
TIOCIIE/IOBATENIFHOCTh  IEMCTBHM, KOTOpasi [ODKHA OBITh  00s3aTENBbHO
BBINOJIHEHA HaJl TAHHBIMHU TIEpea TeM, Kak OHM OyIyT nepenaHsl. B ciydae
OOHapy)XeHHsl OMIMOKM BO BpEMs BBITIONHEHUS JIIO00r0 M3 JICHCTBUHA BCS
TIOCIJIE/IOBATENIFHOCTh JIGHCTBUI, COCTaBJISIONIAs TPAH3AaKIUIO, MTOBTOPSETCS
cHoBa. Takum 00pa3oM, MEXaHU3M TPaH3aKIUKH OOEecrieYrBaeT 3amury OT
anmapatHbIX cO0eB M COXpaHHOCTh JNaHHBIX B BJ1.

Ilocme  ananmza  ocoOeHHOCTEH ~ aBTOMAaTH3MpyeMoOW  00jacTu
JIeSITEIbHOCTH CIIEAYET MPUCTYIIUTh, BO3MOXKHO, K CAMOMY BaXKHOMY 3TaIly —
npoektupoBanuio b/, koTopoe 3akirouaercs B ONpeAeIeHNH COCTaBa IoJiel ee
Tabmui M cBs3edl Mexny Ttabmumamu. OT TOro, HACKOJNBKO TIIATEIBHO
MpPOBEJIEH AaHaJIu3 M HACKOIBKO TpaMOTHO crpoekTupoBaHa bJl, B
cyliecTBeHHeHIell Mepe 3aBUCHT d¢dexruBHOCTh Oyaymeir CYBJl u ee
TIOJIE3HOCTH ISl TIOJIb30BaTeNsl. DJIEKTPOHHbIE TaONUIbl U (aifibl, KOTOpbIe,
UCTIONB3YIOTCS B paboTe, MMEIOT Cepbe3Hble orpaHuueHus. [Ipexne Bcero,
cTapasich IOJJIepKUBaTh OTAENbHbIe ONOKM MH(OpMalmyu, pa3OpocaHHBIE 1O
BCEMY IPENPHUATHIO, U YIPABISATh UMH, MOXHO CTOJIKHYTBHCS C MPOOJIeMaMu
JIOCTYITHOCTH M TOYHOCTH JAHHBIX. A KOTJa JaHHBIE XPaHATCS B Pa3HBIX
(dopMaTax Ha pa3HBIX KOMIIBIOTEpAxX, TPYAHO OOecre4ynTh Oe30MacHOCTh U
KOH(QUW/IEHIIMAILHOCTh, HE TOBOPS YK€ O Ppe3epBHOM KOMHMPOBAHUH,
BOCCTAHOBJICHUH U HETPEPHIBHOM JTOCTYIMHOCTH JaHHbIX. [loaTomMy B mpomecce
pa3pabotku 6a3bl gaHHBIX U1 MAC «CupeHa» Obuia NpUHATA PENSIHOHHAS
MOJIETIb JIAaHHBIX. PernsinnoHHast 0a3a J@HHBIX NpeJCTaBisIeT coOOW ropasno
Ooyee MOIIHBI MHCTPYMEHT BO BCEX OTHOIIEHMSX, OCOOEHHO B 00JIacTH
aHAMUTHKY. PensimonHas 0a3a JaHHBIX — MO cymiecTBy 3To bJI, B KOTOpOit
JIAaHHBIC TIPENCTaBJICHBI B Buje Tabmuil (puc. 3). Pensnmonnas tadnwma [4]
COCTOHT U3 MEPECEKAIOIIUXCS CTPOK (Ipyrue Ha3BaHMs — 3aIHCh, CYIIHOCTh) U
cTonbuoB (Apyrue Ha3zBaHus - 1oie, arpuOyr). Tepmun «relation»
(oTHOIIEHWE) — 3TO (QOpPMANbHOE HAa3BaHUE ONPENEIICHHOTO BHIa TAOJHUIIBL.
PenstmonHple 0a3pl  J@aHHBIX — TO3BOJSIIOT ~ MHOTMMH  crioco0amu
MaHMITYIIPOBATh JAaHHBIMH, TaK 4YTO MOXHO BBIOMpaThb BCE 3aIMNCH,
OTBEUAIOIUE OIPEEIICHHOMY KPHUTEPHIO, CCHUIATBHCS M3 OJHHUX TaOJHIl Ha
JIpyrHe W pelakTHpoBaTh Bce 3amucu uenukoM. [l  obecnedeHus
LEJIOCTHOCTH W  MHHUMAJHM3allik  3aHMMaeMoro o0beMa IaMsiTH K
PEISIIMOHHBIM TaOJIMIaM MIPEABSBIISIOT CIIEYIOINE TPEOOBAHMS:

®  JaHHBIE B SUEHKaX TAOJIHIBI JOJDKHBI OBITH CTPYKTYPHO HENIEIUMBI;
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JTAHHBIC B OJTHOM CTOJIOIIE JOJDKHBI OBITh OJTHOT'O THIIA;
KaXKIBIH CTONOEI] TODKHBI OBITh YHUKAIBEHBIM;
CTOJIOIBI Pa3MENIAIOTCS B IPOU3BOIBHOM MOPSJIKE;
CTPOKH Pa3MEIAOTCs TAKXKE B MPOU3BOJILHOM TTOPSIIIKE;
CTOJIOIBI UMCIOT YHUKAJIHHBIC HANMCHOBAHUS.

['MaBHBIMU «CTPOUTENBHBIMH ONOKaMu» pensuuonHor BJl  sBisrorcs
cymHoctr  (entity). TepMWUH CYIIHOCTH OOBIYHO UCIONB3YeTCS  JIISA
o0o3HaueHHs1 JIOOOro pa3iIuduMoro oObeKTa, KOTOPBIH MOXET OBITh
npencraBieH B BJ (00BEKT, MECTOMONOXKEHUE WM TPEIMET, CBEACHUS, O
KOTOpPBIX MomIexkaTr cOopy U xpaHeHHr0). CYIIHOCTH TPYIIUPYIOTCS MO UX
obmuM cBoiictBam. HabGop cymHocTelt (entity set) 3To WMeHOBaHHas
COBOKYITHOCTh CYITHOCTEH, OOBEIMHEHHBIX OONMMH CBOWCTBAMHU. Takum
00pa3oM, TaOJUIa COAEPKUT TPYIITy CBA3AHHBIX CYIIHOCTEH, MO I3TOH
NIPUYMHE TePMUHBI TabiIHIa U HabOp CYIIHOCTEH Yale BCero 03HayaroT OHO
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Koa N TemnepaTypa BCTbILLKA
M KucnotHoe uncro
HassaHue MNC BaskocTb )
M| AmpecnCuTta. Koa_Tpanchopmatop Peakuus BOAHOM BbITSKKMA
Lo Koa_P3C CEp LT Homep npoTokona

I 6 Hata aHanusa u T.4.
arta oToopa

MpuynHa otbopa
OaTa aHanusa
CocTas rasos
Homep npoTokona
3aknoyeHne n T.4.

Puc. 3 — Pemsmmonnas crpykrypa B/ MAC «Cupenay»

Kaxngass cymHOCTh MMeeT HEKOTOpbIE CBOMCTBa, Ha3bIBaeMbIe
atpubyramu. Hanpumep, Ha puc. 3 Habop cymiHocTe ¢ HMEHEM
«IToncTaHIMM»  COAEPKHUT MHOXKECTBO  CYIIHOCTEH  «IIOACTaHLUS»  C
atpudyramu Kon POC, Haspanue [1C, KonraktHerii Tenedon u ap. Kiroun —
LEHTPabHasl COCTaBJISIONIAs PENSIMOHHBIX Tabmum. Kitoun ompenensroT
(yHKIMOHAIBHBIE 3aBUCHMOCTH, TO €CTb JIpYTHUe aTpHOYTHI 3aBHUCST OT KIIIOYa
U MOT'YT, CIIEJIOBAaTeNbHO, OBITh Hali/leHbl MO ero 3HaueHuio. Kaxnas crpoka
TaOIMIBl OJDKHA WMETh NMEepPBUYHBIA KITIOY, KOTOPBIH NPENCTaBiIsIeT COOOH
aTtpuOyr  WiIH KOMOMHAIM0  aTpuOyTOB, KOTOpbIE  YHHKaJbHO
NAEHTU(GHUIUPYIOT BCE OCTaJbHBIE aTpuOYTHI B 000K cTpoke. [lockombky
MepBUYHBIA KIIFOY JOJDKEH OBITh YHUKaJleH, B HeM Uil oOecriedeHHs
LIEJIOCTHOCTU HE JIOMYCKAIOTCs IycThle 3HaueHus. HecMoTpsa Ha To, 4TO BCe
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TaOJIMIBI HE3aBUCHMBI, HMX MOXHO CBS3aTh IPH IIOMOIIM COBMECTHO
ucronbp3yeMbIx aTpuOyroB. Cesizu B BJ] MokHO KilaccuuuMpoBaTh MO THITY
«onuH-KO-oqHOMY» (1:1), «ommH-KO-MHOTUMY» (1:M) N «MHOTHE-KO-MHOTHM»
(M:M). CBs3p «OAMH-KO-OJJHOMY» O3HA4yaeT, 4TO JaHHAs CYIIHOCTH MOXET
ObITH CBSI3aHAa TOJBHKO C OAHOW JAPYrod cymHOcThI0 U T. X. CBmb 1:M
MPaKTHYECKW HAeanbHa Ui PEIAUUOHHOW MOJENW W SBISETCS B HEH
OCHOBHBIM KHPITUYHUKOM.
BoiBoabI.

1. PaspabatpiBaemas MAC «CupeHa» CTpPOMTBCS B COOTBETCTBHUH C
CTPYKTYpOH W wHepapxueil ynpaBieHHs >HEPrOKOMIIAHWEH W HMMEET YeTKO
BbIJICJICHHbIE YPOBHH. Kaxprit YpPOBEHb obiagaer CBOUMH
(YHKIMOHANBHBIMH W MH(OPMALMOHHBIMUA  BO3MOXHOCTSIMH,  YPOBHEM
00001IeHs, aHanM3a W 3allMIIEHHOCTH WH(OpMaluk B COOTBETCTBUH C
CYILECTBYIONIEH nepapxuei opraHu3aluu SKCIUTyaTaluu
AIEKTPOOOOPYIOBAHUS,;

2. Kak u 6onmsrmmacTBO IC [5,6,7,8], padoraronx ¢ 6azamu nanHbX (B/1)
HNAC «Cupena» wuCIons3yeT TpPOMBIIUIEHHYIO YHHUBEPCAIBHOIO Ha3HAYEHUS
CVYB/] InterBase B nokaibHOIM CETH NPEANPUATHS B PEKUME KIHEHT-CEPBEP C
MIPUMEHEHUEM DEJSIIMOHHOW MOJIEN AAaHHBIX, YTO ITO3BOJISIET 3HAYMTEIHHO
CHHM3HUTH CTOMMOCTH pa3paborky MAC u mpu 3TOM 00ecneynTs COXPaHHOCTh
JIAaHHBIX, Pa3Tpy3uTh WHPOPMAIMOHHBIE KaHAJIBI CBSI3U TPEINPHATHS 110
Cpe/ICTBaM yIaJIeHHOTO CepBEpa CUCTEMBI.

3. TlpumeHeHWe pESIMMOHHON MOJAENM XpaHEHWs JAHHBIX JaeT
BO3MOXKHOCTB CBOOOJIHOTO JOCTyNa K AaHHBIM 10 cpeactBam SQL 3ampocos,
YTO HEMAJIOBAXXHO NPH pPaboTe C OONBIIUM KOJMYECTBOM Pa3zHOOOpa3HOM
nHpopManum.

Cnucok autepatypsi: 1. [llymenxo O. B. AHann3 (yHKIHOHAJIBHBIX BO3MOKHOCTEH YKCIIEPTHBIX
CHCTEM, HCIOIB3yeMBIX JJIs JUATHOCTHKUA COCTOSHHSI BBICOKOBOJBHOIO MACIOHANOIHEHHOrO
obopynosauus / O. B. Illymenxo, /]. H. Baxnaii // Bicauk HTY «XIII». — 2011. - T. 1, Bum. 3. —
C. 45-52. 2. baxnau [. H. AHanu3 NpPUHLIUINOB IOCTPOEHHS SKCIEPTHBIX CHUCTEM JUIS OLEHKU
COCTOSTHHUSI M30IISIMHI MacJIOHaNoNIHeHHoro obopynosanus / JI. H. baxnaii // Bicank HTY «XITI».
—2010. — T. 1, Bum. 1. — C. 180-194. 3. Delphi 7 Haubonee nonHoe pykoBoactso / A. Xomenxo,
B. I'ogpman, E. Mewepsxos u op. — I1. : BXB-Ilerepoypr, 2008. — 1200 c. 4. Pyouxoea JI. B. ba3sl
naHHBIX. Pa3zpaboTka npuioxenuii: nociouuk / JI. B. Pyoukxoea. — I1. : BXB-IletepOypr, 2006. —
496 c. S. Ilonos [I'.B. DxcnepTHas HOANEp)KKA MpPU JUATHOCTHKE COCTOSHMS CHUIIOBBIX
Tpancdopmaropos / I.B. ITonos, A.B. Bamneyos, C.C. Anv-Xampu // Dnextporexnuka. — 2003. —
Ne 8. — C. — 5-11. 6. Henamves E.b.OueHka COCTOSIHUS 3JIEKTPOOOOPYTOBAHHS Ha OCHOBE
IporpaMMHOro Komintekca "/luarHoctuka+" B pexume on-line / E.5. Henamves, E.FO.Komkos,
I'.B.Ilonos — VIII Cummnoszuym "Dnektporexuuka 2010". COOpHHUK TE3MCOB JOKJIAIOB, AOKJIAL
4.13, M.: BDU. — 2005. 7. Hasuoenko H.B. CTpyKTypa 3KCHEPTHO-AHATHOCTHYECKOW U
HHOOPMAIIMOHHON  CHCTEMBI  OLEHKHM  COCTOSHHS  BBICOKOBOJIBTHOTO  00OPYHZOBaHHS
/ U.B. [lasudenko, B.I1. 'onybes, B.U. Komapos, B.H. Ocomog /| DnexTpudeckue CTaHIIUU. —
1997. — Ne6. — C. — 25-27. 8. Jlagudenxo H.B. CucteMa KOMIIBIOTEPHOH JUArHOCTUKH
MacIIOHATIOJIHEHHOT0 000pyIOBaHHs B paMKax dHeprocucteMmsl / M.B. lasuodenxo, B.I1. I'onybes,
B.U. Komapos, B.H. Ocomos, C.B. Typxesuuy // Duepreruk. —2000. — Ne 11. — C. 52-56.
Hocmynuna 6 peoxoanecuio 30.09. 2011
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YCOBEPHIEHCTBOBAHHASI MATEMATHYECKAS MOJIEJIb
I'PO303AIIMUTHI BO3AYIIHBIX TUHUM
SJIEKTPOIEPEJIAYN HATIPSI’)KEHUEM 110 KB ¥ BBIIIE U
PE3YJIbTATHI EE UCIIBITAHUIA

Po3risiHyTi MaTeMaTH4HI ACIEKTH YAOCKOHATIEHOI MOJIeNi TP0303aXUCTy MOBITPSHUX JIHIH
enektponepenadi Hanpyroto 110 kB i Bumie ta pe3ynpraTy, 0 OTpUMaHi npH ii BUIPOOyBaHHI.

PaCCMOTpeHLI MaTEMATUYCCKUE aCIICKThI yCOBepI_HeHCTBOBaHHOI\;I MOJEIN I'PO303alUThI
BO3QYUIIHBIX JIMHUHT QJICKTpONEpEaaYn HAIPSHKECHUEM 110 kB u BbITIIE N PE3yJIbTAThI, IOJTYYCHHBIC
npu €€ UCIBITAHUU

Mathematics realization of lightning defense model of overhead transmission lines of 110 xV and
more high voltage and its test rezults are discussed.

IloctanoBka mpobaembl. Pacuer oxugaeMoro 4ucia TIPO30BBIX
OTKITIOYeHNH BO3AyIIHBIX JuHUKA (BJI) smextponepexaun HampspkeHUEM
110 kB u BbIIe, OTBEUAIONMIMH YCIOBHAM (QH3HKH TpoIlecca TpU pas3psiie
MOJIHUH, ISl KOTOPBIX HE3aBHCHMBIE CIlydaliHble BEJIMYMHBI aMIUTUTYda |
MaKCHMaJlbHass KPYTH3HA BOJIHBI TOKa MOJIHHUM JOCTUTAIOTCS B Pa3iIUYHbBIE
MOMEHTBHl BPEMEHHM IIpH YCIOBHM HYJIEBOH NPOW3BOJHOH TOKAa MOJHHMU B
HAYaJbHBII MOMEHT BpEMCHHU, TpeOyer pa3pabOoTKh COOTBETCTBYIOMIECH
METOJIMKH WJIM COBEpPIICHCTBOBAaHUs cCyllecTByonmx. CoBeplIeHCTBOBaHUE
MaTeMaTH4ecKoi BepOsSTHOCTHON Mozenu rposo3amurtsl BJI 110 kB u 6onee
BBICOKOT'O HAaIpsDKEHUSI C TPOCOM BEZETCSl C MCIOJNB30BAHUEM COBPEMEHHBIX
BBIYMCIIUTEIBHBIX OINEpalMii W JIOJDKHO 0a3upoBaThCsi Ha pe3ynbTarax
COOTBETCTBYIOIINX YHCIIEHHBIX SKCIIEPUMEHTOB.

AHasm3  myGaukanuid. HaumOomee monnHass Merommka —pacyera
rpozozamutel BJI 110 kB u Gosee BHICOKOT0 HANPSDKEHUS] C TPOCOM M3JI0KEHA
B "PyxoBomctBe" [1]. IlocraHOBKa 3amauM COBEpIIEHCTBOBAHHUS ATOMH
METOJMKHM IIyT€M TMpe[CTaBIeHHs B Hel (OPMBI BOJHBI TOKAa MOJHUH,
OTBevaloIas YCJIOBUSM (HM3MKM TIpoliecca INpH paspsiie MOJHHHM, Oblia
otoOpaxkeHa B paborax [2,3]. B paborax [3,4] mpemiokeHa ammpOKCUMAITHS
(OpMBI BOJIHBI TOKa MOJIHWH, OTBEYAIOIIasl yCIOBHSAM Ipoliecca IpH pas3psie
Momunmu B BJI, a B pabore [5] wW3IOKEH MOMXOA K PEIICHUIO 3aadd
COBEpIIEHCTBOBAHUS MojenrpoBanus Tposozamutel BJI 110 kB n Oonee
BBICOKOTO HAINPSHKEHUS C TPOCOM TIPH  YCIOBHM  YKa3aHHOW  BEIIIE
ANMPOKCHUMAIIHH.
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Heas craTbu. M3nokeHHe OCHOBHBIX MOJOKEHHH COBEPLICHCTBOBAHUS
MonenupoBanus rpo3o3amuTsl BJI 110 kB u Goitee BBRICOKOT'0 HANPSHKEHUS C
TPOCOM U PE3YIIBTATOB BHIYUCIUTEIBHBIX SKCIIEPHUMEHTOB.

OcHOBHAfl 4YaCTh.

[IpyHMMaeM B3aMMHO HE3aBUCUMBIMHM aMIUIMTYLy ¥ MaKCHMaJIbHYIO
KPYTH3HY TOKa MOJIHUHM ISl IPEAIoKEeHHOH B paborax [3,4] anmpokcumanuu
(dopMBl BONMHBI HMMIynbca. Vcmomp3yeM JorapuMUYECKH HOPMaJbHOE
pacnpenenenrie TokoB MosHUM [1,6]. TIMOTHOCTE BEPOATHOCTH pacIpeeeHust
aMIUTUTYbI TOKa MOJHHUH:

—\
Ige (lgIM—lglm)
S = exp| — , (1
M g V21 2012g,
roe lglyy — maremaTudeckoe OXuAaHMe Iorapudma AMIUIATYABI TOKA

MOJIHUY;
Olg7 — cpemHee KBaIpaTUIEeCKOE OTKIIOHEHHUE JIOrapu(pMa aMIUTATY/IEL.

AnanornyHo [1,6] 11 MakcUMaJbHOM KpPYTHU3HBI HMMITYJIBCOB TOKa
MOJIHUHU:

—\

g A —lg4

Ty )= Ige exp—(g M max 2g Mmax) , )
GlgA v 27-‘:AM max 2GIgA

rie 124vmax — MaTemaTHueckoe OXHIAaHME JIOrapuMa MaKCUMaTbHOM
KPYTU3HBI TOKA MOJIHHY;
Olg4 — cpemHee KBaJpaTHYECKOE OTKIOHEHHE JiorapudmMa MaKCHMaJIbHOH
KPYTH3HBL

Toraa BepoOSITHOCTh MOMAJAHUS 3HAYCHUI aMIUTMTY/Abl TOKA MOJHUH B
uHTepBan [y, Iv, [ Oyner paBna [7]:

Ivi —\
1 1 lgly —1g1
Py <Iy <Iy)=—25— [ “exp _M dly - (3)

Ol V2T I Inm 2044

AHaNOTUYHO, BEPOSTHOCTh TONAJAHUsI 3HAYEHUH MaKCUMaJbHOU
KPYTU3HBI TOKA MOJTHUA B UHTEPBAI [AM max i-1, AM max: [ OYZIET paBHA

24



P(AM max i—1 p AM max < AM max i) =

4 max i 1~ 4
1g e M 1 (1g AM max 1g AM max )2
= 7\/7 J. —&Xp| — P dAM max * (4)
6lgA 2n AN max i1 AM max zclgA

Omnpenensisi BEpOSTHOCTH TO BbIpakeHHsM (3) u (4) a1 Kaxaoro us3
3a7aBaeMbIx HUHTEPBANOB [Ivi1, v YU [AMmaxi-1, AMmaxi Ha TPUHITHIX
HMHTEpBAJIaX Bapualuil 3HaUYE€HUN BEMHUYUHBI Iy U Ap max, MPOU3BOIUM, TEM
CaMbIM,  aNNPOKCUMAIIMIO  KPUBOW  JIOTApU(MUYECKH  HOPMAIHHOTO
pacrpenelieHusl JTUCKPETHOW cTymeHuaTod ¢yHkimued. [Ipu SToM ITHHBI
YKa3aHHBIX 33J]aBA€MBbIX HWHTEPBAJIOB pPAaBHbI COOTBETCTBYIOUIMM IlIaram
nuckperyzauuu  Aly=Iy;— Iy =const U AAymax = AMmax i — AM max i-1 =
= const (=1,n). Toraa KOIMYECTBO NONAaJaHUI U3 OOIIErO YUCIa UCTIBITAaHIHA N
B KaXIpld w3 WHTEPBANOB [lvi1, Imi ¥ [AMmaxi1, AMmaxi[ OYIET paBHO
COOTBETCTBEHHO:

Ny, =PU,, <1, <1Mi)N, (5)

N,

smax = PCAy maxio1 S Ayp e < A maxi)N, (6)

Takum o0pa3oM B 3a/laBa€MOM YHUCIIEC CTATUCTUYCCKUAX HCIBITAaHUA N
CTOXAaCTUYCCKOW MOJEIH MEPEKPBITHS TUPASHIBI n3onaropoB BJI umeem Ha
KQXKIOM IIIare JUCKPETU3alUN BENUYUH [y U Ay max BIOTHE ONpEICTICHHOE
YHUCII0 3HaYeHUH [y (AaHATOTUYIHO U Ay max), T-€. Nany ¥ Naay max, OOCCIICUHBAs
TEM CaMbIM HUCIOJIb3YEMYIO IUIOTHOCTh BEPOSTHOCTH PACIpPEICICHHUS TOKOB
MOJTHHUH.

MogenupoBaHue  Ipolecca  NEpeKphITUS  JIMHEHHOH — M30JALUU
MIPOU3BOJUTECS ciieayrommM obpasom. Ha DBM opranusyercs renepanus
mapbl 3HaYeHUH [fy W Ayvpexe M3 0a3el gaHHeIx OBM  BRIOHparoTcs
COOTBETCTBYyIOIIME H3TOM mape 3HaueHuss [y, 7 u 75, TMO3BOJISIONINE
BOCIIPOU3BECTH NPEIOKCHHYIO B paboTax [3,4] MO/IENb BOJIHBI TOKA MOJIHUM;
JUIsl OTMEYEHHOM COBOKYITHOCTH 3HAUEHUH BEIHMYMH M3BECTHBI TaKKE Ty
(murenbHOCTH PpOHTA) U £,4,(MOMEHT BPEMEHH, IIPH KOTOPOM KPYTH3HA TOKA
MOJTHIH MaKCHUMaJIbHAas1). DTa MOJENb cleayromas [3,4]:

t t t
iy()=1Ile h_et_ 1—2 Le L, (7

rae [0 — INOCTOsIHHAs, OolpeaciaeMan aMHJ'IPITyZ[Oﬁ TOKa,
T], Tz — MOCTOSAAHHBIC, OMPCACIAEMbIC BO3pACTAHUCM U CIIaJIOM BOJIHBI TOKA.

25

MoMEeHT NEPEKPHITUS JTUHEWHON M3OMSALUM TIPU [=f;, YCTAHABIMBACTCA
[0 KPUTEPHUIO BBIMOJHEHUS HM3BECTHOIO YCIOBHUS, YTO CyMMa HMITYJIbCHOTO
HanpsokeHnst Upg(t) ¥ pabodero HampspKeHHsl MpoBoAa u,(¢Q) IOCTUraeT
Pa3psAAHOrO HANPSDKEHUS TMHEWHOW U30MIAUN U;%p(t) [1].

B ycoBepiieHCTBOBaHHHON MaTeMaTUYECKOW BEPOSTHOCTHONW MOAEIH
rpo3o3anutel BJI snextponepenaun 110 kB u Bbime TpeOyercs, Kak W B
UCXOMHOW  Meroauke [l], pemieHue  eTEpMUHHMPOBAHHOW  3ajadu
pacnpeniesieHusl TOKa MOJHUU MEXAY OMNOpOM M TPOCOM Kak IpH HPSMBIX
yAapax B OIIOpY, TOKa M B TPOC B CEpeAMHE MponeTa. 31eCh UCIONb3YIOTCS T
KE CXEMBI 3aMeIleHus], 4To U B pabdore [1], HO MozieNb BOJHBI TOKa MOJHHH
oTBeuyaerT ycioBusM ypaBHeHus (7). Torma mpu KakaoM CTaTHCTHYECKOM
HCTBITAHUU CTOXACTHUUECKOW MOJENN MEepEeKPHITHs THPISHIBI u30asaTopoB BJI
YCTaHOBJICHHE PACIpEENICHUs] TOKa MOJIHHU B COOTBETCTBUH C Mozeinbio (7)
MEXIY ONOPOH U TPOCOM ITPOU3BOIUTCS ITyTEM pelieHust Tu(PepeHIIHanbHbIX
YpaBHEHMH  SIBHBIM  OJHOLIATOBBIM  METOAOM  NEpPBOrO  MOPSJIKA,
MIPEJIOKEHHBIM DHIIEpOM.

Crnenyer OTMETHUTh, YTO pa3psAAHOE HANPSHKEHUE JMHEWHOW H3O0JALUU
Upasp(t) OTIPEIENsIeTcst BOMBT-CEKYHTHON XapaKTEPUCTUKON B COOTBETCTBHHU C
paboroii [8] kak

_Uspy, 14 3,1

- , 8
L1451\ ¢ ®)

U ey )

npex

rae Usy, — 50%-HOe UMIyIbCHOE Pa3psAHOE HATPSKEHHe THPJIAHIb TpPH
MOJHOW  BOJNHE Ui TIOJIOXKHTENBFHOM  MOJSAPHOCTH  HA  TIPOBOJE
(IpHOIM3UTETBHO COOTBETCTBYIOMIEE Trpes = 20 MKC), KB;

tupen — IPENPA3PSATAHOE BPEMSI, MKC.

Pacuer  50%-Horo pa3psAHOIO  HANpPSHKEHWS AN HMMITYNbCa
TIOJIOKUTEIBHOW  TOJSIPHOCTH € JUTUTENBHOCTHIO  (pOHTa 1Tg Oonee
JUINTENBHOCTH (pOHTA cTaHgapTHOro ummyinbca (1,2/50 MKc) mpou3BoANTCS B
COOTBETCTBHH C paboToii [ 1] Mo BEIpaskeHUIO

9
Uy, (1) =Upo| 0,45+ —
50%\*p 50% ’C09+15

©)

>
[}

[pu reneparnuu u3 6a3el JaHHBIX DBM 3HaueHUN I\, AM max, Lo, 11 1 T»
U3BECTHBI TAKXKE 3HAUCHUS Tgp U fay. |IpUHMMAS JOMYIIEHHWE, YTO BOJBT-
CEeKyHJIHAsl ~XapaKTCPUCTUKA JIMHCHHONW W3ONSAIMH  ONpeAeisercs 110
BBIpaOXKEHMIO (8) He Tombko st ciydaeB ¢ Usgy, HO # mpu Ulpy(To),
MIPOM3BOMUTCS BBIYUCICHUE MO BbIpaxeHuto (9) 50%-Horo paspsaHOro
HANPSDKCHUS C JUTUTEILHOCTHIO (DPOHTA Tgp, 3HAUCHHE KOTOPOT'0 TEHEPUPOBAHO
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n3 6a3el maHHBIX OBM B cocraBe ykasaHHBIX paHee 3HaueHuil. [lamee, mo
BBIpQKEHHIO (8) B Tpollecce NOMIArOBOr0 HAPAIIUBAHUS BPEMEHH [ = fypey
OIIpEeJIeIIsIeTCS BOJIBT-CEKYHIHAs! XapaKTEpUCTHKA JIMHEWHOH W3OIAIMH |
TIPOBEPSIETCS BHINTOJHEHHUE YCIIOBHUS €€ TIEPEKPHITHSI.

Takum  oOpa3oM B YCOBEpIICHCTBOBAHHOM  MaTeMaTHYECKOH
BEPOSATHOCTHOWH Mojenu rpo3o3amuTsl BJI anekrponepenadn HampspkeHHEM
110 xB u BbIle, B OTIMYHE OT paboThHl [1], WCHoONb3yeTcss ofHA W Ta XKe
paspsaHas XapaKTepUCTHKa KaK MpH MPSIMBIX yaapax B OIOpPY, TaK U B TPOC B
cepenuHe TponieTa. B pabGore [1] B mepBoM cilydae HCIONB3YEeTCS BOJBT-
CeKyH/Hasl XapaKTEepUCTHKAa THUPJSHA M30JATOPOB Ui  pas3psaoB  Ha
KOCOYTOJIbHOM (DpOHTE, KOTOpas TMOJydeHa ¢ ucroab3oBaHueM 50%-HbIX
paspsOHBIX HaNpsHKEHWH TIPU  HCTIBITATENbHOM HWMITYJIbCE CTaHIApTHOMN
¢opmbl, a Bo BTOpoM — 50%-HOe paspsaHOe HANPSHKCHHE JUIS HUMITYJIbCa
TIOJIOKUTEIBHON TIONISIPHOCTH. YYHTBIBAsk TO, YTO B YCOBEPIIEHCTBOBAHHOM
MoJnenu rpo3o3amuTel BJI ompenencHue mmTensHOCTH (DpOHTa UMITYIIBCa

TOKa MOJJIHUM MTOPOU3ZBOAUTCA 10 BBIIIOJHCHHUIO YCJIOBUA —
Oy = I

OTJIMYAIONIETOCS OT OINpPEAETCHUs] UIMTEIBHOCTH (PPOHTA KOCOYTOJIBHOTO
ummnynbca B padote [1], ucrnonbsoBanue paspsaaHoro HanpsukeHust Upyp(t) B
COOTBETCTBHH C BbIpakeHUsIMH (8) u (9) mpeacTaBisieTcst 000CHOBaHHBIM.

BrimonueHHoe coBepiieHcTBOBaHUE Mojienu rpo3o3amuTsl BJI 110 kB u
OoJiee BBICOKOTO HAIIPSHKEHUSI C TPOCOM IIPEIINOJIaraeTcsl UCIoib30BaTh MPH
BbIOOpEe HAMOOJBIIET0 3HAYCHUS] CONPOTUBIICHHS PACTEKAHMIO 3a3EMIISIOIINX
yctpoiicte  omop BJI. IloaToMy coBepleHCTBOBaHHE HE KOCHYJIOCh
paccMOTpeHHs NIPOPHIBOB MOJIHUU Yepe3 TPOCOBYIO 3aIMTy Ha nposoja BJI;
YHCIIO MPOPBIBOB OT 3HAUEHUS YKA3aHHOT'O BBIIIE COMPOTHUBIICHNS HE 3aBUCHT.

Heobxonnmoe 4YHCIO CTaTUCTHYECKUX HCIBITAHUN MaTeMaTHYeCKOH
BEPOSTHOCTHOM Mojenu rpo3o3aummrtel BJI anexTponepenaun HampsKeHUEM
110 xB u BbIIlIe YyCTAaHOBIEHO Ha OCHOBE BBIYMCIUTEIBHOIO dKcnepumenrTa. 1o
nucxonueiM gaHHeiM BJI 110 xB Ha omopax I16110-8 npu ymape monHuu B
OIIOpY B 3aBHCHMOCTH OT YHCJIa MCHBITAHUH IOJy4eH pa3OpoC BEPOSITHOCTH
TIEPEKPHITHUS H3OJIAIUHU Ha orope (cM. puc. 1).

W3  BBIYMCAMTENBHOrO  SKCHEpUMEHTa  CcleqyeT, 4TO  YHUCIO0
CTAaTUCTUYECKUX UCTBITAHUN TP MOAEIUPOBAHMU Tposo3amutel  BJI
HanpsokerneM 110 kB u Bbile 10mKHO GbITh He MeHee 10°.

BeiBoas!.

VYcoBepiieHCTBOBaHHAs MaTeMaTH4yeckas Mofenb TIpo3o3amutsl  BJI
anekTponepeaaun HampspkeHueM 110 kB u Bblme ¢ TpocoM peanusyercs Ha
OCHOBE COBPEMEHHBIX BBIYHCIUTENIBHBIX ONEpalii U, MO CpPaBHEHHUIO C
UCXOJHOW Mopenplo, 0OoJee aJeKkBaTHA OTOOpaXkaeT TIIPOIECCHl  IpH
nopaxeHusx Monsueit BJL
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Puc. 1 — Pa36poc BepOSITHOCTH MEPEKPBITHS M3OJISIMN Ha OTIOpe
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E®EKTUBHICTb EKPAHYBAHHS BUTHUX ITAP

BcTaHOBIGHO BIUIMB ~ TOBINMHM Ta MaTrepialy 3aXHCHOI IOTIMEpPHOI OOOJIOHKM BHUTHX
HEeKPAHOBAaHUX Iap Ha BUIIPOMIHIOBAHHS EIEKTPUYHOI CKIATOBOI €IEeKTPOMArHiTHOIO IIOJIL.
IToxazaHo e(eKTHBHICTH 3aCTOCYBaHHS METaJeBOrO €KpaHy B IOPIBHSHHI 3 IOJIMEPHUMU
3aXHCHAMHU 000JIOHKAMH.

VCTaHOBIIEHO BIMSAHUE TOJNMIMHBI M MaTepualia 3alUTHON O0OJOYKH BHTBIX HEIKPAHHPOBAHHBIX
map Ha W3JIyYeHHE OIIEKTPHUYECKOW COCTAaBISIONIEH JJIIEKTPOMArHUTHOTO Tons. llokaszana
3] hEKTHBHOCTH TPUMEHEHHS METAJUINYECKOTO DKPAHA B CPABHEHHHU C MOJMMEPHBIMHA 3aIIATHHIMA
000JI0YKaAMH.

Influence of a thickness and material of a protective cover twisted non shielded steam on radiation
of an electric component of an electromagnetic field is established. Efficiency of application of the
metal screen in comparison with polymeric protective covers is shown.

Bcmyn.

MepexeBi kabeni BHUIYCKAIOThCS SIK  HEEKPAHOBAaHWMH, TakK 1
eKpaHoBaHMMHU. [Ipy 1bOMY CHIBBIJHOIIEHHS MiX HUMH CTaHOBHUTH 84 % 10
16 % Bigmosiguo [1 — 2].

€nuHOI BINIOBiNI HA THTAHHSA: 3aCTOCOBYBAaTH HECKPAaHOBaHY a0o
eKpaHOBaHy napy — Hemae. lle mUTaHHS TTOBMHHO BUPINIYBATUCS BUXOISMYHU 3
KOHKPETHUX TEXHIKO-EKOHOMIYHMX YMOB Ha CTaJil NPOEKTYBaHHSI MeEpexi,
BpaxoBYIOUH BCi (paKTOpH, 110 BIUIMBAIOTH HA HPOOIEMY eN1eKmpPOMazHImHOL
cymicnocmi  ma  eKonoziunoi  fe3neku TIpU 3aCTOCYBaHHI IOJIIMEPHUX
MaTepiajiiB B KaOesix.

VY nmepiry 4epry HeoOXiqHO, 3HAIOYM OYIKYBaHWI YaCTOTHUH Jliara3oH
poborn kabemto, BpaxyBaTW B3a€MHI BIUIMBM MDK OKPEMHMHU MNapamu, SKi
MOXXHa CYTTE€BO 3MEHIIUTH BBEACHHSM IHAMBIIYaJbHUX EKpaHIB, a TaKOX
BU3HAYUTH CTYMIHb MOXJIMBHX 30BHINIHIX €JIEKTPOMArHiTHUX BIUIMBIB
(BKJIIOYAIOYM MiX KaOenbHI IepemKoan), sIKi MOXKHAa 3HAYHO 3MEHIIUTH
3aCTOCYBAHHSIM 3arajibHOTO eKpaHa Cep/IeuHHKa.

CTpyMH Ta Hanpyry, 10 BUHUKAIOTh B BUTIH Mapi BHACIIIOK B3aEMHUX 1
30BHIIIHIX BIUTMBIB, IOB'S3aHI 3 THUM, IO JBa IPOBIJIHUKH HECHMETPHYHI
BIJTHOCHO JUKepesa Nepenikos (mepedyBaroTh Ha pi3HIM BiACTaHI BiJ HHOTO).
[TpuXMIBHUKK 3aCTOCYBaHHSI HEEKPAHOBAHMX CHCTEM HAIOJIATAal0Th Ha TOMY,
10 JUIsl BUPIIIEHHS NPOOJIeMH BIUIUBIB Ha Mapu HEOOXIJHO YIOCKOHAJIIOBATH
KOHCTPYKIIIIO Ta TEXHOJIOTII0 BUIOTOBJIEHHS BUTHX map. JlilicHO, ojHaKOBUi
JiaMeTp KIJI Ta TOBIIMHA 130JIA11i1, CTa0IbHA BiJICTAHb MIXK TIPOBITHUKAMU Ta
KPOK CKPYTKH IIO JIOBKMHI KaOelo pi3KO0 3MEHIIYIOTh EJIEKTPOMArHiTHUH
BIUIMB Ha BUTI MapH.
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Ile ommH craHIapTHUI apryMeHT Ha KOPUCTh HEEKPaHOBAHWX pillleHb
noyisArae B TOMY, IO 3acTOCYyBaHHs KaOemiB 3 €KpaHaMH BHMAarae
00OB'SI3KOBOTO 1 sIKiCHOro 3azemusieHHs. Jlnst 1poro morpiOHa Mepexa
TEJIEKOMYyHIKaI[ifHOro 3a3eMieHHs. [lpu HeHaJiiiHOMY 3a3eMJICHHI CTpyMH
OynyTh 6araTopa3oBo MPOTIKATH 10 €KpaHy, YaCTKOBO BiOMBAIOYHCH HA HOroO
KIHIPIX 1 BHUIPOMIHIOIOYM EJIEKTPOMArHiTHI XBWJII B mpocTip. B Takomy
BUIAJIKy €KpaH CTa€ BTOPUHHUM JDKEPEJIOM BUIIPOMIHIOBAHHS — CBOEPIIHOIO
aHTEHOI0. Y TakOMy BHIAJKy HE TUIbKM 3aXHCT BHUTOI HapH BijJ BIUIMBY
30BHINIHIX JpKepen Oyne HeedeKTUBHUM, ane 1 3HAYHO 30UIBIIATHCS
eJISKTPOMArHITHUH BIUTMB KaOeIlo Ha iHII, MPOKIaJeH] opyy, Kademi Ta pi3Hi
€JIEKTPOHHI MPUCTPOI, 110 NepedyBalOTh Y TOMY K HPUMIIIEHHI.

IcroTHe BHIIPOMIHIOBAaHHS €HEprii CHUTHAJIIB y MPOCTIp 3HAYHO
YCKJIaTHIOE TIpoOsieMu 3axucty iHdopmarii. KpiMm Toro, ekpan 30imbInye
TIEpBUHHI Ta BTOPWHHI Mapamerpu nepenadi [3]. OkpiM BIUIMBY Ha HapameTpu
nepenadi €eKpaH BHUTOI Mapd MOXKE CTBOPIOBATH €(eKT PaMKOBOI aHTEHH, IO
NPU3BOJUTh JI0 BUHUKHEHHS THX, 4YM IHIIMX pPIBHIB BHUIIPOMiHIOBaHUX
€JIEKTPOMArHITHUX TOJIB, SIKI MOXYTh II€PEBUIIMTH HOPMATHUBHI BHUMOTH.
Expan kabemo TOBMHHO OYyTH 3a3eMJICHHM Ha INHHI TEICKOMYHiKAI[iHOT
cucremn 3azemiieHHs (Telecommunications Ground Busbar, TGB). Pizaunus
MOTEHIIaAJIiB MDDK €KpaHOM Ta 3eMJIel0 He MOBMHHA mnepeBumlyBatu 1 B, a
CIIEKTPUYHUI OITip MiXK EKpaHOM Ta 3emJicto — 4 OM Ha poOOYOMY MICITi.

Cy4acHuii peanbHUH PiBEHb BUIIPOMIHIOBaHb B O(ICHHX CEpelOBHINAX
3HAYHO BHpIC: poOOTa paniorene)OHiB, CHCTEM MiKPOCOTOBOTO 3B’SI3KY —
MIPU3BOJATE JI0 MOSIBU €JIEKTPOMArHiTHUX HABOJOK B JIEKiJIbKA BOJILT HA METP.
Tak, nanpukian, pamiorenedoH BH3MBAa€ HABOAKH B PSAOM PO3TAIIOBaHUX
kabensx mo 10 B/m, pamap — 1o 100 B/m.

Jlyist BUCOKOIIBH/IKICHMX MepeXX HEeOoOXiJTHO 3aCTOCOBYBATH €KpaHOBaHI
pimennss  [3]:  crmocrepiraeTbCs ~ 3MEHIIEHHS  BIUIMBY  30BHIIIHIX
eJIEKTPOMArHiTHUX IOJMIB (3aracaHHsi ekpaHyBaHHs) Binm 35 — 45 nb Ha
Hm3pkuXx uvacrotax A0 30 — 35 nb na BucokMX uacrorax BimmosigHo. Ile
MPAaKTHYHO TIOBHICTIO BHpINIye TPOOJeMy BIUIMBY 30BHIIIHIX JDKeped,
BKIIIOYAIOYM MDK KaOelbHI MEepenikoayd Ta BUIPOMIHIOBaHHS B mpocTip. B
KOHCTPYKTUBHOMY IUIaHI BUKOPHUCTOBYIOTHCS IUTIBKOBI Ta y BHIVISII OIUIITKH
eKpaHH. AJie BapTicTh ekpaHoBaHoi BuTOi mapu Ha 40 —100% Ourema B
TIOPIBHSIHHI 3 HEEKPAHOBAHOIO.

MexaHi3M eIIEeKTPOMArHiTHOrO €KpaHyBaHHs MoOJNATae y BiAOHTTI
€JIEKTPOMArHITHUX XBWJIb BiJl TPAHUIb PO3JILTY JIEIEKTPUK — METaJl Ta MeTall
— JIeNIeKTPHK, a TAKOXK y 3aracaHHi eIEKTPOMArHiTHOI XBUIII B TOBIII €KpaHy.

Hine crarri: aHanis edekTMBHOCTI eKpaHyBaHHA HEEKPAHOBAHUX
BUTHX IIAp B 3AJIEKHOCTI BiJl MaTepialy Ta TOBIIMHH 3aXHUCHOI MOJIiMepPHOI
00010HKH.
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Brnuiue maTepiajny Ta TOBIIMHHU 32aXHCHOI 000JIOHKH HA HANPYKEHICTh

€JIEKTPMYHOTI0 1OJISI HEEKPAHOBAHOI BUTOI MApH.

BukoHnaHi po3paxyHKH HamnpyXeHOCTi €JIEKTPUYHOIO MOJS BHUTOI MapH 3
TONIETHICHOBOIO  130JIALIIEI0 TIPU  3aCTOCYBAaHHI 3aXHMCHOI  IOJIMEPHOL
000110HKM Ha 0CHOBI HaroBHeHOro nojierwieny (PE) (BigHocHa nmienekTpuyHa
NIPOHUKHEHICTh € nopiBHIOe 3,0) (puc. la) Ta NONIBIHUIXJIOPHIHOTO
miactukaty (PVC) (BigHOCHa AieneKTprUYHa NMPOHUKHEHICTh € JIOPIiBHIOE 6,5)
(puc. 10) moka3yroTh, IO NPU OJHAKOBIM TOBIIMHI ITOJIMEPHUX OOOJIOHOK B
pasi 3acrocyBanHs PVC HampyXeHICTh CJICKTPUYHOTO MOJS Ha BHYTPINIHIN

MMOBEPXHI MEHINIC, a Ha 3OBHIMIHIA — OUTIBIIE, NMPAKTHYHO, B 2 pPa3d B
niopiBHsiHHI 3 PE.
5
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Puc. 1 — Po3roprka Hanpy»XeHOCTi eeKTPUIHOTO MOJIS TT0 OBEPXHSIM
crpymorpoBigHux xui (1g, 2g), i3omsmii (31, 41), BHYTpimmHii (jin) Ta 30BHIIIHIK (jout)
TIOBEpXHi HEEeKPaHOBaHOI BUTOI MapH: a — IMoTiMepHa 000T0HKA Ha OCHOBI HAIIOBHEHOTO

ToNTieTHIIeHY; O — ImoiMepHa 000JIOHKA Ha OCHOBI IOJI BiHITXJIOPHAHOTO TIACTHKY
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Puc. 2 — BB TOBIIMHM TOJTIMEPHOT MOMIBIHIIXIOPIAHOT 3aXMUCHOI 0OOJIOHKH BHTOI
TIapy Ha PiBEHb €JIEeKTPUYHOI CKIIAJ0BOI BIACHOTO €IEKTPOMArHiTHOIO
BHIIPOMIHIOBaHHS: @ — TOBIIMHA MOJIIMEPHOI 000JI0HKHU 1,5 MM; 6 — TOBIIMHA
MOTIMEPHOT 00OJIOHKH 3 MM

OTKe, TpU 3acCTOCYBaHHI HOJIBIHUIXJIOPITHOI OOOJOHKH piBEHb

eNIEKTPUYHOI CKJIaJI0BOi elleKTpoMarHiTHoro BumpoMmiHioBanHs (EMB) B
OTOYYIOUMH TpOCTip Oy/ie 3HAYHO BUIIHIA, aHIK NP 3aCTOCYBaHHI OOOJIOHKU
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Ha OCHOBI momieTwieHy. Lle moB’s3aHO 3 OUTBIIMM 3HAYCHHSM BiIHOCHOI
nienexktpuaHoi mpoHukHocTi PVC o6onoHky.

3MeHIUTH piBeHb BiacHoro EMB BuTOI HeekpaHOBaHOI Mapyu MOXKIMBO
3a paxyHOK 301JIbIIIEHHs TOBIIMHU 00OJIOHKH (pHC.2): IpY 30UIbILIEHI TOBIIUHH
MOMIMEPHOI OOOJIOHKM B 2 pa3W HANpPYXEHICTh ENeKTPUYHOrO MO Ha
30BHIIIHIA TOBEPXHI 3MEHIIYETHCS, B CEPENHBOMY, B 5 pasiB (TOpiBHANTE
puc.2a ta 20). 30UThIICHHS TOBIIUHH OOOJIOHKW TPHU3BOMUTH, 3 OJHIET
CTOPOHH, JIO 301IBIIICHHS Maco-rabapUTHUX PO3MIPIB Ta COOIBAPTOCTI KaOelTro,
a 3 JIpyroi, — 0 3MEHIIEHHs! THYYKOCTI BUTHX Iap — OAHIi€l 3 HAallCyTTeBIINX
riepeBar HaJl eKpaHOBaHUMH.

Aze momiMepHi OOOJIOHKM HE3amoOiraloTh  3aXMCTy BiJ 30BHIIIHIX
€JIEKTPOMArHITHUX TIEPEIIKO/I.

s 3a0e3mneueHHsT BUMOT 32 €JIEKTPOMArHiTHOIO O€3IEeKOI0 BUTI HapH
ekpaHyroTbes. [lepemaya curnanmiB Ha yacrorax Bumie 100 M BHKIHKaE
TIOTY>KHI €JIEKTPOMArHITHI TOJIS HABKOJIO KOXKHOI ITApH: HAHMEHII BiAXUICHHS
B KOHCTPYKIII BHTOI TapH BiJi CHMETPUYHOCTI IPU3BOAATH 1O pPI3KOro
3pOCTaHHS MEPEXiIHUX TEPENIKO/l Ta BUXOLY ITapaMeTpiB B3a€MHHX BIUIMBIB 3a
MEX1 HOpM.

Ouinka eeKTUBHOCTI eKpaHYBaHHSI BUTOI IapH.

ExpanyBanHs 3axWinae BHUTYy Iapy SK BiJ BIUIMBY 30BHIIIHIX
€JIEKTPOMArHITHUX II0JIiB, TaK 1 JIOKaJi3ye (3HAUYHO 3MEHIIYE B 3aJI€KHOCTI BiJl
€KpaHy) BJIAaCHE BHYTpIIlIHE BUIPOMIiHIOBAHHS BUTOI MapH.

HasiBHiCTH ~ MerajeBoro e€KkpaHy NpPU3BOJUTH JO  CIIOTBOPEHHS
SNIEKTPUYHOTO TIONIST B KOHCTpYKHii kabemo (puc.3). Hampyxenicts
EJIEKTPUYHOTO TIOJIi Ha TOBEPXHI METaJeBOro €KpaHy 3HAYHO IEePEBUIIYE
HaNpYXEHICTh Ha BHYTPIIIHIX MOBEPXHSAX MOJIMEPHHUX 3aXHCHUX OOOJIOHOK
(mopiBHsiiTe puc.1, 2 Ta 3).
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Puc. 3 — PosropTka Hanpy»XeHOCT1 €NEKTPUYHOTO OIS IT0 TOBEPXHSIM

crpymonpoBimaux xui (1g, 2g), i3omsmii (31, 41) Ta MeTaneBoro expany (e)
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Puc. 4 — KoeoimieaTn nmocnaGieHHs eleKTpHUIHOI CKJIQJ0BOI MPH 3aMiHi TOJTIMEPHIX
00OJIOHOK METaJIeBUM SKPAaHOM: a — JUIS BHYTPIIIHIX IOBEPXOHB; O — JUIsl 30BHIMIHIX
MIOBEPXOHb

EdexrtuBHicTh eKpaHyBaHHS — CTYIiHb MOCIAOJIECHHS EJIEKTPHYHOTO
Moyisi — BU3HAYAETHCS Yepe3 BiJHOIIEHHsS MiF0YMX 3HAa4YeHb HaNpYKEHOCTI
EJIEKTPUYHOTO TOJISI B JIaHIM TOUIl MPOCTOpY HpH HasiBHOCTI ekpaHy (E,.) Ta
BigcyrHocTi (E,) [4]:
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ne Kp —xoedinieHT nociaablieHHs 3a eJIEKTPUYHOIO CKJIAJI0BOIO.

Ha puc.4 HaBeneHO pO3paxyHKOBI KOCQIIiEHTH MOCTA0NICHHS PH 3aMiHi
nomieTnsieHoBoi (kpuBa 1) Ta monmiBiHUIXJIOPiAHOT (KpHBa 2) OOONOHKH
MeTajJeBUM €KpaHoOM. BuIHO, mO e(eKTHBHICTh €KpaHyBaHHS BHWIIA HpPH
3aMiHI TONIETHIEHOBOI OOOJIOHKH B TIOPIBHSHHI 3 TIOJIiBIHUIXJIOPiAHOIO.

BucHoBkmn.

1. B HeekpaHOBaHMX BUTHX Napax 3MEHIINTH PiBEHb BUTOKY €JIEKTPHIHOL
€Heprii MOXKJIMBO 338 paXyHOK BUKOPHCTAaHHS IOJIIMEPHUX 00OOJIOHOK Ha OCHOBI
HaIlOBHEHMX mojieTmwneHiB. lle Bupimrye TakoX mHpoOiIeMy BHKOPUCTAHHS
MaTepiaJiB Ha OCHOBI TaJIOT€HiB, 30KpeMa XJIOpY, Ta cTeapary CBHUHIIIO, SIKi
Mmictatees B PVC oOononmi. OcraHHIH BHKOPHCTOBYETHCS B  SIKOCTI
cTabinizaTopy [UIsl IiABUIIEHHS TemriepaTypu posnany. B PVC mmactukarax
MOXYTb TaKO)X BBOAWTHCS BYIJIEKUCIIUIA CBHHEIb, KaJbIii, KaaMmiid, Oapiil.
CBHHEUb Ta KaaMiil BiTHOCSTHCS /10 3a00POHEHMX 3 IIECTH HeOEe3NMEYHHX
peyoBUH BiAnoBigHO a0 aupektuBu RoHS: Restriction of use of Hazardous

Substances — obMmedcenHs SUKOpUCMAHHA Hebe3neuHux pevogun. JlaHa
JMpEeKTUBa OOMEXye BHUKOPHCTaHHS IOTEHIIHHO HEOE3NeYHHX PEYOBUH B
CIICKTPOTEXHIYHOMY Ta EJIEKTPOHHOMY OOJIaTHaHHI, BCTAHOBIIIOE TOYHI
T'paHHMI JI03BOJICHUX KOHIEHTPAIlii IIUX PEYOBHH.

2. EdexTuBHICTh eKpaHyBaHHS 3aJICKUTHh BiJ MaTepialy IOJiMepHOL
O0OJIOHKM: YWM MEHIIa BiJIHOCHA IIPOHMKHEHICTh Marepiany 3aXHUCHOL
000JIOHKH, TUM BHIIIE Koe(illieHT NocaabiIeHHs eNeKTpUYHOI ckiagoBoi EMB.

3. 3acTocyBaHHS METaJE€BUX €KpaHIB B BUTHX Mapax I0Tpedye SKICHOTO
3a3¢MJICHHS Ta MEPEXKi TEIEKOMYHIKAI[IITHOTO 3a3E€MIICHHS.

Cuucoxk giteparypu: 1. International Standard ISO/IEC 11801 Information Technology — Generic
Cabling for Customer Premises. — 1995. — 104 p. 2. TSB -36.Technical Systems Bulletin/
Additional Cable Specifications for Unshielded Twisted Pair Cables.-5p. 3. boiko A.M.
OOGrpyHTYBaHHS TOBIIMHH 130J151ii BUTHX €KPaHOBAHUX Map CTPYKTYPOBAHUX KaOEIbHHUX CHCTEM/
A.M. boiirxo, I'.B. Besnpossannux // Bichuk HTY «XIIl». — 2011. -T.1, Bum. 2. — C. 22 — 30.
4. Hlanupo H./J]. OCHOBBI TEOPHH 3JIEKTPOMArHUTHOro 3KpanupoBauus / H /. Ilanupo — JI.
:Oneprus. — 1975. - 112 c.

Haoiiiwna 6 peokonezito 03.10.2011
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BbIbOP OITUMAJIbHBIX MECT YCTAHOBKHU
KOMINEHCUPYIOIIUX YCTPOUCTB B DJIEKTPUHYECKUX
CETAX

VYV poboti mpencTaBieHW# anropuT™M BHOOPY ONTHMAJIBHHX MICIb YCTAHOBKH JIOJQTKOBHX
KOMIICHCYIOUHX MPUCTPOIB 3 METO0 3HMKEHHS BTPAT MOTYXXHOCTI B SJICKTPUYHUX MEPEKax, KU
0a3yeTbcsl HA ypaxyBaHHI CTYICHS 3aBAaHTAXKCHHs CJIEMEHTIB MEPEXi 1 YaCTKOBUX IMOXiJHUX BiJ
BTpAT 10 PEaKTHBHUX MOTYXKHOCTSIX KOMIICHCYHOUYHX IIPUCTPOIB, 10 BCTAHOBIICHI.

B paGOTe NpEeACTaBJICH aJITOPUTM BLIGOpa ONTUMAJBbHBIX MECT YCTaHOBKH JIOIOJHUTEIBHBIX
KOMITEHCHUPYIO X yCTpOf/'ICTB C LCJIBI0 CHUXEHUSA NOTEPH MOIIHOCTH B JJICKTPUYCCKUX CETAX,
OCHOBaHHBIN Ha YUE€TE CTCIEHU 3arpy3Ku 3JIEMEHTOB CETU U YAaCTHBIX IMTPOU3BOJHBIX OT IMOTEPH IO
PE€aKTUBHBIM MOITHOCTSAM YCTaHABIIMBAEMbBIX KOMIICHCUPYIO X yCTpOf/'ICTB.

The algorithm of choice of optimum places of setting of additional compensating devices is in-
process presented with the purpose of decline of losses of power electric networks, based on the
account of load of network elements and partials from losses on the reactive-powers of the set
compensating devices.

ITocTanoBka NpodJeMBbl. Pa3Burue 3IIEKTPUYECKUX ceteit
COTIPOBOXKIAETCS YBENUUCHUEM ITOTEPh ANEKTPUUECKOM IHEPTUH, OTITyCKaeMOM
B CETh. OJTO OOYCIIOBJICHO YBEIMYECHHUEM CPEIHHX PACCTOSHUHA MEXIY
WUCTOYHMKAMHU W IIOTPEOMTENISIMH 3JIEKTPOIHEPIUH, OTCTAaBaHWEM CETEBOTO
CTpPOUTENBCTBA M HEJOCTATKOM B YCTAHOBKE CPEACTB KOMIICHCALUU
peakTBHOM MomHocTU. IloaTOMYy 3ahaua CHMXKEHHS IMOTE€Pb MOIIHOCTU U
SHEPIUU B JIEKTPUUECKUX CETAX C Pa3BUTHEM 3HEPrOCHUCTEM COXPAHSAET CBOKO
aKTyaJIbHOCTb.

AHAIU3 NMOCJIeTHUX HCCJIeN0BAHNI 1 myOankanuii. CHIDKEHUE 1oTeph
MOIIHOCTM M JSHEPrMM B JJIEKTPUUECKUX CETSIX SABIAETCA  Ba)KHOM
COCTaBISIIOIIIEH  OOIIEro KOMIUIEKCa JHEProcOeperaromux MepOnpHsTHIL.
OnHUM U3 CPEACTB pelIeHus! 3TOH 3a1a4y SIBISETCS ONTUMHU3ALUS TapaMeTPOB
peXnuMa DJIEKTPUYECKOW CEeTH — YIpaBlIeHHWEe MOTOKaMH MOIIHOCTH,
peryanupoBaHHUEe HANpPSDKEHUM B CETH, YCTAHOBKA M PETYIMPOBAHUE YCTPOUCTB
KOMIIEHCAIUY PEaKTUBHON MOIIHOCTHU U ap. [1,2].

Hens, 3agaun ucciaenopannsa. KomneHcaiust peakTUBHOW MOIIHOCTHU B
cersiXx — OOHO W3 BO3MOXHBIX U 3((DEKTHBHBIX  MEpOIPUSITHH,
0o0ecreunBarONMX CHIKEHHE I0T€Pb B DJJEKTPHYECKUX CETSIX, OJHAKO
3¢ PEKTUBHOCTH 3TOr0 MEPONPHATHS B 3HAYUTEIHFHON CTENEHH 3aBUCHT OT
TOrO, HACKOJIBKO YAa4HO BBIOpaHbI MeCTa YCTAHOBKU JIOMOJHUTEIBHBIX
komneHcupyroomux yerpoicts (KY) B amekrpudeckoit cetu. B To ke Bpems
aNropuTMBI  TOMCKa  Hambomee  P(PQEKTUBHBIX  MECT  yCTaHOBKH
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JIOTTOJTHUTEIBHBIX KOMIICHCHUPYIOIIUX YCTPOMCTB elie TpeOyroT pa3paboTKu U
COBEPIIICHCTBOBAHMS, TaK KaK MPU HEMPABWIHLHOM BHIOOPE MECT YCTaHOBKHU
cHIDKaeTcs WX 3(PQEeKTUBHOCTh, YTO BEACT K YBEIWYCHHIO 3aTparT 0e3
TIOTYYEHHS] 3AMETHOT'O TIOJIOKUTENBHOT0 d(hdeKTa.

OcHOBHOII MaTepuan wucciaenoBaHuil. Ecnu  aekTpuueckyro cerTb
MIPEJICTABUTH Y3JIOBBIMH YPAaBHCHUSAMU B (hopMe OajaHca MOIIHOCTEH:

NI
F = giiUi2 _ZU,'U‘/ (b,j/ Sinsly — &8 COSS(/) = Pi(s,':a/an:U‘/) 5 (H

J=1

N;
0= giiUi2 - ZU,'U‘/ (b,j/ COs 8(/ — & sin 85/) = Qi(SM 8‘/3Ui3 U‘/) 5
i=1

rne P,Q,U,0 — MOIHOCTH (aKTUBHBIE U PEaKTUBHBIC) U HAPSHKEHHUS (MOIYIH
W YIJBI), TO TOTEpH akTHBHOW MomHocTH Il mpu mepenave »ineKTpHYECKOM
SHEPTHY 1O CETH MOXKHO OINPEAEIHUTh KaK anreOpandeckyro CyMMy aKTHBHBIX
MOIIIHOCTEH, TeHEPUPYEMBIX U IOTPEOIIIeMbIX BO BceX NN y3iax CeTH:

NI
11=Y%P(,.8,U.U,)). )

J=1

ITorepn MomHocTH AP, B KaKI0il BETBH ij M B LIeNOM MO ceTtu (2)
ABJIAIOTCA SBHBIMHM (QYHKIMAMM Y3J0BbIX HanpsbkeHuit U, U; 1 0qHOBpEMEHHO
HESIBHBIMHU (DYHKIIMSIMHM MOIIHOCTEH S; B y3JIaX CETH, TaK Kak IOCIeTHHE Yepes3
ypaBHeHus Oananca MomHocTei (1) onpenenstor U, U,

V3MeHeHHs1 peakTHBHBIX MOIIHOCTEW B Yy3max (; TPHBOIAT K
N3MEHEHMSIM Y3JIOBBIX HampspkeHuid cetu B coorBercTBHU C (1). CnencrBuem
3TOr0, B CBOIO OYEPE/b, SBISIETCS NW3MEHEHHE MOTEPh MOITHOCTH B CETH, KaK
5T0 BHAHO M3 (2). IIpu 3TOM M3MEHEHHS! PEaKTHBHBIX MOIHOCTEH IOJKHEI
COOTBETCTBOBATh PacIojiaraeMoMy AWANa3oHy peryJIHupOBaHHs NCTOYHUKOB M
HE BBI3BIBATh HEJOIYCTUMBIX OTKJIOHEHHH HAPSDKEHHS B Y3J1aX CETH:

Qmin < Qi < Qmax;Umin p Ui p Umax . (3)

Beipaxernus (1) — (3) COCTaBISIOT MaTeMaTHYECKYIO (DOPMYITUPOBKY
OINITUMHU3AIIOHHON 33/1a4H, KOTOPasi COCTOUT B TOM, YTOOBI OIPEJIETINTh MECTa
YCTAHOBKHM M MOIIHOCTb JONOTHUTENBHBIX KY, npu KoTopbIX obecrieunBaeTcs
MUHAMYM IieieBoi (yHkumu (2) m coOmopaloTcs orpaHuyeHus B (opme
paBenctB (1) u mHepaBeHcTB (3). B pemenun ostoii o0meit 3amaum
Lesecoo0pa3Ho BBIAEIUTH JBe Oonee y3kux: 1) BBIOOp MecTa YCTaHOBKH
nononHuTenbHBIX KY B cety; 2) onpenenenue onTUMaNbHBIX MomHocTeil KY
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B BBHIOpaHHBIX y3/1aXx. B maHHOH cTaThe peub WAET O PElICHUH NEPBOM U3 ITHX
JBYX 3a/au.

LeneBas pynkums (2) u ypaBHenue (1) BBIpa)xxaroTcsi HENPEPHIBHBIMHU
muddepeHnpyeMbIMU GYHKIMSAMH, [TOITOMY pElIEHHE 3a7adll BO3MOXKHO Ha
OCHOBE TIPUMEHEHUs] TPAJAMEHTHBIX METONO0B. IIpoM3BOIHBIE OT TOTEPH
momHoct I mo mapamerpam pexnmma U, & MOXHO TMOIYYUTH
muddepennmpoBanneM GyHkun (2):

orr oP Y oP or _ aP 3
3 2, Z

J=1 i i =1
4)
oP,. OP, _OP. 0P,
Cnaraemple —-;—= /
00, 88 aU aU

SIxobu, ncrnonp3yeMoil B pacuere HOpMaJbHOTO pekuma cet. [Ipupainenne
MoniHoctel AP;, AQ; n nmapamerpo pexuma AU, 49; cBsi3aHbl MeXIy coOoit
COOTHOIIEHUSIMU:

Z % A8 Z ’AU =AP;
ZaAQ' A3, Za Q’ AU, = AQ, ¥
a3, U,

J

nonyyaembiMd u3 (1). Ilosromy npupamenus AU, Ad; monyneit u yrios
BEKTOPOB Y3JIOBBIX HAIPSKEHUHN, BHI3BAHHBIC BKIIOUEHHEM JIONOJHUTEIBHON
pPEaKTUBHON MOIIHOCTH B OJHOM M3 Y3JIOB CE€TH MOXHO ONPEAEIHTbH, PEIIUB
JIMHEapU30BAaHHYIO CHUCTEMY YypaBHeHHi (5), B KOTOpOHW BEKTOp-CTOJIOeI
3a/laHHBIX BEJIMYMH B IPAaBOM 4YacTU COACPXKUT JIMIIb OJUH HEHYJIEBOH
3JIEMEHT — NIPUPAIIEHUE PEAKTUBHOM MoIHOCTH AQ; B y31I€ i.

3Hasi nmpou3BoAHbIe (4) W BBIYMCIUB TPHUpAIIEHHE MOAYJEH W YIJIOB
Y3JIOBBIX HANpPSHKEHUH TPHU BKJIIOYEHMH JOMOJIHUTENLHOM MomHocTd AQ; B
y3Ie i, B COOTBETCTBUH C TeOpHel HesBHBIX QYHKIMH [3] MOXHO ONpeneanTh
npupanienue norepb All, Be3BaHHOE BKIIIOueHUEM AQ):

> oll
= AU, —AS 6
X0 v 2 ©)
Torna oTHOIIEHHE NpUpALIEHUS TOTEPh AH K npnpameHmo pEeaKTUBHOU
MomHocTH AQ; B y3ne [ npu Manblix A(Q; MOXHO NPHHATH PAaBHBIM

COOTBETCTBYIOIIESH MPOM3BOTHOIA:
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orl _ AIl

a0 a0 7
i i

YroObl OMpenenuTh MPOU3BOJAHBIE OT IMOTEPh MPH H3MEHCHHH
PEaKTUBHOM MOIIHOCTH B KaXAOM M3 N Y3JI0B CETH, HYXHO OJIUH pa3
MONYYUTh MaTpully SIkoOu, BBHIIIOJIHUTH €€ OOpallleHue W, 3ajaBasi B IIPaBOM
YacTH ypaBHeHHMH (5) mpupaiieHHe HOooYepeHO B KaxJaoM 3 N y3IIoB,
BBIYHCIIHTH COOTBETCTBYIOIIUE UM BEKTOPBI mpupauienus A9;, AU, a 3atem —
NpUpalieHye MoTeph Mo BeIpakeHH!o (6).

PacyeTbl MPOM3BOJHBIX OT MOTepb [/ MO PEAKTUBHBIM MOIIHOCTSIM,
BBITIOJIHEHHBIE JUIsl  peasbHBIX AnekTpudeckux ceredt 110-330 kB,
MOKA3bIBAIOT, YTO YHCICHHbIC 3HAYCHHS ITUX MPOU3BOAHBIX HU3MCHSIOTCS B
OYeHb IMPOKKX mpegenax — ot 1%107 go 1*107. [ins namoctparwu B Ta6u. 1
TIPUBENICHBI Pe3YIbTaThl TAKMX PACUETOB JUIsl (pparMeHTa 3JeKTPUIECKON CeTH
330-110 kB CeBepHoil S HEPTOCUCTEMBI.

Tabnuna | — Bnustaue nononauTtensHex KY Ha motepu MOITHOCTH B

CeTH
Howmep y3na Iorepu CHuxeHue Howmepa y310B B
KOMITEHCAL[UH AKTHBHOM IoTePh MOpsJKE
MOIIIHOCTH (AIlyop)/AQ, , MPUOPUTETHOCTH
HI(OM; MBT MBT/MBAp
10 3,5924 0,0094 6
11 3,5931 0,0087 9
17 3,5928 0,0090 8
18 3,5919 0,0099 1
20 3,5923 0,0095 5
21 3,5921 0,0097 3
22 3,5920 0,0098 2
24 3,5933 0,0085 10
25 3,5926 0,0092 7
26 3,5923 0,0095 4

Ilorepu axkTHBHOM MOIIHOCTM B HCXOAHOM HOPMAJIbHOM peXUMe
coctaBisioT [1yopy = 3,6018 MBt. B Tabnuiie npuBefeHsI TOTEPU MOCTE
YCTaHOBKH JIOTIOJIHUTEIBHBIX KOMIIEHCUPYIOIIUX YCTPONCTB AJISA paja Y3JIOB
ceru, ynensHoe (Ha 1 MBAp) cHWKeHne morepb, HOMepa Y3JIOB B TOpsAKE
npuoputeTHOCTH (TiepBhIe 10 y3110B).
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Bennuuny mpoM3BOIHOM —— MOXKHO CUUTAaTh IIOKa3aTeleM

1
3¢ PEKTUBHOCTH YCTAaHOBKH JOMOMHUTENBHBIX KY B y31e i, Tak Kak oOHa
XapaKTepu3yeT CHIDKEHHE MOTEePbh MOIHOCTU B COOTBETCTBYIOLIEM y37e Ha 1
MBAp  yCTaHOBJICHHOM  JONOJHUTENBHOM  PEaKTHMBHOM  MOIIHOCTH.
CrnenoBatenbHO, IPH BEIOOPE MecTa YCTAaHOBKH JIOMOMHHUTENBHBIX KY ¢ nenbro
CHIDKEHHSI TOTEPh MOIMHOCTHU B AJEKTPUUYECKONW CETH NMPEANOYTEHUE HYKHO

ol

OTAaBaTh Yy3jaM C HauOONBIIMM 3HAYEHHEM —— U II0 MEpEC HCUCPIIAHUA
i

BO3MOXKHOCTEH peryjarpoBaHus B TaKUX Yy3jJaxX IMICPEeXOaAUThb (eCJ’II/I 9TO

ol
9KOHOMHUYCCKH onpaB/:[aHo) K y3JlaM ¢ MCHbIIMMHU —— .

i
Pacuetnr o KOMIICHCalluu C peaKTHBHOﬁ MOIITHOCTHU B
QJICKTPUYCCKUX CCTAX IIOKA3bIBAIOT TAaKXKE, YTO €CJIM CYAUTH TOJBKO IO

BEJIMYUHE YACTHBIX MPOU3BOIHBIX —— , TO CPEIU y3JIOB, KOTOPKIC CIIEIOBAIO
i

Obl BBIOpaTh B KAYeCTBE MECT YCTAHOBKH JOMOTHHUTENBHBIX KV, moryt

OKa3aThCs Y3JIbI, PACIONIOKCHHBIC KaK B CHJIBHO-, TAK U B CJTa00 3arpy:KEHHOMH

gactu cetu. [loka3aTeneM, XapaKTepU3VIONIUM CTETICHb 3arpyKCHHOCTH JIMHUU

MOKHO CUMTaTh OTHOIIEHWE MomHOCTH Pj; , mnepenasaemoit mo BJI, k eé

HATYPaTbHON MOITHOCTH Py,; (k03¢ duruent 3arpysku BJI):

k=" 8)

Ha TOM OCHOBaHHMHM, 4TO0 TpH mnepemade mno BJI momHocTe#, Ooxpuie
HarypansHOi (k,>1) moTpebneHne peakTHBHOW MOIIHOCTH NpEBBINAECT €&
reHepaluuio JIMHUEH, YTO NPUBOAUT K YBEIMYCHUIO NOTEPh AaKTUBHOM
MomHocTH. [loaTOMYy mpu BBIOOpE MecTa YCTAaHOBKH AOMOJHHUTENBHBIX KY
HEOOXOANMO YUHUTHIBATh TaKKe 3arpy3Ky CETH U U3 Y3JIOB C OJJMHAKOBBIMU HJIH

ONMM3KUMHU o MIPEANOYTEHHE OTJaBaTh Y3JIaM, K KOTOPBIM ITPUMBIKAIOT
i
JHUH ¢ K03 dumenTom 3arpysku k,>1.

B coorBercTBHM C M3IOXEHHBIM ISl BHIOOpA ONTHMAJBbHBIX MECT
YCTAHOBKH JIOMOTHUTENbHBIX KY 1pu perennn ontumusanrionHo 3agaqn (1)
— (3) mpencrasisieTcs Lenecoo0pa3HbIM UCIOIb30BATh CIEAYIOMIUNA AT OPUTM:

1. BBIONHUTE pacyer MCXOAHOTO PEXHUMa M BBHIICIHTH 3arpyKEHHYIO
YacTh CETH;

2. CdopmupoBaTh MaTpUIy Sxo0wu, COOTBETCTBYIONIYIO
JIUHCAPU30BAHHBIM  Y3JIOBBIM  YpaBHEHHSM OajlaHCa MOIIHOCTEH IO
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HAIPSDKEHUIO MCXOJHOTO YCTAHOBUBILIEIOCS PEXUMA, W MOJIYYUTH OOpaTHYIO
MaTpuiy Skobwu;

3. BBITONMHUTH pacyer YacTHHIX MPOM3BOAHBIX OT IOTEPHh MOIIHOCTH B
JNEKTPUYECKONM CeTH IO MOAYISAM M yIJIaM Y3JOBBIX HANpsOKEHUH M0
opmyam (4);

4. BBIOTHUTH pacdeT npupamieHnii Moxyneid u yrinoB AU, Ad; y3moBbIx
HAINpPSDKEHUH, COOTBETCTBYIOIIMX JOIOJNHHUTENFHONH PEAKTUBHOW MOIIHOCTH
AQ; B XKaXKJIOM U3 Y3JI0B CETU 10 ypaBHEHUIO (5);

5. BeINONHUTE pacueT NpUpoOCTOB NOTEPs A1l B 3arpyKEHHOM 4acTu CeTHy,
BBI3BAHHBIX JIOMOIHUATEIBHEIMUA KY ¥ MPOM3BOAHBIX OT IOTEPH 110 MOIIHOCTH
nononautenbHeIX KY o popmynam (6) — (7);

6. BriOpars MecTa ycTaHOBKH JOMOMHHUTENBHBIX KY ¢ ydeToM yacTHBIX

TIPOU3BOIHBIX S—H 1 3arpy3KH CETH.
i
BoiBoabI.

HaubGonee Tpynoemkue BbUMCIHTENbHBIE omepauun  (mm.1-3),
HEOOXOANMBIE JUISl peaii3aluil aNrOpUTMa, SIBIISIFOTCS COCTAaBHOM 4YacThIO
pacyeToB HOPMaJBHBIX PEKUMOB JIEKTPUUECKON CETH, W JJIsl pelleHHs 3a/lauu
HY)KHO JIMIIb JIOMOJIHUTH UX PAaCYeTOM IIPOU3BO/IHBIX OT ITOTEPH MO MOIIHOCTH
JonomHuTeNnbHBIX KY.

[Ipennaraemslii anropuT™ BEIOOpPAa MECT YCTAHOBKH JOIIOJHHUTEIBHBIX
KY a¢ddextrBer B coueraHum c IporpaMMoil pacdera yCTaHOBHBILIETOCS
pexxuma MeronoM HploToHa, IpH pelleHUH JIMHEApU30BaHHBIX YpaBHEHHUH Ha
mare pacdyera OJOYHBIM METOJOM JBOWHOW (¢akTtopmsamuu [4], 4TO
TIOATBEPKIACTCSl pacyeTaMH IO BBIOOPY CPEACTB KOMIIEHCAIMH PEaKTUBHOM
MOIIHOCTH B 3JIEKTPUYECKUX CETSX.

Cuucok sureparypsl: 1. [lompebuu A.A. DPdHeKTHBHOCTH BHIOOPA MEPOIPHATHII 110 CHIDKEHUIO
MOTePh DHEPTHH B DIEKTPHUYECKUX ceTsx sHeprocucreM / A.A. [lompebuu // Dnektpudaeckue
cranuuu. — 2001. — Ne 5. — C. 34. 2. JXKenesxo FO.C. Pacuer, aHamM3 ¥ HOPMHUPOBAHHUE MOTEPh
JNEKTPHIECKON SHEpruu B dIeKTpudeckux cetsix / FO.C.)Kenesro, A.P. Apmemves, O.B. Caguenxo.
— Mockga, U3n. HII DHAC. — 2002. 3. Camapckuii A.A.Yucnennsie meroasl / A.A. Camapckutl,
A.B. I'vnun. — M.; Hayka, 1989. - 432 c. 4. Benpux [FO.H. 3anaua MaTeMaTH4eCcKOro
MOJIEITHPOBAHUS CTAllHOHAPHBIX  PEKHMOB OJJEKTPUYECKHX CHCTeM B  00OOLIEHHOM
nocranoBke/ FO. H. Benpux // DneKTpoTeXHUKA H dIeKTpoMexannka. — 2010. — Ne 3. — C. 59-
61.

Hocmynuna 6 peokoanecuro 05.10.2011
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B/IMAAHUE CTPYKTYPbI U30JALNNOHHOI'O MATEPUAJIA
HA PACITIPEJAEJIEHUE I'PO30BOI'O IIEPEHAIIPAKEHU A
HA MOBEPXHOCTHU IMPOXOJHOT'O N30JIATOPA

B cTaTTi po3riIsHYTi NUTAHHS BUHUKHEHHS IPOOOIO [0 IIOBEPXHI TBEPIOTO JieICKTPHKA,
@NIEKTPUYHI CXEeMH 3aMIIeHHsI I30JMIHIX KOHCTPYKIIIH Ta HaBeeHi OCHOBHI 3aKOHOMIPHOCT1
JULSL HALIPYTH Ta HAIIPYXKEHOCTI MOJIs IIPH IIOBEPXHEBOMY po3psii. Byo mokasano, mo posmozin
TI0JIsI BU3HAYAETHCS B OCHOBHOMY €MHICHUMU HPOLIECAMH.

B cratee PacCMOTPEHBI  BONPOCHI BO3HHUKHOBCHUSA Hp060$[ Ha TIIOBEPXHOCTH TBEPAOIO
JUDJICKTPUKA, DJIEKTPUUYCCKHUE CXEMbI 3aMCIICHUSA H30JIAUOHHBIX KOHCprKLII/Iﬁ 1 TPUBEICHBI
OCHOBHBI€ 3aKOHOMEPHOCTH Ui HAIPSHKCHUSA W HANOPSOKEHHOCTH IOJIA IIPU IMOBEPXHOCTHOM
paspsane. Bruio TIOKa3aHoO, YTO pacnpeAcJICHUE IOJII ONPEACIII€TCSI B OCHOBHOM €MKOCTHBIMH
nponecamu.

The questions of a breakdown on the surface of a solid dielectric, the electrical equivalent circuit of
insulating structures and the basic laws for the stress and field intensity at the surface discharge. It
was shown that the field distribution is mainly determined by capacitive processes.

Beenenune. B ycrnoBusSX HCHBITAaHMA M OKCIUTyaTallud  H3OJSIUHU
TpaHcdopMaTopoB, IMEKTPUIECKUX MaIlHH, Kabeneld U KOHIEHCATOPOB YacTo
HaOmfoaeTcs  SBJIICHWE DJIEKTPUYECKOTO paspsiia BAOIb IOBEPXHOCTH
M30JIALMOHHOTO MaTepuara.

Heas, 3axaun ucciaenoBanus. OCHOBHas 3ajaya NpPU PACCMOTPEHHH
TIOBEPXHOCTHBIX Pa3psiIOB 3aKJIIOYAaeTCsi B YCTAHOBJIEHWH 3aBHCHMOCTH
pa3psAAHOrO HANpsKEHUS OT IapaMeTpoB, OMpPENESAIONINX pachpeaeicHue
nons. BaxxHeHIIMMK M3 HUX SIBISIIOTCS: TEOMETpHUYECKHe pa3sMepbl U (opma
W30JSIIMOHHOM  KOHCTPYKIMH;  PAacIiOJIOKEHHWE  TOKOBEAYIIMX  YacTei;
JJIEKTPUUYECKHE XAPaKTEePUCTHKH IHMAJIEKTPUKA M OKPYXKAIOLIEH €ro Cpelsl;
cucrema HarpspkeHusl. [Ipy nepeHanpspKeHUsSX W MPU UCHBITAHUSX H30JISLUH
BBINPSIMJICHHBIM HANpsDKEHHEM Ha ITOBEPXHOCTH JIMAJIEKTPHKA TPOMCXOIUT
oOpa3oBaHue 00BEMHOTO 3apsa.

B nanHOil craThe paccMmarpuBaroTCs (DaKTOPHI, OT KOTOPBIX 3aBHCHT
BEJMYMHA HAINPSHKEHUsI TOBEPXHOCTHOrO MP0o00s (B YaCTHOCTH €ro 00beMHbIe
U TIOBEPXHOCTHBIE CBOWMCTBA) MPH MOMOIIN AJIEKTPUUECKHX CXEM 3aMEICHUs
AJIEKTPON3OJISIIMOHHBIX KOHCTPYKIHH.

@uzuyecknii MeXaHH3M INpouecca IMOBEPXHOCTHOro paspsina. Ilpu
TIOBEPXHOCTHOM pa3psiie BOZHUKAIOT 3JIEKTPOHBI, KOTOPBIE OBICTPO YXOAST M3
chepsl paspsima Omaromapsi MX Malod Macce M 3HAYUTENBHOH CKOPOCTH.
[TpunoBepXHOCTHBIN CITOW AMAIIEKTPUKA COAEPKUT Psifl Ne(EKTOB (JIOBYIIEK),
Ha KOTOPBIX MOTYT 3aJ€PXKHBAThCA JJIEKTPOHBL. JIOBymIKaMu 3apsioB
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SIBIISTEFOTCSI TPAHUITBI aMOP(GHONW U KPUCTAIUTMICCKOMN (pa3bl, aHTHOKCUIAHTHI U
MIPUMECH, MPOAYKTHI XUMUYECKOM CIIMBKHU IMOJUMEPOB, MOJSPHBIE TPYIIIIHI,
KOTOpBIE 00pa30BaINCh BCIIEACTBHE OKUCIIEHHs TonuMepoB. OHU eCTh 10 Beei
TOJNIIIMHE JWAJICKTPHKAa, HO B IMOBEPXHOCTHOM CJIO€ WX HauOOIbIICe
konuuectBo. [Ipu HanpsKkeHHOCTSX moiist oT 2 10 20 MB/M (B 3aBHCHMOCTH OT
JUBJICKTPUKA), JIEKTPOHBI IEPEXOAAT U3 METaJlIa B MPHUIIOBEPXHOCTHBIN CIIOU
JUBJICKTPUKA U 3aJICPIKUBAsACh TaM B JIOBYIIIKaX, 00pa3yloT OOBEMHBIN 3apsi.
Korna HampspKeHHOCTB TMOJISl HAYMHAST YMEHBIIAThCs (TIOCHe Tepexonia yepes
MaKCUMyM), TPOHUCXOIUT HWHXCKIUS JBIPOK B TPUIOBEPXHOCTHBIN CIIOH.
DTOMY CIIOCOOCTBYET YK€ COOCTBEHHOE IT0JIe 00BEMHOTO 3apsia.

JlanpHeliee nepeMerieHre 3apsia B TIyOuHy JUAJIEKTPUKA IIPOUCXOAUT
IIpU 3HAYMUTEIBHO BBICOKMX HANPSHKEHHOCTAX TOMS, T.K. KOHLIEHTPALMS
MTOBEPXHOCTHBIX JIEPEKTOB YMEHBINAETCS C TITyOHHOM.

Wuxekuust 3apsoB B TUAJIEKTPUK MPOUCXOJIUT, KOTAA HAIMPSHKEHHOCTH
HOJISl NPEBHIIIAET HEKOTOPOE KPUTHYECKoe 3Haudenue: £ > E,. Tak, ana
MHOJUATHIICHA E, = 10-20 MB/M, 4TO 10CTaTOYHO OJIM3KO K THUIIOBBIM
paboynM HAMPsKEHHOCTAM MOJst E, U ABIAETCS BEIUYMHON OJHOro Mopsiaka ¢
WCTIBITATCIEHBIMA ~ HANPsDKEHHOCTSIMH. TakuM  oOpa3oM, oOpa3oBaHue
00BEMHOTO 3apsiJia MPOUCXOUT KaK MPH NepEHANPSIKEHUSIX Ha H30JISIUH, TaK
Y TIPU OOBIYHBIX €€ UCTIBITAHUSIX BBINMPSIMIICHHBIM HAIPSDKCHUEM.

EIEy

"

| |
I 0} 100 1000 10000 T, XB.

0

Puc. 1 — KunaeTrka HakoruieHuss 00bEMHOTO 3apsiia B 00pasiie kabempHOi
H30JISIIAN Ha TIPOTSHKCHUH HECKOITBKUX COTEH 9acoB (1 — Bo3Jie BHYTPEHHETO
3JIEKTPOJIa; 2 — BO3JIE BHEIIHETO AEKTpona; F/Ey — KpaTHOCTH TepeHANPSDKEHHS
BCJIC/ICTBHE HAKOIUIEHHS OOBEMHOT0 3apsia)

Vixe qepes3 1 MHUHYTY € MOMCHTA IOJa4u HAIIPSKCHUA YPOBCHb

BHYTPEHHETO ITOJIs B J[Ba pa3a MPEBBICHI HOMUHAJBHBINA. B KoHIle nHTEpBaia
HaOmroneHust umeetcs 4x8-pa3oBoe yBeIHMUEHNE HAIIPSKEHHOCTH.
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DJIeKTPpUYECKHE Pa3psiibl HA MOBEPXHOCTH TBEPABIX THIIEKTPHKOB.
Ha HavyanmpHBIX 3Tamax CBOETO Pa3BUTHS TTOBEPXHOCTHEIN pa3psil MPEICTABIISCT
c000¥ COBOKYITHOCTh MHKPOPAa3PAA0B, KOTOPHIC BO3HUKAIOT y Kpas TOHKOTO
JJIEKTPOAA, PACIIOJIOKEHHOTO Ha TOBEPXHOCTH JIMAJIEKTPHUUYECKOW IIACTHHEI
(Oapbepa), W B KaxJIbIi TONYIEPHOI BO3IACHCTBYIONICTO TIEPEMEHHOIO
HANPSDKCHUST UMCIOT ()OPMY OTIENBHBIX KaHAJIOB, JJIMHA M YUCIO KOTOPBIX
3aBUCAT OT KOH(PUTYpAI[UM DSJICKTPOIOB U OT 3HAYCHHUS IPUIOKECHHOTO
HanpspDKCHUs. Teopuro paspsoB MOXKHO pPacCMaTpUBaTh C  IOMOIIBIO
ANIEKTPUYCCKUX CXEM 3aMEIICHUs M3OJAIIUOHHBIX KOHCTpYKIui. B mpomecce
U3YUYCHUSI SBJICHHS, TI0O MEPE PACKPBITHS €r0 MEXaHU3Ma, CXeMa 3aMEIICHUS
MOJKET YTOUHSATHCS WM 3aMCHSATHCS.

Jlst mpoBeeHnsT SKCIIEPUMEHTA UCTIOTB30BaJICS POXOAHON u30msaTop 11
10 (puc. 3), KOTOpPBIA MOABEPTaCsS BO3ACHCTBUIO TPO30BOT0 MEPEHAIIPSHKECHUS

(puc. 2).
U

Puc. 2 — ®opma rpo30Boro UMIyiIbca

Boeuta cocramieHa pacuerHas Mojenb (puUc. 3 6) M paccyMTaHa cxema
SKCHepHMeHTaHBHOﬁ YCTAaHOBKHU C TOMOIIBIO ITPaBUJI KI/IpXFO(l)a:
ol o(u,—u,)
- . = Gv (uO - ui') + CV 0 . >
ox ot

ou, . (1)
~=iZ,
ox ’

rae is — TOK BAOJIb HOBerHOCTI/I U30JsI0uu, U, — HaHpH)KeHI/Ie Ha CTep)KHe T
OTHOCHUTECJIBHO 3a3€MJICHHOI'O 3JICKTPO/Ja F; Uy — HAlIPSIPKCHUE Ha MMOBEPXHOCTHU
HN30JIIUU Ha paCCTOHHI/II/I X OT 3neKTpo;1a F,' Oy — 06’BeMHaH HpOBOI[I/IMOCTB
CAUHUILIBI MJIMHBI HU30JIAIIUN HpI/I IIOCTOAHHOM TOKEC, CS — HOBerHOCTHaH
CEMKOCTb U Cv — O6’BeMHaH C€MKOCTb.

[Mocne psima mpeoOpazoBaHUil HATPSHKEHHOCTH TMOJIS BJIOJIE TTOBEPXHOCTH
HN30JI1Un 6yz[eT BI)Ipa)KeHa
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Puc. 3 — Pacuernas u OKCIIEPUMEHTAJIbHAA CXEMa U1 ONPEACIICHUA
pacnpCacICHUA HAIIPSXKEHUS 110 ITOBEPXHOCTHU HU30JIATOpa 1110
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Takum 06pa3om, ISl HANPSDKEHUS Ha 3JIEKTpoJie F IoTyqaeTcs

U, = —ﬂthyz. (4)
¥

Ilpy STOM BEKTOp HANMPSHKEHHOCTH TMOJIS1 HAMpaBIEH B CTOPOHY
yOBIBAIOIIETO MTOTEHIIUATIA.

B BBICOKOBOJIBTHEIX IIIEKTPOU3OJISAIIMOHHBIX KOHCTPYKIIUSX,
paboTaronmx Ha TMEPEMEHHOM TOKE, Paclpee/ieHue IO OMpenesiercs B
OCHOBHOM €MKOCTHBIMH TIPOIIECCAMH, TOITOMY HANpPSLKEHHE U CpeIHEe
3HAYEHME HATPSHKEHHOCTH IMOJISl IPU MMOBEPXHOCTHOM MPo0oe (TIEpEKPHITHH )
OyIyT 3amucaHbl B BUJIC:

ke d e’

U,=E, |[—"=th | ——, 5
= Ea ke d ®)

v

2
o sl

e, (©)
el
ks d,

Iae & — AUIEKTPUYEcKas MPOHUIAEMOCTh H30LLUY; &y — AUIIEKTPHUYECKas
IPOHHIAEMOCTh OKPYKaIOIIEl Cpebl.

@®opmynel (5) u (6) BBIpaXalOT 3aKOHOMEPHOCTH B 00NacTH
JNIEKTPUUYECKUX Pa3psAloB Ha TMOBEPXHOCTH TBEPABIX AMDIIEKTPHKOB |
AJIEKTPON3OJISIIMOHHBIX KOHCTPYKIUIA NIPU ITEPEMEHHOM TOKE.

PacuerHast W OSKCHEpUMEHTAJIbHO  TOJy4eHHas  3aBHCHUMOCTh
pacripesienie sl HanpsDKEHUST TI0 TIOBEPXHOCTH TBEPAOrO JWAJIEKTPHUKA HpPHU
TIepeMEHHOM TOKE IPH HOPMaJIBHBIX YCIIOBUSIX Tpe/ICTaBIeHa Ha puc.3 2.

Hcnonb3oBaHUE JAHHBIX CXEM 3aMEIEHHsd II03BOJIET IOAPOOHO
paccMaTpuBaTh TEOPHIO 3JIEKTPHUYECKUX Pa3psiioB IO MOBEPXHOCTH TBEPIBIX
JIU2NIEeKTpUKoB. OpHaKo B MOJENH, NPEIOKEHHOH MaHTpOBBIM, He
VUUTHIBAIOTCS ~ TPUMECH M CTPYKTypa  JAWDJIIEKTPHKA,  pa3In4HbIC
HEOJIHOPOAHOCTH B BHAE BO3JYIIHBIX BKIIOYEHUH, TMPOCIOEK MEXIY
OTZAEJIBHBIMU CIIOSIMH, MHUKPOTPEIIMH, OTCIOeHHs m3ousinuu u ap. Kpowme
3TOrO, YBJIAXKHEHHE CIJIOS 3arPSA3HEHUs Ha U30JIATOPaX MOPOCSIIUM JOXKAEM
WIN POCOH IPUBOAUT K YMEHBIIEHHWIO CONPOTHBIICHUS CJIOSl 3arpsi3HEHUs,
M3MEHEHHIO PACIIpe/IeNeHNs] HAalPSDKEHMS 110 TIOBEPXHOCTU U B PE3YJIbTaTe — K
CHWKEHHIO  €r0  paspsiiHOrO  HANpsDKeHHS — Hapy)KHOW — W3OJISALUH
JNEKTPOU3OIALMOHHBIX ~ KOHCTPYKIMH 32  cueT  IepepaclpefeneHus
HaNpsDKEHWH TI0 TOBEPXHOCTH M3O0JIATOPOB, YTO OOJerdaer pa3BUTHE
HOBEPXHOCTHOTO pa3psia.
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BoiBoabI:

1. Ha moBepXHOCTH TBEPJBIX TUIICKTPHUKOB MOTYT BO3HUKATH Pa3IMIHEIC
CTamuu paspsjua, TNpPUYEM JUTSL  ONPENCIICHUS BEIUYHMHBI  Pa3pSTHOTO
HATIPSDKCHUST HEOOXOJMMO 3HATh XapaKTep PaCHpeNeiICHUS SJICKTPUICCKOTO
TIOJISl Ha TIOBEPXHOCTH H30JISAIIUH.

2. PacnpenencHue mONS B BBICOKOBOJBTHBIX 3JIEKTPOU3OJISIIHOHHBIX
KOHCTPYKIIUAX, PaOOTAIONIUX HA IEPEMEHHOM TOKE, ONPEACIACTCS B OCHOBHOM
E€MKOCTHBIMHU ~ TIPOIECCAaMH; 3aBUCHUT HE TOJIBKO OT JUIJICKTPHUUCCKON
MIPOHUIIAEMOCTH U30JIAIIUY, HO U OT IIPOHUIIAEMOCTH OKPYXKAIOMICH CPEIIbI.

3. CxeMbI 3aMeIICHUs], a TAKKE TIOTYUICHHBIC TIPU TTOMOIIU UX YpaBHECHUS
MO3BOJISIFOT  OIKCATh MPOIECC AJIEKTPUUYSCKOro pa3psjga IO MOBEPXHOCTH
nquaiekTpuka. OHE 00JIaar0T CaMBIMU OOIIMMU  MPUHIUIIAMEU 00CYXIAEMOT0
SIBIICHUS, HE YTIYOJSsACh TPHU STOM B ero (hu3myeckuii MexaHusM. Mojens
MaHTpoBa HE YYUTHIBACT MPUMECH U CTPYKTYPY TUIICKTPUKA, Pa3THIHBIC
HEOJTHOPOJHOCTA B BHJE BO3JYIIHBIX BKIIOUCHHUHA, TPOCIONKH MEXKTY
OTJCNEHBIMU CJIOSIMH, MUKPOTPEIIUHBI, OTCIOCHUS H3OJISIIIUA W BIIASHUE
pasmUUHBIX ~ atMOc(epHBIX  (DAaKTOpOB, UYTO  OOJEr4aer  pa3BUTHE
MTOBEPXHOCTHOTO paspsaa. [loaTtoMmy, B mporiecce U3y4IeHUs SBJICHUS, TI0 Mepe
PACKPBITHS €r0 MEXaHHW3Ma, W300paXKarolias ero cxema 3aMeIICHUs JTOJDKHA
YTOYHSTHCS HITH 3aMCHSATHCS.

Cuucok jauteparypbl: 1. Texnika i enekrpodizuka Bucokux Hanpyr / B.O. bpocesuyviuil, B.M.
Muxaiinos, A.B. Icaxoe, B.B. Pyoaxos, A.I. I'ypun, b.I. Ha6oka.. — X..HTY "XIII", TOB
"Topuago", K:HTYVY "KIII". — 2004 p. 2. Manmpoe M.M. Pacuer pa3psaHbIX HaNPsKEHUH
BBICOKOBOJIBTHBIX H30JISITOPOB / M. U. Manumpos. — M..MDU. — 1966 r. 3. Ipucopves A. H.
OnekTpudyeckuil paspsy MO IIOBEPXHOCTH TBepHoro mudekrpuka // WM3sectus Tomckoro
noyuTexHudeckoro ymusepcurera / A.H. Ipucopwves, A.B. Ilagnenxo, A.Il. Hwwun, E.H.
Kapnayxos. — 2006. — T.309 — Nel. 4. Kyuyuucxuu I.C. TexHHKa BBICOKMX HaIpsDKEHHH
/ I C. Kyuuncxui, HU.M. boeamenxos, F).H. bouapos, HH. ['ymeposa. — CIIO.
Oneproaromuszat. —2003.
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A.I. 'YPHH, n-p. TexH. HayK., npod., HTY «XTIII»;
O.B. I'OJIHK, xaun. TexH. Hayk, jnoil., HTY «XI1I»;
JIL.A. IIIEBEHIOK, xaun. texs. Hayk, npo¢., HTY «XI1I»

MOJEJIb 1JI1 BUSHAYEHHA BIIJINBY BUCUXAHHSA
OTOUYYIOUOI'O IT'PYHTY HA JIOTYCTUMUIA CTPYM
HABAHTAKEHHS BUCOKOBOJIbTHOI'O KABEJIIO

IIpoaHai30BaHO BIUIMB BHCHXAHHS TPYHTY Ha HPOITYCKHY CIIPOMOXHICTH KaOeliB Ha HAmpyry
220 xB.

BeINONHeH aHanM3 BIMSHHS BBICBIXaHWS TPYHTa Ha JOIYCTHMIH TOK KaOellell HamlpshKeHHEeM
220 xB.

The analysis of datas of calculation of the current rating of cables at direct voltages up to 220 kV.

Ilocmanoska _npobnemu. BucokoBonbTHi  kabemi 13 3IIUTOIO
TONIETHICHOBOIO  130JIAII€I0 € 1HHOBAI[MHOIO IPOAYKIE KabembHOT
npoMucioBocti Ykpainu. Ilpu mpoknasaHHi cuioBoro xabeno B IPYHTI Oc-
TaHHIH JOBKOJNAa Kabemo BHUCHXAa€ 1 HOro IHTOMHUH TEIUIOBUH  OIip
30inmbmyerbes. Cranmapt MEK (IEC 287-1-1) pexkoMeHaye BpaxoBYBaTH
BHCHMXaHHSI IPYHTY IIpU BH3HAYEHHI JIOITyCTHMOI'O CTPYMY, OJIHAK HE MICTUTH
KOHKPETHUX DPEKOMEHJAIiii 1100 METOAY BHKOHAHHS  BiATIOBIIHUX
po3paxyHKiB. [[nsi BUKOpUCTaHHS IHHOBAaLiWHMX KOHCTPYKWIH KaOemiB Yy
Mepexax eIEeKTPONOCTayaHHs € BKpail HeoOXiTHUM BU3HAUCHHS BIUTUBY yMOB
MIPOKJIaIaHHS Ha POITYCKHY CIIPOMOXKHOCTI TaKHX KaOelriB.

Ananiz ocmannix docnioycens i nyonixkauii. Crannapt MEK (IEC 287-
1-1) [1] pexomeHaye ajisi BpaxyBaHHsS BHCHUXaHHS I'PYHTY NPH BH3HAYEHHI
JIOITYCTHMOT'O CTPYMY CHIJIOBHX KaOelliB BUKOPHCTOBYBATH YSIBIEHHS IIPO [Bi
30HU B IPYHTI, KOJIU 30Ha Oe3M0ocepeiHbO MpHJIeria A0 Kabemto € CyXoro, To/l
SK Jpyra 30Ha 30epirae IUTOMHH TEIUIOBHH OIip HOPMAJIBHOTO IPYHTY
(BimHOCHO BOJNOrOro). I'paHurs Mixk 30HaAMH € i30TepMoOr0. BimmoBimHO uist
TPHUBAJIO JIOITyCTHMOI'O CTpyMy ©€3 BpaxyBaHHS [ieJIeKTPUYHHX BTpaT 3a
MaKCHUMaJIbHO JIONYCTUMOi Temmniepatypu By :

0,-0,+(v—1)-A0
1= . , (1)
n- R[S, +(1+k)(S, + S, +VS, |

Jie V — BiJHOLIEHHs TEIUIOBMX ONOPIB CyXOi Ta BOJIOroi 30H rpyHTy (V = G¢
/ow),
R, — omip xuiu 3MiHHOMY CTPyMy 3a TEMIIEpATypH 91
G — TeruioBui onip cyxoro rpyHry (K m/Br);
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Gy, — TEIUIOBHH omip Bonororo rpyHry (K m/BT);
0, — TeMmepaTypa IpaHHMIIi MiK CyXOH Ta BOJOTOK 30HAMM JIOBKOJIA
kaberto (°C);
61 — remneparypa xunu (°C);
6, — temneparypa orouyrodoro cepesosuiia (°C);
A@, — pisHuLA TemmepaTypu Ha TPaHMII CyXoi i BOJOTOi 30H Ta
temneparypu rpyury (6y - 62), (K);
ki— Koe(iIiEHT BTpaT B METAJIEBUX 3aXMCHHUX €JIEMEHTax KaOelto, SKII0
TaxKi €;
0, i 6,,— MaroTh OyTH BU3HAYeHi IS KOHKPETHUX YMOB MpoK/aganHs [1].
Po3paxynku 3a cniBBifiHOmEHHAM (1) MOXYTh OyTH BHKOHaHI, SIKIIO €
BiJIOMOCTi TIpO G¢ Ta Gy i npo mupuHy d Cyxoi 30HM JOBKONA Kaelmo,
IPUYOMY, TIO-TIEPILE, O, O, d, I, ) € B3aeMONOB'13aHMMY BENTMUUHAMH, TIO-
Jpyre, MOCTYIIHUMH € JIMIIE BiJIOMOCTI PO Jiana3oHH MOMKJIMBUX 3Ha4€Hb
TEIUIOBOTO OMOPY TPYHTY G¢, Oy, a 3HauuTh B (1) Tpu Hepinomux: d, I, O,
BH3HAYEHHS SKMX 32 OIHMM DIBHSHHSM HEMOXXJIMBE, a 1HIMH crioci6 B [1] He
BH3HAYEHHH.
B [2] nns BH3HA4YeHHS TPHUBAJIO JOMYCTUMOIO CTPyMYy HaMmu
3alporOHOBAHO MOJETh 3 JIBOX PIiBHSAHHB, — Hepmoro Ha ocHoBi (1) Ta

JIpyroro Ajsl pi3HULI TeMIepaTypu Qx 130TEpMHU Ha TPaHMII CyXOi 30HU 1

Temneparypn 0, orodyiouoro cepenosuia 3a Bigomoro [3] Gopmymnoro wis
TEMIOBOTO ONOPY IPYHTY:

ow, 1n(_2L

ex_GZ :Rolc.IQ. )3 (2)

2n r+d

ne P — MoJIoBHHA 30BHINTHBOTO JliaMeTpa Kadero;
L — rnu6una npoknananus;
d — mmpuna cyxoi 30HHM 1010 AKOT HEOOXiTHE MPUMYIIEHHS.
CrinbHe BupimeHHs piBHAHG (1) 1 (2) w1 niana3oHy MOXKIIMBHX 3HaYEHb
TEIUIOBUX OMOPIB TPYHTY G¢ i Gy Ja€ 3MOTY OI[IHUTH JIBi 3 TPHOX HEBIJIOMHUX,

SIKIIIO BiJHOIIEHHS TEIUIOBUX OMOPIiB CYXOI Ta BOJIOTOi 30H IPYHTY V = G / Ow
oOpaHe He3alexHO 3MiHHOI. [IpuKiian BUpIIEHHS TaKOi CUCTEMH 32 YMOBH
BUOOPY IMPHHU CyX0i 30HU d = V*Fy, , 10 Bif0Opaxye 30iMbIICHHS IUPUHU
CyXOl 30HM IpH 30UIBIIEHH] MUTOMOrO TEIUIOBOTO OMOPY CYXOTO IPYHTY IS
kabemro AAILIB 3x25-10 naBemeHo B [2]. BiH cBimuuTh, 10 mMo-meplie,
ToNpaBKa Ha JOIYCTUMHH CTPYM Uil IIbOTO KaOEero 3a BHCHXAaHHS T'PYHTY
ctaHoBUTH (11—14) %, OTXe € CYTTEBOIO, a TO-IIpyre, TEeMIepaTypa yMOBHOI

isorepmu @y 3MenmyeThCA. BupimenHs naHoi 3ajadi s GiIbII IOTYKHIX
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Ka0eliB, MPU3HAYCHUX JUIs MPOKIIAJAaHHS B 3eMJIi, € HEOOX1THUM, OCKUJIbKU B
TaKUX KaOelsX BUALISIETCS OLTbIIA KUTBKICTh TETUIOBOI €Heprii.

BucokoBonbTHI Kabesni i3 3IIUTOI0 TOJIETHIEHOBOIO 130JIALIEI0 MAIOTh
WA Ps7] BiIMIHHOCTEH, TPHUHIMIIOBUX JUIS BUPIIICHHS caMme Ifi€i 3ajadi.
l'onoBHUMH € Taki:

1) CYTTEBO BHIIA TPAaHUYHO JONMYCTHMAa TeMIleparypa 130yl i3
3mmToro nomiermieny (90 °C);

2) TITBKA OJHOXKHMJIFHA KOHCTPYKIliSE 3 BEIHMKOIO IDIONICI0 Tepepizy
CTPYMOIIPOBITHOT JKWJIM, IO 3yMOBJIOE HarpiBaHHs (OTXe, - BUCHXaHHS
TPYHTY) Ha 3HAa4HI{ BiJICTaHI HABKOJIO KaOeJro;

3) cyTTeBi BTpaTH B 3aXHCHUX METAJIEBHX EJIEMEHTaX KOHCTPYKIii
Ka0eiro, SIKi € HEe3HaYHHMH Yy TPHhOX)KWIBHUX KaOeniB 3MiHHOTO CTpyMYy B
CHUJTBHAX METAJIEBUX 3aXUCHUX €JIeMEHTaX KOHCTPYKIIIT;

4) 3aJeXHICTh NUTOMHUX TEIUIOBMX MapaMeTpiB IMOMIETHIEHY Bij
TEMIIEpaTypH, 110 HE JJ03BOJISIE BEJIMYMHHU TEIUIOBOTO OITOPY 130JIALi1 1 BTpaT B
130511 BBa)XKaTH IapamMeTpaMH CcHcTeMH 1 morpedye BBereHHsS B (1),
HmoHakMeHIe, HabmmkeHoi anpokcumanii Gynkuid S, = £(0) , 1g6= f(0),

JIe CepelHs TeMIepaTypa i30AIii KaOearo € 3MIHHOK U JaHOI CHUCTEMU
PIiBHSHB;

5) cneuiasbHI KOHCTPYKLIl CTPYMOIIPOBIAHUX KHJI JUISi 3MEHIIECHHS

BIUIMBY BUXPOBHX CTPYMIB Ha BTPAaTH B JKWIaxX, IO HE JIO3BOJISIE BEIUYUHY

R, B (1)i(2) BBaxarn mapamerpom cuctemu i norpebye BBeeHus B (1) i

(2), wonHaiimeHme, HabmwkeHoi anpoxcumanii ¢ymkuii R = f(0) 3
ypaxyBaHHIM BTpaT Ha BUXPOBI CTPYMH;

6) BIUIMB Ha BHCHXaHHS TPYHTY CYCiIHIX KaOelniB, OCKUIBKH KaOelbHa
JIHIS 3aBXKIU MPOKJIAIAETHCS KITbKOMa OJHOXKWIBHUMU KaOeIsIMU.

Mogens g BHU3HAUCHHA  JIOMYCTUMOIO CTPYMY  HaBaHTaKCHHS
BHCOKOBOJITHOTO Ka0elIr0 3 ypaxyBaHHSAM 3a3HaueHHX OcoOIMBOCTEH B
JIOCTYITHUX JDKEPENIax BiACYTHS.

Iiny pooomu. CrBoputi Ha ocHOBi cmiBBimHOmeHbs (1) 1 (2)
PO3PaXyHKOBY MOJIENIb Y BUIJISI CUCTEMH PIBHSHB JUI BU3HAYCHHS BIUIUBY
BHCUXAHHS OTOYYIOYOrO TpPYHTY Ha JIOMYCTHMHH CTPYM HaBaHTAKCHHS
BHCOKOBOJITHOT'O KaOelTto i3 3IIUTO0 MOMieTHICHOBOO i3oumsniero. KinbkicHO
OLIIHUTH B TONPABKy Ha JOIMYCTUMHH CcTpyM mist kabemro Ha 220 kB 3a
BHCHXaHHSI TPYHTY HaBKOJIO Kabeltto.

Qoepocani pesyromamu. Ha pucyHky | HaBeneHa cxema, BUKOpUCTaHa
npu nobynoBi moxeni. Tpu opHOXWMIBHI KaOedi NMpoOKiIageHi B I'PYHTI Ha

rmbuHi L, B OJHIN IDIOMIMHI, HAa BifcTaHi & omuH Bin omgHoro. Ilpu Takomy
MPOKJIaJITaHHI HAWOUTBIN BTPATH B METAJCBHX 3aXHCHUX €JICMEHTaX (SKpaH,
HeMarHiTHa OpoHs 1 T.iH.) HaWOUIBIII y KpalHIX KaOeniB, OCKIJIbKH
MaKCHMaJIbHUMU € Koe(illieHTH B3a€MOIHAYKIIT KpaiHiX KaOesiB, HapHKia,
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JUTSE. METAJICBOr0 CKpaHy IO 130JAIil KpalHhOro kabOemro Ied KoedillieHT
JIOPIBHIOE:

-2

T G)
T r.+—=
c2

ne T, . 4, — BIANOBIAHO cepeaHill paaiyc eKpaHy i TOBIIMHA EKpaHy.

Jis kabenro 3 HaWOUTBIIMMM ~ BTpaTaMH B METaJeBUX 3aXHCHHX
eJIeMEHTaX TEIUIOBIJIBEICHHSI 3 TOBEPXHI KaOenio B OTOUYIOUE CEepe/IOBHUILE
BiOyBaeThCsl B Mexax Kyra B < 2m. J{ng Bu3HaueHHS KyTa P 3aje)XHO Bifj
BIICTAHI M KaOeIsIMH, TJIUOWHOIO TPOKIAJAHHS | THTOMHM TEIUTOBUM
OITOPOM TPYHTY BUKOpHCTaHa ¢opMysa [4] s po3paxyHKY TEILIOBOTO OIOpY
MIX 1 OJIHAKOBUMH LWJIIHAPaMU HEOOMEXKEHOI TIOBKHHH, PO3TALIOBAHUMH Ha
rmbuHi L mapanensHO 130TepMivHii MOBEPXHI TBEPAOro MiBIPOCTOPY, SKIIO
BIJICTaHb MIX ITMJTIHAPAMH OJTHAKOBA 1 JOPIBHIOE A

5= |+t
2n B

+(n—l)~ln%—2.3~n~3n , (4)

PO3PaxyHKH 3a SKOI JNAIOTh MOXJIMBICTh OLIHUTH CITiBBiTHOIICHHS TEIUIOBUX
OITOpIiB OZIHOTO YM KUIBKOX KaOeniB, po3ramoBaHux B muomuHi (puc.l). Lli
PO3paxyHKH JO3BOJIMJIM BU3HAYUTH Mialla30H 3HAYCHh KyTa [ 3alekKHO BiX

BicTaHi MDK Ka0eXAMH B MeXax he dk;...;2dk| . BignosigHo:
Be |7'c;...;47'c/3| .

Ho dopmyn (1), (2) i (3) y OyKkBEeHOMY BUIJIS/II BXOJUTh PSAJ MapaMeTpiB,
SKI MOXYTh OYTH BiZIHECEHI JO TpPbhOX TPYI: KOHCTPYKTHBHI IapameTpu
KaOenro (HarmpuKiIaj, TEpMIYHHKA Omip i30JAMiHHOrO MaTepiaiy), Al SKHX
TIPE/ICTaBIICHI BEIMYMHN € 0a30BUMHM ISl aHAJI3y MPOIYCKHOI CIIPOMOXKHOCTI
came IbOro KaOemo; mapaMmeTpH, M0 BiJOOpa)XkaroTb YMOBH OTOYYIOHYOTO
cepeloBUINA 1 SIKI MOXYTh CYTTEBO BIIPI3HSATHCS JUIS PETIOHIB, B SIKHX
3aCTOCOBYIOTh UM MOXKYTh 3aCTOCOBYBAaTH HAaHWH KaOejb; mapamerpH, SIKi €
pe3yNbTaToM Y3TOJDKEHHS MK BHPOOHMKOM 1 KOpPHCTyBaueM IIOJO
3aCTOCYBaHHSI OOMEXKEHb /Il 3a0e3nedeHHs Oe3neyHoi poOoTH (HanmpuKIiam,
MaKCHMaJlbHa TeMITepaTypa >KHJIH).
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Puc.1 — Cxema, my1st moOYIOBH MOJIEITi: TPH OJJHOKMIIbHI Kabei MpoKiaIeHi B TPYHTI Ha
rOuHI L, B OJIHIN TUIOMIWHI, Ha BiJICTaH1 /i OJMH BiJI OJJHOTO; 30HA CYXOT'0 TPYHTY
3aBIIMPIIKY d HABKOJIO KPaHBOTrO KaOewro 3aTiHeHa

Pe3ynpraTi BU3HAuYEHHS JOMYCTUMOrO CTPyMy KaOedro i3 3LIMTOI0
MOJICTUIICHOBOKO ~ 30ysmier0 Ha Hampyry 220 kB 3a omHOYacHOro
3actocyBaHHs cmiBBimHOmeHb (1), (2) i (3) sk cucreMu piBHSIHB, Ta 3a
NIPUMYIIEeHb, SIKI 1TocTpye puc.l, mpeicraBieHi HA puC. 2, Yy BHUIVISAL
3aJieKHOCTeH TpHBajo pomycrumoro ctpymy I (a) 1 TemmepaTypu ysSBHOL
i3orepmMu @, (06) MK CyXO0 1 BOJOrOI 30HAMHU TPYHTY BiJ HHTOMOTO
TEIJIOBOT'O ONOPY IPYHTY.

Tabnuus — MakcuMmainbHi 1 MiHIMaIIBHI JIOITYCTHMI TEMIIEpaTypH
JOBKLS [1]

TemmepaTypa 0TO4yI040r0 Temmeparypa
Knimar TIOBITpsl HA PiBHI MOpsI 3emMuti Ha ruouHi 1 M
MinimManbHa | MakcumansHa | MiHiManbHa | MakcumanbHa
OC OC OC OC
Tpomiunuii 25 55 25 40
CyOTpomiunuii 10 40 15 30
[Momipuwuii 0 25 10 20
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90!

80

701

601

501

401 4

Puc. 2 — TpuBano nomycTumMuii cTpyM (a) i Temreparypa ysBHOI i30TepMH (0) Mixk
CYXUM 1 BOJIOTMIM TPYHTOM 3JI€KHO BiJl TATOMOT'O TETIOBOT'O OIOPY TPYHTY:CYLIBHI -
3a BUCHXaHHS I'PYHTY; IITPUXOBI - 0€3 BUCHXAHHS TPYHTY

Bubpani mapamerpu mojerni:temmeparypa i 90 °C, teMneparypa TpyHTY
15 °C, muromumii TerutoBuii omip i3ossi 3,7 K'm/Br, riubuna mpokiagaHHs.
1500 MM, nuTOMMIA TEIIOBHMH omip cyxoro rpyHTty 3,5 K'M/Brt, mmpuna cyxoi
30HU d =V ri'k /2, ne v — BiJHOIIGHHS TEIIOBUX OMOPIB CyXOi Ta BOIOrOi
30H (V= 0, /oy); IUIONIa TONEPEYHOro IMepepiy MiJHOI CTPYMONpPOBiTHOL
s 1200 MM?, BificTans M KaGeasiMu OPIiBHIOE 1X iaMeTpy.

Tyr HaBemeHi OCHOBHI mapameTpu  po3paxyHKy. OYeBHIHO, IO
KOHKPETHI 3HAueHHs JOMYCTHMOIO CTPYMYy 3ajexarh BiJ 0araTtboxX IHIINX
rnapamerpiB,  HaNpHUKIaJ,  KOHCTPYKTHMBHHMX:  TOBIIMHA:  130JIALil,
HAITIBIIPOBIIHUX €KPaHiB, €JNEKTPONPOBIAHOIO €KpaHy, 3aXUCHUX €JIEMEHTIB
KOHCTPYKIIi Kabemo; mapamMeTpu KOHCTPYKINI >KHIIM: KOe(]illieHT CKpYyTKH,
CEerMEHTAaJIbHICTb,

TeIUIOBMX:TeMIIepaTypa MiJHOTO €KpaHy, Mdiala3oH 3HAa4eHb IMUTOMOrO
TEIJIOBOI'O OMOpY BOJIOTOI'O TPYHTY, IHUTOMHH TEIUIOBUH OMIp 3aXHCHHUX
MIOKPHBIB; JIOITyCTUMa TeMIlepaTypa JOBKiLIA (AMB. TabIL.);
TeXHOJIOTIYHMX:KOe(II[IEHT 3aloBHEHHsS Iepepi3y JKWIH, Koe(illieHT
HarapTOBKH, TEXHOJIOTIYHA BUTSIKKA,

eJIeKTPUYHUX:HAIIPpYyTra, JieleKTpPUYHA MPOHUKHICTH 130J141ii, TaHI'€HC KyTa
JIENeKTPUYHMX BTPAT 130JIA1Ii1 1 Oro 3aJIeXKHICTh Bijl TEMIIEpaTypH.

AJe 3araybHAN BUIIIS 3aJI€KHOCTEN Ha pUC.2 € THIIOBUM 1 CBITYHUTH TPO
3HAYHUH BIUIMB IMiJICHXaHHS TPYHTY B CTal[lOHAPHOMY PEKHUMI HOMIHAJIEHOTO
HaBaHTa)KEHHS KaOeltto.

Bucnosku.

1. JIns TpYHTIB 3 MaJIUM IUTOMUM TeIu1oBUM oropoM (Bix 0,5 °Cm/Bt 1o
1 °Cwm/BT) BpaxyBaHHS BUCHMXaHHS IPYHTY NPH BH3HAY€HHI JOMYCTHMOTO
CTpyMy CHJIOBHUX KaOemiB OOOB’SI3KOBE, OCKUIBKM JIOIIYCTUMHH CTpyM
BiJIPI3HAETBCS TPAKTUYHO BIBIUi; IPU MPOKJIAJaHHI MOTYXHUX KaOemiB y
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3eMJII YacTO BHKOPHCTOBYIOTH CIIEliajbHI 3aCHIKH 3 MajJuM HUTOMHUM
TEIJIOBUM OITOPOM, ISl BU3HAYEHHS IMPOIYCKHOI CIIPOMOYKHOCTI KaOermbHOI
JiHii HeoOXimHa NojaTKoBa iHQOpMalis NMpo 3aJEeXKHICTh 1€l BEIWYWHH BiJ
BOJIOTOCTi Ta TEMIIEPATYpH.

2. B cyxux rpyHTax 3 BEJIMKUM MHUTOMHUM TeILIOBHM oropoM (3 °Cwm/Br i
BHIIIE) BUCHXAHHS I'PYHTY IIPH BH3HAYEHHI JOIYCTUMOIO CTpyMy KaOemiB He
CyTTEBE.

3. Jlist TpyHTIB 3 HOpPMaJIbHUM IUTOMHMM TEILIOBUM omnopoM (Oinpme 1

°CM/Bt 1 mermie 3 C'M/BT) BpaxyBaHHs BUCHMXaHHS IPYHTY IpH BU3HAYCHHI
JIOITYCTHMOT'O CTPYMY CHJIOBHX KaOeJliB 000B’sI3K0OBe i MOXKe OYTH BUKOHAHE 3a
JIOTIOMOT'OI0  3aIlpoOIIOHOBaHOi Mozenm 0e3 nonatkoBoi iH(opmamii  1mpo
BJIACTHBOCTI TPYHTY Yy BUIJISII PEKOMEHJIOBAaHHUX IHTEPBAIIB JUIS MPOIYCKHOL
CIPOMOXHOCTI Kabeltto.
Cnucok aireparypu: 1. JICTY IEC 60287 — 1, 2, 3. Enexrpuuni kabemi . PospaxyHok
HOMIHANBHOTO CTpyMy. 2. Kapnywenxo B.I1.CunoBi kabelni HH3bKOI Ta CepemHbOI HAIpPYTH.
KoHCTpyroBaHHS, TEXHONOrisA, sKicTh: [mimpyd. mus cryn. By3iB] / Bl Kapnywenko,
JILA. Uebenwox, F0.0. Aumoneys, O.A. Haymenro. — X. : Perion-indopm, 2000. — 376 c.

Hocmynuna 6 peokoaneeuio 30.09.2010
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SHEPI'OCBEPET' AIOIIASA IKOJIOI'NYECKHN YNUCTAA
BAKYYMHAS YCTAHOBKA JJIs1 CYHIKH W ITPOIIMTKH
KABEJIEU C BYMAXKHOHU U30JIAITUEN

Pa3paborana BakyyMHas yCTAHOBKAa C aBTOMATHYECKON CHCTEMOW YIpaBIICHHs, MO3BOJISIOIIAS
YCKOPUTH TPOIECC CYIIKH Kabens B OyMaXHOM HW3O0JSILUK, YJIY4YIIUTh YCIOBHS pabOThI
00CITyXKUBAIOIIET0 epCOHANa, CHH3UTh SHEPronorpedIieHue.

Po3pobieHa BakyyMHa yCTaHOBKA 3 aBTOMAaTHYHOK CHCTEMOKO YIIPABIIHHS, sIKa JJ03BOJISIE
MPUCKOPHUTH MPOLIEC CYIIIHHS Kabellto B MarnepoBiil 130Jis1ii, MOIMIINTH YMOBH Mparii
00CIIyrOBYFOUOr0 MEPCOHANY, 3MEHIIIUTH SHEPrOCIOKUBAHHSI.

An automatic control vacuum drier has been developed that provides for acceleration of the
process of drying cable, paper-insulated cable, improves working conditions of personnel, decrease
energy consumption.

[ocTanoBka mpodaembl. KaGenpHble w3ienus B OyMaKHOU H3OJSIUH
MPUMEHSIOTCS BO MHOTHX XO3SMCTBaX: OSHEPreTUKE, JOOBIBAIONINX U
nepepadaThIBAIONIMX ~ OTPACISIX IMPOMBIIUICHHOCTH, CTPOHMTENBCTBE, Ha
TPAHCIIOPTE, B CEIBCKOM XO3SIMCTBE, OBITY M JPYTUX OTPACISAX MPOHU3BOICTBA.
[Tpou3BONCTBO CHIIOBBIX KaOesei pa3BHBAJIOCh M MPOJODKACT Pa3BUBATHCS C
Pa3BUTHEM CHUCTEM OJIeKTpocHaOxeHwus. [lodToMy, JUIsl  yBENHYCHUS
MIPOM3BOJICTBA CHJIOBBIX Kalenell ¢ OyMaKHOW W3OJIMel HEeOoOXOquMO
YUUTHIBATh HAKOIUIEHHBIA OIBIT, CIOXHBIIYIOCS CTPYKTYpPY MPOU3BOJICTBA,
Ka4eCTBO BBITYCKAEMOM MPOIYKIIUHI, SHEPTOMOTPEOICHUE, SKOJIOTHIO.

[IpousBoncTBO Kabens B OyMaKHOW H3ONIAIUU TPEICTABISACT COOOM
CJIOHBIA TIPOU3BOJICTBEHHBINA MPOIECC, B KOTOPOM MPUMEHSIOTCS pa3IMYHbIE
Marepuallbl 1 MHOXXECTBO TEXHOJIOTMYECKUX ormepaiuii. OJHOW U3 Takux
TEXHOJIOTUYECKUX OMepaluii Mpu TPOU3BOACTBE Kabelass B OymMakHOU
M30JIAIUM  SIBISICTCSA CYIIKA OYMaXKHOW W3OJSIIMUA. DTOT TEXHOJOTHUCCKUH
MPOIECC CBS3aH C HArpeBOM KaOens B 3aKPBITHIX BaKyyMHBIX OOBeMax.
CKOpOCTh CYIIIKHM 3aBUCUT OT TeMIIepaTypbl HarpeBaHUs, KOJIMYECTBA BJAru B
OyMaxHOW W3OJAIMH, JABJICHHS B OKPYKAIONIEW cpefe, UIUTCIbHOCTH
HarpeBaHMsl dIIEKTpHUYecKoro kabens mo Bpemenu. [1]. Bce atu mapamerpsr
OKa3bIBAIOT BIIUSHUE HA CKOPOCTH CYIIKH KaOCNBHBIX U3JICIUH, a TAK)KE Ha €ro
SKCIUTyaTallMOHHBIE XapaKTEPUCTUKHU.

B cBs13u ¢ BBICOKOI TEPMOUYYBCTBUTEIBLHOCTBIO DJIEKTPUUECKON U30JSIUU
MaTepHualioB, npu pa3paboTke TEXHOJIOTHHI CYILIKH H3O0JISIHT
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BBICOKOBOJIFTHOT'O 000pPY/JOBaHHSI BO3HUKAET BOMPOC O BEIMYHMHE JIOMYCTUMOM
TEeMIepaTypbl U JTOIMYCTUMON AJUTENBHOCTU €€ BO3ACHCTBHS Ha U3OJIALUIO HA
Pa3NMYHBIX CTaIUsIX ATOrO Tporecca. JTa MpoblieMa CTAaHOBUTCS OCOOEHHO
aKTyaJbHOM B IMOCIEIHHE TOJbl, IOCKOJIBKY OCHOBHBIM HAIlPaBICHUEM
TIOBBIIEHUST 3(PPEKTUBHOCTH M SKOHOMHUYHOCTH BBICOKOBOJIBTHOM H3OJISIIUH
SIBIISIETCS  MHTEHCU(HKAIMS TPOIECCOB  TEIUIOMAccollepeHoca 3a  CueT
UCTIONIb30BaHMs 0OJIee JKECTKUX PEXMMOB U U3BICKAHUSI METOJIOB, OCHOBAHHBIX
Ha MPUMEHEHHH TOBBIIIEHHBIX TEMITEPATyp M OOJIBIINX TEIUIOBBIX MTOTOKOB.
AHaaM3 MOCJHeIHHX HccIeroBaHMii W myOumkanuii. [lo MHeHuro
MHOTMX aBTOpOB [1+8] onTuManbHBIM JUId TpoLecca CYLIKU SIBISETCS
nuara3on tremneparyp 120+135°C. Tlpu 3ToM HarpeBOCTOMKOCTE OYMa>KHOTO
JIMDJIEKTPUKA OLIEHWBAIACh IO U3MEHEHHUIO £g0 , SIEKTPUYECKON MPOYHOCTH U

MEXaHMYECKHX CBOMCTB (MMPOYHOCTH Ha Pa3phbiB U YUCIA JBOHHBIX IIEPEruOoB),
OTHOCHTEJIFHON CTENEHBI0 NonuMepHu3anuu kadenpHoM Oymaru [8]. B psne
pabor  oTMewaeTcs  BIMSHHE TPOJOIDKHTEIFHOCTH  TEPMOBAKYYMHOH
00paboTKM Ha CTENEHb CTapeHHsl HM3OJSIMM, KOrja IpU NPOYMX DPaBHBIX
YCIOBUSIX YXYy/IIIAIUCH CBOMCTBA MaTepUalioB, YMEHbIIAJIAch OTHOCUTENbHAS
CTENEeHb MOJMMepHU3alMu  KabenpHOW Oymaru. Hampumep, yBennuenue
JUINTENBHOCTH 00pa3loB OYMa)KHOM H3OJSALMHA C PaAdAIBHOM TONMIMHON
h=10mm mpu =130°C u P =1-10"" mm. pr. cT. 3a Bpems ot 9,3 10 17,9 u
MIPUBOJAMIIO K YMEHBUICHHUIO CTEIIEHH OTHOCUTENBHOM nonsgpusanuu ot 0,98 no
0,859. OrtpunarensHoe [eiicTBHE UIMTEIBHO BO3JAEHCTBYIOIIETO Harpesa
O0COOCHHO BIIMSIET Ha pa3pylIeHHE BEPXHHUX CJIOEB HW3OJSIIUH, TJE CTENCHb
OTHOCHUTENIbHON mnojspuzanuu Moxer cHmxatbesi go 0,8-0,85. CormachHo
JTAaHHBIM [9], CYIIECTBEHHOr'0 Pa3JIMyusl 10 BIUSHUIO BEIMYMHBI OCTATOYHOTO
JIaBJIEHNS B KOTJIE Ha TIIyOMHY CTapeHUsl CpeAHUX M BHYTPEHHHUX CJIOEB
MaTepHasa 110 CPaBHEHHUIO C TIOBEPXHOCTHBIMH CIIOSIMU 3aMEUEHO He OBLIO.

C LEITBIO BBINOJTHEHHS MepeYUCICHHBIX  TpeOoBaHMH K
TEXHOJIOTUYECKOMY TIPOLECCY CYIIKH OYMa)KHO-MaclsTHOM HW30JsIIMH  Oblia
NpOBEZICHAa MOJEpHHU3AINs BaKyyMHO-CYIIMJIBHOTO KOMILJIEKCAa Ha 3aBOJE
"HOxxkabens".

BakyymHasi cymmibHasi yYCTaHOBKA. OKCIUTyaTalls YCTapeBIIEro
o0Opy/soBaHMSI ¥ OJHEProeMKas TEXHOJIOTHSI yXYAIIMIa TEXHHYECKOoe
COCTOSIHME YdYacTKa II0 TPOM3BOACTBY CHJIOBBIX KaOeneld ¢ OyMmakKHOM
n30sIIMed. DTO CKa3blBaJOCh IIPU PEHIEHHH BONpOCa IO YBEIWYEHHIO
MOIIIHOCTH TPOM3BOJCTBA CHJIOBBIX KaOeneil ¢ OyMakHOW NpONHUTAaHHOM
n3omsinmei.  IlosroMy  HeoOXoauMo  OBUIO  INPOBECTH  TEXHHYECKOE
MIepeBOOPYKEHNE y4dacTKa CYIIKU-TPONUTKH Ha Oojee COBPEMEHHOE, MEHee
9HEpProeMKoe O0Opy/IOBaHKHE, IO3BOJISIONIEE COKPATUTh TEXHOJIOTHUECKHUH
MPOLIECC  CYIIKHU-TIPOIIUTKH, TIOBBICUTH YPOBEHb aBTOMAaTHU3aINN
TEXHOJIOTMYECKOT'0 MPOIIECcCa, YIIYYIIUTh Ka4eCTBO BBITYCKAeMOH MPOTYKIIHH.

VYcrapeBmiasi cxeMa BaKyyMHOW CYIIKM CHIIOBBIX KaOeneil ¢ OymaskHOH
n30JsiIMel, mpencraBieHa Ha puc. 1JlaHHas cxema WMeET HEIOCTaTOK,
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3aKITIOYAIOIIMICS B TOM, YTO HIDKHSS 4YacTh BaKyyMHOro TpyOorpoBoaa 2
(mumerpom 110MM) coemmusiromiero QopBakyyMHBIH Hacoc 3 ¢ komiom 1
pacnoinoxeHa Ha OTMETKe HIDKe YpoBHA Hacoca. Ilpu Takod cxeme
pacrionoxeHrs: TpyOOnpoBosa BOMSHBIE TMaphl, Iomajgas B TpyOorpoBox 2,
KOHJICHCHPYIOTCS B HEM, TaK KaK JUIMHAa BaKyyMHOT'O TpyOomnpoBoa GosbInasi,
a TeMIiepaTypa ero CTeHOK HeI0CTaTOuHas I TOro, YTOObI BjIara HaXOUINCh
B HEM B

3 s 1
—
77
2
F

Puc. 1 — Cxema BakyyMHOH CYIIIKH CHJIOBBIX Kabemnel ¢ GyMayKHOH M30IISIIHCH

ra3oobpasHoM cocTosiHuM. CKOHJIGHCHpOBaHHAs Biara CKalUIMBAeTCsl B
TpyOOIIPOBOZIE, TEM CaMbIM 3HAYMTEJIHHO YMEHBINIAsI €ro CEYEHHUE, B CBSI3H C
YeM, MOHMKAETCSI CKOPOCTh YIaJIeHHs BJIard U3 Kotia. [loatomy HeoOxoaumo
ObUIO  3aTpaTWTh MHOI'O SHEPrMM W BpPEMEHH, 4YTOOBI  yJaJUTh
CKOH/ICHCHPOBAHHYIO BJIary M3 BaKyyMHOro TpyoOompoBona. J[ist pemieHus
9TOH mpoOJIeMBl HEOOXOJMMO 3aMEHUTh KOH(MUIYpalMI0 BaKyyMHBIX
TpyOOIIPOBOZIOB, @ BaKyyMHYIO CYIIKY KaOENbHBIX H3JENUH NMPOM3BOAUTH C
MOMOIIBI0  CHENWATbHO  pa3pabOTaHHOM  BaKyyMHOW  YCTaHOBKH  C
IIPUMEHEHHEM  BOAOKOJBIEBBIX ~ HACOCOB  BMECTO  HCIONb30BaBIIUXCS
MacHsHbIX HacocoB Tuna AB3.

BHOBE pazpaboranHas cxema MOAKIIOUYEHHs KOTJIa K BAKyyMHOMY HAacocy
C TOMONIBID BaKyyMHBIX TPyOOIPOBOMOB TMpeICTaBiiecHa Ha puc.2. B
npeajgaraeMoil cxeme clieayeT COeUHATh BaKyyMHBIA Hacoc 4 ¢ KoTiiom | B
BEPXHEH ero 4acTu M pacroyiaraTthb BaKyyMHBIH TPyOOIPOBO Ha/l MOCIIEAHUM.
[2].

BakyymHBIIi TpyOONpOBOJ COCTOMT W3 TpyOOIlpoBoAa 2, KOTOPBIH
pacIonoXeH BEPTUKAIBHO U TPYOONpoBoa 3, pacrojoKeHHOro ¢ YKIIOHOM B
CTOPOHY BaKyyMHOro BOJOKonbleBoro Hacoca 4. Ilpum npaHHON cxeme
TIOAKIIIOYEHHS Taphl BJIard TOXHMMAIOTCS NO TpyOompoBomy 2 BBepx. Ha
MIepBOM CTaJUM BaKyyMHOH OTKauyKd, KOTJIa CTEHKH TPYOONpOBOJa 2 MMEIOT
KOMHATHYIO  TEeMIIEpaTypy, Mapbl KOHJAEHCHPYIOTCS B  BaKyyMHOM
TpyOoIpoBoze 2 ¥ BO3BpAIIAIOTCsl 00paTHO B KOTe 1.

B xotiie koHAEHCAT NIpeBpalaeTcs B ap U yCTPEMIISIETCsl B TpYOOIIPOBOJ
2. DTOT mpoliecc NPOUCXOIUT JI0 TeX II0p, MOKa TpyOOIpoBoa 2 HE HarpeeTcs
JI0 TeMmIepaTypbl, NpU KOTOpPOHM Map He KoHAeHcupyercd. BonsHol map,
nonajasi u3 Tpyobonpososaa 2 B TpyOoONpoBO 3, KOHIEHCUPYETCS, HO TaK Kak
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Y4acTOK TpyOOIpPOBOAA MMEET HAKJIOH B CTOPOHY BOAOKOJBIIEBOIO Hacoca
CKOHJCHCHPOBAaHHAs BOJAa YXOAUT B BOJOKONbIEBOH Hacoc. Haxion
TpyOonpoBoza 3 B CTOPOHY BOJOKOJIBLEBOIO HACOCA MPEAYCMOTPEH IS TOTO,
YTOOBl YCTPAaHUTH BO3BPAT CKOHJIEHCHPOBAHHOM Biaru oOpaTHO B KOTEN, a
KOHJICHCAT HE 3a/IepXKUBaJICS B TPYOONpPOBOJE 3 M TEM CaMbIM HE YMEHBIIAI
€ro MpOIYCKHYIO CIOCOOHOCTh. JlaHHAas cxeMa COEAUHEHUS BaKyyMHOIO
TpyOOIIpOBOZa  TO3BOJISIET ~ 3HAUUTENBHO  COKPATUTh  BPEMsSl  CYIIKH,
yBennuuBaeT 3((GEKTUBHOCTh OTKAYKH BOJSHOTO Mapa W3 KOTNa, MOHMKAET
NOTpeOIeHUe DIIEKTPOIHEPrHy, YIIYYIIAaeT SKOJOTHI0 OKpY)Karomedl cpembl.
Ilpn »>TOM pWamMeTp HCHOIB3YEeMOro TPyOOIpOBOAAa IO JAHHOM cXeMe
ymenbmics co 110 mm 1o 50mMm.

Puc. 2 — Cxema moakirodeHns KOTJIa K BAKYyMHOMY HACOCY C HCIOJIb30BaHHEM
BaKyyMHBIX TPyOOIPOBO/IOB

IIpy W3roTOBNEHUM 3JIEKTPUUECKOro Kalenmss Ha KakIyl O KWIY
HaKJIAAbIBAETCd W3OJAIMs M3 KabenpbHOW Oymaru ToimuHoi 120MKM U
mnotHOCThI0  850...1050kr/M°. JIeHTHI GyMarn HaKIaAbIBAlOT BHAXJIECT C
TIOJIOKUTEIbHBIM TiepekpbiTHeM 8..10mMM. [3]. [nst ycrpaneHHst 0OpBIBHOCTH
OyMaXHBIX JIEHT NMpPU HAJOKEHHM Ha KWy KaOews, IMOCIEIHHUE CMavHBaIOT
BojoH. PaBHOBecHass BI@XHOCTb Oymard IIpM HOPMAJIBHBIX —YCIIOBHSIX
cocraBisieT 6...8% mo macce. C LENbIO MOBBIMIEHUS 3JIEKTPOU3OIALUOHHBIX
CBOMCTB KaOeIbHOW MPOMYKIMH HEOOXOIMMO MPOBECTH CYHIKY OyMa>KHOM
m3onAnuu npu TeMmmepatype He Bbime 403K, Tak kak IpHU MOBBIIEHUU
TEMIIEpaTyphl CYIIKM HAET WHTEHCHUBHBIM NpOLECC pacIulaBiICHUs JIMTHHUHA,
KOTOpBIH cocTtaBiseT 3,5...4,0% ot obmrelr Maccel. st TOro 4To0BI MPOBECTH
CyIIKY Ka0els ero yKIaJblBalOT B METAJUIMYECKYI0 Kop3uHy. KopsuHy c
Ka0ejgeM pa3MemamT B BaKyyMHOM CYIIMJIBHO-TIPONIMTOYHOM KoTiie. B
Ka)X/IOM KOTJIE BMEIIAETCS JIBE KOP3UHBI.
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OTKauka ra3oB ¥ BOISHOIO Iapa M3 KOTJIa OCYIIECTBIISIETCS! C TTOMOIIBIO
BaKyyMHBIX BOJOKOJIBIIEBBIX HACOCOB (pHC. 3).

YcraHOBKa COCTOMT M3 JBYX BOJOKOJBIIEBBIX HACOCOB 1, KaXIbli U3
KOTOPBIX COEJMHEH C BAaKyyMHBIM O0BEMOM uepe3 KianaH 3JIEKTPUYECKHd 2,
KJanaH aBapuiHbIA 3, TemmooOMeHHHMK 4, KiarmaH BaKyyMHBIH py4HOH 5.
JlaBneHne B BaKyyMHOH MarucTpajii usMmepsercs Bakyymmerpom 6. O mogaue
BOJIbI Ha BOJIOKOJIBIIEBBIE HACOCHI M TEIUIOOOMEHHUK CHI'HAJIM3HUPYIOT JIAMIIbI,
BKJIIOYAaE€MbI€ CTPYUHBIM perie 7.

Ha puc 4 npuBenena 0J10k-cxeMa pa3pabOTaHHOW BaKYyMHOH YCTaHOBKH

JUTSL CYILIKH SJIEKTPUYECKOro Kabesst ¢ OyMakHON M30JIsIIHei.
Bonokonsnesoit Hacoc Tuna BBH-6 npeanasHauen Ans nonydeHus JaBE€HUS
B paGoueM kote 10 9,3-10° [Ta (70 MM pr. ct.). Ero npou3BouTeIsHOCTD IpH
0,02 MIla (150 MM pr. cr.) — 5,0 M'/MuHH., HOTpeGisieMas MOIIHOCT
snekTpoasuratenss — 11kBr. Bropoit BomokombueBoir Hacoc BBH-3D ¢
MKEKTOPOM CO3/aeT TMpeebHOE OCTATOYHOE [aBJICHWE B OTKAYMBAEMOM
oobeme mo 931IMa (7mMm prt. cr.). Ero mpou3BOIUTEILHOCTh TIPU JABICHUU
2,66-10° ITa (20 MM pr. cT) - 1,8 M*/MHH., mOTpeGIseMast MOIIHOCTb — 5,5 KBT.

Puc. 3 — BakyymHOE 000pyIOBaHHE CYIIIIEHO-TIPOIUTOYHOIO YIacTKa
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Puc. 4 — Brok-cxemMa BakyyMHOl YCTaHOBKH JJIs1 CYIIKU-IPOINUTKU
3JIEKTPUUECKOr0 Kabess ¢ OyMaxKHOH n3onsaue

DJIeKTpUYECKHU KIanaH 2, COEAMHSIONMMNA BOJOKOJIBIIEBOM Hacoc C
BaKyyMHOW MaruCTpajbio, MOXKET OBITh OTKPBIT MPH PabOTAIOIIEM BAKYYMHOM
Hacoce U HeoOXOAUMOM KOJHYECTBE MOJaBAEMOM B HET'O BOJIBI.

Knanan aBapuitHblii 3 CIIy’KUT JUisi aBTOMAaTUYECKOIO OTCOEIUHEHUS
BaKyyMHOIO Hacoca OT OTKa4uBaeMoro o0beMa TpH HCYE3HOBCHUU
HarpspKeHus B ceTu. [Ipu 5ToM HCKITtouaeTcst monaianue BOAbl U3 BAKYYMHOIO
HAcoca B OTKAYHUBAEMBbIH 00BEM.

TemmooOMeHHUK 4, YCTaHOBJICHHBI B BEpPXHEH 4YacTH YCTaHOBKH,
CIYXHUT JUIs KOHJEHCAllMW BOJSTHOTO TMapa, OTKAYMBAeMOro W3 KOTJIa, U
YMEHbBIIIAeT KOJUYECTBO TEIUIOBOM OSHEPrUM BBIAEISEMONW B KOTJIE MpHU
nepenade €€ BaKyyMHOMY BOJOKOJBIEBOMY Hacocy. PyuHoil kiamaH 5
COCJIMHSCT BAaKYYMHBI HAacOC 4epe3 BaKyyMHBIA TpyOOMpOBOA C pabouum
00BEMOM.

BxiroueHre yCTaHOBKY, HAONIOICHUE U YIIPABIICHUE 32 PEXKUMOM PaOOTHI
YCTaHOBKH OCYILECTBIISIETCS C MYJbTa YIPaBICHUS.

[porecc cymiku kadens B OyMakKHOM U30JIAIUU COCTOUT U3 JABYX JTAIloB.
[epBEIit 3Tan CyIIKU peaabHO HAYMHACTCS C MPOrpeBa Kadels B BaKyyMHOM
CYIIMIBLHO-TIPOIIUTOYHOM KOTJIE MPU aTMOC(HEPHOM JaBICHHUA. DTO YCKOPSET
HarpeBaHHe KaOels 10 3aJlaHHOI TemriepaTypsl. [locie HarpeBaHus Kadenst 10
3aJIaHHOM TeMIIepaTyphl IPU aTMOCHEPHOM NABICHUU KOTEJ TePMETU3UPYIOT,
Y TIPOU3BOJIUTCS OTKAa4YKa Ta30B U Mapa W3 Komia. Bo Bpems cymiku kabeib B
OyMa)kKHOW HM30JAIMU HarpeBaroT no Temnepatypbl 393K. BonmsHoit map ¢
BBICOKOW TeMIlepaTypoil M3 KOTJIa YCTpEMIISIETCS B BaKyyMHbIM Hacoc. [list
TOr0, YTOOBI KOPITYC BAaKyyMHOTO BOJOKOJBIIEBOTO HAacOoca HE HarpeBayics
BBIIIE TEMIEPATYyphl YKa3aHHOW B €ro 3KCIUTYaTAllMOHHBIX XapaKTEPUCTHKAX
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MEXIYy KOTJIOM M HAacoCOM HEOOXOOMMO YCTaHaBIHMBATH TEIIOOOMEHHUK.
[TpumeneHne TemI000MEHHHMKA CIIOCOOCTBYET MOHKEHHUIO JIABJICHUS B KOTJIE
u obieryaer paboTy BaKyyMHOT0 Hacoca. B kadecTBe OXJIaXKJaromero areHTa
B TEIUIOOOMCHHUKE MOXXHO HCIOJB30BAaTh BOAY. TeIUIOBOM  pacuer
TEIJIOOOMEHHUKA CBOJUTCS K OIPEAEIECHHIO €ro MOBEPXHOCTH, KOTOpas
orOupaer Ha ceOsf 4YacTh TEIUIOBOM DHEPrMM Mapora3oBOd CMECH,
MOCTYMAIONIeH 13 BaKyyMHOT'O 00beMa, BO BPEMsI CYIIKH KaOEIbHBIX M3JIENHH,
B BaKyyMHBId  BOJOKONbIEBOH  Hacoc. [IpaBmibHO  mOmOOpaHHBIH
TEIJIO0OMEHHHUK TIPENOTBpAIaeT HAarpeBaHHWE BOJOKOJBIIEBOIO Hacoca JI0
TEMIIEpaTyphl, TP KOTOPOM HAYMHAIOT yXYAIIAThCS €ro 3KCIUTyaTallMOHHbBIE
XapaKTEePUCTUKH.

B HavanpHOW cTajuM CyIIKM BOJASHBIE Mapbl U3 KOTJIA OTKAYMBAJIHCH C
MIOMOIIBIO0 BAKYYMHOI'O BOAOKOJbIEBOro Hacoca BBH-6, Tak kak B 3T0 Bpems
CYIMIKH W3 OYMa)KHOM H3OJSIIIMU BBIAENSAETCS OONBIIOE KOJNWYECTBO Mapa
(coran M°). Tlocie TOro, Kak B KOT/IE ObLIO JOCTHTHYTO naBienne 9,3kIla,
Hacoc BBH-6 orkmouancs u Brmovancs Hacoc BBH-33 ¢ akekropowm,
notpedisieMasl MOIIHOCTh KOTOPOTO HIMKE B JBa pasza, YeM Yy BaKyyMHOT'O
Hacoca Tuna BBH-6. OTo mo3Bonmio COKpaTuTh pacxol 3NEKTPOIHEPTuw,
YIQINTh OCTaTOYHYIO BJAry W3 KOTJAa M IIOHU3UTH JaBJICHHE B KOTIIE JI0
931I1a.

Tab6muma 1 — Pesynbprathl cyniku kabenst Ha Hanpspkenue 10 kB Ha BHOBB
pa3paboTaHHOW yCTaHOBKE

Tab6muma 2 — Cymika kabenst B OyMa)XHOHM U30JIAIUY Ha BHOBb CO3JTaHHOMN
YCTaHOBKE

I[J'H/ITeJ'H)HOCTI) peKrMa 11oJi BaAKyyMOM IIpu

OCTATOYHOM JIABJICHHH B KOTIIE Cokparienue
Ceuenue He Gosee 7,2 MM pT. CT. JUTHTEIb-
Kagiﬂ’ plomsa, kv Bpewms cymniky, gac Bpemst cymiku, yac HOCTH
(HOBasl yCTaHOBKa) (crapas yctaHoBka) | LIMKJIa, 4ac
Cymka |IIpomutka | Cymka | IIpomuTka
3x50 5,0 3,5 4.0 9 4 5,5
3x70 4,0 4.0 4.0 12 4 8.0
3x120 3,0 4.0 4.0 12 4 8,0

Bpewmst paboter | dasnenune B | Temmnepaty | Temmeparypa | Temmeparypa
YCTaHOBKH, kotie, k[la | pa xabens, BaKyyM- BOJIBI B
4ac, MUH. K MIPOBOJIA HA BaKyyMHOM
BBIXOJIE U3 Hacoce, K
korna, K
Brurouen nacoc BBH6
- 100,5 293 297 291
0,30 16,2 325 309 292
1,0 17,3 345 318 293
1,30 21,3 357 341 297
2,0 20,2 361 343 301
2,30 20,2 378 350 301
3,0 17,3 393 355 301
3,30 9,3 394 353 301
Brurouen nacoc BBH3-9O
4,0 0,93 401 341 296
4,30 0,93 403 327 293
5,0 0,93 403 327 292
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W3 pe3ynbraToB, NMpUBENEHHBIX B Tabmume 1 BHIHO, YTO OCHOBHOM
mpoluecc CymkH kabenmss Ob1  ocymiectBieH 3a 4 waca. OO0 3TOM
ceuzerenbeTByeT naienue 93100a (7,0 MM pr.cT.) B paboueM KOTJIE M HAYAIO
TIOHIDKEHUSI TEeMIeparypsl TpyOONpOBOJOB, TEIIOOOMEHHMKA, Hacoca H|
TIOBBILIIEHUST TeMnepaTypbl kabens. Ilocrme mpoBeaeHHs CYIIKH OyMaXkKHYIO
M30JIALUI0 TPONUTHIBAIOT CHELUANbHBIM IPONUTOYHBIM COCTaBOM. OTa
omepanys IpU3BaHa OO0ECHEYUTh IMPONMUTKY OYMaKHOM M3OMAIMH |
3aM0JIHEHNE TyCTOT NPOMUTOYHBIM COCTaBOM. DJIEKTPUUECKOE COMPOTUBIICHUE
M30SIIMK  JOIDKHO ObiTh He MeHee 100Mom Ha 1 KM JUTMHBI KaOens
HanpspkeHueM Ha 1kB. n He meHee 200MoM Ha 1 kM KaOesst HanpshDKEHHEM O,
10xB. TanreHc yria AMdIEKTpUYECKUX NOTeph i kabens Ha 10kB momkHO
ObITh He Oombire tgd < 0,008, [4]

JIIMTEeNnbHOCTh CYINIKM W TPONHUTKA Kabens ¢ TIOMOIIBI0 HOBOHM
BaKyyMHOW yCTaHOBKH COKpalieHa Ha 5,5...8 yacos, Tabmumna 2.

[TporuTaHHEIA MO HOBOW TEXHOJIOTMH KaOeib BBIIEPIKAN dIIEKTPUIECKUE
ucnbelTanusl. V30siuust  COOTBETCTBYET TpPEOOBAaHUSM, IIPEIBABISIEMBIM K
W3rOTOBIISIEMON KaOEIBbHOMN MPOAYKIIHH.

IIpumenenne ¢a3oBbix peryiasitopoB THna POT jpus HarpeBaHus
3J1eKTPUYECKOro Kaldeisi B YCJOBHSIX MPOMBIILIEHHOT0 MPOM3BOACTBA.
Cymika cwiIoBBIX KaOeneld ¢ OyMaKHOH u30MAIMeld TpeOyer OONBIIOro
MOTpeOJIeHUs] TEIUIOBOM OSHepruu. B KauecTBE HCTOYHHMKA TeIuia JUIs
HarpeBaHHsl KalOens MJOMOJHHUTENBHO HCHONB3YIOT BOJSHOM Iap, KOTOPBIH
MIPOXOMUT IO TEIUIOBOU py0alike pabouero Komia, a B IeIsIX HHTCHCU(UKAITUU
Tpoliecca CYIIKH MPUMEHSETCSI OCHOBHOE HarpeBaHue Kalels 3JIeKTPUIeCKUM
TOKOM, TPOXOZSIINM IO €r0 SKHIAM TIOTHOCTBIO 2,5 A/MM’ Ul METHBIX HKHIT
u-2,0 A/MM? U151 QIIFOMHUHHEBBIX.
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[IpumeHeHne TEPEMEHHOI'O0 TOKAa CUUTAETCS HELEeNeCOO0pa3HbIM IS
HarpeBaHMs Kabels B CBSI3UM C yBEIMYEHHUEM NOTPEOIsIeMON MOIIHOCTHY 32 CUET
PEaKTUBHOM COCTaBISIONIEH, TaK Kak KaOeldb B KOP3WHE IPEICTaBIsieT COOOM
3HAUUTENbHOE  HMHAYKTHMBHOE  CONPOTHUBJIEHHE, 4YTO  HPHUBOAUT K
JIOTIOJTHUTENBHBIM MOTEPSM MOIIHOCTH Ha BUXPEBBIE TOKH U THcTepe3uc. B
CBSI3W C OTHM ISl HarpeBaHMsi KaOensl WCIOJIb30BaJICS MOCTOSIHHBIH TOK,
KOTOpBIH BBIpabaTsIBaiicst MoTop-reneparopoM. KI1/1 morop-reneparopa 50%.,
pasmep (1,5x0,7x1,0)m, Bec 860Kr, MaKCUMAJBLHBINA TOK, KOTOPBIA MOT JaTh
nanHbId renepatop S00A. Vcrionb3ys JaHHBI MOTOpP-T€HEPaTop, MOXKHO OBLIO
MIPOU3BOJIUTE KaOENbHYIO MPOAYKIIHIO C MaKCUMAJIbHBIM CEYEHHEM KHIIBI 10
240mm>. Jls YBEITUUCHUS TUIOTHOCTH TOKa B JKWIAX KaOems ¢ OoibImuM
CeYeHNEM HeoOXO0ANMO OBLIO YBETUYUTH MOIIHOCTh T'€HEpaTopoB, a ISl UX
pa3MeIleHus HYXHBl  JONOJHUTENBHBIE MPOM3BOJACTBEHHBIE  IUIOLIAMH.
[IpuMeHeHne TreHepaTOpOB IOCTOSIHHOTO TOKAa NPUBOJUT K TPYAHOCTH
MOAJIep)KaHusl TTOCTOSIHHOM IUIOTHOCTM TOKa B JKMJax KaOens B Ipoliecce
HarpeBaHWs, a HaJM4YMe CHJIBHOTO ITOCTOSHHOTO MAarHUTHOTO MOJs (BBIIE
40k3) B IpOCTPAHCTBE OKOJIO KOTJIA, OTPUIATEIHHO CKa3bIBAIOCH HA 3/I0POBBE
00CITY’)KHBAIOIIIET0 MEPCOHalIa, TaK Kak Kabenb B KOP3WHE MPE/ICTABISIET COOO0M
coleHousi ¢ OONBIIMM KOJIIMYECTBOM BUTKOB. HampspkeHHOCTH MarHMTHOTO
T0JIs1, B COJIEHOMJIE C CEPJICUHUKOM OINPENAENIETCS U3 BBIPAKEHUS

2
- kuN SI’
[cosa

(1)

rne H —HanpshKeHHOCTh MarHUTHOTO MO, J; k - KO QHUIIMEHT, 3aBUCAIINN
/
OT OTHOIIICHHS Z; d - JIuaMmerp COJIeHOMJAa, M; 4 - OTHOCHUTEIbHAs

MarHuTHasl MPOHUIIAEMOCTh;, N - KOJIUYECTBO BHTKOB CoOjieHOWaa; S -
IUIONIA/b TIOMEPEYHOr0 CeYEHHs CONCHONAA, M>; | — TOK, MPOTEKAIONIHil Mo
KujgaMm Kabens, A; [ - JJHMHA COJEHOWIA, M; COS( - KOCHHYC yrjia MEXay
BEKTOPOM MAarHUTHON MHIYKIIMK U HOPMAJIbIO K MOBEPXHOCTH KOHTYPA;

Hns éz 10 xoapdunment k pasen 1.

W3 Belpaskenus 1 caenyert, uro npu / — 0, HANPSHKEHHOCTH MarHUTHOTO
nons H Oyner crpemMurtbest K Hymo. [1o3TOMy, ecii CKOMIEHCHPOBATh BCE
TOKH, ITPOTEKAIOIINE BO BPEMsI CYILIKH MO KHIaM Kabells, TO yJIacTcsl CHU3UTh
HaNpsXKEHHOCTbh MAarHUTHOTO TOJIA A0 HyJA, HE HapyIIMB TEXHOJIOTMYECKUI
mporecc, M IOCTaBlIeHHas 3afada OyAeT BBIIOMHEHAa. OTO I103BOJIHT
UCKIIIOYNTHh TaryOHOe BO3JEHCTBHE MArHUTHOIO TOJS HAa OpPraHu3M
00CITyKMBAIOIET0 IEPCOHANA.

B nocnennee Bpemsi B kaOembHOW MPOMBIIUIEHHOCTH TOJYYHII ITHPOKOE
pacIpocTpaHeHHe IIPOTPECCHBHBI METOJI HarpeBaHWsl KW Kalened mpu
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MOMOIIM THUPUCTOPHBIX IpeoOpa3zoBaresied. DTO TO3BOIMIO  IOBBICUTH
Ka4yecTBO BBITYCKAEMOH IPOIYKIWH, YBEJIWYUTH MPOIYCKHYIO CIIOCOOHOCTH
Y4acTKa CYIIKU-ITPOMUTKH, MTOBBICUTH ONEPATHBHOCTH YIPABICHUS U KYJIbTYPY
MIPOM3BOJICTBA, YIIYUIIUTh YCIOBUS TPY/a OOCITY>)KUBAEMOMY IIEPCOHATY.

Jlnst HarpeBaHus KaOENBHBIX HW3JCNMHN ¢ OyMaKHOU W30MAIMel Ha Oase
perynstopa omHodasHoro tupucropuoro (POT) Obuia crpoekTHpoBaHa u
BHEIpEHAa HOBasl THUPUCTOpPHAs YCTAHOBKAa C MakKcUMaibHbIM TOKoM 1800A.,
YTO ITO3BOJIMJIO W3TOTaBIMBATh Kabeab B OyMaKHOW M3OJNSIMU C CEYCHUEM
xutel 10 800mm” [5].

dazoBeiec perynsatopel THma POT SBISIOTCS  OBICTPOMEHCTBYIONMMU
JJIEKTPOHHBIMH ~ YCTPOWCTBaMH, CIOCOOHBIMH B  IIMPOKUX  Hpenenax
perynupoBate Tok B Harpyske. KIIJI ¢asoBoro perymsropa 95%. Pasmepsr
takoro ycrpoiicrea (310x280x260)mm, Bec 11 kr. YmpapieHHe peryisiTopom
OCYIIECTBIISIETCSI C TIOMOIIBIO 3JIEKTPOHHOrO OJIOKa, Ha KOTOPBIM MoAaeTcs
CHeUUaNbHBId  cHHXpouMIynbc. OpraHsl  yIpaBieHHS — PEryJIsTOpPOM
YCTaHOBJICHbI Ha JIMIEBOW MaHenw camoro perymsropa. Camu ke (a3oBbe
pETYJIATOPHl YCTaHABIIMBAIOTCS B IYJbTE YNpaBieHWs. B aToM ke mynbTe
YCTaHABIIMBAIOTCSI BCE amlapaThl YNPaBIICHUS yCTAHOBKOHM, CUTHAIIM3AIMS U
IpUOOPBI JJIs1 KOHTPOIIS TOKa. V3MepeHue Toka B KaXK0H JKUJIe TIPOM3BOAUTCS
C TIOMOIIBIO aMIIEpMETpPa, PACIIOJIOKEHHOTO Ha JIMIEBOH IaHENIH CTOMKH
ynpasnenus. Kaxaas skuna kaOens NMUTaeTcs OT CBOEr0 WHIWBHAYaJIBHOTO
TUPUCTOPHOTO TmpeoOpasoBarenss POT, koropelii obecrieunBaeT B IKWIE
HEOOXOAMMYIO IIOTHOCTh TOKA. BTOpBIE KOHIIBI M 3-X >KMIIBHOTO KaOels

COCMHSIOTCSI MEXY CO00H U H30IUPYIOTCS OT KOpIyca Kotia (puc.S).
ABC

flp 81
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Puc. 5 — Cxema MOJKITIOYEHUS THPUCTOPHBIX IpeoOpa3oBareneit

[Ipu TakoM MOAKITIOYCHUH Kalelld K WCTOYHHKY IHTAaHUS BCE TOKH,
MIPOTEKAIOIIUE TIO0 JKWIaM KaOemns, KOMIICHCHPYIOTCS, HCYE3aeT MArHUTHOE
moJjie, a Harpy3ka MPEeBpaIlaeTCs B YUCTO aKTHBHOE COMPOTHBIICHUE. Tak Kak
cornacHo npasuiy Kupxroda anrebpanueckast cyMMa TOKOB [ , CXOASIIUXCS

B TOYKE PA3BCTBJICHHS IPOBOJHUKOB, paBHA HYJIIO

Dkl =0, )
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rae ( — YHCIO CXOMSIIMXCS TOKOB, ITO9TOMY HAIPSHKEHHOCTh MAarHUTHOTO
IOJIS BO3JIE KOTJIa Oy/IeT paBHA HYIIIO.

BHOBB co3maHHasi ycraHOBKa Ha 0a3e TUPUCTOPHBIX PETYJSTOPOB THIIA
POT- 630 no3Bonser miaBHO u3MeHATh HampsbkeHue 0...380 B nHa xaxnoit
KHJIE B OTACIBHOCTH M 00€CIeYUTh HEOOXOANMYIO IUIOTHOCTh TOKA B KaXKIOH
XKHJIE, B CBS3H C YEM YMEHBIIAETCSl BPEMsI HarpeBaHHsI JIEKTPHUYECKOro Kaderst
B OyMaXHOM M3O0JSAIUM O HEOOXOAMMOW TEeMIlepaTypbl M YBEIHMYMBACTCS
CKOpOCTh CyIIKH (puc.6).

CucremMa aBTOMATHYECKOr0 YNPAaBJEHHs] TPOLECCOM CYIIKH M
NPONUTKH Kalens ¢ OymaskHoil n3onsanuei. Ha yctaHoBKe CyIIKM — IPOMUTKU
OyMaXHOH W3OJSIMM  CWJIOBBIX KaOeNed BHEJpeHa CcHcTeMa  YIpaBJICHUS
TEXHOJIOTMYECKHM TPOIIeccoM Ha 0a3e MporpaMMHUpyeMoro KOHTposuiepa (GpupMel
Siemens. CucremMa HO3BONSIET BBIIONHATH (YHKIMHM aBTOMAaTHYECKOrO KOHTPOJIS
TEMIEpaTypbl, JaBjeHWs, IUIOTHOCTM TOKa B JKWIaX KaOens, YypOBHS
TIPONTUTHIBAIOIIETO COCTaBa, BPEMEHHN TEXHOJIOTHYECKOr0 Tpotiecca. BrImomHsitoTest
(YHKIMM ~ aBTOMATHYECKOTO  YIpaBleHHWS pabOTOi BaKyyMHBIX — HacoCOB,
perymsitopoM oaHopazuemM THprcTOpHBIM (POT). dyHKIMEM 1HAOroBOro pexxuMa
00ecIeYnBaloT OMepPaTUBHYIO CBS3b MEXKTY ITEPCOHAIIOM 1 CHCTEMOH YIPaBIICHHS C
TIOMOIIBIO TIaHeNu orepatopa. Ha oskpaHe maHemu orepaTopa OTOOpakaeTcs
MHEMOCXeMa TeXHOJIOTHMYECKOro Iporecca, rpadvKi M3MEHEHHUs TEMIIEpaTyphl B
KOp3WHAX M TOKa B JKHMJIaX KaOeJs, JaBJIeHNs] OT BpeMEeHH. 3HAuEeHHUsI TEMITEPaTypHl,
TOKA, JJABJICHUS PAcIieyaThIBAIOTC B BHJE MPOToKona. CrcreMa CUTHAJIM3UPYET O
HEUCHPaBHOCTSIX B pabore o00OpyHOBaHMs, a TakkKe NPH OTKIOHEHHUSX
KOHTPOJMPYEMBIX IMapaMeTpoB OT 3aJIaHHBIX 3HaueHWH. ONTHMAaNBHBIA PEXUM
CYIIKH — TIPONUTKU KaOensi ¢ OyMakKHOH H30JIMel MOKeT OBITh pean3oBaH
TOIBKO C  WCHONB30BAHMEM  CHUCTEMBI ~ aBTOMATHUYECKOrO  YIPaBJICHHUS
TEXHOJIOTHYECKUM TiporieccoM. CHcTeMa yHpaBlieHHs! TO3BOJISIET ONTUMHU3HUPOBATh
TIPOLIECC CYMIKK — TPONUTKH 110 MUHHUMAJIBHOMY MNOTpeOiieHnio sHepruu. Bee
TIOCTABJICHHBIE 33/1a4M  YNPABICHWS TPOLECCOM, W OCOOEHHO aJrOPHTMBI
ONTHMAJIGHOTO YTIPaBJIEHUsI MPOLIECCOM CYIIKH, PEIEHBI C TOMOIIBIO HU(pPOBOH
cucteMsl yrpasineHus. Kpome Toro, mugpoBasi cucteMa YrpaBieHHs TTO3BOJISIET
pEaTM30BBIBATG Pa3IMYHBIE AITOPUTMBI YIPABICHWS W ONTHMU3AIMH, BECTH
CTaTHUCTUUECKYI0 00pabOTKy pa3NIMYHBIX TEXHOJIOTHYECKHX MPOLECCOB M II0
pe3yiibTaTaM aHaju3a COBEPIIEHCTBOBATH TEXHOJIOIMUECKUE TPOLIECCHI.

CucreMa ynpaBieHUsI CONECPKUT: OJIOK YNpaBIICHUS, H(PPO-aHATOTOBBIH
npeoOpasoBaTeib, MYJIBTUIUIEKCOP, MHOTOKaHAJIbHBIA  IH(pO-aHAIOrOBBII
npeoOpa3oBaTesb, UCTIONHUTEIbHBIH MEXaHU3M YIIPaBIEHUS 00OpYHAOBaHUEM,
W3MEPUTENBHBIN Tpeo0pa3oBaTellb JIaBJICHUs, M3MEPUTENIBHBIH TpeoOpa3oBaTesb
TEMIIEpaTypbl,  aHaJoro-uM(ppoBOH  NpeoOpa3oBaTeb, MYJIBTHITIIEKCOP,
MHOTOKaHAJTEHBIN aHAJIOTO-ITU(PPOBOI IPeoOpa3OBaTENb
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Mepeamoreson
20 XM

Puc. 6 — Cxema Tpex¢azHoro perynsropa Ha 6a3e omHOpa3HBIX
perymstopo tura POT-630

Tabnuna 3 — [lepeyeHb KOHTPOIUPYEMBIX U YIPABIISIEMbBIX

rapameTpoB
Komnuectn
Neri/mt HaumenoBanue napameTpoB Bun Curnan o IH:C 0
1 Temmeparypa B KOp3uHE a"an. | 0-50 mB 12
2 Tok B xumax xkademust aan. | 4-20 MA 18
3 JlaBneHue B KOTIIE aan. | 4-20 MA 3
4 YpoBeHb MPOMUTOYHOT!
POBCHD HPOTHTOTHOTO aman. | 4-20 MA 3
COCTaBa B KOTJIE
5 IIPOTUBJICHUE U30JISIIUN
Conporieerie u3omL amar. | 4-20 MA 6
Ka0eyst B KOp3UHE
6 VYmpasienue POT aHaj. 0-5 MB 18
7 3aKphITHE KPBIIIKK KOTJIa JIAC. KOHTAKT 3
8 Pabora BakyyMHOro Hacoca. JIUC. KOHTAKT 6
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DYHKIIMY aBTOMaTUYECKOTr'0 KOHTPOJIS:

KOHTPOJIb TEMITEPATYypPhl U30JISIINHY;

KOHTPOJIb aBJICHUS B KOTJIE;

KOHTPOJIb TOKA B )KMJIaX Kabers;

KOHTPOJIb CONTPOTHBIICHUS N3OSN,

KOHTPOJIb YPOBHSI IIPOIIMUTOYHOTO COCTaBa B KOTJIE;
KOHTPOJIb BpEMEHH TEXHOJIOTMYECKOr0 MPOIecca;
KOHTPOJIb TOTOBHOCTHU KOTJIA K ITyCKY;

KOHTPOJIb 3a paboTOoil perynsitopa OJHO(PA3HOTO THPHCTOPHOTO
(POT);

® KOHTpOIIb 32 pabOTOI BaKyyMHBIX HACOCOB.

DYHKIIMY aBTOMATHYECKOT0 YIPaBIICHHUS:

pkitouenue POT;

Toji/iep KaHue 3aJaHHOW BETMYMHBI TOKa B JKMIIaX Kaless;
MOJIePIKaHUE 3aTAHHOM TeMIIepaTyphl KaOems ;
BKJIIOUEHHE BaKYYMHBIX HACOCOB;

otkmouenue POT;

BBIKJTIOUEHHE BaKYYMHBIX HACOCOB;

ojiavya MpoITMTOYHOTO COCTaBa B KOTEI;

yZaJIleHHe TIPOMUTOYHOr0 COCTaBa U3 KOTJIa.

CDyHKImH Jajgora OOECHeYrBalOT OpPTaHU3alMI0 ONEPATUBHOM CBSI3U
MEXy MEpCOHAJIOM U CHCTEMOW YIpaBJeHHs C MMOMOLIBIO MaHEeN! orneparopa
MP270, puc.7.

Ha oskpane manenm oneparopa oToOpakaercss rpaduK H3MEHEHUS
TEMIIEpaTyphl B KOP3MHAX, TOKA B )KMJIAaX KaOesst U CONPOTUBIICHUS U3OJISIIINH.
YIpaBieHUs] TPOTOKOJIIAMH, 5KpaH TUCTAHIMOHHOTO YIIPaBJICHHS, CXEMBI
TEXHOJIOTMYECKOTr0 TIpollecca CYIIKH-TIPOIHUTKU DJIEKTPHUUYECKOro Kalemnst ¢
OyMaKHOH M3oMIALMeH, puc. 8.

PNAG AW~

MACCRAA CXOMA

Puc. 7 — Ilanens oneparopa
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Puc. 8 — Dkpanbl nanenu oneparopa

Cxema (puc. 8) mokasbpIBacT, Kakue 3aJCHCTBOBAaHBI B pPa0OTE KOTIHI,
Kakie BKJIIOYEHbI BakyyMHble Hacockl U POT, kakue OTKpBITBI BaKyyMHbIC
KJlarnaHa W YKa3blBaeT HOMEp KOTJIa M KOP3WHBI, BpEMs, /ATy BKIIIOYEHHS
YCTQHOBKHM, MapKy KaOeis, W3MEHEHHe TeMIeparypsl W TOKa, Kabes,
JIaBJICHUS] B KOP3UHE, BPEMsI CYIIKH KaOesst, BpeMsl MPOIUTKU Kabeis, BpeMs
BBIKJIIOUYEHHSI YCTAHOBKM [UISl CYIIKH-IIPONMUTKH Kabeias ¢ OyMakHOM
n3omsinuei. CyliecTBeHHOH OCOOEHHOCTBIO IOJIb30BATEIbCKOr0 MHTEpdeiica
CHCTEMBI YNpaBJICHUS! SBJSIETCSI HCIOJNB30BAaHWE HMHTYWTHBHO TIOHSATHOM
MOJIEJIH TIPE/ICTaBICHNS] MH(MOPMALIMM U B3aUMOJAEHCTBHS C OIEPaTOPOM, YTO
TIO3BOJIIIO TOOWUTHCSA BBICOKOH 3¢ dexTrBHOCTH paboThl mepcoHana. Bpews,
HEeoOX0MMOe Ha MOATOTOBKY orepaTopa /it paboThl C CUCTEMOH yIpaBIIEHHS
B CpEIHEM COCTaBIISET OKOso 10 MUHYT.

BoiBojIbI. MoOJIepHH3AIHS YCTAHOBKH CYLIKH-TIPOMUTKA OyMasKHON
W30JISIIMK CUJIOBBIX KaOesel I03BOoJHIIa:

- COKpaTuTh Ooyee yeM B 2 pa3a SHEPreTHYecKHe 3aTpaThl Ha CYIIKY
AJIEKTPUUYECKOro Kabesst ¢ OyMakHON M30JIsIIHeH;
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- YCOBEPIICHCTBOBATh TEXHOJIOTHMYECKUIA TIPOIECC CYIIKU-TIPOIUTKH
KaOENBHBIX U3JICTHIA ¢ OYMaKHOW U3OJIAIMEH, COKPATUTh BPEMs CYIIKU OoJee
4yeM B 1,5 pasa, ycrpaHuTh Opak KaOeabHOW NMPOAYKIHY;

- 00ecreynTh MUHHMAJIBHOE OCTATOYHOC JaBJICHHEC B CYIIMIBHO-
MIPOMUTOYHOM KOTJIC, TIOBBICUTh KayeCTBO CYIIKH W TIPOIMUTKH, a TaKKe
HAJCKHOCTH PabOThI BAKYYyMHOU YCTAaHOBKU;

- YCKOpUTH TMPOIECC HArpeBaHUs KaOelns, MOBBICHTh ONCPATHBHOCTH
YOPAaBJICHUS! TEXHOJIOTMUYECKUM MPOIIECCOM, IJIABHO U3MEHSTh HAINpPSHKEHUE Ha
KUIaX Kabemst, o0ecreunBaTh 3aJaHHYIO IDIOTHOCTh TOKA B KIJIAX KaOens,
YCTPaHUTh MAarHUTHOE T0JI€ BOKPYT KOTA;

- YBEIMYHUTH TNPOMYCKHYIO CIOCOOHOCTh BaKyyMHBIX KOMMYHHKAIIUH,
YMCHBIIUTh METAJUIOCMKOCTh YCTAHOBKH W YBEJIUYHUTH CKOPOCTH CYIIKU
OYMasKHOU M3OJISIINM;

- CO3/IaTh CUCTEMY YIIPABJICHHUS TEXHOJOTHMYCCKUM IPOIECCOM Ha 0asze
MPOrpaMMUPYEMOT0  KOHTpOJiepa (UPMBI  Siemens TEXHOJIOTHUIESCKOTO
KOHTPOJISI HAa Pa3IMYHBIX OIEPAIUSIX CYIIKU-TIPOIMUTKU DIICKTPUICCKOTO
Kabens ¢ OyMaKHON H3OJAIUEH, YTO MO3BOJIMIO HCKITIOUUTH BO3MOXKHOCTH
MOSIBJICHUSI Opaka U YCOBEPIICHCTBOBATh TEXHOJIOTMICCKHIA MPOIIECC;

- VAYYIIUTH YCIOBHS TPyJa OOCITYXHBAIOIIETO MEPCOHANA, MOBBICUTH
KylIbTYpy TNpPOM3BOJACTBA, CHHU3UTh 3arpsi3HEHUE OKPY>KaIoLIEH Cpemsl,
YMCHBIIUTH 3aHUMaEeMEbIC MTPOU3BOICTBEHHBIE TLIOIIAIH;

- MPOU3BOAUTEL Ka0ENb C CCYCHUEM TOKOIPOBOJIIICH JKUIBI JIO 800MM?,
BMECTO paHee CyIIECTBOBABIIETO OIPAHUYEHHUS 10 240MMm°.

Cnucoxk auteparypbl.l. Tpemwvsixoe B.M. Cymka ¥ OpOMUTKa CUJIOBBIX —KaOerei
/ B.M. Tpemvskos, CJ. Xonoowwii— M.: Dueprusi, 1978.-136¢c. 2. A.c.346. Poccus, MIIK
HO1B13/30. BaxkyymHass  CynIMIBHO-IPONHMTOYHAs  ycTaHoBKa / Bl Anexceenxo,
B.I1. Kapnywenxo, B.A. Kymoegoii u op.— Ne 93016105; 3asBi. 29.03.93; ony6:1.15.04.95, Broi.
Ne4. 3. Kapnywenxo B.Il. CunoBble kabemu Ha HampspkeHue 1-10kB / B.II. Kapnywenxo,
JLA. Ulebenwox, F0.A. Aummoney, A.A. Haymenxo— Xapwkon: @akr, 1998. — C.96-104.
4. Kapnywenxo B.II. Cunosi kabeni HH3bKOI Ta cepenuboi Hanpyru / B.I1. Kapnywenko,
JLA. L]ebenwk, FO.A. Aumoney, A.A. Haymenxo. Xapkis, «Perion-inpopm». 2000.- C.113-117.
5. A.c. 2047. Poccus, MIIK HO1B13/00. CynnuibHO-IpOIHTOYHAST YCTAHOBKA JUISL H3T OTOBJICHHUS
xabeneit/ B.I1.Kapnywenxo, B.A. Kymoeou, B.U Maxanvros, U.B Ilewikos. — Ne95101099; 3asBi.
25.01.95; ony6m.16.04. 96, bron. Ned. 6. 3010mapes B.M. MOHUTOPUHT TOKa3aTeliell KadecTBa
OyMaXHOM H30JIILMU  CHJIOBBIX KalOeneil Hampsbkennem 10 kB Ha 3aBome "HOxkaGennp"
/ B.M. 3onomapes, B.I1. Kapnywenko, F0.A. Anmoney, H.I1.9yeypun, JI.A.LlJebentok // Bicauk
XapKiBCBKOr0 IepKaBHOTO MOJIITEXHIYHOTO yHiBepcuTery.- Xapkis: X/ITY, 1999.- Bum. 88.- C.
22-31. 7. I'ypun A.. Cnoco0® TeXHOJIOTHYECKOTO KOHTPOJS H30LILHUU OyMajkKHO-MaCISTHBIX
ka0eneil B mporecce cymku u nponutku / A1 I'ypun, B.I. Haboka // BicHuk XapkiBCBKOr0
JIEp)KAaBHOT'O0 MOJNITEXHIYHOro yHiBepcurery. — XapkiB: XJAITY, 1999.- Bum. 64.- C. 5-10.
8. becnposseannvix A.B., Ha6boka b.I., Mockeumun E.C. OGcnenoBanue TpexdasHbIX Kabenel B
MeTaJI4eckoil  obosouke // DnextpuuectBo. — 2011.— Nel— C. 48-54. 9. Kyy II.C.
Temnogusndyeckne ¥ TEXHOJIOTHYESCKHE OCHOBBI CYIIKH BEICOKOBOJIBTHOW m3oysinuu / [1.C. Kyy,
U.D. INukyc.- Munck: Hayka u texnuka, 1979.— 275 c.
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A.B.E@OHUMOBCKHH, couckarens, HTY «XIIW»
1O.B. BTA/THMHPOB, xaun. TexH. Hayk, npod., HTY «XI11»
E.C. KOBEI], maructp, HTY «XIIN»

JONOJIHUTEJIBHBIE IIOTEPU B CHHXPOHHBIX
JABUI'ATEJIAX B PEJKUME NEPEBO3BY/KJIEHUA

PaccMOTpeH BOMPOC JIOMOJHUTEIBHBIX IOTEPh B CHHXPOHHBIX JBHUIATENSIX OOYCIOBJICHHBIX
reHepanuell peak THBHOM MOIIHOCTH MPH Pa3HBIX peXHMax pabOoThl U MapameTpax CeTH MUTaHHUS.
B cBoaHOI Tabnuile NpUBEICHBI OOJACTH JOMOJHHUTEIBHBIX IOTEPh ISl Pa3HBIX MOJeNei
JIBUTATEJICH.

PO3risiHyTO HHTAaHHS JOJATKOBHX BTPAT B CHHXPOHHUX JBHUTYyHaX OOYMOBIICHHX T'EHEpalliclo
PEaKTHBHOI MOTYKHOCTI IIPH PI3HUX PeXKHUMAaxX PoOOTH i HapaMeTpax MepexKi »KUBJIEHHS. Y 3BiIHIN
TabJIHI IpHBeeH] 00JIacTi JOAATKOBUX BTPAT JUIS Pi3HUX MOJereil ABUTYHIB.

The question of additional losses is considered in synchronous engines conditioned by the
generation of reactive-power at different office hours and parameters of feed-in network. In a
summary table areas over of additional losses are brought for the different models of engines

IloctanoBka mpoOaeMbl. OJHMM H3 OCHOBHBIX BOIPOCOB IPH
paccMOTpEHNH  WCHOJNB30BaHMSl  CHHXpPOHHBIX asurarenedt (CH)  ams
KoMmIleHcanuu ~ peaktuBHoW — MomHoct  (KPM)  sBisiercss  Hamuuue
JIOTIOJTHUTENBHBIX IOTeph AaKTHUBHOM MomHocTd AP, koropele uayr Ha
BbIpaboTKy peakTHBHOW MomHoctH (PM). B oOmem ciydae »TH moTepu
sBISIFOTCS pyHKIMeH TpEx BeamymH [1]:

AP=f(a, B, U), (1)

roe o — kodddunuent 3arpysku CJ| mo peakTuBHOW MOIHOCTH, [B -
ko3 dunment 3arpysku CJ/| mo aktuBHON MomHOcTH W U — HampspkeHHe
mutanuss CJI. Ecnm xoaddumment B u Hampsbkenue cetw U sBISIIOTCS
BEIMYMHAMU W3BECTHBIMH JUISI KOHKPETHOTO HPENNpUsTHs, TO KoddduimeHT
3arpy3kd 10 PpEaKTUBHOM MOIIHOCTM MOXHO H3MEHUTh HOCPEICTBOM
W3MEHEHMs] TOKAa BO30YXKICHUs ABUTATENs. MUHHMAaNbHBIA KoddduiuenT o
BBIOMpAETCst NCXO/S M3 YCIIOBUI CTATUYECKON M TMHAMHYECKONW YCTOHUYNBOCTH
CJ [2]. Kak mpaBwiio, mpy MHHAMAJIBHO BO3MOXXHOM TOKE BO30YXKICHUS
(pexxum HemoBo3OyxkaeHus) CJl cam siBisieTcss motpeOuteneM PM, T.e. Benér
ce0sl KaK aKTMBHO-MHIYKTHBHAs Harpyska. OTO peAKHid M B OOJBIIMHCTBE
cilydaeB HEBOCTPEOOBaHHBIN PeXXuM ero padotsl. [loaTromy npu u3deiTke PM B
y3ne Harpys3kw, CJI BBITOIHEH MEpEeBOAUTH B PEKUM pabOTHI ¢ cosQ=l, B
kotopoM norepu B CJ] Oynyr MunnmansHsl [3].

Pacrionaraemast (MakcumanbHast) PM renepupyemast CJl, ompenemnsiercs
TemioBeiM  pexxuMoM  CJ[ ¢ yu€toMm (GOpCcHpOBKM BO3OYKICHUS TIpU
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KpaTKOBPEMEHHBIX CHIKEHUsIX HarpsbkeHus [4]. Ha TeruroBoit pesxxum paboThl
C/l Tarxke BIMSIOT KOHCTPYKTHBHBIE OCOOCHHOCTH JIBUTATENs, MaTephai
M30JSIIMK OOMOTOK, KOX((QUIIMEHT 3arpy3KH MO aKTUBHOW MOLIHOCTH [ |
Hampspkenue cetu. [lostomy s kaxgon wmoxmenu CJI MakcUMasbHBIN
Koa(dunmeHT 3arpy3ku no PM a,, onpezaenseTcst ONbITHBIM MYTEM.

AHAJIU3 NOCJIeAHUX UccaeaoBaHuil u nydoankauuii. Bo BHUND e B
1967 romy Obula TpoBemeHa paboTa IO OMPEICICHUIO BO3MOXKHOCTHU
reiepupoBanuss PM CJI u 1npemiokeHa METOAMKA  ONpPEETIeHUS
OTHOCUTENIBHOW BEJIWYMHBI paclojiaraéMoidl pPEeakTUBHOM MOIIHOCTU 0, U
JIOTIOJTHUTENBHEIX 1oTeph AP. B nwurepatype [4] mnpuBeneHa Tabmimia
yCpeMHEHHBIX 3HaYCHUH K03 GuIenTa o, s neurareneii cepuit CIAH, CT/,
n C/13 npu paznuuHbix Kod(h¢unuenTax U HaNpsOKEHUsIX MUTaHMs. Taxoke
npezicTaBiieHa GopMylia Julsl ONpeNesIeHNs TOMOIHUTEIBHBIX MTOTEPh, KOTOPAs
Tak)Ke MPUBOAUTCS B APYTUX UCTOUYHUKAX [1, 5]:

2
AP=D,. Qor_, D, %‘7 2
QC,Z] HOM QC,Z] HOM

rae D1, D2— koaddunuenTsl, 3aBucsmpe ot Morraocty U KITJ[ CI, mmeromume
pasMepHOCTh KBT. [l KaKmod MapKu NBUTATENS OHH WHAWBUAYAIBHBI U
SIBIITFOTCSL  CIIPABOYHBIMU ~ BEJTMUMHAMH. XOTENOCh OBl OTMETHTh, 4YTO B
nurepatype [6] npencraBineHa nononHeHHas Gopmyna (2), KoTopasi BEIISAUT
CIEIYIOIM 00pa3oM:

2
0 0
AP=D,- =% 1 p,. % 1D, 3)
QC,Z] HOM QC,Z] HOM
rne D3 — kodp¢uuMeHT y4YMTHIBAIOMIMM IIOTEpU B CaMoOi cUCTeMe

Bo30yxkneHus CJI. Bemnumua storo koadduimenta cocrabiser 5-25 % or
cymmbl D1 u D2. Tak kak ceituac 6onpmHcTBO CJ CHaOXEHBI TUPUCTOPHOMH
CHCTEMOW BO30YXICHUs, KOTOpas HMeeT HauOoiee HH3KOe IOTpediIeHue
SHEPTHH, TO NPHU pacyérax B JaHHOHU craTtbe KoddduiueHT D3 ObUT UCKITIOYEH.

Hens crareu. Jlng  oueHkd  A(GGEKTUBHOCTH  HCTIOIH30BAHHUS
CHHXPOHHBIX JIBUTaTeJedl B KauecTBE MCTOYHUKOB PEAKTUBHOW MOIIHOCTH
OMpEeNeNIUTh JUANa30H BEJIUYUH PacloylaraéMOd pPeakTUBHON MOIIMHOCTH JUIS
PA3HBIX THIIOB CHHXPOHHBIX JIBUTATENICH MPU Pa3IMYHBIX YCIOBUSIX HX PaOOTHI
U MapaMeTpax MUTAIOLIEN CeTH ¢ y4E€TOM JOMOJIHUTENbHBIX MOTEPh B HUX,
00YCIIOBJICHHBIX I'€HEepalyeil peakTHBHOW MOIITHOCTH.

OcHoBHBbIE MaTepua/ibl HccaeaoBaHuii. Ha ocHOBaHMU JaHHBIX B
muteparype [1, 4] ObuIH MPOU3BEICHBI PACUYETHI PACIIONATACMON PEaKTUBHOU
MOIITHOCTH ¥ JOMOJHUTENBHBIX MOTePh AP TpH pa3mudHbIX Ko3ddunmeHrax
3arpy3ku B W HanpspkeHWsX murtaHus s asurateneidt cepuit CIH, CT/ u
CJ3. dns onenku 3 dexkruBHOCTH Hcnonb3oBanus CJlI B kauectBe KPM Obutu
ONpPENCIICHbI  YICNBbHBIC TOTEPU AKTUBHOM MOIIHOCTH HAa BBIPAOOTKY
PEaKTUBHOM MMeromye pa3MepHocTh KBT/kBap.
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Bce C/I BolmyckaeMble NPOMBIIIIEHHOCTHIO MOXKHO pa3OoWTh Ha TpHU
KJjacca:

- napuratenu HampspkenueM 6, 10 kB ¢ wacroramu Bpamenust or 100 qo
1000 o6/mMuH m HoMHMHANBHOH MomHOCTEI0 oT 400 mo 10000 kBt (cepus
CIH).

- TypOonmBuraTenu HampsbkeHueM 6, 10 kB ¢ wactoToil BpamieHus
3000 06/MHH U HOMHHAJTEHON MOIIHOCTEIO 0T 630 1m0 12500 kBT (cepus CT/).

- nBurarenu HanpsbkeHuem 380 B ¢ wacroramu Bpamienus ot 375 mo
1000 06/MuH HOMUHAITEHON MOIITHOCTEIO OT 160 10 400 KB (cepus CI13).

JBurarenu HanpsbkeHueM 6 u 10 xB cepun CIH sBndrorcs cambiM
pacnpoctpanéuubiM TunioMm CJI. Pacué€rsl mokazanu, sl BCEX CKOpPOCTei
BpaleHUsi MO)KHO OJTHO3HAYHO YTBEpPXKJAaTbh, YTO YEM MOIIHEE BUraTeNb, TEM
MEHBIIIE OTHOCUTEIIbHBIE yAeNnbHble noTepu Py (kBr/xBap). s npumepa Ha
rpaduke (puc. 1) mpuBeneHBI 3aBUCHMOCTH JOIOJHHUTENBHBIX Y/AETbHBIX
MOTeph JBUTATENledl HalpspKeHueM nuTaHust 6 KB M CKOpOCTBIO BpalieHHs
1000 000poTOB B MUHYTY NPH HOMUHAJILHOM HAIPsDKEHUH TUTAHMS.

CAH 6 kB

=
% g 0,025
s I
H 03' 0,02
o
== 5
23 § 0015 —4— 1000 kBt
E E{_‘: o ‘—\ =l 1600 KBT

& ———
u = ’ T ——
EE" S ——2500k8r
==
s g 0,005 —~—4000 kBT
= -
=2 0 —+—6300 kBT
0,6 0,7 0,8 0.9 1 11
KoadpuuMeHT 3arpy3Kku No aKTUBHOH MOLLHOCTH

Puc. 1 — 3aBUCHMOCTB JIOTIOJTHUTENBHBIX Y/AENbHBIX MOTEPh JBUraTeNeH
HarnpspKkeHueM nurtanus 6 KB u ckopoctsio Bpamenust 1000 oboporos B
MUHYTY IIPU HOMUHAJIbHOM HaNpsDKEHUH MTUTAHUS

Taroke U3 pucyHka 1 MOXXHO clenaTh BBIBOJ, YTO NPH KOI(PQPHIIHEHTAX
3arpy3sku ot 0,7 no 0,9 nomnomHUTENbHBIE yJIEIbHBIE MOTEPU HU3MEHSIOTCS
He3HauuTenpHO. [l JBUraTenel co CKOpoCcThio BpamieHus Hike 1000
000pOTOB B MUHYTY XapakTep AuarpaMMsbl ocTaércsi TakoH e (puc. 2).

Ha pucynke 2 mpuBepeHbl 3aBUCHMOCTH JIOTIOJHHUTENBHBIX YIEIbHBIX
IoTeph Ul JBUraTeNnedl HOMHHAIbHOM MomHocThio 2500 kBT ¢ pasHeiMu
CKOPOCTSIMH BpAIlIEHHs] 1 HOMUHAJIHHOM HANPSDKEHWH TMHUTAHUS, TIPH OTOM M3
rpaguka BHJHO, 4YeM MEHbIIE CKOPOCTb BpAlIEHHsS, TEM  BBIIIE
JIOTIOTHUTENbHBIE yIeIbHbIE TOTEPH AaKTUBHOM MOIIHOCTH Ha BBIPAOOTKY
PEaKTUBHO.

72



¢ s 0,03 == 1000 06/muH
o
;E g 0025 88— 600 06/MuH
g3 0,02
g g - ' == 750 06/MmuH
Y B
3’8 § 0015 =500 06/mu
23F o001
SES i 375 06/ MMH
£% 0005
z = ~8—300 06/muH
sf o
-
&8 06 07 08 09 1 11 —25006/mam

KoadduumeHT 3arpy3KH No aKTMBHON MOLHOCTH

Puc. 2 — 3aBUCHMOCTb JONOTHUTENBHBIX YAEIbHBIX IOTEPh AT
JBUTaTeNIell HOMHUHAIbHOM MomHOCThI0 2500 KBT ¢ pa3HBIMU CKOPOCTSIMU
BpAIlleHNs 1 HOMHUHAJIBHOM HAIPsDKEHUU MUTaHUS

Tak Kkak BONPOCH KOMIIGHCAlMM PEAKTHMBHOW MOIIHOCTH TECHO
B3aMMOCBSI3aHbl C YPOBHEM HANpPSDKEHHSI B CETH, TO NPENCTABISIET MHTEPEC
paccMOTpeTh, Kak H3MEHSETCsl pacrionaraeMasl peakTUBHas MOIIHOCTb U
JIOTIOTHUTENbHBIE Y/INIbHBIE TOTEpH AKTHMBHOW DSHEPIUH MpPH  Pa3IMYHBIX
3HAYEHMSIX MUTAIONIETO HanpshKeHus. B xauecTBe npumMepa Ha pucyHkax 3 u 4
npeacTaBlieHbl Takue 3aBucumoctd g jasuratens CIOH - 15-64-6
MomtHocThio 2500 kBT 1 ckopocTsto BpameHust 1000 060poTOB B MUHYTY.

CAH 6 kB

2000

1600

1200
fe=0,95UHoM
800

— L HOm

=—=—1,05Unom

400

Pacnonaraeman peaKTHBHan
MOLLHOCTS, KBapP

0,5 0.7 0.9 1 1.1
KoadduumeHT 3arpy3Km No aKTHBHON MOLWHOCTH

Puc. 3 — 3aBucuMocTs pacnonaraeMoi peakTUBHON MOIIHOCTHU U
K03 dHUIMEHTa 3arPy3KH 10 aKTUBHON MOIIHOCTH MPU Pa3INYHBIX 3HAYECHHSX
MUTaoLero Hanpsoxenus ans asurarens C/IH 6 kB
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0,016
0,014

0,012

—8—0.95Un
0,01
—t—UH

0908 ——1,05UH

0,006
0,6 0,7 0,8 0,9 1 1,1

[lononHuTenbHbIE YAENbHBIE NOTEPU
aKTUBHOI MOWHOCTH KBT/KBap

KoaddprumeHT 2arpy3KkM no aKTMBHONW MOLLHOCTH

Puc. 4 — 3aBUCUMOCTD JIOTIOIHUTENBHBIX YACIBHBIX IOTEPh AKTUBHOM
MOIITHOCTH U K03(h(DUIMIEHTA 3arPy3KH MO0 aKTUBHON MOIIHOCTH TIPU
Pa3IMYHBIX 3HAUECHUSIX MUTAIOLIEro HanpsbkeHus 1uist npuratens CIH 6 kB

Kak BumHO w3 mmarpamm (puc. 3, 4), IpU CHIKCHUM HANPSKCHUS
nuTaHus noBbilaerca pacnonaraemas PM CJI, HO npu 3TOM yBEIUYUBAIOTCA
JIOTIOJTHUTEJIbHBIE YIeJbHbIE TOTEPH AKTUBHOW MOIIHOCTH.

ITpu paccmorpennn BTopoi Oombiod rpymmsl CII — TypOonsurareneit
cepun CTJl wnHanpsokenunem 6, 10 kB, wuccienoBanusi mokasaiu, YTO
3aKOHOMEPHOCTH B YaCTU TI'eHepallid PEaKTUBHOM MOIIHOCTH aHAJIOTMYHBI
npuratensm cepun CJIH. DTo moatBepxaaercsi MpUBEISHHBIMU B KauecTBE
mpuMepa Ha PUCYHKaX 5 W 6 rpadukaMu 3aBUCHMOCTH YJICIBHBIX IOTEPh
aktuBHOM MorHocTy Juis apuratens CT-2500-2 momHocTrio 2500 kBrT.

CTA 6 kB (3000 06/muH)
& _ o018
& § 0,016
e g '
g ':E 0,014
I x 0012
2 = —4— 1600 kB7
e B 0,01
:g 0,008 —— 2500 kBT
§ g 0,006 e 4000 KBT
35 9008 —<— 6300 kBT
£ Z 0002 -
- £ o 4 —===10000 kBT
]
gl: 0,6 0,7 0.8 0,9 1 1,1 1,2

Ho3adpruMeHT 3arpy3KM No aKTUBHOH MOLLHOCTH

PI/IC. 5 — 3aBI/ICI/IMOCTI> JOITIOJIHUTCIIBHBIX yI[eJ'H)HI)IX HOTepB aKTHBHOfI
MOIIIHOCTU U KOZ‘)(l)(l)I/IHI/IeHTa 3arpy31<1/1 10 aKTHBHOfI MOIIIHOCTHU IJIs1 ABUT'ATEIISL
CT/I 6 kB
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CTA 6 kB (3000 06/muH)

=
o
@ a 0,013
e g
s = 0012
%‘;’ 0,011
E =
g5 0,01 —8—0.95UH
% % 0009 o

o
T = 0,008
iz ——1,05 U
g ¢ 0,007
§ = —f=1,1Un
£ E 0006
o
5 " 0,6 0,7 0,8 0,9 1 1,1
=

KoadduuMeHT 3arpy3Ku No aKTUBHOM MOLLHOCTH

Puc. 6 — 3aBUCUMOCTD JIOTIOIHUTENBHBIX YACIBHBIX IOTEPh AKTUBHOM
MOIITHOCTH U K03(h(DUIMEHTA 3aTPy3KH MO0 aKTUBHON MOIIHOCTH TIPU
pa3IMYHBIX 3HAUECHUSX MUTatoLIero Hanpsbkenus 1uist npuratens CT/ 6 kB

Ilocnemusis camMas HEMHOIOYMCIEHHas TIpynma - 3TO JABUraTelu
HanpsbkeHueMm 380 B. Kak mpasuno, ux He ucnone3ytoT B nemsix KPM. B
auteparype [3, 7] garoTcs peKOMEHAALUH, YTO BBITOJHEE NEPEBOAUTH Takue
JIBUTATENN B PeXHUM paboThI ¢ COSU=1, T.e. MUHIMU3UPOBATh IIOTEPU B CAMOM
CJ. W3 pucynka 7 BUAHO, 4YTO JCHCTBUTEIBHO YPOBEHb YIEIBHBIX
JIOTIOTHUTENBHBIX MOTEPH BBICOK 110 CPAaBHEHUIO C BHICOKOBOJILTHBIMU C/1.

CcA33808B
=
g g oo0a

=
@ & 0,035
g a’:‘_ 0,03
:% g Y —p— 250 kBT
% g A == 320 kBt
S5 0,015 k
'§‘ I 0,01 400 BT
E g 0,005 - =500 KBT
=

o
0,6 0,7 0.8 09 1 1,1 1,2

KoadppHUuUMeHT 3arpy3KM NO aKTUBHOW MOLLHOCTH

Puc. 7 — 3aBUCHUMOCTb JOMOIHUTENBHBIX YAETbHBIX OTEPh aKTUBHOM
MOIIHOCTH U K03 uimeHTa 3arpy3KH 1o akTHBHOW MOIITHOCTH JUTS ABHUTATENS
CI3380B
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B Ta6J'H/IIle 1 NpeaACTaBJICHbI CBOAHBIC JAHHBIC 11O CI[ Ipyu HOMHUHAJIbHOM
HaIpS’)KCHUU ITATAHUS.

Ta6J'H/IHa 1- CBOZ[HI)IG JIAHHBIC 1O CUHXPOHHBIM JBUTATECIISAM

Cepus C/ Momsocts | CkopocTs | YpPOBEHb yAEIbHBIX
CJI, kBt BpAIllEHUs, | AOMOJHUTEIbHBIX IOTEPh AKTUBHOU
00/MHH MOIIHOCTH TIpH K03(. 3arpy3Ku

0,7...1 n HanIpsDKEHUAX MUTAHUSA
0,9UH...Un, kBt/kBap

CIH 6 (10) xB| 1000, 1600 | 250, 300 0,03-0,04

375, 500 0,02-0,033

600, 750 0,018-0,028

1000 0,016-0,021

2500, 4000 | 250, 300 0,016-0,025

375, 500 0,013-0,023

600, 750 0,012-0,02

1000 0,012-0,015

6300 500 0,011-0,015
600, 750 0,01-0,011

1000 0,009-0,011

CT/ 6 (10) xB | 1000, 1600 | 3000 0,012-0,016
2500,4000 | 3000 0,01-0,012

6300,10000 | 3000 0,006-0,009

IIpoBeneHHbIE MCCIEOBaHUSA MOKA3bIBAIOT, UTO XOTA B psfie CIydaes
ynenbHble otepu B CJI, o0ycnoBieHHBIe reHepareld PM u com3sMepuMbl ¢
MOTEepsIMH B KOH/IEHCATOpHBIX ycraHoBKax KPM (cm. Tabn. 1), omnako mpu
pelIeHny BOIpoca O IeJIeco00pa3HOCTH UCToNb30BaHus KoHkperHoro CJ/I B
kagectBe KPM HeoOXoauMo yuuThIBaThH OMHBIC ToTepu B CJI, cocTosmime u3
MEXaHUYECKUX, MATHUTHBIX, OJJEKTPUUYECKUX IOTEph M JAOHNOJIHUTEIBHBIX
MOTEPb BBI3BAaHHBIX I'eHepanuei PM.

Cnenyer  OTMETMTh  TaKXkKe, 4YTO XOTS  BEJIMYMHA  YAEIbHBIX
JIOTIONIHUTENBHBIX ~ TIOTE€Pb, OOYCIIOBIIEHHBIX TreHepauuweid PM, Moxer
U3MEHATCA B IIUMPOKMX TMIpeJesax B 3aBUCUMOCTH OT THUNA JABMrarens ,
Koo duIMeHTa 3arpy3Kd 110 aKTHBHOW MOIIHOCTH, CKOPOCTH BpalleHUs,
HaNpPsDKEHUS] MUTaHus, (AKTHYECKUI JUara3oH 3TUX M3MEHEHUH OrpaHHYeH
yCIOBUSIMU SKCIUTyaTammu KoHnkperHoro CJI. B wactHocTH, koaddumeHT
sarpy3ku  CJ| 1o aKTUBHOW MONIHOCTH Ui OOJNBIIMHCTBA CIyYacB
SKCIUTyaTaIu BeiOMpaercs B auamazoHe 0, 7 — 0,8 u MoxeT ObITh MU3MEHEH
TOJIbKO Ha CTaJuU TPOEKTUPOBAHUS DSJIEKTPONPHUBOAA, KaK U CKOPOCTh
BpameHuss CJI A7 KOHKPETHBIX YCIOBMH JKCIUTyaTanud. Pacmnomaraemas
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(renepupyemast) sxe PM Oyzer onpeaensitbesi He0OXOIUMOCTBI0 KOMITEHCAIIMH
PM KOHKpeTHO#H Harpy3ku 00BEKTa AJIEKTPOCHAOKEHNSI.

BoiBonbr: 1. UYem Oonblle HOMHHAJIbHAsE MOIIHOCTb U CKOPOCTh
BpameHus CJI, TeM HHXKe JONOJHUTENbHbIE YHAENbHBIE MOTEPU, NMPH ITOM Y
npuratenedt monrHocteio 10000 u 12000 kBT BenuynHa yAeNbHBIX MOTEPH
npuOIMmKaeTcs K  yYpOBHIO  KOHIEHCATOPHBIX  YCTAaHOBOK,  II0O3TOMY
ucnons3oBanue CJ] cepuu CT]l B kauectBe KPM nmMeer npuopurer.

2. B oTnuuumum 0T KOHIEGHCATOPHBIX YCTAaHOBOK IIPU CHW)KEHUH
HanpsDKeHUs TNUTaHWA ~ pacronaraeMasl  peakTuBHas — MomHocTh  CJf
YBEJIMUMBAETCSl NPU  MPAKTUUECKH  MPOMNOPLUOHATIBHOM  yBEIMYEHUU
JIOTIOJTHUTENBHBIX YIESIbHBIX IOTEPh aKTUBHON MomHocTH B C/I.

3. JlBuratenu Ha HampsbkeHue 380 B B cuily BBICOKOTO YpPOBHS
JIOTIOJTHUTENBHBIX ~AaKTUBHBIX MOTEph HE MPUBICKATENbHBI IS Lelel
KOMIIEHCAI[UH PEaKTUBHOM MOIHOCTH. VX BBITOJIHEE UCIIONB30BATh B PEXUME
¢ cos@=1, mpu KOTOPOM NOTEPH B HUX MUHUMAJIbHBIL.

Cnucoxk Jaureparypoi:l. Kapnoe @. &. KomneHcanus peakTUBHOH MOIIHOCTH B
pacupenemuTensHeIX cetsix /| @. @. Kapnos. — M. : Dueprus, 1975. 2. Iemenun /11
ABTOMAaTHYECKOE YIpaBICHHEe CHHXPOHHBIMH osiektpornpusomamu / JIILI. Ileremmn. — M.
Oneprus, 1968 r. 3. Unamenxo H. P. ABTOMaTHYeCKO€ pEryIHpPOBaHUE BO30YKIECHUS
CHHXPOHHBIX JBHTaTeleil CpegHeldl MONIHOCTH Ha IOCTOSHCTBO cosp=1 / H. P. Hnamenxo.
Bpsiack, 1974. 4. CripaBOYHUK I10 3JIEKTPOCHAOKEHHIO U 3JIeKTpoobopyaoBanuoo. Tom 1.
OnektpocHabxkenue / mon pea. A. A. Dédoposa. — M. : Dueproarommsaar, 1986.
5. XKenesxo FO. C. Ilotepu aiexktposHeprun. PeakTnBHas MomHoCTh. KauecTBo 31eKTposHepruu:
PykoBozxcTBO 11 mpakTHaeckux pacaétoB — M. : OHAC, 2009. — 456 c.: un. 6. A6pamosuu b. H.,
Kpyenviii A. A. Bo30yxneHue, peryJMpoBaHHe U yCTOWYNBOCTh CHHXPOHHBIX nBuratenei / b. H.
Abpamosuu, A. A. Kpyenoui. — JI. : DHeproaromuszat. JleHunrpaackoe oraenenue, 1983. —
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AHAJII3 NMOTPIIIHOCTI MIPUCTPOIO BE3ITEPEPBHOI'O
KOHTPOJIIO EJTEKTPUYHUX TAPAMETPIB I30JIS1I11
KOHAEHCATOPHOI'O TUITY Y MACJIOHAITIOBHEHOMY
BUCOKOBOJIbTHOMY YCTATKYBAHHI

VY craTTi mpoBeneHO aHadi3 MOTPINIHOCTI MPHCTPOIO OE3IEepepBHOrO KOHTPOIIO ENEKTPHIHUX
rapaMeTpiB i30J1Li{ KOHIEHCATOPHOrO THITY MacCIOHAIIOBHEHOIO BHCOKOBOJIBTHOTO yCTaTKyBaHHS
0 Hampy3i 1 KyTy 3aJIeKHO BiJl HABaHTAXKEHHS BTOPHHHUX JIAHIOTIB TpaHC(HOPMATOPIB HAIIPYTH
JULSL sy TUTIOBUX CXEM PO3IOIUIBHIX HPHCTPOIB MifCTAHIIH.

B crathe mpoananM3upoBaHa MOrPEIIHOCTh YCTPOHCTBA HEMPEPBIBHOIO KOHTPOJIS SIEKTPHUSCKIX
rnapaMeTpoB  HM30JSIIMM  KOHJIEHCATOPHOIO THIIA  MAacCJOHANOJHEHHOTO  BBICOKOBOJIETHOTO
000py/IOBaHHsI MO HANPSHKCHHIO M YrJIy B 3aBUCHMOCTH OT HArpy3KH BTOPHYHBIX LEMeil
TpaHC(HOPMATOPOB HATPSDKEHUS] JUIS Psijfia THUIIOBBIX CXEM pAacCIpeesUTEIbHBIX YCTPOMCTB
MOJICTAHITUH.

In the article the error of device of continuous control of electric parameters of isolation of
condenser type of the oil-immersed high-voltage equipment is analysed from an error on tension
and corner of measurings transformers of tension of substation depending on loading of the second
chains of transformers of tension for the row of model charts of distributive devices of substations.

IMocranoBka mnpodiaemu. OCHOBOIO TiNBUINEHHS €(QEKTUBHOCTI,
HaJIHHOCTI ~ BHUCOKOBOJIFTHOTO  MAcCJIOHAIIOBHEHOTO  yCTaTKyBaHHS €
BJJOCKOHAJICHHS] METO/IiB HEPYIHIBHOI'O KOHTPOJIIO 1 J1IarHOCTHKH.

[TixBuIIEHHST JOCTOBIPHOCTI KOHTPOJIO 1 JIIarHOCTUKU BHCOKOBOJIETHOTO
MAacJIOHAIIOBHEHOTO YCTaTKyBaHH — II€é KOMIUIEKCHE HayKoBE 3ajava,
BUDILIEHHS SKOW 3alIKUTh Y TOMY YHCII 1 BiJl MiJBHUIIEHHS TOYHOCTI
TIepeTBOPEHb MIEPBUHHOI iH(opMaii.

KoHTponb xapakTepu3yeThbCsl JOCTOBIPHICTIO, KA KUTBKICHO OLIHIOETHCS
BIPOTIJHICTIO TOTO, IO pe3ylbTaT KOHTPOJIO BIANOBiga€ JiCHOMY
CTaHyo0'eKTy KOHTPONIIO (BHCOKOBOJBTHHX BBOZIB Ta TpaHC(HOPMATOpiB
ctpymy) [1-3]. OCHOBHOIO PUYMHOI 3HIKEHHS JOCTOBIPHOCTI MOXKE OyTH
HasIBHICTH MOTPIITHOCTEH BUMipy KOHTPOJIHOBAHOTO MTapaMeTpa.

OCHOBHUMH JDKEpENlaMU  TIOTPIITHOCTEH MPO MapaMeTp KOHTPOIIO
BHCOKOBOJIFTHUX BBOJIIB Ta TpaHc(opmaropiB cTpymy (tg, EMKICTb i T. 11.), O
MICTHUTBCSL B PE3yJbTaTax BHMIpiB KOHTPOJBOBAHMX BEJMYHMH 32 JJOMOMOTOIO
MIPUCTPOIB  Oe3TepepBHOI0 KOHTPONIO 00’€KTiB MiJ poOOYOI0 HANpYTow €
HACTYIIHI:

— TOTPIIIHOCTI TEXHIYHHX BHUMIpPIB B XOJi KOHTPOJIO (KBaHTYBaHHS 3a
po3Mipom Oe3nepepBHOI BUMIpPIOBAHOI BEIMYMHH, NPEICTABICHHS iHQOpMarii
cepeqHIMM 3HAYEHHSMU CHUTHAJIB, L0 AWCKPETH3YIOTb, KYCOUHO-JIIHIHHOIO
anpOKCHUMAIIIE0 TIPY BiJHOBJICHHI CHTHANIB, BU3HAueHHS poOodoi QazHoi
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Hanpyrd 00'€KTy 3 BMKOPUCTaHHAM IApaMeTpiB TpaHcOpMATOPiB HANPYTH

amapaTHOI YaCTHHHU IIPUCTPOIO 1 BUMIPIOBAIILHUX TpaHC(HOPMATOPIB HAIIPYr'H

HC) [4]; o
— MOrplHICTb (bOpMaJ'IBOBaHOFO onucy O6'€KTy KOHTPOJIIO BBog iHdopmaLii Npo HaBaHTa)xeHHS Ta
- - KoedIiLiEHT NOTY>KHOCTI HaBaHTa>XeHHA
(BUCOKOBOJNBTHUX BBOAIB Ta TPaHCPOPMATOPIB CTPyMy), OCOOIMBO 3 BMMIPIOBANBHOTO TpaHCOPMATOPa HAMPY A
BpaxyBaHHSIM BIUIMBAIOUUX €JIEKTPOYCTAHOBOK [5]; i
— oOMeskeHHsI Ha 30ip NMEPBHHHOI BUMIipIOBaJbHOI iH(oOpMarlii Ha erari - - -
e PospaxyHoK norpilHocTi y Hanpysi Ta
HaBUYaHHSI CUCTEMHU KOHTPOJIIO 1 IIarHOCTHUKU [6]; KyTOBOT MOFPILUHOCTI TpaHcopmaTopa
— HeCTallioHapHa KOHTPOJIbOBAHHUX BEUYMH B Yaci [7]. naneyrn
B [8] HaBeleH BaTMETPOBUI METOJN, IO Ja€ TPAKTUYHE CITiBIIA[IHHS L
1 1 1 1 1 BusHaueHHs dasHol Hanpyru oo ekty
pe3ynbTaTiB BUMIPIOBAHb fgd 130l BBOAIB TpaHC(OpMaTOpiB cTpymy 330 AR AR AR S ARSI
kB 3 maHuMH BUMIipIOBaHbB MOCTOBOKO cxeMorw Ipu Hampysi 10 kB. Metog TPaHcopmaTopa Hanpy

0a3yeTbCcs Ha BUMIPIOBaHHI NMOTY)XHOCTI BTpar. 3rigHo [9], mpu peamizarii
BOTO METOMY KOJa Hampyrd CXEMH >KHMBJSITBCS BiJi BTOPUHHOI OOMOTKH

Mepwnia

TpaHchopMaTopa HANpyrd MHACTAHINi, a CTPYMOBI Kojla — Yepes KOHTPOIb

Y3TOKYBAJILHUN TPAaHC(POPMATOP CTPYMY, IO HEOOXITHUMA JUTS PO3B’A3KH KL

3a3eMJIEHHsI 00’€KTa KOHTPONIIO i TpaHcdopmaropa Hanpyru. BukimodeHHs A = A

CHCTEMATHYHOI TIOIPIlIHOCTI JOCATA€ThCA NPH LBOMY BBEIACHHAM B CXeMy poggﬂgl!‘ﬂdg;?ff;#:ym Bi‘f,f:féﬂ;fgggf;f

BHUMIpIOBaHb TMPHCTPOIO JJIsi CTBOPEHHS KYyTOBOTO 3CYBY, IO JIOPiBHIOE 06’ €Ty KOHTPOIIO dasHMx Hanpyr o6 exTa

cyMapHOMY 3CyBY (a3, a60 BifHIMaHHAM BiJ pe3y/bTaTiB BUMIpiB BiATOBiIHOT | KONTRON | MDA MO TaUHOMY

MOMPABKU. KoHTponi
Mera, 3amadi mociimxenHs. [IpoaHani3yBaTH MOTPIIIHICTH MPUCTPOIO ‘

Oe3repepBHOTO KOHTPOJTIO €JIEKTPUIHHUX rapameTpiB 3ol A

Po3paxyHOK NOTy>KHOCTI BTpaT B i3onsauil

KOHIACHCATOPHOI'O THUIIY MACJIOHAIIOBHECHOI'O BUCOKOBOJIBTHOI'O YCTATKYBAHHS N
KOHTpONbOBaHOIO 06°eKTy

Mo Hampysi 1 KyTy TpaHc(OpMaropiB amapaTHOi 4YacTWHHM IPUCTPOIO 1
BUMIPIOBAIGHUX  TpaHC(OpMaToOpiB Hampyrd IHACTAHIII  3aJeXHO  Bif
HaBaHTa)KEHHS BTOPMHHHX JIAHIIOTIB TpaHC(OPMATOPiB HANPYTU IS PSIIy
THUITIOBHX CXEM PO3IOIIIEHUX ITPUCTPOIB MMiICTAHIIH.

Mepwnia
KOHTpOrnb

OcHoBHuii Matepian pocaimxkens. Ha puc. 300paxkeHa crpolneHa 3anam AToBysantA o .

CTPYKTypHa CXeMa IpOorpaMHoOi peatizalii crmoco0y KOHTPOJIIO JIieeKTPUIHNX noTY>HOCTI BTPaT B OPIBHAHHA NOTYMHOCTEN
: - . i30MALiT KOHTPONBOBAHOIO BTpaT B Isoraull

XapaKTEePUCTUK BHYTPIIIHBOI 130JIS1[i1 KOHIEHCATOPHOT'O THITY BBOJIIB CHJIOBUX 06" KTy KOHTPOIEOBAHOIO 06" eKTY

‘ npyY NOTOYHOMY KOHTpOTi i

TpaHcdopMaTopiB i BUMIPIOBAIEHUX TPaHCPOPMATOPIB CTPYMH il pOOOUOI0 NPV NepLIOMY KoHTpOn

HANPYTOr0. 3a/1aya BUPIMIYETHCS y TAKUA CIIOCIO: BUMIPIOIOTh HABAHTAXKCHHS 1
KOE(II[IEHT MOTYXKHOCTI HAaBaHTaXXEHHS BHUMIPIOBAIBHOTO TpaHC(hOpMaTOpa
HAINpYTH, MIPUETHAHOTO A0 Ti€l K (a3u CUCTEMH IIHH, IO i KOHTPOIbOBAHUH A
00’€KT, TpH BiJICYTHOCTI Ae(peKTy 1 TpH KOHTPOIi, PO3PaxOBYIOTh HOTO BUTpMMKa Hacy A0 HACTYMHOTO KOHTPOITO
TIOTPIIIHICTh B HAIpy3i i KYyTOBY, 3 KOMIICHCAII€I0 SIKMX BU3HAUYAIOTh (ha3Hy
Hanpyry o0’eKTa KOHTPOJIO 1 pEe3yJabTaT ONOCEPEJKOBAHUX BHMIiPIOBAHb

MOTY)KHOCTI BTpaT, a TaKOX 3amaM’ sITOBYIOTh 3HA4eHHs poOouoi QaszHoi
HaNpyryd TpU BIJICYTHOCTI NeeKkTy Ta MHOXAaTh NPU KOXKHOMY KOHTPOII

pe3yNbTaT OIOCEPEIKOBAHUX BUMIPIOBAaHb IIOTY)KHOCTI BTpaT B 130l Puc. - AnropuT™ KOHTPOIIO Ji€IeKTPUIHUX XapaKTEPUCTHK BHYTPILIHbOL
KOHTPOJIBOBAHOT'O 00’€KTa Ha KBaJpaT BiJHOIICHHS poOoYMX (ha3HUX HAIMpPYT 13051511111 KOHJIEHCATOPHOT'O THITY BBOIB CHJIOBUX TPaHC(POPMATOPIB Ta
TIPY BiICYTHOCTI Ie(eKTy 1 IPH KOHTPOJTI. BHMIpPIOBAIEHHUX TPaHC(OPMATOPIB CTPYMY ITiJ] pOOOUO0 HAIIPYT OO
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3rigHo [8], mpW KOHTpONI TiJi POOOYOI0 HAMPYrOK METOAH, IO
BHUKOPHCTOBYIOTh 3MiHY Yy 4Yaci Ji€NEeKTPUYHUX BTpaT, HAWOUIbII edeKTHBHI
mpu Jedexrax B TBEpAiH 130JIIii, IO 3HAXOMATHCS B 130JAI[IHHOMY OCTOBI
BHpPOOY.

OxpiM TOro, KOMIIEHCAlis IOIPIMIHOCTI B Hampy3i 1 KyTOBOL
BHUMIPIOBAIEHOTO  TpaHchopMmaropa  Hampyrd  JIO3BOJIsIE  3a0€3MEUHTH
peectpanito aedeKTy, M0 PO3BUBAETHCS, B 130JIALiT KOHIAEHCATOPHOTO THITY.
I'pannyHi 3HaYeHHS apaMeTpiB IpH Oe3nepepBHOMY KOHTpOII [8] HACTYIHI:

KJIac Hampyru, kB Atgd Ta AY /Y, %
110-220 3,0,
330-500 2,0,
750 1,5.

[Ipu npomy mpusHaky aedekTy, O pO3BUBAETHCS, BiNMOBITAE, 3TiIHO
[8], 3HaueHHs Atgd (‘ AY/YO‘ ) > 0,5%.

[IpoananizyeMo MOXJIMBICTh peecTpanii JedexkTy 3 BUKOPHCTaHHSIM
3aIpOMOHOBAHOTO CIIOCO0Y KOHTPOJIIO Ha TPUKJIAi KOHTPOIIIO 130JIA11ii BBOIB
330 kB aBrotpanchopmatopa I[1C «Aprema-330xB.

Tax mnsa BBoxiB 330 kB 3 mapamerpamu C = 627 n® Ta tgd = 0,57 npu
Upos = = 339,15/ V3 kB maemo ctpyM BUTOKY I = 38,599 489,670 MA Ta iioro
aKTUBHY cKIafioBy [,=0,22 MA.

[oryxHicte BTpar BiamoBigHo ckmagae P=43,13 Br. Ilpusnaxy
IedeKTy, Mo PO3BHBAETHCS, 32 yMOBU Atg > 0,5 % Ta mpu HE3MIHHOCTI
Hanpyru 00’eKkTa KOHTpono Uy = const BiJNOBi/la€ 3MiHA MOTY>KHOCTi BTpaT
AP = 0,22 Br, rpannuHomy 3HaueHHIO Atgd = 2% Bianosigae AP = 0,86 Br.

Peectpamis nedexTy, 1m0 pO3BHBAETHCS, 3 BHKOPUCTAHHSM CIIOCOOY
KOHTPOJIIO ITOTY)KHOCTI BTPAT O3HAYa€, MO CIOCIO 3a0€3MEeYUTh MOXKIUBICTH
peectpalii, SKIIO MaKCHUMaJlbHE 3HAYCHHS aOCONIOTHOI  ITOTPIlTHOCTI
OIToCepe/IKOBaHUX BHMIPIOBAHb IOTY)KHOCTI BTpaT B i3oisii 00’ekra Oyme
MeHmIoro, Hixk AP = 0,22 Br. BukoHaemo OIiHKY CepeaHbOro KBaJpaTHYHOTO
BIIXWJICHHS BUNAJKOBOI IOTPINIHOCTI Sy, PE3YABTATY OMOCEPESIKOBAHOTO
BHMIpPIOBaHHS MIOTYXHOCTI BTpaT.

CkopucTaBimcy HaBeeHUMH B po6oTi [9] nanumu mpo ouinku S, Ta

S I (owiHKa CepeIHbOro KBaApaTHYHOIO BiXUJICHHS ITOTPIITHOCTI PEe3yabTaTy
BHMIpIOBaHb | ) Mpy KOHTPOII 3MiHM ITOBHOI MPOBigHOCTI 13011l BBoAiB 330
kB aBrorpanchopmartopa I1C «Aprema-330kBy», Mo TOpiBHIOIOTH BiAMOBIIHO
S, =369,228B Ta §,=0,02810"°4 i onimmmm S mo S sK

4

S,A =S,1, /m =0.16-10° A, OTpUMYEMO OLIHKY Sy

2
SB“M\/(O,22-103)Z 369,228 +(33\9f;5 -103J (016-10°F =0,087 BT,
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TakuM 4YMHOM, [OBipYMH iHTEpBa]X MOTY)KHOCTI BTpaT B 130JIswii
posrisimaemux BBoiB 330 kB npu BigcyTHOCTI TedeKTy cKianae:

P = 43,13+3S,,, =42,87...43,39Br, i npu H5OMy € MOXKIMBICTBH
peectpanii gedexTy mpu Atg 6 =2%, XomM 3MiHAa HOTYXKHOCTI BTpaT
CKIIae:

P =43,7...44,25 Br.

3BUYaiiHO, KOMIEHCAallil TOrpillHOCTI B  Hampy3li 1  KyToBOi
BHUMIPIOBAIEHOTO ~ TpaHcopMaTopa Hampyrd TpUBEAEe /0 3MEHIICHHS

S3HAUYCHHA S U

BucnoBkn. TakuM 4YnMHOM, 3ampONOHOBaHMH CHOCIO  KOHTPOIIO
JUENEeKTPUYHNX XapaKTEPUCTUK BHYTPINIHBOI 130JIS1i1 KOHJEHCATOPHOTO THITY
BBOJIB CHJOBMX TpaHC()OpMaTopiB 1 BUMIPIOBAJIbHUX TpaHC(HOpPMATOpIB
CTpyMy TiJg poOOYOI0 HANPYTOK JO3BONIsAE Kiacu(pikyBaTH nedeKTH i
peectpyBati NMeEKTH, IO PO3BUBAIOTHCS, TOOTO MiJBHIINYE JIOCTOBIPHICTH
KOHTPOJTIO.

[MorpimHicts B Hampy3i 1 KyroBa BHMIipIOBaJIbHOIO TpaHc(opmaTopa
HaNpYyrd 3aJICKUTH BiJ HOr0 HAaBaHTAXKEHHS 1 Koedili€eHTa IOTY>KHOCTI
HaBaHTa)XEHHS, SIKI MOXKYTh 3MIHIOBAaTHUCh B 3aJISKHOCTI BiJl IOTOYHOI CXEMH
CIICKTPOYCTAHOBKM (HOPMaJIbHA, PEMOHTHI); KpiM TOro, HAaBaHTAKCHHS W
Koe(iLliEHT MOTYKHOCTI HABAHTA)KEHHS PI3HATHCS 3AJIEKHO BiJl TUIIOBUX CXEM
posmozinpuoi  ycraHOBKM. KowmmeHcalliss MOrpillHOCTI  BHMipIOBaIBHOTO
TpaHcdopmaropa Hampyrd 3 YypaxyBaHHSM O3HAYEHOI'O BHIIE [O3BOJISIE
YIOCKOHAJIUTH J1aTHOCTHUKY.
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COBPEMEHHBIE METO/IbI 1 YCTPOMCTBA
KOMIIEHCAIIMM PEAKTUBHOM MOIITHOCTH B BBITOBBIX
CUCTEMAX QJIEKTPOIIOTPEBJIEHUSA

B cratee HUIET peUb O HCO6XOI[I/IMOCTI/I KOMIICHCATuu peaKTHBHOﬁ MOIIIHOCTH B OBITOBOM CEKTOpE.
Oﬁcymz{a}o'rcs[ HpOGJ’IeMLI ONTHUMAJILHOW KOMIICHCaITuu peaKTHBHOﬁ MONIHOCTH. HpeZ[CTaBJ'IeHLI
yCTpOﬁCTBa JUIA KOMITCHCAlluu peaKTHBHOﬁ MOIITHOCTH Y HOTpeﬁI/ITeHeﬁ. I[enae'rca BBIBOJ, YTO
YCTaHOBJICHUE€ KOMIIEHCUPYIOIIIHUX yCTpOﬁCTB y r[o‘rpeﬁn'reneﬁ SABJICTCA aKTyaJ’ILHOfI TEMOIA.

VY crarTi Hje MoBa Mpo HEOOXiAHICT KOMIIEHCALii PEaKTHBHOI MOTYXHOCTI B IMOOYTOBOMY
cekropi. OOroBOPHOIOTHCS MpOOJIEMH ONTHMAIbHOI KOMIICHCAIll PEaKTUBHIA MOTYKHOCTI.
IpencraBieni mpucTpoi Ui KOMIIGHCAIi PEaKTHBHOI MOTYXHOCTI y CHOXHBa4iB. PoOHTHCS
BHCHOBOK, 1110 BCTAHOBJICHHS] KOMITCHCYIOUYHX IIPHCTPOIB Y CIIOKHUBAYIB € aKTyaJbHOK TEMOK0.

The text deals with the necessity of reactive power compensation in household electric power
supply systems. The problems of the optimum reactive power compensations are discussed. It is
shown devices for reactive power compensations at consumers. It is concluded that the setting of
the reactive power compensations devices at consumers is the most actual theme.

CTpeMHUTENIbHOE pPa3BUTHE COBPEMEHHOW TEXHHUKH W  TEXHOJOTHMA
00yCIaBIMBAaET POCT AJICKTPOIOTPeOICcHuss B OBITOBOM cekTope. Ilpu
HOPMAJIbHBIX Pa0OYUX YCIOBHUSIX BCE IMOTPEOHTENU 3IEKTPUUECKON IHEPTHH,
yeit PEKUM COIPOBOXKIAETCSI MOCTOSHHBIM BO3HUKHOBEHHEM
JJIEKTPOMATHUTHBIX —TOJIEH  (3JEKTPOABUTATEM CTUPAIBHBIX MAIIUH U
KOHTUIIUOHEPOB, OJIOKH MUTAHUS KOMIIBIOTEPOB, JIIOMUHECIIEHTHBIE JIAMIIBI U
MHOrO€ Jpyroe) HarpyKarT CeThb KaK aKTUBHOM, TaKk M PEaKTUBHOMN
COCTaBIIIONIMMH  TOJHOW  moTpebnsieMoit  MomrHOCTH.  [IpoTekaromuit
PEaKTUBHBIA TOK BBI3BIBAET IMMOTEPU MOIIHOCTH M DHEPIUH B JIMHHUAX U
TpaHchopMaTopax, Kak JHEPrOCHCTEMbI, TaK U MOTPEOUTENS.

OpHako, B  PAaCOpeNeTUTENbHBIX — CETIX  KOMMYHAJIbHO-OBITOBBIX
noTpeouTeei, cofiepKanImX MPEUMYIIIECTBEHHO ofHO(ba3HYIo,
KOMMYTHUPYEMYIO TI0 WHAWBUAYAIbHOMY PpEXKHMY Harpy3Ky, yCTpOWCTBa
KOMITEHCAIIMH PEAKTUBHON MOIIHOCTH MTPUMEHSIOTCS €Ille HEJOCTATOYHO, XOTsI
mo obbemMaM MOTpeOsieHUsT Ha YKpauHE 3TOT CETMEHT HArpy3Kd YBEPEHHO
3aHMMAEeT BTOPOE MECTO MOCIIE MPOMBIIIIEHHOCTH.

Panee OBLIO MPHHATO CYUTATh, YTO H3-3a OTHOCUTEIHHO KOPOTKHX
(buIepoB TOPOJCKUX HHU3KOBOJBTHBIX PACIPEACIUTEIbHBIX CETEH MpOoOIeMBbI
KOMITEHCAIIMH PEAKTUBHOW MOIIHOCTH JUIS HUX HE CyliecTByeT. ECIu npuHsTH
BO BHUMAHHE, YTO 3a OC/IEIHEe IeCATHIETHE PACXOJ] MEKTPOSHEPI UK Ha 1M°
JKUJIMIIIHOTO CEKTOPa YBEIUYMIICSA BTPOE, CPEMHSSI CTATHCTHYECKAsT MOIIHOCTh
CHJIOBBIX TPaHC(HOPMATOPOB TOPOJCKUX MYHHIIUIAIBHBIX ceTel mocturia 325

&3

KBA, a 30Ha HUCIIOJB30BaHMSI TPaHC(HOPMATOPHOH MOIIHOCTH CMECTHJIACh B
CTOpPOHY yBeNMYeHHs U HaxoauTcs B npeaenax 250 - 400 kBA.

Kak mokaspiBaer 00paOoTka rpauMKOB HArpy3ku, CHATBIX Ha BBOJE
MHOT'OKBAPTHPHOI'O XKUJIOro JoMa [1], 4To B Te4eHUE CYTOK CpeiHee 3HaUeHHE
ko3 dunmenra momHOCTH (cOs @) MeHsiercs oT 0,88 10 0,97, a modaszHoe - oT
0,84 mo 0,99. CoOTBETCTBEHHO CyMMapHOE IIOTpEOJIeHnEe pPEaKTUBHOM
MOIIHOCTH KoJiebanoch B npezenax 9 - 14 kBAp, a modaznoe - ot 1 1o 6 kBAp
(cM. puc.).

i s

Famenive powsr L1 i
Fractive powsg LE i
Feaceive powsr L3

Faashave power suml
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Puc. - I'paduik cyroqHOro nMoTpedIeHus peakTHBHOW MOIITHOCTH Ha BBOJIE
MHOTOKBapTUPHOIO JKWJIOTO JOMa

Bbonbiioe morpedneHue peakTUBHOM MOILIHOCTU Takke HaOnomaerca H
¢UKcHUpyeTcsi Ha TOPOJACKUX TMOACTAHIMAX. M3 Tabnmuubel BHOUM HH3KHE
BeNMMYMHBI KOdQPUIMEeHTOB MoIHOCTH Ha moxcranimu TOL-4 omHoro us
YHWIBIX palloHOB ropoja XapbKoBa.

Tabnuma — O6mas Tabiuia ko3¢ GUIEHTOB MOITHOCTH Ha moactaniun TOL[-4 B

2010 .
Mecsg Sua. 35, 68 Su. 23, 25, Su.24 Su. 53, 56,
OO6mmit 78 XTTIOQ 60
IpUEM XT3 X092
SluBapp 0,63 0,60 0,43 0,74
deppaib 0,63 0,62 0,42 0,74
Mapr 0,63 0,69 0,43 0,71
Anpenb 0,61 0,52 0,41 0,69
Maii 0,55 0,42 0,41 0,62
HroHb 0,53 0,37 0,36 0,61
Hronb 0,54 0,28 0,36 0,61
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Takum 00pa3oM, YIUTHIBasl BHICOKYIO TUIOTHOCTH KOMMYHAJIEHO-OBITOBOM
HATPy3KH, IIOCTOSHHOC HAJIWYHE B TIEPETOKAX MOIIMHOCTH PEAKTHBHOMN
COCTABJISIFOIICH TPHUBOIAUT K 3HAYUTEIBHBIM IIOTEPSAM JJICKTPOIHEPTHH B
pACIIpEICIIUTENBFHBIX  CEeTSIX KPYMHBIX TOPOJOB W HEOOXOAMMOCTH HX
BO3MEIIICHUS 32 CYET JOMOHUTEIHHBIX UCTOYHUKOB TCHEPAIUH.

Knaccuuecknm perieHreM JaHHOH NpoOJIEMBl B paclpeeiuTebHBIX
CEeTAX SBIISICTCS KOMITCHCAIIUSI PEAKTUBHOW MOIIHOCTH Y TOTPEOUTENS MyTEM
YCTAaHOBKH y HErO JONOJIHUTENHHBIX HCTOYHUKOB PEAKTHUBHON MOITHOCTH,
HAIpUMeEp, CTATHYECKUX KOHJICHCATOPOB.

CHOXXHOCTh pEIIeHHs JAaHHOTO BOMpOcCa BO MHOIOM CBsi3aHa C
HEPaBHOMEPHBIM MMOTPEOJICHUEM PEaKTHBHON MOIIHOCTH TIO OTACIHHBIM
(dazaMm, 3aTpyAHSIOMAS TPUMCHEHUE TPAJIUIUOHHBIX JUIS TMPOMBIIUICHHBIX
ceTell yCTAaHOBOK KOMITEHCAIlMM PEAKTHMBHOW MOIIHOCTH Ha 0a3e TpexdasHbIxX
Oatapeil KOHAEHCATOPOB, VIIPABISIEMBIX pETrYJISTOPOM, YCTAHOBJIIEHHBIM B
OITHOM U3 (ha3 KOMIICHCHPYEMOH CETH.

[TpoGema KOMIIEHCAIIMM PEAKTUBHOM MOIIHOCTH BKIJIIOYAET B ceOs psij
TEXHUKO-9KOHOMHUYCCKUX 33]1a4, & IMCHHO:

- MPOBEICHUE MEPOTIPUATHH [T CHIDKCHHS PEAKTUBHOW MOIITHOCTH CaMHX
ANEKTPONPUEMHHUKOB;

- BBIOOp THITA U MECT YCTAHOBKH KOMIICHCUPYIOIIUX YCTPOHCTB.

Hawnbonee 3¢ ¢exTrBHO TPOBOIUTH KOMIIEHCAIMIO PEAKTUBHON MOITHOCTH
HEMOCPEJCTBEHHO Y IOTPEOHTENs, HO 3TO MPOLECC JOCTATOYHO AOJITHH |
noporocrosmuii. J{ns nmoxydeHus 6osxee OBICTPOro OLIYTHMOTO pe3yibTara Ha
MIepBOM 3Tarle HeOOXOIMMO MPOBECTH KOMIIEHCAILIMIO PEaKTHBHON MOIIHOCTH
HA TOACTAHIMAX, YTO TMO3BOJUT pa3rpy3uTh CeTh MW  IONYYUTH
sHeprocOepexenue B npeaenax 10-20%. [IpenBapuTtensHO, HA MOICTAHIUSIX B
cerasx 0,4 kB HeoOXomumo BEIpaBHUBaHHWE HArpy3ok (a3, KOTOpoe
MIPOU3BOJIUTCS yTEM TEPEKIIIOYEHUSI YacTH a0OHEHTOB C IIeperpyKeHHBIX (a3
Ha HEJIOTPYyKEHHbIE.

Ha ypoBHE OTHENBHBIX HEMPOMBINLIICHHBIX MMOTpEOUTENeH, 0COOCHHO B
XKWJIBIX JOMax ¢ ofgHO(a3HON HAarpy3KoH, BEIpaBHUBaHHUE (a3 TAKUM CIIOCOOOM
MIPOM3BECTH HENB3S U3-32 HEMPEPHIBHO MCHSIOUICHCS BETMYMHBI U XapakTepa
Harpy3ku. [lo3TOMy KOMIIEHCAIMsS PEAKTHBHON MOIIMHOCTH HAa OOBEKTax
JIOJDKHA TIPOM3BONUTHCS Ha Kaxol oraenbHOW ¢asze. [Ipu aToM B Kaxaom
ciydae JIOJDKHBI  YYHTBIBATHCS TApPMOHUYECKHE COCTABJIIOIIUE, TpU
HEOOXOUMOCTH YCTPOMCTBA IO KOMIICHCAIIMU pPEAKTUBHOW MOIHOCTHU
JIOJDKHBI UMETh (DHIBTPBI ¢ aBTOMATHYCCKHM DETYIMPOBAaHHUEM EMKOCTH. B
JTAHHOM  ClIyyae Ba)XKHO TMPaBWIBHO MPOM3BECTH moAOOp  (GMIBTpO-
KOMIIEHCUPYIOILETO YCTPOUCTBA.

Takum oOpazom, Uit pemIieHHsl 3aJadd 10 KOMIIEHCAllMW PEaKTHBHOU
MOIIHOCTH HEOOXOIMMO IPOBOJUTEH pabOTy B HECKOJIBKO JTAIIOB:

1. Lenrpamu3oBanHas (00Imas) KOMIICHCAIWS, KOTOpas IPOBOJMTCS Ha
MOACTAHIMAX M BKIIOYaeT B ceOs NpOBEAEHHE MOHUTOPWHTA IOKa3aTelnei
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Ka4yecTBa DJIEKTPOIHEPTHH, BbIpaBHMBaHME (a3, (QWIBTpalMI0 TOKa |
YCTAHOBKY KOMIIEHCATOPOB PEAKTHBHON MOIITHOCTH;

2. WnmuBunyanbHas (ToYeyHas) KOMIIEHCALMSI MTPOBOAMTCS Ha YPOBHE
Ka)X/IOM KBAapTHUPbl WM MapajuIesIbHO Harpys3Ke, MOCPEICTBOM MOAKIIOUEHHS
YCTAaHOBOK  KOMIIEHCALIMM  PEaKTUBHOM  MOIMHOCTH  (KOCHHYCHBIX
KOHJICHCAaTOPOB HEOONbIIONW eMKOCTH). JlaHHOe MeporpHsiTHE MO3BOJISET
00ecreunTh CHHYCOMJAIbHOCTh TOKa, TEM CaMbIM 3HAYHMTEIBHO YMEHbIIas
TEXHUYECKHE IOTepH. Takue K€ MEpONpHSTHS JOJDKHBI TPOBOAMTHCS U
BHYTPH 3JIEKTPOYCTAaHOBOK 3/IaHHH.

Baxno ormeruts, 4Yro mpo0ieMa  ONTHMANBHOH  KOMITEHCAIMH
PEaKTUBHOM MOIIHOCTH MOXET OBITh Cc(HOpMYIMpOBaHAa I0-pa3HOMY IS
CTaJU1 SKCIUTyaTalluy U JUIS CTIUHU TPOEKTUPOBAHUSL:

1) s craauy SKCIUTyaTallMk — 3TO 3aJlada ONTHMAaJIbHOTO YIPaBIICHHUS
HMMEIOUIMMUCS CTOYHUKAMH PEAKTHBHON SHEPTUH;

2) 1Sl CTaAuy TIPOEKTUPOBAHUS — ATO 3a/1a4a ONTUMAJILHOTO Pa3MELICHHs
HCTOYHHUKOB PEaKTUBHOM YHEPTHH.

[lpumeHneHne aBTOMAaTHUECKUX YCTaHOBOK KOMIIGHCAIIMM PEaKTHBHOW
MOIIHOCTH TO3BOJISIET PEHIMTH PSAJ NPOOJIeM: CHU3UTH 3arpy3Ky CHIIOBBIX
TpaHcdopmaropoB (MpHU CHWKEHWU TOTPEOJICHNSI PEaKTHBHOH MOIIHOCTH
CHIKAETCS MOTpeOJICHHNE MTOTHOM MOIIIHOCTH); 00ECTIeYUTh ITTaHUE HArPy3KH
110 Ka0OeIto ¢ MEHBIIMM CedeHueM (He JIOITycKas IieperpeBa N30JsIIMH); 3a CUeT
YaCTHYHOM TOKOBOW pa3rpy3KH CHIIOBBIX TpaHC(OPMATOPOB U IHTAIOLINX
Kabejgedl  MOAKIIOUWTH  JIONIOJHHUTEIBHYIO  Harpy3Ky;  aBTOMATHYECKH
OTCIICKMBATh ~ W3MEHEHHE  PEAaKTHMBHOW  MONIHOCTH  Harpy3ku B
KOMITCHCUPYEMOH CETH M, B COOTBETCTBMHU C 3aJlaHHBIM, KOPPEKTHPOBATH
3HaueHHe Kod((UIHMEeHTa MOIIHOCTH (COSP); YMEHBIIUTH T'€HEPALHIO
PEakTUBHOM  MOIIHOCTH B  CEThb; HCKIIOYUTh TMOSIBJICHHE B  CETH
NepeHanpspkeHus, T. K. HET MEepeKOMIICHCALMHM, BO3MOXHOW  IpH
WCIIOJIb30BAaHUN HEPETYJIUPYEMBIX KOHJICHCATOPHBIX YCTaHOBOK.

OobopynoBanue JJisi pelieHHsi NMPo0JeM KOMIIEHCAIIUM PeaKTHBHOM
MOIIHOCTH Yy moTpeduTeseii. KommeHcupoBaTth peakTHBHYIO MOIIHOCTh
BO3MO)KHO CHHXPOHHBIMH KOMIIEHCATOPaMH, KOCHHYCHBIMH KOH/IEHCATOPaMHU
(KOHJIEHCATOPHBIMH YCTaHOBKAMHN), LIYHTHPYIOIUMH peakTopamu,
¢bumbTpamMu BBICHINX TapMOHHUK, CTaTHYECKUMHU THPUCTOPHBIMHU
KoMIieHcaTopamu. [Tpumenenne o0opyioBaHust U1l KOMIIEHCAIINN PEaKTHBHOM
MOIIIHOCTH TIOJTHOCTBIO 3aBUCHUT OT MECTa M IEJH €ro yCTAHOBKH.

Konznencaropuble Oatapen NpenHa3HA4YeHbl JUIS BBIAAYM PEAKTHBHOW
MoOIIHOCTH B cucteMy. CTaTW4ecKhue THPHCTOPHBIE KOMIIEHCATOPHI MOTYT
paboraTh Kak Ha BBAAYY, TaK W Ha MOTpPEOJICHWE PEaKTMBHOW MOIIHOCTH. B
AJIEKTPUUECKHUX CETSIX OHHM TPEOYIOTCS /ISl ONTUMH3ALUK PEKUMOB PaOOTHI C
LENbI0 TOBBIIIEHUS] MPOIMYCKHOW CIIOCOOHOCTH W YCTOMYMBOCTH JIMHUH
JJIEKTpOIiepeiaur,  CTaOWIIM3alMM  HAmpsDKeHWs B y3JlaX — HarpyskH,
YMEHBIICHUsI TOTEPh 3JIEKTPOIHEPTUH 1 TTOBBIIICHHUS €€ KauecTBa.
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[yHTHpYIOIIHE PEAKTOPBI UCIOIB3YIOTCS ISl KOMIIEHCAI[HA €MKOCTHOM
PEaKTUBHOM MOIIHOCTH, TEHEPUPYEMOI MPOTSHKEHHBIMU CIIA00HATPYKEHHBIMU
JIUHUSIMA TIEpeay.

DUNBTPOKOMIIEHCUPYIONIHE YCTPOWCTBA MPEHA3HAYEHBI JIUISl CHIDKCHUS
FAPMOHUYECKUX HMCKAXKEHHH HAMPSHKEHUS ¢ KOMIICHCAIIMH PEaKTUBHOMN
MOIIIHOCTH  HArpy30K  TMOTpeOuTeniel B CeTAX  DJIEKTPOCHAOKEHUS
MIPOMBIIIICHHBIX TPEANPUSITUN U B DJICKTPUIECKUX CETSIX.

CHUHXPOHHbBIE KOMIICHCATOPHI MPUMEHSIOT JIIsl TUIABHOTO PEryTUPOBAHHUS
PEaKTUBHOM MOIIMHOCTH B 9SHEPreTHMYECKUX CHCTEMaX, Ui [OJIePIKAHUS
HAMpPSDKEHUS, CHIYKEHUsI MOTEPh DJIEKTPOIHEPTHH B CETAX, YBEIMUYCHUS
MPOITYCKHON CITOCOOHOCTH M 00ECIICUSHUST YCTOMIMBOCTH SHEPTOCUCTEM.

Ha 57eKTpOTEXHUYECKOM PBIHKE TAKXKe CTalU IMOSBISTHCS JOMAIIHUE
sHeprocOeperatenu. Ilpu Majbix rabapurax W CPaBHUTENBHO HEOOIBIION
IIEHEe, M0 3aBEPEHMSM IPOJABIIOB, UMEIOT TUTaHTCKYI0 3((heKTUBHOCTD [2].
JlaHHBIA BONPOC SABJISETCS OUYCHb CIOPHBIM, W TOUICKUT JATbHEUIIIAM
HCCIIETOBAHUSIM.

BoiBoabl. B pacnpenenuTeNbHBIX  CETIX  KOMMYHAJIbHO-OBITOBBIX
noTpeduTesell, ComepXKalux MPEUMYIIECTBEHHO OAHO(A3HYI0 HArpy3Ky,
YCTPOMCTBA KOMIIEHCAI[MA PEAKTUBHONW MOIIHOCTH TMPUMEHSIOTCS KpaiiHe
PEIKO, HO PacXo/l JICKTPOIHEPTHHU B JKUIIOM CEKTOPE YBEITUUUBAETCS, TOITOMY
pPacCMOTpPEHUE YCTAHOBKU YCTPOMCTB KOMIIEHCAIMA Y TaKuX aOOHEHTOB
CTAHOBUTCS aKTYaJIbHON TEMOH.

st HopManmpHO# paboThl JIFOOOr0 00BEKTa JTOMHKHO OBITH OOECIIEUYCHO
OecriepeboiiHOe  cHaOXeHHE €ero JJIEKTPO’HEprueld B HEOOXOAUMOM
KOJIMYECTBE W HAJUISKAIIEro KadecTBa. 1O €CTh OCHOBHBIE 3HAYEHHUSI
MoKasaTtesell KauecTBa JJIEKTPOIHEPIHH: HAMpPsUKEHUE, OPOCKU HAMpPSHKEHUS,
YacTOTa JAOJDKHBI YAOBIETBOPATH 33 JaHHBIM TPEOOBAHUSIM.

Bonbiioe  BHHUMaHHe  JOMDKHO — YAGNATHCS — BOMPOCAM:  CO3JaHHS
HEO0XOIUMON HAJEKHOCTH DIICKTPOCHA0KEHUS, SKOHOMHYHOCTH U YI00CTBa
9KCILTyaTal[Mi PACCMATPUBAEMBIX CXEM DJIEKTPOCHAOKEHUSL.

Jis  moBbIimieHUsT  3HEProdPEeKTUBHOCTH  HEOOXOAMMO  CHHXKATH
PEaKTUBHYIO COCTABIIAIONIYIO IOTPEOISIEMON  DJIEKTPHUUYECKOH MOIIHOCTH
MOCPEICTBOM aBTOMATHYECKOTO YIPaBIECHUS KOIPPUITHEHTOM MOIHOCTH.

Cnucoxk sureparypnl: 1. Illkoma snexktpuka [DnekTpoHHBI pecypc]. — Pexum pgocryna
http://electricalschool.info. 2. OduipaneHbIil callT KOMIaHUK «DJeK.py» [DIEKTPOHHBIH pecypc].
— Pexum gocryma :  http/www.elecru. 3.  becconos JILA. TeopeTHdecKHe OCHOBBI

JNEKTPOTEXHHUKH: OJIEKTPUYECKHe IemHu. Yded. Ul  CTYISHTOB OJICKTPOTEXHHYECKUX,
9HEPreTHYECKHX U MPUOOPOCTPOUTENBHBIX CHEIHAIbHOCTEH By30B. — 7-€ 3., epepad. u Jom. —
M. : Beicmast mxona, 1978. — 528 c. 4. Bomwodex A.H. Dnextpuueckue Mammusl. — JI. : DHeprus,
1978. - 832 c. 5. baiida JI. . Dnextpudeckue usmepenus / [Joopomeopckuit H. C., Aywun E. M. u
np. ; ox pen. A. B. @pemxe u E. M. [{ywuna. — 5-¢ u3n., nepepad., u gorn. — JI. : Dueprus, 1980.
—392 c¢. 6. Mamypa P.M. Cratuueckue KOMIIEHCATOPHI JJIs PEryIMpOBaHHsS PEaKTHBHON
MOILIHOCTU. — M. : DHeproatomusaat, 1987. — 254 c.

Hocmynuna 6 peokoaneecuio 30.09.2011
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YK 621.314.6
P.C. JIO’KKHH, accuctrent, HTY «XI1N»

MOJAEJIUPOBAHUE NPOHECCA UMITYJIBCHOI'O
HEPEMATIHUYUBAHUA TOPOUIJAJIBHOI'O
GOEPPOMATHUTHOT'O CEPAEYHUKA B HAHOCEKYHIHOM
JAUATIA30OHE

IlpencraBieHa MaTeMaTH4ecKass MOJEIb JUIl YMCICHHOIO pacdyeTa Ipolecca IepeMarHiInBaHus
(heppOMarHUTHOrO TOPOHMAAIBHOTO CEPJCYHHKAa B HAHOCEKYHAHOM JHana3soHe. Mojenb MoOXer
OBITh MCIOJIB30BaHA VISl IIPOTHO3UPOBaHHs (OpPMbI paboyero UMITyJIbCa TOKA B IEPBHYHOM BHTKE
HHAYKTOpa ¥ (OPMBI HMIIYJIbCa YCKOPEHHOTO HAINPSDKCHUS, TI'CHEPHPYEMOro OTAENbHBIM
HHIYKTOPOM B CEKIWH JIMHEHHOr0 MHIYKI[MOHHOTO YCKOPHUTEINs, KOTOPBIH paboTaeT B pexume
HarpyskH u 6e3 Heé.

IIpencraBiieHO MaTeMaTHYHY MOJENb ISl YHCENBHOTO PO3PaxyHKy HpOIecy HepeMarHidyBaHHs
(hepoMarHiTHOro TOPOINaIbHOrO CepeYHNKA B HAHOCEKYHIHOMY Auana3oHi. Mozens Moxe OyTi
3aCTOCOBaHA I HPOTHO3YBAaHHA (OPMU POOOYOro IMIYIbCY CTPYMY B IIEPBHUHHOMY BHTKY
iHIyKTOpa 1 YOpMH IMIyNIbCy IPUCKOPIOBAIBHOI HANPYTH, IO IeHEpye OKPeMHH IHIYKTOp B
cekuii JIHIHOrO I[HAYKLIHHOrO IpPUCKOpIOBadYa, IO MpalloE B HABaHTAXKEHHOMY abo B
HEHAaBAaHTAXKEHHOMY PEXHMi.

There is submitted the mathematical model for numerical account of the magnetic reversal process
of the ferromagnetic toroidal core in nanosecond range. The model can be used for the forecasting
form of the working pulse of a current in the primary coil of inductor and the form of a pulse of the
accelerating voltage, which is being generated from separate inductor in section of the linear
induction accelerator which is working in loaded or in a non-loaded mode.

Co3faHue CUJIBHOTOYHBIX JIMHEHHBIX MHAYKIUOHHBIX YCKOpUTenei
(JINY) 3apsa0BO-KOMIIEHCHPOBAHHBIX MOHHBIX MYYKOB [1, 2] mepcnekTuBHO ¢
TOYKH 3PEHHUS DHEPreTUKH OyAyIIero M MHOTHX JPYTHX IPOMBIIUICHHBIX
IIPUMEHEHUH, UCTIONB3YIOIUX MOIIHbBIE HOHHBIE ITyuku. [Ipu npoekTupoBaHUU
ceKkuy, yckopsiromeil nonsl B JINY 3apan0Bo-KOMIEHCHPOBAHHBIX MOHHBIX
ITy4KOB, BO3SHUKAET HEOOXOAMMOCTh B INPOTHO3UPOBAHUM (OPMBI MMITYIIbCA
YCKOPSIIOIIEr0 HANpPSDKEHUsS,, TeHEPUPYEeMOro OTIENBHBIM HHAYKTOPOM B
CEeKIIMU U TOKa B IIEPBUYHOM BUTKE WHIYKTOPOB. DTO 3HaHHE HEOOXOJIMMO IS
(dopMynupoBaHus TpeOOBaHMH, TPEABABIIEMBIX K HWCTOYHUKY IHTaHHUS
YCKOpUTENs, M Takxke JaéT BO3MOXKHOCTb ONpPEIENUTb MOTEPU B
(eppoMarHeTuKke B TEUEHHWE YCKOPSIOIIEr0 HMMITYNIbCa, YTO TOJIE3HO JUIs
IIPOBE/IEHUS TEIUIOBOIO pacyeTa CeKLIUU.

IMocTanoBka npodiemMbl. OCOOEHHOCTBIO pabOTHI CEKIUH, YCKOPSIOIIEH
noHsl B JINY 3apsi0oBO-KOMIEHCUPOBAHHBIX HOHHBIX Iy4KOB, SIBISETCS TO,
YTO OHa MOXET paboTaTh Ha XOJNOCTOM XOXy. JTO IPOMCXOIUT, KOTJa
BEJIMYUHBI TOKOB 3JIEKTPOHHOTO M HMOHHOTO Iydka MO MOJYJII paBHbL. B
YCKOPSIIOIIEM 3a30pe€ JTOH CEKIMW DHEPrHs OTOMpAaeTcsl OT DIEKTPOHHOTO
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my4ka (JEKTPOHBI TOPMO3STCS), a MY4OK HMOHOB YcKopsierca. To ecTb
MIPOMCXOOUT pEKyNepaluuss SHEPrMH 3JEKTPOHHOro IMydyka M Iepenada eé
HOHHOMY ITYUKY.

AHAIU3 mMocJeHUX HccaeqoBaHuii um myOnukamnuil. B Hacrosiee
BpeMsl JIOBOJIEHO XOpPOIIO W3Y4eHBI BOHPOCH! (hOPMHUPOBAHUS YCKOPSIOIIETO
HanpspkeHust B cekimsax JIMY, HarpyxkeHHBIX mydkoM (Hampumep [4, 5]).
Bompocs! ke (opmupoBaHUS YCKOPSIOUIEro HampsbkeHus B cekumsix JIMY
3aps10BO-KOMIICHCUPOBAHHBIX HMOHHBIX IYYKOB, pa0OTAIOMMX IPH IOJTHOM
TOKOBOH KOMIIEHCAIINH, PAHEE HE PACCMAaTPUBAIIUCH.

Hens um 3amaum ucciaenoBanmii. llenpio JaHHOW CTaThbU SBISETCS
pa3paboTka MaTeMaTHYeCKOW MOJENH, TO3BOJIONIEH paccunuTaTh IPOIecc
HUMITYJIbCHOI'O ~ TIepeMarHMuMBaHusl (EPPOMArHUTHBIX CEPJACYHHKOB IIPH
3aJJaHHBIX TIapaMeTpax CXeMbl W TeOMETpUH cepiedyHuka. [Ipu pazpaborke
WCTOYHHUKOB THTAHUSI YCKOPHUTENS MOHOB OJHUM W3 TPEOOBAHWH SIBISETCS
MaJblid pa3dpoc Ha CTOJIe MMITYJIbCa YCKOPSIOIIEro HarpshkeHus (He Oomee 5
%), 1 KaK MO>KHO MEHBIIIUE JUTUHBI (ppoHTa U criana ummynbea (He 6omee 20 %
or o0mei JumTenbHOCTHM — WMIynbca).  MccnemoBaHume — TUHAMUKH
NepeMarHMuMBaHusl CEepACYHUKOB IIOJE3HO Kak sl (hOPMYIHUpOBAHHS
TpeOOBaHMI K MCTOYHUKY ITMTAHUS, KOTOPBIE MO3BOJIST MONYYUTh TPeOyeMyo
(dbopMy HMITyIbca YCKOPSIOIIETO HANPSDKEHHs, TaK M C TOYKMA 3pEeHHus
ONpEeNeNIEHUs]  BIMAHUS TE€OMETPUM  CEpJCUYHHMKOB Ha  IpoLEecC UX
NepeMarHu4rBaHusl.

Onucanme wmogenu. Jlna pacdyera Impolecca IepeMarHUUYUBaHUS
HCIOJIb30BaI0Ch MOJTyIMIINPUUECKOE ypaBHEHUE HUMITYJIBCHOTO
nepemaranuuBanus Marepuanos c I [3, 4, 5], yuuTsIBarolee BIMSHUE
BHUXPEBBIX TOKOB U MAarHUTHON BA3KOCTH:

d_B: H(t)_HO (1)
dt 2\ 2 ’
r, 1—8—2 + 9 d (B+Br)
B; 8B

rne H(t) — (yHKOMS HanpspKEHHOCTH TIONS B (DepPOMArHUTHOW JIEHTE OT

BpeMmeHu, A/Mm; Hy — mone crapra, A/M; B — Tekyllee 3HaYCHUE WHIYKIMU B
¢deppomarneruke, Ti; B, B;— octaToyHast MHAYKIUS U WHIYKIMS HACBHIIIEHHS,
Tn; r, — &IuHaMHYECKOE compoTHUBIcHUE (QeppoMarnHeTuka, Om/M; ¢ —
yaedbHAsS TMPOBOMUMOCTH (eppomarnernka, 1/(Om-M); d — TONIIMHA
(heppOMarHUTHOH JICHTBI, M.

JlaHHOE BbIpaxkeHHEe NPUMEHUMO npu H(t)> H, u BbIpaxaeT CBA3b MEXIY

CKOPOCTBIO ~ M3MEHEHMs] MHAYKIMM U  HAOpsHKEHHOCTBIO  IONsA B

(eppoOMarHuTHON JIEHTE, KOTOpas [0 Hadaja MMIyJbca HaXoJWlIach B

orpunarensHoM HachimieHUH (—B,). [locKonbKy HanpspKeHHOCTh IONsT B

CepJCUHHKE SIBJIAETCS] BETMUMHOMN, 3aBUCSAINEH OT pajuyca — Al YUCICHHOT O
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MOJICTIMPOBAHMS JMHAMHUKU II€pEMarHUYMBAaHUs CEPJCYHHUK pa3OMBAIOT Ha
JIOCTaTOYHOE KOJIMYECTBO TOHKUX CJIOEB C pasHBIMH paguycamu [4, 5] u
YUUTHIBAIOT HANPSDKEHHOCTh MO M M3MEHEHHE MHAYKIUHU B KaXKAOM CIIOE.
IIpu mpoBeneHMM UYUCIEHHOIO pacueTa HampsDKEHHOCTh MArHUTHOTO MOJIsS
NpUOIMKEHHO CYMTAIOT OJMHAKOBOM 110 BCEMY CJIOI0 U PaBHOH
H,(t)=i(t)/2mr;), tme i(t) — ¢QyHKUMA TOKA IEPEMATHUYUBAHUSL OT

BpeMenn; r; =r+Ar-(j—1)+Ar/2 — cpenunit paguyc j-ro cunos (j = 1,
2...n); Ar=(r,—1)/n — paauanbHas TOJIIMHA OTAEIBHOTO CIOS; 7|, 73 —
BHYTPEHHHI M HAPYKHBIH paanychl (GpeppOMarHUTHOro cepjaeuHuka (puc. 1

(2)).

2E a0

2E a0

Puc. 1 — Pazmeps! (heppoMarHUTHOrO CepACTHHUKA (@) M CXEMBI ero BKItoueHus (0, B, T)

Jst yncnenHoro pernieHus BeipakeHus (1) mpeacTaBuM ero B KOHEUHO-
pa3HOCTHOH opMe MeTomoM Ditepa [6]:

Bj(tkﬂ)_Bj(tk) _ Hj(tk)_H() (2)
At 2 B ’
B () c-d*
r|1- /BQ + <3 (B/.(tk)+Br)
3gech ¢, =k-At (k=0, 1, ... n); At — BpeMeHHOH IIar anmnpoKCUMaluH, C.

Hcnions3ys BelpaskeHne (2) BbIpasuM IajfieHHE HANpsDKEHHS Ha j-OM Clloe
cep/ieuHUKa, OOYCIOBJIEHHOE BO3HMKHOBEHHEM BOKPYI HErO0 BHXPEBOTO
ANEKTPUUYECKOrO MO MPU €ro NepeMarHi4uBaHuu:

B‘/(tkﬂ ) - B‘/(tk)

u(/(tk):S.K;. Af

= i(tk)'R(/(tk) _E‘/(tk) , )
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R‘/(fk) = .71 z > (4)
B(t,) c-d*
2nrq| 7, 1= /Bf + S5, (B‘/.(tk)+b’r)
S-K.-H
E\(1)= e )
Bi(t,) c-d?
B AL A | (B,(1,)+B,)

8B

K r

B nanHBIX BeIpaskeHUSIX S = b - Ar — IIIOLIA1b IONEPEUYHOrO CEUYEHUS j-TO CIIO,
K, — xoadunmenT 3anonneHus cepiedHrka GpeppomMarHeTukoM. BripaskeHus
(3)...(5) mokas3wpiBapOT, YTO IS JFOOOr0 MOMEHTAa BPEMCHH TaJICHHC
HAMpPSOKCHUSI B TMEPBUYHOM BHTKE, OOYCIOBICHHOE IMepeMarHHYHBaHHEM
OTZIENBHOTO CIIOSl CepICYHHKA, MOXHO TMPENCTABHUTh B BHUIC MNaJCHUS
HaIpsDKCHUS Ha TI0CIE/I0BATENbHON 1ernouke, cocrosued us IAC E;(1,)

(HampaBJeHHE KOTOpOW COBIAJAaeT C HalpaBlIeHHEM TOKa i(f,)) H
conporusnenust R; (7, ). Boipaxenus (4) u (5) QpopManbHbl U HE UMEIOT
ocoboro dusudeckoro cMbicia. VX BeTMYMHBI 3aBUCAT OT BENMYUHBL B (1, ),

KOTOpOE€ ISl KaXX/IO0ro MOCIEAYIOIEr0 MOMEHTa BpPEMEHH MOXET OBITh
paccuutano 1o opmysie, BEIpaxeHHOH u3 (3):

By(tya)=B;(t, )+u;(t,)-At[(S-K,). (6)

[Ipu mpoBeneHUM pacuera Ui Ka)JI0r0 MOMEHTA BPEMEHH ONPEICISIOT
TOK TICpEMArHUYMBAHUS, TIAJCHAC HANPSHKCHUS HA KaXKIAOM yJ4acTKe
CepJICYHUKA, IPYTUe UHTEPECYIONUE BETUYNHBI, TOKA U HANPSDKCHUS B IIEMH U
3HAYCHUC WHAYKIUH B KaXKIOM CJIO€ CEpJCYHHKA B CICAYIONIUH MOMEHT
BpeMcHHU. B HyJIeBOM MOMEHT BpEMEHH MHIYKIHS B (peppOMarHeTuke BO BCEX
CIOSIX CepeYHMKa 3a1aéTcs paBHOU B (1, )=—B, .

Pe3yabTaThl 4YMCIEHHOr0 MOdeIHWPOBaHMA. B creayrommx MyHKTax
NPE/ICTaBJICHBl  pe3yNbTaThl  pacuera  JUHAMHUKH  IIepeMarHHYMBaHUs
cep/IeuHHKa, BKIIIOUEHHOI'O B CXeMax, NpUBeIeHHbIX Ha puc. 1 (0), (B), (1), u
WCIIONIb30BABIINECS ISl ATOTO JIOTIOTHUTENBHBIE BhIpakeHHs. Bo Bcex cxemax
pacuer ImpoBOAWICA A JIMTENIBHOCTH HMIyiasca T = 125 Hc, B TedeHue
KOTOpPOTO CpelHee MO CeYeHMIO (eppOMarHeTnka W3MEHEHHE WHAYKIHH B
cepleyHuKe cocraBisio AB =2B . B xauectBe (eppomMarsHervka ObUI B3AT

crutaB SOHIT rommmuoi d = 10 M. Ero mapamerpsr: Hy = 100 A/m; B,.= 1,4
Tn; By, = 1,5 Ty r,, = 22 xOM/M; 6 = 2,22 MCwm/M. Beun mpuHSTEI
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OJIMHAKOBBIMHU JUIsl BCEX CEPJEUHUKOB cleayomue mnapamerpel: K; = 0,6;
cpeiHee 3a HMIYJIbC HaNpsDKEHHE Ha IIEPBUYHOM BHTKE CepleYHHUKa
U, =50kB; momepeynas miowans  (eppoOMarHATHOrO  CeplevHHKA
S.=(U,,-t)/(AB-K,)=0,037 M’ CPemHss JUTHHA CHIIOBOM JIMHHH l,=1m
(cpennuii pajguyc CepACYHHKOB TPU STOM COCTaBHI 7, =1, /(21) =159 mm,
oGweM cepnieunnkos V, =S -1 =0,037 w).

B paccmarpuBaembIX cxeMax HHIYKTHBHOCTb pPAacCesHHs, Mapa3uTHas
€MKOCTh B TIEpBUYHOM M BO BTOPHYHOM KOHTYpax MW Tapa3uTHas
WHIIyKTUBHOCTh COEMHUTENEHBIX TIPOBOIHUKOB CUUTAJINCh
oTCyTCTBYIOUIMMU. Llenbio aHHBIX HCCIIENOBaHUI OBUTO BBISIBICHHE OOIINX
3aKOHOMEPHOCTEH BIIMSHHSI TE€OMETPHH CEep/I€YHUKA M OCHOBHBIX ITapaMETPOB
MUTAIOIIEH [IETH Ha IWHAMUKY €ro TiepeMarHHYHBaHUsL.

Jls obecrieueHnst MaJIol MOrPENTHOCTH YHCIEHHOr 0 pacyera (Ha ypoBHE
0,01%), OOyCIOBIECHHON KYCOYHO-TMHEHHON amnmpoKCHMAIUel, Kaxaas
cXeMa IMPOCUYHTHIBAIACH IIPU PA3IMYHBIX 3HAYEHHSX BPEMEHHOrO Imara Af u
KonMuecTBa Cio€B #n. BenwmumHbl Af W n cUMTANUCh BBIOPAHHBIMH
JIOCTaTOYHBIMH, €CJIM NPH YMEHbIIEHHH Af B 2 pa3a WIM YBEJIHMYEHUH 1 B 2
pasa pe3ysibTaT pacuera MMITYJIbCa TOKAa INEepeMarHUYMBAHUS WU3MEHSUICS He
6onee yem Ha 0,01 %. J{ns Bcex Mozenei 3To ycioBUe BBINOIHSIOCH TpH Af =
9,810 ¢, n = 500.

1. CepaeyHnk NMOAKJIIYEH K HCTOYHUKY nocrosiHHOM JJIC. Cxema
BKITIOUCHUS TIpejicTaBieHa Ha puc. 1 (0). JlanHas cxema mpejcTaBiseT coOoi
W/ICANTU3UPOBAHHBIA CITydail M IIONIe3Ha JUIsS OINpeJeieHns] BUAa HMITYJIbCa
TOKa, KOTOPHIH HEOOXOIMMO CO3/aTh B NEPBUYHOM BHUTKE Ul 00ECHeYEeHUS
IUIOCKOW BEpUIMHBI MMITYIbCa YCKOPSAIOWIEro HampsbkeHus B cexuuu JINMY,
YCKOPSIIOIIEH CKOMIICHCUPOBAHHBIM JJIEKTPOHHBIM HOHHBIN my4ok. Pacuer
nposopuncst npu £ =U,, =50kB s cepAeyHNKOB ¢ pa3sHBIM OTHOLICHHEM

pamuycoB r, /7. lllupuHa cepeIHUKOB IIPU HTOM OIpeeNsIack o Gopmye

b=S_/(r,—r ). Tok B IepBUYHOM BHUTKE OIPEIEIAICS CIEAYIOMUM 00pa30M:

it )=\ E+ X E )| [| SR ()] %

MrHOBeHHOE 3HAYECHHUE YICAbHOW MOIIMHOCTU TMOTEPh B (DEppOMarHeTHKe |
yaeNbHask SHEPTHUsI MTOTEPh 3a UMITYJIC JJISI KasKAOTO CIIOsl OBUIM PACCUMTAHBI
MO CIeAYUUM hopMyTam:

py().j(tk):uj(tk)'i(tk)/(s'l('s'27-”?/’)7 )
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1/1Iy
49
47}

Wio, 10000 =
3
JR/M” gaagl-.

6000 }---

4000
2000

FRETRRT] i
ry/r=1,02 r/rn=2 rnln=3

0160 0161 r,m 012 014 016 018 02 0227 M

Puc. 2 — Pe3ynbrats! pacyera AMHAMUKHA UMITYJIbCHOTO MTEpeMarHHIHBAHUS
(heppOMarHUT-HOTO TOPOUIATIBHOTO CEPACTHUKA TIPU PA3TMIHBIX OTHOIIEHHUSIX 1y / 7'
(cxema — puc. 1 (0))

Wyf’-./‘ = Zpyo.j (tk )-At, 9)
k=0

rae n, =1/At. HanpsbkeHue Ha HHAYKTOpe B J1I000H MOMEHT BPEMEHH U
MOJNHAsT SHEPrus TOTeph B CEpAEYHHMKE 3a HMITYJILC OBUIM OIpe/eseHb
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CJIEIYIOIM 00pa3oM:

u(rk)iu,m), (10)
Wzii(tk)-u(tk)ﬂt. (11)
k=0

B pesynberaTe pacuera (puc. 2) Oblia BBISBJICHA Ba)KHAS 3aKOHOMEPHOCTbD, YTO
MOTEPH B CEPJACYHHMKE M OTHOIIECHHE MAKCHMAaJbHOIO TOKAa K CPEIHEMY 3a
UMITYIBC OYIyT TEM MEHBIIUMH, YeM MEHBIIIC OTHOIICHUE 7, /7; .

Cnez[yeT OTMETUTHb, YTO MHOTHC CYLCCTBYIOIIUC AHAJIUTUYCCKUC
pacyeThbl NMOTEPh HAa NEPEMArHUYUMBAHUEC YUYUTBIBAIOT TOJILKO JIMHY CpeZ[Heﬁ
CHJIOBOM JIMHUU CEpACYHUKA U HC YYBCTBUTCJIbHBI K OTHOIICHUIO 7, /}"1 . Yuer

HEOJHOPOJHOCTH pacIpelleleHUs] HaNpsHKEHHOCTH MArHUTHOTO TOJNs 10
paauycy Mo3BOJsIET TOUHEE OMPEAETUTh OTEPHU.

2. CepaeyHMK NOAKJIYEH K JAJUMHHOW jJuHuUM. Cxema BKIIOUYEHUS
npeacraBieHa Ha puc. 1 (B). JlaHHast cxema mpejcTaBisieT co00il MHTEepec ¢
TOYKH 3PCHUS UCCICAOBAaHHS BO3MOXHOCTH (DOPMHPOBAHUS HMITYIIbCa
YCKOPSIIOIIETO HANPSOHKCHHUS —TPSIMOYTOJNIBHOW  (OPMBI  Ha  MHIYKTOpaX,
pabotaronux B cekuuu JINY 3apsaoBo-KOMIICHCHPOBAHHBIX HOHHBIX TYYKOB.
[MapameTpsl  cepieuHuKa ObUTM  3aJaHbl  HAa  OCHOBAaHMU  pacuera
paspabatbiBaeMoil KoHcTpykuuu [2]: [, =1m, 7, =143mMm, 7, =175MM,

p
b=12cm.

Jlnst mUTaHUS WHAYKTOPOB CEKIWH, HATPY)KCHHBIX TOKOM ITyYKa, B
HACTOSIIIIEE BPEMsI ITUPOKO UCIIONIE3YIOTCS OJHOPOIHBIC (POPMUPYIONIUE JTHHUU
(ODJI), momxiroyaeMmble K HMHIYKTOpaM IIOCPEACTBOM 3HEPTOMPOBOJIOB,
MMEIOIUX BOJIHOBOE COIPOTHBIICHUE Z, COTJIACOBAHHOE C DKBUBAJICHTHBIM
CONPOTHUBIICHUEM HarpykeHHoro uHaykropa. IIpu stom O®JI BbImalOT B
SHEPTOMPOBOJI MPAMOYTOIBHBIN UMITYIIBC HATPSHKEHUS, KOTOPBINA MPUXOINUT HA
WHTYKTOP.

Ha puc. 3 (a) mpencraBieH pe3yiapTaT pacdyera HMITYyJIbCa TOKA H
HANIPSDKCHUST HA WHAYKTOPE TPHU COMIACOBAHHOM pekuMme ero pabortsl. Kak
BHIHO u3 Tpaduka, opMa MMITYIbCa HANpPsDKCHUs] HA WHAYKTOPE B CiIydae,
KOrJa OH pa0oTaeT Ha XOJOCTOM XOHIy, Jajeka OT MNPSIMOYTOIbHOM.
[Mpubmu3ute GopMy K TNPAMOYTOILHOW MOXHO 3a CUYET YMEHBIICHUS
BEJIMYUHEI BOJIHOBOT'O COIPOTHUBJICHUS SHEPronpoBoja Z, (puc. 3 (0)), oaHaKo
9TO BiedeT 3a coboit cHwkenue KIIJ[ ODJI, yro HexenatenbHO. Jlydmmum
crocoOoM o0ecTieueHrsT MPSIMOYTOJBHOCTH HMITYJIbCa SIBIIICTCST pa3paboTka
UCTOYHUKA MHTaHUs, BblIaomero ¢opMy BOINHBI Hampsxkenus FE, (1),
MPOQITUPOBAHHYIO BO BPEMEHU TaKUM 00pa3oM, 4ToOBI oOecrednuTsh (hopmy
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HATPSDKCHUS HA MHAYKTOPE, MAKCUMAJIBHO OJIM3KYIO K MPSIMOYTOJILHOM (pucC. 3

(8)).

[Ipu npoBeICHUU PacUYeTOB HCIIOIB30BANIUCH BhIpakeHus (3)...(6), (10) u
CIIeTyIOIIHeE:

i(t,)= [ZEW)(tk )+ Z:Ej(tk )J [ze + Z:R‘, (t, )J ; (12)
R, =tU,’ [W; (13)

Fow =2 Era0)/ 2,00 (14)

N= W,y /W, )-100%.. (15)

B naHHBIX BBIpaXeHUsX W — moTepu Ha NepeMarHWYMBaHHUE 32 HMMITYJIbC,
B3sITHIE U3 Tpaduka, IpUBeAEHHOro Ha puc. 2 (B); W, — dHeprus, oTAaHHAS B
1eMb 33 UMITYJIbC HCTOYHUKOM MUTaHUs; W, — IOTEPU HA NEpEMAarHMYUBaHHE
3a HMMITYJIbC TPH pPacyere HUCCIeNyeMOoil cxeMbl (OBUIM OIPEIEICHBI 110
¢dopmyne (11)); n — KI1/] ncrounuka nuranus.

st BapuanToB puc. 3 (a) u (0) BeTHMYNHA MAAAFONICH BONHBI HATIPSHKCHUS
OblIa 3a/1aHa OIMHAKOBOH Il BCEX MOMEHTOB BPEMEHHU M PaBHOI:

E,,(t)=U,- (1+Z/R,, )2 . (16)

Jlis  monydeHWsl TUIOCKOM BEPINUHBI HANPSDKEHHS HA HHIYKTOpPE
(u(t,)=U,,, puc. 3 () Benuunna E, (1, ) 1Is K&KI0r0 MOMEHTA BPEMEHH

3aﬂaBaHaCBCHGHyHHHHN[O6pa3OMZ

Emmk[mp +E (1, )7, / [zﬁ +iij)]] / [2—2-2/ [zﬁ +iij)]]
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Puc. 3 — Pe3ynbrats! pacdera (OopMBI HMITYJIbCa TOKa M HANPSDKEHMS] HA HHIYKTOpE TIPH

Ppa3nMUHEIX BemmuuHax Z, v E,.y(t) (cxema—puc. 1 (B)):a—Z, =R, =19,50m;
N=95%, E.=50xB; 6-Z, =R, =1,950M; n=32%, E..;=27,5 kB;
B-Z,=R,, =19,50mM; n1=93%
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3. CepaeyHNK MOAKJIIOYEH K JUIMHHOW JUHHM U HATPYKeH AKTHBHBIM
conmporuBiienneM. Cxema BKJIIOYEHUs mNpejacTaBiieHa Ha puc. 1 (r). [lanHas
cXeMa IPEeACTABIsIET UHTEPEC C TOYKH 3PEHUS MCCIIEIOBAHHUS BO3MOXKHOCTH
(OpMHUpPOBaHUS HMIYJbCa YCKODSIOIIErO HANPSDKEHHWS —IPSIMOYTOJBHON
(GbopMBI HHAYKTOpaMH, MOMKIIOUCHHBIMU K O®JI uepe3 3HEprompoBOIBI C
COTJIACOBAHHBIM BOJIHOBBIM COINPOTHBIIEHHEM W DPa0OTAIONIMMHU B CEKLUH
JINY, HarpyXeHHOW WHXXEKTOpPOM 3apsDKeHHbIX dYacTull. [lapamerpsl
Cep/IeYHHUKa ISl pacdyera ObUTH B3SITHI MCXOJS U3 TPeOOBAaHUH K KOHCTPYKIIUH
komnencatopa [2]: r,/r =2 (1 =106MM, 1 =212MMm), b=35mMMm.
Pesynprar pacuera mpencraBieH Ha puc. 4, U3 KOTOPOrO BHIHO, YTO YeM
Oorbllle BEJTMYHMHA TOKA ITyYKa — TeM Onmke (hopMa MMITYJIbCca HaNpsDKeHUs Ha
Harpy3ke K MpsMOyroibHOW. IIpum pacyere HCHONB30BAINCH BBIPAKECHUS
(3)...(6), (10), (13), (14) u cnemyromue:

in(tk): 2Eml()_ Zﬁ+ZR(/(tk) ZR/(tk) -1 ZE/(tk)
= = =

Z€+RH Zﬁ+ZRj(tk) ZR/(tk) 5
=1

J=1

it )= i (6 )R+ E(t,) | [ SR (1)1 in(t) =i(t) +i,(2,)

WH :Zln(tk)u(tk)Atﬂ [HL‘[) :Tilzin(tk)'At;
k=0

k=1

Nuwo =W, /W, +W,,,)100 % s n=(W, +W,, )W, 100 %.

cm

1
B naHHBIX BEIpaXeHMAX Z, = (l/Rm +1/RH) ; W, — oHeprus, BBIIEIUBINAACH

Ha Harpy3ke. Pacuer ObUT TIpOBEACH Ui pa3HBIX 3HaueHWA R, Mpu
E,,=U,=50kB.
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o=

05 1.0 15
t 107¢

a) MNyy =80%; Z, =3,66 Om; I, ., = 10 928 A; 1=99,7 %
6) Mo =90% ; Z,= 1,83 Om; I, ,, =24 588 A; n=99.9%
B) N, =97 % ; Z,=0,55 Om; 1, ,, = 88 335 A; 1 =100%

Puc. 4 — Pe3yJ'II)TaTI)I pacuera CbOpMI)I HUMITYJIbCa TOKAa U HAIIPSHKEHWA Ha HArpy>KCHHOM

uHIyKTOpe, 3amuTanHoM ot OdJI (cxema — puc. 1 (1))

BobiBoabI. HpOBeZ[eHHBIe pacyeTbl MO3BOJIAKOT CACIAThH CJICAYIOIUC

BBIBO/IBI:

1) HpI/I HCEU3MCHHBIX IIJIOMIa/IU NOIMEPEUHOr0 CCUCHUA CEPACUHUKA, NJJINHE

€ro CcpeaHed CWIOBOW JMHMM W o0beMe (QeppoMarHeTnka IOTEpH B
Cep/IeYHUKe OYyAyT TeM MEHBIIMMH, YEM MEHBINE OTHOIIEHHE €ro pajnycoB
r,/r,. OTO OOYCIOBIEHO T€M, 4YTO HANpPSHXKEHHOCTb MAarHUTHOTO IONSA B

Cep/IeYHHUKE paclpeieNneHa Mo paauycy HEOAHOPOIHO U SBIISETCS HANOOJbILEH
Ha BHYTPEHHEM pajaWyce, H3-3a 4ero (eppoOMarHeTHK, paclOJOKEHHBIH B
CIIOAIX CepJIEYHMKA C MEHBIINM PaJNyCcOM, paHbIIEe BXOJUT B HACHILIEHHE, 110
CpaBHEHUIO C (peppOMarHETUKOM, PpacCIOIOXEHHBIM BO BHEUIHUX CIIOSIX,
BCJIE/ICTBHE YEro ITOTEPH BO BHYTPEHHUX CIIOAX CEp/I€YHHKA BO3PACTAIOT.

2) JHns oOecriedeHUss HAWIy4lled MNpsSIMOYTOJIBHOCTH —HMMITYIIbCa

yCKOpsitoliero HampsbkeHus B cekuuu JIMY 3apsn0Bo-KOMIEHCHPOBaHHBIX
HOHHBIX MYYKOB €€ MHIYKTOPHI MOXKET OBITh IIeJIecO00pa3HO MUTATh 4Yepes
COTJIaCOBAHHBIE HSHEPTONPOBOABI OT HMITYJBCHOTO MOIYJSTOpPA C OCOOBIM
o0pazoM TpOGUIMPOBAHHOM BO BPEMEHH, HENPSIMOYTOJbHOH (hopMoii
UMITyJIbCa BBIXOJHOTO HAmNpsDKeHUs. OTO O00YyCIIOBIEHO TEM, 4YTO TOK
TiepeMarHMuMBaHUs CEpACYHUKOB UMeeT cokHyto U-o0pasHyto Gopmy.

3) Yem Oompmie KIIJI wHIyKIMOHHOW cucTeMbl cekiuu JINY,

Harpy>KeHHOW ITy4KOM U 3aluTaHHOH OT cornacoBaHHOM OMJI — Tem Onmxe K
NPSIMOYrONIbHON (popMe B HEHl HMMITYJIbC YCKOPSIIOUIET0 HANpsDKEHHsA. JTO
00YCIIOBJIEHO TE€M, YTO IIPU pacueTre CXeMbl Ha OOJBLIYI0 BEIUYHHY TOKa
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ITy4Ka TOK, HOTPeOJIIeMbIii MHIyKTOPOM, CTAHOBUTCS O (hopMe BCE OIIKe K
MIPSIMOYT OJIBHOM.

Jnsa Gonee ToOuHOro ompeneneHust (GopMbl HUMIYIbCA YCKOPSIOIIETO
HaNpsDKEHUS B CEKIMM M TOKAa Yepe3 MHAYKTOPHl W Uil BBIPAOOTKH
OKOHYATENBHBIX TpeOOBaHMH K MCTOYHWMKY mutaHus JINY npaHHyro Mozeisb
1esIeco00pa3Ho JOMONHUTE MAPa3UTHBIMU TMapamMeTpamMy (MHIYKTHBHOCTSIMH
paccesHusi, Napa3UTHBIMH €MKOCTAMU B TIEPBUYHOM U BO BTOPUYHOM
koHTypax JINY u T. 1.).

Cnucok aureparypsl: 1. Kapacvy B.1. ViccnenoBanus JIMHEHHOTO0 WHAYKIIMOHHOTO YCKOPUTEIIS
3apsIOBO-KOMIICHCHPOBAHHBIX HOHHBIX ITy4koB i uHepuuamsHoro YTC / B.HM. Kapace,
B.U. I'onoma, B.A. Kusiuixo u dp. // TIpob6iemsl Teopernueckoi pusuku.— Kues.- 1991.— C. 165-
180. 2. I'ypun A.I. DneMeHTbl CEKLIUH CUIBHOTOYHOIO JIMTHEHHOrO0 MHAYKILIMOHHOTO YCKOPUTEIS
3apsiIOBO-KOMIICHCHPOBAHHBIX ~ HOHHBIX ~ IYYKOB C  IOBBIIICHHBIMH  DHEPreTHYCCKHIMU
xapaktepuctukamu / A.1. I'ypun, E.A. Kopnunos, P.C. Jloxckun // Problems of atomic science and
technology.— 2010.— Ne 3.- Series: Nuclear Physics Investigations (54).- C. 61-66. 3. ITupocos A. 1.
MarHuTHBlE CepICYHHKH B aBTOMAaTHKE W BBYHCINTENbHOW Texuuke / AM. Ilupoeos,
FO.M. Hlamaes.- M.: «Oueprus», 1967. 4. Mamopa M.M. Teopust HOpMHPOBaHHS HMITYIIbCA
HEOTHOPOIHOHU (hopMUpYIOLIel THHUell Ha MPOU3BONIBHOMH Harpy3ke / M. M. Mamopa, B.A. Casun
// PaguorexHuka u dnekTpoHuka. — 1976. — 1. XXI. — Bem. 9. - C. 1878-1886. 5. Kusuuko B.A.
DopMupoBaHHEe UMITYJIbCA TOKA ¥ HAIPSDKEHUS B JIMHEHHBIX MHIYKIMOHHEIX YCKOpHTENsX / B.A.
Kusuwuxo, E.A. Kopnunos, FO.E. Koasoa // Bonpockl aTOMHOI HayKH U TeXHUKH.- XappkoB, XOTU
AH VYCCP.- 1980.- Cepusi: Texuuka ¢usudeckoro skcrepumenta.- Bom. 1(5).- C. 90-93.
6. Camapcruii A.A. Yucnennslie meroasl: Yueb. nocodue st By30B / A.A. Camapckuii, A.B. I'yaun.
— M. : Hayxka. I'n. pen. ¢us.-mat. mut., 1989.—432c.
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YIAK 621.316
A. A. MUPOILIIHHUK, xaua. texd. Hayk; noul., XHTYCI', XapbkoB

AHAJIN3 COCTOAHUA TPOBJIEMbI KAYECTBA
SJIEKTPOSHEPI'MU B CEJIbCKUX CETAX

IIpoaHani30BaHO MHUTAaHHS EHEPro30epeKEeHHs Ta IMOKPAIEHHS SKOCTI eIeKTpUYHOi eHeprii B
CLIBCBKUX MepexKax, 30KpeMa npodieMa 3HIDKEHHST HeCUMETPii Ta HECHHYCOINaIbHOCTI CTPYMIB Ta
HAIpyT.

IIpoaHanM3UpPOBaHBl BOIPOCH YHEProcOEPeKEHHsT M yTydIISHHS KadecTBa JJIEKTPOIHEPTHH B
CEbCKUX CETSAX, B YaCTHOCTH IPOo0OIeMa CHIKEHUSI HECHMMETPUH H HECHHYCOMJAIEHOCTH TOKOB 1
HaInpsHKeHUH.

Analyzed by energy conservation and improve the quality of electricity in rural networks, in
particular the problem of reducing the asymmetry and nonsinusoidality currents and voltages.

IloctanoBka mpobGiembl. Ha coBpeMeHHOM JTame  pa3BUTUS
OTEYECTBEHHON HHEPTreTHKU IOCTATOYHO OCTPO CTOMT BOIPOC Mepexona K
SHEprocOeperaouM TEXHOJIOTHAM B CEIbCKOXO3SHCTBEHHOM IPOM3BOCTBE,
4T0 O0OYCIIOBJIEHO BO3PACTAIONIUM 3JIEKTPOINOTPEOICeHHEM U CHIDKEHHEM
KauecTBa IEKTPUUYECKON SHEPrHUM Pa3BUBAIOLIUXCS CENbCKOXO03SHCTBEHHBIX
noTpeduTesen.

AHAIU3 NOCJIeHUX HCCIeI0BAHMI M myOankanuid. B cootBercTBUu C
nocranoBienueM Kabunera MunuctpoB Ykpaunsl ot 05.02.97 Nel48 «IIpo
KOMIUIEKCHY  Jiep)KaBHY TIporpaMmy eHeprosOepekeHHs  YKpaiHu» |
MPOU3OLIEIIMMU B YKpauHE M3MEHEHMAMU 3KOHOMHMYECKHX OTHOIICHUM
BO3HMKJIA HEOOXOAMMOCTb W3MEHEHMs IOAXO0Aa K DHEProNpOM3BOJICTBY H
sHepromnorpebnenno. Ha ceropnsmzuii 1eHs 3HEprocOepexeHue SBISETCS
[JIABHBIM HANPABICHUEM DJHEPreTUYEecCKON NONUTUKM YKpPauHbl B HOBBIX
SKOHOMMYECKHUX YCIOBUSX.

MuHUMH3aIUs ~ SKOHOMHUYECKMX  3aTrparT IpU  DIIEKTPOCHAOKEHHH
CEIIbCKOT0 XO03sHCcTBa - OoMbInasi KoMIUIeKcHas 3afada. C Hell TeCHO CBSI3aHbBI
3a/a4yd  TOBBIIIEHHUS  KadyecTBa  DJJEKTPOIHEPTMH U HAJEKHOCTHU
aneKTpocHaOKeHus. [Ipu 3TOM Ba’kHOE MECTO 3aHMMAIOT MEPONPHATHS IO
CHIDKEHHIO NTOTEPh 3IEKTPOIHEPTUU U PallMOHATIBHOMY €€ HCIIONb30BaHUIO.

Leas u 3axaun ucciaenoBanus. JleTaabHO NPOaHATU3UPOBATH POOIEMY
MOBBIIIEHUS KAUECTBA IEKTPUUECKON JHEPTHH B CEIbCKUX CETSIX.

OcHOBHOII MaTepuajg HCCIeJOBaHUH. OJeKTpUYecKas DHeprus,
MOCTaBIsieMasi HHEProCHAOXKAIOIUMH  OpraHU3alUsIMH  ITOTPEOUTENs M 110
JIOTOBOpaM, BBICTYNIAeT KakK TOBap OCO0Oro BHJA, XapaKTEpU3YIOMIUICS
COBINAJICHUEM BO BPEMEHM IPOLECCOB MPOU3BOJCTBA, TPAHCIIOPTHUPOBAHUSA U
MOTpeOJIeHus, a TaKKe HEBO3MOXKHOCTBIO €ro XpaHeHHs W BO3Bpara.
CoOOTBETCTBEHHO, KaK K TOBapy JIIOOOTr0 BHAA, K JIEKTPOIHEPTHH IPUMEHHMO
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MOHATHE «KadecTBO» [1]. OTKInOHEeHHe oKa3aTenell KauecTBa AEKTPOIHEPTUU
OT YCTAHOBJEHHBIX CTaHAAPTAMM YXYALIAIOT YCJIOBHS SKCIUTyaTalluu
JJIEKTPOYCTAHOBOK KaK CETH TaK W IMOTPEOUTENEH.

IMokazarenn kawyectBa snekTposneprun (IIKD) permamentupyembie
I'OCT 13109-97 [2] MoryT OBITH YCIOBHO pa3zeieHbl Ha TPH TPYIIIBL:

- K MEpBOH IpymIe MOXKHO OTHECTH OTKJIOHEHUS YacTOThI U OTKIOHEHHUS
HaNpsDKEHUS, KOTOpbIE CBSI3aHBI C OCOOEHHOCTSMH  TEXHOJIOTMYECKOTO
Ipoliecca MIPOU3BOACTBA U Mepeaaun dIEKTPOIHEPTUH;

- Ko BrTopoi Trpymne MoxHO orHectu IIKD, xapaxrepusyromiue
HECHHYCOMJAIBHOCTE  (JOPMBI KPUBOM HANpSDKEHUs, HECHMMETPHIO |
KoJieOaHMsT HATIPSHKEHUS;

- K TpeTheit rpymnmne MoxkHo oTHectH [1KD, xapakrepusyroiue ciydyaiiHbie
9JIEKTPOMATrHUTHBIE SBICHUS U 3JIEKTPOTEXHUYECKHE MPOLIECCH, HEPA3PhIBHO
CBA3aHHBIE C TEXHOJIOTMYECKMM IPOLECCOM IPOU3BOJACTBA, MEpeAaud U
MOTPEOIIEHUS JIIEKTPOIHEPTHH.

HcTouHnKaMu HCKaXKeHUH, OTHOCSIUMMUCS KO BTOPOU TPYIIIE, SBISIOTCS
INIaBHBIM ~ oOpa3oM  anekrponpuemuuku  (JI1). o obecreueHus
JNEKTPOMArHUTHOM COBMECTMMOCTU JTHX JIEKTPOIUEMHUKOB C CETHIO
HEOOXOANMBI COOTBETCTBYIOIIME TEXHUYECKHE MEpOIpPUSATHS KaK Ha JTare
pa3paboTKu ¥ NPOU3BOJCTBA, TaK M B TPOLIECCE IKCILTYaTaIHH.

K nokazarenam I1IKD Tperseil rpynnsl OTHOCATCS IPOBAJIbl HAIPSKEHUS,
MepEeHaNpPsHDKEHUS] M UMITYJIbChl HAINIPSDKEHMsSI, KOTOPbIE BO3HUKAIOT B CHCTEME
JJIEKTPOCHAOKEHHsT B OOJBIIMHCTBE CIy4aeB B peE3yJlbTaTe KOMMYTallWi
AJIEKTPOOOOPYIOBAHUSI WIIM Pa3PsiIOB MOJTHUW HA JIMHUIO 3JIEKTPOIIEPEAaUH.

IloxasaTenn  kadecTBa  DJEKTPOIHEPTMHM  NEPBBIX  ABYX  TPYHI
Hopmupytorcs 'OCT 13109-97, u Ha HHUX YCTaHOBJIEHBI J[Ba JOMYCTUMBIX
YpOBHsS: HOpManbHbIE M mpenensHelid.  [IKD  Tperseld rpynmel  He
HOPMUPYIOTCSI, OIHAKO CTaTHCTHYecKas MH(opMalus 0 HUX MMeeT OoNbIIoe
3HAYECHHUE JUIsl HOPMAJIBHOM 3KCILTyaTalluu 3JIEKTPOIHEPTeTUYECKON CUCTEMBI.

Hwmwxe npuBeneHsl Moka3aTeNu KayecTBa 3JIEKTPOIHEPTHH, KOTOpBIE
Hopmupytores I'OCT 13109-97:

- YCTAQHOBHUBILIEECS OTKIOHEHHE HATpsbKeHns oU , ;

- pa3Max n3MeHeHHs HanpsukeHus oU, ;

- no3a Quuxepa P, ;

- KO3 OHUIMEHT HCKaXEHHsS CHHYCOWJAIBHOCTH KPHUBOW HAINpsHKEHUS
Ky

- KO3(pHUIMEHT n-Oi TapMOHWYECKOH COCTABISIONIEH HAaNpsHKEHUs
Ky

- KO3pOHUIMEHT HECHMMETPHM  HampshKeHWH 1o oOpaTHOM
HOCIIE/I0BATENBHOCTH Ky, ;
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- KO3QOUIMEHT  HECUMMETPUM  HANpPSHKECHUA [0 HYJICBOH
HOCIIE0BATENBHOCTH K, ;

- OTKJIOHEHHUE 4acTOThl Af ;

- ANUTENBbHOCTh NPOBaNa HAMpsUKeHUus Af, ;

- UIMIyNbCHOE HanpsbkeHne Uy, ;

- K03(PUIUEHT BpeMEHHOT0 TIepeHanpsuKeHus K s51 5

IIpu ompenenenun 3HaueHuil HekoTopbix ITKD cranmapTomM BBOASTCA
CJIEAYIOLIHE BCIIOMOraTeNbHbIE TAPAMETPHI JNEKTPUUECKON SHEPTHH:

- HHTEpBaJI MEKAY U3MEHEHUSIMH HANPSDKEHUS Al ;. ;
- ITyOuHA MpoBaja Hanpsbkenus oU,, ;
- 4aCTOTa NOSABJIEHUS IIPOBAJIOB HANpPsHKEHUs [ ;
- JUIMTETLHOCTh UMITYIIbCA 110 YPOBHIO 0,5 €ro aMIuUTybl Alyy o5 5
- JUIUTENIBHOCTb BPEMEHHOTO MTEPEHAIIPKEHUS Al ;55 -

s onenkn coorBerctBus [IKD yka3aHHBIM HOpMaM (3a MCKIIIOYEHHEM
JUINTEIBHOCTY ~ NpOBajla  HANpSDKEHUs, MMIIYJbCHOTO  HANpSDKEHUs U
K03(dHUIMEHTa BPEMEHHOTO MEpEHAIIPSHKEHUsI) CTAaHIapPTOM YCTaHABINBAETCS
MUHUMAJIbHBIN pacueTHBIA Nepuo/, paBHbIN 24 4.

B cBa3u co cnyualiHBIM XapakTepoM HU3MEHEHUs D3JIEKTPHUUECKUX
Harpy3ok TpeOoBaHHe COOJIO/IeHHsT HOpM KadecTBa aiektposHepruu (KD) B
TEYEHUE BCEr0 3TOT0 BPEMEHHU MIPAKTUYECKH HEpEaIbHO, IOATOMY B CTaHIApTe
YCTaHABIMBAETCS BEPOATHOCTH NpeBblieHus HopM KD. M3mepennsie IIKD ne
JIOJDKHBI BBIXOAUTH 332 HOPMAJBHO JOMYCTHMBIE 3HAUEHUS C BEPOATHOCTHIO
0,95 3a ycTaHOBIEHHBIH CTaHAAPTOM pACUYETHBIH IEPHON BpeMEHH (3TO
03HAuUaeT, 4YTO MOXHO HE CUYMTAaThC C OTACIBHBIMU IMPEBBIIICHUIMU
HOPMHUPYEMBIX 3HAU€HUH, €CIU OXXuaaemasi oOmas MX MpOJODKHTEILHOCTD
COCTaBUT MeHee 5% 3a yCTaHOBJICHHBIH IIEPHO BPEMEHN ).

Hpyrumu cioBamu, KO mo m3MepeHHOMY IOKa3aTeN0 COOTBETCTBYET
TpeOOBaHMSAIM CTaHIApTa, €CIIM CyMMapHas IPOJODKUTEIBHOCTh BPEMEHHU
BBIXO/Ia 32 HOpPMAJIbHO JIOIYCTHMBIE 3HA4YEHUs cocTaBiisier He Oonee 5% oOT
YCTaHOBJIEHHOTO Iepuoja BpeMmeHu, T.e. 1 u 12 MuH, a 3a MHpeaenbHO
Joryctumsle 3HaueHust — 0 % OT 3Toro neproAa BpeMeHH! .

Pexomenyemas obmas mpomomKuTensHOCTh m3Mepennit [IKD momkHa
BBIOMPATHCS C YUETOM 0053aTeNIbHOTO BKIIIOUEHHsI pabOvMX M BBIXOIHBIX JTHEH
U COCTaBJISIET 7 CYTOK.

OnHUMH W3 OCHOBHBIX W HamOosiee BaKHBIX PEXHUMHBIX I1apaMeTpoB,
ONpENENAIONUX KAueCTBO DJIEKTPO3HEPTUH, SIBISIOTCS HECUMMETPHUS U
HECHHYCOM/IAIBHOCTD HANpsDKEHWH M TOKOB B TpeX(asHBIX CeTsIX, KOTOpbIe
NPUBOAAT K JIOMNOJHUTEIBHBIM OTKIOHEHMSIM HANpPSHKEHUS Ha 3aKuMax
norpeduTenel, YBEIWYEHUIO IIOTEpPhb, YXYALUICHHIO YCIOBHH  paboTHI
3IEKTPOOOOPYIOBAHUS U T. 1. [3]
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Ilpu 3TOM HEOOXOMUMO HCXOAUTH M3 TOTO, YTO OIEKTPUPHKAIHS
0a3upyercs Ha TPEX COBEPILICHHO HEPa3pPhIBHBIX CAMOCTOSTEIBHBIX MPOIECCaX:
MPOU3BOJCTBO, Mepefada M MNOTpeOsieHue SHeprud. Hu oauH u3 3THX
MPOLIECCOB HE MOXKET OBITh peasn3oBaH 0e3 JAByX Apyrux. [loaTomy Bompockl
COOTBETCTBHMSI TOKa3aTeNneldl Ka4yecTBa 3JICKTPOIHEPTHH  YCTAHOBIICHHBIM
HOpMaM TMPAaKTUYECKH B PABHOM CTENEHH 3aTpardBalOT HHTEPECHl U
MIPOU3BOUTEIS M TOKyNaTeNst (TOTPEOUTEINS) DIICKTPOIHEPTUH.

[NoHsATHE KayecTBa SIIEKTPUYECKOW SHEPTHU OTIUYACTCS OT MOHATHSA
KauyecTBa JOPYrHX  BHJOB  TPOAYKIMH. KaxkIblli  3IEKTPOMPHEMHHUK
npeqHa3HayeH Ui paboThl MPH OMPEISNCHHBIX MapamMeTpax 3JIeKTPHYECKOil
9HEPTUH: HOMHUHANBHBIX YacTOTE, HAMPSKEHUH, TOKE M T.I., TOITOMY JJIsI
HOpMaJIbHOM ero paboThl MOIKHO OBITH obecrieueHo TpeOyemoe KO. Takum
00pa3oM, KauecTBO JICKTPHICCKOIN SHEPTHHU OMPEETISIETC COBOKYITHOCTBIO €€
XapaKTePUCTHUK, TPHU KOTOPBIX dekTpornpueMHuKd (DI1) Moryr HOpMaibHO
paboTaTh U BBIMOIHATH 3aJ0XKEHHBIC B HUX (DYHKIIHH.

KauecTBO 3NEKTPHYECKOH JHEPrMM B MeECTe MPOHM3BOACTBA HE
rapaHTUPyeT e¢ KauyecTBa Ha MECTe MOTPEOJICHUs, MOCKOJBbKY J0 M TOCTe
BKIroYeHus: DIl B TOYKE ero MPUCOSTUHEHHS] K DIICKTPUYECKOW CETH OHO
MOXeET OBITh pa3IuuHO.

KD TecHO CBA3aHO C HAAEKHOCTBIO BIIEKTPOCHAOKEHHS, MOCKOIbKY
HOPMAaJIbHBIM PEXHUMOM JIICKTPOCHAOKEHHSI MOTpeOUTENeil sSBIsAeTCS TaKoH
pexXHM, TpU  KOTOPOM  MOTPEOUTENH  TONYYaloT  3JIEKTPOIHEPTHIO
Oecriepe00oiiHO, B KOIMYECTBE, 3apaHee COITTaCOBAaHHOM C SHEepProcHalxaromen
opraHu3zanueil, 1 HOpMHUPOBAHHOTO Ka4eCTBa.

B nmpOMBIIIIEHHOCTH Ka4eCTBO NIEKTPHUECKOM SHEPTHU OLIEHUBAETCS MO
TEXHUKO-9KOHOMHYECKHM IIOKA3aTeNsIM, YYUTHIBAIOIIUM YyIIepO BCIEICTBHE
MOpYM MaTepHanoB H O0OPYJOBaHHS, PACCTPOICTBA TEXHOIOrUYECKOrO
mporecca, YXyAUICHHS Ka4yeCcTBa BBIMYCKAEMOH MNPOAYKIMH, CHIDKCHHSI
MPOU3BOUTENIBHOCTH TPYAa - TaK HAa3bIBAEMbIA TEXHONOTHUYECKUH yliepo.
Kpome TOro, cymecrsyer u ymiepd OT HEKAYeCTBEHHON DIICKTPOIHEPTHH,
KOTOPBI XapaKTepHU3yeTCsl YBENUYEHHEM TOTEPh AJICKTPOIHEPTHH, BBIXOJOM
U3  CTPOsl 3JCKTPOTEXHUUYECKOro OOOPYIOBAaHUs, HApYIICHHEM pabOThI
ABTOMATHKH, TEIIEMEXAHUKH, CBS3H, JJICKTPOHHOW TEXHUKH U T.]I.

MexaHu3M YIpaBICHHS KAa4eCTBOM 3JEKTPOCHAOXKEHHsS HMEET CBOH
cnemuduueckne ocodeHHocTH [4]. XapakTtep moTpedieHnst 3JIEKTPOIHEPTHU B
KaOXJbIi MOMEHT BPEMEHH SIBIISICTCS BEIUYMHON BEPOSITHOCTHOM, MOITOMY
SHEProcHa0XKaoIIas OpPraHU3alus OIEePUPYET, Yalle BCEro, MOKa3aTeIsIMH
MOTPEOHOCTH TPEBIIYIINX BPEMEHHBIX MEPUOJOB WM €€ MaTeMaTHYECKUM
OoXHAaHWeM. B ponmu MIaHOBBIX TOKa3aTedell KadyecTBa BBICTYIAKOT HE
pa3paboTaHHBle B  OJHEprocHaOkaromieii opraHu3aldd  CTaHAAPTHL, a
YCTaHOBJICHHBIE HA TOCYJAQPCTBEHHOM YPOBHE HOPMATHBHBIC IOKA3aTey,
BBITIOJTHEHHE KOTOPBIX SIBISIETCS 0053aTENBHBIM JJIS BCEX YHEPrONPENPUATHIA,
HE3aBHCHUMO OT MX MOIHOCTH W TEPPUTOPHATIBHOTO PACIIOIO0KEHHSL.
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[MpuHIMIIMANBHONH OCOOEHHOCTBIO IPOOJIEMBI TOBBIIICHUS] KaudecTBa
JJIEKTPOCHAOXKEHMST SIBIISIETCSL €€  MeXoTpacieBoll xapakrtep. KauectBo
ANIEKTPOCHAOKEHUST Yy MOTPEOUTENIT 00eCIeunBaeTCs MyTeM BO3JCHCTBUS Ha
rapamMeTpbl pPEeXHMa CHCTEMBI AJIEKTPOCHAOKEHHsS  IPOM3BOAUTEINSI U
B3aMMOCBSI3aHHOM pabOTOi MHOIMX NPENNPUSITHH pPa3IMYHBIX OTpaciei.
[MosToMy cpaBHeHHE TIUIAHOBBIX M (DAaKTHYECKUX IIOKa3aTeleld KadecTBa
AJIEKTPOCHAOKEHHST M pa3padOTKa MEpPONPUSTHI IO MOBBHIIIEHHIO KadecTBa
SIBIISIFOTCSL 00513aHHOCTBIO HE TOJIBKO SHEpProcHadKaromieil opranu3aiyy, HO U
norpedutenss B  pamMKax TpeOOBaHWI, yCTaHOBIEHHBIX [IpaBuiamu
TIOJTE30BAHUS JIEKTPOIHEPTUH U TIPOYMMH HUHCTPYKTUBHBIMH MaTeprallaMH.

[MosTomy aHamm3 mpoOJIEeMBl KauyecTBa JJIEKTPUYECKOH SHEPTHU
MOKa3bIBa€T, YTO HeoOXoJuMa pa3paboTka HOBBIX METONOB, MOJENeH,
MPOTPaMMHBIX U TEXHHYECKUX CPEJCTB, a TAK)K€ BO3HHKAET HEOOXOAMMOCTD
MIepexoJUTh Ha Ooliee 3HeprocOeperarollyo CUCTEMY 3JIEKTPOCHAOKEHUS, B
KOTOpOH OTCYTCTBOBAIM OBl HECHMMETPHUYHBIE PEXHMBI, a IOTEpH
AJIEKTPO3HEPTUH OBLTH OBl Ha MOPSIOK HIDKE.

BoiBoapl. Takum o0Opa3om, pelieHne 3ajady dHEpProcOepekeHHs |
VIy4IIeHns] KadecTBa ODJIEKTPUYECKOW OSHEPTUU B CENBbCKUX CETSIX TECHO
CBSI3aHO C  pEIIEHHeM  MpOOJIEMBl  CHIKEHUS  HECUMMETPUH |
HECHHYCOMJAIBHOCTH TOKOB M HampsDKeHHH B ITHX ceTsx. llostomy
aKTyaJlbHBIM ¥  CBOEBPEMEHHBIM SIBIISIETCSI PACCMOTPEHHE  BOIIPOCOB,
CBSI3aHHBIX C pa3pabOTKOW METOAOB M TEXHWYECKHX CPEICTB Mo Oopwbe c
HEKayeCTBEHHO! 3JIEKTPUIECKON SHEPTUH.

Crnucok auteparypbl: 1 Ynpasnenue kauectBoM npoaykuuu. CrnpaBounuk. - M.: M3narenscTBo
craHmaptoB, 1985.- 464 c. 2. 'OCT 13109-97. HopMu SKOCTi eleKTpHYHOI €Heprii B CHCTeMax
€JIEKTPOIOCTaYaHHs 3arajibHOro npusHadueHus. 3. Haymoe M. B. CHUKeHne 1oTeph U MOBBIIICHNE
Ka4ecTBa 3JIEKTPHUYCCKON HEPrHU B CEIIbCKUX pachpenenuTensHbix cersax 0,38 kB ¢ momoubio
CHMMeTpUpyIoIX ycrpoiicts / 4. B. Haymos // lace. nokt. Tex. Hayk, 05.20.02 — Upkytck, 2002.
— 387 c. 4. lopionog M. T. IlpoGiiembl oOecliedeHHs] KadecTBa JIICKTPHYESCKOW OSHEPTUH
| . T. I'opronos, B. C. Moszeanés, B. A. boeoanog /| Dnextpuueckue cranimu. — 2001. — Ne 1. —
c. 16-20.

Hocmynuna 6 peokoanecuro 30.10.2011
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A.FO. UEPHOKO30B, marictp, HTY «XIIl»,
I'.B. BE3IIPO3BAHHHX, n.1.H., npo¢., HTY «XIII»

BIIJINB HA IIEPEXIJTHE 3ATACAHHSA TEJJE®@OHHUX
KABEJIIB BAPUAIIIN YACTKOBUX EMHOCTEM

BuxoHaHI po3paxyHKH KOeQiI[ieHTy aCHMETPUYHOCTI Ta EIEeKTPUYHOI CKIAJOBOI IEPeXiTHOro
3aracaHHsl IPH BapiallifX YacTKOBHX €MHOCTEH B Tele)OHHUX KaOelnsx MIIs TpyHOBHX
abonentcekux iHiil. [loka3aHo, Mo mus 3a0e3medeHHs SKOCTI LU(GPOBHX CHUTHANIB, SKi
HepelafoThesl M0 Kabemo, HACTPOHKM TEXHOJIOTIYHOro OONaJHAaHHS ITOBUHHI 3a0e3ledyBaTd
BIJIXMJIEHHS €MHOCTI BiJJHOCHO HOMIHAJILHOIO 3HAYEHHS He OlIbIe K Ha 1%.

BeImonHeHEl pacdeThl KOd(D(UIMEHTa aCCHMETPUYHOCTH U DIEKTPHYECKOH COCTaBILIOIIEH
MEepPeXO[HOro 3aTyXaHMsl IIPU BapUalVsIX YaCTHYHBIX EMKOCTEH B Tele(OHHBIX KaOeysx st
IPYNIOBEIX LU(POBBIX a0OHEHTCKHX JIMHUH. Iloka3aHo, 4YTO Uil oOecredeHHs KadecTBa
IepelaBaeMoro IU(pPOBOr0 CHTHAallAa HACTPOMKH TEXHOJIOTHYECKOTO OOOPYHOBAHMS JOJDKHBI
obecrieunBaTh OTKJIOHEHHE pabodeil eMKOCTH OTHOCHTEJIBHO HOMHHAIBHOU He Gonee ueM Ha 1%.

Factor calculations unbalance and an electric component of transitive attenuation are executed at
variations of partial capacities in telephone cables for group digital user's lines. It is shown, that for
maintenance of quality of a transferred digital signal of adjustment of the process equipment
should provide a deviation of working capacity concerning nominal no more than on 1 %.

Po3Burok iHTenekTyanpbHUX iH(MOpMamiHHUX Mepex aOOHEHTCHKOTo
JIOCTYIy #Jie B HaIpsMKy PpO3IIMPEHHs cHeKTpy iHdopmanii: Bia aHamoroBoi
tenedonii yepes Internet 10 mudposoro Bigeo mo 3anmurty . [ 3a0e3neucHHS
mepefadyi  MIMPOKOCMYroBUX IMM(POBHX CUTHATIB HEOOXiTHA BiJIIOBiAHA
kabenmpHa  iHQpacTpykTypa. PosmmpeHHSs Ta  MOJEpHI3aIliss — MEpeK
a0OHEHTCHKOTO JIOCTYIY BEJIETHCSl B HANIPSIMKY BUKOPHCTAHHS MaricTpallbHUX
BOJIOKOHHO-ONITHYHUX KaOeliB Ta CYY4aCHMX CHUMETPUYHHUX TeleOHHUX
Ka0eiB JuIs rpynoBuX MU(pPOBUX aOOHEHTCHKUX JIHIH.

[TixBuIIeHHsT MBUIKOCTI mepenadi NM(PPOBUX CHTHATIB B aOOHEHTCHKiH
Mepexi OOYMOBIIIOE IKOPCTKI BHMOIM JO EIEKTPUYHUX I1apaMeTpiB
TeneOHHNX KalerniB. A 1ie, B CBOIO Uepry, 3000B’13ye BUPOOHUKIB KaOeIbHOT
MIPOAYKILii BIPOBAPKYBATH «BHCOKI» TEXHOJOTIi NMPH BUTOTOBJICHHI KaOeliB
JUI Cy4acHHX LU(PPOBHUX MEpPEeX, B TOMY YHCI i aOOHEHTCHKOI'O JIOCTYILY
[1-2].

Jns  cumerpuunoi  (30ayaHCOBaHOI) Napy TPHUHIMIIOBO — BaKIIMBa
BJIACTHBICTH CHMETPUYHOCTI, TOOTO OAHAKOBI (i3MYHI Ta eJIeKTPHYHI
BJIACTHBOCTI NPSIMOTO Ta 3BOPOTHOTO NPOBIJHUKIB. B iHIIOMY BHNIaIKy 3Ha4HO
3pOCTalOTh CTPYMHU Ta HANpyrd NEPenIKof, 10 BUHHUKAIOTh B JaHIo3i. CyTh
CUMETPUYHOCTI IIOJISITa€ B TOMY, IO CTPYMH Ta HANpyrW, sIKi HABOAATHCA,
MalOTh TPAaKTUYHO OJHAKOBI aMIUIITYIM Ta TPOTHIEXKHI Qa3u, ToOTO
KOMIICHCYIOTh OJIMH OfiHE. Psiji BaknMBUX mapameTpiB CUMETPHUYHHX KabeliB
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MOB’sI3aHO 3 MEXaHI3MOM B3a€MHUX BIUIMBIB MiX mapamu. [lepeximni
MEPEeNIKOAN € OCHOBHHM JDKEPENIOM IIYMiB, SKi 3HIDKYIOTH SIKICTH Iepenadi
CUTHAJIB B MEpeXaxX Ha CHUMETPUYHHX KaOensx. AKTyalbHICTH INi€i 3amadi
MOCTIHO 3pOCTaE, aJKe TMEPEeXiJHI MEPenIKoIu 3POCTAIOTh 3i 301TBIICHHAM
4acToTH, TOOTO TpH 3abe3nedeHHi HOBHUX BUJIB IOCIYT B aOOHEHTCHKIiH
Mepexi.

Hine crarri: aHajgi3 BIVIMBY Ha MNepexiiHe 3aracaHHs PO3KHIY
YACTKOBHUX €EMHOCTEH MiK CyCilHIMH CMMeTPHMYHHUMM NapaMu B KabeJi 3
OJIHi€I0 YeTBipKOIO.

Ha puc.l nokazaHo mict uwactkoBux emHocredd (pmc.l): 1, 2 3, 4 —
130JIbOBaHI MPOBIAHUKH, MiX SIKHMH YTBOPIOETHCSI YOTHPH YaCTKOBI €MHOCTI:
Ci Ciy Coy Cy; . B Takiit KOHCTPYKILT JB1 poOOYi cuMeTpuyHi mapu: 1, 2 —
nepia; 3,4 — npyra mapa BimnoBigHO. B pasi imeanbHOI KOHCTPYKIN YacTKOBI
€MHOCTI OJHaKoBi (pHC.2): HANPYXEHOCTI EJIEKTPUYHOrO TOJISI IOBHICTIO
iICHTUYHI BiJIMIOBITHO JIO MOJaHUX IMOTEHITiaNiB Ha xmwiH nap: +50 B Ha xwmu
1,3; ta =50 B — Ha xwm 2,4. KoediuieHT €MHICHOrO 3B’SI3Ky B TaKii
KOHCTPYKIii JOPIBHIOE HYITIO.

1.5
x10°

Puc. 1 — MicT 9acTKOBHX €MHOCTEH OTHOUETBIPKOBOTO CUMETPUIHOr0 Kabelto

[Tpn nonaui Hanpyru E Ha mapu Hampyra nepemkonu U B miaroHaii
MocTa BifcyTHs (puc. 1), TOOTO BiICYTHI B3a€MHI MEPEIIKOIN MiX ITapaMu.

BimxwieHHs B JiaMeTpax MPOBITHHKIB, TOBIIWHI 130JAIii, KPOKIB
CKPYTKH{ BiJi HOMiHaJIbHUX 3HA4Y€Hb MTPU3BOIUTH JIO TOSIBH aCHMETPUYHOCTI B
ENEKTPUIHHUX €EMHOCTSIX K;:

K1:(C13+C24 )_(C14+C23) . (1)
B pesynbraTi B miaroHani MocTy BUHMKae Hanpyra nepemkoan U:

U-=E Ciy-Cy —Cy-Cyy (2)
(CIS +Cy )'(CM +Cy) ’

a00 B jorapuMiyHUX OJUHUIISX BUMIDY:
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E
Uu,=20 1gU,dB (3)

5 E, V/m
25X10

B N

1g 3g 1i 3i

d v

2g 4g 2i 4i |\
0 0.005 0.01 0.015 0.02 SDL, m 0.025

Puc. 2 — Po3roprka HanpyXeHOCTi eeKTPUIHOTO MOJIS TT0 HOBEPXHSIM
crpymorpoBiaauX ki (1g, 2g, 3g, g), 3ot (11, 2i 31, 41) U1 OTHOYETBIPKOBOTO
Ka0eITro 1/1eaTbHOl KOHCTPYKILT B METaJIeBOMY eKpaHi

Pospaxynku 3a popmynamu (1), (2) ta (3) BUKOHAHO JUIS JBOX BUIIAJKIB
Bapialiil YaCTKOBUX €MHOCTEH BiJl HOMiHaJIbHUX 3HaueHb C,: MEpIIUi — MpH
aJIUTHBHOMY:

c =¢C,-¢

n
>

JIPYTHHA — NPU MYJTBTUILTIKATUBHOMY XapakTepi X 3MiHH :

c=¢C, (1 + ¢ )
ne ¢ — BHUIAJKOBE YHCIO 3 HOPMAJBHUM 3aKOHOM PO3TIO/iICHHSL.

Ha puc. 3 — 7 HaBeaeHO pe3ylbTaTH PO3pPaxyHKIB Ui CUMETPHUYHOI'O
omHOueTBipkoBoro kabemo (miamerp mpoBigaumka 0,5 MM, TOBIIMHA
nomierwienoBoi  i3oisamii 0,25 mM). HomiHanbHi 3Ha4YeHHS YacTKOBHX
€JeKTpUYHUX €MHOcTed cTaHoBIATH 100 md npu MOrOHHUX 3HAUYEHHSX
16 nd/M, TOOTO HOBXkKHMHA KaOEIIO JIOPIBHIOE 6,25 METpH.
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Puc. 3 — InrerpanpHi GyHKITT pO3MOIITY BiIXHICH, EMHOCTEH BiJI HOMiHATBHUX
3HAYCHb Y BUIAJKY aJUTUBHOTO XapaKTepy Bapialliii YaCTKOBUX €MHOCTEH
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Puc. 4 — InrerpanbHi QyHKIIT po3noxiay eMHicHOI acumetpii K y Bumagky
aJNTHBHOTO XapaKTepy Bapiamiif 4aCTKOBHX €MHOCTEH

KoeogimienT Bapiarii 4acTKOBUX €MHOCTEH Yy BUNAJKy  aJIUTUBHOTO
xapaxrepy (puc. 3 — 5) cranoButs o/C = 5% (xpuBa 1) Ta 1 % (xpuBa 2)
BimmoBigHO. KoedimieHT Bapiamii YacTKOBUX €MHOCTEH y  BUNAJKY
MYJNBTHILTIKATUBHOTO Xapakrepy (puc.6) craHoButs o/C = 0,1% (kpusa 1) Ta
0,01 % (xpuBa 2) BiAMOBigHO.

108



Normal Probability Plot
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Puc. 5 — Inrerpanshi QyHKIIT po3noainy mepeximaHoro 3aracanus Uy Mik cyciTHIMU
mapaMu y BUMAJKy aIATHBHOT'O XapaKTepy Bapialliil 4aCTKOBUX €EMHOCTEH
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Puc. 6 — Inrerpanpshi QyHKINT po3noainy mepexiaHoro 3aracanus Uy Mixk CyciTHIMU
rmapaMu y BUTIAJIKY MYJTBTUIUTIKATUBHOTO XapaKTepy Bapialliii 4aCTKOBUX €MHOCTEH

TakuM 4nMHOM, Bapialii YacTKOBMX €MHOCTEH CYTTEBO BIUIMBAIOTH Ha
TiepexijiHe 3aracaHHs MK CYCIJHIMU Tapamu.

Ilpn aguTMBHOMY XapakTepi 3MIiHM CTaHJapTHe BigxwieHHs Uy
nopisatoe 10,6 nb (4C=4,9% ,6/C = 5%) Ta 11,7 b (AC=0,92% , 6/C = 1%)
BiamnoBinHO. PiBHI Hampyru mepemkoayd MiXK CYCIOHIMU IapaMy CTaHOBIISITH
45 nb (4C= 0,92% ) ta 27 ab (4C=4,9%) Ha piBHi 50% BiporizHOCTI
BiJIIOB1THO.
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Puc.7 — InrerpansHi ¢yHKIIT po3noniny mepexiaHoro 3aracansst Uy Mk CyciTHIMI
TapaMy y BUIMAAKY aIUTHBHOTO (KpuBi 1,3) Ta MyIbTHIDTIKATUBHOTO (KpUBI 2, 4)
XapakTepy Bapialliif 9aCTKOBIX €MHOCTEH:

1,2 —o/C=0,1%; 3 —o/C=1%; 4—o/C=0,01%

ITpn omHakoBux koedimieHrax Bapiawii 6/C = 0,1% po3kua 4acTKOBHX
emHocrer cranoButh 0,101% Ta 10,1% y Bumaaky aguruBHOro (kpusa 1) Ta
MYJNBTHIDTIKATUBHOTO (KpuBa 2) xapaktepy ix 3miHu (puc.7) Biamosigno. B
pe3yabTaTI MepexijaHe 3aracaHus B 2, 33 pa3u MeHIe, TOOTO piBeHb B3aEMHHUX
BIUIMBIB MiX CYCiqHIMU napamu Oinbmie (puc.7, kpusi 1 ta 2 Ha piBHI 50%
BIpOTiJHOCTI) TIpM MYJBTHUIUIIKATUBHOMY  XapakTepi Bapialliii 4acTKOBHX
€MHOCTEH.

Xapakrep 3MiHHM Bapianili 4acTKOBHX €MHOCTEH MPAKTHYHO HE BIUTHUBAE
Ha TepexijiHe 3aracaHHs MpH X OJHakoBUX 3Ha4YeHHsX: AC= 0,92%, kpusi 3
Ta 4 puc.7.

3HaueHHs MEPEeXiJHOro 3aracaHHs, sike nopiBHioe 27 — 30 nb, MarTh
CHUMETpUYHI a0OHEHTCHKI JpPOTH JUIsd Iepefadi aHaJOroBHX Telle)OHHUX
CHUTHAJIB B CIEKTPi TOHAJIBHMX 4YacTOT. Buxomsum 3 I1bOro, HACTPONKH
TEXHOJIOTIYHOr'0 00JIa/IHAHHS TTOBHHHI 3a0e3neuyBaTy BiAXWICHHS YaCTKOBHX
€MHOCTEH CHMETPUYHMX KaOediB [uisi Iepedadi LUPPOBUX CHTHAIIB B
aboHeHTChKIN TenedoHHINH Mepexi He Oinbmie sk Ha 1% Big HOMiIHAIBHHUX
3HAYEHb.

Cuoucox uiteparypu: 1. Kox /[. DBomonuss M KOHBepreHus B anexrpocssu/ /. Kox,
5. SAnoBckuit — M.: Pagmo u cBsi3p, 2001. 2. bwiukose B.B. 1lInpokonoIoCHbIE JTUHUU CBSI3U B
Poccun B Gimokaiiiieii nmepcrekTuBe ria3aMu kabenbukos / B.B. Bviukos, 1O/l [Imumpues, /1.B.
Xesocmos// Broadcasting. Tenepuzenue u paaunoseranue. — 2007, — Ne2.

Haoiiiwna 6 pedkonezito 06.10.2011
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HOI'PEHTHOCTU TPAHC®OPMATOPOB TOKA IIPU
HECHUHYCOUNJAJIBHBIX TOKAX

B cratee paccMOTpeHO BIMSHHE HECHHYCOMJAJIbHOCTH CHTHAJIOB TOKAa Ha IOTPEHIHOCTH
HU3MEPUTEIBHOrO TpaHCc(hopMaTopa ToKa.

B cTaTTi pO3IIISIHYTO BILTMB HECHHYCOINAIBHOCTI CUTHANIB CTPYMY Ha MOXHOKH BHMIPIOBAIbHUX
TpaHCc()OPMATOPIB CTPYMY.

In article influence of unharmonicity signal of a current on an errors of the measuring
transformer of a current is considered.

IMocranoBka mpodiaembl. C pocToM HEIMHEHHBIX MNOTpeOUTENEeH B
9HEProcUcTeMax ypOBEHb BBHICHIMX TAaPMOHHUK B CUTHAJIaX TOKA M HAIPSHKEHHS
MIOCTOSIHHO yBeJW4MBaercs. J[1s pemieHunss MHOXecTBa 3ajad, Hampumep
OITpeJIeIeHUsI MTOKa3aTeNied KauecTBa 3JIEKTPOIHEPTUH, HEOOXOIMMO U3MEPSTh
BEJIMYMHBI TAPMOHUYECKUX COCTABJISIOUIMX TOKA, HAMPSDKEHUS, MOIIHOCTH B
CHTHaJax MPOMBINIIEHHON YacTOThl. TOYHOCTh TaKMX W3MEPEHHH, KaK M JUIs
OCHOBHOM YacTOTHI, 3aBHCUT OT TOYHOCTH U3MEPHUTEIBHBIX TPaHCPOPMATOPOB
U CPEICTB M3MEPEHHs. B CBSI3M C 3TMM K BBICOKOBOJBTHBIM HU3MEPHUTEIHHBIM
TpaHcdopMmaTropaM TOKa W HANPSDKEHMS! BBIIBUTAIOTCS HOBBIE TpeOOBaHUS, a
UMEHHO HEOOXOAMMOCTb HMH  O0ECHEeYHTh BBICOKYIO  TOYHOCTH
npeoOpa3oBaHUs T'apMOHMYECKHMX  COCTABISIIOIIMX CHTHAJIOB TOKa H
HaIpsDKEHUSI.

AHajau3 mNOCHeTHUX HCCJHeAoBaHWMA u myoamkamuid. [lpu pabore
n3MepurensHoro TtpaHncopmaropa toka (TT) B ompeneneHHOM Kiacce
TOYHOCTH HOPMHpPYETCA €ro mpeenbHas TOKOBas U YIJOBas MOIPEIIHOCTH.
[lpn cuHycoMOanbHOM IEPBUYHOM TOKE KIACCHUYECKHE BBIPAKEHUS IS
ompenenenuss  norpemHocte  TT, 3aBUCAIIMX  OT  IIapaMeTpoB
TparchopmaTopa, UMErOT BU [1]

f =Msin(‘l’+(p)100 , (1)
\/E“aSMfWQHFI
0.2251,7,1
S, = 222 M__cos(W + ¢)100, 2)

l \/E/laSMszuFl

e f;,- OTHOCHTEIbHAS! TOKOBAs MOrPENIHOCTh (JIeHCTBYIONIEE 3HAUEHHE TOKA)
TT, & - yrnoas norpemnocts TT, I, — nelicTByroliee 3Ha4YeHUE BTOPUIHOTO
toka TT, Z, — Moaynb mOMHOrO comnpoTuBieHus BTopuuHod uenu TT, Iy —
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CpefHssl AJMHA CWIOBOW JIMHMM MarHUTHOrO mojs B cepaeuHuke TT, w, —
a0cofoTHAasE MarHWTHas NPOHUIAEMOCTh (EPPOMArHUTHOrO MarepHuaja
cepreunuka TT, Sy — momepeuHoe ceueHnue cepaeunuka TT, W,, — uncio
BHUTKOB BTOpH4YHOH 00MOTKH TT, F| — mepBUYHasl MarHUTONBIKYINASCS CHJIA
namaranuuBanus TT, \ - yroi moreps, ¢ - (Ha3oBbIi CIBUT MEX1Yy BTOPHIHOM
9J1C u BropnunbsM TokoM TT.

B pabore [2] mpemyioxKeHBI BBIPAXKEHUS JJIS ONPEACICHUS TOKOBOU H
yriaoBoil morpemHocteil TT mnpH HECHHYCOUAAIbHOM IEPBHUHOM TOKE,
KOTOpBIe 0€3 yueTa HECHMMETPHH TOKa UMEIOT BUJT

0.2251,7,1,,

V21,8, W, F,
. f‘, 0.225k, A rin+x*n*l,,

= 2,8, W F,

0.2251,7,1,,
20,8, Wy, F,

X.0.2251,k, +ryn+xn’l,,

= 2,8, W F,

re n — HOMEp TapMOHHKH, kj —KOI(QQUIMEHT n-0d rapMOHHUYECKOH
COCTaBIISIFOLIEN TOKA, OTH. €.

£ =100 sin(‘¥ + ) +

sin(*, +¢,)], €)

8 =100[ sin(‘¥ + ) +

+

sin(*t, +¢,)], (4)

Bepakenust (3-4) momydensl ucnonb3yst Gopmynsl (1-2) mpu ycioBuu
pa3JIoKeHUs JEWCTBYIOIIEr0 3HAUYEHNUs BTOPHMYHOTO TOKAa B TapMOHHYECKUH
psiz, IPUHSB YUCIO Haubosee 3HaYMMBbIX BBICHINX TapMOHUK 40

C Y4YC€TOM MU3MCHCHUA AKTUBHOIO W HWHAYKTHBHOI'O COHpOTI/IBJ'IeHI/Iﬁ
BTOpPI‘IHOﬁ LCIHA U1 BBICIIUX FAPMOHUK

_ 2 2 e, _ 2 2.2 o,
Zzn—w/r2n+x2ne =\ n+xyn e’

IJie T, — aKTUBHOE COIPOTUBJIEHUE BTOpUYHOM e TT Ha OCHOBHOM
YacTOTE, X; — UHAYKTUBHOE COMPOTHUBJIEHNE BTOpUYHOM 1ieriu TT Ha OCHOBHOM
4yacToTe, @, - (a3oBelii cABUT MexAy BropuuHoi D/IC M BTOPUYHBIM TOKOM

. X
TT n-oii rapmoHukH, @, = arctg—=-.
7.
2n
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Kak wmoxHO BUnmerp u3 BbpaxeHuid (3-4), TokoBas W yrioBas
norpemHocTd TT npu HECHHYCOMIAIbHOM CHUTHAJIE TOKa IPEICTABIISIFOT COOO0M
cymmy norpemtHoctei TT asist Kax a0l OTAeNbHON TapMOHUKH.

Hens craTbn. YCTaHOBUTH BIMSIHUE HECUHYCOUIAIBHOCTH CUTHAJIOB
TOKa Ha MOTPELIHOCTH N3MEPUTENBHBIX TPaHC(OPMATOPOB TOKA.

OcHoBHBIE MaTepHaJbl HccaeAoBannil. Kiaccuueckue BeIpaskeHUs JUIs
ompenenenust morpemHocteid TT (1-2) BbIBegeHB! B IPEIIONOKEHUH
CHUHYCOUIAJILHOCTH MEPBUYHOTrO TOKa JIt000# wactotsl (50, 100, 150,....I'm) u
CHUHYCOUJAJIBHOCTH TOKA HAMarHW4MBaHus. Pa3znoxkeHue HECHMHYCOUAAIbHOIO
MEPBUYHOI0 TOKA B TAPMOHUUYECKUH pAJ U HaxoxJeHue norpemHoctd TT, kak
cymmsbl norpemHoctedd TT m1s pa3sHbIX rapMOHHMK He OyJIeT COOTBETCTBOBATH
neictButenpHOW  morpemHoct  TT.  Tpancopmarop Toka — sBIsIeTCS
HEJIMHEMHBIM yCTPOMCTBOM U MO3TOMY MPHUHIUN CYNEPHO3ULMU IpU
pacCMOTpeHMH IIPOLECCOB B HEM MPHUMEHATh Henb3d.  CepleuHuk
TpaHcopmaropa HE MOXET OJHOBPEMEHHO HAaMarHWYMBaThCS TOKAMHU
pa3JIMYHOM YacTOTHI.

Kak wu3BecTHO, MOrpemHOCTE B HW3MEPHUTENLHOM TpaHcdopMmaTope

06YCJ'IOBJ'IeHa HaJIM4YUEM TOKa HaMarHu4ivBaHUS l'” . Ha ocnoBanuu TepBoro

3akoHa Kwupxropa u cxemsl 3amemenus 1T (puc.l) BblpaxeHune uIst
MTHOBEHHOT'O 3HAUEHHs! BTOPMYHOr0 TOKA I, 3alMIIETCs KakK

. .
iy=0 —1i,, )

L

H

./ o o o ./
rac ll -IIPpUBCACHHBIN KO BTOPUYHOU 00MOTKE NEPBUYIHBIN TOK TT, ll =
2u

(W,,, - unucino BuTKOB nepBuU4HOH 06MoTkH TT).

-/

&) Xs

Puc. 1 — Cxema 3amerienus TT

3HayeHWe TOKAa HaMarHM4YMBAaHMSA 3aBUCUT OT MHIYKTUBHOIO X, M
aKTUBHOIO 7, COMPOTHBIIEHNI BETBH HAMAarHUYMBAHMSA, & TaKKe OT BEIUYHUHBI
anekrpomBmkymier  cwibel  (DJIC) e, TpUKIamBIBaeMONH K BETBU
HamaranunBanus. DJIC e, paBHsCTCS MAJICHUIO HATIPSHKCHUS HA aKTUBHOM 7 U
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WHIyKTUBHOM X; COIIPOTHBIIEHHH BTOPHYHOM IETIH (COMPOTHUBIICHNE OOMOTKH

+conporusnenne Harpysku) TT oOT mnporekanms Toka  i,. 3HAYCHUS
COIPOTHBIIEHNA BETBM HAMATHWYMBAHHUS 3aBHCAT OT MApaMeTPOB ceMeiicTBa
meTens TUCTepe3uca, TpeicTaBisomux 3asucumocts B = f(H) (B -
WHIYKIUS B CepIeYHUKe, H — HalpsHKEHHOCTh MArHWTHOrO TONSL B

CepICYHHUKE) " SIBJISFOIIUXCSI OCHOBHBIMH XapaKTePUCTUKAMH
(eppOMarHUTHOrO MaTepuaia cepeieyHuKa (puc2).

Puc. 2— CemelicTBO meTens THCTEpE3ca

Bennuuna MHAYKINU B CepACUHUKE 3aBUCUT OT BeauuuHbl OJIC e; u
MIPU HEM3MEHHOCTH €€ aMIUTUTY/IBI IepEMarHuIuBaHue OyJIeT OCYIIECTBIIATHCS
mo oxHOMU nerie (puc.3).

Puc. 3 — Cs3b 3aBucumocreit B = f(f)u B = f(H)
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OTKyZ[a TOKa HaMarHn4iuBaHUs ONPEACIUTCS KaK

i, = . (6)

3aBucumocts B = f(H) uMeer HenuHEHHbIN XapaKTep, YTO MPHUBOIUT K

HEJIMHEMHOCTH TOKa HAMarHW4MBaHUS U JaXe TIpU CHHYCOUAAIbHOM
MIEPBUYHOM TOKE WHIYKIHUS B CEpACYHUKE OyAeT HECHHYCOMIAIBLHON W3-3a
HECUHYCOHIAJbHOCTH BTOPUYHOrO TOKa. Kak mNpaBHIO, YpOBEHb BBICIIMX
FapMOHUMK B CHIHaje TOKAa HAaMarHUYMBaHUs Mal M IO3TOMY €ro
HECHHYCOHM/IATBHOCTBIO MpeHeOperatoT. OTKy/a CYUTAIOT, YTO BTOPUYHBIA TOK
U, CIIefI0BAaTENbHO, WHAYKIUS B CEPACYHUKE CHHYCOHJIAJbHBI, YTO JAaeT
BO3MOXKHOCTb ~ HCIIONIB30BaTh  BhIpaxkeHus  (1-2) juig  ompexaeneHus
MIOTPENTHOCTEH N3MEPUTENIFHBIX TPaHC(OPMATOPOB TOKA.

[Tpn HecuHycOMIaNbHOM TEPBUYHOM TOKe cepaedyHuk TT Oymer Taxke
NepeMarHuuuBaTbCsl 10 OJHOMW TeTie rucrepesuca (P YCIOBUH
HEM3MEHHOCTH aMIUTUTYJbl TOKa OCHOBHOM 4YacTOTBI), a BOCXOAALIMH |
HUCXO/ISIINHI yIaCTKH KPUBOH METIIN OyIyT HECKOJIbKO UCKa)KEHBI BCIIEACTBUE
MIPUCYTCTBUS BBICIIMX TapMOHMK B CHTHajle Toke. B TakoMm ciydae Tok
HaMarHW4MBaHWs OyJeT HMMETh BBICIIME TapMOHHUKH, OOYCIIOBJIEHHBIE He
TOJIbKO  HEJIMHEMHOCTBIO  CEpAECYHMKA, HO U  HECHHYCOMJAIBHOCTHIO
MIEPBUYHOTO TOKA.

[Ipennonoxxum, 4To U3MEPSIEMBI NMEPBUYHBI TOK COJAEPXKHUT BBHICIINE
TapMOHHKH, OTKyZa 3alHIIeM B OOIIEM BHIE BBIPAXEHHE JJIsI BTOPUIHOTO
TOKa

40
, =15, s1nmt+2[
n=2
TZIE O, — YTOI COBUra MEXIy IEepPBOM M N-0d rapMOHHKAMU BTOPHYHOTO
TOKa.

OJ1C, npunokeHHas K KOHIIAM BETBU HaMarHUYUBAHUS
40
x,, di X, di
— ; 21 21 2 2
€, = (ryly + ) Z( Faplay +—" dtn ) ®)

sin(not+a,), @)

2nm

C y4ETOM TOTrO, YTO
— JOn — >
ZQn _ZZne _r2n+.]x2n
BEIpaxkeHue (8) B 00IIeM BHJIE TEPETUIIIEM
40
e, = Ey,, sin(ot + ¢,) + Y E,,, sin(not + o, +¢,) . 9)
n=2

. dB
Ha ocHoBanuu 3akoHa JJICKTPOMAroMTHOU MHAYKIIUU €, = —W Sd_
t

UHAYKOUSA B CEPACYHUKE OMNPCACTIUTCA U3 CICAYIOIIECTO BhIPAKCHU A
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B=—

S SIN(OF + @) + ZE2nm sin(not +a., +¢,)dt . (10)

n=2
Iocne Hpeo6pa3OBaHI/IH BeIpakeHust (10) B o01ieM BHIE TOITyIUM

40
B =B, sin(of +¢, +90%) + ZBnm sin(not + o, +¢, +90%). (11)

n=2

W3 Belpakennss (11) BUIHO, YTO HHIYKIUS B CEpACYHUKE OynmeT
HECUHYCOHIAJIbHOM, onepexas BTopuunyro IJC Ha 90°.

OueBUIHO, YTO HANPSHKEHHOCTh MArHUTHOTO IOl OyneT ¢yHKuuei
HECUHYCOHMJIAJbHOW, OOYCIIOBIICHHOM  HETMHEHHOCTBIO  CEpICYHHKA U
HECHHYCOM/IAIbHOCTBI0O MAarHWTHOI'O TIOTOKa. B CBOIO  ouepenp, TOK

HaMarHU4MBaHUs Tpancgopmaropa i P Oyner HUMETh TaKxke

HECHHYCOHMIAIBHBIN XapakTep U B 00IEM BUJIE BHIPA3UTCS
0 : 0 /
1 SIN(@? + @, +90 +‘I’)+Z[ sin(no? + ¢, +90° +\¥,)

n=2

plm

40
I o I
+Zlunm sin(not +a, +¢, +90° +¥,), (12)
rac N —uucno TapMOHUK, O6ch'IOBJ'IeHHBIX HEJTUHEHHOCTBIO CCpACUYHUKA,

) — (ba3OBBIﬁ CABUT' MCKIY MAarHUTHOH WHAYKOIUKU W TOKOM

HaMarHW4YMBaHUs (YroJ noTepb),

./ -/
lll , ly— COCTaBJIAIOIIME TOKa HaMarHu4ivBaHWUA, OGYCJIOBJ'IGHHBIG

HEJTMHEWHOCTHIO CepACUHUKAa W HCECUHYCOMOAJIBbHOCTBIO H3MEPACMOIO TOKa
COOTBETCTBCHHO.

BI)Ipa)KeHI/Ie Ui TIEPBUYHOI0 HM3MEPACMOIro TOKa B O6HleM BUIC
3alMIICTCA

1, sin(ot + 9, )+lenm sin(not+a,+9,) . (13)

W3 BeIpaxkenus (5) ¢ ydeTom (7,12,13) BHJHO, 9TO (ha30BBIA CIBUT
KaXXI0M TapMOHUKH MEPBHYHOTO TOKA IO OTHOIICHUIO K BTOPUYHOMY O,, a
TaK)Ke aMIUTHTY/IHAS TOTPENIHOCTh B YACTHOCTH OYAYT 3aBUCETH OT:

1) yrma @, 3aBHCANIETO OT XapaKTepa COMPOTUBIICHUS BTOPUYHON ISITH
TT;

2) ymia  TOTeph Y, 3aBUCAIICTO OT IOTEPh HA HAMarHUYWBaHUC
(HAKJIOH TIETJIN) ¥ THCTEpe3uC (IUIOMNIA b TIeTIIN).

BoiBoabl. Pa30BbIid CABUT MEX/Y MEPBUYHBIM U BTOPUYHBIM TOKOM TT
Oymer xapakTepeH Ui KaXKIOH TapMOHUKU CHUTHAJNA, IO3TOMY  MpH
HECUHYCOHIAJHbHOM TEPBUYHOM TOKE KOPPEKTHEH TOBOPUTH 00 YIIIOBOI
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norpemHoctd TT kakpoit rapmonuku. Cymma (a3oBBIX CABHIOB —KaXKAOH
TapMOHHMKM TIEPBHYHOTO M BTOPUYHOI'O TOKOB HE OyneT paBHa (a3oBOMY
C/IBUTY MEXJly STHMH CHT'HaJIaMH, KaK 3TO MOJy4eHO B BbIpaxkeHHH (4). CBsi3b
MeXIy (a3oBBIMH CABHTaMH TApPMOHUK IEPBHYHOTO U BTOPHYHOTO TOKOB C
(a30BBIM C/IBUTOM MEXKAY STHMH CHUTHaJaMH Oy/leT HaMHOTO CIIO)KHEE, Tak
Kak (a3oBbIil CIBUT CYMMBI IBYX CHHYCOMJAJIBHBIX CUTHAIIOB Pa3HON YaCTOTHI
He paBeH cyMMe (pa3oBBIX CIBUTOB 3TUX CHI'HAJIOB.

CymMMa TOKOBBIX IOIPEHIHOCTEM  KaXKIOM TapMOHUKHM CHTHaja
MIEpBUYHOTO TOKa HE OyJeT paBHa TOKOBOH IOTpEIIHOCTH TpaHcdopmaropa
TOKa IIPU HECHHYCOHJAIbHOM NEPBUYHOM TOKE, KaK 3TO IOIy4eHO B
BbIpakeHnH (3). BTopnuHbIi TOK MOXET coJiepKaTh FapMOHHMKH, KOTOPBIX HET
B IEpBUYHOM TOKE BCJIEACTBUE HEIMHEHHOCTH CEpPACYHHMKA, 4YTO
COOTBETCTBEHHO OTPA3UTCS HA €r0 JEHCTBYIOIIEM 3HAUEHUU.

W nakonen, BoipaxeHus (1) u (2) He MOryT OBITH PacIpOCTPaHEHHI Ha
BBIYHMCIIEHHE COOTBETCTBYIOIMX morpemtHocteil TT s BBICIIMX TapMOHHK
TOKa, TaK Kak TpaHc(opmarop INepeMarHUYMBAETCs TOJBKO MO OJHOW IeTiie
THCTEpe3nca, 00yCIOBICHHONH OCHOBHOW rapMOHHMKOM CHrHajia (MpH YCJIOBUH
HEM3MEHHOCTH €€ aMIUIUTY/bI). OTU BBIPAXEHUs OYyAyT CHpaBeUIUBBI IS
BBICHINX T'APMOHHUK TOJIBKO B Cllydyae, Korzia TpaHcopMaTop HaMarHHIUBaeTCst
CHHYCOMJAJIbHBIM TOKOM OJIHOM (JT11000i#1) yacToTsl. [TonTBep kaeHneM JaHHOTO
YTBEpPXKJCHUS SBISIOTCA MPOBEACHHBIE AKCIEPUMEHTAIBHBIE UCCIEI0BAHNU,
MIpUBEJICHHBIC B pabote [3].

Ilonyyenune BbIpaxeHuil nias ompeneneHus norpemHocred TT mnpu
HECHHYCOMIAIBHBIX BXOJHBIX CHUTHajax TpeOyeT co3/laHHe MaTeMaTHYecKOH
MoJieH (PeppOMArHUTHOTO MaTepHuaja cepieuHUKa MPU TaKUX YCIOBHUSX.

Cnucoxk Jaureparypbl. 1. Tpanchopmaropsl Toka / mon pea. B.B.A¢ganacvesa. — JL
Oneproatomusaar, 1989. 2. Casuna H.B. BiusiHue kauecTBa 3JIEKTPO3HEPIUU Ha MOTPEIIHOCTh
N3MEpPHTENBHBIX TpaHchOpMaTOpoB Toka W Hanpskenus / H.B. Casuna, M.A. Cyxomecos
/| OnextpuuectBo. — Nell. — 2008. — C.6-11. 3. Cataliotti A. A novel approach to current
transformer characterization in the presence of harmonic distortion / 4. Cataliotti, D. Cara, A.
Emanuel, S. Nuccio // IEEE Transactions on Instrumentation and measurement. — No.5. — Vol.58.
—2009. — P.1446-1450.

THocmynuna 6 peoxoanecuio 30.09.2011.
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YIK 621.3

10.A. CHPOTHH, xauj. TexH. Hayk, jo1l., HTY «XITN»

AHAJIN3 SHEPTETUYECKHUX ITPOLHECCOB
B TPEXITPOBO/IHOU CXEME

JUIsL  TpUIPOBITHOIO  CXEMH  3alpONOHOBAHMI  METOJ  OPTOTOHAJBHOIO  PO3KJIAJaHHS
CHHYCOIaIbHOIO CTPyMY Ha CHEPreTHYHI KOMIIOHEHTH,IKU IIOB'S3aHi 3 aKTUBHOIO, PEaKTUBHOI 1
po36aTaHCOBaHOIO MOTYXHicTIO. HaBeneHi MpUKIIaay MOKa3yloTh, 0 HABITh NP CHMETPHIHOMY
Hamnpy3i MOHATTS 30aJIAHCOBAHOrO i CHMETPHYHOrO HaBaHTaXKEHHS He TOTOXHI. Lle minTBepkye
HOro WiHHICTH UL aHANi3y CXeM I CHHTe3y KOMIICHCATOpiB 3 HEOOXITHUMHU EHepreTHIHHMH
BJIACTHBOCTSIMU

I[J'IS[ TpeXHpOBOI{HOﬁ CXEMBI MPEMJIOKEH METOA OPTOrOHAJIBHOI'O PA3JIOKEHHUSA CHUHYCOUIAJIBHOTO
TOKa Ha DJOHEPreéTUYCCKUE KOMIIOHEHTBI, KOTOPBIE€ CBsA3aHbI C aKTHBHOﬁ, peaKTI/IBHOfl u
pa363HaHCI/Ip0BaHHOﬁ MOITHOCTBIO. HpI/IBeI[eHHLIe MIPUMEPBI TIOKA3bIBAKOT, YTO [Jaxe IIpUu
CUMMETPUIHOM HANPSHKEHUU TOHATHUE CGaHaHCHpOBaHHOﬁ u CPIMMeTpPI‘{HOP’I Harpy3ku HE
TOXJICCTBCHHBI. 2710 TIOATBEPXKAACT €r0 HEHHOCTh JJI aHajlu3a CXEM U CUHTE3a KOMIICHCATOPOB C
HeOﬁXOI[I/IMBIMI/I OHEPreTHICCKUMHU CBOMCTBaMU.

For three-wire circuits proposed the method of orthogonal decomposition of current on the energy
component associated with the active, reactive and unbalanced power. Given examples show that
even under a symmetrical voltage notion of balance and symmetrical load is not identical. This
confirms its usefulness for circuit analysis and synthesis of compensators with the required energy
properties

MrHoBeHHass MomHOCcTh (MM), mocraBiseMoil PHEpPrMM B Harpysky,
MOAKIIIOYEHHYIO IO TPEXIPOBOMHON cxeMe (TPEeXNpOBOJHYIO HArpy3Kky), He
3aBHCHT OT BBIOOpA TOYKU OTcUeTa (ha3HBIX HANpsHKEHWH (MHBapUaHTHA). DTO
TMI03BOJISIET BBIOPATh TOUKY OTCUeTa (MCKYCCTBEHHYIO TOUKY 3a3emienus [1,2])
TaK, 4ToObl Tpex(azHOE HANpPsDKEHHE HE COAEPIKANO ITOCIEe0BATEILHOCTH
HYJIEBOW COCTaBISIONIEH (Hampumep, LEHTP CHUMMETPUYHOH  3BE3Ipl,
napajyiebHO — TMOJKIIOYEHHOM K  paccMarpuBaeMoil  Harpyske). [lpu
CHHYCOMJAJIbHBIX TOKaX M HANpPSHKEHUSX BCE HSHEPreTHYECKHE MPOIECCH
TIOJTHOCTBIO OIPEZEIeHBl BEKTOPAMU KOMILIEKCHBIX JIEHCTBYIOMINX BETHMYHH
(0.6.) Tpex(a3zHOro MTHOBEHHOTO TOKAa W HAIpPsDKEHUs. Tak Kak 3TH TOKU U
HaNpsDKEHUS HE COjepXKaT HYJEBOW COCTaBISIONICH, TO HMX  BEKTOpa
KOMIUIEKCHBIX 0.6 COIEepXarcs B OJHOM M TOM K€ JBYMEPHOM
noanpoctpaHctee [3]. DTO MO3BOJMSIET JUIsl OMUCAHUSI JHEPIETUUECKUX
MIPOLIECCOB MPHUMEHHUTh T'€OMETPHUYECKHUE MOHSTHS BEKTOPHBIX IPOCTPAHCTB
(ckaisipHOE M BEKTOPHOE IPOM3BECHNE, KOJUTMHEAPHOCTb, IIPOEKIMIO OHOTO
BEKTOpa Ha APYroi BeKTOp, MoHsTHE 0asuca u T.1.) [4].

B crarbe BBINONHEH MaTeMaTHYECKUH aHATN3 YHEPTETHUECKHX TPOIIECCOB
B MeCT€ TOJAKIIOUEHHs] TPEXMPOBOMHONW JIMHEHHONW HArpy3KM K CETH C
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HECUMMETPUYHBIM CHHYCOUJAIbHBIM HampsbkeHueM. IlokazaHo kak W3
MOJHOrO  Tpex(a3HOro TOKa BBHIAEIUTh OPTOTOHAIBHBIE —Tpex(a3Hble
KOMIIOHEHTHl TOKa, HMEIOIIUe OJTHO3HAYHBII HHEPreTUUECKUIl CMBICH
(cBSI3aHHBINA C aKTUBHOM, PEaKTHBHON M HecOaJlaHCUPOBAHHOM MOIIHOCTHIO) U
MOJYYUTh YpaBHEHHWE MOIIHOCTH. AHanu3 BBIIONHEH B (a3HbIX U
CUMMETPUYHBIX KoopauHaTtax. CHMMETpUYHBIE KOOPIMHATHI BBOISATCA C
MIOMOIIBI0  OPTOTOHAIBHOrO 0a3uca, YTO TO3BOJISET MOJYYUTH MATPHIIBI
MoudunpoBaHHoro mnpeodpasoBanus Poprexceto [3]. Taxkme wmarpuip
COXPaHSIOT CKaJsIpHOE IPOM3BEJNCHUE (JJIMHBI M YIJIBI), BCE MOIIHOCTH
WHBApHAHTHBI ~ OTHOCHTENIFHO Takux npeoOpasoBaHuid. [lomydeHHbIe
COOTHOIIEHUS] KOHKPETU3MPOBAaHBl Ui HAarpy3kd TUIA TPEYTrOJbHUK.
IIpuBeneHs! mpuMepsl

Snepzemuueckue npoyeccovl 6 mpéxnpoeoonom cewenuu <a,b,c>.B
TOYKE IMOJAKIIOYCHUS 3-TIPOBOJHOM HATPY3KH K PACIPEICITUTEIFHON CEeTH C
HECHMMETPUYHBIM HAMIPSDKEHUEM B TPEXTPOBOJHOM CeUeHUH < a,b,c >

JInneitnas
HecrvMeTpHUHaS
Harpy3Ka

CETb \
HECHMMETPHUIHOE
CHHYCOHJATEHOE
HaIpsKeHne /

<
AR N E
~
L —

-]~

=== .

Hexycemeennan
MOYKA 3U3EMICHUR

Puc. 1 — TpexdazHast TpexmnpoBogHasi CHCTeMa

C CHHYCOWJAJIbHBIMH IPOLCCCaMU, MTIHOBCHHBLIC 3HAYCHHA HANIPSKCHUA U
TOKa

u(1)=(u,(0),u,(t),u, (1) = 2Re[Ue™™], O
l(t) = (lu (t)) ih (t), l'(‘ (l‘))T — x/iﬂ“{e[le’f”’] (2)

OJIHO3HAYHO OMpPECNICHbI TPEXMEPHBIMU KOMNIEeKCHbIMU BekTOpamH (3D-
KOMILIEKCAMHU):

v=[0,.0,.0,] =[U,e".Ue". Ue"] (3.a)
1 =[i,1.1] =[1,e". 1,¢" 1] (3.6)
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— KOMNIEKCHbIMY IEWCTBYIOIMMH BEJTMYMHAMH (O.8.) HANIPSDKEHUS U TOKa
(pazopamn).

\/5 0 — jot \/5 T . — jot
U=7£u(r)e1 dt, 1=7£1(r)e1 dt, (4)

rae T — 3Hak TpaHcnioHupoBanus, 1 — nepuon (Tw=27 ).

Jis TpexXnpoBOJHOW JHMHEWHOW Harpy3kh JIMHEHHbIE TOKU (2) He
CoZlepKaT COCTABJIAIOIIYI0 HYJIEBOM IIOCIEN0BAaTENbHOCTU (TEpBBI 3aKoH
Kupxrota) u, cremoBarenbHO, BEKTOp JIMHEWHBIX TOKOB (3.0) opToronaieH

opry e, = (1,1,1)/ NE] HYJIEBOH MOCIEN0BATENbHOCTH

1
NE]

Bexkrop (ha3HbIX HanpsHKeHUH, M3MEPEHHBIH OTHOCUTEIHHO
HCKYCCTBEHHOW TOukH 3a3emiienust (Puc.2), Taxke opToroHaieH opTy
HYJEBOU MOCIIEI0BATEIHOCTH

(Le)=1"e,=—=(I,+1,+1)=0.

€

V3

(U,e)=U'e,=—=(U, +U,+U,)=0.

Takum oOpa3om, u Bektop (3.a) u BekTop (3.0) MpuHAIISKAT TBYMEPHOMY
MOAMPOCTPAHCTBY 3D-KOMILIIEKCOB

{F:(Fe)=F"¢=0}, ©)

KOTOpOE OPTOrOHANBLHO OPTy HyJeBoil mocinenoBatenshoctn (F'e,=0), a
CaMH TPOLECCHI IBYMEPHEIL.

. o

Ecmn  Bexktop  Hampsoxkennit U, =(U,,,U,,U, ) , u3Mepsercs

a ®
OTHOCHTEJIBHO NPOU3BOJIBHON TOUKHM () TO M3 HETO «HUCKIIOUAETCS» HyIeBas
MOCJIE0BATENBHOCTD C TOMOILBIO POLETYPhl IPUBEIEHUS

U=U,-Ue,. (6)

31ech UO =U,,e,)) = (an +U0h +U0L,)/\/§ - TIPOCKIMs BEKTOpa U0 Ha

opT e, .
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Menogennan u Komniaekcnan mowinocms. Cpennsisi (aKTHBHAs)) MOITHOCTh
3a WHTepBaJ Habmronenus (7,7 + 7]

T+T +T

P:% j p(l)dlz% j u(t) i(t)dt 7

orpe/ie/ieHa MTHOBEHHON MOUTHOCTBIO
p(6)=u(0)"it) = u, ()i, (t) +u, ()i, (1) +u, ()i () . (®)

B CUHYCOMUJAJIbHOM PCKUME AaKTUBHYIO MOIIHOCTH (8) MOXXHO BBIYUCIIUTH

Kak peanbHyro 4yacth P =ReS xommekcHoi momrHocty (KM)

S=U'r=U0,1+U,I,+UI,

S=P+j0. )

3I[eCI> 3HaK * - ornepanusa KOMIUICKCHOI'O COIPSPKCHUA .
KBaz[paTypHHe COCTaBJISIFOIIUE KOMIIJICKCHOM MOIITHOCTHU

S=P+jO=5+S,+8S,
3aJlaHbl MOIIHOCTAMU (a3

P=%ReS=P. +P,+P , Q0=3mS=0,+0,+0. (10)
B xommnekcHOM npoctpancTBe 3D-KOMIUIEKCOB ONPEENIEHO CTaHIapTHOE
KOMILTEKCHOE cKanspHoe npomsBeneHue [4] 1 KM (9) paBHa KOMIUIEKCHOMY

CKaJSIPHOMY MIPOU3BEACHUIO BEKTOPOB HAMpPSKEHUS U TOKA
S=U'Ir=U.,I), S =1'U"=(1,U). (11)
Coanancupoeannaa Komnonenma moka. JleicTByIOUIME BEIWYUHBI 3-

(ha3HBIX CHHYCOWJANBHBIX TOKOB M HampspkeHuil (1-2) paBHel Hopmam 3D-
KOMILJIEKCOB TOKAa U HATIPSDKEHUS

lil=1=1T|=\I1,F +11,F +|F, (12.a)

lu|=U=|U|=\|U, F +U0,F +|U,} (12.6)

B TpéxnpoBogHOM cedeHUU < a,b,c > MeXAy IOJHOM MOIIHOCTBIO IO
Byxroneuy [5]
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S,=\U|-|[1|=U-1 (13)
U TEOMETPUIECKON MOIITHOCTBIO [6,7]
S, =|(U,I)|=|8,+S,+8S. | (14)
cnpaBeuBo HepaBeHCTBO (Komwm—I1IBapria)
U I|=|1"U"|, S, 28;. (15)

PagenctBo B (15) mocturaercs Toraa M TONBKO TOT/Ia KOT{a BEKTOp TOKA U
HanpspKeHUs (Komniexcro) koanuneaprol (I ||U )

. I, 1, I
|U|I|=1'U"| = L=t = (16)
Uu b U(‘
IMpn BomonHenuu (16) OynmeM TOBOPHUTH, 4TO TOK  (KOMNIEKCHO)

cbanancuposan ¢ HanpshkeHueM. Ecin Tok we céanancuposan ¢ HanpsbKEHHEM,
TO MPOEKI[MS BEKTOPA TOKA HA BEKTOP HAMPSKEHUS, OMPEAEsIeT KOMIIOHEHTY
ToKka I, , He COBIIAJAIONIYIO C IOJIHBIM TOKOM

;oAU S

= U=YuU, I 1. 17
b |U|2 |U|2 b b ( )

Komnonenra Bexropa Toka (17) kommuneapHa Hampsbkeruto (1, ||U) u

onpezensier Tpexdasublii ToK i, (1) = 2Re[1,e’"]- mox 6ananca ¢ Taxoi xe

(dopmoii kpuBoii kak y Hanpspkenus (1). KommekcHoe uncio

; . P

Yh:Gh+]Bh:?_]% (18)
OTIPENICIISCT IKEUBANCHMHYIO NPOBOOUMOCH TOKA DallaHca.

Tok bananca [2,5] uMmeeT OJHO3HAYHBIA YHEPreTHUECKHNA CMBICIT: «[Ipu
3a0anHOM HANpAdCeHUU MOK DANAHCa onpeodeiem mokK, KOmopbli, cpeou écex
MOK08, KOMOopvle MO2Ym NOCMAGIAMbG 8 HASPY3KY IHEp2Ul0 ¢  MaKou dice
KOMNIEKCHOU MOWHOCMbIO, YMO U NOJHBIL MOK, UMeen MUHUMATBHYIO 0.6.»

U,1,)=U,D=S5; [, [<|1].
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TouHee, TaKyio e aKTHBHYIO MOIIHOCT: P = Re[S] mpu 3a1aHHOM (a3zoBom
C/IBHTE MEX/Iy TOKOM U HalpspKeHHeM, paBHoM arctg(B, /G,) =—arctg(Q/P) .

Jst 1000t TpexdasHOW HATPY3KH B CeUCHUM < a,b,c>  CIPaBEIUIHBO
OPTOTOHAJILHOE Pa3JIoKEHUE

I=1,+(I-1,)=1,+1, , 1,11, (19)
—_——

T,

u

Komnonenra Bekropa Toka I, =I1—1I, onpenenser OpPTOrOHaIbHOE
pononHenue (I, L U). Tok 3Toil KOMIOHEHTBl OylIeM Has3blBaTb MOKOM

Hebananca. MOXHO 110Ka3aTh, 4TO JUI BEKTOpA moKa Hebaianca CIpaBeanBo
BhIpaxkeHue [4]

(UxIxU"
[ =1-1=—-"2"2_ 20
u b | U |2 ( )
BeKTopHoe MPOU3BCACHUC KOMIIJICKCHBIX BEKTOPOB
UXI:[Uhi(’_Uc[.h’ cha _Ua].c’ (jaj/;_th].aJ—r (21)

BBIUMCIIAETCA MOJOOHO BEKTOPHOMY IIPOU3BENECHHIO OOBIYHBIX TPEXMEPHBIX
BEKTOPOB C BEIIECTBEHHBLIMM KOOpAMHATaMM. Brlpaxenue (21) ompenenser
BekTOp MouHocTH Hebamanca D=UxI [4]; 3nece U =(U.,U;,U’)' -
KOMILIEKCHO-CONPSKEHHBIN BEKTOP HAIIPSKECHHUIA.

TakuMm  00pa3oM, yCIOBHS: pPaBEHCTBO HYJII0 TOKa HebaaHca,
KOJLUTHHEAPHOCTH BEKTOPOB TOKA U HAIPSKEHHS U COBNafeHne (pOPMBI KPHBBIX
TOKA M HAIPSKEHHUS SKBHBAJIECHTHEI

I,=0 & I|Us I=YU. (22)

Ipu BbimonHenun (22) OyJAeM TOBOPHUTb, UTO HAZPY3KA KOMNLEKCHO
coanancuposana. Ecnu mpoBomuMmocTh Toka Oananca (18) umcro axTuBHAas
Y, =G, (uucto peaktuHas Y, = jB, ), To GyieM TrOBOPHTb, 4TO Harpyska
akmueHo (peakxmueHo ) COANAHCUPOBAHA

Ilpu »>TOM, aKTHBHO—COAaTaHCUPOBAHHAS Harpyska (gaxe TpH
CHMMETPUYHOM HAMPSDKEHUH) MOXKET OBITh HE TONBKO HECHMMETPUYHOM, HO U
COZIepKaTh PEaKTHBHBIC AJIEMEHTHI (Kak B cxeme cummerpusanun LTeitHuTia
[8], cm. Taxxe npumep 2).

Ypaeuenue MouiHocmu.
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Tak xak I, L I, To, 174 BBE/IEHHBIX TOKOB, CrpaBeKBa TeopeMa Iudaropa
2 2 2 2 2 2
[, |+ 1, "= 1", I+ =1 (23)

YmHokenne (23) Ha KBajgpaT 0.6. HANpPSDKEHUS IMPUBOJUT K YPaBHEHHIO
MOIIHOCTH

2 2 2
S, =8;+D,, (24)
e
Ss=|1,|-|U|=1,-U- panee onpeiencHHas TI€OMETPHUYECKAs MOLIHOCTb,
00ycITOBIIEHHas! TOKOM OajiaHca,
D, =|1,1-lU|=1,-U - MOILHOCTb HeOanaHca (ompenenena KaK

MIPOU3BEICHUE O.6. HATIPSHKCHUS U 0.6. TOKA HebaaHca).
ITpoBoxuMocTh Toka Oananca (18) ompemenser pas3aoKkeHne BEKTOpa TOKa
Gaanca

1,=1,+1 =GU+ jBU (25)

Ha IBC KOMIIOHCHTBI: BEKTOP dKMuU6HO20 MOKAd U BEKTOP peakmueHo2o moka.

P %
I =GU=——-U, I, =BU=—=U. 26
a b |U|2 b |U|2 ( )

HMmeeM BbIpaKeHUS! JUIS BBIYUCICHUS MOIIHOCTEH COOTBETCTBYIOIIMUX
0.6. JHEPreTUYECKHUX KOMIIOHEHT TOKa (aKTUBHOTO, PEAaKTHBHOIO U
HecOaIaHCHPOBAHHOTO)

P=U-1,,  Q=sign(Q)-U-l,, D,=U-I, 27)
31ech
on(x) = 1, x>0
sign(x) = L ox<0

- byHKIMA 3HAKA.
[MosToMy ypaBHEeHUs s TOKOB (26) u momrHocTei (10)

r=r+1r o Se=P+0’ (28)

PaBHOCHIIBHBEI.
IMoncranoBka (28) B (24) maer ypaBHEHHE MOLIHOCTH (KBaIpaTHYHOE
pasiioxkeHue MOIHOH MOIIHOCTH)
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S;=P'+Q*+D; (29)
Koaddumuent momHOCTH

P? I?
YR e e R 30
SR SR S (30)

PpaBCH CIMHUIIC TOJIBKO, €CJIN IOJIHBIM TOK PaBC€H aKTUBHOMY TOKY. HpI/I 9TOM
Harpyska CcO CTOPOHbI HMCTOYHHMKA «BHIAHA» KaK YHUCTO AaKTHUBHAsA U
CUMMCTpUYHAA (I[OHOJ'IHI/ITGJ'H)HI)IG norepu OTcyTCTByIOT).

bazuc cummempuunvix koopounam

Jnst  TpexnmpoBOIHON  Harpys3ku pou3BOJbHBIA  3D-kommiekce F
XapaKTepU3yIOMINH YHEPreTHUecKhe Ipolecchl B Hel (B YacTHOCTH BEKTOP
HaNpsDKEHUH M BEKTOP IOJIHOTO TOKa M BEKTOpa BBEJICHHBIX TOKOB OajaHca
(17) wn nebananca (20), akTUBHOrO ¥ peakTUBHOro (26) TOKa), OPTOrOHAJICH
opTy HYJEBOM IOCIEAOBATENbHOCTH, U TPHHAUIEKHUT JIBYMEPHOMY

noanpoctpanctBy  (5). CoorBeTcTByOMIMI SHEpPreTUYecKUid  Iporecc
f(= x/fiRe[Fe”'“”] HE COJICP)KUT HYJIEBOH IMOCIEI0BATEILHOCTH (IBYMEPEH).

Ecmu 3D-koMIuieke YAOBJIETBOPSET YCIOBHIO (5), TO OH OXHO3HAYHO

packiajabiBaeTcs o opTam [3]

1 1
a’ |, e,=—| a (31

j2n/3

MIPSIMOM U 0OpATHOM MOCenoBaTeIbHOCTH (& = e ). Ipu sToM

l+a+a =0, o’=a’, aa =1 (32)

CripaBeaiBa UMILTAKALHS
(Fe,)=F'e,=0 =  F=Fe,+Fpe,. (33)
Tax xax optbl (31) 00pa3yroT OpTOHOPMHUPOBAHHBIH Oa3uc
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(ene)=e/(e,) =1 =" (34)
2€,) = em = s
! ! 0, /[#m
TO
F, =(Fe)=F'e, , (k=1,2). (35)

Mampuuyst npeoodpazoseanuit  mexncoy (azHvimMu u CUMMEmMPUUHLIMU
Koopounamamu
3D—BeKTOp HANPSHKCHUS ¥ TOKA B CUIMMETPHYHBIX KOOPMHATAX

I=1,+1,=1e,+le,, U=U,+U,=Ue,+U,e, (36)

3aIuIleM B BEKTOPHO-MATPUYHOH (opMme

I=[e, ez]{[{l} , U=e, ez]{gl} , (37)

rae
. 11
[e,e,]=—F|a" a |=F (38)
3 *
V3 aa
- ycedueHHas Matpuma [9] MOTU(DHUIIMPOBAHHON  MaTPHIIBI
npeodOpazoBanus ®oprekchio [10]
| 111
F=le,e,e,]=—|1a" a|. (39)
3 *
\/_ laa

O003HAaYMM BEKTOpP KOOPAUHAT MPSMON U 00pAaTHOU MOCIEIOBATEIBHOCTH

TOKa U HaHpH)KeHI/Iﬁ

i=[i. ,]. ©=[U. U]. (40)



Torna B KOMITaKTHOM BHJIE BBIpaskeHus (36) 3amumIyTcst Kak
I=FI, U=%0. (41)

apMI/ITOBO-COHpH)KeHHaH Martpuia

T %

111 o «
FH—(F"Y = € |__ 42
0 (0) e;r \/31 a* a ( )

ompenensier obpatHoe mpeoOpa3oBaHne U3 (Ha30BBIX KOOPAWHAT B
CUMMETPHYHbIE KOOPAMHATHI

I=F"I, U=F"U (43)

3nak H oO03HA4aeT MOCIHEe0BATENILHOE BBHINOJIHEHHE OMNepanui * -
KOMILIEKCHOT'O COMPSKEHHS U | -TPaHCIIOHUPOBAHHUS (B JTI000M TOPSIIKE)

Tak xak 6asuc (31) opronopmupoBan (33), TO MPOU3BEIACHUE MATPHUIL
(37) u (41) naer eAMHUYHYIO MaTPUILy 2-MIOPSAKA.

T T T 1 0
]':)H'}:): ¢ '[elez]: 20 ©e > (44)

T T
e, e e, ee, 0 1

Martpuna (39) oproroHampHas M TOITOMY COXPaHSET CKAJPHOE
MPOU3BEJICHHE BEKTOPOB W HUX KOJUIMHEapHOCTh. [loaToMy, TOk Oanmanca
WHBapHUAHTCH OTHOCUTEIHHO TipeoOpaszoBanmii (38) u (42).

e
I,=%"1,=Y,7,’U=YU

OTMmeru™M, 4TO  €COM  HAaNpsDKEHHEe  CHUMMETPUYHO  (IIpsAMOid
nocnefoBarensHocty U =U,=U,e,), To TOk OanaHca COBIAJaeT C TOKOM

HpHMOfI IOoCI€A0BATCIBHOCTH, a4 TOK HebaJlaHCa COBIAJAET C TOKOM O6paTHOI71
IOCJICAOBATCIIBHOCTHU

U=Ue, = I,=I=1Ie, I,=1,=le,.

Tak xak mpu stom I, =(Rel,)-e,, I, =(3Iml ) e,, TO TONOTHUTENBHO K

BBEICHHOW paHee MPOBOJMMOCTH TOKAa OallaHCa MOXHO BBECTH WU
MPOBOJMMOCTh TOKa HeOajaHca, KOTOpPhIE MPU CUMMETPUYHOM HAIPSIKEHUH
COBIMAIAI0 C MIPOBOJTUMOCTSIMH MPSIMOW 1 OOPATHOW MOCIIENOBATENBHOCTH

Yh:il/Ula Yu:jz/Ul' (45)
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HpI/I HECUMMETPUIHOM HAIPSAKEHUHU 5TO HE BEPHO.

Suepzemuueckue npoyeccol 6 )\ -HazpysKe
[IpuMeHuM mMoIydeHHBIE PE3yNbTaThl AJS HArpy3Kd TUIA TPEYTOJIBHUK

( A -Harpysku, Puc.1).

CETb
HecummeTpUiHOE
CuHyconaanbHoe
HarpsieHne

Hexycemsennan
mouxa
saemrenun

Puc.2 — Tpexdaznas cucrema ¢ A - Harpy3Koi

Jnst BeKTOpOB ~ Mex(ha3HBIX TOKOB U HAMPSHKEHUI A - HATPY3KH
. S
I, =y 1. 1,), U=0,U,.U,) (46)
CNPABEIMBO BEKTOPHO-MATPUYHOE COOTHOIICHUE
1,=)U,, 47)
— 0000menHbIli 3akoHa Oma 1 Mex(a3HbIX KOOpAWHAT. 371eCh
Y, = diagl¥ 5, Y0, Yo, } (48)
JIMaroHaibHAsI MaTpHIa MeXK(a3HBIX TPOBOAUMOCTEN.
Jnsi BHIOpaHHBIX HAMpPABICHUA TOKOB MEXIy TOKAMH B IJIHHUAX U

Mex(pazoBeMu TokamH (Prc.2) B y3/max MOAKITIOUEHHST HArPY3KH CIIPABEIIHBEI
COOTHOIIIEHUS

jA = iah - icu
Iy=1,-1, . I=MI,, (49)
jC = i(‘a - ihc

IJle MaTpHUIa MHIUJCHTHOCTH A Harpy3Kd (CBsi3U MeX(]a3HbBIX BETBEH B y3JIbI)
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1 1 0
M=l0 -1 1 (50)
-1 0 -1

olpeiesieHa JuIsl BRIOpaHHBIX HANpaBJICHUH BETBEH (TOKOB).
W3 Broporo 3akoHa Kupxroda cmenyer, uro mexdasHele U (asHbBIMU
BEJIMYMHBI HAIPSDKEHUS CBS3aHBI COOTHOILICHUS

Jw=U,=U,
S oo
.U

b

be b U, =MU (51)

(S

U
U

a
c
ca a

rae M’ — MaTpuua, TpaHCIOHUPOBAHHAS K M .
JInst BEKTOPOB  JIMHEHHBIX TOKOB (3.a) W y370BBIX HampspkeHuit (3.0)
crpaBeIMB 00001eHHbIH 3akoH OMa

I=)U (52)

Martpuiia y310BbIX IPOBOAUMOCTEN A - HArpy3Ku

YAB + YGA _YAB _Y(YA
, V= _YAB YAB + YCB _Y(YB (53)
_YCA _YCB YnA + Y(YB

BBIYHCIIAETCS TIPSAMBIM TIEPEMHOKEHHEM 3a/Iat0IuX ee Marpun, Y= MY M" .

Ob00wennvtii 3axon Oma 6 cuMMEmMPUUHBIX KOOPOUHAMAX.
IoncranoBka (40) B 3akon Oma jyis A Harpysku (52) naet

FI=YRU. (54)

YMuoxum Beipaxkenne (55) cnepana £, . U3z (44) cnenyer
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I=F"YFRU, I1=).U. (55)
y

Haiinem xoa¢d¢umnmeHTsl MaTpumbl (BTOPOro TMOpSAKA)  Y3JIOBBIX

HpOBOI[PIMOCTeﬁ B CUMMCTPUYHBIX KOOPJUHATAX

5){?1 ?2}:{8{]31{@ ez]{e’iye’ egye’] (56)
Y, Y, e, e, Ve, e Ve,
U3 BEKTOPHO-MATPHYHBIX COOTHOIIEHHU
Me, =Be™ e,  Me, =3¢ e,. (57)
creayer
’ :{ 3e; e, e‘»”””kj%%} (58)
e3¢ e, 3e, d)e,
OKOHYATENBLHO YIS DJIEMEHTOB MATpULIbI (57) UMeeM
Y, =Y, =Y, +Y,. +Y, (59.2)
Y, — eV, Y, e, (59.6)
Y,=e Y, ~Y, +e"Y,, . (59.8)

Takum obpa3om, IpU  HecumMMmempuyHOM HANPSHKEHUN JIMHEWHBIE TOKU U
(a3zoBbic (Y3J7I0BBIC) HANPSHKCHUS B CUMMETPHUYHBIX KOOPJUHATAX CBS3aHBI
BEKTOPHO-MaTPUYHBIM COOTHOIIIEHUEM

i_j}ﬁ 1| Y:I Y:z Ul (60)
L o]

Ecmu HaIIpS’)KCHUE cummempuiHo, TO

1.1:Y11U1 > jzzylel' (61)

Tem caMbpIM, TpH CHMMETPUYHOM HANpPSHKCHUH BBEJCHHBIC paHee
npoBoauMocTu (45) Toka OanaHca W HebalaHca MOXKHO BBIYHCIIUTH 4Yepes3
MeX(a3HbIe MPOBOAUMOCTH
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Y, =Y, =Y, +Y, +Y., (61.a)
Y, =Y, =e’P¥, +a¥, . +a'Y.,) (62.6)
KOS(l)(l)I/IHI/IeHT MOIIHOCTH MTPU CUMMETPUYIHOM HAIIPSKCHUUN BBIYHUCIIACTCA
qepe3 3TU IPOBOAUMOCTH
2 1, (Re Yh )’

= = 63
Pl ©

Ilpumepui. Bce mpumepsl cOaTaHCHPOBAHHBIX HArpy30K pPacCMOTPEHBI
JUISL CUMMEMPUYHO20 HATIPSKEHHUS.

Tlpumep 1. Cummempuzamop-xomnencamop  Steinmetz [8].
Cxema IllTeiHUTIA CUMMETPHU3YeT OJHOIUIEYEBYIO HArpy3Ky C aKTHBHOMN
nposoaumocteio G, IyreM J00aBleHUs B [Ba OCTAIBHBIX IUIeYa

WHAYKTUBHOCTHU U €EMKOCTH, TaK YTO A - Harpyska, onpeacjicHa Me)K(l)a3HI)IMI/I
MMPOBOAUMOCTAMU

V=G, Y.BC:jGAB/\/g’ Y.CA:_jGAB/\/g'

A >
G5 L B, =-— G
CA \/3
[B
B I,
G _L
BB( = AB
V3
I BC
I,
C .

Puc.3 — Cxema cummerpuszanuu llteitauTna

ITpoBoauMocCTs TOKa OajlaHCa YUCTO aKTUBHAs M COBIAJAaeT C aKTUBHOU
IpOBOAMMOCTBIO Iuleua AB. Y, = G,, . IIpoBoauMocTs Toka HebalaHca paBHA
HyIo, Tak Kak Y, +aY, . +a Y, = G {1+ jla-«a )/\B} =0.

Harpyska cxemsl LlITeiiHuTIA aKTHBHO cOalaHCHPOBAHA.

Ilpumep 2. Peanvno coanancuposanuas Hazpy3Ka.
A —narpyska (Puc.4.) 3ajana Mex(a3HbIMHU TPOBOIUMOCTIMH

;oo -3’y 30y
Yp=e'7 Y, =e7" , Y, =0.
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BAB :75
B GAB:£
™) — ] 2
v [
BBC:E T[ 3
C —Gsc:T

Puc.4 — PeanpHO-cOalaHCHpOBaHHAS HAarpy3Ka

IlpoBonumocTs  Toka OanaHca 4uMcTO aKkThBHas Y, =Y, +Y, +Y.,

=2¢0s30° = 1. [IpoBoAUMOCTH TOKa HeOaaHca paBHa HYJIIO

Y,=eY,, ~Y, +eY, =0.

Taxxe kak u B cxeme llITeliHMeTIIa TIOJMHBIN TOK COBIIA/Ia€T C AKTUBHBIM
TokoM (A =1). He cMoTpst Ha TO, 4TO Harpy3ka HECHMMETPUYHA M HUMEET
PCaKTHBHBIC JJIEMEHTHI, OHA CO CTOPOHBI HCTOYHUKA «BUOHA» KaK YHCTO
aKTUBHAS W CUMMETPUYHAS (KaK PeaTbHO cOaTaHCUPOBAHHAS).

Ecmu cxema IllTeitHmerna sBiseTCS CXeMOH IIOJIHOW KOMIIEHCAIIUH
PEaKTUBHOTO M HEYpPAaBHOBEIIEHHOTO TOKAa JUIS OJHOIUIEUYEBOM HArpy3KH, TO
cxema (Puc.4) sBisercs cxeMoil TONHON KOMIIGHCAIIMU JUISL JBYIUICYEBOM
aKTHUBHOM Harpy3KHu.

Ipumep 3. KomniekcHo cOanancuposantas HazpysKda.

Mexda3Hble TPOBOAUMOCTH PaBHBI Y B = e, Y e =J= e,
Y,.=0.
4 - _B
AB 2 ::

B, =05

B
BB c =1 ==

C

Puc. 5 — KommnekcHo-cOanaHcHpOBaHHAs Harpy3Ka
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. o0
TIpoBOAMMOCTE TOKA OanaHca KoMIUIeKcHas u  pasHa: Y, =3¢/
G, = 3 / 2, B, =j3/2. Harpyska KOMILIEKCHO—COalaHCHpPOBaHa

I=1, = YhU , OJIHAKO peasibHO He cOanaHcupoBaHa (B, # 0 ). Mexay OIHBIM

(cOanmaHCHMpOBaHHBIM) TOKOM M HampsHKEHHEM wuMeeTcsl (Da3oBBI CIOBUT
gozarccos(P/ SG)=60“, KOTOpBIA OIeHUBaeTcs KO3(pUIMEHTOM MOIIHOCTH
A=P[S,=G,[Y, =0.5.

Paznuynable mpumepsl  cOalaHCUPOBAHHBIX W pa30asaHCHPOBAHHBIX
Harpy30K Ipu HECUMMETPUYHOM HampsKeHUU MpecTaBiIeHsl B [11].

Boi6oon

1. Hns TPEXIPOBOHOM Harpysku B CHHYCOUJAJIbHOM
HecOaJaHCHPOBAaHHOM  PEXHMME  IPOBEJCH  MaTeMaTW4eCKWid  aHaju3
9HEPreTUYECKUX MPOIECCOB, CBSI3aHHBIX C AKTUBHOM, PEAaKTUBHON MOIITHOCTHIO
1 MOIITHOCTBIO HebaaHca.

2. Iloka3aHo, Kak KOPPEKTHO BBECTH BEKTOPHOE JBYMEpHOE
MIPOCTPAHCTBO M OPTOHOPMHPOBAHHBINA 0a3UC CHMMETPUYHBIX KOMITOHEHT ISt
TaKOro aHajlu3a.

3. TlpuBeneHHblE TpPUMEPHI  MOKA3bIBAIOT, YTO CcOaNaHCHPOBAaHHAS
A —Harpy3ka MOXeT ObITb HECHMMETPUYHOH, a MpPEIIOKCHHbBIH aHaIH3
NPUMEHUM U1l CHHTe3a A — KOMIIGHCAaTOpOB ¢ TpeOyeMbIMH
SHEPreTUUECKUMU XapaKTePUCTUKAMMU.

Cuucok auteparypsl: 1. 3esexe I.B. OcHoBEI Teopuu neneit / I.B. 3esexe, I1.A. Honuxun— M. -
JI. : «Cocanepromnsaam, 1955.-216¢. 2. Czarnecki L. S. Powers of asymmetrically supplied loads
in terms of the CPC power theory / L. S. Czarnecki // Electrical Power Quality and Utilization
Journal. — 2007. — Vol. XII1.-No.1.-P.-97-103. 3. Sirotin. lu. A. LC — Fryze’s compensator under
asymmetrical voltage /Iu. A. Sirotin // Proceed. of the 10-th Conference-Seminar, ISNCC-2010,—
Lagow, Poland. — 2010. — P. 160-165. [DnektpoHnslii pecypc]. — Pexum mocryna
http://www.isncc2010.iee.uz.zgora.pl/html/program.html. 4. Cupomun FO. A. CHanancupoBaHHas
U pa3basaHCHpPOBaHHAs COCTABISAONINE TOKa B TpexdasHoit cucreme / FO. A. Cupomun //BicHuk
IOATY. - 2008 .~ Bumn.18- C. 81-87 [OnexkTponHblii pecypc]. — Pexum gocryma:
www.nbuv.gov.ua/portal/Natural/VPDTU/2008 18 2/C2/18.pdf. 5. Buchholz F. Die Drehstrom-
Scheinleistung bei ungleich-mepiger Belastung drei Zweige / F. Buchholz // Licht und Kraft. —
1922.— no. 2.— P. 9-11. 6. Emanuel A. On the definition of power factor and apparent power in
unbalanced polyphase circuits with sinusoidal voltage and currents / A. Emanuel // IEEE Trans.
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nonactive powers in three-phase systems / Z. Cekareski, A.E Emanuel // Power Engineering
Review IEEE. — 1999. — Vol.19, no.7. — P. 46-47. 8. Steinmetz C. P. Lectures on Electrical
Engineering / C. P. Steinmetz. — New York: Dover, 1897. 9. Fortescue C.L. Method of symmetrical
components as applied to the solution of polyphase networks / C.L Fortescue // Trans. AIEE. —
1918. — Vol. 37. — P.1027-1040. 10. Cupomun FO. A Cxema cummetpusauuu lllteitnmerna kak
YaCTHBIN ciydail onTuManbsHOro kommerncaropa ®puse / 0. A. Cupomun // Dnextpuka.— 2011.—
Nel. - C. 16 - 21. [OnexTpoHHbIit pecypc].— Pexxum JlocTyna:
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Fortescue transformation / fu. A. Sirotin // Przeglad Elektrotechniczny (Electrical Review ).—2011.
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JIO BUSHAUYEHHS ITPOITY CKHOI CITIPOMOKHOCTI
BUCOKOBOJIbTHUX CHJIOBUX KABEJIIB 3
IVIIACTMACOBOIO 130JIALIECIO

BeIonHeH aHanMM3 pe3yibTaTOB PAcuyeTOB IIPOMYCKHOM CIIOCOOHOCTH CHJIOBHX Kalerneit
HanpsbkeHneM 220 kB.

BeIonHeH aHanMM3 pe3yibTaTOB PAcueTOB IIPOMYCKHOM CIIOCOOHOCTH CHJIOBHX KaOelnei
HanpsbxeHneM 220 kB.

The analysis of datas of calculation of the current rating of cables at direct voltages up to 220 kV.

Hocmanoska npobremu. TIpormyckHA CIPOMOXHICTH CHJIOBHX KaOeliB
BH3HAYAETHCSl  TPOLIECAMHU TEIUIO i MacooOMiHy B Kabeni B HOMiHAaJBbHUX
yMoBax. B mpaxTuili KOpUCTYIOThCS, SIK MPABUIJIO TOTOBUMH TaOJIMIIMH, SIKi €
JIOCUTh YHI(iKOBaHi I LMMX Tpyn KkabemiB. OCKIIBKM HOMEHKIJIATypa
Ka0elniB € JyKe IUPOKOK 1 MOCTIHHO 3MIHIOETHCS, MPOOIeMa BU3HAYCHHS
MPOIMYCKHOI CHPOMOXXHOCTI HOBHUX JUIS BITYM3HAHOI KaOENBHOI TEXHIKU
CHUJIOBHX BHCOKOBOJIBTHHUX KaOeTiB 3 IUIACTMACOBOK) 130JIAIIi€I0 € BKpait
akTyasnpHOI0. OCOOJMBO 3 OISy Ha I1X BIJHOCHO BHCOKY COOIBapTiCTh,
MIpUTaMaHHy iHHOBalitHOMY BUPOOHHIITBY.

Ananiz aimepamypu. Ilpouiecn TeruioMacooOMiHy B KaOesix NpH ix
eKCILTyaTallii i BUTOTOBJIEHHI pO3IIISAAIOTh 32 JIonoMororo ¢Gopmyin (Moxeneii),
OJTHAKOBHX 32 CBOEIO CTPYKTYPOIO 1 TAKUX, IO BKJIFOYAIOTH SIK 0a30Bi, PI3HUITIO
MTOTEHINIANB (EJICKTPUYHUX, TETUIOBUX, KOHIICHTPAIIil PEYOBUHH, TUCKY), MOTIK,
omip, mpoBianicte [l]. BiamoBigHO, BCi iHIII e€lTEMEHTH MoOJeNeH, 1o
ONMMCYIOTh TON YM IHIIUM TPOIEC, € MOXIAHUMHU BiJl [UX BEIUYHH i
MaTeMaTHYHUHA OMHUC TOTO YM IHIIOTO IpOIEcy B cHCTeMax AudepeHLiiHnX
PIBHSIHB € JJOCUTH YHiBEpCaJIbHUM 1 yHi(ikoBaHUM [2].

[IporryckHa CHPOMOXKHICTH CHIJIOBUX KaOeliB BHU3HAUYAETHCS CaMe
mporecaMy TEII0 i MacoOOMiHYy B KaOeni B HOMIHAJbHHUX YMOBAax, alie
MPAaKTHYHO 3aCTOCOBHI PO3PaxyHKOBI MOJIETi BKJIIOYAIOTh JYXKE BEIHKY
KUJIBKICTh MPUIYIIEHb 1 €KCIIEPUMEHTAJIBHO BH3HAYEHHX OIIHOK KOHKPETHHX
mapameTpiB  mopmeni [3]. PexoMenmamis mIOmO TOUITBHOCTI MPSIMOTO
eKCIIEPUMEHTAJILHOTO  YM  OINOCEPEJKOBAHOTO  BH3HA4YEHHS  3HA4YEHb
napameTpiB MOJETi JUIi PO3PaxyHKY JIOMYyCTUMOTO CTPyMYy KOHKPETHHX
Ka0eJiB MPUCYTHA TPAKTUYHO B YyCIX MDKHApOIHHMX 1 BiJNOBITHUX
HAI[IOHAJIEHUX CTaHJapTax cepii 60287 [4].
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s cepis pasoM 3 HEOOXiMHUMH HOPMATUBHUMH ITOCHJIAHHAMH B
KO)KHOMY 3 CTaH/apTiB, TIOTOYHUMH 3MiHAMH J0 HUX BKJIIOYA€E KiIbKa JAECSTKIB
HOPMAaTHBHHUX JOKYMEHTIB, B KOXXHOMY 3 SIKMX 3a3Ha4y€Hi IIUPOKi Jiana3oHH
3Ha4YeHb MapaMeTpiB PO3PaXyHKOBHX MOJEIe! ISl TpaJULifHUX KOHCTPYKIIiH
KabexniB Ta yMOB iX 3acTrocyBaHHS. TOMY NMpakTHYHE BH3HAYEHHS MPOITYCKHOL
CIIPOMOXKHOCTI JUIS ~ IHHOBAIIMHOI TPOAYKIii Oe3MOCepeIHhO 3a €0
HOPMAaTHBHOIO 023050 HEMOJKIIUBE.

Linoe _pobomu. Po3poOka Meroqy BUKOPHCTaHHS YHIBEpCAJIBHHX 1
VHI(pIKOBAaHUX PO3PAXYHKOBHUX MOJENICH TPOIECIiB TEII0 i MacooOMiHY B
BHCOKOBOJITHUX KaOeJsIX 3 IUIACTMAcOBOIO 130JIAIIEI0 JUIS JOCIHIKEHHS iX
MIPOITYCKHOI CITPOMOKHOCTI IUISIXOM 1HTEPBAJIBLHOTO OL[IHIOBAHHS IapaMeTpiB
Mozeneit.

Ooepoicani _pezynomamu. _Ha pucyHky 1 HaBeieHI pe3yibTaTH
PO3paxyHKy 3a JOIMOMOTOK TPAJUIIHHUX MOJEICH IeSKUX 3 OCHOBHHX
TEHJEHIIN 3MIHIOBAHHSI CIOXKHBUMX BJIACTUBOCTEN CHJIOBOrO KalOeiro i3
TIOJTIETHIIEHOBOIO 3IIUTOIO i30isiiiero Ha Hampyry 220 xB. Jlns po3paxyHKiB
BHUKOPHCTaHO HAWINPOCTINI MOAENI paliaIbHOrO0 €JIEKTPUYHOrO i TEIIOBOTO
MOMIB B OJMHOpiAHIN i30smii oAMHOYHOro Kabenro 3 0araTonpOBOJIOYHOIO
MIJJHOIO KMJIOK0 HECETMEHTaJIbHOI KOHCTPYKIIi 3 KOe(illieHTOM 3alloBHEHHS
0,95. MakcumanbHa gomyctuma Temneparypa isomsamii 90 °C. OcroBHi
JoKeperia Teria — JKWa Ta 130JIAIis 3 BiIIOBITHIMH JTIHIHHUMU 3aJICKHOCTSIMHU
BiJl TeMIlEpaTypH EJIEKTPUYHOrO ONopy NpOBigHMKA Ta (pakTopy BTpaT B
130II11i1. TemnonpoBifHICTE 3aXMCHUX IIOKPUBIB Ta HaBKOJHIIHBOTO
CepeIOBUINA HE3MiHHI.

BunHo, 1m0 cyrTeBe 3MEHIIEHHS MAaKCUMajbHOI  HAIPyXEHOCTI
CIICKTPUYHOTO TONs (a2 OTKEe — IJIBUIICHHS HAMIHHOCTI i30MAIii B
eKCIUTyaTallii) [UISXoM 3OLIBIICHHS  TOBIIUHH  130JAIiI  HEOJMIHHO
CYNPOBO/IXKYETHCSI 3MEHILIEHHSIM Ha KiJIbKa BiJICOTKIB TPAaHUYHO JIOIMyCTUMOTO
CTpyMy Ta 30UIbIIEHHSM Maibke B [[Ba pa3u BapTOCTI MaTepiany i3omsiii. A
BUKOPHCTaHHS OLIBIIMX TIE€pepi3iB KWIM KpiM MiJBHUIIEHHS MNPOMYCKHOL
CIPOMOXHOCTI KaOelro 3yMOBIIIOE 3POCTaHHS BapTOCTI Marepiaiy >KWIH, IO
BHUKOPHCTOBYEThCS Hee(heKTHMBHO dYepe3 SBHIIE CKiH-e(eKTy 1 BimmoBiTHE
301IBIIICHHS EIEKTPUIHOTO OTIOPY.

TakuM 4YMHOM, HaBiTh B pa3i 3aCTOCYBaHHS TPAHUYHO CIIPOIICHHX
MoJieJied BH3HAYEHHS NPOITYCKHOI CIIPOMOMKHOCTI HOBUX JUIsl BITYM3HSIHOL
Ka0eJbHOI TEXHIKM CHJIOBHX BHCOKOBOJIBTHHX KaOeliB 3 IJIacTMacoBOO
i30Is1IIi€l0, HEOoOXiJJHE OJHOYACHE 3aCTOCYBaHHS MOJEJNEH, SIKi OIMUCYIOTh
KOHCTPYKTHBHI, €JIEKTPUYHI, TEIUIOBI Ta EKOHOMIYHI ITapaMeTpH Kaberto.

Ha pucyHnky 2 HaBeaeHO NpUKIAJ TaKOro OJHOYACHOTO 3aCTOCYBAaHHS
EJIEKTPUYHOI 1 TEIJIOBOI MOJIENEH Y BUTIISII CHCTEMH JIBOX HENiHIHHUX PiBHSB,
110 BUPIMIYIOTECS pa3zoM (maker MathCad).

PesysnpraTn pimieHHS Moelni, NpEACTaBlIeHOI Ha pHC.2 Ul PI3HUX
3Ha4€Hb MaKCUMAaJIbHOI HAIPY>KEHOCT] EIEKTPUYHOIO MOJIst B 130111 Kabero
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nepepizoMm 625 MM® Ha Hanpyry 220 kB cBiguaTh, IO 3MEHIICHHS
HanpyXeHocTi, Hanpukian, 3 10 kB/Mvm no 8 xB/MM BuMarae 301TbIICHHS
TOBIIMHY 130JIA111i1 Maibke B MiBTOpH pasu (puc.3 0) i mpu 1bOMY Ha JEKiJIbKa
BIJICOTKIB 3MEHIIIYETHCS TPOMYCKHA CIPOMOXHICTh Kabemo (puc.3 a).
[MpudoMy mporryckHa CIPOMOMKHICTH 3MEHINYETHCS HENIHIHHO: KpyTille B
Jiamas3oHi BiJIHOCHO MEHIIMX 3Ha4YeHb HaNpy:KeHOCTi (B oOjacTi mijBUIIEHOT
HaIHOCTI 130Ims11i1) (puc.3a).

3 yciX 3aCTOCOBAHUX CIPOLIEHb TiIJIbKM HECETMEHTallbHa KOHCTPYKIIS
KWJIM 3MEHIIYE MPOIYCKHY CIPOMOXHICTD KaOemto, ajle CyTTEBO YCKIIAJHIOE
HOro TEXHOJIOTII0 BHI'OTOBJIEHHS, IO IOTPeOYye OKpeMoro po3rismy. [xmmi
CHPOLIEHHS Jal0Th MOMKJIMBICTD aHAJI3yBaTH 110 CYTi «HaWKpammi cleHapii»
1010 TEHEHII 3MiHIOBaHHS CHO)KUBYMX BJIACTHBOCTEH Kabeto.

. MakcumanbHoO AOHyCTMMMﬁ
MakcumanbHa HanpyXeHicTb

B isonauii , kKB/mm cTpym, A
14 1540
2
12 500 Mm 1520
10
1500
8 L
2

. 2000 mMm o - L |

15 20 25 30

ToBwwuHa isonsayii B MM ToBwwuHa isonsayii, Mm

ANA nepepisie Xunu B Mm
BapricTe MaTtepiany xunu, wo

BapricTe Matepiany HeePeKTUBHO BUKOPUCTOBYETLCA
isonAuii, rpH/m rpH/mM
300 400
250
200
200
150 0
15 20 25 30 1000 2000
ToBwwuHa isonauii, Mm Mnowa nepepisy xunm, mMm 2

Puc. 1 — Jlesiki 3 OCHOBHUX TEHJICHIII} 3MIHFOBAHHS CIIOXKHBYHX BJIIACTUBOCTEH
CHJIOBOTO KaOeIio 13 3MINTOIO MOJieTHICHOBOIO i30J1smiero Ha Harpyry 220 kB

Te, 1m0 3MEHIIEHHS HANPYXEHOCTI EIEKTPUYHOrO TOJIST 33 PaxyHOK
301IBIIICHHS TOBIUHHU 1301111 3yMOBITIO€ 301TBIIICHHS BUTPAT HA MaTepiaiy, €
TpPUBIaJbHUM 1 BUIUIMBAE 3 MOJENI Pa/ialIbHOTO EJEKTPUYHOrO IOJSl NP
3MIHHOMY CTPYMOBI, sIKa IpeACTaBlIeHa Ha PUCYHKY 2.
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E, — Hampy)XeHiCTh aTeKTPUIHOT0 TOJI B 130J41Ii1 Ha BifICTaHi X Bif
LEHTPY KW, T — Pajiyc KIIH (3 ypaxyBaHHIM TOBIIWHH €KPaHy IS
€KpaHOBAaHMX KIIT); A — TOBIIMHA 130JIA11i1; () — TTOTEHIia;
U= o, - ¢ ,— pi3HNIS IOTEHIIAIB
Puc. 2 — Cxema npocToi Moziesni pagiaibHOrO eIeKTPUIHOrO OIS IPH
3MIHHOMY CTPYMOBI, sIKa CKJIaJ]a€ CHCTEMY Ha PUCYHKY 2 Ta cXema
BIZITTOBITHOTO Tpadika po3IMOiTy HAIPY>KEHOCTI MOJIS B 130711

OueBHIHO, LIO TEXHIYHE pINICHHS MAa€ MPUAMATUCh 3 YpaxXyBaHHIM
ENIEKTPUYHOI, TEIUIOBOI Ta €KOHOMIYHOI MOJIENIeH, SIKi CKIIalaloTh CHCTEMY.
Taka cucrema mpejacraBieHa Ha puUCYHKY 3. Bona mo3Boisie omHOYacHO
BpaxoBYBaTH KOHCTPYKTHBHI, €JIEKTPHYHI, TEIUIOBI 1 €KOHOMIYHI NapameTpu
kabemo.  Mojenb  MOXHA YCKIQJHIOBATH, 3aJIGKHO BiJl HEOOXiTHOCTI
BpaxXyBaHHS OCOOJIMBOCTEH KOHCTPYKIIT KaOenro, YMOB HOTrO MpOKIaJaHHS i
€KOHOMIYHUX peasTiii KOHKPETHOro BUPOOHHKA.

PesynpraTi po3paxyHKiB 3a MOJEIUIIO, MPEACTABICHOI0 Ha PUCYHKY 3,
HaBeJeHO Ha pPUCYHKY 4. JlocuTh BHpa3sHHMH ONTUMYM ITUTOMHX BUTparT Ha
MaTepiaiy B Jliana3oHi TOBIMUHM 130t Big 9,5 mm o 10,5 mm (puc.4 B). i
BiJIMOBITHICTH I[HOT'O JIialla30HY TOMY (PaKTy, IO MPH MOJATBIIIOMY 3MEHIIICHHI
TOBIIMHY 130J1s11iT MPAaKTHYHO HE 3pOCTA€ MPOITYCKHA CIIPOMOXKHICTH KaOewro
(puc.4 a) € BaXIJIMBUM pE3YJIbTATOM CaMe€ CIIJIBHOI'O BHUPIIIEHHS OKPEMHUX
BiJJOMHX PO3PaxyHKOBUX MOJENEH, SKi OIUCYIOTh KOHCTPYKTUBHI, EIIEKTPHYHI,
TEIUIOBI Ta EKOHOMIYHI ITapaMeTpH KaOelTro.

3a uuM ciig aonaTH, 1o:

- MPOCTI MOJETi, SAKi CKJIAJAal0Th CHUCTEMY, MOXXHA YCKIIAJHIOBATH,
3aJIe)KHO BiJl HEOOXITHOCTI BpaxyBaHHsS OCOOJMBOCTEH KOHCTPYKIIi KaOeiro,
YMOB HOT'0 MPOKJIaJaHHs 1 EKOHOMIYHMX pealliii KOHKPETHOrO BUPOOHUKA;

- JI0 CUCTEMH MOXYTh 1 IOBHHHI OyTH 3ayIydeHi TeXHOJOTiYHI MoAei,
SKi TIOB’S3YIOTh TEXHIYHI Ta CIOXHBYUI TapaMerpu Kabemo 3 Horo
TEXHOJIOTIYHUMH TapaMeTpaMH; OYEBHJIHO, IO 3B’S30K 3 EKOHOMIYHOIO
CKJIaJIOBOIO CHCTEMH, a 3HA4YUTh 1 HEOOXIJHICTb CHUIBHOTO BHUPILIEHHS,
TIOCHIISTHCS;

- TIOCTIHHOIO TYpOOTOIO0 KOpUCTYyBaya Ma€ CTAaTH JOMIJIbHE CIIPOIEHHS
CHCTEMH, SIK 3 OIJISy Ha NPHUHIMIIOBY HAOJIDKEHICTh YMCIOBHX METOMIB il
BUpILIEHHSA, Tak 1 s 3a0e3ledeHHs MOMIIMBOCTI TEXHIYHOrO aHaji3y
pe3ynbTaTiB.
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KoHcTpyKkTUBHI

F = 625 Azp =5 n = 0.95 . F 0.5 Aiz = 20
yeu == 8.89 Ae:=1 yiz = 1 r (ﬂ.nj fem 14 2-Ae
Tennosi
01 :=90 02 := 25
oiz := 3.7 ozp =4 o =8 A6 = 61 - 02
EnekTpuyHi

p20 := 0.0172- 1076 1:= 600

-3
oo 50 © = 2nf poO = p20-[l+4-10 -(6)1—20)]

0.5 PO
— o 1 —
W0 = 4en-107 am (222 10° R 6
pno-o F-10
£:=23 Emax := 10
PO
12 Fef := a-m-(2:-r— a) Rper := p
€0 := 8.85-10 o Fef - 10~
(r+ Ae + Aiz)
U := 220000 C:=(2:n-e¢€0)| In| ———
(r+ Ae) tan := 0.001
EkoHOMiuHi
-6
Ccu := 50000 mcu = ycu-(F- 10 ) greu := Ccu-mcu Csr := 50000
iz = = Ai 2-A
Ciz := 50000 ysr =4 Fiz = Aiz-n-{Z-r-*— u}
iz = yi (F' 1076) iz := Ciz -mi :
miz := yiz-\Fiz - griz = Ciz - miz Zatr = 5000
Cucrtema 3 enekTpuyHoi (1), Tennosoi (2) i ekoHomiuHOI (3) Moaenent:
-3
Given U-10
Emax =
(r+ Ae+ Aiz) 0.5
rInf —— |3
(r+ Ae)
) 3 0.5
U -o-C | oiz re + Aiz 0.5-10 ozp re + Aiz + Azp
AO - -—4-ln + - +2—-ln _—
. 3. tan 1 [« r m-o-(re + Aiz + Azp ) T re + Aiz
Giz re + Aiz 0.5- lO3 ozp re + Aiz + Azp
Rper - -In + + -In
2-n r m-o-(re + Aiz + Azp ) 2-n re + Aiz
2. -6 1.267 x lO3
Zatr = Csr-ysr-m-(re + Aiz + Azp ) - 10 :
PilLeHHs! CUCTEMN BiIHOCHO BUBPaHMX Find (I, Aiz, Zatr ) = 21.744
HEBIZOMUX: OMNYCTUMOTO CTPYMY 3
1.173 x 10

TOBLUMHM i3onsauii  , 3aTpaT Ha maTtepianu

Puc. 3 — IIpocta Mozens [UIst pO3paxyHKY IPOITYCKHOI CIIPOMOYKHOCTI CHIIOBOT'O
BHCOKOBOJIBTHOT'O Ka0€JTi0 3 MIaCTMACOBOIO 130JIAIIIEI0

OueBuHO, 110 HaOip Moeneld Moxe OyTH Pi3HUM, OCKIJIBKM KOHKPETHI
3HAYEHHs JOMYCTUMOrO0 CTPyMy 3ajexarb BiJg  0araTbox IapamMeTpis,
HANPUKJIaJl, KOHCTPYKTHUBHHUX: TOBIMHA: 130JIAI[i1, HAIIBIPOBITHUX CKPaHiB,
CIICKTPOMPOBITHOTO €KpaHy, 3aXHCHUX EJICMEHTIB KOHCTPYKIi KaOero;
mapaMeTpu KOHCTPYKINI JKWIA: KOE(DIlli€EHT CKPYTKH, CETMCHTAJBHICTD;
TEIUIOBMX: TeMIlepaTypa MiJHOTO €KpaHy, iara3oH 3Ha4e€Hb ITUTOMOrO
TEIJIOBOI'O OMOpY BOJIOTOI'O TPYHTY, IUTOMHH TEIUIOBUH OMIp 3aXHUCHHUX
TIOKPHBIB; JIONMYCTUMAa TEMIIEpaTypa JOBKUUIS; TeXHOJOTiYHMX: Koe]ilieHT
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3aIOBHEHHS Mepepi3y KWK, KoeillieHT HarapTOBKH, TEXHOJIOTIYHA BUTSIKKA,
eJIeKTPUYHHUX: HArpyra, JieJeKTpPHYHa NMPOHUKHICTh 130J1sMii, TaHTeHC KyTa
JUENeKTPUYHNX BTPAT i30Js1ii 1 HOro 3ayiexHICTh Bif TemrepaTypu. CrijgbHe
BUpILIEHHS TaKUX MOJeNell [a€ MOXIIMBICTD TNPUHHATTS ONTUMAJBHHUX
TEXHIYHHX pIIIEHb.

Zatr/ Aiz, y.o./ Mm

Ai3, MM 60
1280 40
I, A
58
1260 30
56
124
0 20 54
1220 10 52
5 10 15 5 10 15 6 8 10 12
Emax, kB/mm Emax, kB/mm Emax, kB/mm

a) 0) B)

Puc.4 — Pe3ynbraTy CIIUIBHOTO PIIICHHS €IEKTPHYHOI, TETIOBOI i eKOHOMITHOI
Mozeel Ui pi3HNX 3Ha9eHb MaKCHMAJIEHOI HAIIPy)KEHOCTI eNIeKTPUIHOTO TIOJIS B

130711111 Kabero: a — TPUBANIO JOIMYCTUMHI (HOMIHAIBHHIA) CTPYyM; 0 — TOBIIMHA
130JIAI111; B — BiJTHOIIICHHS 3aTpaT Ha MaTepial 13011l 10 1i TOBIIUHA
Bucnosxku.

1) ITokazano, 110 UI PO3PAaXYHKY IIPOITYCKHOI CIIPOMOXHOCTI CHIIOBOTO
BHCOKOBOJIFTHOTO Ka0Ei0 3 IUIACTMAacoOBOIO i30JISIIIE€I0 HEOOXiTHE CITIbHE
BUpILIEHHS MOJENeH, sIKi ONMCYIOTh KOHCTPYKTHUBHI, €JEKTPHYHI, TEIIOBI Ta
€KOHOMIYHI IapameTpy Kabelto.

2) HaBezneHe BiIOBiiHE PillIEHHS IS OJHOKHIIBHOTO KaOeITto IepepizoM
625 mMM> Ha Hampyry 220 kB. BcTaHOBIEHO, 11O ONTHMATBHMIL Jiama3oH
TOBIIUHM 130J1A11i1 Bix 9,5 MM 10 10,5 MM i mpu 3MEHIIICHHI TOBIIUHY 1301111
MIPAKTUYIHO HE 3POCTAE MPOITYCKHA CIIPOMOXKHICTE KaOeIro.

3) Bu3HaueHi NepCHEeKTHUBHI HANPSIMKH PO3BUTKY 3alpONOHOBAHOTO
METOJly BMU3HAUYECHHS IPOIYCKHOI CIIPOMOXKHOCTI BHCOKOBOJIBTHHX KaOelniB 3
TUIACTMACOBOIO 130JIALIETO.

Cuucok gitepatypm: 1. OCHOBBI KaOeNbHOH TEXHUKH: [y4eOHHMK IS CTyA. BBICHL ydel.
3aBenenuii]| / B.M. Jleonos, U.B. Ilewikos, U.b. Pazanos, C./. Xonoounuwii; noo peo. U.b. Ilewikosa.
— M. : Uspatensckuii neHTp «Axagemus», 2006. — 432 c. 2. bpaeun C.M. Dnextpuueckuil u
TEerIoBoiM pacuer kAbGens. — M.: DHeproaromusziat, 1960. — 328 c. 3. Cuiosi kabeni HU3BKOI Ta
cepennboi Hanpyru. KoHCTpyoBaHHs, TEXHONOTis, SKICTh: [mimpyd. s cTyn. BysiB] / B.UL
Kapnywenxo, JI.A. Iebeniox, 10.0. Aumoneyv, O.A. Haymenxo — Xapkis.: Perion-inpopm,
2000. — 376 c. 4. ICTY IEC 60287 — 1, 2, 3. Enextpuuni kabeni . Po3paxyHOok HOMIHaJIbHOrO

CTpyMy.

Haoiiiwna 6 pedkonezito 06.10.2011
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