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UJIEHTUO®UKAIIMS UCTOYHUKA 3ATPASHEHUSI PEUHOM
BOJBbI B 30HE KACKAJJA MAJIBIX IT'2C

B nmanHOM paboTe paccMaTpuBaeTCs aKTyallbHas 3ajada IMOCTPOCHHS MaTEMaTHYECKOW MOJEIH
TEXHUYECKOrO KOHTPOJISI BOJHOrO OOBEKTa B YCIOBHSIX HCIIOJIB30BAaHHS IOCICAHET0 KacKaIoM
Maneix ['DC ¢ menblo BBIIOIHEHUS HOPM IPHPOJOINOJB30BaHUS. PemieHne umeer OoibIION
TEXHOJIOTHYECKHU, IKOJIOTMICCKHI ¥ S3KOHOMUYECKHH 3(DPEKT.

KiroueBble cjioBa: MareMaTHUecKash MOJENb, PAclO3HABaHUE, OSKOJIOTHS, 3arps3HEHHe,
pedHas Boja

Berynienne. B mpoGiemMe KOHTPOINISE COCTOSIHUSI TPUPOIHOHN  Cpesibl
COJIEPKUTCS 3a/lauya WACHTU(HUKALMK UCTOYHUKOB 3arps3HEHHUS PEYHON BOJIBI
JUIs TIPUHATHS Mep II0 UX YCTpaHEHHI0. OTO C(hOpPMYIHMpOBAHO B psie
HOPMAaTHBHBIX JIOKYMEHTOB. BoJbIlIoe KOJWYECTBO MCTOYHHMKOB 3arpsi3HEHHS
peku, HampuMmep Kackal Manelx IOC, He T1O03BOISET KAauyeCTBEHHO
KOHTPOJIMPOBATh KaXIbIH M3 HUX. HYacTo BOJOMOIB30BATENIN HAPYIIAIOT HOPMBI
cOpocOB, YTO Bj€4YeT OOJbIIHE DKOJOTHUYECKHE M IKOHOMUYECKHE ITOTEpH
obuiecTBa. D10 00yclIaBIUBAET aKTyaIbHOCTh JAHHOU PaOOThL.

CymiecTBytomiasi CUCTeMa MOHHTOPHHrA IO3BOJISIET BECTH MOCTOSIHHOE
HaONIOfIeHNe 32 KauyeCTBEHHBIM COCTOSIHUEM BOJBI B HEKOTOPBIX CTBOpax
Bogoroka.  OjHako  MHOrMe  3a7ayd  OIEPATUBHOTO  YIPaBJICHUS
BOJIOOXPAaHHBIMU KOMILJIEKCaMU TpeOyroT Oosiee moapoOHONH HH(OpManuu o
pacIipeieieHiy 3arps3HsIOIero BO3ACHCTBUSI MEKAY NCTOYHHUKAMH CTOYHBIX
BOJI, JICCTBYIOIIMMH Ha OJHUX M TE€X € y4acTKaX PEeKH, CBOOOMHBIX OT
KOHTPOJIMPYIOMINX CTBOPOB. BrIcTpoe momydeHue Takoil nHpopManun ObBaeT
0COOEHHO HEOOXOIMMO B KPUTHYECKHX CHUTYalMsX, KOTrJa B KaKOM-HHOYAb
KOHTPOJIBHOM CTBOpE HAOJIONAETCsl TPEBBINICHWE YCTAHOBJIEHHBIX HOPM
KadecTBa Boxabl. Kak mpaBmio, Takasi CHUTyalus SBJSIETCS CJIENCTBUEM
HapymieHus mpenenbHo gomyctumoro cOopoca  (ITAC) crounslx  Bof
HEKOTOPBIMU HUCTOYHHMKAMH 3arps3HEHHs, PACIIOJIOKEHHBIMH Ha y4acTKe PEeKH
MEXYy CaMbIM BEPXHUM CTBOPOM, B KOTOPOM 3apETHCTPUPOBAHO IPEBHIIICHNUE,
1 OMKaWIMM K HEMY CBEpXY JPYTMM KOHTPOJIBHBEIM CTBOPOM. B aToM ciryuae
BO3HMKAeT 3a7iada WAECHTU(QHUKAIUM OTUX HMCTOYHUKOB 3arps3HEHUs] 110
MOKa3aHUsAM B OOOMX KOHTPOJBHBIX CTBOpax. 3ajada WAECHTU(HUKALIH
(IMarHOCTUKM) COCTOWT B OLICHMBAHUHU COCTOSHHS W MapaMeTpOB CHCTEMBI IO
pe3ynbrataM HaOJIONEHWH HajJ BXOIHBIMH W BBIXOJHBIMH I€PEMEHHBIMHU
CHCTEMBI, OJIYYEHHBIMH B YCIIOBUSIX €€ ()yHKIIMOHUPOBAHUSI.

©B.B. Aprtiox, H.A. Jlrobumosa, 2013
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[Ipu 3TOM CUHTAIOTCS U3BECTHBIMU CTPYKTYpPA CUCTEMBI H KJIACC MOJICIICH,
K KOTOpPOMY OTHOCHTCSI JaHHBIH OOBEKT. AmnpuopHas WHGpoOpMamus OOBIYHO
JIOCTATOYHO BeNMHKa. TPYTHOCTH PEIICHUS YKa3aHHOW 3a/laydl B MIPUMCHEHHUH K
BOJIOOXPAHHBIM  KOMIUIEKCAM  BBI3BaHBl, B OCHOBHOM, CIICAYIOIIUMU
MIPUYMHAMU: COCPEOTOYCHHOCTBIO YJacTKOB cOopa WH(OpMAIUHU, BBICOKOM
CTCIICHBIO ~ HEJOCTOBEPHOCTH  JAHHBIX W OTCYTCTBHEM  THOKOrO
MaTEeMaTHYECKOro ammapara ux 00paOOTKU (BCIICJCTBUE YEro OOJNBINAsl 4acTh
U3 HUX OKa3bIBACTCS HEWCIONB30BaHHOW). Hmke 00CYX Tar0TCs IMOCTaHOBKA
9TOH 3a/1a4M ¢ TOYKH 3PEHUS KJIACCUYCCKOM TEOPHH Paclio3HaABaHUs 00Pa30B.

IMocranoBka  3agauu. PaccMOTpuM  BOJOTOK,  IMOJABEPXKEHHBIN
BO3JICHCTBUIO IOBEPXHOCTHOI'O CTOKa, C PpACHOJIOKCHHBIMH Ha HEM
KOHTPOJIBHBIMH CTBOPAMH, KOTOPBIC pa30UBAIOT €ro HA JIEMCHTAPHBIC YIaCTKU
(KaXkIpIN TAaKOW YYACTOK BKITFOYAET B CE0s MO OMPEICTICHHUIO OrPaHHIHBAIOIINE
€ro KOHTPOJBHBIC CTBOPHI, T.K. SBISIETCS 3aMKHYTBIM). CumraeMm, dYTO
pPe3yabTaThl U3MEPEHUA, MPOBOMUMBIX B Pa3UUHBIX KOHTPOJBHBIX CTBOpaX,
UMEIOT MIPUMEPHO OMHAKOBYIO JIOCTOBEPHOCTH. [ToaTOMY aJist HaONrOIeHUS 32
KaueCTBEHHBIM COCTOSIHUEM BOJBI B MHTEPECYIONIEM HAC CTBOPE HA JAHHOM
ydacTke, (Hampumep, B CTBOpe cOpoca CTOYHBIX BOJ), ITIOKa3aHUS B
KOHTPOJIBHBIX CTBOpAX, JIGKANIMX BHE JTOrO YYacTKa, HE HECYT HHUKAKOMH
moje3HoH WH(popManuu. TakuMm o00pa3oM, B KadecTBE OOBEKTa 3aadd
UIACHTU(QUKAIIMA  MOXXEM  B3SITh ~ MHUHAMAJIBHBIA ~ YY4acTOK  BOJIOTOKA
(mpenmonaraem, 4TO OH HE Pa3BETBIICH), OTPAHHMYCHHBIN JBYMsI KOHTPOJIHHBIMU
cTBOpamMu — (DOHOBBIM ¥ 3aMBIKArOIMUM. [lycTh Jajee Ha STOM Y4acTKe
PACIIONIOKEHO /1 COCPEIOTOUCHHBIX MCTOYHUKOB 3arpsi3HEHHS (KacKaJ MalTbIX
I'SC), uMermUX IOCICJAOBATEIBHYI0 HyMEpaIMi0 TI0 TEUCHHUIO PEKU.

3arpsi3Hsiioniee BO3/IEUCTBUE i— TO HCTOYHHUKA (izl,..,n) MBI OyaeM

XapaKTepU30BaTh BEKTOP — (YHKIMEH XUMHYECKOrO 3arps3HEHHs B CTBOPE
cOpoca CTOYHBIX BOJI (B JabHEUIIIEM UMEHYEMOM MTPOCTO (PYHKITUEH cOpoca).

T
x ()= (x,l (£) s 3 (t)) .
rae T — 3HaK TPAHCIOHUPOBAHUS, ! — YUCII0 KOHTPOJIUPYEMBIX HHIPEIMEHTOB,
xi'(t) — pacxoil B MOMEHT BPEMEHH ! MacChl j — TO BEIECTBA, COpachIBAEMOro
]

[—M HCTOYHHKOM CO CTOYHBIMH BOJAMH. AHAJIOTHYHO, JUIS IPOU3BOIBHOIO
CTBOpa MOYKHO BBECTH (DYHKIUIO COCTOSIHHSI, KOMITIOHEHTBI KOTOPOH, B OTJIMUHE
oT ¢yHKIMK cOpoca, MPeaCcTaBIsIOT cOO0H MTHOBEHHBIE MAaCCOBBIE PacXOJbl
BEIIECTB, MPOXOMSIIMX Yepe3 IONepeyHOe CEeUeHHWe JaHHOro CTBOpa.
OueBuHO, (QyHKIMS cOpoca AaHHOTO TOYEYHOrO MCTOYHHMKA PaBHA Pa3sHOCTH
(GYHKIMH COCTOSIHUSI JBYX OECKOHEYHO OJM3KHX CTBOPOB — BBINIE M HUXKE
cTBOpa cOpoca 3Toro ucToyHuka. s mpocToThl 0003HaYeHuid OyJeM CUUTaTh
(OHOBBIN CTBOp “TIEPBHIM~ MCTOYHHUKOM 3arpsi3HEHUs, U PAacCMaTpUBAaTb €ro
(ynkumro cocrosHus Kak GyHKuMIO copoca x, (1).
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[IpenmonoxuM, 9TO B TEUCHHE PACYETHOIO IEPHO/IA BPEMEHH BOJIHBIN
PEXUM JIAHHOTO y4YacTKa SBJSICTCS YCTAHOBUBIIMMCS M YPOBCHb BIIMSHUS
pacrpeeneHHbIX HCTOYHHKOB 3arpsi3HEHHs Ha  (GyHKIMIO cocTosHus y(f)
3aMBIKAIONIETO CTBOpPA OCTACTCS HEM3MEHHBIM. Toraa mporecc popMUpPOBAHUSL
KauyecTBa BOJBI HA JJAHHOM yYaCTKE JOCTATOYHO TOYHO OMHCHIBACTCS JIMHEHHOMN
KOHEYHOMEPHON MOJIENbIO

A

y(t):F(;l(t—r]),..,x”(t—rn)j+g(t),’ (l)
rae T, — BpEM: no0eranus OT i - IO MCTOYHHKA J0 3aMBIKAIOIIETO CTBOpAa,

g (f ) -cryJaiiHast (PYHKIHSI HEBSI3KU C HYJICBBIM MAaTEMATHYCCKUM OXKUIaHUCM;

m m o o o o
F: Rn —> R — HCKOTOPLIM JIMHEUHBIM OIICPATOP, HEU3MCHHBIM B TCUYCHUC

m

PacCMaTpPUBAEMOr0 TIEPHOIA BPEMCHH, ACHCTBYIOMMIl U3 pocTpancTa Xy

MaTpHl[ pasMepa mdr B m — MEPHOE MPOCTPaHCTBO R” ; ;,-(e) — ycpeaHeHHe
¢ynkuum copoca «, (9) MO aEKBATHOMY BPEMEHHOMY HHTEPBAIY:

0) = T w(0+9)
xi(0)=— ] x(0+1)d.
281‘

i

AN
(13 2 %
Ipucyrcrue B moxenu (6) “criaxeHHbIX” (yHkmmii copoca  x,(0)
BBIpaXaeT TOT (hakT, YTO IS pealbHbIX I[OTOKOB BpeMs JoOeraHus r

SIBIISIETCS  CITy4alHON BeIMYMHON (IIPEANOIOKEHHE O TOCTOSHCTBE BPEMEHHU
noOeraHus TPUBOTUT K MEPEOLCHKE CAMOOUYMIIAOIICH CIOCOOHOCTH -
9KOJIOTMYECKOro 0000IIEHHOr0 MoKa3aTessl - BOAHOr0 00bekTa). [I0CKOIbKY B
JAbHENIIIEM HUT/E SIBHO HE MCIOJB3YIOTCS MTHOBEHHBbIE 3HAYEHHs (DYHKIMT

cOpoca, OymeM yCIOBHO cuMTaTh ycpemHenue x;(0) dyHkmnueit cOpoca i— ro

MCTOYHHMKAa M 0003Ha4aTh ero x,(0). Takoe OTOXKIECTBICHHE MOHSATHIL

OIIPaBJaHo €Ile M TeM, YTO JIoOble (haKTUUECKHE OLEHKH 3HAYEHUH (DYHKIUH
cOpoca, Tak WM HHAYE MOIy4alOTCsl IyTEM YCPEAHEHUSL.

IIycts X, ,Y obnacTu 1OIMyCTUMBIX 3HauUeHUM it QyHKIMI cOpoca x, (t)

U (QYHKIMH COCTOSHUS y(t), HazHauaeMmble, corjacHo HopmatuBoB, [1JC u
[NAK paist KOHKpeTHOro BOAHOTO 00BekTa. EnuMHCTBEHHOE HeoOXomumoe
YCIIOBHE 3aJaudl WJCHTU(UKAIMK, HajlaraeMoe Ha O00JIacTh Y, COCTOUT B

crenyromeM. Ecii gocratouno 1omro BeImOnHsETCs ycnoBue Vi:x,(t)e X,

TO, HAYMHAS C MOMEHTA { , IOJUKHA MMETh MECTO CUTYallus Vit >1,:y(t)eY .
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Ha si3blke MOJEIM r 3TO YCIOBHE MOJKHO BBIPA3HTh TaK: OONACTh Y JOIDKHA
comepxarh  o0pa3, TpH  OTOOpakeHHH  F J1eKkapToBa  IPOU3BEICHHS
X, x..xX, , Te.

F(X,x xX,)cY ®)

Paccmotpum mompobuee monens (1). Mmeer MecTo ciemyromiee CBOHCTBO
aJUTMTUBHOCTH oriepaTopa F :

FXix xX,) =Y F(x)+b,
i=1

rae b — (HoHOBas COCTABIAIONIAs, 00YCIIOBICHHAS ISHCTBHEM PACIIPE/ICIICHHEIX

U HEYYTCHHBIX MCTOYHMKOB; F :R" — R"- HEKOTOpBIN JIMHEHHBIH omepaTop.

BBI/IZ[y AJJJIMTUBHOCTHU onepaTopa F MBI MOXXEM HCKIIOUHTH U3 pacCMOTpECHUA
KOHTPOJIUPYEMBIC MCTOYHUKU, (byHKHI/II/I c6poca KOTOPbIX M3BECTHBI, 4 TAKXKC

napamerp b, IMHaMUYECKH MOAM(HUIMPOBAB (DYHKIHMIO y(t) n obnacte Y

IMyTEM BBIYUTAHUA (bOpMaJ'II)HOFO BKJIaJJa 3THX HCTOYHUKOB. TaK, MOACIIb (1)
NPUBOAUTCA K BULY

y=2Fx)+g,
i=1

(MBI ormyckaeM BpEMEHHOW apryMeHT); NpH ATOM Bce (YHKUMH X; CUUTAIOTCS
CITy4aliHBIMU U HE3aBUCHUMBIMH.
[Ipennonoxxum, B HEKOTOPBIH MOMEHT BpPEMEHH 3aperucTpupoBaHa

curyarms Y & Y B CHITy ycioBHS (2) BO3MOXKHEI JIBa CITy4asi: XOTsI Obl OZMH —
CKa)XeM, k— ¥ — UCTOYHUK HapyHIMI HOPMY cOpoca B COOTBETCTBYIOUIMN
MOMEHT BPEMEHH, T.€. x, ¢ X, JIMOO JaHHAs CHUTyallus BbI3BaHa OONBIIMM

OTKJIOHCHUEM OT HYJId 3HAUYCHUA (l)yHKHI/II/I HCBs3KU g, T.C. HECTOYHOCTHIO

MU3MEPCHUH, HEYCTKOCTHIO MOJICITH U T.I.

BeiBoa. PaccMoTpeHHass  Monenb  MO3BOJISIET  PELIUTh  3ajavyy
UIACHTU(QUKAIIMYA  3arps3HUTENCH PEYHOH BOXBI B YCIOBUSAX — OOIIETO
oJIb30BaHUs KackagoMm Majibix ['DC. B mampHeliniem Ha 0aze MpeaioxKEeHHOTO
Heo0XoauMo pazpaborarh Oojiee KOHKPETHYIO MOZEIb, B KOTOPOH, HCIONB3YS
OINITHUMAJBHOE pellatoniee MpaBmiIo, 10 KOTOPOMY BO3MOXKHO OIIPEENUTh BCEX
HAPYIIUTEIICH HOPM COPOCOB U OIICHUTH BEPOSATHOCTH OIIMOKU 3TOrO MpaBUIIa,
CIIYXKaIIyI0 KPUTEPUEM €ro ONTHUMATBHOCTH. [IpU 3TOM MOXXHO OCYIIECTBISATH
O0BEKTHBHYIO OIIEHKY COCTOSIHUSI THIpOIKocucTeMbl. bonee obmias 3amaua —

OlICHMBAHUE 3HAUeHWN (QyHKUMHA cOpocoB x, mo HaOmogeHmsM )V (3amada

nAeHTU(HUKALMN) B OTAENBHBIX CIIydasX MOXXET OBbITh pellleHa aHaJOTMYHBIMH
MeronamH. PerieHne ee nMeeT He TOJIBKO SKOJNOTHYECKHH U TEXHOJIOTMYECKHUH
3¢ QeKT, HO U 3HAYNTEIBbHBIA IKOHOMHYECKUH 3((EeKT, JOCTUTAEMBIH MyTeM

6 ISSN 2224-0349. Bicnux HTY «XIIl». 2013. Ne 17(990)



MHUHUMH3AUN TEXHUYCCKUX CPCACTB, B YaCTHOCTU CPCIACTB H3MepeHHﬁ,
HeO6XOI[I/IMI>IX JJIs1 aBTOHOMHOT'O KOHTPOJIA KaKA0ro HCTOYHHKA 3arpsA3HCHU.
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HpenTudukanus HCTOYHHKA 3arpA3HEHUs PeYHOIi BO/AbI B 30He kackaaa maiabix I'9C. /
Aptiox C.®., JIwoumoBa H.A. // Bicuuk HTVY «XIll», Cepis: Enepreruxa, HaniiHicTh Ta
eneproedexTuBHicTh. — Xapki: HTY «XIII». — 2013. — Ne.17 (990). — C.3-7. bibmiorp.: 7 Ha3B.

B mamiii pobOTI pO3MISNAETBCS aKTyadbHA 3aJada IHOOYIOBH MAaTeMaTH4YHOI MOJei
TEXHIYHOTO0 KOHTPOJIIO BOZHOTO 00’€KTy B yMOBaX BHKOPHCTAaHHS OCTAaHHBOTO KAacKaJOM MaJX
I'EC i3 MeTor0 BUKOHAHHS HOPM NIPUPOAOKOPHCTYBAHHS. PillleHHS Mae BENMKUH TEXHOJIOTIYHUM,
€KOJIOTIYHHI Ta CKOHOMIYHHUIT €EKT.

KmiouoBi ciaoBa: po3mizHaBaHHS, MaTeMaTHYHAa MOJENb, €KOJOTis, pidKoBa BOJA,
3a0pyHIOBaY

In this article is descried issue of the day of the formulation mathematic model of technical
control of water object for the cascade of the little GES. It is a problem for the realization of the
natural law. This decision has big technological,economic and ecologocal effect.

Keyword: mathematic model, identification, ecology, pollution, water of river
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SKCHEPUMEHTAJIBHOE OIIPEJEJEHUE
SJNEKTPOOUBNYECKUX MHAPAMETPOB IIOBEPXHOCTHbBIX
BJEKTPOJUTUYECKHUX 3A3EMJIMTEJIEN MEPEJIBUAKHBIX
SJEKTPOYCTAHOBOK

B cTaThe mpecTaBieH ONMBIT SKCIEPUMEHTAIBHOTO ONMPENSNICHHS IIEKTPOPHU3NIECKUX [TapaMeTPOB
MIOBEPXHOCTHBIX JJIEKTPONUTHYeCKHX 3azemiuteneil ([193) Ha ¢u3mdeckoil MORENIHN U B IOIEBBIX
ucneltanusx. [lonTeepikaeHa TeopeTHueckas OCHOBAa METO/IA ONpeeNeH s conporusiaenus [193.
KnrueBble c0Ba: 3a3eMIIeHUE IIEPEABMIKHBIX IEKTPOYCTAHOBOK, IOBEPXHOCTHBIX
JNEKTPOIHTHYECKHI 3a3EMIIUTEIIb, IOJIEBBIE HCIBITAHUS, IIEKTPOPU3HIECKHE TapaMeTPhl TPyHTa

IlocTanoBka mpoliaembl. B palioHax, ygan€HHbIX OT pa3BUTON
SHEProceTH, a TaK JK€ Ha OOBEKTaX, IMOCTOSHHO MEHSIONIMX CBOE MECTO
PpacIionoXXeHus HAalUT LIMPOKOE IIpUMEHEHHE TiepeIBIKHbIE
anekrpoycraHoBku (I19Y) OcobeHHOCTH pPabOTBI JAHHBIX SHEPrOOOHEKTOB
(Bo3melicTBUE aTMOC(EpHBIX OCAAKOB, IEperajabl TeMIepaTyp, BUOpaius,
3amblIeHHEe M 3arps3HeHHe, Hajluyhe OONIBIIOr0 4YHCla KOHTAKTHBIX
COEIMHEHUH pachpenenuTeIbHOH KaOenbHOW CEeTH M BO3MOXKHOCTH €€
MOBPEXK/ICHNST JAPYIMMH MEXaHU3MaMHu) ONpPENessIIoT JaHHBIH OOBEKT, Kak
00BEKT MOBBIIIEHHOH OMAaCHOCTH MOPAYKEHUS YEI0BEKa JIEKTPUIECKUM TOKOM.
Oro HaKJIabIBAIOT cepbe3HbIe TpeOoBaHUs K obecrieueHnIo
AJIEKTPOOE30MAaCHOCTH OOCITY)KHBAIOIIETO IEpCOHANIa M JIMIl PabOTaIoOMMX B
HernocpeacTBeHHoM Omm3octu ot [19Y [1].

OcHoBHOH Mepoit obecrieueHus 2JIEKTp0OEe30MacHOCTH
ANEKTPOYCTAaHOBKaX SIBJIAETCS 3alllUTHOE 3a3emiieHue [2, 3] B coorBerctue ¢ [4]
3a3eMenenue [IOY NOMmKHO BBIMOMHATBCA TaK K€ KaK M AN CTAllMOHAPHBIX
AJIEKTPOyCTaHOBOK. ONHAKO, COOpY)KEHHE 3a3eMIIIIOIIMX YCTPOWCTB C
HOPMHPYEMBIM COIIPOTHBIIEHUEM 3a3emiieHus 11 [0V 3adacTyro HEeBO3MOXXHO
10 IPUYUHE UX PaOOTHI Ha TPYHTaX C BEICOKUM YJIEIBHBIM CONPOTHUBIICHHEM. B
KayecTBe pelieHuss npobieMbl 3azemisieHuss [I0Y  Obuto  mpesioxkeHo
WCIONB30BaTh TOBEPXHOCTHBIC 3JeKTpoiuTudeckue 3azemuurenu ([193)
Pa3IMYHBIX KOHCTPYKIMH COYETalolIHe OOUIMPHYIO ITOBEPXHOCTh KOHTAKTa
3a3eMJINTENSI C TPYHTOM W MUHHMMAJIbHBIE TPYJOBBIE U BPEMEHHBIE 3aTpaThl Ha
MoOHTaxX [5,6]. B [7] ObLI mpemokeH METO onpeaeicHus conpoTupieHus [193
OCHOBAHHBII Ha IPUMEHEHUH TEOPUH MEPKOJISIMH U (PPaKTaIBLHONW T€OMETPHH.

©II1.®. bynanos, A.M. YepHiok, 2013
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[oaTBepkeHNEe MONTYYEHHBIX HAYYHBIX PE3YJIbTATOB BO3MOXKHO ITYTEM
AKCIEPUMEHTAIBHOTO OTPEIEICHUs deKTpodu3mueckux mapamerpos [133.

O030p 0a30BBIX TeOopeTHYECKHX TMOJ0KEHUI. DJIEKTPOIUTUUECKUI
croco0 3a3eMJIeHHs MMPUHIMIHAIBHO OTIMYAETCSl OT TPaJUIMOHHBIX TEM, YTO
YIIeIbHOE CONMPOTHBIIEHUE T'PYHTAa P HE SIBISETCS MCXOAHBIMH JIAHHBIMHU IIPH
pacuére cHCTeMbl 3a3eMJICHHMS, a €cTh IIpeAHaMEPEHHO HW3MEHsEMOH
BEIMYMHON. DTO M ompezensieT OCOOEHHOCTH pabOoThl 3JIEKTPOIUTHYECKUX
3azemunTernell. B mporecce padotsl [10Y anekTponut npocaynBasch B TPYHT
o0pazyeTr HeKOTOpoe 0OBEMHOE TENO IEKTPOIUTa B TpyHTe. DopMa U pasmMepbl
JIAHHOT'O TeJla BO MHOI'OM OIIPEJEIISIFOT COINPOTHBIIEHHUE BCETO 3a3EMJISIOLIETO
YCTpOMCTBA.

Onpenenenne ¢GOpMBI M CBOHCTB paccMaTpHBaeMOro Zena yKe
MIPOBO/IMIIOCH aBTOPaMM CTaTbH AKCIIEPUMEHTAJIbHO M YAaCTUYHO OCBEIEHO B
[8,9].

B pesynbTare uccnemoBanuii ObLIO OMpeeieHo, 4yto npu padore 193 B
TPyHTaX C OJHOPOAHOW CTPYKTYpOil Qopma 3JIeKTPOIUTHYECKOro KiacTepa
MOKET OBITh C TOCTATOYHOM TOYHOCTHIO ONKCaHa MapadOIHIeCKOl ()yHKIIMEH.
B HeonmHoOponmHBIX TpyHTax onucaHue QOpMBI KiacTepa MapadoIMyecKoi
(GyHKIMEH Henb3s CYUTATh JOCTOBEPHBIM BBHUY 3HAYMTENHHOTO YBEITUYEHHMS
MOTPEIIHOCTH  aNmnpoKCHMaluu. [Ipy  3TOM  aHaJIMTHYECKOe OIMCaHUe
MapamMeTpoB 3JIEKTPOJIUTHYECKOrO KiacTepa IPeACTaBIsIeT 3HAYUTENbHBIE
TPYIHOCTH, U B pEaJbHBIX YCIOBHUSX dKCIUTyaTtauuu 1193 HenmpumeHumo. 1o
OBbUIO TOATBEPKICHO JalbHEHIIUMH DKCIIEPUMEHTAIBLHBIMU HCCIIEI0BAHUSIMA
aBTOPOB PE3YJILTATHI KOTOPBIX OTPa’KEHBI HIKE.

Matepuanbl  ucciaenoBanusi. C  I[ENbI0  yCTAHOBICHUS  YETKHX
KOPPEJISIIUOHHBIX CBs3eH MEXIy (paxkTaJbHBIMH U 3JIEKTPOPHU3NIECKUMHU
CBOMCTBaMU AIIEKTPOIUTHIECKOTO KJacrepa MIpOBEAEH pan
9KCIIEPUMEHTAIBHBIX HCCIIEI0BAHMN

CyTh MeToJa HCCIIeNOBAaHUs COCTOMT B ciemytomem: 1. Moapenupyercs
oOpaser] TUINWYHOTO TpPYyHTa, OOJNAIAIONIero ONpeAeIEHHBIMA CBOHCTBAMH
(mopHCTOCTD, BIaXKHOCTH, (pakiuy yactun u T.7.). OOpaser nomeniaercs Ha
MIPOBO/ISIIIYIO ITOJCTUIIAIONIYIO TUIACTHHY. 2. B MaccuB rpyHTa momemniarorcs
JIATYMKH, QUKCUPYIONINE TIPEOJIOTICHHUE IIEKTPOIUTHYECKUM KIIACTEPOM Mopora
nepkonAuuu B JaHHOM Touke. 3. Ilpm momomm mozpenu I193 mocrenenHo
dbopMupyeM  3JEKTPONUTHYECKHH Kiactep H  (UKCHPYyeM HW3MEHEHHe
JJIEKTPUYECKOTO  CONPOTHUBIICHHMS ~ XapaKTepPHbIX  IMyTeH  MEepKOISILIUHN
(3a3eMyHTENh — JATYUK, 3a3€MIIMTENb — MOACTHJIAIONAs TUIACTHHA, JATYUK -
natuuk). 4. [lo oxoHuaHuu ¢opMHUpOBaHUS KilacTepa oOpaser, TpyHTa
pasOupaercs TmociaoWHO u (Qukcupyercs ¢opMa Tena 00pa30oBaHHOIO
AIIEKTPOIUTHYECKAM KIJIACTEPOM

Jlnst maHHBIX WCCNeNOBaHWN ObLTAa CIHPOCKTHPOBAHA M HW3TOTOBJICHA
UCTIBITaTeNbHAs JabopaTopHas ycTaHOBKa (pHC. 2).

YcraHOBKa BKIIIOYALT:

1. PesepByap s MOIETUPOBAHUS CTPYKTYPHI TPYHTA, MPEICTABIISIONINI
co0oii kopod pazmepom 500x500x300 MM ¢ pa3sMETKOH TOPU30HTATBHBIX CIOER
Ha BHYTpEHHEW noBepxHOCTH. Ha THO KopoOa yiokeH MEeTaTHICCKHUH JTUCT.

2. Kommyratop Ha KIEMMBI KOTOPOTO BBIBOAATCS KOHTaKTHBIC
MIPOBOJTHUKH OT 3arTyONIEHHBIX B TPYHT JaTYHKOB.

3. IIpubop n3mMepeHust CONPOTUBIIEHHS 3a3eMiieHus (T M372).

4. Mopens 3JeKTPOTUTUICCKOTO 3a3eMInTelIs B Maciirade 1:10.

5. Jlatuuku: mocnoiiHble (B BHJEC METAJUIMYECKUX CETOK C SYCHKOM
poMOoOBUAHON (GopMbl ¢ muaroHansmu 50x30MM) W TouedHbIe (B BHIE
METAJUTHYCCKHUX JTUCKOB TUAMETPOM 25MM)

Puc. 1 — VcneiTarensHast 1abopaToOpHast yCTaHOBKA

B xome »3KChmepuMeHTa MPEABAPUTENHLHO ONPEASNIach MOPUCTOCTh
HCIIBITYEMOI'O TPYHTA B CIIEYIOIIEH MOCIeI0BATEIbHOCTH:
- OTMEpsIEM OIpPEEIEHHBIN 00BEM Cyxoro rpyHTa (MECoK) - Vi, M
- TIOCTCNIEHHO 3achlllaéM CYXOW TPYHT B pe3epByap C 3apaHee
OTpeICIEHHBIM 00BEMOM BOMIBI - VM
- 3aMepseM MOTYYMBIIHNCS OOIIUH 00bEM CMECH «TPYHT — BOIA» Vg, MIT
- onpenenseM K03 QUITMEHT TOPUCTOCTH TPYHTA KaK
K :VF_(VOGLLl_VB)’ (1)
nop Vl
rae V. - 00béM cyxoro rpyHTa, Mit; V; - 00bEMOM BOMBI, MIT; Vg - 0OIIUit
00BEM CMECH «TPYHT — BOJIa», MIL
B Hariem ciyuae Jisi TpyHTa «CYXOU TTECOK»
K - 200-(925-800)

o 200

=0,375.
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JHanee ¢hopMupoBacs HCIBITYEMBI MACCHB TPYHTA MTOCTONHON YKIIAIKON
rpyHTa M JaTdukoB (cerku). beuto ynoxeno 10 cerok c¢ marom 20 M.
KoHTakTHBIE TIPOBOIAZ OT CETOK BBHIBEJCHH Ha KOMMYTaTop. B meHTpe
MONYYUBIIETOCs 00pas3la IrpyHTa YCTAHOBJEHA MOJETH DJIEKTPOIUTHYECKOTO
3a3emiuuTens. KOHTakT Moienu 3a3eMiuTensl C KaxJO0W CETKOM U HIDKHEH
METaJUTMYEeCKOH TUTAaCTUHOM oOecrieunBaeTcsl uepe3 U3MEPHUTENbHbIH Ipudop U
KOMMYTaTop.

dopmupoBaHKE 3IEKTPOIIUTHIECKOr0 KacTepa MPOU3BOAMIOCH 3aJIMBKOM
3MEKTpONuTa (KUCIOTHBI SIEKTPONHT IIOTHOCTI0 1,27 T/em’) B Mozens
AJIEKTPOIUTHYECKOT 0 3a3eMIIUTENS IonaroBo B 00béMe 50 mur. [loce kaxaoro
mara 3aMepsyIoch BpeMs IIPONMUTKH 3JIEKTPOJIUTa B TPYHT, IIOCIE Yero
MIPOM3BOJIMIINCE HM3MEPEHHsI 3HAUCHWH COMPOTHBIEHUS MEXIY MOAEIBIO
3a3eMJINTENs] M KOHTaKTHBIMH KJIEMMaMH ceToK-matdukoB (1-10) wu
MOACTHIIAIONIEH MeTautnueckoil 1wactuabl  (00mr). CymmapHblid  00BbEM
aekTponuta coctaBui 1050 mut.

Takum oOpazoMm OBLIM TONY4YEHBI KPHBHIE M3MEHEHUS COINPOTHBIICHUS
«I193 — partumk (cerka)» A BCEX CETOK M IIOJCTHIIAIONIEH IPOBOJSILIEH
TUTACTHUHBI

ROm /!
10,061y

2000

1500 — 8

1000 — 6

500 — 3!

o

150 300 450 600 750 900 1000

Puc. 2 — 3aBucumocTs m3MeHeHHs conpoTuBieHus «I193 — narduk (ceTka)» oT
00B&Ma BiuTOro 3mmekTponuTa: 1-10 o0 - Homepa ceTok

Kak BuaHO ©3 puc. 2 3HAYUTENBHOE CHIDKCHHE COIMPOTHBICHHS
«3a3eMITUTENb - CETKa» MPOUCXOMUT MPH OOpPA30BAHUM YCTOWYMBBIX MyTeil
MEPKOJISIUY T.€. MPU JOCTIKCHUH KIIACTepOM TIYOWHBI closi ceTku. [lamenue
COMNPOTHBIICHHUSI TIPOUCXOJUT PE3KO O MPAKTUYECKUA HYJIEBBIX 3HAYCHHUH, YTO
MOATBEPXKAACT TMONOKEHHE O TOM, 4YTO JUIi CO3[JaHUs TPOBOAUMOCTH
JIOCTATOYHO CO3/IaHMS TAXKE OJHOTO MYTH MEPKOJISIIHH.

[Mocne Bcex M3MepeHHH MOCIOHHO CHUMAaeM I'PYHT U HUKCHpYeM (opMy
TOPH30HTANILHBIX CPE30B  OOPA30BAHHOTO DICKTPOJIMTHYECKOrO KiacTepa.
IMoxactunaromieil miacTHHBI (OOIIL.) AMEKTPOTUTHUESCKUIA KITacTep HE JIOCTHT.

[MpousBomuM TpHUBEJCHHE TOMYYCHHBIX H300paKCHHH K OJIHOMY
Macmrady, rpaguueckyro 00pabOTKy W OOPHCOBKY TOPH3O0HTAIBHBIX CPE30B
ANIEKTPOJIUTHYECKOro Kiactepa. Ilocme dero BoccTaHaBiuBaeM (opMmy
kiacrepa (puc. 3)
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IMpucyrcTBHe TOpPU30HTANBHBIX CETOK B MaccuBe oOpas3la TIpyHTa
00yCIIaBIMBaET SIBHO BHIPAKEHHYIO TOPU30HTAIBHYIO HEOHOPOIHOCTD IPYHTA.
[TogoOHBIE HEOTHOPOIHOCTH CBOWCTBEHHBI CIOUCTHIM TPYHTaM B YaCTHOCTH.
Takoe CTpOEHHUE rpyHTa ofpenenser HENPaBUIbHYIO bopmy
JNEKTPOIUTHYIECKOro Kiacrepa. OmnucaHue mnoAo00HOH QopMbl Kiacrepa
AQHAJIUTUYECKUMH  BBIDOKCHUSIMH  TIPAKTUYECKH HEBO3MOXHO. [loaTomy
TpaJULMOHHBIE METOJBI pacyéra 3a3eMIINTENIe, B KOTOPHIX HEOTHEMIIEMOH
COCTaBHOM 4acThi0 pacuéra ecTb OINpeAelieHHue IUIOMAJM KOHTaKTa
«3a3eMJIMTENb TPYHT», HENPUMEHHMBI JUIsI pacuy€ra BIIEKTPOIUTHYECKOTO
3a3eMJICHHS.

© N OO A® N

a

Puc. 3 — Boccosmanne GpopMbl AJIEKTPOTUTHYECKOTO KIacTepa:
a - BUJ CHH3Y; O — BHJ CBEPXY

JlanpHelme nccaeoBaHus MPOBOAMINCH C MCIIOJIb30BaHUEM TOYEYHBIX
JIATYMKOB, UTO TMO3BONMWIM (opmupoBaTh Kiactep Oonee IMpaBUIIBHON
(mapabonuueckoif) GpopMbl U (UKCHPOBATh AMHAMHUKY Pa3BUTHs KilacTepa He
TOJIBKO 110 BEPTHUKAILHOM OCH, HO ¥ B TOPU30HTAIBHOHN IJIOCKOCTH.

JlaTuukn yknmaapIBaroTca B psAAbl mocnoiHo. Kaxnend psok umeer 7
JIATYMKOB, Bcero ciio€B 5. KOHTaKkTHBIE MPOBOAA OT JATYMKOB BBIBEIEHBI HA
KOMMyTaTop. B 1ienTpe momydusierocs odpasia rpyHTa yCTaHOBJIIEHAa MOJENb
JNEKTPOIUTHIECKOrO 3a3eMiuTensd. KOHTaKT MoJenu 3a3eMIIUTEN C KaXbIM
JATYNKOM W HIDKHEW MeTaJUTMYecKod IUTacTHHOM obOecrieynBaeTcs 4Yepes
W3MEpUTENBHBIN NpuOop 1 KoMMyTaTop. Cxema packiaJky JaTYNKOB M CXeMa
N3MEpUTENBEHOH [IeNH NpeICTaBIeHbl Ha puc. 4.

3anuBaeTcs OJEKTPOIUT (PacTBOp MENHOTO KyIopoca OIpeleaéHHOH
IUVIOTHOCTH) B MOJENb JJIEKTPOIUTUUECKOrO 3a3eMIIUTENs OIIaroBo B 00béMe
50 miu. Ilocne kaxpmoro miara 3aMepsieTcss BpeMsl NPOMUTKH JIEKTPONIUTa B
TPyHT, IIOCIE€ 4Yero HW3Mepsercs 3HAa4eHWs CONPOTHBICHUS  IeIeii:
"3azemsuTens - maTduk" (WIS Kaxgoro pgatdmka) Ri;  "3azemummerens -
noacTunaromas ractuia” Rodmr; - "matyuk - natauk” - Ri-j.
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Kommymarmop

= o

H 0 0 0

Puc. 4 —Cxema packiaJiki JaTYUKOB U U3MEPUTEITHHON ST

HccnenoBanusa NpoBOAWINCH AJIS TPYHTOB PA3IMYHOW CTPYKTYpBI M AT
ANEKTPOJINTOB PA3IMYHON IUIOTHOCTH U cocTaBa. Ha ocHOBaHMU MONTY4eHHBIX
JIAaHHBIX OBUIM MOCTPOEHHI MH()OPMAIMOHHBIE ITOJsI 3HAYEHUI CONMPOTHBIICHUS
JUISL KaXJOro Imara M3MepeHdi, 4To AaéT MpeACTaBICHHE O JUHAMUKE
(opMupoBaHus 3NEKTPOITUTUYECKOTO KJacrepa u HU3MEHEHUS
anekrpodpusnueckux mapamerpoB [133. IlocTpoeHBI KpUBBIC W3MCHEHHS
COTIPOTHUBJIEHUSI XapaKTEPHBIX IIEMOYeK KacTepa

KpuBble  n3MEHEHHS  CONPOTHMBJIEHHS  LENH  «3a3eMJIUTENh  —
MOJCTUJIAIONIAS TIACTHHAY MEepACTaBIECHbl Ha puUC. 5.

Hensto monesbix wucnbiTanuit [193  sBnsercs: IIOATBEPXKACHUE
TEOPETHYECKHUX TIOJIOKEHUH paboThl; TOATBEPKICHUE JKCIIEPUMEHTAIBHBIX
pe3yNbTaToB IIOJNy4EHHBIX Ha JabOpaTOpHOW  yCTaHOBKe; pa3paboTka
MIPAKTUYECKUX PEKOMEHAALUH 110 MOHTaXy U 3KcIutyatanuu [193.

[ToneBble WCHBITAHUS MPOBOJAWIMCH HAa MECYaHOM TPYHTE C (pakuuen
COOTBETCTBYIOIIEH  (pakiwm TpyHTa '"cyxod mecok" 1abopaTOPHBIX
WCIIBITAaHWH, OMUCAHHBIX BhIIIe. VICTIbITaHNS POBOJMIMCH HA KParo MeCYaHoro
Kpbepa, 4TO MO3BOJIWIO UMETh MPEACTaBIECHUE O PEaJbHOI CTPYKType TPyHTa B
MecTe 3a3emiieHud. [laHHas CTpyKTypa IpejacTaBieHa Ha puc. 6. [pyHT B mecte
3a3eMJICHHs] UMEET HEe3HAYMTENbHBIH BepXHHUU cioi (2-3 cM) HacTa u3 Cyxo
XBOM, Jlajiee 3ajieraeT Cioi npaktudecku yucroro mecka (0,7 - 0,8 M), Tperuii
CIOM TOMMMHOM 10 IM - MECOK C BKIIOUEHHSIMH OpPraHUYECKOro TIPYHTa,
HWKHUM CcJOW -  TMECOK aHaJIOTMYHBIA BTOpoMy ciioto. CylllecTBEeHHOE
YBIIQ)KHEHHE TpyHTa HaOmoqaercs Ha riryonHe okono 40cMm.
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Tpywt 1
MnotHocTs:

5
anexTponuTa 50Mn/an

100000

10000 |
Tpynr 2

Mnorwocts
anekTponuTa 50Mn/amM’
1000

100 TpyHT 2
Mnotocts. s
anextponuTa 200mn/aw

100 T

1000 2000 3000

Puc. 5.— CoBmemEnHbIi rpad)ik H3MEHEHUST CONPOTHBIICHHS JIJIS TIETTH "'3a3¢MITHTEITh —
MOJICTHTAONIAS TUTACTHHA" TIPH PAa3TMYHOM THUTIC TPYHTA U KOHIIEHTPAIIMHU 3JIEKTPOJIUTA

Puc. 6 — CTpyKTypda IpyHTd B MECTE [OJIEBbIX UCILITAHUU

3a3eMiIeMOil  3JIEKTPOYCTAHOBKOW  SIBJISIICS OCH3WHOBBIA Te€HepaTop
Mapku Fireman SPG1500. B kauecTBe W3MEPUTEIBHBIX 3JIEKTPOOB
WCIIONIb30BAJINCh METAJUTMUECKHE TOJICTOCTEHHBIE TPYObI IUaMeTpoM 25 MM
nauHoM 2M. HMcnonb3yemblid 3JIEKTPOJIUT - PacTBOP MEIHOrO Kyropoca
koHleHTpanued SOMr Ha 1000 mut. OmpeneneHus CONPOTUBICHUS 3a3eMJIICHUS
MPOM3BOJIMIIOCH ~ METOJOM  BOJIbTMETpa-ammepMerpa. Kiacc  TowHOCTH
n3MepuTensHbIX TpruodopoB 0,5. OOmuiA BU yCTaHOBKH IPEACTABIIEH HA PHC. 7.
Pe3ysbraThl HCIBITaHUI TIpECTaBIIEHbI B TabmHIEe 1
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Puc. 7 — OOmuit BU UCTIBITATETIHHOW YCTAHOBKH

Tabnua — Pe3ynbraTel mONEBBIX HenbITanuil [103

Nerm O0BéM Iloxa3zanus Iloxa3zanust Rzas, Om
AJIEKTPOJINTA, BONIETMETpa, B amepeMeTpa, A
MII
1 1000 186 0,025 6200
2 2000 180 0,03 6000
3 3000 175 0,03 5833.,3
4 4000 170 0,035 4857
5 5000 170 0,035 4857
6 10000 165 0,4 412,5
7 20000 164 0,6 273
8 25000 163 0,85 191,7
9 30000 159 2,5 63,6
10 40000 157 2,9 54,14
11 50000 157 3,7 42,43

I'paduk 3aBHCMMOCTH COIPOTHBIIEHHUS 3a3eMIINTENS OT 00BbEMa BIMTOTrO
JJIEKTPONINTA MIPEACTABIICH HA PHUC. 8

U3 rpaduka 8 BHOHO, YTO MOpPOr MEPKOISILMH IPEOAOJIEBAETCS TPHU
00béMe oanekTponuTa paBHOM okoio 10 m. Ilo pesynpraTaM NpemplIymIAX
UCCIIeIOBAaHUI U3BECTHO, YTO 00BbEM CHOPMUPOBAHHOIO IEKTPOIUTUUECKOIO
KJIacTepa JUlsl IECYAHOr0 FPYHTA ¢ HEOAHOPOIHBIMU BKIIFOUEHUSIMH NPEBBIIIAET
00BEM BIUTOrO 37eKTponuTa B 5-11 pa3. YUuThiBasi, 4YTO MOJNEBBIE HCIBITAHUS
MPOBO/ISAITCS HAa TPYHTaX IMOJ OTKPBHITHIM HEOOM M B TaKOM TIPYHTE YKe
MIPUCYTCTBYET OMpEAENEHHOE KOIMYECTBO BJIArM K JalbHEHIIMM pacdyéram
IpUMEeM BEpPXHIOI TpaHUIy 3TOro JUama3oHa M 00BbEM KiIacTepa COCTaBUT
110 .

Voun
6500
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4000] |

3000] |
2000 |

10007 \
\
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R —

100 —T -
oZus 0 2 2 % o 50 R, 0n

Puc. 8 — 3aBucuMocThb COIIPOTUBJICHUSA 3a3€EMIIUTEIISA OT 00BEMa BIIUTOTO
DJICKTPOJIMTA

Jis mecuaHbIX TPYHTOB (hopMa BIIEKTPOIUTHYECKOTO KiIacTepa MOXKET
ObITh NpUHSATa Napabonniyeckol MpuOIMKEHHON K nonycdepudyeckoin. OObEM
norycepbl MOXKET OBITh Hal/IeH Kak

_ %mﬁ : ?)

%
Pemas 3amauy oTHOCUTENBHO R TONYYUM R = 3/M =3,74nm =37, 4cMm -
2*3,14

Orcroma MOXKHO CHenaTh BBIBOJ O TOM, YTO 3HAUUTEIbHOE MajJeHUE
CONPOTHBIICHHSI ~ 3a3€MJIMTENsI  HAONIONAeTCsl B MOMEHT  JOCTHXKEHHS
ANEKTPOINTUUECKUM KJIACTEPOM XOPOILO YBJIAXHEHHBIX CIOEB IPYHTa B MaJIbIM
YAEIbHBIMH CONPOTHBIICHUEM.

[Tpu 50 auTpax BIWUTOrO 3NIEKTPOIHUTA OBUIO JOCTUTHYTO CONMPOTHBIICHHE
MeHee 43 Owm, 4TO B MECYAHBIX TPYHTaX, NPU YCIOBUU HCIONb30BAHUS
Heckonmbkux  [103  Moxker — obecrieunTh — IpHEMIIEMOE  HaIpsHKEHHE
MIPUKOCHOBEHMs. YCTAHOBKA OJHOIO TakKOro  3a3eMJIMTEeNs  MO3BOJIUT
00ecreuuTs  CONPOTHBIEHHE PACTEKAHUIO  3a3eMIIONIET0  yCTpOHCTBa
SKBUBaJIeHTHOro 116 wHBeHTapHBIM OypaBamM w335  CTep)KHEBBIM
3a3emauTessM JuinHoi 0,8 M miu 59 cTep KHEBBIM 3a3€MIIUTENSIM JUIMHON 2 M.

BeiBoas!.

1. Pas3paborka pacyéTHOH MOJEIM BIEKTPOIUTHYECKOIO 3a3eMIICHHS
BO3MO)KHA C IPUMEHEHHEM TEOPHH IEPKOJISIIH U TEOMETPUIECKHX (PpaKTajoB.
B ofmem cioydae paccMaTpuBaeMoe TEIO MOXKHO IPEACTaBUTh Kak
ANIEKTPOIUTHYECKUN KilacTep, oONafalomyii Kak HEepKOISIIHOHHBIMU TaK |
¢dpakTasbHBIMH  CBOMCTBaMH. B 00béMe Kiactepa o00pa3oBaHbl MyTH
MIEPKOJISIIMH, KOTOphIe W 00ECHEYMBAIOT MPOBOIUMOCTh AJIEKTPHYECKOTO TOKa
CKBO3b MAacCHB BEpPXHErO CJIOsl TpyHTa (KOTOPHIH XapaKTepH3YeTCsl BBHICOKHUM
YIENBHBIM CONPOTHBIIEHUEM) B BOJIOHOCHBIE CJIOM OOJaJaloIINe BBICOKOMH
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MOJIETISIX CTAllMOHApPHBIX 3a3eMJIHMTeNled M HE YUYUTHIBAIOT OCOOEHHOCTEH
XapaKTEePHBIX IS 3MIEKTPOIUTHYECKOrO 3a3eMiIeHU. 3. DNEeKTPOIUTUYECKUiL
knacrep [193 B HEOHOPOAHBIX TPYHTaX MMEET CIOXKHYIO OPMY M HE MOXKET
OBITH OMUCaH aHaJIUTHYeCKU. 4. Pe3koe CHIDKEHNE CONPOTUBIICHHS 3a3eMIICHHS
MIPOMCXOJUT B MOMEHT IPEOJIOJICHUSI KJIACTEPOM Iopora mnepkoisuuu. Jlis
CO3JJaHUsl TIPOBOJUMOCTH JIOCTATOYHO Ja)X€ OJHOTO ITYTH HEPKOJISIUH.
5. Mogenb pacuéra conporusienust [133 MoxeT ObITh pa3paboTaHa Ha OCHOBE
MIEPKOJSIIMOHHON TEOPUH U TEOPHU T€OMETPHIECKUX (hPAKTaJIOB.

Cnucoxk Jurteparypbl: 1. Pasuxoséuu MJ[. TexHuka 0€30HaCHOCTH B  IEPEABHKHBIX
anekTpoyctanoBkax/ 4. /]. Pasukosuu.- M.: Dueprus, 1976r., 2. IIVE 2009 IlpaBuia ynamTyBaHHS
enektpoycranoBok, 3. JICTY b B.2.5-38:2008 Harmionansuuit cranmapt Ykpainu. ImkenepHe
obnanHaHHg OyIMHKIB 1 cIIOpyA. YiamryBaHHsS OJIMCKaBKO3axXHCTy OyaiBens i crmopyn, 4. TOCT
16556-81 3azemiieHue Il NMEpeIBUKHBIX IEKTPOYCTaHOBOK. OOIHe TEXHHYECKHE YCIOBHS, 5.
Hesanog B.I'., DNeKTpoIUTHIECKHE 3a3eMIIHTEeNH. [IperMyiecTBa U MepCIeKTHBBI UCIIOIb30BAHHS/
B.I'Msanos, A.M.Yepniox // Enepreruka ta enekrpudikamis.- 2007.- Ne5, 6 TTat Ne46648 MIIK H
01 F 27/42. IlepenocHuii enexrponitianuii 3a3emiroBad/ Apmiox C.@., leanos B.I"., Meszepsa A.1O.,
Yepurok A.M., Kono6poodos C.0.// 3BasBHuk Ta nateHtoBiacHuk YIITA. omy6m. 25.12.2009 7.
Byoanog I1.®. Mopenb NepKOISIUYN HPOBOJUMOCTH HPOLECCa IEKTPOIUTHISCKHOrO 3a3eMIICHUS
/I1.®.Byoanos, A.M.Hepniok // O30poeHHs i BifickkoBa TexHika.- 2012.-Bun 2(30) 8. bydanos I1.D.
OmpeneneHue (GopMbl O00BEMHOrO Tela ODIEKTPOIHTA B TPyHE IpH paboTe IEPeHOCHUX
EKTPOIUTHYECKUX 3a3emuute et /I1.d.bydanos, O.11. Heuyiigsimep, A.FO.Mesepss A.M. YepHiox
10.A.Ilapxomenxo // 30ipHHK HayKOBHX Ipanb XapKiBCHKOTO YHIBEPCUTETY MHOBITPSIHUX CHIL-
2012.- Bunyck 1(30) 9. Yepuwx A.M. IloctaHOBKa SKCIEPUMEHTAIBHBIX HMCCIEAOBAHUHN MO
OIPE/ICIICHHUI0 XapaKTEPHCTHK paboThl 3JeKTpoiuTHdeckoro 3azemunrens/ A.M.Yepuiox//; 11-s
MeXIyHapoJHas HayIHO-IpaKTHIecKas: KoHdepeHuns «KadecTBO TeXHOJIOTHIT — Ka4eCTBO JKH3HH»
r.Cynak 2010.

THocmynuna 6 peokoanecuio 14.02.2013

VK 621.316.953:621.04.8

JKcInepUMeHTAILHOE ONpeesieHHe YTeKTPO(PH3NIeCKIX TAPAMETPOB MOBEPXHOCTHBIX
3J1eKTPOTUTHYECKHUX 3a3eMJIMTe 1ell epeiBUKHBIX dJIeKTpoycTaHoBok / Bynanos I1.®.,
Yepuiok A.M. // Bicauk HTY «XIII». Cepis: Enepreruka: HafiiiHiCTb Ta eHeproe()eKTHBHICTb. —
XapkiB: HTY «XIII». —2013. — Ne.17 (990). — C.8-17. Bi6miorp.: 9 na3s. In.: 8. Tabmn.: 1.

VY cTaTTi HpencTaBIeHHH JOCBIA EKCIEPHMEHTAIbHOTO BH3HAYEHHS eIeKTPO(I3HIHNX
napaMeTpiB MOBEPXHEBUX eNEKTPONiTHYHMX 3a3emioBaubiB (IIE3) nHa ¢isnuniii Momem i B
MOJIOBUX BUNPOOYBaHHsX. IlinTBep/keHa TeopeTHYHA OCHOBA METORY BHU3HaueHHs omopy I1E3,
3aCHOBAHOT0 Ha Teopii mepkomii i hpakTambHOI reoMeTpil

Kutio4oBi ci10Ba: 3a3eMIICHHS TEPECYBHUX €IEKTPOYCTAHOBOK, IIOBEPXHEBUX
eNEKTPONITHIHHHI 3a3eMITIOBAY, [I0JILOBI BUNIPOOYBaHHS, eIeKTPOdi3NIHI TapaMeTpu IPYHTY

In the article experience of experimental determination of electric parameters is presented
superficial electrolytic grounding (SEG) on a physical model and in the field tests. Theoretical basis
of method of determination of resistance of SEG, based on the theory of fractal geometry is
confirmed. Fig.: 8. Tabl: 1. Bibliogr.: 9 title.

Keywords: superficial electrolytic grounding, of electric parameters,
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AHAJIM3 PABOTBI PEﬂEﬁHOﬁ SAIIUTHI U ABTOMATHKH
JJIA HIOCJIEABAPUHUHOI'O BOCCTAHOBJIEHUA CXEMbI
SJEKTPOCHABXEHUA

PaccMmoTpensl  Bompockl  (pOPMHPOBAaHUST W OCMBICIUBAHUS COOOIICHUN O
COCTOSTHUU 3JIEKTPOYCTaHOBOK,yCTPOUCTB peNeHHON 3alIUThl 1 aBTOMATUKHU B
TIpoLIECCe aBapUIHOTO PEXMMA CHCTEMBI 3JIEKTPOCHA0KEHHS.

KnaroueBbie c10Ba : 3yeKTpOoCHAOKEHHE,  ONEPAaTHMBHOE  yIpaBJICHHE,
KOH(Urypamus ceTH, pejciiHas 3alluTa ¥ aBTOMAaTHKA,0NO3HAHUS ITapaMeTpOB
CETH U PESKUMOB PaOOTHI

B rmpomecce aBapuiiHBIX COOBITHH, NPOUCXOIAIIMX B CHCTEMax
anekrpocHabxkenuss (COC), mocnme cpabaThIBaHUS pPENCHHON 3alUTHl U
BBIKJTIOUATeNIeH, OMNpEeAENSIIOIUM JUI1 ONEpaTHMBHOTO IE€PCOHANA SIBISETCS
OblcTpasi M TOYHAs OIEHKa COOBITMH aBapHHHOTO pEeXUMa W IPUHSATHE
MIPaBWIILHOTO pelIeHusl sl BoccTaHoBieHus1 cxemMbl COC B mocieaBapuiiHOM
pexume  (1,2,3).Jl1  3MEKTPOIHEPrETUUECKUX  CUCTEM,  00JIa/IaloIInX
CBOMCTBAaMH HETPEPHIBHOCTH W OBICTPOTEYHOCTH MEPEXOAHBIX MPOILECCOB,
OlLleHKa COOBITHH pabOoThl peNedHON 3aIIUTHl M BBIKJIIOYATENICH ODKHA
BBIMOJHATHCS ~aBTOMATHYECKH C TPUMEHEHHEM COBPEMEHHBIX CpEICTB
BBIYMCIIUTEIBHON TEXHUKH. 371eCh HEMaJOBa)KHOE 3HAUYEHHE MMEET HaJIndue
nHpopManMM O TPEABICTOPUU BBIKIIOYATeNeld, o0beMaX U CTaTUCTHKH
peneliHoN 3amuThl ¥ aBToMaTtukd. Ocoboe 3HaYeHUE ISl NPUHSATHS pEIeHNH
HUMeeT aHajJIu3 paboThl IOTMYECKOH YacTh peJedHOMN 3alnThl, KOTOpas JOKHA
obecrieunBath cpabaTbiBaHME N0 TpeOOBAaHMIO U HecpabaThIBaHHE TIPH
BHEITHUX TOBPEXKICHUSAX JIMOO NPU OTCYTCTBUHU MOCIEAHUX. B menom, s
HaJEXKHOTO OIEpaTHBHOrO BoccTaHOBIeHUs cxempl COC B mpomecce
aBapuiHOrO peXHMa W TI0cie HEero HeoOXommmo o0yanaTh MHGpOpMaluend o
KoH(purypanuu cxembl COC, BKIIIOUEHHBIX M OTKIIOYEHHBIX MEIsX, 00beMax
peneiHON 3allUThl M aBTOMATHKH{, LEIMSIX C BO3HUKIIMMU TOBPEXKICHHUSIMH,
OTKa3aX OCHOBHBIX W PE3EPBHBIX 3alIUT, W3JIMIIHUX M JIOKHBIX JEHUCTBUSX
pENIeHHOI 3alUThl, HEMPABWIBHBIX JCHCTBUIN BBIKIIOYATENICH W OJOKHPOBOK
3alIUTHl U ABTOMATHKH. [JIAaBHBIMM HMCTOYHHMKAMH OMO3HAHUS OTKIFOYEHHBIX
ANEeKTPOyCcTaHOBOK (DY) ® KoHUTYypanmuu ceTH SBISAIOTCS  (DUKcAIUs
orcyrctBust HampspbkeHus (OH) w  orkmodeHHoro Beikmodarens (OB).
OTKITIOUYEHHBIE DJIEKTPOYCTAHOBKH  OIO3HAIOTCS IMYTEM IPOCIEKUBAHUS T10

HaIlpaBJICHUIO K UICTOYHUKY ITUTAHUA.
© baxenor B. H., 2013
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Ecnu  BhIKIOYaTeNns OTKIIOYEH WM OTCYTCTBYET HANpsDKEHHE, TO
anekTpoyctaHoBka oTkitodeHa (03). OTKIIOYCHHBIE HCTOYHUKH ITHTAHUS
O00HapY)KMBAIOTCSl ITyTEM 3aMepa HalpsDKEHHsT C MOMOLIbI0 M3MEPUTENTBHBIX
TpaHncdopmaropoB Hanpspkenust TV. s onoszHanust otkintoueHHod DY (03)
UCTIONIb3yeTCsl ypaBHEHNE

02 =0H +(11,0B), (1)
IJIe 7 OTHOCHUTCSl K BBHIKIIIOYATENSIM SJIEKTPOYCTAHOBKM OT BCEX HCTOYHHKOB
MTUTAHUS.

OnekTpoycraHoBka oTkimoueHa (OD), ecmu B HEH  OTCYTCTBYET
Hanpspkeane (OH) v OTKITIOYEHBI BCE N BBIKIIIOYATENHM TI0 HANPABICHUIO K
BO3MOXHBIM UcTouHHKOM turanus UIT (puc.1).

v um
2 l3

ur2

Puc. 1 — Ono3HaHue OTKITIOYEHHOH JJIEKTPOYCTaHOBKH

Ono3HaHue OTKIIOYEHHBIX cOOpHBIX mmH. COopuble wmmHB CIH
oTkimroueHsl (puc. 1), ecnu orcyrcrByer Hanpspkenue (OH ) WM OTKITFOYEHBI
BBIKJIFOUATeNN 1o HanpasiueHuto k MIT1 u UI12 (OB, n OB,):

03¢y = OH,,, +(OB, - OB,). )

Ono3HaHue OTKIMIOYeHHOW nuHUM. Jluaus W orkirouena (puc.l), ecnn
OTKJIIOYEHBI BBIKIIOYaTeN! no Hanpasnenuto xk UII1 u UI12 (OB, u OB, ):

03, =0B;-0B,. 3)

Ono3HaHue OTKIIIOUEHHOro TpaHchopmartopa. Tpancopmarop T
OTKITIOUCH (puUcC. 1), ecau OTKJIFOYEH BBIKITIOUYATENh 1O HamparieHuro k MIT1
(CHD):

03, =0B,. 4)

Jns  omo3HaHWS  MOBPEXIEHHBIX 3JEKTPOYCTAHOBOK  HCIIONB3YETCS
ypaBHEHHE

19 = 03-(;0133), (5)

TJIC [ — OTHOCHTCS KO BCEM OCHOBHBIM 3aIllUTaM 3JieKTpoycTaHoBkH (OP3).
IoBpexxnennass snekrpoycraHoBka (I19) pacmosnaercs (puc.2) mo
otkimoueHHoMYy coctosiHuio (OD) M cpabaThlBaHMIO XOTS OBl OfHOW €&

OCHOBHOW penetiHoi 3ammTsl (OP3).
nm

Puc. 2 - Ono3Hanne NOBPEKACHHOM AIEKTPOYCTAaHOBKH

Omno3HaHue MOBpexIeHHOro Tpancdopmartopa. Eciu tpancdopmartop T
(puc. 2) orxmoueH (03, ), u cpaborama XOTs Obl OJHA OCHOBHAs 3allUTa

(rasoBast  OP3., nuddepenumnanshas OP3, ,, orcedka OP3, ), TO
TpaHcdopMaTop MOBPEKIEH:
112, =03, -(OP3.+0P3,,, +OP3,,.) (6)
Ono3HaHue NOBpexAeHHOH nuHuK. Jluaus W (puc. 2) moBpexieHa
(112 ), ecnu oHa OTKIIOYeHAa O, U MOIYUYEHBI CUTHAJBI XOTA ObI OT OJHON U3
OCHOBHBIX 3aIIUT JUHUU ( OP3, umu OP3,):
113, = 03, -(OP3, +OP3,) (7)
Jns  omo3HaHus  OTKa3za  k-Toii  OCHOBHOM  3amutel  (OP3,)
paccMaTpuBaeMoi MOBPEXICHHOH JIEKTPOYCTAHOBKH ITPUMEHNM YpaBHEHHE !
00P3, =1I19-0P3 (8)
e OP_S', — OTHOCHTCSI K HecpaOaTbIBaHUIO Kk-TOH OCHOBHOH 3aIIUTHI

MOBPEXKICHHON JIEKTPOYCTaHOBKH.

OTKa3 k-TO OCHOBHOH 3alUTHl 3JEKTPOYCTAHOBKM PAaCIIO3HAETCS II0
¢dakty moBpexneHHOH DY W HecpabaThHIBAaHHIO PACCMATPUBACMON 3aIIUTHI,
BXOJISIILIEN B KOMIJIEKT OCHOBHBIX 3alllUT. PacCMOTpUM OTKa3 ra30BOM 3aIlUTHI
Tpancdopmaropa. OCHOBHBIMH  3allUTaMH  TpaHc(hOpMaTopa  SBISIOTCS
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nmuddepeHmanbias u ra3obas. Eciu tpanchopmarop T (puc. 3), moBpexaeH
(1I3,), n He cpaboTana O]HAa M3 OCHOBHBIX 3alllUT, HANIPUMEP, ra30Bas, TO

JIOTHYECKH YTBEpIKAaeTCsl (hakT OTKa3a ra30BOH 3allIMThI TpaHChOpMaTopa:

OOP3,. = IT2, -OP3,. 9)

nn

Puc. 3 — Ono3naHue oTKa3a ra30BOi 3aluThl TpaHChopMaTopa

OTKa3 OCHOBHOM peneifHO 3amuThl Ha Beikmouatene 04 nuauu W. Eciu
B TOBpexaeHHONW nuHuu W (puc. 3), He cpaborana OCHOBHAs 3alUTa CO
ctopons! UII1, To MOXHO yTBEpKIATh, YTO MIPOU3OLIET OTKA3 3aIlUTel OP3, :
OOP3, =115, -OP3,. (10)
Jlis omo3HaHWsSI OTKa3a B OTKIIIOYEHWH BBIKIIOYATENICH HCIONIb3yeTCs
ypaBHenne  (11).dakT  oTkaza B OTKJIIOYEHWH  N-BBIKIIOYATENS
JNEKTPOYCTaHOBKU ~OOB, JIOTMYECKM pPACIO3HAeTICs IO COBOKYIHOCTH
OITO3HaHMS TOBPEXJICHHOHN AeKkTpoycTaHoBKH (I1D), BKIITOUEHHOTO COCTOSTHUS
BBIKJTIOYATENSI, KOTOPHIA JToJbKeH ObITh oTkitoueH (BB), meficTBus 0CHOBHBIX
(OP3) wmu peseppubix 3amur (PP3) Ha 3TOM BBIKIIOYATENC, W OIMO3HAHUS
OTKJIIOUEHHBIX ~ BCEX  CMEXHBIX  JJIEKTPOYCTaHOBOK  ([1,0D) umH

BBIKJIIOYATeNIel CO CTOPOHBI UCTOYHUKOB nuTaHus ( I7,0B )
OOB, =I1D-BB, -(OP3, + PP3,)-(11,09+11,0B), (1)

IJie p — OTHOCHUTCSI KO BCEM CMEXKHBIM DY WIIM BBIKIIIOYATEISIM CO CTOPOHBI
HCTOYHHUKOB MTUTAHHUSL.
IIpumep ono3Hanus oTkaza 7 Moka3aH Ha PUCYHKE 4.

M L

Puc. 4 — Ono3Hanue oTka3a BEIKITIOUATEIIS

®daxT oTkaza BeIKItouaTens (J7 ompenensiercs Toraa, koraa juHus JI4
nospexxaena (/13,,), u Beikmouatens (7 BkmoueH (BB,), cpaboramm

OCHOBHBIE (OP37)I/IJ'II/I pe3epBHEBIE (PP37)3aH_II/ITI>I paccMaTpuBaeMoro
BBIKJTIOUATENs, W OTKIoYeHsl nocT ceknuoHupoBanus (I1C) wmm cmexHbIe
BoIKITtouaTenu Q4, 05, Q6:
OOB, =13, - BB, -(OP3, + PP3,)-[ 03,,. +(OB, - OB, - OB,) |.(12)
Jly1s1 ono3HaHMS JI0XKHOM pabOTHI 3aIIMTHI ITPU OTCYTCTBHH MOBPEXKIEHHON
AJIEKTPOYCTAaHOBKH UCTIONB3yeTcs ypaBHeHue 13.JlokHoe cpabaThiBanue k-Toit
3amutel  J/C,, YCTAaHOBJIEHHOM Ha BBIKIIOYATENe, pPAClO3HAeTcs 110
OTKJIIOYEHHOMY cocTosHHI0 BbIKIrouarens (OB), cpabareiBanuio k-Toii

3allluThI, HeCpa6aTBIBaHI/IIO JAPYIruxX OCHOBHBIX WJIM PE3CPBHBLIX 3alUT CBOCTO
BBIKJTFOYATECIIA U CMEKHBIX C CTOPOHBI ITUTAHU S BBIKITFOYATEIICH.

JIC, = OB-P3,-(I1,P3), (13)
rae m — OTHOCUTCH KO BCEM CBOMM M CMCKHBIM 3alllUTaM KpOME k-TOﬁ 3alIUThI.

[lpumep omo3HaHWS JIOKHOrO  CpabaThIBaHHMS  BTOPOM  CTYIEHH
JIMCTaHITMOHHOM 3amuThI (Z°) Ha BeIKIFOUarene Q3 rmokasaH Ha pUCYHKE 5.

Puc. 5 — OnozHanue J10)KHOH pabOTHI 3aIIUTHI

"

Bropast CTyneHb IUCTAHIMOHHOW 3ammThl Z  Ha BhIKmouarene Q3

"

cpaborana noxkHO, eciau Q3 oTkiIouYeH, cpaborana Z u He cpaboranu Bce

"
ocranbHble 3amuThl Ha cBoeM O3 (3- Z ) ¥ CMEKHOM CO CTOPOHBI HCTOYHUKA
nutanus Q01

JIC.. = 0B, - P3.. -[(173_2..13_3)-(17119_3)] (14)
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CaMOHpOI/BBOJ'IBHOC OTKJIFOUEHHE K-TOTO BBIKJITFOYATENS PacCrio3HacTeCsd 1o
(baKTaM OTKIIFOYCHHOI'O BBIKITHOYATCIISA U HeCpa6aTHBaHI/IIO BCCX OCHOBHBIX H
PE3CPBHBIX 3alIUT, YCTAHOBJICHHBIX Ha pAaCCMAaTPUBACMOM BBIKITIOYATEIIC!

HOB, = OB, -(11,0P3)-(11,PP3), (15)
rae n — OTHOCUTCA KO BCEM OCHOBHBLIM 3alllUTaM pacCMAaTpUBaAEMOI'O k-toro
BBIKJTHOUYATCIIA, | —xo0 BceMm PE3CPBHBIM 3allIUTAM PACCMATPUBACMOI'O k-toro

BBIKJTIOUATEISL.
Ha pucynke 5 Beikmovarens (3 HENpaBWIBHO (CaMOIIPOH3BOIBHO)

OTKJIFOUYCH, €Clin YCTaHOBJICHO €ro OTKJIFOYCHHOC COCTOsSIHUEC u
HeCpa6aTBIBaHI/Ie BCEX JIBYX OCHOBHBIX H YCTBIPECX PC3CPBHLIX 3alIUT
HOB = 0B -(11 0P3)-(17PP3). (16)

HenpaBuibHoe cpaOaTbiBaHHE OCHOBHOM 3alllUTHl PACHO3HAETCS IO
(akTaM OTKIIOYEHHOIO BBIKIIOUATENs, CpadaTbIBAaHUIO paccMaTpUBAEMOil
OCHOBHOH 3aIIMTHI U HECPaOAaThIBAHHIO BCEX PE3EPBHBIX 3aIIUT JaHHOTO k-TOro
BBIKITIOYATEIS

HOP3, = OB, -OP3, -(I1, PP3). (17)

Ha pucynke 6 mnddepennunanbaas 3amura TpaHchopmarTopa cpaborana
HenpasuibHO ( HOP3, ), ecnu Boikiodarens Q1 orkitouer (OB, ), cpaborana

muddepenimansras sammra (OP3;) n He cpaboTann pe3epBHBIE 3aLIUTHI
PP3,, u PP3,,
HOP3,, = OBy, -OP3 -(PP3,,- PP3,, ), (18)

rac HUHIACKC T1 — PpE3CpBHAd 3aluTra CO CTOPOHBI BBICHICTO HAIIPSAKCHUA,
HHACKC 12 —co CTOPOHBI HU3LICT'O HANIPSKCHUS.

unn

Puc. 6 — OnozHanue HeNPaBHIIHHOTO CpabaTHIBAHKST OCHOBHOW 3aI[UTHI
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VYcnenHoe BOCCTAHOBIEHHE paHEe IOBPEXKACHHOW 3JIEKTPOYCTaHOBKU
Moj  JeHCTBMEM  aBTOMAaTHYECKOro IOBTOpHOro  BiirodeHus  (AIIB)
pacmo3Haercss 1o (pakTaM JEHCTBUSI OCHOBHBIX 3amuT, jeilictBus AIIB u
BKJIFOUEHHOT'O COCTOSIHUS BBIKIIIOYATENS
AIIBII? = OP3 - AIIB - BB. (19)
Ha pucynke 7 ycnemniHoe aBTOMaTH4€CKOE IOBTOPHOE BKIIFOUEHUE JTMHUU
JI2 pacno3naercs Torga, korna npuHAT curdan ot AIIB u 3apeructpupoBaHbI
JIEUCTBUSI OCHOBHOM peleHOM 3alllUThl U MOCTIEIHEE MOJI0KEHNE BKIFOUEHHOT O
BBIKITIOUaTENS

AIIBIID,,, = OP3, - AIIB, - BB,. (20)
vn
1om ;2 n2 |2 ons
( :) = Mes sC0 1T
™ T2

Puc. 7 — ITpuMep OMO3HAHUSI YCIICITHOIO aBTOMAaTHYECKOT'0 BOCCTAHOBIICHHS
paHee IOBPEKACHHO dIeKTPOYCTaHOBKH

Jns  ono3HaHus  JeHCTBHA  YCTPOMCTBA  pEe3E€pBUPOBAaHUS  OTKas3a
Beikmouatenst (YPOB) wucnonms3yercs ypaBHenme 21. [leiicteue YPOB
pacmo3Haercs Mo (akTaMm cpadaThIBaHUS K-TOW OCHOBHOM pENCHHOMN 3aluThI,
BKJIIOUEHHOTI'O COCTOSIHHSI K-TOTO BBIKITFOUATENsT M OTKIIOYEHHOTO ITOJIOXKEHHS
BCEX CMEXHBIX MUTAIOIIUX BBIKITIOYATENICH

VPOB =OP3, - BB, -(11,0B), (1)
rze k — oTHOCUTCSl K HEOTKIIIOUEHHOMY OCHOBHOM 3aIIMTOH BBIKIIIOYATEIIO; N —
KO BCEM CMEXXHBIM BBIKJIIOUATENISIM OT HCTOYHUKOB ITUTAHUSL.

Ha pucynke 8 cpabarsiBanne YPOB Ha noacranmun I1C pacrioznaercs

TOrJia, KOTJia I0cjie KOPOTKOTo 3aMblKaHus cpaboTana ocHOBHad 3ammra OP3,

U 3apETHCTPUPOBAHBI BKIIOUEHHOE MON0KEHNE YETBEPTOro BIKIIOUaTens BB,
U OTKJIFOYEHHBIE TTOJIOKEHNS CMEXHBIX 1 1 3-ro BeIktoyatenei (OB, n OB;)
VPOB,,. = OP3,-BB, -(OB, -OB,). (22)
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Puc. 8 — IIpumep ono3Hanus cpabateiBanus YPOB

BblBO)]bI. Hpe;[noxceHH AJITOPUTMBI OIMO3HAHHA MApaMCTPOB CETU U
PEKHUMOB pa6OTI>I JJIA aBTOMaTU3aluu ypaBJICHUA CHUCTEMOM
3J'IeKTpOCHa6)KeHI/IH B mponecce u 1mociie aBapHﬁHOFO PEKUMaA:ONIO3HAHUA
OTKJIIOYCHHBIX W TOBPCKACHHLIX J3JICKTPOYCTAHOBOK, OTKa3aX OCHOBHBIX
3aluT, OTKa3axX B OTKIHOUYCHHUU BBIKJIIO‘IaTeJ'IefI, JIOXKHOM pa6OTI>I 3aliurT,
HCPABWIBHOI'O OTKIIFOUCHUA BBIKJIIO‘IaTeJ'IefI, HECIPaBWIBHOI'O CpaGaTI:IBaHI/IH
3aIUT,yClICHIHOI'O aBTOMATHUYCCKOTO IMOBTOPHOI'O BKJIHOYCHUSA ,Cpa6aTHBaHI/IH
YCTpOﬁCTBa PEICPBUPOBAHNA OTKAa3a BBIKITHOYATEIIA.

Cnucoxk Jureparypbl: 1. Q@ueypnos E.II. Peneitnas 3ammrta.Yu4eOHUK JJIs  CTY/ACHTOB
JNMEKTPOTEXHUIECKUX M DIEKTPOMEXaHHUECKHX CIIEIHATbHOCTeH TPAHCIOPTHBIX U JAPYTHX By30B /
E.I1.@ucypnos — K.: Tpancropt Ykpaussl, 2004.-565 c. 2.@edocees A.M. Peneiinas 3ammra
JNEKTPOIHEPreTHIECKUX CHCTeM: y4eOHHK A By30B / A.M.@Dedocees, M.A. Dedocees — M.:
Dueproaromusznar, 1992.-528 c. 3. Auopees B.A. PeneitHas 3ammra ¥ aBTOMaTHKa CHCTEM
JNEKTPOCHAOKEHHS: y4eOHHK JUI1 BY30B IO CIIE.»DJIeKTpocHaOxkenue» /| Anopees B.A. - M.:
Bricnnmk.,1991.-496 c.
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AHanu3 padoThl peseiiHON 3alMTBI M ABTOMATUKM [JIsl  NOCJIeaBapHiiHOro
BOCCTAHOBJICHHSI CHCTeMBbI YjIeKTpocHa0:kenns / Baxenos B.H // Bicuuk HTY «XIII». Cepis:
Enepreruka, HaniifHicTh Ta eHeproedexTuBHicTh. — XapkiB: HTY «XIII». — 2013. - Ne.17 (990). —
C.18-25. bi6umiorp.: 9 na3s. [11.:8.

PosrisinyTi nuTaHHs (OPMyBaHHS OCMHUCIECHHS OBiJOMIIEHB IIPO CTaH €IeKTPOYCTaTKyBaHb,
NPHCTPOIB peNeifHOro 3aXHCTy Ta AaBTOMATUKM B IPOLECI aBapiifHOrO0 peXUMYy CHCTEMH
€JIEKTPOIOCTauaHHsI.

KiiouoBi cioBa: enekTporocTauaHHs, OIepaTUBHE KepyBaHHs, KOHDIrypamis mepexi,
peJieliHHuI 3aXHCT Ta aBTOMATHKA, yIi3HAHHS ITapaMeTpiB Mepexi Ta PeKUMIB poOOTH.

The problems of the formation and comprehension of status messages of electric, relay
protection and automation in emergency mode power supply system. Il. 8

Keywords: power supply, operational management, network configuration, relay protection
and automation, identify the network and work

ISSN 2224-0349. Bicnux HTY «XI1I». 2013. Ne 17 (990) 25
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M. H. BYPBEJIO, 1-p. TexH. Hayk, npod., BIHHUIBKHIT HAIl. TEXH. YH-T;
C. M. MEJIBHHY YK, inx., [TiBa, — 3axigaa EC ITT «HEK
«Ykpeneproy», Binaunis

YAOCKOHAJIEHHA 3AXUCTIB PO3NIOAIVIBHUX MEPEK 3
OB’€EKTAMHU MAJIOI EHEPTETUKH (COHAYHAMMA
EJIEKTPOCTAHIIAMM)

B crarTi 00rpyHTOBaHO iH(OPMATUBHI IMapaMeTpU AN BHSBICHHS HECHMETPHYHUX ITOMIKOKEHb
JHIA eNeKTponepenadi, NPWIETIHX O 00 €KTIB Maioi eHepreTHkH. lIpomoHyeTbes B SKOCTI
iHQOpPMATUBHMAX HapaMeTpiB BHKOPHCTOBYBATH BiTHOLICHHS CTPYMIB 3BOPOTHOI Ta HPSMOL
MOCITITOBHOCTEH a00 YMOBHOI MHOTYXKHOCTI 3BOPOTHOI IIOCNTIZOBHOCTI Ta MHOBHOI IOTYXHOCTI
HaBaHTaXXECHHS, 2 TAKOXK PIBHOCTI MOJYJIB IPHUPOCTIB IIUX CTPYMIB 200 MOTYKHOCTEH.

Kutio4oBi ci10Ba: KOpOTKi 3aMUKaHHS, HETOBHOMA3HI PeXKUMH, BiJHOIICHHS CTPYMIB,
MIPHPOCTH CTPYMIB.

BuxigHi nepeqyMoBH Ta MOCTAHOBKA 3a/1a4i J0CJixkeHHs. 32 OCTaHHE
JIECSITUPIUYsT TPH aKTHUBHIM JAepXKaBHIA MIATPUMIN OypXJIMBO pPO3BHBAETHCS
BiJTHOBJIIOBaHa eHepreTuka. Tak, Hanpuknaa, B ®PH Ha mouatok 2011 p. 17 %
€IIEKTPOCHEPTii TEHEPYIOThCS Ha OCHOBI BiJJHOBJIFOBaHUX JpKepen eHeprii. He
BiJICTAa€ BiJ CBITOBMX TEHJIEHNIH 1 Hama aep)kaBa — BBEACHHS «3EJIEHOIO»
Tapudy CTao NOTYKHUM CTHMYJIOM PO3BUTKY COHSYHOI reHepallii B YKpaiHi.

[MpuenHanHst 00’€KTIB Majoi €HEpreTMKM Ha NapalieibHy poOoTy 3
MepeXaMH EHEprorocTayallbHX KOMIIAHIM CTaBUTh psii HOBUX 3a7ady B
HanpsIMKy 3a0e3IeyeHHs] CTIHKOCTI Ta oOpraHizamii NPHHIMIIB MOOYHOBH
MIPUCTPOIB pesieiHOro 3axucTy i aBTroMartukd. PoroenexkTpuuHi Oarapei €
JOKEPEJIOM CTPyMY 3 HEJiHIHHOIO BOJIBT-aMIEPHOI0 XapaKTEPHUCTHUKOIO, CTPYM
K3 sxux ckinamae mpudmmsHo 110 % Big HOMiHATBHOTO cTpymy [1]. 3B 530K 3
SNIEKTPUYHOI0 MEpEeXel 1 BUJada IOTYXKHOCTI (DOTOENEKTPUYHOI CTaHIii
(D®EC) 3miiicHIOETBCS 3a JIOIIOMOTOI0 BEJACHOTO MEpEXero iHBepropa. Jlms
3axMcTy JiHIi 3B’s3Ky Mk eHeprocucremoro i DEC pekomeHmyeTbes
BHUKOPHCTOBYBAaTH JIBa KOMIUIEKTH 3aXHCTY, IO BCTaHOBJIEHI 3 000X CTOpiH
JIHIT Ta SKi MICTATH TPU BUAM 3axXucTy [2]:

1. 3axucT BiJi CHMETPHYHOr'0 3HIKEHHS HANPYTH B yCiX (aszax;

2. 3axuCT BiJ MiIBUIIEHHS HAIPYT'W 3BOPOTHOI ITOCiJOBHOCTI;

3. Tlominpumii 3aXUCT Bij 3HWKEHHS YaCTOTH (Ta MiJBHUIIEHHS YaCTOTH).

[Mpudomy Ha niHIT 3 OOKY €HEeprocucTeMU BUOUPAIOTHCS YCTAaBKH 110 Yacy
cripaitoBaHHs OUBIII Ha CTYHiHB CENEKTHBHOCTI. 3axucTu Mepexi 6-10 kB, sk
NpaBWJIO, BUKOHAHI HEHANpaBIEHHMMH 1 pO3paxoBaHi Ha poboTy B
PO3IMKHYTOMY pa/liaIbHOMY PEXHUMi.

©M. U. Byp6eno, C.M. Menbauuyk, 2013
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Y Bunmanky npueananas ®EC go mmn  migcranmii  (IIC)
€HepronocTayajbHOi KOMITaHIl ABOMa MapajeNbHIMU JTIiHISIMHA TP BUHUKHEHH1
K3 Ha ozHill 3 nux niHil BUHUKA€E NpoOJieMa CETIEKTUBHOCTI 3aXHCTIB, OCKIIBKH
ctpym K3, sk Oyno BKa3aHO BHUIIE, JTOCHTh MaJl0 BIAPI3HAETHCA BiX
HOMIHAJILHOI'O CTPyMY, @ iCHYIOUi 3aXHCTH MiHIMaJbHOI Hampyrd He JaloTh
3MOTY BU3HAYUTH Ha SIKOMY caMe 3 IIPUETHAHB CTAJIOCS 3aMUKaHHSI.

Sxmio Ha omni 3 Bigximaux Bix [1C JIEIT BinOymerscs K3, To pu 1ipomy
ctpym ®EC 3pocTae He3HAYHO B TOPIBHSIHHI 3 HOMIHAJBHUM, a 332 HU3BKOTO
CBITJIOBOT'O ITOTOKY OyJie HIKYMM 38 MAaKCUMaJbHO MOMJIMBHH HOMiHAJIbHUH.
Bomnouac Ha mmuax @EC BinOyBaeThcsl 3HWKEHHSI HANPYTH 1 3aXUCTH JIHIH
npuennandast @EC no mmu I1C moxyrs 3aiiBo Bigxmountu GEC [2]. 1106
3aro0irT bOMY, CITiJi pO3pOOUTH 1 BCTAHOBHUTH YYTJIMBHH Ta CEEKTUBHUI THII
3aXHCTY.

[lepcrieKTHBHUM HampsSIMKOM ISl PO3pOOKM MPUCTPOIB 3aXUCTy Bif
HEeMOBHO(A3HMX PEXKUMIB Ta JUIS 3aXHCTIB JajJbHBOTO pE3EPBYBAHHS €
3aCTOCYBaHHSl TPHPOCTIB  CTpyMiB 3BopoTtHoi Al, Ta mpsamoi Al
TOCHTiTIOBHOCTEH [3, 4].

3amava JOCHIHKEHHS TONISTAaE Y BIOCKOHAJIEHHI 3aXHCTIB B MEpexax 3a
HasisHOcTI PEC.

AHaI3 NMepcrneKTUBHUX MHiAX0AiB BHKOHAHHSI 3aXHUCTIB NPHEIHAHD,
o *uBJATheA Bil mmH ®EC, B pexxnMax nmomepe4Hoi Ta MO310BKHBOI
HecumeTpii. Ha puc. 1 mpencraBneno BapianT migxmoueaas @EC no mua 10
kB TIC 110/35/10 kB (B SKOCTiI p0o3paxyHKOBOT'O MPHUKIAAY OYJIO PO3TIISTHYTO
nigkmouennss PEC noryxnictio 10 MBt no IIC 110/35/10 kB «Iloporn»
Smminbepkoro paiiony BiHHHIBKOT 0671acTi).

Jis  3axucrty TOpUENHAaHb B PEeXHMMiI  TO3J0BXHBOI  HECHUMETpii
MIPOITOHYEThCST B SIKOCTI 1HQOPMATHBHOTO IapaMeTpa BUKOPHUCTOBYBATH
BiJTHOIIICHHSI CTPYMiB 3BOPOTHOI /, Ta MpsiMoi /; IOCTIiIOBHOCTEW HABAHTAXKEHHS
[5, 6]. 1 xoua 3Ha4yeHHs ctpyMiB [, Ta /; TpH HEMOBHO(DA3ZHOMY PpEXHUMI
3ajeXxaTh BijJl HaBaHTa)XEHHS, IO TMepenaeThcs Mo JIiHii, iX CITiBBiJHOIIEHHS
I/I) € cranum. Hanpuknan, y pasi pagiadbHOI Mepexi 3a OyIb-sIKOTO 3HAUCHHS
CUMeTpUYHOro HaBaHTaxeHHs1 [o/[;=0,5. B mMaricTpanbHiii po3nogiIbHIN
Mepexi y pa3i npueJHaHHS YOTHPHOX CIIOKUBAUiB OIHAKOBOI ITOTY>KHOCTI TIPH
00pHBi POBOTY HA TMOYATKOBI# NinpHMIN BigHOUIeHHS [/];=0,5, mpu oOpuBi Ha
npyrivt gimeHuni — 1,/1,=0,33, va tperitt — I/1,=0,20, Ha yerBepriii — 1,/1;=0,09.

3rigno npoexty PEC «Iloporn» mnpueanyerbcs mo mumH 10 kB TIC
110/35/10 kB «IToporm» IBOKOJIIOBOI KaOEIBHOO JTiHi€l0. Y pa3i o0puBy dazu
oaHoro 3 kabemis BiguomeHus [,/[1=0,5, a I HENOLIKOIKEHOr0 Kabelmwo —
1/[,=0,25. Otxe, BUKOpHWCTaHHsA BifgHOWmICHHS Io/[; 103BONsE 3a0e3MeUnuTH
JIOCTaTHIO YYTJIUBICTh Ta CEJNEKTHBHICTH JUISl BHSIBJICHHS IIOIIKO/DKEHOTO
Kabelro.

—— ]

T T

[lo cnoxubavid

Puc. 1 — IIpuennannas ®EC no mmn 10 xB I1C 110/35/10 kB

HasiBHicTD HecuMeTpii HaBaHTa)KeHHS B PO3MOAUIBHIA Mepexi Jemo
TIOTIpIIIyE YYTIMBICTD 3aXHCTY, B OCHOBY SIKOT'O ITOKJIQJAE€HO BigHOmEHHS [o/1;.
Hecumerpiss HaBaHTa)KeHHS XapaKTepU3YeTbCcs KOe(illieHTOM 3BOPOTHOL
nociigoBHOCTI cTpyMy Ky/=(1»/11) 100 %, 3HAYEHHS SKOTO MOXE JOCSITaTH Ta
nepeBunryBatn 4 %. Ha puc. 2 mokasaHa BeKTOpHa jiarpaMa CTpyMiB
3BOPOTHOI TMOCIHIZIOBHOCTI HAa TMOYaTKy MaricTpajlipHOi JIiHII 3 TpboMa
HecuMmeTprnyHUMH HaBaHTakeHHsIMH (K,/~=3,5 %) npu oOpuBi npoBoxy pi3HHX
(a3 Ha TpeTii AinpHMII. 3HaYeHHS BigHomeHHs [/, npu oOpuBi npoBoay dazn
A, B abo C pimmoimao Oymyth: 15 %; 8,8 %: 15,4 %. 1 xoua 4yTIMBICTH
3aXHCTYy € JOCTaTHHhOIO, OHAK NpH OOpuBiI (a3u B crocrepiraerbcsi iCTOTHE
3MEHIIEeHHS BigHOmeHHS [o/[;, MO0 3yMOBJEHO NOYAaTKOBUM 3HAYEHHSM 1
HaINpsIMKOM BEKTOpa [, BUKIMKAaHUM HECHMETPI€I0 HaBaHTAKEHHSI.

l2c
| Alc 0
!2("\) A'Z(A) 120°
1207
120
Al
Al
28

Puc. 2 — BekropHa miarpama cTpyMy 3BOPOTHOI ITOCIIJOBHOCT1
mpu oOpuBi MPOBOY pi3HUX (a3
3 MeTOH MiJBUIICHHS YYTJIUBOCTI, NIBUAKOMII Ta 3aBaJIOCTIHKOCTI
BUSIBJICHHSI OY/Ib-IKUX BHJIB HCCUMETPHUYHHUX IMOIIKOKEHb 3aMiCTh CTpyMY Ip
MIPOTMIOHYETHCSI BUKOPUCTAHHS MOIYJISI KOMIDIEKCHOI YMOBHOI IOTYXKHOCTI
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3BOpOTHOI nocnigosHocti S, =S, +S,=3U,1,+3U,1, ne U,U,, 1,1,
KOMIUIGKCHI HAIpyrd Ta CIPYMH BiJNOBIAHO mpsMOi Ta 3BOPOTHOI

nocnigoBHocreit; [,,/, — KOMIUIEKCHI CHpSDKEHI CTPYMH BiJIIOBiTHHX

MOCITiZIOBHOCTEH. 3aMicTh cTpyMy /; MOXXHa BUKOPUCTATH TIOBHY MOTYXHICTb S.

JliticHy Ta ysSBHY CKJIaJIOBI YMOBHOI IIOTYKHOCTI 3BOPOTHOT MOCITiTOBHOCTI
BH3HAYAIOTh 3 BHKOPHCTaHHSIM IHTErpyBaHHS Ha KOB3HOMY iHTepBaii yacy
TPUBATICTIO ITiB IIepiojia BiIOBiHO 3a popmynamu [7]:

P(t)—— j(uaza uy'iy)dt;
T/ t=T/2
(D
H=—"— |(u,'i, +uziz")dt,
0,(1) mti/ga o Htpiy)
A€ Uy, Ugil,,i; — MUTTEBI HANPYM MEPEKi 1 CTPYMH HaBaHTAKEHHs B

OPTOrOHANIBHIN cucTeMi KoopauHaT (o, [3); IITPUXOM MO3HAUYEHI TiXK BEITHMIMHH
ICIISL TIONEPEIHBOrO 1HTErpyBaJILHOTO TEPETBOPEHHS; 1 — Tepiof Hampyru
YKHUBJICHHSL.

3 METOI0 MiJBHUINEHHS IMIBUAKOAII 1 3MEHIIEHHS JWHAMIYHOI IMMOXHOKH
IificHYy Ta ysSBHY CKJaJOBI YMOBHOI ITOTY>KHOCTI 3BOPOTHOI ITOCJiJIOBHOCTI
MOJKHA BU3HAYATH BiIIIOBIHO 32 (POpPMYyJIaMU:

P()= 0,75(uaia —ug'ip'+u,'l, ’—uﬂiﬂ}

0,(t)= 0,75(ua iy iUl 'l )

VY 1poMy BUNAIKy MOXKJIMBICTH BHKJIIOUEHHS IHTErpyBaHHS Ha KOB3HOMY

iHTepBaJli 4Yacy 3a0e3neuyeTbCcs BHKOPHCTaHHS [OAATKOBUX CKJIAJIOBUX

MUTTEBUX IOTY)KHOCTEH, sIKI KOMIIEHCYIOTh KOJMBaHHS MiJiHTErpabHUX
Bupasis (1) Ha mepiozi HANPYTH KUBJICHHS,

Pe3ynbTraTi po3paxyHKiB CKIaJOBUX MOTYXHOCTI P,,(), Ta BiIHOLIEHHA

)

S,/S 3a pisHUX BUAIB MOLIKO/PKEHb B IIPUJIETII MEPEXi 3 PO3IISHYTUM BHILE

HECUMETPUYHUM PEKMMOM HaBeJIeHi B TaOI.

Sk BuAHO 3 HaBegeHOI TaOmuii, npu K3 3HaueHHS CKIaJOBUX YMOBHOI
MOTYKHOCTI 3BOPOTHOI IMOCITIIOBHOCTI JOCATAal0Th JOCUTh BEJIMKUX 3HAYEHb, a
BizHowrennst  S,/S >0,5. Hampsimok Bektopa S, y pasi K3 pisunx a3

3cyHytuil Ha 120°. IIpu nopanpmoMy JOCIIDKEHH] 3aJI€XKHOCTI BEKTOpa S, Bif

XapakTepy HaBaHTa)XEHHS JIiHII BWABJIEHO, IO TIpU 3MiHI XapakTepy
HaBaHTa)KEHHS BiJl aKTUBHO-1HIYKTUBHOT'O J0 aKTHBHOI'O Ta 3MIIIEHHI TOYKH
K3 B3goBx miHii po3MilleHHS BekTopa S, HAa KOOPAMHATHIN IUIOIIMHI

O6Me)!(y€TI>CH A0CTAaTHBO BY3bKMMH CCKTOPAMU Kpyra.

Tabnuist — Pe3ynbratu po3paxyHKiB aBapiiiHUX peXHUMiB

Bu1 TIOIIKODKEHHST P, ,xBap 0O, , kBap S,/S
K3 a3 4B 16910 -7738 0,979

K3 ¢a3 BC -4959 -8244 0,506

K3 ¢a3 C4 -11900 15760 1,037
o0puB azu 4 -585 -351 0,141
o0puB dazu B 82 415 0,087
o0puB pazu C 452 -643 0,163
HOPMAJIBHHH PeXIM -15 -190 0,035
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Lo crocyetbess o6puBiB (a3, To cuiBBimHOUIEHHA S,/S 3amMmAIHCh

MPaKTHYHO TakUMHU X SIK 1 [/} 3a pesynabraTamMy aHallily HEIMOBHO(A3ZHMX
PSKUMIB BCTAQHOBJIEHO, IO CKJIAJOBI YMOBHOI HOTYXXHOCTI 3BOpPOTHOI
MIOCITIZIOBHOCTI T€X MOXXYTh BHKOPHUCTOBYBATUCH SIK (Da30BHI CEIEKTOp IS
BUSIBJICHHS TTOLIKO/KEHHX (ha3.

JLis miABMIEHHST YYTIMBOCTI 3aXUCTY BIIXIAHUX JIHIA 3 HECUMETPHYHUM
HaBaHTa)XEHHSM BiJ OOpHBY (a3u MpPOIMOHYETHCS ITOKA3HUK BU3HAYCHHS
HenosHodasHoro pexumy L/l (abo S,/S) NONOBHUTH DPIBHICTIO MOAYIIB
npupoctiB ctpymiB Al Ta Al (a6o AS, ta AS). Ilpu oOpuBi oxHiel (a3u Ha
BiJXiJHIN JIiHIT BUHUKA€E MPUPICT CTPYMY 3BOPOTHOI MOCHiZOBHOCTI AL, sKuMii
10 MOJYIIIO PIBHHUH MPHUPOCTY CTPYMY NpsMOI MociigoBHOCTI Al; (uB. puc. 2).
Jns dasu A npupoctu crpymiB Al Ta Al} OynyTh 3HaXOAWTHCH Y (asi, a s
¢az3 B 1a C Mix HumMH Oynme 3cyB 120°. AHanOriyHi CHiBBiJHOIICHHS
CrpaBeIUBI 1 ISl IPUPOCTIB YMOBHOI ITOTY>KHOCTI 3BOPOTHOI IOCIIiJOBHOCTI.

Crij 3a3HaYMTH, 110 aHAJIOTIYHA CUTYallis BUHHMKae npu aBodaznomy K3
Ha JIiHil, 010 3HaXOAWTHCS B PEXHMMI XOJIIOCTOro Xoay (abo NpH HeXTyBaHHI
3HAYCHHSAM CTPYMY B HEMOMIKOMKEHIH a3i). JIusg BiICTpOWKH BiJ TaKOro
PEXUMY CITiJT BBECTH OOMEKEHHS 3a 3HAYCHHAM [ = Loy, T00TO TpU [1>10y
Oynemo BBaXkaTu, 110 BinOyBaeThess K3 1 3axucT BijJ HEMOBHO(MA3ZHOTO PEXUMY
Mae 3a0nokyBatuch, a npu [} < Iy, 3aXUCT BiJ HEMOBHO(DAZHOI'O DPEKUMY
MOBUHEH OyTH yBeleHUil B poOoTYy.

BucnoBku. IlponoHyerbcst B sIKOCTI iHQOpMATHBHOTO Mapamerpa
BUHHMKHEHHS! HEMTOBHO(A3HUX PEXHMMIB B PO3MOIUIEHUX MEPEXax 3 00 €KTaMu
Manoi  eHEpreTHKH, 30KpeMa  (OTOEJIEKTPHUYHUMH  EJIEeKTPOCTaHIIiSIMHU,
BHUKOPHCTOBYBATH BiJIHOLIEHHS CTPYMiB 3BOPOTHOI Ta MPSMOI ITOCIiTIOBHOCTEH
I/I a0 yMOBHOI MTOTY>KHOCTI 3BOPOTHOI MOCIITOBHOCTI Ta TIOBHOI MOTY>XKHOCTI
S,/S mnaBantaxenns. JUIs 3aXxuCTy BiIXiIHMX JHIH 3 HECUMETPHYHUM
HaBaHTa)KEHHSM  TPOINOHYETHCS  JIOMOBHUTH  TOKAa3HUK  BU3HAYCHHS
nenosHodasHoro pexumy L/l (abo S,/S) piBHicTIO MomymiB TpPHUPOCTIB
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crpyMmiB Al Ta Al; (abo motyxHocTe AS, Ta AS) 1 BUKOPUCTOBYBATH iX SIK

iHQOpMATHBHI TApaMeTpH JUIS BHUSABJICHHS HECUMETPHYHHUX TOIIKOIKEHB
Bimximaux JIEIL. 3a pe3ympTataMu aHamizy KOPOTKHX 3aMUKaHb 1
HEMOBHO(A3HUX pPEKHUMIB BCTAHOBJICHO, IO CKJIAJOBI YMOBHOI IMOTYXKHOCTI
3BOPOTHOI ITOCIIOBHOCTI MOXXYTh BUKOPUCTOBYBATUCH K (Da3OBHUIl CEIEKTOP
JUTSL BUSIBJICHHS TIOIIKO/KEHUX (a3.

Cuucok giteparypu: 1. Paywen6ax I. CHpaBOYHHK II0 IPOSKTHPOBAHHIO COJHEYHBIX OaTtapei
/ I'. Paywenbax. — M. : Dueproatomusaart, 1983. — 360 c. 2. benses A. B. 3aumra, aBTOMaTuKa u
yIpaBleHHE Ha JJIEKTPOCTaHIMsAX Manoi sHepretuku (Yactb 1) / A. B. beasies. — M.: HT®
«3uepromporpeccy, 2010. — 84 c. 3.Yepnobposos H. B. Penelinas 3amura 3HEPreTHIECKUX CHCTEM:
VYueGHoe nocobue [yt TeXxHUKYMOB / H. B. Yepnobposos, B. A. Cemenog. — M. : DHeproaToMu3aar,
1998. — 800 c. 4. Hazcaui B. M. Peneiinas 3amiuTa OTBETBUTENbHBIX MOACTAHIMN BIEKTPUUECKUX
cereit  / B. U. Haeaii. — M. : DHeproatomusaar, 2002. — 312 c. 5. PykoBOACTBO 110 IPHMEHEHHIO
pere AREVA MiCOM P12x: P12x/RU AP F75. PykoBonctso nmo npumeHenuio pere AREVA
MiCOM P521: P521/RU AP Bl11. 6. Byp6eno M. H. BumipioBaHHs TTapaMeTpiB HECHMETPHIHIX
IBHAKO3MIHHNX TpHDa3HUX HaBaHTaxeHb / M. H. Bypbeno, C. M. Mexvnuuyx, M. B. Huxumenxo //
Texuiuna enektpoauHamika. — 2011. — Ne 2. — C. 54-56.

Iocmynuna 6 peokoanecuro 11.02.2013

VK 621.316

YaockoHaleHHs1 3aXHCTiB PO3NOALIBHMX Mepek 3 00’€KTaMH Majioi eHepreTMKH
(coHsryHUMHU eJiekTpocTanuiavu) / M. M. BypGeno, C. M. Menbhuuyk // Bicank HTY «XITI».
Cepis: Enepreruka: HafiliHicTh Ta eHeproedektuBHicTb. — Xapki: HTY «XIII». — 2013. - Ne.17
(990). — C.26-31. bi6umiorp.: 6 Ha3B. Tabu.: 1. Li.: 2.

B crathe 00OCHOBaHEI MH()OPMATHBHBIE HapaMeTPhl Ul BBIABICHUS HECUMMETPHYHBIX
MOBPEXICHUI JIMHHI OJJEKTpolepefadd, MNPUISKAIUX K O00beKTaM Mallod OSHEpPreTHKH.
Ilpennaraercs B KadecTBe MH(OPMATHBHBIX MapaMeTPOB HCIIOIb30BATh OTHOIICHHS TOKOB
o0OpaTHOH M  IpsMOM  IIOCIENOBAaTEIbHOCTEH MM  yCJIOBHOW  MOIIHOCTH  OOpaTHOIT
MIOCIIEIOBATEILBHOCTH M IOJIHOM MOIMHOCTH HArpy3KH, a TaKXKe PaBEHCTBO MOXYJEH HPHPOCTOB
9THX TOKOB WJIH MOIITHOCTEH.

KiioueBble cJ10Ba: KOPOTKHE 3aMbBIKAHHs, HEMOJHO(A3HbIE PEXUMBI, OTHOIICHUS TOKOB,
MPHPAIIEHHS TOKOB.

Informative parameters are justified to identify asymmetric damage power lines adjacent to
the power industry of small objects in the article. The authors propose to use as informative
parameters of the ratio of currents reverse and forward sequences or conditionally power reverse
and full load power and the equality of these modules increments currents or powers.

Keywords: short-circuit, open-phase modes, current ratio, current increment.
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O ITIPOEKTE HOBOM PEJAKIIUU «<METOJUKHA
OBUYUCJIEHHS IIJIATHU 3A IEPETIKAHHS PEAKTUBHOI
EJIEKTPOEHEPTI'Ii MI’K EJIEKTPOIIEPEJIABAJILHOIO
OPI'AHIBALIEIO TA il CHOKUBAYAMUN»

B crarhe mpuBE/ieH CPaBHUTEINBHBIN aHANNM3 Pa3IMYHBIX peAakiuii MeToIuKu pacyera IUIaThl 3a
MepeTeKaHne PEaKTHBHOM SHEPrHU. YKa3aHbl KOHIENTYyalbHbIC OMIMOKH METOIUKH B Ka4yecTBE
SKOHOMHYECKOr0 pblyara JUisi CTUMYJIMPOBAHHs IOTPEOHTENCH K KOMIICHCALMH pPEaKTUBHOMN
MOIIHOCTH B CBOHMX ceTsX. HaMmeueHbl MyTH peuieHHs MpoOIeMbl KOMIICHCALMH DPEaKTHBHOM
MOIIHOCTH B JICKTPHUYESCKUX CETSIX.

KaroueBble CJI0Ba: peaKTHBHAs MOIIHOCTb, PEAKTUBHAS 3JICKTPOIHEPrHsl, KOMIICHCALUS,
noTpedeHne, TeHeparusl.

Kax u3BecTHO, OCHOBHOH 3a/auell KOMIIEHCAIlUM PEAKTHBHOM MOILHOCTH
(KPM) B 2neKTpUYECKHX CETSX BCEX HA3HAYCHWH SIBISIETCS yMEHBIICHHE
MOTEPh AKTUBHOM AJIEKTPO’HEPTUH 3a CUET CHIDKEHHS JONOJIHUTENIBHBIX
MoTephb, OOYCIIOBJICHHBIX MPOTEKAaHWEM B HUX PEAKTHBHOM COCTaBIISIOIICH
nonHoro Toka. Ilpoomema KPM B anekTpuuecknX CeTsiX IHEPrOCHCTEM H
Pa3MYHBIX  3JIEKTPOCHAOXKAIOMIMX OpraHW3alMi  HAmpsMyl0 CBsS3aHa C
OIpENIeIEHUEM OTBETCTBEHHBIX HCIIOJIHUTENEH B pelleHuu 31oro Bompoca. C
TOYKH 3peHus MoHomonucta (MHHHCTEpCTBA SHEPreTHUKH), PEIICHHE 3TOro
Borpoca obecreymiia BHEJIpeHHas B jeiicTBue «MeToauka po3paxyHKiB IDIaTH
32 TEPeTOKH PEaKTUBHOI  eNeKTpOeHeprii MK  eHepronocrayaibHO0
opraHizamiero Ta ii crnokuBauamu» (B nmanpHelmem Meroauka) [1].
IIpennonaranock, 4ro Meroauka CTaHET TEM 3KOHOMHUYECKUM pPbIYAroM,
KOTOpBIA oOecrieuut mpusicdeHue mnotpedureneii k KPM. dakruyecku xe,
JaHHass MeTo/iKa BO3Jiarajia BCIo OTBETCTBEHHOCTh 32 KPM Ha motpeOureneit
JJIEKTPORHEPTHH, a DJEKTpOCHAOXKaIoUMe OpTraHW3allii OCTAaBAJHCh  «B
CTOpOHE». MHorouncieHHas KpuTuka MeTonuky, B T.4. U OJHOTO U3 aBTOPOB
9TON cTaThu [2], mpuBena K W3AaHUI0 HOBOM penakuuu Meronuku [3], roe
Obuta MPEANPUHSATA TIOMBITKA OCYHIECTBHTh «KOCMETHYECKHH PEMOHT»
Mertoauku B COOTBETCTBHM C KPUTHYECKMMHU 3aME€UaHMAMU B ee aJpec, a
TEPMHUH «EHeprormocradajbHa oOpraHizamis» ObUI 3aMEHeH Ha TEePMUH
«eJIeKTpolepeaaBajlbHa oprasizamis». KoHIenuus e BTOPOH pemaKIuu
Meroauku ocranach 0e3 HM3MEHEeHWs. JTta pemakuus MeTOAWKH BbI3Basia
HETaTUBHYIO PEaKIHUIO CIIeNUaNUCcTOB [4-7] n3-3a OONBIIOr0 KOJIHYECTBA

© 10.B.Bragumupos, /1.0.Mansiuesa, 2013
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Hay4YHO-HEOOOCHOBAHHBIX M OMIMOOYHBIX YTBEPIXKAEHHH, Ja M MPOCTO IpyOBIX
mpoc4eroB. XOTS HEKOTOpble aBTOPHI JaHHOH MeToanku QaKkTHUeCKH
MPU3HAIOT €€ OMMOKM W Jla)ke KOCBEHHO COIJIAIIaloTCsl, YTO OHA HE PEeIIaeT
3a/ICKJIapUPOBAaHHBIX B Hell ueneir [8,9], oaHako, He OTKa3bIBAIOTCS OT €€
koHUenuuu. Kak crnexcrBue 3toro, Ha oduuuanbHOM caiite MUHHCTEpCTBa
SHEPreTUKU U YroiabHOM npomsbiiuieHHocTd 21.02.2012r. mosBWiICS MPOEKT
HOBOW penakuuu naHHod Meromuku [10]. ABTOpamMu HaHHOW CTaThbu OBLI
IIPOBE/IEH CPaBHUTENIBHBIM aHaIW3 BCeX peaakuuil atod Meromuxu [1,3,10]
(cM. Tabnuy).

W3 npuBeseHHOM TabIMIBI BUIHO, YTO MpoeKT Meroauku - 2012r. cran
eme OoJee CIIOKHBIM M «HENPO3pauyHbIM», 4YTO, B YaCTHOCTH, HHKaK HE
CHOCOOCTBYeT peajM3allid Ledd — TpuBiedeHne morpedureneii k. KPM
SKOHOMHYECKMMH CTUMYJaMH. HyKHO OTMETHTh, YTO BMECTO HOHSTHBIX
norpedurensiM BenmuuuH WQ., u WQ, (morpebieHHOH M TeHEepHpyeMOi
MOTpEOUTENIEM PEAaKTUBHOW  3JIEKTPOIHEPTHH), KOTOPBIE  ONPEIEINISIOTCS
HETMOCPECTBEHHO IO MOKa3aHUsIM CUYETYHKOB, BBOIUTCS OOJIBIIOE KOJIUYECTBO
BEJIMYHH, KOTOpble camu MO cebe TpeOyroT pacdyeroB, Takue Kak: WQU, u
WQ! (cymmapHble pacyeTHble 3HadeHus)), WQP, u  WQ;
u WQ;
«HOBOBBEJICHHE) ellle 00JIee YCIOKHIET pacueThl M He MMEeT HUUEro OOIIEero C
«IIPO3PAaYHOCTHIO» PaCUETOB.

Henp3st Takke He OTMETUTH PSI IPYTUX TPYOBIX MPOCUETOB M OLUIMOOK B
npoexte Metoauku 2012r. Bo-mepBbeIX, KaKk ¥ B NPEABIAYIINX PEAAKIHAX
MeTroquKku HET YeTKOro OOOCHOBAaHWS IOTPEOMTENECH-TUIaTENbIIUMKOB 32
PEaKTUBHYIO MOIIHOCTb, ITPOCMATPUBAETCS TONBKO TEHJICHIIUS BKIIIOUEHHS B X
YHCII0 KaK MOXKHO OoJibie motpedurenei. JleiicrBurensHo, B Meronuke 1997r.
— 3TO TOTPEOUTENH, KOTOPBIE eXeMecsIHO moTpeOnsttoT 30 Thic. kBr-u, B
Meroauke 2002r. — 3TO yXe NOTPEOUTETH, KOTOPHIE €KEMECIIHO MTOTPEOIISIOT
5 teIc. kBr-u, a B mpoekre Meroxuku 2012r. — morpebUTENH, Y KOTOPHIX
CyMMapHasi paspelleHHas MOIIHOCTh BceX OOBEKTOB (T.e. 00OpYHOBaHMS)
paBusercss 20 kBt u Oonbmie (T.e. (akTHUeCKH C TaKoW YCTaHOBJIEHHOH
MOIITHOCTBIO ~ 000OpymoBaHMs). BpiOOp mNOTpeOHTENCH-TUIATEIBIINKOB 32
PEaKTUBHYIO MOIIHOCTh BO BCEX pEAaKUIMsIX METOIUKHM caenaH 0e3 BCIKHX
nosicieHnid. UYTo ke MOXKET TMpEeACTaBIATh W3 ce0s MoTpeOuTens C
ycTaHOBIIeHHOW MomHocteio 20 kBr? Ot0, Hanmpumep, Moxer OBITh
MeTaJJIOpeMOHTHasi MacTepckas miomanpio 30-40 kB.M., paboTatomas B OAHY
CMEHY C METAJUIOPEXKYIIMMH CTAHKAMH: TOKapHBIM, CTPOTaJIbHBIM, (hpe3epHBIM,
CBEPJIMIIBHBIM, TOYHIBHBIM | Jp., KOOQQUIMEHT UCTTOIh30BAaHHS aKTHBHOM

(bamaHCOBEIC

3Havyenust), WQ, (Tpan3uTHBIe TeperekaHus) W ap. [lomoOHoe
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Tabnuua — [TopiBHAHHSI METOANK OOYKMCIICHHS [UIATH 3 MEPETIKAaHHS PEAKTHBHOI eJIEKTPOCHEPTii
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MOIIHOCTH KOTOpHIX K, 3a HamOojee 3arpyXeHHyIO cMeHy, coryacHo [11],

paBern 0,12-0,14. Jlerko mocuuTaTh, YTO TAaKOH IOTpPEOHMTENH TPHU
WCIIOJIb30BAaHUHU SHEPTrOCcOepETaroNyX JIAMIT JJIsl OCBEICHHUS TIOMEIIECHHS
MacTepckoi 0yaer moTpedsaTh B Mecsil Bcero 500-600 kBt -4 3JIEKTPOIHEPTUU.
Jlaxxe TpenmnonokKuTh, YTO TaKoM morpedurens Oyner ywactBoBath B KPM,
HEBO3MOXKHO.

Bo-BTOpBIX, HEOJJHOKPATHO BBICKA3bIBAJIUCh 3aMe4aHus, B T.4. B [2,4,6],
YTO HEKOTOphIe HCIOJNb3yeMble B pacdyerax Kod(duiueHTsl (mapaMeTpsl)
Hay4YHO HEOOOCHOBAaHHBI. JTO, B YaCTHOCTH, Kacaercsi Kod(p¢HIMeHTa ydera
yiiepba OT reHepaliu PEeaKTHBHOW 3JIEKTPOIHEPTHH C DIIEKTPUUECKHX CeTed
notpedurenell B yackl HOUHBIX mnpoBayioB (K), KoTOpbIii BO Bcex pemakumsx
IIpUHUMAaeTCsl paBHBIM 3. JIOTMYHO NMOCTaBUTH BONPOC, a IMOYEMY HE IPUHSTH
€ro paBHBIM 2 WIH, Hanpumep, 57

B npoekre 2012r. npennpuHsTa HeyOequTeNbHas MOMBITKA 00OCHOBATH
BENMYMHY KO3(pHUIMEHTa CTUMYINPOBAHUS KalWUTaJIbHBIX BiIokeHni (C,, ) B

cpenctBa KPM, koropble HEOOXOIMMO YCTAaHOBHTH B JIJIEKTPHUECKHX CETSX
notpedurens. JaHHBIH KO3(GHUIMEHT UCTIONB3yeTcs Ul pacdera BeUYUHEI
Ha/0aBKM 32 HEIOCTATOYHOE OCHAIIEHWs 3JIEKTPHYECKOW CEeTH HOTpeOuTess
cpenctBamu KPM (I12), o kotopoii eme Oyner ckazaHo Huxe. OOOCHOBaAHHIO
xe BenuuuHsl C,, =1,7 yaeneno IIpunoxenue 1 npoexra Metoauxu 2012r. He

KOMMEHTUPYSl CcaM CJOXHBIM M 3amyTaHHbIA pacuer C XOTENOCh OBl

6a3 >
OTMETHUTH, YTO OAMH M3 OCHOBHBIX MapaMeTpPOB pacyera, a UMEHHO HOpMa
muckonta (E), BeiOpan He mpaBmibHO. Hopma OuCKOHTa — 3TO CTOMMOCTH
Kamurana, T.€. TPOLEHT, KOTOpBI Tpedyercs IUIATHTh 3a INPHOOpETEeHHE
KanuTajga JUisi WHBECTHPOBAHUS B IPOEKT, B JAHHOM CIy4dae BHEIpEHUE
yctpoiicte KPM. He cymiectByer enuHoi crommoctd kanurtaia. CTOMMOCTb
KanuTajga MpeACTaBIAETCS COCTAaBHOW BENMYMHOHM, CpPEeJHUM IOKa3aTeseM,
3aBHCSIIMM OT TOTO, Kakhe HCTOYHHMKM KamnuTaja OyayT HCIONb30BaHbI
opranmzanedd. [lpy 3TOM Y4YMTHIBAIOTCS MaKpPOIKOHOMHYECKHE (DaKTOpEI,
nH}msIMsA, 6GaHKOBCKUI MpoLeHT u T.1. B mpoekre Meroanku npemiaraercs
HOPMY JWCKOHTa MpPUHATH PAaBHOW TPOIIEHTHON crtaBke HardaHka YkpauHbI,
4TO B KOpHE ommnboyHo. [IpornenTHas craBka Hanbanka YKpanHbl MOXKET OBITH
UCIIONIb30BaHA TOJNBKO B HEKOTOPHIX CIIydasx TMpH pepUHAHCUPOBAHUH
HanbankoM rocynapcTBeHHBIX 1 KOMMEpUYECKMX OaHKOB, a TAaKoKe JJISl pacuera
mrpadHbIX caHKIMHA. HuW OJHO TPOMBINIUIEHHOE TPEANPHUATHE WU
OpraHu3alUsl He MOryT NOJY4YMTh KpeOuT Moj 3TOT mpoueHT. Kpome Toro,
XOTenock OBl OTMETHTh, MO BCEH BUIUMOCTH, W NPOCTO OMMOOYHOE
YTBEpKJEHHE, AOMylIeHHoe B pasnene 4 Ilpunoxenus 1: yka3zaHo, 4To HOpMa
muckonTta E npunnmaercs pasHoit 0,775 (T.e mpoueHTHast cTaBka pasHa 77,5%
rofioBbIX). Takke MOXKHO OTMETHTB, YTO, HECMOTPSl Ha TOSCHEHHS U CCHUIKY
Ha Tabmuity 5 [Mpunoxkenus 1, He oueBUIHO, uT0 C_ . JOIDKHO paBHATHCS 1,7.

6a3
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Oco000 X0TeNoch OTMETUTh, UTO HamoaBka I12 [1,3,10] sBasercs, mo cyTy,
TIOBTOPHOM  miaToii  3a  moTpeOiieHWe  (TGHEpaluio)  PEakTHBHOM
AJIEKTPORHEPTHIY, «JOIMOIHUTENBHBIM MTPa(oM», TOCKOIBKY, €CIH OBl
OCHAIlleHUE DJIEKTPUYECKol ceTn morpedurens ycrpoiictBamu KPM 6buto OB
JIOCTaTOYHBIM, TO M OCHOBHas Iuiata 11 orcyrcrBoBanma Obl. [lorpedurens
3aCTaBIISIOT TUIATUTH JBAXIBI 32 OJTHO U TOXE.

Taxoke mpeacTaBisieT MHTEpeC IMOJMEHa MOHATHS «JHeprocHabkaromias
OpraHM3aLs» Ha «JIEKTpOIepearonas OpraHu3alys», 4To ObUI0O OTMEYEHO B
JaHHOW crartbe. Takas TMOJMEHa MOHSATHH IIPEJCTaBIIETCS NPOCTO Kak
IOpUANYEcKasi YJIOBKa MOHOMOJIMCTAa YHTH OT BO3MOXHBIX CYAEOHBIX HCKOB
MOTpeOUTENeH HIIEKTPOIHEPTUM K €€ TpoAaBliaM  (3JIEKTPOCHA0KaIOMINUM
opraHmzauysiM). B nmelicTBHTENBHOCTH, JIIEKTpOIEpeNaroIas OpraHu3aIus
OTBEYaeT TOJIBKO 3a Mepefady AJIEKTPOIHEprHur. Bo3HMKaeT Bompoc, KTO xkKe
TOrja  SIBJISAETCS ~ TPOJABIIOM  JJIEKTPOSHEPTHMH  (9HeprocHabdkaromien
opranusamueii)? bomee Toro, B Meronuke TOBOpUTCS HE 00 OIHOU
AJIEKTPOIIepeAloNIel OpraHu3alii, a 0 HECKOJIBKHUX TaKUX MOCIeN0BaTEIbHO
BKJIIOUEHHBIX OpPTaHM3alMsIX, HE3aBHCUMO OT HAJIWYMs y HHUX JIMIEH3UHA Ha
CHaOXCHUE 3JICKTPOIHEPTHEH MO peryiupyeMbiM Tapudam (cMm. pazaen 5.6.6
npoekta Metoauku [10]). A 3TO MOXET ITO3BOJINTH KUCKYCCTBEHHO» CO3/1aBaTh
M000€ KOJMYECTBO IMOCIEAOBATENbHO BKIIIOYEHHBIX «3JIEKTPOIEPEIaroIiX
OpraHM3alMii» W TaKUM o0pa3oM BIIMSITH Ha OIUIATy 3a MEPETOKH PEaKTHBHOM
SHEPTHH.

Tarxke HENOHSATHA IIONBITKA BKJIIOUEHWS B YHCIO IUIATENBIIMKOB 3a
neperoku peaktuBHOM MomHocTH BOC u Muuu I'OC, koTtopble SABISAIOTCS
TaKUMH ke reHepupyrommmu opranuzammsamu kak TOC, ADC u I'DC 6onbmoi
SHEPreTUKU. A modyeMmy OBl TOrja He BKIIOYHTH B YHCIIO IUIATENBIIMKOB 3a
PEaKTUBHYIO MOIIHOCTh THUApOoakKymysupytomue craniun (ITADC) npu padore
uX B HacocHOM pexxume? Kpome Toro, «Harpy3urth» JOMOTHUTENBHOH M1aTON U
6e3 Toro yoObiTouHble BOC, 3JE€KTpPOSHEPTHIO KOTOPBIX IOKYMAKT IO
«3eneHpIM» TapHrdam, ObUTO ObI IO MEHBILIEH Mepe N3/IeBaTEIbCTBOM.

IIpoext Meroauku 2012r. 00poc o4eHb OONIBIINM KOJIMYECTBOM YaCTHBIX
CIIy4aeB U 0COOBIX CHUTYalMi, KOTOpble HEOOXOIMMO YUHUTHIBATh IPH pacyeTax.
dakTHueckn yxKe pedb WAET O pacuerax MexaAy BCeMH CyObeKTaMu
XO3SMCTBEHHONH  JleaTeNlbHOCTH B cepe TeHepauud W HOTpeOseHHs
AJIEKTPUYECKOM SHEPTHH, a He IIOTPEOUTENEM U IIOCTaBIIMKOM, TAKHM 00pa3oMm,
coJiep>kaHre MeTOMKH yXKe HE COOTBETCTBYET €€ Ha3BaHHIO.

BruiBoabl. HeoOxomuMo BHECTH TIpEUIOKEHHE O BO3JIOKHUEHUH
orBerctBeHHOCTH 32 KPM B 2ieKTpHYecKHX CETSX OSHEProCHCTEMBI U
JJIEKTPOCHAOKAIOIINX ~ OpraHU3aIMi (KOMITaHMiA) Ha HHUX CaMHX, a
MOTpeOUTENh [ODKEH B Cilydae, Korja OH THoTpeOmsier (TeHepupyer)
PEaKTUBHYIO OJJIEKTPOSHEPTHIO IUIATHTH 3a O5TO IPOCTO MO ITOKa3aHMsAM
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CUCTUYUKOB 11O CIUHBIM TapI/I(l)aM, YCTaHOBJICHHBIM HKPB, BO3MOXXHO C Y4E€TOM

HECTallMOHAPHOCTH TOTPeOIIeHH s, Kak 3To npezasaraercs B [12].
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ITpomenextpo. — 2004. — Ne4. — C. 22 — 23. 6. IIpoOneMHi ImHUTaHHS KOMIEHcAIii peaKTHBHOL
notyxHocTi // ITpomenexktpo. — 2004. — No5. — C. 4 - 17. 7. 3opun B. B. KoHuenius KOMIeHCaul
PEaKTHBHOM MOIIHOCTH B pacHpEIeNUTeNbHBIX JJIeKTpUUeckux cersix / B. B. 3opun //
ITpomenextpo. — 2005. — Ne3. — C. 24 — 26. 8. Poeanvckuii b. C. Ilpo HagbaBKy 10 IUIaTH 3a
PEaKkTHBHY €HEpril0 3a HEeJOCTaTHE OCHAIECHHS MEpeX CIOXKHBada 3aco0aMM KOMIIEHCaIil
peaktuBHOI notyxHocti / b. C. Poeanvckuii, O. M. Hanaka // Tlpomenektpo. — 2004. — Ne5. — C. 41
— 44. 9. Pocanvcxuti b. C. KoHnemnuis koMIeHcanii peakTHBHOI HOTY>KHOCTI B €IEKTPHYHUX
Mepekax CIOKHBAdiB Ta eHepromocradailbHux kommauiii / B. C. Poeanvckuu, O. M. Hanaka,
A. B. Ilpaxoenux u op. // Ipomenektpo. — 2006. — Ne3. — C. 4 — 15. 10. Odiuiitauii Beb6-caiiT
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O mpoekTe HOBOIl peJAKIMH «METOAMKH OGYWCJIEHHS IUIATH 33 MepeTiKaHHs
PeaKTHBHOI eJIEKTPOeHeprii Mizk eJ1eKTponepeiaBalbLHOI0 OpraHi3amicro Ta ii cnokuBayamm» /
Baagumupos 0. B., Maasimesa /I. O. // Bicauk HTY «XIIW». Cepisi: Enepreruka: HajiitHicTh
Ta eHeproedekTuBHicTh. — Xapki: HTY «XIIW». — 2013. —Ne.17 (990). — C.32-39. bi6miorp.: 12
Ha3B. Tabm.: 1.

B po6orti HaBeneHO NOPIBHSUIBHUMN aHaNi3 Pi3HUX pefakuiii MeToqukn 004YHCIeHHS AT 3a
HepeTikaHHs PeaKTUBHOI elekTpoeHepril. BkasaHi KOHIeENTyalnbHi HOMIJIKH METONUKH B SIKOCTI
€KOHOMIYHOTO BaXkeNsl JUIl CTUMYJTIOBAHHS CIIOXKUBAYIB IO KOMIEHCAMii PEaKTHBHOI IIOTYXXHOCTI B
cBOiX Mepexax. HaMmiueHO NUISXU BHpIMICHHS MPOOJIEMH KOMIICHCAIl peaKTUBHOI IOTYXKHOCTI B
ENEKTPHYHUX MepeKax.

KiiouoBi ciioBa: peakTHBHA IOTYXKHICTh, PEAKTHBHA EIEKTPOCHEPris, KOMIIeHcAIis,
CIIO)KUBAHHS, TeHEepaIis.

The paper presents a comparative analysis of different editions of the Methodology of
calculation the payment for overflows of reactive energy. Conceptual errors of the Methogology as
economic lever for encourage consumers to compensate the reactive power in its networks were
shown. The ways of solving the problem of reactive power compensation in electrical networks
were scheduled.

Keywords: reactive power, reactive energy, compensation, consumption, generation.
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PUCKH TPV NPUHSITUN TEXHOJIOTMYECKHAX PEIIEHWI B
MMPOIECCE ITPOU3BOJICTBA KABEJILHO-TPOBOJHNKOBOM
MPOTYKIINU

B pabore paccMOTpeHBl MpOOIEMBI PUCKOB HW3rOTOBUTENS M 3aKa3uhKa IIPH TPUHSITHH
TEXHOJIOTHYECKUX PEIICHUI B Ipollecce MPOU3BOJCTBA KaOENbHO-TIPOBOJIHMKOBOW IMPOIYKIHH,
MPUBEICHBl METOJBl ONpPEACICHHUS BEIMYMHBI PHCKA C IOMOLIBK T'HIIEPreOMETPHYECKOrO
pacrpe/eneHust BepositHocted. bubi.: 6 Ha3B.

KaroueBble cj10Ba: KOHTPOJb Ka4yecTBa, KaOEIbHO-NPOBOIHHUKOBAs IMPOAYKIIHS, PHCK
H3rOTOBHUTENSI U PUCK 3aKa34HKa.

Berynuenne. TpagunuoHHble MOJIENH MEHEKMEHTA KaueCTBa, KOTOPHIE
NpeAroaraeTcs BHEAPSITh B YKPaWMHCKOH KaOeNbHOW IMPOMBIIUICHHOCTH
UCMONB3YIOT  MNPEANOJIOKEHHe O TOM, 4YTO BCE PBIHKA  SBISIOTCS
KOHKYPEHTHBIMH, U KOHKYPEHIIUSI pacCMaTpUBAETCS KaK OCHOBHAs JABMXKYIIAst
cuia, MOOYXjJaromas MpeJpusiTHe K HEYKJIOHHOMY YJIY4YIIEHHIO CBOEH
npoaykiuy. Bonpoc o MOTHBaLMU NPEANIPUSTUS B LIETOM KaK 3KOHOMUYECKOT O
cyObeKTa K TOBBIIICHHIO KadecTBa CBOEH MPOIYKIMH B JAaHHOM CiIydae
HEaKTyaJIeH — NpeNNpHUATHE, HE 3aHMUMAIOIIEeCs] MOCTOSHHBIM YIydIIEHHEM,
BCKOpE TPOWrpaeT B KOHKYPEHTHOH OOpbOe, JHIIUTCS TNOTpeOHuTeNne u
BBIPYYKH, U YHIET ¢ pblHKAa. Ha KOHKYpEHTHOM pBIHKE MpEANpPUSITHE BCerja
3aMHTEPECOBAHO B TIOBBIIIEHMM KadecTBa cBoed mnpoaykuuu. Iloatomy
TPaJULMOHHO HCCIIEAYeTCs JIMIIb Ipo0jeMa MOTHBHUPOBAHUS IepcoHaiia
(Bpouem, cama 1o cede Ype3BhIYaHO HENPOCTasl, IIOCKOJIBKY ISl TOCTHKEHUST
KOHKYPEHTOCIIOCOOHOCTH, KaXKIblii paOOTHUK NPEANpUSITHA JODKEH OBITh
HalleJIeH Ha Y/IOBJIETBOPEHHUE 3aIIPOCOB ITOTPEOHTENEH).

AHAJIU3 NOCJIeIHUX MCCJIe0BAHMII U JINTepaTypsl. B HacTosiee Bpemst
B YKpanHe NpOU3BOJICTBEHHOE IPEINPHHUMATENBCTBO SIBISETCS Hanbolee
PUCKOBBIM BHUJAOM JEATEIBHOCTH. OTO CBSI3aHO C TE€M, YTO IMpolecc
MIPOM3BOJCTBA BKJIIOYAET HECKOJBKO CTaAud, Ha KaxIoH M3 KOTOPBIX
MIPOU3BOAUTENb TNPOMBIIUIEHHON MPOAYKIUM MOXET IOHECTH IOTepH B
pe3ynbTare OUIMOOYHBIX JAEHCTBUI WM HEraTMBHOI'O BO3JCHCTBUSI BHEUIHEH
cpensl [1]. PykoBoguTenu © cCHeNUaIUCTbl OPEANPUITHA MNPOU3BOASIIUX
KaOeNbHO-TIPOBOJHUKOBYIO TPOAYKIIUIO, XOTSAT HE TOJNBKO BBDKHTH, HO U
BEIMTPaTh B 0Opb0E C KOHKYPEHTaMH.

© O.B.I'onmuk, b.C.Beuexxanuna, A.I'.Beamuns, 2013
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Ecny roBOpUTH 0 KOHKPETHBIX 3a/adaxX, KOTOpbIE CTOST Hepe] KaxIbIM
COBPEMEHHBIM PEIIPHUIATHEM, TO 3TO:

- BBIXO/1 Ha MEKIYHAPOHbIH PHIHOK;

- TIOBBIIIIEHHE KauecTBa MPOM3BOAUMON MPOAYKIINH;

- TMKBHUIALUS PEKIaMalyi, 1 T.1.

Jlis pemieHnst 5THX 3a/a4 UM HAJO IOBBIIIATH KauecTBO MpOAyKIuu. Bee
PYKOBOIUTENH W CIENHUAINCTHl MPOMBIIIIEHHBIX MPEANPUSTHHA 3TO XOPOIIO
3HAIOT, cioBa '"ceprudukanus', "MexmyHapomuele cranaaptel MCO (t.e.
paspaboranssie International Standardization Organization - MexayHapoTHON
opraHM3alyei 1o cTaHIapTH3anuy, cokpameHHo /SO, no-pyccku - UCO) cepun
9000 no cucremaM kauectsa" . JlJi HaIIEro OT€UYECTBEHHOI'O MPOMU3BOIUTENS
HECKOJIKO HENPHUBBIYHO,  YTO YNpaBIICHHE KAadeCTBOM - TMPEXJIE BCEro
NIPUMEHEHNE COBPEMEHHBIX METOJOB IIPUHATHS pEIIEeHHH Ha OCHOBE
CTaTUCTUUYECKOr0 MOJENUpOBaHus [2] .

KoHTponem kadecTBa TNpOAYKIMM  OOBIYHO  3aHUMAETCS  OTIEN
texHrnyeckoro KoHTpoist (OTK) npeanpusitust. CyliecTByIOT pa3indHbIe BHIBI
KOHTpOJISI TPOMBIIUIEHHON IPOAYKIMU - BXOJAHOH KOHTPOJb, HPHUEMOYHBIH
KOHTpOJIb (TOTOBOM NMPOAYKIMK), KOHTPOJIb NpH Mepeaade nonydadpukaToB 1
KOMIUIEKTYIOIIMX M3 Ilexa B IeX. KpoMme CIUIONIHOrO KOHTPOJIST BCEX H3JIENH
TIOAPSIT IPUMEHSIOT BEIOOPOYHBIH, KOT/Ja O Ka4eCTBE MAapTHH NPOIYKIUH CY ST
TI0 pe3ysIbTaTaM KOHTPOJISI HEKOTOPOH 4acTu — BBIOOpKH [3].

Henr wuccienoBaHuii MOCTaHOBKA mpodjeMbl. 3aueM  HyXeH
BBEIOOpOYHBIN KOHTpOnb? T.e. mpu paspymrarmeM KOHTPOJIEe HEOOXOAUMO
TIOJB30BATHCSl  BHIOOPOYHBIMH METOAaMH M CYAWTh O KadecTBe NapTUH
MPOAYKIMHM I10 pe3ynbTaraM KOHTpoJis €€ wacth - BbeIOOpku. Hampumep,
MOpEJIeJIeHUe  DIIEKTPUUYECKOH W MEXaHHWYECKOH MPOYHOCTH  HM3OJISLUH
SMaJILIIPOBOZIOB OCYIIECTBISIETCSI B PE3YJbTaTe Pa3pyLIAIONINX HCIIBITAHUH.
HWcnipiTaHHBIN IPOBOJ HENPUTOJISH /ISl JAJIbHEHILIETO UCTIONB30BAHUSI, IO3TOMY
WCIIBITAHUSI  BBITMOJNHSIOT HA  OTHOCHUTENHBHO  HEOONBIIOM  KOJIWYECTBE
W3TOTOBJICHHOT'O TPOBOJIA, TO €CTh KOHTPOJIb AJIEKTPHUECKON W MEXaHMYEeCKOM
MIPOYHOCTH H3OJISILMM  3MAJBIIPOBOJIOB SIBISETCS BBIOOPOYHBIM. [losTomMy
cyliecTByer npoOiieMa: HeZocTaTouHasi MHPOPMaIHs O Ka4eCTBE MPOIYKIIUH,
MOJyYeHHAs! B PE3yJbTaTe WCIBITAHUNA M OOJBIIOE KOIMYECTBO OTXOIOB IPH
pa3pyLIalomyX UCTIBITAHUSX.

Matepuansl ucciaeqoBanmii. BriOOpouHbIE METOIBI KOHTPOJIS MOTYT
MIPUMEHSTHCS U U3 SKOHOMHUYECKUX COOOpa)KeHUi, KOTJja CTOUMOCTb KOHTPOJIS
BBICOKa TI0 CPABHEHHIO CO CTOMMOCTBIO M3IEITHSL.

s mpoBeneHUs BHIOOPOYHOrO KOHTPOJS HEOOXOIMMO CHOPMHPOBATH
BBIOOpKY, BBIOpATh IJIaH KOHTPOJISl. A €ClU IUIaH UMEETCsI - MOJIE3HO 3HATH ero
CBOMCTBa. AHAJIN3 U CHUHTE3 IUIAHOB IPOBOJST C MOMOIIBI0 MaTeMaTHIeCKOr o
MOJICTIMPOBAHMSI HAa OCHOBE TEOPUHM BEPOSTHOCTEH W MaTeMaTHYecKOi
CTaTUCTHUKH.
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BbIOOpOUHBIIT KOHTPOJIE BCETZIa CONMPSDKEH C BO3MOXKHOCTBHIO OIIMOKH B
NIPUHATHH pelieHus. B xiiaccnyeckold Teopuu BHIOOPOYHOIO KOHTPOJIST TaKUe
OLIMOKM pa3jMyaroT 10 TOMY, YbH MHTEPECH B IEPBYIO OYEpelb 3a/IeBacT Ta
win uHas omuoOka. COOTBETCTBEHHO WX HA3bIBAIOT PHCKM HM3TOTOBUTENS U
3aKa34yMKa.

Puck nsroroBurens Rizg sBNseTCs BEPOSITHOCTBIO TOTO, YTO B pe3yabTaTe
KOHTpOJISl OyZIeT MpH3HaHa HE COOTBETCTBYIOLIEH TEXHHMYECKUM TpPeOOBaHUSIM
TapTHs W3JEIHH, KOTOpask Ha CaMOM JIeJie COOTBETCTBYET 3TUM TPEOOBaHMUSIM.
Bennuuna ero mpu npodyMx paBHBIX YCIOBHSX BCErJa TEM MEHBIIE, 4YeM
MeHblIe 00BeM HCIBITaHUH. Puck 3akazumka Rzak siBisieTcsi BEpOSTHOCTHIO
TOrO, YTO B pe3yJbTaTe KOHTpONsi OyneT NpH3HaHa  COOTBETCTBYIOIIEH
TEXHMYECKUM TpPeOOBAaHUSIM IapTUsl W3AENUI, KOTOpas Ha caMoM Jejle He
COOTBETCTBYET OSTHM TpeOoBaHMAM. BenwynMHa €ro mnpu NPOYMX PABHBIX
YCIIOBUSIX BCErZa TeM OoJibllle, YeM MeHbIlle 00beM HCTbITaHui. To ecTb yxke
Ha Ka4eCTBEHHOM YpPOBHE OYEBH/HBIM SIBJISETCS NPOTHBOpEUHE TpeOOBaHMIA
U3TOTOBUTENS U 3aKa3uMKa K OTHOCUTEIbHOMY KOJHUYECTBY MPOIYKIUH,
MOJBEPraeMoil pa3pylaroIUM UCTIBITAHUSIM.

JI1s1 KONMMUYECTBEHHOro aHajdu3a pPHCKOB H3TOTOBHUTENS M 3aKa3dyHKa
TpaaUuMOHHO [4] UCHOJB3YIOT THUIEPreOMETPUUYECKOE  paclpesiesieHue
BeposiTHOCTeW. Ha ocHOBe 3Toro pacipeneneHus COCTaBIAIOT IIaHbl KOHTPOJIS,
B KOTOPBIX OIpPaHMYHMBAIOT KOJHMYECTBO JE(QEKTHBIX H3JCNUI CBEPXY Tak
Ha3bIBAEMbIM MIPUEMOYHBIM YHCIOM: d < ¢, TJIe d — KOINYeCTBO JNe(PEKTHBIX
n3Jenui B BBIOOPKe. J[JIs TOCTpOEHHs OlepaTHBHON XapaKTEPUCTUKH BBOIST
MPUEMOYHOTO 4YHUClia ¢, TaKOro, 4YTo Npu d < ¢ TapTUI0 TPHU3HAIOT
COOTBETCTBYIOIIEH TEXHUYECKHM TPEOOBAHUM, a P d > ¢ MAPTHUIO NPU3HAIOT
HECOOTBETCTBYIOIIEH TEXHUYECKUM TpeOOBaHUSM. Konuuectso
HECOOTBETCTBYIOIIMX M3JIEIUN B MapTUU HOPMUPYIOT Ha ABYX YpOBHSX: D, —
JIOyCTUMOE 4YMCIO HECOOTBETCTBYIOIIMX H3AeIMd B maptuu; D,
HEOMYCTUMOE YMCIO HECOOTBETCTBYIOIMX H3Aenui B maptuu. Iloatomy
MOT'YT OBITh BBIYHCIICHBI [IBA 3HAYEHHS ONIEPATUBHOM XapaKTEPUCTHKH .

COOTBETCTBYIOIIME BEIMYUHBI PUCKA H3TOTOBUTENS U PHUCKAa 3aKa3uuka
JUIs  TUTAHOB  OJHOBHIOOPOYHOI'O  KOHTPOJSL  ONPEAENAIOT C  IOMOIIbIO
KJIACCHYECKOI'0 ONpEAETIeHUs] BEPOSTHOCTH [5]:

( Dd! )-( (N-Dd)! )
Rizg=l—i d!(Dd —d)! (n—l\cf')!~(N—Dd—n+d) ’ )
_ n!(N —n)!
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( Dn! )-( (N —Dn)!
Rzak:i d!(Dn-d)! (n—l\cli')!-(N—Dn—n+d) ’ o
d=0 m

rne N — o0beMm mapTum, n — 00beM BBIOOPKH, ¢ — MPUEMOYHOE YHCIO, d —
KOJIMYECTBO JAE(EKTHBIX H3JENUA B BBHIOOpKE, OOHAPY)KEHHOE B pe3yJbTaTe
WCIIBITAHNH, Dd — xomudecTBO Je(EKTHBIX H3JICIUNA B MAPTUH TPH
HOpPMaJbHOM XOJIE TEXHOJOTMUYECKOro Ipomecca, Dn — TpenenbHOe
JIOIIYCTHMOE KOJNYECTBO Je(PEeKTHBIX H3JENUH B MapTHH B COOTBETCTBUH C
TEXHUYECKOH JOKyMEHTalMeH.

CornacoBaHne BceX MapaMeTpoB KOHTPOJSl IYTeM  BBIYHCIICHHUS
ONTHUMAaJBHOTO O00BbeMa BBIOODKM # COCTAaBISieT 3aady IUIAHUPOBAHHS
BEIOOPOYHOTO KOHTPOJISI MacCOBBIX M3/eNuid. Bee kimaccuueckne penieHus JUist
KOHKPETHBIX IUIaHOB BEIOOPOYHOI'O KOHTPOJISI MACCOBOW MPOAYKIIMU ITPUBOJIAT
K pe3yJbTaTtaM, KOTOpPBIE CBHJETEIBCTBYIOT O IPOTHBOPEYMH  HHTEPECOB
MOTPEOUTENST U IPOM3BOAMTENS IPOAYKIMH B TOM, YTO Kacaercs oObema
HCIIBITAHUH.

PesyabraTsl ucciaenoBanmii. Onmpasich Ha peIIeHHS NPAKTUYECKHX
3a7a4 [4] MOXHO cjelaTh BBIBOJ O TOM, YTO JJI COIJIAaCOBAaHHUS PHUCKOB
HEOOXOJMMO yBEIWYMBAaTh OOBEM BBIOOPKHM IIPU HCHBITAHHUAX KaOelbHO-
MIPOBO/IHMKOBOW MpOXyKUWH. [Ipy STOM pHCKM OCTAlOTCS JOCTaTOYHO
BbIcOKMMHU (Ooree 20 %), a pa3pyIIalonuM HCIBITAHUSIM MOJBEPTaloTCsl TOUYTH
20 % U3rOTOBJIEHHBIX U3JETHi [6].

BouiBoabl. TakuM 00pa3om, CyIIECTBYIOT TEXHUUECKHE 3a[a4H, B KOTOPHIX
KOHTpPOJIb JIOJDKEH OBITH CIUIONIHBIM, a He BHIOOPOYHBIM. B 3TOM  Ccityuae
HEoOX0AMMO O0eCHeYnTh HEepa3pyIIaIoImUil XapakTep KOHTPOJIS M €ro
HSKOHOMHYECKYIO JOCTYITHOCTb. TOJIBKO NPUMEHEHHE CIUIOLUIHOTO KOHTPOJIS
HapsiAy C BBIOOPOYHBIM JaeT BO3MOXKHOCTH OOECIIEYHTh MaKCHMaJbHBIN
KOHTPOJIb Ka4€CTBa MAaCCOBOW MPOIYKIIHH.

Cnucok aurepatypsl: 1. Xpucmuanosckuii B.B. DKOHOMHYECKHIT PUCK U METOJBI €T0 U3MEpEeHHS./
B.B. Xpucmuanosckuii, B.II. Illep6una. — Noneuk: JouHY, 2000. — 197 c. 2. Kapnywenxo B.II.
CunoBi kabenm HHM3bKOI Ta cepenHboi Hampyrd. KOHCTpyIOBaHHS, TEXHOJOTis, sKicTb/.B.11.
Kapnywenxo, JILA. LHebentox, O.A. Haymenro, Anmoneys FO.0. — Xapkis: Perion-lnpopm.,
2000.- C. 270 — 289. 3. Xonoonwui C./]. MeTopl MCIBITAHWIA M JTHATHOCTHKHM Kabeyeil u
nposoos/ C.[{. Xonoomwui. — M.: DHeproatommusnar, 1991. — 200c. 4. Ilmopm P. Teopus
BeposiTHOCTell. MaremaTnueckast cratucTuka. CTaTHCTUUECKHH KOHTpONL KadectBa/ [llmopm P. —
M.: «Mupy, 1970. — 268 c. 5. I'nedenro b.B. Kypc Teopun BepositHocteil/ [Hedenko B.B. — M.:
Hayxka, 1988. — 446 c. 6. ['omux O.B. Meros onepaTUBHOrO KOHTPOJIS IapaMETPOB ABYXCIIOHHOM
MOJIMAMUTHON W30JSIUH SMalbIPOBOAA B IpoLecce MPOU3BOACTBA: AUCC. KAaHXA. TEXH. HayK:
05.11.13/ I'onux Oxcana Bauecnagosna. — X., 2009. — 180 c.
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Puckn npuH NpPUHATHH TeXHOJOTHYeCKHX pellleHHMii B Iponecce NPOH3BOJACTBA
KafeTbHO-NPoBOAHNKOBOI mpoayknuu / Fosuk O.B., Beuiexanuna B.C., Bexmuas AT //
Bicauk HTY «XIII». Cepis: Enepreruxa: HauiifHicTh Ta eHeproedexTuBHicTb. — Xapki: HTY
«XII». — 2013. —Ne.17 (990).— C. 40-43. biGuiorp.: 6 Ha3B.

B poGoTi po3rmsHyTi HpoONeMH pH3MKIB BHPOOHHKAa Ta 3aMOBHHMKA IIPU IIPUHHATTI
TEXHOJIOTYHUX pillleHb y ITIpoleci BUPOOHMITBA KaOEIbHO-NPOBIIHUKOBOI MPOAYKIi, HaBeIeHI
METOJM BU3HAYEHHS PU3HKA 32 JIOIOMOT OO TilepreoMeTPHIHOr0 PO3NOALTYy HMOBIpHOCTEH.

Ku11040Bi c10Ba: KOHTPOIIb SIKOCTI, KaOeIbHO-TIPOBITHUKOBA MIPOAYKIs, PH3HK BUPOOHHKA Ta
PU3HK 3aMOBHHKA.

In-process the considered problems of risks of producer and customer are at acceptance
tekhno-logical decisions in the process of production cable-explorer to the products, resulted
methods of determination of rizika by hypergeometrical probability distribution.

Keywords: control of quality, cable-explorer products, risk of producer and risk of customer.
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U3MEPEHUE YACTOTHI NPOMBIIIJIEHHOM CETH KAK
IMOKA3ATEJISI KAYECTBA 3JIEKTPHUECKOM SHEPTUH

CraTbhsl OCBSIIIEHAa BOIPOCY N3MEPEHHs YaCTOThI IEPEMEHHOr0 HAIPSKEHUS SJIEKTPUYECKOIN CeTH.
PaccMmoTpens! pe3ynbTaThl MaTEMAaTHYECKOT'O MOJICIMPOBAHUS Pa3IMYHBIX METOJ0B M3MEpEHHs Ha
MpUMEPEe pPEeabHOr0 CHIHANA, MOJYYEHHOr0 C MOMOIIbI HH(ppoBoro peructpatopa. CraenaHbl
BBIBOJIBI O BBIOOpE ONTHMAIBHOIO METOa M HMHTEpBaja HAONIOCHHS IPU aHAIN3C KadeCcTBa
IJIEKTPUIECKOH SHEPrUH.

KiroueBble cj10Ba: YJHEProcucreMa, KauyecTBO AIEKTPOIHEPruu, U3MEpEHHEe YaCTOTHI.

Yacrora OCHOBHOM I'apMOHHUKH IMUTAOLIETO HAMPSHKEHHS MPOMBIIITIEHHON
CeTU SIBISIETCS OAHMM M3 Ba)KHEHIIMX MOKa3zaTesled KauecTBa ANEKTPUUYECKOMH
sHeprud. JlnurtenpHas pabora NpH 3HAYNTEIHHOM OTKIOHEHHHM YacTOTHI OT
HOMHHAJIEHOTO 3HAYEHHs TIPUBOJUT K MOBBIIIEHHOMY M3HOCY 000pY/I0BaHHS U
MIPEXIEBPEMEHHOMY BBIXOY €ro U3 cTpos. IIoHMKeHHe 4acTOThl MPUBOJUT K
CHIDKEHUIO MPOM3BOIUTEIBHOCT MHOTHX MEXaHU3MOB M, KakK CIEICTBHUE,
HENIOBBINYCKY NMpoAyKuuu. OrpaHUuYEHMs, HaKJIaJblBa€éMbleé HOPMATUBHBIMHU U
TEXHHYECKUMH TPeOOBAHMSIMHM Ha TOYHOCTH IOJUIEP’KaHMsI 3HAYSHUS YacTOTHI,
SIBIISIFOTCSL HanOoJee KECTKUMHM, 10 OTHOIIEHUIO K OTPaHWYEHUSIM Ha Apyrue
mapaMeTpel  3JeKTpuueckoro Toka. Cnegyer Takke OTMETHTh, 4YTO
HECOOTBETCTBHE YACTOTHl HOMMHAIBHOMY 3HAUEHUI0 MOXET IHPUBOAUTH K
BO3HUKHOBEHHUIO  JIOTIOJIHUTENBHBIX  MOTPEIIHOCTEH MpU  BBINOIHEHUU
H3MEpEHNH JpYrux MapaMeTpoB 3JIEKTPHYECKOro curHana. Ilostomy 3amada
HM3MEPEHUs] YaCTOThl OCHOBHOW FapMOHMKH HaNpsKEHUS MPOMBIIUIEHHON CEeTH
SIBIIA€TCA  aKTyaJbHOM 3ajaueil. OTO TMOATBEPXKAAETCS  MHOXKECTBOM
MyOoNMKanui B HAy4YHBIX M3JAHUSAX MO BCEMY MHUPY, ITOCBSIIEHHBIX
COBEPILIEHCTBOBAHUIO METOJIOB U CPEACTB U3MEpPEeHUs 4acToThI [1-5].

[Tpn BBIOOpE MeToJa HM3MEpeHHsT HEOOXOAWMO YUYHTBHIBATH IIENBIA P
(aKTOpOB, BIUSIONIMX HAa PE3YyNIbTAaThl CBS3AHHBIX C HAIMYMEM W BEIUYMHOU
OTKJIOHEHUH (OpPMBI HanpsDKEHHWs OT CHMHYCOWAAJIbHOW. Tak, MHOIME METOJbI
U3MEPEHUs]  YYBCTBUTENbHBI K  HAIMYMIO  BBICIIMX  TapMOHUYECKUX
COCTaBJISIFOIIMX U TPEOYIOT 00s13aTeIbHON NTpeqBapuTeNsHON GuibTpanuy [1].
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Opnnako, Hambojee  TPyOHONH  3amadell  sBISETCS  OTCTpOIKa
U3MEPHUTEIIFHOTO ~ OpraHa  YacTOTBl  OT  BJIMSHUS  alepHOAUYCCKHUX
COCTABJISIFOIIUX, UMCIOIIUX MECTO BO BPEMs 3JICKTPOMATHHUTHBIX TEPEXOTHBIX
npoteccoB [2]. HecMOTpss Ha OTHOCUTENBHYIO PEIKOCTh TAKHUX SIBJICHUH, OHU
MOTYT OKa3bIBaTh 3aMETHOC BIHMSHHE Ha OOIIME Pe3yabTaThl HaOIIOICHHU.
Ienpto  maHHOW  CTAaThU  SABISETCA  BBIOOP METOAOB,  IO3BOJISIOIIMX
MUHUMH3UPOBATh BJIHMSHUC IIEPEXOJHBIX IMPOIEcCOB Ha 3(deKkTUBHOCTH
HU3MEpeHuil.

Haubomee uYacTo TPUMCHIEMBIMA METOJAMU W3MEPEHHS YacTOTHI
SIBIIICTCS. METOJ] BBIICJICHUS TEpUOJa MO0 MOMEHTAM MEPECCUCHHS CHTHAJIOM
HaIpsDKEHUSI HYJEBOTO YPOBHSI C MOCIEAYIONIMM TiepecueToM 4yacToTsl [1,4], a
TaKKe METOIbl PCANH3YIONINE CICKTPAIBHBIA aHAIW3 C MPUMEHECHHEM
JMCKpeTHOro npeobOpazoBanusi @ypre n ero momuduranumii [2,4,5]. Kpome
TOr0, JOCTATOYHO THEPCIICKTHBHBIMH MPEACTABISIFOTCS METONBl HU3MEPCHUS
MapamMeTpoB DJIEKTPUUECKUX CHUTHAJIOB HCHOJB3YIOUUX AaNNpOKCHUMAIIHIO
BXOJIHOT'O CHTHAJIa METOJIOM HAMMEHBINUX KBaJpaToB. Takum o0pa3oM, Jyis
WCCIICIOBAHMS OBUTH BEIOPAHBI CIEAYIOIINE METOIBI U3MEPECHUS YaCTOTHI:

- Meron, Ha 0a3e MeTola HAUMCHBIIMX KBAJPATOB BBIMOTHSIOIIUIHA
almpOKCUMAIIMI0  BXOJHOI'O CHTHAJla CIHCHHAIbHOW  (yHKIMEH, maiee
ob0o3Haugaembiii HK;

- METOJI, BBIYUCIISIONMINN 3HaUE€HUE YAaCTOThl KaK CKOJIB3SIIEE CPENHEe U3
TpeX TMOCIENOBATCIABHBIX 3HAYCHHMA, pPACCYUTHIBAEMBIX II0 MOMCHTaM
TIEPECCUCHUs] C HYJICBHIM YPOBHEM. AHAJOTUYHBIA METOJ| TPUMCHSCTCS B
ycrporicteax ABB SPAF140C, SPAF340C, nostomy nanee 000O3HA4YEH Kak
ABB;

- METON, BBIYUCISIONIMA  YacTOTy KaKk MemuaHy W3 Tpex
MOCJICIOBATEIBHBIX 3HAYCHUHN, TOJIYYCHHBIX II0 MOMCHTaM IIepPEeCCUCHUS
KPUBOM BXOIHOT'O CHTHAJa C HYJCBBIM YpOBHEM. JaHHBII METON MPUMEHSETCS
B ycrpoiictBax PEJICiC u o60o3HaueH kak REL;

- METOJ, WCIOJB3YIOIMX TUCKpEeTHOe IpeodpazoBanne @Dypbe mis
MOJYYCHUST KOMIUICKCHOTO BEKTOpa OCHOBHOW TapMOHUKH HAIPSKCHUS,
o0o3HaueHHbIH nanee kak DFT. OTKIOHEHHWE YacTOTHI OT HOMHHAJIHHOTO
3HAUYEHUS! BBIYUCISIETCS 1O PA3HOCTH YIJIOB JIByX BEKTOPOB OCHOBHOM
TAPMOHUKHU HATIPSDKCHUST OTCTOSIIUX JPYT OT Jpyra Ha BPeMsl, paBHOE OJTHOMY
MIEPUOTy OCHOBHOM rapMOHHKH HOMUHAJILHON YaCTOTHI.

JlnurensHOCT, WHTEpBalla HAOMIOACHUS I BCEX PACCMOTPEHHBIX
METOJIOB NPUMEPHO COOTBETCTBYET TPEM MEPHUOJAaM OCHOBHOM T'apMOHHKH.
OpnHako, cileayeT OTMETUTh, UYTO TMPHU OTKJIOHEHHH 4YacTOThl JJUTEIBHOCTH
uHTepBana HaOmoxeHus 1y merooB ABB m REL Oyzmer m3MeHsThCS, B TO
Bpems kak it MetogoB HK u DFT Bpemst HaOI0IeHUST OCTAETCsI IIOCTOSHHBIM
HE3aBUCHMO OT TEKYIIET0 3HAYCHHUS YaCTOThL. Y UUTHIBAsE HEOOBINION TUaa30H
M3MEHEHHUsI YaCTOThl B HHEProCUCTEME, B KOTOPOM JIOMYCKAETCs JUIUTENbHAs
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pabora (49,0..50.5 T'm) 5TUMH OTKIOHEHHSIMH MOXXHO mHpeHeOpeds. Kpome
toro, mis Mmeroma DFT HeoOXomuMo Hamuume JBYX TOCIEI0BATEIbHBIX
BBIYHMCIIEHHBIX KOMIUIEKCHBIX BEKTOPOB OCHOBHOW T'apMOHMKH, OTCTOSIIMX Ha
BEJIMYMHY OJIHOTO IIEPHUOJa OCHOBHOW FapMOHHKH, II03TOMY, (haKTUUECKH, LIS
BBIUMCIIEHHUS 3HAYEHMS YacTOThl HEOOXOAMMO 4YeThIpe TMOJHBIX IIepruoja
OCHOBHOW  rapMoHMKM. HecmoTrpst ~Ha  ykazaHHbIE  OCOOEHHOCTH,
paccMarpuBaeMble METOABl MOXXHO CYHMTaTh NPHOJIMIKEHHO PpaBHBIMH TI0
ObicTponeiicTBuio. Takas JIMTENBHOCT MHTEpBaJa HAOIIOIEHUS IO3BOJISET
MOJYYUTh JIOCTATOYHO BBICOKYIO TOYHOCTH W, B TO )K€ BpEMs, IO3BOJISIET
OTCIIEINTh HE3HAYHMTEJbHbIE KOJEOaHWS YacTOThl B HHEPrOCHCTEME, YTO
CHOCOOCTBYET TMOBBIIICHHIO TOYHOCTH M3MEPEHHsl JAPYrHX IapaMeTpoB
AJIEKTPUUYECKHUX cUTHasoB. Kpome Toro, ykasaHHasi [UIMTEIBHOCTH ITO3BOJISET
MOJYYUTh JIOCTATOYHOE YHCIIO M3MEPEHMH, JUIsS BBITOJHEHUS YCPETHEHUs 3a
TIepHO/1 TIPEyCMOTPEHHBIN CTaHIAPTOM.

B kauecTBe TECTOBOrO CHrHaja MCHOJIB30BAIIMCH CUTHAJIBI, TIOyYEHHBIE C
MOMOIIBI0  ITUpoBOro peructpatopa Ha mmHax 110 kB. Pe3ymerath
M3MepeHnii ToKa3aHsl Ha puc. 1.
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Puc. 1 — Pesynbrats! u3mepeHus 4acToThl B Gazax A, B, C u cpenHee 3HaueHHE

W3 pucyHka BUIHO, 4TO pe3yabTaT H3MEPEHUS COACPKUT IIYMOBYIO
COCTaBIISIIOIYI0, KOTOpas OTJIMYAeTCs JUIsl pa3iIUuHBIX METOA0B M Ul
pasnnuHbIX (a3. B To ke Bpems, cOBNajJieHHE 3HAaYEHHH M OOILIETo Xapakrepa
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W3MEHEHUS YaCTOTHI MO3BOJISCT TOBOPUTH O TOM, YTO M3MEPEHHOE 3HAUYCHUE
OTpakaeT peallbHyI0 CKOPOCTh BPAIICHUS MAIITMH B YHEPTOCUCTEME.

Bornee meransHO paccMOTPETh PE3yNbTaThl U3MEPEHUS MTO3BOJISIOT PUC. 2
u 3, oTpaxkaronue GpparMeHTh U3MEPEHUIA Ha TIPOMEKYTKAX JUTUTEIEHOCTHIO 2
u 0,5 ¢ COOTBETCTBEHHO.
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Puc. 2 — Pesynbrats u3mMepeHus 4acToThl B Gazax A, B, C u cpenHee 3HauCHHE

dakTuueckd, TPH peATW3alMU  H3MEPEeHHs HEOOXOJMMO PEelINTh
ONTHUMHU3AIMOHHYIO 3ajady, I HaxXOXKICHUs ONTHMAJIBHOTO COYETAHHS
OBICTPONEHCTBHS, TOMEXOYCTOMYMBOCTH U TOYHOCTH. TEOpPETHYECKH MOXKHO
TIOJYYUTh CKOJIb YTOJHO BHICOKUMH, JIFOObIE IBE U3 YKa3aHHBIX XapaKTEPUCTHK,
HO B ymepO ocraBmieiica. To ecTh MOXHO IONYyYUTh BBICOKYIO TOYHOCTH H
ObIcTpoOEiicTBHE, HO NPH 3TOM JII00as MoMexa WM HMCKaKEHHE BXOJHOIO
curHaja OyJeT NpUBOJMTH K 3HAYMTENLHON omuoOKe. Peanmuzanus usmepeHus c
BBICOKOM ITOMEXOYCTOHYMBOCTBIO M TOYHOCTBIO IMOTPEOYeT 3HAYMTETHLHOTO
MHTEpBasa HaOIOAEHHS | T.JI.

JlornuHO TNPEANONoKHUT, YTO CYIIECTBYET HEKOTOPBIH TEOpEeTHYECKHH
npenes, IPeoJoseTh KOTOpbli HEBO3MOXHO, HE3aBHCHUMO OT BbIOOpa MeToza
n3Mepennsi. Ero MoOXHO HalTH, OTTaJKMBasChb OT BEPOSTHOCTHBIX
XapaKkTepPUCTUK IIYMOBBIX cocraBisitommx. OnHako, MHOrooopaswe |
HECTAI[MOHAPHOCTb IIPOLIECCOB B DEalbHBIX JHEPrOCUCTEMAax HE MO3BOJIAET
OHO3HAYHO OICHUTH XapPaKTEPUCTUKH BCEX BO3ZMOXKHBIX IIOMEX, I03TOMY
TIPEANoYTEHHE OBIJIO OTIAHO SKCIIEPUMEHTATEHOMY TTOIXO/TY.
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Puc. 3 — Pe3ynbrats! m3Mepenns 4acTots B azax A, B, C u cpenHee 3HaueHne

AHanu3 pe3yJabTaTOB IMOKAa3bIBa€T, UYTO METOJbl, OCHOBAHHbIE Ha
BBIJIEICHUM MOMEHTOB TIE€PECEUEHUs] HYJIEBOI'O YPOBHS, YCTYNAIOT METOAaM
HK3 u DFT mo TtouHOCTH. DTO OOBSICHSACTCS TEM, 4YTO, (haKTHUCCKH, U3 BCEH
nHpopManmMM O CUTHajle UCIONB3YeTCs TOJIBKO ee HeOonbllas 4YacTb,
pacrionoxeHHasi BOJM3M HYNEBOro ypoBHS. Bes ocrampHas uHboOpMaums
UCTONB3YETCS TOJBKO TMPH BHIMONHEHUH (QuibTparmu. Kpome TOro, KpuBbIe
W3MEHEHHs1 yacToTsl, noxydeHnsle MetogamMu HK3 u DFT ans ¢da3 A u B B
LIEJIOM CXOJHBI, M, KaK IMpaBWJIO, OTIMYAIOTCS HE3HAUUTEIBHO. OJTO TaKxke
MOATBEPKIAET JIOCTOBEPHOCTh MONYYEHHBIX pe3ynbTaTtoB. KoneOarenbHbIi
XapaxTep KpUBOH 4acToThl, moiaydeHHoi Mmerogom HK3 no nanpsbkeHuto ¢asbl
C MOXeT ObITh OOBSICHEH HEYYTEHHON NIYMOBOH COCTABIISIONICH B MCXOTHOM
CUTHAJIE.

BuiBoabl. Takum 00pa3oM, MOXKHO TOBOPHUTE, O TOM, YTO COBPEMCHHBIC
IUQPPOBBIE METONBI HM3MEPEHUS YaCTOTHI TO3BOJISIOT MOIYYUTh BBICOKYIO
TOYHOCTh  U3MEPEHHWS TpPU  JUTUTCIBHOCTH  WHTEpBajia  HAOIIOJCHUS
COOTBETCTBYIOIIETO TPEM-UYETHIPEM MEPUOJAM OCHOBHOM TapMOHUKHU BXOJHOTO
curHana. CokpamieHne HMHTepBasJia HAOJIONEHWS BJEYET 3a  COOOM
3HAQUMTEIBHBIH  POCT TIOTPEHIHOCTH Kak CJEJCTBUE Oojiee  BBICOKOM
YYBCTBUTEIBHOCTH K OTKJIOHCHUSAM (POPMBI HANPSHKEHUS OT CHHYCOUIATBHOMN
(dbopMBL. YBennucHre HHTEPBaIa HAOIOICHUS HE MPUBOINT K CYIICCTBEHHOMY
MOBBILIEHUIO TOYHOCTH H3MepeHuss. HecMoTpsi Ha TEOPETUUECKH TOCTUKUMYIO
norpemHocts u3Mmepenus wmenee 0,001 T'n BiausiHME HETUHEWHOCTH U
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HECTAIIMOHAPHOCTH HArpy3Kd HE TMO3BOJSET TapaHTUPOBAHHO TMOJIYYUTH
norpemHocts  Menee 0,01 Tu. Meromst HK u DFT  sBastorcs
MPEMOYTUTSIILHBIMU.  [[JIs1  TTOBBINICHUSI TOYHOCTH TAaKXKE MOXET OBITh
WCIOJIB30BAHO YCPEIHCHHUE 3HAYCHUN YacTOT MOJTYYCHHBIX MO TpeM (ha3HBIM
WM JMHEWHBIM HamnpspKeHusiM. PaccMOTpeHHbIe METOJbI MU3MEPEHHUSI YaCTOThI
MOTYT OBITh YCITEIITHO MPUMEHECHBI KaK B YaCTOTHON aBTOMATHKE YHEPTOCUCTEM,
TaK Y MPH BBINOJIHEHUU y4€Ta KauecTBa dJIEKTpUUECcKoi sHeprun. B mocnennem
ciydae HEOOXOAUMO TIPOM3BOJIWTH YCPEAHECHHUEC 3HAYCHUH, IONYYCHHBIX B
TEUCHUC CPABHUTEIHHO OONBIIMX WHTEPBAJIOB BPEMEHH, YTO ITOJOKUTEIHHO
CKa3bIBACTCS HA PE3YIBTUPYIONICH TOYHOCTH M CTAOMIIBHOCTH U3MEPCHU.

Cnucoxk Jgurteparypbl: 1. Apyuweeckuii f.JI. MOHMTOPHHT 4YacTOTHI TpU H3MEPEHUU
JNEKTPHIECKHX MAapaMeTPOB PEKHMa SHEProCHCTeMBbI B BeKTOpHOH (opme / Apyuwesckuir A.JIL.,
JKypasnes J].M. // I3BecTus BBICIINX y4eOHBIX 3aBefeHUH. DiexTpomexanuka. 2010. Ne 2. C. 63-
67. 2. Lopez A. Power System Frequency Measurement Under Nonstationary Situations / Lopez A.,
Montao J.-C., Castilla M., Gutierrez J., Borras M.D., Bravo J.C. // IEEE Transactions on Power
Delivery — 2008 — vol.23 no.2 — P.562-567. 3. Adanir T. Extremely short term frequency estimation
(ESTFE) algorithm for underfrequency protection // International Journal of Electrical Power &
Energy Systems - 2007 — vol.29 no.4 P.329-337. 4. Makcumog B.K. MOHUTOPHHT 4acTOTHI B
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H3mepenne 4acTOTH NPOMBINLIEHHO! CeTH KaK MOKa3aTeIsl KauecTBa YIeKTPHIecKoii
sHepruu / O.I'. I'pu6, P.B. ’Knaunos, /I.A. T'anon, A.A. 3yeB // Bicaux HTY «XIII». Cepist:
Enepreruka: HafiiiHicTs Ta eHeproedextuBHicTh. XapkiB: HTY «XIII». — 2013. — Ne.17 (990). —
C.44-49. bi6niorp.: 5 Ha3s, [i1.:3.

CTaTTs IpHCBsiYCHA MUTAHHIO BUMIPIOBaHHS YaCTOTH 3MIHHOI HALIPYTH €NEKTPHIHOI MEpexKi.
Po3risiHyTO pe3ynbTaTd MaTeMaTHYHOT'O MOJIEIIIOBAHHS PI3HIX METOAIB BUMIPIOBaHHS Ha IPUKIIAI
peanbHOro CUTHATy, OTPHMAHOIO 3a JONMOMOrOI0 IU(POBOr0 peectpaTtopa. 3pobJICHO BHCHOBKU
po BHOIp ONTHUMAIBHOTO METOAY Ta IHTEpBaly CIIOCTEPEXKEHHS IPH aHANI3i SIKOCTI eIeKTPUIHOL
eHepril.

KuiouoBi ci1oBa: eHeprocucTeMa, sIKiCTb €I1eKTPOSHEprii, BUMIPIOBAHHS YaCTOTH.

The article focuses on the alternating voltage frequency measurement. The results of
mathematical modeling of the various measurement methods on real signal obtained with a digital
recorder are given. The conclusions about the selection of the optimal method and observation
interval when analyzing power quality are made.

Keywords: power system, power quality, frequency measurement.
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JOCIIIKEHHSA BIVIMBY INVMIACTUYHOCTI MIJTHOT'O
MPOBIJITHUKA HA HAIIPYT'Y ITPOBOIO 130JIALIIT
EMAJIBITPOBOY

BuKoHaHO aHaNi3 pe3yJIbTaTiB KOHTPOJIIO BiTHOCHOTO BU/IOBXKEHHS IIPH PO3PUBI Ta IPOOUBHOL
HAIPYyTU eMaJlb APOTY 3 MOABIHHOIO 130JIIi€I0 Ha OCHOBI MOBIHHHUX COMOTIMEpiB.

KutiouoBi ci10Ba: BiTHOCHE BUIOBXKEHHS IIPH PO3PUBI, TPOOHBHA HAIIPyra, eMaJlb ApiT,
NoABiiHa i30JIsIis.

Beryn. EmanpapiT 3 TOXBIHHOIO 130JAI€}0 Ha OCHOBI MOMIiMIiJHUX
CHIBIIOIIMEPIB € HAWOUIBII CyJaCHUM 1HHOBALIHUM HPOJYKTOM BiTYH3HSIHOTO
BUPOOHHLTBA €MaJbIpOTy. 3a0e3MeueHHs] eJIEeKTPUYHOI MII[HOCTI eMaJIbIpoTy
BHMarae MiHiMi3aIli po3CisiHHA 3Ha4eHb NpoOuBHOI Hampyru Unp (mami s
kommakTHocTi U). Jlns BUpOOHMKA OCOONHMBO aKTYaJHUM € JOCIiJDKEHHS
3MiHEHHSI PO3CisiHHS 3HadeHb U BIIPONOBXK HEMEPEPBHOIO TEXHOJIOTTYHOTO
LUKy, SKHH Ha CyYaCHMX UIBHJIKICHMX eMajibarperarax BKIJIIOYAE
BUTOTOBJICHHS 0araTbox JECATKIB KOTYIIOK EMalIbAPOTY.

AHami3 ocTaHHiX [JocJdimKeHb Ta Jiteparypu. BumpoOyBaHHsS Ha
BH3HAuYeHHs HanpyrH npoboto (breakdown voltage) emanbapoTy 3 MoABIHHOO
130IISIIIi€10 HA OCHOBI ITOJIIaMiTHUX CIIIBITOJIMEPIB B €BpOIEIChHKil 1abopaTopii
[1] cBiguuTh Mpo Te, IO OAHIEIO 3 OCHOBHUX NpUYUH HecTadinmbHOCTI U € cran
MIJIHOTO IIPOBIJIHMKA TEpe]] eMalfoBaHHAM. EKcriepiMeHTaNbHe JOCIiHKEHHS
BITPOJIOBXK HENEPEPBHOIO TEXHOJOTIYHOrO UKy BIUIMBY MapaMeTpPiB MiIHOTO
MIPOBITHUKA HA CTATUCTUYHI XapaKTEPUCTUKHU HANpPYTH MpoOoro i30mLii 1poTy
[M33U1X 3 1BOXIIAPOBOIO 130JIALIIEI0 HA OCHOBI MOJIIMITHUX CIIBIIONTIMEPIB B
Jiana3oHi HOMiHaIpHUX JiaMeTpiB Bix 0,10 MM 10 0,63 mm 3acBigumio [2], mo
IUIACTHYHICT MiJl € BaXJIMBOIO CKJIAJ0BOI0 3a0e3NeueHHs CTaOUIbHOCTI
TEXHOJIOTIYHOI'0 MPOIECY EMAITIOBAHHS 1 110 TJIACTUYHICTh IIPOBIJHUKA CYTTEBO
BIUIMBAE HA BEJIMYHUHY i CTAOLIBHICTH HAPYTH IPOOOO0 eMaJTh 130JIAIII1.

B [2], na 06a3i MareMaTHYHOrO amapaTy IHTEPBaJbHUX CTATUCTUYHHX
moneneit (ICM) [3] po3poOaeHO CTATHCTHYHUE amapaT Ui aBTOMATHYHOTO
KOHTPOJIIO ~MakCHMManbHOi  WMmoBipHicTi (Pmax) Toro, mo KiIBKICTH
6e3nedekTHIX KOHTPONIbHUX J0BXKH (100 M) Ha KOTYIII eMajIbIpoTy BHHzE

© AT. 'ypun, JI.A.llle6entok, O.B.I'onuk, C.}O.Anronern, 2013

3a BU3HAYEHY TEXHOJIOTUHY HOPMATUBHY MEXY, IIEpEBIPEHO MOXKJIMBICTH HOT0
3aCTOCYBAaHHS B YMOBaxX BUPOOHHIITBA.

Line mocaimxkenb, mocTaHOBKa mpodsemu. 1) JlocmiKeHHS BILTUBY
IUTACTUYHOCTI MIJIHOTO TPOBIJHAKA HA HANPYry NPOOOK 130JIIii JPOTY
M22UX s HAWOLIBII MONIMPEHOr0 HOMiHANBHOTO miamerpy 0.63 mm. 2)
[epeBipka MOXJIMBOCTI 3acTOCyBaHHs CTaTUCTHUHOro amapaty ICM s
aBTOMATUYHOI'0 KOHTPOJIFO MAaKCUMaJbHOI #iMoBipHicTi (Pmax) Buxomxy
napametpiB Hanpyru mpo6oto U i BiIHOCHOTO BHIOBXKEHHS HPH pO3puBi O 3a
JIOITYCTHMi HOPMATHBHI TPaHHMII.

Marepianu pociaimxkens. Busnaueno Hanpyry mpoboto U i BimHOCHE
BUIOBJKEHHS TIpH po3puBi & st 60 xotymok apory [I133UIX 3 HOMiHAIBHUM
niamerpoM 0.63 MM, BUTOTOBJIEHHMX BIPOJOBX HEIEPEPBHOTO TEXHOJIOTIYHOTO
LUKITY.

KopensuiiiHi 38’53k Hanpyru npo0oto U 1 BIJTHOCHOTO BHJIOBXKEHHSM
TIPY PO3pHBI & XapaKTepHU3ye TaOJIHULIS.

Tabmuns - Koedinientn xopemsinii Kor[X, Y] Mixk xapakrepucTHKaMu
Hanpyru npo6oro U i BiTHOCHOT'O BUJIOBXKEHHSIM NPH PO3PHBI O JUIs
eMaspIpoTy giamerpoM 0.63 MM,

Xapakrepucruka ¥

Koegimientn xopermsmii Kor[X, Y]

Xapaxrepuctuka X U - nanpyra Umin, B MakcumanbHa
npo6oro, B MiHIManbHa HMOBIpHICT
Hampyra npo6oro, | TOoro, 1o
(st w’atu [Umin < 4500 B,
MTOTOYHHUX \Pmax(U)
KOTYIIOK)
BimHOCHE BHIOBXKEHS TIpU -0,154 \Kor[Umin, Pmax(U)] 1/0,451
po3puBi J, % Y
MiHimMaJIbHE BigHOcHe [} Kor[dmin, 0,947
BHTOBXKEHHS TIPH Pmax(0)]=
po3puBi dmin, % ~=0,947
JUTSL 5 IOTOYHHUX KOTYIIIOK)
MakcumansHa 0,780

WMOBIpHICTB TOTO, IO
omin <26 %, Pmax(d)

ISSN 2224-0349. Bicnux HTY «XI1I». 2013. Ne 17 (990) 51

i maxi cBigUaTh, IO B YMOBAX HAJIATOPKECHOTO TEXHOJIOTITHOTO MPOIIECY,
SKUH 3a0e3nedye BiNNOBIAHICTE €MalbIPOTy BCIM TEXHIYHUM HOPMAaTHBAaM,
Oesmocepenus Kopemsis 3HadyeHb U 1 O Bigcyrsa: Kor[6, U] = —0,154.
OHOYAaCHO  CIIOCTEpIraeTbcsi Maike  CTONPOLEHTHA — KOPENsALis — MiX
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MIHIMAJIBHOIO HAIIPYrol0 NPOOOI0 ISl ITUSTH IMOTOYHHMX KOTYmOK Umin i
MiHIMQIGHUM BiJIHOCHUM BHJIOBXKCHHSAM TP PO3PUBI dmin JJIsS TUX CaMHX
II’ATH TOTOYHMX KoTymrok: Kor[dmin, Umin] = 0,947.

OpepxaHi pe3yabTaTH CBiYaTh MPO T€, IO B YMOBaxX HAaJaroKEHOTO
TEXHOJIOTIYHOI'O TMpOIECy, OAHUM 3 UWHHHUKIB BIUIMBY Ha BEIUYUHY
MIiHIMAJIBHOI Hampyru NpoOOI0 € IUIACTHYHICTh MIJHOTO TPOBIJHHUKA 1
Mojajblie JOCHIPKEHHS IbOTO BIUIMBY € BaXKIMBUM Ul 3a0e3ledeHHS
CTaOIIBPHOCTI TEXHOJNIOTIYHOTO TMPOIECY €MAaTIOBaHHA 1 HANpyruw NpoOOoro
eMaJIbi30JIA 1.

OCKIUIbKM B YMOBaX HaJIaro/PKEHOTO TEXHOJIOTIYHOIO TIpOIECy, SKUH
3a0e3rneuye BIANOBIAHICTE €MaJBAPOTY BCIM TEXHIYHHM HOPMAaTHBaM,
Oe3rocepeHE BU3HAYECHHS KiJIBKOCTI Ae(EeKTHUX 00’ €KTIB HEMOXKIMBE, HAMHU
BHUKOPHCTaHO METOJ/ IHTepBaJbHUX cratuctuuHux wmozened (ICM), skuii B
Ka0eJbHIA TeXHIli NpOHIIOB YyCIimHy amnpolaimifo camMe y BHPOOHHUIITBI
emManpapory. Llelt MeTox 103BOJISIE€ OIIHUTH WMOBIPHICTh BUXOY IapaMerpa 3a
HOPMaTHBHY TPaHUII0 Y BHIVISI KOHTPOJBHI KapTh MaKCHMallbHOI
HMoBipHOCTI Pmax.

KoHTponb BHTOTOBIIGHHS €MaibIIPOBOJIB 3[IHCHIOIOTH 32 JIONOMOTOI0
BHMIpIOBaHb IJIOrO sy MapaMeTpiB, cepel SIKUX € Taki, 10 0OMeXeHi 3BepXy
(HE OLIBIIE Oly,y ), 1 TaKi, IO OOMEXEHI 3HU3Y (HE MEHIIE Oy ), B JAHOMY pasi
HaMH BHKOPHCTaHO aJITOPUTM PO3PAaXyHKY MaKCUMaJIbHOI IMOBIPHOCTI BHXOAY
mapamerpa 3a HOpMaTHBHY Mexy: Pmax{Y < Oun}, NpUIATHUH JUIs
KOHKPETHHX METOAMK BHUMIpPIOBaHb ITapaMeTpiB, a caMe: MpOOUBHOI HANPYyru
i3omsii  emanenpoBoqy U, BH3HAueHOi Juisi BCiX KOTYIIOK, MiHIMaJIbHOI
npobuBHOI Hampyrn Umin, BHU3HA4YeHOI IJIS II'SITW ITOTOYHHMX KOTYIIOK, 1
o0OMeXeHOi 3HHM3Y (HE MEHIIE Oy,): Umin > 4500 B, wmakxcumaibHOI
HMOBIpPHOCTI BHXOJy Napamerpa 3a HOPMAaTHUBHY MeXy, no3HaueHoi Pmax(U)
(puc.1); BiTHOCHOTO BHMIOBXXEHHSM NPH PO3pHBI O, IS BCIX KOTYIIOK,
MiHIMaJIBHOTO BUJIOBXKEHHSIM IIPH PO3PHBI Omin, BU3HAYEHOTO sl 5 MOTOYHUX
KOTYIIIOK, i OOMEKEHOr0 3HU3Y (HE MEHIIE Olyi,): Omin > 26 %, MaKCUMaJIbHOI
HMOBIpPHOCTI BUXOIy IapameTpa 3a HOpMaTHBHY MEXY, Io3HaueHoi Pmax(d)
(puc.2).

KoHTponb BUTOTOBIIEHHS! €MaJIbIIPOBOJIB 3JIIHCHIOETHCSI 32 JIOMIOMOTOI0
BUMIpIOBaHb IJIOT0 PSIYy MapaMeTpiB. IX KilbKicTh csarae mecatu. Tomy
BaXJTUBMM € 00’eaHaHHSA iHpOpMamii moao cTabiIbHOCTI TEXHOJIOTTYHOTO
MpOIleCy 3a DPI3HUMHU MapameTpamu. Taka TMporeaypa BiICYTHS 1 BiAIOBiIHI
pIlIEHHS B MPAKTHUII NPUHMAIOTh iHTYiTHBHO.

IMomo o06’eqnanHs iH(oOpMaIii mpo CTAOUTBHICTE TEXHOJOTIYHOTO
IpolLIeCcy, BHU3HAYEHY 3a PI3HUMH NapaMeTpaMH, TO 3aCTOCYBAaHHS IJISl OL[IHKH
HMOBIpPHOCTI BHXONy, HalpHKJIaJ, IBOX IMapaMeTpiB 3a HOPMAaTHBHY MEXY,
3aCTOCYBAaHHS KJIACHYHOI MPOIEAYPU TOMHOXEHHS MMOBIPHOCTEH MO, 110

MIEPETUHAIOTHCS, B JJAHOMY Pasi € HENPHUIYCTUMHUM: Hi 32 TEXHIYHUM CMHCIOM
KOHTPOJIIO, OCKUIBKH, YMM OiJIbllie TapaMeTpiB KOHTPONIOIOTh, THM 32 MI€I0
MPOLIEAAYPOI0 € MEHII HaAiHHOI0 NPOIYKIIs; Hi 32 BUKOHAHHSIM BHMOTH
HE3aJICKHOCTI MMapaMeTpiB, OCKUTLKM JaHi Tabmumi 1 cBim4athe mpo Te, IIO
npoOMBHA Hampyra i3oismii emanbapory U 1 BiIHOCHE BHUJIOBXKEHHS IIPH
PO3pHBI O HE € HE3AISHKHUMHU MapaMeTpaMHu.

U.B

8><1I]3 r

100

a

Pmax(L)

g 1
06
04
02

Puc.1 — Pe3ynbTati KOHTPOIIO MPOOUBHOI HANPYTH 130515111 emanbposony U: a -
MiHIManbHa TpoOuBHA Hanpyra Umin, BU3HAaYeHa IS I ITH IIOTOYHMX KOTYIIOK i
obmexxeHa 3HM3Y: Umin > 4500 B (myHKTHD); 6 - KOHTpOJIbHA KapTa MaKCUMaIbHOT
HMOBIpHOCTI BHXOJy IapameTpa 3a HOpMaTHBHY rpanuiiro Pmax(U): piBeHs Pmax(U) =
0,25 (myHKTHP) — TIe TPAHUIL CTATUCTUYHO MiIKOHTPOJILHOTO PiBHS CTaOLIEHOCTI
TEXHOJIOTYHOro nporiecy; piBeHs Pmax(U) = 0,5 (mrprxoBa JiHis) — e TPaHHUIT
JIOCTAaTHBOI YyTIMBOCTI KapTH JI0 3pOCTaHHS HECTAOLIBHOCTI TEXHOJIOT19HOTO TIPOIIECY,
TIEPETHH SIKOI 03HaYa€ HEOOXiHICTH BHUSBICHHS IPUINHA HECTablIbHOCTI

3a BHCOKOI KOpEINAIlis MK MiHIMAJIGHUME 3HaueHHsMU U i O, SAKIIO
3HaueHHs Pmax(U) 1 Pmax(d ) BiApI3HSIOTBCS CYTTEBO, TO 3 TEXHIYHHX
MIpKyBaHb PIllIEHHsI CIIiJI MPUHAMATH 32 OLIBIIOI0 MaKCHMaJIbHOI HMOBIPHICTIO

BHXOJly TTapaMeTpa 3a HOpMaTHBHY IPAHHIIIO
Pmax(U, 8) = sup { Pmax(U), Pmax(d) }. €))
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Puc.2 — Pe3ynbpTaTé KOHTPOIIO BiTHOCHOT'O BUJIOBXKEHHS IIPH PO3PHBI O: @ —
MiHIMaJTbHE 3HAUEHHS dMin, BU3HAUCHE IS 1T’ SITH TIOTOYHHMX KOTYIIIOK 1 0OMeKeHe
3HM3Y: Omin > 26 % (IyHKTHP); O - KOHTPOJIbHA KapTa MaKCHMaJIbHOI IMOBIPHOCTI

BHXOJy ITapamMeTpa 3a HOpMaTHBHY I'paHuIlio Pmax(d)

Ha puc.3 nHaBenena orinka Pmax(U , d) 3a (1), sika ageKBaTHO OIUCYE
CTaOIBHICTh TEXHOJIOTIYHOTO MPOIIECY JIUIS KOTYIIOK eMabapoTy Bigx Ne 30 mo
No60 (NeNe BubGipok 7 — 12). Jlnst mepumx aBox BuOipok (NeNe BuGipok 6 -7)
3HaueHHs Pmax(U) 1 Pmax(d ) Binmpi3HstoTbC Majo. B Takuii mepiox
TEXHOJIOTIYHOI'0 KOHTPONIO TepeBary CiiJl BiJaTH 3HAYEHHIO Pmax, sike €
OUTBII YYTJITUBUM JI0 3MEHIICHHS CTa0iIbHOCTI TEXHOJIOTIYHOTO MPOIIECY.

Bzarani Pmax - ¢yHKIis JBOX 3MiHHUX [4]

Pmax = Mmax*/ (Mmax® + o) , 2)
e Mmax - BepXHE CepemHe Mapamerpa, KUl KOHTPOJIOITh, B JIAHOMY pasi
HaKO1IbIIe BiIXWIICHHS! KOHTPOJILHOTO MapaMeTpy BijJ CEpeJHbOr0 3HAYECHHS B
MOTOYHIM BHOIpIi; O - TPAaHWYHO MAOIYCTUME BIJIXHMJICHHS KOHTPOJIHHOTO
rapameTpy BiJl CepeTHhOro 3HaYeHHs B IOTOYHIN BUOIpII.

SIKIo0 TpaHWYHO MOITyCTHME BIAXHMJICHHS 0 MapaMeTpy BiJl CepeaHboro
3HAYCHHS € CTAJOK BEJIMYUHOIO, TO XapaKTECPUCTUKOIO YYTIMBOCTI (PYHKIIIT 1O
3MEHIIICHHS CTAOUTFHOCTI TEXHOJIOTIYHOTO MPOIIeCy € ii moxinHa mo Mmax:

dPmax/ dMmax = 2Mmax- o’/ (Mmax® + o?)*, 3)
e Mmax - HaliOLIbIIe BIAXMICHHS KOHTPOJBHOTO MapaMeTpy BiJl CEpeAHbOTr0
3HA4YEHHS B NOTOYHIM BUOIpHi; o - HaWMEHIIE BiAXMJIEHHS KOHTPOJIHHOTO

ISSN 2224-0349. Bicnux HTY «XI1I». 2013. Ne 17 (990) 55

rmapamerpy BiJl TpPaHMYHO JOMYCTUMOIO MiHIMQJbHOTO 3HA4YEHHS 3a
KOHTPOJIbHHUH TE€XHOJOTTYHUH [IUKJL.

08

i v“ﬁ--_\_-\_---------_.------—.-—..—..----
. E—

2_ ‘V_.‘- s oafa s e “"'.‘-‘ i A‘
0 | P A e I,v‘ .
1

Puc.3 — Pe3ynbraTi KOHTPOIIO CTa0iIbHOCTI TEXHOIOTYHOTO MPOIIECy
BUT'OTOBJICHHS €MaJIb/IPOTY 32 JIOMOMOTOK0 BUMIPIOBAaHHS JIBOX MapaMerpiB: Umin,
(Umin > 4500 B) i omin, (dmin > 26 %)

Ha pwuc.3 HaBeneHi rpadiku 3aeKHOCTEH MOXiAHOT 32 (3) Bl BiTHOIICHHS
Mmax / o, Juid IBOX HapaMeTpiB eMalbIpoTy, - Halpyrd npoOoro eMallb
1305A1i1 1 BiTHOCHOro BUJIOBXKEHHS NpHW po3puBi : dPmax (U)/ dMmax(U) =
f(Mmax(U)/ al) i dPmax (8)/ dMmax(d) = f(Mmax(3)/ ad).

a0t

0.08
_ 4
0.06 \ 6x10 \
_4
0.04 4x10 \
—4 N
0.02 2x10 \
M| ™
o 0
0o 1 2 3 4 5 o1z 3 4 5
a 6

Puc. 4 — 3anexnocti dPmax o dMmax 3a (3) Bix BigHOIMEHHS Mmax / o, It JBOX
TapaMeTpiB eMaib IPOTy: a - HAIPYTH MPOOOIO eMalb i30JsIil 1 6 - BiTHOCHOTO
BUJIOBKCHHS TIPU PO3PHBI .

CriiBCTaBIICHHS MTOX1THUX Ha PHUC.4 CBITYHTH MPO T€, 10 OUIBII YYTIUBUM
JI0 3MEHILIEHHS CTaOLIBHOCTI TEXHOJIOTIYHOTO TIpolecy € mapamerp O, omke (1)
€ 32CTOCOBHHM IO BCiX OJIEp’)KaHHUX PE3YINIBTATIB, IO LTIOCTPYE puc.3.

[e#t puCYHOK UTIOCTPYE 3aKOHOMIPHICTh, 33 SKOK TPU HAONMKCHHI 10
rpaHuYHOI pi3HUII (Mmax / o = 1) moxigHa 30LUTBIIYETHCS, BiIITOBIMHI
rpadikd € CBIMYEHHSM aJIeKBaTHOCTI NPHUHATOTO aJITOPUTMY PO3PaxyHKY
Pmax. Ane 3HaueHHS MOXiMHUX 1 KIHETHKa iX 3pOCTAaHHS MpPHU HAONMKEHHI /10
Mmax / o =1 cBiyaTh B JAHOMY pa3i Ha KOpUCTh 3acTocyBaHHs (1).

PesyabraTu pociaigkens. 1. B ymMoBax HajgaromKeHOro TEXHOJOTIYHOTO
mporiecy, SKHid 3a0e3ledye BilMOBIAHICTH €MaJbIPOTY BCIM TEXHIYHHM
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HOpPMaTHBaM, BAKJIMBUM YWHHUKOM BIUIMBY Ha BEJIMYMHY MiHIMaIbHOI
HATIPYTH MPOOOI0 eMaTbi30JIAIT € ITACTUYHICTh MiTHOTO IMPOBITHHUKA.

2. IlepeBipeHa MOXIHMBICTh 3aCTOCYBaHHS  KOHTPOJIGHOI  KapTH
MaKCHMaJbHOI HMOBIPHOCTI BHXOMy JIBOX IlapaMeTpiB 3a  BiJIIOBiJHI
HOPMAaTHBHI TPaHUII], siKa (ikcye OiIbIle 3HAYEHHS 3 BOX BH3HAYEHHX.
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JlocaifzKeHHsl BIVIMBY MJIACTHYHOCTI MiAHOr0 NMPOBIAHMKA HA HANPYTY NPo0oI0 i30/1sALii
emanbnposoay / I'ypun A.T'., llleGentok JI.A., I'onuk O.B., Autonens C.1O. // Bicaux HTY
«XIIl». Cepist: Enepreruxa, HaniitHicTh Ta eHeproedektuBHicTs. — Xapki: HTY «XIII».—2013. —
Ne.17 (990).— C.57-64. Bi6umiorp.: 4 Ha3B. In.: 4. Tabn.:1.

BBINONIHEH aHamM3 pe3yNbTaTOB KOHTPOJISI OTHOCHTENBHOIO YIUIMHHEHHS IIPH paspbiBe U
HampsDKeHHsT Tpo0Osl OSMAaNbIPOBOAAa C JBOMHON M30IAIMed Ha OCHOBE ITOMMUMUJHBIX
COIOJIMMEPOB.

KiioueBble cJI0Ba: OTHOCHTENBHOE YUIMHEHHE IIPH pa3pblBe, SMAIBIPOBOX, IPOOHBHOE
HaInpsDKEeHH e, TBOIHAsT H30JISIHS.

The analysis of datas of monitoring of the technological standard parameters of in enameled
wire insulated articles.

Keywords: relative lengthening at a break, enameled wire, aggressive voltage, double
isolation.
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METO/J OHIHKA MEXAHIYHOI'O 3HOLITYBAHHSA TA
PECYPCY KABEJIbHUX JITHIA TEO®I3UYHOI'O
IHEPECYBHOI'O OBJIAJIHAHHSA

PO3risiHyTi HPHYMHA 3HOLIYBAaHHS KaOENbHUX JIIHINA Teo(i3NIHOr0 CBEPAJIOBUHHOTO O0JIaTHAHHS
Ta CHJIOBHX KaOeNbHUX JTiHiH NMOBEPXHEBHX BUIPOMIHIOBAUIB CEHCMOAKyCTHYHHX IMITYJIbCIB MpU
celicMopo3Binui i inTeHcudikanii BunooyTKy HadhTH eneKTpodi3HIHUMU IPUCTPOSIMH.

KiiouoBi cioBa: kalOernbHa JHIS, MeXaHiYHA MIIHICTb, eJNEKTpHYHE Treodi3nuHe
obnaiHaHHS.

1. AkTyanbHicTh 3aga4i

[Tpu Pi3HOMaHITHHX reodisnuHMX JIOCITIPKEHHSIX LIUPOKO
3aCTOCOBYIOThCSl HaBaHTakeHI Kabemi. 3a JOMOMOro0 IMX — KaOemiB
3IIHCHIOETCS TIEPECYBaHHS B CBEPJUIOBHHI araparypy, I10ja4a eleKTPHIHOTro
CTpyMy Ta Tepeaada iHdopmarii A0 TOBEPXHEBOi amaparypu. Takox Taki
ka0elli BUKOPUCTOBYIOThCS JIUISI TOBEPXHEBUX KaOenmbHUX JiHINA. Jlns
HOpMaJIBHOTO (DYHKIIIOHYBaHHS amaparypH, MO0 CITyCKa€ThCS 10 CBEPIJIOBUHU
Ta Ipalioe Ha IIOBEPXHI NpPW pPO3BiAll KOPHCHHUX KOMAJIHMH, HEOoOXiJHi
reodi3uuHi Kabedi 3 BHCOKOK HAJIWHICTIO eKcIuTyararlii, 00 yMOBH poOOTH
TaKUX KaOeliB € JOCUTh KOPCTKUMH, 1, 3a3BUYall, BOHU MAIOTh JICKUJIbKA IIapiB
3aXUCHOTO JPOTy. HalOimbI po3moBClopkeHUMH AeekTaMu KaOebHUX JiHIH
€. MeXaHiuHe 3HOIIEHHS — 3HOUIEHHs 3aXHCHOTO IIapy KaOeso BHACIiIOK
MEXaHIYHOTO TEepTs; IUIACTHYHE 3HOMIEHHS — JedopMallis 3aXHCHOTo mapy
Ka0eJro BHACIIZOK /ii CHJI, 1[0 MEPEBUIIYIOTh JOIYCTHMI 3HAUEHHS; KOpO3is —
¢i3uKo-XiMiYHE 3HOIIEHHS 3aXWCHOTO;  pYWHYBaHHS BiJl TEPEBUIIEHHS
JIOIYCTUMHUX OChOBHMX HaBaHTa)XE€Hb; PYWHYBaHHS BiJl 30BHIMIHIX BUIAIKOBHX
¢dakropiB, Ta iHm. HalOinpm mKIiUIMBUMU JeQeKTaMU € MeXaHiyHe i
TUTACTUYHE 3HOLIEHHS, Ta PyHHYBaHHS BiJl 30BHIIIHIX BHUIAIKOBUX (AKTOPIB.
AHastiz cy4acHOi JITepaTypH BHSBUB BiJICYTHICTh KOMIUIEKCHOTO CHCTEMHOTO
MiJIXOMy 1O OIIHKKA JOBrOBIYHOCTI BKa3aHWX KaOemiB, a OKpPeMi aBTOpHU
3BEPTAIOTHCS JIMIIE 10 AESKHX OJAWHWYHUX acHeKTiB MIIHOCTI, 3a3BHYall He
BpPaxoBYIOUM IHTErpajbHMM BIUIMB (aKkTopiB pyHHyBaHHsi. Tomy Ha
CBOTOJHIIIHIA JIeHb iCHye moTpeba B po3poOlli KOMIUIEKCHOI METOIMKH
6arato(hakTOpPHOTO OIIHIOBAHHS PECYPCY BXKE ICHYIOUHX reo(i3nyHuX KabeniB,
a TaKoX PO3POOHMTH AITOPUTM pPO3PaxyHKYy KaOenmiB 3 BIACTHBOCTSIMH Ta

XapaKTCPUCTUKAMU, K1 O 3a10BOJIBHSUIN )KOPCTKUM YMOBaM pO6OTI/I.
© A.T.T'ypun, O.B.bonnapenxo, O. IlIBunkuii, 2013
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TakuM 4YMHOM, pPO3pOOKA KOMIUIEKCHOI METOIMKH OLIHKH Ta BHOOpPY
3aHYPIOBAJBHUX Ta MOBEPXHEBUX I'e0]i3NUHUX KaOEIbHUX JIHIHA € aKTyaJIbHOO
3aja4ero.

2. Baok-cxema eneKTpodi3NYHOI0 KOMILUIEKCY 3 NMOBEPXHEBHMMM Ta
CBEP/VIOBMHHUMH BHIIPOMiHIOBAYaM#

3aranpHa OJIOK-CXe€Ma CEeHCMOAKyCTHYHOIO KOMILIEKCY IIPEe/CTaBJIeHa Ha
puc. 1 [1].

Puc. 1 - Cxema nomyky Ha TSTHIXTa ra30BUX TOPH30HTIB

Ha puc. 1 npuitHsaTi HacTynHI MO3Ha4YeHHs: | — KOJIEKTOp CBEPUIOBUHHU; 2
— CBEp/UIOBHHHI BUIIPOMiHIOBaui; 3 - oOcagHa KOJOHA; 4 — TMOBEPXHEBI
BHUIIPOMIHIOBAaYi; 5 — TEHEpaTOpu IMIYILCIB CTpyMy; 6 — JDKepeno
EIIEKTPOCHEPTi; 7 - cCeiCMOCTaHIIis; 8 - celicMonpuiimay.

Komrmiekc Bkirouae B CBOEMY CKJIa[i PO3IOALIEHY IO TOBEPXHI 3eMJIi
aHTEHHOI TPYNU BUIPOMIHIOBAaYiB 1, 3JaTHUX CTBOPIOBATH CEHCMOAKyCTHYHI
IMITYJILCH HAalpaBJIeHoi il BUCOKOi moTyxHocTi. [Ipy BUBUEHHI ckiany mapis
I'PYHTIB HaBKOJIO KOJIEKTOpa INIMOOKOI CBEP/UIOBUHH, BiIOMTHI BiJ HA(TOBOTO
mapy aKyCTUYHHMH CHIrHajJ 3racae, TOMY Y CBEP/UIOBHHI 3 pO3MILIYIOTh
BUIIPOMIHIOIOYY aHTEHY 2 3 JIEKUIbKOMa CBEPVIOBUHHUMH BUIIPOMiHIOBaYaMH,
sKa TaKkoX Mae HampasieHy Jiro. [liacuneHuit  cBepyIOBHHHMMH
BUIIPOMiHIOBaYaMy, BiTOWTHI BiJ HATOBOTrO MIapy CUTHAJ Ja€ OLIbII YiTKY
KapTUHY 3araciB Ha)TH B paiioHi CBEPVIOBHUHH.

CBep/UIOBUHHI ~ Ta  TIOBEpPXHEBI BUIIPOMiHIOBaYi, HaNpUKIaL,
€JIEKTPOANHAMIYHOTO THITY, BUIIPOMIHIOIOTh aKyCTUYHHUH IMITYJIBC TIPH ITOfadi
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IMIYJIBCIB  CTPYMY BiJ TeHepartopiB 4 1 5, sIKi JKHUBIATBCS BiJ JpKeperna
eIIEKTPOCHEPTii 6.

BinOurunii KoprcHHMIA cUTHAI MPUHMAIOTH 33 JIOIOMOT Ol celicMocTaHmii 7
Big celicMonpuiiMauiB 8. HeoOXimHICTh cHyCKy-HiIHOMY CBEpIJIOBUHHUX
BHUIIPOMIHIOBAYiB Ta BIUTUB KOJIMBaHb KaOCNBHOI JIHII y CBEpIIOBUHU
MPU3BOIATE 10 NPUCKOPEHOTO 3HOIIEHHS 3aXMCHUX OOOJIOHOK Kabenmo Ta
3MEHILEHHsI Yacy HOro eKCIuIyaTarii.

3. MeTonuka Ta miaxij BupiumeHHns 3agavi

Po3paxyukosa moodenv 2eoghizuunux KadenvHux JAiHil 01A po3MiuieHHA
GUNPOMIHIOBAYA AKYCHMUYHUX IMHYAbCI@ Y 30HI KoAeKmopa 2iudoKoi
Haghmanoi ceeponosunu.

OpHuM 3 HaWBaXJIMBIIIMX  E€JIEMEHTIB IIPEJCTABICHOI CXEMH €
reodiznunnil kabens [2]. Bin ckIamaeTbes 3 TEKUTBKOX EIEMEHTIB, OCHOBHUMU
eJIEMEHTaMH €: JKHJIH, 1110 IIPOBOJSITH €JEKTPUIHUI CTPYM, 130JIA1isI Ta OPOHSL.
TunoBi KoHCTpyKLii reodi3nIHMX KabenmiB, M0 3aCTOCOBYIOTHCS y TIIHMOOKHX
CBEp/JIOBMHAX IPEACTaBlIeHI Ha pHUC. 2 (Ha PUCYHKY NpPHUHHATI HACTYIHI
Mo3HaYeHHs: | — cTpyMompoBiJHa >xuia; 2 — 3omswist; 3 — oOonoHka; 4 —
00MOTKa;5 — 30BHIIIHIA TPOBIAHUK;6 — OpoHs). Bimomo, mo i3omsmis npu
eKCIUTyaTaIlii Ka0eliB MiIa€ThC MEXaHIYHIUM HAaBaHTAXCHHSM, JIii OypoBOro
po3unHy, a OpoHS — Jii MeXaHIYHUX, B MeEpIly 4Yepry, HaBaHTaKEHb TEpPTs.
Bigomo TakoXk, IO CTPYMOIPOBIJHI JKHJIM TapHO 3aXWILIEHI 130JALIEI0 Ta

. i
KF 3560-180-1  KI 3-149-250

Puc. 2 — Tunosi KOHCTPYKIIi1 reodi3udHNX KabemiB: 1 — ctpymomnpoBiz, 2 — izomsris, 3 —
OpoHs1, 4 — 000NIOHKA, 5 — 0OMOTKA, OOIIETEHHS, 6 - OPOHS

Pecypc xaberro Moxxe OyTH po3paxoBaHHil 32 HACTYITHOIO 3aJICKHICTIO

2
N :—”"82;”2 : (1)
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ne d, — niaMerp IpoTy OpoHI 30BHIIIHBOI OOOJIOHKM; 7, — KIJBKICTb APOTY
OpOHI 30BHIIIHLOI OOOJOHKH; Y — IMUIBHICTH MaTtepiany JIpoTy OpoHi; Y
3arajibHe 3HOIIEHHS JIPOTy OpOHi 30BHIIIHBOT OOOIIOHKH (OTPUMYETHCS IIUITXOM
anpokcUMalii  JaHuWX, OTPUMAaHMX TP  TPOBEAEHHI  BIANOBIIHUX
€KCIIEpPUMEHTIB).
SIK110 pecypc BUMIpIOEThCS B KUTOMETPAX, TO
0=2NL, @)

ne L — rnubuHa CBEep/JIOBHHH.
Cuna TpUTHCKaHHS KaOemo O CTIHKM CBEp/AJIOBUHHM BH3HAYAETHCSA 32

(hopmyoro
2T +qReo

" 2R-Ref’ )

ne T — cuna, 10 Ji€ Ha BiApi30K KaOemro Ha JUISHIN CBEp/UIOBUHM; ¢ — Bara 1
cM Kkabemo; R — paliyc KpUBU3HH CBEPUIOBUHH; ¢ — KYT, B IKOMY 3aMKHEHA
JIISTHKA CBEPUIOBUHH; [ — KOe(iLlieHT TepTs Kabelro O CTIHKY CBEpAJIOBUHH.

Cuna wHarary (7)) mnpu migifiManHi KaOear0 3 CBEPAJIOBUHU
PO3paxoBYyeThCS 3a (POPMYIIOLO, 1110 Ma€ HACTYITHUN BUIIISA

2 2 2
T=Z M(Rdl +Rd, +dd, +d71+d72]+7rR2p +

a(R+d, +d,} m(R+d, +d,) )
{ (R+24) T (R+24) +p}+

, 100(7.8-p)

+ 2[R ~1.8)7, - p)+1.88.3- p)] 7.8

)
ne y, — LIUIBHICTh MaTepialy i30idlii; p — IIIBHICT OYpOBOrO PO3UUHY
CBEpJIOBHHU; a — IapaMeTp, [0 BPaxOBYe BIUIMB 3MiHM TEeMIEpaTypu B
CBEpJIOBHHHU; m — MapameTp, 10 BPaXxOBYE BIUIMB TEPTsS MOBEPXHI 11O CTIiHII
CBEpPJUIOBUHHM Ta OYpOBHIA pO34MH; Z — JOBXKHHA KaOENro, IO MiABIMICHUH 0
JIUISTHKY, sIKa pO3TIISIAA€EThCS; p — MapaMeTp, 110 BPaXOBYE BILUIMB HAOPSKaHHS
130JISILT MiJ] Ai€10 PiAMHM Ta Ta3iB B CBEP/JIOBUHU.

Cuna Hatsary KaOedro O3BOJISIE OIHWUTH HOro MIIHICTh Ha PO3PUB B
OCHOBOMY HAIIPSIMKY.

CTOCOBHO 3HOIIEHHS JPOTY OpOHI 30BHIIIHBOI OOOJOHKH aBTOPH JaHOI
CTaTTi TPOMOHYIOTH JEHIO IHIMKA MiaxXix, 00 3amponoHOBaHAa y BKas3aHIN
METO/IHIII alPOKCHMAIlil IaHUX EKCIIEPUMEHTIB He € JOCKOHaJIo. PesymbraTu
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EKCIIEpUMEHTY MOXXYThb CHJIBHO BapilOBaTH B 3aJIeKHOCTI BiJ yMOB Horo
npoBefeHHs. ToMy 3alpOITOHOBAHO 3HOUIEHHS OpOHI  pPO3pPaxOBYBaTH
aHAJII THYHO.

Modenv  po3paxyuky TpeICTaBUMO HACTyMHUM 4uHOM. KoxHy
LIOPCTKICTh Ha CTIHII CBEP/UIOBUHHM MPEACTABUMO Yy BHUIVISAL CHEPHUIHOTO
ingeHropa [3], 3 THM JOMYIIEHHSM, IO BiH € a0COJIOTHO >KOPCTKHH, a
TIOBEPXHS JIpOTY OpOHI € MPY)KHUM OJHOPITHUM MiBIIPOCTOPOM. PosrisHemo
ONMHUYHHUH €IEMEHT IIOPCTKOCTI CTIHKH CBEP/JIOBUHH, SIKMH BTHUCKAETHCS Y
MTOBEPXHIO JIPOTY OPOHI.

CxeMa BTHCKaHHS 1HJEHTOPY B MPYXHUH IMIBIPOCTip 300pa)keHa HA pUC.

3.

Puc. 3 - Cxema BTUCKaHHS iHIACHTOPY

Ha pucynky 3 npuiiHATI HacTyIHI IO3HAYeHHs: R, — pajliyc KpHBU3HU
iHIeHTOpa;, P — cuia BTHCKAaHHA IHJEHTOpa; @, — INIMOMHA BTHCKAHHI
iHIeHTOpa miA Aiero cwid P ; S, — moma, Ky 3aiiMae iHIEHTOp B
IBIPOCTOPI.

I'mubuHa NMPOHMWKHEHHS 1HJEHTOpa B OXHOPITHHWK MiBIIPOCTIpP 3TiAHO 3
PO3paxoBYeETHCS 32 POPMYIIO0 5

972 Bk P
a)(,:w/”"%. )

KoeginienTn, mo BXoaiath 10 (5) 00YHCIIOI0ThCS 32 (OpMyIaMu:

1 1-p
=—; k =—, 6
Bi=7xh s (6)
ne u — xoedimient Ilyaccona wmarepiamy miBnpoctopy; £ — MOIyib

MIPY>KHOCTI MaTtepiaiy HiBIPOCTOPY.

Jns BU3HAuUGHHS pECypCy 3alpOMOHOBAaHO BBECTH MAOMYLICHHS MOPH
OCHOBOMY IIEpEMIIlIcHHI KaOemro (TepTs): IHIACHTOP 3pi3ye Imap Marepiary
TOBIIMHOIO PiBHOIO TITMOWHI HOTO IPOHUKHEHHS, 1110 300pakeHo Ha puc.4.
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Puc. 4 - Cxema BTUCKaHHS iHIACHTOPY

Jl1s BU3HAYEHHS pecypcy, pO3IIITHEMO CXEMAaTHUYHHUN MEPEeTHH Kademro, y
SKOMY IIap JpoToBoi OpOHI 3aMiHEHWH EKBIBAJIEHTHHM IIapoM, IO SIBJISIE
co00r0 OTHOPITHY 000JIOHKY (pHC. 5).

TakuMm YuHOM, €KBiBaJCHTHA IUTolNa meperuHy (S_ ), BKa3aHOro IIapy,

CKB
Oy/e TOpiBHIOBATH CyMi ILIOL] IIEPETHHIB IPOTiB OPOHI

SeKB :nlSl +7l2S2, (7)
ne n,, n,, S, , S, — BIINOBIAHO KUIBKICTb APOTY Ta IUIOIIA OJHOI'O JAPOTY
OpoHi BHYTpimHboi (1) Ta 30BHINIHKOI (2) 000IIOHKH.

Puc. 5 - Cxemaruanmii nepeTuH Kabelto

Byaemo po3risaaTi KpaiHid BUMAJOK, KONK KaOenb MiJIaeThCsl BILIUBY
TEpTsl TIABKM 3 OJHOro OOKy. MexaHiuHe 3HOIIEHHS OyJe 3IiHCHIOBaTHCS
TIIBKH B OMHOMY HAMpsIMKY JI0 THX Mip, MOKH TOBIIMHA MIapy OpOHi He cTaHe
KPUTHYHO MAJIOK, 1[0 OOMEKYEThCS XapaKTepPUCTHKAMHU MII[HOCTI Kabenro B
0CbOBOMY HATIPSIMKY.

Tomi, po3mismaroud TNEepeTHH KaOelro, MOXEMO BKa3aTH Ha JCIKY
Jorryctumy turomty (), sika Moxke OyTu crepta 3 OpoHi kabemo ( puc. 5).

Jauni npu cmiBcTaBlieHH] JomycTUMOi wrom (S) Ta riony oAHOpPa3oBOro

BTHCKAaHHA 1HJEHTOpa, 3HaiaeMo KigbkicTb (N, ) IOMyCTUMUX BTUCKaHb
OCTaHHBOT'O

N, == (®)

HpI/I BiI[OMOMy 3HaYeHHs N, , a4 TaKOX MOXKJTMBOCTI peaACTaBJICHHA

u
IIOPCTKOCTI CTIiHKH CBEPJUIOBHHU Y BHUINISAMI JCsIkoi (DyHKINI (HampHKIa,
CHUHYCOIJIOI0), 1 3HAIOYM CEPEIHI0 IMBUJKICTH MPOXOKEHHS Kabemo y
CBEP/UIOBHHI, MPEICTABUMO PECYPC Y TOIUHAX K

N, =F(N,), )

ne F — dyHkuis, Mo mpeacraBise iHTErpallbHUM BIUTUB IIOPCTKOCTI CTIHKA
CBEP/UIOBHHHU Ta CEPEIHBOI IIBUIKOCTI MPOXOPKEHHS KaOelto y CBEPTOBHHI.
Crnig 3a3HaYWTH, IO TOYHICTE PO3PAXYHKIB IOKPAIIYETHCS, SKIIO
pO3IIIsIaTH MIBHPOCTIp HEOMHOpiAHMM (HaOmmkeHo no pearni). B takomy
BHUIIAJKY JOCTIJHUKY TIOBUHHI BU3HAYHTH MOJYJIh NPYXKHOCTI, IO €
aKTyaJbHUM JIs JESKOI 30HU KOHTAKTY. [IpOBOJMTHECS €KCIIEPHMEHT, MUITXOM
BTUCKAHHS IHJCHTOpA y BiJIpi3 peajpbHOr0 KaOemr, 3a BUXITHUMHU JTaHUMHU
SIKOT'O PO3PaXOBYETHCS MOIYJIb IPYXKHOCTI
3P

E = , 10
4aa)oil —u’ ' (10)

Jie a — pajiiyc 30HU KOHTAKTY.

Jlanuii minxin 103BOJIsIE TPOBOJMTH OLIHKY KaOeNmio Ha Pi3HUX 4acCOBUX
eramax #Woro poOOTH, IO Bpaxye Taki (akTOpW SK CTapiHHSI Martepiaiy,
PO3IIYIIYBaHHSA CTPYMOIIPOBIIHUX KM Ta APOTIB Oponi Ta iHm. lle macts
MOJKJIMBICTh HE TUTBKU aHAJII3yBaTU CTaH KaOeto, a i pOOUTH MPOTHO3H IIO/I0
Horo moaneniol poooTu.

Po3paxyukosea moodens zeogizuunux nogepxnesux KadeabHux ainiil.

KabenbHi JTiHIT 1715 MiBOAA €IEKTPUYHOI eHeprii 10 BUIpoMiHIoBayiB [4],
IO PpO3TALIOBYIOTHCS Ha TIIOBEpXHI 3eMili, 3a3Bu4ail poOnsATh Ha 0asi
KOaKCiaIbHUX pajiodacToTHUX KabemiB Ttunmy PK um  mamonpomykTHBHHX
kabenie KBUM. Crilikicte 10 MeXaHIYHOTO 3HOIIEHHS OOOJOHKM Ta il
pyHHYBaHHS BKa3aHUX BUILE KaOeliB HEAOCTATHS ISl MTOKJIAICHHX 3a1a4, TOMY
ui  kabemi moTpeOylOTH JTOJATKOBOrO MEXaHiyHoro 3axucry. Kabeni
pPO3MIIIYIOTH B UUIAHTY UM IOKPUTTI 3 BakKyyMHOI TymMH (IIUIIXOM
eKCTPYLyBaHHs), 800 BCTAaHOBIIIOIOTH Ha CHEIaJIbHUX 130JI5TOpa.

[ToBepxHeBi kabenbHi JiHIT MATAIOTECS BIUIMBY TUX CAaMHX HEraTHBHUX
¢axTopiB, IO 1 3aHYpIOBaHi, a came, B IEpUIy Yepry, TEpTsS Ta YAapiB.
Po3paxyHnkoBa Mozens OOYHCIEHHS pecypcy HpH TepTi Kabento 1o MOBEpXHi
IPYHTY aHaJIOTiUYHa PO3IJSIHYTIH y morepenHboMy posfaini (5-9). Bunstkom
MOXYTb CTaTH JMIIEe JAesKi KOHCTPYKTHUBHI OCOOJIMBOCTI ITOBEPXHEBUX
KaOeNpHUX JIiHIA, a caMme: 30BHINIHA OOOJIOHKAa TaKuWX KaOemiB 3poOiieHa 3
ryMOBHX MatepianiB. Ile BIuTuBae meBHUM YHHOM Ha 004HCIeHHs pecypcey (7).

Mopenb ynapy 3anporOHOBAaHO PO3IIISAATH TEX SIK 3aHypeHHsI 1HIEHTOPY
y MiBIPOCTIp, ajieé 3 3HAYHO OUIBIIOI0 CHJIOK, 3 TOCIIIYyIOYMM BHHOCOM
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MaTepiay MOBEpXHEBOro 1Iapy Kademo. Yaapu, B CBOIO Yepry, MPU3BOISITH 10
3MiHHU CTPYKTYPH KaOeiro, 0 00YMOBIIIOE , TaK 3BaHE, PO3ITYLICHHS HOTO KHJI.
TuM camMuM 3MIHIOETBCS IIPYXKHICTH KaOeno, SKy MOXKHAa BpaxyBaTH Yy
pO3paxyHKax pecypcy UUISIXOM BHU3HAYEHHS MOIYNb MPYXHOCTI, IO €
aKTyaJIbHUM JUTsI IeIKOi 30HN KOHTaKTy (10).

BucnoBku. 1. [IpencraBieHa cxema CelCMOaKyCTUUHOTO KOMIUIEKCY Ta
OCHOBHI TpOOJEMHI NMUTAHHS, MIO MOB’s3aHi 3 (QyHKIIOHYBaHHAM KaOEIbHHX
niHil y Hid. 2. Hagana po3paxyHKOBa MOJENb T€O(i3UYHUX KaOCTbHUX JiHIH
JUIs PO3MIIIEHHSI BHIIPOMIHIOBAaYa aKyCTHYHHX IMITYJIbCIB y 30HI KOJEKTOpa
rmbokoi  HadTAHOI  cBepmIoBMHM. 3. Hamana  po3paxyHKOBa — MOJENTH
reo)i3MYHNX OBEPXHEBUX KaOEIbHUX JiHIH.
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MeToa OLiHKM MeXaHIYHOI0 3HOLIYBAHHSA Ta pecypcy KabeJbHHX JIiHill reogisuunoro
nepecyBHoro obJjaaHanHs / Iypun A.I'., Bounapenko A.B., HIBuakmii O. // Bicuuk HTY
«XIIl». Cepis: Enepreruka, HaxiliHicTh Ta eHeproedektuBHicTb. — 2013. - Ne.17 (990). - C.57-64.
bibniorp.: 4 Ha3s. Li.: 5.

PaccMOTpeHB! NPUYMHBI HM3HOCA KAaOENBHBIX JIMHUH TeO(pU3MYECKOr0 CKBAXUHHOTO
000pYOBaHUS U CHJIOBBIX KaOENbHBIX JIMHUH MOBEPXHOCTHBIX HCTOYHUKOB CEHCMOAKyCTHYECKHX
HMITYJIbCOB TPH CeHCMOpa3BeAKe M HHTEHCH(GHKAUUH JOO0bIMH HedTH 3IIEKTPO(PU3HNIECKIMHI
YCTaHOBKaMH.

KiloueBble ci1oBa: KaOenbHas JIMHUS, MeXaHHYecKash IPOYHOCTb, OIIEKTPHIECKOE
reodusnueckoe 000pya0BaHHUE.

The reasons of deterioration of cable lines of geophysical equipment in boreholes and power
cable lines of superficial at seismic prospecting and an intensification of an oil recovery by
electropfysical installations were considered.

Keywords: cable lines, mechanical deterioration, geophysical electrophysical equipment.
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ABTOMATHYECKOE YIIPABJIEHUE KOMITEHCAIIUEN
PEAKTUBHOM MOIIHOCTH

VYKa3aHbl €M U 3a/la4d KOMIIEHCALMM PEaKTHBHON MOIIHOCTH, NMPUBEJEHbl PEKOMEHIALUH I10
BEIOOPY IapaMeTpoB PeryJMpOBaHUS PEaKTHBHOW MOIIHOCTH, PacCMOTPEHBI BHJIBI YCTPOICTB
aBTOMaTU4ECKON KOMITEHCAllUU PEAaKTUBHON MOILIHOCTH.

KnrwudeBble  ca0Ba:  KOMIEHCALUs,  PEAaKTUBHAas  MOIIHOCTb,  aBTOMAaTUYECKOE
peryiMpoBaHue.

CHIKEHue MOoTepb JIEKTPOIHEPTUU B IIEKTPUUECKUX CETSIX, OHUM U3
OCHOBHBIX U HambOosee >((eKTHBHBIM MEpPONPHUITHEM KOTOPOTO SIBIISETCS
KoMIeHcalms peaktuBHOM MomrHocTH (KPM), — BakHas cCOCTaBISrOIAs
o0Iero KomIuiekca sHeprocOeperaromux meponpustuil. OIHAKO CHIXEHUE
MOTeph SIBIISIETCSl HE CaMOLENBIO, a OJHMM U3 acleKkToB Oosee oOmIei
TIPOOJIEMBI MTOBBIIIEHHUS] SKOHOMUYHOCTH Pa0OThI SHEPTOCHCTEMBI B LIETIOM.

Cucremsl u ycrpoiicteBa KPM sBistOTCS Takke BasKHBIM (HaKTOpOM
MOBBIIIEHUS] HAJEKHOCTU 3HEprocucreM. lIpumeHeHHe ke aBTOMaTHYECKOIO
yrnpasneaust KPM  naer BO3MOXHOCTB 3(QEKTHBHO PEryJIMpOBATH PEXHUM
paboThl dJEKTpUYECKUX ceTeil Jroboro HasHaueHWs. Bribop mapamerpa, mo
KOTOPOMY TIPOUCXOAMT AaBTOMAaTHYECKOE perynupoBaHue ycrpoicts KPM,
OCYILECTBIISIETCA B 3aBHCUMOCTH OT Iiefiell u ycnoBuil komneHcamuu. KPM
HeoOX0/MMa Ha BCEX YPOBHSIX HAIPSHKEHUS KaK B CETIX MOTpeOuTeNneil, Tak u B
ceTsax 3HeprocucreM [1].

IIpumeHeHne pasnuuHbIX  ympaBiageMblx — ycrpoiicts  KPM  nmaer
BO3MOXKHOCTb MAaKCHMAaJIbHO HCIONb30BaTh B PEXHMMax C MOBBIIIEHHON
MIPOITYCKHON CIOCOOHOCTBIO JIMHUH 3JIEKTPOINepeaadt, a TaKkKe o0ecreunBaTh
OayaHC peakTHBHBIX MomiHocTer (PM) B OTHENBHBIX y371ax HAarpy3Kd M TaKHM
00pa3zoM o0ecneunTh Mo AepKaHNe 3aJaHHBIX YPOBHEH HanpshkeHus B HUX[1].

Y4uThIBast BBICOKYIO CTOMMOCTb CTPOUTENIBCTBA BBICOKOBOJIBTHBIX JIMHUI
3NEeKTpoNepeaauy, BO3pPACTaeT  aKTyaJbHOCTb  MAKCHMAJbHOTO  HX
WCIIONIb30BAHMS ITYTEM TMOBBINIEHHUS IIPOIMYCKHOH CHOCOOHOCTH 3a CHET
NIPUMEHEHHUsT HOBBIX TEXHHYECKMX CcpeacTB asToMmarmueckod KPM. B
YaCTHOCTH, JJI TPOTSDKEHHBIX JIMHUN, TAe IpeBalupyeT eMKOCTHas
COCTaBIISIIOIIAs] PEAKTUBHOTO CONPOTHUBIICHUS, BCIEACTBHE YEro TaKHe JIMHUU
paccMaTpHBarOTCS KaK UCTOUYHUKHU OTPULATENIEHOW peakKTUBHOM MOILIHOCTH [2],
3apsAAHYI0 MOIIHOCTH JIMHUM KOMIIEHCHUPYIOT IIYHTUPYIOIIMMHU peakTOpaMu
(LLIP).

© A.A Jlukans, 10.B.Bragumupos, 2013
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Ilepexon ot Heperymupyembix IIIP k ympaBmsembim IIP, a nmanee x
cTatuyeckuM TUpUCTOpHBIM  KomreHcaTtopaM (CTK) naer BO3MOXHOCTH
CYLIECTBEHHO YBEINUYUTH MEPEAABAEMYIO 10 TMHUU MOIIHOCTS [1].

ABTOMATHYECKOE PETyIUPOBAaHHE IO3BOJSET OTCIEKHUBATH H3MEHEHUE
PEaKTUBHOM MOIIHOCTH HAarpy3KH B KOMIIEHCHPYEMOW CETH U, B COOTBETCTBUH
C 3aJJaHHBIM, KOPPEKTUPOBATh 3HAUCHUE KOIPPUIIMEHTa MOIIHOCTH — cosO [3].
[Tpu aTOM y TpaHCHOPMATOPOB M JIMHUI BCIEICTBUE YMEHBIIEHHUS! PEaKTHBHOM
Harpy3Kd BO3pacTaeT NPOIYCKHas CIOCOOHOCTh MO AKTHUBHOW MOIIHOCTH.
YMeHbllIeHHEe ke MOJHOrO TOKa MO3BONSIET CHU3UTh CEUYEHUE IPOBOJOB U
KaOesed, yMEHbIINTh HOMHHAJIBHYIO MOIIHOCTh TPaHC(OPMATOPOB U TaKHM
00pa3oM yMEHBIINTH KallUTAIBHBIE 3aTPAThl HA DJIEKTPUUECKUE CETH.

B cerax notpebureneii mnst KPM wncmones3ytorcst mo OGosnblieii yactu
6arapeun kongeHcaropos (bK). PerymupoBanne PM BK Moxker BeCcTHCH TOTBKO
CTYNEHSIMM TyTeM JeneHus Oarapedl Ha yactu. YUem Ooiblle YHCIO TaKuX
CTyNeHel, TeM Oolilee TOYHOE PEryIMpOBaHUE, HO TeM OOJbIle 3aTpaThl Ha
YCTaHOBKY KOMMYTHpPYIOUIEH M 3allUTHOM ammapaTypbl. [l ycTpaHeHus
MEPEXOAHBIX MPOLECCOB IIpHU KomMMyTaruu bK, KoTopble OTpUIIATENbHO BIUSIOT
Ha CpOK CIYXObl, Kak KOMMYTallMOHHOW ammapaTypbl, TaK H CaMHX
KOH/IEHCATOPOB, BMECTO BBIKIIIOYATENEH MOXKHO MCIOIb30BaThb THPHCTOPHBIE
KJIIOYM, KOTOpBIE MO3BOJIAIOT BKJIIOUATh KOHJIEHCATOPHI B TOT MOMEHT, KOrja
MT'HOBEHHOE HAlPsDKEHHE HAa HUX PABHO HAINPSHKEHWIO CETH, M OTKIIOYATh HX,
KOI'Jla MTHOBEHHOE 3HAUEHHE TOKA B KOHJIEHCATOPaX paBHO HYJO [4].

IIpn pmocrarouHo craOWiIBHBIX Tpadukax Harpy3ku 1o PM  wmm
HEOOXOAMMOCTY BBITIOTHEHHS TIPEANTMCAaHII SHEProcHA0KaIOIIEeH OpraHu3auu
o TeHepanuu (MOoTPeOICHUI0) 3aJaHHOTO YpOBHSA PM B ompesieieHHOE BpeMst
CyTOK  MOXET  TPHUMEHATHCS  NPOCTEHIIMHA  BUJ ~ ABTOMAaTHYECKOTO
PEryIupOBaHUS — «IIO0 BPEMEHH CYTOK».

ABTOMATHYECKOE PpErylMpOBaHME IO BeIUUMHE U 3Haky PM
LesIecoo0pa3Ho BECTH B TOM CiIydae, €CJIM JHEeprocucreMa oOecredrBaeT
COOTBETCTBYIOIIME YPOBHU HANpsDKEHUS] Ha BBOJAE IIOTpeOUTENs, a
MOTPEOUTENI0 M3 SKOHOMHYECKHX WIIM JIPYTHX COOOpaKeHHMH HEoOXO0AnMO
obecnieunBats nonayo KPM mnm nognepxuBate PM Ha 3amaHHOM ypOBHE C
MaKCHUMaJbHONU TOYHOCTBIO.

PerynupoBaHue mo ypoBHIO HaNpsDKEHHMsS] NPUMEHSAETCs, KaK IMpaBUIIo,
BMECTE C pEryJIHpPOBaHHEM II0 JIPYTUM KPUTEPHUSIM U ITIPH HEOOXOAUMOCTH
TOAJIep)KaHKUsl TOCTOSIHCTBA HAIPSDKEHUS! C JIONYCTUMBIMH OTKJIIOHEHHSMHU B
y3ie.

[Tpu pe3ko mepemMeHHOM TrpaduKe Harpy3Kd IO MOIIHOCTH M 3aBEJOMO
H3BECTHOM XapaKTepe PEakTUBHOCTU PETYIHUPOBAHUE MOXHO MPOU3BOIUTH I10
YPOBHIO TOKa Harpy3Kd WM B COUETaHUU C APYTHUMHU IapameTpami [5].
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Pacuersl mpoBeJeHHBIE aBTOPaMH JAHHOW CTaTbHM, C TOYKH 3PEHUS
LeNecoo0pa3Hoil  TOYHOCTH  pEryJIMpOBaHMs,  IIOKa3ayld, 4YTO  HET
HE0OXO0ANMOCTH B 0CO00H TOUHOCTH perynupoBaHusi. [lockonbky, Hampumep,
TIpY TToAepKaHuy Ko3(uIeHTa peakTHBHONH MOIITHOCTH tg (0 B AWAMa30HE OT
0,25 mo 0,4 nomonHUTENbHBIE MOTEPU B CETSIX U3MEHSIOTCS BCETO TOJIBKO B
npenenax ot 6% 10 14% OT MoJHBIX CyMMapHBIX MOTEPb.

BuiBoabl. 1.ABTOMaTHYECKOE pETYJIUPOBAaHUE IO3BOJISIET S(P(HEKTUBHO
YIIPaBISATH KOMIEHCAIMEH PEaKTHBHON MOIITHOCTH M PEKUMaMH pabOThI CETH.

2.IlpaBunbHbIi BeIOOp ycTpoiictB KPM u mapaMmerpoB perynupoBaHus
3aBHCHT OT KOHKPETHBIX YCIIOBH U LIEEH.

3.Her HeoOXoauMocTH B 0COO0H TOYHOCTH PETYITUPOBAHUSL.

Cnucoxk Jaureparypbi: 1. HoBoctu OnekrporexHuku 2(45). PeakTuBHass MOLIHOCTH B
AEKTPUUECKUX CeTAX TEeXHOIOrHn ynpaBiseMol KoMIeHcaluu [DeKTpoHHbIH pecypc]. — Pexum
noctyma :  http:/www.news.elteh.ru/arh/2007/45/08.php. 2. Kab6vuues A. B. Komnencamus
PEaKTHBHOH MOIIHOCTH B 3JEKTPOYCTAHOBKAX IPOMBIIIICHHBIX IPEANPHATHN: yaeOHoe mocodue /
A. B. Kabvuues. — Tomck: M3n-Bo ToMcKoro monurexHuueckoro yHmepcurera, 2012. — 234 c.
3. KonneHcatopuslii 3aBojy "Hiokon" PeakTHBHas MOINHOCTb, CHOCOOBI M BHIBI (CpelcTBa)
KOMIEHCALlMM PEaKTUBHOM MOIMHOCTH [DNeKTpoHHBIH pecypc]. — Pexum jpocryma
http://www.nucon.ru/reactive-power/reactive-power-and-types-of-compensation.php.

4. Dnexrpuueckue cetn KomneHcanus peakTUBHBIX MOIIHOCTEN [DIeKTpoHHBIH pecypc]. — Pexxum
noctyma : http:/leg.co.ua/stati/podstancii/kompensaciya-reaktivnyh-moschnostey.html. 5. "Cuikon-
KBap" Kak BbIOpaTh KOMIIEHCHUpYIOLIEE YCTPOHCTBO [DIEeKTpOHHBIH pecypc]. — Pexum fnocryma :
http://www.silcon-kvar.com.ua/vibor_ku.htm

THocmynuna 6 peokoanecuio 14.03.2013

YK 621.316.

ABTOMaTHYECKOe yNpaBjiecHHe KOMIeHcanueil peakTuBHOii MomHocTH / lukanb A.A.,
Baagumupos 10.B. // Bicank HTVY «XI1I». Cepist: HafiliHicTb Ta eHeproe)eKTHBHICTb. — XapKiB:
HTY «XIII». —2013. — Ne.17 (990). — C. 65-67. Bi6uiorp.: 5 Ha3B.

BkaszaHo mim Ta 3ajmadyi KOMIEHcalii peakTHBHOI HOTYXHOCTI, NPUBENEHO pPEKOMEHHALil
o0 BHOOPY NapaMeTpiB pPeryJIIOBaHHS PEaKTHBHOI MOTYXKHOCTI, PO3TISIHYTO BHAU IPUCTPOIB
aBTOMATHYHOI KOMIIEHCALlil PEaKTHBHOI MOTYKHOCTI.

Kutio4oBi ci10Ba: KOMITEHcallisl, peaKTUBHA NOTYXXHICTh, aBTOMAaTHYHE PEryJIOBaHHSI.

These have power factor correction, provides guidelines on the choice of parameters reactive
power control are considered types of automatic reactive power compensation.
Keywords: compensation, reactive power, automatic control.
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OINNPEJAEJIEHUE CTPYKTYPHO-YYBCTBUTEJIbHOT'O
INOKA3ATEJIA U KOHCTAHTBI CKOPOCTU CTAPEHUA
MOJIMMEPHBIX KOMITIO3UIUIT HA OCHOBE
MNOJIMBUHUJIXJIOPUIA JJIAA N30JIAIIUN KABEJIBHO-
IPOBOJHUKOBOM MPOIYKIIUN

IIpencraBneHbl  pe3yabTaTbl TEOPETHYECKUX M 3KCIEPUMEHTANBHBIX  HMCCIENOBAHUH 110
OIPE/ICNIEHUI0  CTPYKTYPHO-UYBCTBUTEIBHOIO I1apaMeTpa M KOHCTaHThl CKOPOCTH CTapeHUs
MOJNUMEPHBIX ~ KOMITO3MIMH Ha OCHOBE TOJMBHHWIXJIOPHIA JUIl U30JMALMM  KaOelbHO-
MIPOBOJHUKOBOH MPOYKIIHH.

Karwuesble ciaoBa: nomusuHmixiopun (IIBX), cTpykTypHO-4yBCTBUTENBHBIH mapamerp,
KOHCTAaHTa CKOPOCTH CTapeHUsl, N3OSN, KaOeIbHO-TIPOBOJHUKOBASI IIPOIYKIIUS

Honmusuamwnxiopun ([1BX) sBrnsercs omHuM #3 HauOoOJee W3BECTHBIX
MHOTOTOHH@)KHBIX W TIPAKTHYECKH BaKHBIX MOJIMMEPHBIX IPOAYKTOB, Ha
OCHOBE KOTOPOT'O ITOJIy4aroT MOJYMSTKHE M MSTKHE (IUIacTH(UIMPOBAHHBIE)
MOJNIMMEpHbIE KOMIIO3UIMM, UCIOJb3yeMble B IIPOM3BOJCTBE Kalenmed U
mpoBosoB. OcHoBHOM mpoOnmemoii [IBX sBisiercs ero BecbMa HH3Kas
crabuibpHOCTD. [Tog nefictBreM Teruia, Y @-cBera, KMUCIOpoa, N3ITydeHUH U p.
OH JIErKO paclajiaeTcsi MO 3aKOHY NpEBpAIleHUs] OOpaMIIIONIMX TPYII C
AJIMMUHUPOBAHUEM XJIOPUCTOTO BOZIOpOJIa u oOpa3zoBaHHEM
MOCTEe0BATENbHOCTEN  MBOMHBIX  HeHachllleHHbIX C=C  cBa3ed B
MaKpOMOJIEKYJIaX C TOSBJIEHHUEM HEXKEIaTeNbHOM OKpacku (OT JKeNTod [0
yeproii) [1]. [Toaromy npu xpaHenuu, nepepaboTke u dkcruryatanuu [1BX, a
TaKKe TpH MOITY4EHUH, XPAaHEHUH U UCTIOJIb30BaHUHU TTOJIMMEPHBIX KOMIIO3UIINH
n kabenpHO-nipoBoaHUKOBOW mpoxykiuu (KIIIT) Ha ero ocHOBe HeoOXoaUMO
NPUMEHSTh ~ COBOKYITHOCTH ~ METONIOB, IPUBOIAIIMX K  IOBBIIICHHIO
ycroitunBoctr I[IBX K neficTBHIO pa3nuuHBIX (aKTOPOB, K €r0 CTAOMIIM3AIHM.
B Hacrosimuii MOMEHT KOHBIOHKTYpa pPHIHKA CTaOMIM3aTOPOB CKIIAIBIBAETCS
TakuM o0pazoM, 4To wucronb3oBanne Ca-Zn CTaOMIU3aTOPOB SIBISETCS BCE
OoJiee IKOHOMHYECKU M SKOJIOTUUECKH OITPaBIaHHBIM.

© B.M. 3onotapes, Uynees B.JI., E.B.Uyneesa, JL.I'. Bacunen, 2013
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B [2] mnokazano o5¢ddeKTHBHOCTh HCMONB30BAHUS  KOMIUIEKCHBIX
CTa0MJIM3aTOPOB W  BJIMsAHWE conedl skupHbIX kucnor Ca, Zn Ha
TeIIOQU3NUECKHEe W DKCIUTYaTal[MOHHBIE XapaKTEPUCTHUKU  TOJMMEPHBIX
xomno3uiuii Ha ocHoBe [1BX mna n3omsum KIIIT.

B mnpemiokeHHBIX KOMIUIEKCHBIX CHCTEMax IOJABJIEHHE JECTPYKIIMU
[IBX mpu mnepepaboTke W TpenoTBpalieHHe IECTPYKIHUH B TEUCHHE CpOKa
CITYKOBI TIOYYEHHOrO MaTepuaia — 3TO0 ()YHKIIMH CHCTEMBI CTAaOMITU3AIUH,
KoTopele  obOecrieunBatoTcss  HammuueM — Ca-Zn  cTaOMIM3aToOpoB |
AQHTHOKCHJIAHTOB.

Henpro Hacrosimied paOoThl sBIIsIETCS HM3Y4eHHE IIpoliecca CTapeHus
M30JSIIMKM /11T KaOeNbHO-TIPOBOJHUKOBOM TPOJYKIMH C HCHOJIBb30BaHUEM
HEMpsSIMBIX ~ METOOB  WCIBITAaHWH Ha HAJEKHOCTb, OCHOBAaHHBIMU Ha
(U3MYECKOM MPOrHO3UPOBAHHH.

IIpu npoBenenun wuccnenoBanuil ucnonb3zoBanu [IBX kommnosuiuu,
M3TOTOBJICHHBIC Ha 0a3e CycneH3WOHHBIX [IBX cMon ciieayronmx Mapok: — S-
PVC OXYVINIL 240, CIIIA; — KSF-70 Kapnaraedptexum, Ykpauna; — S-70-
PVC-S Polanvinil, ITonpma. B coctaB KOMMO3HIMU BXOAAT: IUIACTU(PHUKATOP
(moxTHidranar), cradbunmzaTopsl (conmM OKUpHBIX kucior Ca u Zn ),
AQHTHOKCHJIAHT, TEXHOJOTNYEcKas JoOaBKa.

[TonnmepHbIE KOMITO3MIIMM HM3TOTaBIMBAINCH CMEHICHHEM HCXOHBIX
KOMITOHEHTOB B JJabopaTopHoM cMecutene. [ToaydeHHyro cMech BaslblieBaIn Ha
71a00paTOpHBIX Basblax. [[poMBIIIIeHHbIE TAPTUH U3TOTABIMBAINCH HA JIMHUU
kommayHauposanus [1BX mnactukatoB ¢pupmser REPKON.

OneHKy  HaJeXHOCTH  TPOBOAWIM IO  COCTOSHHIO  HM3OJISILHH,
OIpe/IeJIEHHOMY 10 TIOKA3aTeJI0 OTHOCUTEIBHOIO YIUTMHEHHsI TIpH pa3pbiBe  (/,
%). OmpezeneHre OTHOCUTENBHOTO YIUIMHEHNUS JI0 | TIOCIIe CTapeHHs 00pasioB
MOJMMEPHBIX KOMIO3HMIUM MPOBOAMIN B COOTBETCTBUU C JACTVY IEC
60811-1-1:2004 [3].

Ipenen tekyuectu pacmiasa (IITP) ompenensuin Ha mpubope MNPT-AM
npu temneparype 170 °C u narpyske 100 H mo 'OCT 11645-65 [4].

IIpu wucoblITaHMAX Ha HAJEKHOCTh MaTepuana m3omsiuuu u3 I1BX
IUIACTUKATA OLIEHKY MPOBOIMIIH 110 CTPYKTYPHO-UYBCTBUTENEHOMY TTOKa3aTENI0
AG. Omnpenencaue nokaszarens AG mpooawin MetogoM 1GA Ha mpubope
TGA/DSC 1/1000 SF ¢upmet METTLER TOLEDO.

Onpenensuii BenmuuuHbI okazatenst AG B HadanbHOM cocTostHAM (AGy) n
nocnie n3oTepmMuueckoil Beiepxkkn (AG)) IIBX nmnactukaros.

Ot kaxmgoro oOpasna HM3OJSIMH OTOMpaliM TPH NpOOBI, Kaxmas U3
KOTOpBIX uMena Maccy oT 10 mr o 20 mr. OtoOpaHHy0 Mpo0y MOMENIaau B
kepamuueckuii turenp npubopa TGA/DSC 1/1100 SF. 3amyckamu, panee
COCTaBJICHHYIO, TEMIIEPATYPHYIO IIporpamMmy npubdopa: Harpes ot 25 °C mo 350
°C co ckopoctbto Harpesa 100 °C/MuH 1 BbIepkKa oOpasna IpH TeMIiepaType
350 °C — 20 muH.
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OOpaboTka kpuBO# Oblia mpoBeneHa mnporpammoii  «Mathematicsy
npudopa TGA/DSC 1/1000 SF c BeIBOIOM Ha SKpaH MOHHTOpa KOHEUHBIX
pe3yabTaToOB U3MEPEHHsI BeMUUrHbI mokasatens AGy (puc. 1).

Ilo pe3ynaprataM  TPOBEJACHHBIX  WCIBITAHWI  JENamd  OIEHKY
JIOCTATOYHOCTH MCIBITAHHBIX TPOO.

Monyas: TGA/DSC 1 SF/747

HMzonayus obpasey No
Macca
HMzonauus oopazey Ve 1,

AG -63.4495 %
-9.26001

10 20 30 35 °
0 1 2 3 4 5 6 7 8 9 1 1 1 1 1 1 1 1 1 1 2 2 2 mi

Puc.1 — KpuBast pe3ynbpraTa U3MepeHHs BeTHINHEI okazatensi AG

Heobxomnmoe st  WCOBITAHWA — KONMYECTBO Tpod (1)  JIOKHO
YIIOBIIETBOPSITH COOTHOIICHHIO
2 2
pxle s )
Y
rne f, — kBaHTWIb CTbIOJIEHTa Il JOCTOBEPHOCTH O M YHCJIA CTENeHeH
cBOOOABI N - 2; y — MpeAenbHasi OTHOCUTEIbHAS TOTPENIHOCTh U3MEPEHHS
(pexoMenayercs mpuHUMaTh poBHOU 0,02); V, — koadduiment Bapuanuu s
PE3yNbTaTOB U3MEPEHNS;

Vx :g’ (2)
L

re ¢ — CTAaTHCTHYECKas OIEHKA CPEIHEKBAJAPATUYHOIO OTKIOHEHUS, U —
CTaTHUCTUYECKAS OI[CHKA MaTEMAaTHYECKOTO OXKHIAHUS PE3YJIbTATOB U3MEPEHUSI
(cpemHee 3HaUCHUE);

€)

rle v, — pe3yabTaT n3MepeHust BeanduHsl AG 3-oi mpodsr (c=1,2,...n); v —
CTATHCTUYECKas OLICHKAa MAaTEeMAaTHYECKOrO OXKUJIAHUS PE3yJbTATOB H3MEPEHHSI
(cpemHee 3HaYCHUE); 1 — KOJIMYECTBO MPOO.

1&
v=— V;» (4)

rIe v, — pe3ynbTaT M3MepeHHus BenuuuHbl AG 3-od mpodel (3 = 1,2,.n);
1 — KOJIMYECTBO NP00.

3HaueHue kBaHTWIS CThIOJIEHTa BBIOUpay it JoctoBepHocTH 0,95,

Kaxnyto rpynmy oToOpaHHBIX 00pa3loB MOABEPrayid H30TEPMHUYECKON
BBIJIEP)KKE B OTHOM M3 TPEX TETUIOBBIX PEKHUMOB.

TemrmiepaTypsl TEIUIOBBIX PEKMMOB YCTaHABIMBAIN OTJIIMYHBIMHU HE MEHEE,
YeM Ha IITh TPaJyCcoB OJHA OT JPYrOH, IPH STOM MaKcuMajbHasi TeMIepaTypa
WCIIBITAaHWH OblJIa TAaKOH, YTO Ha NMPOTSHKCHUH HCIIBITAHUN HE MPOHMCXOAWIIO
JIETHIP OXJIOPHUPOBAHMS TIOJIMBUHUIIXIIOPHIA.

N3oTepmMuyecKyro BBIIEPKKY 00pa31oB POBOMIN [IUKJIAMH, KOJIUYECTBO
LIUKJIOB BBIIEPKKH — YeThIpe. JIUTeTbHOCTh KaXK0ro IIMKJIa YCTaHABIMBAIIH B
3aBHCHMOCTH OT TEMIIEpaTyphl, 4YeM BBIIIE TEMIIEpaTypa, TEM MEHbIIe
IINTEIIBHOCTh, HO HEe MeHee 24 Jaca.

JIIMTeNnbHOCTH IIMKIIOB M30TEPMUYECKON BBIICPKKH MPUBEEHEI B Ta0II. 1.

Tabnuna 1 — JInUTenbHOCTH IUKIIOB N30TEPMHYECKOH BBIIEPIKKH

JUMTeNBHOCTH BBIIEPIKKH T, 1, IpH Temmeparype, °C
Tun marepuana 90 110 130
300 150 25
Wzonsanus 600 225 50
(TIBX mactukar) 900 300 75
1200 375 100

KoHCTaHTy CKOpOCTH CTapeHUs MPH KaxJI0H TeMIIepaType pacCUUTHIBAIN
METOIOM HaMMEHBIIIUX KBaJIPaToB 1o Gopmyre [5]
h
Z(Tj —r)(yj —y)
A , )
n
Z(Tj - T)z
i=l
-1
rie K; — KOHCTaHTa CKOPOCTH CTapeHusl mpu Temmeparype I, ¢ 1, —
JUTUTEIEHOCTh M30TEPMHUYUCCKON BBIICPKKH OT Hayala WCHBITAHUN J0

K=
73600

OKOHYaHUA j -ro 1wkna u3 (j=1,2,3,...h); T — JIUTENBHOCTh U30TCPMHICCKOMN
BBIICPXKKH (CpeqHee 3HAUCHUE);

h .
%:Z%, (©6)

Tle 7; — JUINTENbHOCTh M30TEPMUYECKON BBIIEPIKKH OT Hadala HCIBITAHUH K
OKOHYAHUIO j -T0 TwKkna u3 (j=1,2,3,...h); 1 — KOIU4eCTBO Mpoo;
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y= z_ s (7)
~ n
i=l
Jns matepuana uzonsiuuu u3 [I1BX mnactukara
1,
Gy +aAGy —b
y; =m0 ()
GO + GAGJ -b

rne Gy, a, b — smmupudeckue kodddurments! (cootBerctBenHo 110,5; 4,50;
270,0); AG; — cTaTACTMYECKass OLEHKa MAaTeMaTH4YeCKOro OXKHAaHUs
PEe3yaBTaTOB M3MEPEHUs Mmoka3atelniss AG Ha mMpobax CHATHIX ¢ 00Pa3IoB MOCIe
U30TEPMUYECKO BBIIEPKKU B TEUEHHE Tj.

1 n
3=

rae AG; — craTUCTHYECKas OLIEHKa MaTEMAaTHYECKOTO OKUJIAHUA PE3YNIbTaTOB
u3MepeHus nokaszarens AG Ha pobax, KOTOpble 0TOOpaHbl OT 00Pa3LOB IOCIe
U30TEPMUYECKOH BBIIEPKKU B TEUEHHE T;; 1 — KOIUYECTBO MPoO.

JlaHHBIE DKCIIEPUMEHTAJBHBIX HCCIEIOBAaHUH 00pabaThIBAIMCH IPH
TIOMOIIIY CTaHJIAPTHOW KOMIIbIOTepHOH porpaMMel Microsoft Excel.

I'paduyeckre 3aBUCUMOCTH CTPOMIH NpH roMony nporpammsl Grapf 3D.

Pe3ynbraThl SKCHEpUMEHTANbHBIX JaHHBIX M pacdyeTa KOHCTaHTHI
CKOpPOCTHU CTapeHus Uil KOMIIO3UIMHA u3oisaiuu Ha ocHoBe [IBX mmactuxaros
TIpUBEJICHBI B Ta0II. 2.

Tabnuna 2 — Pe3ynbTaThl 9KCIIEpUMEHTATIBHBIX JIJAHHBIX U pacdyeTa
KOHCTaHTBI CKOPOCTH CTapeHUs

Koncranra ckopoctu crapenus K,
Ne KOMITO3HUITUH H3ONISIUN IpH TeMIEparype, °C
90 110 130
1 (IIBX cmona CIIIA) 9,110 4,610 4,0-107
2 (TIBX cmona Kamym) 8,1-10° 2,5:10° 6,1-107
3 (IIBX cmorna Ionkira) 1,5-10° 5,8:107 7,9-107
4 (IBX cmona CIIAx1,5CaSt) 2,6110° 1,1-10” 2,9-107
5 (ITBX cmoma CIITAx1,25CaSt) 57107 5,2:107" 4,1-107

OnHOBpEMEHHO MIPOBOIMIN HCCIIEI0BaHUS o HU3MEHEHUIO
OTHOCUTENIBHOTO  YJUIMHEHUs TpU  pa3pblBE B  IpolEeccCe  CTapeHHs
M30JIALUOHHBIX MATEPHATIOB.

Jns xaxgoro marepuanga M30SIUM  CTPOWJIM 3aBUCHUMOCTh  MEXTY
OTHOCUTEJIBHBIM y/UIMHEHHEM U 3HaueHHeM Iokazarens AG.

I'pannuHO-nonycTUMBIE 3HadeHus nokasaTens AG ompenensiav 1o
KOpPEISIIHOHHONW 3aBUCHMOCTH OT OTHOCHUTEIBHOTO YJJIMHEHHS TIPH pa3phiBe /.
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KoppensionHele  3aBHUCHMOCTH  9KCIUTyaTallMOHHOTO — TapaMerpa —
OTHOCHTEJIFHOTO YUIMHEHUs Mpu paspbiBe (/) ObLIM MOMydYeHsl Ha oOpasuax,
W3TOTOBIICHHBIX ¢ TpuMeHeHreM [1BX cMoibl pa3HBIX MPON3BOIUTEINEH.

Pesynerathel mpencrasieHs! Ha puc. 1 (a, 0, B).

400 400

350

350
300 3

250
S |~

200

300 3

250

A
=

= 200 1

150

150

100

100

OtocHTe L IOE YL THHEINE TPH PaTpbIBE,
OtnocHTeALIOE YA HENIE NPH PaspLI

50

50

57 58 59 60 61 62 63 64 65 < < < <
57 58 59 60 61 62 63 64 65
Tokasarean AG, %
TMokasares AG, %

a 9]

400

350

300 | —

250

150

100

OrnocuTeabHOE YA THRENIE TPH PAZPLII

59 60 61 62 63 64 65

Tokasarems AG, %

8

Puc. 2 — 3aBHCHMOCTH OTHOCHTENIFHOTO YUTHHEHHS TIPU pa3pbIBe OT Mokazatensi AG: a —
koMnozumuii 1, 2, 3 mpu temmneparype 130 °C; 6 — kommosunwii 1, 2, 3 npu
temreparype 110 °C; ¢ — komnosuiwit 1, 2, 3 mpu remmeparype 90 °C

W3 paHHBIX HCCIIENOBAHUM BHIHO, YTO M3OJISALHMOHHBLIE KOMITO3UIIUN
HMEIOT pa3jMuHble 3HaUY€HUs! MoKa3zaTeled B 3aBUCUMOCTH OT HCIOJIb3yeMOi
cMmoibl. Hambonee CTaOMIBLHBIMU XapaKTePUCTHKAMHU 00JIaJaeT MOUMepHas
koMno3unus Ha ocHoBe cMoiel S-PVC OXY VINIL 240.

Baxxnoe 3nauenust npu npousBojcTBe KIIII mMmeror TexHoIOrHyeckue
cBoiictBa [IBX mnactukaTtoB. B xauecTBe KpuUTepusi OLIEHKH TEXHOJIOTHUYHOCTH
MaTepualioB  HCCIENYeMBbIX  TOJMMEPHBIX  KOMIIO3MIIMM  HCHOJIb30BaIU
nokasatesnb Tekydectr paciuiasa (ITTP).

Jlnst onmTUMM3anMu MPOIECCOB IepepabOoTKH B COCTaB KOMILICKCHBIX
Ca-Zn cTaOWIM3aTOPOB BBOIUIM CTeapaT KaJblUsA. OJTOT HMHTPEIAUCHT
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obecrieuynBaeT Kak BHYTPEHHWH, TaKk WM BHEIIHWH cMasblBarommi 3¢ddexT.
[TosTomy 1enecooOpa3HO OBLIO MPOBECTH WCCIEJOBAHMS MO BIUSHHUIO ATOTO
uHrpeauenta kak Ha TtexHonmormdeckue (IITP), tak m skcruryaTanmoHHbIE
XapaKTePUCTUKH UCCIEAYEeMbIX KOMITO3MIMA HM30JISIIHOHHBIX MaTepHaJoB
(Ipenien MPOYHOCTH TPH pa3pbiBE, OTHOCHTENBHOE Y/JIMHEHHE TIPH Pas3phIBe,
CTPYKTYPHO-4YBCTBUTEJIBHBIN TIOKAa3aTENb).

[To momydeHHBIM pe3ynbTaTaM CcTpowsu rpaduk 3aBucumoctu IITP,
MIPOYHOCTHU NPH pa3pbiBe (0) ¥ OTHOCUTENBHOIO YIUIMHEHNUs Ipu paspseise (/), a
TaKKe KOMIUIEKCHOIO CTPYKTYpHOro mokaszatens (AG) OT copepkaHus
cTeapaTa Kablus. Pe3ynbTaTel peicTaBiIeHsl Ha puc. 2, 3, 4 (a, 0, B).
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2,5

Tinenen rewvaecru nac

/

0,6 038 1,0 1,2 14 1,6 1.8

Konuentoauusi creanara kanbuust. C. %

Puc. 3 — 3aBucumoctu [1TP ot conepkanus creapara KaJbIus
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Puc. 4 — 3aBUCHMOCTE IPOYHOCTH TP PA3PhIBE M OTHOCUTEIHLHOTO YIUTHHEHHS TIPH
paspbIBe OT COIEPKAHMS CTeapara KaJIbIus
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Puc. 5 — 3aBHCHMOCTE OTHOCHTENBHOTO YIUTMHEHHS TIPH Pa3pbiBe oT Nokazarensi AG: a —
xomnozunuii 4, 5 npu tremneparype 130 °C; 6 — xkommosumwii 4, 5 npu Temneparype 110
°C; 6 — xommnozutmii 4, 5 mpu Temrieparype 90 °C

W3 npencraBieHHBIX AaHHBIX BUIHO, YTO C YBEJITMUEHHEM KOHIIEHTpaluu
cTeapaTa KaJbLUsl YIY4YIIAal0TCAd TEXHOJOTHUECKUE MapaMeTpsl MOIMMEPHOMH
kommo3uumu — yBenmuuBaercss IITP (puc. 2). OmHOBpEMEHHO CHMXKAETCs
IIpeJiesl MPOYHOCTHU MPH PAa3pPhIBE U YBEITUUUBAETCS OTHOCUTEIBHOE YIIMHEHUE
npu paspeiBe (puc. 3). KoMIUIeKCHBIH CTPYKTYpHBIM IIOKa3aTelb TaKKe
CHIDKAETCS TPH YBEJTMUSHNU KOHLEHTpAIMK cTeapara Kaibius (puc. 4 a, 0, B),
0CcO0EHHO pe3Koe CHIKeHUE Habmromaercs pu remmepatype 110 °C.

Takum obOpazom, Ipu pa3padoTKe HOIUMEPHONW KOMITO3UIIMK HEOOX0AUMO
YUUTBIBATh HE TONBKO 3aBHUCUMOCTH TEXHOJOTMUECKUX U AKCILTyaTallMOHHBIX
XapaKTEepUCTHK, HO U 3HAUYEHUE KOMIUIEKCHOI'O CTPYKTYPHOTO MOKa3aTemns A
COCTaBJIEHUS] ONTHUMAJIBHBIX MOJUMEPHBIX Kommo3uuuil Ha ocHoBe IIBX mms
m3onauuu  KIIIT. TlomyueHHble mapaMeTpbl MOTYT MCIOIB30BATHCA  JUIS
omnpeneneHust cocTosHus MarepuanoB usonsauuu  KIIII, ycranaBnuBath
MIPUYMHBI BO3HMKHOBEHUS BBIXOJA W3 CTPOS (JMAarHOCTHYECKHH KOHTPONb) U
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MPOTHO3UPOBaTh Oymymiee cocrosHue wu3osiwu KIIT mis Toro, 4ToOBI
MIPEIYNPEKIaTh BOSHUKHOBCHUE OTKA30B (TIPOrHO3HBIN KOHTPOJIB).

Pe3ynbTaThl HcclieIOBaHUIT MOXKHO MPUMEHSTH JUIS pacuera ImoKa3aTenei
JIOJITOBEYHOCTH (CpOKa CIYyXObI M MUHUMAJIBHONH HapaOOTKH) HA CTaJuU
pa3paborku u npousBoxactBa KIIII, a Takke MPOrHO3UPOBAHUS HAJICKHOCTH
KIIII, kotopasi HaxoauTcsl B JKCIuTyaTaluu. [Ipu 3TOM, MeTonuKa SIBIsiETCS
MIPaKTUYECKU HE pa3pylIarolieH.

Cuucok aurteparypsl: 1.l'opeHne, AecTpyKIHs M CTa0WIM3alUs IIOIMMEPOB / HOJ peaxiuei
n.x.H. 3auxosa I. E. HOT. Caunkt-IlerepOypr, — 2008. — 422 c.; 2. Yyaeesa E. B., Uynees B. JI,
3onomapes B. M., Bacuney JI. I. KoMno3unmoHHbsle MaTepHaabl HA OCHOBE MOJIMBUHIIXJIOPUAA.
Temnodusndeckue, peoNornieckue U dIeKTpodusmdeckue cBoiictBa // XimidyHa IPOMHCIOBICTH
Vkpainn, — 2011. — Ne 6. — C. 48-54; 3. ACTY IEC 60811-1-1:2004 «Matepiamu i3oismii Ta
00O0JIOHOK eJISKTPHYHUX 1 ONTHYHUX KaOelniB. 3arainbHi MeToqu BUIpoOoByBaHHs. Yactuna 1-1.
3aranpHa MpU3HAYCHICTh. BUMIipIOBaHHS TOBIIMHM Ta 30BHIIIHIX Po3MipiB. BumpoGoByBaHHS ULt
BHU3HaueHHs MexaHiuHux BiactuBocreil (IEC 60811-1-1:2001, IDT)»; 4. T'OCT 11645-73
«[Imactmaccel. Meroj onpeneneHusl mokaszaTels TeKydecTH paciuiaBa Tepmoruacto». 5. COY
MIIIT 29.060.10-115:2006 «Kabemni, npoBoau i mHypy. 3arajibHi BUMOTH IO HaXiiHOCTL. Meroxu
OL[IHKM BiJIIOBIIHOCTI BUMOIaM I10 HaJAIHHOCTI».

Iocmynuna 6 peokoaneeuro 15.02.2013

VK 678
Onpeneﬂe}me CTPYKTYPHO-YYBCTBHUTEJIBHOI'0 IOKa3aTeJd U KOHCTAHTBI CKOPOCTH
CTapeHus MOJIUMEPHBIX KOMHO3MIIMﬁ Ha OCHOBE¢ MNOJUBHHWIXJIOpHIA IJIs1 H30JIAIHA

KkafeTbHO-NPOBOHNKOBOI npoayknuu / B. M. 3os0Tapes, B. J1. Uyiees, E. B. Uyneesa, JI. I'.
Bacuien// Bicuuk HTY «XIIIy. Cepis: HaniliHicTh Ta eHeproedektuBHicTh. — XapkiB: HTY
«XII». — 2013.— Ne.17 (990). — C.68-76. bibuiorp.: 5 a3s. In.: 5. Tabmn.:2.

IpencraBiieHi pe3yIbTaTH TEOPETUIHHX 1 eKCIEPHMEHTAIBHUX JOCIIDKEHb 32 BU3HAYCHHIM
CTPYKTYPHO-4yTJIHBOI'O IapaMeTpa i KOHCTAHTH IIBHJKOCTI CTapiHHS IOJIMEPHUX KOMIIO3MIIN Ha
OCHOBI MOJIBIHUTXJIOPUY IS 130JIsi11ii KaOelbHO-IPOBITHUKOBOI IPOAYKIIii.

KumouoBi caoBa: nonisinimxuopun (IIBX), crpykTypHO-4yTiInMBHI mapameTp, KOHCTaHTa
LIBUKOCTI CTapiHHS, i30J15111i51, KaOeIbHO-MTPOBITHUKOBA MPOIYKIIis

The results of theoretical and experimental researches on determination of structure-sensitive
parameter and senescence speed constant of polymeric compositions on the basis of PVC for the
isolation of cable-explorer products are presented.

Keywords: PVC, structure-sensitive parameter, senescence speed constant, isolation, cable-
explorer products, polymeric composition
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MI1. KAPIIIEHOB, acn., Uactutyt snektpoauHamukd HAH Ykpaunsl,
Mapuynons

YTOYHEHUE MATEMATHYECKOM MOJEJM m-ITYJIbCHBIX
PEI'YJIMPYEMbIX BBINTPSIMUTEJIEM CO CMEIIAHOM RLC-
HAT'PY3KOMU B IIEITN ITIOCTOAHHOT'O TOKA

AHaIMTHYECKAM  METOAOM IONY4eHbl TOYHBIE pacdeTHble (GopMynsl  kod(uIHeHTOB
TFapMOHHYECKHX COCTABILIONINX TOKA H KO HIMEHTH! HECHHYCONJATbHOCTH TOKA, CBS3BIBAIONINE
BBEIXOJl U BXOJ IPOHM3BOJIBFHOTO M-ITYJBCHOTO PEryINPyeMOro BEHTHJBHOTrO IpeoOpa3oBaTens U
MPEACTABILIONINE COOOH pPacUeTHYI0 MOJENh CXEMbl 3aMeIeHHs HCTOYHMKAMH TOKAa BBICIIMX
rapMoHUK. bubmmorp.: 7 Ha3s.
KiioueBble C¢JI0Ba: HCTOYHHKH TOKA, BBICIINE TapMOHUKH, HEIMHEHHBI OJIEMEHT,
BEHTWJIBHEII IpeoOpa3oBaTes.

Beenenue. B HacrosimHee Bpemss B TeXHHYecKOol mureparype [1-14]
IPEUI0KEHO JOCTATOUHO OOMBIIOE KOIMYECTBO MATEMATUUECKUX MOl s
OITMCAHUSI  DJIEKTPOHHBIX NPeoOpa30BaTENbHBIX  CHCTEM, MO3BOJISIOLINX
CMOJICIUPOBATh TapaMeTpsl NpeoOpa3oBaHUsl 3JIEKTPOIHEPTHH M PEKHMEI
pabotsl anekTpudeckold cetn. OIHAKO B TPEUIOKEHHBIX MaTeMaTHYECKUMX
MOZENAX  OTCYICTBYIOT  oOliue,  yHHBEpCaJbHblE  3aKOHOMEPHOCTH
MOJEIUPOBaHUS PEXKUMOB U IapaMeTPOB IpeoOdpa3oBaTeel AIEKTPOIHEPIUN.
Mogenu, KOTOpbl€ H3BECTHBI B HACTOSAIIEE BpEMsI, MO3BOJSIOT OIPEICIUTH
COJIepKaHWe TapMOHUYECKUX COCTABJIAIOUIMX B KPHUBOM BXOAHOTO TOKa
pPa3IUUHBIX BBIIPAMUTENEH B 3aBUCHUMOCTH OT IApaMETpPOB KOHKPETHOI'O
BBIIIPSMUTETIS.

C gpyroil CTOpOHBI, MaTeMaTHYECKHE MOJAEIU Ipeodpa3oBaTeNbHOU
TEXHUKH, KOTOpblE€ OINKMCAaHbl B TEXHUYECKOH JIUTEpAType MO3BOJISIOT
BBITIOJIHATH PACUEThI C BBICOKOHM JOJ€H MOrpeIHOCTH. DTO CBA3AHO C TEM, YTO
¢u3rKa paboTHl BBHITPSIMUTENBHBIX YCTPOWCTB B NPEIUIOKEHHBIX PEIICHUSX
J0CcTaTo4HO ciokHa. CopepxaHue U 1078 TAPMOHUYECKHX COCTABIISIOIIUX B
KpUBOM TOKa, MUTAIOLMET0 M-MYJIbCHBII PETyIUPYEMbI BBIIPSIMUTEND,
MIPEJCTABIAET CIYXHYI 3ajady, MOCKOJbKY TOK MHTAIOUIMHA M-IyJIbCHBIN
BBIPSIMUTENb  sBJsieTCs  (YHKIMEH He TONBKO YHCHA  IyJIbCAlUi
BBIIPSAMIIEHHOTO HANpsDKEHUs, HO M TApaMeTpoB LEMH  BBIIPSIMUTENS.
Teopernueckn, W3HAYAJBbHO HCHONB3yd JIUIIb TPAaJAUIMOHHBIE METOMBI
TEOPETHYECKUX OCHOB OJJIEKTPOTEXHWKHW M, HE pacrojaras HEOOXOIUMBIM
KOMIUIEKTOM  OCHMJUIOTpaMM  pabOuMX IIPOLECCOB, TPYAHO MONY4YUTh
JETEpPMUHUPOBAHHOE, JIOTHYECKH 00OOCHOBAaHHOE U SIBHOE ONUCAHUE IIPOLIECCOB
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OTH TPYyOHOCTH MOXKHO TIPEOJOJIETh, €Cld ChOpPMYJIUpOBaTH U
CHCTEMAaTH3MPOBaTh (haKTbl, MONyYEHHBIE TEOPETHYECKUM IIYTEM M YaCTUYHO
IyTeM MMHTAIMOHHOTO KOMITBIOTEPHOTO MOJIEITMPOBAHMS, M ONMUPAsCh HA HUX
pemuTh 3Ty 3amady. Ee pemnieHue co3gacT HEOOXOMUMBIA WH(OPMAIUOHHBIN
6a3uc U1t OPMUPOBAHUS TOYHBIX PACYETHBIX MOJIEIIEH.

B pabote [2] yxe mpemiokeHa YHUBEpCalIbHAsS MAaTEMaTHYCCKass MOJICTh
M-IYJIBCHBIX PEryJlUpyeMbIX BbIIpsiMuTened. OpHako B yKa3zaHHOW pabote
CJ/IENIaHO JIOITYIIEHHUE, YTO B IIENH MOCTOSIHHOTO TOKAa — TOK MAEAIBHO CrIIaKeH
Harpy3KoH, 0O CriIaKUBAIOUIMM (QHIBTPOM (MHIYKTUBHOCTBIO, EMKOCTBIO) U
TOK COJEPKHUT TOJNBKO TIOCTOSHHYIO COCTaBIISIIOIYIO, TO €CTh OTCYTBYIOT
Mynbcallid B IIEMH IIOCTOSHHOTO TOKa. YKa3aHHOE JIONYIIEHWE MJaeT
MOTPENIHOCT  pacyeToB  KO3()(UIMEHTOB  BBICHIMX  TapMOHHUYECKHX
COCTaBJSIFOIMX BXOAHOIO TOKAa M KOI(pQHUIMEHTa HECHHYCOUAAIBHOCTH
BXOJIHOT'O TOKA.

IMocranoBka 3amgaun. llenpio Hacroseil paboOTHI SIBIsiETCS yTOYHEHHE
MaTEeMaTH4eCKOH MOJEIM YHHBEPCAIFHOTO M-IYJIBCHOTO PEryJIHpyeMOro
BBINPSIMUTENS C MPOW3BOJIBHONW TOIOJIOTHEH M paboTaromero Ha CMEIIaHHYIO
RLC-nHarpy3ky, npemioxeHoid B padore [2]. 3amada COCTOMT B YTOYHCHUU
(GopMyn BBICHIMX TapMOHMYECKHX COCTaBJISIONIMX BXOJHOTO TOKa M-
MyTGCHOTO  BBIIPSMHTENST  TO3BOJSIONIENX — IPEJCTAaBUTh  YKa3aHHBIH
BBINPSIMUTEND B BUJIE HCTOYHUKOB TOKA.

Pe3yabTaThl HCC/IeJ0BAHUI.

Cucrema IMUTAIOMMX HAIPSHKEHUH CHHYCOUIAIbHAs 1 CHMMETPUYHAsL:

. . 2n . 2m
u,)=U_, -sin(ot);u,t)=U_, -sin(of —T) u.(t) =U,,, -sin(of + ?) .
O6mast ¢opmyna BBIIPSIMICHHOTO HAMPSDKEHHST UL M-IyJIBCHOTO
pMYy. p. p. y.
THPUCTOPHOI'O BBINPSIMHUTENS, COTJIACHO paHee BBINOIHEHHBIX pacueToB [2]

HUMECT BU]JT

U, = MUy cos(oc)—zi(—l){[coi(km_1)a) _ co{fom ”)O‘)]coikmmm

km-1 km+1

km-1 km+1

Jns ynobcTBa HOCHEAYIONIMX PACUYeTOB U HCCIENOBaHUH B (opMyIbl
BBINPSIMIIEHHOTO HANPSDKEHMS U1l M-ITYJIbCHOTO THPHUCTOPHOT'O BBHITPSIMUTEIS
OT/EJIbHBIE YacTH BBIPAXKEHHS IeJ1eCO00pa3HO 3aMEHHUTh BCIIOMOTaTENbHBIMU
K03 dHUIIEHTAMH:

b NG Sm[l} o [ cos((km-1)a) cos((km+l)oa)]'

+[sin((km—l)oc) _ sin((km +1)a)]sm(kmoat)} . )

dmax b m km-1 km+1 ’
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B - [sin((km -1or)  sin((km + l)oc)j '

km -1 km+1 ’

km-1 km+1

km-1 km+1

N e J(cos«km-l)a) collm 1) (snflenIh)_sfn 1)

cos((km- 1)) B cos((km +1)t)

_ km -1 km+1
Qi = A1) G (om-er) _sin((km + 1)t)
km-1 km+1

CornacHo [2], cyMMapHBIi TOK B LENH BBIIPSIMIEHHOT'O TOKa

. > E' R —kmoL E"
iL,O=U,,. co;(a)_kz_; (=1f (W—E"m kmoC |cos(kmaot )+

E'y, kmoL, +R,E",,
(R,)" +(kmoL, )’

+E',, kmoC |sin(kmot) )

HpeZ[CTaBI/IM COIPOTHUBJICHUA:

- TONTHOE COMPOTUBIIEHHE HATPY3KK: z,, =+ R. + (kmoL,)’ ; 3)

- UHIyKTUBHOE CONPOTHUBJIECHUE HATPY3KU: X, =kmoL, ; 4)

! 5)

>
kmoC

dopMyity BBIIPAMIIEHHOIO TOKa (2) MOXKHO 3alucath 4epe3 MOAY/Ib H
a3y B BHJIE:

- CMKOCTHOC COIIPpOTHUBJICHUE: X =

i () =14+ z[]d(km) 'cos(km(’)t + O oton )] > (6)
=1
rae
- MNOCTasgHHas COCTaBJIAIOLIAsA BBINPAMIICHHOT O TOKa:
I, = UdmRiCOS(“) : 7)

H

- MOJyJIb TOKa B LICTIK BBINPAMJIICHHOI'O TOKA:

2 2
E R —x. E" " B RE" o .
Lymy = (-)*-U,,. \/( km 2 = Xt ko L ] +( R A 4+ 2 ] ; (8)

2 2
Zy kom XC.kom Zyikom XC.kom

- (ha3HBI yroy TOKa B IIEMU BHIIPSAMIIEHHOTO TOKA:
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)

Ckm(E’kmxH. +RE” )+E’km Hkmj
kam(E’ka E”km Hkm) E’km H.km .

KommyTanmonHast QyHKIMS M-ITyTBCHOTO PETYITHPYEMOTO BBITPSIMUTEITS,
COTJIACHO [2] UMeeT BU/I;

(pakm arCtg(

S 6sin[(m»k$1)ﬁ}
h)==Y" 3 sin((mki l{wt ~(j - l)z?n + OLD , (10)

Ti=o m.(m.kil).sin[(m.kinﬁ
m

6 sin{(m kF1) ﬂ

H(m.kil) = 5 (11)
m~(m~k—_|rl)-sin{(m-k—T—l)n}
m
27
toneer =051 0= ) : 12
h(t) = i [H sy sin((mk F1)- 01+ 7)) (13)

Jl1s1 MOnenpHOro ONMHMCaHUS M MOCHEAYIOUIEr0 UCCIEN0BaHUS BXOIHBIX
TOKOB IHUTAHUS M-IYJIbCHOTO PEryJIUPYEMOro THPHUCTOPHOTO BBINPSIMHUTENS,
HaiineM (a3Hble TOKH U3 (OPMYIIBI BHIIPSIMICHHOI'O TOKa U COOTBETCTBYIOIINX
KOMMYTaIMOHHBIX (DYHKIMH s Kax10d u3 as:

i O=h@)i,@0), igO)=hg()1,(0), ic(O)=hc()-iy(1).  (14)
IMocne moncranoBku Gopmyin (6) u (13) B (14) moxyaum

()= hy(0)1, (1) =

=kio[ld0 “H i) sin((k] -m-Tl)-mt+y(k[,m¢1))]+
-

0

+ i|: km - COS k mot + (Pskm) (kz() (H(kl'mil) Sin((kl'm + l) of + ’Y(kl'm+1)))j:| ; (15)
k=1 1=
i (0= Z [[d() “H ) Sin((kz -mF 1)' of + V(k,.mfrl))]"'
k=0

+ Z{ Z[Id(km) Hy sy sin((k]-m F1)-of + y(k]_m;]))- cos(kmot + @, )]} =

k=1{ k;=0
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=kio[ld0 “H i) sin((k] -m-Tl)-mt+y(k[,m¢1))]+
-

1 & & . _
+ Z|:Z [Id(km) “H g,y 'sm(((kl_k)' m +1)' OL+Y (,.m71) ~ Potem )+

L yim)  H (1) 'sin(((kl+k)'m-i_-l)'(ot Yk, m71) T Potn )J_la

v=m-k¥1,rme k=1,2,3,....,0
IepBas rapMoHHKa

,1(1) I,-H,-sin 0)1 + Y] Z[]dmk H ) Sin(c‘)l + Y (kem1) T Pk )] (16)

Briciue rapMOHHYECKHE COCTABIISIONIME TOKA (TIpu v > 1)

/ i I & k-mt
l/v<f>=fdo~Hv~sm<v~m+yv>+Z'EL.ZJ

Ly - Hy. mEv) sm(v ~ort Y (k-mv) + (O )j| (17)

Ecmu IpUHATH, 9TO @, = 0, TO (byHKHI/IH BXOJHOI'0O TOKa M—ITYJIbCHOI'O

PEryaInpyeMoro BeIIpAIMUTEIIA HpHﬁMeT BUJ

. 1 &| kemtv . —
ljv (t) = i_Z|:—Idmk .H(k‘miv) SIH(V.(’Oti'Y(k'miv) +(pmk ):| . (18)

2 = |k-miv|

TakuM 00pa3oM, BBITIOJHEHHBIE HMCCIIEAOBAHUS IOKa3ald, 4To (hU3MKa
paboTHI BHIIPSIMUTENBHBIX YCTPOWCTB B IIPEUIOKEHHBIX PEHICHHUSX JTIOCTATOYHO
CIOXXKHa M Jro0asg TrapMOHUYECKas COCTaBIAIOIIAs  BXOAHOIO  TOKa
PETYIMPYEMOr0 MHOTOIYJIBCHOTO BBINPSIMUTENSI COCTOMT M3 T€OMETPHUUYECKOMN
CyMMBI BEKTOPOB, YaCTOTa KOTOPHIX OJMHAKOBA U paBHA HOMEPY TapMOHHUKH, a
aMIUUTYAbl ¥ (pa3bl 3aBHCAT OT KOMMYTAMOHHOM (YHKIMH M (DYHKUIUH
BBINPSIMIIEHHOT'O TOKA.

Jleiicryromee 3HaueHUe TOKa JIFO00H rapMOHNYECKOH cocTasisitomeit (18)
BBIPAXAIOT 4€pe3 MTHOBEHHOE 3HAUEHUE CIIELYIOIUM 00pa3oM:

1 T
.2 .
=7 ! i, (t)dt ;

= [dmk'H(k.miv) ’

k=0
CrenoBaTensHO, ACHCTBYIONIEE 3HAYCHHE TapMOHHMKH BXOJHOTO TOKa
PEryaupyeMoro MHOTOIYJIECHOTO BBIMPSIMHTENSI PABHO KOPHIO KBaJPaTHOMY H3
CYMMBI KBaJIpaToB JICHCTBYIONINX 3HAUCHHUI €€ OTACBHBIX COCTABIISIONINX H HE
3aBUCHUT OT yrjia cipura (a3 3THX cocTaBisifounxX. VIHBIMU CllOBaMu,
JelicTByIOIee 3HAUCHHE BXOAHOTO TOKA PETYIMPYEMOr0 MHOTOIYJIECHOTO
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BBIIIPAMUTECIIA  3aBUCUT OT BCJIWYHH [dmk’ H(k'miv) U HC 3aBUCUT OT

BEITHIMH Y (1,1y)> Pt -

VYunteBast  dopmynsr  (19), cHekTp TapMOHMK — BXOJHOTO — TOKa
pPETYIUPYEMOro M-IYJbCHOTO BBIPSIMUTENS B OTHOCHTENBHBIX €IMHHUIAX
MIpe/ICTaBIsieT cO00H KO3((HUINEHTHI BHICIIMX TAPMOHHUYECKHX COCTABIISIOLINX
ToKa (K03(h(HhUIMEHT HECHHYCOUTAIIEHOCTH TOKa).

0

Z ([dmk 'H<k'miv))z

Ky =Ly === |22 ’ G0
« « I
J) Z([dmk 'H(k‘mil))z
k=0
Z;lfm Z;‘ ;([dmk Hgen |
THD, =K, =1, = [ _ |2\ . (@D
i > (I amt " H sy )2
k=0

rae v - HOMEp rapMOHUKHU;
1

J(v)

K

- JieficTByIOLIIee 3HAUCHUE TOKA V -Oi FAPMOHHKY;

liv) ~ KOODOUIMEHT v -Oi TApPMOHNYECKO# COCTABIISIONIEH TOKA, B 0.€.;

K, - ko> puumeHT HeCHHYCOMIAIbHOCTH KPUBOH TOKA, B 0.€.

Takum 00pa3oM, aHATUTUICCKUM METOJIOM YTOYHEHBI PAaCUCTHBIC
MOJIENTH YIPABISEMOTr0 BEHTHIHLHOTO MPEoOpa3oBaTens KaK MCTOYHUKA TOKOB
BBICITUX TApMOHUK. DOPMYITBI TAIOT BO3MOKHOCTH ¢ HEOOXOMUMOU TOYHOCTHIO
OIIPEJIEINTh JIEHCTBYIONIEE 3HAYEHHE TapMOHHUK (Aa3HOro TOKa JJIsi JIF00O0ro
YIPaBJISIEMOr0 BEHTHJILHOTO MpPeoOpa3oBaTelis U PAacUUTaTh KOI(D(DUIMESHTHI
BBICIIMX  TapMOHMYECKMX  COCTABIAIONIMX TOKAa ©  KO3(QHUIUEHTHI
HECUHYCOMIATbHOCTH TOKa. C MOMOIIBIO IMOMYyYCHHBIX TOYHBIX 3HAYCHUH
K03(p(PHUIMEHTOB BBICIINX TAPMOHUYCCKUX COCTABIISIONIMX MOXKHO OIPEICITUTH
peasbHBIC ICHCTBYIOMNE 3HAYCHHS TCHEPUPYEMBIX TOKOB BBICIITHX TaPMOHUK.
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YTouHeHHe MaTeMATHYeCKOii MO/IeTH M-MY/ILCHBIX PeryJIHPYeMbIX BBINPSMHTEEH cO
cmemanoii RLC-narpy3koii B nenu nocrosinnoro toka / Kapmenos JI.II. // Bicuuk HTY
«XIIl». Cepis: Enepreruka: HaniiiHicTh Ta eHeproepektuBHicTh. — XapkiB: HTY «XIII». — 2013. -
Ne.17 (990). — C.77-83. Bi6uiorp.: 14 Ha3B.

AHaJIITHYHIM METOJIOM OTPHMaHI TOYHI PO3paxyHKOBi GOpMyIIH KoedilieHTiB rapMOHIHHHUX
CKJIAJOBUX CTPyMy Ta Koe(illieHTH HECHHYCOINAIbHOCTI CTPyMYy, SIKi 3B'I3yIOTH BHXIX 1 BXifg
JIOBUIBHOTO M-ITYJILCHOTO PEryIbOBAaHOI'0 BEHTHJIBGHOIO IEPETBOPIOBAYA i IO € PO3PAXyHKOBOIO
MOJIEIUIIO CXEMH 3aMill[eHHs [PKepeNlaMy CTPyMYy BUIIIX TapMOHIK.

KuouoBi cioBa: jxepena cTpyMy, BHINI TapMOHIKH, HENIHIHHUI €JIEeMEHT, BEHTWIbHHUI
HIepeTBOPIOBAY.

The analytical method gains exact design formulas of coefficients of harmonic components
of a current and Total Harmonics Distortion (THD) of a current , a linking exit and an inlet arbitrary
m-pulse of controllable valve inverter representing computational model of an equivalent circuit by
current sources of upper harmonics.

Keywords: current sources, upper harmonics, a nonlinear element, the valve inverter.
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YIAK 621.315.626.1
KHUM EH JAP, n-p texn. Hayk, aup. AO «Couuo», Kues;

METOJUKA PACYHETA TOKOITPOBOJA
BBICOKOBOJIbTHBIX NOJIMMEPHBIX ITPOXOAHBIX
N30J4ATOPOB

Ha ocHOBe pelleHHs ypaBHEHUsS TEIUIONPOBOJHOCTH JAHBI AHAIMTHYECKHE COOTHOLICHUS IS
pacduera paaMaIbHOTO TEMIIEPAaTypHOrO IONS B IPOXOZHOM H30IATOpe, OOYCIOBICHHOIO
IPOTEKaHUEM C y4eTOM CKHH-3(()eKTa ToKa 110 TOKOIPOBOAY. JJaHO aHAIUTHYECKOE COOTHOLICHUE
MEXIy paIHaJbHBIMU T€OMETPUISCKIMY ITapaMeTpaMy IPOXOJHOr0 H30JIITOpa U JOIIyCTUMBIM 110
YCJIOBUIO HarpeBa HOMHHAJIBEHBIM TOKOM.

KiioueBble c10Ba: INPOXONHON H3ONATOpP, TOKOHPOBOA,  TEMIIEPATYPOIPOBOLHOCTD,
JIOITy CTUMBIN TOK, yCJIOBHE Harpesa

ToKOTPOBOIBI MPOXOIHBIX BHICOKOBOJIIETHBIX H30JSATOPOB C ITOTUMEPHOMN
M30JIAIUCH UMEIOT IWIHHIPUICCKYIO (DOPMY W BBIONHSIIOTCS U3 AJTFOMHHUS
wim Meau. V30IsMunMoHHOE TEeNl0 COCTOMT M3 JBYX JJIEMEHTOB: M3 HPOYHOH
OTOpHOU LWINHAPUIECKOM BTYJIKH, IIpeCTaBIIAONIeH coboit
CTEKJIOIUIaCTUKOBYIO TpyOy, W W3 JJIaCTHYHOW W3OJSLMH, HarpuMep, U3
KpEeMHHUHOPraHU4eCKOH pe3uHbl. Pe3nHON [IeNnKoM 3al0oIHAETCA IPOCTPAHCTBO
MEX]Iy TOKOIPOBOIOM, OIIOPHOM BTYJIKOW U (biaHIeM. BHEIIHSS MOBEPXHOCTh
BTYJIKH IMOKPBIBACTCS 3AIUTHON 00OJIOYKOHM U3 TOM ke PE3UHBI MOHOJIUTHO CO
cimoeM mon Quanuem. Takum 00pa3oM, NPOXOAHOH H30ISATOP MOXKHO
MIPEJCTABUTH KaK U3OJIAIHIO WINHAPHYSCKOT0 KOHICHCATOPHOT'O THIIA.

OIHAM W3 METOJOB OIICHKH HAJSKHOW pabOThl MPOXOIHBIX H30JSTOPOB
SIBIIICTCS UCTIBITAHUE HA HATPEB MPOMYCKAHUEM T10 TOKOMPOBOAY JUTUTEIHEHOTO
HOMHHAJIBHOTO TOKa /;; 0 YCTaHOBJIEHHSI PABHOBECHOT'O TETIOBOTO COCTOSIHUS,
Y 3aTeM BO3/I€HCTBHEM KPATKOBPEMEHHBIM TOKOM /i, IPOMBIIIIEHHON YaCTOTHI.
Ecnmn He oroBopeHb! HHBIE TpEOOBAaHUS, TO COIJIACHO JAEHCTBYIOUIMM
cragaaptam [1, 2] uzonarop ¢ HOMUHAIBHBIM TOKOM [, < 4000 A momxeH
BBIJIEPXKATh INIPOTEKAHUWE TOKAa [, PpABHOrO 25-THKPAaTHOM BEIMYMHE
HOMMHAJIBHOT'O TOKA [, C JJIMTENBHOCTRIO £y, = 1c, ana uzonsaropos ¢ 1, > 4000
A—-1,=100 x4, t, = 1c.

HcnbiTanne JOMKHO TPOBOJUTHCS B TOMEIICHUU C  TEMIIEPaTypoi
Bo3nyxa He Menee T,= 40 °C. HcnbITyeMblii OOBEKT CUMTAETCSl YCHEUIHO
TIPOIIEANTNM UCIBITAHUE, €CITH HE OOHAPYKEHBI BUIUMBIC MTOBPEKIICHUS U IIPU
9TOM YCTaHOBHUBIIASACS TEMIIEpaTypa TOKOMPOBOAa 1., IPU HOMUHAIEHOM TOKE
He npesbiciia 90 °C, a mocie HaJIOKEHUsI KPATKOBPEMEHHOT'O CHJILHOTO TOKa
TOKOIIPOBOJ He Harpenach cBbie 180 °C:

T,<90°C; T,, <180°C. (1

© Kum En [lap, 2013
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HI/IJ'II/IHI[pI/I‘IeCKaH reoMeTpusd H30JIATOpa TIO3BOJISICT HaM YHPOCTHUTH
HCCIICAOBAHNE TCIIJIOBOI'O MOJIA U OTPAHUYUTCA PACCMOTPECHUEM

i GepeHINaTbHOr0 ypaBHEHHUs TEIUIONPOBOAHOCTH ISl OCECUMMETPUYHOM
3ajayn, B OOIIEM CIly4ae, HECTAI[MOHAPHOTO pEKMMa C BHYTPEHHUM
HCTOYHUKOM TETUIOTHI

or o’T I(GT o’T | q, @)

— =t —+—| — [+ — |+ >

or or? r\or oz° co
rae o — K03 UIMEHT TEMIIEPATYPOIPOBOAHOCTH; ¢y — YAEIbHAS 110 00BEMY
SHEPTUsl BHYTPEHHETO WCTOYHWKA, BBIACISEMas 3a E€IUHHUIy BPEMEHH; C —
yaeIbHAs [0 MAcCe TEMTOEMKOCTD; ¢ — IIOTHOCTh BEIECTRA.

TMocKombKy JuTiHa [ TIPOXOAHOrO H30JIATOPAa HAMHOTO GOJNBINE CPEIHETO
€ero  jauMaMerpa, TO U NPUONMKEHHOW  OIIEHKM  TEMIEPaTypHOro
pacrpesieneHnsi MOXHO TpeHeOpedh TEemIo00MEHOM C TOPLOB HM30JSATOpa M
cllaraeMyro 1o z B ypaBHEHHH (2) MPUHATH PABHON HYITIO.

W

Puc. 1 — Pacuetnas Moziesib MpOXOIHOTO U30JIATOPA

PaccMotpum BHauane Temionepenady Juii OSCKOHEYHO JUTMHHOTO
MHOrocjoiHoro mwnmuHapa (puc. 1) B crammoHapHoMm pexume. Ilpu stom
ypaBHeHHE (2) ynpomaercs K CIeAYIOIeMY BUIY:

2
of L IOTN 4o . 3)
o r\or co
I[J'IH HCCJICAOBAHUA TCINNIOBOI'O COCTOAHUA MOXHO BOCIIOJIB30BAaThCA
W3BECTHBIM pellieHueM [3], MONydeHHBIM JJIsi TPaHUYHBIX YCIOBUIl TPEThEro
pona, KOrja TemioTa OTBOMUTCS TOJMBbKO Yepe3 HAPYKHYHO TMOBEPXHOCTh, MPH
9TOM KOd(h(HHUIMEHT TemIonepeayuu o, U TeMIepaTypa okpyxatoiei cpenl T,
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COXPAHAIOTCA MNOCTOAHHBIM. A Ha rpaHullax CJIOCB co6moz[aeTc;1 ycioBue
COXpaHCHUA JIMTHEWHOU TJIOTHOCTH TEIJIOBOT'O MOTOKA qr

q,=md\q, =md,g, =..., “4)

9, =4, V,/1; ©)

rae Vo u [ — 06beM U JIMHA PeanbHOr0 HCTOYHHKA TeIia, B JAHHOM CIIydae,
TOKOIPOBOJA; 1, ¢z, ... — IOBEPXHOCTHAS IIOTHOCTh TEIIOBOrO MOTOKA Ha

rpaHUllax CJIOCB.

Ecmu MNPUHUMACTCA JOMYIICHUE O HE3aBUCUMOCTU TeHJ'IO(l)I/BI/I‘IeCKI/IX
napaMmeTpoB MAaTCPHUAJIOB U30JIATOPA OT TCMIIECPATYPHI, TO PCHICHNUC YPAaBHCHUSA
(3) NpUBOAUT K CICAYHOUIMM COOTHOIICHUAM [JId pacucTta TEMIICpATyp Ha
rpaHUllax pasaeciia CJIOCB:

1 d,d
T, -7 +4 L L]
7\24,  dd. 24 d, ad,
d
Ty:Tg+& Lln d, Ll r2z 1 (6)
w\22d, 24, 4 ad,) |
1 d ’
Tp2=TR+&—n—”2+ !
7\ 24, 4, ad,
Tp3:]—fv§+ﬂ :
r\ad,

rae T,,T.,7T,,T,; — TemnepaTypbl Ha IPaHHIAX TOKOMPOBOA-PE3MHA NpHU di,
PE3UHA—CTEKIIOMIACTUKOBAs TPYOa MpH d,;, CTEKIIOIIIACTUKOBAs TpyOa—pe3snuHa
pH d,1, pe3UHA—BO3IYyIIIHAs CPEAA MPU dyp COOTBETCTBEHHO (CM. puc. 1); Ay, Ac —
k03 puImeHTH TEIUIONPOBOIHOCTH pe3UHBI u CTEKJIOIIACTUKA
COOTBETCTBEHHO; 0; — KO3 (GUIIMESHT TeMIepaTypoIepead BO3Iyxa.

B ¢opmynax (6) BblpakeHHs B CKOOKax HpEICTaBISIOT COOOH
TEPMHUYCCKHE CONPOTHBIICHHUS HA CIWHHUILY OCEBOW JTMHBI MEXKJY BHEITHEH
CpeIIoi U 10 TOM TPaHuUIlbl, Ha KOTOPOH OMPENeNsIeTcs TeMIIepaTypa.

[To ananoruu ¢ (6) TemrepaTypy TOKOIPOBOJa MOXXHO ONPEJICTUTE Yepes
o01ree s H30JIATOpa TEPMUUECKOE CONPOTUBIICHUE Ry

7. =7, +3Lp ; ()
T
d d
R, ALt 14 ®)

ad, 27, dd. 22, d,
YCTaHOBUM B3aMMOCBA3b MEXIY JMHEHHONH IIJIOTHOCTHIO TEIJIOBOIO
MOTOKA ¢, ¥ HOMHHAJIBHBIM TOKOM [, ¢ yderoM ckuH-3¢¢ekra. CormacHo

ad,,
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TEOPUU PACTIPOCTPAHEHUS DIIEKTPOMATHUTHOTO TOJIS MTyOHHA TPOHUKHOBEHUS
MOJISE B TIPOBOJIAIYIO CPEY 3aBHCHT OT YACTOThI BOJHEI f. [IpH ymajieHuu oT
MOBEPXHOCTH MPOBOJHUKA OHA yOBIBAET U Ha INTyOuHE O CTAHOBUTCS MEHBIIIE B
e pa3. Ha mpakTuke NpUHATO, YTO BECh TOK COCPENOTOYEH B CIIOE TONIIHHON 6

[4]:

[ ©)
o,
} -7
rJie p — yAeAbHOE COMPOTHUBJIEHUE IMPOBOIHUKA; Uy =4r-107 O/m —
MarHuTHas TIOCTOSHHAS BaKyyMa; [ — MAarHuTHas TPOHHUIAEMOCTH

IIPOBOJHHKA.

C yderoM TmociemHero moiydaeM (HopMyny JUIs pacueTa JIMHCWHOM
IJIOTHOCTU MCTOYHHKA TCIUIOBOI'O IMOTOKA, COOTBCTCTBYIOIYIO HOMHWHAJIBHOMY
TOKY

2
_PL . (10)
q,= >
SZI

rae S, = 70(d, —0)— SKBUBaleHTHAs IUIONIA/(b CEYEHHs IIPOBOJHHUKA.

Kak moxnO Buzmers u3 Tabm. 1 xoaddurmeHtsl TeruiooTnauum o |y
METaJJIOB CYIIECTBEHHO BBIIIE, YEM Y BO3IyXa, BMECTE C TeM KO3()(UIIMEHTHI
TEIJIONPOBOHOCTY PE3MHBI M CTEKJIOIUIACTHKA OIMKH Mexy coboi. [ToaTomy
JUIS. MTH)KEHEPHOT'O PacdeTa MOXKHO BOCIOJIB30BATHCS YIPOILIEHHOH (popMyroi
TEPMHUUYECKOTO CONPOTUBIICHUS H3OJISIHH:

) L R T (11)
22, d, ad,

B osroit dopMyse B kauectBe A, MPEANOYTHTEIbHEEC NPHHITH JHOO
KOA(D(UIMEHT TEIUTONPOBOAHOCTH PE3HHBI, €CIIN €€ TOJIIMHA 3aMETHO OOJbIIe
TOJIIMHBI  CTEKJIOIUIACTHKOBOM  TPYyObI; MO0  CPENHIOID  BETUYUHY
KO3((PHUIMEHTOB 3TUX JBYX MATEPUAJIOB, €CJIH UX TOJIIMHBI CYLIECTBEHHO HE
pasHsTCS MEeXIy COOOH.

PaccMoTpuM HarpeB H30MIATOpa KPATKOBPEMEHHBIM CHIIBHBIM TOKOM.

W3 aHanm3a HeCTAIMOHAPHBIX TEIUIOBBIX 3a/a4 [3] BEITEKAET, 4TO MPOIIECC
OXJIXKJICHUST TBEPIBIX TEN MPOUCXOAUT MO SKCIOHEHIHATbHON 3aBUCUMOCTH

at
exp| — u — | ¢ ToKasaTenem, Ompe/ENAONMM MO CYTH OT Koddduimenta
b

TEeMIIEPATYPOIPOBOTHOCTH OKPYXKAIOUIEH HArpeToro o0beKTa Cpeibl d@ U OT
XapaKTepHOr0 TeOMETPHYECKOro mapamerpa 3Toro obbekta b. B maHHOM
clIydae a = a, WiH d . — KO3(QUIHEHT TeMIepaTypOIPOBOIHOCTH PE3UHBI I
crexiomactuka (cM. 1abn. 1) m b=d, /2 — pamuyc TokompoBoma. MoxHO
MoKasatb, 4YTO JJIs paccMaTpuBaeMol 3aaauu uucio | =~ 1,53, u, Takum
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o6pa30M, TCIJIOOTBOAOM, TIPOTCKAOMIMM B TCUCHUC AK€ HCECKOJIbBKUX
JCCATKOB CCKYHI MOXXHO npeHe6pe'H>.

Tabnuma — Y nenpHpIe XapaKTepUCTHKHA MaTepHaIoB

Marepuan ATOMAHUI Menn Pesnna Boznyx
CTEKJIOIIACTHK

Vo 2,71-2,87-10°| 1,75:10% | 5-10" 1-107 1-10™

COMPOTHBIICHUE 8

p, OmM'M

Vn. Bec 2700-2800 8960 1800 957-1090| 1,1-1,2

o, KI/M

Koad. Termmomnp. 209 393 0,35-0,43 0,15 0,02-0,03

A, Br/m'K

V. Temnoemk. 920 400 920 1,46 1000

¢, Jlx/xr-°C

Koad. Temmmoor. 220 410 13 6,9

o, Br/M*K

K03(21). Temmepar. | 8,42-10° 1,12:10% | 1,6:107 1,3-107 | 2,2:10°

a, m/c

CrenoBaTensHO, HArpeB TOKOMNPOBOJA CHJIBHBIM TOKOM IIPOTEKAer,
MPaKTHYECKH, MTHOBEHHO 0€3 KaKHUX-TO HU OBLIO MOTepb, MO ITOW MPUYHHE
of1ee ypaBHEHHE TeIuIonepeaadn (2) MOXKHO yIPOCTHTH K CIEAYIOIIEMY BUIY:

ar _ 4, 12)
d c.p

OTKyZ[a NoTy4a€M BBIPpAXKCHUE JId OLCHKH HanOOIbIIEH TEMIIEPATYPhbL
TOKOIIpOBOAA IpH BO3I[€I>1CTBPIPI KPaTKOBPEMECHHOI'O TOKaA:

TT.M = TT.H + &At’ (13)
c.p

rne] , — HauambHas TEMIEPATypa, paBHas TEMIIEPAType TOKONPOBOJA IPHU

HOMHHAJILHOM TOKe, cM. popmymy (7); At = l,, — JUIATEIBHOCTH MPOTEKAHMS

CHJIBHOT'O TOK4.
Bocnonp3oBaBmuck  cootHomeHwssiMu  (5) um (10) m ¢ yderom
noBepxHocTHOro 3¢dexra (9), 3anumem GopMyiy IS OLEHKH TeMIIEpaTyphl
TOKOIIPOBOJIa, OOYCJIOBJIEHHOI'O IPOTEKAaHHEM KpPAaTKOBPEMEHHOTO TOKa B
CIIEYIOIEM BHIE
72
T, = Qo pr- L _w At, (14)
c.p c,pS.S,
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rae St — oAb CEYeHUs] TOKONPOBOAA.

Ha puc. 2 nan npumep pacuera no ¢opmynam (7) u (13) Temneparypst
TOKOIIPOBOJIa MOJIENIEH MOJUMEPHOr0 MPOXOJHOIO U30JATOpa C Pa3lIUYHbIMU
HOMUHAQJIBHBIMU  TOKaMH. TOJIIMHBI  M30JALMOHHBIX  CIOEB  Mojenei
COOTBETCTBOBAJIM H30JATOpaM Ha 35 kB, pacueT BBIMOMHSUICS A BHEIIHEH
cpenpl, T; = 40°C. KpuBble BEpXHEr0 pUcC. 2 COOTBETCTBYIOT JUIUTEIHHBIM
HOMHHAIBHBIM TOKaM [, (7), a KpuBBIE HIKHErO0 PHCYHKa — JUINTEIBHBIM U
KPaTKOBPEMEHHBIM ToKaM (13), paBHbIM [, = 25 L,ulAt =1c.

AHanmu3 TpUBENEHHBIX 3aBUCUMOCTEH (pUC. 2) MOKa3bIBAIOT, YTO, €CIIH
BBIOpPaHHBIA TOKOIPOBOJ YIOBJIETBOPSIET YCIOBHIO HAarpeBa HOMHHAJIBHBIM

TokoMm: 1 rn <90 °C, TO Tako# TOKONPOBOJ TAKKE YIOBJIETBOPAET YCIOBUKO

HOCIIEAYIONIEro HArpeBa KPaTKOBPEMEHHEIM TOKOM: 1 o S 180 °C. Benencreue

TaKoro OOCTOSTENLCTBA npu BBI60pe AuaMeTpa TOKOIIPOBOJAAa AOCTATOYHO
OPUCHTUPOBATHCA HAa YCIIOBUEC NOMMYCTUMOI'O HArp€Ba HOMHUHAJIbHBIM TOKOM.

90

a5 NN\ . L bsooa
SN ANE AN ) 30004 J
o 1600A |
R 70 NP
E 65 \ \\ \1».% \ \\‘\...,_
g 60 - \\8 :moop,,,ﬂ - .
3 55 - GQ\\R - ]
50 - 1;;'“'5:03\?\\;%""% """"--.....,
30 40 50 60 P 80 90 100
Anangerpr posdaa dr, mm
180
UAVANER N
A : N o ey
160 ! NG Ny g 3500A
¥ 140 - W o
h \ 20004 “[25008 0 1T -
% 120 \ < : :
N, S
g 100 % \ 600A S !
€ N 2504 = &
£ 50 N\ 10003 ! e,
" Q0 —
60 \&Q\ N Mm R
B30A e e
40 H i i m
30 a0 50 60 70 80 90 100

Anameprrokonpeoaa dr, mm

Puc. 2 — 3aBucumocTH TeMIiepaTyphl TOKOIIPOBOAA OT €ro AuaMeTpa Impu
pa3INYHBIX 3HAYCHUSIX HOMUHAJIBHOT'O TOKA
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Eciu u3BeCTHBI XapaKTEPUCTHKH MATEPUANIOB M3OJAIUHA U TOKOMPOBO/A,
10 13 (7) MOXKHO YCTaHOBHUTH ONTHMAJBHYIO 110 yCIOBHIO Harpesa (1) obmacts
OCHOBHBIX T'€OMETPUYECKHX MapaMeTpoB HU30JIATOPa, COOTBETCTBYHOLIUX
3aJlaHHBIM HOMMHAIBHBIM TOKaM. BHemHuit auamerp d,, NIIMHAPUYECKON
YaCTH ITPOXOHOT0 M30JISITOPA ONPEEIsIeTCs BHYTPEHHHM JUaMeTpoM (IiaHIa,
YTO B CBOIO OYepelb BBHIOMpaeTcs M3 YCIOBHS oOecredeHus HeoOXOIUMOi
BHYTPEHHEH JIJIEKTPUYECKOH INPOYHOCTH H30isATOopa. [lo3TOMy €cTh CMBICH
BBECTH HOBBIH IMapamMerp, KOCBEHHO, XapaKTEepU3YIOIIHH BHYTPCHHIOKO
HPOYHOCTD /iy = dpy — dr.

[Tonaraem, yto Temmneparypa Bo3ayiHo# cpenbl 7, = 0. COOTBETCTBEHHO,
JIOMyCTMMasi TeMIlepaTypa TOKONpOBOAa paBHa 1. = 50 °C. Ilpumem

yrpoueHayo gopmyiy (11) ans TepMU4YecKoro CONMpPOTHUBIEHHS H30ISATOPA,
torga u3 (7) momydaeM CleAyIOllee COOTHOLIEHHE I HOMMHAJIBHOIO
JIOITYCTHMOT'O TOKa

a < 2/13 : e(dT - Q)TT.}:[ . (15)
h 22,
plln 1+ % |+————
d,) a(d +h,)

Hanpumep, 1714 U30714TOpa C aTFOMUHUEBBIM TOKOTIPOBOAOM H A, = A,
HMEEM:

- . 1
I,, <7980 d,—0012 (16)
A\ 0,0435
In| 142w |4 22022

CornacHo kputeputo (16) Ha puc. 3 MPUBEICHBI TPAHUIBI ONTUMATBHBIX
COOTHOIIICHUI HCKOMBIX TapaMEeTPOB IMPOXOIHOTO H30JIATOpA C MOJIMMEPHOMN

HU30JISIHEN.
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Puc. 3 — CooTHomieHne MCEKAY A0TYCTUMBIM HOMHWHAJIBHBIM TOKOM, THAMETPOM
TOKOIIPOBOa U TOJIIMHON U30JIIIUA
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Kak MOXHO BHIETh W3 3TOr0 pHUCYHKA, TEPMUYECKOE COCTOSHHE
TOKOIIPOBOJIa, MTPAaKTHYECKH, JIMHEHHO 3aBUCUT OT €ro JuaMeTpa, a BIHSHHE
TOJIIMHBl M3OJSILMM  OTMEYaeTcsl 110 Mepe YBEIWYEHHUs JOIMYCTHMOIO
HOMHHAJIBHOTO Toka. [locime Toro kaxk BbIOpaH JuaMeTp TOKOMNPOBOA IO
3aJJaHHOMY HOMHHAJIBHOMY TOKY, HE BBIXOISIIEMY 3a MpEAeNbl ONTUMAaIbHOM
o051acTi, OKUJAaeMble BEIWYMHBI TEMIIEpaTyp TOKONPOBOJA M Ha TIpaHUIAX
M30JSIIMOHHBIX CJIOEB MOXKHO BBIYMCIIUTS I10 IIPUBEIEHHBIM paHee popMyam.

BeiBonpl. Ha ocHOBe pemieHuss ypaBHEHHS  TEIUIONPOBOAHOCTH
NIPUBENICHbl  aHAJUTUYECKHE COOTHOMIIGHHWS Uil pacyera paJualbHOTO
TEMIIEpaTypHOTO IOJsl B TPOXOXHOM  H3OJSTOpE,  OOYCIIOBJIEHHOTO
MIPOTEKaHWEM C YYETOM CKHH-3(D(heKTa TOKa IO TOKOIIPOBOAY. Y CTaHOBIIEHO,
YTO, €CIM TOKOIIPOBOA M30JIATOpPa BHIOpAaH II0 YCIOBHIO JOMYCTUMOM
TEMIIepaTypbl HarpeBa NpW HOMHHAJIBHOM TOKE, TO TaKOH TOKOIPOBOJ
3aBEJOMO YIOBJICTBOPSIET YCJIOBUIO JOIYCTUMOM TeMIepaTypbl HarpeBa IpH
HaJIOKEHUH COOTBETCTBYIOIIETO KPAaTKOBPEMEHHOTO CHJIBHOIO TOKa. JlaHo
AQHAJUTUYECKOE COOTHOIIEHHE MEXKAY pPaJualbHBIMH T€OMETPUYECKUMHU
rapamMeTpaM HPOXOJHOTO HM30JIATOpPAa M JIOMYCTHMBIM I0 YCJIOBHIO HarpeBa
HOMHHAJIEHBIM TOKOM.

Cmucok jaurteparypbi: 1. IEC 60137:2003. Insulated bushings for alternating voltages above 1
000V. 2. T'OCT 8024-90 AmnmapaTsl M 3JEKTPHUUYECKHE YCTPOICTBA MHEPEMEHHOT0 TOKa Ha
Hanpspkerne coire 1 000B. HopMel HarpeBa Ipy IPOJODKUTEIBHOM PEXUME PabOTHI H METOBI
ucneitanuid. 3. TOCT 22229-83. M301TOpbl K€pAaMUUECKHE MPOXOAHBIE HA HAIPSHKEHUE CBBILIE
1000 B. Obmue texunueckue ycnosus. 3. Hcaenxo B. I1. Tennonepenaua / B.I1. Hcaenxo, B.A.
Ocunosa, A.C. Cyxoman. — M.: Dueprousnar, 1981. — 416 c. 4. Mameees A.H. DnekTpu4ecTBo U
maruetusm / A. H. Mameees. — M.: Beiciias mkona, 1983. — 463 c.

THocmynuna 6 peokoaneeuio 18.03.2013

VK 621.315.626.1

MeToauka pacueTa TOKONPOBOAA BbICOKOBOJILTHBIX IIOJIHMEPHBIX HPOXOAHBIX
moanTopoB / Kum En Jap / Bicaux HTY «XIlly». Cepis: Enepreruka: HaniiinicTh Ta
eneproedextuBHicTh. — XapkiB: HTY «XIII». — 2013. —Ne.17 (990). — C.84-91. bibiniorp.: 4 Ha3B.
Tabm.: 1. Inm.: 3.

Ha ocHOBI pillleHHsI piBHSHHS TEIJIONPOBITHOCTI HABE/ICHI aHATITUYHI CITiBBIJHOIICHHS ISt
PO3paxyHKy paiaIbHOTO TEeMIIEpaTypHOrO IO B IPOXIAHOMY i3074TOpi, OOYMOBIICHOTO
NPOTIKAHHSM 3 ypaxXyBaHHAM CKiH - e(eKTy CTpyMy IO CTpyMOIpoBOAy. JlaHO aHamiTH4HE
CHIBBITHONIEHHS MDK pajialbHIMH TE€OMETPHYHHMH IIapaMeTpaMd IpPOXiZHOro i3ossiTopa i
JIOITyCTUMHUM 32 YMOBOIO HAarpiBy HOMIHAJIBHUM CTPYMOM.

KiioueBble C¢jI0Ba: TIPOXOHOH H30IATOP, TOKONPOBOA,  TEMIIEPaTypOIPOBOIHOCTS,
JIOITy CTUMBIH TOK, yCJIOBHE Harpesa

Based on the solution of the heat equation and the skin - the effect the analytical relations for
calculating the radial temperature distribution in the bushing is given. An analytical relationship
between the radial geometric parameters of the bushing and the nominal current that allowable by
the heating is given.

Keywords: bushing, conductors, thermal diffusivity, admits timy-current condition heating
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YIK 621.315

KHUM EH JAP, n-p texn. Hayk, aup. AO «Couuo», Kues;
A. B. HABAPEHKO, nnx. «CnaBanepronpom», ClaBsHCK;
I. T'. KAPIOK, nnx. «Cnasanepronpom», CraBsHCK

HCCJEAOBAHUE 3JEKTPHYECKOI'O MOJIS
BBICOKOBOJIbTHOI'O ITPOXOIHOI'O U30JISITOPA C
MOJIMMEPHOM U3OJISIHUEM

HpeﬂnomeHa METOAUYECKAass OCHOBA ONTUMH3AHUU DJJICKTPUYECKOro IOJIsI  IMOJMUMEPHOI O
TPOXOAHOTO0 H30JIATOpAa, [JaHO AHAJIUTHYCCKOE BBIPAXKCEHUE [JIA OLCHKHU MaKCHUMaJIbHOM
HaMpsHDKEHHOCTH I10JIS B U30JIALMUOHHOM ITPOMEXKYTKE TOKOIPOBOI — (bJ'IaHeLI.

KuoueBbie ciioBa: TOKOITPOBOX, HpOXOI[HOfI H30JATOD, (bnaHeu, HaNps>KEHHOCTD I1O0JIA.

OCHOBHBIMU  (DYHKIIMOHAJIBHBIMH 3JIEMEHTAMH KOHCTPYKIIMH BBICOKO-
BOJIBTHBIX MPOXOJHBIX H30JISTOPOB SBISIOTCS TOKONPOBOA, KOHLIEHTPUUYECKU
OXBAaTHIBAIOLINE €r0 N30JSIIMOHHOE TEJI0 U MeTaJUTMueckuil ¢uaHen. B pabouem
pPeKMME TOKOMPOBOJ HAXOMUTCS ITO0J BBICOKMM IIOTEHIMAJOM, a (uaHel
3a3emiisiercsa. IIpu 3TOM H30JIALUOHHOE TENO HECET JIEKTPUUYECKYIO Harpy3Ky,
a TaKKe B COUYETAHUH C (IIaHLleM W MEXaHH4YecKyro Harpy3Ky. COOTBETCTBEHHO
Ha/IS)KHOCTh Pa0OTHI BEICOKOBOJIBTHBIX MPOXOAHBIX HU30JISITOPOB OIPEAEISIETCS
ANEKTPUYECKON U MEXAHNYECKOH MPOYHOCTBIO 3TUX 3IEMEHTOB.

[emecooOpa3HocTh 3aMeHBI  (aphOpOBOH H3ONANUU HA IOJTUMEpPHBIC
00OCHOBBIBAETCS, TPEKAE BCEro, BO3MOXHOCTBHIO CYIIECTBEHHOTO CHM)KEHHS
BEPOSITHOCTH MEXAaHMYECKOM IOJIOMKH W3O0JSLIMOHHBIX KOHCTpykuui. Kak
W3BECTHO, CMOJBI TONMA(HUPHBIE W OIIOKCHUAHBIC, HCIOIB3YEMbIE IPH
W3TOTOBJICHUH CTEKJIOIJIACTUKOBBIX TPYO M CTEp)KHEH, HMMEIOT TaKylo XKe
MIPOYHOCTH Ha pa3pbIB, uTo U (apdop. B Toxe Bpems ynmenbHast SHeprusi Ha
pPa3BUTHE TPEIIUHBI, YTO MO CYTH SBISETCS SHEPrHil pa3pylIeHUs H3AEIHd,
orenmBaercs BenmuunHoil 100 /M’ [1], uTo Ha aBa mopsaKa GOMbIe, YeM y
¢dapdopa. BenexctBre 3TOro MOXHO NPOTHO3UPOBATH, YTO IIPH 3aMEHE B
MIPOXOAHOM H30JIATOpPE Xpynkoro (apgopoBoro IUIIEKTpHKA aHAJOTHYHBIM
9JIEMEHTOM U3 IJIACTUYECKOro MaTepuaja, HalpuMep, U3 CTEKIOIUIACTUKOBOMN
TpyOBl, MEXaHUYECKOE pa3pylIeHHe, 00YCIOBICHHOE PAa3JIMYHBIMHA BHEITHUMU
¢dakTopamMu, B TOM 4YHCIE JAWHAMUYECKHUM HAarpeBOM TOKOIPOBOA,
MIPAKTUYECKH MOXKHO HCKJIIOUUTH [2]. B coBpeMeHHBIX MOIMMEPHBIX
MIPOXOAHBIX HM30JIATOPAaX TOKOMPOBOJ HWMEET IMJIMHAPHYECKYI0 (OopMYy.
W3onauuonHoe  Temo,  OXBAaThIBAIOLIEE  KOHIEHTPUYECKH  TOKOMPOBOJ,
BBITIOJIHAETCA U3 ABYX COCTAaBIISIONINX: U3 MPOYHOI ONOPHON IUINMHAPUIECKON
BTYJIKH, TIPEJCTABIIAIONIEH cO00! CTEKIIOIIACTHKOBYIO TPYOY, U U3 3JIaCTHYHOM

H30JI1UU, HAIlpuMeEp, U3 erMHPIfIOpFaHH‘IeCKOfI PE3UHLIL.
© Kuwm En [lap, A. B.Hazapenko, /I.I".Kaproxk, 2013
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Pe3uHoOl TETUKOM 3aIOJHSETCS MPOCTPAHCTBO MEXIY TOKOIIOBOJOM H
OMOpPHOW BTYNKOW. EI0 IMOKPHIBAIOT BHEIIHIO IMOBEPXHOCTH BTYJIKH, U
3aMONHACTCS MOHOJMTHO C 3allUTHBIM TOKPBITHEM IPOMEXKYTOK BTYJIKA —
¢nanen. [IpuHumMaemast Mepa IO TepPMETH3AIMH JIJIS TTOJTUMEPHBIX H30JISTOPOB
00ycIllOBJIeHa HEOOXOAMMOCTBIO 3alUThl CTEKJIOMJIACTUKOBOW BTYIKH OT
KOHJICHCAIIUU aTMOC(EpHO BJIard Ha €€ MOBEPXHOCTH M MHHUMU3AIUH OYaroB
ANIEKTPUYCCKOTO TMOBPSKIACHUS HW3OJAIMUU. TakuMm 00pa3oM, TPOXOIHOMH
U30JIATOP  MOXXHO  TPEACTaBUTh KAaK  HM3OJMAIUI0  IHJIHHIPUYICCKOTO
KOHJICHCATOPHOT'O THIIA.

W3BecTHO, UTO Ha pacnpe/esieHre NEKTPUIECKOro IOJIsl B MHOT'OCIIOHHOM
M30JIAIUOHHOM MPOMEXKYTKE, B JJAHHOM CIIydae, TOKOMPOBOJ — 3a3EMIIIEMBIN
¢anern, CYIIECTBEHHOE BIIMSIHUE OKa3bIBAIOT JIUDIICKTPUICCKUE
XapaKTEPUCTUKUA COCTABHBIX IEMEHTOB U3OJISAIMHA U COOTHOIICHUE UX TOJIIIIUH.
Kpome Toro MakcuMaibHbIC 3HAYCHUS HATPSHKCHHOCTH 3JIEKTPUICCKOTO IMOJIA,
YTO UMEET MECTO y MTOBEPXHOCTH 3JIEKTPOJIOB: Yy TOKOIIPOBOA U (hIIaHIIA, TAKKE
3aBUCAT OT B3aUMHOT'O PACIIONIOKCHHS U MX KOH(QUTYPAITUH.

Jlnst WHKeHepHOW TPAKTUKH, TPEKIE BCEro, NPEACTaBISICT HHTEPEC
BO3MOXKHOCTh aIlpPUOPH YCTAaHOBUTH OCHOBHBIC T'€OMETPHYCCKHE MapaMeTphI
Oynymieli KOHCTPYKIIMHM HW30JIATOpPa, B MpeaeiiaX KOTOPBIX MPOTHO3HPYETCS
JIOITyCTUMAsT 3JICKTPUYECKas €ro MpoYHOCTh. [lo3TOMy, B MEpBYIO odYepensb,
OIpeNIeIUM O0JIACTh ONTUMANIEHBIX COOTHOIICHHA MEXIY T'€OMETPHUCCKUMU
mapaMeTpaMd W JHIJIGKTPUICCKHMU CBOWCTBAMHU H3ONAIMH, a 3aTeM
PacCMOTPUM BO3MOXXKHOCTh CHIDKCHHS KpaeBBIX AS(P(GEKTOB Ha 3JICKTPOJax
H30JIsITOpa.

B mepBoM mpuONMmKeHUNA IS ONEHKU MaKCUMATbHOW HATPSKCHHOCTU
moyiss B CEpeJUHHON 001acTH W30JIATOpa, Ha MOBEPXHOCTH TOKOIPOBOJA
HampOTUB (UIAaHIA, BOCIONB3YyEeMCS YpaBHECHHEM OIS IHJIHHIPUICCKOTO
KoHJIeHcaTopa [3]

U 1
Em.'r <Em.u = }"_ . (1)
g . K &, F
“IIn+ " In2+"n"3
nh €& NI & n

[punsateie B (1) 0003HAYEHUS] COOTBETCTBYIOT pUC. 1. 3HAK «MECHBIIE) B
YpaBHEHMHU O3HAYaeT, 4YTO JACHCTBUTENbHAs MaKCUMallbHas HaNpsHKEHHOCTh
nonsg  En. Ha TIOBEPXHOCTH TOKONPOBO/AA OKAXKETCS MEHbIIE YeM
E, . BbuiseMas no Qopmyne (1), Tak Kkak B pETbHBIX MPOXOMHBIX

H30JIATOpAax OCeBas AJIMHA (bJ'IaHHa Ha MHOI'O MCHBILIC UIMHBI TOKOIIPOBOAA.
TenepL npeacraBuM cebe TJIOCKOMAapauICIbHYIO MHOFOCHOﬁHyIO

HU30JIIMUOHHYKO CUCTEMY C TEMHU IKC TOJINUHAMU COCTABJIAIOIIUX U

JUBJICKTPUICCKUMU  XAPAKTCPUCTUKAMHU, UYTO HW I HWIMHAPUYICCKOTO
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KoHJIeHcaTopa puc. 1. B a3ToM cinyyae HampsbkeHHOCTh monst  En, Ha
TIOBEPXHOCTH BBEICOKOBOJIFTHOT'O AJIEKTPO/Ia ONMPEAEISIETCS KaK:

Puc. 1 — PaguansHoe ceueHre MakeTa U30JsTopa

HetpyaHo moragathesi, 4TO UCKOMAasi HAMPSHKEHHOCTD 110 BEJIMUUHE Oyaer
Oosibllie, YeM B CiIydae MOJsl IJIOCKOMApaIebHONM CHCTEMbL En. > FEpn ..

BCJ'IeZ[CTBI/Ie qero a4 HpPI6J'IPI)KeHHOI>i OIICHKKW  MOXXHO OPpHUCHTHUPOBATHCA Ha
Em.T , paBHbIC CpeI[HeapI/I(l)MeTI/I‘IECKI/IM 3HAa4YCHUAM HaHpH)KeHHOCTefI JUIs BBIIIC
NPUBCACHHBIX YIIPOUICHHBIX U30JIAIUMOHHBIX CUCTEM!

Eppy % 05(Epyy + Epyy) 3)

U3 dopmyn (1) u (2) MOXKHO BHICTH, YTO HE3ABUCHMO OT TOJIIUHEI
OITOPHOM TPYOKHM HaWMeHbIINe 3HaUeHHus1 FE,, OyIyT UMeTb MECTO Npu & =
€. Bwmecre ¢ TeM U3MepeHMs IIOKa3bIBAIOT, YTO JIUIJIEKTpUYECKas
MIPOHHUIIAEMOCTb UCIIONIb3yeMON PE3MHBI COCTABISIET € ~ 2,5, Torma Kax Jyist
MaTepHaa 13 CTEKJIOIUIaCTHKA STOT MapaMeTp B 3aBUCHUMOCTH OT U3T'OTOBUTEIS
koneOnercs B gauamazoHe 4 < g < & Takoe COOTHOLIEHHUE MEXIY
JIMDJIEKTPUYECKUMH TIapaMeTpaMy HPUBOJAUT K CYIIECTBEHHOMY BBITECHEHHUIO
AJIEKTPUYECKOT0 TOJIsl U3 00beMa ONOPHOW BTYJKH B CTOPOHY PE3MHBI M YeM
TOJNIIE CTeHKa Tpyoku (Ar = r, — ry), TeM CUIIbHee NposiBisieTcs: GpakTop
TOJIIIMHBI Ha TIepepacIpeeeHust MO,

HarnsgHoe mpencraBieHHe O B3aMMOCBSI3U MEXAY JHMAJIEKTPUUECKHMHU
MIPOHUIIAEMOCTAMH H3OJSIIMM M TOJIIMHOIO Ar, B TIEPBOM IPUOIMKEHUH,
MOKHO TIOJTYYUTh U3 (POPMYIIEI (2) s IIOCKOMapauIeTbHON cucteMsr. 13 (2)
BBITEKAET CJIE/YIOIIEe YCIOBUE MUHUMYyMa HaNPSHDKEHHOCTH Nost By

AR—Ar+8_1[1_AR—Arj 1, @
AR €, AR

rae AR — paccrosiHre H30ISIIIMOHHOTO POMEXKYTKA.

Otkyma ¢ yderoMm Toro, 4to (€,/¢;) < 1, momydaeM YCIIOBHE, IpU
COOJIIOIEHUH KOTOPOr'0 MOYKHO OXKHJIATh, YTO HAMPSKEHHOCTD IOJISI B PE3UHE Y
MOBEPXHOCTH TOKOIPOBO/IA HE3HAYUTETHHO OYJET OTIMYATHCS OT BO3MOXHOM
MUHAMAJILHOM BETUUUHBI
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£< 8_1. (5)
AR &,

Ha pwuc. 2 mpencraBieHa mnpHOMIMKEHHAs 00acTh ONTHMATbHBIX
COOTHOILIEHWH, OrpaHWYeHHasl IITPUXOBOW JIMHUEH, COOTBETCTBYIOLIEH
ycrmouro (5).  Kak MOXHO BHIETh 3Ta 00JIACTH OXBAaTHIBAET BO3MOXKHBIC
COYCTaHUs TapaMeTpoB, B TIpeienax KOTOPHIX BEpXHEE OrpaHUYCHUE
HANPsDKCHHOCTh ot Ey,; , onpenensemoe no ¢gopmyne (1) He mpeBsInmaer
15% HanMeHblIel MakCUMaJIbHOM BETMYMHBI, COOTBETCTBYIOIIEH Clydaro € =
&).

——1,14
——1,1
—i—1,07

— -1,04

OTHOCUTENbHAR TOALLMHA BTY/IKH,
Ar/AR

0,1 0,2 03 04 0,5

o e1/&

Puc. 2 — O6nacTh ONTUMAILHBIX COOTHOIICHU MEKIY AUBJICKTPUICCKUMHU
XapaKTECPpUCTHUKaAaMHU I/ISOHSILII/Iﬁ " pagualIbHbIMU IMapaMeTpaMu

Juns  Toro uroObl [JeTalbHEE HUCCIENOBAaTh IJIEKTPUUYECKOE IIOoJe
MIPOXOAHOTO M30JIITOPa, a TaKXKE YCTAHOBUTH BIIMSHHWE KOH(UIypaluu Kpaes
3a3eMJIIEMOro »JIEKTpoJa — (aaHna odpaTUMCS K YUCIEHHOMY PAacueTy IIOJsl.
J1y1s1 3TOM 1eTM BOCTIONB3YeMCsI CYIIECTBYIOMIUMHE ITPOrPaMMHBIMH CPEACTBAMHU
pelieHusl ypaBHEHHH NOTEHIMAJIbHOIO TOJNSI C YYETOM KOMIUIEKCHOM
IPOBOJMMOCTBIO U3y4aeMoi 001acTu

div[(cs+ joasso)grad(p] =0, 6)
rie 6 — YyAenbHas NPOBOAMMOCTh M3OMSILIMH; ® — YIJIOBas dYacroTa
MPWIOXKEHHOTO HampsbkeHus; € = 8,85 107? oM — JIARJIEKTPUYECKAst

MOCTOSIHHAS, | — KOMIDICKCHAs CIUHUIIA; (0 — MCKOMBIA MOTeHnuar;, gradg =
-
E _ pexTop HANPSKEHHOCTH TIOTIS.

Pacuerst mpoBomwauce B oOmacté ontumyma (5) W B ONMu3KOHM el
okpecTHOCTH. [lpu pacdere OBUTM MPUHSATHI CICAYIOIIAE MapaMeTphl MOJICITU
BBICOKOBOJIBTHOTO MPOXOJHOT'O U30JIATOPa C HOMUHAIBHBIM HAMPSHKCHUEM 35
kB:
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Tabnua — HapaMCTpBI MOJCIIH MPOXOAHOI O U30JIATOpa

Hanpsoxenue Marepwuan (o, Cm/M) Pamuycet
Pesuna Crexmommactuk | Bozmyx Ty I3

U=25kB € =2,5; & =4-8; g=1; 20 MM | 23 MM
61=110" | o, =1-10" 6,=1-10"°

Kak okasamoch MeECTO pPAacHONIOKEHUS OHNOPHOIO  3JEMEHTa B
M30JIALMOHHOM TPOMEXKYTKE NPAaKTUYECKH HE OKa3blBaeT BIMSHUE Ha
BEJIMYMHY MAaKCHUMaJbHOM HamNpsOKEHHOCTH monid. B Toxe Bpemst ¢ TOUKH
3pEHUS] MEXaHNYECKOH MPOYHOCTH MPEANIOYTHUTENIbHEE, YTOOBI ONOPHAs BTYJKA
MaKCUMaJbHO ONM3KO pacmonarajack Obl K ¢uaHIy, HO C Yy4eToM
TEXHOJIOTUYECKOM BO3MOXKHOCTHU 3aMOJIHEHHS 3a30pa MEXy HUMU 31aCTHUHON
m3onsanuei. Ilo 3Toll mpuuMHE pacueTsl BBINONHSUIMCH Opu 1, = 20 MM.
Pe3ynbrathl pacuera npeacraBieHsl Ha puc. 3-5.

35

3

M
n

MaKCHManbHan HanPAKEHHOCTs
nons,KB/mm

OTHOCUTENbHAA TONLLYMHA ONOPHOTO BTYAKM, Ar/AR

Puc. 3 — 3aBUCHMMOCTh MaKCHMaJIbHBIX HaHpSI)KCHHOCTefI TI0JIs1
OT OTHOCHUTEJIBHON TOJIIITUHBI

IIpexne Bcero, OTMETUM XOPOUIYI0 CXOJUMOCTh JAHHBIX pacdyeToB
HANpPsDKEHHOCTH TIOJIST B HENOCPEJCTBEHHOH ONMM30CTH y TOKONpoBoaa K.,
BBINOJHEHHBIX YHCIEHHBIM IyTeM (5) W ananmutuuecku cornacHo (3). Takas
CXOJUMOCTh HaOJII0/1anach, MPAKTHYECKH, JUISi BCEro qUana3oHa M3MEHEHUs
TommuHbl Ar/AR, 0 4YeM CBUIIETEIBCTBYIOT KpuBBIC | U 4 Ha puc. 3.

Pacuersl moATBEpAMIM O 3HAYMMOM BIUSHHUU TONIUHBI OHNOPHOTO
JMeMEHTa M JAWIEKTPUYECKHX CBOMCTB H3OJUPYIOIIUX DJIEMEHTOB Ha
pacripezienieHue Mojisi B MEeXIydJIeKTpoiHol obmact. M3 puc.3 BbITEKaer, 4yTo
npyu  (UKCUPOBAHHOM MEXIJIEKTPOIHOM paccTosHuM AR C  yBeIHMYCHHUEM
TOJIIIMHBI ONMOPHOW BTYJIKH Ar HaNpsHKEHHOCTb MONS y TOKompoBoza Ep .
BO3PACTAET 3aMETHO KPyde, UYEM HANPSUKEHHOCTh F 4 Ha Kpasdx QraHua (cM.
puc.3, xpusle 1, 2). Kpome Toro, HampspkeHHOCTH HOJS Ha Kpasx QiaHna mo
BEJIMYMHE 3HAYUTEIbHO MPEBBIIIAET I0JI€ y TOKONPOBOAA BCIEACTBUE
CTYILEHUS CUJIOBBIX JIMHUH Ha Kpasx 3JE€KTPOoAa.

Kak w3BecTHO, KpaeBoil 3PQEKT ymaeTcs CYMIECTBEHHO CMSTYUTh
YBENIUYHBAs PANyC KPUBHU3HEI, B TAHHOM CIIy4ae, TOPIICBOM YacTH JJIEKTPOAA.
B kayectBe wWuIOCTpanMu Ha pHUC. 4 COIOCTaBICHBI JBE KAPTHHEI
SKBHITOTEHIIMATBHBIX JTUHUN 3JIEKTPHYECKOTO MOJIs BOJIHM3HM KpaeB ¢uiaHIa J0 U
MoCJIe U3MEHECHUS POQHIIA 10 00pasiry aekTpoaa Porosekoro [4].

Puc. 4 — DxBUNOTEHIMATBHBIC IMHAN TTOJIS Y KpaeB (iania

KomuuecTBennas oreHka CpaBHUBACMBbIX TIoJIeH IpeacraBJiCHa Ha (pI/IC. 5)
B BHIC pacnpe;[eneHI/H‘/i HaHpH)KeHHOCTefI BIOJNH Hauboiee QJICKTPHUYCCKH
Harpy>X€HHBIX HOBerHOCTefI Kpa€B DJJICKTpoOAa. Benuuunel mons Ha 3TOM
PUCYHKE NPUBCJCHBI B OTHOCUTEIIbHBIX €IUHUIIAX, OTHOCUTEIIBHO HanOOJbIIEH
Hanps>KCHHOCTU Ha MOBECPXHOCTU Kpas (bnaHua C U3BMCHCHHBIM HpO(l)I/IJ'IeM. 9T10
CIeNIaHo JIJIsl TOrO YTOOBI HETIOCPEACTBCHHO MPEACTAaBUTh YPOBEHb BO3ZMOXKHOT'O
BbIpaBHUBAHUA MOJIA. Kak MOXHO 3aKJIIOYUTH IO puc. 3 (CpaBHI/I KpHUBBIC 2u 3)
u puc. 5, TMOCPEACTBOM ONTUMHU3AIUNA (bOpMI)I KpacB dpnaHua yaaercsa
YMEHBIINTE  HANPSXKCHHOCTA  TOJIA  HHUXKC  HANpsOKCHHOCTH  IIOJIsI Ha
TIOBEPXHOCTHU TOKOIIPOBOAA:
Em.cl)< Em.T (7)

18
1,6
1,4
12

0,8
0,6
04
0,2

——10

~i—nocne

HanpsxkeHHocTb nons

0 2 4 6 8

Paccronnue BAONb Kpaa dnaHua, mm

Puc. 5 — Pacnipenenenyie HanpsbKEHHOCTH TTOJS BIIOJB TTOBEPXHOCTH KpaeB (haHIa
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OCHOBBIBAsICh Ha BBIMOJHEHHBIX HCCIACIOBAHUAX MOXHO C(HOPMYIUPOBATH
CIIeYIONMe PEKOMEHIAIMA [0 ONTHMHU3AIUH  AJICKTPHYECKOrO MO
MPOXOHOTO H30JISITOPA:

— TpH 3aJaHHBIX HCXOJHBIX MapameTpax: paauyca TOKOIPOBOAA 7y,
JVDIICKTPUYECKUX ~ XapaKTePUCTHK  W3ONAIMH € M €&, ONPEICIUTh
OTHOCHTEJIFHYIO TOJIIUHY OnopHO# BTYAKH Ar / AR cormacho (5);

— YCTAHOBUTb H3OJLSIIIMOHHOE PACCTOSHHUE MEXIY dJiekTpomamu AR 1o
dopmyne (3), NpUHHUMAs 32 MaKCUMAJBHYIO HAMpPSHKEHHOCTh TMONSA Yy
TOKOMPOBOAA Ey,; JEKTPHUUYECKYIO NMPOYHOCTh GP HCIOIb3YEMOI PE3HHBI C
yueToM Kod¢duurenra 3anaca k:

En-<ko,, (8)
TEM CaMBbIM OMPECIUTh PAJANYChI OOPHOI BTYIIKH, | U 77;

- TIPOBEPHUTH OMOPHYIO BTYJKY HA MEXaHHMYECKYIO MPOYHOCTh. B ciydae,
€CJIM BTYJIKA HE YIOBJIETBOPSIET MO MEXaHHMYECKON MPOYHOCTH (JIubO U3 — 3a
Ype3MepHO OONBIIOro 3amaca MPOYHOCTH, JHOO BCIEACTBHE MOHIKEHHOI
MPOYHOCTH), TO YMEHBIIMB MM YBEIUYKMB HA AT PAUYCHI 7| U Fy; IPOBECTH
MOBTOpHBIE pacyerhl corimacHo (5) u (8). Takum o00pa3oM, ONpeneTUTH
HanboJIee MOJAXOMAIINE paTiaIbHbIC TapaMeTPhl H30JSTOPA;

- KpasM (uaHIa Tpuaath QopMy, OJU3KYIO MO GopMe KpasMm 3JIEKTPOoaa
PoroBckoro ¢ TeM, 4ToObl MakCUMalbHas HANPSKEHHOCT Ey 4 y GIaHIa He
MPEBBIIIaTa HANPSDKEHHOCTH oSt Ey,» Y Tokonposona (7).

Cnucok sureparypsl: 1. Topoon J[nc. KoHcTpykuun, WM modeMy He JIOMaroTcst Beuw / Jloic.
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npoxoxHoM usomsitope / E. JI. Kum // Enepreruka ta enexrpudikanis. — 2012. — Ne2.— C. 45-48. 3.
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3anpornoHOBaHO METOANYHY OCHOBA ONTUMI3allii eIeKTPUIHOrO MO MOTIMEPHOTO
IIPOXITHOTO 130JIATOpA, JAaHO AHATITHYHUH BUpa3 AJIS OLIHKH MaKCHMAJIBHOI HANIPYXXEHOCTI ITOJIS B
30JILiifHOMY IIPOMIXKY CTPYMOIPOBI] - (hiaHens.

Ku1i04oBi ci10Ba: cTpyMOIPOBIN, IPOXigHUI i305TOp, (hIaHensb, HAPYKEHICTH HOJIS.

The methodical basis for optimizing the electric field of polymer bushing An analytical
expression for the evaluation of the maximum field strength in the insulating gap current lead -
flange.

Keywords: Conductors, bushing, flange, the field strength.

VJIK 621.311.1

FO.B. TOIIOPOBA, acni., HTY «XITN»;
AL JIA3YPEHKO, xaun. texu. Hayk, npod., HTY «XIIN»

CPABHUTEJIbBHASA XAPAKTEPUCTUKA METOJ10OB
OINPEJIEJIEHUS PEAKTUBHOM MOIIITHOCTH

B paboTte paccMOTpEHBI TEOPETHUECKUE OCHOBBI OIPENCICHUS M KOMIICHCAIIMH DPEaKTUBHOM
MOIIHOCTH JUIsl 0IHO(a3HBIX U TPEX(Pa3HBIX IICTIeH.

KiroueBble ci10Ba: peakTUBHAsT MOIIHOCTb, HECHMMETpHs, HECHHYCOUIAIbHOCTb,
KOMITEHCAlUs, TOKa3aTeNIM KauecTBa dJIEKTPOIHEPTUH.

Berynienne. VIHTEHCHBHBIN POCT 3JIEKTPUYECKOH HAarpy3Ku B OBITOBOM
CeKTOpe COTNPOBOXKJIAETCA TTOBBIIIEHUEM €IMHIYHOH MOIIHOCTH
ANEKTPONPUEMHHUKOB, PEAKTUBHON COCTaBJISIIOIIEH IMOIHOW MOIIHOCTH, a TaKKe
YBEJIMYEHUEM  HWCKaXXeHUS  (GOpMBI  TOKOB M HANpsDKEHUS B
JJIEKTPOPHEPreTHYeCKOoH  cucteMe.  TakuMm  oOpazoM, sl cerei
AJIEKTPOCHAOKEHHsT OBITOBBIX IMOTpeOMTENEeH BO3HMKAET 3ajada ONTHMaJIbHOM
KOMITEHCAIIUM DPEaKTHBHOW MOIIHOCTH B TAaKHX YCJIOBHUSIX, YTO TPHBEINET K
YIYUIIEHUIO KAauecTBa JJIEKTPOSHEPTHH, COKpAIICHUI0 IOTeph B CETU U
JHEPrOCHUCTEME.

Hens nccaenopanmii, NocTaHoBKAa NMpodJaeMsbl. Llenbo qaHHOW CTaThbu
SIBIISIETCST  aHAJIN3 METOJOB OINpENeTeHUs] M KOMIICHCAIlMH pPEeaKTHBHON
MOIIHOCTH JuIsi  OfHO(a3HbIX MW  Tpexda3HbIX Nelmed B  YCIOBHUAX
HECHHYCOHMIATbHOCTY CUTHAJIOB HAPSDKEHUH U TOKOB.

Marepuanbl HCCJIeA0BAHUI.

Teopust SHepreTHvyecKux NPOIECCOB B LEMAX C HECHHYCOMIATbHBIMU
TOKaMHU W HaNpsOHKSHUSIMU HauWMHAEeT pa3BUBATHCS mocie mosiBieHust pabdor C.
Budeanu [1] u S. Fryze [2]. PaccMOTpuM OCHOBHEIE OIPEICIICHUS PEAKTUBHOMN
MoIHOCTH Uit ogHodasHbix cucteM. C. Budeanu mpemnoxun ciemyromiee
OTIpeIeNIEHUE PEAKTUBHOM MOIIIHOCTH:

0=30 =3U.1sino,. ()

no N

rac Un u I" - CPCAHCKBAAPATUYCCKHUEC 3HAYCHHA HANPSKECHUS W TOKa

TapMOHHK N-IOpsIZIKA; @, - yroi caABura (a3 Mexay HUMH.

OCHOBHBIM NPpEUMYHICCTBOM 3TOIr0 ONPEACIICHUA ABJIACTCA TO, YTO OHO
MOXCET MPUMECHATHCA B LCIAX C HpOH3BOJ'II:HOI>i (l)OpMOfI curdanoB. OCHOBHBEIM
HEAOCTATKOM  SABJIICTCA TO, 4YTO PCaKTHUBHAsA MOIIHOCTH MOXKET OBITH
CKOMIICHCHUPOBAaHa TOJKIIIOUCHUEM UHAYKTUBHBIX nim €MKOCTHBIX

KOMITIOHCHTOB I OTACJIIbHBIX UMCIOIIUXCA TapMOHUK.
© 10. B.Tonoposa, A. I1.JIa3ypenko, 2013
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Onpenenenne, mnpennoxenHoe S. Fryze, ocHoBaHO Ha aHanuse
MTHOBEHHBIX 3HAYEHMI KPUBBIX HANpsOKEHMs M Toka. ToOK pasjieneH Ha JBe
vactu. IlepBas vacts i, (l) NpeCTaBIsIeT co00i TOK Takoi e GopMbl BOTHBI U
(azoBoro yrma, kak M HanpsbkeHHE. BTopas COCTaBIAIOIas TOKA SBIIAETCS
JHIIG  OCTATOUHOM wacThio, M oGo3Hauaercs 7,(f). Dtn msa Toka GymyT
ONpPE/IENATLCA YPABHEHHAMU:

i,(0)= - ul0). @

rae P — axrtuBHasg MOIIHOCTB, U - z[eI‘/'ICTBonmee 3HAYCHUC HAIIPSIKCHUS,
M(l) — MIHOBCHHOC 3HAYCHHUEC HAIIPSAKCHUA

i,(0)=i(r)-i, (). (3)
IMpyunHa Takoro pasfeleHus COCTOMT B TOM, YTO TOK i, (t) SIBIIICTCS
TOKOM YHCTO aKTUBHOW HATPY3KH, KOTOPBIA JUIS TOTO K€ HANPsHKCHUS Oyaer
pa3BUBAaTh Ty K€ MOIIHOCTb, YTO M UCCIeAyeMas Harpys3ka. To ecTh, eclid TOK
i (t) Oy/eT CKOMIICHCHPOBAH, UCTOUYHUK «YBUJIMTY YUCTO aKTHBHYIO HArpy3Ky,
1 k03 urueHT MorHOCTH OyIeT paBeH enuHuIe. MOXXHO TIOKa3aTh, YTO TOKU
i, (t) u i (t) - OpPTOTOHAJILHBIC, CPEIHEKBAIPATUYCCKUC 3HAUCHHS KOTOPBIX
CBSI3aHBI TAKUM 00pa3oM
IP=I1+1I. 4)
Kaxymiasics MOIIHOCTP MOXKET OBITh MOJy4YeHa KakK TPOU3BEACHUC
CPEIHEKBAIPATHICCKUX 3HAUCHUN TOKA U HATIPSHKCHUS
S*=UI*=UI*+1*)=P*+0°, (%)
rae O — peakTUBHASI MOITHOCTD 10 Fryze min « pUKTUBHAS MOIIHOCTE.
[IpeumymecTBOM 3TOr0 OMPENEICHUS SIBISCTCS TO, YTO KOTa PEaKTHBHAS
MOIITHOCTh CBOJUTCS K HYIIO, KO3()UITMEHT MOITHOCTH OYAET paBeH eIUHHMIIC.
OCHOBHBIM HEJOCTATKOM SIBJISICTCSI TO, YTO CyMMa PEAKTUBHBIX MOIIHOCTEH B
y31I€ SHEePreTHYeCKOl CUCTEMBl He paBHA HYIIO, U (), HE MOXET BooO1Ie ObITh

WCIIOIb30BaHa B Pacyerax MOTOKa MOITHOCTH.

Ormpenenenre peakTUBHOM MOIIHOCTH, TpemiokeHHoe N.L. Kusters u
W.JM. Moore [3], ocHOBaHO Ha aHamW3e¢ BO BpeMeHHOU oOmactu. OHO
pacimupsieT OmpeNeNieHHe B COOTBETCTBHU C Fryze mo nanpHeimemy
pa3lCNICHUI0 OCTATOYHOTO TOKAa HAa J[BA OPTOTOHAJBHBIX KOMIOHEHTa. Kak
MIPOM3BECTH 3TO pAa3JCJICHHE 3aBUCHT OT EMKOCTHOTO WJIM WHIYKTHBHOTO
xapakrTepa Harpy3kd. TpH TOKa, IIOJYyYCHHBIC MPU OTOM pa3Je/ICHHY,
HA3BIBAIOT: AKTHBHBIM TOKOM, WHIYKTHBHBIM WM E€MKOCTHBIM pPEAKTUBHBIM
TOKOM M OCTATOYHBIM PEAKTUBHBIM TOKOM, YTO NPUBOIUT K KaxyIIeucs
CYMMapHON MOIIHOCTH

S2=P2+Q2=P2+Q3+Qi=P2+Q12+Q1?<' (6)
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ITo cpaBHenuio c pasznoxenuem Fryze, omnpejeneHue peakTUBHON
MOIITHOCTH B cooTBeTCcTBUM ¢ Kusters-Moore UMeeT TO MPEUMYIIECTBO, YTO OHO
OIPENICNIACT YaCTh TOKAa, KOTOpPas MOXKET ObITh CKOMIICHCHPOBAaHA C TIOMOIIIBIO
JIUHEHHOT'0 KOHJICHCATOPA WU HHAYKTHBHOCTH.

OmnpezeneHne peakTUBHONW MolTHOCTH, mpemtoxkeHHoe W. Shepherd u P.
Zakikhani [4], ocHOBaHO Ha 4YacTOTHOM aHajm3e. [ apMOHHKH TOKa U
HATIPSDKCHUS JICTATCS Ha «OOIMUe» M «HEeoOm[ue» rapMoHUKH. Jlns oOmeit
TapMOHHMKU IOpsifika n HampsbkeHue U, ¥ Tok [/, He paBHBI HYNIO, a AN

HeoOlIel rapMOHUKY MOPS/IKa /1 TOIBKO OHO U3 3HaueHuit U, u [ OoTInuHO
ot Hyns. Toraa Kaxymascst MOITHOCTb MOKET OBbITh ONpeENeHa Kak

S2=(ZU§+ZU5]~ PSR I P (7)
neN meM neN peP

rae N - MHOXKECTBO BCeX OOIIMX FapMOHHYECKUX MOpsAKoB; M u P comepkar
BCC HEOOLIWE OTIMYHbIC OT HYJS TOPSAKA TAPMOHHK HANpPSHKEHHUS U TOKa
COOTBETCTBEHHO (T. €. M - MHOXECTBO MOPSAKOB, HA KOTOPOM TapMOHUKH
HAMpPSDKEHUS] OTIIMYHBI OT HYJSI, 2 COOTBETCTBYIOIINE TAPMOHHUKH TOKa, HM3-3a
HEJIMHEHHOCTH, PaBHBI HYJIIO).

Bce kaxyimecs KOMIIOHEHTBI MOIIHOCTH OMNPEICISIOTCS € MOMOIIBIO
CpeMHEKBAIpaTHYECKUX 3HAYCHHI, HU OJIMH U3 HUX He mMeeT 3Haka. Shepherd
W JIp. CYWTAIOT, YTO WX oOmpeneneHne Hauboiee ONM3KO K (U3UUECKOM
peanbHOCTH, OCOOCHHO JUIsl KOMIICHCAlIMM PEAKTUBHOH MOIIHOCTH C
MaKCUMAJBHBIM  KO3()(GHUIMEHTOM MOUIHOCTA (C TOMOIIBI0 MACCHBHBIX
KOMITIOHCHTOB).

OnpezeneHre pPeaKTUBHOW MOIIHOCTH, MpeiokeHHoe Sharon [5],
OCHOBAaHO Ha O0JaCTH YaCTOTHOTO aHajiu3a. OJTO HEOONbIIOE, HO BaXKHOE
pa3BUTHE BBINICHU3IOKEHHOTO OMNpeneneHus MomHOCTH. OHO HayMHaeTcs ¢
TAKOr0 e JIeJIeHHs] Ha 00IIre U HeoOle rapMOHUYECKHE COCTABIISIONINE CM.
(opmyay (7).

Sharon npe/araeT Kaxymuicss KOMIOHEHT MOITHOCTH:

Sé =U,,mz:1n2 sin @, . (®)
neN

Kpome Toro, aBtop maer ¢opmyny A ONTUMAJIBHOIO IapajulelIbHO
KOMIICHCHUPYIOIIET0 KOHICHCATOpa U HHAYKTHBHOCTH, KaK

1 ZU,,nln sing,

(]
C — neN . (9)
opt 2772 ’
nU;
nENZ\;M
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LUQ

2 n
L=t (10)
w .
U —1I sin
nEZN n n n (pn

[IpeumymiecTBOM ~ JaHHOTO  OMPEICICHUS  SBJSICTCS  BO3MOXKHOCTh
CKOMIICHCHUPOBATh PEAKTHBHBIC COCTABJISIOIIUE JIMHEHHBIM KOHIACHCATOPOM
WJIM JIMHEMHON MHAYKTUBHOCTBIO.

[Ipu aHanM3e SHEPTOMPOIIECCOB B PACCMATPUBAEMBIX CETSAX B IOCIICIHUC
TOBI TIPEANIOYTEHUE OTJACTCS HE HMHTCTPAbHBIM, @ MTHOBCHHBIM TEOPHSIM
MomrHOCTH. Hamboree TEpCHEKTHBHONH B IDIaHE KAvecTBa  PEIICHUS
MTOCTaBJICHHOW 3a7a4u SBJSICTCS pgr—TEOpHUsl MOIIHOCTH, MpeiioxkeHHas H.
Akagi, Y. Kanazava, A. Nabae [6]. Kpocc-BekTOpHAasT TEOpUsl paccMaTpUBacT
Tpex(da3Hyl0 CHCTEMY C HYJICBBIM IPOBOJOM. MTHOBEHHYIO aKTHBHYIO
MOIITHOCTh Tpex(a3HOW CHCTEMBI p MOXKHO 3allUCaTh KaK CKaJISIPHOE
MIPOM3BE/ICHUE BEKTOPOB

p=ui,, (11)
IOe u, U i, - IPOCTPAHCTBEHHBIE BEKTOPHI HANIPSKEHUS U TOKA.
p=ui, ‘ui, +ui,. (12)

rae u, , u,, u, - GasHble HATIPSKEHUs; i, , i, , I, - (ha3HbIE TOKH.

a ®
CornacHo 3TOW TEOpUH, BEKTOP PEAKTUBHONM MOIIHOCTH ¢ SIBJISETCS
pe3yabTaTOM BEKTOPHOTO MNPOU3BEAEHHUS IPOCTPAHCTBEHHBIX BEKTOPOB

HaNpsOKEHUs U TOKa
g=u, xi_. (13)

[IpenmMymiecTBOM 3TOH TeOpHH SBISIETCST TOT (akT, YTO OHA Ipejjaraet
pacueT MOIIHOCTEH, KOTOpbIE JMHEHHO HE3aBUCUMBI JIpYr OT Apyra. Beumy
9TOr0, TPU COCTABIISIOIIME TOKA MOTYT OBITh KOMIICHCHPOBAHBI TpPEMs
HE3aBUCUMBIMU PETYISITOPAMU C TOMOIIBIO TACCUBHBIX AJIEMEHTOB.

OCHOBHBIM HEJIOCTaTKOM JAHHOW TEOpUM SBISIETCS TO, 4YTO IpHU
HCKa’KEHHBIX U HECUMMETPUUYHBIX HANpPSDKEHUSIX CETH HECKOMIEHCUPOBAaHHOM
OCTaeTcs YacTb MEPEMEHHBIX COCTAaBISIONMX B MIHOBEHHOM AaKTHBHOM U
PEaKTUBHOM MOIIHOCTAX, JaXke IpPHU YCIOBUM MOJAEPKAHUS TOKOB CETU
CUMMETPUYHBIMU U CUHYCOUIaIbHBIMHU.

[MpobGmemaMy  KOMIIEHCAIIMM WCKaKAIOIIMX CBOWCTB  HOTpeOHTeNnei
anexTposHeprun 3aHuMancs mpod. HTY «XIIW» Kusumos B.Y. [7, 8]
ABTOpOM OBUI TIPEIUIOKEH METOJ M3MEPEHUs] YKa3aHHBIX (YHKIHMOHAJIOB M
[apaMeTpoB U pa3pabOTaHbl peaNu3yIOIUEe €ro CpeACTBAa HU3MEpEeHUsl.
CyIIHOCT METOJa COCTOMT B TOM, YTO HECHHYCOUAAJBHBIM IpoleccaM IO
OCHOBHBIM  JHEpPreTHYecKHM (YHKIMOHANaM CTaBATCI B COOTBETCTBUE
CHHYCOMJaJIbHbIE  TPOIECChl  CTAaOWJIBHOMW  BBICOKOHW  YacTOTBHL.  3aTeM
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MU3MEpSIIOTCS.  BCE  JHEPreTHYECKHe MapaMmeTpbl OTHX  AKBHBAJEHTHBIX
CHHYCOMJIAJIbHBIX MPOIIECCOB U3BECTHBIMH U JOCTATOYHO NMPOCTHIMU METO/IAMH,
KOTOpBIE €Ill¢ YIPOLIAIOTCA TeM, YTO YacTOTa CHHYCOMJAJBbHBIX IIPOLECCOB
Hen3MeHHa. DaKTHUeCKH B NPEIOKEHHOM METOAE  OCYIIECTBISIETCS
0TOOpakeHHE TPOCTPAHCTBA HECHHYCOWAAJBHBIX CHUTHAJIOB B IPOCTPAHCTBO
CHHYCOMJIAJIbHBIX CUTHAJIOB.

OcCHOBOI 0TOOpakeHHsI MPOCTPAHCTB CHUTHAJIOB, TaK )K€ KaK M OCHOBOH
10000 M3MEpEeHUs, SABJIAETCS OHepals CPaBHEHUsS, KOTOpas 3aKIovaercs B
COTIOCTABJICHUH OCHOBHBIX OJHEPreTHYeCKUM (YHKIMOHAJIOB HCXOIHBIX |
SKBUBAJIEHTHBIX CUTHaJIOB. [Ipy 3TOM ecnm pemaercst 3amada OTOOpaKEHHs
CHTHAJIOB B OHO(A3HOM IEeNM NMEePEeMEHHOr0 TOKa, HEOOXOIUMO ITOCTaBHUThH B
COOTBETCTBHE HCXOJHBIM HECHUHYCOWAAJIBHBIM CUTHamaM u(f) U i1
9KBHMBAJICHTHbIE CUHYCOUAANbHbIE — U (1) U i (¢) 110 ASHCTBYIONIUM 3HAUECHUSAM
W aKTMBHOW MOIIHOCTH. [l 3TOro BBOAWM MOHSTHSI YCTPOWCTB CpaBHEHHS
(YHKIMOHAIOB ~ CHTHAJIOB: KOMIIApaTopbl ACHCTBYIONIMX 3HA4YeHHH W
KOMITapaTop POU3BENCHHH.

Meroapl ompeneseHnsT PEaKTUBHOM MOIIHOCTH ISl [TPOM3BOJILHOM
Tpexda3Hol 1enu NpuBeeHB! B TAOIHIIE.

Tabnua — MeTtozp! onpeaeIeHus! peakTHBHOW MOIIHOCTH Il TpeX(a3HoH

emnu

Ne Meron
11 0=U,, sine, +U,I,sing, +U_ I sing,
2 T .

Q = E(ch[a +Ucalb +Uablc)
3| 0=AS*—P*;S=U1, +U,I,+U.I.
Ylo=Juir - s i - B Ui = p?
Yl o=Vst-ps= Uz eui+ ) (2412417 +12)
Ol o=vst-p s=Juz+vi+v2—02) (2 + 12 +17+12)

rae I, U, - TOK 1 HalpsKEHUE HYIEBOM MOCIIE10BAaTENILHOCTH.

Meron 1 — KjacCM4eCKHil METOJ] ONpe/eNeHNus PEaKTHUBHON MOIIHOCTH.
Meron 2 peann3oBaH B MHAYKIIMOHHBIX CUETYUKAX M IIHPOKO MPUMCHSIETCS B
AJNIEKTPOHHBIX, HO HUMEET METOIMYECKYI0 IMOTPEITHOCTh B HECUMMETPUUHBIX
cersx. Metoapl 3 W 4 MOMYyYWSIM PACIPOCTPAHCHHE B HHTCIUICKTYaJbHBIX
Tpéxas3HeIX cYETUMKax. MeTom 5 TOYHO OTpaKaeT MOTEPU TOJIBKO TMpHU

CUMMETPHYHBIX HaNpsOKeHUsIX. Meton 6 — MoauduKanuis MeTona 5 ¢ Hesbo
TIOBBILIEHHUS TOYHOCTH YdeTa PH HECUMMETPUH HaIpsHKEHUH.

[IpobGiema  KOMIEHCAaIMM  HMCKaXaloOUIMX  CBOMCTB  MOTpeOUTEINs
JNIEKTPOIHEPIUU  TecHeHmuM  o0pa3oM  CBf3aHA C  OIUIATOH  3a
HEKOMIIEHCHPOBAHHBIE JIOMTOIHUTEIbHBIE TIOTEPH, OCYIIECTBIISIEMON CErO/IHS 110
MOKa3aHUAM PEaKTHBHOro cyerynka. CyIIecTBYIOIINE PEaKTUBHBIE CUETUYUKH
H3MEPSIIOT TOJIBKO COCTABIISIONIYI0O PEaKTUBHON MOIIHOCTH, OIPEesIeMYro
PEaKTUBHBIM XapaKTepOM Harpy3kd, M He pearupyloT Ha JApyrue ee
COCTaBIIAIOLIME, a IOTPEOUTENb HE IUIATUT 3a JOIOIHUTENbHBIE IOTEPHU U3-3a
9TUX MPUYHH.

BbiBoabl. MHOXECTBO CYIIECTBYIOIIMX OINPEEICHUH COCTaBIISIONINX
TIOJIHOW M PEaKTUBHOM MOIIHOCTEH Jaf0T PasyInuHble Pe3yIbTaThl ISl OAHUX U
TeX )K€ SHEPTeTHYECKUX MPOIECCOB.

OOBEKTUBHOM PEaIbHOCTBIO SIBJISIETCS MHOXXECTBO METOJ/IOB OIPE/ICIICHHS
W pacyera pEaKTUBHOM MOIIHOCTH: METOJ] OOMEHHOW MOIIHOCTH, METOJ
SKBUBAJICHTHBIX CHHYCOWJI, YaCTOTHBIE U UHTErPajJbHBIE METO/BI; OIPE/IEIeHUE
PEaKTUBHOM MOIIMHOCTH C TIOMOIIBIO BEKTOPHBIX M  (DYHKIMOHAJIBHBIX
IPOCTPAHCTB U T. .

OTcyTcTBHE HOPMATUBHOM 0a3bl B YacTH y4yeTa PEaKTUBHOH OSHEPruu
MO3BOJISIET  TIPOU3BOJMTENSIM  CUETYMKOB TPUMEHSTh JI0O0OH Meron ee
BBIUMCIIEHHS, aTTECTysl CUETYMK B HACAIBHBIX YCJIOBHUSX, B TO BpeMs Kak
NIPUMEHEHNE PAa3JIUYHBIX CUETYMKOB Ha OJHOW JIMHWUHU OJIIEKTpomnepenad B
peaybHBIX YCJOBHSX BENET K CYNIECTBEHHOMY Ppa3iM4MIO IOKa3aHHH, YTO
HEOJIHOKPAaTHO  JIOBOAWJIO 10 KOH(DJIMKTOB MEXAy TMOCTaBIIMKOM |
MIOTpeOUTEIEM.

CymiecTBylOIMe  TEOPUHM  MOIIHOCTH  NPEUIarailoT  ajJrOpUTMBI
KOMITCHCAIIMM BBICHIMX TapMOHHWK aKTHBHOW, PEaKTHBHOW MOIIHOCTH, TOKOB
00paTHOM M HYJIEBOH MMOCIIEA0BATEIEHOCTH. Pe3yIbTaTHBHOCT MX MPUMEHEHHS
orpesiessieTcss Kak (OpMOW CUTHAJIOB CETH MHUTAHMS, TaK M MapaMeTpaMmu |
CTENeHBIO HEJTMHEHHOCTH Harpy3Kku. PaccMOTpeHHbIE METObI KOMIICHCAIINT HE
o0ecreuynBaroT IMOJHYI0 KOMITEHCAIMIO BBICIIMX TapMOHHMK MOIIHOCTH TIPH
HECUMMETPUYHBIX W HECHHYCOMJANBHBIX HANPSOKCHUSIX CETH IHTaHUS |
HECHMMETPUH W/WITN HETMHEHHOCTH MapaMeTpOB Harpy3KH.

JloctiwkeHne HEO0OXOAMMOro OanaHca PEaKTHMBHOH MOIHOCTH B CETSX
MO3BOJISIET BO MHOTMX CIIydasiX YIYYIIUTh KauyecTBO DIIEKTPOIHEPruH, Ooiee
SKOHOMHUYHO M Ha OoJjiee BBICOKOM TEXHHYECKOM YPOBHE PEIIUTH BOIPOCHI
PSKUMOB  PEryJIMpOBaHMsI HANpPSDKEHWS, YCTOMYMBOCTH W HAJISKHOCTH
CHCTEMBI.
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YIK 621.311.1

CpaBHHTeJIbHASI XapaKTePUCTHKA METONOB OMNepAeleHHs] PeaAKTHBHOW MOIIHOCTH /
Tomnoposa I0.B., Jlazypenko A.Il. // Bicauk HTY «XIII». Cepisi: Eneprernka: HamifiHiCTh Ta
eneproedexTuBHicTh. — XapkiB: HTY «XIII». — 2013. — Ne.17 (990). — C.99-105. Bi6uiorp.: 8 Ha3B.
Tabm.: 1.

B pobotTi posrasHyTi Teopii KOMIIeHcalil peakTUBHIM NOTYKHOCTI mis omHO(Ma3HHX i
TpH(a3HUX JIAHIIOTIB.

KuiouoBi ci10Ba: peakTHBHA IOTYXHICTb, HECHMETPisl, HECHHYCOINANbHICTh, KOMIIEHCALs,
MIOKAa3HHUKH SKOCTI €IeKTPOESHEeprii.

It is shown the theories of reactive power compensation for one-phase and three-phase
electric circuit.

Keywords: reactive power, unsymmetrical conditions, nonsinusoidal conditions, the
compensation, the indexes of the quality of the electric power.
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PIBHOMIPHMI PO3IIO/II1 HABAHTAJKEHb B MEPEKI
0,38/0,22 KB 3 BUKOPUCTAHHAM HEWMPOHHOI MEPEKI

3anporoHOBaHO METOJl PIBHOMIPHOrO pO3MOAily HaBaHTaxkeHp B Mepexi 0,38/0,22 xB.
IIpoaHami30BaHO THIM HEHPOHHHX MEpeX Ta 3alpONOHOBAHO U PO3B’SI3aHHS JaHOI 3axadi
y3araipHEHO-perpeciiiny HelipoHHY Mepexy. I100yqoBaHO CTPYKTypy HEHPOHHOI Mepexi, sika 1ae
pEeKOMEH/Iallii 100 PIBHOMIPHOTO PO3MOIITY HABaHTAXXCHb B MEPEKi Ha OCHOBI CTATHCTHYHOL
iHdopmarii.

KilouoBi cioBa: HecuMeTpis CTpyMiB, HEHpOHHa Mepeka, pIBHOMIPHHI pO3MOALT
CIOXKHBAYiB

IMocTanoBka mpodaemu. 3 mepexoqoM YKpaiHM Ha PUHKOBI BiJIHOCHHHU
npo0OJieMa SIKOCTI Ta 3HM)KEHHSI BTPAT €JIEKTPOEHEPTii JJOCHTh TOCTPO CTOITh B
eHepreTuii Hamoi JepkaBu. [IpoTspkHiCTh po3noainsaux mMepex 0,4 — 150 kB
B YKpaiHy CTaHOBUTH OJM3bKO 1 MIIH. KimomerpiB, 50% 3 HuUX NpHIIafae Ha
Mepexi Hampyrowo 0,38/0,22 kB. Cepenns 3HomeHicts Mepex 0,22/0,38 kB
nocsirae 70%.

3a ganuMu MiHicTepcTBa mMajMBa Ta €HEPreTHKH BTPATH EJEKTPUYHOL
eHeprii B okpeMux o0ieHepro csaratoTh 10 20% Bij BiIIyIIEHOT €lIeKTpoeHepTii
B MEpexy, a IOKa3HHKH SIKOCTi €JEKTPOEHeprii MepeBHIIYIOTh JIOIyCTHMI
I'OCT 13109-97, sikuii pernaMmeHTye HOPMH SIKOCTI €JIEKTPUYHOI eHeprii, B 2 —
4 pa3u. Y €BpONEHChKUX KpaiHax BBAXKAETHCS, IO SIKIO BTPATH eNIEKTPOSHEPTil
nepeBUImyoTs 7 — 9 %, TO Taka mepenaya €ICKTPUYHOI CHEPrii BBAXKAETHCS
Hee(dekTHBHOW. ToMy BHHHKIA HEOOXiJHICTH PO3POOKM HOBHUX METOJIIB Ta
3aXOJIiB 110 3HIDKEHHIO BTPAT Ta IOKPAIIEHHIO IMOKa3HHKIB SIKOCTI €JIeKTPUIHOL
eHeprii.

AHaJji3 ocTaHHIX H0CHiTKeHb i myQmikamiii. Sk i 10 OyJab-IKOro TOBapy J0
ENIEKTPUYHOI €Heprii 3acTOCOBYETbCS MOHSATTS «SIKOCTI», SIKE HOPMYETHCA
cranpaproM. OJHUM i3 BaroMux ITOKa3HUKIB SIKOCTI €JIEKTPUYHOI €Heprii B
CUIBCHKHMX MEpeXax € HECUMETpisi CTpyMiB Ta Hanpyr. OCHOBHUMH (pakTopamu,
SIKI XapaKTepHU3yIOTh CHCTEMY €JIEKTPOIOCTauaHHs, € BAPTICTh ii CIIOPYIKEHHS,
Ha/iHHICTh 1 EKOHOMIYHICTh Nepeadi eNeKTpoeHeprii cnokupayaM. YucienHi
JIOCII/DKEHHS, TPUCBSYEHI aHalli3y pEXHUMIB PpOOOTH CIILCBKUX MEpex
Hanpyroro 10 0,38/0,22 kB [1], mokazainu, 1o HecUMeTpisi CTpyMiB 00yMOBIIEHa
poOOTOI0 KOMYHAJIbHO-ITOOYTOBOTO HAaBaHTaXXEHHS, OCHOBHY YacTHUHY SIKOTO
CKJIaJIal0Th HEPIBHOMIPHO PO3MOJiJieHi 1o (¢a3zax oxHoda3Hi enekTponpuiiMadi,
IO MAaloTh BUMAJKOBUHA Xapakrep KomyTaiii. Po3pisHsroTe 1Ba BHIH
HecHMeTpii: cucTeMaTH4Hy 1 HMOBipHICHY a00 BUITaJKOBY.
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CucremaTtndHa HECHMETpisi OOyMOBIJIEHA IIOCTIHHMM B 4Yaci HEpiBHOMipHUM
HaBaHTa)KEHHSM (a3, IMOBIpHICHA HECUMETDIs BiJIIOBIIa€ HABAHTAXKEHHSM, SIKi
3MIHIOIOTBCS B 4Yaci BumajkoBo. OcoONMBY yBary BHUKIIMKAE CHCTEMAaTHYHA
HECUMETpis, 3 SKOIO MOXHa OOpOTHUCS PIBHOMIPHO  PO3MOIIIHBIIH
HaBaHTAXKEHHS MiX (azamu.

Meta crarri. CrBOpeHHs HeHpoHHOI Mepexi, ska O HajaBaia
pEeKOMEHamii MO0 pPIBHOMIPHOIO pO3MOMALTY HABAaHTAXKEHb B MEPEXKi
0,38/0,22 xB.

OcHoBHI MaTepiaau [JocHigKeHHsl. AHaNI3 pPO3BUTKY ICHYIOUHX
SIICKTPUIHUX MEPEK MOKAa3ye, IO Ha CHOTOJHINIHIN JIeHb PO3pOOJICHO BEIHMKA
KIUJIBKICTh CHMETPYBAJIBHUX MPUCTPOIB, aKTHBHUX 1 MACHBHUX (IUIBTPIB, aie
Yyepe3 CBOIO HU3bKY HaJIiHHICTh 1 BUCOKY ILiHY BOHH HE 3HAWILIA IIMPOKOTO
3actocyBaHHs B Mepexax 0,38/0,22 kB. Takok CTaHOBHTH BEIHKY NpoOIEeMy
PIBHOMIpHHIA pO3MOMALA OAHO(GA3HUX CIIOXKUBA4iB MK (azamu, Tak sK
nepedasyBaHHs Ma€ 3AIHCHIOBATHCh Ha OCHOBI 3aMipiB 3HAYeHb (Pa3HHUX
CTPYMIB JTiHIH B MepioJl MaKCUMyMy HaBaHTa)KEHb Ha IIiJICTAHIIi JBa pa3u Ha
pik. Ase 3aMipsiHi 3HAa4€HHS CTPYMY 3BHYAaWHO CYTTEBO BiJIPI3HATHCS BiX
3HAYCHb CTPYMY, SAKi MAarOTh MiCll¢ B IHIII MOMEHTH dYacy. TakuM YHHOM
piBHOMIipHHI po3noxin (asHMX HaBaHTAXKEHb ISl TAHOTO MOMEHTY 4acy He
rapaHTye ONTUMAaJIBHICTh PEKUMY B 1HII MOMEHTH 4acy, SIK 3a BiIXWJICHHSIM
HaNpyTyd y CIOXKHBAYiB, TaK 1 32 BEIMYMHOIO JOOOBHX BTpAT EJEKTPHYHOL
eHeprii B Mepexi. [ BupimeHHs 1iel mpoOIeMH  MPONOHYETHCS
BHUKOPHCTOBYBAaTH MaTEMaTHYHUI aniapaT Ha OCHOBI HEHPOHHOI MEpExKi.

l'onoBHa ocoOnMBICTE HeHpoMepexi Moysrae y mapajenbHid o0poori
iH(opMaIlil BciMa JIaHKaMU, 0 TO3BOJISIE 3HAYHO MTPUCKOPUTH MPOIec 00pOOKHU
inpopmanii. [Ipy Benukii KiTBKOCTI 3’€HaHb Mepeka CTa€ OUIbII HaliiHOO
HaBITh MPH MOUIKO/DKEHHX 3B’ SI3KiB MK HelipoHamu. Takok HEHpOHHI Mepexi
3/IaTHI 1O HABYAHHS Ta y3araJbHEHHs HaKOMYEHUX 3HaHb. HelipoHHa mMepexa
Ma€e PUCH IITYYHOro iHTeJeKkTy. HaTpeHoBaHA Ha OOMEXEHIN KIIBKOCTI JaHUX
Mepexa 3[aTHa y3araJpHIOBaTH OTpUMaHy iHQopmamito i moka3zyBaTH rapHi
pe3yNbTaTh Ha JaHWX, 10 HE BUKOPHCTOBYBAJHCS NpH ii HaBuaHHi [2]. Takum
YMHOM HaBY€Ha HEWpOHHAa Mepe)ka Ha OCHOBI IlepenicTopii MoXe aBaTh
JIOCUTBH TOYHI peKOMEH/Ialil 010 repeda3yBaHHs CIIOKHUBAYIB.

Ha nmanmit yac HeHpOHHI Mepexi BUKOPUCTOBYIOTHCS MJISI PO3B’S3KY
LJTOr0 pAAY 3ajad, OJHIEI0 3 SKUX € 3aJada NMporHo3yBaHHs. Hexail 3amaHi n
JMCKpeTHUX BimIikiB {y(#;), ¥(t2)..., ¥(¢,)} y IOCIiTOBHI MOMEHTH Hacy fi, ...,
t,. Toni 3aBiaHHS IPOTHO3YBAaHHS IMOJISTae B repeadadeHHi 3HaYEHHS V(f,41) ¥
Jiesikuii MaOyTHIHT MOMEHT Yacy t,.;. MeTOI NMpOTrHO3YBaHHS € 3MEHIIECHHS
PHU3HKY NpH TPUHHATTI pimieHb. [IporHo3 3BHYaiiHO BHXOIWTH ITOMUJIKOBHM,
ajle MOMMJIKA 3aJIeKUTh BiJl MPOTHO3YBaJbHOI cucreMH. Hanmaroum mporaosy
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OiybIlie pecypciB, MOXKHA 30UIBIIUTH TOYHICTH ITPOTHO3Y M 3MEHIINTH 30UTKH,
TIOB’sI3aHi 3 HEBU3HAYCHICTIO ITPU IIPUHHSTTI PillICHb.

VY naHiii cTaTTi IIPOMOHYETHCS 3aCTOCYBAaHHS HEHPOHHOI Mepexi Juis
PO3B’SI3Ky 3aBIaHHS NPOTHO3YBaHHS dacoBUX psniB. KopucryBau BubOupae
JIOBIJIBHUM YacOBHMH psijI, 10 MicTUTh N BiJUIiKiB, HANpHKIad, (ha3HUX CTPYMIB
Ha TOJOBHIM IUIAHII JIiHII, 1 po30MBae HOro Ha TPU MHOXXHMHU: HaBYAJIbHY,
TeCTyBaJbHY Ta KOHTPOJbHY BHOIPKH, SIKI TOTIM TOJAIOTHCSI HA BXiJl MEpExi.
Pe3ynpraToM IPOTHO3YBaHHS € 3HAYEHHS YacOBOTO psAy B HEOOXIJIHUH
MOMEHT duacy. /Jlms mifBUIEHHS $KOCTI TPOrHO3Yy HEOOXIJHO 3poOUTH
nonepeqHI0 00poOKy iHpopmamii. OckiabKM YacoBWi psij sBiISE COOOIO
MOCNIIZIOBHICTh YMCJIOBUX BIJUTIKIB, monepenaHs oOpoOka 3BOXUTHCS 10
MacmTa0yBaHHs 3HaYEeHb BiIUTIKIB 3 METOIO iX NMPUBEJCHHS B €IMHUH Jiana3oH.
KoxxHa BuOipka sBisie COOOK TUCKpeTHY (YHKIIIO, 3aJaHy B TOYKaX Ha
inTepBaii [0, N] 3 kxpokoMm 1, ne N - MakcumaibHe 3HAUE€HHS apryMeHTy i€l
G yHKIIIT.

[Tpu po3B’s3aHi 3a7a4 MPOrHO3YBaHHsI POJIb HEHPOHHOI MEPEKi MOJISTAE B
nependavyeHHi MalOyTHBOI peakilii cUcTeMH 3a ii MonepeHbOI0 MOBEAIHKO.
Bomonitoun iH(popMAaIi€ero Mpo 3HAYCHHS 3MIHHOI X Y MOMEHTH, IOMEpeIH]
HPOTHO3YBAHHIO X(f.1), X(k-2)> ---» X(k-n)» MEPEXKA BUPOOIISIE PO3B’A30K, SIKUM Oyne
HaiO1TbII iIMOBIpHE 3HAUEHHS MOCHiTOBHOCTI Xy y TENepilHiii MOMEHT k. Jlns
aganTanii Bar Koe(illieHTIB MepeXi BHUKOPHUCTOBYIOTHCS (aKTHUHA MOXHOKa
IPOTHO3YBAHHSA € = X(;) — X(5) 1 3HAUEHH IIi€l MOXUOKU B IIONEPEIHI MOMEHTH
yacy [3].

ITpn BuOOpi apXiTEeKTypu Mepexi 3BHUANHO BUIIPOOOBYETHCS JEKiJbKa
KOH(QIrypaliif 3 pi3HOI0 KiNBKICTIO eJleMeHTiB. Buxomsuu 3 Toro, mo 3agada
MIPOTHO3YBaHHS € OKPEMHM BHUIIaJKOM 3aBJaHHS perpecii, BUILUTMBAE, 110 BOHA
Moxke OyTH BHpillIeHa TaKMMH THIIAMH HEHMPOHHHMX MepeK: OaraTomapoBUM
HEPCENTPOHOM, palialbHO-0a3UCHOI0 MEPEXKEI0, Y3araJbHEHO-PEerpeciiiHoro
Mepexero, Mepexxero Bonbreppi Ta mepexeto Expmana.

[Tpu po3B’s3aHi 3a1a4i pIBHOMIPHOTO PO3IOIUIEHHS CIIOXKUBAYIB Y SKOCTI
HEHpOHHOI Mepexi Oyna oOpaHa y3arajdbHEHO-pErpeciiiHa Mepexka, o
pearizye MeToAM siiepHOI anmpokcumanii. Y 3ajadax perpecii BuUXij Mepexi
MOXE PO3IIISAATHCS K OYiKyBaHE 3HAYEHHsI MOJENI B JaHiil TOYIl IpocTopy
BxoziB. Lle ouikyBaHe 3HaUSHHS OB’ sI3aHE 3 I'YCTHHOIO IMOBIPHOCTI CIIJIBHOT'O
pO3IIOAITYy BXIHMX 1 BUXIOHHX JaHUX. Y TOYIl pO3TAlIyBaHHS KOXKHOTO
HABYAIBHOTO  CIOCTEPEXKEHHS MICTHThCSI TayccoBa sifiepHa  (YHKIIiS.
BBaxaeTbcs, 10 KOXKHE CIOCTEPEKEHHS CBIAYHUTH PO JIESIKY BIIEBHEHICTH Y
TOMY, II[0 TIOBEPXHS BIATYKY B JIaHii TOYIl Ma€ IEBHY BUCOTY, 1 I BIIEBHEHICTh
3HWKYETBCSl TPH BimXonl yOiK Bil TOYKH. Y3arajJbHEHO-perpeciiiHa Mmepeka
KOIIIOE ycepenuHy cebe BCi HaBYalIbHI CIOCTEPEKEHHS Ta BHUKOPHCTOBYE iX
JUTSL OIIHKK BiJTYKy B JOBIJIBbHIA TOYIN. 3aJUITKOBA BHXIiJHA OI[IHKA MEpEexki
BUXOIUTh SIK 3BaXKEHE CEPEIHE BHUXOJIB 32 yciMa HaBYAIBHUMH
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CIIOCTCPEKCHHSAMHY, J€ 3HA4YCHHS Bar BIiJOWMBAIOTH BIJICTAHB BIJ I[UX
CIIOCTEPEKEHDb JIO Ti€l TOYKH, B SKId MPOBOMUTHCA OIiHIOBaHHI. CTpyKTypa
y3arajJbHEHO-PErpeciiiHol HeHPOHHOI Mepeki MPECTaBICHO Ha puc. 1.

Bxigauit 1 npuxopanuit 2 npuxoBaHuUii map Buxinnuit
map map (RBF) (mepcenTpoHn) miap

Puc. 1 — Crpykrypa y3araisHeHO-perpeciiiHoi HeHpoHHOT Mepeski

V3aranbHeHO-perpeciiiHa Mepeka Mae JBa TNPHXOBaHI I[IapH: IIap
panialbHUX €JIEMEHTIB 1 Iap eleMeHTIB, siKi (JOPMYIOTH 3BaXKEHY CyMY IJIs
BiJIMIOBITHOTO eJIeMEHTa BUXIJHOrO miapy. Y BHXiJHOMY MHIapi BH3HAYAETHCS
3BaKEHE CEPEHE NIISIXOM PO3IOALTY 3Ba)KEHOI CyMH Ha CyMmy Bar. Y SIKOCTI
panianeHOi (yHKIIT 3acTocoByeThest pyHKuis [aycca. Bxignuii map nepenae
CHUTHAJM Ha TNepIIMi MPOMDKHMH IIap HEHpPOHIB, MO0 € pajiajbHO
cuMeTpuuHNMU. BoHn HecyTh y co0i iH(doOpMalilo mpo JaHi HaBYIBHHX
BUMNAKIB abo X IX KilacTepiB 1 mepemaroTh ii B IPYruil NpoMDKHMH map. Y
HBEOMY (OPMYIOTHCS 3BaKEHI CYMH JUIsI BCIX €IIEMCHTIB BUXITHOTO IMapy i
cyMa Bar, 10 O0UMCITIOETHCS CHELiaIbHUM eJIEeMEHTOM. SIKIIO MO3HAYUTH BUXi[
i-T0 HeWpoHa paJiabHO-0a3MCHOTO MEPEKEBOro INapy sK Vi, TO BHXITHHA
CHTHAJ i-r0 HEWpOHa APYroro NPOMIXHOTO IIapy OOYUCIIOETHCS 38 BUPa30oM

k
u, =Zvl. s @)
i=1

zie k - 9nciio HEHpOHIB B pajianbHO-0a3UCHOMY MEPEKEBOMY IHapi.
[To3naumBmM Tenep BaroBi Koe(illieHTH i-ro HeHpoHa B pafialbHO-
0a3MCHOMY MEpEeXXyOoMY IIapi SIK ®;, OAEPKUMO BUPa3 JJIsl CyMH Bar:

k
Vo =20, ()
=

OmKe, BUXIIHMH IIap JIUINTH 3BaKEHI CYMH Ha CyMy Bar i BHIA€
ocTaTOYHHH NMporHo3. [lo3HauuBIIM HOTO Yi, OEPIKUMO:
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=

yir=—- 3)
Yo

PosrnsinemMo Tenep mpHHIMITK (YHKI[IOHYBaHHS HEPIIOr0 HPOMIKHOTO
mapy, CTpyKTypa SKOro IpeJCcTaBjIeHa Ha puc. 2.

A\ 4

X +

X O—» +

A\ 4

Puc. 2 — CrpykrypHa cxema (yHKIIIOHYBaHHS NEPIIOTro MPOMIKHOTO Iapy

Ha BXin pazmiasbHUX €IEMEHTIB i3 BXIJHOI'O IIapy ITOJAETHCS BEKTOP X.
Basuchi ¢yHkunii pagianbHo-0a3ucHOrO miapy 3afaloThes Matpuieto Q, are B
MPAaKTHYHOMY IUIaHi OUTBII 3pyYHO BHKOPHUCTOBYBATH IJISI ONHCY €JIEMEHTIB
MaTpumio kKopemsuii C, sKky MoKHa OTpUMaTH i3 Matpuui Q y Takuii croci6:

c=0"-0, @
Lentp i-ro HelipoHa padiaabHOrO APy MO3HAYUMO SK Cj.
3aNuIKOBUI pe3yabTaT 0OpOOKM BXiJHHX CHTHAJIB S; OOUHMCITIOETHCS 32
bopmynamu:

1Z 2
sy = ‘EE(% ~F. )
S, =YY, (©)
=
k 1S
v, =Y. exp —E—’z o, . (7)
t=1 Oy

[ToTiM BeKTOp BHXiJHMX CHTHAJIB V IIEpEa€ThCd Ha BXiJ JAPYroro
MIPOMIXXHOTO IIapy Mepexi.
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[epeBaroro y3araiabHEHO-pErpeCiitHOl HEHPOHHOT MEPEKi MOXKHA BBAXKATU
BH3HAYCHICTh CTPYKTYPH: Mepexa (pakTHYHO BMilllye B cebe BCi HaBYANbHI
naHi. 3 iHmOro OOKy, Taka CTPYKTypa Helpomepexi € i i HalOLIbIIMM
HEJIOJIKOM: TIPH BEJIMKOMY 00CS31 HaBYaJbHUX JaHHX LIBHIKICTH POOOTH
Mepexi majae, iHOMI JTyXe CYTTEBO, Yepe3 MOMITHE 30UTBINICHHS CKJIaJHOCTI
apXITEKTypH.

Buxinne 3naueHHs MepeXi Ma€ iIMOBIPHICHUI BHIJISI, TOMY HOro jerie
inTeprnperyBatd. [lpn HeBenukoMy 00Cs31 BXIJHUX JaHUX Mepexka JIyxe
IIBHJKO HaBYaeThcsl. HaBuaHHA Mepeki HEOOXiHO BUKOHYBATH OKPEMO JUIS
KO)KHOTO YacoBOTO psijly, TOMY IO CHpo0a MPOTrHO3YBAaHHS PsifKa, Ha SIKOMY
Meperxa He Oyia HaBueHa, MPHUBEJIE JI0 TOMHIKOBOTO pe3ynbTaTy [3].

BpaxoByroun Buiieckazane nooyayeMo CTpYKTYpy HEHpOHHOI Mepexi Juis
PIBHOMIpHOTO pO3MOiJIeHHs] HaBaHTaxeHb B Mepexi 0,38/0,22 xB. Bximaumu
cUrHajgamMu Mepexi OyayTre cTpymu (a3, a BHUXITHAMH — pPEKOMEHHAIi 1o
PIBHOMIpHOMY PO3MOIIJICHHIO HABaHTaXeHb B Mepexi (puc. 3).

Pexomenparii mo

Heliponna mepesxa PiBHOM?PHOMY
I[g —— " pO3IOJiIICHHIO

HaBaHTaXXEHb B
Mepexi

Puc. 3 — Heiiponna Mepeska mist piBHOMiIPHOT'O PO3MOIIEHHST HABAHTAXKEHB B MEPEexki
0,38/0,22 kB
KinmeBa mera BHMIpIOBaHHS TOKA3HUKIB SKOCTI €JICKTPOCHEPrii — Iie
NPUAHATTA BIAMOBITHUX 3aXOMiB INOAO IX momimmieHHs. B panuii wac
BignoBinHo 1o IITEE [4] BupiBHIOBaHHS €JEKTPUYHUX HaBaHTAXKEHb
TpaHchopMaTopiB 1 rojoBHUX mAinsHOK JiHIA 0,38 kB mpoBomguThCs
MOHTEPCHKUM OpWragaMyu Ha TiJCTaBi pe3yNbTaTiB BHMIPIOBAaHb CTPYMIB Y
¢da3zax B mepion HAWOUTBIINX HABAHTA)XKEHb. SIKIIO B MPOBOAAX TOJOBHUX
IistHOK a0o Ha muHax 0,4 kB tpancdopmaropa
I, #15#1, (®)
TO TCHS TIepepo3NOAieHHS oAHO(a3HMX CIOXMBadiB MK (asamu
HaBaHTa)KEHHS cTa€ OLIBII-MEHII PiIBHOMIPHUM, TOOTO:
I y=Ip~I,. )
Sk mpaBWiO, BUPIBHIOBAHHS ENEKTPUYHHMX HAaBaHTaXEHb MM 1
oomexyeTbest. OIHAK OCKUIBKM BMHKaHHS a00 BHUMHKaHHS OyIb-SIKOTO
npuiiMaya € piBHOMMOBIPHUM 1 CyMapHe HaBaHTA)XEHHS ITiANOPSIKOBYETHCS
CTaTUCTUYHMM  3aKOHOMIPHOCTSIM, — HENpPWAATHICTH CHMETPYBaHHS 32

112 ISSN 2224-0349. Bicnux HTY «XI1l». 2013. Ne 17(990)

CTpyMaMH, sIKi MaloTh MicClle B JaHWM MOMEHT 4acy, HaBiTh B Hepiof
HaKOIIBIINX HABAaHTAXXEHb, OYEBUIHA.

B 3B’513Ky 3 IMM NIPONOHYETHCSI BAKOPUCTOBYBATH HEHPOHHY MEPEXKY, SIKa
BpaxoBye 3MiHy HaBaHTa)XECHb CIOXKUBAUiB Yy 4aci 1 Jja€ MOXIIMBICTh BUKOHATH
piBHOMIpHHMI PO3MOALT HaBaHTaKeHb MO (pazax Ha iHmMX npuHIMnax. [Ipu
OMY pEKOMEHJamii 110 TEepPeeIHAaHHI0O TOr0 YW IHIIOTO CIIOKMBada 3
MaKCHMaJIbHO HaBaHTaXXEHOi ()a3u 10 HaWMEHI HaBaHTaXXEHOI OyAe AaBaTH
HelpoHHa Mepeka Ha MijcTaBi mepezicTopii Hakonu4yeHux naHux. Ha puc. 4
MIPE/ICTaBJICHO HEHPOHHY MEpeXy Uil CTBOPEHHs CTparterii piBHOMIpHOTO
po3IoAisieH s HaBaHTaxkeHb B Mepexi 0,38/0,22 kB.

3anpornoHoBaHa HEWPOHHA Mepeka Ha OCHOBI 3HATTS Ta aHalli3y JOOOBHX
rpadikiB HaBaHTa)XEHb 32 MIBPOKY Ja€ PEKOMEH/AIlii, Ha SIKY BEJIMIHHY CTPYMY
HEOoOXiTHO Iepepo3noAiIuTH Ha Ty 4M iHmy ¢asy. Kpim Toro HelpoHHa
Mepesxa JUIs BUAIIEHHS PeXXUMY MaKCUMyMa HaBaHTa)KEHHS BiJl iHIIMX 3HAUYEHb
cTpyMy n00oBoro rpacgika HaBaHTA)XKEHHS EJIEKTpoIepeaadi, BUKOPHUCTOBYE
TITBKU Ti 3HAYCHHS CTPYMY, SKi 3HAXOAATHCS B JiamazoHi [— 0([,ay); 0(Lnax)]

(puc. 5).

[opiBHsAHHSL Pekomennanis
Ia =0 HapanTakenns pasu A y Hopmi
<0 JloBanraxutn dasy A Ha Al
>0 Pospantaxutn pasy A Ha Al
[opiBHAHHS Pexomenanis
=0 HasauTaxenns pasu By Hopmi
<0 JloBanraxkuti asy B na Alg
>0 Possantaxkutn pasy B Ha Al
-1
1/3
[TopiBHsAHHS Pexomenanis
le 3 3 Alc =0 Hasanraxenns pasu C y HOpMi
Ne » Ne
<0 JloBanraxuti pasy C na Ale
>0 PossanTaxuti dasy C va Alc

Puc. 4 — Heiiponna Mepeska It CTBOPEHHS CTpaTerii piBHOMIPHOTO PO3IOIUICHHS
HaBaHTaxeHb B Mepexi 0,38/0,22 kB
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Puc. 5 — 3aKkoH po3nomisIeHHs CTPYMiB B Mepexi

BucnoBok. BuxopuctaHHs HEWpOHHOI Mepexi Ui PIBHOMIPHOIO
PO3TONIJICHHS HaBaHTaXeHb B Mepeki 0,38/0,22 kB 103BONMTEH MiJBUIIATU
JIOCTOBIPHICTh IPUHHSTTS PIIIEHHS ITEPCOHATY MOHTEPCHKOI Opuram.
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VK 621.3.027.2:621.3.0183

PiBHomipHuii posmoain HaBaHTaxkeHb B Mepexi 0,38/0,22 KB 3 BHKOPHCTAHHAM
HeiipoHHoi Mepe:xki / Mipounuk 0.0. // Bicuuk HTY «XIII». Cepisi: Enepreruka: HagiiHicTh Ta
eneproedextuBHicTs. — XapkiB: HTY «XIII». — 2013. — Ne.17 (990). — C.106-114. Bi6umiorp.: 4
Ha3B. l.: 5.

IlpennoskeH MeTON paBHOMEPHOrO pacmpenelieHuss Harpysok B ceru 0,38/0,22 xB.
ITpoaHanM3UpPOBAaHBl THIBI HEHPOHHBIX CeTeH M MPETIOXKEHBI UIS PeIIeHWs NAaHHOH 3ajadu
00001IeHHO-perpecCuOHHasl HepoHHast ceTh. [I0CTpOeHO CTPYKTypy HEHPOHHOW CeTH, KOTOpas
JlaeT PEeKOMEHJAIIMU OTHOCHTENIBHO PaBHOMEPHOIO pacIpe/eleHUs] Harpy30K B CETH Ha OCHOBE
CTaTUCTHYECKOH HH(pOpPMaIIUH.

KiioueBble c10Ba: HECHMMETPHSI TOKOB, HEHPOHHAs CeTh, PaBHOMEPHOE pacIpe/ereHne
noTpedutenei

A method of uniform load distribution in the network 0.38 / 0.22 kV. Analyzed the types of
neural networks and proposed to tackle this problem of generalized regression neural network. Built
the structure of the neural network, which provides guidance on the uniform distribution of loads in
the network based on statistical information.

Keywords: current unbalance, neural network, a uniform distribution of consumers.
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YIK 621. 313.3

H.B.PVJ[EBIY, xaun. TexH. HayK, ao1l., HTY «XIIly;
M.®. [TICKYPHOB, nou., HTY «XTIIy.

MATEMATHUYHA MOJIEJIb CHHXPOHHOT' O TEHEPATOPA B
®A3ZHUX KOOPIUHTAX JJIA JOCJIKEHHSA
EJIJEKTPOMATI'HITHUX NEPEXITHUX ITPOLECIB B
CEPEJIOBHUIII MATLAB

B crarTi po3risHyTO peanizailis MaTeMaTHYHOT MOJISITi CHHXPOHHOTI'0 TeHEepaTopa B CepeOBHILI
Matlab.
KirouoBi ci10Ba: MaTeMaTnyHa MOJCIb, CPIHXpOHHI/If/’I T€HepaTop

IMocranoBka mpodaemun. CydacHi KOMI'IOTEpHI TEXHOJOTIi, B OCHOBI
SIKUX JIOKaTh NPUKIANHI TAKETH, JAIOTh MOXJIMBICTH OUTBII TIHOOKOTO
BHUBUCHHS IIMTaHb, IOB'S3aHUX 3 TMPOIECAMH B EIICKTPUYHUX CHCTEMaX.
[HCTpYMEHTOM MOCHTIKCHHS MEPEXiHUX MPOIECIB B CIEKTPUYHHUX CHUCTEMax
MOJKe CITyryBaTu nporpama Matlab. J[jst mocimikeHHS POIECiB B €ICKTPHYHI T
CHUCTEMI 3a JIOIOMOTrOI Ili€l mporpaMu HEoOXiHO B cepemoBuil Matlab
CTBOPUTH KOMIT'IOTEPHY MOJIENb €JIEMEHTIB €JIEeKTPUYHOI cucTemi Ha 0a3i ix
MaTeMaTU4YHUX Mojened. [lpu MomenmtoBaHHI MPOIECIB B CHHXPOHHOMY
reHepaTropi ~ BHUKOPHUCTOBYIOTb  ab0 MaTreMaTndyHy MoJelb B (ha3HHUX
KoopJMHaTax abo B dgq KoopauHaTax. B craTTi pO3MISTHYTO MaTeMaTH4Hy
MOJIETh CHHXPOHHOTO Ir'eHepaTopa B (pa3HUX KOOPJIUHATAX.

AHami3 ocrtamix gocaikenb Ta myOmikamiii. B poGorax [1, 2]
HABCJACHUIM KIACHYHHUN BHIJIAA  MAaTEMaTHYHOI MOJETl  CHHXPOHHOTO
reHeparopa. PiBHSHHS OajaHCy HaNpPYT 3aITUCYETHCS SIK

ug = —d;;s — i, S ={A,B,C}

dy,
u, = ., s 1.1
! dt I (1.1)

d .
0= :Zl" +7,0,,k = {d,q}

ne F,,ry,¥. — aKTUBHUI onip 0OMOTOK cTatopa ry dasu A, B, C BianosiaHo;

¥, — aKTUBHHiA omip 0OMOTKM 30Yy/DKEHHS; 7, , 7, — aKTUBHHiA omip 0OMOTOK

lg
poropa 1o MIPOIOIBHIN Ta  TONEpevHii ocsM BiJITIOB1/THO;
VW Ve Wigs Wy, » W — HOTOKO3YEILICHHS CTATOPHUX OOMOTOK, POTOPHHX

00OMOTOK IO BiJIITOBITHUM OCSIM Ta OOMOTKH 30Y/KCHHS;
© H.B.Pynesiu, M.® Ilickypsos, 2013
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igs Iy iy by by, [ — CTPyMH B CTATOPHUX 00MOTKax a3 A, B, C siznosiznHo,
pOTOPHHX OOMOTKAaX IO BIAMOBITHHM OCAIM Ta B OOMOTII 30Y/DKCHHS;
Uy, Ug, Uc, U,— HATIPYTa B CTATOPHUX obmotkax ¢a3z A, B, C BiamoBigHO Ta
HaTpyra, 1o MiBeJICHa 0 0OMOTKH 30y/DKSHHS.

[ToToko3uerieHHsI KOXKHOT OOMOTKY 3aIHCYETHCS SIK TOOYTOK CTPYMIB Ha

BIJIMOBI/THI 1HIyKTUBHOCTI Ta B3a€MOIHIYKTUBHOCTI
V=L +M iy +M i + MA/’l.f +M 0, + MAlqilq
=My i, +Lyi,+Myg.i. +MBT/’l'f +My i, M
C/.if + M0, +M

V=M i+ M gip +Mic +Loi, + M\,

qullq

Ve =Mci,+Mgip+Leic+M cighy

(1.2)

Vg =M i+ Mg + M, i + Mla{f’lf +1L,,iy

vy, =M1quA +M1qu +M1qcl +qullq

B mammni, mo obepTaeTbCcs TIMBKU iHAYKTHBHOCTI Ljs Lig, L1, MOXHa
BBaXXaTH He3MiHHMMU. Bcei inmn L Ta M 3amexars BiJ HOJOXKEHHS poTopa
BiJIHOCHO OOMOTOK CTaTopa, a, 0TXKe, € (PYHKINSIMHA 9acy

21 2
Ly =l,+1,cos2(y+a),s ={4,B,C},a= {0,—%,%}

M =m,+m, cos2(y+oc),s={BC,AB,AC},0¢:{ ,_2%,2_75}
21 2
My =M, cos(y+a),s = {4,B,C},a ={0,—?”,—”} . (13)

M, =M, cos(y+a),s ={4,B,C},a= {0,_2%,2_71}

2n 2
M =M, cos(y +a),s ={A,B,C},a :{0’__“’_71}

ne [,, m, — TOCTiIliHI CKJIaJOBI BIJNOBIAHUX IHAYKTUBHOCTEH; /,, m, —
aMIUTITYIM JPYTUX TApMOHIK THX K€ IHIYKTUBHOCTEH; Y — KyT Mi’K MarHiTHOO
occro ha3u A Ta MPOIONBHOK OCCIO d, ¥ =, +7,(®, — CHHXpOHHA KyTOBa
HIBUJIKICTH 0OepTaHHA HOJA cTaTtopa), [, Ta m,, [, Ta m, BUPaXKaroThCs Uepes
IHIYKTUBHOCTI, SKUMH 3BHYAilHO XapaKTepU3yeThCs CHHXPOHHA MallnHa
zzl(L +L,+Ly). L, =m =1(L —L)mzll—ﬂ (1.4)
0 3 d q 0 )>%2 2 3 d q )0 3 0 b > .

Jie B BITHOCHUX OAUMHUIAX L, = X, ; Lq = Xq ; Ly =X, .

Cucremu piBasHb 1.1, 1.2, 1.3, 1.4 npeacTaBistoTh MaTEMAaTUIHY MOJICITH
SIBHOTIOJIFOCHOTO CHHXPOHHOI'O TeHepaTopa 3 YpaxyBaHHSAM JAeMI(EpHUX
00MOTOK B PEXHMi XOJIOCTOI'0 XOMYy, KOJMU (ha3Hi CTPYMHU JOPIBHIOIOTH HYJIO
i,=0,i,=0,i.=0. B HaBaHTa)XeHOMY PEXHMi I MOJENb MOBMHHA OyTH

JIONIOBHEHA CHCTEMOIO pIiBHSHb, $KI BiJIOOpaKalOTh 3aJEXKHICTH CTPyMY
cratopHux ooMmotok a3 A, B, C Bin BianoBimHux Hanpyr. Hanpuxmiaza, npu
CTaTUYHOMY CHUMETPUYHOMY HaBaHTa)KEHHI, 110 HOCHTh aKTUBHO-1HAYKTHBHUH
XapaxTep, 3IEeKHICTh MK CTPYMOM HaBaHTa)XEHHs Ta HAINpyrolo reHepaTropa
Ma€ BUTJIISA

di

— s
Us = Vsls + Lnaﬁ ° (15)

dt
ne 1, ~— AaKTUBHMH omip HaBaHTaxxeHHs ¢asu; L, — I1HIYKTHBHICTh
HaBaHTaxeHHs ¢asu, L, =L —M,_ (L, — BlacHa iHIyKTUBHICTb (asn,

M, — B3a€MOIH/IyKTHBHICTh MiX (azamu).

[Tpu BincyrHOCTI AemiepHIX 0OMOTOK y reHepaTopa OCTaHHE PiBHSIHHS
B cucremi (1.1) ta nBa ocranni piBHaHHA B cucremi (1.2) i (1.3) OymyTs
BIICYTHI. Y BHIIQJKy HESIBHOIOJIOCHOIO TeHepaTropa, IPH YMOBI HOTO
CJICKTPUYHOI CUMETPii, Mozieb Oy/e CIpOLeHa 3a paxyHOK Toro, mo L, =L,

a, OTXKe,
Li=Ly=Lc.=1l, ta M;y=M, =M =My =M., =My =m,. (1.7)

Merta crarri. [loOymoBa MareMaTHyHOI MOAENI  SIBHOIONIOCHOTO
CHHXPOHHOTO TeHepaTopa 0e3 geMipepHUX OOMOTOK Ui JOCIIKEHHS
€JIEKTPOMArHITHUX TEPeXiJHUX MPOLECIB MPU panToBOMY 3aMHMKaHHI (a3 B
OyIb-sIKili TOUIl KOJIa HaBaHTaXXEHHs a00 Ha IIMHAX TeHepaTopa AJIsl CTBOPEHHS
BiJIMOB1THOT KOMIT'IOTEpHOI MoJieNti B cepenoBuini Matlab.

OcHoBHi MaTepiaau gociizKeHb. 711 CTBOPEHHS KOMII'IOTEPHOI MoAei
SIBHOIIOJTFOCHOI'O CHHXPOHHOTO TeHepaTopa 0e3 jaemidepHuX OOMOTOK st
JIOCII/DKEHHST  €JIEKTPOMArHiTHUX IepexXifHUX IPOIECiB NpPHU PanTOBOMY
3aMHKaHHI (a3 B Oyab-sKifi TOUIll KOJa HAaBaHTAXCHHS a00 Ha MIMHAX
reHeparopa 3py4YHO BHKOPHCTOBYBATH HACTYITHHUH BUIJIS] MaTeMaTHYHOL
MOJIEJi CHHXPOHHOTI'O TeHepaTopa.

CtpyM B 00MOTIIi 30y/PKEHHS! BU3HAYA€ETHCS 3T1HO 3 PIBHIHHAM
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1 di, 1 dM i, +M i, +M i
——‘/L/.+r/.i/. =u,—— M il 25 /CC). (1.8)
o, d T o, dt
Enexrpopymiiiina cruna KoxHOI (ha3u BUZHAYAETHCS 3TIHO 3 CHCTEMU
PiBHSHB
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d(M i)
“TTTa
d(M i,
=", 1.9
2 7 (1.9)
d(M i)
“TTTa

HOXiZ[Ha IMOTOKO3YEIUIEHHS KOXKHOI 0OMOTKH (1333 Ma€ BUTTISAQ

_d\VA —e _d(LAiA)_d(MABiB) +d(MACiC)
a ' dr dt dt

_dUrIB —e, - d(Lyiy) _ d(Mp,i,) + d(Mcic) (1.10)
dt dt dt dt

_d\Vc —e _d(LCiC)_d(MCAiA)+d(MCBiB)
d ¢ dt dt dt

Bananc Hanpyr Ha MMHAX reHepaTopa KOXKHOI (ha3u BU3HAYAETHCS 3T1THO 3
CHCTEMH DPiBHSHb

=—dWA —ri
4 o dt
dy, .
U, =— —7rig p. 1.11
5= odt (1.11)
dy, .
=— —7i
¢ o dt €

CtpyM craTopa KOKHOT (pa3u reHepaTopa peatizyeThesl y BUTIISIII CUCTEMU

eA _( dLA + rHaB + rvt )lA _L d(MABlB) _L d(MAClC)
;= j o,dt ‘ o, dt o, dt
! (LA + LHaB)/ (’00
eB _( ? +rHaB +rvt)iB _Ld(MBAlA) _Ld(MBClC)
;= j o,dt ‘ o, dt o, dt (1.12)
’ (LB + LHaB) / (’00 ' '
€ _( < +rHaB +rvt)iC _Ld(MCAlA) _id(MCBlB)
;= j o,dt T o, dt ®, dt
¢ (LC + LHaB) / ®,

Bci 3nauenns r[apaMeTpiB MOI[eJ'Ii BU3HAYAIOTHCA B BiI[HOCHI/IX OJMHHUIAX
npu HOMIHAJIBHUX YMOBax, OKpiM qacy ft, SIKHIA BUPAXKAETHCA B CEKYHAAX, JIA
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BiJJOOpaKeHHs IMpoIeccy B peasibHOMY daci. OTpUMaHHS 4acy B CeKyHJax
JIOCSITAETHCS [IUISIXOM JIOMHOKEHHSI 4acy, KWK BUpPaXaeTbCs B QopMynax B
panmiaHax, Ha KyTOBY IIBHJKICTb (), IO Ma€ OJWHUII BUMIpY pajiaH Ha
CEKYHIY (¢=314 pan/cex).

BaxnuBoro  3amadero €  TpHBEICHHS  IACIIOPTHUX  IapaMeTpiB
CHHXPOHHOTO T€HepaTopa /0 MapaMeTpiB MOJeNi, [0 BHUPAXKAIOTHECSI B
BiJTHOCHUX OJMHMIIb NPU HOMIHAJIFHUX YyMOBaX, HABEIEHUX N0 OOMOTKH
craropa.

BucnoBkn. 3a J0moMOror0 HaBeJeHOI MaTeMaTHYHOI MOJIETI MOXKHA
CTBOPUTH KOMIT'IOTEPHY MOJEIbh CHHXPOHHOTO reHepaTopa 0e3 JaeMndepHux
OOMOTOK ISl JOCII/DKEHHS €JeKTPOMArHiTHUX TEPEXiHUX MpOLECIB INpH
panToBOMY 3aMHKaHHI (a3 B Oyab-sKif TOYIl KOJa HAaBaHTAXKEHHA ab0 Ha
IIMHaX TeHepaTopa.

Cnucoxk smreparypbl. 1. Viesanoe C.A. DeKTpOMarHUTHbIE MEPEXOIHbIE IPOLIECCH B
anekrpuueckux cucremax / C.A. Vavsanwos. — M. : Dueprus, 1970. — 520c. 2. Kymukos
FO.A.TlepexomHble Tpolecchl B dleKTpudeckux cucremax / FO.A..Kyaukos. — M: Mup. - 2003. -
183c.

THocmynuna 6 peokoanecuio 30.09.2012.

VK 621.314

MareMaTHYHA MOeMJIb CHHXPOHHOTO TeHepaTopa B (a3HHX KOOPAMHATAX ISl
JOCJIiIZKeHHs] eJ1eKTPOMArHiTHUX NepexiiHux npouecis B cepenopumi Matlab / Pynesiu H.B.,
Mickyprop M.D. /! Bicamk HTY «XIIl». Cepis: Enepretnka: HagiifHiCTh Ta
eneproedextuBHicTh. — XapkiB: HTY «XIII».— 2013. - Ne.17 (990). — C. 114-118. Bbi6umiorp.: 2
Ha3BH.

B cTaThe paccMOTpEHO pealH3aliio MaTeMaTHYeCKOH MOJENH CHHXPOHHOIO IeHepaTopa B
cpene Matlab.

KiioueBble c10Ba: MaTeMaTHIecKast MOJENb, CHHXPOHHBII TeHepaTop.

In the article it is considered realization of mathematical model of synchronous generator in
an environment Matlab.
Keywords: mathematical model, synchronous generator
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YIK 621.315

I A. CEH/IEPOBHY, n-p TexH. Hayk, joil., HTY «XI1N»;
ILT. IIIEPFAKOBA, xauj. TexH. HayK, joil., HTY «XITN»

BJIMSTHUE IIOTPEITHOCTH COTPOTHUBJIEHUA CBA3U C
CUCTEMOU HA ONPEJAEJEHUE JOJEBOT'O YYHACTUA
CYBBEKTOB B HAPYIIIEHUY CUMMETPHUU HAITPSI)KEHUIA

B pabGote npoBe/eHbl HCCIIEN0BAHMUS METOANYECKOM MOrPEITHOCTH ONPEeICHHS I0JICBOTO y4acTHS
CYOBEKTOB B HapYILICHUH CHMMETPHH HAMIPSHKCHHUM, BBI3BAHHOW OIIMOKOW B OIICHKE COMPOTHBIICHUS
CBSI3M C CHCTEMOM.

KaoueBble cj10Ba: Ka4yeCTBO 9JICKTPHUYECKOW AHEPrHH, HApyLNICHHE CHMMETPUH

HaHpS[)KeHPIfL JOJIEBOC y4aCTUE Cyﬁ'I:eKTOB7 COITPOTUBJICHUS CBA3H C CHUCTEMOI.

HocranoBka 3agauum W aHanu3 nyoaumkaumii. Ilocnennue roxabl B
VYxpauHe Oombllioe BHUMAaHUE YIENSETCsS BONPOCAM KauecTBa 3JIEKTPOIHEPTUH
(K3). [erepmMuHMpOBaHHOE ONpeneiEHHE [OJIEBOI0 YYacTHsi CyObEeKTOB
pacripeieneHiss M MOTpeOJIeHHsT JJIEKTPUUECKOW SHEpPruy B HapylICHHH ee
KauecTBa MIO3BOJISIET aBTOMATU3UPOBATh polecc olpeeNeHus
OTBETCTBEHHOCTH, U, TE€M CaMblM, IOBBICUTH 3aMHTEPECOBAHHOCTH
notpeduTened W TOCTaBIIMKOB B coOmroneHnu tpeboBanmii 'OCT [1] x
nokasateiasiM  kadectBa onektposHeprun (IIKD). OmHuM M3  OCHOBHBIX
TpeboBanuii mo KO sBnsiercst obecrieueHne CUMMETPUH HAIpsDKEHHH, KOTopoe
xapaxrepuzyetcs aBymst [IKD: koadpuiimenToM HeCHMMETPUH HANIPSHKEHUS 110
obpaTtHOi mocnenoBarenbHOCTH Koy ¥ KO3((UIMEHTOM HECHUMMETPUH
HanpsHKEHUs 10 HyJIeBOM mocienoBaTenbHocTu Koy.

Te xe mpoOnembl akTyanbHbl B apyrux crpanax CHIT, rme cocrosiHne
JNIEKTPUUYECKHUX CETeH M 3JIEKTpOooOOpyJoBaHHE MOTpeOUTENeH TpaaUIMOHHO
HE YYUTHIBA€T MHOTMX TpPeOOBaHMH, HEOOXOMUMBIX Uil moanepxanus KO B
cucreMax ajekrpocHaOxeHus. [loatomy, I"ocaHEeproHan30poM MHUHHCTEPCTBA
sHepretuku Poccuiickoii denepanmu  yTBEpXKIE€H METOA  ONpeEeNIeHUs
(akTHYeCKOro BKIana CyObeKTa, MMEIOIEr0 HCKaXaloluue MNPUEMHHUKH,
obycnosusine HecoorBercTBre [TKD [2].

B ocHOBe MeTOJa B UaCTH €ro NPUMEHEHHs] K HECUMMETPUYHBIM PEeXUMaM
JIOKUT ONpEAETeHNE HCTOYHMKA MCKAXEHUH CHMMETPUM 10 HaIpaBJICHUIO
aKTHUBHOW MOIITHOCTH 0OpaTHOM mocnenoBarenbHOCTH. Ho 3TOT MeTox He naeT
JIETEpPMUHUPOBAHHOTIO PEHIEHHsS M MOXKET JaBaTh OOJBIIYIO MOTPEIIHOCTH B
OIIpEeJIeJIeHUH JI0JIEBOTO y4acTusl MOTpeduTeIeld B HapyIIeHHH CUMMETPUU Ha

COOpHBIX IIIMHAX.
©T.A. Cenneposuy, IL.T". llepbakora, 2013
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B pa3spaboTkax yKpaMHCKHX YyYEHBIX HaMHJEHBI pelIeHusi, ONn3Kue K
JIETepMUHUPOBAaHHBIM. [IpeiiokeH MeTon OmpeseNieHHsl AOJEBOr0 y4acTHs
CyOBEKTOB B HapylIEHHSX CHMMETPUHM HANpsDKEHUH Ha TpaHuWIle pasnena
6anancoBoii npunamiexHoctd (I'PBIT), wucronb3yromuii nmapameTpu4ecKuii
MOAXOA JJISl MOJENH, BBINOJHEHHOW B (a3HeIX KoopauHatax [3, 4]. Ilpm
OIIpEeJIeTIeHUH JIOJIEBOTO Y4acTHsl B HAPYIICHWH CHMMETPHU HAINpSHKSHUH IO
HyneBoir mocnenoBarensHocTH (Koy) Meron oOecrieuuBaer oIpeseneHue
JIOJIEBOTO yyacTHsl oTpeduTeneii 6e3 MeTonniecKux norpemHocreil. B ciaydae
OIIpEeJIeIeHUs] JI0JIEBOTO YYacTHsl B HApYLUICHUH CHUMMETPUH HaNpsDKEHWH 10
obpatHoi mocienoBarenbHOCTH (Koy) TOMKHO OBITh YATEHO BIUSIHAE CHCTEMBI.
DTO BBIIOJHICTCSA ITyTEM pacdyera KOA(PQHUIIMEHTOB YYacTHs 00OOIIECHHON

narpysku (K, ;) u cucremnr (K ) B HCKQXEHHHM CHMMETPHU IO

2 yacucr
00paTHOM TOCIIeI0BATEIBHOCTH Ha COOPHBIX IIMHAX 110 (hOpMyIaM

Ki Ki o

> 2 yacucr = / /
KZU + KZU

K = -
2yuX / I
KZU +K2U

/
rae K, — cocrapnsronas koapdunuenta Hecummerpun Ha I'PBII,

onpesensiemas cucremoii; KJ — coctapistomas Ko3dQUIMenTa HeCUMMETPHH
Ha ['PBII, onpenensemast Harpy3Kou.
/
Onpenenenne K, uK) Tpebyer BBeenns conporusnenus ceszu (Zc)

mexay I'PBIT u DJIC cuctemsl. [Ipu noakimroueHnn nmoTpeOuTeneil K MOIIHOM
SHEprocucreMe OOBIYHO MPHHUMAIOT, YTO Zc PpaBHO CONPOTUBIICHHUIO
TIOHIDKAroIero TpaHchopmaropa. B obmiem ciydae Zc siBiseTcss BETUYUHOM
pacyeTHOl (3KBUBaJICHTHOI), TO3TOMY MOT'YT UMETh MECTO HETOYHOCTHU TIO €ro
OLICHKE.

Leanblo craTbM SBISIETCS OIEHKA BIWSHUS — OIIMOKK  3a/1aHMs
COTIPOTHUBJIEHUS CBA3M C CUCTEMOM Ha ONpPEAENEeHUE [OJEBOr0 Y4acTHs
CcyOBEKTOB B HapylIEHUH CUMMeTpHun HanpsbkeHuid Ha ['PBIT.

OcHoBHOII MaTepuai ucciegoBanuil. Ha matematnyeckoit monenu [5]
MIPOBE/IEHB! ONBITHI, B KOTOPBIX ONpPEJNENIEHbl 3aBUCUMOCTU OT MOTPEIIHOCTU
BBEJICHUSI CONPOTHUBJIEHHUS CBSI3M AZc cleAyrolux napaMmerpoB [6]:
K03 dHuIMEeHTa HECUMMETPUH HAPSDKEHUH IO 0OpaTHOM 1MOCIIEe0BATEIBHOCTH

K,, Ha I'PBII; koa(dunueHta HecUMMETpHM HamnpspKeHHi no oOpaTHOI

MOCJIEI0BATENBHOCTH, co3iaBaeMoro cucremon Ha I'PBII K/2U ; Koo dumenTa

HECHMMETPUH HaIpsDKeHUH Mo 0OpaTHOMW IOCie10BaTeIbHOCTH, CO3/[aBaeMOro
Harpyskoit ma I'PBIT K/

2U > KOZ)(l)(l)I/IHI/IeHTa ydactusa CUCTEMbI B CO3JaHUU

HecummeTpur Ha I'PBIl K yqouer M KOD(OMIMEHTa ydacTHs Harpy3kud B
co3nanuu Hecummerpuu Ha I'PBITK 5 o, .
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I[J'IH obecreueHHs BO3MOXKHOCTHU MNPpUBCACHUA HOI‘peHIHOCTeﬁ,
MOJMYYCHHBIX B PAa3HbIX OIbITaX, K OAMHAKOBBIM YCJIIOBUAM ONbLITHI BBLIITOJTHCHBI

TIPY YCIIOBUU TOCTOSIHCTBA CYMMBI KO3()()UIIMEHTOB K/z/U u K/2U (K/z/U + K/2U =

0,3). B xavectBe (aKTOPOB HECHMMETPUH B CHCTEME HCIIOIb30BAHEI
M3MEHCHUS aMIDTUTYIBI PasHoro HampspkeHus U 5, y MOTPeOUTENs — MOMYIS
COTIPOTHUBIICHUS HATPY3KU (a3bl Z,a. PerynupoBanue (pakToOpoB HECHMMETPUU
B MOJICITH OCYIICCTBIISICTCS Yepe3 KOIPPUIIUEHTH f, k:
(_]A:(_]A_f'M;ZHA:ZHA_k.A_ZHA'

OmmbKa OMpeNeICHUsT COMPOTURIICHUS CBS3H BBOIUTCS B MOJIENIb Yepes3
kodpdummenr d: AZc = d'AZc. JluanmazoH U3MEHEHWS IOTPEITHOCTEH
cocrarisier £ 50 %. PesympTarthl OnbITOB CBeAcHHI B TaOum. 1. M3meHeHus
ToKa3aTejeld HECUMMETPUH B 3aBHCUMOCTH OT OTHOCUTEIIFHON IOTIPEITHOCTH
AZ,. IpoMILTIOCTPUpPOBaHbl Ha puc. 1. Kak BUIHO M3 NPUBEIEHHBIX TPaHKOB,
3Ha4YeHus! Ko3hPUIMEHTOB ydacTust cucTeMbl K ;v cuer M HATPY3kH K 5 o 4 B
CO3MIaHMM HECUMMETpHHA Ha COOpPHBIX IIIMHAX 3aMETHO 3aBHCAT OT
COTPOTHUBJICHUS CBs3H. [IpencTraBiser HHTEpEC TOYHOCTD ONMPEIEIICHUS YIaCTHS
CyOBEKTOB B HApYIICHWH CHUMMETPHU MO OOpaTHOI mocienoBatenbHOCTH. C
9TOM MEIBbI0 BBITIOJIHEHBI PACYEThI MOrPENrHOCcTed K03 duimenta yvactus

cucteMbl — AK 5 vy cyer ¥ TIOTPEIIHOCTH €70 COCTABIIAIOMIUX — AK/Z/U u AK/ZU

(Tabn. 2) B Gynxuuu o1 AZ,. . TlorpemHocTn KOO MUIMEHTA yIacTHs CUCTEMBI
TIPUBEJICHBI K CyMMe KO (GHUIIMEHTOB y4aCTHsI:

K UCT - K UCT (0)
AK, o = e~ Ravoer ) 00, 3)
K +K, 0,
TJIe B CHITY YCIIOBUS JUTsl KOO PHUIMEHTOB ydacThs [5]
K2chuc‘r+ K2qu =1.
[orpemHoctn koddduIieHTa HECUMMETPUH HaNpPsDKEHHUsT IO 00paTHOMN

2 yu cucr

TOCIe10BATENBHOCTH, — co3ziaBaeMoro  cucremoit B TOI, - K,, m

k03 uUIEEeHTa HECUMMETPHH HANIPSKEHHUS 110 0OPaTHOH MOCIEN0BATENBHOCTH,

cozgaBaemoro Harpyskour B TOII, — K/z/ y TPUBEICHBI B COOTBETCTBHU K HMX

CyMME:

K/zu - K/zu(o)
Koy +Kiy

K —x” (0
100% ; AKg/Uzw—”().loo%. 4)

AK), =
Koy +Kiy

B nwanazoHe m3MeHCHHs ONIMOKHA COMPOTHBIICHUS CBS3H AZZ: + 50%
MOTPENIHOCTh  OMpesieNeHnust  ydacTusi cucTeMbl AKyqeuer COCTAaBISET OT
-23,2% no 30,7 % (puc. 2). IlorpemrHOCTh B OLEHKE Y4YacTusi CyObEKTOB

HpI/I6J'II/I3I/IT8J'H)HO B JIBa pasa HHXKEC, 4YEM omroKa 3alaHus COIIPOTUBJICHUSA
CBA3H.
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Tabnuna 1 — V3MeHeHne mapaMeTpoB, XapaKTepU3yIOIUX HECUMMETPHIO,
B 3aBUCUMOCTHU OT AZ ¢

#

AZc
£ S| IMapameTpsl
< -05{-04(-03(-0,2(-0,1] 0,0 | 0,1 | 0,2 | 0,3 | 0,4 | 0,5
Ky 03 (03 |03 |03 (03 |03 (0,3 |03 0,3 [0,3 (0,3
K/2 U 03 (0,3 |03 (0,3 (0,3 (0,3 |0,3 |03 (0,3 (0,3 0,3
1 K/Z/U 0,021{0,016{0,012/0,008|0,004|0,0 |0,002{0,008(0,012{0,016{0,02
PY— 0,936(0,948|0,961(0,974{0,987|1,0 |0,987]|0,974(0,962|0,95 |0,938
szqz 0,064|0,052|0,039(0,026{0,013/0,0 {0,013]0,026(0,038|0,05 |0,062
Ky 0,25310,258(0,262|0,266|0,27 10,274|0,277{0,28 ]0,284|0,286|0,289
K/ZU 0,201(0,207(0,212(0,216|0,221|0,225|0,229|0,233{0,236|0,24 0,243
0,75 K/Z/U 0,094|0,09 |0,086(0,082(0,079|0,075|0,071|0,068(0,064|0,06 |0,057
DY 0,682|0,696|0,71 |0,724(0,737|0,75 |0,762|0,775|0,787{0,799|0,81
szqz 0,312(0,304(0,29 |0,276|0,263|0,25 |0,238{0,225(0,213{0,201{0,19
Kyy 0,22210,233(0,242(0,25 10,258]0,265|0,272{0,278|0,283|0,289(0,293
K/ZU 0,093(0,106(0,119(0,13 |0,14 |0,15 |0,159|0,167{0,175|0,182{0,189
0,5 K/Z/U 0,166/0163 0,16 (0,156|0,153|0,15 |0,147|0,143|0,14 |0,137|0,134
PY— 0,359|0,395|0,426|0,454(0,478/0,5 10,52 |0,538/0,555|0,57 {0,585
szqz 0.641(0,605(0,574|0,546|0,52210,5 (0,48 |0,462(0,445/0,43 10,415
Kyy 0,21 ]0,226(0,24 |0,253]0,264|0,274|0,283]0,291|0,298|0,305(0,311
K/ZU 0,022(0,004(0,023(0,042|0,059|0,075|0,089|0,102{0,114|0,125/0,135
0,25 K/Z/U 0,23910,236(0,233(0,231|0,228|0,225|0,222{0,22 {0,217|0,214|0,212
PY— 0,084(0,018(0,091(0,155|0,207|0,25 |0,286|0,317{0,344|0,368|0,389
szqz 0,916{0,98210,909(0,845(0,793|0,75 |0,714]0,683|0,656(0,632|0,611
Ky 0,22210,243(0,261/0,276]0,28910,3 [0,31 ]0,319/0,326|0,333(0,34
K/ZU 0,138(0,103|0,072|0,045{0,021{0,0 {0,019]0,037(0,053|0,067|0,08
0 K/Z/U 0,311(0,308(0,306(0,304|0,302|0,3 {0,298|0,296(0,294|0,292|0,289
PY— 0,307{0,25 {0,191(0,13 |0,066|0,0 |0,061|0,111{0,152|0,187{0,217
szqz 0,693|0,75 10,809(0,87 {0,934|1,0 |0,939|0,889/0,848|0,813{0,783
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Tabnuna 2 — [NorpemHocTy NapaMeTpoB, XapaKTEPU3YIOIINX

HECUMMETPHIO, B 3aBUCUMOCTH OT AZ

] AZ,
5 o Horpemroct
o | MAPAMETPOB 5l 04|-03|-02|-0,1]0,0[ 0,1 | 0,2]03 |04 0,5
AK}y,% 10,0 10,0 0,0 (0,0 [0,0 [0,0[0,0 0,0 [0,0 [0,0 [0,0
L 1AKY,,% 7,0 (5,33 14,0 (2,67 1,33 ]0,0{0,67 [2,67 |4,0 {5,33 (6,67
AK) v onens % 64 (5.2 13,9 [2,6 |13 [0,0[1,3 [2.,6 [3.8 [5.0 [6.2
AK.. 9 801/-601| .. |30/
bu» % 8.0[-60 [, 33|30 [[ 53 00[1.33 2,67 3,67 |50 |60
0,75 i - - -
) AK 0, _ _
Yos% 16,33 15,0 [3,67 2,33 1,33 0.0} 35 2,33 [3.67 | 30| 60
AK) v onens %0 |—6,8 |-5.,4 |-4.0 [-2,6 |-1,3 [0,0[1,2 2,5 [3.7 [4.9 [6,0
AK! .0 N T R A
Lys % 1.0 147 [10.3 [67 |33 [0:0[3.0 |57 (8.3 {107 13,0
0.5 AKy . % 163 |43 (33 (20 (0.1 (0,0[- 01|, |-3.3]-43|-53
0 - - _ _ _
A yucuer: % |14 1 (105 [ 74| 46]-22(0.0[20 3.8 |55 |70 8.5
AK! .0 SUR U e I
Lo % 17.6 [23.6 [17.3 11,0 5,33 [0:0]4:67 9.0 (13,0167 20,0
AK! % S Y1 D B
025Ky, % 14,67 |3.67 2,67 20 |10 [0.01-10| o ) o 15 o 1433
0, - - - _ _
A yucuer, % |16 6 1232 [15,0 [ 95|~ 43[0.0[3.6 |67 9.4 118 13,9
AK)y,% (46,0 34,3 (24,0 [15,0 |7,0 [0,0(6,33 |12,3 |17,7 [22,3 |26,7
0 |AK/,,© R DR I, 3 N R
Vor% 13,67 2,67 2,0 (1,33 (0,67 0,0 067133 |20 [o.67 367
AK) o ener, % 30,7 [25,0 [19,1 [13,0 [6,6 [0,0[6,1 [11,1[15,2[18,7 21,7
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KQchncT
0.7
0.6
0.5 K/z
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02Ky g
-0.5 0 =
a
0.8
07 K2 4 H K2 o
0.6 VL =
0.4+ Ky
0.3 :
0.2 ...........................
0.1 b 0T //
-0.5 0 05
6
1
0.9
8.8 \&{
7
0.6
0.5 K/z/u Ko
0.4 /—
g; K KQchncT
' 20
01 TN *
0 SRR D AT T AZ,
-0.5 0 s
o)

0.9 K, 4 CHCT
0.8 S e
07k atealem”
0.6
0.5
K2  H KQU
0.4 —iyin
0.3
02 AR gy e UL
K K

0.1 M 2U

0 AZ'

-0.5 g 05 ¢
1

Puc. 1 — VI3meneHnue napameTpos,

XapaKTepusyronux HECUMMETPULO,
B 3aBUCUMOCTH OT AZC npu:

a— K2chncT(0) = la

= K2yq CHCT (0) = 09753

6 — K2chncT(0) = 0953

2-K 2 yu cucr (0) = 09253

0— K2chncT(0) =0.
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"'I—\'KT WEGEG I Y
4

a0, I
Kiwm: (D) =0

" Kpyrame (0 =

KTwm:I (D) =

o L P | I i
P, I{Iwmz (D)=
PV L ! LZ
0504 03- 050 01 02 03 0405

Puc. 2 — 3aBUCHMOCTB MOTPEIIHOCTH pacueTa KO3 PUINEHTOB yIacTHs
OT OIINOKY 331aHHS CONPOTHBIICHUS CBS3H

PaccMotpum, dYeM omnpenensioTcs HOTrPEeNIHOCTH KO3 QHIMEHTOB
y4aactus. J[7s 3TOro conoctaBuM B (DYHKIIUU OT AZ:: nm3meHenus AK vy cyer, ©
U3MEHEHUSAMHU TOrPENIHOCTeH Ko3(duIMeHTa HECUMMETPUH HATPSDKEHUS 110
00paTHOW MOCIENOBATEIBHOCTH, co3maBaeMoro cucrtemoi B TOII, — AK/ZU, u
k03 pHIMEeHTa HECUMMETPUU HAIIPSDKEHHSI IT0 0OPAaTHOM MOCIIEIOBATEIBHOCTH,
co3naBaemoro Harpyskoi B TOII, — AK/Z/U , (puc. 3).

W3 rpadukoB creayeT, 4TO IOIPENIHOCTH BO3PacTaloT IO Mepe
YBEJIMYEHUSI YYacTUsi Harpy3kKd B HapylIeHMH CHMMETPHM II0 OOpaTHOH
NOCJIEJ0BATENBHOCTH.  XapakTep W3MeHEHHs:  norpemtHoctd  AK gy cyer
OIpesIeNIsieTCss, B OCHOBHOM, IIOTPEIIHOCTBI0 KO3((UIMEHTa HECUMMETPUH
HaIpsDKEHUsl 110 OOpaTHOM IOCIeNOBAaTeNbHOCTH, CO31aBaeMOr0 CHCTEMOH —

AK/ uc. 3, 6 — g). DOTo OOBACHSAETCS TEM, YTO IPU HAXOKICHHH
2U })

COCTaBJISAIOIICH K;U MOrpeIIHOCTD BHOCHUTCA HEIMOCPECACTBECHHO B

olpesieIeHUe MaJIeHns] HalpsDKEeHNsT Ha CONPOTHUBIIEHUM CBSI3U. B Toxe Bpems,
NpY CUMMETPHYHOH Harpyske xapakrep nsMeHeHUs AK;yqcuer ONpenensercs
WCKITIOYUTEIBHO ITOTPEITHOCTEI0 KO3((UIMEHTa HECUMMETPUH HampspKeHUH
0 0OpATHOH MOCIE0BATEIFHOCTH, CO3/JaBACMOr0 HAIPy3KOH — AK/Z/U (puc. 3,
a). B nmaHHOM ciydae TpOSBISIFOTCS TPH3HAKA HAapyHIEHUS CUMMETPUH I10
00paTHOI TOCIIeI0BATEIBHOCTH TOJBKO B cUcTeMeE [4].
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0 U AZ. 10 ‘ | Az,
- 0 0.5 -0.5 0 0.5
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20 ‘ T 2 ‘ T
AK;U / ’ A
ol aKy 7 10 Aoy
"/ / """""""""""""
- 0 . A
0| AKsy, 2
\ /,/ """""""" -10 AI<;/U/
- '/ "‘
3 20N/
i - |AZ; ‘ AZ;
205 0 0 3055 0 0.5
8
50 T ‘ ‘
8 ,
4 | ARy Puc. 3 — ITorpemmoctn
/ apaMeTPOB, XapaKTSPU3YFOIIIX
3 i — HECHMMETPHIO, B 3aBUCUMOCTH
\ ot AZ ¢ ipu:
2 ‘~ g a_K2chncT(0):1;
\ ."/ 6_K2chnt:T(0) :0375;
1 [ 6— K2yq CHCT (0) = 095;
c— K2yq CHCT (0) = 09253
0 B WLIIE e AK2yq () - K2yq cucT (0) = 0
AKY, T .
| AZ.
105 0 0.5
0
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o *
BeiBoabl. Omnbka BBENECHUs COMPOTUBIIEHHS CBA3U C CUCTEMOH (AZ)

MOXKET OKa3bIBaTh CYIIECTBEHHOE BIIMSHHE HA MOIPEIIHOCTH OIpeIeTIeHUs
yyacTusl TOCTaBIIMKa M OOOOIIEHHOro NOTpeOuTeNst COOpPHBIX IIMH B
HapylIeHUH CcUMMeTpun HanpskeHui (AK,y,). Ilpu 3TOM mnpuBeneHHOe

*
3HayeHne AK,,, NpuOIM3UTENbHO B JBa pasa MeHblue, 4eM AZ.. Jlns
pearbHON OIMMOKKA BBEACHUS WH(POpMAIUK, HAXOMANICHCS B THpeaenax

*
AZ. <+10%, cnemyer oXuaaTh IOIPEINHOCTH ONpPEAENEHUS  y4acTHs
cyobexToB AK 5 v < +5%.

Croucok surepatypnl: 1. Dnextpudeckass dHeprus. COBMECTUMOCTb TEXHHYECKHX CPEJCTB
aneKkTpoMarHuTHas. HopMBI KadecTBa JJIEKTPUYECKON SHEPrHH B CHCTEMaxX JJICKTPOCHAOXKEHUS
obmiero HasHaueHus: 'OCT 13109-97. — [Been. B Ykpaure 01.01.2000]. — Munck: UITK. WU3n-Bo
crangaprtos, 1998. — 30 c. — (MexrocynapcrBennblii cranaapt crpan CHID). 2. Mertoauueckue
yKa3aHUs 10 KOHTPONIO ¥ aHaUM3y KadecTBa OJICKTPHYECKOH OSHEPrHH B  CHCTEMax
9NEKTPOCHAOXKeH s 00Iero HasHadeHus. YacTb 2. AHaIM3 KadecTBa JJIEKTpUUEcKOil sHeprun PJ{
153-34.0-15.501-01. Paspaborano Hay4HO-MeToaMueckuM IueHTpoM 000 « Hayuneni nentp
JIMHBUT». — MockBa: 2001 — 23c. 3. Cendeposuu I'.A. OmpeneneHue I0JEBOTO Y4acCTHs
CyOBEKTOB B OTBETCTBEHHOCTH 3a HapylleHHe cHUMMeTpun Hanpsbkenuit / I"A. Cendeposuu //
HaykoBi npani JloHenskoro HamionansHoro Texuignoro yHiBepcutery. Cepist “EnexTporexHika i
enepreruka”. — Jloneupk: JJoHHTY. — 2011. Bunyck 11 (186). — C. 330-335. 4. Cenoeposuu I'.A.
AHanu3 BIUSHHS HOTpeOHTeNlell He HeCHMMETPHUIO IO OOpaTHOI IOCNIeIOBATEIbHOCTH B TOUKE
obmero mnpucoenunenuss / [.A. Cendeposuu // BocTouHO-eBpONeiCKuil JKypHAlT INepemoBBIX
TexHonoruid. — 2005. — Ne 1/2 (13). — C. 89 — 94. 5. Cenoeposuu I'.A. Matematudeckasi MOJCIb JJIs
HCCIICZIOBAaHHSI HECUMMETPHYHEIX PEKHMOB B Tpexdasuoii cetn / [.4. Cendeposuy, B.I". Heyn, E.B.
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Ne57. — C. 86-93. 6. Ilepbaxosa II.I. Pa3BuTue METONOB ONpEIENEeHHs IOJEBOrO BKIaja
CyOBEKTOB JIEKTPUIECKOI CHCTEMBI B YXY/IICHHH KadecTBa DIEKTPOIHEPrHU: AUC. HA COMCKAHUE
CTereHu Kaua. TexH. Hayk: 05.14.02 / lepbaxosa [Toauna 'ennaduesna. — X.,2009. — 214 c.

Hocmynuna 6 peokoaneeuio 22.10.12

VIK 621.315

Bansinue MOrpemHoCcTH CONPOTHBJIEHHS CBSI3H C CHCTEMOIi HAa ompeesieHHe 101€BOI0
ydacTusi cy0beKTOB B HapylIeHuH cuMMeTpun HanpsixkeHuii / Cengeposuy I'.A., IllepdakoBa
ILT. // Bicumk HTY «XIIl». Tematnunuii Bumyck: Enepretnka: HaniliHicTE Ta
eneproedextuBHicTh. — Xapkis: HTY «XIII». — 2013. —Ne.17 (990). — C.119-127. bibmniorp.: 6
Ha3B. [n.3.

VY poboTi mpoBesieHi OCHIKEHHS METOJMYHOT MOXMOKM BHM3HAYCHHS YaCTKOBOI yd4acTi
cy0'ekTiB y MOpYIIEHHI CHMeTpii HAmIpyr, sika BUKJIMKAaHA [TOMMJIKOIO B OLIHINI OHOpPY 3B'I3KY i3
CHCTEMOIO.

KiiouoBi ciaoBa: sKicTh eNEKTpHYHOI eHeprii, HMOpYIIeHHs CHMeTpil Hampyr, 4acTKoBa
y4acTb cy0'eKTiB, OMOP 3B'A3KY i3 CHCTEMOIO.

Studies of methodical error of determination of equity participation of subjects are at process
undertaken in violation of symmetry of tensions, by the caused error in the estimation of resistance
of connection with the system at the article.

Keywords: quality of electricity, symmetry breaking stress, partial part subjects supports
communication with the system.
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YK 621.31
10.A.CHPOTHH, xaun. tex. Hayk , aoi., HTY «XII1»

SHEPTETUYECKHUE PEKUMBI TPEX®A3HOI
TPEXIIPOBO/IHO LIENHN

I[J'IS[ Tpexd)amoi’l CETU B TOYKE IOAKIHOYCHUA HeCI/IMMeTpI/I‘{HOf/'I Harpy3ku pacCMOTPEHBL
HeypaBHOBeLHeHHLIﬁ u HeCﬁaJ’IaHCI/IpOBaHHHﬁ PEXKUMBIL HOTpeGJ’IeHI/Iﬂ DJICKTPOIHEPTUH. r[OKaSaHO7
YTO HPU CHHYCOHJAJIBHBIX MPpOoHEccax 3TU PEKUMBI ONPEACIIIOT PAa3HBIC YPaBHEHUSI MOIIHOCTH.
HOJ’Iy‘{eHLI d)OpMyJ'ILI JUIT  BBIYUCJIICHUSA MONIHOCTH HebanaHca W HEYPaBHOBECHICHHOCTH JIsL
CUHYCOHUJAJIBHBIX ITPOLIECCOB B TpeXHpOBOI[HOﬁ nenu npu HECUMMETPUIHOM HAIIPSKCHUH.
KiroueBbie cjioBa: Tpexd)asHas[ 1€nb, MTHOBCHHAasA MONIHOCTb, aKTHBHasd MOIIHOCTb,
p€akTUBHasA MOIIHOCTb, KOMIUIEKCHAasA MOIIHOCTh, MOIITHOCTH Heﬁananc& MOITHOCTh r[ym,caunﬁ

B wmHorogasnoit 1enu C CHMMETPHYHBIMH CHHYCOHAATbHBIMU
HaNpPsDKEHUSIMHA U TOKaMH (B CHMMETPHUYHOM PEXUME) MCHOBEHHAS MOUWHOCHIb
(MM) He uMeeT mepeMEHHOH (ITyJbCcHUpYOUIeH) KOMIIOHEHTBl - PEXHM
ypaenogewer [1-3]. B peanbHON cuTyalluu HapyluleHHE, KaK CHMMETPUHU
HaIpsDKEHUH, TaK U CUMMETPUU TOKOB TPHUBOJIUT K myibcauuu MM. Pexum
(cHHyCOMITANBHBINA WK HECHHYCOUIANBHBIN) HeypasHoseweH, eciu MM nmeet
KoJIeOaTeNnbHYI0 (IYTbCUPYIONIYIO) KOMIIOHEHTY.

MrHOBeHHasT MOIIHOCTH (axmusnasi MM) paBHa CKOPOCTH Mepeiadu
sHeprun. OJHaKO CKOPOCTh NEpeaay YHEPTHH HE MOJHOCTHIO XapaKTepU3yeT
Ka4yecTBO MOTOKA SHEPTUH M PeXUM MHorodasHoi uenu. B Tpexdasnoii nenu
sexmoprass MM (BEeKTOpHOE NPOM3BENICHNE BEKTOPOB MTHOBEHHBIX 3HAUCHUM
(m.3.) dasHBIX HampsHKEHWH W  TOKOB) JIONOJNHSET  XapaKTEPUCTUKY
SHEPreTUYECKUX TMporeccoB. BekropHas MM  wuHTepnperupyercs Kak
HeakmueHas MeHogenHass mownocmov [4]. Eciu neaxmuenas MM  umeer
KoJIeOaTeNbHYI0 COCTAaBISIIOIIYIO - PEXUM HecOanancuposan. Axmugnas n
Heaxmuenasi MM cBsI3aHBI ypaBHEHUEM MOIHOCTH.

B MHOrOda3Hoi nemm Npouneccs cuHycouddIbHo20 PEXUMa OIPeIeIEeHbI
BEKTOpaMH KOMIUIEKCHBIX Oeticmsyiouux eeaudut (0.6.) TOKa U HaIPSHKEHHS,
KOTOpBIC ONPENENSIOT kKomniekchvle mowrocmu (KM) cOanaHCHpOBaHHOTO U
HecOaaHcHupoBaHHOrO pexnmoB. CranmaptHas KM ompenensiercst kak
KOMIUIEKCHOe ckajisipHoe mnpousBeneHue (CII) BEKTOPOB KOMIUIEKCHBIX O.6.
HAaIpsDKEHUH U TOKOB. Bexmopnoe npoussedenue (BIT) BEKTOPOB KOMITIIEKCHBIX

0.6. HaNpsDKEHUH H  TOKOB  OIPEZIENseT KOMIUIEKCHBII ~ BEKTOp
HecOaaHCHpOBaHHOW MotHOCTH [5]. BII KOMIUIEKCHO-CONPSKEHHOT0 BEKTOPa
HaNpsDKEHWH W BEKTOpa TOKOB ONpENensieT - KOMIUIEKCHBIH BEKTOp

HEMyJNbCUPYIOIEel MoIHocTH [6-8].

© 10. A.Cuporus, 2013
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ITokaxem, 4TO PU CHHYCOUAANBHBIX MpOIEcCax MPU HECUMMETPUUHOM
HANPSOKCHUU ~ BBEICHHBIC PEXUMBI  ONHCHIBAIOTCS HE  CIMHCTBEHHBIM
YpaBHEHHEM MOITHOCTH JUII KOMIUIEKCHBIX BEKTOPOB MOITHOCTH HeOanaHca U
HEMyJIbCUPYIONIEH MOITHOCTH. MOITHOCTh HeOaslaHCa M MOIIHOCTH TYJIhCaIluit
BXOJAT B pa3IMYHbIE YpPAaBHEHUSI MOIIHOCTEW, KOTOpbIE C Pa3HBIX CTOPOH
OIMHUCBIBAIOT PHEPTETHYECKHUE MPOIECCHI B TpeX(Pa3HO memm.

Mznoeennvie mowgnocmu. YpagnoseeuieHHbll u COANAHCUPOBAHHDLIL
pearcum.

B kaxJplii MOMEHT BPEMEHU COCTOSHHE IPOILECCOB B Tpex(a3zHoM
CeUeHUU (a,b, c) XapaKTepU3yeTCsl BEKTOPAMHU MTHOBCHHBIX 3HAYCHWN TOKA U

HaIpsDKEHUS
u(t) = (u, (), u, (1), u (1)), i=(,0),1,), (1) . (1
re* — 3HaK TPaHCIOHHPOBAHMSI.
CrannapTtHas MTHOBeHHast MomHocTh (MM) onpenenena xaxk
. . . aw
p(O) = u, ()i, (O) +u, ()i, (1) +u ()i (1) = % (2.2)
W XapakTepu3yeT CKOpOCTh Iepefadyr dHepruu W =W (¢) B Kaxablli MOMEHT
Bpemenu. CranpaptHas MM — ckansipHasl BeIM4YMHA (YMCIIO) M B KaXKIBIH
MOMEHT BPEMEHH OHA PaBHA CKAISPHOMY npou3séederuto BeKTopoB (1), koTropoe
BBIUMCIIAETCS KaK IPOM3BEJCHHWE MATpPHUIBI CTPOKH M.3. TOKAa Ha MAaTpUILy
cronbery m.3. Hanpsokenuin  p(t) = i(1)" u(t) .

Honaraﬂ, qTO IPpOLECChL T- -ICPpUOIUICCKHUEC, MOXHO KOPPEKTHO
OINpCACIINTL CPCAHEES MM u BBIACIINTH IEPEMCHHYIO COCTABJIAIOUTYIO
_ 1 T+T _ _
p=— | o, p(O)=p+p(t). (2.6)

Ecnmn MM He umeeT nepeMeHHON (ITynbcupyromieid) koMmnoHeHTsl p(¢) =0, To
pexuMm  ypasnogeuwtern [1]. B obmem ciaydae p=p(t)—p#0 u pexum

Heypasnosewern.  CUMMETPUYHBIA  pekuM  ypasHogeuwten.  OOpaTHOE
YTBEpK/IeHHE HE BEPHO.

B HecummerpuuHOM pexxnme craHnaptHas MM (ckansipHasi BEJIMIHHA) HE
€IMHCTBEHHAs MTHOBEHHAsl XapaKTepPHUCTHKa HAOII0IaeMOr0 SHEPTETHIECKOro
mporecca. Y TOUHSIONIYI0 XapaKTepUCTHKY SHEPreTHYeCKUX MPOIECCOB JAeT
sexmoprass MM (BI1 BekTOpoB MTHOBEHHBIX (Pa3HBIX HANpPSDKEHWH U TOKOB)

[4]:

U, —u,l,
q)=ixu=|ui -ui,|. 3)
uhia - uaih
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([ms coxparieHus 3anucH 3aBUCUMOCTD OT BPEMEHH SIBHO HE YKa3bIBAETCH ).
[MogobHO (2.0) MOXHO BBIIENUTH BEKTOPHBIE  COCTaBJISIOLINE:
MIOCTOSIHHYIO | MIEpEMEHHYIO

t+T

7= % j a(t)dt 0 =q()-7. @)

PexxuM, npu KOTOpOM BEKTOpHas MM He wuMeeT mNepeMEHHOU
cocraBsiioniein ¢ = g(t) =0 (moowcoecmeenno pasna mymo q(t)=0) Oymem
HA3bIBATh COATAHCUPOBAHHBIM (pedibHO COANAHCUPOBAHHBIM) PEKIMOM.

Bekropras MM wunrepnperupyercsi kKak xeaxmusHas MM. YtoObl
MOJYEPKHYTh 3TO CKalApHYy!0 MM Ha3zbBaroT akmugrot MM.

B KaxIplii MOMEHT BpEMEHH  CIPaBEUIUBO TOXIECTBO BEKTOPHOMN
anreopsr [9]

(i) (@ w
@u) (uu
ToxmectBo (4) Ui MTHOBEHHBIX BemUunH (1) JaeT MCHOBEHHOE — ypasHeHue
MowgHocmu

[ixu] [ixu]=

: ®)

sP()=p*(O)+q° (). (6)
3)18CI> HCITIOJIB30BAHBI CTaHI[apTHI:Ie 0603Ha‘leHI/I${ JUIsI: CKaJ’IHpHBIX KBaZ[paTOB
BEKTOPOB JM.3. HANIPSDKEHUI U TOKOB

w? (t) = (@) = u(?) u(t) , P =i =) i(r); (7)

KBaJApaTOB MI'HOBCHHBIX MOHIHOCTeﬁi aKTHBHOﬁ, HeaKTHBHOﬁ, M TOJTHOMI

pPO=1@ Ou), ¢ O=q0) q0), SO=OF@O. (8)

Ecnu pexum cummerpudeH, To craHgaptHas MM He uMeeT mnepeMeHHOM
KOMIIOHCHTHI (PEXUM YpaBHOBEIICH ), a BeKTopHass MM TOXIECTBCHHO
paBHa HYIIO.

3-nposoonan cxema u neakmuenas MM

B TpexnpoBonHON €Ny HAaNpsOKEHUE MOXKHO HM3MEPSTh OTHOCUTENIBHO
HCKYCCTBEHHON TOYKHU 3a3¢MJICHHsS, YTO COBMECTHO ¢ 1 3akoHoM Kupxroda
naer [3]

i()+i,()+i()=0, u,(t)+u,(t)+u.(t)=0 9)

3necy e, =(1,1,1) / V3 - HOpPMaJIM30BaHHBIH BekTop (opT|e,|=1) 0-
MOCIeI0BaTeNbHOCTH. TeM caMbIM, B TPEXIIPOBOJAHON e JHEPreTHYCCKUE
HPOLECCHI OPTOTOHANIBHEI OPTY e, (He cozepkat 0— moc/en0BaTeNnbHOCTb)

i'e,=0 <& ile, ; we=0 & ule,. (10)
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Ecnu BekTopa OpTOTOHaNbHBI €,, TO HX BEKTOPHOE IPOU3BENCHUE
KOJUIMHEAPHO e, (B Ka/Ablii MOMEHT BpeMEHH) M  COBMAaJaeT co CBOeil

NPOEKIMEN HA OPT e, .

Herycemaanoe seesnense

Puc. — TpexdaszHast TpexnpoBoaHas LENb
ITosToMy, i1 BekTOpa HeakTUBHOM MM nmeem

q=ixu=(ixu), =[iue,le, =qye, . (11
0
40
Bexrop HeakTuBHOM MM NONHOCTBIO ONpeNeNneH ckansipHol HeakTUBHOH MM

g, =4,(t)=[ixu] e,- anrebpanyeckoil mpoekIuell BEKTOpa ¢ =ixu Ha OpT
e,. Anrebpandeckas NMPOEKIMS PaBHA CMEIIAHHOMY IIPOU3BEICHUIO BEKTOPOB
M.3. TOKa, M.3. HATIPSDKEHUs U opTa 0- MocieoBaTeNbHOCTH

q,=e, [ixul=i [uxe,]=[iue,] (12)

Tax xaxk ¢ =|q|=|q,| , TO MrHoBeHHOe ypasHenue mowrHocmu (8)
3aIMHUIIETCS KaK

sSS(O)=p O+, (2). (13)

Cunycouoanvnulii pexcum u 3-KOMHIEKCbl
MrHOBEHHBIC 3HAYCHUS CHHYCOWJAJIBHBIX IPOIECCOB HANPSDKCHUS |
TOKa

u(t) = 2%e [Ue™™], i(t)= V2Re [Ze™] (14)

OJIHO3HAYHO OMNPEJENEHEl TPEXMEPHBIMH KOMNJEKCHbIMU BeKkTopamu  (3-
komnaexkcamu) Hampspxkemns U=(U,,U,,U) n toxa I=([,,1,,I) -

BCKT OpaMI/I KOMIIJIICKCHBIX () 6..
V26 , NEX ,
U=—"\ult)e’™dt, I=—"\i(t)e’"dt, 15
; j (1) . j (1) (15)

rne T —nepuon (Tw=2r ).
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Komnnexcnoe ckanspHoe Tpou3BeICHUE 3-xommiekcoB  (X,Y)

OMpENIeNICHO KaK MPOU3BENCHHUE MAaTPHUILI—CTPOKH X' =(X8§,X9§,ng) Ha

*

komnnexcro conpsocennyto (KC) matpuiy—cronben ¥* = (Y, ,Y,,Y )"

c

(X)) =XV =Xy + Ry, + Ry (X,¥)=(¥,X)" . (16)

CxansapHsblii kBaapat 3-koMIiekca X paBeH
X o XP=(X,X)=X"X"=Xx" + Xx, + Xx_ . (17)
3-koMmiiekcbl X © Y OpPTOrOHANbHBI, €CIM WX KOMILUIEKCHOE CKAJSIPHOE
MIPOHM3BE/ICHUE PABHO HYITIO
X1lY & (X,)=X'Y =0. (18)
AKmMU6HAA MZHOBEHHAA MOUWIHOCHLL CUHYCOUOATBHO20 PeHcUMd
IpencraBnss (m.3.) CHHYCOUIANBHBIX MporieccoB (14) kak

u(t)=[Ue™ +U'e™ N2, i)=[L™ +I'e’™1N2, (19

Juis craHnaptHoid MM Oyznem nMeTh
p@)=u@) i(t)=Re[U" I" + I Ue”*™]. (20)

KommnekcHass BenuunHa U TI'=P+jQ pasHa CcTaHmapTHON

xomnaexcrot mowHocmu (KM)
S=td & & =U T (21)

Peanvuaa vacts crannaptHoi KM paBHa cpeaHell MOITHOCTH 3a HHTEpBal
HaOmoaenus 7,7+ T |

t+T

p= % j p(t)dt, p=ReS=P. (22)

Mnumas 4vactb KM JIm$e= Q onpenensieT  peakmusHyl0 MOWHOCHIb
CHHYCOHMJAJILHOTO PeXnMa.
KommiekcHas Benmm4uHa

I' U = B (8B (&= e N/ (23.2)
ONpENeNIeT KOMIUIGKCHYIO  ammnaumyoy nyavcayuti MM (KOMIUIEKCHYIO
MOWHOCMb NYIbCayull) TIEPEMEHHOW COCTaBJISONICH akTUBHOH MM

b =Re[Ne’* = N cosQQuwt +arg N) . (23.6)
Otmernm, uto cra"gaptHast KM paBHa kommuiekcHoMy CII 3-xommiexcoB
Hanpspkeaust U u Ttoka [ [3] . KommiekcHas mownocms nymvcayuti (MIT)
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pasHa kommuiekcHoMy CIT 3-kommexca Toka u (KC) 3-koMruiekca HanpspKeHUs
v'=[u;u, U] [5]
=Uvr=wrn, MN=ruy=1u). (29

Tem cambiM u1st MM cripaBeyinBO
aw ..
p) = y =u(t) i(t)= P+ NcosQot + argNgS , (25)

U CUHYCOMJAIIBHBIH PEXUM YpasHOoBeuleH p=Re[Ne™ =0, eciu
BBINOJHSETCS OJJHO U3 AKBUBAJICHTHBIX YTBEP)KICHUIH
N=0 < U LI. (26)

Tak, mpy CHMMETPUYHOM HAIpPSDKEHUH TIPSIMOM ITOCIIEI0BATENLHOCTH, PEXUM
YpaBHOBEILIEH, €CIM TOK HE CONEPXHUT OOpaTHYI TOCIIEN0BATENBHOCTb.
(Hanmume Toka 0-nocie1oBaTeNbHOCTH HE MPUBOJMT K IyJbcanusiM MM.)

Bekmoprasa McHOBEHHAA MOWIHOCID CUHYCOUOATILHOZ20 PEXHCUMA.

BIT 3-xommekcoB X wu Y ompenensercs Takke kak BII s
BEIIECTBEHHBIX 3-BEKTOPOB.

XY, - X3,
XXY = X(Yu _XaY( * (27)
XY, - X7,

3-xommiekcbl X and Y mapamnensHbl (KommHeapHbl X || Y ), ecnm nx
KOOp/IMHATHI KOMITIEKCHO MpOoNopLroHanbHbl i BII paBHO Hymro

XY © X=HF0) © Xx¥=0. (28)

Ucnone3ys npencrasnenue (19) mis m.3. HanpspKEHUH U TOKOB MOXKHO

II0Ka3aTh, YTO B CHHYCOMIATLHOM pexuMe BekTopHas MM (3) paBHa
g=ixu=Re IxU +(IxU)e"*"], (29)

U TPEJCTABIISIETCS ABYMSI BEKTOPHBIMHU KOMIUIEKCHBIMU MomiHocTsiMu: BIT 3-
KOMIUIEKCOB HampsbkeHust U Toka ¥ BII 3-xommnekca nHampsokenus u KC 3-
KOMILIEKCa TOKa

D=1IxU, K=1IxU". (30)
Tem cambiM, BekTopHass MM MoxeT OBITH 3aMMcaHa Kak
q =Re[K ]+ ﬂie[De"'Z“”] . 3D
—
q q

Beipaxkenue (31) naer siBHOE npeAcTaBieHUE ISl TMOCTOSHHON U NepeMEHHOM
COCTaBJISIFOIIUX B CHHYCOHIaJTbHOM PEXUME

7=RK], §(t) =Re[De’*] . (32)
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U3 (28- 32) cnenyert, 4TO CHHYCOUAAIBHBIN PEXXUM COANAHCUPOBAH

q(t) = Re[De*"] =0, (33)

€CJIM BBITIOJHSETCS OTHO U3 9KBUBAJIEHTHBIX YTBEPKACHHUN
D=0 < Ul <I=%. (34)
3-KOMILIEKC D=IxUB [6] Obul Ha3BaH 3-KOMIUIEKCOM (BEKTOPOM)

MOIIHOCTH Hebananca. 3-xkomriekc K =IxU’ MOXKHO Ha3BaTh BEKTOPOM
Henyabcupyroweil MOIIHOCTH.

Ypasnenua mowsnocmu necoanancuposannozo u HeypagHoBeUIEHHO20
CUHYCOUOATILHO20 PENCUMOB

Onepanuu CIIOKEHUSI 1 YMHOXKEHHS JIUIsl BEIIECTBEHHBIX M KOMIUIEKCHBIX
yucen  00JafaoT OIMHAKOBBIMM cBoMicTBaMu. I[loaTomy TOXJECTBO
BEKTOpHOW anreOpsl (4) ocraercst CIpaBeIMBBIM W ISl KOMIUIEKCHBIX
BEeKTOpOB. CieyeT TONBKO BMECTO BEILIECTBEHHOIO CKAJSIPHOIO MPOU3BEACHUS
ucrnonb3oBath KoMiuiekcHoe CII. MoxHO mokasaTk, 4TO AJs 3-KOMILJIEKCOB
CIpaBeTUBO TOXKIECTBO TOm00HOE (5)

[XxY] -[X'xY']= (X X*) (X Y*) . (35.a)
Y'Xx) (Yy)
Otkyaa nmeem
I X<xY[=| XY -|XY | . (35.0)

3/ech U Janblile UCMOMB30BaHbl CTAHAAPTHBIE 0003HAYEHHS [UIs CKAJIIPHBIX
kBajaparoB komruiekcHoro CIT (16)

X' XP=X'"X", YV oY[f=YVY",

(36)
" OUYCBUHBIC CBOﬁCTBa Oornepanryu KOMIUICKCHOTI'O COIPSIKCHUA
VX' =(X'Y) ., |Xx¥P=(XxV) (Xx¥). (37)

Homaras X =1, Y =Uwnwucnomsys S=U I'u S*=I'U" w3 (37)
TIOTY9UM
[IP|UP=SS"+D D". (38)
ToxmectBo  (38) maer kBaapaTHYHOE pasliokeHHWe [5,6]  MOTHOM
(xaxymieiicss) MOIHOCTH 10 byxroneiy S, =HU || I |=U -1 Ha JBe KOMIIOHEHTBI
S;=S.+D; . 39)
37ech U Janblie:
- S, =|UT |= \/g =| S| — reomMeTpryecKast MOIIHOCTb, PABHAS MOJLYITIO
cra"gaptHoit KM;
- D =D|= \/ﬁ - HOpMa 3- KoMIUIeKca HebanaHca.
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Tak xak Sé = P>+ Q% u3 (27) UMeeM ypaBHEHHE MOITHOCTH JUIS OLEHKH
JIOTTOJTHUTEIBHBIX TIOTEPh B HECOATAHCUPOBAHHOM PEKHME
2 2 2 2
S;=P"+ O +D, . (40)

dononnumensHvie
nomepu

B cHHYCOMIAJIBHOM pEXKHME [OMOJHHUTENbHBIC IOTepH OOYCIOBJICHBI HE
TONBKO PEAKTHBHOH MOIIHOCTBIO, HO U HEDATaHCOM pEKHUMa, KOTOPbIit
ompeneneH 3-komiuiekcoM D =1xU . KodppuiMeHT MOIIHOCTH MPH 3TOM
paBeH

pPo P an

2 2 2’
Sy PP+ Q'+ D
Ecmm B (34) mpoBOIUMOCTB ¥=G+ jB BemectBenHoe wucio (B=0), ToO
peXUM peanvro coanrancuposan [6]. B 3TOM ciyyae moiHas MOIIHOCTH paBHA
aKTHBHOW MOIITHOCTH, a KO3((HUIMEHT MOIITHOCTH paBeH 1.

Ws (35) , momaras X =1, Y=U'u ucnonssys N=I'U=(LU"),
UMEEM JIPYroe KeaopamuuHoe paziodcerue NOIHOU MOWHOCMU Ol OYEeHKU
HeypasHoseuweHHocmu pexcuma [6]

[IF|{Uf=NN"+K K ,S; =N’+K". (42)

[MonoxxutenbHast cKansipHast senmmunna K’ = K° K~ xapakTtepusyer
HEMyJbCUPYIOIIUE IIPOIECCHl CHHYCOWAAJIBHOIO peXHMa M JIOTOJNHSET
NONOKHUTENbHY0 — BenmuuuHy N° =NN' B ypaBHeHWH MOIIHOCTH (42)
HeypaBHOBEIIEHHOr0 pekuMa. CTeneHb  HEYPaBHOBEIIEHHOCTH pEXUMa
MOXHO OTIPEZETUTh KOd(PPHUITMEHTOM Mmyabcayi

N )

Sy JIN*+K?

Ecnu pexxum peanvro coarancuposan (I = GU , G>0 ), To
K=IxU =GUxU = K" =-K,
U BEKTOp Hemyiascupyromiedr  MomHocTH (30) WMeeT YUCTO MHUMBIC
KOOPJIWHATHI, UTO JacT

K = jG3Im[UxU"] q=NRe[K]=0 (44.a)

Takum  oOpazom, BekTopHas MM  peanvHo  cOarancuposanHo2o
CHHYCOMJAJIbHOTO pexnMa paBHa Hymto ¢(¢1) =0. CnpaBemmBo u oOpaTHoe
yrBepkneHue. Ecnu  BekTopHas MM paBHa HYNIO, TO PEKUM  PedaibHO

coanancuposan u ko3¢ guyuenm mowHocmu pase 1.
q=0 = I=GU, G>0. (44.6)
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OIHAaKO MOIMHOCTh IyJAbCAIIMHA IPH 3TOM M=I'U=GU U =0
OTIIMYHA OT HyJs (ecnu HampsbkeHue HecummerpudHo [6]). Tem cambiM,
YpaBHOBEUIEHHBIH U cOalaHCUPOBAaHHBIM PEKUM — pa3JIMuHbIE SHEPTeTHYECKUE
noHsTusl. COaaHCHPOBAaHHBIA PEXUM MOXKET OBITh HEYpPaBHOBEHIEHHBIM U
HaoOopoT. OpHAKO BBEJECHHBIE MOIIHOCTH pa3lioXKeHHs (42) cBs3aHBI C
MOIITHOCTSIMH pa3siokeHus (39) [6] .

3-nposoonan cxema ¢ CUHYCOUOATLHBIMU RPOUECCAMU

[IpoBeneM aHanm3 paccMaTpUBaEMbIX CHHYCOMIAJIBHBIX PEKUMOB IS
TpexnpoBoanoi nenu. 13 (10) cienyer, 4To B CHHYCOMIAILHOM PEeXHUME JUIs 3-
xommnekcos Hanpskenns U =(U,,U,,U,) u Toxka  I=(I,I,,1)
BBINOJIHEHO

Ue, =0, I'e, =0. (45)
MoO>HO MOKa3aTh, YTO €CIH 3-KOMIIJIEKChl OPTOTOHAJIBHBI OPTY €,, TO

ux BII xo/mmiHeapHO e, 1 COBIIAJAET CO CBOEH MPOEKIIMEI Ha OpT €, :

Xle, nYle, = XxY=(XxY] ¢)e, . (46)
VYrBepxkaeHue (46) mmnst 3-komrurekcoB morrHocreit (30) maer
D=D,=Dege,, K=K,=Kige,. (47)
Anrebpandeckyie MPOSKIUK 3-KOMIUIEKCOB MOIITHOCTEH Ha OpT e,
D, =(IxU) e,, K,=(IxU"Y e, (48)

- KOMIUICKCHBIC BETMYMHbI, (PaBHbIC CMCUIAHHBIM MPOU3BEICHUSIM) HA3BAHBI
bazopoM mowgHocmu Hebananca u (HazopoM Henyabcupyrouel MOUSHOCMU,
COOTBETCTBEHHO [6] .

JyanbHble ypaBHEHHST MOITHOCTH (42) n (40) 3amuceIBaloTCs Kak

S;=P’+0°+D; , S, =K +N’

[ BexkropHoit MM (11) cripaBemsinBo
49 =q €, = SRe[l(.vo + Doejzw] > 9y = iRe[l(.vo] > 49y = ERe[D.oejzw] . (50)
Cunycouoanvrulil pesxcum u cumMmempuuHvlie KOOPOUHAMbl
JlanpHeHIMiA aHan3 MpoBeeM, UCTIONb3YsT MOAM(UIMPOBAHHBIA METOX
CUMMETPUYHBIX KOOPAMHAT [6], KOTOpBIA HCHONB3yeT OPTOHOPMUPOBAHHBIN
0a3uc MpsIMOl W OOpPaTHOM TOCIIEIOBATEILHOCTEH

1 1
1 . 1
el=ﬁ a |, ez=ﬁ (04 . (51)
a*
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23 g =a*,aa” =1). Optel 1- m 2- mocnenoBaTenbHOCTEH

3neck a=e
CBSI3aHbI ONepaleil KOMILIEKCHOTO COTpsiKeHus e, = (e,) .

st oproB (51) cnipaBeIMBEI paBEHCTBA

- On k#m . l, k#m
ee = e e = kkm=12. (52)
1, k=m 0, k=m
3-KOMIUIEKCHI TOKa U HanpspkeHus B 0asuce (51) UMEIOT pas3ioKeHHst
I==1le+le =1+1I,, U=U+U,=Uge +U,e,. (53)

Koaddummenter  pasnokenus (53) oOnpenensioT CUMMETPUYHBIC
KOOPJIMHATBI, KOTOPbIE BBIYUCISIIOTCS Kak  [6]
I =(Le)=I¢e =1Ie,, I=(Le)=I¢e,=Ie; (54a)
U=U,e)=Ue=Ue, U,=U@e)=Ue=Ue,. (54.6)
JI7151 KOMIUIEKCHO-CONPSKEHHOTO 3-KOMILIEKCa TOKa UMEEM
I = (Il +12)* = 11* +12* = ([1) (el)’ +([.2)* (ez)” = ([2) € +(1.1)*e2 (55)
B 6a3uce cMMMETPUYHBIX KOOPIUHAT TOTYIUM
UL =U+U,) (L+1) =U) (1) +(U,) (I,)  (56)
I'U:(Il'l'lz)' (U1+U2):Il- U2+Iz- Ul (57)
ToxmectBa (56-57) maroT BBIpaKEHUS U CTaHAAPTHON KOMILICKCHOU
MOIITHOCTH ¥ KOMITICKCHOM MOIITHOCTH ITyJThCAIAN
S=UTI =U, +U,I,, N=I'Uu=1U,+L,U,. (58)

IIpsMBIMU BBIUMCIEHHAMU MOXKHO IPOBEpUTh, 4YTO A BEKTOPHBIX
nipon3BeieHui opToB (49) cripaBeaIMBEI paBEHCTBA

m—=k)je,, k#m
o xe, =M Re kym=1,2 (59)
0, k=m
Kpome TOro Mo>kHO IIPOBEPHTh, UTO
e xe, =—je e, xe = je, (60)

3-KOMILIEKC MOIIHOCTH HebanaHca B CUMMECTPUYHBIX KOOpAWHATAX
D=IxU=(+1,)x(U+U,)=1xU,+1I,xU,
= (Uzjl -Uljz)[el xe,]= ](Uzll 'Uljz)eo = Doeo
Jeo Dy

umeer Tombko O-mocnenoBarenbHOCTh. Pazop  (1-KOMIUIEKC) MOIIHOCTH
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HeOaslaHca paBeH
Dy =jU,1,-U\L) . (61)
Ienouka mpeoOpazoBaHMii 3-KOMIUIEKCA HEMYJIbCHPYIOIIEH MOIIHOCTH
K =UxI" B cUMMeTpHYHBIX KOOpAMHATaxX ¢ yueToM (59-60) naet
K=IxU" = (Il +Iz)>< (Ul +U2)* = [ilel +[.282]><[(U1)1 53 +(U2)” el]
=(LU, -LU;)[e, xe,]1= j(S, -S,)e, = K,e,
Jeo Ky
3neck S, =U,I ,S, =U,I, KOMIIIEKCHbIE MOUIHOCTH -, 2-TIOCTENOBATEb-
Hocteil. @a3op (1-KOMIUIEKC) HEMYIbCUPYIONIEH MOIIHOCTH PaBeH
K, =j(,U; -LU)=(Q,-0,)+ j(R-PB) . (62)
Cummempuunoe Hanpayxicenue
Eciu Hanpsokenne  cummMerpuuro U =Ue, (U,=0), To s

pacCMaTprUBaCMbIX BbIIIC KOMINICKCHBIX MOHIHOCTefI HUMCEM:

Ko :j(ilUl*):Ql +JjB , Do :_leiz 5 (63.2)
N=U/I,, S=UlI"=5,. (63.6)
CHpaBe}:[J‘II/IBBI paBeHCTBa Mexc/:[y BBCACHHBIMHU KOMIIJICKCHBIMHU MOIIIHOCTSIMHU
Dy==jUl,==jN;  K,=jUlL" =S =0 +jR. (64)
B 3TOM pe)KI/IMe NUMEEM
9, =4 e, =Re[K, + Dye”>"]= 0, + Re[Dye’*"]. (65)

Takum 06pa3om, B TPEXTIPOBOIHOM LETH MPU CUMMETPUYHOM HaIPSDKEHUH:

- KOMIUIEKCHAas MOIIHOCTb MynbcalMii N OTiaMuaercd OT KOMIUIEKCHOMN
MoIHocTH HebGamaHca D, numb (azoBeiM MHoxutenem (D, =—jN ).
Ecnm pexxum ypaBHOBEIIIeH, TO OH M cOaTlaHCHPOBaH U HA00OPOT.

- KOMIUIEKC  Henynvcupyroweu mowHocmu K,  oTaudaercs OT

cranfaptHoit KC kommnexcHoit MomuocTd S 1uib (Ga3oBBIM MHOXKUTETEM

(K, =JS").

Jl1s akTuBHOM M HeakTHBHOM MM cripaBesTMBBI POPMYITBI
_ JQot-r/2) _ N j20t
p(6)= B+ Re[ e/, 4(0) = O, + e Dye*]

(66)

B 3-mpoBojHOI 1IeTH NIPYU CHMMETPUYHOM HaNpsDKEHUH cOalaHCHpPOBaH—

HOCTh ¥ YPaBHOBEIIEHHOCTb PEXHMOB — SKBUBAJICHTHBIE ITOHATHS. AMIUIUTY/IBI

nyabcanui akTuBHOM MM u  ckamsipHOl HeakTuBHOM MM coBmagaror
(N=D,).
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Pexxum pCaIbHO c6anchnpOBaH, €CJIn OH C6aJ'IaHCI/IpOBaH 1 pCaKTUBHAs
MOHIIHOCTb paBHA HYJIIO. Ecmu HAIPpSO)KCHUEC cUMmMempudno, To0 CAMMETPUYIHBIC
KOOPJIMHATLI TOKa

i=vu,,  L=vuU,. 67)

BBIUUCIISIOTCS C TIOMOLIbIO IPOBOAMMOCTEH TPsIMOM W  0OpaTHOH
TIOCJIE/IOBATENIFHOCTU 10 MeX(a3HbIM IMPOBOAUMOCTSIM

YW=G+jB=Y,+Y, +Y, , (68.a)

Y, =G, +jB, =—(aY,+a'Y, +Y.) . (68.2)

Koopopuumenr momHOCTH ¥ KOIQQUIMEHT  ITyJbCAlUH npu

CUMMCETPUYIHOM HAIIPSAKCHUN BBIYUCIIAIOTCA Y€PE3 3TU MPOBOAUMOCTH

, PP (Re Yl )’ , _N? Y22
A== =T = o (69)
Sy KAL) Sy LY

IIpumepur HeypasHoseuieHHO20 U HECOANAHCUPOSAHHOZ0 PENCUMOG RPU
CUMMEMPUYHOM HARPANCEHUU

B 3-npoBonHoii cxeme (Puc.) ¢ HecuMMeTpU4HON JIMHEWHON Harpy3Koi

THUIIa TPEYTOJIBHUK U CUMMETPUYHBIM HalpsHKEeHHEM MCTOYHHUKA TeHepanuu 3-

KOMIUIEKC MpPAMOM IIOCIENOBATEIbHOCTH OIpejesaeH 0a30BOil BeIMYMHOM

Hanpsokerns Ha onHy dasy U =|U |/ NE) ( U1 =30 ). bazoBble BennunHBI Ha

omHy ¢asy: mpoBoaumocth Y, Hampskenme U, Tok I,  mommocte W
YAOBIETBOPAIOT COOTHOWIEHUsIM W= U [=Y U uw I=7Y0
Harpy3ka 3anana npoBoaumoctsamu ¢asz (Taba.1).

Tabnuna 1-TIpoBoauMoOCTH Harpy3KH

1 2 3 4
v, ¥ ¥ Y| e
Yy 0 Y/ 7Y ey
Y, 0 - /3 0 0
) 1/V2 1 0.5 1

Pe3ynbraTel pacuera cBesnensl B Tabu.2.
Ilpumepl. QOpHoruleueBass Harpy3ka C aKTHBHOH MPOBOJUMOCTBIO

G,=Y. Pexxum HecOaJaHCHPOBaH u HEYPaBHOBEIIEH.

p(t) =3W[ 1+ cosQot - /3)] .
Ipumep 2. Cummempuzamop-xomnencamop lllrelinmerua.

Cxema IlTeiiHMeTIIa CUMMETPU3YET OJHOIUICUEBYIO HArpy3Ky npumepa I
ImyTeM JOOaBJICHUS B JiBa OCTATBHBIX IUICUYa MHIYKTUBHOCTU U EMKOCTH, TaK

yro D —Harpyska ompeneHa Mex(pa3HpIMH IpoBoguUMOCTAMH: ¥, ; =Y,

Yoo =jY / NER Y., =-jY / 3 . TIpoBoaumMoCTh TOKa TIPSIMOIH TOCIIE/IOBATEITh-
HOCTM 4YHMCTO aKTMBHAs M COBIAJAET C aKTMBHOW IPOBOIMMOCTBIO Iuiedya AB
Y =Y=G,,. IlpoBomuMocTb TOKa 2-IOCIENOBATENLHOCTY DPAaBHA HYJIIO.

Harpyska cxemsl [[Imetinumya akTUBHO cOaTaHCUPOBAHA.
Ipumep 3. Komnnexcno cobanancuposannas naepyska. MexdasHble

; j30° ; . 90" ;
HPOBOJMMOCTH DaBHBIY,, =€’ , Y, = j=¢’ ,Y,. =0. IlpoBogumocTs

. 200
TOKa 1-IOCIIe10BaTENBHOCTU KOMIUIEKCHAs M PaBHA: Y, =3/ G, =3 /2,
B, =3/2. TlpoBoguMOCTb 2-NOCIIENOBATENLHOCTH PABHA HYIIO, TEM CaMbIM
OTCYTCTBYET TOK 2-T0CJI€/I0BATENLHOCTU. [10MHBIN TOK COBMANaeT ¢ TOKOM 1-
nocnegoBarenbHocTH. Harpyska komiuiekcHo—cOanancupoBana I =1, =Y U,
OIHAKO peanbHo He cOanancuposana ( B, =3/2 #0). [lonHas MOIHOCTE pPaBHA

TeOMETPUUECKON MOIITHOCTH S§,=8;. Mexny MOJTHBIM (1-
MIOCJIE/IOBATENIFHOCTH) TOKOM W HANpSDKEHHEM HMeercsi (a3oBBIA  CABHT

[0} =arccos(P/ S, )=60“, KOTOpBIN oOlleHnBaeTcs KO3((UIIMEHTOM MOIIHOCTH
A= P/SG =G, /Y1 =0.5. MM myabcupyer p(t) = 3\%[2 +cos(2at)] .
Kospduument mynbcamuu paes 1//5 .

Ipumep 4. 2-nneuesas peanvho coanawcuposannas Haepyska. Cxema
YpaBHOBEUIMBAET PEXUM YHUCTO AaKTUBHOM HECUMMETPUYHOM 2-miedeBoi

Harpy3ku Y%g = \/§ny Y%?C = \/§ny s YAC =(0 BKIIOYEHHEM B T€ K€ IICUH

PEaKTUBHON Harpy3Kku: Y%g =—J %2 s Y%?C = j%Z s YAC =0. Taxxe kak u
B cxeme [lITeifHMeTIIa OTCYTCTBYET TOK 2-TOCIIEOBATENILHOCTH W PEAKTHBHAS
COCTaBJISIONIas TOKa 1-II0CIIeT0BaTEILHOCTH.

TlonHeIli TOK COBMAZAaeT C AKTHUBHOM COCTABISIIONIEHM Toka 1-
nocnegopareabHocTd. He cmoTps Ha TO, 4YTO CyMMmapHas Harpyska
HECUMMETPHUYHA U UMEET PEaKTUBHBIC DJIIEMEHTHI, OHA CO CTOPOHBI UCTOUHHKA
BHJHA KaK YHCTO aKTUBHAs M CHUMMETpHYHAs (PSKUM COaJaHCUPOBaH U
ypaBHOBeleH). [ToTHas MOIITHOCTL paBHA aKTHBHOW MOIITHOCTH.
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Tabnuna 2—Pe3ynbTaThl pacueToB

No 1 2 3 4

Y, Y v |27 |7
)8 e’ Y -y 0
I=Y|U| i G| 23T | VBT
L=Y,|U] Be?i |0 | B[ o

| Tl=Jl 1, P+, P Jel 3T | WIsT | B3N2I
P=Re(l)|U| 37 3| 6w 37
D, =jl,|U| e 3w |0 3 | o
S, =[1]U| 3 3| S| I
N=1L|U| e™P3w |0 3 0
K,=—jl,|U| —j3W 0 -6

0
i=P/S, /2 1 2/\5 |1
iy =N/S, /2 0 /N5 |0

Bb1600b1. 151 xnaccuuKaniy peXKUMOB MOTPEOIEHHS 3IIEKTPOIHEPTHH
JIOTIONIHUTENEHO K aKTHBHOM MTHOBEHHOM MOIIHOCTH HCIOJB30BaHa
HeakTUBHas (BekTopHas) MM. Otu MM  yIoOBJIETBOPSIOT YpaBHEHHIO
MTHOBEHHBIX MomiHocTed. [Toka3ano, 4To B TPEXIPOBOTHON IIEMH BEKTOpHAs
MM nonHocThIO onpejeneHa cBoei 0-coctasisitonield. [lpu cuHycouIaabHBIX
mpolleccax  BBEACHHBIE PEXHMMBI  ONHCHIBAIOTCS  JBYMSI  pa3jIMYHBIMHU
YpaBHEHHSMH MOIITHOCTH Il KOMIUIEKCHBIX BEKTOPOB: MOIITHOCTH HebaIaHca U
HEMyJbCUPYIOIIEH MOIMHOCTH. B CHHycOMZadbHOM  pEeXuMe JUISE
TPEXIIPOBOAHON LENH MOTy4eHbI (POPMYIBI ISl pacyeTa MOITHOCTH HebalaHca
W HemyJabcHupylomeil MomHocTH. [lokazaHo, YTO TP CHMMETPHYHOM
HaNpsDKEHUH  MOIHOCTh MYJbCAllMH COBMAJaeT C MOIIHOCTHIO HeOallaHca.
PexxuM B Taxoi 1eru MOXKeT ObITh ONMCaH OJJHUM YpaBHEHHEM MOIIHOCTH.
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Jlnst Tppoxda3Hoi Mepexi B TOUI MiJKIIFOYEHHS] HECHMETPUYHOI0 HaBaHTaXKEHHS PO3TILIHYTI
HEBPIBHOBA)XKCHUH 1 He30alaHCOBAHUN PEXUMHU CIIOXKUBAHHS enekTpoeHeprii. Ilokazano, mo mpu
CHHYCOITaNIBHUX IIpolecax Ii PEeXHUMH BH3HAYAIOTh pi3HI PIBHAHHA NHOTYyXHOCTL. OTpHMaHO
dopMynu st 0OOYMCIICHHST MOTY)KHOCTI HeOanaHCy i HEBPIBHOBAXXEHOCTI Ul CHHYCOITAIBHUX
IIPOLIECIB B TPHIIPOBIJHOMY JIAHIIOTY IIPU HECHMETPHYHUH HATPY3i.

KimiouoBi cioBa:: TpudasHHil JAHIIOT, MHTTEBAa IOTYXKHICTb, AKTHBHA IOTYXHICTb,
PEaKTHBHA ITOTY>KHICTh, KOMILIEKCHA HOTYXKHICTh, IOTY>XHICTh HeOalaHCy, MOTYKHICTh MyJIbcamiit

Pulsed and unbalanced modes of power consumption are considered in connection point of
asymmetrical load to three-phase network. It is shown that these modes define different power
equations with sinusoidal processes. The formulas for calculating the pulsed power and unbalanced
power are obtained for sinusoidal processes with asymmetric voltage in a three-wire circuit.

Keywords: three-phase circuit, instantaneous power, active power, reactive power, complex
power, power unbalance
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METOJ MATEMATHYECKOI'O IPOT'PAMMMPOBAHUS 1151
NPUHSATUS PELIEHUSA TPU MOJIEPHU3BALIUU
JIEKTPOCETEM

B crathe paccMaTpuBaercs 3ajada ONTHMAIBHOTO PACIIPENENEHHs] TIOTOKOB MOIIHOCTH B CETIX
anekTpocHabKeHus. Llenb - IpUHATHE pelleH s O PAOHATBHOM HCIIOJB30BAHHN BO3MOKHOCTEN
CymiecTBYIOLIIMX  anekTpocereil. OGOCHOBAaHO OLEHKY MaKCHMaJbHO-JONMYCTHMOW  o0uiei
nepeaBaeMoil  MOIIHOCTH TpU  OOECTIEUEHNH 3aJaHHbIX OTPAHWYEHWH TI0 MONIHOCTH ¥
HAMPSDKEHUSAM Ha PACTIPEETUTENBHBIX MYHKTAX U Y TOTPEOUTENEH.

KiioueBbie CJI0BA: CETh DIIEKTPOCHAOKEHWs, ONTHMH3AINS, PACIpPENeTIeHHE MOIIHOCTEN,
MHHHMH3AIHS OTEPb, MPOIMYCKHAsI CIOCOOHOCTh, MOJIETMPOBAHHUE.

Berynnenme.  HanexxHocTh M KayecTBO — DJIEKTPOCHAOXKEHHUS B
3HAYNTEIHHON Mepe ONpPEeNsieTCs] YCIOBUSIMH PabOTHI 3JIEKTPHYECKUX CETeH.
CylecTBeHHOE 3HAa4Y€HHE HMEET ONTHUMHU3ALMS PaClpeeieHuss I0TOKOB
MOIIHOCTH B paclpeeUTeNIbHBIX YCTPOUCTBAX M JIMHUAX 3JIEKTporepenay 1mno
TEeM WIN WHBIM KputepusMm [1]. OmHUM M3 KpUTEpHUEB SIBJISIETCSI MPOIMYCKHAsS
CHOCOOHOCTh ~ CeTM  MNpH  33JaHHBIX  OTPaHMYEHUSX HAa  KadyecTBO
AJIEKTPOCHAOKEHHSI TIOTpeOUTENel 21eKTpodHepruu. Takas 3ajaqa Hen30eKHO
BO3HHKAET IPU IPUHATHH PELICHUs] O PEKOHCTPYKILNH CYLIECTBYIOIINX CETel U
W3MEHEHHH €€ CTPYKTYpbl, PEKUMOB paboThl, Harpy3oK IOTpeOHTelnei,
mapaMeTpoB JIMHUIA Tepenad, oOopymoBaHus u T.1. [2]. H3MeHeHue
MapamMeTpoB Jla)ke OJHOTrO 3BEHa CETH MOXET BBI3BATh CYIIECTBEHHOE
W3MEHEHHe ToKa3aTesell paboThl APYrux JUHUE n notpeduterneit [3]. OueHka
o0meil TpOIMyCKHOH CHOCOOHOCTH CETH II03BOJISIET TaKKe MPaBUIBHO
OIIPEJIETINTh HEOOXOJMMYI0O MOIIHOCTh ITUTAIOUIETO TpaHc(hopMaTopa CETH.
[MosTomMy mpencraBisieTcss akTyalbHBIM MOJAEIMPOBAHHME BCEW CETH B IIEIIOM
JUI TIOMCKAa ONTHMAJIBHOTO paclpeseNieHus ITOTOKOB MOIIHOCTH BO BCEX
3BEHBSIX CETH C 1IeNblo olecrieueHns ee MaKCHMalbHOM IPOITYyCKHOM
CHOCOOHOCTH M 33/IaHHBIX OIpaHMYEHWH HAa KadeCcTBO DJIEKTPOCHAOKEHUs
noTpeoduTesen.

IMocranoBka 3amaum. J{1s MoOAENIMPOBaHMS TIOMCKAa ONTHMAaJbHOTO
pacripezienieHusi TTOTOKOB MOIIHOCTEH B CTAI[MOHAPHOM DPEXHUME PadOThI CeTH
BOCHOJIB3YEMCSl ~ DJIEMEHTaMH  TEOpUH  DJEKTPHUYECKHX  Ienmed |
MaTeMaTU4eCKOro mporpaMMupoBanus [ 1,4].

© 10. E.Merens, A. I1.Pynenko, A. U.Pubanka, 1. B.lanunos, 2013

144 ISSN 2224-0349. Bicnux HTY «XI1l». 2013. Ne 17(990)

Bo wu3bexaHWe H3IHMIIHUX YCIOKHEHHH MOAETH Uil HEKOTOPBIX ee
napameTpoB OyneM IpUHUMaTh NPUONMKEHHbIE 3HAYEHHUS, JOCTATOYHBIC IS
NpakTHYeckux pacyeroB. [locTpoeHne oOmed Monenu NpUEMIIEMON TNIpH
MPAKTHIECKOM UCTIONB30BAaHUM C JIFOOON TOMOJOTrHEH CYIIECTBYIOIIUX CeTeH
MIPE/ICTAaBISIETCSl  JOCTAaTOYHO CIOKHBIM. Hamboree pacrpocTpaHeHHBIMHU
SIBIISIFOTCS paiialibHasl M MarucTpaibHast U UX MOAN(HUKAIIIH.

PaccMoTpuMm mpuMep paaManbHON CXeMbl CHMMETPUYHON TpexdaszHoi
cetu (cM. puc. 1), cocrosmied W3 m PaACHPEACTUTEIBHBIX YCTPOUCTB

P;, j=1,m, NOAKIIOYCHHON K MCTOYHHKY DJICKTPOSHEPruu P, ¢ JINHEHHBIM

HanpsbkeHueM U .

GYONG
Dio o

| T | | Ty |

m,nm |

Puc. 1 — Cxema paguaisHOM CHMMETPHYHON Tpex(da3HoH ceTn

HeobOxomumo HaWTH Takue JOIYCTHMBIE 3HAYCHMS IIEpelaBacMoil
MomHocTH P; W Py 1o Kaxmod JIMHMM  3JekTpomepenad  JI;

J=1Lm;JI,;, k=1,n;, ¢ 3a1aHHBIMM KOMILIEKCAMH IOJIHBIX CONPOTUBJICHUN
zZ,=r;+i-x;, z,=r;+x,, NP KOTOPbIX CyMMapHas IepeJaBacMasi
MOIIIHOCTh OT UCTOYHHUKA JIEKTPOSHEpPruu P, 10 Bcex morpeburenei Oyner
MaKCUMaJbHOW M BBINOJHIIOTCA 3aJaHHblE OrPAaHUUYEHMS Ha JIOMyCTUMBIE
NOTEPU HANpSLKEHUH Au;, Au, 11 BCeX PacIpENEUTENbHBIX YCTPOUCTB P; 1
norpeoureneif Py. CocTaBUM MOJeNb 3a/a4H, Mojaaras JTMHEHHBIMU NapaMeTphl
JIMHUI DJICKTpONepesiad z; =7, +i-X; ¥ yIUTHIBASs, YTO IOJIHAS MOIIHOCTD Sy
KaXJIOTO TOTPEOHTENsT MOXKET OBITh BBIpAXKEHAa KOMIUIEKCHOW CYMMOM
aKTHBHOM Py i MHUMOM i P, -1g( ;) COCTaBIISIOIMX:

Su=Py+i-Py-1g(¢,)= P(/‘k|‘1+l.'tg((p(/‘k)Jﬂ (1)
e @, — COBHT (¢a3pl TIOJTHON MOITHOCTH OTHOCHUTEIBHO €€ aKTHBHOM
COCTABJISIONIEH.
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LeneBas ¢yHKIMS W cHCTeMa OTrpaHHYEHWH Ha JIONMYCTHMBIE IOTEpH
HaNpsDKEHWH Ui BCEX paclpeAeNuTeNbHbIX YCTPOWCTB M IOTpeOHTeNnei
CYILIECTBEHHO 3aBUCUT OT MOCTAHOBKHU 3aJja4l ONTUMHU3anui [5].

OcHoBHas yacTb. Hanbonee BO3MOXXHBIMHA MOTYT OBITH CIIENyIOLINE JIBa
BapHaHTa 3Tol 3afaun. Eciii Hac MHTEPECYIOT TOIBKO PE3EPBHI MOIHOCTEH Py
Yy 3aJaHHBIX  (CYIICCTBYIOIIMX) TMOTpeOWTeNel, TO  HE3aBUCHMBIMH
TIePEMEHHBIMU  ABNIAIOTCA TOMBKO MOIIHOCTH noTpedureneil Py. Ilorepu
HaNpsDKEHUI B OrpaHUYEHHSX CYMMHPYIOTCS 110 BCEH IIeTM OT MCTOYHHKA 10
notpedureneld. CucremMa OrpaHMYEeHHH B JaHHOM CIIydae COCTOMT M3 Tpex
COCTAaBJISIOIIHX

1. OrpanvucHUs Ha TIONHBIA OajlaHC TOKOB JIMHUM AJIEKTpoIepeaad,
BBIDO)KEHHBIX Yepe3 TMOJIHBIE MOIIHOCTH, JUIi BCEX pacHpeNeHTebHBIX
YCTpOHCTB ceTH (Tosarasi Bce Harpy3kH B 3-(ha3HbIX JIMHHUSAX CHMMETPUYHBIMU):

Re(Al,)=0, Im(Al,)=0, Re(Al,)=0, Im(Al)) =0, )

n/ R
rae Al = a,-S, Zoc S, Al =a,S, Zoc/k Sy, J=Lm,

il k=1

1 1 1
= a, = , Oy =
U3 T U BT B
HaIIpSKCHUA Ha pacipeaCINTCIIbHBIX yCTpOﬁCTBaX.

2. OrpaHuueHusl Ha NaJeHUS HANPSHKEHUH B KaXKJOW LENu OT UCTOYHHKA
JIO PaCIPECITUTEIBHBIX YCTPOHCTB U OTpeOUTENeH:

o U,, Uy, U, - nuneiinbie

VRe(Auy)* +Im(Aug)* < Augy,, s /Re(Au,)? +Im(Au,)® < Au,

joon >

Jjkoon >

JRe(Au, )* +Im(Au, )* < Au

m 1 m n;
rae Au, =z, - Z oy Sy, =2z," Z Oy Stz 20y Sy,
k=1

Jj=1 k=1

<"
<.

=
i
-
=
i

-~

| =

n.
J
oy Sy tz;- %aﬂ{ Sy tzpea S, 3)

Mz

Auy =z,
1

<.
i
=
T

3. Ol”paHI/I‘IeHI/IH Ha OO0MYCTUMBIC HArpy3ku Ha Ka)I(I[Oﬁ JIMHUU
QJICKTpOIICpCAavn:

JRe(1))* +Im(1,)? <1,,,.,

JRe(1))? +1m(l)? <1, (4)

146 ISSN 2224-0349. Bicnux HTY «XI1l». 2013. Ne 17(990)

JRe(1 ) +1Im(1,)? <1,
rae [y =a,-S,, [, =a,;-S,, 1, =0,-S,,J —Lm, k =Ln,.
[eneBoii QyHKIMEH ABISIETCS CyMMa MOITHOCTEH BCEX MOTpEOUTEIICH:

®(S) =[Re F(S)F +[ImF(S)} — max, (5)

m nj
e F(S)=Y>S,. (6)

Jj=1 k=1

Ecin HeoOX0aUMO OIICHUTH pe3epB MPOMYCKHOW CIIOCOOHOCTH BCel ceTn
(Bcex TUHUI M pacIpeeIUTSIFHBIX YCTPOHCTB), @ HE TOMBKO CYIIECTBYIOIIHX
MOTpeOUTENCH, TO HE3aBHCUMBIMU HEU3BECTHBIMH B OrpaHHdYcHUsX (2)
sBistorest Bee S, j=1m u S, , k=1n,. Torna 3HaKH paBeHCTBA «=»

HEOOXOMMO 3aMEHUTh 3HAKaMH HEPABEHCTBA « = », a (GyHKIHIO (6) 3amucath
CJIEIYIOIM 00pa3oM:

F(S)= Zs +ZZS —> max ™)

Jj=1 k=1
B cnyuae, korga Koadp(bnuneHTH MOIITHOCTH BO BCEX 3BEHBSX CXEMEI
ONMM3KKM K equHuIe, TO B (2)-(5) MOXXHO yYHTBIBATh TOJNBKO IEHCTBUTEIbHBIC
YaCTH KOMIUIEKCHBIX ITapaMeTPOB CETH.

Paccmorpum npumep pacuera i ceTH (CM. puC. 2) IO IEPBOMY BapHaHTY
MocTaHoBKM 3anauyn. CHayaja cocTaBUM Mozaenb B obmem Buzge. s
(GopMynMpOBaHMs CHUCTEMBl OrpaHWYEHHMH 3amumeM OallaHC TOKOB B
pacmpenenuTenbHbpIX  yeTpoiictBax P, W P, U mnajeHus HampsbDKeHUd B
KOMIUIEKCHOM BHJe. bamaHc TOKOB Ha pacrnpeneiuTeNlbHBIX yCTPOHCTBAX
paBeH:

ALy =00y 8y + 0y Sy + 0538 —a,S,, Al =0,,S), +,S, —o,S,, )

a orpanuuenust Re(Al,) =0, Im(Al,) =0, Re(Al,)=0, Im(Al,)=0.
IMageHust HaNPsDKEHUN HA BXOJAAX PaCIpEIEHUTENbHBIX YCTPONCTB U Y
noTpeduTesei:
Auy = 2,04S; = 2, (0SS} + 0y Sy + 0y Sy +053853)
Au,y = 2,048, +2,00,8, = 2, (0 S; + 0y Sy + 0y Sy, + 00y 85) +
+2, (00 Sy + 05,85 +0035),
Auyy = z,048, + 2,00, Sy < Auyy,
Auyy = 2,048 + 2,008, + 25,055, )

Ay =2,04S; + 2,08, + 2,505,
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Autyy = 2,04, S| + 2,0, + 253003553
W OTPaHUYECHUS JIS HUX:
JRe(Aw)? + Im(Au,)? < Auy,,,

JRe(Aw,)* +Im(Au,)* < Auy,,

JRe(Au, ) +Im(Aw,, )* < Ay, (10)

\/Re(Au2l)2 + Im(A”21)2 < Ay, 5

\/Re(Au22)2 + Im(Au22)2 < Ay 5

JRe(Auy,)* +Im(Au, )} < Aty

Puc. 2 — Ilpumep paguanbHO cetn

CucreMa orpaHU4eHUN Ha MPeAebHO-OMYCTUMBIE TOKU B JIMHUAX UMEET
CIeIYIOIIUHI BUJI:

JRe(1)? +Im(1,)* <1,,,,,

JRe(1,)* +Im(1,)* <1,,,,,

JRe(1,)? +Im(1,))? <1, (11)

x/Re(Im )’ + Im(/,, )’ < Ly oo s

\/Re(122)2 +Im([2z)2 <Ly p0m 5

2 2
\/Re(l23) +Im(l )" <1y, -
Heob6xomumo TakKe y4ecTh OrpaHHUuEHHs] Ha MOIIHOCTH CYIIECTBYIOIIUX

noTpeduTesei:

ReS, 2P, ,, ReS, 2P, ,, ReP,2P,,, RePy2P,,, (12)

11 =71

rie B, o, Poos Pnos Py o — CYLIECTBYIOIINE HATPY3KH NOTpeOHUTENEH.

LeneBas ¢pyHKIMS CD(S) = \/[Re F(S)]2 + [Im F(S)]2 — max,
e
F(S)=8,+8,+S8S,+8,;. (13)
Moncrapue u3 Tabdn. 1 B (8)-(11) dwmcioBble 3HAYCHHS 3aJaHHBIX
MapaMeTpOB AJIEKTPOCETH, MPUBEICHHON Ha pHUC. 2, TIOTydaeM:
Au, =z,0,S, =(0,05+0,002-7)-1,519- [Pll (1+0,62-7) +
+P, (1+0,426-1)+ P, (1+0,512-i) + P,;(1+ 0,672 - i)] =
=0,074P,, +0,075P,, +0,074P,, + 0,074P,, + (0,05P,, +
+0,0354P,, +0,0419P,, +0,054P,, )i .
Z,0,S, =(0,04+0,001-7)-1,519- [P21 (1+0,426-0) +
+ P, (140,512-0) + P,y (1+ 0,672 i) =
=0,067P,, +0,06P,, +0,0597P,, +(0,0274P,, + 0,0326P,, + 0,0423P,,)-i .

Tabnuma 1 — 3aganHbIe MapaMeTpsl ceTH

Ilapamempor
" J, JI, T, Iz JI; JI;
U, xB 0,4 0,4 0,4 0,4 0,4 0,4
r 0,05 0,04 0,1 0,09 0,08 0,06
x 0,002 0,001 0,006 0,004 0,003 0,002
Cos(p) 0,85 0,92 0,89 0,83
tg(p) 0,620 0,426 0.512 0,672
P, kBt Py Py Py Py
tg(p) tg(@i1) tg(@a1) tg(@2) tg(¢2)
o 1,48 1,48 1,519 1,519 1,519 1,519
Au, B 10 12 15 15 15 25
Prin 60 50 10 15 10 30
Pmax

148 ISSN 2224-0349. Bicnux HTY «XI1l». 2013. Ne 17(990)

Au, =2,0,8, +2,0,S, =0,074P, +0,075P, +0,074P,, +0,074P,, +
+(0,05P, +0,0354P,, +0,0419P,, +0,054P,,)-i +
+0,067P,, +0,06P,, +0,597 Py, +(0,027P, +0,0326P,, +0,0423P,,)-i =
=0,074P,, +0,135P,, +0,134P,, +0,134P,, +
+(0,05P,, +0,0624P,, +0,0745P,, +0,0963P,,) i .
Au,, =2,0,8, +2,,0,,S,, =0,074P, +0,075P,, +0,074P,, +0,074P,, +
+(0,05P, +0,0354P,, +0,0419P,, +0,054P,,)-i +
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+(0,1+0,006-1)-1,519- P, (1+0,62 ) =
= 0,22P,, +0,075P,, +0,074P,, + 0,074P,, +
+(0,153P,, +0,0354P,, +0,0419P,, +0,054P,,) i .
Auy, =2,,S, +2,0,S, +2,,0,,S,, = 0,074P, +0,135P, +0,134P,, +0,134P,, +

+(0,05P, +0,0624P,, +0,0745P,, +0,0963P,)-i +
+(0,09+0,0047)-1,519- P, (1+0,426-i) =
=0,074P,, +0,269P,, +0,134P,, +0,134P,, +
+(0,05P,, +0,126P,, +0,0745P,, +0,0963P,,)-i .
AUy, =2,0,S, +2,0,S, + 2,,0,,S,, = 0,074P, +0,135P,, +0,134P,, +0,134P,, +

+(0,079P,, +0,0624P,, +0,0745P,, +0,0963P,,) -i +
+(0,08+0,003-7)-1,519- P, (1+0,512-i) =
= 0,074P,, +0,0135P,, +0,253P,, +0,134P,, +
+(0,05P,, +0,0624P,, +0,141P,, + 0,0963P,,) i .
Auy, =2,0,8, +2,0,S, +2,0,,8,; = 0,074P, +0,135P,, +0,134P,, +0,134P,, +

+(0,05F8, +0,0624P,, +0,0745P,, +0,0963P,,) i +
+(0,06+0,002-7)-1,519- P;(1+0,672-i) =
=0,074P,, +0,135P,, +0,134P,, +0,223P,, +
+(0,05P,, +0,0624P,, +0,0745P,, +0,16P,,)-i.
F(S)=F,(1+0,62-i)+ P, (1+0,426 i) + P, (1+0,512-i) + P, 1+ 0,672 i) =
=P, +P, +P,, +P,; +(0,62P,, +0,426P,, +0,512P,, + 0,672P,;)-i.
Re(F(S))=P,, + P, +P,, + P,; > max.
3anumeM 3aJaHHbIE 3HAYCHWS IApaMETPOB M JEHCTBUTEIbHBIE YacTH
OrpaHMYEHUH | [eneBol (YHKIUM JaHHOW MOJIENH, BOCIIOJIb30BABIINCH
MakeToM NpHKIaaHBIX nporpamMm Microsoft Office 2003 [6]. B atom ciyuae
mct Excel npencrasnen B Buze tadai. 2.
OnTuManbHBI IUIAaH paclpenesieHus] MOIHOCTeM A JaHHOM 3ajgadu
MOXHO HaWTH ¢ moMombi0 HaacTpolkn «[loumck pemeHus’» TaOIMYHOTO

nporeccopa Excel TIK. ®@parment nmucra Excel ¢ maHHBIMEH U pe3yiabTaTaMu
BBIYHMCIIEHHUH TIpE/ICTaBiIeH B Tab. 3.
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Ta6numa 2 — @parment sucra Excel ¢ 3a1aHHBIME TapaMeTpaMH CeTH

A B C D E F G
1 | Orpanuy. P(1) | P(2) P(1,1) | P(2,1) P(2,2) P(2,3)
2 | mo Hamp. 0 0 0 0 0 0
3| Au(l) 0 10
4 | Au(2) 0 12
5| Au(l,1) 0 15
6 | Au(2,1) 0 15
7 | Au(2,2) 0 15
8 | Au(2,3) 0 15
9 | Orpannu.
10 | mo mMomIH. 10 15 10 20
11 | F(X) 0
Tabnuma 3 — OnTUMansHOE peleHue
A B C D E F G
1 | Orpanuy. P(1) P(2) P(1,1) | P(2,1) | P(2,2) | P(2,3)
2 | 1o Hamp. 110,35 63,65 46,7 15 25,21 23,44
3 | Au(l) 8,1811 10
4 | Au(2) 12 12
5 | Au(l,) 15 15
6 | Au(2,1) 14,01 15
7 | Au(2,2) 15 15
8 | Au(2,3) 14,086 15
9 | Orpannu.
10 | mo mMomIH. 10 15 10 20
11 | Re(F(S)) 110,35

Paccmotpum Teneps TpexdasHyro KOIbLEBYIO AJIEKTpoceTh (puc. 3) u3 m
pacnpenenuTenbHbIX yeTpoicTB PIT i J= I,m TOAKITIOYEHHYIO K UCTOYHHUKY
anekTposHepruu Pll, ¢ HanpspkeHueM U . ITonHbI TOK B KaX1oM 3BeHe JI

KOJIbIIEBOW MAarucTpaiv MOXHO BBIPa3uTh KaK CyMMY ClIaraeMbIX 4acTed Bcex
TOKOB MOTpeOuTENe (CyNMepIio3UIMI0 TOKOB). 3aIluIillieM CyMMY TOKOB
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MOTPEOUTENICH, MOMKITIOYCHHBIX K OJHOMY PaCIpEACIUTEIBHOMY YCTPOHCTBY
Pl j= I,m B cnenyromieM BUE:

n;
=D 0 Sy (14)
k=1

\/g , 4 TOKH I,q/ B Ka)KI[Oﬁ JIMHUNU JZ/A OT Harpy3ok BCEX
jk

rae o, =

noTpeduTesell MOAKIIOUEHHBIX K MAruCTPaad MOXHO BBIYHCIUTH 10
ClenyronmM GopMyaam:

m+l m+1 m+l

S,z 48, Yzt S Yz e+ S, 2,
I = =2 =3 I=j+1
al = m+l s
ZZI
=1
m+l m+l
=8z + 8, Yz e+ S Y e S,z
I = =3 I=j+1
a2 = m+1 s
Z

m+l
=82 =8,(z;+z2)— =85, ZZI+S Zzl

I=j+1
[.: J

7 it » (15)

m+1

=1

m—l1
=8z =8,(z;+z) =5, 2+ S, Z
_ =
Iﬂm - m+1 ’
Z
=
m—1
=S5 =8, (51 +2y) = =8, 'ZZJ =S Zua
[ _ I=1

m+l
=1

Ha)leHI/IH HaHpH)I(eHI/Iﬁ 1 OrpaHUYCHUA Ha HUX JIA KaKIO0ro HOTpe6I/ITeJ'IH
MOXHO 3aIucaTth B O6IIIeM BUIC KaK

J
Aujkzajk-Sjk-zjk+ZIﬂ,-z,, (16)
=1
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j=lom, k=Ln,, JReAu, P +(mau, f <au,,.

25 SE

|J11P111 HJIlPlzl ‘J’[lPlzl HJLHA

Puc. 3 — CxemMa KOJIbIIEBOH ceTH
OrpanudeHus 10 0aTaHCY TOKOB B PACIIPECITUTEIBHBIX YCTPOHCTBAX:
Re(Al)) =0, Im(Al,)=0, Re(AIj) =0, Im(AIj) =0,
rne Aly=1,-1,+1

a,m+l °
n; _
AL =T, +1, =Y 0, S,, j=lm. (17)
k=1

OrpaHuveHdsl Ha JIMAMa30Hbl JOMYCTHUMBIX HATPY30K JIMHHA Y
noTpeduTesei:

|S/| < |Sjmax > P/k() < ReS/k < P/kmax (18)
j=1lm+1, k=l,nk R
wre || =y/Re S, f +1m(s))* . [5,,,,|=y[ReS,,,, f +1m(S,,,)’
LeneBas GpyHKIMS:

®(S) =[Re F(S)F +[ImF(S)} — max, (19)

m "j
F($)=>.>'5,.

Jj=1 k=1
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PaccmoTpuM mpuMep COCTaBIIGHHS MOJCTH JIIS  KOJBIEBOW CETH
MOKa3aHHOM Ha puc. 4.

T, Pui, Zu Zy

Puc. 4 — Ilpumep xombIeBOM ceTH

Beipaskenust juist Beraucnenus 1, j = 1,_3; oy» Jj = 1,_2cornaCHo (15):

Z,+z z
_ 2 3 3
[,71—511' +521' ’
z,+2z,+2, z,+2z,+2,
z z
1 3
[72 _Sll' +521' > (20)
z,+2z,+2, z,+2z,+2,
z zZ,+z
1 1 2
I5==8, -8

. .
Z,+2z,+2z, Z, +2, + 2,
OrpaHuueHus 10 MaJCHUAM HANPSHKEHUH Y MOTpeOuTeNeil UMEIOT BHT:
Auy, = {OL“ Sz t+z) '[,n'}a Auy, = {a2l Syt zy 2, '[,72}' (21)

OrpaHuueHHss MO TAJCHUSIM HANPSDKCHWH Ha  PaClpeIeTUTENbHBIX
YCTpOMCTBax:

Auy = oy -8, - +0ly; Sy “Zps (22)
Z,+2,+24 Z,+2, + 2,
zZ,+z z
_ 1 T 25 1
Auy =1 ay - Sy - TR "Zy,
Z,+ 2, + 2, Z,+ 2, + 2,

|Au”| < Auyy |A”21| S Ay s |A”1| S AUy, 5 |A”2| S AU 4 s

rae |Aujk| = \/Re(Auﬂ{f +Im(Au)’ .
OrpaHu4eHds] 1O MOIIHOCTSM  PACHpPENeIUTEIbHBIX  YCTPOHCTB |
noTpeduTesei:
Re(AS,) =0, Im(AS,) =0,
Re(AS,))=0, Im(AS,)=0, (23)
Re(AS,)=0, Im(AS,)=0,
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rae AS, = (S, -5, -8, —AS, - AS, —AS; —AS,),
AS =(§, -5, -85, A5, -AS,) =0,
AS, =(S, +85 -8y, —-AS,), (24)
, | 1] < [S)max] » 5] < [Somas| > Pimin SRe(S)),

2max

Imax I1min

|SO| S |S0max
<Re(S,)).

P,

21min

Taxum 06pa30M, BUa HeJ’IeBOﬁ (byHKHI/II/I BBITJIAAUT KaK CyMMapHas
MOHIIHOCTb, KOTOPYIO MOXKCET MEPCAATh BCA CETh KO BCEM HOTpe6I/ITeJ'I$IMI

@(P)=PF, + P, > max. (25)

BobiBoabI. B cTaThbe paccMoTpeH METOJ, MaTeMaTUYECKOr o
MPOrpaMMHPOBaHUS (YCIOBHAS ONTUMU3AIMSA) ISl MOJCIMPOBAHUS ceTel
ANIEKTPOCHA0KEHUST B COYCTAHWHM C BBIYHCIUTEIBHBIMH M TPOrPAMMHBIMU
BO3MOXHOCTSIMU COBPEMEHHBIX KOMIBIOTEPOB. JlaHHBIA MOJAXOJ MO3BOJSET
MPOBOJUTHL HUCCIIEIOBAHME CEeTe B YCIOBHUAX HX OKCIUIyaTallud |
MOJIEPHU3ALMU C LEIbI0 TNPUHATUS ONTUMAJBHBIX pEUIEHHH MO0 HUX
UCTONB30BaHui0. [logOOHBIM  TOAXO0J MOXET OBITh TPUMEHEH TNpU
ONTUMU3AIUH PACTIPEICICHUS TOTOKOB MOITHOCTEH JIUIsI MUHIUMHU3AIAN OOIIHX
MOTEPh B CETAX, a TAKXKE JJIs1 PEUIeHUs 3aad C JTUCKPETHBIMU MU3MEHEHUSIMU
MomHOCTeH.  ONTUMAanbHBI  IUIAH  paclpefeNeHus  MOIMHOCTeH ¢
HCIOJIB30BAHMEM JaHHOM METONUKH HalaeH ¢ noMompbio Microsoft Office
Excel.

Crnucok aurepatypsl: 1. Jlvikun A.B. MatemaTnieckoe MOJICIMPOBAHHE MIEKTPUIECKUX CUCTEM U
HX 3JeMEHTOB : y4eO. mocobue / A.B. Jluikun. — HoBocubupck : HI'TY, 2003. — 134c.
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MeToa MaTeMaTH4eCKOro MPOrPAMHPOBAHMS /IS NMPUHATHS PellleHus] MOJAEPHH3ALUHI
nekrpocereii / Mereas 1O. E., Pynenko A. I1., Poioanka A. U., Jannako U. B. // Bicauk HTY
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VY cTaTTi po3rIANacThCs 3ajada ONTHMAJIBHOIO PO3MOALTY IOTOKIB MOTYKHOCTI B MepexKax
eIIeKTPOIOCTaYaHHsl. MeTa - IPUIHATTS pillleHHs MPO paliOHaJIbHe BHKOPUCTAHHS MOXIIHBOCTEH
ICHYIOUHX eJlekTpoMepesk. OOIpyHTOBAaHO OLIHKY MaKCHMAJIbHO-JOIMYCTHMOI 3araJIbHOI IepenaHol
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MIOTYXHOCTI B pa3i 3a0e3MedeHHs 3alaHuX 0OMEXeHb 110 MOTYXKHOCTI 1 HaIpyraM Ha PO3IMOILUIBYHX
IIYHKTAX 1 y CIIOXUBAYiB.

KirouoBi cioBa: Mepexa eNeKTPONOCTAaYaHHs, ONTUMI3alis, PO3HMOALT IIOTYKHOCTEH,
MiHIMi3amis BTPAT, IIPOITYyCKHA 34aTHICTh, MOJICIIOBAHHSL.

In article consider the problem of optimal distribution of power flows in electricity networks.
The purpose - to decide on the rational use of existing power grids. Assess the validity of maximum
allowable total transmit power while ensuring the specified constraints on power and voltage on the
points and the consumers.

Keywords: electricity network, optimization, power distribution, reduced waste, throughput,
simulation
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CHUXEHHUE TOKOBbBIX U JUHAMHWYECKHUX HAT'PY30K B
PEI'YJIMPYEMOM ACUHXPOHHOM JJIEKTPOITPUBO/IE
IMAXTHOI'O CKPEEKOBOI'O KOHBEWEPA TP
3AKJIMHUBAHUHU IETIN

IpemnoxkeHn cnocod CHIDKCHUsT JHHAMHYECKHMX HArpy30K B PEryJMpyeMOM aCHHXPOHHOM
JNIEKTPONPHUBOJIE CKPEOKOBOrO KOHBelepa 0e3 TUAPOMYy(Tbl TpH 3aKJIMHUBAHWU Lend. [lo
pe3yibTaTaM KOMIIBIOTEPHOIO MOJEIHPOBAHHS ITOKa3aHa pabOTOCIOCOOHOCTE crocoda, MmorydeHa
3aBUCHMOCTb TIHKOBOTO YCKOPEHHS 3BE3/I0YKH HATSHXKHOW CTAHIMM OT MECTa 3aKJIIMHUBAHUS ICIH
110 JUTMHE KOHBelepa.

KaroueBble clioBa: CKpeOKOBBINH KOHBEHep, THAPOMY(Ta, peryIupyeMblil JIEKTPONPHUBOI,
3aKJIMHUBaHHE.

Beenenue. Oxcrutyarammsi  3a00MHBIX ~ CKpeOKOBBIX  KOHBEHEpOB
conpoBOXKIaeTcs 4vactbiMu Imyckamu (o 400 pas B cyrkm [1]), a Takxke
CTOTMOPEHHUSIMHU LETH, IPU KOTOPBIX OPOCKM MYCKOBBIX TOKOB IIPHBOIHBIX
ACHHXPOHHBIX JBHTaTeNied 4-6 KpaTHO IIPEBBINIAIOT CpeaHee 3HAa4YeHUEe |
HETaTUBHO BIIMSIIOT Ha «CIIa0ylo» MIAXTHYIO CHUCTEMY 3JIEKTPOCHAOXEHHs, a
TaKkke Ha paboTy »dIEKTPOoOOpyMOBaHUS HOOBIMHOrO Yywactka. Ilycko-
MIPEIOXPaHUTENbHbIE THAPOMY(THl B TaKUX TSDKEIBIX pEXHMax padOTHI
Manod(pdeKTUBHBI 13-32 HarpeBa paboyeld JKMAKOCTH M cpabaThIBaHUS
TEIJIOBOW 3alllUTHI, CJEJCTBUEM YEro SBJSIFOTCS IPOCTOM KOHBeiepa U
CHIDKEHHE TIPOU3BOAMTENBHOCTH. [loaToMy B mpomecce MOJEpHHU3aIUH
CKpeOKOBBIX KOHBEHEpOB Y MPOM3BOAWTENEH W Yy DHEPreTHKOB INAXT BCE
OONBIIMK  MHTEPEC BBI3BIBAIOT COBPEMEHHBIE  YacCTOTHO-PETYIHpYEMbIe
ACHHXPOHHBIE  JJIEKTPONPHBOABI C  BEKTOPHBIM  yIpaBiieHWEeM. Tak,
MpoBeJIcHHbIe B [2] HCCleIOoBaHUsl MOKa3alH, YTO 3aMEHa HEPEryIupyeMoro
anexTpornpuBoaa KoHBediepa CP72 ¢ ruapomydToll Ha peryiaupyeMmsblid
AJIEKTPOIIPUBO C BEKTOPHBIM yIpaBieHHEeM 0e3 TuapoMy(dTsl odecriednBaeT
pas3iMYHBIE PEXHUMBI IUIABHOTO ITyCKa, OrPaHMYMBAET TOKOBYIO Harpy3Ky Ha
ceTh B Npelenax 3a/JaHHOW YCTaBKHM, CYIIECTBEHHO YJIy4dllaeT AWMHAMUYECKHUE
CBOMCTBa BCEH JJIEKTPOMEXAaHMYECKOH CHCTEMBI, OIHAKO HE WCKIIOYaeT
BO3MO)KHOCTH TIOPBIBA IETTH ITPY 3aKIIMHUBAHUH paboyell BETBH.

Hean ncciaenoBanus. OneHka paboOTOCIIOCOOHOCTH CIIoco0a CHIDKEHUS
JMHAMHYECKMX Harpy30K B DPETYJIUPYEMOM aCHHXPOHHOM 3JIEKTPOIPHUBOJIE
CKpeOKOBOro KOHBeiiepa 0e3 TuUApOMY(QTHl TNpH 3aKIMHUBAaHWU LENH I10

pe3yjIbTaTaM KOMIIBIOTEPHOI'O MOACIUPOBAHU.
A.A. Tkauenko, A.B. Ocuues, 2013
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PesyabraTtel  uccienoBanus.  lVckiroueHne — rHAPOMY(TH U3
KOHCTPYKIIMM  CKpeOKOBOrO  KOHBeliepa  TpeOyeT  pemeHus  3aladu
aBTOMAaTUYECKOr0  ONpENeNeHWs  MOMEHTa  3aKJIMHUBAHUS  LENH  C
TIOCJIEIYIONIMM aBapUHHBIM OCTaHOBOM KOHBeliepa. Mcciemyembie aBTOpamu
criocoObl  [3] ompeneneHWss MOMEHTA 3aKIMHHUBAHUS MU  CKPEOKOBOTO
koHBeriepa CP72 mocpeicTBOM OLIEHKH MaKCHUMAaJIbHOTO 3HAYEHHS U CKOPOCTH
HapacTaHWs TOKa CTaTopa aCMHXPOHHOT'O JBHTATENs ITOKAa3ajd, YTO CHI'HAI Ha
OTKJIIOYEHHE TIPUBO/IA B paCCMATPHBAEMBIX CHCTEMAaX BO3HHKAET TOJIBKO ITOCIE
Harpy)KeHus: BCEX KHHEMAaTHYECKMX 3BEHbEB KOHBEiiepa OT  TOYKH
3aKJIMHUBAHUS 0 JABUraTens. Takoe 3amasabiBaHue Bo Bpemenu (30-50 mc)
orpaHnumBaer 3(pQeKTUBHOCTh NPUMEHEHHUsS PacCMOTpPeHHBIX B [3] crocoboB
aBapUIHOr0 OCTaHOBa KOHBeHepa, KOTOpbIe, OHAKO, CHI)KAIOT JUHAMHYECKUE
Harpy3kd B IIENIM IPU 3aKJIMHUBaHUM Oosiee 3(PQEKTHBHO IO CPaBHEHHIO C
THAPOMY(TOW TIPU  YCIOBHM  CBOEBpeMeHHoro (0e3  3ama3jpIBaHMS)
OITpeIeIeHUsl MOMEHTA 3aKJIMHUBAHMSI.

KnnemaTtnyeckast cxemMa IpOMBIIUIEHHO BBIITYCKAEMbBIX CKPEOKOBBIX
KOHBEHEPOB ¢ XBOCTOBOW NMPUBOJHON CTaHIMEH, B KOTOPHIX TSATOBOE YCHUIIUE OT
TIPUBOIHOM 3BE3/I0UKH IIepeaaeTcs Ha pabouylo BETBb Uepe3 3BEHbs XOJIOCTOH
BETBH, IO3BOJISIET peajn30BaTh pa3pabOTaHHBIM aBTOPaMHU CHOCOO CHMXKEHHS
JMHAMHYECKMX HArpy30K B LU MPH 3aKIMHUBAHUN 1 3alIMIIEHHOE MTATEHTOM
ycrpotictBo [4]. Cyth crocoba (puc. 1) 3axiirodaeTcs B TOM, YTO CKPEOKOBBIN
KOHBEHep, COCTOAIMH W3 PperyjaupyeMoro acuHXpOHHOro IipuBoaa 1,
penykropa 2, TPUBOAHOM 3BE3J0YKM 3, Yepe3 KOTOPYIO TIrOBOE YyCUine
mepeaeTcsl Ha CKPeOKOBYIO IIeTb 4 W 3BE3JIOYKH 5 HATSKHON CTaHIUU
OCHAI[aeTCsl TATYMKOM yIja €e MoBOpoTa 6, CHTHajJ C KOTOPOTO IOJAaeTcsl Ha
Omok mByxKpatHOoro auddepeHmupoBaHUs 7 W Janee  0OeCIeYUBAcT
BO3MOXKHOCTB 320JIarOBPEMEHHOT'0 TOPMOXKEHHSI.

4

[4 Uy
7 -

Qare | 8

Puc. 1 — CrpykTypHas cxeMa pealn3alliy Ciocoda OIpeneIeHrs] MOMEHTa
3aKJIMHUBAHHUS LICTH
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IMocne mycka kKoHBelepa B X0€ €ro HOPMAaJIbHON pa0OThI ¢ TOCTOSHHON
Cpe/iHe CKOpPOCTBIO B YCTAHOBHMBIIEMCSI PEXHME MTHOBEHHOE YCKOPEHUE d,,
3BE3/I0YKH, KOTOPOE HENPEPHIBHO PAacCUMTHIBACTCS B OJIOKE JBYXKPAaTHOTO
muddepenmpoBanus 7, mano. [lpu 3axivHUBaHWM Tenmd 4 BOJHA YCHIIAN
pacrpocTpaHsercsi OT TOYKM 3aKJIMHUBAHUS, KOTOpas HaXxOJWUTCS Ha pabodeit
BETBU KOHBelepa, Mo pabodell BETBH K 3BE3JI0YKE 5 HATSDKHOW CTaHIIWH,
BBI3BIBas pe3Koe (MMITYJIbCHOE) YBEINYEHHE €€ YCKOPEHHs, TaK KaK OHa UMEEeT
MaJibli MOMEHT HHEpPIHMH MO CPaBHEHHIO C POTOpOM JBurateis. BomHa,
3aTOPMO3MB 3BE3/I0YKY HATSDKHOM CTaHIUH, MPOXOAUT JNajblle MO XOJIOCTOH
BETBH K INPHBOIHOW CTAHIMM W OyIeT Harpyxarb €€ 3BEeHbS, €CIU C ITOrO
MOMEHTa HE MPENPHUHATh Mep 110 CHIDKEHUIO TUHAMHYECKUX YCHIIUH B IIETIH.
[oporoBetii anemMeHT 8, 00HApYXHUB MPEBHIIIEHUE YCKOPEHUS 3BE3/I0UKH BHIIIE
3aJJaHHOTO B 33JaTYMKE BEPXHErO Mopora 9 ypOBHS ..., BBIAAET CHI'HAJ Ha
pEryIupyeMblii aCHHXPOHHBIH AJIEKTPONpHUBOA 1, KOTOpBIH obecreynBaeT
pasnuuHble  (MPOMBIIUIEHHO — PEalIM30BaHHbIE)  CIIOCOOBI  aBapHUHOTO
TOPMOXKEHHUSI KOHBeHepa.

[MoaTeepxknenne paboTOCIIOCOOHOCTH 3asBJIEHHOTO CIIOC00a MpoBeeM Ha
pa3paboTaHHOW aBTOpaMU KOMIIBIOTEPHOH MOJENIH CKpPeOKOBOro KOHBeHepa
CP72 ¢ XBOCTOBOM NpPUBOJHOW CTaHIMEH U PEryIMPYEMBIM ACHHXPOHHBIM
JJIEKTPOIIPUBOAOM C CHCTEMOW BEKTOPHOrO ympaBiieHus1 0e3 ruapoMyQTsl [2].
Takast MOJenb MMO3BOJISIET HCCIIEIOBATh MYyCK B PEXHMME TOKOOTPAaHMYEHUS U
IUIaBHBIH TYCK KOHBelepa, ero paOoTy Ha OIpelesieHHOW CKOpOCTH
TPaHCIIOPTHPOBAHUS, & TAKXKE 3aKJIMHUBAHUE [ETTH OT PAa3JIMYHBIX PUIHH.

Ha puc. 2 mnpencraBieH rpaguk YCKOPEHHUs! 3BE3JIOYKH HATSHKHOM
CTaHIMM, CHATHIA C KOMIBIOTEPHOH MOJIENN HE3arpyKeHHOro KOHBeHepa MpH
3aKJIMHUBaHUM Paboyero opraHa IO MPHYHMHE IMONaJaHus CKpeOKa B peIlTaK.
ITocne pasrona koHBeiiepa B peXHMe TOKOOI'DAaHWYEHHUsS M BBIXO/A €ro Ha
pabodyro CKOPOCTh MOJENUPYETCS MTHOBEHHBIH OCTAaHOB CKpeOKa IocpeauHe
paboucii BeTBU.
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Puc. 2 — I'paduik yckopeHHs 3BE€3T0YKH HATSDKHOW CTaHITUH
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W3 paccMoTpeHus mporiecca, IpeCTaBIeHHOro Ha pUc. 2, MOXKHO CENaTh
BBIBOJI, YTO CTaHAAPTHEINA 3HKOAEep ¢ 10000 mMITyapcamMu Ha 00OPOT YCIIEITHO
BBIJIETISIET UMITYJICHOE YIIIOBOE TepeMellleHne 3BE3/I0YKH HATSDKHOW CTaHIINH,
BBI3BAHHOE MPOXOXKJICHWEM BOJNHBI JedopManuii OT 3aKJIMHUBAHUS, a
yucieHHoe Au(depeHIIMpoBaHie MO0 METOAY TPEX TOYEK IO3BOJISIET MONYYUTh
CHTHAJ YCKOPEHHSI 3BE3J0YKM M HAJEKHO BBIIEIUTH €ro M3 CpPEeJHEro
IIYMSIIEro 3HAYEHUs] BBIUUCISIEMOIO YCKOPEHHWS] B HEaBapHUHBIX peXHUMaXx.
MakcumanbHOe 3HaUeHHE YIIIOBOTO YCKOPEHMS 3BE3/I0YKHM HATSHKHOW CTaHIIMHU
TP 3aKTMHMBAHMH IIEIH TIOCpeauHe padoueii BeTBH nocturaer 1600 pan/c’, a
TIpH Mmycke KOHBeliepa He mpesbimaet 100 paj/c’.

O0oOmIeHre  pe3yabTaTOB  MOJACTHpoBaHWMs (puUc. 3)  MOKas3aio
3aBHCHMOCTh MaKCHMaJbHOTO 3HA4YECHUS] YCKOPEHHS 3BE3/I0YKH HATSHKHOM
CTaHIMM OT MeCTa 3aKJIMHUBAHUS e M0 JUIMHEe paboueil BeTBH KOHBelepa B
npenenax  au,=1300...2800 pancz. I[lo wmepe mTpHONMKCHUS TOYKH
3aKJIMHUBAHUS K HATSHKHOW CTAHIIMU ITMKOBOE YCKOPEHHE €€ 3BE3/I0UKH IJIaBHO
yBeIMYMBaeTCsA, a Ha paccTossHUM 10 M n Omwke 3TOT 3((eKT BBIpaxKeH
cunbHee. [lomydenHass oOoOmiaronias 3aBHCHMOCTH ITO3BOJISET IIPaBHIBHO
BEIOpaTh MOpPOr cpadaThIBaHKs YCTPOMCTBA 3alUTHl [4] IpH HaJaaKe CHCTEMBI
yIpaBJeHUs KOHBelepa.
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Puc. 3 — 3aBUCHMMOCTh MaKCHUMaJIbHON BEJTMYMHBI YCKOpPE€HUS 3BE3I0UKHN HATSDKHON
CTaHIOHU OT MECTAa 3aKJIIMHUBAHUA

D¢ dhexTHBHOCTD NMPEITTOKEHHOTO PEIICHHS TT0 CHIDKEHUIO JUHAMHYECKHX
HATPy30K B IIeU CKpeOkoBoro kouBeiiepa CP72 ¢ XBOCTOBOW NPHUBOIHOMN
CTaHIIMEH W  PErylIupyeMbIM  acCHHXPOHHBIM  JJIEKTPONPUBOJOM  0Oe3
ruApoMy(THl TpHU 3aKIMHABAHWM LENU OIEHHM, CPaBHUB TpPEXMEpHbIE
IIPOCTPAHCTBEHHO-BPEMEHHBIE IUArpaMMbl JUHAMUYECKUX IPOLIECCOB YCHINN
F(x,t), nomy4eHnHbple Ha Mo/ieNn. 3HaYEHHUE MTPEABAPUTEIHLHOTO HATSHKEHUS LIEH
paBHo F,=44 xH, mnpoBuc oTCyTCTByeT, Mojenupyemas Ienb oOnagaer

YOPYroCctet0  IpHU  PaACTAKCHUM WU «KCKATHW»  OTHOCHUTCIIBHO  YPOBHS
IpeABapUTCIILHOI'O HATAKCHUA.
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Puc. 4 — JlunamMudeckue yCcHins B e KOHBelepa: a — 6e3 Cpe/ICTB CHIDKEHUS
JMHAMHYIECKHUX Harpy30K; O — C IPUMEHEHHEM YCTPOICTBA 3aIIUTHI [4]

W3 rpaduka (puc. 4, a) BWAHO, YTO MTHOBEHHBII OCTAaHOB CKpeOKa
BBI3BIBACT 3HAYMTENIbHBIE KOJNEOAHWs YCHJIMH B LENM HAa YYacTKEe OT TOYKH
3aKJIMHUBAHUS Yepe3 XOJOCTYI0 BETBb M Jajiee K NPUBOAHOW cTaHUMH. bes
MIPUHATUS MEP 110 CHIKEHMIO JMHAMHYECKHMX Harpy30K aMIUIUTy[a IIePBOTO
nuka Bo3pacraeT 10 197 kH ¢ yuerom F.,;, o1Hako He NpeBBIIIAET pa3phIBHOE
ycunue nienu kannopa 18x64 konseitepa CP72, paBnoe 252 xH. Hapacranue
YCWIHH B IIETTH IPOUCXOHUT MO MEpe HarpyXXeHHUs IPHBO/IA C OJHOBPEMEHHBIM
CHIDKEHHEM €ro CKOpOCTH (BIUIOTH IO OCTaHOBKHM) 3a CUeT mepexoaa
KMHETUYECKOH SHEpPruM, 3alaceHHOW B OCTAHABJIMBAIOIIMXCS WHEPIMOHHBIX
MaccaX B TOTEHIMAIBHYIO DHEPrHI0 pacTshKeHUs [end. Bo3Hukmme oT
3aKJIMHUBAHUS KOJIeOaHMs 3aTyXaroT 3a 4 mepuoja, JBUraTenb, He MPeo/oNeB
NIPUYMHY 3aKJIMHUBAHUS, OCTAaHABIMBAETCS U CO3/a€T CTOIMOPHBIN CTaTUYECKUM
MOMEHT, HaTATUBas 1enb 10 ypoBHs 89 kH ¢ yuerom F.

B ciydae npumeHeHns1 ycTpoicTBa 3alIMTHI LEMH OT meperpy3ku (puc. 4,
0) KMHETHYecKas SHEPrusl BPaIIAIOIErocs IBUraTeNs TracuTcs B XOJE ero
SKCTPEHHOTO TOPMOXKEHHs TOA  BO3JCHCTBHEM CHCTEMBI  YIPaBIICHUS,
JMBIOKYIIAA MOMEHT HE CO3JIaeTcs, Ienb ociabisercs (He HaTsIruBaercs). B
pe3ynbTaTe pacripoCTPaHSIOMAsACS O XOJOCTOH BETBU BOJIHA JedOpMaluii oT
3aKJIMHUBAHUS TPOM3BOJMT MEHBINEE YAapHOE ACHCTBHE MO0 MEXaHMYECKOM
YacTU MPUBOAHOM CTAaHIUM, CHWXas NepBbId Uk 710 ypoBHA 131 kH ¢ yuerom
F., KOneOaHus ycunuii B ey He BO3HHUKAIOT.
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BuiBogsbl. 1. B crathe mokazaHa pabOTOCIIOCOOHOCTL CIIOCO0a CHUKEHUS
JMHAMHYECKUX HATPY30K B PETYIHPYEMOM ACHHXPOHHOM 3JIEKTPOIPHBOIC
CKpeOKOBOro KOHBeWepa 0e3 THAPOMY(PTHI NPH 3aKIMHUBAHUH LIETH.

2. TloctpoeHa 00o0OmIarMas 3aBUCAMOCTh BEIHYWHBI ITHKOBOTO
YCKOPEHHsI 3BE3I0YKH HATSHKHOM CTAHIMM OT MECTa 3aKIMHUBAHHS IIEMH,
KOTOpasi TO3BOJSAET MPAaBHJIBHO BHIOPATh TOPOr CpadaThIBaHHS YCTPOHCTBA
3alIUTHI TIPH HANAJIKE CUCTEMbI YIIPaBJICHUs KOHBelepa.

3. TokoBble HArpY3KH Ha IIAXTHYIO CETh MOXXHO CHHU3HMTb, MPUMEHSS
peryaupyeMblii aCHHXPOHHBIH 3JIEKTPOIPUBO/] C YCTPOHCTBOM 3aIIUTHI IICMH OT

Heperpy3Ku.
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CHUKEHHE TOKOBBIX M [HHAMHYECKHX HArpy30K B peryjJmpyeMoM AacCHHXPOHHOM
JJIeKTPONPUBO/Ie HIAXTHOI0 CKPeOKOBOro KOHBeiiepa mpu 3akjmHuBanuu uenu / TkaueHko
A.A.,, Ocuue A.B. // Bicumk HTY «XIII». Cepia: Enepretuxa: HafiliHiCTe Ta
eneproedexTuBHicTb. — XapkiB: HTY «XIII». — 2013. - Ne.17 (990). — C.155-160. In.: 4. Bi6umiorp.:
4 na3ss.

3anpornoHOBaHO  CroOCi0O  3HMKEHHS JIMHAMIYHMX HABAaHTAKEHb B PEryJIbOBAHOMY
ACHHXPOHHOMY EJICKTPONPHUBOJIi CKPEOKOBOro KOHBeepa 0e€3 TiApoMy(pTH NpH 3aKIMHIOBAaHHI
JIaHIoTa. 3a pe3ysbTaTaMd KOMIT FOTEPHOTO MOJICIFOBAHHS IOKa3aHa Mpale3aTHICTh crocoda,
OTpUMaHa 3aJISKHICTh IMKOBOTO IPHCKOPECHHS 3IPKH HATSHKHOI CTAHINT Bifi MICHs 3aKJIMHIOBAHHS
JIAHI[IOTA 110 JIOBXKUHI KOHBEEPA.

KarwuoBi cioBa: ckpeOKoBHil KOHBeEp, TinpoMydra, peryiboBaHHN EIEKTPOIPHBOI,
3aKJIMHIOBAHHSL.

A method of reduction of dynamic loadings in the regulated asynchronous electric drive
scraper conveyor without fluid coupling at jamming chain is proposed. According to the results of
computer simulation confirmed efficiency of the method, the obtained dependence of peak
acceleration of an sprocket of tension station from the place of jamming in the chain conveyor
length.

Key words: longwall armored face conveyor, fluid coupling, adjustable electric drive,
jamming.
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B.B. YEPKAIIIHHA, xann. TexH. HayK., aoil., HTY «XIII»

BPAXYBAHHS [TIAPAMETPIB HABKOJIMIIIHBOT'O
CEPEJIOBHUIIIA B 3AJJAYAX IPOEKTYBAHHS TOBITPSIHUX
JITHINA

B craTtri mokazaHo HeOoOXiAHICTE BpaxyBaHHS iH(popMamii Hpo HapaMeTpd HaBKOIMIIHLOTO
CepeIOBHILA MPU MPOCKTYBaHHI MOBITPSHUX JIiHIN B paMkax KoHuemnii Smart Grid, mo 103B0IUTH
BUPININTH 3a7ady IO BIPOBA/DKCHHIO B IPAKTHKY IPOCKTYBAHHS IIOBITPSHHX JIHIl HOBOrO
MOKOJIHHS.

KiioueBi c1oBa: moBiTpsiHA JIiHIS, MOTYXKHICTh, NapaMeTPH HABKOJIMIIHBOIO CEPENOBHIIA,
Smart Grid.

Betyn. Po3BUTOK eneKTpoeHepreTHYHOI raiy3i B paMKaxX eKCTEHCHUBHOI
KOHLIETii, 3aCHOBAHOI IIEpEeBaXKHO Ha BBEJCHHI HOBUX NOTYXHOCTEH 1
PO3BHUTKY MEPEXEBOi iHPPACTPYKTYpH 3 MOIIIIIEHHIM TEXHIKO-€KOHOMIYHHX
MOKA3HUKIB OKPEMUX BH/IIB YCTATKYBaHHsI, 00’ €KTIB 1 TEXHOJIOTIH, ITOB'sI3aHNUI 3
HasBHICTIO CHUCTEMHHX OOMEXEHb 1, BIANOBIAHO, PHU3UKIB PO3BUTKY
eJIEKTPOSHEPIeTUYHOI Tally3i, [0 BUMAarae IMeperisiay TPaAuLiHHUX MiIX0/iB,
NPUHIOMIIB 1 MexaHi3MiB ii (yHKIIOHYBaHHS, pPO3pOOKY HOBHX HAINpsMKIB,
3MaTHUX 3a0e3neynTd 11 CTIHKMH PpO3BUTOK, MiJABHUIIECHHS CIHOXXHUBYUX
BJIACTHBOCTEH 1 €PEKTHBHOCTI BUKOPUCTaHHS EJIEKTPUYHOI eHeprii.

e pimeHHs 3axamamo po3poOKM HOBOI  KOHIICMIli  PO3BUTKY
eNIEKTPOCHEPreTUYHOI Taiy3i, ska O MaKcHMaJbHO BpaxoByBaja OCHOBHI
TEHJICHIIIT 1 HANPSIMKU HaYKOBO-TEXHIYHOT'O MPOTPECy B YCiX ramyssx, chepax
XKUTTA 1 AISTTBHOCTI CycnisibeTBa. Takoro koHuenmieto € Smart Grid.

AHaJni3 ocTaHHiX qocaifkensb i Jiteparypu. Konnermist Smart Grid — ne
KOHLIETIIiSl TIOBHICTIO IHTETPOBAHOI, CAMOPETYIIOI0Y0I Ta CaMOBiTHOBIIIOIOUOL
€JIEKTPOSHEPTeTUIHOI CUCTEMH, KOTPa Ma€ MEPEKEBY TOIOJIOTIIO 1 BKIIIOYAE BCI
JoKepena, 10 TeHEePYIOTCs, MariCTpallbHi Ta PO3MOMiIbYI MEPEeXi, a TaKOXK BCI
BUAM CIIO)KMBAYiB EJIEKTPOEHEprii Ta KEpYIThCS €IUHOI0 MEPEKEro
iH(pOpMaIifHO-KepYIOUMX MPUCTPOIB 1 CUCTEM B peXHMi peanbHoro yacy [1-6].

Smart Grid po3ainsifoTh Ha HACTYIHI HANpPSIMKH: €KOHOMIYHO e(eKTHBHI
TEXHOJIOT1H MaJIol 1 cepeIHbOI TeHepallii, BKIIOYarouH albTepHATUBHI JKEpena;
HOBE TOKOJiHHA oOnamryBans aBTomatuzamii(ACK TII, P3A i in.);
iH(OpMaifHO-TeXHOJIOTYHI KOMIUTeKcH st ynpasiinas EEC; aktuBHi 3aco0u
perymoBanas (FACTS); I1JI HOBOro MOKONIHHA 1 CHCTEMa MOHITOPHHTY
napametpiB [1JI B pexumi peanpHoro yacy [1-3]. B pamkax nmanoi xoHuenmii
IJI po3risnaroThes SIK 00’ €KT, 110 KOHTPOIFOETHCS 1 BIAMOBITHO PETYITFOETHCS.
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®dynkuionyBanHs Smart Grid HemoxmBe 0e3 epeKTHBHOI i€papXiuHOI
CHCTEMH KOOPJMHOBAHOTO HEMOMXUIMBE 0e3 eeKTHBHOI i€papXidHOi CHCTEMH
KOOpJIMHOBAHOTO YNPABIIHHS PEKUMaMH €JIEeKTPOCHEpreTHYHOI Traiy3i B
mitoMy. Jlnsi cTBOpEHHS Takoi CHCTEMH HEOOXiTHO BHKOPHCTATH LIMPOKHUH
CIICKTP HOBITHIX TeXHIYHUX 3ac00iB [1, 3-6].

Humni BenyThest po3poOku e(hEeKTHUBHIIIMX CHCTEM MOHITOPHHTY B pamMKax
koHuenuii Smart Grid, ski nepen6avyaroTh MOXKJIMBICTH IPOrHO3YBaHHS 3MiHU
cUTyallii Ha OCHOBI MOHITOPHHIY MapaMeTpiB 00'€KTIB ENEKTPHUYHOI MEpEexi.
Inest takoro anamisy mojsirae B TOMY, OO peaJbHOMY Yaci BiJCTEKyBaTH
3MiHM B €JIEKTPUYHIA MepeXi MO OKPEeMHX CKJIaJOBUX, IO MalOTh IEBHI
BractuBocTi. OcHoBoro Smart Grid € B3aeMO3B'si3aHE  3aCTOCYBaHHS:
obnamtyBanb FACTS; cydacHnx nudpoBuX aBTOMAaTH30BAaHHMX OOJIAIITYBaHb
YIpaBiiHHSA 1 Nepenadi iHpopMallii; CHCTEMH MOHITOPHHTY CTaHy i J1arHOCTH
00'eKTiB B peasibHOMY 4aci [5].

Opnumu 3 6a30Bux enemeHTiB Smart Grid € nositpsi ninii (ITJT) HOBOrO
MOKOJIiHHA. J[s1 BUpilIeHHs IIbOro NMUTaHHSA 3a KOpHoHOM i1 B Kpainax CHJJ
MIPOBO/SATHCS AOCIIKEHHSI 1 pO3POOKH IO CTBOPEHHIO 1 3aCTOCYBAHHIO He
npocto kommnakTHuX [IJI, a kommakTHMX KepoBanux IIJI 31 3meHImeHUMHU
MiX(a3HUMH BiJIcTaHSAMHU B TOpiBHAHHI 3 Tpaguuiiiaumu [1JI. OcoOnuBicTio
PpoOiIT € Te, 1110 BOHU cpsiMoBaHi Ha ctBopenHs [1J1 HoBoro nokomings [1,5].

Merta pociimkensb. [Tokasatu He0OXiTHICTE BpaxyBaHHs iH(OpMAIIi po
rapamMeTpy HaBKOJIMIITHBOTO CEPEIOBUINA MTPU MPOEKTYBaHHI NOBITPSHUX JIHIH
B pamkax KoHmemii Smart Grid, 0 JO3BOJHTH BHUPIIIUTHA 33Ja4y IO
BIIPOBA/DKEHHIO B MPAKTUKY IIPOSKTYBaHHS TOBITPSHHUX JIiHI HOBOrO
TIOKOJIHHSI.

Marepianu mocaimkennsi. [1JI HOBOro MOKONIHHSA B paMKaxX KOHIICTIIiT
Smart Grid sSBis€THCS 00’€KTOM EIEKTPUYHOI MEPEXKi, SIKHA KOHTPOIIOETHCS.
Konrpons napamerpis I1JI BinOyBa€eThcs 3a JOIOMOro0 AaTYMKIB TEMIIEPATYPH
MIPOBO/IIB, 1110 JO3BOJISE KEPYBATH BETMUMHOIO MOTY)KHOCTI, [0 TIEPEAAETHCS 110
I1JI 3 ypaxyBaHHsM iH(pOpMAIl PO MapaMeTpy HaBKOJIHUIIHHOTO CEPEOBHIIA.
Konctpyxkuist I1JI 6e3nocepentpo noB's3aHa 3 ii mpomyckHo 3xaTHICTIO. Tak
npu npoekryBanHi I1JI cepex i TeXHIYHMX XapakTEPUCTHUK 3aKIaJalOThCs 1
TpaHW4HI PiBHI TOJIOKEHHS MPOBOJIIB BiTHOCHO 3eMili. [10/10BXKEHHS MPOBO/IIB
MPU3BOUTH JIO TaK 3BaHOI TEPMIYHOI Jerpajaiii, KoJum 3a THX JKe
METEOPOJIOTIYHUX YMOB PiBEHb MaKCHMaJIbHO JomycTUMUX cTpyMmiB ITJT pizko
3HW)KYETHCS, 1[0 BEJE /O 3POCTaHHS 4YMClIa aBapiiHUX BHUMAAKiB. Tomy y
pamkax koHuemuii Smart Grid BaximBa iHGOpMAlis TPO TApaMeTpu
HABKOJIMIIIHLOTO CEPEIOBUIIA B PaiioHi MaiiOyTHBOI excrutyaTtartii [1J1 [3-6].

Jnst peamizarii mporo y pamkax konmentiii Smart Grid noTpiOHi TexHiUHI
3acobu 1 mporpaMHe 3a0e3nedeHHs cucTeMu 300py, mepenadi, oOpoOKH i
30epiranss iHdopmarrii. [5].
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3rigHo [7], s BU3HAYSHHS BEJIMYMHU ITOTY>KHOCTI, IO MEPEAAETHCS 10
I1JI BUKOPHCTOBYIOTHCSI «IIOCTiifHI» 3HAUY€HHS AKTHBHOIO 1 IHIYKTUBHOTO
ommopiB, IO HE € KOPEKTHHUM Yy pamkax Koumenuii Smart Grid. Tomy,
MOCHJIAIOYUCh HAa HAyKOBI OOTpYHTYBaHHs, NMpuBeneHi B [7], aje mpu IbOMY
BHUKOPHCTOBYIOUH «3MiHHE» 3HAUYEHHS! aKTHBHOT'O OMOpY, TOOTO 3 YpaxyBaHHIM
TEMIIEpaTypH MPOBOIIB 3aJISKHO BiJI apaMeTpiB HABKOJIHUIIIHBOIO CEPEIOBHIIA,
¢dopMyna s po3paxyHKY BEIMYMHHM HOTY)KHOCTI, o mepenaerbest mo I1J1
MaTHMe BUTJISL;

UZ { )

nepefas R 2

(/”p") X

nie R( 0) - aKTHBHHMH OHIp IIPOBOAIB 3 ypaxyBaHHSM TEMIIEpPaTypH NPOBOJIIB
w»

3aJIeXKHO BiJI ITapaMeTpiB HaBKOJIMIIHBOTO cepepoBuiia, OM; X - iHIYKTHBHUIMA
ortip mpoBoiB, OM.

BimnoBimHO 70 BUIle BUKIAJIEHOrO Matepiany i 7[,8] mpoBeneHa orfiHka
mponyckHoi 3aatHocti 1 kM oxHomanmorooi ITJI 110 kB 3 ypaxyBanusM
TEMIIEpaTypy NPOBO/IIB 3AJIEKHO BiJl ApaMeTpiB HABKOJUIIHLOTO CEPEOBHUINA
TIPY TPaHUYHO JOIYCTUMOMY cTpyMi [7].

PesynpraT mocnimpkeHb MPOMYCKHOI 37aTHOCTI | KM O/IHOJAHIFOrOBOT
ITJI 110 xB 3 ypaxyBaHHAM TeMmIiepaTypd HPOBOJIB 3aJIeKHO BiJ IapaMeTpiB
HaBKOJIMIIHBOI'O  CEPEJOBHINA NP TPAaHUYHO JOIYCTUMOMY  CTpyMi
TIPE/ICTaBIICHO B TAOJIHIII.

Tabmuns — Pe3ynpTaTté TOCTIIKEHD

té’é -40 -30 -20 -10 0 10 20 30 40
(t)“cp -12,51 | -0,27 12,12 | 24,68 | 37,42 | 50,37 | 63,54 | 76,97 | 90,69
B/IID};T 106,28 | 103,67 | 101,12 | 98,62 | 96,18 | 93,80 | 91,46 | 89,16 | 86,91

Sx BupHO 3 Tabmumi 1 mpu HE3MIHHOMY CTPYMOBOMY HaBaHTa)KE€HHI
3aJIeKHO BiJ  MapamMeTpiB  HaBKOJMIIHBOIO  CEPENOBHINA  3MIHIOETHCS
TeMIIepaTypa MPOBO/IIB, IO BiI0OpaskaeThCs Ha MpoIycKHii 3naTHocTi [TJ1.
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[IpoBeneni mocii/KeHHS MOKa3ylOTh, IO Npu mnpoekTyBanHi [1J]
iHQopMaIliss TMpo MmapaMeTpd HABKOJWIIHBOTO CEPEIOBUIIA  JO3BOJIUTH
OIITHMI3YBaTH BEJIMUMHY ITOTY>KHOCTI, sika Oyzae nepenasarses no [1J1.

BucnoBok. IHdopmarist nmpo mapaMeTpy HaBKOJHIIHBOTO CEpeNOBHUINA
MOBMHHA BpaxOBYBaTHCSl TpPH IPOEKTYBaHHI MOBITPSHUX JiHIH B paMKax
koHuenuii Smart Grid, 010 103BOJMMTH BUPIMIMTH 3a7ady 110 BIPOBA/KEHHIO B
MIPAKTHKY ITPOEKTYBAHHS MOBITPSHUX JIiHIH HOBOT'O IMOKOJIiHHSL.

Cnucok jguteparypsl: 1. Kobey F.b. VIHHOBaMOHHOE Pa3BUTHE SIICKTPOIHEPTETHKH Ha Oasze
konuerniuu Smart Grid. / B.B. Kobey, U.O. Boakosa - M.. UALl Dueprus, 2010.-208 c.
2.Cmoeniub.C. IHTeneKkTyalbHI eNEKTPHYHI Mepexi eJIeKTPOCHEPreTHYHHX CHCTeM Ta iX
TexHonoriune 3abesneuenust / B.C. Cmoeniii, O.B. Kupunenxo, C.II. [lenuciox // Texniuna
enekrpopuHamika. — 2010. — Ne6. — C. 44-50. 3. Tumos H.H. ®opMupoBaHHEe BEIOMCTBEHHOI
CHCTEMBI cOOpa METEeOIaHHBIX B YCIOBHAX 3()()EKTHBHOTO ONTOBOrO PHIHKA dIeKTpodHeprun/ H.H.
Tumos, HM. Yepemucun, ILJ]. Jlexcniox u Op. // Ilpaumi iHctuTyTy enexrpomuHamiku HAH
Vkpainn. CremianeHuii Bumyck. EHepreTWuHi pHHKH: IIepexiy OO HOBOI MOAeNi pPUHKY
JIBOCTOPOHHIi KOHTPakTiB i OamaHncyrouoro punky. — 2009. — C. 41-48. 4. Yepemucun H.M.
Crpateruss BBIOOpPAa ONTHMAJBHOTO pEIIEHHS IPH INPOEKTUPOBAHUHM BO3AYIIHBIX JIMHHI
anekrponepenaun / H.M. Yepemucun, B.M. Pomanuenxo, B.B. Yeprkawuna // Bichuk BiHHUIIBKOTO
MOJIITeXHIYHOro IHCTHTYTY. — BimHmms:BHTVY.- 2012- Ne2- C.115 — 118. SJlexcuiox I1.[.
IToBbinrenne 3G HEKTUBHOCTH YIPaBICHHS PEKUMAMH JJIEKTPHYECKUX ceTel Ha 6a3e MOHUTOPUHIA
[apaMeTpoB BO3AYIIHBIX JHMHHN U OKpyxawomed cpenst / I1J]. Jlexcniox, H.M. Yepemucun,
B.B.Yeprawuna u op.// Dnektpuueckue cetd u cucreMbl.-Kuis: TOB "T'Ho3ic"— 2012. — Ne5. — C. —
39-46. 6. Yepemucun H.M. Tlowimenune 3¢¢exrtuBnoctn ACY TII mnoacraHumii 3a cyer
MOHUTOpUTA TTapaMeTPOB BO3AYIIHBIX JIMHUH M OKpYXaloIiel cpensl Ha 6a3e miatgopmel SMART
GRID / HM. Yepemucun, B.M. 3y6ro, A.B. Xonoo, B.B.Yeprawuna // Bicauk XapkiBCbKOTO
HarioHabHOr0 TEXHIYHOTO YHIBEPCHTETy Cilbebkoro rocmopmapcerBa iMm. Ilerpa Bacumenka /
Texniuni Hayku.-XapkiB: XHTYCI'. —2012.— Bun.129.— C.14 — 16. 7. Poxomsina C.C. CripaBOYHHK
I10 IPOEKTUPOBAHHIO JIEKTpodHepreTudeckux cucreM / B.B. Epmesud u np. / Ilox penaxmueii C.C.
Poxomana v U.M. Llanupo. — M: Dueproatomusaar, 1985. — 352 c. 8. IlpaBuna ynamrtyBaHHS
CIIEKTPOYCTaHOBOK. — XapkiB: “Iuayctpis”, 2007.— 416 c.
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BpaxyBaHHsI mapameTpiB HABKOJIHMIIHBOTO CePeJOBHINA B 3aAa4yaX NPOEKTYBAHHS
noBiTpsiHux Jiniii / Yepkammua B.B. // Bicauk HTY «XIII». Cepist: Enepreruka: HafiliHicTs Ta
eneproedextuBHicts. — XapkiB: HTY «XIII». — 2013. — Ne.17 (990). — C.161-164. Ta6n.: 1.
bibmniorp.: 8 Ha3s.

B crathe mokazaHa HEOOXOAMMOCTh y4eTa HH(POPMAIIMK O TTapaMeTpax OKPYKAroIel Cpeibl
IPH IPOEKTHPOBAHUH BO3AYIIHBIX JIMHUH B paMkax koHuenmuu Smart Grid, koTopas IO3BOIUT
peIMTh 3aJady IO BHEAPEHUIO B IIPAKTHKY IIPOSKTHPOBAHUS BO3AYIIHBIX JIMHUH HOBOIO
TIOKOJICHUSL.

KiioueBble c10Ba: BO3MyNIHAS JIMHHSI, MOIIHOCTD, TApaMeTPhl OKpYKaloIlel cpensl, Smart
Grid.

In the article the necessity of account of information is shown about the parameters of
environment at the choice of planning air-tracks within the framework of conception Smart Grid,
that will allow to decide a task in practice of planning air-tracks new generation.

Keywords: : air-tracks, power, parameters of environment, Smart Grid.
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KIHETUKA HAT'PIBAHHA BUCOKOBOJIbTHUX CUJIOBUX
KABEJIIB I3 IJIACTMACOBOIO 130JIA1I€X10

BuxoHaHO aHai3 pe3yJbTaTiB PO3PaXyHKY IPOIMYCKHOI CIHPOMOXHOCTI CHJIOBHX KaOeliB Ha
Hanpyry 220 kB. PoGoTa mpucBsideHa CTBOPEHHIO CHCTEMH PO3PaxXyHKY JOIMYCTHMOIO CTPyMY
BUCOKOBOJBTHHUX CHIIOBUX KaOeIiB i3 3IIHTOO IOJI€THIICHOBOIO 130JIAII€I0.

KiiouoBi cjioBa: CHIOBUH BHCOKOBOJIBTHHH KaOenb, TpUBAIO JOIYCTHMHII CTpyM,
TEIIOEMHICTb.

Bertyn. HaiiBauBIIIOO CIIOKMBYOIO BIIACTUBICTIO CHJIOBUX KaOeiB, sKa
BHM3HAYa€ WOro JIKBINHICT, € CIPOMOXHICTb IO HABaHTAXEHHI Ta
NepeBaHTaXeHHs. (B MOJAJbIIOMY, - MPOIYCKHA CIPOMOXHICTB). s
BHCOKOBOJITHUX KaOemiB 3 IUIACTMAcOBOIO  130JLIEI0  XapaKTEPHUMHU
0COOJIMBOCTSIMU €: OLIBII, HDK Yy TPaAMIIHUX MacjioM HallOBHEHHMX KaOewiB,
IUTONII TIepepi3y JKWI 1 TOBIIMHHU 130JIAIii, IO 3YMOBJIOE OJIHOXKWIBHY
KOHCTPYKIIiF0O KaOelto, Ta SK HACHiJOK, OCOONUBOCTI iX TNPOKIaJaHHS 1
BUKODHCTAaHHS, HAaNpHKiIald, IPOKJIaJaHH] Yy IUIOMMHI 3 O0OOB’SI3KOBOIO
TPAHCIO3HUITIEIO EIEKTPOIPOBIIHAX CKPAHIB MPU 3a3€MJICHHI 1X Ha 000X KiHIIIX
minii. KpiM Toro mis HUX XapakTepHa IIiIBHIIEHA IOMYCTHMa TEMIIepaTypa
13051511111, CYTT€Ba 3aJCKHICTh TEIUIOMPOBIAHOCTI 1 TEIIOEMHOCTI 130JIAIIT Bif
TeMIIepaTypu(IMTOMa TEIUIOEMHICTh TomieTHIeHy 3a Temmeparypu 20 °C
cranoButb 2300 [Ix/kr-°C, a 3a 80 °C cranoButps 3750 [Ix/kr-°C). Tomy
METOY BH3HAYEHHS TNPOITYCKHOI CHPOMOXHOCTI B pEXHMax peasbHOI
eKCIUTyaTallii BUMararoTh, MIOHAMEHIE, TEPeBipKH: 1 pO3paxyHKOM, 1
€KCIIEpUMEHTAJIBHO.

AHaji3 ocTaHHix jgochaimxeHb 1 myOaikamiil. i npuiiearTa
€KOHOMIYHO BHBa)KCHUX pIllIEHb NPH BU3HAYEHHI IPOITYCKHOI CIPOMOXHOCTI
HOBUX JUIS BITYM3HSHOI KaOENBHOI TEXHIKNM CHJIOBHX BHCOKOBOJIBTHHX KaOeliB
3 IUIACTMACOBOIO 130IIAII[i€10, HEOOXiJHE BUPILIEHHS CHUCTEMH PiBHSHB, SIKi
OITUCYIOTh KOHCTPYKTHBHI, €JIEKTpHYHi, TEIUIOBI Ta E€KOHOMIUHI HapaMeTpu
Kabeiro.

B [1] Hamm 3amponoHOBaHO METOJ BHUKOPHCTaHHS YHIBEPCAIBHHMX 1
VHiI()IKOBaHUX PO3PaxXyHKOBHX MOJENICH MpPOIECIB TEIUI0 i MacoOOMiHY B
BHCOKOBOJITHUX KaOelsX 3 IUIaCTMAacOBOIO 130JISIIEI0 JUTSl JOCIIKEHHS 1X
MIPOITYCKHOI CIPOMOYKHOCTI IIUISIXOM 1HTEPBAJIBHOTO OLIHIOBAHHS IapaMeTpiB
Mozeneit.

© JI.A.llle6entok, T.FO.AuTonern, 2013
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[IporryckHa CIIPOMOXKHICTh CHIJIOBHX KaOEiB BH3HAYAETHCS IPOIECAMHU
TEII0 i MacooOMiHY B Ka0eJli B HOMiHaJIbHAX YMOBaxX i B yMOBaX eKCILTyaTarlii
[2]. Haiibinpim mpocToro i y)KMBaHOIO € EeKCIIOHEHIIHHa MOJIeNIb HarpiBaHHS
Ka0eITto, sSKa I peXKUMY BKITFOUEHHs (TOOTO 3a TeMmeparypu J0BKULIs ¢ = 0; 7
=0) [3]:

T= T’ [1 — exp(- /)], (1)
Jie f — TOoCTiiHA HATpiBaHHS, KA JOPIBHIOE TOOYTKY TEIDIOEMHOCTI KaOelo Ha
foro remoBuii omip = C S, f mapaMeTpoM KiHETHKH HarpiBaHHS KaOeJro.

s monens € nHaOmwkenoro. Jlocim i1 3acrocyBaHHS CBITYUTH IIPO
NPUAHATHY U MPAKTUYHHUX 337124 TOYHICTH 32 YMOBH, IIO 32 IX JJOIIOMOTOIO
TIOPIBHIOIOTh XapaKTEPUCTHKU TMOAIOHMX KOHCTPYKHiH KaOenmiB. 30kpema st
TEIJIOBUX PO3paxyHKiB KaOeJiB y HECTalliOHAPHUX PEXHMMax, SIKIIO TOBIIMHA
130511 HeBeNWKa BiTHOCHO po3MipiB »kmwimn [3]. SIkmio ToBIIMHA 1301l
CHJIOBOTO KaOeso 3HayHa, 10 XapaKTEePHO JJIsl BUCOKOBOJILTHHUX KalOeliB, MpH
BH3HAYEHHI IEPEBAHTAKYBAIBHOI CIHPOMOXKHOCTI HEOOXIZHO BpaxyBaTH
HasIBHICTh B 130JIsLiT mepenaay Temrepatyp. B Takomy pa3i BUKOPHUCTOBYIOTH
METOJI 30Cepe/DKEeHNX TeroeMHocTel [4]. Halfnpocrima Monenb HarpiBaHHS
KabeJlio 3a 3aCTOCYBaHHs I[LOI'O METOAY € CYMOIO JIBOX €KCIIOHEHT:

1=P[S;-(1-e )+ Sp-(1—e /), )
ne g, f — mocTiiiHi, CKJIa0Bi KIHETHKY HATPIBaHHS JTAHOTO KaOeIto.

Hine i 3apagi mocaimkennst. [IopiBHATH KiHETHKY HarpiBaHHs KaOero 3a
mozessiMu (1) 1 (2) 11t BUCOKOBOJIIBTHOTO KaOellto 3 IIACTMACOBOIO 130JISIIIIEO
AIIBIIOr 1x 1300 — 220 3 MeTOr0 BU3HAYCHHS BIUIMBY TEIUIOEMHOCTI XKIJTH Ha
KiHETUKY HarpiBaHHs KaOero 3a Mozeuto (2).

Martepian pociimxeHHsi. 3a METOJOM 30CEpPEKEHHX TEIIOEMHOCTEH
130JIsIMIisT KaOeTI0 MpECTaBICHA YV BUIJIII BOX 30H i3 PIBHUMHU BEITHYHHAMU
TEIUIOBOTO OMopy Siz1 = Sz = Siy/2, ane 3 pi3sHUMHA TEIUIOEMHOCTAMU: Ciy1= Cjy*
wr(R — r); Cpp = ¢y TR(R — r), Ie ci; — MUTOMa 00’€MHA TEIUIOEMHICTh
i3omswii. BimnoBinHy cxemy HaBeneHo Ha puc.l. [lapamerpu cxemu BH3HaYae
xoedimient p (xoedimient Ban Bopmepa [4]: p = [In(R/A]" - [(RIr) -1T"; S, =
Sis1; 82 = Sizz; Ci=p Cigi+ Cy; Co=(1-p) Cizi+ Cisy .

[Ipn BKIIIOYEHHI TiJl HABAHTAXXEHHS IPH TEMIeEpaTypi HaBKOJIHMIIHBOTO
cepenosuina, To0To npu ¢ = 0, 7 = 0, meperpiB NPoBoAYy B MOMEHT f: OITUCYE
(2), e g = [M + (M* = N)"'IN; £= [M - (M* = N)""JN; M = 0.5[Cy(S; + S, +
S Co (S + SOl N=C1 81 Cy (Sy+8,); S =(g- ) [Cr - £ (Si+ S+ Sl S
=S+ 8+ S)-S;, ne P— NOTY)XHICTh TEIUIOBUALIEHHS B IIPOBOJI B KiHIII
KOpPOTKOTEpMiHOBOrO (MeHIIe | TOMMHN) PeXUMY HarpiBaHHS.

SAx mpuknan, gng kabemo AIIBIIDOr 1x 1300 —220 pesymsratu
PO3paxyHKiB KpUBHUX HarpiBaHHs 3a monensimu (1) i (2) HaBexeHi Ha puc. 2.

TermoBi mapameTpu: MUTOMUI TEIUIOBHH omip i3oisiwii o;; = 3,7 °CM/Br,
3aXUCHUX MOKPUBIB Gy, =3°CM/Brt; TeruoBuit omip i3omsii S, = 0,424 °CMm/Br;
TerioBuit omip noBkiwist S; = 0,93 °Cm/Br; koediieHT Temonepenadi B
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moBiTps o = 8 Bt/ °Cm% Ttemwtoemuicts xwi C, = 3236 JIx/°CM;
TEIUNIOEMHICTh  i30isrii, mpwientoi g0 xwin  Cigl= 4327 JIx/°C-Mm;
TEIUIOEMHICTh 30BHIITHBOTO Iapy i3oisrii C,2 = 8889 [Ix/°C-m.

IMapameTpu cxemH 3aMillleHHSA, B SKii TEIDIOEMHOCTI 300pakeHi
eNEKTPUIHUMH eMHOCTSIMH (quB.puc.1): S1 = 52 = 0,212 °Cm/Brt; xoediuieHT
Bau Bopmepa: p = (In(47,9/20,9))" — ((47,9/20,9) -1)" = 0,441; C,=p Ciyi+ Cx
= 5143 JIx/°C-™m; Cy= (1-p) Ciz1+ Ciyp= 11310 Ix/°C-m.

r

S 5
R=r +Aj @‘ TC <
I T A
JRr

a o

Puc. 1 - Cxema Mozieni HarpiBaHHS @ - 130JILOBAHOTO ITPOBOJY B MOBITPI;
6 - BIANOBigHA CXeMa 3aMiILEHHSA

Puc. 2 cBiguute mpo Te, IO JUII BHCOKOBOJIETHHX KaOeniB 3
TUTACTMACOBOIO  130JIALIi€I0  OOM/ABI MOAENi Jal0Th MPAaKTHYHO OJIHAKOBI
pe3yNbTaT II0J0 BH3HAYEHHS TPUBAJIO AOMYCTHMOIO CTPyMy. Aje s
BH3HAYEHHS TEPEBAHTAXKYBAJIBHOI CIIPOMOKHOCTI TakKMX KabeniB HeoOXinHe
3aCTOCYBAHHS METOAY 30CEPEeKEHUX TEeIUIOEMHOCTEH, OCKINbKU KiHETHKa
HarpiBaHHS BIPOJOBX IEPUIMX KUIBKOX TOIUH TEPEBAHTAKEHHS CYTTEBO
3aJIeKHUTH BiJI TEIUNIOEMHOCTI KHJIH 1 IPUJIETIION JI0 Hel 130111,

,[’ OC O

60)

40) -

20 .
f,c

0 2x10* ax10* 6x10* 8x10*

Puc. 2 — Kpusi nieperpiy 1 xabemro AITBIIOr 1x 1300 — 220 3a Mozmensmu :
ITyHKTUP — Moziens (1); cyminbHa — Mozens (2)

AmHari3 cKIaZioBUX KpUBHUX HarpiBaHHs kabemo AIIBIIOr 1x 1300 — 220
(puc.3), 1m0 UIFOCTPYIOTh  BU3HAYCHHS  JIOMYCTUMOTO  IiBFOJUHHOTO
TepeBaHTaXKeHHsI 1 po3paxoBaHi 3a MoaemsMu (1) 1 (2), cBigUUTh, MO Pi3HUL
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MiX 3HaYeHSMH MiBrOAMHHOTO MeEperpiBy Kabento 3a TpaaWI[iifHOI0 MOJEILTIO
() zpi

MiBFOJMHHOTO MEPErPiBy 3a IPYror CKIIanoBoro Mojeni (2) 12 = P S;-(1
— e /"] ne nepesumrye 2 °C. Tako Pi3HUIEI MOXHA OyI0 6 3HEXTYBATH.
AJe, mo-nepiue, g Pi3HULS 3 4aCOM 30LIBIIYETHCA, a, TO-ApPYre, PI3HULS MiX
3HAYCHSMU IiBTOJJMHHOTO TIEPETPiBy KaOeIo 3a TpaauiiiHo Moaesuto (1) 78
1 MIBrOAMHHOIO TEperpiBy 3a Cymoro ckiagoBux monemi (2) t = tl + 12
nepeBuirye 6 °C i 1s pi3HUIA 3 YacoM 30UTbLIyeThCA. TOMy NpH BH3HAY€HHI
MEepPEeBAHTAXKYBAIbHOI ~ CIOPOMOXKHOCTI ~ BHCOKOBOJBTHHX  KabemiB 3
MUIACTMACOBOIO  I30JUIIE0 32 HABENCHHUMH pE3yJIbTaTaMH  PO3PaxXyHKiB
JIOIITPHO BUKOPUCTAHHS METOY 30CEPE/DKEHUX TEIIOEMHOCTEN (Moems (2)).
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Puc. 3 — CxnanoBi kpuBux HarpiBanas kabemro AITBIIOr 1x 1300 — 220, mo
LTIOCTPYIOTh BU3HAUCHHS IOIYCTUMOT'O MiBrOIMHHOTO MIEPEBAHTAKCHHS:
cyminbHa: T =11+ 12 (Monens (2)); myrkrup: Tl; mTpuxosa: 12

B Toif ke 4Wac pekOoMeHAalis [ION0 JIOUIIBHOCTI  MPSMOI0
€KCIIEPUMEHTAJIBLHOTO Y1 OINOCEPEIKOBAHOTO BH3HAYEHHS 3HAYEHb ITapaMeTpiB
MOJIET ISl PO3PaxyHKY JOIYCTUMOTO CTPyMy KOHKPETHHX KaOeJliB MpHUCYTHS
MPaKTHYHO B yCiX MIKHAPOJHUX 1 BIAMOBIAHUX HAlllOHAJIBHUX CTaHAApTax cepii
60287. Bubip 3HaueHb mapaMeTpiB 1 pO3paxyHKOBUX Mopeined Mae Oytu
OOTpYHTOBaHMM TeXHIYHO. EKOHOMIYHI CKJIaJi0oBI BH3HAYEHHS MPOMYCKHOL
CIPOMOXKHOCTI BioOpakeHi B cranmapti JJCTY IEC60287-3-3:2012, ane BoHU
CTOCYIOTBCSI BUKIIFOUHO €KOHOMIYHUX acleKTiB B yMOBaX €KCILTyaTallii.

Jlis eKcIiepuMEeHTaIbHOTO BU3HAUEHHS TEIUIOBHX IapaMeTpiB Kabelrto,
30KpeMa IlapaMerpa TeIvlolepenadi B OTOYyloue CepelloBUIle, B HOro
KOHCTPYKIIII0O BMOHTOBAHO CIlai YOTHPHOX OJHAKOBHX TepMomap, SIKi MaroTh
niHifiHy 3anexHicts TepMo-EPC ax no temmeparypu 350 °C  («mimb-
KOHCTaHTaH» 3  koedimientom Tepmo-EPC  0.05 MB/K).  Tepmonapu
pO3TalIOBaHI B KW, B 130JI41lii, B OOOJOHIIN, i HA MOBEPXHI KAOETI0 TaKUM
YMHOM, 100 MiHIMaJbHO BIUTMBATH HA TEMIEpaTypy B Micui crato. OneprkaHi
KpUBI HarpiBaHHS 130JAIli1 KaOelro CBiI4aTh MPO Te, IO MOACHb (2) Tex €
HaOmmkeHoto. JInsi BHCOKOBOJNBTHUX KaOeniB 3 IUIACTMACOBOIO  130JIAIIE0
CHOCTEpIraeThesl BiJICTABaHHS IEperpiBy i3oiAwii Big TeopeTwyHoro 3a (2).

ToMy HeoOXiHE eKCIIepUMEHTATBHE JOCIIHKCHHS KIHETHKU HATpiBaHHS IUX,
IHHOBAIIHHUX JJIs1 BITYM3HSIHOI KAOCNBHOI TEXHIKH IMOTY)KHUX KaOEeNiB 3 METOIO
1o0y1oBH Mozeni, sika O BpaxoByBaja 0COOJIMBOCTI IX KOHCTPYKIIii.

Pesyabratn  gocaimkenb. 1) Jlng  BHCOKOBONBTHHMX — KaOemiB 3
IUTACTMACOBOIO 130JIAIIIEI0 BiZIOMI PO3PAaxyHKOBI MOJeNi alOTh NPaKTUYHO
OJTHAKOBI PE3yJabTaTH LION0 BH3HAYEHHS! TPUBAJIO JONMYCTHMOIO CTpPyMYy i
TaKUM YWHOM [Iil04i HOPMAaTHBHI JOKYMEHTH € 3acrocoBHuMH. 2) [lis
BH3HAYEHHS TEPEBAHTAXKYBAJIBHOI CIIPOMOXKHOCTI TakMX KabeniB HeoOXiTHe
3aCTOCYBaHHSI METO/AY 30CEpPEPKEHHX TEIIOEMHOCTEH, OCKIIBKM KiHETHKa
HarpiBaHHS BIPOJOBX IEPUIMX KUIBKOX TOIUH TEPEBAHTAKEHHS CYTTEBO
3aJIOKUTh BiJl TEIUIOEMHOCTI JKWJIM 1 mpwiersioi g0 Hel i3omsmii. 3)
ExcniepuMeHTaIbHOTO JTOCTIKEHHST KIHeTUKY HATrpiBaHHS IMX, iHHOBAI[IHUX
JUTSL BITYM3HSAHOI KaOENbHOI TEXHIKHM MOTYXHHX Ka0eliB 3 METOK MOOYIOBU
MoJIeNi, sika O BpaxoByBaJla OCOOJMBOCTI IIMX KaOesiB CBIAYUTH HPO Te, IO
MoJenb (2) IS BHCOKOBOJIBTHHX KaOelliB 3 IUIACTMAcOBOIO 130JIALIEI0 3
BEJIIMKUM IIEPEpPi3oM CTPYMONPOBITHOI >KMIIM TEX € JIOCHTh HAaOIMKEHOIO i
CIHIOCTEpIraeThcsl  BIJCTABaHHSA MEperpiBy 130ysmii  BiJl TEOPETHYHOTO,
BH3HAYCHOTO 32 (2).

Cnucoxk Jaireparypu: 1. [ebenioxJIA. JIo BH3HAYEHHS TPOIYCKHOI CIPOMOXHOCTI
BHCOKOBOJIbTHHX CHJIOBUX KaOesiB 3 rmiactMacoBoro izosiiiero. / JLA. [lebenwox, T.FO. Anmoneys
/I Bictauk HTVY «XII». — Xapkis: HTY «XI1I», 2011. — Bun.42.— C. 43 — 46. 2. JICTY IEC60287-
1-1:2012. KABEJII EJIEKTPUYHI. O6uucnenus HoMinampHOI cmmu cTpymy. Yactmra 1 — 1.
CriBBiTHOIIEHHS 11 OOYNCIICHHS. HOMIHAIBHOI CHIIM cTpyMy (koedimienT HaBaHTaxeHHS 100 %) 1
oOuHCIIeHHsT BTpaT . 3arambHi nonoxeHHs. 3. Kapnywenko Bl CunoBi xabemi HH3bKOI Ta
cepenuboi Hanpyru. KoHcTpyroBaHHs, TexHONOris, AKkicTh/.B.I1. Kaonywenko, JL.A. Il]e6eniox, O.A.
Haymenro, Ammoneys FO.O.; Xapkis: Perion-Ianpopm.2000.- C. 270 — 289. 4. Jlapuna O.T.
CunoBble kabenmn W kaOenpHble JuHHK: [yueOH. Ilocobue mis By3os]/ O.T. Jlapuma — M.:
Oueproaromusnat, 1984. — 368 c.
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KineTnka HarpiBanHsi BUCOKOBOJIBTHUX CHJIOBUX KafeiB i3 MJIacTMacoBoIo i3ossicio
/ JL.A.Illedentok, T.}O.AnTonen // Bicamk HTY «XIIl». Cepis: Enepreruxa: HanilHicTh Ta
eneproedextuBHicts. — XapkiB: HTY «XIII».— 2013. - Ne.17 (990). — C.165-169. bi6uniorp.:4
Ha3Bu. [n.:3.

BrInosiHeH aHanu3 pe3ysbTaTOB PacueTOB MPOIMYCKHOW CITOCOOHOCTH CHJIOBHX KaOesed Ha
HanpsbkeHne 220 kB. PaGora mnocBsieHa CO3JaHHIO CHCTEMBI pacueTa JOIMYyCTUMOrO TOKa
BBICOKOBOJIBTHBIX CHJIOBBIX KaOeliel CO CIIMTOM ITOJIMATHIICHOBOW H30JISIHCH.

KawueBble clioBa: CHIOBOM BBICOKOBOJIBTHBIN Kabelb, UIMTENBHO JOMYCTHMBIA TOK,
TEIIOEMKOCTb.

The analysis of datas of current calculation of the rating of cables at direct voltages up to 220
kV. The work is devoted to creation of a system of method for calculation of the current rating of
high-voltage cables.

Keywords: power high-voltage cable, protractedly possible current, heat capacity.
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YIAK 621.315
C.A. HIEPBHHA, acni., HTY «XIII»

OCOBJMBOCTI PAJTIAIIIAHOI'O MO/ IAUPIKYBAHHSA
®TOPBMICHUX NIOJIIMEPIB

BukoHaHO aHaIi3 MOXJIMBOCTEH pajianiiiHoro MoaudikyBanHs nonimepis. [Tokasano, 1o 103a
OIPOMIHEHHS JUIl OTPHMAaHHS IIPoLecy 3IIHBKU (HTOPBMICHHX ITOJIMEPiB IIOBUHHA BU3HAYATHCS
JULSL KOYKHOTO MaTepialy OKpeMo.

KuiouoBi ciroBa: panianiiine mogugikyBaHHs, HTOPBMIiCHI ITOIIMeEpH, TeXHIYHA 1032
ONMpPOMIHEHHSI.

Beryn.

IMpoBomn Ta kabenmi 3 pazialifHO-3IIMTOI0 TOJIMEPHOIO 130JISIIIEI0
BUPOOJISIOTHCS IPOMUCIIOBICTIO 6araTb0X KpaiH Ta 3aCTOCOBYIOTHCSI B CHCTEMAX
3B’sI3Ky, BOEHHIHM, aBialiifHI Ta KOCMIYHIM TEXHIIl, EICKTPOHHOMY Ta
KOMIT FOTEpHOMY OOJIaJJHaHHi, aBTOMOOIJIbHUX EJIEKTPUYHHUX CXEMaX, SIIePHUX
ycTaHoBKax, Tomo [1].

Tak, 30KpeMa, PO3BHTOK aBiaIliifHOI MPOMHCIOBOCTI HEMOXJIMBUN 0e€3
3aCTOCYBAaHHS aBiaIlifHUX IPOBOIIB Ta KaOeIiB, CIEKTPUYHA i30SI SKUX
MMOBUHHA MATH BHUCOKI MICJICKTPUYHI BJIACTHBOCTI, OyTH CTIiHKOIO 1O il
paniaii, HU3BKOI TeMmeparypH, IMoxexo0e3rneuHo. B Ounbmili Mipi Takum
BHMOTaM BiJMOBiTae i30msmiss Ha ocHOBI momiterpadroperwieny ([ITDE).
[epmr 3a Bce, 3aBISKH BHCOKHUM JIEJIEKTPUYHUM BIIACTUBOCTSIM, YHIKaJIbHHM
(i3MKO-XIMIYHUM XapaKTEpPUCTUKaM, TepMiuHiM crifikocTi. 31 BCiX BigoMux
nomimepiB [ITOE (¢dpropormmact-4) mae HaliOinblne 3HAYEHHS KHCHEBOTO
inpexcy KI) - 96. [lnsa nopiBasHus: Kl noniernneny nopisHioe 16 — 18, s
nomiBiHiIXIopuay — 32 — 36. Ane ocHoBHuil Henonik IITOE — Hu3bka
pamiamiiiHa crilikicte. ['paHnyHa 7032 ONIPOMIHEHHS WPH eKCILTyaTarii
cta”oBUTh 10 kI'p, 110 Ha 2 — 3 MOPAAKU HIDKYE TUIIOBUX 3HAYEHb JUIA IPYTHX
nomiMepiB [2-3]. Tomy pamianiiiHo He MomudikoBaHui nomiTeTpadTopeTHIeH
MIPAKTUIHO HE 3aCTOCOBYETHCSA CaM IO COOI B SKOCTI EICKTPUYHOL 130JIAIliS
ka0enmiB Ta TPOBOMIB  aBialiliHOI, KOCMIYHOi TEXHIKM Ta AaTOMHOI
MPOMUCIIOBOCTI. Y BHUIVIAAl CTPIYOK ILIAXOM OOMOTKM Lied MaTepiani
HAKJIaIAEThCS Ha JKUITY, 3BepXy — mojiaMiaHi cTpiuku. [TomiimigHa 130511 Mae
BHCOKY pPaJiOaKTHBHY CTiliKicTh. AJie Lied Matepianm amyxe noporuit. Tomy
OiIBII JOUITBHIIINM TEXHIYHAM 3aCO00M € IMiBHIIEHHS pajialliifHOi CTIMKOCTI
moiTerpadTopeTiiieHy Ta MaTepianiB Ha #Woro ocHoBi. Ile J103BOMUTH
3aCTOCOBYBATH TaKi MaTepiaii B SKOCTI CICKTPUYHOI 130IAIlii, sKa
HaKJIAAA€THCS TPAJULIIHHUMH METOJAMH eKCTpY3ii Ha BiMiHY Bia (hToporuiacTa
-4.
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Hinao cmammi € ananiz ocoonusocmeil paodiayininozo MooupiKyeannsa
mopemicnoi nonimepnoi izonauii kadenie.

Paniauniiine mogudikyBanus mosimepis.

Papmianiiine  MoamdikyBaHHS ~— MOJNIMEPHHMX — MaTepiamiB  —  1e
LiJTeCTIpsIMOBaHa SIKiCHAa 3MiHa €JIEKTPUYHUX, MEXaHIYHHX, TEIJIOBUX Ta 1HIINX
BJIACTHBOCTEH B pe3ysbTaTi OlpoMiHIOBaHH! [ 1, 4 - 5].

Panianiitne MomudikyBaHHS MOJIIMEPIB Ma€ CBOI IIEpeBary Ta HEAOJIKH.

Mo nepeeaz cnid eidmecmu: YHIBEPCaJbHICTH, TOOTO MOXJIUBICTh
MOJM(DiKyBaHHS IIMPOKOTO CHEKTPY ITOJIIMEpIB PI3HOI XIMIYHOI CTPYKTYpPH;
YHUCTOTA TPOAYKTY Ta €KOJIOTiYHA YHCTOTa IpoIecy, TOOTO «Oe3peareHTHi
TEXHOJIOT1T — HeMae HeoOXiTHOCTI BUKOPUCTOBYBATH iHIIIaTOPH, IIPUCKOPIOBaYi
3IIMBKH; TBepAo(da3Hi TEXHOJOrI] Mpy 3BUYaNHIA TeMIeparypi, 10 BUKIIOYAE
3aCTOCYBAaHHS PO3YMHHHKIB Ta BUCOKI TEMIIEPATYPH.

Heooniku: BUCOKa BapTicTh OONajHAHHS (YaCTKOBE pIlIEHHS — HOBI
€KOHOMIYHI Ta KOMITaKTHI IIPHCKOPIOBaYi); BUMOTH /10 KBasti(ikaliii nepcoHany
(MOXKNMBI  pU3WKHM); OOMEXEHHS 1O Maci (TOBIIMHI) Marepiany, SKHA
paniamiiiHo MoandikyeTbess (HOBI MPHCKOPIOBadi BUCOKMX EHEPTiii 4acTKOBO
BHPIIIYIOTH TI¢ 0OMeXeHHs, puc.1[6]).

Haii6inpiie po3MOBCIOKEHHS B pafiallifHUX TEXHOJIOTISIX OTpUMAan
€NIEKTPOHI TpHCKOpIoBadi. EJEKTpoHI My4YKH Ta ITy4KH TajibMOBOTO ) -
BUIIPOMIHIOBAaHHSI, SIKi OTPUMAIOTh Ha EJIEKTPOHHUX IPUCKOPIOBayax, MIMPOKO
3aCTOCOBYIOThCS [UIsl pajiamiiHoro MoauikyBaHHs MartepiajiiB, pamiamiiHol
moJiMepu3aliii, B paaiariitHo-hi3HuHIX TEXHOJIOTIsAX.

Papmiamiitna TexHOmOTisl  MiAPO3AUISAETBCS Ha  pajianiiiHO-(i3uuHY,
pamianiiHO-XiMiYHY.

CyuacHe papianiifHoO-XiMiyHe MOJM(DIKyBaHHS IOJIMEPIB PO3BUBAETHCA,
TOJIOBHUM YMHOM, B HACTYITHUX HAIpsIMKax:

1.06’emHe MoandikyBaHHS, SKE, B CBOIO 4epry, HampaBJeHO Ha
pamiamiiHy 3MIMBKY MAaKpOMOJIEKyl a00 Ha pajiaridHy JEeCTPYKIIIO
Makpomoriekyn (Taomus 1).

2. TloBepxHeBe MOMU(]IKYBaHHS: OKHCHEHHS Ta IIPHUIIEIUIIOBAIbHA
ToJTiMepu3artis.

3. Moaudikamis cymimeid momiMepiB Ta KOMIO3MUTIB (MiK(azHe
3IIUBAHHS).

Papmianiiine 3mmMBaHHS MaKpOMOJIEKYJ MPU3BOAWTH JO IMi/IBUIIEHHS
MIITHOCTI, TEPMOCTIHKOCTI, (hOPMOCTAOIIBHOCTI, ENEKTPUYHUX XapaKTEPUCTHK,
3HW)KEHHS! PO3YMHHOCTI. THITOBI /1031 ONMPOMIiHIOBaHHS CTaHOBJATH Bif 20 1m0
250 xI'p.

CTpyKTypHI HacliZK¥ pajialiiHO-XiMIYHHUX IIPOIIECIB HABEJEHO HA pHUC.2:
3muBKa (Tonepekosa (a) Ta Kiniesa (0), recTpykiis (B).
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Puc.2 CxemaTtndHe 300paskeHH MPOIIECIB 3IIHMBKA (a. 0 ) Ta AECTPYKIII (B)

Panmiamiiina gecTpykuist MakpOMOJNEKYJ] NPHU3BOJAWTH /O 3HIDKEHHS
MIIHOCTi, 3POCTaHHIO PO3YMHHOCTI, IO 3a0e3ledye BTOPHUHHY TEPEpOOKy
MOMIMEPHUX MarepiajiiB. YMOBHA OLIHKa pajialiiiHOi YyTJIMBOCTI MOJIMEpiB
HaBefeHa B TaOmuni 2: CHHCOK JaHO B TOPS/IKY 3HIDKEHHS YYTIMBOCTI 10
paniamii, TOOTO 3pocTaHHs CTiMKOCTI 3BepXy BHU3 [7].

Haii6inpmr  4acto i0OHI3ylO4Y€ BHUIPOMIHIOBAHHS 3aCTOCOBYETBHCS IS
MoauGikamii mojgiMepiB, OCKIIBKM BHACIIJIOK BUCOKOi MOJIEKYJISIPHOI MacH
TIOJTIMEpPY HaBIiTh HEBENHMKI JO3H MOXYTh BU3BATH CYTTEBY 3MiHY BJIACTUBOCTEH.
Haii6inpmr  BaXJIMBMM B NPAaKTUYHOMY  BIHOUIEHHI  pajioMiTHYHUM
MIEPEeTBOPEHHSIM B TIIOJIIMEpPax € 3IIMBKA. 3IIMBKA BUKOPHUCTOBYETHCS B
PI3HOMaHITHHX MPOMHUCIOBUX IIpOIlecax, HacamIiepen, Uil MoAu(iKyBaHHS

nomiosnediHoBOi (MOMIETHIEHOBOI Ta IOJNIBIIXJIOPUIHOT) 130M4Lii KaOemiB Ta
MIPOBO/IIB, TEPMOYCAKYBAIEHUX TPYOOK Ta ILTiBOK.
Tabmums 1 — 3xatHicTs MomiMepiB 0 3MMBaHHS a00 AECTPYKIii IpH ONpOMiHEeHHI

B BaKyyMi

[TepeBaxkno [TepeBaxxno PiBHO3HAUHI
CIIOCTEPIraeThesl MPOLEC | CIIOCTEPIraeThCs MPOLIECH 3LIUBKH -
3IIMBKH TIpolLeC JeCTPYKIii JIeCTpYyKIIii
[oniGyranien [Tomiizobyruien [Moninponuiexn
Cononimepu O0yraniena | IMomiterpadroperunen

(proporiacr)
[Momicunokcanu [MonimMeTniaMeTakpunaT

(opraniuHe CKJIO)
IMomiakpunosa kucnora | Lemonosa

IMonictupon [ToniBiHizOBHMIA cIUpT
[Momiakpunaru [TonixapOoHar
[omiamiam [Monierunenrepedranat

(maBcaH)
[MoniBiHiIXTOPU

Tabnws 2 — PaniariiiHa 9yTaUBICTE TOMIMEPIB

Uytnusi 10 pamiarii Criliku
[Momiizo0yTuieH [omiamiau
[Momiterpadroperunen [Momierunakpunat
[MonmimeTnnMerakpuaaT [Monierunenrepedranat
[Moninponuiexn IMomictupon

Ilemtonoza

[Nonietnnen

[MoniBiHiIXTOpU

[MonikapOoHaT

PaniariiiHa 3mIMBKa MPU3BOAMTE JO IMIJBUINCHHS MEXaHIYHOI MIIHOCTI,
TEPMOCTIHKOCTI, MOKPAIIEHHIO €NIEKTPOI30JISII HHIX BJIACTUBOCTEM.
JlxepenamMu 10HI3yIOUOro BUIPOMIHIOBAHHS JJIsi ONPOMiIHEHHS KabemiB Ta
NIPOBO/IIB € €JEeKTPOHHI mpuckoptoBaui 3 eHeprismu 0,3 — 5 MeB Ta
MOTYXXHICTIO 10 coTHi KBT. HeoOximHa no3a [uisi 3IMIMBAaHHS MOJNIETHICHY
craroBuTh 200 — 400 k['p i Moxke OyTH 3HAYHO 3HWKCHA IIJISIXOM BBEJCHHS B
MOJICTUJICH CEHCHOLTI3aTOpiB — PEUYOBHH, SKi 3amo0iraroTh ITiBUIICHHIO
YYTIMBOCTI TOJiETWIIEHY 1O il 10HI3YFOUOrO ONPOMIHIOBAaHHS. 3acTOCYBaHHS
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CeHCHOLTI3aTopiB MPU3BOIUTE 10 3HM)KEHHS J103M BUIPOMiHIOBaHHS 10 50 —
150 xI'p.
Brnuiue 1031 onpoMiHeHHsI Ha BJACTUBOCTI GTOPBMiCHHMX MOJTiMepiB.
@dropBMicHI mMoONMIMEpH MiJJAIOTHCS  CTPYKTYPYBAaHHIO  (3IIMBaHHIO)
OUIIXOM  pafianiiiHoro MonmudikyBanHs. Hwkdye HaBeneHo (GTOpBMicHI
MaTepiaid i3 3a3HaYCHHSAM BMICTy QTOpY, a B TaOJHUIl 3 — BIacHE BIACTUBOCTI
TaKkuX He MOAN(IKOBAHUX MaTepiaiB.

ETFE -[a-"; SEE - CH cgz} n- 59%F
PTFE {C‘F? - CF& n- 76% F
FEP 1 (—[CFE ] a—‘% m|:C'F2 - aﬂ) n- 76%F
i
PFA ‘ (-Eﬂfz : CF% m[mf2 - CFED n- 76%F
CF,

Tabmuus 3 — BnacTuBocTi pTOpBMICHHX HONIMEpiB

Bractusictsb PTFE FEP | ETFE | PFA
(IITOE)
IlinbHICTD, r/em® 2,15 2,15 1,70 2,15
Touka posmnaBy (apyra), 327 260 270 310
°C
PosTsryroue 3ycums, 20 20 40 28
MIla
BignocHe mogoBxeHHs. % 300 300 300 300
Monyns 3runy, MIla 560 650 1,100 650
JHomyctuma temneparypa, 260 200 150 260
°C
Hienexkrpuana 2,1 2,1 2,6 2,1
MIPOHUKHICTh
KoedimienT teprs 0,1 0,2 0,4 0,2

@droprioiMepu  TO-pi3HOMY  pearyloTh  Ha Q0 10HI3YHOUHX
BUIIPOMiHIOBaHb: y nepdropipoBanuxmnoiiMepiB (PFA) nepeBakarots mnpouecu
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JIECTPYKIIii; BOJOMICTKHMX - 3IIMBAHHS 3 YTBOPIOBAHHIM IPOCTOPOBOI CITKH i
BUAIJICHHSIM 3HA4YHOI KUIBKOCTI JIETIOUMX TIPOAYKTiB. OpHaK BaXKJIMBUM
(aKTOpOM JIaHOTO OMNPOMIHIOBAHHS € TOTYKHICTh JO3M YCTaHOBOK. Husbka
MOTYXKHICTh  JTO3M TNPHU3BOIUTH JIO 30UTBIICHHS TPUBAJIOCTI IPOIECY
OMPOMiHEHHS i HEOOX1THOCTI BXKUBAHHS 3aXO[IB IO/I0 3aN00IraHHs OKHUCICHHS
ToJTiMepy MpH ONPOMiHEHHI (He0OXiIHICTh 3aCTOCOBYBATH BaKyyM a00 iHEPTHY
cepeny). Ilpu mepeBuIieHHi HEOOXiMHOI 03U MOXIIHUBI "TepeonpoMiHeHHS"
13011 Ta BTpaTa HEIO HEOOXiAHUX KOPHCHHX BIIACTUBOCTEH, B IEpIIY YEpry
€JTaCTUYHOCTI.

OCHOBHUM  TEXHOJIOTIYHMM IIapaMeTpoM, IO BHU3HAYa€ CTYIiHb
pamiamifiHoro  MoaugiKyBaHHS, € JI03a OINPOMIHIOBAHHS, IOTJMHCHA
i3onsiiHuM Matepianiom. s ¢ropronimMepiB HeoOXiJHAa TEXHOJIOTIYHA /1032
cranoButh Bix 0,02-0,005 10 0,2-0,3 MI'p (MJIk/kT). 3HAUEHHS JJO3H 3aJICKUTH
SK BiJl BJIACTUBOCTEW MaTepiasy, Tak i BiJl BUMOI, IO TpeJ SBISIOTHCS 0
naHoro Marepiaiy. [lomiMepn HaBiTH 3 OIHAKOBOIO XiMiuHOIO (hopmyroro
3IIMBAIOThCA TO-pi3HOMY. lle o3Ha4yae: onTMManbHa TEXHOJOTIYHA /1032
BHUOMPAETHCS B KOKHOMY KOHKPETHOMY BHUINAJKY 3 YpaXyBaHHSIM OCOOIHMBOCTEH
Matepiany, mo Moau(ikyeTbcs. BBeneHHS CEHCHOLTI3aTOPiB MOXE ICTOTHO
3HM3UTH TEXHOJOTIUHY m03y omnpomiHeHHs. Ilpu BuOOpi onTumambHOL
TEXHOJIOTIYHOi JI03M B OCHOBHOMY BHUXOIATH 13 CTYIEHS IOJIMIICHHS
BJIACTHBOCTEH 130JIS1I1.

Ha puc.3 — 5 HaBemeHO pe3ynabTaTH BIUIMBY JIO3M ONpPOMiHEHHS (B
M/Ix/kr) BHa ycaaky (puc.3) mns ¢ropormmacty 2M, BHCOKOETAcTHYHE
BigHOBNeHHS (puc.4) mnst ¢ropomnacty 2M (kpuBa 1) Ta 40l (kpusa 2),
nedopmariiro mpu mpoaaBieHHi (puc.5) mis droportacty 2M (kpuBa 1) Ta
401 (xpuBa 2).

OOpoOka eKCIepUMEHTAJbHUX 3Ha4YeHb IT0Ka3HWKIB [l] BUKOHaHa 3
BHUKOPHUCTAHHIM alPOKCUMYIOUHUX CIUTaHHIB 2 — 4-T0 TTOPSIIIKIB.
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Puc.3 — BrmuB 1031 onpoMiHEHHS Ha ycaIKy GTOPBMiCHHX MaTrepiaiiB
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Puc.5 — BB 1031 onpoMiHeHHS Ha e opMarliifo IIpH IMPpoiaBiIeHH] (TOPBMICHIX
ToTiMepiB

Tax, nnst propormacty 4011 anpoxcumarist crutaiiHamu gpyroro (2-d) ta
Tperhoro (3-d) mopsiki (puc.4) mokasye, Mo B Jiama3oHi BiJICYTHOCTI TaHUX
Xix 3anexHocTed Moxe OyTH pi3HMHA. Di3UYHO e MOoke OyTH 00yMOBJIEHO
TpolecaMu JiecTpyKuii (BepXHs KprBa) a00 3MIMBKY (HIWKHS KpuBa) [8 - 9].

BucHoBkmn.

TakuM dYMHOM, TpPH 3acCTOCyBaHHI (DTOPBMICHHMX TMONIMEpIB I[JIKOM
JIOLJIEHO TEXHIYHO BU3HAYUTH 3HAUYEHHS ONTUMAJIBHOI 1031 ONPOMiIHEHHS ISt
KOXKHOTO MaTepiairy OKpemo.

IMpn mnepeBumieHHI HEOOXiMHOI [03M MOXJIMBI 'mepeonpomMiHeHHs"
1301111 Ta BTpaTa HElo HeoOXiMHUX BracTuBocTed. OOIPYHTYBAaHHS TEXHIYHOL
JI03 ONPOMIHEHHS! TOBMHHO BECTHUCh B JIOCTATHHO INMMPOKOMY Jiama3oHi 3
JIUCKPETHUM KpOKOM, sikuii ctanoButh 0, 1 0, 2 Mmx/kr (10 20 xPan).
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3a nmedopmMarlii€ro npu NpPOJABIEHHI BaXKO BU3HAYMTH KPUTHYHY JI03Y,
TIpY SIKiH pOLIecH JeCTPYKIii HOYNHAIOTh JIOMIHYBaTH HaJl IPOIECaMH 3IIUBKH
(muB. puc.5).

Binpm iHpOpMaTUBHUMHU TNMOKAa3HUKAMHU JUIS BU3HAYCHHS TEXHOJIOTTYHOI
JI031 ONIPOMIHEHHSI € ycaJKa Ta BUCOKO €JIACTUYHE BiTHOBIICHHSI.
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BrImonHeH aHammM3 BO3MOXHOCTEH MomuuIupoBaHus moinuMepoB. I[lokaszaHo, 4To mo3a
obmydeHus: (GTopcoepKAIMX MOJMMEPOB IS IOIydYEeHHs Ipolecca CIIMBKA JIOJDKHA
OIPEENAThCS IS KaXKIOro MaTepraa OTeIbHO.

KiioueBble cj0Ba: paJHalioOHHOE MOIU(MHIUPOBAaHHE, (TOPCOAEPKAIIHME IOITIMEPHI,
TEXHUYECKAst 71033 00TydCHHSL.

The analysis of possibilities of modifying of polymers is made. It is shown, that the dose of
an irradiation of polymers with the maintenance of fluorine for process vulcanization should be
defined for each material separately.

Keywords: radiating modifying, polymers with the maintenance of fluorine, a technical dose
of an irradiation.
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AHAJIN3 JOCTOBEPHOCTH PACIIO3HABAHUSA TUIIOB
JE®EKTOB TPAHC®OPMATOPOB IIPU UCITOJIb30BAHUN
OTHOIIEHUM AP TA30B U TPA®UYECKNX OFPA30B
JE®EKTOB

BhInmonHeHa OLGHKa [JOCTOBEPHOCTH PAClO3HABAHWs THIIOB Je(EKTOB TpaHC(HOPMATOPOB IPH
UCIIOJIb30BaHNK OTHOLICHMH Map ra3oB W rpaduueckux oOpa3oB JedeKToB. YCTaHOBIEHO, YTO
HauOoJbIlee 3HAYCHHE MOCTOBEPHOCTH IPH pAaclO3HABAHMM Tuma Jedekta TpaHcpopmaropa,
MOXET OBITh MOJYy4EHO IPH OJHOBPEMEHHOM HCIIOJIIb30BAHHH OTHOIICHWH Iap Tra3oB |
rpaduueckux o6pa3oB KeeKToB.

KirroueBble ciioBa: 00pa3 1edekToB, OTHOIICHHS T1ap ra30B, YaCTHIHBIC Pa3PsiIbL.

Berynnenme. B Hacrosimiee BpeMmsi Uil ONpEZENieHUs]  Xapakrepa
NPOrHO3UpyeMoro  nedekra B BBICOKOBOJBTHBIX  TpaHcdopmaropax,
JIecTBYIOIUM B YKpanHE HOPMAaTUBHBIM JOKyMEHTOM [l] mpemycMoTpeHO
WCIIONIb30BAaHKUE, KaK OTHOLICHWH Nap ra3oB, Tak W Tpaduuecknx o0OpazoB
nedexroB. HecMoTpst Ha TO, 4TO 00€ AMArHOCTUYECKHE CXEMBI OCHOBAaHBI Ha
TOM, YTO KaKJIOMY U3 BO3SMOXKHBIX JIe(DEKTOB COOTBETCTBYET CBOU CIIEKTp T'a30B
(o KOTOpOMY M Ompenensiercss Kak, HajiM4yhe, TaKk W THUIl IIPOTHO3UPYEMOTO
nedekra), mpoueaypsl JMArHOCTHKH MPH HX NPUMEHEHHUH OTIUYAIoTCs. OTO
MOXET IIPHUBECTH K TOMY, YTO JHMarHo3bl IOCTaBJIEHHBIE C ITOMOIIBIO ATHX
JIMarHOCTHYECKUX CXEM JUIS OJHOI'O U TOro e o0bekTa OymyT pasnuuarbes. B
CBSI3W C OTHM, BO3HHKAET 3ajaya OLEHKH JOCTOBEPHOCTH NPHHSATHS PELICHUH
TIPY MCHOJIB30BAaHNH OTHOIIEHHUH Map ra3oB U rpaduueckux oOpazoB 1edexToB.

AHaJM3 MOCJIeHUX HCCJIeI0BAaHMIl U JIMTepaTypbl. BonpocaM oneHku
JIOCTOBEPHOCTH METOJIOB MHTEPIIPETAIMU PE3YJIBTaTOB XPOMAaTOrpauIecKoro
ananmmza (XAPI') MOCBAIIEHO JOCTATOYHO MHOTO HcclenoBanuil. Tak ¢
1990 . [2] paGoueit rpymmoii CUIPD 15.01, mnpu wuccienoBaHuu
TpaHcopMaTopoB CPaBHUBAINCH METOJBI, pa3peUIeHHbIE K IPUMEHEHUIO
pa3MYHBIMM  HAIMOHAIBGHBIMH WM  BEJIOMCTBEHHBIMH IIpaBWIAMU B
JIOTIOJTHEHHE K MexXAyHapogHoMmy cranzapry MOK 699. Ananu3 mnoxasan
Oonplloe  pa3NUuMe B HOpPMax M KPUTEPUSX OLEHKH  COCTOSHUS
TpancdopmaropoB. COOTBETCTBEHHO pa3jIMYHbIE METOAbl HHTEPIIPETAlU

PE3YJIbTATOB I/I3MepeHHﬁ MPUBOJAT K Pa3HBIM BBIBOJAM.
© O.B.lyrenko, [I.H. bakunaii, T.A.Octpukosa, H.}0.Menpauk, 2013
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Bbulo  ycTaHOBIIEHO, YTO HH OJWH METOA HE TPUTONCH JIIsd
yHHUBepcaibHOro npuMeHenus. B [3] Ha ocHoBe pesyabratoB XAPIT mo 250
TpaHchopMaTopaM  HMEIONMM  Ae(eKThl, ObUla  BBHITOJHEHA  OICHKA
JMIUATHOCTUYECKOW IIEHHOCTH HAWOO0Jee HM3BECTHBIX METOJOB HWHTEPIIPETAIINU.
Y CTaHOBJIECHO, YTO HAMOOJNBINEH JUArHOCTHIECKOW IEHHOCTRIO (93%) obnamaer
Metoauka MOK (IEC 60599). Tam ke 0TMEUCHO, YTO OTHOIICHHS KOHIICHTPAITHIA
aHAIM3UPYEMBIX Ta30B O0NAJAlOT YCIOBHOW JIMarHOCTUYECKOW LIEHHOCTBIO
MTOCKOJIbKY, OHHM IO3BOJISIFOT PACIIO3HATH BHI Je(peKTa, MPHU MPEBBIIICHUN
TPaHWMYIHBIX KOHIIEHTPAIIHI XOTs OBl OTHOTO ra3a yriieBOJIOPOIHOro psijia. B Toxke
BpeMsi, B OTKDBITBIX JIUTEPATYPHBIX HCTOYHUKAX OTCYTCTBYET WH(OPMAIUS O
JIOCTOBEPHOCTH  pACIIO3HABaHHUS THUIOB JC(PEKTOB TMPH  HCHOJIBE30BAHUU
rpaduaeckux 00pa3zoB AeEKTOB JUIsl HHTEpIpeTanmy pe3ynbTaToB XAPT.

Heas wuccaemoBanmii. B crathe, BBHINONHEH aHaIW3 JOCTOBEPHOCTH
pacro3HaBaHus TUMOB JAe(eKTOB TpaHCHOPMATOPOB TPU  HCIOIH30BAHUU
OTHOIIIEHHH Tap ra3oB U rpaduiecknx o0OpazoB JedeKToB.

Marepuannbl uccjiegoBanuid. Jljis onpeaeneHus: TUNa NpOrHO3UPYEMOro
nedekta B YkpauHe [1] HCHONB3YIOTCS CICIYIONIUE OTHOIICHUS IMap Ta30B:
CH4/H,, C,H,/C,H,4, C,Ha/CyHg, CO,/CO, CHy/Hy 1 O5/N,.

Ornomenne CHy/H, uctone3yercs is cinydaes, KOrjaa BOJOPO]T SBJISIETCS
ra3oM C MaKCHMJbHOH KOHIIGHTpalMed, a CIeAYIONMM Ta3oM 10
KOHIICHTPAIIUM SBJIIETCS METaH. DJTO OTHOIICHHUE YKa3blBACT HA HAIMYHC
YaCTUYHBIX pa3psAoB, B 3TOM ciydae ero 3HaueHue MeHsme 0,1. Taxoke
ornomenne CHy/H, wucmonp3yercs JUis TUATHOCTHPOBAaHUS Je(ekToB
TEPMHYECKOTO XapaKTepa, IPU KOTOPBIX €ro 3HAYCHUS MPEBHIIAIOT 1.

Ornomrenne C,H,/C,H; yka3piBaeT Ha HaTUYME YACTUYHBIX Pa3psAIoB
Majoi M OONBIIOW SHEPTWH, NOCTATOYHOM JuIs OOpa3oBaHMS alleTHICHA B
3HAYUTENBHBIX KOJNMYEeCTBaX. [IpuM Takux JedeKTax 3HAYCHHWE OTHOIICHHS
MIPEBBINIACT CIUHUIYY W PACTET C YBEIMYCHHEM MOIIHOCTH pPa3psaoB. [is
YCTOWYMBOIO JYrOBOrO paspsijia 3HAu€HWE OTHOIIEHWs JOCTUTaeT 5.
Hcnonp3oBaHue 3TOr0 OTHOIICHUS i pe3yabTatoB  XAPIT w3  Oaka
KOHTAKTOpa YCTPOMCTBa TMEPEKIIOUCHUS TIO3BOJIAET BBISIBUTH BO3MOXKHOE
HaJIMYMe B HEM aHOMAaJBHOTO HarpeBa, B CIIydae €CiiM 3HAUeHHE OTHOLICHHS
cocCTaBJjsIeT MeHbIe 1,5.

OrHomrenne C,H,/C,Hg sBAsieTcssT OCHOBHBIM TIPU  ONPEACICHUU
TepMHYCCKUX  JIepeKTOB. BenmnuwHAa JaHHOTO OTHOIICHHS pacTeT ¢
YBEIMYEHUEM TeMIlepatypsl B 30He nedekra. [Ipu TemmepaTtypax B auamnazoHe
110 300-350 °C 310 OTHOLIIEHHE MEHBIIE eUHUIIBI, Tpu TemrepaTtype 350 °C —
MPUOJIM3UTEIIFHO PAaBHO CAWHUIIC U YBEIWYMBACTCA N0 4 MpH TeMIIepaType
700 °C.

Otaomenne CO,/CO MoOXeT yKa3blBaTh Ha IOBPEXK/IEHHE IIEJUTIOI03HON
n30sIIMKM. B ciydae TepMHUUECKOro MOBPEXICHUS OYMa)KHOW H3OJISLMH C
TeMIIepaTypoii B 30He nedekra, Menpine 150 °C, ato otHOomenue 6omnpme 10, a
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npu Temmeparype Oonee 250 °C — wmenepme 3. JlaHHOe OTHONICHWE OaeT
JIOCTOBEPHBIC PE3yIbTAThl TPU JOCTATOYHO BBICOKUX KOHIICHTPAIUSIX 3THX
ra3oB, He MeHee 0,5 % 00. wis CO, u 0,05 % 06. mus CO. Crnenyer y4ectb, 4TO
oba ra3a B HEC MEHBIIEM KOJIMYCCTBE YEM IIPH TOBPESKICHUSIX ICIUTFOJIO3HI,
MOTYT 00pa30BBIBATHCS TPU TEPMHUYCCKOM OKHUCIICHUH Macia, OCOOCHHO B
HErepMETUYHOM 000PYAOBaHUH ITPU CBOOOTHOM JIOCTYIIE KHUCIOPO/Ia.

Ornomenne C,H,/H, wcnomp3yercss s TpaHCPOPMATOPOB €
ycrpotricteoM PITH u MOkeT yka3bIBaTh Ha HApPYIICHHE TEPMETUIHOCTH MEXKTY
OCHOBHBIM 0akoM TpaHcopMaTopa M 0akoM YCTPOWCTBA NEPEKIIOYECHUS.
O0pa3oBaBmIzecs ra3sl Yepe3 HEIIOTHOCTH MOT'YT MOTIaIaTh B OCHOBHO# Oak. B
TAKOM CJydae OTHOLIEHHE OOBIYHO PaBHO JIBYM M Oosee, a KOHIEHTPALUS
C,H,, He memee 30x10° o.e. Tak Kak BOJOPOJ MEHee DACTBOPHM B
TpaHcOpMaTOpHOM  Macie, 4YeM  aleTWIeH, TIocieqHuii  ObicTpee
muddyamupyer u3 6aka PITH B ocHOBHOM Oak quddyHANPYET TOIBKO Majoe
KOJIMYECTBO BOolopoza. B pe3ynbrate B TpaHCOPMATOPHOM Macie KOJUYECTBO
aleTUJIeHa CTAHOBUTCS OOJIbIIE, YeM BOIOPO/Ia.

OrtHomrenust O,/N,. Kucmopog u a3oT MOryr momajaTh B Maciio B
pe3ynbTare MpsiMOro KOHTaKTa C BO3JYXOM B HEr€pMETHYHOM 00OpYJOBaHHH,
WIA W3-32 HAPYIICHUS IUICHOYHON WM a30THOW 3alUTHl B TECPMETHYHOM
obopynoBannu. Korma 3nauenue ortHomenuss O,/N, cHmkaercs g0 0,2 u
MEHbBIIIE, B HETCPMETHYHOM OOOpPYIOBaHHH, MOXXHO JIHATHOCTUPOBATH
OKHCITUTEIBHBIC TMPOIECCHI aHOMAJIbHO BBICOKOH WHTEHCHUBHOCTH. Takoe
OTHOIIICHHE B OCHOBHOM, SBJSICTCS XapaKTEPHBIM JUISI TEPMETHIHOTO
000pyIOBaHUsA, HO TPU BHICOKOH WHTEHCHUBHOCTH OKHCIHTEIBHBIX MPOIECCOB
MOXXET HMETh MECTO W B HErepMETHYHOM oOopymoBaHuu. [Ipu ycrmoBuu
JIOCTIDKEHUSI paBHOBECHOM pacTBopuMocTH Op U N, OTHOIICHUS 3THUX Ta30B B
Macne mnpubnmsurensHo paBHo 0,5. Jlist ompenenenust Ttuna nedekra
TTOMOIIBI0 OTHOIICHUH IMap ra30B UCIOIH30BAJICS TAOJUYHBIA METOM, KOTOPHIH
npuBesieH B Tabmuie 1.

Tabnmma 1 — Onpenenenre Tuna gedekTa Mo TpeM OCHOBHBIM OTHOIICHHUSI Ta30B

Bup pa3BuBatonuxcsi B TpaHcpopMaropax Jae)eKTOB MOKHO OMPEICIUTh
rpadM4ecKd MO OCHOBHBIM Tra3aM: BOJOPOIY, METaHy, 3TWIEHY, 3TaHy U
anerwieny. Jlusg 93TOro ompenensercss ra3, HMMEIONMHA MaKCHMaJIbHYIO
a0CONIOTHYIO KOHIIEHTpaImoo. ONpeNeNstoTcss OTHOIICHHUS KaXXJI0ro W3 IITH
ra3oB K rasy, MMEIOIIEMY MAaKCHMAaJbHYIO KOHIICHTpanuio. Jlamee cTposTcs
rpaduku. [yt 3TOro mo ocu abCIUCC OTKIIAABIBAIOTCS MSATh PABHBIX OTPE3KOB, U
0003HAYAIOTCS MTOJYYCHHBIC TOYKU COOTBETCTBYIOIIMMU Ta3aMH B CIICAYIOIICH
nocnegosarensbHoctu: H,, CHy, C,Hs, C,H;, C,H,. Ilo ocu opaunar
OTKJIQJIBIBACTCS OTPE30K TPOM3BOIBHON BEUYMHBI, U 0003HAYaeTcs mudpoit
"1". Hamee s KaXkIOro ra3a IO OCH OPIUHAT HEOOXOAMMO OTJIOXKHTH
COOTBETCTBYIONIYI0 BEIIUMYMHY OTHOIICHUS &; / Omax;. 1IONYYEHHBIC TOYKHU
COCIIMHSIOTCSA TPSAMBIMU JIMHUSIMHA. [1OCTpOCHHBI TpaduK CpaBHUBACTCS C
STAJIOHHBIMU TPa(QUKAMHU U ONPECISICTCS XapakTep aedekra.

B kauecTBe MCXOJIHBIX JaHHBIX HCMIOIB30BANIHCH pe3ynbrathl XAPI mo
100 TtpaHchopmaTOopaM C  YCTAaHOBJICHHBIM BHAOM jedekrta. CyTh
WCCIICIOBAHUIA CBOJUIIACH K CPABHEHHIO PEABbHOTO JUATHO3a C JHATHO3AMH,
MMOCTABJICHHBIMH IO OTHOIICHHWSM TIap Ta30B U TpadUuecKux o0pa3oB
JIe(peKTOB.

Pe3yabTaThl ucciaenoBaHuil. BrINOTHEHHOE CpaBHEHHE T0Ka3ajo
JIOCTATOYHO BBICOKYIO JIOCTOBEPHOCTh IIOCTAHOBKH JHMAarHO3a Kak MpH
WCTOJNIB30BAaHUM OTHOIICHUIA TIap Tra3oB, TaK W C TOMOIIBIO TpaUUecKux
o0pa3oB gedekroB. [IpuHIMNHMATBHO BaXKHO, YTO HH s ojgHoro w3 100
aHATM3UPYEMBIX TPAHC(POPMATOPOB OTHOIICHUS ITap Ta30B HE COOTBETCTBOBAIU
HOPMAJILHOMY COCTOSIHUIO. J[pyrMMU CJIOBaMH, BEPOSTHOCTH TIPOIyCKa
nedexra siBIsieTCs KpaiiHe HU3KOH.

[Ipy uWCHOIB30BAHWMU OTHOIICHWH TIap TAa30B IMOJHOC COBIAJCHUE
MOCTABJIIEHHOTO M PEAJbHOro JAMarHo3oB coctaBuwio 96%. T.e. mpaBuibHBIN
Jarto3 noiy4deH i 96 uz 100 uccienyemsix TpaHcdopmaropoB. B 4 ciydasx
MIPU TIOCTAHOBKE JTUATHO3a BO3HUKIIM 3aTPYIHCHHS. 3HAYCHUS KOHIICHTpAIIUI
PACTBOPEHHBIX B Macjie Ta30B U 3HAUCHHS OTHOIICHUU Tap Ta30B Ui JTaHHBIX
TpaHcdopma rprBeeHs! B Ta0I. 2.

Tabnuna 2 — 3HaueHHs] KOHIIEHTPANWi U 3HAYeHUs] OTHOIIEHUH Nap ra3os st 4
TpaHcdopMaTopoB C HEUETKUMH JUATHO3aMH, ITOTYYEHHBIMH ITPU INarHOCTUKE
110 OTHOILIECHUSM Iap ra3oB

KonnenTparmu razos, % 00. OTHOIICHHS Tap ra3oB

No C2H2 CH4 C2H4

H2 CH4 C2H2 C2H4 CQH(-,

C2H4 H2 CQH(.,
1 0,064 | 0,043 | 0,005 0,26 0,022 0,0192 0,671 11,818
2 0,041 | 0,0274 | 0,0022 | 0,068 | 0,0069 | 0,0323 0,668 9,855
3 0,27 0,025 | 0,024 0,03 0,007 0,8 0,0925 4,285
4 0,004 | 0,0077 | orcyr. | 0,0018 | 0,0027 - 1,925 0,666

KOH C2H2 C2H4
Tum neexra nedbexza JC,H, CH4/H, JC,H,
HopmansHoe cTapeHue macna N Hx 0,1-1 <0,2
YacTuuHsle paspsabl up Hx <0,1 <0,2
Pa3pspl HU3KOM 3HEprun P1 >1 0,1-0,5 >1
Pa3psibl BEICOKOH SHEPruu P2 >1 0,1-1 >2
[Mon3yunii paspsin P3 <1 0,3-0,5 >5
Tepmmaecknii nedpexr 150-300 °C T1 Hx >1 <1
Tepmmaecknii nedpexr 300-700 °C T2 Hx >1 1-4
Tepmuaeckwii gepexr >700 °C T3 <0,2 >1 >4
IMpnmewanne Hx — HexapakrepHoe oTHOImeHHKe. [[11s TaHHOrO THITA 1edeKTa He
paccMaTpHUBaeTCsL.
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Kak BugHO 13 Tabm. 2 Bce nedekTsl, 10 KOTOPHIM BO3HHUKIIM 3aTPY/AHEHUS
C ITOCTaHOBKOH JIMarHo3a, SIBJISIOTCS KOMOMHAIMEH N1eeKTOB TEPMUIECKOro U
anexTpuyeckoro tumoB. Tak B TpaHchopmarope Nel (TAI-31500/110)
BBISIBJICHBI CJIENIBI Pa3psiioB W IIEPErpeB I'eTHHAKCOBOM IMPOKJIAAKHM M JKele3a
CTBIKOBOI'O MarHUTonpoBoja. M3 Tabia. 2 BWAHO, YTO KIJIIOYEBHIM Ta3oM C
MaKCHMaJIbHOH KOHIEHTpaled sBiIsSeTcsS OTWIeH. T.e. TPOrHO3MpYEeMBIi
Je(eKT UMeeT TepMUYECKUi Xapakrep ¢ Temiepatypoii 6omee 700 °C, o yem
cBuzieTenbeTByeT 3Hauenue orHomenus C,Hy/C,Hg. 3HaueHus oTHOIICHUS
C,H,/C,H, mensbie 0,2, uto Takke xapakrepHo i aedekra T3 (tabn. 1). Ho
3HaueHne orHomeHus CHs/H, MeHblle equHMIBI, YTO HE XapaKTepHO JUIs
JIAaHHOT'O JTNarHo3a.

Amnanornynas cutyanusi HaOmonaercst u B TpaHchopmarope No2 (TALT-
125000/220). Ilpum  BCKpHITUM  JaHHOTO  TpaHCOpMAaTopa  BBISBIECH
BBICOKOTEMIIEPATYPHBIA TEpEerpeB MarHUTOIPOBO/IA CO CIJIEAMH  pa3psoB.
lazom ¢ MakcuMaiabHOW KOHILEHTpalWen sBISIETCS DSTWIICH, a 3HAa4YeHUs
OTHOIIEHHH Tap ra3oB UIEHTHYHHI TpaHchopmaropy Nel.

B tpanchopmatope Ne3 (TL[-400000/330) BBISIBIICHBI CIIEABI pa3psaa u
BBIFOpaHHe MarHUTONPOBO/IAa. MaKCUMAaIbHYIO KOHIIEHTPAIMIO UMEET BOIOPO,
YTO yKa3bIBaeT HA HAJIMYKE IEKTPUUECKUX pa3psiioB. OITHAKO CIEAYIOUINM I10
KOHLISHTPALlMM Ta30B SIBJISETCS HE METaH (YTO XapaKTepHO Uil YaCTUYHBIX
paspsoB), a stwieH. Hecmotps Ha 310 otHomenue CHy/H, menwure 0,1, uto
yKa3bplBaeT Ha HAIMYME YaCTUYHBIX pa3psoB, HO IIPU STOM OTHOIICHHE
C,H,/C,H¢ 3HaumTenpHO mnpeBbimiaeT 3HadeHue (0,2, YTO HE IO3BOJISET
OJTHO3HAYHO YCTAaHOBHTH TUATHO3.

[MpuunHO# BHIBOAa W3 OJKCILTyaTalumu —aBToTpaHchopmaTtopa Ned
(ATALTIY-120000/220) oka3aiuch HEYCTOHYMBBIE KOPOTKHE 3aMBIKAHHS M3
HIDKHETO sipMa MarHUTOINpoBoAa Ha MHO Oaka. Ho mpm 3TOM, Kak BHAHO U3
TabNMUIBl 2 KIIIOUEBBIM Ta30M SIBJISIETCS METaH, a OTHOIIGHHWS Map Ta3oB
COOTBETCTBYIOT TepMmuueckoMy nedekry ¢ temmeparypoir 150-300 °C. Takum
obpazoMm s TpaHc@opmaropa Ned MMeEeT MECTO IMOCTAHOBKA OIIMOOYHOTO
JIMarHosa.

I'paduueckre oOpa3bl AeeKTOB IS ITUX TPaHC(HOPMATOPOB MPHUBEIECHBI
Ha puc. 1.

CpaBHuBasi 00pa3bl Ae(eKTOB, NMPHUBEAECHHbIE HA pUC. | C 3TaJIOHHBIMU
obpazamu nedexroB n3 COY-H EE 46.501:2006 nerko yBHIETb, YTO 00pa3bl
nedekToB TpaHchopmaropoB Nel m No2 (cm. puc. 1.1 u 1.2) cooTBEeTCTBYIOT
CyMMe JIByX OOpa3oB BBICOKOTEMIIEPATypHOMY HarpeBy W paspsijiam, 4TO
MIOJIHOCTBIO COBMAJAaeT C JEHCTBUTENBHBIM nuarHo3oM. OOpa3 gedexTa
tparchopmaTopa Ne3 (cMm. puc. 1.3) COOTBETCTBYET YACTHUYHBIM pazpsiaaM C
HarpeBaHueM, a B TpaHchopmarope Ned (cm. puc. 1.4) obOpa3 pedekra
COOTBETCTBYET HAarpeBaHHIO, IEPEXOISIIEMY B YaCTUUHBIE Pa3PsbL.

0,9 4
0,8
0,7 4
0,6 4

|
0,94
0,8
0,74
0,64
0,5
0,44
0,34
0,2
0,14

C2H6

C2H4

C2H2

0,91
0,8 1
0,7 1
0,6 1
0,5 1
0,4 4
0.3 1
02
0,1 4

H2 CH4 C2H6 C2H4 C2H2
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H2 CH4 C2H6 C2H4 C2H2 H2 CH4 C2H6 C2H4 C2H2

3 4
Puc. 1 — I'paduueckue o0pa3bl nedekToB st 4 TpaHchopMaTopoB ¢
HEUYETKUMH JUATHO3aMH, MMOJTYYEHHBIMH [TPU TUATHOCTUKE 10 OTHOIIECHHUSM TIap
rasoB

Takum o00pa3oMm, wHCHONB30BaHUE Trpaduyeckux o00pa3oB Jae(eKToB
MO3BOJNIMIIO YCTAHOBUTH TPABWIIBHBIA JHArHO3 B TeX CIydasX, KoOria
HCIIONIb30BaHUE OTHOLIEHUH Map ra30B BBI3BAIO 3aTPYIHEHUE MPHU ITOCTAHOBKE
JIMarHosa.

B Toxe Bpems, Ipu HCIIOIB30BAaHMM TIpadUuecKux 00pa3oB AedeKTOB
TIOJTHOE COBMAJICHNE TTOCTABICHHOI'O0 U PEaJbHOrO AMArHO30B COCTAaBMIIO 94%,
YTO ABJSIETCSI OoNee HU3KMM IOKa3aTeJeM IO CPaBHEHHIO C OTHOIIEHHEM Iap
ra3oB. PaccmorpuM monpoOHel naHHBIE TpaHchopMartopsl. ['paduyeckue
o0pa3bl neeKkTOoB NpUBENEHBI Ha pHUC. 2, a 3HAYEHUS KOHIEHTPALU
pPAacTBOPECHHBIX B Macle Ta30B, 3HAYCHHS OTHOLICHHH Map Ta30B M THIIBI
JeekToB JaHHBIX TpaHCpOpMa IPHUBEAEHHI B Ta0I. 3.

Kak BumHo w3 puc. 2.1 oOpaz nmedpekra B Tpancdopmarope TJIH-
16000/150 cootBercTBYeT ayroBomy paspsmy. OTHOINGHHS Map Ta30B W3
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TabJI. 3 TaKXKe COOTBETCTBYIOT pa3psjiaM BBICOKOW dHepruu. OMHAKO MPUYHHON
pocTa KOHIIEHTpaluii ra3oB B Oake TpaHcdopmaropa SBISUICS HE JIyroBOH
paspsiji, a HapylmieHHs TepMETHYHOCTH Oaka yctpoiictBa PITH, uro BBI3Ba)IO
nonaganue macia u3 6aka PITH B Oak Tpanchopmartopa. YTOYHUTH XapakTep
MOBPEX/EHNUSI M HE JONYCTUTh OIMMOOYHOrO BBEIBOZJA TpaHchopMaTopa u3

[MpuunHO# BBRIBOMA U3 3KCIDTyaTanuu Tpanchopmartopa OLI-135000/500
(Ne6 B Tabm. 3) cTanmo paspylieHus TOBEPXHOCTH MPABOro MOMEPEYHOro Opyca,
KJIMHA, PKUMHOM IUTaCTHHBI, 00NTa U NMPSIMOYTOJIbHOM 3aMKOBOH HIalObI, B
pe3yabTaTe pa3psAa0B BBICOKOM SHeprun. OTHOIICHUS Tap Ta30B, U3 TAOJHUIHI 3,

1

OKCIUTyaTallu MO3BOJIMJIO OTHOUICHHUE C2H2/ Hz, 3HAYCHUE KOTOPOIro paBHO 2.

Tab6muia 3 — 3HaueHHUs KOHIICHTPAIMIA U 3HAYCHUS OTHOIICHUHA Tap ra3oB s 6
TpaHc(hopMaTOPOB, C HEUCTKUMH JTUATHO3aMU, TIOTyICHHBIC MIPU JUATHOCTUKE C
TTOMOIIBI0 TpaUIECKUX 00pa3oB JTe(hEKTOB

Konnenrpanuu razos, % o0. OTHOIIEHUS Map razos

No C2H2 CH4 C2H4 COZ C2H2

H, CH, | GH, | GHy | GHg G, | H, [Cal | CO | 1,
1 10,0012]0,0006 | 0,0024 10,0018/0,00015| 1,333 | 0,5 | 12 - 2
2 10,00301]0,00981]0,00017]0,0394/0,00231]0,0043|3,259|17,05| 10,5 -
310,03 10,0095/0,0111]0,0113{0,0016 |0,982(0,316/7,062| - -
4 10,005 ] 0,001 | 0,81 ]0,039| 0,009 |20,769] 0,2 [4,333] - -
510,094 | 0,043 | 0,247 |0,238| 0,025 |1,03710,457| 9,52 | - -
6 | 0,048 | 0,044 | 04 | 035]| 0,15 [1,142]0,916(2,333| - -

0,9
0.8
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0.4
0,3
0,2
0,1

0

19
099
0.8 9
0,7 4
0,6 4
0,59
04 4
039
029
0,19

0

H2

CH4

O06pa3 nmedexra aprorpanchopmaropa ATHAITI-120000/220 (cm. puc.
2.2) MONHOCTBIO COOTBETCTBYET BBICOKOTEMIIEPATYPHOMY TEPErpeBy, KOTOPbIi
" ObUT 3a()UKCHPOBAH B JIaHHOM TpaHcpopmarope. OMHAKO TaHHBIA TEe(EeKT
COMNPOBOXKIAJICSA JACCTPYKIHEH TBEPAOH H3ONAIMH, O YeM CBUICTEIbCTBYET
s3nauenue orHoumenus CO,/CO u3 tabu. 3.

[IpuuuHO# BEIBOMA U3 IKCILTyaTauy aBToTpancopmaropa 330 kB (Ne3 B
Tabm. 3), cTan non3yuuii paspsa. Ha, 94To yka3bIBaroT M pe3ysbTaThl BCKPHITHS U
OTHOIIEHMs Tap ra3oB u3 Tadn. 3. OgHako, o0pa3 nedekTa, MPUBENEHHBIN HA
puc. 2.3 B GoIbliIei CTENEHU COOTBETCTBYET AYTOBOMY pas3psimny.

Poct xonmenTparmii ra3oB B Tpancpopmarope Ned (TJIH-16000/110/6),
00YCJIOBIIEH pa3psiiaMd BBICOKOW SHEpPrHd H3-3a ocnalieHue Traiiku Ha
mmmibke BBosa ooMorku HH. Tloctpoennsiil o0pa3 nedekra, (cM. puc. 2.4) He
COOTBETCTBYET HE OJHOMY M3 JTAJIOHHBIX 00pa30B pekoMeHAyeMbIxX B [1, 4].
OpHako OTHOIIEHHWS THap Ta3oB (Tali. 3) YeTKOo YKa3bIBAIOT Ha paspsibl
OOJIBILION SHEPTUH.

Asrorpancpopmarop ATALITH-125000/220/110 (Ne5 B Tabm. 3) Obun
MOBPEXK/ICH M3-3a MON3YYero paspsiia Mo MOBEPXHOCTH U B TONIIMHE TIaBHOI
n3omsiiui. OTHOLICHUsS Map ra3oB MPUBENCHHbIE B Tabll. 3 COOTBETCTBYIOT
non3ydemy paspsaay. OmHako oOpa3 Jedekra, MOCTPOCHHBIH MO 3HAYCHUSIM
KOHIICHTPAIMH ra30B, OOJIbIIIE COOTBETCTBYET JYTOBOMY Pa3psy.
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H2 CH4 C2H6 C2H4 C2H2
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Puc. 2 — I'paduueckue 00pa3sl neekToB A 6 TpaHCHOpMAaTOpOB, €
HEUYETKUMH JUATHO3aMH, MMOJYYEHHBIE PH AUATHOCTUKE C TOMOIIIBIO
rpaduveckux 00pa3oB ae()eKTOB
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OJTHO3HAYHO ONPEIENISIOT NaHHBIN fedeKT. B Toxxe BpeMsi, mocTpoeHHbII 00pa3
nedekra (cM. puc. 2.6) HEe COOTBETCTBYET HE OJJHOMY M3 STAJOHHBIX 00pa3oB,
pexoMeHayemsIX B [1, 4].

Takum 00pa3oM, BBINIOJHEHHBIH aHAJ M3 IIO3BOJWJI YCTAaHOBHTH, UYTO C
nomoielo rpaduuecknx 00pa3oB eeKTOB HEBO3MOXKHO —PacliO3HABAThH
JIECTPYKIIMIO OCHOBHOM H30NAIUM U pasrepMmermsanumio Oaka PITH. Taxoke
OIIpeJIeJIeHHbIE  CJIOKHOCTH  BO3HMKAIOT C  JUAarHOCTHPOBaHWUEM  TeX
JNIEKTPUUYECKHX Je(eKTOB (KpoMe IIyroBOrO paspsiia), Ui KOTOPBIX Ta3oM C
MaKCHMaJIbHOH KOHIIEHTpalued sBIseTcs aleTWwieH. JTO 00YCIOBJIEHO
OIpaHMYEHHBIM YHCJIOM OSTAJOHHBIX 00pa30B NPUBEJCHHBIX B HOPMAaTHBHBIX
JIOKyMEHTaX.

Kpome TOro, HeoOX0IMMO OTMETHTH, YTO BCE JNE(EKThl paclio3HaBaHUE,
KOTOpPBIX MO rpaduueckuM o0pa3aM O0Kas3ajoch 3aTPYIHHUTENBHBIM OBLIH
pacrio3HaHbl 0 OTHOLIGHWSIM Map Tra3oB. B pe3ynbrare OJHOBPEMEHHOI'O
WCTONB30BaHUs JBYX JUATHOCTHMYCCKHX cXeM, Obutn pacmo3HaHel Bce 100%
Je(eKTOB B aHATU3UPYEMOI BEIOOPKE.

BoiBoabI.

1. BbInonHeH aHann3 JIOCTOBEPHOCTH PaclO3HaBaHMS THNA Je(EeKTOB B
BBICOKOBOJIBTHBIX CHJIOBBIX TPaHC(OpMATOpax C IOMOIIbI0 OTHOIICHHH Map
ra3oB © rpaduyeckux o0pa3oB Ae(eKTOB. YCTaHOBJIEHO, YTO o00e
JIMarHOCTHYECKHE CXEMBI 00JaJaroT JOCTaATOYHO BBICOKOH JIOCTOBEPHOCTHIO.
Tax npu UCIIOIB30BAaHUM OTHOIIEHHUH Map ra3oB COBIIAJEHUE MOCTABIEHHOTO U
peasbHOr0 AMArHO30B COCTaBWIO 96%, a NpH HCHONB30BaHUU TpadUUecKux
00pazoB nedekToB — 94%. [lomydeHHBIE pE3yaBTATHI XOPOIIO COTTACYOTCS C
pe3ylbTaTaMy UCCIIEA0BaHUH, TPUBEICHHBIX B OTKPBITON I1€YaTH;

2. YCTaHOBIEHO, TNpU HCIIONB30BAaHWM OTHOIIEHWH Tap Ta3oB,
3aTpyJHEHHUs] C TIOCTAaHOBKOW [MarHo3a BO3HMKAIOT NPH  pacliO3HABaHUU
KOMOMHAIWH 1eeKTOB TEPMUIECKOTO U JIEKTPUUECKOTO THIIOB;

3. BrbImonHEeHHBIH aHaNM3 IO03BOJIMJI  YCTAHOBUTH, 4YTO C ITOMOUIBIO
rpaduyeckux o0pa3oB 1e(EeKTOB HE BO3MOXKHO PAaCIIO3HABATH AECTPYKIHIO
OCHOBHOUM W30JsIuu U pasrepMmermsanuio Oaka PITH. Taxke ompeneneHHbIe
CJIOKHOCTH BO3HHMKAIOT C JWAarHOCTHPOBAaHHWEM TEX AJIEKTPUYECKHX JedeKkToB
(kpoMe OyroBoro paspsaa), IS KOTOPbIX TIa30M C MaKCUMaJbHOW
KOHLIEHTpAIMEH SBISIETCS alleTUIeH. JTO 00YCIIOBIEHO OrpaHUYEHHBIM YHCIOM
STaJIOHHBIX 00PA30B MPUBEICHHBIX B HOPMATHUBHBIX JJOKyMEHTaX;

4. CpaBHUTENBHBIA aHANW3 IIOKa3ajl, YTO JAe(eKThl, paclo3HaBaHHE
KOTOpBIX C TIOMOIIBIO OTHOIIEHHH Iap Ta30B BBI3BAJIO 3aTPyAHEHHE, MOTYT
OBITH pacrio3HaHbl C MOMOMIBIO Tpaduieckux o0pa3oB AedeKTOB, U HAOOOPOT.
HawnGonpiiee 3HaueHne JOCTOBEPHOCTH TPH pacllO3HABaHWM THIA JaedeKTa
TpaHcopmaropa, MOXKET  OBITH  TOJIYYE€HO TIPU  OJAHOBPEMEHHOM
WCIIONIb30BaHUN OTHOIIEHUH ap ra3oB U rpaduueckux o0pa3oB Ae(EKTOB.
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AHAIN3 J0CTOBEPHOCTH pPACIO3HABAHHS THNOB Ae(deKTOB TPaHc(POPMATOPOB NpH
HCHO/Ib30BAHHM OTHOLIEHHUII map ra3oB u rpapuueckux odpasos aedexros / lllyrenko O. B.,
Baknait JI. M., OcrpukoBa T. A., Mensuuk H. 10. // Bicauk HTY «XIIl». Cepisi: Enepreruka:
HafilHicTh Ta eHeproedekTuBHicTh. — XapkiB: HTY «XIIl». — 2013. - Ne.17 (990). — C.178-187.
bioniorp.:4. In.:2. Tabmn.:3.

BuKOHAHO OILHKY JIOCTOBIPHOCTI pO3Mi3HaBaHHS THMIB JE(PEKTIB TpaHCHOPMATOPIB MpU
BUKOPHCTaHHI BiJHOCHH Hap rasis i rpadiuanx obOpasiB nedexriB. BeranoBieHo, mo Haifbinbie
3HAYEHHS JIOCTOBIPHOCTI MpW po3Mi3HaBaHHI Tumy aedpekry TtpaHchopMmaTopa, Moxe OyTH
OTPHMAHO ITPY OJJHOYACHOMY BHKOPHCTaHHI BITHOCHH Iap rasis i rpaiqHux oOpa3iB nedeKTis.

KurouoBi ci1oBa: 00pa3 nedexTiB, BiTHOCHHY Hap rasis, 4aCTKOBI PO3PSIH.

The evaluation of the reliability of detection of defects types of transformers using relations
gas and graphic images of defects. Found that the maximum reliability in recognizing defect type
transformer can be obtained while using the relationship pairs of gases and graphic images of
defects.

Keywords: image of defects, relationship pairs of gases, partial discharges.
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OJIEKTPOUMITYJIbCHOE U3MEJIBYHEHUE OJIACTUYHBIX
MATEPHAIJIOB B CPEJIE )KMJIKOI'O A3OTA

HccnenoBana BO3MOXKHOCTH  M3MENBYEHHSI DJIACTUYHBIX MAaTEpPHAJIOB  MMITYJIbCHBIMU
BBICOKOBOJIBTHBIMH DJIEKTPHUECKUMH pa3psilaMH B Cpesie XKHJIKOro a3ora. B kadecTBe marepuana
JUTSL N3MEJIbYSHNUS UCTI0Ib30BaIach Pe3uHa U3HOIIEHHBIX aBTOMOOMIBHBIX MOKpbIeK. OnpeneneHo
BIIMSIHAE HEKOTOPBIX MapaMeTpoB 3JIEKTPOrHJIPOMMITYJILCHOM CHCTEMBbl Ha MHONy4Y€HHE IOpOIIKa
pe3uHbl pazmepoM MeHee 2 MM. OlleHEHBl OCHOBHBIE JHEPreTHYecKHe 3aTpaThl Ha M3MEJbUeHHE
JJIACTHYHBIX MAaTEPUAJIOB JAHHBIM CIIOCOOOM.

KiroueBble ciioBa: DJEKTpUYECKUH paspsil, BBICOKOBOJIBTHBIN pa3psil, DIaCTUYHBIH
MaTepHall, pe3nHa, JKUJAKUN a30T, N3MEIbYCHHE.

Beenenue. Ilpobnema ytwiamzanuu M nepepaOOTKH HM3HOIIEHHBIX IIHH
UMEET CYIICCTBCHHOE 3KOHOMUYECKOE 3HAYCHHUE, MOCKOJIbKY MOTPEOHOCTH B
MPUPOJIHBIX pecypcax HENpPEPhIBHO PACTYT, @ HX CTOMMOCTH IOCTOSIHHO
moBEIaeTcs. B cBsi3u ¢ TeM, uto Ha 80% COCTaBJISFOIICH IIVH ABISCTCS HEPTH,
UX TPOMBIIUICHHAS YTHWJIA3ANUSA JAacT BO3MOXKHOCTH COXPAaHUTHh HE(TSIHBIC
HEBOCITOJIHUMBIE MIPUPOJIHBIE pecypchl, CTUMYJIUPOBATH pasBurtue
pecypcocOeperarpnux TeXHOIOT U,

Kpome Toro, BbllieamMe ©3 5SKCIUTyaTallMM HW3HOILIEHHBIE UIMHBI HE

MOJIBEPTalOTCS  OMOJOTMYSCKOMY  Pa3jIOKCHUIO, TOATOMY OHH  SIBIISIOTCS
HCTOYHUKOM JUIUTEIBHOIO 3arpsi3HEHUs] OKpy»Karolleh cpeabl. B pesynbraTe
XUMHUYECKOr0o, TEPMHUYECKOTO U PAJAUALMOHHOIO pa3pylleHUs PpPe3UHbl B
atMocepy W TPYHTOBBIC BOJBI MOTYT IIOMAJATh PA3JIMYHBIC TOKCHYHBIC U
KaHIIEPOTEHHbIE MPOJYKThl, KOTOpbIE OKa3bIBAIOT KpalHEe HEeraTuBHOE
BO3JICHCTBUE Ha OpraHu3M 4yeloBeka. [IpoucXoauT 3arpsi3HEHHE HE TOJIBKO
atMocdepbl, HO W BONHBIX OacceiHOB, MOuYB. BMecTe ¢ TeMm, HM3HOIICHHBIE
aBTOMOOWJIEHBIC IITUHBI COICPKAT B ceOc IICHHOE CHIphe: KaydyK, MeETalll,
TEKCTUJILHBIA KOPJI.
[MonydeHHass B XoJ¢ TepepaOOTKH pE3WHOBAs KpPOIIKa — HE3aMEHUMBIH
MaTepuas TMPU MPOU3BOICTBE JOPOKHBIX OTOOWHHUKOB, HATIONEHBIX MOKPBITUH
JIISl IPOMBILIUIEHHBIX 3/1aHUH, CETbCKOXO3SIMCTBEHHBIX MOCTPOEK, CIOPTUBHBIX
U UTPOBBIX KOMIUIEKCOB. JloOaBieHHass B acaimbT KpOIIKa IOBBIIIAECT €ro
HU3HOCOCTOMKOCTh B HECKOJIBKO pas3.
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[TosTOMy HEOOXOMMBI SHEPTOCOEPETAIONINE U PKOIOTHISCKH Oe30MMacHbIe
TexHonorud [ 1, 2] mo nepepaboTKH pe3NHOTEXHIUYECKUX U3JICITUI B KPOIIIKY.

B Hacrosiiee BpeMsi HaXOAWT NPUMEHEHHE SJIEKTPOrHIPOUMITYIbCHAS
TEXHOJIOTUS HM3MENbYCHUS MaTepuasioB. [Ipu mpoboe KUIAKOCTH, MO CXEeMe,
MOKa3aHHON Ha pucC. 1, BOKPYT KaHala pas3psiia BO3HHUKAET 30HAa BBICOKOTO
JIaBJICHUs,, JMaMeTp KOTOpPOW MpOIOPLMOHAIIEH MOIIHOCTA HMIIYJbCA.
JKuakocTh, MOMyIUB YCKOPEHHUE OT PACHIMPSIIOIIETOCS C OOJBIION CKOPOCTHIO
KaHaja paspsjia, MepeMeliaeTcs OT HEro BO BCE CTOPOHBI, 00pa3ys Ha TOM
MecTe, TJe¢ OBLT paspsj, 3HAYUTEIBHYIO IO O0BEMY IOJIOCTh, HAa3BAaHHYIO
KaBUTAIIMOHHOM, U BbI3bIBAsl MEPBbIM TUAPABIMYECKUIN yaap. 3aTeM MOJIOCTh
TakKe ¢ OOJBIION CKOPOCTBIO CMBIKACTCS, CO37aBasi BTOPOW KaBUTAIIMOHHBIN

rupaBaudeckui yaap [3].
VD oP
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O
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C
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| e [o]

Puc. 1 — Dnexrpudeckas cxema JUisl pealli3aliy eKTPOruAPOUMYIbCHOTO yaapa:
OIT — popmupyrommif HCKPOBOI MpoMexyToK, PIT — pabounii HCKpOBOiT MPOMEXYTOK B
KHUJIKOCTH

JpoOneHue pe3suHbl ANEKTPOTHIPOUMITYIBCHBIM CIIOCOOOM B OOBIYHOM
BOJIC HE MPOUCXOMUT [1] B BUIY €€ IUIACTUYHOCTH. [103TOMY I MpUIAHUS
XpYNKOCTH pe3WHEe, B KayeCcTBE IKUJIKOCTH B JIAHHOW TEXHOJOTUU
HCIOJIb30BAJICS JKUJKUN a30T.

Pe3ynbraThl uccaenoBanmii. [Ipo0ieHue 37aCTUYHBIX MaTEpUAIOB TPU
HU3KOW TeMIepaType MPOUCXOIIIIO B pa3psTHON TEIIOU30JIMPOBAaHHON KaMepe
obbeMoM 2,1 nurpa, u3obpaxeHHol Ha puc. 2. Ha ocu kaMepbl pacroiiokeH
AJIEKTPOJ 1, BTOPBIM JICKTPOJIOM SIBIIICTCS THO KaMephl. B ciyuae moHMWwkKeHUs
JABJICHUS HaJ IMOBEPXHOCTBIO KHUIKOCTH K TATPYOKy S TIPUCOCTUHSIICS
BOJIOKOJIBIICBOI BaKyyMHBEIN Hacoc. B kamepy momMernianach pe3wHa pa3MepoM
10-25 mm. CBOOOZHOE TPOCTPAHCTBO KaMEphl 3alONHUIOCh Ha 2/3 SKHIKUM
azoroM. [locme wyero mnpouw3BOAMIICS paspsii KOHAEHcaropa Ha pabouuii
MIPOMEKYTOK B JKUIKOCTH.

OcumitorpaMMa TokKa MPOXOJISIIEro yepe3 pabouuii 3a30p MpeiCTaBieHa
Ha puc. 3. Tok uMeeT 3aTyxaroUmi KoieOaTeIbHBIA XapakTep C aMIUIUTYIO0H
16 kA, mepuomom 15 mkc. [lapaMeTpbl 3JEKTPUUYECKOW UENH CIEIYIOIINE:
poOWBHOE HampshKeHue 24 kB, 3amacaemMast 3HEpTUsl KOHJCHCATOPHOI OaTapen
576 x, UWHAYKTUBHOCTb paspsaHod wnenu 2,9 mxl'H, conpoTuBieHue
paspsannoit uenu 0,1-0,2 Om.
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Puc. 2 — KoHcTpyKIus pa3psitHOit KaMephl UTS SJIEKTPOT HIAPOUMITYIECHOTO
HM3MEJTBUYCHHUS B KHIKOM a30Te: 1 - anekrpon, 2 - kamepa, 3 - KUIKHi a30T, 4 -
TETUIOM30JISIINSL, 5 - BEIXOJHOU MATpyOoK, 6 - pe3nHa.

0O 10 20 30 40 50 60 70 80 90 100 110 12C
t, mkc

Puc. 3 — OcummorpaMMa HMITyJIECa TOKa Yepe3 paspsAHBI IPOMEXYTOK B
JKHUJIKOM a30Te

Ha puc.4 npeacraBieHo (oTo  pe3WHOBOH  KPOWIKH  TOCTE
3IIEKTPOrHPOUMITYIILCHOTO JIPOOJICHHS B )KUAKOM a30Te. Pa3Mepsl pe3nHOBOI
KPOIIKH HAXOIMJIKCH B MPEENaxX OT eAUHHUILl MUKPOH, 710 2 MM.

Puc.4 — ®ororpadus ¢ USB Muxpockomna pe3nHOBOI KpPOIIKH HOCe
00paboTKu
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Ha puc. 5 NpeaAcCTaBjicHa 3aBUCUMOCTDL BbIXOJld NPOAYKTa OT KOJIMYECTBA
HUMITYJIBCOB ITPU PA3TIMYHOM MECKIJICKTPOAHOM PACCTOAHUU OT 5 J0 23 mMm.
80

70
Y .
o 60 L
= _»
5 ¥ A _
£ 50 ? Z /r/
> /%//
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§_40 :/// x|
/ —+—10,5mm
§30 - A —<—12mm
2 ¥
14,8 Mm
s / / —a—5Mm | —>— 14,
—o—6MM | —*—17,5Mm
20 / —4—7,5vm| —*— 20,3 Mm
10 —~v—9vm | —* 23 MM
: T
T T

20 40 60 80 100 120

KonuuecTBo UMITyIbCOB, T
Puc. 5 — 3aBucuMocCThb BbIXO/JIa MPOAYKTA OT KOJMYECTBA UMITYJILCOB, ITPHU
Pa3In9YHOM MEKIJICKTPOJHOM PACCTOAHUN

KommuectBo obpabateiBaemoii pesunsl 100 rp. M3 pe3yiasTaToB BHIHO,
YTO YBEJIMYEHUE MEXKDIEKTPOJHOIO PACCTOSAHUA C 5 70 23 MM, NPUBOAUT K
pOCTY BBIXOAAa H3MEJIBYEHHOW 10 2 MM pe3MHOBOM Kkpoumku B 3.5 pasa.
MakcumanbpHbI  BBIXOA HM3MEJIBYEHHOrO MaTepuaja HaOmojajics IpH
MEXKAJIEKTPOTHOM PACCTOSHUU 23 MM U cocTtaBui 51,2 1, nocie 25 uMIysabCoB.

2,2

2,0 n
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TIpon3BOAUTENLHOCTE I/UMIT
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Me3KIneKTPOIHOE PACCTOAHHE, MM
Puc.6 — 3aBrcuMoCTh MPOU3BOJUTECIBHOCTH pe3I/IHOB0ﬁ KPOULIKH OT
MEKIJICKTPOAHOT'O PACCTOSAHUS
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CojiepkaHue 4acTHII C pa3MepoM
MEHBIINM 2 MM, %

KoJIHYeCTBO HMITYJTHCOB, T
Puc. 7 — 3aBHCHMOCTE COAEpIKaHUsI JaCTHI] C pa3MEpOM MEHBIINM 2 MM B
TIPOIIEHTAaX OT KOJIMYECTBA HMITYJTbCOB
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Ha puc. 6 mpesacraBineHa 3aBUCMMOCTh HPOWU3BOJUTEIEHOCTH PE3MHOBOM
KPOILIKM OT MEX3JIEKTPOIHOro paccTosiHuA. Ha MeXdIeKTpoHOM PacCTOSHUHN
or 5 no 23 MM HaOmomaercss IOJNOXKUTENbHAas MPOW3BOJIHAs —poCTa
MIPOM3BOJIUTENEHOCTH. MaKCHMaibHasl IPOU3BOIUTENBLHOCTh MMOJTydeHa Ha
MEX3JICKTPOIHOM PACCTOSTHUM 23 MM, U cocTaBmia 2,05 r/umm.

Ha puc. 7 nokasan rpaduk 3aBUCHMOCTH COJIEp)KaHHs YaCTHII C Pa3MEpOM
MEHBIIMM 2 MM B TPOIEHTaX OT KOJIMYECTBA MMITYJIbCOB. MEXIJIEKTPOJHOE
paccTosiHie B JaHHOM Cllydae cOCTaBWiIo 6 u 16,5 MM, npH 3arpy3Ke pe3uHbI
250 m 500r coorBercTBeHHO. B o00omx ciydasx HaOmo#ancs JIMHEHHBIH
XapakTep pOoCTa CONEpXaHWs YacTHUIl C pa3MepoM MeHbpIHM 2 MM. [lpum
obpaborke 210 wummynbcamMu wu3Menbyaercs mopsaka 70% Kpomkd 110
HEoOX0ANMOro pa3mepa.

Ha puc. 8 npencrasiena auarpamma pacnpenesieHusi pe3nHOBOW KPOIIKH
mo ¢pakmusm mocine 25, 50, 75 u 100 ummynbecoB. O6padateiBasiock 500 rp
PE3MHBI, MPU MEXIJIEKTPOAHOM paccTossHud 16.5 MM. U3 auarpamMmbl BHITHO,
YTO TOCIIE Ka)XI0H CepUU MMITYJIbCOB HAOJOIAeTCs MIOCTENIEHHOE YBEIHYEeHUE
KOJIM4YecTBAa Marepuana Ooimee Menkux ¢pakmnuii. [Tocne 100 ummynbcoB
KOJINYECTBO PE3UHOBOMN KPOIIKH C pa3MepoM MeHee 2 MM cocTaBisgeT 35%.

25 umn. 50 umn.

20

100

s 85 535 352 21 1 s s s.a3s as2 21 1

Macca npoaykra, r
Macca npoaykTa,

75 UMn. 100 umn.

s 85 o35 38z 21 1

Macca npoaykTa, ©
Macca npoaykrta, r

Puc. 8 — Jlmarpamma pacrpesienieHus pe3NHOBOH KPOIIKH 110 (pakIusM mocie 25,
50, 75 u 100 umIrybcoB

B pesynbraTe npoBEAEHHBIX HCCIEAOBAHUN SJIEKTPOTUAPOUMITYIHCHOT O
M3MENIbYEHHs]  DJIACTUYHBIX ~ MaTepUalioB B Cpele  JKUIKOro  a3oTa
CIIPOEKTUPOBAHA TEXHOJIOTUYECKasi JIMHUS U OMNpeEJeNieHbl €€ OCHOBHBbIE
TEXHUKO-YKOHOMHUYECKHUE ITOKA3aTENIN, KOTOPHIC MPEICTABIICHBI B Ta0uUIEe 1.

Tabauia — TeXHUKO-D)KOHOMUYECKHE TOKA3aTEIN

[Tpon3BOANTENHHOCTD, KT/9ac 50
Y nenpHAs MPOU3BOUTEINBHOCTD, T/HMIT 2,1
Pa3mep pe3nHOBOM KPOIIKU, MM 0,2-2
Pacxop KuIKoro azora, JI/Kr 2.8
DHepros3arpars! IEKTPOrHIPONMITYIILC, KBT-4ac 6
Uacrora cieJoBaHHs dIICKTPHUSCKUX pa3psios, 11 7
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W3 nutepaTypHbIX JaHHBIX U3BECTHO, UTO HA MPOU3BOACTBO 1 KT )KHJIKOTO
aszota Tpedyercs 3arpatuth 0,44 kBryac[4].

BeiBoapl.  Pa3pabGorana  TexHoJOrmyeckas — cXxeMa — M3MENbUYCHUS
3JaCTUYHBIX MAaTEpPHUaJIOB AJIEKTPOTUAPOUMIYILCHBIM BO3JEHCTBHEM B Cpefie
kuakoro  azora.  OmpepeneHo  BIAUSIHUE — HEKOTOPBIX  [apaMeTpoB
SJIEKTPOTUJPOUMITYILCHOM CHUCTEMbl Ha TMOJY4YE€HHE TMOpOIIKA PE3HHBI
pasmepoMm MeHee 2 MM. MakcumaibHas TPOM3BOAMTEIBLHOCTh MOJydeHa Ha
MEXD3JICKTPOIHOM TPOMEKyTKe 23 MM U coctaBmwia 2,1 r/mmm. OrlleHEHBI
OCHOBHBIE SHEPreTHUECKHE 3aTpaThl HA U3MEIbUEHUE AINACTUYHBIX MAaTEPUAIIOB
JTAHHBIM CITOCOOOM.
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B.U. Emenvanenxo, M.A. Ocmawixo // Bonpocsl XUMUH U XUMHUYeCKoi TexHoxoruu. — 2008. — Ne6.
— C. 163-166. 3.HOmxun JI.A., DnexrporuapaBimdeckuil >(p¢GeKkT U ero mIpuMeHeHHe B
npomsliiieHHoctd / JI. A. FOmxun. — J1.: Mammaoctpoenue, 1986. — 252 c. 4. Kyopsieyes U. H.
D¢ dexTUBHOCTS HCIIOIB30BaHUS THEBMOABHTATENs B aBTOMOOMIe // M. H. Kyopseyes, A.U. IIamax,
C.U. Bonoapenro, A.A. Jlesun, bB.H. Mypuney-Mapxesuy, M.Y. IInammep // AnbTepHATHBHAS
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JJIeKTPOUMITYILCHOE H3MeIbYeHHe YTACTHYHBIX MATEPHAJIOB B Cpeje *KUAKOro a3oTa /
B. B. IO¢depos, A.H. O3epos, /. B. Bunaukos // Bicauk HTY «XIII». Cepis: Enepreruka:
HaiiHicTh Ta eHeproedekTuBHicTh. — XapkiB: HTY «XIII». — 2013. - Ne.17 (990). — C.188-194.
bioniorp.:4. In.:8. Tabmn.:1.

JlocmipkeHa ~ MOMUIMBICT — NOAPIOHEHHS ~ €JacTHYHUX  MaTepialliB  IMITyJIbCHUMU
BUCOKOBOJBTHUMH €IEKTPUYHHMH PO3psaMH B CEpelOBHII pinkoro asory. Sk Marepian st
NO/piOHEHHs] BAKOPUCTOBYBAJACS I'yMa 3HOLICHUX aBTOMOOUIBHHUX MOKPHUINOK. Br3HaueHuil Bims
JIESKUX IapaMeTpiB eIeKTPOriipoiMITyIbCHOI CHCTEMH Ha 3J00YTTS IOPOMIKY T'yMH PO3MipoM
MeHme 2 MM. OLiHEHI OCHOBHI €HEepreTHYHI BUTPATH Ha IOAPIOHEHHsS eNacTHYHUX MarepiaiiB
JIAaHUM CIIOCOOOM.

KuiouoBi ciioBa: elnexkTpuuHHIl po3psi, BUCOKOBOJBTHUH PO3psiM, €IaCTUYHMII Matepial,
ryma, piJIKHii a30T, OpiOHEHHSI.

Elastic materials crushing possibility by pulsed high- voltage electrical discharges in the
liquid nitrogen medium has been investigated. Life-expired automobile tires rubber have been used
as a material for crushing. Electrohydropulsed system parameters that are affected on rubber powder
of less than 2 mm size obtainment have been determined. The basic energy expenses for crushing of
elastic materials by proposed method have been estimated.

Keywords: clectrical discharge, high-voltage discharge, elastic material, rubber, liquid
nitrogen, attrition
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