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DISCOVERING ENERGY LOSSES IN NETWORK OF RURAL SETTLEMENTS UNDER
VOLTAGE REJECTION

In applications of technical measures to maintain the level of voltage, such as adjusting the number of turns on
the high side of the distribution transformer, chavaing transformoton parameters change that causes a change in the
formation of additional power losses in these networks.
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IHocTanoBka npodaemu

CydacHuil CTaH BITUM3HSHOI €JEKTPOCHEPreTUKU TaKUi, IO CIOXHMBadl HE 3aBXKIU
3a0e3nedeHi HaaiiHUM eJEeKTPOIIOCTAYaHHSAM Ta SKICHOIO eJekTpoeHeprieto. OcolnuBo 1€
CTOCYETHCSI CLIILCHKUX CIIOXKHMBAUIB, /1€ BIAXUICHHS HAlIPYTH Ha 3aTHCKayax eJeKTporpuiimMadiB y 3-
4 pa3u MOXYThb MEPEBUIIYBAaTH JOMYCTUMI 3HAUEHHS, & TPUBAIICTh CIIO)KUBAHHS HESKICHOI eHeprii
ckinagae Omm3bko 45 % Bixg 3arampHOrO uacy pobotu [1]. B VYkpaini maibke 50 % Bciei
€JIEKTPOEHEprii BUKOPUCTAHOI CIOKMBayaMM B CUIBCBKOMY TOCHOJApCTBI BUTPAYA€ThCS B
KHUTIOBOMY CEKTOpi i cepi KyIbTypHO-TIOOYTOBOTO OOCITyroBYBaHHsI HacelneHHs. CHOXHBaHHS
€JIEKTPOEHEPrii y KOMyHaJIbHO-IIOOYTOBOMY CEKTOpI Cella 3pOoCTaE 3 KOXHUM pOKOM. ToMy, rocTpo
nocrae npoOyiieMa JOCHIHKEHHS BTPAT E€JIEKTPOEHEprii Ta MOKpAleHHs ii SIKOCTI B CIIBCHKHX
Mepekax KOMYHaJIbHO-TIOOyTOBOTO Mpu3HavYeHHs [ 1-4].

AHaJIi3 0CTaHHIX J0CJTi/I’KEHb
Ha nmanuii yac omyOsmikoBaHa 3Ha4YHA KUIBKICTh Mpallb 3 MUTaHb €ICKTPOHABAHTAKCHHS Ta
aHalizy pEeXHWMIB HABaHTAXEHHS EHEProCHCTEM, aje Uil CUIbCBKHX MEpeK KOMYHAJIbHO-
nmoOyTOBOTO TpHW3HAYCHHS JIaHl THUTAaHHS HEIOCTaTHHO BIOOpaXeHI B HAyKOBO-TEXHIYHIN
miteparypi [1-3]. 3MiHM BeIMYMHM Ta  SKOCTI  CUIBCBKOTO  KOMYHAJIbHO-IIOOYTOBOTO
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€JIEKTPOHABAHTAKEHHS MOTPEOYIOTh MEPErysaAy ICHYIOUMX IOJIOKEHb, SIK B TEOPIl pO3paxyHKy 1
MPOEKTYBaHHS CUTbCHKUX MEPEXK, TaK 1 B MUTAHHSIX ONTHUMI3AIli]l eKCIUTyaTallifHUX PillleHb.

®opmyJTIOBaHHS METH CTATTI
JlocmimkeHHsT BTpaT MOTYKHOCTI MpH ii mepenadi Mo CUIbCHbKUM KOMYHATbHO-TIOOYTOBUM
MepexaM Ta 3HaXOJDKEHHSI TPOCTUX CIOCO0IB ISl 3SMEHIIICHHS JAHOTO BHIy BTpAT.

OcHoBHa yacTHHA

BruB siKOCTI enekTpoeHeprii Ha poOoTy eIeKTpONpHUiiMayiB BUSHAYAETHCS pAOM (DaKTOpiB
[5]. Enextpuuni mepexi 0,4 kB € ocTaHHBOIO AUISHKOIO MPU Mepeiadi i po3noIiay eleKTpoeHepTii
BiJI €JICKTPOCTAHINI IO CIOXHWBaviB. Bixg HamidHOCTI poOOTH JaHUX MEPEX Ta iX 3aBaHTAKCHHS
3anexarb Ha/lIHICTh, KICTh 1 EKOHOMIYHICTh €JIEKTPONOCTaYaHHS COXUBauiB. [loka3HUKH SKOCTI
enekTpoeHeprii B YkpaiHi pernamentye Jlepxkcranmapt. OQHEM i3 OCHOBHHUX ITOKa3HHKIB SKOCTI
€JIGKTPOEHEPrii € BeIMUMHA HANpyrH Ta ii BIAXWJIEHHS BiJ HOMIHAJBHOI'O 3HA4YEHHS. BigxuieHHs
HaTpyTH BiJl HOMIHAJILHOTO 3HAYEHHS BiOYBAETHCS Uepe3: J0OOBI CE30HHI Ta TEXHOJIOTIYHI 3MiHU
€JIEKTPOHABAaHTAXEHb CIIOYKUBAUiB; 3MiHY MOTYXHOCTI KOMIIEHCYIOUHMX HPUCTPOIB; pErystOBaHHS
Hampyru TIeHepaTopaMy €JIEKTPOCTAHLIW 1 Ha MIJCTaHIISAX EHEProcUCTEM; 3MIHY CXEMH Ta
MapaMeTpiB eIEKTPOMEPEKi.

3MiHa Hampyrd BiIOMBAEThCS HA POOOTI PI3HUX BHIIB EJIEKTPONPHIMAYiB, HANHOIIBII
YyTJIUBOIO € pajaioamapatypa. Tak, BiJ’€MHE BIAXWJICHHS HaMpyrd MOTipIIye 300paskeHHs
TEJNEBI30piB, JOJATHE — CKOpOYye TepMiH ciuyxom [5]. Jly)ke dYyTnuBi 110 3MiHM HampyrH
KOHJIGHCATOPH, X MOTYXHICTh 3aJIeXKHUTh BiJ KBaJIpaTy Hampyrd. TakuM YUHOM, MPHU 3HUXKEHI
Hanpyru a0 0,9 Uw, moTyXHicTh KOHIEHcaTtopa MOHMWXKYyeTbes 10 81 %. IligBuimeHHs HanpyTu
NPU3BOAUTE 10 30UIBbIIEHHS PEAKTUBHOI MOTYXKHOCTI KOHJEHcaTopa, a, OTXKE, BUKJIMKA€E HOro
nepeBaHTaKeHHs. [Ipy yacTUX MEpeBUIIEHHIX HANPYTH 32 HOMIHAIBHY, CIIOCTEPIra€ThCsi MaCOBHIA
BUXIJ 13 Jaly KOHJEHCATOpiB. 3 1HIIOr0 OOKY, BUCOKY YYTJHMBICTH 1O 3MIHM Hampyrd MaroTh 1
OCBITJTIOBAJIbHI MPHJIAAX. [3 3HIDKEHHSIM HANpyTH HaOLIbII MOMITHO TIa/Ia€ CBITIIOBHH TOTIK. Tak,
npu 0,95 Un cBiTnoBuil moTik 3MeHuIyeTbes Ha 18 %, a Bxe npu 0,9 Un — Ounbiie Hixk Ha 30 %.
[Tpu migBUILEHH] HAPYTH 32 HOMIHAJIBHY Pi3KO 3MEHIIYEThCSA TePMiH ciayxOu jam: mpu 1,1 Un —
TEPMIH CIIYKOW JaMIl 3MEHIIyeThCcs BTpuuil. [lpu migBUINEHHI HANPYTHd CBITJIOBA Bijgjgaya
JIOMIHECLIEHTHHUX JIaMIl Ha BIIIMIHY BiJ JIaMI pPO3XKapIOBaHHS 3MEHIIYETHCS, a MPHU 3MEHILICHHI
HalpyTu HaBMaKW 30UTBIIYETHCSA. BiIXWUIEHHS HaNpyru HETAaTUBHO BIUIMBAE HA SIKICTh POOOTH 1
TEPMiH CITY>KOH 1 1HIIIOT MOOYTOBOI TEXHIKH.

[IpobGnemMa AKOCTI €JIEKTpOeHeprii TICHO MOB’s3aHa 3 ii BTpaTamH, OCKUIbKH NMPUYUHH, SKi
MPU3BOATH J0 MOTipIIEHHS i1 SKOCTI MPU3BOAATH TaKOX 1 J0 30UIbIIEHHS BTpaT, a 1€, B CBOIO
4yepry, BUKJIUKAE BIIMOBIIHUNA 30MTOK. MiX THM, BTpaTH TOTYXHOCTI 1 SIKICTh €JIEKTPOEHEepTil
BH3HAUYAIOTh TMPOIMYCKHY CIPOMOXHICTH Mepex. Tomy, BCi 3aXxoau 31 3HIDKEHHS BTpar
eJeKTpoeHeprii 1 crabimi3amii mapaMeTpiB HaNpyrd HANpaBJICHI Ha IMIJBHINCHHS MPOITYCKHOL
CIPOMO>KHOCTI €JIEKTPHYHUX Mepex [2, 5].

OnHi€ero 3 HAMOUTBII MOMMUPEHUX TPOOIIEM SIKOCTI Y poboTi enekTpuanux mMepex 0,4 kB — e
npobiemMa 31 3HH)KEHOIO HANpyror y HaHOIbII BiAJaJIeHUX CIOXKKMBadiB. Jlnisi pilieHHS TaHOi
po0JIieMy MOYKHA 3A1MCHUTH 3aXOH ISl TIBUIIIEHHS SIKOCTI €JIEKTPOCHEPrii Ta 3MEHIIICHHS BTpaT
IIpU eKcIUTyaTalii Mmepex. ICHyI0Th criocoOu, siKi JO3BOJSIOTH MOKPAIUTH SIKICTh €JIEKTPOSHEpTii y
npoOJIeMHUX CIoXuBaviB nuisixoM 3Mian: EPC mxepena skuBJICHHS; MOTYXHOCTI TpaHchopMaTopa
1 (um) #oro koedimienTa TpaHcpopmalii; OMOpYy JIiHIl JKUBICHHS; CXEMH MPUEIHAHHS
HaBaHTKECHHS (PEKOHCTPYKIIis cxeMHu) [6—8].

Jns miATpUMKH PiBHS HAlpyrd y CIOKMBada Mepef0adeHo perysioBaHHS KoedimieHTa
TpaHcdopmarlii cusIoBoro Tpancopmaropa 3a JOMOMOT0I0 NepeMuKaya Hampyru y Mexax = 5 %.
[TapameTpu Tpancgopmaropa, sl IKHX BU3HAYAIOThCS BTPATH, SIK y JKUBJISUIN, Tak 1 y MEpexi, 110
JKUBUTHCSI HAJAIOTHCA TPH HOMIHAIBHOMY peXUMI, TOOTO, TPHU HOMIHAIBHOMY KOE(III€HTI
Tpancdopmarii. Brpatu eneprii y cusoBomy Tpancdopmaropi 3a3Buyail MoAUISIOTh HA /1Bl YaCTHHU
1 BU3HAYAIOTHCS BUpa3oM [8]:
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2
T, (1)

S max

AW = AWxx + AWus = APxxT + APxs

HOM

ne T — gac poGotu TpanchopmaTopa;

T — Yac MakCHUMaJIbHUX BTparT.

B mepexi, A KoMmmeHcalli BTpaTd Hampyrd Ha OMIp B JIHISAX, MPUXOIUTHCS 30UIbIIYBATH
HOMIHAJIBHY  Hampyry, JJis 4oro 3MEHIIyeTbcs Koe(dimieHT TpaHchopMmallii CHIOBOIO
TpaHcGopMaTopa LIISIXOM 3MEHIICHHSIM YHC/a BUTKIB MEPBUHHOI OOMOTKU. Y JaHOMY BUIAJAKY
BHUHUKA€E 3MiHa BTpAT NoTyxHOCTi K B JiHIAX 10 kB 10,4 kB, Tak 1 B 00MOTKax 1 B MarHiTonpoBo/ii
Tpanchopmaropa.

BinnosigHo 1o [8, 9] BTpaTu MOTY)XHOCTI XOJIOCTOTO XO0Ja B CHUJIOBOMY TpaHc(opmaTopi
BU3HAUAIOTBCA 3 YypaxXyBaHHSM [PHUKJIAJE€HOI HANpyrd Ha OCHOBI HaBEJIEHUX Yy NacHoOpTI
TpaHcpopmaTopa BTpaT NOTYKHOCTI APxx Ta BU3HauaroThcs 3a GOpPMYIOO:

Ui )2, 2)

m
AWxx = APxx z Tpi(

121 HOM

ne Tpi —uucio 4aciB poOOTH B i — TOMY PEXKUMI;

Ui — Hanpyra B | — TOMY peXHUMI;

Usom — HOMIHAJIbHA HaIpyra Tpancdopmaropa.

Axmo Ui = Unom, T0 AWxx = APxx - Tpo6 . OgHak, SIKIIO MOJIOXKEHHSI IIepeMHKada Hanpyru
Ma€ MoJoxkeHHS £ 5 %, TO po3paxyHOK BTpaT 32 HOMIHAJbHUMHU IapaMeTpaMu IPU3BOJIUTH 1O
3HAYHUX MOXHUOOK uepe3 Te, U0 BTpaTH B TpaHCPOpPMATOPl 1 MEpEkl 3MIHIOIOTHCS y MOPIBHSIHHI 3
HOMIHAJIbHUM PEKHUMOM, a 1€ B CBOIO Yepry MPU3BOAUTS 1 10 TOTO, 1I10:

1. 3MIHIOIOTBCS BTPATH XOJOCTOTO XOJa y TpaHCpopMaropa, Tak SIK 3MIHMIACh KUIBKICTb
BUTKIB IIEPBUHHOI OOMOTKH Ha 5 % mIpu TOMY SIK MigBEJECHA Harpyra B 0OOMOTIIl BHUILOI HAPYru
3aymmuiiacs He3MiHHOw. Yepe3 me Ha 5 % 3MIHUTBCA 3HAYEHHSI MarHiTHO1 1HIYKIIl B ocepai
Tpancopmatopa. MokHa BBaXUTH, IO 30UIBIICHHS BTpaT Yy CIEKTPOTEXHIYHIN CTaui
IPOMOPLINAHO KBaJpaTy 30UIbIIEHHS 1HIYKIII1, TOAl IPU 3MEHIIeHH] Ha 5 % uucia BUTKIB [8§, 9]:

Bt 0,05
= APxx,mom| —— = APxx, nom

XX HOM

+0,05 1,05 - Brom

HOM

2
AP ) ~1,05% APxx,nom.  (3)

2. 3MIHIOIOTHCS TAKOK HABAaHTAXYBAJIbHI BTPATH Y 0OMOTKaxX TpaHchopmaTopa.
4
. o .. 1 L . .
Howminaneuuii koedinieHT Tpanchopmanii Tpancpopmartopa K,.= W IIpu 3MiH1 KUIBKOCT1 BUTKIB

2
MEPBUHHOT OOMOTKH MOTOYHUH KOe(III€EHT TpaHchopmaIlii:

W1 + AW
K= — =K (1x£p), 4
W =K a£p) )
2
e B = AW — BiIHOCHE 30UIBIICHHS YUCJIa BUTKIB OOMOTKH Wi.

4
1
HaBanTaxxyBanbHl BTpaTd B OOMOTKax TpaHcpopmaTopa NpHU HOMIHAIBLHOMY KOEQIIIEHTI
TpaHcopMallii BU3HAYAIOThCSI BUPA30M:

AP TP +K’r ), (5)
1 1 H 2

K3
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JI€ T} 12 —aKTUBHI ONOPU NEPBUHHOIT Ta BTOPUHHOT 0OMOTOK;

U

2 .
I = IZ +K"(Z +7Z ) - nepBHHHMI CTpyM HaBaHTaKEHHS,
1 H 2 HB
1

71, Z; —noBH1 onopu 0OMOTOK TpaHchopmaropa.

[Ipu nepemukaHHs yKclia BUTKIB IEPBUHHOI OOMOTKU JJIsl 3MIHU KoeilieHTa TpaHncpopmarrii
3MIHIOIOTBCSL TIPUBENICHI 3HAYEHHsSI OMOPIB BTOPUHHOI OOMOTKHM Z; 1 HaBaHTAKCHHS
TpanchopmaTopa Z,; 3MIHIOETHCS TaKOX aKTUBHUW OMIp T 1 MOBHUH OIip Z; MEPBUHHOT OOMOTKH.
SIkmo 3MiHa MapameTpiB MEpPBUHHOI OOMOTKM MNpOMOPIiHA 3MiHI YMCIa BUTKIB, TO BEIMYUHY
HABaHTaXXyBaJIbHUX BTPAT MICJIsI IEPEMUKAHHS MOKHA BU3HAUNTH 32 BUPA30M:

Ulz[rl(l +B)+ Kirz(l +B)?]

AP" - . (6)
“ o [Z(AEB)+KAZ +Z )(1£B)P
1 H 2 HB
[Tpu npunymensi Z + K’z <<KZZ JUISL BEJIMYMHYU HAaBAHTAXyBaJIbHUX BTpaT Oyje:
1 H 2 H HB
U?[r + K?r (1£B)] r K2r
AP’ = 11 H 2 :Iz[ 1 4 H 2 ] (7)
© KZ2,050° (B (1B
Tak sk an8 cujnoBUX TpaHCcHOpPMATOpiB NPUMHATO BBaXaTH T ~ K’r = 0,5r , TO
1 H 2 P
OTPUMAEMO:
I’r
+ +
AP’ = lmz;B:AP A, (8)
K3 2 (1 + B)S K3 2(1 + B)Z
24P .
ze PR MOKa3ye CTYNEHb 3MIHM HaBaHTa)XYyBaJIbHUX BTpaT TpaHchopmaropa Mpu
2(1£PB)

3MiH1 Horo koedilienTa Tpanchopmarii.

TakuM YHMHOM, pO3paxyHOK HaBaHTaXyBaJIbHUX BTpaT CHJIOBOTO TpaHchopmaropa 3
ypaxyBaHHSAM 3MIHH KoedilieHTa Tpanchopmarlii MoxHa 3B€CTH 10 popMyInu:

S
+
AP' AP wow—2EB Twmo2p (9)
K3 K3 (liB)z SHOM K3Mep

1€ Kisnep— KoegimieHT 3MiHN KoediieHTa TpaHchopmarii (y mexkax = 5 %).

[IpoBenenuit aHamni3 mokaszas, 110 MEPEMHUKaHHI KoedilieHTa TpaHchopmalii y Mmexax £ 5 %
BTpaTH B 0OMOTKax TpaHcopMaTopa 3MiHIOWOThCA Ha 12—-14 %.

Takoxx 3MiHa koediuieHTa TpaHchopmalii NPU3BOAUTH A0 3MIHI BTpaT y pPO3MOJAUIbHIN
Mepeki. 30UIbLIEHHS HOMIHAIBHOI HAalpyrw HPHU3BOAUTH 10 HEPO3PaXyHKOBOTO 30UIbIIEHHS
CIIO’KMBAHHS €JIEKTPOECHEPT i

BucHoBok

[Ipu BigxunenHi Bix [epcTaHmapTy y CHOXXKHMBauiB €JIEKTPOEHEPrii BEJIMYMHU BXIIHOI

Hanpyru, BUKOPUCTAHHS TEXHIYHUX 3aXOMIB JUISl MIITPUMKHU HApyrd NPU3BOAUTH 10 30UTbLICHHS

N%12 (131) 2014 SHEPINOCBEPE>KEHWVE ¢ SHEPIMETUIKA ¢ SHEPITOAYANT

25



26

SHEPIOCBEPE>KEHVE

BTpAT: y CHJIOBOMY TpaHcdopmaropi, B JiHii 0,4 kB, y crio)xuBadiB, siKi 3HaXOAATHCS OLISI CHIIOBOTO
TpanchopmaTtopa. Tomy, 3acTOCYBaHHS BOJIBTOJIOJJATKOBHX aBTOTpPaHC(HOPMATOPIB, 3aCTOCYBAHHS
JI0JTaTKOBOT JIiHIT a00 KUBJICHHSI CUIbCHKUX KOMYHAJIBHO-TIOOYTOBUX CHOKMBAYIiB Bij JIIHIT BHUIIOT
HATpyrd 4Yepe3 OokKpemi TpaHchopmaropu 3ade3meyrsii O TMOKpameHHs SIKOCTI y JaHOTO BHUIY
CTOXHMBAYIB Ta 3MCHIICHHS BTPAT €JIEKTPOCHEPTIi Y JaHUX MEpeKax.
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