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B pobomi 3anpononoeano niokmouamu cRoJICU8AUI-pe2yIAMOPU y MICoKUX PO3NOOINIbHUX eNeKMPUUHUX MEPECAX.
Cmeopeno aneopumm 6uOOPY NOMYICHOCI CHONCUBAYIG-PE2YTIAMOPIE OJis NIOKIIOUEHHSI 00 Mepedrcesoi mpanchopma-

MOpHOI niocmanyii.

IMocTaHoBka npodaemn. I'padik eICKTPUUHOTO Ha-
BanTaxxeHus ('EH) o6’exananoi eneprocuctemu (OEC)
Ma€ CyTTEBY HEpiBHOMIpHICTh. OCTaHHI TpU POKU Koedi-
uient HepiBHoMipHOCTI 'EH OEC 3Haxomutbest y Mexkax
0,68-0,78, mpuuomMy Mae TCHICHIIIIO IO 3MCHIICHHS, IO
CBIIYMTH TPO TOAAIBIIE 30UIBLICHHS PO3YIILIbHEHHS
I'EH. 3a3zHaveHe miaTBEpKy€e aKTyaldbHICTH Ta HEOOXiN-
HicTh perymoBanHs [ EH.

BupisatoBanus 'EH 103BOIHMTE CKOPOTHTH BUTpATH
NaJIMBHO-EHEPIeTHYHNX PECYpCiB, 3MEHLINTH KiNbKICTh
TEC, mns po6oTa B MaHEBPEHOMY PEKHMi, MOKPAIIUTH
miaTpUMaHHs 6anaHcy noryxHocTi Ta yactotd B OEC.

AHaJi3 mociimkens Ta myosikaniii. [Ipodiaema He-
piBHomipHoro 'EH BuHMKNA 1Ie HAa MOYaTKy CTaHOBJICH-
HA enekTpoeHepreTuuHux cucteMm [1]. 3 1930 poky mns
3meHmenHs niky ['EH mowanu mepeBoanTH CTPUIKYy TO-
JTUHHUKAa Ha TOoAuWHYy Brepea. BupiBaroBanHs ['EH nHa
npomuciioBux mignpuemcrsax (II1) posrmsayTo y Gara-
ThOX pobotax [2]. B poboTi [3] mpucBsueHa yBara BUSB-
JICHHIO pe3epBiB TexHoJoriuHuX mporeciB Ha I1I1 3 me-
toro perymioBanHs ['EH. V po6Gorti [4] posrinsmaerses
Meton perymioBanas 'EH y mobyroBomy cexktopi AHa-
JIi3 JTiTepaTypHu MOKa3as, 0 OCHOBHA yBara IMpUAUISETb-
cs BupiBHioBanHs [ EH TII1.

Bonnouac no perymtoBanns ['[EH OEC norinbho 3a-
JIy4aTH HaceJeHHs, KOMyHaIbHO-TIOOYTOBHX CIOXHBa4iB
Ta HENPOMHUCIIOBHUX CIIOXKHMBAUiB JI0JIS1 CHOXKHMBAHHS €JIeK-
tpoeneprii (EE) sKux 3 KO>KHUM POKOM 301IbLIYETHCS.

MeTa cTaTTi € BUSBJICHHS PiBHS €JIEKTPOCHEPreTHY-
HOI CHCTEeMH, JI¢ HaAWOIIbII e(h)eKTUBHO MiAKITIOYAaTH CIIO-
xwuBadi-perynstopu (CP) Ta mocmimkeHHS MOKINBOCTEH
niakmouensas CP no mirodoi MepeskeBoi TpaHchopmaTop-
HOT ITiACTaHIII].

OcHoBHuIT MmaTepian nocaimxenns. 'EH OEC
ckianaerbes 3 6e3miui ['EH pi3HuX crioxnBadiB eeKTpo-
eHeprii 1 Ha #oro opMyBaHHSI TEXHIYHO CKJIAJHO BILIH-
HYTH. BpaxoByloun MpHHIMI CyNepro3uilil MOXKHA CTBeE-
paxyBaty, o (GOpMyBaHHS PIBHOMIPHOTO PEXUMY €JIeK-
TPOCTIOKMBAHHS CIIOKMBaUiB Ha HWKYMX PIBHAX iepapXii
€JIEKTPOCHEPIeTHYHOT CHCTEMHU NpHU3BENE 10 BHPIBHIO-
BanHa 'EH OEC Buinomy. Ha puc. | npencrasieHi ctu-
MYJH Ta TEXHIYHI 3acOOM pEryJIIOBaHHS HABaHTa)KCHHS
HAa i€epapXidHUX PIBHAX €JICKTPOCHEPTCTUIHOT CHCTEMH.

[epmmii piBeHb — i€ LIEHTpaNIi30BaHE PEryIIOBAHHS
I'EH. 3niiicaroetscs BBeaenusaM B poboty I'EC, TAEC Ta
po3BantaxenHsM TEC Ha BiANOBiAHY BETUYHHY pe3epB-
HOI MOTYKHOCTI 200 1X 3yNHWHKOI B TOJWUHU MPOXOJHKEH-
HSl MIHIMyMY €HEPrOCHCTEMH.
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CrpykTypa TexHiuHi 3acobu, wWo
cucTeMi 3aCTOCOBYKTLCA ANA
eneKTponocTaYaHHs peryntosanxa MEH

PeryniosaxHa
HaBaHTaKeHHA

Crimynu fo
BMPOBAMKEHHA

Pesxumu pobotn
€eneKTpocTaHLjit
) (FAEC, TEC,
TEC, MrY)

nigTpUmKka
vactot (f)

QbmexeHHs
noryxHocTi EK;
any

I'pynose Pexumu pobotn
NPOMWCIOBUX

nignpuemcTs

CP: enextpokaBensHi cucTemm TAMY
obirpisy;

EneKTPOTEPMIYHI YCTaHOBKM ;
TennoakyMynioryi enekTponeyi ;
TENMOHACOCHBI YCTAHOBKA

ACHBE

Micuese,
Tpynose

npansHa MaluHa; TAMY
xniGoneui;

emHicHi Boinepu;

npunanu obirpisy

IHavBigyans+He

Pucynox 1 — Meronu, TeXHIYHI 300U Ta CTUMYIIH pery-
moBauHs ['EH Ha piBHSX iepapXigHOi CTPYKTYpH €IIEKT-
POCHEPTeTHYHOI CHCTEMHU

[Ipobrmema gmedinmTy MaHEBPEHHX MOTYKHOCTEH
BHPIIIYETHCS TaKOX PETYITOPHUM MEXaHI3MOM uepes
BHUMYIIICHE JMITyBaHHS €HEepronocTayaHHs,
aJIMiHICTpaTHBHE BTPYYaHHS B YIPaBIiHHS TPOLIOBUMHU
MOTOKaMH Ha ONITOBOMY PHHKY €JIEKTPOEHEpTii.

Jnst perysroBaHHs CHOXHBAHHSI €JIEKTPUYHOI IOTY-
JKHOCTI €HepronocTavyajibHi OpraHizauii Ha MiJICTaBi J0-
TOBipHUX Benn4uH crniokuBaHHs EE BH3HauaroTh rpaHud-
Hi BEJIMYMHHU CHOXKUBAHHS €NEKTPUYHOI MOTYXKHOCTI, L0
BCTAHOBIIIOETHCS CIIOXKMBAdaM Ha II€pioJ] KOHTPOIIO B
TOIMHHU PAaHKOBOTO Ta BEUipHHOTO MaKCHMyMy HaBaHTa-
’KEHHS €HEPrOCUCTEMH.

3a BIACYTHOCTiI pe3epBy TeHEPYIOUHX MOTYKHOC-
Tel eHepromocrayalibHa OpTraHi3alis Mo)ke BUKOHYBa-
TH YacTKOBE BIIKJIIOUCHHS CIIOKHMBAYiB Bi Mepexi
KHUBJICHHSI.

Mo Toro x eHeprornocradanbHi opraHizanii eKOHOMi-
YHO 3aI[iKaBJIIOIOTh CIIOKUBAYIB /IO 3MIHH CBOTO PEXUMY
€JIEKTPOCHOKMBAHHS LIJISIXOM BBEACHHSA TapudiB nude-
peHmioBaHuX 3a nepiogamu vacy (TAITY).



Ha npyrwmii piBeHp BHIAIEHHI METOAM Ta 3acO0H BH-
piButoBanHs ['EH, mo 3actocoBytorscs ma IIII. 3a 20
pokiB icuyBanus TJIITY morteHIfian iX ympoBapKEHHS B
NPOMUCIIOBIH TPyl MPaKTU4HO BHuepnaHo. J[o Toro x B
3B’513Ky 3 €KOHOMIYHOIO KPH30I0, CIIOCTEPIraBcs CyTTEBHMA
cnan croxuBanHs EE mpomucnioBicTio. BiamosigHo Mo-
xiuBocTi peryimroBanst ['EH, sixi B ocHOBHOMY ToOKJIa1a-
Jocst Ha 1o cepy 3MeHIImcs. B 1inomMy BripoBapkeH-
H CP, M0 € akTHBHUMHU €JIEMEHTaMH EJEKTPHUYHOI Me-
pexi, BigmoBimae xonmenmii Smart Grid ta cnpsmoBaHe
Ha DETyJIOBAaHHA HABAaHTAXEHHA Y PEXHMI PeaTbHOTO
yacy HaJaJli TOBUHHO Ha0yBaTH IIHUPOKOTO TOIIHPEHHS.

Hacenenns, moOyToBe HaBaHTAXEHHS Ta HEMPOMHUC-
JIOBI CHIOXKMBAYi - TPYIH, IO 3aiiMalOTh 3HAYHY YaCTKY Y
€JIEKTPOCIIOKMBaHHI, NPH [[LOMY PIBHOMIPHO PO3MOijie-
HI 10 KpaiHi Hapa3l MPaKTUYHO HE 3aJy4aloThCs 10 PO3-
paxynkiB 3a T/I[TY. Came 110 MOTYXHY I'pyIly CIOXHBa-
YiB MOXXHa BIJTHECTH J0 TPETHOTO PiBHS MICIIEBOTO pery-
JIIOBaHHS HAaBAaHTA)XEHHS, /€ HaWOUIbII MEpCHeKTHBHO
(dopMyBaTH PpPEXHUMH EIEKTPOCIIOXKHMBAHHS JI0JAaTKOBO
migkmrogaemux CP.

Ha gerBepromy piBHI 3HAXOAUTHCS IHIWBiAyaIbHE
peryntoBaHHS HaBaHTaXeHHSI. B octaHHi poku 30i1b-
IIUIACh KITBKICTh MOOYTOBOI TEXHIKH, IO Ma€ TEXHId-
HY MOXIIUBICTH (BiICTpOUYKa CTapTy, TaMep Ta iH.)
s Bukopuctanus EE y wiunwmii nepion, 3a TJITY.
Hanpuknan, kBapTupHi €MHICHI OoiiepH, npanbHi Ma-
UIMHY, XJT100MeYi, TOCYIOMHUITHI MAaIllWHK, SICKTPUIHI
KOHBEKTOpH Ta iH. [IpoTe moci HaceleHHS MPaKTUYHO
He kopuctyetbes TAIMY. Ilepenycim dyepe3 Te, mio
Mpua0aHHs Ta BCTAHOBIIEHHS OaraToTapu(HHUX eneKT-
POJIYIIIBHUKIB IOPOTO KOWITYE Ta JOBTO OKYHA€THCS.
Ho Toro x, He0OXiTHO BUKOHYBAaTH OOMEKECHHS, SIKi IIPH
[FOMY HaKJaIaloThcs. TOMy TakWi 3axiJ HE MOXeE BBa-
KATUCA e(PEeKTHBHUM UYepe3 BIJICYTHICTh HaJEKHHUX
Ba)keJiB BILIMBY Ha perymtoBaHHs [ EH nacenenns.

O0’ektamu MicTa, JIe MOXKYTh 3acTocoByBaTHch CP
MOXYTh OYyTH - KUTJIOBI OyIMHKH, TOPTrOBI LIEHTPH, 3a-
KJIaJd OXOPOHHU 310poB’s Toio. B skocti CP Ha manux
00’€eKTax MOXYThb 3aCTOCOBYBaTHCh aBTOMAaTH30BaHi CHC-
TeMH HarpiBy Boau einekrpoeneprieto (ACHBE). BubGip
came Takoro tuiy CP 3yMoBieHUil piBHOMIPHICTIO PO3-
TIOJUICHHST 1OTO HaBaHTaKCHHS MPOTITOM POKY 3 HE3Ha-
YHUM 3HWKEHHSM Y JIiTHIN iepiox (Ha 25%).

3 METOI0 BHSBJIECHHS MOXKIMBOCTI IMiJKIIOYCHHS HO-
Boro CP 10 nifoumx MiCBKHX PO3MONUIBHHAX MEpex Ta
oro HamiiHOTO (YHKIIOHYBAaHHS NPaKTHYHHUHA iHTEpec
MPEICTABISAE TOCTHKCHHS MOJIMBOCTI ITiABUIIECHHS
e(EKTUBHOCTI €JIEKTPOCIIOKUBAHHS 332 PaxXyHOK OUIbII
IHTEHCHBHOTO BHKOPHCTAaHHS BCTaHOBJICHOTO 0O0JIa/HAH-
HSl €JIEKTPUYHUX MEPEXK.

Jlist 11bOT0 PO3IIISTHEMO 3acalyl MPOEKTYBAaHHS CHC-
TEM eJIEeKTporocTayanHs MicT. st BHOOpY yCTaTKyBaHHS
MiCTaHIIIH, IepeTHHy Ta MaTepiary IpOBiTHUKIB, KOHI-
ryparii Mepexi BaKIMBUM € BU3HAUCHHS PO3PAaXyHKOBUX
SJICKTPUYHUX HAaBaHTa)KeHb CrokuBadiB. [Ipn monaBaHHI
HaBaHTAKEHb PI3HUX IPYIl CIOXKUBaUiB Tpeba BpaxoByBa-
TH Koe(ilieHTH cyMmicHOCTi. BiamoBimHo po3paxyHKoBe
HABaHTAXXCHHS MIKPOPaWOHY NPH 3MIMIAHOMY XHBJICHHI
Big TII crioxuBauiB eneKTpOEHEpPTii KHUTIOBHX, TPOMaJI-
CbKHX OYJIMHKIB 1 CIIOpY/1 BU3HAYAETHCS 32 (HOPMYJIIO0

P =Puax T ki Py + koPy + -+ kP, (1)

Mp.
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ne P, — Haii0inplie 3 HaBaHTAXEHb CIOPY., IO
OoTpuMYIOTH xuBieHHs Bix TI1, kBrt;

P;+P, — po3paxyHKOBI HaABaHTa)KEHHS, 1[0 OTPUMY-
10Th JXUBJICHHS BiJ MH HU3bKO1 Hanpyru TII, kBt;

k;-k, — IXH1 KOe]iLi€HTH y4acTi B MAKCUMYyMi HaBa-
HTaX€Hb, 110 BPaXOBYIOTh YaCTKy €IEKTPUYHUX HABaH-
Ta)XEHb CIIOPY/ BITHOCHO CIIOPYAHX 3 HAHOUIBIINM HaBaH-
TaXKEHHSM.

Take 0O4YMCICHHS PO3PAaXyHKOBOTO EJICKTPUYHOIO
HABaHTaXCHHS MOXKJIMBE IPH CTaHOApTHiN KoH(]irypamii
nooosux 'EH o00’ektiB. 3Baxkaroun, Ha Te, 1m0 CP He
Npaliol0Th B TOAWHM MAaKCHMAaJbHOTO HAaBaHTA)KEHHS
OCHOBHUX CHOpYJl Ta MalOTh HE CTaHJApTHY KOH}irypa-
L[iI0 BpaxyBaHHs iX IMOTY>KHOCTI 3a CTaHIAPTHOIO (OpMy-
JIOIO HEe MOXKe OYTH 311 iCHEHO.

Bubip motyxHOCTI Ta uyucia TpaHcdopmaropis mo-
HIDKYBaJIbHOI TpaHcopmaTopHoi migcranuii (TTI) 3xitic-
HIOETBCSI 3aJI€KHO BiJl IIUIHOCTI HaBaHTAXXCHHS Ta BH-
3HAYAETHCS CyMapHHM HAaBaHTAXKCHHSAM CIIOXKHBAYiB 3
ypaxyBaHHAM iX yd4acTi y MakcuMyMmi. ONTHMAaIbHUMH
BBAXKAIOTHCS KOCQIMI€EHTH 3aBaHTaKEHHS TPpaHC(HOpPMATo-
piB y HOpManbHOMY pexumi K, = 0,6 -0,8, y aBapiiiHomy
pexnmi K, = 1,2 — 1,6. Tobro y HOpMambHOMY peXuMi
TII matotp pesepB 20-40% HOMIHANBHOI MOTYXHOCTI B
nepiog makcumymy ['EH, B mepiogu HiuHOrO MiHIMyMy
1ie 3HaueHHs 3Ha4HO 3pocrae. [Ipu mpoekTyBaHHI Ta eKc-
rutyaranii TIT HeoOximHO Hamaratucs, o0 dakTHyHe
3aBaHTaXXEHHs TpaHchopmaTopiB Oysio OIM3bKE 10 €KO-
HOMIYHOTO.

Jnst 3mificHEeHHST TIOTIEPEIHBOT OIHKH TOTYXXHOCTI
CP, mo MoxyTs OyTH migkmrodeHi go TII 10/0,4, mo exc-
IUTyaTy€eThCsl PO3POOIICHO aNTOPUTM 3MiHHM HaBaHTaXKCHHS
CP 3anexno Bix pobotn ocHOBHOro HaBaHTakeHHS T1I,
MIpeCTaBICHUN Ha pHc.2.

Hai01i1b1m TOYHUMH MOJEISIMH € CTOXaCTUYHI MOJIe-
7, 1m0 0a3yloThCs Ha MOJISNIIOBaHHI BUIIAJIKOBOTO TIPOIIE-
Cy 3MiHHM 3aBaHT@)XXEHHS TPaHC(HOPMATOpPY 3 BUKOPHCTaH-
HSIM HMOBIpHICHOI BuXigHOI iH(opmanii [S]. Bubuparu
noTyxHicTh CP HEoOXBITHO BpaxOBYIOUHM HaBaHTaXyBa-
JbHY 37aTHICTH TpaHC(HOPMATOPIB 3a KPUTEPIEM TepMid-
HOTO 3HOCY 130111,

1. BBecTn mo4aTKoBi JaHi 1J1s pO3paxyHKy.

BXigHUMH TaHUMU JUISL MOZICITIOBaHHS €:

[Mapametrpu TpaHcopmaTopy  3TifHO
14209-97;

- KoeiIieHTH, MO 3aJeKaTh BiJ] TUILY CHCTEMH OXO-
JIOJDKEeHHS TparchopMaTopa;

- pexxuM HaBaHTakeHHs (3monenvoBanuil ' EH TII);

- KUIBKICTh JAUCKPETHHX MOMECHTIB YacCy Ha sIKi Po3-
ouBaerbesi T=24 roaunu (iHTepBai yacy t=30 xB);

- TeMIlepaTypa HaBKOJMIIHBOTO CEPEAOBHIIA. IPH-
HMaeThCs MTOCTIHHOIO B Yaci.

2. Busnauutu K,; (i=48) mis 3smonensoBanoro 'EH.

3. Po3paxoByl0Th MaKCHUMallbHy TEMIIEpATypy Hai-
Oimbmn Harpitoi Toukwm 6 32 METOOMKOIO HABEJCHOIO B
ACTY 14209-97.

4. Pe3ynpTaTé pO3paxyHKiB MOPIBHIOIOTH i3 JIOITyC-
THUMHUM 3HAa4EHHSM, KO Op; < Op,o BIpHO, TO BHKOHY-
I0ThCSI HACTYIIHI Jii:

a) K,; 30ibyeThes;

0) cucTeMa MOBEPTAETHCS 10 OOYHMCIICHHS Oy;.

5. Y Bunajaxky KoJM HEpiBHICTH HEBipHA, TO BUKOHY-
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€TbCA 00YHCIICHHS 3HOCY 130J1s1mii L.

6. 1o TEx mip moku 3HoC 3oimii (L) HE mocsrHe
3Ha4YeHH 1.

7. 3menmryemo Ha 1 cryminb (0OMpaeMo monepeaHe
3HAYCHHS).

8. Bu3HawaeMo MakCHMallbHY MOTYXKHICTh 3 SIKOFO
Moxxe npamoBat TI1 y mepion Ha KW ITpuUIagae OCHO-
BHe HaBanTakenus CP i3 23:00 go 07:00.

9. Bmnauaemo motyxHicte CP, mo moxe Oytr 1o-
JATKOBO MIJKITI0OYeHa B KOXKEH TUCKPETHUI MOMEHT Jacy.

10. BuzHawaemo cepenHto motyxHicTh CP, mo mMoxe
OyTH HOAAaTKOBO mimkirodeHa. llimcymoByemMo mOTyX-
Hicte CP, mo Moxxe OyTH ZOAATKOBO MigKIIOUEHAa B KO-
JKEH JIMCKPETHUH MOMEHT 4acy Ta JUIMMO Ha KUIBKICTh
JUCKPETHUX MOMECHTIB Yacy.

11. AnropuT™m 3aBepIiye poooTy.
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BucHoBku. IlepCceKTUBHO 3aly4UTH HACEIEHHS Ta
HEMPOMHMCIIOBHX CIOXKHMBa4iB 10 perymoBands ['EH
IIJISIXOM BIIPOBQ/KEHHSI B JJAHUX CEKTOpax HapoIHOTO
TOCIIO/IapCTBA CII0KUBAYiB-PETYIIATOPIB.

Amnani3 BuOopy mapameTpiB eleMEHTIB MiChKOI po3-
MOJUTFHOT MEpeXi BHSBUB 3aBHIICHHS 3HaY€Hb BCTAHOB-
JIEHOTO 00JaJHaHHS, BPAXOBYIOYH BUMOTH JI0 HAAIHHOCTI
po0boTH, IO CBIMYHUTH MPO PE3EPB BCTAHOBIECHOI MOTYX-
HocTi. OTKe, MOKIUBO 3IMCHIOBATH IIiIKIIOUEHHS J01a-
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TKOBoro HaBaHTaxeHHs CP. BusButH iXx MOXIHBY MOTY-
JKHICTD TIpH MiAKTIOYeHHI 10 KoHKpeTHOi TII mMoxxmmBo
KOPUCTYIOUHCh PO3POOICHIM alTrOPUTMOM.
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B pabome npeonosiceno nooxiouams nompedbumenu-
pezynamopul K 00vekmam 20poO0CKUx pacnpeoeiumensb-
Hoix cemeil. Co30an aneopumm 6vloopa MOWHOCMU NO-
mpebumenei-pe2yisimopos 01 NOOKIIOYEHUsL K Cemesoll
MPaHCEHOPMamopHOU NOOCMAHYUU.

Abstract

THE RESERVES OF CAPACITY TRANSFORMER
SUBSTATIONS DETERMINATION
FOR CONNECTION CONSUMER-REGULATOR

I. Shcherbak

The consumer-regulators connect up of objects of
urban distribution network are offered. The algorithm of
the connection option consumer-regulators of capacity
the transformer substations has been constructed.
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