O npuMeHeHHH HOMHHAIBHOrO HanpsuKenus 20 KB B BO3xyIHbIX
3JEKTPHYECKHX CeTAX

MAMOPOB A.B., OCUHLIEB K.A., IITYHTOB A.B.

IIpoananu3upoeansi 60npocsl UeaecoobpasHOCMu nepexo0a om Cyuecmeyioueti Cmyneru HanpaxceHus
10(6) kB k nanpaxcenuto 20 kB. Paccmompenb cmpyKkmypa U napamempy. 31eKmpuecKux cemeii 10 kB
00HOII U3 KPYNHbIX 31eKMPOCemeebix KOMNAHUI cmpanbl. Boisenenv ux unmezpanbhble Xapaxmepucmuxu,
UChONb3yeMble 68 Kaecmee UCXOOHbX OQHHbIX U EPAHUMHBIX YCA0Gull. Boinoanenv: mpebyembie mexHu-
K0-9KOHOMUHECKUE OUEHKU, BKAIOHAS UCNONb30BAHUE 00HO20 U3 MeMod08 ONMUMU3AUUY — Memo0 Heonpe-
denennbix mHoxcumeneii Jlazpanxca. Ilokazano, ymo eécnedcmeue CONUNCEHUS MEXHUKO-IKOHOMUHECKUX
xapakmepucmuk obopydoeanus 10 u 20 kB, anexmpuyeckue cemu 20 kB umerom bonee éecombie npeumy-
wecmea no CpasHeHuro ¢ mpaduyuoHHsimu dnexmpoycmarnoskamu 10 KkB.

KnioueBbie CHOBA: 31eKMpU4ecKds cemv, 6030YuiHble NUHUU, MPAHCHOpMamopHvie nodcman-
Yuu, MexHUK0-3KOHOMUYECKUE XapaKkmepucmuku, OnmuMUu3ayus

O60CHOBaHME 1IeJIECO0OPa3HOCTH NPHUMEHEHHUS
anekTpuyeckux cereit 20 kB B Hamied cTpaHe UMeeT
gonryio ucropuio. Hampsckenue 20 xB To BKITIOYa-
JI0Ch, TO MCKJIIOYAJIOCh U3 LIKAJIBl HOMMHAIBHBIX Ha-
NpsDKeHUi [1]; Mpu 3TOM yTBEPXKIAJIOCh, YTO «...BBEIE-
Hue HanpsokeHuss 20 kB sgBiseTcs HepauMOHAIb-
HBIM...». OfIHaKo ObUTM M Apyrue MHeHus [2, 3'm Op.].
HanpuMep, «..B BO3AYIIHBIX CETAX 3HAYUTEIBHO
MEHBILIUX 3aTpaT JEeHer, LIBETHOTO MeTaUla ¥ O0COOEeH-
HO TpaHC(OPMATOPHOI MOILIHOCTM TPEOYET B LIMPO-
KOM [Mamna3oHe TUIOTHOCTelH Harpy3ku cuctema 110/20
kB ¢ HemocpeacTseHHoM TpaHchopmaumeit 20/0,4 kB
..» [2]. TIpx comocTaBICHUM ATbTEPHATUBHBIX BapU-
aHtoB cetd 10 u 20 kB B pacuerax y4uThIBaIOCh [3],
YTO CTOMMOCTHBIE TIOKa3aTeJM BO3MOYIIHBIX JMHUA
(BJI) u tpancdhopmaropusix noxcranumii (TIT) 20/0,4
KB npu mpouux paBHBIX ycioBusix B 1,1 u 1,25 pasa
TPEBLILIAIOT aHAJOTHYHBIe xapakTepucTuku BJI 10 xB
u TII 10/0,4 xB COOTBETCTBEHHO.

ITepBoe, MO-HACTOSIILIEMY MaccOBOE CTPOMUTEJILCTBO
anexTpudeckux cereit 20 kB B cTpaHe HayalIoCh CITyC-
Ts1 6€3 MaJoro IoJyBeKa, IPUMEPHO NSTh JIET Ha3al B
Mockse [4]. K HacTosinieMy BpeMEHHM BBEIEHO B 3KC-
rutyarauuio 6onee 1000 KM KabenbHbIX JMHHHA COOT-
BETCTBYIOLIErO0 Kiacca HampspkeHus. CTpOUTENBCTBO
kaoenbHbIx ceTell 20akB Bemercs Takxe B CaHkr-Ile-
Tepbypre u ExarepuHOypre. TakuM 06pa3oM, OCHOB-
Hble TEXHUYECKME pelleHUs Mo (POPMHUPOBAHUIO TO-
ponckux (xkaGenbHbix) ceteir 20 KB B ompeneseHHOM
Mepe OTpabOTaHBI.

Bosnymnsle anektpuyeckue cetv 20 kB npuropon-
HBIX U CEJbCKOXO3SMCTBEHHBIX PailOHOB MMEIOT CBOIO
crielMdUKy U 0 CHX IOp B CTPaHE MacCOBO HE MpH-
MEHSUIUCh. BO3HMKAaeT 3aKOHOMEPHBIM BOIPOC. €CThb
JIA TEXHUKO-3KOHOMHUYecKast 3(PGHEKTUBHOCTh MPUME-
HEeHUS HOMUHAJIBHOrO HampspkeHus: 20 KB He TOJIBKO
B KaOeNbHBIX, HO U BO3AYLIHBIX ceTsXx? COOTBETCTBYIO-
Y€ JOBOABLI TPUBENEHBI Aajiee.

Humezpaavnovie napamempdt cemeii. MeTonpl pele-
HMS TIONOOHBIX ONTMMHM3ALIMOHHBIX 3alay M3BECTHBHI.
TlepBolii U3 HUX YCJIOBHO Ha30BEM METOIOM HIEANIU3U-
POBAHHBIX CTPYKTYp, BTOPOi — aHamuTHyeckuM. I1pu-
Mep TepBoro moaxona — [1], rae Tomoysorust CETH 3ana-
Ha B BHIE PELIETKM C HEKOTOPBHIM IIaroM. B ysmax ee
pacnonaratorcsi TII. AnpTepHaTUBHBIE BapUAHTBI CETH
CPaBHMBAIOTCSI TI0 MMUHMMYMY, 3aTpaT NpU Bapvaluu
HCXOOHBIX HAHHBIX — TUIOTHOCTU Harpy3ku, paccrosi-
HUM MeEXOy y3JlaMU CETH M Jp.

Bo BTOpPOM MeToJ€e CTOMMOCTHbIe Tokasarenu BJI u
TII 3amaloTcsl B BUIE aHAIUTAYECKUX (OOBIYHO arm-
MPOKCUMUPYIOLINX) (GYHKLUUI B 3aBUCUMOCTU OT HX
napaMeTpoB (HarmpsDKeHUE, CeYeHWe IMPOBOAA, UIMHA
JIMHUHU, TOK, MOLIHOCTD U Ap.). To4yKka 3KCTpEMyMy OIl-
pemenseTcss TeM WIM WHBIM METOAOM ONTUMM3aluH,
HanpuMep, Kak B [5] — ¢ IIOMOIIbIO HEONPENEIECHHBIX
MHOXuUTeNeil JlarpaHxa.

Cnabasi CTOpOHA TEepBOTO0 METoAAa — OTOPBaHHOCTh
OT (haKTHYECKOW CTPYKTYpPhI U MapaMeTpoB ceTu. Bro-
poit Meton [5] ewe cinabee, Tak Kak yYMTHIBAET MPO-
CTEHIIYI0 KOH(PUIypalMIO CETU: UCTOYHUK MUTAHUSA —
Harpy3o4yHbid y3eja. B 3Toi CBS3M aHAJIM3UPOBAIUCH
BO3IYIIHBIE 3nekTpuyeckue cetd 10(6) xB B 18 paii-
OHAX KpPYITHOM 3JIEKTPOCETEBOM KOMIIAaHMHU €BpOIeH-
cKoi yactu cTpaHbl. Cpenu HMX ObUIM KaK TPUMBI-
Kaloll¥e K TpaHMLAM O6OJBIIOro ropoja (pparMeHThI
CETH, TaK U oTcTosie OT Hero Ha 100—150 kM.

B KaXI0oM paifoHE BBIIETSIIUCH TUIIOBbIE (hparMeH-
Thl cetd (puc. 1) [4]. OHU MpeAcTaBIsIOT COOOM W3-
BECTHYIO METJIEBYI0 CXeMy C TOAKIIOYEHHEM K JBYM
reorpaMyecKd pPa3HECEHHBIM LIEHTpaM IUTaHUA
(IIIT) 110/10(6) kB, cexLUMOHMPOBaHHYIO PEKJIOYy3epa-
MU — aBTOMATHYECKUMM MYHKTaMH CEKLIMOHUPOBAHHUSA
BJI. Tpancdopmaropsbie monctanuuu 10(6)/0,4 mon-
KJIIOYAIOTCSl K OCHOBHOM MarucTpajy Ha OTBETBJICHUSIX
C YCTaHOBKOW pa3beIMHMTENII WIM DEKJoy3epa Ha
MIPOTSDXEHHBIX OTBETBIEHMsX. 3alliuTa TpaHcdopMaro-



poB 10(6)/0,4 ocyuiecTBisieTcs MpPeIOXPAHUTENIMUA Ha
cropoHe 10(6) xB. B HOpMaJILHOM peXUMeE CXeEMa CETH
Pa3OMKHYTa Ha OJHOM U3 PEKJIOY3€POB C MCIIOIb30Ba-
HHEM aBTOMaruyeckoro BBona pesepBa (ABP). Ywucio
orBeTBiaeHU TI1 MeXTy KOMMYTaLMOHHBIMM YCTPO¥-
CTBaMU OCHOBHOW MarucTpajiv Ha puc. | mokasaHo yc-
JIOBHO. YCTaHaBJIMBAIOTCA MPEUMYIIECTBEHHO OIHO-
tpaHcopmaropHbie TII croaGoBoro (HOMHHAIBLHAS
MOIIHOCTE  TpaHcgopmaropa S, =16+100 kBA),
Ma4ToBOro (S, =160+250 xBA) u KHMOCKOBOro
(S yor =400+1000 kBA) TumOB.

B Tabn. 1 mpuBeneHbl MapaMeTphbl, OTHOCAIIMECH K
JIMHEMHON 4YacTM ynmoMSIHYThIX 18 (parMeHTOB ceTH.

ITnowans 3n1eKTPOCHAOXEHUS TSI OLIEHKY Oy U O
OIIpENesUIach B MPEAIOJNIOXKEHUHM, YTO paalyC OXBaTa
cetu 0,4 xB TII 10(6)/0,4 xB cocraBisier He Gosee
0,5 kM. CoOTBETCTBEHHO IOMpPHMHA , Kopumopa BJI
10(6) kB npu ompemeneHUM Iutom@agd — 1 K.

ITo dakTy Bcst BosmyuiHas ceThb (Tabi1. 1) BBITOJIHE-
Ha TIPOBOZOM cedeHHeM 70 MM2, 33 WMCKIIIOUECHHEM
dparmenToB Ne 5 u 17, rae Ha MaruCTpaIbHBIX Y4acT-
Kax 4aCTMYHO MCIIOIB30BaH MpoBox 120 MM2.

B Tabn. 2 mpencraBiaeHsb napaMeprI OTHOCSIIINE-
ca Kk TII ¢parmeHToB ceTu.

AHanu3 NaHHBIX TabJ. 1 ¥ 2 MO3BOJISIET YCTAHOBUTH
HEKOTODPBIK CTaTUCTHYECKUE 3aKOHOMEPHOCTH.

1. TIpOTSXEHHOCTh MarucTpanbHOil nuHUM 10(6)
kB mexny LIIT Bapeupyercss B CpaBHUTENBHO Y3KOM
nuanasoHe ot 12,9 no 41,3 KM npu cpenHeM 3HAYEHUH
28 KM. DTO CBUAETEIBCTBYET 00 OTHOCUTEILHO PABHO-
MepHOM pacnpenenenuu LI1 B permone.

2. TInOTHOCTH HAarpy3KM MEHSIETCS B ILNMPOKOM
nuanazoHe ot 8,2 mo 157,3 1<BT/KM2 (cpenHee
76,1 KBT/KMz), T.€. 60JIee yeM Ha mnopsinok. Ilpu 3ToM

T Nel

“%?

IAana3oH cpenHux paccrosiHuil mexny TI1 Bo ¢par-
MeHTax coctapinseT 0,76—2,33 KM mpu oOIIeM CpeaHeM
3HAQUYCHUM B pervoHe 1,14 KM, 94TO CBUIETEILCTBYET 00
OTHOCUTEJIbBHO paBHOMEpPHOM pacmnpeaeiaeHuu TII 1o
TEPPUTOPHUH.

3. Ycranosnennas mourHocts TIT 10(6)/0,4 kB B
2-9 pa3 (cpenHee 3HaueHue 3,6) mMpeBbIIIAeT hakTUIe-
CKUIA MakKCMMYM Harpy3KH, YTO SIBHO HEPaIlMOHAJIBHO
u TpeOyeT OTAEIBHOTO PacCMOTPEHMSI.

Jns cpaBHeHUs aBTOPHI [1] B BRIBOJAX ONMPAIHUCH
Ha CJIEOyIIMe NaHHBIe TO TUIOTHOCTH HArpy3ok: B
MPOMBILUIEHHBIX paiioHax — 1o 30—40 KBT/KM2 (B
cpenHeM okojio 20 KBT/KM2); B 3JIEKTPUPULIMPYEMBIX
CeJIbCKOXO3SIMCTBEHHBIX pailoHaX Harpy3Ku He TPeBbI-
matot 2—3 KBT/KM2. 3a mpomeniuue ¢ tex mop 70 ner
IUIOTHOCTh Harpy3KM MHOTOKPAaTHO BO3pOCJ]Aa, YTO SIB-
JIeTcd CTUMYJIOM K YBEJIMYEHWI0 HOMUHAJIBHOTO Ha-
TIPSDKEHUS CETH.

Texnuxo-sxonomuueckue acnexmot npumenenus BJI
20 kB. Tlpu nepexone ot 10 x 20 kB 1 Hen3oAMPOBaH-
HBIX TPOBOAAX YBEJIMYMBAIOTCA He3HauuTenabHO (¢ 0,2
no 0,45 M) MexnydasHbie paccTosiHUS [6], a mpu uc-
noJsib30BaHuu BJI3 ortiamuwmit Her (0,4 M). OmHaKo TH-
noBbie NpoekThl BJI cpemHero HampsokeHUsT B Hamlei
CTpaHe IpeayCcMaTpUBaIOT OOJBIIWI 3amac 1Mo MeXIy-
dasubM paccrostHusM (500—600 mm). Tlostomy mpu
OIMHAKOBOM CEYEHWH U TUIIE TIPOBOAA MeXaHWdecKas
yactb BJI 10 u 20 kB umentuuHa. Pasznuuus oOHapy-
KMBAIOTCS C TO3WIIMI KOJMYECTBA M B PSMe CIydaeB
HOMMHAJIBHOTO HAampsDKeHUsT U30JaTopoB. OmHAKO WX
CTOMMOCTb COCTaBJISIET HE3HAYMTEJbHYIO 4acTh 3aTpar
Ha BJI. TToaToMy npu mpouMx paBHBIX YCIIOBUSIX Kallu-
TajoBoxeHus1 Ha BJI paccmaTpuBaeMbIX KJIacCOB Ha-
MPSDKEHUs OTJIMYaloTCss He Oojiee yeM Ha 1%.

LIT Ne2
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Puc. 1. TunoBas cxeMa BO3AYLIHON CETH



Tabauya 1

¥ JInMHa TUHHHA, KM IL1toTHOCTH
Homep 15{ arp/)gxa.x .| BosmymmHoilt ¢ " IMATHCTPAILHO-
dparmenTa max/ £ min> | BO3AYLIHOK ~ KabenbHOM CyMMapHas - HarpysKu 5 CceTd
kB1/kBT Ign 060?;“‘{2‘;[0&13 Ik feyna o y-llac‘r!a Oy KBT/KM | 0, KM/KM
Mar

1 3138/1642 24,2 9,7 6,8 40,7 19.8 129,1 1,7
2 4751/3168 32,6 8,6 11,2 52,4 19,4 1543 1.7
3 7358/5816 67,5 2,6 4,0 74,1 32,6 154,3 1,6
4 3609/1929 49,7 13;5 6,9 70,1 21,0 83,2 1,6
5 6646/6072 35,4 49,2 3,0 87,6 43,0 157,3 2,1
6 1781/989 44,7 0,6 1,6 46,9 12,9 57,3 1,5
7 1840/844 40,6 0,4 1,5 42,5 22,5 45,5 1,0
8 2486/1244 32,8 3,3 0,1 36,2 22,0 66,8 1,0
9 2992/1673 51,8 7,5 3,1 62,4 35,8 55,0 1,0
10 3101/2436 52,8 11,9 11,0 75,7 38,3 Y451 L1
11 2716/1338 20,1 ' 0 6,4 26,5 13,8 110,4 1,1
12 2818/1934 46,4 4,9 3,0 54,3 29,6 72,3 1,4
13 1640/1102 59,8 2,0 2,8 64,6 31,0 39,8 1,6
14 1193/618 49,5 10,1 2,2 61,8 41,3 24,8 1,3
15 956/349 43,0 7,0 0 50,0 30,9 26,3 1,4
16 297/78 35,0 0 0 35,0 30,5 8,2 1,0
17 3023/1872 21,0 11,4 9,9 42,3 20,3 117,6 1,6
18 1484/796 102,9 3,8 0,3 107,0 38,5 21,7 1,6

Cpennee 2879/1833 45,0 8,1 4,1 57,2 28,0 76,1 1,4
*HauGonpiuasg Harpy3ka 3MMHETO M JIETHErO IHs IO pe3yiabTaTaM 3amepo 2016 T.

**[[pOTSDKEHHOCTh MArMCTPaIbHOrO yyactka juHuu Mexnmy LTI (Ge3 ydera oTBEeTBIEHHH).

Croumocts coopyxenust BJI 10—20 kB B eBpomneii- T — TOHOBOE BpEMSl MaKCUMAIbHBIX IIOTEPH, C5 —

CKOM 4YacTH CTpaHbl (3mech M nmanee B meHax 2017 r.
6e3 HIC) ompenensiorcst MPOCTERIINMHA JTMHEWHBIMU
3aBHCUMOCTSIMM B IHMAala30H¢ HOMWHAJIBHBIX CEYEHUIA
s or 50 mo 120 MM? Tpu HamGOMBLIEH MOTPEITHOCTH
1,4%: 1is HEU30JUMPOBAHHBIX CTATCATIOMUHUEBBIX
npoBogoB Cgj=665,1+2,21s u Cpjy=497,5+2,18s
THIC.pY0./KM B HACEJIEHHOW M HEHAaCEJICHHOW Me-
CTHOCTH COOTBETCTBEHHO; aHaJIOTUYHO IJISI HM30-
JNMPOBaHHBIX MPOBOXOB — Cpy3=861,8+2,86s u
Cp13=665,8+2,86s ThIC.pYO./KM.

Ilpu mepexome K AMCKOHTHPOBAHHBIM 3aTparaM
CTOUMOCTh coopyxeHusi BJI Heo6XxomuMO YMHOXHTH
Ha TOBbIIAOmKiA ® Ko3hduument K=1+k k)=
=1+0,0085-94=1,08, rme k; — OTYMCICHUS HA PEMOHT

_(+B" -1

¥ 00CITyXUBaHKE; k- ; E — xo3dduipeHt

E(1+E)"
JUCKOHTUPOBAHMS; M — PACYETHBIA CpPOK CIyXObl
3JIEKTPOYCTAHOBKM, HCUYHUC/ISIEMBIA C MOMEHTa BBOIA
ee B OKCIulyaTaumio; Tak, mpu E=0,1 u n=30 ner
ky=9,4.

Kpome ToOro, BO BHMMaHMe HEOOXOAMMO MPUHH-
MaTh CTOMMOCTBH IOTEpPh 3JIEKTPOSHEPTUM 3a pacyeT-
HBIA CPOK CIYXObl C p\p, =AP,, TC ky, THE AP 0 —
IIOTEPH MOIIHOCTH B peXWMe HauOOJBIINX HArpy3ok;

yIeabHasg CTOMMOCTh TOTeph 3JeKTpo3Hepruu. Kak
u3BeCTHO, T=f(T .y ), THE Ty, — YHMCIIO YacoB MC-
IT0JIb30BaHMS MaKCUMaJibHO# Harpy3ku. ITo Tekyimum
OTYETHBIM JAaHHBIM UISI PacCMaTPpUBaEMOI0 pEruoHa
Tinax ~6000 4 (r=3800 9) u c; =2,18 py6./(xBry).

Texnuko-3xonomuneckue acnexmo! npumenenusn TII
20 kB. B HactosIlee BpeMsl OTEUYECTBEHHBIE 3aBOIBI
BBITYCKAIOT BCI0 HOMEHKJIATYPy COCTABJIAIOIIMX 3THX
TII: cunmoBbie TpaHCGHOPMATOPBI, Pa3bEAUHUTENH, IIpE-
JOXpAaHUTEM, OrPAHMYUTENM MEPEHANPSDKEHUH U Jp.
IIpu mpoumssonactee TIT 20/0,4 xB Moryr GwITh HC-
nosns30Badel TUoBele mpoektsl TIT 10/0,4 xB Bcex
THUIIOB, UMEIOIIUX MacCOBOE NMPUMEHEHUE, IIPUYEM C
HE3HAYUTEJILHBIMU- TOopaboTKamMu. Tak, caMblii TIpo-
Mo3akui snemeHT TII — cuwioBoit TpaHcdopmarop
munna TMI. /g 10 u 20 kB oH MMeeT OOUHAKOBBLIE
MaccorabapuTHbie pasmepbl. [J1aBHOe oTIMYMEe — BBHI-
COTa BBICOKOBOJBTHBIX BBOmOB. OHa mis 20 kB Ha
75 mM Beimie, yeM mpu 10 xB. s pakTuaeckux BO3-
JYIIHBIX M30JISIMOHHBIX TIPOMEXYTKOB MEXIY OJIOKOM
MpeNOXpaHUTENIENR U TPaHCGHOPMATOPOM Y CTOJIOOBBIX U
mautoBeix TII 10 kB Takoe yBenuyeHWEe BBOHOB He-
npuHIMIHUaIbHO. To Xe Kacaercss kamep TpaHcopma-
TOPOB KHMOCKOBBIX TII.



Tabauya 2

CymmMmapHast Yucno tpaHchHOPMaTOPHBIX MOACTAHLIMIA ITnothocts TII o
Howep | FFP8 | oo, cronGomx o
parmenTa Prax/Pmin TpaHcdopMaTopos | 33KPBITBIX | KOMIUICKTHBIX | MAYTOBBIX BCEro mexay TI, | «BA /KMZ i /KMZ
KBT/KBr | 10(6)/4 XB Sy, 3TH KTII CTII, KM
KBA MTII
1 3138/1642 11 700 4 36 8 48 0,85 483 2,0
2 4751/3168 15 600 14 44 6 64 0,82 507 2,1
3 7358/5816 18 900 11 69 7 87 0,85 396 1,8
4 3609/1929 12 300 14 50 7 71 0,99 285 1,6
5 6646/6072 23 600 13 82 15 110 0,80 559 2,6
6 1781/989 6 600 2 42 10 54 0,87 213 1,7
7 1840/844 8 200 6 31 7 44 0,97 204 1,1
8 2486/1244 5 000 3 29 6 38 0,95 135 1,0
9 2992/1673 7 600 0 47 0 47 1,33 T 140 0,9
10 3101/2436 11 300 ' 0 66 1 67 1,13 164 1,0
11 2716/1338 6 300 0 20 0 20 1,33 255 0,8
12 2818/1934 9 700 3 17 40 60 0,91 248 1,5
13 1640/1102 7 800 6 10 41 57 1,13 189 1,4
14 1193/618 6 300 6 6 34 46 1,34 130 1,0
15 956/349 © 9200 13 12 8 33 1,52 252 0,9
16 297/78 2 900 4 9 2 15 2,33 81 0,4
17 3023/1872 10 000 13 36 7 56 0,76 389 2,2
18 1484/796 11 700 15 48 5 68 1,57 171 1,0
Cpennee | 2879/1833 10 300 7 36 11 54 1,14 267 1,4

Crommocts TIT 20/0,4 xB Ctpp mpumepHO Ha
20—25% soite, yem TIT 10/0,4 kB. Ynopoxanwue mmpo-
UCXONUT TPEUMYILIECTBEHHO u3-3a 0o0Jiee BBICOKOMN
LeHBI TpaHChopMaToOpoB U pazvenuHuTeneit. Y 3neco
crouMocTh coopyxenus TII ompenensiercsas mpocrei-
LIMMU JTUHEWHBIMU 3aBUCUMOCTSMU TPU HaubosbLIieH
norpemrHocTH 3,6%: s cron6oseix TII Cop=273+
+Suomt 11,56 Uyon; MauToBbIX Cyprr=178+1,168y00 T
+15,32U40;  KMOCKOBBIX  Cxr=401+1,298,0mt
+25,94 Uy our- Hns T K=1+kk, =1+
+0,0379,4=1,35 (Syom — B KBA, a Uyoy — B kB). [a-
Jiee MO TEKCTY MHIEKC «HOM» OyneT omyuieH. [lotepu
XOJIOCTOTO XO/Ia ¥ KOPOTKOTO 3aMbIKaHHUS Y TpaHcdop-
matopoB 10/0,4 u 20/0,4 xB mo 3aBOACKMM JaHHBIM
ONIMHAKOBBI M Jajiee HE PacCMaTpPUBAIOTCH.

PaccmotpenHsie Tkl TIT 06MaqaloT MPUHIMITH-
ATbHBIMM KOHCTPYKTUBHBIMU OT/IMyMsiMU. [1osToMy ux
CTOMMOCTH COBMECTHO HE aNmpOKCUMUPYIOTCS C TPHU-
eMJIEMOI TOYHOCTBIO. ‘

Cpasnenue eapuanmoe cemu 10 u 20 xkB. B Ta6n. 3
MpUBEICHB TUCKOHTUPOBAHHBIE 3aTPAThl HA CO3JaHUE
(parMeHTOB ceTeil ¢ XxapaKTepuCTUKaMu U3 Tabu. 1 u 2
npu HampsikeHud 10 u 20 xB. CeuyeHue mpoBOAOB
NPUHUAMATOCh PaBHBIM ~ (DaKTUYECKOMY 3HAYEHMIO
(mpeumyiectBeHHO 70 MM2) ¥ OIMHAKOBBIM Ha Maru-
CTPaJIBHBIX YYacTKax M OTBEeTBIEHMAX. CTOMMOCTb CO-
opyxenuss BJI C; oueHMBanace CpeIHUM 3HAYEHUEM

MEXIy MUHMUMAQJIbHBIMU M MaKCUMaJbHbIMU OLICHKA-
MM; MUHMMabHast — 650 ThIC. py0./KM NpU Hampsixe-
Huu 10 u 20 XB [1s1 HEU30JMPOBAHHBIX IIPOBOIOB B
HeHACeJeHHOW MECTHOCTH; MaKCUMaJlbHasi — COOTBET-
ctBeHHO 1070 TBIC. PY6./KM 711 M30JIMPOBAHHBIX IIPO-
BOJIOB B HACEJIEHHON MeCTHOCTH; cpemHssi — 860 ThIC.
pyo./kM 6e3 ydera koapduumenta K. Ilpu onpenene-
HMM CTOMMOCTH ITOTeph 3JeKTposHepruu B BJI npuHu-
MAJICSl €XErOJHBIA MPUPOCT HArpy3ku 2%.

OOpaTM BHUMaHHUE, YTO 3HAYEHMST COCTaBJISIOLIEN
CAw B Tabn. 3 mpy HanpsDKeHUN 10 u 20 xB u mpo-
YUX PaBHBIX YCJIOBUSIX pasiuyaloTcs 0ojiee 4YeM B
4 pa3a. [IpyunHa B TOM, YTO MPU pacyeTax yCTaHOBUB-
IIUXCSI PEXUMOB HE BBOIUJIMCH OTPAaHUYEHUS I10 MM-
HUMaJIbHBIM 3HAYEHUSIM HAaMpsDKeHUsT B y3Jax CEeTH.

- Tak, i ¢parmentoB cetu 10kB Ne 1, 9, 10 u3

Tabj1. 3 B HODM&JIBHOM pEeXUME 3HAYUTESbHO (Oosee
10%) cHMXa0Ch HAMpsDKEHUE B y3Jlax CeTH, B TO Bpe-
Ms Kak B anbTepHaTHBHOM cxeMe 20 KB oHO ObUIO Ha
YPOBHE HOMHHAJIBHOIO; 0oJjiee Toro, misi GparMeHTOB
Ne 3—5 oTcyTcTBOBaIa CXOOMMOCTh pexuMma B cetd 10
KkB. 31ech CTOMMOCTh TOTEPh JIEKTPOIHEPTUMU OHpE-
neneHa (opMaibHO, KPaTHBIM YBEJIMYEHUEM [IOTEPHL B
cetu 20 kB.

TpebyeMoe KayeCcTBO HAIpPSDKEHUs HOJKHO obec-
neunBaThcsl cortacHo I'OCT 32144—2013 He TONMBKO B
HOPMAJIBHBIX, HO U B ITPOIO/BKUTEIBHBIX PEMOHTHBIX U



Tabauya 3

JIMCKOHTHUPOBAaHHBIE 3aTpPaThl, MJIH pYy0. OTHOmeHIE
Howmep CTOMMOCTb TIOTEPh Ha coopyxeHue TII CyMMapHBIX 3aTpaT
¢dparMeHTa |Ha coopyxeHue BJI C,, | 271eKTPOIHEPIUH Caw %) CYMMApHBIC CCYM rpu HarmpsckeHun 10 u
10 xB/20 kB 10 kB/20 kB 10 xB/20 kB A xBAH
1 37,8 17,6/4,1 48,8/60,3 104,2/102,2 102
2 48,6 28,7/6,3 66,3/80,6 143,3/135,5 106
3 68,9 287,8/70,2 82,9/101,8 439,6/250.9 175
4 65,1 77,8/20,8 63,1/78,2 206,0/164,1 126
5 81,4 306,5/74,7 107,1/131,5 495,0/287,6 172
6 43,6 6,0/1,3 39,5/49,0 89,1/93.9 95
7 39,5 8,9/2,0 38,7/47,8 87,1/89,3 98
8 33,6 11,5/2,6 28,9/35,9 74,0/72,1 103
9 62,4 42,6/8,1 40,6/50,7 145,6/121,2 120
10 70,4 . 25,1/5,2 58,1/72,2 153,6/147.,8 104
11 24,6 5,2/1,4 24,8/30,2 54,6/56,2 97
12 50,4 _ 15,3/3,1 50,8/62,4 116,5/115,9 101
13 60,0 10,2/2,3 43,4/54,1 113,6/116,4 98
14 57,4 4,5/1,0 35,2/43,5 97,1/101,9 95
15 46,5 3,1/0,8 40,5/50,0 90,1/97,3 93
16 32,6 0,2/~0 12,2/15,3 45,0/47,9 94
17 39,3 38,4/7,9 47,1/57,6 124,8/104,8 119
18 99,4 11,9/2,7 41,5/50,5 152,8/152,6 100

TOCeBAPUIAHBIX PEXUMaX — CHUXEHHUE HaIlpSDKEHUS
He 6osiee 10% HoMuUHaNbHOTO 3HauYeHUs. C yKa3aHHbBIX
TIO3ULIMI TaHHOMY TpeOOBAaHUIO HE YIOBJIETBODSIOT B
cetu 10 xB dparmenTsr Ne 1-6, 9, 10, 12—14 (6onee
TTOJIOBUHBI ()ParMEHTOB) MPU TEKYIIE Harpy3ke v BCeE
¢parmeHTsl, KpoMe Ne 16, — nipu nepcreKTUBHOU. Ta-
KUM 006pa3oM, B 0003pHMOIi MEePCIEKTUBE MOTPEOyeT-
cs DIyOOKasi PEKOHCTPYKLIMSI NMPAKTUYECKU BCEM CETHU
10 xB (pa3ykpynHeHUE MarucTpajJbHBIX y4acTKOB 3a
CYeT WX TepeBoJa Ha MHBIC IIEHTPHI MUTAHUS), YTO HE
yuTeHOo B Tabn. 3. B anbrepHatuBHO#M cetn 20 KB npu
TeKyIel Harpy3ke TpedyeMoe KayecTBO 3JIEKTPOIHED-
My He obecrieyuBaeTcsl UL BO ¢parmeHTe Ne 3, a
MPHU TIEPCIIEKTUBHOM — emie ¥ Bo ¢dparmerte Ne 10.
TakuMm 00pa3oM, NPU UCIOIB30BAHUM HATPSDKEHUS
20 kB MeponpusTHs 1O IOBBILIEHUIO IIPOIYCKHOM
CITOCOOHOCTU CETH QyOYT JOKaTbHBIMM M IO3TOMY
3HAYUTEJbHO MEHEE 3aTPaTHBIMU.

IIpexne yeM aHAIM3UpPOBAaThb NaHHBIE Tabja. 3, Ha-
TIOMHHAM O CJIOXWBILIEMCSI TIOOXOE€ K CPaBHEHMIO CXEM
2JIEKTPUYECKUX CeTell ¢ pa3sHbIM YPOBHEM HOMMWHAIb-
HBIX HanpsokeHuii [7]: «Kputepriem BBIOOpAa CHUCTEMBI
HamnpsDKeHUs1 SIBJISIOTC CYyMMAapHBbIE 3aTpaThl B CETHU
BCEX KJIacCOB HarpspkeHus1. [Ipy cpaBHEHMM BapMaHTOB
3JIEKTPUYECKUX CETEW C pa3HbIMM KJlacCaMM Harlpsbke-
HUsI, UMEIOIIUX DaBHbIC 3aTpaThl WIM 3aTpaThbl, OTJIU-
vatouecs 10 10%, MpUOPUTET oTHaeTCsl BAapHaHTy pas-
BUTHUS CETEH ¢ Oojiee BBICOKMM CPEIHUM HaIpsSDKEHUEM
pacrpenenuTenbHo cetu». OnpenesieHHasl JIOTMKA B

9TOM ecTh; 10% — 3T0 OOlIeNpUHATAs WHXEHepHasd
TOYHOCTh PaCyeTOB, TeM 0ojiee B YCIOBUSX OOJBILOA
HEONpPEAEEHHOCTA TIPY TIPUHSITUM PELICHUH.

B nmanHOM ciyyae mpu (PUKCHPOBAHHOM CEYEHUU
MpoBOIa IMpOMycKHas crmocobHocth cetn 20 kB B
2 pa3a Bbime, yeMm mpu 10 xB, a mpu ofHOW U TOM Xe
repeaaBaeMoil MOIIHOCTU TOTEPU MOLLIHOCTU U 3JIeK-
TPOSHEPIUU NPUMEPHO B 4 paza MeHblIe. DTO BECO-
MbI€ IpeuMyLiecTBa 3jaekTpudeckoii cety 20 xB. Kakx
BUAHO M3 TaOJ. 3, C yKa3aHHBIX MO3ULIUNA TEPEXON C
HanpsoxeHus 10 Ha 20 kB uenecoobpa3eH IpakTuaye-
CKM IIpM BCEM MHOroo6pa3uy 3HAa4eHUN IapaMmeTpoB
cetd u3 Tabn. 1 u 2.

Bonpocvt onmumusayuu napamempog 31eKmpuecKoi
cemu. JIo cUX TOp B CTaTbe aHATU3UPOBAIUCH (HaKTU-
YeCKHUe MapaMeTphl 3JIEKTPUUYECKUX CETEW IpU Bapua-
UMM HOMMHAJIBHOTO HampsokeHus. Mx ontuMmsauus
SBJISIETCST TIPEIMETOM, BBIXOASIIMM JAJIEKO 3a paMKU
MOCTABJIEHHON 3alayd, MO3TOMY JIMINL KPAaTKO KOC-
HEMCS HEKOTOPBIX aCMEKTOB ONTMMU3ALUU.

JIna mnpumepa BO3bMEM (YHKLHIO CTOMMOCTHA
Cp13=0665,8+2,86s ThIC. py6./KM (cM. BbimE). Ilepeii-
neM K JIMCKOHTUPOBAaHHBIM 3arpaTtaMm
Cpi13=K(665,8+2,865)=1,08(665,8+2,865)=719+3,1s ThIC.
py6./kM. JIMCKOHTUPOBAHHASI CTOMMOCTD MOTEPh JJIEK-
Tpo3Hepruu nasi 1 kM TpexdasHoit aunun Cppy =

=AP, ., T¢sky =31 Rucohy=31% (pl / s)te ky =
=372(0,0376103 /5)10~2.38002,18-1073.94=8,712% / s,



U=0,4/IS /3=0,13VIS. (13)

Urak, u3z (12) u (13) ciaemyer, 4T0 ONTUMAIBHOE
HanpsokeHWe NMpu (GUKCUPOBAHHBIX 3HAYCHUSX MOII-
HOCTU U PACCTOSSHUU Tepemayd 3JeKTPOIHEPTHMH MO-
XET MEHATBbCS B OOJBLIOM IMAMa30HEe B 3aBUCUMOCTU
OT TIPUHATHIX PACYCTHBIX YCJIOBHIA:

U=0,13+0,41S. (14)

s aHanmM3a TPERImOYTHUTEIBHOTO YPOBHS Harpsi-
KEHHUS INMEKTPUIECKON CETH peTHMOHA C XapaKTepUCTH-
KaMHU U3 T1abna. 1 u 2 ucnoaszyem dopmyiny (14). Cpen-
HsSl AJIMHa MarucTPaJIbHOTO YJacTKa CETH COCTaBIIAET
28 kM (T1abn.. 1). C y4eToM ero CeKIIMOHUPOBAHUS B
HOPMAJILHOM PEXUME MOXHO MPUHSATH [ ~#28/2=14 kM.
CpenHsisa Harpy3ka parMeHTa B pexXuMe HanOOJIbIINX
Harpy3ok paBHa 2879 kBt (tabn. 1), otkyma
§ ~2879/2=1440 xBA. OnTUMaJIbHOE HANPSIKEHHUE I10
(14) — 19-57 xB.

K Bepxueit rpanune B 57 kB Heo0X0OMMO OTHO-
CUTBCSI C OCTOPOXHOCThIO. [IpHYMHA B TOM, UTO Tex-
HUKO-IKOHOMUYECKUE XapAaKTEPUCTUKH 3JIEMEHTOB
CETH allPOKCUMUPOBAJIUCH B JUaIa30He HaNpsDKEHUN
10—20 kB ¢ y4eToM HOCTYITHOCTM M OCBOEHHOCTH
9JIEKTPOTEXHUYECKOTO OOOPYIOBAaHMUSI M MaTepHUAJIOB.
Ilpu mepexone k HanpsckeHUIO 35 KB cylecTBeHHO yc-
JIOXHseTcsl U yTskensietcss koHerpykumst TIT 35/0,4 kB,
HO CaMo€ IJIaBHOE: TpeX- YETHIPEXKpPaTHOE BO3pacTaHME
CTOMMOCTHU JIMHUU 1o cpaBHeHHIo ¢ BJI 10—20 xB. Kak
CJIENCTBUE TIPU IIPOYMUX DPABHBIX YCJIOBHUAX CTOMMOCTB
cetit 35 kB B 1,5-2,5 paza (B cpenHeM B 1,8) mpeBbiiiia-
et TakoBy1o s cereii 10—20 kB. O6ocHOBaHME Hellelie-
cooOpa3HoCTU 3aMeHbl TpaHchopmarmu 10/0,4 Ha
35/0,4 kB (3a uckmoueHWEeM CrelMpUYHBIX paiiOHOB
He(dTenoObIYM B CEBEPHBIX paifoHAX CTPaHbI) pacCMaTpu-
BJIOCh B OOJIBLIOM YMC/e TyOouKamuit [2, 3, 9 u mp.] Ha
MPOTSDKEHUM MHOTHUX JIeT. MIX BBIBOIBI pa3melisaioTCs aB-
TOpaMHy JaHHOU crateu. [loaToMy cTymeHp TpaHchopMa-
uuu 35/0,4 kB nanee He MPUHUMAETCS BO BHIMAHUE.

Hwxnsas rpanuua 19 kB, BeIBeneHHass aHaJIMTHYE-
CKMM CIIOCOOOM, SIBJISIETCSI TOMOJTHUTEIBHBIM apryMeH-
TOM K TaGJ. 3 ¥ BBIBOZIAM IO HEM O MPEOIIOYTUTEIILHO-
CTU, HANO TMOJaraTth, MOBCEMECTHOTO NPUMEHEHMS B
BO3YIIHBIX 3MEKTPUYECKUX CETSX CTPaHbl CPAaBHUTEIIb-
HO HOBOH 11 Hac CTyrneHu HarnpspkeHus 20 kB B3ameH
10(6) xB. ITpuyeM Kak pd HOBOM CTPOMTENILCTBE, TaK
U IIPU PEeKOHCTPYKLMU ceteid. Kak yxe ormedanoch, B
pacyeTax y4TeHbl CTOMMOCTHBIE XapaKTepUCTHKUA Hau-
6onee 3arparHbix TI1 kuoekoBoro tuma. Ilpu Mcmonb-
30BaHMM HauMMeEHee 3aTpaTHbIX cToj0oBbIX TII aHaio-
TMYHBIM CIIOCOOOM ITOJYYMM HECKOJIbKO MHBIE TPaHU-
st U=02+054IS, T.e. 3(EeKTUBHOCTH TPUMEHEHUS
HanpsokeHus 20 kB ele HeCKOJIBKO BO3pAacTeT.

BeiBoawl. 1. B xpynHbix ropogax Poccun Havanoch
CTPOUTENILCTBO M BBOA B 3KCIUTyaTallMIO KaOeJbHBIX
3JIEKTPAYECKUX ceTeH HampsipkeHueM 20 kB. Dto 610

COIPSKEHO C POCTOM E€IMHUYHBIX MOUIHOCTEW BHOBb
BO3BOAMMBIX 00BbeKTOB. BosmymiHbie cetn 20 kB B
TPUTOPOIHBIX M CEJIbCKOXO3SMCTBEHHBIX pPalOHAaxX M0
CHUX TNOp NPUMEHSUIMCh SMU30IUYECKH.

2. AHanu3 CTPYKTYphl U TMapaMeTPOB BO3MYIIHBIX
cereit 10(6) kB omHO# M3 KPYIMHEHUIIMX 3JICKTPOCETE-
BBbIX KOMITAHWM €BPOIMEMCKOM 4aCTU CTpPaHbl IoKasaa
HaJIMYKEe SBHBIX IMCIPOINOPLMIA. A UMEHHO, Ype3Mep-
Hasl TEPETPYXEHHOCTh MATMCTPAIbHBIX PAaCIIpEeae/In-
TEJIbHBIX YYaCTKOB Ha (OHe O6ONbLIMX HU36BITKOB
TpaHcdopMmaTopHoit MomHOcTH 10(6)/0,4 x¥B. IIpuHs-
Tass YHU(QHUKALIMS CEYEeHHH IMPOBONOB HAa YpPOBHE
70 mm? He YIOBJIETBOPSIET MPHHIIMITY 3KOHOMUWYHOCTH.

3. Croumocts BJI 10 u 20 xB Ha coBpeMeHHOM
9Tare TNPaKTUYECKH CPaBHSUIACh, OCOOEHHO B 4YacTH
CaMOHECYLIMX M30MPOBAHHBIX, IPOBOIOB, BBIITyCKae-
MBIX 3aBOJaMH-M3TOTOBHTEISIMH Cpa3y Ha HOMUHAJIb-
Hoe HampspkeHue 20 kB. Croumocts TIT 20/0,4 kB Ha
20—25% sbime takosou mwis TIT 10(6)/0,4 xB. Jlan-
HbI€ TIPOIIOPLIMHU MTO3BOJIAIOT OO0OCHOBATH NMPAKTUYECKU
TIOBCEMECTHYIO 11€JIeCOO0Pa3sHOCTh NMPUMEHEHUST HO-
MuHatbHOro HampsokeHHss 20 kB B 3mekTpoceTeBOM
KOMIDIEKCE CTpaHBI.

4. Tlpu KOMIUTEKCHO#H PEKOHCTPYKLIMM BO3IYITHBIX
3JIEKTPUIECKUX CETeH MMEETCH BO3MOXHOCTH MEepPeBO-
nma cereir ¢ HanpsokeHust 10(6) Ha 20 xB. s coGcr-
BeHHO BJI — 3T0 HaumeHee TpyaoeMKas orlepaius,
Tpebylolllasi B pse CJIy4acB 3aMEHBI JIMIIb U30JISITO-
poB. Uto kacaerca TII, To crpourtenpHas 4dacte TII
10 xB oyt 6e3 M3MEeHEHHH MOXET OBITH MCII0JIb30-
BaHa IS YCTaHOBKH obGopymoBaHusi 20 xB.

5. BosnymHbie 3nekTpudeckue cetd 20 kB ompas-
JAaHO COOpYyXaTh NMPH HOBOM CTPOMTEJILCTBE WU pe-
KOHCTPYKLIUH ceTei 10(6) KB npu MX NMOJIHOM MOpajib-
HOM U ¢u3udeckoMm u3Hoce. Ilpu 3Ttom TpebyeTcst co-
[JIaCOBAaHUE PA3BHTHs PAaCIPENCUTENbHON CETH CO
CTPOUTEILCTBOM WM PEKOHCTPYKLIMEH MUTAIONINX
ueHTtpoB 110—220 kB ia co3maHusl HanpsDKEHUS
20 xB. B psine cirydaeB 11€s1ec000pa3HO yCTaHABIMBAaTh
cwioBble TpaHcdopmaropel 110—220/10—20 kB  mna
COXDAaHCHUSI MNpPH HEOOXOOWMOCTU CYILIECTBYIOLIUX
«octpoBoB» cetd 10 kB.

6. IIpu nepeBone BO3MYIIHBIX CETEM C HANPSIKEHUS
10(6) xB Ha 20 B 3¢)peKTHBHOCTb HOBOM CTYIIEHH Ha-
npspkeHus: 20 kB eme Oonee Bospacraer. IlpuunHa B
TOM, 4YTO KaXIblii COXPAaHEHHBI 3JIEMEHT «CTapOii»
CETU CHMXKAET MEPBOHAYAIbHbIE KAITUTAJBLHBIE BIIOXE-
HUS Ha CO3laHUE HOBOW CETH.

7. CoopyXeHHe BO3IYLIHBIX JICKTPUUCCKUX CeTeit
20 xB sBisleTCs MPUOPUTETHOM 3amadeil 3JIEKTPOCeTe-
BOTO KOMIUIEKCA CTPaHbl, TaK KaK 3TO MO3BOJUT yIBO-
WUTh UX TPOIMYCKHYIO CIIOCOGHOCTH IPH IMPaKTUUYECKU
TeX Xe 3aTparax Ha BJIaJeHHWE CETH IO CPABHEHUIO C
snekTpoyctaHoBKamMu 10 kB. DTo 0COO0EHHO BaXXHO
U1 00eCreYeHHsT NOCTYITHOCTYM HOBBIX TEXHOJIOTHYE-
CKMX MPUCOEIUHEHUI NOTpeOuUTENe B YCIOBUAX (hak-



ThIC. py0./kM, tme I — da3HbIi TOK, A; R — aKTMBHOE
conporusiaeHue, OM; p — yIeNbHOE COMpPOTHUBIEHHUE
MPOBOAHMKA M3 AJIOMUHHUEBOTO CILIaBa TPU CPEIHEi
Ttemneparype 57 °C (Mexny HomuHanbHOR 25°C u
Haubosbieit 90 °C), OM-MMZ/M; | — [UIMHA JIMHUAU, KM.
[ToaToMy cyMMapHbI¢ JUCKOHTMPOBAHHbBIE 3aTpaThl Ha
BJI:

C,=Cpnz+Cam=T19+31s+871%/s (1)
(TBIC. PYO./KM)

CJIGI[OBaTCJILHO, ONITUMAJIBHOC CEYCHHUE IIpOBOIA
COCTaBUT:

oC, /ds=31-8,71% / 52 =0 ()
s=48.7/311, A3)
0TKVvIa «3KOHOMHUYECCKaA» IUIOTHOCTb TOKa

bo=1/5=1/8,7/31=06 A/MM2. ABTOpBI CO3HATEJb-

HO 3aKJIIOYUIIM CJIOBO «3KOHOMMYECKasi» B KaBbIYKH,
9100BI U30€XaTh MPOAOJXEHUS MHOTOJICTHUX JTUCKYC-

“cwmit [8, 9 u 1p.] B 3T0i 06nacTu. K cioBy, Ta xe mmd-

pa 0,6 A/MM2 urypuposana B [5]. Micronp3oBaHue B
(1)=(3) croumocTHBIX XapakTepucTK BJI apyroro
THIA (CM. BBIIli€) MPUBOIUT K U3MEHEHUIO Jo HE Oonee
ZeM Ha 10%.

Kak ormewasoch paHee, B paccMarpuBaeMOM pe-
THOHE MPEUMYILECTBEHHOE NMPUMEHEHHWE HAIIIO cede-
HHE MPOBOIHUKOB 70 mm2. Tocnennee COOTBETCTBYET
Toky 0,6-70=42 A wau moigHocTH S =730 XBA mnpu
sanpsokeHun 10 kB. g koHdwurypauuit Ha puc. 1 u
1201. | MOIIHOCTh TUIIOBOTO (PparMeHTa CETH OLICHM-
BacTcd Kak 25 ~1460 xBA. YkazaHHOMY COOTHOIIE-
HMI0 YIOBJIETBODSIOT JHIIb (PparMeHThl Ne 14—16 u3
1201. 1. CremoBaresibHO, B CTPYKTYpE DaCIIpeme/n-
TEIbHBIX CETEW PErMOHA CIOXWICS SIBHBIN OUCOAIaHC:
meperpyxeHHble BJI mpu  upe3MepHBIX HM30BITKAX
TpaHcHOPMATOPHON MOIIHOCTH.

Ipu nepexone Ha Hampsixenue 20 kB mpu ToM xe
ceseHMH npoBonoB BJI mmeem 25 ~2920 kBA. 3mech
¥xe Qosiee MOJOBUHBI (DPAaTMEHTOB CETH MMEIOT YIOB-
BSTBODUTENIBHBIC 110KA3aTen C Mo3uumii jy. s oc-
TEBIICHCA 4YacTM (DparMeHTOB lieJecOoOOpa3sHoO Hajib-
BCHIICE  yBEJMYECHUE CEUYEHMS] TPOBOTHUKOB IO
120 ym? (25 ~5800 kBA). Ho u 3Toro ssBHO Henmocra-
To9HO Wi pparMeHToB Ne 3 U 5 u3 Taba. 1. Ux cneny-
€T pasyKpylHUTb. YYeT pPOCTa Harpy3oK, KOTOPBIH He
B8i1 NMPUHAT BO BHMMaHME B (1), NpuBemeT K elle
BombmieMy CHMXEHHIO Jo- ;

Cro1p sIBHBIE TIEPEKOCH B CTPYKTYpE 3JIEKTpUYE-
CEMX CeTeH BBIHYXIAIOT BEPHYTbCA K M3BECTHOM 3ama-
W MO ONTHUMHU3ALMU UX HOMUHAIBHOTO HANPSDKEHUS.
BocnoedyeMcst oTpaGoTaHHBIM B [S] OISl JAHHOTO
EIacca 3a1ay METOJOM HEOMpeAeSIeHHBIX MHOXHTEIEH
Marpanxa. JIomyCcTHM, 4TO BBHIMOJNHAETCA ycaoBHe (2).

Toraa BTOpOit M TpeTuii WieHH! (1) GyIyT paBHBI M WX
cymMmma ¢ ydetoM (3) cocTaBuT:

2-31s=2-3148,7/311=10,41. 4

3anuuieM pe3yJbTUPYIOIIME 3aTpaThl Ha Tepeaady
3NIeKTpO3Heprun Ha paccroguue / xak C=Cp/+Crq.
Bo3sMeM miss mpuMepa:

Crn =Ckrn =K@01+1,298 +25,940) =
=135(4014129v31U +2594U) =541+ 31U + 35U ,(5)
torga ¢ yderoM (1), (4) u (5)
C=719/+10411+541+31U +35U =
=541+719l+3IU+35U+10,4Il. 6)

MuHUMU3MpYeM (GYHKIIO CTOUMOCTH (6) TIpU He-
KOTOPOM (DUKCHUPOBAHHOM 3HAYCHUW MOIIHOCTHA .S,
T.e. pemuuM 3anadyy dC=0 mpu YyCJIOBUU (ypaBHEHWU
cBsi3u), 4to S/ V3=1U , MetomoM JlarpaHxa.

CocraBuMm (yHkumo JlarpaHxa:
C=7191+10411+541+31U +35U =
=541+ 7194 31U +35U +10411+ A(S /3 - 1U).

CornacHo Metony JlarpaHxka CcCylIecTBYeT TaKoi
Ko3(dumeHT A, yro

0C /0U =31 +35— AT =0; (7)

oC / 01 =3U +10,41— AU =0, (8)
OoTKyIa

I(A=3)=35 1=35/(A=3); ©9)

U(A-3)=10,4/; U=10,4//(A1-3). (10)

IMoacraBus 3Hauenust 1 u U us (9) u (10) B ypaBHe-
HUE CBSI3H, TOIYyYUM:

A=251/8 +3.
C yueroM (8) u (11) umeeM:
3U+10,41—/1U=3U+10,41—(25,/1/S +3)U =0,

1n

OTKyZa OIITUMAJbHOE HAaIIPsSKEHUE CETH

U=1041/ 251/ S)~0,4VIS. (12)

VYcnosue (12) BbIBemEHO IS MPOCTEUILEro Cciyvast
COCPEAOTOYEHHOM B OAHOM TOYKE HArpy3Ku, OTCTOSI-
1Ie OT LeHTpa muTaHus Ha pacctosiHue /. Kak us-
BECTHO, IIpM POYMX PABHBIX YCJIOBUSIX, HO TIpU paB-
HOMEDHO DpAacmpeleIeHHOM Mo JIMHUM Harpy3Ke,snoTe-
pY MOILHOCTH B Tpenene 6ynyT B 3 pa3a MeHblie. He-

_ TPYAHO OOHApYXWTh, YTO 3a TOTEPU IJIEKTPOIHEPTHUU

B MPUBEACHHBIX paHee ¢opMysax oTBevyaeT wieH 10,4/
CnenoBateynbHO, I AAHHOTO PACYEeTHOTO YCJIOBUS



TUYECKOTO MCUEPIIAHUsI MIPOITYCKHOM CIIOCOOHOCTH CYy-
mecTBytomux cereii 10(6) xB.
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A 6 m o p vi: Maiiopoé Andpeii Baadumupoeuy oxon-
Yun aneKmposnepeemuueckuti gaxysvmem (I5P) Moc-
K08CK020 3Hepeemuyeckoeo uncmumyma (MIH) — noine
Hayuonanenwii  uccaedoeamenvckuii  yHueepcumem
«MIU» — «HHUY «MDH» ¢ 1994 2. B 2017 e. 3auumun
Kanoudamckyro  duccepmayuro  «Pazpabomka Hayu-
HO-MeXHUYeCKuxX peuweHul no gopmupoeanuro 31eKmpu-
yeckoul cemu 20 kB meeanoauca» ¢ AO «Hayuyno-mexnu-
yeckuti yeump Pedepanvroli cemesoii komnanuu Edunoii
JHepeemuyeckoi cucmemor». lenepanvuoiii dupexmop AO
«O0se0unennas sHepeemu4eckKas KOMRAHUS.

Ocunueeé Kupuaa Anamoaveeuy oKon4un sHepeemute-
CcKUll uHcmumym Ypaavckoeo hedepanvHo20 yHuUeepcu-
mema um. nepeoeo Ilpesudenma Poccuu b.H. Eavyuna 6
2013 2. Couckamendv kaghedpwb! 31eKmpoIHepeemuuecKux
cucmem «HUY «MDH>.

- Illynmoe Andpeii Bawecaasosuu oxonuun 35D MOU
6 1982 2. B 2002 2. 3awumun 00KmopcKyro duccepmayuio
«Ilpumenenue cucmemuoeo nooxoda K Gopmuposanuro
cxem 8bl0auu MowHoOCMUY 3neKkmpocmanyuit» 6 MOH. 3a-
Mecmumens 3aeedyioujeco Kagedpoii 31eKmpoIHepeemu-
yeckux cucmem no Hayyroi pabome «HUY «MIOU».
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About Using the 20 kV Nominal Voltage Level in Overhead Electric

Networks
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Matters concerned with advisability of shifting from the existing 10(6) kV voltage level to the 20 kV
voltage level are analyzed. The structure and parameters of the 10 kV electric networks operated by one of
the country’s large electric network companies are considered. Their integral characteristics used as input
data and boundary conditions are identified. The necessary feasibility assessments are carried out,
including those involving the use, as an optimization technique, the Lagrange multiplier method. The
advisability of predominantly ‘using the 20 kV nominal voltage level for the country’s overhead electric
networks is investigated. A feasibility study of its application fields is carried out based on the network
integral parameters. It is shown that, owing to a tendency toward making the technical-economic
parameters of the 10 and 20 kV equipment close to each other, the 20 kV networks have more substantial

advantages over the conventional 10 kV installations.
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