MunucrepcTBo 006pazoBanus U Hayku Poccuiickoii henepanuun

JIOHCKOM roCy1apCTBEHHBIN TEXHUYECKUM YHUBEPCUTET

MeTtoauueckue yKa3zaHus

K BBIIIOJJHCHHUIO KYPCOBOTI'O IIPOCKTA 110 AUCIHHUIIIIMHC

«KubepHeTnueckue 3JIeKTPOIHEPreTHUECKUE CUCTEMBI

Pocros-nHa-/lony
AI'TY
2021



YK 620.9 (075.8)
Penensent n-p texn. nayk H.W. L{pirynés

CocraBurenu: XieonukoB B.K., I'anctsa P.A.

Meroauueckue yka3zaHusl K BBIIIOJHEHUIO KypCOBOI'O MPOEKTA MO JIHC-
nurinHe «KubepHeTnyeckne 3IeKTposIHEpreTnyeckue cucteMel» / JIOH. roc. TExH.
yH-T — PocToB-na-Jlony: AI'TY, 2021. — 62 c.

Hacrosimue ykazanus conep:kaT MHAWBUYAJIbHBIE 3aJaHUs I BBITIOJHECHUS
KypPCOBOI'O IPOEKTA, TaHbl PEKOMEHAAIMHU 10 PEIICHUI0 OCHOBHBIX 3a/1a4 pacyéra u
PEryIUPOBAHUS PEXUMOB JJIEKTPUUECKUX CETEH, MPEAYCMOTPEHHOIO MPOrpaMMOn
mucuIuInHbl «KuOepHeTndeckue 3JIeKTpOIHEpreTudeckue cucteMbly». [IpuBeneHs
CIIPABOYHBIEC JAHHBIC U MPUMEPHI PEIICHUS 3a/1a4 TPOCKTUPOBAHUS.

[Ipeana3zHayeHsl 171 CTYJEHTOB OYHOW W 3a04HOM (opM O0Oy4deHHUs II0

HaIpaBJICHUIO «3J’I€KTp03HepFCTI/IKa N DJICKTPOTCXHUKAY.

© J10HCKOI rocy1apCTBEHHBII
TEXHUYEeCKU yHHuBepcuret, 2021

© XnebuukoB B.K.

© l'ancrsn P. A.



Conepxanue
BBenenue
1 BapuaHThl HICXOHBIX TaHHBIX
2. ConepxaHue KypcoBOro MpoeKTa
3. DopMHUPOBAHUE MOJIEIIH CXEMBI AIEKTPUIECKON CETH
4 Pacuérsl xapakTepHBIX PEKUMOB IEKTPUUIECKON CETH

6.
7.
8.

4.1. OnpeneneHue Harpy30K y3ji0B pacd4ETHOW MOJEIH CETU

4.2. ®opMUpPOBAHHE MACCHUBOB HMCXOJHBIX JAHHBIX [JIs pacyéra
PEXKUMOB nporpamMmont «Pexum Sy

4.3. Pacu€Tr pexrMOB HOPMaJIbHON CXEME CETH

AHaM3 pe:KUMOB ceTh. PerynupoBanue pe:XuMOB CETH

5.1. ComnocraBieHue pacu€THbIX U HOPMATUBHBIX 3HAYEHUU Mapa-
METPOB peKUMa

5.2. PerynupoBanue HanpsHKEHUS HA MIMHAX MOACTAHIUN

5.3. Cumxenue 3arpy3ku JIOII u TpanchopmaTopoB Mpu MCHONb-
3oBanuu UPM

5.4. Ilorepu MOIIHOCTH M 3JIEKTPOIHEPTUU B MIEKTPUUECKON CETH

PeMOHTHBIN pexxuM ceTu

BrIBOABI IO IPOEKTY

Odopmienne KypcoBOro npoekra

CIHCOK HCIIOJIb30BAHHBIX NUCTOYHHKOB

15
17
29
29
30

34

38
38

41
45

46
53
60
61
62



BBenenue

Kaxnaplii CTyIEHT BBINOJHSAET KYpCOBOW MPOEKT Ha TeMy "Y CTAaHOBUBILHECS
PEXUMBI AJIEKTPUUECKOW ceTu" B COOTBETCTBUU CO CBOMM BapuaHTOM. Llenbro BbI-
MIOJIHEHUSI KypPCOBOT'O MPOEKTA SIBIISIETCS Pa3BUTUE Y CTYACHTOB HABBIKOB YMEHUS U
BIIAJCHUST KOMIIETEHITUSAMH, MPEAYCMOTPEHHBIMA paboyeli TMpOrpaMMON JUCITUTLIHU-
HBI.

[enpro pacuéra yCTaHOBHUBILIETOCS PEXKUMA IJIEKTPUUYECKOW CETH U €€ ydacT-
KOB SIBJIIETCSI OIIPEACIICHUE ITAPAMETPOB PEKUMA B PA3IMYHBIX TOUKAX CETH. Taknumu
napaMeTpaMu SBISIOTCS (hasHble TOKH |, IuHeiiHble (MexnydasHble) HAIPSKEHHS
U, TpéxdasHble MOMHOCTH S . PacyéThl yCTAHOBUBIINXCS PEKUMOB CIIOKHBIX CXEM
CeTEl BBIMOJIHSIOTCS C MOMOUIBIO Mporpamm pacuéra qis [I9BM. B nanHoM kypco-
BOM IIPOEKTE HUCHOJB3yeTcs mporpamma «Pexum Sy, paspaboranHas Ha kadeape
WUBC AI'TY. Moxet ObITh HCIIONB30BaHa iporpamma RastrwWin/

KypcoBoii MPOEKT COCTOUT U3 MOSICHUTENBbHOM 3amucku o0béMoM 110 40 nu-

CTOB OCHOBHOTI'O TEKCTa, MPUIIOKEHUHN U TPEX uepTexeil popmara Al.

1 BapuaHTbI HCXOHBIX JAHHBIX

BapuanT 3amanus cocrout u3 7 nudp (Harmpumep, Homepa Baiero tejiedoHa):

* TepBas — HOMEpP CXEMBbI dJIeKTpudecko cetu (puc. 1-9);

* BTOpas — JJIUHBI JIUHU#H (Tab. 1);

* TPEThsl — HOMEPA MApPOK MPOBOJIOB JUISI COOTBETCTBYIOIIUX JIMHUHN (Tadm. 1),
WX MIOTOHHBIE TTapaMETPhI IPUBEACHBI B Ta0. 2;

* 4eTBepTas — HOMEpa THUIOB TPaHCPOPMATOPOB, YCTAHOBJIEHHBIX Ha MOJ-
cTaHiusX (Tabna. 1), UX macnopTHbIE TaHHbIE HAXOATCA B Ta0. 3;

* msTas — MOJYJb 0a3MCHOTO HANpsDKEHHs Ha IIMHAX OalaHCHUPYIOIIEH JIeK-

tpoctaniuu DC1, U, (Tadm. 1);

* 1Iecras — MOIIHOCTb reHepaiuu craniuu IC2, Pac2, Qac2 (tadi. 1);
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* ceabMasi — JaHHBIC O HAarpy3Kax Ha IKMHAaX MojcTaHuui P, CoS ¢ (tad. 1).
AHaJIOTUYHBIC JaHHBIC UCIIOJIB3YIOTCS MPU BBIMOJHEHUH MPAKTUYECKUX 3aJ1a-

Huil. CTyZeHTBI MOTYT UCIIOJIB30BaTh paHee C(hOPMUPOBAHHBIN BapUaHT 3aJaHMUs.

. Ta6nuna 1. — BapuanTsl 3aganus
[Mozumus 3naueHue Mdp B HOMEpe BapHaHTE
U psl B Bun
HOMEpE JAHHBIX 1 2 3 4 5 6 7 8 9 0
BapHUaHTa
Homep pucynka
Hepsas 5 1 [ 234567 ]8]9]1
Jlnuna auHui, KM
J1 100 110| 80| 95| 80| 80| 75| 90| 80| 95
J2 80| 100| 70| 45| 70| 60| 65| 75| 90| 75
Bropas J3 40| 45| 50| 55| 60| 40| 45| 50| 55| 35
14 200 25| 40| 35| 50| 45| 30| 35| 45| 20
J5 60| 30| 20| 50| 45| 25| 35| 55| 40| 55
J6 40| 45| 50| 35| 40| 45| 60| 35| 55| 40
J7 35| 20| 35| 25| 45| 60| 55| 25| 30| 35
Homep Mapku npoBo/Ja JMHUM (JaHHBIE 0 NapaMeTpax B Ta0J1. 3
J1 6 8 9 9 8 7 6 8 7 8
Tperba J2 9 9 6 8 7 9 7 6 8 9
J13,4,5 6 7 6 7 6 7 6 7 6 6
J6 5 1 2 7 4 2 3 6 5 5
J17 1 6 5 4 3 7 2 3 4 1
Homep Tuna tpancdopmaropa IC (nanHble 0 napamerpax B Tad1. 4)
I1C A 22 22 | 23 | 21 | 20 | 23 | 22 | 20 | 23 | 22
Yernépras I1C b 21 20 | 21 | 20 | 23 | 21 | 20 | 23 | 21 | 21
I1C B 13 12 | 11 | 10 4 6 5 3 8 13
Icr 14 14 | 15 | 14 | 16 | 14 | 15 | 16 | 17 | 14
I1C 1 2 4 1 3 5 3 4 6 7 2
Hanpsizxenue Ha mmHax 6ajgancupyomei cranuuu 9C 1
Hsras Use 1, kB 242 | 241 240 | 239| 238| 237 | 236 | 235| 234 | 241
I'enepaums cranuumn 3C 2
Illecras | Psc,, MBT 40| 35| 25| 20| 35| 25| 40| 15| 25| 40
Q5c4, MBap 20 15| 20| 25| 25| 10| 15 5| 10| 15




[Tponomxenue Tadm. 1

MakcumaJjibHasi Harpy3Ka Ha NoJACTAHIMU ¥ KO3(GUUIMEHT MOIHOCTH
Py, MBT 70 65| 90| 60| 55| 80| 75| 50| 85| 55
cos@a 09008509 089|085|09|0,89]|0,85]|0,65]| 0,80
P5, MBT 45| 35| 30| 40| 60| 65| 50| 75| 55| 40
cos @g 08908507509 (090,75(0,75| 0,89 | 0,75 | 0,85
Pgy, MBT 50| 18| 22| 20| 15| 15| 20| 10| 18| 45
CexnpMasi | COS @, 0,750,791 065(0,75|0,75|0,65|0,75| 0,79 | 0,65 | 0,70
Pg,, MBT 30| 25| 15| 10| 20| 45| 25| 10 6| 28
coS @z, 0,70 0,85|0,69|0,75|0,77| 0,78 | 0,75| 0,65 | 0,65 | 0,75
Pr,MBT 20 35| 40| 25| 70| 35| 45| 75| 90| 18
cos@r 0,65|080|0,79(0,78| 0,90 | 0,65|0,85|0,75|0,85]| 0,70
Py, MBT 40| 60| 14| 30| 55| 35| 40| 65| 70| 35
cos g 0,75/09089(085]090,75|0,79|0,88|0,95]| 0,70

HOHOJIHI/ITGJIBHO K NCXOJHBIM JaHHBIM, HpI/IBeIIéHHBIM B Ta01. 1, IIpu pacqéTax

PEKUMOB JIEKTPUUYECKOM CETH UCIOJIb3YyeTCs HHPOopMaLus 00 YpOBHE MUHUMAJILHOM

Harpy3Ky Ha NOACTaHLMAX. BelnurHa MUHUMAaJIbHOW HArpy3Kd B MIPOLEHTAX OJAWHA-

KOBa JIJI BCEX HArpy3ok (Ttabi. 2)

Tabnuua 2. — MuHUMaIbHBIE HATPY3KHU JIEKTPUUECKOM ceTh, %o

Bun 3HaueHue nocieaHed HUQpsl B HOMEpE BapuaHTe
JAHHBIX 1 2 3 4 5 6 7 8 9 0
Py 65 70 75 60 60 75 70 65 70 75
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Tabmuna 3. — [Tapamerps! IpoBOIOB JHHHUH [1]

Howmep

[loronnsie napaMeTpbl

110 kB

220 kB

MapKu Mapka 0 HHHTeHBHOU
1poBoa 1poBoa . _M OM MKCM MKCM OM MKCM MECM | AOIYCTHMBIA

0’ — 0 b X, —— 0 b TOK, A

u3 Tabm. 1 KM X0, KM KM 07 M 07 rem KM 07 oM ’

1 AC-70 0,428 0,444 1,07-10 2,55 265

2 AC-95 0,306 0,434 7,65-10° 2,61 330

3 | AC-120 0,249 0,427 6,23-107 2,66 380

4 AC-150 0,198 0,420 4,70-10° 2,70 445

5 AC-185 0,162 0,413 4,03-10° 2,75 510

6 AC-240 0,120 0,405 3,09-10° 2,81 0,435 5,22-10 2,60 610

7 AC-300 0,098 0,309 2,85 0,429 4,17-10% 2,64 690

8 AC-400 0,075 0,420 3,13-107 2,70 825

9 | AC-500 0,060 0,413 2,50-107 2,74 945

12
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Tabauia 4. — INacopTHbIe HaHHBIC TpaHchopMaTopoB [1]

Uyon 06MOTOK, KB Ipenens pe- Uc, % Jon-
Howme S T'YJIMPOBaHUS TCIIPHO
p HOM ) YyJImp AP, AP, o aory-_
tuna u3 | Tun tpanchopmaropa | MB-A B C o PIIH na cro- B-C | B-H C-H «BT BT I, % CTI/IMIK/I
Tabm.1 poHe TOK,
BH(CH)
1 T/IH-10000/110 10 115 - 11 +9x1,78% - 10,5 - 60 14 0,7 65
2 TIH-16000/110 16 115 - 6,6 +9x1,78% - 10,5 - 85 19 0,7 105
3 TPJIH-25000/110 25 115 - 10,5/10,5 | +9x1,78% - 10,5 - 120 27 0,7 163
4 TPIH-40000/110 40 115 - 6,3/6,3 | £9x1,78 % - 10,5 - 172 36 0,65 261
5 TPJIL[H-63000/110 63 115 - 6,3/6,3 | £9x1,78 % - 10,5 - 260 59 0,6 412
6 TPIIH-80000/110 80 115 - 6,3/6,3 +9x1,78% - 10,5 - 310 70 0,6 523
7 TPIIH-125000/110 125 115 - 10,5/10,5 | +9x1,78% - 10,5 - 400 120 0,55 817
8 TJITH-10000/110 10 115 38,5 6,6 +9x1,78% | 10,5 17 6 76 17 1,1 65
9 TJTH -16000/110 16 115 38,5 11 +9x1,78% | 10,5 17 6 100 23 1,0 105
10 T/ITH-25000/110 25 115 38,5 6,6. +9x1,78 % | 10,5 | 17,5 6,5 140 31 0,7 163
11 TJITH-40000/110 40 115 38,5 6,6 +9x1,78 % | 10,5 17 6 200 43 0,6 261
12 T/ITH-63000/110 63 115 38,5 11 +9x1,78% | 10,5 17 6,5 290 56 0,7 412
13 TJTH -80000/110 80 115 38,5 11 +9x1,78% 11 18,5 7 390 82 0,6 523
14 TPJIH-40000/220 40 230 - 11/11 + 8x1,5 % - 12 T 170 50 0,9 131
15 TPITH-63000/220 63 230 - 6,6/6,6 +8x1,5% - 12 - 300 82 0,8 206
16 TPIIH-100000/220 100 230 - 11/11 +8x1,5% - 12 - 360 115 0,7 327
17 TPJIL{H-160000/220 160 230 - 11/11 +8x1,5% - 12 - 525 167 0,6 523
18 TJITH-25000/220 25 230 38,5 6,6 +12x1 % 12,5 20 6,5 135 50 1,2 82
19 TJITH-40000/220 40 230 38,5 6,6 +12x1% 12,5 22 9,5 220 55 1,1 131
20 ATJILITH-63000/220/110 63 230 121 11 + 6x2 % 11 35,7 21,9 215 45 0,5 206
21 ATJIIITH-125000/220/110 | 125 230 121 6,6 +6x2% n 45 28 290 85 0,5 408
22 ATJIIITH-200000/220/110 | 200 230 121 11 +6x2% 11 32 20 430 125 0,5 653
23 ATJIITTH-250000/220/110 250 230 121 10,5 +6x2% | 11,5 | 334 20,8 520 145 0,5 817

[MPUMEYAHUS: 1. Jlns aBroTpanchopMaTopoB cootHoleHne Moraoctei oomMoroxk BH/CH/HH cocrarmsier 100/100/50%.
2. PerynupoBaHye HalpspKeHUs VTS IByXOOMOTOYHOTO TpaHc(hopMartopa ocyiiecTsisiercs: Ha ctopone BH, aBrorpancgopmaropa - Ha cropone CH,
TpexoOmoTouHoro - Ha ctopore BH (PTTH)




[Tocne dopmupoBaHus WHAMBUAYATHLHOTO 3aJaHUsi HEOOXOIUMO COIO-
cTaBUTh MakcuMmanbHble Harpy3ku noactanuuii [IC A, TIC B, TIC B, TIC T', TIC I u

COOTBETCTBYIOIIME HOMHUHAIBHBIE MOIIHOCTH TpaHC(OpMaTopoB Suow 571X oJA-

cTaHLUU. {151 3TOr0 ClieAyeT BEIYMCINTD 3HAYEHUS OJIHOW MOIITHOCTH HATPY3KH

s,- P g _ P

COSQ, COSP5 4y 11

st moncranuu [1C B crnienyet onpeaenuts CyMMapHyI0 Harpy3Ky

Sg =Sp1 +5p

H€O6XO,Z[I/IMO, YTOOBI JJIA K&)K,Z[Oﬁ IMOACTAaHIIMHU BBIITOIHAIIOCH YCIIOBHC

0’7SHOM 2 SHC

rae Sy - MaKCUMaJbHas Harpys3ka nojctanuuu (S, , Sy ¥ T.1.);
S, oy - HOMUHaNIbHAsA MOIIHOCTH TpaHcpopmaTopa [IC A, [IC b u T.4.

Ecau 10 YCJIOBHC HC BBIIIOJIHACTCA, TO HGO6XOI[I/IMO CaMOCTOATCIbHO YMCHb-

IUTh Harpy3Ky noactanuuu (P, , Py ¥ T.4.) 10 ypOBHS, COOTBETCTBYIOILETO TAHHOMY

YCIIOBHIO.

3HaYeHUs OTKOPPEKTHPOBAHHBLIX HATPY30K HE00X0JMMO COIJIACOBATH C
PYKOBOAMTEJIEM KyPCOBOI'0O NIPOEKTA.

B tabmune 1 gns noacranuuii I11C A, IIC b, Ha KOTOpPBIX yCTaHOBJIEHBI aBTO-
TpaHcpOpMaTopbl, 33JaHO IO OTHOMY 3HAUEHHUIO MaKCUMaJbHOU Harpy3ku P, , Py u
K03 duLreHTa MOLUTHOCTH COS @, , COS . Ecin Ha Bameit cxeme Ha I1C A um [1C
b mokaszanbl Mo JBe Harpy3kH, OfHa M3 KOTOPHIX HAXOIUTCS Ha IIMHAX HU3IIETO
HaIpsHKEHUs, a Jpyras Ha IIMHAX CPEJHEro WM BBICIIETO HAIpPSKEHUS, 3aJaHHYIO
Harpy3Ky 3TOW MOJCTAHLIUU CJIEAYET Pa3/IeInTh HA JABE YACTU CIEIYIOIIMM 00pa3oM.
Ha mmHax HU3IIero HanpshpKeHWs: Harpyska pasHa 0,25 oOmieli Harpysku P, (Pg), a
Ha [IMHAX CpEeIHEro (Wiu BhICHIETr0) HampsbkeHus: — 0,75 3Toil Harpy3ku. 3HaAUEHUS

K03 uieHTa MOIHOCTU COS @, , COS @ W3 Tabs. 1 MCMONB3YIOTCS JJIsl HAarpy30K

KaK IIKMH . HU3OICrO HAIIPsHKCHUA, TaK W OJI1 HAIrpy30K Ha HIMHaX CpEaHETO (I/IJ'II/I

BBICIIET0) HANPSKEHHUS.
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2 Conep:xkaHue KypcoBOIo MPOeKTa

B KypcoBOM IpOEKTE BBIMOIHAIOTCSA PACUET, aHAJIU3 YCTAHOBHUBIIUXCS PEKH-

MOB MaKCHUMAaJIbHOW ¥ MHUHMMAJIbHOW Harpy3KH CIOKHOW CETH U BBIOOp criocoba pe-

TyJINPOBAHUS HANPSLDKEHWUM Ha MOJACTAaHIMAX. PaccmarpuBaroTcs HOpMmanbHas cxema

CCTU U PCMOHTHAA CXEMa IIpU OTKIIIOUCHUU HanoOoIee HArpy>KCHHOI'0 3JICMCHTA CC-

TH.

Ckonmpyiite daiin «Pexum S» Ha cBoWl KOMIbIOTEp Kak kKHUTY EXcel ¢ mon-

JEpKKO MakpocoB. B ucxomnom daiine «Pexum Sy HaXoauTcs mpuUMep pacy&ToB

PEKUMOB JI1 KYPpCOBOT'O IIPOCKTA.

B KYPCOBOM IIPOCKTC JOJIKHBI OBITH PCHICHEBI CIICAYIOIIUC 3a1a49U.

1. cDOpMI/IpOBaHI/Ie MOACIIN CXCMBI BJIGKTpH‘IGCKOﬁ CCTHU:

chopMHUpPOBaTh MPUHIUITAAIEHYIO CXEMYy CETH C YKa3aHHEM ITapaMeTpOB
000py10BaHUS;

chopMHUpPOBATH MOJIENb CETH (CXEMY 3aMEIICHMUS);

paccuyMTaTh apaMeTpbl MOJCIEH (CXeM 3aMeIeHUs) OTACIbHBIX dJIEMCH-

TOB CCTH U HAHCCTHU UX 3HAYCHUA Ha MOJCJIb CCTHU.

2. PacueTbl xapaKkTepHBIX PEKUMOB MIPU HOPMAIBHOM CXEME DJIEKTPUYECKOM ce-

TH:

ONPEAECTNUTh HArPY3KH Y3J0B MOJEIW CETU NPU MAKCUMAIBHOM W MHHU-
MaJIBHOW Harpy3ke;

chopMUpOBaTh MAacCHMBBI MCXOJHBIX JAaHHBIX JJIsI pacuéra pexuma HOp-
MQJIBHOU CXEMBI CETU IIPU MAKCUMAaJIbHON HATPY3KE;

OIIPEIEIUTh MOTOKOPACIIPENEIECHUE, TOKOPACIPEACICHUE U HANPKECHUS
Y3JIOB B HOPMQJIBHOM CXEME CETH MPHU MAKCUMAJIbHOM HATrPYy3KE;
chopMUpOBaTh MAacCHMBBI MCXOJHBIX JaHHBIX ISl pacuéra pexuma HOp-
MQJIBHOU CXEMBI CETU IIPU MUHUMAJIbHOW HArpy3Ke;

OIIPEEIUTh MOTOKOPACIIPENEIECHUE, TOKOPACHPEACICHUE U HANPKECHUS

Y3JI0B B HOPMAJIBHOM CXE€ME CETH IIPU MUHUMAJIbHOM HArpys3Ke;
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3. AHanu3 pPEeKUMOB HOPMAJBHOM CXEMbI CETH. MepompusTHs MO HX YyIydlle-
HUIO:

® [IPOBEPUTH 3arpy3Kud JUHUH, TpaHCHOPMATOPOB, ABTOTpaHCHOPMATOPOB
HOPMAaJIbHOM CXEMBI CETH B PEXKUME MAKCUMAJIBHOW HATPY3KHU;

® CONOCTABUThH pabOYMe HANPSHKEHUS y3J10B MOJIETN CETH C MPEAEIbHO AOIY-
CTUMBIMH 3HAQUYEHUSIMH B pEXKHMaX MAKCUMAJIBHOW W MHHUMAJbHOU
Harpys3Ky;

e BbIOpaTh KO3(DPUIMEHTH TpaHcPopMaluu TpaHCHOPMATOPOB U ABTO-
TpaHC(OPMATOPOB B XapaKTEPHBIX PeKUMaX (MaKCUMaJIbHON U MUHUMAb-
HOMW Harpy3KH);

® ICIOJIb30BaHHE MCTOYHHKOB peakTUBHOW MoutHocTH (MIPM) Ha mojacraH-
ouAx s oOecreyeHus: AOMYCTUMBIX YpOBHEW pabodyero HampsKeHHs B
HOPMAJIBHOM CXEME CETH; pacy€Thl PeKMMa MAaKCUMaJIbHOM M MHUHUMAaJb-
HOM Harpy3ok Ipu ucrnoias3oBanuu UPM (mpu HeoOxoauMocCTh);

e chopMUPOBaTh CTPYKTYpPY MOTEPb MOILIHOCTH B Pa3IMYHBIX PEKUMAX,
ONPENEIIUTH IIOTEPHU JIEKTPOIHEPIUH B IIECKTPUUECKOU CETH;

4. PacyeTsl XapaKTEPHBIX PEXUMOB ITPU PEMOHTHOM CXEME 3IEKTPUUECKOM CeTH:

® BBIOpaTh dJEMEHT ceTh (JIUHUS, TpaHchopmaTop, aBTOTpaHcHOpMaATOp C
HauOOJBIIIEH 3arpy3KO0il MO TOKY WJIK MOIITHOCTH)

e chopmMupoBaTh MacCUBBI UCXOJHBIX JTAHHBIX JJIA pacuéra peKuMa peMOHT-
HOM CXEMBI CETH IIPY MAKCUMAJIBHOM Y1 MUHUMAJIbHOM HArpy3Kax;

® OIpPEACHUTh ITOTOKOPACHPEACIICHUE, TOKOPACIPEACICHUE U HAIPSIKEHUS
Y3JIOB B PEMOHTHOM CXEME€ CETH IPU MAKCHUMAaJIbHOW M MUHHUMAJIbHOU
Harpyskax;

® COIOCTaBUTH paboune HANPSKEHUS y3J7I0B MOJIEIH PEMOHTHON CXEMbI CETU
C MPEAEIIBHO TONMYCTUMBIMU 3HAYEHUSIMU B PEXKMMAaX MAaKCUMAJIbHOW U MU-
HUMAaJIbHOW HArpy30K;

e BbIOpaTh KO3 (ULMEHTH TpaHChOpMaUU TpaHCHOPMATOPOB U aABTO-
TpaHCHOPMATOPOB B PEKUMAX MAKCHUMAIILHOW M MUHUMAJIbHOW Harpy30K

pCMOHTHOfI CXCMBI CCTH,
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® ICIOJIb30BAaHHE HCTOYHHUKOB peakTUBHOW MourHocTH (MMPM) Ha moacTaH-
IUSIX JIsi 00€CTIEUeHUS! JOMYCTUMBIX YPOBHEW pabodero HampsbKeHHs! B
PEMOHTHOM CXEM€ CETH; Pacu€Tbl PEKUMOB MAKCHMaJIbHOW W MUHUMAJIb-

HOM Harpy3ok; Mpu ucrnojas3oBanuu UPM (pu HeoOX0aAMMOCTH);

3 (I)OpMI/IPOBaHI/Ie MOAECJIN CXEMbI 3J'leKTpI/I‘IeCKOﬁ CeTHn

Hcnonb3yst 3aiaHHbIil BapuaHT cxeMbl (puc. 1 — 9) u nmapamerpsl JUHUN U
TpaHcopmaropos (tabin. 3, 4), HaUepTUTE NPUHLUIIKAIBHYIO cXxeMy ceTu. Ha npun-
LUIMAJIBHON CXeMe JUIsl IMHUN YKaKUTEe MapKy MpoBOJAA U3 Tall. 3 W IJUHY JUHUU.
Jlnst TpancopMaTopoB NOACTaHIMI — TUI TpaHchopmaTopa u3 Tadi. 4. [Ipu BeImo-
HEHUHM KypCOBOTO MPOEKTa B MPUHIUIHAIBHYIO CXEMY BHOCSITCS JOIOJIHEHUS, 00Y-
CJIOBJIEHHbBIE HEOOXOJIMMOCTBIO MCIOJIb30BATh JIONOJHUTEIbHBIE 3JIEMEHTHI (YCTpO-
CTBa pEryJMpOBaHMsl HAIPsDKEHUs, KOMIIEHCHUpYyomue YycrpoicTsa). Ilpumep
MPUHLIHANHUAIBHON CXeMbl IpUBEAEH Ha puc. 10.

[Ipu onpeneneHN HOMUHAIBHOTO HANPSKEHUSI JIMHUMA CIIETyeT OPUEHTUPOBATHCS
Ha HOMUHaJIbHbIE HANPSKEHUSI COOPHBIX IIMH HEKOTOPBIX MOACTaHLUMN (cM. puc. 1
—9). Ecnu nuHus 3axoaut Ha cOopHble muHbI 220 kB, TO HOMUHanBEHOE Hamps-
xeHue nuHuM paBHo 220 kB. Jlunuu, npucoenuHennbie kK cOOpHbIM muHaM 110
kB nmeror HomuHansHOe HanpsikeHue 110 kB. HomuHaneHOe HanpsbkeHue TUHAN
UCIIOJIb3YETCSI MPU BHIOOPE OTOHHBIX ApaMETPOB JIMHUU U3 Ta0I. 3.

[TapameTpsl 000pyIOBaHUS pacCMaTPUBAEMOTO MpUMEpa JIEKTPUUECKON ceTH

(puc. 10) nansl B Tab. 5, 6.

Tabnuna 5. — [1apameTpsl CHITOBBIX TpaHCc(hOpMaTOPOB

UHOM; UHOM 06MOT0K’ kB SHOMa Inon,
IToncranmus <B Tun BH CH | 1 | MBA PITH A
ATJIILTH- o 408
IIC A 220 125000/220/110 230 | 121 11 125 + 6x2%
ATIITH- o 408
IIC B 220 125000/220/110 230 | 121 11 125 + 6x2%
[IC B 110 | TATH -16000/110 | 115 | 38,5 | 105 | 16 |=+9x1,78% | 105
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Ta6numa 6. — [TapaMeTpbl THHUHN AJIEKTpONIEpEaaUH

0603Ha- | Uyor, Mapka JnuHa, | Yncio ro, X0, go -10%, | by-10°, | roms
yeHue kB MPOBOJIa KM nened | Om/km | OM/KM | Cwm/km | CM/EM A
T 220 | AC240/32 | 70 1 0121 | 0435 | 522 2,60 610
T 220 | AC300/39 | 60 1 0098 | 0429 | 417 | 264 690
T3 220 | AC240/32 | 50 1 0121 | 0435 | 522 2,60 610
JL 110 | AC 15024 | 50 1 0,198 | 0,420 | 0,47 2,70 445
JIs 220 | AC240/32 | 75 1 0121 | 0435 | 522 | 260 610
JTs 110 | AC 18529 | 30 1 0,162 | 0413 | 0,40 2,75 510
I 110 | AC 15024 | 40 1 0,198 | 0420 | 047 2,70 445

Mognens cetn (cxema 3amerneHusi cetr) (GOPMUPYETCS MO MPUHIUIHATHLHON

cxeMme cetu. [Ipumep Moaenu nokasan Ha puc. 11.

B npunnunuansHON cxeme IMpOU3BOJIBHO MPOHYMEpPYHTE Bce COOpPHBIC IIMHBI

NOJICTAaHIMI. DTH HOMepa OyAyT HOMEpPaMH y3JI0B B CXEMeE 3aMelleHus ceTh. [Jonou-

HHUTCJIBbHO BBOIATCA U HYMCPYIOTCA Y3JIbl B HCHTPAJIBHBIX TOYKAaX CXCM 3aMCHICHUA

(Tpéxity4eBoil 3Be3/1bl) TPEXOOMOTUHBIX TPaHC(HOPMATOPOB U ABTOTPAHCPOPMATOPOB.

Ha puc. 11 TakuMm TONONTHUTENBHBIM Y3J10B SIBJIIETCS y3€J C HOMEPOM 8.




IHC B

IC A
-] 2<AT/ILITH-125000/220/110 2x TIITH -16000/110
220=B g3 JQ J16 35 B
AC-240, 70 km 5] AC-185, 30 km E S,
Uy _O_ B
|1
A
11/ & i
)
N 10 10 xB
S) 4
NG S
Q"\/ N2
AC-240, 75 km $
J15
r I
4 7
L
1
110 xB Vs

2x AT/IITH-125000/220/110 b

Pucynoxk 10. Cxema 7eKTpUYECKON CETH MPUHIMITHATIBHAS
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YciaoBHbIE 0003HAYEHMNS
[1] - Homepa y310B pacuéTHOM CXeMBI
IlonoxurenpHOE
HaIpaBJiCHUE BETBU
(morHOCTH)

<

Pucynok 11 —-Mopens cetn

20
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Mogenu 31€eMEHTOB CeTH U UX MapaMeTpbl ONMPEACIISIIOTCS CIEAYIOINM 00pa-

30M.

o Mooenv runuu 31eKmponepeoauu

n Zn:rn+jxn
— }
I Lo i
Yp &5 by Y 5

a) 6)

Pucynok 12 — YcnoBHoe o0o3HaueHue AByx1enHou gunuu (a) u [1-o0pa3nas cxema 3amenienus (0)

[Tapamerpsr mogenu I, x,, Om, g, b,, CM, cocTosmiel u3 N nene, onpenesns-
I0TCS IO (hOpMyJIaM:
L .
r="r—,; X, =Xy —; Z, =1 + JX;
n
b,=b,Ln-10° g ,=g,Ln-10°% Y =g +jb;

rae L — pnmwHa muHAH, KM;

Iy, X, — TIOTOHHBIE aKTHBHOE W PEAKTUBHOE CONPOTHBICHUS JWHHUU (Ta0i.3),

Om/KM;
Jg, Dy — MOTOHHBIC aKTHBHAsE M EMKOCTHAsl MPOBOAUMOCTHU JMHHHK (Tabi. 3),

MKCM/KM;

e Moodenb 08yx00Mmomouno2o mpancgopmamopa

N L | . I T SIS &
' UBnon Uniow ™~ Uyl 0 U\ igom

Pucynox 13 — YcinoBaoe o603Hauenue (a) u ['-o0pazHas cxema 3aMelieHus JBYyX0OMOTOYHOTO

TpanchopmaTopa
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[MapameTpsi I, X;, OM, g;, by, CM, onpeaensitoTcs mo Gpopmynam:

2
rT &2]3}101‘410_3 ‘Z ‘_ u UBHOM 10— XT _ ’ZTZ . rTZ;
nSHOM SHOM
Z =r+ jX;
g, = ARN 10~ 3 YT:‘Y_T‘ZIXZA]_O_Z; bT:JYTZ_gTz;
UBHOM UBHOM
Y, =9, - jb;
_T:UHHOM _ UHHOM ’ m:0,1,2,...,M,
U OTB UB HOM (1i mAT*)
rae S U

HOM !

Brow — HOMHHaIbHbIE MOIIHOCTh (MB-A) u HanpsbkeHue ctoponsl BH
(xB) Tpanchopmaropa (tad:. 4);
N — 4KCJI0 MapauieTbHO BKIIOUEHHBIX TPaHC(HOPMATOPOB;
AP — moTepu MoiHOCTH KOopoTKoro 3ambikanus (K3), kBt (tabm. 4);
u, — Hanpspkenue K3 tpancdopmaropa (tadm. 4), %;
AP — notepu MonrHoCcTH X0J0cToro xozaa (XX), kBt (tabdm. 4);
I, —Tok XX, % (Tabmx. 4),
Uy noy — HOMHHAJIBHOE HaIpsKeHHE 0OMOTKH Ha ctopoHe HH;
A, — IIar peryJMpoBaHus HAIIPsHKEHHS, 0.€. (Talu. 4);

M — HOMEP OTBETBJICHUS 110 OTHOLIEHHWIO K OCHOBHOMY BBIBOJly Ha cTOpoHe BH;

M — mMakcuManIbHBII HOMCP OTBCTBJICHUA 110 OTHOLICHWIO K OCHOBHOMY BBIBOJY

Ha ctopone BH.

o Mooenv mpéxodomomounozo mpanchopmamopa u asmompauncgop-

mamopa

Pucynok 14 — YcnoBHoe o003HadeHrne TpEXOOMOTOUHOTO TpaHchopmaropa (a) u cxema

3aMelIeHus TPEXITYUEeBOH 3Be3/101 TPEXOOMOTOYHOTO TpaHc(hopMaTopa U aBTOTpaHchopmaropa

(6)
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CoBpemeHHble TPEXOOMOTOUYHBIE TpaHC(HOPMATOPHI HMEIOT COOTHOIICHUE

MOIIHOCTEH OOMOTOK Sgy /Scy/Syy 100/100/100 %., T.e. Bce OOMOTKH HMEIOT
MOIIIHOCTh PaBHYIO HOMUHAJIBHOU S .

AKTHBHBIC COTTPOTHUBIICHHS BETBEH MOJCIIA ONIPEACIISIOTCS 10 (hopMyIam:

I =Rg= s 7 rT2:RC:&; rT3:RH:&’
l+a+(1-a) 1B a p
APU? 5 S S
rae R — K~ B HOM 10 C a= CH : — “HH .
e nSIfOM SHOM ﬂ SHOM

CooTHOILIEHNE MOITHOCTEH OOMOTOK HU3ILIErO M BBICIIETO HANPSDKEHUS aBTO-
TpaHcopmaropa paBHo S =0,5, cpeanero u Boiciiero — o =1,0.

PeakTuBHBIE CONPOTUBIIEHNS BETBEH MOJEIH ONPEICIISIOTCSA U3 PABEHCTB:
2

Up~+U ry—U ~y)U _ [
ZTIZ( k B-C k B-H KCH) BHOMlo 21 XT1: ZTZI—TTZI,

2 NS, ..
(Up.c +Usc —Uenn ) Up -2 [72 _ 2
., = HM 107 X, =+/Z25 15
T2 2 S T2 T2 T2
n HOM
(Ugep +Uepy —Ugpe U2
_ Mecn TY%eBH “Y%BC )YBHow1n-2- _[72 2
= 1077, X5=+2Z5-T13,
T3 2 S T3 13 T3
n HOM
rae U g e, U gy U oy — HAIPSDKEHUST KOPOTKOTO 3aMbIKaHUs Iap 0OMOTOK, % (Tabu1.

4).
Ecnu pacuétHoe 3HaueHne Z , Win Z , OKaKETCS OTPULATEIBHBIM, TO X, (X,5)
CIEAYET MPUPABHATH K HYJIIO.
KommiekcHple 3HaUEHUS CONMPOTUBIICHUM BETBEH Mojiend TpaHcdopmaropa
PaBHBI
ZTl = rTl + JXTl;
ZT2 = rT2 + JXT2;
ZT3 = rT3 + JXT3'
Koaddumuentsr Tpanchopmaruu B BetBsix CH u HH monenu tpancdopmaropa

U]
K =Kg = C Hom m=012,...M;
B UG o (1 MAL)

U 1
k » =k — H som ’
BB Ty o (1 MAL)

“

rome m — HOMCP OTBCTBJICHHUA 110 OTHOIICHHUIO K OCHOBHOMY BLIBOAY Ha CTOPOHE BH,
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M — mMakcuMaJIbHBIA HOMEp OTBETBJICHHSI IO OTHOIICHUIO K OCHOBHOMY BBIBOJTY
Ha cropone BH.
A [ — 1Iar peryaupoBaHus HanpsbKeHus Ha ctopore BH, o.e.;
PIIH, pacnonoxenubiii B HelTpanmun oomMoTku BH Tp&xoOMoTouHOrOo TpaHc-

¢dopmaropa, oqHOBpeMeHHO n3MeHseT Ky 1 Kg_-

Koaddunmentst Tpanchopmanuu B BetBix CH u HH mozgenu aBroTpancdop-

Maropa
U 1+mA, .
Ko =Kp.c = CHORG( ) =0,12,..,M;
B vHOM
U
kT3 = kB-H = —Hnom :
L B Hom

rae A, — LIar peryaupoBaHus HanpsbkeHus Ha cropone CH, o.e.;

M — HOMEp OTBETBIICHUS 10 OTHOIICHUIO K OCHOBHOMY BBIBOYy Ha ctopoHe CH;
M — mMakcuManbHBIM HOMEpP OTBETBIICHMS IO OTHOIICHHIO K OCHOBHOMY BBIBOIY
Ha ctopone CH.

[TpoBoguMocTu B Mojienu TpancopMaTopa u aBToTpancopmaropa

0, =gr10% Y=o g =g

BHOM BHOM
=g, Ib;

Mogenu aBTOTpaHCPOPMATOPOB, ¥ KOTOPHIX OOMOTKA HU3IIETO HAMPSKEHUS
HE MCIIOJIb3YETCS, TaKhe *Ke, KaK y IByX0OMOTOUHBIX TpaHchopmaTopoB (puc. 13, 0).
[Ipu pacuére compoTHBICHHH OOMOTOK aBTOTpaHCHOPMATOPOB B 3TOM Cilydyae B
dbopmyrnax, TpUBEAEHHBIX ISl JBYXOOMOTOYHBIX TpaHC(HOpPMATOPOB, MPUHUMACTCS

U, =U, g . Koadoumnuent tpanchopmanuy B 3TOM cilydae B MOJEIN aBTOTpaHchOp-

MaTopa paBeH

U C HOM (li mAaT* )

m=0,1,2,...M.
UBHOM

kB-C =
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o Mooenv mpancghopmamopa c pacuieniéHHoii 00MomKou

Hlnom

H2nuwm

i
a) - 6)

f2nom '

Pucynok 15 — YcnoBHoe o603HadueHHE (a) U CXeMa 3aMelIeHs TpaHchopMaTopa

C pacmerIEHHON 0OMOTKOM

Comnpotusienus 00MoTok, Om

APU uU

HOM -3. _ _ HOM 2 _ _ 2 2
1 — rT2 = zﬁlo ZTl - ZT2 =2 nS]jOM 10 XTI - XT2 - ZTI - rTl'
KoaddurmenTs! Tpanchopmaiii paBHbl
K., = Yt , m=012,..M,
Up ow (1EMA )
~ Ywiw  _012..M.

K
U on (1EMAL)

O6a ko3¢ dunrenta TpanchopMaIi U3MEHSIIOTCSI CHHXPOHHO.

[TpoBoguMocTH B Mojienu TpaHcopmaropa

g, = UAZP "0 \Y\—IUnSH"MlO‘ b, = Y2 -9?;

B Hom B HOM
Y, =0, - b
PesynbraTel pacuéra mapameTpoB Mojaenu cetu (puc. 11) npuBeneHs! B TadmI. 7.

Jns TpancopMaTopoB M aBTOTpaHC(HOPMATOPOB y370M Hadalla BETBH JIOJIKEH
OBITH y3€lI C 0oJiee BHICOKUM HOMHHAJIBLHBIM HaIpsDKEHHEM. Bo3MOKHBIC 3HAYEHUS
kKod(hurreHToB TpaHnchopManuu TpaHCPOPMATOPOB pPaccMATPUBAEMOTO TPHUMEPA
Mozenu cetu (puc. 11) nansl B Tabmn. 8. Ilpu pacuére kodrddunrenToB Tpanchopma-

[IUH VICIIOJIb30BAaHbI JaHHBIE TA0. S5
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Tabmuma 7. — [1apameTpsl Moenn CETH (CXEMBI 3aMETIECHNS )

O603Ha- | U,op, V3ibl R, Om X, Om G, CmMm B, Cm Ky
HCHHC kB HA4yajgo | KOHeEI]
T 220 1 2 8,47 30,45 3,65E-06 | 1,82E-04
) 220 1 3 5,88 25,74 2,50E-06 | 1,58E-04
I3 220 2 3 6,05 21,75 2,61E-06 | 1,30E-04
N 110 5 7 9,90 21,00 2,35E-07 | 1,35E-04
Js 220 3 4 9,08 32,63 3,91E-06 | 1,95E-04
Je 110 5 6 4,86 12,39 1,21E-07 | 8,25E-05
7 110 6 7 7,92 16,80 1,88E-07 | 1,08E-04
IIC A 220 2 5 0,52 29,60 2,46E-06 | -2,36E-05 | 0,526
B-C
IIC B 220 4 7 0,52 29,60 2,46E-06 | -2,36E-05 | 0,526
B-C
I[ICB 110 6 8 1,30 44 45 3,48E-06 | -2,42E-05 | 1,000
BH
I[ICB 110 8 10 1,30 26 0,091
HH
IICB 110 8 11 1,3 0 0,335
CH

MHorue nporpaMMsbl pacuéra pexuMa CeTH UACHTH(PUIIMPYIOT BETBH, IPUHA-
Jexarue Mojenu Tpancdopmaropa, 1Mo 3HaueHUI0 Koddduimenta tpanchopmaiuu
k.. Ecnu k;>0, To Takasi BETBb OTHOCHUTCS K Mojeiau TpaHchopmaropa. [lostomy B
BeTBU 6 — 8 (cM. Tabn.7 u puc 11), otHocsmeiics k ayuy BH monenu tpéxoOMoTou-

HOro Tpancopmaropa ykazan K=1,0. ®aktuuecku Takoe 3HaucHHE K, HE M3MEHSICT

PacUYETHBIX HAIPSIKEHNUN B TPAHUYHBIX Y3JIaX BETBHU.

Tabnuna 8. — Koaddummentsr Tpanchopmaruu TpancGopMaTopoB U aBTOTPAHC-

dbopmaTtopoB
No TIICB ATIIC A ATIIC b
I Orgersa | Kgs=Ke gt | Kigo=Krp.c | OTBetBn | Kepa=K,p.c | OTBeTBI k.5=K: B-C
1 3 4 5 6 8
1 9 0,079 0,289 6 0,589 6 0,589
2 8 0,080 0,293 0,579 0,579
3 7 0,081 0,298 4 0,568 4 0,568
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1 2 3 4 6
4 6 0,082 0,302 3 0,558 3 0,558
5 5 0,084 0,307 2 0,547 2 0,547
6 4 0,085 0,313 1 0,537 1 0,537
7 3 0,087 0,318 0 0,526 0 0,526
8 2 0,088 0,323 -1 0,516 -1 0,516
9 1 0,090 0,329 -2 0,505 -2 0,505
10 0 0,091 0,335 -3 0,495 -3 0,495
11 -1 0,093 0,341 -4 0,484 -4 0,484
12 -2 0,095 0,347 -5 0,473 -5 0,473
13 -3 0,096 0,354 -6 0,463 -6 0,463
14 -4 0,098 0,360

15 -5 0,100 0,367

16 -6 0,102 0,375

17 -7 0,104 0,382

18 -8 0,106 0,390

19 -9 0,109 0,399

«Cxema 3aMeIIeHu.

JAaHHBIMM CBOETO BapuwaHTa 3anaHusi Ta0iuibl «Tpanchopmaropely, «JIuHUNY,

«Harpy3kn u renepanus», «CONpOTUBIICHHS] U MPOBOAUMOCTU CXEMbI 3aMEILICHUS,

«PIIH».

3aMeIeHHs] TIpUMepa CXeMaMU CBOEro BapuaHTa. [Ipu HEOOXOIMMOCTH yBEIHYBTE
YHCJIO CTPOK B TaOJIMIIAX 3TOTO JINCTA, UCTIONB3ys cpeactBa Excel. Tlpu 3anonnenun
tabmun «Tpanchopmatops», «JIuHUN» HCTONB3yHTE HaHHbIEe JucTa «CrpaBoOYHbIC

JaHHBIC) . Ta6Jmuy «Harpy31<1/1 H ICHCpanusig» 3aIll0JIHUTC B COOTBCTCTBHH CO CBOMM

BapWAaHTOM 3aJ1aHU.

Dopmuposanue mooenu cemu 6 npozpamme «Pexcum Sy

dopMHupoBaHUE MOJEIM CETH BBINOIHUTE B daiine «Pexum S» Ha nHCcTe

Ha mucre «Cxema 3amerieHusD» KHUTH «PeXuM S» 3amogHHUTE HCXOIHBIMU

3ameHuTte Ha qucrte «Cxema 3aMElICHUs» MPUHIUMIIMAIBHYI0 CXEMY U CXEMY
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B tabnuny «ConpoTuBIIEHUSI U TPOBOAUMOCTHU CXEMbI 3aMEILEHUS 3aHOCSITCS
pe3yNbTaThl pacyéra mapaMeTpoB MOJENICH AJIEMEHTOB ceTH (JIMHWIA W TpaHchopma-
TopoB). OTKOppekTHpyiiTe cpeactBamu Excel hopmysbl ais pacuéra COnpOTUBICHHM
¥ TIPOBOJIMMOCTEH BETBEH CXeMbI 3aMenieHus cetr. [IpoBoaumoctu BetBerd G u B B

ATOM TabJuIe 3alucaHbl B SKCIIOHeHIIMabHOU hopme. Hanpumep, 3,65E-06, uto co-

OTBETCTBYeT Benmmunae 3,65x107°.

3anonnute Tabnuiy «Koadduuumentsl Tpanchopmarum» Ha aucte «Cxema 3a-
Metenus». Ha nmucte «CrnpaBounbie JaHHbIE» B TaOnunax «PacuéTHbie JaHHBIE NIBY-
x00moTouHbIX TpaHchopmaropoB 110 u 220 xkBy», «PacuérHble naHHbIE aBTOTpaHC-
dopmatopo 220, 330 kB», «Pacuéraple maHHBIE  TPEXOOMOTOUHBIX
tpanchopmaropoB 110, 220 kB» HyXHO BBIOpaTh B COOTBETCTBHM C THIIOM U Mapa-
MeTpamu TpaHchopmaTopa BO3MOXKHBIE 3HaUCHUS KOd(PPUImeHToB Tpanchopmaiuu.
[lepenecute stu kKodhPuiMeHTs! TpanchopManuu B Tadmuny «KoadduimeHTts
Tpancopmarm» Ha ucte «CxemMa 3aMelIeHUs.

B npusenénnom npumepe (puc. 11) B monensx aBrorpanchopmatopoB [IC A,

[IC b wucnons3yrorcst 3HaueHHs KodpdunueHToB TpaHchopmammu K. s

Tpé€xoOmoTouHoro TpaHchopmaropa [IC B HeoOxoaumbl 3HaueHus 1BYX Ko3(duim-
eHTOB TpaHchopmanui: K g, Ky -

[Ipu HeoOxoaumoctu pacuupbre Tabmuny «Koadpduuuentsl TpaHchopma-
[IUW», TaK YTOOBI B HEE MOXKHO ObUIO BHECTH JIaHHBIE IS BCEX TPAHC(POPMATOPOB
CXEMBI CETH C YYETOM BHUIa CXEMbI 3aMELIECHUS CETH.

B tabmuny «ConpoTuBieHUs U MPOBOJUMOCTH CXEMbI 3aMEILEHUs» TepBOHA-
YaJIbHO 3aHECUTE 3HA4YeHHUs KOd(DPUIMeHTOB TpaHChOpMAILMK, COOTBETCTBYIOIIHNE

HyJIEBOMY HOMepYy oTBeTBieHus PITH.
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4 Pac4yeTbl XapaKTEPHBIX PEKMMOB YJIEKTPUYECKOM CeTH
4.1 OnpeaesieHne HATPY3KHU y3JI0B PACYETHON MO/IEJIN CeTH

[lenbr0 pacueToB PEKUMOB SIBJISIETCS] ONPENICIICHUE NapaMETPOB PEKUMOB U

MIPEKJIe BCEr0 HANPSHKEHUH BO BCEX Y3JaX, TOKOB M MOIIHOCTEM BO BCEX BETBSX,
KPOME 3TOTO BBIYMCIIEHUE MOTEPH MOIITHOCTH BO BCEX JIEMEHTAX U B CETU B LEIIOM.
B KypCcOBOM MpOEKTE pacCMATPUBAIOTCS JIBa XapaAKTEPHBIX PEKHUMA IMPU HOPMAJIbHOU
CXEME€ CETH: MAKCUMAaJIbHbIA 1 MUHUMAJIbHBIA. MaKCUMaIbHBIA PEXUM UMEET MECTO
P MAKCHMAaJIbHBIX HAarpy3kKax BCEX MOACTAHIMNA, MUHUMAJIbHBIA - IPU MUHUMAJIb-
HbIX Harpy3kax Bcex MojacTaHiui. [Ipym HOpMallbHOM CXEME CETH BCE BJIEMEHTHI
BKJIFOYCHEI.

Harpy3ku MakcuMaabHOTO peXrMa omnpeaesstoTcs mo 1adiu. 1. Jljis BeimoHe-
HHUSL PACYETOB PEKUMOB 3aJaTh B y3JaX MOJECIH CETH AKTHUBHYI) M PEAKTHUBHYIO
Harpy3Ky WIA F€HEPALHIO.

PeakTuBHas Harpy3ka noJACTaHIMu A paBHA

QA:\/Si_PAZ,

Pa

rae SA = —
A TAT cosg,

AHaAJOTMYHO BBIYUCIISIIOTCS pEAaKTUBHBIE HATPY3KHU APYTUX MOJCTAHIUMN.
MuHuManbHas Harpy3ka mojactaninuii B MBT Beraucnsercs mo gopmyre
Pasim = Pa - Paoe + Po i = Po - Py 1 T2

MHH MHH MHH

3necy P, —Harpyska noacranuuu A u3 tadm. 1;

P

% — MMHHMaJIbHasl Harpy3ka ceTH u3 Tadi. 2.

[Ipu onpenenennu Q, ., KOIGUIMEHT MOIIHOCTH MUHUMAJIBHBIX HArpy30K
OPUHATH COS ®, PaBHBIM KOI(POUIMEHTY MOIIHOCTH MAaKCHUMaJbHOW HArpy3KH W3

Tab. 1. AHAJIOTMYHO BBIYUCIISIOTCS PEaKTUBHBIC HATPY3KH IPYTUX MOJACTAHITHH.
I'enepanio MomHOCTH 3neKkTpocTaHiun OC2 B pexMME MHUHUMAaIbHOU

Harpy3Ku OpHUHTH paBHOU reHepannu JC2 B pekUMe MAKCUMaJIbHON HArpy3KH.
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PacuérHbie Harpy3ku y3J0B MOJEIM CETH, MPUBEAEHHOW Ha puc. 11, maHbl B

Tadi. 9.

Tabmuma 9. — Harpy3ku u reHeparus y3j10B MOJICTTH CETH

Obo. MakcuMalIbHBIN PEXUM MuHUMANTBHBIA PEKUM
Vsen | 3Haue- Usiow, Harpyska I'enepanus Harpyska I'enepanus
e | P Py | Qu | Po | Qo | Pu | Qu | Pn | Qn
MBt | MBap | MBt | MBap | MBt | MBgap MBT MBsap
2 Sa 220 60 30 48 24
3 Sr 220 50 25 40 20
7 Sp 110 40 20 32 16
10 Sm2 10 5 3 4 2,4
11 Sgi 35 10 5 8 4
Bcero 165 83 0 0 132 66,4 0 0

4.2 @opMHUpPOBaAHNE MACCHBOB UCXOAHBIX JAHHBIX Uil PacUéTa pexumMa

nporpammoii «Pexum Sy

Ha mucte «Hopwm cx Makc pexxumM» HE0O0XO0IUMO 3aIloIHUTh Tabauibl «MaccuB
BeTBei» U «MaccuB y310B». [losis it 3am0IHEHUS B ATUX TaOJIMIIAX BBIIECIEHBI CO-
OTBETCTBYIOIIUM I[BETOM.

Ilpeoynpesrcoenue. Ha eécex nucmax, cooepycawgux maoauyvt «Maccue eem-
eeity u «Maccue y3106», Henb3a 6cmaenamov OONOJIHUMENbHbIE CHPOKU Gbllie
IMUX Maodauy, Heab3sa 6CMACIAmMb 00NOJTHUMEIbHbIE CIOJI0UbL Clleéa U Chpasa
om 3mux maoauy. Quucmume noasa madauy u 3anoanaime ux ceepxy enus. Ilpu
HeoOxXo0umocmu 0odaesnalime OanHvle CHU3Y Kaxcoou maoauywl. Ilpusnaxkom
KOHUA OAHHBIX 8 KaXCOOUl madiuye a61aemcsa nycmas cmpoka.

B «MaccuB BeTBel» nepeHecute (CKOMUPYUTE) JaHHBIE O MapaMeTpax BeTBEU
u3 Ta0auIel «COmpoTUBIIEHUS U MMPOBOJUMOCTH CXEMBbI 3aMelIeHUs» Ha JucTe «Cxe-
Ma 3aMmeleHus». B «MaccuBe BeTBeil» NPUHSATHI CIEAYOIIe 0003HAUCHHUS:

N g — HOMCD y3JIa Ha4daJia BETBH,

H

Noon — HOMED y3J1a B KOHIIE BETBH;
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R,, X, — aKTUBHO€ M PEAKTUBHOE COIMPOTHBIIEHUS BETBU (IIPOIOJIBHBIE COMPO-

THUBJICHUA MOACIIN 3JICMCHTA CeTI/I);

GB, BB — AKTHBHAsg U PpCAKTHBHAS IIPOBOAUMOCTU BCTBHU (HOHepeLIHI)Ie IIpOBO-

JUMOCTH MOACIIN 3JICMCHTA CGTI/I);

K, — ko3 dunueHt Tpancopmanum B BETBU.

B ocTanbHbIX cTonOmax «MaccuBa BeTBei» pa3MemaloTcesl pe3yabTaThl pacuéTa
pexuma. MIX cMBICT pacCMOTPEH B IMMyHKTE 4.3 METOAUYECKUX YKa3aHUM.
Ecnu BeTBb OoTHOCUTCS K Monenu Tpancpopmatopa (unu AT), To HOMep y3na

Hadana BetBU (N, ) JODKEH COOTBETCTBOBATH y3JIy C OOJBIIMM HOMHHAIBHBIM

Ha4
HaIpsHKEHUEM.

B Mopensx TpéxoOMOTOUHBIX TpaHCHOPMATOPOB U aBTOTpaHCHOPMATOPOB KO-
adpunrenTsl TpaHchOpMaIMK HAXOJATCS B BETBSIX CPEIHEr0 U HU3IIETO HaIpsiKe-
Hus (cMm. puc 14). B onuceiBaeMoit 371eCh IporpaMme JOMOJHUTEIBHO BBEJIEH KO-

¢urment tpancdopmamuu K. =1 B BETBH BBICIIETO HAMPSDKCHUS UIA TPaBHIBHON

u7eHTU(UKAIINKY TaKOW BETBHU, KaK BETBU MOJIe]N TpaHchopmaropa. B npuBenéaHom
B kHure «Pexxum S» mpumepe B BeTBU 6 — 8 «MaccuBa BeTBe», MpUHAJIEKAIICH
Mozenu TpéxooMorouHoro Tpanchopmaropa [1C B, HaxoauTes 1OMOTHUTEIBHBIN KO-
s durment tpanchopmanmu K =1.

Kpome mnepeuncneHHBIX Bblll€ MapaMeTpoB B «MaccuBe BETBEN» HMEETCA
cTOI0EIl «BKJI/OTKII». Eciy B KakoW-1100 MO3UIMHU DTOr0 CTOJIOIA 3alucaTh €IuHU-
Iy, TO MIPU pacy€Te pekuMa OTMEUEHHAasi TAKUM 00pa3oM BETBb OYAET OTKJIIOUCHA.

[Tpumep 3amonmHeHus dactu Tabmuibl «MaccuB BeTBEW» NJIsi CXEMBI 3amelrle-
Hus puc. 11 npusenéu B Tadm. 10.

B Tabmuny «MaccuB y310B» Ha jucte «HopMm cx Makc pexum» CKONUpyWTe
(mepenecure) ¢ nucta «Cxema 3aMenieHus» JanHble n3 Tadbmmibl «Harpy3ku u reHe-

pauus», COOTBETCTBYIOIIME PEXKUMY MaKCUMaIbHOM HArpy3KHU.

B «MaccuBe y3710B» IPHUHATHI CIEAYIOIUE 0003HAUYCHUS:

Ny3 — HOMCD y3Jia CXCMBbI 3aMCIICHU A,
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Uy — pabouee HampspkeHHE OATAHCHPYIOIIETO y3J1a (YKa3bIBA€TCS TOJIBKO JJIS
OJIHOTO y3JIa CXEMbI 3aMelleHusl ), KB;

P, — akTMBHAsI MOIIIHOCTh HArpy3KHu MOoTpeduTenei B y3ie, MBT;

Q. — peakTHBHAsI MOIIIHOCTh HArpy3KH MoTpeduTenei B y3ine, MBap;

P, — akTHBHas MOIIHOCThH T'€HEpaIUu dJIeKTpocTaHIuu (Hanpumep, IC2) B y3-
e, MBT;

Q: — peakTHBHas MOIIHOCTh I'€HEepalluu AJeKTpocTaHuuu (Hampumep, IC2) B
y3se, MBap;

Gky — aKTUBHAs IPOBOAUMOCTH KOMIIEHCHUPYIOIIETO YCTPOKCTBa B y3ie, CM;

Bxy — peakTHBHasi MPOBOAMMOCTb KOMIIEHCUPYIOIIETO YCTPOICTBA B y3ie, CM.

B ocranpHbIX cronbnax «MaccuBa y3/10B» pa3MelatoTcsl pe3ysibTaThl pacuéra

pexuma. MIX cMbICT pacCMOTpPEH B ITyHKTE 4.3 METOANYECKUX YKA3AHUM.

Tabnuua 10. — MicxogHbie JaHHBIE O TapaMeTpax BETBEM HOPMAIbHOU CXEMBI

BKJI/OTKIT | Nyaq Nwon | R, OM | Xi, OM G;, CMm B:, Cm K,
1 2 8,47 | 30,45 3,65E-06 1,82E-04
1 3 5,88 25,74 2,50E-06 1,58E-04
2 3 6,05 21,75 2,61E-06 1,30E-04
5 7 9,90 21,00 2,35E-07 1,35E-04
3 4 9,08 32,63 3,91E-06 1,95E-04
5 6 4,86 12,39 1,21E-07 8,25E-05
6 7 7,92 16,80 1,88E-07 1,08E-04
2 5 0,52 29,60 2,46E-06 -2,36E-05 0,526
4 7 0,52 29,60 2,46E-06 -2,36E-05 0,526
6 8 1,30 | 44,45 3,48E-06 -2,42E-05 1,000
8 10 1,30 26,00 0,00E+00 0,00E+00 0,091
8 11 1,30 0,00 0,00E+00 0,00E+00 0,335

[IpoBoIMMOCTH MOJIEIM KOMIIEHCUPYIOILIEro yCTpoicTBa (0aTtapen KOHJIEHCca-

TOPOB) OTPEIEISAIOTCS TTO (OpMyIIaMm:
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Gy = Aszy 107, By = QHz()M 107,
KY nom KY nHom

rae APy —orepu MOIIHOCTY B KOMIIEHCUPYIOILIEM YCTPOUCTBE, KBT;
Uy oy — HOMUHAJIBHOE HAIIPSKCHUE KOMIICHCUPYIOIIETO YCTPOUCTBA, KB;
Q..o ky — HOMHHAJIbHASI MOIIIHOCTh KOMIIEHCHPYIOILIETO YCTPOMCTBA, KBap.
JUis IyHTUpYIOLIEro peakropa By cienyer B34Tb CO 3HAKOM MHUHYC.

[Tpumep 3amoaHEHUS YacTh TaOIUIBI «MacCHB y37I0B» JJIsI CXEMBbI 3aMEIIECHUS

puc. 11 npusenén B Taba. 11.

Tabmuua 11. — McxonHble gaHHBIE 0 TApaMETPax y3J0B PEKUMa MaKCUMAIIbHON
Harpy3Ku HOPMaJIbHOM CXEMBbI

N Usy, Uiow | Py Qu Py, Qr, Gy, By,
v kB kB | MBt| MBap | MBt | MBap Cm Cm
1 242 220
2 220 60 30 0 0
3 220| 50 25 0 0
4 220
5 110
6 110
7 110 40 20 0 0
8 110
10 10 5 3 0 0
11 35 10 5 0 0

AmHanoruunsle OEUCTBUS MO 3amoJHEHHIO Tabaun «MaccuB BeTBeit» u «Mac-
CHB Y3JI0OB» BBINOJHUTE Ha JIMcTe «HOpM cX MUH pexkum», HO C YUYETOM HArpy30K B
MHUHUMAJIBHOM pexkume. Ha nmucrax «Pem cx makc pexum» u «PeM cX MUH pexum»
IIepBOHAYAJILHO, O BHIOOpA OTKIIOYAEMOI'0 JJIEMEHTA CETH, 3aIlOJHUTE TaOJIUIIbI
«MaccuB BeTBel» U «MaccuB y3JI0B» Takke Kak Ha Juctax «Hopm cx makc pexumy»
u Hopm cx muH pexum». BEIOOp OTKIIOYaEMOTO AJI€MEHTa CETH BBITIOJHSIECTCS TIPH

aHaJIn3¢C PC3yJIbTAaTOB pacqéTa peKnMa MaKCUMaJIbHOM Harpy3Ku U OIIMCAH HUIKC.
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4.3 Pacuér pe:xuMOB B HOPMAJIbHOM cXeMe CeTH

BrinonnsieTcst pac4€T yCTaHOBUBIIUXCS PEKUMOB MTPU MAKCUMAIBHOW WJIA MH-
HUMaJIbHON Harpyske y3i1oB ceTu (cM. Tabin. 9). Jlns pacuéra ycTaHOBHUBIIETOCS pe-
YKMMa UCTIONB3YIOTCA YpaBHEeHHUs y3i10BbIX Hanpspkenuit (YYH) B ¢dopme O6annanca to-

KOB CJICTYIOIIIETO BUJIA:

rae U,, U, — uckoMble 3HaYCHUS] BEKTOPOB HANPSHKCHUS B y3/ax I, K pacuéTHoi cxe-

MBI;
Y, — KOMIUIEKCHOE 3HaYeHUEe COOCTBEHHOW MPOBOJMMOCTH y31a i;

Y,, — KOMIUIEKCHOE 3HAYCHUE B3aMMHOW IIPOBOJUMOCTH y3II0B 1 U K;

Y,; — KOMIUIEKCHOE 3HAYCHUE B3aUMHOUN MPOBOAMMOCTH Y3JIOB | M OaJaHCUPYFO-

1IETO;
U; — MOaysb HanpshkeHUs: OaaHCUPYIOLIETo y3ia (3aJaHHOe HalpsKEHUE dJeK-

tpocTtaniuu IC1 B y3me Ne 1);

A

S, — conpsHKEHHOE KOMIIEKCHOE 3HaYEHHUE Y3II0OBOM MOIHOCTH Y374 i;

N — YKCIIO y3JI0B PACYETHOMN CXEMBI.
Anrebpandeckas HenuHelHas cucteMa Y YH pemaercs meromom 3eiiaens.
Wtepanmonnslii nporecc 3eiiaens Ajid paccMaTpUBaeMoOro ImpUMeEpa ONpeaesieTcs

BBIPAKCHUEM

A

i—1
U(k+1) Z U(k+1)+ Z U(k)+YBU +———, 1=2,3..,N,

S
Y j=i+l U(k)
rae K — momep ureparuu (k=0, 1, 2,....).
HNrepanmonnsil mpouecc pemennuss cucteMsl Y YH 3aBepriaercs npu A0CTH-
YKEHHUH 33JaHHON TOYHOCTH Pacy€Ta HaINpsKEHUM y3JI0B. 3aT€M BBIYUCISIOTCS TOKU,

MOIIHOCTH BETBEH U MOoTEpHN MOIIHOCTHU B BCTBSX.
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Jnsa pacuéra pexxuma nporpammoil «Pexum S» HaxkmuTe Ha KHOMKY «Pacuér
pexxuma MetoaoM 3einens» Ha aucte «Hopwm cx makc pexxum» wim iucre «Hopm cx
MHH PEXUM». BBINOIHIETCS NMpOBEpKa CXEMbI U MMapaMETPOB BETBEW U y3JIOB. IIpu
OOHapy>XEHUH OIIMOOK Ha IKpaH BBHIBOJUTCS COOOIEHUE O MPEKpaIIeHUH pacuéra u
nHpopMmarus 06 oOHaApYKEHHOM OIHOKe.

B kauectBe HawanmpHOTrO npuOIIMKeHus (K=0) HanpspkeHUH MPUHUMAIOTCS HO-
MUHaJbHbIE HAPSLKEHUS Y3JI0B (B BY HampsbkeHue Ha BceX UTepalusx paBHO 3aJaH-
HOMY HarpspkeHuto aekrpoctannuu JC1). MakcuMallbHOE YKMCIIO UTEPaIuil paBHO
30000, TOYHOCTH pacy€ra AECHUCTBUTEIBHOM M MHHUMOW COCTABISAIONIUX BEKTOPOB
Hanpsbkernui pasHa 0,0001 xB.

[Ipy HOpMaNbHOM 3aBEpUICHUM pacdy€ra pexuma BBIBOJUTCS COOOIIEHHE 00
OKOHYaHUU pacu€ra, YUCIIe UTEPAlid, TOYHOCTH PAaCcU€Ta U 3aIOJHIIOTCS PACUETHBIE
noJisi Tabnun «Maccus BeTBei» U «MaccuB y3710B». AHAJIOTUYHO BBIIOJHSIOTCS pac-
4ETHI HA APYTHUX JUCTaX KHUTH.

B «MaccuB BeTBe» 3aHOCITCS pacuETHBIE 3HAUYECHUS IOTOKOB aKTUBHOU U pe-
AKTMBHOM MOIIHOCTEH B HA4YaJIe U KOHIE KAXXIO0M BETBU. MECTONOIOKEHNE ITUX T10-
TOKOB Ha CXE€M€ 3aMellleHUs TMoka3aHbl Ha puc. 11. B cronbue «l, kA» HaxoasTcs
3HaueHus (a3HbIX TOKOB BeTBel. B ciemyromue cronbubl «MaccuBa BeTBei» 3aHe-
CEHBI PE3yJIbTaThl PACUETa MOTEPH AKTUBHOM M PEAKTUBHOM MOIIHOCTEH B MPOJOJIb-
HBIX 3JIEMEHTaX CXEMbl 3aMEIleHUsl (Harpy304Hble NOTEPU) U MOMEPEUYHbIX AJIEMEH-
Tax (MOCTOSIHHBIE TTOTEPH).

B cronbue «B cxeme?» nosiBisieTcss uHPoOpMalysa TOJbKO MPU OLIMOKaX B cXe-
M€ CEeTH, MPUBOJISAIIUX K PA3CICHUIO CXEMbI HA YaCTH, HE UMEIOIIUE CBSI3U C OanaH-
CUPYIOLIUM Y3JIOM.

B «MaccuB y3710B» BBIBOISTCS pacu€THbIE 3HAUEHUs MoayJed u yrioB (da3)
BEKTOPOB HANPSHKEHUM y3JIOB U IMTOTOKU AKTUBHOW M PEAKTUBHOW MOIIHOCTEN B KOM-
IIEHCUPYIOILLIEM YCTPOMCTBE B y3JI€ CXEMBI.

AHanoruyHelie pe3ysbTaTbl OyAyT MOMYYEHBI IPU pacu€Tax APYTrUX CXeM M pe-

JKMMOB Ha COOTBCTCTBYIOIIUX JINCTAX KHUTH «Pexum Sy.
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PesynbraTel pacuéra pexxumMa B HOPMAJIbHOU CXE€ME IPUMEpPA MPU MAKCUMAaJlb-
HBIX Harpy3kax mpuBeaeHbl B Ta0m. 12, 13. AHanorudHo oGopMIISIOTCS Pe3yIbTaThl

pacy€ToB IPYTUX PEKUMOB CETH.

Tabmuua 12. — PacuérHble mapaMeTpbl peXuMa Y3JI0OB CETU NMPU MAKCUMAaJIbHOU

Harpyske

Hanpsixenue Momnocts KY

Ny MOJTYJIb, yrou, Pky, Qxy,

kB rpaj. MBt Mgap
1 242,000 0,00 0,000 0,000
2 235,572 2,21 0,000 0,000
3 236,370 -2,06 0,000 0,000
4 233,574 -2,91 0,000 0,000
5 123,235 -3,04 0,000 0,000
6 121,814 -3,68 0,000 0,000
7 121,795 -3,78 0,000 0,000
8 118,495 -6,29 0,000 0,000
10 10,753 -6,80 0,000 0,000
11 39,633 -6,26 0,000 0,000
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Ta6muma 13. — PacuérHbie mapaMeTphl pekrMa BeTBEH CeTH NP MaKCUMAJIbHOM Harpy3ke

[Torepu MomHOCTH

[Torepu MomHOCTH

N N Hauaso BeTBU KOHeI_[ BCTBU | KA Harpy3o4HbIC ITOCTOAHHBIC
P, Q, P, Q, ’ AP, AQ, AP, AQ,
MBT | MBa MBT | MBa MBT MBgap MBT MBap

1 2 80,56 | 24,77 | 79,28 | 31,31 | 0,205 1,067 | 3,836 | 0,208 | -10,379
1 3 87,87 | 29,68 | 86,83 | 34,84 | 0,225 0,892 | 3905| 0,143| -9,063
2 3 -8,15| -9,95| -831| -2,76| 0,025 0012| 0042| 0,145| -7,239
5 7 10,79 | 2,39| 10,70 | 4,24| 0,053 0,083 | 0,177| 0,004| -2,026
3 4 2852 | 7,08| 2815| 17,29 | 0,076 0,157 | 0,563| 0,216| -10,767
5 6 16,50 | 7,11| 16,40| 8,07 | 0,085 0,106 | 0,271| 0,002 -1,239
6 7 1,30 | -128| 129| 0,32]| 0,007 0,001 | 0,002| 0,003| -1,602
2 5 2744 | 1126| 27,29| 9,50| 0,071 0,008| 0450| 0,136 1,311
4 7 28,15 | 17,29 | 28,00 | 1543 | 0,080 0,010| 0/565| 0,134 1,289
6 8 1510 | 9,35| 1502| 8,07 | 0,083 0,027| 0,920| 0,052 0,359
8 10 500| 306| 500| 3,00| 0,029 0,003| 0,064 | 0,000 0,000
8 11 10,01 | 5,00| 10,00| 5,00| 0,055 0,012 | 0,000| 0,000 0,000
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5 Ananu3 pe:kumoB ceTH. PeryjiupoBanue pe;kumMoB ceTH

5.1 ConocraBJ/ieHHe pac4éTHHIX 1 HOPMATHBHBIX 3HAYCHUI IapaMeTPOB

pexuma

AHanu3 pe3yabTaToOB pacdyéra peKMMOB M0 COOTBETCTBUIO YPOBHEH pabouero
(pacy€THOr0) HAMpPSIKEHUS B y3JlaX CETH HOpMaTHUBaM, MMOTOKOB MOIIHOCTH, TOKOB B
BETBSIX JIOMYCTUMBIM 3HAYEHHUSIM MO3BOJISICT CJEIaTh BBIBOJBI O pabOTOCIIOCOOHOCTH
CETH B Pa3IMYHBIX YCJIOBUSIX paboThl. [IpoBepka 3arpy3ku CeTH BBITIOJIHSETCS IO pe-
3ynbTaTam pacuera TokoB B JIDII u tpancpopmaropax. Pacuérupie Toku comocTas-
JISIIOTCSL C MPEJICTBLHO JIOMYCTUMBIMU TI0 YCIIOBUIO HarpeBa MpoOBOJOB U TpaHCcpopma-
TopoB. [Ipy HEZOMYCTHMBIX NEPErpy3Kax SJIEMEHTOB CETH CIEAYET PacCMOTPETh
BBOJI B pa0OTy MCTOYHUKOB peakTUBHOU MoiHOocTH (MPM) Ha moacTaHUuMsX, CHHU-
YKAIOIUX PEAKTUBHYIO COCTABJISIIOIIYIO TOKOB BETBEH U MOBBIIIAIONINX YPOBHU pabo-
YUX HaIPSHKEHUW B y3J1aX.

MakcuMallbHOE JUITUTENBHO JOMYyCTUMOE HAmpsKEeHUE Unax non (HaIpsiKEHUE
KJ1acca u3oJsimn ) 1utst y3a0B cetr 220, 110 u 35 kB Ha 15 % npeBbimaeT HOMUHAIb-
Hoe, 115 y3110B ceTh 6 u 10 kB — Ha 20 % BbIIe HoMuHANIBHOTO [1, 2].

CornacHo mpaBWJI ycTpoiicTBa snekTpoyctaHoBok (ITYD) [3] Ha mumHax
HanpspkeareM 6 — 10 kB moacTannuii B pexkuMe MakCHMMaIbHON Harpy3ku padouee
HampspKeHUe JOJDKHO ObiTh He Hmwke 105 % HomuHanbHOro. B pexume
MUHUMAJILHON HArpy3Kd HampsDKEHHE Ha ITHX IIMHAX TMOJICTAHIIUNA HE JIOJDKHO OBITH
oonpuie 100 % HOMUHAIBHOTO.

ComocrapieHue paboyux HanpsHDKEHUHW C  MPENesbHO  JOMYCTUMBIMU B

paccMaTpuBaeMOM MpUMEpe CETH JaHO B Ta0d. 14.



Tabnuma 14. — PaGoune u nomycTuMble HAMPSKEHUS y3JI0B B HOPMaJIbHOU CXeMe
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PexxuM MakcuMalibHOM Harpy3ku

Pexxum MUHMMAaIbHON HArpy3Ku

Ny; | Hanmenoanue UI?IOBM,
Unmin zom Upas, Umax xom Unmin som Upas, Umax xom
KB kB KB KB kB kB
1 | OCl1. CII 220 kB 220 242,000 252,0 242,000 252,0
2 | IIC A CIII 220 xB 220 235,572 252,0 237,306 252,0
3 | IICT CIHI 220 xB 220 236,370 252,0 237,969 252,0
4 | TIC b CII 220 kB 220 233,574 252,0 235,925 252,0
5 |[IICACHI110kB 110 123,235 126,0 124,379 126,0
6 |TICBCHI110«B 110 121,814 126,0 123,295 126,0
7 |TICBCHI 110 xB 110 121,795 126,0 123,277 126,0
8 | momensb TpaHc. 110 118,495 126,0 120,715 126,0
10 | I1IC B CII 10 xB 10 10,5 10,753 12,0 10,970 10,0
11 | IIC B CII 35 kB 35 36,8 39,633 40,5 40,384 40,5

6¢
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W3 tabn. 14 cnenyer, 4To B peKUME MaKCUMaJbHOW HAarpy3ku paboune Hamps-
KEHHS BCEX Y3JI0B MOJIEJIM CETU COOTBETCTBYIOT HOPMATHUBHBIM TpeOoBaHusM. B pe-
KUME MHUHMMAJIbHOW Harpy3ku pabodrie HampspkeHus B y3ie 10 mpeBblaeT Makcu-
MaJbHOE JUIUTEIBHO JOMycTUMOE padouee HanpskeHUE Umax mon. B 3TOM pexume
HEOOXOJMMO PEUINTh 3aJady peryjiupoBaHus HampspkeHus Ha mnoxactaniuu [1C B,
ucnoip3ys Bo3moxkHocTu PIIH cunoBsix TpanchopmatopoB. Pemienue 3amaum pery-
JIMPOBAHMS HAPSKEHUSI PACCMOTPEHO B I1.5.2 METOIUYECKHUX YKA3AHMI.

Pe3ynbTaTel pacuéra TOKOB BETBEW MOJEIN HOPMAJIBHOM CXEMBI CETH B PEKH-

Max MaKCUMaJIbHOM M MUHUMAJIbLHOW Harpy30K MpHUBEACHBI B Tabuie 15.

Tabmuua 15. — Toku BeTBel B HOPMAJIBHOM CXEME JIEKTPUUYECKOM CETH

Pexum MaKCHMaﬂBHOﬁ Pexxum MHHHMaﬂLHOﬁ
Tum ¥31Ibl BETBH LA HArpy3Ku HArpy3K{

BEBH N e | Nuow | | Toscu A | ool o % | Toscus A | Tpaond Laom %
JIh 1 2 610 205 33,6 161 26,3
JIb 1 3 690 225 32,6 176 25,5
JIz 2 3 610 25 4.2 21 3,4
JIs 5 7 445 53 11,9 42 9,4
JI5 3 4 610 76 12,4 59 9,7
Jg 5 6 510 85 16,7 67 13,1
JI7 6 7 445 7 15 5 1,2
I[1C A B-C 2 5| 408x2 71 8,7 56 6,8
IIC b B-C 4 7| 408x2 80 9,8 63 1,7
TIC B BH 6 8 | 105x2 83 39,6 65 31,1
I1C B HH 8 10 | 105x2 29 13,6 22 10,7
IIC BCH 8 11 | 105x2 55 26,0 43 20,4

[Tpumeuanue: IIpu onpenenenun |, yauThiBaeTcsa uncio napamienbbix neneit JIDI u uncno na-

paJluICJIbHO BKJIIOUEHHBIX TpaHC(I)OpMaTOPOB.

N3 tabnuiet 15 cnenyert, 4To B cXxeMe HOpMajabHOM KOMMYTAIIMU CETH JaHHOTO

IpUMEPA MEPErpy3KHu JIEMEHTOB HE BO3ZHHUKAET.
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Ecnu Harpyska xakoro-nu6o snemenTa cetu npessimaer 100 %, To 11 BBoa
pexuMa B JIONMYCTUMYIO 00JaCTh HEOOXOIMMO Ha MOJCTAHIUSAX BKIIOYUTH UCTOUYHHU-
K1 peakTuBHOU MontHOCTH (MPM). DTo npuBeAET K CHIMKEHUIO PEAKTUBHOW COCTaB-
JISOIEH TOKOB BETBEH M MOXKET 00ecleuuTh paboTy ceTu 0e3 neperpysku. Mcmnomnb-
3oBanne MPM mig pasrpy3ku ceth paccmarpuBaeTcss B II. 5.3 METOAMYECKUX

YKa3aHUMU.
5.2 PeryimpoBaHue Hanpsi>KeHHsI HA IIMHAX MOACTAHIMA

3HaveHust pabounx HampspkeHuit U o B y3/1ax ceTH JOJDKHBI COOTBETCTBOBATH

CTaHAAPTy HA KayeCTBO DJJIEKTPOIHEPIMHM WU PEKOMEHAALMAM [0 PETYJIUPOBAHUIO
HanpspkeHus. Jlomyctumasi 00JacTh peKUMOB ONPENEIAETCS YCIOBUEM

Uminuonigupamsu i=1,2,...,n,.

max JIon i ;
rae | — HOMep y3/1a B MOJICIIN CETH;

N — 49UCJI0 Y3J10B B MOACIIN CCTH.

nuU

Jlonyctumble 3HaYeHus Hanpsbkenuit U npuBeneHsl B 1. 5.1

min mon max mon
METOIMYECKNX yKazaHui. [IpuMep comocraBieHus pabouyux W JOMYCTHMBIX HaIpsi-
JKeHHil 1ad B Taoi. 14.

Ecim U He yJIOBIETBOPSIOT JTHM YCIOBHAM, TO HEOOXOIMMO BBECTH

HAIpPSHKEHUS Y3JI0B B JIOMYCTUMYIO 00J1acTh, U3MEHAS KO3 PUIMeHTs Tpanchopma-

1y TpaHchopMatopoB. (s yBennueHUus: HaNpsHKEHUS Upa16 B Yy3JI€ YBEJIIMYbTE 3HA-

yeHus: Ko3puireHTa TpancGopMaluy B BETBU, CBA3AHHOW C 3TUM Yy3JI0M, U Ha000-
pot. Bo3aMmoxkHbIe 3HaYeHUST KOYPHUIIMEHTOB TpaHChHOpPMAIIUU 3anucaHbl B TaOIuUIEe
«Koadpummentsr Tpanchopmanum» Ha nucte «Cxema 3aMmenieHus». BHecuTe HOBbIC
3HaueHus kodhduireHToB Tpanchopmaimu B Tabmuiy «MaccuB BETBE» Ha JTUCTaX

«Hopwm cx Makc pexum», «HopMm cX MUH pexnum», «PeM cxX Makc pexxum».
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KOppeKTI/IpOBKa mapaMETpoOB PCKUMa MOXKET BBINOJIHATLECA HCIIOCPEACTBCHHO
Ha JIMCTax ((HOpM CX MAKC PCKUM, «HOpM CX MHUH PCKHUMD, «Pem cx makc PCKHUM.

BrinosnauTe 3aHOBO pacqéT peKuMa CCTH U IIPOBECPHTC HOBBIC 3HAUCHU I Upa6 .

B niepByto ouepeab BBINOIHUTE PETYIUPOBAHUE HAIPSIKEHUS U3MEHEHUEM KO-
rbdunrieHToB TpaHchopmauu TpaHcHOpMaTOPOB TOW MOJCTAHIIMHU, TJ€ BBISBICHO
HapyIICHHUE MpeleTbHBIX 3HAUCHUN HANpPsDKEHUs. Y TpEXOOMOTOYHBIX TpaHCcopMma-
TOPOB U TPaHC(POPMATOPOB C PACHICTNIEHHON OOMOTKON M3MEHEHHUE HOMEpPA OTBETB-
nenus PITH npuBoauT x onHOBpeMeHHOMY u3MeHeHHIo Kg - 1 Kgy (K., ,K,; Ha puc.
14).

Ecnu takme mameHenus K03((ULUHUEHTOB TpaHCHOpMALMKU TpaHC(HOPMATOPOB
110 xB He obecneunBaroT BBOJI peXKMMa B JIOIMYCTUMYIO 00JacTh, TO MEPEXOAUTE K
peryaupoBanuio Ko3(pUIIMEHTOB TpaHchopMaluu aBTOTpaHCGHOPMATOPOB HaA MOJ-
craniusx 220/110 kB. B atom cnydae paboune HanpspKeHUs: OyIyT MEHAThCS Ha He-
ckoJbkuX noactaHuusx 110 kB u Bo3aMoxHO mOTpedyeTcsl JOMOJIHUTENbHAs KOPPEK-
TUpOBKa Ko3(ppuuueHToB Tpanchopmauuu TpaHchopmatopoB 110 kB mns BBoma
pekumMa B JOMYCTUMYIO 00JIaCTh.

Ecnu umerorcst narpy3ku Ha muHax 10 (6) kB moacranuuii ¢ aBrorpancdop-
matopamu (cM puc. 1 — 9), To Ha Takux noncrannuax PITH He oOecrieunBaet perymnu-
poBanue HampspkeHuss Ha mmHax 10 (6) kB. Heobxoaumo ucnonb3oBaTh MO0 JH-
HelHblil perynstop (JIP) B memm HH aBrorpancdopmartopa (puc. 16,a), mmbo
ncnosibzoBaTth UPM, Brmtou€HHbld Ha mmHax 10 (6) kB nmoacranuun. UPM moxer
WCIIOJIB30BaThCA U Ha ApYyrux mnojcrannusax, eciu PITH He obecnieunBaet moauepxa-
HUEe paboyero HampspKeHUsl B JOMYCTUMBIX mpenenax. B kauectse UPM moxHO uc-
MOJIB30BaTh cTaTudeckue TupucTopHbie kommencaropsl (CTK), konaeHcaTopHbie Oa-
tapeu (KbB) (puc. 16,0).

Hekoropsie Texandeckue xapakrepuctuku JIP mpuBenens: B Tad1. 16.
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Tabauia 16. — JIuneitHbie peryaupoBodHbie TpaHchopMaTops [1]

Tun Stioms Uson AP kBT X, Om APy, kBT AQxx,KBap
MB-A kB

JITMH-16000/10 16 6,6; 11 20-35 0,04-0,10 |35-95 376 — 800

JIT/IH-40000/10 40 6,6; 11 38-70 0,02-0,04 |7,0-18,5 1000 - 1400

JIT/IH-63000/10 63 11 - — - _

AT PITH +6%2 %

BH AT PITH +6x2 %

BH

CH

UHOM

JInHeHbIM
peryssiTop
+10x1,5 %U ,on

HH

k]

a 0

Puc.16. Cxema niist peryaupoBaHus HAPsHDKSHHS Ha TOICTAaHIIUN
a—cxeMma c JIP; 6 — cxema ¢ CTK

st monenu JIP MoxkHO mcmonb3oBath [-00pasHyto cxemy 3amemnienus. [Ipu-
OnxéHHO Hanmuuue JIP MOXKHO ydecTb, pacCUMTaB BO3MOJKHBIE 3HAUE€HHsS KO3 u-

nueHTa tpaHcopmamu K, B Mozenu aBroTpaHcdopmaTopa (cM. puc. 14) mo ¢op-

MyJie

U 1+ MA rp.
k3 =kpp = HHO“G( m’), m=0,12,..,10, App,=15/100.
B HOM

Koaddunuents! tpancopmammu Kg py, Kg.c aBToTpanchopmaropa ¢ PITH u
JIP MO>XHO M3MEHSTh HE3aBUCHUMO JIPYT OT APYra.

AJNbTEpHATUBHBIM PEIICHHEM 3a7aud PEryJIMpPOBaHUS HANPSDKCHUS HA IIHHAX
10(6) kB sinsercs rmouenue CTK (puc. 16,0).

Texuuueckue xapakrepuctuku HekoTopbix CTK nmpusenenst B Tadm. 17.
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Tabnuua 17. — CtaTuueckrue TUPUCTOPHBIE KOMIIEHCATOPHI

. Sons Usons, Qmax, MBap B pexxumax AP xB1
MB-A kB IMotpe6nenus (MH) Boiiaun (8MK)
CTK 50 50 11 50 40 —
CTK 80 80 15,75 80 40 —
CTK 100 | 100 11 100 50 600

Jlns noBbiieHus: HanpspbkeHus: ucnoib3yte CTK B pexume Bbimaun. M3me-
HaiTe padouyto MomHocTh CTK B pexxume Bbiaun B aAuanaszone oT 0 10 Qmax, HO HE
Oonee peakTuBHOUN Harpysku y3ma moakimtodenus CTK. B mporpamme «Pexum S» B
Tabnuue «MaccuB y370B» Ui y371a, B KOTOPOM HEOOXOAMMO PETYJIUpOBaTh HaIps-
XeHue, 3afaite padouyro momHocTh CTK B suetike «Q,, MBap» (cm.tabm. 11). Bei-
MOJIHUTE PAacy€T pekrMa U MPOBEPHTE HOBOE 3HAUCHHE pad0OYero HalpsHKEHUs: B y3-
Jax CeTH. 3a CYET U3MEHEHMS NOTOKOB PEaKTUBHOM MOIIHOCTH IO 3JIEMEHTAM CETH
pabouee HampsbkeHHe OyIeT MEHSThCA B HECKOJBKUX Y3Jlax OJHOBpeMeHHo. Ilpu
HeoOXoauMocTu u3MeHuTe 3HaueHue Q. B «MaccuBe y3noB». [l HMOHMXKEHUS
HanpspkeHus: ucnonb3zyiite CTK B pexkume nmotpednenusi. B atom ciyuyae 3HaueHue
Q. 6epute co 3HAKOM MUHYC.

Ecnu B Bamem BapuaHTe KypcOBOTO MPOEKTa HEOOXOAMMO HCHOJb30BaTh JIP
i CTK 1o BKIOYMTE MX B NMPUHLMIHAIBHYKO CXEMY CETH TaK, KaK MOKAa3aHO Ha
puc.16 ¢ ykazanuem tuna JIP uin CTK.

PaccmoTpum npumep perynupoBanus HanpsibkeHus Ha noactaniuu [1C B (cwm.
puc. 10, 11) B pexxriMe MUHUMAaNbHOW HArpy3ku. B 3ToM pexume HampshkeHue Ha
mHax 10 kB (y3en 10 Mozpenu cetH) MpeBbIIAET MAKCUMAIBHO JOIYCTUMBIN ypo-
BeHb (cM. Tabn. 14). [lns cHumxenus padodero HampspkeHus Ha 3tux muHax [1C B
HEOOXOMMO CUHXPOHHO YMEHBIIUTh 3HAYeHUs1 K03PPULIHMEHTOB TpaHChOpMAaIUU B
BeTBiIX 8§ — 10 m 8§ — 11, Tak Kak 3TO BETBU MOJEIN TPEXOOMOTOYHOTO TpaHcopMma-
Topa. Bo3MokHbIe 3HaUeHHs] KO3(PPUIUEHTOB TpaHCc(hopMaluu NpUBEACHbI B Ta0IU-
e «Koapdurmmentsr Tpanchopmanum» Ha aucte «CxeMa 3aMemeHus» MPOTPaMMBbI

«Pexxum Sy. Jlns HarNaqHOCTH MMPUMEpPaA pacu€T pekrMa CETH NMPU HOBBIX 3HAYCHHSIX
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ko3 uieHToB TpaHchopmalu BeIMoIHeH Ha Jucte «HopMm cX MUH pexuM peryn

U», a pe3yabpTathl pacuéTa npuBeeHbI B Ta01. 18.

Ta6muma 18. — PerynupoBanue HampspkeHusi Ha nogactanuuu [IC B B MuHU-

MaJIbHOM PCKUME

[Tonoxenue Howmep Koadduruent Hamnpsoxenue (kB) B y3ne
PITH OTBETBJICHUSA TpaHchopMaIuu
kTB2 kTB3 y3en 11 y3en 10
Hcxonuoe 0 0,335 0,091 40,38 10,97
[Tocne perymnm- 6 0,302 0,082 36,49 9,91
pOoBaHUS

U3 tabn. 14 u 18 BugHO, uto ucnonnzosanue PIIH na IIC B mo3BoasgeT moa-
JIepKUBATH JIOMYCTUMOE HANPsHKEHUE B HOPMAJILHOM CXeMe CEeTU MPU MaKCUMaIbHBIX

N MUHHUMAJIBHBIX HArpy3Kax.

5.3 Cuuxkenue 3arpy3ku JIIII u TpancopmMaTopoB nNpH MCIOJIb30BAHUM

NPM

Ecnu npu ananuse pe3ysbTaToB pacuy€Ta peKMMOB YCTAHOBIICHO, UTO Harpyska
(TOK) Kakoro-nmubo snemeHTa (BeTBM) cetu mpesbimaeT 100 %, B HOpMaIbHOU WM
PEMOHTHOM cXeMax TO JUIsl BBOJA PEeXHUMa B JOMYCTUMYIO 00JacTh MOXHO Ha MOJ-
CTAaHIMSAX BKJIIOYHTH MCTOYHMKH peakTUBHOM Momuoctu (Hampumep, CTK). Briro-
yute CTK B y31e OmmkaiiieM K y3/1y KOHIA MEeperpy>XeHHON BEeTBU (110 HaIlpaBlie-
HUIO nepenayn MourHoctH). IIpu BeiOope y3ma noakmouenuss CTK xoHTponupyiiTe
cooTBeTCTBHEe HOMUHANBHBIX HanpspkeHnit CTK u BeiOpanHOTO y371a. Jjisi CHUKEHUS
NepeToKa PEaKTUBHOM MOILIHOCTH (COOTBETCTBEHHO CHMKeHUs Toka BerBH) CTK
JIOJKEH MCITOJIb30BaThCS B PEKUME BblJauu. Pa3Mep BbIJauu peakTUBHOW MOLIHOCTH
CTK He noiKeH MpeBblIaTh PEAKTUBHON HArpy3Kd y3ia. OTKOPPEKTUPYHTE JaHHBIE
B Tabiuie «MaccuB y3j0B» TakK, KaK OMHCAHO B I.5.2 METOAMYECKUX YKa3aHUH U

paccuMTaiiTe pexuM. BhIOTHUTE aHAIN3 HOBOTO PEXXHMa CETH B COOTBETCTBUU C pe-
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KOMEHJalusaAMH 11.5.1 MeToauueckux ykazanuil. [Ipn HeoOX0AMMOCTH OTPEryIupyiTe
HaIpsHKEHUS B y3J1aX CETH.
B sTOM KypcOBOM MpoOeKkTe YKOHOMUYECKOE 0OOCHOBAHHUE CTIOCO0A TOBBIIIICHUS

HpOHYCKHOfI CITOCOOHOCTH CETH HE pacCMaTpuBacCTCA.

5.4 [ToTepn MOITHOCTH ¥ 3JIEKTPOIHEPTUHU B AJIEKTPHUECKOH CeTH

[Torepy MOIIHOCTH B 3JEMEHTAX MOJEIU DJICKTPUUECKOW CETH Pa3IMYHbIX
CXEM M PEXUMOB ONPEIAEIAIOTCA B MPOLECCE pacy€ra YCTAHOBUBIIUXCS PEKUMOB.
JIns OLIEHKM 3KOHOMHUYHOCTH PEXUMOB 3JIEKTPUUYECKON CETH UCIMOJIb3YIOTCA NOTEPU
AKTUBHOW MOIIHOCTH M COOTBETCTBYIOIIMUE MTOTEPU IICKTPOIHEPTUU MPU HOPMAJILHOU
cxeme KoMMmyTanuu. [Torepr MOITHOCTH (3JEKTPOIHEPTHH) Pa3Ie/IIIOT Ha HAarpy304-
HBIE€ U YCIIOBHO ITOCTOSIHHBIE.

[Tpu ucnonp30BaHUM NMPOrpaMMbl «PekuM Sy TOTEpH MOITHOCTH BBIBOJSITCS B
tabnuiy «Maccu BeTBei» (cMm. Tabu. 13). K pacuéry cTpyKTyphl OTEpbh MOIIIHOCTH
U DJICKTPOIHEPTUU CJIEAYeT MPUCTYNaTh TOJIBKO IMOCE TOro, Kak OyJaeT 3aBeplieHa
3a/1a4a peryJIMpOBaHUs IMapaMeTpoB pexkuma ( cM. 1. 5.2, 5.3 MeToauYecKux ykasza-
HUii). PaccunThiBaTh MOTEPU MOITHOCTH M DJICKTPOIHEPTUU CIEAYET TOJBKO IJIS pe-
YKHMOB, YIOBJIETBOPSIOIIMX HOpMaTvBaM Ha 00JIaCTh U3MEHEHUSI PEKUMHBIX IMapa-
MeTpoB. HeoOXoauMo BBIMOJHUTH COPTHPOBKY IIOJYYCHHBIX 3HAYCHHH IOTEPh
aKTUBHOW MOIIHOCTH B BeTBSIX AP B pexumax MakKCUMajdbHOH M MHUHHMMAaJIbHOMN
HArpy3KH CJIEIYIONUM 00pa3oM:

a) s Kaxaoi BeTBU B «MaccuBe BETBEH» yKaXKHTe €€ HOMHHAJIbHOE HampshKe-

HUE;

b) BeigenuTe BeTBM, oTHOCsAmMecs K moaensm JIDII u moxensm Tpancdopmaro-
poOB,

C) BBIYHCJIMTE CYMMY HArpy304HbIX moTeph MorrHoctd B JIDII u cymmy Harpy-
309HBIX TIOTEPh MOIIHOCTH B TpaHchopMaTopax KakIOro HOMHHAIBHOTO

HaIIpsKCHU A,
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d) BBIUMCIHTE CyMMY HOCTOSHHBIX IMOTEeph MomHocTH B JIDII u cymmy mocTosiH-
HBIX [IOTEPh MOIIHOCTH B TpaHc(opMaTopax KakJoro HOMHHAJIbHOIO HAIps-
HKEHUS;

e) ompenenuTe HAarpy304HbIC W MOCTOSHHBIC TIOTEPU MOIIHOCTH BO BCEU CETH H
CyMMapHbI€ IOTEPU MOIIHOCTH B KaXKJIOM PEKUME.

Jljis cocTaBiieHUsl CTPYKTYPhl IOTEPh MOLTHOCTU B Ka)JI0M M3 paccMaTpHUBac-
MBIX PEXUMOB HEOOXOIMMO BBIYMCIIUThH BEJIMYUHY Ka)KIOW COCTAaBISIOLIEH MOTEPH
MOITHOCTH B mponeHTax. 3a 100 % nmpuHUMAaroTcs CymMMapHblE€ MOTEPH MOIIHOCTH
JAHHOTO PEKUMA.

TexHuueckue NoTepu AMEKTPoIHEPTHH B dekTpudeckoi cett AW coctosT u3

Harpy304Hbx AW, M yCIOBHO-IIOCTOSHHBIX oTeph AW, .
AW =AW, +AW,.

[TpuOIMKEHHO YCIOBHO-TIOCTOSIHHBIE MOTEPU JIEKTPOIHEPTUU IO CETH B Iie-
JIOM, B CETH Ka)KIOro HOMHUHaibHOro Hampspkenus, B JIDII u tpanchopmaropax 3a
roJl paBHBI

AW, jom § = 8760AR, . jom

y-
rae AW, 5 j — YCIIOBHO-TIOCTOSIHHBIC TOTEPH di1eKTposHeprun B JIDII j-ro HomH-

HaJIbHOT'O HAIIPAKCHMA,

AP iy j — TOcTOsHHBIE notepr MowHocTH B JIOII J-ro HOMHMHAIBHOTO

HaIIpsKCHUS.

Y CII0BHO-IIOCTOSHHBIE TIOTEPH AJICKTPOSHEpruu B Tpancdopmaropax AW, .

ONpCACIIAIOTCS aHAJIOTHYHO.

Cymmnpyst AW, o 1 AW

y1p JJIsL ceTell BCEX HOMUHAIBHBIX HaIIpsAaKe-

HUM, ONIpeaeInuM AWy_11 JUIS CETU B LIEJIOM.
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Harpy3ounsie norepu snextposnepruu B JIDII 3a rog onpenenstorcs METOI0M
YHCJIa YaCOB HAaMOOJIBIINX MOTEPh MOUTHOCTH:

AW, 1511 § = K K AP, 111 57

W
rae K, — k03(hGHUIMCHT, YIUTHIBAIOIINKA BIUSHAEC MOTEPh B apMaType BO3AYIIHBIX
muauit (K, =1,02 ans BJI wanpsokennem 110 kB u Bbimie);
K, — ko3 duimeHT, yuauThIBAIOIINIA pa3indne B KOHGUTrypanusax rpadukoB ak-

THBHOW M PEaKTHBHON HArpy3KH pasnuuHbix BeTBeit cetn (K, =0,99);

AP, ;1511 j — Harpy304Hble noTepd MOMHOCTH B JIDII j-ro HOMUHAIBHOTO HAIpS-
KEHUS ITPU MaKCUMAJIbHOM Harpy3Kke CeTH;
T — YHUCJIO YaCOB HAUOOJBIINX NOTEPh MOLUTHOCTH 32 TOJ.
Harpy3ouHble moTepu 3JIEKTPO’HEPrMU B TpaHchoOpMaTopax 3a TOJ TaKkKe
OIIPENAEIAIOTCA METOIOM YUCIIa YaCOB HAaUOOJBILINX MOTEPh MOIIIHOCTH:

AW, =Kk.AP

HT utp j©

rae AP, ;— Harpy3o4Hble OTEPH MOLIHOCTH B TpaHChOpMaTOpax J-TO HOMUHAJIBHO-

ro HampsHKEHUs MPYU MaKCUMAJIbHOW Harpy3Ke CeTH.
Cymmupys AW, 5 j U AW, arpj AU CeTEHl BCEX HOMHHAJIBHBIX HAIPSDKCHUH,
onpenenum AW, 117151 CETH B LENOM.

[Ipu orcyTcTBUU rpaduka Harpy3Kd CETH 3HAUEHHWE 7 ompenessercs no ¢op-
MyJIe:

2
_ K2k g760,

cp

rae K, — ko3 duuenT 3anonHeHus rogoBoro rpaguka. k, =
max

31ech Pcp — cpenHss 3a ToA Harpyska cetu; P, — MakcuMallbHas Harpy3Kka CeTH.

Ipu oTcyTCTBUN IPaUKOB HAIPY3KH CETH CPENIHIONO HArpy3Ky P, omnpenemm

npuOIMKEHHO, KaK CpelHeapU(PMETHUECKYI0 MaKCUMaibHOU P, .. W MUHMMalbHOM
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P

min

Harpy3ok cetd. P .., P,

paBHBI CyMMeE Harpy30K BCeX IMOJICTAaHIIUN CETH B CO-
OTBETCTBYIOIINX PEKUMAX.

Hwxe mpuBeneHsl pacu€Thl CTPYKTYPHI IOTEPh MOIITHOCTH U DJIEKTPOIHEPTUH B
paccMaTpuBaeMOM MpUMepe AeKTpuueckont cetu (cm. puc. 10, 11). B tabdn. 19 3ane-
CEHBI pe3yJbTaThl pacuéra MoTeph MOIIHOCTH U3 Tabmui «MaccuB BEeTBEW», pacro-

JIO’KEHHBIX Ha ucTax «Hopwm cx Makc pexum», «Hopm cx MuH pexum peryit Uy.

Tabnuma 19. — Ilorepu MOIIHOCTH B 37I€MEHTaX HOPMAJIBHOU CXEMBI CETU

0603Ha- | Uyorm, V316l MakcumanbHast Harpy3ka | MuHuManpHas Harpy3Ka
AeHHe «B HAYaJo | KOHeIl APy, AP nocr, APy, AP et
MBt MBt MBt MBt
JIDI 220 1 2 1,067 0,208 0,655 0,210
JIDII 220 1 3 0,892 0,143 0,547 0,144
JIDIT 220 2 3 0,012 0,145 0,008 0,147
JIDII 110 5 7 0,083 0,004 0,052 0,004
JIDIT 220 3 4 0,157 0,216 0,095 0,220
JIDI 110 5 6 0,106 0,002 0,065 0,002
JIDI 110 6 7 0,001 0,003 0,001 0,003
Tpanc 220 2 5 0,008 0,136 0,005 0,138
Tpanc 220 4 7 0,010 0,134 0,006 0,137
Tpanc 110 6 8 0,027 0,052 0,017 0,053
Tpanc 110 8 10 0,003 0,000 0,002 0,000
Tpanc 110 8 11 0,012 0,000 0,007 0,000
Bcero 2,378 1,043 1,458 1,058

CymmapHas BeJIMYMHA TOTEPh MOIIHOCTH PEXHMMa MaKCUMAaJIbHON Harpys3ku
paBHa 3,421 MBT (2,07 % oT cymMapHON MakKCUMallbHOW Harpy3kH), B pEeKUME MHU-
HUMaJbHOW Harpy3ku — 2,516 MBT (1,91 % oT cymmapHOil MUHUMAaJIbHOW Harpys-
KH).

CtpykTypa noTepb MOLUTHOCTH B 3JIEKTPUUYECKOM ceTH aaHa B Tadui. 20, 21.
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Tabnuua 20. — CTpykTypa noTepb MOIIHOCTHU B 3JIEKTpUUecKoil cetr, MBT

Cetb

[Ipyr MakcuManbHOM HArpy3Ke

[Ipu MUHEMaIBHON HArpy3Ke

Harpysounsie notepu

IlocTossHHEIE IIoTCpHU

Harpy3ounsie notepu

IlocTtossHHEIE moTepu

Bcero Bcero
JIOI | tp-p | Cymma | JIDII | tp-p | Cymma | HOTEPU | JIDIT | tp-p | Cymma | JIDII | tp-p | Cymma | HOTCPH
220 xB 2,128 10,018 | 2,145(0,713 | 0,270 0,983 3,129 11,304 (0,011 | 1,315(0,721| 0,275| 0,996 2,312
110 kB 0,191]0,042 | 0,232 | 0,008 | 0,052 0,060 0,292 10,117 {0,026 | 0,143 0,008 | 0,053 | 0,061 0,204
Besicers | 2,318 [ 0,059 | 2,378 10,721 | 0,322 1,043 3,42111,422 10,036 | 1,458]0,729 | 0,328 [ 1,058 2,516
Tabnuna 21. — CtpykTypa noTeph MOIIHOCTH B JIEKTPUUECKOU ceTH, Yo
IIpyn MakcuManbHOM HAarpy3Ke [Ipu MUHEMaIBHON HArpy3Ke
Cetp Harpy3ounsie norepu | IlocrosiHHBIE mOTEpH Beero | Harpysounsie norepu | IlocTosiHHBIE HOTEPU Bcero
JOI | 1p-p | Cymma | JIDII | tp-p | Cymma | HOTCPH | JIDIT [ T1p-p | Cymma | JIDII | tp-p | Cymma | TOTEPH
220 kB 62,19 052 62,71[20,84| 791 28,75 91,46 151,85 0,43| 52,28]28,67 (10,94 | 39,60 91,88
110 kB 5,58 | 1,22 6,80 0,24| 151 1,75 8,54 466| 1,02 568 | 0,33| 2,10 2,43 8,12
Bescers | 67,77 1,74 6951|2108 | 9,41 30,49 | 100,00 |56,51| 1,45| 57,97 |29,00(13,04| 42,03 100,00

0S
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Ha puc. 17 npuBenena rpaduyeckas WUTIOCTPaLUs CTPYKTYPhl IOTEPh MOIII-

HOCTHU B DJIEKTPUYECKOU CETH.

MaxkcuMaIBHBIN peKIM

21,08 ® Harpyzounsre JIDII, %

B Harpyzounsie Tp-p,%
B TTocrosuurie JIDIL, %

B [TocTosuubpIe Tp-p, %
1,74

MuHUNManbHBIN PEXIM

13,04

B Harpyzounsie JIDII, %
B Harpy3ounrsie Tp-p,%o
W IToctosuurie JIDIL, %

29,00
26,51 ITocTosaHHBIE TP-p, %0

1.45

Puc. 17 — CtpykTypa noTepb MOIIHOCTH B 3JEKTPUUECKON CETH
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[Ipu pacuére noreps ANEKTPOIHEPTUH UCIIOJIb3YEM CYMMApPHYIO Harpy3Ky CeTu

B peXHMMax MaKCUMaJIbHOM M MUHUMAJIBbHON Harpy3ok (cM. tadn.9): P, =165 MBT,

Prin =132 MBrt. Cpengsist Harpyska pasHa P, =148,5 MBT.
148,5
Koabduuuent 3anonnenus rogosoro rpapuxa. K, = 165 =0,9.
Yucno 4acoB HanOOJIBIITUX oTeph MOIITHOCTH 3a
0,9+2-0,9%

Pe3ynbTraThl pacuéra TEXHUUECKUX MOTEPH 3JEKTPOIHEPTUU IPUBEACHBI B TA0I.

8760=7358,4 4.

22, 23.
Ta6nuna 22. — CTpyKTypa TEXHUYECKHUX MOTEPh AIEKTPOIHEPTUH B ceT, MBT-u
C Harpy3quLIe moTepu Y CIIOBHO-TIOCTOSIHHBIE IIoTCpHU Bcero
€Th
JIDI TP-p Cymma JIDII TP-p Cymma [OTCpH
220 kB | 15809,269 | 128,649 | 15937,918 | 6246,019 | 2369,114 | 8615,133 | 24553,050
110 kB 1417,690 | 303,786 | 1721,476 71,227 452,126 523,352 | 2244,828
Bes
CeTh 17226,958 | 432,435 | 17659,393 | 6317,246 | 2821,239 | 9138,485 | 26797,879

Tabnuna 23. — CTpyKTypa TEXHUUYECKHUX MOTEPh AIEKTPOIHEPTUH B ceTH, %0

c Harpysousbie motepu VY CIIOBHO-ITOCTOSIHHBIE TTOTEPU Beero
eTh

JI2I Tp-p Cymma JIDI Tp-p Cymma noTepu
220 kB 58,99 0,48 59,47 23,31 8,84 32,15 91,62
110 kB 5,29 1,13 6,42 0,27 1,69 1,95 8,38
Bea
CETh 64,28 1,61 65,90 23,57 10,53 34,10 100,00

Ha puc. 18 mpuBenena rpaduueckas WUTIOCTpAIUsl CTPYKTYPHI MOTEPh dJIEK-

TPOIHEPIUH B DJIEKTPUUYECKON CETH.




53

10,53 B Harpyzounste JIDIL, %
B Harpyzounsie Tp-p,%o

B Vemosao-moctosuusie JIDII, %
B YCIOBHO-IIOCTOAHHEBIE TP-P, %o

23,57

64,28
1,61

Puc. 18 — CtpykTypa TEXHUYECKHX NIOTEPh JIEKTPOIHEPTUU B DJIEKTPUUECKON CETH

[lepenauy 31eKTpOIHEPTUHU MOTPEOUTENSIM (MOJIE3HBIN OTITYCK) 3a TOJI ONpee-
JUM CIEAYIOLUM 00pa3oM.
Wi, =8760F,,.
OTIycK 2JIEKTPOIHEPTUH B CETh PABEH
Woe =Wy +AW
JJ1st paccMaTpuBaeMoro rnpuMepa moaydrM:
W, =8760-148,5=1300860 MBT-y;
W, =1300860+ 26 797,879=1327 657,879 MBT-u.
TexHuyeckue MOTEpH AIEKTPOIHEPTUU B IIIEKTPUUECKOW CETH 3a T'OJ PaBHBI
26 797,879 MBT-4, uto coctaBiisier 2,02 % OT OTIyCKa IEKTPOIHEPTHH B CETh.
OpHEeHTHPOBOYHBIE (CPEAHECTATUCTUUECKHUE) 3HAYEHUSI TIOTEPh DJIEKTPOIHEP-
TUU 10 OTHOLIEHUIO K OTIYCKY AJIEKTPOIHEPTHHU B CETh COCTABISIIOT M ceter 220

kB — 3,5 %, nns cereit 110 kB — 4,5 % [1]. [ToTtepu 31M€KTPOIHEPTUN B pACCMOTPEH-

HOoM npumepe (2,02 %) He MPEBHIIAIOT CPETHECTATUCTUICCKUX 3HAUYCHUN.
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6 PeMOHTHBIH PEKUM CETH

[Tpu mpoBeAeHNN TIIIAaHOBBIX U aBAPUUHBIX PEMOHTOB OTKIIIOUAIOT PEMOHTHUPY-
emoe 00opyJnoBaHUE U (POPMUPYIOT PEMOHTHYIO cxemy ceTd. [Ipu miaHupoBaHUH
PEXKUMOB paCcCMATPUBAIOT OTKJIIOYEHUE OJTHOTO JIOOOTO 3JIeMEHTa ceTu. B peMoHT-
HOM CXeMe€ CeTH CHIKAETCs MPOIMYCKHasi CIIOCOOHOCTh, YBEIIMYMBAETCS HArpy3ka Ha
OCTaBIIHMECS B pabouyeM COCTOSIHUM JIEMEHTBHI CETH. DTO MOYKET MPUBOJIUTH K HEJO-
MyCTUMOMY CHIDKCHUIO HAMPSsDKEHUSI y MOTPEOUTENeH, meperpy3ke 3JIeMEHTOB CETH.
HauGomnbiue npobiemMbl OyyT BO3HUKATh MIPU OTKIIOYEHUH HAauOoJiee HarpyKeHHO-
ro 3JieMeHTa ceTH (cM. Tabi. 15) B pexxuMe MakcuMalibHOM Harpy3ku. [[ns onpenene-
HUS OTKJIIOYAEMOT0 AJIEMEHTa MPOCMOTpUTe Tabil. 15 u BeiOepeTe Haubosee Harpy-
YKEHHYIO (B IIPOLIEHTHOM OTHOIIIEHUH ) BETBb.

Heo6xo1umMo BBIOJIHUTE KOPPEKIMIO MOJIENT HOPMAJIbHOM CXEMbI CETH U pac-
CUMTATh PEXKUM IPU MAKCUMAJIbHOW Harpy3ke cetd. [Ipu mcnonp3oBaHuM mporpam-
MbI «PexuM Sy KOpPpeKIusi MOJEIN CETH COCTOMT BO BHECEHUU MU3MEHEHUN B TaOJIu-
ny «MaccuB BeTBel» Ha JmcTax «Pem cx Makc pexum» u «Pem cX MHH pexum».
B03MOKHBI HECKOJILKO BApUAHTOB KOPPEKIIUU MOJIEH CETH, 00YCIOBIEHHBIE TTpUMe-
HsAeMbIMHU (HOpPMYJIaMH pacuéTa mapaMmeTpOB MOJICNICH 2JIEMEHTOB CETH:

a) OTKJIKYacMas BETBb — 3TO Mojelb ogHorenHoi JIDII. s eé oTkirode-
HUA B Ta0iuie «MaccuB BETBEI» B CTOIOIE «BKJI/OTKII» OCTABbTE €IH-
HUIlY TPOTUB BHIOPAHHOU BETBH;

b) orkirouaemasi BeTBb — 3TO Mojenb AByxuenHoi JIDII wnu nByx mapai-
JeIBbHO PpaboTarIMX JIBYXOOMOTOUHBIX TpaHchopmaTopoB. B sTom
ciyyae ISl MOJeIMpOBaHUsl OTKIOYeHus: oaHou uernu JIDII (omHoro
TpaHnchopMaTropa) HEOOXOUMO H3MEHUTH CONMPOTUBIICHUS U MPOBOJIH-
MOCTH 3TOM BeTBM B Tabimie «MaccuB BeTBei». ConporuBieHus R, u
X, YBEIMUUTH B 2 pa3a, a mpoBoaumoctu Gy, B, — ymeHbsmuTh B 2 pasa;

C) OTKJIt0oYaeMasi BETBb — 3TO OJHA M3 BETBEH MOJEIU TPEXOOMOTOYHOTO
Tpancopmaropa wim aBrorpancpopmaropa. (cm. puc. 14). B atom ciy-

yae HEOOXOAWMO OJTHOBPEMEHHO H3MEHUTh MapaMeTpbl BCEX BETBEH,
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BXOJIAIIIMX B COCTaB MOJIEJIM TaKOTO AjieMeHTa cetu. B Tabnune «Maccus
BETBEI». comportuBiieHus R, u X; BceX BeTBEH, MpPUHAJJICKAIIUX BbI-
OpaHHOMY TPEXOOMOTOYHOMY TpaHC(hOpMaTOpy WU aBTOTpaHcopma-
TOpY, YBEJIMUUTH B 2 pasa, a npoBoguMocT G;, B, — ymenbmts B 2 pa-
3a.

[To 3aBepiICHNIO KOPPEKIIMU MOJIEIIA CETU BBITIOJIHUTE PACUETHI PEKUMOB MPU
MAaKCUMAJIbBHOW M MUHHUMAJIbHOW HArpy3Kax W aHalii3 MOJYyYEHHBIX PE3yJIbTaTOB TaK,
KaK 3TO ObUIO CHI€JIaHO JIJIE HOPMAJIbHOM CXeMBI CeTH (cM. 1. 5.1 — 5.3 meToandeckux
ykazanuit). [Ipyu HeoOXOAMMOCTH BBINOJIHUTE PETYJIUPOBAHUE MApaMETPOB pexKUMA
PEMOHTHOM CXEMBI CETH MPU PACCMATPUBAEMBIX Harpy3Kax.

Paccmotpum npumep (GopMUpOBaHHS PEMOHTHOM CXEMBbI CETH U PacyEThI pe-
KUMOB TIPU MaKCUMAaJIbHON U MUHUMAJIbHOW Harpy3kax. B Tabm. 15 npuBeneHs! pe-
3yJIbTaThl pacu€ra HArpy3Kd BE€TBEM B HOPMAIBHOM CXE€ME MPHU MAKCHUMAaJbHOU
Harpy3ke. Haubosnee HarpykeHHON BETBbIO B HOPMAJIbHON CXEME SIBJISIETCSI BETBb 6 —
8. E€ makcumanbHass Harpy3ka cocTtaBisieT 39,6 % OT IIUTENbHO AOIYCTUMOM
Harpy3ku. BeiOpaHHas BeTBb 6 — 8 sBIsSIETCSl OJHOM M3 BETBEM MOJENM JABYX Hapali-
JenbHO paboTaromux TpéxoOMoTouHbIX TpaHchopmaTopoB mojacraniuu [IC B. K
MOJIEJIN 3TOr0 dJIEMEHTa CeTH OTHOCATCS Takxke BeTBU 8 — 10 u 8§ — 11. IIpu oTkItO-
YEHUU OJHOTO M3 JIBYX MapajuiesibHO paboTaronux TpEXOOMOTOYHBIX TpaHchopMa-
TopoB nojactaHiuu [1C B B peMOHTHOM pexume HeO0OXOAMMO KOPPEKTHpOBaTh Ma-
paMeTpbl TpEX BeTBel Mojenu Tpancopmaropa: 6 — 8, 8 — 10 u 8 — 11. Bug moaenu
PEMOHTHOM CXEMBbI CETH MOKa3aH Ha puc. 19. [lapameTpbl MOJI€TM PEMOHTHON CXEMBI
npuUBEACHBI B Ta0. 24.

Pacuérel pexXMMOB BBINOJHEHBI MporpamMMmon «Pexxum Sy mpu pasmeleHuu
MACCHBOB JIaHHbIX Ha jucTax «Pem cx makc pexum» u «Pem cx muH pexum». Pe-
3yJIbTaThl pacy€ra pexrumMa MaKCHUMaJIbHOW HArPY3KU PEMOHTHOW CXEMBbI IIPUBEICHBI
B Tabi. 25, 26. Pe3ynbrarhl pacuéra pexxumMa MUHUMATHHOW HArPy3KH HAXOASTCS Ha

mucre «PeM cX MUH pexum».
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Ta6nuna 24. — VicxonHbple JaHHBIE O TapaMeTpax BETBEH PEMOHTHOM CXEMBbI

BKJI/OTKIT | Nyuay Niow | Rs, OM | Xz, OM G;, Cm B;, CMm Ky
1 2 8,47 30,45 3,65E-06 1,82E-04
1 3 5,88 25,74 2,50E-06 1,58E-04
2 3 6,05 21,75 2,61E-06 1,30E-04
5 7 9,90 21,00 2,35E-07 1,35E-04
3 4 9,08 32,63 3,91E-06 1,95E-04
5 6 4,86 12,39 1,21E-07 8,25E-05
6 7 7,92 16,80 1,88E-07 1,08E-04
2 5 0,52 29,60 2,46E-06 -2,36E-05 0,526
4 7 0,52 29,60 2,46E-06 -2,36E-05 0,526
6 8 2,60 88,90 1,74E-06 -1,21E-05 1,000
8 10 2,60 52,00 0,00E+00 0,00E+00 0,091
8 11 2,60 0,00 0,00E+00 0,00E+00 0,335

Tabnuua 25. — PacuéTHble mapaMeTpbl pekUMa y3JI0B PEMOHTHON CXEMBbI CETH MPHU

MAaKCHMAaJIbHOW Harpy3Kke

Hanpsxenne Momnocts KY
Ny MOIyJIb, yrou, Pxy, Qxky,

kB rpaju. MBT MBgap
1 242,000 0,00 0,000 0,000
2 235,683 2,21 0,000 0,000
3 236,466 -2,07 0,000 0,000
4 233,770 -2,91 0,000 0,000
5 123,380 -3,05 0,000 0,000
6 122,058 -3,70 0,000 0,000
7 121,944 -3,78 0,000 0,000
8 116,745 -9,02 0,000 0,000
10 10,617 -10,11 0,000 0,000
11 39,009 -8,96 0,000 0,000
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Ta6numa 26. — PacuérHble mapaMeTphl pekrMa BETBEH CEeTH MPU MaKCHMAJIbHOM Harpy3ke

B PEMOHTHOU CXEME CETH
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[Torepu MouHOCTH

HOTepI/I MOIIHOCTH

N N Hauano BerBu | KoHen BeTBu L KA Harpy304Hble IIOCTOSIHHBIE
P, Q, P, Q, ’ AP, AQ, AP, AQ,
MBT | MBap | MBt | MBap MBT MBgap MBT MBgap
1 2 80,55 | 23,90 | 79,28 | 30,47 | 0,204 1,059 | 3,809 | 0,208| -10,384
1 3 87,86 | 28,78 | 86,83 | 33,97 | 0,224 0,886 | 3,878| 0,143| -9,067
2 3 -8,19| -979| -835| -2,59| 0,025 0,012 | 0,042| 01145| -7,245
S 7 10,79 | 2,38 | 10,71 | 4,23 | 0,053 0,083 | 0,177 | 0,004 -2,031
3 4 28,48 | 6,38 | 28,11 | 16,61 | 0,075 0,153 | 0551| 0,216 | -10,780
S 6 16,54 | 6,13 | 16,43 | 7,12| 0,084 0,102 0,260 0,002| -1,242
6 7 1,33| -061| 1,33| 1,00| 0,006 0,001| 0,002| 0003| -1,607
2 S 27,47 | 10,26 | 27,33 | 851 | 0,070 0,008 | 0441| 0,137 1,313
4 7 28,11 | 16,61 | 27,96 | 14,77 | 0,079 0,010| 0,551| 0,134 1,291
6 8 15,10 | 7,72| 1502 | 5,85 0,080 0,050 | 1,696 | 0,026 0,180
8 10 500 084| 500| 0,75| 0,025 0,005 | 0,098 | 0,000 0,000
8 11 10,02 | 5,00 | 10,00 | 5,00 | 0,055 0,024 | 0,000 0,000 0,000

89
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Jlist conocTaBieHus: pabo4yuX MapaMeTpoB PEKUMOB PEMOHTHOM CXEMBbI

C UX IIPCACIIbHO JOIMTYCTUMBIMH 3HAUYCHUAMU COCTABJICHBI TabI. 27, 28.

Tabnuna 27. — Pabouue 1 10MyCTUMbIE HAIIPSIKEHUS y3JI0B B PEMOHTHOM cxeme

Pexxum MakcuMainrHOU PexxuMm MUHUMAIBLHOU
Harpy3Ku Harpy3Ku
UHOM!
Ny, HaunmenoBanue <B
Umin J1011 U pabs Umax itit) Umin JI0M U pabs Umax 1013

kB kB kB kB kB kB
1 | OCl1. CII 220 kB 220 242,000 252,0 242,000 252,0
2 | IIC A CII 220 kB 220 235,683 252,0 237,276 252.0
3 |IICT CII 220 kB 220 236,466 252,0 237,940 252,0
4 | TIC b CII 220 kB 220 233,770 252,0 235,861 252,0
5 |IICACII110B 110 123,380 126,0 124,325 126,0
6 |IICBCHI110 B 110 122,058 126,0 123,215 126,0
7 |[TICBCII110B 110 121,944 126,0 123,227 126,0
8 | Moxenpb TpaHc. 110 116,745 126,0 117,727 126,0
10 | TICB CII 10 kB 10 10,5 | 10,617 12,0 10,642 10,0
11 | IIC B CIII 35 kB 35 36,8 | 39,009 40,5 39,354 40,5

Ta6numa 28. — Toku BeTBeli B pEMOHTHOM CXeMe dJIEKTPUUECKOMN CeTH

Pexxum MakcuMmanpHON | PexxuM MUHMMAaNbHOU
Tum Y3161 BETBH LA Harpy3Ku Harpy3Ku
B N e | Nuow | | e A | e ons % | Tpaon A | lpnl Lo %
I 1 2 610 204 33,5 161 26,4
JIp 1 3 690 224 32,5 176 25,5
Js 2 3 610 25 4,1 21 3,4
T4 5 7 445 53 11,9 42 9,4
Js 3 4 610 75 12,3 59 9,7
Js 5 6 510 84 16,4 67 13,2
JI7 6 7 445 6 1,4 6 1,3
IICAB-C| 2 5 408x2 70 8,6 56 6,8
I1C b B-C 4 7 408x2 79 9,7 63 7,7
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ITponomkenue Tabdi. 28

PexxuM MakcumabHOM PexxyuMm MuHUMAIILHOM
Ty V31161 BETBU
Lo, A Harpy3Kku Harpy3ku
BETBU

N Hay N KOH Ipacm A Ipac-il I/:Lon, % Ipacu’ A Ipac-il I,ELOHa %
I1C B BH 6 8 105 80 75,9 67 63,8
[1C B HH 8 10 105 25 23.9 23 22,0
IIC B CH 8 11 105 55 52,8 44 41,8

[Tpumeuanue: [Ipu onpeneneHuu |y, yauTsiBaeTcs yucio napamienpHbix neneit JIDI u uncno ma-

paJUIeTIbHO BKIIOUEHHBIX TPAHC(HOPMATOPOB.

W3 tabn. 27 BUIHO, YTO HEOOXO0IMMa KOPPEKLIHs pab0Yero HanpsKeHUs B y3iie
10 B pexxumMe MUHUMAaIbHOUN Harpy3ku. /s aToro cieayer u3MeHuTh KO3 PUIIMEHTHI
Tpanchopmaryu B BeTBsix 8 — 10 u 8 — 11. Ilpu nepexmtouenuu PITH tpéxoOmMoTou-
Horo TpaHcpopmaropa IIC B ¢ orBerBinenus 0 Ha oTBeTBIEHUE 4 U COOTBETCTBYIO-
IeM U3MEHEHUH K03 (UIMEHTOB TpaHcpopmanuu padboyee HampspkeHue B yzie 10
paBHO 9,935 KB, 4TO COOTBETCTBYET OTPAHUYECHHUSIM.

PaGouune Toxu BeTBei (CM. Taba. 28) B pEMOHTHOM CXeMe HEe MPEBBIIAIOT J10-

IYCTUMBIX 3HAYEHUU [TPU MAKCUMAIIBHON 1 MUHUMAJIbHOM HAarpy3Kax.

/ BbIBOABI IO MPOEKTY

[Ipu hopmHpoBaHNY BHIBOAOB (3aKIIOUEHUS) YKAXKHUTE CIIETYIOIIEE:

® KakuWe CXEMbl U PEKHUMbI PACCMOTPEHBI B paboTe. YKaKUTE BEIUUUHY
CYMMapHOW Harpy3ku B 3TuUX pexumax. Onuimre coctaB 000py0BaHUs
B HOPMaJIbHOM U PEMOHTHOM CXeMax;

® OLICHUTE PE3YNbTAThl PACUETOB PEKUMOB B HOpMasbHOU cxeme. CooT-
BETCTBYIOT JH paldouue MapaMeTpbl PEKUMOB JOIYCTUMOW 00JIacTu.
OnuimmTe MEPONPUATHUS sl BBOAA PEKUMOB B JOIYCTUMYIO 00JIaCTh;

® OILICHUTE PE3yJbTaThl PaCYETOB PEKUMOB B peMOHTHOH cxeme. CooTBeT-
CTBYIOT JIU pabouyme mapaMeTpbl PeKUMOB JOMyCTUMON obnactu. Onu-

MATEC MCPOIIPUATHUA AJId BBOAA PCKUMOB B JOIIYCTUMYIO 06JIaCTB;
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® [PUBEAUTE PE3YJIbTAThl PACYETOB MOTEPH FIEKTPOIHEPTUU B dJICKTpUUE-
ckoit cetu. CrenaiiTe BBIBOJ O COOTBETCTBUM PACUETHBIX BEIUYHUH I10-

TEPb IEKTPOIHEPTUH CPEAHECTATUCTUUECCKUM BEIIMUMHAM.

8 Odgopmitenne KypcoBoro npoekra

KypcoBoii npoekt odopmiisieTcsi B BUI€ MOSCHUTENBHON 3alUCKU U Tpaduue-
CKOM yacTu U3 TpExX ueprexei. 3anucka (o0bemoM 110 40 ¢. TeKCTa) COCTOUT U3 He-
CKOJIbKUX pa3zenoB. [IpaBuiia oopmieHrs NOSICHUTEILHON 3alTUCKH, PEKOMEH AN
M0 COAEPKAHUIO €€ OTIEIbHBIX PA3/EJI0B YCTAHOBJIEHBI B HACTOSIIEE BpEMs MpPHUKa-
30M pektopa I'TY Ne 242 or 16.12.2020.

[TosicHuTenbHAS 3alUCKa JOJKHA COJIEPkKATh TUTYJIBHBIN JIUCT, 3aIaHUE C HC-
XOJIHBIMHU JaHHBIMH, COJIEpP>KaHHE, BBEJECHUE, OCHOBHYIO YacTh, 3aKJIIOUeHHE, OUO-
nuorpaduyeckoe onvcanue. VIcxoaHble TaHHBIE U PE3YJIbTaThl PACUE€TOB PEKUMOB Ha
OBM moryT ObITh IPUBEACHBI B TPUIIOKEHUH.

I'paduueckas yacTh MPOEKTA BBHIMOJHICTCS HA OTACIBHBIX JUCTax Al.

Ueptéx Ne 1. [IpuHnunuaibHble CXeMbl JIEKTpUYecKkoil cetu. Ha aTom mucre,
YCJIOBHO Pa3/eJIEHHOM IOIO0JIaM, IPUBEAUTE HOPMAJIBHYIO CXEMY U PEMOHTHYIO CXe-
My.

Ueptéx No 2. Cxembl 3aMeNIEHUsS] HOPMAIbLHOW CXEMbI CETH, NapaMeTphl pe-
)KUMOB ceTu. Ha 3TomM mnucrte, yCIIOBHO pa3iei€HHOM MOMOJIaM, MPUBEIUTE CXEMBI
3aMEIIECHUs ¢ YKa3aHUEM YMCIICHHBIX 3HAYECHUI MapaMeTpOB CXEMBI ISl pacyéra pe-
KUMOB MAaKCHUMaJbHOW U MUHUMAJIBHOM Harpy3ok. Ha 3Tu cxeMbl HaHECUTE HaIpas-
JICHUSI TIOTOKOB MOIIIHOCTH TI0 BETBSAM M MX YHCJICHHbIC 3HAUCHUS, 3HAUCHUS HaIpsI-
JKEHHUU B y3J1aX CXEMBI.

Ueptéx No 3. CxeMbl 3aMelIeHUsI PEMOHTHOM CXEMBbI CETH, apaMeTPhbl PEKHU-
MOB ceTu. Ha 3ToM smcTe, yCIOBHO pa3/eIieHHOM MOMNojaM, IPUBEAUTE CXEMbI 3a-
MEILEHHS C YKa3aHHEM YHCJIICHHBIX 3HAYEHUN MapaMeTpoB CXEMbI JJisi pacd€Ta pe-

)KMMOB MAaKCHMaJIbHOM ¥ MMHHUMAaJIbHOMN Harpy3oK. Ha »Ttm cxembl HaHecure
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HarpaBJICHUA IMOTOKOB MOIMHOCTH IO BETBAM W HX YHCJICHHBIC 3HAYUCHMSA, 3HAUCHUS

Hal'[piDKeHHﬁ B y3JIaX CXCMBI.
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