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JlabopaTopHas padora Ne 3
NCCJEJIOBAHME DJIEKTPUYECKON PACIIPEJIEJIUTEJILHOM CETH

Ileny  padbomwr:  nayuumvca  cocmaenamv  mpéxgaznvie  mooenu
INEeKMpPUUecKux cemeil, O0CGOUMb NPUEMbl MOOETUPOCAHUA IJIEKMPUUECKUX
cucmem pacnpeoeiumenbHplx cemeil.

3.1. MoaeaupoBaHue 3JIEKTPUYECKOM pacnpeieuTeJbHON ceTH

PacnpenenurenbHbIMA CETSIMH Ha3bIBAIOT CETH, K KOTOPBIM IPUCOEAUHSIOTCS
noTpeduTeNn eKTpodHeprun. HanpsbkeHune Takux ceTtel, Kak MpaBuilo, COCTABISAET
20 xB. K nuraromumM ceTsiM OTHOCAT CETHM ¢ HOMHUHAJIBHBIM HampspkeHueM 35 kB u
BBIIIIE.

B HEKOTOpBIX CiydasX HaNpsyKEHUE B CETH MOXKET cocTaBiATh 35 u 110 kB u3-3a
UX Pa3BETBIECHHOCTH, IO3TOMY OHM MOTYT Ha3bIBaTbCS PaCIpeIeIUTEIbHBIMU.

B Hacrosimiee Bpemsi OONBIIMHCTBO TMOTPEOUTENEH JIIEKTPUUECKONW DSHEPIrUH
nutatorcst ot cereit 10 (6) wiu 0,4 kB, mo3TOMy Takue CETHM HaAXOISTCA B 30HE
IPUCTATBHOTO BHUMAHHS.

Jist uccrnenoBaHus Tpenjaraercss NPUMEHUTh TpEx(daszHyo KOHPUTYpaIUio
pacnpenenuTeNbHON AIeKTpuuecko cetu (puc. 3.1).
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Puc. 3.1. Bun tpéxdasznoii pacnpeaenutenbron cetu: I'TIT — rmaBubIi
MOHU3UTENBHBIN TpaHnchopmaTop; PT1-PTS — pacnpenenurenbHbie
TpaHchopMaTopsl



Tpéxdaznas cerp (puc. 3.1) sBASETCS CETHIO MaruCTPajlbHOrO THMA C
Hanpspkenrem 10 kB. Ilotpebutenu (A, b, B, I') nony4aroT nutaHnue oT MmITH ceTen
Hanpspkenuem 0,4 kB, koTopele yepe3 pacnpeaenurenabbie TpanchopmaTopsl PT1—
PTS nopxiitoueHbl K OCHOBHOM MarvcCTpaiu.

[Ipu cocraBiaeHMM UMUTAIIMOHHOM MoJenu JaHHOW TpéxdaszHoU ceTu
MOTPEeOYIOTCS CIAEAYIONIUE FTIEMEHTHI.

1. 3-Phase Source — wucTtoyHMK TpPEX(PA3HOTO MEPEMEHHOTO HANPSIKCHHUS.
DJeMeHT pacroliokeH B Oubimoreke Sim Power Systems B oapaserne HCTOYHUKOB
nutanus Electrical Sources. OH comepXKUT HACTPOWKH JCHCTBYIONIETO 3HAYCHUE
JUHEHHOro HanpspkeHus (phase-to-phase rms voltage), wacrotsl (frequency), cxemy
coenuHenus ¢a3 ucroyHuka (internal connection). [IpuMeHUMBI BUIIBI COETMHEHMIA:
Y — 3Be3nga; Yn — 3Be3fa C HYJNEBbIM NPOBOAOM; Yg — 3Be3da C 3a3eMJICHHOU
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2. Three-phase Transformer (Two Windings) — 1ByXxoOMOTOYHBI
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[TapameTpsl 6510Ka: MOJHAsT HOMHHAJIbHAST MOIIHOCTh M YacToTa (nominal power
and frequency); cxema coeauHeHuss mnepBuyHO o0MoTkM winding 1 (ABC)
connection, eé aktuBHoe R1 wu wmHIykTHBHOE comportuBieHus L1. Ilapamerpsl
AJIIEMEHTA 3aJal0TCs, KaK MPaBUJIO, B OTHOCUTENBHBIX (0e3pa3MEpHBIX) BEIHMYMHAX
(anrnmiickoe obo3HaueHue P.u.).

ITepeBoxa u3 cuctembl CU B OTHOCUTENBHBIE P.U. €IUHUIIBI JJIs1 COMPOTUBJICHUHN 1
WHIYKTUBHOCTEHN MPOU3BOJIUTCS MO CIEIYIOIIUM BBIPAKEHUSIM
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rne U — HOMHHaNIBHOE HampspkeHne oOMOTKH Tpancdopmaropa, kB; S — momnas
HOMHWHAJIbHAs MOIIIHOCTH TpanchopmaTopa, MBA.




Jns  BTOpuyHOM OOMOTKM TpaHchopmaTopa MNPUMEHUMBI CIEIYIOLIUE
napameTpbl: JEHCTBYIOUIEE 3HAUEHUE MEXIYy(Pa3HOTrO HaINpSKEHUs MEPBUYHON
oomotrku (Winding 2 parameters), axkTUBHOE compoTuBieHue R2 u
MHIYKTUBHOCTh L2 BTOpMYHON OOMOTKHM; cxeMa coeAuHeHUs (a3 BTOPUYHOU
00OMOTKH
(winding 2 (abc) connection).

3. 3-phase  Series RLC Branch - tpéxdasusiii RLC-konTyp ¢
MOCJIEIOBATENbHBIM COECIUHEHUEM 3JIEMEHTOB. DJIEMEHT CHCTEMbl HAXOIUTCS B
oubarorexke Sim Power Systems B nmoapaszaene Elements. Ero xapakrepuctuku
aHamornysbl 070Ky Series RLC Branch. Dtor 6510k moaenupyet yuactku JIDII.

E Simulink Library Browser — - —

File Edit Miew Help

0O = | Enter search term - #4

- | EDA Simulator Link
- i| Embedded Coder
+E Fuzzy Logic Toolbox
- E Gauges Blockset
- E Image Acguisition Toolbox
- E Instrument Control Toolbox
- E Model Predictive Control Toolbox
+-E Neural Network Toolbox
- | OFC Toolbox

E Real-Time Windows Target
- E Report Generator
- E Robust Control Toelbox
+- B simEvents

+- g SimRF

= E Simscape

+ Foundation Library
+ - Esiml}ri\fehne

+ - ESimEladrunics
+ - ESimHydraulics

Three-Fhase M-
utual Inductan...

Three-Fhase Fl
Section Line

Three-Fhase P-
arallel RLC Br...

Three-FPhase
arallel RLC Lo

e

] |3

fm e

Three-Phase §-
eries RLC Load

Three-Phase Tr-
ansfarmer (Thr...

Three-Phase Tr-
ansformer (Tw...

Three-Phase Tr-
ansformer 12...

Libraries. Library: Simscape/SimPowerSystems/Elements | Search Results: (none) | Most Frequently Used Blocks |
| T Sinks L o
- ——— istri - i
" . Breaker Connection Port  s—e—=s S'S‘”b”t“ g -4 Ground 5'””’?'"9
- User-Defined Functions sl —— arameters Line = ransformer
i [ Additional Math & Discrete = U Multiwingi o N ‘ “ Farallel RL.
H =|=. inear ulti-winding . 3 utua v o o arallel c
+ : E Aerospace Blockset Elﬁ: Transformer Transformer % Inductance Meutal % Branch
+- E Communications System Toolzox
+ E Computer Vision System Toolbox _%_ Esradllzl RLC . Pi Sedtion Line 3}! ?stur:b\z AT :EliE;FlLC [T T Ezn:s RLC
E Control System Toolbox s E ranstormer ran o=
e 18 D3P system Toolbox a—lll— o Surge Amester Three-Phase :i@ Three-Phase " Three-Phase Three-Phase
-~ 98| Data Acquisition Toolbox H Breaker I DynamicLoad X Fault Harmonic Filjs

Three-Phase Tr-
ansformer Ind

Zigzag Phase-5-
hifting Transfo

5
vEll e =

m

= TlSimPowersystems
i [#- Application Libraries
-~ Electrical Sources

" Three-Fhase 5-

Three-Phase Tr-
ansformer Ind...




F i
W Simulink Library Browser E@g

File Edit View Help

D ﬁ"' »»  Enter search term

Libraries Library: Simscape/SimPowerSystems/Elements | Search Results: (none) Most Frequently Used Blocks

- = Bresker @O Connedtion Port + : Distributed
User-Defined Functions b t————r  FErameters Line

Additional Math & Discrete

Grounding | Linear
E]"E Aerospace Blockset Ground Transformer 3'.3: Transformer
[]—-E Communications System Toolbox -

[]—-ﬂ Computer Vizion System Toolbox
ﬂ Control System Toolbox

o
-4
- i DSP System Toolbox Farallel ALC
El=

Multi-Winding
Transformer

Mutual v
Inductance Neutrsl

Parallel RLC
Load f =« 1

Pi Section Line

ﬂ Data Acguisition Toolbox Branch
- i EDA Simulator Link

E]"E Embedded Coder ?atun:ble grEliE;RLC Eﬂldes RLC
ransformer ran o8
[]—-E Fuzzy Logic Toolbox
E Gauges Blockset Three-Fhase Three-Phase
E Image Acquisition Toolbox ol Suge Anester Breaker Dynamic Load
E Instrument Control Toolbox ]
_— i 5\ Three-Phase Three-Phase Three-Fhase M-
E Wodel Predictive Control Toclbox ] Fault Harmonic Filter utual Inductan...
- 1] Neural Network Toolbox
E OPC Toolbox * h [ ThreeFhase PI Three-Fhase P- Three-Fhase F-
Section Line arallel RLG Br.. arallel RLC La...

E Real-Time Windows Target
E Report Generator

Three-Phase 5- Three-Phase S- Three-Phase Tr-

E Robust Control Toolbox eries RLC Bra... eries RLC Load ansformer (Thr..
[ZI--E SimEvents - ~
[]..E SimRF Three-Phas| gl untitled * Elﬂlg
. ansformer |
= simscape File Edit View Simulation Format Tools Help
[#- Foundation Library Three-Phas|
(- T/ SimDriveling E snsformer 1y | | =EE | & B2 | &= 4 |D Ql b = I'Iﬂ‘.ﬂ
- i SimElectronice n
- Tgh| SimHydraulics i
[+ gl SimMechanics
=- ﬁ SimPowerSystems
Application Libraries ala =|A z|°
Electrical Sources Il o
olp ko
Elements cla
Extra Library
. o|lC c|a
nterface Elements Three-Phase Source i g =
Three-Phaze
Transformer
i Power Electronics (Two Windings)
- Utilties o[& Zla
&1~ I Simulink 30 Animation el i |-
- | Simulink Coder =|C Cle
imuli i Three-Phase
- Simulink Control Dy . 5
i ﬂ i =ontrelesin Series RLC Branch
[]—-ﬂ Simulink Dezign Optimization T i
- | Simulink Design Verifier
Read: [100% oded5
- Tl Simulink Extras L d | | | )

4. 3-phase Series RLC Load—rpéxdasnas RLC-narpy3ka



MOCJICIOBATCILHOIO COCIMHEHHUS DJIEMEHTOB. BIIOK HaxoauTcs B OnbnmoTexke B

nojipaszerne.

E Simulink Library Browser

=R X |

i~-User-Defined Functions
i--Addi‘tiunaI Math & Discrete
Aerospace Blockset
Communicatiens System Toolbox
Computer Vision System Toolbox

frrTrsrrr s sy oLy

Control System Toolbox

DSP System Toolbox

Data Acguisition Toolbox

EDA Simulator Link

Embedded Coder

Fuzzy Logic Toolbox

Gauges Blockset

Image Acguisition Toolbox
Instrument Control Toolbox
Model Predictive Control Toolbox
Meural Network Toolbox

OPC Toolbox

Real-Time Windows Target
Report Generator

Robust Control Toolbox
SimEvents

+- gh| SimRF

—E Simscape

+- Foundation Library

<. Tl SimDriveline
%--ﬂSimEledrunics

+ E SimHydraulics
+- W SimMechanics
—|- Y| SimPowerSystems

=

11- Application Libraries
- Electrical Sources

‘*r.m—a Library

m

i Interface Elements
~Machines
~ Measurements

. Power Electrenice
- Utilities:
+- | Simulink 30 Animation
+- | Simulink Coder
+ 'G Simulink Control Design
+G Simulink Design Optimization
+E Simulink Design Verifier
+- Wl Simulink Extras

File Edit View Help
0 = | Enter search term .
Libraries

é"“SII‘IkS N

- Sources

Three-Fhase Pl
Secticn Line

Three-Fhase P-
arsllel'R

Loy

Three-Phase 5-
eries RLC Bra...

Three-Phase 5-
eries RLC Load

H

Three-Phase P-
arallel RLC Le...

Library: Simscape/SimPowerSystems/Elements | Search Results: (none) Most Freguently Used Blocks
I 20 Breaker @O Connection Port ——, Distribuled .
L e Parameters Line

€L
' Grounding |E Linear
— Ground ko ;
- redn Transformer :3 [ Transformer
_ X o
! Multi-Winding . ) Mutual Neutral
Transformer . . Inductance
Parallel RLC Parallel RLC . . .
.%u Branch H%E Load L= I PiSedtion Line
- . Saturable T Series RLC =T Series RLC
EE: Transformer i ke Branch i e Load
N 1 Three-Fhase I Three-Fhase
| _"“l 8 Surgs Amester .. Breaker _ Dynamic Load
Three-Fhase Three-Fhase :H: [ Three-Phase M-
Fault Harmonic Filter | utusl Inductsn. ..

Three-Phase Tr-
ansformer (Thr...

21 Threpom——= P
Iﬁ'.. snsfl W@l untitled * P
- Thre | File Edit View Simulation Format Tools Help

g f = ,

: TN sEE & = » = fioo  [Now

Alo

|||—(C|-”| l'fJﬁ[LB o
Z|o
Three-Phase Source

o o o
o o

Three-Phase
Series RLC Branch

A a
C 'q \Irgl:

Three-Phase
Transformer
(Two Windings)

=S [
Three-Phase
Series RLC Load

Hapsiny ¢ nepeurcieHHbIMU 3J€MEHTaMM JIJI1 MOJEIUPOBAHUSI HYKHbI OJIOKH
JUTS I3MEPEHUS JICUCTBYIONIMX 3HAYCHUN HanpspkeHus: (RMS).
B mpomecce momenwpoBaHus yHOOHO TMONB30BATHCA CyOCHTEeMaMmH, T.€.

o0BeIMHATH OJIOKK B OAuH OJOK. J[7s1 3TOrO MCMONIb3yeTcsl CIeNUalbHbIN OJ0K

nojcucteM (Wi Subsystem), kotopwelid sBisieTcs 4acthio Simulink-mozenu, B
BHUJIC OTJICILHOTO 0JI0Ka, uMeromiero cBou Bxo el (INport) u Berxozasr (Out port).
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VY 100cTBO UCTIONB30BAHUS TAKOTO OJIOKA MPU MOICIMPOBAHUH 3aKIF0UACTCS
B CJICAYIOIIEM:

1) yMmeHbIaeTcsi KOJWYECTBO OTOOpakaeMbIX OJIOKOB B paboueii olOusactw,
9T0 00JIerdaeT BOCIPUSITUE BCEH MOJIEIN;

2) uWMeeTcs BO3MOXHOCTh COOWpATh M HACTPaWBaTh OTACIBHBIC YaCTH
MOJIEINIH, YTO 00JIerdaeT TEXHOJIOTHI0 COOPKHU MOJIETIH;

3) mosIBISETCS BO3MOXKHOCTH JUISL CO3JaHHS COOCTBCHHBIX OHOJIHOTEK
AJIIEMEHTOB.

[lomcucrema cBsi3aHa C OCHOBHOM MOJENBIO TMOCPEICTBOM JIMOO CHIIOBBIX
moptoB Bxoma (Inport) m Beixoma (Out port), mmubo aHATOTHYHBIM WM
W3MEPUTETBHBIX MOPTOB. [Ipy BCTaBke B MOACHCTEMY 3THUX MOPTOB MPOUCXOUT
aBTOMATHUYECKOE OTOOpaKEHUE Ha3BaHUS M HOMEpa MOpTa Ha BHEITHEH CTOPOHE
(BepxHEM ypOBHE) OJI0Ka MOJCUCTEMBI.

Co3nmanre MOJCUCTEMBI TPOUCXOTUT TIOCPEJCTBOM BBIJCICHUS KaKOW-TO
JacTH MOJEIM W BbIoJHEHUS komaHubel: Create Subsystem w3 menio Edit. B
pe3ynbTaTe BBIACICHHBIA (PparMEHT 3aMEHSETCS OJHUM OJOKOM TIOJCHUCTEMBI C
COOTBETCTBYIOIIMMH TOpTaMu. HaxaTwe MbIIbi0 Ha OJIOKE HOBOW TMOJICHCTEMBI



OTKPOET €€ COAEPKUMOE B HOBOM OKHE. A 3TO MO3BOJIMT padoTaTh C
COJIEP)KUMBIM OJIOKA KaK C OTAEIbHON MOJEINbIO, MPOU3BOMSI COOTBETCTBYIOIIME
pEAaKTUPOBAHMSL.

[Ipu BbIMOJHEHHMHM JA0OpPAaTOPHOM pPabOTBI B  KAueCTBE MOJCUCTEM
UCIIOJIb3YIOTCS ceTu HampsikeHueM 0,4 xB. BpIxoaHBIMH MapaMeTrpamu OyayT
BBICTYIaTh JEHUCTBYIOLME 3HAYEHUsI HaNpspkeHus B Havase cety (UN) u B KOHIE
(UK) muamm.

[Ipumep moacucTemsl ydyacTka ceTu ¢ Hanpsbkenuem 0,4 kB U ¢ 4eTbIpbMs
Harpy3kKamu IpeacTaBieH Ha puc. 3.2.
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Puc. 3.2. Mognenb yyacTka ceTy B BUAE IoACUCTEMBI ¢ HanpsikeHuem 0,4 kB.

3.2. TlopsiioK BHINMOJTHEHUS PAdOTHI



1. 3anyctute nporpammy Mat Lab u otkporite 6ubarorexy Simulink.

2. Co3paiite HOBBIH (aiin Mmoaenu komanaoi: File/New/Model.
3. Otkporite B Simulink moxpasaen s MoaenupoBaHus TpEXQPazHBIX

CHCTEM DIIEKTPOCHA0KEHUS U T00aBbTE HYX HbIe 3NieMeHThl u3 Simulink B okHO
CO3JIaHHOM MozeNu i1 MojearpoBanus yactu cetu 0,4 kB (cm. m.ao. 3.1).
4. B COOTBETCTBUU CO CBOMM BapHaHTOM, BhIOEpUTE MapaMeTphl MO TadIl.
3.1 m 3.2. Paccuuraiite NOJIHBIE 3HAYEHUS CONPOTHUBJIEHUS W IPOBOIUMOCTH
y4acTKOB ceTu ¢ HampsbkeHueM 0,4 kB, ompenennTe MOLIHOCTh HArpys3ok,
3a/1aiiTe mapameTpbl 3JIEMEHTOB, COEIMHUTE OJIOKH TaK, Kak Ha puc. 3.2.
Tabnuya 3.1

ITapaMeTpbl 2J1eMEHTOB pacnpeleauTeIbHOH CeTH

[Tapametp Bapuant
0 1 2 3 4 5 6 7 8 9
JlnuHa yqacTka
cetu 0,4 kB, m
4 10 50 45 15 35 25 20 40 35 10
I 25 10 20 15 15 10 20 10 10 45
I3 15 20 10 20 20 25 10 15 5 15
l4 10 15 5 10 10 5 15 15 10 20
VaensHoe 0,63+),297
COTNPOTHBIICHUE
MIPOBOJIOB CETH
0,4 xB, OM/kM
MouHoCTh
AKTUBHOM HArpy3KH
cetu 0,4 kB, kBT
A 30 20 24 24 28 24 21 17 22 21
b 22 24 20 18 20 18 20 20 25 20
B 24 17 24 20 28 20 19 21 15 17
I 18 21 18 14 18 14 15 15 18 19
Koaddumuent
PCaKTUBHOM
MOII[HOCTH B
Harpyske:
A 0,80 | 0,73 | 047 | 0,73 | 0,47 |0,73 |10,73 | 0,47 | 0,80 | 0,78
b 088 (0821|0708 1]0731]0821]0821]0,78|0,88 | 0,88
B 0,47 | 060 | 0,88 | 0,60 | 0,60 | 0,60 | 0,60 | 0,88 | 0,47 | 0,60
r 0,73 1082|060 (08 |08 (088 |082]|060]0,73|0,88
MoIIHOCTh
PT, kBA 400 | 630 | 400 | 400 | 630 | 400 | 630 | 400 | 400 | 630

Mopenb paccMaTpuBaeMOU 3JIEKTPUUYECKON CETH MTPEACTABIIEHA HA puc. 3.3.
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Tabnuya 3.2

ITapameTpsbl 3J1IeMEHTOB MU TAIOLICH CETH

[Tapametp Bapuanr
0 1 2 3 4 5 6 7 8 9
JlniHa yyacTka
JIDII 10 kB, km
Is 24 | 15 2,5 2,0 11 2,8 2,4 2,2 20 | 2,0
I 395 | 20 1,8 15 18 | 37 2,2 3,8 10 | 3,0
I 15 | 1,0 3,7 2,5 2,5 15 1,0 2,9 15 | 25
s 28 | 24 2,0 2,1 2,0 2,8 1,2 15 1,7 |1 1,0
lo 18 | 35 15 1,7 15 1,8 1,0 2,0 2,5 | 3,7
YnenbHoe 0,33+0,332
COMPOTUBIICHHE
npoBooB JIDII
10 xB, OM/kM
Hanpsoxenue 110 | 220 | 220 | 110 | 220 | 110 | 110 | 220 | 110 | 220
UCTOYHHMKA, KB
Mommnocts I'TIT, | 40 40 40 40 40 40 40 40 40
MBA

5. Boimenure moONy4eHHYIO 4YacTh CETH, BBINOJIHUTH KomaHny Create
Subsystem u3 menio Edit.

6. BrimosHuTEe KOMTUPOBAHKWE HOBOM IMOJICUCTEMBI 1O yuciy cerert 0,4 kB.

7. TlosnemMeHTHO cOOEpPUTE OCHOBHYIO MAarucTpalib M MOJIKIIOUNTE €€ Yepe3
IIaBHBIN TOHU3HUTENBHBIN TpanchopmaTop (I'TIT) or TpéxdaszHoro mcTouyHHMKA
MUTAHUS.

8. TloxknrounTte MONyYEHHBIE MOACUCTEMBbI K OCHOBHOM MarucTpajiu uepes
pacnpenenuTeNbHble  TpaHCGOPMATOPhl B COOTBETCTBHM  CO  CXEMOM,
npuBeJIeHHOU Ha puc. 3.1 u puc. 3.3.

9. Bamaiite  mapameTrpel  TpaHCHOPMATOPOB B COOTBETCTBUU  C
pEKOMEHIAIUSMU, TPUBEACHHBIMU B moApas. 3.1.

10. TlogxmrounTe U3MEPUTETHHBIE PUOOPHI B KOHTPOJIBHBIX TOUKaX (CM.
puc. 3.3).

11. 3anaiiTe mapaMeTpbl pemaTess U 3alyCTUTE MOJIENb Ha PACUET.

12. Odopmure otduer 10 sabopatopHOW padoTe, KOTOPHIM JIOHKEH

COJZIEpKATh CXEMbI MOJIEJIN PAaCIPENCIUTEILHON ceTh U nojicuctemsbl 0,4 kB.

KOHTpOJILHLIe BOIIPOCBbI

1. HazoBurte oTIMUUTENbHBIE OCOOEHHOCTU PACIPEACIUTENbHBIX U MTUTAIOIINX
ceren?

2. B 6noke tpéxdaznoro TpanchopmaTopa Kakue mapaMeTpbl XapaKTepU3yIOT
MEPBUYHYIO U BTOPUUYHYIO OOMOTKH?



3. Kaxoii 010k ucnonsizyercsa B Simulink 175 coznanus noacucrem?



