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Kiro4oBi cjioBa:

TpaHcHopMarop, JiHIs eJIEKTpoNnepeJaBaHHs, HaNpyra, CTPyM, BAMUKAY,

TpaHcHOpMAaTop, TUHUS SJEKTPONEPEIAYH, HAPSHKEHUE, TOK, BBIKIIKOYATEb,

transformer, power line, voltage, curent, circuit breaker.

OO0'€KT FOCHIZKEHHS: CJIEKTPUYHA MEPEKA BUCOKOI HANPYTH.

Koporkuii orssia.

3po0sieHUui PO3paXyHOK HOPMAJBHOTO Ta IMICAsSaBapifHOrO pPEXUMIB pOOOTH
3aMKHYTOI eJIeKTpU4HOI Mepexi. OOpaHa Hampyra MeEpexi, Nepepi3u MPOBOMAIB JIIHIMA
€JIEKTpONepeaay, a TAKOXK THUMM TpaHcpopmaTopiB Ha miacTaHuisx. Jlias oOpaHoi
MiACTaHLli MPOBEACHA MEPEBIPKA MPABWIBHOCTI BHOOPY HOMIHAJIBHOI MOTYXHOCTI
BCTAHOBJIEHUX TpaHcpopMaTopiB. 3AiiCHEHUWH BHUOIP BUCOKOBOJIBTHUX arapariB
PO3MOALTEYOrO MPUCTPOIO, BUMIPIOBAIBHUX TPaHCPOpMATOPIB CTPyMy H Hampyru. s
TpaHCcHOpPMATOpIB  MIACTAHIIi  BUKOHAHWI  PO3pAaxXyHOK  PEICHHOr0  3aXUCTY:
NO310BXHBOTO JU(EPEHLIHHOTO CTPYMOBOIO 3aXMCTY Ta MAaKCMMAJIBHOTO CTPYMOBOIO
3aXUCTy 3 KOMOIHOBaHMM TMyCKOM 1O Hanpy3i. [lpoBeneHuidt po3paxyHOK
OJIMCKABKO3aXUCTY NOHMXKYBAJIBHOI MiACTAHIII], 110 BAKOHAHWIA y BUIJISII CTPUKHEBUX

OJIMCKABKOBIIBO/IIB.
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BCTYII

B ymoBax 0e3nepepBHOr0 PO3BUTKY MPOMHCIOBOCTI YKpaiHH 3'SBISETHCS yCE
Outblie 1 Oifbllle HOBUX MIJNPUEMCTB, SIKI BHOCATHh BKJIAA Y 3OUIbIICHHS
eHeprocnokuBaHHs. Chia  TakoK 3ayBaKWUTH, 1[0 31 30UIBLICHHSAM  4uCia
€HEProCMOKUBAKOYMX  OO0'€KTIB,  PO3LIMPIOETBCA  IIUIBHICTE  reorpagiuyHoro
pO3TalllyBaHHsl CHOKMBAYIB EJIEKTPUYHOI €HEprii. Y 3B'A3Ky 13 LUM 3'SBIISETHCS
notpeda B PO3IMIMPEHH] ICHYIOUMX MEPEX 1 B CTBOPEHHI HOBUX. 3pOCTaroua KiJIbKICTh
€HEProCMOKUBAKYUX 00'€KTIB Belle 0 30IbIICHHS MOTYKHOCTEH, SIKI IEPEAAOTHCS 110
ENEKTPUYHUX Mepexax. OJHUM 13 HaWroJIOBHILIMX 3aBJAaHb CbOTOJIHI € €KOHOMIYHE
BUKOPUCTAHHSI ICHYIOUOTO €JIEKTPUYHOro OOJagHaHHsS W po3poOka HOBOrO 3
MOJINIICHUMHU TapaMETPaMH.

BukoHaHHs OakaiaBpCbKOi poOOTH HEOOXITHO 3 METOXO:

— npuadaHHs AOCBILY aHali3y OTPUMAHUX PE3YJbTaTiB, POPMYyBAHHS BUCHOBKIB 1
nyOJIIYHOrO 3aXKUCTy BUKOHAHOI poOOTH;

— ()OpMyBaHHS HABUYOK BUKOPUCTAHHS OTPUMAHMX 3HAHb, MiJ 4YaC PO3B'SI3aHHS
KOHKPETHUX MPAKTUYHHUX 1 HAYKOBO-TEXHIYHUX 33/1a4,

— npua0aHHs JOCBIAY BHKOHAHHS TEXHIYHOI JOKYMEHTAIll MOSCHIOBAJIBHOI
3aMUCKH W KPECIIEHb BIANOBLAHO A0 YMOB AIKOYMX CTAHIAPTIB,

— cHCTEMaTHu3allli, 3aKPITICHHS W MOTTUOJEHHS! TCOPETUYHUX 1 MPAKTUYHUX 3HAHD
MO 3araJIbHOTEXHIYHUX 1 CHELIATbHUX JUCLMIUIIHAX 3a HanpsMKOM MNpodeciifHoi
M1TOTOBKH.

Y npolieci BUKOHAHHS OaKaliaBpChKOi poOOTH HEOOX1AHO BUPIIUIUTH TaKl 3aAaul:

1. 32 33a7aHMMK HABAHTAKEHHSMHU 1 IOBXKMHAMH JIHIH BUOpATH HAMPYTy MEPEXKI.

2. 3a Hanpyramu Mepexi il HAaBaHTKEHHSIMU BUOpPATH THUIl MPOBOIB MOBITPSIHUX
JIHIHA.

3. 3a HampyraMu Mepeski i HaBaHTa)KCHHSMHU BUOPATH TpaHC(HOpMATOpH.

4. BuzHauutu nutomi napamerpu JIEIT 1 kaTtajokHi AaHi TpaHC(OpMaTopiB.
BukOHaTH pO3paxyHKH MapaMeTpiB CXEMH 3aMILUEHHS JiHII W TpaHchopMaropis.
BusHaunti npuBencHi a0 croponn BH HaBaHTakeHHs TpaHcdopmaTtopiB (3

ypaxyBaHHSM BTpaT B 0OMOTKax TpaHC(HOPMATOPIB).
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5. Cknacti po3paxyHKOBY CXEMY 3aMIIICHHS MEPEXI i BUZHAUUTHU PO3PaxXyHKOBI
HaBAHTAKEHHS BY3JIIB MEPEXI (3 ypaxyBaHHSIM BTparT y TUILI HAMarHi4yBaHHS
TpaHC(HOPMATOPIB 1 PEAKTUBHOI MOTY>KHOCTI, SIKA TEHEPYETHCS JIIHISAMU ).

6. BUKOHaTH pO3paxyHKH HOPMAJIBHOTO PEKUMY 3aMKHEHOI Mepexi (ycl JiHii
BKJIFOUEHI B pOOOTY) AJis JBOX BHUMAJKIB. PEKUM MAKCUMAJIbLHOTO HABAHTAKEHHS
(3a71aH1) 1 PEKUM MIHIMAJIBHOTO HaBaHTAXEHHs (MpUitHATH piBHOIO 50% BiJ 3a1aHOI).
Bu3HauuTH Hampyrud y By3Jax MEPEXI, BTPATH HANPYrd W BTPATH MOTY>KHOCTI B
Mepexi. BukoHatu aHai3 OTpUMaHKUX Pe3yJIbTariB.

7. Ilpy HEOOX1AHOCTI 3aMPOMOHYBATH CHOCOOM PETYJIIOBAHHS HANPYTd Yy BYy3Jax
HaBAHTAKEHHS.

8. Jlns oOpaHoi miAcTaHuUii, sKa BXOAWUTb [0 CKJIaAy PO3IJSHYTOI MEpExi,
BUKOHATH NMEPEBIPKY BUOOPY MOTY>KHOCTI CHJIOBHX TPaHC(HOPMATOPIB, yCTAHOBIEHUX
Ha MiACTaHI].

9. Po3zpaxyBaTl CTPyMH KOPOTKOTO 3aMHUKAHHA JUIS 3a0€3MEYCHHS 3aXHUCTY
MACTAHIII.

10. Bubpatu 3a yMoBamMu poOOTHM BHMCOKOBOJIBTHI amapatd pPO3MOALIbHUX
NPUCTPOIB MIACTAHLII W MEPEBIPUTH iX HA MOKJIMBICTH CIPALbOBYBAHHS B yMOBax
KOPOTKOTO 3aMUKAHHSI.

11. BukoHatu po3paxyHKd PeJICHHOrO 3aXUCTy BUCOKOBOJIBTHOI MOBITPSIHOT JIiHIi,
noOyayBaTH KapTy CEJIEKTUBHOCTI.

12. I[TpoBecTu po3paxyHOK OJMCKAaBKO3aXUCTy 3axucHoro BPII.

13. 3poOUTH BUCHOBKM PO PE3yJIbTaTH BUKOHAHUX PO3PaxyHKIB.
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1 PO3PAXYHOK PEKUMIB POBOTH EJEKTPHUYHOI MEPEXKI

1.1 BuxiaHi 1aHi 1J151 BUKOHAHHS 0aKaJaBPCbKOI po00TH

3rifHO 3 OTPUMAHUM 3aBJAHHIM, HEOOXIIHO PO3PaXyBaTH €JICKTPUUHY MEPEKY,

OJTHOJIIHIMHA €JICKTPUYHA CXeMa IKOi HaBeaeHa Ha puc. 1.1.

lA

n-2 N-1
n-3 n-4
[ I [ I
rc-1 1C-2 [1C-3
S S S,

2

Pucynok 1.1 — BuxijiHa 0qHOMIHINHA €IEKTPUYHA CXEMa 3'€THAHb

33J1aHO1 ENIEKTPUYHOT MEpEXKI

JIOBXXMHU JIHIA 1 MOTYXHOCTI HABAHTAXECHb EJIEKTPUYHOI MEPEXI HABEICHI B

tabmum 1.1.

Tabnuus 1.1 — BuxiaHi JaH1 e1EKTPUYHOT MEPEXI

Josxxuna I1JI, km

[ToTy>kKHOCTI HaBaHTaXXeHb, MBA

JI-1 JI-2 JI-3 JI-4 S-1 S-2 S-3
40 40 30 30 50;130 107;]10 50;;]145
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1.2 BuzHayeHHsI HANPYTH Mepexi Ta BUOIP THITY NPOBOAIB NOBITPSAHON JIHIT
1. Bu3HauaemMo NOTY>KHOCTI B OKPEMUX JITHIAX

S, = Si-(b+L+0)+S, (L +4)+S;-4 _
L+ +1,+]

~ (50+30)-100+(10+ j10)- 70+ (50 + j45)- 40
- 140

Sy (bl L) +S, (L+L)+ S, L

s L+l +1,+1, -

_ (50+ j45)-100+(10+ j10)-70+(50+ ;30)- 40
- 140

S, =S, -8, =(55+,39,29)- (50 + 30) =5+ ;9,29 MBA.

=55+ /39,29 MBA.

=55+ /45,71 MBA,

Sy, =845 —8;=(55+/45,71)- (50 + j45)=5+ 0,71 MBA.

2. Buxopsuu 3 OOBXKMH JIHIM 1 BEIMYMHM MEPENAHOI MO HHUX MOTYXHOCTI,

OPIEHTOBHO BU3HAYMMO HAPYTH OKPEMUX JIIH1H 0 emMmipyuyHiil ¢popmyn LinapioHosa:

~ 1000
500 2500
_+—

L P

n

/)

Je L — JOBXKMHA JIHIL, KM;

P, — nepenana no jiiHii NOTY>KHICTb (Ha OJMH JaHLor), MBT.

1000

0= =131,4xB.
500 2500
40 55
S
500 2500
30 5

Tlucm

bP 5.6.141.734 [13

3m. | fluecm Ne dokym. Mlionuc | Hama




1000

2 = KB.
500 500 2500 2500
30 5
Uy = 1000 =131,4xB.
500 N 2500
40 55

3. OcKIbKHY JUIsl BCIX JIIHIM KUTBIIEBOT MEPEXI OaXKaHO MaTH OJJHAKOBY HANpyry, TO
npuiiMaemo Hanpyry Uyx = 110 xB.

Jlns Toro, o0 3a0e3neuynTH BUKOHAHHS YMOBH MPUITY CTUMOIO CHIQAAHHSI HAMIPYTH
Ha CaMOMy BIJUIAJIEHOMY CIOKMBAUEBl €JIEKTPOEHEPrii, NpUHMAEMO HANpyry Ha
Jokepeal  okuBiaeHHs Ha 10% mepeBUIllyl04y HOMIHAQJIBHY — HANpyry MEpExi:
Uy =121 kB.

4.V 9KOCTI NPOBOAIB [UIsl BCIX JIHIA NpUAMAEMO CTaJICATIOMIHIEB]I MPOBOIU
mapku AC.

5. BuzHauaeMo JOBrOCTPOKOBO MPUNYCTUMI CTPYMHU B JIIHIAX A1 HOPMAIBHOTO

pPOOOUYOro PEKUMY:

0 S,-10° /557 +39,29%-10°

\/—U J3-110

S, -10° \/52 +9,29% .10°
I, = =5537 A.
J3-U, 3110

S, 10° 5% +0,712-10°
L= = =26,51 A.
J§-UH Y3110

8,100 552 +45,71210°

J_U J3-110

~354,77A.

~375,36 A.

6. Kopuctyrouuch JOBIAKOBUMU AaHuMH (Taba. 1.2, JI-2), y BiAMOBIAHOCTI 13
MIKAJIOK  CTAHJAPTHUX TMEpEpi3iB, a TaKoXK 3  ypaXyBaHHSIM  MOXIJIUBOIO

NEPEBAHTAXKECHHS JIIHIA NpU PoOOTI B aBapliiHOMY peXUMI, BUOMPAEMO THUIl MPOBOAY
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bP 5.6.141.734 [13

10

3m. | fluecm Ne dokym. Mlionuc | Hama




JUIS KOYKHOT JIHII:

qois i JI-1: AC-150/24;

quis miHii JI-2: AC-150/24;
quis minii JI-3: AC-150/24;
quis i JI-4: AC-150/24.

7. IlepeBipseMo 00paHi MPOBOJAM B JIIHISIX 32 YMOBOK KOPOHH.

3rigHo [lpaBun, MiHIMAIbHO MPHUIMYCTUMHUI TMEpepi3 MO KOPOHI Juis JIHIH

Harpyroo 110 kB cranoButs 70 MM?.

II

TakuM 4UHOM, JIJ1s1 KOXKHOI 3 JIIHIH 1151 yMOBa BUKOHAHA.

8. XapakTepuCTUKHU MPOBO/IIB MOBITPSHOI JIiHII HaBeAeHI B Tab. 1.2.

Tabnuus 1.2 — KatanoxHi JaH1 NpoBO/IB MOBITPSIHOI JIiHI1

Mapra nposoo
Hapaempu Apc-lsl(j)/24 -
Kamanooicni oani
[Tepepi3 npoBoay, Mm> 150/24
JIOBrOCTPOKOBO MPUITY CTUMHUI CTPYM, A 450
Po3spaxynkosi oami
[TuToMuii akTUBHMIA omip JiHIi npu Temneparypi +20°C,
7o (OM/KM) 0,198
[TuToMuii peakTUBHUIA onip, X o (OM/KM) 0,42
[TuToOMa €MHICHA IPOBIAHICTS JiHii, by - 10 (CM/kM) 2,7

1.3 BuOip norty:kHocTi TpaHcopmaropis

1. Ha miacranmii I1C-1, 3Bakaroud Ha Te, MO ii CMOXKMBa4l BIAHOCATHCSA OO

Kareropii

HaIIMHOCTI

€/IEKTPONOCTAYaHHs,  MNPUUMAEMO  YCTaHOBKY

2 1BOXOOMOTKOBUX TpaHC(OPMATOPH 3 HANPYTor0 Ha BUCOKIH cTopoHi 110 kB.

Po3paxyHKoBa MOTY>KHICTh KOXKHOTO TpaHchopMaropa:

71

Spz2Lo

50% +30?

= 41,65 MBA.
1,4 1.4

3m.
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[Io Tabn. 14.2 [2] BubupaemMo MacisHl TpaHC(HOPMATOPU  3arajibHOIo

npusHadeHHs tuny TP/IIH-63000/110.

2. KoeiuieHT 3aBaHTaXEHHS TPaHCPOPMATOPIB Y HOPMATBHOMY PEXKHUMI:

2 2
_ Sipe _N502430°

k.=
1., 2-63

y MicIsiaBapliftHOMY pEXUMI

2 2
kg = e N 407 g5 g,

asl — ST 63

YMOBH BUKOHYIOTBCS.

3. Ha migcranmi I1C-2, 3Bakaroud Ha Te, MO ii CHOXKMBAdl BIJHOCATHCS 10 |
KaTeropii HaAIHHOCTI €JIEKTPONOCTAa4YaHHsl, TPUHMAEMO YCTAHOBKY 2 ABOXOOMOTKOBHMX
TpaHcHOpMAaTOPIB 3 HAPYTOIO HA BUCOKIi cTopoHi 110 kB.

Po3paxyHkoBa MOTY>KHICTb KO>KHOTO TpaHchopMaropa:

2 2
S, > NI+ 46 A,

2714 1.4

[Io Tabn. 14.3 [2] BubupaemMo MaciasHl TpaHC(HOPMATOPU  3arajibHOIo

npuzHaueHHs tuny T/IH-16000/110.

4. KoediieHT 3aBaHTaKE€HHS TpaHC(HOPMATOPIB Yy HOPMAJILHOMY PEXKHUMI:

S N102+107 _0.44-

- - Y )

k.=
228, 2416

y MicasiaBaplifHOMY peXKUMI

2 2
koo = Swae (NTOTH107 g 1y

as2 — ST 16

YMOBH BUKOHYIOTBCS.
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5. dna miacranui [1C-3 3 Hanpyrorwo Ha BHCOKId ctopoHi 110 kB, ska mae

HABAHTKECHHA S; =50+ j45MBA, 3Bakarouu Ha Te, O ii CIO>KUBa4l BITHOCATHCS O

[IT  kareropii HaAAIMHOCTI  €JIEKTPONOCTAYaHHS, BUOMpPAaeMO  TpaHCHOPMATOP

HOTY>KHICTIO:
S;3 =S, =507 +45% =67,27 MBA.

[To Tabn. 1.4.2 [2] BuOupaemMo TpaHcpopMmaTop 3arajilbHOrO NPU3HAUYEHHS THUITY
TJLI-80000/110.

6. KoehiieHT 3aBaHTAKEHHS TPAHC(POPMATOPIB Y HOPMAIBHOMY PEKUMI:

2 2
k= S, e _ 50° +45 ~0.84.
Sr 80

YMOBH BUKOHYIOTBCS.

Tabnuus 1.3 — KartanoxHi gaHi TpaHc(opMaropiB Mepesxi

Tun Tpanchopmaropy
[TapameTrpu TPIOLIH- TJH- TLI-
63000/110 | 16000/110 | 80000/110
HoMmiHanbHa NOTYXHICTh, Syon (MB-A) 63 16 80
HominanbeH1 Hanpyru 0OMOTOK, KB
BUILLOI HANPYTH, Uyor6n 115 115 121
HWKYO0i HANPYTH, Ulyon 10,5 11 10,5
Brparu, kBt
XO0JIOCTOr0 X0y, AP, 59 19 70
KOPOTKOTO 3aMUKaHHS, AP 260 85 310
Hampyra  KOpPOTKOro  3aMHUKaHHS  MDXK
ooMoTkaMu, % Bia U,
BULIOT - HUXKYOT HANPYT, Ul g.n 10,5 10,5 10,5
CTpyM X010CTOro Xony, /(%o Bill Luon) 0,6 0,7 0,6
AKTHBHUIA o1ip 00MOTOK, Ry (OM) 0,87 4,38 0,71
PeaktuBnuii onip 00MOTOK, X7 (OM) 22 86,7 19,2
BTpaTti MOTY>KHOCTI B 00MOTKaX, A¢, (KBAp) 410 112 480
[lucm
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1.4 BH3HaneHHH napaMeTpiB cxeMH 3aMi*eHHH

1 3agaHOi1 cxeMH Mepe”i CKnagaeMO cxeMy 3aMim,eHHA:

2. Po3paxoByeMO napaMeTpn cxeMH 3aMimeHHA mmfi (pnc. 1.2).
Amm A-1.

Ra3 =rok3= 0,198 m40 = 7,92 Om;
Xa3 =Xok3= 0,42 40 = 16,8 Om;

Qca3 uwboias 11022 ,7-1Q-6 *40

0,65 MBAD.
2 2 2



Jlinig JI-2;

RA1 = 1”01,41 = 0,198 40 = 7,92 OM,‘
XA1 :.Xol/u 20,42 40 = 16,8 OM;
Ocun Upbyly 1107-2,7-107°-40

= = =0,65 MBAp.
2 2 2
Jlinig JI-3:
R]g = 1”0112 = 0,198 - 30 = 5,94 OM,‘
X]2 :X0112: 0,42 <30 = 12,6 OM;
Ociy _ Ugbgh, _110°-2,7-10°-30 _ 0,49 MBAp.
2 2 2
Jlinig JI-4:

R23 = 1”0123 = 0,198 <30 = 5,94 OM,‘
X23 :.X0123 = 0,42 - 30 = 12,6 OM;

Ocsy  Upbylyy  110°-2,7-107°-30
2 2 2

= 0,49 MBAD.

3. IlapaMeTpu cxemH 3aMILICHHS TpaHCPOpMaTOPIB HaBEAEHI B Ta0. 1.2.

1.5 Po3paxyHKkH 3aMKHEHOT Mepexi

1. OckinbKHM 3a1aHa CXeMa MICTUTH JIiHIi OAHOI HOMIHAIbHOT Hanpyru — 110 kB, To

PO3paxyHKOBA CXe€Ma MICTUTh TUIKM 3 OMOpPAaMM ILMX JIIHIA 1 BY3JIM 3 HABEICHUMHU

HaBAHTAXKCHHAMMU.

CxJ1a1aeMo po3paxyHKOBY CXEMY MEPEXKI:

bP 5.6.141.734 [13
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2. npHBegem go ctopohh BH HaBaHTa*eHHa BH3HanaeMO aK cyMy noTy*HOCTefi,
3agaHHx Ha mHHax HH, BTpaT b 0OMOTKax, rimax HaMarmnyBaHHa TpaHC”opMaropiB
MiHyc 3apagHi noTy*HOCTi gmrn, npnegHaHHXx go nigcTaH"H.

( )2 ( )2
Sp = (PHasp + ~ x *+ 2 ) +2 2 + AOxx + °2 -2 ).
U HOM U HOM

3. BH3HanaeMO po3paxyHKOBe HaBaHTaeHHa:
a) npHBegeHe go ctopohh BH TpaHC”opMaropHoi nigcTaH”i T-1:

S, =(prpi+ o1 +2 1 +on pi + i1 -1 +2A& - 1 -1 ),
< :LSO +502+302 0,87 +2'0,059| N
A 1102 )
2 2 N

J 30+----1+21 ---------- +20,41- 0,49- 0,65):50,24+>32,77 MBA.
\Y



6) npuseneHe 10 ctoponu BH tpancdopmaroproi miacranmii T-2:

(SnaepZ )2 R

S,,=(F, ;2+2APx2)+

Hazp?2 + 2

HOM

2
Sup2) X | |
( Hazp2 72 JOc1y  JOrn
. +2A — — ;
U2 2 Q) 2 2

HOM

+J.(Qnaep2 +

2 2
S, :(10+10 +10 -4’38+2-0,019J+
= 2

1102

j(10+ 102410% 86,7

o +2-O,112—0,49—0,49j:10,07+j9,96 MBA.

6) npuBeacHe 10 croponn BH tpancdopmaropnoi niacranmii T-3:

2 2
P s+0
Haep3 Haep3

HOM

. PHZLIZ + Q5a2 . .
+](Qna2p3 + p;ﬂ 2. X735+ A0 5= JOcus = JOca3)s

HOM

§p3 = (Pnaep3 +

2 2
S =504 6 7140310 |+
’ 110°

2 2
+j(45+%-19,2+O,48—O,65—O,49j: 50,34+ /51,52 MBA.

Tenep HEOOX1IHO MEPENTH 10 PO3PAXYHKIB PO3IMKHEHOI YACTHHUA MEPEXKI.
1.6 Po3paxyHoOK pexumy pO3iIMKHEHOI MepexKi

JIns BU3HAYEHHS B 3aMKHEHIM YaCTHHI MEPEX1 pO3NOALTY MOTY>KHOCTEH MOKHA i

YMOBHO PO3ALTUTA y BY3Jl A 1 MOPEACTAaBUTU Yy BUIJIAAI JIIHII 13 JBOCTOPOHHIM

JKUBJIEHHAM (puc. 1.4).
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PncyHOK 1.4 - Po3paxyHKOBa cxeMa po3iMKHeHOI nacTHHH Mepe”i

3HaxogHMO noTy*HOCTi b mmax, BpaxoBywnn, m,0 3aMKHeHa Mepe”a ogHopigHa:

¢ _spr(B+lasdy+so2 la+ )y + sl

S - —

12+ 13+ 14+ \

(50,24 +>32,77)400 + (10,07 + >9,96)'70 + (50,34 + j 51,52)' 40 _
140 _

— 60,95+ 40,59 MBA,

g .50 "(I3+ la+ 12y + s p2 (I3 + 12) + Spi 'I2__
12+ 13+ 14+ |

(50,34 +j51,52)'100 + (10,07 + >9,96)' 70 + (50,24 + >32,77)' 40 _
140 _

—69,8 + >55,91 MBA,

npoBogHMO nepeBipKy BHKOHaHHx po3paxyHKIiB 3a yMOBoro:

SA +SA% _Spl + sz + Sps ,
130,75 +j96,5 MBA = 130,75 +(96,5 MBA.

PO3paxyHKH BHKOHaHI npaBHHOHO.
BHKopHCTOByWHH nepmuH 3aKOH Kipxro”a 3Haxog,HMO iHmi noTy*HOCT:

SI2—SAl - Spl 60,95+ 40,59)-(60,28 + >33,44) —0,67 +>7,15 MBA.
SB—SA3 - S,3—69,8+>55,91)-(60,4 +>53,26) —9,4+j 2,65 MBA.
fiLlam

_ BP 5.6.141.734 n3
3n Hom  NdikM nche Qna



[lomanpiiuii po3paxyHOK MOTYXKHOCTEH 3 ypaXyBaHHSIM BTpaT MOTY>KHOCTI B

JIHISAX CJA MOYMHATU 3 By3/a 2, SKUH € TOYKOK MOTOKOPO3MOALTY MOTY>KHOCTEH

JOKCpCJia )KUBJICHHA:

[IpuiiMaeMo MOTY>KHOCTI S1» 1 S>3 3a AlMCHI MOTYXHOCTI HANPUKIHLI JHIA Oiist

By3J1a 2 1 3HAXOAMMO BTPATH B JIiHIT 12:

AS :§_f2_Z _0,67°+7,15
=12 Uz 12 1102

H

(7,76 + j16,8)=0,03+ 0,07 MBA.
[loTyXHICTh HAa MOYATKY JIiHIi 12:
St =S, +AS,, =(0,67+ /7,15)+(0,03+ j0,07)=0,7 + 7,22 MBA.
[ToTyXHICTh HAMPUKIHI JIiHIT Al:
Sh=SL+S, = (0,7+ /7,22) + (60,28 + ;33,44) = 60,98+ ;40,66 MBA.
3Hax0JUMO MOTYXHOCTI BTPATH B JIIHII:

2
(§A1) 60,982 + 40, 66>
AS = L= 1102 '

(9,7+ j21)=4,31+ 9,32 MBA.

[ToTyXHICTh Ha OYATKY JIIHII:
S" =S5 +AS ,, =(60,98+ j40,66) +(4,31+ /9,32)= 65,29+ ;49,99 MBA.
3Hax0IUMO MOTYXKHOCTI BTPATH B JIiHII 23:

2
23) 9.4% +2.65°
T e

B
)
et
Il
—_—
1%

-(5,82 + j12,6) =0,05+ 0,1 MBA.
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[ToTyXHICTh Ha MOYATKY JIIHII:
S5 =8, +AS,; =(9,4+ j2,65)+(0,05+ 0,1)=9,45+ ;2,74 MBA.
[1oTyHICTh HAMPUKIHIY JIiHIT A3:
S=85+S ;= (9,45+ j2,74) + (60,4 + j53,26) = 69,85+ ;56,01 MBA.

3Hax0JUMO MOTYXHOCTI BTPATH B JIIHII:

2
(§A3) 69,85% + 56,01
7 T g

(7,76 + j16,8)=5,14+ ;11,13 MBA.

H

[1oTyHICTh Ha MOYATKY JIIHII:

S =S8% +AS s =(69,85+ j56,01)+ (5,14 + j11,13) = 74,99 + j67,14 MBA.

[, HapeTl, 3HaX0AUMO MOTYKHICTh, IKY BHAE JXKEPEIIO )KUBJICHHS A

Sy =S8 +S8'5 = JOc = JOru3 = (65,29 + j49,99) +(74,99 + j67,14) - /0,82 — j0,65 =

=140,28 + ;115,65MBA.

Hanpyry y By3al 1 3HaiimemMo 0e3 0O0JIKYy NOMEpeYHOi CKJIAA0BOi CrHaJdaHHS

HaAnpyru:

PRy + 04X 5, 65,29-9,7+49,99-21

U =U
b U, 121

~107,09 kB.

Hanpyray By3mi 2:
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CBSR,HONY, o 09 0.7-7,76+7,22-16,8

Uy =U, =105,91 B.
U, 107,09
Hanpyra y By3mi 3 cknazne:
U, =U, - PR+ 01X a5 _ 121 74,99-7,76+67,14-16,8 _ 106,87 B.
U, 121
Hanpyray By3mi 2:
U =1, - PR, + 035X 55 106,87 9,45-5,82+2,74-12,6 _ 106,03 KB.

U, 106,87

[lorpiiHICTh PO3paxyHKIB HAMpyrd y By3Jl 2 HE NEPEBHILYE BCTAHOBJICHE
3HAYECHHSI.
Bu3HayaeMo Hanpyry Ha CHO>KMBA4Y€Bl HABAHTAKEHHS S1 3 00MIKOM MONEPEUHOI

CKJIaI0BOI CITaJaHHs HANPYTHU:

B
U —h—UB.M
Sl_k A U >
T1 ome

ne Ufl - Hanpyra HH tpancdopmaropa T-1, npuBeaeHa 1o cropour BH;

U . :
kp, = —2"— - xoediuieHT Tpanchopmauii Tpancpopmaropa T-1;

H.HOM]

U, - Hallpyra peryJoBalIbHOrO BiaArany>keHHs oOMoTkn BH;

U, ... - HOMIHATIBHA Hanpyra ooMoTkn HH tpancdopmaropa.
2 2
n R w X w X . R
5 7 T21H +0r, 21}1 7 21}1 -0On T21H
Un =, U= + =
Ul Ul
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2 2
60.16- 237 4 34 09.22 60,1622 —34,09. 287
- 11107,09 - 2 2 | 2 2 | 103,52 B.
107,09 107,09

ne  Ph+Q7 =857, - TOTYXHICTb Ha O4aTKy Tpancdopmaropa T-1.

Si =60,16+ ;34,09 MBA.

Uy, =103,52. 192
115

=945 kB.

BinxuneHHs AiiiCHOI HAaNpyTyu MEPEKI BiJl HOMIHAIBHOTO CKJIAJIE:

US] — UHOM -100 =

HOM

9,45-10

V% = -100=-5,48 %.

BceranoBmoemo nepemukad PIIH y mnonoxkeHHs -3, mepepaxoByeMO MAlCHY

Hanpyry yepe3 AaHui KoeiuieHT TpaHchopmanii:

10,5
Ug, =103,52- 3178115 =9,99 kB.
115+
[1py LbOMY BIIXWJICHHS HAIPYTH CKIIAJE:
VI%ZM.1OO:M.100:_O,1 %,

HOM

o0 B MCKax IMPUITYyCTUMOTIO.

Bu3HauaeMo Hanmpyry Ha COXHMBAa4Y€Bl HABAHTAKEHHS S2:
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Ueo. = U_fQ — UB . UH.HUMQ
> kT2 e Uomg ’
n By n Xr) i n Xry o B i
. P == +0n—= Fo===0n ="
Upy= || Us~ =
U, U,
2 2
10,07-4’38+11,43-86’7 10,07-86’7—11,43-4’38
= || 106,03 - =96,58 kB.
\ 106,03 106,03
ne  PL+0r,=S7, - TNOTYXHICTb, fKa nepemaerscs 1o obomoruwi HH

Tpancopmaropa T-2,

S# =10,07 + j11,43 MBA.

Uy, = 96,582 =9 24 kB,
115

BinxuneHHs AiiiCHOI HAaNpyTry MEPEXKI BiJl HOMIHAJIBHOI CKITAJE:

HOM | 100 —

HOM

V,%= 224710 4002762 %,

Bceranosmoemo nepemukad PIIH y mnonoxenHs -4, mepepaxoByeMoO AlCHY

Hanpyry yepe3 AaHui KoeiuieHT TpaHchopmanii:

11
-4-1,78-115
100

Us, =96,58-

=9.95 kB.
115+

[1py LbOMY BIIXWJICHHS HAIPYTH CKIIAJE:
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y% = 52~ Uuow 99 - 22210

HOM

100 =-0,54 %,

o0 B MCKax IMPUITYyCTUMOTIO.

Bu3HauaeMo Hanmpyry Ha ClOXHBAa4€Bl HABAHTAKEHHS S3:

UB UHHOJM
US3:k_T3:U1€3' U o
T3 ome
PR+ 08X Y (PRX, —OMR.)
B + -
UT3: [U3_ 73 T3U 73 T3j +[ 73 T3U 73 T3j —
3 3

2
:\/(106’87_ 60,33-0,71+53,93-19,2j +(60,33-19,2 -53,93-0,71

2
~97.35 kB,
106,87 106,87

ne  PY5+QF; =S7; - NOTYXHICTb Ha MOYaTKy Tpancdopmaropa T-3,

S =60,33+ /53,93 MBA.

10.5
Uc, =97,35-—
53 121

=8,45 kB.

BinxuneHHs AiiiCHOI HaNpyTry MEPEXKI BiJl HOMIHAJIBHOI CKITAJE:

9= Y52~ Ve 190 - 810

HOM

-100 =-15,53 %.

YcranoBnroemo nepemukad PITH y mnonokeHHs -9, mepepaxoByeMO MAICHY

Hanpyry yepe3 AaHui KoeiuieHT TpaHchopMmani:

10,5
—9.1.78-121
100

Ugy =97,35- =10,06 «B.

121+
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npH oMYy BigxnneHHa Hanpyrn CKaage:

V % = Us3- Uron.10g= 10,06 - 10.100 = 0,59 %,
3 Uhkm 10

m,0 b Me”*ax npnnycTHMoro.

1.7 Po3paxyHOK nic.iaaBapiriHoro pe*HMy

BBa“awHH mmro .H-1 aBapiOHo BigKnroHeHoro, BHKOHyeMO po3paxyHOK peHMy
po6oTH eneKTpHHHoi Mepe:m, cxeMa 3aMirn,eHHa aKoi HaBegeHa Ha pnc. 1.5.

Po3paxyHOK HaBaHTa”eHt, npHBegeHHx go BH TpaHC"opMaTopiB npn
aBapiOHOMy pe*HMi podora npoBogHTbca 3a thmh ~ BHxigHHMH napaMeTpaMH, m,o h
gna HopManbHoro pe"HMy, TOMy BHKOHyBaTH noBTopHe nepepaxyBaHHa HeMae
HeooxigHOCT!.

noTy”HiCTb HanpHKrn”™ nimi .H-3 gopiBHwe:

S28=Spm=60,4+j53,26 MBA.

PncyHoK 1.5 - CxeMa 3aMim,eHHa eneKTpHHHoi Mepe”i b aBapiOHoMy pe”"HMi



BTpaTi OTy»HOCTI B JIIHII:

(s3)
AS,y = —"—(Ryy + jX ;) =3,12+ /6,75 MBA.

HOM

[ToTyxHICTh Ha moyaTky JiiHii JI-3:
S5 =85 +AS,; =63,52+ 60,02 MBA.
[loTyxHICTh HATPUKIHWI JIiHIT JI-2 piBHA:
St, =85, +S,,=73,59+ 769,81 MBA.

BTrpaTi nOTy»HOCTI B JIIHII:

2
SK
AS,, = (;—22)(}212 T jX,,)=6,6+ /14,29 MBA.

HOM

[loTyxHICTh HAa mOYaTKy JiiHii JI-2:
Si, =S, +AS;, =80,19+ 84,1 MBA.
[loTyxHICTh HATPUKIHWI JIiHIT JI-4 piBHA:
S5 =Sh +S8,,=140,47+ ;117,54 MBA.

3Hax0JUMO MOTYXHOCTI BTPATHU B JIIHII:
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(s5)
AS =l .7, =26.89+ 58,22 MBA.
UH.Al

[1oTyHICTh Ha MOYATKY JIIHII:

S =Sy +AS ,, =167,37+ j175,76 MBA.
3HaxX0IUMO MOTYXKHICTb, IKY BUJAE JUKEPETO KUBJICHHS A
S =S = JOqn =167,37+ j174,95MBA.

Hanpyry y By3al 1 3HaiimemMo 0e3 00Ky NOMEpeYHOi CKJIAA0BOi CrHaJaHHS

Hanpyru:

U =U,- PRy +On Xy _ 77.08 KB.

A

Hanpyray By3mi 2:

U,=U, - MR, + O Xy, 50,68 KB.
1

Hanpyra y By3mi 3 cknazne:

U,=U, - PRz +OpXus _ 21,05 B.

2

OCKUIbKM CHAJaHHs HANpPyrd y BY3JIaX NEPEBHILYKOTh BCTAHOBIICHI 3HAUECHHS,
3aCTOCY€E€MO KOMIEHCALIK PEAKTUBHOI MOTY>KHOCTI B Mepexi. i uporo y By3nax 1, 2
HEOOX1THO BCTAHOBUTH KOHJEHCATOPHI Oarapei 3 koHaeHcaropamu tuny KC2-1,05-60,

po3paxoBaHl Ha HOMIHaiIbHY Hanpyry 110 kB, ski 3a0e3neyarb KOMIIEHCALIIO
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PEAaKTUBHOI MOTY>KHOCTI 10 36,8 MBap KOkHa, a y By3Ji 3 YCTAHOBUTH KOHACHCATOPHI

Oarapei 3 koHumeHcatopamu Tuny KC2-1,05-125, sxi 3a0e3nedars KOMIIEHCALIIO

PEAKTUBHOI NOTY>KHOCTI 77 MBap.

BukoHaemMo mnepepaxyHOK MOTOKOPO3MOALTY TMOTYXKHOCTEH y  MeEpexl 3
ypaxyBaHHSM KOMIIEHCAL[ITHUX TPUCTPOIB.
[loTyxHICTh HAMPUKIHLI JIiHIi JI-3 piBHA:
Sh = S 3 = JOpx =60,4+ /16,46 MBA.
BTpaTi nOTy»HOCTI B JIIHII:
2
(85) | |
AS,; =~—(Ry + jX,;) =189+ j4,08 MBA.
[loTyxHICTh Ha moyaTky JiiHii JI-3:
S =85 +AS,; =62,29+ 20,54 MBA.
[loTyxHICTh HATPUKIHWI JIiHIT JI-2 piBHA:
Sty =S5, +S ,, = JOpk =72,36 - j6,46 MBA.
BTpaTi nOTy»HOCTI B JIIHII:
2
(8% | |
AS), =~—"—(R, + jX;,)=3,38+ 7,33 MBA.
[loTyxHICTh HAa mOYaTKy JiiHii JI-2:
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St, =S}, +AS,, =75,74+ j0,87 MBA.
[loTyxHICTh HAPUKIHLI JiHIT JI-4 piBHA:
S =S + 8,1 = jOpx =136,02— 42,69 MBA.
3HaxX0JUMO MOTYXHOCTI BTPATHU B JIIHII:
S

2
AS ;= Q .71 =16,29+ /35,27 MBA.

n.Al

[1oTyHICTh Ha MOYATKY JIIHII:
S =85 +AS , =152,32— 7,42 MBA.
3HaxX0aMMO MOTYXHICTh, IKY BUIAE JPKEPETO )KUBJICHHS A
S,y =8u—JjOcy =152,32- j8,23MBA.

Hanpyry y By3al 1 3HaiimemMo 0e3 0O0JIKYy NOMEpeYHOi CKJIAA0BOi CrHaJaHHS

HaANpyru:

U =u, —LaRa ¥ Ot 110 05 kB,
A

Hanpyray By3mi 2:

U,=U, - R, +0p X, _ 104.6 KB.

U,
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Hanpyra y By3mi 3 cknazne:

U,=U, - PRy +OpXus _ 96,68 KB.
2

BuzHayaeMo Hampyry Ha CHO>KMBA4€Bl HABAHTAKEHHS S1 3 00MIKOM MONEPEYHOI

CKJIAI0BOI CITaJaHHs HANPYTHU:

+ R+ jX
St =8 B * Quar (R +7Xn) =60,16 + j34,09 MBA.
71 “naepl U2 2
2 2
PTH1 RT]H QT] TlH P XT]H QT] TlH
Un=,[Ui- - - 2| =106.59 kB
\ 1 1
Uy, 195 _973 B,
5

BinxuneHHs AiiiCHOT HapyTyu MEPEKI BiJl HOMIHAJIBHOI CKITAJE:

VI%ZM.1OO:M.100:_2,67%,
U 10

HOM

o0 B MCKax IMPUITYyCTUMOTIO.

Bu3HauaeMo Hanmpyry Ha ClOXHBAa4€Bl HABAHTAXKEHHS S2:

2
Mo Haep2
S;, =8 +

2 .
R+ jX
Soaep? 2Q”"2"2-( 17/ “):10,07+ /11,43 MBA.

HOM

2 2
B PTHZ QTZ P;Z QTZ ;2
Uz, =\ U, - m + U =95,03 kB.
2 2

Uy, =95,03- 2% 29,09 «B.
115
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BinxuneHHs AiiiCHOI HapyTryu MEPEXKI BiJl HOMIHAJIBHOI CKITAJE:

Vz%‘%-loozw

HOM

100=-9,1 %,

0 B MCKax IMPUITYyCTUMOTIO.

Bu3HauaeMo Hanmpyry Ha ClOXHBA4Y€Bl HABAHTAXKEHHS S3:

2 2 .
SH =S ])Haep3 + Qnaep3 . (RT3 + jXT3)
T3 7 Znaep3 2

HOM

2 2
UB, = \/[U3 _ DRy +QT3XT3J +[PT3XT3 - QT}RT3J 86,31 KB.
U U
3 3

=060,33+ j53,93MBA.

10.5
Uc. =86.31-—
53 121

=7,49 kB.

BinxuneHHs AiiiCHOI HanpyTry MEPEXKI BiJl HOMIHAJIBHOI CKITAJE:

pi9h= I Voms 19 210

HOM

-100 =-25,1 %.

Bceranosmoemo nepemukad PITH y mnonoxkeHHs -9, mepepaxoByeMo AlCHY

Hanpyry yepe3 AaHui KoeiuieHT TpaHchopmanii:

10,5
Us; =86,31- —9-1,78-121_8’92 kB.
121+ ——
100
[1py LbOMY BIIXWJICHHS HAIPYTH CKIIAJE:
1@%:%4%:@.100:_10,0 %,

HOM

o0 B MCKax IMPHUITYCTUMOTIO.

Tlucm

bP 5.6.141.734 [13

31

3m. | fluecm Ne dokym. Mlionuc | Hama




2 PO3PAXYHOK EJJEKTPUUYHOI YACTUHU HNICTAHIIII

3riaHo

M JICTAHIIIFO

S1 =50 + j30 MBA.
TPJILTH-63000/110.

Ac

2
HaB

TPJILTH-63000/110.

STp — I(HaB

K, =14

K, = _Swm  _ 0,46
2 STp.HOM

HABAHTAKCHHSA

= 583/ 14=4164 MBA

+Q2, =+[50% + 30> = 58 3 MBA

2.1 BuOip cuiioBux TpancgopmMarTopiB Ta ix nepesipka 3a rpaikom

13 3aBIAHHSAM, HEOOXITHO pO3paxyBaTh JBOXTPAHCHOpPMATOPHY
[1C-1, no0  sKkOi  MNIAKIOYEHO  HABAHTAKECHHS  MOTYXKHICTIO
Ha  migcraHuii  BCTaHOBJEHI  TpaHcopMaropu  TUmy

Jlnsa miactanuii Oynu oOpaHi TpaHcGopMaTopu NoTy)HocTi S = 63 MBA tuny

[lepeBipuMo TpaHchopmaTopH 3a A0O0OBUM rpadikoM HaBaHTaXEHHS Ta0m.2.1.

Tabmmug 2.1 — JloOoBe HaBaHTaKEHHS IMiACTAHIIIT

t,r 0 2 4 6 8 10 | 12 | 14 | 16 18 20 22
S, % 45 | 55 | 60 | 90 | 90 | 80 | 80 | 100 | 90 | 130 | 140 | 100
SSMBA | 26,2 32,1 35 |52,5|52,5|46,6 46,6 |58,3|52,5| 75,8 | 81,6 | 58,3

Jlns mepeBIpkM MPaBWJIBHOCTI BHOOPY TpaHcdopMaropa peajdbHHil rpadik

HABAHTAKCHHSA NEPECTBOPUMO HBOCTyHiH‘{aCTI/Iﬁ. IlouaTkoBe HABAHTAKCHHA
€KBIBaJIEHTHOrO rpadiika BU3HaYaeThes 3a popmyJioro [10]:
Jlucm
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SHOM tl+12+ ..+ tn

K=_=% B=+s|t2+ . .. +

1 126,222+32,122+ 3522+ 52522 52,522+ 46,622+ 46,622+ 58,322+ 52,522+ 58.822 _
63 240 '

ge SIE2, .. Sn - BnacHe HaBaHTa“eHHA nepmoro; gpyroro; n-ro CTyneHA rpa”iKa

HaBaHTa*eHHa, po3Mirn,eHoro HH”"ne gimi HoMmanbHoi noTy*HOCTi TpaHC"opMaTopa;
tist2, .. tn - TpHBanicTt CTyneHa, rogHHa.

AHanorinHo BH3HanaeTbca gpyrnd CTyniHb eKBiBaneHTHoro rpa”iKa, ane npn
AoMy OepyTbca crynem, po3Mirnem BHme gmii HoMmanbHoi noTy”HocTi
TpaHC"opMaTopa

K =_ 7~ o S2ti+S§)t2+...+sN =
SHOM tl+12+ ... +1tn

1/ 75,82:2+ 81,622
= . = 0,966
63 22

ge S1552,...,Sn - HaBaHTa“eHHa BHme gimi HoMmagbHoi noTy”HocTi
TpaHC”opMaTopa.



MakcuMasbHe NepeBaHTaKEHHS TpaHcpopmaTopa CKiiaaae

Ky ax = SMAX _ 816763 =13
HOM

ae  Syax — MakcMMaJbHE HaBaHTWKEHHS TpaHchopmaropa 3a rpadikom

HABAHTAKCHHSI.
1=0,9-Kyuy =0,9-1,3=1,17.

[MopiBHtoemo momnepenne 3HadeHHs K, u K, mis nomanplimx po3paxyHKiB
npuiimaemo Oimbmie 3 HuX K, =0,966 ta K, =1,17, K}, > K, omke npuiimaemo
K, =1,17.

3a 'OCTom 14209-85 3 ypaxyBaHHSM €KBIBAJICHTHOI TEMIIEPAaTypHd 3MMOBOTO

nepiony t=-10°C 1 wyacy mnepeBaHTaXeHHs t =4 rox, 3HAXOAMMO 3HAYEHHS

nepes
NEPEBAHTAKEHHS TOMYCTUME Koroer = 2.

[TopiBHroemO 3HaueHHs K, 3a 'OCTowm 1 peanbHe. Koroer =2 1 Ko = 1,17,
Koroer > Ky, 3nauenns K, 3a I'OCTom Oinblie, HDK peajbHE, 3HAYUTh

TpaHchopMarop 0OpaHuil NPaBUIBHO.

BuUCHOBOK:

Tpanchopmarop TPHALIH-63000/110 y Bumagky Buxoxy 3 Jjagy 1-ro
TpaHcopmaropa 2-i TpaHchopMarop 3a0€3MEUMTh SKUBJIEHHS CHOXKMBa4dlB 0€3

OOMEKEHHSIM T10 Yacy Ta MO MOTYXKHOCTI.
2.2 Po3paxyHOK CTPyMiB KOPOTKOI0 3aMHKAHHS

Bu3HAueHHsT BENWMYMHHM CTPYMIB KOPOTKOTO 3aMUKAaHHS HEOOXIOHE st
NpaBUJILHOTO BUOOPY ycTaTKyBaHHs Ha ctopoHi 110 kB 1 10 kB. Buxinna ogHonixiitHa
CJIEKTPUYHA CXEMa EJIEKTPOMEPEXKI HaBeAcHa Ha puc. 2.2. [liacTaHiis >KUBUTHCS 3a
JIBOMAa TYMUKOBHMHU JIIHISIMHM: CXEMHU 3aMILIEHHS JUIsI PO3PaXyHKY CTPYyMIB KOPOTKOTO

3aMUKaHHS HAaBEJCHA Ha puc. 2.3.
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PO3paxyHOK CTpyMiB KOpOTKOO 3aMHKaHHfI BHKOHGVIO B iMeHOBaHIH CHCTeM
og.HHHUh. nOTy"HICTt KOpOTKOO 3aMHKaHHa Ha mHHax 110 kB u,empa “HBneHHA
CKnagae Sc =2300 MBA.

PncyHOK 2.2 - BuxigHa OgHOmmMOHa eneKTpHHHa cxeMa eneKTpOMepe i

PncyHOK 2.3 - CxeMa 3aMimeHHA gna pO3paxyHKy CTpyMiB KOpOTKOrO 3aMHKaHHA

Onip CHCTelVH gOpiBHwe

X = Hzi = 1102/ 2300 = 5,26 Om.
C Sc

OnOpn npagwwHHX mmn:

Hmm fl-1 H-2 fl-3 fl-3
OB HHa, KM 40 40 30 30
MapKanpOBOgy ~ AC-150/24 AC-150/24  AC-150/24  AC-150/24

XA, Om 16,8 16,8 12,6 12,6

Xm =Xn_2=16,8 Om
XH=Xn1l+Xn-3+Xn-4 =42 OM

Xn = Xm'Xn2 =(16,8-42) / (16,8 + 42) = 12 Om.
Xm + XA2



Onip Tpancpopmaropis

2
Xt :%:(10,5-1102)/(100-63) =20,2 Om.

[lepiognyna cknagora CK3 y touni Kj:

Y 110000/ (1.73-(16.8 + 12)) = 3.68 KA.

[ —
ST BX X))

[lepiognyna cknanosa CK3 y Touui K, npuBeneHa 10 Hanmpyru BUILOi CTOPOHU

B U
IKZ =

1 = 110000 / (1,73-(16,8 + 12+20,2/2)) =2,321 KA.

\/g(XC+XH+%j

Peanbnumii crpym K3 y Toum Ko:

’ C

B =12, -(110/10) = 25,53 KA.

H

B
Ig, =1k,

c

Y napHuil CTpyM:

- y TOLH_Ii K] lyﬂl = \/5'1,61'11(1 = 8,38 KA,

- y Toui Ky: 1y, :\/5-1,61-IK2 =58,13 KA.
Honyctumo, mo ammiityaa EJIC 1 nmepioguyna ckinagoBa TK3 He3miHHI 3a
4acoM, TOMY 4Yepe3 4ac, SKUil TOPIBHIOE YaCy BIIKIIFOUEHHS
I, =1g; =3.68 KA s TOUKH K, |
I, =Ix, = 25,53 KA g TOYKH K, .

Anepiogrusa ckianosa TK3 10 MOMEHTY po301’)KHOCTI KOHTAKTIB BUMUKA4a

Tlucm
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t

0,06

i =2 I e T =+2-3,68¢ %025 =0472 kA

0,1

t
Iy :\/E'IKZ e b =\/§'25,53-e 0.05 —4 886 kA

ne T, — mocriifHa yacy 3aracaHHsl anepioan4Hoi cknanoBoi ans Ky — T, =0,025 ¢, s

K, - T.=0,05 c.

InTerpan xoyns:

s K, By = I (t+Ta) = I§,(0,06 +0,025) = 3,682:0,085 = 1,151 kA%c

s K, By = I, (t+Ta) = I§,(0,1+0,05) =25 530,15 = 97,77 kA%c

Tabnuus 2.2 — 3HaYEHHS CTPYMIB KOPOTKOTO 3aMHKaHHS

Crpymn CK3y _ | Ynapawmit CK3 Anepion, InTerpan J[xoyns
KOPOTKOT'O MOYATKOBHUIA KA crmanosa CK3, | o7 0
3aMUKaHHS MOMEHT 4acy Y’ i, KA K>

[IvHn 3,68 8,38 0,472 1,151
110 kB (K,)

sy 25.53 58.13 4,886 97,77
10 kB (K, )

2.3 BuOip 3axucHoi Ta KoMmyTauiiHOI anapatypu

BHCOKOBOJIBTHI €JIEKTPUYHI anapaTtd BHOUPAOTBCS 3a YMOBOK TPUBAJIOrO

pexxuMy poOOTH 1 MEPEBIPAIOTHCS 32 YMOBAMU KOPOTKHMX 3aMHKaHb. [1pu npomy [uis

anapariB BUKOHY€E€ThCA:

1) BuOIp 3a HAPYT OO,

2) BuMOIp 3a HArpiBaHHSM MPH TPUBAIMX CTPyMaXx;

3) mnepeBipka Ha €JIEKTPOJAMHAMIYHY CTIHKICTB;

4) nepeBipKa HAa TEPMIYHY CTIHKICTB,

Bubopy miuisraroTs:

- BHUMHMKA4l Ha OO BULIOI HANIPYTH,

- BCTyNHI BUMHKayl Ha 6oui 10 kB;

3m. | Jlucm Ne dokym.
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CeKIIiH1 BUMHUKaul Ha Oomi 10 kB;

BUMHUKaYl JIIHI|, 10 BIAXOATH, 10 kB; po3'enHyBaul BUILOI HANpPyTH;

TpaHcopmaropu ctpymy 1 Hanpyru 110 kB 1 10 kB;

OLUMHOBKA po3noaiipHuX npuctpoiB 110 kB 110 kB.

Jlnst BuOOpy amapartiB 1 CTPYMOBEAYYMX YACTHMH HEOOXIJHO BU3HAYUTU CTPYMHU
HOPMAJIBHOTO 1 MICISaBapiiHOrO pexuMiB. BU3HAYEHHS CTpPyMiB BUKOHYETBHCS JUIS
BUIAJKy YCTAaHOBKM Ha MIJACTaHIi CHJIOBOro TpaHcdopmaropa. Po3paxoBaHoro
BIANOBLAHO A0 rpadika HABAaHTAXKCHHS IM1ICTaHLII].

Crtpym™ Ha Gomi 110 kB:

P L4 Swow 1 463y /(173110 = 463 A.

max \/g . UBH

CTpyM y KOJI1 BBIIHMX BUMHUKAYIB Ha cTOpoH1 10 kB:

L A TV (1,4-63)/(1,73-10) = 5,09 KA.

max \/g . UHH

CTpyM y KOJI1 CEKIIHHOTO BUMHKAYa:

B :%: (1,4-63)/(1,73-10-2) = 2,55 KA.
Uy

CTpyM y KO JIiHIi, 110 BIAXOAWTS:

B _ \/31’4[-JSH°M10 — (1,463)/(1,73-10-10) = 509 A.
Uy -

JUJis1 BCTAaHOBJICHHS HA CTOPOHI BULIOI HAIPYTW MPUIIMAEMO BUMHUKAY1 TUITY

A3-110J1-23(13)V4. BuOip BUMUKayiB HaBeAeHUH y Taom. 2.3.
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Tabnuus 2.3 — BuGip BuMukaua Ha ctopoHi 110 kB

YMoBa Po3paxyHKoBI KaranoxHi
BUOOPY 3HAYEHHS 3HAYECHHS

U.<U, 110 kB 110 kB
1 paed = Lo 463 A 1250 A
Lo =1 ,pexs 3,68 KA 50 kA
LR e 8,38 KA 125 kA
Lo <1 psion 3,68 KA 100 kA
o <1 0,472 kA 40 kKA

B, <It 1,151 kA*c 7500 kA*-c

JIJis BCTAaHOBJICHHS HA CTOPOH1 HU3bKOI HATPYTH MPUIIMAEMO BUMHUKAY1 TUITY

MI'Y-20-90/9500Y3. BuOip BuMHKaYiB HaBeACHUH y Tao. 2.4.

Tabnuus 2.4 — BuGip BUMHKaUiB y KoJii TpaHcpopmaropa Ha ctoponi 10 kB

YMoBa Po3paxyHkoBI KaranoxHi
BUOOPY 3HAYEHHS 3HAYECHHS
U.<U, 10 xB 20 kB
L pace = Lo 5,09 kKA 9500 A
Iho =1, pckp 25,53 kKA 105 kA
1y < 1cgg 58,13 kA 300 kA
Lo <1 ption 25,53 kKA 90 kA
o <1, om 4,886 kKA 30 kKA
B, <Lt 97,77 kKA?-c 32400 kA?-c

JIJis1 yCTAaHOBKH B SIKOCTI CEKLIHHOTO HA CTOPOH1 HWYKYOI HAPYTHU MPUIMAEMO
BuMuKaul Tuny BB3-10-31,5/3150Y3. Bubip BuMHKaviB HaBeACHO B Ta0M. 2.5.

Tabnuus 2.5 — BuOip cekuiifHoro umukaya Ha 6o 10 kB

YmoBa Po3paxyHKoBI KaranoxHi
BUOOPY 3HAYECHHS 3HAYECHHS
U.<U, 10 xB 10 kB
1 paci 1o, 2,55 kKA 3150 A
1 1o S[anKB 25,53 KA 31,5 KA
Iy <1, crs 58,13 KA 80 kKA
[nr < IOmKHOM 25,53 KA 31,5 KA
Lar <140 4,886 KA 31,5 kA
B, <It 97,77 kA?-c 2077 kA2 -c
Tluem
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JUIs BCTAaHOBJIEHHS HA CTOPOHI HI)KYOI HAMpyru B JIHIAX, WO BIIXOASTH,
npuiiMaeMo BakyyMHI BuMHMKaui Tuny BBD3-10-31,5/630Y3. Bubip BuMHKauiB

HaBEJIEHO B Ta0JI. 2.6.

Tabnuus 2.6 — Bubip BUMHKaUiB Ha JIIHIIO, IO BLAX0UTh 10 kB

YMoBa Po3paxyHkoBI KaranoxHi
BUOOPY 3HAYEHHS 3HAYECHHS
Ue sUy 10 xB 10 xB
1 paci = L ron 509 A 630 A
Tno =1, pcxs 25,53 kKA 31,5kA
Iy <1, ,crs 58,13 kA 80 kA
Lye < ption 25,53 kKA 31,5kA
o <1, on 4,886 kKA 31,5kA
B, <Lt 97,77 kKA?-c 2977 kA%c

JUIs BCTAHOBJICHHS Ha CTOPOHI BHUINOi HAMpyrd MNpUAMaeMo po3'€eqHyBadl 3
OJHUM a00 JBOMA KOMIUIEKTaMM 3a3eMiorounx HOXxIB tuny PHJ(3.1-110/1000 XJII.

BuOip po3'eaHyBaviB HaBeAeHUH y Tad. 2.7.

Tabnuug 2.7 — Bubip po3'ennysauis 110 kB

YMoBa : KaranoxHi
Po3paxyHKOBI1 3HaUEHHS

BUOODPY 3Ha4YCHHS
UCSUH 110 xB 110 kB
L paei =10 463 A 1000 A
fo =1, pckn 8,38 KA 80 kA
B, <I’t 1,151 kA%-c 992 kA% ¢

2.4 BuOip 30ipHUX LIHH

Bubparu 301pH1 miau 110 kB Ta cTpyMOnpoBiiHI €1€eMEHTH B 01011 Bl 301pHUX

IITAH bi (o} BHUBO/IIB OJIOUHOT O

TPIAIIH-63000/110.

TpaHchopmaTopa. Tpanchopmarop
OckiJibku 301pHI IIMHUA 32 €KOHOMIYHOK T'YCTMHOK CTPYMYy HE BUOMPAKOTHCH,
npuiiMaeMo nepepi3 3a J0NyCTUMUM CTPYMOM MPH MaKCUMAJIbHOMY HABAaHTKEHHI Ha

HIMHAX, 110 BIJIMOBIJIA€ 3arajlbHOMY HABAHTAKECHHIO.

bP 5.6.141.734 [13
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PHOM = 58,3/(1.73-110) =306 A.

I, = —=to
HOpM \/§ ) UHOM

| | =306 A.

Makc ~ ~HOpM

3a TalbnMier0 JOBIAHMKA NPUHMAEMO 10 BCTaHOBIEHHs mposiax I1xAC120/19

(@ = 120 mm?, d = 152 MM, [op = 380 A). ®asu po3TalIOBaHI FOPU30HTAILHO Ha

Biacrani 300 cm. Tomi

I[[OH > IMaKC;

380 A > 306 A.

[lepeBipka LIMH Ha €JEKTPOAMHAMIUHY CTIMKICTh HE BUKOHYETHCS, OCKUIBKH
[0 <20 KA.

[lepeBipka Ha TEPMIYHY CTIAKICTH TAKOXX HE BHMKOHYETBCS, OCKUIBKM ILIMHH
BUKOHAH1 I'OJIMMU TPOBOAAMM HA BIAKPUTOMY MOBITPI.

[lepeBipka 3a yMOBaMM KOPOHYBaHHS B JAHOMY BHUNAAKy Moria O He
NPOBOAUTUCS, OCKUIbKM 3riiHo [IYE MiHIManbHMIA nepepi3 Aias MOBITPSHMUX JIHIN
110 kB cranosute 70 MMm?. Bpaxoyrouw, mo Ha BPII BigcTanb MiK HpPOBOJAMH
MEHILA, HK HA MOBITPSHUX JIIHISX, MPOBOAUTHCS MEPEBIPOUHUI PO3PaXyHOK.

Bu3HauaeMo MOYAaTKOBY KPUTUUHY HAIMPYKEHICTh EIEKTPUYHOTO MOJIS:

0,299
Ey;=30,3-m:| 1+ ,
Jio
ae m — Koe(DiUieHT, SKUH BpaxOBY€ ULIOPCTKICTb TMOBEPXHI MpoBOAY ([id

OaraTonpoBIAHUKOBUX MPoBoaIB m = 0,82); ry — paalyc npoBoay, #o = 0,76 cM.

0,299

Jo7s

= 33,4 kB/cwm

E,=30,3-0,82-| 1+

Tlucm
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Bu3HayaeMO HaMPY>KEHICTh €EKTPHUYHOTO MOJIS HABKOJIO MPOBOTY

0.354-U
Dce ’
I, -lg[ i p]
0

Deep — CEpEHS TEOMETPHYHA BIACTaHb MI>K TPOBOAAMH (paz, cM.

E=

ae U — miHiiiHa Hampyra, kB;
[Ipy ropu30HTAJILBHOMY PO3TallyBaHHI (a3

Dy, =1.26-D =100,8,

ae D —Biacranp Mixk cyciaHiMu pazamu, it U,=110 kB D = 80 cm.
E =(0.354-121) / (0,76-1g(100,8/0,76))= 26,55 kB/cm.

B ocranHbOMY BHpa3i JiiHIMHA HAaNpyra npuiiHsaTa piBHOW 121 kB, ockinbku Ha
HMIMHAX €JIEKTPOCTaHLIl MATPpUMY€EThCS Hanpyra 1,1 Uyoy.
[lepeBipka BHUKOHYETBCS 3a HACTYMHOK YMOBOK:. NPOBOAM HE OyIayTh

KOPOHYBATH, SKILIO

1,07-E<0,9-E,,
1,07-26,55 =28.4 < 0,9-33,4 = 30,1 kB/cwm.

YMoBa BUKOHYeThCs, ToMy mnpoBiag 1XxAC120/19 ocrarouHo npuiiMaeMo A0

BUKOPHUCTAHHS.

BuoOip »KOpPCTKHX IIHH

[IpuiimaeMo TeMneparypy HaBKOJMIIHBOrO cepenosuia: 30°C.

OOupaeMO  @lOMIHIEBI  IIMHM  KOpPOOYacTOro  Mepepidy  po3TalloBaH1
FOPU30HTAJIBHO 1 OPCTKO 3aKpIMJIEHI OJHA BIAHOCHO OAHOI (2x150x65x7 MM,

nepepizom 2x1785 MM?, Loi=5650A).
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PucyHnok 2.4 — [1Ilunu kopoOyacToro nepepizy

Ugon = 70°C, Vgager = 30°C, Upgpy = 25°C.

YMOBa 3a JOMYCTUMUM CTPYMOM:

IHH = 5090A < 1, = 5650 A,

max

YMOBA BUKOHY€ETBCS.

[IpunyctumMuii  CTpyM 3  ypaxyBaHHSIM T[ONPAaBKM HA  TeMIEparypy

HaBKOJIMITHBOI'O CCPCAOBHUIIA.

Uson ~ Usparm 70 -30
Io=1, - |20 —tem _ 5650, = 5327 A,
Uson = Unopn 70-25
ne Upon — AOMYCTHMA TEMIIEpATypa IHHH,

Unopu — HOMIHAJIbHA TEMIIEPATYPA HABKOJIMIIHBOTO CEPEIOBHULIA.
5090 A <5327 A.

MiHiMaJIbHUI TEPMIYHO CTIHKUH nEpepi3:

/97 77
\/_ =109,9 Mmm>.

qmjn.don_ 90 10_3
Ockineku  ¢q, ., =109,9 < 2x1785 wMM? TepMiyHa CTIMKICTH  IIMH
320€3MeYy€EThCS.
Tlucm
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TBepal WIMHM MOBHMHHI OyTHM MEpEBIpeHI Ha auHamiuHi [1i ctpymiB K3 1 Ha
MO>KJIMBICTh BUHUKHEHHSI PE30HAHCHUX SBUII. 3a3HAYCHI SIBUILA HE BUHUKAKOThH MPU
K3, sgxmo BracHa yacrota konuBaHb MHW MeHme 30 1 Owipme 200 I'm. YacrtoTa

BJIaCHUX KOJIMBAHb JIJIsl AJIFOMIHIEBUX IIMH BU3HAYAETHCS 32 (POPMYJIOH0

1732 | Jyoy0 1732 | 1260

f,
U2 N2 Qe 2% \[2:17.85

=257T'

ae | — nOBKMHA MPOJIBOTY MIXK 130J1ITOpaMu [ = 2 M, M;
Jy0-yo — MOMEHT iHepLii MONepeyHOro fnepepisy ABOX 3POLICHHUX IUUH, CM*;
Gy — TOTIEPEYHMI NIEPEPI3 OAHIET IMHKU, CM2.
Ockinbku f; = 257 2 200 ['u, TO MEXaHIYHUI PE30HAHC BUKJIIOYAETHCS.

MoOMEHT onopy nepepidy Ajsi 1BOX 3POLICHUX LIHH:

i2 12 58,132.22.1072
Cpmax = 1,76 - ———-108 =176 = 1,781 MIla
a-Wyo_yo 0,8-167

J€  a— BIACTaHb MiX (hazamu, M;
Wy0—-yo — MOMEHT OIOPY JABOX 3POILEHHX LIHH, cm’.
Cpmax = 1,781 < 0, =82,3 MIla ym0oBa MeXaHIYHOT MILIHOCTI BUKOHYETBCSL.
Jie o ... =82 3 MIla — nonycTuMma MexaHi4Ha Harpyra B MaTepiaial alfOMIHIEBUX IIHH.
A0IT
Cuna B3aeMoili MIXK IIBEJIEPAMH:
2 58,132
o 7 ’ 1
f =0,5--——=-107"=0,5-——-10"'= 1126 H/m
I > >
h 0,15
2

ne  h - BUCOTa LIBENEPA, M.

MakcumanbHa BIICTaHb MK MICLISIMA 3BAPIOBAHHS ILIBEJIEPIB:

12-(000 — G ) We 12:82,3 - 1,781) 14,7
ln.max = ( - b ) — = =3,55m™m

f, 1126

‘o . 3
ne  W,_,, — MOMEHT OMOpY UIMH Y BEPTUKAIBbHIM MJIOMIKHI, CM”.
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2.5 BuOip BUMiproBaibHUX TPAHC(OPMATOPIB CTPYMY TA HANIPYTH

J1J11 BBIMKHEHHSI €JIEKTPOBUMIPHOBAJIbHUX MPUJIAIIB 1 MPUCTPOIB PECHHOIO 3aXUCTY

HEeOoOX1/IHA YCTaHOBKA TPaHC(HOPMATOPIB CTPYMY 1 HAMpyru. Y JaHOMY MPOEKTI pesciHHui

3aXUCT JIETAIBHO HE PO3POOJISIETHCS, TOMY NEPEBIPKY TPAHCPOPMATOPIB 32 BTOPUHHUM

HABAHTKCHHSM BUKOHYEMO 3 YPaXyBaHHSIM BBIMKHEHHS TUTbKH BUMIPIOBAJIbHUAX MPUJIA/IIB.

Y koJii cuioBoro TpaHchopMaropa 3 OOKY HIKYOI HANpPyrd BCTAHOBJIOETHCS

amMIepMETpP, BOJIBTMETP, BapMETP, JIYMJIbHUKMA AKTUBHOI 1 PEAKTHBHOI €HEPrii, Ha

muHax 110

KB — BOABTMETp 13 MmepeMuKayeM Uil BUMIPY TPbOX MDK(}A30BUX HANpPYT, HA

cekuiiiHoMy BumMukayl 10 kB - ammepmeTrp, Ha JiHISX, WO BLAXOAATh, 10 kB -

amMIepMeTp, JIYWIbHUKM aKTUBHOI 1 PEakTHBHOI €Heprii. Po3paxyHOK BTOPMHHOIO

HaBaHTKEHHS TpaHchopMaropa CcTpyMy HaBeneHui y Tabauii 2.8.

Tabnus 2.8 — Po3paxyHOK BTOPUHHOTO HABAHTAKEHHS TPaHC(OPMATOPIB CTPYMY

HapanTakeHHs no ¢a3zax

[Tpunan Kiac A B C
AMnepMerp 1 0,5 0,5 0,5
BarrtMeTtp 1,5 0,5 - 0,5
Bapmerp 1,5 0,5 - 0,5
JlluynIbHUK aKTUBHOI €HEprii 1 2.5 - 2.5
JIIUMIBHUK PEaKTUBHOI EHEPTIi 1,5 2.5 - 2.5
CyMmapHe HaBaHTaKEHHS CTPyMy B KOJI

. 0,5 0,5 0,5

CWJIOBOTO Tp-pa Ha 6ol BH ’
CyMapHe HaBaHTaXEHHS CTPyMY B KOJI 6.5 0.5 6.5
CUJIOBOro Tp-pa 3 6oky HH
CyMapHe HaBaHTaXEHHS CTPyMY B KOJI 0.5 0.5 0.5
Cekll. BuMukaya Ha HH
CyMapHe HaBaHTaXEHHS CTPyMY B KOJI 0.5 0.5 0.5

BIAX1IHOT JTIHIT

>

>

Bubip TpancdopmaTtopiB cTpyMy HaBeaeHUH y Tabnuisix 2.9 - 2.12.

Bubupaemo tpancpopmarop ctpymy TO3M-110B-1.
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Tabmuus 2.9 — Bubip TpaHchopmaropa

TpaHcopmaropa Ha 6oui BUcokoi Hanpyru 110 kB:

B KOJI CHJIOBOIO

Po3paxyHkoBi Karanosxui
YMoBa B0y 3:angH;1 3HAYCHHS
U.<Uy, 110 kB 110 kB
L paei 1,50 463 A 800 A
iy <1, crz 8.38 KA 124 kA
B, <It, 1,151 kA?-c 2352 kA%-c
Z,<Z, .. 0,82 Om 1,2 Om

Jlnis nepeBipKH 3a BTOPMHHUM HABAHTAXEHHSIM BU3HAYAEMO OMIpP MPHIIA/IIB

Supun 0,5

Zopun = = — =0,020m

52

Toni onip CHOAYYHUX NPOBOIIB MOKE OyTH

an = ZHOM - anml -

ne  Z,p, — HOMiHaJIbHUH OMip HaBaHTaxeHHs, OM;
Zppun — OMp npuafis, Om;

Z, — OIlip KOHTaKTiB, OM.

Znp=12-0,02-01=1,080m.

[lepeTuH xwun npu noBxuHI kKadens [/ = 100 m:

[
F: o —
P Zop

ne  p—naromuii omip mini, 0,0175 (Om-MM2/M),

I — mepeTuH >Kui1, MM2.

= 00175 - 229 _ 1 62 mm?
- 108 OcMM

3m. | flucm Ne dokym. Mlionuc | Hama

bP 5.6.141.734 [13

Tlucm

46




[lepeTvH crnony4YyHUX MPOBOJIB 3a YMOBAMU MEXAHIYHOI MILIHOCTI NOBHHHMIA
OyTH HE MEHLIE HDK 2,5 MM? [I MiTHUX JKHJL.

Onip oOpaHuXx MPOBO/IB:

! 100
Znp=p -5 =0.0175-——== 0.7 Om

3arajibHUM OMip CTPYMOBOIO KOJa
Zy=Zppun + Zx +Zyp, = 0,024+ 0,1+ 0,7 = 0,82 Om
mo MeHue HbK 1,2 Om, npumycTUMHX 0OpH poOOTI TpaHcopmatopa B Kilacl
touHocTi 0.5.
Tpanchopmarop ctpymy TO3M-110b-1 Bianosigae ymoBam BUOOPY.

Bubupaemo tpancpopmarop ctpymy TIIB-15-Y3.

Tabmuus 2.10 — BuOip tpancdopmaropa ctpyMy y Kol Tpancdopmaropa Ha ooui 10 kB

VmMoBa BHOOPY Po3paxyHKoBI KatanoxHi
3HAYECHHS 3HAYEHHS
U.<U, 10 kB 15 xB
L paci = Lo 5090 A 6000 A
Iy S o, 58,13 kKA -
B, <It 97,77 kKA?-c 3650 kA%-¢
Z,<Z, .. 1,06 Om 1,2 Om

J1Jis mepeBIpKM 3a BTOPUHHUM HABAHTAXKEHHSIM BU3HAYAEMO OMIp MPUiIaaiB

Snpun 6;5
anun = 1—2 = ? = 0,26 Om
Jlucm
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Ac

Ac

Toni onip CHOAYYHUX NPOBOIIB MOKE OyTH
an = ZHOM - anml - ZK

Z ., — HOMiHaJIbHHWH OMip HaBaHTa)keHHs, OM;

np
Znpun — OMp npuaziis, Om;

Z, — OIlip KOHTaKTiB, OM.
Zpp =1,2-026-0.1=0,84 Om.

[lepetuH xwun npu noBxuHI kadens [/ = 100 m:

] 100
——=0.0175-—— =208 Mmm>
Ly 0,84

F=p-
p — nuToMuii onip miai, 0,0175 (Om-MM?/m),
I — mepeTuH >kuit, MM>.

[lepeTuH COJYyYHUX MTPOBOIIB 32 YMOBAMU MEXAHIYHOI MIITHOCTI MTOBUHHUA

OVTH HE MEHIIIE HiK 2.5 MM? JUIS MiJTHUX KHUJI.
b

Omnip oOpaHux MPOBO/IB:

/ 100
Zyp=p-—=00175-——= 0,7 Om.
F 25

>

3araJibHUM OMip CTPYMOBOIO KOJa

Zy = Zupun + Zi + Zop =026 +0.1+ 0,7 = 1,06 Owm.

mo MeHwe Hibk 1,2 OM, npumycTUMHX 0Opd poOoTi TpaHcopmaropa B Kiacl

touHocTi 0.5.

Tpanchopmarop crpymy TILB-15-Y3 Bianosinae ymoBam BUOOPY.
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Bubupaemo tpancpopmarop crpymy THIJI-10-Y3.

Tabnuus 2.11 — Bubip Tpancdopmaropa cTpyMy B KOJI ceKiiiiHOro BuMukaya 10 kB

Po3paxyHKoBI KaranoxHi
YMoBa BUOOpY
3HAYECHHS 3HAYECHHS
U. sUy, 10 kB 10 kB
[pacu S [HOM 2’55 KA 3000 A
iy giauu 58,13 KA -
B, <I1, 97,77 kA?-c 3250 kA?%-¢
Zy SZy 0,56 Om 0,8 Om

ac

Ac

Jliis nepeBipKy 3a BTOPMHHUM HABAHTAXEHHSIM BU3HAYAEMO OMIpP MPHIIA/IIB

Zopun = S"l% = (;’—25 = 0,02 OM
Toni onip CHOAYYHUX NPOBOIIB MOKE OyTH
an = ZHOM - anml - ZK
Z,p — HOMIHaJIbHUI onip HaBaHTaxeHHs, OM;

Zppun — OMp npuaziis, Om;

Z, — OIlip KOHTaKTiB, OM.
Zpp =0,8-0.02-0.1=0,68 Om.
[lepeTuH xun npu noBxuHI kKadens [/ = 100 m:

/ 100
Ly 0,68

p — natoMuii onip miai, 0,0175 (Om-Mm?/m),

I — nepeTuH >Kui1, MM2.

=0.0175-—— = 2.57 Mm?
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[lepeTHH CoMyYHUX MPOBO/IIB 32 YMOBAMU MEXAHIUYHOT MILIHOCTI TOBUHHUMN
OYTH HE MEHIIE HiXK 4 MM? IS MIZHHX KHUJL.

Onip oOpaHuXx MPOBO/IB:

/ 100
Zyy = p-—==0.0175-——=0,438 Om.
F 4

3arajibHUAM OMip CTPYMOBOIO KOJa

Zy = Zupun + Zi + Znp = 0.02+ 0.1+ 0,438 = 0,56 Om.

mo wmeHwe Hibk 0,8 OM, npunyctumMux npud poOoTi TpaHchopmaropa B Kiacl
touHocTi 0.5.
Tpanchopmarop crpymy TIIJI-10-Y3 BianoBinae ymoBaMm BUOOPY.

Bubupaemo tpancpopmarop crpymy THIJITI-10-Y3.

Tabnuus 2.12 — Bubip Tpancdopmaropa CTpyMy Ha JiiHIi, 10 BIAXOAUTh

Po3paxyHkoBI KaranoxHi
YMoBa BUOOpY
3HAYCHHSI 3HAYCHHSI
Ue <Uy 10 kB 10 kB
L paei = Lo 509 A 1000 A
iygiOuH 58,13 KA -
B, <[t 97,77 kA*-c 3250 kA%-¢
Zy<Zy o 0,56 Om 0,8 Om

Jiis nepeBipKy 3a BTOPMHHUM HABAHTAXKEHHSIM BU3HAYAEMO OIIp MPUIIa/iB

Snpun 0;5
anun = 1—2 = ? = 0,02 Om

Toni onip CHOAYYHUX TPOBOIIB MOKE OYyTH

an = ZHOM - anml - ZK

ne  Z,, — HOMiHaJIbHUM omnip HaBaHTaeHHd, OM;

p
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Znpun — OMp npuaziis, Om;
Z, — OIlip KOHTaKTiB, OM.

Znpp =0,8-0.02-0.1=0,68 Om.

[lepeTuH xwun npu noBxuH1 kadens [/ = 100 m:

100
=0.0175-—— = 2,57 Mm?

Fo gl
ZLap 0,68
ne  p—naromuii omip mini, 0,0175 (Om-MM?/M),

I — MepeTuH >Kui1, MM2.

[lepeTHH CnoMy4YHUX MPOBO/IB 32 YMOBAMU MEXAHIYHOT MILIHOCTI MOBUHHUN
OYTH He MEHIIE HiXK 4 MM? IS MIZHHX SKHUJT.

Onip oOpaHux MPOBO/IB:

/ 100
Zy = p-—=0.0175-——=0,438 Om.
F 4

3arajibHUl OMip CTPYMOBOIO KOJa
Zy=Zupun + Zx +Zpp =0.02+0.1+0,438=0,56 Om.

mo wmeHwe Hibk 0,8 OM, npunyctumMux npud poOoTi TpaHcpopmaropa B Kiacl
touHocTi 0.5.
Tpanchopmarop crpymy TILIJITT-10-Y3 Bianosigae ymMmoBaM BUOOPY.
OOupaemo TpaHC(HOpPMATOPU HANPYTH 34 33JJaHUMHU 3HAUEHHSAMHM HANpyrd Ta 3a
HOTY>KHICTIO.
Ha Oouwi Bucokoi Hanpyru 110kB  oOupaemo Tpancopmaropu
HK®-110-58VY1, Ha Gomi 10 kB — 3HOJL09-10.02, BUKOPUCTOBYHOYM JAaHl 13

TaOJHIb HABEJACHUX Y IOBIIHUKAX.
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Tabnuug 2.13 — Bubip tpancdopmaropa Hanpyru 3 6oky BH

. HoMiHanbHa NOTyKHICTB,
HowmiHanbHa Hanpyra oOMOTOK ) . |MakcumanpHa
Knac B-A, B kj1acl TOYHOCTI .
Tun — — MOTY>KHICTb,
Hanpyru | Ilepsunnoi, | OchHoBHoOi | [Jonat-
. . 02 | 0,5 1 3 B-A
kB BTOpUHHOI, B({koB0i, B
HK®-
110 1103 100/3 100/3 - 400 | 600 | 1200 2000
110-58V1

Tabnuus 2.14 — Bubip tpancdopmaropa Hanpyru 3 6oky HH

. HoMiHanbHa NOTYKHICT,
HowmiHanbHa Hanpyra oOMOTOK ) . |MakcumanbHa
Knac B-A, B kj1acl TOYHOCTI .
Tun — — MOTY>KHICTb,

Hanpyru |Ilepsunnoi,| OcHoBHoi | lonar-

. . 0,2 | 0,5 1 3 B-A
kB BTOpUHHOI, B|koBoi, B

3HOJI.09
1002 10 103 10073 100 | 50 | 75 | 150 | 300 630

2.6 OOrpyHTYBaHHSI CXeMH €JICKTPHUYHHUX 3’ €IHAHDb MiACTAHIIT

OcHOBHA cXeMa €JIEKTPUYHUX 3'€/IHaHb MOBUHHA 33JI0BOJILHATU TaKl BUMOTH [4]:

— 3a0e3nevyyBaTd  HAAIMHICTH  €JIEKTPONOCTAYaHHS B  HOPMAJIbHUX W
micJisiaBapIiHUX PEXKUMAX;

— ypaxoByBaTH NNEPCICKTUBU PO3BUTKY;

— IOMYCKATH MOKJTUBICTh PO3LUMPEHHS,

— 3a0e3MevyyBaTi MOXJIMBICTh BUKOHAHHS PEMOHTHMX 1 €KCIUTyaTallliiHUX pOOIT
Ha OKPEMUX €JIEMEHTAX CXEMHU il 0€3 BIAKIIFOUEHHS IPUEHAHD.

[Ipy ubOMY €111 3aCTOCOBYBATH HAMMPOCTILL CXEMH.

[TiacTaHUiss BIAHOCUTBHCS A0 Kacy TYNUKOBUX MIACTaHLIM. [[is gaHoro kiacy
Hampyryd, HaOOpy 3OBHILIHIX TMPUEAHAHb 1 TMOTYXKHOCTI TpaHCPOpMaTOpiB, 3
ypaxyBaHHSM TOTO, 110 3aCTOCYBaHHS BIJJIUIBHUKIB B YMOBAX XOJOJHOIO KJIIMaTy He
PEKOMEHAYETHCS, MPUIAMAEMO [0 YCTAHOBKA HA MPOEKTOBAHIM MIJACTAHIlI CXEMY «JIBa
OJIOKM «IiHIS - TpaHcopMarop» 3 BHMHMKAa4eM Yy KOJl TpaHcdopMaropa Ta

HEABTOMATHUYHOK) NEPEMUYKOIO» (pHUC. 2.5).
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QS1 QS2
QS5 QS6
QS3 QS4
Q1 Q2
1T 2T
A A
Q3 Q4
Y = Y
O T 91
A A a A
Q Q Q Q
U 7 V7
A0 cnoxueadis A0 cnoxusadiB

PucyHnok 2.5 — Cxema po3MillleHHsS] BACOKOBOJIETHUX anapariB Ha MiACTAHIIIT

Cxema 3 pEMOHTHOK MEPEMHYKOI, BUKOHAHOK 3a AOMOMOIOK PO3'€JHYBAyiB
(«HEaBTOMATUYHOK» MEPEMHUUYKOI0), 3a0e3nedye MOXJIMBICTh MPUENHAHHS 000X
TpaHcHOpMAaTOPIB A0 OJHIET JIIHII TPH PEMOHTI 1HIION.

Cxema miacTaHIii HaBeeHa Ha rpad14yHiil YaCTHHI POEKTY.

Y HOpPMaJIbBHOMY PEXUMI BCE KOMYTalliifHe 00J1aJHAHHS BKJIIOUEHE, 32 BUHSTKOM
po3'ennyBauiB QS3...QS4 y pemonTHii nepemuunti. [TositpsHi aiHii W1, W2 - miHii, sk1
3'€THYIOTh MPOECKTOBAHY MiICTAHIIIIO 3 EHEPrOCUCTEMOIO.

Po3risiHeMo HaCJliIKU aBapifHUX CUTYyalllil y JaH1i cXeMi:

1) BigmoBa ogHoro 13 TpaHcgopmatopiB (nmpunyctumo T1). IIpu xopoTkomy
3aMukaHHl B TpaHcopmaropi T1 BinOyBaeTbcs BIAKIIOUYEHHS BHMHMKaya Q1.

JKuBneHHs crioKMBaviB MiJICTaHIT 311IHCHIOETHCS Yepe3 TpaHcopmartop T2 3a paxyHOK

Tlucm

bP 5.6.141.734 [13

53

3m. | fluecm Ne dokym. Mlionuc | Hama




foro nepeBaHTaKy BAJIbHOT 3JaTHOCTI.

2) BiamoBa onHI€T iHII, KA 3'€qHY€ CMOKUBaUiB 3 enekrpoctaHuiero (W1). Ipu
KOPOTKOMY 3aMUKaHHI Ha JiHii W1 BiaOyBaeThcsl BIAKIIOYEHHS BHMHMKada Ql1,
tpanchopmarop T1 Brpadae >xuBieHHs. [licns BiaknrodeHHs W1 onepaTUBHUN
NEPCOHAT BIAKIIIOYAE YIIKOMKEHY JIIHIKO JIHIAHUM po3'eaHyBadeM. [licis uboro
3aMUKAEThCS paHiule BIAKIIOUEHHWH po3'eqnyBad QS3, BinOyBaeTbes BKIOUEHHS Q1 1
TpaHcopmarop T1 BIAHOBIIOE KUBJIEHHS.

3) BiamoBa oaHoro 3 BumukauiB (Q1). [Ipu KOpOTKOMY 3aMUKaHHI y BUMHUKAul
Q1 BiaKIHOYaEThCS TOJMOBHUK BuMHKad 1 JiHIS W1. JKuBleHHs BCIX CIOXXKHUBAYiB
NiJACTaHIT 3M1ACHIOETBCS BT JiiHIT W2 1 TpancdopmaTopa T2.

TakuMm 4YMHOM, 3 HABEACHOTO aHaJli3y BUJHO, 10 IPA BUKOPUCTAHHI JaHOI CXEMHU
BICYTHIA BapiaHT NpoCTOi (OJMHOYHOI) aBapiifiHOi cUTyauli, sika MTPUBOAMTH [0
BIJKJTFOUEHHS CITO>KMBAYIB MPOECKTOBAHOT MiACTAHIII].

HaiiOu1p11 BakKKOO aBapidiHOIO CUTYAIIIE) € BIAMOBA OJHIET 3 SKUBUJIBHUX JIIHINA
(W1) y nepioa peMOHTY oaHOro 13 TpaHcdopmatopiB (T2), ajne i y 1[bOMy BUOAAKY €
MO>KJIMBICTh 3a0€3MEYUTH SKMBJIEHHS CHOXKMBAYlB MPOEKTOBAHOI MIACTAHLIi B1A JIHII

W2 uepe3 peMoHTHY nepeMuuky QS3-QS4 1 tpancdopmarop T1.

2.7 BuOip TpancpopmaTopiB BJaCHUX NOTPed

[Tpuitmayamu BjacCHMKaMu BiacHux notped € [10]:
- OMNEpaTHBHI KOJa,;
- CJIEKTPOJBUTYHH, CHCTEMH OXOJIOJKEHHS CHJIOBUX TpaHCPOpMaTopis,
BUCBITJICHHS 1 €JICKTPOONAJIEHHS PUMILICHb;
- EJIEKTPOMIAIrPIBaHHS KOMYTALli{HOT anaparypu 1 T.J.

CymapHa po3paxyHKOBa NOTY>KHICTh NpUiiMaya BJACHUX MOTPEeO BU3HAYAETHCS 3
ypaxyBaHHsAM KOE(QILIEHTIB NOMUTY. PO3paxyHOK MNOTY>KHOCTI NpuUiiMaya BJIACHUX
notped HaBeaeHu y Tadm. 2.15.

Ha niacraniii nependavyaerbcs yCTaHOBKA 2 TpaHC(HOPMATOPIB BIACHUX NOTPED.

HomiHanbHa NOTYHICTh BUOUPAETHCS 3 YMOB
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Srerr 2 Sey »

ae  Spey - TOTYXKHICTB TpaHC(HOPMATOpa BIACHUX NMOTPED, KBA,
Scyy - MOTY>KHICTB CHIOXKMBAYIB BJIACHUX NOTPED, KBA.
Tabnuus 2.15 — Po3paxyHOK NOTY>KHOCTI NpUiiMaya BIaCHUX NOTPeO
YcraHoBiieHa
HOTYRHICTE HaBantaxeHHs
Ne HaiimeHyBaHHA . Koe.
OauHul, CosQ
n/n CIOKMBAYA BT X Bcboro,| monury Pyer, Qyer,
. kBT kBT kBAp
KUJIbKICTD
OXO0J0KEHHS
1 | TpaHchopmaropis 2x5 10 0,8 0,85 10 6,2
TPAIIH-63000/110
[TimirpiB
5 | BHCOKOBONBTHHX ) rxd g 0.8 | g )
BUMHKAU1B 30BHILIHBOT
YCTAaHOBKH
[TiairpiB mpuBOIIB
3 | po3'enHyBayiB 4x0,6 2.4 0.8 1 2.4 -
30BHIIIHBOI YCTAHOBKU
OnajieHHs, OCBITJICHHS,
4 | BEHTWJISLIS 3aKPUTOTrO - 5 0,8 1 5 -
Py
5 | OcBiTaeHus PY - 2 0,8 1 2 -
Bcworo 274 6.2
Po3paxyHKoBE HaBaHTaOKEHHS
SyCT = K¢+ ’P}ZICT + Q}ZICT
ne  Kc — koediuient nonuty. [Ipuitmaemo pisaum 0,8

Syer = 0.8°/27,4% + 6,22 =225 xBA
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[lin d4Yac BBIMKHEHHS 1bOTO HAaBaHTAXECHHS HA OJAMH TpaHcHOpPMaTOp
JOMYCKAEThCsl Moro mnepeBaHTakeHHs Ha 20%. [loTyxHICTH TpaHchopmaTopa s
320€3MECUYEHHS] KUBJICHHS HABAHTAKEHHS BJIACHUX MOTPEO 3 ypaxyBaHHSIM PEMOHTHHUX
HaBAaHTAKEHb. PEMOHTHE HABAaHTAKEHHS HA MNIACTAHLII MOKHA OpaTd TakuM, LIO

JOPIBHIOE Spp =20 — 25 kBA.

Sey +Spep 22,5420
1,2 1,2

TCH = =35,4 kBA.

bepeMo craHmapTHy NOTY>KHICTB TpaHcpopmaropa Sy, =40 kBA. Ocrarouno

JUIS )KMBJIEHHS CIIO’KMBaya BJIaCHUX MOTped OepeMo Ba TpaHCHOPMATOPU CTaHIAPTHOI

noty>xHocti: TM-40/10.

2.8 KoMmnoHyBaHHs po3NOALILHUX NPUCTPOIB HA Ooui 110 kB

[Tiacranuii (ITC) 110 kB cnopymKy0Th, K TPaBUIIO, BIAKPUTUMHU.

Cnopymxenns 3akputux [IC Hanpyroro 110 kB, nmonmyckaeTscs B Takux
Bunaakax [9]: po3miweHHs [1C 13 Tpancpopmaropamu 16 MBA 1 Bunie Ha ciyx00BIid
Teputopii MICT, po3MmimeHHs [IC Ha TepuTopli MICT, KOJMM LE JOMYyCKAEThCS
MICTOOY/TIBHUM MIPKYBaHHSIM.

Ha I1C enexkTponocTtayaHHs NPOMHUCIOBUX MIAMPHUEMCTB NEPEa0AYAETHCS BOASHE
OMAJIEHHSI, MPUETHAHE 10 TEMJIOBUX MEPEXK MIANPUEMCTB.

byaunaku 3PY (3akputux PY) nonyckaerbcs BUKOHYBATH SIK OKPEMO PO3MILIEHI,
Tak 1 30JJ0KOBaHUMHU 3 Oy auHKamu PITY B TOMy 4uMCIi 1 O BEPTUKAI.

Tpancdopmaropu 110 kB Bapro yCcTaHOBNIOBaTH BIAKPUTHMH, a y pailoHax 13
3a0pyAHEHO0 aTMOC(EPOIO 3 MOCUIICHOIO 130JISLIERD.

Cxemn g Hanpyr 110 kB 1 Bullle MOBUHHI CKJIQIATUCS 3 YPaXyBaHHSM TaKHX
BUMOT: PeMOHT BUMHKaYiB 110 kB 1 BUIIE BUKOHYETHCS O€3 BIIKIIOUEHHS NMPUEIHAHB!
NOBITPsIHI  JIIHIT BiAKIOUaroThess Big PII He Ouablie HDK JBOMa BUMHMKayamw,

TpaHchopMatopu OJIOKIB BIAKIHOYAIOTHCS HE OUIBIIE HI)K TPhOMA BUMUKAYaMHU 1 T.1H.
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[Ipy BIAKIIOYECHHSX BUMHMKAYiB y HOpPMajibHOMY pexkumi PII He noBHHHE
BIJIKJIFOYATH OLIbIIE OJHOTO OJI0Ka, Y PEMOHTHOMY - HE OljIbliie 1BOX OJIOKIB.

Jnsa PII35-220 kB npu uucm npuenHanbs 12-16 omHy 3 JABOX CHCTEM
CEKLIIOHYIOTh, MPU YUCJI NPUENHAHBb OUTBII HIXK 16 — CEKIIOHYIOTh OOMJIBI CUCTEMHU

IITHUH.

2.9 KoMnoHyBaHHs1 pO3NOAITBLHUX NPHCTPOIB HA Ooui 10xkB

PIT 10 kB Bxomste no cknamy miacraHuiid sk ronoeHi PIT. Jlo PITI0 kB
NIACTAHIINA MIJKITIOYATBCS NOHMXKYHOYI TPaHC(HOPMATOPU, CUHXPOHHI KOMIIEHCATOPU
Ta 1H.

Cxemu PIT10 kB noBUHHI 3aJ0BOJILHATH HACTYMHUM BuUMoram [4-6]:
HECTIPALIOBAaHHS ~ BMMHMKAya HE  TOBHMHHE  NOPUBOJUTH OO0  NPUNHUHEHHS
€JICKTPONOCTa4YaHHs BIANOBLAATBHUX crioxkuBadiB (1 kareropis no [1Y3), po3wmpeHns
PI1 3 poCTOM HaBaHT@)KEHb HE MOBUHHE MPUBOJUTU [0 3MIHM CXEMH 1 3HAYHMX
OyIBEJIBHUX 1 MOHTKHUX POOIT.

CekuitoBaHHsl 30IpHUX IIMH JI03BOJISE 3aJI0BOJIbHUTH BUMOTM HAIIHHOCTI.
Po3ummpennst PIT 31iHCHIOETBCS 3alIOBHEHHSIM PE3EPBHUX OCEpPEAKIB ad0 BBEIACHHSIM
HOBOI CEKILIi.

PY 10 xB nns xommiektHux TpaHcdopmaropiB [IC BUKOHY€ETbCS y BUIISAAI
KPYH ab6o KPVY, BcTaHOoBmoBaHMX Yy 3akpuTux npumimieHHsx. Y 3PY 10 kB

PEKOMEHAYETHCS BCcTaHOBMIOBATH madgu KPY 3aB0AChKOro BUTOTOBICHHS.
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3 PO3PAXYHOK PEJIEHHOI'O 3AXHUCTY TPAHC®OPMATOPA
3.1 BuzHauyeHHsI napaMeTpiB, HEOOXiAHHUX AJIsI PO3PAXYHKY 3aXHCTIB

TpaHcopmaropa

HeoOx1AHO BMKOHATH PO3paxyHOK 3axucty s TpaHcopmartopa [IC-1 Tuny
TPIAIIH-63000/110. TpaHchopmaTop OTPUMY€E >KMBIEHHS BIJ €HEPrOCUCTEMHU 3
HapaMETPAMHU X yaxe = 12 OM; Xenin = 18 OM (onopu npuBeneH1 A0 Ugpuon= 115 KB).

1. Jlng cknajaHHs CXeMHM 3aMilieHHs (puc. 3.1) po3paxyemMo Omnopu
TpaHchopMaropa:

a) 3araJbHUI 1HAYKTUBHUI OMIp:

U, Ul 10,5 115
X = . — .
7100 S, 100 63

H

=22.04 Om.

0) omip OOMOTKM BUILIOi HANPYTH:
x,=0,125x,,=0,125-22,04 =2,76 Owm.

B) OIIp OOMOTKH HMKYOi HANpyTH:
x,=1,75x =1,75-22,04=386 Owm.

2. Ilpu pospaxynkax ctpymiB K3 nans 3axuctiB TpaHcdopmaropis 13 PITH cig
ypaxyBaTu 3MIHY ONOPY 3a PaxyHOK PEryJitoBaHHs Hanpyru. s TpaHcdopmaTopiB
110 kB npu6inu3HO MOKHA NPUKAHSTH:

Xy s = Xnom (1= AU) =38,6-(1-0,12)* = 29,9 Om;

H.MUH H HOM

(1+AU)’ =38,6-(1+0,12)" =48 4 Om.

‘xH.MaKc - H HOM

3BIICHA X

8.MUH 8 Hom

(1-AUY =2,76-(1-0,12)" = 2,13 Owm;

X, e = o non (14 AU =2,76-(140,12) =3,46 Om,

8. MaKc 8 HOM
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Pucynok 3.1 — [NosicHioroua cxema (a) 1 cxema 3amiteHHs (0) Tpancdopmaropa 3

PO3IIETIIEHO OOMOTKOIO

3. CTpyM KOPOTKOIr0 3aMMKaHHS Ha IIMHAX HUKYOi HANIPYTH:

(3) _ Ucp.HOM 115

_ ~1,509 KA.
B (X, e + X sum + X ) N3 (1242,13+29,9)

[(3) _ Ucp.noM — 115 =0,823 KA.
o 2 . ('xC..MuH + x8..MaKC + 'xH..MaKC ) 2 ) (1 8 + 3’46 + 48’4) ’

3.2 Po3paxyHOK MO310BKHbOT0 TH(PEPEeHUIATbHOI0 CTPYMOBOI0 3aXHCTY

1. Crpym chpanpOBYBaHHS 3aXMCTy BHU3HAYAEThCS MO OUIBLIOMY 13 JIBOX
PO3paxyHKOBUX YMOB:

a) B1AOYAyBaHHS BiJl KHJKA CTPYMY HAMarH14yBaHHs, 110 BUHUKAE MPU BKIIFOYECHHI
TpaHcdopMaropa Ha XOJIOCTHH X1 a00 MPH BIJHOBJICHHI HAMPYTH MICJs BIAKITHOYCHHS

K3, a Takox BiA NEpexigHUX CTPyMIB HEOaAIaHCY MPH 30BHIMHIX K3:
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ne k. - xoepiuient BinOyayBsaHHs, aas pene tuny PHT, £, =1,3;
I ., - HOMIHQIBHUI CTpPyM Ti€i CTOPOHM TpaHcopmaropa, Hampyra skoi
NpUifHATA B IKOCTI PO3PaxyHKOBOT;

= S 03 =0,316 KA.

/ = =
- \/§ ) UCp.HQM \/§ 115

I..=13-316=411,2A.

0) BILAOYyQyBaHHS B MaKCUMAJLHOTO MEPIOJAMYHOIO CTPyMy HeOajaHCy, o

BUHUKae Npu 30BHIIHIX K3:

ae  k, =13 - koediuieHT 3anacy no BUOIPKOBOCTI,

- MaKCUMaJIbHMIA PO3PAXYHKOBHI CTpyM HeOanaHCy, OOYMOBJICHUH SIK

HO. pacu

CyMa TPbOX CKJIAJOBHX, MPOMOPLIHHUX NEPIOANYHIN CKIanoBii ctpymy K3,

L pacy ! ;'46. pacu T ! :6. pacu T ! ;:”6. pacu *
Cknanosa ctpymy /,; .., OOyMOBIICHA MOTPILIHICTIO TPAaHC(HOpMATOpa CTPyMY:
L pacu — Koon € Ly piame»
Jie k., =10, e=0,1;
I ... - MAKCUMAJIBHUHA CTPyM 30BHIIIHBOr0 K3, npuBeaeHuii 10 po3paxyHKOBOIO

11a0J1s1 HAMPYTH.

Cknanosa [”

H6. pacu

O0OyMOBJIEHA PEryJIIOBAaHHAM Koe(dilieHTa TpaHcopmarlii

cwioBoro TpaHchopmartopa (aBroTpaHcopmaropa) Micis TOro, SK 3axUCT OyB

30aIaHCOBAaHMI Ha CepelHiX Biamaikax. L{d CkiagoBa BU3HAYAETHCS K CyMa CTPyMIB
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HeOaJTaHCy Ha CTOPOHAX, JIE € PETyIFOBAHHS:

11
”
HO.pacy ZAUn ) ]rc.Marcc.n >

n=I[

ae AU, - BIOAHOCHA IOIPIIIHICTE PErYJIIOBAHHS HANpPYyTd, NPUAMAETBCS PIBHINA

NOJIOBHMHI J1ana30Hy PEryJlOBaHHsS CTOPOHU n TpaHc(hopMaropa (SKIIO PEryarBaHHS

+10%, 10 AU, =0,1);

I .o, - MAKCUMAQJIBHUHA MNEPIOANYHUI CTPYM, IO NPOTIKAE IO CTOPOHI N
TpaHcdopmMaropa.
Cknanmosa /7 .., OOyMOBIICHA HETOYHICTIO YCTAHOBKHM Ha pele PO3PaxyHKOBHX

YyHrCeJl BUTKIB:

11

L p—
[H6.pacu - ZAWn ) [K.Maxc.n >
n=[
Wn.pacq - Wn . . .
pe  Aw =-——"£2 7 - [OIpILIHICTD  BUPIBHIOBaHHA  JUIA  CTOPOHM N
Wn
TpaHcdopmMaropa.

3 ypaxyBaHHSM HAaBCACHMX BHUPA3IB BUKOHYEMO PO3PaXyHOK CTPyMy

CIpallbOBYBAHHS 3aXUCTY 3a YMOBOIO B1AOYyBaHHS BlJl CTPyMy HeOAJIaHCy:

I, =k, (ky, -+ AU =13-(1,0-0,1+0,12)-1509 = 431,5 A

K. mMakce

ITpuiimaemo Ounbie 3HayeHHs /= 431,5 A.

2. Bubip tuny pene poOMMO Ha OCHOBI OIIHKM YYTJUBOCTI 3aXUCTy, SIKH
BU3HAYAEMO MPUOIM3HO, BBAXKAKOYH, 110 BECh CTPYM MOUIKOKEHHS (MTPUBEACHUMA 10
BTOPUHHOI CTOPOHM) nonajae B pene. [lonepeans nepepipka 4yTIMBOCTI MPOBOIUTHCS
o MepBUHHOMY CTpymy npu ABodazHoMmy K3 Ha croponi HH, npu nipomy noBuHHA

BUKOHYBATHUCA YMOBa:
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(2)
k — ]K.MMH 2 2)0’

k= 823
431,5

>

=1,908<2.

3. Ockinbkn 3axuct 13 pene tuny PHT He 3ale3neuye 4yTauBOCTI, TO
3actocoByemo pene tunmy J3T-11, mmd SKOro CTpyM CopaubOBYBaHHS 3aXHCTY
BUOMPAETHCS 32 YMOBAMMU:

a) B1,AOYTyBaHHS Bl KMJIKQ, II0 HAMATHIYY€ CTPyM

I =k, -1 =15316=4744A.

c.3 omc

0) BinOyayBaHHs Bl cTpyMy HeOanaHcy npu K3 Ha HU3bK1H CTOPOHI

I, =k, (ks + AU =1,5(1,0-0,1+0,12)-1509=497,9 A.

K.makce

CtpyM cripalibOByBaHHS 3aXUCTy MPUMAEMO 1o OUIbLIINA 3 yMOB /.5 = 4979 A.
4. BuzHauaemo 4yyTiauBicTh 3axucTy npu K3 Ha croponi HH npu MmiHiMansHOMY

PETYJIIOBAHHI:

Ile 3Ha4eHHs k, TPOXM MEHIIE HOPMOBAHOIO, OJHAK, YK€ NMPU HOMIHAIBHOMY

koediuieHTi Tpancopmarii Tpanchopmaropa ctpym K3 ckiane:

[(2) _ 115
A 2(18 +2,76 +38,6)

= 0,696 KA,

1 HEOOX1JHUI KOEe(]ILIIEHT Yy TIIMBOCTI 3a0€3MEYy€ThCS
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Tomy 3axuct 13 pene JI3T-11 moxke OyTH 3aCTOCOBAHUIA.

3.3 Bu0Oip ycraBok pesie Tuny A3T-11

1. BU3HayaeMo MEepBUHHI HOMIHAIBHI CTPYMH JAJIsl JBOX CTOPIH OOJIaAHAHHS, IO

3aXUIIAETHCS, MO (POpMYJII:

[ —_ SHO.M
o ‘\/§ ) UHOM.}’I ’

ae S - HOMIHaJIbHA MOTYHICTh TPaHCHopMaropa,

HOM

U - HOMIHQJIbHA Hanpyra CTOPOHH 00JIaJHAHHS, 1O 3aXUIIAE€THCS.

HOM.n

Jlist ctopoHu BUCOKOi Hanpyru 115 B:

63000

Loin = =316A.
73115
Jlist ctopoHu HU3bKOi Hanpyru 10,5 B:
63000 =3464A.

{ =
HOM.N \/§ . 10’5

2. Bu3HauaeMO BTOPUHHI HOMIHQJIbHI CTPYMHU IJICUYEH 3aXUCTY:

— [HO.M.}’IkCX.}’I
6.HOM.n >
K[.n
ae k.., - KOe(iLIEHT cXeMM 3'€IHAHHsS BTOPMHHHUX OOMOTOK TpaHc(opmaropa Ha
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CTOPOH1 00'€KTa, IO 3aXMINAEThCA, (MpU 3'€qHaHHI OOMOTOK y £, =1,0 3ipky; mpu

3'€IHaHH1 OOMOTOK y k= NE) TPUKYTHUK ),

K, - xoediuieHT TpaHcopmauii TpaHcpopMaropa, NPUHAHATUH HA CTOPOHI
o0'ekTa, MO 3axuiiaerbes, (mpu Budbopi koedimieHta TT TpebGa BpaxoByBaTH, 00
BTOPUHHI HOMIH&JIbHI CTPYMH CYTT€BO HE TNEPEBUILYBAIM NACHOPTHI 3HAYEHHS
ctpymiB 5 A a6o 1 A). CtopoHa 3 HaiOLIbIIMM BTOPUHHUM CTPYMOM MPUAMAETHCS B
SIKOCT1 OCHOBHOI, 1110 3a0€3MeUy€ HalWMEHIIy MOrPIIIHICTh BUPIBHIOBAHHS IS PEJIE.

Jlist ctopoHu BUCOKOi Hanpyru 115 B:

316-43

8.HOM.N — :4757A
o 600/ 5
Jliist ctopoHu HU3bKOi Hanpyru 10,5 B:
5404 _ 4,33A.

>

g.HOMN WO/S -

BpaxoByrouu, 1m0 O0OMOTKAa HU3bKOI Hampyrd TpaHcopmaTopa BHKOHaHA

PO3LUETIEHO), OTPUMAHE 3HAYEHHS CTPYMY HEOOXI1IHO MOABOITH - / = 8,66 A.

6.HoM.1
OTpuMaHi po3paxyHKOBI AaHi MPUBOAMMO B Tabnuui 3.1,
3 tabnuui 3.1 BUIUIMBAE, LI0 B SKOCTI OCHOBHOI CJ1J 0OpaTH CTOPOHY HM3BKOI
Hanpyru (10,5 kB), 1m0 mae OuibIniA BTOPUHHUI HOMIHATBHHUIA CTPYM.
3. CTpyM chopaubOBYBaHHS pej€ Hjs OCHOBHOI CTOPOHM TpaHcopmaropa

BHU3HAYA€EMO MO BUPA3Y:

U
]c ) . kcx ‘( HOM. pacy j
' U

Ji _ HOM.N

c.p.n K >
I
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Tabmuus 3.1 — Po3paxyHOK NEPBUHHUX 1 BTOPUHHUX CTPYMIB CTOPIH

TpaHcdopmMaropa
[To3Ha4YeHHS MapaMeTpiB [-BH-115 kB IT- HH-10,5 kB
Lgrin> AA 316 3464
K, 600/5 4000/5
Cxema 3'e1HaHHs TpaHcopmaropa TPUKYTHHUK 31pKa
Ly nosn> A5 4,57 8,66
e U, paes - HOMIHAIBHA HAmpyra CTOPOHH, BIAMOBIAHOI 10 PO3paxyHKOBOTO

11a0J1s1 HAMPYTH.

497,9-1. 11>
_ 10,5 _

I
opn 4000/5

6,82 A.

>

4. Po3paxyHKOBE YHCJIO BUTKIB POOOUYOTI OOMOTKM JJii OCHOBHOI CTOpPOHH

BU3HAYAEMO MO (popmy i

F, 100 .
W ey = ——— = = 14,7 BUTKIB.
.pacy ] 6 82
C.p.OCH >
IlpniiMaemMo HaHOMDKYE MEHINE LiIe 3HAYCHHS W, ...~ 14 BHTKIB, WO

3a0e3neuye 3anac no BUOIPKOBOCTI. [Ipu npboMy (PakTHUHUA CTPyM CIpanbOBYBAHHS

peJie CTaHOBUTb:

LU VDN
14

c.p.ocH

5. Po3paxyHOK 4Kclia BUTKIB JUIsl IHIIOI CTOPOHH 3aXMCTY BUOMPAEMO 32 YMOBAMHU
Oanmancy Ha pene MPC 3axucty npu 30BHIIIHBOMY K3 ab0 HOpMaJIbHOMY peEXHUMI

(puc. 3.2):
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I/

6.Homl

w, =1

6.Homll

Wi

3BIIKHA

1
_ .| Ze.nom.ocu
wpacq.n = Woen ( Ji :

6.HOM.Nn

L 14866
4,57

pacu

= 26,56 BUTKIB.

>

[TpuitmaeMo HaOMMXKYE 11JIe 3HAYEHHS, 110 3a0e3nevyy€e HaWMEHIy MOTPIIIHICTh

BUPIBHIOBAaHHSA W, = 27 BUTKIB.

:

L~y ATV
%7 K1 Whoas.1 Whas2 Woas.a m
n=ll

Pucynok 3.2 — CnpoieHa cxema audepeHuiaibHoro 3axucty 3 peae J13T-11

6. YTOYHEHMH CTpPyM CHpPAlbOBYBAHHS 3aXUCTY 3 YPAaxXyBaHHSM MOTPIIIHOCTI
BUPIBHIOBAHHS 3HAXOUTHCS MO BUpPA3ax, HABEAEHUX y 1. 3.1:

I, =k, (ky,-e+AU, +Aw,)-1 =1,5-(1,0-0,1+0,12+0,0166)-1509 = 535,6 A,

K.MakKkc
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Wogen =W 26,5627
W 26.56

pacu

e Aw; = =0,0166.

7. YTOYHEHMI pPO3PaxXyHKOBMH CTPyM CIpPAUbOBYBaHHS pEJI€ BU3HAYAEMO II0

dbopmyi:

U
ok 22| s35.60(18)
]/ _ Homll — > :7’33 A

ot Ky 4000/5

8. PospaxyHkoBuii cTpym HeOanmancy 3axucty npu K3 Ha croponi HH, ne
nepeadaveHe rajJbMyBaHHs, 3 YPaXyBaHHSM MOTPIIIHOCTI BUPIBHIOBAHHS 3HAXOAUTHCS

N0 BUpAa3ax, HaBeeHux y . 3.2.1:

L6 paes = Ky - (Ko - €+ AU + Awy )

nep

=1,5(1,0-0,1+0,12+0,0457)-1509 =

K.makce

=601,3 A.

e Aw, = 1411—_14 =0,0457.

>

9. Uucno BUTKIB rajibMiBHOI OOMOTKH, IO 3a0e3neuye HafdliHe BiaOyIyBaHHS

pene BiA cTpyMy HeOanaHcy npu gaHomy Buai K3, BU3HayaeTbes Mo BUpasy:

k, 1

__ "3 " ub.pacu wpa6.n
mopm.n ~ Ji >

mopm.n tg o

- TEPBUHHMIA TaJIbMOBUH CTPYM HA CTOPOHI, IO 3aXMINAETHCS,

mopm.n
TpaHcopmaropa, Ha sIKii BKJIFOUEHA rajibMOBa 0OMOTKA,

tga=0,75 - TaHreHC KyTa HaAXWJIy JOTUYHOI IMPOBEAEHOI 3 MOYATKy KOOPAMHAT

JI0 HW>KHBOI PO3PaxyHKOBOI 1O BUOIPKOBOCTI IaJIbMOBOI XapaKTEPUCTUKH (pucC. 3.3).
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Fpa6‘ A OG;acn */
8 cpabatm- Q
800 BaHHA
600 N4 K
x;;/ Pal
400— A <
5 / / \/(( O6nacts
Fc.p X ZI/ TOPMOXCHHS
Fc.p 0 a
0 200 400 600 F A

TOpM’

PucyHok 3.3 — XapakTepucTuKa Ui BU3HAUECHHS Yy TJIIMBOCTI AU(PEePEHIATBHOTO

3axucty 3 pene tuny J3T-11 npu HasIBHOCTI raJibMyBaHHs

k .[Hé.pacq 'wpaé.n — 1,5601,314

3 =11,16 ~ 11 BUTKIB.
tgo 1509-0,75

mopm ~

K. Makc

TakuM YMHOM, 10 YCTAHOBKH Ha peJie NPUHMAarOThCS HACTYIHI BUTKH:

w,=27wr., w,= 14 wr., w, =11 mr.

mopm

10. UyTyiMBICTh 3aXMCTY BHM3HAYAEMO NPUOIM3HO MO MEPBUHHUX CTpyMax MNpH

po3paxyHkoBomy K3 Ha cropoHi HH nans BumankiB MiHIMAQJIbHOTO i HOPMaJIbHOTO

peryJiroBaHHs TpaHchopMaropa:

](2)

k — K. MUH

ae I, — (axkTU4HUI CTPYM CIpalbOBYBaHHS 3aXUCTY, BU3HAYAETHCS 3 BUPA3Y

U
]c s . kcx ‘( HOM. pacy j

HOM.N
cpn K
I.n

>
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I 'Kl.n

3BiJICH [ =—"F ,
c.3 U
k . HOM. pacy
“ Uno/w.n
Ae [c.p.n = [c.p.ocn - 7’14 A
I = 7,14-4000/5 _17A.
' . 115
10,5
Tom BU3HaYaeEMO KOEPILIEHTH Yy TIAUBOCTI:
kqlzﬁ:I,SS, k,, = 069 =1,86
521,7 521,7

OCKUIbKM  KOE(ILIEHT YYyTJAMBOCTI 3aXMCTy MPU HOPMAJBbHOMY PETyJIFOBAHHI
Hampyrd MPaKTUYHO BIANOBIIA€ HOPMOBAHOMY, a MPU MIHIMAIBHOMY PEryJIIOBAHHI

JOCUTBb BUCOKHH, TO 3aXuCT 13 pene J[3T-11 pexkoMeHayeThCs 10 YCTAaHOBKH.

3.4 Po3paxyHOK MaAKCHMAJIbHOTO0 CTPYMOBOI0 3aXHCTY

1. JIng nBOXOOMOTKOBUX TpaHC(OPMATOPIB 3aXUCT YCTAHOBIIIOETHCS HA CTOPOHI
xuBjieHHd (BH) 1 BHKOHyeTbCS y [BOXPENEHHOMY BHMKOHAHHI 13 3'€JHAHHSIM
TpaHcpopMaropa B TPUKYTHUK JUIsl MTIABUILEHHS 4y TJIMBOCTI.

Ockunbky B 11bOMY BHManky oomoTtka HH po3suieruieHa, To B JIaHLFO31 KOKHOTO
BIJITATY>KEHHSI BCTAHOBJIIOEThCS OKpema MT3, sik mpaBwiio, 3 MyCKOM MO Hampys3i.
3axuCT JAi€ 13 JBOMA BUTPUMKAMM 4Yacy. 3 MEPLIOK BUTPUMKOK BIAKIKOYAETHCS
BUMUKaY BiaranyxeHHs HH, 13 npyroro — yci BuMHKaui 00'eKra.

2. CnoyaTky BM3HA4aeMO CTpyM crpaupoByBaHHS MT3 0e3 mycky mo Hampy3i,
KM BIIOYJOBY€ Bl MAaKCHUMAJbHOTO CTPyMY HABAaHT@KECHHS 3 ypPaxyBaHHSM

caMo3anycKy pyXOBOIO HABAHTAXKECHHS:
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_ k3 ) kC ) ]Haep.Maxc

/
c.3 2
k@
ne  k,=1,2 - koe(iuleHT 3anacy no BUOIpKOBOCTI,
k,=0,8 - koepiuieHT noBepHeHHs pene PT-40;
k.- KOe(ILIEHT caMO3aIyCKy, 10 BPAXOBYE 30UIBIICHHS CTPYMY 3araJlbMOBAHOIO
PYXOBOIO HABAHTA>KCHH$ MICJIsl BIAHOBJIEHHS HANIPYTHU, NpUiiMaemMo £, =2.5;

- MAKCUMaJIbHHUHA CTPYyM HABAaHT@KCHHS, MNPUIMAEMO  PIBHUM

Hazp.maxkc

HOMIHAQJIBHOMY CTPYMy TpaHcdopmMaropa.

1,2-2,5-316

c.3

=1186,1A.

>

3. KoediieHT 4yTIMBOCTI 3aXUCTY BU3HAYaeEMO Npu ABo¢azHoMy MeTaieBomy K3

y MIHIMQJIbHOMY PEKUMI:

(2)
k= Lo 820 _ o go4 1
1., 1186,

c.3

Ockunbku yyTuBicTh MT3 0e3 mycky No Hampy3l BUSIBISETHCS HEIOCTATHBOIO,
3acTOCyeMO OJIOKyBaHHS Mo Harpy3i 3 0oky HH tpancdopmaropa.
4. Crpym cnpaupsoByBaHHd MT3 13 myckoM mno Hamnpy3i BiIOyJIOBY€ BIJ

HOMIHAJIBHOTO CTpyMy TpaHcopmaropa /,, . Ha CTOPOHI, € BCTAHOBJIEHHI 3aXHUCT:

HOM

1.2

Hom ~
0

-1,0-316=474,4 A.

c.3

1=k
k8

oo

>

a YyTJIMBICTb 3aXUCTY B Tiil k€ PO3PAXyHKOBIH TOUL CKJIAIE:
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823
Y4744

>

=
I

=1,735.

5. Hampyra chopailbOBYBaHHSI NYCKOBOIO OpraHa MIHIMaJIbHOI —HampyrH,
BUKOHAHOTO Yy BHUIJIS/I peEJie, BKJIIOYEHOTO Ha MDK(a3Hy Hampyry, BHU3HAYaEMO
npuOIM3HO 3a YMOBAMM BIAOYAyBaHHsS Bl CTPyMIB CaMO3amyCKy PpPyXOBOIO

HABAHTAXXEHHS MPU BIJHOBJICHHI HANPYTH:

ae  k,=1,2 - Koe(pIUIEHT NOBEPHEHHS I PEJIe MIHIMAIBHOI HANPYTH,

U - MIHIMaJIbHa MDK(}a3Ha Hampyra B yMOBaX camMO3alyCcKy MPH BIIHOBJICHHI

C.MUH

Harnpyru, npuMaemo U =0,7U

C.MUH HOM *

_0.7-110 64,2 kB.

c.3
2

6. Hanpyra cnpailbOByBaHHSI MyCKOBOIO OpraHy IO 3BOPOTHIA MOCII1IOBHOCTI
KOMOIHOBAHOIO MyCKy MO HANpy3l NpUAMAEMO PIBHUM MIHIMAbHIA ycTaBll (iabTp-

pene:

U, .=0,06-U, =0,06-115=6,9 kB.

c.3

7. UytnuBicTh OJIOKYBAJIbHUX OpraHiB nepeBipseTscs npu K3 Ha nmpuiloMHUX

.. . . 3
CTOpoHax TpaHchopMaropa, Kyau i MiIKIoUeH1 OJ0KyBaJibHI pese, To0To U G) —0 ,a

K.301

U,
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Tomi

U
k,, =222 _ 33,2 =4,811>1,5.
U, 6,9

c.3

Ockinpkun npu K3 Ha npuiiomHINA CcTOpOHI TpaHcopmaropa k£, >1,5, TO
Ju(epeHUIaTbHIA 3aXUCT IIMHYU HA LI CTOPOHI MOYKHA HE BCTAHOBJIIOBATH.

8. CTpyM cnpalibOBYBaHHS 3aXMCTy BlJ CUMETPUYHOIO MEPEBAHTAKEHHS, IO [I€
Ha CHIHA&JI, BHU3HAYAETHCS 32 YMOBOK BIAOYAYBaHHS BiJl HOMIHAJIBHOTO CTPyMYy

TpaHcopMaropa Ha CTOPOHI, € BCTAHOBJICHUH 3aXUCT, MO BUPaA3y

1,05

m.Hom

316 =415,1A.

c.3

1, =%
k8

>

9. Burpumka uyacy MT3 y3roukyeTbCsi 3 BUTPUMKOK YacCy 3axHMCTy JIHII Ha

ctoponi HH.
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4. PO3PAXYHOK 30H 3AXUCTY CTPU/KHEBUX
BJINCKABKOBI/IBO/IIB BPII

B OakanaBpcekid  poOOTI  HEOOXITHO  pO3paxyBaru BUCOTY 1
30Hy3axucTyOauckaBkoBiIBOAIBBPII-110 kB, BCTAHOBJICHUXHAABOXIIOPTAIAX,
puc. 4.1 (mo3. 1 12), 171BOXOIMCKABKOBIABOIB, LIO0 CTOSATH OKPEMO, 3a3HAYEHHX Ha
puc. 4.1 (mo3. 3 i4), BBaXarO4M, U0 OJMCKABKOBIABOAM PO3TAILIOBAHI CUMETPUYHO MO
BIJHOIICHHIO 10 BY3bkKOi ctoponu BPII. HaniiiHiCTh 30HM 3aXHUCTy Bil ypaKEHb

OmuckaBku P, =0,999.

HakpecnuTu ropu3oHTaIbHUM MEPETUH 30HU 3aXUCTy OnuckaBkoBiABOAIBBPII Ha
BUCOTI /.

[TapameTpu po3milieHHsT OJIMCKaBKOBIABOAIB mo muionwHl BPIT HaBeneHi B

Tadm. 4.1.

A 4

PucyHnok 4.1 — Cxema po3MillEHHS CTPHKHEBUX OickaBkoBinBoaiB BPI1-110 kB
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Tabnuug 4.1 — Po3paxyHKOBI apamMeTpu

A: B: Ll: LZ, L3> L4> LS: hx 2
M M M M M M M M
50 40 30 10 28 10 10 6

1. Buznavaemo Biacrani L, Ta L, :

_B-l,_40-10_ o
2 2

_B-L, 40-28
2 2

2. Bu3Hauaemo BIACTaHl p, Ta p,:

Ly

L, 6M

p=A+12 =10 +15* = 18,03 m;

Py =12 +12 =\10>+6> = 11,66 m.

3. 30Ha 3aXMCTy MOJBIMHOINO CTPUKHEBOIO OJIMCKABKOBIABOAY CKJIAMAETHCS 3
30BHINIHIX 00JacTel 30HM 3axMCTy (HaAMIBKOHYCIB 3 rabaputamu ho, o), LIO
BUKOHYIOTbCS 3a (opMyJiaMd [ OJMHUYHHUX CTPUIKHEBUX OJIMCKABKOBIJBOIIB.
Po3Mipn BHYTpIlIHIX 00JIacTENl BHU3HAYAIOTHCS NapaMmeTpamu /g 1 h., NEPIIMNA 3 SKUX
3a/la€  MaKCUMaJIbHy BHCOTY 30HM 0Oe3nocepeaHbo Ouist  ONMCKaBKOBIJIBOJIIB,
a Ipyruii — MiHIMaJIbHY BUCOTY 30HH NMOCEPEIMHI MK OJIMCKaBKOBIBOJAMHU.

30Ha 3aXUCTy OJMHUYHOIO CTPUKHEBOTO OJIMCKABKOBIIBOMY BHCOTOK A <30M

IpY HAMIHAHOCTI 3aXUcTy £, =0.999 , BU3HAYA€ThCS PIBHAHHAMM:

hy, =0,7h,

rxn — rOn '(hOn _hx)
hOn

r, =0,6-h

Po3paxoByeMo BHUCOTH OJIMCKAaBKOBIABOAIB 1 Ta 2 BUXOASYM 3 YMOBHU CTBOPEHHS

HUMH 30HHU 3aXUCTY Ha BUCOTI A, 10 KyTiB BPII:
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hyy = 0,7h,

Fa = oy — ) » IpA 7y =Py .
hOl
I"Ol = O,6'h1

[IInsxoM MareMaTUYHUX NEPETBOPEHb OTPHUMAEMO PIBHSHHS BIIHOCHO LIYKAHO{

BEJIMYUHH A

Bucora

0,6k (0,7h —h)
P 0.7h

0,42h" —(0,7p, + 0,64 )1 =0;
h =0, h=3862wm.

ONMMCKaBKOBIABOMIB /11 = hy =38,62 M, HE 3aJ0BOJIbHSE

YMOBI

3aCTOCYBaHHs PIBHSAHb MpU A <30 M, TOMY [UIsl pO3paXyHKy BUCOTH OJIMCKaBKOBIIBO/IIB

3aCTOCOBYEMO HACTYITHI PIBHSHHS:

3HAYCHHA BHCOTH

hy, =[0,7-7,14107* (h - 30)]A;

r

x1

_In (g —h,).

nupu ry =p;.

hy

7y =[0,6 —1,43107 (h —30)]h;

[I1s1XOM MareMaTUYHUX NEPETBOPEHD PO3B A3YEMO K0 CUCTEMY Ta 3HAXOJAUMO

1 OnuckaBkoBiaBOoAy /;=39.39M, w00 3aJ0BOJIBHAE YMOBI

3acTOCyBaHHs piBHSAHB npu 30 <A <100 M.

OcrarouHo npuitMaeMo OJIMCKaBKOBIABOAU 1 Ta 2 BUCOTOO A = hy = 39.39 M.

Po3paxoByeMo BHUCOTH OJMCKAaBKOBIABOAIB 3 Ta 4 BUXOJASYU 3 YMOBHU CTBOPEHHS

HUMH 30HHU 3aXUCTY Ha BUCOTI A, 10 KyTiB BPII:

hy; =0,7h,
Tos * —-h
Fy =" Uiy X)a Ipu 73 =P,
Mo
Fy3 =0,6- 1y
Jluecm
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[IInsx0M MareMaTUYHUX NEPETBOPEHb OTPUMAEMO PIBHSHHS BIIHOCHO LIYKAHO{

BEJIMYUHU A3

_0,6h,-(0,7h—h,) .
Pr= 0.7, ,

0,42/ —(0,7p, +0,6h ), =0
h, =0, h;=28,01wm.

OcTato4Ho npuiiMaeMo ONMCKaBKOBIABOAM 3 Ta 4 BUCOTOKO A3 = hy = 28,01 M, Tak

SIK BOHA 33JJ0BOJIbHSIE YMOBI 3aCTOCYBaHHS PIBHSIHB PH /1 < 30 M.

4. Po3paxoByeMO mapamMeTPU 30HU 3aXUCTy OJIMCKAaBKOBIABOMIB 1 Ta 2:
L,=L,=10M;

Toy =1y, =0,6-h =2311 m;

hy, =hy, =0,7-h =2731 m;

v,

x1

:rOI '(hOl_hx):18 03 M

:er
01

Loy =[2,25-0,01007(/ —30) |/4 =84,90 m;

Linasi2 =| 4,25-3,57107 (h, — 30) | = 166,09 u:

oy = oy =27.31m, Ly < Loy
h,,—h
=) g 030 <,
cl2

5. Po3paxoBy€eMO MapamMeTpy 30HU 3aXUCTy ONMCKAaBKOBIABOAIB 3 Ta 4:
Ly, =L,=28M;
Ty =1y, =0,6-h, = 16,81 M;
hyy =My, =0,7-hy, =19,61 M,
_ Tz (i3 —hy)

Py =Ty = = 11,66 Mm;
3

Ly =2.25-hy= 63,02 m;

L

‘max 34

=425, = 119,04 m;
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ho—h
rcx34:—r03( al x):11.66M, ho<h
¢34

6. Po3paxoByeMO mapamMeTpud 30HM 3aXUCTy OJMCKABKOBIABOMIB 1 Ta

(2 Tad):

2
L :\/(Ll)2 +(%) = 31.32 m;

6.1 bnuckaBkoBinBoau 1 Ta 3 MaroTh BUCOTY /4, =39,39 M
L,;=2,25-h =8491 wm;
L

max 13

=4,25-h, =166,09 m;

h,y=h,=2731m, L3

6.2 bnuckaBkoBinBoau 1 Ta 3 MaroTh BUCOTY A, =28,01 M
L.y, =2,25-h;=63,02 Mm;

L

max 31

=4,25-h,=119,04 m;
My =hy=19.61m,  L;<1;

h —%:23.46 M,

Feo013 (hcmin13 - hx)
Fox13 = =
h
cminl3

7. Po3paxoByeMO mapaMeTpy 30HHM 3aXUCTy OIMCKaBKOBIABOAIB 1 Ta 4 (2 ta 3):

2
L, :\/(Ll)2 +(L2 +L3;L2j =3551 m;

7.1 bnuckaBkoBinBoau 1 Ta 4 MaroTh BUCOTY /4, =39,39 M

Ly =2,25-h =84,90 m;
L

‘max 14

Py =hy =2731Im, L <Ly,

= 4,25 =166,09 M;
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7.2 EnHCKaBKOBIgBogn 1 Ta 4 MaroTh BHCOTy h4 =28,01 m
Lcar = 2,25 ¢hu =63,02 m;

Lnexdi = 4,25 «hA= 119,04 m;

hedl=h0=1961M  Cld<Lci

heninld = hc'd +h 41 = 25.46 M
"COM = =19.96 M
M = rc0l(h ninld~h ) = 14.85 M

hcmnl4

ropH30HTanbHHH nepepi3 30nhh 3axncTy noKa3aHHH Ha pnc. 4.2.

PncyHOK 4.2 - r opH30HTanbHHH nepepi3 30hnh 3axncTy 6nncKaBKOBIgBogiB BPn

3n Hom  NdikM nhc Qna



BUCHOBKU

Y poGoTi 3po0seHUl po3paXyHOK HOPMAIBHOIO pEXUMY POOOTH 3aMKHYTOI
EJIEKTPUYHOT MEPEXKI, KOHPIrypailis sskoi OyJjia BU3HAYCHA 3aBJaHHSIM.

Pe3ynbratv po3paxyHKiB BTPaT MOTY>KHOCTI MOKA3aJy, IO HAHOUIBLI MPUAATHOO
HOMIHAJIBHOIO HANpyrorw KulbLEeBOi Mepexki € Hanpyra 110 kB. 3 ypaxyBaHHsIM 1bOTO
Oy oOpaH1 BIAMOBIAHI MEPEPI3UA MPOBOIB JUIs JIIHINA €JIEKTponepeaay, a TakoX TUIH
TpaHcHOpPMATOPIB HA MIJCTAHIIAX.

Jlnsg icHyro4oi KOH(irypamii 3aMKHYTOI MeEpexi Oyau po3paxOBaHi MapameTpu
CXEMM 3aMillleHHs JIHIA 1 TpaHcopMaropiB, CKIaJeHa po3paxXyHKOBa CXeMa
3aMILLEHHS MEPEXI] i BU3HAYEHI PO3PAXYHKOBI HABAHTAXKECHHSI BY3J11B MEPEXKI.

Y mporeci po3paxyHKIiB eeKTpU4HOi yacTuHu miactaHmii [1C-1 Oyna npoBeneHa
NepeBipka  MPaBUJIBHOCTI  BUOOPY  HOMIHAJIBHOI  MOTY>KHOCTI  BCTAHOBJIEHMX
TpaHcopMaropiB 1 3A1iCHEHUH BUOIp HA MIACTaBl PO3PAaXyHKIB CTPYMIB KOPOTKOIO
3aMHUKaHHS BUCOKOBOJIBTHUX anapariB PII, BUMIprOBaIbHUX TpaHC(HOPMATOPIB CTPyMY
1 Hanpyru.

[Ip1 BUKOHaHHI PO3PaxXyHKIB PEJICHHOr0 3axUCTy TpaHchopmaropa miactanmii T-1
OyB 3p00JIEHUI PO3PAaXyHOK MO3J0BXHBOIO IU(EPEHLIAHOIO CTPYMOBOIO 3aXMCTy Ta
MaKCUMAJIBHOTO CTPYMOBOIO 3aXMCTY 3 KOMOIHOBAHUM IyCKOM I10 Hampy3l.

Jlng 3axucty BiA MDK(PA3HUX KOPOTKHMX 3aMMKAHb 3alpONOHOBAHUI 3aXHCT 3a
gonomororo pene tuny J3T-11, mns sikoro OyB BHKOHAHMKA BHOIp YCTaBOK 1
PO3paxyHOK MmapaMeTpiB 0OMOTOK peie.

[TpoBeneHMid pPO3paxyHOK OJMCKABKO3aXUCTy MIACTAHINI, U0 BUKOHAHUH Y

BUIJISAII CTPHYKHEBHUX OJIMCKABKOBIABO/IIB.
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