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Kiro4oBi cjioBa:

JIHIS eNIEKTPONEepeAaBaHHsl, TpaHCPOPMATOP, HAMpPyra, CTPYM, BAMHUKAY,

JIMHUSL 3JIEKTPONEPEIaYu, TPAHC(HOPMATOP, HAPSKEHUE, TOK, BBIKIIKOYATEb;

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

OO0'€eKT FOCHIZKEHHS: SJIEKTPUYHA MEPEXkKA BUCOKOT HAIIPYTH.

Koporkuii orasia.

3po0ieHni po3paXyHOK HOPMAJIBHOTO PEXUMY POOOTH 3aMKHYTOI €JIEKTPHUYHOI
mepexxi. OOpaHa Hampyra Mepexi, nmepepi3u NPpoBOIB JIIHINA €JIEKTponepeaay, a Takox
TUNMU TpaHcpopMaropiB Ha niAcTaHUigX. [ oOpaHoi miAcTaHUli MPOBEIECHA NEPEBIPKA
NPAaBUJIBHOCTI BUOOPY HOMIHAJIBHOI MOTYXHOCTI BCTAHOBJIEHUX TpPaHC(HOPMATOPIB.
3niiicHeHMid  BUOIp  BUCOKOBOJIBTHMX  amapariB  PO3MOAUIBYOTO  MPUCTPOIO,
BUMIPIOBAJIBHUX TpaHcpopmaropiB cTpyMmMy # Hanpyrd. /[lns TtpaHchopmaTopis
OiACTaHUli ~ BUKOHAHMA  PO3paXyHOK  PEJIEHHOr0  3axXUCTy.  MO3J0BXHBOIO
JU(PEPEHUIAHOTO CTPYMOBOIO 3aXMCTYy Ta MAKCHUMAJIBHOTO CTPYMOBOTO 3aXHUCTy 3

KOMOIHOBaHMM MyCKOM 10 Hampy3l. [IpoBeaeHuid po3paxyHOK ONMCKaBKO3axXMCTY

NOHWXKYBAJIBHOI ~ MIACTAHLIi, [0  BUKOHAHWM Yy  BUIVISIAI  CTPUIKHEBHUX
OJIMCKAaBKOBIIBOIB.
Apkyw
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BCTYII

B yMmoBax 0e3nepepBHOrO PO3BUTKY MPOMHUCIOBOCTI KpaiHU 3'SABISETHCS YyCE
Outblie W OllplIe HOBUX MIANPUEMCTB, $IKI BHOCATh BKJIAQA Yy 30UIBLICHHS
€Heprocrno>kuBanHs. Cmia  TakoX 3ayBaXUTH, WO 31 30UIBLIEHHSAM  4YMCIA
€HEProCMOKUBAKOYUX  O0'€KTIB,  PO3LIMPIOETBCA  UIUIBHICTh  reorpaiuyHoro
pO3TalllyBaHHsl CHOKMBAYIB EJIEKTPUYHOI €HEprii. Y 3B'A3Ky 13 LUM 3'SBIISETHCS
notpeda B PO3IMIMPEHH] ICHYHOUMX MEPEX 1 B CTBOPEHHI HOBUX. 3pOCTaroya KUIbKICTh
€HEProCnOKUBAKYUX 00'€KTIB BEAE 10 30UTBLICHHS MOTY>KHOCTEH, K1 EPEaatOThCs 0
ENEKTpUUHUX MepexaX. OOHUM 13 HaWroJIOBHIMIMX 3aBAaHb ChHOTOJHI € €KOHOMIYHE
BUKOPUCTAHHSI ICHYIOUOTO €JIEKTPUYHOro OOJagHaHHsS W po3poOka HOBOrO 3
NOJINIICHUMHU apaMETPaMH.

BukoHaHHs GakanaBpcbKoi poOOTH HEOOXITHO 3 METOHO:

— npuaOaHHs JOCBIAY aHATI3y OTPUMAHUX Pe3yJIbTaTiB, (JOPMyBaHHS BUCHOBKIB 1
nyOJIIYHOrO 3aXUCTy BUKOHAHOI poOOTH;

— ()OopMyBaHHS HABUYOK BUKOPHCTAHHS OTPUMAHMUX 3HAHb, MiJ 4aC PO3B'S3aHHS
KOHKPETHUX MPAKTUYHKUX 1 HAYKOBO-TEXHIYHUX 33124,

—npuaOaHHs JAOCBIAY BHUKOHAHHS TEXHIYHOI JOKYMEHTAIli MOsSCHIOBAIBHOI
3aMUCKH W KPECIIEHb BIANOBIAHO A0 YMOB AIKOYMX CTAHJAPTIB,

— cHUCTeMaTu3alli, 3aKpilIEHHS W MOrIMOJEHHS TEOPETHYHUX 1 MPAKTHYHUX
3HaHb MO 3ara/IbHOTEXHIYHUX 1 CHELIAJIbHUX JTUCLIMILIIHAX 32 HAMPAMKOM MPoQeCciiHOl
M1TOTOBKH.

Y npoiieci BUKOHaHHS OaKalaBpChbKOi pOOOTH HEOOX1IHO BUPILIUIMTH TaKi 3a/a4l;

1. 32 3a1aHUMHU HABAHTAKEHHSIMU 1 JIOBXKMHAMM JIIH1H BUOPATH HANPYTY MEPEXI.

2. 3a HanpyraMu Mepexi il HABAHTAKEHHIMHU BUOpATH THI MPOBO/IIB MOBITPSHUX
JHIA.

3. 3a Harpyram¥ Mepesxi i HaBaHTAKEHHSMHU BUOpATH TpaHC(HOPMATOPH.

4. Buznauutu nuromi napametrpu JIEII 1 katanokHi maHi TpaHC(OpMaropis.
BukOHaTH pO3paxyHKH MapaMmeTpiB CXEMHU 3aMILUEHHS JiHII W TpaHc(hopMaropis.
Busnauntu npuBeaeHi a0 ctopoHn BH HaBaHTaxxeHHs TpaHcdopmaropiB (3

ypaxyBaHHSM BTpaT B 0OMOTKax TpaHC(HOPMATOPIB).

Apkyw

bP 5.6.141655 [13 6

3m. | Apkyw Ne dokym. Miénuc | Jama




5. CknacT po3paxyHKOBY CXEMY 3aMILIEHHS MEPEXI i BUBHAUYUTU PO3PAXyHKOBI
HaBAHTAKEHHS BY3JIIB MEPEXI (3 ypaxyBaHHSIM BTparT y TUILI HAMarHi4yBaHHS
TpaHC(HOPMATOPIB 1 PEAKTUBHOI MOTY>KHOCTI, sIKa TEHEPYETHCS JITHISIMHU ).

6. BUKOHaTH pO3paxyHKH HOPMAIBHOIO PEXHUMY 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 By3Jlax MEPEXi, BTpAaTH HANPYrd W BTPATH MOTY>KHOCTI B
Mepexl. BukoHaT aHaii3 OTpUMaHMX pe3yJIbTaTiB.

7. Ilpr HEOOXITHOCTI 3aMPONOHYBATH CIOCOOU PETYJIFOBAHHS HANPYTU y By3jax
HaBAHTAKEHHS.

8. lns oOpaHoi miAcTaHuUli, sKa BXOOUTh 1O CKJIAAy PO3MISHYTOI MEPExI,
BUKOHATH TNEPEBIPKY BHOOPY MOTY>KHOCTI CHJIOBHX TPaHC(POPMATOPIB, YCTAHOBIEHUX
Ha MiACTaHI].

9. Po3zpaxyBaTl CTpyMH KOPOTKOTO 3aMUKAaHHS JJs1 3a0€3MCUEHHS 3axXUCTy
MACTAHIII.

10. BuOpatu 3a ymoBamMu poOOTHM BHCOKOBOJITHI amapaTd pPO3MOALTEHUX
NPUCTPOIB MIACTAHLII W MEPEBIPUTH iX HA MOMKJIMBICTH CHPALbOBYBaHHS B yMOBax
KOPOTKOTO 3aMUKAHHS.

11. BukoHatu po3paxyHKH peJIEHHOrO 3aXUCTy BUCOKOBOJIBTHOI MOBITPSHOI JIIHIT,
noOyayBaTH KapTy CEJIEKTUBHOCTI.

12. IIpoBecTu po3paxyHOK OJMCKABKO3aXUCTy 3axucHoro BPII.

13. 3poOUTH BUCHOBKH PO PE3YyJIbTATH BUKOHAHUX PO3PaXyHKIB.

Apkyw
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1 PO3PAXYHOK PEKUMIB POBOTH EJEKTPHUHOI MEPEXKI

1.1 BuxiaHi 1aHi 1J151 BUKOHAHHS 0aKaJaBPCbKOI po00TH

3riIHO 3 OTPUMAHUM 3aBJIaHHSM, HEOOXIIHO PO3PAXyBATH E€ICKTPUUHY MEPEXKY,

OJTHOJIIHIMHA €JICKTPUYHA CXeMa IKOi HaBeaeHa Ha puc. 1.1.

n-1

| nc-1 rc-3 S;
J1-2 J1-3
S,
S,~— nc-2

Pucynok 1.1 — BuxijgHa 0qHOMIHIAHA €IEKTPUYHA CXEMa 3'€THAHb

33J1aHO1 ENIEKTPUYHOT MEpEXKI

JIOBXKMHU JIIHIA 1 MOTYXHOCTI HABAHTAXKEHb €JIEKTPUYHOI MEPEXKI HABEACHI B

tabmui 1.1.

Tabnuus 1.1 — BuxiaHi gaH1 e1EKTPUYHOT MEPEXKI

Josxxuna [1JI, kxm [ToTy>kHOCT1 HaBaHTaxeHb, MBA
JI-1 JI-2 JI-3 Sy S Ss3 Sy
50 50 40 30+/15 70+;60 15+;35 45+j15
I II II I1I
Apkyw
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1.2 Bu3dHayeHHs1 HAPYru Mepexi Ta BUOIP THIY NPOBOAIB MOBITPSHOY JIHIT

1. BU3HauaeMO MOTY>KHOCTI B OKPEMUX JIIHISIX

Sy, =8,+8, =100+ j75 MBA;,
Sey=8;+8, =60+ j50 MBA.

Sey-byy +Sys -1y, (100+ j75)-90+(60+ j50)-50

S, =2 = 85,71+ 66,07 MBA.
Lo 140
. L, (60+ j50)-90 +(120+ ;95)-50
5= 22 l”;+§21 ly _(60+/50) 1 3(() 193) 30 _ 2420+ /58,03 MBA.
1321

Sy, =81, — Sy, =(85,71+ 66,07) — (100 + ;75) = —14,29— ;8,93 MBA.

2. Buxonsuu 3 JOBXKHUH JIIHIA 1 BEJIMYMHM MEPENAHOI MO HUX MOTY>KHOCTI,

OPIEHTOBHO BU3HAYMMO HANPyTd OKPEMHUX JIiHIH 10 eMnipuyHiid Gpopmyi [miapionosa:

~ 1000
500 2500
_+_

L P

n

n

a¢ L — JOBXKMHA JIHIT, KM;

P, — niepenana no JniHli NOTY>KHICTh (Ha OJHE K0J10), MBT.

= 1000 _ 151,4 kB.
500 , 2500
50 74,29
500, 2500
50 85,71
L 1000 _.in
500 , 2500
40 14,29
Apkyw
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3. OcKUIbKYM AJis BCIX JIIHIM KUTBLIEBOT MEPEKI OakKaHO MaTH OJHAKOBY Hampyry,
TO npuiiMaemo Hanpyry Uyx = 110 kB,

Toni Ha BHCOKINA cTOpoHi TpaHcopmaropa [1C-1 HOMIHANBHA Hampyra CKJaae
220 kB.

Jlis toro, mo0 3a0e3ne4YuTH BUKOHAHHS YMOBHM MPUIYCTUMOIO CHAJAHHS
Hanpyrd Ha caMOMY BIIJIQAJIEHOMY CIHOKMBAul €JIEKTPOCHEPrii, MpUitMaeMO Harpyry Ha
JoKepeal >kuBieHHs, mo Ha 10% mnepeBulllye HOMIHAJBHY Hampyry MEpExi:
Uy =242 kB.

4. Y SKOCTI MPOBOAIB AJIs BCIX JIIHIA NPUHAMAEMO CTAJICATIOMIHIEBI MPOBOAM
mapku AC.

5. Bu3HauaeMo TOBroCTPOKOBO MPUITYCTUMI CTPYMHM B JIIHISAX JJII HOPMAIbHOTO

pPOOOYOro PEKUMY:

3 2 2 3
=510 _ /74,297 +58,93% 10 498 A

J3-U, V3110

PR (U 85,717 +66,07* 10°

2B, 3110

8,107 (14,297 +8,932 .10°

I, =
2 BU, V3110

=568 A.

~88.4 A.

6. Kopuctyrouuch A0BiAKOBUMHU AaHuMH (Tabmn. 1.2, [4]), y BIANOBIAHOCTI 13
IIKAJIOK  CTAHAAPTHUX TMEpeEpI3iB, a TaKoK 3  yPaxyBaHHAM  MOXJIMBOIO
NEPEBAHTAXKECHHS JIIHIA MpU PoOOTI B aBapliiHOMY peXHUMI, BUOMPAEMO THUIl MPOBOAY
JUTSl KOSKHOI JTIHII:

quis il JI-1: AC-240/32;

s il JI-2: AC-240/32;

quist miuii JI-3: AC-240/32.

7. IlepeBipseMo 0OpaHi MPOBOAM B JIIHISIX 32 YMOBOKO KOPOHH.

3riggo [IpaBuii, MIHIMAQJIBHO [TOMYCTUMHUI TMeEpepi3 MO KOPOHI JUIsl JIHIA

Hanpyroto 110 kB cranoButs 70 MM?.

3m.

Apkyw

Ne dokym.

lidnuc
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TakuM 4MHOM, JJI KOXHOT 3 JIIHIH 111 yMOBa BUKOHAHA.

8. XapaKTepuCTHKU MPOBO/IIB MOBITPSHOI JIIHIT HaBeaeH1 B Tabm. 1.2.

Tabnuus 1.2 — KaranoxHi 1aH1 TpOBO/IB MOBITPSHOT JT1HIT

Mapka npoBoay
[TapameTpu
AC-240/32

Kamanooicni oani
[Tepepi3 mpoBoay, MM? 240/32
JIOBFOCTPOKOBO NMPUITYCTUMUI CTPYM, A 605
Po3spaxynkosi oami
[IuToMuii akTUBHMIA omip JiHii npu Temneparypi +20°C, ro (OM/km) 0,12
[TuToMuii peakTuBHU onip, xo (OM/KM) 0,405
[TuTOMa €MHICHA MPOBIAHICTS JiHii, by- 10 (Cm/KkM) 2,81

1.3 BuOip nory;Hocri TpaHcopmaropis

1. ns MiJICTaHIlIT I1C-1, saKa Mae HaBaHTA>KCHHS

Se;=8,+3S,+S;+S, =160+ j/125SMBA, npuiiMmaemMo yCTaHOBKY 2 TpaHC(OPMATOPIB

3 HAPYro Ha BUCOKIH CTOPOHI 220 KB, NOTYXHICTIO:

oS _ V1607 +1252

74 1.4

= 145,03 MBA.

[To Tabn. 1.4.7 [4] BuOupaeMo aBTOTpaHCHOPMATOP 3arajIbHOTO MPU3HAYCHHS
tuny ATILITH-200000/220/110.

2. KoedimieHT 3aBaHTaXKEHHS HOTO B HOPMAJIbHOMY PEXHUMI:

v = Suae _ V1602 +1257

" = =0,51.
S, 2200

3. Jns mipcranmii 11C-2, gxa Mae HaBanTakeHHs S, =30+ ;15 MBA, 3Baxaroun

Ha T€, IO ii CMOXMBayl BIAHOCATBCA A0 | kareropii HaAIHHOCTI €JIEKTPONOCTAYaHHS,

Apkyw
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NpUAMaEMO YCTAaHOBKY 2 JTBOXOOMOTKOBUX TPaHC(OPMATOPIB 3 HANPYIOK HA BUCOKIH

ctopoHni 110 kB.

2 2
., > N3O HIS 5396 MBA.
L4 14

[To Tabn. 1.4.2 [4] BuOupaeMo aBTOTpaHCHOPMATOP 3arajIbHOrO MPU3HAYCHHS

tuny TP/IH-25000/110.
4. KoediieHT 3aBaHTAXKEHHS TpaHC(POPMATOPIB Y HOPMAJTBHOMY PEXKUMI:

2 2
S _N30P41ST

k=
2s, 225

YMOBH BUKOHYFOTBCH.
5. dns miacranuii [1C-3 gxa Mae HaBaHTaXeHHS Sy, =60+ j50 MBA Ta Hanpyra

Ha BUCOKIHA cTopoHi 110 kB, 3Baxkarouu Ha Te, 10 ii cnoxuBayl BiaHocAThes 10 11 Ta 111

Kareropii Ha1AHOCTI €JIEKTPOIOCTAYaHHS, npUiMaeMo YCTaHOBKY 1

TPHOXOOMOTKOBOTO TpaHC(opMaTopa NOTYKHICTIO:

Sp3 2 Sy, =N60° +50° =78,1 MBA.

[To Tabn. 1.4.2 [1] BuOupaemo TpaHchopMaTop 3arajibHOro MPU3HAYEHHS TUITY

TJATH-80000/110.
2. KoedimieHT 3aBaHTaKEHHS TPaHC(POPMATOPIB Y HOPMATBHOMY PEXKHUMI:

2 2
_Supe _N6024250 o

Koy = S 80
T

YMOBH BUKOHYFOTBCH.

Apkyw
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Tabnuug 1.3 — KaranoxHi 1aH1 TpaHCc(HOpMaTOPIB MEPEXKI

Tun Tpanchopmaropa
ITapamerpu AT/ILITH- TPJIH- T/ITH-
200000/220 | 25000/110 | 80000/110

HomiHanbHa NOTYXHICTh, Syon (MB-A) 200 25 80
HominanbeH1 Hanpyru 0OMOTOK, KB

BULLOT HANIPYTH, Uyonen 230 115 115

cepeHboi HANpPyTrH, Uyon.cn 121 — 38,5

HWDKUYOT HAPYTU, Uyors nn 10,5 10,5 11
Brparu, kBt

XO0JIOCTOTO X0y, AP, 125 27 82

KOPOTKOIO 3aMUKaHHS, APy 430 120 390
Hampyra KOpOTKOro 3aMHUKaHHS MIX
ooMoTkaMu, % Bif U,

BUILOT — HUKYOI HANPYT, Uy 4-x 11 10,5 11

BUILIOI - cEpeAHBbOI HANPYT, Uy ., 32 — 18,5

CEPEAHBOI - HYXKYOT HANPYT, Uy ¢y 20 — 7
Ctpym xo0510¢TOr0 X0ay, I+ (%o Bil luon) 0,5 0,7 0,6
AXTHBHHUI orip 0OMOTOK, R (OM)

oomorka BH 0,3 2,54 0,4

oomorka CH 0,3 — 0,4

oomorka HH 0,6 — 0,4
PeaxtuBHMii onip 00MOTOK, X7 (OM)

oomorka BH 30,4 175 18,6

oomorka CH 0 — 0

oomorka HH 542 — 11,9
Brpatu  nmotyxkHocti B OOMOTKax, 1000 410 480
Agx (kBAp)

Apkyw
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1.4 BH3HaneHHH napaMeTpiB cxeMH 3aMi”eHHH

1 3agaHOi cxeMH Mepe”i CKnagaeMO cxeMy 3aMim,eHHa:

PncyHOK 1.2 - CxeMa 3aMim,eHHa 3aMKHeHOi Mepe:m

2. Po3paxoByeMO napaMeTpn cxeMH 3aMim,eHHa mmn (pnc. 1.2).
Airnz 4-1:

R13 = ro113=0,12 w50 = 6,0 Om;
x 13 = x0113 = 0,405 m50 = 20,25 Om;

QU3 = v
2

IbJ E% _ 1102+2,81 -10-6
(@] —_

! *50 - o, 85MBAD.
2 2

4dmm .4-2:

R12 = rol12=0,12 m50 = 6,0 Om;
x 12 =x0112 = 0,405 m50 = 20,25 Om;

QpR = UHbY = 1102+2,8110-6+50 _ 85MBAp.
2 2 2

bP 5.6.141655 [13



Hmm 4-3:

R23 =rol23=0,12 ™40 = 4,8 Om;
X 23 = x0123 = 0,405 w40 = 16,2 Om;

Qt%?):U Ihb %%31 :1102’2,81 'IO'6 '40 =068 MBAp
2 2 2
3. napaMeTpn cxeMH 3aMirn,eHHfl TpaHC"opMaTopiB HaBegeHi b Taon. 2.

1.5 Po3paxyHOK po3iMKHeHoi' Mepei

1 OcKintkKH b 3agamfi cxeMi e nimi gBox HoMmantHHx Hanpyr - 110 kB
220 kB, to napaMeTpn nimi Al po3paxoByeMO npu HoMmanbHi6 Hanpy3i 220 kB.
CKnagaeMo po3paxyHKOBY cxeMy Mepe/i:

PucyHOK 1.3 - Po3paxyHKOBa cxeMa 3MimaHoi Mepe”i

2. npHBegeHi go CTopoHH BH HaBaHTa“eHHn BH3HanaeMO ak cyMy
noTy*HOCTefi, 3agaHHx Ha mHHax HH, BTpaT b oOMOTKax, BiTKax HaMarainyBaHHn
TpaHC™opMaTopiB MiHyc 3apggm noTy*HOCTi nimd, npnegHaHHX go nigcTaH”fi.

ApKyw

BP 5.6.141.655 n3 15
3m.  ApKyw N’(bei\/I nidnuc  Qama



. (Snaep )2
( Haep xx + V2 RT) + j(QHazp + AQxx + U X Z“AQ )

HOM HOM

3. BuzHayaeMo po3paxyHKOBE HABAHTAXKCHHS:

a) npuBeneHe 10 ctoponu BH tpancdopmaropnoi miacranuii T-2:

2 2

Pnae + Qnae R
SPl - (P"aepl +2APX2 + L 2 " ;2 N Pnaepz) +
] P”z“epl + Q’faepl X7y Ociy Ocas
+j(Q”a2p1 + 2AQX2 + 2 ) * QnaepZ TS5 _)a
HOM 2 2 2
30% +15% 2,54
S =130+2-0,027 + L2 +
7 102 2

30°+15% 55,9

102

+j[15+2-0,175+

6) npuseneHe 10 ctoponu BH tpancdopmaropnoi miacranuii T-3:

2 2 2 2
(P + P + Pnaep4 + Qnaep4 ‘R + Pna2p3 + Qnaep3 ‘R +

Haep4 Haep3 2 T3H 2 T3C)

HOM HOM

2 2 2 2
. Puaep4 + Qnaep4 Puaep3 Qnaep3 .
+j(Qnaep4 + Quaep3 + 2 ) XT3H 2 “Ar3c )’

HOM HOM

2 2 2 2
S = 45+15+45+15-0,4+15 +35 0.4 |+
, 10 110

2 2 2 2
+/’[15+35+“1;)215-11,9+151;I)§5-0j:60,40+j56,0 MBA.

2
, (52}
S,p=S8,,+AS 5+ 2 (Rm3g +J m38) JOc13 = J0c2 =

HOM

2 2
~ 60,40+ 56,0)+(0,082 + j0,48) + 2 421356 U (0,4 + /18,6)

-0,85—- 0,68j =100,17+ ;76,42 MBA.
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-j0,85-j0,68 =60,68 +j 64,33 MBA.

Tenep HeodxigHO nepeOTH go po3paxyHKiB 3aMKHeHOi nacTHHH Mepem
1.6 Po3paxyHOK 3aVKHeHOI"" Mepe/i

BH3HaneHHa b 3aMKHem6 nacTHHiI Mepe:m po3noginy noTy*HOCTedé MO"Ha 11
yMOBHO po3ginHTH y By3ni 1 i npegcraBHTH y BHnragi nimi i3 gBOCTopoHHIM
"HB"eHHAM (pnc. 1.4).

PncyHOK 1.4 - Po3paxyHKOBa cxeMa 3aMKHeHOI nacTHHH MepeXi
3HaxogHMO noTy*HOCTi Bmmax 1'3 i 1"2, BpaxoBywnn, m,0 3aMKHeHa Mepe”~a

ogHopigHa:

g _Sp2-ii+sp, /3, (60,68+]64,33)-90 + (10017 +76,42):50
k%R 140
=88,05 +j79,37 MBA.
¢ _Spi-/231+Sp2-13v_ (100,17 +j 76,42)-90 + (60,68 + j64,33)-50 _
S I B 140 B
=92,54 +j78,13 MBA.

3gificHweMO nepeBipKy bhkohohhx po3paxyHKIiB 3a yMOBoro:

SI3+SI'2—spl +sp2,
180,59 +yi57,5 MBA = 180,59 +>157,5 MBA.

ApKyw



Po3paxyHKH BUKOHAHI PABUJIBHO.
BukopuctoBytoun mnepumii 3akoH Kipxrodga s Byzna 3, 3HaxX0auMO

HOTY>KHICTb S)3:
Sy»=S813-S,,= (88,05 +79,37) - (60,41 +761,08)=27,63+ /18,29 MBA.

[lomanpmmii po3paxyHOK MOTY>KHOCTEH 3 ypaxyBaHHSIM BTpaTr MOTY>KHOCTI B
JIHIAX CJA MOYMHATU 3 By3/a 3, SKUM € TOYKOK MOTOKOPO3MOALTY MOTY>KHOCTEH
JOKepea 5KUBJICHHS.

[IpuiiMmaeMo MOTY>KHOCTI S1v3 1 $3 32 AIACHI NOTY>KHOCTI HANPUKIHII JIIHIA OUIs

By3J1a 3 1 3HAXOAMMO BTPATH B JiHIT 1'3:

AS _§i3_z 88,057 +79,37
213 — 2 13 — 1102

(4,72 + j16,2)=5,49 + /18,81 MBA.

[ToTyxHICTh HAa OYATKY JIiHIi 1'3:
Si3=8,;+AS;; = (88,05 + j79,37) + (5, 49 + j18,81) =93,53+ 98,18 MBA.

3HAX0IMMO MOTYXKHOCTI BTPATH B JIiHIi 23:

2
(§z3) 27.63% +18,297
=T

(4,72 + j16,2)=0,428 + j1,47 MBA.

[ToTyHICTh Ha MOYATKY JIIHII:

Sy =Sy +AS,; = (27,63 + j18,29) + (O, 428+ j1,47) =28,06+ 19,76 MBA.
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[ToTyXHICTh HAMPHUKIHLI JIiHIT 1"2:

Sty =85 +S,, =(28,06+ /19,76) +(60,41+ j61,08) = 88,47 + ;80,84 MBA.

3HAX0IMMO MOTYXHOCTI BTPATH B JIHII:

2
) (51"2) 88.47% + 80,84’
ASh, =-—L. 7, = -
U2 110

-(5,9+ j20,65)=7,0+ ;24,51 MBA.

_1//2 —_

[ToTyXHICTh Ha NOYATKY JIIHIi:

Spy = Sy + ASy, = (88,47 + j80,84)+(7,0+ j24,51) = 95,48+ /105,35 MBA.

[ToTyxHICTh HAa IMHAX 00MOTKH CH:

(§?3+§;{”2)2 Zric _
vt 2

H

H H H
Sric = (§1'3 + S, ) +

189° +203,53* (0,3+,0)

=(93,53+ /98,18) +(95,48+ /105,35)+ —— 5

=189,96+ ;203,53 MBA.

3HAX0IMMO MOTYXHICTb, IKY BUJIAE HKEPETO KUBJICHHS A

(§;1§ )2 Zrip +2AS,, =
2

H

H
S;=Src+

190,92% +203,53° (0,3+,30,4) _
110° 2

= (190,92 + j203,53) +2-(0,125+ j1,0)+

=190,45+ ;229,88 MBA.
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Hanpyray By3mi 0:

2 2
UOZ\/(UA_PARNMLQAXTMJ +(PAXT13+QARTIBJ ’

UA UA
2 2
190,45- %2 4 229,88.3%4 | [190,45.2%4 239 gg. %2
Uy = [ 242- 2 2|+ 2 2 | =
242 242
= 227,75 kB,

Hanpyray By3mi 1:

2 2
U, = h ) \/(Uo _ PricRric + OricXric j +(PT1CXT1C —OricRpic j _

Up Uo Yo
0,2 ’
189,96 - == +203,53-0 00— 0.2)
121 1775 189,96 -0 —203,53-0,2 _119.8«B.
230 \ 227,75 227,75

ne B+ 0O =57 - notyxHicts Ha mmHax CH Tpancdopmaropa T-1.

Hanpyray By3mi 3:

U, =0, - B3R5 +OrXs 119,75 93,53-4,72+98.,18-16,2

=102,78 kB.
U, 119,8
Toni Hanpyra y By3J1i 2 CKJIAJIE:
U, =0, - Ry + O Xy 119,75 — 05,48-5,9+105,35-20,65 — 96,88 KB.
U, 119,8

Bu3HauaemMo Hampyry Ha CHOXKMBAauax HaBaHTakeHHs S1 1 S2 3 oOnikom

MOTEPEYHOT CKJIAIOBOI CMaJaHHs HAMPYTH:

Apkyw
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Ui =7 ==Ury —5%

ne U f ,- Hanipyra HH tpancdopmaropa T-2, npuseaena no cropouu BH;

k= UU& - koe(iuieHT Tpanchopmauii Tpancpopmaropa T-2;

H.HOM?2

U,,, - HAIIPyra peryJoBaIbHOIO BiArany>keHHs 00MOoTkH BH;

U, ... - HOMIHaJIbHA Hanpyra oomotku HH tpancdopmaropa.
H RT2 H XTZ ’ H XTZ H RT2 ’
by —==+0r,—= by —=-0pn,—=
B _ _ _ 2 2 2 2 _
Ur, =Us, = || U; + =
UZ U2
2,54 55,9 55,9 2,54\
30,12- 222 117,6. 22 30,12.222 _17.6.%
- || 96,88 - 2 PA 2 2 | -918 kB.
96.88 96,88

ne B +07, =S, - notyxHicTh Ha mo4atky TpaHchopmaropa T-2.

2 2 .
l)naepl + Qnaepl . (RT2 + jXT2)
U2

HOM

872 = Saopt + Spaepz + =30,12+ 17,6 MBA.

10.5
Ue =91.8 —
S1 121

=8,38 kB.

BiaxuneHHs AliiCHOT HanpyTyu MEPEKI BiJl HOMIHATBHOI CKITAJE:

0% = L52 " Yuan 199 - 83810

HOM

-100 =-16,18 %,

BeranoBmoemo nepemukady PITH y monokeHHs -9, nepepaxoByeMO IHCHY

Hanpyry yepe3 AaHui KoeiuieHT TpaHchopMmani:

Apkyw
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10,5

Ug =91,8- —9-1,78-115:9’98 KB.
115+
100
[Tpu bOMY BiIXMJICHHS HANIPyTH CKJIAJE:
K%:M.loozw.loo:_og%,
110 B MEXaxX MPUITYCTHMOTO.
Hamnpyra y By3i 0’
R X Y X R Y
PTH3 T 36 + Q]’j3 T 3e PTH3 T 3e + Q]’j3 T 36
U= || U, - 2 2 2 2
\ U3 U3

ne Py, +0ps, =S, - NOTyxHiCTh Ha noyaTky Tpancdopmaropa T3.

2

2

60,12-0’4+52,21-18’6 60,12-18’6—52,21-0,404
Uy= || 102,78 - - =91,96 xB.
102,78 102,78
Bu3HauaeMo Hampyry Ha CMOXKMBAYEeBl HABAHTAKEHHS S3:
UB 4 UH HOM
Ugy =—1¢= UYI%C —U 2,
T3c ome
H H 2 H H 2
UE = | U - B3Ry, +'QT3CXT3C 4 Fr3e X3 _'QT3CRT3C _
Uo Uo
Apkyw
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2 2
15.05- 2% 4 35.0.0 15.05-0-5,0-22%
- 191,96 2 + - 91,89 kB.
91,96 91,96
ne P +0r;,. =575, - TOTYXHICTh, sKka mnepenaetbes 0o oomoriui CH

TpaHcdopmaropa T-3.

P2 + 2
i =8 s * Qo (Rpse + jX73.) = 15,05+ j35,0 MBA.

Haep3 + 2
HOM

38,5

Ugy =91,89-2—= = 30,76 B.
115

BiaxuneHHs AliiCHOT HanpyTu MEPEK1 BiJI HOMIHATBHOI CKIIAJE:

0= 51~ Yuow 99 - 307075

HOM

100=-12,1%,

BeranoBmoemo nepemukad PITH y monokeHHs -7, NMEpepaxoBYEMO IHCHY

Hanpyry yepe3 AaHui KoeiuieHT TpaHchopmanii:

38,5
Uss = 91,89 ———== o775 = 35,14 «B.
115+
HpI/I IbOMY BiﬂXI/IHeHHSI Hampyru CKJaiac:
%%:M.loozw.loo:(xm%,
o B MCKax IMPHUITYyCTUMOTIO.

Apkyw
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Bu3HauaeMo Hampyry Ha CMOXKMBAYEeBl HABAHTAKEHHS S4:

UB H UH HOM
Usy = kT3 :UZZ%H ol
T3n Uomg
H H 2 H H 2
UE, = (Ué B Rps, ;J_'QT3HXT3H j +(PT3HXT3H(J_'QT3HRT3H j _
0 0

2
:\/(91,96— 45,070,4-}-17,2111,9) +(45’O711’9_17’21034

2
~89,72kB.
91,96 91,96

ne PS5, +0r;, =Sp;, - TOTYXHICTH, sKka mnepemaetbcss no oomorui HH

Tpancdopmaropa T-3.

])Hzae 4 +Q3a2 4
St =S, g+ "% (Rps, + jX73,) = 45,07+ j17,21 MBA.

“nacp4 2
HOM

Us, 80,721 _g 58 «B.
115

BiaxuneHHs AliiCHOT HanpyTyu MEPEKI BiJI HOMIHATBHOI CKITAJE:

w100 - 33810

V,%= 100=-14,18%,

HOM

BeranoBmoemo nepemukad PITH y monoxkeHHs -8, mepepaxoByeMO JIHCHY

Hanpyry yepe3 AaHui KoeiuieHT TpaHchopmanii:

11

Us, =89,72- R ERTE =10,01 kB.
115+ ——
100
HpI/I IbOMY BiHXI/IHeHHH Hanpyru CKJaiac:
Apkyw
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V%=uUs3 Uwwm .100=10,01 10.100 = 0,07 %,
3 U Hom 10

m,0 b Me”ax npnnycTHMoro.

1.7 Po3paxyHOK & eKTpHHHoI' MepeXi b nicHaBapiHHOMy peHMIi

BBaawHH mmro .H-1 aBapiOHo BigkHMHeHoro, BHKOHyeMO po3paxyHOK pe*HMy
po6oTH eneKTpHHHoi Mepe:m, cxeMa 3aMirn,eHHa aKoi HaBegeHa Ha pnc. 1.5.

PncyHOK 1.5 - CxeMa 3aMim,eHHa eneKTpHHHoi Mepe:m b aBapiOHoMy pe"HMi

Po3paxyHOK HaBaHTa”eHt, npHBegeHHx go BH TpaHC"opMaTopiB npn
aBapiOHoMy pe”HMi po6oTH npoBogHTtca 3a thmh ~ BHxigHHMH napaMeTpaMH, m,o h
gaa HopMaatHoro pe*HMy, ToMy BHKoHyBara noBTopHe nepepaxyBaHHa HeMae
HeooxigHocTi.

~na 3MeHmeHHA cnagaHHa Hanpyrn B Mepe”i B aBapiOHoMy pe*HMi 3acTocyeMo
KoMneHcaro peaKTHBHoi noTy”HocTi B Mepe”ti. “na “oro y By3ai 3 HeobdxigHo
BCTaHoBHTH 1 KoHgeHcaTopHy 6aTapero 3 KoHgeHcaTopaMH THny KC2-1,05-60, y By3ai
2 - 3 6aTapei, y By3m 1- 2 6aTapei, po3paxoBaHi Ha HoMmantHy Hanpyry 110 kB, aKi
3a6e3nenaTh KoMneHca*ro peaKTHBHoi noTy”*Hocri no 36,8 MBap Ko"Ha.

noTy~HicTt HanpHKm” girni' .H-3 gopiBHwe:



Sh = S 2 — /O =060,41+ 724,28 MBA.

BTpaTtu nOTYy>HOCTI B JIiHIi:

(5)
ASy =L (Ryy + jX,3) =1,65+ /5,68 MBA.

HOoM

[ToTyxHICTh HAa MOYATKYy JiHii JI-3:
S5 =85 +AS,; =62,07+ 29,96 MBA.
[ToTyxHICTh HAMPUKIHLI JIiHIi JI-2 piBHA:
Sty =S +S8, =3 JOp =182,24+ /15,97 MBA.

BTpaTtu nOTYy>HOCTI B JIiHIi:

« 2
(85
2
HOM

AS,, = (R, +jX},)=16,32+ 57,11 MBA.

[ToTyxHICTh HAa MOYaTKy JiiHii JI-2:
Si, =81, +AS,, =198,56 + ;73,09 MBA.

[ToTyxHICTh HAa IMHAX 00OMOTKH CH:

(St +5p,)
UZ

H

She =(Sta+ ks )+ Ty =2 jOpe =199,11— jO,51MBA.
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3HAX0IMMO MOTYXHICTh, IKY BUJIA€ HKEPETO XKUBJICHHS A

(§;1C )2 V4

S4=Spie 47 B+ 278, =199,49+ /13,04 MBA.

Hanpyray By3mi 0:

2 2
UOZ\/(UA_PARTIBJQAXTIBJ +(PAXT13(;_QARTIBJ — 241,33 kB.
4 4

Hanpyray By3mi 1:

2 2
U] :h.\/(UO_PTICRTIC;J_QTlCXTle +(PT1CXT1C(J_QT1CRT1CJ :126’89 kB.
0 0

Hanpyray By3mi 2:

PHR H
U, =U, - 1202 ZL]Q”X” =105,77 «B.
1

Toni Hanpyra y By3J1i 3 CKJIaJE:

U, =U, - 1257% ;QBX 2 - 98 41 kB.
3

Bu3HauaemMo Hampyry Ha CHOKMBauax HaBaHTaxeHHs S1 1 S2 3 oOnikom

MOTEPEYHOT CKJIAI0BOI CMTaaHHs HAMPYTH:

Apkyw
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5 sz +QT2 PTHZ QTz 2
Ury=Ugy, = || Uy = U + U =101,05 B.
2 2

ne B+ QO =S;, - oTyXHicTh Ha mo4aTky TpaHchopmaropa T-1.

2 2 .
SH =S +S l)naepl +Qnaepl . (RT2 +jXT2)
T2 T X 1

Haep Haep2 2
HOM

=30,12+ j17,6 MBA.

. 10’15 =9,23 xB.

Ug) =

BiaxuneHHs AliiCHOT HanpyTu MEPEK1 BiJI HOMIHATBHOI CKITAJE:

K%:M-IOO:$-IOO=—7,73%.

HOM

BeranoBmoemo nepemukad PITH y mnonmoskeHHs —4, nepepaxoByeMO IHCHY

Hanpyry yepe3 AaHui KoeiuieHT TpaHchopmani:

10,5 B
Ug, =101,05- e = %% B
1214 2202

100

[1py UbOMY BIIXWJICHHS HANPYTH CKJIAJE:

VI%ZMJOOZ%JOO:_O,%%,

HOM

o B MCKax OJOIIyCTUMOIO.

Apkyw
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Hamnpyra y By3i 0’

2 2
w Ry, w X13g w X173 w Rps,
B3 23 +QT3% Pry L3 +0r; 23
U(;:\ U, - 0 + 7 =87,17 kB.
3 3

Bu3HauaeMo Hampyry Ha CMOXKMBAYEeBl HABAHTAKEHHS S3:

P 3+Q2 3
Sty = Sy + (R 4 Xy )= 60,33+ /61,96 MBA.

“haep3 2
HOM

2 2
UZZ%Z\/{U(')_PT3CRT3C+QT3CXT3CJ +(PT3CXT3C_QT3CRT3CJ :87,1 kB.
U U
0 0

38.5
Ug, =87.1- 2
53 115

=29,16 kB.

BiaxuneHHs AliiCHOI HAapyTu MEPEKI BiJl HOMIHAJIbHOT CKJIAJE:

%%:%MZM

HOM

-100 =-16,69 %.

BeranoBmoemo nepemukady PITH y monokeHHs -9, nepepaxoByeMO IHCHY

Hanpyry yepe3 AaHui KoeiuieHT TpaHchopmani:

38,5
Usy =87,1- 578113 =34,72 xB.
115+ —>———
100
HpI/I IbOMY BiﬂXI/IJIeHHSI Halpyru CKJIaiac:
%%:M.wo:w.loo:_o;g%,
UHOM
Apkyw
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o0 B MCKax IMPHUITYyCTUMOTIO.

Bu3HauaeMo Hampyry Ha CMOXKMBAYEeBl HABAHTAKEHHS S4:

])Hzae 4 +Q3a2 4
S =S, g+ "% (Rps, + jX73,) = 45,07+ j17,21 MBA.

“nacp4 2
HOM

2 2
UYI?Z — \/(Ué _ PT3HRT3H + QT3HXT3H j +(PT3HXT3H — QT3HRT3H j — 84,83 kB.

Uy Uy

Uy, =84.83-~L =811 kB,
115

BiaxuneHHs AliiCHOI HAapyTu MEPEKI Bl HOMIHAJIBHOT CKJIAJIE:

V4%:M.100:
U

HOM

M-IOO:—IS,%%.

BeranoBmoemo nepemukady PITH y monokeHHs -9, nepepaxoByeMO IHCHY

Hanpyry yepe3 AaHui KoeiuieHT TpaHchopmani:

11

Ug, =84,83- 57815 - 06 kB
115+
100
HpI/I IbOMY BiﬂXI/IHeHHH Hampyru CKJaiac:
V4%:M.1OO:M.1OOZ_3,38%,
UHOM
o B MCKax OJOITyCTHUMOTIO.

Apkyw
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2 PO3PAXYHOK EJJEKTPUUYHOI YACTUHU HNICTAHIIII

3rifHO 13 3aBJAHHSAM, HEOOXIIHO pO3paxyBaTH JIBOXTPAaHCHOpPMATOPHY
miacraduiro  [1C-1, 10  gkoi  MIAKIIOYEHO  HABAHTAKEHHS  MOTYXKHICTIO

S1=30+,15MBA. Ha niacraHuii  BCTaHOBJEHI  TpaHCHOpMATOpU  TUIY
TPIH-25000/110.

2.1 BuOip cumiaoBux TpaHcopmaTopiB Ta iX mnepesipka 3a rpagikom

HABAHTAXKCHHSA

Suan = AP + Qg =30 + 15 = 33,5 MBA
S

S, =—28=335/14=2393 MBA

K
re K,=14.
K,=—ms __ 067
2-STp.HOM

Jlnsa miactanuii 6yau oOpaHi TpaHcGopMaTopu MOTyKHocTi S = 25 MBA tuny
TPJIH-25000/110.

[lepeBipuMo TpaHchopMaTopH 3a J0OOBUM rpadikoM HaBaHTaXKEHHS Tadn.2.1.

Tabmmug 2.1 — JloOoBe HaBaHTaKEHHS IMiACTAHIIT

tr o | 2|46 | 8 |10]|12]14]16] 18| 20 | 22
S.% | 40 | 50 | 60 | 95 | 85 | 70 | 70 | 95 | 95 | 110 | 125 | 105
SMBA | 13,4 |16,8|20,1|31,8[28,5(235[235(31.8(31.8| 369 | 419 | 352

JInsg mepeBipkd MPaBWIBHOCTI BHOOpPY TpaHcdopMaropa peanbHHid rpadik
HAaBAHTAKEHHS TMEPETBOPUMO B  ABOCTymiHYacTUH. [loyaTkoBe HaBaHTa)KCHHS

€KBIBaJIEHTHOrO rpadiika BU3HaYaeThes 3a popmyJioro [10]:

Apkyw
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K= _ sftl+s2t2+...+s;1~=
SHOM t1+ 12+ .. +tn
1 13,422+16,822+20,122+23,522+23,522_

_ ol ot = 0,753
%5 ! 25

ge S1S2, .. Sn - BnacHe HaBaHTa“eHHA nepmoro; gpyroro; n-ro CTyneHA rpa*iKa
HaBaHTa*eHHa, po3Mirn,eHoro HH”ne nimi HoMmanbHoi noTy*HOCTi TpaHC"opMaTopa;
t1,t2, ... tn - TpHBanicTt CTyneHA, rogHHa.

AHanorinHo BH3HanaeTbCfl gpyrnd CTyniHb eKBiBaneffraoro rpa”iKa, ane npn
AoMy OepyTbca crynem, po3Mirnem BHme nimi HoMmanbHoi noTy*HocTi

TpaHC"opMaTopa

A
I

Is2t, +s2t2+...+s N =
SHOM t1+ 12 +... +tn
1 1 31,822+28,522+31,822+31,822+36,922+41,922+35,222

-5 27 = 1323

ge S1S2..Sn - HaBaHTa“eHHA BHme gimi HoMmanbHoi noTy”HocTi

TpaHC”opMaTopa.



MakcuMasbHe NepeBaHTaKEHHS TpaHcpopmaTopa CKiiaaae

Ky = SMAX _ 419725 = 168
HOM

o€  Syax — MakCHUMalbHE HABAaHTAKEHHS TpaHcpopmaropa 3a rpagikoMm

HABAHTAXKCHHS.
1=0,9-Kyux =0,9-1,68 = 1,51.

[TopiBHtoemo monepeane 3HadeHHs K, u K’ s momanplmimx po3paxyHKiB
npuiimaemo Oumpmie 3 Hux K, =1,323 T1a K, =151, K’ > K, omke mnpuiimaemo
K, =1,51.

3a 'OCTom 14209-85 3 ypaxyBaHHSIM €KBIBAJICHTHOI TEMIIEpAaTypHd 3MMOBOTO

nepiony t=0°C 1 yacy mnepeBaHTaKEHHs t =14 ron, 3HaAXOAMMO 3HAYECHHS

TrepeB
NEPEBAHTAKEHHS AONMYCTUME Koroer = 1,524,

[opieHroemo 3HaueHHd K, 3a 'OCTowm 1 peanbre. Koroer = 1,524 1 Ky = 1,51.
Koroer >K2. 3nauenns K, 3a I'OCTom Oinblue, HDK peaabHE, 3HAYUTH

TpaHchopMarop 0OpaHuil NPaBUIIBHO.

BuUCHOBOK:

Tpanchopmarop TPJIH-25000/110 y Bumagky Buxoay 3 Jaay 1-ro
TpaHcopmaropa 2-i TpaHchopMarop 3a0€3MEUMTh SKUBJIEHHS CHOXKMBAa4dlB 0€3

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

Bu3HAueHHsT BEIMYMHUA CTPYMIB KOPOTKOIO 3aMHKaHHsS HEOOXIOHE s
NpaBUJILHOTO BUOOPY ycTaTKyBaHHs Ha ctopoHi 110 kB 1 10 kB. Buxinna ognonixiitHa
CJIEKTPUYHA CXEMa EJIEKTPOMEPEXKI HaBeAeHa Ha puc. 2.2. [liacTaHiisi >KUBUTHCS 3a
JIBOMAa TYMUKOBUMH JIIHISIMM: CXEMHU 3aMIIICHHS JUIS PO3PaXyHKY CTPYMIB KOPOTKOTO

3aMUKAHHS HAaBEJCHA Ha puc. 2.3.

Apkyw
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3m.

PO3paxyHOK CTpyMiB KOpOTKOO 3aMHKaHHfl BHKOHGMVO B iMeHOBaHIH CHCTeMi
og.HHHUh. nOTy?HICTt KOpOTKOO 3aMHKaHHa Ha mHHax 110 kB u,empa ~HBneHHa

CKaagae sc =2900 MBA.

PncyHOK 2.2 - BuxigHa OgHOmmMOHa eneKTpHHHa cxeMa eneKTpOMepe i

PncyHOK 2.3 - CxeMa 3aMirn,eHHa gaa pO3paxyHKy CTpyMiB KOpOTKOrO 3aMHKaHHa

Onip CHCTelVH gOpiBHwe

X = Hzi = 1102/ 2900 = 4,17 Om.

C Sc

OnOpn npagwwHHXx amin:

miHia m-1 m-2
~OB”"HHa, KM 50 50
MapKa npOBOgy AC-240/32 AC-240/32
Xm, Om 20,25 20,25

Xm =Xml+Xm3=36,45 Om

Xm2 =Xm2=20,25 Om

m-3
40

AC-240/32
16,2

Xm= Xm'Xm2 =(36,45-20,25) / (36,45 + 20,25) = 13,02 Om.

Xm+ XnP

ApKyw N(beM nidnuc  Qama

Apkyw



Onip Tpancopmaropis

2
_ Uk%UH

_ =(10,5-110%) / (100-25) = 50,8 Owm.
17100-8, ( )¢ )

[lepiognyna cknagora CK3 y touni Kj:

Iy, = Y, = 110000 / (1,73-(20,25 + 13,02)) = 3,695 KA.

VB(X+X,)

[lepiognyna cknagosa CK3 y Touni K, npuBeneHa 10 Hanmpyru BUILOi CTOPOHU

B U
Ig, =

1 = 110000 / (1,73-(20,25 + 13,02+50,8/2)) = 1,491 KA.

ﬁ(XC+XH+%j

Peanbnumii crpym K3 y Toum Ko:

Iy, = 152%: Iy, -(110/10)= 16,4 KA.

H

Y napHuil CTpyM:

- y TOLH_U K] lyﬂl :‘\/§°1,61°IK1 :8,41 KA,

-y Touni Ky: Iy, = V2161 Ix, =37,34 KA.

Honyctumo, mo ammutyaa EJIC 1 mepioguuna ckimagoBa TK3 He3MmiHHI 3a
4acoM, TOMY 4Yepe3 4ac, SKUil JOPIBHIOE YaCy BIIKIFOUEHHS

[, =Ig; =3,695 KA s TOukH K, ;
I, =Ix, = 16,4 KA 11 ToUKM K, .

AnepiogruHa ckianosa TK3 10 MOMEHTY po301’)KHOCTI KOHTAKTIB BUMUKA4a

Apkyw
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t

0,06

ialz\/i'IK]'e T, :\/5376956_m20,474KA

t
i,=v2T,e =42 164¢

0,1

005 _3 139 kA

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

K, —T.=0,05c.

[nTerpan [xoyns:

s K, Bg =1, (t+Ta) =I5,(0,06 +0,025) = 3,6952-0,085 = 1,161 kAZc

s K, By = I%,(t+Ta) =I5, (0,1+0,05) = 16,42-0,15 = 40,34 kA’c

Tabnuus 2.2 — 3HaYEHHS CTPYMIB KOPOTKOTO 3aMHKaHHS

Crpymu CK3y _ | Ynapnuit CK3 Anepioa. TaTerpan Jxoyns
KOPOTKOT'O MOYATKOBHUIA KA crranosa CK3, | M Fys
3aMHUKaHHS MOMEHT Yacy v’ i, KA K>

[IvHn 3,695 8,41 0,474 1,161
110 kB (K,)

[HIuuu 16,4 37.34 3,139 40,34
10 kB (K,)

2.3 BuOip 3axucHoi Ta KOMyTaUiiiHOT anapaTypu

BHCOKOBOJIBTHI €JIEKTPUYHI anapaTd BUOMPAKOTBCS 3a YMOBOK TPUBAJIOroO

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

anapariB BUKOHY€E€ThCA:

1) BuOIp 3a HAPYTO1O;

2) BuMOIp 3a HArpiBaHHSM MPH TPUBAIUX CTPyMaXx;

3) mnepeBipka Ha €JIEKTPOJAMHAMIYHY CTIHKICTB;

4) nepeBipKa Ha TEPMIYHY CTIHKICTB,

Bubopy miisraroTs:

- BHUMHMKA4l Ha OO BULIOI HANIPYTH,

- BCTyNHI BUMHKayl Ha 6oui 10 kB;

3m. | Apkyw Ne dokym.

Mlionuc | fama

Apkyw
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CeKIiiH1 BUMHUKaul Ha Oomi 10 kB;

BUMHUKaYl JIIHIH, 10 BIAXOATH, 10 kB; po3'enHyBaul BUILOI HANPyTH;

TpaHcopmaropu ctpymy 1 Hanpyru 110 kB 1 10 kB;

OLUMHOBKA po3noainpHux npuctpoiB 110 kB 1 10 kB.

Jlnst BuOopy amapartiB 1 CTPyMOBEAYUYMX YACTHH HEOOXIAHO BU3HAYUTU CTPYMHU
HOPMAJIBHOTO 1 MICISaBapIAHOrO pexuMiB. BU3HAUYECHHsS CTPyMIB BHUKOHY€ETHCS IJIs
BUIAJKy YCTAaHOBKM Ha MIJACTaHIi CHJIOBOro TpaHcdopmaropa. Po3paxoBaHoro
BIANOBIAHO A0 rpadika HABaHTAXKCHHS M1ICTAHLII].

Crtpym™ Ha Ooui 110 kB:

B b4 Son 405y /(1.73.110)= 184 A,

max \/g . UBH

CTpyM y KOJI1 BBIIHMX BUMHUKAYIB HA cTOpoH1 10 kB:

L3 Sun (1 405)/(1.73:10)=2,02 kA,

max \/gUHH

CTpyM y KOJI1 CEKIIHHOTO BUMHKAYa:

CB _ 174 ) SHOM

CB _ 2% Owow  — (14.25)/(1,73-10-2) = 1,01 KA.
B Uy -2

CTpyM y KO JIiHIi, 110 BIAXOAWTS:

B __ 148,
"B Uy 10

= (1,4-25)/(1,73-10-10) = 202 A.

JUJis1 BCTAaHOBJICHHS HA CTOPOHI BULIOI HAIPYTW MPUIIMAEMO BUMHUKAY1 TUITY

A3-110J1-23(13)V4. BuOip BUMUKayiB HaBeAeHUH y Tao. 2.3.

Apkyw
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Tabnuus 2.3 — Bubip BuMukaua Ha ctopoHi 110 kB

YMoBa Po3paxyHKoBI KaranoxHi
BUOOPY 3HAYEHHS 3HAYECHHS
Uc<sUy 110 kB 110 kB
1 pae = Loon 184 A 1250 A
Tno = 1Lopcks 3,695 kA 50 kA
1y <1cxp 8,41 kKA 125 kA
Lo <L otion 3,695 kA 100 kA
oo <1, on 0,474 kA 40 kKA
B, <Ilt, 1,161 kA?-c 7500 xkA%-c

JIJis BCTAaHOBJICHHS HA CTOPOH1 HU3bKOI HATPYTH MPUIIMAEMO BUMHUKAY1 TUITY
BB>-10-31,5/3150Y3. Bubip BUMuKauiB HaBeAeHUiA y Tadn. 2.4

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

YMoBa Po3paxyHkoBI KaranoxHi
BUOOPY 3HAYEHHS 3HAYECHHS
Uo<Uy 10 xB 10 xB
L paei = Lion 2,02 kA 3150 A
Tpo =1,pckp 16,4 kA 31,5kA
1y <lcp 37,34 kA 80 kA
Lo <ot 16,4 kA 31,5kA
o <1, on 3,139 kA 31,5kA
B, <It, 40,34 kA?-c 2977 kA%-¢

JIJis1 yCTAaHOBKH B SIKOCTI CEKLIHHOTO HA CTOPOH1 HWYKYOI HAPYTHU MPUIMAEMO
BuMuKaul Ty BB3-10-31,5/1600Y3. Bubip BUMHKaviB HaBEACHO B Ta0M. 2.5.

Tabnuus 2.5 — BuOip cekuiifHoro Bumukaya Ha 6o 10 kB

YmoBa Po3paxyHKoOBI KaranoxHi
BUOOPY 3HAYECHHS 3HAYECHHS
U.<U, 10 kB 10 kB
1 paed = L yon 1,01 kKA 1600 A
Tpo =1,pckp 16,4 kA 31,5 kA
iy <1, ,cxs 37,34 kA 80 kKA
Lo < otion 16,4 kA 31,5 kA
o <1, on 3,139 kA 31,5 kA
B, <It 40,34 kA*-c 2977 kA% ¢
Apkyw
BP 56.141655 113 28
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JUIs BCTAHOBJIEHHS HA CTOPOHI HI)KYOI HANpyru B JIHIAX, WO BIAXOASTH,

npuiiMaeMo BakyyMHI BuMHMKaui Tuny BBD3-10-31,5/630Y3. Bubip BuMHKauiB

HaBEJIEHO B TA0I1. 2.6.

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

YMoBa Po3paxyHkoBI KaranoxHi
BUOOPY 3HAYEHHS 3HAYECHHS
Uc<sUy 10 xB 10 xB
1 e = L oon 202 A 630 A
Tpo =1,pckp 16,4 kA 31,5kA
i, <1, ks 37,34 kA 80 kA
Lo < ption 16,4 kA 31,5kA
o <1, on 3,139 kA 31,5kA
B, <[t 40,34 kA?-c 2977 kA%c

JUIs BCTAHOBJICHHS Ha CTOPOHI BHUINOi HAMpyrd MNpUAMaeMo po3'€eqHyBadl 3

OJHUM a00 JBOMA KOMIUIEKTaMM 3a3eMiorouux HOXxiB tuny PHJ(3.1-110/1000 XJII.

BuOip po3'eaHyBaviB HaBeAeHUH y TaO. 2.7.

Tabnuug 2.7 — Bubip po3'ennysauis 110 kB

YMoBa : KaranoxHi
Po3paxyHKOBI1 3HaUEHHS

BUOOPY 3HauYCHHS

U.<U, 110 kB 110 kB
L paci = Lo 184 A 1000 A
iya = [anKB 8,41 KA 80 KA

B, <l 1,161 kA%-c 992 kA% ¢

2.4 BuOip 30ipHUX LIUH

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

IITAH bi (o} BHUBO/IIB OJIOUHOT O

TPIH-25000/110.

TpaHchopmaTopa.

Tpanchopmarop

OckiJibku 301pHI IIMHUA 32 €KOHOMIYHOK T'YCTMHOK) CTPYMYy HE BUOMPAKOTHCH,

npuiMaeMo nepepi3 3a A0NYCTUMUM CTPYMOM MPU MaKCMMAJIbHOMY HABAHTAKEHHI HA

HMIMHAX, 110 BIJIMOBIJIA€ 3arajlbHOMY HABAHTA>KECHHIO.

bP 5.6.141655 [13

3m. | Apkyw Ne dokym. Miénuc | Jama
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P
I =—_®  _335/(173.110)=176 A.
P \/§'UH0M ( )

[ =1 =176 A.

Makc ~ ~HOpM

3a Talbnuiuer0 JOBIAHMKA NPUWMAEMO 10 BCTaHOBIEHHs mposix I1xAC120/19

(@ = 120 mm?, d = 152 MM, o = 380 A). ®a3u po3TaloBaHi FOPM30OHTAIBHO Ha

Biacrani 300 cm. Tomi

I[[OH > IMaKC;

380A>176 A.

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

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

[lepeBipka 3a yMOBaMM KOPOHYBaHHS B JAHOMY BHUNAAKy Moria O He
NPOBOAUTHUCS, OCKUIbKM 3riHo [IYE MiHIManbHMIA nepepi3 Aiasi MOBITPSHUX JIHIA
110 kB cranosute 70 MMm?. Bpaxoyrouw, mo Ha BPII BigcTanb MiK HpOBOJAMH
MEHILA, HK HA MOBITPSHUX JIIHISX, MPOBOAUTHCS MEPEBIPOUYHUI PO3PAXyHOK.

Bu3HauaeMo MOYATKOBY KPUTUUHY HAIMPY>KEHICTh €IEKTPUYHOTO MOJIS:

0,299
E,=30,3-m-| 1+= ,
VT
ae m — Koe(DiuieHT, SKUH BpaxoBY€ ULIOPCTKICTh TMOBEPXHI MpoBOAY ([id

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

E,=30,3-0,82-| 1+ 0.29 = 33,4 kB/cm
V0,76
Apkyw
BP 5.6.141655 /13 40
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Bu3HayaeMO HaMpPY>KEHICTh €EKTPHUYHOTO MOJIS HABKOJIO MPOBOTY

0.354-U
DCe ’
I, -lg[ i p]
0

Deep — CEPEAHS FEOMETPUYHA BIACTaHb MK IPOBOJAMH (a3, CM.

E=

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

Dg, =1.26-D = 100,8,

ae D —Biacranp Mix 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 MATpUMYy€eThCs Hanpyra 1,1 Uyoy.

[lepeBipka BHUKOHYETbCS 3a HACTYNMHOK YMOBOIO. MPOBOAM HE OyayTh

KOPOHYBATH, SKILIO

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

YMoBa BUKOHYeThCs, ToMmy mnpoBiag 1xAC120/19 ocrarouHo npuiiMaeMo A0

BUKOPHUCTAHHS.

BuoOip »KOpPCTKHX IIHH
[IpuiimaeMo TeMneparypy HaBKOJMIIHBOrO cepenosuia: 30°C.
OOupaeMO  @IIOMIHIEBI  IIMHUM  KOpPOO4YacTOro  Mepepidy  po3TallOBaH1

TOPU30HTAJIBHO 1 >KOPCTKO 3aKpIIIEHI OJHA BIAHOCHO OJHOI (2x75x35x5,5 MM,

nepepizom 2x695 MM?, 1, =2670A).

Apkyw
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PucyHnok 2.4 — [1Ilunu kopoOyacToro nepepizy

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

YMOBa 3a JOMYCTUMUM CTPYMOM:

[HH = 2020A < T, =2670 A,

max

YMOBA BUKOHYETHCS.
[IpunyctumMuii  CTpyM 3  ypaxyBaHHSIM T[ONPAaBKM HA  TeMIEparypy

HaBKOJIMITHBOI'O CCPCAOBHUILA.

v, —0U 70 —30
I o=, . |2 “dam _ 5670. = 2517 A,
oon oon Uy — UHOpM 70 =25

Ie Upon — AOIMYCTHMA TEMIIEPATYPa LIKHH,;

Unopu — HOMIHAJIbHA TEMIIEPATYPA HABKOJIMIIHBOTO CEPEIOBULIA.

2020 A <2517 A.

MiHiMaJIbHUI TEPMIYHO CTIHKUH nEepepi3:

/40 34
=\/_ =70,6 MM?.

qmjn.don 90 10_3

Ockinbku ¢, . =70,6 < 2x695 MM? TepMiuHa CTIHKICTL LIMH 3a0€3Me4y€ThCS.

Apkyw
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TBepal WMHM MOBHMHHI OyTWM MEpEBIpeHI Ha auHamiuHi 11i ctpymiB K3 1 Ha
MO>KJIMBICTh BUHUKHEHHSI PE30HAHCHUX SIBHUIL. 3a3HAYCHI SBHILA HE BUHUKAKOTH MPHU
K3, sgxmo BracHa yacroTa komuBaHb MHW MeHme 30 1 Owipme 200 I'm. YacrtoTa

BJIaCHUX KOJIMBAHb JIJISl AJIFOMIHIEBUX [IUH BU3HAYAETHCS 32 (POPMYJIOH0

1732 | Ty 1732 | 113
[2 2q]_u1/m1/1 22 26,95

f, =494 T

ae | — noBXMHA MPOJIBOTY MIXK 130ysTopaMu [ = 1 M, M;
Jy0-yo — MOMEHT iHepLii MONepeyHoro fnepepisy ABOX 3POLICHHUX IIUH, CM*;
Gy — TOTIEPEYHMI NIEPEPI3 OAHIET IMHU, CM2.
Ockineku f, = 494 2 200 I'u, TO MEXAHIYHUI PE30HAHC BUKJIFOYAETHCS.

MoOMEHT onopy nepepidy Ajsi IBOX 3pOLICHUX LIHH:

212 37,342.22.102
Cpmax = 1,76 - ———-108 =1,76- =4,076 MIla
a-Wyo_yo 0,8-30,1

J€  a— BIACTaHb MDX (hazamu, M;

Wy0—y0 — MOMEHT OIOPY JIBOX 3POIIECHHX ILIIHH, CM”.

Cpmax = 4,076 < 0, =82,3 Mlla yMOBa MEXaHIYHOT MILHOCT] BUKOHYEThCS.

e 0., =82,3 Mlla — nomycrtuMa MeXaHIuHa Hanpyra B MaTepia alroMiHIEBAX LIKH.

Cuna B3aeMo/ili MK IIBEJIEPAMH:

2, 37,34
f =0,5-22.107=0,5-——-10"1 = 930 H/m
h 0,075

ne  h - BUCOTa LIBENEPA, M.

MakcumanbHa BIACTaHb MK MICLISIMA 3BAPIOBAHHS IIBEJIEPIB:

] 3 12-(O'ﬂon _O'cp_max)'Wy_y 3 12.(82’3 —4’()76). 3’17_
mmax £ = = 1’79 M
. 930
Apkyw
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co . 3
ne  W,_,, — MOMEHT OMOpY UIMH Y BEPTUKAIbHIM MJIOMIMHI, CM”.

2.5 BuOip BUMipOBaJILHUX TPAHCPOPMATOPIB CTPYMY TA HANPYTU

J111 BBIMKHEHHSI €JIEKTPOBUMIPHOBAJIbHUX MPUJIAIIB 1 MPUCTPOIB PEJCHHOIO 3aXUCTY
HEOOX1/IHA YCTaHOBKA TPaHC(HOPMATOpIB CTPYMY 1 HAMpyru. Y JaHOMY MPOEKTI pesieiHHUi
3aXUCT JIETAIBHO HE PO3POOJISETHCS, TOMY NEPEBIPKY TPAHCPOPMATOPIB 32 BTOPUHHUM
HABAHTKCHHSM BUKOHYEMO 3 YPaXyBaHHSIM BBIMKHEHHS TUTbKH BUMIPIOBAJIbHUX MPUJIA/IIB.

Y KoJii CHJIOBOTO TpaHchopMaropa 3 OOKYy HHXKYOI HAmpyrd BCTAHOBJIKOETHCS
amMIepMETP, BOJIBTMETP, BapMETP, JIYMJIbHUKMA AKTUBHOI 1 PEAKTHBHOI €HEPrii, Ha
muHax 110 kB — BOABTMETp 13 MEpeMUKAYEM ISl BUMIPY TPbOX MDK(A30BUX HAMPYT,
Ha cekuiiiHomy BuMHKaudl 10 kB - amnepMerp, Ha JiHIAX, WO BIAXoAaTh, 10 kB -
amMIepMeTp, JIYWIbHUKH aKTUBHOI 1 PEakTHBHOI €Heprii. Po3paxyHOK BTOPMHHOIO

HaBaHTKEHHS TpaHchopMaropa cTpyMy HaBeneHUH y Tabmuii 2.8.

Tabnuus 2.8 — Po3paxyHOK BTOPUHHOTO HABAHTAKEHHS TPaHC(HOPMATOPIB CTPYMY

HapanTakeHHs no ¢a3ax
[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
JllunIbHUK aKTUBHOI €HEprii 1 2.5 - 2.5
JIIUMIBHUK PEaKTUBHOI EHEPTIi 1,5 2.5 - 2.5
CyMmapHe HaBaHT@KEHHsS 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
C‘yM‘apHe“HE‘lB?‘HTaX(eHHSI CTpPyMy B KOJIi 0.5 0.5 0.5
BIJIX1JTHOI JIHI]

Bubip TpancdopmaTtopiB cTpyMy HaBeaeHUH y Tabnuisix 2.9 - 2.12.

Bubupaemo tpancpopmarop ctpymy TO3M-110B-1.
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Tabnuus 2.9 — Bubip TpancgopmaTtopa CTpyMy B KOJII CHIIOBOTO

TpaHcopmaropa Ha 6oui Bucokoi Hanpyru 110 kB:

VoBa BHGOpY Po3paxyHKoBI KaranoxHi
3HAYCHHSI 3HAYCHHSI

Us<U, 110 kB 110 kB

L paei = Lo 184 A 800 A

Iy <1, pcxs 8,41 kKA 124 kA
B, <[t 1,161 kA%-c 2352 kA%-¢

Z,<Z, .. 0,82 Om 1,2 Om

Jlnis nepeBipKy 3a BTOPMHHUM HABAHTAXEHHSIM BU3HAYAEMO OMIpP MPHIIA/IIB

Snpun 0;5
anun = 1—2 = ? = 0,02 OMm

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

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

Z, — OIlip KOHTaKTiB, OM.
Zp =1,2-0,02-0,1=1,080m,

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

F = 0.0175 - 22 _ 162 mw?
Pz T 1og oMM

l
Znp

ne  p—nuaromuii omip mini, 0,0175 (OM-MM?/M),

I — mepeTuH >Kui1, MM2.
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[lepeTvH crnony4YyHUX MPOBOJIB 3a YMOBAMU MEXAHIYHOI MILIHOCTI NMOBHHHMIA
OyTH HEe MEHLIE HiXK 2,5 MM? U1 MiTHUX SKHUJL.

Onip oOpaHuX 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 BianoBigae ymoBam BUOOPY.

Bubupaemo tpancpopmarop crpymy THIII-10-Y3.

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

Koo
U, <U, 10 kB 10 kB
L paci =L son 2020 A 3000 A
Iy Sy, 37,34 kA -
B, <I’t 40,34 kA*-¢ 3250 kA%¢
Zy<Z o 0,8 Om 0,8 Om

Jliis nepeBipKy 3a BTOPMHHUM HABAHTAXXEHHSIM BU3HAYAEMO OMIp MPHIIA/IIB

Snpun 6;5
anun = 1—2 = ? = 0,26 Om
Apkyw
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Toni onip CHOAYYHUX NPOBOIB MOKE OyTH
an = ZHOM - anml - ZK

ne  Z,, — HOMiHaJIbHUH ONlip HaBaHTakeHH, OM;

np
Znpun — OMp npuafiis, OM;

Z, — OIlip KOHTaKTiB, OM.
Zpp =0,8-0.26-0.1=0,44 Om.

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

/ 100
—=0.0175-——=3,98 Mm?
Loy 0,44

F=p-
ne  p—naromuii omip mini, 0,0175 (Om-MM2/M),
I — mepeTuH >kuit, MM>.
[lepeTuH COJYyYHUX TPOBOIIB 32 YMOBAMU MEXAHIYHOI MIITHOCTI MOBUHHUA

OYTH He MEHIIE HiXK 4 MM? IS MIZTHUX JKHUJL.

Omnip oOpaHux MPOBO/IB:

/ 100
Zyp=p-—==00175-——= 0,44 Om.
F 4

3araJibHUM OMip CTPYMOBOIO KOJa

Zy = Zupun + Zic + Zop =026+ 0.1+ 0,44 = 0,8 Om.

mo wmeHwe Hibk 0,8 OM, npunyctumMux npud poOoTi TpaHcpopmaropa B Kiacl
touHocTi 0.5.

Tpanchopmarop crpymy TIIJI-10-Y3 BianoBinae ymoBaM BUOOPY.

Bubupaemo tpancpopmarop crpymy THIJI-10-Y3.

Apkyw
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Tabnuus 2.11 — Bubip tpancdopmaropa cTpymy B KOl cekiiitHoro BuMukaua 10 kB

Po3paxyHKoBI KaranoxHi
YMoBa BUOOpY
3HAYCHHSI 3HAYCHHSI
U. <U, 10 kB 10 kB
[pacu S [HOM 1,01 KA 2000 A
i, <l 37,34 kA -
By <It, 40,34 kA*-c 3250 kA%-c
L =Lyt on 0,56 Om 0,8 Owm

ac

Ac

Jiis nepeBipKy 3a BTOPMHHUM HABAHTAKEHHSIM BU3HAYAEMO OIIp MPUIIa/iB

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

Zppun — OMp npuafiiB, 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 M2
0,68

/
Zyy
p — natoMuii onip miai, 0,0175 (Om-mm?/m),
I — nepeTuH >Kui1, MM2,

[lepeTuH CnOJy4YHUX TPOBOIIB 32 YMOBAMU MEXAHIYHOI MIITHOCTI TOBUHHUMA

OYTH He MEHIIE HiXK 4 MM? IS MIZTHHX JKHUJL.
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Onip oOpaHuXx MPOBO/IB:

/ 100
Zyp=p-==0.0175-——=0,438 Om.
F 4

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

mo wmeHwe Hibk 0,8 OM, npunyctumMux nOpud poOoTi TpaHchopmaropa B Kiacl
touHocTi 0.5.

Tpanchopmarop ctpymy TIIJI-10-Y3 BianoBinae ymoBaM BUOOPY.

Bubupaemo tpancpopmarop crpymy THIITT-10-Y3.

Tabnuus 2.12 — Bubip Tpancdopmaropa CTpyMy Ha JiiHIi, 10 BIAXOAUTh

VoBa BHGOpY Po3paxyHKoBI KaranoxHi
3HAYCHHS 3HAYCHHSI
U. <U, 10 xB 10 kB
L paei = 1o 202 A 1000 A
Iy S lou, 37,34 kA -
B, <Lt 40,34 kA*-c 3250 kA%-¢
Z,<Z, .. 0,56 Om 0,8 Om

JInis nepeBipky 3a BTOPMHHUM HABAHTAXECHHSIM BH3HAYAEMO OMIp MPHIIA/IIB

Snpun 0;5
anun = 1—2 = ? = 0,02 Om

Toni onip CHOAYYHUX NPOBOIIB MOKE OYyTH

an = ZHOM - anml - ZK

ne  Z,, — HOMiHaJIbHUH OINlip HaBaHTakeHH, OM;

np
Znpun — OMp npuaziis, Om;

Z, — OIlip KOHTaKTiB, OM.
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Zpp =0,8-0.02-0.1=0,68 Om.

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

100
=0.0175-—— = 2.57 Mm?

Fop L
ZLap 0,68
ne  p—nuaromuii omip mini, 0,0175 (Om-MM?/M),

I — nepeTuH >Kui1, MM2,

[lepeTuH COJYyYHUX MTPOBOIIB 32 YMOBAMU MEXAHIYHOI MIITHOCTI TOBUHHUA
OYTH He MEHIIE HiX 4 MM? IS MIZHHX SKHUJL.

Onip oOpaHux MPOBOIB:

/ 100
Zup= P =00175:——=0438 Om.
4

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

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

TaOJMIb HABEJACHUX Y I0BIIHUKAX.

3m.
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Tabnuug 2.13 — Bubip tpancdopmaropa Hanpyru 3 6oky BH

. HomiHanbpHa NOTYKHICTb,
HowmiHanbHa Hanpyra oOMOTOK ) . |MakcumanbHa
Knac B-A, B kj1acl TOYHOCTI .
Tun Hanpyru | Ilepsunnoi, | OcHoBHoi | lonar HOTYKHICT,
Py P : ‘ Moo Los | 1 | 3 B-A
kB BTOpUHHOI, B({koB0i, B
HK®-

110-58Y] 110 1103 100/3 100/3 - 400 | 600 | 1200 2000

Tabnuug 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
10.02 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;

— YypaxoByBaTH NNEPCIEKTUBU PO3BUTKY

— IOMYCKATH MOKJTUBICTh PO3LUMPEHHS,

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

[Ipy ubOMY €11 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 - TpaHchopMarop» 3 BHMHMKAa4eM Yy KoOJl TpaHcdopMaropa Ta

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

PucyHnok 2.5 — Cxema po3MillleHHsS] BACOKOBOJIETHUX anapariB Ha MiACTAHIIIT

(Cxema 3 pEMOHTHOK MEPEMHYKOI, BUKOHAHOK 3a AOMOMOIOK PO3'€JHYBAYiB
(«HEaBTOMATUYHOK» MEPEMHUUYKOK0), 3ade3nedye MOXJIMBICTh MPUENHAHHS 000X
TpaHcHOpMAaTOPIB A0 OHIET JIIHII TPH PEMOHTI 1HIION.

Cxema miacTaHIli HaBeeHa Ha rpad14yHiil YaCTHHI POEKTY.

Y HOpPMaJIbBHOMY pPEXUMI BCE KOMYTalliifHe 00J1aJHAHHS BKJIIOUEHE, 32 BUHSTKOM
po3'ennyBauiB QS3...QS4 y pemonTHii nepemuuiti. [Tositpsui aiHii W1, W2 - miHii, ski
3'€THYIOTh MPOECKTOBAHY MiICTAHIIIIO 3 EHEPrOCUCTEMOIO.

Po3risiHeMo HaCJliIKU aBapifHUX CUTYyalllil y JaH1i cXeMmi:

1) BigmoBa oaHoro 13 TpaHcopmatopiB (nmpunyctumo T1). IIpu xopoTkomy
3aMukaHHl B TpaHcopmaropi T1 BinOyBaeTbcs BIAKIIOUEHHS BHMHMKaya Q1.

JKuBneHHs CrioKMBaviB MiJICTaHIT 311IHCHIOETHCS Yepe3 TpaHcopmartop T2 3a paxyHOK

Apkyw

EP 5.6.141.655 13 7

3m. | Apkyw Ne dokym. Miénuc | Jama




floro nepeBaHTaKy BAJIbHOI 3JaTHOCTI.

2) BigmoBa 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 BiaknroyeHHss W1 onepaTUBHUN
NEPCOHA] BIAKIIIOYAE YIIKOMKEHY JIIHIKO JIHIAHUM po3'eaHyBaueM. [licis uporo
3aMUKAETHCS paHiule BIAKITIOUEHWH po3'eqnyBad QS3, BinOyBaeTbes BKIOUEHHS Q1 1
TpaHcopmarop T1 BIAHOBIIOE KUBJIEHHS.

3) BiamoBa oaHoro 3 BumukauiB (Q1). [Ipu KOpOTKOMY 3aMUKaHHI y BUMHUKAul
Q1 BiakIrOYaeThes TOJAOBHUK BuMHUKad 1 JiHIS WI1. JKuBleHHs BCIX CIOXKHUBAYiB
NiJACTaHIT 3M1HCHIOETBCS BT JiiHIT W2 1 TpancdopmaTopa T2.

TakuMm 4YMHOM, 3 HABEACHOTO aHaJli3y BUJHO, 10 IPA BUKOPUCTAHHI JaHOI CXEMHU
BIACYTHIA BapiaHT NpocTOi (OJMHOYHOI) aBapiifHOi cUTyauli, sika TPUBOAMTH [0
BIJKJTFOUEHHS CITO>KMBAYIB MPOECKTOBAHOT MiACTAHIII].

HaiiOup11 BakKKOO aBapiiHOIO CUTYAIIIE) € BIAMOBA OJHIET 3 YKUBUJIBHUX JIIHINA
(W1) y nepioa peMOHTY oaHOro 13 TpaHcdopmatopiB (T2), ajne i y 1[bOMy BUOAAKY €
MO>KJIMBICTh 3a0€3MEYUTH KMBJIEHHS CHOXKMBAYlB MPOEKTOBAHOI MIACTAHLIi B1A JHII

W2 uepe3 peMoHTHY nepeMuuky QS3-QS4 1 tpancdopmarop T1.

2.7 BuOip TpancpopmaTopiB BJIaACHHX NMOTPeD

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

CymapHa po3paxyHKOBa NOTY>KHICTh NMpUiiMaya BJACHUX MOTPEeO BU3HAYAETHCS 3
ypaxyBaHHsAM KOE(QILIEHTIB NOMUTY. PO3paxyHOK MOTY>KHOCTI NpuiiMaya 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 2S¢y »

ne  Spoy - TOTYXHICTB TpaHc(opMaropa BIacHuX notped, kBA;
S¢y; - TOTY>KHICTB CITO>KMBAYiB BIACHUX NOTPeOd, KBA.
Tabnuus 2.15 — Po3paxyHOK NOTY>KHOCTI NpUiiMaya BIaCHUX NOTPeO
YcraHoBieHa
0Ty KHICTD HaBantaxeHHs
Ne HaiimeHyBaHHA . Koe.
OauHul, CosQ
/1 co>KMBaya BT X Bchoro,| monuty Pyer, Qyer,
S kBT kBT kBAp
KUTBKICTh
OXO0J0KEHHS
1 | TpaHchopmaropis 2x5 10 0,8 0,85 10 6,2
TPJIH-25000/110
[TimirpiB
5 | BHCOKOBONBTHHX ) rxd g 0.8 | g )
BUMMUKAY1B 30BHILIHbBOI
YCTAHOBKHU
[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 HaBaHTaKEHHS
SyCT = K¢+ ’P}ZICT + Q}ZICT
ne  Kc — koediuient nonuty. [Ipuitmaemo pisaum 0,8
Syer = 0.8°/27,4% + 6,22 =225 xBA
Apkyw
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[linm 4Yac BBIMKHEHHS IbOTO HAaBaHTAXECHHS HA OJAUH TpaHcHOpPMATOP
JOMYCKAEThCsl Moro mnepeBaHTakeHHs Ha 20%. [loTyxHICTh TpaHchopmarTopa s
320€3MECUYEHHS] KUBJICHHS HABAHTAKEHHS BJIACHUX MOTPEO 3 ypaxyBaHHSIM PEMOHTHHUX
HaBAaHTAKEHb. PEMOHTHE HABAaHTAKEHHS HA MNIACTAHLII MOXKHA OpaTtd TakuM, LIO

HOPIBHIOE Spp =20 — 25 kBA.

Sy +Spep 22,5420
ren 1.2 1,2

=354 kBA.

bepemo cTaHaapTHy NMOTY>KHICTH TpaHcpopmaropa Sy, =40 kBA. Ocraro4no

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

noty>xHocti: TM-40/10.

2.8 KoMmnoHyBaHHs1 po3NMOALILHUX NPUCTPOIiB HA Ooui 110 kB

[Tigncranuii (ITC) 110 kB cnopy Ky 0Th, K TPaBUIIO, BIAKPUTUMHU.

Cnopymxenns 3akputux [IC Hanpyroro 110 kB, nmonmyckaeTscs B Takux
Bunaakax [9]: po3miwenHs [1C 13 Tpancpopmaropamu 16 MBA 1 Bunie Ha ciyx00BId
Teputopii MICT, po3MmimeHHs [IC Ha TepuTopli MICT, KOJMM LE JOMYCKAEThCS
MICTOOY/TIBHUM MIPKYBaHHSIM.

Ha I1C enexkTponocTtayaHHs NPOMHUCIOBUX MIAMPHUEMCTB NEPEA0AYAETHCS BOASIHE
OMAJIEHHSI, MPUETHAHE 10 TEMJIOBUX MEPEXK MIANPUEMCTB.

byaunaku 3PY (3akputux PY) nonyckaerbcs BUKOHYBATH SIK OKPEMO PO3MILIEH],
Tak 1 30JJ0KOBaHUMHU 3 Oy auHKamu PITY B TOMy 4mMCIi 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 TAaKUX
BUMOT: PeMOHT BUMHKaYiB 110 kB 1 BUIIE BUKOHYETHCS O€3 BIIKITIOUEHHS NMPUEIHAHD!
NOBITPsIHI  JIIHIT BiAKIOYarOThess Big PII He Ouablie HDK JBOMa BUMHMKayamu,

TpaHchopMaropu OJIOKIB BIAKIKOYAIOTHCS HE OUIBIIE HI)K TPhOMA BUMUKAYaMHU 1 T.1H.
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[Ipy BIAKIIOYECHHSX BUMHMKAYiB y HOPMaJbHOMY pexkuMmi PII He noOBHHHE
BIJIKJIFOYATH OLIbIIE OJHOTO OJI0Ka, Y PEMOHTHOMY - HE OljIbllie 1BOX OJIOKIB.

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

IITHUH.

2.9 KoMmnoHyBaHHs1 pO3NOALILHUX NPHCTPOIB HA Goui 10kB

PIT 10 kB Bxoaste n0 cknamy miacraHuiid sk ronoeHi PIT. Jlo PIT1I0 B
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
€JIEKTPONOCTa4YaHHs BIANOBLAATBHUX criokuBadiB (1 kareropis no [1Y3), po3mmpeHns
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 a00 BBEACHHSIM
HOBOI CEKILIi.

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

PEKOMEHAYETHCS BCTaHOBMOBATH madgu KPY 3aB0AChKOro BUTOTOBICHHS.
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3 PO3PAXYHOK PEJIEHHOI'O 3AXHUCTY TPAHC®OPMATOPA
3.1 Bu3HayeHHs1 napameTpiB, HEOOXIAHMX [JIsI PO3PAXYHKY 3axXHCTIB

TpaHcdopmaropa

1. PospaxoByemo 3axuct ans TpaHcpopmaropa tuny TPJIH-25000/110,
KaTaJIo’KHI JIaHl SKOTr0 HaBEJACHO B TaOmuIll 3.

TpancopMarop OTpUMY€ >KUBJICHHS Bl EHEPrOCUCTEMH 3 MapaMeTpamu
Xesare = 12 OM; Xenin= 18 OM (omopu npuBeaeH1 A0 Uep o= 115 kB).

2. Jlns  ckmagaHHd — CcXeMH  3amilieHHa  (puc. 3.1) po3paxyeMo  Omnopu
TpaHchopMaropa:

a) 3araJbHU 1HIyKTUBHUH OIIp:

— UK . Ufp.uom _ 10,5 ) 1152

X, = g =55,54 Om.
100 S, 100 25

0) omip OOMOTKH BHILOi HANPYTH:

x,=0,125x =0,125-55,54=6,94 Owm.

a) 6)
Pucynok 3.1 — [NosicHroroua cxema (a) 1 cxema 3amiteHHs (0) Tpancdopmaropa 3

PO3IIEMIIEHO OOMOTKOIO

3m.

Apkyw Ne dokym.

lidnuc

[ama

bP 5.6.141655 [13

Apkyw

57




B) OIIp OOMOTKH HMYXKYO1 HAMPYTH:
x,=1,75x,=1,75-55,54=97,2 Owm.

3. Ilpu po3paxyHkax ctpymiB K3 ans 3axuctiB Tpancgopmaropis i3 PITH cnin
ypaxyBaTu 3MIHY OMOPY 3a paxyHOK PEryJioBaHHs Hanpyru. s TpaHcdopmaTopiB

110 kB npuGiu3HO MOKHA NPUKAHSTH:

Xy o = %o (1= AU) =97,2-(1-0,12)* =75,3 Owm;

H.MUH

(1+AU)" =97,2-(140,12)" =121,9 Om.

'xH.JMaKC - ‘xH. Hom

3BIACH X, ., = X, 0 (1= AU)  =6,94-(1-0,12)* =5,4 Om;

6. MUH

Xy vone = X o (14 AU) =6,94-(1+0,12)* =8,7 Om.

6. MakKkc

4. CTpyM KOpPOTKOrO 3aMHKaHHs Ha IIMHAaX HWXKY0i Hanpyru (touka Kl,

puc. 3.1):
[1(<3/?4a1<c = UCP-”OM = 15 = O, 717 KA.
. \/g(‘xc./waxc + ‘xg.MuH + ‘xH.MuH) \/5(12 + 574 + 7573)
U
I = — Lo 0,387 KA.

K.MUH 2(X +x +‘xH.Jl4aKC): 2(18—{-8,74—121,9)

C.MUH 8.MAKC
3.2 Po3paxyHOK MO310BKHbOT0 JH(PEPEHUIATbHOT0 CTPYMOBOI0 3aXHCTY

1. CTpyM chpanbOByBaHHS 3axUCTy BHU3HAYAETHCA 3a OUIBIIOK 13 JIBOX
PO3paxyHKOBUX YMOB:

a) B1AOyAyBaHHS BIJ KHUJOKAa CTPyMYy HaMarHiuyBaHHs, W10 BUHHUKAE IpU
BKJIFOUECHHI TpaHc(opmaTopa Ha XOJOCTHH Xia a00 MpU BIAHOBJICHHI HAMPYTW MICHs

BIAKIIOUeHHS K3, a Tako BiJ MEpEXIIHUX CTPYMIB HeOanaHcy npu 30BHINIHIX K3:

Apkyw
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c.3 omc HOM >

ne k. - koediuieHT BiaOyayBanHs, g pene tuny PHT k£ =13;
/ - HOMIH&JIBHUNA CTPyM Ti€i CTOPOHU TpaHchopMaropa, HANpyry sKoi

HOM

NPUAHATO B SIKOCTI PO3PaxXyHKOBOI;

S 25

I = m_
- \/§ ) Ucp.nom \/5 115

.. =1,3-126=163,2 A.

- 0,126 KA.

0) BIAOyIyBaHHS BIlJ MaKCUMaJIbHOTO MNEPIOJUYHOTO CTPYyMy HeOajaHCy, IO

BUHUKae Npu 30BHIIHIX K3:

[ .2k -1

c.3 3 " HO.pacu >

ae  k,=1,3 - koediwieHT 3anacy no BUOIPKOBOCTI;

I - MAKCUMAJIbHUHA PO3PAaXyHKOBHIA CTPYM HEOANaHCy, BUBHAYECHUIA SIK Cyma

HO. pacu

TPBHOX CKJIAJIOBHX, NPONOPLIAHUX NEPIOANYHINA CKIaaoBii cTpymy K3,

ot " m
]H6.pacq - ]H6.pacq + ]H6.pacq + ]H6.pacq :
2. Ckmagoea cTpymy I, .., OOYyMOBIIEHAa TNOTpIlIHICTIO TpaHC(hopmaTopa
CTpyMy.
' o . .
]H6.pacq - kodu & [K.MaKC >

ne k, =10;e=0]1; 1/ - MAaKCHMAJIbHMI CTPYM 30BHIIIHBOr0 K3, mpuBeaeHmi

K. Makc

JI0 pO3paxyHKOBOro 11a0Jis HAaNpyTH.

Apkyw
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"

3. CxnamoBa /5 .,

0OyMOBJIEHA PETYJIIOBAHHAM KoedilieHTa TpaHchopmauii

cwioBoro TpaHchopmartopa (aBroTpaHcopmaropa) Micis TOro, SK 3axUCT OyB
30alaHCOBAaHMI Ha CepelHiX BlAmaikax. L[ cCkiazoBa BU3HAYAETHCS SIK CyMa CTPYyMIB

HeOaJIaHCy Ha CTOPOHAX, JIE € PETyJIFOBAHHS:

il
” o .
[H6.pacq - ZAUn ]K.Maxc.n >

n=I

ae AU, - BIIHOCHA MOTPILIHICTh PETYJIIOBaHHS HANPYTU, NPUAMAETHCS PIBHIN

NOJIOBHMHI J1ana30Hy PEryJrOBaHHsS CTOPOHM n TpaHc(hopMaropa (SKIIO PEryjarOBaHHS

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

MAKCUMAIbHUIA MEPIOJUYHUIA CTPYM, IIO NPOTIKAE MO CTOPOHI n

K.makc.n

TpaHcdopmMaropa.

"

4. CkrnagoBa 46 pac

oOyMOBJIEHA HETOYHICTH) YCTAHOBKM Ha  pelie

PO3PaxyHKOBUX YUCE BUTKIB!

17
" _ .
HO.pacu ZAWn [K.Maxc.n >

n=I

ae  Aw, =—"———— - T[OrpIIHICTb BHUPIBHIOBAHHSA JUIsI CTOPOHH N

n

TpaHcopmaropa. Y 1pOMy BHUINAAKy NMPU NOMEPEAHIX PO3paXyHKax LSl CKJIAIOBA HE
BPAXOBY€ThCS.
5. 3 ypaxyBaHHSIM HaBEICHMX BHUPA3IB BUKOHYEMO PO3PaXyHOK CTPYMY

CIpallbOBYBAHHS 3aXUCTY 3a YMOBOIO B1AOYAyBaHHS BlJ CTPyMY HeOalaHCy:

I, =k (k- + AU, =1,3-(1,0-0,1+0,12)-717=205,0 A.

[ K.makc

[Tpuiimaemo Oinbiue 3HaueHHs /= 205,0 A.

Apkyw

EP 5.6.141.655 13 0

3m. | Apkyw Ne dokym. Miénuc | Jama




6. BuOip Tunmy pene poOMMO HAa OCHOBI OLIHKK YYTJMBOCTI 3aXUCTYy, SIKUH

BU3HAYAEMO MPUOIM3HO, BBAXKAKOYH, 10 BECh CTPYM MOUIKOKEHHS (MTPUBEACHUMA 10

BTOPUHHOI CTOPOHM) nonajae B pese. [lonepeans nepepipka 4yTJIMBOCTI MPOBOAUTHCS

0 NEPBUHHOMY CTpyMy npu ABodaszHomy K3 Ha croponi HH, npu npoMy moBHHHa

BUKOHYBATHUCS YMOBa:

— K. MUH > 2 O

k,=——=1,887<2,
205,0

7. Ockinbku 3axuct 13 pene tuny PHT He 3a0e3neuye 4YyTIMBOCTI, TO

3actocoByemo pene tuny J3T-11, mmd SKOro CTpyM CHpaulbOBYBAHHS 3aXHUCTY

BUOMPAETHCS 32 YMOBAMMU:

a) B1AOYIyBaHHs Bl KHJKA, IO HAMArHiuy€e CTPyM

0) B11OyyBaHHs B CTpyMy HebanaHcy npu K3 Ha HU3bKIi CTOPOHI

=k

c.3

I, =k, (ky-&+AU)I

1, =15-126=188 3A.

=1,5(1,0-0,1+0,12)-717=236,5 A.

CTpyM cpalibOBYBAHHS 3aXMCTy MPUHAMAEMO 3a OUTBLIOK 3 YMOB /.5 = 236,5 A.

8. Buznauaemo yymimBICTh 3axucty npu K3 Ha ctoponi HH npu MiHiManeHOMY

PETYJIIOBAHHI:

=1,636.

236,5

Lle 3HaueHHd k, TPOXM MEHILE HOPMOBAHOIO, OJHAK, YK€ NP HOMIHAJIBHOMY

3m.
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koediuieHTi Tpanchopmarii Tpanchopmaropa ctpym K3 ckiane:

(2) 115

K.MUH = = 07471 KA
2 2(18+6,94+97,2)

TakuM 4MHOM HEOOXITHUH KOE(DILIEHT YYTIUBOCTI 3a0€3MeUy E€ThCS

Tomy 3axucr 13 pese JI3T-11 moxke OyTH 3aCTOCOBAHMIA.

3.3 Bu0Oip ycraBok pesie tuny A3T-11

1. BuzHauaeMo MepBUHHI HOMIHAIBHI CTPYMH ISl IBOX CTOPIH OOJIaJHAHHS, 11O

3aXUIIAETHCS, MO (POpMYJIIL:

S

— HOM

[ = —_
HOM.R \/5 . UHOM”

ae S, - HOMIHaJIbHA MOTY>KHICTh TpaHcpopmaropa,

HOM

U - HOMIHaJIbHA HAaNpyra CTOPOHH 00JIaJHAHHSI, L0 3aXHUIIAETHCS.

HOM.n

2. JIns ctopoHu BUCOKOI Hanpyru 115 kB:

25000

I, = =126 A.
" JBe115
Jlis ctoponn HU3bKOi Hanpyru 10,5 kB:
1, =299 3754
7 J3:10,5
Apkyw
BP 56.141655 [13 62
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3. Bu3HauyaeMo BTOPUHHI HOMIHAQJIbHI CTPYMHU IIEYEH 3aXUCTY:

— ]HOJVI.nka.n
6.HOM.n >
Kl.n
. :
ae k., - KOe(IUIEHT CXEMHM 3'€IHAaHHS BTOPHMHHUX OOMOTOK TpaHc(opmaropa Ha

CTOPOHI 00'€KTa, IO 3aXMINAETBCA (NMPH 3'€IHAHHI OOMOTOK y k. =10 3ipKy, mpu

3'eMHaHHI OOMOTOK Y k. = NG TPUKYTHUK ),

K, - koediuieHT TpaHcpopmauli TpaHCHOpMaTOpa, NPUHHATHIA Ha CTOPOHI
o0'exta, mo 3axuuiaerbesa (mpu BuOOpi koediuieHta TT Tpeba BpaxoByBaTH, 100
BTOPUHHI HOMIH&JIbHI CTPYMH CYTT€BO HE NEPEBUILYBAIA NACHOPTHI 3HAYEHHS
ctpyMiB 5 A abo 1 A). CtopoHa 3 HaiOLIbIIMM BTOPUHHUM CTPYMOM MPUKHMAETHCS B
SKOCT1 OCHOBHOI{, 110 3a0€3Mevy€ HaifMEeHIIy MOTrPILIHICTh BUPIBHIOBAHHS JIs pEJI€.

4. JIns cTopoHU BUCOKOI Hanpyru 115 kB:

_12643 o,

6.HOM.N 0 2A.
o 300/5

5. Jlns ctopoHM HU3bKOi Hanpyru 10,5 kB:

. oM :Bi:3,44A.
S 200075

BpaxoByroun, 1mo o0OMOTKAa HM3bKOi Hampyru TpaHchopMaropa BUKOHAHA

PO3ILEILICHO0, OTPMMAHE 3HAYECHHS CTPyMy HEO0OX1aHO noasoitu - /,, = 6,87 A.
OTtpumaHi po3paxyHKOBI AaHi HABOAMMO B Tad. 3.1.
Apkyw
BP 5.6.141655 113 .3
3m. | Apkyw Ne dokym. Miénuc | Jama




Tabmuus 3.1 — Po3paxyHKM TNEPBUHHUX 1 BTOPUHHMX CTPYMIB CTOPIH

TpaHcpopmaropa
[To3Ha4YeHHS MapaMeTpiB [-BH-115 kB IT- HH-10,5 kB
Lgpin> AA 402 4399
K, 700/5 5000/5
Cxema 3'e1HaHHs TpaHcopmaropa TPUKYTHHUK 31pKa
Lo ouns B 3,62 6,87

3 tabnuui 18 BUMIMBaE, M0 B SKOCTI OCHOBHOI CNIA B3STH CTOPOHY HHM3bKOI
Hanpyru (10,5 kB), mo mae OuibIKiA BTOPUHHUI HOMIHATBHHUMA CTPYM.
6. CTpyMm cChnpaupOBYBaHHsS peje Uil OCHOBHOI CTOPOHM TpaHc(hopMaropa

BU3HAYAEMO MO BUPA3Y:

U
]C L kcx ( HOM. pacy J
. UHOM n
I, .= :

c.p.n K 2
I

1¢ U,y pacy - HOMIHATIBHA HATIPyra CTOPOHH, BiMOBIIHOTO PO3PaxyHKOBOrO Ialist

Hanpyry.

236,5.1. 102
I = 10.5 _¢ 484
77772000/ 5

7. PO3paxyHKOBE YMCJIO BHUTKIB pPo0040i OOMOTKM JjIi OCHOBHOI CTOPOHHU

BU3HA4YAEMO MO (popmy i

F, 100
WOCH. acu = =
pact = 6,48

c.p.OcH

=15,4 BUTKIB.

8. TlpuiimaemMo HaWOMM>KYE MEHILE IIJI€ 3HAYEHHS W

pab.ocH -

15 BUTKIB, 11O

Apkyw
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3a0e3neuye 3anac no BUOIPKOBOCTI. [Ipu npoMy (pakTHUHUN CTPyM CIpanbOBYBAHHS

peJie CTaHOBUTb:

- 667 A
15

C.p.OCH
9. Po3paxyHOK uucia BUTKIB JJis 1HUIOI CTOPOHM 3aXUCTy BHOMpPAEMO 3a
ymoBaMu Oanancy Ha pene MJIC 3axucty npu 30BHIIHBOMY K3 abo HOpmalibHOMY

pexkumi (PUCYHOK 3.2):

] e.moml W[ = ] e.nomll w[[

3BIIKHA

1
_ .| Zs.Hom.ocH
wpacq.n = Woen ( Ji :

6.HOM.Nn

w :15_6,87

pacu 3 62

>

= 28,46 BHUTKIB.

10. TlpuiiMaemMo HaHOMMXKYE LUIE 3HAYEHHs, WO 3a0e3nedyye HaWMEHIy

MOTPILIHICT BUPIBHIOBAHHS W, = 28 BUTKIB.

11. YTOYHEHHUI CTPyM CHpallbOBYBAaHHS 3aXUCTY 3 YPaxyBaHHSM MOTPIIIHOCTI

BUPIBHIOBAHHS 3HAXOIUTHCS MO BUpPA3ax, HABEAEHUX y 1. 3.1:

e+ AU, +Aw, )1

K.mMakc

=1,5-(1,0-0,14+0,12+0,016)-717 = 253,7 A,

00H

]c.3 = k3 (k

wpacq —-W _ 28,46 -28
w 28.46

pacu

ne Aw, = =0,016.

12. YTOYHEHMII PO3PAXYHKOBUH CTPYM CIPALlbOBYBAHHS PEJIE€ BU3HAYAEMO I10

U
Ik[Uj 253,7.1.(110@
L oo = nonll 2 = 22 26,95 A.

poct ki ~2000/5

dbopmyi:

3m.
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I3

1
L
n=ll

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

13. PospaxyHkoBuii ctpym HeOanancy 3axucty npu K3 Ha croponi HH, ne
nepeadayeHe rajJbMYyBaHHs, 3 YPaXyBaHHSM MOTPIIIHOCTI BUPIBHIOBAHHS 3HAXOAUTHCS

N0 BUpAa3ax, HaBEICHUX y II. 3.1:

L paen =Ky (Ko - £+ AU, + Awy )1

nep

=1,5(1,0-0,1+0,12+0,0287)-717 =

K.make

=2674 A.

15,415

ne Aw,, = = 0,0287.

>

14. Yucno BUTKIB rajibMiBHOI OOMOTKH, 10 3a0e3nedye HanaiiHe BiAOYTyBaHHS

pene BiA cTpyMy HeOanaHcy npu AaHoMmy BUI0BI K3, BU3HAYAETHCS IO BUPA3y:

_ k3 ) [H6.pacq wpaé.n
wmopM.n - Ji ) >
mopm.n [ga
Apkyw
BP 56.141655 [13 PP
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NEPBUHHUN TaJbMIBHUM CTPYM Ha CTOPOHI TpaHc(opmaTopa, IO

mopm.n
3aXMIAETHCS, HA IKiM BKJIIOYEHA rajbMiBHA OOMOTKA;

Igor =0,75 - TaHr€HC KyTa Haxuily JOTHYHOI NMPOBEACHOI 3 MOYATKy KOOPAMHAT

JI0 HUKHBOI PO3PaXyHKOBOI M0 BUOIPKOBOCTI T'ajIbMIBHOT XapaKTEPUCTHKHU (puc. 3.3).

Fpa6‘ A OGJYtacn ‘?’
s cpabatm-

800 BaAHUA \)?))
600 7
400 &)y L

N

A
5 /. / \/(( O6nacts
Fc.p X ZI/ TOPMOXCHHSA
Fc.pO a
0 200 400 600 F A

TOpM’

PucyHok 3.3 — XapakTepucTuka /Ui BU3HAUECHHS Yy TJIMBOCTI AU EPEHIIATBHOTO
3axucty 3 penie tuny J[3T-11 npu HasBHOCTI rajibMyBaHHS

k,-1 W : :
W — 3 Hb6. pacy pab.n :1>5 26774 15 :11’19z11BI/ITKiB-

mop tgar 717-0,75

K. Makc

TakuMm 4YMHOM, 10 YCTAHOBKH Ha peJie NPUHMAarOThCS HACTYTHI BUTKH:

w,=28 wr., w,= 15wr, w, =11 wr.

mopm

15. YUyTIMBICTh 3aXMCTy BU3HAYAEMO MPUOJM3HO MO MEPBUHHUX CTPyMax MpHU
po3paxyHkoBomy K3 Ha croponi HH nns BumankiB MiHIMAQJIbHOTO i HOPMaJIBHOTO

peryJiroBaHHs TpaHchopMaropa:

Apkyw
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ae /., — GaKTUYHUI CTPYM CHPALbOBYBAHHS 3aXUCTY, BU3HAYAECTHCS 3 BUPA3y

I . . HOM. pacy
] _ « . UHOJVI.VI
o Kl.n ’
) / -K
3BiACH ]C_3 — c.p.n I.n i
k . HOM. pact
“ UHOM.n
Jie ]Cpn = ]c.p_OCH: 6,67 A.
_6,67-2000/5

I, =243 5A,
Y EE
10,5

16. Toni BU3HAYaeMO KOE(PILIIEHTH Yy TJIUBOCTI:

K, =—=57 159, k==L _y03
2435 2435

> >

OckinbKHM KO€(ILIEHT YYTIMBOCTI 3aXMCTy NPU HOPMAJIBHOMY PEryJIHOBaHHI
Hampyrd MPaKTUYHO BIANOBIIAE HOPMOBAHOMY, a MPU MIHIMAIBHOMY PEryJIIOBAHHI

JOCUTBb BUCOKHHL, TO 3axuCT 13 penie J[3T-11 pekoMeHay€eThCS 10 YCTAaHOBKH.

3.4 Po3paxyHOK MaKCHMAJIBHOTO CTPYMOBOIO 3aXHCTY 3 KOMOIHOBAHMM

MyCKOM 10 HANpYy3i

1. Jlns nBOXOOMOTKOBHMX TpaHC(HOPMATOPIB 3aXUCT YCTAHOBIIKOETHCS HA CTOPOHI
xuBjieHHd (BH) 1 BHKOHyeTbCS y [BOXpENEHHOMY BHMKOHAHHI 13 3'€JHAHHSIM
TpaHcpopMaropa B TPUKYTHUK JUIsl MTIABUILEHHS 4y TJIMBOCTI.

Ockinpkd B LbOMY BHMaaky oOMoTka HH poswersieHa, TO B KOl KOXHOIO

BIJITATY>KEHHSI BCTAHOBJIIOEThCS OKpema MT3, sik mpaBwiio, 3 MyCKOM MO Hampys3i.

Apkyw
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3axucT Ji€ 13 JBOMA BUTPUMKAMM 4Yacy. 3 MEPLIOK BUTPUMKOK BIAKIHOYAETHCS
BUMUKaY BiaranyxeHHs HH, 13 npyroto — yci BUMuKaui 00'ekta.

2. Cnoyarky BM3HA4aeMO CTpyM crpaiboByBaHHd MT3 0e3 mycky mo Hampys3li,
SKUA BIIOYJOBY€ Bl MAKCHUMAJbHOTO CTPYyMY HABAHTOKECHHS 3 ypaxyBaHHSAM

caMo3anmycKy pyXOBOIO HABAHTAXKCHHS:

_ k3 ) kC ) [Haep.MaKc

[C3 >
| k

8

ae  k,=1,2 - koediuieHT 3anacy 1no BUOIPKOBOCTI,

k,=0,8 - koediuieHT noBepHeHHs pene PT-40;

k_- KOe(ILIEHT CaMO3aIlyCKy, IO BPAXOBY€ 30UIBIICHHS CTPYMY 3araJbMOBAaHOIO
PYXOBOTI'O HABAHTAKCHHS MICJIsl BIIHOBJICHHS HAIPYTH, IpUiMaeMo k. =2.5;

/ - MAKCUMAJIbHHUHA CTPyM HABaHTA)KCHHS, MNPUAMAEMO PIBHUM

Hazp .makce

HOMIHAQJIBHOMY CTPYMy TpaHcdopmaropa.

_L2:25126 00

c.3
2

3. KoediieHT 4yTIMBOCTI 3aXUCTy BU3HAYAEMO MPU JBOPA3ZHOMY METAIEBOMY

K3 y MIHIMaJIBHOMY pEXHUMI:

(2)
k, = Lo _ 387 _ 6351
1. 470,7

c.3 >

Ockinpku uyTnuBicTe MT3 6€3 mycKy Mo Hanpy3i BUSIBJISETHCS HEAOCTATHBOO,
3acTOCyeMO OJIOKyBaHHs Mo Harnpy3i 3 0oky HH tpancdopmaropa.
4. Crtpym cnpauboByBaHHd MT3 13 myckoM 1O Hampy3l BiaOyIOBY€ BIJ

HOMIHAJIBHOTO CTPyMy TpaHcopmaropa /,, . Ha CTOPOHI, 1€ BCTAHOBJIEHU 3aXHUCT:

HOM

Apkyw
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1,2

Hom ~

/ :%-[ -1,0-126 =188,3A.

O
oo

>

a YyTJIMBICTb 3aXUCTY B Tiil 5k€ PO3PAXyHKOBIN TOUL CKIAIE:

k=37 _5 055,
188,3

5. Hanmpyry cnpanpOByBaHHsS MYCKOBOIO OpraHy MIHIMAQJIbHOI HampyTy,
BUKOHAHOTO Yy BHUIJIS/I peJie, BKIYEHOTO Ha MDbkK(pasHy Hamnpyry, BH3HAYaEMO
npuOIUM3HO 3a YMOBAMM BIAOYAyBaHHsS Bl CTPYMIB CaMO3alyCKy pPyXOBOIO

HABAHTAXXEHHS MPU BIJHOBJICHHI HANPYTH:

ae  k,=1,2 - koe}iLI€HT NOBEPHEHHS IS PEJIE€ MIHIMAIBHOI HANIPYTH;

U, ... - MIHIMaIbHA MDbK(a3Ha HAaNpyra B yMOBaxX CaMO3aIlyCKy IPH BiTHOBJICHHI
Hanpyru, npuiimaemo U, =0,7U .
0,7-110
=———=064,2kB.

c.3
2

6. Hanpyry cnpaiibOBYBaHHSI MyCKOBOI'O OpraHy MO 3BOPOTHIM MOCHIIOBHOCTI
KOMOIHOBAHOIO MyCKYy IO Hampy3l NPUHAMAEMO PIBHOK MIHIMAIbHIN ycTaBii (QuIbTp-
pene:

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

c.3

Apkyw
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7. UyTnuBicTh OJOKYBAJIbHUX OpraHiB nepeBipserbes npu K3 Ha npuiioMHMX

CTOpOHaxX TpaHcdopMmaropa, Kyau H NiAKIYEH! OJ0KyBalbHI pene, TooTo U ,Qam =0, a
U
Ui seny 22 1D 335
| 2 2.3
Toni
Ussany 33,2
U= rsay _ Z2Z — 4 811> 1,5.
U20.3 ’9

Ockinmekn npu K3 Ha npuiiomHiil cTopoHi Tpancpopmaropa k,>15, To
Ju(epeHUIaTbHIM 3aXUCT IKMHU Ha LI CTOPOH1 MOYKHA HE BCTAHOBJIIOBATH.

8. CTpyM chpanbOBYBaHHS 3aXUCTY BiJl CAMETPHYHOIO MEPEBAHTAKEHHS, IO /i€
Ha CHUIHA&JI, BHU3HAYAETHCA 32 YMOBOK BIAOYAYyBaHHS BiJl HOMIHAJIBHOTO CTPyMYy

TpaHcopMaropa Ha CTOPOHI, € BCTAHOBJIICHUH 3aXUCT, MO BUPA3y

1,05

m.HOM

126 =164,7A.

c.3
2

1=k
kB

9. Butpumka yacy MT3 y3romkyerbcsi 3 BUTPUMKOK 4acy 3aXMCTy JiHIi Ha

croponi HH.

Apkyw
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BPII-110 kB, BcraHoBieHux Ha JABOX nopranax, puc.4.1 (mos. 1

4. PO3PAXYHOK 30H 3AXUCTY CTPUKHEBUX
BJINCKABKOBI/IBO/IIB BPII

B po0oTi HEOOXITHO PO3paxyBaTH BUCOTY 1 30HY 3aXUCTYy OJMCKaBKOBIABO/IIB

1 2), 1 JABOX

OJIMCKABKOBIJBOAIB, IO CTOSATh OKPEMO, 3a3Ha4€HUX Ha puc. 4.1 (mo3. 3 1 4), BBaXKaruu,

1110 OJIMCKABKOBIABOIM PO3TALLIOBAHI CUMETPUYHO MO BIJHOLWIEHHIO 0 BY3bKOi CTOPOHHU

BPII. HaniliHiCTh 30HM 3aXUCTY BiJ ypaxkeHb OauckaBku P, =0,999.

HakpeciuTu ropu3oHTaIbHUIA MEPETUH 30HM 3aXHUCTy OnuckaBkoBiaBoAiB BPII

Ha BUCOTI A,.

Tadm. 4.1.

[TapameTpu po3MmilieHHsT OJIMCKaBKOBIABOAIB Mo mionwmHl BPIT HaBeneHi B

A 4

PucyHnok 4.1 — Cxema po3MillEHHS CTPHKHEBUX OnnckaBkoBinBoaiB BPI1-110 kB

3m.
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Tabnuug 4.1 — Po3paxyHKOBI apamMeTpu

A: B: Ll: LZ; L3; L4; LS; hx >
M M M M M M M M
48 38 34 16 30 10 4 5

1. Buznavaemo Biacrani L, Ta L:

Bol, 38-16_
2 2

_B—1I, 38-30

2 2

Lg=

L, 4 M.

2. Bu3Hayaemo BIICTaHI p; Ta p,:

p=AE+ 12 =107 +11% = 1487 w;

Py =2+ 12 =N4*+4> = 566 m.

3. 30Ha 3aXMCTy MOJBIMHOIO CTPUKHEBOIO OJIMCKABKOBIABOAY CKJIAJAETHCS 3
30BHINIHIX 00JacTel 30HM 3axMCTy (HaAMIBKOHYCIB 3 rabaputamui ho, o), LIO
BUKOHYIOTBCS 3a (opMyJiaMd i OJMHUYHHUX CTPUIKHEBUX OJIMCKABKOBIJBOIIB.
Po3Mipu BHYTpILIHIX 00JIaCTEN BH3HAYAKOTHCS MapameTpamu /g 1 h., NEPIIMNA 3 SKUX
3a/la€  MaKCUMaJIbHy BHCOTY 30HM 0Oe3nocepeaHbo Oulst  ONMCKaBKOBIJIBO/IIB,
a Ipyruii — MiHIMaJIbHY BUCOTY 30HH MOCEPEINHI MK OJIMCKABKOBIABOIAMH.

30Ha 3aXUCTy OJMHUYHOTO CTPUXKHEBOIO OJIMCKABKOBIJIBOAY BHCOTOK /A <30M

IpY HAMIHHOCTI 3axXucTy F, =0.999 , BU3HA4a€ThCS PIBHAHHAMM:

hy,, =0,7h,
rxn — rOn '(hOn _hx) ‘
Hon
1, =0,6-h
Apkyw
BP 5.6.141655 /13 73
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Po3paxoByeMo BHUCOTH OJMCKAaBKOBIABOAIB 1 Ta 2 BUXOASYU 3 YMOBH CTBOPEHHS

HUMH 30HU 3aXUCTY Ha BUCOTI A, 10 KyTiB BPI1

Vo (g = h)
Fa = , 1IpU 7y =P
My

[IInsx0M MareMaTUYHUX NEPETBOPEHb OTPUMAEMO PIBHSHHS BIIHOCHO LIYKAHO{

BEJIMYUHUA A
O’6h1 * (O’7h1 - hx) .
P = >
0,7h,

0,42h —(0,7p, + 0,6 ) =0,
h=0;, h=3192wm.

33JI0BOJIbHSIE  YMOBI

Bucora OmuckaBkoBigBOmIB /1 =hy=3192 M, He

3aCTOCYBaHHs PIBHSHb NpU /2 <30 M, TOMY Ui pO3paxyHKy BUCOTH OJIMCKaBKOBIJBO/IIB

3aCTOCOBYEMO HACTYITHI PIBHSIHHS:

hy, =[0,7-7,14107* (h - 30)]A;
r, - (hy, —h
= (};” x); npu 7, =p,.
01

Ty =[0,6 —1,43107 (h —30)]h;;

3acTOoCyBaHHs piBHSAHB NpU 30 < 2 <100 M.
OctaTouHo npuitMaeMo OJIMCKaBKOBIABOAU 1 Ta 2 BUCOTOMO A = hy = 32.06 M.

[II1gX0M MaTeMaTUYHUX NEPETBOPEHD PO3B’SA3YEMO L0 CUCTEMY Ta 3HAXOAUMO

3HaYeHHs BUCOTH 1| OnuckaBkoBiaBoay /1= 32.06 M, 1O 3aI0BOJIbHSE YMOBI

Apkyw
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Po3paxoByeMo BUCOTH OJMCKABKOBIABOAIB 3 Ta 4 BUXOJASYU 3 YMOBHU CTBOPEHHS

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

hy; =0,7h;
. —h
Fiy =2 Vs x)’ Ipu 73 =P,
Py
fy; =0,6- 1y

[IInsx0M MareMaTUYHUX NEPETBOPEHb OTPUMAEMO PIBHSHHS BIIHOCHO LIYKAHO{

BEJIMYUHU A3

_0,6h;-(0,7h; = h,) .
P, = 0.7h, ;

0,42 —(0,7p, +0,6h ) h, =0
hy=0; h=1657wm.

OcratoyHo npuiiMaeMo OJMCKaBKOBIABOAU 3 Ta 4 BUCOTOK /3= hy = 16,57 M,
TaK sIK BOHA 3aJJ0BOJIbHSIE YMOBI 3aCTOCYBaHHS PIBHSIHB MPH /1 < 30 M.

4. Po3paxoByeMO MmapaMeTpU 30HU 3aXUCTy OJIMCKAaBKOBIABOIB 1 Ta 2:

L,=L = 16M;
Yy =Ty, =0,6- /= 19,14 Mm;
Moy =hy, =0,7- by = 22,39 m;

ry=r, =0 o =h) _ 14 87

xl1

1

L., =[2,25-0,01007(/ —30) | = 71,47 m;

Lngs12 =| 4,25-3,57107 (I — 30) |y = 136,02 m;

Apkyw
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M.y =hy =22.39 M, Ly S L,
h . .,—h
poy = ulanmh) gy

cl2

5. Po3paxoBy€eMO MapamMeTpy 30HU 3aXUCTy ONMCKAaBKOBIABOAIB 3 Ta 4:

Ly =1Ly =30 u;

Vs =Ty =0,6- 7, = 9,94 m;

By =hyy =0,7-hy= 11,6 M
_ Tz — 1)

Py =V = = 5,60 M,
3

Ly =2,25-hy= 3728 wm;

L n =425 h = 7042 M,

'max 34

hsy =My =11.6m, Lsy <Lz
h .,—h

po = aleasmh) _goq oy

c34

6. Po3paxoByeMo mapamMeTpu 30HHM 3aXUCTy OnMCKaBKOBIABOAIB 1 Ta 3 (2 Ta 4):

2
L, :\/(Ll)2 +(L3 ;sz = 3471 m;

6.1 bauckaskoBigsoau 1 Ta 3 MaroTh BUCOTY /1 =32,06 M

L,3=2,25-h="T147w;
L

max 13

=4,25-h = 136,02 m;
My =hy=2239m,  L3<[;

bP 5.6.141655 [13
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6.2 biauckaBkoBiaBoau 1 Ta 3 MarOTh BUCOTY /1, =16,57 M

Ly =2,25-hy= 3728 m;

L ..31=425-h =7042m;
hyy=hy=11.6Mm, L;<[;
hcmin13 = hCB +h€31 = 170 M,
2

_ o+ o

Yo13 = T =14.54 M,

roy = rcOl3(Zcminl3 _hx) ~10.26 M

cx
cminl3

7. Po3paxoByeMO mapamMeTpy 30HU 3axUCTy OauckaBkoBiABoaIB 1 Ta 4 (2 Ta 3):

2
L, :\/(1,1)2 +(L2 L ;sz = 41.05 m;

7.1 bnuckaBkoBigBoau 1 Ta 4 MaroTh BUCOTY /; =32,06 M

L, =225k ="T147w;
L

‘max 14

My =hy=2239m, L, <L,

=4,25- I = 136,02 m;

7.2 bauckaBkoBigsoau 1 Ta 4 MaroTh BUCOTY /1, = 16,57 M

c

Loy =2,25-h, = 3728w

L =425h =7042m;

max 41

L -
hc41:( maxdl 1’14)}'04:10.281\4, Loy <Ly,<L

max41
Lmax41 - Lc41

Apkyw
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heminta = N+« 221 = 1634 m

<rol4 = =14.54 .,

rexXd = k014 (heminia = h 2= 10.09 m .
hcmini4

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

PncyHOK 4.2 - ropH30HTanbHHH nepepi3 30hnh 3axncTy 6anckaBKOBIgBogiB BPn

ApKyw
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BUCHOBKU

Y OakanaBpcbKiid poOOTI 3p00JIEHUIA PO3PaXyHOK HOPMAJIBHOTO PEXUMY POOOTH
3aMKHYTOI €JIEKTPUYHOI Mepex1, KOHPIrypauis skoi Oyjia BA3HAYCHA 3aBJIAHHSIM.

Pe3ynbrartu po3paxyHKiB BTpAT MOTY>KHOCTI MOKa3aJIx, 0 HAHOLTBII TPUAATHOIO
HOMIHAJIBHOIO HANpYyrorw KulbLEeBoi Mepexki € Hanpyra 110 kB. 3 ypaxyBaHHsIM LbOTO
Oy oOpaH1 BIANOBIAHI MEPEPI3U MPOBOIB JUIS JIIHIA €IEKTPONEpeaay, a TaKoXK THUIH
TpaHcHOpPMATOPIB HA MIJCTAHIIAX.

Jlns icHyrouoi KOH(QIrypauii 3aMKHyTOi Mepexi OyJiM po3paxoBaHi MapameTpu
CXEMM 3aMillleHHs JIHIA 1 TpaHcopMaTopiB, CKIaJeHa po3paxXyHKOBAa CXeMa
3aMILLEHHS MEPEXKI] i BU3HAYEHI PO3PAaXyHKOBI HABAHTAXKCHHS BY3JIIB MEPEXKI.

Y mpoueci po3paxyHKIB eeKTpuuHOoi yacTuHu miactanuii [1C-2 Oyna npoBencHa
NepeBipka  MPaBUJIBHOCTI  BUOOPY  HOMIHAJIBHOI  MOTY>KHOCTI  BCTAHOBJIEHMX
TpaHcopmaropiB 1 3A1iCHEHUI BUOIp HA MIACTAaBl HA MIACTaBl PO3PAXyHKIB CTPYMIB
KOPOTKOTO ~ 3aMUKaHHsS  BHUCOKOBOJIbTHMX  amapaTiB  PII,  BUMIiprOBaJIbHUX
TpaHcHOpPMATOPIB CTPYMY il HANPYTH.

[Ipy BMKOHAHHI PO3PaxyHKIB PEJICHHOrO 3axMCTy TpaHc(opMaropa miacTaHuli
[1C-2 OyB 3po0neHHIl pPO3paxyHOK MO3A0BKHBOIO AUPEPEHUIAHOTO CTPYMOBOTO
3aXUCTY T4 MAKCUMAJIBHOTO CTPYMOBOI'O 3aXMCTY 3 KOMOIHOBAHUM MYyCKOM I10 Hanpy3l.

Jlna 3axucty Bl MDKQa3HUX KOPOTKMX 3aMHKaHb 3alpONOHOBAHMA 3aXHCT 3a
pornomororo pene tuny J3T-11, mns sikoro OyB BHKOHAHMNA BHOIp YCTaBOK 1
PO3paxyHOK mapaMeTpiB 0OMOTOK peie.

[TpoBeacHMI PO3paxXyHOK OJIMCKABKO3aXUCTy MIJACTAHIi, [0 BUKOHAHWHA Yy

BUIISAI 4-X CTPH)KHEBUX OJMCKABKOBIIBOAIB.

Apkyw
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