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Kiro4oBi cjioBa:
TpaHcHopMarop, JiHIs eJIEKTPonepeaBaHHs, HaNpyra, CTPyM, BAMUKAY,
TpaHcHOpMaTop, TUHUS 3JEKTPONEPEIAYH, HAPSHKEHUE, TOK, BBIKITKOYATEb,
transformer, power line, voltage, curent, circuit breaker.
OO0'€KT FOCHIIKEHHS: SJIEKTPUYHA MEPEkKAa BUCOKOT HAIIPYTH.
Koporkuii orssia.

3po0seHni pO3paXyHOK HOPMAIBHOIO PEXUMY POOOTH 3aMKHYTOI €JIEKTPUYHOI
mepesxi. OOpaHa Hampyra Mepexi, Iepepi3u MPOBOIB JIIHIA €IEKTponepeay, a Takox
TUNU TpaHcpopmaropiB Ha MiACTaHIIsAX. /[l oOpaHOi migcTaHuii MpoBencHa
NepeBipka  MPaBWJIBHOCTI  BUOOPY  HOMIH&IBHOI  MOTYXHOCTI  BCTAHOBJICHUX
TpaHchopMatopiB. 3AIACHEHUN BUOIP BUCOKOBOJBTHUX amapariB po3MOALIBUOTO
NPUCTPOX0,  BHUMIPIOBAIBHUX  TpaHcopmaropiB  cTtpymy #  Hanpyru. Jnis
TpaHcHOpMATOpIB  MIACTAHIIi BUKOHAHUNA  PO3PAXYHOK PENEHHOr0  3aXUCTY:
MO310BXHBOTO TU(HEPEHLIIITHOIO CTPYMOBOTO 3aXUCTY Ta MAKCUMAJIBHOTO CTPYMOBOTO
3aXUCTy 3 KOMOIHOBAaHMM NYCKOM MO Hampy3l. [IpoBeneHuii po3paxyHOK
OJIMCKABKO3aXUCTy MOHWKYBAJIbHOI MIJCTAHINI, 10 BUKOHAHWUH Yy BUIJISI

CTPUIYKHEBUX OJIMCKABKOBIBOIIB.
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BCTYII

B ymoBax Oe3nepepBHOrO0 PO3BUTKY MPOMHUCIOBOCTI KpaiHM 3'SBISETHCA YCE
Outblie i Olnbllle HOBUX MIANPUEMCTB, SKI BHOCATH BKJIAX Yy 30UIbLICHHS
€HeprocrnokuBaHHs. CIli  TakoK 3ayBOKUTH, IO 31 30UIBLIEHHSIM  4YHKCiIa
€HEProCMOKUBAKOYUX ~ 00'€KTIB,  PO3LIUPHOETBCS  IIUIBHICTE  reorpadiyHoro
pO3TalllyBaHHs CIOXKMBAYIB EJIEKTPUYHOI €HEPrii. Y 3B'SA3Ky 13 LMM 3'SBISETHCS
notpeda B pO3LIMPEHH] ICHYKOYMX MEPEX 1 B CTBOPEHHI HOBHMX. 3pOCTaroya KiJIbKICTh
€HEProCnOKUBAKOYUX 00'€KTIB BEE N0 30UTbLICHHS MOTY>KHOCTEH, SIKI MEPEAArOTHCS
Mo eNEKTPpUYHUX Mepexax. OJTHUM 13 HAUTOJIOBHINIMX 3aBJAaHb CHOTOHI € EKOHOMIUHE
BUKOPUCTAHHSI ICHYIHOUOIO €JICKTPUYHOro OOJaJHaHHs H po3poOKka HOBOro 3
MOJINIICHUMHU TapaMETPaMH.

Jlana poOoTa € BUNYCKHOIO POOOTOK OakanaBpa 3a croemianabHICcTIO 141
«EnexTpoeHepreTika, eNeKTPOTEXHIKA Ta EJIEKTPOMEXAHIKAY .

BukoHaHHs GakanaBpcbKoi poOOTH HEOOXIIHO 3 METOHO:

— npuaOaHHs JOCBIAY aHa/li3y OTPUMAHUX PE3YJbTaTiB, POPMYBaHHS BUCHOBKIB
1 MyOJIIYHOTO 3aXMCTY BUKOHAHOT poOOTH;

— (hopMyBaHHSI HABUYOK BUKOPUCTAHHS OTPUMAHUX 3HAHb, MiJl 4aC PO3B'sS3aHHS
KOHKPETHUX MPAKTUYHKUX 1 HAYKOBO-TEXHIYHUX 33/1a4;

—npuaOaHHs JOCBIAYy BUKOHAHHS TEXHIYHOI JOKYMEHTalli MOsSCHIOBAJIBHOI
3aMUCKH W KPECIIEHb BIANOBIIHO A0 YMOB AIKOYMX CTAHJAPTIB,

— CHCTEeMaTu3alli, 3aKpIMUICHHsS W TMOTJMOJIEHHS TEOPETUYHUX 1 MPAKTUYHHUX
3HaHb MO 3arajJbHOTEXHIYHHUX 1 CHEUIAJbHUX JUCUMIUIIHAX 34 HampsIMKOM
npo¢eCiiHOI MArOTOBKH.

Y npoiieci BUKOHAHHS OaKalaBpChKOi pOOOTH HEOOX1IHO BUPIIUIMTH TaKi 3aa4l;

1. 3a 3a7aHMMM HABAHTAKEHHSAMM 1 JOBXMHAMHU JIHIA BHUOpaTH Hampyry
MEPEKI.

2.3a HanmpyraMM Mepexl W HABaHTOKEHHSAMM BHOpaTM THUI MPOBOJIB
HOBITPSHUX JIHIH.

3. 3a HanpyramMM Mepesxi i HABaHTa)KCHHSIMU BUOpATH TpaHCHOPMATOPH.

Apkyw
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4. Buznauutu nutomi napamerpu JIEIT 1 katanoxHi naHi TpaHCOpMaTOpIB.
BukoHatu po3paxyHKH MNapaMeTpiB CXEMH 3aMILICHHs JiHII i TpaHcpopmMaTopiB.
BuzHauntu mnpuBeacHl A0 cropoHd BH HaBaHTakeHHs TpaHcdopMaropiB (3
ypaxyBaHHSM BTpaT B 0OMOTKax TpaHC(HOPMATOPIB).

5. CknacTi  pO3pPaxXyHKOBY CXEMY 3aMIIICHHS MeEpexl W  BU3HAYUTH
pPO3paxyHKOBI HABAHTAXKEHHS BY3JIB MEpexXi (3 ypaxyBaHHsIM BTpar y TUILI
HaMarHiyyBaHHS TpaHC(OPMATOpPIB 1 PEAKTHMBHOI MOTY>KHOCTI, SIKA TEHEPYETHCS
JIHISMH ).

6. BUKOHaTH po3paxyHKH HOPMAJILHOTO PEXXHUMY 3aMKHEHOI Mepexi (ycl JiiHii
BKJIFOUEHI B poOOTY) AJis JABOX BHUMAJAKIB. PEKAM MAKCUMAJIBHOIO HAaBAaHTAKEHHS
(3a71aH1) 1 peXKUM MIHIMAJIBLHOTO HaBaHTAXKEHHS (MPUHHATH piBHOIO 50% BIJ 3a1aHOT).
Bu3HauuTH HaAmpyru y By3Jlax MEPEXKl, BTPATH HAOPyrW i BTPaTH MOTY>KHOCTI B
Mepexl. BukoHaT aHani3 OTpUMaHMX pe3yJIbTaTiB.

7. I1pr HEOOXITHOCTI 3aTPONOHYBATH CIIOCOOM PETYJIFOBAHHS HANPYTH Y By3Jax
HaBAHTAKEHHS.

8. lns oOpaHOi MiACTaHLIl, sIKA BXOOUTh A0 CKJIaAy PO3MISIHYTOI MEPEXI,
BUKOHATH MEPEBIPKY BUOOPY MOTY>KHOCTI CUJIOBUX TPaHC(POPMATOPIB, YCTAHOBICHUX
Ha MiACTaHI].

9. Po3paxyBaTi CTpyMH KOPOTKOTO 3aMHUKaHHS i 3a0€3MEUYCHHS 3aXUCTY
MiACTAHIII.

10. BuOpat 3a ymoBaMu pOOOTH BHCOKOBOJIbTHI amapaTd po3MOALTbBHUX
NPUCTPOIB MIACTAHUIi W MEPEBIPUTH iX HA MOXIIMBICTH CIpPAllbOBYBAHHS B YMOBax
KOPOTKOTO 3aMUKAHHS.

11. BukoHaTh pO3paxyHKH PpENEHHOr0 3axXMCTy BHUCOKOBOJIBTHOI MOBITPSHOI
JiH11, MO0y lyBaTH KapTy CEJIEKTUBHOCTI.

12. IIpoBecTu po3paxyHOK OJIMCKABKO3aXUCTy 3axucHOro BPIL.

13. 3poOUTH BUCHOBKH MPO PE3YJIbTAaTH BUKOHAHUX PO3PaxXyHKIB.

Apkyw
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1. PO3PAXYHOK PEKHMIB POBOTH EJIEKTPUTUHOI MEPEXKI

1.1 BuxiaHi 1aHi 1J151 BUKOHAHHS 0aKaJaBPCbKOI po00TH

3rigHO 3 OTPUMAHKUM 3aBJaHHAM, HEOOXITHO pO3paxyBaTH €JIEKTPUYHY MEPEKY,

OJTHOJIIHIMHA €JIEKTPUYHA CXeMa SIKOi HaBeaeHa Ha puc. 1.1.

A 111 I
-4
— 1 nc-2 |

n-2 n-3 - 4

Mnc-3
I ° 5

6 S I

MC-1 Ss

1
Si

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

3aJ1aHO1 ENIEKTPUYHOT MEpEXKI

JIOBXKMHU JIIHIA 1 NOTY>KHOCTI HABAHTAKEHb EJIEKTPUYHOI MEPEKI HABE/CHI B

tabmumi 1.1.

Tabnuug 1.1 — BuxiiHi JaH1 eIEKTPUYHOT MEPEXI

Josxuna [1JI, km [ToTy»HOCTI HaBaHTaXEHb By371B, MBA
JI-1 JI-2 JI-3 JI-4 S, S, S;
30 30 33 20 60?50 3OnILI]2O 5;;1]8
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1.2 BuOip Hanpyr Jinii

[IpniiMeMO HaBaHTaXCHHS By3/1a O pIBHOMY HABAaHTAXCHHIO By3na 7,
HaBAaHTKEHHS By3Ja 1 pIBHOMY HAaBaHT@XEHHIO BY3JiB 5 1 8. 300pa3uMo 3aMKHEHY
MEPEXKY, WO ckinagaerses 3 muid JI-1, JI-2, JI-3 (puc. 1.2). Bu3HaunMo po3paxyHKOBI

HaBAaHTKEHHS By31iB 11 6.

n-1

§1p

PucyHok 1.2 — 3aMKHEHA MeEpexa

S;p=8,=60+ ;50 MBA ;
S,p=8,+85;=30+;20+5+ 78=35+ ;28 MBA.

Jlsis BU3HAYEHHS B 3aMKHEHIH YaCTHHI MEPEKI PO3NOALITY MOTY>KHOCTEN MOKHA
il YMOBHO pPO3AUIMTH MO JHKEPENY >KUBICHHS A 1 NPEACTaBUTH Y BUINISAAl JiHI 13

JBOCTOPOHHIM >KUBJIEHHSM (puc. 1.3). [To3HAUMMO MOTY>KHOCTI HA AUTSHKAX MEPEXKI.

Sae Se1 Se1
| — & —> 1 =— |
| I I |
A Sip Sop B

Pucynok 1.3 — Po3iMkHyTa Mepeska

Bu3HauaeMo MOTYHOCTI Ha AUISHKAX PO3IMKHYTOI MEpExi

Apkyw
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_ Sip (161 +/p ) +S,p (IIB)
Lig + g+

=52,11+ /43,05 MBA ;

= 46
Se =S 45—, =-7,89— /6,95 MBA ;

_ Syp (161 + [A6) +S)p (1A6)
Lig +1s +1ip

= 42,89+ /34,95 MBA .

=Bl

CkJiagemMo piBHSHHS OaJlaHCY MOTYXHOCTI

SitSp=S1p+Sp;

95+ j78=95+ /78.

banaHc MOTY>KHOCTI BUKOHYETBCS.
[ToTyHICTh NIISSHKM 6-1 BHNUIA HEraTUBHOK, TOMY TOYKa 6 € TOYKOK

HOTOKOPO3ALTY.
1.3 BuOip Tunmy npoBoAiB NOBITPSIHUX JIIHIH
BuzHauaemo Hanpyru Ha AuisitHkax mepexi (puc. 1.2) no ¢popmy:ni LniapioHoga:

~ 1000
500 2500
_+_
L P

n

/)

Tabnuug 1.2 — Hanpyru Ha AUTISHKaX MEPEX1

Howmep ainsHku JI-1 JI-2 JI-3
JloBXHHA JUISHKH, KM 30 30 35
Hanpyra ninssku, kB 115,5 1244 55

Tak sk st BCIX JIIHIA KUTbLIEBOI MEPEKI OaXaHO MaTH OJHAKOBY HANpyry, TO

npuiiMaemo Hanpyry Un = 110 xB.

Apkyw
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Bu3zHayaeMo cTpyMu MPOBOAIB JIIHIN

S.TI

J3U,

[ =

Tabnuus 1.3 — CTpyMu Ha AUISTHKAaX MEPEXI

Homep ainsiHku

JI-1

JI-2

JI-3

CrpymMm, A

290 4

354.8

552

Y SKOCTI MPOBOAIB AJsl BCIX JIIHIA NPUHAMAEMO CTaJICAIOMIHIEBI MPOBOAM

mapku AC.

Kopuctyrounch J0BIAKOBUMHU JAaHUMH [2], BIAMOBIAHO 13 MIKAJOK CTaHIAPTHUX

NEPETHUHIB, a TAKOXK 3 YPaXyBaHHSIM MOXJIMBOTO NMEPEBAHTAXKEHHS JIIHIN Mpu poOOTI B

aBapiifHOMY peKMMi, BUOMPAEMO TUTI TPOBOAY AJISl KO>KHOI JiiHIT Tadn. 1.4.

Tabnuug 1.4 — Mapka i napaMeTpH MpOBO/IB

Howmep ainsHku JI-1 JI-2 JI-3
Mapka it IepeTHH IIPOBOY AC-185/29 AC-185/29 AC-185/29
[TapameTpy nmpoBO/IIB
Tpusasio n0NMyCTUMHUI CTPyM, A 510 510 510
ro, OM/KM 0,159 0,159 0,159
X0, OM/KM 0,413 0,413 0,413
bo-10°, Cm/kM 2,75 2,75 2,75

[lepeBipseMo 0OpaHi NPOBOAM B JIIHISAX 32 YMOBOK KOPOHH.

3rigHo ITYE, MiHIMaJIbHO JOMYCTUMHI NEPETUH MPOBOJAIB O KOPOH1 JUIsl JIIHIH
Harpyroto 110 kB cranoButs 70 MM?.

TakuM 4MHOM, JJI KOXKHOT 3 JIIHIH 1151 YMOBa BUKOHAHA.

3HalIEMO MapaMeTpH JIIHIN €JIEKTPUYHOI MEPEKI.

3HAYEHHS aKTUBHMX 1 PEAKTHBHHMX OINOPIB JIIHINA, a TAKOK BEJIMYMHA 3apsHOI

MOTY>KHOCTI pO3PaxOBYIOThCS 10 GopMyiax:

Apkyw
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Bu3HauaeMo Onopu AIISTHOK MEPEXI

R,y =0.159-30=6.360mM; X, =0.413-30=16.520m;
R, =0.159-30=4.770m;, X, =0.413-30=12.39 Om;
R,=0.159-35=6.360m; X, =0.413-35=16.52 Om.

BuzHavyaeMo 3apsIHy MOTYXHICTh AUITHOK MEPEXI

JOu _ 110 2.75-107°-30

= 70.666 MBAp;
. -6
S _yy02. 27310730 6 499 MBA:
. -6
1951 2. 27571035 j0.666 MBAp.

1.4 Po3paxyHoK noTy»Hocreil TpancGopmMaTopiB miacTaH i

3a HampyraM Mepesxi i HABAHTAKEHHSIMU BUOMPAEMO TpaHC(HOPMATOPH.

Ha migcranmii T1C-1, 3Bakaroud Ha Te, IO CHOXKHBA4l BIJHOCATHCS 10 |
KaTeropii  HagIHOCTI  €NEKTPOMOCTAYaHHS,  MPUIMAEMO  YCTAHOBKY  2-X
JIBOXOOMOTOYHHMX TpaHC(HOPMATOPIB 3 HANMPYTOK BUCOKOi cTtopoHu 110 kB.

Po3paxyHKoBa MOTY>KHICTh KOKHOTO TpaHcdopMaropa:

2 2
S, > 2 _NOU 307 _ 638 MBA.
L4 14

>

3a Hampyrow Ta NOTYXXHICTIO HABAaHTAXECHHS, BUKOPUCTOBYIOUU [2,3],
BuOHpaemo tpancopmarop THALI-80000/110.
BuzHauaemMo KoOe(iIIEHT 3aBaHTAKEHHS TPAHCHOPMATOPIB Y HOPMALHOMY

PEXKUMI;

Apkyw
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BUKOPUCTOBYKOUH  [2,3],
BuOHpaemo tpancopmarop TATH-40000/110.

PEXKUMI:

2 2
3HOpMml = SMaKCl = 60 i 50 = 07546
2-S,, 2-80

Ockinpku  Koe(pIUIEHT 3aBaHTakeHHs MeHue 0.75, TO [Ba MapajiesibHO
MpaLrorYl

tpaHchopmaropu  T/I[-80000/110 3am0BOSIBHSKOTH  MPE ' SBJICHUM
BHUMOTaM.
Tabnuus 1.5 — Karanosxsi nani tpaicdopmaropa T/ILI-80000/110
: KaTanosHi 1aHi PospaxyHkosi
Mesxi JIaH1
Tun Srox, peryio- |Uyoy OOMOTOK
MBA BaHHA o KB ’ UK’ APKD APX: IX: RT; XT, AQX;
Y 0
BH| HH % | kBt | kBt | % | Om | Om [kBAp
TAL- o 6,3,
80000/110 80 +6*2.5% | 121 10.5: 13.8 10,5 | 310 70 0,6 | 0,71 | 19.2 | 480

Ha miacranmii I1C-2, 3Bakaroun Ha Te, IO € CHOXKKBAYl K1 BIAHOCAThCS A0 11
Kateropli  HaglHHOCTI  €JEKTPONOCTAYaHHS,

NpPUIMMAEMO  YCTAHOBKY  2-X
TPHOXOOMOTOYHUX TPaHC(HOPMATOPIB 3 HAMPYTOK BUCOKOI cToponu 110 kB.

Po3paxyHKoBa MOTY>KHICTh KOKHOTO TpaHcdopMaropa:

2 2
S, >2t8s N3 o) 5 Al
1,4 1,4

>

3a Hanpyrorw ¢ TOTYXKHICTIO HABAHTAXXEHHS,

BuzHauaemMo KoOe(iIlEHT 3aBaHTAKEHHS TPaHCHOPMATOPIB Y HOPMATLHOMY

 Spen V354282 0,56
3HOpM2 7. ST2 2.40 > :

IMH.

Apk.

Ne dokym.

Apkyw
bP 56.141254 [13 13
[lidnuc | Aama




Ockinpku  Koe(IUIEHT 3aBaHTakeHHs MeHwe 0.75, TO [aBa MapajiesibHO
npaitoroul  TpaHchopmaropu  TIITH-40000/110 3a10BONBHSIIOTH  MPE IBJIEHUM

BHUMOI'aM.

Tabnuug 1.6 — KaranoxHi nadi tpancgopmaropa TJITH-40000/110

S Mesi Karano>xui gani
Tun HOM, or HS]I;;HHH Uson 0OMOTOK, KB U, %
Mpa - [PEry BH CH HH | B-C | B-H | CH
TATH- 10 1 io%1789% | 115 |11:22:38,5] 6.6:11 [10,5(17)17(10.5) 6
40000/110 ’ > ©45 26,91 0.0, ’ ’
[TpomorxxeHHs Tabnuii 1.6
KaranoxHi aaHi Po3paxyHKOBI AaHi AQ
Tun AP, kBt AP, I, R., OM X, OM B AX’
B-C|B-H|CH| xBr | % |BH]|CH]|HH|BH]|CH]|HH| P
T/TH-
000010l 430 < | - | 43 | 06 08|08 [08 355 0 |223| 240

Ha migcranuii I1C-3, 3Bakaroum Ha Te, IO CHOKMBaul BigHOCATHCS 10 III
KaTeropii HaIIHHOCTI EJIEKTPONOCTAYaHHS, TPUIMAEMO YCTAHOBKY JBOXOOMOTOYHOIO
TpaHc(opmaropa 3 Harpyrow BUCOKOi CTOpOHHU 35 KB.

Po3paxyHkoBa NOTYHICTh TpaHCHopMaTopa:

S;320,9-S, =095 +8 =85 MBA.

3a HaNpyrow K MOTYXHICTI HABAHTAXXCHHS BUKOPUCTOBYIOYH [2,3] BHOMpaeMo
tpancopmarop TMH-10000/35.
BuzHauaemo Kkoe(IlIEHT 3aBaHTaXEHHS TpaHchopMaTopa B HOPMAJIBHOMY

PEXKUMI:

_ Smaxc3 — “52 +82

3HOpM3
TS 10

k ~0,94.

Apkyw
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Ockiibku  koe(ilieHT 3aBaHTaxeHHss MeHuie 1.0, To TpaHcdopmarop

TMH-10000/35 3a10BOIbHSE TPE IBJIEHUM BUMOTaM.

Tabnuug 1.7 — Karanoxxi nadi tpancdopmaropa TMH-10000/35

Mesxi KaranoxHi aaHi Po3paxyHKOBI JaHi
Tum Shon, perymo- Uson 00M0OTOK, | Uy, | APk, | APy, | Ik, | Ry, | Xp, | AQx,
MBA | kB % | kBT | kBTt | % | OmM | Om | kBAp
BH HH
TMH- 10 [£9*1,8%(36,75(6,3;10,5| 7,5 | 65 [ 14,5/0,8]|0,88| 10,1 | 80
10000/35 ’ ’ T ’ N ’ ’

CkylajaeMO  OJNHOJIIHIAHHY CXEMy 3aMILIEHHS  EJIEKTPUYHOI  MEpexi 3

ypaxyBaHHSAM TpaHC(HOPMATOPIB MIACTAHI[IA

nc-2
A
_ 3
T Nn-4
—> 1
—_ 4
n-2 n-3
nc-3
8
6 5
S,
nc-1 Ss
7
Si

PucyHok 1.4 — OnHosiHIAHA CXe€Ma EJEKTPUYHOI MEPEXKI 3 YPaxXyBaHHSIM

TpaHcPOpMaTOPIB MIACTAHLIN

Bubupaemo tun nposoay s jiHii JI-4. JIis 1bOro BU3HAYaEMO CTPYM B JIIHII

3a (opmyJIOHO;

I S, _\/52+82
P Bu 335

=155A.

Apkyw
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[To karanory [2] o6upaemo mpoBig AC-70/11, TexHIUHI AaHI SKOrO HABEJICHI B

tabaui 1.8.

Tabnuug 1.8 — TexHiuni nadi nposoay AC-70/11

[Tepepis Tpuano : ro, 35 kB
IIPOBO IPUITY CTUMUIA Hliavetp OM/KM X by-107°
p zﬂya puiy IIPOBOJLY, MM oa 05 0
MM CTpyM, A npu +20° C | Om/kM CM/kM
70/11 265 10,7 0,422 0,418 2,72

3HAYEHHS aKTUBHMX 1 PEAKTMBHHMX OMOPIB JIIHINA, a TAKOXK BEJIMYMHA 3apsIHOT

MOTY>KHOCTI pO3paxOBYIOThCS MO (Popmyiax:

R, =ny-1,: X, =1, O g2 ol

E J° /) ns HOM
2 2

Bu3HayaeMo onopu AUTSHKA MEPExI

Ry, =0.422-20=8.44 Om;
X,, =0.418-20=8.36 Om.

BuszHavyaeMo 3apsaHy MOTYXKHICTh JIJISTHKA MEPEKI

JOss _ 552 272 107°-20

= j0.0333 MBAp.

1.5 Po3paxyHOK HABAHTa:KeHb BY3JIiB 3 ypaxXyBaHHSAM TpaHcdopmartopis

Bu3HauaeMo poO3paxyHKOBY MOTYXHICTb Yy BYy3J1l 6 3 ypaxyBaHHsSM BTpaT B
oomoTkax TpaHcpopmaropis [1C-1 nmpy MakCHMaIbHOMY HABAHTAXKEHHI. 300paXKyeMo
CXEMy  3aMillleHHs JBOX JIBOXOOMOTOYHMX  TpPaHC(POPMATOPIB, BKJIKOUECHUX

napajiejbHo, 1 pO3PaXxoOBYEMO MOTYXKHICTh Y BY3J1 6

Apkyw
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6
Sip | Ste7 Kew1 S¥s7

Zn
2S00 2

Pucynok 1.5 — Cxema 3amituenns miacraniii [1C-1
Bu3HayaeMo MOTYXHICTh §é{7 :
SK =S, =60+ j50 MBA .

- o
Bu3HayaemMo MOTY>KHOCTI S5 !

2 2
PEY +(0X
§g’7:§§7+( 7 2( ) £I1_ 603+ /767 MBA ;
2
H

IIpyu BH3HAUEHHI PO3PaXyHKOBOI MOTY>KHOCTI S,, BPaXOBYIOTHCSA 3apsA0Bl

MOTY>KHOCTI JIIHIHM, 10 MAXOAATh A0 By3/a 6

S, =SH+28, - j(QA“Q“j 60.39 + j76.54 MBA .

Bu3HauaeMo po3paxyHKOBY MOTYXHICTh y By3idl 4 3 ypaxyBaHHsSM BTpaT B
oomotui TpaHchopmaropa [1C-3 mpu MakCUMalIbHOMY HABAHTAKEHHI. 300paXKyeMo
CXEMY 3aMILIEHHS ABOXOOMOTOUYHOrO TpaHchopMaTopa # pO3paxOBYEMO MOTYKHICTb

y By311 4.

5

4
§4P| S5 Ko S's |
> NG :}Z: — 33
ASy3

Pucynok 1.6 — Cxema 3amiteHns miacraniii [1C-3

Apkyw
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Bu3zHayaeMo MOTY>KHICTh §ff5 :
S =8,=5+ j8SMBA.

- o
Bu3HayaeMo MOTY>KHOCTI S s

(PE) ()

H oK
Sys=Sys+ 3
Uy

[Ipy BHU3HAUEHHI PO3PAXYHKOBOI MOTY>KHOCTI S,, BPaxOBYKTbCS BTpPaTH

X0JIOCTOT0 X0y TpaHcdopmaropa
S,p=SE+S, =508+, 88MBA.
Po3paxyHkoBa MOTYXKHICTb Yy By3J1 3 BHU3HAQUAETBCS 3 yPaxXyBaHHSAM BTpar

NOTY>KHOCTI B JIiHIT JI-4 npu MakCUMaibHOMY HABAHTAXKEHHI.

Bu3HayaeMo MOTY>KHICTh B K1HI JiiHIi JI-4 S5,

SN =8,,=508+ /8,81 MBA.

. . H
Bu3HayaeMo NMOTY>KHICTb HAa oyaTky jdiHii JI-4 S35,

PK 2+ K\2 .
st = o5 4+ Las) 2(Q34) -Z., =579+ /9,52 MBA .

H

Bu3HauaeMo po3paxyHKOBY MOTYXKHICTh y By3Ji 1 3 ypaxyBaHHSM BTpaTr B
oomoTtkax Tpancopmaropis [1C-2 npu MaKCUMATBHOMY HABAHTA)KCHHI.
300paxyeMO CXeMy 3aMILIEHHS JBOX TPhOXOOMOTOYHHMX TpaHC(HOPMATOPIB Ta

PO3paxoBYyEMO MOTY>KHICTh Y BY31 1.

Apkyw
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Pucynok 1.7 — Cxema 3amiiuenns miacraniii [1C-1

: K
Bu3HayaeMo MOTYKHICTE S5

A =S,=30+ j20 MBA.

. H
BusHayaeMo MOTYKHICTE S

KN\2 K\2
§§§=§§8+(Pzg) +2(Q28) A =30,04 + ;21,2 MBA..
U, 2

: K
BusnayaeMo MOTYXHICTE S,;:

SN =8,,=58+ 9,52 MBA. .

. H
BusnayaeMo MOTYXXHICTE S5

K\2 K\2
§§3 _ §§3 + (P23 ) +2(Q23) . ZTC — 5,8+j9,52 MBA
2

H

bP 5.6.141254 [13
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Bu3zHauaemMo MOTY>KHICTh §f§ :
SK =S¥ + 8% =35 84+ ;30,7 MBA.

. H
BusnayaeMo MOTYXKHICTE S, :

KN2 KN2
st =gk W) HOR) Zm 559, 330MBA.
Ul 2

Bu3HauaeMo noTyxHICTh S,p:

S, =S"428, —j(%j ~36,0+ 33,1 MBA .

1.6 Po3paxyHOK MOTY:KHOCTeii Ha AUISTHKaxX Mepexi 3 ypaXyBaHHSIM BTpAT

NOTYKHOCTI B TpaHcopmaTopax

Bu3HauaeMo TMOTY>KHOCTI Ha JAUISHKaX po3IMKHYTOi Mepexi (puc. 1.3) 3

ypaxyBaHHSM BTpaT MOTYXHOCTI B TpaHC(HOpMATOpaXx.

_ Sip ([61 +lip ) +S,p (llB)

=57,0+ 67,7 MBA ;

=46

Ly +hp + s
Se =846~ S,p =—3,37— /8,82 MBA ;
Syp(ley +1,6 )+ S, (1
5, =22l thio) 81 is) 39 4, 4196 MBA.

Lig +lg +hip

CkJiagemMo piBHSHHS OaJTaHCY MOTYXHOCTI

Si6+Sp =Sip+S,p;

96,4 + j109,6 =96,4+ j109,5.

banaHc noTy>KHOCTI 31M1LIOBCS.

Apkyw
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[ToTyHICTh NIISSHKM 6-1 BHHNUIA HEraTUBHOK, TOMY TOYKa 6 € TOYKOK

notokopo3auty. CKIIageMo CXeMy 3aMILICHHS E€JIEKTPUYHOI MEpEXI 3 ypaxyBaHHIM

HOTOKOPO3ALTY.
A 4 K K H K
S'ae S'ae S'e1 S'e S’
—> ZAG —> 6’ 6" <+ Z61 <+ 1 -+
]
f ] [ F — f 1
Que/2 jQas/2 jQe/2 iQei/2 | Qa2
Sas  Se1 Sop

PucyHnok 1.7 — Po3iMkHyTa Mepexa

Bu3HayaeThCs MOTOKOPO3MOALT B JBOX CXEMax 3aMIIICHHS, MPUBEACHUX HaA
puc. 1.7, 3 ypaxyBaHHsIM BTparT B JIHISX.

Bu3HAauMMO NMOTYXKHICTB By3na S 4

S =S o - /Q2A6 =57+ j67,21 MBA :

g oo P+
2

Sie =S4+ 0 -Z 46 =60,07+ ;75,17 MBA ;
H

SK=8, - f%l =338+ /8,16 MBA ;

b ook (Pa)HQLY
Se1 =S¢ + 2
UH

- Zs =3,42+ 8,26 MBA ;

S =Se+Syp - /%I —% =39,42+ ;40,07 MBA ;

b oox PR+
Sp =Sp + 3
UH

- Z g = 41,08+ j43,3MBA .

Po3paxyHKOBa NOTY>KHICTb By3na A S ,:

S,=S" +87 =101,15+ 118 47 MBA

Apkyw
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1.7 BudHayeHHs1 HANPYT Y BY3J1aX HABAHTAKEHHS

Jlis Ttoro, mo0 3a0e3neYnTH BUKOHAHHS YMOBH JOMYCTUMOIO CHAJaHHS
Hamnpyryd Ha CaMOMY BIJJAJIECHOMY CIIO>KMBAUYEB1 €JIEKTPOCHEPT1i, NIPUHMAEMO HaANpyTy
Ha pxepeni kuBiaeHHs Ha 10% Ouiblie HoMIHAIbHOT HanpyTu Mepexi: Uy = 121 kB.

Bu3Hauumo Hanpyru By3na 6':

H H 2 H H 2
Uy = \/(UA _ PA6RA6; Qa6 X 46 j 4 ( PA6XA6U QaslRus j ~109,9xB.
4 4

Buznaurmo Hanpyry By3ja 1.

H H 2 Hy  AH 2
U, :\/(UA_PAIRAIJQAIXAIJ +(PA1XA1U QAlRAlj —111,9kB.
A A

Bu3Hauumo Hanpyru By3na 6"

H H 2 H H 2
U6”:\/(U1—P61 Rm;Qmej +(P61 X61U Q61R6lj ~110,5kB.
1 1

[IpuitmaeMo Hampyry By3ja 6 y 3aMKHEHIH Mepexi sSK CEpeAHE 3HAYCHHS
3HAWAEHUX HANpyT po3alieHoro By3na 6 Us = 110,2 kB.
Bu3HauMMO Hampyrd Ha HM3bKii CTOpPOHI TpaHC(HOPMATOPHUX MIACTAHLINA, 5K
NPUBEJEH] 10 BUCOKOI CTOPOHH.
[1C-1.

BuszHaunmo Hanpyry By3ia 7, NpUBEAEHY 10 cTOpOHU BH:

B PHR6 +QH)( i Py X _QHR6 ’
U U, 67 %67 672 67 67 X 67 671%7 96,9 kB
Us Us

Apkyw
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BuzHauumo JiicHy Hanmpyry By3Jna 7:

B
U7:g—;:8,41 kB,

Uy

[1C-2.

Bu3Haunmo Hanpyru By3ia 2.

H H 2 H H 2
UQZ\/(UI—PU Rlz;leXuj +(P12 Xle leRlzj —101,5kB.
1 1

Bu3Hauumo Hanpyry By3ia 3, IpUBEIEHY 10 CTOpOHU BH:

2 2
Uf:\/(Uz_leng’LQz]anj +(P2§1X23_Q2]§R23j — 101,44 xB.
U, U,

BuzHauumo nilicHy Hanpyry By3na 3:

UB
U, =—>=33,96 kB xB.
UB

Ue

Bu3Hauumo Hanpyry By3ia 8, npuBeleHy A0 cTopoHu BH:

H H 2 H H 2
USB:\/(UQ_P%RB;Q%XRJ +(P28X28U ststj — 96,8 KB.
2 2

BuzHauumo nilicHy Hanpyry By3na 8:

bP 5.6.141254 [13
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oo}

Uy =—8 =9 25xB.

= ‘515

[1C-3.

Busnaunmo Hanpyru By3ina 4.

H H 2 H H 2
U4:\/(U3—P43R43;Q43X43j +(])43)(43(] Q43R43j ~30,2kB.
3 3

Busznaunmo Hanpyry By3ia 5, NpUBEAEHY 10 cTOpoHU BH:

U, U,

2 2
Uf:\/(U4—])‘11§R4S+QgX4SJ +(P41§X45_QﬁR45J —27.16 kB.

BuzHauuMo nilicHy Hanpyry By3na S:

ool

Us=—>=7,76xB.

S mQ’mQ

1.8 Pery.1roBaHHs1 HANPyr y BY3J1aX HABAHTA’KEHHS

PeryntoBanHs Hampyr 3poOumo 3a gonomororo PITH Tpancdopmaropis 1

HUISIXOM MIAKITOYEHHS! KOHAEHCATOPHUX Oarapei.
BcTaHOBIIOEMO KOHIEHCATOPHI Oarapei B HACTYIMHUX BY3J1ax:
6 — KCKI'-1,05-125 77 MBap; 7 — KCKI-1,05-125 6,5 Maap;
4 — KCKT'-1,05-125 11,2 Mgap.

Ha tpancdopmaropuux miacranuisx PITH HE0OX1AHO MOCTaBUTH B HACTYIIHI

MMOJIOXKCHHS .

bP 5.6.141254 [13

3mu. | Apk. Ne dokym. lidnuc | Aama

Apkyw

24




Pexxum

[1C-1

[1C-2

[1C-3

MakcumanbHum

-4

-1

-9

Pe3ynbTatu po3paxyHKIB Hampyr y BY3JIaX CXEMU NpPU MaKCUMAIbHOMY

HaBAHTAKEHHI Ta BCTAHOBJIEHUX KOHACHCATOPHUX Oatapesx HaBeaeHI B Ta0i. 1.9.

MAaKCUMAJIbHUX HABAHTAKCHHAX

Tabnuus 1.9 — Pe3ynpTaTi po3paxyHKIiB HalpyT y By3Jlax HABAHTAKEHHS MPU

p . By3zon 7 By3zon 8 By3zomn 5
03paxyHKOBI MapaMeTpH (S,) (S, ) (S,)
Po3paxyHkoB1 Hanpyru, kB 8,41 9,26 7,76
BiaxuieHHs B1Jl HOMIHAJIbHOI HAanpyru, % 15,85 7.4 2239
Hanpyru nicis perynroBaHHs, kKB 9,738 10,19 9,26
B‘iﬂXI/IHeHHSI BIJl HOMIHAJIBHOI HAIPYTH 262 1.9 74
N1CJIsl PETYJIFOBAHHS, %o ’ ’ ’

TexHIYH1 XapaKTEPUCTUKHU [Tl KOHAEHCATOPHUX Oarapeil HaBeaeHi B Tadn. 1.10.

Tabnuug 1.10 — TexHiuH1 AaH1 KOHAEHCATOPHUX Oarapeii [4]

HowminaneHa Hanpyra Gatapei, kB
[TokazHUKH
10 35 110
KinpKkicTh napajieibHUX T'JIOK 4 4 4
KifibKicTh napajiebHO BKITFOUEHUX 7 24 7
KOHJACHCATOPIB OJIHI€T I'JIKH
3arajpHa KUJIbKICTh KOHACHCATOPIB y Oarapei 84 288 861
YcTaHOBIJIEHA MOTY>KHICTh OaTapei 5/10,5 17,3/36 52/108
[lotyxHicTh, BUAaBaHa 0arapeeto, MBAD,
NpY HANpy3i:
1,1Unom 3,8/7,8 13,5/28 44.5/93
Utiom 3,2/6,5 11,2/23,2 36,8/77

IIpumimka. Y 4ACeNbHUKY HABEACHI aH1 Ui Oarapeil 3 KOHAEHCATOpaMH THITY

KC2-1,05-60, y 3Hamennuky — KCKI'-1,05-125.

3mu. | Apk.

Ne dokym.

llidnuc

HAama
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2 PO3PAXYHOK EJJEKTPUUYHOI YACTUHU HNICTAHIIIT

3riqHO 13 3aBJAHHSAM, HEOOXIOTHO pPO3paxyBaTd JBOXTPAHC(HOPMATOPHY
miacradmiro  [1C-1, g0 sdkoi  MIAKIOYEHO  HABAHTAXKECHHS  MOTYXHICTIO

S1=60+,;50 MBA. Ha miacraHuii BCTaHOBJEHI  TpaHCOPMATOPH  THUILY
TALI-80000/110.

2.1 BuOip cumiaoBux TpaHcpopmaTopiB Ta iX mnepeBipka 3a rpagikom

HABAHTAKCHHSA

S.n :\/P}faB +Q2>L =602+ 50%=78,1 MBA
S

S =-—2E=781/14=5579 MBA

K
e K,=14.
K, __Swm 049
2- STp.HOM

Jlnsa miactanuii Oynu oOpaHi TpaHcopmaropu notyxHocti S = 80 MBA tuny
TL-80000/110.
[lepeBipumo TpaHchopmaropu 3a J000BUM rpadikoM HaBaHTAXKEHHS

Tadm.2.1.

Tabmmug 2.1 — JloOoBe HaBaHTaKEHHS IMiACTAHIIIT

t,r 0 2 4 6 8 | 10 | 12 | 14 | 16 | 18 20 22
S, % 50 | 55 | 60 | 90 | 90 | 80 | 95 | 95 | 110 | 125 | 110 | 105
SMBA | 391 | 43 | 469|703 | 703|625 | 742 | 742|859 | 976 | 859 | 82

Jlnsg mepeBipkM MPaBWIIBHOCTI BUOOPY TpaHchopMaropa peanbHui rpadik
HAaBAHTAKECHHS TEPETBOPUMO B JABOCTYMIHYACTHH. [loyaTkoBE HaBaHTAKEHHS

€KBIBaJIEHTHOrO rpadika BU3HaYaeThes 3a popmyioro [10]:

Apkyw
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K = _ s?ti+ s282+ ... +s;1~=

SHOM tl+ 12+ ...+ tn
1 139,122+4322+46,922+70,322+70,322+62,522+74,222+74,222
= . = 0,658
80 28

ge S1S2, .. Sn - BaacHe HaBaHTmeHHa nepmoro; gpyroro; n-ro CTyneHarpa”ka
HaBaHTa"eHHa,  po3Mirn,eHoro HH"ne mmi HOMmantHoi noTy*HOCTi
TpaHC”opMaTopa;
t1t2, ... tn - TpHBanicTt CTyneHa, rogHHa.
AHanorinHo BH3HanaeTbca gpyrno CTyniHb eKBiBaneHTHoro rpa”iKa, ane npn

AoMy OepyTbca crynern, po3Mirnem BHme mmi HoMmanbHoi noTy”Hocri

TpaHC”opMaTopa
K :_A°s’\i+52t2+...+:
SHOM tl+ 12 + ...+ tn
1
= , = ; ; = 0,991
80 24
ge S1S2,...,.Sn - HaBaHTa“*eHHA BHme mmi HoMmanbHoi noTy”*HocTi

TpaHciopMaTopa.



MakcuMasbHe NepeBaHTaKEHHS TpaHcpopmaTopa CKiiaaae

Ky = SMAX _ 97,6 /80 = 1.22
HOM

ae  Syax — MakcuMallbHE HaBaHTaXEHHS TpaHchopmaropa 3a rpadikom

HAaBAHTAKCHHAI.
1=0,9-Kyax =0,9-122=1.1.

[TopiBHrOEMO TomepenHe 3HaueHHs K, u K, mis momanpumimx po3paxyHKiB
npuiimaemo Outemie 3 Hux K, =0,991 ta K, =1,1, K, > K, omke npuitmaemo
K, =11

3a 'OCTom 14209-85 3 ypaxyBaHHSM €KBIBAJICHTHOI TEMIIEpaTypyd 3UMOBOIO

nepiogy t=10°C 1 yacy mnepeBaHTaXEHHS t =8 roJ, 3HAXOAUMO 3HAYCHHS

nepeB
NEPEBAHTAKEHHS AOMYCTUME Koroer = 1,0.

ITopiBHroemo 3HaueHHs K, 3a 'OCTowm 1 peanbHe. Koroer = 1,6 1 Kr = 1,1
Koroer > K2. 3nauenns K, 3a ['OCTom Ouiblue, HDK peanbHE, 3HAYUTH

TpaHcpopMarop 0OpaHuil MPaBUIBHO.

BucHOBOK:

Tpanchpopmarop THLI-80000/110 'y Bumaaky Buxogy 3 Jagy 1-ro
TpaHcopmaropa 2-i TpaHchopMarop 3a0€3MEUUTh JKUBJICHHS CIOXKHUBA4YIB 0O€3

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

Bu3HaueHHsT BEIWYMHHU CTPYMIB KOPOTKOTO 3aMHUKAHHS HEOOXITHE Jis
NpaBUJILHOTO BHOOpPY ycTaTkyBaHHs Ha ctopoHi 110 kB 1 10 kB. Buxinna
OJTHOJIIHIHA E€JIEKTPUYHA CXEMa EJIEKTPOMEPEXl HaBeAeHa Ha puc. 2.2. [lixcraHiis
KUBUTBCS 3a JBOMA TYNMHMKOBHUMH JIIHISIMM. CXEMH 3aMIIICHHS JI PO3pPaxyHKY

CTPYMIB KOPOTKOTO 3aMUKaHHsI HABEJICHA Ha puc. 2.3.

Apkyw
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PO3paxyHOK CTpyMiB KOpOTKOO 3aMHKaHHfI BHKOHGVIO B iMeHOBaHIH CHCTeMi
0g.HHHUh, nOTy*mcTt KOpOTKOO 3aMHKaHHa Ha raHHax 110 kB gernpa “HBneHHa
CKnagae sc =3000 MBA.

A n-1

PncyHOK 2.2 - BnxigHa OgHOaimnHa eaeKTpnnHa cxeMa eaeKTpOMepe/i

PncyHOK 2.3 - CxeMa 3aMirnEHHa gaa pO3paxyHKy CTpyMiB KOpOTKOrO 3aMHKaHH
Onip CHCTelVH gOpiBHwe
Xc= H% = 1102/ 3000 = 4,03 Om.
C Sc

OnOpn npagwwHHx gmrn:

miHia m-1 m-2 m-3
AOB”HHa, KM 30 30 35
MapKa npOBOgy AC-185/29 AC-185/29 AC-185/29
Xm Om 12,39 12,39 14,455

Xm =XR.i+Xn 3=26,845Om

Xm =Xn_2=12,39 Om

Xm= Xm'Xm2 =(26,845-12,39) /(26,845 + 12,39) = 8,48 Om.
Xm+ XnP



Omnip Tpancopmaropis

2
X = ks _ (10 5.1102) / (100-80) = 15,9 Om.
100-8,,

[lepiognyna cknagora CK3 y touni Kj:

I OF = 110000 / (1,73-(12,39 + 8.48)) = 5,077 KA.

.., =
TAB(X+X)

[lepiognyna cknanoBa CK3 y Touni K, npuBeneHa 10 Hanpyru BUILIOi CTOPOHU

B, = Y, = 110000 / (1,73-(12,39 + 8,48+15.9/2)) = 3,104 KA.

\/g(XC+XH+);Tj

Peanbnumii crpym K3 y Toum Ko:

Ix» :152%:152 -(110/ 10) = 34,14 KA.

H

Y napHuil CTpyM:

- y TOLH_U K] IYHI :\/§°1,61°IK1 = 11,56 KA,

-y Touwi Ky iy, =2 1,61, =77,73 KA.
Honyctumo, mo ammityaa EJIC 1 nepioauuna ckimanoBa TK3 He3MmiHHI 3a
4acoM, TOMY 4Yepe3 4ac, SKUil JOPIBHIOE YaCy BIIKIIFOUEHHS
L1 =Ix, =5,077 KA 11 Touku K, ;
I, =1k, = 34,14 XA 11 TOUKH K, .

AnepioaruHa ckianoBa TK3 10 MOMEHTY po301’)KHOCTI KOHTAKTIB BUMUKA4a

IMH.

Apk.

Ne dokym.

llidnuc

fama
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ac

t

0,06

Il :\/5°IK1 e =\/§°5,077-e_m =0,651 KA

t

0,1

i =v2 I, e B =y2:34,14¢ 995 26,534 kA

Ta — mocTiiiHa yacy 3aracaHHs anepioguuHoi cknanoBoi mwist Ky — T, =0,025 c,

g K, —T,=0,05c.

InTerpan xoyns:

st K, Bp = I%,(t+Ta) = I%,(0,06 +0,025) = 5,077%:0,085 = 2,191 kA%

s K, By =I5, (t+Ta)=1%,(0,1+0,05) =34,142-0,15 = 174,83 kA%c

Tabnuus 2.2 — 3HaYEHHS CTPYMIB KOPOTKOTO 3aMHKaHHS

Crpymu CK3y | Vaapuuit CK3 Anepion [uTerpan Jxoys
KOPOTKOI'O MOYaTKOBHIA KA crranosa CK3, | 7 0
3aMUKaHHS MOMEHT 4acy ¥’ i, KA K

MR 5.077 11,56 0,651 2.191
110 kB (K, )

[unm 34,14 77.73 6,534 174 83
10 kB (K,)

2.3 BuOip 3axucHoi Ta KOMyTaUiiiHOT anapaTypu

BHCOKOBOJIbTHI €JIEKTPUYHI arapaTd BUOMPAKOTHCS 3a YMOBOK) TPHUBAJIOrO

pexXuMy poOOTH 1 MEPEBIPSFOTHCS 3a YMOBAMHM KOPOTKUX 3aMHUKaHb. [Ipu npomy s

anapariB BUKOHY€E€ThCA:

)
2)
3)
4)

BUOIp 3a HAIIPYTO1O;

BUOIP 32 HArPIBAHHSM MPH TPUBAIMX CTPyMax;

NEePEBIPKA HA €JIEKTPOIMHAMIYHY CTIHKICTB;

NEPEBIPKA HA TEPMIYHY CTIHKICTB,

Bubopy miisraroTs:

BUMUKaul Ha OOl BULLOI HAMPYTH;

BCTYIHI BUMHUKa4l Ha 6ol 10 kB;

CeKIIiH1 BUMHUKaul Ha Oomi 10 kB;

IMH.

Apk.

Ne dokym.

llidnuc

HAama
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- BHUMMKAl JIHIH, W0 B1AX0AATh, 10 kB; po3'eqHyBayi BUILOi HAMIPYTH;

- TpaHcdopmaropu ctpymy 1 Hanpyru 110 kB 1 10 kB;

- OIIMHOBKA po3noAuibHuxX npuctpoi 110 kB 1 10 kB.

Jlyist BUOOpyY amapariB 1 CTPYMOBEYUYUX YACTUH HEOOXITHO BU3HAUUTU CTPYMHU
HOPMAJIBHOTO 1 MIC/aBAPIHHOTO PEKMMIB. BU3HAUEHHSI CTPYMIB BUKOHYETHCS JJIs
BUIMAJKY YCTAaHOBKM Ha MIJACTAHIi CUJIOBOro TpaHchopMaropa. Po3paxoBaHOro
BIANOBIAHO A0 rpadika HABaHTAKCHHS IM1ICTaHLII].

Crpym™m Ha Oomi 110 kB:

1,4-
i _ L4 Soy (1,4-80)/(1,73-110) = 588 A.

max \/g . UBH

CTpyM y KOJI1 BBITHUX BUMHKA4iB Ha CTOpoHI 10 kB:

1,4-
14 Seoy (1,4-80) / (1,73-10) = 6,47 KA.

max \/g . UHH

CTpyM y KOJ1 CEKIIHHOTO BUMHKAYa:

CB _ 174 ) SHOM

max_\/g‘[JHH-2

= (1,4-80)/(1,73-10-2) = 3,23 KA.

CTpyM y KO JIiHIi, 110 BIAXOAMTS:

1.4-
B _ L% Suow (1 .4.80y/(1,73-10-10) = 647 A.
V3 Uy - 10

JUJIs BCTAHOBJICHHST HA CTOPOHI BUUIOI HANpyru MPUIMAEMO BUMHUKAYl THITY

A3-110J1-23(13)V4. BuOip BUMUKaviB HaBeAeHUH y Taom. 2.3.

IMH.

Apk.

Ne dokym.

llidnuc
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BuMuKaul Ty B3-10-3600-31,5-Y3. Bulip BUMHKaviB HABEACHO B Ta0M. 2.5.

Tabnuus 2.3 — Bubip BuMukaua Ha ctopoHi 110 kB

YMoBa Po3paxyHKoBI KaranosxHi
BUOOPY 3HAYEHHS 3HAYEHHS
Uc<Uy 110 kB 110 kB
L paed = Lo 588 A 1250 A
Tpo =1, pcks 5,077 kA 50 kA
1y <1cpp 11,56 kA 125 KA
L <1 otion 5,077 kA 100 kKA
Lo <1, on 0,651 kA 40 kKA
B, <It, 2,191 kA?-c 7500 kA%-¢

JIJiss BCTAHOBJICHHS HA CTOPOHI HU3bKOI HANPYrd MPUAMAEMO BUMHKAYl THUIY
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 KaranosxHi
BUOODPY 3HAYECHHS 3HAYECHHS
U.<Uy 10 xB 20 kB
L poei = 1o 6,47 KA 9500 A
Lo <1 pcxs 34,14 kA 105 kA
1y <lcpp 77,73 kKA 300 kA
[nr < [OmKHOM 34,14 KA 90 KA
Lo <1, on 6,534 kA 30 kKA
B, <It, 174,83 kA?-c 32400 kA%-c

JlJiss yCTAaHOBKH B SIKOCTI CEKLIHHOTO HA CTOPOHI HMXKYOI HANpPYTy NPUIAMAEMO

Tabnuus 2.5 — BuOip cekuiifHoro umukaya Ha 6o 10 kB

YmoBa Po3paxyHkoBI KaranosxHi
BUOOPY 3HAYEHHS 3HAYEHHS
U.<Uy 10 xB 10 xB
1 pace = Lion 3,23 kKA 3600 A
Tpo <1,pcks 34,14 kA 31,5kA
Iy <1, cxp 77,73 kA 80 kA
Lo <1 opzion 34,14 kA 31,5kA
oo <1, on 6,534 kA 31,5kA
B, <It, 174,83 kA%-c 3969 kA2 ¢
Apkyw
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JIJIs BCTAQHOBJICHHS HAa CTOPOHI HMXKYOi HANpyrd B JIIHISAX, WO BIAXOIATH,

npuiiMaeMo BakyyMHiI Bumukaul tuny BB3-10-31,5/1000Y3. Bubip

HaBEJIEHO B Ta0. 2.6.

BUMHKAYIB

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

YMoBa Po3paxyHKoBI KaranosxHi
BUOOPY 3HAYECHHS 3HAYEHHS
Uc <Uy 10 kB 10 xB
L pace = Lo 647 A 1000 A
Tpo =1, pcks 34,14 kA 31,5kA
iy = [anKB 77,73 KA 80 kKA
Lo <1 pption 34,14 KA 31,5 KA
Loe <1, 0 6,534 kKA 31,5kA
B, <IX 174,83 kA%-c 2977 kA*c

JlJIs BCTAHOBJICHHS HAa CTOPOHI BMILOI HANpyrd MNpUiMaeMo po3'€eqHyBaul 3

oIHUM a00 JABOMAa KOMIUIEKTaMM 3a3eMiIorounx HoxiB tuny PHJI3.1-110/1000 XJI1.

BuOip po3'eaHyBaviB HaBeAeHUH y TaO. 2.7.

Tabnuug 2.7 — Bubip po3'ennysauis 110 kB

YMoBa : KaranoxHi
Po3paxyHKoOBI 3HaY€HHs
BUOODPY 3HauCHHS
UCSUH 110 kB 110 kB
L i = 1o 588 A 1000 A
iyOS[anKB 11,56KA 8OKA
B, <I’t 2,191 kA?-c 992 kA% -c
2.4 BuOip 30ipHUX LIUH

Bubparu 36ipHi mmHuM 110 kB Ta cTpymMOnpoBiiHI €l1eMEHTH B OJiowi BiJ

301pHUX  LOWH

TAL-80000/110.

J0

BHUBO/IIB

OJIOUHOTO

TpaHchopmaTopa.

Tpanchopmarop

OckinpKy 301pHI HIMHUA 32 €KOHOMIYHOK TYCTHHOK CTPyMy HE BUOMPAKOTHCH,

NpuiMaeMo Mepepi3 3a A0MYCTUMUM CTPYMOM IPU MAKCUMAJIbHOMY HABAHTAXKEHHI HA

IMIMHAX, 110 BIJIMOBIJIA€ 3arajlbHOMY HABAHTAKECHHIO.

IMH.

Apk. Ne dokym.

llidnuc

HAama
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- Tew  _ 781/(1.73.110) = 410 A.

I =
o \/g ) UHOM

[ =1 =410 A.

Makc HOpM

3a Tabouuer NOBIJHUKA NPUHAMAEMO A0 BCTaHOBJEHHS npoBia 1xAC240/39

(q = 240 mm?, d = 21,6 MM, Lo = 610 A). da3u po3TalIoBaHi TOPU3OHTAILHO Ha

Biacrani 300 cm. Tomi

I[[OH > IMaKC;

610 A>410 A.

[lepeBipka IIMH HA €JICKTPOJAMHAMIYHY CTIHKICTh HE BHUKOHYETBCS, OCKIJIbKU
[0 <20 KA.

[lepeBipka Ha TEpMIYHY CTIHKICTh TAKOXX HE BHUKOHYETHCS, OCKUJIbKM LIMHU
BUKOHAH1 I'OJIMMU TPOBOAAMM HA BIAKPUTOMY MOBITPI.

[lepeBipka 3a yMOBaMM KOpPOHYBaHHS B [aHOMY BHNAaKy Morja O He
NPOBOAUTHUCSA, OCKUIbKM 3rigHo [IYE MiHIManbHuil mepepi3 Ui MOBITPSHUX JIIHIMA
110 kB cranours 70 Mm>. Bpaxosyrouu, 1mo Ha BPII BigcTanb MiK IpoBOgamMu
MEHILA, HK HA MOBITPSHUX JIHISX, MPOBOJUTHCS MEPEBIPOUHUI PO3paxXyHOK.

Bu3HauaeMo MOYATKOBY KPUTUUHY HAIMPYKEHICTh EIEKTPUYHOTO MOJIS:

0,299

2
Vo

E,=30,3-m-| 1+

ae m — KOeQIUIEHT, SKUHA BpPaxoOBY€ MIOPCTKICTh MMOBEPXHI MPOBOLY (LIS

OaraTonpoBIAHUKOBUX MPoBoaIB m = 0,82); ry — paaiyc npoBoay, o= 1,08 cm.

0,299

V1,08

Bu3HayaeMO HaMpPY>KEHICTh €EKTPHUYHOTO MOl HABKOJIO MPOBOTY

E,=30,3-0,82-| 1+ = 32 kB/cMm

Apkyw
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0.354-U
Dce ’
I, -lg[ i p)
0

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

E=

ae U — miHiiiHa Hampyra, kB;
[Ipy ropu30HTAILBHOMY PO3TallyBaHHI (a3

Dg, =1.26-D = 1008,

ae D —Biacranp Mixk cyciaHiMu pazamu, it U,=110 kB D = 80 cm.
E =(0.354-121) / (1,08-1g(100,8/1,08))= 20,13 xB/cmM.

B octaHHbOMY BHpa3l JiiHIHHA Hanpyra npuiiHaTa piBHOK 121 kB, ockijibku Ha

IIMHAX eNIEKTPOCTaHli MATpUMYeThes Hanpyra 1,1 Usow.

[lepeBipka BHKOHYEThCS 3a HACTYMHOK YMOBOK:. TPOBOAM HE OyIyTh

KOPOHYBATH, SKILO

1,07-E<0,9-E,,
1,07-20,13 =21,5 < 0,9-32 = 28.8 kB/cm.

YMOBa BHUKOHY€TbC, TOMy mpoBinx I1xAC240/39 ocratouyHo npuiiMaeMo 10

BUKOPHUCTAHHS.

BuoOip »KOpPCTKHX IIHH
[IpuiimaeMo TeMneparypy HaBKOJMIIHBOrO cepenosuia: 30°C.
OOupaemMO  @IIOMIHIEBI IIMHUM  KOpOOYAcTOro  mepepidy  po3TalllOBaHI

TOPU30HTAIIBHO 1 JKOPCTKO 3aKpIMJIEHI OJHAa BIAHOCHO OAHOI (2x200x90x10 MM,

nepepizoMm 2x3435 MM, Lii=7550A).

Apkyw
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PucyHnok 2.4 — [1Ilunu kopoOyacToro nepepizy

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

YMOBa 3a JOMYCTUMUM CTPYMOM:

[HH — 6470A < Lon = 7550 A,

max
YMOBA BUKOHY€E€TBCS.

[IpunyctumMuii  CTpyM 3  ypaxyBaHHsSM IIONPABKM HA TEMIIEPaTypy

HaBKOJIMITHBOI'O CCPCAOBHUILA.

U,s,, — U 70-30
I =1, - [ tem _ 7550. = 7118 A,
Uson ~ Usop 70-25

Ie Upon — AOIMYCTHMA TEMIIEPATYPa LIKHH,;

Uyopu — HOMIHAJIbHA TEMIIEPATYPA HABKOJIMIIHBOTO CEPEIOBULIA.
6470 A <7118 A.

MiHiMaJIbHUI TEPMIYHO CTIHKUH nEpepi3:

/174 83
\/_ =146,9 Mm>.

qmjn.don - 90 10_3

Apkyw
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ac

ac

ac

IITHUH.

Ac

Ockinbku ¢, . =146,9 < 2x3435 wMm?> TepMmiyHa CTIMKICTH  LIMH

320€3MeYy€EThCS.

TBepal mWIKMHU MOBHHHI OyTH NEPEBIPEHI Ha AuHamivHi Aili ctpyMiB K3 1 Ha

MO>KJTUBICTh BUHMKHEHHS PE30HAHCHUX SIBUII. 3a3HAYEHI SIBUIIA HE BUHUKAKOTH MPHU
K3, skmo BmacHa yactora komuBaHb mMHA MeHmre 30 1 Oimeme 200 I'm. Yacrora

BJIaCHUX KOJIMBAHb JIJISl AJIFOMIHIEBUX IWH BU3HAYAETHCS 32 (POPMYJIOH0

1732 [ Jyoyo 1732 | 4220
[2 2q]_u1/m1/1 22 234,35

f, =339T1

[ — noBXKMHA MPOJBOTY MIXK 130JATOPAMH /=2 M, M;

Jy0-yo — MOMEHT iHepLii MoNepeyHoro nepepisy ABOX 3POLICHHUX IUUH, CM*;
Gy — TOTIEPEYHMI NIEPEPI3 OAHIET IMHKU, CM2.
Ockineku f, = 339 > 200 I'n, TO MEXaHIYHHUIA PE30HAHC BUKIIIOYAETHCS.

MoOMEHT onopy nepepizy AJsi 1BOX 3pOLICHUX LIHH:

i2 ]2 77,732.22.10°2
Cpmax = 1,76 - ————-1078 =1,76- = 1,26 MIla
a-Wyo_yo 0,8-422

a — BIICTaHb MIXK (pazamu, M;
Wy0—y0 — MOMEHT OIODY JIBOX 3POIIECHHX LIHH, CM”.
Cpmax = 1,20 £ 05, =82,3 MIla ym0OBa MeXaHIYHOI MILIHOCTI BUKOHYETBCS.

O on =82,3 MIla — nomycTdMa MeXaHiyHa Hamnpyra B MaTepiall alrOMIHIEBHX

Cuna B3aeMo/li MIXK IIBEJIEPAMH:

2 77,732
f =0,5-¥2.107=0,5-——-10"! = 1510 H/m
h 0,2

h - BUcoTa 1IBENEPA, M.

MakcuMmanbHa BIACTaHb MK MICLISIMA 3BAPIOBAHHS ILIBEJIEPIB:

Apkyw
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o -o W 12:(82,3 — 1,26)- 40
ln.max = ( A fCI).maX) S = 5,08 M

. 1510

(RS . 3
ne  W,_,, — MOMEHT OMOpY LIMH Y BEPTUKAIbHIM MJIOMIMHI, CM”.

2.5 BuOip BUMipOBaJILHUX TPAHCPOPMATOPIB CTPYMY TA HANPYTH

JInst BBIMKHEHHSI €JIEKTPOBUMIPIOBAIBHUX MPWIAAIB 1 MPUCTPOIB PENIEHHOrO
3aXMCTy HEOOX1JHA YCTaHOBKA TpaHC(HOpMATopiB CTPyMy 1 HaNpyru. Y AaHOMY MPOEKTI
peNEiiHnil 3aXHUCT OETANbHO HE PO3POOJISIETHCS, TOMY MEPEBIPKY TpaHC(OpMAaTOpiB 3a
BTODMHHMM  HABAHT@KEHHSM BHUKOHYEMO 3 YPaxyBaHHSM BBIMKHEHHSI  TUIBKH
BUMIPIOBAJIbHUX MPHJIAIIB.

Y koni CuyioBOro TpaHcgopmaropa 3 00Ky HUXKYOI HAMPYTd BCTAHOBJHOETHCS
amMIepMeETpP, BOJIBTMETP, BapMETP, JIUYMJIbHUKMA AKTUBHOI 1 PEAaKTUBHOI €HEprii, Ha
mrHax 110 kB — BOJBTMETD 13 mepeMUKaYeM Ui BUMIPY TPhOX MIK(A30BUX HAIPYT,
Ha cekiiiiHomy Bumukaul 10 kB - ammnepmerp, Ha niHisX, 1m0 Biaxoasth, 10 kB -
amMIepMeTp, JIYWIBHUKK AaKTUBHOI 1 PEAKTHBHOI €Hepriid. Po3paxyHOK BTOPUHHOIO

HaBaHTAKEHHS TpaHc(hopMaropa cTpyMy HaBeneHUi y Tabaumi 2.8.

Apkyw

Tabmuus 2.8 — Po3paxyHOK BTOPMHHOTO HABAaHTaXEHHs TpaHC(HOPMATOpIB
CTPyMy
HapaHTakeHHs 1o ¢azax
[Tpunan Kiac A B C
AMnepMerp 1 0,5 0,5 0,5
BarrmeTtp 1,5 0,5 - 0,5
Bapmerp 1,5 0,5 - 0,5
JIluynIbHUK aKTUBHOI €HEprii 1 2.5 - 2.5
JIIUMIBHUK PEaKTUBHOI EHEPTIi 1,5 2.5 - 2.5
CyMapHe HaBaHT@KEHHS CTPyMY B KOJI
. 0,5 0,5 0,5

CWJIOBOTO Tp-pa Ha 6oui BH
CyMapHe HaBaHTaKEHHS 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
cekl. Bumukaya Ha HH
C‘yM‘apHe“HE‘lB?‘HTEDKCHHSI CTpPyMy B KOJIi 0.5 0.5 0.5
BIAX1AHOI JIIHI1I
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Bubip TpancdopmaTtopiB cTpyMy HaBeaeHU y Tabuisx 2.9 - 2.12.

Bubupaemo tpancpopmarop ctpymy TO3M-110B-1.

Tabmuus 29 — Bubip Tpanchopmaropa cTpymy

TpaHcopmaropa Ha 6oui BUucokoi Hanpyru 110 kB:

B KOJI CHJIOBOIO

VMoBa BHGODY Po3paxyHKoBI KaranoxHi
3HAYCHHS 3HAYCHHS

UCSUH 110 kB 110 kB

L paei = 1o 588 A 800 A

i, <1, cxs 11,56 kA 124 kA
B, <Ilt 2,191 kA?-c 2352 kA%-¢

Zi <Z1; om 0,82 Om 1,2 Om

ac

Jiis nepeBipKy 3a BTOPMHHUM HABAHTAXEHHSIM BU3HAYAEMO OMIp MPHIIA/IIB

_ Snpun Y
anun - 1_2 - =

52

Toni onip CHOAYYHUX NPOBOIIB MOKE OYyTH

an = ZHOM - anml - ZK

Z,p — HOMiIHaJIbHUI oNip HaBaHTaxeHHs1, OM;

Zppun — OMp npuafiis, Om;

Z, — OIlip KOHTaKTiB, OM.

Z

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

[
F: o —
P Zop

5
= 0,02 OMm

np = 112 - 0102 - 0;1 = 1,08 Om.

—0.0175 - 290 _ 1 62 w2
- 108 OcMM

IMH.
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ne  p—naromuii omip mini, 0,0175 (Om-MM?/M),

I — mepeTuH >Kui1, MM2,

[lepeTHH CHOMy4YHMX MPOBOJIB 32 YMOBAMH MEXAHIYHOI MILIHOCTI MOBUHHUI
OyTH HEe MEHLIE HDXK 2,5 MM? U1 MiTHUX SKHUJL.

Onip oOpaHuXx MPOBOIB:

! 100
Znp = p 5= 00175 ——== 0.7 Om

3arajibHUM OMip CTPYMOBOIO KOJa

Zy = Zupun + Zi + Zop = 0,02+ 0,1+ 0,7 = 0,82 OMm

mo MeHwe HiK 1,2 OM, npunyCTUMHX nOpud poOOTI TpaHchopmaropa B Kiaci
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 Tpanchopmaropa Ha 6oui 10 kB

Po3paxyHKoBI KaranosxHi
YMoBa BUOOpY
3HAYCHHS 3HAYCHHS
Uec <Uy 10 kB 15 kB
L i = 1o 6470 A 8000 A
iy < iauu 77,73 KA -
B, <It, 174,83 kA%-c 3650 kA?-¢
Z,<Z, .., 1,06 Om 1,2 Om

Jliis nepeBipKy 3a BTOPMHHUM HABAHTAXEHHSIM BH3HAYAEMO OMIp MPHIIA/IIB

Snpun

6,5
anun = 1—2 = ? = 0,26 Om

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

ne  Z,, — HOMiHaJIbHUH onip HaBaHTakeHHs, OM;

np
Znpun — OMp npuafiiB, Om;

Z, — OIlip KOHTaKTiB, OM.
Zpp =1,2-0.26-0.1=0,84 Om.

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

/ 100
——=0.0175-—— =208 mm>
Ly 0,84

F=p-
ne  p—naromuit omip mini, 0,0175 (Om-MM2/M),
I — mepeTuH >kuit, MM>.
[lepeTuH CMOIY4YHUX MPOBOJIB 32 YMOBAMHU MEXAHIYHOI MIIHOCTI MOBHUHHUIA

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

Onip oOpaHux MPOBOIB:

/ 100
Z_ =p-—==00175-——= 0,7 Om.
P F 25

>

3arajibHUM OMip CTPYMOBOIO KOJa

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

mo MeHue HbK 1,2 OM, npunmycTumMux npu poOoTi TpaHcdopmaropa B Kiaci
touHocTi 0.5.

Tpanchopmarop crpymy TIIB-15-Y3 Bianosinae ymoBam BUOOPY.

Bubupaemo tpancpopmarop crpymy THIJI-10-Y3.

Apkyw
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Tabnuus 2.11 — Bubip Tpancdopmaropa cTpyMmy B KOJI ceKiiiiHOro BuMukaua 10 kB

VmoBa BHGODY Po3paxyHKoBI KaranoxHi
3HAYCHHS 3HAYCHHSI
Uc <Uy 10 kB 10 kB
L paci = 1o 3,23 kKA 4000 A
Iy Sy, 77,73 kA -
By <I7t, 174,83 kA%-c 3250 kA%-¢
Zy =2y om 0,56 Om 0,8 Owm

Ac

Ac

Jliis 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

Z ., — HOMiHaJIbHWH Ollip HaBaHTa)eHHs, OM;

np
Zppun — OMp npuafiis, Om;

Z, — OIlip KOHTaKTiB, OM.
Zpp =0,8-0.02-0.1=0,68 Om.
[lepetuH xun npu noBxuH1 kadens [/ = 100 m:

100
=0.0175-—— = 2,57 Mm>

F = p . L
Ly 0,68

p — naToMuii onip miai, 0,0175 (Om-mm?/m),

I — mepeTuH >Kui1, MM2,

[lepeTuH CMOJIY4YHUX MPOBOJIB 32 YMOBAMH MEXAHIYHOI MIIHOCTI MOBUHHUIA

OYTH He MEHIIE HiX 4 MM? IS MIZHHX KHUJL.

bP 5.6.141254 [13
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Onip oOpaHux MPOBO/IB:

/ 100
Zup=p=00175——=0438 Om,
4

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

mo MeHue HbK 0,8 OM, nmpunmyctumux npu poOoTi TpaHcdopmaropa B Kiaci
touHocTi 0,5.

Tpanchopmarop crpymy TIIJI-10-Y3 BianoBinae yMmoBaM BUOOPY.

Bubupaemo tpancpopmarop crpymy THIITT-10-Y3.

Tabnuug 2.12 — Bubip tpancdopmaropa CTpymy Ha JiiHIi, 10 BIAXOAUTh

Po3paxyHkoBI KaranoxHi
YmoBa BUOOpY
3HAYEHHS 3HAYECHHS
U. Uy, 10 kB 10 kB
[pacw S ]HOM 647 A IOOO A
iy S iauu 77,73 KA =
B, <It, 174,83 kA%-c 3250 kA?-¢
Z,<Zy 0,56 Om 0,8 Om

JInis nepeBipky 3a BTOPMHHUM HABAHTAXECHHSIM BH3HAYAEMO ONIpP MPHIIA/IIB

Snpun 0;5
anun = 1—2 = ? = 0,02 Om

Toni onip CHOAYYHUX NPOBOIIB MOKE OYyTH

an = ZHOM - anml - ZK

ne  Z,, — HOMiHaJIbHUH onlip HaBaHTakeHHs, OM;

np
Znpun — OMp npuafiis, Om;

Z, — OIlip KOHTaKTiB, OM.

Apkyw
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Znpp =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
e p—naromuii omip mini, 0,0175 (Om-MM?/M),

I — nepeTuH >Kui1, MM2.

[lepeTvH CHOMy4YHMX MPOBOJIB 32 YMOBAMH MEXAHIYHOI MILIHOCTI MOBUHHUI
OYTH He MEHIIE HiX 4 MM? IS MIZHHX SKHUJL.

Omnip oOpaHux MPOBO/IB:

/ 100
Zup= P =00175:——=0438 Om.
4

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

mo MeHuie HbK 0,8 OM, nmpunmyctumux npu poOoTi TpaHcdopmaropa B Kiaci
touHocTi 0.5.
Tpanchopmarop ctpymy TILIJITT-10-Y3 Bianosigae ymoBaM BUOOPY.
Obupaemo TpaHc(hopMaToOpy HANPyTy 3a 3aAAHMMHU 3HAYCHHSIMU HAMNpyTd Ta 3a
HOTY>KHICTHO.
Ha ©Oomi Bucokoi Hanpyru 110kB  oGupaemo  TpancdopmaTopu
HK®-110-58Y1, na 6omi 10 kB — 3HOJI.09-10.02, BUKOPUCTOBYIOUYM [daHi 13

TaOJHIb HABEJACHUX Y IOBIIHUKAX.

Apkyw
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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 — — MOTY>KHICTb,
Hanpyru | Ilepsunnoi, | OchHoBHoOi | [Jonat-
. . 0,2 | 0,5 1 3 B-A
kB BTOpUHHOI, B({koB0i, B
HK®-
110-58Y] 110 110/43 100/43 100/3 - 400 | 600 | 1200 2000
Tabnuus 2.14 — Bubip tpanchopmaropa Hanpyru 3 6oky HH
. HomiHanbHa NOTY KHICTS,
HowmiHanbHa Hanpyra oOMOTOK ) . |MakcumanbHa
Knac B-A, B kj1aci TOYHOCTI ]
Tun — — MOTY>KHICTb,
Hanpyru |Ilepsunnoi,| OcHoBHoi | lonar-
. . 0,2 | 0,5 1 3 B-A
kB BTOpUHHOI, B|koBoi, B
3HOJI1.09
1002 10 103 100/\3 100 | 50 | 75 | 150 | 300 630

2.6 OOrpyHTYBaHHSI CXeMH €JICKTPUYHHUX 3’€IHAHb MIACTAHLIT

()CHOBHa,CXeMa,CHCKTpHQHHX 3'€lHaHb TOBHMHHA 3aJ0BOJILHITH Takl BUMOTH

[4]:

3a0e3nevuyBaTu

micJisiaBapIiHUX PEXKUMAX;

HAMINHICTD

CJICKTPOINOCTAYaHHsA

— YpaxoBYyBaTH NEPCIEKTUBH PO3BUTKY;

— IOMYCKATH MOJTUBICTh PO3LUMPEHHS,

B

HOPMAaJIbHUX

17}

— 3a0e3MmevyBaTi MOKIJIMBICTH BUKOHAHHSI PEMOHTHUX 1 €KCILTyaTaliiHUX poOIT

Ha OKPEMUX €JIEMEHTAX CXEMHU il 0€3 BIAKIIFOUEHHS TPUETHAHb.

[Ipy ubOMY €111 3aCTOCOBYBATH HAMMPOCTILL CXEMH.

[liacTaHList BITHOCUTBCS 0 KJIACy TYMMKOBUX MIACTAHLINA. [[st maHOro kiacy

Hanpyru,

HAaOOpYy 3O0BHIIIHIX MPUETHAHD 1

NOTY>HOCTI

TpaHcpopmaTopis, 3

ypaxyBaHHSM TOT0, IO 3aCTOCYBaHHS BIIIJBHUKIB B YMOBAX XOJIOJHOTO KJIIMATy HE
PEKOMEHAYETHCS, MPUUMAEMO JI0 YCTAHOBKU Ha NMPOEKTOBAHINA MIACTAHIIT CXEMY «JBa
OJIOKM «IiHIS - TpaHcGopMarop» 3 BHUMHKA4YeM Yy JIaHL031 TpaHcopmaropa i

HEABTOMATHUYHOK) NEPEMUYKOIO» (pHUC. 2.5).

IMH.
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PucyHnok 2.5 — Cxema po3MillleHHsS] BACOKOBOJIETHUX anapariB Ha MACTAHIII]

QS1

QS3

QS2
QS5 QS6

Q1

1T

Q3

QsS4

Q2

2T

Q4
Q6 N
T

P

A0 cnoxwusadis

Q

Q Q

I

A0 cnoxwusadis

Cxema 3 PeMOHTHOI MEPEMUYKOI0, BUKOHAHOIO 32 JOMOMOIOK0 po3'€IHYBaviB

(«HEAaBTOMATUYHOKY» MEPEMHUYKOI), 3a0e3nmeyye MOMJIMBICT MPUETHAHHS 000X

TpaHcHOpMATOPIB A0 OJHIET JIIHIT TPH PEMOHTI 1HLION.

Cxema miacTaHiii HaBeeHa Ha rpad14yHiil YaCTHHI MPOEKTY.

Y HOPMaJbHOMY PEXHMI

BCE KOMYyTallifHe oONaJHaHHS BKJIOUEHE, 3a

BUHATKOM po3'eqHyBauiB QS3...QS4 y pemonTHid nepemuunyl. [lositpsHi minii W1,

W2 - niHii, K1 3'€AHYIOTh TPOEKTOBAHY MIACTAHIIIO 3 EHEPTOCUCTEMOIO.

Po3risiHeMo HaCJliIKU aBapifHUX CUTYyalllil y JaH1i cXeMmi:

1) BinmoBa oaHoro 13 tpaHchopmaropiB (mpunyctumo T1). IIpu kopoTkomy

3aMHUKaHHI B TpaHcpopmatopi T1 BigOyBaeTbCs BIAKIIOUEHHS BHMHMKadya Q1.

JKuBnieHHs CMNOXWBaylB MiACTaHIIT 3AIACHIOEThCS 4Yepe3 TpaHcopmatop T2 3a

IMH.

Apk.

Ne dokym.

llidnuc

fama
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PaxyHOK HOTro NnepeBaHTaKyBaJIbHOI 3JaTHOCTI.

2) BigMoBa ojHIE€l JiHIT, siKa 3'€JHY€ CIOXKMBA4IB 3 ejiekTpocTaHiiern (W1).
[Ipu kopoTKOMY 3aMuKaHHI Ha JiHIi W1 BinOyBaeTbes BIAKIKOYEHHS BUMHUKaua Ql,
tpanchopmarop T1 Brpayae xuBneHHs. [licas BiakiodeHHs W1 onepaTUBHUMA
NEPCOHAT BIAKIIIOYAE YUIKO/HKEHY JIIHIO JIIHIAHUM po3'eqHyBadyeM. [licns uporo
3aMUKAETHCS PaHILIE BIAKIOYEHUNA po3'eqnyBad QS3, BiaOyBaeThCs BKIOUEHHS Q1 1
TpaHcopmarop T1 BIAHOBIIOE KUBJIEHHS.

3) BiamoBa oaHoro 3 Bumukavi (Q1). I1pu KopoTkoMy 3aMHMKaHHI y BUMHKaYl
Q1 BiaKIOYAETHCS TOJIOBHUI BUMHUKA4 1 JiiHIA W1. JKUBJIEHHS BCIX CIOXKHUBayiB
NiJACTaHIT 3M1ACHIOETBCS BT JiiHIT W2 1 TpancdopmaTopa T2.

TakuM 4YMHOM, 3 HABEIEHOrO aHAII3y BUJHO, IO NPU BUKOPUCTAHHI JaHOI
CXEMH BIJICYTHII BapiaHT NpPOCTOi (OAMHOYHOT) aBapliiHOI CUTYyallii, sika TPUBOIUTH 110
BIJKJTFOUEHHS CITO>KMBAYIB MPOECKTOBAHOT MiACTAHIII].

Haiiou1pn BaXKKOK aBapiiiHOKO CUTYALIER) € BIAMOBA OJHIET 3 )KUBUJIbHUX JIHIH
(W1) y nepioa peMOHTY 0JHOTO 13 TpaHcdopmaropiB (T2), ane i y [bOMYy BUMAAKY €
MO>KJIMBICTh 3a0€3MEUYUTH KUBJICHHS CIIOXHBAYiB MPOEKTOBAHOI MIACTAHLIT B[ JIIHII

W2 uepe3 peMoHTHY nepeMuuky QS3-QS4 1 tpanchopmarop T1.

2.7 BuOip TpancpopmaTopiB BJIaCHHX MOTPeDd

[Tpuitmayamu BjacCHMKaMu BiacHux notped € [10]:
- OMNEpaTUBHI KOJA,;
- EJIEKTPOJIBUTYHHU, CUCTEMH OXOJIOPKEHHSI CUJIOBUX TPaAHC(HOPMATOpIB,
BUCBITJICHHS 1 €JIEKTPOONAJIEHHS PUMILIECHB;
- €JIEKTPOMIAIrPIBaHHs KOMYTAIlifHOI anaparypu 1 T.[.
CymapHa po3paxyHKOBa MOTY>KHICTh MpUiiMaya BJIACHUX MOTPEO BU3HAYAETHCS
3 ypaxyBaHHsSIM KOe(]iLi€HTIB MOMUTY. PO3paxyHOK MOTY>KHOCTI MpHiiMaya BIACHUX
notped HaBeaeHu y Tadm. 2.15.
Ha mniacranuii nependavyaeTbes yCTaHOBKa 2 TpaHCPOPMATOPIB  BIACHUX

notped. HoMiHanbHa NOTYKHICTh BUOUPAETHCS 3 YMOB

Apkyw
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Srewr 2 Scy >

o€ Sycy - MOTYXKHICTB TpaHc(hopmaropa BiacHuX norped, kBA;
S¢y; - MOTY>KHICTB CIIO>KUBAYIB BIIACHUX NMOTPeO, KBA.
Tabnuus 2.15 — Po3paxyHOK NOTY>KHOCTI NpUiiMaya BIaCHUX NOTPeO
YcraHoBiieHa
HOTYRHICTE HaBaHTa)xeHHs
No HailimenyBaHHs . Koed.
OauHul, CosQ
/1 CIIOXKMBAYA By x  |BCbOrO, mOmHTy Pyer, Qyer,
S kBT kBT kBAp
KUJIbKICTD
OXO0J0KEHHS
1 | TpaHchopmaropis 2x5 10 0,8 0,85 10 6,2
TLI-80000/110
[TimirpiB
5 | BHCOKOBOJNLTHHUX ) rxd 3 0.8 1 3 )
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 HABAHTAKEHHS
SyCT = K¢+ /P}ZICT + Q}ZICT
ne  Kc — koediuient nonuty. [Ipuitmaemo pisaum 0,8
Syer = 0.8-4/27,42 + 6,22 =22,5kBA
Apkyw
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[limx 4Yac BBIMKHEHHS IIbOTO HABAaHTAXCHHS Ha OJUH TpaHcdopmaTop
JOMYCKAeThesl oro mepeBaHTaxkeHHs Ha 20%. [loTyxHICTH TpaHchopmaropa uis
320€3MECUYEHHS] KUBJICHHSI HABAHTAXKCHHS BJIACHHUX MOTPEO 3 ypaxyBaHHSIM PEMOHTHHUX
HaBAaHTAKEHb. PEMOHTHE HABAaHT@XKEHHS HaA MIACTAHIII MO>XHA OpaTH TakuUM, IO

JOPIBHIOE Syp = 20 — 25 KBA.

SCH + STCP 22.5+20
TCH — 10 = 1

=354 kBA.

>

bepemo cranpapTHy MOTY>KHICTH TpaHchopMaropa Sy, =40 kBA. OctarouHo

JUIs. SKUBJICHHS CIOKMBaya BJIaCHUX nNoTped OepemMo JBa TpaHchopmaTopu

CTaHapTHOI noTy>kHocTl: TM-40/10.

2.8 KoMmnoHyBaHHs1 po3NOALILHUX NPUCTPOIiB HA Ooui 110 kB

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

Cnopymxenns 3akputux [IC Hanpyroro 110 kB, nmonyckaeTecs B Takux
Bunaakax [9]: posmimenns [1C 13 Tpanchopmaropamu 16 MBA 1 BuilE Ha ciy>KOO0BIi
Teputopii MicT, po3miumieHHs [IC Ha TepuTopli MICT, KOJM 1€ JOMYCKAETHCS
MICTOOY/TIBHUM MIPKYBaHHSIM.

Ha [IIC enektponocTtayaHHs MPOMHMCIOBUX MIANPUEMCTB NEPEe0avyacThCs
BOJISIHE OMAJIEHHS, MPUEJHAHE A0 TEIIOBUX MEPEK MIAIPUEMCTB.

byaunaku 3PV (3akputux PY) nonyckaeTbcs BUKOHYBATH SIK OKPEMO PO3MILLEH],
Tak 1 30J10KOBaHUMHU 3 Oy auHKamu PITY B TOMy 4uMCIi 1 O BEPTUKAI.

Tpancdopmaropu 110 kB BapTo yCTaHOBIHOBATH BIAKPUTUMH, & Y palioHaxX 13
3a0pyAHEHO0 aTMOC(EPOIO 3 MOCUIICHOIO 130JISLIERD.

Cxemu s Hanpyr 110 kB 1 Bulle MOBUHHI CKJIAATUCS 3 YPaXyBaHHSAM TaKUX
BUMOT. peMOHT BUMHUKa4iB 110 kB 1 Bullle BUKOHY€ETHCS O€3 BIAKIIOUEHHS IPUEHAHD:
NOBITPsIHI JIIHIT  BiAKIOYatoThess Biax PII He Ouiblie HIK JBOMA BUMHUKayamu,

TpaHchopMaTopu OJIOKIB BIAKIHOYAIOTHCS HE OUIBIIE HI)K TPhOMA BUMUKAYaMHU 1 T.1H.

Apkyw
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[Ipy BIOKIFOYEHHSIX BHMMKAYiB Yy HOPMaJIbHOMY pexkumi PII He moBUHHE
BIJIKJIFOYATH OLIbIIE OJHOTO OJI0Ka, Y PEMOHTHOMY - HE OljIblie 1BOX OJIOKIB.

Jnsa PI135-220 kB npu uucmi npueaHans 12-16 ogHy 3 ABOX CHUCTEM
CEKLIIOHYIOTh, MPU YUC/ MPUEAHAHb OUTBII HIXK 16 — CEKIIOHYIOTh OOUJIBI CUCTEMU

IITHUH.

2.9 KoMmnoHyBaHHs1 pO3NOALIBLHUX NPHCTPOIB HA Goui 10kB

PIT 10 kB Bxomsate po ckiany miacraduid sk rosoBHi PII. Jlo PIT10 kB
MIACTAHLIA MIAKITHYATHCS TOHWXKYH0Yl TPAaHC(HOPMATOPH, CHHXPOHHI KOMIIEHCATOPH
Ta 1H.

Cxemu PIT10 kB mnOBMHHI 3aJ0BOJBHATH HACTYMHUM BHUMoOram [4-6]:
HECTIPALIOBAHHS ~ BHMHMKAQuYa HE  [OBMHHE  MPUBOJAUTH A0  NPUIUHEHHS
€JICKTPOINOCTAYaHHs ~ BIANOBILOANBHUX  crnoxkuBayie (1 kareropis mno [1YD),
po3wmpeHHs PIT 3 poCTOM HAaBaHTa)KE€Hb HE MOBUHHE MPUBOAUTH 10 3MIHU CXEMHU 1
3HaYHUX Oy1BEJIBHUX 1 MOHTXHHUX POOIT.

CekuitoBaHHsi 30IpHUX WIMH J03BOJISE€ 3aJ0BOJIBHUTH BUMOTH HAAIMHOCTI.
Po3ummpennst PI1 30iiiCHIOETBCS 3aMOBHEHHSAM PE3EPBHUX OCEPEAKIB a00 BBEICHHSIM
HOBOI CEKILIi.

PY 10 kB mns xommnexktHux TtpaHchopmaropiB [IC BUKOHY€ETbCS y BUIJISAL
KPYH a6o KPVY, BcraHoBmoBaHUX Yy 3akpuTux npuminieHHsx. Y 3PY 10 kB

PEKOMEHAYETHCS BCTaHOBMOBATH madgu KPY 3aB0AChKOro BUTOTOBICHHS.

Apkyw
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3 PO3PAXYHOK PEJIEHHOT O 3AXUCTY TPAHC®OPMATOPA

3.1 BusHaueHHsi mnapaMeTpiB, HEOOXIIHHUX /IS PO3PAXYHKIB 3aXHUCTY

TpaHcdopmaropa

HeoOxiaiHO  BHUKOHAaTH  pPO3PAXyHOK  MO3AOBXKHBOTO  JU(EPEHLIATBHOTO
CTpyMOBOro 3axucty s tpaHchopmaropa tunmy TJTH-40000/110 Bix ycix BUAIB
3aMHUKaHb HA BUBOJAX 1 B OOMOTKaX CTOPIH 13 3a3€MJICHOK HEHTPAJUIIO, a TAKOX BIJ
Oararo(azHMX 3aMUKaHb HA BUBOJAX 1 B 0OOMOTKaX CTOPIH 3 1307IbOBAHOK) HEHTPAILITIO.
TpancopMarop OTpuMye KUBJIEHHS Bl €HEPrOCUCTEMM 3 MapaMeTpamu

Xenare = 12 OM; Xepin= 18 OM (onopu npuseneH1 10 Hanpyru U uon = 115 kB).

Tabnuus 3.1 — [lacnopTHi faH1 TpaHchopMaropa

HomiHanbHa
Brparu, | Hanpyra
_ Hanpyra oOMOTOK, B K3. o

Tom HomiHanbHa «B KBT > 70 | Tok
NOoTy>HicTh, MBA XX %

BH | CH | HH | XX| K3 ?III{{_ (P:III{{_
TATH- 40 115 | 385 | 11 |21 ]|100|175] 6,5 | 0.8

40000/110

Apkyw
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3.2 Po3paxyHOK CTPyMiB KOPOTKOI0 3aMHKAHHS

PospaxoByemo ctpymu K3 y MakcuMalibHOMY W MIHIMAIBHOMY pEXHUMAX

cucremu. Ctpymu K3 npueneni go Hanpyru 110 kB.

C) Cucrema
1

e Xc Cucrema

N [j n=1

n=1

n=2
Q2 n=2
K3 — K1
K4 K1
Q3
K2 N n=3

PucyHnok 3.1 — Cxema BKJIFOUEHHS TpaHC(hopMaTopa, 110 3aXUIIaEThCs

JInsg  ckjmamaHHs  cXeMM  3aMillleHHs  (puc. 3.1) OOYMCIIIOTBCS  OMOPH

TpaHchopmaropa. 3HaX0AMMO HAMPYTY {/, 5~ 3 YMOBH:

Uvpe=Upy — Uy =17,5-6,5=11 %

Ug =0,5(Ugge + Uy —Upy ) =0,5(11+17.5-6.5) =11%

o U Upson _ 11 115°
7100 S, 100 40

=364 Owm;

Ugr =0,5(U,cpr + U,y — U, ) =0,5(6,5+17,5-11)=6,5 %

o Uy Uopron _ 651157
“7100 S, 100 40

=21,5 Om;

x, ~ 00M.

Apkyw
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[Ipn pospaxynkax crpymiB K3 nns 3axuctiB TpaHcopmatopis 13 PITH cmin

ypaxyBaTH 3MIHY OMOPY 3a pPaxyHOK pEryjroBaHHs Hanpyru. J[yis TpaHcdopmaropisB

110 kB npuGiu3HO MOKHA NPUKHHSTH:

X = (1 AU)

m.MuH m HOM m makc m HOoM

(1+AUY,

e X ., =36.4%(1-0,12)° =282 (OM);, x,,.. =45.62 (Om); x, ., =166 (Om);
X, =26,96 (Om).

Crpym K3 Ha mmHax cepennboi Hanpyru (Touka K1, pucyHok 3.1)

U
1), = Ly 6s5(d)
\/g(xc./wakc BMuH) \/_(12 +28 2)
U
[ISZA)WH _ cp.HOM 115 O904(KA)
. 2(Xc.MuH X, e ) 2(1 8+45. 62)
Crpym K3 Ha mmHax HH (Touka K2, puc. 3.1)
(3) — Ucp HOM _ 115 11702

KMaKc \/g( Xe maxe +'x8 MUH +‘xH.MuH) . \/§(12 +28.16 +164)

[(2) _ Ucp HOM 115
2( Xe s T Ko paxe T Hmaxc) 2(18+45 62 +26. 96)

= 0,635 x4
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3.3 Po3paxyHOK NMO310BKHBOI0 IH(EPEHUiaJIbHOr0 CTPYMOBOI0 3aXHCTY Ta
BUOIp THIY peJie

1. BusHayaeMo cepelHI 3HAYEHHs NEPBUHHUX 1 BTOPUHHUX HOMIHAJIBHUX
CTPYMIB [UIsl BCIX IUICUYEH AU(PEPEHUIATBHOIO 3aXUCTy (MO0 HOMIHAJIBHIA MOTY>KHOCTI

HaOLIbII MOTYXHO1 0OMOTKHM TpaHchopmaropa). Po3paxyHkH 3B0AdTbCA B Ta0. 3.2.

Tabnuus 3.2 — Pe3ynbratu po3paxyHKiB

. YucesbHE 3HAUYEHHS ISl CTOPOHU
HaiiMeHyBaHHS BETMYUHU 115 «B 385 kB 1B
- _ ' _ 40000 40000 40000

€pBUHHHI HOMIHATBHU K = Y ==
3-115 3-385 3-11

CTPYM TparchopuaTopa, A {201 06 {600 6 ;/2_101 9

KoepiuienT Tpanchopmantii
TpaHc(HOpPMATOPIB CTPYMY 600/5 1500/5 4000/5

ny

Cxema 3'elHaHHSI 0OMOTOK A A v
TpaHCc(OPMAaTOpPIB CTPYMY

* * *

BropuHHuUii CTpyM™ y 1uiedl 20143 = M = M =

sy, A I

CTtpyM chOpaibOBYBaHHS 3axMCTy BHM3HAYaeThCs 3a OLIBIIOK 13 JBOX
PO3paxyHKOBUX YMOB:
a) B0y TyBaHHs B1J KMJKa CTPYMY HaMardi4y BaHHS:
I, =k,.1I,, =13-201.1=261,4 A

0) B11OyiyBaHHs B1 CTPyMY HEOAJIaHCy, BUKOHYETHCS 3 YpaxXyBaHHSIM BUPA3iB:

1., =k, (ks + AU, + AU IO o =1,3(1,0-0,1+0,12+0,05)1655 =

=580.9 A

Apkyw
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Ipuiimaersed /., =580,9 A.

2. [lonepeans nepeBipka 4yTJIMBOCTI MPOBOAUTHCS MO MEPBUHHUX CTPYMAX

npu asodaznomy K3 Ha ctoponi HH (Touka K4, pucynok 3.1):

](2)
= ) 09y g8
I, 580.9
3. Ockinbku 3axuct 13 pene tuny PHT He 3a0esneuye 4yTiauBOCTI, a

PO3paxyHKOBUM € BIAOYyyBaHHsS BIJ CTpyMy HeOajaHCy, TO CJ1J 3aCTOCYBaTH peEe
tuny JI3T-11, 1as IKOro CTpyM CHpalbOBYBaHHS 3aXUCTY BUOMPAETHCS 32 YMOBAMMU:
a) B0y IyBaHHs Bl KMJKA, IO HAMArHIYy€e CTPyM:

I..=k, I, =15%201=301 A

c.z3 — "omc” nHom

0) BiaOyAyBaHHs Bl cTpymy HeOanaHcy npu K3 Ha CH:

]c.3 = k3 (k

OOH

e+AU, + AU, e =1,5(1,0-0,1+0,12+0,05)1655=670.3 A

B) B1AOyAyBaHHs BiJ cTpymy HeOanmancy npu K3 na HH:

I, =k, (kpp& + AU piaecicr, = 1,5(1,0-0,1+0,12) 1170=386 A

OOH
[puiimaemo pene JI3T-11 3 ycraBkorw ranpMmiBHOi 0OMoTkH 3 00oky CH. Toni
BIAOyyBaHHs Mo mian. 30 Oyae 3a0e3nedyeHe 3a paxyHOK rajbMyBaHHsS, a CTPyM
CIIpaLbOBYBaHHS 3aXUCTY NPUMAaEThCA 1O OLIbIIii 3 yMoB 3a 1 3B: /. =386 (A).

4. BuszHauaetbcss 4uymmBicTh 3axucty npu K3 Ha croponi HH mpwu

MIHIMAJIBHOMY PETYJIFOBAHHI:

Apkyw
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2
k _ [lE.leuH(K4) _ 635

! / 386

c.3

= 1,64

Lle 3Ha4YeHHs k, TPOXM MEHIIE HOPMOBAHOIO, OJHAK, YK€ IPH HOMIHAIBHOMY

koediuieHTi Tpancopmarii Tpanchopmaropa ctpym K3 ckiane:

[(2) B 115

K.MUH =758 A
M 2(18436.4421.5)

1 HEOOX1JHUI KOEe(ILIIEHT Yy TIIMBOCTI 3a0€3MEYy€ThCS

k=228 _1 906
386

Tomy 3axucr 13 pene JI3T-11 moxke OyTH 3aCTOCOBAHMIA.
3.4 BuOip ycraBok pese A3T-11

[lepBuHHMII 1 BTOPHMHHMIA CTPYMH CTOpIH TpaHc(opmaropa HaBEIEHO B
Tabdm. 3.2.

3 Tabmuui 3.2 BUILIMBAE, L0 B SIKOCTI OCHOBHOI ciix oOparu ctopony HH
(11 xB), u1o Mae GuIbIIMIA BTOPUHHUH HOMIHAJIBHUM CTPYM.

CTpy™m CipaubOBYBaHHS PeNe Il OCHOBHOI CTOPOHM BU3HAYAETHCA 110 BUPA3Y:

Uc .HOM
[c.3kchp7 386111115
Lo = 4 =— g5 = 3046 A

5

Po3paxyHkoBE 4YHMCIO BHUTKIB pPoOOYOi OOMOTKM [UIsi OCHOBHOI CTOPOHHM

BHU3HA4YaA€THCA.

Apkyw
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F, 100
WOCH. acy = =
paet T g 5.046

c.p.ocH

=19.81 BUTKIB

[IpuiimaeTeca  w

pab.ocH

=20 BUTKIB, LIO BIANOBIAAE (PAKTUUHOMY CTPyMY

CHpauboBYBaHHs pene /., ., = >0 " 5A.

Po3paxyHKOBI ~ 4Mciia BUTKIB JUIs  IHIIMX  CTOPIH  TpaHcdopmaropa

BH3HAYAOTHCS:
4.55 .
st croponn 110 kB w .., = 2OE =31.36. IIpuiimaetses w, =31;
4.55 .
Jist CTOpoHu 35 kB w .. r = 20% =26.25. Ilpuiimaerses w;, =26.

YTOYHEHMIA CTPyM CHPALbOBYBAaHHS 3aXUCTY 3 ypaxyBaHHsSIM MOTPILIHOCTI

BI/IpiBHIOBaHHSI 3HAXOOUTHLCA 110 BHUpa3ax:

]C.3 = (k

[

o+ AU, + AW ) eoreny =1,5(1,0-0,1+0,12+0,011) 1170=406.51 A,

Wiaew — W 31.36-31
ne  Aw, =2 L= TR =0,011,
w]pacq :

YTOYHEHUH PO3PAXYHKOBUIA CTPYM CIPALlbOBYBAaHHS PEJIE BU3HAYAETHCS:

UC HOM
lc_gkcx( - j 406.514(#)
[c o = nomlll _ :531 A
" Ky 4000
5

Po3paxyHkoBuii ctpym HeOanancy 3axucty npu K3 Ha croponi CH, ne
nepeadaveHe ralbMyBaHHs, 3 YPaxXyBaHHSM MOTPILIHOCTI BUPIBHIOBAHHS 3HAXOAUTHCS

MO BHpa3ax:

Apkyw
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]Hé.pacq = k3 ( nepg + AU[ + A(][[ + AM/H )]K.Maxc(l(l) =

=1.5(1,0-0,14+0,12+0,05 +0,0095)1655 = 693.95 ( 4)

e Awy, = % =0.0095

YuCI0 BUTKIB rajibMIBHOT OOMOTKHM 3HAXOJAUTHCS 1O BUPA3Y:

kg W paon  1,5-693.95-26
o ]K.Maxc(l(l)tga 1655 ) 0775

=21.8 mr.

TakuMm 4YMHOM, 10 YCTAHOBKH HA peJie NPUHMAarOThCs HACTYTIHI BUTKH:

w, =31, w, =26, w,, =201 w =24 mwr.

mopm

UyTnMBICTh 3aXMCTy BU3HAYAETHCS MPUOJIM3HO MO MEPBUHHUX CTpPyMax MpU
po3paxyHkoBomy K3 Ha croponi HH s BUMaakiB MIHIMaIbHOTO W HOPMAIbHOIO

peryJiroBaHHs TpaHcdopmaTopa

k=3 156 ik =1322_ 104
406.5 406.5

ne [.,=4065 A — (GaxTMuHMi CTPyM CHOPaUbOBYBAHHS 3axXUCTy, IIpH

I.,=531A

OCKITbKA  KOE(ILIEHT YYTJIMBOCTI 3aXUCTy MPH HOPMAIBHOMY DETYJIFOBAHHI
Hanpyryd MPaKkTUYHO BIAMOBIIAE HOPMOBAHOMY, a MPU MIHIMAJIBbHOMY PETYJIIOBAHHI
JOCUTb BUCOKMH, TO 3axucT 13 pene JI3T-11 pexkomMeHAyeTbCs A0 YCTAHOBKH.
HeoOx1aHO BIA3HAUMTH, 11O BKJIKOYEHHS TajlbMIBHOI OOMOTKM Ha CyMy BTOPHUHHHUX
ctpyMiB ctopid CH 1 HH no3Bossie BuOparu cTpyM crpaijbOBYBaHHSI 3a YMOBOIO 3a 1

3a0e3neunTH k, >2 y BCIX PEXKUMAX.

Apkyw
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PncyHOK 3.2 - CxeMa BKaroneHHa oosmotok peae rany *3T-11y gn”epeH”aabHOMy
3aXHCTi TptOXOOMOTKOBOXO TpaHC"OpMaTOpa

3.5 Po3paxyHOK MaKCHMaabHoro CTpyMOBoro 3axucTy 3 KOMOmoBaHHV
nycKOM no Hanpya3i

Naa TpbOXOOMOTKOBHX TpaHCM"OpMaTOpiB 3 OgHOOIHHHM ~HBaeHHAM y akOCTi
pe3epBHoro 3axncTy peKOMeHgyertca ycTaHOBKa Ha CTopoHi "HBaeHHa MT3 i3
nyckKOM afo 6e3 nycKy no Hanpya3i.

CnonaTKy BH3HaaaeThca CTpyM cnpa®OByBaHHa M T3 6e3 nycKy no Hanpya3i:

/ 10
4 3=k kclHespmge =" 02,5201 =753.96 A
kB A 0,8

MyraHBICTh 3axHCTy nepeBipHMO npn K3 Ha mHHax CH i HH y MirnMaabHHXx
po3paxyHKOBHXx pe*HMax:

k = 904 =12 i k = 035 =0.84.
" 753.96 " 753.96



Ockinpku uyTMBicTh MT3 6€3 mycky no Hanpy3i BUSIBJISETBCS HEJOCTATHBORO,
3acTocyeMo OnoKyBaHHs 1o Hanpysi 31 ctopin CH 1 HH tpancdopmaropa. ¥V ubomy

BUNAAKY CTPYM CHPALbOBYBAHHS 3aXUCTY, BU3HAUYECHUH MO PIBHSHHIO JOPIBHIOE

I :%] = L2 -201=301.6 4

c.3 HOM
0

oo

>

a YyTJIMBICTb 3aXUCTY B THX € PO3PAXYHKOBHUX TOUKAX CKJIAJE:

Hanpyry cnopauboByBaHHS OpraHy OJIOKyBaHHS npu cuMmeTpuynux K3

BU3HAYUMO MPUOJU3HO MO BUPaA3y:

b < Ues _0.7-115

c.3 — k 12

8 >

=67,1 kB.

Hampyra cnpanboByBaHHS OpraHy OJOKyBaHHS Mpu HecumeTpuuHux K3

BH3HA4YaA€ThCA

U

2c.3

=0,060,,, =0,06-115=69 kB.

YyTiuBicTh OJIOKYBAIBHUX OpradiB nepeBipserbes npu K3 Ha npuifoMHuUX

T ' ' G) _
CTOpOHaxX TpaHchopmaropa, Kyau i MiAKIIOYeHI OJI0KyBasbHI pene, To0To U, 7, =0,
U, 115
a Upy g = —L=—==3324 kB,
| 243

Tom

Apkyw
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b= Ues 671

U 0

K.make

U
k. = 5“4 = 32'34 =482>15
2 .

1,5

>

c.3

Ockinmekn npu K3 Ha npuiioMHHX cTropoHax TpaHcdopmaropa k,>15, TO

JuQepeHLiaTbH1 3aXUCTH IIHMH Ha [IMX CTOPOHAX MOYKHA HE BCTAHOBJIIOBATH.
CTpyM crpalbOBYBaHHs 3aXMCTy BIJl CHMETPUUYHOIO MEPEBAHTAXKEHHS, 1O [I€
Ha CHUTHaJ, BU3HAYAETBHCS 32 YMOBOK BIAOYIyBaHHS BiJ HOMIHAIBHOIO CTPyMY

TpaHc(opMaropa Ha CTOPOHI, € BCTAHOBJICHUH 3aXUCT, MO BUPaA3y

c.3 k [mHOM = 1305
: kg : ’

201=263.9 A.

Butpumkun vacy MT3 y3roastbcs 3 BUTPUMKAMM 4Yacy 3axHCTIB JIIHIA Ha

croponax CH 1 HH.
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4. POBPAXYHOK 30H 3AXUCTY CTPU)KHEBUX
BJINCKABKOBI/IBO/IIB BPII

B OakanaBpcepkiii  poOOTI HEOOXIAHO po3paxyBaTh BUCOTY 1  30HY
3axucty OmmckaBkoBiaBoAiB BPII-110 kB, BcTaHOBIEHHMX Ha JABOX MOpTaiax,
puc. 4.1 (mo3. 1 1 2), 1 1B0X OJMCKABKOBIJBOMIB, IO CTOSATh OKPEMO, 3a3HAYCHUX HA
puc. 4.1 (o3. 3 1 4), BBaKaruu, WO OJIMCKAaBKOBIABOAM PO3TALIOBAHI CUMETPHYHO MO
BIJHOIIICHHIO J10 BY3bKOi cTOopoHM BPII. HaniliHicTh 30HM 3axUCTy BiJl YpPaKeHb

OnuckaBku P, =0,999.

HakpecnuTu ropu3oHTaIbHUIA MEPETUH 30HU 3axMCTy OnuckaBkoBlABOAIB BPII
Ha BHUCOTI /.
[TapameTpu po3MileHHsT OJMCKaBKOBIABOMAIB Mo mmiommHi BPIT HaBeneHi B

Tadm. 4.1.

A 4

PucyHnok 4.1 — Cxema po3MillEHHS CTPHKHEBUX OnuckaBkoBinBoaiB BPI1-110 kB

Apkyw
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Tabnuus 4.1 — Po3paxyHKOBI MapamMeTpu

A: B: Ll: L2> L3> L4> LS: hx’
M M M M M M M M
58 34 34 26 32 10 14 6

2

B-L, 34-26_

2

_B-1l, 34-32

2

2

4 Mm;

>

1 M.

1. Busnauaemo BiacTani L, 1a L :

2. BuszHauaeMo BIACTaHI p, Ta p, .

p=AE+ 12 =107 + 47

py=AIE+12 =147+ 1 =

= 10,77 m;

14,04 .

3. 30Ha 3axUCTy MOJABIHHOIO CTPMXKHEBOTO OJIMCKABKOBIABOMY CKJIAAAETHCS 3

30BHIIIHIX 00JacTel 30HM 3aXUCTy (HAMIBKOHYCIB 3 radaputamu hy, rp), LIO

BUKOHYIOTbCS 3a (opMyJiaMd Jisi OJMHUYHHUX CTPUIKHEBUX OJIMCKaBKOBIJBOIIB.

Po3Mipu BHYTpIlIHIX 00JACTE BU3HAYAOTHCS MapaMeTpamu /iy 1 A, IEPUIMA 3 SKUX

3ajJac

a IPyruii — MIHIMaJIbHY BUCOTY 30HU MOCEPEIMHI MI>K OJIMCKABKOBIBOIAMH.

MaKCUMAJIbHY

BUCOTY

30HM Oe3nocepenHbo Oiist  OJUMCKaBKOBIJIBO/IIB,

30Ha 3aXUCTy OAMHUYHOIO CTPHXKHEBOIO OJMCKABKOBIABOAY BUCOTOK A <30M

IPU HAAIAHOCTI 3aXUCTy P, = 0.999, BU3HAYAECTHCS PIBHAHHAMM:

hy, =0,7h

rxn — rOn ) (hOn _hx)
hOn

ry, =0,6-h,

IMH.

Apk.
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Po3paxoByeMo BUCOTH OJMCKAaBKOBIABOMAIB 1 Ta 2 BUXOASUM 3 YMOBH CTBOPEHHS

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

hy, =0,7h
Ty - —h
rx1: 01 (hOl x)’ npu Fo=pp
hOl
I"Ol 2076'h1

[IInsx0M MareMaTUYHUX MEPETBOPEHb OTPUMAEMO PIBHSHHS BIAHOCHO IIYKAHOI
BEJIMYMHMU /1y

— O’6hl (O>7hl _hx) .
0,7h, ’

P

0,42h7 —(0,7p, + 0,64 ) =0;
B =0, h=2652m.

OcratouHo npuiiMaeMo OJUCKABKOBIIBOAM 1 Ta 2 BUCOTOIO Ay = hy = 26,52 M,
TaK sIK BOHA 3aJJ0BOJIbHSIE YMOBI 3aCTOCYBaHHS PIBHSIHb NpU A2 <30 M.
Po3paxoByeMo BUCOTH OJMCKAaBKOBIABOMAIB 3 Ta 4 BUXOASYM 3 YMOBH CTBOPEHHS

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

h03:O=7h3
s - —h
ry= 03 (M3 x)’ npu ., = py;
P
ty =0,6- 7y

[IInsx0M MareMaTUYHUX MEPETBOPEHb OTPUMAEMO PIBHSHHS BIAHOCHO IIYKAHOI

BEJIMUMHU A3

_0,6h,-(0,7h; —h,) |
Pr= 0.7, ,

Apkyw
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0,42k —(0,7p, +0,6h )h, =0

hy=0; hy=31,96 M.

Bucora OnMCKaBKOBIABOAIB /3 =hys=3196 M, HE 3al0BOJIbHSE YMOBI
3aCTOCYBaHHs  piBHAHb npu  A<30M, TOMy JUIi PO3PaXyHKy BHUCOTH

OJIMCKAaBKOB1IBOIB 3aCTOCOBYEMO HACTYITHI PIBHSHHS:

hy; =[0,7 - 7,14107" (h —30)]h;
_ Ty (s =),

F3 , npun r; = p,.
Py

7o =[0,6 —1,43107* (h —30)]h;;

[IIngX0M MAaTeMaTu4HUX NMEPETBOPEHDL PO3B’A3YEMO LIKO CUCTEMY Ta 3HAXOAUMO
3HAYEHHs BUCOTH 3 OJMCKaBKOBIABOAY /3= 32.1 M, WO 3aJ0BOJIbHSIE YMOBI

3acTocyBaHHs piBHSAHB npU 30 </ <100 M.

OcTaTouHo mpuitMaeMo OJIMCKABKOBIABOU 3 Ta 4 BUCOTOMO A3 = hy = 32,1 M.
4. Po3paxoByeMO MapamMeTPU 30HU 3aXUCTy OJIMCKAaBKOBIABOMIB 1 Ta 2:

L,=L,=26Mm;
Foy =ty =0,6-h = 1591 Mm;

Wy, =My, =0,7-h = 18,56 M;

2 :r01'(hOl_hx): 10377 M;

x1

Y

2
1

Loy =[2,25-0,01007 (/4 —30) |4 = 59,67 m;
L1z = 4:25-3,57107 ( — 30) | = 112,71 w;
.y =hy =18.56 M, Ly <L,

h ,—h
Py = M =10.77m, h <h,,

cl2

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

Ly,=Ly=32M,
Ty =¥y, =0,6-h, = 19,16 M;
Moy =My =0,7 -y = 22,42 M,

o=y =T gy 04y

3
Ly, =2,25-hy= 71,55 M;

L

‘max 34

=4,25-h, = 136,18 M,

hyy=hy;=2242 M, Ly <L,y

hoo—h
I”cx34=M=14.O4M, h <h.,

c34

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

2
L, :\/(Ll)2 +(L3;L2j = 34.13 m;

6.1 bnuckaBkoBinBoau 1 Ta 3 MaroTh BUCOTY /4 =26,52 M

L.3=2,25-h = 59,67 Mm;

L

max 13

=4,25-hy= 112,71 m;
h.3=hy =18.56Mm, Ly <L,;

6.2 bnuckaBkoBinBoau 1 Ta 3 MaroTh BUCOTY A, =32,1 M

Ly =2,25-h=7155m;

L. =425 h = 136,18 m;

max 31

Ny =My =22.42 M, Ly <L

bP 5.6.141254 [13
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hs+ Ny

h. iz = 5 =20.49 m,
oy +F
013 = 01 5 03 —17.54 m,
_ rc013(hcminl3 _hx) —124wM
el hcminl3 ‘

7. Po3paxoByeMO mapameTpy 30HHU 3axUCTy OauckaBkoBiaBoaIB 1 Ta 4 (2 Ta 3):

2
L, :\/(Ll)2 +(L2 oL ;sz = 44.69 u;

7.1 bnuckaBkoBinBoau 1 Ta 4 MaroTh BUCOTY /4 =26,52 M

Ly =2,25-h = 59,67 M

L

max 14

=4,25-h = 112,71 m;

Moy = hoy =18.56m, Ly, <L,
7.2 bnuckaBkoBinsoau 1 Ta 4 MaroTh BUCOTY /4, =32,1 M

L., =2,25-h =71,55mM;

L

max 41

Ny = Moy =22.42 M, Ly =Ly

=4,25-h, = 136,18 m;

h —%:20.49 M,

cminld —

P = w ~17.54u,

roy = Te014 (hcmin14 - hx) —124m

h

cminl4

IMH.
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roprooHTantHHH nepepi3 30hh 3axncTy noKa3aHHH Ha pnc. 4.2.

PncyHOK 4.2 - roprooHTanbHHH nepepi3 30hh 3axncTy 6anckaBKOBIgBogiB BPn



BUCHOBKU

Y GakaniaBpchKiid poOO0TI 3p00JIEHUI PO3paXyHOK HOPMAJIBHOTO PEKUMY poOOTH
3aMKHYTOI €JIEKTPUYHOI Mepex1, KOHPIrypauis skoi Oyja BA3HAYCHA 3aBJIAHHSIM.

Pe3ynbratd po3paxyHKIB BTpaT MOTYXKHOCTI TMOKa3ajd, [0 HaWOIbI
NPUIATHOK HOMIHAJIBHOK HANpyrow KuiblieBoi Mepexi € Hanpyra 110 kB. 3
ypaxyBaHHSM [bOro OyaM 0O0paHi BIANOBIJHI MNEPEPI3U MPOBOIIB JJs JIIHIH
€JIEKTpOoIepeaay, a TAKOX TUIK TPAHC(POPMATOPIB HA MiACTAHLIIAX.

Jlnis icHyrouoi KoH(pirypauii 3aMKHYTOi Mepexi OyJii po3paxoBaHl mapaMmeTpH
CXEMM 3aMIIICHHS JIHIA 1 TpaHcopmaTopiB, CKJajeHa po3paXyHKOBa cxema
3aMILLEHHS MEPEXI] i BU3HAYEHI PO3PAXYHKOBI HABAHTAXKECHHSI BY3J11B MEPEXKI.

Y mnpoueci po3paxyHKIB eiaekTpuuHoi 4actuHu miacraHuii [1C-1  Oyna
MPOBE/ICHA NEPEBIPKA MPABMIIBHOCTI BUOOPY HOMIHAJIBHOI MOTYHOCTI BCTAHOBJIEHUX
TpaHcHopMaTopiB 1 3A1HCHEHUI BUOIP Ha MIACTaBI PO3PAXyHKIB CTPYMIB KOPOTKOTO
3aMHUKaHHS BUCOKOBOJIBTHUX anaparis PI1, BuUMiproBaJibHUX TpaHC(OPMATOPIB CTPYMY
1 Hanpyru.

[Ipy BUKOHAHHI1 PO3pPaxyHKIB PEJICHHOTO 3aXUCTy TpaHcdopMmaropa MiACTaHIIl]
[1C-2 OyB 3poOsieHMl PO3PAXYHOK MNO3JA0BXKHBOIO AU(PEPEHUIHHOTO CTPYyMOBOIO
3aXMCTy Ta MAKCUMaJIbHOTO CTPYMOBOIO 3axMCTy 3 KOMOIHOBAaHMM IYCKOM IO
Harnpy3i.

Jlnsa 3axucTy Bil MDK(A3HMX KOPOTKMX 3aMUKaHb 3allpPONOHOBAHMIA 3aXMUCT 3a
ponomororo pene tumy J3T-11, anga skoro OyB BHKOHAHMKA BHOIP YCTaBOK 1
PO3paxyHOK mapaMeTpiB 0OMOTOK pee.

[TpoBeacHMI PO3paxyHOK OJIMCKABKO3aXUCTY IMIJACTAHIi, [0 BUKOHAHWUHA Y
BUIJISIAI CTPUIXKHEBUX OJIMCKABKOBIABOMIB. Po3paxoBaHi mapaMeTpud 30H 3aXHCTy

OJINCKABKOBIABOIB HA BUCOTI /1, = 6 M.

IMH.
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