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BEJAEHUE

DIeKTpIYIecKad SHSPTHs ABISACTCS YIOOHBIM BHAOM SHEPIHH B SKCIIIYATALHH.
Ponmr B cucTeMax SNeKTpOCHAOKEHHA SBISIOTCH IMHHU  BIEKTpomepefad U
ICKTPUUECKUE MTOACTAHLUH.

C yBenmuueHWEM 4YHMCla MOTPEOUTENEH 3MEeKTPO3IHEPTHH B HACTOAIIEEe BpEMS
MHOTHE YYACTKH CETEH HAXOATCH B IEPETPYXKEHHOM COCTOSHHH, YTO CKAa3bIBAETCS
HaJEKHOCTh U CPOK CIYKOBI. COBpEMEHHBIN MOTpeOUTENS Oonee TpeDOBATENBHO CTAl
OTHOCHTBCA K Ka4€CTBY JIEKTPOIHEPTHH.

[IoBBIIIEHUS YPOBHS 3NCKTPOIHEPTCTUKH HAIICH CTpaHBl IBNACTCS aKTyalbHOU
npobnemoii. HyxkHO MoAecpHH3anMs NMEKTPUUECCKHX CETEH M 3NEKTPooOOpyHOBaHHA
NOJCTAHLUMN,

Llens paGoThI 3aKII0YAETCA B pacdETe PEKUMOB YYACTKA CYIIECTBYIOMIECH CETH
MpU pa3NHYHBIX Harpy3kax H B IOCJIeaBapUUHBIX pexuMax. IlpoBeaeHue aHanmsa
yJacTKa CE€TH, IpOBEpKa oOopynoBaHHs. PazpaboTka moacraHumu «Xapiaymin», Ha
KOTOPO# ILIaHUPYETCH PEKOHCTPYKITHSL.

BruimonaeHne ganHOW paboTBl  TIO3BOJIAT OOCCIIEUHTH AIIEKTPpOCHADXKEHHE

noTpeduTeNiei B COOTBETCTBUU CO BCEMHU COBPEMEHHBIMU TPEOOBAHUSIMH.

NASSRRNRNNNEN
SSSSNRNNNNNSN
SASSRRNRNNNSN

Aucm
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HMEIOMHUXCA B ceTH. B Tabnuuy 1 mpupeneM MHQOPMALMIO O MAIBIX MOACTAHLMAX.

i

1.1. Ucxoaneie DaHHEBIE CETH

I[HSI IPpOBUACHHA pacqéTa aHalIi3a CETH 3allHIOIEM JaHHBIC BCEX HO,[[CTEII—]IIHI:'I,

MomHoCTH TpaHCHOPMATOPOB B3ATH H3 [7].

1 PACYET PEXMMA YYACTKA CETH

Tabmuua 1 — JelicTByiolye NOACTAHLIUH B MAKCHMAIIBHOM PEXHIME

#

Harpyska CHIIOBBIE TPaHCHOPMATOPEI
[ToxcTaHIHS P, Q, S, Srior1s
Mapka
MBT | MBAp | MBA MBA
1 KpemeHkynb 9,90 4,2 10,75 THH-10000/110/10 10
2 Xapnymu 0,58 4.6 8,03 2xTIH-6300/110/10 6,3
3 AxGarmeRo 2,32 0,81 2,46 2xTMH-2500/110/10 2,5
4 Kynyeso 4,52 1,01 4,63 2xTIH-10000/110/10 10
5 SpaTkynoBo 2,33 0,39 2,36 2xTIH-6300/110/10 6,3
6 TpaBHUKH 1,5 0,7 1,65 - -
2xTPH- 40
7 JNyroras 7,32 2,4 7,70 A
40000/110/10
8 TumupsizeBckas 2,82 0,9 2,96 TJH-6300/110/10 6,3
9 3BATHHO 0,84 0,3 0,90 THH-6300/110/10 6,3
2xTPJIH-
10 IIepromaiika 22.5 5,63 23,19 25000/110/6/6 25
TIH-6300/110/6 6,3
11 ToMuHO 2,16 1,51 2,63 TMH-2500/110/10 2,5
2xTP/IH-
12 HoBorpaackas 33,16 4,05 334
40000/110/10/10 40
2xTPJIH- 25
13 HlepinaeBcKast 19,85 3,18 20,1
25000/110/10
14 AnmiteBo 1,98 1,39 2,42 TMH-2500/110/10 2.5
Aucm
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Ao KpymHBIX MOACTAHUME 3amuireM B Tabmuiy 2 Harpyskd  Beex
MPUCOCTNHEHUH.

Tabmuna 2 — Harpysku npucoeluHeHHH II/CT B MAKCHMAJILHOM peKuMe

IlpucoennuecHne P, MBt Q, MBAp
Yebapkynb
] I1/Ct Yebapkyms 6,3 2.4
4,6 3.9
2 [I/Ct KpaHoB
6,3 2,5
3 [I/Ct Kynapagsr 9 0,7
[1/Ct Henpsixuno 26,4 8,1
54,6 247
5 [T/KoMmpeccopHad
61,9 -7,6
6 IT/Ct ApaTtkynoBo -6,1 2,7
-9,9 -5,8
7 [1/Cr JIyrosas
9,9 -5,8
8 [/Ct Hlaxmar 3 -0,3
II/Ct Mucsm 3.5 -0,2
-85,9 -45,8
10 | OPY 220 II/Ct Yebapxyib
-94,1 -58,3
CocHoBCKad
5,9 0,7
1 1I/Ct CocHoBCKas
4,8 0,2
-3.,4 -3,3
2 YAMS3
-5,8 -2,7
3 IT/Ct Ulepnruan -4 1,3
II/Cr IlakmuHckas 7,1 5,2

IIpocyMMHpOBaB  Harpy3kH  MNOPUCOEAMHEHUN  HaWIeM  SKBHUBAJEHTHGBIC
MOIITHOCTH. s npuMepa mpuBeieM pacueT TS moAcTaHmu YebapKymb.
OmnpenenuM 3KBUBAJCHTHYIO aKTHBHYIO MOWIHOCTE P, mno caeayroluel
opmyme(1):
Pt =2 Pan» (1)

Aucm
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P 4 /
roe M — unHmekc nogcrannuu, mig w'er Yebapkyns (H),
n — HOMEp MPUCOSAUHSHUA AaHHOH TOACTAHIIHH.
Poy = Pyy + Py + Pyz + Pyy + Pys + Pyg + Byy + Pyg + Pyg + Pyyg + Pypq +
Pyiz + Pyiz + Pygy,
Py=63+46+63+9+264+546+619-61-99-99+3+35-859-

94,1= —-30,3 MBrT.
# #

OnpenenuM HSKBHBAJIEHTHYID PeakTHBHYI0 (Q, MOIMHOCTH M0 ITOZOOHOMU
$opmyme (2):
Qi = 2 Quin (2)

Qau = Quy + Quz + Quz + Qua + Qus + Que + Quz + Qug + Quog + Quip +

Quir + Quiz + Quiz + Quia,
Quyu=24+39+25+07+81+247-76+27-58—-58-03-02-

45,8 — 58,3=—-78,8.
A #

3uas P n Q, onpenemM MONHY0 MOIITHOCTE S 10 hopMmysie:
S=P+;Q (3)
Sont =Py + jQuu =-30,3— 78,8 MBA.

To, 4r0 CyMMapHas DSKBHBQICHTAS HArpy3Ka IIOJIYUMIIACH OTPHIATENILHOM,
CBHETEILCTBYET O TOM, YTO HArpysKa Ha I/CT He MOTpeOmsieTcs ceThio, a HaoGopoT
[IOACTAHIUS [IOAMATHIBACTCS, U3 CETH.

s IpyTHX MOACTAHINIM PacuéT aHAJOTHYEH, €r0 Pe3yIbTaThl MPEICTABUM B
TaduIe 4.

Tabmuia 4 — SxBUBaTICHTHEIC MOMIHOCTH IT/CT B MAKCHMAJILHOM PEKHUME.

[T/cT P, MBt Q, MBAp S, MBA
YebapKyIbcKas -30,3 -40,7 -30,3-j40,7
CocHOBcCKas -0,4 1,4 -0,4+71,4

Bcsg Harpy3ka 1 MOIITHOCTH BCEX MOJICTAHIIMN MPUBEACHKI K cTopoHe BH,

Aucm
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1.2. Bribop TpaHchopMaTOPOR Ha PEKOHCTPYHPYEMOM MOACTAHIIHH
[Io mrany Ha moacTaHUMH Xapiaymud OydeT MPOH3BOAUTCS PEKOHCTPYKIIHAL.
3amMeHa ctaporo obopyoBaHHA Ha HOBoe . BribepeM TpaHnchopMaToprl, KOTOpEE OVAYT

YCTAHOBJICHBl MOCHE PEKOHCTPYKUMH. g 3TOr0 pacmuiieM HAarpy3Kd [DONCTAHLHH

Xapnymiu B TadIuIle 5.
Tabmuua 5 — Harpysku noncraHuMu Xapiaylly B MAKCHMAaJIEHOM PEKUME
Harpyska
Bun
BH HH
HencTryromue 6,58 +j4,6 6,6+ 4,53
IMnaunpyemeie 10,5+ 36,2 10,8+ 36,5

CuHTasi MOTOKW MOIITHOCTHY B y3JIe W IIpeHe0perasd oTepsaMu B TpaHchopMaTope
M MOITHOCTBIO COOCTBEHHBIX HY’K/I, MOITHOCTH HA BBOJE paBHOIi12,2 MBA.

Bri0op TpaHcGopMAaTOpPOB BKIIOYAET B ce0A ONMpEAcICHUE THIA, KOTUYCCTBA U
HOMHHAJIBHON MOIIMHOCTH TPAaHCHOPMATOPOB CTPYKTYPHOH CXEMBI IPOCKTHPYEMOH
MOJCTAHIUH.

KonmnuecTBo TpancdopMaTopoB HA MOACTAHUUHM ONPEACIACTCA B 3aBUCUMOCTH
OT MOLIHOCTH U KAaTErOpHU SIEKTPONPUEMHHKOB, a TAKXKE OT HAIUYHSA PE3EPBHBIX
HUCTOYHUKOB THTaHUS.

Tak Kak OT MOACTAHIMH NHTAIOTCA moTpebutenu 1, 2, 3 xareropuii U MUTaHUE
OPUXOAUT TONBKO CO CTOPOHBI BHICOKOTO HANPSDKCHUS, TO IO YCAOBHIM HANACKHOCTU
TpedyeTcst ycTaHOBKA IBYX TpaHc(opMaTopoB[2].

[Ipu ycraHoBKe Ha NOACTaHLMU 0OJE€ OJHOTO TpaHC(POpPMATOpa, PacUECTHRIM
ABIIAICTCA CJIydad oOTKa3a OJHOTO H3 TpaHC(OPMATOPOB, OCTaBlIMecs B pabote
TpaHCHOPMATOpLl ¢ YYETOM NEPETPy3KH AOQDKHBI IIEpeAaBaTh BCK) HEOOXOAMMYIO

MOIITHOCTS. Hpe,unonaraeMaﬂ MOIITHOCTD Tp&HC(bOpMaTOpa ST PACCHHTEIBACTCA I10

dopmyure:
S
S, =—2 4),
o @)
TIe Starp — MOIIHOCTE IOTpeOUTENEH (Harpyskn), MBA;

Aucm
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// //
n — 4HUCI0 TpﬂHC(i]OpM&TOpOB Ha IMOOCTAaHITHH,

K3 — koadpdurnenT 3arpy3kn TpancGopMaTopoB.
Koaddunuent 3arpysxu Tpancopmatopos nprHuUMaercsa paBaeiM 0,7[4]. Tlo

#

dopmyne (1), TOTYINM:
S, = 12,2
2-0,7

3

=8,71MBA.

Brioupaem Onmmxaiineit

SHDM,T =10 MBA.

TpaHc(opMarop ¢ CTAaHAAPTHON  MOMIHOCTBIO

K ycraHoBke Ha MOACTaHUMIO BEIOVWpaeM 2 cunoBwIX TpaHcgopmaropa TJ[H-
10000/110 (cTarmuoHapHLIM CHIOBOW MACHAHBIN TpexGa3zHbpli  JBYXOOMOTOUHLII
TpaHchopMaTop 001Lero Ha3HAYEHUA ¢ PErYIMPOBAHUEM HANPSDKEHUS N0/ HATPY3KOi, ©

CHCTEMOIH OXNaXJICHHS BuUAa «J/[» — TpHHYINTCILHOW UMPKY/ISIHEH BO3AyXa M

€CTECTBEHHOH LIMPKYJIALIMENd Macia).

Tabmuna 6 — Sxcrunyarupyembie JISTT

N\

Mapxka Kon-
JTunaus P Bo | JauHa, KM
POBOAA .
encH
1 KpeMeHKyb Xapaylu AC-185 1 16,7
2 Xapaymu AxbarmeBo AC-185 1 4
3 Axbariero Kynyegro AC-185 1 18,9
4 Kynyeso SApatkynoro AC-185 1 10,3
5 SApatkynoso Yebapkynb AC-185 1 30,5
6 Yebapkynb Jlyropas AC-150 2 144
Otnaiika
7 JIyroBas AC-150 1 14
TpaeaukH
OTmaiika
8 TpaBHHAKH AC-150 1 0,4
TpaBHku
Aucm
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[Ipopomkenue TadbIUIBL 6

7 7

/

g

AN

Mapka Kon-
JTunua 0]50 a BO JauHa, KM
TPOBOI uernei
Otmaiika Otnaiixu
9 AC-150 1 13
TpaBHKU TumupszeBckas
Ornaiiku
10 Tumupszesckas AC-70 1 9.4
TumMupsizeBckas
Ornaiiku
11 Otnakiky 3BArHHO AC-150 1 15
Tumupssesckas
Otnaiixy
12 3BATHHO AC-70 1 6,4
3BIATHHO
Ornatixu
13 Otnatiky 3BAaruHO AC-150 1 30
TpasauKH
Ornatiku
14 OTmasixa Tommno AC-150 1 10
3BATHHO
OTtmaiika
15 Tommno AC-150 1 9,1
Tomuno
Ornaiika
16 IlepBomaiika AC-150 1 19
Tomuno
17 Ilepomaiika Otnaiky 3BATHHO AC-150 1 22
18 TomuHO Anumepo AC-150 1 3,6
19 Anuineso CocHoBcKas AC-150 1 3
20 CocHoBckast [IepHeBckas AC-240 | 8
21 [lepHeBCKas Hogorpaackas AC-240 1 5,8
79 Hogorpanckas ITaron AC-240 1 5
23 laron KpeMeHKyb AC-185 1 20
fuem
130302.2018.220 II3 3
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mapaMeTphl

CIPABOYHUKOB M THIOBHIX pelneHui. HanaeMm cpeanee reoMeTpudeckoe pacCTOSHHE

1.3.

OnpenenuM mapaMeTpsl CXEM 3aMEIICHHs JHHUH. [ 3TOro HaWzeM yaelbHBIE

ITPOBOIOB.

i

[TapaMeTpbl OCHOBHOT0O 000pYIOBaHHS

HeobGxonuMele I8 pacuera JaHHEBIE

Mexny (Gasamu D, ; o dopmyne(5):

Ta0IMII

OnpenenuM quameTp nporoaa B gase d amt nporoga AC-185/29 mo gopmyne(6):

S

o o/ =2,
/ 74 %

Pucynox 1 — [1-o6pa3nas cxema 3aMEIICHH

DCp.r‘ = 3\/]312 *Dy3 "Dy

rae  Dy,, Dya3, Dy3 — paccrosaue mexay dazamu A, B, C, mm.

s opvonennbix quaun 110 xB:
D12 =4518 MM, D13 = 5800 MM, D23 = 6300 mm.

s neyxnennsix quHui 110 kB:
D12=D23 =4518 MM, D13 = 8000 MmMm[6].

Cpeanee reoMeTpUUIECKOE PacCTOSIHUE A1 ONHOIENHBIX JTuHui 110 xB:

ﬂﬂﬂ OCTaBIIHXCA IIPOBOTOB DPACHUCT aHAOTHYCH, €Ic pE3VIbTaThkl 3aHCCCM B

v .

Dcp.r

|| =4/4518-5800- 6300 = 5486 Mm.

a= A F

OIIpCIaCciIinM H3

7

#

(5)

m ©)
& /
130302.2018.220 IT3 "
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d= =15,18 Mm°.

e F — ceuenne nposoza, s AC-185/29 pasro 181 mm’[7].

I[J'ISI OCTABIIHXCA IIPOBOJOB DPACHCT AHAJIOTHYCH, €re pe3yiabTaTkl 3aHCCCM B

A 7

Tabmuua 7 — CnpaBouHbIe MapaMeTPE! THHUI

TadmuIy 6.

Mapka Uson, KB Depr, MM F, mm d, MM AP0, MBT
AC-150/24 110 5486 148 13,727 0,06
2 x AC-150/24 110 5466 148 13,727 0,05
AC-185/29 110 5486 188 15,472 0,12
AC-240/32 110 5486 216 16,584 0,2
AC-70/11 35 4425 68 9,305 -

AKTHBHOE YZIENBHOE COIPOTHBIEHHE IIPOBO/A Ty, ONPENEINM 0 GopMyIIe:

Loy = % . KHPOB, (7)

TAE P — YAEITBHOES CONTPOTHBIICHUE TPOBOJA, A aTFOMUHAA 29,5 OM/KM ;
Knpos — KO QUIMEHT NPOBHCA, yMATEIBAIOLINH THKEHHE IPOBOAA, 1,02;

[TpoBeneM pacuét ana mpoeoga AC — 185/29

29,5 OmMm
ryﬂlgs = E . 1,02 = 0,166 —

KM

s npyx1iennHOM JUMHUHA 110 dhopmyde (8):

c _ Lymss
yn2x185 — s
2 (8)
0,166 OmMm
Fyonns = = = 0,088 —=.
ya2x183 7 KM

JI71st OCTANTBHEIX AW PacueT OyAeT aHATOTUIHEIM €T0 PE3YJIbTATH MPESICTABHM B

& F &

Tabaure 8.

Aucm
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WHaykTHBHOE YAENBHOE CONPOTUBIEHHE IPOBOJA Xy, A Mapku AC — 185/29

onpeaeanm 1o gopmyre(9):
x.. =0,144-log——PT 1 0,016,
¥a d (13)
2.D .
X y185 =0,144 - log ——PT185 L 0 016.=0,144 - log 22950 1 0 016 = 0,428 M.
185 15,18 KM

JJ1 IBYXIENHOM IMHUU X, IPHUHHMACM B JIBa pa3a MeHbIIe. /(118 apyrux muHuH
pacuét OymeT aHaJIOTHYHBIM €T0 Pe3yABTAThI PeACTaBUM B TaOmuie 8.

AKTHBHYIO yAeIbHAS TPOBOANMOCTD U KPUTHUCSCKOS HANPSIKESHUE JIJIS IIPOBOJIA
AC — 185/29 naiinem no gpopmynam(10) n (11):
AP

KOp
a

Byn =72
Ustom (10)

rne AP~ morepu Ha Kopony.

APopiss _ 0,12-107° _9.917.10° &M
U2 1102 ’ KM

HOM

Eyal8s =

_ cp.r
UKp—3,2..3,5-d-log T

(11)

2-Depriss
U]cplgs =3,2..3,5 -d]85 10g$

~3,2.3,5-181-log 2436 _

185
=138,88..151,9 kxB.

Haa ocranpupix mposogoe BJI 110 kB mo dopmynam (10) u (11) nposexem
pacyeT, ONpPeIeIUM AKTHBHYI) IIPOBOANMOCTD I KPHTHIECKOE HAIIPSDKEHUE , €CITH

Uy, > Ugon, TO TOTEPH HA KOPOHY B HOPMAIBHOM PEXKHME MOXKHO HE YUUTHIBATD.
Pesynerath pacuera mpeacTaBuM B Tabnuue 8.

EMrocTHyI0 ymensHas mpoBoguMocTh g nipoRoma AC — 185/29 maiinem 1o

dhopmyme (12):
7,56 -107°
R
log cp.r
d (12)
—1 — —1 130302.2018.220 I13 %
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7.56-107° 7.56.107° Cm

= 2 = 2 :2 ]—_

Pyniss logz'Dcp.rlss lo 2-5486 20 KM
digs 181

Hist octaneneix mpoBozoB BJI 110 kB pacuér Oyner amanoruveH, pe3yibTaThl

A 7

Tabnuua 8 — YnenvHeie napaMeTpsl NPOBOJAOB.

3AMAIIEM B TabmuIy 8.

Mapka 10°, by, 10°°,
P Tyn, OM/KM | Xyp, OM/KM S Uy, kB -
Cm/km Cm/km
AC-150/24 135,6..155,
0,203 0,429 0,00496 5 2,63
2 x AC-150/24 254,3..278,
0,102 0,215 0,00413 ) 5,3
AC-240/32 149,7..163,
0,139 0,422 0,00163 " 2,68
AC-185/29 0,16 0,428 9,917 138,9..151,9 2,57
AC-70/11 0,448 0,445 - - -

ARy #

3Has YAEIBHBIC TAPaMETPERL BCEX IMTPOBOIOB B HaIeun CXEME, HalJIeM mapaMeETPRI

CX€M 3aMEIICHUS JIMHUHN, NI 3TOTO VACTLHBIC 3HAYCHUS YMHOXKUM Ha JUTMHY JTHHHH |

Fn = Tya~ L, (13)
Xy =Xy 1, (14)
g1 = 8yn' L, (15)
by =Dy, 1. (16)

[TonHoE COMPOTHUBIEHNE IMHYH Z,; OPEAEM 10 (POPMYIIE:
7, = T2+ x2. (17)

PesynpraTel pacuéToB CBeeM B TaOIULy 8.

# #

NE \

Aucm
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Tabmuna 8 — ITapametprl 11 — 0Opa3sHON ¢XeMEI 3aMeIlICHUS.

/

i

Har,

Aucm
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Aomo

Mapxa Jlmma, . X, Zyis g, 10°, b, 107,
HpoBoAa o Om/km | Om/xkM OmM/KM CM/km Cm/xm
1 AC-185 16,7 2,67 7,13 7,62 0,17 44,26
3 AC-185 4 0,64 1,71 1,82 0,04 10,60
3 AC-185 18,9 3,02 8,07 8,62 0,19 50,09
4 AC-185 10,3 1,65 4,40 4,70 0,10 27,30
5 AC-185 30,5 4,88 13,02 13,91 0,30 80,83
6 AC-150 14,4 1,47 3,10 343 0,06 76,32
7 AC-150 14 2,84 6,01 6,64 0,07 36,82
8 AC-150 0,4 0,08 0,17 0,19 0,00 1,05
9 AC-150 13 2,64 5,58 6,17 0,06 34,19
10 AC-70 9,4 4,15 4,15 5,88 0,00 23,50
11 AC-150 15 3,05 6,44 7,12 0,07 39,45
12 AC-70 6,4 2,83 2,83 4,00 0,00 16,00
13 AC-150 30 6,09 12,87 14,24 0,15 78,90
14 AC-150 10 2,03 4,29 4,75 0,05 26,30
15 AC-150 9,1 1,85 3,90 4,32 0,05 23,93
16 AC-150 19 3,86 8,15 9,02 0,09 49,97
17 AC-150 22 4,47 9,44 10,44 0,11 57,86
18 AC-150 3,6 0,73 1,54 1,71 0,02 9,47
19 AC-150 3 0,61 1,29 1,42 0,01 7,89
20 AC-240 8 0,98 3,38 3,52 0,01 21,44
21 AC-240 5,8 0,71 2,45 2,55 0,01 15,54
27 AC-150 5 1,02 2,15 2,37 0,02 13,15
23 AC-185 20 3,20 8,54 9,12 0,20 53,00
# /
fucm
130302.2018.220 I13
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1.4. Onenka ©6anaHCOB AaKTUBHOM M peaKTHBHOW MOIIMHOCTH B
CYLISCTRYIOWICH CETH.

Onenka ©OajmaHca aKTHBHON MOIIHOCTH HEOOXOAUMO JUISI  BEIABICHUS
JOCTATOUHOCTH MOIUHOCTEH, CYLICCTBYIOIIMX MI.CTAHLUH W ONPEAC/ICHHS HAIHYHS U
BEJIMYMHEl II€PETOKOB MOIMHOCTEH MEXKAY CYIIECTBYIONMIEH CEThIO H OCTAIbHOM
3HeprocucTemMoii. BennumHa nebananca akTUBHOM MOIDHOCTH AP,; Moxer OBITB
paccunTana 1o gopmyne(18):

APHG = PEHarp +AP+ PC.H. - PEBJT.CTaH

(18)

CyMMa aKTHMBHBIX MOILHOCTEH HAIPY30K Ha KaXKNOH noacTanuuu Py, paBHa:

16
PEHarp = Zpi
i1 (19)

Prgarp = 9,90+ 10,5+ 2,32+ 4,52+ 233+ 15+732+282+084+ 22,5
+ 2,16 + 33,16 + 19,85+ 1,98 — 30,3 — 0,4 = 87,08 MBT.
Tak KaK MOIITHOCTH Harpy3OK IIPUBEICHBI K BBICOKOH CTOPOHE, TO IIOTEPH B
TpaHc(OpMaTopax HE YYUTHIBAIOTCS, a IIOTEPH aKTUBHBIX MOITHOCTEH B mHHHsAX AP

PABHbBI:
AP =AP;y =0,02 - Py, (20)
AP =0,02-87,08=1,742 MBT.

s moacTaHiMii M BNEKTPOCTAHIMM AKTUBHBIE W PEAKTHBHBIC MOIMHOCTU
COOCTBEHHBIX HYKJA YK€ YUYTEHBl B MPUBCIACHHBIX HArpy3Kax, IOITOMY OTAENBHO
BBICUMTEIBATE COOCTBEHHBIE HYKIIBI HE Oy/IEM.

AKTHBHas MOLIHOCTE IEKTPOCTAaHUUHU Py, orapy = Per=0,T.K HA - YUaCTKE CXEMBI
HETY MEKTpocTanmuii, Tak Kak MBI paccMaTpUBaeM yYaCTOK CeTH, €3 IEeKTPOCTaHIIHH
U CTPOMTENILCTBO MX HE IpEIycMaTpHUBaeTCs, TO BCA HEOOXoaumas MOIIHOCTH OyAeT

HOTpGﬁJ]HTbCH H3 JHEPTOCHUCTCMEI. Torma akTHBRHAS MOIIHOCTD HeOananca PaBHa:

AP,4 = 87,08 + 1,742 = 88,822 MBT.

Aucm
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Paccuutaem 6amaHc peaI{THBHOIL:I MOIITHOCTH B cymecmyromef«i ceTH. BemuunHa

HebanaHca peakTHBHOH MOIMHOCTH AQys MOKET OBITh paccunTaHa mo gopmyae(21):
AQHG = QEHarp + AQ + QC.H. - QZaﬂ.CTaH - QZKOMH - AQE3 : (21)

CyMMa pPEaKTHBHBIX MOIIHOCTEH HATPY30K HA KAKAOW NOACTAHIMH Qzyarp
paBHa:
16
QEHarp = ZQI
i=1 (22)
Qsparp =42 +6,2+0,81+1,03+0,39+0,7+24+09+03+563+151+

4,05+ 3,18+ 1,39 — 40 + 1,4 = —8,23 MBAp.

IToTepn peakTUBHBLIX MOIIHOCTEH B JIMHUAX A(Q) paBHEL:
AQ =AQp =0,05- Qs (23)
AQ==0,05-(-8,23) = —0,412 MBAp.
PeakTHBHAS MOIHOCTH ANEKTPOCTAHIMH Qxy; cran= Qxr= 0 MBApD.
Tax kak Ha y9aCTKE CXEMBI HET 3JICKTPOCTAHIIUH.
MOLHOCTh KOMIICHCHPYOIUX YCTPOHCTB Qyyomn, HE YHHTBIBAEM, NOTOMY HTO B
CYIIECTBYIOIIER CXEME OHU OTCYTCTBYIOT.
3apsaaHasd MOIOHOCTh, T'eHepupyeMas JHHUAMH, yuuTeiBaeTcs 11 BJ1 110 kB,
JUISL IBYXIIEMHBIX B JIRa pa3a OONbIIe.
E€ moxHO0 HaiiTi 1o dopmyie:
AQs, =0,03 (Ig1xq10 + 2 Ix2110) (24)
tae ly14110 — CyMMapHag qmuHa ogHouenHex BJI 110 kB, pasua 287,1 M;
ly25110 — CYMMapHas JuIMHHA JpyxuenHex BJI 110 kB, pasHa 28,4 M.
AQs, =0,03-(287,1+2-28,4)=10,317 MBap.
[TocuuTaeM BenHuMHY He0anaHCca PEAKTHRHON YHEPTUU:
AQ, s =-8,23-0,412+10,317 =1,675 MBAp.
[To pe3ynbTary BeTUUHHEI HebamaHca BUHO BCA HeoOXOAUMAs MOIITHOCTE OyaeT

MOTPeOIISTECA U3 SHEPTOCUCTEMBI.

130302.2018.220 I13
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1.5. Ilposepka cocTosaHUS AeHCTBYIOMIErO 0O0PYA0BAHUA CETH
[IporepuM TeperpyXeHBl JH TPAHCHOPMATOPH HA TOOCTAHIHAX UIL JTOTO
onpenenuM koadduruentel 3arpysku  TpaHcdopmaropoB K., u kodddurment
neperpy3ki Kpe,. KoadduuneHnTel cpaBHMM ¢ HOMHHANBHBIMH M CHENAEM BBIBOLBI O

3arpyske TpaHchopMaTopoB.

K, ——mn

P2 SHOM.T (25)
K oy <0,7. 26)
K= s

" SHOM.T (27)
Knep <1,4. (28)

[Mposepum tpancdopmarop TAH-10000/110/10ycTaHOBNIECHHBIA Ha TOACTAHIIUN
Kpemenkynmb. MONIHOCTH Harpy3kd M HOMHHAJIBHYI0 MOIIHOCTH TpaHcdopmaropa

BO3bMeM H3 TaOIUIE! 1.

Koy =3 _ 537,
210

0,537 <0,7.

10,75
Kop == =1075,

1,075 <1,4.
U3 pacuera BuaHO, 4TO TpaHcHOpMATOp HE INEpPerpykKeH W He HYXKAdeTcs B
3aMeHe, aHATOTUYHBEIH pacuéT MpoBedeM MU OCTABIUUXCA MOACTAHLMUH U pe3yabTaThl
3amAIneM B Tabmuiy 9.

Tabaua 9 — Ouenka 3arpy3ku TpaHcdOPMATOPOB

SIIal'ps SIIOH‘LT’
IloncTaHiiusa Mapka p-pa MBA | MBA Kaarp | Kiep

1 KpeMeHKYIb TIH-10000/110/10 10,75 10 |0537]1,075

2 Xapmymm 2xT/AH-25000/110/10 12,19 25 0,24 | 0,516

3 Axbarieso 2xTMH-2500/1106/10 2,46 2,5 10,492 (0,984
Aucm
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[Iponoxkenus Tabmunel 9

SHarp: SHOM.TS
ITopcranmus Mapxka Tp-pa MBA | MBA Kaarp | Kep
4 Kynyero 2xTAH-10000/110/10 4,63 10 |0,231 0,463
5 ApaTkynoBo 2xTHH-6300/110/10 2,36 6,3 |0,187|0,374
6 TpaBHHKH -
2xTPH-25000/110/6/6

2| Mepromaitca AH 13 25 0,269 | 0,538

TAOH-6300/110/6 6,47 6,3 |[0,513|1,027
8 TumMupszesckas THAH-6300/110/10 2,96 6,3 |0,235|0,467
9 3BATHHO TH-6300/110/10 0,90 63 |0,0710,143
10 JIyropas 2xTPIH-40000/110/10 7,70 40 0,1 | 0,19
11 Tomuno TMH-2500/110/10 2,63 2,5 10,526 1,052
12 Hosorpaackas 2xTP/TH-40000/110/10/10 | 334 40 |0,417 0,835
13 [epmHeBckas 2xTPAH-25000/110/10 20,1 25 [0,402 | 0,804
14 AnureBo TMH-2500/110/10 2,42 2,5 |0,484 | 0,968

N\

U3 Tabnmuuwr 9 crnemyer, uto TpancdopMaTopsl paboTaoT 03 Ieperpy30K U HE
HYXJAITCS B 3aMEHe.

1.6. Pacuér pexxnMOB CETH.

[Tposenem pacuér cetu B mporpamme NetWORKS.

PaccuntaeM peXnM CETM B peXUME MaKCHMAalbHBIX Harpy3ok. CocTaBuM
Tabmuity 10 B KOTOpoIt 3allMIeM TOKU B KQKAOH JUMHUM U HA YYacTKaX JTUHUIA. 3Had TOK
oTipeaenyM Ko3()UIUEHTH 3arpy3kd JUHUH K,up, H pabodyrd IUIOTHOCTH TOKA jp.
DKOHOMHMYECKYH IUIOTHOCTE TOKA | cuuTaeM papHoi 1 [7].

B 5KOHOMHYECKOM OTHOLLICHUMH HAWIY4IIMM OyOeT TOT BAPUAHT, MPH KOTOPOM
CyMMa IIPUBEJCHHBIX 3aTpaT CHU3UTCS JO MHHHAMYMa, 4TO OyZIeT COOTBETCTBOBATH

ONpEeaACcICHHOMY CCUCHHIQ NMPOBOJIOB IMHUHK, HA3BIBACMOMY 3KOHOMUYCCKHUM CCHCHHCM

Z
#

/
o

7
#

Hzm | Aucm N dorym.

flodnure

Aomo
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Tabmuna 10 — Toky B NTHHUSX MPH MAKCHMAJIBHOR Harpyske

Kom-
Ne JInHus BO Jlmna, LA | [,A E,
" KM MM
JIun nenen
1 [Mlaromn KpeMeHKyn 1 20 AC- 138,23 | 605 | 244
© PEMEHEY 240732 |
2 Kpemenkyns | Xapiymm I 167 | 2 106,05 510 | 185
PEMEHKY T apry ’ 185/29 ’
AC-
3 Xapnywu AxbameBo | 4 185/29 105,46 | 510 | 185
AC-
4 AxbameBo Kynyeso 1 18,9 185/29 105,43 | 510 | 185
AC- _
5 SApatkynoBo Kynyeso 1 10,3 185/29 107,86 | 510 | 185
AC-
6 Uebapkyns | SpartkymoBo | 30,5 185/29 107,91 | 510 | 185
2xAC-
7 YebapKkyib JIyroBas 2 14,4 150/24 154,2 | 900 | 300
2xAC-
8 JlyroBas Ot TpaBuuKH 2 14 150/24 122,63 | 900 | 300
AC-
9 Ot TpaBuuku | TpaBHUKH 1 0,4 150/24 8,14 | 450 | 148
AC-
10 Ot TpaBuuku | Ot THMHpi':[B 1 ) 13 150/24 63,98 | 450 | 148 |
[Ipomomkenue Tabmuier 10
Kon-
Ne ) — 5o JnuHa, L A I, F,
. KM A MM
JInn. [EneH
1 Ot Tumupss Tumupss 1 9.4 AC- 14,46 | 265 63
70/11
AC-
12 Ot Tumupss Ot 3BsTUHO 1 15 150/24 54,94 | 450 | 148
13 | Or3samso | 3ssruso 1| 64 | AC ] 43 | 265 68
70/11
Aucm
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[Iponomkenue Tabmuiel 10

7

Kon-
Ne Junusg BO Jmana, I, A L F,
Ny KM A MM
JIum. HEeTneH
14 Or T'paBHNKHA Ot 3BATHHO 1 30 AC- 55,01 | 450 | 148
P 150/24 | >
AC-
15 Ot 3Baruuo Ot TomunO 1 10 150/24 67,57 | 450 | 148
AC-
16 ToMuHO Ot TomMuHO 1 9.1 150/24 90,46 | 450 | 148
. AC-
17 Ot ToMuHO IIepBomaiika 1 19 150/24 59,11 | 450 | 148
. AC-
18 Ot 3saruno | IlepBomaiika 1 22 150/24 60,73 | 450 | 148
AC-
19 Anmiieso ToMmuHO 1 3.6 150/24 92,48 | 450 | 148
AC-
20 CocHoBckas AJuimeBo 1 3 150/24 95,5 | 450 | 148
AC-
21 | llepmnuerckas | CocHOBCKas 1 8 240/32 90,2 | 605 | 148
AC-
22 | Hoeorpanckasn | LlleprmaeBckas 1 5,8 240/32 171,95 | 605 | 244
AC-
23 [Taron Hosorpaackas 1 5 150/24 335,19 | 450 | 148
I
Ksarp :I_ﬂs
A (29)
rme I, — TOK B JIMHHMH,

[; — IIUTENBHO AOMYCTUMBIN TOK JUIs THHUH,

#

iy <1

(30)

(1)
(32)

Har,
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Pucynox 2 — Kapra pe:xXuMOB MaKCUMalbHEIX Harpy3o0K

Haiigem Ko, 1 jp At muaun laron — Kpemenkyns.

138,23
=220 —(),23,
P 605

0,228 <1,

138,23
o= "ua
0.56<1.

=0,56,

W3 pacuéra cnenyert, yTo THHUS B MAKCHMAIBLHOM PEKHMME HE MEperpy:KeHa, u
nepenada IeKTPOIHEPTUH IO HEH SKOHOMUYCECKH BRIFOgHA. Takou ke pacuér crenaem
JUTS OCTABIIMXCA JIMHUEM, €T0 Pe3yJIBTAT 3anuieM B Tabmuiy 11.

Tadmuua 11 — OneHka 3arpy3Kd THHUHA B MAKCUMAIEHOM PEKHME

JInans .
Jp Karp
1 [laron KpeMeHkyIb 0,56 0,23
2 KpeMeHKyIb Xapiryy 0,57 0,21
3 Xapnymm Axbarmmero 0,57 0,21
4 AkGaieBo Kynyero 0,56 0,21
5 Spatkynoso KyiyeBo 0,58 0,21
6 Yebapkynp ApaTtkynoBo 0,58 0,21
Aucm
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[Ipopomxenue Tabmuuet 11

JIunns i, Kooy

7 Yebapkyne Jlyropas 0,51 0,17

8 Jlyrosas Ot TpapHUKU 0,40 0,13

9 Ot TpasHuKHU TpaBHUKH 0,05 0,02

10 Ot TpaBHHKH Ot Tumupas 0,43 0,14
11 Ot Tumupss Tumupss 0,21 0,05
12 Ot Tumups3 Or 3BaruHo 0,37 0,12
13 Ot 3BATHHO 3BATHHO 0,06 0,02
14 Ot TpaBHHKHU Ot 3BATHHO 0,37 0,12
15 Ot 3BaAruHoO Ot Tomuuo 0,45 0,15
16 ToOMUHO Ot ToMuHO 0,61 0,20
17 Ot TomuHO IlepBomaiika 0,39 0,13
18 Ot 3BArvHO [TepBomaiika 0.41 0,13
19 Anuineno Tomuno 0,62 0,20
20 CocHOBCKas Anuieso 0,64 0,21
21 lepuraesckas CocHoBcKasg 0,36 0,14
22 Hosorpaackas IIepmmHeBcKas 0,70 0,28
23 Iaron Hogorpanckas 2,26 0,74

NEPErPYKATCA, U 3aMCHATH UX HE CIEIVET, OnHako Tak ke BUIHO, UTO IIO JHHHH

Hlaron-HoBorpagckas, 3MCKTPOSHEPIUA ICPEJACTCA II0 JIMHAAM HE 3KOHOMHYHO,

U3 Ttabmumel 11 BHAHO, YTO MpPH MAaKCUMAJIBHOH HArpy3ke JIMHHHM HE

MO3TOMY 5TH JIHHHH PECKOMCHIAYETCA 3aMCHHTE.

a0CONIOTHYK) U OTHOCHUTENBHYK IMOTPENIHOCTh HANPSKEHUH Ha IIMHAX IOJCTAHIUM
OTHOCUTEILEHO HOMUHAIBHOTO U, = 110 kB, CpaBHUM OTHOCHTENBHOE OTKIIOHEHHE C

MpeacJabHO JOIIYCTHMBIM OTKIIOHCHHCM.

3anumieM HampsDKEHMS Ha MIMHAX noAcTaHuui B Tabmmuy 12, Haitgem

AU, =U; = Uy, (33)
rac UH - Ha.l_[pﬂ}KeHHe HA ITHHAX NOACTAHLIHH.
AU, = (M) 100%,

HOM (34)

~10% < AU, <10%. (35)
Aucm
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Haiinem OTKIOHEHHS HAaIllpAKCHHA HA NOACTaHITHH erMeHKyJII:.

AU, =110,06-110=0,06xB,

0,06
110

PaccunraeM OTKIOHEHHMA HANPAKCHUNA IS APYTHX TOACTAHIMM W pe3yibTar

# F #

Tabmuma 12 — HampspkeHue Ha IIMHAX TOACTAHIMHA TPH MAKCHMAIBHBIX Harpy3Kax

Unom, | U, AUa,

AU, =(

)-100% = 0,05 %.

3amuiteM B Tabmuiy 12,

Hazpanne B B B AUo, %

1 [ITaron 110 110 0 0

2 KpemeHKyIb 110 | 110,06 | 0,06 0,05
3 Xapmymu 110 | 110,61 | 0,61 0,55
4 AxOameno 110 110,89 | 0,89 0,80
5 Kynyeso 110 112,34 2,34 2,12
6 SparTkyioBo 110 | 113,22 3,22 2,92
7 Yebapkynb 110 | 115,88 | 5,88 5,3
8 Jlyrosas 110 | 115,03 | 5,03 4,5
9 Ot TpaBHUKH 110 (112,16 | 2,16 1,96
10 TpaBHIKN 110 | 112,16 | 2,16 1,96
11 Ot Tumupsas 110 | 111,48 | 1,48 1,34
12 Tumupss 110 | 111,35 | 1,35 1,22
13 Ot 3BATHHO 110 | 110,79 | 0,79 0,71
14 3BATHHO 110 | 110,76 | 0,76 0,69
15 Ot ToMuHO 110 | 110,26 | 0,26 0,23
16 Tomuno 110 | 109,94 | -0,06 -0,05
17 IlepBoMaiika 110 | 109,88 | -0,12 -0,10
18 AJIMIIEBO 110 | 109,85 | -0,15 -0,13

19 CocHoOBCKasd 110 109,79 | -0,21 -0,19
20 IllepmiHeBCKad 110 109,61 | -0,39 -0,35
21 Hororpaackas 110 | 109,67 | -0,33 -0,3

M3 Tabmuisl BUAHO, YTO HANpSKEHME HA TOACTAHIHAX HAXOMUTCS B
JOMYCTUMBIX MpeaeNax, 4YTO IO3BONAET OOeCHeUnTh HaANekallee KauyeCcTBO
aekTposaeprrn  IIpoBeseM pacHér 4t pekKuMa, MUHUMANTBHBIX Harpy3ok. B ganHoM
pPeKMME MOLIHOCTh Harpy3ox paBHa 70% OT MOIHOCTH B MAKCHMAJIbHOM PEKUME.

Cocrasum Tabmunet 13 u 14 B KOTOPEIX OTpa3HM HATPy3KH B MHHUMAIBHOM PEKIME.

Aucm
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Tabnuna 13 — Harpy3kn AelCTBYIOIIMX HOACTAHIIUN B MUHUMAJIEHOM peKUMe.

Harpyska
IMoacTanmus P, Q, S,
MBr | MBAp | MBA
1 KpemeHKyIB 6,93 4,2 8,1
2 Xapmyimu 7,35 3,22 8,02
3 AxoOareBo 1,62 0,57 1,72
4 Kynyego 3.16 0,71 3,24
5 SpaTkynoro 1,63 0,27 1,65
6 TpaBHUKH 1,05 0,49 1,16
7 JIyrosas 1,12 1,68 2,01
8 TumupsizeBckas 1,97 0,63 2,06
9 3BATHHO 0,58 0,21 0,62
10 [Mepomaiixa 15,75 3,94 16,23
11 ToMuHO 1,51 1,06 1,84
12 Hosorpaackas 21,21 4,05 21,59
13 lepmHeBcKas 13,89 2,83 14,17
14 Amnimeso 1,38 0,97 1,69

Tabmuua 14 — DKBHBAIEHTHBIE MOILIHOCTH TI/CT B MHHUMAJIBHOM pPeXKIME.

Il/er P, MBr Q, MBAp
Yebaprynnckas -21,21 -28.49
CoCHOBCKAs -0,28 0,98

B MUHHAMaIBHOM peXVME HAarpy30K HE OLICHMBACTCS 3arpy3ka JIMHHI, TOTOMY

9TO CCJIH JIMHHH HC IICPCIPYKAKTCA B MAKCHMAJIIBHOM PCNKHUMC, TC H B MHHHMAJIIEHOM

OHH HC 6y,Ily1" NCPCTPYKCHEI. OLCHHUM TONBKO HanpsAKCHHC Ha INHHax MOACTAHIHA.

Pesynwrater pacaéra 3aHecem B Tabmuiy 15.

Tabnunoa 15 — HanpsikeHHe Ha IIHHAX NOACTAHLIUH.

Haspanue Unowm, kB Un, kB AUa, kB Ago’
0
1 Taros 110 115 5 4,54
fuem
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[Ipopomkenue Tadbmuiet 15

2 Kpemenkyite 110 115,24 5,24 4,76
3 Xapuyu 110 115,75 5,75 5,22
4 Axbammeso 110 115,96 5,96 5,41
5 Kynyero 110 116,99 6,99 6,35
6 Apatkynoro 110 117,61 7,61 6,91
7 Uebapkyinb 110 119,45 9,45 8,59
3 JIyropag 110 118,87 8,87 8,06
9 Ot Tpapuuku 110 116,9 6,9 6,27
10 TpaBHUKH 110 116,9 6,9 6,27
11 Ot Tumupssz 110 116,43 6,43 5,84
12 Tumupss 110 116,34 6,34 5,76
13 Ot 3Baruuo 110 115,92 5,92 5,38
14 3BSTHHO 110 115,91 5,91 5,37
15 Ot TomuHO 110 115,51 5,51 5,00
16 TomuHo 110 115,21 5,21 4,73
17 IIepBomaiika 110 115,29 5,29 4,80
[Ipogomxenue Tabmuiet 15

18 ANHIIEBo 110 | 115,12 | 5,12 4,65

19 (CocHOBCKas 110 | 115,05 | 5,05 4,59

70 | Hepmnesckas | 110 | 114,85 | 4,85 4,40

21 | Hosorpaackas | 110 | 114,84 | 4,84 4.4

Haubompline TOKH B JHHHMAX, 4 3HaYMT M Teperpyskd NnHHHH Oyayr

HaOmopaTbCcd B aBapUilHBIX pexumax. llpoBeaem pacuér aBapHMHHBIX PEKUMOB CETH.

PacemorpuM cnyuau, KOrjja OTKIIKOMAETCS O/HA U3 JIMHUH.

TOKaMH JIMHWH B aBAPHIHBIX pEXHUMAaX,

CoctaBum Tabmuny c

Har,

Aucm

N dorym. flodnuce

Aomo
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Tabnuna 16 — Toky B IMHUSX NPU NOCICABAPUIHOM PEXKUMAX.

N

N

Pucynok 2 — Kapra pe:kHMOB MUHUMAIIBHBIX HAIPY30K

R

\\

N\

Ham | Aucm

flodnure

N dorym.

Aomo

Ne | Ne Jlunns K:;I Hmvunaa
Apa | Jlun ’ Mapxka Ipac.
S u%r[e KM
2 | 2 | Kpemenkyns | Xapiaym 1 16,7 AC-185/29 55,09
3 3 Xapaymmu AxbanteBo 1 4 AC-185/29 | 116,78
4 | 4 Axbaimeso Kynyeso 1 18,9 AC-185/29 | 128,76
5 5 | Sparxynoso Kynyepo 1 10,3 AC-185/29 151,13
6 | 6 | Yebapkynsr | SpaTkynaoso 1 30,5 AC-185/29 | 161,46
7 7 Yebapkyib H?Baﬂ 2/ 14,4 2xAC-150/24 ]4554/
& /
fuem
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[Iponomkenue Tabmuuel 16

R

O

8 8 Jlyrosas Ot Tpagauku | 2 14 2xAC-150/24 | 14224
9 | 9 | Or Tpasuuku | TpaBHHKH 1 0,4 AC-150/24 8,17
10 | 10 | Or Tpasuuku | Ot Tumupss 1 13 AC-150/24 | 74,52
10 | 11 | Or Tumupsas Tumupsi3 1 9,4 AC-70/11 14,51
9 | 12 | Or Tumupsas | Or 3paruso | 15 AC-150/24 79,42
9 13 | Ot 3paruno 3BATHHO 1 6,4 AC-70/11 431
9 | 14 | Or Tpasuuku | Ot 3BAruno 1 30 AC-150/24 71,8
9 15 | Ot 3paruno Ot ToMHHO 1 10 AC-150/24 143,77
10 | 16 Tomuno Ot ToMuHO 1 9,1 AC-150/24 218.8
10 | 17 | OrTomuno | IlepBomaiika 1 19 AC-150/24 85,45
9 9 | Or3aruno | IlepBomaiika 1 22 AC-150/24 | 47,04
11 | 19 Anuineso Tomuno 1 3,6 AC-150/24 224.8
12 | 20 | CocnoBckas AnumieBo 1 3 AC-150/24 | 230,61
13 | 21 | llepuiHeBckad | CocHOBCKad 1 8 AC-240/32 | 226,18
14 | 22 | Hoorpancwas | D oPHNERK | sg | AC24052 31103
23 [Llaros H"Boar;’aﬂ‘m 1 5 AC-240/32 | 472,07
[Iponomxenue Tabmuubl 16
No Ne
As. | T 2 3 4 5 6 7 8 9
1 1 53,6 | 114,57 126,99 150,09 161,66 134,13 | 146,35 | 140,92
2 | 2 - | 6154 7376 9652 108,02 103,56 | 119,44 | 116,17
3 315959 - 1247 36,18 48,18 106,06 | 123,52 | 123,8
4 4 70,73 | 11,28 - 23,8 35,79 106,63 | 1238 | 124,78
50 5 9198|3268 2125 - 12,06 110,12 | 12625 | 128,46
6 | 6 |1019| 4332 31,73 1073 - 110,66 | 126,01 |128.81
7 7 1723
4 21495 21981 2314 23363 14794 | 140,7 | 133,62
8 2 158,2
1 194,98 198,55 208,26 209,27 115,36 |107,42| 100,74
9 9 8,04 7,89 7,88 7,85 7,85 3,16 8,21 8,16
10 10 82,8 | 101,77 103,6 108,58 109,07 60,21 55,79 | 94,14
10 11 1429 | 1406 1403 1398 1398 14,5 14,57 | 14,53
o | 12 [ 83,02 9865 9975 103,57 10335 5121 | 4543 | 84
9 13 4,25 4,19 418 4.17 417 4,31 4,32 4,33
fuem
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[Iponomkenue Tadbauuer 16

i

9 14 77,17 | 93,29 9464 9874 9884 51,49 | 46,71 -
9 15 136,4
2 148,93 148,23 150,08 147,38 63,05 50,26 | 82,65
10 16 194,6 .
6 192,02 187,5 183,01 176,07 8954 | 7599 | 74,62
10 17 75,78 | 6748 6528 6148 59,11 60,2 59,86 | 1179
9 9 56,48 | 66,79 68,37 71,55 72,64 5944 | 58,78 -
1 19 197,7
3 191,32 186,09 180,22 172,62 92,59 80,5 | 81,24
12 20 200,9
4 191,03 185,15 177,97 169,76 96,53 | 85,89 | 88,36
13 71 195,5
9 184,95 178,99 171,71 163,47 91,53 | 81,49 | 84,8
14 22 270,2 _
9 241,74 23229 21728 2058 176,05 | 170,9 | 177,73
23 424.8
8 384,23 372,89 35337 34092 340,3 |337,19 | 345,17
[Ipomomkenune Tabmuus 16 / / /
Hﬁ; 10 11 12 13 14
1 1 206,85 | 225,2 | 231,66 | 227,13 | 330,92
2 2 179,92 | 194,93 | 198,83 | 193,58 | 285,05
3 3 175,75 | 184,82 | 184,63 | 178,64 | 2453
4 4 173,3 | 181,07 | 180,06 | 173,99 | 235,48
5 5 169,84 | 175,05 | 172,48 | 166,31 | 217,05
6 6 |166,22 170,16 | 166,86 | 160,69 | 206,46
7 7 162,41 | 183,42 | 196,36 | 196,47 | 324,58
8 8 127,28 | 148,22 | 160,84 | 160,82 | 286,75
9 9 8,2 8,05 8,13 8,16 8,94
10 10 - 76,59 | 83,15 | 83,18 | 148,26
10 11 0,78 14,27 | 1443 | 14,49 | 15,98
9 12 2,86 | 6293 | 694 69,5 | 133,01
9 13 4,34 4,23 4,28 4,3 4,78
9 14 | 11991 | 64,69 | 70,77 | 70,83 | 130,84
9 15 0,87 58 67,73 | 68,15 | 161,75
10 | 16 ; 12,53 | 24,44 | 27,14 | 133,17
fuem
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[Iponomkenue Tadbmuiel 16

i

10| 17 - | 4691 | 4534 | 45,69 | 29,66
9 9 117,72 66,85 | 69.87 | 70,1 | 99,01
11 [ 19 | 1318 - 11,9 | 1536 | 119,44
12| 20 | 2511 | 12,09 | - 7,05 | 106,84
13| 21 | 275 | 1516 | 6,68 - | 107,64
14 | 22 |119,41|106,87 | 9553 | 9639 | -
23 286,57 | 274,42 | 263,39 | 264,52 | 168,03

Onpeaenum Ko3(pGhUIUEHT 3arpy3Ku KaxAoM U3 JUMHAW [pH KaXIOM BHIIE

aBapHii, U ONMpeacIUM caMBIfl 3arpYy)KCHHBIH pekuM. CaMbIM 3arpy)KCHHBIM SABIACTCA

PEXMM,

Korga OTKNRYAcTcA JIMHHUA

«Ilaron—KpeMeHKYIbY.

BemumemM ero B

oTACHbHYIO Ta0muIy 17 1 B Hell 3ammmeM 3HaYCHUA Kod(QGOUITHCHTA 3arpy3KH JTHHHUH B

JAaHHOM pekuMe. B Tabmuny 18 3anuimeM HanpspKkEeHHsS Ha IMHHAX MOACTAHIMI U

OLICHHM HAXOAHUTCA JIH OHO B JOIIYCTHMEIX NPCACIax.

Tabnuna 17 — 3arpyska munnil npu orkmodeHun muHun «llaron—KpeMeHKyIb.

Ne Komn-
Ty, JInuus 5O JlanHa, In, A I, Ks
., KM A
uenen
Kpemenx Xa 1 16,7 AL 55,09 | 510 | 0,108
pEMEHKYIIb payLin , 185/29 ) )

AC-
Xapnyuiu AxdanieBo 1 4 185/29 116,78 | 510 | 0,229

AC-
AxOamreBo Kymyeso 1 18,9 185/29 128,76 | 510 | 0,252

AC-
SIparkynoBo Kynyeso 1 10,3 185/29 151,13 | 510 | 0,296

AC-
Uebapkynb | SIpaTKysioBo 1 30,5 185/29 161,46 | 510 | 0,317

2xAC-
Yebapxyanb JIyrosas 2 14,4 150/24 145,4 | 900 | 0,162
Or 2xAC-
JIyroras S — 2 14 150/24 142,24 | 900 | 0,158
Aucm
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[Iponomkenue Tadbmuue: 17

7

#

9 Ot Tpapnuku Tpapankn 1 04 | AC-150/24 | 8,17 | 450 | 0,018
10 | Ot TpasHukd | Ot Tumupsz | 13 | AC-150/24 | 74,52 | 265 | 0,281
11 Ot Tumup:s Tumup:as 1 94 | AC-70/11 |14,51| 450 | 0,032
12 Ot Tumupas Ot 3Baruto 1 15 | AC-150/24 | 7942 | 265 | 0,300
13 Ot 3BArnHO 3BSArMHO 1 6,4 AC-70/11 | 4,31 | 450 [ 0,010
14 | Ot TpaBuuku Ot 3parumno 1 30 | AC-150724 | 71,8 | 450 | 0,160
15 Ot 3BsTUHO Ot ToMuuo 1 10 | AC-150/24 14;’ ! 450 |1 0,319
16 Tomumno Ot Tomuno 1 9,1 | AC-150/24 |218,8 | 450 | 0,486
17 Ot Tomuno IlepBoMaiika 1 19 | AC-150/24 | 85,45 | 450 | 0,190
18 Ot 3BsTHHO ITepromaiika 1 22 | AC-150/24 47,04 | 450 | 0,105
19 AnUmeBo Tomumo 1 3,6 | AC-150/24 | 224,8 | 450 | 0,500
20 CocHoOBCKAS AnHieso 1 3 AC-150/24 23? .6 610 | 0,378
21 |llepmmesckan | Cocmosexas | 1 | 8 | AC-150/24 2286=1 610 | 0,371
22 | HoBorpanckas | llepmuesckas | 1 5,8 | AC-240/32 3 131 0 610 | 0,510
472,0

23 Ilaron Hosorpanckas 1 5 AC-240/32 7 610 | 0,774

Hcxong u3 kodpPULUEHTOB BUAHO , YTO CAMOM 3arpy’KeHHOH JTUHUEH SBIIAeTCS

«Illaron — HoBorpanckas». 3ameHa nuHuid He TpeOyeTcs.

A

Tabnuma 18 — HanpsxeHue Ha TMMHAX TOACTAHIMY B TTOCIEARBAPUIAHOM PEXUME,

7

Har,

Aucm

N dorym.

flodnure | Jamo

Haseanue Unow, U, kB AU, AU, %
kB kB
1 Iaroxa 110 115 5 4,54
o KpemeHKyIn 110 | 111,61 | 1,61 1.4
3 Xapaymu 110 112,1 2,1 1,9
4 AxbameBo 110 | 112,37 | 2,37 2,15
5 Kynyeo 110 | 113,73 | 3,73 3,39
6 ApaTKyI0BO 110 | 114,57 | 4,57 4,15
7 Yebapkyiib 110 | 117,17 | 7,17 6,50
Aucm
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[Iponomkenue Tadbmuuer 18

8 JIyroras 110 | 116,39 | 6,39 5,80
9 Ot TpaBHUKH 110 | 116,73 | 6,73 6,11
10 Tpauuku 110 | 116,73 | 6,73 6,11
11 Ot Tumupss 110 | 116,14 | 6,14 5,58
12 Tamupss 110 | 116,01 | 6,01 5,46
13 Ot 3BsirnHo 110 | 115,55| 5,55 5,04
14 3BATVHO 110 | 115,52 5,52 5,01
15 Ot TomuHO 110 | 115,11 5,11 4,64
16 ToMuHO 110 | 1149 | 49 4,45
17 Ileppomaiika | 110 | 114,71 | 4,71 4,28
18 Anmimeso 110 | 114,86 | 4,86 441
19 CocHoBcKas 110 | 114,85 85 4,40
20 Hlepmnerckas | 110 | 114,64 | 4,64 4,21
21 Hosorpagckas | 110 | 114,69 | 4,69 4,26

aaaaa

=
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Pucynoxk 4 — Kapra peXkuMo0B MocieaBapuitHBIX Harpy30K

130302.2018.220 I13
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2 PEKOHCTPYKUMS ITOACTAHLIMN «XAPJIVILI»
B mepeoM pasmene HaMH yxe OBUI TIPOM3BEICH BBIOOP TPaHC(HOPMATOPOR
YCTAaHABIMBAEMBIX HA PEKOHCTPYHPYEMYIO TTOACTAHITIIO
2.1. Bribop muHui 31eKTpOonepeaay
JIMHUH BBOJA BEIOPAHE] U IIPOBEPEHE! B MPEABIIYIIEM pacueTe PekKUMOB CETH.
Kabenasnas muuus Ha HH

151 n napannensHeIX THHHA, HOMUHANBHBIA TOK PaBEH:

I _ SHarp

HOPM. KT — n Jg UHH (36)
6

Lyopmscn = 12,2-10 =67,08 A

10-4/3-10,5-10
TAE Dy, — YUCIO KaOEIbHBIX THHUI;

Upy — HaLPsDKEHNE HU3KOH CTOPOHEL.
IocneaBapHitHBI peXXHM HACTYIIAET B TOM clIydae, KOTAa CUCTeMa LIMH BBIHAET

u3 crpos u uepes KJI OyaeT npoTekaTh yIBOCHHAS HArpy3Ka:

I =2-67,08=134,16 A (37)

max K1 2 IHOpM.KJ'I
IKOHOMUYECKAS [IOTHOCT TOKA ISl KaOenbHbIX JuHuH ¥ = 1,2 A/MM°.

OKOHOMIYECKH BBITOJHOE CeUeHHeE:

[
FBM — _HOPMKT _ 67308 — 55’9 MM2 (38)
¥ 1,2

Tax Kak AoMycKaeTcs MPOKIaAKa HECKOJABKUX Kabenell Ha OMHY Harpysky, TO
BRIOUpAacM [N KaXJ0H Harpy3KH MO JABa TPEXKIWIBHBIX AMIOMHHHEBBIX Kabens ¢
AIIFOMHHHEBOI 000I0UKO# 63 HapyKHOTO IIOKPOBa cedeHneM 70 MM:

2xAAbn—3x70, 1,,=2-178=356A, (39)

e I — JIHTENEHO AOMYCTHUMBIM TOK IS KaOCIEHON TUHMH.

2.2. Bribop cxeM pacupeaennTeIbHBIX YCTPOHCTR
Broibupaem cxemy Ne 110-5H pisa PY BH.
Cxema «MOCTHK € BBIKNKOYATENAMU B LEMNAX JIMHUA 1 PEMOHTHOH NEPEMbIYKOH

CO cTopoHBI NuHMI»., IIpoxoanbie ApyxTpaHchopmaropHele IIC ¢ JBYXCTOPOHHHM

Aucm
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MUTAHHEM IPH HeOOXOMHMOCTH cOXpaHeHHus B paboTe aByx TpaHchopmaropos mpu K3
(moepexxnennu) Ha BJI B HopMansHOM pexkume padorel IIC (nmpu paBHOMEPHOM
rpa(puKe Harpy30K)..
Brifupas DIaBHYIO CXeMy  NOACTAHLMH, MBI HOMKHBE VUHTHIBATH PAZ
TpeboBaruH. JlaHHAs cxeMa JoJDKHA OBRITE JOCTATOUYHO HAJeKHAsS, HATIAAHAS, , ,UMETh

3SKOHOMHYCCKVIO 000CHOBAaHHOCTS .

CxeMa PKOHOMUYHA, TOCTATOYHO HAZEKHA (TIPEACTABNICHA HA PUCYHKE 3).

- oy
b
[ S fo——{T]
¥ Y
< Xy

Pucynok 5— PY BH Cxema Ne10-5H — MoCTUK € BBIKITIOUYATEIISIMU B LICTISX JIMHUN U
PEMOHTHOH NEPEMBIYKOU CO CTOPOHBI JIHHHH.
st croponsr HH BeiGepem cxemy cormacHo BeIOpaHHBIM TpaHchopMaTopam
TIH-10000/110/10,5 ¢ HepacIIEIIEHHBIMU 0OMOTKAMH.
Brioparnas cxema PY HH asnsercs manbomee mpocToit 1 OMHOBPEMCHHO
Hag&XHOH cxeMolt ans TpaHcdopMaropa. B HOpManbHOM pekuMe pabOTH CeKLIMOHHBIH
BBEIKITFOYATENh OTKIIOUCH, ITHTAHKUE ITOTPeOUTEIIeH OCYIISCTBIAETCS OT JBYX CeKIui. B

clTydae aBapHIHOTO pexxnMa rmotpeOnTens OyaeT nonydars MUTaHNe OT APYTod CeKITHii

Aucm
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Pucynok 5 — PY HH Cxema Nel((6) — 2 OnHa, CeKIMOHUPOBAHHAS BBIKITIOUATEAM,
cHCTEMa IITHH
2.3. Pacyer TOKOB B HOPMAJIBHOM H MPOAO/LKHTEIBHOM PEXRHMAX

[IpoJOIKUTENBHBIM PEXUMOM palboTHl  CUHMTAIOT Takoi peXkuM  paboThI
ATEKTPOTEXHUUECKOrQ YCTPOICTBA, NPOADKAIIMACH HE MCHES 4€M HEoOX0auMO s
JOCTHKCHNS YCTAaHOBHBIICHCS TEMITEPATYPRI €10 YacTel MPH HEH3MESHHON TeMITepaType
OXJIKAAIOLIEH CPE/IBL.

[IpoaomKUTENBHEIH peXkUM HMeeT MeCTO, KOTIa 3IeKTPOYCTaHOBKAa HAXOOUTCS B
OTHOM U3 PEKHUMOB. HOPMAIIBHOM, PEMOHTHOM, IIOCICABAPHIHOM.

PacuéT TOKOBR B HOPMAJbHOM U IPOJOIKHTEIBHOM pEKHUMax JIMHUM
ANIEKTpOIIEpenad OBLI BHIIIONHEH PaHEE B pacueTe pekuMa ceTH | B 1. 1.4, BemomaumM
PacuéT TOKOB B IIENH JABYXOOMOTOUHOIO TpaHChopMaTopa.

W3 BRIMENIEPEUHCICHARIX PEXUMOB padOTHl BEIOEpeM HanOOIEe TIKENBIE, KOTA
B DIIEKTPOYCTAHOBKE MpOTeKaeT HAaHGONBIIINH TOK.

Takum o0Opa3oM, pacdETHBIMH TOKaMHM IPOJOJDKUTEIBHOIO peXkuMa B LICMH
JIBYXOOMOTOYHOTO TpaHChopMaTopa ABIAIOTCA HANOONBITHA TOK HOPMAIBEHOTO peXXuMa

Tnopm ¥ HAMOOIBITINIA TOK MIOCICABAPHUITHOTO (PEMOHTHOTO) peKrMa Imax .

Har,

Aucm
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# #
Lemne Tpancdopmaropa Ha I1C.

Tok B HOpMAJIBHOM pekuMe Ha cTopone BH:

S
IH MT.BH=O,7'&9
o \/§'UH0M.T 40
: 0 10-10° (40)
HOPM.T.BH — :7'—3=35,1 A.
311510

rae  Syonr — HOMUHAJIBHAA MOLIHOCTH TpaHc(opmaropa pasHas 10 MBA;

Uyour — HOMUHAJIBHOE HAIPSDKEHUE TpaHc(oOpMaropa Ha BBICOKOH CTOpOHE
pasnoe 115 kB.

Tok B mOCIeaBapUHOM PEXUME:

S

I =1,4. HOMLT. :
e \E ’ UHOM.T
10-10° @D
1 =1,4- —————=70,3 A,
L J3-115-10°
Tok B HOpMaJILHOM pekuMe Ha ctopoHe HH B ogHol oOMoTKe:
S our 10-10°
TIOPM.T.INI = 097 ’ — = 0’7 ) 2 = 1 8797 A (42)
' 23Uy 2:43-11:10
e Uiwran — HOMHHAIBHOS HAOPMKCHHE TpaHc(opMaropa Ha HH3KOM
cTopone paeHoe 11 xB.
Tok B mocieaBapuiiHOM PEXXUME B OTHOHN 0OMOTKeE:
)
L =14 Sz =1,4- 219 ;=367,4 A (43)
| 23Uy 2311110
2.4 PacdeT TOKOB KOPOTKOTO 3aMBIKAHI

DIeKTPUUECKUE anmapartbl W MIMHHBIE KOHCTPYKIMH  pPaclpeIeIuTeNbHBIX
YCTPOUCTB JIOKHBI OBITH MPOBEPEHBI HA 3IEKTPOAMHAMUYESCKYH) U TEPMHUYECKYIO
yCTOWUMBOCTh.  OTKNIOUAKOLIUE  anmaparhl  (BBIKIFOYATENH,  MPEHOXPaHUTENN)
MPOBEPSIIOT, KPOME TOr0, MO OTKIKWAIIIeH cnocobHoctu. Jns 3toro Heobxoaumo
OMpPENENUTh pacYeTHBIE TOKH KOPOTKOTO 3aMBIKAHUA, MPEIBAPUTENBHO COCTABHB

PACUETHYIO CXEMY H HAMETUB PACUETHEIC TOUKM KOPOTKOIO 3aMBIKAHVHN.

Aucm
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[Ipu cocTaBneHHH pacuyeTHOM CXeMBl AJA BHIOOpa ammapaToB H MPOBOTHHKOB
OOHOW LEMH BBHIOMPAIOT PEKUM YCTAHOBKH, IPHU KOTOPOM B 3TOM uENH Oyner
HaHOONBIINI TOK KOPOTKOTO 3aMBIKaHUA. [IpH 3TOM He YUUTEHIBAIOTCS PEXUMEI, He
MPEeAYCMOTPEHHBIE U1 IUIHTENIBHOU OKCIUTyaTauuu (HAIIpuMep, KpaTKOBPEMEHHas

napauiensHas paboTa pe3epBHOTO M pabodero TpaHchopMaropa COOCTBEHHBIX HYKI

# #

Cxema 3aMenICHHS I PACUYCTOB TOKOB KOPOTKOI'O 3aMBIKAHHA IIPHBCICHA Ha

A #

CTAHUUHU U Ap.).

PUCYHKE 6.

Xe=10,028

3 xreos %

i

BrionpaeM 6a3sucHBIC BETUUHHEI JUTS KQKIOH TOYKH KOPOTKOTO 3aMbIKaHus. J[is

PucyHok 6 — PacueTHas cxeMa 3aMelleHus

touku K-1 (cropona BH PY) 6asucHas momHocTs Sy = 100 MBA, 3HaueHue 6a3uCcHOIO
HAIIPsOKECHHS BRIOHpAeTCA U3 CPEIOHETo psida HanpsukeHui B coorBercTBue: U = 115 xB.
. Peaxranc cucremer X, =0,028

3HaueHre 6a3UCHOTO TOKA PACCIHTHIBACTCS MO (popmyite (44):

S
Iy =—="— 44
b Jg . UB ? ( )
ITIOACTABIAA YHCIIOBEIC 3HAYCHHA, AJI1 TOYKH K-1 » TOITYYIHM:
3
;100107 o

3115

Aucm
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Hms touku K-2 (cropona HH PVY) 0Gasucuas momuocts Sy = 100 MBA,
3HaUCHHE O0a3MCHOTO HAIPSKCHHA BEHIOHPACTCS M3 CPEeOHEro pAfa HANPSKCHHH B
cootBeTcTBUE : U =10,5 kB.

Ha ocuopanuu ¢opmynsl (44) mpow3BoauM pacueT 3Ha4eHusA 0a3HCHOTO TOKA

st Toukn K-2.

7 100

=—=35,5 KA.
BK-2 \/5_10,5

PacuetrHoe conpoTuBieHue TpaHcGopMaTopos:

v _Us% S5 10,5 100 _
100 S,, 100 10

1,05

Jyi (s Sty — HOMHUHAJIbHAA MOILHOCTE TpaHcdopMaTopa, MBA.

Toxk KOPOTKOTO 3aMBIKAHUA TJIA TOYKH K-1:

EC
I Y I, (45)

TIOOCTABILAYL YHCITOBRIC 3HAYEHH A, ITOTYHHM:

I, =—.502=17,9%A.
©70,028

AMITTHTYIHOE 3HAUCHYE YIAPHOTO TOKA OTIpeAcInM 1o opMyrie (46):

iyq =2 Ky Iy, (46)
BeNMaHHa yaapHaoro koddgduumenta Ky = 1,6; moacTapigd UHCIOBbIC 3HAYCHAS,

MO HM:
iy =2 1,6-17,9=40,5kA.

MoOIHOCTL KOPOTKOTO 3aMBIKAHNA g TOUYKH K-1 onpenennm 1o
dopmyne (47):

Ses =2 - U, Ly, (47)

TIO/ICTABIIAS. YUCIOBHIC 3HAYCHHSA, TIOTYIUM:

S =+2-115-17,9=2,9MBA.

Aucm
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Pacuer mnd Toukn K-2 anagormydet.

Ha ocHoBaHUYT (hOpMyITEI (45) TOK KOPOTKOTO 3aMBIKaHUA Uil Touku K-2:

I, =—.55=524xA.
£71,05

)

AMIITUTYOHOE 3HAYEHUE YIAPHOTO TOKa ompeaenuM 1o Gopmyne (46), BeTuunHa
yaapHoro kod¢gdunuenta Ky = 1,6; TOACTABIAS YHCIOBEIC 3HAYCHUS, IOTYUYUM:

iy, =2 1,6-5,24=11,8KA.

MOWHOCTh KOPOTKOTO 3aMBIKaHUsA 1A ToukHu K-2 onpeaenum mo ¢gopmyie (47),
[IOJICTABIISIA YUCIOBBIC 3HAYCHNSA, TTOTYINM:

S =+2-10,5-5,24 =77, 81 MBA.

B pesynprare pacdeToB, IPOU3BEACHHBIX B JIAHHOM MOAIIYHKTE, OMPEACICHBI
BEJIMYMHBI TOKOB KOPOTKOTO 3aMbIKAHMs, 3HAUEHUS YAApPHBIX TOKOB M MOIIHOCTEM
KOPOTKOIO 3aMBbIKaHHS. Bce 3TH BeIMUYMHBI HEOOXOAMMBI AJ8 NajlbHEHINEro BbIOOpA
ANIEKTPUHECKOI0 000pyLOBaHUS.

2.5, Bwibop KOMMyTAIMOHHBIX ammapatoB, 1BY, wu30aaTOPOE,
CPEACTB KOHTPOJIA H H3MCPEHUH

KonTpons 3a peskuMoM paboThl OCHOBHOTO U BCIIOMOTAaTEILHOTO 000PYIOBaHUSA
H3 D3ISKTPOCTAHIUAX M IMOJACTAHIMAX BEACTC € IMOMOIIBI0  KOHTPOJILHO-
HU3MEPUTEIRHBIX IPHOOPORB.

B cxemy npoexTupyeMOU MOACTAHIUN HEOOXOAMMO YCTAHOBUTE CICAYIOIINS
pHOOPHI:

Jlvavm 10,5 xB: ammepmeTp, pacueTHBIE CUETIMKW AKTUBHOM W PEAKTUBHOU
SHEPTUU I TUHUH, IPUHAIISKAINX TOTPEOUTEITIO.

Jduavu 110 xB: ammepmerp, BaTTMeTp, BapMeTp, (GuKcHUpyronwmii npubop,
UCTIONB3yeMBIH AN ompeneneHua Mecta K3, pacueTHBIE CUETUUMKH aKTUBHOM H pe-

AKTHBHOM SHEPrUM HA TYIHKOBBIX NMOTPEOUTENbCKUX TuHuAX, s munuii ¢ nodasHeiM

Aucm
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yIpaBICHHEM YCTaHABJIMBAETCA TpU ammepMeTpa. Ha MHHUAX ¢ JBYCTOPOHHHIM ITHUTa-
HHEM BAaTTMETP H BaApMETP ¢ ABYCTOPOHHEN IIKAJIOH, AR CUCTUYHKA AKTHBHOH SHCPIHH
CO CTOIIOPAMU.

ens nonusutensHoro tpancopmaropa: BH: —, HH: amnepmerp, BartMmerp,
CUETYMKH aKTUBHOUN H PEAKTUBHOU SHEPTHH.

C6opupie mmmaBL 110 KB: BOIBIMETp ¢ MEPEKIIOUCHUEM IS H3MEPEHUS TPEX
MEXTY()a3HBIX HAMPSKCHUM U PErHCTPUPYIONTUI RONBTMETP; OCHUAUIOrpadh Ha TpaH-
3UTHBIX IOACTAHIUAX, pukcupyromuii mpudop (Uy).

COopupic muHBl 10,5 kB: BONBTMETP ANA H3MEPEHUS MeEXTyha3zHOTO
HAaIIPSHKEHASA W BOJBTMETP C MEPEKIIUEHUEM IS U3MEPEHUA Tpex (pa3HBIX HAalps-
SKCHM,

[ers CEKIHOHHOTO WJTH NTMHOCOEAHHHTEIFHOTO BRIKITIOUATEISI: aMIICPMETP.

Tpancdopmatop cobOctBennbix Hyxka: BH: —HH: amnepmerp, cueTumk
AKTHBRHOW DHEPTHH.

2.4.1 PacnpenenutensHoe yerporicteo BH

Brer0op BeIKITIOUATENEH 1 pazbeAUHUTENEH

Ha cropore BH K YyCTaHOBKE NOPUHUMAEM 3IEra30BbIA  BBIKIHOYATEINb

BI'V-110¥1 (BBIKJIIOUATEND 3JIETa30BBIA KOJOHKOBOTO THIT ) ¢ COOCTBEHHBIM BPEMEHEM
otkmiouenns te.B.=0,028 . PacueTHOE BpeMs OTKIIOUEHHI:
T=t3min T tep =0,01+0,028=0,038 c. (48)
TAE ¢, . - MUHMMAIBHOE BpeMa paboTsl P3.

Anepno,zmqecms{ COCTABIAKOIIAL TOKa KOPOTKOIO 3aMBIKAHHA [OJId BCTBH

HEPTOCHCTEMBI
T 0,04
i =2 T g0 €" =+/2:17,9-¢ %02 =34 kA (49)
33]30,[[ — H3IPOTOBHUTCIE TAapaHTHPYCT  BBIKITHOYATCIHY  AlICPHOOHYCCKYH

COCTaBIAKIIYH B OTK/IHOYaEMOM TOKE /J11 BpEMECHH T.

& F

#
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ia.HOM =‘/§'IOTK Blﬁﬁ =\/§'40'054=2256 KA (50)

rac BH on OHPCACIACTCS 1O KATAJIOTY.

Temmorok HMIIYIILC, BLII[GJIHGMHﬁ TOKOM KOPOTKOTO 3aMBIKAHHA!

B, =1

o 220

(tom + T, ) =17,97 (0,155 +0,02) = 56,07 kA? - (51)

30eCh G, = t,, +1t,,= 0,140,055 = 0,155 ¢; t,, —Bpems ACHCTBAS OCHOBHON 3allUTEL

a3

TpaHcpopmaropa, pasuoe 0,1 c¢; t . —INONHOE BpeMs OTKIIOYECHUA BBIKIHOYATENA

¥]
BI'V-110¥1, pasnoe 0,055 c.
BribupaeM 1o  Karajgory pasbenuHuTend Ttuna  PI-110/1000VXJI1
(pa3beIMHNTEND TOPU30HTAIBEHO-TIOBOPOTHOTO THTIA JIBYXKOJIQHKOBBIH C
3azeMiuTensMu). Bee pacueTHbIe M KaTaaoKHBIE aHHbBIE cBeAeM B Tadnumy 1.

Tabmuna 19 — PacueTHble M KaTaIOXXHBIE JJAHHEIE BEIKITIOYATENICH U pa3beANHUTENCH Ha

BH
PacueTHBIC TaHHBIC KaranoxHpie ZaHHBIC
(bepeM HaudoIL-
Brikmrouarens Paszpenunurenu
IITe TOKW — TOKYU Ha
BI'V-110V1 PT-110/1000Y XJIL
BBOAHOM JIDIT)
U, =110 B U, =110 kB U, =110 kB
I.=70,3A L. =3150 A L. =1000 A
=34 kA 1., =40 KA -
I =179 kA I =40 kA -
i}, = 40,5 KA 1o = 102xA i,-um =80 kKA
B, = 56,07 kA® ¢ Il -t =3200 kA’ -c L, t.,=2977 kA’ ¢

a4 / -

AN

N\

/

/
A
#

NN\
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2.6. Bribop cpeacT u3MepeHHA U KOHTPOISA

Bri6op TpanchopMaTopoB TOKA

UsmMeputenbublie  TpaHcopMaTophl — NpelHa3HAYeHBl IS YMCHBLIICHHS
MEPBHYHBIX TOKOB M HANPSKCHHH OO BTOPHYHBIX 3HAYCHHH, HaHOONce yHOOHBIX AJIA
MOAKJIFOUEHUS H3MEPUTENBHBIX ITpUOOPOB, pENe 3allluThl, YCTPOUCTB aBTOMATHKH,
VIpaBIcHUS, CUTHaIm3anud. IlpuMeHeHMe U3MEpPUTENBHBIX  TPaHCHOPMAaTOpOB
ofecmeunBaeT 0e30MacCHOCTE padoTAIIIUX, Tak KaK IeMM BBICIIEN0 H HH3IIETO
HAIIPSKCHHUS PA3OEISHBI, a TAKKE MO3BOIACT YHHPUUUAPOBATh KOHCTPYKLHIO IPHOOPOB
perne.

Ilepuunas obMoTka TpaHchopmaropa Toka (1T) BKmo4aeTca B 3IEKTPUUICCKYIO
LeNbL MOCISAOBATEILHO (B PacCceuky TOKONPOBOJA), a BTOPUUHAS 3aMBIKACTCH HA
HEKOTOPYH) HArpy3Ky (M3MepHTeNbHBIC TPUOOpPEl M perie), 00eCIeurBas B HEH TOK,
MpPOMOPLMOHANBHBI TOKYy B nepeuuHOd oOMmoTke. B TT BBIcOKOTO HampsbkeHUs
NepBUYHAsA OOMOTKAa H30JMPOBaHA OT BTOPUYHOW (OT 3eMIIM) Ha IOJNHOE pabodee
HanpsskeHue. OQuH KOHEH BTOPUYHONH 0OMOTKHM O0BMHO 3asemiigercs. IlostoMy oHa
WMEET MOTCHITNAI, OJTH3KUI K TIOTEHIIHATY 3EMITH.

Briop TpaHcopmaTopoB TOKa MPOU3BONAT [0 HANPSHKEHUK) YCTAHOBKH, IO
TOKY, TI0 KOHCTPYKIHH W KJACCY TOYHOCTH, TpaHC(HOPMATOPhl TIPOBEPSAIOT TIO
3NEKTPOAUHAMHUYECCKON CTOHKOCTH, N0 TEPMHUYSCKOM CTOMKOCTM M IO BTOPHYHOHU
Harpy3ke. JlTaHHbIE pacyeToB s BeIOOpa TpaHchopMaTopoB npuBeaeHs! B Tadnuie 20.

Tpancpopmaropsl TOka ¢ osnerazoBoil  usomwsnued  cepuu TG 145
NpcaHasHadCHHBIC AN NepeJadd  CHTHala — M3MEpUTSIBbHOH — MH(pOpMannu
H3MEPUTEILHBIM MPHOOpAM IEPEMEHHOI0 ToKa HanpspbkeHus 110 xB.

Tabmuua 20 — Beibop TpancdopmaTopoB Toka Ha ctopoHe BH

Karamoxusie JaHHEBIC
PacuéTtHble naHHBIE
Tpanchopmatop TG145-110-1 600/5
U, =110 B U, =110 xB
I =703 A I =600 A
/ / /
/ / /
fuem
130302.2018.220 II3 46
Ham, | Avem N dorym. flodnure | Jamo




/

7 7 7

P /

iy =40,5 kA 1y = 80 KA

[Iponomkenus Tabnuuel 20

B, =56,07 kA®-¢c L, -t =1200 KA” -¢

™ep

£ #

Beifepem Tpanchopmaropsr Toka TG145-110-1 600/5. 3v tpanchopmarops

HMCHOT BTOPHYHEIC 0OMOTKH ¢ HOMHUHAJILHBIM TOKOM 12 =5 A.

B mierts nmunwmit Beoza 110 kB ycranapnmmMBaroTes: aMepMeTp, BaTTMETP, BapMETp,
pacyeTHbIC CYETUUKH aKTHBHON U peaKTUBHOU BHEPTUMU.

OpHa u3 OOMOTOK HMeeT Kilacc To4HOCTH (0,5 W TpemHazHadeHa IS
MOAKITIOUEHIS] U3MEPHTENBHBIX MPHOOPOB, OCTANBHBIC TIPEAHA3HAYCHBI A PeNeiHOM
3AIIUTEL

Ha pucynkax 3 u 4 moxkazadsl mpubopnl ycranasimBaemble B PY BH u

HETIOCPESACTBEHHO K TpaHchopMaTopaM TOKa.

A B C
Wh
(D] i | () (W)
i 1T T I i

apgN

i i

Z F - #

. Pucynok 7 — Pazmemenne npuOOpoB B ICIHM TUTAIOINX

BropuuHast Harpy3ka HauOolee 3arpykeHHoOro TpaHcdopmaropa Toka (Ha
muanm 110 kB) npusenena B Tabnuie 3.

Tabmuua 21 — Bropuunag Harpyska 3arpyxennoro TT na BH

Harpyska ¢azsl, B-A

[Ipudop Tun A B C

AMriepMeTp CA3020-5 0,6 0,6 0,6

BarrMmerp CP3020 0,1 - 0,1

Bapmetp CP3020 0,1 - 0,1
Aucm
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i #

[Ipopomkenus Tadmuus 2 1

Cuerank «Mepkypuit» | 234 ARTM 0,1 - 0,1
UMD 3P 0,5 - 0,5
Hroro: 1,4 0,6 1,4

N3 tabmumsr 3 BuaHO, uTO Hambonee 3arpykeHbl TpaHCGoOpPMaTOphl TOKa Ha
(pazax A u C.

O6uiee conpoTurneHue npudOPOB paccuuTbiBacTea no hopmyne (52):
o Snpuﬁ
Lpus = 2
2 (52)
rae Sppus — CYMMAPHAs MOUIHOCT NPUGOPOB, NOAKMOEHHBIX K TT;

[, — HOMMHATIEHEIH BTOPHYHEIN TOK.

1,4
Topu6 = 5’—2 =0,056 Om.
COHpOTHBJ'IeHH}I mpoBOIOB!:
Tnpos = Z2mom ~ Tmpu6 ~ Txomr? (53)

INE  Zyyon— HOMHHAIBHOE COIIPOTHBICHHE TPAHC(HOPMATOPA TOKA B KIACCE TOYHOCTH
0,5, pagro 0,6 Om ;

T o — COTTPOTHBIICHAE KOHTAKTOB TIPUHAMAaEM paBHbIM (3,1 OM, TOCKOTBKY THCITO

npubopor Gomnpie 3.

ypos = 0,6 — 0,056 — 0,1=0,444 Om.

B KadecTBe COGOMHUTSIBHBIX MPOBOJOB IPUMEHACM  MHOTONKHU/IBHEIS
KOHTPOIbHBIC KA0CTH ¢ cCYCHHEM (TI0 YCIOBHIO MEXAaHUIECKOM TIPOYHOCTH) HEe MeHee 4
mM°. [IpubmusnTensHas mmHa Kabens mms PY 110 KB npuuuMaercs pasuoit 80 M ,

TOTJA CeUeHHE:;

p- lpacq _ 0,0283 - 80 _

= =5,1mv 54
T 0444 o %)
e lpyeq — MnvHHA Kabend,
fuem
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[IpuHuMaeM K ycTaHOBKe KOHTpolbHEIN kabens AKPBI' (amroMuHHEBHIH,
KOHTPOJIBHBIN, U30JIALHA XXHI U3 Pe3uHbI, 00onmouka u3 [IBX, oTcyTcTBHE 3aIIHTHBIX
[OKPOBOB) ¢ CEUCHUEM XU 4 MM’
[Iposepka TpaHchopMaTOpOB TOKA 110 BTOPHYHONM HATPY3K€ B LENH
NIAHOCOETUHUTENBHOTO BRIKIIKOYATEIS.
Ha pucynke 8 mokaxxem paszmeincnue npubopor B menu LLUICB, B Tabmuuy 4
CBEJIEM JaHHEIE O TIPUOOPAX U HATPY3KY MO (hazam.
A B C

| ]
-
L

Pucynox 8 — Pa3memienrie npuGOpoOB B IIENU INMHOCOEANHUTEIBHOTO BBIKITFOYATEIS
Tabmuua 22 — Bropuunas Harpyska TpaHC(OpPMATOPOB TOKa B LEHH

IMMAHOCOCIUHHUTCIIEHOT'O BEIKITHOYATEITA

Harpyska ¢assr, B-A
[Ipubop Tun
A B C
AmnepMmerp CA3020-5 — 0,6 —
Hroro:; - 0,6 -

Conpotusienue npudopos 1o gopmyne (53):

Sr[puﬁ _ 0,6 _

T =—" =
1o
np I% 52

0,024 Owm,

ConporusieHUs NPOBOIOB:

ConpoTHBIEHHE KOHTAKTOB I, =0,05 OM, Tak KaK 9HciIo NpHOOPOB MeHee 3.

OHT

r”POB = Z2mom rﬂpﬂﬁ ~ Tonr = 0,6 - 0,024 -0,05=0,53 Om,

& F &

Aucm
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B KadecTBe COCJAMHUTEIBHBIX MPOBOJAOB MPUMEHSIEM  MHOTOXKUJIBHBIC
KOHTPOIIBHBIE Ka0eIn ¢ cedeHneM (110 YCIOBHIO MEXAHUYCCKOM IIPOYHOCTH) HE MEHEE 4
MM, [TpubnusutenbHas gauHa xabens mig PY 110 xB mpunumaercs pasaoit 80 M ,

TOrda CCUCHHEC!

-1 .
P lpaca _ 0,0283-80 _ 43w,

55
0,53 )

q =
rKOH'T

[IpuHuMaeM K ycTaHOBKe KOHTpONbHBIM kabens AKPBI' (anmroMuHWEBHIH,
KOHTPOJIbHbIN, M30JSALMS XU U3 pe3uHbl, obonouka u3 TIBX, orcyrcTBHe 3alUTHBIX
IOKPOBOB) C CEUCHHUEM KII 4 MM’

/ PR 4 /

Br16op TpaHCc(hOpMaTopoB HANPAXKCHUA

Tpancdopmaroper HanpsukeHHsa (TH) npemnHasHaueHBl IS [IMTAHWA KaTyIICK
NIEKTPOU3MEPHTENBHBIX TMPUOOPoB. TpaHCcPopMarop ycTaHAaBIMBAETCSd Ha KaXAYIO
CEeKIMI0 CcOOpHBIX mmH, K HeMy IIOAKITIOUAlOTCd M3MEPHTENBHBEIC TIPHOOPBI BCEX
MPUCOESANHEHUH NaHHON CeKIIMH U COOPHBIX IIUH.

TpancdopmMaTopsl HAPHKCHNUA BRIOHPAIOTCS O CACTYIOIINM YCIIOBHSM !

— 110 HOMHHATILHOMY HampspkeHmo Uy, SU o

HOM *
— MO KOHCTPYKITHU U CXeM€ COETUHEHNA 0OMOTOK;
— ITO KJTACCY TOYHOCTH;

— 10 BTOPHYHOM Harpyske S,y <S5, .,

rae S5 4oy — HOMHUHANBHAS MOIIHOCTE BTOPUYHOH OGMOTKM B BRIGPAHHOM

KJIacCE€ TOYHOCTH; O,y — HArpy3Ka BCEX M3MEPHTENLHBIX TPHOODOB M DEIE,

MpUCOSTUHEHHBIX K TpaHc(opMaTopy HamnpsbkeHusA, B-A.

[Ipumem Kk ycraHoBke TpaHchopmarope Tuma 3HOL — 110 (3azemmsemerit
TpaHcpOpMaTop HampsKeHHS opHogaszHeli rasoHanonHeHHwit) (IlpunoxeHne A).
TparcdOopMaTopsl MMEIOT ABE BIOPHYHBIX OOMOTKM: OCHOBHYIO Ha /00/+/3 B u
pononHuTeneHyw Ha 100 B. dna kmacca Tounoctu 0,5 tpanchopmarop umeer
HOMUHABHYK) MOIMHOCTEH BropudHo#l umermu 400 B-A, a gug kmacca Toudoctu 1- 600

B-A.

Aucm
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[IpoBepuM, MOAXOAWT 1U 3TOT TpaHcopMaTop MO BTOPUYMHOM Harpyske.

Bropuunas Harpyska TpancopMaTopa HapsLKEHUS MPHBEAcHA B TabIHIIe 3.

AIBC

=

i Lo

I

=

Pucynok 9 — Cxema Brmiouenus npudopos k TH

Tabmuua 23 — MomnocTs mpubopoB, NoaKmodeHHbIX K TH

Yucmao | IHorpebasemas
ITpubop Tun npubdo MOIIHOCTB
POB | PBr | Q,BA
BombIMetp e 20006 | 1 0,8 i
PETHCTPHPYIOIIUI
BoasT™MeTp CB3020 1 4 -
Bartmetp CP3020-BAT 1 5 -
Bapmetp CP3020-BAP 1 5 -
IMpubop GukcupyroLwmit MM®-3P | 3 i
mecto K3
Pacuernsiin EA05S ! 4 i
CUCTHHUK
Hroro: | 22 0

z

CyMmmapnas notpebisemMas MOIMIHOCTE

Sos= Pzz + Q_Ez .

Sy=v22°+0° =22 BA.

Tpu TpaHCQOpPMAaTOpa COEMHEHHBIX B 3BE€3/1y UMEIOT MOIITHOCTD.

Sgon=3 1000 = 3000 = S5,

(56)

s coepmuenusi TpaHcdOpMaropa HANPDKCHUSI ¢ NpuOOpaMy [NPUHAMACM

KOHTpOoIbHBIM Kabems AKPBI' (amoMHHMEBRIM, KOHTPOIBHBIH, W3OMAMNA KU H3

Har,

Aucm

flodnure

N dorym. Aomo
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2
pe3uHbl, 0bonouka u3 [IBX, oTCyTCTBUE 3alIUTHBIX MOKPOBOB) C CEMEHMEM SKHI 4 MM

(IO YCIOBUIO MEXAHUYECKOM IIPOUHOCTHU).

# #

B PV 35 kB u BeIIIe IpHMEHAIOTCS THOKUE IMIHHEI, BHIIOIHEHHEIE IIPOBOIAMHA

ToxoBeayiye 4acTH

AC. s mamero cinydad HeoOGX0OUMO BEIIOIHHTE TOJBKO MPOBEPKY MO JOMYCTHMOMY
TOKY B MaKCHMalnbHOM PEXUME, MOCKOIBKY COOPHBIE IWHBI AIEKTPOYCTAHOBOK H
OLUMHOBKA B IPEHACTaX OTKPBITBIX KU 3aKpPBITEIX PY BCEX HANPKEHUM NPOBEPKE IO
HKOHOMWUYCCKOH MUIOTHOCTHA TOKA HE MOANEkAaT. TakKe IMUHBI, BRIMOTHEHHBIC TONBIMHA
MpOBOJAaMH Ha OTKPBITOM BO3AYXE, HA TEPMHUUECKOE JIEHCTBUE TOKA KOPOTKOTO
3aMbIKaHuA HE npoBepsarorcs. [lpu nanpsxenuu 110 kB He ncnoab3yror pacwienieHnue
(a3, MO3TOMY NI COOTBETCTBUSI TPeOOBAHHSM IO YCIIOBHIQ KOPOHBI HEOOXOAMMO
MpaBUIBHO MOAOOpaTh CedeHHe MPOBOJA (MUHMMAIBHO JOMYCTAMOE MO YCIOBHAM
KOPOHHPOBAHUS CeYeHHE st HanpsokeHus 110 kB — 70Mm” ).

COopHBIC IIHHBI H TUHUU K TPAHCGHOPMATOPAM:

Tns = Tmax oo BH= 262 A (57)

1€ Ly — TOK B COOPHBIX HIMHAX.

B PV 110 kB w BbIIIE 9KCIIO TPOBOZOB B (paze, X CEHEHNE M AVAMETP JIOTKHBI
OBITH BEIOPAHBI TaK, YTOOBI H30€KATH KOPOHUPOBAHNAL.

BeiOupaem mpoBox Mapku AC-70/11 ¢ JIMTENBHO JOMYCTHMBIM TOKOM
[, = 265 A (MUHUMAaIbLHO ACIYCTUMOE 110 YCIOBUSM KOPOHHMPOBAaHMS CEUCHUE IS
HanpsDxeHus 110 kB — 70MM2 ).

H3onaTopsI

Bribupaem nonpecHbie cTeKIsiHHBIC H30mATOpEl Mapku I1C-120b. B rupmaune
Ha HanpskeHue 110 kB ycTanasireaeM 1o 7 H30ISTOPOB.

2.7. PacopenenmurensHoe ycrporcTeo HH

Cropony PY HH BHIOIHHM B BHUAE KOMIUIEKTHOIO PaclIpedeIUTENbLHOIO
yerpotictea (KPV). Sueiixu nmemarorcs Ha 3aBoax, 4YTO MO3BOJISIET JOOHTHCS
TIIATENMBEHOW  COOpPKHW  BceX  y3NIoR W o0ecrmiedeHWss  HAAeKHOW  paboThI

anekTpoobopynoBanma. [lommmMo 3Toro, npumenenne KPY 3HaumTeIbHO YMEHBINAET

Aucm
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TPYA03aTpaThl U JUIUTEIBHOCTE coOpyXeHUs PV, a Taxke cOKpamjaer M ynpouiaer

IPOCKTHBIC PAbOTHL.

BribepeM K ycTaHOBKE KOMILIEKTHOE paclpelelUTeILHOe YCTPOMCTBO CepHH

i

D-12PT). Karanoxnsie ganneie KPY D-12PT npencrapnensl B Tabamue 6 .

12PT mnpenHa3Ha4eHsl Ui MPUEMa U PaclpelesIiCHUA SICKTPUYECKOHM 3SHEPrUHr

KommnekTHele pacnpenennutensHbie yerpoiictBa (KPY) «Kmaccukay cepuu D-

TPeX(pa3HOTr0 MEPEMEHHOTO TOKa 4acTOTOM S50,

Tabmuua 25 — Karanoxubie ganueie sueiiku KPY cepuu K-12PT

7

#

HanmeHnoBanue napamerpa 3Ha4YeHHue
Homurnansnoe Hanpskenne KPY, kB 10
HanGonbiuee pabouee nanpaxenue KPY, kB 12
HoMmuHaNEHBINH TOK TTIABHBIX IETICH A9CHKH H
1600
coopubix muH KPY, A
Tok Tepmuueckol croikoctn KPY gna 50
IIPOMEXYTKA BPEMEHH 3 C, KA
HoMWHAaNBHEIA TOK SIEKTPOAUHAMUYECKON 5
CTOMKOCTH IIaBHBIX 1eniel sueiikn KPY, kA .
Tox xonocToro xoa, OTKIKYASMbIN
PazbeAMHAIONINMA KOHTAKTaAMH BBIIBH)KHBIX 0,4

3JEMEHTOB, A

rae

ctopore HH

Briopannsie sueiiku KPY qomkHBI yAORIECTROPSTE CIEAYIONIEMY YCIOBUIO!

Imax

=367,4 A — HauOOJBIIUH TOK MOCICABAPHUHHOrO (PEMOHTHOTO) peKUMa Ha

[ <1

HOM 2

TpaHcopmaTtopa mHo pacuéty nymkre 2.2; [, =1600 A

HOM

HOMUHANLHEIA TOK TNIABHBIX Lienel sueek U cOopubix muH KPY,

#

IMoacraBuB yucnoBbIC 3HAUEHUS B (popmyny (49), momyuum:

I =367,4 A<L_ =1600 A.

(58)

#
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Ha ctopone HH Ha BBOTHBIX JHHMAX H MEXKTY CEKIUAMHU IMUH K YCTAHOBKE
NpUHUMACM BaKyyMHBIH BeIKmouareds BB/TEL-10-31,5/2000 V2 (BeIKmIOYaTenn
BaKyYMHEIH C 2JIeKTPOMATHUTHEIM IPHBOJIOM) C PACUETHBIM BpeMeHEeM OTKITIOUEHUS T =

0,015.

AHepHOI[quCKaH COCTABIMKOINAA TOKAa KOPOTKOT'O 3dMBIKAHHA I BCTBH

BHGPFOCHCTGMBI
—0,025 -0,025
e =v2-Ipo105°¢ % =v2-524-¢ %9 =449 kA, (59)
3aBOA-U3TOTOBHUTEND rapaHTHPyeT BBIKJIFOYATEIIO ANepUOTNIECKYIO

COCTAaBIAOIIYIO B OTKIIOYAEMOM TOKE OJ14 BPEMEHH T .
ia.HOMZ\/E'IOIK'%_OSI :‘/5'3195‘095:22:27 KA, (60)

e Biioy OTPENEIAETCS 110 KATANIOTY.

TenmoBoi UMIYIIBC, BEIACIAEMEI TOKOM KOPOTKOTO 3aMBIKAHUS:
Be =T (toy +T,)=524"-(0,075+0,05)=849 kA’ -, (61)

30ech t,, = t .

[ R

+t,,= 0,05+0,025 = 0,075 ¢; t,, —BpeMs AeHCTBUS TOKOBOH 3aILUTEL

paeroe 0,05 ¢; t,, —momHOE Bpems oTkrodeHus Beikrouarens  BB/TEL-10-31,5/2000

Y2, parnoe 0,025 c.

Tabnuia 26 — PacueTHble ¥ KAaTATOKHBIE NAHHBIE BRIKITIOUaTens una HH

Karanoxnurle ganueie BB/TEL-10-
Pacuerurie naHHbBIE 31,5/2000
Brixmouarens
U, =105 B U, =10«B
Imax =366 A IHOM =2000 A
i =7,06 KA i, =227 kA
I .,=4,49 kA [..=3L5 KA
Aucm
130302.2018.220 I13 54
Ham, | Avem N dorym. flodnure | Jamo




7

/

'

#

i =118 kA

i, =80 kA

B, =849 kKA -c

I, -t =2976,75kA’ -

rep

Ha cropone HH na oTXOASMHX JHHUAX K YCTAaHOBKES IIPHHHMACM BaKYYMHBIH

BeIkIodareas BB/TEL-10-20/600 (BeIkmrpouaTenbh BaKyyMHBIH € 3JIeKTPOMATHHTHBIM

IPUBOIOM) ¢ pacueTHBIM BpeMeHeM oTKItoueHnA T = 0,065.

ATlepuoaMyecKas COCTABIAIONIAS TOKA KOPOTKOTO 3aMLIKAHHA [ BETBH

IHEPTOCHCTEMBL
-0,025

ia‘z':‘/i'ln‘o.lo,ﬁ'e 005 —\2.524.¢ %% =449 kA,

3aBOI-H3TOTOBUTEIE

rapaHTHPYET

COCTaBIAMIYIO B OTKJIIOYaCMOM TOKC 714 BpEMCHH T .

ia.HOM :‘/E°IOTK % =‘/§‘3l=5'0:5 =22,27 KA,

rne Biioy OTIPENEIAETCS 110 KATAJIOTY.

TermnoBoi UMIYIILC, BBIACTACMEIA TOKOM KOPOTKOIO 3aMbIKAHWS:

BK - I?:UIO.S .(tOTK

soechk o, = tp_g, +t, . =0,05+0,025 = 0,075 c; tps. — BpeMs JEHCTBUA TOKOBOM 3aILUTHL,

pasroe 0,05 ¢; t,, —MmomHOe BpemA OTKIIOMeHHA BhIkmrodaTens BB/TEL-10-20/600

pasHoe 0,025 c.

—0,025
(62)
BBIKJITHOUATCITIO AleproaqUICCKYIO
(63)
(64)

+T,)=8,24"-(0,075+0,05) =8,49 kA” -,

Tabmmna 27— PacdeTHbIe M KaTaloKHLIE JaHHBIE BRIKITIOUaresa na HH

PacdeTHBIE TaHHBIE

KaragoKHbIC TaHHBIC

Brixmouarens BB/TEL-10-20/1000

Uy =10,5 xB U, =10 kB
... =367,4 A I, =1000 A
i, . =4,49 kA i, =2227 KA
/ / /
/ / /
Aucm
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A /

In_o =5,24 KA Iowsx =20 KA
iy =11,8 kA s =S 1A
2 2 2
B, =8,49 kA“-c ITep -1:T,:_,p =1875kA” -¢
PaspenuauTemn B JaHHOM KPY BCTPOCHHBIE , H3TOTOBHTENL HACT TapaHTHH) 4TO

coBMecTUMBI BhikntouarensiMmu BB/TEL-10. Ilposepka He npou3BoaxTCs.
BrrOop Tpancgopmaropos Toka B uenu PY HH
Ha pucysake 11 mnoxa3zaHo paclmoloKEeHHE KOHTPOIBHO-H3MEPHTEILHBIX

npubopoe B nenn PY HH.

A B C

@ IEA

Pucynox 10 — Cxema BKIIFOUCHWS IPHOOPOR

B mwxady KPY ycranasnmmearoTcs TpaHcopMaTophl TOKa B 3aBUCHMOCTH OT
pacnionoxeHna. B BBOAHBIX sS9€iKaxX U B TUCHKE CEKIMOHHOTO BRIKIIIOYATENA BEIOHPAacM
tpanchopmaropsl Toka TOJI10-1 (Tpancdopmarop Toka OMOPHEBIN, ¢ IHTOH H30IALUCH,
qs KPY) B suelikax oTxomsimux THHUH BeIOUpaeM TpaHnchopMaTopsl TOKA

TJIO-10-600-0,5/10P (Tpancdopmarop TOKa MPOXOAHOH, ¢ JIMTOH H3OISALUCH, I7Id
KPY) . CBenem nannsie B TaOMULBL 28 U 29 ¥ CpaBHUM MX C PACUETHBIMU.

Tabmuua 28 — Berbop TpaHc(hopMaTOpOB TOKA Ha BBOJHBIX 1 CEKITMOHHBIX AUeHKax

KaTtanoyxHeI€ IaHHBIC

PaCt[éTHBIC AaHHEIC

TOJI-10-1500

U,, =105 B Upow =10 B

S /
fuem
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A

Pacaérunic fanHkIe

KartamosxkHaoie 1aHHBIE

TOJI-10-1500
[ =571 A [ =1500 A

i, =19,8 kA L =102 KA
B, =8,49xkA” ¢ Lo - trep =3600 KA -c

Tabnuna 29 — Beibop TpaHcGOpMATOPOB TOKA HA OTXOAMLIUX AYEHKAX

cua0BOrO Tpanchopmaropa

Pacuérurle jannnie

Karaiio:xHble JaHHBIE

TJIO-10-600-0,5/10P V3

U, =105 B U, =10 xB
I =366 A L, =600 A
i, =19,8 kA i =100 KA
B, =8,49kA” ¢ Tep - trep = 3600 kA% -c

Pucynox 12 — PasMmerenne npubopos Ha ctopone HH cunororo TpancdopmaTtopa

A B

& F

[Iposepka TpaHc(pOpMaTOpPOB TOKAa IO BTOpPHYHON Harpyske Ha ctopone HH

#
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Tabmuna 30 — Bropuunas Harpyska TT Ha ctopore HH tpancdopmatopa

Harpyska daze1, BA

[Tpudop Tun A B C

AmmnepMerp CA3020-5 2 - -

Bartmertp CP3020-BAT 5 - 5

Bapmerp CP3020-BAP 5 - 5
Pacuernniii cueTunk

AKTUBHOM U PEAKTHBHOMN EAQ5S 2 - 2
sHepruu EBpoAida

Hroro 14 - 12

[Io Tabmuue 30 BuaumM, aro Hanboaee sarpykensl 11 Ha dazax A u C.

Obrniee COMPOTHBICHIE MPHOOPOB:

Seows 1,5
Loms = o5~ = —5 = 0,06 OM (65)
L 5
ConpoTurneHUs NPOBO/IOB:
T =700 s~ Towm = 0,8—0,06-0,1=0,64 Om (66)
HPOH
roe T - COIIPOTHBIICHHC KOHTA4AKTOB IIpHHNMacM paBHBIM 0,1 OM, HOCKOJ]LKy

KOHT
YHCIo TpubopoeB dombme 3.
[IpubnusutenbHad anmuHa kabGens gna meneil PY 10,5 kB kpoMe nHHUH K
noTpeduTensIM npuHUMaeTes paBHoOM 40 M, a ammua kabens ams ymuuui 10,5 kB x
nOTPEOUTENSIM NPUHUMACTCS pAaBHOM 4 M , TOIAa CEYCHUE PABHO:

Pl 0,0283.40

QTOJ'II[! - 0.64 = 1977 MMz! (67)

IpOB
[IpunrMaeM K ycTaHOBKe KOHTpOJBHBIM Kkabenp AKPBI' (amomHHHEBEI,
KOHTPOIBHBIN, H30JAIUA XU U3 pe3uHbl, obonouka u3 [1BX, orcyrcTBue 3amuTHBIX

2
MMOKPOBOB) C CEUEHUEM KU 4 MM .

IlpoBepka TpaHC(OPMATOPOB TOKa [0 BIOPHYHON Harpy3ke B IEIH

A

CCKINHOHHOTIO BLIKJITIOYATEIIA

#

o

7
#

Ham | Aucm
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Pucynox 13 — Pazmemnenue npuOOpoB B 1IEMHU CEKITMOHHOTO BRIKITHOYATES

A

7

/

B C

¥

7

g

|
]
I

Tabmuua 31 - DBropuunas Harpy3ka TpaHC(hOPMAaTOpOB TOKAa B LENH
ITHHOCCCIUHHTCEIBHOIY) BEIKJIIOYATEIIA
Harpyska dasbl, B-A
[TpuGop Tum [py3Ka §
A B C
AmrepmeTp 2-365 — 0,5 —
Uroro: — 0,5 —
Oob1iee compoTUBNEHNE MPHOOPOB:
S
Tog = = O—f =0,02 Om (68)
2
ConpOoTUBIEHUS IPOBOIOB;
lrpos = 22 wom — Inpu6 ~ tkowr = 0,4 =0,02-0,05=0,33 OMm (69)
CeucHue paBHO:
1 _
Qrome = P P = 090283 40 = 3943 MME. (70)

KOHTPOIBHBIH, M30AIINA KHII B3 pe3ussl, obonouka uz [IBX, orcyTcTBHE 3aUTHTHBIX

IIpunuMaeM K ycTaHOBKe KOHTpOJIBHBIM Kabenb AKPBIT (amroMHHHEBEBIH,

1.r[pola.

[IOKPOBOB) C CEUCHUEM KU 6 MM,

[Tposepka  TpanchoOpMaTOpPOB

MOTPEOUTENBCKIX JTUHHH

Z
#

0,33

ToOKa TI0 BIOPUYHON Harpy3ke

/
o

B IEIH

7
#

Har,

Aucm
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Pucynok 14 — Pasmemenue npubOpoB B IENH NOTPCOUTENBCKUX JIMHUM

Tabmuua 32— Bropuinas nHarpyska TT na cropone HH tpancdopmaropa
Harpyska ¢a3er, BA

[Iputop Tun
A B C
AMIiepMeTp 2-365 | 05 - -
Cuerunk «Mepkypuii230» | ART 0,5 - 0,5
Hroro: 1 0 1
O0miee COIPOTHRICHUE IPHOOPOB:
S 1
Typus = o = =0,04 Om (71)
I5 5
ConpoTHBIEHHS TPOBOJIOR:
I =Z)yom — Inpus — Torrraxros = 0,8 —0,04-0,05=0,71 Om (72)
TIpOB
Ceuenue paBHoO:
1 :
Quiow = P pace = 0,0283-4 =0,16 MMzg (73)
T 0,71

Opos
IIpunyMmaeM k ycTaHOBKe KOHTpoubHBIM KkaOems AKPBI' (amoMuHHEBHI,

KOHTPOJIbHBIH, HM3OJALNNA KHI U3 PE3UHbI, obomouka u3 [1BX, orcyTrcTBHE 3amUTHBIX

MOKPOBOB) C CCUCHUEM KU 4 MM’

TpancdopmMaTopsl HAIPSHKCHUA
ITpumem k ycranoBke TpaHcopmaTopel HanpspxkeHns Ttuma HOJII-10-1Y

(omaobha3HEIl THTOH He3a3eMIMEMBIA TpaHchOpPMATOp HANPMKEHUS CO BCTPOCHHBIM
fucm
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3AIATHBIM TPSAOXPAHUTEIBHEIM YCTpOicTBOM. TpaHchopMaTOphl UMEIOT OCHOBHYIO

BTOpHUHYI0 00MOTKY Ha 100 B. s xmacca tounoctu 0,5 Tpanchopmarop HMeeT

HOMMHAIILHYIO MOITHOCTE BTOPUYHOM Ienu 75 BA, a ns kimacca TounocT 1- 150 BA.
[Iporepum, MOAXOAUT JIU ITOT TPAHCPOPMATOP IO BTOPUYHON HATPY3KE.

Tabmua 33 — MotHocTs IpubopoR, MOAKIIOMEHHEX K TH

" O0mas
s s 2
O o notpebaseMast
= =gl & =t S & P
TIpu6op Tun | & 3 é gl 8 | g S 3 | MOIIHOCTH
(& vl =
n ' =3 2 =) = P, Br |Q, Bap

Boapt™eTp (cOOpHBIE
2365 2,0 | 1,0 0 1 2,0 -
TITHHBI)

BoasT™meTp ¢
H-393| 10 1 1,0 0 1 10 -
MIEPEKIICHAEM

Barrmetp Beoj A-350| 1,5 2 |10 0 2 6,0 -

Caerduk 10kB | ART | 7,5 3 10380925 2 17,1 41,62
«Mepxypuii»

JI3I1

Cuerdnk ART | 7.5 3 10,380,925 10 51,3 |124.,9
«Mepkypuit» | 10 kB

Hroro: 86,4 |166,5

CyMMapHas MOLHOCTh paBHA:

Sy = J(PZ +Q*) = \/(86,42 +166,5°) =187,6 BA (74)

Hauupie TpancopMmaTopsl COSAMHEHBI B 3BE30Y , MMEIOT MOIUHOCTE 3X75=
225BA, wuro OGombine MOIMHOCTH BTOPMYHOM  HArpy3kum. lakuMm  obpazom
TpaHC(POPMATOPHI OyIyT paboTaTs B BHIOpaHHOM Kiiacce TouHocTH (0,5,

Jns coeawHeHusa TpaHchopMaropa HAMPSDKEHHS ¢ TIpHOOpaMu MpHHUMAEM

y 2
KoHTpoIbHEI Kabens AKPBI ¢ ceuennem sxui 2,5MM

AKPBI" - 310 KOHTpONBHBIN Kalenb, ¢ ANOMHHHEBOU KUIIOH, W30NALUed U3

& F &

pesuHbl, 06omoukoi n3 I[1BX.

Aucm
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Tokosenymme wactu PY HH

#

Cocaounenne Tpanchopmaropa ¢ KPY ocymecTBagerca rHOKUM MOIBECHBIM
TOKOIIPOBOJIOM, ITUHHBIM MOCTOM WJIM 3aKPBITHIM KOMILIEKTHBIM TOKOIIpoBoAoM. B KPY
OLIMHOBKA ¥ COOPHBIC MMHBI BRIOIHAKTCA COOPHBIMH &TIOMHHHEBBIMY LTHHAMM.

BribepeM TokoIpoBoJ A4 coeAHHEHMS TpaHcdopMmaTopa ¢ KPY.

[IpoBepka BBIIONHACTCA 110 CASAYIOMIMM ITapaMeTPaM:

1y <1 IHH
BeioupaeM toxonposoa T3K-10-1600-81YXJIN (Ilpunoxenne A), napaMmeTpsl
KOTOPOTO CBREEHEBI B Ta0muIy 15

Tabmuma 33 — ITapameTpsl TOKOIIPOBOAOB

PacuerHble laHHBIE KaranoxHbie JaHHbBIE
UycT =10 kB U,,, =10xB
Lo =571 A L., =1600
iy=19,8 KA imngl KA
2.8. PA3PABOTKA CXEMBI TIMTAHUA COBCTBEHHBIX HYX/]

OmnpemenuM MOUTHOCTH MOTPEeOUTEIEH COOCTBEHHBIX HYX
[TpueMHUKAMH COOCTBEHHBIX HYXK/ NOACTAHLWY ABIAKTCA ONEPATHUBHBIE LIEIH,
WICKTPOABUTATETN  CHCTEM TpaHchOPMaTopoB,

OXJIAXKICHNAA NCKTPOABHUTATCITA

KOMIIDECCOPOB,  OCBEINIEHUE, ONEeKTPOOTOINIEHHE TOMEIISHHI, 3NEKTPOMOAOTpER
KOMMYTAI[IOHHOH anmaparypsl BEICOKOTO HANpPsDKEHUSA W IMKa(OB, YCTAHOBICHHBIX Ha
OTKPBITOM BO3IyX€, CBSI3b, CHTHAIH3AIMS, CHCTEMA MOXXAPOTYIICHUS U T.1. MOITHOCTE
moTpeOUTENCH COOCTBEHHBIX HYXZI HEBENMKa, MTO3TOMY OHU MPHUCOCAUHAIOTCA K CETH
380/220 B, xoropas noiy4yaeT MHTAHUE OT TOHMWKAKOIIHX TPaHCHOPMATOPOB.

Cocrae norpeduTeneli COOCTBEHHBIX HYXA 3aBHCUT OT THITA MOICTAHIIWH,

#

MOIIHOCTH TpaHCHOPMaTOPOB, TUTA TEKTPOOOOPYIORAHHS

& F
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Cocrae notpebuteneil cobcteeHHBIX HY:k1 { CH) 3aBHCHUT OT THUMA MOACTAHIIHH,

i

MOILHOCTH TpaHCHOPMATOPOB,

ONEPATHBHEIC TMIeNH, 53JICKTPOABUTaTeId CHCTEM OXJAXKICHUS TpaHCc(opMaTopoB,
NIEKTPOABUTATEN  KOMIIPECCOPOB,
SIIEKTPOIIOAOTPER KOMMYTAIIMOHHOW allapaTyphl BBICOKOTO HAIPSDKEHWS H MIKAQOB,

YCTAHOBJIICHHBIX

Ha OTKPBRITOM

MOKAPOTYIICHASA U T.JI.

OnpeneauM  OCHOBHBIC

THIIA IEKTPOOOOPYIOBAHHA.

HAIrpy3Kn

MOACTAHIMH U COCTaBAM TaONuIy35.

tpancgpopmaropa C.H. MomHuocts ogHoro TpaHchopmaropa C.H. ompenensercs mo

OCBEIICHHE,

BO3LIYXE,

CBA3b,

COOCTBEHHBIX HYXKHA IPOCKTUPYEMOM

Br16op TpaHchopMaTopoB COOCTBEHHBIX HYXK]

[Io ycnoBusM Hag€KHOCTH [PUMEM

K YCTaHOBKU

D310 MOryT OBHITH

SJIEKTPOOTOIVICHHE  TTOMEIICHUH,

CHI'HAJIH3aIlHA,

JIBA MMOHWKAKIIHMX

7

#

CHCTEMA

bopmyne:
Seeca  198,4
S, = li = =141,14 xBA (75)
rae k, =1,4 — kooQduiKMeHT TOIYCTHMON aBapHIHOI IEPErpy3Kn
[IpumMeM K yCTaHOBKE CHIOBBIC TpaHchopMaropsl THiIa TM—-160/10-04.
KaranoxxHele faHHBIE MpeacTaBieHsl B Tabnuie 335.
Tabmuma 35 — KaranoxkHble JaHHBIE TpaHchopmaTopos Tuna TM-160/10-0,4
OGo3Ha Pasme
HavmeHoranue BenvunnHa
YCHHE PHOCTD
- HomunaneHas MOIHOCT, KBA kB-A 160
. HomuHansHOE HanpskeHHe OOMOTOK
U7 von kB 10
BH, kB
HomuHanpHOE HamNpsKeHHEe O0OMOTOK
uit P xB 0,4
HH, kB
Uyo, HanpspkeHne KOPOTKOTO 3aMBIKAHHA, % 4,5
%
— CxemMa ®W Tpylnma  COCAMHCHHS — Y/Yy-0
Aucm
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06MOTOK
AP, IloTrepH KOPOTKOro 3aMBIKAHNUA, KBT kBT 2,75
AP, IMorepu xomocTore xoaa, KBT kBT 0,44
]0 Tox xonocroro xoza, % % 1,8

Hns mopkmouenus TCH k cOoprbiM mmHaM KPY Beibepem ITIKT-102-10-31,5-

31,5 Y3 - mnpegoxpaHUTeNb ¢ KBapUEBHIM HANOJHUTEIEM MJIA 3aI0UTHI CHIIOBHIX

TPaHC(HOPMATOPOB.

Jns mogrmouenns TCH k cOopasmM mmHaM KPY eeidoepem [TKT-102-10-31,5-31,5 V3

— npenoxpaHNTEbL C KBApUEBbIM HAIOJHHUTCIIEM AJIL 3alHThL CHNOBBIX

TpancopmaTopoB. KaranoxkHsle faHHBIE IpeAcTaBICHLI B TabmHLe 30.

RO RO
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3 TMPOMEXYTOYHLIE OITOPHI U3 KOMITIO3UTHBIX MATEPUAJIOB.
CrabunbpHasg n 0¢3apapuHHAd padoTa JIMHHK SISKTPONepeIad HMEeT OrPOMHOE
3HAUCHUE, KaK IS KUTeNei HACCICHHBIX ITYHKTOR, TAK 1 IS PA3IMYHBLIX OpraHH3AIIHM.
Ha OGecnepeboiiHOCTE 3IEKTPOCHAOKEHUA BIHMAIOT Bee Bxogsmme B cocraR JIOII
sneMeHThl. OTIOpEI, apMaTypa, U30JATOPHI, X MPOYHOCTh, YCTOWUMBOCTE K BHENTHUM
BO3ACHCTBHAAM OOJDKHBI OBITH MAKCHMAIBHO BEICOKUMIL
B nocnenHee BpeMs 8 CTPOHMTENRCTBA M peMoHTa BJI BBICOKOTO H
CBEPXBBICOKOIO HAMPSIKCHUA TPEIJIATAIOTC PEIICHUs Ha 0a3e Omop H3 KOMITO3HTHBIX
MaTepHanoB. BHEIpeHHe KOMIO3UTHEBIX OMOP OKA3bIBACT MOIOKUTCIBHOE BIMAHHE Ha
HaJIe)KHbIE H SKOHOMHYECKHE MOKA3aTENN JIEKTPOIHEPTETUIECKIX 00BEKTOB.
KoMno3uToM Ha3bIBAETCS HEOAHOPOAHBIN CIUIOIIHON MATePHAJL, COCTOMIIMN U3
JIByX wiy Oosiee (PYHKIMOHANBHO Pa3INUaIONINXCsl KOMIIOHEHTOB, HMCHOIINX YETKHE
TpaHUIBl, IIPH 3TOM CBOHCTBA KOMIIO3UTA ONPEACAOTCA HE TOJBKO U HE CTOIBKO
CBOMCTBAMH CAMHMX KOMIIOHEHTOB, CKOJBKO UX IIPOCTPAHCTBEHHBIM PaclONIOKEHHEM U
XapaKTEPOM B3aHUMOIEHCTBUS.

CTekIOTIIaCTHK ~ ABJSCTCS  AMDJICKTPUUECKUM  MarepuaiioM. KoTopwri
00/1a1a€T YACALHBIM BIEKTPUYSCKUM COMPOTUBICHUEM (OIHM3KUM [TOKA3ATENI0 CTEKIA),
BBICOKOH MEXaHWYECKOH MPOYHOCTBIO (Ha YPOBHE METAJUIOB) MONYUHIJI TPUMEHEHNE B
HECYIIUX H3OIUPYIOMIMX 3JICMCHTAX, HANPHUMEP B OMOPHBIX H30JATOpaxX, KOPIycax
BBICOKOBOJIBTHBIX BBIKJIFOYATEJIEW M JIPYroil 3JEeKTPOTEXHUYECKOM apmarype. OIHON U3
ITIaBHOW OCOOEHHOCTBIO CTEKJIOIUIACTHUKA, MO CPABHCHUIO ¢ MOHOJIMTHBIM CTEKIOM H
KepaMHUYECKHMH U30JALMOHHBIMU MaTepHaIaMHU 3JTaCTHYHOCTh U HA3KAA XPYIIKOCTD.

Onopbl, #W3 CTCKIOIUIACTHKA, 0a3alkTOINIACTAKA MIH  OpTaHOILIACTHKA
ABJIAIOTCA MHMNICKTPHKAMH ¢ BBICOKHMH IIOKA3ATCIIAMHEH BJIQKTqueCI{Oﬁ IMPpOYHOCTH. HO,
B OTJIMYHE OT JCPEBSHHBIX ONOP Y KOMMO3UTHBIX JU3ICKTPUUCCKHE CBOWCTBA HE
3aBHCAT OT ITOTOIHBIX YCIOBHH. JTO yIpomaer cxemMy uzomsiuun JISII.

Mexannueckne CBONMCTBA CTEKJIOIUIACTHKA OMPEIENSIOTCS NPEUMYILIECTBEHHO
XApAKTCPUCTHKAMH HAIIOJMHHTCIIAL M IIPpOYHOCTBEH) €10 CBA3ZH €O CBA3YHOIIHWM
marepranoM. TIpOTHOCTEIO W KECTKOCTRIO OOMAmarOT CTEKITOMIIACTHKH, CoepKaliie

PACIONIOKCHHBIC HCIIPCPBIBHBIC BOJIOKHA. B IIEPBOM CIIy4Ydc BOJIIOKHA paclolararrcsa
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mapajuIeIpHO, @ BO BTOPOM — IO YIIOM JIPYT K JAPYry, YIPaBIAd MEXaHHYCCKHMH H
IPYTUMH XapaKTEPUCTHKAMH KOHCTPYKIHH. CTEKIOIIACTHKH XOPOIIO OKPAITHBAKOTCS B

TI0051e OBET M IIPH HCIIOIE30BaHHH CTOMKHX KpaCHTeJIefl COXpPaHAKTCA J0CTaTO4vHO

JOJITO,

BPYYHYIO

7

i #

3.1. JlocTOMHCTBA KOMIIO3UTHBIX OIIOP
1. BBICOKAsA CTENEHE 3aBOACKON TOTOBHOCTH K MOHTaXY B MOJEBEIX
YCIOBHAX.
2. Moy OBICTPO JOCTABIAKTCA B HEOOX0IUMON KOMIUICKTALUH Ha
CTpodmnIomanKky, 6¢3 JMUHHOMCPHOTO TPAHCIIOPTA.
3. Onopsl U3 KOMITIO3WTHBIX MarepHallOB, YIUTHIBAA MX BECOBBIE

XapaKTEePUCTHKH, MOILYT OblTb MEPEHECEHbl M CMOHTUPOBAHbI NPAKTHYECKM

B TPYAHOAOCTYIHBIX MecTax ImpoxoxkaeHus BJL.

4. YCTOMYHUBOCTP K TTOBBILICHHBIM MEXaHUIECKIM Harpy3KaM.

[TopbiienHsiit cpok ciyx0b1 {70-80 ser). Onmope! NpakTHYECKH HE TOABEPKEHEI

KOPPO3HH, CTOWKHE K BO3ACHCTRHIO COJIEN H KUCIIOT.

5. MeHblIMe 3KCILTYaTallMOHHBIE 3aTpaThl. CTOUMMOCTE ONOP

KOMITICHCUPYETCSI HI3KUMH 3aTparaMH Ha 0OCITY)KMBaHUE.

6. DKONOTHYHOCTH MaTepHaia KOHCTPYKITHU. Marepuan He BRIACISIECT

OMACHBIE BELIECTBRA.

Hcronp30BaHne KOMIIO3ATHRIX TPABEPC MO3BONIAET YMEHBITUTE

TOPU30HTaNABHBIE ra0apUThl IPUMEHICMBIX CTOCK H YBETHYHUTE AJTHHY MPOJICTOB.
3.2. HenmocraTku KOMIIO3UTHEIX OIIOP.

1. TT1aBHBIM OrpaHHHIHTEICM IOTPEOUTEIBCKOTO crpoca Ha onopsl BJI

IIPUMEHEHUEM KOMILTEKTYIONTUX U3 KOMIIO3UTHBIX MaTCPHAIIOB ABISACTCH

OTHOCHTEJIBHO BBICOKAS IICHA.

2. OgHoM u3 BaXXHEUIINX 3a/1a4, ABISIETCA pEllieHHe BOMpoca CTa0HIM3aHu

CBSIZYIONIETO MOIMMEPHOTO HAMOTHUTENS K ACHCTBHIO COTHEUHOTO U3ITyUeHH.

3. 0c0OEHHOCTH KOHCTPYKINIA HA OCHOBE KOMITO3UTHBIX

MaTCPHAICE ABJACTCA HX 3JIACTHYIHOCTE, OTHAKO A BRICOKHX OIIOP JaHHAasA

Aucm
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[IpenmynecTBAMH KOMIIO3ULIMOHHBIX OIIOP MEPEd KX KOHKYPCHTAMH SABJISEOTCS:

MaJIBINA Bec ornop. Tak, HalpUMep, OIopa BHICOTON 12 MeTpoB BECHT BCero 68 Kr, UTo B

i

0COOEHHOCTEH MOXKET OBITE PACHOCHCHA KaK HCTaTHBHA.

HECKOJIBKO pa3 MCHBIIEC BECa JCPCBAHHEIX OIIOD.

Tabmuna 36. CpaBHeHHe MaccorabapuTHEIX XapaKTEPUCTHK OIOP

#

KoMmmosutaeie KenezobeToHHBIE
Hepersanbie onmopsl |  CTambHBIC OTIOPET
OTIOPEI OMOPBI
Bricota Bricota BricoTa Bricora
Bec, kr Bec, kr Bec, kr Bec, kr

onop, MM Onop, MM onop, MM Onop, MM

8000 38-45 8500 250 9000 230 9500 850

9000 42-66 9500 350 18,6 1240 10500 1258

11000 57-92 11000 400 19,6 1470 11000 1110

12000 68-110 12000 450 24,9 2586 16400 3684

YnpouieHne XpaHeHHA W TPaHCOPTHPOBKU, OO0BACHAETCS 2TO TEM, YTO CEKIUH
OMOp IOJBIE M HMX MOXKHO XPaHUTE H IIEPEBO3HTH OJHA B JAPYIoH, IO NPHHIHUITY
«MaTPEILKW», IPEACTABICHO Ha PUCYHKE 15.

[Tpocrora MoHTaxxa omop. Jna cOopKu M YCTAaHOBKHM ONOP U3 KOMIIO3UTHBIX
MaTEpHAIIOB HE TpedyeTcsd NPHMEHEHHWE CIOKHBIX MOHTAXKHBIX HMHCTPYMEHTOB W
TAKEN0U TEXHUKH, 4YTO BEAET K YACHIEBJICHUKY CTOMMOCTH TPAHCHOOPTHPOBKH H
MOHTaXHBIX padoT.

He tpebyror TexHuueckoe obcayxkuBaHue. JlaHHBIE ONOPHI HE TOABEPKECHBI
KOpPpo3HH (Tak KaK HE COOEpXKAaT CTAIBHBIX 3IIEMEHTOB) U THHECHHIO, MOJITOMY HE
TpedyeTCcsl BOCCTAHABIUBATE JTAKOKPACOUHOE MOKPHITUE ONOP U HX THAPOU3OIAIUKD,
3aJeIBIBATh TPCIUUHEI H T.1.

OHOpBI OG.]IEL[[&IOT BBICOKOH NpOYHOCTBEIO H JOJITIOBEHHOCTBHO. SB.HaﬂHBIB
IPOU3BOAUTENN AAKT TAPaHTHIO MOSABICHUE ASPEKTOBR M IIOMKH3IHEHHYIO FapaHTHIO HA
MOBPCKACHAAL CBA3aHHBIC C BO3JCUCTBHEM Ha OIIOPY JIbAd, CHEra, BETpa WM yaapa

MonHKH. PacuyeTHbil cpok cayk0bl coctasnsaer 100 net

Aucm
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Pucynok 15. IlpuHuun XpaHeHUA H IEPEBO3KY KOMIIO3HTHBIX OIIOP.

Her mpobmem ¢ yTunusaimei oOmop, ACPEBAHHBIE OMOPHI  MPOIMUTAHHEL
KPECO30TOM.

Xopoime TU3NECKTPHUYCCKIE CBOHCTBA.

beszonacHOCTE IIst aBTOTpaHCHIOpTa. OMOPH U3 KOMITO3UTHBIX MATEPHUATOB
ABISIOTCA Oonee yaapo0e30nacHEIMU 0COOEHHOCTH, KOTOPBIE HANO OyAeT yUNTEIBATH
npu u3ossmuu JI3I1. DToro HegOCTATKN THIIEHE! KOMIIO3HLUHOHHEIE OTOPHI, TAK KaK
OHU SBIAIOTCS AHANEKTPHKAMHU, DTO TIPHBOANT K YIIPOIISHHUIO CXEMBI 3allTUTH U
rabapHuTOB THHHMU.

HenocTaTku KOMITO3UIIMOHHBIX OTIOP:

IIpou3BOACTBO NaHHBIX OIOP HE Pa3BHTO, CIICAOBATEIBHO, 1IeHA HA HUX BBIIIE. .

Tabnuma 37. CpaBHEHHE CTOUMOCTH OTOP.

Kommoszutasie KeneszobeTonunie
JepeBsiHHBIE OTIOPEI CransHBIC ONIOPHI
OIIOPBI OIIOPEI
Bricora Bricota Bricora | Crou- | BricoTta
Crou- Crou- Crou-
Omnop, Omop, Omnop, |Mocth, | Omnop,
MOCTB,py0 MOCTB,py0 MOCTb,pY0
MM M. MM pyo MM
8000 19000 8000 2800 9500 5700 9000 14000
Aucm
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9000 21000 9000 3200 10500 | 6300 18,6 70000
11000 25000 11000 3800 11000 | 7000 19,6 85000
12000 29500 12000 4700 16400 | 21300 | 24,9 150000
Pacuer cpemnero mokasareins ce0eCTOMMOCTH Pa3IHIHBIX THITOB OMOP K HX
HOMHWHAJIBHOMY CPOKY 3KCIUTYaTalliH ITPOU3BOANTCS MO (hopMyIie:
3
P=—, 76
b (76)

TAe 3 — CPEAHETOAOBRIE 3aTPaThl,

C - CpOK 3KCIL1yaTalldu.

OHOpBI H3 KOMITO3WTHHEIX MAaTcpHalIOoB 06.]1&,[[3101“ BBICOKOM IIPpOYHOCTE H
JOJNTIOBCHHOCTLIO. HCKOTOpBIC 3allaJHbIC IPOH3BOOHUTCIH JAKOT T'apaHTHIO 40 1cT Ha
MOABJICHHE ITPOH3BOJACTBCHHLIX ,T_[e[beI{TOB H IMOXH3HCHHYH) I'apaHTHRKY Ha MOBPEKACHHA

CBA3aHHBIE C BO3JE€HCTBHEM Ha OIopy IbJa, CHEra, BETPA HINW yIapa MOJHHH.

Tabnuua 38. CTOMMOCTE HCIIONB30OBAHHUSA ONOP BhICOTON 11 M 3a HOMHHAIBHBIH CPOK

IKCIITYATAIHH.
KoMmosntHbIe JlepeBsHHABIC JKemezobeToHHbIE Cransueie
OTIOPBI OMOPBI OTIOPEI OTIOPHI
I 25000 3800 7000 85000
C 100 30 60 50
P 250 126 116 1700

CpaBHHSA JaHHBIE, IPEUMYIICCTBA 1 MHHYCHI KaXKJOTO THIIA OIIOP, KOMIIO3UTHBIC
OMOPHI SABIAOTCA ONTUMAIBLHBIM BapuaHTOB. [IpUMEHTE UX HYKHO B MECTaX ILUIOXIM
JOPOKHBIM IIOKPBITHEM, TAE TSHKENBIC TEXHHKA HE CMOXET BECTH padOThI, a TaKXKE B
paiioHaMu

paiiOHax €O CIOXKHBIMH KIHMATHYCCKHMH CUIBbHBIC BCTPd, PE3KHC

nepenagsl TEMIEPATyp.

& F

#
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[IpuMeHeHHe KOMIIO3UTHBIX MarepuanoB mng omop BJI 110 kB  muxryer

3.3. Brsoxg

HeoOXOUMOCTE WX VCTAHOBKH B TPYAHOAOCTYIIHEIX MeCTaX U MecTaxX cC
HeOmaronpusaTHoH norogoi. OmWH K3 OCHOBHBIX MHHYCOB SBJIAETCS, YTO OIOPBI
JIOCTATOUHO JIOPOTHE, HO OHH OKYIAKTCA C TEUEHHE BpeMEH!

[IpennokeHns peIHKA CTEKIOIUTACTHKOBBIX CTOEK MOTYT OBITH aJalTUPOBAHEI K
HYKJTaM POCCUHCKOM DHEPreTUKU epeBsHHBIM onopaM BJI . IIpu 3ToM He BOZHUKHET
3aTPYAHCHUH, CBA3aHHLIX ¢ 00ecmedeHreM TpeOyeMOoro YpoBHA Ipo30ynopHOCTH. s
ompeneneHus  pPCKTHBHOCTH  TaKWX  PEIICHHE  HEOOXOAUMO  MPOBECTH
COOTBETCTBYIOIHUE TEXHUKO-IKOHOMHUIECKNE PAcIeThI.

Hanpsxenue 110 xB n Bbliie KOMNO3UTHBIE ONOPLL  CHIEAYET NPUMEHATDL /151

OBICTPOMOHTHPYEMBIX PEMOHTHBIX paloT. DTO 0/IHA H3 IIABHBIX OCOOCHHOCTEH OTIOP .
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3AKJIIOYEHUE

B 1aHHOH BBHIMIYCKHOM KBANH(DHKAIIHOHHOH paboThl OBLIA MPOaHATM3HPOBAHA
CETh SHEPrOCUCTEMBI, PACCUUTAaHBl DPEKUMBI, MHHUMAIBHBIX, MAKCHMATHHBIX U
MOCICABAPUHHEBIX PEKIMOB.

Pa3zpaboraH TUIAaH PEKOHCTPYKIWU TOACTAHITMU «XapIymm». PekoHCTpyKuus
3aKIogaeTca B usMeHenun cxemel PY BH n PY HH.Bridopan tpancdopmarop TAH —
10000/110/10, pexoMeHJOBaHO K YCTAHORKE O0Nee HOROE 0OOPYIORAHUA.

HOMOMHUTENBHO OBLT  PACCMOTPEH BOMPOC O TPOMEKYTOYHBIX OIOp W3
KOMITO3UTHBIX MaTepHanoB. M3y4HB BOIPOC CTAT0 MOHATHO, YTO KOMMO3HTHLIE OIOPHI
UMEIOT PAJ NPEHMMYIIECTB 110 OTHONICHHIO K APYrUM BHAaM onop. Ho mpumMeHeHmE
OIOP M3 KOMIO3UTHBIX MAaTCPUAL B Pa3bl JOPOKE TPAAULMOHHBIM,

3anauu JaHHON BRITYCKHOM pabOoTEl OBUIM BEITIOTHCHBEL.

RO RO
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