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AHHOTAIINA

Temoit BKP sBnsiercs «Pekonctpykuus noactanuuu 35/10 kB Tpowurkas».

Ha ocHOBe gaHHBIX O TMHAaxX U COCTOSIHUM OCHOBHOIO 3JIEKTPOTEXHHUYECKOTO
000pyAOBaHUs, CYyTOYHBIX, TOJJOBBIX I'PAPUKOB HArpy30K MOJCTAHIIMU NPOU3BEEH
pacyer KOJIMYeCTBa, MOIIHOCTH U THUIA 3aMEHSIEMbIX TPaHC POpMaTOpPOB, MOTYUEHBI
NaHHbIe 3HaYeHni TokoB K3 Ha 3a/1aHHbIe KIacChl HAIPSIAKEHMSI, OCYIIIECTBIIEH BHIOOD
OCHAIICHUS!  NOJACTAaHIMM  KaK  BBICOKOBOJIBTHOI'O  DJIEKTPOTEXHHYECKOTO
o0opymOBaHUS, TaK W PEICHHOW 3alUThl W aBTOMATHKH. J[OMOJHUTETHLHO
IIPOM3BEIEH PacueT MOJHUE3AIUTEl PEKOHCTPYUPYEMOU 10 ICTAHIINH.

['padpuueckuii Mmarepuall npeCcTaBIEH COOTBETCTBYIOIIMMU JTUCTAMM:

riaBHas cxema nojactanimu 35/10 kB "Tpowunkaa" 10 peKOHCTPYKIIUY;

- raBHas cxema nojactanuuu 35/10 kB "Tpowurkas" nocie pekoHCTPYKIUY;
- IaH - pazpe3 noactanimu 35/10 kB "Tpounkas";

- OrpaHMyuTeNb nepeHanpsibkenus HenuHernsd OITH-T1-35;

- MoJmHue3amuTa noactaniuu 35/10 kB "Tpowurnkas";

- cXeMa IMUTaHus COOCTBEHHBIX HYXK moacTanmuu 35/10 kB "Tpownmkas".
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BBeaenue

HeoOxoanmyro HaiexKHOCTH PabOTHI BCEX CEKTOPOB COBPEMEHHOTO XO35MCTBA
r000# cTpaHbl 00ECTIeYMBACT HAACKHBIE W MPOTPECCUBHBIC DJIEKTPOTEXHUYECKHE
ammapathl. BakHOe 3HaU€HHE B 3TOM HIpaeT COCTOSHHE AJIEKTPOOOOPYIOBAHUS U
BCEM  DIEKTPOTEXHUYECKOW  IPOAYKLUMH,  HMCHOJb3YyEMOM B  CHCTEMAax
AIIEKTPOCHA0KEHUS KaK HU3ILETO, TaK U BBICILIETO HAIIPSKEHUI.

B nanHOe Bpems mepen dHEPreTMKaMHu OCTPO CTOUT BOIPOC TEXHHUYECKOTO
NEPEBOOPYKEHUS MapKa CUJIOBBIX MAIMH U APYroro 3jekTpooOopynoBanus. s
pelleHuss JaHHOro BoOIpoca TpedyeTcs Haluyue MNOoJHOM wuHopMauuu o
TEXHUYECKOM COCTOSIHUM JaHHOM aIlaparypbl B HACTOAIIEE BPEMs, BO3MOKHOCTH
MPOJJICHUSI CPOKa CIY)KOBI, a Tak)Ke YaCTUYHOW JIMOO IOJHOM 3aMEHE, HOBBIX
KOHCTPYKTOPCKUX pa3padOTKaxX, TEXHUYECKHX TMapamerpax W HWHOCTPAHHBIX
aHaJIoTax.

[MoncTanumsa « Tpounkas» OcCHalEeHa 3JIEKTPOTEXHUYECKUM 000pYAOBaHUEM,
MPOU3BEACHHBIM B iepuo1 ¢ 1975 no 1977rr. JlanHbIE 37IEMEHTHI YK€ TABHBIM -IaBHO
BbIpabOTaIM CBOM pecypc, peKOMEHAOBaHHBIM mMpouszBoauTeneM. OHO MOTEPsIIo
aKTyaJIbHOCTH B BUJly TOTO, YTO HE 00ecTieunBaeT TpeOyeMblil ypOBEHb HA/I€KHOCTH,
a TaK)Ke HE COOTBETCTBYET COBPEMEHHBIM ITAPAMETPAM I10 MOKaPO -B3PbIBOONACHOCTH
U TpeOyeT eXEeroJHbIX 3HAYUTENbHBIX (MHAHCOBBIX BJIMBAHUM, HWAYNMX Ha
00CTy>)KMBaHHE Y MOYMHKY U3HOIIEHHBIX 3JIEMEHTOB U y3JI0B.

[lempro mpencTaBiICHHOW pabOTHI SBJSACTCS IOBBIMICHUE CTPYKTYPHOU

HaJSKHOCTH CHCTEM DJICKTPOCHAOKEHHSI AEHCTBYIOMIEH TTOACTAaHIINN « TpOoHIKas».



1 XapakrepucTuka noacranuu « Tpounkas»

[Toacranuus « Tpounkas» ClipoeKTHPOBAaHA M BBEIEHA B KCIUTyaTtauuto B 1975
ro/y C LIEJbI0 OCYIIECTBICHUS JeKTpocHa0xeHus: CTaBpOMOJIbCKOTO paiioHa.

[lo creneHn HAASKHOCTH H  OecnepeOOMHOCTH  ANEKTPOCHAOKCHUS
notpeduteneit CTaBponoiabCKOTO pailoHa OTHOCSTCS KO BTOPOM KaTEropuu.

[MoncTanuusa «Tpouiikash» OCHallleHa CUIOBBIM TpaHchopmaTopoM tuna TM,
mouHocThio 4000 kBA Ha Hanpsbxenue 35/10 kB. Ilpennonaraercst yctaHoBKa IBYX
TpaHc(HOpMaTOPOB Ha TAHHOM MOACTAHLIHH.

[Ipyn oCylIECTBIEHUN PEKOHCTPYKLIHUHA WM TEXHUYECKOTO IMEPEBOOPYKEHUS
IJIaBHOW TMOHMU3UTEILHON TOJCTAHIIMM MOUIHOCTh CHJIOBBIX TpaHC(OpMaTopoB
BBIOMpPAETCsI TAKUM 00pa3oM, YTOOBI MPH BHIKITIOUEHNUHU (aBapUITHOM WJTH TJIAHOBOM)
U3 CETH HauboJiee 3arpy>KEHHOT0 M3 HUX Ha BpeMsl BOCCTAHOBJICHHS WM 3aMEHbI,
OCTaBIIMKCS B paboTe TpaHchopmaTop MOT oOecrneurBaTh W TOAAEPKUBATH
SIICKTPOIUTAHNE BCeX moTpeduTeeii. [1]

CepBucHoe oOciyxkuBanue IIC BBINOIHSIETCS PEMOHTHBIM IEPCOHAIOM
otaenenuss « MPCK Bousrm» «Camapckue PCy» XKurynesckoro I10.

OnextpocHabxeHue camoil [IC BbINOJIHEHO C TOMOIIBIO BO3AYIIHOW JTUHUM 35
KkB. OTKpbITOE pacnpenenuTeabHOe YCTPOUCTBO BBIIIOJIHEHO 0 YIPOIIEHHON CXEME
«mHusA-Tpanchopmarop». B snekTpuueckyro cerb TpaHchopmaropa BKIHOYEHBI
Pa3bEAUHUTENIM W  BBIKIIOYATENh HA HOMHHAIBHOE HampsbkeHne 35 KB.
YCTaHOBJIEHHBIM  PECypC, PEKOMEHAOBAHHBIM  MPOWU3BOJUTEIIEM  JTAHHOTO
000pyIOBaHUS K alllIapaToB, TaBHBIM-TaBHO NCTEK. BHyTpeHHMI (CKPBITHIN) H3HOC U
BHeIHee cocTosiHue (Oospiie Ta0apuThl) JI€7aeT YKa3aHHBIE  AJIEMEHTHI
NEKTPOTEXHUYECKOW CHUCTEMBI MOPAIBHO YCTapeBIIMMHU. TakkKe OHM HE
COOTBETCTBYIOT ~COBPEMEHHBIM TpEeOOBaHUAM CTPYKTYPHOW HAASKHOCTH U
3aIUIIEHHOCTH CUCTEMbI AJIEKTPOCHA0KEHUS OT HEYCTOMYMBBIX PEKUMOB, a TAaKKe
TpeOYIOT CYIIECTBEHHBIX PACX0/10B Ha CEPBUCHOE 00CITyKUBAaHUE U BOCCTAHOBJICHUE

paboTOCTIOCOOHOCTH TOCJIE aBapHUHl.



DNEKTPOTEXHUUECKOE 000PYy10BaHUE, UMEIOILEE 3HAUUTEIbHBIM U3HOC, MOYKET
CTaTh MPUYMHOW CEPbE3HBIX aBAPUM M Tpareauii C ydacTUEM IIEpCOHaNa, a
BIIOCJIC/ICTBUM  TMPUBECTH K  HApPYIICHUIO  AJIEKTPOCHAOKEHHS  KOHEUHBIX
MOJIb30BATENIC DJIEKTPUUECKOU JHEPTUM. B CBI3M ¢ 4em, mpenjaraercsi Npu
npoBeacHnn pekoHcTpykiuu [IC 3amena cyimecTByromero o60pyaoBaHusi Ha HOBOE.

Bce ocHameHue OTKPBITOTO paclpenenuTeNnbHOro ycrpouctsa 35 kB
YCTaHABIMBAECTCSI 0€3 WM3MEHEHMsI CTPOUTEIbHOW YacTH MOJCTAHIMH OTKPBITHIM
ciocobom. 3PV-10 kB BbeimosmHeHo sueiikamu KCO-232, koTOpble OCHAIIICHBI
BbIKItoyatensiMu tuna BMI'-10. Husmas ctopona 10 kB umeer cxemy ¢ 00xoqHOM
CUCTEMOM IIMH. JJIeKTpocHabkeHne coOCTBeHHBIX HYyxJ I[IC BbIIOIHEHO OT
MoHWXKaromero Tpadncdopmaropa tuna TM, HoOMuUHaIBHOW MomTHOCTH 40 KBA,
HanpsikenueM 6/0,4 kB. K coOCTBEeHHBIM Hyk/1aM OTHOCSTCS: I0OJOT'PEB MOMEILIEHHUS],
anekrpomkador 3PY-10 kB, peneliHoii 3aMThl 1 aBTOMATHKHU U T.J.

CormacHo IlpaBumam ycTpoiictBa anektpoyctaHoBoK Ha IIC momkHa OBITH
obecrieueHa CIIeAyIOIMMY BUIaMU 3alUT: 3amuTa BBOA0B 10 kB — aByXcTymen4aras
MT3, na oTxoasumx ¢puuaepax snekrpuueckoro nuranuss 10 kB — MTO, MT3 u
3anumTa oT 33. ABromaruka Ha [IC «Tpowunkas» BeinonsHeHa B Buae AlIB-35 kB.
Peneitnas 3anmra, Kak 1 OCHOBHOE CHUJIOBO€ 00OpYAOBaHUE, UMEET CYILIECTBEHHBIM
U3HOC, MOATOMY, HECOMHEHHO, TpeOyeT 3ameHbl. HecpabarwiBanue P3 u A moxer
CTaTh NPUYMHON CEPHE3HOM aBapuM W NPUBECTH K YEIOBEYECKUM IKEPTBAM.
[IpoekTOM PEKOHCTPYKUMU NPEANOJIAracrcsi 3aMEeHa CYLIECTBYIONIMX 3allluT,
BBITIOJTHEHHBIE aHAJIOTOBBIMU ITPUOOPAMH, Ha 3aIIMTHI B BUIE MUKPOIPOIECCOPHBIX
YCTPOMCTB.

3azemnenue umeer 0,5 OM BHE 3aBUCUMOCTH OT BpemeHU roja. OHO
BBITIOJIHEHO M3 IPYTKOB JIETUPOBAHHOW CTAJIM IOINEPEYHBIM CEYeHUEM 12 MM,
JUTMHOM 5 M., COeIMHEHHBIE MEX Ty COO0M cambHOM moJjiocoi. Takxke Ha MOACTaHITUU
YCTAHOBJIEHbI MOJIHUEOTBOJABI JUIA 3alMTHl OT IMOINAJaHUs pa3psAoB MOJIHUK B
noporocTosiiiee 000pynoBaHKe. 3alllyMTa OT BHEIIHUX NEPEHANPSIKEHUIN BBIMOJIHEHO

¢ ucnoib3oBanueM OITH-35, 10xB.



2 Pacuer moacranuun « Tpounkas»

BrimoHeHne pacuera Harpy3ok TpeOyeTcs JUid OCYIIeCTBJIICHUS BBIOOpa
CWIOBBIX TpaHc(opmaTopoB. Pacuer Bemercss Ha OCHOBE TOJIOBBIX M CYTOUYHBIX
rpadukoB Harpy3ok [IC 35/10kB «Tpowurkas», a Takke C y4eTOM BO3MOKHOCTH
pazpacTaHuss ~ pacIpeleluTeNIbHBIX CeTed, a, CJeJoBaTelIbHO, YBEIMYCHHEM
noTpedasieMoil MOIHOCTHU. JlaHHbBIE 1JI1 pacueTOB CBEAEHBI B Ta0MILy 1.

Tabmmua 1 — Harpy3ouHsle XapakTepUCTUKU MOICTAHLIUN

Ne n/m Hanveronare Tun JIDIT Hanpsoxenue, kB COS
Harpy3ok
1 Beog 10 xB KJI 10 0,92
9 JlormonHuTENBHbBIE KT 10 0,92
noTpeduTeNnn

["'omoBbIe Tpaduku Harpy30K MPEaCTaBICHBI HA PUCYHKAX 1, 2.

P kBA
3500 1
3000 T
2000 T |
1000 T I_ — i S E- A E .ol
- - 1
| l | | L | i | i I i Tyac
U} 1000 2000 3000 4000 5000 6000 7000 8000 8760
Pucynok 1 — I'ogoBoii rpaduk Harpy3o0k BBOJHOTO ycTpoiictBa 10 kB
P kBA
2000 4+
1000 +
% ! } i % i Tyac
0 1000 2000 3000 4000 5000 6000 7000 8000 8760

Pucynok 2 — I'ogoBoii rpaduk Harpy3ku JOMOJHUTEIBHBIX OTpeOUTENEH
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[lo nmpencTaBieHHBIM TpauKaM Harpy30K OMPEACIieM pacyeTHYIO MOIITHOCTh
KaK JIJI1 TOTpEOUTENeH SJCKTPUIECKOM SHEPTUH, TaK U IO TJIaBHOW MOHU3UTEILHOM

IO ICTaHIIUH.

Pacyer nmoyHOM MOIHOCTH JJIs1 TOTPEOUTENeH MPOU3BOIUM T10 (hopmyIie:

P.
Sy =, 1)

Cos(”in
rac Pin — MaKCHUMAaJIbHas HOTp€6J'I$ICMa$I AKTUBHasd MOIIIHOCTH OTACIBHOTO

noTpeduTens, KBT.

OnpenenseM NOJIHY MOIIHOCTh BBo1a 10 kB:

S sewotons = % =3478,3 kBA

OmnpenenseM MOJHYI0 MOIIHOCTD JONOJHUTEIbHON HArPY3KH:

_1399_ 1413 xB4,
0.92

S B600l1l0xkB

rae Cosp = 0,92 — ko3 PunreHT MOITHOCTH MO TP EOUTETICH.

OmnpenensieM  3HaY€HUE MOTPEONAEMOM  BIEKTPOIHEPTUU  OTAEIbHBIX
noTpeOuTenen:
Kk
W= Z I:>in 'tin (2)
i=1
rae: P, — moTpebiasiemMasi akTUBHasI MOIITHOCTh COOTBETCTBYIOIIEH CTYNEHU Ipaduka,
KBT; tj, — mpoA0KUTENHFHOCTH Harpy3KU COOTBETCTBYIONIECH CTyneHH rpaduka, Jyac.

Omnpenemnsiem 3HaYeHNE MOTPEOIIeMO AnekTpo3Heprur BBoA 10 kB:

~ 3200500+ 2700-1300+ 2100-1200+1200- 2500+
w00l0c | 1 800-800+ 600- 2460

J =12746 MBm-u

OmnpenensieM 3HaYeHHE MOTPEOISIEMON 3JIEKTPOIHEPTUU JTOMOJHUTEIHHON

Harpysku:

(1300 -500+900-1500+ 700-1000+500- 2500+
Hon —

=5078 MBm-uy
+400-1500+300-1760
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OmnpenenseM 3Ha4YeHHUE MOTPEOIAEMON DIIEKTPOIHEPTUHM IO TOJACTAHIIUU B

OcJIOM:

n

W =YW'=(12746+5780)=18526 MBm-u (3)

nc 1
OnpenensgeM 3HaY€HHE NPOJOJDKUTEIHLHOCTH MAaKCHUMAaJIbHOW T'OJOBOM

Harpy3kKu noaCTaHIu:

T = W,\zaK — 18526 _ 4397 131{ ’ (4)

M

rae: Pyax— MakcUMabHas MOTpedsieMas MOITHOCTS I10 MOICTAHIINH B 11e510M, MBm;
Wihax — MakcuManbHas moTpedisieMas AJISKTPOIHEPTHs IO TMOJCTAHIIMH B IIEJIOM,
MBm-u.

CyMMapHBIH TOJOBOM TpaduK HArpy30K TMOTpeOUTeNneld TOACTaHIINN

MpeICTaBJICH HA PUCYHKE 3.

P kBA

5000 T

4000 7

3000 T m

2000

oo T | Y=
)

| } { y f f | } Tyac
0 000 2000 3000 4000 5000 - 6000 7000 8000 8760

Pucynok 3 — CymmapHBbIi TOI0BOM Tpaduk HArpy30K IMOJCTAHITUN
\B mporiecce NpoeKTHPOBAHUS WM TEXHUYECKOTO TEPEBOOPYKEHUS TIaBHBIX
MOHU3UTENbHBIX MOCTAHIINH, a TAK)KE UHBIX pacTIpeleTIUTEIbHBIX YCTPONUCTB BBIOOD
MOIITHOCTH CWJIOBOTO TpaHC()OPMATOPHOTO 000PYIAOBaAHUSL OCYIIECTBIISIETCS TaKUM
o0pa3oMm, 4YTO TpH IUTAHOBOM WJIM aBAPUMHOM OTKJIIOYEHHUAX OJHOI0 U3 JBYX,
OCTaBIIUKCS B paboTe MoT OecrepedONHO OCYIIECTBIATh AIEKTPOCHAOKEHHE BCEX

KOHEYHBIX MoTpeduTenei [1].
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3. Bbi0op THIA, KOJUYECTBA U MOUIHOCTH CHJIOBBIX TPAHC(HOPMATOPOB

IJIABHOM MOHU3UTEJIBbHOU MOACTAHIUU « Tpouukas»

Be160p uncnia 1 MOIHOCTH TPAHCPOPMATOPOB BHITIOJIHSIETCSI, OCHOBBIBASIChH Ha
pe3yibTaTax TEXHUKO-DPKOHOMHUYECKOTO pacuera, UCXOJsi M3 PacueTHON Harpys3kH,
YUHUTBHIBAIOLEW BCE MAaKCHUMAaJbHbIE MOIIHOCTU NOTPEOUTENEH SIEKTPUUECKOMN
DHEPTUH, YACIbHON MNIOTHOCTH HArPYy30K, JEHCTBYIOUIMX IIEH HA JIEKTPOIHEPTHUIO U
uHbIX (akropoB. Haumbosiee mnpuemsemas MOIIHOCTh BCEra COOTBETCTBYET
HAaMMEHBIIIMM MPUBEICHHBIM 3aTpaTaM.

[Ipu BbIOOpPE THIA M MOUIHOCTH TpaHCpopmaropa CIEAYeT YUYUThIBATh
BO3MOXHOCTh KpPaTKOBpEMEHHOTO mpeBbliieHus (no 40%) ycTaHOBIEHHOM
MOIIHOCTH TpaHCPopmaropa Ha BpeMs MPOXOXKIEHHUS pekrnMa paboThl, KOTOPHIN
COOTBETCTBYET MAaKCUMAJILHBIM IIMKaM Harpy3ok. [16]

Ha IIC «Tpowunkas» umerorcsi aBa kiacca HanpspbkeHus (35 u 10 kxB)
noTpeduTeneit 1 u 2 kareropuu IeKTpoCcHa0KeHus. M3 3Toro ciemyer, 4To B COCTaB
MOICTAHIINH JTOJDKHBI BXOJIHTD 2 Tpexda3zHbIX TpaHcdopMaTopa.

JUis monctaHiu ¢ ByMsi TpaHc(hopMmaropamH CIpPaBelJIMBO CJETYIOIIEe
BbIpa)XEHUE:!

S 0’7 ) Smax (5)

nomT —

VYuuTteiBasg JONOJHUTENBHYIO HArPY3Ky MOIIIHOCTh TpaHcopmaropa’

S . =07%S, . =4500-0,7 =3150 xBA

nom.T

Suomr2> Snomri = Snomr

6,3 MBA >4 MBA > 3,15 MBA
Jlnst nanpHewero pacCMOTpeHHs BIOMpaeM JiBa TpaHcdopmMaropa:
1) TMH - 6300/35/10 xBA;
2) TMH - 4000/35/10 xBA.
HeoOxonumpie gaHHBIC, TPUHUMAEMBIX IS JAJbHEHIIEro pacdera CHIOBBIX

TpaHc(HOpMaTOPOB IMPUBEAECHBI B TAOIMILIE 2
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Tabmmua 2 - JlaHHbIe CUJIOBBIX TPAHCPOPMATOPOB

Hanpsokenue

[lotepn,

Tun : ;é 0OMOTKH, KB kBt Uk, % I % IleHa,
TpaHnchopmaropa | 5 S BH HH pe | Pk BH-HH ’ TBIC.pYO.
TMH - 4000/35 4.0 35 11 56 | 335 7,5 0,9 3750
TMH - 6300/35 6,3 35 11 8,0 | 46,5 7,5 0,8 4300

3.1 Texuuko-3xK0HOMUYecKHii pacueT Tpancpopmaropa TMH-6300/35/10 kBA
1. IlpuBeneHHbIE MOTEPU AKTHMBHOM MOIIHOCTH TpaHC(opmaropa B pexume

XOJIOCTOT'O X0a4.
P =P +K, -Q =8+0,05-50,4=10,52 xBm (6)

rae: K, — kosdduumeHT u3MeHeHus: notepb, KOTOPBIM 3aBUCHUT OT YAAJIECHHOCTH

noTpeduTeNss OT MCTOYHMKA muTaHusi U coctaBiser 0,02-0,2 kBm/xBap . ns

pacuetoB npuHuMaeM K, , = 0,05 kBm/kBap .

2. [ToTepu peakTUBHOM MOIITHOCTH TpaHCc(hopMaropa Ha X.X.

) Suour = 098 6300- 50,4 kBap (7)

Q=100 100

3. HampsxeHne KopoTKOT0 3aMBIKaHKsI 00MOTOK TpaHc(popmaTopa.

U, =0125-U, .., ., =0125-75=0,94% ©)
U, =0175-U, ,, .y =0175-75=131% 9)

4. Tlotepu peakTUBHOM MOIITHOCTH TpaHCHOpMATOpa B PEKUME K.3.

Q.= % S = % -6300=59,22xBap (10)

U 1,31
QK.H. = ﬁ "o T T m ) 6300 = 82’53KBap (11)

5. [IpuBenenHpIe OTEPH AKTHBHOM MOIIMHOCTH TpaHC(opmaTopa B PEKHUME

KOPOTKOI'O 3aMbIKAHUSI.

P =P +K, -Q_ =465+0,05-59,22 = 49,5 xBm (12)

K.8.

P =P  +K,6 -0 =46,5+0,05-82,53=50,6 xBm (13)
13



P =P +P' =495+50,6=1001xBm (14)

6. Koaddurment 3arpy3ku BH 06MoTkH Tpanchopmaropa Ha I-0# CTyIICHH

rOJ0BOTO IpaduKa Harpy3KH:

K — SBi
3.8. S

4500
6300

=0,71 (15)

Hom.T

7. Koaddumment 3arpy3ku HH 0O6MoTKH TpaHchopmaTopa Ha i-0# CTyleHU

roJI0BOTO Ipaduka Harpy3Ku:

S, 4500

R = =
6300

3.6. S

=0,71 (16)

nom.T

8. HpI/IBGI[CHHBIC MMOTCPpHU MOIIIHOCTH:

P.=P+K’ .P._+K .P

3aep. 61 3aep HH

17)

K HH

P, =10,52+0,71°-0,49+0,71*-50,06 = 60,98 xBm ,

9. IToTepst AMEKTPOIHEPTHHN XOJIOCTOTO X0/1a Ha I-i CTYIICHU T'0J1I0BOTO Ipadurka

Harpy3Ku:

AW, =n.-P T, (18)

X 1

10. CymMmapHas moTepst X0JIOCTOTO XO/a:
AWxx = Z A\Nxx.i . (19)

11. TToTepu AIEKTPOIHEPTUN KOPOTKOT'O 3aMBIKAHHSI Ha |- CTYIIEHH T'OJI0BOTO

rpajuka Harpy3Ku:

1 1 .
AWKS:_.PKBH.KzB.Ti—l_Z._.PKHH.K?%H.Ti’ (20)
nT ' nT .
Trac i— HpO}IOH)KHTCHBHOCTB HaAXO0XIACHU Harpy3KI/I Si Ha i'TOﬁ CTyrIeHI/I.

12. CymMmapHas motepsi KOPOTKOTO 3aMbIKaHMS .

AW, =2 AW, kBm-y (21)

13. TloTepu snekTposHEpTHH B TpaHchopMaTopax Mo CTaHIUu:

AWnc = z AWxx.i + Z AWKS.i + Z AWKnl.i + Z AWKHZ.Z’ . (22)
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14. DxoHOMMUECKasl HArpYy3Ka S, HUKE KOTOPOH 11e71eCO00pa3HO OTKITIOUATh

OJIUH U3 TPaHC(HOPMATOPOB:

3
S =S “In_-(n_-1)-—% -
2.nC HOM.WZ\/ T ( T ) PK ] (23)
S, .= 6300 -\/2-(2—1) 10,52 3700,6 xBA

60,98
HarmsmHo pacyer moTeph 3JIEKTPUYECKOW 3HEpPTHH B TpaHC(HOpPMATOpHOM
000pyA0BaHUHN BO3MOXKHO MPEICTABUTH C MOMOIIBIO TAOIHUITHI 3.

Tabmuma 3 - Pacyer mnoTepb dBIEKTPO’HEPTHM B TpaHCcopmaTope
TMH-6300/35/10 kBA

LR | 0] T e | e | e |G R
1 | 4500 | 4500 | 2 | 500 | 10520 | 0,71 0,71 17,68 18,07
2 | 3600 | 3600 | 1 | 1300 | 13676 | 0,57 0,57 28,29 28,91
3 | 3000 | 3000 | 1 | 200 | 2104 0,48 0,48 23,57 24,10
4 | 2800 | 2800 | 1 | 1000 | 10520 | 0,44 0,44 22,00 22,49
5 | 1700 | 1700 | 1 | 2500 | 26300 | 0,27 0,27 13,36 13,65
6 | 1200 | 1200 | 1 | 800 | 8416 0,19 0,19 9,43 9,64
7 | 1000 | 1000 | 1 | 700 | 7364 0,16 0,16 7,86 8,03
8 | 900 | 900 | 1 | 1760 |185152 | 0,14 0,14 7,07 7,23

8760 |97415,20 129,25 132,10

Hroro norepu:
97676,57

AWx.i = 97415, 2 KkBm-u

AWK = AWK.Si + AWK.HH.i = 261’ 35 KBWZ'Ll (24)

AWnC =97676,57 xBm-u

15. OnpenensieM CTOUMOCTB MTOTEPh ICKTPOIHEPTHH B TpaHChopMaTopax.
HAW”C = Cs,x (Tx) ’ AWx + Ca,K (T) : AWK (25)

A, =0,648-974152 +0,918 - 261,35 = 63364 ,9py6

15



rIe:

C,. T, =0,648 py6/kBru — ctoumocts 1 KBT-4 TIOTEPH ILOHEPTUM X.X.

TpaHc(HopMaTOpOB 3a BpeMsl UX pabOThI B rOAYy;

C,,(t)=0,918 py6/kBr-u ctoumocts 1 KBT-4 Harpy3ouHbIX MOTEPH SILOHEPIUH

Tpancopmaropa.

JlanmpHeiiiiee  ompenereHWe  BapWaHTOB  BbIOOpa  TpaHCcHOpPMATOpPOB

IMPOU3BOJHUM MCTOAOM IIPHUBCACHHLIX 3aTpar.

16. Exxerogable SKCIUTyaTallMOHHBIC U3/IEPIKKU:

H =P, K, e P.,= 0,094, (26)
M, =0,0948600000 = 808400 py6.
K, =2-K 27)
K, =2-4300000 = 8600000 pys.

17. IlpuBeneHHbIE 3aTpaThI:

3,=E, K+H, +HAW, (28)

3,, =0,15-8600000+ 808400+ 63364,9= 2161764, pyo

3.2 Texuuko-3KOHOMHYecKkHi pacuer Tpancpopmaropa TMH-4000/35/10 kBA
Pacuet st TMH-4000/35/10 kBA BBITIOJIHAETCS AHAJIOTHYHO.

Tabmuma 4 - Pacuer nmoteps aexkrposanepruu B TMH-4000/35/10 kBA

NS
1 4500 | 4500 | 2 500 7400 1,13 1,13 19,90 20,32
2 3600 | 3600 | 2 | 1300 | 19240 0,90 0,90 15,92 16,25
3 3000 | 3000 | 2 200 2960 0,75 0,75 13,27 13,55
4 2800 | 2800 | 2 | 1000 | 14800 0,70 0,70 12,38 12,64
5 1700 | 1700 | 2 | 2500 | 37000 0,43 0,43 7,52 7,68
6 1200 | 1200 | 1 800 5920 0,30 0,30 10,61 10,84
7 1000 | 1000 | 1 700 5180 0,25 0,25 8,85 9,03
8 900 900 1| 1760 | 13024 0,23 0,23 7,96 8,13

8760 | 105524 96,41 98,43
Wroro morepu: 105718,84

16



AW, , =105524 , xBm-y

AWK = AWMI. + AWK.HHJ. = 194,8, KBm-u (29)

AW  =105718,84 | xBm-u
1. OnpenensemM CTOUMOCTh MTOTEPH ICKTPOIHEPTUH B TpaHC(HopMaTopax.
A, =0,648-103524 +0,918 -194,8 = 68558 ,4 py0,
2. ExxerotHBIC SKCIUTyaTallHOHHBIE U3ICPKKU:

rie  P.,= 0,094
U, =0,094-7500000 = 705000 pys.

K, =2x3750000 = 7500000 pys.

3. IlpuBeneHHBIC 3aTPATHI.

3,, =0,15-7500000 + 705000 + 68558, 4 =1898558, 4 py6.

Tabauma 5 — ConocTaBiieHUE JBYX BApUAHTOB

Tpanchopmarop [IpuBeneHHbIE 3aTPaThI
TMH-6300/35/10 xBA 3,,- 2161764,90 pyé.
TMH-4000/35/10 xBA 3,,-1898558,40 py6.

Beibop TpaHcopmaropa s YCTaHOBKH Ha TOJCTAHIMK OCYIIECTBIISIEM

WCXO/JIsl 13 MEHBIIINX MTPUBEJECHHBIX 3aTpart. Takum Tpancpopmaropom Oyaer TMH-
4000/35/10 xBA.
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4 BbiOOp rjaBHOW CXeMbl JJIEKTPHYECKHUX COEJMHEHUN MNOACTAHUUH

«Tpouukas»

['omoBHasE cxeMa D3JIEKTPOCOCIMHEHHH TOACTAHIIMKA TPEACTABIIIET COOOM
IPYMILy 3JEKTPUUECKOTO 000pyAoBaHus (TpaHCHOPMATOPHI, pEaKTOPHI, U T.11.).

Cxembl TJIaBHBIX TOHM3UTEIBHBIX IOJCTAHIIMH TIPU  OMPEIEICHHOM
IIPOCKTUPOBAHUH Ppa3pabaThIBAlOTCS] HAa OCHOBAaHMHM TIEPCTICKTHB PAa3BUTHS BCEH
HPHEPTOCUCTEMBI B II€JIOM, CXEM CHA0XEHUs DJIEKTPUYECKOW SHEpPTUeH pervoHa u
WHBIX paHee CJIEeTaHHBIX WJIM BBIIBHHYTHIX MPEANOJIOKEHHH H pa3paboTok,
HaIPaBJICHHBIX HA PA3BUTHUE IJIEKTPOCETEH U JOJDKHBI COOTBETCTBOBATH CIICAYIOIIUM
TpeOOBaAHUSIM:

1. Ilpou3BOAUTE TEPEKITIOYAIONIHE OTMepalui HE0OXOJUMOTO KOJMYECTBA
JIDII, TpanchopmaTopoB, aBTOTpaHC(HOPMATOPOB C€ YYETOM BO3MOKHOCTEU
T10ICTAHIIHH.

2. [lognepxuBaTh HEOOXOAUMBIN YPOBEHb HAACKHOCTU (PYHKIIMOHUPOBAHUS
pacrpenenuTeNIbHBIX YCTPOUCTB HCXOId U3 KPUTEPHEB DIIEKTPOCHAOKECHUS
MOKYyINaTeae  JJIEKTPUYECKOW DSHEPrUM B COIJIACOBAHMM C  KAaTErOpUsIMU
AIIEKTPOTIPUEMHHUKOB TIOTPEOUTENICH W TPAH3UTHBIX IIEPETOKOB MOIIHOCTH B
YCTOWYHBOM pEXKUME O0€3 TMMUTHPOBAHKS MOIITHOCTH M B TIOCTABApMIMHBIX PEKUMaX,
KOrJa OOECTOYCHHBIMU OCTAIOTCS HECKOJbKO MPHUCOCAMHEHUNW C Yy4eTOM TOU
Harpy3KH, KOTOpOE HeCJIo Ha cebe OTKIIIOUYHBINEecs 00opyaoBanue. [7]

3.Ilpy  HEoOXOOAWMOCTH  TPOU3BOAUTH  CEKIMOHUPOBAHUE  CETEH
AIIEKTPOCHAOKEHUS U TapaHTUPOBATh (PYHKIIMOHUPOBAHUE PACTIPEIYCTPOMCTB MpHU
3aJlaHHBIX 3HAYeHUAX TOKOB K.3.

4. YauThIBaTh BEPOSITHOCTh BO3HUKHOBCHHSI aBapUUHBIX CHTyallud W
obecrieuynBaTh 0€30MACHOCTh MPU TMPOBEAECHUU BOCCTAHOBHUTEIBHBIX pPabOT Ha
OT/IEIBLHBIX DJIEMEHTaX CHCTEMBI.

5. OGecneunBarp MpeabsBIIEMbIe  TpeOOBaHUS o HArJISITHOCTH,

KOMITAKTHOCTH Y YHU(DUKAIIMU TIPU CEPBUCHOM OOCITy>KMBAHUH.

18



OnexkTpuueckue cxembl PY [omkHBI mpeaycMaTpuBaTh OCYIIECTBIICHHUE
OTiepalliy BbIBOJIa OT/ENLHBIX 3JIEMEHTOB CXEMbl B PEMOHT:

1. JIns pacnipeaenuTenbHbIX yCTpoiicTB 10 220 kB mpumeHum Mmertona, mpu
KOTOPOM BO3MO’KHBI BpEMEHHBbIE OTKIMIOUeHus npucoeaudenus JIOII wmm
TpaHcGopMaTop, B KOTOPOM BBIKITIOUATENH JJISI OCYIIECTBICHUS KOMMYTALUU IS
JOCTHKEHHS TPEOYEMBIX 1IeJIEd PU MPOBEIEHNN BOCCTAHOBUTEIBHBIX (CEPBUCHBIX)
paboT. DOTO BO3MOXHO B  Cllydyae, €CIM  YJIOBJETBOPSIOTCS  YCJIOBHS
AIIEKTPOCHAOKEHUA TOTPEOUTENE DSJIEKTPUUECKON DSHEepruu U oOecneueHus
NEPETOKOB MOIIHOCTH; B Ciydae, €CJId OOECTOYMBAHME LENU HEBO3MOXHO —
KOMMYTallUsg LEeNH Ha 00XOJHYIO0 CUCTEMY IIIMH WU K€ BHEIPEHUEM TaKUX CXEM, B
KOTOPBIX B KOMMYTAallUAX TMPUCOCIUHEHUN 3a/edCTBOBAaHO OoJiee OJHOTO
BBIKJTIOYATETIsI.

2. MeToioM  BBIKIIIOYEHMSI ~ NPHUCOEIWHEHHS TPU  COTJACOBaHUU  C
NOTpeOUTENEM IEKTPUIECKON IHEPTUH HA ONPEACICHHOE BPEMsI.

3. g o6opynoBanus, mpucoenureHHoro K JIDII umm tpancopmaropam, npu
otkrouéHHBIX BJI u T. [3] B cBsi3u ¢ BO3MOXXHOCTHIO PAa3BUTHS pETHOHA BO3HUKACT
HEOOXOAMMOCTh BKJIIOUEHHsI ToTpeduTenelt | kareropuu, KOTOpble B COOTBETCTBUU
[lpaBuiamMmu  yCTpOMCTB ~ 3JEKTPOYCTAHOBOK  JOMYCKaeT  HMHTEpBal B
NIEKTpOoCcHa0KeHUH 10 BpemeHHu (yHkimonupoBanusi ABP. CymectByromas cxema
[IC «Tpowuikas» He COOTBETCTBYET JAHHOMY OIMCAHUIO, B CBSI3U C 4eM, TpeOyer
PEKOHCTPYKIIHUH.

[IpyarMaeM cXeMy BKIIIOYEHHUS C BBIKIIOYATEISIMU Ha BBICOKOW CTOpPOHE
HaNpsDKEHWsT W TePEeMBIYKOM C BBIKIIOYATENIMA B LENAX TpaHcopmaTopa.
[IpencraBieHHas cxemMa Ha pPHUCYHKE 4 COOTBETCTBYET BCEM IEPEUYHCIICHHBIM

TpeOOBaAHUSAM.
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Pucynok 4 — Cxema OPVY 35 kB

Paboma cxemubi.

- B YCTAaHOBHBIIIEMCSI HOPMAJTLHOM PEKUME (PYHKIIMOHUPOBAHUS BBIKITIOYATEITN
Q1, Q2 3amkuyThl. Beikmouarens Q3 Haxoautcs B pe3epBe. KoHTakTHBIE yacTu
pazvequnutenen QS1... QS8 HaxomATcs B 3aMKHYTOM  IIOJIOKEHUHU.
DnekTpocHabKeHne TMoTpeOuTeNnel BhIMOJHEHO Onaromaps 2-m JIDIT W1, W2
IOCPEACTBaM BBHIKIIIOYATEICH W pa3beAUHHUTEICH, a TaKKe C HCIIOJIb30BaHHEM
TpaHc(popmMaTopoB.

- TIpH OCYIIECTBIICHUU cepBHCHOTO oOcmyxuBanus JIDTT W1 (W2) tpebyercs
orkmoderne Q1 (Q2). Ilpu oTkioYeHHH BBIKIIOYATENS BKIOUaeTcss B padoty CB
Q3. Onepanys mpoxoauT 0€3 OTKIIFOUEHHUS TpaHC(HOPMATOPOB.

- IPY BBIBOJIC B PEMOHT YacTH JuHMK 1o npuunHe K3 Beikmouaercs Q1 (Q2),
tpancopmartop T1(T2) Ha kakoe-TO BpeMs ocTaeTcs 0e3 HampsikeHus. B maHHOM
ciayuae yctpoiicteom ABP Oyzer BBeaen B padoty CB.

- IIpM BO3HUKHOBEHWHW Jiepekra OJHOro U3 TpaHCHOpPMAaTopoB Ta3oBasd,

mubdepennmanbras  peneitHas 3anmmra wii  MT3  Tpou3BOAUT OTKIIIOYEHHUE
20



BoIKIItOUarenen 1o cropoHaMm HH wu BH oTHOCUTENBHO MOBPEXIECHHOTO
Tpancopmartopa. BcenenctBue wero mo cropone HH cuctemoit ABP Oyayr
BKIItOUEeHbI B paboty CB. KoHeuHslil noTpeduTens o6ecToueH He Oy ieT.

Ha ctopone 10 kB BwiOupaem cxemy «OmHa paboyas CEKIIMOHUpPOBAHHAS

BBIKJIFOUATEJIEM CUCTEMA IIMH» (PUCYHOK 5)

A2

asst ase2

ase3 asts

ass g3 ase

ases aseé I = |

3 N as67 ase8 ) ases Fyy N QsGI

vt | asom | assz v2

Pucynok 5 — Cxema PV 10 xB

Paboma cucmempbi.

- B YCTaHOBHBILIEMCS HOPMAaIbHOM pexume QyHKimonupoBanus Q1, Q2
UMEIOT 3aMKHYThI€ KOHTakKThl. Beikmouarens Q3 HaxoguTcs B pe3epse.
Pazpenunurenrn  QS1... QS10 HaxomsTcs B 3aMKHYTOM  IIOJIOKEHUHU.
OnexTpocHab)keHne NoTpeOuTeNeil OCYILECTBISIETCS ¢ TOMOIIBIO BBIKIIIOYATENeH U
pa3beIMHUTEINIEH, a TaKXKe C UCTIOJIb30BaHUEM TPaHC()OPMATOPOB.

- npu oTkmouyeHur Hanpspkerus | (11) cekuuu cOopHbIX muH cuctemMoir ABP
oymer ocymrectsiaeno otkmouenue Q1 (Q2) u BBeaen B padoty CB Q3, Bcaenctsue
Yero 3JIEKTpOCHa0KEeHUE MOTPEOUTENISE HAPYIICHO HE OyIeT.

- IpU BO3HUKHOBEHUHM Jie(peKTa OJHOro U3 TpaHCPOpMAaTopoB TrazoBas,
nupdepenmanbHas  peneitHasg  3ammra wii MT3  nOpou3BOAUT  OTKIIOYEHHUE
BbIKIIrOUarenen cropoHam HH wu  BH  oTHOCUTENbHO  MOBPEXIAECHHOTO
TpancopMmaTopa. BenencTBue uero mo CTOpOHE HU3KOTO HAIPSKEHUS CUCTEMOM

ABP Oynyt Bkitouensl B padoty CB.
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5 PacueT TOKOB KOPOTKOIo 3aMbIKaHHUA IIOACTAHIIMH «Tponmcaa»

[IpoBeneHue pacuyeroB TOKOB KOPOTKOTO 3aMbIKaHHWs HEOOXOJUM TpH
NPOCKTUPOBAHUM,  PEKOHCTPYKIUH, TEXHHUUYECKOM  TEPEBOOPYNKEHUH IS
OCYUIECTBJICHUS BIOOPA 371€KTPOOOOPYA0BaHMS, TOKOBEYIIMX YacTel, 3a3eMIIeHuU,
YCTPOMCTB 3aILUTHI U T.J.

Pacduer TOKOB KOPOTKOTO 3aMBIKaHHSA C LEJNbK OCYLIECTBIECHUS BbIOOpa
Ka0eIbHOW MPOAYKIHMH MPOU3ZBOAUTCS MO TEXHHUUYECKUM U AJIEKTPOJUHAMUYECKUM
KpuTepusiM 1pu  Bo3HMKHOBeHMM K3 11d omnpeneneHuss  XapaKTEpUCTUK
cpabaTbiBaHUsl, OMNpPEACICHUS] UYYBCTBUTEIbHOCTH BBIOpAaHHBIX YCTaBOK P3uA
pacCUYMTHIBACTCS PUOIMKEHHBIM MeTOI0M. [16]

[Ipu npoBeneHny pacyeToB HE MPEIyCMATPUBAIOT CIEAYIOIIME TTapaMeTpPhl:

- CZIBUT 11O (pa3e IEKTPOABUKYIIEH CUIIbI 1 CMEHA YacTOTHI;

- TOK HAMarHMYMUBaHUS TPAHC(HOPMATOPOB;

- HaChILICHNE MAarHUTHBIX CUCTEM;

- EMKOCTHYIO pOBOAUMOCTh JIDII;

- BO3MOJKHYIO HE CUMMETPHIO Harpy3ok;

- BJIMSIHUE PE3KOTIEPEMEHHOM Harpy3Ku U T.1.

Cxema MHMcxonnas cxema JJjsi pacdy€roB TOKOB KOPOTKOTO 3aMbIKaHUs

MpecTaBjIeHa Ha PUCYHKE 6.

PI/ICYHOK 6 — Hcxonnas cxema nns pacd€TOB TOKOB KOPOTKOI'O 3aMbIKaAHHA
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I/ICXOI[HBIG JaHHBIC:

Cucrema: U, =35 kB x,=2,25 Om

Boznymmnas muaust: x, = 0,195 Ow/km; 1=8,8 xm; U, =35kB.

KabenbHas munust: x, = 0,074 Om/km; 1, =0,122; 1 =13xwm;

Tpanchopmarop: S, =4,0 MBA.

U, =11«B.

OrnpeneneHue napaMeTpoB CXeMbl 3aMelleHus: pu S, =1000 MBA.

5.1 Pacuer ToxkoB K.3. B Touke K1
[TpuaMaeM 6a3uCHYIO MOIITHOCTE paBHYIO: Sz=1000 MBA.

OnpenenuM CONMpOTUBIIEHUE CUCTEMBbI:

X = xo%zz,zalsoo ~184 O.e.

52

Onpenenrm coOnpOTUBIIEHUE IO JIMHUU 35 KB:

S 1000 -
Xy=Xool: 5 =0195-88-~ - =14 Qe

=
H

rae xo = 0,195 Om/kM — conpoTuBieHHUE | KM BO3TYIIHON JTHHHH.
Pe3ynbTHpyroiiee conpoTuiieHue 1t Touku K1:

XZl = XC -+ Xexz =184+14=3240Q.¢_

Onpenenrm nepro Iy ecKyro Cararuyto Tokos K.3:

S, 1000
V3-U, -xy, +3:35-324

K1

= 5,00 (kA)

OHpGI[GJIHM MOIIHOCTDb KOPOTKOT' O 3aMbIKAHUSI

S . =+3.1 ..U =173-509.35=2308,6 ¢/BA.
k1 K H -

1

Onpenenym yaapHbIii TOK KOPOTKOTO 3aMbIKaHUS:

I}’Ill = \/E-Ky . IKl =1,414 .1,8-5,09 =12,95 €A .

rae: Ky = 1,8 — ynapnslii kodduImeHT.

OmnpenensieM 1eHCTBYIOLIME 3HAYE€HUS NOJHOTO Toka K.3.:
23
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_ i _n2
'yv1= k1 \/1+2(Ky1 1

_ _ 12 _ -
Iy =509 V142(18-1)% =77 €4

5.2 PacuerToKOB K.3 B TOuKe K2

[Mpunumaem GazrCHYIO MOIIHOCTH paBHYIO: S5=1000 MBA
OmnpenensieM cONpOTUBIIEHUE TpaHC(hopMaTopa:

0,
X, = Y% S0y 75 100 g5 (06
100 S 100 4,0

OmnpenensgemM CyMMapHOE COMTPOTUBJICHUE I TOUKHU K2:

Xyp =Xy +X, =324+1875=21990.¢_

Onpenenym nepuo Uy eCKyro ciararoiryto TokoB K.3:

| __ Sy 1000 _
o J3U, Xy, +/311-21,99

2,39(kA)

OHpe,Z[eJ'II/IM MOIONHOCTBb KOPOTKOI'O 3aMbIKAHWA:

S, =~/3-1

K2 U, =173-239-11=455€/BA_

K2 “H
Onpenenum yaapHbIil TOK KOPOTKOTO 3aMbIKaHUS:
g2 =V2 Ky g
rae: Ky = 1,72 — ygapubiii ko3ppuiineHT.

OnpenensieM NelCTBYIOIME 3HAYEHUS MOJHOTO ToKa K.3.:

2.
vo =g 1+2(I(y -1“;

1y = 2,391+ 2(L72-1)2 =34 x4,

5.3 PacuerTokoB K.3. B Touke K3

OnpenemnsieM cONpoOTUBJICHUE KaOETLHOM JIMHUU:

Xur =0,074-13=01 Om
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R,; =0122-13=016 Om
Zen =+ X 2xn +RZ,
Z,; =+/012+016% =0,19 Om

S
Ly =Ly, 622
cH

0,19 -1:?00 =16 O.e.

12

OmnpenensieM cymMMapHO€E CONPOTUBIIEHHE 1 TOUKH K3:

Xeg=Xgy+ X, +2,, =3,24+18,75+16 = 23,59 Q.c_

Onpenenym NepUOANYECKYIO Crararouryro Tokos K.3.:

s, 1000
J3-U,- Xy, +/311.2359

K3

2,23(kA)

OHpeI[eJII/IM MOIIHOCTb KOPOTKOT'O 3aMbIKAHUA:

S, =3

K3 3- IK3 -UH =173-2,23-11=42,44¢/BA

Onpenenum ynapssiii Tox K.3.:

i = . = . . = D
'yg3_‘/§ K 1414 .172.2,23 =5,42 €4

v ka4
rie: Ky =1,72 — ynapnsiii ko3dpuimenr.

OmnpenensieM AeiCTBYIOIIME 3HAY€HUS MOJIHOro Toka K.3.:

2
V3 1+2(Ky, -1)

K3

1,3 =223 J142072-2)2 23,254

(44)

(45)

(46)

(47)

(48)

(49)

(50)

P€3YJ'H>TaTI>I PacdCTOB TOKOB KOPOTKOT'O 3aMbIKAHUA ITIOACTAHIIUN « Tpomu(aﬂ»

CBEJIeHbI B TaOJMILy ©.

Tabmuia 6 — Pe3ynbTarhl pacueToB TOKOB K.3. OACTaHIIUU « Tpoutikas»

Touxu K.3. Ix, kA iyo, kA Iy, k4 Sk.3., MBA
K1 5,09 12,95 7,7 308,6
K2 2,39 5,81 3,4 45,5
K3 2,23 5,42 3,2 42,44
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6 BbiOOp »3ieKTpHYeCcKOl ammapatypbl M TOKOBEIYIIHX 4acTei

NoACTAHIINHU «TpO HI KA

Bce anmeMeHThI 3JEKTPOCHCTEMBI MOTYT HAXOJIWTHCSI B TPEX OCHOBHBIX
pexumax (GYHKIMOHUPOBAHWA: B PEKAME HOMUHAIBHOW Harpy3kd (CaMblit
MPOJOJLKUTEIBHBIN PEXUM paboThl), pesxkume neperpy3ok (1o 40%) u B pexxume K3.

[Ipyu HOMUHAIBHOM PEXKHUME DKCIUTyaTallud HaASKHOE (PYHKIIMOHUPOBAHUE
000py/I0BaHUsI OOYCJIOBJIEHO BEPHBIM BBHIOOPOM HX [0 HOMHUHAILHOMY TOKY U
HanpspkeHuro [9].

[Ipyu HeHOpMaTBLHOM pPEXHME, KOTJa BEJIMYMHA CYMMapHOW Harpysku
MIPEBBIIIACT JOMyCTUMOE (HOMHUHAILHOE) 3HAUEHUE HaASKHOE (YHKIIMOHUPOBAHHE
000pyIOBaHUS JIMMUTHPOBAHO TIO TMPOJOJDKUTEIHLHOCTH, a BpeMs MpeObIBaHUS
000pyAOBaHUs B JAHHOM COCTOSIHMM MCKIIOYUTENLHO 3aBUCUT OT BEJTMYHMH TOKA U
HanpspDKeHUA. Tak Ui KOKIOW €IMHUIIBI 3JICKTPOTEXHUYECKOW CHUCTEMBI MMEETCS
JYana3oH 3HaYEHUI TOKa M HaNpSKEHHM, TP KOTOPOM TapaHTHupyeTcs: paboTta 6e3
pa3pyIIEHUs €ro 1EeNO0CTHOCTH.

[Ipu pexumMe KOPOTKOTO 3aMbIKaHUs HaJleKHOE (YHKIIMOHUPOBAHKE
00opyoBaHusi 0OYCJIOBJIEHO COOTHOIIIEHUEM BBIOPAHHBIX XapaKTEPUCTUK JTAHHOTO
000pyIOBaHUS 0 YCIOBUAM TEPMUYECKOM U AJIEKTPOIMHAMUYECKON CTOMKOCTH.

JI71s1 KOMMYTaITMOHHOM anmaparyphbl, 3a HCKIIIOUEHUEM aIllapaTypbl C PyIHbIM
MPUBOJIOM, JOOABISIIOTCS 00s3aTCbHBIA TapaMeTp, KOTOPBIA XapaKTepHU3yeT
OTKJIFOYAIOIIYI0 CIIOCOOHOCTb.

[Ipu BEIOOPE 000PYIOBaHMS M TOKOBEAYIIMX YacTeld HE0OX0UMO IPUHUMATh
BO BHUMaHHE PO/l yCTAaHOBKU. IHBIMU CITOBaMU MECTO YCTaHOBKH MOJKET OBITH JINOO
BHYTPU TOMEILIEHUS, JTMOO Ha OTKPHITOM BO3ayXe. Takke cleayeT y4YHUThIBATh
KJIMMATUYECKUE OCOOECHHOCTH.

CxeMblI 17151 pacyeTa TOKOB KOPOTKOTO 3aMbIKaHUsI BHIOUPAIOTCST WU CTPOSITCS
TakuM 00pa3oM, 4TOObI ObUIM yYTEHbI CaMble HEOIaronpHUsITHbIE TSHKEIbIE YCIOBUS

(GYHKIIMOHUPOBAHUA UCCcleAyeMol cucteMbl. Ha pacuérHoil cxeme BeIOMpaeTcs psij
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TOYEK KOPOTKOTO 3aMbIKaHUsI (YCJIOBHO), B KOTOPBIX Y€pE3 YCTAHOBKY, IPU KOTOPOM
3aMbIKaHHE MTPOTEKAET HAUOOJIBIIHI TOK.

[locne mpoBeneHuss HEOOXOAMMBIX PacyeToOB, BbIOpaHHOE 00OpYAOBaHUE U
JIpyrue TOKOBEAYIME YacTU JIOJDKHBI OTBEYaTh TPEOOBAaHUSM TEXHUKO-

9KOHOMHYCCKOI'O pacydcTa.

6.1 Beioop o6opynoBanus 35 kB

6.1.1 Be16op BbIKITIOUaTENEH

BBICOKOBOJIbTHBIE BHIKITFOUATEINH MTOAPA3AEISIOTCS Ha:

- MacJIsTHbIE;

- DJIEKTPOMArHUTHBIE;

- BO3/IYyIIHEIE;

- BAKYYMHBIE;

- JJIEra3oBbIE.

OaHuMH U3 NEpBBIX OBUTH pa3paboTaHbl MacisiHbIE BbIKIOYarend. OHU U 1O
cel JeHb HCMOJB3YIOTCS Ha PAa3IMYHBIX MOJCTAHIMAX U DIEKTPOYCTAaHOBKAX.
JlaHHbIE KOMMYTAllMOHHBIE ammaparbl CHOCOOHBI TPOU3BOIAUTH OTKIIOYCHUS
OONBIIMX TOKOB KOPOTKOTO 3ambikaHusa. OJHAKO y HHUX HMMEIOTCS CEpbE3HbIC
HEJI0CTaTKH, KOTOPBIE TOOYAMIN KOHCTPYKTOPOB U pa3pabOTYMKOB K MOUCKY HOBBIX
TEXHUYECKUX  pelleHuid. MacisHbple  BBIKIIOYATeNd  00JaJaloT  BBICOKOM
MI0KapOOIACHOCTHIO U TPEOYIOT 3HAYUTEIHHBIX KATUTAJIBHBIX 3aTpaT Ha CEPBUCHOE
00CTy)KUBaHHE.

Ha cMeHy MacnsHbIM BBIKJIIOYATENIEM MPUILIA AJIEKTPOMArHUTHBIE U
BO3JYIIHbIE BbIKIOUarend. OHM HE CMOTJM 3aBOEBATh PBHIHOK 3JIEKTPOTEXHUKH,
NOTOMY Kak OOJajalii Cepbhe3HbIMU HENOCTaTKaMH, TAKMMU KaK BHYIIUTEIbHbBIC
rabaputel. B cBsi3M ¢ YeM, OHM HE BCErJa MOTJIM ObITh HMCIOJb30BAHBI IPU
NPOBEIEHUH PEKOHCTPYKIUHN T0ICTAHIIHA.

CrnenyromuM 3TarioM B Pa3BUTHA KOMMYTALIMOHHOW armaparyphl SBISIETCS

CO31aHUC HOBLIX BAKYYMHBIX U 3JICTA30BBIX BBIKJIFO UaTEJICH.
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B cerax 110 kB asnexTpocHabxarolme OpraHu3alydyd Hadyald MacItabHoe
IIPUMEHEHHUE 3JIEra30BbIX BBIKIIIOYATENEH, @ TAK)KE 3aMEHY MACJSHBIX U BO3TYLIHBIX
HAa YKa3aHHbIe THUMBl OOOPYIOBaHUSA, TaK Kak OHM HMMEIOT 0o0Jjiee BBICOKYIO
NEKTPUYECKYI0 TPOYHOCTh IO CPABHEHUIO CO CBOMMHU NPEIIIECTBEHHHUKAMU W
TEIJIONPOBOJHOCTb, a TAKXkKe UMEIOT 00Jiee CKpOMHbIE rabapUTHbBIE pa3MEPHI.
B cBoo ouepens BakyyMHBbIE BBIKJIIOUATENM 3aHSJIM HUILY 00jee HU3KOTO
KJacca HarpsikeHus ot 6 10 35 kB. Onu HanboJsiee BocTpeOOBaHbI M MOMYJISIPHBI HA
teppuropun Poccuiickoil ¢eaepaunn U 3a ee NpefenaMu Ha MEXKIyHapOJIHOMU
DHEPreTUYECKOU apeHe.
BakyymHas KOMMyTallMOHHAas TEXHHKAa HE JIMIIEHAa HEIOCTaTKOB, OJHAKO
MMEET BBICOKYIO MOMYJIIPHOCTH OJIaro1apsi CBOEH SKOJIOTUYE€CKOM YUCTOTE B OTINUHE
OT MaclsTHOM M »3Jera3oBoil TexHuku. CoBpeMeHHbIE pa3pabOTKHM M Hay4dHbIE
U3bICKAHUS B 00JACTH ralleHus Jyry MOJAr0T HA/IeXKAy Ha cO3JaHue B 0003pUMOM
OyaylieM BaKyyMHOW KOMMYTAIIMOHHOM anmaparypbl BbICIINE KIACChl HAPSKEHUS.
Paccmotpum Gosiee moApoOHO — 35IEra3oByl0 KOMMYTALMOHHYIO TEXHHKY.
JlaHHas TexXHHMKa Pa3BUBACTCS B PAa3jMYHBIX HAINPABIICHUSAX W AT HAIEKIAbl HA
XOPOUINE MEPCIEKTUBBI, TAK KAK MPOTOTUIIBI HOBBIX pa3pabOTOK 001a7at0T BEChbMa
IIPUBJIEKATEIbHBIMU TEXHUKO-3KOHOMUYECKUMU MMOKA3aATEIAMU.
N3 Bcero pazHooOpa3uii MHHOBAIMOHHBIX HAIIPABJICHUI B 00JIaCTH 3JIEra3oBo
TEXHUKU MOKHO BBIJEIHUTH CJIEIYIOLIUE:
1. MonynpHble ~ BBIKJIIOYATENIM  HABBICIIME  KJIACChl  HAIPSDKEHUS,
npeIHa3HaYeHHbIE IS TalleHUs 3JEKTPUUECKON Tyru 00bIIMX 3HAYEHUN
TOKOB KOPOTKOT'O 3aMblKaHUA. JlaHHBIE cepuu BBIKIIOYATENCH CTIOCOOHBI
(GYHKIMOHUPOBATH B 3arpsI3HEHHBIX M HEONArONPUSATHBIX KIUMaTH4YECKHUX
YCIOBUSIX.

2. Dnera3oBas KOMMYTAIlMOHHAsl JIyrOracUTENbHAas TEXHUKA Ha KJIACCHI
HanpskeHud ot 10 mo 35 kB npennazHaueHHas i cHEMUAIbHOTO
UCNOJIb30BaHus. llpumMepomM TOro MOXKET SBIATHCS NEPENBUKHBIE

ANMEKTPUPHUITUPOBAHHBIC COCTABBI U TIP.
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3. Eme oaHuM u3 HampaBjeHUN SBISAIOTCS pPa3pabOTKU BBIKIIOUYATEIICH
Harpy3kyd B 3JIETa30BOM cpelie Ha Kjiacc HampsikeHus oT 15 go 110 kB,
npeaHa3HAuYCHHBIC I OTKIIFOUCHHS TP OOJIBIINX 3HAYCHHUSIX €MKOCTHBIX
Y MHIYKIIMOHHBIX TOKOB.

IIpenmytiecTna:

- MO’kap0o0Ee30IMaCHOCTb;

- OBICTPO/ICHCTBUE;

- BBICOKAs OTKJIFOYAIONIasl CIIOCOOHOCTR;

- CPaBHUTEIBHO HEOOJBIION H3HOC PadOYUX MOBEPXHOCTEH TOKOBEMYIIMX
KOHTAaKTOB, a, CJI€I0BATEIbHO, HAIMYME XOPOILEro U NPOJA0JDKUTEIHLHOTO pabovero
pecypcea,

- MPOCTOTA CEPBUCHOTO 0OCITYKUBAHHUS;

- BO3MO>KHOCTb MPOBEICHUS HOBBIX pa3pabOTOK Ha CYIIECTBYIOIIEH OCHOBE.

Henocrarku:

- He0OXO0IMMO MMETh CIICIIUAIbHBIC YCTPOUCTBA, MMO3BOJISIONINE MPOU3BOIUTH
YUCTKY Y3JIOB 3JIEra30BOTO 000PYI0BaHMs OT IECTUPTOPOBOI CEPBHI.

- HW3-32 CJIOKHOCTH KOHCTPYKTHBHBIX 3JIEMEHTOB TpeOYyeTCs HCMOJIb30BaTh
JIOPOTOCTOSIIIME BHICOKOHAASKHBIC YIJIOTHUTEIbHbIC W3ACIUS IS yAep KaHus
JIETY4Ero 3JIerasa;

- 3HAYUTEJIbHBIC CTOMMOCTHBIE 3aTpaThl Ha M3TOTOBJICHHS KaMephbl TalllcHUS
AYTH,

OO6mMe cBeeHNs BaKyyMHBIX BBIKITFOYATEIICH.

B BakyyMHOM AyroraCHTEIbHOW TEXHUKE TallICHUE YT OCYIIECTBIISIETCS MPU
MMOMOIIM Nepekovarommx onepanui B BJIK.

[IpeumyiecTsa:

- MOBBIIIEHHAS CTOWKOCTh K M3HOCY KOHTAKTHBIX TOKOBEAYIIUX YacTeW Mpu
OCYVIIIECTBJICHUHY TEPEKIIIOYAIOIINX ONepaluii MPHU HOMUHAIbHBIX 3HAUCHHUSIX TOKOB
u HanpspkeHud. KoiamdecTBO KOMMYTAIIMOHHBIX OTMEpalii MpU HOMHUHAIBHBIX

3HAUYE€HUN TOKOB M HANpsHKeHUM Oe3 3aMeHbl BaKyyMHO-IYrOTaCUTEIbHON KaMmephl

coctasisieT oT 10000 mo 50000.
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- CEpBUCHOE 00CITy’KMBAHNE BaKYYMHOIyTOTaCUTENbHBIX allliapaToB CBOJAUTCS
K CMa3Ke MOJBWKHBIX MEXaHHMUECKUX COUJICHEHUH YCTpOMCTBA C MEPUOAUUYHOCTHIO
OJIVH pa3 B [ATH JIET;

- BO3MOXKHOCTh HCIIOJIb30BaHMsI BAKYyMHOTO OOOPYIOBAaHUS B arpecCHBHBIX
cpenax;

- 3HAYUTEIbHBIN CIEKTP TEMIEPATYp HUCMOJB30BaHUSA, B KOTOPBIX BO3MOKHA
cTta0wibHas padoTa BAKYyMHOIYTOTaCUTEIIbHOU KaMephI;

- BBICOKasg BHOpAalMOHHAs CTOMKOCTb, & TaKK€ CTOMKOCTh K YIapHBIM
Harpy3kam. [[puarHOM 3TOTO ABJIETCS HE3HAUUTEIbHAs Macca U MalorabapuTHOCTh
arperaros;

- B CBSI3U C T€M, YTO BaKyyMHas ammapaTypa UMEEeT MEHbIIUE rabapuThl 10
CPaBHEHHUIO C MACJSIHBIMH TPOU3BOJUTEIN BBICOKOBOJIbTHBIX SY€EK HaTaIuIN
OPOU3BOJCTBO  MAIOTA0APUTHBIX SY€EK C MPOJAOJBHBIM U  IONEPEYHBIM
PAaCIIOJIOKEHUEM NEPEKIIOYAIOIIETO YCTPOUCTBA. DTO MO3BOJIMIO IPH MPO BEACHUU
pexonctpykiuu PY, PII yctanaBnmmBate OoJibliiee KOJMUECTBO PACIIPEACIUTENbHBIX
A4eeK, a, CJIEAOBATEIbHO, NPUCOEAUHATh OOJbIIEE KOJIMYECTBO MOTPEOUTENEH,
nepeoBas TEM caMbIM OOJIbIIE ANEKTPUUECKON MOILITHOCTH;

-  ynoOCTBO  CEpPBUCHOrO OOCIY)KMBaHMUS M OTCYTCTBHE pa3jMBa
TpaHc(HOPMATOPHOro Macja U €ro 3aMeHbl MPU OTKIIOYEHUH BBIKJIIOUATENS OT TOKOB
KOPOTKOT'O 3aMbIKAHUS;

- HE OCYILIECTBIISIETCS 3arpsi3HEHUE OKPY>KAIOLICH Cpe/Ibl;

- BBICOKOHA/IS)KHOCTh ¥ 0€30MaCHOCTh KOHCTPYKIIUH;

- Majble 3arparbl 0 BPEMEHM IIPU MOHTAXKE WM 3aMEHE NEPEKIIFOYAOILIET O
YCTPOMCTRBA.

Henocrarku:

- BBICOKAsl CTEMEHb BHYTPEHHUX KOMMYTAILIMOHHBIX MEpEHANpSKEHUN, YTO B
CBOIO OdYepe/lb HEOJAaroTBOPHO CKa3bIBAECTCA Ha MNpHOOpax U IIIEKTPUUYECKOM
000pyAOBaHUM, BKIIOUEHHBIX B JIMHUIO, B CBSI3M C 4YeM, TpeOyeTcs YCTaHOBKA

JAOIIOJHUTCIIbHBIX 3aIIWUT AJIA IIPCAO0TBPAICHUA HaFY6HOFO BOSI[GI‘/JICTBI/UI;
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- BBICOKasA CTOUMOCTb BaAKYYMHBIX BBIKJIFOUATEJICH IIO CpaBHCHUIO C

9JICTAa30BBIMU MW JIPYITUMHU  BBIKIIFOHATCIIMU.

SHAUYHUTCIIbHO YBCIMYHNBATLCS C YBCIMUCHHUCM KJIaCCa HAIIPAKCHUA.

Tabmuma 7 — CpaBHEHHE BaKyyMHOT'O M AJIETA30BOTO BBIKIFOYATEIS

Pasannia cromMocCTH HauWHAET

BakyyMHBIIl BBIKIFOYATEIb DnerazoBblil BHIKIIOYATENb
Tun BEIKTIOYATENSA BBC-3511-20/630 BI'b-35-12,5/630
HomuHaneHoe HanpsbkeHue, 35 405
kB
HomunaneHbIM TOK, A 630 630
HomunanbHbIM TOK 20 12,5
OTKIIIOUYCHUS, KA
Tok TepMUYECKON CTOMKOCTH, 20 12,5
KA
AMIUIMTYZIA IPEAETBHOTO
52 32
CKBO3HOTO TOKa, KA
Bpewms otknrouenus, c, He 0,06 0,04+0,005
Oosee
KomMmyranmonHas
HU3HOCOCTOMKOCTD, IIMKIOB B- 25000 25 000
O npu HOPMAJILHOM TOKE:
Macca BbIKITIOUATENS Ha TOK
630 A, 850 800
CpoK City>x0bI 710 CTTHCaHUS, o5 o5
JeT
CTOUMOCTH 750 000 670 000
Tabawuia 8 — Beioop u mpoBepka Beikrouarenei 35 kB
[Tapamerp Ycnosue Pacuérnbie nanHbIe Hacnoprisie
JTAaHHBIE
[To HanmpsHKEHUTO Uyer < Uyow, KB 35 35
[To HOM. TOKY | < lioms A 92,5 630
ITo oTkII04Y. CIOCOOHOCTH iz < lyom.orion, KA 5,09 12,5
ITo »1-aUH. CTOMK. lyn < lp.c, KA 12,95 32

PaCCManI/IBaeMblf/i BBIKITFOYATCIIb ITPOXOAUT I10 3aJdHHBIM IMapaMCTpaM.

6.1.2 Be16op pazpeaunuTenei

Pabouwnii ToK:

| =Ky Sr 144000
ST 3U. J3.35
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Pe3ynbTarel BEIOOpa CBEAEHBI B TaOIMILY 9.

Tabmmia 9 — Bei6op u mpoBepka pa3beuHUTENCH

[Tapametp Ycnosue Pacuérnbie [TaciopTHBIE
JTAHHBIC JTAHHBIC
[lo HanpspxeHuto Uycr < Uyon, KB 35 35
[To HOM. JUTHT. TOKY lpas < luow, A 92,5 630
ITo »1-AWH. CTOMK-TH by < lp o, KA 12,95 63

K ycranoBke npuauMaeM pazbenuautels: PJ[3-35/630-YXJII1

6.1.3 Be16op 3azemmmuress

Jnst  co3maHusi MCKYCCTBEHHOTO KOPOTKOTO 3aMbIKaHUSI B HEWUTpaH
TpaHcopMaTopa YCTaHaBIMBAETCS OJHOIOJIOCHBIM 3a3emiuTenb. Bpibop u
IPOBEpPKa 3a3€MJIMTENS  OCYHIECTBIKIETCS [0 HOMHUHAIBLHOMY HAalpsHKEHUIO,
EKTPOJAUHAMUYECKOM M TEPMHUECKOW CTOMKOCTH, [JaHHBIE II0 KOTOPOMY
npencTabiieHbl B Tabauie 10.

Tabmuua 10 — Be1i6op u npoBepka 3a3eMimTens

ITapamerp Ycnosue Pacuérnblie [TactiopTHBIE
JTaHHbIE JTAaHHbIE
[To HanPsDKEHUTO Uyer < Ugon, KB 35 35
I1o »i1-aUH. CTOMK-TH by < lnp.c, KA 12,95 40

Takum oOpaszom, I 3a3eMIICHHS HEWTpanmu TpaHchopmaropa MPHUMEHIEM

OJTHOIIOJIFOCHEIN 3a3emimTelb 3OH-35M-YXJI1.

6.1.4 Bei6op OITH-35

OOHMM W3 OCHOBHBIX BHJOB 3alMThl OT BHEIIHUX M BHYTPEHHUX
nepeHanpskenui seisiercst PB m OIIH. Ilpu cocTaBieHMH ONEPATUBHBIX CXEM
3alMTBl OT TPO30BBIX M KOMMYTALMOHHBIX IIEPEHANPSIKEHUN DIEKTPUUECKUX
anmnaparoB U yCTpOUCTB PV ¢ HCIIOIb30BaHMEM OTpaHUYUTENEH NIEPEHANPSKEHUS U

Pa3psIHUKOB TpeOYyeTCs PEeUMTh 2 BOMpOoca:
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1. BeiOOp KkonMuecTBa W MECTa PAaclOJIOKEHHS P paclpeAeTuTeNIbHON
YCTAaHOBKE JIJI1 HaWiy4liero oOecrneueHusi 3alldThl HU30JSIUMU OT BCEX BHUJOB
IIEPECHAIIPSIKEHUN.

2. O0ecnieueHune HaJEKHOTO (YHKITMOHUPOBAHUS CAMUX 3aIUTHBIX alapaToB
IIPA  BO3JECWCTBUM HAa HUX HOMMHAIBHOIO 3HAYEHWsA  HANPSKEHUA W
KBa3MCTAIMOHAPHBIX MIEPEHANPSIKEHUH, JJIs1 KOTOPBIX TaHHBIM 3A HE pacCUUTAHBI.

3alMTHBIE  MAPAMETPbl  BEHTWIBHBIX  Pa3pPAAHUKOB H  HEJIMHEHWHBIX
OTPAaHUYMTENICH  NEPEHANPSDKEHUS  OCHOBaHbl  Ha  HemuHenHoctn  BAX.
@OYHKIIMOHUPOBAHUE AAHHBIX 3alUT 3aKIFOYAETCd B TOM, YTO MPHU MOBBIMIEHHOM
HanpsDKeHUH  (MEpeHanpsbKeHUM)  TPOMCXOJUT — CYLIECTBEHHOE  CHUKEHHE
COTMPOTHUBJICHUS, a MPU CTAOWIM3AlMU PadOYero HANpPsHKEHUS 10 HOMHUHAIBHBIX
3HAYEHUA MPOUCXOIUT BO3PACTAHUE CONPOTHBIICHHS 3AIMTHBIX AamIlaparoB.
Hesbicokas nHenuHeitHocTh BAX B PB He MokeT rapaHTUpoBaTh €JWHOBPEMEHHO
CTaOWJILHO BBICOKOE OTPaHMYCHHE TEpPEHANpSDKEHUS W Malible 3HAYEHUS TOKOB
MIPOBOJUMOCTH INPU BO3JECUCTBUM HOMHUHAJIILHOTO HAINpsKEHUA. B cBsA3M ¢ dewm, B
KOHCTPpYKIIMM PB  OblIM TpPUMEHEHBI HCKPOBBIE MPOMEXKYTKH, BKIHOYAEMBbIE
MOOYEPEAHO C HEIMHEWHBIMM SJIEMEHTAMHM U JI03BOJISIONIME U30erarh BIMSHUS Ha
HOMUHAQJILHOE HaNpsDKEHHE U cpalaThlBalOUIME€ TOJIBKO TPU  MOSIBICHUU
nepeHanpsikeHuu. brnarogaps HauOoOJbINEH HETMHEHHOCTH B OKCHJIHO -IIMHKOBBIX
conportuiieHusiXx OIIH ctano BO3MOXHBIM YWTH OT NPUMEHEHUS B CHCTEMAax
3AIIUTHBIX alapaToB HCKPOBBIX MPOMEXYTKOB. TakuM oOpa3oM, HETMHEWHbIE
AIIEMEHTBI OTPAHUYUTENEH MEPEHANPSIKEHNS MPUCOECIUHEHBI K JIEKTPUUECKOU CETH
B TEUYEHHH BCETO CpOKa (YHKIIMOHUPOBAHWS OCHOBHOTO DJIEKTPOTEXHUYECKOTO
obopynoBaHus  (3aMeTa TOJBKO TIPU PEKOHCTPYKIMH WJIA  aBapUUHOM
BOCCTaHOBJICHUN).

B Hacrosmee BpemMs Ha HOBBIX IMOJCTAHLMIAX M PaCIpEIeTUTEIbHBIX
yctporictBax PB He ycrtaHaBimmBarTCs. VX MECTO NMPOYHO 3aHSIM HEIUHEWHbBIE
OTPaHUYUTENN NIEPEHANP SIKEHUS.

OIIH BO3MOXHO WUCIHOJB30BaTh Kak BHYTPM NOMEUICHHI, TaK W BHE

CTPOUTENIbHBIX YacTe MOJCTaHUMK Ha BO3BbIIEHHOCTSX 10 1000 MeTrpoB Han
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YpOBHEM MoOps,a Takke B kimMmarndeckux 3oHax YXJI, YXJI1 nmpu temmneparype
okpyxaromied cpeasl or -60 mo +60 rpagycoB mo mkaine Ilembcus. Yactorta
KOJIeOaHWI HAMPSYKEHUST MOYKET HaXOUThCS B TepIIeBOM auana3zone ot 48 qo 68111,

[IpeumymecTBa: BbIcOKass  A(PGEKTUBHOCTh, BBICOKAs  AJIEKTpHUCCKAS
YCTOMYMBOCTh MPU BHEUIHUX TNEPEHANPSHKEHUSX; BBICOKAS JIMHAMHUYECKAS
CTOMKOCTb, BBICOKAas  HAASKHOCTh  (DYHKIIMOHUPOBAHUS; TPI3ECTOUKOCTE;
aHTUBaHAAIbHAsT KOHCTPYKITHSI.

KOHCTpYKTUBHO OTrpaHUYUTENb MEPEHANPSDKEHUS COCTOUT M3 KOJOHKHU
00paboTaHHON M3OJSLUOHHBIM MOKpbITHEM. O00J0YKa, MOMHUMO H30JIMPYIOIICH
BBITIOJTHSIET 3AIUTHYIO (DYHKIIUIO JJIS 3aIUThI OT MEXaHUYECKUX MOBPEXKICHUM.

s cpaBHeHUs BbIOMpaeM JiBa orpaHuuutens nepeHanpsokenus, OTTH-T1-35-
VYXJI1 u OIIH-®-35-YXJI1 mpousBoaumbeix OOO «3aBoj 3HEPTO3aIUTHBIX
ycTpoHcTB». CpaBHUTENbHAS XAPAKTEPUCTHKA OTPAHUUYUTENEH IepEHAPSKEHUS
npeacTasieHa B Tabmie 11.

Tabmuna 11 — CpaBHUTEIbHAS XapaKTEPUCTHUKA OTPAHUIHUTEIICH TIep CHATIP SIKCHHUS

OITH-II-35- | OIIH-®-35-

XapaKkTepuCcTUKA VX1 VX1
Knacc Hanpsokenus cetu, kB 35 35
Tox mpomyckHO# CIIOCOOHOCTH Ha NMPSIMOYTOJIBHOM UMITYIIbCE 400 400

anutenabHocTeio 2000 Mic, A

HoMuHanpeHb1# pa3psaHbiii TOK, KA 10 10
HawnGonpiee mMTenbHO AOMYCTUMOE pabodee HalpshKEeHNUe,

i 40,5 40,5
JIeHCTB. 3HaYeHUE, KB
Ocraromeecs Hanpspkenue Ha OITH npu umnynbsce Toka 8/20
MKC C aMIUIMTYJIOU:
- 5000 A, xB, He 6onee 125 125
- 10000 A, kB, He Gonee 130 130
. KB, 140 140

-20000 A, kB, He 6onee

Amrutyna umiyiabca 6osbmoro Toka 4/10 Mxc, KA 65 65

Ocraromeecst HanpspkeHue Ha OITH npu umnynsce 1/4 Mkc ¢

aMILTUTYI0M HOMHHAIBHOTO Pa3psaHOro Toka, KB, He Oosee 153 153
VYnenbHas paccenBaemast sHeprus, k/x/kB 5,0 5,0
JlnvHa myTH YTeUKd BHEIIHEH M30IAIUH, CM, HE MEHEee 140 140
[Momuprii Tpo3oBoit uMmysse mo 'OCT 1516.2 ¢ ammmTynoi, kB 190 190
OHOMIHYTHOE HCIIBITATEIPHOE HallpspkeHue 9acToThl 50 ' B 105 105
CyXOM COCTOSIHMH M O[T JOK1ieM, KB neiicTs

PacueTHBIif CPOK IKCIUTyaTalNH, JIET. 30 30
["apaHTUHHBIH CPOK, JIET. 3 3

Llena, pyb. 28700 35000
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Bei6upaem orpannuuntens nepenanpsikenus tuna OITH-T1-35-YXJI1, T.x. npu

PaBHBIX XapaKTCPHUCTHUKAX OH UMCCT MCHBIITYIO CTOMMOCTD.

6.2 Boi0oop o0opynosanus 10 kB

['0OBHBIM ~ 2JIEKTPOOOOPYIOBAHUEM  3aKPBITOTO  PacIpENeTUTEIHbHOTO
yctporctBa 10 kB MOXHO CUMTATh CHJIOBYIO SYEMKY, KOTOpas B 3aBUCUMOCTHU OT
TpeOOBaHUS TIOTPEOUTENST MOMKET OCHAIAThCS PaA3JIMYHBIA KOMMYTAIIMOHHBIM
000pYy/IOBaHUEM U CPEICTBAMHU PEICUHON 3alUThl U aBTOMATUKU. KOMIIIEKT siueek,
COOpaHHBIX U MPUCOCIMHEHHBIX B OJIHY JIEKTPUUYECKYIO 11€T1b 00pa3yoT OJIHY WK
HECKOJIbKO CEKITNI1 COOPHBIX IIMH, KOTOPHIE MOTYT OBITh CEKIITMOHUPOBAHHBIMU JIPYT
OTHOCHUTENBHO APYra.

Ha  ocHOBaHMM  NpPOBEIEHHOIO  paHEE  aHaIM3a  CYLIECTBYIOLIETO
AIIEKTPOTEXHUIECKOTO 000PyA0BaHMsI OBLI C/I€TIaH BBIBOI O HEOOXOIUMOCTH 3aMECHBI
BCETO JIEUCTBYIOLIETO OOOpYyIOBaHMUS C II€NbI0 OOECTICUCHHUsI MOBBIIICHUS
HA/ISKHOCTH (YHKIIMOHUPOBAHUS CTPYKTYPHON CXEMBI CHCTEMBI AJIEKTPOCHA0 KECHHUSI

IIPOU3BCACM BBI60p HOBBIX CHJIOBBIX AYCCK U COOTBCTCTBYIOILCTO O60py,Z[OBaHI/I$I.

6.2.1 Bb160p BBICOKOBOJIBTHBIX SIYEEK

CeprudumupoBannas siuerika Ttuna KPYC-75 wumeer cyiiecTBeHHbIC
IpEUMYIIECTBa Mepe/ CYIIECTBYIONIMMU aHAJIOTaMH POCCHUHCKOTO U 3alagHOro
npou3BoAcTBa. K OCHOBHBIM IPEUMYIIIECTBAM MOKHO OTHECTH:

- MaJILIMU TabapuTaMu;

- IPOCTOTA U JIOCTYIMHOCTh OCHOBHBIX y3JIOB JIJIsl POBEACHUS KOMIUIEKCHOTO
CEpBUCHOTO OOCIYKHBaHUS B MPOIIECCE IKCILTyaTaluH;

- MHOKECTBO ~ MHHOBALIUOHHBIX  WJEH, pEAIM30BAaHHBIX B  JaHHYIO
KOHCTPYKIUIO.

JlanHble sSTYEHKM OCHAIIECHBI BBIKATHBIMH 3JIEMEHTAMHU, KOTOPbIE MOTYT OBITh
BBIMIOJIHEHBI B BHJI€ BBIKIIIOUATENEH, pa3beAUHUTENCH, TpaHCPOopMaTopoB

HanpsiHKeHUs, TpaHC(POpPMATOPOB COOCTBEHHBIX HYXKI U T.1.
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Kora BbIKaTHO 371eMEHT (TeNexKa) HaXOAUTCS B PEMOHTHOM MOJIOKEHUH, TO
€CTh MOJHOCTHIO BhIKAU€HA U3 CUJIOBOM STUEMKH, BCE OCHOBHBIE TOKOBEIYIIIUE YaCTU
U MEXaHU3Mbl HAXOASTCA B MPSIMON JOCTYMHOCTH JJiI MPOBEACHUS CEPBUCHOTO
obciyxuBanus. KoHTaKkTHbIE 4acTH B JTAHHOW KOHCTPYKIIMM CKOHCTPYUPOBAHBI B
BHJI€ BTBIYHBIX KOHTAaKTOB. OTCEK, MPEAYCMOTPEHHBIN Ul pEJICHHON 3alUThl U
anrmapaTypbl, OCHAILEH CBETOUOIHON MOJCBETKOM.

['maBHOM 0coOeHHOCThIO siueliku KPYC-75 sBnsiercss cnocoOHOCTh COXPAHATH
LEJIOCTHOCTh ONEPATUBHOIO TOKA B MOMEHT HAXOXKIEHHUS BBIKATHOTO AJIEMEHTA B
PEMOHTHOM TOJIOKEHHH.

Bo Bcex noAoOHBIX KOHCTPYKLUHSX OCHOBHBIM VYSI3BUMBIM 3JIEMEHTOM
BBIKATHOTO 3JIEMEHTA SIBJIIFOTCSI BHICOKOBOJIbTHBIE KOHTAKTHBIE YaCTH, B CBSA3U C UEM
pa3zpaboTIMKaMH MPOU3BENCHO yBemndeHue KoHTakTHo# yacTu ¢ 20 1o 30 mm. Camu
)K€ COYJICHSIEMBIE Y3JIbI BBITIOJHEHBI M3 OepHuMeBOM OpoH3BI. JlaHHBIN MaTepual
o0J1a1aeT XOpOIMMHU TPYKUHUCTHIMA CBOMCTBAMHU, UIMEHHO MTOATOMY KOHCTPYKITUS
HEe TpeOyeT JOTMOJHUTENBHBIX METAUIMYECKUX NPYXUH. JlOTIOJHUTETHHBIM
XapaKkTepHbIM Ka4€CTBOM, KOTOPBIM 00JIa1aeT JaHHOE 000PYA0BAaHUE 3AKITIOYACTCS B
TO, YTO KOHTAKTHBIE YaCTH HE OOSATCS BBICOKMX TEMIIEpaTyp (Harpena).

PaccMoTpenHas suelika KOMIUIEKTHO OCHAIIAETCs] BAKYYMHBIM BBIKIIFOUATEIIEM
cepun BB\TEL.

[lepeiinem k paccMoTpeHHI0O MoayibHOW sueiiku cepum Schneider Electric
SM6. Kopmyc nanHoM S9EHKH BBITIOJHEH U3 CTAIN. Suelika KOMIUIEKTHO OCHAIIASTCs
B otimume oT siueiiku KPYC-75 snerazoBsiMu BBIKIIIOUATESIMHU.

JlaHHbIE sTYEHKHU YCTaHABJIMBAIOTCS CO CTOPOHBI HampspkeHus 6 wim 10 kB B
3aKPBITHIX PACIIPEACIUTENBHBIX YCTPONUCTBAX IIABHBIX TOHU3UTEIbHBIX [TOJCTAHIUH,
paclpeneNuTeNbHbIX  IYHKTaX COOTBETCTBYIOIIETO Kjacca HANpSDKEHUS U
pacnpeaenuTeNbHbIX YCTPOMCTBAX SHEPTOCHAOKAOIIUX OpTraHU3alHsIX.

Monynbnbie siueiiku SM6 oTBeuaroT BceM HEOOXOAUMBIM TpeOOBaHUSM,
nercTByommM Ha Tteppuropun Poccuiickon depepauuu. be3omacHbl Kak s
OTEPaTUBHOTO, TaK W JJiI PEMOHTHOTO TMEpCOHAala, MPOCThl U YIOOHBI NpH

DKCIUTyaTallMd. PEeKOMEHIOBaHHBIM  NPOU3ZBOAMUTEIIEM CPOK  JKCIUTyaTaluuu
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a5eKTpooOOopyaoBanust coctaBisger 30 JeT Npu HOPMAIbHBIX YCJIOBUS CEPBUCHOTO
00CITy)KUBaHUS.

Taxxe kak u sueiiku cepuu KPYC-75 sueitku SM6 oTHOcATCS K
Majora0apuTHBIM, TaK KakK 3asBJCHHAs IMUPUHA SYCHKA C BBICOKOBOJIHTHBIM
BBIKJIFOUATEIEM COCTaBisAeT 750 MM.

[lpucoennHenre KaOEMbHBIX JMHUNA TPOU3BOAMUTCS C JIMIEBOW CTOPOHBI
aueiiku. HeoOxonumble oOpranbl YIpaBieHUS JJIsi COBEPUICHUS TpeOyeMbIX

MaHUITYJSIUI PacIiooKeHbl Ha (PPOHTANBHON MaHENN, COOCTBEHHO, UTO YIPOIIAET

HCIIOJIb30BAHUC.

Tabmuia 12 — CpaBHeHUE siueeK

HanmeHoBaHue mapameTpa KPYC-COUI-75 SM6
HomunansHoe HanpspkeHue, kKB 6, 10 6, 10
HauGounpmee pabouee 7.2:12.0 72:125
HalnpsbKeHue, KB
Homunanwsnas yacrora, [ 50 50
IAI-OMI/IHEU'ILHLII/I TOK COOpHBIX IIMH, 630, 1000 630, 1250
HOMI/\I'HaJ'IBHI)II/I TOK TJIABHBIX 630, 1000 630, 1250
LENENn:
Tok TepMUUYECKON CTOWKOCTH
TJIaBHBIX IIETIEH, TPU BpEMEHHU 20 25
nporekanus 3¢, KA
ToK 37EKTpOAHAMHUYECKON
. 9 51 50

CTOMKOCTH TJIaBHBIX LieTeH, KA
HomuHaneHbI TOK OTKIIOYEHHUS

20 25
BaKyyMHOIO KOHTAaKToOpa, KA:
[Mupuna 750 375-750
BeicoTa 2052 1600(2050)
I'mybuna 900 1200
BeicoTa Hazm ypoBHEM MOpS, M 1000 1000
Huxzee 3HaueHue Temeparypbl

-20 -20
OKpyXarolero Bosayxa, C
Bepxunee 3HaueHuUe TEMITEPATYPHI +40 +40
OKpyXarolero Bosayxa, C
CTOMMOCTB 750 000 1 040 000

B npouecce cpaBHenusi aByx tunoB KPY BeiGupaem siueiiku tuna KPYC-

COIII-75 Ha OCHOBAaHMM MEHBIIMX MPUBEACHHBIX 3aTpPar.
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6.2.2 Be16op Beikmouareneit 10 kB

Brikmouarenu BHIOMPAIOT 110 HOMUHAJILHOMY 3HAYEHHUIO HAIIPSKCHUS U TOKA,
POy YCTAaHOBKM U YCJOBUSAM padOThl, KOHCTPYKTHBHOMY BBITIOJIHCHUIO W
KOMMYTAIIUOHHON CMOCOOHOCTH. BpIOpaHHbIE BBIKIIOUATENM MPOBEPSAIOT Ha
CTOMKOCTh MPU CKBO3HBIX TOKax K3.

Bei6op u mpoBepKy BBIKIIOUATENCH, YCTaHABJIMBAEMbIX Ha BBOJIC B sSUEHKax
3PV I'IIL, obopmumM B Buze Tabnuubl 13.

Tabmuua 13 — Beibop u npoBepka BbIKIIIOUaTeIen

Ilapamerp Ycnosue Pacuérnblie IlaciopTHBIE
JTaHHBIE JTAaHHBIC
[To HanpsDKEHUTO Uyer < Usow, KB 10 10
[To HOM. TOKY I < lion, A 294,3 630
ITo oTKI0Y. ClIOCOOHOCTH i < luom.omin, KA 2,23 20
[To »1-muH. CTOUK-TH iy < lup.cy KA 5,42 51

BriOupaem BakyymHbIN Bbikmouarens turna BB/TEL-10-20/630 B kadectBe
CEeKLIMOHHOTO W BBOJHOTO BbIKIIOUarened. Ha oTxoasume nuHUM BbIOMpaeM

BBIKJIFOUATENM, PACCYUTAHHBIE HA HOMUHAIBHBIN TOK 400 A.

6.2.3 BeiOop TpaHchopMaTopoB TOKA
_K,-S; _1,4-4000

| =
PBu, B

Be160op 1 npoBepky TpanchopmaTopa Toka 0popMUM B BUIE TabmIbl 14.

=2943 A (52)

Tabmuua 14 — Beibop u npoBepka TpaHcpopmaropa Toka

Pacuérnbie
ITapamerp VYcnosue IlaciopTHBIEC JaHHBIE
JTAHHbIE
[To HaIPSHKEHUIO Uyer < Ugom, KB 6 6
ITo HOM. TOKY liopw =< Lo, A 294.3 600
Tlo sn-auH. CTONK-TH by < Iyp.c, KA 3,2 -

Jlnsa pacuéra Z, BbiOupaeM npudophl, yCTaHABIMBAEMBIE Ha I1/CT HA CTOPOHE

10 kB, koTopsie cBeAECHBI B TaOHUILy 15.
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Tabmuua 15 — Pacuér cymmapHOii Harpy3ku npubopos

Harpyska S;, BA
Tun npubopos Yucno
daza A daza B ®daza C
Amnepmerp 2-42702 3 0,1 0,1 0,1
Mepkypuit 230 AR 1 0,1
Uroro: 0,4
ComnpoTuBieHne MPUOOPOB:
npub. “132”6' ’ rac |2 =5A. (53)
puo. IT
0,4
R, ., =—-=0016 Om.
npuo. 52
[lomHOE BTOpUYHOE COMIPOTHUBIICHHUE:!
Rnpoe = ZZH(JM o Rnpu6 o RKOHm ! (54)
Rnpog =12 — 0,016 — 0,1 = 1,084 Owm.
T COMPOTHUBIICHNE KOHTAKTOB IpuHnMaeM R, = 0,1 Owm.
CeueHne MpoOBOJOB:
S= Pl
w (55)

4 0,0175-y/3-40
1,084

2
[IpuHMaeM MeIHBIC KUJIBI CCUCHUEM S = 1.5MM",

=1,12mm?

K ycranoBke nmpuauMaeM Tpanchopmatop Toka TOJI-10-600/5.

6.2.4 Bo16op TpaHchopMaTOpPOB HANPSHKEHUS

Be16op npubopoB aist TpanchopMaTopoB HanpspkeHus B Tabmwuie 16.

Tabmmma 16 — Beibop npubopoB iist TpanchopMaTopoB HAMPSHKEHUS

o6 T [Torpebnsemas Koxa-Bo, OOmas
prbop ui MOIIHOCTL, BA 10T MOIHOCTH, BA
BomsT™meTp 2-42702 2 2 4
Barrtmerp J1-365 15 1 15
Bapmetp J1-365 15 1 15
Mepkypuii 230 AR 0,65 1 0,65
Hroro: Sy=7,65
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MonHOCTL OAKIFOYAEMBIX TIPUOOPOB: Sypye - 7,65 BA.
[IpoBepky Tpanchopmaropa HarpsikeHUs: 0GopMUM B BUE TaOULbI 17.

Tabmuua 17 — [poBepka Tpancpopmaropa HarpsKEHUS

[Tapame Ycnosue Pacucruere [TaciopTHBIE TAaHHBIE
pametp JTAHHBIE p a
[lo Hanpsbkenuio yctaHoBKU | Uyer < Uyoy, KB 10 10
[To BTOpHYHOI HATpy3Ke Sy < Siom, BA 7,65 200

K yctanoBke mpunumaem Tpancgopmarop Hampspkenus 3HUOJI-10 YVXII2,

COOTBETCTBYIOIMH KJ1accy TouHOCTH 0,5.

6.2.5 Bei0op npenoxpanureneit

[Ipenoxpanurenu BbIOUPAIOTCS AJI 3aLMTHI TPAHC(HOPMATOPOB HANPSHKEHUS

0 CJIEAYIOIIUM YCIIOBHSM:

HomunansnoMy HanpsikeHHIo Uy, < Uy,
HomunansHoMy TOKY I, < I,..

S
npu6 (56)

Ipaﬁz\/gu

~0,0765
P 17311

0,004< 1y, =32 A

=0,004 A

Brei6upaem npenoxpanutenu tuama [TH - 01-10.

6.2.6. BeiOop orpanuuureneit nepeHamnpsikeHust Ha cropone 10 kB

C nenpio BeIOOpa HamboJiee Ka4yeCTBEHHOTO W JICIIEBOTO 00O0pPYIOBaHUS
paccMmoTpuM 2 orpanuuntenns nepeHapspkenns OITH-I1-6/7,2/10 u OITH-d-6-7,2/10.
CpaBHEHHME OCYIIECTBJIIEM IO 3aBOJACKHM IIapamMeTpam ¢ CTOMMOCTHBIM

xXapakTepucTukaM. JlaHHbIe peacTaBicHsl B Tabmie 18.
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Tabmmua 18 — CpaBHUTENIbHASL XapaKTEPUCTUKA OTPAaHUUYUTENEH TIepEeHAIPSIKEHUS

XapaKkTepuCTUKH OIIH-T1-10/12/20-YXJI1 | OITH-®-10/12/20-YXJI1
Kiacc HanpspkeHus cetu, KB 10 10

Tok mporyckHO# ctocoOHOCTH Ha

MPSMOYTOJIbHOM HMITYJIbCE 700 700
JnuTenbHocThio 2000 Mic, A

HomuHamsHBIN pa3psAHbIN TOK, KA 20 20
HauGonbiee 1IMTEIBHO TOTYCTUMOE

pabouee HanpsHKEHUE, JCHCTB. 12,0 12,0

3HaueHue, kB

Ocratomieecs Hanpsbxenue Ha OITH
npu umiysbee Toka 30/60 Mkc ¢
aAMILIATYIOM:

- 250 A, xB, He 6oiee

- 500 A, xB, ne 6oiee 27,9 27,9
- 1000 A, B, He Oonee 28,7 28,7
T 29,0 29,0
AMIIIMTYy/1a UMITyJbca OOJIBILIOTO TOKA
4/10 Mkc, KA 100 100
Ocraromeecs HanpsbkeHue Ha OITH
npu uMIyiece 1/4 MKC ¢ aMIIUTYI0H
41,5 41,5
HOMHMHAJIBHOTO Pa3psAHOTO TOKa, KB,
He Ooee
VYnenbHas paccemBaeMast YHEprus, 6.0 6.0
kJx/xB
JUInHa yTH YTeUKH BHEIIHEeH 42.0 42,0
U30JISIU U, CM, HE MEHEe
OHOMHUHYTHOE UCIIBITATEIbHOE
HanpspkeHne yactoTsl 50 ['11 B cyxom 90,0 90,0
COCTOSIHUH U TOJ, J0XIeM, KB neiicTs
PacueTHbIi CpOK KCILTyaTalllH, JIET. 30 25
["apaHTUIHBIH CPOK, JIET. 6 5
Ilena, pyo 1380 1560

K ycTaHoBKe mpuHUMaeM orpaHuuuTeb nepeHanpspokeHus cepun OITH-TI, Tak
KaK OTPaHUYUTENh JAHHOW CEpUN UMEET MEHBIIYIO IIEHY.

Crour Takke otmetuth, 4yto OIIH BbBIOpaHHON cepunm MOXKET OBITh
OXapakTepu30BaH KaK: BJIar OHETIP OHUIIAEMBbIH, LENbHOJIUTOW  KOPIYC;
KpEMHEOpraHWYecKasi HapyKHas W30JSLUs; HAIMYHUE BBICOKOM TEPMUYECKOMH,
MEXaHUYECKOW U DJIEKTPOJMHAMUYECKONW CTOMKOCTU; TOBBIIIEHHAS CTOUKOCTh K
XUMHUYECKUM Cpe€laM; B3PaBO3AIUILIEHHOCTh; BBICOKMI KOHTPOJb KaueCTBa Ha BCEX
JTanax IMPOU3BOJCTBA; ONTUMAIBLHOE COOTBETCTBUE CTOMMOCTH TMPOAYKTa K

IHoka3arcirsiM €ro KadycCcTBa.
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7 PesieliHadA 3a1LMTA 1 ABTOMATHKA NOACTAaHIMU « T pounkas

7.1 Onucanue P3 u A noacranunu « Tpounkasi» 35/10 kB

Ha ocHOBaHMM HEUCTBYIOIIMX IMPAaBWI YCTPOMCTBA JJIEKTPOYCTAHOBOK [7]
KaKJas TMOJCTaHIUs JOJDKHA OBITh OCHAIEHa COOTBETCTBYIOIIMM Ha0OpOM
pEJIEHHBIX 3allUT U aBTOMATUKU. Tak Ha paccMaTpyMBacMOM MOJACTAHIIMU B JAHHOE
BpEMSI YCTAHOBJICHBI:

- nuddepeHIuaTbHas  3alMTa ¢ JCWCTBHEM Ha OTKIIOUYCHHE BBOJHBIX
BBIKJIFOUATEIe HOMUHAIBHBIM HanpsikeHueM 10 u 35 kB;

- Ta3oBas 3alMTa CWJIOBOTO TpaHCchopMaTopa ¢ AEHCTBHEM Ha OTKIIOYCHHE
BBO/IHBIX BBIKJTIIOUATEIEH HOMUHAIbHBIM HanpsixeHuem 10 u 35 kB;

- IByXCTyNeHYaTass MakCUMabHasi TOKOBasl 3allMTa BBOJHBIX BBIKIIOUATENICH
10 xB;

- MAKCUMaJIbHAasi TOKOBAasi OTCEUYKAa M MaKCUMalbHas TOKOBas 3almra C
JIEUCTBUEM Ha OTKIIFOUEHUE BBIKIKOYATEICH OTXOISIIUX JIMHUM;

- 33 oTXOASAIMX JUHUN C TEUCTBUEM HA CUTHAJL.

ABTOMAaTvKa Ha IJIaBHOW MOHU3UTEIHLHOW MOJCTAaHIMU « TpoulKas» cCOCTOUT
U3 CJICAYIOIIUX CUCTEM:

- ABP — 10xB, npu KOTOpOM MPOUCXOAUT OTKIHOYEHHE OJIHOTO M3 JBYX
MUTAIOLMX BBOJAOB OT AEHUCTBUS 3alUT IPU BOZHUKHOBEHUH KOPOTKOTO 3aMbIKaHUS
1o cropoHe 10 kB u BkimoueHne cekunoHHoro Boikmtouarens 10 kB;

- aBTOMaTU4ECKU BBOJI pe3epBa coOcTBeHHBIX Hy k1 0,4 kB;

- ABTOMATUYECKOE MOJIIEPKAHUE TEMIIEPATYPbI JIEKTPUUECKUX CUYETUYUKOB MO
n30eKaHNe BO3HUKHOBEHHUS TMOTPEIIHOCTEN IMOKa3aHWM M3MEPEHUs MOTpeOJieHus
ANEKTPUYECKOU SHEPTUM ITPU MOHUKEHHBIX TEMIIEpaTypax.

Kak OCHOBHBIE 3JIEKTPUYECKHUE armaparbl, Tak U P3 u A, ycTaHOBJIEHHbIC Ha
[IC «Tpowuikas» 0071a7a10T MOBHIIIIEHHON BBIpaOOTKOM pecypca (1o 85 %), uto B
CBOIO Ouepeab NMPU BO3HUKHOBEHUH aBAPUWHOW CUTYyallMd MOKET HE 00eCTeYuTh
cpabarbiBanue 3amut. J[aHHBI BapWaHT COOBITHIA MOXET TOBJIEYh 3a COOOM
pa3BUTHE aBapHUM IO KAaCKaJHOMY THUITY, BBIXOJ U3 CTPOSl OOJBIIOTO KOJMYECTBA
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AIIEMEHTOB JJIEKTPUYECKOM CHCTEMBI, a, CJIEIOBAaTEIbHO, JJIMTEIILHBIA mepeOoi
NOCTAaBKU  DJIGKTPUYECKOW  SHEPrUM  MOTpPEOUTEIsiM.  DHEprocHadk aromias
OpraHu3alysi BO3bIMEET (PUHAHCOBBIE W3JEPKKH, CBSI3aHHBIE HE TOJBKO C
BOCCTAHOBJIEHUEM 3JIEKTPOOOOPYAOBaHUSI, HO ¥ C HEIOOTIIYCKOM MOIIHOCTH.
3aMeHa CyIIECTBYIONIMX PENECHHBIX 3aIUT, BHITIOJHEHHBIX C UCIIOJIh30BAaHUEM
AHAJIOTOBBIX MPUOOPOB M YCTPOMCTB HA HMHHOBALMOHHBIE MHKPONPOLIECCOPHBIE

OJIOKH peNelHON 3alUThl OTEUECTBEHHOTO IPOU3BOACTBA THIA « CUPHUYCH.

7.2 3amuTa CHII0BBIX TPAHCGOPMATOPOB MOACTAHUMH « T poHIKasD)
3amnmra TpaHcpopmaTopHoro o0opyaoBaHus OyaeT ooecreyeHa mpu MoMOIIU

MHUKPOTIPOLECCOPHOTO ycTpoiicTBa Tuna «Cupuyc-T» [36].

7.2.1 DxcmtyatalimoHHbIe BO3MOXKHOCTH Cupuyc-T:

- 2-X cTyneH4aras aud. 3aImra,;

- 3amuTa OT TMOBBIMIEHHOW Harpy3kud TpaHchopMmaTopa MO HMEIOIIUMCS
KJlaccaM HarmpshKeHUS,

- OCYILIECTBIICHUSI KOHTpOJiA (GYHKIIMOHUPOBaHUS TpaHCcopmaropa 1O
3a/IaHHBIM TTapaMeETPaM;

- aBTOMAaTMYECKOE€ YIPaBJICHHE CUCTEMON OXJIaxieHus TpaHcdopmaropa B
3aBUCHUMOCTHU OT BEJIMYUH TOKOB U TEMIIEPATyPhl OKPY>KAIOIICH CPEIbI;

- BOBMOXHOCTb TMPHUCOEAUHEHUS TOTOJIHUTEILHBIX 3aIlUT IO TPEeOOBAHHIO
3aKa34yrKa UK OTIEPaTUBHOTO MEPCOHANA;

- OCYIIECTBIICHHE KOHTPOJSI M JHArHOCTUKHA TMOCTYMAIOIMMX KOMaHI Ha
OTKJIIOUCHUE TTUTAHNUS,

- OCYILIECTBJICHUE JUArHOCTUKA TEpPMHHAJIA HA  NPaBUIBHOCTh €O
(GYHKIIMOHUP OBAHHUS,

- HaTMYue 0a3bl XpaHEHHUS BCE XPOHOJOTHM OIepaluil  OINepaTUBHOIO
nepCcoHajIa U COOBITHI, TPOUCXOISAIIUX MTOJT ICUCTBUEM 3aIUT U AaBTOMATHUKHU;

- BO3MOYHOCTh BKJIFOYEHHUE M OTKIFOYEHUE HEKOTOPBIX (PYHKIMI U 3aIUT IPHU

HCO6XO}II/IMOCTI/I, HCIIOJIb3Ys HCCIIOKHBIC MAHUITYJIAIIUN,
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- HUIMYME BceX Haubosee HM3BECTHBIX MHTEP(PENCOB s MOJKIIOUEHHUS K
KOMITbIOTEPHOU TEXHHUKE;
- BO3MOJKHO MOJKIIIOYEHUE (YHKIMU Tepeaadyr HHpopmaiuu 00 aBapUiHbIX

OTKIIFOYCHHUAX 10 CPCACTBAM KAHAJIOB CBA3HM HA KOMIIBIOTEP AUCIICTYCPCKOT'O ITYHKTA.

7.3 3amuTa TpancopMaTOpoB HANIPSKE HUS 01 cTAaHI UM « T ponmkas»
3amuTa TpaHc(popMaTopoB HAIIPSIKEHUS OyIeT 0OecTieueHa Ipyu MOMOIIH

MHUKpOTpoLeccOpHOro ycrporcteatnna « Cupuyc-TH» [36].

7.3.1 DxcrmutyaraliioOHHbBIE BO3MOXHOCTH ycTpoiicTBa Cupuyc-TH:

- IMArHOCTHKA HATWMYUS HANPSKEHUS B CETH;

- peJie OTCYTCTBUS HAMPSHKCHHS B CETH;

- pene OJIOKMPOBKY MPH CpabaThIBAaHUK MAaKCUMAJIbHOM TOKOBOM 3aIIUTHI;
- 3allIMTa OT MUHUMAJILHOTO HANPSIKEHUS

- 3aIlIMTa OT MEPEHANPSIKESHUSI;

- AYP nnst 00enx cexuuii COOpPHBIX IINH;

- JAIIB;

- cuctema ABP;

7.4 3anmTa oTX0ASIIMX JUHUH noAcTaHIMH « T ponnkas)
3ammra  OTXOMSAIMX JMHUA  OydgeT  oOecriedeHa MpW  TOMOIIH

MUKPOIPOIECCOPHOTr0 ycTpoiicTBa Tna «Cupuyc-JI» [36].

7.4.1 DxcryaraiimoHHbIE BO3MOXkHOCTH Cupunyc-21-JI:

- o0ecrieueHue BCEX HEO00XO0AUMBIX (YHKLIMOHATIbHBIX 3aIlINT,
periiaMeHTUPOBAHHBIX HOPMAaTUBHOM pJokymeHtauuedl u mnpasuiamu (IIpaBuna
YCTPOMCTB 3JIEKTPOYCTaHOBOK U [IpaBuia TEXHUYECKOU IKCIUTyaTalim);

- BO3MO>KHOCTb OCYILECTBJICHUS BKJIFOUEHUS/OTKIIIOUEHUS JEIHCTBUS peIelHbIX
3aIluT, aBTOMAaTWKH,  3a/laHd€  COOTBETCTBYIOIMX  MHapaMeTrpoB A

(GYHKIIMOHUPOBAHUS PETICUHON TEXHUKU;
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- XpaHEHUe, BBEICHNE, YJAIEHUE U UCTI0JIb30BaHKE HHPOPMAIMK 00 yCTaBKax
cpabarbIBaHUs peleHHOMN 3allUThl U aBTOMATHKHU;

- (YHKIMS CJEXKEHHUS] 32 COCTOSIHUEM KOMMYTAIMOHHOTO armapara U €ro
LIETIEN yIIPaBJICHUS

- BO3MOXHO TMOJKIIOUYeHUE QYHKIIUU Tepeaadn nHpopmarmm 00 aBapHHHBIX
OTKJIFOUEHUSX 10 CPEICTBAM KaHAJIOB CBSI3M HA KOMITBIOTEP TUCTIETYEPCKOTO ITyHKTA,;

- o0ecriedeHre KOHTPOJI 3a (PyHKIIMOHMPOBAHHE OOOpPYAOBaHUS B TEUECHUU
BCETO MEPHUO/Ia IKCIUTyaTal1H;

- KOHTPOJIb HaJl JIO)KHBIMU CpabaThIBAHUSIMU;

- o0ecreyeHne BhICOKOM MOMEX03alHUIIEHHOCThIO 10JaBAEMbIX CUTHAJIOB MPU
BBITIOJTHEHUH Pa3JIMUYHBIX KOMMYTAIMOHHBIX U APYTUX OTIEpALIU;

- MIOBBIIICHHAS TTPOYHOCTH U30JISIITUH MUKPOTIPOIIECCOPHBIX OJIOKOB PEICHHOM

3aIlUTHI;

7.4.2 OyHKIMK 3aIIUTHI, BBITIOJHsAEMbIE ycTpoicTBoM Cupuyc-21-JI:
- MaKCUMaJIbHasi TOKOBAsI 3alllMTa OT ABYX U TpeX(a3HbIX 3aMbIKaHHUIA;
- 3a1MTa OT 00pbIBa (pa3bl MUTAIOILIEH JIMHUH,

- 3alMTa OT OJJHO(PA3HBIX 3aMbIKAaHUI Ha 3€MJTIO;

7.4.3 OyHKIIMM aBTOMATHKH, BBITIOJHsIEMbIE ycTpoiicTBoM Cupuyc-21-JI:

- BO3BMOXHO  BBITIOJIHEHUS KOMMYTAalMOHHBIX OIEpalMii [0 BHEIIHUM
KOMaH/IaM;

- BO3MO>KHO IPUCOEANHEHUS TOTIOIHUTEIBHBIX BUIOB 3aIUT, paOOoTaoMMX Ha
dboTodIeMEeHTaX;

- YPOB;

- BOSMOXHO  33J€HCTBOBAHWE  OJHO- WIA  JBYKPAarHyl0  CHUCTEMY
aBTOMAaTU4YECKOTO MOBTOPHOT'O BKIIFOUEHHUS;

- ABTOMATHUYE€CKOE YaCTOTHOE PETYIUPOBAHMUS.
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7.5 3aumra BBoA0B 10 kB noacranunu « Tpounkas»
3ammra BBOI0B HU3KOT0 HampspkeHus 10 kB Oyaer oOecniedeHa nmpu moMoIm

MHUKpPOTIPOLECCOPHOTO ycTpoiicTBa Tuna «Cupuyc-B» [36].

7.5.1 DkcmnyaraimonHbie Bo3MoxkHoctu Cupuyc-21-B:

- MHOT'OCTYTIEHYaTasi MaKCUMaJIbHasi TOKOBas 3alluTa;

-309;

- 3alIMTa OT MUHUMAJIbHOTO HAIPSKEHUS;

- BO3MOXHO 33JI€MICTBOBaHUE OJTHOKpaTHyIo cuctemy AllB;

- IOTUYecKasl 3aliuTa CUCTEMbl COOpPHBIX IIINH;

- CUCTEMa aBTOMAaTW4YeCKOro BBOJA pe3epBa sl OCYILIECTBJICHUS ONEpALNN
BKJIFOUEHUS CEKIIUOHHOTO BBIKIIFOUATENIS;

- JUCTAHIINOHHOC BKIIOUCHNEC CHUCTCEMA ABTOMATHUYCCKOI'O BBOJa PE3CP Ba,

7.6 3anmTa cekunoHHoro BoikiawuarTes s 10 kB noacranuuu « Tpouukas»
3ammra CEKIMOHHOTO BBIKJIIOYATENs Oyaer oOecreueHa Npu  MOMOIIH

MHUKPOTIPOLECCOPHOTO ycTpoiicTBa Tuna «Cupuyc-CB» [36].

7.6.1 DxkcmmyaraimonHbie Bo3MoxkHoctu Cupuyc-21-C:

- MHOTOCTYyIEHYaTas MaKCHUMaJlbHas TOKOBas 3aIllUTa;

- JIOTUYeCcKasl 3alUTa CUCTEMbl COOpPHBIX ILI1H;

- 3a1MTa OT 00phIBa (a3z;

- YPOB;

- BO3MO>KHO IPUCOEMHEHUS TOTIOTHUTENbHBIX BUIOB 3aIIUT, padOTAIOUMX HA

dboTodIeMEHTaX;

7.7 PacyeT yCcTABOK OTXOAsIIIEH TMHUM NOACTAHIINU « Tpounkas

7.8.1 PacueTr conpOTUBIIEHUS CXEMBbI 3aMEILICHUS
1) Peaxmamncot na wiunax « Tpouyxasy :

Z... =0,573 Om Ix3.., = 6534 A

min max

Z

max

0,831 Om Ixz,,= 3713 A
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2) ConpomuenenueZ, uZ ,, -

rae: 1= 0,9 km
r,=0,170 OMm/xm
X, = 0,280 Om/KkM
S=185 Mm”

Z,,=4 0,273 %+ 0,373 °=0,462 Om

rue: L= 1,3 km
r,=0,210 OmM/xm
X, = 0,287 OMm/KkM
S=150 mm*

1) Pacuem Z;uZ ,,

Z,,=+ 01227+ 0,131°=0,179 Om

Z,= \/(r11)2 + (le)Z ;

Z,=y0153"+ 0,252 *=0,394 Om

ra=r,-b;

r,=0,170x0,9=0,153 Om

Xfll - Xo ) Il’

X, =0,280x0,9=0,252 Om,

Z,= \/(rnz)2 + (x/zz)z ;

ro="r,-1ly
r, =0,210x13=0,273 Om
XJZZ = Xo ’ |2’

X, =0,287x1,3=0,373 Om

Z,= \/(rﬂs)z + (x,13)2 ;

Fa=r, 13
r,=0,270x0,45=0,122 Om
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X,,=0,292x0,45=0,131 Om
rae: ls= 0,45 km
r,=0,270 OM/xm
X, = 0,292 Om/kM
S=120 mm°

Z,= \/(r_m)z + (x_14)2 ;

Z., =\/ 0,076 *+ 0,070 *=0,103 Om

=0

r,=0,330x0,23=0,076 Om
X.a=X -1y,

X,, =0,300x0,23=0,070 Om

rae: 1,= 0,23 km

r, = 0,330 Om/xkMm

X, = 0,300 Om/kM

$=95 mm”°

4) Pacuem Z,s

Z,s=+ 0,062 °+ 0,079 *=0,100 Om;

Z,s=+ 0,062 %+ 0,079 *=0,100 Om

r]l5:r0.|5;

r.=0,270x0,23=0,062 Om
X5=X, -ls,
X, =0,292x0,27 =0,079 Om
rae: ls= 0,27 km
r, = 0,270 Om/xm
X, = 0,292 Om/xMm
S=120 M’
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5) Pacuem conpomuenenus mpancgopmamopa S=400«kBA

U, % U2

K Mmax

"™ 100-S

Hom mp

= 4,050 Om

6) Pacuem conpomuenenuss mpancghpopmamopa S=630kBA

U, % U2

K max

7 =
"’ 100-S

HOM mp

= 3,465 Om

7.8.2 PacyeT TOKOB KOPOTKOTO 3aMbIKaHMS

1) k3 (1) na wunax TIINel -
Y7=2,+Z,+7Z,

ZZ =0,831+0,394 + 0,462 =1,687 Om

oy 11000 _ 11000
@ J3.1687 2,92

| =37674

2)  lx3 (2) 3a mpancpopmamopom TIINel -
Y72=2,+2,+2,+2,,,

> 7 =0,831+0,394+0,462 + 4,050 =5,737 Om

s =9
(2) \/§ZZ
11000 11000

k3., = =
@ /3.5737 9,92

=1108,94

3) k3 (3) na wunax TIINe2 6 mouxe noOKIOUeHUsL OON. HAZPY3KU '

ZZ = ZP + ZJl + Zﬂz + Z,13 + Z.74

ZZ =0,831+0,394+0,462+ 0,179+ 0,103=1,890 Om

s =9
11000 11000
® J3.1890 3,27
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4) k3 (4) 3a mpancgpopmamopom TITNe2 (S = 630 kBA)
Y72=2,+72,+2Z,,, (80)

ZZ =0,831+1,059 + 3,465= 5,355 Om

U
k3, = ———— 81
(4) '\/§Z 7 ( )
. 11000 _ 11000 118794
J3-5355 9,26
5) k3 (5) 6 koneunoit mouxe oannozo pesxcuma TIINo3 na wunax 10xB:
ZZ =Zo+Z,+ L+ L+ 2+ L (82)
ZZ =0,831+0,394 + 0,462+ 0,179 + 0,203 + 0,100 = 2,069 Om
U
Ik3, = ———— 83
0= By z (83)
11000 11000
I = = =30724
o 3.2,000 3,58
6) k3 (6) 3a mpancpopmamopom TIINe3 (S = 400xkBA):
Y72=2,+72,+2,,, (84)
> 7 =0,831+1,238+4,050 =6,119 Om
U
k3, = ——— 85
(6) ‘\/§Z Z ( )

11000 11000

| = =
o J3-6,119 10,6

=1037,74

7.8.3 Pacuer ycTaBOK MakCUMalTbHOM TOKOBO# oTceuku (MTO)

>'S, = 2x400 + 400+630 + 2x400 =2630kBA  (86)

>'s

| = T 87

- ‘\/§ : U HOM ( )
2630

o = ~138A
° 19,03
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1)  Pacuem MTO om 6pocka moKko8 HaMACHUYUBAHUSL:

ICO = 3:4 X IHO/VI (88)
| = 3:4 x138>4144+5524

2)  Pacuem |, om lx3 6 xonye nunuu:

0

ICO:1,5><IK3 (89)

Ico =1,5%x1187,94=1781,84 18004

7.8.4 Pacuer ycTaBOK MaKCUMaTbHOUM TOKOBO#M oTceuku (MT3)

1) Pacuem MT3 c yuemom 0ononHumensHou Ha2py3Ku -

| a5 = 2154
IM ., =215+15=230 4
12-13
Ic3 = 0 8 ) Ipa61. (90)
o = 1213 930-450A
2) Pacuem MT3 u oonycmumocmu moxa npoeooa._
l,, =330A
_12:13 a5 _paza (91)

c3
)

N3 pacueroB cnenyer:
[Mpenenst MTO |, >5004 +18004 t=0,0c.
[Mpenenst MT3 |, >4504+6504 t=0,6c.

B naHHBIN MOMEHT BBICTABJICHBI YCTABKH:

| =12004 t=0,0c.
|, =6004 t=0,6c.

JlanHble ycTaBKH BXoAsT B pezaenst K,,=600/5.
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7.8.5 Pacuer xosddunmenta ayBCTBUTENBHOCTH Kyyper P3A  mpu naHHBIX

yctaBkax MTO
1) na wunax 10xB I'TIIT « Tpouykasny:
o = |, Ha muHcle Kuzynu (92)
uyecm = % = 3’1 > 2
Y1200

2) na wunax TI1-2:

| ., na wunax"TI1 - 2 —3363’9:2,8>2 (93)

K, = =
e I 1200

co

33639
uyecm. 1200

KoadduipieHT 4yBCTBUTETHHOCTH HAXOIUTCS B TOMTyCTUMBIX MpE/Ieax.

=2,8>2

7.8.6 UyBcTBUTEIBHOCTE MT3
1) na wunax TI1-2:
~3363.9-0,865

o, = =48>15
o 600
P3A uyBcTBUTENBHA.
2) 3a mpancgopmamopom TII-2 (S5=630xBA):
o 1187.9-0,865 _17>15
e 600
MT3 uyBcTBUTENBHA [JIS1 PE3EPBHOM 3aLUTHI.
OcHoBHas 3ammta - npenoxpanutenu [IK-10 kB  tpancdhopmaropa

MoIHOCTEIO 630 KBA.
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8 PacuéT3ammTHOrO0 3a3eMiIeHusi MOACTAHIMHA « T ponukas)

HCKIIFOUUTENTHO BCE METAVIOKOHCTPYKLMHU, & TaKKE HETOKOBEAYIME YaCTH
CHUJIOBOTO OOOpymoBaHMsl (METAIMYECKWE KOpIyca) B COOTBETCTBUU C
NEUCTBYIOUMMU TPEOOBAHUSAMU K DJIEKTPOYCTAHOBKAM JIOJDKHBI OBITh 3a3€MJICHBI.
3a3zeMJICHHE MOJICTAHLIMN MOYKHO MOAPA3AEIUTh Ha ECTECTBEHHOE U UCKYCCTBEHHOE.
K HCKYCCTBEHHBIM OTHOCHUTCS Pa3JIMYHbICE METAUIMYECKHE KOHCTPYKIHMH
CTPOUTENBHBIX COOPYKEHUH, a TAKXKE METAUIMYECKAs apMarypa u T.JI.

B pacnpenenuTensHbIX yCTPOUCTBAaX pa3IMYHOIO KJIacca HaIPsKEHUsI, POBHO,
KaK Y B [IOJICTaHIUAX, 3a3EMJIISIOIINE YCTPOMCTBA NPEIHA3HAYEHBI J1JIA:

- o0ecreyeHusi OMEPAaTUBHOMY W PEMOHTHOMY TIEpCOHANy 3alUThl OT
NOMafgaHusl TNoJ JIEUCTBUE DBJIEKTPUYECKOTO TOKA NPU NPUKOCHOBEHHH K
METAIOKOHCTPYKIMSIM WM METAIMYECKUM KOopIlycam 000pyAOBaHuUs, KOTOpPhIE B
HOPMaJbHOM pe&XuMe paboThl HE JAOJDKHBI HAXOAUTHCA IMOJ BO3JIEHCTBUEM
ANIEKTPUYECKOT'0 TOKA, HO MOTYT B ciiy4ae mpo0os TUINEKTPUUECKONU N30SI,

- CO3/laHus 3aIMTHOTO 3a3eMJICHUsI TpaHC(HOPMAaTOPHOMY OOOPYAOBAHUIO C
BBIBEJICHHOW HEUTPANIbIO;

- IPUCOEMHEHUS 3AlMUTHOW anmaparypbl, 00E€CIeuHMBaIOIIE HOpMalbHOE
(YHKIIMOHUPOBAHKE NIPY BHEIIHUX U BHYTPEHHUX MEpEHANPSHKEHUAX;

Kak Obu10 ommcaHo paHee, 3a3eMJIEHUE MOXKET OBITh KaK MCKYCCTBEHHBIM, TaK
U €CTECTBEHHBIM. ECTECTBEHHBIM 3a3€MIIMTENEM MOTYT BBICTYIATh 3a3EMIIUTEIH
OIIOP BO3AYIIHBIX JIMHUM JJIEKTPONEpENayd, NPUCOEAUHEHHBIE C 3a3€MILIIOLUM
YCTPOMCTBOM  TPO303alIMTHBIM  TPOCOM. HcKkyccTBEHHOE — 3a3€MIICHUE
W3TOTABJIMBAKOTCS B BHJE OPTOIOHAIBHBIX W TOPHU3OHTAIBHBIX METAUINYECKUX
CTEP>KHEN WX T10JIOC.

Pa3MernieHne OpPTOTOHAIBHBIX METALIMUYECKUX CTEpKHEH JOJDKHO OBITh
BBIMIOJIHEHO TIO0 MEPUMETPY TEPPUTOPHUHU MOACTAHIIMM U BHYTPH TakuM 00pazom,
4yTOOBl BECh AJIEKTPUUYECKUNA MOTEHLIHANT paclpeaesscs OJAHOPOJHO IO Bce
TEPPUTOPUM TJIABHOW ITOHU3UTEILHOM NOACTAaHUMHU. JlI1 3TOro Ha IUIOLIAAU

pacrpenenuTeIbHOTO yCTPONUCTBA OCYIIECTRISIOT 3aKIaKy METAUIMYECKUX TTOJIOC C

53



3ariyonenuem ot 0,5 1o 0,7 M BAOJIb YCTAaHOBJIEHHOT'O CHJIOBOTO 000PYJOBaHUS U
anrmapaToB CO CTOPOHBI CEPBUCHOTO 00CTyXUBaHUs Ha yaaieHuu ot 0,8 1o 1 metpa.
Bo3moskHOe yBenMueHue 3aJaHHbIX TapaMeTpoM OT (pyHAaMeHTOB 10 1,5 MeTpoB ¢
MOHT&XOM  OJHOTO  3a3€MJBIIOIIEIO  KOHTypa JUIsI  HECKOJBKUX  PsJIOB
ANIEKTPOTEXHUUECKOTO  O0OPYJOBaHMsI, €CJIM JIMIEBbIE CTOPOHBI  JIAHHOTO
000pyI0BaHUSI YCTAaHOBJICHBI APYT HANpPOTHUB JApyra Ha paccTossHuu He Gosee 3,0
METPOB.

JIns1 TIIaBHBIX ITOHU3UTENBHBIX MOJACTAHIMNA OCHOBHBIM HaIpshkeHHeM 6-35kB
3a3eMJBIIOLIEE  YCTPOWCTBO  M3rOTaBIMBAIOT B  BHJE MPAMOYrOJbHUKA U3
METALTMYECKON MOJIOCHI, COETMHEHHON C OPTOrOHAIBHBIMU 3a3EMIIMTEISIMHU.

Jus mpoextupyemoit I'TIIT ucnons3yem B pacuere ciaeayromuye napaMeTphl:

JUTHHA CTEP>KHEH: | =5 m;

JTUaMETP CTEPIKHEH d=0,95-b =0,0475 m;
PacCTOSTHHE MEXITY CTEP KHIMHU: a = 10 m;
CONPOTHUBIICHUE 3a3EMIICHUA . R,= 0,50wm;

TTyOWHA 3aJTI0KEHUS TTOJIOCHI t= 0,7 m;

ylenbHoe conpoTuBienue rpynra; = 100 Om- m.

Onpez[eﬂﬂeM COIIPOTHUBJICHUC OAHOT'O BECPTUKAIIbHOT'O CTCPIKHA:

0,366- p 2-1Y 1 (4-t'+]
R — pacy I _I ’ 94
C | Hd j+2 9(4-t'-lﬂ o
t+1

rae: U = ER 3m; K. =125 — xo3¢dduimeHT ce30HHOCTH (11 KIMMATUHYECKOU

sonl ), p,., = p, K, ,=100-1.25 = 125 Om—pac4y€rHoe  CONPOTUBIIEHUE

(4

TPYHTA.

2

R

0,366-125 10 1 16
=5 |"%0wm.00s)2"

—) =22,63 Om.
0,95-0,05 8

OmpenensieM HEOOXOAUMOE KOJTUYECTBO BEPTUKATIHHBIX CTEPIKHEH:

N =R (95)
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rae n, = 0,78 - k03 PUIUEHT UCIIONB30BaHNS BEPTUKAIBHBIX 3a3EMIIUTENIEH.

N, =—229% 5802 ~ 58 .
0,5-0,78

OnpenensemM CONPOTUBIICHUE 3a3EMJIISIOIIEH MOJIOCHI:

0,366 p 2.2
R — pacd.e . I , 96
7 C g( bt j (96)
2
R, = 0,366 450-Ig 2-160 1518 Om
160 0,04.0,5
rie: L= A+B -2= 35+45 -2=160m — epUMeTp MOJICTAHIIUU;

Pracis. = /c; P, = 4,5-100=450 Om'M, ompenensiercsi ¢ yderoM KoddduimeHTa

CE30HHOCTH JI KJIMMaTU4YEeCKOM 30HEI 1.

ConpoTHuBiIEHHE 3a3EMIISIOLLEN MOJIOCHI B KOHTYPE:

R, =lu 97)
nH
15,18
RHI( = 0’7 = 56, 2 Owm.

HeoOxonnmoe conpoTrBIEHHE BEPTUKATbHBIX 3a3EMIICHUM:

_ Ruc-Ry

— 98
R« +R; (98)

R=>0205 _4 49 Ou.

56,2+0,5
OmnpezensieM yTOUHEHHOE KOJIHYECTBO CTEPKHEH:
R

N.'=—=F 99
° R-ng (59)

c'= 22,63 ~ 60 wm.

0,49-0,78

[Ipuaumaem 60 cteprKHEN.
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9 PacyeT MOJIHHE3AMTHI NOACTAHIUHU « T ponmkasny

OaHUM U3 CaMbIX BECOMBIX KpUTEpHUEB OecTiepe00NHOTO (PYHKIIMOHUPOBAHUS
AIIEKTPOTEXHUUECKUX YCTAHOBOK SIBIISIETCSl 0OecreurBaHUe HAJIEKHOM 3alUThl OT
IPO30BBIX SIBJICHUM CTPOUTEIBHBIX COOPY)KEHHH M  DIIEKTPOTEXHUYECKOIO
obopynoBanus. 3aumra [IC OoT mpsAMbBIX NOMagaHU MOJHHUU BBINOJHSAETCS MpU
MOMOIIIY CTEPKHEBBIX U TPOCOBBIX MOJTHUEOTBOI0B. [Ipy MpOEKTUpOBaHUH CUCTEMBI
MOJIHAE3AIMUTHI 1711 paccmarpuBaeMbix [IC crnenyer npuaep uBaTbCs TPEOyeMbIM
pexoMeHaanusam [IpaBun ycTpoiicTBa 3J€KTPOYCTaHOBOK, & UMEHHO:

- IOJICTaHIIMU OTKPBITOTO THUIA Ha HanpskeHus kiacca 20 u 35 kB oOnacTsax ¢
KOJINYECTBOM I'PO30BBIX YaCOB B rojly HEe MeHee 20);

- ITs1 BCEX OTKPBITBHIX pacupenenurenbHbix yctpoicTs U [IC Ha HanpsikeHue
220 kB Ha miomaakax ¢ yAEIbHBIM CONPOTHUBIIEHWEM IOYBBI B CE30H I'PO30BOM
aktuBHOCTH He MeHee 2000 OmM™M mpu KoiIM4YeCcTBE TPO3OBBIX YAacOB B TOMAY
npesbimatoniee 204.

KanurtanbHble CTPOCHMSI 3aKPBITHIX pacupeAeIuTeNbHBIX yCTpoucTB U IIC
3aKpBITOrO TUIA HEOOXO0IMMO OCHAIATH MOJHUE3AIIUTOMN ¢ YUCIIOM I'PO30BBIX YAaCOB
cBbime 20. MoJyiHre3auTy KanuTaabHbIX CTPOCHUM 3aKPBITBHIX PACIIPEAEIUTEIbHBIX
yctpoiictB U TIC 3akpbITOro Tuma ¢ KpoOBJ€H, BBINOJHEHHOW M3 METAJUIMYECKHUX
JUCTOB WM MHBIX TOKOINPOBOJSIIMX MAaTepHaioB, OOECIEUMBAIOT IMyTEM
NPUCOCANHEHNS 3a3eMJIIOIIEr0 KOHTypa K TOKOIMPOBOJSAIIMM KPOBEIbHBIM
HNOKPBITUSIM ~ WJIM  HMCIOJIb30BaHUE MOJHHUEIIPUEMHBIX CETOK. B OTKPBITBIX
pactnpenenuTeNbHbIX ycTpoiicTBax 35-150 kB cTepkHEBbIE MOJHUEOTBOJBI MOTYT
BO3BOJUTHCS:

- IPU B C€30H akTUBHOCTH Tpo3 10 500 Om*Mm (35 kB);

- Ipu yaenbHOM conpotuiaeHud rpyHTa 40 1000 Om*m (110 u 150 xB) - BHe
3aBUCUMOCTH OT KOHTypa 3azemiieHus [1C;

- ipu 1000 go 2000 Om*m (110 u 150 xB) — mpu S 3a3emuisromero KOHTypa
[1IC 10000kB.Mm.
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Ha Tepputopun OTKpBITOrO pacnpeneureabHoro ycrpornctsa 35 kB
MOJIHME3AIlUTa JIOJDKHA OBITh BBIMOJHEHA TakUM o00pa3oM, 4YTOOBI OT BCEX
CTPOUTENBbHBIX KOHCTPYKIIMW, BKJIOYas Te, Ha KOTOPHIX BO3BEACHBI DJIEMEHTHI
AMEKTPUUECKOW CHCTEMBbl pacTeKaHWe TOKa MOJHHM TPOUCXOJWIO TpOcam
MOJIHUEOTBOJA WM TpaccaM 3a3emiieHusi B 3-X, 4-X HampaBJeHHsX. [ HUpsiHIbI
HAaBECHOW M3O0JSIUA TOPTAIOB, YCTAHOBJIEHHBIX HA TEPPUTOPUU OTKPBITOTO
pacupeaenuTeNIbHOTO yCcTpoucTBa 35 KB, ¢ TpOCOBBIMM WM K€ CTEPKHEBBIMHU
MOJIHUEOTBOJIaMH, a TAK)KE€ Ha HAYaJIbHBIX, KOHIEBBIX U TOBOPOTHBIX OMOpax JMHUM
anekTporniepenaun 35 kB B ToM ciyuae, ecin tpoc He 3aBoautcs Ha 1IC, nomkHBI
OBITH OCHAIIIEHBI HA JIBA U30JIATOPA CBBIIIIE HOPMUPYEMOT'O KOJIMYECTBA.
Bo3zaynHoe n30a1MoHHOE pacCTOSHUE OT TOKOBEAYIIIUX YaCTeH BHICOKOBOJIBTHOTO
000pyIOBaHUS 10 JKEI€300C€TOHHBIX, METAUIMYECKUX COOPYKEHHH, Ha KOTOPBIX
BO3MOKHO pa3MEIEHUE MOJHUEOTBOJA, Ha 3aKpPbITOW TEPPUTOPUU OTKPBITOTO
pacmpeaenuTeNbHOTO YCTPONCTBA JOJDKHO OBITh HE MEHEE IJIMHBI THUPJISTHIBI.
bonpimas yrposa mjis COCTOSHHUS W30JIIMUA TPaHC(POPMATOPHOTO 0OOPYHOBAHUS
3aKJIFOYAETCA MPU MOHTAXE MOJIHUEOTBOJIOB HAa TpaHC()OpPMATOPHBIX MOpTaIax, TaK
KaK TMpHU T[ONaJaHud MOJHUM B MOJIHMEOTBOJ, HAaXOJAIIErocs Ha mopTale
TpancopmaTopa, METAUIMYECKUN KOXYyX MPHOOpETaeT TMOTEHIMAN, pPaBHbBIN
MOTEHITUAy MOJIHUEOTBOJIa, KOTOPBIM MOXKET MPUBECTH K MNPOOOI0 H3OJISIHH
TpancpopmaTopHoro ooopyaoBanus [8]. B cBsi3u ¢ ueM, MOHTaX MOJIHUEOTBOJIOB Ha
nopTajiax TpaHc(popmMaTopHOTO 000PYAOBaHUS BO3MOIKEH B CIIydae, €CJI YACIbHOES
COIPOTHUBIICHUE TPYHTA B TPO30BO# neproa coctaBisier 350 OM™M u BhIIIE, a TaKKe
co0Ioas CIEaYIONTE TPEOOBAHMS:

- K BBoJlaM 0OMOTOK Ha Hampspbkenue 3-35 kB wim Ha yjanenuud 5 M U MeHee
MPUCOCIUHSIOT HEIMHEWHbIC OTPAHUYMUTENM MEPEHANPSDIKEHUS WM BEHTWIbHBIC
Pa3PSAIHUKY;

- pacTeKaHUe TOKa MOJIHUH MPOUCXOTUIIO TPOCAM MOJIHUEOTBO/1a UITH Tpaccam
3a3emMJIeHUs B 3-X, 4-X HalpaBJICHUSIX;

- Ha Tpaccax 3a3eMJICHHS, Ha YJIaJIeHUH 3-5 M OT MOJIHME€OTBO/1a IOJHKHBI OBIThH

BOUTHI B TPYHT 2-3 MATUMETPOBBIX METAIUIMYECKUX DIIEKTPOIA;
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- Ha [IC 20-35 kB comnpoTuBieHre 3a3eMIISIIOIIEr0 YCTPOMCTBA TOJLKHO OBITH
He Oonee 4 Om.

MoJIHHEOTBOIbI, KaK MPAaBUIIO, COCTOSAT U3 4-X YacTeu:

- MOJTHUETIPUEMHUKA;

- OCHOBHOW KOHCTPYKIIUY;

- TOKOOTBOJA;

- 3a3EMJIMTEIIS.

MoOJHUEIPUEMHUK € TOCKU 3PEHHS] HAJAECKHOCTU CUCTEM DJIEKTPOCHAOKEHUS
JIOJDKEH 001aaTh TaKUMH KaueCTBaMHU KaK: >KMBYYECTb, 0€30TKa3HOCTb, a TAKKE
obecrnieunBaTh CTOMKOCTh K TEPMUYECKUM, MEXaHUUECKUM BO3EHCTBUSAM.

OcHOBHass KOHCTPYKIMS 00Ja/1aeT BHICOKOW MEXaHWYeCKOW MPOYHOCTHIO,
KOTOpas TpeOyercs A yAep>KaHusl MOJTHHUEOTBO/ A IPU CUIIbHBIX TOPBIBAX BETPA.

TOKOOTBOA  COENMHEH C€  3a3€MJMIONIMM  YCTPOMCTBOM  OTKPBITOTO
pacnpenenuTeNIbHOr0 YCTpOUCTBA MOACTAHIIMY B €IUHYIO LIETb.

Bce MOTHIEOTBOIbI BBITIOJHSAIOTCS M3 CTAIH, TIOATOMY TPEOYIOT CIIEIIHaTbLHBIX
YCTOMYUBBIX K KOPPO3UU HOKPBITUH.

OmnpenensieM akTUBHYIO BBICOTY MOJTHUEOTBO/1a:

h,=h-h, (122)
h,=30 — 12 =18 a.
rae hy = 12 M — BeICOTA 3alHIIIAEMOI0 0OBEKTA.

Onpenernsem 30HY 3aIIUThI:

16-h.-
=20 TP (123)
1+-%
h
rac p =1- KOB(I)(I)I/ILII/IGHT JJA pa3JIMIHBIX BBICOT MOJIHUCOTBO 0B
( =20181_ oh 570

x 12
1+ —
30

[IpyHuMaeM K yCTaHOBKE 6 MOJHHEOTBOJOB, PACIOJOXEHHBIX IO Yyriam

10 IC TAHIIAH.
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3akja4YeHue

Jannyro BKP MOXHO cuuTarh BCELENO 3aBEPIICHHBIM JOKYMEHTOM, B
KOTOPOM MPEICTaBICHBI HEOOXOAMUMbBIE PACUEThl U PYKOBOASIIHE MEPOTPUSITHS 110
PEKOHCTPYKIIMK JIEUCTBYIOIIEH TJAaBHOW NOHW3HWTEIbHOW moactanmuu 35/10 kB
«Tpounkas».

Ha ocHOBe JaHHBIX O TMIAX U COCTOSIHUM OCHOBHOTO JJIEKTPOTEXHUYECKOTO
000pyAOBaHUs, CYyTOYHBIX, TOJJOBBIX I'PAPUKOB HArpy30K MOJCTAHIMN NPOU3BEIEH
pacuer KOJMYECTBA, MOITHOCTH M THIIA 3aMEHSIEMbIX TpaHC()OPMATOPOB, MOTYUEHBI
JaHHble 3HaYeHni TokOB K3 Ha 3a/1aHHbIe KJIacChl HAPSIAKEHUSI, OCYIIECTBIIEH BHIOOD
OCHAalICHHWsSI  MOJCTAHIIMM  KaK  BBICOKOBOJIbTHOTO  3JEKTPOTEXHUYECKOTO
o0OpyIOBaHWS, TaK W PEICHWHOW 3alUThl W aBTOMATHKHU. J[OTOJHUTEIHLHO
IIPOU3BEAECH PACUET MOJHUE3AIIUTHI PEKOHCTPYUPYEMOM ITOICTAHIIUH.

PaGota BbIMOMHEHa  PYKOBOJACTBYSICh  OCHOBHBIMH  HOPMATHBHBIMH
JOKYMEHTAaMU, TAKUMH KaK:

- [IpaBuiia ycTpOMCTB 3JIEKTPOYCTAaHOBOK;

- [IpaBuina TeXHUUECKOM IKCIUTyaTalluu;

- [IpaBuia TexHuKH O€30MaCHOCTH;

- CTpouTenbHbIE HOPMBI U ITPABUJIA.
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