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Bsenenue

Baxnelume 3a1auu, permiaeMble SHEPTeTUKAMU U SHEPTOCTPOUTENSIMU, COCTOSIT B
HEMIPEPHIBHOM  yBEIMYCHUH OOBEMOB MPOU3BOJCTBA, B COKPAIICHUH CPOKOB
CTPOUTEIHCTBA HOBBIX JHEPreTUYECKUX OOBEKTOB U PEKOHCTPYKIIMH CTaphIX,
YMEHBIIICHUE YACIbHBIX KaMUTAJIOBIOXKEHUM, B COKpPAIICHUU YACIBHBIX PACXOJ0B
TOIUUIMBA, TMOBBIIICHUM TMPOU3BOAUTEIBLHOCTH Tpyaa. CoBpeMEHHas H>HEpreTuka
XapaKTepU3yeTcsl HapacTalollel LEeHTpalIu3aluell MpOoU3BOJICTBA U pacIpeiesieHus
AIIEKTPOIHEPTUH.

B nepcriekTrBe 3HEPreTUKU CTOUT 3aj/ladya BCEMUPHOTO Pa3BUTHUS U UCIIOJIb30BAHUS
BO30OHOBJISIEMBIX HCTOYHHMKOB JHEPTUHU, COJIHEYHOM, TreoTepMallbHOM, BETPOBOM,
MIPUWJIMBHOM U JIp.

DHepreTuyecko MporpaMMoN MpeAycMaTpUBAETCS  JajbHEWIIEE pPa3BUTHE
sHEprocoeperaromeit MoJIUTHKH.

Metoaudeckue ykazaHuss K KypCcOBOH padoTe
«ITpou3BOACTBO U AUCIIETUEPUIALMS DITICKTPOIHEPTUN

1.001ue cBenecHUs

JInst  BBINOJIHEHUS JAaHHOM KypcOoBOMl paOOThl HEOOXOAMMO H3Yy4YUTh
MaTtepual 1o AucuuIuimHe. TpedyeTcs 3HaTh:

['n1aBHBIC CXEMBI CTaHIIMMI, OACTAHIIUM

KoHCTpyKTHBHYIO YaCcTh NOACTAHIIUN

OCHOBBI ~ TEXHUKO-DKOHOMHYECKHUX  PACYETOB  DJIEKTPOOOOPYIOBAHMS
MOACTAHIUI

OcHoBHoe 3ekTpoobopyaoBanue [1C

Bb160p OCHOBHOTO 2JIEKTPOOOOPYI0BAHUSI, POBEPKA HA BO3JACHCTBUE TOKOB
KOPOTKOTO 3aMbIKaHHS

Br16op ommnoBku [1C

CrocoObl  pacdyeTa TOKOB KOPOTKOTO 3aMbIKaHUSI B OTHOCHTENIBHBIX H
MMEHOBAHHBIX €IMHUIAX, MPEOOpa30BaHUsl PACUETHBIX CXEM

Br10op uzmepurenbHbIX TpaHchopMaTopoB

Pacuer 3azemusironux yCTpOMCTB MOACTaHIINI

[IpensioxxeHHbIE TEMBI  BKJIIOYAKOT PACUEThl MO Y3JIOBBIM MOACTAHIIUSAM
CHUCTEM Pa3HOTO HANpsOKeHWs. B MaHHBIX yKa3zaHUSX TPUBEICHA OOIICHPUHSATAS
MeToauKka pacdeta. [IpumeHeHrne HOBBIX 00Jiee COBEPIICHHBIX METOAMK, HOBBIX
TEXHUYECKUX M HAYYHBIX [JIaHHBIX NPHUBETCTByeTCs. B gaHHOM ciydae
HEO0OXOMMBI CCHUIKH Ha MCTOIB3YEMbIN MaTepHall U JIUTEPATypy.



3amanus
K KypCOBOM padoTe

BBINIONHUTE ~ pacyeTbl 3ANEKTPUYECKOM YacTH NOJACTaHUMH. BpiOpaTh
HeoOxoauMoe 00OpyJIOBaHME TOJACTAHLMM, paccuuTarb TOKA KOPOTKOTO
3aMbIKaHUsl, HAMETUB IMpeABapUTeNIbHO HeoOxoaumble Touku K3, mpoBeputh
BBIOpaHHOE O00OpYyJOBAaHHE HA YCTOMYMBOCTH K BO3JIEUCTBHIO TOKOB KOPOTKOTO
3aMbIKaHUS. BBIIOJIHUTE pacdeT 3a3eMIISIOIIETO YCTPONCTBA.

Bapuantel kypcoBoil paboTel mpuHuMaTh mno Tabmuuam Nel, Ne2. [lo

tabnuie Nel MpUHATH UCXOHBIE JaHHBIE B COOTBETCTBUM C MOCJIEIHUM HOMEPOM
mudpa 3a4eTHOM KHUXKKHU, 10 Tadauie Ne2 MpUHSATH JOMOJHUTEIbHBIC JaHHBIE K
3alaHdl0 — JJIMHY JIMHUA. Homep nuHuM o003HayaeTcs mo MOPSAKY 3amuch
HanpspkeHust noacranumu — Ly L, L Bapuant tabmuusr Ne2 cooTBercTByET
npeanocieaei nudpe mudpa 3a4eTHON KHUKKU.
Hampumep: nocnennue uudper 43, no tadaNel mpuHumaercs BapuaHT 3, a Io
tabnuie No2 Bapuant 4. O0bem padotel 20-25 nuctoB dopmara A4. OOmue
paszienbl U TEMbI, COCTABISIOIINE KYpPCOBYIO palOTy B paszene 2 - coAep:KaHue
KypCOBOM pabOTHI.

2.ConepxaHue KypcoBor pabOThI

Beenenue
1. TeXHUKO-3KOHOMUYECKUN pacyET
2. Pacuer snekTpudeckux Harpy3ok NOJCTaHLIMHU

2.1 Br16op TparnchopMaTopoB (aBTOTPaHCHOPMATOPOB)
2.2 Pacuer moTepb dHEPTUH
2.3 Pacuer npuBEeNEHHBIX 3aTpaT
3. Pacuér TOKOB KOPOTKOTO 3aMbIKaHUS
4, Br100op a5ekTpoobopyaoBaHus
4.1 Bei6op peakropa
4.2 Bpi0op BbIKIIIOUATEEH
4.3 BpI0Op KECTKUX IIIHH
4.4 Bo10op n3MepuTenbHbIX TpaHCHOPMATOPOB
5. Pacuér 3a3eMJIeHUS ITOACTaHIINU
6. CIMCOK MCIOJIb3yEMOM JIUTEPATYPbI



Ta6nuna Nel VcxonHbie JaHHBIE K pacyeTy

Howmep
BApHUAHTA

1

2

3

4

5

10

JlnmHa
JIAHUH
L,xm

60

74

49

S7

61

45

52

42

87

92

JnHa
JTUHUHU
L,xm

90

89

28

18

112

37

64

74

53

o1

JlnnmHa
JIMHUU
L,xm

4,5

5,4

7,3

10

2,8

1,5

2,5

20

5,3




Ta6numa Ne2. MicxoaHbie JaHHBIE K pacueTy

Harp Howmep, Mouur- Mo
No | IToagcTanmu A YHUCII0 HOCTH HOCTH
Bap | s KEHH | o auHUAA, | P, Pmins Cos o K3
U. B o L-n P, MBt | MBT MBT S
’ U, kB MB A
1 2 3 4 5 9 6 7 8
220/110/35/ | 110 L,-10 2,5 25 15 0,87 10500
1 10 35 L, -25 4 100 86 0,86
10 L; .10 1,6 16 12 0,88
220/110/35/ | 110 L,-3 17 51 45 0,89 10000
2 10 35 L,-6 50 30 28 0,89
10 L;-6 1,5 9 8 0,90
220/110/35/ | 110 L, -6 12 72 62 0 19600
3 10 35 L, -7 6 42 36 0,91
10 Ls;-7 2,5 17,5 14,5 0,89
220/110/10 |110 L, -11 6 66 55 0,87 12400
4 10 L, -10 7 70 65 0,91
500/330/10 | 330 L, -8 15 120 100 0,9 9200
5 10 L, -10 2,5 25 20 0,85
220/110/10 |110 L, -4 30 120 110 0,86 9000
6 10 L, -8 2 16 14 0,88
500/330/10 | 330 L, -8 14 112 90 0,91 18000
7 10 L, -10 25 20 0,9
2,5
220/110/10 |110 L, -4 8 32 25 0,87 10000
8 10 L, -6 12 72 65 0,89
220/110/35/ | 110 L, -6 19 114 82 0,89 13500
9 10 35 L, -4 5 20 14 0,9
10 L; -5 2,5 12,5 9,5 0,91
10 330/220/35/ | 220 L:-4 18 12 48 0,88 8600
10 35 L,-4 3,2 12,8 12 0,91
10 L,-6 4,5 27 19 0,9




3. Meroauueckue yka3aHus K pacyeTy
3. BeiOop npUHIUNHATBHON CXEMBI ITOICTAHIINH.

CocraBiieHUE BO3MOKHBIX BAPUAHTOB MPUHIIUIIUAIBHON CXEMBI TOACTaHIUN
BBITIOJTHSIECTCS] HA OCHOBAHUU CIEAYIOIIUX JaHHBIX:
- Ha3zHaueHne noACTaHIIMM B SHEPTOCUCTEME
- [lepeToku MOIIHOCTEN YEpE3 NOACTAHLIHIO
- Hanuuwne oiHOro mim ABYX pPaclpeIeIUTENbHBIX YCTPOMCTB MOBBIIIEHHBIX
HANPSKEHUN MOACTaHIIUN

[IpuHIMOMaTBHAS CXEME MOJICTAHIIMU ONPEICSAET BHIMOJHECHHUE
TpaHCHOPMATOPHBIX U ABTOTPAHC(HOPMATOPHBIX CBSZECH MEKIY
pacrnpeienuTeIbHBIMU YCTPOMCTBAMU, U BBIOOp €€ Oa3upyeTcsl Ha TEXHUKO-
HPKOHOMHUYECKHUX pacyeTax. [|Jist mojacTaHIuil ¢ IBYMS WK TPEeMs HAPSDKEHUSIMU
MPUHLIHNHAIbHASA CXEMA ONPEAEIAETCA MPAKTUYECKH OJTHO3HAYHO.
[IpoexTupoBaHue UX CBOAUTCS K BEIOOPY YHUCIIa, TUIIA U HOMUHAIBHOW MOIITHOCTU
HE00XOAUMBIX TpaHchopMaTOpOB (aBTOTpaHCHOPMATOPOB).

DHeprus, MocTynaromias u3 cety Boiciiero Hanpsokenust (BH), MoxeT ObITh
pacripeiesieHa kak Ha ogHoM HusiieMm Hanpstkenud (HH) 6-10 kB, tak u Ha ABYX
Hanpspkenusx: cpeanem (CH) 35 kB u 6onee u nuzmem (HH) 6-10 kB. B
3aBUCUMOCTH OT KoJinuecTBa PY ycTaHaBIMBalOT IByXOOMOTOUYHbIC
Tpancdopmaropsl (pucl), win TpexoomMoTounsle (puc.l) , wim
aBToTpaHc(opMatopsl (puc.l) B 3aBUCUMOCTH OT PEKUMA HEUTpAIIU CETU
CPEIHETO HaMpPSKEHUS.

¥YcranoBka ogHOro TpaHchopMaTropa BO3MOKHA TOJIBKO Ha MOJCTAHIINH,
MUTAIOIIEH HEOTBETCTBEHHBIE MOTPEOUTENN (MTOTPEOUTETN TPEThEH KATEeTOPUH ).
Ji1st anekTpocHaOkeHUst MOTpeduTeneit IepBoil U BTOPOM KATETOPHH 110 YCIOBUIO
HaJEKHOCTH, KaK MPaBUIIO, YCTAHABIMBAIOT JIBa TpaHchopmaTopa. Y CTaHOBKA
OOJBIIETO KOJIMYECTBA TPAaHC(HOPMATOPOB IOMYCKAETCSA TOJIBKO MPHU
COOTBETCTBYIOIIUX TEXHUKO-YKOHOMUYECKUX O0OCHOBAHUSX.

B HekoTopbIx ciydasix, eciid MoIHOCTh ceth CH pe3ko otinyaeTcs

(coctaBnss He 6omee 15%) ot momHOCcTH cetrt HH, 601€ SKOHOMUYHBIM MOKET
OKa3aThCs MpUMEHEHUE 4 TByXOOMOTOUHBIX TpaHC(HOPMATOPOB BMECTO 2
TPEXOOMOTOYHBIX (pHC.2).

TpexoOMoToUHBIE TpaHC(HOPMATOPHI YCTaHABIMBAIOT, €CITN Ucu =35 kB, npu

6omee BoicokoM U cH ycTanaBamBaroT aBTOTpaHC(HOPMATOPSL.



3.1 TeXHMKO-3KOHOMHUYECKHI PACUYET MOJCTAHIUH.

3.1.1 PacuéTt Harpy3ox.

[To wucXOOHBIM JaHHBIM, NIPUHUMAEMBbIM B COOTBETCTBUHM C BapUaHTOM,
pPacCUMTBHIBAIOTCS MOIIHOCTH MOJCTAHIUMM MO HanpsokeHusM. OnucaHHas
METO/IMKA BBINOJHEHA JJIs NOJACTaHLIMU Ha 4 HampspkeHus. B ciiydae nmoacTaHimn
Ha 3 HampsHKEHUS BBINAZACT OAHO M3 CPEAHMX HANpsHKEHUH M 0003HAdaeTcsl Kak
Uck.
3.1.1.1 TIlonHbIe MOLIHOCTH MOJCTAHIINH 110 CTYIICHSIM HANPSKECHUS

M

CHI - ——
S. = cos 0’ MBA
CHp _ — M
S, = cos x MB A
P,
HH . ———
S, = Cos ¢’ MB A
rac PM - MaKCHMaAJIbHAas1 AaKTHUBHasj1 MOIIIHOCTHL Ha I[aHHOf/’I CTYIICHH

HanpspkeHus, MBT.
[TosHast MOITHOCTH HA CTOPOHE BBICIIETO HANIPSIKEHUS

SMBH: SMCH1+ SMCH2+ SMHH, MB A.

3.1.1.2 PeakTuBHBIE MOITHOCTH ITOACTAHIINHN

0. = /(SN2 = (P2 Moo,
0.2 /(5“2 ~(P™)? \tsa.
o= (S = (P™)  sa.

3.1.1.3 Tlo naHHBIM BBIYMUCICHHBIX MOITHOCTEH CTPOAT TpadyKu HATPY30K JJIs
BCEX HampspkeHud moactannuil. O6muii Bua rpaduxoB mpuBeneH Ha Puc.l.cm.
MPUIIOKEHUS

Jnsg kaXaou CTYyNEHH HanpspDKEHHWS NPUHUMAETCS PAaCUECTHBIM MAaKCUMYM

paBHBIN PM , MBT, ucxoass W3  KOTOpPOrO, CYTOYHas MPOJOJIKUTEIbHOCTh

NOTpeOJICHUsT MOIIHOCTH  paclpelieisseTcsl NponopiuroHaibHo Tpaduky. Ilo
pacueTHbIM TpaduKaM PacCUUTHIBACTCS T0JI0Basi SHEPTUs MOTPEOICHUS.



3.1.1.4 DHeprust 3MMHHX CYTOK.

W 5 =Py t; + Py t,+ Pyt + Pty + Psts, MBT uac

W 3¢ "P=P; t; + P, t,+ P3 t3+ P4 t,+ Ps ts, MBT uac.
W 3¢ ™M=P, t;+ P, t,+ Py t3+ Py ty+ Py t5, MBT uac
3.1.1.5 DHeprus IETHUX CYTOK.

W jic M= Pg tg+ P; t;+ Pg tg+ Pg tg+ P1g tio MBT uac
W jic = Pg tg+ P; t;+ Pg tg+ Pg tg+ P1g tio, MBT uac
W jic ™= Pg tg+ Py t; + Pg tg+ Py tg+ Pyg tyo, MBT uac

3.1.1.6 Dnextpuyeckas »dHeEprus MOTpeOAEHHAs 3a TOJ MO0 KaXKIOMY
rpaguky

Wrong=Wise N3+ Wy Ny - MBt gac

Wion ™ = W s S W e M MBrr wac

Wion 2= W 5 2 4+ W 1 2 MBr wac

Wron ™ =W 3¢ ™ + W ;¢ "™, MBr wac

3.1.1.7 Bpemsi makcumyMa TOTpeOJICHUS HArpy3Kd

W o0

= "p,

, 4ac

WF,CHl

Twm, can = 4Jac
, P )
M ,CH1

WF,CHZ

Twm, cn2 = qac
> P D
M ,CH?2

WHH

roj
T, un = pHH , 4ac
M




P TM,CHl +PM,CH2 T ,CH 2 +PM,HH TM,HH

T Mm,CH1 M
MBI P + P,y + P,y

Mm,CH1

, dac

3.1.1.8 Bpems makcuManabHBIX IOTEPH SHEPTUU -T PACCUUTBIBAETCSA, 3a T'OJ
HAa KQOKIOM HanpsDKeHUM. ['070Bask NPOJOJDKUTENBHOCTh BPEMEHHM IOTEPh
NpuHUMaeTcs KajneHaapHas T=8760 yacos

2
T
_ 0124+ “m | 8760
‘ [ 10000) , 1ac

I KaKA0TI0 HAIIPSZKCHUA CBOC BPEMA MAKCHUMAJIBHBIX ITIOTCPb

CH1 \?

_ 10124+ ™ | 8760
10000

T CcHl — , dac

2
CH?2
T

. _|o124+ " | g760
cr 10000 ’

gac

T HH 2
_|oa24+ 1| g760
HH 10000 ’

gac

3.1.2 Bsi0op Tpancdopmartopa (aBrorpancpopmaropa AT).
MomiHocTh TpaHchopMaTopa ONpeAeisIeTcs €ro Harpy3Kou 1 OmpeesieTcsl Kak
Sur.2(0,7-0,65) S v

JUTSL K&KJOW CTYTIEHU HANpPSHKEHUS C YYeTOM YCTaHOBKH JIBYX TpaHC()OPMATOPOB.
BoiOpansbsiii Tpanchopmarop (aBToTpaHchopmaTop) MPOBEPSIOT HA aBapUiHbBIE
neperpy3ku Mpu BBIXOAE OJHOrO TpaHchopmaTopa (aBToTpanchopmaTop) U3
pabotel. Koaddurment aBapuitHoii neperpysku onpesensiercs no Gpopmyne

S

k = Smax

IL.aB S

HOM.T

Ime S max- MakcMManbHash MOIIHOCTb MO TpadHKy HAPY3KH Ha CTOPOHE
BH

SHOM.T- HOMHHATBHAS MOIIHOCTH TpauchopmaTopa (AT).
Bri6pannsiii Tpanchopmarop (AT) gomxeH ya1oBIETBOPSTH YCIOBUIO

k <k

ILaB JOIL
[Ipoepka Tpanchopmaropa (AT) Ha cucremaTHueckue TMEperpy3Ku
MIPOU3BOUTCS TIPHU OTKIIFOUEHHUH OJTHOTO U3 TpancpopmaTopoB (AT) Ha MmIaHOBBIM
PEMOHT BO BpeMs Jiemnezo nepuoda. Bonpoc o JOMYCTUMOCTH CUCTEMAaTHYECKUX
Meperpy30K MOXKET ObITh PEIIeH ¢ Y4eTOM rpaduKkoB Harpy304HOM CIOCOOHOCTH



TpaHchopmaropoB, npuBeaeHHbIX B ['OCT, npu 3TOM HEOOXOAMMBI CIEIYIOLIUE
napameTphbl:

-Cucrema oxnaxaenus (M, 1, 11 u 1)
-IlocTosiHHas BpeMeHu Harpena (1)
-OKBUBAJICHTHAs TEMIIEpaTypa okpyxatoieit cpemabl (0)

-Kosdpuument wHavanpHOM Harpy3KH SKBUBAJCHTHOTO Tpaduka
(Si<SnHom):

Hamewaercs nBa BapuaHTa CXEM NOACTAaHUMWH, BBIIOJIHACTCS WX TEXHUKO-
PKOHOMUYECKUN pacyeT, Ha OCHOBAaHHHM KOTOPOTO BBIOMpAeTCs  OAUH W3
pacdeTHBIX BapuaHTOB. [Ipu BeIOOpE CXeMm 3JIeKTpHUecKuX coenuHeHuid PY Bcex
HAnpsOKEHUH HET HEOOXOIMMOCTH TOIXOAUTh K pa3paboTKe KOHCTPYKIUU
kaxzaoro PY. IIpoekTHbIMU OpraHu3anusMy pa3padoTaHbl TUIIOBbIE KOHCTPYKIUH
PVY. OkoHuarenpHOE pelIeHUE 0 KOHCTPYKIUU PY NpUMEHSIOT Ha OCHOBaHWUU
TEXHUKO-9KOHOMUYECKOTO PELICHUs psAa ICKU3HO-TPOPaOOTaHHBIX BAapUAHTOB
KOMITOHOBOK : PY HOMKHBI yJIOBIETBOPATH psAny TpeOoBaHuii cornacHo [1YD.
OcHoBHbIE TpeOOBaHUS: HA/IEAKHOCTh, 3KOHOMUYHOCTb, Y1I00CTBO U OE30MACHOCTb
oOcitykMBaHUs, 0kapoOe30nacHocTh. B KypcoBoit pabote He0OX0UMO CPaBHUTh
2-3 BapmaHTa 3NeKTpuieckux cxeM PY. CrenyeT yunThIBaTh psii yTBEPAUBIIUXCS
B [IPAKTUKE MOJIOKEHUN, & TAKKE HEKOTOPbIE PEKOMEHAALUU:

-JIns PY 35 kB He npUMEHSIOT CXeMBbl ¢ 00XOAHOW CUCTEMOM IIHH.

-JIns PY 110 xB u BbIlIe cxembl ¢ OJHOM U ABYMsI CUCTEMaMU COOPHBIX IIHH

PEKOMEHIyeTCsl IPUMEHSITh TOJIBKO ¢ 00XOIHON CUCTEMOM IIKH.

-B cxeme ¢ nByMs cucTteMamMu COOpPHBIX IIMH CEKUMOHUPYIOT OJIHY CHUCTEMY

IIMH NpU 4YKclie TpucoeauHeHuid 12-16: o0e cucTteMbl HIMH- TpPHU YHUCIIE

npucoenuHenuit Oosee 16. [lpum HanM4MKM CEKIMOHUPOBAHUS B CXEME C

00X0/MHON cucTeMON MHUH (QYHKIMH OOXOJHOTO W IIMHOCOEAMHHUTEIHHOTO

BBIKJIFOYATENS] COBMEILAIOT B OHOM BBIKIIIOYATEIIE.

-CXeMbl MHOTOYTOJIBHUKOB PEKOMEHIYETCSl MPUMEHATh NPH OJMHAKOBOM

KOJINYECTBE TPAHC(HOPMATOPOB U JIUHUIA.

-llogximrouenne nuHUM K PY TMOBBIIEHHOrO HANpsHKEHUS KEIATEIIbHO

BBINIOJIHATH HE Oojee uYeM JByMs BBIKIIOYATEISIMU, a MOJKIIOUYEHUE

TpaHc(hopMaTopoB- HEe 00JIee YEM YETHIPHMSI.

[TapameTpsl BbiOMpaeMbIx TpaHchOpMaTopoB odopmiatoTcss B Tabmuiy Neo2.

[Ipennosiaraemple BapraHThl CXEM MOJICTAaHLIUM pUBEAEHBI Ha Puc.2.



3.1.3 PacuéT nmorepn 3JIEKTPOIHEPIUH ISl IBYX BAPUAHTOB

3.1.3.1 Pacuer morepp Mmomuocth APk B aBTOoTpaHchopMaropax IIo
00MOTKaM

P K@-H P KC-H
2 2 |kBT
KBbIF KBb]F

APy = 09 P, -+

il

PKC—Hj_ PK(B—H)

APy c= 0,5 PM%—CZ+ K2 % kBT
BBIT BbIT
P K(B-H) P K(C-H) p
AP KH = 2 KZ K(B-C) kBT
BBIT BbII"

rIe

U B _U C STHH o
Kgpr= = - KO3 (HUIMEHT BBITOJJHOCTH WM KOIDDUITUEHT TUITOBOU

U B SHOM

MOIIIHOCTH
Ecnn HOMMHAJIbHAS MOIITHOCTH 0OMOTKH HH3KOT'O HaNpsHKEHUS

SHOM,HH * ka]FSHOM;
TO BMecTO Kgpr moJicTaBUTh

Suomnn
SH oM
3.1.3.2 Pacuer MOTEPH MOITHOCTH VIS TPEXOOMOTOYHBIX
TpaHc(hopMaTopoB.

Ecnu notepu K3 nanbl nns  mapsl oomorok BH-CH, Torma motepu oTaeinbHbIX
OOMOTOK paBHBI

PK,B = PK,C = PK,H = O’SPK,B—C

ecnu, notepu K3 mpuBeneHbl sl KXKIOW Mapbl, TOTA MOTEPU OTIAEIBHBIX
OOMOTOK paBHBI

PK,B = O'S(DK,B—C + PK,B—H _PK,C—H _,KBT
PK,C = 0’5()K,B—C +PK,C—H _PK,B—H _, kBT

PK,H = 0’5()I(,B—H +PK,C—H _PK,B—C _, kBT

3.1.3.3  MouHoct 00OMOTOK aBTOTpaHchopmaropa Mpu padoTe Mof
Harpy3KoH IO BapyuaHTaM.



SM=x/(PﬁH+PAC4H2)Z+( 1+Qy)? MBA.

3.1.3.4 Ilortepu 3HEpruu B aBTOTpaHc(hopMaTopax MO KaXJAOMYy BapUAHTY -
AW, pap, AW, pap.

2 2 2
S.euB SMC SMH
AW, =N*IPT+P | == [ 1,4Pcc| | tc+Pey| | 7y

HOM HOM HOM

MBT yac
N - konuuectBo Tpanchopmaropos Ha [1C.
3.1.3.5 Ilotepu sHepruu B IBYXOOMOTOUYHBIX TpaHchoOpMaTopax

2
S
AW, = N*| AP, T +APK[MJ T |, MBT uac

HTP

rane T = 8760 gac
3.1.4 llpuBeeHHBbIE 3aTPATHI

3.1.4.1 CroumocTh TOTEPb OHJIEKTPOIHEPTUU BBIYHCIACTCS JUISI JBYX
BApUAHTOB 10 BHIPAKECHUIO

Cn - CTP + CA P :: /8* ﬁwrp + AWAA TP:

_ Ax
rie C,pp=B*AW 1 - crommocts moteps sHepruu B aBTOTpaHChOpMATOpax
F=2,89 Tenre/kBT 4ac — CTOMMOCTB TTOTEPH AIIEKTPOIHEPTUH

CTp =p *AWTP - CTOMMOCTb IOTEPh 3HEPTUHU B TpaHCHOpMATOpax
3.1.4.2 KamnuraneHble 3aTpaTbl Ha OCHOBHOe obOopynoBanue [IC
BBIYHCIIAOTCS, B COOTBETCTBUH C YKPYINHEHHBIMH IOKAa3aTeJIIMH CTOMMOCTH 11O
[3]. Jns cpaBHEHHUS KaNUTaJIbHBIX 3aTPaT BAPUAHTOB YAOOHEE 3al0JHUTH TAOIUILY
Ne3.
IIpuMeuaHue: LIEHBl NEPEBECTU B TEHIE, YBEJINUNBAs 3aJaHHYIO0 CTOUMOCTD
B 100 pas.



Ta6muma Ne3. 3aTpaTsl Mo BapraHTaM

Hammeno- | CtoumocThb IlepBbIii BapuaHT. Bropo¥ Bapuanr.
BAHUE € AMHULIBI
obopyo- o0opynoBaHUS
BaHUS TriC.TEHTE

OoOmrasg OO1mas
Komn-Bo | croumocts | KoJI-BO | CTOUMOCTH
Tric.TEHTE TeIic.TeHTEe

ATI1,AT2

T1,T2

T3,T4

Suetika
OPVY-110

Suetika
OPVY-35

Ks cn

Kssu

Ksopu

3.1.4.3 CTouMOCTbh OTYMCIICHUI Ha AMOPTU3ALIUIO PEMOHT U OOCITYKUBAHHE

CAZMK
100

re

L= 9,4% - HOpPMa aMOPTHU3AILMOHHBIX OTYUCICHUHN OT KallUTAJIbHBIX 3aTpaT,
Po = 9,4% - 1151t OPY-110xB u Hrke — HOpMa OTUHCIICHUH Ha 00CTy)KHMBaHHE
Po = 8,4% - st OPY-220kB u Bbllle - HOpMa OTYHCICHUM Ha OOCTyKMBaHUE

K- cymma nosiydeHHbIX KanuTaldbHBIX 3aTpaT U3 Ta0yuibl Ne3 1o BapHaHTaM.

3.1.4.4 IIpuBeaHHubIC 3aTPaThl BEIYUCIISAIOTCS MO PopMyJie

3=p,K+C,+C,

rne Py = 0125 - nopmartusHbIt KOdBHUIMEHT SKOHOMIECKOI HDDHEKTUBHOCTH

BeiBoa: Jlns nanpHeimiero pacdyéra BhIOMpaeTCs  BapuaHT C HAMMEHBIIHMHU
3aTpaTaMmu.



3.2 Pac4éT TOKOB KOPOTKOI'0 3aMbIKAHMSI.

[Topsinok pacuera

Jly1st BRIOpaHHOTO BapHaHTa COCTABJISIETCS pacueTHas cxema. I1o pacueTHol cxeme
COCTAaBIISIETCS CXEMa 3aMeEIleHus. Bce paeMeHThl CXeMBI 3aMEIIEHHS 3aMEHSIOTCS
WHIYKTUBHBIMH  COIPOTHBJICHHUSIMH. ConpoTHBIICHUS  BBIPAKAIOTCA B
OTHOCHTEJILHBIX MJIM HMCHOBAHHBIX CMHHIIAX B 3aBUCHMOCTH OT METOJa pacyeTa
toka K3.

3.2.1 3amarTbcsa 0a3UCHBIMU BEIMYMHAMU

S, =10000MBA - 6azucHas MOILHOCT,

Uy=Ug, - 0a3ucHOe HanpsDKeHHE, MPUHUMAETCS PaBHBIM CPEIHEMY

HOMHUHAJIbBHOMY HamnpspKeHuto ctyneHu K3. 31o MoxeT ObITh U 51’U 5

U ctag = 6:1035;110;220;300 xB

UCPEI[: 6,5:10,5:37:115;230:; 330 B.

_ % KA
\/g*ucp

3.2.2 TlepeBecTr CONMPOTHUBIICHUS B OTHOCUTENIBHBIC WM WMEHOBAHHBIC
CAMHMUIIBI, JIIT BBICOKOTO HANPSDKEHHS] PEKOMEHIYEeTCsl pacyeT B OTHOCUTEIbHBIX
enuaunax. IlepeBog MoOXHO BHIONHUTHE 1O (Gopmynam B Ttabmune [1-2
(MpunOXKEHUS )

3.2.2 TlpousBectn  mpeoOpa3oBaHus B CXeMe,  OIpeIeauTh
PE3YNBTUPYIONIEE COMPOTUBICHUE T KaKI0M U3 HaMedeHHBIX Touek K3.

3.2.3 OmnpenenuTh Ha4yaJIbHOE 3HAYCHHE TMEPUOJUUYECKON COCTABIISIONICH
Toka K3

" - 0a3ucHbIN TOK cTyrnenn K3 — I E1? I 52, B T.1I.

P2 s
HO_X , KA
PE3

3.2.4 OmpenenuTh 3HAUYEHWE MTHOBEHHOTO aMIUIMTYAHOTO 3HAYCHUS

yIapHoro Toka Iy = x@kﬂ o, KA tae K, n3 ta6m.II-1
3.2.5 JleiicTByroliee 3HAYCHUE YIAPHOTO TOKA

Iy = Ino(l"'x/ké _1) KA



3.3 Bb100p o6opynoBanusi
3.3.1 Beibop peaktopa

Ecnu 3HaueHune Toka KOPOTKOI'O 3aMBbIKaHHU S OoJIbIIIe 3HAYCHUS TOKA OTKIIOYCHHA,

OpEeamnojaracMoro BBIKIIKOYATEIA B LOCOM yCTaHaBIMBACTCA PCAKTOP, OJIA

OTpaHUYCHUA TOKa K3. Pacuer MOXHO BBIIIOJHUTh B OTHOCUTCIBHBIX M
HNMCHOBAHHBIX CAMHHIIAX.

3.3.1.1 TpeOGyemoe 3HaUCHHE COMPOTUBIICHMS IIEMU C YCTAHOBKOM

peakropa
_ Uy
XrpEs = m , Owm
3.3.1.2 PacyeTHO€ COMpPOTHUBIIEHUE IIENU O€3 peaKTopa
X3 = \EIE, Om
1o

3.3.1.3 PacueTHOE CONPOTUBIIEHUE, MPUXOIAIICECS Ha PEAKTOP

/
Xp = Xppgg — Xi3

3.3.1.4 Pabouwuii Tok ctynenu HanpsokeHus K3

e N o, P, 10°
+/3U cos ¢
3.3.1.5. MakcuManbsHbIi pabounii TOK CTynieH! Hanpspkenust K3
V pisriax = o  pus, A
n—1 ’

3.3.1.6 Beibop peakTopa Mo yCIOBUSIM:

U PHOM = U yCcr

\%

I PABMAX

> X1,

I PHOM

XPH OM

Br100p manHbIX peaktopa 1o [3]

3.3.1.7 Conporusnenue 1nenu K3 conpoTuBiieHreM BbIOPAHHOTO peakTopa



3.3.1.8 BriO0Op BHICOKOBOJIBTHBIX BBIKJIIOUATEIICH

Bb160op BbIKITIOUATENEH MPOU3BOIUTCS T10:

1 Pony ycranoBku
2 Tlo nomycTUMOMY TOKY
3 1O HANPSHKEHUIO

Jlanee mpon3BOAUTCS IPOBEPKA K YCTOMYMBOCTH K Tokam K3
a)IuHaMu4ecKas CTOMKOCTh

0)TepMHuUecKas CTOUKOCTh

Br16op pexomenayeTcst ohopMIIsTh B BUAE TaOIUIIBI

Tab6mmia Ned VcmoBust BEIOOpa B/B BRIKITFOUATEIIS.

YcnoBus BeibOpa

PacueTHbIe JaHHBIC

Karanoxublie JaHHBIC

BBIKJIFOYATECJIA BBIKJIFOYATCJIA
U, <Upon U,..kB U_ kB
IPM < IHOM IPM,A IHOM'A
L <Thomomx | KA lork A
0 0
ia:\/EIOTK'ng’,kA ifﬁ'omfgﬁ' ia:ﬁlomlﬂog’,kA
<t i kA -
Ino< IauH |H0,kA IauH’kA
By <Ieplrep B, kA%C |fp *lrep KASC

Br100op BeIKITIOUATENICH MPOU3BOAUTCS ISl BCEX HAINPSHKCHHUHN TOICTAHITUN

Bb100p KeCcTKHUX IIUH.

Cornacno I1YD§ 1,3,28 x€ctkue mwuHbI B mnpenaenax PY Bcex HanpsbkeHU
BBIOMpAIOTCS MO YCIOBHIO HarpeBa (1o jgomyctumoMy Toky)lIpu sTom
YUHUTBIBAETCSI HE TOJBKO HOpPMalbHbIE, HO M IIOCJE€aBapUilHble pEXKUMBI. B
3akpbIThIX PY 6-10kB ommHOBKa U COOpHBIE WIMHBI BBIMNOJHSIOTCS >KECTKUMHU
QTIOMUHUEBBIMUA IIMHAMU. MenHble MIMHBI W3-32 BBICOKOW HX CTOMMOCTH HE
MPUMEHSIIOTCS Jake Tpu OoJbIIMX TOKOBBIX Harpyskax. Ilpum tokax 3000 A

MNPHUMCHAIOTCA OJHO —H JIBYX ITOJIOCHBIC ITHMHBI YcnoBus BBI60pa

| Max < | JIOII

IIpoBepka no 10yCTUMOMY TOKY




|- 0%

JIOII JIOILHOM 45

I'ne lxomnom momyctumsrii Tox mo TaGamie mpu Temmeparype Bo3myxa25C Ao
JEUCTBUTENbHAS TEMIIepaTypa BO3yXa.

MexaHudeckuil pacueT 0JIHOMOJIOCHBIX IIHH.

HaunGonbmue ynensHoe ycunue npu Toke K3

- far1p T
a

Tak kak paccrosHue MeXay ¢Ga3zaMu 3HAYUTEIHLHO OOJBIIEe TEpUMETpa IIWH

a>>2(b+h), o koappunment popmer Kp=1

N3rubaromuyii MOMEHT

Ji
M= HM
[ne | — mirHA TposieTa MEX Ty OTIOPHBIME U30JIATOPAMH IMTUHHON KOHCTPYKIH M
HaHpH)KeHI/Ie B MaTepHaﬂe TN HBI

M
=— Mlla

pacd W
W- MOMEHTBI CONTPOTHUBIICHUS IIIMH CM.IIPUIoKeHus tao. [1-3
[ITnHBI MEXaHUYECKU TIPOYHBI €CIIN
Gpacu<Goon
Mexannyeckui pacueT IBYyXIHOJIOCHBIX LIWH
Ecnu kaxknmas ¢daza BBIMONHSETCS U3 JBYX MOJIOC, TO BO3HHUKAET YCUIIUE MEXKIY
nojocamMu U Mexay dazamu. YCUirMe MEeXIy MoJ0caMu He JOJDKHO MPUBOJUTH K
WX CONPUKOCHOBEHHUIO. [[711 TOro 4YTOOBI yMEHBIIUTH 3TO YCUJIKE, B TPOJIETE

MEXKIY MOJ0OCAMHU YCTaHABIMBAIOT MPOKIaAKH. IIponer mexay mpoxmagkamu In
BBIOMpAETCS TaKUM 00pa3oM, YTOOBI DJICKTPOIUHAMUYECKUE CUJIbI, BOSHUKAIOIINE
nipu K3, He BbI3BIBAIM CONPUKOCHOBEHUS MOJIOC.

in-<0216 |9 %,/ B

Iy K(b

rne Un- paccTostHUE MEX1y ocsaMH nojoc, CM a=a.=2b
hb®

Jn-
12

K- Koapduuuent hopmsl onpenensiercs uz nureparypsl ( 3 ) puc.4.5

4
CM MOMEHT UHEPLIMH MOJIOCHI

E- Monyns ynpyroctu Matepuana muH cM. npuioxesus tadm. [1-4

| <0133*1072%4



Mx- Mmacca moJIockl
B pacyeT MPUHUMACTCS MEHBIIAS U3 JIBYX BEIIMUMH.
Cuita B3aMOJICUCTBUS MEXTY TTOJI0CAMU B TTaKETEe U3 JIBYX I10JI0C

. 2
-2
byl w1l Ky, i®

2| 20 4 b

Hanpsxkenue B Marepralie yH OT B3aUMOIEHCTBUS 110JIOC

J,=2*10"K, *107

Juiy
G =17 Mlla
12w

I

. 3
Wi-MomenT conpotusienus oHoit moxocsr, CM

In- paccrsaHme Mexay npokiTaaKaMu
Hanpsoxenue B MaTepualie IuH OT B3auMoaecTBus (a3
2
| .
G, =/3*108* *iZ Mr1a
aW, ~

I-uHa posieta Mexay uzoaaropamMu M

Wo-moment COIIPOTUBIICHUS MaKeTa muH cM.Tadu. 11-3
[[InHBI MEXAaHUYECKH IPOYHBI €CIIH

Goh+Gn<Guon

3.3.1.9 Bbi0op usMepuTeIbHBIX TPAHC(POPMATOPOB TOKA M HANIPSIKEHHSI.

O0beM u3MepeHHil I Ka)XJO0TO NPHUCOSAMHEHHUS YCTaHABIMBAETCS COTJIACHO
I1yo3.

TpanchopmaTtopsl TOKa BEIOMPAOT:

[To HanpsYKEHUIO0 YCTAaHOBKHU

Uycr<Unom

ITo Toky

|H0pM<|1H0M Imax<li nom

HomuHanpHbIM TOK JOHKEH OBITH KaK MOKHO OJIMDKE K paboueMy TOKY YCTaHOBKH,
TaKk KaK HEIOrpy3ka MEepBUYHOW OOMOTKM TMPUBOAUT K  YBEJIUYEHUIO
MOTPEIIHOCTEH

[To KOHCTPYKLIMHU U KIacCy TOYHOCTH

[To BTOpH4HOMN Harpy3Ke

Z2</2uom

Ine Z2 - BropuuHas Harpyska Tpancgopmaropa TOKa;

Z2xnoM- HOMHMHAIbHAs JOIYCTHMas Harpy3ka TpaHcpopMmaropa TOKa B
BBIOpaHHOM KJ1acce TOUHOCTH. COCTaBUTH TaOJIMIly BTOPUYHOUN HATPY3KU



Ta6numa NeS Harpyska Bropuunsix neneit TT

HaumeHoBanue | THI Harpyska mo ¢a3zam
npubopa

A b C
Hroro

YcraHoBKa KOHTPOJIBHO-U3MEPUTENBHBIX TPUOOPOB cM.T 4,1 1muTeparypa( 3)

BTOpI/I"IHaH Harpy3ka COCTOUT H3 COIIPOTHBJIICHHA HpH60pOB, COCANMHUTCIIbHBIX
IIPOBOAOB M IICPCXOJHOT'O COIIPOTHUBJIICHHA KOHTAKTOB

=0+l +T

2 ‘npuo TIp K

COHpOTI/IBHGHI/IC HpI/I60pOB OIIPCACIIACTCA 110 BBIPAKCHHIO

= me
TpH0 12
2

ComnpoTtuBiienne KoHTakToB mnpunumaror 0,05 om npu 2-3 npudbopos.
ComnpoTUBIIEHUE COCIUHUTEIBHBIX IPOBOJOB 3aBUCUT OT JUJIMHBI U CEUYCHHUS.
UtoObl TpancpopMarop TOKa paboTanr B BBIOpAHHOM KJacce TOYHOCTHU
HE00X0JUMO

ran6 +rnp+rKsZ2HHO

Tornma
r =2, —r__—r
p 2HHO p K
3Hasi CONPOTUBJICHUE TTPOBOJIOB MOKHO OMPEACTUTh CEUCHUE
*|
q _ p pacud
rﬂp

p-ynenpHoe compoTuBieHue Mmarepuana nposoja (0,0175 mens u  0,0283
aiumoMuHuil). [IpoBosia ¢ MEAHBIMU KUJIAMHU MPUMEHSIOTCS BO BTOPUYHBIX LETSX
OCHOBHOT'O M BCIIOMOTATEIBHOTO OOOPYJOBaHUS Ha TMOJCTAHIUSAX C BBICHIMM
HanpsbkeHrneM 220 kB u BbIle B OCTaJbHBIX CIy4asX BO BTOPUYHBIX IIEMSAX
MPUMEHSIOTCS POBO/IA C ATFOMUHUEBBIMU JKUIIAMHU.

JInvHYy COEIMHUTENBHBIX MPOBOJOB OT TpaHcopMaTopa Toka 10 NpubopoB (B
OJIMH KOHEI)MO>KHO MPUHATH AJI Pa3IMYHBIX MPUCOCAMHEHUN MPHUOIU3UTEIBHO
paBHOM, M




Ta6numa Ne6 PacueTHblie 1JIMHBI TPOBOAOB BTOPUYHBIX Iierieid TT
JI0 IPUOOPOB.

HaumeHnoBaHus JlnmiHa B MeTpax
Jluaum 6-10 kB k moTpedutensim 4-6
enu PY 35kB 60-75
110xB 75-100
220xB 100-150
330-500xB 150-175

[Io ycnoBUIO NPOYHOCTH CEUEHHE HE JOJDKHO OBITh MEHbBIIE 4vm® TUISL
AJIFOMHUHHEBBIX JKIT U 2,5MM > TS MEIHBIX.

[IponsBoguTCcsT TOpoBEpKa MO  DJICKTPOAMHAMUYECKOM  YCTOMYMBOCTH U
TEPMHUYECKOM.

Br100p TpaHchopMaTOPOB HANIPSIZKEHHS.

TpancpopMaTopsl HaPsHKEHUS] BBIOUPAIOTCS;
[To HanPsKEHUIO0 YCTAaHOBKHU
U <U

ycT HO
[To KOHCTPYKIIMH U CXEME COETMHEHHSI OOMOTOK
1o ximaccy TOUHOCTH
[To BTOpH4HOI Harpy3Ke

SZZ = SHOM

M

SHOM -HOMHHAIBHAS. MOIIHOCTb B BBIOpaHHOM KJIacce€ TOYHOCTH. J1Jist
onHo(a3HbIX TpaHCHOPMATOPOB, COCIMHEHHBIX B 3BE3/LY, CIEIYET B3STh
CYMMapHYIO MOIITHOCTh BCeX TpeX (a3, a 11 COeTMHEHHBIX 110 CXEME OTKPBITOTO
TPEYTOJbHHUKA YIBOCHHYIO MOIITHOCTh OJHOTO TpaHc(opMaropa.

R
Szz :\/(:Snpﬂ6 cos<a2+ (ZSHPH6 sSin (P/Z\/Pnim +Q§pﬂ6

Tabsnuua No7 Bropuunas Harpy3ka TH

HaumenoBanwue | Tun | S ognoit | Uucno | Cos | Sin | YUucio O6mas
npubdopa 0OMOTKH | OOMOTOK | (0 ¢ | mpubopoB | moTpedisemast
BA MOIIIHOCTh
P Bt | QBap
Hroro

Ecnu BTOpuyHas Harpy3ka npeBblIaeT HOMUHAJIbHYIO MOIIIHOCTh B BBIOpaHHOM
KJIaCCE TOYHOCTH, TO YCTAaHABJIMBAIOT BTOPOM TPaHC(HOPMATOP U YACTh HATPY3KH
INPUCOEIUHSAIOT K HeMy. CedeHHe MPOBOIOB 10 YCIOBUSM MEXaHUYECKON
MPOYHOCTH IPUHAMAIOT 1,5MM” [T MeH 2,5MM° U ATFOMUHHMS.




Pacyer 3a3eMJIsI0lIIMX YCTPOMCTB.
Corunacao 1Y 3azemisitoinniue yCTpoHCTBa 3IEKTPOYCTAHOBOK CETH C 3PHEKTUBHO

3a3€MJICHHOW HEUTPAJIbIO BBIIIOJIHEHO C YYETOM COIIPOTHUBIICHHUS (RsSO,SOM) WIH
JOMYCTUMBIM HalpsHKEHUEM IPUKOCHOBEHHUS.

PacueT no 1onycTuMoMy CONPOTUBICHUIO IPUBOIUT K HEOIIPABIAHHOMY
repepacxoly IpoOBOJHUKOBOIO MaTepUaia U TpyA03aTpar IpU COOPYKEHUN
3a3eMJISIFOIETO YCTPOWCTBA.

Omnpit 3kcutyatanuu PY-110 kB uBbile no3BossieT nepeiTi K HOPMUPOBAHUIO U
HaIPSHKEHUIO TPUKOCHOBEHUS, @ HE BEJIMUMHBI CONTPOTHUBIICHUS 3a3€MIICHHUS
(R3<0,50m).

Cno>KHBIN 3a3€MIIMTEIb 3AMEHEH PaCUETHOM KBAaIPaTHOW MOJEIIBIO IIPH YCIOBUH
paBEHCTBA IUIOIIAJCH, 001IEel NTMHONW TOPU30HTAIBHBIX IPOBOJHUKOB, IITyOUHBI
UX 3aJI0’KE€HUS, YUCTIA U JUIMHBI BEPTUKAJIBHBIX 3a3eMJIMTENIEH U TITyOMHBI UX
3JI0KCHUSL.

B pacuerax MHOTOCIIOMHBIN IPYHT MPEACTABIICH IBYXCIOMHBIM, BEPXHEN

TOHHIHHOP'I h C YACJIbHBIM COIIPOTHUBJICHUCM p, HWKHUM YACIBbHBIM

CONPOTHBIICHHEM [J;

Hanpsxenue Ha 3azemiurene

U — U Ip. J0IT
3
KH
Kn-xospunuent nanpssxenus npuxkocHoseHus
Ko Mp
n 0.45
I B Lr

aJs

I B-AJIMHA BCPTUKAJIbHOI'O 3a3CMIIUTCIIA

Lr-nmaa ropusonTansHEIX 3a3eMmuTeNeH
a-pacCTOSTHUE MEXAY BEPTUKAIbHBIMU 3a3€MIUTEIISAMU
S-mtomane 3a3eMIISIOLIETO YCTPOMCTBA

M-niapameTp, 3aBUCAILINN OT p1/ p2 cm Tabmn. I1-6

OO6m1as JyTMHA TOPU3OHTAIBHBIX 3a3€MIIUTEIICH

L =|/S S 1 e
a



B-ko3(puimeHT onpeensiemMsplii o CONpOTUBIECHUIO TeJa YeT0BEKa

p=—"u
R,+R¢

B pacuerax npumensioress Ru=10000m  Rc=1,5 PsB.c
ConpoTHBIIEHHE 3a3EMIISIOIIETO YCTPONCTBA
U 3

<3
|3

3.J10I1

I3-Tok, cTekarommii ¢ 3a3MuHTENs TPOEKTHPYEMOTO 3a3eMIISIONIETO YCTPOHCTBA
npu ogHodazHom K3
C_|6e
| €= ¢*0,657

OO611ee CONPOTURIICHUE €CTECTBEHHBIX 3a3eMITUTENCH

R = 1
¢ 1 1 1
+ +
RKaG R(b RC.T.O

Rka0-conpoTuBIEHNE pacTeKaHUIO TOKa Kadenen
Rdb-conpoTuBnenue pacrekanuio Toka GyHIaMEHTOB

RCTO'COHpOTI/IBJ'ICHI/IC PACTCKaHNIO TOKa CUCTCMBI TPOC-OITIOPhI

Ecaun R6<R3.I[OH TO COOPYKACTCA TOJBKO CCTKAa M3 T'OPHU30HTAJIBHBIX IIOJIOC,

eCHI/IRe> RS.I[OH TO H€O6XOI[I/IMO COOPYKCHUC NCKYCCTBCHHOI'O 3a3C€MIIMTCIIA,

OnpenenstoT 00111ee COMPOTUBIICHUE CTI0KHOTO 3a3EMITUTEISI

_ 4% P5 Pr
R =A*F2
’ JS Lo+l
I'ne
A= 0442-084% | 1oy 0< st <01

g Vs

Ip +t '
B anO,lslBH

Vs g

A=|0,385-0,25* <0.5




PB-BKBI/IBaHCHTHOG YACJIBbHOC COIMPOTUBJICHHUC 3CEMJIN, Om*Mm

LB—06maﬂ JTMHA BEPTUKAIBHBIX 3a3eMIIUTENCH
Le=Is*ns

KomngecTBo BCPTUKAJIIBHBIX 3a3eMJIMTEICH

B
&,
Pl I
I
HOqueHHoe 3HAUYCHUC R3 JOJIKHO 6I)ITI) MCHBIIIC R?).I[OH RI/I

VY nenpHOEe CONPOTUBIICHUE TPYHTOB CM. NMpUJIoKeHus Tad.I1-5

Ecniu compoTuBieHne 3a3eMidTeNs] MpEBHILAET TpeOyemble 3HAYEHUs, TO
HE00X0IMMO YBEIMUYEHHUE TUIOMAAN S ATUHBI L dncia BepTUKaIbHBIX 3a3eMIuTeNnei N
Y UX JJIMHBI. BCE 3TO MPUBOIUT K JOMOJHUTENIBHBIM pacxojaM. Db PpekTuBHON Mepoit
YMEHBILIEHUSI ONAaCHOCTH MPUKOCHOBEHUS SBISIETCS MOJCHIIKA TpaBUs WIM IIEOHS
cinoeM 0,1-0,2m y pabouux MecT. Y 1eJIbHOE CONPOTUBIEHUE BEPXHETO CJI0S MPU 3TOM

pesko BozpactaeT ( 5000-10000 OM™*M ), 9yTO CHMXKAET TOK MPOXOASIIMA dYepes
YeJI0BEKa, TaK KaK BO3pAacTaeT CONMPOTUBIIEHUE PACTEKAHUIO TOKA CO CTYMHEH Re. B

pacuere COOTBETCTBEHHO YMEHbIIAaeTcd KOIPGUUUEHT [ U yBEJIMYUBAETCA

AOITYCTHUMOC COIIPOTHUBJICHHUC 3a3CMIIAIOIICTO YCTpOﬁCTBa.



MNPUJIOKEHUS
5. I'padpuueckoe odopmiieHue.

Pucynox 2-Bo3MoxkHbIe MPUHIIUTTHATIBHBIE CXEMBbI MOJICTAHIUHI:
A) C nByms 1ByXOOMOTOYHBIMH TpaHchopmaTopaMu

b) C aBymst Tpex0OMOTOUYHBIMH TpaHCPOPMATOPAMH

B) C aByms aBTOTpanchopmaropamu

') C geThipbMsi IByX0OMOTOYHBIMHU TpaHCHOpMaTOpaAMHU

['maBHas cxema IEKTPUICCKUX COCTMHECHUH BBIMTOJIHICTCS Ha JIUCTE (hOPMATOM
A2. OHa BKJIIOYAET B CEO4:

-OCHOBHOE TepBUYHOE O0OOpYyIAOBaHHE — TpaHCPOPMATOPHI, CHUHXPOHHBIC
KOMIICHCATOPbI, IMHUH, TUTAIOIINE HATPY3KY U CBA3U C CUCTEMOM, peakTop.
-Brixkatouarenu

-Paszbequnurenn

-3a3eMIISIIOIIME HOXHU Pa3beIUHUTEICH

-Pa3psanuku

-M3mepurenbHbie TpaHcHOpMaTOpPbI
-M3mepuTenbHbie TPUOOPHI.

B nensix ynpouieHus yepTeka peKOMEHI1yeTcsl HoIpoOHO, C YKa3aHUEM BCEX
U3MEPUTETBHBIX TPAaHC(HOPMATOPOB, U3MEPUTENIBHBIX MPUOOPOB, IOKA3AThH 110
OJIHOMY MIPUCOETUHEHUIO ISl TPYIIN OJAHOTHUITHBIX NprucoennHennii. Haanucu,
Kacarolrecs: TUIOB U MapaMeTpoB 000pYA0BaHUS, PEKOMEHIYETCS BBITIOJIHSATD B
BUJIE crienu(UKaUK, M0 KParo JIMCTA.

3a3eMIISIOIIME PA3bEAMHUTENN — CTALMOHAPHOE 3a3€MIISIFOLIIUE YCTPOUCTBO,
KOTOPBIN JTOJDKEH MMETh KaXbIi Y4aCTOK JJIEKTPUUECKOM CXEMbI, KOTOPBIN
MOKET ObITh 00ECTOYCH JJIsl PEMOHTA.

3ammTa oT NepeHanpsHKEHUN OCYIIECTBISIETCS pa3psiAHUKAME, KOTOPbIE
YCTaHABIIMBAIOTCS:

-Ha munetinpix BeiBogax 330-750 xB.

-Ha BbIBOgax Bcex OOMOTOK aBTOTpaHC(OPMATOPOB M TPEXOOMOTOUYHBIX

TpaHC(HOPMATOPOB.

-Ha BriBosiax BH 1ByX0OMOTOYHBIX TpaHC(POPMATOPOB.

-Ha cO6opubix mmHax 35 kB u BhIIIIC.

-Ha c6opubix mmHax 3-10 kB, eciin Kk HUM MOJIKIIFOYEHBI BO3TYIIHBIC TUHUM.
Bce pa3psanHuku, KpoMe pa3psaIHUKOB COOPHBIX IIMH, MOJKIIOYaIOTCs 0€3
pPa3bEAMHUTENEH.



N3mepurenbHbie TpaHcHOpMaTOPHI.

Tpancpopmatopsl ToKa, MpeHA3HAUYEHBI JIs TOAKIIOYEHUS U3MEPUTEIbHBIX
npuOOPOB, YCTAHABIUBAIOT B COOTBETCTBYIOIIUX MPUCOCANHEHUSAX B IBYX WIH
Tpex dazax.
Tpanchopmaropsr HanpspkeHus: (TH) co cxemoit A /A ycTaHaBiuBaeTcsl Ha JIMHUAX
35 kB Ha cbopkax rpynmnoBbsix peakTopoB 6-10 kB.
TH co cxemoit Y/Y/A ycTtanaBnmmBaroTcsi Ha COOPHBIX IIMHAX, CEKIUAX paboueit
cucremsl uH PY HanpsokenueMm 3 kB u Beie, Ha muHUAX 110 kB u BbIIIE ipu
CXeMaX «MHOTOYTOJBHHUK» «3/2», «4/3» ( 3a pazpenuHuTe MU JtuHNHN ), Ha HH
aBTOTpaHcpopmaTopa, Ha 00XOTHON CUCTEME IIUH.

Tabmuna I1-1 3Ha4yeHUs MOCTOSHHOM BPEMEHHM 3aTyXaHHs amneprOJIAYECKOM
cocrasisitonieit Toka K3 u ygapuoro kosdduruenta

DJIEMEHTBI WA YaCTU SHEPTOCUCTEMBI Ta.c ky

Cucrtema cBsizaHHasi co COOPHBIMHU IITHHAMH,
rae paccmarpuBaerca K3,  Bo3aymHeiMu
JUHUSMU HaTpsbKeHneMm, KB

002 | 1,608
35 0,02-0,03 | 1.608-1,717
110-150 0,03-0,04 | 1,717-1,78
220-330 0,06-0,08 | 1.85-1,895

500-750

Cucrema cBsi3aHHasi CO COOPHBIMM IIMHAMU 6-
10 kB, rme paccmarpuBaercs K3, uyepes
TpaHchopMaTopbl MOIIHOCTHIO, MBa.

B ennnumax 0,06-0,15 | 1,85-1,935

80 u BpIIIe 0,05-0,1 | 1,82-1,904
32-80 0,02-0,05 | 1,6-1,82
5,6-32
Betswn, 3alUILICHHBIE peaKkTopom Cc
IilgMI/IHaJIBHBIM TOKOM, A 0.23 1,956

00 u BbIIIIE 0.1 1,904

630 u HIKe

Pacnpenenurenbubie cetu HamnpsbkeHueM 6- | 0,01 1,369

10xB




Ta6nuna I1-2 [TpuBeneHHbIC 3HAUEHUS CONTPOTUBIICHUM

DJIeMeHT Hcxonnubiit HNmeHoBaHHBIC OTHOCUTEIBHBIC
AJIEKTPOYCTAaHOBKHU rapameTp S IUHHUIIBI € TUHHUIIBI
11 2
I'eneparop Xge pron o U, v = Sy
X = Xgx you s = drnom g
Som HOM HOM
x5 % our xi% U2 xi% S,
X=—- x* [
S o 100 S, 100 S,,,,
DHeprocucrTeMa S, U? S
b b
X=— Xe =—
SK SK
2
I HOM,OTK _ U b — SE
X X =
*
\/§* IHOM,OTKU CcP \/§ IHOM,OTKU CP
Xsc(HOM U2 S
SHOM HOM HOM
Tpaucdopmarop x, % _x% Ug % Sy
SHOM 100 SHOM 100 SHOM
Peakto u? S
p *p X=xp—> Xo = Xp—3
2 U 2
U CcpP CP
JInaun Xyy 2 Sy
X_XWZL > X*=Xyﬂ|_—2
AJIEKTpoNEpeaaun L

CP




Ta6nuna [1-3 MoMeHTBI CONPOTUBIICHUS U UHEPIIUU

Pacnomnoxxenue 1mmH MoMeHT nHEpIUU MoMeHT
COIPOTHBJICHUS
bh* bh?
12 5
bh® bh?
12 5
bh® bh*
6 3
bh® bh*
6 3
0.72bs%h 1.44b%h

.rne b- BeicoTa mmHe .h- mupuHa mmHEL a - paccTosHUEe MexTy (hazamu.

Tab6muma [1-4 Mexannueckne XxapakTepUCTHKNA MaTEPHAJIOB IITUH

Marepua Mapka Pazpymaromue | lonyctumoe | Monynb
HalpsDKEHUE | HAPSDKEHHE | YIIPYTOCTH
Opasp MIla Onon E, Ila

AFOMHHHIA AJIO 60-70 40 7*10"

Mestb MI'T 250-300 140 10*10%




Tabmura I1-5

VY nenbHOE CONPOTUBIIEHUE TPYHTOB

TPYHT Y nenpHOE
conpotuieHue OMm*m

MIECOK 400-1000 u 60mee
CYIIECOK 150-400
CYTJIMHOK 40-150
TJIMHA 8-70
CanoBas 3emirs 40
Topdh 20
YEepHO3EM 10-50
Meprenb, U3BECTHAK 1000-2000
CKamuCThIN TPYHT 2000-4000
Tab6nuna I[1-6 Ilapamerp M 3aBucsmiuii ot pl/ p2
p1/p2 0,5 1 2 3 4 5 6 7 8 10
M. 0,36 |05 0,62 |069 (0,72 |0,75 |0,77 0,79 |08 |0,82




Ta6J'II/IHa I1-7 OTHOCUTENHLHOE SKBUBAJICHTHOE YACIIBbHOC COIIPOTHUBIICHUC IJIA

CETOK C BEPTUKAJIbHBIMU 3a3€MIIUTEIIAMU p3/ P2

pl/ p2 alls OTHOcHUTeNbHAs TOJIIKUHA CII0S (hl-t)/ Is

0,025 |0,05 0,1 0,2 0,4 0,8 0,95

1 1-4 1 1 1 1 1 1 1
2 1 1,02 1,03 1,05 1,1 1,13 1,3 1,4
2 1,03 1,07 1,1 1,13 1,15 1,32 1,5
4 1,05 1,17 1,13 1,15 1,2 1,38 1,6
5 1 1,05 1,1 1,15 1,22 1,35 1,86 2,4
2 1,22 1,26 1,35 1,43 1,54 2,12 2,7
4 1,33 1,41 1,5 1,65 1,83 2,6 3,5
10 1 1,1 1,2 1,28 1,38 1,62 2,5 3,7
2 1,3 1,4 1,5 1,6 1,8 2,75 5,5

I

1,52 1,7 1,88 2,08 2,33 3,52 6,0

0,125 |0,5-4 0,95 0,9 0,8 0,7 0,62 0,54 0,52

0,25 0,5-4 0,97 0,93 0,85 0,78 0,71 0,65 0,64

0,5 0,5-4 0,99 0,96 0,92 0,88 0,83 0,79 0,77




Taomnura [1-8 Twurmossle cXeMBbI TOACTAHIINNA.

DIeKTpudecKkue cxemol PY Ha3zBanue Homunanen | KonnuecTs

[Ipume
CXEMBI oe

MPUCOEANHEH | YaHUE
HANPSDKEHU | UA

e kB
1 2 3 4 5
MocTuk ¢
/ , BBIKJIFOYATEIIE 35-110 4

7 7 M B
MepEMBbIYKE U
OTIEIIUTEIEM
B IIEMAX
TpaHchopmar
opa

—(D

MocTuK ¢
BBIKJTIOUATEIIA 35-110 4

MM CO
CTOPOHBI
TpaHchopmar
/ opa

D
D | -




MocTuK ¢
BBIKJIIOUATENIC
M CO CTOPOHBI

JIMHUU

35-110

JIBoMHOM
MOCTHK C
OTJIEIUTENIEM
B LIEIIIX
TpaHchopmar
opa

110-220

5-6




Yetoipexyroan

BPHUK
220-750 4 BH
Pacumpen-
R \ HBIN
< YETBIPEXYTOJIb
HUK
220-330 5-6 BH

v




A A
/ / //
L~
// d
P g HIectuyroasn | 220-330 6
d UK
// //
// //
/ /
1 7 /
OnHa
CEKIIMOHUPOB | 6-35 <10
// // aHHasA
d prd CHUCTEMA
COOpHBIX IINH

B nannoit Tabnuiie npuBeeHbl OCHOBHBIE TUIIOBBIE CXeMBbI nojicTaniui. C
OCTaJIbHBIMHU CXEMaMU MOKHO 0O3HaKOMUTHCS B tutepatype (1) § 5.




['paduku varpyzok CH u HH.

BapuanTsl BeIOUparoTcs 1o nepBoit 0ykse dpamuiuu: A, B, 1, K, U, JI, H, I1, C,
Vv, X, I, D, 5.

BapuaHT A
100

40

20

wac

100 . _'

Z

20 -+

Puc.1



I'paduku varpyzok CH u HH.

BriOupatrotcs o nepsoit 6ykse pamunuu : b, I', I, E.3, K, M, O, P, T, @, 11, 11,
10

%

PeH 4% Pun 4

100 T 100 |

80 + 80

60 60 | |

40 40

20 2 tyac
4 8 12 16 20 24 tvac 4 8 12 16 20 24

BapuaHT b

Puc.1



PY BH

CK

KoncTpykTuBHbI€ ncnioaHeHus PY

PY HH

CK

PV RH

PV CH

PV HH

PUC 2
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