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IHosicHUTEILHAA 3aIHCKA

Metoanyeckue yKka3zaHusl Ui CTYZCHTOB I10 BBIIIOJIHEHUIO KypCOBOT'O MPOEKTA MO MEXKIHC-
UIUTHHAPHOMY Kypcy " ABTOMaTH3MpPOBAHHBIC CUCTEMBI YIIPABJICHUS B DJICKTPOIHEPrOCUCTEMAX
COCTaBJIEHBI B COOTBETCTBUU C TPeOOBAaHUSMHU IIporpaMMmel npodeccuonanbuoro moayis [IM.03.

OOyuaroumMes IpeUIoKeHb! CISAYIOIINE TEMbI KypCOBOT'O MTPOEKTa:

1. Pacuer paiioHHO} 35ekTprueckoit cetu u noacranuu 110-500 xB.

2. Pazpabotka snextpuueckoit yactu [ POC 640-1800 MBT.

3. Pazpabotka snexrpuyeckoit wactu TOIL] 400-600 MBT.

4. Pa3paboTka 3JIeKTpUYECKON YacTH MOJCTaHLuH, Hanpumep, 220/110/10 kB.

[To BEIOOpY OOyJaromerocss UM pa3padaThIBaeTCs TEMa 10 OJJHOMY M3 JIBYX HAIPABICHHIA:

1. Pacuer 37eKTprUIecKoil YacTh 3JEKTPOCTAHIIH

2. Pacder pailoHHOM AJIEKTPUIECKOM CETH | MOJICTAHIIUN

B cooTBeTcTBUY € ABYMS HalpaBJIEHUSIMU KYPCOBOT'O IPOSKTUPOBAHUS METOAUYECKHIE yKa3a-

HUSI COCTOSIT U3 JIBYX YaCTEH.



Yacts 1. Pacuyer asekTprnueckoi yactu dekrpocranuun 'PIC, AIC, TII

IHopsinok pacyera:

BBenenue
1 Bb100p 0CHOBHOTO 000PYy/10BaHMS

1.1 Bei0op resepatopoB, Hanpumep:

Cornacno 3ananuto Ha ['POC, BeiOuparo reaeparop tuna TBB-220-2A, nanusie reHepaTopa

3aHONIY B TaOJIHUILY

Tabnuna 1 - Texauueckue JaHHBIE TeHEPATOPA

OxuaxxaeHue
HomunaneHbIe TapaMeTpbl Cucr.
YacroTa 00MOTOK
Tun typ6o- BO-
BpAICHHA, [~ o
reHeparopa HOM, oyx- | =
00/vuH MB fow, | X g Coso 3 Po-Topa
. S -
KA <B JICHUS 5
A o
TBB-220-2A 3000 259 | 9,49 | 15,75 | 0,197 | 0,85 BY B HBP

1.2 Boi0op 0J109HBIX TPaHChOPMATOPOB

MomHocTs GJI0YHBIX TPaHCHOPMATOPOB Spacy ,.B MB-A, onpenensercs no gpopmyie

S =P, - P,V +(Q. -Q, ), (1)

rae Pen,, Qcn - pacxos Ha cCOOCTBEHHBIE HYXIBI, %0
Pycr,, Qr - ycTaHOBIICHHAs! aKTUBHAsL U PEAKTUBHASI MOLIHOCTh F€HEpaTopa

Pacxon Ha coOCTBEHHBIE HY Kbl OT yCTAHOBIEHHOM MOIHOCTU reHeparopa Pyc, (akTuBHas

MOIIIHOCTH), B MBT, onpenensercs mo hopmyiie,
P, %
PCH: —— CT 2
100 @

PeakTuBHBIE MOLITHOCTH C.H. U TeHepaTtopa Q, B MBap, onpeaenstorces mno Ggopmye

QCH:PCH'tg(PCHn Qr:Pr'tg(Pv (3)



tg = \1-cos¢ ?

cos ¢

HomuHanbHy10 MOIIHOCTB 06J104HOTO TpaHcopmaropa Sy, B MB-A, onpenensiem no ¢op-
MyJie
Siom = Spacu
Bribupaem 6mounbie Tpanchopmatopsl, Hanpumep TJL[-250000/330
[Ipumeuanue: Gnounsle Tpanchopmatopsl - 6e3 PIIH (B xoHue 0003HaueHUs HE IOIKHO

ObITh OyKBBI «H»).

MomHocTh 6109HOTO TpaHchopmaTopa ¢ pacuieruieHHon oomoTkoit HH ompenensercs cie-
JYIOLIM 00pa3oM:

TE Spacu = 2\/(P2 o Pcu )2 + (Qe B an )2

Bribupaem 61mounbIe TpaHC)OPMATOPHI, TaHHBIE 32aHOCUM B TAOIHUILY

Tabmuna 2 - Texuuueckue AaHHbIE OJOYHBIX TPaHC(HOPMATOPOB

Uuom 0OMOTKH, KB notepu, KBT
Tun Tpancpopmartopa Uo% | 1%
BH CH HH Py« Py
TJI11-250000/330 347 - 15,75 214 605 11 0,5
TJI11-250000/110 121 - 15,75 200 640 10,5 0,5

1.3 Pa3pa0oTka CTPYKTYPHBIX CXeM JIEKTPOCTAHUMH
Heo6xomumo pa3paboTaTh 2 BapuaHTa 3JIEKTPUUECKON CXEMBI AJIEKTPOCTAHIINH.

Pexomenpanumu:.

Ha I'POC 00b1YHO MPUMEHSIOT MOHOOJIOKHM 0€3 TeHepaTopHOro BhIKIouarens (puc.l), 610-
KU ¢ aBTOTpaHchopmaTopoM (puc.5,6).
Ha ADC npumeHsSFoT MOHOOJIOKH ¢ TeHEPaTOPHBIMH BBIKIIOUATEISIMU (pHC.2), 00bETUHEH-

HbI€ WM YKPYITHEHHbIE OJOKH B TOM ClIy4ae, KOI/la C OJHUM SIJICPHBIM PEaKTOPOM YCTaHABIIUBAET-

csl ABe TypOUMHBI U ABa reHepartopa.(puc. 3, 4).



Ha 6mounbix TOL[ npuMeHSIOT MOHOOJIOKH 03 TeHEepaTOPHOrO BBIKIIOYATENST U OJIOKHU C

BBIKJTIOYATEJIEM, €CJIM Harpy3Ka T€HepaTOpHOIo HAMpPsDKEHUS MUTAETCs OTHalKkaMu OT T€éHEPaToOpoOB

(puc.7).

FAO-FE0 xS
TIO-F5E wif
I30- 7580 wif
HO-750 w7 ;
Puc.1 Puc.2 Puc.3 Puc.4
F30-750 wE HG-220 w3 FI0-T58 nE H1G-220 k5

aprs
3

Puc.5 Puc.6



F-220 x&

[

HAEQY NG
Py

Puc.7

KonnuectBo 610K0B N, IMPUCOCAUHCHHBIX K IIMHAM CPCAHCTO HAIIPSKCHUA 3aBUCUT OT 3a-

JIAHHOW HArpy3KH Ha cpeHeM HanpsKeHUH (Pyax ).

S 2
N > SW , T1€ Syax=+/P,, +Q%uax ; Sr - OJHAS MOIIHOCTH T€HEPATOPA

P
Cas13p Mexy PY BBICOKOTO M CpelHEr0 HaNpPsKEHUS MOXKET OCYIIECTBIIATHCS aBTOTPAHC-
dopmaTopamMu CBSI3M WM OJIOUHBIM aBTOTPAaHC(HOPMATOPOM.
IIpu cocTtaBieHMH JBYX BAapUAaHTOB CTPYKTYPHOH CXEMbI AJIEKTPOCTAHLUU HEOOXOIUMO

popadoTaTh BOIPOC MOJAKIIIOUEHUS PE3EPBHBIX TPAaHCHOPMATOPOB COOCTBEHHBIX CITYKO (C.H.) M X

kommuecTBa (em. JI 1 5{ 5.9, 5.10).

KomnuectBo pesepBHbix TCH nHa 'POC, 6mounbix TOL[ 1 ADC MOXXHO NPUHSATH paBHBIM
JIBYM IIpH KOJIMUECTBE 3HEProOJIOKOB Ha 3JIEKTPOCTAHIIUU TPH U OoJee.

PesepBubie TCH npucOequHSAIOT K IBYM pPa3HbIM TOYKaM TIJIABHOW JJIEKTPUUYECKOW CXEMBI
CTaHLUH, YTOOBI IPU PEMOHTE WM OTKa3e JII000ro 3JeMEHTa CXEMbl PE3epBHOE TUTAHUE C.H. Yepe3
OJIUH TpaHC(HOPMATOP COXPAHSIOCH.

MecTtamMu TPUCOETMHEHHUSI PE3EPBHBIX TPAaHC(HOPMATOPOB MOTYT OBITh: COOPHBIE IIMHBI
110-220 kB, oomotkn HH aBToTpanchopmaTopa cBsi3u, OTBETBIICHHE HA TEHEPATOPHOM HaIpsDKe-

HUC OT 6)101(8., HUMCIOIICTO reHepaToprH?I BBIK/IIIOYATCIIb.



[Ipumep 2-x BapuaHTOB CTPYKTYPHBIX CXEM 3JIEKTPOCTAHIIUU

Bapuanr 1
330 =B 110 5B
2 T
{5 {5
Bapuanr 2
[ :% ) [:% ) L2
3E0=R 110 B
- [
2 T Tz T Ts T s
&, i {5
& S PTCH :

Pucynok 8 - CTpyKTypHBIE CXEMBI 3JIEKTPOCTAHIIUU

1.4 Bei0op aBTOTpaHchopMaTOPOB

Bapuanr 1

Br160op 61049HBIX TpaHCHOPMATOPOB CBSI3H.

.MomHOoCTh 0JIOYHOTO aBTOTpaHCPOPMATOpPa BBHIOMPAETCS C Y4ETOM KOX(PQHUIIMEHTa BHITOJI-

HOCTH:



Upy= Uy

K.. .=
BBIT U BH

HomuHanbHy10 MOIIHOCTB aBTOTpaHchopmaropa Syou, B MB-A, onpeaensiot no ¢popmyiie

S, > S " Su

K8b12
[TonHas MOIIHOCTH COOCTBEHHBIX HYXKI Scy, B MB-A, onpenensiercs mo gpopmyne
— 2 2
SCH_ P e Q CH
B ciyuae, eciu B ClipaBOYHUKE HET aBTOTpaHcPopMaTopa HEOOX0IMMOI MOIITHOCTH, TO MPH-

XOJUTCS OOBETUHATDH ABA ABTOTPaHC(OpPMATOPa ¢ OTHUM FeHEepaToOpoOM:

JFF- 750 kB 10-220 nid Torga MomHOCTh aBTOTpaHCchOpMaTopa

OTpeIeTIAeTCs CIASAYIOIMUM 00pa3oM:

L

[Tpumeuanue: mpu BeIOOpE aBTOTpaHC(HOpMATOpa CIEAYET YUeCTh, UTO aBTOTPAHC(POPMATOPHI
tuna AOJILITH- onHoda3zHbie, ykazaHHas B CHpPaBOYHHKE MOIIHOCTh yMHOXaeTcs Ha 3. Hampu-
mep, AOALITH-167, S=3-167=501 MB-A..

Bapuanr 2

Br16op aBTOTpaHC(hOPMATOPOB CBSI3U

OOBIYHO yCTaHABIMBAIOT J1BA aBTOTPAHC(HOPMATOPA CBA3H.

MormHocTh aBTOTpaHcpopMaropa BbIOMpPAETCS MO MaKCUMaJIbHOMY IEPETOKY MOLIHOCTH

mexay PY BH u PY CH, onpenensemomy dpopmynoi

SPacwl = \/(n ) Pe —-n 'Pcn _P.Maxc )2 +(n ’ Qe —-n .QCH _QMOXC )2 !

A Nn-4uciio FeHepaTOPOB, pa60Ta}01uHx Ha HINHBI cpenHero HaHpH)KeHI/ISI

Pr, Qr- HOMHHAIBHBIC U PEaKTHBHBIC MOIITHOCTH TE€HEPATOPOB.

Pc.H., Qc.H.- aKTUBHAS U peaKTHBHAS MOIIIHOCTb COOCTBEHHBIX HY X OJIOKOB

Pc, Qc- akTHBHAsI M peaKTHBHAS HATPY3KH Ha IIMHAX CPEAHETO HAMPSKCHUSI.
MakcuManbHYI0 peaKTUBHYIO Harpy3Ky Ha IMIMHAX cpeqHero HanpshkeHus Qc B MBap, onpe-

JETISOT 110 POopMyIIaMm



Qcmax=Pcmaxtg®,  Qcmin=Pcmintg®,
rae Pc max-MakcrManbHasi akTUBHAs HArpy3Ka HA MIMHAX CPEIHEro HaNpsKeHUs, Pc min -
MUHHUMAJIbHAsI AKTUBHASI HATPY3Ka HA IIMHAX CPEIHEr0 HAMPSKEHUSD
IIpumeuanue:
IpH TIOJICYeTe peakTUBHOW MomHocTH Q=P-tge cnemyer ompenenars tge aius reHeparopa,

JJIA C.H. 1 IJIA 3aI[aHHOI71 Harpys3kKu Ha CpCHEM HAIIPSAKCHUU.

PacueTHy0 MOIITHOCTH aBTOTPAHC(POPMATOPOB OMPEACISIOT I TPEX PEKUMOB:

1. PesxuM MakcHMalIbHOM Harpy3Ky Ha IIMHAX CPEJIHETO HANPSKEHUS

Spactdz\/(n.Pe _n.PCH _P,waxc)2+(n.Qz _n.QCH _Qmaxc)z

2. Pe:xM MUHMMAaJIbHOM Harpy3KH Ha IIMHAX CPEIHETO HAIPSKECHUS

Spach :\/(npz _n'Pcn _Pminc)2+(n'Qe _n‘QCH _Qminc)2

3. ABapuifHBIN PEXHUM (HA MIWHAX CPEIHETO HAMPSHKEHUS OTKIIFOUUIICS OJHUH OJIOK).

S uea =\(0-2)-P. =(0-1)- P, = P,,,. ) +((1-2)-Q, ~(n-1)-Q, —Q.... ]

ITo HamnOombiei pvaeTHOﬁ MOIIHOCTH BBI6paTB HOMHHAJIBHYI0O MOIIHOCTb aBTOTpaHC(I)Op-

maropa.
S

pacumax

SHOM 2 K e 1

rne Kn=1,4-koa¢pdunmenT neperpysku

TexHuyeckue naHHble aBTOTPaHC(HOPMATOPOB 3aMMCHIBAEM B TaOJIHILly, HAIPUMED:



Tabmuna 3 - TexHudeckne naHHbIE aBTOTPAHCPOPMATOPOB

Uion, KB [Torepu, kBT U %
Tum aBTO- Shom, |
Tpancpopma- | MB- K3 h
%
TOpa A
BH |cH|HH |xx |5 |8 |2 | & |E |E
an) an an an) T | =
M [aa) @) M M @
ATJILTH -
200000/ 115
200 330 15,75 | 155 | 560 | 300 | 210 | 10,5 | 38 | 25 | 0,45
330/110
ATJLTH-
125000/ 125 330 | 115 | 38,5 100 | 345 | 240 | 210 | 10 |35 |24 | 045
330/110

1.5 .Bb160op paGouux u pe3epBHBIX TPaHc(hopMaTOpoB codcTBeHHBbIX HYX/ (TCH)

Pa6oune TCH npucoequHsIOTCS OTMaKoW OT reHepatopa, cnegosarensHo, Ugy TCH = Unn
reHeparopa. B cucreme c.H. npuMmeHstoT Hanpsbkenue 6 win 10 kB, coorBerctBenHo Upy. TCH = 6
i 10 xB.

Pacuernas momnaocTh pabodyero TCH omnpenensieTcss cyMMOH MOIITHOCTEH BCEX AJIEKTPOIPHU-
€MHHKOB, KOTOPBIE IPUCOETUHEHBI K JaHHOMY TpaHchopmaTopy. TouHoe orpeieneHue pacueTHON

MOIITHOCTH OY€Hb 3aTPYTHEHO, TO3TOMY HCIIONB3YIOT (popmyity ¢ koadduuuenTom crpoca Kc:

Pacuetnbiit ko3 dunment Kc yduTbiBaeT pa3HOBPEMEHHOCTh PabOThl AJIEKTPONPUEMHUKOB,
cpennue 3HaueHus kodpdunuenta Harpysku, KI1I, koadduimenta MOITHOCTH IBUTATENCH:
Koadduuuments! cnpoca Kc ykazansl B Ta6:1.5.2.(JI.1) cTp. 445 nist pa3sHBIX BHIOB AJIEKTPO-
CTaHIIMH ¥ TOIIJINBA.
MomnocTth padouero TCH onpeaensiercs o popmyiie:
ScHZ M K
100 ¢
MomHocth pesepBHbIX TCH momkHa obecrieunts 3aMeny onHoro padodero TCH u onHOBpe-
MEHHBIN ITyCK WJIK OCTaHOBKY OJIOKa.
Kaxk mpaBuio, myckopesepBHbie Tpanchopmarops! ¢.H. ([IPTCH) uMeroT MomHOCTh Ha CTYy-
neHb Bole padbounx TCH.

TexHuueckue naHHbIE TPAaHC(HOPMATOPOB COOCTBEHHBIX HYK[] 3aHOCST B TAaOJIMILy, HAIPUMED:

Tabmuua 4 - TexHuueckue faHHbIe TpaHC(HOPMATOPOB COOCTBEHHBIX HYXKIT




Tun Tpancgopmaro- Usow, KB [otepu, kBt
UKS,% Ixx,%
pa BH HH XX K3
TAHC-16000/15,75 15,75 6,3 17 85 10 0,7
TPIHC-25000/35 36,75 6,3-6,3 25 115 10,5 0,65
TPJIH-25000/110 115 6,3-6,3 25 120 10,5 0,65

2 TexHMKO-I)KOHOMHYECKOE CPaBHEHHE 2-X BAPUAHTOB cXeMbl djekTpocTanuun (JI.1
ctp. 395-402). [Ipu pacuerax noib3oBaThes npumepoM 53 ctp.397 yueOHuKa
TexXHUKO-?)KOHOMHUYECKOE CPaBHEHUE MPOM3BOIAT IO MPHUBEAECHHBIM 3aTparaM «3»: ompese-
astroT 3aTpathl 31 u 32 11 000UX BapHAHTOB.
2.1 OmnpeaeneHue rogoBbIX NOTEPh IJIEKTPOIHEPTUH B TPaHC(HOPMATOPAX U ABTO-
TpaHcopMaTropax
2.1.1, 2.1.2 OnpenensieM MOTEPH SHEPTUHU B OJIOYHBIX TpaHCPopMaTopax, MPUCOCTUHEHHBIX K

mmaaMm BH u CH, AW, B kBT'4, o popmyre
S

— X 12
AW=P, T+P( S )T,

rae Py- motepu xomocroro xonaa

Px- IoTepH KOPOTKOTO 3aMBIKAHUS

Smax- MaKCHUMaJbHast Harpy3Ka TpanchopmaTopa

Shon- HOMHHAJIbHAST MOIITHOCTH TpaHchopmaropa

T=Trox Tpen=8760-600=8160u -Bpems paboThl TpaHCHOpMaTOpa B TEUEHHE TOJa

T-MPOJIOJKUTENIEHOCTh MAKCHUMAIIbHBIX TIOTEPh, OMpenensiercs no rpaduky, puc.5.6. crp.
396 (JI1) B 3aBucumoctr oT Tmax u Cose

Tmax- mpoI0JPKUTEIIEHOCTh HCITOJIb30BAHHUS MAaKCHMAJILHOM HATPY3KH.

Hanpuwmep:

1=580049 mpu Tyct=70004, Coso, = 0,85

2.1.3 OmpenensieM MOTepU SHEPTHH B OJJOYHOM aBTOTpaHCHOpMaTOpe
I Bapuanta AW,y B kBT4, 1o dopmyse

AWt = PXX-T+PKB-(S§“¢B)2¢B+PKC-(SSL“C)Z-rc+PKH-(SLX“ )Ytu, 4

HOM HOM HOM

F,He T:TFOH-TpeMzg 1 60q
Tg~Tc— 9 1mpu Tmax AT :0,5'(TyCT+TMaX) q

o= 58004

Omnpenensiem MakcuMalibHY10 Harpy3ky ooMotkn HH Syax 1, B MB-A, o popmyie



Se—S.y,

Smax H= 2
OmnpenemnsieM MakcUMalTbHY10 Harpy3ky ooMotku CH Saxc, B MB-A, o dopmyite
_ Spacw. max

Smax c—

2
OmnpenensieM MakcuMallbHY10 Harpy3ky oOMotku BH Spuxs, B MB-A, o ¢popmyie
Smax B=SmaxH +Smaxc MU Smax B=SmaxH ~Smaxc:

B 3aBUCHMOCTH OT TOT'0, KyJia HallpaBJIeH epeToK MolHocTH Mexay muHamMu BH u CH

OmnpezensieM OTepH KOPOTKOTO 3aMbIKaHUsl B 0OMOTKE BbICOKOTO HanpsikeHus Pyg, B kBT, 110
dopmyne
P i _ P n
K:, K’

8ble 6ble

P,=05-|P,  + ®)

OmnpenemnsieM MOTepy KOPOTKOTO 3aMbIKaHUS B OOMOTKE CpeHero HanpsbkeHus Py, B kBT, o
dbopmyne
P kC—H _ P kB—H
K? K?

8ble 6ble

PKC = Ov5' P;chc + (6)

OrmpezernsieM NOTEPH KOPOTKOTO 3aMbIKaHHsI B 0OMOTKE HH3KOT0 HanpsikeHus Py, B KBT, 1o
bopmye

P P

—_ xkB—-H xkC—-H
PI(H - 0’5 2 + 2 _PI(B—C

ovie ovie
OmnpenensieM MoTepu SHEPruu B aBToTpanchopmarope cBs3u [ Bapuanta [1Wur , B kKBT'4, 10O
dbopmyre 4.
2.1.4 OmpenenseM MoTepH YHEPTUU B aBTOTPaHCHOPMATOPE CBS3HU

Il BapuanTa [1Wat2, B kBT4, 10 hopmyie
S S

max B 2 max C 2
AWATZ:PXX.-I--I-I:)KB.( SHOM ) .TB+PKC.( SHOM ) e, (7)
rae T=T,=8760u
B=Tc=XX 4 npu Tmax ATZOQS.(TyCT+TMaX)[I

OmnpenensieMm MakcuManbHy10 Harpy3ky ooMoTok BH u CH Sy,x8= Simaxc, B MB-A, 1o dopmy-

JIC
— — SPAC‘IMAX
SmaxB - Smax cC—— —
2
OmnpenensieM MOTepy KOPOTKOTO 3aMBbIKaHUS B 0OMOTKE BBICOKOTO HamnpsikeHus Pyp, B kBT, 110
dbopmye 5

OmnpezernsieM MOTepu KOPOTKOTO 3aMbIKaHUSI B OOMOTKE cpefHero HanpsikeHus Py, B kBT, mo

dbopmyie 6



OmnpenensieM MoTepy dHeprun B aBToTpanchopmarope cBs3u [ Bapuanta [1War, , B kB14,

o ¢opmyie 7

2.1.5 Omnpenenuts cymmaphsle norepu suepruu : AW u AW,, o popmyse (Hanpumep

JUIsL pACCMOTPEHHOT'O IIpUMeEpa)

rze N — KoJIN4ecTBO TpaHC(HOpMaTOpPOB M aBTOTpaHC(HOPMATOPOB B BapUAHTE
2.2 CocTaBuTh Ta0JMIy MOACYETa KANMTAJIBHBIX 3aTPaT, YUUTHIBas OCHOBHOE 000py0-
BaHMe: TpaHchopMaTopsl, aBToTpaHchopmaropsl, pesepBubie TCH, ecau oHM pa3Hbie 1O BapuaH-

TaMm, staeiiku OPY ¢ BeikmouarensiMu (o, OprueHTHpOBOYHO 10 40 KA), TeHEpaTOPHBIE BHIKIIIOYA-

tenu. Hanpumep:

Tabnuna 5 - KanuransHbie 3aTpaThl

AW=n-AWs3z0tNn- AW1i10tN A Wt

I BapuanT
CTouMOCTh II Bapuant
O6opynoBanue € IMHHIIBI,
O0was cTo- OOwas
THIC. pYO. Kon-Bo Kon-Bo
UMOCTb, THIC. CTOUMOCTb,
€ IMHHII ¢ IMHHII
pyo. TBIC. pyO0.
T/I11-250000/330 11550 2 23100 3 34650
T11-250000/110 8995 2 17990 2 17990
AT TH-
A 11200 2 22400 - -
200000/330/110
ATJLTH-
A 9205 - - 2 18410
125000/330/110
TPJIHC-25000/35 2660 - - 2 5320
TPIH-25000/110 3220 2 6440 - -
sueiika 330 kB 5950 4 23800 5 29750
saerika 110 kB 1120 6 6720 4 4480
Sldeiika reHep. BBIKIL. 1400 1 1400 - -
Uroro: K1=101850 K>=110600

2.3 T'opoBbIe IKCIIyaTAllHOHHBbIE H3/1ePKKH

OmnpenenstoT rooBbIe SKCILTyaTallMOHHbIe n3aepxku My u Uy, B ThIC. pyo0., Mo popmyie

_P+P

—a o K+B- AW,
100

rae P,- oTuncnenus Ha amoptusanuto, %; P,=6,4%




TOB.

Po- otuncnenus Ha obcmyxxuBanue, %; Po=2%

B- croumocTs 1 kBT4 moteps anekTposneprun, pyo/kBr-u

2.4 TlpuBenéHHbIE 3aTPAThI
OnpeaensroT npuBeAEHHBIC 3aTPaThl 31 U 32, B THIC. py0., T0 popMmyie
3 =puK+H,
I'JIe Py - HOPMATUBHBIM KOAPPHUIMEHT SKOHOMUYECKOH 3¢ hekTuBHOCTH;
px =0,12
Omnpenensem HanbosIee SKOHOMUYHBIN BapyaHT 1o (popmyiie

3, -3
A3="1—"2-100% (13 GONIBLIETO BHIYUTAIOT MEHBIIIEE)
1
Hanee nenaetcs BBIBO, HAIIPUMeED:

[lepBrI1ii BapuaHT SKOHOMHYHEE BTOPOro Ha 2,67 Y%, npUHUMAaIO €ro Juisd JaJlbHEHIINX pacye-

3 Pacuer TOKOB KOPOTKOI0 3aMbIKAHUS.
[Topsnok pacuera:

3.1. Haueptuth cxeMmy 3aMelleHHs BBIOpAHHOTO BapHaHTa, 0003Ha4MTh TOYKH K3, HOMU-

HAJIbHBIC HAIIPAKCHHA, HAIPUMCEP:

Pucynok 9 - Pacu€rHas cxema 3aMenieHus

3.2. TlogcunTaTh BENMYUHY COMPOTHBICHUN CXEMBI, 33/aBIIMCh TpeaBapurensHo S6=1000

MB-A. (11 ctp. 129-131).



3.3. [IpeoOpa3zoBarh cxemy 3aMEICHHS TOOYEPETHO OTHOCUTENLHO Touek K.3 u mojcuurath
toku K3 1 TeroBoi ummyJibe A1t Beex Touek K.3., 3aaaBasch NpeBapuTesIbHO BBIKJIIOYATEIEM HA
naHHoe HanpspkeHue (tc.B.,t0.B.).

IIpumeuanus:

1. Ilpu onpenenenuu Bk B Touke K3 Ha BrIBOgax renepaTtopa tOTKII cieayeT IpUHATh PaBHBIM
4c., T.e. IO BPEMEHH PE3EPBHOM 3alUTHI, T.K IIEMH T'e€HepaTopa 0Cc000 OTBETCTBEHHBIC. (YUCOHHK,
ctp.191.)

2. B cucreme cOOCTBEHHBIX HYXKJ CXEMY CBOPAYMBAIOT JO OJHOTO COMPOTUBIIEHUS, PAcUeT
BEJIYT C YUETOM JCHCTBHS dIeKTpoaBuratess ( cM. yueOHuK, ctp.176-181).

3amarbces BeIkTrOUaTenem tuna BMITD-10, Bxoasanum B ssueiiky KPY.

Pesynbratsl pacuetoB TokoB K.3. cBecTH B TaOnuIIbI, HAIPUMED:

Tabmuma 5 - PesynpTaTsl pacueTa TOKOB K.3. B Touke K-1

C: Cy G2 Gs Gas Cymma
HcrouyHuku
ls, KA 1,7 1,7 1,7 1,7 1,7
E' 1 1 1,13 1,13 1,13
Xpes 0,36 1,39 0,6 2,4 1,36
o, KA 4,7 1,2 3,2 0,8 1,4 11,3
| o, KA - - 0,88 0,44 0,88
I,“" - - 3,6 18 16
T, ¢ 0,035 0,035 0,035 0,035 0,035
Y - - 0,94 0,98 0,98
Ite, KA 4,7 1,2 3 0,78 1,37 11
Ky 1,78 1,608 1,965 1,965 1,965
iy, KA 11,7 2,7 8,9 2,2 3,9 29,4
Ta C 0,04 0,02 0,26 0,26 0,26
e, KA 2,6 0,3 3,7 0,9 1,6 9,1
Bk, kA% c 4 0,2 4 0,3 0,8 9,3
Uepx = 340 kB

3aTeM COCTaBUTh CBOJIHYIO TaOuIly TokoB K3, Hanmpumep:



Taomuua 6 - Connas tadiuua Tokos K3

Touku K3 Hctoynuku Imo, KA Ire, KA lar, KA Iy, KA BZKAZ.
Cl 59 59 2,2 14,8 7
C2 8,3 8,3 0,6 18,8 12,4
K-1 Gi12 4 3,8 4,4 11 6,7
110 xB Gs 53 4,8 5,8 13,8 11,8
Gas 9,6 8,5 10,6 26,6 38,7
Cymma 33 31,3 21 85 76,6
Cl 13,4 13,4 1,9 33,6 725
C2 19 19 0 43 1451
K-2 Gi3 19 19 18,2 52,6 1969
15,75 xB Gy 11 11 9,3 30,5 515
Gs 54,6 42,6 53,9 151,7 12908
Cymma 117 105 81,1 3114 16918
C12: G1 15,2 15,2 7,3 38,1 55,4
6?:}3 TlBuraremm 10,2 3,8 25 27,3 22,9
Cymma 25,4 19 9,8 65,4 78,3

4 Bpb100p U 000CHOBaHHE CXeM YIEKTPHUYECKUX coequHeHuii PY
[TosicHeHus:
I'maBHast cxema U cxema C.H.. BRIOMpPAeTCs B COOTBETCTBUH C TPEOOBAHUSMHU
«HopM TexHOIO0TH4YeCKOro MPOEKTUPOBAHMSD U BBIOPAHHOM CTPYKTYPHOM CXEMOH.
OcHOBHBIE PEKOMEHJAINN:
s PY 110xB u BbIlIe ¢ 4nciaoM NPUCOSTUHEHHH He 00Jiee YEThIpeX PEKOMEHIyEeTCsI CXe-
MBI TPEYT'OJIbHUKA, YETHIPEXYTOJIbHUKA.
Js PY 110-220xB ¢ GosbiuM 4HUCIOM MPUCOEIUHEHUM PEKOMEHIYETCsS CXeMa C OJTHOM
WIH JBYyMs paOOYUMU M 00XOIHOM cucTeMaMu COOPHBIX LIUH.
Hns PY 330-750xB pekomennyrores cxemsl 3/2, 4/3.
Jlia PY c.H. 6-10kB pexoMeHyeTcss 0quHOYHAs CEKIIMOHUPOBAaHHAsl CUCTEMA ILIMH, YUCIIO
CEeKIMI paBHO YHCIy KOTJIOB (reHepaTopoB). [IuTaHme cekuuii ocymecTBisieTcss OT OJOKOB dyepe3
noHwxkaronme TCH unu peakTopsl, eciiu HanpsbkeHue reaepartopa u cexkuuii C.H. coBnagaer.

[Ipumeuanus:



1 B PV 110-220 kB, BbITTOJTHEHHOM IO CXEME «JIBOMHAsI CUCTEMAa IIUH C 00XOIHOI» TpH
Yyuciie MPUCOSTUHEHHH OoJiee 12 ciemyeT CeKIMOHMUPOBATh OJIHY CUCTEMY IIIHH, MPU YUCIIE TIPUCO-
equHeHui 0oiiee 16-00€ CUCTEMBI IIIUH.

2 B cxeme 3/2 cOopHBIE WWHbI CEKITMOHUPYIOT TIPH YUCIIE [IETIOYECK C  BEIKITIOYATEISIMH OoJree 5.

IIpumep cxembl COETMHEHMIA:
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Pucynox 10 - I'maBnas cxema cranmuu ['POC-1100 MBT




Jst PY 110-220 kB ¢ 605b1IMM 4KCIOM IPUCOSTUHEHUN PUMEHSIETCS CXeMa C AByMs pabo-
YUMH U OJHOM OOXOJHOW CHCTEMaMH IIMH C OJHUM BBIKJIIOUaTeneM Ha uemnb. Kak npasuio, ooe
CHCTEMBI ILIUH HaXOJATCs B paboTe MpHU COOTBETCTBYIOLIEM (PMKCHPOBAHHOM MPUCOEAMHEHUH BCEX
NPUCOECTUHEHUH, IIMHOCOEIMHUTENbHBIN BhIKIouaTens QA BiimoueH. Takoe pacmnpeneneHue npu-
COEJIMHEHUI yBEIMUMBAET Ha/IEKHOCTh CXEeMbI, Tak Kak rnpu K3 Ha mmHax oTKIr04aeTcs HIMHOCO-
€IMHUTENbHBIN BBIKIOYaTeNb QA M TOJIBKO MOJIOBUHA NpHUcoenuHeHUH. Ecnau noBpexieHue Ha
IIMHAX YCTONYMBOE, TO OTKIFOYMBILNECS IPUCOECIUHEHHS IEPEBOAAT HA UCIIPABHYIO CUCTEMY IIIMH.
[lepepsIB B 37IEKTPOCHAOKEHUS MMOJIOBHHBI NPUCOCTUHEHUIN ONpPENeNsieTCsl [UINTEIbHOCTHIO Tepe-
kiroueHnil. Paccmorpennas cxema pexkomenayercs aias PY 110-220 kB na cropone BH u CH noa-
CTaHLUH IPU YUCIIe IPUCOETUHEHUH 7-15, a Tak ke Ha 3JIEKTPOCTAHLUAX IPU YUCIIe IPUCOETUHE-
Huil 10 12. JlaHHas cxeMma MO3BOJISET IPOU3BOIUTH PEMOHT OJHOM CHCTEMBI IIMH, COXPAHss B pa-
6ote Bce npucoeanHeHusi. OHa sBIsI€TCA THOKON M 1OCTATOYHO HAAEKHOM.

B PV 330-750 kB npumensieTcs cxema ¢ AByMsI CUCTEMaMU LIMH U TPEMsI BBIKIIOYATEISIMU Ha
JBe Leny. B HopManbHOM peXrMe Bce BBIKIHOYATENN BKJIIOUEHBI, 00€ CUCTEMbI IIMH HaXOASTCA
noJ| HanpspKkeHueM. Jiist peBu3uM J1000ro BRIKIIIOYATENS OTKIIOYAIOT €r0 M pa3beJUHUTENH, yCTa-
HOBJICHHbIE 10 00€ CTOpOHBI BBIKItOYaTess. KonmuecTBo omepaumii A BBIBOJA B PEBU3HIO-
MUHUMAJIbHOE, Pa3beIUHUTENN CIIYKAT TOJIBKO JUIsl OTJEICHUS BBIKJIIOYATENs [P PEMOHTE, HUKA-
KHX OIEPATUBHBIX MEPEKIIOUYEHUI UMH HE MPOU3BOAUTCA. JlIOCTOMHCTBOM CXEMBI SIBISETCS TO, YTO
IpU PEeBU3UH JIIOOOT0 BBIKIIOYATENSI BCE MPUCOEIUHEHHUsI OCTalOTCS B padote. J[pyruM 10CTOMH-
CTBOM IIOJYTOPHOH CXEMBI SIBJISIETCS €€ BBICOKAs HAJEKHOCTb, TAK KAaK BCE LIETIH OCTAarOTCs B pado-
T€ Ja)ke MPY NOBPEXKACHUU HAa COOPHBIX LIMHAX.

Cxema no3BoJsieT B paboueM pexxume 0e3 onepanuil pa3beAMHUTENAMU POU3BOAUTH OINPO-
OoBaHMe BBIKIIOYaTeNeld. PEMOHT IIMH, OYMCTKA M30JSATOPOB, PEBU3US IIMHHBIX pa3beIUHHUTENCH
IPOU3BOJUTCS 06€3 HapylIeHHUs] paboThI 1enel (OTKII0YAaeTCsl COOTBETCTBYIOMIMN PSi/l IIMHHBIX BbI-
KJIfoyaTesiei), Bce Henu IpoA0DKa0T paboTaTh NapajljiesIbHO Yepe3 OCTAaBUIYIOCS O] HAIIPSHKEHU-

€M CUCTEMY LINWH.

5. BbI0Op 3/1eKTP000OpPY/10BAaHMA M TOKOBEIYUIUX YacTel
5.1 BIOOp peakToOpoB Uil OTXOISAIINX K OTPEOUTEIIO IMHUI TeHEPaTOPHOTO HANPSLKEHHS (

10JbK0 st TIIL ') (cm. mpumep 3.9. c1p.204-205 yueOHuKa)




C momomipio peaktopa LR Heob6xommmo
yMeHbuTh TOK K3 B Touke K-3 10 BennunHbI

TOKa OTKJIFOUCeHHS BbIKItouarens Q. Hameuaem

K yCTaHOBKe B TuHUAX 6-10 kB
&
&

Briximrouarens BMIID - 31,5 (unu ana-
JIOTUYHBIN), BXoadmuid B coctaB sueriku KPY.

) LR Toxk oTkiroyeHus BuIkarodarens ly,,=31,5 KA.
OmnpenensieM HOMUHAJIBHBIN TOK PEaKTopa

[:| & 110 MaKCUMAJIbHOMY TOKY Imax” MpoxXoJiaIeMy

gyepe3 peakTop. Tok Imax ,B A, onpenenseTcs mo

bopmyiie

U0 o

x/§-Ucp-COS¢

P1omax-3a71aHHas Harpy3Ka Ha T€HEPaTop-

KODEALHEIE AUHUL K REOMEOLUuMe s HOM HamnpsHKCHHUH.
IOTK: 31,5 KA = Ino Tpeb.

OmnpenenumM pe3yIbTUPYIOIIEE COMMPOTUBIICHHE IIeNH K.3. 0e3 peakropa, B OMm, 1o ¢popmyiie

U
X pes = ———2—

pes_\/?'l

Omnpenenum TpedyemMoe COPOTUBIIEHUE TIETH K.3., B OM, 711 OTpaHUYEeHUs TOKa K.3 110 lmo

no

TpeO. 1o popmye
U o
X pes. Tpeb = \/gl—q)

no,mpe6

OmpenensieM CONPOTHBIICHUE peakTopa, B OM, o Gpopmyie

X p =X pespes = X pes

Bei6upaem peaxtop no cneayromum napamerpam : U, = 10 kB I, = 2111 A X, = 0,116
Owm

Hameuaem k yctaHoBKe peakTop C lyon > Imax

Hampumep, Boioupaem peakrop PECAI - 10 - 2500 - 0,14. iy, =79xA

Omnpenensem X'pe; nenu, B OM, ¢ yuéToM peakTopa, 1o popmyie

X' pes=X pes T Xp
Omnpenenum axTrueckoe 3HaueHue |y, 3a peaktopom, B KA, 1o Gopmyne

U
|n0:—Cp
V3 X e



[IpoBepHuM CTOMKOCTH peaKTOpa B PEKUME K.3.

DIEeKTPOANHOMMYECKAsT CTOMKOCTh, HAIIPUMED:

Ky=1965; iy=~/22 1K, = /2271965 = 74,2A

bum =79 KA = Iy =79 kA

TepMuueckasi CTOUKOCTh, HATIPUMED:

lep = 31,1 KA tiep =8 ¢; Ta=0,23 ¢; tore = 1,2 ¢ By = iy trep > By paca = 110°(tortTo)

B.=31,1%.8 > By paes = 27 -(1,2+0,23)

7737 kA% > 1042,47 kA%c

5.2 Be10op BBIKITIOUATENCH U pa3beIUHATENEH

Bri6op BeIKITIOUATENCH M pasbeauHuTeNel Ha cropone BH wm CH, B nenu reneparopa. u
ssueek KPY B cucreme c.H.

OmnpenensieM MaKCUMAIIBHBIN TOK, KA, TI0 (hopMyie

P
ImaX: H.2 8
J3-U,,,-cosp-0,95 ®

OrmpenernsieM HOMHUHAIBHOE JO0IYCKaeMO€ 3HAUCHHE allepUOANYECKON COCTABIISIONICH B OT-
KIIF0YaeMOM TOKE JIJIsl BpEMEHHU T 10 GopmyJie
i —_ 2 ) ﬁ : IOWHOM
a,HOM ™
100

PacuéTHrple 1 KaTaJ0KHEIS JaHHBIC BBRIKJIIOUATENICH 1 paS"be,Z[I/IHHTeHeﬁ 3aHOCHM B Ta6J'II/II_IBI,

9)

Harpumep:
5.2.1 Ha nampspxenue 110 kB

Tabmuma 7 - Texuuyeckue JaHHbIE BRIKITIOYATENCH U pa3beIMHUTEIEH

PacuérHbie naH- Ycnosue KaranoxHsie 1aHHbIe

HbIC BbIOOpa BBBK-1105-50 P/13-110/2000
Uye=110 xB < U.on=110 kB Uion=110 kB
Imax=1360 A < liov=3150 A l1on=2000 A
In=31,3 kA < lork =50 KA
1l.=21 KA < laron=33,1 KA
Ino=33 KA < | 1x=50 KA

1,=85 KA < =128 KA Lun=100 KA

B.=76,6 kA®-c < lrep trep=10443KA%c lrep trep=4200k A% ¢

5.2.2 Ha renepatopHoe Hanpspkenue 18 kB

Omnpenemnsiem Tok 1o Gopmyrnam 8 u 9




160000

me1 7318.0.85.0.95.

=6363 A

la iow = 0, T.K. p=0

Tabnuna 8 - TexHuueckue JaHHBIE BBIKIIIOUATENCH U pa3beIUHUTENCH

PacuérHbie Venosue KaranoxHbie 1aHHbIe
JTaHHbBIE BbIOOpa BBI'-20-160 PBII-20-20000
Uye=18 kB < Uion=20 kB Uuon=20 kB
Imax=6363 A < Liowv=12500 A Liow=12500 A
I=57,6 KA < lorcnon=160 KA
12.=42,76 KA < lanon=0 KA
V2 Lo (14 2 )=
V2 IesiaeN2 57 | S 100
6+42,76-124.2 KA V2 1160=225.6 kA
l0=65,62 KA < Lun=160 KA
i,=176,8 KA < =440 KA =490 KA
B.=17224 xkA*c < lrep”trep=102400kA ¢ lrep trep=129600K A

5.2.3 Bui6op siueek KPY B cucteme cOOCTBEHHBIX HY X[

OmnpenensieM MakCUMaJIbHBINA TOK Imax, B A, 110 hopmyIe

| (10)

V3 ‘UHOM ’

rne Sy HOMHHAJIBHAsE MOITHOCTH TpaHc(opMaTopa COOCTBEHHBIX HYX/I, HAIPHUMED:

16000

Imax=—=====1468 A
"1,736,3
Jnst Tpancdopmaropa c.H. ¢ pacuiernsieHHoi oomorkoit HH Sy nenutces Ha 2:

S

= —— 2
max 2 ] 3 - U —

Pacuérnbie u karanoxuele qannblie sueek KPY (J12, ctp.400) 3aHOCHM Tabmuity

Tab6muna 9 - Texunueckue ganaeie sueek KPY



Pacuértunie nan- VYcnoBue BBIOO- Karanoxxnele 1aHHBIE

HBIC pa K-XXVI
Uy =6,3 kB < U,on=6 KB
Imax=1468 A < liov=1600 A
=19 kA < lorcnon=31,5 KA
Iy=65,4 KA < =80 KA
Brixirouarens _ BMIID®-10-1600-31,5

Pexomenayemnbie siueiiku KPY: K-XXI - K-XXVI.

5.3 Be16op TOoKOBeAyIIMX yacTen

5.3.1 Br160p 5KpaHHpOBaHHOT'O TOKOIPOBO/A B LIEMH I'eHEepaTopa (BEIOUpAETCs IO THITY TeHE-
paropa (JI2. ctp.420)

MakcuMmaInbpHBIH TOK OIpe/ieNIeH IPU BEIOOpE TeHEPaTOPHOTO BRIKIIOUYATIIS 10 hopmyite 8

PacuérHble 1 KaTanoXXHbIe JaHHbIE TOKOIIPOBO/IA 3aHOCUM TaOJIUILy, HAIIPUMED

Tabmuma 10 - Texuudyeckue 1aHHBIE TOKOPOBOIA

Ycnosue KaranoxxHsle qaHHble
PacuérHble nanusie
BbIOOpa TOH-220V1

Uye=15,75 xB < Uuon=20 kB

Imax=9499 A < lhon=10000 A

1,=311,4 kA < =420 KA
TpaHchopMaTop Toka . TILJI-206-10000/5
TpaHchopmaTop HaIpsHKEHUS R 3HOM-20

5.3.2 Bei6op rubkux mus B PY BH wnu CH (JI1 ctp. 237-239)
[Ipumeuanue:
ITpu U >330 kB cnexyer BbIOMpaTh MPOBOA C pacuIeIieHHOH (a3oii, 4ToOkI HE OBLIO KOPO-

HUPOBaHUS

)

O S S
Lo L o]

POACACACKERUE (A7 ¢ POCWERASHHEN ARcledom

Cedenne cCOOpHBIX IIUH NMPUHUMAETCS O TOIYCTHMOMY TOKY HPH MakKCHMaJbHON Harpy3ke
Ha IIMHAX, PaBHON TOKY Han0oJiee MOIIHOIO MPUCOETNHEHHUS.

Hanpuwmep:



1. Ha nanpsoxenue 330 kB
[TpuaMMaem cedeHre COOPHBIX MIMH IO J0ITyCTUMOMY TOKY IPH MaKCUMAaJIbHOM Harpy3ke Ha
muHax. OnpezensieM HauOOJIBIIMKA TOK HOPMAJIBHOTO peXuMa 1o hopmyie

S

I —_— HOM2
HOpM™ ~ ————
3 ’ U HOM

_ 259000 _
" 1,73.330
Imax=luopu=454 A
[Tpunumaem 2 npoBoaa B dase, 2xAC-400/64, =400 MM?, d=27,7 mm, 1, =860 A
Imax=454 A < l,0,=2-860=1720 kA

454 A

[IpoBepka Ha CXJIECTBIBAHHE HE IPOU3BOJUTCH, T.K. Io®=11,3kA < 20kA. IIpoBepka Ha Tep-
Muyeckoe aeiicrere Toka K3 He mpou3BoauTCs, TaK KaK IMIMHbI BBIIIOJIHEHbI FOJILIMU IIPOBOJAMU HA
OTKPBITOM BO3/yXE€.

IIpoBepka 110 ycinoBHUAM KOPOHUPOBAHHUSA:

OmnpenensieM HaYaJIbHYIO KPUTHUECKYI0 HanpspkEHHOCTH Eg, kB/cM, 1o dopmyre
0,299

iy

rae m- KOB(I)(bI/IL[I/ICHT, y‘{I/ITLIBaIOH_II/Iﬁ mIEPOXOBATOCTDb MMOBEPXHOCTHU ITPOBOJIA (I[J'ISI MHOTO-

E¢=30,3-m-(1+

)

POBOJIOYHBIX TIPOBO10B M=0,82)
l'o- paauyc IpoBoOaa, CM
0,299

V1,385

Omnpenensiem HanpsHKEHHOCTH BOKPYT mpoBoAa E, kB/cm, mo dopmyie

0,354-U

E¢=30,3-0,82-(1+ )=31,16 kB/cm

E=k-

n-r,-lg—=

rae U- nuneitnoe Hanpspkenue (U=1,1-Uy,—=1,1-330=363 kB)
D.p- cpennee reoMeTpuyecKoe pacCTOsIHUE MEX Ly IpoBoaamu (a3
(Dep=1,26-D=1,26-450=567 cm)

K- k03¢ GuIMEeHT, yIUTHIBAIONIHIA YKCI0 IPOBOIOB N B (haze ompeaessieTcs mo Gpopmysie

r
k=1+2- -2,
a
TAC a-pacCTOSIHUEC MCKAY IPOBOAAMU B pacmenneHHoﬁ (1)2136, CM
1,38E
k=1+2- =1,07
40

I'sx~ SKBUBAJICHTHBIN paglyc, CM, onpeaenseTcs mno hopmyie



Fx=A/ Ty - @

I=+1,385-40 =74 cm

E=1,07 - 2222393563 epjom
2-1,385-1g %

VYcnosus mposepku 1,07-E < 0,9Eq

1,07-26,3=27,93 < 0,9-31,16=28,04

[TpoBoxa 2xAC-400/64 mpoXoauT MO YCIOBUIO KOPOHBI.

Br16op TokoBeaymux yacteii ot BeiBoA0B 330 kB 61mo4Horo aBToTpancopmatopa 10 coop-
HBIX IIIUH

ToxoBeymre 9acTH OT BBIBOJOB OJIOYHOTO aBTOTpaHC(hopMaTopa A0 COOPHBIX IIKWH BHITIOJ-
HSIOTCS THOKMMHU [TPOBOJAMH.

2 o
OnpeneﬂﬂeM CC€UCHHC (, B MM 110 3KOHOMHYECKOM IIJIOTHOCTH TOKA, J3:1 A/MMZ, 110 (l)OpMy.]'Ie

_ 'Hopm

9-= 3

3

g,= ? =454mm?

IMpurumaem 2 nposoga AC-400/64, 1,,,=2:860 A, g=2-400 MM
Imax=453,6 A<l o, =1720 A

2. Ha nanpstxenne 220 kB

OmnpenensemM HanOOIBIINKA TOK HOPMAJIBHOTO PEKUMA lyopy, B KA, 110 hopMyIie

S

I — HOM.2

- \/g ) UHOM

_ 353000
TP 1.73.220

Imax=luopn=927,5 A
IMpurumaem 2xAC-300/66, =300 MM, d=24,5 MM, |;0,=2-680 A

=927,5 A

IIpoBepka Ha CXJIECTBIBAHUE HE IPOU3BOJUTCS, TaK KaK I1o®=20,4/2<20kA. IIpoBepka Ha
TepMuueckoe aelictBue Toka K3 He mpon3BoAuTCs, TaKk KaK IIMHBI BHIITIOJHEHBI TOJIBIMUA IPOBOAAMHU
Ha OTKPBITOM BO3/yXE€.

IIpoBepka 1o ycinoBHUAM KOPOHUPOBAHHUSA:

OmnpenensieM Ha4aJIbHYIO KPUTHUECKYIO HanpsbkEHHOCTH Eg B kB/cm, o hopmyrne

0,299

i )

E¢=30,3-1-(1+



0,299
V1,225
Omnpenensem Hanps>KEHHOCTh BOKPYT npoBoja E, B kB/cMm, o q)opMlee

0,354-U
D,

fo - Ig Tp

E¢=30,3-0,82-(1+ )=31,56 kB/cm

E=k-

rae U- nuneitnoe Hanpspkenne (U=1,1-Uyo=1,1:220=242 kB)
D.p- cpenHee reoMeTprUeCcKOE pacCTOSHUE MEXKAY IIpoBogaMu (a3
(Dep=1,26-D=1,26-400=504 cm)

K- koo durmenT, yunteiBaromumii yucao npoBoaoB N B ¢aze k=1+2-= —1 2- % =1,08
a

I~ SKBUBAJICHTHBINA PAANYC, Iy= \/ h-a= \/1,225 -30=6,1 cm

E=1,08- M =19,7 kB/cm
2-1,225-1g 3%

VYcenosus nposepku 1,07-E < 0,9Eq

1,07-19,7=21,079 < 0,9-31,56=28,404

[TpoBoxa 2xAC-300/66 mpOoXOAUT TIO YCIOBUIO KOPOHBI.

Br160op TokoBemymmx gacTeit ot BeiBoA0B 230 kB 6:10uHOTO aBTOTpaHCcPopMaTopa 10

COOpHBIX ITUH

TokoBenyiiye 4acTu OT BEIBOJIOB OJOYHOTO aBTOTpaHc(hopMaTopa 10 COOPHBIX IIMH BBIMOJ-
HSFOTCSI THOKMMH TTPOBOIAMH.

OmpezernseM cedeHne 1Mo IKOHOMHUYECKOM MIIOTHOCTH TOKa, J,=1 A/MM, TI0 dhopmyne 48:

g,= &175 =927,5 M

[puanmaem 2xAC-300/66, g=300 Mm%, d=24,5 MM, |,;=2-680 A
ImaX:927,5 A<|)101'[:1360 A

5.2.4 Beibop x&ctkux muH B PY cobcrBennbix HY)1 (JI1 cTp. 230)

BollojiHEeH pacyeT JJisi IBYX BADMAHTOB: IPMHUMAEM IIHHbLI 0JJHONOJIOCHbIE WJIH JIBYX-

O0JOCHBIE — He00X0AUMO BLIOPAThH

. OQHONOJI0CHBIE INNHHBI

PacuéTHbIii TOK IPOJOIKUTENBHBIX PEXKUMOB lyopy, B A, OnpeaeseH no Gopmyie 10
liopn=1481 A

Imax=1,35luopn=1,35-1481=1999,35 A

[IpunuMaem amoMuHUEBBIE OJTHONOJIOCHBIE MIKHBI (120x10) M | 1oi=2070 A

[To ycnoBuro HarpeBa B MPOJOJLKUTEIIBHOM PEKUME IIUHBI TPOXOIAT:



ImaX:1999,35 A < I,D,Or[:2070 A

[TpoBepsieM MMHBI HA TEPMUIECKYIO CTOMKOCTH IO popMyIie

=3B
qmln— C ’

1
2

A-c
rae C-pynkuus, B ——, ONPEJIETAETCS B 3aBUCUMOCTU OT MaTepHalla [I1H
MM

_J78,3-10°

Omin= o1 =97,2 MM, 9TO MeHbIIE IPHHATOr0 cederus =2x(120x10)

[TpoBepsieM mMMHBI HA MEXAaHUYECKYIO POYHOCTH
[Tpunumaem BeanuuHy nposieta npos€t I=1,2m, paccrosaue mexay dhazamu a=0,8 M.

OmnpeeniM HaHOOIbIIEE YACTbHOE yermie mpy 3-X dasHom k.3. F°, 8 H, o popmyire

.2
l.
f=v3:107 >
a
65400°
f=J§-10‘7-T=9z6H

N3rubarommii MOMEHT paBeH:

f2 926 -1.22
M= —= = 13334 Hy

OnpenenyM HamnpsyKeHUWE B MaTepualie IIMH, BO3HUKILIEE NPU BO3JIEHCTBUU HU3THOAIOIIETO

MOMEHTA Gpacy, B MIIa, 110 OpMyIIE

. =M
pacu W )
2
bh 1-12° )
rne W = 5 = 5 = 24MM"- MOMEHT CONTPOTUBIICHUS
Opacu — % :5,6 MlIla

VYcnoBue npoBepKH:
O pacy =9,6 Mna < ¢ ,,,=40 MIla

[[InHBI MEXaHUYECKHU TTPOYHBI.

Bb100p OMOpHBIX U30JIATOPOB

Bribupaem uzonstopsr OD-10-375 V3

[TpoBepka H30JIATOPOB 110 HOMUHATIBHOMY HAaIPSKEHHUIO
Uyer < Usow,

rae Uyoy- HOMMHAIIBHOE HAIIPSDKEHNE U30JIATOPOB, B KB



6,3 kB =6,3 kB

[IpoBepka U30J4TOPOB MO JOMYCTUMOM Harpy3Ke

OmnpenensieM TOMyCTUMYIO Harpy3Ky Ha U30JATOPHI Fyon, B H 0 hopmyre
Fron = 0,6Fpasp,

r11€ Fpasp- HOPMAJIBHO pa3pelIeHHas Harpy3Kka Ha u30i4Topsl, B H

Fion=0,6-3750=2250 H

Omnpenensem pacu€THYI0 Harpy3Ky Ha U3014TOpbI Fyacq, B H, o opmyiie

2

i
Fpaci=0,5-4/3-107 2—|
a

3\2
Fpaci=0,5-4/3-1077 %1,2%55,6 H

YcaoBue IIPOBEPKU U3O0JIATOPOB I10 Z[OHYCTHMOﬁ Harpyske
Fpacq < Fz{on
555,6 H< 2250 H

M3omsaropsr OP-10-375 V3 npoXxoasaT 1o HAMPSHKEHUEO U TI0 Oy CTUMOW Harpy3Ke

1. 1. ABYX10JIOCHBIE€ INHHDI

Br16op sxécTkux muH B PY cOOCTBEHHBIX HYX/
PacuéTHBIii TOK IPOJOIKUTENBHBIX PEKUMOB lyopy, B A, OnpeneseH no Gopmyne 10
liopn=1730 A
Imax=1,35luopn=1,35-1730=2335,5 A
BriOupaeM AByXIIOJIOCHBIE aTFOMHHKEBbIE IMHBI ceueHueM 2(120x10) MM,
Lron von = 3200 A
[To ycnoBusiM HarpeBa B MPOAOJIKUTEIBHOM PEXHUME IUHBI IPOXOJIAT:
Imax < lon  2335,5 A <3200 A
[IpoBepsieM MMHBI HA TEPMUYECKYIO CTOMKOCTh

o o 2
OHpG}ICJ’IHeM MHUHUMAJIBHOC CCUCHUC 11O YCIOBHUAM TCPMUUCCKONU CTOMKOCTHU ,qTep B MM ,IIO

dbopmye
v Bk
qTep -
/ 6
Orep = V105107 _ 112,6 mm?
91

VYcnoBue npoBEpKU Ha TEPMUUYECKYIO CTOMKOCTD

qTepS quon
112,6 mm? < 2-(120-10)=2400 mm®

HpOBepHCM IIWHBI HA MEXAHUYCCKYIO ITIPOYHOCTD



OmnpenensieM JUTHHY TPOJIeTa MEXKTy H30JSTOPAMU TPH YCIOBHH YTO YacTOTa COOCTBCHHBIX
kosiebanuii muH Oyaet 6ombire 200 ' I B M 0 popmyite
1°< @ i
200 \q
rzae J - MOMEHT HHEPIIUU
Ecau mmnbl pacnonoxxeHsl Ha pedpo, TO
J=0.72-8>h
J=0.72:1%12=8,64 cm*

2 < 173.2 | 8,64 ~0.52 2
200 Vi12-1.-2
I=+052 =0.72m

Ecmam mmHB! PAaCIIOJIOKCHEI TIAlIMSA, TO

¢-h?

J=0.72-

1-12°

J=0.72- =207,4 cm*

< 173.2 | 207,4 2.5 i
200 V2-1-12
=25 =16wMm

HpI/IHI/IMaeM PAaCIIOJIOKCHHUE ITAKETA HMIWH IJIAIIMA, T.K. IIOJIY4aCTCA 9KOHOMMA U30JIATOPOB.

[Iponer - 1,6 M, paccTosiHue Mexy azamu a = 0.8 M

OmnpepensieM paccTOSIHAE MEKIY TPOKIIaaKam ,IN B M o Gpopmyiie

n<o216 |2n /B
Ié Eﬁ

rnca,=2B8=2'1=2cMm

E=710"T1Ia
3 3
Jn_hB _121 et
12 12
K = 0,35
10
In<0.216- 2_,|7-10 1=o,67M
66200\ 0,35

In 50.133-4/E'J" 102
mn

e My = 2.7-10312-1-100 = 3,24 kr/m



10
IN<0.133- 4 71071 10%2=0.51 ™
3,24

[IpuHrMaeM paccrosiHue MeXAy MPOKIaJAKaMU [0 MEHBIIEMY 3HAYEHUIO
IN=0,51m
OmnpeaensieM 4MCI0 MPOKIAIOK B Iposiere ,N ,mo popmyiie
I
n=—-1
In

n= ﬁ-1 =21
0.51

[TpuHuMaeM 4rciIo MPOKIAI0K N = 2

OmpenernsieM pacdeTHbII MPOJIET MPHU BYX MPOKJIaaKax ,In B M ,mo hopmyiie

In= ﬁ =0.53 M
2+1

OmnpepensieM cuily B3auMOCHCTBUSA MKy nostocamu ,fn 8 H/M ,1i0 dpopmysie

- 2

K, -1
fn=—2—_.10"
4.8

rnies=10mMm=0.01 m

fn = 0,35-66200”
4.0,01

107 = 3835 H/m

OmnpenensieM HaNPsHKEHHOCTH B Matepuaie muH ,Gn B MIla ,nio ¢popmyre

fl.2
Gn= 12W,
g2h 1212
rnreWn= 6 = 6 =2 M’
38350,53
Gn= 12.2 =449 MIla

OmnpenensieM HaNPsHKEHHOCTh B MaTepHale MuH oT B3anMoeicteus daz ,Go, B Mlla ,mo

dbopmyie
1?-i 2
Gp=+/3-108—L
a-Wo
B-h?  112°
meWh= 3 = 3 =48cm

2 2
Go = +/3-10° % = 5,05 MIla



OrmpezenseM pacueTHYIO HAalPsKEHHOCTh B MaTepualie MuH ,Gpacs B MIla
o ¢hopmyie
Gpaca = Gp+Gn
Gpacu = 5,05+44,9 = 50,4 MIla
YcoBre IpoOBEPKHU Ha JIOMYCTUMYO HAMPSHKCHHOCTh B MaTepralIe IINH
Gpacu < Gpon
50,4 MIla <75 Mma

[II1HBI MEXaHUYECKU ITPOYHBI

Bb160p OMOpHBIX U30JIATOPOB

Bri6upaem uzonaropsr OD-10-375 V3

[IpoBepka n30aTOPOB 110 HOMUHAIIBHOMY HAMPSHKECHUIO

Uyer < Usow,

rae Uyoy- HOMMHATIBHOE HAIMPSKEHUE U30JIATOPOB, B KB

10 kB =10 kB

[IpoBepka U30IATOPOB 110 TOITYCTUMOM HArpy3Ke

OmnpenernseM T0MyCTUMYIO HArpy3Ky Ha U30JATOPHI Fon, B H 0 hopmyite
FIIOH = O'GFPa3p,

1€ Fpasp- HOPMaAJIBHO pa3pelleHHas Harpy3Kka Ha u30iatopsl, B H

Fron=0,6-3750=2250 H

Ompenensem pac4€THyI0 Harpy3Ky Ha U30IATOPBI Fpacq, B H, Mo opmyie

.2

|
Fpacq: 015 . \/§ '10_7 R I
a

o7 (66:2-10°)°

Fpac'{= 0,5\/§1 1,6:758 H

VYcnoBre npoBepKU U30JIATOPOB IO JOMYCTUMON Harpyske
Fpac'{ < Fuon
758 H< 2250 H

Nzonsaropsr OD-10-375 V3 npoxoasaT 1o HapsHKEHHUIO U IO AOIMYCTUMOM Harpy3ke
5.4 Bp160p U3MEpUTENBHBIX TpaHC(HOPMATOPOB
[Ipumeuanue: u3MepHUTEIbHBIE TPAHC(HOPMATOPHI BHIOMPAIOTCS IS TEX HANPsDKEHUH, Tie

paccuuteiBayi Toku K.3. B 1ienu reneparopa ciemyer npoBepsATh Te U3MEPUTENbHBIE TpaHchop-

MaTOpPBbI, KOTOPbIE BCTPOEHBI B SKPAaHUPOBAHHBIN TOKOIPOBO/) .



Hanpuwmep:

5.4.1 Beibop tpanchopmaropos Toka B JIDII 330 kB

[Mpuaumaem tpancopmatop Toka TOYM-330-V1; lpon=1A; Sanon=30 BA.
[IpoBepuM TpaHchoOpMaTop TOKa IO BTOPUYHON HArpy3Ke

(marnbBIe IPHOOPOB - 111 cTp.635,636)

Ta6muma 11 - Bropuunas Harpy3ka TpancopmMaropa ToKa.

Harpy3ska B dazax, B-A
[Ipubop Tun
A B C
Awmrmiepmerp 3-335 0,5 0,5 0,5
Bartmerp J1-335 0,5 - 0,5
Bapwmetp J1-335 0,5 - 0,5
CuéTunK aKTUBHONI

COT-4M.02 0,3 - 0,3

SHEPTrUH

JlaTumk akTUBHOM

E-829 1,0 - 1,0

SHEPrUu

aTYNK PEaKTUBHOU

a P E-830 1,0 - 1,0

SHEPTUH
Hroro 3,8 0,5 3,8

Haubonee 3arpyxensl TpanchopmaTtopsl Toka Ga3 A u C

Ormpenensem o611ee CONPOTUBIEHUE IPUOOPOB Iypys, B OM, 110 hopmyiie

S

_ ~npu6
ranG_ Iz— )

2HHO
I1€ Sppus-MOIIHOCTD, IOTpedIgeMas IpUOOpaMu;

l21om-BTOPUYHBI HOMUHAIBHBIA TOK TpaHCchopMaTopa.

Fipu6= % = 3,8 Om

(11)

OmnpenensieM HOMUHAJIBHYIO AOMYCTUMYIO HAarpy3Ky TpaHchopMaropa ToKa B BHIOpaHHOM

KJIacce TOYHOCTHU Z3 yom, B OM, TIO hopMyIIe

— Y 2HOM
ZZ HOM™ | )

2HOM
re Sypon-HArpy3Ka BTOPUYHOM OOMOTKHU

23 wou= i—? =30 Om

OmnpenenseM JOIMyCTUMOE COIPOTUBIIEHHUE IPOBOJIOB Iy, B OM, 1o dopmyiie

rnp:ZZ HOM'rnpn6' rl(,

(12)

(13)




/i€ -CONPOTHUBIIEHUE KOHTAKTOB, TpUHUMaeM paBHbIM 0,1 Om
rp=30-3,8-0,1=26,1 Om
OnpeenseM CeYeHNe COSTUHATENBHBIX IPOBOJIOB 0, B MM, IT0 hopMyIIe

r

p

q (14)

r7ie p-yAeIbHOE COMPOTHBIICHNE MaTepraia npooaa(c MeaHbIMu xuinamu), p=0,0175
2
Om- mm
M

lpacu-pacu€THAS NIMHA, 3aBHCSIIAs OT CXEMBbI coetnHeHuUs TpaHcdopmaTopa Toka (lpac=150 M)

_0,0175-150 _

0,1 MM?
26,1

Bri6upaem kouTposbHblil kabenbs KBBIT (x.6=2,5 MM,

OrmpenenseM NeHCTBUTENBHOE CONPOTHBIEHUE IIPOBOJOB Ip, B OM, 110 hopmyiie

|
Fop= 22! (15)
qKa6
(o= 2010190 5 00
2,5
OmnpenensieM BTOPUUHYIO Harpy3Kky Tpancgopmatopa i, B Om,no ¢popmyiie
r2:erI/I6+er+rK (16)

r,=3,8+1,05+0,1=4,95 Om
PacuéTHble 1 KaTalOKHBIE TaHHBIC TpaHC(HOpMATOpa TOKA 3aMTUCHIBAEM B TAOJIUILY

Tabmuma 12 - PacuéTHble 1 KaTaJoXKHBIC JaHHBIE TpaHC(HOpPMATOpa TOKA

Karanoxasle JaHHBIE
Pacuérnbie nanHbie VYcnosue BeIOOpa

TOYM-330-V1
Uy=330 xB < U,on=330 kB
1,=29,4 kKA < =160 KA

2 liep’ trep=68°-1=3969
B:=9,3 kA"-c < )
KA-c

r,=7,15 Om < Z2uov=30 OM
CcXeMa COEeIMHEHNS e 3

0,5/10P/10P/10P

BT.O0M.

KJIaCC TOYHOCTH E— 0,5




5.3.2

Br160p TpanchopMaTopoB HanpsikeHUs Ha cOOpHBIX mKHax 330kB.

[Tpunumaem tpanchopmatop HanpsikeHuss HKD-330-73, Sy,0,=400 B-A; xnacc TouHocTH

0,5.

[IpoBepuM TpaHchopMaTop MO BTOPUYHON HArpy3Ke

Tabmuua 13 - BropuuHast Harpy3ka TpanchopMaTopa HanpsHKSHUS

S,B-A S o6mias
Yucio ) Yucno
ITpu6op Tun OJIHOM cosQ | sing P, Q,
00MOTOK puOopoB
o0M. Br B-A

Boasr™merp 2-335 2 1 1 0 1 2 -

YacToTomep
perucTpupy- H-397 7 1 1 0 1 7 -
IOIIUN

Boasr™erp

perucTpupy- H-394 10 1 1 0 1 10 -
IOLLUN

YacroTomep 2-362 1 - 1 0 2 2 -

HUtoro 21

OmnpenensieM Harpy3Ky Tpanchopmaropa HampsbKeHUs 1o Gopmyre

Szz :”\/P2 +Q2

Sz)::\/212 +02 =21 B-A

S2:=21 B-A<S,,0v=3-400=1200 B-A

Tpancdopmarop HanpspkeHus OyieT paboTaTh B CBOEM KJIACCE TOUHOCTH

5.3.2 Bribop TpaHcdopMaTOpOB TOKA B IIETH F'eHEPaTOpa

(17)

IMpunrumaem tpaunchopmarop toka TIHIJI-206-10000/5; Z; wo=1,2 OMm, knacc Tounoctu 0,5

[IpoBepum TpaHchopmMaTop TOKa MO BTOPUYHON HArpy3Ke

Ta6muia 14 - Bropuynas Harpy3ka TpancopMaropa Toka

Harpy3ka B ¢azax, B-A

[Ipudop Tun
A B C
1 3 4 5
Amnepmerp 3-335 0,5 0,5 0,5
Barrmertp J1-335 0,5 - 0,5




Bapmetp J1-335 0,5 - 0,5
CuéTunK aKTUBHOU
COT-4TM.02 0,3 - 0,3
SHEPTUU
JlaTank akTUBHOM
E-829 1 - 1
MOIIHOCTH
aTUYUK PEaKTUBHOU
A P E-830 1 - 1
MOIIHOCTH
AMIepMeTp perucTpu-
pHetP P P H-393 - 10 -
pyromun
Bartme E€TUCTPH-
PP P H-395 10 - 10
pYIOIIHA
Barrmerp (mur Typ-
J1-335 0,5 - 0,5
OUHBI)
Hroro 14,3 10,5 14,3

Haubonee 3arpysxensl Tpancopmaropsl Toka pa3z A u C
Omnpeaensiem o011iee COMPOTHRICHUE MPUOOPOB 1Mo dhopmye 11

Faupic= 1:—;3 =0,57 Om

OmnpenensieM JOITyCTUMOE CONIPOTHBIIEHHE MTPOBOJIOB 110 (hopmyiie 13
p=1,2-0,57-0,1=0,53 Om
OmnpenensieM ceyeHNe COeAMHUTENBHBIX POBOJOB 10 dopmyiie 14

_0,0175-40

=1,32 mm°
0,53

Bri6upaem kouTposbHbIi kabens KBBIT (x.6=2,5 MM,

OmnpenensieM 1eHCTBUTENIBHOE COIPOTUBIIEHHUE ITPOBOAOB 110 opmyiie 15

_0,0175-40

Fiy=—— =—=0,28 O

OmnpenernsieM BTOpUYHYIO HArpy3Ky 1o ¢popmyie 16

r,=0,53+0,28+0,1=0,91 Om

PacuéTHble 1 KaTanoKHbIe TaHHBIE TpaHC(OpMaTOpa TOKa 3aIIUCHIBAEM B TaOJIUILY




Tabmuma 15 - PacuéTHbIe 1 KaTajaoXHBIC JaHHBIE TpaHC(HOpPMATOpa TOKA

PacuérHbple naHHbLIE

VYcnosue BbiOOpa

Karanoxabie JaHHBIC

TILJI-206-12000/5

U,=20 kB < Uuon=20 kB
lmax=10737,5 A < lLiox=12000 A
i,=194,36 kA < =380 KA
B,=7617,83 kKA*c < liep trepy=28400 KA®c
r,=0,91 Om < Zruon=1,2 OM
cXemMa COCANHCHUSA BTO- e
PHUYHBIX 00OMOTOK O’S/IOP
KJIACC TOYHOCTHU — 0,5

5.3.3 BriOop TpaHc(opMaTOpOB HANPSKEHUS B LIETIH TeHEpaTopa

[Mpunumaem tpancpopmarop Hanpsokenus 3SHOM-20; Syuon=75 B-A

[IpoBepum TpanchopmaTop 1o BTOPUUHOM Harpy3Kke

Ta6mmma 16 - Bropuunas Harpy3ka TpancopMaropa HanmpsoKeHUS

S, S o6mas
B-A
Yucno Yucno
[Tpubop Tun oll- CosQ | sin@ P, Q,
. 00MOTOK puoOpOB
HOU Bt B-A
ooM.
Boaber™erp pe-
TUCTPUPYIO- H-393 10 1 1 0 1 110 -
ARN5 05
YacToromep 3-362 1 1 1 0 2 2 -
BonsT™meTp 3-335 2 1 1 0 1 2 -
Bartmerp J1-335 1,5 2 1 0 2 6 -
Bapmerp J1-335 1,5 2 1 0 1 3 -
JlaT4uK aTUB-
E-829 10 - 1 0 1 10 -
HOM MOULIHOCTH
JlaTuuk pea-
THUBHOI MOIIHO- E-830 10 - 1 0 1 10 -
CTH
BartmeTp pe- H-395 10 2 1 0 1 20 -




TUCTPUPYIOIIHI

CuéTuHK aTuB- COT-
0,38 0,925 2 4,87

HOM 3HEpruu 4M.02
Hroro 65 4,87

Omnpenensem Harpy3ky Tpanchopmaropa HanpsbkeHus o Gopmyste 17
Sos=4/65% +4,87% =65,2 B-A

S25=65,2 B-A<Spyuon=3:75=225 B-A

Tpanchopmarop HanpsbkeHus: OyaeT paboTaTh B CBOEM KJIACCE TOYHOCTH.




Yactp 2. Pacyer pailoHHOM 3JIEKTPUYECKOM CeTH M MOACTAHIMHI
BBenenne
1. Onpenenenne NOJIHON MOITHOCTH MOACTAHIIUI
Pacuer Harpy30k Npou3BOJUTCS, COTIIACHO UCXOAHBIX JAaHHBIX 3aJlaHus. B MakcUManbHbBIX U
MUHHUMAJIBHBIX PEKUMAaX OMPEEISIETCS TOJHAS U PEAaKTUBHASI MOIIIHOCTh HAarpy30K.
Ioncranmusa Nel

[Tonnas momHOCTh S, B MB-A, onpenensiercs mo ¢popmyiie

S = L 1)
CoS @

30
Ses=—— =333
35 0.9

15
S;=—> =168
70,89

PeaktuBHas Harpy3ka Q, B MBap, onpezensercs no ¢popmyie

Q=+S’-P? (2)
Qs5 = «/33, 3 -30°=145
Q= «/16,92 -15° =728

ITosHast MOLIHOCTh MOACTAHIMH Sy, B MB-A, onpenensercs 1o Gopmyiie
Sh.er. = \/(PIO + P35)? + (Quo+ Qss)? (3

Swert = \/(30+15)% +(14,5+7,8)? =50,2

IMoacranmus Ne2

[Tonnas Harpy3ka S B, MB-A u peaktuBHas Harpy3ka Q, B MBap, onpeaensitorces o Gpopmy-

mam 1 u 2
810: £:17,8 MBA
0,9

Quo = 17,82 -16 =7,8
Sn.CT.Z = S10:17a8

IMoacranmusa Ne3

ITonnast Harpy3ka S B, MB-A u peaktuBHas Harpyska Q, B MBap, onpezenstorcs no gopmy-

adam 1 u 2
12

Si10= —=13,3
10 0.9

Quo = 13,3°-12° =57

[TonHas MOIIHOCTH MOACTAHIIUU Sy/er, B MB-A



Sn/CT3 = 1313

2. Bei0op cu10BBIX TPaHC(POPMATOPOB HA MOJACTAHIUAX

Ha 1-ii u 2-i1 moacTaHIMAX yCTaHABIMBAEM IO Ba TpaHcPopmaTopa, T.K. HOTPEOUTETH MoA-
crannuu | u |l xateropuu, a Ha 3-i MOACTAHIIUU YCTaHABIMBAEM OAMH TpaHcPoOpMaTop, T.K. TOTpe-
ourenu noacranuuu 1 kareropun

OmnpenenseM MOIIHOCTB TpaHchopMaTopa Ha noacranuuu Nel S;; 8 MB-A, o popmyne

S
S, > 4
-z @

L
1,4

OmnpenensieM MOLUIHOCTB TpaHchopMaTopa Ha nogcranuuu Ne2 S, 8 MB-A, o gpopmyie 4
Sip> 17,8 =127
1,4

Ormpenensem MOIIHOCTb TpaHc(opmaTopa Ha nogctanuuu Ne3 S,; 8 MB-A, o gpopmyne
Ssz SH/CT3 (5)
Sp>133

Tabmuua 1 - Texuudeckue mapameTpsl TpanchopMaTopoB

UHOM, kB UK’ %
Ne Tun Tpanc- APy, | APy | Ixx

n/ct dopmaropa BH| CH |HH| BC | BH | CH | xBr | kBr | %

1 TJITH-40000/110 115 | 38,5 10,5 | 10,5 17 6 200 63 0,8

2 T/IH-16000/110 115 - 11 - 10,5 - 85 18 0,7

3 T/1H-16000/110 115 - 11 - 10,5 - 85 18 0,7

3. Onpenesienne CONPOTUBJIEHNH TPaHC()OPMATOPOB



Moacranuust Nel. TpexoOMoTounblii TparnchpmaTop (aBTOTpaHchpmatop)

Omnpenensiem oO1ee akTHBHOE conpoTuBieHue R, B OM, o ¢popmyie

AP_-U ?
Ron: SKZ . 103 ) (6)

H

rae APk3 - notepu B TpanchopMaTope nMpu KOPOTKOM 3aMbIKaHUU (U3 Tabuuibl TpaHchopma-

TOPOB)
U, - HOMHHAJIBHOE BBICOKOE HAIpsDKEHHE TpanchopmaTopa B KB
Sy - HOMHUHAJIbHAs! MOIIIHOCTB TpaHcopMmaropa, B KB-A
200-115°
o = ————— -10°=1,64
" "40000°

OmnpenensieM CONPOTUBIEHUE KaKI0H 0OMOTKH, B OM
R1: R2: R3 =0,5‘R06m=0,5'1,64=0,82
OmnpenensieM UHyKTUBHBIE COMPOTHUBIIEHUSI 0OMOTOK X, B OM, 5 110 popmyie

0p.1) 2
X= —UK/; U, 10 , @)

H
rac UK - HAlIPSAPKCHUA KOPOTKOI'O 3aMbIKAHUSA

OmnpenensieM HaNpsHKEHUs: KOPOTKOTO 3aMbIKaHusl B % 1O dopmyram:

Ui=0,5(Ux1-2+Ux1-3-Uxa-3) 8)
U,=0,5(10,5+17- 6)=10,75%

Ux=0,5(Ux1-2+Ux2-3-Uxi1-3) )
U=0,5(10,5+ 6 -17)=0%

U3=0,5(Ux1-3+Uxo-3-Ux1-2) (20)

U=0,5(17+ 6 -10,5)=6,25%

OmnpenensieM UHIYKTUBHBIE COIPOTUBIIEHUSI 0OMOTOK X, B OM, 51 o hopmyre 7

_ 10,75%-115°

-10=35,54
40000

1

X2:0

_ 6,25%-115°

-10=20,66
40000

3

Moacranmus Ne2. JIByxoOMOTOUYHBIN TpaHchopmaTop

OmpenenseM akTUBHOE conpoTuBieHue R, B OMm, 1o ¢popmyre 6



2
R = 85-115

= > -10°=4,39
16000

OmnpenensieM HHAYKTUBHOE CONPOTHUBIICHHE 0OMOTOK X, B OM, s 1o popmyiie 7

10,5%:-115°

-10= 86,8
16000

IMoacrannusa Ne3

ComnpoTuBICHHUS TaKHE Ke, KaK Ui TpaHCPOPMaTOpOB rnoacTaHuuu No2

R =4,39 Om
X==286,8 Om



4. Pa3pa0oTKka BApDMAHTOB NPOEKTHPYEMO ceTH

1
1
50 40

50 40 S 5
03C 2 02C ) _ \L

LL L6 S: Li 3 S:

S, $,

Bapuasnr | Bapwuanr Il

Bapuanr I Bapuant IV

PucyHok 1 — Bo3Mo>HBIE BApHAHTHI CXEM JIEKTPUYECKON CETH

Jns nanpHelero pacuéra BbIOMpaeM JiBa BapHaHTa C HaMMEHBIIEH CyMMapHOW JJIMHOMN JIM-
anit Ly1=180 kM, Ls>=198 kM, Ly3=200 kM, Ls4=226 KM.
JIJi TEXHUKO-3KOHOMHMYECKOTO cpaBHeHMs BbiOuMpaeM | u 1l BapuaHThI, uMeronie HAMMEHb-

IIyI0 CYMMapHYIO JUIMHY JTHUHUH.



5. IlpuBeeHne HArpPy30K MOJACTAHIMII K IIMHAM BbICOKOIro Hampsikenusi. Onpenenenune
NMPUBEAEHHBIX MOIIHOCTEH BCeX MOACTAHIM A
[TpuBenennas Harpy3ka [1C - 3T0 MOIITHOCTB, TOCTYMHAIOMIAst B TPAaHCPOPMATOPHI HA IIUHBI
BH, cknaapiBaeTcs U3 MOIIHOCTEH MOTpEOUTENEH 1 MOTeph B 00OMOTKaX U MarHUTOIIPOBOIAX
TpanchopmMaTopoB.
Ioacranmus Ne 1 ¢ TpexoOMOTOYHBIM TpaHCcHOpMATOPOM (aBTOTPaHCHOPMATOPOM).

Cocrapisem CXCMY 3aMCIICHUS

1T 1T
-

5 .
oF APt ]Q/w
sl

=

Pucynok 4 — Cxema 3amMerieHust TpexoOMOTOUHOro TpaHcopmaropa Ha mojcTaniuu Nel

OrnpezenseM HaMarHMYKMBAIOLIYI0 MOLIHOCTh TpaHchopmaropa AQ, B Maap, o popmyie
_ 1%,

AQ, = ~100 (11)

_0,8%-40

=0,32
100

AQ,

OmnpenensieM noTepu akTUBHOM MomHocTH AP, B MBT, B conpoTuBieHusx oOMOTok 1o ¢op-

MyJIe

R
AP=——F—. — 12
5 (12)

_PS+Q7 Ry _15°+7.8 082
u:> 2 us® 2

H

AP,

OmnpenensieM MOoTepU peakTUBHOM MOLTHOCTH B 00MoTKax AQ, B MBap, no opmyie



P +Q? x
AO= Z
0 uz: 2

H

(13)
P’ +Q° X, 15°+7,8° 20,66
AQ3=—3 23._= 2’ 270 =0,2
U 2 115 2

H

OrmpeersieM MOJHYHO MOIHOCTh Hayala 3BeHa 0OMOTOK S, B MB-A, 1o dopmyire
S = S+AP+AQ

S:, 8 MB-A, 1o ¢popmyite 14

(14)
OrnpenenseM MOJHY0 MOIIHOCTh, TOCTyTaIyo B 00MoTKy HH ( MomHOCTE Havasna 3BeHa)
Ss = 15+j7,8+j0,2=15+j8

OmnpexensieM MOTepH MOITHOCTH B conpoTuBieHusx ooMorku CH no ¢popmynam 12 u 13
30% +14,5° 0,82

2

302 +14,52 0
2 =0; AQ=—0— 5=
115 2 115 2

OrnpezernsieM MOJHY0 MOIITHOCTh B Hadaje 3BeHa 00MoTku CH S,, B MB-A, o dbopmyne 14
S, =30+ j14,5

OmnpenensieM MOJIHYIO MOIITHOCTH B KOHIIE 3BeHa 00MoTkH BH S;, B MB-A, o hopmyie

S1=S,+S; (15)
S1=30+ j14,5+ j8+15=45+ j22,5
OmnpenensieM MOTepU MOITHOCTH B COMPOTHUBIIEHUAX 0OMOoTkH BH 1o ¢popmynam 12 u 13
2 2 2 2 0’82
AI:)1:F’1 +2Q1.&_45 +222,3 - ~0:
(U 2 115 2
2 2 2
X0, = P +2 X ﬁ _ 45 +222,3 '35,54 =34,
U, 2 115 2
rae P1=P>+P3; Q1=Q2+Q3
OmnpenensieM MOJHYIO MOIITHOCTH B Havase 38eHa 00MoTku BH S1, 8 MB-A, mo ¢opmyne
S, =S, +AP, + jAQ, (16)
S'1=45+ j22,5+)3,4=45+)25,9
OrnpenenseM NpUBEJEHHYIO HArpy3Ky MOJICTaHLUH Sy, , B MB-A, o hopmyie
Sup = S1 +2APy+2JAQ, (17)

Sup1 = 45+j25,9+2-0,08+2-j0,32= 45,2+j26,5



Moacranuust Ne2 ¢ AByXOOMOTOYHBIM TpaHCHOPMATOPOM.

N "
Sﬂp | E &R‘.ﬁ" ]c;‘.!
8

$=P+jQ

Pucynok 5 — Cxema 3aMelieHus 1ByXoOMOTOYHOr0 TpaHcopMmaTopa Ha MoJCTaHusAX Ne2,
Ne3
OrmpezenseM HaMarHMYMBAIOLIYI0 MOLIHOCTB TpaHchopmaropa AQ, B Maap, no ¢popmyie 11

_0,7%-16

=0,11
100

AQ,
Omnpenensiem norepu akTuBHOU MoutHOcTH AP, B MBT, o gopmyuiie 12

16° +7,8° 4,39

_ =0,05
152 2

Omnpenensiem motepu peakTuBHOM MomtHOCTH AQ, B MBap, no ¢popmyse 13

_16°+7,8° 86,8 _

AQ= 0,9
Q 115° 2

OrpeenseM TOTHYI0 MOIIHOCTh Hadasa 38eHa 00MoToK S, B MB-A, mo ¢opmymel4
S = 16+j7,8+0,05+ j0,9=16,05+j8,7 MB-A

OmnpenensieM NpPUBEACHHYIO HAarpy3ky TpaHcdopmaropa, paBHYIO NpPUBEICHHOH Harpyske
HOACTaHINY, Syp B MB-A, o popmyne 17
Sup2 = 16,05+j8,7+2-0,018+2-j0,11 = 16,1+j8,8 MB-A

Hoacranuus Ne3 ¢ 1ByxoOMOTOUHBIM TpaHchopMaTopam
OmnpezaensieM HaMarHUYKMBAIOLIYI0 MOITHOCTH TpaHchopmaTopa AQ, B MBap, no ¢popmyie 11

_0,7%-16

=0,11
100

AQ,

Ompenensem nmorepu akTuBHOU MomiHocTH AP, B MBT, mo dopmyne 12

2 2
APZM"L 39=0.06
115

OmpenenseM nmotepu peakTuBHON MomHOcTH AQ, B MBap, o popmyie 13

12% +5,72
AQ==""_"=" .86,8=1,2
Q 1152



OrmpeiensieM TOTHYI0 MOIIHOCTh Hadasa 38eHa 00MoToK S, 8 MB-A, o ¢opmyie 14
S = 12+j5,7 +0,06+ j1,2=12,06+j6,9 MB-A

[IpuBeneHHass Harpys3ka MOACTAaHLUM Sy, ompeaensercs no ¢opmyie 17, yduTsiBasg, 4TO Ha
MOJICTAHIIH YCTAaHOBIIEH OJUH TpaHCHOpMaTOp

Sups = 12,06+)6,9+0,018+j0,11 = 12,1+j7 MB-A

6. Hpe}lBapHTeJ’leblﬁ 3ﬂeKTpH‘IeCKI/lﬁ PaCuI€T BApHAHTOB CE€THU B MAaKCUMAJILHOM pe€-

KHMe

6.1 Pacuer anexrpuueckoii cetu | Bapuanra

|
DEE 50 1 40 2 46 3 44 DSE
— e — - -
43,7+j25,3 1,5+j2 17,6+j10 29,7417
45,2426,5 16,1+i8,8 12,1+j7

PucyHnok 6 - PazBepHyTas cxema snekTpudeckoi cetu | BapuanTa

OmnpenensieM akTUBHYIO MOIIIHOCTB, BeIxoasmTyto uz O3C, Py, B MBT, o ¢popmyie

Poye = ZLP L (18)

[
rac L - JJIMHA Y9aCTKOB CCTH

Loow - JUTHHA BCEH CETH

P, = 45,2 ~130+1i$ 90+12,1-44 43,7

OmnpenensieM peakKTHBHYIO MOIIHOCTD, BRIXOASIIY 0 13 ODC, Qqe B MBap, o hopmyie

_2Q-L

03¢
L

(19)
06wy
_26,5-130+8,8-90+7-44

03— :25,3
100

OmnpenensieM akTUBHYIO MOIIIHOCTB, BhIxoasmyto uz O3C', Py, B MBT, 110 dhopmye 18

Posc= 45.2-50 +16:,LZ:3-(;90 +12,1-136 29,7




QOBC'—

OmnpenensieM peakTUBHYIO MOIITHOCTh, BRIX0 11Ty 0 13 ODC, Qqe B MBap, mo dpopmyire 19

26,5-50+8,8-90+7-136 _
180

17

[TpoBepum 6ananc morHocTeil B MB-A

[Ipuxon Pacxon

43,7+j25,3 45,2+j26,5

29,7+j17 16,1+j8,8
12,1+j7

¥ =73,4+j42,3 X =73,4+j42,3

bamanc MOIITHOCTH BBITTIOJIHACTCA.

Omnpenensem Toku | Ha ydacTkax cetu, B A, 1o ¢popmyJie

=X . 20
Ao (20)

2 2
o n= VBT 4253 105065
J3-110

2, o2
VLS +2 o3

lo.1 =
#3110

f 2 2
I3 = M 103 =106
J3-110

2 2
| = —\/29'7+17.103 =180

03¢’-3 — \/5 110

OmnpenensieM BpeMsi HCIIOJIB30BaHUSI MaKCUMaIbHON Harpys3ku T, B 4, o ¢popmyiie

1o ZPT
=P

T.x. Ha moacTanuio Nel Harpy3Kku MoCTymnarT ¢ 00euX CTOPOH, TO

(21)

Tose-1 =T1-2=T1=3900



Tys= 12,1-3900+16,1-5700+1,5-5100 4936
29,7
16,1-5700+1,5-5100

17,6

T2-3= =564884

2 .
OrmpezenseM ceyeHre IpoBoJoB F, B MM®, 110 SJKOHOMHYECKOM IIOTHOCTH TOKA 110 (GOopMyJIe
[
F=— (22)
I

Fose1= ? =265 Beioupaem nposoa AC-240: r,=0,118

Fio= % =13 Bri6upaem npoBog AC-95: 1p=0,314, x0=0,43

Fos= ?Zl% Bri6upaem npoBon AC-120: 10=0,245, X=0,42

Fa.ooe = % =164 Bsibupaem npoog AC-240: 1p=0,118, x0=0,4

OmnpenensieM akTUBHOE COIPOTHBIIEHHE HA ydyacTkax ceTd R, B Om, o popmyie
R=roli, (23)
r7ie o - aKTUBHOE CONPOTUBIIEHUE | KM JTMHUN
Rose-1=0,118:50=5,9
Ri2=10,314-40=12,6
R23=0,245-46=11,3
R3.05c=0,118-44=5,2
OmnpenensieM HHAYKTUBHOE COPOTHUBIICHUE HAa y4acTKax ceTH X, B OMm, o popmyie
X=Xo'l;, (24)
r7ie Xo - UHIYKTUBHOE CONPOTUBIICHNE | KM JIMHUU
Xone-1=0,4:50=20
x1-2=0,43-40=17,2
x2-3=0,42-:46=19,3
Xoe3=0,4-44=17,6
Omnpenensiem MoTepu aKTUBHOW MOITHOCTH Ha y4acTkax cetu AP, B8 MBT, mo ¢opmyie
PP+Q*
U 2

H

AP= R (25)

2 2
AP =M-5,9 =1,24
110



_15°+2?

APy = =0 512,620,006
2 2
AP,z =210 10 113204
110
2 2
APsne =227 1T 176 =05
110

OmnpenensieM MoTepH PeakTUBHOM MOIITHOCTH Ha y4yacTkax cetu AQ, B MBap, o ¢opmyine

PZ + 2
AQ= — 2Q X (26)
odc-1 1102 )
1,5° +2°

AQ1-2 = 1102 -17, 2 :0,01
AQ 7674107 o047

2'3 1102 EH 1
AQaan =297 H1T" 106 gg

3-0a¢ 1102 . )

OmpenenseM K03(pGUIMEHT MOIITHOCTH COS(P Ha yJacTKaxX CeTH Mo popMyIie

_ P
COS([) = W (27)
COSPose-1= 423’7 = =0,86
\43,7° +25.3
_ 15 _
COS(P]_.Z— W —0,6
COS(2-3= % =0,87
17,6° +10
29,7 0.8

C0SQ3-05c= ————=
\29,7% +17°

OmnpenensieM BpeMsi MAaKCUMaJIbHBIX IIOTEPH 110 COSQ U BpEMEHU 1.

7 onC-1 :3700‘{; T 1-2 :4200‘{; T 2-3 :4200‘1; T 3-0PC' =3500ug

Omnpenensiem nmotepu sHepruu Ha ydactkax cetu AW, B MBT4, o ¢opmyie

AW=AP- 7 (28)



AW se-1 = 1,24-3700=4588
AW 1, = 0,006-4200=25
AW3.3 = 0,4-4200=1680
AW3 g5 = 0,5-3500=1750

Ompenensem notepu 3ueprun Bo Beeit cetu AWy, B MBT4, o popmyiie

AWy = AWyse1 + AW15 + AW 3+ AW3 g5

AWy =4588+25+1680+1750=8018

6.2 Pacuert anektpuueckoii cetu || BapranTa

|
0it 50 1 40 Z f4 DSE
—» - -
37,2+j216 8+j1L,9 26 14137
L
3
45,2+j26,5 16,1+i8,8
12,147

Pucynok 7 - Pa3zBepuyTas cxema cetu |l BapuanTa

OmnpenensieM akTUBHYIO MOIIIHOCTB, BhIxoasAmTyto uz O9C, Py, B MBT, o ¢popmyine 18

(29)



P...= 45,2-104+16,1-64 =372
154

OmnpenensieM peakTUBHYIO MOIITHOCTh, BeIXo a1y 0 u3 OOC, Qq, B MBap, o gopmyne 17

= 26,5-104+8,8-64 =216
154

OmnpenensieM aKTUBHYIO MOIIHOCTb, BbIXos11yto u3 O9C', Py, B MBT, o popmyie 16

45,2-50+16.1-90
Pone= — =24,1
o 154

OmnpenensieM peakTUBHYIO MOIITHOCTh, BeIxo a1y 0 u3 ODC, Qqe B MBap, mo dpopmyiie 17

26.5-50+8.8-90
= 0 137
03¢ 154

[IpoBepum OanaHCc MOITHOCTEH
IIpuxon Pacxon

37,24j21,6  45,2+j26,5
24,1+j137  16,1+j8,8
¥ =61,3+j35,3 ¥ =61,3+j35,3

Omnpenensem Toku | Ha ydacTkax cetu, B A, o ¢popmysie 20

2 2
| = \37,2°+21,6 10°=226

odc-1— \/§ 110

2 2
lp.g = N8 +4,9° 10%=49
J3-110

24,1+13,7

lopep= Y2772 0 103=146
23110
|030_3:ﬁ .10%=73
J3-110

OmnpenensieM BpeMsl HCIIOIb30BAHNS MAaKCUMAJIbHOM HAarpy3ku T, B 4, o ¢popmyie 21

T03C.1 = T1.2= 51004



Typ = 16,1-5700+8-5100 ~5500 1
24,1

OmpenenseM cedeHue mpoBoioB F B MM 110 YKOHOMIYECKOI IIOTHOCTH TOKA 110 dbopmyne 22

Fose1= % =200 Bsioupaem npoBoa AC-240: rp=0,118, X¢=0,4, |,,,=610 A

Fio= 4—19 =49 Bri6upaem npoBox AC-95: 1,=0,3, X0=0,406, 1,,,=330 A

Foone =$=146 Bri6upaem npoBog AC-150: 1p=0,193, X,=0,406, |,,,=445 A

Fose-3 =Z—i=66 Bri6upaem npoBog AC-70: 10=0,42, X0=0,41, l,,,=265 A

OmnpenensieM akTUBHOE COIIPOTHBIICHHE Ha y4yacTkax ceTH R, B Om, o popmyine 23
Rose-1=0,118-50=7, 7(noocuumano negeepro)
Ri2=0,3-40=12
R2.00¢:=0,193-64=12,3
Rose-3=0,42-44=18,4
OmnpenensieM HHAYKTUBHOE CONPOTHUBIICHHE Ha y4acTKax ceTH X, B OM, o ¢popmyie 24

Xore-1=0,4:50=19, 5 (noocuumano negeepro)

X1-2=0,406-40=16
X2.03C' :0,40664:25,6
Kose-3=0,41-44=18

OmnpenensieM MoTepu aKTUBHOW MOLTHOCTH Ha y4acTkax ceti AP, 8 MBT, o ¢opmyie 25

2 2
APoeq = wjj =1,18
110
8°+4,9°
AP]_.Z :W:LZ :0,1
2-09C 110° ,9=0,
12,1472

APgpeq= =2——".18,4=0,3
110

OmnpepensieM MoTepH peakTUBHOM MOIITHOCTH Ha yyacTkax cetd AQ, B MBap, o ¢popmyie 26

37.22+216°
AQqgpoqy =2D1C F250 195=3
Qe 1107

8°+4,9
AQ]_.Z = W -16 :0,16



24,1° +13,7°

AQ2_03C = 1102 25, 6 :1,62
12,12 + 77
A 09¢-3= e 18, 4 :0,3
Ques™— 17

Onpexnenum KO3 PHUIMEHT MOIIHOCTH COS(Y HA y4acTKax ceTH 1o gopmyiie 27
37,2

COS(P03C-1:
\37,2° +21,6°

=0,87

COSQ1-2= =0,85

8
8% + 49
_ 24l
C0SP2.50 = — e
2417 +137°

12,1

COSPoac-3= ————
V12,17 + 77

=0,87

=0,86

OnpeﬂenﬂeM BpEMs MaKCUMAJIBHBIX IIOTEPH

T onc-1=33009; 7 12,=35009; 7T 905 =36504; 7T 1,c-3=2500u

OmnpenensieM MOTepH AIEKTPUUECKON IHEPTruu Ha yuacTkax cetu AW, B MBT-4, o ¢popmyie

28

AWi,e.1 = 1,18-3300=3894
AW, = 0,1-3500=350
AWo_ o0 = 0,78:3650=2847
AW se-3= 0,3:2500=750

OmnpenensieM MoTepH EKTpHUECKON IHEpTruu Bo Beeit cetn AW, B MBT-4, o popmyne 29

AW =3894+350+2847+750=7841

7 TeXHUKO-IKOHOMHYECKOE CPABHEHHE IBYX BLIOPAHHBIX BAPUAHTOB CXEMbI

| BapuanT

OmnpenensieM pacyeTHbIE MPUBEICHHBIE 3aTPAThI I KaX/10T0 BapHaHTa CeTU 10 GopmyIie



3=U+P, K, (30)
rane U=U1;+U,+U3 - cymMapHbIe €KerogHbIe pacXo/Ibl Ha HKCILUTYaTaIUIO CETH.
P,- HOpMaTHBHBIN K03 duueHT 3P PeKTUBHOCTH KanuTanbHbIX BioxeHui, P,=0,12-0,15
K - mepBoHauanbHBIC KalUTATBHBIE 3aTPATHI HA COOPYKEHUE CETU
KanuranbHble 3aTpaThl - CKIIAIBIBAIOTCS U3 CTOMMOCTEH JTUHUHN, TPaHC(POPMATOPOB U aBTO-
TpaHC(HOPMATOPOB, TUECECK C BBIKIIOUATEIAMHU U oTaeauTesiMu. OnpenesnseM KanmuTalbHbIC 3aTPaTh
B nHMIO K, B THIC. py0, MO hopmyie
K=(KoLose-17Ko L 1-2+Ko L2-3+Ko L 3-osc), (31)
K=(Ko"losc-1t Ko l1-2+Ko' l2-3+Ko'l3-05¢7)
rae Ko—croumocts 1 km siuanm (IIpunoxenue 1)
K= (10-50+8,2-40+8,6-46+10-44) = 49920 T1bIC. pYyO
OmnpenensieM eXeroaHbIe YKCIUTyaTaIIMOHHBIC PACXO/IBI 10 hopMyIie
W, =M+ W+ U5, (32)
rae M1-cTouMoCTh MOTEPSIHHOM B CETH YHEPTHUH, B THIC. py0, onpenensercs mo ¢popmye
N1=p-AW, (33)
rae - cTouMocTh 0IHOTO KBT 4 moTepsHHO sHeprun
N;=1,6-8018 = 20526 ThIC. pYO.
N, -oTuncneHust Ha aMOPTU3AIINIO, B THIC. PO, OTIPEICIISFOTCS 110 hopMyJie
=% (34
100
rie o, = 2,8% - IpOICHTHBIC OTYHUCICHUS Ha aMOPTH3AIIHIO
U, = 2,8-:49920/100=1398
U3 - pacxonpl Ha TEKYIIHM PEMOHT U 3KCILTyaTalluio, B ThIC. py0, onpeaensercs mno Ggopmyie
= (35)
100
rae o, = 1% - BemMuMHA MPOLEHTHBIX OTYMCIEHUN HA TeKYIIUI PEMOHT U 00CIyKUBAHUE Ce-
TH
N3=1-49920/100=499

EsxeromHble SkcIuTyaTaninoHHbIe pacxosl U, B ThIC. py0., onpeaenseM mo Gopmyre 32
U, =20526+1398+499 = 22423 ThIC. pYO.

OmnpenensiemM pacueTHbIC IPUBEACHHBIC 3aTPAThI, B ThIC. py0, 1o Gopmyre 30
31= 22423 + 0,12,-49920 = 28413

Il BapuanT

OmnpenensieM KanuTalbHbIE 3aTpaThl B TMHMIO K, B THIC. py0, o popmyiie 31



Ki1=(9,4:50+8,2:40+9-64+8,1-44)-:30=51912

OmpenenseM eXeroIHbIe IKCILTyaTallMOHHBIE PacXosl 1o ¢hopmyiam 32-35

N;=1,6-7841 = 12546 ThIC. pYO.
Ny=2,8-51912/100=1453 THIC. pYO.
N3=1-51912/100=519 TbIC. PYO.
W, = 12546+1453+519 = 14518 ThIC. pYO.
OmnpenensieM pacdeTHbIC IPUBEACHHBIC 3aTPAThI, B ThIC. py0, 1o Gopmyre 30
31=14518 + 0,12-:51912 = 20747
Omnpenensiem HanOoJiee SJKOHOMUYHBIH BapHAHT 110 GOpMyJIe

A3= (%} 100% (36)

2

_ 2841320747
28413

A3 -100=27%

Bropoli BapuaHT 3KOHOMUYECKH BBIMOJHEE N1EPBOT0 Ha 27%, MIPUHUMAEM €r0 I JaJIbHEH-

IIMX PACYETOB



8 Pacuer onTHMAJILHOIO BapuaHTa CeTn

8.1 MakcumaJjibHbIH peKuM

I
03t a0 1 40 2 64 DSE
—» -— -—
37,2+216 8+j14,9 26,1413,
Li
3
45,2+i26,5 16,1+]8,2
12,147

PI/IcyHOK 8 - PaSBCpHYTa}I cxXeMma SHCKTquCCKOﬁ CCTU ONITUMAJIBHOI'O BapHaHTa

Omnpenensiem 3apsiiHbIe MOITHOCTH TUHUNA Q, B MBap, o ¢popmysie
1] 2
Q=U,"Bo'L, (37)
rae bDo- EMKOCTHAst MPOBOAMMOCTH OJTHOTO KHIJIOMETpa JTHHUH

L - nnvHa ydacTka ceTu

QBosc1 = 110%2,76-10°-50=1,67
Qg2 = 110%2,66-10°-40=1,29
QB2-0c = 110%2,74-10°-64=2,12
QBose = 110%:2,6:10°-44=1,38

OmnpenensieM pacdeTHbIE HArpy3KU MoAcTaHIui S, , B MB-A, o gopmyne

SP = Snp.n.cm. - J(QZBH + Ql;wl j ’ (38)

rje N- 0003HAYCHHUE y9acTKa CETH

S,, =S '(%+%J:45,2+ j26,5— j(%+%) =45,2+j25

np.ncml J 2



129 +—2’12) =16,1+4j7,1

S, =16,1+ |8,8— j(=—
p2 J J( 5 >

Sp3 =12,1+ j7— j(%) =12,1+j6,3

OmnpenensieM MOIIHOCTb, BeIXosIIyto u3 O9C Sy,., B MB-A, o popmyiie
_ S, +S,,Z,

8 39
09¢C Z ( )

0ac—0ac’

e Z1=Z,, +Z, . =12+j16+12,3+j25,6=24,3+j41,6 Om

2—o0ac'
Zo= Zz-ogc':12,3+j25,6 OMm
ZOSC-OSC’:ZOBC-l +Zl_2 +Zz.03cl :7,7"‘]19,5"‘12"‘]16+12,3+J25,6:32+j61 OMm

5, [(45,2 + j25)-(24,3+ j41:,362)] +j[t(3116,1+ j7.1)-(12.3+ j25,6)] _ 388+ j191
+

OmnpenensieM MOIIHOCTB, BeIXo syt 3 OOC’, B MB- A, o ¢hopmyie:
_ SZi+S,,Z,

S,
z

, (40)

03c—03¢’

e Z,=2,,.,=7,7+j19,5 Om

osc-1

Z, =2, ,+Z, ,=7,7+]19,5+12+j16=19,7+j35,5 Om

[(45,2 + j25)-(7,7 + j19,5)]+[(16,1+ j7,1)- (19,7 + j355)]

So3c’ = A = 22,5+ J13
32+ j61

I
03t 50 1 40 2 64 DSE

—» - —

38,8+j19,1 6, L+]5,9 22.5+13

(A
L5,2+j25 16,1+j7.1
121463

Pucynok 9 - [IpeoOpa3oBaHHast cxema 3JICKTPUUECKOM CeTH ONTUMAIBHOTO BapraHTa

[TpoBepsiem 6ananc morHOCTEH B MB-A



[Tpuxon:

SonctSonc =38,8+j19,1+22,5+j13=61,3+j32,1
Pacxon

Sp1+Spy= 45,2+j25+16,1+)7,1=61,3+j32,1

bamanc BeImonHseTcs.

OmnpenensieM TOKK Ha y4acTkax ceT, |, B A, mo popmyne 20

2 2
V388 +191° s 0o

| PR i
05C-1 \/5110

| 2 2
l1o= 64" +59 -10°=44

V3-110

2 2
——V22’5+113.103:136,5

lr.0nc =
V3.110

2 2
_J121° +6,3 10%=72

lope.a= Yoo 00
. J3-110

2 o
OnpeﬂenﬂeM CCUYCHUC IIPOBOAOB F, B MM , I10 3KOHOMHNYCCKOHU IIJIOTHOCTH TOKaA, I1O (bopMyﬂe

22
Foy = 217 =227 AC-240 1,,=610 A
F, - 4_14 =44 AC-95  1,p=330 A
Fo = %436,5 AC-150 =445 A
2 _ -
Fopeg =— =605 AC-70 1,,=265A
11
CedeHus IPOBOJOB COOOTBETCTBYIOT paHEE NPUHATHIM.
OmnpenensieM MoTepu aKTUBHOW MOLTHOCTH Ha y4acTkax cetd AP, 8 MBT, no ¢popmyie 25
2 2
APpeq = 28 0L 5921 19
110
2 2
P = w -12=0,07
110
2 2
APpope= 222 H13 153058

1102



12,17 +6,3°

APoac—S— 2 -18 =0,27
110

OmpenernseM MoTepu peakTUBHON MOIIHOCTH Ha ydacTkax cetu AQ, B MBap, o ¢popmyie 26

38,82 +19,1°
A oac-1 = —_ 19, 5=3
Quet =75

6,4° +5,9?
AQp, =———-"—:12=0,09
Quz="p
AQ _205°+13° oo
2-03¢ 1102 , y
12,1 +6,3°
A 09¢C- = 18:0,27
Ques™""102

OmnpenensieM OKOHYATEIHHOE pPacIpeielieHue MOIITHOCTEH 1Mo hopMmyIie
Si= Si+AP+jAQ; (41)
S'0se-1 =38,8+j19,1+1,19+j3 =40+j22,1 MB-A
S'1.2=6,4+j5,9+0,07+j0,09=6,5+j6 MB-A
S'.00 =20,5+j13+0,6+j1,2=21,1+j14,2 MB-A
S'3.00 =12,1 +j6,3+0,3+j0,3=12,4+j6,6MB-A

Onpenensem Hanpsbkenne Ha muHax O9C, B kB

Uose=1,13-U,=1,13-110=124,3

Omnpenensiem Hanpspkenne Ha nmoactanmuu Nel U; B kB, o dopmyie

P ooc-1 " Roac—l + Qoac—l : X 0sc-1

U1=Ugse- 42
' U 0o¢ ( )
Uy=124.3- 40-7,7+22,1-19,5 1183
124,3
Omnpenensem Hanpspkenne Ha noAcTanimu Ne2 U, B kB, o gopmyie
Up=U,,e- Py o5c " Ro_ooe + Qa_onc * Xo_onc
U 03C (43)

21,1-12,3+14,2-25,6

U,=124,3-
124,3

=119,3

Onpenensiem Hanpspkerne Ha nmoactanmuu Ne3 Uz B kB, o hopmyiie

U3=U03c' P03c73 ) Roac{’: + Q03073 : x03073
anc (44)




Us :124,3_12,4~18,4+6,6-18 1215
124,3

OmnpenensieM MoTepy HaMpsHKEHUS Ha y4acTKax ceTH B %, 1o (opmysie

u,-u,

AU% = 1100, (45)

n
r7ie n- 0003HaueHne TOUYKH ceTH (N moACTaHIMM ), OTKYAa BBIXOJAUT MOIHOCTH, POXOISIIAs

110 JaHHOMY Y4YacCTKYy, n' - TOYKa, Kyaa BXOOAUT MOIITHOCTD.

AUge1=AU, = Upe =Y, -100=AU,,_, = 1243-1183 .100=4.8
u,. 1243
AU;,=AU, , = U, U, .100 = w.mo =0,85
U, :
AUz3=AU, , = U, -U, .100 =M.1oo w.looz4
) 5 121
AUz o0 =AU, . = Ys=Uow .100 124,3-121,5 -100=2,25
U, 124,3
8.2 ITocsieaBapuiiHbIN pe:KUM
I
03t ] 40 2 64 DSE
e - e —
55,2425 61,3+j32,1
L
45,2+j25 16,14j7.1

12,1j6,3



Pucynok 10 - PazBepHyTas cxema ceTH B OCJI€aBAPUMHOM PEKUME

OrnpezernsieM MOIIIHOCTH Ha y4acTKax ceTd, B MB-A,
S1.0=5; :45,2+j25
S».3=S1+S,=45,2+j25+16,1+)7,1=61,3+]32,1

Omnpenensiem Toku | Ha yuacTtkax cetu o ¢opmyse 20, cpaBHUM C TOITYCTUMBIMHA TOKaMU

BbIOpaHHBIX POBOJIOB

2 2
VOLS +321 100—364 A < 1y =610 A

| o=
09C"-2 »\/§-110

2 2
V121 6.3 Je 70 A <1,,,=445 A

| = N N
09C-3 5110
2 2
lpq = N2 42 453071 A< Lon=265 A
J3-110
Omnpenensiem HanpspbkeHue Ha moacTanmmu Ne2, B kB, mo ¢popmyre
U, =Ugser - Pow2 - RZoac'LJ+ Qo2 " Xy (46)

o’

61,3-12+32,1-16
24,3

U,=124,3- =114,2

Onpenensem HanpsokeHue Ha oAcTanmu Ne3, B kB, mo ¢popmye

U3 :U()ac - Puac—S ) R()ac—3U+ Q()3c~3 ) Xoac—3 (47)

0o¢

12,1.18,4+6,3-18

U;=124,3-
24,3

=121,6

Omnpenensiem HanpspbkeHue Ha mojacTanmmuu Nel, B kB, mo ¢popmyne

U, =U,- P R12L‘:Q12 Xy (48)
2

45,2-12+25-16

U, =114,2-
114,2

=106

OmnpenensieM MOTepH HANPSKEHUS HA y4acTKaxX ceTH mo ¢opmyie 45

AU = 22437167 106 26 104
124,3

AUL,=16.771039 456 21104
116,7



AU,3 :Mioo =2,2%
124

i)
8.3 MuHUMAJIbHBII peKUM

OHpCHGJ’IeHI/Ie IMOJIHBIX U PCAKTHBHBIX HAIrpy30K B MUHUMAJIbHOM PCIKHUME.

OHpe,Z[eJIHCM ITOJIHBIC U PCAKTUBHBIC MOITHOCTH Ha IMOACTAHIMAX I10 (bOpMYJIaM 1u2

TToacranmusa Nel

810: 11 =12,4 MB-A
0,89
Quo =4/12,4% —11* =5,7 MBap

Sas= 20 =22,2 MB-A
0,9

Qa5=4/22,2? —20% =9.6 MBap

IToncranmus Ne2
10

SlO: —=11.1 MB-A
0,9

Quo=+/11,1° —10° =4.8 Msap

IToacranmust Ne3

Slo:izlo MB-A
0,9

Quo=+v10? —9% =4,4 MBap

[IpuBeneHne Harpy30k nojcraHuni K mrHaM BH B MUHHMaIIBHOM pexxume

MMoacranuus Nel
OmnpenensieM moTepy akTUBHOM MonHOCTH AP3, B MBT, Ha conpoTusiennn ooMoTkn HH 1o

dbopmyne 12

AP3= 0
Omnpenensiem motepu peaktuBHON MomrHOCTH AQ3, B MBap, Ha conporuBiiennu oomorkun HH

o ¢popmyie 13



112 +572 354
AQs= L 29% 59
=" 2

OmnpenensieM MomHOCTh Havyasna 3BeHa ooMoTkn HH S'3, B MB-A, o ¢popmyne 14

S'3=11+j5,7+4j0,2=11+j5.9

[Totepu akTuBHON MOIIHOCTUAP, Ha conpoTuBiennn oomMoTku CH u moTepu peakTMBHOM

mouHocTH AQ2 Ha conpotuBiaeHun ooMotku CH paBHBI HyIIIO.

Omnpenensiem MomHOCTH Havyasa 38eHa 0OMoTkn CH S';, B MB-A, o popmyie 14

S, =20+j9.6

OmnpenensieM MOIIIHOCTh B KOHIIE 3BeHa 0OMoTku BH 1o ¢popmyne 15
S1=20+j9.6+11+j5.9=31+j15,5

Omnpenensiem noTepu akTuBHOM MorHOCcTH AP1 B MBT, Ha conpoTtuBiennu oomMotku BH 1o

dopmyre 12
2 2

AP 31 +1§,5 0,82 -0,04
115 2

Omnpenensiem notepu peakTuBHOU MomHOCTH AQ1, B MBap, Ha conpotuBieHnu ooMoTkn BH

ompexenseM no Gopmyse 13

31° +15,5° 354 _

- 1,6
115 2

AQ1:

OmnpenensieMm MOITHOCTH Havyasna 38eHa 0OMoTkH BH S1, B MB-A, o popmyie 16

S'1=31+j15,5+0+j1.6=31+j17.1

OmnpenensieM NpUBEAEHHYIO Harpy3Ky MOJICTAHIUU C ABYMS TPAaHCHOPMATOPAMH Sy 1, B

MB-A, o hopmyne 17
Sip.1=31+4j17.140,063 -2+j(0,32 -2)=31,1+j17.7
IMoacranmus Ne2

Ompenensem norepu akTuBHOU MorHOCTH AP, B MBT, Ha conpoTuBieHn 0OMOTOK 110 Qop-

Mmyse 12



AP=0

Omnpenensiem nmotepu peakTuBHOM MoutHOCTH AQ, B MBap, Ha CONPOTUBJICHUN OOMOTKH 110

dopmyie 13
2 2

AQ= 10 +£‘;,8 86,8:0’4
115 2

OrnpenernsieM MOoJHY MOIIHOCTh Havyasia 3BeHa B 0OMOTKax S, 8 MB-A, 1o dbopmyne 14
S'=10+j4.8++j0,4=10+j5.2

OmnpenensieM MPUBEASHHYIO HATPY3Ky ABYXOOMOTOYHOTO TpaHC(hOpMaropa, paBHYIO TpUBE-
JIEHHOM Harpyske MojacTaHuuy, Sy, , B MB-A, o dpopmyie 17

Sup2=10+j5.2+2:0,018+2-j0.11=10+j5.4

IMoacranmus Ne3

Ompenensem norepu akTuBHOU MorHOCTH AP, B MBT, Ha conpotuBiernn oOMOTKHU 110 Gop-
MmyJe 12
AP=0

Omnpenensiem nmotepu peakTuBHON MotmHOCTH AQ, B MBap Ha CONMPOTUBICHUH OOMOTKH IO
dbopmyne 13
AQ= %86,8=0,7

OmnpenensieM MOJHYIO MOIITHOCTh Hayajia 3B€Ha B 0OMOTKax S, BMB-A, 10 dopmyne 14
S'=9+j4.4+0+j0,7=9+j5.1

OmnpenensieM MpUBEAEHHYIO HArpy3Ky ABYXOOMOTOYHOIO TpaHchopmaropa, paBHYIO MpHBe-
JIEHHOU Harpyske NOJCTaHLuY, Sy, B MB-A, o popmyne 17

Sup3=9+j5.1+j0,11=9+j5.2

Omnpenensiem pacueTHble Harpy3ku nojacraniuii SP, 8 MB-A ;o popmye 38
Sp1=31,1+j17.7-j(1.67/2+1.29/2)=31,1+j16.2
Sp2=10+j5.4-j(1.29/2+2.12/2)=10+3.7
Sp3=9+)5.2-)(1.38/2)=9+j4.5

OmpenenseM MOITHOCTb, BeIxoasmyto u3 O93C Sg,., B MB-A, o dopmyne 39

5, [(31+ j16,2)- (24,3 + j41£)]+_£3(11+ j37)-(12.3+ j25,6)] _ 251+ 12,5
+]

OmnpenensieM MOIIHOCTB, BeIXosIIy o u3 ODC' S'yye, B MB-A, 10 popmyne 40



s, = [(31+ j16,2)-(7,7 + j19,5)]+ _[(11+ j37)-(19.7+ j355)] _ 159+ 7.4
32+ j61

OmnpenensieM MOITHOCTh Ha yyacTke 1-2 onpezaensiem o gopmyie 38
Sl-Zzsoac'Spl
S12=(31-25,1+4j16.2)-(25,1+j12.5)=5.9+j3,7

ITpoBepsiem GanaHc MOLTHOCTEH

[Ipuxon:
Posct]QosctPoset]Qose= 25.1+j12.5+15.9+)7.4=41+j19.9

Pacxon
P1+jQ+Po+jQ,=31+j16.2+10+j3.7=41+j19.9

bamanc BeIOTHSAETCS.

OmnpenensieM moTepu aKTUBHON MOIIHOCTH Ha ydacTkax cetu AP, B MBT, no ¢opmyne 25

2512 +12,5°
1102

2 2
AP_, = M 12 =001
110

APy, = .7,7=05

15,9% +7,4°

AP, s = =707 —+123=03
121% +6,3°
AP03C73 = T 18,4 = 0,3

OmpenenseM MoTepu peaKTUBHON MOIIIHOCTH Ha ydacTkax cetu AQ, B MBap, o ¢popmyie 26

2517 +12,5
AQOQC& = T 19,5 =1,3

59° +3,7°
AQLZ = T -16 :0,01

1592 +7,4°

AQ, oo == 5328206



121% +6,3°
AQO3C73 T 18,4 =0,3

OmnpenensieM OKOHYATENbHOE paclpeielieHne MoIHocTel no gopmyse 41
Sosc-1=25.1+j12.5+0.5+j1.3=25,6+j13.8
S1.2,=5.9+j3,7
S2.00c=15.9+j7.4+0.3+j0.6=16,2+j8
S9-050=12.1+j6.3+0.3+j0.3=12,4+j6,6

|
03t 50 1 40 2 fi4 DSE
—» P E— -
25,1+12,5 5.59+j3,7 15,9+j7,&
LA
3
31«62 10+3.7
94ik.5

PI/ICYHOK 11 - Hp606p330BaHHaH cxXeMa BHCKTpH‘{eCKOﬁ CCTU ONTUMAJIBHOI'O BapuaHTa B MHU-

HUMAJIbHOM PECIKHUME

OrnpesierieHre HaNPsDKEHUS Ha CTOPOHE BBICIIETO HAIPSKEHUS MTOACTAHITHI.
Onpenensem HanpsbkeHre Ha muHax OOC B MUHUMAIIbHOM pekuMe, B KB

UO3C=1,04-110=114,4 xB

Omnpenensem Hanpspkenne Ha oAcTaniuu Nel U; B kB, mo dpopmye 42

25,6-7.7+13.8-19.5
114.4

U;=114.4- =110.3

Omnpenensem HanpspkeHue Ha oacTanimu Ne2 U, B kB, mo ¢popmyie 43

U,=114.4- 16.2-12.3+8-25.6 ~110.8

1144

Onpenensiem HanpspkeHue Ha nojactanuuu Ne3 Uz B kB, mo gopmyiie 44

12.4-18.4+6,6-18

Us=114.4- =111.4




OmnpenensieM MOTepU HANPSDKEHUS Ha y9acTKaxX CeTH 1Mo Gopmyire 45
AUg5c-1%=(114.4-110.3)/114.4 -100=3.6%
AU1.24=(110.3-110.8)/110.3 -100=0.5%
AU2.05%=(114.4 -110.8)/114.4 -100=2.6%
AU3.0500,=(114.4-111.4)/114.4 -100=2.6%

9 Be10op pabounx orserBiaenuii PIIH tpancdopmaropos
Maxkcumanvuwiii pescum
TToactanmus Nel

OmnpezensieM HanpsHKEHUE B HyJIEBOM TOUKE 3BE3/1bl CXeMBbI 3aMeleHus Tpanchopmaropa U'y,
oomotku BH, B kB, no ¢popmyie
R X
1 1
P-—+0Q,- E3

U'0=U1' 2 Ul

(49)

45.082 , e o 3554

U'0"117,9- 2 2 -1143
118,3

Omnpenensiem Hanpspkerne Ha mmHax CH, mpuBeneHHoe k HanpspkeHuto ooMoTku BH, B kB, 1o
dbopmyne

R X
p."2_ o .22
2 2 QZ 2

Ul =U/ -~ (50)

U,

30-0,41+14,-0

U'ss 114,3- =114,2




Onpenensiem Hanpsbkenne Ha muHax HH, npusBenenHoe k Hanpspokennto ooMotku BH, B kB, no
dbopmyne

R X
P..- 34 3
3 2 Q3 2

U/, =U/ - (51)

U,

15-0,41+8-10,33
114,3

U'p=114,3- =113,5

OnpenenﬁeM PaCYCTHOC HANIPSKCHUC Ha MIMHAX HH IIpu OCHOBHOM OTBCTBJICHUU 00MOTKH BH,

B KB, 1o ¢popmyne

U /
Upacq 10— L (52)
KmpO
113,5
Upacu 10 = MZIO,% kB JKemaemoe Hanpsikenue Uye,=10,5 — 10,7 kB, npumem Uy,=10,6
kB
OmnpenemnsieM 100aBOYHOE YHCIIO BUTKOB (OTHOCUTENLHOE U3MEHEHHE) B % 110 (hopmyie
U -U
AW _ pacdl0 aucen 100%’ (53)
U H
Aw=10:86-10.6 555 3506
11
Bei6upaem 9 orsersnenue PITH, K,,=10,63
Omnpenensiem neiictButensHoe HanpsbkeHue Ha muHax HH Ujg yeiier B KB, o popmyne
U’
UlOdeﬁcm = - (54)
kmp
11
U0 reiier= ﬁ =10,68 kB. CooTBeTCTBYET KeTaeMOMY.
10,63
Omnpenensiem neiictButensHoe HanpsbkeHne Ha muHaX CH Uss peser B KB, o dopmyiie
U !
U35 neiicT— KSS (55)

mp

114,2
U eifcr — _— :37,56 B
351 304 K

)
MunumanvHwiii pesxcum

OmnpenensieM HalpsDKEHKUE B HYJIEBOM TOUKE 3B€3/1bI CXEMBI 3aMeleHus TpaHcdopmaTtopa U'y,

obmotku BH, B kB, mo ¢popmyne 49



31-0,41+17,1- 35,54

U’,=110,23- 2 -1075
110,3

Omnpenensiem HanpsbkeHue Ha mmrHax CH, npuBeaeHHoe k HanpsbkeHuto ooMoTku BH, B kB,

o popmyie 50

U'ss"107,5- 22041

=107,4 xB

i)
Omnpenensiem HanpspkeHue Ha mmHax HH, npuBenenHoe k HanpshxeHnio ooMotku BH, B kB, 1o
dopmye 51

11-0,41+5,9-10,33

U'y°107,5-
10 1075

=106,9

Onpenensem pacueTHoe HanpspkeHne Ha muHax HH npu ocHoBHOM oTBeTBiIeHMU 00MOTKH BH,
B KB, o ¢popmyne 52

Upacu 10= %ﬂo,% Kenaemoe nanpsprenue Uye,=10,2 — 10,4 xB

CoOTBETCTBYET JKETAEMOMY.

Omnpenensem nerictButenbHoe HanpspkeHue Ha mmHAX CH Uss peiier,, B KB, Mo hopmyie 55
107,4
35 peiier = ——— =39,9

)
Asaputinsiii pesxcum

OmnpenensieM HanpsDKEHNUE B HYJIEBOI TOUKe 3BE3/IbI CXEMBbI 3aMelieHus Tpancopmaropa U’y
oomotku BH, B kB, o ¢popmyie 49
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106

Omnpenensem Hanpsokenus Ha mHax CH, HH, npuBenennbie k Hanpshxennto ooMoTku BH, B
kB, no ¢popmynam 50, 51
30-0,41

U’ss ~101,5- =101,4 xB

U'0=10L,5- 15-0,41+8-10,33 1005
101,5

Omnpenensiem pacueTHoe HanpsbkeHue Ha muHax HH npu ocHoBHOM OTBeTBIIEHHMHM OOMOTKH
BH, B kB, no ¢popmyie 52

Upacu 10= %=9,6 Kenaemoe nanpspxenue Uy.,=10,5 — 10,7 xB



T.k. pacdeTHOE HANPSHKEHUE MEHBIIE KEJIAeMOr0, TO HeOOXOAMMO H3MEHUTH KO HUITHECHT

Tpanchopmaruu. Beibupaem oTBETBICHHUE.

OmpenernseM 4ncio BUTKOB peryiupytomei oomotku AW o dhopmyie 53

_9,6-10,6
11

AW -100=-9,1%

Bribupaem 15 orserBinenue PITH, K;,=9,5

Omnpenensiem neiictButenbHbie HAMPSHKEHUS U1 peiicr B U35 peiier, B KB, 10 popmymnam 54, 55

100,5
U110 neiicr= ——— =10,6. COOTBETCTBYET KEITAEMOMY.
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Ta6muma 1 - PerynupoBounsie otBerBinenus PITH (U=115 kB)

Mpuioxkenue

No Yucno 0 OTtHOCUTENBHOE 115 115 s
BUTKOB, % YHCII0 BUTKOB, %0 o §,5 m = ﬁ w =7

1 16,02 1,16002 3,46 20,22 12,12
2 14,24 1,1424 34 19,91 11,93
3 12,46 1,1246 3,36 19,59 11,75
4 10,68 1,1068 3,30 19,29 11,56
5 8,9 1,089 3,25 18,98 11,38
6 7,12 1,0712 3,199 18,67 11,19
7 5,34 1,0334 3,15 18,36 11

8 3,56 1,036 3,09 18,04 10,82
9 1,78 1,0178 3,04 17,73 10,63
10 0 1 2,987 17,42 10,45
11 -1,78 0,982 2,93 17,11 10,26
12 -3,56 0,9644 2,88 16,8 10,08
13 -5,34 0,9466 2,827 16,49 9,89
14 -7,12 0,9288 2,77 16,18 9,7
15 -8,9 0,911 2,72 15,87 9,52
16 -10,68 0,8932 2,66 15,56 9,33
17 -12,46 0,8754 2,61 15,25 9,14
18 -14,24 0,8576 2,56 14,94 8,96
19 -16,02 0,8398 2,5 14,63 8,77




Ta6muma 2 - PerynupoBounsie otBerBienus PITH (U=230 kB)

Ne Yucno | OTHOCHTENBHOE _ 230 _ 230 K - 230 _ 230
OTBCTBJICHU A BHE}:OB YHUCJIO BUTKOB mp 38’5 mp 11 mp 6 ’6 mp 121

1 12 1,12 6,69 23,42 39,03 2,128
2 10,8 1,108 6,619 23,17 38,62 2,105
3 9,6 1,096 6,547 22,92 38,2 2,089
4 8,4 1,084 6,476 22,61 37,68 2,059
5 7,2 1,072 6,404 22,42 37,37 2,036
6 6 1,06 6,332 22,16 36,93 2,014
7 4.8 1,048 6,26 21,91 36,52 1,991
8 3,6 1,036 6,189 21,66 36,1 1,968
9 2,4 1,024 6,117 21,41 35,68 1,945
10 1,2 1,012 6,046 21,16 35,27 1,922
11 0 1 5,974 20,91 34,85 1,9
12 -1,2 0,988 5,902 20,66 34,43 1,877
13 -2,4 0,976 5,83 20,41 34,02 1,854
14 -3,6 0,964 5,789 20,16 33,6 1,831
15 -4,8 0,952 5,087 19,91 33,18 1,808
16 -6 0,94 5,615 19,65 32,75 1,786
17 -7,2 0,928 5,455 19,4 32,33 1,763
18 -8,4 0,916 5,472 19,15 31,92 1,740
19 -9,6 0,904 5,4 18,9 31,5 1,717
20 -10,8 0,892 5,328 18,65 31,08 1,695
21 -12 0,880 5,197 18,4 30,67 1,672




Ta6nuia 3 - BennunHa >xeaeMbIX HaNpsHKEHUN

Usion, KB
MaxkcHuMalIbHbIN PEXKUM MuHUMAJIBHBINA PEKUM
U)KCJ'I, KB
6 6,3-6,4 6,0 -6,15
10 10,5-10,7 10,2 -10,3
35 37-39 35-36
110 121 -122 115-116
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