MunucrtepcTBO 00pa3oBaHus U Hayku Poccuiickoil dpenepannu

JIOHCKOM TOCYJapCTBEHHBIN TEXHUYECKUN YHUBEPCUTET

MeTtoandeckue yKazaHus

K Ha60paTOpHBIM 3aHATHUAM 11O JUCHUITIIMHEC

«HpO@KTPIpOB&HPIG QJIICKTPUYCCKUX ceTem»

PocroB-na-/{ony
AI'TY
2022



VK 621.311.1.016 (076.5)
Penensent n-p texd. Hayk H.M. L{pirynés

CocraBurenb: Xiaeounkos B.K.

Meronnueckue ykazaHus K J1a0OpaTOpHBIM 3aHATUSIM Mo gucuuiuinae «lIpo-
EKTUpOBaHUE 3eKTpuueckux cetrei» / JloH. roc. TexH. yH-T — PocrtoB-Ha-/lony:
AI'TY, 2022. — 64 c.

Hacrosimue ykazanusi comep:kar onmucaHue, HEOOXOIHUMbIE CIPABOYHBIC JIaH-
HBIE ¥ TIOPAJIOK BBIMOJIHEHUS TaO0OPaTOPHBIX paboT, MPEyCMOTPEHHBIX MPOTrpaMMOi
IucUUIUIMHbL «IIpoeKkTHpoBaHKE SIIEKTPUUECKUX CETEN.

[IpennasHaueHsl [JIs CTYJEHTOB OYHOM W 3a04HOW (QopM O0Oy4deHHs IO

HarpaBieHuro 140400 «DnekTposHepreTuka 1 3JIEKTPOTEXHUKAY.

© JloHCKOM rocynapCTBEHHBIN
TEXHUYECKUIN yHUBEpCcUTET, 2022

© Xneouukos B.K.



Conepxxanue
OO6mue ykazaHus
BapuanTel 3amanus
JIabopatopHas pabora Ne 1. [Ipumenenue nporpammbel RastrWin mist pacué-
TOB PEKUMOB MIPU MPOEKTUPOBAHUU DIIEKTPUUECKOM CETH .......u..n....
Jlaboparopnas pabota Ne 2. Pa3zpaboTka KOMIBIOTEPHON MOACIH JICKTPU-
YEeCKOM CeTH JIJIsl pacu€Ta HOPMATTBHBIX PEKUMOB. .. ... uueenneeeneeannennnen
JIaGoparopnas padota Ne 3. MojienupoBaHre HOPMAJIbHBIX PEXUMOB JJICK-
102 L2 (5160 X0 Z B 07
Jlaboparopnas pabora Ne 4. Pa3zpaboTka KOMIBIOTEPHON MOACIH JISKTPH-
YECKOU CETH JIJIsi paCYETOB PEMOHTHBIX PEIKUMOB MPU MPOEKTUPOBAHUH. . .
Jlaboparopnas pabora Ne 5. MoaennpoBaHre peMOHTHBIX PEKUMOB dJIEK-
TPUUYECKON CETH U pa3paboTKa MEPONPHUSTHI MO BBOY pEKUMA B JIOMYCTH-
1Y S L0 T &
JIaGopatopnas padota Ne 6. OnTuMHU3aLus pexxuMa MEKTPUIECKON CeTH
Jlabopatopnas padota Ne 7. OnTUMuU3a1us MOIIHOCTH U MECT Pa3MEICHUS
MUCTOYHUKOB PEAKTUBHOM MOIITHOCTH . . .. \vventeeneeenneeaneennneanneennnenneennns
JIabopatopnas padota Ne 8. [lokazarenu HaAEKHOCTH DIEKTPUUECKON CETU
220110 KB

[Ipunoxenue

23

27

31

36

42

47
52

60



OBIINE YKA3ZAHUA

Brinosnnenue nabopatopusix padoT nmo aucuuiuinae «lIpoekTupoBaHue 3iek-
TPUUECKUX CETEW» MPU3BAHO CIOCOOCTBOBATH YINIYOJICHUIO M 3aKPETUICHUIO 3HAHMIM
00 OCHOBHBIX NpHEMaX MPOEKTUPOBAHUS INEKTPUUECKUX CETEH, MOTYyYEHHBIX CTY-
JNEHTAaMH MPU TEOPETUYECKOM MU3YUEHUU JUCLUUTUIAHBI.

PaGoTbl BBIMONHSIOTCA C TPUMEHEHMEM MaTeMaTHYECKUX MOJENIEeH dJIeKTprude-
CKHUX ceTel U mporpammHoro komiiekca RastrWin ais [I19BM.

[Tpu BbIMONIHEHUH JTA0OPATOPHBIX PAOOT CTYAEHTHI 00s3aHbl COOMIOATH Tpe-
OOBaHUS TEXHUKHU OE30MaCHOCTU, 00ECIIEUYUTh COXPAHHOCTh 000PYI0BAHHS.

[locrne BBIMOTHEHUST OYEPEHOTO MYHKTA 3aJaHKsI HEOOXOIUMO MPEAOCTABIATh
[IPENIOIABATENIO €0 PE3YJILTATHI.

OT1uéT no kaxxaoi pabore JOHKEH OPOPMIISATHCS KaXKJbIM CTYI€HTOM B COOT-
BeTcTBUM co cTa”napramu [AI'TY u conepxarb HauMeHOBaHUE, LI€JIb pabOTHI, 3a/1a-
HHE, UCXOJIHbIE IaHHbIE B BUJIE TaOJUI] U CXEM, PE3yJIbTaThl IO Ka)XkKIOMY ITYHKTY 3a-

HaHUWs, aHaJINn3 PC3yJIbTAaTOB MOICIIMPOBAaHUA, BHIBO/IbI.

BAPUAHTDI 3AJIAHUA

Bapuant pabotbl 3amaércs mpernogaBarenieM (tadi. B.1). IpuHnmmnuanbHas
CcXeMa UCCIIeTyeMOM 3JIeKTPUYECKOM CeTH MmokazaHa Ha puc. B.1. OTa cxema ucnosb-
3YIOTCS TIPH BBITIOJTHEHUH BCEX JIA0OpaTOpHBIX padoT. Ha mpuHIMNUansHOM cxeme
(puc. B.1) nynktupoM nokasansl 3anpoektupoBaHHble JIDIT u noncranuuu (I1C),
CIUIOIIHBIMU JIMHUSIMU — CYIIECTBYIOIIUE K Hayaldy MPOEKTHOTO MEPUOAa 3JIEMEHTHI
cetu. HomuHansHbie MolHOCTU TpaHnchopmaTopoB HOBbIX [IC ompenensitoTcs CTy-
JICHTaMH B 3aBHCHMOCTH OT MakcuMaibHOU Harpy3ku I1C (ta6xn. B.1). Huciio gacos

UCIIOJIb30BaHUSI MAKCUMAJIbHOW Harpy3Ku ceTu Tmax MpUBeAeHO B Tabi. B.1.
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Puc. B.1. IlpunnunuanbHas cxema IpOeKTUPYEMOU ANEKTPUUECKON CETH
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bazucno-6anancupyronum y3inom (BY) B cxeme 3ameneHust CeTu SIBISETCS

y3en Homep 201 — muHbl anektpoctaniuu OC. Hanpsikenue B bY npunATO pas-

HbpIM 1,1U T.€. 242 xB.

HOM ?

Tabnuua B.1. — BapuaHThl MakCHMaJbHBIX Harpy30K MPOEKTUPYEMBIX MOJCTaH-

1107041

HOMep Tmax, T1C-1 HC'2 HC'3

BapuaHTa 9 Prmax, Qmax, Prmax, Qmax, Pmax, Qmax,
MBt MBgap MBT MBaap MBrt MBaap

1 5600 61 40 39 25 18 12

2 4500 61 34 30 17 14 8

3 4800 40 26 63 41 6 4

4 5300 56 38 44 29 7 5

5 5100 59 40 29 20 16 11

6 5000 50 31 34 21 18 11

7 4900 57 32 29 16 10 5

8 4700 66 47 17 12 19 14

9 4600 55 37 24 16 19 13

10 5200 29 21 64 47 10 7

MOoIHOCTE KaXK0ro TpaHnchopmaTopa MPOSKTUPYEMBIX MOACTAHIINI BbIOH-

paercs mo JaHHbIM Tabs. B.1:

Sy =(0,65+0,7)S

rae Sy, — MOLIHOCTb OJHOTO TpaHchopMaTopa;

max

(B.1)

Smax — MakcuMallbHas Harpyska nojacranuuu, MB-A, kotopas onpenenser-

cs 1o hopmyiie

2 2
Smax = \/Pmax + Qmax -

Benuuuna STp OKpYyTIIAETCS 0 Onrpkaiiiei 0obleli HOMUHAIBHOW MOIITHOCTH.

[TapameTpsl TpancPopMaTOPOB MPUBEIEHBI B IPUIIOKECHUH.

(B.2)

Harpy3ku Ha mmHax CymecTBYOMUX NOACTAHIIUMN SBISFOTCS OJIMHAKOBBIMHU

BO BCEX BapHaHTax pador (tadu. B.2).

Tabnuna B.2. — MakcumanbHbIe HATPY3KH CYIECTBYIONUX MOCTAHITUN

MomHOCTH TIC-A, TIC-B, TIC-B, IIC-B, I[IC-I"
Harpy3ok

muesl 10 kB | muaer 35 kB muHel 10 kB | muasl 10 kB | muaer 10 kB
Pmax, MBT 110 15 10 80 90
Qmax, MBap 70 10 5 50 60




JlaGopartopnas pa6ora Ne 1
IMPUMEHEHUE ITPOI'PAMMBI RASTRWIN JIJISI PACUETOB

PEXKMMOB ITPH ITIPOEKTUPOBAHUHY DJEKTPHUECKOMN CETH

Llenv pabomwi: OcBOEHUE OCHOBHBIX MPUEMOB PabOTHI C MPOrPAMMHBIM KOMILIEK-

com RastrWin.

N o g B~ w

3aganue
O3HaKOMUTHCS C HA3HAYEHUEM M COCTABOM MPOTPAMMHOTO KOMILIEKCa
RastrWin.
N3yuuTth mopsiioK MOATOTOBKM MCXOTHBIX JIAHHBIX JJIA pacyéTa YCTaHOBHB-
IIETOCS PeKUMA.
OcBOUTH OCHOBHBIC MPUEMBI Pa0OTHI ¢ UHTEPPEHCOM TTPOTPAMMBI.
BBectu ncxoHble JaHHbBIC B MPOrpaMMHBIN Komiuieke RastrwWin.
BrImoaHuTh pacué€T pekuma 3IeKTPUIeCcKoi CeTH ITPU HOPMAJIBHOM cXeMe.
BBITTOTHUTE KOPPEKITUIO UCXOTHBIX TAaHHBIX TIpH OoTKIroueHun JIDII.

BrinmonHuTh pacdéT pexxnma s PEMOHTHOM CXEMBI CETH.

Meroauueckue ykazaHUs
Obwue ceedenusi o npoepammuom komniexce Rastrwin

[TporpammusIid komIuteke RastrWin ucmons3yeTcst Uit pemeHus 3a1a4 pac-

4yéTa YCTAaHOBUBIIUXCS PEKUMOB DIJICKTPUUECKUX CETEH, ONTUMHU3ALUUU PEKUMa

JJIEKTPUYECKON CETH II0 KPUTEPUIO MUHUMYMa IOTEPh AKTUBHOM MOIIHOCTU IpHU

Bapuaru KodhdunmeHToB TpaHchopmaruu TpPaHCPOPMATOPOB M PEAKTHBHOMU

MOIIHOCTH MCTOYHHUKOB.

[Tporpammusiii komiuieke RastrWin paspaboran Ha kadenpe « ABTOMaTU3H-

POBAHHBIC JJICKTPUYCCKUC CHUCTCMBI» ypaJIBCKOFO MMOJIUTCXHUYCCKOIO MHCTHUTYTA

(aBTop Heylimun B.I'.) 1 mupoko npuMeHsieTcsl B TEXHUUECKUX CITYX)0ax dHEpro-

CUCTCM H IMPOCKTHBIX OPraHU3alHiaX.
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B nannoii nabopatopHoil paboTe UCIONIB3YETCS TEMOHCTPALIMOHHAS BEPCHS
RastrWin, B kotopoil HemoctynHa (yHKIHS coxpaHeHus ¢ailioB B ¢opmare
RastrWin na nuck.

OCHOBHBIMH 3JIEMEHTAMU KOMILIEKCA SIBIISIFOTCS :

- TaOMWYHBIA MpOLIECCOp, MO3BOJISIONINI BBOJIUTH, KOPPEKTHUPOBATH U
COXpPAHATh UCXO/JHbBIC JaHHBIE U PE3yIbTaThl pacu€éToB B opme Tald-
JINLL;

- rpaduyeckuii Tpoleccop, NpelHa3HAYCHHBIA i1 TpaduuecKkoro
O0TOOpa)KeHUs pacYETHON CXEMbl U PEXKUMHBIX MapaMeTPOB;

- 0a3a JaHHBIX HCIOJIb3yeMas JJId XPaHEHUS HUCXOJHBIX U PACUETHBIX
JAHHBIX, OTMHMCAHUS COCTaBa U CMOCO0a MPENCTaBICHUs JaHHBIX IS
M0JIb30BAaTeJIs.

MaremaTudeckasi MOJI€JIb YCTAHOBUBIIETOCS PEXUMA IIEKTPUUECKON CETH,
MIOJIOXKEHHAs! B OCHOBY KoMILIekca RastrWin, mpenacrapiseT co0oi ypaBHEHHUS Y3-
noBeIxX HanpspkeHudt (YYH) B popme Oananca MoliHOCTH

UY, 0+ i UY, 0, = 8,0 - U Y0, i=12,..n (L1)

hi
rae Ui- — BEKTOP HaIpsHKEHUS B { -M y3JI€ CETU (Ui- = e/ 'Si);
Uk — BEKTOP HamnpspKeHus B kK -M y3Jie ceTu (U;E = U, /% );
tf;, — BexTop Hanpsvkenns B BY (U = Uy);
Syi— y3II0Bas MOII[HOCTD i -TO y3I1a
(S (V) = Sres — Suearps = (W) + j@,,(U})), 3aBucsimas ot HanpsokeHus 51010
y37a;

L — YUCJIO HC3aBUCHUMBIX Y3JI0B B CXEMC,

T ELE
;- cobcTBeHHas mpoBoauMocts y3na § (Y = Gy + jBy, = Ve & h‘))'

Y

Y, — B3aMMHAas IPOBOAMMOCTE y3II0B £ U K
- HEe)

Yy = Gy + jByy, = Ve /\a71);

Y;£ — B3auMHas POBOIUMOCTD y371a { 1 OaJaHCHPYIOIIETO.
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-

CumBon B (l.1) o3Hauaer conpsKEHHYIO BEIMUUHY.

B nonsipaoii cucteme xoopauHat (Moaynb, yron) YYH (1.1) nocne paszne-
JICHWsI Ha JEHCTBUTEIBHYIO U MHUMYIO YaCTH PUMYT CIESAYIOUINI BUI
P (U — G, U7 + Zikea; Uy Uy Yygsin(8; — 8, — ) =0, t=1,2,..,n,(1.2a)
Qyz(Uz) - Biia'Ua'E T
ik €4; U, U, Yipcos(8; —

Oy, —¥u)=10
i=12,..,n,(1.20)

rie 4, — MHOKECTBO HOMEPOB Y3J10B HEMIOCPEICTBCHHO CBSI3aHHBIX C Y3JIOM I.

Cuctema HenuHelHbIX ypaBHeHui (1.2a), (1.206) pemaercs merogom Hpro-
ToHa-Padcona.
3amyck nmporpammbl Rastr\Win ocyimecTBiisieTcsi OOBIYHBIM CIIOCOOOM U3 Ka-

tayora RastrwWin (puc. 1.1).

f® Rastrwin241 _[O] ]

®aAn Mpaeka Bua WsbpaHHoe Cepeuc Crpaeka | *
@ Hasag v O v ¥ ?E > Mo KoMMBtoTep *  JlokaneHewt amck (0:) » Ouck EHG » RastWin241 » - I 4|
2 ma ~ | Pasmep | Tun ViaMeHeH | B
3apaw Ana $ainos vimanok 2 12IDbgStart.dl 140 KB KOMMOHEHT MpMnoKeHma 24.09.2009 11:53
’ ” [Hend.rbs 1KB ®alin "RBS" 23.06.2004 13:16
‘%ﬂ MepeiieHoBaTh dakin [Blfletypes 4KB VBScript Script File 03.08.2006 11:31
& MepemecTuTb daiin [= fromcDU.rbs 2KB ®aiin "RBS" 10.06.2008 11:16
0 KormposaTk daiin (Bl graph.di 640 KB  KOMMOHEHT MpMAOKeHIA 23.12.2009 12:06
@ OnynvkosaTs dalin e sebe EJ INSTALL 10KE TeKcToBbIA AOKYMEHT 27.03.2013 15:50
&) OTrPaBNATL STOT dalin Mo [¥]Language.dll 348 KB KOh:lI’lOHeHT MpUAoKEHMA 23.12.2009 12:05
SMEKTPOHHOM MovTe @LCOM.CHR 12KB ®aian "CHR" 18.05.1991 9:00
3 ELT.CHR & KB ®aiin "CHR" 09.11.1994 16:46
X YpamTe daitn (¥ mkaveso.di 136 KB KOMMOHEHT MpMAoseHmna 13.03.2008 11:42
[SIMSVCRT.DLL 289 KB  KOMMOHEHT MpMnoeHma 27.06.1999 2:00
X (%] oldfil.dl 440 KB KOMMOHEHT MpMAOKEHIA 23.12.2009 12:06
Apyrve mecta o] pro_info 1KE KMP - MPEG Movie File 27.03.2013 16:40 —
) OMeKE H6 FRar 270 KB TMpunoxeHme 14.05.2002 18:20
7 Prastrwin 4052KB  CROMMMMMPOBaHHLIA HTML-ba...  25.12.2009 17:33
&3 Mo aoKymerTel 3R astrWin 1796 KB MpunoxeHie 25.12.2009 12:08
) OBLume AOKYMEHTLI [Hrastrwin.ss 3KB daiin "Ss" 10.10.2006 16:57
4 Moit KoMnstoTep T CREGSVR32 37 KB I‘lpmnometime . 08.01.1999 15:57
&) Ceteroe oKpyKerme reset 1KB MakeTHbIn dan MS-DOS 10.12.2009 11:15
[Elrtdserver 284 KB TMpunoxeHme 07.12.2009 11:39
[~ =i B o e e A =
[OnmcaHme: Rastrwin Bepcua dalina: 1.70.54.1 lata cozgaHma: 25.12,2009 12:08 Pasvep: 1,75 MB [1,75 MB [3! MO KOMMBKOTED 7

Puc. 1.1
[Tpu mosiBeHMM cooOMImIeHNs «3alMTa OT KOMUPOBAHUS» IIEIKHUTE JICBOH

KHOITKOH MBITIKH 110 kKHomke «OK» (puc. 1.2).
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OTCYTCTEYET AMUEHZUS Ha

pasoTy c nporpamMMoi
Rastin/Bars/Lincor |

[ns nonyyYeHUs NMUEH3UK Gancel |
3BPErUCTRUPOBEHHEIM

nonszoearenam - Help/ O

nporpaMMe

Puc.1.2

2. [loocomoska ucxoOnvix OaHHBIX OISl PACYEMA YCMAHOBUBULELOCS PENCUMA
[Mepen mavanom pabotsl ¢ RastrWin meoOxomumo chopMHUpPOBATH JTaHHBIC
00 y3/1ax M BETBSX pacdy€THON cxeMbl. VICMONB3YIOTCSA TPHU THUIIA OTMMCAHUS Y3JIOB

cetH (Tabm. 1.1).

Tabmauma 1.1. — Tuns y3110B B komiutekce RastrWin

Hano Haiitu Tun y3na
P;, G U, &, Harpy3ounslii uiu npomexxyTounbiid, PQ-tum
., 8, P, aQ, banancupytromuii, Ud-tun
P;, U, @, & WneansHb1i reHepatop, PU-tum

Jluauu snexTpornepenaun npeactapistoTces [1-o0pa3sHbIMH cxemamMu 3ame-
HICHMS, IBYXOOMOTOUYHbIE TpaHCPopMaTopsl — ['-00pa3HbIMU cxemamu, TpExoOMo-
TOYHBIE TpaHC(HOPMATOPHI U ABTOTPAHC(HOPMATOPHI — TPEXITYUEBON 3BE30M.

[Tpu MOATOTOBKE MCXOMHBIX TAHHBIX HEOOXOIUMO BBIIIOJHUTH CIEAYIOIIEE:

e HapucoBarh cxemy 3aMelIeHUs] CETH C YKa3aHWEM BCEX Yy3JIOB U BET-
BEH.

e [IponymepoBaTh BCE Y3JbI CXEMBI 3aMEIICHUS CETH, BKJIIOYAs BCE
IPOMEKYTOYHBIC Y3IIbl. ¥Y3JIaMU SBIISIOTCS COOPHBIE IITMHBI JIEKTPO-
CTaHIMI M TIOJCTAHIINNA, TOYKH TMOJKITIOYCHUS TEHEPAaTOPOB, HATPY-
30K, TOUKH OTBETBICHUS JIDII, mpomMeKyTOUHBIE Y37IbI CXEM 3aMeNle-
HUS TPEXOOMOTOYHBIX TPaHC(HOPMATOPOB M aBTOTPaHCHOPMATOPOB.

Howmep y3na nomkeH ObITh YHUKAJIbHBIM YHCIOM B JUamna3oHe oT 1 1o
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32000, ckBo3Has HymMmepauus HeoOs3aTenbHa. lJisi MpOCTOTHl OPUEH-
Talldd B CXEME, y3JIaM, OTHOCAIIUMCSI K OJTHOMY OOBEKTY, 11€J1IeC000-
pa3Ho aaBaTh noxoxkue Homepa (7, 17, 107, 1007 u 1.1.). BeiOpanHbie
HOMeEpa y3JI0B CJIEIyeT HAHECTHU Ha CXEMY CETH.

e Jlns KaxXIoro ysja ONpENeNuTh €ro HOMHHAJIBHOE HANpSKEHUE U
HAHECTH Ha CXEMY.

e Jlns xaxmoro ysna Harpy3ku (PQ-Tuin) ompenenuts akTUBHYIO U pe-
AKTUBHYIO MOIITHOCTH MOTpeOsieHus. Eciu ucXoHble TaHHbIC 3a/1aHbl
AKTUBHOW MOIITHOCTBIO M COS (), — PAaCCUUTATh PEAKTUBHYIO MOIII-
HOCTb.

e ISl Y3JIOB C CHHXPOHHBIMU MaIlliHAMU (T€HEPaTOPhl, KOMIIEHCATOPHI)
OTIPENICNIUTh AKTUBHYIO MOIIIHOCTh T€HEPAINH, TPEICIIbl PETryIupoBa-
HUs peakTUBHON MOITHOCTH (Qmin — Qmax) ¥ 3a1aHHBIN (PUKCHUPOBAH-
HeIil) (Us; ) Momyns HanpspkeHus. OCOOSHHOCTH 3aJlaHUsl MCXOIHBIX
JAHHBIX JUISI TAKUX Y3JI0B OOBSICHSIOTCS IEMCTBHEM PETYISITOPOB BO3-
OyxneHnust cuHXpoHHBIX MamuH (CM). O6sruH0 CM moanep>kuBaer
HEU3MEHHBIM MOJYJIb HANIPSDKEHUS Ha IITMHAX BBHICOKOTO HAIPSKEHUS
(3a TpaHchopMaTOpPOM) MJIM Ha IIMHAX TC€HEPATOPHOTO HAIPSIKCHUS
3a CYET pEryJMpOBAHUS PEAKTUBHOM MOIIHOCTH, BblIaBaeMoii CM.
MuHuManpHasi peakTUBHAsT MOIIHOCTE Qmin COOTBETCTBYET COS (¢ =
0,96, a makcumanpHas, Kak npasuio, cos ¢ = 0,85. B xone pacuéra
pexknma RastrWin koHTponupyeT peakTHBHYIO MOIIHOCTh W TIPH
HapYIICHUU OJTHOTO W3 3a/IaHHBIX MPEETIOB GUKCUPYET PEAKTHBHYIO
MOIIHOCTb Ha €r0 3HAYEHUU U OCBOOOXKIA€T MOIYJIb HAMIPSKEHUS.

e [Ipu Hamuuuu B y3Jie IIYHTOB Ha 3€MJIt0 — 0aTapen CTaTUYECKUX KOH-
nencaropoB (BCK) wiu myntupyromux peakropos (IIIP) — onpene-
JIUTh UX TPOBOJUMOCTH (B MKCM) M HAHECTHU Ha CXEMY.

o Jlnsg nunuii snektponepenaun (JISII) ompenenuts mpoaoibHOE CO-

IPOTUBJICHUE U MPOBOJUMOCTb Ha 3eMIIIO (MPOBOJUMOCTD 3aA4aéTCs B
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MHUKPOCHUMCHCAX U EMKOCMHbIL xapakmep ompascaemcs 3HaKoM Mu-

HYC).

e Jlns TpaHCOPMATOPOB OMPEACTUTh colpoTuBieHne R + jX, mpuse-

NEHHOE K CTOPOHE BBICOKOTO HAIPSHKEHHUsS, MMPOBOAMMOCTh IIIyHTa Ha
seminro G + JB u xoaddunment tpanchopmaiuu, paBHbIA OTHOIIIE-
HUIO HU3IIEr0 HOMUHAJIBHOTO HAIPsDKEHUS K BBICIIEMY (TakuM o0pa-

30M, K03 puieHT Tpanchopmaii OyJIeT MEHbIIE eIMHULIbI).

e AgtoTpaHchopmaTopbl U TPEXOOMOTOUYHBIE TpaHCHOPMATOPHI MpE-

CTaBUTH MO CXCMC 3BC3J1d C IMPOMCIKYTOYHBIM Yy3JIOM U TPEM:A BCTB-

MU, IBC U3 KOTOPbLIX HUMCIOT KOG)(l)(l)I/IIII/IeHTLI TpaHC(i)OpMaIII/II/I.

® HpI/I HaJIMYUMU B CCTU TPYIINBI IIAPAJICIBbHBIX JIMHUMN JKeJlaTeJIbHO

IMPpUCBANBATDH Ka)KHOﬁ 13 HUX CBOM HOMCDP B I'pYyIIIIC.

e OmnpenenuTh HOMEP OATAHCHUPYIOIIETO y37a U MOJYJb €ro HampsbKe-

HU.

[Tpumep pacu€THOM cXeMBbI MOKa3aH Ha puc. 1.3.

$1=60+j36 e
- -0.526
Us=238KB  Z,,=3,38+/18.9 l Zn=0,30415.2 ™7 S,1=80+/48

U,=110 kB

Uy=220 KB oy

. L T
- | (S]] e >

Yn=5.64-j486
Yi=4.76+{37.8

Al ;

6.0+j20.25

YcnoBHble 0603HaveHus:

- Homepa y3108 pacyETHOM CXeMbl

Zny

-g------- NonoxutenbHoe HanpasneHue BeTen

U,=110 kB

(1]

Sh3=50+j25
'

Zns=9,96+)17.08

U,=110«B

Pnc.1.3
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3. B600 ucxoouvix oannwlx 6 npoepammusiii komniexc Rastrwin
[Tpu 3arpy3ke RastrWin B 1eMOHCTpPallMOHHOM PEKUME B COOTBETCTBHU C

ykazanusmu 1.1 (puc. 1.1, 1.2) nosiBUTCS 0KHO, MOKa3aHHOE Ha puc. 1.4.

i 3arpyxeH WasnoH pexum.rg2
i) 3arpykeH wasnoH rpadguka.gr
+4) JarpykeH wasnoH cedenus.sch
1) JarpykeH WaGnNoH TPEeKTOpUS YTHKeNeHUA.UL2
i) 3arpykeH WasnoH KOHTP-8 BeAWUMHLLKpr
i/ JarpykeH wasnoH AHUaNGL.anc
3arpykeH wasnoH rpaduka-paioHe.gra
EEWIREEH O mporpamme...
i Jarpyxet
1) 3arpyker C ]

©

Rastiwin 2.40.1.1
(c) Copyright Viadimir Neyimin
Ekaterinburg Russia
+7(343)362-92-57
hittp:ffwa. rastrwin.r

Koo oprasmzaumn  ([KEEE

MonezoBartens IBna,uuMMp XneEHUKOB

byrkuma | Craryc | AktueHa oo

MuueHaKua He Nony4eHa MonyunTe NUUEHZWR...

Puc.1.4

IénkuuTte MeBOM KHOMKOM MbIKH 10 KHOMKe «OK» 1 3akpoiite mpoToKo
3arpy3ku 1mabinoHoB. B BepxHeit yactu okHa «Rastr-» pacmonaokeHo riaBHOEe Me-
HIO, coJepikaiiee clienyromue nyHKTbl: «Palaby, «Pacderbl», «OTKPBITHY,
«Tabaunuay, «I'padukar, «OxHay, «Helpy».

[lepen BBOIOM mapamMeTpOB HOBOW cXeMbl BbiOepeTe B MyHKTE «Dailiabi»
noanyHKT «HoBbrit». [losBurcs okHO «OTKpbITH HOBBIN (paitin HoBblil», B KO-
TOPOM HEOOXOAMMO OTMETUTH TATOYKON MO3UIIUI0 «PEeKUM.IJ2»1 HaKaTh MBIIII-
kot Ha «OK».3aTem BbiOepuTe B MyHKTE «OTKPBHITHY» MOANYHKT «Y3JbI» U €I
pa3 «¥Y3ably». [TogBUTCS OKHO «¥Y3JIbD» JUTsl BBOJIA JaHHBIX 00 y31ax ceTu. B myHK-
Te «OTKPBITH» BbiOepuTe NOANYHKT «BeTBU» 1 emié pa3 «BerBu». B pesynbrare
Ha 3KpaHe OynyT pa3melleHbl JBa okHa. llepeBenute oxkHO «Rastr» B momHo-
SKpaHHBIA PEKUM M PACTIHUTE OKHA «Y3JbI» B «BeTBH» TakK, 9TOO0BI OBLIN BHIHBI

BCE KOJIOHKHM TaOJIHIL.
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Beeaute undopmaruio o0 yznax cetu. l[énkHuTe 1€BOM KIIaBUIIEH MBIIIKU

10 KHONKE «/[00aBUTH» U3 MaHEIU WHCTPYMEHTOB, PACIIOJIOKEHHON HUKE IJIaB-

HOTO MeHI0. B okHe «¥Y3iab» («BeTBU»)NosSBUTCS o4yepeaHas CTpoKa Jjisi BBOJA

nanHbiX. LEnkHUTE N€BOI KHONMKOW MBIIIKHU B Tojie cToyidna « Tum» u BeiOepure

U3 NOSABUBIIETOCS CIKUCKA TUIl y3na: baza, Haep, I'en I'en+, ['en-. Jljis ipocTen-

IIUX pacdy€TOB JOCTATOYHO MCIOJB30BaTh TUIBI baza, Haep. CIMCOK OCHOBHBIX

napaMeTpoB y3J0B J1aH B Ta0d. 1.2.

Tabnuua 1.2. — ITapameTpsl y370B ceTH

O OtmeTka y37a i1 COPTUPOBKH, BHIOOPKH U JIp.

S Cocrosinne y3ia (BKIHOUEH WA OTKIFOYEH )

Pation Howmep paiiona, K KOTOpOMY OTHOCHUTCS y3€J

Homep Howmep y3na o cxeme 3amenieHus

N _cxH Homep cratnueckoil XxapaKTepUCTUKH HArpy3Ku

Ha3zBanue Ha3zBanue y3na

U Hom HomunansHoe Hanpsbxkenue, kB

P n QH MomnocTs Harpy3ku, MBT, MBap ans y3na PQ-tuna

Pr,Qr MomnocTts reHepanuu, MBT, MBap mis y3na PQ-
THUIIA

Q_min, Q_max, V_31 | [Ipeaenbl reHepaiy peakTUBHOW MOIIHOCTH, 3aJiaH-
HOE HamnpsikeHue s y310B tuna PU-tun

G _mr, B_mr [TpoBoaumocTs IIIP unu BCK, MmxCMm

V, Delta s BY 3anmannoe Hanpspbkenue npu Delta=0

HpHMeanI/IeZ }KI/IpHHM H_IpI/I(l)TOM BBIACJIICHBI MUHUMAJIBHO HCO6XOI[I/IMI>IC JaHHBIC.

Jns BBOJa AaHHBIX 00 y3JI€ CEeTH ABAXKbI IMIEIKHUTE JIEBOM KIIaBUILIEH

MBIIIIKH B II0JIC JaHHBIX. [TosiBuTCS T10J1€ BBOJla U KapCTKa. BBCI[I/ITC HGO6XOI[I/IM06

YHUCJI0, OTHEIISIS APOOHYIO YacTh TOYKOU. [[00aBbhTe CIEAYIONIYIO CTPOKY ISl OUe-

PEIHOro y3Jia ceTH. Beera MOKHO BEpHYTBHCS K paHEE BBEIEHHBIM JAHHBIM U W3-

MCHUTD UX, ABAXKAbI I]_IeJIKHYB JICBOM KJIQBUIIICH MBIIIKH B I10JIC JaHHBIX.
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[Ipumep 3amonHeHus AaHHBIX 00 y37ax Juisl cxeMmbl puc. 1.3 mpuBeaéH Ha

puc 1.5.
E"i Rastr- - [V3nbi1] !E m
|| oaine Pacuerh OTKpbITb Tabniua padwka OkHa Hep ==l x|

D RSE FEIDF | hh% MEED % > fE €0 d Rk |2

Basa 6 Cl 220 238 2 200 238
Harp 5 NCT1 BH 220 = 60 36

Harp 4 NCT1 CH 110 Bl

Harp 3 MNCT2 HH 10 Bl 30

Harp 1 NCT3 BH 110 Bl

Harp 2 MCT2 BH 110 [ |

Puc.1.5

AHaJIOTUYHbIC JEUCTBUS BBIOJHAIOTCS MPU BBOJAE JIAHHBIX O BETBSIX B OKHO
«BetBu» (1abn. 1.3). IlepBoHauanbHO B cronbmne «Tum» MOSBUTCS HAIMUCH
«Bpixny. He obpamaiite Ha 3TO BHUMaHHs, BBEJIUTE BCIO MH(OPMAIUIO O BETBH.
Ha3BaHne BeTBM MOSIBUTCA aBTOMATHYECKU NP BBINOJIHEHUU pAacy€Ta WM Mepe-
KIIIOYEHUHU B OKHO «Y3JIbD» U 00paTHO.

B Tabnuue oxkna «BeTBu» 10 yMOJIYaHUIO OTCYTCTBYET KOJIOHKA JJIsl BBOJA
JNENCTBUTENIBHON COCTABIISIIOLIEH TPOBOJAMMOCTH BETBH Ha 3eMJito. s Toro, yro-
OBl BCTaBUTh TaKyl0 KOJOHKY HEOOXOIMMO BBHITIOJHUTH CIEAyoIIee. Y CTAHOBUTE
Kypcop Ha moJie 3arojioBka «B» u ménkuurte npaBoil KHOMKOM Mbld. TlosBUTCA
BCIUIBIBAIOIIEE MEHIO, B KOTOPOM BbiOepuTe KoMaHay «BceraButh mo». [losButcs
OOIIMPHBIA CHUCOK HAUMEHOBAHWHN JOIMOIHUTENbHBIX cTONONOB. IEnkHuTe 1O
CTPOKE CITMCKA, B KOTOPOH yKa3zaHa «IpOBOAMMOCTh Ha 3emiito MKCM Gy (mepBas
CTpOKa cIricka). B pesynbrare 3THX neicTBUil B OKHE «BeTBH» mepen cToioiom
«B» mosiButcsa cronbern; «Gy». Tak MOxXHO cPOpMUPOBATH MOCIIENOBATEIHLHOCTD
JAHHBIX IO CBOEMY YCMOTpeHUIO. [Iprmep 3anosiHeHUsT JaHHBIX O BETBSAX MOKA3aH

Ha puc. 1.6.
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Tabmuua 1.3. — ITapameTrpsl BeTBeil ceTn

O OtMmeTKa BETBH JI1 COPTUPOBKH, BHIOOPKH U JIp.

S CocrosiHre BEeTBH (BKJIIOUEHA WJIM OTKIIFOYEHA)

N_nauy, N_kon Howmepa y310B, orpannunBarominx BeTBb. [ TpaHc-
dbopmatopa (aBToTpanchopmaropa) N Hau — HOMED
y3i1a Ha ctopoHe BH.

N_n Howmep BeTBH B TpyIie napajuieIbHBIX BETBEH

R, X [IpononbHBIE CONTPOTUBIEHUS BETBU, OM

G,B [TpoBogumocTu Ha 3emito, MKCMm. st JIDIT ob6mras
npoBoauMocTh [I-o0pasznoii cxembl (B<0), s
TpaHchopMaTopa MpoBOAUMOCTh B ['-00pa3HoO# cxeme
(B>0)

K 1/r, K_1/i Jle#icTBUTEIbHAS M1 MHUMAs COCTaBIsAomue Kodhdu-
nueHTa Tpancopmanuu. OOs3aTeNbHA )i BETBU
tpanchopmaropa (K_1/r<1)

| _mon JlonmyCcTUMBIN TOK, A

HpI/IMe‘IaHI/Iei }KI/IpHBIM IHpI/I(i)TOM BbIJACIICHBI MUHHUMAJIBHO HGO6XOI[I/IMI)IC JaHHBIC.

FﬁRastr— - [BetBI]

J%_\ Qalinel  PacdeTbl OTKpbITb Tabmmua [paduka OkHa  Help

Nl —= = N Ol

W N RO

[OcHSE | FEIR T hnsd AERD % > f<d @44 Rt

MCT1 BH-C1 338 1889 -486
MNCT2 BH-NCT1 CH 6 2025 -141
MNCT3 BH-NCT1 CH 11.88 252 -162

MNCT3 BH - NCT2 BH 996 17.08 106
MCT1 BH-NCT1 CH 0.3 152 378 0526
MNCT2 BH-NCT2 HH 0.7 1735 393 0.091

Puc.1.6

PYKOBOI[CTBYHCB CBCACHUIAMU, HpI/IBeI[éHHBIMI/I B O3TOM IIYHKTC MCTOAMYC-

CKHX YKa3aHHﬁ, BBCIUTC JAaHHBIC 00 Yy3JaX U BCTBAX BAICT O BapHaHTa 3aJaHMA.
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Umoowl_coxpanump dannvle 8 ghaiine 1 NOCIEAYIONEH paboThl BHIOEPH-

T€ B IIYHKTE IJJaBHOIO MEHIO «PalJIbD» MOAMYHKT «IKCIHOPT», a 3aTEM YKAKUTE
«IAY». IlosiBUTCS AManoroBoe OKHO BhIOOpA Manku u ¢aisa s BalluX JTaHHbBIX.
CoxpaHuTe AaHHbIE, HapuUMep, oA cBoel damwmnueit. J[1g mociaeayromero mc-
MOJIb30BAaHUSI COXPaHEHHBIX TaKUM 00pa3oM JaHHBIX mociie 3arpy3ku RastrWin B
MyHKTE TJAaBHOro MeHI «®aiiabl» BbiOepuTe noanyHKT «HAmmopT», 3ateM
«IAY» u HaliguTe cBoi (haiis. 3arpy3uB (ailn U 3aKpbIB MPOTOKOJI 3arpy3KH, BbI

CMOKCETC MMPOIOJIZKUTDH pa60Ty 110 pacqéTy pEKrMa CCTH.

4. Pacuém peosicuma 31eKmpudeckoll cemu npu HOpMAaibHOU cxeme
[Tocnie BBOAa JaHHBIX 00 Yy3JIaX M BETBSIX CXEMbI MPUCTYNHUTE K pacuéry mna-
pamMeTpoB pexuma ceTd. B rimaBHOM MeHIo BbiOeputTe B myHKTe «PacueTbDy moj-
nyHKT «KOHTpPOJIB». DTO MO3BOJUT MPOBEPUTH MPABUIBHOCTH 3aMOJIHEHUS Tal-

Jun ¢ KCXOJHBIMH JAaHHBIMH. IIpu O6HaDV}K€HI/II/I [01115(810) S Y3€J1 WK BETBb, COACP-

Kalmue OIIII/I6KV., OTKJKYAKTCA OIPOrpaMMOil aBTOMATUYSCKH. YCTpaHI/ITC 3aMcya-

HUA II0 IMMapaMeTpaM Y3JI0B U BCTBCﬁ, 3aIllMCAHHBIC B IIPOTOKOJI, 1 BPYYHYIO BKJIIO-

YUTE OTKIIOYEHHBIC MPOrpaMMoOil 3JeMeHThI ceTu. [lepexonute k BEIOOpPY pacyET-

HBIX KOHCTAHT IporpamMmbl. B mynkTe «PacueTnl» BoiOepute moanyHkT «Ilapa-

MeTpbl...», a 3aTeM «Pexkum» (puc. 1.7).

F{. str- - [Pexxim]

;}- dalinel  PacueTel OTKpbITe Tabmiua [lpaduka OkHa Help

TouHoCTk pacHeTa (dP)
MakcumansHoe Yneno uTepaumia (11) 20
CrapToBeld anropuTm (Start) Oa

Mnockui cTapT (MNN.cTapT) Het

Makc. gonycTtumoe cHibkeHue V (dv-) 0.5

Makc. gonycTumoe npeselleHue V (dv+) 2

Makc. ponycTumel yron no cedasu (dDelta) 90
CocToAHWe pacqeTa pexuma (CTaTyc) HopmaneHo
YUeT 4acToThl : (W) Het
OTKNOHeHWe YacToTel (dF) -16949084117
MepecunThiBaTh PQ y3nano Pred (leH-> Ja

Puc.1.7
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[TepBonauansno «Tounocte pacuéra (dP)» ypasuenuit (1.2a), (1.20) co-
craBisier | MBT. Beimonnure cepuro pacu€roB pexuMma, MOBBIIIAsA TOYHOCTh pac-
yéta 10 0,1 MBT. Ouenure BIUsIHUE 3TOr0O MOKA3aTelisd Ha PE3yJibTaThl pacuéra
HaMpsDKEHUU B y3JIaX CETH.

3amyck pacu€ra YCTaHOBUBILIETOCS pPEKHMa OCYIIECTBISAETCS KOMaHAOW
«Pexxum  F5» u3 myHkra meHio «Pacuerns». B nporecce pacuéra mosiBiseTcs
«IIpoTokon», copepxaliuii OCHOBHBIE CBEJEHHUS O XOAE€ UTEPALMOHHOIO IpoLecca

petenus ypaBuenuii (1.2a), (1.26). [Ipumep pacuéra nokaszan Ha puc. 1.8.

['b'i Rastr- - [V3nbi] !E m

J\{\ QaiAnel  PacyeTel OTKpeITe Tabmua paduka OkHa Help = E]j_]
DERESE FEYNTF | omd AERED % 2 fdE|[0sqd sk |?

#: Npotoxon

C1 238
Harp 5 MNCT1 BH i) JarpykeH wasnoH hackground form Al 22924 -199
Harp 4 NCT1 CH ' g::pgx% wasnoH Pexum.rge 116.06 -4.96
! PYKEH WaBN0H PEKAM.Ig2
Harp 3 NCT2 HH @ KoHTpoAb MCXOAHLIX ABHHBIX 916 -11.95
Harp 1 NCT3 BH - Pacuet yctaHoeuewerocs pexunma. CooBweHni - 3 1054 -8.82
Harp 2 NCT2 BH @ KoHTpoAb UCXOAHBIX ABHHSIX 106.3 -8.35

- Pacuet ycraHoBUEWErocs peskuma. CoosweHus - 1
@ KoHTPoAL MCXOAHLIX ABHHBIX
#- Pacuet ycraHoeuBwerocs pexxkuma. CoosweHui - 1
-4 KOHTPo Mk UCX0AHEX AaHHEX. MpeaynpexaeHmi - 1
-2 MPOBEPUTE HOMUHENEHBIE HANPSKEHUS UKW KOS ULMEHT TpaHchopMauuu: . Mpe,
4 5ul=110.0u2= 220.0 mopyne Kt= 0.526
=@ Pacuet ycTaHoeuBwerocs pexuma. OwWEok - 1, CooBueHuri - 3
i 1 MaxwHef. Yzen >V Yzen <V Yzen Yron [uHus
0 82279 5100 5100 5 00 21
Y 1 1807 5174 4055 5 653 45
)2 1329 5076 4033 5100 45
@ **HeaonycTUMoe CHIWKEHWE HANPSKEHUS B yane 5**
@ KoHTPONL UCXOAHEIX ABHHBIX
- Pacuet ycraHoeuBwerocs peskuma. CoosweHui - 3
@ KoHTponb MCXOAHLIX ABHHBIX
=% Pacuet ycraHoeuBwerocs pesxkuma. CoosweHui - 2
i Tt MaxHes. Yzen >V Yzen <V Yzen Yron NuHua
0 03 5106 4092 3 38 14
¢ 1 01 5106 4092 3 39 14

o | o

OUUCTUTE | 3akpbiTh |

Puc.1.8

Pe3ynbTaThl BBIYMCIEHUN HANPSKEHUM Y3J0B MOMENIAIOTCS B TaOIUIly
«¥Y3ae» B ctosionel «Vy» n «Deltay. PesynbTaThl pacuéra moTOKOB MOITHOCTH 3a-
HOCSTCS B OKHO «BeTBm». [IpocMOTpeTh 3TH pe3ynbTaThl MOKHO BEIOpAB B ITyHKTE
MEHIO «OTKPBITh)» MOAMYHKTHI «¥Y3JbD» — «¥Y3JbD» Wik «BerBm» — «BerBm».

HNmeetcss BO3MOXKHOCTh OJTHOBPEMEHHOTO MPOCMOTpPa pe3yJbTaTOB pacyéra
Y HaIpsDKEHUW M MMOTOKOM MOIIHOCTH, W MOTEPh MOIIHOCTHU. JlJIsl 3TOro MCHoJib-
3yHTE MOAMYHKT «¥Y3JbD» — «¥Y3iabi+BeTrBu» (puc. 1.9). B aroii Tabnuue pe3yinb-

TaTbl Pa3MCIUICHLI B «JIBa 3TaXKa» B COOTBCTCTBHH C HBOﬁHBIM 3aroJOBKOM Ta0IH-
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ObI. Ha «IICPBOM I3TAKEH» Pa3MCINAOTCSA OAaHHBIC IJISA y3Jia. Ha «BTOPOM ITAKE»

JaHHBIC 11O BCTBH, CBSI3aHHOM C Y3JIOM «IICPBOI'0 3TAXKa».

Hanpumep, Ha puc. 1.9 B nepBoii cTpoke (Ha «IEPBOM ITaXKe») HAXOIATCSA

nanubie s y3na Ne6: V=238 kB; P_r=116,5 MBt; Q_r=77 Mgap; u 1.1. Bo BTO-

poil cTpoke (Ha «BTOPOM 3TaXKE») pa3MelleHbl JaHHbIE TI0 €IMHCTBEHHOU BETBH 6-

5, npucoenuuéHHo K y31y Ne6 (cMm. puc. 1.3): Ny=5; Hazpauue=IICT1 BH;
V_2=229,3 kB; dDelta=-2 ;P_n=-116 MBt; Q_n=-77 MBap; notepu MOIIHOCTH
dP=1,3 MBTt; dQ=7,26 MBap; |_1=339 A u T.1.

3atem uayT naHHbie 00 y3i1e NoeS u BEeTBsIX, CB3aHHBIX ¢ HUM (5 —6,5—-4) u

T.1.

F,'i Rastr- - [V3nbi+BetBn]

JE] ®ainel  PacyeTel OTKpbITe Tabmiua lpadmka OkHa Help

DEESE | FEYD T ond AR L > f<E €@ d Dabs |

1

MCT1 BH
MCT1 BH
C1

MNcT1 CH
MCT1 CH
ncT2 BH
MNCT3 BH
MncT1 BH
MCT2 HH
MNCT2 BH
MCT3 BH
MNCcT1 CH
MNCcT2 BH
MCcT2 BH
MCT1 CH
MNCT3 BH
MNCT2 HH

W= NN =N W= NN RO OO

238

2293852
229.28 -1.99

238
116.1

2
-3

116.09 -4.95
1063 -3.4
1055 -38
229.3 |3

9.16

-11.93

1063 3.6
105.45 -8.8

116.1

3.8

106.3 05
106.35 -8.33

116.1

3.4

1055 -05

9.2

-3.6

116 77
15 96

175 133

80 48

48 42

46 27
174 117

40 30

40 30

50 25

43 24

6 1

47 37

5 |2

40 35
Puc. 1.9

116.5
18
60
1.3
0.27

1.85
2.58
0.27

0.17

2.58
0.04

1.85
0.04
0.17

7
7.26
36
7.26
13.75

6.25
5.46
13.75

4.28

5.46
0.07

6.25
0.07
4.28

238
339

377
553

318
266
1044

3150

271
36

323
38
288

0.31

0.31
0.25

0.25

0.06

0.06

200
-26.54

-26.54
1.99

-1.75
-1.99
1.99

0.44

-1.99
1.19

-1.75
1.19
0.44

BrimosiHuTe pacd€Thl pexrma CETH NPU PA3JIMYHOW TOYHOCTH PEIIEHUS

ypaBHEHUI. 3aNuIInTe pe3yabTaThl HAOIIOICHHUA B CBOM OTYET U HAHECUTE TTOTOKHU

MOIIHOCTH Ha PACYETHYIO CXEMY CETH.

BBIBOI[ Ha 1I€4YaThb MCXOAHBIX AAHHBIX U PC3YJIbTATOB pacqéTa OCyHICCTBJIA-

ercs 1o komanae «lledarsb...» MyHKTa MEHIO «PalIbl».
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5. Pacuém pedxcuma ons pemonmuou cxemvl cemu

PemoHTHas cxema cetu (opMUpYyeTCs MNpU OTKIOYEHUU OJHOM U3 JIMHUHN
win TpanchopmaTtopoB. s oTkiroueHus BeTBU (y371a) HEOOXOIUMO OJHOKPATHO
METKHYTD JICBOM KHOIKOM MBIIIU B TOJI€, OTKJIFOYAEMOI0 3JIEMEHTa CETH, CTOJIONA
«S». B aTOM mosie mosiBUTCS cnieruaibHas otMeTka (puc. 1.10). UmeeTcst Bo3MOX-
HOCTb OJHOCTOPOHHEIO OTK/IIOYECHUs BeTBU. Haxxmure Ha 3€JIEHBIN TPEYrOJIbHUK
PSAZIOM C OTMETKOIM 00 OTKJIFOYEHUH BETBU U BHIOEPUTE OTKIIOYEHHUE B HAyase WIN
KOHIIE BETBU. {71 0OpaTHOro MOAKIIOYEHUS AJIEMEHTa CeTH eIllé pa3 IIETKHUTE

JICBOM KHOIIKOM MBIIIKHM B I1OJIC CTOJI6I_I3, «S» J0 ITOJIHOI'O MCYE3HOBCHUA OTMCTKHU

OTKIIHOYCHMU .

5 6 MCT1 BH -C1 338 188
nan 2 4 MCT2 BH - NCT1 CI6 2025 0.2 -141 46 37 48 41
nan 1 4 MCT3BH -MNCT1CI11.88 252 0.3 -162 43 24 46 27
EHSI'I 1 2 MCT3BH -NMCT2BI9S%6 1708 0.2 106 6 1 6 2
Tp-p 5 4 MCT1 BH - NCT1 CI0.3 152 47 378 0526 -175 -132 -174 -116
Tpp 2 3 MCT2BH -NCT2H 0.7 1735 54 39.3 0091 -40 -35 -40 -30

Puc. 1.10

BeinosiHuTe pacy€Thl Ipu MOOYEPEAHOM OTKIKOYEHUHU OJHOU U3 auHui 110
KB pacu€TtHOl cXeMbl CeTH. 3aHECUTE B OTUET PE3YIbTAThl TAKUX PACUETOB, OT-
METBTE T€ PEKHUMbI, KOTOPbIE OKa3aJHCh HEJOMYCTUMBIMU (Pacy€T pexuma pa3o-

meéncs).

6. Onpedenenue nomepo MowHocmu 6 cemu
[Torepr MOIIHOCTH B KaXJOW BETBU OTOOpaXKAlOTCI B OKHE «Y3-
abi+BerBm» (puc. 1.9). [lnsg nonaydeHus: CyMMapHBIX MOTEPh aKTUBHOM U peak-
THBHOM MOIIHOCTEN MO CETH B LEJIOM MU OTACJIbHBIM YPOBHSIM HOMHWHAJIBHOTO
HaIpsHKeHUsT He0OXOAMMO BBIMOJIHUTH cliefiylolee. B riaBHOM MeHIO BbIOEpUTE
nyHKT «OTKpbITHY» 3aTeM «PaiioHbl» — «PalioHbl». B mnosgBuBImIEMCS OKHE

«PaitoHbI» 100aBbTE OJIHY CTPOKY, UCIOJIB3YS MAHEb UHCTPYMEHTOB WM ITYyHKT
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MeHo «Tabauna». B 310l cTpoke ykaxkute HoMmep pailoHa «Np-H» paBHBIM €1H-

HULIE U IPUCBOWTE 3TOMY palloOHy UMsl, HallpuMep, cBoro Gamunuio (puc. 1.11).

177 170 678

Puc. 1.11

3aTeM BEpPHHUTECh B OKHO «Y3JbI» U cTONOIE «Paiion» I KaXI0ro ysia
3anuimuTe enuHuIly. B okHe «BeTBu» B cTonbme «Nay Takke MpocTaBbTe €IUHH-

IIbI U1 BCeX BeTBe (puc. 1.12).

ol Varibl _[o] x]

C1 1166 763 238

MNCT1 BH 60 36 229.367-1.99
NCT1 CH 116.13 -4.95
NCT2 HH 9.17 |-11.89
MCT3 BH 105.55 -8.78
NCT2 BH 106.44 -8.31

NCT1BH -C1 189 -486 115 96 1
NCT2 BH - NCT1 CH 2025 -141 46 37 1
NCT3 BH - NCT1 CH 252 -162 43 24 1
NCT3 BH - NCT2 BH 17.08 106 6 1 1
NCT1BH -NCT1CH 0. 152 378 0526 -175 -132 1
NCT2BH -NCT2HH 0. 1735 393 0.091 -40 -35

Puc. 1.12

Bri6paB nyHKT «OTKpBITH» 3aTeM «IloTepuy», Bol oTkpoeTe okHO «IloTe-
pu». Jlo6aBeTe B okHO «IloTepw» CTpoKH, B KOTOpPHIX Mg ctoioma «U_ Hom»

YKa)KHUT€ HOMUHAJIbHbIE HAMPSKEHUS Y4acTKoOB ceTH (puc. 1.13).

110 467 4.43 017 0.01 0.06 1382 (1167 426  -255 045
220 12 129 0.27 0.31 0.25 363 723 1369 -2654 1.99

Puc. 1.13
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Beinosnnurte pacuér pexuma u B okHe «Ilorepm» OyaeT oroOpaxaThscs Mo-
TE€pU aKTUBHOW M PEAKTUBHON MOIIHOCTH B JIMHMSX U TpaHchopmaropax. CTpyk-
Typa NOTEPb AKTUBHOM MOIIHOCTHU MO CETH B LEJIOM U CETSAM Pa3jINYHOTO HOMH-
HaJIBHOT'O HAIpPsDKEHUS HaxoauTcsa B okHe «Paitonbi+IloTepn». 3T0 OKHO OTKpPHI-

BacTCA IIPpU BBIITOJIHCHUHA CHCI[YIOH_ICﬁ OCIIOYKH KOMAaHA: «OTKprTB» — «Pamo-

Hb» — «Paiionbi+IloTepu» (Puc. 1.14).

1ol

6.16 5,72 0.44 0.62 0.31
110 46 4.43 0.17 0.07 0.01 0.06
220 1.56 1.29 0.27 0.55 0.31 0.25

Puc. 1.14

B sTOM OKHE B MepBOil CTPOKE HAXOAATCS MOTEPHU MO CETH B LIEJIOM, B IO-
CIENYIONINX — MO KaXJIOMY HOMHUHAJIbHOMY HampsbkeHuto. B crtonmbie «Dp» -

CYMMAPHBIC ITOTCPU 110 CCTHU B LICTIOM.

KonTpossHbIE BONIPOCHI
1. Kakas Mozmenp pexuMa 3JIEKTPUYECKOM CETH HCIOIB3YEeTCS B IMPOrpamMme
Rastrwin?
2. Kakne cxeMbl 3aMeIeHHUs SJIEMEHTOB CETH HCIOJB3YIOTCS B IMpOTrpaMMme
Rastrwin?
B kaxkoii ¢popmMe 3anMChIBaIOTCSl YpaBHEHUS Y3JIOBBIX HAMPSIKEHUN?
Ha3zoBuTe ocHOBHBIC TapaMeTphl y3JI0B B iporpamme Rastr\Win?

Ha3zoBuTe ocHOBHBIE TapaMeTphl BeTBeH B mporpamme RastrwWin?

o o &~ w

B kaxkoit ¢popMe npeAcTaBIsSIIOTCS Pe3yIbTaThl pacuéra pekuMa cetu?



23

JlaGopatopnast pa6ota No 2
PA3PABOTKA KOMITBIOTEPHOM MOJEJIM DJIEKTPUYECKOM
CETHU JJI1 PACYETA HOPMAJIbHBIX PEXXUMOB
Lenv pabomsi: OcBOUTh NPUEMBI (HOPMUPOBAHUS MOJIETEH AIEKTPUUECKOU CETU

I pacyéTOB HOPMAJIBHBIX PEXKUMOB mporpammoii RastrwWin.

3anaHue

1. Omnpenenuth pacy€THbIE MOIIHOCTH TpaHC(HOPMATOPOB MPOCKTUPYEMBIX
noactanuii [1C-1, TIC-2, TIC-3 B COOTBETCTBMU C BapUAHTOM 3a/aHUS
(tabmn. B.1) nns cetu puc. B.1 u BeIOpaTh cTangapTHBIe TpaHCHOPMATOPHI 1O
IPWIOKEHUIO.

2. Beruncnuth nmapamerpbl ['-00pa3HbBIX cXeM 3aMelleHHs TpaHCPOpMaTOpOB
IPOEKTUPYEMBIX MOJCTAHIIMI B COOTBETCTBUM CO CXEMOW 3aMEIICHUS CETU
(puc. 2.1).

3. 3anomHuTh Tabu. 2.1 HeAOCTAIOIIMMU MapaMeTpaMu Y3J0B B pEKHME Mak-
CUMAJIbHBIX Harpy30K B COOTBETCTBHH C BapHaHTOM 3aaaHus (Tadim. B.1).

4, 3anoaHuTh Tab. 2.2 HEAOCTAIONIMMHU NapaMeTpaMu BETBEH CXeM 3aMelle-
HUSl TPAaHCPOPMATOPOB MPOCKTUPYEMBIX MOJCTAHIINHI, ONPEACIEHHBIX B I1.2
paboTHI.

5. BBecTu mapameTpsl y3JI0B U BETBEH B TaOwuIbl mporpaMmbl RastrWin u co-
XpaHuTh uX B (aiin qanueix B popmare LY. NUms daitna manabIx BEIOpATh
CaMOCTOSITEIBHO.

6. BBIMOJHUTH KOHTPOJIb UCXOAHBIX JAHHBIX 00 y3JIaX W BETBSIX MPOTPAMMOMN

RastrWin u mpu He0OX0IUMOCTH OTKOPPEKTUPOBATH JaHHBIC.

Metonnueckue yka3zaHHs
PacuétHass MomHOCTh TpaHC(HOPMATOPOB MPOCKTUPYEMBIX MOJICTAHIINI
onpenensaercs no Gopmynam (B.1), (B.2). Crangaptable MOITHOCTH TpaHchopma-

TOpOB onpenenstoTca no taou. I1.2 npunoxenus. 13 stoit xxe Tabnuibl BrIOUpa-
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I0TCS NTapaMETPBbI CXEM 3aMELEHUs IBYXOOMOTOUHbIX TpaHchopmaTopos (R, , X,
APy, AQx) u BerUHCIISIIOTCS KOG PUIIMEHTH! TpaHCHOpMaIIUH.

MomnHoct APy, AQx ¢ y4ETOM KOJIMUECTBA MAPAJUIEIBbHO BKJIIOUYEHHBIX

TpaHCPOPMATOPOB MPOCKTUPYEMBIX MOACTAHIIMMA 3aHOCATCS B Taba. 2.1 (y3mer 117,

116, 113).

Tabmuma 2.1. — [lapameTpsl y3710B pac4€THON CXEMBI
Unowm, | P, QH, V3, max,

Tum Howmep Ha3zBanue <B MBr Meap <B ?VIB'&p
basa 201 2C 220 242 400
Harp 202 I1C-A BH 220 | 0,13 1,25
Harp 205 [IC-A O 220
Harp 203 I1C-B BH 220 | 0,16 1,01
Harp 204 I1C-T" BH 220 | 0,13 1,25
Harp 206 IC-T' O 220
Harp 112 TIC-A CH 110
Harp 114 I1IC-I' CH 110
Harp 115 I1C-b BH 110 | 0,086 0,48
Harp 118 I1C-b 0 110
Harp 4 I1C-b HH 10 10 5
Harp 5 I1C-A HH 10 110 70
Harp 6 I1C-B HH 10 80 50
Harp 7 I1IC-I' HH 10 90 60
Harp 31 I1C-b CH 35 15 10
Harp 117 I1C-1 BH 110 ? ?
Harp 1 I1C-1 HH 10 ? ?
Harp 116 I1C-2 BH 110 ? ?
Harp 2 I1C-2 HH 10 ? ?
Harp 113 I1C-3 BH 110 ? ?
Harp 3 [1IC-3 HH 10 ? ?

Harpy3ku mpoekTupyemMbIX MOoACTaHIMi B y31ax 1. 2, 3 tabmn. 2.1 BeiOupa-

IOTCA B COOTBCTCTBHH C 3aJaHUECM IIO tabi. B.1.

Comnporusnennst R, /2,X,/2 kospduumentsr tpancdopmarmu K=K, . 3amu-

TH

ceiBaroTcs B Ta0ur. 2.2 (BetBu 117 — 1, 116 — 2, 113 — 3). HomunansHble K03 Pu-

OHCHTHI TpaHC(i)OpMaI_II/II/I KTH OIIPCACTIAIOTCA KaK OTHOIICHHC HOMHMHAJIBHBIX

HanpsbkeHnit oomotok Tpancopmaropos (HH, CH, BH).
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Tabmuua 2.2. — [TapameTpsl BeTBEM pacyETHOM CXEMBI

Tun N mau N xon R, Om X, Om B, MxCm Kt/r
JIDIT 201 202 3,1 13,5 -333

JIDII 201 203 2,2 12,2 -313

JIDII 202 203 7,4 32,2 -198

JIDIT 203 204 2,1 12,0 -308

JIDIT 112 115 4.4 11,2 -300

JIDIT 112 114 8,1 20,7 -138

Tp-p 202 205 0,25 24,3 1,0
Tp-p 205 112 0,25 0 0,526
Tp-p 205 5 0,5 41,25 0,048
Tp-p 203 6 1,95 50,35 0,048
Tp-p 204 206 0,25 24,3 1,0
Tp-p 206 7 0,5 41,24 0,048
Tp-p 206 114 0,25 0 0,526
Tp-p 115 118 0,4 17,75 1,0
Tp-p 118 31 0,4 0 0,335
Tp-p 118 4 0,4 11,15 0,091
JIDIT 112 116 2,51 10,34 -74

JIDIT 114 117 1,73 7,13 -51

JIDIT 115 113 6,27 6,49 -149

JIDII 117 116 8,07 13,83 -86

Tp-p 117 1 ? ? ?
Tp-p 116 2 ? ? ?
Tp-p 113 3 ? ? ?

3arpyskaetcs nporpamma RastrWin u 3aHocsATCS JaHHBIE 00 y3J1aX M BETBSIX
U3 MPUTOTOBIACHHBIX Tadmui 2.1, 2.2. IIpuémsr padoTel ¢ mporpammoii RastrWin
pPaccMOTpPEHbI B METOJIMYECKUX YKa3aHUAX K jJabopaTtopHoil padote Ne 1. [To mepe

3amogHeHUsT Ta0auI] «Y37bel» U «BeTBu» ciefyer COXpaHsSTh JaHHBIC, IKCIOPTH-

pyto ux B hopmare [IJIY. Ums daiina 1 qaHHBIX BBIOUPACTCS CaMOCTOSITEIIBHO.

BeImonHUTEe KOHTPOJIH MPaBHIBLHOCTH JaHHBIX JUIs Tporpammbl RastrWin.

[Tpu HEOOXOAMMOCTH OTKOPPEKTUPYUTE JAHHBIE U OKOHYATEIBHO COXPAHUTE UX B

Bam ¢aiin B popmare [IJIY.

B otuéte mo pabote mpuBenIUTE OTKOPPEKTUPOBAHHBIE JAaHHBIE B (opme

tabmn. 2.1, 2.2.

KonTpoisHbIE BOIPOCHI

1. Kak 3amoJiHsII0TCs JaHHbBIC 00 y371aX U BETBAX B mporpamme RastrwWin?

2. Kax BBIIOJHATH IPOBEPKY MUCXOIHBIX JaHHBIX B TporpamMme Rastr\Win?

3. Kak coxpaHuTh 1 3arpy3uTh JaHHBIC U3 (aiina?
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Jlabopartopnas pa6ota Ne 3
MOJIEJIJMPOBAHUE HOPMAJIBHBIX PEXKUMOB DJIEKTPHYECKOM
CETHN
Lenv pabomor: OCBOUTH TPUEMBI pacuéTa YCTAaHOBUBIITMXCS HOPMATBHBIX PEIKH-

MOB nporpamMmoi Rastrwin.

3anaHue

1. 3arpy3uth u3 (aiina MoJeNb AIEKTPUUECKON CeTH, pa3pabOTaHHYIO B pa-
oote Ne 2, mporpammoii Rastrwin.

2. BBIMOMHUTH cepuio pacuéToB PEKUMOB CETU, TOCIEI0BATEIBLHO IMOBBI-
11asi TOYHOCTH pacyera.

3. OneHuTh BIUSHUE TOYHOCTH pacuéra Ha BEIWYUHY HAMpPsHDKCHUN Ha IIH-
Hax BH npoekTtupyembIx 1oacTaHIuI.

4. BBINOJHUTH aHAJIU3 TEXHUYECKON JOIMYCTUMOCTH PEKUMa CETH.

5. Hanectu Ha pacuéTHyro cxeMy ceTu (puc. 2.1) TOTOKM aKTUBHOM M peak-
TUBHOW MOILHOCTHU B HayaJle U KOHIIE Ka)KJI0M BETBHU.

6. CoxpaHHUTh pe3ynbTaThl pacuéToB peKUMa B (aiiia Moaenu ceTdu B Gop-

mate LI/IVY.

Metonnueckue ykazaHus

Nmnoptupyitte u3 Qaitna JaHHBIX MOJEIb SJICKTPUUECKON CETH, UCTIONb3Ys
PEKOMEHAAaIUH, U3JI0KEHHBIE B YKa3aHUAX K padote Nel.

[To yMom4aHHUIO TOYHOCTH pacYETOB 0aJaHCOB MOIIHOCTH B y371aX CETH CO-
crasisieT 1,0 MBt. BeimosHuTe pacyér yCTaHOBUBILIETOCS PEKUMA IIPU 3TOU TOY-
HOCTH pacuéra. Pe3ynbratel 3anecute B Tabi. 3.1. 3arem moBTOpUTE pacuéT pe-
KUMa Tpu 0oJiee BBICOKOM TOUHOCTU. 3anosinute Tadnauiy 3.1. OueHure BIUsHUE
TOYHOCTH pacy€Ta Ha YUCJIOo uTepanui u Bennuuny moayiei U u a3 o nanpsike-

HHM y3J10B PACUETHON CXEMBI CETH.



28

Tabmuua 3.1. — PacuéTHble HaNpsHKEHUS MPOEKTUPYEMBIX IMOJCTAHIUN

To4HOCTB, Yucno I1C-1, y3en 117 I1C-2, y3en 116 I1C-3, y3en 113

MBrTt WTEpaIuii U, kB 0, Tpaj U, kB 0, Tpaj U, kB O, Tpaj

1,0

0,8

0,6

0,4

0,2

Ecnn Bo3HMKarOT mpoOieMbl C BBIIOJTHEHWEM PACUYETOB NP 3aJIaHHBIX
Harpy3Kax y3JIOB, TO BBITIOJIHUTE MPOOHBIM pacué€T pekrma XOJIOCTOTO XOJa, Io-
JI0)KMB Harpy3ku BCEX y3JI0B PaBHBIMHU HYJIIO. JTO, KaK MPaBUJIO, IOMOTAET HAUTH
OIMMOKHU B UCXOAHBIX JAHHBIX.

[To ymMomyaHMIO pe3ynbTaThl pacué€Ta pexruMa OTPa’KaroTCs B OrPaHUUCHHOM
quciie CTOJIONOB Tabmuiy «Y3ae» u «BeTBu» nporpammer RastrWin. Pacmupsre
CIIUCOK MapaMeTpoB pexkrma B Tabnuie «BeTBuy, 1060aBUB CTONOIBI AJI1 TOTOKOB
AKTUBHOM M PEAaKTUBHOM MOIIHOCTEH Hayajla U KOHIA BETBU, TOKOB MPOAOJIbHBIX
BETBEU CXEMBI.

ComnocraBbTe pacu€THbIE 3HAYEHUSI TOKOB BETBEH C JOIMYCTUMBIMH TOKaMH
auHUN U TparnchopmaTopoB. JlomycTumbie TOKH MpoBoaoB BJI nmpuBeneHs! B npu-
noxeHuu. JlonmyCcTUMBIA TOK BETBH, COOTBETCTBYIOIIEH BJI, onmpenensiercs ¢ yué-
TOM YHCJIa TapaJUIeNbHBIX Iened. JlomycTuMblii TOK TpaHchopMaTropa MpUHUMA-
eTCsl paBHBIM yBenuueHHOMY Ha 30 % HOMUHAIBHOMY TOKY TpaHcdopmaropa. Jlo-

IYCTUMBIH TOK N, MapajuIebHO BKIFOYCHHBIX TpaHchOPMATOPOB OMPEEISIETCS

no hopmyie
| 5on ™~ 13 T/TBSHOM (3.1)
[Ipu onpeneneHnu AOMyCTUMOIO TOKa BETBU, COOTBETCTBYIOIIECH CTOPOHE
HH aBTotpancdopmatopa, no (3.1) cienyer y4ecTb TO, 4UTO MOIIIHOCTh OOMOTKH

HH cocrtasnsger 50 % HOMHUHAIBLHOM.

JI71s1 conocTaBieHus: pacYETHBIX U IOMYCTUMbBIX TOKOB 3amojiHuTe Tadm. 3.2.




29

Tabnuua 3.2. — Toku BeTBeil B HOpMaJIbHOM MAaKCUMAaJIbHOM PEKUME

Tun N Haa N koH Ipacu, A lzom, A |pac%//0 | mom,
JIDII 201 202
JIDII 201 203
JIDII 202 203
JIDII 203 204
JIDII 112 115
JIDII 112 114
Tp-p 202 205
Tp-p 205 112
Tp-p 205 5
Tp-p 203 6
Tp-p 204 206
Tp-p 206 7
Tp-p 206 114
Tp-p 115 118
Tp-p 118 31
Tp-p 118 4
JIDII 112 116
JIDII 114 117
JIDII 115 113
JIDII 117 116
Tp-p 117 1
Tp-p 116 2
Tp-p 113 3

Cpenaiite BbIBOJ O JOMYCTUMOCTU pPEKHUMA IO 3arpy3Ke JUHUNA U TpaHC-
dbopmatopos.

MakcuManbHO 10nycTUMOe HANPSIAKEHUE Umax non 1011 y3710B cet 220 u 110
kB Ha 15 % npesbiiiaer HomuHanbHOE. Y3ibl 10 kB u 35 kB aBast0TCS TOUuKaMu
noctaBku 3ekTposHeprun norpedurensm. Cormacao 'OCT P 5419-2010 otkio-
HEHHE OT HOMHMHAJIBHOTO HAMNPSKEHUS B ATUX y3JaX HE JOJDKHO MPEBBIINIATH
+10 %. 3anecurte pe3ynbTaThl pacuéTa HAPSYKEHUM B y3/1ax ceT B Ta0u. 3.3.

Cnenaiite BbIBOJ O JIOIMYCTUMOCTH PEKHMMA MO YPOBHSIM HamnpsikeHus. [Ipu

BBIXOJIC HAMPSDKEHUS U3 3aJaHHOTO MHTEpPBAJIA UX KOPPEKTUPOBKA MOXKET ObIThH
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BBITIOJTHEHA U3MCHCHHUCM KT INEpBOHAYAJIbHO IMPHUHATBIX PAaBHBIMU KTH IIpH pas-

paboTke Moaenu cetu B padore Ne 2.

Ta6numa 3.3. — HanpsikeHus y3JI0B B MAKCUMAJILHOM PEKUME

Unom, | Upacy, Umin gon, Umax gon,
Tun Homep Ha3BaHue «B «B «B <B
baza 201 2C 220 252
Harp 202 TIC-A BH 220 252
Harp 205 IIC-A O 220 252
Harp 203 TIC-B BH 220 252
Harp 204 TIIC-T' BH 220 252
Harp 206 TIIC-T" O 220 252
Harp 112 TIC-A CH 110 126
Harp 114 TIC-T' CH 110 126
Harp 115 TIC-b BH 110 126
Harp 118 [IC-b 0 110 126
Harp 4 TIC-b HH 10 9 11
Harp 5 T1C-A HH 10 9 11
Harp 6 T1IC-B HH 10 9 11
Harp 7 IIC-I' HH 10 9 11
Harp 31 IIC-b CH 35 31,5 38,5
Harp 117 IIC-1 BH 110 126
Harp 1 I1C-1 HH 10 9 11
Harp 116 I1C-2 BH 110 126
Harp 2 I1C-2 HH 10 9 11
Harp 113 IIC-3 BH 110 126
Harp 3 I1C-3 HH 10 9 11

Jlns neyxooMoTouHbIX TpaHchopmaropor ¢ PITH B oomoTke BH

U K

_ H HOM TH

T UBHOM (1inAUCTPHH*) } 1inAUCTPHH* |

rae N — 4Yucio CTYHeHeﬁ OTHOCHUTCIIBHO CPCAHCIO OTBCTBJICHMA,

AU, prg« — cTyniens peryauposanus PITH B oTHOCHTENbHBIX eIUHHALAX.

Ecnu 3agatbcs sxenaembiM Hanpsbkenuem U, Ha mmHax HH, To sxenaemas

J1

CTYNECHBb PETYIUPOBAHUS Niyen MOKET OBITH OMPEICIICHA W3 COOTHOIICHHUS
u_ .U -U,.U

__ “paca—~ Hnom
Kel
AU ct PITH *U U

n B nom
B nom ™~ xen

s tpéxoomoTounbix TpancpopmatopoB ¢ PITH B oomotke BH u I1bB nHa

cropone CH
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K _ UC HOM (limAUCTHBB*) _ KH B-C (1i mAUCT HBB*)
e UB HOM (1i nAUCT PITH* 1% nAUCT PITH*

_ KH B-H
1+ nAU, prope

KT B-H

rae M —yucio cryneneu I1bB oTHOCUTENBHO CpeHEr0 OTBETBIICHUS.

s aBroTpanchopmaropos ¢ PITH na cropone CH
K.pc=Kipc (1i nAU,, PHH*)'
s aBroTpancdopmaropoB ¢ takum PITH K,y =K,gy HE perympyercs.

HpI/I H€O6XOJII/IMOCTI/I €ro M3MCHCHUA H€O6XO}II/IMLI JOIIOJTHUTCIIBHBIC JIMHEWHbBIC

PEryJSATOPBI.

Pacneuaraiite pacuétHyro cxemy (puc. 2.1) u HaHecuTe Ha He€ MOTOKU aK-
TUBHOM M peaKTHUBHOM MOIIHOCTEH U nMpuBeauTe e€ B 0TUéTe 1o padore.

B BBIBOJIaX 110 paboTe yKakuTe Ha MPUEMIIEMOCTh pacCMaTpUBAEMOTO BapH-
aHTa MPOEKTUPYEMOM CETH WIIM OTMETHTE T€ SJIEMEHTBI CETH, KOTOPBIE HYKAAIOTCS
B 3aMeHE. YKaXuTe, KaK BIMUSIET TOYHOCTh pacu€ToB OalaHCOB MOIIHOCTH Ha pe-

3yJIbTATHI pacy€ra peKuma.

KoHTponbHbIE BOTPOCHI
1. Kak 3agaéres TouHoCTh pacuéra B mporpamme RastrwWin?
2. Kak BBITIOJIHUTH MPOBEPKY TOMYCTUMOCTH PEKUMA CETH?

3. Kak onpenensrorcst koadGuimenTs! Tpanchopmanuu TpaHcGhopMaTopoB?

Jlabopatopnas pabota Ne 4
PA3BPABOTKA KOMIBIOTEPHOM MOJIEJIA DJIEKTPUUYECKOM
CETH JIJIS1 PACYETOB PEMOHTHBIX PEXKUMOB
IMPU NIPOEKTUPOBAHUU
Llenv pabomer. OcBouTh TIpUEMBI (OPMUPOBAHUS MOJICIICH DJIEKTPUUECKON CETH

JUTS pacu€TOB PEMOHTHBIX PeKUMOB mporpammont Rastrwin.
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3ananue

1. 3arpy3utsb u3 (aitna Mojenb SIEKTPUUECKON CeTH, pa3pabOoTaHHYIO B paboTe
Ne 2 st pacu€ra HopMalbHOTO pexuma mporpammon Rastrwin.

2. OTKOppeKTHpPOBaTh MOJE]b HOPMAJbHOTO pEXHUMa CETH. 3aloJIHUTh
Tabi. 4.1, 4.2 HenOCTAIOUMMU MapaMeTpaMH y3JI0B U BETBEH CXEMbl 3ame-
IICHUS CETH.

3. BBectu mapamerpbl y3JI0B U BeTBel B TaOuuIlbl mporpammel RastrWin u co-
XpaHuTh uX B (aiin nanueix B popmare LIIY. Mms daitna nanHbIx BEIOpaTh
CaMOCTOSITEIIBHO.

4. BbIMONHUTH KOHTPOJIb UCXOJHBIX JAHHBIX 00 y3JlaX W BETBSIX MPOrpaMMON

RastrWin u npu He00X0AUMOCTH OTKOPPEKTHUPOBATD JAHHBIC.

Meroauueckue ykazaHus

TpebGoBanusi HaAEKHOCTH IEKTPOCHAOKEHUS MOTpeOUTeNeH Mpu MPOEKTH-
POBaHUM SJEKTPUUYECKON ceTH obecrnieunBatorcsa ucxosa u3 npuHiumna «N-1». Co-
[JIACHO 3TOMY MPHUHIUITY JOJKEH ObITh 00eCredyeH JTOMYCTUMBIN PeKUM TI0 YpOB-
HSIM HalpsKEHHS HAa NIMHAX MOACTAHUUN U 3arpy3Ke 3JIEMEHTOB CETH MPHU OTKIIIO-
YeHHUH ISl pEMOHTA JII000r0 OJHOTO AJIeMeHTa ceTH. PaccMaTtpuBaroTCsl OTKITIOUE-
HUSL OJHOTO M3 JBYX TpaHc(opmMaToOpoB (aBTOTPAHC(HOPMATOPOB) IMOICTAHIIHUM,
oaHoit u3 nenen AByxuenHeiX JIII unu onnouennoi JIDII, Bxoasuie B Kakoi-
IU00 KOHTYP.

B Mopenu cetn HopmanbHOTO peknma (pabora Ne 2) mapaiielbHO BKITO-
YEHHBIE AJIIEMEHTHI CETU MPECTABICHbl SKBUBAJICHTHBIMU MapaMeTpaMU COOTBET-
CTBYIOIINX CXeM 3ameneHus. HeoOXxommMo pacimmpuTh 3Ty MOJIENb, TaK YTOOBI B
Hel Obuth oTpakeHbl Kaxkaas nenb JIDII u kaxnprit TpanchopMaTop MoACTAHIIHH.
HeobxomuMo wWCmonp30BaTh CXEMbI 3aMEIIeHUs TpaHC(HOPMATOPOB (aBTOTpaHC-
dbopmMaToOpoOB), B KOTOPHIX BMECTO MOTEPh MOILIHOCTH XOJOCTOrO XOJa UCIOIb3Y-
totcst mpoBoaumocth (GT, Br). Ha puc. 4.1. HOBBIE 3JI€MEHTHI BBIICIICHBI IIBETOM.

OTkoppekTUpyiTe TabaHIBI «Y3Ib» U «BetBu» nporpammer RastrWin. B tao-

aune «Y3ibDy HEOOXOAMMO JUIsl Y3JIOB, COOTBETCTBYHOImUX cTtopoHe BH Tpanc-



dbopmaTopoB, B cronbmax «PH» u «QH» ynaauTh MOTEPU MOIIHOCTH XOJIOCTOTO
xona TpaHchopmatopoB. s cxem 3amemieHus aBTorpaHchopmaTtopoB I[IC-A,
[IC-I" u TpéxoomoTounbIX TpanchopmaTtopoB [IC-b BBeaUTE AOMOTHUTENBHBIE Y3-

aet 2050, 2060, 1180 B cpennux Toukax TpExiydeBbix 3BE3N (puc.4.1). Heobxo-
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IUMBIE U3MEHEHHNS BbIAeIeHbI B Ta0I. 4.1.

Tabnuna 4.1. — TTapameTpsl y3710B AJisi paC4€TOB PEMOHTHBIX PEXUMOB

Unowm, | P, QmH, V3, max,
Tum Howmep Ha3zBanue <B MBr Meap <B ?VIB'&p
baza 201 2C 220 242 400
Harp 202 IIC-A BH 220
Harp 205 MC-A0 1 220
Harp 2050 MC-A02 220
Harp 203 I1C-B BH 220
Harp 204 IC-T' BH 220
Harp 206 IMC-ro1 220
Harp 2060 MnC-ro?2 220
Harp 112 I1C-A CH 110
Harp 114 I1C-I" CH 110
Harp 115 I1C-b BH 110
Harp 118 MC-6o01 110
Harp 1180 IMC-b 02 110
Harp 4 [1C-b HH 10 10 5
Harp 5 I1C-A HH 10 110 70
Harp 6 I1C-B HH 10 80 50
Harp 7 I1C-I" HH 10 90 60
Harp 31 I1C-b CH 35 15 10
Harp 117 I1C-1 BH 110
Harp 1 I1C-1 HH 10 ? ?
Harp 116 IC-2 BH 110
Harp 2 [1IC-2 HH 10 ? ?
Harp 113 I1C-3 BH 110
Harp 3 [1IC-3 HH 10 ? ?
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B tabnune «BeTtBu» HEOOXOAMMO ISl KaXKI0M JBYXILIETTHON JTUHUY U Mapall-
JeNBHO BKIIOUYEHHBIX TpaHchopmaTtopoB (cM. puc. B.1) skBuBaneHTHbIE MTapaMeT-
pBI BETBEH MOJENH CETH HOPMAILHOTO pexxuma (Tabi.2.2) 3aMeHUTh napaMeTpaMu
kaxaon nenu JIDII unm tpancpopmaropa B OTACIBHOCTH. sl 3TOTO B TaOIUIly
«BerBu» mporpammber RastrWin BcTaBlstOTCS JAONOTHHUTEIBHBIC CTPOKH, B KOTO-
pBI€ 3aIMCHIBAIOTCS HOMEPA Y3JIOB Hayajda M KOHIA, HOMEDP NapajuleIbHON BETBU
(N map) COMPOTUBICHHS U MPOBOJUMOCTH KaXIOH BETBH B OTACIBHOCTH (TaOIl.

4.2).

Tabnuma 4.2. — [lapameTpsl BETBE MOJHON pacyETHON CXEeMBbI

Tun Nrag | Nxon | Nmap | R,Om | X, Om | G, MkCm B, MxCm Kt/r
JIDII 201 202 1 6,2 27,0 -166,5

JIDIT 201 202 2 6,2 27,0 -166,5

JIDIT 201 203 1 4.4 24 4 -156,5

JIDIT 201 203 2 4.4 24,4 -156,5

JIDIT 202 203 7,4 32,2 -198

JIDII 203 204 1 42 24,0 -154

JIDII 203 204 2 4.2 24,0 -154

JIDII 112 115 1 8,8 22,4 -150

JIDII 112 115 2 8,8 22,4 -150

JIDIIT 112 114 8,1 20,7 -138

Tp-p 202 205 1 0,5 48,6 1,6 11,8 1,0
Tp-p 205 112 1 0,5 0 0,526
Tp-p 205 5 1 1,0 82,5 0,048
Tp-p 202 2050 2 0,5 48,6 1,6 11,8 1,0
Tp-p 2050 112 2 0,5 0 0,526
Tp-p 2050 5 2 1,0 82,5 0,048
Tp-p 203 6 1 3,9 100,7 1,6 9,5 0,048
Tp-p 203 6 2 3,9 100,7 1,6 9,5 0,048
Tp-p 204 206 1 0,5 48,6 1,6 11,8 1,0
Tp-p 206 114 1 0,5 0 0,526
Tp-p 206 7 1 1,0 82,5 0,048
Tp-p 204 2060 2 0,5 48,6 1,6 11,8 1,0
Tp-p 2060 114 2 0,5 0 0,526
Tp-p 2060 7 2 1,0 82,5 0,048
Tp-p 115 118 1 0,8 35,5 3,3 18,1 1,0
Tp-p 118 31 1 0,8 0 0,335
Tp-p 118 4 1 0,8 22,3 0,091
Tp-p 115 1180 2 0,8 35,5 3,3 18,1 1,0
Tp-p 1180 31 2 0,8 0 0,335
Tp-p 1180 4 2 0,8 22,3 0,091
JIDIT 112 116 2,51 10,34 -74

JIDIT 114 117 1,73 7,13 -51

JIDIT 115 113 1 12,5 13,0 -74,5

JIDIT 115 113 2 12,5 13,0 -74,5

JIDII 117 116 8,07 13,83 -86

Tp-p 117 1 1 ? ? ? ? ?
Tp-p 117 1 2 ? ? ? ? ?
Tp-p 116 2 1 ? ? ? ? ?
Tp-p 116 2 2 ? ? ? ? ?
Tp-p 113 3 1 ? ? ? ? ?
Tp-p 113 3 2 ? ? ? ? ?
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IIpu mepexone OT SKBUBAJIEHTHBIX TapaMeTpoB BeTBeU AByxuenHbix JIOII n
napajuielIbHO BKJIIOUEHHBIX TpaHChopMaTopoB (Tabi. 2.2) K mapaMmeTpaMm OTIelb-
HBIX BeTBel (Tabi. 4.2) conpoTtuieHust R, X yBenuuuBaroTcs B JBa pasa, MpoOBO-
JUMOCTh B yMeHbIIaeTcss B JBa paza. Mcmonb3ys mpaBylOo KJIABHIINY MBIIIKH,
BCTaBbTE Tepes] cToa0moM «By» Tabnumbl «BetBu» mporpammbl RastrWin momoi-
HUTENbHBIH cTo0en «IIpoBomuMocTh Ha 3emiro MKCM |G|». B ctonbusr «G» u
«B» BHecuTe MPOBOJMMOCTH BETBU HAMArHUYMBAHMS CXEM 3aMEIICHUS TpaHC-
(opMaTopoB, KOTOPBIE ONPEAEISAIOTCA 10 GOpMYIaMm:

AP )
=57 10°%  B=-tpf

B nOM B noMm

G

JIns KOHTPOJST TPaBUIBHOCTU KOPPEKTUPOBKU MOJICNIM CETU BBITIOJTHUTE
pacu€T pexxuma JIJIsl MOJTHOM cXeMbl. Pe3ynbTaThl 3TOTO pacuéra JOJDKHBI COBIACTh
C pe3ynbTaTtoM, moiaydeHHbIM B pabote Ne 3. CoxpaHuTe Mojenb ceTd B (aiin B

dbopmate LY.

KoHTponbHbIE BOITPOCHI
1. Kak BBOAATCS IOIOJHUTEILHBIE TaHHBIE 00 y3JIaX U BETBSAX B IIporpamme
Rastrwin?
2. Kak BBIMOJHHATH IPOBEPKY UCXOIHBIX JaHHBIX B Iporpamme RastrWin?

3. Kak coxpaHuth u 3arpy3uTh JaHHbIC U3 (aiina?

Jlabopatopnas padota Ne 5
MOJIEJJUPOBAHUE PEMOHTHBIX PEXKUMOB SJIEKTPHUYECKOM
CETHU U PABPABOTKA MEPOIIPUSITUI ITO BBOJY PEXKUMA
B IO0IIYCTUMYIO OBJIACTbD
Lenv pabomor: OCBOUTH IPUEMBI pacu€Ta YCTAHOBUBIINXCS PEKUMOB PEMOHTHBIX

CXEM DJIEKTPUIECKOM ceTH mporpammor Rastrwin.
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3ananue

1. 3arpy3uth u3 Qaitna Mojenb 3IEKTPUYECKOM CETH AJid pacy€ToB pe-
MOHTHBIX PEXKHUMOB, pa3zpaboTraHHyro B pabore Ne 4, mporpammoin
Rastrwin.

2. BbIonHUTH pacy€T pexuma CeTH, MPU MOJTHOM COCTaBE€ BKIIFOUEHHOIO
00opy10BaHMUS.

3. OmnpenenutTb OTHOCUTENIbHYIO BEJIMYMHY 3arpy3Kd 3JIEMEHTOB 3JIEKTPHU-
yeckoil cetu (ueneit JIDIL, tpancopmaTopoB) M paHKUPOBATH UX MO
CTeTNeHU yObIBaHUS 3arpy3KHu.

4. OTKJIIOYUTH B MOJHOM cXeme HaubOoJee 3arpyKEHHBIM AJIIEMEHT U Bbl-
NOJIHUTh PAc4y€T PEMOHTHOro pexkuma. [IpoBepuTh JOMyCTUMOCThH 3a-
I'PY3KH 3JIEMEHTOB CETU ¥ YPOBHEH HANPSKEHUS B y3iax.

5. BbINOMHUTE NMyHKT 4 NpU OTKIIOYEHUH CIEAYIOIIErOo IO PaHXHUpy 3a-
I'PY3KH 3JIEMEHTA CETH.

6. JlaTb pekoMeHIaluu [0 YCUJICHUIO CETH, 3aMEHEe 000PYA0BaHUs MPU He-
nomycTuMbix Harpyskax JIOII uwnu TpanchopmaTopoB B pEMOHTHBIX pe-

KHUMax.

Metonnueckue yka3zaHHs

Nmnoptupyiite u3 ¢aiina T1aHHBIX MOJENb SJIEKTPUIECKON CETH IS pacyé-
TOB PEMOHTHBIX PEXKHUMOB TporpamMmoii RastrWin, ucmonb3ys pekoMeHIaIuu, u3-
JIO’)KEHHBIE B YKa3aHUAX K padote Nel.

BoinonnuTte pacu€t pexxuma MpH MOJTHOM cxXeMe ceTu (BCe BETBU BKIIIOYE-
Hbl). Eciv BO3HMKAIOT MpoOJieMbl C BBINOJHEHUEM pPAcCUYETOB MpHU 3aJ[aHHBIX
Harpy3kax y3JIOB, TO BBIIOJIHUTE MPOOHBIM pacdET pekuMa XOJIOCTOro Xoja, Mo-
JI0’KMB Harpy3Ku BCEX y3JI0B PaBHBIMHU HYJIIO. JTO, KaK MPAaBUIIO, HOMOTAET HAUTH
OIMOKU B UCXOAHBIX JaHHBIX. [10 yMonuaHuio pe3ynbTarbl pacuéra pekuma OT-

paxaroTcsi B OTPaHMYEHHOM YHUCJE CTOJNOIOB TaOmul «Y3ib» u «BeTtBu» mpo-
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rpammbl RastrWin. Pacimpbre crimcok mapaMeTpoB pexkuMa B Tadiuie «BetBuy,
100aBHB CTOJOLBI JUIsl TOTOKOB aKTMBHOM M PEaKTMBHOW MOUIHOCTEW Hayana u
KOHIIa BETBU, TOKOB MPOJOJIbHBIX BETBEN CXEMBI.

ComnocraBbTe pacyETHbBIE 3HAYEHUSI TOKOB BETBEU C JOIYCTUMBIMH TOKAMH
JUHUN U TpaHncpopMaTopoB. Jlomyctumeie Toku npoBoAoB BJI mpuseaeHs B npu-
J0XeHUU. JlomyCTUMBIA TOK BETBH, COOTBETCTBYIOIIEH BJI, onmpenensercs ¢ yué-
TOM 4YHCJIa TapajuleNbHbIX Lenel. JJonycTuMblii TOK TpaHchopMaTopa mpUHUMA-
€TCsl paBHBIM yBeandeHHOMY Ha 30 % HOMUHAILHOMY TOKY TpaHcdopmaTopa. Jlo-
MyCTUMBIN TOK TpaHcpopMaTopa onpenesnsercs no popmye

o 1 =1, 32000

gonTp — L m _ (5.1)

[Ipu onmpeneneHuun JOMYCTUMOTO TOKA BETBHM, COOTBETCTBYIOUIECH CTOPOHE
HH aBtotpanchopmaropa, o (5.1) cienyer ydyectb TO, YTO MOIIHOCTh OOMOTKH
HH coctapmisier 50 % HOMUHAIBHOMA.

Jjist conocTaBieH s pacu€THBIX U AOMYCTUMBIX TOKOB 3arOIHUTE Ta0id. 5.1.
B cronbue «Panr» taba. 5.1 3anuckiBarotcs padru (1, 2, 3 u 1.1.). BeTBb, 11 ko-
TOPOI BETMYMHA OTHOCHTEIBHOU 3arpy3KH lpacullon MAKCHMabHa, UIMEET BBICIIUIA
paHT paBHbIM e€qUHUIIE. PaHT paBHBIN JIBYM MMEET CIEAYIONIAs IO YPOBHIO 3arpy3-
KU BETBb U T.1.

OTkIII0UMTE BETBb, UMEIOLIYIO CaMblii BBICOKHMU paHr. J[Jig 3Toro B Tabnuie
«BetBu» porpammer RastrWin B cronbie «S» METKHUTE JCBOM KIIABHMIIECH MBIIII-
KM B CTPOKE, COOTBETCTBYIOLIECH OTKJIOYAEMOW BETBHU. B 3TOM KIIETKE MOSIBUTCS
CrielUalibHasi OTMETKAa 00 OTKJIO4YeHUHU. [ 0OpaTHOro BKIIFOYEHUS BETBU €IIIE
pa3 METKHUATE JICBOM KJIABHIIEH MBIIIKA B 3TOW KieTKe. [ OTKIIFOYEHUs aBTO-
TparncpopMaropa Wi TpEXOOMOTOUYHOTO TpaHchopmaTopa HEOOXOTUMO OTKIIO-
YUTH BCE TPU BETBU €r0 CXEMbI 3aMEIICHUS. BBIMOIHATE pacu€T pexxuma Il 3TOU
PEMOHTHOM CXEMBI.

Cnenaiite BbIBOJ O JOIYCTHMOCTH PEXKHMMa IO 3arpy3Ke JIMHUWA U TpPaHC-
dbopmaTopoB, 3anoJHUB TaOMUIy BHUja Tabi. 5.2. 3atemM mepexoauTe K pacueTy

CIEQYIOLIEN PEMOHTHOU CXEMBI.
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Tabmuua 5.1. — Toku BeTBeil B HOpMaJIbHOU cXeMe CeTu

Tun Nuaa | Nxon | Nmap |lpacy, A | lgom, A | Ipacy/ lmom, % Panr
JIOII 201 202 1
JIOI 201 202 2
JIDII 201 203 1
JIDII 201 203 2
JIDII 202 203

JIOII 203 204 1
JIOII 203 204 2
JIDII 112 115 1
JIDII 112 115 2
JIDII 112 114

Tp-p 202 205 1
Tp-p 205 112 1
Tp-p 205 B 1
Tp-p 202 2050 2
Tp-p 2050 112 2
Tp-p 2050 5 2
Tp-p 203 6 1
Tp-p 203 6 2
Tp-p 204 206 1
Tp-p 206 114 1
Tp-p 206 7 1
Tp-p 204 2060 2
Tp-p 2060 114 2
Tp-p 2060 7 2
Tp-p 115 118 1
Tp-p 118 31 1
Tp-p 118 4 1
Tp-p 115 1180 2
Tp-p 1180 31 2
Tp-p 1180 4 2
JIOI 112 116

JIDII 114 117

JIDII 115 113 1
JIDII 115 113 2
JIDII 117 116

Tp-p 117 1 1
Tp-p 117 1 2
Tp-p 116 2 1
Tp-p 116 2 2
Tp-p 113 3 1
Tp-p 113 3 2
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Tabnuua 5.2. — Toku BeTBEe B pEMOHTHOI cxeme ceTH Ne  TIpH OTKJItoue-

HUU BETBU

Tun Nuau | Nkon [Nmap| Ipacu, A | lmom, A | Ipacy/ Imxom, %
JIDII 201 202 1
JIDII 201 202 2
JIDII 201 203 1
JIDII 201 203 2
JIDII 202 203

JIDII 203 204 1
JIDII 203 204 2
JIDII 112 115 1
JIDII 112 115 2
JIDII 112 114

Tp-p 202 205 1
Tp-p 205 112 1
Tp-p 205 B 1
Tp-p 202 2050 2
Tp-p 2050 112 2
Tp-p 2050 5 2
Tp-p 203 6 1
Tp-p 203 6 2
Tp-p 204 206 1
Tp-p 206 114 1
Tp-p 206 7 1
Tp-p 204 2060 2
Tp-p 2060 114 2
Tp-p 2060 7 2
Tp-p 115 118 1
Tp-p 118 31 1
Tp-p 118 4 1
Tp-p 115 1180 2
Tp-p 1180 31 2
Tp-p 1180 4 2
JIDII 112 116

JIDII 114 117

JIDII 115 113 1
JIDII 115 113 2
JIDII 117 116

Tp-p 117 1 1
Tp-p 117 1 2
Tp-p 116 2 1
Tp-p 116 2 2
Tp-p 113 3 1
Tp-p 113 3 2

Ecnu 3arpy3ka BeTBeW [OMyCTHMa, TO MPOBEPHTE PACUETHBIE 3HAYCHHUS
HamnpsbkeHnl. MakcumanbHo gomycTuMoe HanpsieHUe Umax gon JJIS Y3J0B CETH
220 u 110 kB Ha 15 % npesbimaer HoMuHanpHOE. Y31bl 10 kB u 35 kB aBnsroTcs

TOYKAMU TMOCTABKHU 3iekTpodHepruu notpedurensiMm. Cornacio 'OCT P 5419-
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2010 oTkIOHEHHE OT HOMHHAJIBHOTO HAMNPSKEHUS B ATHUX Y3JIaX HE JOJHKHO TIpe-
BbIaTh £10 %. 3aHecute pe3yabTaThl pacy€Ta HAPsDKEHUM B y3/1ax ceTH B TaOJl.

5.3.

Tabnuua 5.3. — HanpsikeHus y3710B B peMOHTHOM cxeme No

Unowm, | Upacu, | Umin mom, | Umax gom,

Tum Howmep Ha3zBanue <B <B <B <B
baza 201 2C 220 252
Harp 202 I1C-A BH 220 252
Harp 205 IC-A0 1 220 252
Harp 2050 IC-A02 220 252
Harp 203 I1C-B BH 220 252
Harp 204 I1C-I' BH 220 252
Harp 206 IMC-ro1i 220 252
Harp 2060 IMC-ro?2 220 252
Harp 112 I1C-A CH 110 126
Harp 114 I1C-I' CH 110 126
Harp 115 I1C-b BH 110 126
Harp 118 IC-b0 1 110 126
Harp 1180 I[C-60 2 110 126
Harp 4 [1C-b HH 10 9 11

Harp 5 I1C-A HH 10 9 11

Harp 6 [1C-B HH 10 9 11

Harp 7 [1C-I" HH 10 9 11

Harp 31 I1C-b CH 35 31,5 38,5
Harp 117 I1C-1 BH 110 126
Harp 1 I1C-1 HH 10 9 11

Harp 116 I1C-2 BH 110 126
Harp 2 I1C-2 HH 10 9 11

Harp 113 I1C-3 BH 110 126
Harp 3 I1C-3 HH 10 9 11

Crnenaiite BBIBOJI O AOIMYCTUMOCTH PEXKHMa IO YPOBHSM Hampsbkenus. [Ipu
BBIXO/IC HANPSOKCHUS W3 33JIaHHOTO MHTEpBajia UX KOPPEKTHPOBKA MOXKET OBITH

BBINTOJTHEHA M3MeHeHneM K mepBOHAaYalbHO MPUHATHIX paBHbIMH K . mpu pas-

paboTtke moaenu cetu B padote Ne 4.
st nByxo6MoTouHBIX TpaHnchopmaropos ¢ PITH B oomoTrke BH

U K

_ H mom TH

T UBHOM (1inAUCTPHH*) - 1inAUCTPHH* |

rae N — 9ucio CTYHeHeI\/II OTHOCHUTCIIBHO CPCAHCTO OTBCTBJICHUA,

AU, pyy« — cTynieHs perynupoBanus PITH B OTHOCHTENBHBIX €MHUIIAX.
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st TpéxodmoTounbIX TpancopmatopoB ¢ PIIH B oomotrke BH u I1bB Ha
cropone CH

Uc o (1EMAU 55, _ Kyp.c (1EMAU; 55, )
UB HOM (1i nAUCT PITH * 1i nAUCT PITH=*

KT B-C —

i

_ KH B-H
1£nAU_ by

KT B-H

rae m — yucio cryneneu [IbB 0OTHOCUTENBHO CpEAHETO OTBETBIIEHHUS.
s aBroTpanchopmaropos ¢ PITH na cropone CH

KT B-C — KH B-C (]-i nAUCT PHH*)'

Jst aBrotpancdopmaropos ¢ Takum PITH K, =K ;1 He perynupyercs.

B BBIBOJAX IIO pa60Te JJIIsA Ka}I(JIOfI pGMOHTHOﬁ CXCMbI YKAKUTC HaA IMMPUCM-
JEMOCTb pPCKUMaA HIIM OTMCTBHLTC TC J3JICMCHTBHI CCTHU, KOTOPLBIC IICPCTPYIKAIOTCA.
YKa}KI/ITe, KaKHC MCPOIIPUATHA HCO6XOI[I/IMO PacCMOTPECTh AJIA JIMKBUAAIIUHN TICPC-

Ipy3Kd 00OpYAOBAaHMS CETH NMPU MAKCUMAJIbHON Harpys3Ke.

KoHTponbHbIE BOTPOCHI
1. Kak OTKIIOYHTH BETBh PACYETHOM cXeMbl B mporpamme RastrWin?
2. Kak BBITIOJIHUTH MPOBEPKY TOMYCTUMOCTH PEKUMA CETH?

3. Kakue mepornpusaTis To3BOJSIT JUKBUANPOBATH MEPETPy3Ky 000pyn0BaHUA?

Jlabopatopnas pabota Ne 6
ONTUMU3ALIUA PEXXUMA SJEKTPUUECKOH CETH
Lenv pabomor: ONTUMUBHPOBATH PEXKHUM CETH JIJISI TEXHUKO-IYKOHOMUYECKOTO CO-
MOCTABIICHHS] BAPUAHTOB PA3BUTHS DJICKTPUUECKON CETH.

3amaHue
1. 3arpy3uths u3 (aiia MoaeIh HOPMAIBHON CXEMBI JIEKTPUYECKOU CETH,

pa3paboranHyo B pabote Ne 2, mporpammoii RastrWin.
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2. PaccuuTaTh BO3MOKHBIE 3HaUCHUs KOIPHUIIMEHTOB TpaHCPOpMaIlUU aB-
torpanchopmaTopoB ¢ PIIH na noacranuusax I1C-A u I1C-T'.

3. BbBINOAHUTH KOPPEKLHUIO TaHHBIX B Tabmuuax «Y3mel», «BeTBuy, «Paiio-
HBD) JJI ONPEeNIeHUs CTPYKTYPhI MOTEPh MOIIHOCTH.

4. BBINOJHUTH CEPUI0 PACUETOB PEXKMMOB CETH MPU Bapuauuu Kod3huiu-
eHToB TpaHchopmanuu aprorpancGopmaropon [1C-A u I[IC-T" u BeIOpaTh
PEXUM C MUHUMAJIbHBIMU MOTEPSIMU AKTUBHON MOIIIHOCTH.

5. Hanecrtu Ha pacué€TtHyio cxemy cetu (puc. 2.1) TOTOKH aKTUBHOW U peak-
TUBHOM MOIIHOCTM B Hayalle M KOHIE Ka)KJO0M BETBU B ONTHUMAJIbHOM
pexuMe.

6. CoxpaHuTh pe3ynabTaThl pacyEToB pekuMa B ¢ailia Mojaenu cetu B Gop-

mate LIJ1Y.
MeToandeckue yKka3zaHus

[Ipy TeXHUKO-PKOHOMHUYECKOW OIIEHKE BapUAHTOB Pa3BUTUS AJIEKTPUUECKON
CETH BaXHBIM IOKa3aTelIeM SBISIOTCS MOTEPU AJIEKTpOdHepruu. B kaxmom wu3
CpPaBHUBAEMbIX BAPHUAHTOB CETH CIEAYET OMPEIEIATh MOTEPH SJICKTPOIHEPTUH H
MOIIIHOCTH B ONTHMAJIIBHOM I JAHHOTO BapuaHTa ceTu pexume. s pemeHus
ATOM 3a7auM B JabopaTopHOIl paboTe M3ydyaeTcss OAWH U3 CIOCc0O0B (GOpMHUPOBA-
HUS ONTUMAJIBHOTO PEXKHUMA.

Nmmnoptupyiite u3 (aiina 1aHHBIX MOJEIb HOPMAIBHON CXEMBbI dJIEKTpUIe-
ckoii cetu (puc. 2.1), pazpaborannyio B pabote Ne 2.

Ha noacranuusx I1IC-A u IIC-I" ycraHoBIIeHBI aBTOTpaHC(HOpMATOPHI
ATITH-125000/220 ¢ PITH nHa ctopone CH £6x2%. Jlns aBToTpancpopMaTopon
¢ PITH na cropone CH koaddummenT tpanchopmariuu paBeH

KT B-C — KH B-C (1i nAUCT PHH*)'
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U
rae KH B-C — Uﬂ

BH

121
X (K, g = 230 0,526);

— K03 GULKEHT TpaHcPopMaluu MPU HOMHHAJIBHBIX HaIpsxKe-

N — YUCIIO CTYICHEH OTHOCUTEIIBHO CPEAHET0 OTBETBICHUS (£6);

AU, pyy. — cTynenb perynupoBaHus PIIH B OTHOCHTENBHBIX eAMHHULIAX
(0,02);

3unauenust K_ g ans aBrorpancdopmaropor IIC-A, TIC-I' npuBeneHsl B

Tadi. 6.1.

Tabnuua 6.1. — Koagdunuments Tpanchopmarun aprorpanchopmaropon ¢ PITH

n 6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -6
K o o foe) o) ~ N~ © © T?) Te) < ™ ™
e, ~ © 0 <t ™ N — =) o ) N ©

nEE o n n n L n n '-"’_ L < < < <
o o ) ) =) =) o o o =) =) o =)

M3mensisi  koddduumentsr  tpanchopmaumn K. g Ha HOACTaHIUSIX

220/110 kB, MOXHO peryiIupoBaTh MOTOKA MOIIHOCTA B HEOJAHOPOIHOM KOHTYPE,
obpazoBannom JIDII 220 kB, aBrorpanchopmaropamu u JISII 110 kB. IIpu sTom
OyIyT MEHATHCA MOTEPU aKTUBHOW MOIIHOCTU. BBIMOIHUB cepuio pacdéToB MpHU

paznuuHbix codetanusx K., moacranumit 220/110 kB (BetBu 205 — 112, 206 —

114 cxemsbl, npuBeAEHHON Ha puUC. 2.1), MO)KHO HAWTH PEKUM, B KOTOPOM MOTEPU
AKTUBHOW MOIIHOCTH OYIyT MUHUMAIBHBIMU MPHU COOIOJCHUHM OTPAHUUYCHUHN T10
HaIpsODKEHUAM Y3JIOB U 3arpy3ke BeTBEW. TakoW peXUM Ha3bIBa€TCsl ONTUMAallb-
HBIM.

st pukcanuu moTeph MOIIHOCTH B KaXXKJIOM M3 PacCMaTPUBAEMBIX PEKU-
MOB HE00X0auMO B Tabnuile «PaliOHBI» BBECTH CTPOKY, B KOTOPOW yKa3aTh HOMEP
paiiona (Hampumep, 1) u ero Ha3BaHue. 3aTeM B TabOiuile «Y3Jbl» B CTOJIOLE
«Palton» 11 KaXKJ10T0 y3J1a yKa3aTh BEIOpaHHBIN paHee HOMep palioHa. B Tabnuiie

«BetBu» B cTonbie «Na» aia Kaxmaoil BETBH BIHMCATh HOMEp paiioHa. Temepp B
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tabsmue «Paiion» B cTonbue «Dp» nosiBATCS cyMMapHble MOTEPU aKTUBHOW MOIII-
HOCTH. DT CyMMAapHble MOTE€PU AKTHUBHON MOIIHOCTH HEOOXOAMMO 3alucaTh B
Taba. 6.2 B KIETKY, HaXOJAIIYIOCA Ha MEPECEUEHUN CTPOKU U CTOJOLA, COOTBET-
CTBYIOUIMX paccMaTpUBAEMOMY COYETaHUIO Ko3(h(UIMeHToB TpaHchopMauuu

K, TIC-A u TIC-T.

[Tocne 3amnonHeHus Bcex KIETOK Tadia. 6.2 HallAuTe KIETKY ¢ MUHUMAJIbHbl-

MH TOTEePSIMH MOII[HOCTH M Te coueTaHusi ko duimentos tpancopmannn K g -

IIC-A u IIC-T', KOoTOpBIE COOTBETCTBYIOT 3TUM IOTEPSM MOIIHOCTH. [loBTOpUTE

pvaéT pexuMa NPCTCHACHTA Ha OITUMAJIBHOCTL IJIsI 3TUX COYETaHUM KT B-C 1

9TOOBI YOEIUTHCS B JOMYCTUMOCTH 3TOTO PeXuma. J[OmyCTUMOCTh pekuma Ipe-
TEHJICHTAa Ha ONTUMAJIBHOCTh MPOBEPSETCS MO YPOBHAM HAMNPSIKEHUS B y3Jax U
COOTBETCTBUSI paCUETHBIX TOKOB MPEETbHO JOIMYCTUMBIM, TaK KaK 3TO ObLIO CJe-
naHo B pabore Ne 3. Eciiu BBECTH ATOT peXUM B JOMYCTUMYIO 00JIaCTh HEBO3MO K-
HO, TO MEPEUINTE K PACCMOTPEHUIO JIOMYCTUMOCTH CIEAYIOLIEr0 peKuma C He-
CKOJIbKO OOJBIIMMU TOTepAMH MOIIHOCTU. [loBTOpUTE TIpU HEOOXOAMMOCTU ATH
JIEHUCTBUS 10 OOHAPYKEHUS JOIMTYCTUMOTO T10 HATMPSIKEHUIO H TOKaM PEXUMa CETH.
PexyM omycTUMBIN MO HANPSKEHUIO Y3J10B U TOKOB BETBEM C BO3MOXKHO MECHb-
[IMMH TIOTEPSIMU aKTUBHOW MOIIHOCTU U OYJI€T ONTUMAJIbHBIM.

Pacneuaraiite pacu€tnyio cxemy (puc. 2.1) u HaHecuTe Ha HE€ MOTOKU aK-
TUBHOM M PEAKTUBHOM MOILIHOCTEN ONTHMAJIbHOIO PEXKUMa U NPUBEIUTE €€ B OT-
yéTe 1o padore.

B BeIBomax mo paboTe ykakuTe BEIMYHUHY MOTEPh aKTUBHOM MOITHOCTU B
MOJIYYEHHOM BaMH ONTUMAJIBHOM (M TEXHUYECKH JOMYyCTUMOM) pexnume. OTMEThb-
T€ TEOPETHUYECKHM MUHHMAJIbHYIO BEJIMYMHY NOTEPh aKTWBHOM MOIIHOCTH B pac-

CMATPHUBAEMOU CETU NMPHU MAKCUMAJIBHBIX HArpy3Kax.



Tabnuua 6.2. — IloTepr aKTUBHON MOILHOCTH MPU PETYAUPOBaHUU KO3 PuimeHToB Tpanchopmanuu noacranuuii 220/110 kB

Koa¢pdunuentsl Tpanchopmanun aprorpancgpopmaroposn IIC-A

0,589

0,579

0,568

0,558

0,547

0,537

0,526

0,516

0,505

0,495

0,484

0,473

0,463

KoxdPpunuentsi Tpanchopmanun
aBTOTPaHC(POPMATOPOB
nC-r

0,589

0,579

0,568

0,558

0,547

0,537

0,526

0,516

0,505

0,495

0,484

0,473

0,463

17
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KonTtponbsHbIE BOIPOCHI
1. Kakoil pe:xuM 3JeKTPUUYECKON CETH ABIISIETCS ONTUMAIBHBIM?

2. Kak oTkoppekTupoBaTh JaHHbIe B iporpamme RastrWin mis dukcamuu noteps
MOIIHOCTH?

3. Kakoit pexxuM 31eKTpUUYeCKOi CETH Ha3bIBAETCS JIOMYCTUMBbIM ?

Jlaboparopnas pabota No 7
OINITUMMUBALIMA MOIIIHOCTHU U MECT PASMEIEHUSA
HCTOYHUKOB PEAKTUBHOM MOIIIHOCTH
L{env pabomoer: OnpeaenuTh IKOHOMUYECKH 000CHOBAaHHBIC MOIITHOCTH KOHJICHCA-

TOPHBIX 6aTapel71, pasMeCIIaCMbIX Ha IMOJACTAHIUAX HpOGKTI/IpyeMOﬁ CCTH.

3amanue

1. 3arpy3uth u3 ¢aiiiga MoJeab ONTUMAIBHOTO PEXUMa IIEKTPUUECKON CEeTH,
paspaboTtanHyo B pabote Ne 6, mporpammoii Rastrwin.,

2. OnpenenuTb eCTECTBEHHOE 3HaueHHe K03 duimeHTa peakTUBHON MOIITHO-
ctu 1@, Harpy3ok Bcex noacranumi 110 xB.

3. BBIUUCANTH YKMCIIO YaCOB MAaKCHUMAJIBHBIX TOTEPh MOIIHOCTH B AJIEKTpHUUE-
CKOH CETH.

4. Omnpenenuts onTuMainbHOe 3HadeHue Q¢ . Ha mmHax 10 kB noxcrannui
110 xB.

5. Beiopares momuocTh BCK, oOecrneunBarniyt0o ONTUMAaIbHOE 3HAYCHHE
19 @,,, Ha muHax nogcranuuii 110 kB.

6. OTKOPPEKTUPOBATH MOJEIH dIEKTPUICCKON CETH, BBEIsI B HEE IIyHTHI, CO-
orBercTByrome bCK w© BBINONHUTH pacdy€T pexumMa MOporpaMmon
RastrWin.

7. ConocTaBUTh MOTEPU aKTUBHOW MOIIHOCTH B ceTu A0 U mnociie BBoja bCK.

Crnenats BBIBOJ O 1esiecooOpa3HocTH yctaHoBKH bCK.
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Meronuueckue yKka3saHus

[Ipu npoekTUpOBaHUU FIEKTPUUECKON CETH MPU U3BECTHOM IUIAHE CTPOUTENb-
CTBa JJICKTPOCTAHIUU dopMupyercst 0ajaHC PEaKTUBHOM MOIIHOCTH IO CETH B Iie-
noMm. B mporniecce dhopmupoBaHusi Takoro 0ajaHca peniaroTcs JABe 3aadyu: TEXHUYe-
CKasg M ’KOHOMHYECKas. PeleHneM TEeXHHMYECKOH 3ajaud SBJISIOTCS MHHHMAJIBLHBIC
3HAYCHHUS] MOIIHOCTEW KoMIeHcUupyromux ycrpoicts (Hanpumep, bCK), obecneuu-
BAIOIINX JIOMYCTUMBIE YPOBHU HAIpPsKEHUH B y3iax ceTu. [Ipu pemeHuu 3KoHOMH-
YECKOM 3aJ]auu OMPENEIISIOTCS 0noaHuTeNnbHble MoiHocTH BCK, cHmxkaromue mo-
TE€pPU MOIIHOCTU U DJIEKTPOIHEPruu B ceTH. Ha ctamuu mpoeKTUpOBaHUS dIEKTpHUYe-
CKOM CETH MCHOJIb3YETCS YNPOIUIEHHAs METOJUKA OMPEACICHUS] MOIIHOCTENH U MECT
yctanoBku bCK B cetn 110 kB, obecnieunBaronias mojjaep:kanue OajaHca peakTHB-
HOM MOIITHOCTH NP HOPMATHUBHBIX YPOBHSX HANPSOXKEHUS U CHM)KEHHUE MOTEPh MOIII-
HOCTH U DJIEKTPOIHEPTUHU.

OrnpeneneHne SKOHOMHYECKH OOOCHOBAaHHBIX KO3(P(UIIMEHTOB pPEaKTUBHOU

MOITHOCTH tg @y OCYHICCTBIIACTCA € HUCIOJIB30BAHUEM O606HléHHI>IX nokasarejei

(puc. 7.1).
NmmopTtupyiite u3 daiiina Moaenb ONTUMATBHOTO PEXHUMA JIEKTPUIECCKON Cce-

TH, pa3pabotanHyto B pabore Ne 6, mporpammoii RastrWin. Otkpotite tabmuiy «Y3-

Q.

JIBI» | TS Y3J10B Harpy3ku Hanpspkenuem 10 kB 1, 2, 3, 4 onpenenure (g, =—.

P

H
Ilo BaI[aHHOﬁ BCIIMYHNHC Tmax BBIYHUCIACTCA BpPEMA MAKCHMAJIBHBIX IIOTCPb
MOIIHOCTH:

2
otk ;kf* 8760,

rae k, =T, /8760 — xoopdunuent 3anonuenus rpadhuka CyMMapHOM HATPY3KH Ce-

TW. 3Hauenue [ .., TpuseneHo B Tadm.B.1.

max
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Puc. 7.1. O600mEnHbIe pacYEéTHBIC KPUBBIE JJISI OTIPECIICHHUST ONITUMATBHOTO
k03¢ punmenra momuoctu 9@, . :

T - 9HCII0 YaCOB MaKCUMAaJIbHBIX TTOTEph MOIIHOCTH; L — ymanénnocts LIT (moacranmum 220 — 330
kB ot anexkrpocranmmu; | — ynanéanocts noacrannuu 110 kB ot LI1. ITapamerp KpuBBIX

SSK = Spacq / Sﬂon ,Tae O on — AOIYCKaeMas [0 HarpeBy nepeaBaeMas MOIHOCTb, MB-A; Spacq

— pacu€THas Harpy3ka rojoBHoro ydyactka BJI 110 kB, MB-A

ITo cxeme cetu (puc. B.1) onpenensercs yaanéHHOCTh pacCMaTpUBaEMOM TO/I-
crannuu ot 1nertpa mutanus (IIIT) 220 — 330 kB |. Hampumep, mis moacrannmu [1C-
b paccrosaue no L1 (moacranmuu [1C-A) cocramsier 54 km, mist [1C-3 — 1=83,2 km.
B 3amkHYyTOW ceTn pekomeHayeTcs onpeneisath | 1 L B cooTBETCTBUU C MOTOKOpac-
MpeeeHueM MOIIHOCTEH, MOJYyYeHHbIM MpH BbINoNHEHUU paboThl Ne 6. Hanecute
Ha CXEMY CETH TOYKM IMMOTOKOopaszaena momHocTer. [log Toukoi morokopasaena mo-
HUMaeTcsi oOmMii y3en (CThIK) ABYX BETBEW, B KOTOPBIX MPOUCXOJIUT W3MEHEHHE
HarnpaBJieHHs (3HaKa) MOTOKOB aKTUBHOW M peakTHBHOW MoinHoctel. [lpu pazgene-
HUU CXEMBI 10 TOYKaM MOTOKOpa3jesia OyAeT MojaydyeHa paguaibHas cxema, JJisl Ko-
TOpOU OmpejesieHUue MoKa3aTejael Mo YJaléHHOCTU U 3arpy3ke He TpeOyeT crelu-

anbHbIX nosicheHuit. s LI, monydaromux MOIIHOCTh MO HECKOIbkuM BJI 220 —
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330 B, »kBHBaNEeHTHYIO YAAIEHHOCTh L OT 3JI€KTPOCTaHIMM CIEAYET ONpPENemsiTh
Kak cpeaHeapupmMeTrueckoe 3HaueHue JiuH nutaromux BJI 220 — 330 kB, no kax-
oM n3 KOTOphIX K paccMmatpuBaemomy LIII moctynaer e menee 30 % cymmapHoi
peaktuBHoM Harpy3ku LIII. Ilox cymmapnoit Harpyskou LIII monumaerca cymma
Harpy3ok no cropoHam CH u HH neHTtpanbHON MOACTAaHUMM C YYETOM OTHAYU IO
nuausM 110 xB.

OtHocuTenbHas 3arpys3ka rosoBHoro ydactka BJI 110 kB s 0606mEHHBIX

kpuBbIX (puc. 7.1) paBwa S, =S /S, . Benmmuuna S ., ompenensercs no pe-

3yJIbTaTaM pacuéra pekumMa u3 tadnuiel «BetBu» mporpammer RastrWin.

, 2 2
Spacq = PHaq +QHaq )

Jlomyckaemasi 1o HarpeBy IepegaBaeMasi MOIIHOCTD S, . ONMpEAeNseTcs o Be-
nu4uHe gomyctumoro Toka | (tabun. I1.1 npunoxenus) ¢ yuéroM uucia ueneii BJI

n

o

SIIOH = \/—&JHOM I Jon nI_[ )

ITo monyuenHbiM BenmunHam 7, L, |, S, u puc. 7.1 ompenensiercs: 3HaueHue

19 P,

Hns nmoacraniuu 110 kB, Haxopsieics B ToUke MOTOKOpa3/ieiia peakTUBHbBIX

MOIIIHOCTEH, ONTUMAIbHOE 3HaYeHUE Kod(uImeHTa peakTMBHOW MOIIHOCTH OTIpe-

pensiercst oraenbHo st Kaxaoi mutaroed BT (190, chesa s 19 Ponr cnpapa )» @ 32TEM

HaxXoguTcCs €ro O6IHCC 3HAYCHUC IJIA HArPpy3KHU IIOACTAHIIMK B ILCJIOM!:

P

CJicBa ) tg gDOHT CJICBa + PcnpaBa ) tg ¢0HT CIpaBa

P

CJICBa + ClipaBa

tg ¢0HT =

Onrumanehblie 3HadeHUs: MomHOCcTe bCK, HaMeueHHbIX K yCTaHOBKE Ha IIU-

Hax 10 kB IIC-b, I1C-1, TIC-2, TIC-3 onpenenstorcs 1o hopmye
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QBCK = (tg we - tg ¢OHT) PH '
OxkpyrmuTe noiaydeHHble 3Ha4eHUS Qg 10 ONvpKalIero cTaHZapTHOrO 3Ha-
yeHUS Qpeycon: 1,2 2,4 3,6 4,8 6,0 7,2 9,6 12,0 MBap u ompenenure EMKOCTHYIO

npoBoauMocTh bCK

B _ QBC;( HOM 106

paca = , MKCM.

HOM
OTkpoiite TabauIy «Y37b1», UCIOJIB3Ys MPaBYIO KIABUITY MBIIIKHU ,J00aBbTE B
Heé cTonbOen «B_pacuy. [{ns y3noB Harpy3ku 1, 2, 3, 4 Bnumure B 3TOT CTOJ0€I] 3Ha-

YCHHUC Bpacq CO 3HAKOM MHHYC. Beimonnute pacqéT pexumMa ajis1 CCTUu € BCK u Oo1pc-

JENINTEe, KaK U3MEHWINCH TOTEPU aKTUBHOM MOIIIHOCTH TTociie ycraHoBKu bCK.

Jns pukcanuy moTeph MOIIMHOCTH B KaXJIOM M3 pacCMaTPUBAEMBIX PEKUMOB
HeoO0x01uMO B Tabsuie «PaiioHbl» BBECTH CTPOKY, B KOTOPOH yKa3aTh HOMEp paiioHa
(manpumep, 1) u ero Ha3BaHue. 3aTeM B Tabnuie «Y3ael» B cTonoOue «Paiion» s
KaXXJ0r0 y3j1a yKa3aTh BBIOpaHHBIH paHee HoMmep paiioHa. B Tabmuue «BeTBu» B
croniorie «Na» nis kakaoW BeTBU BIMCATh HOMeEp paiioHa. Temneps B Tabnuie «Paii-
oH» B cToibie «Dpy» nmosiBATCS cymMMapHbIe MOTEPU aKTUBHOM MOIIHOCTH.

Pacneuaraiite pacuétayro cxemy (puc. B.1), ykaxurte Ha Helt BeiOpanHbie BCK
U ipuBeauTe e€ B oTuéTe 1Mo padore.

B BbIBOgax 1o pabote ykaxkute BennunHbl MolHoctet BCK u mecra ux ycra-

HOBKH, 3HaUEHUSI MOTEPb AKTUBHOM MOIIHOCTHU 110 U nociie yctaHoBKU BCK.

KoHTpOosbHBIE BOITPOCHI
1. Kakwue 3amauu pemrarorcs npu popMupoBaHuu OailaHca peakKTUBHONW MOIITHOCTH
B cetu?
2. Kak BbIOpaTh MOIIHOCTH M MECTa YCTAHOBKM KOMIICHCHPYIOIIUX YCTPOHCTB
(bCK)?

3. Kak m3menutcs pexxum cetu pu BBoge bCK?
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Jlaboparopnas pabota Ne 8
MOKA3ATEJM HAJTE)KHOCTHU DJIEKTPUYECKOM CETH
220-110 KB
Lenv pabomoer: OcBOUTHh MPUEMBI pacuéTa CPeIHECTATUCTUUECKUX BEJIUYUH HEJIO0O0T-

MyCKa 3JIEKTPOIHEPTUU B MOCICABAPUMHBIX PEKUMAX.

3ananue

1. 3arpy3uth u3 (aitnia Moenb IEKTPUUECKON CETU I PACUETOB PEMOHT-
HBIX PEIKUMOB, pa3paboTanHyo B padote Ne 4, mporpammoii RastrWin.

2. OmnpenenuTtb CpeHECTATUCTUYECKUE 3HAYCHHS TTapaMeTpa MOTOKAa OTKa30B
Y BPEMEHH BOCCTAaHOBJICHUS JIMHUU U TPaHCHOPMATOPOB CETH.

3. Berauciauth k03¢GQUITMEHTH BBIHYKJICHHOTO TPOCTOST (BEPOSITHOCTH OT-
KITIOYEHUS1) JIMHUIA U TpaHC(HOPMATOPOB.

4. OTKJII0YUTH B TIOJHOM cxeme HauOoliee 3arpyKeHHbIA TpaHchopmaTop wiu
uenb JIDII v BBIMOJHUTE pacd€T MocieaBapuilHOro pexuma. [IpoBeputh
JNOMYCTUMOCTD 3arpy3KH 3JIEMEHTOB CETU U YPOBHEHN HAIPSKEHUS B y3JaX.

5. BBectu pexum B JOMYCTUMYIO 00JacTh MyTEM CHIKEHHUS HArpy3KH MOTpe-
ouTeneit B 0THOM M3 y3710B 1 — 7 cXeMBbI CETH, TTIOKa3aHHOM Ha puc. B.1.

6. Omnpenenutb BeNUUMHY AePUIATA MOITHOCTA M MaT€MaTUYECKOTO OXKHaa-
HUSL HEJOOTITYCKa JIEKTPOIHEPTUH MIPU aBAPUUHOM OTKJIIOUYEHUHU HIIEMEHTA
CETH.

7. BBITIOJHUTH MYHKTHI 4 — 6 MPHU OTKJIIOUEHUHU CJIEAYIONIETO MO PAHXUPY 3a-

IPY3KHU 3JIEMEHTA CETH.
Metonnueckue yka3zaHHs
B kauectBe mokaszaTesnedl HalE€KHOCTU SIEKTPOIHEPIETUUECKOTO 000pyA0Ba-

HHA, OTHOCAIICTOCA K PCMOHTHUPYCMBIM HU3ACIUAM, UCIIOJB3YIOTCA IIapaMCTpP IIOTOKaA

oTka3oB ® (l/roxn), cpeaHee Bpems BOCCTAaHOBIIEHUS [, (J€T), 4acTOTa IUIAHOBBIX
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peMoHTOB @, (1/ron), cpeaHee BpeMs MPOCTOA B IIIAHOBOM peMoHTe T, (yer). Ymc-
JICHHbIE 3HAYEHUs ATUX IOKa3aTeledl MpuBeneHbl B NpuiokeHuu. . CrnpaBoyHas
(TabnuuHas) BeIWYMHA NapameTpa nmoroka otka3oB JIDII nomkHa ObITH MpUBEEHA K
JUIAHE KaXJI0W JINHUU:

L

O = O tabn 100 ,

TAac L - JJIMHa JUHHUHU, KM.

Jns neyxuenusix JIDIT onpenenstor Y JUIMTEIbHOCTh aBapUUHBIX IMPO-

JIOII

CTOEB Ka)KJIOM 1I€NU B OTJICJIbHOCTH U JIBYX LI€NI€H OJJTHOBPEMEHHO.
ITokazarenu o, T, MCHOJB3YIOTCS IS OIPEIECICHUS KOMILUIEKCHBIX IOKa3aTe-
JIer HaaEKHOCTH

Hapa6oTka Ha oTka3( MpoI0KUTETbHOCTh PA0OTHI MEKY OTKa3aMu)

1
= —, JIeT.
®

T

H

KoaduimeHT BIHY)AEHHOTO MPOCTOS

T

B

K =—258
BT 4T,

~ol,, o.c.

[Ipr aBapuilHOM OTKJIFOUEHHUM SJIEMEHTOB CETH PEKHUM JJIEKTPUUYECKOW CETH
MOKET OKa3aThCsl HEJOMYCTUMBIM U3-3a MePErpy3KHu JIMHUHN WM TPaHC(HOPMATOPOB, a
TaK)K€ HEJOIYCTUMOTO CHUKEHUS HAIPSKEHUI B y3Jax Harpy3ku. st BBojia pexu-
Ma B JIOMYCTUMYIO O0JaCTh CIEAYET CHU3UTh HArPy3KYy B OJTHOM MJIM HECKOJBKHUX y3-
nax Harpy3ku (y3nsl 1 — 7 Ha puc. B.1) Ha Benuuunry AN . Takoe cHUKEHHE HArpy3KH
OCyHIECTBISIETCS TIpu pabote aBToMatuku 3ekTpuueckor cetn (AYP, CAOH). Taxk
KaK OTKJIIOYCHUE JTUHUHN, TPAHC(POPMATOPOB HOCHUT CIIYIalHBIA XapakTep, TO MoKasa-
TEJIEM HaJIEKHOCTU, MHTETPAIbHO YUYUTHIBAIOIIUM YaCTOTY, JJIUTEIILHOCTh U TIIyOUHY
OTKa3a, SBISETCS MaTEMAaTHYEeCKOE OKHMIAHUE HEJOOTIyCKa JIIEKTPOIHEPTUHU

M (AW, ) npu oTKIHOYeHHY i-TO 3IEMEHTa CeTH.

M (AW, ) = AWy i K (8.1)
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rae AWpaxi — MakCUMalibHash BEJIMYHMHA HEJOOTIYCKA DJIEKTPOOHEPIHMM B DJIEKTPU-

YEeCKOHM CEeTH MPH OTKa3e I-r0 AIEMEHTa CETH;

K, i — K03 (QHUIHEHT BBIHYKICHHOTO MPOCTOS I-T0 3JICMEHTA CETH.

BI
Jns mpubmmxénnoro onpeneneHuss AW,y j MOXKHO HCIIOIb30BaTh MPOCTEM-

U BUJ rOA0BOI0 rpaduKka Harpy3Ku Mo MpoAOHKUTENbHOCTH (puc. 8.1).

A
2
< AVVmax
T P(t)
Pmax
Pmin
| | >
0 4380 8760 tu
Puc.8.1. I'padpuk Harpy3ku 1mo npoaoIKUTEIbHOCTH
N3 puc.8.1 cnenyet, uto
. (4380AN)’
T P ax (8760 = Tray ) » (8.2)

r71€ Tmax — YMCIIO YACOB MCTOIB30BaHMUS MaKCUMaIbHOUM Harpy3ku (Tadum. B.1).

[Ipu npoeKTUpOBaHUU IEKTPUUYECKOM CeTH Hcmoiib3yeTcss npuHiun N-1, co-
IJIaCHO KOTOPOMY pacCMaTpUBAIOTCSA OTKAa3bl 3JIEMEHTOB CETH IO OAHOMY. BeposiTHo-
CTHIO OJTHOBPEMEHHOTO OTKJIIOUEHHUSI IBYX U O0JI€€ JIEMEHTOB CETH MPEHEOPETaroT.

Nmnoptupyiite u3 ¢aiisia JaHHBIX MOJIENb ANEKTPUUECKON CEeTH ISl pacuéToB
PEMOHTHBIX PeKHMOB nporpammoii RastrWin, co3nanHyro npu BBITOJHEHUU PabOTHI
Ne 4. JInst KOHTpOJIS 3arpy3KHd BETBEU PacUETHOUN CXeMbl OMONHUTE Tabnuiy «BeTt-

BU» NByMs cTojionamu. LLI€nkHauTe MpaBoii KiIaBUIIIEH MBIIITIKH 10 3ar0JIOBKY CTOI01Ia
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«Na» wu BctaBbTe B Tabmuiy crtonbusl «Tok Hawama BeTBU | Hauy U
«l_non_obopynoBanus |_non_o6op».

3anonuure cronder; «l gom o6op» momyctumbiMu Tokamu. [ns JIDIT momy-
CTUMBIE TOKH B 3aBUCUMOCTH OT CE€YEHUS MPOBOJOB MPUBEJAEHBI B IPHIOKEHUH. J1Jist

TpancdopmaTopos 1 aBroTpanchopmaTopos |, onpenensercs no (5.1). Ilpu

OTIpPEJICIICHAH JIONYCTUMOTO TOKa BETBH, COOTBETCTBYIomIei cropoHe HH aBTo-
TpaHnchopmaropa, 1o (5.1) cieayer yuectb TO, uTo MoiHOCcTh 06mMoTkn HH cocras-
nset 50 % HOMUHAIBHOM.

Onpenenute kKo3hGUIMEHTH BBIHYKJIEHHOTO npoctosi K. i, UCHONb3ys crpa-

Bi>
BOYHBIE JIAaHHBIE MTPUIIOKEHUS. Pe3ybTaThl BHIYMCICHUI 3aHeCUTe B TabI. 8.1.

Hanmpumep, nans npsyxuenHoi nuaun 220 kB 201-202 o =20

71311 Ta0T |

1/(rom-100 xm), T,;=1,2-10° nmer. C yuéroMm JUIMHBI JMHHE 63 KM MOJy4dM
Oq =1,26 1/ron, K,;=1,512-103 Jlna asrorpancpopmaropos 220 kB TIC-A
®,p i =0,03 1/rox, T, =7-103ner, K,; =0,21-107,

[Tpu BeIMOTHEHUH PAOOTHI No 5 37€MEHTHI ICKTPUUECKOM CeTH ObUIH paHKHU-
pOBaHBl B TOpPSAKE YOBIBaHUS 3arpy3ku. Mcmonb3yiTe 3Ty NOCHEI0BATEIBHOCTD
AJIEMEHTOB JJIsI OpPraHU3alMKM MOpsJKa pacuy€ToB IOCIEaBapUUHBIX PEXUMOB. OT-
KIIFOUMTe ouepeaHoi Tpanchopmarop miau JIDII, ncmonssys cronder; «S» u3 1abiu-
el «BetBuy. [ oTkimroueHus aBToTpancdopmaropa i TpEX0OOMOTOUYHOTO TPaHC-
dbopmaropa HEOOXOAMMO OJHOBPEMEHHO OTKIIOYUTH TPU BETBU CXEMBI 3aMEIICHUS
(puc. 8.2).

Hampumep, mst otkmtouenus aprorpanchopmaropa Ne 1 TIC-A oTkimrodaroTcs

BerBH 202-205, 205-112, 205-5.
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Taonuua 8.1. — [lokaszarenu HaIEKHOCTH DJIEMEHTOB CETU

V3161 O raon i T, .10—3
35 Unowm, N Wj ’ Kai s
JIEMEHT nap
kB N Hay N KoH ! 1/rox : o.c.
I/FOI[ JeT
JIoI 220 | 201 202 L
JIBYXIICTTH 2
JISII 220 | 201 203 L
JIBYXIICTTH 2
JIDII 220 202 203
JIoI 220 | 203 204 L
JIBYXIICTTH 2
JIoI 110 | 112 115 1
JIBYXIICTTH 2
JIDII 110 112 114
202 205 1
Tp-p 220 205 112 1
205 5 1
202 2050 2
Tp-p 220 2050 112 2
2050 5 2
Tp-p 220 203 6 1
Tp-p 220 203 6 2
204 206 1
Tp-p 220 206 114 1
206 7 1
204 2060 2
Tp-p 220 2060 114 2
2060 7 2
115 118 1
Tp-p 110 118 31 1
118 4 1
115 1180 2
Tp-p 110 1180 31 2
1180 4 2
JIDII 110 112 116
JIDII 110 114 117
JI3II 110 | 115 113 L
JBYXIEITH 2
JIDII 110 117 116
Tp-p 110 117 1 1
Tp-p 110 117 1 2
Tp-p 110 116 2 1
Tp-p 110 116 2 2
Tp-p 110 113 3 1
Tp-p 110 113 3 2
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“ Hassars H |1 *
NCABH -NC8BH 74 322
NCBEH -NCLBH 42 24

"~ NCBBH -NCTBH 42 |24
-NCSEH 88 224
-NCSEBH 88 224
“NCTCH 81 207
-NCAD1 05 286
-NCAD205 486
-NcACH 05 |
-ncAcCH 05 |
“NCAHH 1 a25
-ACAHH 1 325

| -NC8HH 38 1007 95
-MC8HH 38 1007 95
-ncro1os 286 11e
-ncroz lse6 118
-nCTHH 1 825
-NCTHH 1 825

Ncro1-ncrcH 0s 0525 |48 -

ncroz-ncrcH 05 | 0525 47 8

NCESH -MCSD108 355 181 1 -1

NCESH -NCED208 (355 181 1

NC601-NCECH 08 |

-

N =N

205 5

2z 6
203 s
204 206
204 |2000
28 |7
2060 |7
208 114
060 114
115 ns
ns  me
e 3

— N =N RN AN =N SN SNy -

Puc. 8.2. Otkmouyenne aBroTpanchopmaropa I[1C-A B mporpamme RastrWin

[Tpu monbITKE BBHIMOIHUTH PAcUET PeKUMa C OTKIIIOUEHHBIM aBTOTpaHCPopMa-
TopoMm TIC-A mosiBisieTcst cOOOIIEHHE O HEIOMyCTUMOM CHIDKEHHH HaIpSKEHUS, U

pacuért pexxrma aBapHuitHO mpekpariaercs (puc. 8.3).

<l

Q) KeHIpars HengHste faH-E

=€) Pacuer werascerewaroca passma Ousitos - 1, Coodwern - 4
Pl HWr Maxwes, Yaea >V Yaea <V Yaen Yron  Muum
-y 0 90956 114100 202100 202 00 N8eN
.,) 1 1911 2050 106 202078 5 166 20905

) 2 145 2050104 202065 5 139 20905

: v 3 108 5103 202050 5 266 206505

) P HegonycTimos CHIkEHIE HANPAKEHAA & ysne 5>

Puc. 8.3. Coobmenne 06 aBapuifHOM 3aBEpIICHUU pacuéTa peKkuMa

Jlyist BBOJIa pexuMa B JOMMYCTUMYIO 00JIaCTh CIIEyeT YMEHBIINTh aKTUBHYIO U
peaktuBHYI0 Harpy3ku (P_H, Q H) B y31e OmmkalIieM K OTKIIOYEHHOMY JIEMEHTY

cetu. Takum y3710M B paccmaTpuBaeMoM Inpumepe spisietcst y3en Ne 5. Crnenyet no-
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CTENEHHO MPONOPLHOHAIBHO cHUXaTh P_H, Q H y31a, T.e. coXpaHsisi HEM3MEHHBIM
tge. Ilpu cHmxenun Harpy3ku P _H n0 Benuuunbsl 60 MBT nu Q H 10 BenMuYMHBI
38,2 MBap pexuM MOXKET ObITh pacCUMTaH MpPU AOMYCTHUMBIX MMapaMeTpax pexuma.
JlepuuuT MOIIHOCTU NpH OTKIOYeHHH aBToTpaHchopmaropa Ha IIC-A B pexume
MakcuManbHoU Harpy3ku coctaBut AN =110 - 60=50 MBT. MaremaTuueckoe 0Xu-
JlaHWE HEJO0OTITyCKa AJIeKTpodHeprun M (AWi) onpenensercs 1o (8.1), (8.2) u 3aHo-
cutcs B Tabn. 8.2. Pe3ynpTaThl pacuéra Al paccMaTpUBAaEMOro MpUMepa OTKIIOYe-
Hus aBroTpancdopmaropa [1C-A npu Tmax=5000 1 nmokaszansl B Ta01. 8.2.

B 1nienom no cetu MaTreMaTU4eCcKoOe OXKMUAaHNUC HCIOOTITYCKA SJICKTPOOHCPTUHU

onpecaAcCsICTCA CYMMUPOBAHHUCM M (AWl ) , BBIYUCJICHHBIM IIpU aBapHﬁHOM OTKIHOYC-

HHUH OJHOI'O U3 3JICMCHTOB CCTH.

Tabnuna 8.2. — HemooTmyck 31€KTpOIHEPT UM B JIEKTPUUECKON CETH

V3061
OrkasaBumii | UHowM, N ma AN, | AWmax: Ky, | M(AW)
3JIEMEHT kB N Haua | N koH P MBT MBT 4 o.e. MBT4
JIoII 220 | 201 | 202 |4
JIBYXIICTTH 2
JIoII 220 | 201 | 203 |4
JIBYXIICTTH 2
JIDII 220 202 203
JIoII 220 | 203 | 204 |1
JIBYXIICTTH 2
JIII 10 | 112 | 115 1%
JBYXIEITH 2
JIDII 110 112 114
202 205 1
Tp-p 220 205 112 1 50 115960 | 0,21-103 24,4
205 5 1
202 2050 2
Tp-p 220 [ 2050 | 112 | 2
2050 5 2
Top 220 | 203 6 1
Tpp 220 | 203 6 2
204 206 1
Tp-p 220 [ 206 | 114 | 1
206 7 1
204 2060 2
Tp-p 220 [ 2060 | 114 | 2
2060 7 2
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[Iponomkenue Tabdi. 8.2

115 118 1
Tp-p 110 118 31 1
118 4 1
115 1180 2
Tp-p 110 1180 31 2
1180 4 2
JIDII 110 112 116
JIDII 110 114 117
JIoI 10 | 115 | 113 =%
JIBYXIICTTH 2
JIDII 110 117 116
Tp-p 110 117 1 1
Tp-p 110 117 1 2
Tp-p 110 116 2 1
Tp-p 110 116 2 2
Tp-p 110 113 3 1
Tp-p 110 113 3 2

KoHTponbsHBIE BOTTPOCHI
1. Kakumu mokazateasiMu xapaktepusyercs HaaéxHocts JIDII u tpanchopmaro-
poB?
2. Kak ocymecTBUTh BBOJ PEXHMa B JIOMYCTUMYIO 00JIaCTh MPH aBapUHHOM OT-
KJIIOUCHHH DJICMEHTA CeTH?
3. Kak ompenensercss MareMaTH4YeCKOe OXHUJAHUE HEIOOTITYCKAa AJICKTPOIHEP-

ruu?
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Ta6muma I1.1. — Pacuernsie nannsie BJI 35 — 330 kB co craneamomuHneBsiME poBoiaMu (Ha 1 km)

Homunansuoe | Kommdectso | Jlom. ro, OM 35 B 110 kB 220 kB 330 kB
ceqe;[{;f eMIITVIpz()BO_ npo(;g?z’[: °e TXK’ +§(I)) I;IC Xo, Om ME%M Xo, Om MEgM Xo, Om ME%:M Xo, OM | bo, MkCm
70/11 1 265 0,429 0,432 2,625 0,444 2,547
95/16 1 330 0,306 0,421 2,694 0,434 2,611
120/19 1 380 0,249 0,414 2,744 0,427 2,651
150/24 1 445 0,198 0,406 2,796 0,420 2,699
185/29 1 510 0,162 0,400 2,839 0,414 2,739
240/32 1 610 0,121 0,392 2,904 0,405 2,800 0,435 2,600 — —
240/39 2 1220 0,062 — — 0,331 3,380
300/39 1 690 0,097 0,385 2,956 0,399 2,848 0,429 2,640
300/39 2 1380 0,049 — — 0,328 3,410
400/51 1 825 0,075 0,420 2,700 — —
400/51 2 1650 0,037 — — 0,323 3,460
500/64 1 945 0,060 0,413 2,740 — —
500/64 2 1890 0,030 — — 0,320 3,500

09
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Tabnuua I1.2. — TpancdopmaTopsl Tpéxda3Hbie TByX0OMOTOUHBIE HanpskeHueM 110 kB

Homunans Karano>xabie JaHHbBIC PacueTHrle naHHBIE
Hast LpCHCIE Uson 00MOTOK, KB

Tun MOIHOCTS, PeryJIMpOBaHHUs, ’ e % APy, | APy, . % R, Xu, 0Qx,
MB-A % BH HH kBt | kBt Om | Om KBap

TMH-2500/110 2,5 +10x1,5 %, 110 6,6;11,0| 10,5 22 5,5 150 | 42,6 | 508,2 38

—8x1,5%

TMH-6300/110 6,3 +9x1,78 % 115 6,6;11,0| 10,5 48 | 100 | 1,00 | 16,0 | 2204 50

T/IH-10000/110 10 +9x1,78 % 115 6,6;11,0| 10,5 60 | 14,0 | 0,90 7,9 |138)9 70
T/IH-16000/110 16 +9x1,78 % 115 6,6;11,0| 10,5 86 | 21,0 | 0,85 44 | 86,8 112
TP/IH-25000/110 25 +9x1,78 % 115 6,3; 10,5| 10,5 120 | 250 | 0,75 2,5 | 55,6 175
TP/IH-32000/110 32 +9x1,78 % 115 6,3; 10,5| 10,5 145 | 320 | 0,75 19 | 434 240
TP/IH-40000/110 40 +9x1,78 % 115 6,3; 10,5| 10,5 160 | 42,0 | 0,70 13 | 34,7 260
TPITH-63000/110 63 +9x1,78 % 115 6,3; 10,5| 10,5 245 | 59,0 | 0,65 08 | 22,0 410
TPIITH-80000/110 80 +9x1,78 % 115 6,3;10,5| 10,5 | 310 | 70,0 | 0,60 06 | 174 480
TPIIIH-125000/110 125 +9x1,78 % 115 10,5 10,5 | 400 | 100 | 0,55 03 | 111 688

Ipumeuanus: 1. Tpanchopmatopsr TMH-2500 u 6300 umerotr PITH na cropone HH, y ocransubix Tpanchopmaropos PITH

BKJIFOYEHO B HelTpasis BH.
2. Tpancdopmaropsl ¢ nepexitodenuem 0e3 Bo30yxaenus umeroT [16B Ha cropone BH.

19
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Tabnuua I1.3. — TpancdopmaTtopsl Tpéxdasubie TpExoOMOTOUHBIE HanpskeHueM 110 kB

Homunais- Uson 00MOTOK, KB [Ipenens pery- Ui, %
Tun H?{ﬂofril,u- o o - Hi%%i?;g;a - - on APy, kBT|APx, kBT | Ik, %
MB-A (CH)

TMTH-6300/110 6,3 115 38,5 6,6; 11 +9x1,78% 10,5 17 6 58 14 1,2
T/ITH-10000/110 10 115 38,5 6,6; 11 +9x1,78% 10,5 17 6 76 17 11
T/ITH-16000/110 16 115 38,5 6,6; 11 +9x1,78% 10,5 17 6 100 23 1,0
TATH-25000/110 25 115 38,5 6,6; 11 +9x1,78% 10,5 17 6,5 140 31 0,7
TATH-40000/110 40 115 38,5 6,6; 11 +9x1,78% 10,5 17 6 200 43 0,6
TJATH-63000/110 63 115 38,5 6,6; 11 +9x1,78% 10,5 17 6,5 290 56 0,7
TAIITH-80000/110 80 115 38,5 6,6; 11 +9x1,78% 11 18,5 7 390 82 0,6

a9
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Tabnuua I1.4. — TpanchopmaTopsl u aBToTpanchopmaTtopsl Tpéxdaznbie HanpsxkeHuem 220 kB

HoMunanbHast Uson 0OMOTOK, KB [Ipenensr pery- Us, %
MOIIHOCTb, JIMPOBAHMS HA
Tun MB-A BH CH HH cropore BH B-C B-H C-H APy, kBT |APx, kBT | |x, %
(CH)

TPJ1H-40000/220 40 230 11/11 +8x1,5% 12 170 50 0,9
TPII1H-63000/220 63 230 - 11/11 +8x1,5% - 12 - 300 82 0,8
TPIITH-100000/220 100 230 - 11/11 +8x1,5% - 12 - 360 115 0,7
TPIIIH-160000/220 160 230 - 11/11 +8x1,5% - 12 - 525 167 0,6
TJITH-25000/220 25 230 | 38,5 11 +12x1% 12,5 20 6,5 135 50 1,2
TJITH -40000/220 40 230 | 38,5 11 +12x1% 12,5 22 9,5 220 55 1,1
ATJIIITH-63000/220/110 63 230 121 11 +6x2% 11 35,7 21,9 215 45 0,5
ATJIITH-125000/220/110 125 230 121 11 +6x2% 11 31 19 290 85 0,5
ATJIITH-200000/220/110 200 230 121 11 +6x2% 11 32 20 430 125 0,5
ATJIITH-250000/220/110 250 230 121 10,5 +6x2% 11,5 33,4 20,8 520 145 0,5

2. PerynupoBanue HanpspkeHus 1715 Tpancdopmaropos B Heltpanu BH, s AT na cropone CH

IIpumeuanus: 1. [{ns aBrorpanchopmatopoB cooTHomienre MoiHocrer oomotok BH/CH/HH coctasnsier 100/100/50%.

€9
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Tabnuma I1.5. — [TapameTpbl TOTOKA OTKA30B JIEMEHTOB JICKTPUUECKON CETH

w, l/ron
DNEeMEHT ceTu IpU HanpsbKeHuu, KB
750 500 330 220 110 35
Bozoywmnbie JuHUUY: 0,6 0,6 1,3 1,7 3,9 2,0
OHOLIEITHEIE
JBYXIEMHBIC (0TKA3 OJTHOM IEIH) - - 3,8 2,0 3,9 1,6

JBYXIIETTHBIC (OTKA3 JIBYX HETei) 0,4 0,4 0,9 0,4

Tpancghopmamopor u asmomparcghop- 0,053 0,053 | 0,04 0,03 | 0,015 | 0,01

Mamopwl
Buikmouamenu®:
BO3JIYIITHBIC 0,2 0,12 0,04 0,03 0,03 0,01
MacJIsTHbIe OAKOBBIE - - - 0,05 0,02 0,01
MaJIOMaCIISTHbIE - - - - 0.06 0,03
Coopnoie Wb 0,01 0,013 | 0,013 | 0,013 | 0,016 | 0,02
Omoenumenu u KOpOMKO3AMbIKAMenu - - - 0,02 0,01 0,1

[Tpumevanus: 1 Ha 100 kM. 2 Ha OJIH BBIKJIIOYATEIb. % Ha MPUCOEINHEHHE.

Tabnuna I1.6. — CpegHee BpeMsi BOCCTAHOBIICHHUS 3JIEMEHTOB 3JIEKTPUUYECKOM CETH

T, 103 ner
DjieMeHT ceTn TP HaNpsDKeHNH, KB

750 500 330 220 110 35

Bozoywnvie nunuu: 2,7 2,2 15 1,6 1,5 1,8
OJTHOIIEITHEIE

JIBYXIICTTHBIC (OTKA3 OJTHOM IICTIH ) - - 1,3 1,2 1,0 1,2
JBYXIICTTHBIC (OTKA3 IBYX ILICTICH ) - - 0,6 19 1,5 1,6

Tpancgopmamopwvt u asmompancghop- 25 25 5 7 8 8

Mamopwi

Buiknrouamenu 3 7 4 5 3 1,7
CoopHbvie uiunbl 0,7 0,6 0.6 0,6 0,6 0,8
Omoenumenu u KOpomKoO3aMblKameu - - - 0.6 0,8 0,7




