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ITACIIOPT

®OHJIA OHEHOYHBIX CPEJACTB IO YYEFHOU JUCIIATLJINHE
«Hoevle ucmounuxu u cpedcmea nepeoavu S1eKmpoIHepSUU»

(HaMMEHOBaHUE TUCLIUILIIMHBI)

Kox xonTposupyemoit HanmenoBanue
Ne | KoHTposiupyemble pa3ieibl (TeMbl)
KOMIIeTeHIIUH OLICHOYHOT'0
n/n JTUCHHUILTHHBI
(UJ1M ee 4acTH) cpeacTBa
[ToTpebuTtenu ANEKTPOIHEPTUH, UX
P p prid, [1K-3 [IpakTuyeckue
1. KJIacCU(UKAIUSI U PEKUMBI KX
3aHATUSA
paboThI
) I'paduiku Harpy30K 3IEKTPOYCTAHOBOK [1K-4 [IpakTuueckue
) U UX XapaKTePUCTUKA 3aHATUSA
3. DIIeKTPUUYECKHUE HATPY3KU [IK-5 CobecenoBanue
PeakTuBHAst MOIIIHOCTH B K-
4. > CobecenoBanue
cUCTeMax 3JIEKTPOCHA0KEHUS
HNEPEYEHDb OIEHOYHBIX CPEJACTB
Ilpencrasienue
HaumeHnoBanue
Ne Kparkasi xapakrepucruka OLICHOYHOI0
OLICHOYHOT0
n/n OLICHOYHOI'0 CpeICcTBAa CpeacTBa
cpeacTrsa
B ponge
CpencTBo KOHTPOJISL, OPraHM30BaHHOE KaK
crenanbHas 6ecesia MpernoaaBaTes C
B Ala TIPEroz Bonpocel no remam /
00y4aroIuMcsi Ha TEMBI, CBS3aHHBIE C
1 | Cobecedosanue . . paszenam
M3y4aeMoil TUCIHUIUIMHON, U paCCYUTAaHHOE HA
. JUCITUTUTAHBI
BBISICHEHHE 00beMa 3HaHUI 00yJaromnerocs mo
OTpeIeIEHHOMY pa3Jieny, TeMe, IpodaemMe U T.II.
CpencTBo MpoBEPKU YMEHUM PUMEHSTh Kommekr
) Konmponvnas MOJIy4YE€HHbIE 3HAHUS JIJIs1 pElIeHUs 3a/1a4 KOHTPOJIBHBIX
paboma ONPEJIETICHHOTO TUIA MO TEME WU 3a/laHui 110
pazaeny y4eOHOM TUCIUITIINHBIL. BapHaHTaM
CpencTBo NpoBepKU YMEHUM MPUMEHSITh KomrmuiexT 3ananmii
Pacuemmno- ITOJIYUYCHHBIC 3HAHUS 10 3apaHeC JUTS BBITIOJITHEHU S
3 | epaguueckan ONpeIETICHHON METOANKE /JIs pEIlIeHUs 3a]1a4 pacueTHo-
paboma WJTY 33JJaHU{ 110 MOJTYJTIO WUTH TUCIIUATIIINHE B rpaduueckoii paGoTsI
LIEJIOM.
YacTuyHO periaMeHTHPOBAHHOE 33/1aHUE,
HMEIOLIEE HECTAHAAPTHOE PELIEHUE U
B Aap P TeMbl TpynnoBBIX
MT03BOJISIIOIIEE AUATHOCTUPOBATH YMEHUS,
Teopueckoe . n/vunm
4 WHTETPUPOBAThH 3HAHUS PA3IIUYHBIX 00JacTel,
3a0anue WH/IUBUTyaTbHbIX
apryMEeHTHPOBATh COOCTBEHHYIO TOUKY 3PEHHUSI. .
TBOPUYECKUX 3a/1aHUI
Mo:KeT BBIOJHATHCS B UHANBUYaTIbHOM
MOPSAJIKE WK TPYNHONH 00ydaromuxcsl.




BOITPOCHI JIJIsSI COBECEJIOBAHUS (TEKYIIIUI KOHTPO.Ib)

Pa3nen TpagunuoHHble M HETPATUIMOHHBIE CIIOCO0BI MOJYYEHUSI JHEPTHH
1.IToTpeOuTenu 3IeKTPOIHEPT U, UX KIacCU(PUKAIMSI U PEKUMBI UX PaOOTHL

2. Knaccudukauus u pexumbl paboThl aBBTOHOMHBIX OTPEOUTENIEH.

Pa3nes DaekTpuyeckue Harpy3Ku
1. DnexTpuueckue Harpy3KH.
. YCTaHOBIIEHHAas, pacueTHasi, MAKCUMAJIbHAS U CPEIHSSI MOILHOCTH JIEKTPOYCTaHOBOK.
3. OmpeneneHue pacyeTHbIX HArpY30K (aKTUBHOM, PEAKTUBHON U KaXYIEHCS MOIITHOCTE ) IO
K03 uLKeHTy crpoca, 10 cpeIHEKBaAPATUYHONW MOIIHOCTH, 10 K03 uuueHty
MCIIOJIb30BaHUs U pacueTHOMY K03((DULIMEHTY.3HEPTUH.

Pazgen 'paduku HArpy30K 3JIEKTPOYCTAHOBOK M MX XapPaKTEPUCTHKA
1. I'padmku Harpy30K 3JEKTPOYCTAHOBOK U X XapaKTEPUCTHKA.

2. Ha3nauenue rpaduKOB IEKTPUICCKUX HArPYy30K.
3. KoaddummenTsl, XapakTepu3yromnme peKUM paboThI 3JIEKTPOYCTAHOBOK.
4 . TlocTtpoeHHE CYTOYHBIX W rOJOBBIX rPa)MKOB HATPY3O0K.

Pa3nes PeakTMBHAsi MOIIHOCTD B CHCTEMAaX 3J1eKTPOCHAOKEHH
1. PeakTuBHas MOIIHOCTH B 3JIEKTPUUECKUX CUCTEMAX U CUCTEMAaX 3JIEKTPOCHAOKEHHUSI.
2. HcToyHMKHU M TOTPEOUTENN PEaKTUBHON MOIIHOCTH B JIEKTPUYECKUX CUCTEMAX U CUCTEMaX
3JIEKTPOCHA0KEHU S IPOMBIIIIJIEHHBIX 1 KOMMYHAJIbHO-OBITOBBIX TOTpeOUTENEH.

Pa3nes Bo10op HANpsI2KEeHUs] U MCTOYHUKOB NMTAHUS ABTOHOMHBIX NIOTpeOuTe el
1. B16op HanpsKeHUs U UICTOYHUKOB NMUTaHUS ABTOHOMHBIX IOTpeOUTENeH, B TOM YUCIIE OT
BO300HOBJISIEMBIX HICTOYHHUKOB SHEPTUU (COJIHIIA, BETPA).

Pa3zgen DjeKTpoTEeXHHYECKOE 000PYIOBAHNE CHCTEM DJICKTPOCHAKEHUS AaBTOHOMHBIX

NmOTPeOUuTEJICI.
1. ArperaTsl 1 cCTeMBbI OecTiepeOOHHOTO MTUTaHUSI, UHBEPTOPHI, OJIOKH MUTAHUS CUIIOBBIE

PacnpeaACIIMTCIbHBIC IITUTHI, BHIIIPAMHUTECIIN, HIUTKHU 3TAXKHBIC OCBCTUTCIILHBIC, AIITUKU U IJ_IKa(I)LI

yIpaBieHus, CTaOMIIN3aTOPBI.

KpuTtepun oneHkH 0TBETOB HA TeOpeTHYECKHE BONPOCHI (TEKYILIHIl KOHTPOJIb):

v’ pe3yibTaTr, COJAEpIKAIlUi TONHBIM TNPaBUILHBIA OTBET, IOJHOCTBIO— COOTBETCTBYIOLIMI
TpeOOBAHUSIM KPUTEPHSI, — MAKCUMATTLHOE KOJIMYECTBO OAJIOB;

v’ pe3ylbTarT, CoJepIKAIUii HEMOIHBIA IPaBUILHBIN OTBET (CTENEHb IMOJHOTHI— OTBETA — Gojiee
60%) wnu OTBET, COAEp)KAIMKA HE3HAYUTEIbHbIE HETOYHOCTH, T.€. OTBET, UMEIOIIUN
HE3HAYUTeNbHbIE OTCTYIUIEHHS OT TpeOoBaHMM Kputepusi, — 75% OT MaKCHUMallbHOTO
KOJIMYEeCTBa 0aJlioB;

v’ pe3yabTaT, COAEpKAIIUil HEMOIHBIN MPaBUIIBHBIA OTBET (CTENEHb MOJIHOTHI— 0TBETa — OT 30
no 60%) wunm OTBET, colep)Kallluii 3HA4YUTENbHbIE HETOYHOCTH, T.€. OTBET, HMMEIOUIUI
3HAYUTENIbHbIE OTCTYIUIEHHUS OT TpeOoBaHuil kputepus — 40 % OT MaKCUMalbHOTO
KOJINUECTBa OalIOB;



v’ pe3ynbTaT, COJCpKAlINil HEMONHBIN MPABUILHBINA OTBET (CTEMEHb MOJHOTHI— OTBETA —
MmeHee 30%), HelpaBUIIbHBIN OTBET (OTBET HE IO CYILECTBY 3aJaHMsl) UM OTCYTCTBUE
OTBETa, T.€. OTBET, HE COOTBETCTBYIOILUI MOJTHOCTHIO TpeOoBaHusAM Kpurepus, — 0 % ot
MaKCHUMAaJIbHOTO KOJIMYECTBa 0aJIJIOB;

HANMEHOBAHUE MPAKTHYECKHX 3AHATUM (TEKYIIIUIA KOHTPOJIb)

[ToTpeOuTenu 3MEKTPOIHEPTUHU, UX KIACCHPHUKAIMS U PEKUMBI X PaOOTHI
I'paukn Harpy30K 371€KTPOYCTAaHOBOK M UX XapaKTEPUCTUKA
DNeKTpUUECKHUE Harpy3Ku

PeakTuBHasI MOIITHOCTH B CUCTEMAX AJIEKTPOCHA0KEHUS

Br160op HanpskeHHUs ¥ MCTOYHUKOB ITUTaHUSI aBTOHOMHBIX IOTpeOHTENeH

A

DJEeKTpOTEXHUYECKOEe  OOOpYJOBaHHME  CUCTEM  DIIEKTPOCHAOKEHUs
ABTOHOMHBIX TIOTpeOUTENeH

IpakTuyeckoe 3anaTue Nel «Pacuer 31eKTPHUYECKUX HATPY30K».

IIpakTuyeckoe 3anstue Ne2 «®opmMHpOBaHMEe M HCCJIEI0BAHME TOAOBBIX rpadukos
3JIEKTPUYECKUX HATPY30K».

IpakTuyeckoe 3ansitue Ne 3 «UccienoBanue BIUsAHUA KOIPPUIHEHTA PEAKTHBHONW MOIIHOCTH
o1HO(}a3HOI HATPY3KM HA pacipeesieHue eé aKTUBHOM M PEaKTUBHOM COCTABJIAIOIIMX

Mexny gazammn».

IIpakTnyeckoe 3ansatue Ne 4 «Pa3paboTrka cXeMbl JJICKTPOCHA0KEHUS.
IIpakTnueckoe 3anatue Ne 5 «OmnpeaeneHue Harpy3ok, 0ajJaHC AKTHBHOM
MOIIHOCTH, PACCTAHOBKA KOMIICHCHUPYIOIIHMX YCTPOMCTBY»

IIpakTnueckoe 3ansaTHe Ne 6 «BpiOop BapuaHTa cXeMbl IPOEKTHPYEMOIi ceT)

IMPAKTUYECKAS PABOTA Nel

PACYET QJIEKTPUYECKHUX HAI'PY30K
Pacuer snekTpuuecKMX Harpy3ok Iiexa MpOU3BOAMTCA B TabmuuHOW (opme — dopma

®636-92 /1/ (Tabmn. I11).

Ha muiane nexa HaMeyaroTcsi MCTOYHMKM NUTaHMS s 3yeKTpornpueMHUKoB (OII).
Pacuér mpousBoaAUTCS IS KaXKA0T0 UCTOUYHUKA (paclpeesuTeNbHbIe MKadbl, MyHKTHI, COOPKH,
pacrpenenuTeNbHble IUHONPOBOABI). Mcxonusle npaHHble 111 pacueToB (ctosbmsl  1-6)
3anoNHsIoTCs 1o xapakrepuctukam JII (ctonbipl 1-4) U o cipaBOYHBIM JAaHHBIM /2,3/, OTKyAa
OepyTrcst 3HaueHUsT KOI(P(GUIIMEHTOB WCIOJB30BaHUSA Ay W KOI(PPUIIMEHTOB pPEaKTHBHOM
MoITHOCTH cos@/tgp. Ilpm 3tom Bce DIl rpynmupyroTcss MO XapakTepHBIM KaTeTOpUsM C
OJIMHAKOBBIMHM 3HAUYEHUSIMH HOMUHAJIBHOW MOIIHOCTU pH, KOI(P(UIMEHTOB ku M COSQ/tgp U
3aMUCBHIBAIOTCA B OJHY CTPOKY ¢opmbl ®636-92. Tlpu Hamu4uu B CIPAaBOYHBIX MaTepHaliax
MHTEPBAJIbHBIX 3HAUYCHUH Ky cieyeT npuHuMaTh HauOoJIbIlIee 3HaueHHe.

Hanee B cTonOax 7 ¥ 8 COOTBETCTBEHHO 3aMCHIBAIOTCS PE3yIbTAThl BHIYMCIACHUN KupH



u kuputge. B UTOroBoi cTpoke Ui pacCMaTpUBAEMOTO MCTOYHHKA MUTAHUS OMPEIEIISFOTCS
CYMMBI 3THX BEITUYMH XA pH, Zhkuprtg@. B UTOroBoOi CTpOKE ONpPEAeNsSIOTCs TAKKE CyMMa XpH.

Jlns paccMaTpuBaeMOro UCTOYHHUKA MUTAHUSL PACCUUTHIBACTCS TPYNIOBON K03 uineHt
ucnonb3oBanuss Ku = Zkypn/ Xpu u HalineHHoe 3HadueHue Ky 3aHOCUTCS B CTONOCI] 5 UTOTOBOMA
CTPOKH.

Jnsa onpenenenus s dexruBHoro yucna I ny B cronbie 9 mocTpoyHo onmpenesitoTes
BENMYMHBI A'p’n M B MTOTOBOH CTPOKE CyMMapHOe 3HaueHHMe Xn-p°n. B crombmax 10-15
pe3yJbTaThl BBIUMCICHUN MPUBOJATCS TOJBKO JUISI HTOTOBOM  CTPOKH paccMaTpuBaeMoro

UCTOYHUKAa mHTaHus. B cronbie 10 mpuBOgUTCS 3HAYCHUE /15, KOTOPOE OMPEACISETCS 10
dbopmyre

Haiinennoe 3Ha4eHIE N OKPYTISIETCS 10 OJIMKAKIIIET0 MEHBIIETO IIeJIOT0 YMCIIa.

Ilo 3Hauenusm Ku U 71>, NPUBEACHHBIM B UTOTOBOM CTPOKE, HAXOJAUTCS B CIPABOYHBIX
tabnmunax kp — kod(durueHt pacdyéTHOM MOIIHOCTH. PacuéTHas akTHBHas MOIIHOCTH Pp
ncrounuka nuranus D11 nanpsbkenuem 1o 1000 B onpenensieTcs U3 BbIpaKeHUS:

Pp = kPZkI/IpH (3)

B ciyuae, xorna pacu€étHasi MOIIHOCTb Pp OKa)X€TCs MEHbIIIE HOMUHAJIBHOW MOUIHOCTH
HanOosnee momHoro JI1 Py < pH max clieAyeT NpuHUMAaTh Pp = pH MaX, YTOOBI CEUEHHE 0OIIEero
Ka0ensi He OKa3aJIoCh MEHbIIe cedeHus kKaodems moaxoasmiero K I11 ¢ pu max.

Pacu€rHas PEAKTUBHAA MOITHOCTE ONIPCACTIACTCA B 3aBUCUMOCTHU OT 1.

n

Qp ZIaI*ZkI/I * Py ¥ tgQu mpH 0,y S 10
T
n 4

Qp = an*pH*tg(pH npu n, ) 10
1

rie 1,1 — pacuérHbi KOA(PPUIMEHT PM, koropelii  u3MeHsETCS B

HeOonpmux npenenax (1-1,1).

[TonHoe 3HaUeHNE pacuETHOM HATPY3KH OIpenessieTcs mo Gopmye:

SP =1/Pp2 +Q2P , KBA

[To momHOMY 3HaYEHUIO OMPEAEISAETCS PaCYETHBIN TOK, HEOOXOUMBIN A1 BEIOOpa
OTAEIBHBIX diteMenToB COOII.
SP

J3-U,

IP:



rac Uy — HOMHUHAJIBHOE HaIMps>KCHUE CCTHU.

PaccmoTpum npumep pacuera Harpy30K MEXaHMYECKOI'O 1ieXa.
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Pucynoxk 1. Ilnan uexa ¢ ycranoBiaeHHbIMH D11

Jna snexkrpocHaGxenust DIl nexa mpumensiem aBa ucrouHuka - OII ¢ 1 mo 8-i
MOAKIIOYaoTes K pacnpenenutenbHomy mkady (LIP), ¢ 9 mo 24-it — x pacnpeaenuTenbHOMY
mmHonposoxay (IIPA). lanusie no D11 npuBenenst B Tab. 1.

Tabnuua 1. Xapakrepuctuku 211

Nena  |HammenoBanwme D11 Py, kBT
TIaHe
1,2 [nudoBanbHbIe CTAaHKA 15
3-5 CBepnuibHBIE CTAHKU 15
6,7 CrporanbHble CTaHKH 25
8 Pe3n0omndoBaIbHBIN CTAHOK 23
9-14 TokapHble CTaHKU 18
15-19 ®pe3epHbIE CTAHKU 16
20 3aTOYHOM CTAHOK 2,0
21-24 [IpOTsKHBIE CTAHKU 29

Pacuer npuenen noapoOHo aisg ogHoro DI, Mo ocTanbHBIM POU3BOAUTCS



aHaJOTUYHO, JaHHBIC pacueTa mpuBeaeHbI B Ta0I. I11.

B nepBom crosbiie Tabmuikl 3anmchiBaroTcss HOMepa OII, mms IIIP ykassiBaem Tpu
HOJArPYNIBI OIMHAKOBBIX CTAHKOB ¢ HOMepaMmu 1-2, 3-5, 6-7 u ogun nog HomMepoM 8. Bo BTopoM
croJiOle ykasbiBaeTcs: konudectBo JIl, B TpeTbeM — HOMUHaAIbHAsA MOITHOCTH (ogHOoro JII). B
YETBEPTOM CTOJIOLE PACCUUTHIBAIOTCS 3HAYEHUS OOIIeH YCTaHOBJIEHHOW MOIIHOCTU Kak
[IPOU3BE/IEHNE 3HAYCHWI W3 BTOPOrO U TPETbero croiidima. B UTOroBoil crpoke BO BTOpPOM
cTonbue ykaspBaercss koamdectBo OlII, moaxmrouenHbix k [P, B uyerBepTroM cTONOLE
IPUBOJUTCS CYMMapHOE 3Ha4eHHE YCTaHOBJIEHHON MolHOCTH Beex Ol1.

st Bcex DI B msitoM cronOiie 3anuckiBaeM KodPHUITMEHTBI HCTIOIB30BaHMs (OepeM 1is
3aJJaHHOTO O00OpPYAOBaHUS BEpXHUE 3HAYeHHsS] KOA(P(UIMEHTOB HCIIOJIB30BAaHUSA), B IIECTOM
cTonb1e — 3Ha4eHus Kod(hpumrenTa noTpedIeHUs peakKTUBHONW MOIITHOCTH — COSP | tg( /2,3 win
Tabn.I12/.

B cenpMoM, BOCEMOM U IEBSITOM CTOJNOIAX OMpeeliieM pacueTHble BeNudrHbl. CeapMoii
CTONOeIl COAEPKUT MPOU3BEACHUS 3HAUYCHUN KOI()PHUIMEHTOB HUCHOIB30BAaHUS M 3HAUYCHUUN
oOuieil ycTtaHOBJI€HHOW MOIIHOCTH. BocbMoil crosnben coaepKUT NpPOM3BEIEHUS 3HAYCHUM
KO3 QHUIMEHTOB HCIOIB30BAHUS, 3HAYCHUH KOI()(HUIMEHTOB NOTPEOIICHUs, 3HAUCHUH OOIIeH
YCTAHOBJICHHON MOIIIHOCTH. J{eBATHIN cTONOEI COAECPIKUT MPpOoU3BeAeHUs 3HaueHui uncna Ol B
HOATpYIIe U 3HaYeHUH KBaIpaTOB HOMHUHAIBHBIX MOIITHOCTEH.

st OIT Nel u Ne2 konmuectBo DII — 2 (BTOpOIi cTONOEL), HOMUHATIBHAS MOIIHOCTH O
(Tpetuii ctonben) — 15 kBt. OOmiast ycraHOBIEHHas MOLUTHOCTh (YeTBEpTHIM cTonben) Py — 2-15
= 30 xBr. Kosddumment wucnonb3oBanus ky (mareiii cronben) — 0,16. Koadbdunuent
noTpelyieHusl peakTUBHOW MoIHOCTH (mecToil crosbern) cosg/tge — 0,6/1,33. Omnpenensem
pacyeTHbIe BETUYUHbI

ku Pu=0,16-30 = 4,8 kBT (cenpmoii cTombern),

tgo-xn: Pu=1,33-0,16:30 = 6,4 xBap, n-P?y = 2-15% = 450.

[TogoOHBIE neMCTBHS BBINONHSAEM Ui ocTanbHbIX OII, mogkmouyenubix k IIP. B
UTOTOBOM CTpPOKE 3amlKChiBa€M CYMMBl 3HAYeHMH MO dYeTBepTomy crtoibuy — 148 kB, mo

ceapMomy cronomy — 23,68 kBT, mo BocekMomy cronbiy — 33,59 kBap,



0 JIEBITOMY CcTO01TY — 2904,
HaxoauMm: 3HaueHne rpynmnoBoro Ko3gpQuireHTa ucroib30BaHus KaK
23,68/148 = 0,16,
s dexruBHOE uncno DI kak:
1482/2904 =17.5,
OKpyTJIsieM 0 7.
[To HaiiIeHHBIM 3HAYCHUSM TPYIIIOBOTO KOAPPHUIIMEHTA UCTIONB30BaHUS U
s dekruroro uncna D1 onpenensieM 3HaueHHE KOAPPUITUEHTA PACUCTHOW HATPY3KH
kp = 1,85 (Ta6i.I13). ITocne 3Toro HaXOAUM 3HAYCHHUS PACUYCTHBIX
Harpy30K Kak
Ppr=1,8523,68 =43,81 kBT,
Or =1,1-33,59 = 36,95 kBap,
Sp=43,812 + 36,952 = 57,31 kBA,
Ir=57,31/(3-0,38) = 87,2 A.

OTu 3HAUYEHHUS 3aMMChIBAEM B UTOrOBYIO CTpOKY Juist LIIP.

AHaJIOTUYHBIM o0pazoM  ompesensiem pacueTHbIe Harpy3ku i OIl nmoaxmirod

Pp =732 kBT, Op = 81,6 kBap, Sp = 109,2 kBA, Ir = 166,8 A.

[Tocne aToro onpenensieM cyMMapHble Harpy3Ky IO BCEMY LIEXY

Pp=117,0 xBt, Op = 118,5 kBap, Sp = 166,9 kBA, Ip =254 A.

ITopsinok BbIMOTHEHUS PA0OTHI

1. 151 3a1TaHHOTO TIPOM3BOICTBEHHOT'O TIOMEIICHUS MTOITOTOBUTH HCXO/IHBIC
JTaHHBIE.

2. BbIOpaTh UCTOYHUKY MUTAHUS U MTOKITIOYUTH K HUM 3JICKTPOIIPUEMHHUKH.

3. Paccuutath Harpy3Ky BHIOpaHHBIX HCTOYHUKOB TUTAHUSL.

KoHnTpoJsbHbIe Bonpockl
1. Omnpenenenue pacueTHOl HArpy3KH.

BcenomoratenbHble METOIbI HAX0XK/IEHNS paCUETHON Harpy3KHu.

OcCHOBHBIE 3Tallbl OIIPEACIICHNS paCU€THON Harpy3ku 1o PTM-92.

el

3ayeM HaXOJUTCS pacuyeTHas Harpy3ka?

INPAKTUYECKASA PABOTA Ne 2
O®OPMUPOBAHUE U UCCJIEJOBAHUE I'OAOBbIX 'PA®UKOB



IJIEKTPUYECKHX HAT'PY3O0K

L{enb paboThI

— NIPUBUTHE HABBIKOB OIPEACICHUS OTICIBHBIX MapaMeTpOB, HCIOIb3YEMBIX IIpU
IPOCKTUPOBAHUU M OKCIUTyaTaluu cucteM syektpocHadxkenus (COC), mo ToxOBBIM
rpaduKam 3JIEKTPUIECKUX Harpy3oK y3ioB CIC;

— IIPOBEpKa TEOPETHUYECKUX IOJOKEHUH M aJe€KBAaTHOCTH YIPOUIEHHBIX BbIPA- YKEHUU,
HCIIOB3YEMBIX JUIsl ONPEACIICHHs OTIAEIbHBIX MTOKa3aTeel mpu npoek- tupoanuu COC.

OO0LIMeE NOI0KEHUS

W3BecTHO, 4TO CYTOYHBIE TpapUKd HArPy30K SJIEKTPONPHEMHUKOB U y31m0B COC
HecyT B ce0e Haa&XHYyH MH()OpPMALUI0 O peKuMax UX paboThl M 3JEKTPO- NOTpeOsIeHuH,
O0OyCJIOBJICHHBIX, TJaBHBIM 00pa3oM, TEXHOJOTHEH NpPOM3BOJACTBA, 0Oe3 ydéra KOTOpOU
HEBO3MOXKHO C€O37aTh HAA&KHO pPAOOTAIOUIYI0 M HKOHOMHYE- CKHU BBIFOJHYIO CHCTEMY
IMEKTPOCHAOKEHUS.

Ha dbopmupoBanme rpaduka Harpy3ky BIUSET MHOTO CIIyYalHBIX (DaKTOPOB, KOTOPBIC
MaTeMaTHYeCKd HE BCerJa MOXHO Y4YecTb. MOIIHOCTh, mOTpediseMas OTISIbHBIM
IEKTPONPUEMHUKOM, HalpUMep, CTAaHKOM, 3aBUCUT OT (GOpMbl U Be- JIMUYMHBI
o0pabaTbIBaeMOil 1eTaid, CKOPOCTH TMOJIA4M U TIIyOWHBI pe3aHMsl, BpE- MEHH, CBS3aHHOTO C
OCTaHOBKOM CTaHKa Ul 3aMepa pa3MepoB JAETald, U 1aXe UHIUBUAYaJIbHBIX KaueCTB TOKaps,
00pabaThIBAIOIIETO JCTAIIH.

DJeKTpUYecKue Harpy3KH IMPOMBIIUICHHBIX MPEIIPUATHI SBISIOTCS OCHOB- HBIM
MCXO/IHBIM MaTepUaJIOM JUIsl IPOEKTUPOBAHMS JIIOOOH CHCTEMBI JIEKTPO- CHAOXKEHNUs, BBIOOpa
YHCIa U MOIIHOCTH CHJIOBBIX TPaHC(OPMATOPOB M CEUEHUS NMPOBOIOB, KaOeneH, MHH | T. 1.
[TosToMy M3yueHHE METOJIOB pacyeTa JIEKTPH- YECKUX HArpy30K M MPAaKTUYECKUN aHAIN3 UX
rpaduKoB MpeacTaBiseT O0JIbIION HHTEpEC.

Hns  ompenenenusi mokazareieil TOAOBBIX TpadUKOB HArpy3o0K, Kak IPaBHIIO,
(bopMHpYIOTCS  YHOPSIIOYEHHBIE TOAOBBIE TpadUKH IO MPOJOIDKUTEIBHOCTH. [Ipm 3TOM
UCHOJB3YIOTCS CYTOUHBIE I'paMKU HAarpy3oK, CHATBIE B XapaKTepHbIe CYTKH roja (3UMHUE,
JIETHUE, OCEHHE-BECEHHHE) U CYTKM Helenu (pabouue M mpas3ji- HUYHO-BBIXOJHBIE), U HX
MOBTOPAEMOCTh B TeueHue roja. Cyrouynsle rpaduku B OOJBIIMHCTBE CIy4aeB CHUMAIOTCS C
MCTIOJIH30BAHNEM CYETYMKOB IEKTPHUUECKON SHEPTHH.

Mertoauueckue YKa3zaHHs 110 ITPOBEACHUIO pa6OTI>I

1. B penaxrope anekrponnsix tabmui Excel chopmupyiite Tabnuiy, hopma KOTOpoi
IIPUBE/ICHA HUXKE
Tabnuua 2.1
IToxa3aHus C4ETUMKOB aKTUBHOU dHepruu W, kKBT+4 u peaktusBHOM V' — KkBap-4,
3a XapaKTepHbIE CYTKH

MomeHnTt JleTHue 3uMHHE
BPEMEHHU
chEMa PabGoune Brixoausie PabGoune Brixoausie
MoKa3aHui
CYéTUYuKoOB, U W |14 w V w V w 14

0.0
1.0




24.0

2. Buecute B chopmupoBanHyro Ta0n. 2.1 3amaHHBIA OpenogaBareseM BapH- aHT
MOKa3aHUH CYETYMKOB aKTUBHOW U PEaKTUBHOM SHEPruM 3a 4 XapakTepHble CyTKU. BapuaHTbI
MOKa3aHWi CYETINKOB TpeacTaBiensl B Tabn. [1.1-11.12.

3. Haiizure cpeHUe aKTMBHBIE M PEAKTUBHBIE MOIHOCTH 33 KaXK/bIH 4ac Xa- PaKTEPHbIX
CYTOK 110 (popmynam:

p K VVH—I _VVi kBT

cpi = Brr Bt —— ’
Ati

Viel Vi kap

Qcpi = Krr Ky



[Tomy4yeHHBIC pe3yJIbTATHl 3aHECUTE B TA0JI. 2.2.

4. TloctpoliTe cyTouHbBIe rpaMKU AKTUBHOM, PEAKTUBHOM U MOJIHOM MOLIHO- CTH 33 BCE
XapaKTepHbIE CYTKH.

Tabauma 2.2
CpenneuyacoBble aKTUBHAs!, pEAKTUBHAS U ITOJIHAs MOLUTHOCTH
JleTtnue cytku 3UMHHE CYTKU

NuTepBain Paboune Beixonnsie Paboune BeixonHsie
BpEMEHU, U | P, 0, |S, P, 0, IS, P, 0, IS, P, 0, IS,

kBt | kBap [kB-A | kBt | kBap [kB-A | kBt | kBap [kB-A | kBt | kBap [kB-A
0-1
1-2
23
23-24

5. Tlo cyrounsiM rpadKaM aKTUBHOM, PEAKTUBHOW W IOJIHOM HArpy30K OIpe- IEIHTE
CJIETyIOIIME TTOKA3aTeIn:

— MAaKCUMAJIbHBIC ITOJTY4aCOBBIC 3HAYCHUSA aKTHUBHOHU WU peaKTHBHOﬁ Harpy- 30K Py n
QM , d TAKXKC MaKCUMaJIbHOC 3HAYCHUC MOJHOM MOIIHOCTHU B KaXJIbIC XapPaKTCPHBIC CYTKHU Su s

— CPCAHHUC 3a KAXKIBIC XapaKTCPHBIC CYTKHU S.ETI/IBH}/IO U PCAKTUBHYIO HAI'PY3KU

Pep.cyr=— YL Ay,
4i=1
24

Ocp.cyr = Y0i A,
4 =1

— CpeIHEKBaJPAaTUYHbIC AKTUBHBIC M PEAKTHBHBIC HATPY3KH 32 KAXKJIBIC Xa- PAKTCPHBIC
CYTKH

Pcp.KB.cyT=

1 n
= 2 .
Ocp. ks. cyT ZQZ At ;
=1
— K03} OHIHEHTH HOPM CYTOUHBIX TPahUKOB aKTHBHOM U PeaKTHBHO HATPy30K

_ Pcp. KB. CYT

Kp.a.cyr Pep. cyr ’



_ Ocp. k. cyT
K(b. p.cyt Qcp. oyT ’

— K03((HUIIMEHTH MAKCUMYMa aKTUBHOM U PEaKTUBHOM HArPy3KU

Py X Onm
Kyoa ™ :
max e)cp. c™M ) M. max(Qcp. cm ;)
J p

rae Pep.ow U Qcp.cw — CPEIHNUE aKTUBHAS U pEAKTUBHAS MOIIIHOCTH 32 OJITHY CMEHY (IIpH pacuyérax
MIPUHATH TPEXCMEHHBIN PEKUM PadOThI);

Cpe,[[HI/Ie AKTHBHAasA U PCaKTUBHAA MOIMHOCTH 38.j-IO CMCHY OIIPCACIIAOTCS IO CJICAYIOMIUM
BBIPAKCHUSAM!

1 Temj 1 Temj
Pep.omj > Pii At Ocpomj = ¥ 0ji A,
cMj =1 TCMj i=1

rac TCMj — HpO,I[OJ'DKI/ITCJ'IBHOCTLj-ﬁ CMCHBI CYTOK; Fcym j— YHUCIIO HHTCPBAJIOB BpEC-

MeHH Af B j-10 CMEHY CYTOK C (PMKCHUPOBaHHBIMHU 3HAUCHHSIMHA aKTUBHON M peaK- THBHOM
MOIIIHOCTH;

— KO3 UIMEHTHI 3aTI0JTHEHUS TPa(PUKOB aKTUBHBIX U PEAKTUBHBIX HAIPY30K

P 0
KCOYT = cp.cyT KoyT = cp. cyT
3.T. ,— 3.T. QM. cy'T
a Py cyr p

e Py, cyr —MaKCHMAanbHOE 3HAYEHHE aKTHBHOH MOIIIHOCTH B PACCMATPUBAEMOM CYTOYHOM
rpaMKe akTUBHOM Harpysku; Qy cyr — MAKCHMabHOE 3HAYEHHE Pe- aKTHBHON MOLIHOCTH B

paccMaTpuBaeMoOM CYTOYHOM rpaduike peakTUBHON Harpy3Ku;
— K03((HULHEHTHI MOLUTHOCTH CPETHEB3BEIIECHHBIE 32 CYTKU COSQcp.cyr U B MO- MEHT

MaKCHMyMa MOJIHOW Harpy3Ku COSP(S =Sy ) *

Pep. cyr P(s=Su)

 COSQ(S=Sy ) =TI -
Pc2 + Q2 M
p. CyT Cp. cyT

rae Sy — MakcuMalbHOE 3HaUY€HHUE MOJIHOM MOIIIHOCTH, HAOII0aeMOH B TE€UEHHE

COSQcp. cyT =

paccMaTpuBaeMOU CYTKH.
PesynbraTsl pacuéToB 3aHecute B Tab. 2.3



[Toka3zaTenu CyTOYHBIX I'paUKOB HArPy3KU

Tabmuna 2.3

HNHtepBan BpeMeHu
Huciio Howme OJIHOH CMEHBI, 4 P, P, 0 S
XapaKkTepHbIE CYTKHM |  XapaKTePHbIX p ’ cp. Ocp. N " v K K
CVTOK CMEHBl | Hauao Konern kBt | xBap kB-A M. a M. p
YT CM » CM »
CMEHBI CMEHBI
kBT KBap
1
PaGoune 2
Jletnue i
Brixoansie 2
3
1
PaGoune 2
3uMHUeE ?
Brerxogusie 2
3
Oxonuanue Tabm1.2.3
P, P
XapakTepHbIe CyTKH °p- Oep. cyr K3 r.a| K3 rp ¢P- K5 Ccp. xa. Kp. a K. p. COSQPcp. COSQ(S' =Sy
CyT > > KBap CyT» CyT> eyt cyT cyT )
kBT kBTt KBap
Paboune
Jlernue
Brixoansie
Paboune
3uMHME

BrixoaHrie







6. Ha cyTouHbIX rpauKkax aKkTUBHBIX M PEAKTHBHBIX HArPYy30K MOKAKUTE CPEIHUE,
CPEIHEKBAAPATUYHBIC, MAKCUMAJIbHBIE U PACUECTHBIC HAIPY3KH.

7. Chopmupyiite U IOCTPONTE yHOPSIOUEHHBIE TOA0BbIE TPA(QUKU AKTUBHOM, PEAKTHBHON
Y ITOJIHOW MOLTHOCTH.

VYnopsigoueHHsle TpapuKd HArpy3ok — TpaQuKd, B KOTOPHIX MOITHOCTH (TOKH)
pacnosaraioTcsi B IOpS/KE BO3PACTaHUS WIM YOBIBAaHMS MX BEJIMYMH (Yamie B HOPSIKE
yOBIBaHUS).

Jlnst ToCcTpOEHUS TOJOBBIX I'PaHKOB 110 MPOAODKUTEIBHOCTH 11e1ec000- pa3HO cHadana
copMHpOBaTh YHOpSAOYECHHBIE (10 Mepe YyObIBaHWS) CYTOYHbIE TpadUKd aKTHBHOM,
PEaKTUBHOM M TOJHOM MOIIHOCTH 32 KaXKJble XapaKTEPHBIE CYTKH, UCIIONB3YS TPH 3TOM
nannblie Tadi. 2.2. [Ipu 3TOM MOLTHOCTH pacrosia- raeM Mo Mepe UX YOBIBaHUS, a CyMMapHBI
MHTEPBAJ BPEMEHH NPOTEKAHHS i-TO

3HAYCHHUS MOIIHOCTHU B TCUCHUC j-X XapaKTCPHBIX CYTOK '(I:‘y Haxoaum HYTCM
At ji

CYMMHUPOBAaHHUA OTACIBbHBIX k—X HHTCPBAJIOB BPECMCHU B CYTOYHOM Fpa(bHKe, B KO- TOPBIX 3TO

3HAYCHHUEC MOIIIHOCTHU Ha6JIIOI[aJIOCI), T. €.

nji
ALY =S At )
Ji 2 ik (.1
k=1
T njj — YMCIO MHTEPBANIOB BPEMCHH B j-M XapaKTEPHOM CYTOYHOM rpaduke ¢ i-m

3HAYEHHEM MOIIHOCTH; Atj}, — JUINTEIBLHOCTh A-TO MHTEpBaJla BPEMEHU B CYyTOUHOM rpaduke

C I-M 3HAaYCHHUEM MOIIIHOCTH.

P, kBt [
O, kBapf 1
500
i P; P P.
_____________ I R Vi il N i2 I i3 o
400 i I I i |
[ I I {20 !
300/ o | L
’ Bl ! L
2001 | o :
oo . i
| | | | |
B Y Aty 1 LA | Al |
) | L 1 f 1 1 | 4_1/ 1 ]
0 4 8 12 16 20 t, 4

Puc. 2.1. CtyneHuaTsle CyTOUHbIE TPaQUKH HATPY3KHU: 1 —
aKTUBHAsl MOILHOCTb; 2 — peaKTUBHAsI MOIIIHOCTh
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YuuThiBasi TO, YTO JJIUTEILHOCTh UHTEPBAIOB BPEMEHHU MEXKY 3aMEpaMU B
CYTOUHBIX IpadKaxX OJUHAKOBBI, T. €. Afix = Atuu. cyr = const, BipaxkeHue (2.1) MoxHO

3aliucaTtb B BUJC

A = At

2.2)

i VH. i
[onyueHusle naHHbie B pedynprare’ GOPMAPOBAHMS YHOPSIOYEHHBIX CYTOY- HBIX
rpauKOB aKTUBHOM, peaKTUBHOM M Harpy3KH 3aHECUTE COOTBETCTBEHHO B Ta0. 2.4-2.6.

P, kBt

O, xBap
500
400
300
200

100

m

AtFOI[i =Zn] Al‘jl‘ s

J=1

Cymmaphas POJI0JI-
KHUTEIHHOCTD BpEMEHU
Atropi  TIpOTEKAHHS dYepe3

y3el CoC KOHKPETHBIX
3HauYeHUN akTHBHOW P; , pe-
akTUBHON (i WiIM MONHOH S;
MOIIHOCTEN B TEUYECHUE
nepuoja HaOJIFO [eHUS (B
HalleM cJiydae OJHOTO T0ja)
OIIPENIEIIAIOTCA Iy- TEM
CYMMHUPOBAHHUSI IPOU3-
BEJICHUI MHTEPBAJIOB Bpe-
MEHH MX MPOTEKaHUS B OT-
X XapaKTEPHBIX
Atj; Ha 4uCIO Ta-

TOK 7j

(2.3)

I'JIe M — YUCIIO XapaKTePHBIX CYTOYHBIX Tpa(UKOB (B HalleM ciaydae m = 4).

KonngecTBo aHEl B roay Ui KaXJ0ro BUIA XapaKTEPHOI'O CYyTOUHOTO rpaduka cieayer
npuHATh 1o Tab1. I1.14 cormacHo 3aanHOMY MPEToaBaTeIeM BapUaHTy.

Crnenyer OTMETHTb, YTO KOJIMYECTBO CTYHNEHEW B YHOPSJAOYEHHBIX TOJIOBBIX Tpadukax
aKTUBHOM, PEaKTHBHOM M MOJHONH MOIIHOCTH B OOILIEM CiIydae MOKET OBITh PAa3TUYHBIM.
CrnenoBatenbHO, HHTEPBaJIbl BpeMeHH NpoTekaHus uepes3 y3en COC KOHKPETHBIX 3HaueHUil

aKTUBHOW P;, peakTMBHON Q; WJIH IIOIHOI S; MOIIHOCTEH Aty ; B OOLIEM Cilydae MOTYT He

coBIagaTh. B mamem CJIyda€ OHU OAWHAKOBBHI.



Tabmuma 2.4

YnopsiioueHHbIE CyTOUHBIE IPa(UKN aKTUBHON HATPY3KU

3umrne Jleine 3umHUe JletHue
Ne unreppana paboune paboune
YIOPSIOEHHOTO eyt cyTk BBIXOJTHBIC CYTKH |[BBIXO/IHBIC CYTKU
A P, ACYT | P, ACYT P, ACYT | P, ACYT
rpaduka kBt ! | kBt i kBt i "| kBt i )
/e ' /c /c
eyt 4/CyT et et
1
2
n
Tabnuua 2.5
YnopsiioueHHbIE CyTOYHBIE Ipa)UKU PEaKTUBHOW HATPY3KU
3uMHME Jletnue 3umMHIE Jletnue
Ne uHTepBaNa pabouue pabouue BBIXO/IHbIC BBIXOJIHBIE
YTIOPA0YEHHOTO CYTKH CYTKH CYTKH CYTKH
cyrouHoro rpapuka |Q, Z-AtCYT, 0, l-A;CYT, 0, Z-AtCYT’ 0, IA;CYT,
KBt u/cyr [KBT u/cyr [KBT 4/cyT KBT | y/cyr
1
2
n
Tabnuua 2.6
YnopsimoueHHbIE CyTOYHBIE TpadUKU TOTHOM HArpy3KH
3umHIE JletHue 3umMHIE JleTHue
Ne nHTEpBaNa pabouue pabouue BBIXO/IHBIC BBIXOJTHBIC
YIIOPSIIOYEHHOTO CYTKH CYTKH CYTKH CYTKH
cyTouHOro rpaduka  |S, AT LS, ACYT S, ACYT LS, YT
KBt u/cyr |KBT |g/cyr [KBT u/cyr |KBT 4/cyT
1
2
n
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Tabmauma 2.7
YnopsgodueHHbIN roJ0BOH rpaduK aKTUBHOM Harpy3Ku

Ne ctynenu ynopsijoueHHOro
rpaduka
BenuunHa akTHBHOU MOIITHOCTH
crynenu P;, kBt

1 2 3 4 Nr.a

IIponOIKUTEILHOCTE BPEMEHU
MPOTEKAHUs MOILIHOCTH P;

B TeUeHHE Tofa Atrox pi , 9/TON

Tabmuma 2.8
Y1opsi10oueHHBbIH TO0BOM rpadUK peakTUBHON Harpy3Ku

Ne ctynenu ynopsiioueHHOro
rpaduka
Benuunna akTHBHOM MOIITHOCTH
crynenu Q;, kBt

,_‘
[\
w
~

Nr. p

[Tpo10oKUTENBHOCTE BpEMEHU
IPOTEKaHUsl MOIIHOCTU Q; B
TEYCHHE TOJA Atron. ¢i , 9/TON

Tabmauma 2.9
Y1ops10ueHHbI TOA0BOM rpaduK MOTHON HArpy3KU

Ne crynenun ynopsiioueHHOTo
rpaduka
BennunHa akTUBHOM MOIITHOCTH
crynenu S;, KBt

,_.
S
w
=~

Nr.s

IIponOmKUTENTLHOCTE BpEMEHHU
MPOTEKaHUs MOIIHOCTH S;

B TeueHue roaa Atron. si , 4/TOJ

8. I/ICHOJ'IB3y$I YIIOPAAOYCHHBIC TOJOBBIC Fpa(I)I/IKI/I Harpys3ok, ornpeaciiuTe CJic- Ayronue
IIOKa3aTCIIn .

— roJI0BOE NMOTpeOJIeHNEe aKTUBHOW U peaKTUBHOMN SHEPIUn
Nr.a Nr.p
Wa.ron = XPi Atron. pi ; Wp.ron > Qi Alron. pi »
i=1 = i=1
rae Np a ¥ Nr, p— UHCIO CTYICHEH B yOPsI0YCHHBIX FOOBBIX rpaduKax COOT- BETCTBEHHO
aKTUBHOH M pEaKTUBHOI Harpy3KH;
— CPCAHCTOAOBYIO aKTUBHYIO U PCAKTHUBHYIO MOIIIHOCTH



Wa. roa Wp Iong

Pep. rox :;_ Oep.  ~ Tron ,

T ToxI roa

rae Tron — FOJIOBOE YKCIIO YacoB, paBHOe 8760 u/ro;

— CPCAHCKBAAPATHUYIHYIO 3a ol aKTUBHYIO U pEAKTUBHYIO MOIIHOCTH

N, N,

1 © 1B :
Pep. xs.rog = |—— Z PizAtroﬂ. pi’ Cep. k8. ron 5 |— Z Q,'ZAtrou.qi ’
rox =1 TFOH i=1
— CPEeAHEero0Boi KO3(OHUUMEHT PEaKTHBHOM MOIIHOCTH
e _ Ocp.rox .
Cp. P cp.Tox
roj

— K03(1)(1)I/II_[I/ICHTLI 3aI10JJHCHU I'OJOBBIX Fpa(I)I/IKOB AKTUBHBIX U PCAKTHBHBIX HArpy30K

Kron = Pcp. ron rog — QCP-—FOH
a Pyt ron Kp

rac PM roja n QM rog — MAaKCUMAJIbHBIC 3HAYCHUA aKTHBHOU U PCAKTUBHOMU MOII- HOCTH,

HaOJII0/JTaeMbIe B COOTBETCTBYIOIMX T'O/IOBBIX Tpadukax;
— K03} PunneHTH (OPMBI TOAOBBIX T'PAPUKOB AKTHBHBIX U PEAKTHBHBIX
Harpy3okx

X :Pcp. KB. TO]I X _ Qcp. KB.TOJT |
¢.a.ron . ¢. p. Qcp. ron
cp.ron roj

— r0JI0BOE YUCJIO YaCOB UCIOJIb30BaHUS MAKCHUMYMa aKTUBHON M PEAKTUBHOMN HArpy3oK,
4/Tox

1 nr.a P A 1 nr,
N S t
TPI;OS =P Z; i ron.pi’ IIIO]\J; = O Atrop, qis
- M M.TOJ i= - M Q —
a p M.Tox i=1

— rogoBOC YU CJIO YaCOB MAaKCUMAJIbHBIX IIOTEPb, I-I/l"OI[
P o1 +0® 1
M. IO TOA. p M. TOJ TOM. g
rog 1 — S2 ’ (24)

T
M
rie S, — MAaKCHUMaibHOE 3HAYCHHE IIOJHOW MOIIHOCTH, ONPEIENSeTCs MO CyTo4- HBIM

rpadukaM MOJIHON MOIIHOCTH; Trox p U Trox ¢ — TOJOBOE YUCIIO YACOB MaK-

CUMAJIBHBIX IIOTEPD, Haﬁ}IeHHBIe C HCIOJIB30BAHUEM YIIOPAAOUYCHHBIX TI'OOOBBIX T‘pa(bI/IKOB
COOTBETCTBEHHO aKTUBHOM U peaKTHBHOﬁ HarpyskKu mno CJICAYOIIHUM BBIPpAKCHUAM

Trox. p 1 zfa P2As ron. Trox. q 1 ZFP QzAt rom. gi -
i Pl o
Mm.Ton i=1 m.rox =1

29



[Tpu HanMuUUU yNOPSAIOYEHHBIX TOAOBBIX IPaUKOB MOJHON MOIIHOCTH T0OJI0- BOE YHCIIO
9aCOB MaKCUMAJIbHBIX TIOTEPh TAK:KE MOXKHO HAWTH 10 (hopmyIie

1 ”r.p2
Tron2 = >S"Atron. si 5 (2.5)
2 I
M. o i=1

B pabGorte Tpebyercs HaWTH YHMCIO YAacCOB MAaKCHUMaJbHBIX IOTEpPb, HCHONb3Yys 00€
BbILIETIpUBEACHHBIC (OopMyIbI (2.4) 1 (2.5) U COMOCTaBUTH MOIYUYEHHBIE pe- 3yJIbTaThl,

— KO3 PHUIHMEHT CMEHHOCTH I10 SHEPTOUCIIONB30BAHUIO

_ Wa. ToJ _ Wa- roxn

a’ b
CM CyT CyT
nem NrogWem. maxe  Hem Mronl eml Cp. CM. Makc

rac nCy — HHUCJIO CMCH B TCUCHUC OJHUX CYTOK, CM/CYT; nroﬂ — YHCJIIO I[Heﬁ B
T

cM
roay, cyr/ron; Tew — IPOJIOJIKUTEIBHOCTD OJHOM CMEHBI, 4/CM.

[Toctpouth TONOBBIE YIOPSAAOYCHHBIE TpadUKH HArpy30K M TI0Ka3aTh Ha HHUX
CPEAHEro/I0BbIe aKTUBHYIO U PEAKTUBHYIO MOIIIHOCTH, F'0JIOBOE YMCIIO YACOB MC- OJIb30BaHUS
MakCUMyMa aKTHMBHOM M PEAKTHBHOM HArpy3oK, a TaKKe YUCJIO 4Ya- COB MaKCHMMajbHbBIX
HOTEPb Tp U Ty -

P, kBt
0, kBap
500

400

300

200

100

L ‘ L 1 L
0 800 1600 2400 3200 4000 48

00 5600 6400 7200 8000 #, 4

Puc. 2.3. IIpumep ynopsii04eHHBIX TOJIOBBIX IPapUKOB HArpy3Ku: 1 —
AKTHBHAs MOIIHOCTh; 2 — PEAKTUBHASI MOIIHOCTh

9. Ucnonb3ys HalifieHHbIE B IYHKTE 5 TMOKA3aTENM CYTOYHBIX TPAQUKOB U CBEIEHHS 00
X TMOBTOpsieMOCTH (cM. Tabn. 2.3), paccuuTarh MOKa3aTelId ToJI0- BBIX T'padUKOB IO
HUKETPUBEIECHHBIM BBIPQXKEHUSIM U COINOCTaBUTh HX C TaKUMHU K€ TIOKa3aTeNsIMH,
MIOJIyYEHHBIMH B II. 8:

—TI0g0BOC HOTpC6J'ICHI/IC aKTUBHOHU U peaKTHBHOﬁ OHCPrun



m
Wa.ron = 24an Pep. cyr j » KBrw/rox;
"
Wp. rox = 2431Ocp. cyr j » KBap-w/rox;
IJI€ M — 9UCIIO XaPAKTEPHBIX CYTOUHBIX era(bHKOB, B HallleM cliydae m = 4; — cpeJHue 3a

T'0J aKTUBHYIO U PCAKTHUBHYIO MOIIHOCTH

m m
31 Pep j 3ni%p j
_i=lr _J=1
P cp.rom > Qcp - ’
"ron roj "ron
— YK CJIO YaCOB MCIIOJIb30BaHHA MaKCHUMYyMa aKTUBHOH U peaKTI/IBHOf/’I MOIIIHO- CTHU
24 " 24 "
rogf — — . ogq — — ) -
TI/I. M. P )2 nJPCp' um Q 2 n]QCp' yrJe
a cyrj > Ip
M. 01 j=1 M.Ton j=1

— CPEHEKBAIPaTUYHbIC 3HAYEHHUS 3a 0/l AKTUBHOM, PEAKTUBHON U MOJHOW MOILHOCTH

1 m
Pcp. KB.TOH ~, —anpczp KB.CyTj °
roz j=l1

Cp. KB. TOJ —anQ:p.KB.CyTj )
rog j=1

1 & 2
SCP- KB.TOA ~, anScp. KB.CYT j °
Mron j=1

BHGCL SCp KB. CyT] — CPECAHCKBAAPATUIHOC 3HAUYCHUC ITOJIHOU MOIITHOCTH B j-€

XapPaKTCPHBIC CYTKHU, KOTOPLIC OIIPCACIAIOTCA 110 BHIPAKCHHUIO

[ 2 :
Scp. KB. CyTJ #Pcp KB. CYT j + Qcp. KB.CyT j ’

— I'OIOBOC Y 1 Cil 2 WacCoB MaK%I/IMaJILEhIX/nHOTCpB

2
+0? )
J

Tron3 S%_an Scp. kB. cyT j ngnj (Pcp. KB, ep. Kb, CyT
- - CyT j

M j=1 M j=1
[IpoBenuTe comocTaBiIeHNe pe3yIbTaTOB, HOIYYSHHBIX B III. 8 U 9, caenaiTe
COOTBETCTBYIOIINE BHIBOJIBI.

Odopmure OTYET B COOTBETCTBUU C TPEOOBAHUSMU, U3JI0KEHHBIMHU B Hayajle y4eOHOro
mocoous.
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KonTpoJsibHBIE BOTPOCHI

C 11en1p10 MOATOTOBKH K 3aITUTE Ja00paTOpHOM pabOTHI JalTe OTBETHI Ha Clie- TYIOINe
KOHTPOJIbHBIC BOIIPOCHI:

1. Yro coboii mpeacTaBIAIOT ynopsaa0YeHHbIe rPa@UKU JIEKTPHIECKUX HAPY30K?
2. C KaKo# LIENBIO CTPOSATCS YIIOPAA0YEHHBIE FOJOBBIE IPapUKU HATPY30K?

3. OnumuTe METOMUKY IIOCTPOEHUS YIIOPSAOYEHHBIX TOOBBIX IPA(QUKOB.

4. B kakue XapakTepHbIE CYTKH I'0Jla CHUMAKOTCS CyTOYHBIE TPa(QUKK HATPY- 30K?
5. Yro coboii npeacrasiseT Ko3GPUIMEHT 3al0JIHEHNS CYTOYHOr0 rpaduKa

HAarpy3oKk K ger ?



ITPAKTUYECKAS PABOTA Ne 3
WCCJIEJIOBAHUE BJUSHUA KOYPPUIIUEHTA PEAKTUBHOMI
MOIITHOCTH OJJHO®A3ZHOM HATPY3KHW HA PACIIPEJEJIEHUE EE
AKTUBHOM U PEAKTUBHOM COCTABJISIOIINAX
MEXAY ®A3AMU

Heas padoTsl

— IIpOBEpKa MIPaBOMEPHOCTHU JOIYIIEHUN, IPUHUMAEMBIX B CIIPAaBOYHOI JuTeparype [2]
IIpU ONPEACIICHUU BEJIUWYMHBI pAcCUETHBIX HArpy30K B Yy3JaX COBMECTHOIO IHTaHUS
0J1HO(a3HbIX M TPEX(PaA3HBIX IIEKTPONPUEMHUKOB,;

— NpOBEpKa IPABWIBHOCTH TEOPETUYECKUX BBIBOJOB IO ONPEICIICHUIO PaCHpeEICHUs
noTpeOIsieMOl M3 CeTH MOUIHOCTH JIEKTPONPUEMHUKOM, MOAKIIOUEHHBIM Ha JIMHEHHOEe
HaNpsODKCHNUE, MEXKIYy COOTBETCTBYIOIIMMH (pa3aMH CETH M 3aBUCHMOCTH PACIPENCICHUS OT
KO3 pHLIHEHTa MOIIIHOCTHU 3JIEKTPOIPUEMHUKA.

O6H_[I/Ie TIOJIOKCHUS U MECTOAUYCCKUC YKAa3aHUs 110 BbIITIOJIHCHUIO pa6OTLI

Hannuue onpnodasubix snekrponpuémuukoB (OII), kak npaBuio, MPUBOIUT K
HECUMMETPUYIHON 3arpy3ke (a3 ceTH, 4TO BBI3BIBACT PSIJI OTPHUIIATEIHHBIX MOCIEACTBHMA, TAKHX
KaK:

— TOSIBJIEHHE TOKOB U HaIIPsKEHUN 0OpaTHOM U HYJIEBOM IOCJIEI0BATEIbHOCTH B UETHIPEX
U ISITUIPOBOJHBIX CETSIX M TOKOB W HANpsDKEHUH 0OpaTHOM MocCeloBaTelNbHOCTH — B
TPEXIPOBOIHBIX CETAX;

— YBEJIIMYEHHE TOTEPb HHEPIMM B CETAX [0 CPaBHEHUIO C WX 3HAYEHHEM IpuU
CUMMETPUYHOMN Harpyske ¢as;

— MOSIBJIGHUE DJIEKTPOMArHUTHBIX MOMEHTOB Yy 3JEKTpOJBUTaTeNel, IeHCTBYIOIUX
COTJIACHO C HAarpy3KOW M MPHUBOJANIMX K YBEJIUYEHHUIO MOTPEOIECHUS UMM JIEKTPOIHEPTUU U
YCKOPEHHOMY M3HOCY U30JISALUH.

[IpeneOpexxenne (Ha3HOCTHIO DIEKTPONPUEMHUKOB TIPH  OMPENEICHUU  PaCUETHBIX
Harpy30K NpUBOJIUT K YCKOPEHHOMY U3HOCY M30JIALIMU OJHOHM U3 (a3 ceTH.

C HCJIBK0 CHMIKCHHUSA YKa3aHHBIX OTPULATCIIBHBIX HOCJ'ICI[CTBI/II\/'I YK€ Ha CTaguu
npoektupoBanust COC HeoOX01UMO:

— Harpysky, OOYCJOBIEHHYIO OJHO(A3HBIMU D3JIEKTPONPUEMHUKAMHM, KaK MOXHO
PaBHOMEPHO pacIpe/le/IuTh MeXAY pa3zaMu CeTH;

— ONpeAeNnTh Harpy3ky HauOojee 3arpykeHHOHM (a3sl M 3aMEHUTh OJHO(]A3HYIO
Harpy3Ky SKBUBAJIEHTHOH el Tpéx(da3Hoii, paBHOI yTpOEHHON BeJIMYMHE HArpy3ku HauOolee
3arpy>kKeHHOH (a3bl.

[To nanubiM [2] nomyckaeTcsi oJHO(a3HbIe IMEKTPONPUEMHUKH YCIOBHO MPUHUMATh KaK
TpéxdazHble, €CIM HEPAaBHOMEPHOCTh pacIpeesieHUs] HOMUHABHONW MOIIHOCTH OJHO(a3HBIX
ANEKTPONPUEMHUKOB IO (a3aM, OTHECEHHass K MOIIHOCTH HaWMEHee 3arpy>KeHHOU ¢a3bl,
BKJIIOYAsE TPHUXOAALIYIOCS Ha OJHY (a3y MOIIHOCTh TPEX(asHBIX 3IEKTPOINPHUEMHUKOB,
coctaBiaeT 15 u menee %, T. €.
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SP :PHOM.cp.MaKc _PHOM.(’p.MHH 100% —
HOM
HOM. . MUH P
(P* + ! P ) — (P* + ! P )
| HOM. (. MaKC ?7 Howm. 111 | | HOM. (). MUH 5 HowMm. 111 |
— ] | | =
< (7.0 \ 7100 %
( HOM. (). MUH 3 HOM. lll)
P - P
_ ., HOM. ¢b. Makc (HOM. . MU 0/ < 0
(5 AR 100%<15 %,
L HOM. (. MuH 3 HOM. IHJ (3 1)
rae * u P’ — CYMMAapHbIC 3HA4YCHHMS HOMHHAJIbHBIX MOIITHOCTEHN

HOM. (p. Makc HOM. (b. MUH

AJIEKTPONPUEMHUKOB, TMOJAKIIOYEHHBIX K Haubojiee M HaUMEHEe 3arpyKEHHbIM (¢azam,
00YCIIOBIGHHBIX TOJBKO OJHO(A3HBEIMU 3IEKTponpuéMHHKaMy; Prom. 1 — cymMapHas
HOMUHAQJIbHAs MOUIIHOCTh BceX TPEX(a3HBIX HIEKTPONPUEMHHMKOB, MOJKIIOUEHHBIX K
paccmarpuBaemomy y3iny COC.

Cornacuno [l], cpenHue aKkTHBHBIE W PEAKTUBHBIE MOIMHOCTH (a3, OOYCIIOBICHHBIE
0J1HO(a3HBIMU IEKTPONPUEMHUKAMH, MOT'YT OBITh PACCUUTAHBI 110 CIETYIOIUM (popMyiam:

— AKTUBHBIE MOIITHOCTH (1)33:
LN:] nca

Poya= Z Ky ai Prow. ABi K(am)Ai + Z Ky aiPuow.cAi Kicayai T
i=1 i=1

A0
+Z kI/I ai Prom. AOi>
i=1

nAB npc

Pcp. B~ Z kI/I aiProm. ABi k(AB)Bi +Z kH. ai Prom. BCi k(BC)Bi +

i=1 i=1
npo

+Z kn. ai Puom. BOi >
i=1

nca

npc
Py c= z Ky ai Prom. BCi KBO)Ci +z K ai Prow. cAi Kcayci +
i=1 i=1

nico
+z kH. ai Prom. COi>
i=1



— peaKTHUBHBIE MOITHOCTH (ha3:
"AB nca
Qcp. AT z kI/I ai Puom. ABi q(AB)Ai + Z kI/I. ai Puom. CAi q(CA)Ai +
i=1 i=1
A0

+z i ai Prom. A0i 18P A0IS
i=1
"AB ngc
O = Z Ky ai Puom. ABi 9(AB)Bi +Z Ky ai Puow. BCi 4BO)BI T
=1 i=1
ngo

+an. ai Prom. Boi 1€PB0;
=1
nBc nca
Qcp. ohn Z kI/I ai Prom. BCi q(BC)Ci +z kI/I ai Prom. CAi q(CA)Ci +
i=1 i=1
nco

+Zk1/1. ai Prom. coi 8Pco;-
i=1
31eCh NAR, BC,  —  uNCIO  NEKTPONPHEMHUKOB,  MONKIIOUEHHBIX  COOT

BETCTBEHHO Ha JMHeHHble HanpsbkeHus Uas, Usc u Uca ; nao, nmBo, HMco — YHCIIO
IIEKTPOTIPUEMHUKOB, TIOJKITIOYEHHBIX COOTBETCTBEHHO Ha (hasHble HampspkeHUs Uao, Uso u Uco
s ky 4 ; — XOOQQUIMEHT HCIONL30BAaHUS YCTAHOBJIECHHOW aKTHB- HOM MOIIHOCTH i-TO
DIIEKTPONIPUEMHHUKA; pPpov AR/ > Prom. BCi » Prom. CAj — HOMHUHAIBHBIE AKTHBHBIE MOIIHOCTH
OTJENBHBIX 3JEKTPONPUEMHHUKOB, MOJKIIOUEH- HBIX COOTBETCTBEHHO  Ha
JUHENHBIE HaIpsHKEHUS Uas> Ugc u Uca ; Puom.

AOi > Puom. BOi > Puom. COi — HOMHMHAJBHBIC AKTHBHBIC MOIIHOCTH  OTACJIBHBIX

ANIEKTPONPUEMHHUKOB, MOAKIIOUEHHBIX COOTBETCTBEHHO Ha (pa3Hble HANPSKEHUS Uno» Upo 1

Uco 5 kaB)ai» kKaB)Bi » kBC)Bi » kBC)Ci » K(CcA)Ci » K(ca)ai — PACUETHBIE yondbummenTsl,
IPEICTABIAIOIUE COOOM JOIM MOTPEOISAEMBIX OTAENBHO B3SATBIMH  JJIEKTPONPUEMHUKAMH,
NOJAKIIOYEHHBIMU Ha JMHEHHble HanpsuokeHuss Uppg, Ugc m Uca , 3Ha4eHHMH aKTMBHBIX

MOIIHOCTEN COOTBETCTBEHHO MO (azam A, B u C, Ha UTO B MOACTPOYHBIX MHIEKCAX YKA3HIBAIOT
OykBeHHBIE 0003HaueHus1, CTOAIMHE TTOCIIE CKOOOK; q(AB)Ai> 9(AB)Bi> 9(BC)Bi> 4(BC)Ci> 4(CA)Ci>

4(CA)Ai - pacuyérHble KOI(D(OHUIMEHTHI, MPEACTABIAIONINE COOOM T07M MOTPEOIAEMBIX OT-
JIETTBHO B3SATHIMU AJICKTPONIPUEMHUKAMHU, TIOJIKJIFOYEHHBIMA Ha JIMHEHHBIC HanpsukeHus: Uap, Usc
u Uca , 3HAaUCHUN PEaKTUBHBIX MOIHOCTEH COOTBETCTBeHHO Mo (pazam A, B u C, Ha uTO B
MOJICTPOYHBIX MHACKCAX YKA3bIBAIOT OYKBEHHBIC 0003HAYCHUS, CTOSIINE MTOCIIE CKOOOK.
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VYka3zaHHbIe BbIIIE pacué€THbIE KO3(PHUIIMEHTH B y4eOHOHW M CIPABOYHOM JHUTEPATYpE
NPHUHITO Ha3biBaTh Kod(D(HIMEeHTaMU TpHUBENCHUS OMHO(MA3HBIX HArpy30K, BKIFOYEHHBIX Ha
Mexay(a3Hble HANpsSKEHHs,, K COOTBETCTBYIOHIMM (a3zaM. OHU 3aBUCAT OT KOI(PPHUIIMEHTOB
PEAKTUBHOUW MOITHOCTH AJICKTPONPUEMHUKOB. VX YHCIIEHHBIC 3HAYCHUS B 3aBUCHIMOCTH OT COS(
MPUBOAATCS B YUeOHOH M CIIpaBOYHOU juTeparype [1-3], a Takke MOTYT OBITh pacCUHMTaHBI 11O
HUKE CIICAYIOIUM (bopMyﬂara [3]:

1 1
k ;
(AB)A i 5 ]/‘ ABi
k ;
1 (BOBI 5 2\/_ BCi
1
k(CA)Cz + \gtg(PCA i (3.2)
k o ;
(AB)Bi ) { ABi
k _ tgp
BCCi o 2[ BCi
1
Kcayai = y” Z\Etg(PCAi- (3.3)
(q _1goaBi 1 |
‘ (AB)Ai D) 5
p _tgosci 1 |
BC)Bi ’
j (B¢) tgq?CAi 2\{;
dca)ci = - -
(4) 2 2B (3.4)
(8P Ap; 1
.= + ;
||q(AB)Bl > 23
q = tgPpci ,——.
) (BO)Ci 7 2\/3_
| tgop 1
| q_ ) = CAI | ——p
| “AA 2 2\/; (3.5)

Cnenyer OTMETUTH TO, UYTO TMpH HEOOJBIIMX 3HAUYEHUSAX KOI(P(PUIUEHTOB UC-
NONB30BaHMA k, , ¥ YHCIa DJIEKTPONPHEMHHUKOB, MUTAKOIMXCA OT oxHoro ysma COC,

Hauboee 3arpyxeHnyo (asy 1eaecoo0pa3Ho OnpeaensTh 10 BeTUUYNHE



CpeIHEN aKTHBHON MOIIHOCTH, a B OCTAJIBHBIX CIy4asX OPUEHTHPYSCh Ha MOJIHYIO CPEIHIO0
MOIIHOCTB (asbl Scp, ¢, KOTOPAsk ONPEACISCTCS 110 (popMyIie

_ 2
Scp.(b_ \/Pcp.(b +Q§p.(1) :

Kpatkoe onucanne KOMIIBIOTEPHON MOJAEIH CUCTEMBI
AJIEKTPOCHAOKEHUS

PaGora Bemonmsiercs ¢ npumeHenwem [I9BM u mporpammHoro mnakera Matlab-
Simulink ¢ 6ubamnorexoir SimPowerSystems. UnciaeHHbIE SKCIIEPUMEHTHI MPOBOAATCS Ha
KOMITHIOTEPHOM MOJIEIH MPOCTEHIIICH CHCTEMBI AIeKTpocHaOKeHus (cM. puc. 3.1).

Puc. 3.1. [IpuHumnuanbHast 3IEKTpUYECKas cXeMa

N
J

rid
—

W PIK3 ¢

e

I
j PIK?2

S jur Sap Spc Sca
CHCTEMBI AIIeKTpOocHa0keHus: G — UICTOUHUK OECKOHEYHON MOIIHOCTH HanpsikeHuem 10
kB; T — cunooii Tpanchopmarop HanpsukeHueM 10/0,4 kB; W — nuaus 25ekTponepenayu;
PIK1-PIK3 — usmepurenbHble 0J10KU

OO0umii Bua KOMIBIOTEPHOI MOJ1eNM peICTaBlIeH Ha puc. 3.2.

Mogenb COCTOUT U3 MOCIEA0BATENbHO COCTUHEHHBIX OJOKOB TPEX(a3HOro MCTOYHHMKA
nutanus « THREE-PHASE SOURCE» u cunoBoro Tpancopmaropa

«TRANSFORMER» co cxemoil coenuHeHusi oomotok Y/Yo wnu A/Yo (B Bapuante,
npUBeJeHHOM Ha pHc. 3.1 — co cxeMmoll coenuHeHHs OOMOTOK Y/Yo), K HHM3KOBOJBTHBIM
BBIBOJIaM KOTOPOro yepe3 usmepurenbHbiil 610k PIK1 noakmroueHst:

1. Tpéxdaznas cumMmeTrpudHas aKTUBHO-WHIYKTHUBHAs Harpyska (OJjok

«THREE-PHASE LOAD»).

2. Jluaums onektponepenauu (JIDII) wnanpsokennem 380 B (Gmok

«TRANSMISSION LINEY).

3.I'pynmna onHo(ha3HbIX dIEKTPONPUEMHHUKOB «Saby, «Shcey u «Sca», momo-
yeHHbIX B KoHIE JIDII 380 B Ha nunelinbie Hanpsxkenust Uas, Usc u UC A
OTBECTBEHHO. CO-

Jiss  KOHTpOJIE  KOPPEKTHOCTHM  BBEJAEHHBIX  IapaMeTpoB  Oyoka  TpéxdazHoin
CUMMETPUYHONW aKTUBHO-UHIAYKTHUBHOW Harpy3ku «THREE-PHASE LOAD» mnonkmoueH
u3MeputenbHblid 0110k PIK2, KoTOpbIif MoKa3piBaeT 3HaUeHNUE aKTUBHOM, PEAaKTUBHOU U MOJIHOU
MOIIIHOCTH.
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IS

sca
A A a2 A Akls——= .—l—ﬁ
< >~ b2 Bn Bk |s——s| ,—_"m_—— 8
Bl— |3 —IM-— sab
< ( ~ 2 Cn Ck |[s——s .—L f
o node 10 =
c cY Y n2 1 Nn Nk |—— —> Flie
THREE-PHASE SOURCE TRANSFORMER J TRANSMISSION LINE
A
s | B
Pta(kW)_Qta(kVAr) Pa(kw)_Ga(kVAr)
r Pb(kW)_Qb(KVAr)
Ptb(kW)_Qtb(KVAr THREE-PHASE
(kW)_Qtb( ) e
Ptc(KW)_Qte(kVAr) 1 |12 Pc(kW)_Qc(kVAr)
PQS_TPLoad
roae Ua_load (V) >'
> P(kW), Q(KVAT), S(KVA) . ‘
10 ‘ ] 14

" Ub_load (V)

11

EXTO

U1_U2(V)_trans U1_U2(V)_load

1b_t (A) '

Discrete,
Ts = 5e-005 s.

~ Ie (A]
le_t (&) —— e (8)

Puc. 3.2. Komnstorepnas mozens COC: 1 — tpexda3zubiit HcTouHUK HanpspkeHus 10 kB; 2 — cuitoBoit TpancdopmaTop HarpskeHUEM
10/0,4 xB; 3, 4, 7 — u3MepuTEIbHBIA OJOKM COOTBETCTBEHHO Ha BBOJaX HU3KOT'O HAINPSDKEHUS TPAaHCPOpMaTOpa, TpeX(Pa3Hoi Harpy3Ke
u B koHue JIDII; 5 — 650k Tpexdaznoii Harpysku; 6 — 610k JIDII; 8 — 6;moku oxHO(a3HON HArpy3Ku; 9 — nuciel, oroOpakaromui
3Ha4yeHue ko3 duimenta 3arpy3ku tTpanchpopmaropa; 10, 14 — mucrnien oTodOpakarolye 3Ha4YeHNsT PeXUMHBIX TapaMeTPOB Ha BBOJIE
TpanchopmaTopa u B koHie JIDII coorBeTrcTBeHHO; 11, 13 — qucmuien, oToOpaxkarolye 3HaueHUEe HAMIPSKEHUS TIPSMOI M 00OpaTHOM
MOCTIeIOBATEIbHOCTH Ha BBOJIAX HU3KOT0 HAapshKeHUs Tpanchopmaropa u B KoHue JISII coorBercTBenHo; 12 — aucruieid,






bnok «THREE-PHASE LOAD» npeacTtaBiseTcss B BHJE MNAPAIJIEIBHO COEAMHEHHBIX
MACCUBHBIX 3JIEMEHTOB R, L u C 1 UMEeT CleAyIolIre mapaMeTpsl (cM. puc. 3.3):

=] Block Parameters: THREE-PHASE LOAD ﬂ
Three-Phaze Parallel BLC Load [maszk] [link)
Implements a three-phaze parallel BLC load.
Parameters

Configuration v [floating] "]

Mominal phaze-to-phasze valtage Wi Wrmz)
380

Mominal frequency fn [Hz):
50

Active power P [
0.5%25e3/eqmt(2)

Inductive reactive Power QL [positive war):
0.5%25e3/eqmt(2)

Capacitive reactive power Qe [hegative var):

g

Measurements Branch voltages and currents ]

Cancel Help Apply
Puc. 3.3. [1apametpsl 0110ka « THREE-PHASE LOAD»

1. Configuration — cxema coemunenus BeTBel Tpex¢asHoii Harpysku. I1o
YMOJIYaHUIO 3a7jaHa CXeMa COEANHEHUS 3BE3/1a.

2. Nominal phase-to-phase voltage Vn — neficTByIOIIME 3HAYEHHE HOMUHAIb- HOTO
JUHENHOro HanpsbkeHus, pasHoe 380 B.

3. Nominal frequency fn — HOMUHaIbHas YacTOTa, paBHas 50 I

4. Active power P — akTuBHas HarpysKa, BT.

S. Inductive reactive power QL — WHIYKTHBHAs HArpy3Ka, Bap.

6. Capacitive reactive power Qc — 8MKOCTHas Harpy3Ka, Bap, paBHas HyJIIO.

broku omnodaszHol Harpysku «Saby», «Sbc» u  «Sca» TPENCTABISAIOTCS B BHUIE

napajuieTbHO COEAMHEHHBIX MACCHUBHBIX 3MeMeHToB R, L m C U UMEIOT Cleaylne
napameTpsl (cM. puc. 3.4):

1. Nominal voltage Vn — neficTByronue 3Ha4eHHe HOMUHAIBLHOTO HATIPSKEHHUS, PABHOE
380 B.

3. Nominal frequency fin — HoMMHanbHAs YacToTa, paBHas 50 I

4. Active power P — akTMBHas Harpyska, BT.

5. Inductive reactive power QL — WHIyKTUBHAs HarpysKa, Bap.

6. Capacitive reactive power Qc — 8MKOCTHasl Harpy3Ka, Bap, paBHasi HyJIro.

7. Capacitor initial voltage (V) — HauabHOE 3HAYEHUE HANPSHKEHHS Ha EMKOCTHOM
HarpysKke, paBHO HYITIO.



8. Inductor initial voltage (A) — HayaabHOE 3HAYEHUE TOKA WHIYKTHUBHOMN
Harpy3ke, A, paBHO HYJIIO.

L) Block Parameters: Sca n
Parallel RLC Load [mask] (link]

Implementz a parallel ALC load.
Parameters

Mominal woltage Y Wims):
380

Muominal frequency fn [Hz]:
a0

Activie power P W]
37493

Inductive reactive Power QL [positive var):
11.924e3

Capacitive reactive power Hc [negative var);
0

[T Set the iritial capacitor voltage

Capacitar initial woltage W)
0

[ Set the initial inductor current

Irductor initial curment [B):

Measurements | None W

Canzel Help Apply

Puc. 3.4. [TapameTpsl O6110ka o1HO(Aa3HOM HATPY3KH «Sca»

ConpoTHUBICHHUST HATPY30UHBIX JIEMEHTOB MOKHO MEHSTh HE3aBUCHUMO JIPYT OT Jpyra, U
TEM CaMbIM CO3/1aBaTh HECUMMETPHUIO HAarpy30kK ¢as.

W3mepurenssiii 610k PIK1 no3Bossier u3sMeputs:

— AKTUBHBIC U PCAKTUBHBIC MOMIHOCTH B (1)3.38.X Tpchq)opMaTopa U CpCAHCC 3HAYCHUC

koa(¢uimenTa 3arpy3ku ¢a3 TpaHcgopmaTopa — JUCIUIEH, TOJKIOYEHHbIE K BBIBOJAaM OJI0Ka
«From2y;

— JIeHCTByIOIIME 3Ha4eHMs (pa3HBIX HANpsHKEHUM Ha CTOPOHE HUBIIEro Hamps- >KEHUs
TpaHchopmaTopa — JUCIIIIeH, TIOJKIIOUEHHBIE K BBIBOIaM OJI0Ka
«Fromly;

— AelcTBytone 3HaueHUs HampsbkeHuss npsmoid Ul u  obparnoit U2 mocie-

JIOBATEIHbHOCTEW (Da3HBIX HAMpPSOHKEHUH Ha HHU3KOBOJIBTHBIX BBIBOJAX TpaHC(Op- mMaTopa —
JUCIUIEH, TIOJKITIOYSHHBIE K BBIBOJaM OJ0ka «Fromo6y;

— JeCTByIOIME 3HAYeHUS TOKOB B (a3ax Ha CTOPOHE HM3IIEr0 HaIpPsHKEHUS
TpaHcpopmaTopa — IUCIJIEH, TOAKIIOUEHHBIE K BbIBOIaM 0sioka «From3».

N3meputenbublil 6510k PIK2 no3BossieT uamMeputs:

— JeWicTByromue 3HadeHus (asHbix HanpspkeHnidd B konme JIDII —  mgucrew,
MOJIKJIFOUEHHBIE K BBIBOJIaM OIIOKa «From4y;
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— JCUCTByIONME 3HaueHus HampspkeHus npsmod Ul wu  obOparnoit U2 mocne-
JoBaTebHOCTEH (pa3HbIX HampspkeHUW B KoHIE JIDII— mucriien, moakiItouYeHHbIE K BBIBOJAM
osoka «From7y;

— JICWCTBYIOIIME 3HAYCHUs TOKOB B (azax JIDII — mucriien, MoAKIIOYEHHBIE K BBIBOJAM
o10ka «FromSy;

— aKTUBHBIE M peaKkTUBHbIe MouIHOCTH B (azax JIDII — mucruien, mOJIKIIOYEH- HbIE K
BbIBOZIaM OJioka «Froml10».

Buumanue! B xoMIbIOTEpHON MOJENTH AIEKTpUUECKOr ceTr HanpsbkeHreMm 380 B OymyT
MEHSITBCS TOJIBKO aKTHBHAs M MHAYKTUBHAS MOIIHOCTH TpEx(dazHoi u oaHOpa3HON HArpy30K
B COOTBETCTBUU C METOJMYECKUMHU ykazaHUsMHU. OcCTalbHbIE MapaMeTphbl MpPU MPOBEICHUU
pabOThI OCTAIOTCSI HEU3MEHHBIMH.

MeToauueckue YKa3aHus 110 MPOBECACHUTIO paﬁoTbl

AkazeMuyeckas rpymnmna JeIuTcs Ha Opurajibl, COCTOSIINE U3 IBYX YETOBEK.

Kaxnass Opuraga BbIOMpaeT BapHaHT KOMIIBIOTEPHOH MOJAETH C 3aJaHHBIMH
napamerpamu ceTd (LW3 noXX) B cooTBeTCTBHE C HOMEPOM, YKA3aHHBIM IIpe- M0/1aBaTeseM,
Y TyTéM Ha)KaTWs Ha HEro JIEBOM KJIABMILIEH MBIIIM OTKPHIBa€T MO- Aelib ceTH. Jlamee pabora
MPOBOAUTCS, CIEIYSI PEKOMEHIALIAM:

1. Kypcop naBenute Ha Onox tpéxdasznoit Harpy3ku « THREE-PHASE LOAD» v nytém
HaXaTUsl JIGBOM KJIABUIIM MBI OTKPOWTE OKHO MeHIO «Block Parameters: Three-Phase
Parallel RLC Load» yxa3zanHoro 0iioka. 3ajaiiTecb 3HAUEHMSIMM aKTHUBHOW M PEaKTUBHOM
MOIIHOCTH TaKUM 00pa3oM, 4TOObI COOJIO- NaIiCh CIEAYIOUIUE YCIOBUS

2 —
Siur= \IPIII +Q2111 =0,55, wou 1 180 :% =10.

HpI/I 9TUX YCIOBHUAX AaKTHBHAasd U PCAKTHBHAA COCTABJIAIOIINC TpéX(l)@.?»HOfI HarpyskKu
OMPCACIIAACTCA BIPAKCHUCM

P = Q — O’SST. HOM

i i ﬁ

[Tocne ycTaHOBKM yKa3aHHBIX 3HAYEHHN AKTHUBHOM M PEAKTMBHOM MOIIHOCTH CJEAYET
3aKpBITh TEKYIEE OKHO, T. €. IEPEUTH K KOMIIBIOTEPHOW MOJENH CETH.

2. [TyTéM moouepEénHOro OTKPHIBAHUSI OKOH MEHIO OHO()A3HBIX aKTUBHO-HH- TYKTUBHBIX
Harpy304HBIX JJIEMEHTOB «Saby, «Shc», «Sca», 3amaiiTech MOIIHO- CTSMU OJHO(MA3HBIX
DIIEKTPONPUEMHUKOB, TMOAKIIOUYEHHBIX HA JIMHEHHBIE HAmps- OJKEHUS TaK, 4YTOOBI
YIOBIIETBOPSITUCH YCIIOBUS:

0,58
P =P =P =————=uQ =0 =0 =0, (3.6)
AB BC CA 3 AB BC CA :

B pE3YJIbTATE YETOo MOTYIUTE CETh C CAMMETPUYHOM Harpy3koi. [Ipu aTom k0d3d- punment
3arpy3ku Tpanchopmaropa OyaeT mpaktudecku paBeH Ks » =1,0.



3. Ilyrém HaxkaTusl JI€BOM KIIABUIIEH Kypcopa Ha 3aTE€MHEHHBIA TPEYTOJbHUK HA MAHEIN
WHCTPYMEHTOB (BEPXHSSl CTPOUYKA OKHA C KOMIBIOTEPHON MOJIENbI0) 3allyCTUTE MPOrpaMmy Ha
npoBeneHue pacu€ToB (cMm. puc. 3.5). B mpormecce pac- 4€ToB 3aTeMHEHHBIA TPEYrOJbHHK
UCYE3aeT, a 10 OKOHYAHUIO pacdE€TOB BO3BpA- LIAETCS B UCXOJAHOE MoyoxeHue. [lonydeHHble
pe3yNbTaThl C KPAHOB JTUCIUIEEB MEPENUIINTE B COOTBETCTBYIOIINE STUEHKH MEPBON CTPOUKHU
tabn. 3.1.

Puc. 3.5. Knonka 3amycka pacuéra KOMIbIOTEPHOU MOJIEITN

File Edit Vie Simulation Format Tools Help G

D SH& & & ol 5

4. C uenpio BBISBICHUS BIUSHHS HECUMMETpHH Harpy3ok ¢a3 JIDII u Tpanc- popmartopa
MOBTOPHUTE OIBIT IO MMYHKTaM 2 ¥ 3 IPU yCIOBUSX:
Pap=0,55110m , KBT; Pc =Pca =0,001, kBT u Oan

=(sc =0ca =0. (3.7)

[TonydenHble pe3yabTaThl BHECUTE BO BTOPYIO CTPOUKY Taodu. 3.1.

Onpenenure Mo HUXKE MPUBEACHHBIM (DOpPMYyJIaM OTHOIICHHUS HArpy304HBIX MOTEPh
aKTUBHOH MOIMHOCTH B TpaHchopmatope, a Taxke B JIOII, mpu pabore mx B pexume ¢
HECUMMETPUYHON 3arpy3koil ¢a3, cooTBeTCTByoIIeH ycioBusM (3.7), K moTepsiM aKTUBHOMI
MOITHOCTH B YKa3aHHBIX JJIEMEHTax NMpH paboTe MX C CHMMETPUYHOHN Harpys3kou das, T. e.
COOTBeTCTBFIlomeﬁ ycnoBuAY, (3.6): ) )

AP I" p+I" o+ Ry 2+ +17
T.HECUM (A B C-) At Br C.r

m T.CUM = 2 § = ‘ ;
31@-13 T 3]<1>- (3.8)
|AP (12,n+12,n+12n}Rn I’ +I7 +I
—pueeuM _ A B C. A B
‘L JI. CUM - 31(1) .]'IRJ'I - 31(1) I

3nech TOKM, yKa3aHHbIE B YHMCIUTENAX, NPUHUMAIOTCA W3 2-H cTpoku Tabm. 3.1, a B
3HaMeHaTese — u3 1-i CTpoKH.

[1o moay4eHHBIM JaHHBIM ClIETAaNTE BHIBOBI.

5. IlyTém nmoodep&aHOro OTKPhIBAaHUS OKOH MEHIO OJTHO(A3HBIX aKTUBHO-UH- JYKTHUBHBIX
HArpy30UYHBIX 2JEMEHTOB «Saby», «Shc» m «Sca», 3amaiiTech MOIIHO- CTSIMHU OAHO(A3HBIX
AJIEKTPONIPUEMHHUKOB, TOJKIIOYEHHBIX HA JIMHEHWHBIE HAmps- KEHUS TakK, YTOOBI
YIOBJIETBOPSUIUCH YCIOBUS:

— CyMMapHasi MOITHOCTb OJJHO(a3HBIX 3JIEKTPONPHEMHUKOB

_ Y] _ .
So.z _\/Pcb.2 +0 =055 (3.9)

T. HOM

— K03(p(pULIMEHT MOIIHOCTH BCEX NPUEMHUKOB cospp =0,3 mmu tgey =
=3,18.
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Tabmwnma 3.1

I/ICXOI[HBIG JaHHBIC U PE3YyJIbTAThI, IIOJTYUYCHHBIC Ha KOMHBIOTepHOﬁ MOJACIHN CETU

[TapameTpsl HArpY304YHBIX OJIOKOB

THREE-
Ne | PHASE [Sab Sbe Sca
Wit LOAD

Pu, | Qumi, | Pas, | Oas, Psc, | Osc. Pen | Oca

kBt | kxBap | kBt | kBap COSPAB | 1Br KBap COSQBC | KBap cospca

2
n
[Tponomxenue Tadauis 3.1
[Tokazanus uzmepurensHoro 6moxa PIK1
JIuHeiHbple HaNpsKEHUs
Ne Toku B pazax |AxkruBHble (KBT) u peakTuBHBIE p
e Ha BbIBOJIaX TpaHchopMaropa
/i | TPaHChopMaropa, |(KBap) MOIIHOCTH B (ha3ax
I U UX CUMMETPUYHBIE
A Tpa"cdopmaTopa
cocTapsomue, B
Ianx | Isr | Ict | Par| Per | Pcr | Oaxr| OBx | Ocr | UaB | Usc | Uca | Uai | Uaz
1
2
n

Oxkonuanue Tadoaums! 3.1

IToxa3zanus u3ameputensHoro 61oka PIK3
JInHeliHbIe HalIpsKEHUs

B koHe JIDII
Y X CUMMETPUYHBIE
cocTapstromue, B

AxtuBHbIE (KBT) 1 peakTUBHBIE

Ne Toku B hazax
(xBap) momtHOCTH B (hazax JIDII

/1 JIDIL, A

Uan| Usn | Ucn | Uar | Ua2

Iax I Icn |Pax| PBx | Pca QA.J'I QB.J'I QC.J'I




Torna BeimenpuBeeHHOE yenoBHe (3.9) MOXKHO 3amucaTh B BUJIE

P(i).Z ’\’1+ tgzq)(b = O’SST.HOM >

OTKY/Ia aKTUBHAs COCTABJISIOIIAsE MOIITHOCTH OJHO(A3HBIX JIEKTPUIIPHEMHUKOB

0,58

T. HOM

By s = = -
\/1+(tg(p¢))

C uenpio obecrnieyeHUs] YHCTOTHl JKCIEPUMEHTA, HAMPABICHHOTO Ha OIpeeIeHHe
KO3 (UIMEHTOB MpHUBEACHUS OJHO(A3HBIX HArpPy30K, BKIIOYEHHBIX Ha MeEXIydasHble
HaINpsDKEHUs, K COOTBETCTBYIOIIMM (ha3zaM, YCIOBUMCS O TOM, UYTO:

(3.10)

— OT pac4€THOTO y3Jia MUTAIOTCS TPU OJHO(DA3HBIX ANEKTPONPUEMHHKA, MO/~ KITFOUEHHBIX
Ha pa3HbIC JIMHCWHBIC HATIPSKCHUS;

— aKTUBHAsl MOILTHOCTH 3JIEKTPONPUEMHHUKA, TTOAKIIOYEHHOTO Ha JIMHEWHOE HANPsHKECHUE
UaB, PaB = Pyx,a MOIIIHOCTH ABYX APYTUX, MOAKITIOUEHHBIX HA JIH-

HEHHbIC HAIIPSHKCHUS Ugc u Uca, HUYTOXKHO Majibl M COCTaBISIIOT BCETrO
0,001 xBT.

PeaKTI/IBHYIO COCTaBJIAOIIYHO MOIIHOCTH OI[HO(baSHBIX BHGKTPOHpI/IéMHI/IKOB OIIpCaACIINM
I10 BBIPAXKCHUIO

Op.x =Pp.x 180 - (3.11)
HpI/I BBLIIICIIPUHATOM ycjioBuu, pC€aKTHBHAaA COCTaBJIAIOIIIAas MOIIIHOCTHU 2JICK-
TPOIPUEHHKA, TOAKITIOUEHHOT0 Ha JHHeHoe HanpsikeHne Uas, Oas = 0.

[Tocne 3amaHusi HOBBIX 3HAYEHMM MOITHOCTEH OIHO(A3HBIX DIEKTPONPHUEM- HHUKOB
3allyCTUTE MPOrpaMMy B pexuM BbluucieHuil. [lo 3aBepmieHHI0 pacy€TOB MOJyYEHHbBIE
pe3yabTaThl C SKPAHOB JUCIIJIEEB TIepeHecuTe B Tad. 3.1.

6. Pacy€rel 10 MyHKTY 5 MOBTOpUTE IIPH 3HaYeHHUAX cos@y = 0,4; 0,6; 0,8 u

0,9. Ilpu 3TOM aKTHBHAasT M pEaKTUBHAs MOIIHOCTH OJHO(A3HOTO >SJIEKTPONPHUEM- HUKA
onpenensitores o dpopmynam (3.10) u (3.11). IlonmydeHHsie pe3ynbTaThl 3a- HOCATCS B TaOJI.
3.1.

7. Ucnonb3ys NoaydeHHblEe HAa KOMIIBIOTEPHOW MOJIENN JaHHbIE, cBeléHHbIE B Ta0m. 3.1,
onpenenure Kod(pGUIMEHTH MNpUBENEHUS OaHO(A3HON Harpy3kH, BKIIOYEHHONW Ha
mMexayhazHoe HanpsbkeHneUas, K pazam A u B o popmynam

P, P, Py Py
kapja =—= = = kBB =—— = B 3.12
(AP Py Pp,+Pg, (AP Pyg  Pp,+Pg, (3-12)
— QA.H _ QA.H . — QB.H _ QB.II
dapA=p aB Pan+Ppy’ dams = p aB PaxtPsa (3-13)

[TonydeHHbIe pe3yabTaThl 3aHECUTE B TAOIHILY 3.2.
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Omnpenenure 3T ke k03P dunreHTs! Mo hopmynam (3.2)—(3.5), u moxydeHHbIE pe3yIbTaThI
Tak)Ke BHECUTE B Ta0. 3.2.
Tabmuma 3.2
3aBUCHUMOCTH KO3()PHUIIMCHTOB IPUBEICHUST aKTUBHON M PEAKTUBHOM COCTABIISIOIINX
onHO(a3HOI HArpy3KH, MUTAOIIEHCS Ha JIMHEHHOM HaNPsHKEHUH, OT Kod(hduImeHTa

MOIITHOCTHU COS (Pq)

Koo duumenTsr Kosdduuuent Momnocti ognopasHoi Harpy3ku COS Qg
[PUBEICHHMS,
HaliIeHHbIE 0,3 0,4 0,6 0,8 0,9 1,0
10 JAHHBIM k( AB)A
tabm. 3.1, T
bopMyIbI (AB)B
(3.13)m q
(3.14) (AB)A
4(AB)B
1o k( AB)A
dhopmynam T
(3.2)(3.5) (AB)B
q4AB)A
4(AB)B

Wcnonb3ys nanHele Taba. 3.1 BO BceX pacCMOTPEHHBIX HArPY30YHBIX PEKUMaxX pabOThI
ceTu  ompenenure  KOdQOUUIMEHTHI  HECUMMETPUM IO  HANpsOHKeHHI0  oOpaTHOH
MOCJIeI0BAaTENbHOCTEN Ha BBOJAX HU3KOIO HaIpsDKEHUs TpaHcpopma- Topa U B koHue JIOII
380 B:

k =Ya29009.
U2 (3.14)
a TaKKe CTeTIeHh HECUMMETPUH Harpysoy@m Tpancdopmaropa
S = I(b.T.MaKc _I(b.T.MI/IH 100 %: (3 15)

T I ¢. T.MuH

Ucnons3ys dopmyner (3.8) paccuuTailTe OTHOIIEHUS HArpy304YHBIX MOTEPh AKTUBHOU
MomHOCTH B TpaHchopmarope, a Takke B JIOII, mpm pabore uWX B pe- XUME C
HECHMMMETPUYHON 3arpy3koi (a3, cooTBeTcTBYIOMIEH ycinoBusaM (3.7), K TOTEpSIM aKTHBHOM
MOIIHOCTH B yKa3aHHBIX dJIEMEHTaX MpH paboTe WX ¢ CUM- METPUYHON Harpyskoi ¢as, T. e.
COOTBETCTBYIOIICH ycimoBusM (3.6).

[Tonydennble pe3ynbTaThl pacdéToB o dopmynam (3.8), (3.14), (3.15) ce- nute B TaodI.
3.3.

8. C menpio onpejeneHus AOMYCTUMON CTENEHW HECUMMETPHUM Harpy3ok (a3 ¢ TOYKH
3peHust o0ecreyeHns JOMYCTUMOro 3HadeHus Koddduuumenra Hecum-



METPHH 10 HANPHKEHUIO 00PAaTHOM MOCIENA0BATENbHOCTH K7 2 jop TPUMHTE 3HAYCHHE

K03 pHLIMEeHTa MOIIHOCTH OAHO(A3ZHOTO IEKTPONPUEMHUKA COSPg, MOIKIIOUEHHOTO MEKIY
dazamu A u B, npu kotopom Ky 2 = max . Jng uaeHTuUKAIMKU TaKOro 3HAUYEHUS COSQqg
OpUMHUTE €ro paBHBIM COSQ¢pl MW Jajee paboTy TMpo- BEOUTe B  CIEAYIOIIEH
MOCJIe0BATEIHHOCTH:

Tabmuma 3.3

Koaddurnuent momuoctu

N 0,3 0,4 0,6 0,8 0,9 1,0
0J1HO(a3HOTO IEKTPOIIPUEMHUKA

Koadduuuent necummerpun T
10 HaIPsHKEHUI0 00paTHOU
nocaenoBareabHocT, Ku2,% [JIDI1

CreneHb HECUMMETPHUH HArpy30K (a3
TpaHcopmaropa, ol , %

APT.HCCI/IM 100 %

T.CUM

AP
A;.HCCI/IM 100 %

JI.CUM

8.1. VBenuumsas B Harpyske TpaHc(popMaTopa 0K MOIIHOCTH, 00YCIIOB- JIEHHOM
TpéxdasubiMu snekrponpuéMaukamMu, By =Sy / Stopom ©T 0,5 mo 0,9 ¢ marom AP =
0,1 m coxpaHsis IpU ATOM HEU3MEHHBIMU KO3()(PUIHMEHT MOIIHO- CTU TpEX(azHOW Harpy3Ku
cos@nr , xoddduuuent 3arpy3ku Tpancpopmaropa K; 1 M KOIPOUIMEHT MOMIHOCTH
onHO(a3HOI HArpy3KH COSQyp = COSQP1 MO HU- KempuBeneHHOoU dhopmyre (3.16) mis xkaxmoro

3HaUeHUst Pui  paccuumaime 8e- UYUHY — AKMUBHOU  MOWHOCMU — IKEUBANEHMHO20
00HOGA3HO20 INIeKMPONPUEM- HUKA P(bi .

Koaddunment momHocTy TpéxdaszHoi HArpy3Ku COSQirr B COOTBETCTBUH C
n.1 pasen 0,707.
Otmetum, uto popmymna (3.16) monydeHa nyTéM pelieHUs] ypaBHEHUS

K, S5 wow = \/(P]H +Pq) )2 +(Q1]I +Q(b)2 =

2 : 2
= \/ (Brr S 11om €08P 1+ Py )™ + (Brir S o SINP 1 + Py 18041)"

59



Otkyna
Buir Si. wom (COS(PH] +singy; tg(P(pl)

Py=— +
¢ 1+ tgo”
b1
. ‘|2 2 2
B S (COS(p +sing  tgo ) (K S ) - (B S )
n ‘ | Il T. HOM 1T 5 11 OT | | n 3.T T.HOM 5 Il T.HOM
+ + '
] 7o, ] 1T tgo,, (3.16)
[Tonmy4yeHHbIe pe3ylbTaThl 3aHECUTE B TA0NIUILy 3.4.
Tabnuma 3.4

AKTHBHBIE COCTABIISIOIINE MOITHOCTH P 9KBHBAJIEHTHOTO 01HO(hA3HOTO

DIEKTPONPUEMHHUKA IIPH Pa3IUUHbIX 3HaueHUsAX PBrr = Syr / St. nom

Koaddumment 3arpy3ku tpanchopmaropa,

T. HOM > K, . cosQmr | oSy 06ycoBIeH b Tpéxdasnoii Harpyskoi, Pur

KB-A 0,5 06 |07 0.8 0.9

8.2. BoOCHOJB30BaBIIMCL JaHHBIMHU, TPHUBEIEHHBIMA B Tabn. 3.4, onpenenure
3HaYeHUs AaKTHUBHOM M PEAKTUBHOW COCTABIAIOUIMX TpEX(azHOM Harpy3ku M pPeaKTHBHOM
cocTaBJsIoLIeH 0 HO(]A3HON MPH KaXKIOM 33JaHHOM B Ta0. 3.4 3HaueHuu koddduunenra Py,
WCIIOJIb3YS IPUBEJECHHBIE HUKE BBIPAKEHUS:

Prri =Brri St uom ©0801115 Orir i = Bl iSt. wom
SIQTIT > Opi = Pyi tgPo1.

[TonydeHHbIe pe3ynbTaThl 3aHECUTE B TAOIUITY 3.5.

8.3. IlpunsB kodpdumuent Pz = 0,5 , 3amaiitecb B Harpy30uHbIX OJIOKax
KOMITBIOTEPHONW MOJICNIM CETH COOTBETCTBYIOIIUMH 3HAYCHUSMH AKTHBHBIX U pPe- aKTHUBHBIX
cocTaBIsIIONMX OonHO(a3HOH U Tpéxda3Hoil Harpy3ok. UWCIeHHBIE Be- JTHYUHBI YKa3aHHBIX
MOIITHOCTEW TpHBeACHBI B Tabm. 3.5. 3amycTute mporpaMmy Ha BBIMOJHEHHUE PACUYETOB.
[TomryueHHbIe pe3ynbTaThl 3aHecUTe B Ta0M. 3.1.

OMBITH TPOBEANTE MPU BCEX 3HAUCHUSIX KodddurmenTa ;7 , yka3aHHbBIX B Ta0m. 3.5.

8.4. MWcnomb3ys monydeHnsie B m. 8.3 manmble (cM. Tabn. 3.1) paccumraiite mo
dopmynam (3.14)—(3.15) cremeHp HeCUMMETPHUH Harpy3ok (a3 Tpanchopmartopa Mo TOKOBOM

Harpyske Ol , W 10 AKTUBHOH MOIIHOCTHOP;, & TaKkke KOdD(HUIMEHT pecuMMETpHH 110
HAaIpsKEHUI0 00paTHOM MOCIIEN0BATENLHOCTH K[/ ) .
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Tabmuia 3.5

[TapameTpsl oHOMa3HOM U TpEX(PazHOM HATPY30K MpH KodddulnenTte 3arpy3ku Tpanchopmatopa K; ;=1 U cTeleHH HECUMMETPUHU

Harpy3ok a3 JISII u Tpanchopmaropa

[TapameTpsl ogHOda3zHOK

Hecummerpus 3arpy3ku

Koaddurmentsr Hecummerpun

Hapamerpsi TpEx hasHOH HArpY3KH, MO/KITIOUEHHOI Ha (a3 mo 10 HAIPSDKCHHIO 00paTHOM
Harpys3ku . AKTUBHOMN o
B JMHEWHOE HaNpsKEeHUe TOKY nocnenoBarensrocTd Ku2, %
1 MOIIIHOCTH
Py, , B koHue
cosour | tegu | i | | cosoyr | tgpyr | % Vs1,,% 8P, % | Happoxax Hi JIBHH
kBT | kBap kBTt | kBap TpaHc(hopmaTopa
0,5
0,6
0,7
0,8

0,9




[Tomy4yeHHbIC Pe3yabTaTHl 3aHECUTE B TA0JI. 3.5.

8.5. Ilo monydyeHHBIM B 1. 8.4 JaHHBIM MOCTPOWTE 3aBHCUMOCTh KOIPOHIHU- eHTa
HECHMMETPHH 110 HANPSDKEHUIO 00paTHO# mocnenoBarensHoctu B koHie JIOII Kyz = f(8Pr)
u orpeaenuTe JIOTTYCTHUMOE 3HaYEHUE CTETEeHH HECUMMET
pHH HAarpy30K (a3 ¢ TOUKU 3pEHHs 00ECIIEYEHUS YCIIOBHS Kuyo UKy2. qon U2 %

9. Odpopmure oTUET.



INPAKTUYECKAS PABOTAN: 4
PACYET PAJUAJIBHO-MAT'UCTPAJIBHOI'O BAPUAHTA CXEMbI CETH

TGOPCTI/I‘ICCKaﬂ qacCTb

[IpenBapuTenpHBId  pacdeT  MOTOKOPACIPEACICHUS  MPOU3BOAUTCS UL  peXHUMa
HauOONBIIMX HArpy3ok. llopsaok pacdera MOTOKOpPACHPECIICHUs 3aBUCUT OT THUIA JIMHHIA,
00pa3yIomux CeTh.

Pacuer moTokopacnpeneneHus paanaabHO-MaruCTPAIbHBIX JIUHUHN JETAl0T HA OCHOBAHHH
nepBoro 3akoHa Kupxroda, neurasce oT HauboJiee ylaleHHBIX MOTpeOuTeNeil K UCTOUHUKY. Tak
KaK pacyeT MpUOIMKESHHBIH, TO MOTEPSIMHA MOIIIHOCTH MPeHeOperaror.

MoInIHOCTh Ha TOJIOBHOM Y4acCTKE ONpCACIACTCA CICAYIOIUM BbIPAXKCHHUEM!

Seon=aSk, 4.1)
k=2
rzie k — MopsIKOBBIA HOMEP HArpy3Ku; n-1 — KOJMYECTBO HArpy3o0K.

HomunaneHOE HamnpsskeHHME MOKHO —MPEIBAPUTEIBLHO OMNPEACIIUTh IO H3BECTHBIM
nepenaBaeMoit MormHocty P, MBT, u nune nuHuu / , kM, o popmyne Ctuina:

Ota hopmyna npuemieMa Juist TMHUN JUIHHOM 10 250 KM U TiepeaBaeMbIX MOIITHOCTEH, HE
MPEBBIIIAIOIIUX 60 MBT. B ciy4ae OOJIBIIINX MOIITHOCTEH,
nepenaBaeMbix Ha paccrosiHue no 1000 kM, ucnonb3yercs dopmyna A. M. 3anecckoro:

Unom = . (4.3)

I'. A. InnaprnoHOB MpeanoKui Uil IPeABapUTEIbHOTO ONPEESICHUS CIIEAYIOIIEe BEIpaKEHHE:

B orinume ot osmnupuyeckux Belpaxkenwit (4.2), (4.3) dopmyna (4.4) nmaer
YOBJIETBOPUTENBHBIE PE3YAbTAThI JJISI BCEH IIKAJIBI HOMUHAJIBHBIX HampsokeHuit ot 35 mo 1150
kB.

3aoanue 4

Onpedenums ~ nomokopacnpeoenenue  aKMueHOU  MOWHOCMU U  HOMUHATIbHOE
Hanpsicenue TuHULl 0Jisi cxemvl eapuanma 1 pucynox 4. 1.

Pemenue:
Haiinem no nepomy 3akony Kupxroga MOIIHOCTH B JIMHUSX:

P56=P6=41 MBm,; P45=P56+P5=58
MBm; P14=P45+P1=80 MBm,
P23=P3=39 MBm,; P12=P23+P2=75
MBm.
63
OnpenenseM HOMUHAIIBHOE HaNpsbKeHUe 1 auHun 56. [1o
dbopmyne Ctuma

Jlnst cxembl BapuanTa | pacyeT HOMMHAJIBHOTO HANPSDKEHUS TUHUN CBeZleM B Tabnwuily 4.1.



Tabnuua 4.1 — Ber6op HanpsikeHui U1t CXeMbl BapuaHTa |

'YdacTok L, kM P, MBt Uctmin, kB |Uzane, kB Uwninta, kB Unowm, kB
56 30,00 41,00 82,12 61,11 84,94 110
45 22,50 58,00 95,73 70,45 96,03 110
14 22,50 80,00 111,71 82,74 108,64 110
23 23,00 39,00 79,44 57,90 81,66 110
12 30,00 75,00 108,93 82,65 109,54 110

Hanpsokenue, ompeneneHHoe 1o ¢GopMmynne 3alecKoro, OTIMYAeTCs OT HaNpsHKCHUH,
noJrydeHHbIX 1Mo opmam Ctminia u MimaproHoBa naroniue OJU3KUE Pe3yiabTaThl, T.K. (GopMyIia
3ajiecKkoro mpuMEHUMa B ciiy4yae OOJIBIIMX MOIIHOCTEH, mepenaBaeMbix Ha pacctostHue 10 1000

KM.

I[J'IH CXCMbl BapHaHTa 1 mmo pe3yiibTaTaM pacydcTa BBI6I/IpaeM HOMHUHAJIbHOC HAIIPAXKCHHUC

110 kB Ha Bcex yyacTkax.



INPAKTUYECKAS PABOTA NeS
OIPEJIEJIEHUE HAT'PY30K, BAJJAHC AKTUBHOM MOIIIHOCTH,
PACCTAHOBKA KOMIIEHCHUPYIOIIIUX YCTPOMCTB

Teopernueckas 4acTb
Pacuer Harpy3ok

Hcxoaapivu JAHHBIMA  TIPU  HPOEKTHUPOBAHHHU ABIISIIOTCSL  HauOOJbIINE
3MMHHE aKTUBHBIC HArpy3KH IYHKTOB MOTPEOJICHUS MOIIHOCTH P, ¥ ux KodpuImeHt
(cos ;). Z

bananc akTUBHOM MOIIIHOCTH

XapakTepHOil 0COOEHHOCTHIO YCTAHOBUBIIETOCS PEKUMa PabOThI AIEKTPOIHEPTeTHUECKOM

CUCTEMBI SIBJISIETCS OJIHOBPEMEHHOCTH MPOILIECCOB T'€HEPUPOBAHMS U TOTPEOJICHHS OAHOTO U TOTO
xKe KOJIMYECTBA  MOIIHOCTH. B 000 MOMEHT YCTaHOBHBILIETOCS  pEXUMa
AJIEKTPOIHEPTETUUECKON CHUCTEMBI CyMMapHasi MOIIHOCTb, BhIpadaThiBaeMasi TreHEpaTopaMu
ANEKTPOCTAHIIMNA, paBHA CyMMapHOH MOTpeOIsieMOld MOIIHOCTH B 3TOT K€ MOMEHT BPEMEHH.

Takoe cooTHoOIIEHHE BLIpa6aTLIBaeMOI7I n HOTpC6J’I$I€MOfI MOIITHOCTEM Ha3bIBAETCS OanaHcoM

MOIIIHOCTH.

JepuuuT akTUBHOM MOLIHOCTM HPUBOAUT K CHH)KEHHIO 4acToThl Bo Bcel OC, mpu
nepUIUTE PEAKTUBHOW MOIIHOCTH IMPOUCXOAUT oOlee CHUKEHHE ypoBHs HampsikeHus B OC u B
HauOOJbIIEH CTENIEHH B y3J1€ U3MEHEHUsI OanaHca 0 PEaKTUBHOM MOIIHOCTH.

banaHcoBble pacu€Tbl, TO €CTb BbIABICHHE JAepUIMTa (MIM U30BITKA) MOLIHOCTH,
MIO3BOJISIFOT YCTAaHOBUTH BO3MOJKHBIE HAIIPABJICHMs MEPEAAUM IEKTPOIHEPIHH, OKAa3bIBAIOILIUE

BIIUsIHUE Ha (popMHUpOBaHUE cxeMbl TpoekTupyeMoit JC 1 BEIOOp MMapaMeTpoB €€ FIEMEHTOB.
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bananc momnHOCTE#H Oy/IeM COCTABISATH TOIBKO /ISl peKUMa HAUOOJBITNX HATPY30K.

HNcTouHnKOM mNHUTaHUSA MPOCKTUPYEMOM pPANMOHHON CEeTH SBJSIOTCA UIMHBI Y3JIOBOM
noactanuu 220/110/35 kB, BXopmsmieldk B COCTaB 3JIEKTPOIHEPreTHYecKor cuctembl. [Ipu
MPOCKTUPOBAHUU PAMOHHBIX JJIEKTPUUECKUX CETeM MpeIoiaraercs, uToO YCTaHOBJICHHAs
MOIIIHOCTh UCTOYHHMKA MMUTAHUS JOCTATOYHA ISl TOKPBITUS MMOTPEOHOCTH B aKTUBHOM MOIIHOCTH,
TO €cTh OaJaHC MO AKTHUBHOW MOIIHOCTH BBIIIOJIHAETCS C YYETOM MOKPBITHS MOTEPb AKTUBHOU
MOIIIHOCTH B 3JIEMEHTaX CETH.

O61ee moTpediieHne aKTUBHONW MOIIHOCTH IIPOEKTUPYEMOTO palioHa AIIEKTPUICCKON CeTH

OIpCaACIIACTCA BBIPAKCHUCM !

Pyaiiona :kO(P) SPu6i +APc S Pygi s 2.4)
i=1 i=1

rue kO( P) — KO3 (HUIIMEHT OAHOBPEMEHHOCTH HAMOOJBIINX AKTHBHBIX HArpy30K

nogcranuuit (0,95+0,96); P, 5; —Haubonbplasg 3UMHSAS aKTHBHAs Harpyska i-ro
IIYHKTa IIPOEKTUPYEMOM IEKTPUYECKOU CeTH; AP, —cymmapHbIe [oTepU

[Tporuo3upyemble MOTEpU aKTUBHOM MOIIHOCTH B JIMHUAX U TpaHcdopmaropax cetu 110-

220 xB npuaumarotcs B npeaenax 4...6 %.
PaccTanoBKa KOMIIEHCUPYIOLIMX YCTPOMCTB

OCHOBHBIM HCTOYHUKOM PEAaKTHUBHOW MOIIHOCTH B CHCTEME SBISIIOTCA TI'€HEPaTOphI
ANEKTPOCTAHLIMK, BbIpabaTbiBatonie okosno 60 % TpeOyemoll peakTHMBHOW MOIIHOCTH.
Pacnonaraemasi peakTHBHAsI MOIIHOCTH dJIeKTpocTaniui DC HeA0CTaTOYHA JIJIsl TOKPBITHS 001ein
notpedHoctu DC B peakTuBHOM MolrHOCTH [1]. B cBs3M ¢ 3TUM BO3HUKAaeT HEOOXOAMMOCTh
YCTAaHOBKU  JIOMIOJIHUTENIbHBIX HCTOYHMKOB PEAKTUBHOM MOIIHOCTH  (KOMIEHCHUPYIOIIHNX
YCTPOWCTB).

KomneHcanuss peakTHBHBIX HAarpy3ok SBISE€TCA OAHMM M3 3(PQEKTUBHBIX CIIOCOOOB
CHID)KEHHUS TIOTEPh aKTUBHOM MOIIHOCTH U 3JIEKTPOIHEPTUU B JIEMEHTAX AIEKTPUUYECKUX CETEH U
YIy4IIEHUs] KauecTBa JJIEKTPOIHEPTUU M0 OTKIOHEHHIO HANpsHKEHUS 3a CYeT YMEHbIIEHUS
MOTEepPh HANPSLKEHUS B 3JIEMEHTAX JIEKTpUdeckux cereil. ekt nocTuraercs 3a cYeT pasrpy3Ku
AJIEMEHTOB JIEKTPUYECKUX CETEH OT NCTOYHUKA MMUTAHUA O MECTa YCTAHOBKM KOMIIEHCUPYIOIIHNX
YCTPOMCTB 10 pEaKTUBHON MOIIHOCTH.

OnTuMmalibHOE pacupeeeHne KOMIEHCUPYIOIIUX YCTPONCTB IO CETH SIBJISIETCS CIOKHOU
TEXHUKO-IKOHOMHUYECKOM 3a/1a4eil U B IPOEKTE HE PACCMATPUBAETCH.

B cootBercTBuM ¢ [2] npenenbHOE 3HAYCHHE KOY(PDHUIIMEHTa PEaKTUBHOM MOIIHOCTH  Ha

muHax 6-20 kB moHWXKAONMX MOONCTAHIIMM  COCTaBIISIET

18Pnpeo=04.



OCHOBHBIM THUIIOM KOMIIEHCUPYIOIUX YCTPOWCTB, YCTaHaBIMBaeMbIX Ha muHax 6-10 kB
MOHMKAIOIUX MOJCTAHIUH, SBISIOTCS KOHIEHCATOPHBIE OaTapeu.

JUis  HEKOTOpBIX M3 PACCMATPUBAEMbIX MOJCTAHLUUI  BBIYMCIEHHAs  MOIIHOCTb
KOH/ICHCAaTOpHBIX Oartapeil, 1Mo BbIpaXeHHIO (2.6), MOXET OKa3aThCsl OTPULATEIBHOH. ITO
CBHJIETEIILCTBYET O TOM, YTO YCTaHOBKA KOHICHCATOPHBIX Oarapedl Ha JaHHOW MOJCTAHIUH HE
Tpedyercs.

B 3akmroueHue pasnena OIpenesstoTCs PAacy€THbIE HArpy3ku IOACTAaHLUNH C y4EeTOM
MOIITHOCTH YCTAHOBJIEHHBIX KOHJICHCATOPHBIX OaTapeid. MOIIHOCTh KOHAEHCATOPHBbIX Oarapei

CHIDKaeT o01Iyto (pacy€THYI0) MOIIIHOCTD MOICTAHIIUU:

Spi = Puei +J(Onoi = Pxyi )- (2.3)

INPAKTUYECKAS PABOTA Ne6
BHIBOP BAPUAHTA CXEMbBI IPOEKTUPYEMOM CETH
TeopeTnyeckas 4acThb
B pailioHHBIX CceTAX MNPUMEHSIOT CIEAYIOIUE THUIIBI CXEM JJICKTPOCHAOXKEHUs: —
Pa30MKHYTBIE HEPE3epPBUPOBAHHBIE CETH, paauaibHble (pucyHok 3.1 a) u
MarucTpajibHbie (pUCYHOK 3.1 0), BBIMOJTHsIEMbIE OTHOIICITHBIMY JTUHUSIMHU;

— Pa30OMKHYTbIE pe3epBUPOBAHHBIE CETH, pajuaibHble (pUCYHOK 3.1 B), MarucrpajibHble
(pucynok 3.1 1) paguanbHO-MaructpajibHble (pUCYHOK 3.1 3), BBINOJHSEMBIE ABYXLEMTHBIMU
JTUHUSMU;

— 3aMKHYTbI€ PE3€pPBUPOBAHHbBIE CETH, NMPOCTO 3aMKHYThle (PUCYHOK 3.1 1) M CIOXKHO

3aMKHYTBIE€ (PUCYHOK 3.1 €), BBITIOJIHSIEMbIEC OTHOLIETTHBIMU JTUHUSIMU;
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— CMCHIAHHBIC BAPUAHTHI, BBIITIOJIHCHHBIC B BUJIC KOM6I/IHaL[I/II/I N3 TPECX ICPBLIX TUIIOB CXEM

aneKTpocHab)keHus (pucyHok 3.1 x ).

UIl Il UIl J%188
3 3 3 3
a o B r
Il UIl Il Il
1 1 1 1
2 2 2 2
3 3 3 3
bl e XK 3

Pucynok 3.1 — BapuaHTsl cxem pallOHHBIX ceTeil

[Ipu pa3paboTke BapHAHTOB CXEM CETEeH CleayeT PYKOBOACTBOBATHCA CIIEIYIOIIUMU
IIOJIOXKCHUAMMU

—CcXemMa CeTH JOJDKHa  obOecreyuBaTh — TpeOyembli  YpOBEHb  HAJIEKHOCTHU
ANEKTPOCHAOKEHHS TOTPEOUTENEH;

— meperavya ANEKTPOIHEPTHH TMOTPEOUTENSIM JIOJDKHA OCYIIECTBISTHCS IO BO3MOKHO
KpaT4aillieMy myTH, 9TO 00eCreUnBaeT CHIKEHUE CTOMMOCTH COOPYKEHHS JIMHUA i Y9KOHOMUIO
IMOTEPb MOITHOCTHU U BJICKTPOSHEPIUHU,

— CXeMa CeTH JIOJKHA OBITh 110 BO3MOKHOCTH (0OOCHOBAaHHO) TIPOCTOI;

— CICAYECT CTPEMUTHCA K MUHHUMU3AIUN KOJIUYICCTBA TpaHC(bopMaI_[I/Iﬁ HAIIps>KCHUA, qTO

CHIDKaeT HEOOXOJMMYIO0  YCTAHOBJIEHHYIO  MOIIHOCTh



TpaHc(hOpMaTOpoB U  aBTOTPAaHC(HOPMATOPOB U, COOTBETCTBEHHO, KaIllUTAJIOBJIOKEHHUSI Ha
COOPYKEHHE CETH, a TAKKE — IOTEPU MOLTHOCTHU U JIEKTPOIHEPTHH;

— HEe PEKOMEHJYeTCsI COOPYKaTh KOJbIIEBbIE CETH, 00ECIECUNBAIONINE IEKTPOCHAOKEHHE
4-5 moacTtaHuuMii, W3-3a HEAOMYCTHMO OOJBIIMX TOTEPh HANPSDKEHHS B IOCICaBapUITHBIX
pexumax;

— mepefaya 3JEKTPO’HEPIrUU NOTPEOUTENsIM JOJKHA OCYILECTBIIATHCS B HAaIlpaBICHUU
obmero noroka MmomHoctH oT UII k morpeburensm paiioHa, cieayer u3berarb OOpaTHBIX
IIOTOKOB MOIIHOCTH, TaK KaK 3TO MPHUBOJUT K YBEJIWYEHHUIO KaUTAJIbHBIX 3aTpaT U IOTEPb
ANEKTPOIHEPTUU B CETH.

JIuHUU 37eKTpoIepeauu, 0 KOTOPBIM OCYIIECTBIISETCS IEKTpOcHa0XKeHHe noTpeduTenen

1 u 2 xareropuu, B Pa3OMKHYTBIX BapHaHTaX CXEM CeTeH JOJKHbI ObITh JBYXLEIHBIMH, B
3aMKHYTBIX BapHaHTaXx — OJHOLENHBIMH. IIuTaHue MeNKMX NOJACTaHIMM, B COCTaBE HArpy3Ku
KOTOPBIX OTCYTCTBYIOT ITOTpeOuTENnu 1 1 2 KaTeropuu, OCyIECTBISIETCS 110 OJITHOLIETIHBIM JINHUSAM.
Ha noacraniuu npu Hajauuuu NoTpeduTenel pa3HbIX KaTeropuil cienyeT UCXOIUTh U3 BBICIIEH
KaTeropuu notpeduresnei JaHHOW MOCTAHIIUY.

Br100p cxeM 37IeKTpUUeCcKuX COCTMHEHUH TIOICTaHIIMM TTPOEKTUPYEMOit

ceTH

Jlis cOCTaBIEHHBIX BapUAHTOB CXEM CETH HEOOXOAMMO HAaMETUTh THUIBI U
CXeMBbl  DJJIEKTpUYECKHX  coeauHeHud  moakimoyaembix — mojctanimid  (IIC).  CrocoObr
MPUCOEANHEHNN TMoKa3aHbl Ha pucyHke 3.2, rae Bce IIC yciioBHO MoOKa3aHbl TOJIBKO IIMHAMHU
BBICILIETO HAIIPSKEHUS.

Tynukoeas noocmanyus (IIC1 Ha pucyHnke 3.2) noiydaer MUTaHUE C OJHOW CTOPOHBI MO
OJTHOM WM ABYM HapauieldbHbIM JHUHUAM. MomHocTs, Tekymas ot MII x tymukooit [IC,
MOCTYIAET TOJIBKO K moTpedutensam 3toii [1C u He nepegaercs nanblie.

Omeemeumenvnaa noocmanyus (IIC2 Ha pucynke 3.2) mpucoeauHsieTcs
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rIIyxoil (6e3 KOMMYTAIlMOHHBIX anmnapaToB) OTHAMKON K OAHON WM JABYM MPOXOASIIUM JIMHUSM.
Takoe mnpucoemunenue IIC He Tpebyer OoNMbIIMX 3aTpaT, OJHAKO SKCIUTyaTalus JIHHUN C
oTnaiikamu He ynoOHa, MOCKOJIBbKY MpPU PEMOHTE, Harpumep, onHou nuHuM ydactka [1C2-TIC3
HeoOxoaumo oTkimodath Bcro JmaMO WUII-IIC3. Ilpu stom morpedburtenu IIC2 u TIC3 Oynyt

MoJTy4aTh TUTAHUE TI0 IPYTOM, HO OJTHOM ocTaBieics B padote smanu UIT-T1C3.

I
c2  TIC3 TC1

yri | UM
| L
T1C4

UI2

Ul 1] I3
T1C5

Pucynoxk 3.2 — Cnioco6s! npucoenunenns [1C k nuTaromieit anekTpuieckon

CETH

IIpoxoonas (mpanzumnas) noocmanyua (IIC3 u TIC4 Ha pucynke 3.2) BKiIouyaercs B
pacceuky JBYX JHUHUI C OJHOCTOPDOHHHMM NHMTAaHMEM WJIM B PAcCeUKy OJHOM JIMHUU C
nByxctopoHHUM nutanueM. Takue I1C Gonee noporue, yeM OTBETBUTEIbHBIE, TaK KaK TPeOYIOT
OoNbIIIET0  KOJIMYECTBA KOMMYTALIMOHHBIX —amlapaToB Ha BbICHIEM HANPSHKEHUH, YeM
otBeTBUTenbHBIE [1C. OnHako skcmmyatanus auHuid ¢ Takumu T1C 6onee ynoOHa, MOCKOIBKY MPH
pemonTe, Hampumep, onHod nauHUM ydactka [IC3-IIC1 HeoO6XoauMo OTKIIOYaTh TOIBKO ATy

JIMHHUIO.

Vanosas noocmanyua (IIC5 wna pucynke 3.2) mnpucoeauHsercs K



HMCTOYHUKAM MUTaHUs He MeHee yeM TpeMms JuHusaMu. g takux [IC tpeOyroTcs 6osee clioKHbIE
CXEMbl JJIEKTPUYECKMX COEAMHEHMH Ha BBICUIEM HANps)KEHUU, YEM Yy TYIHUKOBBIX,
OTBETBUTEIBHBIX U NpoxoHbIX [1C.

Jisa norpebOuteneit 1 u 2 KaTeropuu Ha MOJCTAaHIMM YCTAHABIMBAIOTCA 10 [Ba
MOHIKAIOIIUX TpaHCcPopMaTopa ¢ paclpeAeTUTeIbHBIMU YCTPONUCTBAMH Ha BHICOKOW CTOPOHE.

Tunosble cxembl pacnpeaenuTenbHbiX ycTpoicTB (PY) 35-750 kB, xotopsle crnenyer
IPUMEHITh NPU MPOEKTUPOBAHMU HOBBIX, pPACIIMPEHMM JACUCTBYIOUIMX M IOJJIEKAIIMX
TEXHUYECKOMY MepeBOOpyx eHuto U pekoHcTpykuuu [1C npuseaenst B [7].

Cxembl snektpuueckux coenuHeHuit [IC BeiOupaercs mo KputepusM oOecredeHUs
TpeOOBaHMUS HAJISKHOCTH M MUHUMYMa MPUBEICHHBIX 3aTpar.

B mepuon OypHoro crpoutenbcTBa 3nekTpuueckux cereir (1960—1985 rr.), B memsax
yaeueBiieHus, mupoko npumensuincb cxembl PY BH na IIC 35-220 kB ¢ orpenurensmu u
KOPOTKO3aMBIKaTEIISIMH, a TaK)KE€ OTBETBUTEIbHBIC IMOJICTAHIIMU, MPUCOEANHSEMbIE TIyXoil (0e3
KOMMYTAllMOHHBIX allapaToB) OTHAWKONH K OJHOW WM JIBYM HPOXOJAIIMM JIMHUSAM. B TO ke
BpEMSl JIaHHBIE CXEMbl COCTUHEHUI 00JIajalii OnpeeIeHHbIMU KOHCTPYKTUBHBIMH JIe(heKTaMUu U
AKCIUTyaTallMOHHBIMHM HE1I0CTaTKAMHM.

[TosroMy B Hacrosiiee Bpems wucnosib3oBanue cxeM PY BH ¢ orpenmurensmu u
KOPOTKO3aMbIKaTeISIMM Ha BHOBb coopyxkaembix 1IC, a Takxke CTpOUTENbCTBO OTBETBUTEIBHBIX
MIOJICTAaHIIMH NTPEKPAILEHO.

[Tockonbky Heu3BecTHa TpeOyeMass HaJeKHOCTb pabOThl 3JIEMEHTOB HOPMAaJbHBIX,
MOCJICaBapUMHBIX U PEMOHTHBIX CXeM (HE 3aJlaHa B YCJIOBHH), TO TPHU BBIIOJHEHUU KYpPCOBOTO
MIPOEKTa PEKOMEH IyeTCs UCII0JIb30BaTh cienytomue tumbl cxem PY BH 35-220 xB:

— JUISL TYNUKOBBIX ABYXTPaHC(HOPMATOPHBIX MOJCTAHIIMNA TPU MPUCOCTUHEHUH  IABYX

Lernei JIUHUM — <«JIBa OJIOKa ¢ BBIKIIOYATCISIMH U
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HEaBTOMATUYECKOW MEPEMBIUKON CO CTOPOHBI IMHUI (cxema 4H);

— JIJIS1 TIO/ICTAaHIIUN KOJIBIIEBBIX CETEH — «MOCTUK C BBIKIIOYATENSIMU B LEMNSAX JUHUNA U
PEMOHTHOI epEMBIYKOIl cO CTOPOHBI TUHUI (cxema SH);
— JUISL TIPOXOJHBIX JIBYXTPaHC(OPMATOPHBIX TMOACTAHIIUNA MPU TPUCOCTUHECHUH BYX
Lene TMHUN — «o/IHa paboyasi CeKIIMOHUPOBAaHHAs BRIKIIIOYATEIEM CCTeMa IUH» (cxema 9);
— JUISL y3TIOBBIX JBYXTPAaHC(OPMATOPHBIX MOACTAHIIMNA IPU YHUCIIE IPUCOSTUHEHUN Ooiee
yeTelpex (2 TpanchopmaTopa u Oojee 2 1eneld IMHUN) —
«I1Be pabouune CUCTeMBbI UH» (cxema 13).

[Tpumepst cxem PY HH noacranmnuii, BeinonHeHHbIe Ha 0a3e KOMILIEKTHBIX KahoB KPY,
MIPUBEICHBI HA pUCYHKE 3.3.

Cxema ¢ OAHON CEKUMOHMPOBAHHOW CUCTEMON IIMH IMPUMEHSETCS Ha MOJCTAaHIUSAX C
IBYXOOMOTOYHBIMU TpaHcopmaropamu 0e€3 paclelUieHUs OOMOTKHM HU3IIEro HampsKEeHUs
(pucynok 3.3, a), c¢ aBroTpaHchopmaropamu (pUCyHOK 3.3, B) U TPEXOOMOTOUHBIMH
tpancopmaTopamu (pucyHok 3.3, r). Cxema ¢ ABYMs CEKIIMOHUPOBAHHBIMH CUCTEMAaMH IIWH
(pucyHok 3.3, 0) npuMeHseTCsl IPU paclleIVIEHHbIX 00MOTKaX TpaHCPOPMATOPOB.

CeKIMOHHBIE BBIKIIOYATENH IIMH HU3IIETO HAIMPsHKeHUS, KaK MPaBHIIO, PAa3OMKHYTHI B
HOPMaJIbHBIX PEKHUMaxX padoThI (AJ11 YMEHBIIEHHS] TOKOB KOPOTKOI'O 3aMbIKaHUS B CETU HU3ILETO
HaNpsDKEHUs) M aBTOMATUYECKH BKJIIOYAIOTCS NPU aBapUHHOM (WM IJIAHOBOM) OTKJIFOUEHUH
OJTHOT'O U3 TpaHC(HOPMATOPOB.

Ha Hu3mieM HampspKeHUH MOTYT YCTaHaBIUBATHCS PEAKTOPHI M APYroe 000pyaoBaHUE IS

peryiIupoBaHMsl HaNpsKEHUsI, orpaHrueHus TokoB K3.
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Pucynok 3.3 — Cxema PY HH noacrannuit
I[Mpuban:xennas TEXHHKO0-)KOHOMHYECKAas OlleHKa  BapHAHTOB cxeM

[TonHBIA U CTPOTHI TEXHUKO-3KOHOMUYECKUI aHAJIU3 BCEX COCTABJIECHHBIX
BapHAHTOB CXEMbl 1 HOMHUHAJIBHOT'O HAIIPSKEHUS CETH — YPE3MEPHO TPYA0eMOK. [lorToMy MoxkeT
ObITh PEKOMEHJOBaH [IBYXOTalHBIA aHalW3 TEXHUKO- HKOHOMUYECKOW palMOHATBHOCTU
paccMaTpUBaEMbIX BApUAHTOB.

Ha nepBoM osranme BapuaHThl C OJWMHAKOBBIM HOMHMHAJIBHBIM  HANpPsHKEHUEM
CONIOCTABIAKOTCS [0  HATypaJbHBIM  KOJIMYECTBEHHBIM  IIOKA3aTeNsIM,  OTPAKAKOLIUM
KallUTAJIOBIIOKEHHUSI, A, CIENOBATENIbHO, M OKCIUIyaTAllMOHHBIE pPacXoAbl MO CeTU. Takumu
MOKa3aTeIsIMU  SIBISIOTCSA: a) MPOTSHKEHHOCTh Tpacc JWHUK; O) TPOTSKEHHOCTh JHHHHA B
OJIHOIIETIHOM HCYHCIICHUH;, B) CyMMapHOE€ KOJHMYECTBO SUYEEK BBIKIIOYATENIEH pPa3HBIX KJIACCOB

HAIpsOKCHUA HAa TOJACTAaHIIUAX CCTH.
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1 cemecTp
Bonpocwt k 3x3ameny

1. OcoGeHHOCTH TEKTPOCHAOKEHHSI IPOMBIIIJICHHBIX PEAIPHUITHH.
. XapaKkTepucTHUKa MPOMBIIUICHHBIX TOTPEOUTEIICH 3JIEKTPOIHEPTHH.
. XapakTepHble IPUEMHUKH 3JICKTPOIHEPTHH.

. MeTozp! onpeaeneHus AIEKTPUIECKUX HAaTrPpy30K.

. Orpenenenne pacxoa IEKTPOIHEPTUH.

. IToTepn MOIIHOCTH U JIEKTPOIHEPTUH.

~N N D»n Bk~ W N

. CriocoObl CHIYKEHHS aKTHBHBIX HArpy30K MOTpeOHTENeH.
8. CriocoObl CHM)KEHHUSI pEaKTUBHBIX HArpy30K IOTpeOUTEIIEH.

9. 3HepFOCI/ICTeMa, KaK OCHOBHOM MCTOYHHK IUTAHHS HOTpe6HTeHeﬁ QJICKTPOSHCPIUH.

10. Cunossle TpaHC(OPMATOPBI U aBTOTPAHC(HOPMATOPHI.

11. 3aBoacKue AIEKTPOCTAHLINHU, UX DJIEKTPUUECKHE CXEMbI COEITUHEHH.

12. cTOYHUKY peaKTHBHON MOIIIHOCTH.

13. Iloxa3arenu KkayecTBa JIEKTPUUECKON IHEPTUU.

14. PerynupoBaHue HaIpsHKEHHsI B CUCTEMAX 3JIEKTPOCHAOKEHHUS.

15. Yder ¥ OTYETHOCTB 10 IIEKTPOIHEPTHH.

16. DnexTpobasiaHChl HA TPOMBIIIJICHHBIX MPEANPUITUSAX.

17. 3amuTHas annapaTypa BHYTPU3aBOJICKUX dJIEKTPUUECKUX CETEH.

18. MexaHnudeckue XapaKTEPUCTUKH JIEKTPOJBHUraTeNIel IOCTOSHHOIO TOKa
HE3aBHCHUMOTI'0 BO30YXKICHHUS.

19. Bpemst yckopeHus U 3aMeJJICHHUE IIEKTPOIPUBO/IA.

20. CriocoObI pacyeToB TOKOB KOPOTKOTO 3aMbIKaHMSL.

T'PO3HEHCKUU T'OCYAPCTBEHHBIN HEDTAHONW TEXHUYECKUU YHUBEPCUTET

BUJIET Ne 1

Hucnummraa DJeKTPOCHA0KeHe ABTOHOMHBIX NOTPeOuTeIei

NuctutyT _ OHepreTuku  npoduiib AHII cemectp__ 1

1. CunoBsle TpanchOpMaToOpbl U aBTOTPaHC(HOPMATOPHI.

2. XapakTepUCTHKAa IPOMBIIUICHHBIX TOTPEOUTENCH 3JIEKTPOIHEPTHH.



YTBEPXJIAIO:

« » 20 T 3aB. kadenpoii

T'PO3HEHCKHUU IT'OCYJAPCTBEHHbBIH HEDTAHOH TEXHUYECKHUH YHUBEPCUTET

BUJIET Ne 2

Jucnummraa DJeKTPOcCHAOKeHHe ABTOHOMHBIX NOTpPeOUTe el

WuctuTyT _ DHEpreTuku  npoduiib AHII cemectp__ 1

1. OcobeHHOCTH ANEKTPOCHA0KEHHU S TPOMBIIIUICHHBIX TIPEITPUSTHH.



2. XapakTepuCcTHKa IPOMBIIIJICHHBIX TOTPEOUTENEH FIEKTPOIHEPTUH.

YTBEPX]JIAIO:
« » 20 T 3aB. kadeapoit

T'PO3HEHCKUU IT'OCYJAPCTBEHHbBIN HEDTAHON TEXHUYECKUH YHUBEPCUTET

BUJIET Ne 3

JucuumninHa JJaeKTpocHAOKeHHe ABTOHOMHBIX IOTpeduTeIeii

WuctuTyT _ DHEpreTuku  npoduiib AHII cemectp__ 1

1. XapakTepHble MPUEMHUKH AIIEKTPOIHEPTUU.

2. Metobl onpeiesieHus SJEKTPUUECKUX Harpy30K.

YTBEPXKJIAIO:

« » 20 1. 3aB. kadempoit

T'PO3HEHCKHUH IT'OCYJAPCTBEHHbBIH HEDTAHOH TEXHUYECKHH YHUBEPCUTET

BUJIET Ne 4

Jucrumnnraa JaeKTPOocHa0KeHe ABTOHOMHBIX IOTpeouTe el

WHctuTyT _ DHEpreTuku  npoduiib AHII cemectp___1

1. Onpenenenne pacxoa JIEKTPOIHEPTUH.

2. HOTepI/I MOIMHOCTHU U 3JICKTPOIHCPIUU.

YTBEPX/IAIO:

« » 20T 3aB. kadempoit

T'PO3HEHCKUU T'OCYJAPCTBEHHBIN HEDTAHON TEXHUYECKHH YHUBEPCUTET

BUJIET Ne 5

Jucrumiraa JJaeKTPOcHAOKeHe ABTOHOMHBIX MOTpeouTe el




WNucTuTyT _ DHEpreTuku  mpoQuiib AHII cemectp__ 1
1. CrtocoObl CHUKEHMsI aKTUBHBIX Harpy30kK orpeouresneil.

2. CriocoObl CHIKEHHSI PEaKTUBHBIX HArPy30K MOTpeOUTENeH.

YTBEPXJIAIO:
« » 20 1. 3aB. kadempoit

T'PO3HEHCKHUU IT'OCYJAPCTBEHHbBIH HEDTAHOH TEXHUYECKHUH YHUBEPCUTET

BUJIET Ne 6

Hucrturuinaa JJaeKTPOocHA0keHne ABTOHOMHBIX NOTpeduTeeii

WuctuTyT _ DHEpreTuku  npoduiib AHII cemectp__ 1

1. 38.BO,Z[CKI/IC QJICKTPOCTAHIUHU, UX IJICKTPUUICCKUC CXCMbI COCIUHEHMH.

2. HcTO4YHMKYM peaKTUBHOM MOILTHOCTH.

VTBEPXKJIAIO:

« » 20 T 3aB. kadeapoit

T'PO3HEHCKHUH IT'OCYJAPCTBEHHbBIH HEDTAHOH TEXHUYECKHUU YHUBEPCUTET

BUJIET Ne 7

Hucuummraa DJeKTPOoCcHA0KeHe ABTOHOMHBIX NOTPeOuTe 1eH

WuctuTyT _ DHEpreTuku  npoduiib AHII cemectp__ 1

1. Tloka3aTenu KauecTBa JIEKTPUUECKONU IHEPTHH.
2. PerynupoBaHue HanmpsHDKEHUST B CHCTEMaX AJIEKTPOCHAOKEHUS

YTBEPXIAIO:

« » 20T 3aB. kadempoit

T'PO3HEHCKUN T'OCYJAPCTBEHHbBIN HEDTAHON TEXHUYECKUH YHUBEPCUTET




BUJIET Ne 8

Jucrumraa JJeKTPOcHAOKeHe ABTOHOMHBIX IOTpeOuTe el

NHctutyT _ OHepreTukud  npoduiib AHII cemectp___ 1

1. VYdeT u 0T4ETHOCTE 1O QJICKTPOSHCPIUH.

2. DnekTpobanaHCchl Ha MPOMBIIIJICHHBIX PEIIPUITHSX.

YTBEPXJ/IAIO:

« » 20 1. 3aB. kadempoit

T'PO3HEHCKHUH IT'OCYJAPCTBEHHbBIA HED®TAHOH TEXHUYECKHUU YHUBEPCUTET

BUJIET Ne 9

Hucrturuinaa JJ1eKTPocHa0keHe ABTOHOMHBIX NOTpeduTeeii

WHctuTyT _ DHEpreTuku  npoQuib AHII cemectp___1

1. 3ammrHasg anmnapaTypa BHYTPU3aBOJACKUX AIEKTPUUECKUX CETEH.
2. MexaHnyeckue XapaKTePUCTUKHU AJIEKTPOABUTaTeNIed MOCTOSIHHOTO TOKa

HE3aBHCHUMOTI'0 BO30YXKICHHUS.

YTBEPXJAIO:

« » 20T 3aB. kadempoit

T'PO3HEHCKUHU T'OCYJAPCTBEHHbBIN HEDTAHOU TEXHUYECKHH YHUBEPCUTET

BUJIET Ne 10

Jucrumnraa JaeKTPOcHa0KeHe ABTOHOMHBIX IOTpeouTe el

NuctutyT _ OHepreTuku  npoduiib AHII cemectp__ 1

1. Bpems yckopeHus U 3aMeJJIEHHUE AIIEKTPOIPUBOJIA.

2. Cnoco0OsI pac4eTOB TOKOB KOPOTKOTO 3aMbIKAHHSI.



«

»

YTBEPXJIAO:
20 T 3aB. kadempoit
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