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Bsenenue

[IpakTuyeckue 3aHATHA CO3JAIOT ONTHUMAJIbHBIC JAUJAKTHYECKUE YCIOBUS IS JCSTEb-
HOCTHOI'O OCBOEHUS CTYJCHTaMH COJEPKaHUsI U METOAOJIOTUU U3y4aeMON JTUCHUILIMHBI «DJIeK-
TPOIHEPIreTHUECKUE CUCTEMBl U ceTW». [IpakTuueckne 3aHATHs 3aHMMAIOT IIPEUMYILIECTBEHHOE
MECTO IMPH W3YYEHUH NMPOPECCHOHATBHBIX AUCHUIUIMH. [IpakTHyeckue 3aHsATHS MPOBOISATCS C
LENIBI0 BBIPAOOTKM MPAKTUYECKUX YMEHHMH U MPUOOpETeHUs] HABBIKOB B PELICHUHU 3ajad, OTpa-
OOTKHU yIpa)XHEHUH, BHIIIOJIHEHUH YEPTEXEH, IPOU3BOACTBE PacUETOB U T.I1.

Lenbto IpakTUYECKUX 3aHATUH sBIseTCS (OPMUPOBAHUE MPAKTUUYECKUX YMEHUN — MpO-
(eccnoHambHBIX (BBIOIHSTE ONpPEACIIEHHBIC EHCTBUS, ONIepallii, HEOOXOAMMEbIE B ITOCIIEAYIO-
eM B po(hecCHOHANIBHOM IEATETFHOCTH ) WIH Y4eOHBIX, HEOOXOAMMBIX B MOCIEAYIOIIEH yueo-
HOU JEATEIBHOCTH 10 00IenpoeCcCHOHATBHBIM U TPOPECCHOHATBHBIM TUCIUILTHHAM.

ITonroToBka crenuagucToB B 00JACTH 3JEKTPOIHEPreTUKH M 3JIEKTPOTEXHUKU Ipeny-
CMaTpHBaeT U3y4YE€HUE OCHOB Iepe/laul U pacrpeseieHus 31ekTposHeprun. [lostomy B MeToau-
YecKHe yKa3aHHs BKJIIOUEHBI HanOoJee XapaKTepHbIe PEUICHUs 3aj1ad, OTPa)KaroIie OCHOBHBIC
paszaens! Kypca. [IpuBeneHsl mpuMepsl pacyeTa napaMeTpoB JIEMEHTOB MIEKTPHUECKUX CETEH U
ANIEKTPUUYECKUX Harpy3oK, pacueTa YCTaHOBMBILUXCS PEXHMOB, PA30MKHYTBIX M MPOCTEHUIIMX
3aMKHYTBI CETEH.

Pa30op cTyaeHTaMy KOHKPETHBIX MPAaKTUYECKUX pelIeHui OyaeT cnocodbcTBOBaTh Oolee
IITyOOKOMY OCMBICTICHUIO (PU3MYECKOM CYIIHOCTH NPOIIECCOB, MPOTEKAIONINX B JIEKTPOIHEpre-
TUYECKUX CUCTEMaX U CEeTHAX, IPU U3YUYEHHH TEOPETUYECKOr0 MaTepuaia.

bubnuorpaduyeckuii CIUCOK CONEPKUT CBEJICHHS O CIPABOYHOU JMTEpaType U JIOTMOJI-

HUTCJIBHBIX U3JaHUAX, HCO6XOI[I/IMI)IX JJIsA er'IY6J'ICHHOFO HU3YUCHUA OTACIBbHBIX BOIIPOCOB.



1. I]endb u 3a0auu uzyuenus OUCUUnIUHbL

HCJIBIO 1/13yquI/1;1 JUCHHUIIIINHBI ABJISACTCA I/ISY‘IGHI/IG 3JICMCHTOB 3JICKTpO3H€pI‘CTI/I‘ICCKI/IX
CHCTEM M CIOCOOOB TEpelauyd M PaCIpeeICHUS AJICKTPUYECKOW HHEPruu, 3HAKOMCTBO C
YCTPOMCTBOM, AJIEKTPOOOOPYIOBAHUEM U PEKUMAMU PAOOTHI IIEKTPOIHEPTETUICCKUX CHCTEM U
ceTel W OBJIAJICHHME OCHOBAMH pacyeTa YCTAaHOBUBIIUXCS PEKUMOB JIEKTPOIHEPTETUUCCKUX CH-
CTEM U CETEH.

3amayamMy M3Y4E€HUs JUCLMILIMHBL SBISETCS OCBOCHUE CTYAEHTAMHU COBPEMEHHBIX METO-
OB TPOEKTUPOBAHUS M pacueTa PEKUMOB pabOThl 3IEKTPOOOOPYIOBaHMS, MPUOOpETEHHE
HaBBIKOB BBIOOpA CXEM JJICKTPUYECKHX COCIAMHEHHH M 3JIEKTPOOOOPYIOBAHUS AIIEKTPUUYECKHX
MOJICTAHIMI U CeTell Ha OCHOBE TEXHUKO-PKOHOMHUYECKHX PAcUeTOB C y4yeToM (haKTopa HaIex-
HOCTHU, PACUYETOB U YIPaABJICHUS PEKUMAMHU AIEKTPOIHEPTE€TUUECKUX CUCTEM.

2. Obopyoosanue u mamepuani
ATnmapaTtHble CpeIcTBa: IEPEHOCHOM HOYTOYK, IPOEKTOP, UHTEPAKTUBHAS JTOCKA.

VYyebnas ayauTopus AJig IPOBEICHUS] YUeOHBIX 3aHSITHI, OCHAIIEeHa 000pyJOBaHUEM U
TEXHUYECKUMU CPEICTBAMU O0yUCHHUSI.

3 HamMmeHoBaHHe MPaAKTUYIECCKUX paﬁoT

W3 Hux npakrtuye-

Ne Tembl HaunmeHnoBaHue TeM JUCLUIUIMHBL, UX KpaTkoe co- | O0bem
CKast OJrOTOBKa,
JVICTIATUTHHEI JepKaHue 9acoB
4acoB
5 cemecTp
31 IIpakTuyeckas padora Nel. Bribop ceuenuii u 2

MapoK IIPOBOJOB BO3AYIIHbIX JIMHUN. [IpoBepka
CE€4YEHUH IPOBOJOB IO YCIOBUAM TEXHUYECKUX
OTpaHUYECHUN

31 IIpakTuyeckas padora Ne2. Beibop HOMUHAIB- 2
HOW MOIIHOCTH U Yuclia TpaHC(HOPMATOpPOB Ha
MOJICTAHIIUU

6 IIpakTuyeckas pa6ora Ne3. CxeMbl 3aMelLIEHUS 2
DJIEMEHTOB JJICKTPHUCCKHUX CeTeH

8 IIpakTnyeckas padora Ned. BeiGop u pacuer 2
apaMeTpOB CXEM 3aMeIIEeHHs TPaHCPOPMATOPOB
¥ aBTOTpaHC()OPMaTOPOB

7 IIpakTnyeckas padora NeS. BeiGop u pacuer 2
MapaMeTpPOB CXEM 3aMEIleHUs JTUHHUM JIeKTpore-
penad

9 IIpakTuyeckas padora Ne6. PacueTHsie Harpys- 2
KU IOJACTaHIIUK

12 IIpakTuyeckas padora Ne7. Pacuer morokopac- 2

MMpEaACICHUA aKTHUBHOM MOIIIHOCTH, BBI60p HOMU-
HAJIbHOT'O HAITPSAXKCHUSA CCTU

14 IIpakTnyeckas padora Ne§. Pacuer pexumon 4
3AMKHYTBIX JICKTPHUYECKUX CETEeU
HTtoro 3a 5 cemectp 18
6 cemecTp
18 IIpakTnyeckas padora Ne9. Pacuer pa3oMKHy- 2




tou cetn 110 x B ¢ Tpemst moacTaHumsiMu

17 IIpakTnyeckas padora Nel0. Pacuer napamer- 2
POB YCTaHOBUBIIMXCS PEXKUMOB PA30MKHYTBIX
AIEKTPUYECKUX LETIeN

20 IIpakTuyeckasi pa6ora Nell. Pacuer mapamer- 4
POB YCTAHOBUBIIUXCA PCIKUMOB CceTeH ¢ ABYXCTO-
POHHUM MUTAaHHEM

3 IIpakTyeckas padora Nel2. [Torepu momHOCTH 4
Y SHEPrUM B IEMEHTAX JIEKTPUUECKUX ceTel

27 IIpakTnyeckas padora Nel3. PerynupoBanue 2
HaNpsDKEHUs B DJICKTPUYECKUX CETAX

24 IIpakTnyeckas padora Nel4. banaHc peakTus- 2

HOH MoIHOCTHU. PacyeT norokopacnpeneneHus
PEAKTUBHON MOITHOCTH

19 IIpakTyeckas padora NelS. Pacuér cetu npu 2
HECKOJIbKUX HOMHHAIBHBIX HANPSHKEHHSX.
20 IIpakTuyeckas pad6ora Nel6. Pactipenenenue 4

IIOTOKOB MOIIIHOCTHU U HaHpH)KeHI/Iﬁ B IIPOCTHIX
3aMKHYTBIX CCTAX 0e3 yd€Ta NOTEPb MOIHOCTHU

24 IpakTuyeckas padora Nel7. Onpenenenue 2
Harpy3ok, OaJlaHC peaKTUBHON MOIIHOCTH, pac-
CTaHOBKA KOMITICHCHUPYIOIIIUX YCTPOHCTB

23 IIpakTuyeckas padora Nel8. AkTuBHAS MOIII- 2
HOCTh. PerynupoBanue 4acToThl.
28-30, 32 | IlpakTuyeckas padora Nel9. DiaeMeHTHI MPOCK- 10
TUPOBAHMSI AJICKTPHUCCKUX CETEH.
HToro 3a 6 cemecTp 36
Hroro 54

4. Cooeporrcanue npakmuueckux paoom
Ilpakmuueckaa paboma Nel Cxembl 3ameuieHus 31eMeHmM 08
IJIeKMPUYECKUX cemeil

Ilenb: HAyuyuTHCS COCTAaBJSATH CXEMbl 3aMEIICHHUSI JIEMEHTOB JJICKTpUYE-
CKHUX CETeu

OcHoebl meopuu.

Pa3znuyaloT HECKOJIBKO THIOB CXEM SJIEKTPUUECKUX CETEW: MPUHIUINAAIIb-
HBIE CXEMbl COCIWHEHUN; CXEMBbI 3aMENICHHS; pacueTHble (MpeoOpa3oBaHHBIC)
CXEMBbI 3aMEIIICHHUS.

Bce cxembr Tpexdaszubix anementoB 99C, Kak MpaBUio, U300pa)karoTcs B
onHonauHeHoM Buje. Ha puc. 1.1 mokaszaHsl Bce TpU BHUAA CXEM, COCTOAIIUX W3
onnoit JIDII u onHOro 1ByXxoOMOTOUHOTO TpaHchopmaTopa ¢ Harpy3Kod Ha CTo-

POHC HU3KOT'O HAIIPSAKCHUA.




Tako#t cxemoit 3amenienusi, kak Ha puc 1.1, 6, y100HO MOIB30BaTHCS, KOT /1A
BBITIOJTHSCTCSI OTMHOYHBIM pacdeT MPOCTHIX CXEeM, KaK MPAaBUIIO, B yUSOHBIX IEIIAX
0e3 MCIOJIb30BaHUs CIICIMANIBHBIX MporpaMM. B GONBIIMHCTBE cily4yaeB Mpu pac-
YyeTax peKMMOB AJIEKTPUUECKUX CETEH UCIOJIb3yeTCsl pacueTHas cxema puc. 1.1, B
WM IOJJ00HAsl €M, T/Ie 3a1at0TCS AIEKTPUUECKUE apaMeTphl 2JIEMEHTOB CETH.

COBEpILIEHHO €CTECTBEHHBIM SIBJIIETCS YIAIICHUE U3 CXEMbI 3JIEMEHTOB, BIIM-
SIHUE KOTOPBIX HA PEXUM CETU MpeHeOpexuMo Malo. Tak, He yUUTHIBAIOT:

o norepu Ha kopony B BJI 1o 220 kB;

° 3apsaanHyto MoutHocTh B JIDIT go 35 kB, a ais kopotkux BJI u I10 kB;
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Pucynok 1.1 — Cxema 3amenieHus
a - MPUHITMITHATIbHAS cXeMa; O - cXxema 3aMeleHUs; B - pacueTHas cxeMa
(compoTHBIICHHS B OMaX, TPOBOJUMOCTH B MUKPOCHMEHCAX, MOIITHOCTHU B
METaBOJIbT- aMIiepax, Ko3QpPuimeHT TpancGopMaluu B OTHOCUTEIIBHBIX
eIMHUIIaX )
o MOTEPU XOJIOCTOTO X0Ja TpaHCPOPMATOpPOB, €CIIM HE HYKHO peliaTh
BOIPOCHI TIOBBIIIIEHUSI SKOHOMUYHOCTU PAOOTHI SJIEKTPUUECKUX CETEH;
o aKTUBHBIC COIPOTHBIICHHS OOMOTOK TpaHC(POPMATOPOB, €CIIA HE
HY’KHO OIIEHMBATh MOTEPU BJIEKTPUUECKON SHEPTUU U peliaTh BOIMPOCHI MOBBIIIE-

HUSI 9)KOHOMUYHOCTH PaOOTHI SIEKTPUUECKUX CETEH.



B TpexobmoTouHbIX TpaHCchopMaTOopax M aBTOTpaHChopMaTOopax HHIYK-
TUBHOE comnpoTuBiieHHe 00MOTOK CH mpuHHMMAaloT paBHBIM HYJIO M NPU MPEHE-
OpeXeHUU aKTHUBHBIM COMPOTHUBJICHHEM IOJy4aeTCsl BETBb C HYJIEBBIM CONPOTHUB-
neHueM. B Takux ciyyasx MOXHO MPUOTU3UTEIBHO OLIEHUTH MOTEPU PEAKTUBHOMN
MomHocTd B obmoTrke HH, ciioxkuTh 3TH moTepu ¢ pEeakTUBHONH MOUTHOCTBIO
Harpy3ku HH u noGaButh momydeHnyro momHocTh Ha muHbl CH. TpexitydeBas
cXeMma 3aMeIleHus TpaHc(opmaTopa mpeBpamiaeTcs B OJHY BETBb C COTPOTHUBIIC-
HueM oomotku BH u tpancpopmanueii ¢ BH na CH; kB c.

CoBpeMeHHbIE TPOrpaMMbl pacueTa peKMMOB B SJHEProcUCTEMax BOOOIIIE HE
MPEINOJIaraloT COCTaBICHUS CXEM 3aMEIIECHUS UM PACUETHBIX CXEM U UCIOJb3Y-
10T NMPUHIUINHAAIBHBIE CXEMbI, B KOTOPBIX YKa3bIBAIOTCS MapKH (THUIT) 000pYI0Ba-
HUSI, YUCJIO MapaJJICIbHBIX 3JIEMEHTOB M PACCTOSHUSA MEXIAY MOACTaHIUAMH, KO-
Topele coeauHsaroTcs nocpeactsom JIDII. Kpome Toro, Bce obopymoanue 23C,
Harpy3kKd U BapUaHTbl CXEM COEIMHEHUN 3aKIaJbIBAIOTCS B CIIELIMAIIM3UPOBAHHbBIC
0a3bl JaHHBIX, HA OCHOBE KOTOPBIX BeaeTCs (GOPMUPOBAHUE CXEM JUISl pacueToB
Pa3JIMYHBIX PEKUMOB.

B Tex ciyuasx, korjia HEOOXO0AMMO COCTaBUTh CXEMY 3aMEIICHUs CETH C Ta-
payutenbHbIMHU d7ieMeHTaMu (aBe mnenu JIOII, nBa Tpanchopmaropa u T. 1.) WU
YOPOCTUTh PACUYETHYIO CXEMY, BBINOJHSAIOTCS IOCIEA0BATEIbHO-TIApaJIeIbHBIC
npeoOpa3oBaHusa cxXeM. B HEKOTOpBIX cllydasX BBINOJHSIOTCS MPeoOpa3oBaHUs
TPEYTOJIbHUKA B 3BE37ly U HA00OPOT.

B mpaktrke pacueToB YCTaHOBUBIIUXCS PEKHUMOB JJICKTPUUYECKUX CEeTeH
MOJIYYHJIO PACIPOCTPaHEHUE TTOHATUE PACUETHON HArpy3KH MOJACTaHIIUNA, KOTOpas
M0 CYTH SIBJISIETCS] PKBUBAJICHTHBIM MPEACTABICHUEM YaCTU CXEMBbI DJIEKTPUUYECKON
cetd. OCHOBHas 11eJ1b BBEJICHUSI PACUETHOW HArpy3KH MOJACTAHIIUU - ATO YIPOIIle-
HUE cXeMbl. B pacueTHyl0 (PKBUBAJICHTHYIO) HArpy3Ky MOJCTAHIIMU BKIIOYAOT
camy JJIEKTPUUECKYIO Harpy3Ky, motepu B Tpancopmarope (B 0OMOTKAaX U B Mar-
HUTOIIPOBOJIC - TOTEPU XOJOCTOTO X0/1a), & MHOT/AA U 3apsIIHYI0 MOITHOCTh MOIXO0-
namux K noactaniuu JISII. Ha puc. 1.2 noka3zaHbl 5KBUBaJICHTHBIE CXEMBI C pac-

YETHBIMU Harpy3KaMu MOACTAHIINK U3 puc. 1.2, 6.



Pucynok 1.2 — DkBUBaJIE€HTHBIE CXEMBI 3aMELICHUS AJI SJIEKTPUUECKOM CETH
a - Ip1 SKBUBAJICHTUPOBAHUU TpaHc(hopMaTopa O- MpH SKBUBAIECHTHPOBA-

HUU TpaHchopMaTopa U 3apsaaHON eMKocTH, moaxozsmen JIDIT

3aoanue:

3aoaua Nel

Onpenenuth noroHHsie napamerpsl AsyxuenHod BJI 110 kB ¢ mpoBomamu
mapku AC150/24, pacnionoxkeHHbIMU Ha [1-00pa3HbIX JepeBSIHHBIX OMOpax, ¢ pac-
CTOSTHUEM MEXIy cocemHUMU ¢dazamu 1o ropusoHTanu 4 M. CocTaBUTh CXeMy 3a-
MEILEHHUS] TAKOW JIMHUM W BBIYUCIUTH €€ MapaMeTpbl, MPUHUMAs UIMHY JUHUU

paBHo#1 100 k™.

3aoaua Ne2

Ha monwkaromeit moJcTaHIIMA YCTAaHOBJICHBI JBa TpaHChoOpMaropa THIA
T/IH 10000/110 co ciaeayronuMHi KaTaloXHBIMU JaHHBIMU: Ug ,0,=115 kB, Uy
won=11 kB, AP,=60 xBm, u,=10.5%, AP,=11 xBm, 1,,=0.9%.

OnpenenuTs NPHUBEIACHHBIC K CTOPOHE BBICIICTO HAIPSKEHUS IapaMeTphbl
CXEMBI 3aMEIICHUS JIBYX IMapajuIeIbHO BKIIOUEHHBIX TPaHC(HOPMATOPOB M BBIYHC-
JUTh TIOTEPU MOIIHOCTHA B HHUX MPH HArpy3Ke HA MIMHAX HUBIIETO HAMPSIKEHUS

S»=12+)7.2 MBA, cos ¢=0.85.

3aoaua Ne3
Ha y3m0B0O# moacTaHIIMM paiilOHHOM 3JIEKTPUYECKON CETH YCTAHOBJICHBI J1BA
TpeXxoOMOTOUYHBIX TpaHchopmaTtopa tuna THITH 63000/220 ¢ COOTHOIIEHHUEM

mortnHoctei oomMotok 100%/100%/100% u co cieayroIuMHi KaTaloXHBIMU JaH-
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HBIMU: Up ,10,=230 kB, Uc 0n.=38,5 kB, Uy .on=11 kB, U, 5.c=12.5%, U, p.z=24%, U,
c-r—=10.5%, AP, 5.z=320 xBm, AP,.=91 kBm, 1,,=1%. Harpy3ka Ha mmHax cpeji-
Hero ¥ Hu3Irero HanpspkeHus S;=40+)30 MBA, S3=40+)30 MBA.

OnpenenuTh MpPUBEICHHBIE K CTOPOHE BBICHIETO HAINPSDKEHUS MapaMeTphI
CXEMBI 3aMEIIeHHs JABYX MapajlieIbHO BKIFOYCHHBIX TPaHC(POPMATOPOB U BHIUKC-

JIMTb CYMMApPHBIC ITOTCPHU MOITHOCTH B HUX 110 KAaTaJIOKHBIM JaHHBIM.

3aoaua Ned

CocTaBuTh cXeMy 3aMeElIeHUs DJIEKTpU4ecKord cetu (puc.l. ). HUCXOIHBIE
nannsie: JIDII gmuHo#t 160 kM BeimoaHeHa 1poBojioM 2AC-300X2, HOMUHAIBHOE
Hanpspkerue 330 xB; JIDII2 mnuuon 90 kM BeimosiHeHa npoBogoM 4AC-300, Ho-
MuHanbHOe  Hampspbkenue 220 kB; Tl-aBrorpancdopmarop 3ATHIITH-
240000/330/220; momuoctu Harpy3ok P2=400 MBT, P,=50 MBT, cos ¢=0.9

] 2 Tl 3 4
[ JIDIL oMy .
I I I I 4
\
Pucynok — Hcxonnas cxema cetu
1 Z.‘Il 2 Zu Z: 3,' 3 2112 4
£

Pucynok — Cxema 3amenieHus CeT

KOHmPOJleble 60NPOCHL.

1. Knaccudukanus 31eKTpu4ecKix ceTei?



2. CxeMmbl 3aMelIeHUs STEKTPUUECKUX JTUHUN MECTHBIX U PAaHOHHBIX
AIEKTPUYECKUX CETEH.

3. CxeMbl 3aMenieHust TpaHcpopMaTopoB (aBTOTpaHCHOPMATOPOB)?

Ilpaxmuueckasa paooma Ne2 Ilomepu mowynocmu u snepzuu

6 JjleMeHmax IJ1eKmpuiecKux cemeil

Ilenw: HAyyuTHCS ONPENENATh MOTEPHU MOIIHOCTU B TpaHchopMmaropax u
JIMHUSAX DJIEKTpOIIepeayn

OcHoevl meopuu.

JUi1 KOJIMYECTBEHHOM XapaKTEPUCTUKU PabOThl 3JIEMEHTOB 3JIEKTPUUECKOU
CETH pacCMaTPUBAIOTCS €€ padoure peXuMbl. Pabounii pexxum — 3TO yCTaHOBUB-
nieecs JIEKTPUYECKOE COCTOSTHHE, KOTOPOE XapaKTEPU3YETCsl 3HAYEHUAMHU TOKOB,
HaNpsHKEHUM, aKTUBHOW, PEAKTUBHOW U MOJIHOW MOITHOCTEH.

OCHOBHOM LIEJIBIO pACUETa PEKUMOB SBIIETCS ONPENEIICHUE dTUX NTapaMeT-
pOB, KaK JUIsl IPOBEPKU JOMYCTUMOCTH PEXKHUMOB, TaK U Ui 00eCIedeH s SKOHO-
MUYHOCTH Pa0OTHI 3JIEMEHTOB CETEH.

Onpenenenne 3Ha4YEHNN TOKOB B AJIEMEHTAX CETH M HAIIPSKEHUM B €€ y3J1ax
HAYMHAETCS C IOCTPOCHUSA KAPTHUHBI PACIPENEIICHHs IOJHON MOILHOCTH IO JIe-
MEHTY, T.€. C ONPEACIICHUS MOLIHOCTEN B HAYaJIe U KOHLIE KaXA0ro deMeHTa. Ta-
KYIO KapTHHY Ha3bIBaOT IIOTOKOPACIIPEAEIICHUEM.

PaccunTbiBas MOITHOCTH B Hayajle U B KOHILIE DJIEMEHTA DJIEKTPUYECKOU Cce-
TH, YYUATHIBAKOT NOTEPH MOLIHOCTH B CONPOTHUBIICHUSX JJEMEHTA U BIUSHUE €rO
ITPOBOJIUMOCTEM.

[ToTepu akTuBHOM MoHOCTH Ha y4acTke JIDII (cm. puc. 2.1) oOycioBieHsbI
aKTUBHBIM CONMPOTUBJICHUEM MPOBOAOB U Kabene, a Tak)ke HECOBEPIICHCTBOM UX
U30Js1IMU. MOIITHOCTD, TepseMasi B aKTUBHBIX CONMPOTHBICHHIX TpexdazHoit JIDII

U pacxojiyeMas Ha €e HarpeB, onpeaessiercs no popmysie:
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Pucynok 2.1 — K pacuery noreps momnoctu B JIDII

AP =31?R=3-[(I cosp)? + (I cosp)?]-R =

2. (12412).R—17. P |2 Q 21. R —
=3-(I; +1;)-R=3 [(—@) +(—\/§U) IR

PZ 2 P2 2 SZ
:3'(W+% 359 R=ae

rne I, 1, 1 . —OJIHBIN, aKTUBHBIM M peakTUBHBIN TOKU B JIOII;

)-R= R

P, Q, S — akTuBHas1, peakTUBHAS U MOJHAS MOIIHOCTH B HaYaJie WU KOHIIC
JIEIL;

U — nuneiiHoe HampsikeHue B Havasie uin konie JIOIT;

R — akTuBHOE conpoTuBieHue oHoi ¢assl JIDII.

[ToTepu akTuBHON MoOIIHOCTUA B TipoBoguMOcCTsX JIDII oOycnoBieHs! Heco-
BEPIIEHCTBOM M30Jsuuu. B Bo3aymHbix JIDII — mosBiaeHneM KOpOHBI U, B OYEHD
HE3HAUUTEILHOM CTENEeHH, YTeUKOW ToKa 1o u3ojisitopam. B kabenbubix JIDII —
NOSIBJICHHEM TOKa MPOBOAMMOCTH, a ero abcopOuuu. PaccunThiBaroTcst motepu mo
bopmyie:

AP=U?.-G

rae U — nuHeiHoe HanpshkeHre B Hadasie uin Koie JIDII;

G — aktuBHas mpoBoguMocTs JIDII.

IIpu npoektupoBanuu Bo3aymHbIX JIOII moTepu MOIIHOCTH Ha KOPOHY
CTpEMSITCSI CBECTH K HYJIIO, BbIOMpasi Takoil AuameTp MpoBOJa, KOrJa BO3MOXK-
HOCTb BO3HUKHOBEHHUS KOPOHBI ITPAKTUYECKU OTCYTCTBYET.

[ToTepu peakTuBHOU MOIIHOCTU Ha y4yacTke JIDII oOycnoBieHbl MHIYKTHUB-

HBIMU COITPOTUBJICHUAMU IIPOBOJOB U KaOeseli. PeakTuBHas MOIIHOCTb, TCpACMad
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B Tpexdasnoii JIEII, paccunthiBaeTCsl aHAJIOTMYHO MOIIHOCTHU, TEPSIEMON B aKTHB-
HBIX CONPOTUBIICHHUSIX
YE

['enepupyemasi eMKOCTHOU MPOBOAMMOCTBIO 3apsiHasi MomHocTh JIDII pac-

P? +Q?
2
AQ=31%X = TER X,

CUHMTBIBAETCA 1O (hOpMyJIe:
AQ,=U?-B

rae U — nuHelHoe HanpsbkeHre B Hadase uin konie JIDII;

B — peaktuBHas npooaumocts JIDII.

3apsaHas MOITHOCTh YMEHBIIAET PEAKTUBHYIO HATPY3Ky CETH U TEM CaMbIM
CHIDKAET ITIOTEPU MOLIHOCTH B HEH.

IToTepn MOILIHOCTH M 3JNEKTPOIHEPTUH AOCTUTAKOT 3HAYUTEIBHBIX BEJINYUH
U SABJIIOTCS OAHUM U3 OCHOBHBIX (PAKTOB, BIMAIOMIMX HA 3KOHOMHYHOCThH CETEH.
WX BenmuuuHa pEriiaMeHTUPYETCs MOCTAaHOBJIEHUAMH HanumoHanbHOro KOMHUTETA
no perynupoBanuto 3ekTposHeprun (HKPD) B ceTsix nanpspkenuem 1o 35 kB u B
CeTAX HamnpsikeHusiM 35 kB u Bbile.

Bonbiias yacte noteps 3nektposHepruu (60 — 70%) mpuxoaurtcst Ha ceTu
HanpsbkeHrueM 6 — 10 kB. [1oaTomy nepedncieHHble HUKE MEPONIPUITUS OTHOCAT-
Csl K CETSAM 3TUX HANPSKEHUH U K 3JIEKTPOIPUEMHHUKAM:

. npuMeHeHue 0osee BbicOKoW cryneHu Hanpsbkenus (10 kB BmecTo 6
kB);

. MOBBIIIEHUE YPOBHSA HANpPsDKEHUS B CETU MYTEM NPUMEHEHHS
YCTPOWCTB PETYIUPOBAHUS HANIPSIKEHNS,

. pPEryJIMPOBAaHUE MOTOKOB AKTUBHOM M PEAKTMBHOM MOIIHOCTEW B OT-
JETIbHBIX 3BEHBSX CETH;

. NPUMEHEHUE PALMOHAIBHBIX CXEM MHUTAHMS MOTpeOUTEseH, KOTOpbhIe
MO3BOJIAIOT OCYIIECTBIATH OoJiee SkoHOMHUHYI0 3arpy3ky JIDII u tpancpopmato-
POB;

. panroHaIM3anusl YHEPTOXO3AUCTB NPEANPUATUN — YIYULIEHUE COSQ,

MPABHJIBHBIN BHIOOP MOILTHOCTH U 3arpy3Ka 3JIEKTPOIBUTATEIEH.
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[Ipu nmepenayde ANEKTPOIHEPTUH YACTh €€ PACXOAYETCSI Ha HArPeB, CO3/aHUE
AJIEKTPOMATrHUTHBIX ToJiel u Apyrue 3h(eKTsl. ITOT pacxoj MPUHATO HA3BIBATh
notepsiMu. B snexTposHepreTrike TepMHUH “TIOTEpH” UMEET crienuduueckoe 3Ha-
yenue. Ecnu B Apyrux npousBOACTBAaX MOTEPU CBSI3aHBI ¢ OpakoM MPOAYKIUHU, TO
MOTEPH JIEKTPOIHEPTUU — ATO TEXHOJIOTHUECKUN PACXO/I HA €€ Mepeavy.

BennunHa mnoTEpPh ANEKTPOIHEPTHM 33aBUCUT OT XapakTepa HW3MEHEHUS
Harpy3Ku B paccMaTpuBaeMblid epuoj Bpemenu. Hanpumep, B JIDII, paboraromieit
C HEM3MEHHOW Harpy3KoW, MOTEpU AJIEKTPOIHEPTUH 3a BpeMs t pacCUMThIBAIOTCS
CJIEAYIOIINM 00pa3oM:

AW =AP -1,

rae AP — cymMapHble TOT€pU aKTHUBHOM MOIIHOCTH B COINPOTHUBJICHUH U
npoBoaumoctu JIOII.

Ecnu Harpy3ka MeHsSIeTCs, TO MOTEPU AIEKTPOIHEPTHH MOYKHO PacCUUTATh
pa3IUUHbIMU crioco0amu. B 3aBUCHUMOCTH OT MCIOIB3YyEeMOM MaTeMaTHYECKOU MO-
JIeJTM METObI ISNIATCS Ha JABE TPYIIIL:

. JI€TEPMUHUPOBAHHBIC;

. BEPOSTHOCTHO-CTATUCTUUECKUE.

HaunbGonee TOUHBIM W3 IETEPMUHUPOBAHHBIX METOJIOB SBJISIETCSI METOJT pac-
4yeTa MoTeph AJIEKTPOIHEPTUH 10 TpadUKy HATPY30K JIJIs1 KAKIOTO MOTPEOUTENS.

[Ipenmnonoxxum, 4To Harpy3ka MOTpeOUTENs B FOAY MEHsUIach MO CIETYIO-

memy rpaduky (cMm. puc. 2.2). Torna

IrITI dx

I 8760 uy

Pucynok 2.2 — I'paduk Harpy3ku notpeouTens
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WNuTterpan — 310 akTHUECKH IIOMAah, OTpaHUYEHHAs TpahuKoM H3MEHe-
HUS KBajpara Toka. Takum o0pa3oMm, MOTEpH aKTHBHOUW AJIECKTPOIHEPTHH MPOTIOP-
UOHAJIBHBI TUIOMIAAN KBAJIPATUYHOTO FOJIOBOTO IpaduKa HArpy3KHu.

Tak kak HanpsDKEHWE Ha IIMHAX SJICKTPONPUEMHUKA MEHSIETCS HE3HA4Yu-
TEJIbHO, TO €ro0 3HAYCHHE MOXKHO CUUTATh HEM3MEHHBIM. 3aMEHSSI UHTErPAl CyM-

MOM TIIOMIAJICH PAMOYTOJIBHUKOB ¢ I1aroM Ati, orydum:
R $eo R 52 2
AW =—> 'S Aty =—> (R"+Q)- A,
U®ia U®ia

[loTepu »snexTposHepruu B TpaHchopmaTopax MpU 3aJaHHOM Trpaduke

Harpy3ku IIpU HMCIIOJIIB30BAHHH CI'0 ITACIIOPTHBIX JAHHBIX PACCUHHUTBIBAIOTCA II10

dbopmynam:
. JUIS1 ABYXOOMOTOYHBIX
1 S _
AW, =[n-AP_+=-AP (—)°]- At;;
n SHOM
. JUTSL TPEXOOMOTOYHBIX TpaHC(bopMaTopOB (aBTOTpaHC(OpPMATOPOB)

~{n- AP, +2[AR, (2 (AR Se 2P (< Su 2y a,

HOM HOM HOM

JIOCTOMHCTBO METO/1a — BBICOKAsi TOUHOCTh pacuera. Hegocrarok — Gosbioe
KOJIMYECTBO BHIYMCIICHHM.

I'paduku Harpy3ok He BCerja M3BECTHHI. B 3TOM cilydae moTepu 3JeKTpo-
HHEPIrUr MOKHO BBIYUCIUTH IPYTUM JIETEPMUHUPOBAHHBIM METOAOM — YEPE3 Ty
MeTon 0CHOBaH Ha JIBYX JOIYIICHUAX:

. MaKCUMaJibHbIE MIOTEPH B DJIEKTPUUYECKON CeTU HAOII0Iat0TCs B MepHU-
0]l MAKCUMyMa Harpy3Ku B 3HEprocuctemsl (yTpeHHH mMakcumyM ¢ 9 mo 11 ya-
coB; BeuepHuii — ¢ 17 1o 21 yaca);

. rpaduKyd aKTUBHOM M PEAKTHUBHOM MOIIHOCTH MOAOOHBI, T.€. rpaduk
PEaKTUBHOM MOIIIHOCTH MEPECUUTaH U3 rpadvka aKTUBHONW MOIITHOCTH.

Bpemst MakCcUMalIbHBIX TIOTEPH T, — ITO BPEMS, B TEYEHUU KOTOPOIO MpHU pa-

0oTe moTpeduTenss ¢ MaKCUMaJIbHOM HAarpy3KOM W3 CETH MOTPEOJSETCsS TaKoe XKe
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KOJIMYECTBO AJICKTPOIHEPTHUH, YTO U MPHU paboTe Mo peanbHOMYy TpaduKy Harpys-

KH. I/ICXOIUI nu3 OHpeI[eHeHI/ISI, 3aIlIUIICM:
R L 2 2 R 2 2
AW :FZ(R + Qi ) : Ati :F(Pmax Tyt Qmax ’ Tp)
i=1

rac t,, T, — COOTBECTCTBCHHO BPCMA MAKCUMAJIbHBIX IIOTCPb JIA AKTUBHOM

a’ “p
Y PEaKTUBHOM HATPY30K.
Ha mpakTtuke 3Tu 3Ha4€HUS YCPEAHSIOT U 3aMEHSIOT o01uM — 7,,. Torna,

R

AW :Fsriax T

M"

JIist TUTIOBBIX rpa)MKOB HArpy3KH BEJIMUYMHA T,, ONPEAEIISIETCS MO N3BECTHOM

BEJIMYUHE T,
1, =(0124 + T—M)2 .8760.
10000

B cooTBercTBHMU C A3TUM MCTOAOM IIOTCPHU IJICKTPOIHCPIUU B 3JICMCHTAX CC-

TH PaCCUYUTBIBAIOTCA I10 Q)OpMYJ'IaMI

. B JIMHUU DJICKTpoIepe1ayd
AW = AP, .« T
. B JIBYXOOMOTOYHBIX TpaHchopMaTopax
1 S
AW, =n-AP,-8760 + —- AP (—)"1,,
n S]-IOM
. B TPEX0OMOTOYHBIX TpaHCchopmaTopax (aBToTpaHchopMaTopax)

AW, =n-AP. -8760 + %[APKB (SS—B)2 T +AP. (SS—C)Z"EMC L AP, (SS—H)2 T 1

HOM HOM HOM

n

meaxi 'TMi
T :izl

cp n

meaxi

i=1

AHAJIOTUYHO ompenenseTcss BeauuuHa t,, At JIDII, nuraromeil HeCKOIbKO

oTpeouTeNei.
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[ToTepu MOIIHOCTH U 3JIEKTPOIHEPTUU JOCTUTAIOT 3HAYUTEIBHBIX BEJIUYUH
U SIBJISIFOTCS OJJHUM M3 OCHOBHBIX (PAKTOB, BIMSIIONIMX HA SKOHOMHYHOCTH CETEH.
Hx BenmuuuHa pEriaMeHTUPYETCs MOCTaHOBJIEHUAMH HanuoHanpHOro KOMHUTETA
no peryinupoBanuio 3nekTposnepruu (HKPD) B ceTsix HanpsbxkenueM 110 35 kB u B
CeTIX HanmpsKeHUsIM 35 kB u BeIe.

Bbonbmas yacte noreps snextposanepru (60 — 70%) mpuxoAUTCs Ha CETH
HamnpsbkernreM 6 — 10 kB. [ToaTomy nepedncieHHble HUXKE MEPOTIPUSITUSL OTHOCST-
CSl K CETSIM ATUX HANPSKEHUM U K AIEKTPOIPUEMHUKAM:

. npuMeHeHue OoJiee BbICOKOM cTynenu Hampsikenus (10 kB Bmecto 6
kB);

. MOBBIIICHUE YPOBHS HANPSDKEHUS B CETU MYTEM IPUMEHEHHS
YCTPOMCTB PEryJIUPOBAHUS HAIIPSIKEHUS,

. pPEryJIMpOBAHUE MOTOKOB AKTUBHOM M PEAKTUBHOW MOIIHOCTEN B OT-
JETIbHBIX 3BEHBSX CETH;

. MPUMEHECHUE PAllMOHAJIBHBIX CXEM IUTAHMS MOTpeOuTENIeH, KOTOphIe
MO3BOJISIIOT OCYIIECTBIIATH Oosiee IKOHOMHUHYIO 3arpy3ky JIOIT u tpanchopmato-
POB;

. palMOHANIM3AlM SHEPIOXO3SIIMCTB MPEANPUATUNA — YIYUILIEHHE COSQ,

MPaBUJIBLHBIN BHIOOP MOIIHOCTHU U 3arpy3Ka AJIEKTPOIBUTATEICH.

3aoanue:

3aoaua Nol

OnpenenuTs MOTePU MOITHOCTH U T'OJIOBBIC MOTEPHU IIEKTPOIHEPTUH IS CE-
TH, MPEJCTABICHHON Ha PUCYHKE 2.3, Harpy3KH, MMOKa3aHHbIE Ha CXEME, COOTBET-
CTBYIOT MakCUMaJIbHOMY pexuMy. ['paduk Harpy3ku npuBeleH Ha pucyHke 2.4.

Hanpsoxenue B nutaromeM ysie 1 paBro 525 kB.
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AT ¢ — ;
| AC-300x3 Se=2144j100MB - A

I i |
150
KM 4
5

) —f—
Y

S, =80+ j20MB - A

Pucynok 2.3 — Cxema cetu

AP.Q.%
100+

504

o 4 § 12 16 20 24

Pucynok 2.4 — I'paduk Harpy3ku

3aoaua Ne2

Onpenenute NOTEpU 3HEpPruM 3a roja B TpaHcopmaropax tuma 2TPJIH-
10000/110, Tmax=6000 4, Harpy3ka B MAaKCUMaIbHOM PEXHME S,4.,=15+]10 MBA.

Karanoxusle nannsie: AP,,=60 kBT, AP,.=18 kBT.

3aoaua Ne3

Ha nopacranimu ycraHoBieHo nBa TpaHcdopmaropa TPIIIH-63000/220,
KOTOpBIE MUTAKOTCA IO JABYM BO3AYIIHBIM JUHUSAM cedeHueM AC-400 u mimHOU
100 xm. Harpy3ska noacraniimu B MakcumanbHoM pexume 100 MBT, cosp=0,9.

Onpenenuts notepu 3Hepruu 3a roa u KIIJI snektponepenauu mo sHEpPruu,
€CJIM 3aJlaH roJI0BOM rpaduK HArpy3KH Mo MPOJAOJKUTEIbHOCTH.

I"'onmoBoii rpadukK 1O MPOAOJDKUTEIIBHOCTH

t, a 0-2100 2100 — 4000 4000 — 6400 6400 — 8760
P, oTH.ex 1 0,7 0,5

0,3

KOHmPOJleble eonpocwsl:

1.

XapaKTep MMOTEPh MOIMHOCTH MW JJICKTPOSHCPIruu B PA3JIMYHBIX 3JIC-

MEHTaXx 3JIEKTPUYECKUX CETEI?
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2. Bunbr moteps MomHOCTH. OmpeneneHue MoTeph AJIEKTPOIHEPTUU B
IEKTPUUECKUX JIMHHUSIX C MOMOINBIO TPaUKOB HATPY3KH W C HUCIOJIB30BAHUEM
BPEMEHH MaKCHMAJIbHBIX TIOTEPH?

3. Omnpenenenre MOTEPh MOIIHOCTH W JJICKTPOIHEPTHUU B TpaHchopma-
TOpax U aBTOoTpaHChopMaTopax. Mephl 1O CHUKEHHUIO TIOTEPh MOIIHOCTH U JJIEK-

TPOIHEPTHH.

Ilpakmuueckaa paboma Ne3
Pacuem napamempog ycmanosuguiuxca pexcumos pa3oMKHymulx 371€K-
mpuuecKkux yeneil

Ilenwy: HayduTHCS MPOBOAUTH DIEKTPUUECKUN PACUET CeTU

OcHoébt meopuu:

DNeKTpuYecKas CEeTh BBICOKOTO HAIPSDKEHUS IS Mepefadyud U pacmipejene-
HUS DJIEKTPOIHEPTUN OTHOCUTCS K KaTETOPUU AJIEKTPUUECKUX IIeTIeH, TOITOMY JIJIst
pacuera ee pexrMa MPUMEHSIOTCS o01e MeToasl Teopun nemnei. [lycts 3amana
MOIITHOCTh HEKOTOpO# Harpysku S;= P;+ jQ;y3na i, KoTopas 10/bKHa ObITh yYTCHA
HapsIy C APYTMMH Harpy3kamM Tpu pacuere pexknma cetd. OZHAaKo MMEHHO
HaMpPsHKEHUST B y371aX CETU SIBJSIOTCS MCKOMBIMU BEIMYMHAMH. DTO OOCTOSITEIb-
CTBO MPEMATCTBYET HEMOCPEICTBEHHOMY HCITOJIb30BaHUIO 3aKkOHOB Kupxroda mms
MOJTYYCHUS OJTHO3HAYHOTO PEIICHHS, IIOPTOMY HAIIIU MPUMEHEHUE U JAPYTHE Me-
TOJBI PEIIEHUs, B TOM YHCII€ METOJI TIOCIICIOBATEIbHBIX MPUOIKEHHUM (MTepaly-
OHHBIN METON).

MeTton mocienoBaTeNbHBIX TPUOIMKEHUH OCHOBaH Ha MOCIEAOBATEIHLHOM
YTOYHEHWU HAMNPSOKCHUM B y3JIaX JJICKTPUYECKOW CEeTH, MPUYEM B KayecTBE
HAYaJbHOTO MPUOIMKEHUS MOXKET OBbITh HCIIOJIB30BAaHO Pa3yMHOE JOMYIICHHUE O
TOM, YTO HAIpPSOKEHUS BO BCEX y3JaX B HOPMAJIBHOM PEXHME HE MOTYT CYIIe-
CTBEHHO OTJIMYATHCS OT HOMUHAIBHOTO HAMPSHKEHUSI TAHHOTO KIIacca CETH.

BBenenre Takoro IOMyIIeHUS TO3BOJISET OMPEACTUTh MPUOIIKEHHO MOTe-
pPH MOIIHOCTH Ha KaXJIOM Y4YacTKE CETH, MOIIHOCTH B Hadajie W KOHIE KaXKIOTro

Y4aCTKa U TOKHU HArpy3o0K.
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3HaueHNWE TOKa Ha Y4aCTKC HJIM MOIIHOCTHU B HA4aJIC y4daCTKa, HCIIOCPCI-
CTBCHHO CBA3aHHOI'O C Y3JIOM, I'’IC HAIIPSKCHUC CUUTACTCA WM3BCCTHBIM, SBJISAACTCA
JOCTAaTOYHBIM OJIsI TOI'O, YTOOBI OIIPCACIINTD HAIIPSKCHUC B KOHIC 3TOI'O y4dacCTKa.
B cBoro oucpcb, CTAHOBUTCA BO3MOKXHBIM pPACUCT HAIIPAKCHHUA B KOHIC CIICIAYIO-
mero ydacTtka v T. 1.

Hpouecc IpoaoJIKACTCA 4O TCX IIOp, IIOKA 3HAYUCHUA HaHpH}KCHHﬁ BO BCCX
y3ax, IHOJYYCHHBIC ITOCJIC BBIITOJIHCHUS I[aHHOI\/'I urcpannun, HC 6yI[YT OTJINYaTbhCA
oT HaHpH)KeHHﬁ, IMOJIYYCHHBIX Ha HpGI[BII[YHIE?ﬁ UTCpannuu, MCHCC YCM Ha 3aJdH-

HYIO BEJINUMHY TOYHOCTH pacyeTa.

3aoanue:

3aoaua Nel

Onpenenuts HamnpsiKeHUE B KOHIE Bo3nymHoU jduHuM 500 kB B Harpysou-
HoM pexknMe S,=800+j300 u B pexume XOJOCTOTO XOJa, MOCTPOUTh BEKTOPHBIC
JIarpaMMbl TOKOB HamnpspkeHud. Cxema ceTu npuBeleHa Ha pucyHke 3.1. Pacuer

BBITIOJTHUTH 0€3 y4yeTa MmoTeph Ha KOPOHY.

I 2AC-500=<3 250 km 2
@) D>

U, =515 kB S, = 800 + j300

Pucynok 3.1 — Cxema cetn

| 7 =25+j38

2
o »—o *—9
515 kB H — K 1)
Y, == ! L= 3,
Yi=Y,=j91- 107

Pucynok 3.2 — Cxema 3amelieHus ceTu
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3aoaua Ne2
ITocTpouTh BEKTOPHBIE AUArPAMMBI TOKOB M HAIPSIKEHUU JJIEKTPUYECKOU
ceTn 0e3 ydyeTa MOTeph MOLIHOCTH ISl CETH, CXEMa 3aMEIIeHUs KOTOpPOHl IMpej-

CTaBJICHA HA PUCYHKE 3.3

S, =2004 100 S5 = 100+ j50

Pucynok 3.3 — Cxema 3aMeleHust CETH

S1z = 100 + j50 853 = =100 = 50

o—{ 1 LI
I I +j20
200 + 100 —100 — j50

Pucynok 3.4 — Ilorokopacnpenenenue 0e3 noTepb MOIHOCTH

3aoaua Ne3

OnpenenuTe HANPSHKEHHUE B y3J1€ A B CETU C PABHOMEPHO PaCIpeIeICHHON
Harpy3koi, mioTHocTh Harpy3ku p=0,3 MB1/km. Cxema ceTu moka3zaHa Ha pUCYH-
ke 3.5, Hanpspbkerne 6a3ucHoro y3ina U=3,3 kB, Harpy3ka y3ma A Sa=2+j1,6 MBA,
JUIMHBI JTMHUW TnpuBeleHbl Ha cxeme. IIpu pemenun npuusate Re=0.1 Owm/kwm,

X0=0,2 OM/kM. [ToTepsiMmu MOIITHOCTH TTpeHEeOpEYb.

1 2 3 A
‘ 0.5 HM)’|‘< | KM 4‘( | kM

P Sy=2+j16

Pucynok 3.5 — McxoaHas cxema
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3aoaua Ned
BBINONMHUTG 3JEKTPUYECKUI pacyeT CeTH, OKa3aHHOW Ha pucyHke 3.6. JIu-
Hus BbinosiHeHa ceueHneM 2AC-400, nnuna muaun 100 kM, aBa TpanchopmaTtopa
TPIIIH-63000/220, narpy3ka Pz =100 MBT, cosp=0,9, nanpsokenue 6a3uCHOTO
y3na 230 xB.
2 3

|
e .

Us = 230 kB _@_ S5 = (100 + j48.4) MB-A

Pucynok 3.6 — McxonHas cxema cetu

Konumponvuwvie gonpocwi:

1. AHanu3 pasnuyHbIX PEKUMOB pabOThI SJIEKTPUUECKON JTUHUU. Bius-
HUE EMKOCTHBIX TOKOB Ha PEKUMHbBIE TapaMETPHI.

2. AHaJIUTUYECKAas 3aBUCUMOCTb MEXTY HANPSHKECHUSIMA Havyalla U KOHIIA
3BEHA JIEKTPUYECKOM CETH.

3. Pacuer HampspkeHUIl B KOHIIE M Haydajle JIMHUU 3JIEKTpornepenayu B

Pa3IMYHBIX PEXKUMAX.

Ilpaxmuueckasa paboma Ned
Pacuem napamempos ycmano8u8UIUXCA PEHCUMOG cemeil
¢ 08YXCMOPOHHUM RUMAHUEM

Ileny: HAydUTHCSI MPOBOAUTH DJIEKTPUUCCKUN PACUET CETU C JABYXCTOPOH-
HUM TTUTaHUEM

Ocnoevl meopuu:

JIuHUYU ¢ NIBYXCTOPOHHUM MHUTAHHEM B TMOCJIEIHEE BPEMS MOTy4aroT Bce 00-
Jiee MUPOKOE paCpPOCTPAHCHNE B IPAKTHKE CETLCKOM dNEKTPUPUKAIINH.

OCHOBHOE TPEUMYIIIECCTBO HMX 3aKIIOYACTCS B TOBBIIMICHUW HAIC)KHOCTH
aNeKTpocHaOkeHusl. HemocrtaTkamu SBISIFOTCS: OOJIBINKE 3aTPaThl MPU COOPYIKe-

HHH, TPYAOCMKOCTDb PACUYCTOB U CJIOKHAs peﬂeﬁHaﬂ 3aliuTa.
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Cno>XHOCTh pacyeTa 3aMKHYTBIX CETEH, YACTHBIM CITy4aeM KOTOPBIX SBIISICT-
Csl JIMHUS C IBYXCTOPOHHUM IMHUTAHUEM, 3aKJITFOYACTCS B ONPEICICHUN MOIHOCTEH
(TOKOB) IO y4acTKaM CXEMBI, TO €CTh B paclpeaelIeHUH MOIIHOCTEH (TOKOB) IO
CETH.

MoIHOCTh, MOCTyMNAIoas B JUHUIO OT UCTOYHHKA MUTAHUS A, ONpees-
eTcst popMyIoif:

— 2in(SiZib) +UA_UB U

H

Saa

ZAB ZAB

r7e S - MOIIHOCTh HArpy3KH, IPUCOSAMHEHHOM B 1-i TOUKe cXeMbl, BA;

Zis - CONPOTUBJICHUE JIMHUU OT TOYKU MPUCOCAWHEHUs] HArpy3KH 1 IO HC-
TOYHHUKA, B;

Z B - COIPOTUBIICHHUE Bcel TuHUM, OM;

U, — HOMUHaIBHOE HaMpsKEeHUe JTuHuu, B.

Pacuer aBapuiiHOrO pexknma, KOra OJAUH U3 UCTOYHUKOB MHUTAHUS OTKIIIO-
YEH, 3HAYUTEJLHO YNPOIIACTCs, TaK KaK HUYEM HE OTIMYAETCS OT pacyeTa paiau-
aJIbHOM CXEMBI.

Korga w3BecTHO pacmpenielieHne MOIIMHOCTEM, IMOTEPU HAIPSHKECHUS Ha
y4acTKaX JIUHUM C IBYXCTOPOHHUM IMUTAHUEM OMPEACIISIIOTCS MO TeM XK€ (PopMy-

JJaM, 4TO U OJid paI[HaJIBHOﬁ CXEMBI, TO €CTh

_ Pr +Qx
U,

AU

MakcuMalIlbHOW TOTEpEN HANpPSKEHUST HOPMAJIbHOTO PEXUMA JIMHUUA C
JBYXCTOPOHHHMM IIMTAHUEM Ha3bIBAECTCS CyMMa IIOTEPh HANPSKEHUSA HA OTACIbHBIX
Y4aCTKaX CXEMbI OT UICTOUYHHMKA MUTAHUS JO TOYKH TOKOPA3A€ena, TO ECTh

AUmax=AUp1 + AU + . ..

3aoanue:
3aoaua Nel
OnpenenuTs MOTOKOPACTPEICICHUE B CETH, IPUBEICHHON Ha puCyHKe 4.1

0e3 yuyeTa moTepb MOILIHOCTH U Te€HEepalUU JUHUN U HarpskeHus y3noB. [locTpo-
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HUTb BCKTOPHBLIC AWarpaMMbl H&Hpﬂ)KeHI/Iﬁ H TOKOB. Harpy31<1/1 3aJaHbl B MCra-

BOJIbT-aMIICpax, COIIPOTHUBIICHUA — B OMaX.

Us=110kB 1 +J3 !
1

Pucynok 4.2 — McxonHas cxema
3aoaua Ne2
OnpenenuTs TOKH B BETBSIX CETH JIMHUM C JBYXCTOPOHHHUM IUTAHUEM C Pa3-
HbIMHM HamnpspkeHusiMu 1o KoHuam nepenaun: UA=115 kB, UB=110 kB. Cxema

3aMCIICHHUA CCTU IMPHUBCACHA HAa PUCYHKC 42, TOKH YKa3aHbl B KHJIOaMIICpAX, CO-

IIPOTUBJICHUC B OMax.

A 1+ 43 1 2+j6 2 054415 B
U, = [ —O—  +—0U;=110
- e
f12 Py
0.315—j0,158 —0.42 — j0,005
Pucynok 4.2 — Cxema 3aMelIeHnsI CETH
3aoaua Ne3

OnpenenuTh MmapaMeTpbl peKUMa, MOTEPU aKTUBHONW MOIITHOCTH B IPOIICH-
Tax oT nepeaaBaeMor MomHocTy U KIIJl nByxuennoi nuaum 220 kB, npoTskeH-
HocThio 200 kM, ¢ mpoBomamu AC300/39. Iloronnsie mapameTpsl TaKOW JTUHUHU
paBHbl Fo=0.098 Om/km, x0=0,424 Om/km, akTHBHON NMPOBOJAUMOCTBIO JTUHUH TIpe-
HeOpeus 0p=2.68*10° Cm/kM. MOMIHOCTD M HANPSKEHKE B KOHIIE JIMHUKM COOTBET-
CTBEHHO paBHbI Sp=240+]116 MBA, c05¢,=0.9, U,=218 kB.

3aoaua Ned
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Ot mun 110 kB y3noBoit noactaniuu A sHeprocuctemsl Lentpansuoi Cu-
OMpHU 1O KOJIBLIEBOW CETU OCYLIECTBISIETCS 3JIEKTPOCHAOKEHUE TPEX MOHU3ZHUTEIb-
HBIX MTOJICTAHIIMM, paCU€THBIC HATPY3KH KOTOPBIX PABHBI:

S, =25+ j15=29.2/31° MB4;
S, =30+ j20=36.1/33"40" MBA,;
S, =40+ j16 = 43/21°50 MBA.

Ta6muma 4.1 — [TapameTpsl y4acTKOB KOJIBLICBOM JIMHUU

Jlwaus | Mapka mpoBoja . Om % Om ly , kM r,Om x,, Om
KW KM

A-1 AC 240 0,122 0,401 20 2,44 8,02

1-2 AC 185 0,159 0,409 20 3,18 8,18

2-3 AC 95 0,314 0,429 30 9,42 12,87

3-A AC 240 0,122 0,401 50 6,10 20,05

BbINoMHUTE pacyeT HOPMAJIBHOTO peKMMa padOThl CETH MPU HANPSHKCHHUU
Ha mmHax nojactanuuu A 121 kB. [IpeaBapurensHbiil pacyeT NOTOKOpacpeaese-
HUS B KOJIbIIE BBITIOJIHUTH JBYMsI criocodamu (Mo JJIMHAM U MO COMPOTUBIICHUSIM
ydacTtkoB). OmnpenenuTsh CyMMapHYIO MOIIHOCTh, MOCTYIAIOIIYI0 B KOJBIIEBYIO
CETh C IIHMH MOJCTAHIUU A Y HAaUOOJIBIIYIO MOTEPI0 HANPSIKEHUS B MPOIIEHTAX OT
HaIpsHKEHUS Ha MIMHAX MOJICTaHIU A.

KOHmPOJleble eonpocasl:

1. Kakast Touka B ceTu Ha3bIBa€TCsl TOYKOW MOTOKOpasaena?
2. B uem otnuuue pacu€ra 3aMKHYTBIX CETE€l OT Pa30MKHYThIX?
3. AHaJIN3 pa3IMUHbIX PEKUMOB PAOOThI DJICKTPUUYECKON JTMHUM. Brusi-

HHUE €EMKOCTHBIX TOKOB Ha PEXMUMHBIE NTAPAMETPBHI.
4, AHaJIUTUYECKasi 3aBUCUMOCTb MEX1Yy HAMPSHKEHUSIMA Havalla U KOHIA
3BE€HA DJICKTPUYECKOMN CETH.
d. Pacuer HanpshokeHUMN B KOHLE M HA4dalle JIMHUM DJIEKTPOIIEpeNadyu B

PAa3JINYHBIX PCKUMaAX.
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Ilpakmuueckaa paboma Ne5

Pacuem PeHCUMOB 3AMKHYM bIX IJICKMPUUECKUX cemeil

Ileny: HAYYUTHCSA MPOBOAUTH IEKTPUUYECKHI pacyeT 3aMKHYTBIX 3JIEKTpHU-

YECKMUX ceTeH

Ocnoevl meopuu:

K mpocTbiM 3aMKHYTBIM CETSIM OTHOCSITCA KOJIBLIEBBIE CETH U CETU C ABYX-
CTOPOHHUM NUTaHUEM. KOIbLIEBYIO CETh MOKHO MPEBPATUTH B CETh C JIByXCTO-
POHHHUM ITUTAHUEM, €CJIM Pa3pe3aTh €€ MO UCTOYHUKY ITATAHUS.

Paccmotpum JIDII ¢ nByxcTopoHHUM niuTanueMm (puc. 5.1). U3BecTHBI:

. MOIITHOCTH Harpy3oK;
. CONPOTHUBJIEHUSA y4acTKOB JIOII;
. HaIIpsDKEHUS HA UCTOYHUKAX ITUTAHUA.

Heo6xonumo HaiiTu pacnpeaesneHne MouHocTeld Ha ydactkax JIDII. Pacuer

BBIIIOJIHUM IIPpHU CIICAYIOIMHX AOIIYHICHUAX!

. B JIDII oTCYTCTBYIOT OTEPU MOITHOCTH;

¥

¥

|un
&
o
()

1]

——
i
- b
L]
-4
bl
I =—+% X
bl

Pucynok 5.1 — JIunus snextponepeaay ¢ IByXCTOPOHHUM MUTaHHEM

IIpenmonoxum, 4T0 HaM U3BECTHA MOIIHOCTD, IPOTEKAIOIIAs Ha TOJIOBHOM
yuactke A-1. Torma momHocTr Ha Apyrux ydactkax JIOII onpenensrores no [ 3a-
koHy Kupxroda:

Sz = S12 = S1 - Sut;
S3= 523 = S2 - Sz = S1 - St - Su2;
S4= 538 = S3 - Su3 = S1 - Sut - Su2 - S
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[Tanenue Hanpspkenne Ha Mo6oM yuyactke JIDII paccuuteiBaercs mo dop-
MyJIe:
AU, =+3-1;-Z,
N3 dbopmynel s pacyera MomrHOCTH Ha ydactke JIOIT (S =3 -l: ‘U;)

HaWJIeM TOK y4acTKa:

S’ S, _«
AU =+3.— 3L .7 ==L.7
- \/§ ‘Qi Qi
[Ipn ydere BTOPOro AOMYHMIEHUS HOIYYUM:
AQFUSi-Z?

HOM

Haitnem naaenue Hanpsbkenus Bo Beeit JIDIL:

QA_UB:§1'Z;1+§2‘Z12+§3'Z;3+§4'Z;B

- U U U U

HOM HOM HOM HOM

401041

U,Up) U, =35 ‘Z/;l +3, 'ZL + 353 'Z;3 +35, 'Z;B'

B nosyueHHoe BBIpakeHHEe MOJCTaBUM 3HAYEHUS TOKOB YYaCTKOB:
UoUg) U, u=S1Za+(S1-S5,) 21 +(S1 S, —S.2) Zos +
+(S1 =S, =S —S.u3) Zsp
Brimonaum npeobpazoBaHus:
UaUp) U =S (Za+Zp+Zp3+2Z3p) S, (Z1y+Z 3 +2Z3) —
— S (L +2Z35)—S,5-Z35
CyMMBI CONIPOTHUBJIEHUH MTPEACTABIISIOT COOOM COMPOTHBIICHHMS:

(Za 425+ 2 +Z3p)=Zon; L0+ 23 +25) =215 (20 +Z35) =Z

Bripaxkenue MoxeM 3anucaTh CIeAyIOLUIM 00pa3oM:
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* * * * * 3 *
(L_JA_L_JB) 'UHOM :§1 'ZAB _§H1 'ZIB _§H2 ';213 —§H3 'Z3B :§1 'ZAB _Z§Hi 'ZiB

i=1
B IMOJIYYCHHOM BBIPAKCHUMU TOJIBKO OJHA HCU3BCCTHAA BCIMYMHA — MOII-
HOCTB IICPBOT'0 I'OJIOBHOI'O Y4aCTKa:
3 *
Z§Hi ) ZiB

§r0n1 :§1 = §A1 = (QA_QB) .UHOM + i=1

* *
Zag ZAB
Ecnu 661 MBI onpenensiin nageHue HanpspkeHus (U g —U , ) U BBIIOJHWIH
aHaJOTUYHbIE TPeoOpa3oBaHUs, TO HAILIM Obl MOIIHOCTH BTOPOrO T'OJIOBHOTO
y4acTKa:
3 *
Z§Hi ) ZiB

§FOH1:§1:§A1:(QA_QB).UHOM +i=]_ _

;AB ;AB

IIpum n Harpy3kax:

n *
.7
UaUU,, B

§ronl = §1 = §A1 Hom i<l _
Zap VAN
Z”: «
§1-1I ZiA
§r0n2 :§4 :§3B = (QB_L—Jé) .UHOM n i=1 _
Zap Zs

HpaBI/IJ'IBHOCTB IMOJIYYCHHBIX PaCUCTOB IOATBCPIKAACTCSA BBIITOJIHCHUEM Oa-

JJaHCa MOIIIHOCTH — PaBCHCTBOM HpOH3B€I[€HHOI>i J51 HOTpG6J'I€HHOﬁ MOIIIHOCTHU:
n
§ronl + §ron2 = Z§HI
i=1

3HaueHUsI YacTH MOIIHOCTEH YYacTKOB MOJydaTcs OTPUUATEIbHBIMH, T.€.
OHU UMEIOT OOpaTHOE HAMPABJICHHE MO OTHOLIEHHUIO K IPUHATOMY.

B o01eMm ciiydae pacuer pekuMa CeTH ¢ JABYXCTOPOHHUM MUTAHUEM MPOU3-
BOAMUTCS B KOMIUIEKCHOM (hopme. HO BOZMOXKHBI CIIEAYIOIIHNE YACTHBIE CIIyYan:

B oxHopomnoii JIDIT orHotienue X/ Rj y4acTKOB 0IMHAKOBO IO BCEH JUTMHE
JIDIL. O6o3HauuM 310 OTHOIIeHHWe OykBou M. [ns Takou JIDII peakTuBHOE CO-

MPOTUBJICHHUE YYaCTKOB MOKHO BBIPA3UTh aKTUBHOE - Xj = R;:m.
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n

Z§Hi 'ZiB Z§Hi : (RiB - inB) Z§H| : RiB (1_ Jm)
=1

§r0ﬂ1 = §1 = §A1 == * = - =k - =
Zx (Rag — X zB) Rup - @ jm)
n n n
Z§Hi : RiB Z PHi ) RiB ZQHi : RiB
_i=l _ il + ] i=1
Rap AB Rap

Takum oOpa3oM, aKTHBHBIE U PEAKTUBHBIC MOIIHOCTH T'OJIOBHBIX YYacCTKOB
PaCCUUTHIBAIOTCA HE3aBUCHUMO JAPYr OT Jpyra Mo akTHUBHBIM COMPOTUBJICHUSM
Y4aCTKOB.

Onuoponnas JIDII ¢ 0lMHAKOBBIM CEYEHHUEM IMPOBOJOB Ha ydacTkax. Jlms

takoi JIDII BelpakeHHe 3anuiIeM TakuM 00pa3oM:

n n n n
2Pi-Re  2Qu-Rpg 2PiNlsg 2Qufhls
:§1:§A1: i=1 + J i=1 — i=1 + J i=1 —
AB Rap o+ lap o - lap

S

~roinl

n
ZPHi ‘IiB ZQHi 'IiB
— i= + J i=1
IAB IAB

Takum 00pa3oM, aKTUBHBIE U PEAKTUBHBIE MOITHOCTH T'OJIOBHBIX YYaCTKOB
PACcCUUTHIBAIOTCS HE3AaBUCUMO JIPYT OT ApYra Mo JJIMHAM y4acTKOB.
Onnoponnas JIOII u onuHakoBeIil cosp Harpy3ok. s takou JIDIIT Beipa-

KCHHUC 3aIllMIIICM TakK:

n

_ Z Pii - Rip _ Z Pi -19¢ - Rig _
Pronl + JQronl = = + J =L = Pronl + JPronl tg(P
RAB RAB

Takum 00pa3oM, peakTUBHBIE MOIITHOCTH T'OJIOBHBIX YYaCTKOB MOJKHO pac-
CUUTBHIBATh 110 AKTUBHON MOIIHOCTH 3TUX YYaCTKOB.

3aoanue:

3aoaua Nel

JIns cxeMbl CE€TH, MPUBEICHHBIA HAa PUC. S, BBINOJHUTH PacyeT IMOTOKOB

MOIIHOCTH, IOTEPh MOIIHOCTY U MAaJCHUN HAIPSIKEHUN B JIMHUSX, HAIPSOKCHUN B
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y3jax, B TOM 4YHUCJIC Ha IIWHAX BTOPUYIHOI'O HAIPSAKCHUS TTOACTAHIINU. I/ICXOI[HaH

uHOpMaIIUs O MapaMeTpax CXeMbl CeTH U Harpy3Kax y3JIOB, HANPsDKEHUS HA IIH-

HaxX MUCTOYHHMKA MUTAHUSI A IMPUBCACHA B tabi. 5.1.

PC3YJIBTaTBI pacdeToB NPEACTABUTL B BHAC CXCMbl C HAHCCCHHBIMU Ha HCC

IIOTOKaMHU MOIIMHOCTH B HA4YaJIC U B KOHIC KAXIAOIO y4aCTKa, HAIIPSKCHHUAMHU BO

BCCX Yy3JIaXx.

Pucynok 5.2 — CxemMa 3aMKHYTOU CETH

j% L . 5,

Tabnuua 5.1 — Mcxoanas nHbopmalius o mapameTpax CXembl U pekuma

} Harpy3ku B
[
= y3aax (MB-A) | Hanp
CeyeHHUSIIPOBOIOB -
S p Y4aCTKOB CETH Tun a1 Mo U KOOYppuum- | sKe-
5 AJTMHBI (KM) HOCTh
2 ancdopmaro- CHTEI MOTIE e
= P poB HOCTH Ua,
>
B
E A—l Lo A Si/cos | Sa/co K
Q1 S@2
AC —240/32| AC —240/32| AC —240/32
) TPJIH- 45 52 120
40 18 50 l40000/115/10,5/10,5 | 0,95 |0.92
AC —240/32| AC —120/19 | AC —240/32
) TPJIH- AT 150y
38 25 40 140000/115/10,5/105 | 09 |0.95
AC —-185/29| AC —-185/29 | AC —185/29
; TPJIH- ST 138 g
28 15 32 15000/115/10,5/105 | 095 | 0.9
AC —240/32| AC —240/32| AC —240/32
. TPJIH- S 135 05
40 20 40 125000/115/10,5/105 | 0,94 |0.95 !
i AC —240/32] AC —240/32| AC —240/32 TPITH- 38 56 118
45 30 50 140000/115/10,5/105 | 0,92 | 0,95
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. AC —240/32] AC —240/32| AC —240/ 32 TPJIH- 55 238
50 30 60 40000/230/11/11 0,92
. AC —240/32| AC —240/32| AC —240/ 32 TPIIH- 100 80 2375
60 30 50 63000/230/11/11 | 095 |0,94 !
. AC —240/32| AC —240/32| AC —240/32 TPJILH- 95 | 88 239
45 25 60 63000/230/11/11 | 09 |093
. AC —-300/39 |AC —300/39 |[AC —300/39 TPILH- 100 130 240
60 40 70 100000/230/11/11 | 092 | 0,95
AC —240/32 |AC —185/29 |AC —240/32 TPJIH- a4 50
10 40000/115/10,5/10, | —— — 118
30 20 40 5 0,95 0,9
AC -185/32 |AC -120/19 |AC —185/32 TPJIH- 38 34
11 25000/115/10,5/10, | —— — | 1175
28 18 32 c 0,95 | 093
s AC —240/32|AC —-240/32 |AC —240/32 TPJILH- 90 85 238
56 28 44 63000/230/11/11 | 093 | 0,92
y AC —300/39 |AC —240/32 |AC —240/32 TPILIH- 100 | 87 239
50 30 60 63000/230/11/11 | 094 | 091
y AC —300/39 |AC —240/32 |AC —300/39 TPJILIH- 100 120 240
80 40 70 100000/230/11/11 | 095 | 0,92
Konmponvnwvie éonpocwt:
1. Kakue cetn HazpiBaroTCs 3aMKHYThIMU? Ha3oBUTE BUJIBI 3aMKHYTBIX
cereil. B uem ux npeumMyiecTBo?
2. UTo NOHUMAIOT MOJI PACYETHOM HArpy3KOH y3j1a 3aMKHYTOM ceTu?
3. Ha kakux yclIOBHUSX OCHOBAHO BBIpaK€HUE JJIsl pacdeTa pacrpeiese-

HUA MOH.IHOCTCﬁ B JIMHUU C ABYCTOPOHHHUM nuTaHueM? 3aluIInTe 3TO BBIPAKCHHUC

B 00IIIEM BHJIE.

4, B kakux Cly4dadx B JIMHHU C JBYCTOPOHHHUM IIUTAHHUEM IIOABJIACTCA

YPaBHUTENbHAS MOIIHOCTH?
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S. MoxeTr 1M B CeTH C ABYCTOPOHHHUM IIMTAHUEM IIOTOK PEAKTMBHOM

MOIIIHOCTHU OBITh HAIIPABJIEH HABCTPEUY MOTOKY aKTUBHON MOIIHOCTH?

6.  Uto Takoe TOUYKa OTOKOpa3Jeia U Kak OHa BelOupaercs?

7. KakoBbl 0COOEHHOCTH ITpaBUiIa MOMEHTOB JUIsl OJJHOPOAHOU ceTh?

8. Kak yToOuHUTBh OTOKOpACIpeeIeHHE C Y4ETOM OTEPh MOLTHOCTHU?

9. Kak BBINOJHAETCS pacyeT pekuMa JIMHUU C JIBYyCTOPOHHUM IHUTAaHU-

€M, €CJIM TOYKHU MOTOKOpa3jesia Mo aKTUBHOW U PEaKTUBHOW MOIIHOCTSIM HE COB-
nagaroT?
10. Kak mpoBepuTh MPaBUILHOCTh pacdyeTa TOKOB B JJUHUU C JIBYCTOPOH-

HUM ITUTAHHUEM?

Ilpaxmuueckaa paboma Neb
dnemenmuvl NPOEKMUPOBAHUA ITNEKMPUUECKUX Cemell

Ilens: puoOpecTy HABBIKM BBHIOOpA AJIEMEHTOB U MPOCKTUPOBAHUS DJICK-
TPUUYECKUX CETEU

OcHoébl meopuu:

B TexHuueckom 3ajaHUU HA MPOCKTUPOBAHKE OOBIYHO MPUBOJATCS MOIIIHO-
CTH Harpy30K ¢ yKa3aHUEM COCTaBa MOTPEOUTENICH 10 KaTeropusiM HaIKHOCTH UX
AJIEKTPOCHAOKEHHUSI, Hanbojee XapakTepHbIE CYTOYHBbIE TpauKu HArpy30K WU
BpEMs HMCIOJIb30BaHUSI HAWOOJbINEH HArpy3Kd B TOJy, BTOPUYHOE HAIpSKECHUE
MOACTAaHIIUNA. UX PACHOJIOKEHHE OTHOCUTENIBHO JIPYT JPYyra U BO3MOXHBIX HCTOY-
HUKOB MUTaHUs, YKa3aHUS O BO3MOXHBIX MyTSAX JajdbHEWIIEro pa3BuUTHsA ceTu. B
psifie caydaeB 3aJlaHHe Ha MPOCKTUPOBAHHUE COACPKUT YKazaHUs O IeIecoodpas-
HOCTH MPUMEHEHUS T€X WM UHBIX CPEJCTB YIIPABICHUS PEKUMAMU CETH B CBSI3H C
HaJIMYUEM B CYIIECTBYIOIIEH CHCTEME OIpeeICHHBIX aBTOMATHUYECKUX YITPaBIIS-
FOIIUX YCTPOMCTB U CUCTEM.

B npoiiecce mpoekTupoBaHus Ha OCHOBAHUM UCXOJIHBIX JTAaHHBIX, UMEIOIITNX-
Csl B TEXHUYECKOM 3aJlaHuU, BEIOMPAECTCSI HOMUHAJIBLHOE HAIPSKEHUE, PallMOHAIb-

Has CXeMa CEeTH, CEUYEHHUs MPOBOJOB U Kabelyiel JTuHUM, 00pa3yloluX CeTh; OIpe-
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JIeNAeTCsSs MOIIHOCTh U YHCIIO TpaHC(HOPMATOPOB MU aBTOTPaHCPOPMATOPOB Ha
MOJICTAHLMSX; pa3paldaThIBAIOTCS CXEMbl UX 3JEKTPUUYECKUX COCIMHEHUM; OLICHU-
BaeTCsd HEOOXOAMMOCTh YCTAHOBKHM Ha TMOJACTAHIMSX HCTOYHHKOB pPEAKTUBHOMN
MOIIHOCTH ¥ HUX HanboJjiee SKOHOMHYHOE Pa3MEIICHHE; ONMPEACIAIOTCS CPEeCTBa
pEeryJaupoBaHus HAIPSXKEHHUS.

B Hacrosimiee BpeMsi B MpaKTUKE MPOCKTUPOBAHUS DJIEKTPUUYECKHUX CETEH
IPUMEHSETCS METOJl BAPUAHTHOIO COIMOCTABJIEHUS HA OCHOBE OMNPEIECIECHUS IMpH-
BeJleHHbIX 3arpaT. [Ipeamonaraembie BapuaHThl COOPY>KEHUSI CETH MOTYT OTIIU-
YaThC HOMMHAJIBHBIM HANpsDKEHUEM, KOH(UTypalueil cXeMbl, UMETh Pa3HYyIo
HAJIe)KHOCTh JJIEKTPOCHAOXKEHUsSI MOTpeOUTeNnel B TEX clydasx, KOorja 3TO BO3-
MO’KHO, HO JTOJDKHBI OBITh TEXHHYECKH OCYILIECTBUMBI U yJIOBJIETBOPSATH HEOOXO-
JUMBIM TpPeOOBAHMSIM. TOJIBKO TaKWE€ BapHAHTHI 3JIEKTPUUYECKON CETH MOIJIeKaT
JalbHENIIEMY 3KOHOMHUYECKOMY aHAJINU3Y C 1I€JIbI0 BBISBJICHUS HauOoJyiee panuo-
HAJIBHOTO U3 HUX, NIPUYEM KpPUTEPHUEM JUIsl OLEHKH HamOoJjiee 1e1ecoo0pa3Horo
BapUaHTa SBJSETCS MUHUMYM IpPHUBEACHHBIX 3aTpaT. Eciu ke pa3iauuue B MpuBe-
JICHHBIX 3aTpaTax CONOCTABJISEMBIX BAPUAHTOB JIEKUT B IIPE/IEIaX TOUHOCTH 3a/1a-
HUS UCXOAHBIX JTAHHBIX, TO JJI1 OKOHYATEIbHOTO PEIICHUS] IPUHUMAIOTCSI BO BHU-
MaHUE JIONOJIHUTEIbHBIE XapaKTEPUCTUKN BapHAHTOB, @ UIMEHHO YCJIOBHS 3KCIUTY-
aTalyu CETH, BO3MOKHOCTb €€ JaJIbHEMIIIEr0 pa3BUTHUS, HAJIUYHS CPEIU BAPUAHTOB
ceTH ¢ 0oJiee BBICOKUM HOMHHAJIBHBIM HaIPSKEHUEM, HEOOXOAMMbIE CPEICTBA pe-
T'YJIMPOBAHUS HANPSKEHMsI, HauboJjee MpocTas BO3MOXKHOCTh BBEIACHUS JTOTOIHH-

TCJIBbHBIX CPCACTB aBTOMATU3all CCTH U MHOT'OC APYTOC.

3aoanue:

3aoaua Nel

3agaHa cxeMa ceTu, npuBeAeHHas Ha puc. 6.1 McxoaHble JaHHBIE 10 y4acT-
KaM CETH U O Harpy3kax MpuBejeHbI B Ta0. 6.1

TpeOyercs:

1. Onpenenuth MOTOKM MOIMHOCTH HAa ydacTKax ceTh 0e3 ydera ToTeph

MOIIHOCTH, IT0JIaras, 4To CCThb OJHOPOAHA.
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2. BoiOpaThe HOMUHAIbHBIE HAMPSOKEHUS JUJIsI KQKIOTO Y4acTKa CEeTH MO OJI-
HOW U3 IMIHUPUYECKUX (HOPMYII, IO 30HAM SKOHOMHUYECKUX HOMHHAIBHBIX HApsi-
KEHUN U 1Mo Tabaunam, XapakTepHU3YIOIIUM IPOIYCKHYIO CIIOCOOHOCTh U Jlajb-
HOCTb II€peayu JIMHUM Pa3HBIX HAIIPSKECHUMN.

3. BbIOpaTh 4nciI0 U MOLTHOCTH TPAaHC(HOPMATOPOB HA MOJACTAHLIMSIX.

4. Ha Bcex ydacTKax OIPENENNUTh CEYEHHS 110 3KOHOMHUYECKOM IUIOTHOCTH
TOKA.

5. IIpoBepuTh BBIOpAaHHBIE CEUEHUS IO YCJIOBUSAM JIOIyCTUMOIO HarpeBa B
ITOCJIEABAPUMHBIX PEKUMAX.

Pe3ynbTaThl pacdyeToB NpecTaBUuTh B BUAE:

1) CTpyKTypHOI CXEMBI CETH C pe3ysbTaTaMu pacyeToB IO BHIOOPY mapa-
METPOB CETH;

2) 1abn. 6.2 u 6.3

Pucynok 6.1 — Cxema cetn

Tabnuma 6.1 — McxonHble JaHHBIE TIO JUTMHAM JIMHUM U TIO HAarpy3Kam

;'3 < JUUTHHBI Y9aCTKOB, KM Harpy3ku y3iaos, MB-A

.-

= £

S EA-101-2A-2]2-3|2-4| & S Ss S
1 | 50 | 35 | 70 | 30 | 25 | 80+j50 | 30+j15 | 42+j17 | 20+j10
2 | 75 | 30 | 55 | 28 | 23 | 85+j40 | 42+j18 | 30+j20 | 23+j17
3 | 8 | 38 | 58 | 32 20 | 90+j45 | 29+j17 | 40+j15 | 24+j10
4 | 70 | 40 | 60 | 36 19 | 92438 | 35+j14 | 50+j18 | 19+j8
5 | 90 | 45 | 100 | 38 21 | 98+j44 | 38+j14 | 45+j20 | 28+j16
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6 74 | 42 | 58 34 27 [1014j50 | 50+j25 | 28+j14 | 25+j12
7 82 | 48 | 60 37 26 | 94+j40 | 55+j19 | 30+j15 | 26413
8 76 | 37 | 65 40 23 |108+j60 | 49+j20 | 40+j18 | 30+j15
9 87 | 42 | 62 32 18 | 86+j35 | 50+j25 | 39+j19 | 23+j16
10 | 65 | 30 | 76 | 30 16 | 95+j47 | 39+j20 | 46+j17 | 18+j10
11 | 36 | 15 | 42 19 12 | 45419 | 23+j14 | 14+j7 4+j2
12 | 38 | 18 | 32 20 16 | 38+j14 | 20+j10 | 12,544 | 643
13 | 30 | 20 | 46 16 11 | 35+j17 | 19+4j8 | 14+5 7+j4
14 | 35 | 28 | 40 17 14 | 48+j20 | 16+j8 | 16+j8 | 52+j2.8
15 | 44 | 25 30 19 12 | 45+j20 | 224j9 | 17+j5 | 4,2+j1,8
16 | 50 | 30 | 45 21 15 | 41+j19 | 20+j8 | 15+j7 | 6,843
17 | 37 | 19 | 40 18 14 | 44+j20 | 21+j9 | 1144 | 6,442
18 | 52 | 17 | 38 20 16 | 39+j13 | 27+j9 | 13+j6 | 5,543
19 | 44 | 22 | 42 16 12 | 40+j20 | 24+j12 | 155+j4 | 4,5+15
20 | 48 | 25 | 45 17 13 | 47+j18 | 22+j7 | 1645 | 5+j25
Tabnuna 6.2 — Pe3ynbTathl penieHus 3a1auu
Homep yuyacTka
2-3
IHapameTtp
A-1 1-2 A-2 (oaHOM 1€- 2-4
11070

PacueTHbIil TOK, A

PacueTHOE ceueHue, MM

2

CrangapTHOE CeueHUE,

MM2

Tabnuna 6.3 — Pe3ynbTaTsl MPOBEPKH CEUCHUI MTPOBOJIOB IO HATPEBY

Howmep

y4yacTka

JonmycTumblit
TOK 10

HarpeBy aJis

Tok, A, B pe:kume

HOPMAJIbLHOM

N0CJIeABAPUITHOM NPH OTKJIIOYECHUH

y4yacTka
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BbIOPAHHOTO 2-3
ceuyeHus, A A-1 1-2 A-2 | (ogHoii | 2-4
HernHn)
A-1
1-2
A-2
2-3
2-4
3aoaua Ne2

3anana cxeMma snekTpudeckoi cetn 10 kB, npuBeneHHas Ha puc. 6.2 J{muHbL

Y4aCTKOB CCTH, HArpy3Ku IIPpUBCIACHBI B TabI.

19. Bpems wucnosib30BaHuA

HauOoNIBIMX HArpy3ok mpuHATh 7, =51004, 7., =42004, T, =3500y,

T

H

30BaBIINMCHh MCTOAOM AKOHOMHUYECKOM MIOTHOCTHU TOKA.

Pucynok 6.2 — Cxema cetu 10 kB

o1 =15 =4500 u. BeiOpath ceueHuns NpoBOIOB 1JIsl yYACTKOB CETH, BOCIIOJIb-

Tabnuma 6.4 — Vicxonuele JaHHBIE TIO JJIMHAM JIMHUN U TI0 HAarpy3Kam

- = JINMHBI JIUHUA, KM Harpyska, MB-A
Q =
g % Al| 12|23 14 | 45 | > > 5 >
= = COS¢, | COS@, | COSp, | COS@p, | COSQ.
0,4 0,6 01 0,3 0,2
1 o ’ ’ : e
° 2 4 2 2 0,9 0,92 0,92 0,95 0,69
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0,7 0,2 0,2 0,5 0,4
2 4 2 1 1 0,95 0,95 0,87 0,9 0,92
0,6 0,4 0,3 0,6 0,2
31623 2| 093 | 09 | 088 | 092 | 09
0,9 0,6 0,2 0,5 0,2
ol R R L %05 | 09 09 | 087 | 09
0,5 0,4 0,3 0,4 0,3
I I I 1 0oz | 09 | 095 | 092 | 095
0,4 0,3 0,2 0,5 0,2
6 14 Lo 2| %92 | 09 09 | 089 | 095
0,3 0,2 0,2 0,3 0,4
! 4 2 3 2 0,92 0,93 0,9 0,95 0,95
0,6 0,5 0,1 0,5 0,3
816 3]3 41 095 | 09 | 092 | 092 | 089
0,8 0,4 0,3 0,4 0,3
d 4 3 2 2 0,95 0,95 0,93 0,9 0,93
09 0,3 0,2 0,4 0,3
10 3 1 2 2 0,93 0,89 0,9 0,87 0,9
Tabnuna 6.5 — Pe3ynbTatsl penieHus 3aaauu
Homep Tok yuacr- Pacuernoe | CranpaptHoe | JlomycTumbli
ceueHue, ceyeHue, TOK TI0 HAarpe-
y4acTka Ka, A » 2
MM MM BY, A
A-1
1-2
2-3
1-4
4-5
3aoaua Ne3

OrnpenenuTh ceyeHusl NPOBOJOB YYaCTKOB ceTu Hamnpsbkennem 10 kB, npu-
BEJICHHOW Ha puc. 6.3, Mo AOMYCTUMON MOTepe HampsikeHus, paBHou 6 %. Un-
dbopMarusi 0 ATMHAX YYaCTKOB CETH M Harpy3kax B y3Jax IpelcTaBieHa B TaOJl.

21. YienbHy0 NpOBOAMMOCTh MaTepHalia MPOBOJIOB NPUHSTH Y = 32

M

>
OM - MM
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PacueTnl BBINOJIHUTD IJI1 yCJIIOBUA: CCUCHHA IIPOBOAOB OAMHAKOBBI HA BCCX

y4acTKax CCTH.

Pucynok 6.3 — Cxema cetu

Tabmuma 6.6 — MicxoaHble maHHBIC O JJIMHAM YYacTKOB CETH W IO HArpy3-

KaM
Homep JJINHBI yYaCTKOB CeTH, KM Harpysku, MB-A
BapuaHTa A-1 1-2 2-3 S S2 Ss
1 5 4 2 0,8+j0,4 0,5+j0,2 0,7+j0,3
2 7 1 3 1,5+j0,8 1+j0,4 0,8+j0,4
3 5 6 2 0,7+j0,3 0,6+j0,2 0,5+j0,2
4 5 3 4 1,2+j0,6 0,9+j0,4 0,4+j0,1
5 4 4 2 0,9+j0,5 0,6+j0,3 0,7+j0,3
6 6 4 2 1,6+j0,4 0,7+j0,4 0,3+j0,1
7 5 3 2 1,2+j0,5 0,6+j0,2 0,5+j0,2
8 2 5 1 0,9+j0,4 0,5+j0,2 0,4+j0,1
9 5 3 2 0,7+j0,3 1+j0,4 0,3+j0,1
10 2 4 5 0,8+j0,5 0,5+j0,2 0,5+j0,1
Konmponwvuwvie gonpocor:
1. Kakue mapamMeTpsl SBISIFOTCS PEIIAIONTUMU TTPU BEIOOPE HOMUHAIBHO-
IO HaIpsKEHUs JTUHUU?
2. Uto mnpeacTaBistoT coO0KM SKOHOMHUYECKHE O00JIACTH HOMHHAIBHBIX
HanpsoKeHUN?
3. KakoB ¢u3ndeckuii CMbICII SKOHOMUYECKOM MIIOTHOCTH TOKA?
4, Hcxons U3 Kakoro pexuma BBIOMPAIOT CEYEHMs M0 3KOHOMHUYECKOU

IUIOTHOCTU TOKA: peXHMMa HauOOJBIIMX HATPY30K, HAUMEHBIIMX Harpysok, Io-
cieaBapHuiHbIX pexxuMoB? [louemy?
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S. B kakux KOOpAMHATaX CTPOSATCS IKOHOMHYECKUE MHTEPBAJIBI Harpy-
30K?

6. [ToueMy M KaK PKOHOMHYECKAs ILUIOTHOCTh TOKA 3aBHUCUT OT BPEMEHU
MCIIOJIb30BaHUsI HAaNOONbIIEH HATPY3KHU?

7. s Kakux peKMMOB MPOU3BOJUTCA MPOBEPKA CEUEHUIN MPOBOJIOB IO
HarpeBy? [Touemy?

8. JI1st KakuX ceTel MedeHre MPOBOa BEIOMPAIOT MO AOIMYCTUMOM MOTe-
pe Hanpsikenus? [louemy?

9. KakoBa nociie1oBaTenbHOCTh BBIOOPA MPOBOJAHUKOB JUHUMI MO JTOMY-
CTUMOU ITOTEPE HAIIPSKEHHUS?

10. Kakue AONONHUTENbHBIE YCIOBHUS MPUMEHSIOTCS TMPHU BBIOOPE MPO-
BOJHUKOB 10 JOIYCTUMOI noTepe HanpspkeHus? KakoBbl 001aCTH UX KCIIONB30-
BaHUS?

11. B yem ocoOeHHOCTH BhIOOpaA CEUCHHUI MPOBOAOB IO JIOMYCTUMOM I10-
Tepe HANPSKEHUS B Pa3BETBICHHBIX CETAX?

12. KaxoBa 3aBUCHMOCTb UHIYKTUBHOTO COTIPOTUBIICHUS MMPOBOJIOB OT UX

ceueHus?

13. Kakue HammeHbIIME CEYEHHUS aTIOMHUHHEBBIX M CTaJICATFOMHUHEBBIX
MPOBOJOB JIOMYCKAKOTCA IO YCJIOBHK MEXAaHUYECKOW MPOYHOCTH ISl JIMHUU
HanpsikeHueM Boime 1 kB?

14. Ot yero 3aBUCHUT JOMYCTUMBIN TOK MO HATPEBY JIMHUM DJIEKTPOTIEpe-
naqu’?

15. Yem 00yCJIOBJICHO OrpaHUYCHUE HAUMEHBIITUX JOMYCTUMBIX CEUCHUM
poBOAOB JIMHUI HanpsikeHus 110 kB u Beime?

16. Kakomy ycrnoBUIO TOJKHBI yIOBIETBOPSITH MPOBOJA BO3IYIIHBIX JIM-

HUU C Y4€TOM BO3MOKHOCTH IOABJICHUA KOpOHI)I?

Ilpakmuueckas paboma Ne7

Pezyﬂupoeanue HANPAIICCHUA 6 ITIEKMPUUECKUX CemAX
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Ilens: M3y4nTh CPEACTBA PETYIUPOBAHUS HAIPSIKEHUS B PACIpPEAEIUTENb-
HBIX CETAX

Ocnogvl meopuu:

Hanpspokenue B y3max CETH ITOCTOSSHHO MEHSIETCS M3-3a U3MEHEHHUs Harpys-
K{, peKUMa pabOThl UICTOYHUKOB [TUTaHUS, CXEMBI CETH.

Pexum HanpskeHUIl B 3JIEKTPUYECKON CETH JOJKEH OBITh TaKUM, 4TOOBI
obutn BeimoHEeHbI TpeOoBaHust [OCT B OTHOIIEHWH TOMYCTHUMBIX OTKJIOHEHHM
HAIIPSDKEHUS IS DJIEKTPOIPUEMHHMKOB, KOTOPBIE MUTAKOTCSA OT 3TOM CETU. 3Ha4e-

HHUS OTKJIOHCHHMU HAIIpsHKCHUA 4aCTO HPCBBIIIAIOT AOIMYCTUMBIC I10 CIICAYIOIIHUM

MIPUYNHAM:
. 0o0JIbIlINE IOTEPU HAIIPSKEHUS B CETH;
. HEIpaBUJIbHBIM BBIOOP CEYEHHI TOKOBEAYLIMX HJIEMEHTOB M MOIIHO-

CTH CHUJIOBBIX TPaHC(POPMATOPOB;

. HEIPAaBUWIbHOE [IOCTPOEHUE CXEMBI CETH.

OuyeHp 4acTo 3TH NPUYMHBI BO3HUKAIOT NP PA3BUTUU CETH, NIPU €€ PEKOH-
ctpykiuu. [loatoMy uToOBI 0OeceunTh HEOOXOIUMBIE OTKJIIOHCHHS HAIPSHKCHUS
Ha MIMHAX AJIEKTPONPUEMHHUKOB CIEAYET PUMEHATH PETYJINPOBAHUE HATIPSIKEHNUS.

PerynupoBanueM HanpspKEHUS HA3bIBACTCA INPOLIECC MU3MEHEHMS HallpsiKe-
HUsS B XapakTEpHBIX TOYKAaX CETH C IMOMOIUBIO CIEHUATIBHBIX TEXHUYECKHUX
CPEACTB.

Crioco0bl peryanpoBaHus HaNPsKEHUS! BO3HUKIIM ¢ BOBHUKHOBEHUEM dJIEK-
TPUUYECKUX ceTell. MIX pa3sBUTHE IPOUCXOANIO OT HU3LIUX YPOBHEHN YHIPaBICHUSA K
BbIcIIMM. CHaudasia MCIOJIb30BAJIOCh PETYJIMPOBAHUE HANPSKEHUS B LEHTpaX IH-
TaHUS PACIpPEACTUTENbHBIX CETEH 1 HETIOCPEICTBEHHO Y OTpeduTeNell 1 Ha SHEep-
ro0jokax anekTpocTtaHuui. Cedyac 3TH METOJbl PETYyJIMPOBAHUS HAIPSKEHUS
Ha3bIBAIOTCA JoKanbHbIMU. [0 Mepe pa3Butus cereil 1 00bEINHEHUS UX B KPYII-
HbIE PHEPrOCUCTEMBI BO3HUKJIA HEOOXOIMMOCTh KOOPAMHUPOBATH pabOTy JOKAIb-
HbIX MeToA0B. KoopauHrnpoBaHre OTHOCUTCS K BBICIIMM YPOBHSIM PETYJIMPOBAHUS

HaIpsKEHUS.
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JlokanpHOE PETYTHPOBAHUE MOXKET OBITh IECHTPATU30BAHHBIM U MECTHBIM.
[leHTpanu3oBaHHOE yIpaBJICHUE BBIMOJHIETCSA B LIEHTpax NMutanus. MecTHoe pe-
I'YJIUpOBaHUE MPOBOJUTCA HEMOCPEICTBEHHO Yy ToTpebuteneil. PerymmupoBanue
HaIpPSHKEHUS B LIGHTPAX MUTAHUS TPUBOAUT K U3MEHEHUIO PEKUMA HAMPSHKEHUS BO
BCEU CceTH, KOTOpasi MUTAETCS OT Hero. MecTHoe peryaupoBaHUE MPUBOJUT K M3-
MEHEHHUIO peKUMa HaNPsHKEHUS] B OTPaHUYCHHOM YaCTH CETH.

OBH

a)

OHH

Pucynok 7.1 — Cxema PIIH ¢ peaktopom

Paccmotpum npunnmnuansyto cxemy ycrpoiictBa PITH ¢ peaktopom (puc.
7.1).

O6moTKa BhICIIET0 HanpskeHus TpaHchopmaropa ¢ PITH coctout u3 nByx
qyacTeil: HeperyJInpyeMoil Ui OCHOBHOM (@) U perynupyemoii (0).

Ha perynupyemoit yact 0OMOTKH UMEETCS psii OTBETBJICHUN K HETOABUK-
HbIM KOHTakTaMm 1, 2, 0, -1, -2. OTBeTBIeHUs 1, 2 COOTphIe BKIIOUEHBI COTJIACHO
BUTKaM OCHOBHOH 0OMOTKH. IIpm BKItOUeHHMHM OTBeTBiICHHH 1, 2 K03 dHUIHUCHT
Tpancopmaru ypenuuuBaercs. OTBeTBiIeHUS —1, -2 COOTBETCTBYIOT YacCTH BUT-
KOB, KOTOPBIC BKJIFOUEHBI BCTPEYHO 1O OTHOIIICHUIO K BUTKAM OCHOBHOM OOMOTKHU.
Wx BKJIIOYEHHE MPUBOJIUT K YMEHBIIIEHUIO Kod(duiinenta Tpanchopmaluu.

OCHOBHBIM BBIBOJIOM OOMOTKU BBICILIETO HAMPSIKEHUS SBISIETCS HYJIEBOM
BbIBOJI. C HETO CHUMAETCS HOMUHAJIBHOE HAIPSKEHUE.

Ha perynupyemoii yact 0OMOTKH €CThb NepeKiItoyaroiiee ycTpoictro. OHO

COCTOUT W3 MOABMKHBIX KOHTAKTOB B M T, KOHTakTopoB K1 u K2 u peakrtopa P.
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CepenvHa OOMOTKH peakTopa COEAMHEHAa C HEPEryJIHpyeMOil 4acThbl0 OOMOTKH
BBICILIETO HampspKeHHUsl TpaHcpopmartopa. B HOpmanbHOM pexume paboThl (6e3
NEPEKIIIOUEHHUS) TOK Harpy3ku OOMOTKHM BBICIIETO HAIpPsDKEHUS MPOTEKAET depes
pPEaKTop U pacHpenesseTcs MOPOBHY MEXIy MOJIOBUHAMU 0OMOTKHU peakTopa. [1o-
ATOMY MarHUTHBINA IIOTOK MaJ U IOTEPSI HANPSIKEHUS B PEAKTOPE TOXKE MaJa.

[lepexntodeHrs: BBIIOJHAIOTCS cilenyromuM oOpaszoM. IIpenmnonoxum, 4to
HEOOXOMMO TEPEKITIOUUTHCS C OTBETBIICHUS 2 Ha oTBeTBiIeHUE 1. J[ns 3TOrO OT-
KJirouaercs KoHTakTop K1, mepeBoauTcest moABHKHBIN KOHTAaKT Ha OTBETBIICHUE | U
BHOBB BKJIt04aercst KoHTakTop K1. B pesynbrare atux aercrsui cekius 1 - 2 oka-
3bIBAETCS] 3aMKHYTOM Ha peakTop. 3HAYUTENbHAsI MHAYKTUBHOCTh peakTopa orpa-
HUYMBACT YPABHUTEIBHBIA TOK, KOTOPBII BO3HHMKAET M3-32 HAJIMYMUS HAIPSDHKECHUS
Ha cekumu 1 — 2. 3areMm OoTKIIO4aeTcss KOHTakTop K2, mepeBoauTces mMOABHKHBIN
KOHTAKT I Ha OTBETBJICHHE | U BKIItoUaeTcsa KoHTakTop K2.

PeakTop ¥ BCce MOABMKHBIE W HEMOJBHMKHBIE KOHTAKTHI MEPEKIIOYAIOIIETO
yCTpoOMCTBa pa3Mmeniatorcst B 0ake TpaHcpopmaropa. KOHTaKTOpHI TOMEIIAIOTCS B
OTIEJIBHOM KOXKyxe. OH 3aJUT MaciioM U pa3MelleH CHapyXu 0aka TpaHchopMma-
TOpa. DTO 00JIeryaeT peBU3HI0 KOHTAKTOB U CMEHY Maciia.

Ilepexirouareny ¢ peakTOpaMH PacCUMTAHbl HA JUIMTEIBHOE NPOTEKaHUE
TOKa Harpy3ku. Ho peakTop sBIs€TCS TSKEIbIM U IPOMO3JIKHM 3jeMeHTOM. 1lo-
ATOMY MEPEKII0YAIOIINe yCTpoiicTBa TpaHchopmaTopoB HampsbkeHue 220 kB u
BbIILIC BBIMOJIHAIOTCS HA AKTHUBHBIX CONPOTHUBIEHUSAX. UTOOBI CHU3UTH MOTEpU
AIEKTPOIHEPTUH B TAKMX YCTPOMCTBAX, MX PACCUMTHIBAIOT Ha KPATKOBPEMEHHYIO
paboty. YCTpOHCTBO NMOJIy4aeTcsl KOMIAKTHBIM, HO TPeOyeT MPUMEHEHHSI MOIIHBIX
OBICTPOICHCTBYIOMIUX MPUBOIOB. [IpHHIMT NEWCTBUS TaKUX YCTPOUCTB PacCMOT-
pUM Ha ipuMepe aBToTpaHchopmatopoB HanpskeHuem 220 — 330 kB.

YerpotictBo PITH aBToTpanchopmaTopa pacronokeHo B JIMHEHWHOM KOHIIE
oOMOTKM cpeaHero HampsikeHus (puc. 18.4). Ilpu TakoMm pacmoniokeHuu yCTpoi-
ctBa PITH u3menserca ko3@puuueHT TpaHchopMaluu MEXIYy OOMOTKAMHU BbIC-
niero u cpeaHero HampspkeHuid. Koadduuuent tpanchopmanmu mexay oOMOTKa-

MM BBICHIETO M HU3IIETO HAampshKeHUs: He u3MeHsiercs. CHavana ycrpoiictso PITH
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aBTOTPaHC(POPMATOPOB BBIMOIHAJIOCH BCTPOCHHBIM B HEHTpaib, Kak y TpaHchop-
maTopoB. [Ipu perynupoBanuu u3MeHsIcs KO3GGUIMEHT TpaHCPOPMAITTH MEXKITY
BceMHr oOMoTKamu. [Ipy TakoM BBIMOJHEHUHU TPYAHO OBLJIO COTJIACOBATH TpeOOBa-
HUS [0 PETYJIMPOBAHUIO HANPSLKEHUS] Yy MOTpeOUTeNell Ha CTOPOHAX HU3KOro U
cpenHero HanpsbkeHuil. [Ipu pacnionoxxenun ycrporictsa PITH B imHetHOM KOHIIE
OOMOTKH CpEIHETO HanpsHKEeHUs 0OMOTKA HU3IIETr0 HAMPSHKEHUs OKa3bIBAETCS He-
perynmupyemoii. Eciii Bo3HHKaeT HEOOXOIUMOCTh PETYIHPOBAHUS OOMOTKU HU3-
HIETO HaIpsKEHUs1 aBTOTpaHchopmaTopa, MocCieI0BaTeIbHO ¢ 0OMOTKOW HU3IIETO
HaIPSHKEHUS BKIIFOYAIOT JIMHEWHBIA perynsaTop. C 3KOHOMUYECKOW TOYKHM 3PEHUS
TAaKO€ PEIICHHE OKAa3bIBaeTCsl Oojee 11e1eco00pa3HbIM, YEM BBINOJIHEHUE aBTO-
TpaHnchopmaropa c 1Byms yctporcteamu PITH.

BrlnonHeHre OTBETBJIEHUI CO CTOPOHBI HEHUTpaJd IMO3BOJSET OOJIErYHThH
u3ossinuio ycrpoiictBa PIIH u paccunTtaTh €ro Ha pa3HOCTh TOKOB OOMOTOK BBbIC-
mero u cpeanero HampspbkeHuit (Is — Ic). Ho perynupoBanue OyneT cBsi3aHHBIM.
BrlloniHeHHEe OTBETBICHUI B JIMHEWHOM KOHIE OOMOTKHM CPEIHEro HaIpsKEHUs
YCTPOMCTBO JOJKHO PACCUMTBHIBATHCS HA IMOJIHBIM HOMHWHAJIBHBIA TOK, @ €r0 U30-
JSUMs HA HampsbkeHne oOMOTKM cpenHero HampspkeHust Uc. Ho perymmpoBanue
OyJieT He3aBUCHUMBIM.

CornacHo pucyHka, pabounii TOK MPOTEKAeT Yepe3 3aMKHYThI KOHTAKT 1 u
BCIIOMOTATEIbHbIA KOHTAKT 2. [lepekntoyenrne mpoucxXoauT B CAEAYIOIIEM NOPSI-
ke. Ilpu mepexone co cryneHu, a Ha CTENEHb B CHayalla pa3MblKaeTcs pabouunit
KOHTAKT |, 3aTéM BCIOMOTAaTeNbHbIA KOHTAaKT 2. TOK Harpys3ku MpOTEKAET YEPE3

conpoTtusiicHuE R.
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OHH

Pucynok 7.2 — Cxema PIIH Ha akTUBHBIX COPOTHUBICHUAX

3aMbIKaeTCsl TyroracuTeNbHbIA KOHTakT 3’. OOpa3yercss MOCT — ypaBHU-
TEJbHBIM TOK MPOTEKAET yepe3 00a akTUBHBIX cornpoTuBieHus R u R’. Pa3mbikaer-
Csl IyTOraCUTENIbHBIN KOHTAKT 3 M NEPEBOANUT TOK HAarpy3Ku Ha IIpaBoe IIedo. 3a-

MBIKatOTCs KOHTaKThl 2° 1 1°. Co3aaeTcss HoBoe pabouee MoJI0KEeHHE.

3aoanue:

3aoaua Nel

Ha monwmxaromieit mojicTaHIIuM YCTAaHOBJICHBI J[BA JBYXOOMOTOYHBIX TPaHC-
dbopmartopa tuna TPIIH. Mudbopmaiiusi 0 HOMUHAJIBHBIX MOIIHOCTSX, HOMUHAJIb-
HBbIX HaANpPsDKEHUAX U JIMara3oHax peryJIupoBaHUs HAMNpsHDKEHUsS MpeJCTaBieHa B
Tabmmie 22.

[To pesynbpTaTaM »dJIEKTPUUYECKUX PpACUETOB CETU IMOJYYEHbl 3HAYCHUS
HaIpsHKEHUST HA IIMHAX BBICHIETO HANPSKEHUs MOACTAHIMU;, U3BECTHBI 3HAUEHUS
MOIITHOCTEN Ha MIMHAX HU3KOTO HampshKeHus TpanchopmaTopos (Tabdm. 7.1).

TpeOyeTcst BbIOpaTh OTBETBIEHUS HA 0OMOTKaX BBICHIETO HAIPSIKEHUS, ECIH

JKCJIaCMOC HAIIPSKCHHUEC HA INMHAX HU3KOI'O HAIIPAKCHUA.
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Tabnuma 7.1 — VicxonHble naHHBIE O MapameTpax TpaHchOpMaTOpOB U TMa-

paMeTpOB PEKUMOB

g- % Hndopmanus o Jlnamna3oH pe- U,, kB S,, MB-A

é §_ TpaHchopmaropax ryJIMpOBaHUA
1m TP/IH-25000/115/10,5/10,5 +9x1,78% 119 30+ j15
2 TPJIH-40000/115/10,5/10,5 +9x1,78% 118 45+ j18
3 TPJIL{H-63000/115/10,5/10,5 +9x1,78% 117 75+ j40
4 TPILIH-80000/115/10,5/10,5 +9x178% 119,5 90+ j45
5 TPH-40000/230/11/11 +8x15% 238 49+ j13
6 TPIL{H-63000/230/11/11 +8x15% 237 80+ j25
7 TPJIL{H-100000/230/11/11 +8x1,5% 239 115+ j60
8 TPJIH-40000/230/11/11 +8x1,5% 235 47 + j17
9 TPJIH-63000/230/11/11 +8x15% 238 78+ j36
10 | TPIIHC-25000/36,75/10,5/10,5 +8x15% 37 29+ j14
11 | TPJIHC-32000/36,75/10,5/10,5 +8x15% 375 32+ j15
12 | TPIIHC-40000/36,75/10,5/10,5 +8x15% 36,5 44+ j20
13 | TPJIHC-63000/36,75/10,5/10,5 +8x15% 38 79+ j35
14 | TPJIHC-40000/36,75/10,5/10,5 +8x15% 37 49+ j10
15 | TPIIHC-63000/36,75/10,5/10,5 +8x15% 38 74+ j40

3aoaua Ne2

Ha nonmxaronieil moicTaHIIUKM yCTAaHOBIIEH TPEXOOMOTOYHKIN TpaHchopma-
TOP € PETYJIMPOBAHUEM HAIIPSHKEHMS 110 HArPy3KOM Ha CTOPOHE BBICIIETO HAIps-
keHus u ¢ [IbB Ha cTropoHe cpeaHero HampsHKEHUS, UMEIOLIMW HOMUHAJIBHBIC
HaIpsKEHUS " JAAIIa30HbI pEeryJIMpOBaHUS
115+ (9x1,78) %/38,5+ (2% 2,5) %/11.

[lo pe3ynbTaTam »>JIEKTPUYECKUX PACUYETOB CETU MPU HAMOONBIIMX MU

HAaMMCHBIINX HAI'Py3Kax IOJYYCHbI 3HAYCHUS H&Hpﬂ)KeHI/II;'I Ha IMIMHaX HU3KOI'0 U
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CpeIHEero HAIPSHKCHUIL, IIPUBE/ICHHBIE K BhIcLIeMy Hanpspkenuto, Ug u U, coot-

BETCTBEHHO (Tabi. 7.2).
TpeOyeTrcsi BbIOpaTh OTBETBJICHHS HAa OOMOTKAaxX BBICIIETO M CPEIHETO
HaNpsOKEHUH, €clu JkelaeMoe HampspkeHre Ha muHax 10 kB B pexxuMe Hanbob-

mux Harpyzok U, . - =105U, =10,5kB; B pexume HauMeHbIINX Harpy3ok

U =L0U, =10 xB; na munax 35 xB B 06oux pexumax U, . =36,5kB.

Tabnuua 7.2 — MicxoaHbie JaHHBIE O HATTPSDKEHUSIX

Hanpsi:keHue, NPABeIEHHOE K BHICHIEMY HANPSIZKEHHIO
Homep B pe:KMMe HAnG0JIbIIHX B peKMMe HANMEHbIINX
BapuanTa HATPY30K HArPY30K
U,., kB U;.s, KB U,..,kB U, kB
1 105 103 119 117
2 106 104 112 114
3 109 104 117 119
4 112 107 118 109
5 113 111 114 111
6 109 108 118 112
7 108 104 117 112
8 106 102 114 109
9 108 105 117 115
10 109 105 115 113
11 107 103 114 112
12 103 102 116 112
13 106 102 117 114
14 108 102 117 115

PacueTs! BBITOTHUTE B CIICIYIOIIEM TOPSIJIKE:
1. JIns oOMOTOK BBICIIIETO M CPEIHEr0 HampsDKEeHHsS TpaHcopmaropa
MOJICTAHIINA PACCUNTATh HAMPSDKEHUS OTBETBIICHHWM, COOTBETCTBYIONIUE KaXKIOH

CTYIIEHH PEryJIMpPOBAHMS, U COCTABUTH TaOJIMIIbI B BUJIe Ta0.7.3.
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2. Jlisg ABYX peXMMOB ONPEACNIUTh pAcUeTHbIE U BHIOpATh CTaHAApPTHHIC
OTBETBJICHUSI OOMOTKHU BBICILIETO HAINpPsKEHUs TpaHchopmaropa U3 ycioBus odec-

MMCYCHUA KCJIACMOI'0 HAIIPSPKCHUA Ha NIMHAX 10 xB.

3. OnpenenuTs NeHCTBUTENbHBIC HANIPSIKEHUS B JBYX pPEXKUMax Ha IIU-
gax 10 xB.
4. Hcnonb3yst BBIOpaHHBIE OTBETBICHUSI OOMOTKH BBICIIIETO HAINPSHKCHUS

AJIs1 PEKUMOB HauOOJBIINX M HAWMMEHBIINX Harpys3okK, OIpcACInTb PaCHCTHOC U
BI)I6paTI) CTaHIapPTHOC OTBCTBJICHUC OOMOTKH CPCOAHCTO HAIIPSIKCHUA, UCXOOd U3

JKEJIAeMOT0 HaNpsKeHUs Ha muHax 35 kB.

5. OnpenenuTs IEUCTBUTENBHBIC HANIPSHKCHUS B JBYX PEKMMax Ha IIH-
Hax 35 kB.
6. OnpenenuTts OTKIIOHCHUSI ACHCTBUTEIIBHBIX HANPSKECHUN OT XKelae-

MbIX Ha muHaxX 10 u 35 kB B ABYX pexuMax.
7. Crenarb aHaJIM3 U BBIBOJBI O IOCTATOYHOCTH JMANA30HOB PErYJIUPO-
BaHUs TpaHC(HOPMATOPOB.

8. Pe3ynbpTaThl pacyeToB NpeCTaBUTh B BUIE TaOIUIIHI 7.4.

Tabnuua 7.3 — [lapametpsl perynupoBanus Tpancopmaropa

Homep JloGaBKa HANIPSIKEHUS, Hanpsizkenue oTBeTBJICHUS,
OTBeTBJICHUSA % %

Tabnuna 7.4 — Pe3ynbTarhl BHIOOpA OTBETBJICHUN TpaHcpopmaropa

CrannapTHoe
OTBETBJICHUE

JlericTBU- OTKJI0HEHHUE
TeIbHOE JIEUCTBUTEI -

[luaer | [IpuBenen- | PacuetHoe
HOC HaInpsHDKCHUE
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HarpspKe- | OTBETBIICHUS, HaIpsDKEHUEe, | HOTO HaIpsixke-
Hue, kB kB kB % kB HMS OT JKeJiae-
Mmoro, %

Pesicum naubonvuiux Hazpy3ox

10 kB
35xB

Pesrcum naumenvuiux Hazpy30K

10 kB
35xB

Koumponwvnwie gonpocul:

1. Kakue cpenctsa peryiupoBaHus HAIpsHDKEHUS UCTIOIB3YIOT B pacipe-
JETUTEIBHBIX CETAX?

2. B uem pazmuune tpanchopmaropos ¢ PITH u 6e3 PITH?

3. B ueMm 3akitoyaeTcss NPUHIUI BCTPEUHOIO PETYIMPOBAHMS HAMPSKE-
HUs?

4, Kakas undopmaiius HeoOXoauMa Jjisi BBIOOpa OTBETBICHUN JBYX00-
MOTOYHBIX U TPEXOOMOTOUHBIX TpaHchopmaTopos ¢ PITH?

S. Kak Bimsier ycTaHOBKa KOMIIEHCUPYIOIIMX YCTPOWCTB Ha IIOTEPH
MOIIHOCTH, IOTEPU HATIPSHKEHUS ?

6. Kakumu myTsMH MOXKHO YCTPaHUTh B CETH HM30BITOK PEaKTUBHOM
MOIIIHOCTH B CE€TU?

7. Kakue koMneHcupyromye ycTpoiicTBa MOTyT paboTaTh Kak B peXUME
BbIJIaYH, TaK U B PeKUME NOTPEOJICHUS pEaKTUBHON MOLTHOCTHU?

8. B dem 3akiouaroTcsi 0COOCHHOCTH KOHCTPYKIIMM YCTPOMCTBA PEryJiv-
poBanus HanpsiokeHus: ¢ PITH o cpaBHenuto ¢ ycrpoiictBom 6e3 PITH?

9. Kakoe BiIMsIHME OKa3bIBAIOT PEKUMBI HANPSLDKEHHUM HA IMOTEPU AKTUB-
HOM MOIIHOCTH B 3JIEMEHTAX JIEKTPUUECKOU ceTh?

10. Tlowemy yctpoiictBa PIIH ycraHaBmuBaiOT NpeuMyIIECTBEHHO Ha

CTOpPOHE BBICIIIETO HANpPsDKEHUs TpaHchopmaTopa?
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11. KaxoBbl NpUYMHBI OTKJIOHEHHS HANPSIKEHHWS OT HOMUHAJIBHOTO 3Ha-
yeHus?
Ilpakmuueckaa paboma Ne8

Buioop u pacuem napamempoes cxem 3ameuienus TUHUIL IJ1IeKMPonepeoayu

I]enb: HAyunTHCS PACCUUTHIBATH MTAPAMETPHI JIMHUM AJIEKTponepeaayd

Ocnogvl meopuu:

BrinosHeHne pacyeToB CUMMETPUYHBIX YCTAHOBUBIIMXCS PEXKHUMOB 3JIEK-
TpodHepreTuueckux cucteM (39C) TpexdazHOro nNepeMeHHOro TOKa OCHOBAHO Ha
NPUMEHEHUU OJHO(PA3HOM JIMHEMHOW CXEMbl 3aMEIIEHUs, MapaMeTpbl KOTOPOW B
o0IeM ciydae SBISIIOTCS KOMIUIEKCHBIMHM Belu4ynHamu. PacdyeTHasi cema ceTu
MPEJCTABIACT COOOM MOCIEAOBATEILHOE COCIUHEHUE CXEM 3aMElIeHUs JIUHUN
AJIeKTpoIiepeaayd u TpaHchOpMaTOpOB.

B npaktnueckux pacuerax BJI mmuuoi no 300 kM u KJI npeacraBustoTcs
noHbIMU [1-00pa3HbIMU cXeMaMu 3aMelIeHUs C COCPEIOTOYCHHBIMU MapaMeTpa-
Mu. PexomeHnnanmu mo BIOOPY CXeMbI 3aMENIeHHs B 3aBUCUMOCTH OT tumna JIDII u
€€ HOMUHAJILHOIO HAMpPSHKEHUS TpeacTaBiieHbl B Tabnuile 1.1. UucneHnHbie 3Haue-
HUS TapaMEeTPOB CXEMBbI 3aMEUIEHUS PACCUUTHIBAIOTCS IO CIEAYIOIIMM BhIPAaKECHHU-
M.

BenuunHa akTMBHOTO CONTPOTUBIICHUS YYACTKA CETH PACCUUTHIBACTCS:

R= ro'l.

AKTHUBHOE COMPOTHUBIICHUE CTaJbHBIX MPOBOJOB HAMHOIO OOJBIIE OMUYE-
CKOTO HM3-3a MOBEPXHOCTHOTO 3 (deKTa M HAIMUUS JOMOJHUTEIHHBIX MOTEPh Ha
rucTepesuc (MmepeMarHiuuBaHue) U OT BUXPEBBIX TOKOB B CTaJIU:

Mo = lNonocr F0x0m;s
TA€ lNnocr — OMMYECKOE COMPOTUBIICHUE OJTHOTO KMJIOMETPA MPOBO/JIA;
lozon — AKTUBHOE COIPOTHUBIIEHUE, KOTOPOE OMPEACISETCS NEPEMEHHBIM MarHuT-
HBIM MOJIEM BHYTPHM NPOBOAHHUKA, lNozon = Vonosepx.od T Forucrep. + Vopuxp.
[lepeMeHHBII TOK, MPOXOAS MO MPOBOIY, 00pa3yeT BOKPYT HEro NmepemMeH-

HOE MarHUTHOE TOJie, KOTOpoe HaBoAUT B mpoBoaauke DJ[C obpaTHOrO Hampas-
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nenust (DJIC camoumuaykimn). CONMPOTHBICHHE TOKY, OOYCIIOBIEHHOE MPOTHUBO-
nevicteueM JDJIC caMOMHIYKIIMM, HA3bIBAECTCSI PEAKTUBHBIM MHAYKTUBHBIM COIPO-
TUBJICHUEM.

BennunHa peakTUBHOTO HHAYKTUBHOTO CONPOTHUBIICHUSI 3aBUCUT KakK OT
3HAYEHUS TOKa B COOCTBEHHOM IPOBOJIE, TAK U OT BEJIUYMHBI TOKOB B COCEIHHX
npoBojax. Yem nanbliiie pacnoyiokeHbl GpazHble TPOBOJIA IMHUHM, TEM MEHBIIE BIU-
SHUE COCEIHUX IMPOBOJIOB — MOTOK PACCESIHUSA U WHIAYKTUBHOE COIMPOTUBIICHUE
YBEIMYHUBAIOTCS.

Ha BenuunHy MHAYKTUBHOTO CONMPOTHBIICHUS] OKA3bIBAET BIMSHUE AUAMETP
MIPOBO/JIa, MArHUTHAS MPOHUIIAEMOCTH (/) M 4acTOTa MEPEeMEHHOro Toka. Bennunna

IOTOHHOTO MHAYKTHBHOI'O COIIPOTHUBJIICHUA PACCUUTBIBACTCA 110 CI)OpMyJ'ICZ

cp

R

p

Xo = - (4,6lg—=+0,51)-10* =X, + X,,

I7le ® — YIJIOBask 4acTOTa; 4 — MArHUTHAsl MPOHUI@ACMOCTh; D —cpenHe-
reoMeTpuueckoe paccrossHue Mexnay ¢gazamu JIDII; R —paauyc nmpoBoja.
np

AxTuBHas mpoBoaAUMOCTh (G) 00ycioBiIeHa MOTEPSIMH aKTUBHOW MOIITHOCTH
B TUAJICKTpHKaX. Ee BemndnHa 3aBUCHT OT:

- TOKa YTEUKH 10 U30JIITOpaM (MaJibl, MOKHO MPEHEOPEUb);

- MOTEPb MOITHOCTHA Ha KOPOHY.

AKTHBHasI TTPOBOJIMMOCTh MPUBOJIUT K MOTEPSIM aKTUBHOW MOIIIHOCTH B pe-
xume xosocroro xona BJIDIIL Ilorepu momHocTH Ha KOpOHY (A Pop) 00yCiOBIIE-
Hbl MOHM3AIMEN BO3yXa BOKPYT MpoBOoB. Korma HampskEHHOCTH dJIEKTpUYe-
CKOTO TIOJI Y MPOBOJIa CTAHOBUTCS OOJIBIIE AIEKTPUISCKOM MPOYHOCTH BO3TyXa
(21,2xB/cM), Ha MOBEPXHOCTH MPOBOJIa OOPA3YIOTCS JICKTPUUECKHUE pa3psibl. 13-
32 HEPOBHOCTEH MOBEPXHOCTH MHOTOIPOBOJIOYHBIX MPOBOJIOB, 3arPsS3HEHUN U 3a-
YCCHUI[ Pa3psiibl MOSIBISIOTCS BHAYajle TOJBKO B OTACIBHBIX TOYKAxX MPOBOAA —
Mmecmuas kopowna. 11o Mepe TOBBINICHNS HANPSDKEHHOCTH KOPOHA PacipoCTpaHs-
€TCsl Ha OOJIBIITYIO TTOBEPXHOCTH MIPOBOJIa M B KOHCYHOM CUETE OXBATBIBACT MPOBOJI

I[EJTUKOM IO BCEH JJIMHE — 00uyast KOPOHA.
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[ToTepu MOIIHOCTH HAa KOPOHY 3aBHUCIT OT MOTOAHBIX ycinoBuil. HanGoms-
M€ TIOTEPH MOIIHOCTH Ha KOPOHY MPOHWCXOAAT MPH Pa3IMYHBIX aTMOC(HEPHBIX
ocankax. Hanpumep, Ha Bo3nymHbix JIDII Hampsokennem 330-+750xB APy, nipn
cHere noBeimaroTcs Ha 14%, noxnae — Ha 47%, uzmopo3u — Ha 107% no cpaBHe-
HUIO C IOTEPSIMU IIpU Xopouieil noroge. KopoHa BBI3BIBAET KOPPO3HUIO NMPOBOOB,
CO3/Ia€T MMOMEXH Ha JIMHUAX CBSI3U U PAIUONIOMEXH.

Benuuuny noreps MOIIHOCTH Ha KOPOHY MOXKHO paccyuTaTh 1o popmyie:

R
AP, = % L
o D

cp

(U, —UKOW)Z, KBT1/kM

rae O —ko3(pguuueHt, yuyuTsiBaomui 6apomerpuueckoe aasienue; Uy, U
Uvop ¢ — COOTBETCTBEHHO (pa3Hble pabouee HanpspkeHue JIDII n HanpsbxeHue, npu
KOTOPOM BO3HHUKAET KOPOHA.

HavanbpHas Hanps>kEHHOCTH (B XOPOIIIYIO TOTO/Y), MPU KOTOPOM BO3HUKAET
oO1mast KopoHa paccumuThiBaeTcs mo hopmyse [Tuka:
0,3

R, -3

rae m — ko3 pUUUEeHT HEerIagKoCTH NpuBoAa; Ry, — paauyc nposona, cMm;

E,=30,3-m-5-(1+ ), kB/cMm

O —K0A(PUIIMEHT, YUUTHIBAIOIINN 0apOMETPUUYECKOE JIaBJICHUE.

JIns rmagkuxX UWIMHIPUYECKUX MPOBOJOB 3HAUYCHHE m = 1, 11 MHOrOmpo-
BOJIOYHBIX TIpoBojioB — M = 0,82+0,92.

Benuunna & paccuuthiBaercs no popmyiie:

5_ 0386 -P
273+6 '

rae P — naBrneHue, MM PTYTHOTO CTOJIOA;

0 — TeMnepaTypa Bo3yxa, °C.

[Ipu HOpManbHOM aTMOc(depHoM aaBieHuun (760 MM pT. CT.) U TeMIeparype
20°C&8=1.

3aoanue:

3aoaua Nel.
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Onpenenuts yAenbHbIe MapaMeTpbl BO3AYUIHOW M KaOENbHON JIMHHUNA 3JIEK-
Tponepenaun HanpsbkeHueM 10 kB, a Takyke mapameTpbl CXeMbl 3aMEIICHHS 3THX
NMUHUH 1ipu UX JumHe 4 kM. BosnymiHas nuHUs BeImonHeHa npoBogamu AC-50/8
IIPU CPETHETEOMETPUUECKOM PACCTOSIHUM MEXy HUMH 2,5 M, KabenbHast TUHUS —
kabenem AADB 3x50 npu cpeTHEreOMETPUUECKOM PACCTOSTHUU MEXY KHUJIaMU Ka-

Oens 1,5 cM. MakcuManbHas MOIOHOCTD, II€pcaaBacMmasl 110 BOSI[YHIHOﬁ JUHHH, CO-

craBisieT 1000 kBA, o kadensHO# — 1600 kBA.

3aoaua Ne2.

Onpenenuts yaeabHbIE TAPAMETPHI OAHOLETHON BO3AymIHOM JinHuU 110 kB
c npoBoaamu Mapku AC 95/16, pacnonoxxeHHbiMH Ha [1-00pa3HbIX JAepeBSHHBIX
ornopax ¢ pacctostHueM Mmexay npoBogamMu Dapy= Dpe= D = 4.3 M, ¥ BBIYUCTUTH

napamMeTpbl CXeMbl 3aMEeIeHUs] IBYXIIETHOM TuHUU JyMHOU 100 KM.

Koumponvnuwie eonpocwi:

1. Kakne cxembl 3amenieHuss TPUMEHSIIOTCS ISl BO3AYIIHBIX U KaOelb-
HBIX JTUHHUN?

2. Kak n3meHsieTcss MHAYKTUBHOE COIPOTHUBIICHUE JIMHUM TIPU YBEJINYE-
HUM PACCTOSIHUSI MEXTY MPOBOJIaMHU U YMEHBILICHUHU pajiiyca MpOBOJIOB?

3. Kak cHM3UTH OTEpH MOIIHOCTH HA KOPOHY B JIMHUU JJIEKTPOIEpeIa-

qu?

Ilpakmuueckaa pavoma Ne9
Buoioop u pacuem napamempog cxem 3amewieHus mpanchopmamopos u
asmompancghopmamopos
Ilens: HaydIUTHCS PACCUMTHIBATH MApaMETPhl CXEM 3aMelleHus TpaHChOop-
MaTOPOB M aBTOTpaHC(HOPMATOPOB
OcHoebt meopuu:
Ha snexTpocTaHIUsX ¥ MOJCTAHIIUAX YCTAHABIMBAIOTCA Tpex(asHbie U Of-

HO(a3HbIE, TBYXOOMOTOUYHBIE U TPEXOOMOTOYHBIE CHJIOBBIE TPaHCPOPMATOPHI U
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aBTO-TpaHC-(hOPMAaTOPbI, U CHIIOBbIE OAHO(Da3HbIE U Tpex(da3Hble TpaHCHOopMAaTO-
PBI C PacIIECIUIEHHON OOMOTKOM HU3LIErO HAIPSKEHUS.
B a60peBuarype Tpanchopmaropa mocienoBaTebHO (ClieBa HApaBo) MPHU-

BOJUTCS CIeMyroIas nHdopMaIus:

. BUJ ycTpoiicTBa (A — aBToTpanchopmaTop, 0e3 0003HAUCHHS —
TpaHncdopmarop);

. kommuecTBO (a3 (O — ogHodaszusiit, T —Tpexdaznblii);

. HAJIMYUE paclieTieHHOW 0OMOTKH HU3IIETO HAMPsHKeHUS — P;

. cucrema oxyaxaeHusi (M — ecTecTBeHHas! IUPKYISIIUS Maclia U BO3-

ayxa, I[ — HIPUHYIUTCIbHAA HUPKYJSIIUA BO3AYyXa WM CCTCCTBCHHAA LHUPKYJIISINA
Macijia, MH — CCTCCTBCHHAA HNUPKYJALNA BO3AYXa U IIPUHYAUTCIIbHAS TUPKYJLAIUA

Mmacna, Ll — npuHyauTenbHas HUPKYJSALIUAS BO3AyXa U Macia U Ap);

. KOJIM4EeCTBO OOMOTOK (0e3 o0o3HaueHus — JABYXOOMOTOuHBIM, T —
TPEXOOMOTOYHBIN);

. HaJU4He YCTPOWCTBA PETYIUPOBAHMSA HAMPSOKCHHS TOJ] HArpy3Kou
(PIIH);

. ucnonHenue (3 — 3amurtHoe, I' — rpo3oynopHoe, Y — yCOBEpILIEHCTBO-

BaHHOE, JI — ¢ TUTOM M30JIsIIHE ),

. cnenuduyeckas oomacts npuMmeHeHus (C — 11t cucTeM COOCTBEHHBIX
HYK]T QJIEKTpOCTaHIni, JK — 7151 2JIeKTpupUKaIUN KEJIE3HBIX TOPOT);

. HOMHUHAJIbHAs MOIITHOCTh B KB-A,

. KJIACC HANPSDKCHHUsI 0OMOTOK (HaNpsDKEHHSI CeTH, K KOTOPOU TTOAKITIO-
yaeTcs TpancopmaTop) B KB.

Ha snekTpuuecknx cxemax AByXOOMOTOYHBIM TpaHCHOpMATOpP MpeACTaBIs-

€TCs CIETYIOLIUM 00pa3oM:

)
&

Pucynox 9.1 — YcnoBHoe 0003HaueHNE ABYXOOMOTOYHOTO TpaHchopmaTopa
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B oOMOTKax yka3bIBaeTCs CXEMbl COEAUHEHUs OOMOTOK (3Be31a, 3BE3/a C
HYJIEM, TPEYTOJIbHUK) U PEXKUM pabOThl HEUTpaIU:

. 3B€3/1a — C U30JMPOBAHHON HEUTPAJIbIO;

. 3BE€3/1a C HYJIEM — UMEETCSI COEAMHEHNE HEUTPAIIU C 3EMJIEH.

B cootBeTcTBUU C NpuHATON cucTeMoi 0003HaueHui abOpeBuarypa TpaHc-
dopmaropa TJIH-10000/110/10 pacumdpoBsiBacTcs: TpaHchopmartop Tpexdas-
HBIM, ABYXOOMOTOYHBIA C MPUHYIUTEIBLHON HUPKYISIUEH BO3AyXa U €CTECTBEH-
HOM LIHPKYJSALMEN MAaciia, U CUCTEMOW PETYJIMPOBAHUS HANPSLKEHUS IOJ Harpys-
koi. HomunaneHas momuocth — 10000 kB-A, knacc HanpskeHHs OOMOTKH BBbIC-
mero HanpspkeHust — 110 kB, Husmero Hanpsixkenus — 10 xB.

B npakTuyeckux pacueTax JBYXOOMOTOYHBIM TpaHCcPopMaTop yaille BCETo
npeacTaBisercs ['-o0pa3Hoi cxeMoi 3amertieHus (puc. 9.2).

AKTHBHOE M PEaKTUBHOE CONPOTHUBIIEHUS Tpac-hopmaropa (MpoosibHAS
BETBb) MPEACTABISAIOT COOOM CyMMY aKTHBHBIX M PEAKTHUBHBIX CONPOTUBIECHUMN

OOMOTKHM BBICIIETO HAMPSHKEHUS W MPUBEICHHON K HEH OOMOTKH HU3IIEro Hampsi-

JKCHUA.
s Br % U
ET GT

Pucynoxk 9.2 — T' — oOpa3Has cxema 3aMerieHus: AByXOOMOTOYHOTO TPAHC-

dbopmaropa
R,=R, +R;
X, =X, +X,.

[Tonepeunasi BETBb CXEMbI 3aMEIICHUS TIpe/IcTaBlieHa akTUBHOW G U peak-

TUBHOU B; mpoBogumocTsmMu. [IpoBoIUMOCTH OOBIYHO TOJKIIIOYAIOT CO CTOPOHBI
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MEePBUYHON OOMOTKH: JJIS TOBBIIIAIONIUX TPaHCPOPMATOPOB — CO CTOPOHBI 00-
MOTKH HU3IIETO HANPSDKCHHUS, JUISl TIOHUKAIOMUX — CO CTOPOHBI OOMOTKH BBICIIIC-
T'0 HaTPsDKEHUS.

B Takoif cxeme 3aMmemieHuss OTCYTCTBYeT TpaHChOpMamwus, TO €CTh OTCYT-

CTBYET HJiealibHbII TpaHncopmaTop. [IoaToMy B pacueTax BTOpUUHOE HANIPSHKEHHE
U, okaspiBaeTcs MpuBEIESHHBIM K HANPSDKEHUIO TICPBUYHON OOMOTKH.

Ha snexTpuueckux cxeMax TpexoOMOTOUYHBIN TpaHcPopMaTop MpeAcTaBiIs-

eTcs cleayronmmM oopaszoM (puc. 9.3):

EH

CH

HH

Pucynok 9.3 — YcnoBHoe o003HaueHuE TpeXOOMOTOYHOTO TpaHchopmaTopa

B cootBeTcTBUU C NMpUHATON crcTeMoili 0003HaueHu abOpeBuarypa TpaHc-
dbopmaropa TATH-25000/110/35/10 pacmudpoBsiBaeTcs: TpaHchOpMaTOp TpeX-
(ba3Hblid, TPEXOOMOTOUYHBIA C MPUHYAUTEIBHON IUPKYJIALMEH BO3AyXa U ecTe-
CTBEHHOM UHPKYJSIIAEN Macjia U CUCTEMOM PEryJIupOBaHUS HAIPSLKEHUS I10J
Harpy3koi. Homunansnas momHocTs — 25000 kB-A, kinacc HanpsixKeHUs 0OMOTKH
Bbiciiero Hampspkenusi — 110 kB, cpennero nanpsikenus — 35 kB, Husmero
HanpsbkeHus — 10 kB.

OOMOTKM TpexoOMOTOYHOTO TpaHcPopMaTopa MOTYT HMMETh pPa3IU4HbIC
MOIIHOCTH. 32 HOMHUHAJIbHYIO MOIIHOCTH TpaHc(hopMaTropa MPUHUMAETCS MOUI-
HOCTb, paBHasi HauOoOJbIIEW M3 MOUIHOCTEH ero oomorok. Ha 3Ty MolIHOCTH
TpaHcHOpPMATOP PACCUUTHIBACTCS M0 YCIOBUAM Harpena.

TpancopMaTopsbl BEITOIHSAIOTCS CO CISAYIONUM HCIIOTHEHHEM O0OMOTOK —

100 % / 100 % /100 %, 100 % / 100 % / 66,7 % u 100 % / 66,7 % / 66,7 %.
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B pacuerax TpexoOMOTOUYHBIN TpaHC(hHOpPMATOp MPEACTaBISIETCS CXEMOH 3a-
MEUIEHUS B BUJIE TPEXITYyUEBOM 3BE3/IbI (pUC. 9.4).

Bce COIIPOTHUBJICHUA B CXEMC IIPUBCACHBI K HAIIPAKCHUTO BBICIIICH OOMOTKH.

Rc XC L ':
| T G Vi Y .
U;‘I_ Ra XEI
. ] VYN g .
By X '[,TS
M Y
ET =1

Pucynok 9.4 — CxeMa 3ameleHust TpexoOMOTOYHOT0 TpaHchopMaTopa

JUis ompenenaeHuss HapaMeTpPOB CXEMbl 3aMELICHHUS TPEeXOOMOTOYHOIO
TpaHchopMaTopa HY>KHO BBINOJHUTH OAWH OIBIT XOJOCTOIO XO0Ja U TPHU OIbITa
KOPOTKOr0 3aMblKaHMs. M3 ombITa XOJIOCTOrO XOJa ONPEIEISIOTCS JAHHBIC IS
pacyera akTUBHOW M PEAKTUBHOM ITPOBOAMMOCTEN. OHM PAaCCUUTHIBAIOTCSA IO TEM
e popMynam, 4To U JIst ABYXOOMOTOYHOTO TpaHchopmaTopa.

OnbIThl KOPOTKOTO 3aMbIKAHUS BBIOIHSIOTCS CIIEIYIOIIMM 00pa3oM — OJlHa
0OMOTKa 3aKOpaYMBAETCs, BTOpPAsi HAXOAMUTCS HA XOJIOCTOM XOJy, a Ha TPEThIO 00-
MOTKY IOJAeTCs HaNpsDKEHHE KOPOTKOro 3aMbIKaHWs. B pesynbrare OnbITOB
ONPENEISAIOT CIEAYIOIINE NACIIOPTHBIE TAHHBIE:

- IpU 3aKOPOYEHHOM OOMOTKE HH3KOIO HANpPSHKEHUS U MUTAHUU CO
CTOPOHBI 0OMOTKH BbICIIETO HANPSKEHUS — Uy g, APy g}

- IpU 3aKOPOYEHHOW OOMOTKE HH3KOIO HAMPSHKEHUS W MUTAHUU CO

CTOPOHBI 0OOMOTKH cpeaHero HanpsokeHUs — Uy ey, APy cu;

IIPU 3aKOPOYCHHON OOMOTKE CpPEIHEro HampshKEHUS W IMUTAHHH CO
CTOPOHBI OOMOTKH BbICIIEro HANPsHKEHUS — U pe, APy g
VYuuTeiBasi yCI0BUS POBEAECHUS OMBITOB, MOYXHO 3aIUCATh CIEAYIOIINE CU-

CTEMbl YPAaBHEHHUI:
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UKBH:UKB +UKH;
UKBC :UKB +UKC;
UKCH :UKC+UKHC'

AP .. =AP_ . +AP_;
AP .. =AP__ + AP, _;
AP .. =AP. . + AP .

Pemas mepByto cucteMy ypaBHEHUMH, OMpeelisieM 3HAYEHUE HAMNPSKEHUS

KOPOTKOI'O 3aMbIKaHHA Ka}K,HOﬁ OOMOTKHU:
U, =05 (U
U,=05 (U

K BH +UKBC _UKCH);
+UKCH _U

KBC KBH)’

UKH = 0’5 ) (UKBH + UKCH - UKBC)'
I/IHI[YKTI/IBHBIG COIIPOTHUBJICHUA 06MOTOK TpaHC(bOpMaTOpa PaCCUHUTBIBAIOTCA

10 TOM ke (popMyJie, YTO U ISl IBYXOOMOTOYHOIO TpaHC(POpMaTOpa:

_M-
® 100-S,, °
_M-
° 100-S,.,
_M
" 100-S,,

Pemas nepByto cucrteMy ypaBHEHHH, ONPEAEISAEM 3HAYEHUE IOTEPU aKTUB-

HOU MOIIHOCTH B KaXKI0il OOMOTKE:

AP =05-(AP, ., + AP . —AP.__.);

BH

AP..=05-(AP_,. + AP ., —AP_.);

K CH

AP =05-(AP.,. +AP... —AP. ).

BH K CH

AKTHBHBIE CONTPOTUBIIEHUSI OOMOTOK TpaHchopMaTopa pacCUUTHIBAIOTCS O

TOM ke (popmyIie, 9TO U I IBYXOOMOTOYHOTO TpaHchopmaTopa:

_ AP, -U?

B HOM -
2
SHOM

R

B 1
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AP U7

B HOM -
R. Y :
HOM
2
R = APKH .UBHOM
H 82
HOM

Ha »snektpuueckux cxemax aBToTpaHchopmaTop H300pa’kaercs Cleryro-

M 0opaszom (puc. 9.5).

_T_BH

HH

Pucynok 9.5 — YcnoBHoe o603HaueHne aBToTpanchopmaropa

B cooTBeTcTBUUM C NMPUHATON cHUCTeMOM 0003HaUeHUN aOOpeBuaTypa aBTO-
tpanchopmaropa ATIITH-125000/ 220/110/10 pacmmdpoBbiBaeTcs: aBTO-
TpaHchopmatop Tpexda3Hblid, TPEXOOMOTOUHBINA ¢ MPUHYIUTEILHON LUPKYISAUUEH
BO3/JyXa U Macjla U CUCTEMOM PETYJIMPOBAHUS HANPsLKEHUs 1MoJ Harpy3kou. Ho-
MUHaJIbHasE MomHOCTh — 25000 kB-A, kiacc HampskeHHUs] OOMOTKHU BBICIIETO
HanpsbkeHus: — 220 kB, cpeanero Hanpsikenus — 110 kB, Hu3IIero HanpsHKeHUs: —
10 kB.

ABTOTpanchopMaTop OTIUYAETCS OT TPEXOOMOTOYHOTO TpaHcopmaTopa
TEM, YTO €ro OOMOTKH BBICIIETO M CPEIHETO HAIPSKEHUH, KPOME MarHUTHOU CBSI-
31 UMEIOT €lle JICKTPUUECKYIO CBs3b (puc. 9.6). OOMOTKa CpeIHETO HAMPsHKEHUS

SIBJISIETCS YaCTHI0O OOMOTKH BBICIIIETO HaIIps’KCHU .
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Pucynok 9.6 — CxemMa coeuHeHnsi 0OMOTOK aBTOTpaHchopmaTopa

OO6MOTKa BBICHIETO HAMPSKEHUSI COCTOUT U3 JABYX YacTeH — MOCIIEeI0BATEIIb-
HOM OOMOTKH U 00111eii OOMOTKH.

[ToHas MOIIHOCTB, KOTOpAs Mepe1aeTcs U3 OOMOTKH BBICIIIETO HAMPSIKCHUS
B OOMOTKY CpEIHEro HalpspKEeHHs, Ha3bIBA€TCSI HOMUHAIBHOM MOIIHOCThH aBTO-

TpaHchopmatopa. OHa pacCUUTHIBACTCS KaK

SHOM :\/§‘UBHOM .IBHOM:\/é‘UCHOM -ICHOM'

DTO BBIpaXE€HHUE MOYKHO 3aIMCaTh CIACAYIOITUM 00pa3oM:
SHOM = \/§ ) UBHOM ‘I BHOM: \/§ ‘I BHOM.(UBHOM - UCHOM) =

:\/§.IBH0M.(UBHOM_UCH0M)+ \/§.IBH0M.UCHOM

TPAHC®OPM ATOPHA 51 MOILLL DJIEKTPUYECKAS MO
HOCTB,IIEPEJJABAEMASI M AT+ HOCTb, IIEPEJIABAEMA $
HUTHBIM ITIYTEM U3 OBMOT- 3A CUET BJIEKTPUYECKON
KU BBICLLIELO HAIPSOKEHUS CBSI3U OBMOTOK.DTA

B OBMOTKY CPEJIHET'O HATI- MOILIHOCTb HE HATPY-
PSDKEHUS. HA3BIBAETCSI TU- JXAET OBIIYIO OBMOTKY.

[TOBOMMOIIHOCTBIO. PASME-
Pbl MATHUTOIIPGO/IA OIl-
PEJIEJISIFOTCS. ATONMOIIHOG
TBIO.
TumoBasgs MOIIHOCT, MEHBIIIE HOMWHAJIBHOW MOIIMHOCTH. BEBIICHUM BO
CKOJIBKO pa3. JlJist 3TOro BO3bMEM OTHOLICHUE TUIOBOW MOIIHOCTH K HOMHWHAJIb-
HOM:

(U, -U - U

S \/§. IBHOM B HOM CHOM) — B HOM C HOM :1_ C HOM —

SHOM \/§ IBHOM 'UBHOM UBHOM UBHOM
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Koadduiment o HazpiBaeTcss KO03()PHUIMEHTOM BBHITOAHOCTH. BBITOAHOCTH
aBTOTpaHcpopMaTOpa OMpPEeesIeTCs M0 OTHOIIEHUIO K TPEXOOMOTOYHOMY TpaHC-
¢dopmaropy Toil e MOIIHOCTH.

OOMOTKa HU3IIEro HAMPSHKEHUS UMEET ¢ 0OMOTKAaMU BBICIIETO U CPETHETO
HaNpsHKEHUH TOJIBKO MarHUTHYIO CBSI3b. MOIIHOCTD 3TOM OOMOTKH HE MOKET OBIThH
OoJblIe TUITOBOW MOIITHOCTH aBTOTpaHchopmaTopa. MiHaue pa3Mepsl MarHUTONPO-
BOJIa aBTOTpaHcopmaTtopa OyAyT OMpPENeTsIThCS MOIIHOCTbIO OOMOTKH HM3IIETO
HaNpsHKSHUS.

YuuThIBas M3JI0)KEHHOE, MOXKHO 3alucaTh COOTHOIIEHHWE HOMHHAIBHBIX
MOITHOCTEN 0OMOTOK aBTOTpaHchopMaropa:

100 % / 100 % / a %.

[IpeumyiiectBa aBTOTpaHcPopmaTopa MO CPABHEHUIO C TPEXOOMOTOUHBIM

TpaHC(hHOPMATOPOM:
. MEHBIINHA pacxo MaTepuagoB (MEIH, CTAIH, U30JSIIN);
. MEHbIIME TabapuThl;
. MEHBIINE MOTEPU AKTUBHOW MOIIIHOCTH B PEXKHMMAaX XOJOCTOr0 Xo4a

KOPOTKOI'O 3aMbIKAHUW A,

. OonbIINi K03(GUITUEHT MOJIE3HOTO ICHCTBHUSA,

. OoJee JIeTKUE YCIOBHS OXJIaXKICHUS.

Henocratku:

. CJIO)KHOCTH BBITTOJTHEHHUSI HE3aBHCUMOTO PETYJTUPOBAHUS HAIPSKCHUS,
. OMacHOCTh Mepexofa aTMOC(EpHBIX MNEpeHANpPsKEHUU U3 OOMOTKH

BBICIIICI'O HANPSHKCHHUS B OOMOTKY CpPEHEro HampspDKEHUS W 00paTHO M3-3a JJICK-
TPUYECKOU CBSI3M OOMOTOK;

. HEOOXOIMMOCTh 0053aTEIBHOTO TIYXOTr0 3a3eMJICHHS HEUTpaan. JTO
MPUBOJUT K TOMY, YTO TOK OJHO(A3HOTO KOPOTKOTO 3aMBIKAHUS MOXET OBITH
Oonpile TOKa Tpex(a3HOro KOPOTKOTO 3aMblKaHWA. Eciou ke pa33eMIUTh
HEHTpajb, TO M30JAIUI0 OOMOTOK HY)KHO PacCUMTBIBATh Ha JIMHEWHOC HampshKe-

HHUC.
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ABTOTpanchopMaTop UMEET TaKyI0 K€ CXeMY 3aMeIIeHUs, YTO U TPEXO0OMO-
TOUHBIA TpaHchopmarop. [lapaMeTprl cxemMbl 3aMEIIECHUSI PACCUUTHIBAIOTCS aHa-
aoruyHo. [Ipu 3TOM cieayeT y4yuThiBaTh, UTO YACTh MACHOPTHBIX JAHHBIX MOXKET
OBITh TIPUBEICHA HE K HOMHUHAJIILHONH MOIIHOCTH, a K THMOBOW. OOMOTKa HU3IIETO
HanpsHKEHUST PACCUUTHIBACTCS HAa THUIOBYIO MOIIHOCTh. [loaTOMYy mpu KOpOTKOM
3aMBIKaHUM OOMOTKH HHU3IIETO HAIPSKEHUS HAMPSOKCHUE IMOJHUMACTCS 10 3Haue-
HUSI, OTPECIAIONIETO TOK B 3To 0OMoTke. B aTom ciydae mapametrpsl APk BH,
APk cH, Uk BH 1 UK CH 0Ka3bIBatOTCS MPUBEACHHBIMUA K TUIIOBOM MOIIHOCTH aBTO-
TpaHncdopmaropa.

Ecnu B macnmopTHBIX JaHHBIX OTMEYAeTCs 3Ta OCOOCHHOCTh, TO YKa3aHHbIC

mapamMCTphl CICAYCT IIPUBCCTH K HOMMHAJIbHOM MOIIHOCTH IIO (bOpMy.]'IaMI

*

K BH 2

(04

3aoanue:

3aoaua Nel.

OnpenenuTh mapaMeTphbl CXEeMbI 3aMEIICHHS JIBYXOOMOTOYHOTO TpaHCc(op-
matopa tuna TM-40/6, npuBeaeHHBIC K HOMUHAIBHBIM HATIPSHDKCHUSM TIEPBUYHOMN

¥ BTOPUYHON OOMOTOK.

3aoaua No2.
OnpenenuTh mapaMeTpbl CXEMbl 3aMEIIEHUS] TPEXOOMOTOUYHOTO TpaHC)op-
maropa tuna TJIHT-10000/110, npuBeeHHBIC K CTOPOHE BBICIIETO HAIIPSKCHUS.

KOHmpo./leble eonpocaslt:
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1.  Kakwue cxembl 3aMeIIeHUs TPUMEHSFOTCS U TpaHC(HOPMATOPOB U aB-
TOTpaHcGHOpMaTOpPOB?

2. Kak M3MEHSIOTCS CONPOTHUBIICHHS TPAaHC(HOPMATOPOB U TTOTEPH MOIII-
HOCTH B HUX C POCTOM HOMHHAJIBHOTO HAIPSHKCHUS?

3. Kak BbIYMCIIAIOTCS MOTEPU MOIIIHOCTH B TpaHcpopmaropax?

Ilpakmuueckasa pavoma Nel0
Pacuemmnwie nacpy3sxu noocmanyuii

Ilenwy: HaydnuTHCS ONPEACIIUTH PACUETHBIE HATPY3KHU MOJCTaHIUN

OcHoébl meopuu:

Ha pucynke 10.1, a mpuBeieHa cxema 3JIEKTPUUYECKON CETH, COCTOSIIEH U3
TpeX JIMHUMA U Tpex TpaHchopmaTtopHbIx noactaniuii. Ha pucynke 10.1, 6 npuse-
JICHA CXEMa 3aMELICHUS ITOU KE CETH.

JUIsL yIIpOIIEHHWs] pacdyeToOB MCHOJB3YIOTCS PACUETHBIE HAarpy3Ku IOJACTaH-
uui. PacueTHas Harpy3ka MOACTAHIIMM BKJIIOYAET KPOME MOLIHOCTH Harpy3Ku Io-
TEpU B CTAM U MEIU TpaHC(HOPMATOPOB MOJCTAHIIMM, PEAKTUBHYIO MOIIHOCTb,
TeHEPUPYEMYIO B TIOJIOBUHE €MKOCTH JIMHUM, COEIMHEHHBIX C TaHHOMW MOJCTaHIU-
eil. PacueTHass Harpyska, Harpumep, Uil HOJICTaHUWU 2 OINPEAEISIETCS CIIEAYIO-
IIUM BBIPAXKEHUEM:

sz = Sou + ASp, + AS,, _ng23 _ng12
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Pucynok 10.1 — PacueT pexxuma paaraibHOM ceTH ¢ TpaHchopMaTOpamu:
a — cxema ceTH; 6 — cxema 3aMelIeHus; B — YIPOIIEHHAs] CXeMa 3aMEeICHHUSI

C pPaCUYETHBIMM HArpy3KaMH MOJCTAHIINI

B sTom BeIpaxkeHnu S,,— Harpy3ka BTOpOW MOACTaHIMHU; ASt, — IOTEPHU B
memu Tpancdopmaropa 2; AS,, — moTepu B ctanu TpaHchopmaropa 2; Qf . u QX ,
— pEaKTHBHBIE MOLIHOCTH, TEHEPUPYEMBIE B KOHIIE JIMHUU 12 1 Havane nuHuM 23.
Takum oOpa3om, pacueTHasi Harpys3ka IMOJICTAaHIMHU BKJIIOYAeT KPOME MOIIHOCTU
Harpy3ku MOTEpPU B CTAJM U MeAW TpaHC(HOPMATOPOB MOJCTAHIUHU, PEAKTUBHYIO
MOIIHOCTb, TCHEPUPYEMYIO B IIOJIOBUHE €EMKOCTH JINHUM, COEIMHEHHBIX C JaHHOU
ITOJCTAaHLIUEH.

Hcnonp30BaHne pacyeTHBIX HATPY30K MOJCTAHIMHN CYHIECTBEHHO YIPOILIAET
CXEMY 3aMEILEHHUS U COOTBETCTBEHHO PAacyeT, OJHAKO IPUBOJUT K OINPEIEICHHON
MOTPEIIHOCTH PacyeTa: paCueTHbIE HATPY3KU MOJCTAHUMN BBIYUCISIOTCSA 10 TOTO,
KaK BBITNIOJIHEH JJIEKTpUUECKUi pacueT, u Hanpsbkenuss HH u BH noncrannumii He-

HN3BCCTHBI.
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3aoanue:

3aoaua Nol.

OrnpenenuTs pacyeTHbIC HArpy3KU MOJCTaHIMM, 2, 3, 4 (pucyHok 4.2). Ak-
TUBHBIC MOIIHOCTH Harpy3ok P,=22 MBT, P;, =17 MBt, P,=30 MBT, xo3ddu-
IMEHTHl MOIIIHOCTU BCEX HArpy3ok COS ¢ = 0,86. J[IMHBI y4acTKOB U MapKu HC-
MoJb30BaHHBIX NpoBoAOB 110 kB ykazansl Ha pucynke 10.2, a. Ha noacranuusix
2—4 ycTaHOBJICHBI IO J1Ba TpaHChOpMaTopa CICIYIONIUX THIIOB: MOJACTAHIINS 2—
TPJIH-25000/110; moncranums 3—TAH-16000/110, nmoacranums 4 — TPJIH-
40000/110.

J"
1 22,5km 22,5 km 30 kM Sy
/ 3 Acizofs )
AC 150/24

Pucynok 10.2 — PacueTt pexxnma pa30MKHYTOW NMUTAIOLIEN CETH:

d — CXCMa CCTHU U3 TPCX J'H/IHI/If/'I, 0 — cxema 3aMCIICHUA CCTH U3 TPCX JIMHUU

KOHmPOJleble eonpocwsl:

1. J{nst 4ero B cxeMmy CeTHU BBOAST PacyeTHbIC HATPY3KHU?
2. Kak onpenenuts pacueTHbIC HArpy3KU MOACTAHIUN?
3. Kakue nanHble O Harpy3ke M CETH HEOOXOJIWMBI ISl OMpPEaeSICHUS

pPacCUYETHBIX Harpy30K?

Ilpakmuueckas paooma Nel 1
Pacuem pazomxknuymoii cemu 110 k B ¢ mpema noocmanyuamu

Ilenw: HayunTHCS IPOBOAUTD PIECKTPUUECKUNA pacueT pa3oMKHYTOM CeTH
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OcHoevl meopuu:

N3BectHb! (pucyHok 11.1) MomHOCTH Harpy3ok S, (k=2,3), conpoTuBieHus
¥ TIPOBOJAMMOCTH JIMHUH Z i = I + X u byj (Kj=12, 23), HanpspKeHUE NUCTOYHUKA
nutanus Ui —HamnpsbkeHwe B Hadanie auHuu 12. Hajmo omnpenenuTs HEeW3BECTHbBIC

nHanpspkenus B y3nax Uy (k=2, 3), moToku 1 MOTepr MOIIMHOCTH B JIMHUAX S ,Ifj, S ,’fj,

ASy; (Kj= 12, 23), a Taxxe MOIIHOCTL UCTOYHUKA NUTaHUs S1.

7-d aman Sgj ,3 «j- P4 Ue=Uhom 2)

Hi K
823 223

..J'ng "J'ng; —quﬂ’

2= aman Uy 10 Skj

5)

Pucynok 11.1 — PacyeTt pexxnma pa30MKHYTOW NMUTAIOLIEN CETH

sz = Sou + ASp; + ASy; — jQC23 _jQé(12

Pacuer ocymiecTBisieTcs: METOJIOM UTEpaLUi WM MOCIEA0BATENbHBIX MPU-
OJIMYKEHUH, OH COCTOUT U3 JIBYX ITAIOB.

1-# stan. [IpuHumaeM Bce HanpsbKEHHS B y3iax paBHbIMU U, 1 onipenens-
€M MOTOKH U NMOTEPH MOIIHOCTH B JIMHUAX IO nepBoMy 3akoHy Kupxroda ot mo-
ClIeJTHEH HAarpy3KH K HICTOYHUKY MTUTAHUS PU

U=U,on ,k=2,3.

OnpenenuMm — jQ¥,5, SX,, AS,3, SIL, nanee ananoruuno onpenenum noToku
¥ TIOTEPU MOINHOCTH B uHuH 12: — jQ§,,, S5, AS;,, Sf,. 3anuck nepsoro 3akona
Kupxroda s y3na 2 uMeeT cleayonui BUa:

St = S + 83 — jQfz
rae S — MomHoCTh, TeKymas ot y3na 2 B IMHUIO 23.
2-11 stan. OnpexaenseM HanpsbkeHue U, o m3BecTHOMY HampsbkeHuto Uj u

IMIOTOKY MOIIHOCTH S{Iz, OIMpCACICHHOMY Ha 1-M »sTame. AHAJIOTUYHO OMnpcAcIsicM

Us.
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3aoanue:

3aoaua Nel

Paccuntates paboune peXUMBbI JIMHUM MHUTAIOMIEH CETH, CXeMa KOTOpOM
n3o0paxkena Ha pucynke 10.2, a. MomuocTr Harpy3ok Ha ctopoHe BH tpancdop-
MaTOpPOB. $,;=22,117+j14,787 MBA; S3=17,103+j11,592 MBA;
$,=30,136+j19,917 MBA

Konmponwvnwvie gonpocwi:

1. KakoBblI nonyiieHus npu pacdere ceTy B 2 3rana?

2. Ha xakue mapameTpsl pexXrMa CeTH OKa3bIBAIOT HAauOOJIbIlIee BIUSHUE
IPUHUMAEMBbIE TOMYIICHUS?

3. Bo3M0kHO J11 pOBECTH pacyeT B 2 ATama 0e3 OnpeeseHrs pacuet-

HBIX Harpy3oK?

Ilpakmuueckasa paooma Nel2
Pacnpeodenenue nomoxoe MmowyHoCmu u HANPAHCEHUIL 8 NPOCMBIX
3AMKHYMbBIX CemAX 0e3 yuema nomepb MOWHOCMU

Ileny: W3yunuTh pacnpesieieHHe MOTOKOB MOIIHOCTH M HANPSDKEHHM TPO-
CTBIX 3aMKHYTBIX CeTel 0e3 ydeTa moTeph MOIIHOCTH

Ocnoebl meopuu:

PaccMmoTpum nuHUIO ¢ ABYXCTOPOHHUM MUTaHUEM, K KOTOPO# mpeoOpasyeT-
Csl TIpoCTasi 3aMKHYTasl ceTh (pUcyHok 12.1, a).

Hcronp3yem pacdeTHbIC MOITHOCTH HArpy30K TOJICTAHIINH.

IIpu ompeneeHUMM MOTOKOB Si2, Sp3, Si3 MpeHEOPEKEM IMOTEPSIMHA MOIITHO-
ctu. CreoBaTeIbHO, MTOTOKH MOIITHOCTH HA TOJOBHBIX yYacTKaX OMPEICIsAeTCS

TaK:

ZZ;% Skan

S., =
12 i
YR Sk Z1k
Sn,n—l = T
n
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3HayeHNe MOTOKA MOIIHOCTH Sk x+1 MOKHO JIETKO HATH Ha OCHOBaHHH Tep-

BOTO 3aK0oHa Kupxroda.

—

147 et 1
pes—
—

N
]

Pucynok 12.1 — Pacnpenenenue noTOKOB MOITHOCTH B 3aMKHYTOW CETH
a — UCXO/HAsl CeTh; O — MPECTaBICHNE UCXOAHOM CETH B BUJE JIBYX JIMHUIA;
B — YCJIOBHBIE 0003HAUECHUS JJIs1 pacueTa MOTOKOB B JIMHUIX C YYETOM IO-
TE€pPb MOLIHOCTH; T — HAIIPABJIEHUE ITOTOKOB
3aoanue:

3aoaua Nel.

Komnbuesas cetsb (pucyHok 12.2, a) Hanpsixkennem 110 kB cBsi3bIBaeT 3nek-
TPOCTAHIMIO | C MOHMXKAIOUIMMHU TOACTAHIUSAMHU 2, 3, MUMEIOIINMHU PaCUETHBIC
Harpysku S; = 28+j23 MBA u Sz = 39,2 + 32,89 MBA. Mapk#u poBOJIOB, JUTHHBI
JMHUAN yKa3aHbl Ha pucyHke. CONMpOTUBIACHUS WX paBHbL: Zjp = 3,6 + j12,15 Owm;
Zys =5+]6 Om; Z33 = 8,1+ j20,65 Om. HanpspkeHue Ha IIMHAX 3JIEKTPOCTAHIIAN
paBHo 113 kB. Onpenenuts MOIIHOCTb, KOTOpas MOCTYIAET C IIUH 3JIEKTPOCTAH-

1uu. PacdeT nmpoBectu 6€3 yuera moTepb MOITHOCTH
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Pucynok 12.2 — Pacnpenenenrue noTOKOB MOIIIHOCTH B JIMHHUHU C IBYXCTO-
POHHUM MUTaHUEM
a — cxema koubleBoil cet 110 kB; 6 — cxema 3aMelleHns JTMHUU C YEThIPh-

M y3J1aMHU

Konmponvuwvie éonpocwi:

1. Kak onpenenuts TOUKy MOTOKOpPA3iesia B IPOCTOM 3aMKHYTOM CETH?

2. Bo3M0XHO M1 TTPOBECTH pacueT 3aMKHYTOW ceTh 0e3 ompeaesieHUs
pacyeTHBIX HArpy30K?

3. Bcerna nmu Toukn moTokopasziena akTUBHOW U pEAKTUBHOW MOITHOCTH

COBIIAJIalOT B OAHOPOAHOM ceTu?

Ilpakmuueckasa paooma Nel3
Onpeodenenue nazpy3ok, 0ananc peakmueHou MOUWHOCMU, DACCIMAHOGKA
KOMREHCUpPYIouwux ycmpoiucmae

Ilenwv: uzyyumsp GanaHcbl aKTUBHOW M PEAKTHUBHOM MOIIHOCTU B 3JEKTPO-
HSHEPreTUYECKUX CUCTEMAX

OcHoebt meopuu:

ITepenaua snexrposneprun no JIDII sneKTpOMArHUTHHIMM BOJIHAMHU OCY-
MIECTBIISIETCSI CO CKOPOCTHIO, OJM3KOM K CKOPOCTH CBETA, T.€. MPAKTUIECKU MTHO-
BEHHO. DTO NMPUBOAUT K TOMY, YTO MPOU3BOJICTBO, PaclpeeieHUe U MOTpeOIeHre
AIIEKTPOIHEPTUH TIPOUCXOAUT OHOBpeMeHHO. [ToaToMy B 11000i1 MOMEHT BpeMe-
HU YCTAHOBMBIIIETOCS PEXMMa CUCTEMbI IO KHBI BhIpaOAThIBATh MOITHOCTh, PaB-

HYIO MOIIIHOCTHU HOTpC6I/ITeJIef/'I 1 IIOTEPSIM MOIIHOCTH B DJIEMCHTAX CHUCTCMBI. I[py-
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TUMU CJIOBaMH, B YHEPTOCUCTEME JJOJKEH UMETh OaaHC BhIIaBAEMOU M MOTPEOIIs-
€MOM MOIITHOCTH:
2P =2 P =2 P+ 2 AP;
2.Q,=2Q,=20Q,+2AQ
rae Y P. —akTHBHas MOIIHOCTb, KOTOpas BbIpaOAaTBIBAETCS T'€HEpaTOpaMu

ANEKTPOCTAHLIMNA 32 BBIYETOM MOIIHOCTH, PACXOJyeMON Ha COOCTBEHHBIE HY>KJIbI
AIEKTPOCTAHLINM;

> P, —cymmapHas noTpebisieMas akTHBHAs MOIIHOCTh, KOTOpasi CKJIA/(bIBa-
€TCsl U3 MOIIHOCTU Harpy3oKk » P, ¥ HOTepb MOLIHOCTH » AP;
>’ Q, —peaKkTHBHas MOIIHOCTb, KOTOpas BbIPAOATHIBAETCS I'€HEPATOPAMH

AJIEKTPOCTAHIIUNA 32 BBIYETOM MOITHOCTH, PACXOAyeMON Ha COOCTBEHHBIC HYX b
AJIEKTPOCTAHLIMM, a TAKXKE PEAKTUBHAS MOIIHOCTH JOIOJHUTEIBHBIX UCTOUYHUKOB
PEAaKTUBHOM MOIIIHOCTH;

> Q, —cymMapHas morpeOisieMas peakTHBHAs MOIIHOCTb, KOTOpas CKia-
IBIBACTCS U3 MOILITHOCTH HATrpy30K » Q, ¥ IMOTEepb MOIIHOCTH » AQ.

[ToTepu aKTUBHOW MOITHOCTH BKJIFOUAIOT B €05l MOTEPH MOIIHOCTH B BO3-
IyIIHBIX U Ka0enbHbIX JIDII, aeKTpOMarHuTHBIX anmnapaToB U YCTPOMCTB yIpaB-
JICHUSI pEKUMaMU CUCTEMBI.

CyMMapHble TIOTepU PEAKTUBHOW MOIIHOCTH — ATO alreOpanyeckas cymMma
MOTEPh MOIIHOCTU B CONMPOTHUBJICHUSX U MPOBOJUMOCTSAX BO3IYIIHBIX U KaOelb-
Heix JIOII, Tpanchopmaropax, MOITHOCTH HAMAarHUYUBAHUS U PACCESHHS DJICK-
TPOMAarHUTHBIX alnapaToB.

[Ipy HEM3MEHHOM COCTaBE€ HArpy30K AaKTHMBHAS M PEAKTUBHASI MOIIHOCTb,
noTpedsieMas CUCTEMOM, SBIAETCS (DYHKIIMEH YaCTOTHI M HAINPSKEHUS Ha IIWHAX
noTpebuteneil. banaHc MOUIHOCTH B CUCTEME OTBEYAET HEKOTOPBIM OIpeneleH-
HbIM 3HAQUYEHUSIM YacTOThl U HampstkeHus. [Ipy n3MeHeHUn UX 3HAYCHUN U3MEHS -
I0TCSI B TOW WJIM MHOM CTENIEHU TpaBas U JieBas 4acTu ypaBHeHus Oananca (100.1)

1 Ha0OOPOT.
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KonnyecTBeHHYI0 OIICHKY M3MEHEHHS BEIMYUH, BXOJSIINX B YypaBHEHUE
OanaHca, MOXHO BBINIOJIHUTH 10 CTATUYECKHM XapaKTEPUCTHUKAM Harpy3ku (TIo-
tpeduteneit) P, u Q.

CraTudeckue XapaKTepUCTUKU MPEICTaBISIIOT COOOW 3aBHCUMOCTH MOTPEO-
JSIEMOW aKTUBHOM M PEaKTUBHOW MOIIHOCTEHW OT 4acTOThl W HampshkeHus (P, = F
V), Pr=F (), Qu=F (U) u Q, = F (f)) npu Takux MajbIXx UX U3MECHCHHSIX, YTO
Ka)IbIii HOBBIA PEXHUM MOXKET CUMUTAThCS yCTaHOBHBIIUMCS. OHU MPUBEACHBI Ha

puc. 13.1.

P, O F, O

Luom fHI:IM

a) 6)
Pucynok 13.1 — Cratnueckue XxapakTepuCTUKA MOITHOCTH

a — M0 HAMPSHKEHUI0; O — 0 YacToTe

oP.(U,f) 0Q,U,f)
ou ou

[Ipoananu3upyemM BEJIUYUHBI POU3BOIHBIX

P, f)  5Q,U, 1)
of of

IIpY HC3HAYUTCIIbHBIX M3MCHCHHUAX HAIIPAKCHUA U Ya-

CTOTBI B OKPECTHOCTSIX TOUKH (Uyon, Trom):
oP_ (U, f) >0
oU
0Q. (U, f) >0
oU

P, 1) _,
of
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Q,U.1) _,
0.0 o,

I/ICXOI[H M3 BUAA CTATHYCCKUX XaAPAKTCPUCTUK, MOKHO 3aIINCATh:

QM. f)|__|0Q,U. )
ou | of |

oP.(U, 1)
ou |

P, U, )|
of

HpeI[HOJIO)KI/IM, 4TO B IICPBOHAYAJIBHOM PCKUMC YPABHCHUC OajaHca BEI-

TIOJTHSICTCS TIPU 3HAYCHUSX HAMPSDKEHHSI M 4acTOThI paBHbIX U 1 fo!
P.(Uo, fo) =PR. Uy, fo);
Q. Uy, o) =Q. (Uq, fp).
[lpy HE3HAYMTEIHHOM H3MEHEHHUHM MOIIHOCTH HCTOYHHUKOB Ha BEIUYHUHY
AS, =AP. + JAQ, U3MEHATCS U ypaBHEHUs OayaHca.
[Tpu pasnoxxenuu B psan Teinopa Gyukuuit P, (U, f) u Q, (U, f) B okpecTHO-

ctax Touku (Uo, fo) ipu ydere ToapKO MPOU3BOIHBIX TIEPBOTO MOPSAKA, TOTYIUM:

Py PV e ap
ou of

8QH(U,f),AU+8QH(U,1‘),M:AQ
oU of v

3anuiieM B MaTpUYHOM popMe cucteMy

6P _(U,f)  oP (U, f)
ou of | [AU| |AP,
Q,U.f)  aQ,U,T) "Af AQ,|

ouU of

Pemaem ypaBHenue (14.6) otHocutensHo npupamieanii AU, Af :

AU:g.(M.AH_amu,f),AQF}

A of of

Af ZE'(_M'AR +5PH(U, f) 'Aerv
A ou oU

/i€ ONpeeIUTENb MAaTPHULIBI PABEH
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_oP,(U,f) Q,U,f) P, (U, f) Q,U,f)
- auU of of ou

A

3aoanue:

3aoaua Nel

Ha pucynke 13.2 noka3zana cxema reorpauyeckoro pacrojaoXeHUs] UCTOU-
HUKa MUTaHMUs palloHa W MYHKTOB MOTpeOsieHus anekTposnepruu. Harpysku nos-
ctanuui paBusl P,=36 MBT, P3=39 MBT, P,=22 MBT P5s=17 MBT, P¢=41 MBT.
OnpenenuTs MOIIHOCTH HAarpy30K, pacCUUTaTh OaJlaHC aKTUBHOW MOILHOCTH B Ce-
TH U PACCTAaBUTh KOMIICHCUPYIOIIME ycTpoicTBa Ha mmHax 10 kB nmonmxarommx

HOJCTAaHIIUH.

5 6
Ips IP6

Pucynok 13.2 — Cxema reorpadu4eckoro pacrioioKeHUs

Konmponvnwvie éonpocwt:

1. KakoBa cBs3p MekIy OalaHCOM aKTHBHOW MOITHOCTH U PETYIHPOBA-
HUEM YaCTOTHI?

2. KakoBo Ha3HaueHue Oarapell KOHJICHCATOPOB M CHHXPOHHBIX KOM-
MIEHCATOPOB B JIEKTPHUUECKUX CETAX?

3. KaxkoBsl kputrepun paccranoBku KY?
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Ilpaxkmuueckaa paboma Nel4
Pacuem nomokopacnpeoenenus akmugHoi MOUHOCHU, 8b1OOD
HOMUHAIbHO20 HANPAICEHUA Cemu
Ilensy: HayduTHCS BHIOUPATH HOMUHAIBHOE HAIIPSKEHUE CETH
OcHoevt meopuu:
HomunanbHOe HampspkeHHE JIMHUU OMpEeNsaeTcsl ee JJIMHOM UM aKTHUBHOU

MOIIHOCTBIO, IEPEAABAEMOM 10 JTUHUU. J[JIMHBI TUHWI U3BECTHBI.

LII1

2 30 3 70 55 1
Sg-z = ls 1113 Sun-1
S H2 S H3 S Hl1

Pucynox 14.1 — [IpunnunuanbHas cxema pa3oMKHYTOU CETH

MOHIHOCTI/I, IMPOTCKAOIIHUC I10 YI4aCTKaM CCTH COCTABJIAIOT!

Sunfl = SHl;
S3—2 = SH2;
Sun—s = SH3 + SHZ'

[IpuBeneM pacyeT 3aMKHYTOM 3JiekTpuueckon cetu (puc. 14.2). Onpenenum
NpeABapUTEIbHOE TOTOKOpacnpeaeneHue B cetu. [IpeacraBuM KoOJIBIIEBYIO CXEMY
CEThIO C JIBYXCTOPOHHUM NMUTAHUEM OT UCTOYHUKOB A W B u 3agaaumcs mpous-

BOJIBHO HAIlPaBJICHUSAMHU MOIIHOCTEHN B TUHUAX (puc. 14.1).

A B

| 1 2 3

I —=s, L — " Sp —3p & = Sus !
S Shz Sh3

Pucynok 14.2 — IIpencraBienue NpUHIANUAIBHON CXEMBI CETH KOJIBLEBOTO

THUIIa CETHhIO C ABYXCTOPOHHHUM IMUTAHHUCM
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MomHOoCTb, TpoTeKaronas o roJIoBHOMY y4acTky Al, cocTaBiser:
3 3
SAl = Z PiLiB/LAB + jZQlLiB/LAB
i=1 i=1
MOIIHOCTH OCTaJbHBIX YYACTKOB AJIEKTPUUECKOW CETH HalJIeM 110 IEPBOMY
3akony Kupxroda, npeaBapuTenbHO 3aJaBIIMCh HAMPABICHUSMHU MOIIHOCTEH
(puc. 14.1)
S12 =Sm = Su1s Sz =51, =S5 Spy =S+ S
Jlyist BBIOOpa HAIpPSHKEHUS DJIEKTPUYECKOM CETH BOCHOJIb3yeMcs (hopMyIioit
3anecckoro, Ctiwia u Miutapuonoa Hanpsikenue yuactka cetu Al cocTaBisier:
— (hopmyia 3anecckoro
U,m.=16-YP-L
— dopmyna Ctusia

U, . =434,/L+0,016P

— (popmyna Mnmapuonona

B 1000
T [500 2500
L P
3aoanue:
3aoanue Nel

OnpenennTs MOTOKOpPACHpeNeieHNe aKTUBHOW MOIIHOCTH M HOMHHAJIBHOE
HaNpsDKEHUE JIMHUHN 7151 cXeMbl BapuaHTa | pucyHok 14.3.

Bapuanr -1 Bapuanr -2

2

Pucynok 14.3 — BapuaHnTtbl cxeMbl ceTu
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3aoanue Neo2
OnpenenuTh MOTOKOpacHpeAeieHUEe aKTUBHONM MOIIHOCTH M HOMHUHAJILHOE

HanpsHKEHUE JIMHUN JIJ11 CXeMBbI BapuaHTa 2 pucyHOK 14.1.

Konumponwsuwvie 6onpocwi:

1. OT xakux (pakTOpOB 3aBUCUT HIKOHOMUYECKH I€1eco00pa3HOe HOMU-
HaJIbHOE HAINPSKEHUE TPOCKTUPYEMOM CETH?

2. KakoBbl npenMy1iecTBa NpUMeHEeHHsl 00Jiee BHICOKOTO HOMUHAJIBHOTO
HaIpsKEHUS ?

3. KakoBbl HEmOCTAaTKM MPUMEHEHHs 00Jie€ BBICOKOTO HOMHHAJIBHOTO

HaIpsKEHUS ?

Ilpakmuueckaa paooma Nel5
bananc peakmuenoit mougpocmu. Pacuem nomokopacnpeoenenus peakx-
MUBGHOU MOWHOCIU

Ienw: n3y4nTh YCTPOMCTBA KOMIICHCALIUU PEAKTUBHOW MOLIHOCTH

OcHoebl meopuu:

N3 Gananca peakKTHBHOW MOIIHOCTH B DHEPTOCUCTEME CIIEIyeT, YTO B CIIy-
yae, KOIJIa TeHepalus PEaKTUBHOM MOIIHOCTH TMPEBBINIACT €€ MOoTpebeHue,
HaIpspKeHUE B ceTH Bo3pacTaeT. [lpu neduiure peak THBHOM MOITHOCTH — Hampsi-
YKEHHE YMEHBIIIAETCs. DTOT BBIBOJ MbI YK€ MOJIy4Yall, KOrJa paccCMaTPUBAJIN BEK-
TOPHYIO IMarpamMMy JIMHUHU dJIeKTponepenaun HanpsbkeHuem 110 kB. EMkocTHbIN
tok JIDII, paGoTaromieil Ha XOJIOCTOM XOJy, WM, APYTUMU CJIIOBaMHU, MOIIHOCTb,
reHepupyemas JIOII, nopsimiaet HanpsbkeHnue B kouile JIDII.

B omimune ot GanaHca akTUBHOW MOIIHOCTH, OajlaHC PEaKTUBHOM MOIIHO-
CTH HE MOKET B IMOJHOW MEpe OMpPEeTUTh TPEOOBaHUS, KOTOPHIC MPEIbIBISIOTCS
K UCTOYHUKAM PEAKTHUBHOW MOITHOCTH. ECIM aKTUBHYIO MOIIHOCThH BbIpaOaThIBa-
IOT TOJIBKO T€HEPATOPHI AJEKTPOCTAHIIMM, TO PEAKTUBHYIO MOIIHOCTh MOXHO TO-

JyYuTb OT AOIOJIHUTCIBbHBIX HWCTOYHHUKOB, KOTOPBIC MOT'YT YCTAHABJIMBATHCA
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BOIM3M MOTpeOuTEeNe. DTH JOMOTHUTEIbHBIE MCTOYHUKH HA3bIBAIOTCS KOMIICH-
CUPYIOIIUMHU YCTAaHOBKAMH.

[Ipu mpoeKTUPOBAHUU DIEKTPUUYECKON CETU HYKHO MPOBEPSITH OalaHC peak-
TUBHOU MOIIHOCTH KaK B IIEJIOM MO YHEPTrOCUCTEME, TaK U B OTACIBHBIX €€ YaCTSIX.
[Ipu 5TOM cienyeT yuYuThIBaTh U HEOOXOIMMOCTh PEe3epPBa PEAKTUBHON MOIIHOCTH.

bananc peakTMBHOM MOIIHOCTH CHEAYET NPEAYyCMAaTPHUBATh OTIEIbHO IS
KaXXJIOr0 peKUMa CEeTH. XapaKTePHBIMU PEKUMAMU B CUCTEME SIBIISIFOTCS:

. pexuM HauOoJIbllIeH peakKTUBHOW HArpy3ku. J{Jis pexuma xapakTepHO
HauOoJbIIee TMOTPEOJCHUE PEAKTUBHOM MOIIHOCTH M HauWOOJIbIIAs MOITHOCTh
KOMIIEHCUPYIOIIUX YCTPOUCTB;

. peXUM HaMOOJbIIIEH aKTUBHOW Harpy3ku. PexxuM cBsizaH ¢ HauboJIb-
el 3arpy3Koi reHepaTopoB aKTUBHOM MOIIHOCTH MPU HAUMEHBIIIEH BhIPaOOTKE
PEaKTUBHOW MOIIHOCTH;

. pEXKMM HauMEHbIIIEW aKTMBHOM Harpy3ku. B 3ToM pexume 4dacth re-
HEpPaTOPOB OTKJIIOUAIOT. BbIpaboTKa peakKTUBHOW MOIIHOCTH T€HepaTopamMu dSJeK-
TPOCTAHIMHA YMEHBILIAETCS;

. MocJieaBapyuiiHbIe U PEMOHTHBIE PEKUMBI. B 3THUX pexkrmax HanboOJb-
1IMEe OTPaHUYCHHUS 0 MepeIadye PEaKTUBHONW MOIITHOCTH.

Ecnu B sHeprocucreme Habmonaercs AePUIIUT aKTUBHON MOITHOCTH, TO OH
MOKPBIBAETCS 3a cUeT M30bITKAa aKTUBHOW MOIIHOCTH B APYrUX cucTemax. [[is mo-
KpBITUS HEJIOCTAaTKa PEaKTUBHON MOIIHOCTH €€ SKOHOMUYHEE TE€HEPUPOBATH KOM-
MEHCUPYIOIUMHU YCTPOUCTBAMU, KOTOPhIE YCTAHABIMBAIOTCS B JAHHOW AYHEPTrOCHU-
CTEME, a HE MepeaaBaTh U3 COCEAHUX CUCTEM.

B ortnuyume oT akTUBHOW MOUIHOCTH PEaKTUBHAsI MOITHOCTh MOET I'€HepH-
pOBaThCs HE TOJILKO I€HepaTopamMu 3JICKTPOCTAHIIUN, HO U yCTPOUCTBAMHU, KOTO-
peie Ha3zbiBaloTCsl kommeHcupywomumu (KY). Otu ycrpoiicTBa pacmosaraioT B

HEIMOCPEICTBEHHOMN O5n30cTH OT moTpedbuTteneit. K HUM oTHOCSTCS:

. cuHXpoHHbIe KomnieHcaTtopsl (CK);
. Oatapeu koHaeHcatopoB (bK);
. cTaTuyeckue uCTOUHUKH peakTuBHOU MoiHOCTH (CTK nmu UPM).
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OmnbIT 3KCIUTyaTalMy MOKa3bIBAaET, YTO MPU HOMUHAILHOW Harpy3ke reHepa-
topsl DC BeIpabaThiBatoT okoyio 60 % TpedyeMoi peakTuBHOU MoiHOCTH, 20 %
reHepUpyeTcsl JTUHUSAMU 3JIEKTporepenayd BrIcOKoro Hampsbkenus, 20 % Bbipada-
TBIBAIOT KOMIIEHCUPYIOIIUE YCTPOUCTBA.

Bripabotka 1 kBap peaktuBHOM MomHOcTH Ha DC CTOUT B HECKOJIBKO pa3
Jeniensie, yeM ee BeipadoTka ¢ nomoinbio KY. Ho TexHuko-skoHOMHYECKUE pac-
YeThl TTOKAa3bIBAIOT, YTO OOJIbIIAS YacTh PEAKTUBHOM MOIIHOCTH JOJDKHA BbIpada-
ThiBaThCa KY. D10 00BsACHSETCS BHEIPEHHEM MOIIHBIX T'€HEPATOPOB C OTHOCH-
TETHHO BBICOKMM COS (), POCTOM MPOTSHDKEHHOCTH U HampspkeHHs nepenadu. I[lo-
TOMY CHIDKAETCS SKOHOMHUYHOCTH BBIPAOOTKH PEAKTUBHON MOITHOCTH T€HEpaTo-
pamu OC.

KOMHCHC&HI/IH peaKTHBHOﬁ MOHIIHOCTHU MPUMCHACTCA JId CICAYIOHNIHX IIC-

JICH:
. JIJIS1 BBITIOJTHEHUS OajlaHca peaKTUBHONM MOITHOCTH;
. JUJISl CHAKEHUS TTOTEPh MOIIIHOCTH U 3JIEKTPOIHEPTHUH;
. JUJISL pEeTYJIMPOBAHMS HAMPSIKEHUS.

[Ipu ucnons3zoBanuu KY He0OX0AMMO yUUTHIBATh OIPAHUYEHHUS UX MOIIHO-

CTH 0 TEXHUYECKUM U PEKUMHBIM TpeOoBanusiM. MomHocts KY nomkna yno-

BJIETBOPSITH:
. HEO0OXOIMMOMY pE3EpBY MOITHOCTH B y3JIaX Harpys3KH;
. pacrnonaraeMoi peakTUBHON MOITHOCTH Ha DC;
. OTKJIOHEHHUIO HAMPSKEHUS Ha IIMHAX MOTpeOUuTenei;
. npomnyckHoi cnocoonoctu JIEIT.

JIJist yMEHBIIICHUS IEPETOKOB peakTUBHOM MotmHocTH 1o JIDIT u Tpancdop-
MatopaM KY nomkHB pa3Memarbcsi BOJM3M MECT MOTPEOJICHUS pPEeaKTUBHOU
MOITHOCTH. [Ipu 3TOM 3I€MEHTHI CETH Pa3rpyKAOTCA M0 PEAKTUBHON MOIIHOCTH.
OTO NPUBOJUT K YMEHBIIEHUIO IOTEPh MOIIHOCTH U HAMPSIHKEHUS.

N3 ananm3za paboThl CHHXPOHHOTO T€HepaTopa CJIEeIyeT, YTO YBEJIIMUUTh BbI-

pabOTKy peaKTUBHOW MOITHOCTH MOYKHO TOJIBKO 32 CUET CHIDKEHUS BBIPAOOTKH aK-
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TUBHON MOIIHOCTH. JTOT MPUHLMUI PEaJM30BaH B CHHXPOHHOM KOMIIEHCATOPE
(CK).

CHUHXpOHHBIH KOMIIEHCATOP — 3TO CUHXPOHHBIN JBUTATElNb, KOTOPBIA pado-
TaeT B PEKHUME XOJIOCTOr0 X0/1a, TO €CTh MPaKTHUUECKU 0€3 aKTUBHOUN HArpy3KH Ha
Bany. Takum o6pazom, CK 3arpyxeH TOJIbKO pEaKTUBHBIM TOKOM.

Cxema 3amemenusa CK npuBenena Ha puc. 15.1.

Ea
- Kd
"
e

Pucynok 15.1 — Cxema 3amemenus CK

Ue
|
I

H,

Kak u cunxponnsiii neurarens, CK moxer paboTaTe B IByX pexuMax: Ie-
peBo30yxJieHus U HenoBo30yxaeHus. [Ipu nepeBo30yxaennn 3/1C CK Gosnbie
HAIIPSDKEHUS B TOUKE €r0 MOJKIIOUYEHHUS

Eq> U

CHUHXpOHHBIN KOMIIEHCATOP FEHEPUPYET B CETh PEAKTUBHYIO MOIIHOCTH TOK
CK omnepesxaer Hanpspbkenue Ha 90°. BekTopHast muarpamMma pekuma epeBo30yx-
nenust CK npuBenena Ha puc. 15.2 a.

VYMeHb11ast TOK BO30YXACHUSI, MOXKHO MOJIYYUTh PEKUM HEOBO30YKIEHUSI.
B arom pexume DJIC CK MmeHblIe HanpsKeHHs B TOUKE ero noakmrodeHus Eq> U
u Tok CK orcraer ot Hanpsbkenus Ha 90°. BektopHas guarpaMma pexuma HEJo-
B0o30yxnenust CK npuBenena Ha puc. 15.2 6. B atom pexxume CK norpebisieT pe-

AKTUBHYIO MOIIHOCTbD, ITOJIy4dasa €€ U3 CCTH.

+f +f

] £ .Ii'VEIECE X4
IEK Eq + =g

L

rr Ji"JG'E-:E ‘Xa fr-

"IIZK

a) 6)
Pucynok 15.2 — Bexropusle auarpammbsl CK
a — B pe&XKUME NEPEBO30YKACHUS;
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0 — B pexuMe HeJOBO30YKIeHUs
Homunansaas momuocTs CK yka3piBaeTcs 1uisi pekuma mepeBo30yKICHHS.

B pexxume HeOBO30YKICHUS

Qé;(ea = 0’5 : QCK HOM *

DTO CBs3aHO, BO-TIEPBBIX, ¢ HarpeBoM B J000BbIX HacTsx CK — B pexume
HEJIOBO30YXKJEHUA MOTOKM CKiaabiBatoTcs (puc. 15.2 6). Bo- BTOphIX, H3-32
HapylieHus: yctoiunBoi padotel CK Hesb3s 3HAYUTENbHO CHUXKATh TOK BO30YXK-
JICHUSL.

JlocTtounctBa CK:

. BO3MOYKHOCTb YBEJIMUECHUSI T€HEPUPYEMOM MOIIHOCTH IIPU CHUKEHUU
HaIpPsHDKEHUS B CETH 3a CUET PETYIMPOBAHUS TOKAa BO30YKICHUS;

. BO3MOYKHOCTh IIJIABHOTO M ABTOMATHUYECKOI'O0 PETYJIHUPOBAHUs pEak-
TUBHOM MOIITHOCTH.

baTtapen koHIEHCATOPOB MPUMEHSIIOTCS:

. JUIS. TEHEpALlMM PEAKTUBHOM MOIIHOCTH B y3JIaX CETH — IIONEpeYHast
KoMmreHcanus. batapen koHieHcaTOpoB Ha3bIBaOT IyHTOBbIMHU (IIIBK);

. JUISl YMEHbBIIEHUSI THAYKTUBHOTO conpotuBieHus JIDII — nmpononapHas
KOMIIeHcalus. barapen KOHIAEHCATOPOB HA3bIBAKOT YCTPOWCTBAMH IIPOJOJIBHOU
komnencanuu (YIIK).

[IynroBele BK BkmtouaroT Ha muHbl [IC mapamnensHo Harpyske, YIIK
BKJIIOUAlOT B pacceuky JIOIL.

batapen KOHIEHCATOPOB KOMIUIEKTYIOTCS M3 OTACJIBHBIX KOHJIEHCATOPOB,
KOTOPBIE COEAUHSIIOTCS MOCIEA0BATENBHO U MapajuiesibHO. KoHaeHcaTopsbl BhITyC-
KaroTcsl B 0iHO(pa3HOM U Tpex(da3HOM UCTIOJHEHUH Ha HOMUHAJIBLHOE HANPSKEHUE
ot 0,22 no 10,5 kB. EaunnyHas MOITHOCTh KOHJEHCATOPOB M3MeHsieTcs oT 10 1o
125 kBap. YBenuueHne HanpsHKEHUs JOCTUTAETCS 34 CUET YBEJIMYEHUS YKciia Mo-
CJIEIOBATEJILHO BKJIFOUEHHBIX KOHJECHCATOPOB, YBEJIMYEHHUE MOIIHOCTH — 3a CUET

MapaiyieIbHOTO BKJIIOUEHHUS KOHJeHCcaTOpoB (puc. 15.3).

78



...
- Tt Qe
UEk —
QK HO™
a) 6)

Pucynok 15.3 — CoennHeHnne KOHJIEHCATOPOB

a — IMOCJICI0BATCIBHOC, 0— InapaJuiCiIbHOC

Ywucio IMOCJICAOBATCIIbHO BKIIIOUCHHBIX KOHIACHCATOPOB OIIPCACIIACTCA 110

dbopmyie:
)
\/§ U KHOM kp
Yucio IMOCJICA0BATCIIbHO BKIIFOUCHHBIX KOHACHCATOPOB PABHO!
Qe
)
Ql( HOM
ITpu coenMHEHNH KOHIEHCATOPOB 3BE310M MOIIHOCTE 0aTapen paBHa
3-U2 VE
_ b _ 2 112 _ “HOM
QBK_ _3‘U(1).0\)‘C_UHOM.O).C_—
X, X,

[Ipu coenuHeHNN B TPEYTOJBHUK MPH MCIOJ30BAaHUM TAKUX K€ KOHACHCA-
TopoB MorHocTh bK Oyner
3-U
X./3 -

BN

Qs = 9-Us-®-C=9-U;-0-C

IIpeumymecrna:
. IPOCTOTA YCTPOWUCTBA U €T0 0OCITY KMBaHMUS;

. OTCYTCTBUE BpallalOIIUXCS YacTed aaeT 0e30MacHOCTh OOCTY>KHBa-

HUS;
. MaJible ToTepu akTuBHOM MolHocTH - 0,003 MBT1/MBap.

Henocratku:
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. 3aBUCUMOCTb MOIIHOCTH bK oT HanpspkeHus;

. CTYIIEHYATOE peryarnpoBanue MomHocTH bK u ee HanpsikeHus;
. YYBCTBUTEJIBHOCTh K HCKAKEHUIO KPUBOU (DOPMBI HAIPSKEHUS;
. HEJIOCTATOYHAS AJIEKTPUYECKAST MPOYHOCTh KOHAEHCATOPOB U MAJIBIN

CPOK UX JKCILTyaTaluy.
3aoanue:
3aoaua Nel
OneHutp OajlaHC peakTHBHON MOIIHOCTH JUIsl CETH BapuaHTa | u ompene-
JUTh MOTOKOpAcHpeeneHne peakTuBHOM MouniHoctd. KoadduumeHt MoniHoctu

CUCTEMBI, B KOTOPYIO BXOJUT MPOEKTUPyeMas CETh, paBeH COS@rc=0,9

3aoaua No2
Ouenuth OajlaHC PEaKTUBHOW MOITHOCTH JJi CETU BapuaHTa 2 W ompeje-
JUTh MOTOKOpAcHpeeneHne peakTuBHOM MouniHoctd. Koadduuuent MoniHoctu

CHUCTEMBI, B KOTOPYIO BXOJUT MPOEKTHPyeMas CETh, paBeH COS@rc=0,9

Konumponwsuwvie éonpocwi:

1. KakoBa cBsA3p MeX1y OalaHCOM PEAKTUBHOM MOIIHOCTH M PEryJIUpO-
BAHUEM HaIPSKEHUS ?

2. [Ipu xaxom ycnmoBuu B nuHuAX 110 kB momyckaercs npuHuMaTe pas-
HBIMH BEJIMYMHBI IOTEPh U T€HEPALUN PEAKTUBHON MOIIHOCTH?

3. B anekTpuuecKuX CeTAX ABYX HOMHUHAJIBHBIX HANpPSIKEHUW (HAmpu-
Mmep, 220/110 kB) cnexyer B nepByro odepeb YCTAHABIMBATH KOMIIEHCUPYIOIIHE
ycrpoiictBa Ha muHax 10 kB moacranuumii cetu Oosiee HU3KOTO HOMHHAIBHOTO

Hanpspkenus (110 kB) wiu 6omee Beicokoro (220 kB)?
Ilpakmuueckasa paooma Nel6

Buioop ceuenuit u mapox npoeo0ooe 030yuinvix aunuii. Ilposepka

ceyeHuil npoeodoe no yciioeuam mexnHuuecCKux ozpaHuquuﬁ
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Ilenw: HayuuTbcsa BbIOMpATh CEYEHHE U MApKy MPOBOAOB BO3IYIIHBIX JIU-
HHU.

OcHoevt meopuu:

Cedenue nOpoBOJIOB W Kabeliel OMpeAessitoT, UCXOAS W3 JOIMYCTUMOTO
HarpeBa C y4eTOM HOPMAaJIbHOTO M aBAPUIHOTO PEXXUMOB, a TAKXKE HEPABHOMEPHO-
IO paclpeieseHusl TOKOB MEXy OTAEJIbHBIMU JIMHUSMM, ITOCKOJIbKY, HAIrpEB U3-
MeHSIeT (PU3NYECKUE CBOMCTBA MPOBOJHHUKA, MOBHIIIAET €r0 CONMPOTUBIICHUE, YBE-
JUYMBAET OECIONIE3HBIN Pacxo]] JIEKTPUUECKON 3HEPIUU Ha HarpeB TOKOIPOBO-
JUIIIUIX YaCTe! U COKPAIAET CPOK CIYKOBI U30JAUUU. Ype3MepHBIN HAarpeB OMaceH
JUTSL U30JISILIMM U KOHTAKTHBIX COETMHEHHUI U MOXKET MPHUBECTH K MOKAPY U B3PBIBY.

DNEeKTpUYECKON BO3YIIHON JIMHUEH 3JIEKTPOIEpeau Ha3bIBACTCs YCTPO-
CTBO ISl MEpPENadyM 3JIEKTPUUECKON SHEPTUH MO MPOBOJAM, PACIOJIOKEHHBIM Ha
OTKpPBITOM BO3/1yX€ W NPUKPEILUICHHBIM IPU ITOMOIIM U30JIATOPOB M apMaTyphl K

OI10paM HJIN KpOHHITGfIH&M HHXKCHCPHBIX COOpY)KCHI/If/'I. ['maBHBIE 21€MEHTHI BO3-

nymHou JIDIT:
. IIPOBOJIA, KOTOPBIE CITy’KaT JUIsl IEPEJAadYM dJIEKTPOIHEPTUY;
. IPO303allUTHBIE TPOCHI ISl 3aUIUTHl OT aTMOC(EPHBIX MEepeHanpsiKe-

HUl (TpO30BBIX pa3ps10B). OHU MOHTUPYIOTCS B BEXpHEW 4acTH O1Oop;

. OIIOpBI, MOAAEPKUBAIOIINE MPOBOJA U TPOCHI HA ONPEACIICHHOW BbI-
COTE HaJl IOBEPXHOCTBIO;

. U30JIATOPBI, U30JIMPYIOIIKE MPOBOJA OT TEJIA ONOPHI;

. apmarypa, IIpy IIOMOIIM KOTOPOW IPOBOJA 3aKPEIUIIIOTCS HAa U30JIs-
TOpAax, a U30JIATOPBI HA OIIOpE.

ITo tuny onopsr BJIEII nenstcsa Ha npoMexyTouHble U aHKepHbIe. [Ipome-
KYTOUHBIE M aHKEPHbIEC Pa3IUYaOTCs CIIOCOOOM MOJBECKM MPoBO0B. Ha mpome-
KyTOUYHOW OIIOpE€ IMPOBOJ IMOABEIINBACTCA C NMOMOIUBIO MOIAEPKUBAOLIUX TUP-
JISAHI M30JTOpOB. Ha aHKepHBIX onopax NMpoBOJA 3aKPEIUIEHBI KECTKO U HATAHY-

Thbl 0 3aJaHHOI'O HATAKCHUS IIPU IMOMOIIXU HaTsHKHOU THPJIAHABI U30JIATOPOB (CM.

puc. 16.1).
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L /@2
a)

B)
Pucynok 16.1 — Kpemienue nmpoBoaoB B (ha3e Ha MIPOMEKYTOUHOH (a) U aH-
KepHoii (0) onopax:

1 — TpaBepca; 2 — TUpISHIA U30JIATOPOB; 3 — 3aXKUM.

[lo Ha3HAYEHMIO pPA3IMYAIOT OMNOPHI YIVIOBBIE, KOHIIEBBIE, CIELUAIBHOIO
HA3HAYCHHUS.

[To maTepuaity onop paznuyarot aepeBsHHble (10 220 kB), xene300eToHHbIe
(35 — 330 kB) u metayunueckue (35 kB u BbIIIe).

Ha BJIEII npumeHSIOT rojsle mpoBoja U Tpockl. Haxomsce Ha OTKPBITOM
BO3J/lyX€, OHU MOABEPrarTcs aTMochepHbIM Bo3AeHcTBUSIM. [loaTromy maTtepuan
IPOBOJIOB, KPOME XOpOILIEH MPOBOJUMOCTH, JOKEH OBITh YCTOMYMBBIM K KOPPO-
3UM, 00J1a1laTh MEXaHUYECKOW MPOYHOCTHIO. {11 MPOBOIOB MPUMEHSIOT CIENYIO-

IUe MaTCpuaJibl:

. ME/Ib;
. aJIFOMUHUU;

. CTaJb;

. CIJIaBbl AJIIOMUHUS U MEM C APYTUMH METaJJIaMU (KeJIe30M, MarHu-

€M, KPEMHHUEM).

Menp uMeeT yaenbHyI0 MpoBoAUMOCTh CM*KM/MM?, OTIMYaeTCS MEXaHUYe-
CKOW IPOYHOCTHIO. [[JIeHKa OKMCH 3aIIMIIAET €€ OT KOPPO3UU U XMUMHUYECKUX BO3-
neiictBuil. O6nagaeT yCTOWYMBOCTHIO KOHTAKTA.

ANIOMUHUI MMEET yIENbHYI0 MPOBOAUMOCTL CM-kM/MM2. MexaHuueckas
IIPOYHOCTH XYK€, yeM y Menu. ClenoBaTeiabHO, Jalle CIECAYEeT CTaBUTh OIIOPBI.
[IneHka oxkucH 3amMIIacT €e OT KOppo3uu. [IIoXo ImpOTHMBOCTOUT XUMHUYECKUM

Bo3jeicTBUsIM. He 00saiaeT yCTOMYMBOCTHIO KOHTAKTA.
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CranbHble POBOJA UMEIOT TVIOXYI0 IPOBOAUMOCTh. OTiIMUaroTcs: O0NbIION
MEXaHUYECKOM MpodHOCThI0. He 00manaioT ycTOWYMBOCTBIO K KOPPO3UU. AKTHB-
HOE CONPOTUBJICHUE 3aBUCUT OT MIPOTEKAIOMIETO TOKA.

BBINONHAIOT MPOBOJIa U W3 JABYX METAUIOB — CTaiu U amtoMuHud. Cranb
HaXOJUTCS BHYTPHU MPOBOAA U CIYKHUT JJISl YBEJIMUECHUS MEXAHUYECKOW IMPOYHO-
CTU. AJTIOMUHUN HaXOAUTCS CHAPYKU U SIBIIAETCS TOKOIIPOBOASAIIEN YaCThIO.

B MapkupoBKe IpOBOJOB CHayala yKa3blBA€TCS MaTEpHall, a 3aT€M CEUCHHE
B MM2. MenHble poBOAa MapKUPYIOT OYKBOM M, amtoMHUHHEBBIE MTPOBOJIA — OYK-
BOM A, cranbHble ipoBoja — OykBamu I1C u [1CO u craneantoMmuHueBble — OyKBa-
Mu AC. B MapkupOBKE CTaJICaJIOMUHUEBBIX ITPOBOJIOB CHAYAJIa YKA3bIBAIOT Ceve-
HUE aTioMUHUA, a 3ateM crtanu. Hampumep, AC-120/19. [Ipoona mapku AC BbI-
MyCKAIOTCS C Pa3IMYHbIM OTHOUIEHUEM CEYEHUIN AIFOMUHMS U CTAJIM MPU OJHOM U
TOM K€ CEYEHUU aJIOMHHHs. B 3aBUCHMOCTM OT 3TOr0 OTHOUIEHUS Pa3InyaroT
IPOBO/IA O0JIETYEHHOM KOHCTPYKLMH, CpEIHEH, YCUJIEHHOH M 0c000 YCHUIECHHON
IPOYHOCTH.

JUtst 3amuThel IpoBooB Mapku AC OT KOPpO3MM M XUMHUYECKHX BO3ZCH-
CTBUI UCIOJIb3YIOT CHIEIMAIbHBIC 3AIIUTHBIE CPEJICTBA. THUI 3alIUThI OTPAKAETCS B
MapKHpPOBKE ITPOBOJIA:

. mapkun ACKC, ACKII — npoBoj cTaneantoMUHUEBBI KOPPO3UOHHO-
CTOMKHMI C 3amojiHeHueM cTajabHoro cepaeunuka (C) unu Bcero nposoja (I1) cmas-
KOH;

. mapka ACK — kak 1 ACKC, cranpHOU CEepACUYHUK U30JIMPOBAH MOJIH-
STUJICHOBOM IIJICHKOM.

3a pyOexoM TPHUMEHSIOTCS HU30JUPYIONIHE caMmMOoHecylue nposoja. [Ipen-
CTaBJISIOT COOOM CUCTEMY M30JUPOBAHHBIX KWUJI, CKPYYEHHBIX BOKPYT HECYILETO
Tpoca. CKpyTKa BBINOJHIETCA TaKUM 00pa3oM, YTO BCS MEXaHHUYECKas Harpyska
BOCIPUHUMAETCS TOJBKO HECYIIUM TpocoM. Takue mpoBoja MpoKJIaabIiBaloTcs 0e3
u3oJiatopoB. Ha onope mMoryT ObITh cMOHTHUpPOBaHbI HecKOIbKO JIEIT pazmuunbix
HaIpsKEHUM.

[To KOHCTPYKIIMH MPOBOIOB PA3INYAIOT:
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. OJIHONIPOBOJIOYHBIE, COCTOSIINE U3 OJTHOM MPOBOJIOKH CILIONIHOTO Ce-
YEHUS,

. MHOTOITPOBOJIOYHBIE U3 OJTHOTO METajula, COCTOSIIINE B 3aBUCUMOCTH
OT CEYEHHMS ITPOBOJIAa U3 HEUETHOI'O KOJIMUECTBA TPOBOJIOK (OT 7 110 61);

. MHOTOITPOBOJIOYHBIE U3 JBYX MeTauioB. KolnyecTBO MpPOBOJIOB
CTaJIbHOTO cepacuyHuka — HeueTHoe (1, 7 wim 19). KomnuecTBo MPOBOJIOK TOKO-
IIPOBOJSIIEH YACTH — YETHOE.

ITpoBoaa BJIEII pacnonaratot Ha orope pa3iu4HbIMU CIIOCOOAMH:

. Ha OJTHOIIETTHBIX OMOpaxX — TPEYTOJLHUKOM WJIM TOPH30HTAIBHO (pHC.
16.2, a, 0);
. Ha JABYXIIEMHBIX OMOpax — OOpaTHOM €JIKON WIIM MIECTUYTOJIbHUKOM B

Bujie “0ouku’ (puc. 16.2, B, T).

1 1 .. [
T T 13 - i
') ' )
ar T e
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Pucynoxk 16.2 — PacnosioxkeHue mpoBoJI0B Ha Onopax

['opuzoHTANIBHOE PACTOIOKEHUE MPOBOJIA — HAUJIYUIIIEE MO YCIOBUSIM JKC-
IJIyaTaluu, T.K. MO3BOJISIET MPUMEHSITh 00Jiee HU3KUE ONMOPhI M UCKIIIOYAET CXJIe-
CThIBAHHE MPOBOJIOB MPH COpPAChIBAHMH TOJI0JIEIa WM TUISICKE MPOoBOJOB. Ilmscka
MPOBOJIOB — ATO KoJieOaHMsI MPOBOJIOB C MaJOM 4acTOTOM W OOJBIION aMIUIUTY-
JIO1).

dazsa-AT tpasa-CY tasa-BY fasa-AT

thasa-BY % @ﬂa-ﬁé& ihasa-C tasa-BY
thasa-C] asa- fasa-AY tpasa-CY

Pucynok 16.3 — Tpancnosunus va BJIOIT

3aoanue:

3aoaua Nel
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BriOpaTh SKOHOMHYECKH IIeTIeCO00pa3HbIe CEYCHHSI MPOBOJOB MJIS CXEMBI
BapuaHTa |, npuHUMAas 1Jig BCEX MOACTAHIIUA OJIHO U TO K€ BpeMsi HauOobIIeh
Harpy3ku T,,~3800 4. JlelicTBUTEIbHbIE MOIIHOCTH HAarpy30K MOJICTAHIIUN MpHU-

HSTH 0 pe3yJbTaTaM BBIMIOJIHEHUS 3a7aun | nmpakTtudeckoit padoTel Nels.

3aoaua Ne2

BribpaTh SKOHOMHYECKH 11€7IeCO00pa3Hble CEUeHHUsl MPOBOJOB JJSI CXEMBI
BapuaHTa 1, mpuHUMas JJi1 BCEX MOJCTaHLMM OJHO U TO K€ BpeMsl HauOoJbLIEH
Harpy3ku T,,~=3800 4. JlelicTBUTEIbHbIE MOUTHOCTH HArpy30K MOJCTAaHUIMUN MpU-

HSATH IO pe3yJIbTaTaM BBINIOJIHEHUS 3a7aul 2 IpakTHYeckoil pabotsl NelS.

3aoaua Ne3
[IpousBecT mpoBEepKy BHIOpPAHHBIX ceueHUM B 3amadye Nel: 1o ycloBHIO
JUTUTEIBHO JOMyCTUMOTO Harpera; 1o JOMYCTUMBIM MOTEPSAM HampshkeHus. Palion

npoexktupoBanus cetu CeBepHbiil KaBkas.

3aoaua Ned
[IpousBecTu TPOBEPKY BHIOPAHHBIX ceueHUW B 3amade No2: 1Mo yCIIOBHUIO
JUIMTEIIBHO JOIYCTUMOTO HAarpeBa; Mo JOIMYCTUMBIM ITOTEPAM HANpPsDKEHUs. PalioH

npoekTupoBanus cetu CeBepHbiil KaBkas.

Konmponwsnwvie éonpocoi:
1. Ot kakux (paKTOpOB 3aBUCUT pacyeTHasi TOKOBask Harpy3Ka?
2. B yeMm cymecTBo MeTOAa SKOHOMUYECKOM TUIOTHOCTH TOKA ISl OIIpe-

JIEJIEHNS CEYEHUI IPOBOJIOB?

3. KaxoBsI yc10BHS IPOBEPKH BHIOPAHHBIX TIPOBOIOB?

4.  Yem oOycnoBiieHa IOMycTUMas TeMIiieparypa ajsi kabened U mpoBo-
JOB?

5. Kakue pexumbl paboThl MPOBOJOB JOKHBI MPOBEPSATHCS MO JIOMY-

CTUMOMY TOKY?
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Ilpaxkmuueckaa paboma Nel7
Boioop nomunanvnoit mowynocmu u uucaa mpanc@opmamopos
Ha NOOCMaHyuu

Ilens: HayuuThCs BHIOMpPATH TPaHC(HOPMATOPHI 0 HOMUHATBHONW MOIIIHOCTH

OcHoevt meopuu:

[Tpu oTcyTcTBUM NOAPOOHON MHPOpPMALMK O rpaduKax HArpy3KU IPOEKTHU-
PYEMBIX NOJACTAHIMMN, B COOTBETCTBUM C CYLIECTBYIOIIEH MPAKTUKOU ITPOEKTHUPO-
BaHUs, IOIYCKAETCS YNPOIIEHHBIM BEIOOP MOIIHOCTU TPaHCHOPMATOPOB U3 YCIIO-

BUS IOYCTUMOM MEPErpy3KH TpaHC(HOpMaTOPOB B MOCIECABAPUIMHBIX PEKUMAX:

S = SH6
R knep(nT - 1)

B cootBerctBuu ¢ 'OCTom 14209-97 B mocneaBapuiiHOM pPEKUME JIOIYC-
KaeTcs meperpy3ka JByXoOMOTOUYHBIX TpaHchopmaTopoB Ha 40 % HOMHUHAIBHOMN
MOIIHOCTH, T.€. Kye,=1,4. B coorserctBrn ¢ TY Ne3411-001-498-90-270-2005 B
MIOCJIE aBapUHOM PEXHME JIOIyCKaeTcs Meperpyska aproTpancgopmaropa Ha 20
% HOMMHAJILHOM MOLIHOCTH, T.€. Kyep=1,2. Takue neperpysku JOIMyCKaroTCs Ha
BpeMsI MaKCUMYyMa Harpy3ku MpoAoJKUTEIHOCThIO HE OoJsiee 4 4acoB B CYTKU Ha
MPOTSHKEHUU 5 CYTOK MPHU YCIOBHUH, 4TO KOA(DPUITMEHT 3arpy3Ku TpanchopmaTopa
B pEKHMeE, MPEIIIECTBYIONIEMY TocleaBapuifHoMy, coctaBisi He Ooisee 0,8 (0,7
JUTsl aBTOTpaHCc(hopmMaTopoB)

3aoanue:

3aoaua Nel

BriOpath cuiioBbie TpaHchOpMaTOPHI ISl TPOSKTUPYEMOM CETH BapuaHT 1 u
BapuaHT 2. OnpeneneHue moTepb MOIHOCTH B HOPMAIHHOM PEXUME HaUOOJIBIIINX
Harpy3ok s Bapuanta 1 u 2. B coctaB nmotpebutesneit Bcex MoACTaHIIUNA BXOIAT

noTpebutenu 1 kareropuwu.

Konmponwsuwvie éonpocwi:
1. Yewm ompeaensieTcst BBIOOp yucia TpaHchopMaTOpoB Ha TOICTAHITAN?

2. UTto Takoe neperpy3ouHasi ciocoOHOCTh TpaHC(hOpMaTOpOB?
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3. OT Kakux mapameTpoB pabOThl 3aBUCUT €r0 Meperpy304yHasl Crocoo-

HOCTB?

5. Yueono-memoouueckoe u ungpopmayuonnoe obecneuenue OUCYUNIUHbL

5.1. Ilepeuenv ocno6HOIl u 00NOTHUMEILHOU UM EPAMYPbL, HEOOXOOUMOUL O
0C8OCHUA OUCUUNTIUHDL

5.1.1 Ilepeuenv ocnosnolt Tumepamypul:

1. KoGeneB A.B. Pexxumbl paGoThl 3JEKTPOIHEPTETHUECKUX CUCTEM [DJIEK-
TPOHHBIN pecypc] : yueOHoe mocobue st 0akaaaBpoOB U MaruCTpOB HaINpaBJICHUS
«Inexrposnepretukay / A.B. Kooenes, C.B. Koueprun, E.A. [leuarun. — Dnek-
TPOH. TEKCTOBBIE JaHHBbIE. — TamO0B: TamMOOBCKUI TOCY/IapCTBEHHBIN TEXHUYE-
ckuii yauBepcuteT, ObC ACB, 2015. — 80 c. — 978-5-8265-1411-5. — Pexum
nocryma: http://www.iprbookshop.ru/64564.html

2. AnanmueBa, C. C. AHanu3 >JEKTPOIHEPTETHUYECKUX CETEeH U CHCTEM B
npuMmepax u 3anayax : yueoHoe nocobue / C. C. Ananuuena, C. H. llemor. —
ExarepunOypr : Ypanbckuit henepanpusiii yausepcuret, 9bC ACB, 2016. — 176
c. — ISBN 978-5-7996-1784-4. — TekcT : SICKTPOHHBIA // DIECKTPOHHO-
OubmoTeyHast cucrtema IPR BOOKS ; [caitT]. — URL:
http://www.iprbookshop.ru/65910.html

3. MoaenupoBaHue B 3JEKTPOIHEPTETHKE [DIEKTPOHHBIN pecypc] : yueOHoe
nocooue / A.®. [llaranoB [u 1p.]. — DIEKTPOH. TEKCTOBbIC daHHBIE. — CTaBpo-
noyib: CTaBpONONBCKUN TOCYNApCTBEHHBIN arpapHblii yHuBepcuteT, AI'PYC,
2014. — 140 c. — 978-5-9596-1059-3. — Pexum gocryna:
http://www.iprbookshop.ru/47317.html

4. KopotkeBuu, M. A. DKcrtyatanus 3JIEKTPUYECKUX ceTel : yueOHuk / M.
A. KopoTtkeBnu. — MuHck : Beimsiimas mkomna, 2014. — 351 ¢. — ISBN 978-
985-06-2397-3. — TekcT : ANEeKTPOHHBIN // DNEeKTPOHHO-OMOIMOTEUHAs] CUCTEMA

IPR BOOKS : [caiiT]. — URL.: http://www.iprbookshop.ru/35574.html
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5.1.2. Ilepeuenv 0ononumenbHOU Tumepamypul:

1. ®aneena, I'. A. IlpoekTupoBaHue pacHpeIeIUTENbHBIX 3JEKTPUUECKUX
cerelt : yueOHoe mocooue / I'. A. ®daneesa, B. T. ®enun ; nox penakmueit B. T.
denun. — MuHck : Bemmiinias mkoia, 2009. — 365 ¢. — ISBN 978-985-06-
1597-8. — TekcT : 27eKTpOHHBIN // DnekTpoHHO-OMOMMoTeyHas cuctema IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/20124.html

2. Pycuna, A. I'. bananchel MOIIIHOCTH U BBIPAOOTKH AJIEKTPOIHEPTUU B DJICK-
TPOIHEPIreTUUECKON cucTeMe : yueOHo-MeToauueckoe nocooue / A. I'. Pycuna, T.
A. ®umunnoa. — HoBocuOupck : HoBocuOUpCKHil TOCYy1apCTBEHHBIA TEXHUYE-
ckuii yauBepcutet, 2012. — 55 ¢. — ISBN 978-5-7782-1935-9. — Tekcr : amek-
TPOHHBIH // DnexTpoHHO-OMOMMoTeuHass cucrema IPR BOOKS : [caiiTt]. —

URL.: https://www.iprbookshop.ru/45078.html.

5.2. Ilepeuensd yuedHo-memoouuecko2o obecnevyeHus camocmoameabHou pado-
mbl 00yUaAOUWUXCA NO OUCUUNTUHE

1. MeTtonnueckue peKOMEHIAUU AJIsl HOJAITOTOBKH K TPAKTHUYECKUM 3aHATHSIM.

2. Meroanueckue peKOMEHAALMH 110 OPraHU3alMHA CAMOCTOSITENbHOU pabOThI CTY-

JCHTOB.

5.3. Ilepeuens pecypcos ungpopmayuonno-meneKOMMYHUKAUUOHHOU cemu
«HUnmepnem», Heo0Xx00UMbIX 011 0C60CHUSA OUCUUNIUHBL

1. http://www.biblioclub.ru -ObC "YHuBepcurteTckast 6udIMOTEKA OHITAWH"

2. http:/lwww.iprbookshop.ru/ - Dnektponno- 6udaroreunas cucrema [IPRbooks
3. http://e.lanbooks.com - DnekTpoHHO-0MOIMOTEUHAs crcTeMa JIaHb

4. http://docs.cntd.ru/ DnexTpoHHbIH GOHI TPABOBOM U HOPMATUBHO-TEXHUIECKOM

nokyMentaiuu TEXOKCITEPT

5.ITpodeccronanbHbIe cripaBoUHbIe cucTeMbl Texakcmept http://vuz.kodeks.ru/
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[Taruropckuit uactuTyT (pruman) CKOY

Meroanuyeckue ykazaHus
10 BBIMOJIHEHUIO JTA0OPATOPHBIX pabOT
no pucaumnnie «JIEKTPOOHEPI'ETUYECKHME CUCTEMBI U CETU»
JUISL CTYJIEHTOB HaIlpaBJICHUSI 1OATOTOBKU
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N I

41.1

4.1.2

4.1.3

4.2

421

4.2.2

4.3

43.1
4.3.2

Conepxanue

Crp

Bgenenue

Lenp 1 38724 U3y4YEHHUS] TUCUUATTUHBI

O6opynoBaHue U MaTepuaibl

HanmenoBanwme mabopaTopHBIX padoT

Coneprxanue 1abopaTOpHBIX paboT

Jlaboparopnas padora Nel YCTAHOBUBHIMECA PEXHWMBbI D3JIE-
MEHTOB PACIIPEJIEJIUTEJIBHOM SJIEKTPUYECKOUW CETHU
Yacte 1. HatypHOE MoaennpoBaHue YCTaHOBUBILIETOCS pexuMa padOThl
onHodazHoro TpancpopmarTopa

Yacte 2. HatypHOE MOJenupoBaHUE YCTaHOBUBILIETOCS pexuMa padOThl
(a3bl TMHUM IEKTPONEpEIadn

Yactp 3. CHATHE CTAaTHYECKUX XAPAKTEPUCTUK MOLIHOCTH IO HANpsDKe-
HUIO CTATHYECKON HArpy3Ku

Jlaboparopnas padora Ne2 YCTAHOBUBIIMECA PEXWMbI PAC-
[IPEJEJIMTEJBHBIX DJIEKTPUUYECKUX CETEM

Yacte 1. HatypHOe MoaenupoBaHue yCTaHOBHUBILETOCS pexuMa paboThl
(a3bl pacnpenenuTeNbHOW JIEKTPUYECKOM CETU C OJHOCTOPOHHHUM IH-
TaHUEM

Yactp 2. HatypHOoe MoaenupoBaHue YCTaHOBHUBIIETOCS pexuMa padoThl
(a3bl pacnpeaenuTeNbHON dJIEKTPUIECKON CEeTH ¢ IBYCTOPOHHUM MHUTa-
HUEM

Jlaboparopuass padora Ne3 PEI'YJIMPOBAHWE HAIIPSKEHUA B
PACIIPEAEJIMTEJIbHBIX SJIEKTPUUECKUX CETAX

YacTtse 1. Berpeunoe perynupoBaHue HalpsKEHHs

Yactpe 2. PerynupoBaHue HaIpsHKEHHS] MYTEM NONEPEYHOM KOMIICHCA-

U1 PEAKTUBHOM MOIIHOCTHU C MTOMONIBI0 KOHAEHCATOPHOU OaTtapeu



4.4

441

4.4.2

4.4.3

4.4.4

4.4.5

4.5

45.1

4.5.2

JIaGopatopuas pa6ora Ne4 OIITUMM3AIIUS PEXXMMA MECTHOM
PACIIPE/JIEJIMTEJIbHON DJIEKTPUYECKON CETU

Yacte 1. Onpenenenue morepu akTUBHOM MOLIHOCTHM B MECTHOM pac-
MPEICIIUTENBHON 3JIEKTPUYECKON CETH, BBINOJHEHHOW [0 TMETIEBOU
cXeMme

Yacte 2 OneHka BIMAHHUS Pa3HUIbl HANPSHKEHWM HA IIMHAX LIEHTPOB
MUTAHUS HA MOTEPU AKTUBHOM MOIIHOCTH B MECTHOM PaCHpPEICIIUTENb-
HOU JJIEKTPUUYECKOW CETH, BBINIOJIHEHHOW MO IETJIEBOM CXEME, MPU €€
paboTe B 3aMKHYTOM pEKUME

Yacte 3 OneHka BIMSHUA MECTa pa3phiBa (pa3pe3a) MECTHOM pacrpee-
JIUTEJIbHOM JJIEKTPUYECKON CETH, BBIIIOJHEHHOM 110 METJIEBOM CXEME, Ha
IIOTEPIO B HEM aKTUBHOM MOIIIHOCTH

Yacts 4 OmnpeneneHre TOYKU HOPMAIBHOTO (ONTHUMAJIBLHOTO) pa3pbiBa
(pa3pes3a) B MECTHOM pachpeleTUTEIbHON IIEKTPUYECKON CETH, BBITOJI-
HEHHOM MO METJIEBOW CXEME, MO0 KPUTECPUI0 MUHUMYyMA MOTEPHU AKTHUB-
HOM MOILIHOCTH

Yacte 5 Pabota MecTHOW pacnpenenuTeNbHOW JJIEKTPUYECKON CETH,
BBITIOJIHEHHOM TI0 TMETJIEBON CXEMeE, B PEKUME aBTOMATHYECKOTO BhIOOpa
TOYKH HOPMAJIBHOTO pa3pbiBa (pa3pes3a) 1o KpUTepru0 MUHUMYyMa TOTe-
PY AKTUBHOW MOIIIHOCTH

Jla6opatopras pa6ora Ne5S OIITUMU3ALIMS PEXXMUMA PAMOHHOM
PACTIPEJIEJIMUTEJIbHON DJIEKTPUYECKON CETH

Yacte 1 U3sMepeHne u omnpeneneHre napameTpoB pPeXUMa 3aMKHYTOU
(KOIB1IEBOI ) pAalOHHOM pacHpeAeIUTEIbHON JIEKTPUIECKON CEeTH

Yacte 2 OnpeneneHrne ONTUMAIBHOM MOIIHOCTH KOMIIEHCUPYIOIINX
KOHJICHCATOPOB B 3aMKHYTOMW (KOJIBIIEBOM) PallOHHOUN pacipeae/InuTeNb-
HOU DJJICKTPUUYECKOM CETH IO KPUTEPUIO MUHUMYyMa MOTEPHU AKTUBHOMN
MOIIHOCTH

[Tpunoxenue 1
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BBenenue

[enbto paboThl B 1a0OpaTOPUU SBISETCS YIiyOJeHUE U 3aKperyieHUue Mpu-
OOpETEHHBIX TEOPETUYECKUX 3HAHMM MyTEM SKCIIEPUMEHTAIHLHOW MPOBEPKU TEO-
PETHUUECKHUX MOJIOKEHUH, a TaKKE€ 3HAKOMCTBO C KOHCTPYKLHEH 3JIEKTPUYECKUX
ceTeil, 000pyJ0BaHUEM, U3MEPUTEIBHBIMU TPUOOPAMU U anmnapaTrypoi, UCIOJIb3Y-
€MBIMH B JIA0OPATOPHH.

B pesynbrare BINOIHEHUS 1a0OPATOPHBIX pabOT CTYAEHTHI JOJKHBI MPH-
0oOpecTH yMEHHUS U HaBbIKU MO COOPKE U UCCIEIOBAHUIO DJIEKTPUUECKUX CXEM Ce-
Tel, U3MEPEHUSAM IJIEKTPUUECKUX BeIMYMH. TemaTuka 1adopatopHbIX padoOT Mmoi-
HOCTBIO COOTBETCTBYET COJEP’KAHHIO OCHOBHBIX PA3ZEIIOB Kypca, U3y4aeMoro B
BBICIINX TEXHUYECKUX YUEOHBIX 3aBE/ICHUSX.

B npennaraemMmoM METOAMYECKOM YKa3aHMM OIKCAHO MATh J1a00paTOPHBIX
pabot. B onucannu kaxxaon 1abopatopHoil paboThl copMyIUpOBaHA €€ LEIb, U3-
JIO’KE€HBI OCHOBHBIE TEOPETHUECKHE MOJIOKEHHS, OMKMCAHA CXEMa YCTAaHOBKH IS
IIPOBENICHHS SKCIEPUMEHTAIIBHOIO UCCIEN0BAHMS, JaHbl PEKOMEHIAUMU 1O IMPO-
BEJICHUIO ONBITOB U 00pabOTKE pe3ylbTaTOB M3MEPEHHUH, a TaKKe€ KOHTPOJbHBIE

BOITIPOCHI.

92



1. I]endb u 3a0auu uzyuenus OUCUUnIUHbL

[enpto M3yyeHUs TUCHUIUIMHBI SBISIETCS M3YUYEHHE SJIEMEHTOB JJIEKTPO-
HHEPreTHYECKUX CHCTEM M CIOCOOOB MEpesayu U paclpeaeNeHUs dIEeKTPHUIECKON
HHEPrUHU, 3HAKOMCTBO C YCTPOMCTBOM, AJIEKTPOOOOPYIOBAHUEM U PEKUMaMU pa-
OOTBI DJEKTPOIHEPIETUUECKUX CUCTEM U CETEH U OBJIaJICHUE OCHOBAMM pacyeTa

YCTAaHOBHUBIIUXCS PEIKUMOB 3JICKTPOIHCPTICTUICCKUX CUCTCM H CETEH.

2. Ooopyooeanue u mamepuanl

AnmnapaTHble CpEJICTBA:

Kommiexkt tTumoBoro jgabopatopHOro 000pyAoBaHUs «YMHasi MECTHasl pac-
npeaenuTenbHas anekrpudeckas cetb» YMPICI-C-K.

VYyeOHast ayauTOpus AJid NPOBEACHHS YUeOHBIX 3aHATUH, OCHAIIEHa 000py-
JIOBaHUEM U TEXHUYECKHMH CpelicTBaMHu oOydeHus. [lepeHocHOl HOYyTOYK, pOEeK-

TOp, A0CKa MAaIrHUTHO-MapKCpPHasi.

3. Haumenoeanue n1abopamopHuix paoom

O6peM N3 Hux npaktu-
Ne Tembl HaumeHoBaHMe TEM JUCUUILIMHBI, UX KpaTKOe 4acoB yeckas [OJIro-
JIMCITUTITMHET coepxaHue TOBKA. YACOB
5 cemecTp
9-32 Nel VCTAHOBUBIIMECA PEXHWMBI DIJIE- 2
MEHTOB PACIIPEAEJIMTEJIBHON 3OJIEK-
TPUYECKOU CETHU

Yacts 1. HarypHOe MoaenupoBaHHe yCTaHOBHB-
HIerocss pexuMa paboThl 0JHO(A3ZHOIO TpaHC-
dhopmaropa

UYacts 2. HatypHOe MOAennpoBaHUE YCTAHOBUBIIIETOCS 2
pexxuma paboThl (a3bl JIMHUH DIIEKTPOTIepeIaun

Yactp 3. CHATHE CTATUYECKUX XaPaKTEPUCTHK MOIII- 2
HOCTH IO HAIIPSKEHUIO CTaTUYECKON HArpy3Ku

Jlab6opaTtopnas pabota Ne2 YCTAHOBUBILIMECSA 2
PEXXUMBI PACIPENEJIMTEJIbHBIX SJIEKTPU-
YECKUX CETEU

Yacte 1. HatypHOe MozenupoBaHie yCTaHOBUBIIIETO-
csl pexuma paboThI a3bl pacrpeeTuTeIbHON dIeK-
TPUUECKOM CETH C OTHOCTOPOHHUM MUTaHUEM

YacTts 2. HaTtypHOE MOJETMPOBAHNE YCTAHOBUBIIIETOCS 4
pexuma paboThl Pa3bl PacIpeIeTUTEIBHON K TPH-
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YECKOH CETH C ABYCTOPOHHUM MMUTAHUCM

Jlaboparophas padora Ne3 PEI'YJIMPOBAHUE
HAIIPSIDKEHHW S B PACITPEAEJIMTEJIbHBIX
DJIEKTPUYECKHNX CETAX

Yacte 1. Betpeunoe perynupoBaHue HaIpsKEHUS

UYacts 2. PerynupoBanne HanpsHKEHS IyTEM T0TIe-
pEe4HOI KOMITEHCAIMH PEaKTUBHOM MOIIIHOCTH C TIO-
MOIIBIO KOH/IEHCATOPHOH GaTapeu

Hroro 3a 5 cemectp

18

6 cemecTp

9-32

Jla6opatopuas pabora Ne4 OLITUMU3ALINS PE-
KUMA MECTHOU PACTIPEJIEJIMTEJIBHOU
DJIEKTPUYECKOU CETU

Yacte 1. OnpeneneHue noTepy aKTUBHON MOLTHOCTH B
MECTHOM paclpeeNuTeNbHON 3IEKTPUIECKON CETH,
BBIIIOJIHEHHOM IO METIEBOM cxeMe

Yactp 2 OueHka BAMSHHS pasHULIBI HANPSHKEHUH Ha
LIMHAX EHTPOB MUTaHMS Ha NOTEPU aKTHUBHOW MOIII-
HOCTH B MECTHOU pacipelenUTeIbHON JIEKTPUIECKOM
CETH, BHIIIOJIHEHHOH 110 NETIIEBOH cxeMe, Ipu ee pabo-
T€ B 3aMKHYTOM PEKUME

Uacts 3 OneHka BIHMSHESI MECTa pa3phiBa (pa3pesa)
MECTHOH paclpeAesIuTEIbHON 3JEKTPUUECKOU CeTH,
BBITIOJTHEHHOM T10 TIETJIEBOM CXEME, Ha MOTEPIO B HEM
aKTUBHOM MOIITHOCTH

UYactp 4 Ompenienenre TOYKH HOPMaJIBHOTO (OMNTH-
MaJbHOT0) pa3pbiBa (pa3pe3a) B MECTHOU pacIipe/lein-
TEJbHOM 3JIEKTPUYECKOM CETH, BBIIIOJHEHHOM MO NeT-
JIEBOHM CXEMe, M0 KPUTEPUI0O MUHIMYMAa TTOTEPU aKTHB-
HOM MOIITHOCTH

Yacts 5 PaboTa MeCTHOI pacrpeaenuTeIbHON JJIeK-
TPUYECKOM CETH, BBIIIOJIHEHHOM 10 NETIEBON CXEME, B
peXHMe aBTOMaTHYEeCKOT0 BBIOOpA TOYKH HOpPMaJIbHO-
ro pa3pbiBa (pa3pesa) Mo KPUTEPUI0 MUHIMYMa TOTe-
pY aKTUBHOM MOIIIHOCTHU

Jla6opatopuas pa6ora Ne5 OITUMU3ALINS PE-
JKUMA PAMOHHOU PACIIPEJIEJIMTEJIBHOU
QJIEKTPUYECKOU CETU

Yacte 1 U3mepenue u onpeeneHue napaMeTpoB pe-
JKMMa 3aMKHYTOH (KOJIBIIEBOM) PalfOHHOM pacipesie-
JIUTEIBHOU 3IEKTPUUECKON CETH

YacTts 2 OmnpeneneHne ONTUMAaTEHON MOIITHOCTH KOM-
MEHCUPYIOMIKMX KOHIEHCATOPOB B 3aMKHYTOH (KOJIbLIE-
BOI1) pallOHHOH pacTpeeMTeIbHON SIeKTPHYECKOI
CeTHU 10 KPUTEPUIO0 MUHUMYMa IIOTEPU aKTUBHON
MOILHOCTH
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4. Cooeporcanue nabopamopuvix padom

Jlabopamopnasa paboma Nel
Yemanosusuiuecsa pesicumol r1emenmos pacnpeoenumeibHoul 1eKmpu-

YyeckKkou cemu

Ilenv pabomoi: TpruOOPECTH HABBIKK N3MEPEHUS MAPAMETPOB YCTAHOBUBIIIC-
rocs pexuma paboTsl TpaHCchopMaTopa B SICKTPUICCKOMN CETH.

OcHoevt meopuu:

Ha amekTprdecknx cxemax AByXOOMOTOUYHBIN TpaHC(HOpPMATOp MPEaCTaBIIs-
eTCs CleayronM oopazoM (pucyHok 1.1):

B o0MOTKax yka3bIBaeTCs CXEMbI COSAWHEHHUS OOMOTOK (3Be3/a, 3Be3/a C

HYJIEM, TPEYTOJILHUK) U PEXKUM pabOThl HEUTpaIU:

BH

HH

Pucynok 1.1 — YcinoBHoe 0003HaueHHE ABYXOOMOTOYHOTO TpaHchopMmaTopa

o 3BE€3/1a — C U30JIMPOBAHHOW HEUTPAIIBIO;

o 3B€3/a C HyJIEM — UMEETCS COEUHEHUE HEUTPAIIU C 3EMJIEH.

B cootBeTcTBUU C MpUHATOHN cucTeMol 0003HaueHU abOpeBuarypa TpaHc-
dopmaropa TJIH-10000/110/10 pacumdpoBsiBaeTcs: TpaHnchopmarop Tpexdas-
HBIM, ABYXOOMOTOYHBIA C MPUHYIAUTEIbHON LMPKYJSLMENH BO3JyXa M €CTECTBEH-

HOW LUPKYJSALMEA Maciia, U CUCTEMOW PETYJIMPOBAHUS HAIPSKEHUA IOJ HACPy3-
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koii. HomunansHast moutHocts — 10000 xkB-A, knacc HanpsieHUs OOMOTKH BBIC-
miero HanpspkeHus — 110 kB, ausmero nanpsbkenns — 10 xB.
B mpakTthueckux pacuerax ABYXOOMOTOYHBIH TpaHC(HOpPMATOp Yalle BCEro

npenacrasisgercs ['-o0pa3Hoi cxemol 3amelieHust (pucyHok 1.2).

Pucynok 1.2 — I'-o0pa3Has cxema 3aMelleHHs 1IByXOOMOTOYHOIO TpaHC-

dbopmatopa

AKTHUBHOE W PEAaKTHUBHOE CONPOTHUBJIECHUS TpaHchopmaropa (IpoaoJibHAS
BETBb) MPEACTABIAIOT COO0N CyMMy aKTUBHBIX U PEAKTUBHBIX CONPOTHBIICHUMN
OOMOTKH BBICHIETO HANPSKEHUS W MPUBEICHHON K HEH OOMOTKM HHU3LIEro Hamps-

YKEHUA:
R.=R, +R,;

X, =X, +X_.

ITonepeuHast BETBb CXEMBI 3aMEILEHUS NIPEACTABICHA aKTUBHOU GT M peak-
TuBHOU BT mpoBoaumoctamu. [IpoBoaAMMOCTH OOBIYHO MOAKIIOYAIOT CO CTOPOHBI
MIEPBUYHONM OOMOTKH: JIJIS IOBBIMIAONIUX TPaHCHOPMATOPOB — CO CTOPOHBI 00-
MOTKH HU3LIEr0 HANpPsHKEHUS, JUIsl MOHUKAIOLUX — CO CTOPOHBI OOMOTKH BBICIIIE-
IO HaIpsKEHUSI.

B Takoii cxeme 3amerieHus OTCYTCTBYET TpaHchopmaius, TO €CThb OTCYT-
CTBYET HJiealibHbII TpaHnchopmaTop. [IoaToMy B pacueTax BTOpHUUHOE HANPsHKEHHE
OKa3bIBaeTCs MPUBEACHHBIM K HANPSHYKEHUIO IEPBUYHON OOMOTKH.

AKTHBHAsI MPOBOJUMOCTh OOYCIIOBJIEHA MOTEPSMU aKTUBHOM MOIIHOCTH B
cTanu TpaHc(dopMaropa Ha MEepeMarHWYMBaHUE U BUXPEBBIE TOKH, PEaKTHBHAs

MMPOBOJUMOCTDL — HaMaFHI/I‘-II/IBaIOH_Ieﬁ MOIITHOCTBIO. B pacucrax pPCKUMOB 3IJICK-
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TPUYECKON CETH MPOBOJUMOCTH 3aMEHSAIOTCS HATPY3KOW, PABHOU MOTEPSIM XOJIO-
CTOTO XO/1a.

[TapameTpsl cxembl 3amelieHus TpaHchopmaTopa OINpEACNSIOTCS U3 JBYX
ONBITOB — XOJIOCTOrO XOJIa U KOPOTKOTO 3aMbIKaHHs. B ombiTax onpenenstor cie-

AYIOIINEC BCIIMYMHBI, KOTOPBIC YKA3BIBAIOT B IMTACIIOPTHBIX JAHHBIX TpaHC(i)OpMaTO-

pa:

° IIOTEPU aKTUBHOM MOILHOCTH B PEKUME X0JIOCTOr0 Xona AP, B kBrT;

° IIOTEPU aKTUBHOM MOIIIHOCTH B PEKUME KOPOTKOI'O 3aMblkaHus AP, B
KBT;

° HaIpsHLKeHUE KOPOTKOTO 3ambikanus Uy, B %;

° TOK xoaoctoro xozaa l,, B %.

[loTepn aKTMBHON M PEAKTHUBHOW MOIIHOCTH B TpaHChoOpmaTropax U aBTO-
TpaHcopmaTopax pas3iessioTcs Ha MOTEPU B CTAJIU U NOTEPU B MEIU (Harpy3ou-
Hble noTepu). [loTepu B cTanu — 3TO MOTEPHU B TPOBOJUMOCTSIX TPaHCHOPMATOPOB.
OHU 3aBUCAT OT MPWIOKEHHOTO HaNpspKeHUs. Harpy3ouHsle motepu — 310 oTepu
B CONPOTHUBIIEHUAX TpaHCPopMaTopoB. OHU 3aBUCAT OT TOKA Harpy3KHu.

[ToTepu aKTUBHOM MOIIHOCTH B CTaJIA TPaHC(HOPMATOPOB — ATO MOTEPH Ha
IepeMarHM4rBaHue U BUXPEBbIE TOKU. ONpenenstoTcs NOTEPSIMH XOJOCTOro X012
TpaHcopmaropa AP, , KOTOpbIE IPUBOASTCS B €0 MACIOPTHBIX TaHHBIX.

[IoTepn peakTUBHOW MOITHOCTH B CTajiy ONPEIEISIOTCS MO TOKY XOJOCTOIO

xozia TpaHchopmaropa, 3Ha4YeHUE KOTOPOTO B MPOLIEHTaX MPUBOAMUTCS B €ro mac-

IMOPTHBIX JaHHBIX:

I
AQ. =AQ, =—2=S_ .
QCT QX 100 HOM

[ToTepu mMomtHOCTH B OOMOTKax TpaHchopmMaTopa MOKHO OMPENEIUThH JIBY-

MSI Ty TSMHU:
. 10 TTapaMeTpaM CXEMbl 3aMEIICHHUS;
. 0 MACTIOPTHBIM JIAaHHBIM TpaHc(opmaTopa.
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HOTepI/I MOIIHOCTH 110 IapaMeTpaM CXEMbI 3aMCHICHUA OIPCACIIAIOTCA I10

TeM ke popmynam, uto u st JIOII:

SZ
APMJI :WRT’

SZ
AQMI[ _FXT

rac: S— MOIOTHOCTDb HAI'PY3KH;

U — nuneiiHoe HamnpsiKeHUe Ha BTOPUYHOM cTOpoHe TpaHchopmaropa.

Jiist Tpexo6MoTOYHOTO TpaHchopMaTopa Wik aBToTpaHchopmaropa MnoTepu
B MEJIM OMPECIISIIOTCA KaKk CyMMa MOTEph MOIIHOCTH Kaxaou u3 ooMoTok. [Tomy-
YUM BBIPAXEHUS [IJIsl OMPENEJICHUs] MOTePh MOIIHOCTH MO MACHOPTHBIM JaHHBIM
JBYXOOMOTOYHOTO TpaHc(opmaTopa.

[ToTepu KOPOTKOTO 3aMblKaHUs, MPHUBEJICHHbIC B MACIHOPTHBIX JTAHHBIX,

OIpeieNIeHbI TP HOMUHAJIBHOM TOKE TpaHc(opmaropa:
2 S
— — HOM
AP =3-1-, R, T R..

HOM

[Ipu nmro6o¥ Apyroii Harpy3Ke NoTepy B MeU TpaHCcPopMaTopa paBHBI:

2 Sh
AP, =3-1>.R =——R.

PaBI[eJ'II/IB 9TH BBIPAXKCHUC, ITIOJIYYHUM!

APK _ S§OM
AP S

M

Orkyna naiinem AP :

AP, =AP, (Si)z.

HOM
Ecnu B BeIpaxenue a1 pacdera AQ,  , HOICTaBUTh BBIPAXKEHUE I OIIPE-
JIETICHUS] PEaKTUBHOTO COTIPOTUBIICHUS TpaHC(HOPMATOPA, TO TOTYUHM:
2 2 2 2
S S° U UL U S

AQ, =X = = —x .
Qu uz """ U2 100 S, 100 S,
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Takum 00pa3oM, MOJHBIE MOTEPH MOIIHOCTH B ABYXOOMOTOYHOM TpaHC-

dbopmaTope paBHBI:

AP = AP, +APK(—SS )%
U, S§?

AQ =AQ, +—X. >
Q=40+ S,

Ecnu Ha moncranuuu ¢ cymMMapHOUW Harpy3kod S paboTaer mapasuiesibHO h
OJIMHAKOBBIX TPaHC(OPMATOPOB, TO UX AKBUBAJICHTHBIC COMPOTHUBIICHUS B N pa3

MCHBIIIC, a IIPOBOAMMOCTH B 11 pa3 6OJ'IBIH€, TOorga.

1

AP =n-AP, +—-APK(i)2;
n S

HOM

I[JUI n ImapajajICIIbHO pa60Ta10m1/Ix OAMHAaKOBBIX Tp€X06MOTO‘-IHBIX TpaHC-

dbopmaTopoB (aBTOTpaHCHOPMATOPOB) TMOTEPU MOIIHOCTH PACCUUTHIBAIOTCSA IO

dbopmynam:
AP, =1+ AP, + H[AR, (48R () AR ()]
n SHOM SHOM SHOM
1 2 2 2
AQ,=n-AQ + ——F—U_-S;+U_.-S;+U_ -S?),
QT QX 100 . n . S ( KB B KC C KH H)

HOM

rae: Sg, Se, Sy — COOTBETCTBEHHO MOIIHOCTH, MPOXOMAAIIUE Yepe3 OOMOTKH

BBICIIIETO, CPETHETO U HUBIIIETO HAIMPSHKEHUN TpaHcpopMaTopa.

Ilepeuens ucnonv3yemozo ob6opyoosanus:

O6o03HaueHue Haumenosanue Tun [Tapametpsl
G1 OnHoda3HbIil UCTOYHUK MUTAHUS 2189 | ~220B/16 A
1000 BA
G2 Ncrounnk 6ecniepedoitHoro nutanus | 1456
~230B
G3 Onnoda3HbIil UICTOYHUK MUTAHUS 2185 | ~220B/10 A
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80 BA

Al Opnnodasneril TpanchopmaTop 372.1 | 220/ 198...242
B
Mogenp TpanchopMaTOPHOU O~ ~220B/0...20
A3...A6 Tpaschop P 3356
CTaHIIUU U HATPy3KH Bt/0...20 BAp
A7 Mojens TMHUY dJIeKTponepeaadn 313.3 | ~220B/0,3 A
~220B/
Al2 EmkocTHas Harpyska 317.3
0...30 BAp
Y 1MHATEITs IEPEHOCHON YEeThIPEX-
Al4 - ~220B/16 A
MECTHBIN
W3mepurenp napameTpoB 0...500B/0...5
P1, P2 542
oaHO(a3HOI ceTH A /2500 BA

Ykazanus no mexnuxe oezonacnocmu npu 6blnNOJIHEHUU Jzaﬁopamopuoﬁ

pabomul npeocmaenenst ¢ Ilpunoxncenuu 1.

Ykazanua no evinonnenuro nabopamopnoii padomol:
Yacmo 1. Hamypnoe mooenuposanue yCmaHoBUBUIEZOCA PeHCUMA PADO-

mbul 00HOpa3H020 mpaucghopmamopa

1. Yo6eautech, 4TO YyCTPOWCTBA, HMCMIOJB3YEMbIE B JKCIIEPUMEHTE, OT-
KJIFOUEHBI OT CETH AJIEKTPOIMUTAHUS.

2. CoeauHuTe rHE3/1a 3aUMTHOIO 3a3€MJICHUS "D YCTPOUCTB, UCIIOJIb-
3yeMbIX B 3KcriepuMenTe, ¢ THe3noMm "PE" ogHodaznoro mcrounnka nutanus Gl
(G3).

3. CoeauHuTe anmaparypy B COOTBETCTBHHM CO CXEMOW 3IEKTPUYECKOU
COEIMHEHUH, MPUBEICHHOMN Ha puc. 1.3.

4, VYcraHoBUTE MepekiouaTesieM >KejJaeMoe 3HaueHue KodpduiueHTa

Tpancopmaruu Tpancpopmaropa Al, Hapumep, paBabM 1,0.
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S. VYcTaHOBUTE MEPEKITIOYATENSIMU KEIAEMbIE MMapaMeTpbl Harpy3oK B
mozenax A3...A6 pasabiMu, Hantpumep, 10 Bt u 0 BAp.

6. Bxntounte ucrounuk G1. O Hanmuyuu HampsiKEHUST Ha €ro BBIXOJIE
JOJKHA CUTHAJIM3UPOBATH CBETSIIASICS JIAMIIOYKA.

7. Bxmrounte Beikmouarenn «CETb» n3amepurenein napamerpos P1, P2
u Moneneit A3...A6.

8. BxutrounTe nctounuk Oecniepeboitnoro nutanus G2 u JOKIAUTECH BbI-
X0/Ia €r0 Ha YCTAaHOBUBILIUKCS PEXUM pabOThI (CBETOIMOABI HA €r0 JIMIIEBOM MaHe-
JIM TOJOKHBI IIEPECTaTh MUTATh).

9. Bxutrounte ogHodazubiii uctouHuk nutanus G3.

10. Kuxomkoit « < » usmepureneit P1 u P2 BwiOupaiite u duxcupyiite
OTOOpa)kaeMble TapaMeTpbl peKMMa Ha NEPBUYHOM M BTOPUYHOM CTOPOHAX
Tpanchopmaropa Al (HampspKeHUs, TOKU, AKTHUBHBIC, PEAKTUBHBIE W IIOJHBIC
MOILHOCTH, KOA(PUIUEHTH MOLITHOCTH, YaCTOTY HAMPSKEHUS).

11. Ilo 3aBepuIEeHUH 3KCHEPUMEHTA OTKIIOYUTE OAHO(]DA3ZHBI MCTOUHUK
nutanus G3, ucrounuk OecnepedoitHoro mutanus G2, Beikmtouatenun «CETby
u3meputeneit mapametpo P1, P2 u momeneit A3...A6, ogHOo]a3HBIM UCTOUHUK

muTanus G1.

101



R

102

Ald

— e — — — — —

s = e e

Pucynok 1.3 — Cxema 117151 ©3MepeHus mapaMeTpoB YCTAHOBUBILIETOCS pe-
*uMa paboTel ogHO(]a3HOTO TpaHchopMaTopa




Yacmoe 2. Hamypnoe mooenuposanue ycmanoeuguiecocsa pexcuma paoo-

mbul (hazvl TuHUU IIEeKmMpPonepeoaiu

1. Ybenurech, 4TO YCTPOWCTBA, UCIOJB3yeMbIe B JKCIEPUMEHTE, OT-

KIIFOYCHBI OT CCTH 3JICKTPOIIMTAHUA.

2. CoenuHuTe THE34a 3aIMTHOTO 3a3€MJICHUS "@" YCTPOWCTB, UCIIOJIb-
3yeMbIX B dKcriepuMenTe, ¢ THe3noM "PE" ogHodaznoro ncrounnka nutanus Gl
(G3).

3. Coenunure anmapatypy B COOTBETCTBHUH CO CXEMOM JJIEKTPUUYECKOU
COEIMHEHUN, ITPUBEICHHON Ha puc. 1.4.

4. VYcraHoBUTE TEpeKIOYaTeNeM XKejlaeMoe 3HaueHue koddduuueHnra
TpaHchopmaru Tpanchopmatopa Al, Hanpumep, paBHbM 1,0.

5. VYcraHOBUTE NEPEKITIOYATEISIMA JKEJIaeMble IapameTpsl Monenn A7,
JIMHUY JJIEKTPOIIEpPENaund U HArpy3ok B moneisix A3...A6 COOTBETCTBEHHO paB-
HbIMH, Hartpumep, 50 Om; 0,15 T'u u 10 B, 10 BAp.

6. Bxumtounte uctounuk G1. O Hanuuuu HaOpsOKEHUS HA €ro BBIXOJE
JOJKHA CUTHAJIU3UPOBATH CBETSIIASICS JIAMITIOYKA.

7. Bxmrounte Beikmouarenn «CETb» n3mepurenen napamerpos P1, P2
u mozenen A3...AS.

8. Bxutrounte nctounuk Oecniepeboitnoro nutanus G2 u JOKIAUTECH BbI-
X0/Ia €r0 Ha YCTaHOBUBIIMICS PEXUM pabOThI (CBETOIMO/IBI Ha €ro JIMIEBOM MaHe-
JIM 10JDKHBI TIEpEeCcTaTh MUTATh).

Q. Bxtounte ogHodazubiit ucTouHuk nutanus G3.

10. Kunomkoit « < » usmepureneit P1 u P2 BwniOupaiite u duxcupyiite
OTOOpa)kaeMbl€ MapaMeTpbl peKMMa B Hadyayle M KOHLE MOJEAN A7 JUHUM AJIeK-
Tporepeaaun (HarpsKEHUs, TOKU, AKTUBHBIE, PEAKTUBHBIE U ITOJHBIE MOIIIHOCTH).

11. Tlo 3aBepmieHUM IKCIEPUMEHTA OTKIIOYUTE OMHO(DA3ZHBIM MCTOUYHUK
nutanus G3, ucrounuk OecnepedoitHoro nutanus G2, Beikmtouatenun «CETby
n3Mmepurenei nmapametrpoB P1, P2 u mogpeneir A3...AS, ogHO(a3HBI HCTOYHHUK

muTanus G1.
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Pucynok 1.4 — Cxema 1151 u3MepeHus mapaMeTpoB YCTAaHOBUBILIETOCS pe-

KHMa paboThl a3bl JMHUU dJIEKTpOIepeadu.
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Yacmov 3. Cuamue cmamuuecKux XapakmepucmukK mouiHocmu no

Hanps;scenulo cmamuueckou Hazcpy3Ku

1. Ybenurech, 4TO YCTPOWCTBA, MCIHOJB3YEMbIE B JKCHEPUMEHTE, OT-

KIIFOYCHBI OT CCTH 3JICKTPOIIMTAHUA.

2. CoenuHuTe THE34a 3aIMTHOTO 3a3€MJICHUS "@" YCTPOWCTB, UCIIOJIb-
3yeMbIX B dKcriepuMenTe, ¢ THe3noM "PE" ogHodaznoro ncrounnka nutanus Gl
(G3).

3. Coenunure anmapatypy B COOTBETCTBHUH CO CXEMOW 3JIEKTPUUYECKOU
COEIMHEHUN, PUBEICHHON Ha puc. 1.3.

4, VYcraHoBuTe MepekitovaresieM >KejJaeMoe 3HaueHue kod(duimeHra
TpaHchopmaru Tpanchopmatopa Al, Hanpumep, paBHbM 1,0.

S. VYcTaHoBUTE MEPEKITIOYATENSIMH [TapaMeTpbl MoJieNu A7, TUHUN DIICK-
TpoIrepeiaun COOTBETCTBEHHO paBHbIMU 50 Om u 0,15 I'H.

6. YcTaHoBUTE TEpEKTIOYaTeIsIMUA JKeJIaeMble TapaMeTphl Harpy3ok B
Mozenu A3, Hanpumep, cOOTBeTCTBEHHO paBHbIMU 10 BT, 10 Bap.

1. YcTaHOBUTE MEPEKIIOYATEISIMH KETAaeMyl0 E€MKOCTHYIO Harpys3ky
A12, nanmpumep, 0 %.

8. Brmrounte ucrounuk G1. O Hanmuyuum HaMpsKEHUST Ha €r0 BBIXOJE
JIOJKHA CUTHAJIM3UPOBATH CBETSIIASCS JIAMIIOUKA.

Q. Bxatounte Beikimouarenu «CETb» uzmepurens napamerpos Pl u mo-
nemn A3.

10. Bxirrouute uctouHUk OecriepedoiiHoro nutanus G2 U AOXKIUTECHh BbI-
X0J1a €T0 Ha YCTAaHOBUBIIIUIACS PEKUM pabOTHI (CBETOAMO/IBI HA €TO JIMIICBOW MaHe-
JIY JIOJDKHBI TIEPECTaTh MUTATh).

11. Bxmouute ogHO(a3HBIM HCTOYHUK nTuTaHus G3.

12. Bapbupys xosddumment tpanchopmarmu tpanchopmaropa Al, us-
MeHsiiTe Hanpsbkenue U Ha Harpyske A3, A12 u 3aHOCUTE TOKa3aHUs U3MEPUTENS
P1 (mampspkenune U, aktuBHyto P u peaktuBHyr0 MomHocTs Q, motpebisemyro

Harpy3koi) B Tabmuiy 1.1.
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Tabmuua 1.1 — Pe3ynbrarsl CHATUSA TOKa3aHUI

U, B

P, Bt

Q, BAp

[To 3aBepiIeHUN 3KCIEpPUMEHTa OTKIIOYUTE OAHOGA3HBI MCTOYHUK IHTa-
Husa G3, uctounuk OecnepedoitHoro nmutanus G2, Beikmouarenn «CEThy u3me-
puteis napamerpos P1 u mogenu A3, onHodassblil ucrounuk nuranus G1.

Hcnons3ys nanuble Ta0aunel 1.1, mocTpoiiTe MCKOMBIE CTAaTUYECKHUE XapaK-

TepucTHKU MolHocTh Harpysku P(U) m Q(U).

Al4

JNUAPA

ro=-oe- 1 [ 1 R S e 1 [ 1 r 1
L : ! 1 I 3 ! 3 ! 3 !
I | | | | | I I I [} | I
LSS : : : — 1 1 ! —&— !
I I I I I I I I I I | I
I I | | | | | | | | | |
! ! i ! ! e ! ! ——< !
L Nes ! ! ! ! ——*‘ i—-— ! ! ! !
I I I I I I I I I I | I
| I | | | | | | | | | |
! ! ! ! ! - ! ! ! ! !
| | | | | | | RS-485 | | | | |
| PR ! ! ! I ! —< ! !
| I | | | | | | | | | |
L__218.5] L__372.1; L____313.3| [ 542 | L__218.9 L__1456]

G3 Al A7 P1 Gl G2

Pucynok 1.5 — Cxema niis CHATHS CTaTUYECKON XapaKTEPUCTUKU MOIIIHOCTH

0 HAMPSIKEHUIO CTATUYECKOU HArpy3KHu.
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Cooeporcanue omuema:

OT4eT TOJKEH colepkKaTh:

HasBanue paboThi;

[{ens paboThI;

Kpatkue TeopeTrueckue cBeACHUS;

Onucanue ucnoyib3yemMoro 000pyA0BaHMs U MaTEPUAIIOB;
[Topsinok BeIMOIHEHUST PAOOTHI;

Boruncnenus u 00paboTKa pe3ysibTaToB;

N o gk~ DR

BriBoaEL.

Konmponwvnwvie éonpocwi:

1. Kakue cxeMbl 3aMellieHus] MPUMEHUTCS JJIsI MOJICTUPOBAHUS U pacue-
TOB TpaHC(HOPMATOPOB?

2. Kakue nanubie HEOOXOIUMBI JJISI BBIYMCICHUS aKTUBHOTO COTPOTHUB-

JICHUsI CXEMBbI 3aMelIeHMs TpaHcpopmaTopa?

3. OT 4ero 3aBUCAT OTEPU XOJIOCTOTO X0a TpaHchopmaTopa?

4, B kakux ciayvasx npuMmeHsroT II-oOpa3Hble cxeMbl 3aMelieHus
TpaHchopmaropa?

S. Kakumu mapamerpamMu XapakTepU3yeTCsl YCTAaHOBUBIIHUMCSA PEXKUM
paboThI

JlabopaTopHas padora Ne 2
Yemanoesuswiueca pesrcumol pacnpedenumenvuvix 3nekmpuieckux ce-

meil.

Henv pabomwr: [IpnoOpecTy HABBIKM W3MEPEHUS MapaMEeTPOB YCTAHOBUB-
MIETOCS PeKUMa padOThHI JIMHUH JICKTPOTIepeiay.

OcHoebt meopuu:

N3mepenust 1 pacu€rbl yCTAHOBUBIIMXCS PEKUMOB BBIMOJHSIOT JIJIsL TOTO,

YTOOKI Oonpe€aAcCINTb, HACKOJBbKO IIPHUEMIICM paCCManHBaCMBIfI PEXKHMM C TOUYKHU
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3peHUs] KauecTBa JOCTaBISEMOMN MOTPEOUTENIO ANEKTPUUYECKOM SHEPTrUU U COOT-
BETCTBHSI TOKOB B JINHUSX JOIYCTUMBIM TOKaM.
B pesynbrare pacu€ra Takux pPEXUMOB HAxXOAAT NOTOKM MOIIHOCTH Ha
y4acTKaxX CETH U HAIPSDKEHUS B y3JI0BBIX TOUKAX.
JUtst pacu€ra Bpy4YHYIO JIETUYE IOJIB30BATHCS METOJAOM KOHTYPHBIX ypaBHE-
HUH, XOTA B IIporpammax st OBM ucnosb3yercs METO| y3JIOBBIX HANPSYKEHUN.
Pacuér no merony KOHTYpPHBIX YpaBHEHMI Benercs B jaBa 3tana. CHayana
OIIpENENAETCs MOTOKOpaCHpeesIeHne MOIIIHOCTEN 10 y4acTKaMm 0e3 ydeTa MoTepb
MOIIIHOCTH IO YPaBHEHUIO:
I +
Z jLi=
i=1
rae: Si — KOMIUIEKC MTOJIHOW MOIIHOCTH, MPOTEKAIOICH 110 i-My y4acTKy ce-
TH;
Zi" - KOMILIEKCHO-CONPSKEHHOE COMPOTUBIIEHHE i-T0 yIaCTKA CETH;
N — YUCJI0 YYaCTKOB CETH B KOHTYpE.
OTO ypaBHEHHE B KOMILJIEKCHBIX YHCIIAX MOKHO 3AMEHHUTH JBYMS YPaBHEHU-
SIMH C BEILIECTBEHHBIMU BEJIMYMHAMMU:
n i}
T AR+ Q%;)=0, T (R¥;-QiR;)=0.
i=1 i=1
rne: Pi u Qi — COOTBETCTBEHHO aKTHBHASI M PEAKTUBHAS MOIIHOCTH, MPOTE-
KaroIIHe 10 1-My Y4acTKy CETH;
Ri u Xi — COOTBETCTBEHHO aKTHBHOEC M PEAKTHBHOE COMPOTHBICHHS i-T'O
y4acTKa.
B pesynpraTe pacu€ra mo ypaBHEHHSIM HAXOIUTCS IOTOKOPACIPEACICHHUE
0e3 yuera noTepb MOIIHOCTH.
Ha BTOpOM 3Tamne paccyuThIBaeTCsl MOTOKOPACHIPENETIEHUE C YUETOM MOTEPH
MOIIIHOCTY W HaIPSDKEHUS B y3JaxX CeTH. [ 3TOro u3 Bcex HalEHHBIX Ha Iep-
BOM 3Tarne MOTOKOB MOIIHOCTH B Kaue€CTBE UCTUHHBIX MPUHUMAIOTCA JIBa BOJIU3U

TOYKH ITIOTOKOpA3aciia, 10 HUM HaxXOoAAT IMOTCPHU MOIIHOCTHU HA Yy4aCTKaX M IOTOKH

108



B HA4YaJIC U KOHIC KAXJIO0I'0 ydaCTKa, ABUTAJACHh B HAIIPABJIICHUNW OT TOYKH INIOTOKO-

pazziena K onmopHoMy (OalaHCHPYIOIEMY) y3y.

2 2
ea)+lob) (e

UI{DM HOM

AFz=
MOIITHOCTE B HaUase yJacTka 2 - 3
Piy=Pys+ 4P Qy3=Qp+a0s.
MOIITHOCTE B KOHIIE CIIEAYIOMEro yuacTka | — 2:
R5=Py+Pp  Qfy= Q%+ Qap.

rae: P2p , OQ2p — pacdy€THbIE MOLITHOCTH B y3JI€ 2.

(PQIE)EZ(sz)EXEE

AHaJIOTUYHBIM 06p330M, ABUT'asICh B 00e CTOPOHBI OT TOYKH IIOTOKOpPA3ICIIa

B HAIIpaBJICHHUHA 6aﬂaHCpr}0mero Yy3Jj1a, IIPpOU3BOIAT pacqéT BCCX ITOTOKOB MOIII-

HOCTH B CCTH.

OHpGI[CJII/IB MOIODHOCTD BOJIM3HU 6aﬂch1/Ipyfomero y3j1a, MOXHO HAWUTU

HaIpsHKCHUS BO BCEX TOYKAX CCTH. HaHpI/IMep, €CJIM U3BCCTHBI MOIIIHOCTHU B Ha4da-

ne yyactka 1-2 Prl2 n Qnl2, MOXHO OTIPEICNIUTD HAIIPSKEHUE B y3I1€ 2:

U Uy

i

Ilepeuens ucnonv3yemozo o6opyoosanus:

U, =1||[U1_ FaFia+ ngXu] . [PuXu— ngRu]
1

O6o3HauyeHHE HaumenoBanue Tun [TapameTpsbl
Gl OnHoda3HbIil UCTOYHUK MUTAHUS 2189 | ~220B/16 A
1000 BA
G2 Hcrounuk 6ecniepeboitHoro nuranust | 1456
~230B
G3 OnHoda3zHbIil ICTOYHUK MUTAHUS 2185 | ~220B/10 A
Al, A2 Onnodazuelit TpanchopmaTop 372.1 80 BA
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220/198...242

B
A3, A4 Monens TpanchopMaTOPHOM MOJICTaH- 3356 | = 220B/0...20
UM ¥ HAarpy3Ku Bt/0...20 BAp
A7...A9 Mopens TUHUY 3IEKTPOIepe1adn 313.3 | ~220B/0,3 A
Al5 . .
KommyTaTop n3mepurens momuocteid | 349 5 nonoxeHui
W3mepuTens nmapameTpos 0...500B/0...5
P1, P2 oHO(ha3HOM ceTH 542 A /2500 BA

Ykazanua no mexnuke o0ezonacnocmu npu 6vinonineHuu 1a00pamopHON
pabomul npeocmasnenslt ¢ Ilpunoxncenuu 1.

Ykazanua no evinonnenuro nabopamopnoii padomul:

Yacmo 1. Hamyproe mooenupoganue ycmanoguguie2oca pexcuma paoo-
mul ¢hazvl pacnpedenumenbHou I1EKMPUUECKoll cemu ¢ 0OHOCMOPOHHUM NU-
manuem

1. Yo6eautech, 4TO YyCTpPOWCTBA, HCHOJB3YEMbIE B JKCHEPUMEHTE, OT-
KJIFOUEHBI OT CETU AJIEKTPOIUTAHMUS.

2. CoenuHuTe rHE3a 3aMMTHOTO 3a3€MJICHUS "D YCTPOMCTB, UCTIOJIb-
3yeMbIX B dKcriepuMenTe, ¢ THe3noM "PE" ogHodaznoro ncrounnka nutanus Gl
(G3).

3. Coenunute anmapatypy B COOTBETCTBHU CO CXEMOM JJIEKTPUUECKOU
COEIMHEHUM, TPUBEICHHON Ha puc. 2.1.

4, VYcranoBuTe mepekitouaTesieM >KelaeMoe 3HaueHue kod(duimeHta
TpaHchopmaruu Tpanchopmaropa Al, Hanpumep, paBabiM 1,0.

d. VYcTraHoBUTE MEpEeKIOYaTENs MU KelaeMble apaMeTpbl Mojenein A7,
A8 MHMI 3IeKTporepeayn U Harpy3o0kK B Mozeisix A3, A4 COOTBETCTBEHHO paB-
HbIMH, Haripumep, 50 Om, 0,15 I'n u 10 Bt, 10 BAp.

6. Bxmrounte ucrounuk G1. O Hamuyuum HaMpsKEHUST HA €T0 BBIXOJIE

AOJDKHA CUTHAJIM3UPOBATDb CBCTAIIAACA JIAMIIOYKA.
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7. Bxntounte Boikmrouatenu «CETb» n3amepurens mapamerpos P1 u mo-
nenent A3, A4.

8. Bxirounrte ucrounuk 6ecnepedoitHoro nutanus G2 u J10KIUTECH BbI-
X0J1a €T0 Ha YCTAaHOBUBIIIUNCS PEKUM PabOTHI (CBETOIMOABI HA €r0 JINIIEBOU MaHe-
JIY JTOJDKHBI TIepECTaTh MUTaTh).

9. Bxrounte ogHodha3Hblil HCTOUHKMK TUuTaHus G3.

10. MeHnsas noyioKeHUE TEepeKIItoUaTesss kommyraropa AlS, ¢ moMoNIbIO
u3meputenas Pl, MaHUyIupysl KHOKOU «<», OINpeesaiTe BEIUUUHBI HAMpsKe-
HUs, IOTOKOB aKTUBHOW, PEAKTUBHOM M MOJIHOM MOIIHOCTEN HAa MHTEPECYIOLINX
y4acTKax uccieayemoit cetu (pu nojoxenusix 1, 2, 3, 4, 5 nepekitodareisiss KOM-
MyTatopa AlS wu3MepsrOTCS NapaMeTpbl pPEeXUMa COOTBETCTBEHHO HA BXOJIE
TpaHchopmaropa Al, B Hauajie ¥ KOHLE JIMHUU 3JIeKTponepenayn A7, Hayane u
KOHIIE JJMHUH dJIeKTponiepenadn AS).

11. Tlo 3aBepIieHUH 3KCIEPUMEHTA OTKIIOYUTE OAHO(MA3HBIN HCTOYHUK
nutanus G3, ucrounmk OecnepedoitHoro mutanms G2, Beikmodatenn «CETby

usMmepurens napametpoB P1 u moneneit A3, A4, ogHoda3HbIN UCTOYHUK MUTAHUS

Gl.
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Pucynok 2.1 — Cxema 7151 ©3MepeHus napaMeTpOB YCTAHOBUBILIETOCS

(v

1 DJIEKTPUYECKOU CETU C OJTHO-

¢dasbl pacnpeneauTeaTbHO

pexuma padoThl

CTOPOHHHUM ITUTAHHUCM.
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Yacmoe 2. Hamypnoe mooenuposanue ycmanoeuguiecocsa pexcuma paoo-
mul pazvl pacnpedenumenvHoll IJ1eKMPUUecKoil cemu ¢ 08yCmOPOHHUM RUMA-
Huem

1. Ybenurech, 4TO YCTPOWCTBA, MCIHOJB3YEMbIE B JKCHEPUMEHTE, OT-

KIIFOYCHBI OT CCTH 3JICKTPOIIMTAHUA.

2. CoenuHuTe rHE3a 3aIIMTHOTO 3a3€MJICHUS "@" YCTPOWCTB, UCIIOJIb-
3yeMbIX B dKcriepuMenTe, ¢ THe3noM "PE" ogHodaznoro ncrounnka nutanus Gl
(G3).

3. Coenunure anmapatypy B COOTBETCTBHUH CO CXEMOW 3JIEKTPUUYECKOU
COEIMHEHUN, PUBEJCHHON Ha puc. 2.2.

4. VYcTaHOBUTE NEPEKIIIOUATENSIMU KEJIaeMble 3HAueHUs: KOo3PQpuuueH-
TOB TpaHcpopMauuu TpanchopmaropoB Al u A2, Hanpumep, paBHbiMH 1,0.

5. YcTaHOBUTE MEPEKIIOYATENSIMA  JKEJIAEMbIE IMapaMeTphl  MOJEIIeH
A7...A9 nuHuii 3meKkTpornepenadyn U Harpy3ok mojaeneid A3, A4 COOTBETCTBEHHO
paBHbIMU, HanipuMmep, S0 Om, 0,15 T'u u 10 BT, 10 BAp.

6. Brnrounte ucrounuk G1. O Hanmuyuum HaMpsKEHUST Ha €r0 BBIXOJIE
JOJKHA CUTHAJIU3UPOBATH CBETSIIASICS JIAMITIOYKA.

7. Bxmrounte Beikmouarenn «CETb» n3mepurenen napamerpos P1, P2
u Moneiei A3, A4.

8. Bxutrounte nctounuk Oecniepeboitnoro nutanus G2 u JOKIAUTECH BbI-
X0/Ia €r0 Ha YCTAaHOBUBIIMNCS PEXUM padOThI (CBETOAMOABI HA €T0 JINLIEBOM NaHe-
JIM 10JDKHBI TIEpEeCcTaTh MUTATh).

Q. Bxtounte ogHodazubiit ucTouHuk nutanus G3.

10. Menss noJsiokeHue Mepexiodarens kommyTtaropa AlS, ¢ moMobo
u3Mmepurens Pl, MaHunmynupys KHOMKON «< », omnpeneisiTe BEIUUYUHbI HampshKe-
HUSI, IOTOKOB AKTUBHOM, PEAKTUBHOM M ITOJHOM MOIIHOCTEM HAa MHTEPECYIOIINX
y4acTKax uccieayemoil cetu (mpu nojoxenusix 1, 2, 3, 4, 5 nepekitodaresiss KOM-
MyTatopa Al5 u3MepstoTCs napameTphbl pekruMa COOTBETCTBEHHO B Hayaje U KOH-
e JIMHUM 3JIeKTpornepenayn A7, Hayaje W KOHIE JIMHUU 3JeKTporepenaun AS,

Havaje JUHUY deKkTponepeaaun A9).
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11. C nomompro uzmeputens P2, MaHumynupysi KHONKOM «< », ompene-
JSIUTE BEJIMYMHBI HAINPSXKEHUsS, TIOTOKOB AKTUBHOW, PEAKTUBHOM W ITOJHOW MOII-
HOCTEH B KOHIIE JIMHUU dJIeKTponepeaadn A9.

12. Tlo 3aBepuieHHH IKCIIEPUMEHTA OTKIIOUNUTE OAHO(A3HBIN HWCTOYHUK
nutanus G3, ucrounuk OecnepebdoitHoro nutanus G2, BeikmodaTenun «CETby

n3meputeseit mapamerpoB P1, P2 u moxaeneit A3, A4, onHoda3HbI UCTOYHUK TTH-

taaus G1.
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Pucynok 2.2 — Cxema 1151 U3MEpEHUs MapaMeTpOB YCTAHOBUBILETOCS pe-
*uMa paboThl (Pa3bl pacrpeaeUTeIbHON EKTPUIYECKON CETH C IBYCTOPOHHUM
NUTAHHUEM.

Cooeporrcanue omuema:

OT4eT OJKEH coepkKaTh:
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Ha3zBanue paboTshl;

[{ens paboThI;

Kpartkue TeopeTndeckue CBeACHuUS;

OnucaHue ucnoyib3yemMoro 000pyI0BaHMs U MaTEpUaOB;
[Topsimok BeImoHEHUs paboTHI;

Boruncnenus u 06paboTKa pe3ysibTaToB;

S A R A

BrIBOIEL.

Koumponvnuwie eonpocwi:
6. Kakast Touka B ceTu Ha3bIBa€TCsl TOYKOW MOTOKOpasaena?

7. B uem otnuuue pacu€Tra 3aMKHYTBIX CETEM OT Pa30MKHYTHIX?

Jlabopamopnas paooma Ne3
Pecynuposanue nanpasxcenusn é pacnpeoeiumenbHblx 3J1eKmpuieckux
cemsx
Iens: TlpuoOpecT HaBBIKKM PETYJIUPOBAHUS B PACHPEACIUTEIIBHBIX SJIEK-

TPHUICCKHUX CCTAX

OcHoébl meopuu:

PexxuM 3aMKHYTOM DJIEKTPUYECKOW CETH JBYX HOMUHAJIBHBIX HANPSKECHUN
(TOTOKM MOIIIHOCTH B BETBSIX CETH, HAMPSDHKEHUS B y3J1aX) 3aBUCHT OT Kod(pduru-
€HTOB TpaHchopManuu TpaHChHOPMATOPOB CBSI3H, C TOMOIIBIO KOTOPBIX

1m
E=E+jE"=U;| 1-T[kg |
i=1

rae E' u E” — coOTBETCTBEHHO MPOMAOJIbHAS M MOMNEPEYHAs COCTABIISIONINE
OC;

M — KOJIMYECTBO TPaHCPOPMATOPOB B KOHTYDE.
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Ecnu B KOHType uMerOTCsl TpaHCc(hopMaTopbl TOJIBKO C MPOAOIBHBIM pery-

JUpoBaHUEM (OOBIYHBIE TPAaHC(HOPMATOPHI C OTBETBICHUSAMH), TO:

m
E=E =Uy|1-[[ky |-

i=1

Ota DJIC OyzaeT co3naBaTh ypaBHUTEIbHYIO MOIIIHOCTB:

»

. I E
Syp=Pyp+iQup= 3Ty Iyp = 3T —

\."'I3 ZK

Ecnu B koHTYype co3naércs Tonbko npononsHas IC, To:

) m
, U1 I_Hkri
U, E i=1

_UE

Ll

Zg

)

Syp=Pyp+1Qp =——=
Ilepeuens ucnonvzyemozo obopyoosanus:
O6o3HauyeHMNe HaumenoBanue Tun [TapameTpsl
Gl OnHodha3HbIil UCTOYHUK ITUTAHUS 2189 | ~220B/16 A
1000 BA
G2 Hcrounuk 6ecniepeboitHoro nuranust | 1456
~230B
G3 OnHodha3HbIi UCTOYHUK ITUTAHUS 2185 | ~220B/10 A
80 BA
Al Onnodaszuerit TpanchopmaTop 372.1 | 220/198...242
B
Mopaenb TpanchopMaToOpHOM MOACTaH- ~220B/0...20
A3 3356
IIUU U HATPYy3KH Bt/0...20 BAp
A7, A8 Mogenb TMHUY AIeKTponepeaadn 313.3 | ~220B/0,3 A
~220B/
Al2 EMKocTHas Harpy3ka 317.3
0...30 BAp
N3mepuTtens mapameTpos 0...500B/0...5
P1, P2 542
onHodazHoOM ceTH A /2500 BA
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Ykazanua no mexnuxe 6e3onacnocmu npu 6blnOJ/IHEHUU ﬂaﬁopamopnoﬁ

paoomut npedcmaenenst ¢ Ilpunosxcenuu 1.

Ykazanun no evinonnenuiro nadopamopmnoit pabomot:
Yacmw 1. Bcmpeunoe pezynuposanue HanpaxiceHus
1. Yb6enurech, 4TO yCTPONCTBA, HCIOIB3yeMbIE B JKCIEPUMEHTE, OT-

KIIFOYCHBI OT CCTH 3JICKTPOIIMTAHUA.

2. CoenuHute THE31a 3aMMTHOTO 3a3€MJICHHUS "D YCTPOMCTB, UCIIOJIb-
3yeMbIX B dKcriepuMenTe, ¢ THe3noM "PE" ogHodaznoro ncrounnka nutanus Gl
(G3).

3. Coenunurte anmapatypy B COOTBETCTBHUH CO CXEMOW 3JIEKTPUUYECKOU
COEIMHECHUM, MPUBEICHHON Ha puc. 3.7.

4, VYcraHoBuTe mMepekitoyareseM >KejJaeMoe 3HaueHue Kod(duimeHra
TpaHchopmanuu Tpanchopmatopa Al, Hanpumep, paBHbM 1,0.

S. VYcTaHoBUTE MEpEeKIIOYATENS MU KeTaeMble apaMeTpbl Mojaenei A7,
A8 nuHUI 3IEKTponepeaayd U Harpy30k moaeiau A3 COOTBETCTBEHHO PABHBIMH,
Hanpumep, 50 Om; 0,15 T'n u 10 B, 10 BAp.

6. Bxmrounte uctounuk G1. O Hanmuyuu HampsiKEHUST HA €r0 BBIXOJIE
JIOJKHA CUTHAJIM3UPOBATH CBETSIIASCS JIAMIIOUKA.

7. Bxmrounte Beikmouarenn «CETb» u3amepurenein napamerpos P1, P2
u Moxean A3.

8. Bxirounte ucrounuk 6ecnepedoitnoro nuranus G2 u 10KAUTECH BbI-
X0J1a €r0 Ha YCTAaHOBUBIIIUNCS PEKUM PabOTHI (CBETOIMOABI HA €ro JINIIEBOW MaHe-
JIY JIOJDKHBI TIEPECTaTh MUTATh).

Q. Brrounte ogHodaszupiii uctounuk nutanus G3.

10. C nomombto usmepurenss P2 usmepsiiiTe HanpsoKeHUS B UHTEPECYIO-
IIAX TOYKAX UCCIIENYEMON CETH.

11. C nomowpro uzmepurens Pl onpenesnsiite BeIMYMHBI aKTUBHOM, pe-

AKTUBHOM W TIOJIHOM MOIIHOCTEMH, MOTPEOISIEMBIX HATPY3KOiA.
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12. BctpeuHoe peryaupoBaHUE HAMPSHKEHUS! OCYIIECTBISIUTE M3MEHEHH-
em koaddunmenTa Tpanchopmaruu Tpanchopmaropa Al.

13. Ilo 3aBepuieHMH SKCIEPUMEHTa OTKJIIOUUTE OJHO(DA3HBIM HCTOUYHUK
nutanust G3, ucrounuk OecnepedoitHoro mutanus G2, Beikmouatenu «CETby

u3Mmepureneit mapamerpoB P1, P2 u monenu A3, onHoda3Hbli UCTOUHUK MUTAHUS

Gl.

3356

Pucynok 3.7 — CxeMa Jj1s1 U3y4eHHsI BCTPEYHOTO PErYJIUPOBAHUS HANPsIKe-

HHAL.
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Yacmo 2. Pecynuposanue nanparycenus nymem nonepeqyHoil KOMNeHca-
UuU peaKkmugHoi MOUWHOCHU C NOMOUW{bI0 KOHOEHCAMOPHOUl bamapeu
1. Y6eautech, 4TO YyCTPOWCTBA, HCHOJB3YEMbIE B JKCIHEPUMEHTE, OT-

KIITOUCHBI OT CCTH JJICKTPOIIUTAHMA.

2. CoenuHuTe THE34a 3aIMTHOTO 3a3€MJICHUS "@" YCTPOWCTB, UCIIOJIb-
3yeMbIX B 3KcriepuMenTe, ¢ rHe3oM "PE" ogHodasnoro mcrounuka nutanus G1l
(G3).

3. CoenuHuTte anmapaTypy B COOTBETCTBHM CO CXEMOW AJIEKTPHUUECKOMN
COEMHEHUH, PUBEICHHON Ha puc. 3.8.

4, VYcraHoBuUTE MepekiIroyaTeseM jKelaemMoe 3HadeHue kodhduimeHrta
TpaHchopmaiuu Tpanchopmartopa Al, Hanpumep, paBHbM 1,0.

S. Y CTaHOBUTE MEPEKIIOYATENSIMHA JKEJIAeMble TTapaMeTpbl Moaenen A7,
A8 NIHMHMI 3neKTpornepesaym U Harpy30k mMojend A3 COOTBETCTBEHHO PaBHBIMU,
Hanpumep, 50 Om; 0,15 T'a u 10 Bt, 10 BAp.

6. [IepexntoyaTenb eMKOCTHOM Harpy3ku Al2 ycTaHOBUTE B MOJIOKEHUE
«O».

1. Brmrounte uctounnk G1. O Hamuyuu HaAMpsOKEHUS HA €T0 BBIXOJE
JIOJKHA CUTHAJIM3UPOBATH CBETSAIIASICS JIAMITOUKA.

8. Bxmrounte Boeikmouarenn «CETb» u3amepureneir napamerpos P1, P2
u Moxean A3.

9. Bxirounrte ucrounuk 6ecnepedoitHoro nutanus G2 u J0KIUTECh BbI-
X0J1a €r0 Ha YCTAHOBUBIIUKUCS PEXUM PaOdOTHI (CBETOIMOIBI HA €ro JIMIICBOM MaHe-
JIU JIOJDKHBI TIEPECTaTh MUTATh).

10. Bxmoumnte ogHodazHpi ucTOUHUK uTaHus G3.

11. C nomombto uzMepuresis P2 usMepsiite HanpsoKeHUS B UHTEPECYIO-
IIMX TOYKAX UCCIEAYEMOM CETH.

12.  C nomomsto uameputens P1 onpenensiite BeMUMHBI aKTUBHOM, pe-
AKTUBHOM U TTOJIHOM MOIIIHOCTEMN, MOTPEOIIIEMBIX Harpy3KOu.

13. PerymupoBaHue HamNpsOKCHUsI OCYIIECTBISIUTE M3MEHEHUEM DPEaKTHB-

HOM MOIIIHOCTH, TEHEPUPYEMOM €MKOCTHOM Harpy3kon Al2.
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14. Tlo 3aBepiieHUH SKCIEPUMEHTa OTKIIOYHUTE OAHO(DA3HBIA HCTOUHUK
nutanust G3, ucrounuk OecnepedoitHoro nmutanus G2, Beikmouatenu «CETby

u3Mmepureneit mapamerpoB P1l, P2 u Mmogenu A3, ogHo(da3HbI UCTOYHUK TUTaAHUS

Gl.

Pucynok 3.8 — CxemMa 7151 U3y4eHHsI peryJIMpOBaHUs HANPSKEHUS ITyTEM TTOIe-

PEYHON KOMIIEHCALIUM PEAKTUBHOM MOILIHOCTH.

Cooeporrcanue omuema:
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OT4eT oJKEH coepkKaTh:

HazBanue paboThl;

[lens paboOTHI;

KpaTkue TeopeTnueckue CBEICHMS;

OmnucaHue UCHOJIB3YEMOro 000PYJOBaHUS U MAaTEPUAJIOB;
[Topsinok BeINOJIHEHUS PAOOTHI;

Brrancnenus u 06paboTka pe3yabTaToB;

N o g bk~ DR

13350:10)1158

Konmponwsnuvie éonpocwi:

1. Kakas nmocnenoBaTreabHOCTh BBIYMCICHUN MPUMEHSIETCA MPU pacuerax
PA30MKHYTBIX CETEM?

2. Kaxue npeoOpa3zoBaHUs HCIONB3YIOT MPH YIOPOIIEHUHU CXEM 3aMelle-
HUS IEKTPUYECKUX CETEeU?

3. B uem ornuume pacuéra 3aMKHYTBIX C€TE€H OT Pa30OMKHYTHIX?

Jlabopamopnas pavoma Ned

Onmumusayus pexrcuma MecmHoll pacnpeoenumenbHoll 31eKmpudecKoil

cemu

Ilenw: 1lproOpecTy HaBBIKM ONTUMAIILHOTO YIPABIEHUS HOPMAJIbHBIMU pe-
xuMamu B OC

Ocnoevl meopuu:

OnTtumanbsHOe yrnpasieHre HopMalibHbiMU pexkuMmamu (HP) B OC 3axnroya-
eTcsl B TOM, YTOOBI 32 paccMaTpUBAEMbIi MEPHOJ] BPEMEHU 00€CTIeUUTh HAJECKHOE
ANEKTpPOCHa0KeHUEe noTpeduTess 93 TpeOyeMbIM KOJIWYECTBOM MPU MUHUMAb-
HBIX JKCIUTyaTallMOHHBIX 3aTpaTax 3a 3TOT MEPUOJ.

OnTtumuzanus pekKMMOB COOTBETCTBYET TPEOOBAaHUSM JOCTIKEHUS HaM-
OOJBIIET0 HAPOIHO-XO03AUCTBEHHOTO 3(eKTa Mo KPUTEPUI0 MUHUMAIBHOIO pa-

CXO0/1a YCIOBHOTO TOIUIHBA (Y.T).
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OnTumusanys peXUMOB [0 NPUHIMIAM ONEPAaTUBHO-IUCIETYEPCKOrO
ynpasieHuss 9C OCyIIECTBIAETCS HA PAa3IMYHBbIX BPEMEHHBIX U TEPPUTOPUATBHBIX
YPOBHSIX.

OnTuMu3anys TEKYIIEro pexxuMa — ONTUMHU3ALUS PEKUMA 32 OTPE30K Bpe-
MEHHU He 0oJiee OHOTO Yaca, Py 3TOM MapaMeTphl pekruMa B TEUEHUE paccMaTpu-
BAaeMOI'0 OTpe3Ka BpPeMEHM MOCTOSHHBL. OnTumuzanus tekyiero pexxuma (OTP)
npumensiercs B OC He comepxkamux [DC u TOL[ ¢ orpaHWYEeHHBIM 3aMacoM
TOIUIMBA, T.€. IIPH YCIOBUH, YTO HET OTPAHUYEHUS HA KOJIMYECTBO SHEPTOHOCUTES
3a HEKOTOpBIM Tepuo]i BpemeHH. [Ipu 3TOM KaXIbli MOMEHT BPEMEHU MOKHO
paccMaTpuBaTh HE3aBHCUMO OT JIPYTUX, T.€. CBECTH 3aaaudy yrpasieHus JC B Te-
YeHHEe HEKOTOpPOro Mepuojia BpeMeHHU (CyTOK) K IOCIEI0BaTEIbHOCTH HE3aBU-
CUMBIX 3aJ1a4 YNPaBJIEHUS B K&Kl MOMEHT BPEMEHH.

B neiictBuTenbHOCTH OT MOMEHTa cbopa uHdopmaimu, pacuera Ha IBM 1o
peanu3anny pexuMa IMpoxXoauT BpeMs. 1103ToMy MOXKHO FOBOPUTH JIMIIB O TEMIIE
BBIJIJAYU YIIPABJISIIONIMX BO3JICUCTBUM (€KedacHOM, yepe3 Kaxiable 10 MUHYT, Ka-
KIYH0 MUHYTY).

B kauecTBe (MUHUMH3UPYEM) 1€N€BOM (QYHKUUHA NPUHUMAOTCS U3AEPKKH
3a MHTEPBaJ BPEMEHU MEXKIY JIBYMs, YIPABISIOIIMMHU BO3IEUCTBUAMHU, TUOO (IIpU
pPaBEHCTBE 3TUX UHTEPBAJIOB) U3JCPKKU B €AMHUILY BPEMEH.

JIOmyCTUMBIN pEeXUM JTOIKEH yIOBIETBOPITH YCIOBHUAM HA/I€KHOCTH DJIEK-
TPOCHAOXKEHUSI U KauecTBa AJIEKTPOIHEPTUH, BbIPAKEHHBIX B BUE OIpPaHUYCHMI-
PABEHCTB M HEPABEHCTB Ha KOHTPOJIMPYEMbIE MMAPAMETPhI PEKUMA.

OnTuManbHBIM PEXKUM — TAaKOW U3 JOMYCTUMBIX, TP KOTOPOM oOecrevrBa-
€TCSI MUHUMYM CYMMApHOI'O pacxoja y.T. NpPH 3aJaHHOM IOJE3HOM OTIIYCKE
AIEKTPOIHEPTHH.

Tpu BUAA 3a1a4 ONTUMHU3ALHANA PEKUMOB:

1) onTuMuU3anusa SHEPTHH SHEPrOCUCTEMBI MO aKTHUBHOM MomHocTH TOC
(pactipenenenue P Mex 1y 3€KTPOCTAHIUSMU);

2) onTUMM3aLUs PEKUMA IEKTPUUECKON ceTH, ymeHblieHue AP npu ontu-

Muzaiuu pexuma 1mo U, Q u n;
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3) 6omee oOmas 3aaya KOMIUIEKCHOM onrtuMm3aiuy pexknma IC.

1) IlepBas 3amaua 1mo3BoJisieT HAUTU P 37€KTpOCTaHIIUM, COOTBETCTBYIOIIUE
MUHUMYMY CYMMAapHOTO pacxoja y.T. ¢ NpUOJMKEHHBIM y4E€TOM TOTEpPh B CETH
IIPU 33JaHHBIX Harpy3Kax noTpeouTesnei.

Ecnu He yuynThIBaTh OrpaHUYEHUSI-HEPABEHCTBA HA P anexkTpocTaHuumii u ce-
T€W, TO B MAaTEMATHYECKOM MOCTAHOBKE — 3TO 3aJladya Ha YCIIOBHBIM 3KCTPEMYM,
pemaeMast MeToioM Jlarpanxa.

[Ipu ydyere orpaHnyeHUK-HEPABEHCTB HA P cTaHUMM M JIMHUNM — 3TO 3a1a4a
HEJIMHEWUHOTO IPOTrPaMMHUPOBAHMUSL.

2) OntuMu3anus pekuMa 3JIEKTPUUECKUX CETe MPUBOAUT K YMEHBIIEHUIO
AP B pe3ynbTare ONTUMaJIBHOTO BbIOOpA HAINpPSKEHUs Y3J10B, ) MCTOYHUKOB U
K03 PUIIMEHTOB TpaHC(hOPMALIMK PETYIUPYEMBIX TPaHC(POPMATOPOB IMPHU YUETE
TEXHUYECKUX OTPAHUYCHUN.

3) KommiekcHast onTUMM3aIMs peXuMa MO3BOJISIET HAXOAUTh 3HaueHus P
CTaHIUM, reHepupyembix Q, Takue Moayau u (aszel U B y3lax ceTd MpU ydeTe

TCXHUYCCKHUX OFpaHquHHﬁ.

Ilepeuensv ucnonv3yemozo 000pyoosanus:

O6o3HauyeHMNe HaumenoBanue Tun [TapameTpsl
Gl Onnoda3HbIil UICTOYHUK MUTAHUS 2189 | ~220B/16 A
1000 BA
G2 Hcrounuk 6ecniepeboitHoro nuranust | 1456
~230B
G3 OnHoda3zHbIil ICTOYHUK MUTAHUS 2185 | ~220B/10 A
80 BA
Al, A2 Onnodaszuerit TpanchopmaTop 372.1 | 220/198...242
B
Monens TpanchopMaTOpHOM MOICTaH- ~220B/0...20
A3...A6 3356
IIUU U HATPYy3KH Bt /0...20 BAp
A7...All Mopnens TMHUY 3JIEKTponepe1adn 313.3 | ~220B/0,3 A
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Y INIMHUATENb IEPEHOCHON YEThIPEX-
Al4 - ~220B/16 A
MECTHBIN

[IpeobpazoBarens uaTEpdEHcoB

Al6 3305 OBEH AC4
USB / RS-485
Al7 HetOyx 1420 -
W3mepuTens napameTpos 0...500B/0...5
P1, P2 542
onHoda3zHoOU ceTH A /2500 BA

Ykazanusa no mexnuke dezonacnocmu npu 6blnOJ/IHEHUU Jza6opamopuoz2

pabomul npeocmaenenslt ¢ Ilpunoxncenuu 1.

Ykazanusn no evinonnenuro nabopamopmuoit pabomor:

Yacmwvl. Onpedenenue nomepu aKmuHOU MOUIHOCMU 6 MECHMHOU pac-
npeoeaumenbHoll INeKMPUYEecKoil cemu, 6bINOJIHEHHOIL N0 NEemJ1e6oll cxeme

1. Y6eautech, 4TO YyCTPOWCTBA, HMCHOJB3YEMbIE B JKCHEPUMEHTE, OT-
KJIFOYEHBI OT CETU DJIEKTPOIUTAHMUS.

2. CoenuHuTe THE3/1a 3alIMTHOTO 3a3€MJICHUS "D YCTPOMCTB, UCIIOJIb-
3yeMBIX B 3KcIepuMeHTe, ¢ THe3noM "PE" ogHodasnoro ncrounuka nuranus G1l
(G3).

3. CoenuHuTte anmapaTypy B COOTBETCTBHUM CO CXEMOW 3JIEKTPHUUECKOMN
COEMHEHUN, IPUBEICHHON Ha puc.4.1.

4, VYcraHoBUTE TEpeKIOYaTeNsIMU JKeJlaeMble 3HAYeHUsT KO3 (ULIUeH-
TOB TpaHchopManuu Tpanchopmaropo Al u A2, Hanpumep, paBabiMu 1,0.

S. YCTaHOBUTE NEPEKIIOYATEISIMA  JKEJIAEMbIE TIapaMeTpbl  MOJEIIEN
A7...All nuHuii snekTponepenadn paBHbIMU, Hanpumep, S0 Om; 0,09 I'n.

6. VYcTaHoBUTE NEpPEKIIIYATENSIMU KEJTAeMbIe MTapaMeTpbl HArPy30K MO-
nenen A3...A6 paBabsiMH, Hanipumep, 20 Bt u 10 BAp.

1. Bxtounte ucrounnk G1. O HanuumuM HaANpsOKCHHS HAa €r0 BBIXOJE

AOJDKHA CUTHAJIM3UPOBATDb CBCTAIIAACA JIAMITIOYKA.
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8. Bxntounte Beikmouatenu «CETby» uzmepureneit napamerpos P1, P2
u mozenen A3...A6.

9. Bxirounte ucrounuk 6ecnepedoitHoro nutanus G2 u J0KIUTECh BbI-
X0J1a €T0 Ha YCTAaHOBUBIIIUNCS PEKUM PabOTHI (CBETOIMOABI HA €r0 JINIIEBOU MaHe-
JIM T0JDKHBI TIEpeCTaTh MUTATh).

10. Bxurouute ogHO(a3HBIM UCTOYHUK TuTaHus G3.

11.  C nomomursto uzmepureneit P1 u P2 usmepbTe aktrBHBIE MOIITHOCTH Py
u P2, nmoctynaromniye B 3JIEKTPUUECKYIO CETh COOTBETCTBEHHO 4epe3 TpaHcpopMma-
Topsl Al 1 A2 1IepBOro 1 BTOPOro LEHTPOB MMUTAHUS.

12.  C nomomibio u3MepHuTeneit Moienei TpaHcPOopMaTOPHBIX TOCTAHIIHIA
A3...A6 u3MepbTe COOTBETCTBYIOIINE aKTUBHBIE MOIHOCTU P3... Ps, moTpelise-
MbI€ Harpy3KaMH 3THUX TOJICTAHITHH.

13. BbluucauTe HCKOMYIO OTEPIO AKTUBHOW MOIIIHOCTHU B DJIEKTPUUYECKOMN
CETH B UMEHOBAHHBIX €IUHUIIAX 110 BHIPAKEHUIO

AP = (P1 + P2) — (P3 + P4 + Ps + P).

14. BplyucaUTEe HCKOMYIO TOTEPIO AKTUBHOW MOIIIHOCTHU B DJIEKTPUUYECKOMN

CETH B OTHOCHUTEJIBHBIX €AMHUIIAX (ITPOIIEHTAX) IO BHIPAKCHHIO
AP* =100 x AP / (P1 + P2).

15. Tlo 3aBepiieHUM KCIEPUMEHTA OTKIIOYUTE OMHO(DA3ZHBIN MCTOUHUK
nutanust G3, ucrounuk Oecmnepedoitnoro mutaHus G2, Beikmouatenu «CETby
n3meputeneit mapamerpo P1, P2 u mogeneit A3...A6, onHo(da3HBI HCTOYHHUK

nutanus G1.
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Pucynok 4.1 — Cxema 151 onpeie’ieHusi TOUKM HOPMaJIbHOTO (ONTUMAaIbHO-

ro) paspbiBa (pa3pe3a) B MECTHOM pacrpeeTuTeIbHO
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Yacmo 2. OQuenka 61uaHuA PA3HUYbL HARPANCCHU HA WUHAX UEHMPOE
RUMAHUA HA ROMePU AKMUBHOU MOWHOCHMU 8 MECHHOU pacnpedeaumenbHoul
INEKMPUYECKOIL Cemu, 6bINOJIHEHHOU N0 Nemieeoll cxeme, npu ee pabome 6 3a-
MKHYMOM pexcume

1. Onpenenute cornacHo M. 4.1 HACTOSIIMX yKa3aHUW MPU OJMHAKOBBIX
koadunmenTax tpanchopmanuu TpanchopmatopoB Al u A2, HanpuMmep, paBHBIX
1,0, moTepro aKTUBHOM MOILHOCTH B 3JICKTPUYECKOM CETH B OTHOCUTEJBHBIX €]IH-
Humax (mporeHTax) AP*1.

2. Onpenenure cornacHo 1. 4.1 HaCTOSAIMX yKAa3aHWM IPU Pa3HBIX KO-
abdunmentax Tpanchopmanuu tpanchopmaropoB Al m A2, Hanpumep, paBHBIX
1,0 u 0,9, noTepro aKTUBHOW MOITHOCTH B 3JIEKTPHUYECKON CETH B OTHOCHUTEIBHBIX
eauHuIax (mpoieHTax) AP*;.

3. CpaBHuTe notepu akTuBHON MoIHOCTU AP*1 u AP*; , onpeneneHHbie
IIPY PA3JUYHBIX HANPSDKEHUSIX HA IIMHAX LUEHTPOB IUTAHUSA U CIEIIAlTE BBIBOJ O
BIIMSIHAM PA3HULIBI ATUX HANPSHKEHUN HA MOTEPI0 MOIIHOCTH B AJIEKTPUYECKOU Ce-

TH.

Yacms 3. Ouenka enuanus mecma paspviéa (pazpe3a) MecmHoll pacnpe-
oenumenbHou I1eKmpPUUecKkoll cemu, 6bINOJIHEHHOU N0 NemJieeoil cxeme, HA
nomepio 6 Heu aKmueHOU MOWHOCIMU

1. Omnpenenute cornacHo n. 4.1 HACTOAIIMX yKa3aHUW, NOTEPO aKTHUB-
HOM MOIITHOCTH B 3JIEKTPUYECKON CETU B OTHOCHUTEJIBHBIX €IUHMIIAX (MPOIEHTAX)
AP*1 nipu paszpbiBe (pa3pese) IEKTPUUECKON CeTH MEXIy MOJENbI0 TpaHchopma-
TOPHOM MOJICTAaHIIMU A3 ¥ MOJIEIIbIO JIUHUU 3JeKTporniepenaun A7.

2. Onpenenute cornacHo n. 4.1 HAacTOAIIMX yKa3aHWUW, NOTEPHO aKTHUB-
HOM MOIIHOCTH B 3JIEKTPHUUYECKON CETU B OTHOCHUTEJBHBIX €IMHMIIAX (IMPOLEHTAX)
AP*; ipu pa3pbiBe (pa3pese) IIASKTPUISCKON CeTH MEXITY MOJIENbI0 TpaHchopma-
TOPHOM NoJACTaHIMU A4 1 MOJETBIO JIMHUHM dJIeKTporiepenaun AS.

3. Onpenenure cornacHo 1. 4.1 HacTOSIMIMX yKa3aHWM, NOTEPIO aKTHB-

HOM MOIITHOCTH B BHCKTqueCKOﬁ CE€TH B OTHOCHUTCIIBHBIX CAMHHIIAX (HpOHeHTaX)
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AP*3 mipu pa3pbiBe (pa3pese) ANEeKTPUIECKO CEeTH MEXIYy MOJEIbI0 TpaHchopMa-
TOpHOM moacTaHuu A4 1 MOJIEBIO JIMHUY JeKTpornepeaaydn A9.

4. Omnpenenure cornacHo . 4.1 HacTOAIMMX yKa3aHWM, NOTEPIO aKTUB-
HOM MOILHOCTH B AJIEKTPHUYECKOW CETH B OTHOCUTENBHBIX €AMHHIAX (IIPOLIEHTAX )
AP*4 ipu paszpbiBe (pa3pese) IIEKTPUUECKON CeTH MEXITy MOJIENbI0 TpaHchopMma-
TOPHOM MOJACTAaHIIMU AS M MOJEIBIO JTMHUM dJIeKTporiepenaun Al0.

S. Onpenenure cornacHo 1. 4.1 HacTOSIMMX yKa3aHWM, NOTEPIO aKTHB-
HOM MOIIHOCTH B AJIEKTPUUYECKOM CETH B OTHOCUTENBHBIX €AMHHIAX (IIPOLIEHTAX)
AP*s tipu pa3psiBe (pazpese) JIEKTPUUIECKON CETH MEXAY MOJENbI0 TpaHchopMma-
TOPHOM MOJACTAHIIMU A6 U MOJAENBIO JTMHUHU dJeKTporepenayn All.

6. CpaBHuTe moTepu akTUBHOM MomHOCTH AP¥*1... AP*s | onpeneineH-
HbI€ TIPH YCTPOMCTBE Pa3pbIBOB (pa3pe30B) B Pa3IMYHBIX MECTAX 3JEKTPUUYECKON
CETH U CAEJIAWTE BBIBOJ O BIMSHUU 3TOTO MECTA HA NOTEPIO MOIIHOCTH B JJIEKTPU-

YEeCKOM CETH.

Yacmos 4. Onpeodenenue mouyku HOPMAILHO20 (ONMUMATBHOZ0) PA3pPbléa
(paspe3a) 6 mecmnoii pacnpeoeaumenbHoil INEKMPUYECKOll cemu, 8bINOJIHEH-
HOIUl N0 nemJjiegoll cxeme, N0 KpUMePUI) MUHUMYMA ROMeEPU AKMUGHOU MOU4-

Hocmu

1. Y6eautech, 4TO YyCTPOWCTBA, HCHOJIB3YEMbIE B JKCHEPUMEHTE, OT-
KJIFOYEHBI OT CETU DJIEKTPOIUTAHMUS.

2. CoenuuuTe ruesja 3aliuTHOTO 3a3EMIIEHUS "@" YCTPOMCTB, UCTIOJIb-
3yeMbIX B dKcriepuMeHnTe, ¢ THe3noM "PE" ogHodasnoro mcrounnka nutanus Gl
(G3).

3. CoenuHuTte anmapaTypy B COOTBETCTBHUHM CO CXEMOW 3JIEKTPUUECKOMN
COEIMHEHUI, TTpUBEIeHHON Ha puc.4.1.

4, VYcraHoBUTE TEpeKIOYaTeNsIMU JKellaeMble 3HAYeHUsT K03 (dUIIMeH-

TOB TpaHchopMmaiuu TpanchopmatopoB Al u A2, Hanpumep, paBHbiMu 1,0.
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S. YCTaHOBUTE NEPEKIIOYATENIMU  JKEJIAEMbBIE IMapaMETPhl  MOJEIIEH
A7...All nuHUA 37€KTpoNepesayd COOTBETCTBEHHO pPaBHBIMHU, Hampumep, R7 =
500mMmu L7=0,03TH, Re=500mu Lg =0,031'1, Ro =50 Om u Ly = 0,03 I'n,
R10=1000Omu L10=0,06 I'n, R11 =100 Om u L11 = 0,06 I'H.

6. VYcraHoBUTE NIEPEKITIOYATENSIMU JKeJTaeMble MapaMeTphbl Harpy30K MO-
neneit A3...A6 COOTBETCTBEHHO paBHbIMM, Harpumep, 10 Bt u 8 Bap, 10 Bt u 8
Bap, 20 Bt 151 16 Bap, 20 Bt 151
16 Bap.

7. BelinonHuTe paspsbiB (pa3pes) B JMEKTPUUECKON CETH MEXIY MOJEIbIO
MOACTAaHIMUA A4 W MOJENBIO JIMHUU JJIEKTporiepenaun A9, nmpuHuUMasi €ro Hop-
MaJbHBIM (ONTUMAIBHBIM) B MPEAIIECTBYIOIEM PEXUME PaOOTHI CETH.

8. Brmrounte ucrounnk G1. O Hamuyuu HaAMpsOKEHUS HA €TO BBIXOJIE
JIOJKHA CUTHAJIM3UPOBATH CBETSAILASACS JIAMIIOUKA.

Q. Bxmrounte Beikmouarenn «CETb» u3amepurenein napamerpos P1, P2
u Mojxeineit A3...A6.

10. BxurouuTe ucTouyHUK Oecriepedoiinoro nmutanus G2 U JOKIUTECHh BBI-
X0Jla €r0 Ha YCTaHOBUBILHUKCS PEKUM pabOThI (CBETOIMOABI HA €ro JINLEBOW MaHe-
JIY JOJKHBI IEPECTAaTh MUTATh).

11. Bxumrouute ogHO(a3HBIM HCTOYHUK nTuTaHus G3.

12.  C nomomipto uzmepureneit P1 u P2 usmepbTe mosHbie MOIIHOCTH S1
Sz, moctynaroue B 3JEKTPUUECKYIO0 CETh COOTBETCTBEHHO 4epe3 TpaHc(opmarTo-
pbl Al 1 A2 nepBoro u BTOporo UEHTPOB ITUTAHHUS.

13. C nomouisio u3mMepuTese Moaenei Tpanc(opMaTOPHBIX MOJCTAHIIUN
A3...A6 u3MepbTe COOTBETCTBYIOIIUE MOJHBIC MOITHOCTH S3... Sp, TOTPEOISIEMbIC
Harpy3Kamu 3THX MOACTAHIIHM.

14. BpruucauTe NOTOK MOJHOW MOIIHOCTA OT MEPBOrO IEHTpa MUTAHUS
(TpancopmaTtopa Al) mo mMonmenu JUHUM dAEKTporepenadyu A7 K MOJETH MO/I-

CTAaHLHH U HATPY30K A3 1O BBIPAXKEHUIO

S13 = (S3(Ret+Re+R10+R11)+S4( Re+R10+R11)+S5(R10tR11)+SeR11) / (R7+Rs+Re+R10+R11)
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15. BpraucanuTe NOTOK MOJTHOM MOIIMHOCTH OT BTOPOTO LIEHTpA MUTAHUS
(TpancdopmaTtopa A2) mo MoJeNH JIMHUMU nekTpornepenaun All xk moxenu mon-
CTaHIIUM U Harpy30K A6 1O BBIPAKEHUIO

S26 = (S6(R7+Rs+R9+R10)+Ss5( R7+Rs+R09)+S4(R7+Rs)+S3R7) / (R7+Rs+Rge+R10+R11)

16. BpraucauTe MOTOK MOJHON MOIIHOCTH IO MOJEIH JIMHUH 3JICKTPOIIe-

penaun A8 oT MozaeNr MOACTAHIMHU A3 K MOJENH MOACTAHIMU A4 110 BBIPAKEHUIO
Sz4=S13 - S3

17. BpraucanuTe NOTOK MOJHON MOIIHOCTH MO MOJEIHU JIMHUU 3JIEKTPOIIe-

penaun A9 ot moaenu noACTaHIMU A4 K MOJEIU MOACTAHIMHA AS MO BBIPAKEHUIO
S5 = S34 — S4

18. BpruucnmTe MOTOK MOJTHOW MOITHOCTH IO MOJEIH JTUHUHU IICKTPOIIe-
penaun A10 ot Mozenu nmoAcTaHUUM AS K MoAeNH MoAcTaHUUU A6 1O BbIpaxke-
HUIO

Ss6 = Sas — Ss

19. BrpisBHTE IMOTOK MOIIHOCTH M3 YHCIA S34, Sas5, Sz ¢ OTpUIIATEIIHHBIM
3HaKOM, YTO O3HAYaeT €ro MPOTUBOMOJIOKHOE HANPaBJICHUE MPEIBAPUTEIIBHO BbI-
OpaHHOMY.

20. Ompenenurte y3en MOTOKOPACTIPEACICHHUS] — Y3€ll, K KOTOPOMY MOIII-
HOCTH TIPUTEKAIOT C PA3HBIX CTOPOH.

21. B kayecTBe TOYKH HOPMaJIbHOIO (ONTUMAIBHOTO) pa3phiBa (paspesa)
AIIEKTPUUYECKON CETH BBIOEPUTE TOUKY, MPUMBIKAIOIIYIO K Y31y TOTOKOpa3zena co
CTOPOHBI MEHBIIIETO TOTOKA MOIITHOCTH.

22. Omnpenenute corjacHo M. 4.1 HACTOANUX yKa3aHWH, MOTEPIO AKTHB-
HOM MOIITHOCTH B DJICKTPUYECKOM CETU B OTHOCHUTEJBHBIX €IUHMIAX (MPOIIEHTAX)
AP*1 ipu paspsiBe (pa3pese) IEKTPUUYECKON CeTH B TOYKE HOPMAJIbHOIO (OINTH-

MaJIbHOTO) pa3pbiBa (pa3pesa).

Yacme 5. Paboma mecmuoil pacnpeoeiumenbHoil 31eKmpuidecKoll cemu,

6bINOJIHEHHOU NO NEemJesou cxeme, 6 percume aemomamuiecKozo 8b150pa
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MOYKU HOPMANbHO20 pa3pvleéa (paspe3a) no Kpumepurw MUHUMyMa nomepu aK-

MUBHOU MOUWLHOCmMU

1. Ybenurech, 4TO YCTPOWCTBA, MCIHOJB3YEMbIE B JKCHEPUMEHTE, OT-

KIIFOYCHBI OT CCTH 3JICKTPOIIMTAHUA.

2. CoenuHuTe THE34a 3aIMTHOTO 3a3€MJICHUS "@" YCTPOWCTB, UCIIOJIb-
3yeMbIX B dKcriepuMenTe, ¢ THe3noM "PE" ogHodaznoro ncrounnka nutanus Gl
(G3).

3. Coenunure anmapatypy B COOTBETCTBHUH CO CXEMOW 3JIEKTPUUYECKOU
COEMHEHUN, MPUBEICHHON Ha puc.4.1.

4, VYcraHoBUTE TEPEKIIOYATENISIMU JKeJaeMble 3HAYeHHS KO (HUIIUEH-
TOB TpaHcpopMauuu TpanchopmaropoB Al u A2, Hanpumep, paBHbiMH 1,0.

S. VYcTaHOBUTE TNEPEKIIOYATENISIMU  JKEIIAEMbIE TMapaMETPbl  MOJEJIEH
A7...All nuHUN >37EKTpoIepeaud COOTBETCTBEHHO paBHBIMU, Hampumep, R7 =
500mMuL7=0,03TH, Re=500mu Lg=0,03 ', Ro =50 Om u Lo = 0,03 I'n,
R10=1000mu L10=0,06 ', R11 =100 Om 1 L11 = 0,06 I'H.

6. YcTaHoBUTE NEpPEKIIIOUATENSIMU KeJTaeMble TTapaMeTphbl Harpy30K Mo-
nener A3...A6 cooTBETCTBEHHO paBHbIMU, Hanpumep, 10 Bt u 8 Bap, 10 Bt u 8
Bap, 20 Bt u 16 Bap, 20 Bt u 16 Bap.

7. Bxmrounte ucrounuk Gl. O HanuMuuu HanpsKEHUS HA €ro BBIXOJE
JIOJKHA CUTHAJIM3UPOBATh CBETAIIASACS JIAMIIOUKA.

8. Bxmrounte Beikmouarenn «CETb» n3mepurenein napamerpos P1, P2
u Moxeiueit A3...A6.

9. BxirounTte ucrounuk 6ecnepedoiinoro nurtanus G2 v JOXKIUTECHh BbI-
X0J1a €r0 Ha YCTAHOBUBIIUKUCS PEXXUM paObOTHI (CBETOIMOIBI HA €T0 JIUIEBOM MaHe-
JIY JOJIKHBI IEPECTATh MUTATh).

10. Bxmrounte ogHoda3HbIi uCTOUHUK UTaHus G3.

[Ipumeuanue: ycranoBute nporpammuoe obecnedenue Ha [IK, ecnu 3To He

OBLIIO CAEIAHO paHee.
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11. IIpuBenute B pabouee COCTOSHHE NEPCOHAIBHBIN KOMIIBIOTED U 3aITy-
CTUTE MPUKIIAJIHYIO porpamMmy «PacrpenenuTenbHas CEeTh.

12. C nomouipio BbINAJAIONMUX CIUCKOB Ha 3kpane [IK ycraHnoBurte 3Ha-
YEHUsI aKTUBHBIX COMPOTUBICHUN JIMHUM 3JIEKTPOIEpe/layd PaBHBIMU pPeallbHbIM
AKTUBHBIM CONPOTUBIICHUAM Mozenen A7...All nuHuil anekTponepenadu.

13. JIMCTaHIIMOHHO YIPAaBJISUTE BBIKIIOYATEISIMH MOJEJEH MOJICTaHITUI
A3...A6 u onpenensiTe MOTEpU aKTUBHOW MOIITHOCTHU B CETH.

14. IlepeBenute mporpaMMmy B aBTOMaTHYECKUN PEKUM PaOOTHI COOTBET-
CTBYIOIIIUM TEPEKIIIOYATEIIEM.

15. Usmensiite napametpsl Mozaened A7...All nuHMil 35eKTponepeadn
U mapaMeTpsl Harpy3ok mojeneid A3...A6 moACTaHUHMM COOTBETCTBYIOUIUMH PY-

KOATKaMH ¥ HaOJro1aliTe MPoLIecC aBTOMAaTUYECKOTIO BBIOOpA TOUKH pa3pe3a CeTH.

Cooeporcanue omuema:

OTuer IOMKEH COJIepKATh:

HasBanue paboThi;

[enb paboThI;

Kpatkue TeopeTrueckue cBeACHUS;

Onucanue ucnoyib3yeMoro 000py10BaHMs U MaTEpUAJIOB;
[Topsimok BBITTOTHEHUS paOOTHI;

Boeruucnenust u 00padoTKa pe3ysibTaToB;

N o gk~ DR

13350:10)1158

Konmponwvuwvie éonpocwi:

1. XapaxkTepucTuka CUCTEMbI pacIipeieieHUs FIEKTPUIECKON dHEPTUn
2. AxTuBHas nmpoBoauMocTh BJI

3. Cxembl 3aMeNIeHHs] IMHUN dJIeKTporiepeaay

4. KabenbHbI€ JTUHUM JIEKTpOIIepeIaun
3)

HomunaneHble HaNpsDKEHUS U KIACCU(PUKAIUS JIEKTPUUYECKUX CeTel
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Jlabopamopuan paboma Ne5
Onmumuszayus pexcuma paiioHHOU pacnpedesumeibHoll 31eKmpuiecKou
cemu
Ienw: ViccnenoBaTth BIWSIHUE KOMIICHCAIMM PEAKTUBHOW MOIIHOCTH C TIO-
MOIIIbIO KOHJICHCATOPHOW OaTapen Ha mapaMeTpbl YCTAHOBHUBIIETOCA PEKHUMA

Pa30MKHYTOM paclpeeIUuTeNIbHON IEKTPUUECKON CeTH

OcHoevt meopuu:

Komnencupytomue ycrpoiictsa (KVY), ycraHaBiauBaembie B y3J1ax 3JEKTpHU-
YECKOM CETH, OKa3bIBAIOT KOMIUIEKCHOE BJIMSHHUE HA MapamMeTphl pexxuma. Mx Biu-
STHUE TPOSIBIIAETCSA B TOM, YTO U3MEHSIOTCS IIOTOKU PEAKTUBHOW MOLIHOCTH 10 Ce-
TH. CHEACTBUEM 3TOTO SIBIIACTCS M3MEHEHUE HANPSIKECHUM B y3J1aX, 4TO, B CBOIO
odepenb, IPUBOJUT K U3MEHECHHUIO T€HEPUPYEMOM 3apsiIHOM MOIIHOCTH JUHUN. B
pe3ynbTaTe Bce 3TU (PaKTOphl B COBOKYITHOCTH OKa3bIBAIOT BIMSHUE HA TIOTEPHU aK-
THUBHOW WU PEAKTHBHOM MOIIHOCTHU B CETH. /[ mpocreumero ciiyyas CeTH, COCTO-
AlIeNd W3 OJTHOTO BJIEMEHTA C MOJKIOUYEHHBIM B y3iie Harpy3ku KY, renepupyto-
HIEr0 PEAKTUBHYI0 MOIIHOCTb, B3aMMOCBSI3M YKAa3aHHBIX IapAMETPOB pPEKUMA
ONPEAEIAIOTCS CIEAYIOIUMHU COOTHOLIECHUSIMU::

— IMOTEPU AKTUBHOW MOIIIHOCTH

P2+ (Q-Qy )
U2

AP= R;

— MOTE€PU PEAKTUBHOM MOIIIHOCTH

AQ= - X;
U
— 3apsIHast MOIIHOCTh
Q.=U’B;
— [OTEPS HAIIPSIKEHUS
y :PR+(Q—QKy )X
u
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rae: P u Q — akTuBHas ¥ peakTUBHAs MOLTHOCTH Harpy3Ku;

R u X — aKTMBHOE U pEAKTUBHOE CONPOTUBIICHHUS JJIEMEHTA CETH;

U — Hanpspkenue;

B — éMKoCTHast pOBOAMMOCTD JTUHUMU.

B C10XHBIX CETSIX CO MHOTMMH 3JIE€MEHTaMH IMPOABIIACTCA B3AUMOCBA3b BCCX

Y3JIOB U BETBEM.

Ilepeuens ucnonv3yemozo ob6opyoosanus:

O6o3HauyeHune HaumenoBanue Tun [TapameTpsnl
Gl OnHodha3HbIil HCTOYHUK IMUTAHUS 2189 | ~220B /16 A
1000 BA
G2 Hcrounuk 6ecniepeboitHoro nuranust | 1456
~230B
G3 OnHodha3HbIil HCTOYHUK IMUTAHUS 2185 | ~220B /10 A
80 BA
Al, A2 Onnoda3zublii TpanchopmMaTop 372.1 | 220/ 198...242
B
Mopaenb TpanchopMaTOpHO MOACTaH- ~220B/0...20
A3, A4 3356
LMY U Harpy3KH Br/0...20 BAp
A7...A9 Mogenb TMHUY AIEKTponepeaadn 313.3 | ~220B/0,3 A
~220B/
Al2, Al13 EMKocTHast Harpy3ka 317.3
0...30 BAp
VY ITMHUTENb IEPEHOCHOM YEThIPEX-
Al4 - ~220B /16 A
MECTHBIN
Al5 KommyTtaTtop nsmepurens moutHocteit | 349 5 mosjoxeHui
N3mepuTens napameTpos 0...500B/0...5
P1, P2 542
onHO(a3HOU ceTH A /2500 BA

Ykazanusa no mexnuke 6ezonacnocmu npu 6blnoJiIHeHUU ﬂaﬁopamopnoﬁ

pabomul npeocmaenenst 6 Ilpunoxcenuu 1.

Ykazanusa no evinonnenutro nabopamopnoii pabomer:
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Yacmoe 1. H3mepenue u onpedesienue napamempos percuma 3amMKHymoul

(Ko1bye6oit) paionnoil pacnpedenumeibHou J1eKmMmpPUUecKoil cemu

1. Ybenurech, 4TO YCTPOWCTBA, MCIHOJB3YEMbIE B JKCHEPUMEHTE, OT-

KIIFOYCHBI OT CCTH 3JICKTPOIIMTAHUA.

2. CoenuHuTe THE34a 3aIMTHOTO 3a3€MJICHUS "@" YCTPOWCTB, UCIIOJIb-
3yeMbIX B dKcriepuMenTe, ¢ THe3noM "PE" ogHodaznoro ncrounnka nutanus Gl
(G3).

3. Coenunure anmapatypy B COOTBETCTBHU CO CXEMOM JJIEKTPUUECKOU
COEMHEHUH, PUBEICHHON Ha puc. S.1.

4. YcTaHOBUTE NEPEKIIIOYATENIMU KeJlaeMble 3HAueHUs KO3(pUIMeH-
TOB TpaHcpopMauuu TpanchopmaropoB Al u A2, Hanpumep, paBHbiMH 1,0.

5. YcTaHOBUTE MEPEKIIOYATENSIMA  JKEJIAEMbIE IMapaMeTphl  MOJEIIeH
A7...A9 nunuii smeKkTpornepenadyn U Harpy3ok mojaeneid A3, A4 COOTBETCTBEHHO
paBHbIMU, HanipuMmep, S0 Om, 0,15 I'u u 20 BT, 10 BAp.

6. Brnrounte ucrounuk G1. O Hanmuyuum HaMpsKEHUST HA €r0 BBIXOJIE
JOJKHA CUTHAJIU3UPOBATH CBETSIIASICS JIAMITIOYKA.

7. Bxmrounte Beikmouarenn «CETb» n3mepurenen napamerpos P1, P2
u Moneiei A3, A4.

8. Bxutrounte nctounuk Oecniepeboitnoro nutanus G2 u JOKIAUTECH BbI-
X0/Ia €r0 Ha YCTaHOBUBIIMICS PEXUM pabOThI (CBETOIMO/IBI Ha €ro JIMIEBOM MaHe-
JIM 10JDKHBI TIEpEeCcTaTh MUTATh).

Q. Bxtounte ogHodazubiit ucTouHuk nutanus G3.

10. Menss noJsiokeHUe Mepekstovarens kommyTatopa AlS, ¢ moMoIbo
u3Mmepurenss Pl, MaHunmynupysi KHOKOM « < », U3MEPSANUTE BEJIMUUHBI HAMPSKE-
HUsI, IOTOKOB AKTUBHOW, PEAKTMBHOM W IOJHOM MOIIHOCTEN HA MHTEPECYIOLINX
y4acTKax uccieayemoil cetu (mpu nojoxenusix 1, 2, 3, 4, 5 nepekitodaresiss KOM-
MyTatopa Al5 u3MepsIoTCs nmapameTpbl pexkruMa COOTBETCTBEHHO B Hayajle U KOH-
1€ JIMHUM 3JIeKTponepenayn A7, Hayaje W KOHIIE JIMHUU 3JeKTporepenaadyn AS,

Havaje JUHUY deKkTponepeaaun A9).
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11. C nomouisto uzmeputens P2, MaHUIYIUpyst KHONKOHN « < », U3Mepsii-
T€ BEJIMYHUHBI HAIPSKCHUSA, TOTOKOB AKTUBHOM, PEAKTUBHOM W TOJIHOW MOIIHO-
CTel B KOHIIE JIMHUU dJIeKTponepeaadn A9.

12. C nomompto u3Mmepureneit Mmoaeneit noacranmuu A4, A4 , Manuy-
JUPYsI KHOMKOM « < », U3MEPSNTE BEIIMUMHBI HAMPSOKCHUS, aKTUBHOM, pEaKTHBHOM
Y TOJIHOM MOIIIHOCTEN HArpy30K.

13. Tlorepro aktuBHOU (peakTuBHOWM) MomtHOCTH AP (AQ) B 3mexTpuue-
CKOW CETH ONpeae/INTe KaK pa3HHUIly MEXIY CYMMOW aKTUBHBIX (PEaKTHUBHBIX)
MOIITHOCTEH, TOCTYMAIOUIMX B CETh OT UCTOYHUKA MUTAHUS yepe3 TpaHchopmaro-
pel Al 1 A2 U cyMMOH akKTUBHBIX (PEAKTUBHBIX) MOLIHOCTEW, MOTPEOISIEMBIX
Harpy3kamu mozeneit A3 u A4.

14. Tlo 3aBeplIEHUH 3KCHEPUMEHTA OTKIIOYUTE OAHO(]DA3ZHBIM MCTOUHUK
nutanus G3, ucrounuk OecnepedoitHoro nutanus G2, BeikmodaTenun «CETby
n3meputeneit mapamerpoB P1, P2 u moaeneit A3, A4, onHodas3HbI UCTOYHUK ITH-

tanusa G1.
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Pucynok 5.1 — Cxema 151 i3MepeHusi MOTOKOPACIPEICIICHUS U OTIpeiesie-

HUSI IOTEPb MOIIHOCTH B 3aMKHYTOU (KOJIBIIEBOM ) pacpeAeIUTEeIIbHON 3IIEKTPH-

YeCKOM CETH.
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Yacmep 2. Onpeodenenue onmMumMaibHOU MOUWHOCHU KOMNEHCUPYIOUWUX
KOHOEHCamopo8 6 3aMKHymou (KOonbueeoil) pPAailOHHOU pPAcnpedesumeibHou
INIEKMPUYUECKOUl Cemu no KpUmepuro MUHUMYMA nOmepu aKmueHOU MOUIHO-
cmu

1. Y6eautech, 4TO YCTPOWCTBA, HCHOJB3YEMbIE B JKCIHEPUMEHTE, OT-

KIIFOYCHBI OT CCTH 3JICKTPOIIMTAHUA.

2. CoeauHuTe rHE3/1a 3aUUTHOIO 3a3€MJICHUS "D YCTPOMCTB, UCHOJIb-
3yeMbIX B 3KcrepuMeHnTe, ¢ rHe3oM "PE" ogHodaznoro ucrounnka nutanus G1l
(G3).

3. Coenunure anmapatypy B COOTBETCTBUH CO CXEMOW 3JIEKTPUYECKOU
COEIMHEHUI, TPUBEICHHON Ha pucC. 5.2.

4, VYcTaHOBUTE MEPEKITIOYATENIAMH JKEJaeMble 3HAUeHHs] KO3 (ULIUEH-
TOB TpaHchopManuu Tpanchopmaropo Al u A2, Hanpumep, paBabiMu 1,0.

5. YcTaHOBUTE MEPEKIIOYATENSIMA  JKEJIAEMbIE IMapaMeTphl  MOJEJIeH
A’7...A9 nmuHUM 3nIeKTponepenadn paBHbIMU, Hanpumep, 50 Om u 0,15 I'n.

6. YcTaHoBUTE NEpEKoUaTesid €MKOCTHBIX Harpy3ok Al2 u Al3 B
KpaiiHee MTPOTHUB YaCOBOM CTPEIIKH MOJI0KEHHUE.

7. VYcraHoBUTE NEPEKITIOYATENSIMU JKETTaeMble MapaMeTpbl Harpy30K MO-
neneit A3, A4 coOTBETCTBEHHO paBHbIMH, Hanpumep, 15 Bt, 10 BAp u 20 Br, 15
BAp.

8. Brnrounte ucrounuk G1. O Hanmuyuum HampsiKEHUST HA €r0 BBIXOJE
JIOJKHA CUTHAJIM3UPOBATH CBETSILASICS JIAMITOYKA.

Q. Bxmrounte Beikmouarenn «CETb» n3mepurenein napamerpos P1, P2
u Moxeien A3, A4.

10. Bximrouute uctouHUkK Oecriepedoiinoro nutanust G2 U JOXKIUTECHh BbI-
X0/Ia €r0 Ha YCTAaHOBUBIIMICSA PEXUM pabOThI (CBETOIMOABI Ha €T JINIEBOM MaHe-
JIY JOJIKHBI IEPECTAaTh MUTATh).

11. Bxmtounte ogHo¢a3Hbli HCTOUHUK TUTaHus G3.
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12. MeHsas mONIOKEHUE TEPEKII0YaTeNsi eMKOCTHOW Harpy3ku Al2, yBe-
JuYuBanTe ee MomHOCTh Qi12, ompenensiiTe corjacHo M. 5.1 HACTOSIIEro PyKo-
BOJZICTBa noTepro MoutHocTH AP B ceTu u 3aHocuTe uX B Ta0mumy 5.2.1.

Ta0muma 5.2.1

Q12, BAp

AP, BT

13. Bepnure nepexiovareiab eMKOCTHON Harpy3ku Al2 B kpaitHee mpo-
TUB YaCOBOU CTPEJKHU ITOJIOKEHUE.

14. MeHsd MOJOXKEHUE MEpPEKIoUaTesiss eMKOCTHOM Harpy3ku Al3, yBe-
JuauBanTe ee MomHOCTh Qi2, ompenensiTe corjacHo M. 5.1 HaACTOSIIEro pyKo-
BOJICTBa MOTepro MomHOCTU AP B cetu u 3aHocuTe X B Tadiuny 5.2.2.

Ta0Omuna 5.2.2

Q12, BAp

AP, BT

15. TIlo 3aBepiieHUU SKCIEPUMEHTA OTKIIIOYUTE OAHO(A3HBIN HCTOYHUK
nutanus G3, ucrounuk OecnepeboitHoro mutanus G2, BeikmodaTenun «CETby
u3meputeneit mapametpoB P1, P2 u moxaeneit A3, A4, onHodasHblii UCTOYHUK TTH-
taaus G1.

16. Omnpenenure oNTUMAIbHBIE MOIIHOCTA KOMIICHCUPYIOIIUX KOHJICHCA-
TOPOB, KaK MOILIHOCTH €MKOCTHBIX Harpy30k Al2 u A13 u3 tabmun 5.2.1 u 5.2.2,

IIPY KOTOPBIX MOTEPst MOITHOCTH AP MUHMMAaIbHA.
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Pucynok 5.2 — Cxema 1151 onpeiesIeHus] ONTUMAaJIbHOM MOITHOCTH KOMIIEHCUPY-

WOHHOW pacmpene-

(Konb1EBOM) pait

(v

(V)

IOIMUX KOHACHCATOPOB YCTPOUCTB B 3aMKHYTOH

(V)

JINTEIbHOU QJICKTPUYICCKOMN CCTH.
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Cooeporrcanue omuema:

OTuer AOKEH COJIePKaTh:

HazBanue paboThl;

[lens paboTHI;

KpaTkue TeopeTnueckue cBEICHMS;

OnucaHue ucnoyib3yeMoro 000pyI0BaHMs U MaTEpUaoB;
[Topsinok BeINIOJIHEHUS PAOOTHI;

Boruncnenus u 00paboTKa pe3ysibTaToB;

N o g bk~ DR

BriBoaEL.

Konumponwvuwvie gonpocwi:

1. Yro noHMMaeTcsi moJi KOMIIEHCUpyoummM ycrpoiictBoM? Kakue ObiBaroT
BU/JIbl KOMIIEHCUPYIOIIHUX YCTPOMCTB?

2. JInsg 4ero ycTaHaBIMBAaKOT KOMIIEHCUPYIOIIUME YCTPOMCTBA B JJIEKTpHUYE-
CKoi1 ceTn?

3. Kak BiMsieT yCTaHOBKa KOMIIEHCUPYIOIIUX YCTPOMCTB Ha MOTEPU MOIIHO-
CTH U HaNpsKeHUd B y3iax cetu? [louemy?

4. Uem OOBSCHSIETCS, YTO MOLIHOCTb IO JIMHUSAM HU3MEHSIETCS MpU U3MEHe-
HUW MOIIHOCTY KOMIIEHCUPYIOIIUX YCTPOUCTB?

5. IToueMy 3¢ dekT Mo moTepsiM MOITHOCTH B CETH 3aBHUCUT OT MECTa ycCTa-

HOBKHM KOMIIEHCUPYIOLIETO YCTPOMCTBA?

5. Yueono-memoouueckoe u ungpopmayuonnoe obecnevenue OucCUuUnIuUHb

5.1. Ilepeuenv ocno6HOll u 00ONOJTHUMEILHOU UM EPAMYPbL, HEOOXOOUMOIL 0N
0CBOCHUS OUCUUNTIUHbL

5.1.1 Ilepeuensv ocnoeHOI TUmMepanypbl:
5. KobGener A.B. PexxuMbl pabOThI 3JIEKTPOIHEPTETUYECKUX CUCTEM [DIeK-

TPOHHBIN pecypc] : yuebHoe mocodue /il 0aKaaBpOB U MaruCTPOB HAMPaBICHUS
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«Onexrposneprerukay / A.B. Kobenes, C.B. Koueprun, E.A. [leuarun. — Dnek-
TPOH. TEKCTOBBIE JaHHble. — TamO0B: TaMOOBCKMII TOCYJapCTBEHHBIN TEXHUYE-
ckuii yauBepcutet, ObC ACB, 2015. — 80 c. — 978-5-8265-1411-5. — Pexum
nocryma: http://www.iprbookshop.ru/64564.html

6. AnannueBa, C. C. AHanu3 3JIEKTPOIHEPTreTUYECKUX CETeH M CHUCTEM B
npuMmepax u 3anadax : yuyeoHoe nocodue / C. C. Ananuuena, C. H. llemor. —
ExatepunOypr : Ypansckuit ¢peaepansasiii yausepeutet, 9bC ACB, 2016. — 176
c. — ISBN 978-5-7996-1784-4. — TekcT : SJEKTPOHHBIA // DIEKTPOHHO-
OubIMoTEeUHAas cucrema IPR BOOKS : [caiit]. — URL:
http://www.iprbookshop.ru/65910.html

7. MonenupoBaHHU€e B AJICKTPOIHEPTETHKE [DIEKTPOHHBIN pecypc]| : yueOHoe
nocobue / A.®. [llaranos [u ap.]. — DIEKTPOH. TEKCTOBbIE AaHHBIE. — CTaBpo-
noib: CTaBpONOIBCKUI TOCYIApCTBEHHBIN arpapHblii yHuBepcuteT, AI'PYC,
2014, — 140 c¢. — 978-5-9596-1059-3. — Pexum pocryma:
http://www.iprbookshop.ru/47317.html

8. KopoTkeBuu, M. A. DKcrutyatanusi JIEKTPUYECKUX ceTer : yueOHuk / M.
A. KopotkeBnu. — Munck : Beimmiimas mkona, 2014. — 351 ¢. — ISBN 978-
985-06-2397-3. — TekcT : ANEeKTPOHHBIN // DIEKTPOHHO-OMOIMOTEUHAs] CUCTEMA

IPR BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/35574.html

5.1.2. Ilepeuenv 0ononumenbHOU umepamypbol:

3. @aneea, I'. A. IIpoekTupoBaHHe paclpeaeUTEIbHbIX AIEKTPUUECKUX
cetelt : yueOHoe mocooue / I'. A. ®daneera, B. T. ®enun ; nox penakiueit B. T.
®enquH. — Munck : Bemmiimasa mkoia, 2009. — 365 ¢. — ISBN 978-985-06-
1597-8. — TekcT : 35eKTpOoHHBIN // DnekTpoHHO-OMONMMoTeyHas cuctema IPR
BOOKS : [caiiT]. — URL.: http://www.iprbookshop.ru/20124.html

4. Pycuna, A. I'. banaHChl MOIITHOCTH ¥ BRIPAOOTKHU SJIEKTPOIHEPTHH B AJICK-
TPOIHEPIeTUUECKON cucTeMe : yueOHo-MeToauueckoe nocooue / A. I'. Pycuna, T.
A. ©ununmnoBa. — HoBocubupck : HoBocuOupckuili rocy1apcTBEeHHbBIN TeXHUYE-

ckuil yausepcuteT, 2012. — 55 ¢. — ISBN 978-5-7782-1935-9. — Tekcr : snek-

142


http://www.iprbookshop.ru/64564.html
http://www.iprbookshop.ru/47317.html

TpOHHBI // DnekTpoHHO-OMOmMoTeynast cuctema [PR BOOKS : [caiit]. —

URL.: https://www.iprbookshop.ru/45078.html.

5.2. Ilepeuens yueoHo-memoouueckozo obecneueHus camocmoameibHoil paoo-
mbl 00yuaOWUXca no OUCYUNIUHE

1. Metonnueckue peKOMEHIANY JAJIsI HOJATOTOBKH K TPAKTUUYECKUM 3aHATHSIM.

2. MeTtoaudeckie peKOMEHIalY TI0 OpraHU3aIlii CaMOCTOATEIHLHONU PabOTHI CTY-

JIEHTOB.

5.3. llepeuens pecypcos unpopmayuonno-meneKoMMyHUKAyUOHHOU cemu
«Hnumepnem», Heo0X00UMbIX 0114 0C60EHUA OUCUUNTIUHDL

1. http://www.biblioclub.ru -ObC "YHuBepcureTckast 6ubIMOTEKa OHIAH"

2. http://lwww.iprbookshop.ru/ - DnekTponno- 6ubaroTeunas cuctema IPRbooks
3. http://e.lanbooks.com - DiekTpoHHO-0MOIMOTEUHAs cucTeMa JIaHb

4. http://docs.cntd.ru/ DnexTpoHHbII GOHT TPABOBOM U HOPMATUBHO-TEXHUIECKOM

nokymenTtaruu TEXOKCITIEPT

5.I1podeccuonanpHble cripaBouHbIe cucTeMbl Texakcrept http://vuz.kodeks.ru/
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Ilpunoscenue 1
Ykazanue no mexnuxke 6ezonacnocmu:

Jlo Havasa paboThl CTYACHTHI 00s3aHbl U3YUYUTh MIpaBUjIa TEXHUKU Oe3omac-
HOCTU TIpu paboTe ¢ 3neKTpoycTaHoBKamu. OO0 M3y4eHUH MPaBUJI TEXHHUKH 0€3-
OIMACHOCTH U MOJYYEHUU MHCTPYKTaKa CTYJEHTHI PACIUCHIBAIOTCS B CIIEHIUATIEHOM
xKypHaine. CTyJIeHThl, HE U3Y4HMBIIUE MpaBuia TEXHUKUA O€30MaCHOCTU U HE MPO-
HIEeIIINE UHCTPYKTAX, K BBIMIOJHEHUIO Ta0OPAaTOPHBIX paboT HE JOMYCKAIOTCA.

VYyebnas rpynna (WM MOArpyIina) pa3ouBaeTcs Ha OpUrajbl, YUCIO KOTO-
PBIX YKa3bIBAETCS MPETNoaBaTesieM, a COCTaB OpUraj KOMIICKTYETCSl CTyACHTaMU
Ha J0OPOBOJIbHBIX Havanax. CIUCOK rpynmsl (MOATPYIIbI), pa30UToi Ha OpUraisl,
CTapOCTa MPEIOCTABIIAET IPENOAABATENIO0, BEAYIIEMY J1a00paTOPHbIE 3aHITHSL.

Kaxxnag u3 Opuraj BbIIONHSET Ja0OPATOPHYIO pabOTy B COOTBETCTBUH C
rpauKoM, HaXOAAIEMCS B JIaDOpaTOPHUH.

[lepen KaxapIM 3aHSATHEM CTYJIEHT OOs3aH MOATOTOBUTHCA K BBIIOJHEHHUIO
1abopaTtopHOil paboOThl IO JAHHOMY METOJUYECKOMY IMOCOOUI0 M PEKOMEHIyeMOn
autepatype. Ilepen HauasoM paboThl MpernogaBaTeNb MPOBEPSET 3HAHUS CTYACH-
TOB TIO COJIEP>KAHUIO BBITTOJIHAEMOM paboThl. [110X0 MOArOTOBIEHHBIE CTYIEHTHI K
BBITIOJIHEHUIO JTA0OPATOPHOU PabOThI HE TOMYCKAIOTCS.

PaGoTas B mabopatopuu, HEOOX0UMO COOMIOAATH CIEIYIONTUE TIPABUIIA:

K BeimosmHeHUI0 1abopaTOpHON pabOTHI ClIeAyeT MPUCTYNATh TOIBKO TMOCTE
MIOJIHOTO YSICHEHUS €€ CO/Iep KaHMsI U MOJTy4eHUs AO0IMycKa K Heil.

2. Hauunath paboTy ciaeayeT ¢ 03HAKOMJICHHS ¢ TpubopaMu U 000py0Ba-
HUEM, IPUMEHIEMBIMU B JJAHHOU padoTe.

3. Ha naGopaTopHoM cToJie JOHKHBI HAXOAUTHCS TOJBKO MPEIMEThI, HE0O-
XOJUMBIC IS BRITIOTHEHUS TaHHOW PabOoTHI.

4. PacnonokeHue ammapaTypbl Ha pabo4deM CTOJie JODKHO OBITh TaKHM,
YTOOBI CXeMa COeIMHEHHUH MOoTy4YmiIach HanboJiee MPOCTON, HATJIAHONW U paboTa ¢
amnmapaTtypoi Obuta y100HOM.

5. XKenatenbHo, 4TOOBI CXeMy cOOHMpai OJMH U3 WICHOB OpUTrajbl, a IpyrHe

KOHTPOJHUPOBAJINA.
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6. [Ipu cOopke CIOXKHBIX CXEM ClIeAyeT BHayaue COEAMHUTH TIIaBHYIO, IO-
CJIEIOBATENBHYIO 1IeTh, HAUMHAsi COOPKY OT OJHOIO 3aKMMa UCTOYHHKA TOKA U 3a-
KaHUYMBas Ha JIPYyroM, a 3aTeM YK€ MOJAKIIOYUTh HapalijiesibHbIe TIEIH.

7. Tlocne Toro, Kak cxema OymeT coOpaHa, HEOOXOIUMO YOEIUTHCS B Tpa-
BUJILHOM YCTaHOBKE JBUYKKOB PEOCTATOB, aBTOTPAHC(POPMATOPOB U PYKOSITOK JPY-
T'UX PETYIUPYIOLUIUX YCTPOUCTB.

8. CobOpanHasi cxema 00s3aTeNbHO JOJDKHA OBITH MPOBEpEHa IMpernojaBaTe-
JIEM WUJIM CTApUIUM JTAOOPAHTOM U TOJBKO C UX Pa3pelIeHHs] MOKET OBbITh BKIIIOUE-
Ha T0]] HaMIPSKCHHE.

9. Ilpu BKIIFOUEHHH CXEMbI 0CO00€ BHUMaHUE ClieyeT 0OpaTUTh HA MOKa3a-
HUS aMIIEPMETPOB U JIPYTUX U3MEPUTETHHBIX MPUOOpoB. B ciyuyae peskoro ABu-
YKEHUS CTPEJIKU aMIlepMeTpa K KOHILY IIKaJbl CXeMY HEOOXOAMMO HEMEIJIEHHO OT-
KIIFOUUTh OT UICTOYHUKA HAIPSKEHUSI.

10. Heo6xonumo OepekHO OTHOCUTBHCS K almaparype, UCHOoJIb3yeMOn B pa-
6ore. O00 Bcex 3aMEUEHHBIX HEMCIPABHOCTSIX WJIM MOBPEXKACHUSIX CTYIEHT HOJI-
’K€H HEMEJICHHO COOOIIMTH IIPEIOo1aBaTe 0 UK Ja00OpaHTY.

11. Iocne BbImoJIHEHUS paOOTHI CTYJAEHT 00s13aH, HE pa30upas CXeMbl MMOKa-
3aTh MOJYYEHHBIC JAHHBIE MpernoaaBaTento. Ecnu pe3ynbraTel u3MEepeHUil BEPHBI,
TO TIPENOJaBaTeNb WX MOJAMUCHIBAECT. DKCIIEPUMEHT C HEMPABUIBLHBIMHU PE3yJIbTa-
TaMU CJIeAyeT NOBTOPHUTb.

12. Cxemy crienyet pa30oupaTh TOJIBKO MOCIE €€ OTKIFOUEHHUS OT CETH.

13. Kareropnuecku 3anpemaercs:

— TpOraTh pyKaMu OTOJICHHbIE MPOBOAA U YacCTH MPUOOPOB, HAXOMASIIUECS
IO/ HATIPSDKEHUEM, JTaKE €CITU OHO HEBEJTUKO;

— TPOU3BOJNTH U3MCHCHHSI B CXEME TIPH MOJIKIIOUCHHOM HMCTOYHHMKE ITHTAa-
HUS;

— 3aMeHATh win OpaTh 000pyIOBaHME, WM MPUOOPHI C JIPYrux pabodmx
MecCT

— 0e3 pa3pelleHus IpernoaaBaTens Win Ja00paHTa;
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— OTXOJUTH OT MPUOOPOB U MAIIWH, HAXOAAIIUXCS MOJ HANpPsHKEHUEM WU
OCTaBJISITh CXEMY IO HAIIPSHKEHUEM MTPH 00paboTKe pe3yIbTaTOB U3MEPEHUH;

— Heperpyxarb IpuOOpbl TOKOM WJIM HAIPSLDKEHUEM, MTPEBBIIIAIOIIUM HOMHU-
HaJIbHOE 3HAUYCHHE.

IIpoBepKy HanM4Msl, IIOJaBAEMOrO K CXEME WJIM 3JIEMEHTaM CXEMBbl Halps-
KEHHUSI HEOOXOIMMO NPOU3BOJUTH TOJIBKO KOHTPOJBHOW JIAMIIOYKOW MM BOJIBT-
METpPOM, cO0JII0/1asl IPaBHJIa TEXHUKHU O€30MacCHOCTH.

IIpu pabGote B maboparopuu Cie€QyeT CTPOro coOJII0JaTh MEPBI MPETOCTO-
POKHOCTH, TaK KakK 3JEKTPUUYECKUN TOK, IPOXOISIINI Yepe3 TeJlo YeJIOBEeKa, BEJIH-

yrHOU B 0,025 A yXe SIBIIETCS OMACHBIM ISl dKU3HH.
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MMHUCTEPCTBO HAVKH U BBICIIIET'O OEPA30BAHM S POCCUCKOM
OEJEPALINU
denepanbHOE TOCYAaPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKACHUE
BBICIIETO 00pa30BaHUs
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBI YHUBEPCUTET»
[Iaturopckuit uuctutyt ($punmuan) CKOY

MeTtoauyeckue ykazaHusi
I10 BBIIIOJIHEHUIO KOHTPOJIBHON paboThI
no muciuiumae «JIEKTPOSOHEPTETUYECKUE CUCTEMbBI U CETHW»
JUISL CTY/ICHTOB HAIPaBJICHUS TIOJrOTOBKH
13.03.02 DnexTposHEepPreTHKa U MMEKTPOTEXHUKA

[Tsturopck 2025 r.
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KonTponbHast paboTa COCTOUT U3 OTBETOB Ha JIBa TEOPETUUECKUX BOIPOCA IO TUCIUIUINHE
«DIEKTPOIHEPTETUYECKUE CUCTEMBI U CETU» U PEILIECHUS 3aauu.

Bapuant 3ananus Beioupaetcs 1o nociennei nudpe 3aueTHOM KHIKKHM CTY/ACHTA.

Odopmienre KOHTPOIbLHOU PabOTHI AOIKHO COOTBETCTBOBAThH YTBEPKAEHHOH (opMme.

OCHOBHBIE PACYETHBIE BBIPAKEHUSA

1. AKTUBHOE MIOTOHHOE COTIPOTHUBIICHUE:

P
o = Om/ kM,

2
rae £ — YAEIBHOE COIPOTHUBIIEHUE MaTepHaia IIpoBoa, OMm - MM / KM,

F — ceuenne ¢azHoro nposoaa (Kwibr), MM 2 .
I[J'ISI TCXHUYCCKOI'0 aJltOMHUHUS B 3aBUCUMOCTHU OT €0 MapKHW MOKHO ITPHUHATD
p=295-315 Om- MMZ/KM :
s mequ — 0 =18,0-19,0 Om- MMZ/KM.

2. UHIyKTUBHOE MOTOHHOE COMPOTHUBIICHHUE (Pa3bl BO3AYIIHOMN JIMHUU:

D
xo =0,1441g—= +0,0157, Om/kM,

p

e I, — pajuyc npoBoja, CM;

Dcp — CpellIHEereOMeTpUYECKOe paccTossuue Mexay pazamu A, B u C, cm.

Dep =3/Dag - Dec - Dea ;
D.g, Dgcs Des — paccrosiHue Mexy nIpoBoJaMH COOTBETCTBEHHO (a3 A, B,
C.
3. IloTepu MOLITHOCTH HA KOPOHY:
AP =AP I,

rie AP, — yIelbHBIE CPEIHETOJOBBIE IOTEPU MOIIHOCTH Ha KOPOHY,

KBT/kM.
4. Y nenbHas aKTUBHAS TIPOBOUMOCTS JIMHUK:

g, = AUPEO , CM/KM,

H

rae U, — HomuHansHoe Hanpsbkenue JIOI B kB.

5. yI[CJ'IBHaH CMKOCTHas MpoOBOANMMOCTD JIMHUUA:
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7,58

b, = 107°, Cm/xwM.

lg—*
L

6. 3apsiiHas MOIIHOCTb JTUHUU:
_ 2
Q. =by-1-U;, Maap.
7. AKTUBHOE COMPOTHUBIICHUE J:[Byx06M0T0qH0ro TpaHchopmaropa:

R = APUBH 1073, Om,

T
H

rac APK — IIOTCPpU MOIIHOCTHU KOPOTKOI'O 3aMBbIKaHU I, KBT:

UBH — HOMHUHAJIBHOC HAIIPAKCHHUC OOMOTKH BBICIIETO HaIIPpAXKCHUA TpaHC-

dbopmaropa, kB;
S, — HOMMHaJbHas MOIHOCTH TpaHchopmaropa, MB-A.
8. IH1yKTUBHOE CONPOTUBJICHHUE ABYXOOMOTOYHOIO TpaHc(opmaropa:

0 2
YUY
100 S,

rae U, — HanpsbkeHHe KOPOTKOTo 3aMbIKaHus, %o.

9. IloTepn KOPOTKOrO 3aMbIKaHHUS JIy4e€i CXEeMbI 3aMEIICHHs TPEXOOMOTOYHO-
ro Tpanchopmaropa:
AP =05(AP . +AP_ . —AP_ .);

KC-H

'« =05(AP . +AP . —AP_ .);

KB-H

_05( KBH+APKCH APKBC)
rne AP ., AP .. APKC _; — NOTEpU KOPOTKOTO 3aMBIKaHMs JUIs 1ap 0OMo-

TOK TPeXoOMOTOYHOTO TpaHchopmaTopa, KBT.
10. HanpsbkeHre KOPOTKOTO 3aMbIKAHUS JIy4el CXEMbI 3aMElICHUsl TPexo0-
MOTOYHOTO TpaHc(opMmarTopa:

U =05U e +U s —Uien):
U _OS(UKBC Cc-H _UKB H)
UKH = O’S(UKB-H +UKC-H _UKB-C) '
rne U .., U, ., U — HaopskeHUs KOPOTKOTO 3aMBIKAHUA JUIA map 00-

MOTOK TPEeX0OMOTOYHOTO TpaHchopMarTopa.
11. AKTHBHAS IPOBOJAMMOCTH TpaHCchopMaTopa:

G, = NZX 107, Cw,

BH

rae AP, —noTepu akTMUBHOM MOITHOCTH XOJIOCTOTO X0/a, KBT.

=

12. IloTepu peakTUBHOM MOIIIHOCTH XOJIOCTOTO X0/ia B TpaHc(opmMartope:

1,%-S,
AQ, :X].T’ KBap ,

9IS |, — Tok xonocroro xona %;
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S, — HOMMHaJIbHas MOIHOCTb TpaHcpopmaropa, KB-A.
13. PeakTriBHAst TPOBOIUMOCTH TpaHc(popmaTopa:

A _
B. :%-10 5 CMm.
U BH
14. Harpy304Hble IOTE€PU aKTUBHOW MOIIHOCTH:

H

2 2
ap, =t R _3i%R,
U

rae R —axtuBHOe conpotusienue, Om;
P, Q — akTuBHAs U peaKTUBHAS MOIIIHOCTH.
15. Harpy3o4Hble OTEPU PEAKTUBHOM MOIIHOCTH:

2 2
AQH=PU%QX=3|ZX,

rie X — MHIYKTUBHOE CONpPOTHUBIEHUE, OM.
16. [Nagerne HanpsDKEHUS:

AU =AU + joU =

PR+QX _ ;PX-QR
U U

rae AU — npononbHasi cOCTaBIISIFOIIAS TTAICHUS HATTPSOKEHIS,
OU — momepeuHasi COCTaBIISIONIAs MAACHUS HAPSHKCHUSI.
17. Harpy3o4Hsble MOT€pU aKTUBHOM MOITHOCTH B TpaHc(opMarope:

2
APHT:APK(EJ :
S

H

18. Harpy3ouHble OTepu peakTUBHOW MOIIIHOCTH B TpaHC(hOpMAaTOpeE:

0 2
ag, Ui S

100 S,
19. Bpems ucrnosb3oBaHusl HAMOOJIbIIEH TTOJTHON MOIIIHOCTH:
_ 2.5 A
HO !
SH6

— MOIIIHOCTb Harpy3KH B |-OM PEIKUME;

TIe S j

At — MPOJOIKUTENBHOCTD J-Tro pexxuma;
S, — MOIIHOCTb B PEKMME HauOONBIIHNX HATPy30K.
20. Bpems ucnonp30BaHue HauOOJIbIIEH aKTUBHOW MOIITHOCTH:
_2PiAy
Py

H

T6a

H

21. ITorepu 3IEKTPOIHEPTUH XOJIOCTOTO X0a (TOJOBBIE):
AW, = AP, -8760.
22. Ilotepu 3AEKTPOIHEPTUH TIO METOIY TPaPUUECKOr0 MHTETPUPOBAHUS:

AW, => AP; - At; .

23. [loTepu 3AEKTPOIHEPTUH 110 METONY CPEIHEKBAIPATUUHON MOIIIHOCTH:
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2

SC KB
AW, = “®* R.8760.
UH

24. CpegHekBaipaTUYHasi MOIIHOCTb:

ZSJZ 'Atj 4
Sepxs ~ e Sepxs = Sug (012475 -107*).

25. TToTepH 2IEKTPOIHEPTHH [T0 METOLY HAMOOIBIIHNX ITOTEPE:
2
SH6

UZR-T.

AW, =

26. Bpemst HanOOIBIITUX MOTEPD:
r=(0124+T,-10™)*-8760,
rae 1,5 — B 4yacax.
27. DHeprusi:
W =BT s
28. MOmHOCTh HA TOJIOBHBIX YYacTKax B JMHHUHA C JIByXCTOPOHHUM IIUTa-
HUEM:

Z AB Z AB
S. Z

5, =98 UAUH+Z*, B
Z AB ZAB

29. MoIHOCTh HA FOJOBHOM YYacCTKE B OJHOPOJHOW JIMHUU C ABYXCTOPOH-

HUM IIUTAHUCM:
S, = Z§I IiB
OA =T .

e
30. DKOHOMHUYECKOE€ HOMUHAIBHOE HANIPSIKEHUE JIMHUH:

1000

U, , kB,
/500 2500
7_'_7
I P
roe P— B8 MBT, | — B xMm.

31. DKOHOMUYECKOE CEUCHHE MMPOBOTHUKOB (ha3bl:

|
F, =10 MM?,

9K

2
rae J, — 9KOHOMUYECKasl ILIOTHOCTb TOKa, A/ MM® .

32. Toxk:
S

Jau,

33. CpeaHeB3BELIEHHOE BpeMs UCTIOIb30BaHUsI HAMOOJbILIECH Harpy3Ku:
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T _ZPH6TH6.

HOCp.B3B
Z P HO

34. PacueTHOE CeUeHUEC JIPIHPIﬁ, COOTBCTCTBYIOILIICC ,I[OHYCTI/IMOﬁ IIOoTCpC Ha-

IPSKCHUA !
IIpH MOCTOSAHHOM CCUCHHHU BAOJb JIMHHUHN
n
P Z P in I i
F — i=1 .
pacu ’
AU a JZ[OHU H
Inpu O,ZII/IHaKOBOfI IINIOTHOCTH TOKA HAa BCCX y4aCTKaX JIMHHUHU
F _ IIJI . J _ AU a o011
i.H - J 4 AU - n ]
AU
J3pYl;, cosgy,
i

IIpYU MUHUMAJIBHOM PAaCXOoAC IIPOBOAHUKOBOI'O MaTCpHaia

n
pzlin V Pin
Fin:kp\lpin; kp:AIL:Jl U J

aJioln — H

rac AUa pon AOITYyCTUMaAsA IIOTCPS HAIIPSAKCHUA B daKTHBHOM COIIPOTHB-

JICHUH JIMHUY;
F.,, — cedeHue npoBoJa Ha i-OM y4acTKe JMHHU;

l;, — Tok i-ro y4acTka;

Pin — dKTHBHAas1 MOIIIHOCTH I-ro y4acCTKa JIMHWH.

3agaHus VIS BHINOJTHEHUS KOHTPOJIbHOM padoThI

OO01mas XxapakTepUCTHKA JICKTPUUSCKUX CUCTEM U CeTel
IMoHmxkaromiye U npeodpa3oBaTeNbHBIC MOICTAHITUN

INepenaya sHEPrUU MEPEMEHHBIM TOKOM Ha OOJIBIIKE PACCTOSHUS
[lepenaya sHEPrUK MOCTOSHHBIM TOKOM Ha OOJIBIIINE PACCTOSIHUS
OCHOBHBI€ 3JIEMEHTHI U 00I11ast XapaKTePUCTUKA BO3AYIIHBIX JTHHAN
OO01ue cBeIeHus 0 KaOCNIbHBIX JIMHUSAX U YCIOBUSAX MX PaOOThI
[IpencraBieHne 3IEKTPUUSCKUX HAIPY30K B paCUETHBIX CXeMax
BekropHas tuarpamMma JIMHUM 3JIEKTPOTIepeaun

. PeakTuBHas MOIIIHOCTB

CoNoGOTRWNE

10. KomneHncainus peakTHBHON MOIIIHOCTH

3aganue 2

1. CxeMbl 3aMEIICHHUS U TTAPAMETPhI DJIEMEHTOB JICKTPHUCCKHUX CETEH
2. TlapaMeTpsl U cXeMbI 3aMeIeHHS TPaHCHOPMATOPOB B aBTOTPAHCHOPMATOPOB
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3. TloTepu MOIIHOCTH U SHEPTUH B JICMEHTAX JICKTPUUYECKON ceTh. MeTo bl pacuera. Mepomnpus-
THS TIO CHIDKEHUIO

4. Bexropnsle quarpammbl JISII 35-110 kB ¢ oxHOI MM HECKOTBKUMH Harpy3KamH.

5. Metoap! npeoOpa3oBaHus cCeTEH.

6. Bamanc momHoCcTel B cucteme. CTaTHyecKre XapaKTEpUCTHKH HArpy3ku. PerynupoBaHue 4acTo-
THI B CHCTEME

7. TlokazaTenu KadecTBa SIEKTPHUECKON SHEPTHU

8. OO6mue cBefeHns 0 KaOEIbHBIX TUHHUSAX U YCIOBHSIX MX paOOThI

9. TlpencraBneHue 3MEKTPUICCKUX HATPY30K B PACUETHBIX CXEMax

10.BexTopHas quarpaMma JIMHUU 3JEKTpoIepeaun

Yka3aHusi K BbIIOJHEHHI0O KOHTPOJbHOM padoThI

B 3aganuu npenaraercsi BEIIOJIHUTD PACUYET peKMMa MAKCUMAaJIbHBIX HArPY30K paguaabHOM 3MIeK-
TPUUECKOM ceTH, MPUHIUIHNAIIbHAS CXeMa KOTOPOU mpuBeeHa Ha puc. 1.

| | @1—’

Puc. 1. Cxema snexmpuueckou cemu

Ucxoouvie dannvie 0ns pacuéma.

HomunansHOe Hanpspxerue dnnekTpudeckoit cetn Uy = 35 kKB; HOMIHaTBHOE HAIPsSKEHHE AJIIEeK-

tponpuémunka U =10 kB.

[To crenenun HaAEKHOCTH ANMEKTPOCHAOKEHUS IJEKTPOIPUEMHIKH OTHECEHBI KO BTOPOH KaTero-
pHH.

[TapameTpsl HCTOYHHMKA MTUTAHUSL, HIEKTPONPHUEMHHUKA (HArPy3KK) U JIMHUH SJIEKTpONepeaun
MpuBeIeHbI B Ta0m. 1 - 5.

Tabmuna 1

HanpﬂOfceHue UcCmovYHuKa numdaHuAs, KB

Bap. 0 1 2 3 4 5 6 7 8 9

Uo 373|375 | 380|385 | 375|384 | 385|375 | 380 | 386

Ta0Omuma 2

Axmusenas mownocmo 21ekmponpuémuurxa, MBm
\Bap.\o\l\z\s \4\5\6\7\8\9




' Pmax| 5] 6 | 7 | 8 | 8 | 8 | 9| 11 | 12 | 13 |

Tabmauma 3

Kosppuyuenm mownocmu
Bap. 0 1 2 3 4 5 6 7 8 9

cose [080/081| 082 | 0,83 | 0,84 |0,85|0,86| 0,87 | 0.8 | 0,89

Taomuma 4

Yucno uacos ucnonv3osanus Hauborvbuell Haepy3Ku, 4ac
Bap. 0 1 2 3 4 5 6 7 8 9

Tmax |2600| 3200 | 3600 | 4200 | 4700 | 5000 |5300| 5700 | 6000 | 6500

Tabmura 5

Jlnuna aunuu snexkmponepeoay (J1911), km
Bap. 0 1 2 3 4 5 6 7 8 9 |

L 12 | 14 16 18 20 22 | 24 26 28 30 |

Ionp3ysich MCXOTHBIMU JAHHBIMHM, BBITIOJIHUTE pacdéT 3aJaHHOI Ha pucC. 1 JIeKTpUUECKOil ceTH B
COOTBETCTBUHU C NNPUBEAEHHBIM HHXKE aITOPUTMOM.

1. BuniGop mapameTpoB MEMEHTOB MEKTPHUECKOIl CETH.
1.1. BriGop u npoBepKa ceueHus NPOBOIOB IMHUM HIEKTPONEPEIaUH.
1.2. Bri6op TpanchOPMATOPOB HA MOICTAHIMIL

1.3. CocraBienne cxeMbl 3aMeleHns 3JIEKTPUYECKON CETH U OlpejesieHre e€ napa-
METpPOB.

MeToanueckue yKazaHus
1. Bbi0op napamMeTpoB 3J1€MEHTOB YJIEKTPUYECKOM CeTH.

IIpeaBapuTe/bHbIN PACYéT MOLHOCTH HATPY3KH
ITo u3BecTHBIM 3HAUEHUSM P10y 11 COSG OTIpEIEIIsiEM MOTYIb TTOJTHON MOIITHOCTH

N LDinax.
SYmax
cos @
Y PEaKTUBHYIO MOITHOCTh
: . +2 2
Qmax - LSmax - Pmax

KowmrrekcHoe 3HaueHNE TOTHOM MOIMHOCTH HAarpy3Ku B MaKCUMaJIbHOM PEKHUME OIIPEACIIACTCA

Rl _ ) -
érnr-m - }max + ,/er-ix'
BBIPpAKECHUEM
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Br16op umcina nierneii v cedeHust IpOBOIOB JIMHHMA
Uwucno neneit JIDII 71y, BIOUpaeTcs B 3aBHCUMOCTH OT BEJIMYMWHBI HATPY3KH M KATETOPHUH MOTpeOn-
TEJCH MO HaAEKHOCTHU IIEKTPOCHAOKEHMSI.

Jns motrpebureneii mepBoi U BTOPOI KaTeropuu BeIOUparorces ase 1enu JIDII.

Ipu BEIGOpE CeueHuii TIPOBOOB HCHONBL3YeTC MEM OO0 IKOHOMUYECKOU NIOMHOCMU

MOKA. 3HadeHns 5KOHOMHYECKON INTIOTHOCTH TOKA jyx IPUBEIEHEI B Ta0II. 6.

Tabmuma 6
3HGU€HM}Z 3KOHOMM'{€CKOZZ NnNJaoOmHocmu mokxka

JKOHOMHUYECKAS IJIOTHOCTH TOKA, A/MM, NIPH

TpoBoHuKH 4YHcJIe YaCOB UCMOJIb30BAHUS MAKCUMYMA HArpy3-
0oJ1ee 1000 xo 3000|00J1ee 3000 10 5000 (001 5000
HeusosmmpoBaHHble aji0- 1,3 1,1 1,0
MHHHEBLIE IIDOBOIA

Bri6op ceuenuii mpoBo1oB Bo3ayInHbIX JuHui (BJ) 10 9KOHOMUYECKOU NIOMHOCMU MOKA
BBITIOTHACTCS CICTYIOITUM 06pa30M.

TOK JIMHMM B HOPMAJILHOM PEKHUME

S

“max

I3 = .
) \/g'UHO.u hy,

ITo Tabm. 6 OIIPEACIACTCA SKOHOMUYCCKAs IIIOTHOCTh TOKa j31<.

OKOHOMHYECKOE CEYCHHUE MPOBOJIOB (ha3bl MPOCKTUPYEMOH JTMHUN

HonyquHoe CCUCHUC FaK OKPYIJIACTCA N0 OmKaiIero CTaAaHAAPTHOI'O CCUCHU.

Tabmuma 7

JlonmycTHMBIE AIUTEJbHbIE TOKH U MOIIIHOCTH /IS HEU30JUPOBAHHBIX CTAJI€AJTIOMUHHEBBIX
nposoaoB Mmapok AC, ACK, ACKII, ACKC npu TeMmneparype Bo3ayxa +25 °C

Tok, A
HoMuHaIbHOE ceueHue, MM?
BHE NTOMELIEHUN BHYTPH NOMEIICHUN
35/6,2 175 135
50/8 210 165
70/11 265 210
95/16 330 260
120/19 390 313
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120/27 375 -
150/19 450 365
150/24 450 365
150/34 450 -
185/24 520 430
185/29 510 425
185/43 515 -
240/32 605 505
240/39 610 505
240/56 610 -
300/39 710 600
300/48 690 585
300/66 680 -
330/27 730 -
400/22 830 713
400/51 825 705
400/64 860 -
500/27 960 830
500/64 945 815
600/72 1050 920
700/86 1180 1040

Ilpumeuanue: O603HaueHNE Mapok poBoAoB BJI: nposonoka: meanas (M), amoMuHUEBast Map-
k1 AT (A), amromunneBast Mapku AT (Am); ctanpHoOM cepaednuk (C); amOMUHUEBBIN CIJIaB MapKH
ABE tepmoobpaborannsiit (AX), To ke HeTepmooOpaboTanublil (AH); cTanbHOM cepJeuHIK H30JIUPO-
BaH 1uieHko# (K), MexXIpoBosiouHOE MPOCTPaHCTBO MPoBoaa 3anonHeHo cmaskoi (KII), mexxmpoBonod-

HOE MPOCTPAHCTBO ceplieuHmnKa 3amoaHeHo cMaskoit (KC)

CeueHusi MPOBOJIOB, BEIOPAHHBIX 10 3KOHOMHUUYECKOMY KPUTEPHIO, IPOBEPSIIOTCS HA COOTBETCTBHE
psny TexHUUecKuX TpeboBaHnil. OKOHYATENbHBINM BEIOOP CEUEHUSI MOKHO ClIENIaTh TOJIBKO MOCIE TPo-

BEPKH BBIMOJIHEHHS ITUX TPEOOBaHHH.

IIposepka no mexanuueckou npoynocmu. Cedenue IpoBOJA, BLIOPAHHOE 110 SKOHOMHYE-

CKOMY KPUTCPUIO, JOJZKHO COOTBECTCTBOBATH YCJIOBUIO

I =zF

MuHHMaIbEHO A0IYCTUMBIC CCUYCHUS TPOBOJOB 110 YCIIOBUAM MEXaHHYECKOHN OPpOYHOCTH Fmin Mex

npuBEJEHbI B Ta0MI. 8.

Tabmura 8

Munumansrno oonycmumele ceueHusi NPo8o008 No YCi08UAM MEXAHUYECKOU NPOYHOCMU

Xapakrepucruka BJI

Ceuenue crajieajJloMu-
HHEBBIX IPOBOI0B, MM?

BJI 0e3 mepeceuennii B paiioHaXxX Mo roJoJiény:

no 11

35/6,2
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B III-1Y 50/8

B V u 0oJiee 70/11
BJI, coopy:kaemble Ha IBYXHEMHbIX HJIH MHOTOIENHBIX OII0-

1m0 20 kB 70/11

35 kB u BbILIE 120/19

IIposepxa no ycrnosusm KopoHwl. Ipoepka ceueHnii MPOBOIOB IO YCIOBUIM KOPOHbI BbI-
nonusercs it BJI 110 kB u Bbie. BeiOpanHoe ceueHne 10KHO COOTBETCTBOBATH YCIOBUIO

Iz

min kop-

MUHMMaIBHO JOMYCTUMBIE THAMETPhI IPoBoa0B BJI 1o ycnoBusam kKopoHbl Fpin xop IpUBeIcHEI B
TaouI. 9.

Tabnuna 9
Munumanvno donycmumsie ouamempol npoo0o8 BJI no ycinosusm koporwi
Hanpskenue BJI, kB da3a ¢ OIUHOYHBIMH NIPOBOJAAMHU
110 11,4 (AC 70/11)
150 15,2 (AC 120/19)
220 21,6 (AC 240/32) 24,0 (AC 300/39)

IIposepka no doonycmumotl mokoeou Hazpy3ke (no Hacpesy). Cedenue NpoBoJa, BbI-

[ ~<1

HO J0m-
OpaHHOE 0 SKOHOMHUYECKOMY KPUTEPHIO, JIOJDKHO OBITH IIPOBEPEHO 10 YCIOBUIO

171€ ljon - TOTTYCTUMBII ITUTENHHBIA TOK JJISI IPOBOJHUKA, OTIPEICISIEMBIN IO CIIPABOYHUKY JIJIS1 BEIOpaH-
HOTro ceyeHus; |y - HauOoNbIlIee 3HAUEHUE TOKA B JTTUTEIbHBIX PEKUMaX, 10T KOTOPBIMHU O0OBIYHO TOpa-
3yYMEBAIOTCS MOCJICaBAPUNHBIE U PEMOHTHBIE PEKUMBI JIEKTPUYECKOM CETH.

B aByxuenHoi TMHUY HaUOOJIBIIHK TOK OyIeT MPOTEKATh MPH OTKIIIOYSHUH OJHOW M3 LICTICH:

S

—Max

= : :
! \/g ) (]HO.-‘U (”f; -1

Ilposepka no donycmumoti nomepe nanpsdceHus. TIpoepke Mo MOTEPSM HATIPSHKEHHUS
BO3/yIIHBIE IWHUM 35 KB ¥ BhIIIE HE MOAJIEXKAT, TAK KaK TOBBIIIEHNE YPOBHS HAPSKEHHS ITyTEM yBe-
JIMYCHUS CEYCHM IIPOBOAOB 110 CPABHCHHIO C IPUMEHCHHUEM Ha MMOHMKAIOIIUX IMOJACTAHIIUAX Tpchq)Op-
MaropoB ¢ PITH skoHOMHYECKH HE OIIPABAAHO.

Bp100p KoIMUYEeCTBA U MOIIIHOCTH TPAHC(OPMATOPOB HA MOHUKAIONIEH MO/I-

CTaHIIUAN
Jlns moTpeOuTeneit nepBoit U BTOPOi KaTEropHii Ha MOACTAHIUIX MPEIyCMaTPUBACTCS YCTAHOBKA
HE MEHEee JABYX TPaHC(HOPMaTOpPOB.
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B coBpeMeHHO# MpaKTHKE MPOSKTUPOBAHUS IIPU ONPEACICHUN PaCYETHON MOIIHOCTH TpaHchopMa-
TOPOB Ha MOHIKAIOIINX MOACTAHIUAX C YCTAHOBKON ABYX TpaHC(HOpPMAaTOpOB (71:=2) IPUMEHSIETCS dMITH-

ST pacs = 0,77

max -
puueckas Gopmyia

o pacuérHoli MoITHOCTHU TpaHC(OPMATOpa U3 CIPABOYHUKA BEIOUPAETCS OMMKAUIIMA OOMBIIAN
10 HOMUHAJILHOW MOITHOCTH IOHIKAIOLIUH TpaHchopmarop.

CocTaBjieHHe CXeMbl 3aMCEIICHUA JJTEKTponepeaadIu U onpeacjacHmue eé mapa-

METpoOB
s pacd€ToB pEKUMOB IMEKTPUIECKHX ceTel 35 KB 1 Hike MOXKHO MCTIONB30BATh YIIPOIIEH-

Hy1o cxeMy 3amerienus JIOII, He copepxantyro noll€PEYHBIX 3JIEMEHTOB 3apsJIHbIX MOII-
HocTeil. Toraa cxema 3aMeleHus dJIeKTpUYecKoi ceTu (puc. 1) Oyaer umern
BH/I CXeMbI Ha pHUC. 2.

M

t 0 Zn ZTE kT 2max

.

ASyy

Puc. 2. Cxema 3amewenus anexmpuueckou cemu

OnpenensitoTcs: napaMeTpbl cxembl 3amelennsi. ConpoTUBIEHUE JTUHUN

L(ro + jx(])

ZI[: >
n

il
rJie I ¥ x - TOTOHHBIC COOTBETCTBEHHO aKTUBHOE W PEAKTHUBHOE COMPOTHBIICHHS PoBoa0B JIDIT, Om/kMm.
CyMMapHO€ CONPOTUBIICHHE TPaHC(HOPMATOPOB Ha MOACTAHIIUU
: Fr o+ X
ZTZ S DIEVEY 1 Y —
T

T7€ I+ ¥ xr - aKTUBHOE M PEaKTHBHOE COMPOTHBIICHUSI OOMOTOK TpaHC(HOpMATOpa; CyMMapHbIE TIOTEPH XO-
JIOCTOTO X0J1a TpaHCPOPMATOPOB

ASxy =nT(APx + jJAOx).

rne APx u AQx - akTUBHBIC U PEAKTHUBHBIC TTOTEPU XOJOCTOTO X0J1a TpaHchopMa-
TOpAa.
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http://www.iprbookshop.ru/47317.html

12.KopotkeBuy, M. A. DKcmmyartarus dIeKTpudeckux ceteil : yaeOHuk / M. A. KopoTkeBud. —
Mumnck : Bemmiimas mkoma, 2014. — 351 ¢. — ISBN 978-985-06-2397-3. — TekcT : 3MeKTpOHHBIH //
DNEeKTPOHHO-ONOIMOTeHAsT cucTeMa IPR BOOKS : [caiit]. — URL.:

http://www.iprbookshop.ru/35574.html

Ilepeuens 0onoanumenbHOL TUMEPAMYPbL:

5. dageesa, I'. A. [IpoexTupoBaHue pacrpeneNUTeIbHbIX IEKTPUUIECKUX ceTel : yueOHoe Mo-
cooue / I'. A. ®aneesa, B. T. ®enun ; nox penakmueid B. T. ®enun. — MuHck : Beimiiimas mkona,
2009. — 365 c. — ISBN 978-985-06-1597-8. — TekcT : 3neKTpOHHBIN // DIEKTPOHHO-OMOIHOTEYHAs
cucrema IPR BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/20124.html

6. Pycuna, A. I'. bamaHchl MOIIIHOCTH U BBIPAOOTKH 3JIEKTPOIHEPTHU B 3JIEKTPOIHEPIeTUUECKON
cucreme : yueOHo-MeToandeckoe nocodue / A. I'. Pycuna, T. A. ®ununmnosa. — HoBocubupck : Hoso-
CHOMPCKUI TOCyIapCTBEHHBIH TeXHUYeCKUid yHUBepcuteT, 2012. — 55 ¢. — ISBN 978-5-7782-1935-9.
— Texcr : o»nexTpoHHBIH // DnextpoHHO-OMOmuoreunas cucrema IPR BOOKS : [caiit]. —

URL: https://www.iprbookshop.ru/45078.html.

Ilepeuens yuetono-memoouueckozo obecneuenus camocmoamenabHoll padomol 00yHaOuuxca no ouc-

Uuniune
1. MeTOJII/IT-IeCKI/Ie peKOMeH}IaHI/II/I JJI IIOATOTOBKH K HpaKTI/IT-IeCKI/IM 3aHATHUAM.

2. MCTO,Z[I/I‘JCCKI/IG PCKOMCHAAIINU 10 OpTraHU3aIlun CaMOCTOSTEIILHOU pa6OTLI CTYACHTOB.
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Ilepeuens pecypcoe ungopmayuonno-meneKkoMmynukayuonnoi cemu «Mnmepuemy, neodxooumpix

07151 0C80CHUA OUCYUNIUHDL

1. http://www.biblioclub.ru -OBC "YHuuBepcuterckas Oudianorexa oHIainH"

2. http://www.iprbookshop.ru/ - DnexTponno- 6ubimnoreunas cucrema IPRbooks
3. http://e.lanbooks.com - DaekTponHo-6MbIHOTEUHAs cucTeMa JIaHb

4. http://docs.cntd.ru/ DnekTpoHHBIN GOHJ TPABOBOI U HOPMATHBHO-TEXHHYECKOM JOKYMEHTALIUH

TEXOKCIIEPT

5.ITpodeccrnonanbHbie cipaBovHbie cucTeMbl Texakcmept http://vuz.kodeks.ru/
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MHWHHUCTEPCTBO HAYKHU U BBICIIIEI'O OBPA30OBAHU ST POCCUHCKOM
OEAEPALINN
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeNIbHOE YUPEKICHUE
BhICIIET0 00pa30BaHUs
«CEBEPO-KABKA3CKHWI ®EJIEPAJIBHBIA YHUBEPCUTET»
[Taruropckuit uactuTyT (pruman) CKOY

Meroanuyeckue ykazaHus
I10 BBIIIOJIHEHUIO KYPCOBOTO MPOEKTA
no pucaumnnie «JIEKTPOOHEPI'ETUYECKHME CUCTEMBI U CETU»
JUISL CTYJIEHTOB HaIlPaBJICHUSI IOATOTOBKU
13.03.02 DnexTposHepreTUKa U ANEKTPOTEXHUKA

ITsaturopck 2025 r.
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3.1
3.2
3.3

3.4

3.5

Conepxanue

Brenenue

Llenp, 3amaun U peanm3yeMble KOMIIETCHIIMN

3agaHue Ha KypCOBOE ITPOEKTUPOBAHKE

CrpykTypa KypcOBOro NpoeKTa

Pacuer HanpspKeHUS SJEKTPUUECKOM CETH

Br16op u poBepka ceuenuii BJI

Br160op Tpancpopmaropos

AHanu3 1 000CHOBAaHUE CXEM JJIEKTPUUECKON CETH U TTOHU3UTEb-
HBIX MMOJICTAHIINN

TeXHUKO-3KOHOMUYECKOE CPAaBHEHHUE BAPUAHTOB JICKTPUUECKON
cetu. OOOCHOBaHUE ONTUMAJIBHOTO BapUaHTa

[IpuBeneHne Harpy30K y3J10B K CTOPOHE BBICHIETO HANPSKEHUS
PacueT ycTaHOBUBILIETOCS pEXUMA JIIEKTPUUECKON CETH

Pacuer HanpspkeHuM Ha BTOpUYHOM 00OMOTKE TpaHCc(hOopMaTopoB
PerynupoBanue HanpsiKeHUs

OreHka 3Kk0OHOMUYECKON 3 (HEKTUBHOCTH JEKTPUUECKON CeTH
Pacuer koHCTpYyKTHMBHOM Yactn BJI

OO6mue TpeboBaHMs K HATMCAHUIO U O(OPMIICHUIO MPOEKTa
[TocienoBaTenbHOCTD BBITIOJHEHUS 3aJaHHS

Kputepuu onieHuBaHus NpoeKTa

[Topsimok 3ammThl pabOTHI

CnMCOK UCIOIB3YyEMON JINTEPATYPHI

[Tpunoxenus

Crp.
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Beenenue

KypcoBoe npoekTupoBaHue SIBISETCS OJJHUM U3 BaXKHBIX U MEPCTIEKTUBHBIX
BUJIOB y4e€OHOTO TPOIEeCcCa, TO3BOJISISI MPOSBUTh WHIWBHIYAIBHBIA TBOPYCCKHUI
MOJXO0J K PEHICHHUIO TIOCTABJICHHON 3ajjau. B MeTonnueckoM ykazaHUHM paccMOT-
pPEHO MPOEKTUPOBAHUE 3AMKHYTOW PAHOHHOW AIEKTPUUYECKOM CETH KOJBILIEBOIO
TUIA B OJIHOLICITHOM UCIIOJTHEHUH JIJISl SJIEKTPOCHAOKEHUS TPEX y3JI0B HAarpy3KH OT
LEHTpa MUTaHUS.

Metoauueckue yka3aHus COCTaBJICHBI B COOTBETCTBHM C IPOTPaMMOM JTHC-
HUTUTAHBL « DJIEKTPOIHEPreTUUECKUE CUCTEMBI U CETH» U TIPEAHA3HAUCHBI JIJIS1 CTY-
JICHTOB HaIpaBlieHUsl MOJAroTOBKM OakanaBpuara 13.03.02 DnekTposHepreTuka u
AIEKTPOTEXHUKA

B naHHOM METOIMYECKOM YyKa3aHWU OCBEIIEHbI OCHOBHBIE BOIIPOCHI, CBS-
3aHHBIC C MPOEKTUPOBAHUEM DJICKTPUUECKHUX CETEH: BHIOOP pallMOHATBHOTO BapHu-
aHTa CXEMbI CETH U MapaMeTPOB €€ JIEMEHTOB (JTMHUM AJIEKTponepeaayn U MOHU-
YKAIOIIUX TOACTAHIINM) I DJIEKTPOCHAOKEHHS TPEX MYHKTOB MOTPEOICHUS dIICK-
TPOIHEPTUM; AHAIU3 XAPAKTEPHBIX YCTAHOBUBIIMXCS PEKUMOB pabOThI CIIPOEKTH-
POBaHHOW CETH; ONPEAECICHUE OCHOBHBIX TEXHUKO-3KOHOMHYECKHX IOKa3aTeseu

CIIPOCKTUPOBAHHOU CETH.
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I.Ie.m;, 3a1a4Y1 U p€aJUu3yeMbl€¢ KOMIICTCHIUH

Llenpto pa®oThl SBISIETCS 3aKPEIJICHUE U YIIIyOJICHHE TEOPETUYECKUX 3Ha-
HUW, TIOJIYYEHHBIX B PE3yJIbTaTE€ U3YUYCHUS NUCIUIUIMHBI «JIEKTPOIHEPreTUye-
CKHE€ CUCTEMBI M CETU» U CMEKHBIX C HEH, a TaK)Ke MOJyYeHHUE HABBIKOB TEXHUKO-
HKOHOMHYECKUX PACUYETOB.

Cucremoli KypcoBbIX padOT (IIPOEKTOB) CTYJEHT MOATOTABIMBACTCS K BBI-

MOJTHEHUIO BBITYCKHOM KBaTH(PUKAITMOHHON paOOTHI.

B IIpOoHCCCC BBIIIOJIHCHUA KYPCOBOI'O IIPOCKTA CTYACHTOM OOJIKHBI PCIIATB-

Csl CIIEYIOIINE 3a0ayu.

— NPUOOPETEHHE HOBBIX TEOPETUYECKHX 3HAHUM B COOTBETCTBUU C TEMOM
paboThI U 3aJaHUEM PYKOBOJUTEIIS;

— YMEHHE CUCTEMaTU3UpPOBaTh, 0000IIATh U JOTUYHO M3JIaraTh KOHIIETILINH,
aJIbTepHATUBHbBIE TOYKHU 3PEHMUSI 110 UCCIIeAyeMOil mpolieme;

— pa3BUTHE YUYEOHO-HUCCIEAOBATEIbCKUX U METOJMYECKHX HAaBBIKOB, HEOO-
XOJMMBIX JUUIs1 CHCTEMHOI'0 HAy4YHOT'0 aHaJIN3a U3y4aeMOr0 SIBJICHUS;

— COBEPILEHCTBOBaHME MPO(PEeCCHOHATBHOM MOATOTOBKH.

3agadamMu MPOEKTUPOBAHMS DIEKTPOIHEPTETUUECKUX CUCTEM SIBISIETCS pas3-
paboTKa MU TEXHUKO-DPKOHOMHYECKOE OOOCHOBAHME pPEUICHUH MO (POPMUPOBAHUIO
1EeJIeCO00Pa3HOr0 KOMIUIEKCA AJIEKTPUUYECKUX CTaHUUM, JUHUHM 3JIeKTporepeaadu
Y TOHWKAIOIIUX MOACTAHINI, 00ecTeunBaoIX TpeOyeMblid YPOBEHb Ha/IeKHO-
CTH JJIEKTPOCHAOXKEHMsI BCEX MOTpeOUTeNeil paccMaTpuBaeMoro paiioHa Kaue-
CTBEHHOU DJIEKTPOIHEPIHUEH C HAUMEHBIIUMU 3aTpaTaMH.

B pe3ynbrare 0cBOCHMS AUCHUIUIMHBI Y CTYAEHTA JOJIKHBI OBITH CHOPMHU-

POBaHbI CIICAYIOIIUC KOMIICTCHIIUUN:

[Inanupyemslie pe3ysbTaThl
00y4YeHUs 1O TUCITUTLIINHE
(MonyII0), XapaKTepU3YIOIINe
sTanbl GOPMUPOBAHUS KOMITE-
TEHIUN, UHIUKATOPOB

Kon, popmynuposka komne- | Kox, popmynupoBka nHANKA-
TEHIUU Topa

MTK-1 CriocoGen yuactBoBath B | MJI-21k-1 BeiOupaer tumossle | 3HAET CXEMBI U OCHOBHOE
MNPOCKTUPOBAHUU CHUCTEM DJICK- MPOCKTHBIC PEIICHU CUCTEM 000pyI0BaHUE DIIEKTpHYE-
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TPOCHAOXKEHHS

IIIEKTPOCHAOKEHUS

CKHUX CETEH, MIPOCThIE KOH-
CTPYKIIUU AJIEKTPOIHEPIeTH-
YEeCKHUX 00BEKTOB IUTAIOIIMX
SHEPTrOCUCTEM.

NJ1-3rk-1 OG0CHOBBIBAET BHI-
00p mapamMeTpoB EKTPO0OO-
PYAOBaHUS CUCTEM AJIEKTPO-
CHA0XCHUS, YIUTHIBAsI TEXHU-
YEeCKHUEe OTpaHUYCHUS

Brnaneer metonamu BeiOopa u
COCTaBJICHUS CXEM IJIEKTPH-
YEeCKHUX CETEH, HaBBIKAMHU TH-
MIOBOT'O MPOEKTUPOBAHUS
AIIEKTPHUYECKUX CETEH B yMe-
HUEM IPABUIBLHO BHIOUPAThH
DIIEKTPHUYECKUE CXEMBI C yde-
TOM 0COOEHHOCTEH UX paboThI
1 TpeOOBaHMI MOTPEOUTEICH.

WN-5nk-1 emoHcTpupyeT mo-
HHUMAaHHE B3aUMOCBSI3U 33]1a4
MIPOEKTUPOBAHUS U IKCILITya-
TaI[UU CHCTEM DJICKTPOCHAO-

JKEHUS

YMeeT UCIoIb30BaTh OCHOBBI
TEOPHUH MEPEIAYN U paclpe-
JIETICHUS DJIEKTPUUYECKOMN
SHEPIruU MPY PELICHUH 33734
MPOEKTUPOBAHUS JICKTpUYE-
CKHUX ceTeH

[TIK-2 Cioco0OeH aHalnu3upoBaTh
PeXHUMBI pabOThI CUCTEM AJIEK-
TPOCHA0XKEHUS

N/1-1nk-2 PaccunThiBaeT ma-
paMeTpsl AIEKTPOOOOpyaOBa-
HUS CUCTEM 3JIEKTPOCHa0Ke-

HUS

YMmeeT 000CHOBBIBATH TEXHH-
YeCcKHUE pelIeHus IpH paspa-
00TKe cXeM pacrpezesieHus: U
IepeAadn EKTPUIECKON
sHepruu. Bnaneer HaBbIkaMu
pacuera napaMeTpoB JIEKTPO-
000py/I0BaHUsI CUCTEM DJICK-
TPOCHAOKEHUS

N-2mk-2 PaccunThiBaet pe-
JKUMBI pabOTHI CUCTEM DJICK-
TPOCHAOKEHUS

3HaeT TEXHUYECKHE U IKOHO-
MHUYECKHE pacueThl, COBpe-
MEHHbIE aHATUTUYECKUE Me-
TOJIBI KOMIUIEKCHOTO WHIKe-
HEpHOTO aHaJIn3a.

Brnaneer HaBBIKAMU TEXHUKO-
HKOHOMHUYECKUX PAcYETOB
PEXXUMOB pabOTHI CUCTEM
AJIEKTPOCHAOKEHUSI.

3agaHue HA KypCcOBOe MPOEKTHPOBaHNe

TemaTuka KypCOBBIX MPOEKTOB JIOJKHA OBITh aKTyalbHOM, OTBEYaTh y4eO-

HBIM 3aJa4aM JUCHUIIIINHBI, 4 TaKXKC HOTpe6HOCT$IM HAaYKHU U IIPAKTHUKU. AKTyaJ'H)—

HOCTb TEMATHKH KYPCOBBLIX ITPOCKTOB O6YCJ'IOBJ'I€H3 Hay4YHOCTbIO, COBpPEMCHHO-

CTbIO M HAIIPABJICHHOCTBIO K ITOJYYCHUIO CTYACHTAMH HABBLIKOB CaMOCTOSITCIILHOMU

TBOPYECKOI pabOTHI.
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Tembl KypcOBBIX MPOEKTOB JOJKHBI ObITh KOMIUIEKCHBIMH, T.€. COAEPKaTh
psi1 B3aMMOCBS3aHHBIX MEXAy COO0M MpoOIeM U onupaThCsl Ha (PaKTUUECKU Ma-
TepHUall NPOPUIbHBIX TPEIIPUITUNA U YUPEKACHUN, a TaK)KE Ha UTOTU Y4eOHOH U
MIPOM3BOJCTBEHHON MPAKTUKU CTYJEHTOB, Ha HAay4YHbIE paOOTHI WICHOB Kadeapsl,
CTYZAEHUYECKHUX HayYHBIX KPYKKOB U MPOOJIEMHBIX IPYIIT; UCIOIb30BaTh HOBEUIIINE

JOCTHIKCHU A OTCYECTBCHHOHU U 3apy6e>f<H0171 HAaYKH, aKTYAJIbHBIC IIPUKIIAAHBIC aC-

IICKTHI.
Ne T, Ly, | Ly, | Ls, | La, ®min ®max | Ocp
Bap. Pur | P | Pan | Qui | Qo | Qn qac | kM | kv | kv | kv | P °C °C °C

OcHoBHBIE COJEpKATENIbHbIE U MPOLECCYalIbHbIE ACHEKThl, HEOOXOIUMBIE
JUISL BBIMOJHEHUSI POEKTa, 0(OpMIISIIOTCS KaQeapoll B 3aJaHUsIX MO KypCOBOMY
MPOEKTUPOBaHUIO. B 3a/1aHusIX HEOOX0UMO YETKO CHOopMyITUpOBaATH TEMY MPOCK-
Ta U TpeOOBaHUs, OINpENEISAIOUIe e 00beM, COoACpkKaHHE, a TaKKEe HCXOJHBIC
JTAaHHBIE.

B o0mmx yeprax 3amaHus K KaXJAOMY pas3feiny KypcoBOW pabOThI MOXKHO
MPEACTaBUTH CIEIYIOUIUM 00pa3oM:

B nanHOM KypcoBOM mpoekTe Tpedyercs CIpPOEKTUPOBATh 3aMKHYTYIO
PallOHHYIO 3JIEKTPUUYECKYIO CETh KOJIBIIEBOI'O THUIIA B OJHOLICIHOM HCIOJHECHUU
JUISL DJICKTPOCHAOKEHUS TPEX Y3JIOB HATPY3KU Syi, Syx U Sy OT MEHTpA MUTAHUSA
(LLIIT). J{anHbIe n7si TPOSKTUPOBAHUS AJIEKTPUUECKON CETH NMPUBEICHBI HUKE B
Tabauue.

B xoze BbINOJIHEHHST KYpCOBOTO MPOEKTa HEOOXOAUMO BbIOpAaTh HOMUHAb-
HOE€ HaNpSDKEHHUE DJIEKTPUYECKOW CETH, MPOBOJAA BBICOKOBOJIbTHBIX JIMHUW, THII
TpaHc(HOPMATOPOB HA Y3JIOBBIX MOACTAHIIUSIX CETH.

IIponsBecTn pacuer yCTaHOBHUBILETOCS PEXKHMMA DIECKTPUYECKOM CETH U
OIICHKY YKOHOMHUYECKOU A((PEKTUBHOCTU IJICKTPUUECKOW CETH, a TAKKE BBIMOJI-
HUTb Pacy€T KOHCTPYKTUBHOU yactu BJIL.

Takxe HE0OXOIUMO BBHITIOJHUTH TPAPUUECKYI0 4acTh KYpPCOBOTO MPOEKTA,
COZIEPIKAILYI0 NPUHUUIIHMAIBHYIO CXEMY, YEPTEX MPOMEKYTOUYHOM OIHOLENHOMN

OTIOPBI.
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CTpyKTypa BHINOJHEHHUS KYPCOBOI'0 MPOEKTA

KprOBOI)'I IMPOCKT AOJIZKCH COCTOATH U3 BBCIACHUA, TCOpeTH‘lCCKOﬁ qacCTH,

AMIIUPUYECKON (ITPAKTUYECKOM, pacyeTHO-rpapuuecKoil) YacTH, 3aKIIOYEHUs,

CIIUCKA JINTCPATYPhI U ITPUITOKCHU.

CTpyKTypa KypCOBOTO MpPOEKTa COCTOMT M3 CIEAYIOIIUX O00sf3aTeIbHBIX

QJICMCHTOB:

ok~ w0

Tumynvnwviit 1ucm opopMIIIETCS B COOTBETCTBUU C [Ipunoscenuem 5.
3aoanue na Kypcoegoit npoexkm [Ipunoocenue 4

Cooeporcanue

Beeoenue

Yacmp 1 — Teopernueckas

TCOpCTquCKaH qaCTb AOJDKHA COJACPIKATh aHaJINM3 COCTOSHHA H3y‘laeMOi/'I

npoOemMbl Ha OCHOBE 0030pa Hay4yHOM, HaydHO-UH(OPMAIMOHHOM, CIIPAaBOYHOU

auteparypsl. [IpeacTaBieHHbId MaTepuan JOJKEH OBITh JIOTHUECKH CBSI3aH C IIe-

JpI0 UccieaoBaHus. B maparpadax TeopeTHuecKod 4acTh HEOOXOIUMO OTpa)aTh

OTACIBbHBIC KOMIIOHCHTBI HpO6HCMI>I M 3aBCPIIATh UX BBIBOAAMH.

6.

Yacmp 2— IIpoexTHas

Pacder HanpspKeHUs SIEKTPUYECKON CETH

Br16op u mpoBepka ceuennii BJI

Br16op Tpanchopmaropos

AHamu3 u 000CHOBaHHE CXEM JJICKTPUUYCCKON CEeTH M TOHHM3UTEIHHBIX
MOJICTaHIIUH

TexHUKO-9KOHOMUYECKOE CpPaBHEHHWE BApUAHTOB DJIECKTPUUYCCKON CETH.
O060cHOBaHKE ONITUMATILHOTO BapraHTa

[IpuBeneHne Harpy30K y3J0B K CTOPOHE BBICIIETO HATPSIKCHHUS

Pacuer ycTaHOBHUBIIIETOCS peKUMa JIIEKTPUIECKON CETH

Pacder HanpspkeHui Ha BTOpUYHON 00MOTKE TpaHc(popMaTopoB

PerynupoBanue HanpsikeHus
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— OleHKa SKOHOMHYECKOH 3(PPEKTUBHOCTH INEKTPUUECKON CETU
— Pacuer koHCTpyKTHMBHOU yacTy BJI
['padmyeckast yacTh BBITIOJMHSETCS Ha 2-X auctax popmara Al B cOOTBeET-
ctBuu ¢ TpedoBanusamu 'OCTa u ECK/;
— UYepTéx MpOMEKYTOUYHOU OJTHOLIETTHOM OIOPBI
— OpnHOoNMHENHAs NEKTPUUECKask CXeMa CETH
Cnucox ucnonb306aHHbIX UCHOYHUKOG U JTUMEPAMYPbl
Crucok MCHOJIb30BaHHBIX HCTOYHUKOB W JIMTEPATypbl JOJKEH OBITh CO-
cTaBJeH B cOOTBeTCTBHH ¢ TpeboBanussmMu 'OCTa k opopmiieHuto Oubnuorpapuun
Ilpunoscenusn
[IpunoxeHue coIepKUT BeCh (PAKTUYECKU MaTepuall 3KCIEPUMEHTAIbHBIX
UCCIIEIOBAHUM (CXEMBI, YEPTEXKH ).
Kaxxnoe npuinokeHWe HaJlo HauyMHATh C HOBOM cTpaHuUILbl. [IpunoxeHus
HMMEIOT OOIIYIO C OCTAJIbHOW YaCThiO Pa0O0THI CKBO3HYIO HYMEPAIUIO CTPAHMII.
3aronoBok «IIpunokeHne» NMuIeTcss B BEPXHEM IpaBoM yrity. Bee npuiosxe-
HUs HymepyroTcs, HarpuMmep: [Ipunoxenue 2. Eciu npuiioxkeHne 0aHO, TO €ro He
HYMEPYIOT.
Ecnu [IpuiioxxeHre uMeeT 3arojoBOK, KOTOPBIM MUILIETCS OCEPEAUHE C IIPO-

MUCHOM OYKBBI OT/ICJILHON CTPOKOM.
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OO0mme TpedOBaHNS K HAMUCAHUIO M 0()OPMJICHUIO MIPOEKTA

KypcoBo#i nmpoekT pexkoMeHayeTcs npeacTaBisiTh B oobeme 30-40 nuctoB.
Texct paboThl AOMHKEH OBITH HameuyaTaH 4epe3 1,5 uHTepBana Ha OJHON CTOpPOHE
cTaHaapTHOro Jucta Oeinoit Oymaru (A-4). TekcT u JIpyrue oTmedaTaHHbIE dJie-
MEHTBI pabOThl JOJKHBI OBITh YEPHBIMHU, KOHTYpbl OYKB M 3HAKOB YETKUMH, 0e3
opeona u 3ateHeHus. Llpudt Times New Roman, kerens 14. Ha3BaHus ri1aB u mma-
parpadoB BBIIETSAIOTCS MOTYKUPHBIM MIpUPTOM. JIUCT C TEKCTOM JOJKEH UMETh

noJisi: ciesa - 30 mm, cpasa - 10 Mm, cBepxy - 20 MM, cHH3y 20 MM.

Hywmepanus ctpaHull TekcTa Jenaercs B IpaBoM HUXKHEM yrity Jucta. [Ipo-
CTaBJIATh HOMEP CTPaHMIIBI HEOOXOIMMO CO CTpaHMIIbI, I7e mneuvaraercs «Bene-
HUE», Ha KOTOpPOil cTaBuTCs udpa «4». [locne 3Toro HymepyroTcs Bce CTpaHUIIbl,

BKJIIOYasA IIPHUIIOKCHUA.

Mexay Ha3BaHWEM TJIaBBI M Ha3BaHWEM Iaparpada 3TOH TJIaBbl CTaBUTCS
mpo0es paBHBINA IBYM MHTEpBaJiaM, a Ha3BaHue naparpada He JOHKHO OTACNISITHCS
OT TekcTa »Toro maparpada mpobenom. Hazpanus maparpadoB OTACHSIOTCS OT
TEKCTa MpeapIayIIero naparpada mpoOeaoM, paBHBIM JABYM HHTepBasiaM. Kakmas
rJiaBa, a TAK)KE BBEJICHHUE, BHIBOJIBI, MPUIIOKEHUS M CITUCOK MCIIOJIb30BAHHOM JIUTE-
paTypbl HAUMHAIOTCS C HOBOW CTpaHWIIBL. [ JIaBBI UMEIOT MOPSAKOBBIC HOMEpa B
npejenax Bee paboThl, o00o3HavaeMple apadbckumu 1udpamu (Hampumep: 1, 2, 3),
MOCJIE KOTOPBIX CTaBUTCS Todka. CioBO «maparpad» Wiau 3Ha4oK maparpada B
Ha3BaHUU He craBsaTcs. [laparpadsl IMEIOT OPSIKOBBIC HOMEpa B Mpejierax rias,
o0o3HauaemMble apabckumu mudpamu (Hanpumep: 1.1. u 1.2.). 3aronoBku riaB u
naparpadoB B TeKCTe pabOThI JOJKHBI PacojiaraThCs MO HEHTPY, TOYKY B KOHIIE
Ha3BaHUS TJaBbl U maparpada He cTaBsaT. He gomyckaeTcs mepeHOCUTh 4acTh CIIO-

Ba B 3aroJIOBKC€.

Hywmeparust Tabauil 1 puCyHKOB MOKET OBITh CKBO3HOM MJIM COOTHOCUTBCS C
HOMEPOM TJ1aBbl U naparpada. Hampumep, ecnu Tabiviia Wik pUCyHOK BKIIFOUEHBI

B TEKCT IMEpBOro maparpada BTOpOM TiaBbl, HyMepauus cienytomias: Tabnuna
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2.1.1., puc. 2.1.1. Tlocnenusas nudpa o3Ha4aeT NOPSAIKOBBI HOMEP TaOIUIBI (HUIIH

pHUCYHKa) B naHHOM maparpade. Tabmuia moMeniaeTcsi B KauyecTBE CIEIYIOIIeH

CTpaHMIIbI TIOCIIEC TIEPBOTO YIIOMUHAHUS O Hel B TekcTe (cM. puc. 2.1.1).

S=ab

rae S _ IJIOIIAb MPSIMOYTOJIBHUKA, M2

a )51 b _ JJIMHBI CTOPOH IIPAMOYT'OJIBHHUKA, M.

Oopa3zey opopmnenusn gpopmynl u ypasnenusn

(2.1.1)

Oopaszey opopmnenun maoauy

HcTopuko-KynbTypHbIe 00BEKTHI PETHOHA

Ta0muma 2.1.1

Bt HAMTEHKS ®enepanbHo- | MectHoro | BHOBB BbIsB- Beero
ro 3HAUYCHMs | 3HAYCHUS JICHO

ApXUTEKTYpHBIE 15 328 812 1155
Apxeonoruu 3 144 183 330
Ucropun 9 220 66 295
NckyccTBa 1 49 6 66
CanoBo-TIapkoBbIE - 17 - 17

Hroro 28 758 1067 1853

[Ipu nepenoce TabNMIBI HA PYTYIO CTPAHUILY €€ rpadbl TOJKHBI OBITh BbI-

JIEJICHbl OTIEJIbBHOM CTPOKOW M NPOHYMEpOBaHbl. Haa mnpomoimkeHueM Uiyt

«IIpogomxenne TaOHIBI ..

.», «OkoHYaHUE TaOJIHIIBI

...». HmwxHIOIO ropu3oH-

TaJbHYIO YE€PThl, OrPAHUYMBAIONIYIO MIEPBYIO YACTh TaOJIMILIbI, HE POBOJSIT.

Hanpumep:
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Tadmuna 2.1.1

KonunuecTBo TypucToB mpoxuBaromux B roctunuie «Hesa» B Mae

456 566

567 678

Oxkonuanue Tadomunsr 2.1.1

Oopazey opopmaenus pucynkoe

MJIH. JTOJIJI.
CLIA 15000
10000
5000
O Dxcmopt
0 TYp.yCiyr
= < :
= e
£ 25 £ 8 5 s
= 5 ¢ % £ & =
O o < M a2 < o
m = 2 o £ 2
5 2 2 5 o
(@) (=¥ [4a) 5

Puc. 2.1.1 DxcnopT u UMMOPT TypUCTHUECKUX yeiuyT B 2014, MiH.py0.

Odghopmnenue ccolnok
[Ipu ccblike B TEKCT€ HA UCTOYHUKHM HYXKHO MUCATh MOPSIAKOBBIM HOMEDP HC-

TOYHHUKA B CIIMCKE HMCIIOJIB30BAHHBIX HCTOYHHKOB. HOpr,Z[KOBBIﬁ HOMCP HNCTOYHHKA
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3aKJTF0YaeTCs B KBaJpaTHYIO CKOOKY. Eciu ccplaeTech Ha KOHKPETHYIO CTPAHHUILY
JJAHHOTO MCTOYHUKA, TO 3Ta CTpaHUIAa TOXe ykasbiBaeTca. Hampumep: [9], [9, c.
123].

CHocku OpOpMIISIIOTCS BHU3Y CTPAHUIBI, HA KOTOPOH PACIOJIOKEH TEKCT
npumedaHus. st 5Toro B KOHIE TeCTa MPUMEYaHUs CTaBUTCS 3Be30uka (*) min

uudpa (1), koropas 0603HaYAET HOPAIKOBIM HOMEp npuMedanus. Hanpumep:

1CDezL0pOB I'M. CoumanbHO-3KOHOMHUYECKOE pa3BuTHe KanmHuHTpaackou
obnactu: yueOHoe nocooue. Kanmununrpan: Uzn-so PI'Y um. U. Kanra, 2016. C.

25.

Ecnu Ha OTHOM M TOM K€ CTPAaHMIE HIUTHPYETCSA OJIHA U Ta K€ KHHUIra, BO BTO-

pOﬁ CHOCKC MOJKHO HC IIOBTOPATH IIOJIHOCTBIO €€ HA3BAHUC,

1Tam xe. C. 34.

Ecnu Ta )xe KHUTa LUTHPYETCS Ha APYrHMX CTPAHULAX KypCOBOM pabOThI, TO

YKa3bIBACTCA €€ aBTOP, 4 BMCCTO Ha3BAHUA ITUIIICTCA «Yka3z. cou.». Haan/IMep:

ldenopos I''M. Vkas. cou. C. 5.
I'padmyeckas yacTh MpOEKTa BBHINOJIHACTCS HA KOMIIBIOTEpE Ha CTaHIapT-
HOM JIUCTE YepTeKHOM Oymara ¢popmara Al U 10KHA COAEPKATH:
- IPUHIMITMAJIbHAS AJIEKTPUUECKas cxema npoektupyemon cetu (Al);

- MPOMEKYTOYHAs oiHOLIeHas onopa (Al);
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ITociienoBaTeILHOCTL BHINOJIHEHHUS] 3a1aHUS

PykoBOJCTBO KYpCOBBIMHM NMPOEKTAMU HAUMHAETCS C BbIAAUU 3aJlaHUS CTY-
neHTaMm. B 3ToT mepuos HE0OXOIUMBIM yCIIOBHEM, 00ecrieurnBaomuM 3¢ HeKTHB-
HOCTh JQJIbHEUIIIET0 PYKOBOJCTBA, SBIIACTCS MHAMBUAYaldbHas Oecela PyKOBOJIU-
TEJS CO CTYAEHTOM MO 3a/laHuio. B xone 6ecepl pyKOBOAUTEND JTOJKEH BBIICHUTD
CTETEeHb TMOJTOTOBIEHHOCTH CTYACHTA K BBINOJHEHHUIO JAHHOTO 3aJaHMs, PEKO-
MEHJI0OBaTh HEOOXOAUMYIO JIUTEPATYPY U MHPOPMUPOBATH O MOPSIKE BHITOTHEHUS
3alaHusl.

OnHoit u3 BaxkHBIX (HOPM PYKOBOJICTBA SIBJISIETCS MPEABAPUTEIBHBIN TPO-
CMOTp BBIIIOJIHEHHOTO KypcoBOro mpoekra. [locie npoBepku pyKOBOAUTENEM BBbI-
MOJTHEHUST OJTHOTO dTara paboThl CTYJEHTY (B cllydae MOJIOKUTEIHHOTO 3aKIII0ue-
HUS1) pa3pelaeTcs NePenT K CIeIyIoIIeMy Tally.

B memom mocnenoBaTeNbHOCTh BBIMIOIHEHHS] KypCOBOTO MPOEKTa MOXKHO
MPECTaBUTh B BUJE CICAYIONINX ATAOB PabOTHI:

- TiepBbIii ATan (1-2 Hexens) - cocTaBlieHUe TIaHa PabOThl M KaJeHAAPHOTO IJIaHa
paboThl HAa BECh TIEPHUOT;

- BTOpOii »Tan (3-4 Hezens) - cucreMarnyeckas padota Haj JUTEPaTypoit: cOop U
aHallM3 MaTepuana mo pacCMaTpruBaeMoOn TEME;

- Ha TpeTheM dTamne (5-16 Hemenun) — paboTa HaJ OCHOBHOM YacThIO KYpPCOBOTO
IPOEKTa, KOTOPasi COAECPKHUT TEOPETUUECKYIO U TPOEKTHYIO YaCTH;

-Ha yeTBepToM dTane (17-18 Hegenun) — ohopmMieHrue U MpeIoCTaBICHUE MPOEKTa

Ha Kadenpy.

Pacuyer HanpsKeHUs JIEKTPUYCCKOH CETH

HomuHanbHOE HanpspKEeHHWE JTUHUM ONMPENECTAECTCA €€ JJIMHOW M aKTUBHOU

MOILIHOCTBIO, IIEPEIABAEMOU MO JIMHUU. J|JTMHBI JIMHUN U3BECTHBI.
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11T

2 30 3 70 55 1
Sy £—— l - S
SHZ SH3 SHI

Pucynok 2.1 — [IpunnunuansHas cxema pa3oMKHYTOU CETH

MouiHOCTH, IPOTEKAOIINE MO YYaCTKAM CETH COCTABIISIOT:
SUH—l = SHl;
S32=Sp;
Sun—s = SH3 + SHZ'

[IpuBeneM pacyeT 3aMKHYTOW dJEKTpUUecKoil cetu (puc. 2.2). Onpenenum
npeaBapuTeIbHOE TTOTOKOpachpeaeieHue B cetu. [IpeacraBuM KOJbLEBYIO CXEMY
CEThIO C JBYXCTOPOHHUM NUTAaHUEM OT UCTOYHUKOB A W B u 3agaaumcs nmpous-
BOJILHO HAMPABJICHUAMHU MOIIHOCTEH B IMHUAX (puc. 2.1).

A B
| 1 : ) |
I Sa ‘ =Sy ‘ =3y ‘ =— Sp3 |

Sm Su Sus

Pucynok 2.2 — IIpencraBieHre NpUHIUINAIBHON CXEMBbI CETH KOJIBLEBOTO

THUIIa CCTHIO C IBYXCTOPOHHUM ITMTAHHUCM

Mo1HOCTh, IpOTEKaroIIas o roJIoBHOMY y4acTky Al, cocTaBiser:

3 3

SA1 - Z PiLiB/LAB + jZQlLiB/LAB
i=1 i=1
MOIIHOCTH OCTaJIBHBIX YYAaCTKOB JJIEKTPUYECKON CETU HAWUJIEM 110 IIEPBOMY
3akoHy Kupxroga, npeaBaputTenbHO 3aaBIIMCh HANPABICHUSIMU MOLIHOCTEH
(puc. 2.1)
S12 =S4 —~Sh1; Sps =51, =Sz Sgy =Sy + Sy
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JIyist BEIOOpa HAIPSHKEHUS SJIEKTPUIECKON CETH BOCTOIB3yeMCs (hOpMYyIIon
3anecckoro, Ctuiuia u Mnnapuonosa Hanpsxkenne yuactka cetu Al coctaBiser:

— ¢opmya 3anecckoro
U, =16-4P-L
— ¢opmyna Ctusuia

U, .., =434/L+0,016P

— (hopmyna Mnmaprnonona

- 1000
500 2500
7_'_7

L =)

nr-1

AHQJIOTUYHO PACCUMTHIBAIOTCS HAINPSKEHUS ISl OPYTUX YYacTKOB CETH.

JlanHple cBosATCS B Tabauity 2.1.

Tabmanma 2.1
sworoceem | SR | R |
UL(H—l’ kB
U,,, kB
UUH731 KB

Jlanee, COTJIaCHO BBIYHMCIICHHBIM 3HAUYCHUSM HANPSKEHUS YYACTKOB MPOEK-
TUPYEMOM CETU CIIelyeT NPUHATh HOMHUHAJIbHOE Hampsbkenue u3 psga 110, 220

kB.
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Br10op u nposepka ceuennii BJI

Bri6op cedenuit mpoBoioB BJI BBIMOJHUM MO AKOHOMHUYECKOM IIOTHOCTH

TOKa j . I[J'DI 9TOro onpeaAcIMM IOJHYIO MOIITHOCTL U TOK, IIPOTCKAIOIINUC I10 KaXK-

JIOM JIMHUY B HOPMAJIBHOM PEXHUME padOTHI CETH.

[lonnas MOIODHOCTH U TOK JIMHHNHU B JIMHUHA Al cocTapisioT

2 2
SA1 =4 PAl + QAl
| =S, -10°/~/3U oy,

COOTBETCTBEHHO MOLIHOCTH ISl IPYTUX JIUHUM 3JIEKTPUUYECKON CETH OyneT

OIIpCACTIATHCA aHAJIOTHUYHO.

B cootserctBum ¢ npunoxcenuem 111 mabn. I11.1 wn T., BBIOMpaeTcsa 3Ko-

HOMHYECKas IUIOTHOCTL TOKA JH. OkoHoMuueckue ceueHust kaxxnou BJI cocraBig-

IOT:

Fa =1/ Ju

[Tony4yeHHbIe CEUEeHUs OKPYTIIIEM J10 OIMKAUIINX CTAHAAPTHBIX CEYEHUH U3
psana 6, 10, 16, 25, 35, 50, 70, 95, 120, 150, 185, 240, 300, 330, 400, 500 u npu-
HuMaeM it BJI craneantoMuHeEBbIE TPOBOIA COOTBETCTBYIOLIUX MApOK.

BoInonHuM NpoBepKyY BEIOPAHHBIX CEUYEHUIN MO TEXHUYECKUM OMPAHUYEHUSAM
npwioxenue 11 tadn. I11.2 u I11.3.

Cornacno npunoxenuto I11 ta6n. [11.4 onpenensitorcst 1onmycTUMbIe JIH-
TeJIbHBIE TOKU 7151 BBIOPAHHBIX CEYEHUI MPOBOOB

J1J1s TpOBEpKU BHIOPAHHBIX CEUEHUM O TOMYCTUMOMY HarpeBy pacCMOTPUM
JIBA paCUETHBIX PEKUMA:

o aBapuUHOE OTKIIFOYEHHUE TOJOBHOIO yyacTka Al;

o aBapUIlHOE OTKJIFOUYEHHE FOJIOBHOTO ydacTka B3.

IIpu oTkiroueHnM yyactka Al MOJHbIE MOLIIHOCTH M TOKH, TPOTEKAOIINE 1O

OCTaBIIUMCH B pa60Te JIMHUAM, COCTaABJIAIOT:

Sz =S, +3,, +5,3; S =8,,+S,2; Sy =35

ul
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lss = SA31O3/\/_3U odonicen 6bimv < | ;

HOM

I, <151, <1,
HpPI OTKIIFOYCHHHU T'OJIOBHOT'O y4aCTKa B3 nmomnnbie MOITHOCTHU U TOKH, ITPO-
TCKArOIIUC 110 OCTAaBIINMCA B pa60Te JIMHUAM, COCTaBJIAIOT

SAl = SHl + SH2 + SH3 ; S12 = SH2 + SH3’ S23 - SH3

Lo <1l <1l <l
Bce BBI6paHHBIe CCUCHUA HOJIKHBI YAOBJICTBOPATH YCIIOBHUIO JOIIYCTUMOI'O

HarpeBa JIUTeNbHBIM TOKOM. [lapametpsl BJI ¢ mpoBojaMu BIOpaHHBIX CeYeHUM

3aHocATcs B Ta0m. 3.1. Kak Juisi pa30OMKHYTOM, TaK U JJIsl 3aMKHYTOM CeTH

Tabmuma 3.1

. . |0-10° L | R, | « [B20°, | Q.
Om/km | OMm/km : wm | Om O™ | Cm MBgap

JIvHus IIposoxn

Br16op ceuenuii BJI mpou3BoguM o HOpMaIbHOMY PEXUMY pabOThI CETH,
a IpoBepsieM UX IO aBapuilHOMY. BbiOpaHHBIE ceueHUs MPOXOAST MO TOMYCTUMO-
My TOKY. [lodydeHHbIe ceueHUsl OKpYTsieM A0 OMMkKalInX CTaHAApTHBIX ceye-
HUW 1 npuHUMaeM it BJI craneanroMuHeBbie IPOBOAA COOTBETCTBYIOLIUX MAapOK.

BoinonHum mpoBepKy BbIOpaHHBIX CEUEHUN M0 TEXHUYECKUM OTpaHUYEHU-
aM. B 3aBucuMOCTH OT palioHa IO TOJIOJENY MPOBEPAETCA YCIOBHE MEXaHHYE-
ckoi mpoyHocTu. g paiioHa no rononeny |l xareropunm MUHUMaIBHO TOmMy-
CTUMOE CEYEHHE MPOBOJOB HA OMOPaX F,, =35ium> [6]. 1 BHICOKOBOJIBTHBIX
nuHuid HanpspkenueMm 110 kB MuHMManbHO HOMYyCTHUMOE CEYEHHE IPOBOIOB
F... =70 [6]. Bce BoIOpaHHBIC MPOBO/IA MPOXOIAT M0 TAHHOMY YCJIOBHIO.

HapaMeprI s Xoo u b, IPHUHATBHI B COOTBETCTBUU CO CIIPABOYHBIMH JaHHBIMU

111 ma6n. I11.5 u I11.6. [TapameTpsl R, X, B u Q¢ paccuuTanbl o BEIpaKEHUAM
R=rL; X=x,L;
B = bOL’ Qc :U

2
HOM B
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Br100op TpancpopmaTopoB

B cooTBeTcTBHU C HCXOAHBIMH JJaHHBIMH B COCTAB HAI'Py30K SHl' SH2’ SH3

BXOJAT MOTPEOUTENIM BCEX KATEropuil MO HAAEKHOCTU 3JeKTpocHalOxeHus. [lo-
TOMY Ha Ka)KJOW IMOJCTAHIMHU MPUHUMAIOTCS K YCTaHOBKE 2 TpaHcdopMaropa.
MortHOCTh TpaHchOpMaTOPOB Ha MOJCTAHIMIX BHIOMpPAETCS MO aBapUMHOMY pe-
XKUMY (OIMH TpaHc(OpMAaTOp OTKIIOYEH, APYrod OepeT BCIO HArpy3Ky) C yYETOM
JOIyCTUMOM NEPETPY3KH k =1,5 U1 TPaHCHOPMATOPOB CPEIHEN MOLHOCTH

S  >S,/15.

mHOM

Tun TpancopmaropoB BeiOupaeTcs u3z npuinoxenus [12 Tadn. 112.1-112.6. B

Tabnuity 4.1 3aHOCSTCS BCe mapameTphl TpaHchopmaTopa.

Tabmnuma 4.1

UBH' UHH’ APX’ APK! u,(y IX’ Ast RT’ XT’
kBA | kKB | kB | kBt | xBt | 0o % |kBap | Om | Om

T som!?

Tpauchopmatop

[Mapametpbl St Uy, U, AP, AP, u, U |, TIPHHSTHI B COOTBETCTBHH CO

CIIPaBOYHBIMU JaHHBIMH. OCTaJIbHBIE MMapaMeTpbl TPaHCHOPMATOPOB PACCUUTAHBI

IO CJIEAYIOIIAM BBIPAKECHUSIM:

R, =APU_,*10°/S, 2

T HOM !

X, =u, %U,,*10° /100S

TroMm ?

AQ, =1 %S

T HOM *

I Ipumeuanue.

Jlns TpanchopmMaropa ¢ pacHieIICHHBIMA OOMOTKaMH HHU3IIETO HaIpsoKe-
Hus conpotuBieHus RT u XT onpeneneHsl mist cityyasi, KOT1a 3TH PaclCTIJIEHHbIE
oOMOTKH paboTalT mapajuiebHO. B ciydae pa3genbHOM paboThl 3TUX 0OMOTOK

COIPOTHUBIIEHUE KAXI0M 0OMOTKM OyJeT B 2 pa3a OoJiblIe.
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R =R =2R,, X!'=X!=2X,.

Ilocne BLI60pa HOMUHAJIBHOI'O HAIIPSKCHUA CCTH, CCUYCHUM IIPpOBOJOB BO3-

AYUIHBIX JIMHUWA M TpaHC(bOpMaTOPOB Ha IIOACTAHIMAX IIPHUHOUIIHAJIbHAA CXCMa

AIEKTPUYECKON CETH JOJKHA UMETh BUJ (IpUMeEp), MOKa3aHHbIN Ha puc. 4.1

St
10 kB

2TAH-16000
110 xB

50 km AC240 1 2 10«8

75 ke AC240

Pucynok 4.1 — IIpyuHuunuanbHas cxemMa 31eKTPUYECKON CETH

Jlist BeIOOpa TpaHcPOpPMATOPOB HA MOHU3UTENBHBIX MOJCTAHIUSAX TOCTa-

TOYHO OJHOTO pacueTa He 3aBUCUMO OT TOT'O Pa30MKHYTAas WM 3aMKHYTasi KOH(DU-

Typalys CeTH, TaK KaK MOIIHOCTH y3JIOB HATPY30K O,;, O, O,; OCTAIOTCS HEM3-

MCHHBIMH, TaK JKC KAK W HAIIPAKCHUC CCTH.
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AHaJu3 1 000CHOBaHHE CXeM JIeKTPUYECKOM CeTH 1

INOHU3UTEC/IbHBIX HOHCTaHHHﬁ. PaSOMKHyTaH AJIEKTPUIECCKaAA CETH

Pacuer npon3BoAUTCA 110 YKPYITHEHHBIM [TOKA3aTeNIIM CTOUMOCTH CETH [§].

[Topsimok pacuera cxeMbl Pa30MKHYTOM CETH MpeACTaBiIeH HUXKE (PUCYHOK

6.1)
Sut
17 &8 ?
2 TPOH-25000/110
[] []
710 k8 10 k8
L 55 km AL 95 .
U\ y 70k AC 240 3
£ —= 5
{; 30 km
q] EF AC 95
i ) i 2 TPOH-25000/110
2 TPIH-25000/ 110 % %
¢ 10 &8
En_:'

Pucynok 6.1 — [Tpumep npuHIMIIHAIBHON CXEMbI PA30MKHYTOM CETH

Croumocts JIDII Ha kene300€TOHHBIX OMopax:

Ky =17-L; -n, py6.;
rae I, - yKkpylIHEHHBIH [T0Ka3aTeb CTOUMOCTH OI0P,
Li - nouHa JTMHAN,

N - YUCJI0 NeTeil JUHNN.
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Oo6mas croumocts JIDIT:

CTOUMOCTB STYEEK MACIISIHBIX BBIKITHOYATEIICH:
K,, =11, -n, pyo.
rae I1; - ykpynmHEeHHBIN OKa3aTeNb CTOMMOCTH STYECUKH,
N - YUCIIO AYEEK.
CTOMMOCTB CHJIOBBIX TpaHC(HOPMATOPOB:

Kmp. = Hmp ’ n’ py6

ITocrosiHHAs yacTh 3aTpar:

K =17 -n, py6.

nocm. nocm

CTOUMOCTD ITOHU3UTEIBbHEBIX ITOCTAHIINMN:

K =K,, +Kmp_ +K

noocm. nocm.

CTOUMOCTD CETH:
K, =K, +K

noocm.?

[lorepu B nuHusIX, KBT:

mex JI1 — Uz Tl
S, 2
APrraxm: szz 'Rm

OO0mwme moTepu B JINHUSX:

ZAPM =AP_ . +AP_ . +AP_ ... KkBm.

[Torepu Ha moacranusax, kBT:

max nodeml

mex noocm.2
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SZ
ZrR12

max nodem3

OO6mwme moTepu Ha MOACTAHITUAX

ZAPHBX nodem. APmax nojcr.1 + APmax nojcr.2 + AP

mex mogcr.3?

Bpemst Hanbonbnux noTeps:
r=(0124+T,, -10*) -8760, u
OOu1re moTepu B CETHU:

ZA Pmax = ZAPmaxﬂ + ZAPmaX noocm. + ZAPx.x ! KBm

HepeMeHHme IIOTCPH:

AW'=7->"AP,... MBm-u.

ax?
[TocTtostHHBIE TOTEPU:
AW"=>"AP_ -T,MBm -u.

CTonMOCTB OTEPH IIEKTPOIHEPTUU:

H,, =C'-AW'+C"-AW", py6.

rae C'= 3,1 py6./xkBtu, C" = 1,5 py6./kBTu.

3KCHJ’IyaTa]_II/IOHHI>Ie 3aTpaThl:

a, K a -K
H e/ a1 + noocm noocm. + H , 6
'~ 100 100 awo PY

TJie &, - J0JIA 3aTpaT Ha IKCIUTyaTanuto Juauu, 2,6-2,8 %

Qnozer - JOJIS 3aTpaT Ha IKCIUTyaTaIluIoO moacTaHmu = 9,2-9,6 %

OG6mue 3aTparsl, pyo.:

[IpuBeneHHbIC 3aTpaThl, pyo.:

3 =P -3

np. n obw. !

3aMKHyTasl JJIeKTPUYECKasi CeTh

xBm.
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Pacuet 3aMKHYTOM CE€TH MPOU3BOJUM MO YKPYITHEHHBIM MMOKA3aTENIIM CTOU-
MOCTH C€TH [8§], aHAJIOTUYHO METOJANKH, MIPEJCTABICHHON BBIIILIC.
[Tpumep MpUHITUTTHATIEHOM CXEMBbI 3aMKHYTOM CETH UMEET BHUJI, TTOKAa3aHHbIN

Ha pHUCYHKe 6.2.

10«8

2 TPIH-25000/110

10 kB
MOKE | 55w AC 260 ] L, 60 kv AC 120
7
un 2 52
L, 70 1 AC 240 3 L AmACS

1

—_J
2 TPIH-25000/110

2 TPIH-25000/110
0 k8
S- i)

PucyHnok 6.2 — [IpyHnunuanbHas cxema 3aMKHYTOM AIEKTPUYECKON LENU

TexXHUKO-2KOHOMHUYECKHE TT0Ka3aTelIn CpaBHUBACMBIX BApPHWAHTOB JJICKTPHU-

yeckux cetel B (py0.) cBenércs B Tadbnuity 6.1.

Ta0muma 1.6

pH- K K K K

2 sy, mp. nocm. Knodcm. ac 3 0614, np.

Hcxons 3 TEXHUKO-DKOHOMHYECKHX TOKA3aTeJIe CTOMMOCTU CPaBHUBAae-
MBIX BapUaHTOB JJICKTPUUYECKOW CETH, NPUHUMAEM K IMPOCKTUPOBAHUIO TAKYIO
KOH(HUTypalnio CeTH, KOTopas SKOHOMUYECKH I1eJIecoo0pa3Ha, KaK Mo KaluTallb-

HBIM, TaK H I10 3KCINTYAaTAaIUOHHBIM 3aTpaTaM.
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IIpuBeaeHne HATPY30K Y3JI0B K CTOPOHE BHICIIET0 HANIPSKEHUsI

CxeMa 3amenieHus y3ia | mpoeKTUpyeMOou JIEKTPUUECKON CETH UMEET BUJ,
MOKa3aHHbIN Ha puc. 7.1.

AKTHBHas Harpy3ka y3na |, mpuBeneHHasi K BbICIIEMY HaNpsKEHUIo, Oyner

OTJIMYAaTbCA OT HAIrpPy3KH PHl Ha BCIIMYUHY IIOTCPb aKTUBHOM MOIIHOCTH B TPAHC-

dbopmaTopax:
Pl = PHI + ZAPXI + APKI SH12/ZST HOM
Zp1 1 Z12
- —1--
Q| E
2 By

Eﬁsm ?-‘H.‘IE

S

Hi

Pucynoxk 7.1 — Cxema 3amenienus 1-ro y3na 3J1eKTpUYECKON CEeTH

PeakTuBHas Harpyska y3ia 1, mpuBeieHHas K BBICIIEMY HAMPSHKEHUIO, OyIeT
OTIIMYATbCA OT HArpy3KH Q, Ha BEIMYMHY IIOTEPb PEAKTUBHOW MOIIHOCTH B
TpaHcpopMaTopax U Ha BEJIMUMHY TMOJIOBUH 3apsIHBIX MolHocTer BJI, mpumebika-
FOLMX K y311y 1

Ql = QHI + 2AQxl + uK %S 2/2 ) 1008‘1‘ HOM (QcAl + Qc12 )/2
[IpuBeneHne Harpy30K y3710B 2 ¥ 3 K BBICIIEMY HANPSHKEHUIO OCYIIECTBIIS-
€TCSI AaHAJIOTUYHO.
[Tocne npuBeneHns Harpy30K y3J0B 1, 2 1 3 K BbICIIEMY HAIPSIKEHUIO CXe-
Ma 3aMeIleHUs] dTIEKTPUUYECKOM ceTH OyeT UMETh BUJ, OKa3aHHBIN Ha puc. 5.2.
Zp1 Z12 z Z
A 1 2 23 3 38 o
= 1 = 1 =1 =
Sa1 S12 S
QJIA! S, 512 S, S, e Q%ﬂ;
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Pucynok 7.2 — Cxema 3aMelIeHus AIEKTPUUECKON ceTh

Pacyer ycTaHOBMBILIETOCH PeKMMA JJICKTPUYECKOMN CeTH

B PE3YIIbTATC pacCuCTa YCTAHOBHUBILICTOCA PCKHMA 3H€KTpH‘{eCKOﬁ CCTHU

OIIPpCACIIAOTCA:
® TOYHOC ITIOTOKOPACIIPCACICHUC B CCTH,
° HaIIpsKCHUA B y3JIaX CCTH AJIA OLICHKH KauCCTBA HAIIPSKCHUA H

HEO0OXOJMMOCTHU €r0 PErYIUPOBAHHUSL.

[IpeaBapuTebHOE NOTOKOPACIpPEIEIEHUE B CETH HalfieM Oe3 ydeTa MoTephb
MOIIHOCTH. [l onpeneneHnsi MOIHOCTEW, TPOTEKAIIUX 10 TOJIOBHBIM Y4acT-
kam Al u B3, Bocrionb3yeMcs BEIpaKEHUEM

S = (81205 + 5,255 + 53235 )l Zss.
Ses =(S5Zan +5,Z5n +$,203 ) 2" e
J11st mpoBepKY MPaBUILHOCTH BBIMIOJIHEHHOTO pacyeTa MPOBEPUM YCIOBUE:
Sy +Sg; =S, +S,+S,.

Ecnu ycnoBue BBINOMHSAETCS, TO pACU€T MOUTHOCTH TOJIOBHBIX YYaCTKOB BbI-
IIOJIHEH ITPaBUJIBHO.

MOIIHOCTH OCTaJbHBIX YYaCTKOB HAXOJUTCS COIVIACHO MEPBOMY 3aKOHY
Kupxroda:

Si; =Sx =Sy

S'32 :SBB _83-

BriOupaercs y3en nmorokopasjaena, Hampumep, y3el 2, IOCKOJIbKY K 3TO-
My Y3JIy MOIIHOCTH MPUTEKAIOT C Pa3HBIX CTOPOH. Y3el MoToKopaszaena 00o-
3Ha4YE€H Ha cxeMme 3aMelleHus 3Haukom V .

B pe3ynbrare BBINOJHEHHOTO pacyeTa KOJbLEBAsI CETh YCIOBHO ACIUTCA IO

Y311y 2 Ha JIB€ pa30MKHYTbIE cXeMbl (puc. 6.1).
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U U
Sa Y Za Uy ,_,212 Uz U; 238 ® S
SA‘I Sm Siz S2 Y S:ﬁ! S:ﬂ S B3 Q
1 S42 S5 Sy i

2

Pucynok 8.1 — JleneHue KonbleBOIl CXEMBI Ha IBE Pa30MKHYTHIE CXEMBbI

MoI1HOCTh B KOHIIE y4acTka 12.

Pacyer nByX pa3soOMKHYTBIX CXEM BBIIIOJHUM B COOTBETCTBHM C HUXKE U3JIO-
YKEHHBIM aJITOPUTMOM. DTOT pacueT BKJIKOYAET B ce0s ABa tana. Ha nepBom 3tare
OIpeeNsieM YTOYHEHHOE IOTOKOpacupenejleHue B ceTu. Pacuer BemeM mpu
HaIpsHKEHUHU CETH, pABHOM HOMUHaJIbHOMY. PaccMoTpuM moapoOGHO pacuer JeBoi
4acTu CXeMbI puc. 6.1.

MoutHoCTh B KOHIIE yyacTKa 12.

12 =S,

[ToTepn MOIIHOCTH B TUHUU 12 COCTaBIAIOT

AR, = (Slkz )2 R, /U :

Hom 1
x 2
AQ,, = (812) X1 /Uuo,u'
MomHoOCTh B HavaJie JUHUU 12 cocTaBiigeT
H _ QK
12 7 Y12 +A812 '
MomHOCTh B KOHILE JUHUU Al OmnpeneautTcs Mno NEepBOMY 3aKOHY
Kupxroda
K —
=S5+,

[Torepu montHOCTH B TMHUHU Al COCTaBISAIOT

AP, = (S5 fRy /U2

K 2 2
AQAl = (SAl) XAl /UHOM-
MouHoCcTh B Haualie JUHUU A cOCTaBIIsAET
H __ K
S A= S a T AS AL-
MorHocTh, TpeOyeMass OT UCTOUHUKA A, OmpeenseTcs 1o IepBOMYy 3a-

kony Kupxroga
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Sp=Snu—1Qu /2
CoBepilieHHO aHAJOTHYHO BBIMOHSCTCS MEPBBIA ATl pacdyera Jyisi MPaBou
4acTu cXeMsbl puc. 6.1.
Ha BTOpOoM »Tame pacuera OMpENeNsIOTCS HANPSHKCHHS B y3/1ax Ce-TH.
HanpspkeHnue B IieHTpe MUTaHus (Ha Y3J0BOM MOICTAHIINN) B PEKHUME HanOOIbIIICH
Harpy3kn cocrtaBisier Ua=Ug=(1,03..1,04)U,,,, xB. [lagcHre HanmpspkeHUS B JIH-

HUU Al B COOTBETCTBUH C BBIPAKCHUCM 6y,[[eT

AU, =AU + U o (PER g + Qi X o )+ §(PEX 0 — QiR /U,

MOI[YJ]B HaIIPSAKCHUSA B Y3JIC 1 cocraBmser

U, :\/(UA_AUAl)Z +&Ji1

Hanpsixkenue B y3ne | npu ydere TOJIBKO IPOIOIBHOM COCTABIAOLIEH I1aJIe-

HUSI HAIPSKEHUS COCTaBIISIET
U,=U,-AU,,

BrnusiHne nonepeyHon COCTaBIAIOLICH IMaJeHUsl HAINPSKEHUS B CETU OYEHb
HeBENUKO. [10aTOMYy B NallbHENIIIEM TIPU pacyeTe HAIPSHKEHUN C LENbI0 YIPOIIe-
HUs OyJET YYUTHIBATHCS TOJIBKO IMPOJIOJIbHAS COCTABIISAIONIAS TAJEHUS HaMpshKe-
HUs, Ha3bIBaeMasi OTEPEil HalPSKEHUS.

IToTepst HanpsKeHUS B TMHUAK 12 cocTaBiseT
_ H H
ALJ12 - (F>12R12 +Q12X12)/U1
Hanpsixenue B y3ne 2
CoBepIlieHHO aHAJOTHUYHO BBITIOIHSIETCS BTOPOM ATal pacdera Jjisi MpaBon
gacTu cxeMbl puc. 6.1 Tlorepn HanpsHKCHUS W BEJTMYMHBI HAINIPSOHKCHUH B y371aX B
COOTBETCTBHH C 0003HAYEHUSIMH, YKa3aHHbI Ha cxeMe puc. 6.1, AUgs U, AUy, U,

OrpannunMcs B pacuerax oAHOW urepauueil. Hekoropoe ornmuue Hamps-
KEHUH y371a 2, BBIYMCIICHHBIX JJIS JIEBOM M MPaBOil yacTeil cXeMbl MOKHO 0OBsC-
HUTh NPEHEOPEkKEHUEM IIONEPEYHOW COCTABIIAIOIIECH NaJCHUS HAIPSDKEHUA, a

TaK)K€ OrPaHUYEHUEM PACUETOB OJHON UTEPALIUEH.
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Pacuyer HanpsizkeHUii HA BTOPUYHOM 00MOTKE TPaHC(HOPMATOPOB

Pacuer HampsokeHUSt HA BTOPUYHOM OOMOTKE TpaHCPOpPMATOPOB PACCMOT-

pUM Ha IpUMeEpE y3J1a 3, cXxema 3aMEeNIeHUsI KOTOPOTro IIpuBeieHa Ha puc. 9.1.

Zy yl, k U,
Uy = Y3 1 M3
I SH3
Pucynok 9.1 — Cxema 3amerenus y3na 3

[loTepst HanpsKeHUA B IBYX TpaHc(opMaTopax y3iia 3 COCTaBIISIET
AU, = (PH3 R, +QX, )/2UH0M'

Hanpsixenue Ha BTOpUYHON OOMOTKE TpaHC(OPMATOPOB, MPHUBEAECHHOE K

NEePBUYHOM OOMOTKE:
U;=U,-AU_,.

JleficTBUTEIbHOE HAMNpsHDKEHUE Ha BTOPUYHOM OOMOTKE TpaHCcPopMaTopoB

P HOMUHAJILHOM KO3 uirienTe Tpanchopmaium
Ul =UJKk..

AHAaJIOTUYHBIE PACUYEThI BBIOIHSAIOTCS JIJIS Y3IJI0B 1 1 2:

B cootBerctBumM ¢ TpeOoBanusimu I1YD B pexxrme HauOOsbIIEeH Harpy3Ku
nanpsokenns U, U u U] 10omkebl GbITh HE HIKE HOMHHAIBHOTO BTOPHYHOTO

HanpspkeHust Tpancdopmaropa kB. Eciin 3To yciioBue He BBINOJIHSETCS, TO Ha CO-
OTBETCTBYIOIIMX MOJICTAHIMAX HEOOXOAMMO BBIMIOJHUTH PETyIMPOBAHUE HAIPS-

KCHUA.
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PeryinpoBanne HanpsikeHUs

Briopannsie Boiie Tpanchopmatopsl (TAH u TPJIH) uMeroT ycTpoicTBO
PIIH ¢ nuana3onom perynupoBanus HanpsokeHus 191,78 %. Heobxomumo one-
HUTh JOCTaTOYHOCTh AMANa30Ha PEryJIMpOBaHUS HANPSDKEHUS IS MOAJEpKaHUS
HaNpsUKEHUH Ha BTOPUUHOM 0OMOTKE TpaHC(hOpMaTopoB Ha TpeOYyEeMOM YPOBHE.

Br160op perynupoBouHbix orBeTBieHU PIIH BpimoaHuM aiig y3na ¢ caMbIiM
HU3KUM ypOBHEM HanpspkeHus. i1 TpaHC(OpMaTopoB, YCTAHOBIIEHHBIX B 3TOM Y3-

ae, HeoOxoaumo nepekitountsh PITH ¢ HyneBoro orBeTBieHUsI HA TpeOyeMoe OT-

BerBieHue U, ., T.e. I3MEHUTh HOMHUHAJIBHBIH KO UIIMEHT TpaHcHOpMAUK k
10 TpedyeMoro 3HaueHus K, ,, 00ecreunBaromero Ha BTOPUYHOM 0OMOTKE TPaHC-

dopmaropos Tpebyemoe Hanpsukenue U;, 2 Uy, yon KB. B cOOTBETCTBHY C BhIpake-

HueM (7.6) HampsiKeHUE TPeOyeMOoro peryJIupoBOYHOTO OTBETBICHUS

U,..=UlU, /U, .

o8 T

[TonyueHnHoe HampsbkeHUE TpeOyeMOro peryJiupoBOYHOTO OTBETBIICHUS
OKpYTJIsieTcsl 40 OJIMKaMIIIero 1-ro CTaHJapTHOTO 3HAYEHU S, KOTOPOE Moa0upaeTcs
10 BBIPAXKEHUIO:

U, =Ug, +i-178-U,,/100

OTB | BH —
nnu u3 [12 tadm. 112.1-112.6.
JleficTBUTEIbHOE HAMpsHKEHUE Ha BTOPUYHOM OOMOTKE TpaHCcPopMaTopoB

MMOCJIC PCTYJIMPOBAHNA
I 1
UZ[L _UZU HH/UOTB-n'
I[aﬂee OOCHUBACTCA AJOCTATOYHOCTL JUaIlla30Ha PCTYJIMPOBAHUA OJIA IIOA-
ACPKaHUA Ha Tpe6y€MOM YPOBHE HAIPsKCHUS Ha BTOpH‘IHOﬁ 00OMOTKE TpaHC-

(dbopMaTopoB B BEIOpAHHOM Y3JIC.

PerynupoBanue HanpskeHHs B y37ax | U 3 BBITOIHAETCA aHAIOTUYHO.
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OueHka IKOHOMUYECKOHN I(PPEeKTUBHOCTH JIEKTPUIECKOM CeTH

DKOHOMUYHOCTh PCKHUMa BHGKTpI/I"ICCKOﬁ CCTHU OLCHHBACTCA IIO BCIIMYMHC
MMOTCPb MOITHOCTH U 3JICKTPOIHCPIUH.

CYMMapHBIe IIOoTCPH AKTUBHOU MOIDHOCTHU B CCTH OIPCACILATCA KaK pas-
HOCTb MCXKIOY aKTUBHOM MOIIHOCTBIO, Tpe6y€MOﬁ OT MCTOYHHKA IIMTaHUA, U aK-
THUBHOM MOHIIHOCTBIO HArpys3o0K. AKTuBHas MOIIIHOCTBD, Tpe6yeMa;1 OT HMCTOYHHKA
IMATAHWA, OIIPCACIICHA IIPpU PACUCTC YCTAHOBUBLICTOCA PCIKHUMA BHGKTqueCKOﬁ CC-

TH U COCTABJISIET
P=P, +P,, MBm
CyMMapHas akTUBHAsI MOIIIHOCTh HArpy30K COTJIACHO MCXOAHBIM JIaHHBIM
coctasiset Pz ,MBT.
CyMmMmapHble NOTEPU AKTUBHOM MOIIIHOCTH
AP, =P—-P,
Jlosis moTeph OT aKTUBHOW MOIIHOCTH, OTIIYIIEHHOW MOTpeOUTeNsiM, CO-

CTaBJISICT
AP, % = AP,100/ P.
JloJis moTepb OT NOTPEeOIIIEMON aKTUBHOM MOILITHOCTH
AP, % = AP,100/(P, + P, + P ;).

CymMmapHble MOTepU aKTUBHOM MOIIHOCTH YCJIOBHO JENATCA Ha NEpEeMEH-

HBIE AP,' W TIOCTOSIHHBIE AP,". [lOCTOSHHBIE MOTEpU WM MOTEPH B CEpACUHUKAX
TpaHCc(opMaTOPOB B COOTBETCTBUU € Ta0. 4.1 COCTaBISAIOT
AP;"=2AP_, +2AP , +2AP ,

OcTanpHas 4aCTh CyMMapHBIX TIOTEPh MOIITHOCTH - 3TO MEPEMEHHBIC TTOTEPH

B aKTHBHBIX COTIPOTUBIICHUSX JIMHUIA U TPaHCHOPMATOPOB
T _ "
AP.'= AP, —APR.",
BuaHo, 4TO OCHOBHYIO YacTh CyMMapHbIX notepb (96... 97%) cocraBisior

NepeMEHHbBIE MTOTEPH.
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["'0710BBIE MOTEPH AIMEKTPOIHEPTHH B COOTBETCTBUU C POPMYJION COCTABAT
AW =AR.'t+AR"T, , MBm-u

Ywuciio yacoB HaMOOJBIIUX MOTEPh B COOTBETCTBUM C IMITMPUIECKON (op-

MYJIOU
4\
ry = (0.124+T,,, 10" 8760.
I[OJ'ISI IMOTCPb OT JJICKTPOSHCPIHUH, OTHymeHHOﬁ HOTp€6I/ITCJISIM, COCTAaBJIACT
AW, % =AW, 100/(PT )

Pacuer koHcTpykTHBHOM YacTu BJI

Beimonnute pacuer npoBoga AC oanonennot BJI manpsixennem U,oy KB,
COOpPY’KaeMOM Ha CTaJIbHBIX WM 5KE€JI€300€TOHHBIX OIOPAX B HACEIEHHOW MECTHO-
cty Tuna B (Hu3ko3Ta)kHas 3acTpoiika). PacyeTHble KIMMATUYECKU YCIOBHS BbI-

ouparotcs u3 npuinoxenus [13 tada. I13.5.

Buvioop onoput

Ha ocHoBaHMM UCXOMHBIX TaHHBIX U3 Tpwiioxenus 3 tadmn. [13.3 npensapu-
TEJIbHO BBIOMpAETCsl MPOMEXYTOUYHAsI, OJHOLICTTHAS Onopa Ha HanpspKeHUE Uyoy
kB

["aGapuTHbIil 1poseT A 3ToW onopsl | M. PacdeTHbIi nposieT MpUHUMaeM
pasubM | = (0,6-0,9)*1 ™.

Heo6xoaumo BeIUCaTh T€OMETPUUECKHE pa3MEPhl OTIOPBI B COOTBETCTBUU C
npwioxenuem 3 tadm. I13.3:

TV NI VE IVER | RARVERV A

-3 o II-11 >

rac A - AJIMHA TUPIITHABI U30JIATOPOB.

Yoenvnuwvie nazpyzku na npoeoo
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N3 Tabnauipl PU3MKO-MEXaHMUECKUX XapaKTEPUCTUK MPOBOAOB (TPUIIOKE-
Hue 3 tabn. [13.1) nHaxonum Bec ogHOrO KmiiomeTpa nposoaa P, H/km u auamerp
npoBoja d, Mm.

Janee no (hopMynaM paccunTaeM yIeIbHbIE HATPY3KH.

yI[CJILHaH Harpyska OoT COOCTBEHHOI'O Beca IIpoBOJaa
-3
p, =P-10°/F.
MakcuMalbHO AOITyCTUMasA CTPCJIa IIPpOBCCa IMPOBOAA OIIPCACIIACTCA 110 BbI-

paXxECHUIO
[f]=h.,-2-h.

rae N M, raGaput BJI, npursThIii o Ta6. I13.6.

BricoTa pacnosiokeHus MpUBEIEHHOTO IEHTpa TsHKECTH MPOBOJOB OINpe/e-
JISIETCS TI0 BBIPAKEHUTO
m
Z h 2
h, ==2—-1-=[f]
m 3
VY aenbHas HOpMAaTHBHASA Harpys3ka OT Beca roJiojiefia Ha MPOBOJE OMpees-
eTcs o popmye

Py =7 g, K Ky b(d +Ki Kyo b)/F-

rje KoapQUUUEeHTsl K, U K, NpUHATHI o Tabdi. I13.7.

VY nenbHas pacd€THasd Harpy3ka OT BE€Ca rojoJjcaa Ha IpoBOJAC COCTABJIACT

p2 = pZHanypyfyd

rae Vow - K03 PUIHEeHT HAZEKHOCTH 10 OTBeTCTBeHHOCTH BJI, 3aBuCH-

U 0T HANPsIZKEHUsI U KoJim4yecTBa 1enei; 1jas BJI no 220 kB BKIOYMTEIb-

= 1 =
o 7w ; AJ1s1 AByxuenHbix BJI Vi HE3aBMCHUMO OT HANPSIKCHHS ;
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Yo . PeruoHaJbHbI KO3 PUuIUEeHT, NpUuHUMaeMblii B 1uana3one 1,0...

1,3, JHAYCHHE ITOIO0 KOC)q)(l)I/I]_[I/IeHTa NPUHUMACTCHA Ha OCHOBAHHM OIIbITaA

IKCIJIyaTAllMM U YKA3hIBAETCS B 32IaHUH HA nMpoekTUpoBanue BJI;

ve =13

7t KO3 PUUMEHT HAIEKHOCTH 1O I'OJI0JIETHON HATPY3Ke; ISt

tl

paiioHoB 1o roJoJeny I u 11, Vi = NJis paiioHoB 1o roJsoJaeny III u Boie;

7d =05 k03¢ punmeHT ycJ0BUIl padoTHhI.

CymmapHas yaenbHasi pacyeTHasl Harpy3ka OT Beca MpoBOJa U rojoJie/ia B

COOTBETCTBHUHU C (POPMYJIOI COCTaBISET
Pz = Py + P2-

VY enbHas HOpMAaTUBHAsE BETPOBas HArpy3Ka MpHU OTCYTCTBUH roJIOJIela HA

MPOBOJIE B COOTBETCTBUU C POPMYJION COCTABIISIET
P, =c, K-K, -C -W-d-10°/F,

rae aw - KodPPUIHUEHT, YUYUTHIBAIONINI HEPABHOMEPHOCTh BETPOBOTO JaB-
nenus o nposery BJI, npuaumaemslii paBubiM 0,76 npu W = 40 gaH/m?; ay, =
0,71 — mpm 50 naH/m?; 0,7 - npu 60 naH/m?u Gonee;

Ki - koaddunreHT, yuutpiBaromuii BIUSHUE JJIMHBI MPOJIETA HA BETPOBYIO
Harpy3ky, paBHblil 1,2 npu mnune nposera 50 m; 1,1 - mpu 100 m; 1,05 - mpu 150
M; 1,0 - mpu 250 M u Gosee;

Kw - k03 duiinenT, yauThIBalonfi N3MEHEHUE BETPOBOTO JABJICHUS 110 BbI-
COTE B 3aBUCHMOCTH OT THIIAa MECTHOCTH, OTIpe/IesseMbli 1mo Tadm. 115.8;

G - k03P dunmeHT 1000BOTO CONPOTUBIIEHUS, 3aBUCSALINI OT TUaMeTpa Mpo-
BOJIa M IPUHUMAEMbIi paBHBIM: 1,1 - mist mpoBooB quamerpoM 20 MM u Goree;
1,2 -nns npoBoAOB AMaMeTpoM MeHee 20 MM;

W - BeTpoBoOE€ J1aBJICHUE B COOTBETCTBUH C PAiOHOM I10 BETPY.

YILCJII)HaH HOpMaTHUBHAA BETPOBasd HAarpys3kKa Ipu HaAJIUYKUHK I0JI0JICAa Ha IIPO-

BOJIE B COOTBETCTBUU C (POPMYJIION COCTABIISET

193



P, =, K,K,C,W,.(d+2K,K,b,)-10°/F
rac CX=1,2 JJII BCEX HpOBOI[OB, HOKpLITBIX T'OJIOJIEAOM,; OCTAJIbHBIC COCTAaB-

JIOINUEC YKA3aHbI BBIIIC,

Wr=0,25 W - BeTtpoBoe naBiieHUE MPU TOJIOJEIE.

VY nenpHbIE pacYETHBIE BETPOBBIC HArPY3KHU IPU OTCYTCTBUU M HAJIUYHUU TO-

J0JIE1a B COOTBETCTBUU C (POPMYJIaMH COCTaBIISIFOT
Ps = PauVow?p Vi
Ps = Psy 7Vow Vp Vi
rae 7 =1,1 - ko3dPpUuuueHT HAJeKHOCTH 110 BETPOBOM HArpys3Ke.

PacuetHas YACIIbHAA HAarpy3kKa OT BETpa U BCCa IIPOBOJa oe3 rojoJjicaa B CO-

OTBETCTBUU C (OPMYJIIOM COCTABISET

Ps =/ P{ + ;.

PacueTHas ynenpHas Harpyska OT Beca IPOBOJA, IIOKPBITOTO TOJIOJIEIOM, U

BETpa B COOTBETCTBUHU C (DOPMYIION COCTABISET

P, =+ P5+pi.

Bri6upaercst Hanbosblilas pacyeTHast yAelbHas Harpy3Ka Prmax-
/lna pacuema npoeoooe Ha mexaHuuecKy nPOYHOCHLb PelamMeHmupyIom
cnedyrujue CO4emanusa KiumMamuiyeckux ycaoeuil (peicumot):
1. Pesxrcum nu3zuieit memnepamypsl npu OmcCymcmeuu éempa u 20J10-

neoa, xapakmepu3zyemvlili yOeabHOU pPACYemHOU HAazpy3Kou p1 u

memnepamypou ®min;
2. Pestcum cpednez00060ii memnepamypsl npu OnCymcmeuu eempa u

201071804, XapaKmepu3yemulil y0eabHoll pacuyemHnoi Ha2py3Kou p1

.0,
u memnepamypoiu
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3. Pexcum Haubonbuwieil GHewHell HAZPy3KU, XaApaKmepusyemolil

YOenvHOU  pacuemuou  HAzpy3Koi Pmax U  mMemMnepamypoil
®F == ®B - _5 OC.

B pesicume 3 6 kauecmee naudobuieil yoeavHOU paciemHou Hazpy3Ku
Pmax BpUHUMaemca Hazpyska pe uau p7. llpu coomnowenuu p7> ps npuHuma-

emcs Pmax = P7 , IPU COOMHOUEHUU P6 > P 7 RPUHUMAEMCA Pmax = Pé6.

Onpeodenenue ucxooHo20 percuma npoeooa

B xauectBe HCXOOHOTO pCKHUMa IMPCABAPUTCIBHO IIPHUMEM PCKHUM HaW-

OonbIieit BHENIHEH Harpy3ku. [lapaMeTpsl 3TOro pekuMa HEOOXOIUMO BBIHCATH

o o
Proc | O Zpmex = [Ppmx ] 3 rppnoskenus 113 a6, 113.1.
3HaueHUe TeMIlepaTypsl rojojaenoo0pa3zoBaus ©,= -5°C NPUHATO B COOT-

BETCTBUU C pekoMeHaauusmu [1Y 3.

1o BbIpa)KEHUIO BBIYUCIIUM JIEBYIO YaCTh YPAaBHEHUS COCTOSIHUS IPOBOJIA
C =0, |+ @ EO, — p 12 El24 [0, |,

B mpaByio uyacTh ypaBHEHHsI COCTOSHUSI MPOBOJA MOJCTABUM IapaMeTphl
peXMMa HU3IIEH TeMIeparypsl p,, O, . Koadp¢puunentel A u B HenonHoro kyou-
YEeCKOro ypaBHEHHUS OYJyT COOTBETCTBEHHO PaBHbBI

A=aEO_  -C.
B=-p’l°E/4.

Henonnoe xybuueckoe ypaBHeHHE [UJIS PeKMMa HU3LIEH TeMIepaTypbl

OyJieT UMEeTh BU]I
Comn. + Acg - —B=0.

Pemenne 3Toro ypaBHEHUS! JaeT BEIMUYMHY MEXaHUYECKOTO HANpsKEHHUS B

TIPOBOJIE B PEXKUME HU3LIEH TEMIIEPATYPHI O iy JAaH/MM?,
A=akE®_ -C.
B=-plI*E/24.
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Henonnoe xyOnuueckoe ypaBHEHHE AJIsl PEKUMA CPEAHETOI0OBOM TeMIiepaTy-

pbI OyZIeT UMETh BH]T
Coey + AT,  —B=0.
B mpaByro yacTh ypaBHEHHsI COCTOSIHHSI IOJCTaBUM IMapaMeTpbl pekHUMa
cpenHeronoBoit Temneparypst Py, O, .
Penrenue 3Toro ypaBHEHHMS JaeT BEIMYMHY MEXAHHUYECKOTO HAIMPSHKCHHS B
IPOBOJIE B PEKUME CPEIHETOIOBOI TEMIIEPATYPhI T, JaH/MM?.

HpOBGpﬁIGM YCJI10BUA MEXaHMYECKOU IMPOYHOCTH IIPpOBOIA:

o B peXHUMe HanOOIbIIeH BHEITHEH HATPY3KH O puax < [0 pmx |
. B PEXHMME MUHUMAIIBHON TeMIIEPATYPhl o ;. < [ oo I
J B PEXKHME CpelHEeH TeMiepaTypsl Oq, < [0, ].

Ecan YCJIIOBHA BBIIIOJIHAIOTCA, TO HCXOI[HBIﬁ PCKUM BBI6paH IIPpaBUJIbHO.

Pacuem moumasicnvix cmpesi npoeeca npoeoda

Jlns nByx 3Hadenmii Temmeparypsl O u O BenMUMHBI MEXaHHYECKOTO
HAIPSDKEHHS B IIPOBOJE BBIYMCIICHBI BBIIIE U COCTABIIAIOT COOTBETCTBEHHO o . W
O, . BBINOJIHUM pacyeT MEXaHWYECKOIO HANPSHKEHHS B NPOBOJE IS PEXUMA BbIC-
el Temneparypsl O, . B mpaByro yacTh ypaBHEHHS COCTOSHUS TPOBOJA IOJI-

CTaBUM IIapaMeTphl PeKHUMa BBICLIEH TeMneparypsl p,, @ . . Koadduunentsr 4 u

B HenonHoro KkyoMueckoro ypaBHeHus1 0y1yT COOTBETCTBEHHO PaBHbI
A=aEO,_ -C.
B=-p’I’E/24.

Henosnoe kyOuueckoe ypaBHEHUE ISl peKKMMa BBICIICH TeMmIiepaTtyphl Oy-

JCT UMCTb BU

3 2
Comx T A0 —B=0.
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Peiienue 3Toro ypaBHeHUsl Ja€T BEIMUYMHY MEXAHWYECKOTO HAMPSHKEHHS B
MIPOBOJIE B PEKUME BBICHIEH TEMIIEPATYPHI O g px -

JUist Tpex 3HaueHui TemnepaTypsl o (opMysiaM BEIYMCIUM CTPEJIbI POBE-

ca IpoBoJa:
12 1 /86, .-

fomin = P4 I’ 180mn f@cp =P /86®cp; forex = P1

[To monydyeHHBIM 3HAUEHUSAM CTpEJ MPOBEca CTPOUM MOHTAKHBINA Tpaduk

f = F(®), moka3anHsIii Ha puc. 12.4.1.

|

|

| |
| |
| |
| |
| | 0,°
20 0 0 10 20 30 40 :

Pucynok 12 — IIpumMep MOHTaXHOTO Tpaduka CTalieaTtOMUHEBOIO IPOBOAA
ceuenreM 150 Mmm? B iposere muHOM 280 M
OtoT rpaduk naet nHGOpMaLKUI0 MOHTAKHUKAM U OOCIYy>KMBAIOLIEMY Tep-
COHAJIy O BEJIMYMHE CTpEJbl MpoBeca MPOBOJA MpPH JIOOOW TeMmmeparype OKpy-

JKAIOIIEH CPEIbL.

Ilposepka zabapuma 6030yuiHoOl TUHUN

Jlis mpoBepku rabaputa BO3AYUIHOW JIMHUA HEOOXOJUMO 3HATh MaKCUMaJlb-
HOC 3HAYECHHME CTpenbl IpoBeca mposoaa f . Kak oTMedanoch BbIlIE, MAKCHU-
MaJjbHas CTpeJia MpoBeca NPOBOAA UMEET MECTO B OJJHOM U3 JIBYX PEKHMOB:

o pexuMe BBICIIEH TeMIepaTyphl,

o pexxume rososnena 6e3 BeTpa.

Crpena npoBeca B peKMME BBICHIEN TEMITEPATyPbl ONPEAEIIEHA BBIIIE U CO-

CTaBIACT [y -

A=qE®_, -C, B=-pI*E/24.
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HenonHoe xyOuyeckoe ypaBHeHHE JJi pexuma rojiosiena 6e3 serpa Oyner

HNMCTH BU]
3 2
o+ Ac?—B=0.
Brmmomaum PacucT MCXAaHHNYCCKOT'O HAIIPSXKCHUA B ITPOBOJAC U €TI0 CTPCIIbI

IpoBeca Ul pexkuMa rojioyeqa 06e3 BeTpa. B mpaByro 4acTh ypaBHEHHs COCTOSIHUS

NPOBO/Ia MOJICTABMM MapaMeTphl 3Toro pexuma P; , O, .

Pemienue 3Toro ypaBHeHUs JaeT BEIMYMHY MEXAHUUYECKOTO HAMPSIAKECHUS B
MIPOBOJIC B peKKUMeE roJiojieaa 6e3 Berpa O . CTpena nmpoBeca IpoBoaa B 3TOM pe-
’)KUIM€ COCTaBUT

f,.=p; I2/80'F.

Wrak, MakcuManpHas cTpeiia mpoBeca mpoBojaa f, = fr mmeer mecto B pe-

»KUMe roJiojieaa 0e3 BeTpa. Jlanee nposepsieTcs yCJIOBUE
h., —A—f. >h.
Eciu yciioBue He BBIMOIHSAETCS, TO HEOOXOAUMO YMEHBIIHUTS | (mpoier).

[Tpunoxenue A. I'paduyeckas yactb

YepTEx MpOMEKYTOUYHOM OJJHOLECTTHOW OTIOPbI

HpI/IHHHHI/IaJ'II)Haﬂ QJICKTPHUYCCKaAsA CXCMa CCTU
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Kputepuu oneHuBanus npoexkrta

OreHKa «OTIMYHOY» BBICTABIIACTCS CTYJEHTY, €CJIM OH TOKa3aJl IIyOOKoe U
XOpOIIO apTyMEHTHPOBAaHHOEC OOOCHOBAHME MPOCKTHBIX PEIICHHM; YeTKYIO (Gop-
MYJUPOBKY M TMOHHUMAaHHE W3y4aeMOH MpoOJEeMbl; IMHUPOKOE M TMPaBUIBHOE HC-
MI0JIb30BaHNE OTHOCSIIEHCS K TeMe JIMTepaTyphbl U MPUMEHEHHBIX aHATUTHICCKIX
METO/IOB; MPOSIBIICHO YMEHHUE JeNaTh 00OOIICHHSI Ha OCHOBE OTACIBHBIX JIETaJICH.
CopneprkaHre MPOEKTa U XOJl 3aIUThl YKA3bIBAIOT HA HAJIMYME HABBIKOB PabOTHI
CTyJIeHTa B AaHHOU oOnacTu. OdopmileHHEe KypCOBOIO MPOEKTa U IpadpuyECcKoro
MaTepHuaia COOTBETCTBYET IPEAbIBISIEMBIM TPEOOBAaHUSIM ¢ HAIMYAEM HEO0OXO0IH-
Mot Oubnnorpaduu. 3anmra KypcoBOro poeKTa Mmokas3aia MOBBIIIEHHYIO MMOJTro-
TOBJICHHOCTH CTYACHTA M €T0 CKJIOHHOCTh K aHAJTMTUIECKOM M MPOSKTHOM paboTe.

OrneHKa «XOpOII0» BBICTABIISICTCS CTYIEHTY, €CIIM MPUCYTCTBYET apryMeH-
TUPOBAaHHOE OOOCHOBAHHME MPOEKTHBIX PEIICHUMN; YyeTKast (pOpMyJIHPOBKA U TIOHH-
MaHUE M3y4yaeMoOi MPOOIEeMbl; UCTIOJIb30BaHUE OTPAHUYCHHOTO YHCIa JINTEPATyp-
HBIX MCTOYHUKOB, HO JIOCTATOYHOTO JJisi MPOBEJEHUsI MpoekTtupoBaHus. Pabora
OCHOBaHa Ha CpPEIHEM IO TIyOMHE aHamu3e M3ydaeMoW MpOoOJIEMBI W MPH ITOM
C/IeJIaHO HEe3HAYUTENbHOE YKciio 0000menuii. Comepkanrue mpoeKTa U X0/l 3allu-
Thl YKa3bIBAIOT HAa HAJIMYWE MPAKTHUYECKUX HABBIKOB palOTHI CTyACHTA B JaHHOU
obnactu. OgopmiieHHE KypCOBOTO MPOEKTa U rpaduueckoro Marepraina COOTBET-
CTBYET IIPEABABISIEMbIM TPEOOBAHUAM C HAJTUYHEM HE0OXxoauMoun oudianorpaduu.
X0/ 3amuThl KYpCOBOTO MPOEKTA MOKa3all JOCTATOYHYIO TEOPETHYECKYIO U TpaK-
TUYECKYIO TOJATOTOBKY CTYICHTA.

OreHKa «yIOBIETBOPHUTEIILHO» BBICTABIACTCS CTYACHTY, €CJIM MPUCYTCTBY-
€T J0CTaTOYHOEe OOOCHOBAHHWE IMPOCKTHBIX PEIIEHUH, HO OTCYTCTBYET TIIyOOKOE
MOHUMAaHUE paccMaTpuBaeMoil mpobiemsl. B Oubmuorpaduu naHbl B OCHOBHOM
CCBUIKM Ha CTaHJapTHHIC JIMTEPATypPHbIE UCTOYHUKU. TPYIbl, HEOOXOAUMBIC IS
BCECTOPOHHETO HW3YYEHHUS NPOOJIEMBI, MCIOJIb30BaHBl B OTPAHMYCHHOM OOBEME.
3amMeTHa HEXBAaTKa KOMIIETEHTHOCTH CTyACHTa B JaHHOW OOJacTH 3HAHUM.

OdopmiieHHe KypcOoBOro mpoekTta | rpaduyeckoro Marepuana ¢ 3JIeMEHTaMH
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HEOpEKHOCTH. 3aluTa KypcOBOTO MPOEKTa MoKa3aja yJOBJIETBOPUTEIbHYIO TE€O-
PETUYECKYIO U MPAKTUYECKYI0 TIOJITOTOBKY CTYJEHTA, OTPAHUYCHHYIO CKJIOHHOCTD
K Hay4yHOU pabore.

OreHKa «HEYIOBICTBOPUTEIIBHOY» BBICTABISICTCS CTYICHTY, €CITU MTPOCKTHBIC
pelIeHrs OMMOOYHBI. CY)KIIEHHUS IO HCCIeAyeMOi mpobiemMe He Bcerga Komiie-
TEHTHBI. HETOYHOCTH 1 HEBEpHBIC BBHIBOJBI IO M3ydaeMoi iuteparype. KypcoBoi
MPOEKT | Tpaduueckuii MmaTepuan 0ohOPMIICH C JIEMEHTAMHA 3aMETHBIX OTCTYII-
JICHUH OT MPUHATHIX TpeOoBaHMA. Bo BpeMst 3alUThl CTyIEHTOM IpOsIBICHA Orpa-

HUYCHHAA HAyUHAas OPyAULHs.

HOpH}IOK 3allIMThI MIPOCKTA

3ammTa COCTOUT B KOPOTKOM JIOKJIJI€ CTY/ACHTA IO BBINOJHEHHOU paboTe u
B OTBETax Ha BOIIPOCHI IPUCYTCTBYIOIIMX Ha 3anuTe. HaydHblil pyKOBOOUTEND Xa-
paktepusyeT paboTy CTyAeHTa HaJl KypCOBBIM MPOEKTOM.

Pe3ynbpTraTel 3a0uThl KypCOBOTO IIPOEKTA, COMIACHO AeicTByromemy Ilomo-
YKEHHUIO O TEKYIIEM KOHTpPOJIE U npomexyTouHor arrectanuu B CKOVY, onenuba-
10TCs MU PepeHIIMPOBaHHON OTMETKOM Mo MATHOAIbHOM cucteme. OlLieHKa Kyp-
COBOI0 IPOEKTAa 3aHOCUTCS B 3a4ETHYIO KHHMXKKY CTyJIE€HTa M 3a4€THO-

9K3aMCHAIIMOHHYIO BEAOMOCTD.

BaIlII/ITa KYPCOBBIX IIPOCKTOB, MPEAYCMOTPCHHBIX y‘l€6HBIM IJIaHOM, TIPOBO-
AJUTCA HC MMO3JHCC, YCM 3a ABC HCACIM JO Hadalla BaquHO'BKBaMeHaHHOHHOﬁ CceC-

CHH.

CryneHT, He NPEICTABUBIIMI B YCTAHOBIECHHBIA CPOK KYpPCOBOM IPOEKT
WM HE 3alUTUBIIMI €ro MO0 HEYBAXWUTEIBHON MPUYUHE, CUMTAECTCS HMEIOUIUM
aKaJEMHYECKYIO 3a10JKEHHOCTb.

KypcoBbie TpOEKThI, MPEACTABISIIOIINE TEOPETUUECKUM M TPAKTUYECKUUN
WHTEpeC, CJIeAyeT NPeICTaBIsATh Ha KOHKYPC B CTYJECHUYECKHE Hay4YHbIe O0IIeCTBa,

KOH(EpEeHLIUH, OTMEYaTh MPUKA30M MO0 YHUBEPCUTETY.
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BrinonneHHbIe pa6OTLI IMOCJIC UX 3alIUThI JOJDKHBI XPAHHUTBHCS HaA Ka(bez[pe B
TCUCHHE 2 JC€T, HC CUHTad roga HallkuCaHus, 3aTCM pa6OTBI, HC MMPCACTABJIAIOIIHNC

U1t KaeIpbl UHTEPEC, YHUUTOXKAIOTCS 1O aKTy.

Cnucok pekoMeHIyeMoii JINTepPaTypsbl

OcHoBHas JauTEparypa:

13. KoGener A.B. Pexumbl paGoThl 3JIEKTPOIHEPTETUUECKUX CHUCTEM
[DnexTpoHHBIN pecypc] : yueOHOe mocobue /i 0akaaaBpOB U MaruCTPOB HaIlpaB-
neHus «2nektpolaHepreruka» / A.B. Kobenes, C.B. Koueprun, E.A. [leyarun. —
DNEeKTPOH. TEKCTOBbIE AaHHble. — TaMO00B: TamMOOBCKUI roCcyJapCTBEHHBIN TEX-
Huyeckuii yausepeuret, 9bC ACB, 2015. — 80 ¢. — 978-5-8265-1411-5. — Pe-
xuM gocrymna: http://www.iprbookshop.ru/64564.html

14. Pycuna, A. I'. banancel MOIIHOCTH U BBIPAOOTKU DJIEKTPOIHEPTUU B
3JIEKTPOIHEPIETUUYECKON CUCTEME : yueOHO-MeToanuyeckoe nocodue / A. I'. Pycu-
Ha, T. A. ®ununnosa. — HoBocubupck : HoBocuOupckuii rocygapcTBEHHBIN TeX-
HU4eckuil yauBepcutet, 2012. — 55 ¢. — ISBN 978-5-7782-1935-9. — Teker :
ANIEKTPOHHBIN // DnekTpoHHO-OMOMMoTeunast cucrema IPR BOOKS : [caiiT]. —

URL: http://www.iprbookshop.ru/45078.htm

15. Amnanunuena, C. C. AHaiM3 3J€KTPOIHEPTETUUECKUX CETeH U CUCTEM B
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ExarepunOypr : Ypanbckuit henepanbusiii yausepcutet, ObC ACB, 2016. — 176
c. — ISBN 978-5-7996-1784-4. — Tekcr : 2AEKTpOHHBIA // DIIEKTPOHHO-
OubIMoTeUHast cucreMa IPR BOOKS : [caift]. — URL:
http://www.iprbookshop.ru/65910.html

16. ®aneera, I'. A. IIpoekTupoBaHue pacrpeaeIuTeIbHbIX JICKTpUYe-
CKUX cetrel : yueOHoe mocodue / I'. A. daneesa, B. T. ®equn ; mox penaxiueii B.
T. ®egun. — Munck : Beimiimnas mkona, 2009. — 365 ¢. — ISBN 978-985-06-
1597-8. — TekcT : 35eKTpOHHBIN // DnekTpoHHO-OMOMMoTeyHas cuctema IPR

BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/20124.htmi
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nocobue / A.®. IllatanoB [u ap.]. — DIEKTPOH. TEKCTOBBIC HaHHBIE. — CTaBpo-
noib: CTaBpONOIbCKUI TOCYNApCTBEHHBINM arpapHblii yHuBepcuteT, AI'PYC,
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texHnueckoil nokymentaunu TEXOKCIIEPT
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Ilpunoscenue 1

Cnpaesounvie 0anHble no 6b100py u pacuemy

6bICOKO60/1bmMHbIX npoeodos

Ta6mumna I11.1 — HopmupoBaHHbBIe 3HaUEHUSI SKOHOMHYECKOH TIJIOTHOCTH

IIpoBoauuku TLIOTHOCTD TOKA ju, A/MM?,
npa Tmax, 4/rox
1000...3000 3000...5000 6oiee 5000

Hemzomposannbie

TIPOBO/IA Y IIIMHBL
MeHbBIE 2,0 1,7 1,4
ATFOMVHUEBBIE 1,0 0,9 0,8

Kabem ¢ 6ymMaxHOM POMUTaHHOM
HU30JISLHCH C KUJIAMU:
MEIHBIMA 2,4 2,0 1,6
AJTFOMAHUEBBIMU 1,3 11 1,0
Kabenu ¢ pe3nHOBOII 1 m1acTMacco-
BOW M30JIALIMEN C JKUIIAMU:

MEIHBIMA 2,8 25 2,2
AJTIOMUHUEBBIMU 15 14 1,3

Tabmuma 11 1.2 — VcmoBus BeIOOpa ceYeHUS MPOBOAA O MEXAHHMYECKOM

MIPOYHOCTH
Xapakrepu- MHHHMAJILHO I0NYCTHMOE CeYeHHe NPOBOI0B, MM
cruka BJI QIIOMUHHUEBBIX U U3 HE- | U3 TepMOOOpPAOOTAaHHOTO |CTajeato- | CTAIbHBIX
TEpMO0OpPabOTaHHOTO AIIOMHUHHEBOTO CIJIaBa |MUHHUEBBIX
IIOMHHHEBOTO CIUIaBa
BJI B paitonax
IO TOJIONIEY: A0
I 70 50 35 35
n-1v 95 50 50 35
V u 6osee - - 70 35
BJI na nByx-
LEMHBIX
onopax 35 kB u
BBIIIIE B . 120

Tabnuna I[11.3 — IIpoBepka BRIOpaHHOTO CEUEHUS M0 YCIOBUSM KOPOHBI

Hanpsiokenue, kB 110 150 220 330 500 750 750
Komn-Bo mpoBosioB B daze 1 1 1 2 3 4 5
Fin xop, MM* 70 120 240 240 300 400 240
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Tabnuma I11.4 — Tabnuna QOMYyCTHUMBIX TOKOB AJII BBIOPAHHBIX CEUEHUU

IPOBOJIA
F, mvP 35 50 70 95 120 150 185
N 175 210 265 330 390 450 510
F mvP 240 300 330 400 500 600 700

b, A 610 690 730 825 945 1050 1180
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Ilpunoscenue 2

Cnpagounvie 0anHnble no 6b100py U pacyemy CUui08bIX MPAHCHopMamopos

Tabmuma I12.1 — Tpexdasubie 1Byx0OMoTOUHBIE TpaHchopmaTopsl Ha 110

Pacuemmnwvie
I(amaﬂoofcubte ()aHHble
Som Ilpeoenwv dannvie
Tun MBA| Peymu- Uson 00Momok, AP | Po | 1 |Re | X5, |40
Pocantx «B Ui % KBm|kBm| % |Om | Om |kBAp
BH HH
* 0/f-
TMH-2500/110 |2,5 +10*1,5% 1106,6;11 10,5 [22 |55 |1,5 |42,6/508,2|37,5
8*1,5%
TMH- LS 0 .
6300/110 6.3 |£9*1,78% |115/6,6;11 105 |44 [11,5(0,8 [14,7[220,4(50,4
TAH- - .
10000/110 10 |+£9*1,78% |(115|6,6;11 10,5 [60 |14 0,7 |7,95|139 |70
TAH- 780 |
16000/110 16 |£9*1,78% |115|6,5;11 10,5 |85 (19 (0,7 |4,38|86,7 |112
6,3/6,5;
II;%(%OT/}E;@) 25  |+9%1,78% |1156,3/10,5; 10,5 120 |27 10,7 |2,54|55,9 |175
10,5/10,5
TIHX- ot o
25000/110 25 |£9*1,78% [115|27,5 10,5 120 |30 (0,7 [2,5 |55,5 |175
T .5 .
40000/110 40 |£2%2,5% [121|3,15:6,3:10,5 |10,5 {160 |50 |0,65|1,46|38,4 |260
TPJIH- . 6,3/6,3; .
40000/110 40 |+9*1,78% [115/6,3/105;  |105 (172 (36 |0,65|1,4 (34,7 |260
10,5/10,5
6,3/6,3;
g&%ﬁio 63 |£9*1,78% [115|6,3/10,5; 10,5 (260 |59 (0,6 |0,87|22 |410
10,5/10,5
6,3/6,3:;
g&%ﬁf& 63 |£9*1,78% |1156,3/10,5,  |10,5 245 |59 |06 08 (22 [378
10,5/10,5
TAL- . nc.
80000/110 80 [+2%2,5% |1216,3;10,5:13,8 |10,5 {310 |70 0,6 |0,71]19,2 |480
TP/ILIH- 6,3/6,3;
80000/110 80 |£9*1,78% |115(6,3/10,5  |10,5 {310 (70 (0,6 (0,6 |17,4 |480
(TPAIIHK) 10,5/10,5
TAL- %7 50
125000/110 125 |+2%*2,5% |121/10,5,13,8 10,5 400 |120 |0,55|0,37|12,3 |687,5
TPJILH- ot oo
125000/110 125 |+9*1,78% |115|10,5/10,5 10,5 400 |100 |0,55]0,4 |11,1 |687,5
TAL- . P
200000/110 200 |+2%2,5% |121|13,8;15,75;18 |10,5 {550 |170 [0,5 |0,2 |7,7 [1000
TAL- .
250000/110 250 |+2%2,5% |121{15,75 10,5 |640 [200 [0,5 |0,15(6,1 |1250
TAL- *9 50
400000/110 400 |+2%2,5% 12120 10,5 {900 [320 [0,45(0,08|3,8 (1800
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kB

Kamanoorcnvie oannvie
Tun Suon; MBA Uuon, 06Momok, kB Ux,%
BH CH HH B-C B-H C-H
TMTH-63000/110 6,3 115 38,5 6,6;11| 10,5 17 6
TJATH- 10000/110 10 115 38,5 6,b;11 10,5 17 6
TJITH- 16000/110* 16 115 38,5 6,6;11| 10,5 17 6
TJITH- 25000/110 25 115 | 11;38,5 [ 6,6;11 | 10,5 17,5 6,5
TATHX- 25000/110 25 115 |38,5:27,5 6’%?; 10,5(17)| 17(10,5) | 6
TJITH- 40000/110* 40 115 11;2§;38’ 6,6:11 |10,5(17)| 17(105) | 6
TJITHK- 40000/110 0 | 115 2753550 10507)| 17(108) | 6
TJTH-63000/110*
63 115 38,5 6,6;11 | 10,5 17 6,5
(TAIHT)
TJITH-80000/110* ]
(THLITH, TIIITHK) 80 115 | 385 |6,6;11 | 11(17) |18,5(10,5)|7(6,5)
Taomuma I[12.2
[Tponomxkenue Tabmuup 112.2
Tun Kamanoorcnoie Pacuemmnwie oannovie
OanHble
APK, Px, I 0/ RT, OM XT, OM AQX,
kBm |kBm | " [BH | CH |HH| BH | CH | HH |xBAp
TMTH-63000/110 58 14 1,2 9,7 19,7 19,7 |225,7 |0 131,2 75,6
TJITH-10000/110 76 17 10 5 5 5 142,2 |0 82,7 10
TJTH-16000/110* {100 23 1,0 26 [(*26(2,6 |88,9 0 52 160
TJITH-25000/110 140 31 0,7 15 |15 |15 [56,9 0 35,7 175
TATHK-25000/110 |140 |42 |09 |15 |15 |15 |57  |0(33) |33(0) |225
TJTH- 40000/110* {200 43 0,6 0,8 10,8 10,8 |355 0(22,3) |122,3(0) (240
TJITH)K- 40000/110 [200 |63 |0,8 |09 |09 |09 |355 |0(20,7)|20,7(0) |320
TJTH-63000/110* {290 56 |0,7 05 |05 (0,5 (220 |0 13,6 441
(TAIHT)
TTH-80000/110* |[390 |82 |06 |04 |04 |04 |18,6 |0(10,7) |11,9(0) |480
(TJLTH, TALTHK) (21,7)

*[Ipu Xt oomorku CH, paBHOM Hymo, ooMoTkn HH wm3roraBmmBarotcs c

Usoun, paBubIM 6,3 uinu 10,5 kB.

Ilpumeuanue. Bce tpanchopmaropsr umeror PITH +9*1,78% B wmelitpanu

BH 3a uckmtouenuem tpanchopmaropa THJTXK-40000 ¢ PTTH +8*1,5% na BH.
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Tabmuma 112.3 — Tpexdasnapie n1ByxoOMoTOUHBIE TpaHchopmaTopsl Ha 150

kB
Tun Suon, | IIpedenni Kamanoowcnote oannvie Pacuemmnvie oan-
MBA| pezynu- Hble
posanus Uson 00Momox, kB U% [ APy, | APKx | Ly, | R, | X1, | 40x
BH HH kBm| Bm | % | Om | Om | kBAp
TJIH- 16 |+8*1,5% |158 6,6;11 11 |85 |21 0,8 |8,3 |172 (128
16000/150

TPAH- 32 [£8*%1,5% |158 5,3/6,3;6,3/10,510,5/1 {105 (145 |35 (0,7 (3,54 (82 |224
32000/150 0

TPH- 63 +8*1,5% |158 5,3/6,3;6,3/10,510,5/1 {10,5 |235 |59 0,65(1,48 (41,6 (410
63000/150 0
TLL (TALD)- (250 |- 165 10,5;13,8;15,75 11 640 |190 (0,5 (0,3 [12 (1250
250000/150

Ilpumeuanue.

PerynupoBanue Hatpsixenus ocyuectsisiercs 3a cuet PIIH B meitpanu BH

(tpancdopmatopsl 16-63 MBA) unu I1bB (tpanchopmartop 250MBA).

Tabmuua 112.4 — Tpexdasubie 1ByxoOMOTOUHbIE TpaHchopMmaTopsl Ha 220

kB
Tun Suom, | Ilpeoensi Kamanoswcuvie oannvie Pacuemnuie
MBA | pezyau- oanHvle
posanua | U,,, oomomok, | U% | APy, | APy, | |, Rr, | X7, | 40
kB kBm |kBm| % | Om | Om | kBAp
BH HH
TPJIH- 40 +8%1,5% (230 |11/11; 12 170 |50 (0,9 |56 |158,7 |360
40000/220 6,6/6,6 .
TPLH- 63 +8%1,5% (230 |11/11; 12 300 (82 (0,8 |3,9 |100,7 |504
63000/220 6,6/6,6
TAL- 80 +2*2.5% (242 |6,3; 10,5; |11 320 (105 |06 |2,9 80,5 |480
80000/220 13,8
TPLIH- 100 +8%1,5% (230 |11/11; 12 360 (115 |0,7 |19 63,5 |700
100000/220 38,5
TAL- 125 +2%2.5% (242 _ 11 380 (135 |05 |14 |51,5 |625
125000/220 105138
TPLIH- 160 +8%1,5% (230 |11/11; 12 525 (167 (0,6 |1,08 |39,7 |960
160000/220 38,5
TAL- 200 +2*2.5% (242 |13,8; 11 580 (200 (0,45 |0,77 |32,2 |900
200000/220 15,75; 18
TOL- 250 - 242 _ 11 650 (240 |0,45 |0,6 |25,7 |[1125
250000/220 138; 15,75
TAL- 400 - 242 |13,8; 11 880 (330 |04 0,29 |16,1 (1600
400000/220 15,75; 20
TI- 630 - 242 _ 12,5 (1300 (380 (0,35 |0,2 (11,6 |2205
630000/220 15,75;20
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Ilpunoscenue 3

Cnpagounvle oannwle no pacuemy

KoHcmpykmueHou ywacmu BJI

Tabnuua [13.1 — ®u3nko-MexaHUYECKHUE XapaKTEPUCTUKU CTalleaTIOMHHE-

BBIX IPOBOJIOB BJI

Xapakrepuc- Ceuenne nposoga F, mm?
THKA MPOBOJa 70 95 120 150 185 240 300 400
JNuamerp d, Mmm 114 13,6 152 171 188 21,6 24 27,5
Bec P, H/xm 274 384 471 600 728 921 1132 1490
E-10°, H/mm? 8,25 8,25 8,25 8,25 8,25 7,7 7,7 7,7

«-10°,1/°C 192 | 192 | 192 | 192 | 192 | 198 | 198 198
[Gomn ], H/mm? 116 | 116 | 130 | 130 | 130 | 122 122 12,2
RN 8,7 8,7 8,7 8,7 8,7 8,1 8,1 8,1
[ J» H/Mn? 116 | 116 | 130 | 130 | 130 | 122 | 122 12,2

Tabnuna I13.2. — Ou3nKo-MeXaHUYECKUE XapaKTEPUCTUKU CTAIBHBIX IPO30-

3aIIUTHBIX TpocoB BJI

XapaKkTepucTHKA Tpoca Ceuerme Tpoca F, wwt

35 50 70
Juametp tpoca d, MM 8,0 9,1 11,0
Bec tpoca P, H/km 330 417 623
E-10°, H/mm? 20,0 20,0 20,0
a-107°,1/°C 12,0 12,0 12,0
[0, ], H/MM? 60,0 60,0 60,0
[Oora], H/Mm? 42,0 42,0 42,0
[ e 1 H/MM? 60,0 60,0 60,0

Tabmuna [13.3 — PazMepsl yHUDUIIMPOBAHHBIX KEI€300€TOHHBIX U CTaIb-

HBIX IIPOMECKYTOYHBIX OITIOP

Onopa Puc. H,m h._, m h,.,, m h ., m h,, m

[135-1 [1.3.2,a 21,0 3,0 14,0 4,0 -

[135-2 I1.3.2,6 23,0 3,0 12,0 4,0 -
[1b35-1* I1.3.1,a 22,6 2,0 155 3,0 3,0
I1635-3* I1.3.1,a 22,6 2,0 14,5 4,0 3,0
[1635-2* I1.3.1,6 22,6 3,7 12,5 3,0 3,0
[1635-4* I1.3.1,6 22,6 3,7 10,5 4,0 3,0
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I1110-1 [1.3.2,a 25,0 2,0 19,0 4,0 -
I1110-3 [1.3.2,a 25,0 2,0 19,0 4,0 -
I1110-5 [1.3.2,a 28,0 3,0 19,0 6,0 -
I1110-2 I1.3.2,0 31,0 4,0 19,0 4,0 -
I1110-4 I1.3.2,0 31,0 4,0 19,0 4,0 -
I1110-6 I1.3.2,6 35,0 4,0 19,0 6,0 -
I16110-1 I1.3.1,a 22,6 2,0 145 3,0 3,0
I16110-3 I1.3.1,a 22,6 2,0 14,5 3,0 3,0
I16110-5* I1.3.1,a 22,6 2,0 14,5 4,0 3,0
I16110-2* I1.3.1,6 22,6 2,7 135 3,0 3,0
I16110-4 I1.3.1,6 26,0 3,0 135 3,0 3,3
I16110-6* I1.3.1,6 22,6 2,7 115 4,0 3,0
I16110-8* I1.3.1,6 26,0 3,0 135 4,0 3,3
I1220-3 [1.3.2,a 36,0 4,0 255 6,5 -
[1220-2 I1.3.2,0 41,0 5,9 22,5 6,5 -
[16220-1* I1.3.1,a 26,0 2,5 16,0 5,5 3,3

Hpumeuanue. Pazvep N ot Touku moaseca Tpoca 10 BepxHeii TpaBepchl y

)KeJ1e300€ TOHHBIX OIIOp, OTMCYCHHBIX CUMBOJIOM *, BKJIFOYAET B ceOs pa3MEp Tpo-

coctoiiku (cM. puc. I1.9).
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Pucynox I1.3.1 — Pazameps! yHUGDUIIMPOBAHHBIX KEIT€300€TOHHBIX

OJIHOLICTTHBIX (@) ¥ IBYXILEMHBIX (0) MPOMEKYTOUYHBIX OTIOP
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Pucynoxk I1. 3.2 — Pazmeps! yHUGDUIIUPOBAHHBIX CTATBHBIX

OJIHOLIENHBIX (@) U ABYXLENHBIX (0) IPOMEKYTOUHBIX OMIOP

Ta6nuna 113.4 — Ob6nacth npUMEHEHUsS YHU(DUITMPOBAHHBIX >KeJIe300€TOH-

HBIX U CTAJIBHBIX ITPOMCIKYTOYHBIX OITIOP

Onopa Ceuyenne npo- Paiion o rosiogeny I'abapuTHbIii nposer 1r, M
BOJa, MM
[135-1 70 LIV 295,235,180,145
95 I, v 310,255,195,165
120 I, v 320, 270, 205, 175
150 I, 1, 1IvV 330,280,215,185
[135-2 70 1LV 260, 200, 170, 130
95 I, 1 v 280,230,180,150 290,
120 I, 1 v 240, 190, 165 300,
150 I, 11, 1V 255, 200, 175
[1b35-1 95 I, 325, 265,
150 I, 1 340,315
[1635-3 95 1, 1v 205, 175
150 1, 1y 255,215
[1635-2 95 I, 255,215
150 I, I 265, 255
I1b35-4 95 ", v 145, 120
150 ", 1v 175, 150
I1110-1 70 I, 355, 260
95 I, 11 375, 305

211



Omnopa

Ceuenmne nmpo-
2

Paiion no roJioJsieny

I'aGapuTHbIi mpoJet 11, M

BO/Ia, MM
I1110-3 120 L1 405, 345
150 (M 405, 365
185 (M 405, 380
240 I, 11 395, 380
I1110-5 70 ", 1v 225, 190
120 ", 1v 290, 285
150 ", 1v 310,265
185 I, 1v 325, 280
240 I, 1v 330, 290
I1110-2 70 11l 355, 280
95 I, 11 375, 305
I1110-4 120 11l 405, 345
150 I, 11 405, 365
185 I, 11 405, 380
240 I, 11 395, 380
I1110-6 70 95 I, 1Iv 225, 190
120 I, 1Iv 250,210
150 I, 1Iv 290, 245
185 I, 1Iv 310,265
240 ", 1v 325, 280
", 1v 330, 290
I16110-1 70 11l 275,215
95 I, 11 285, 240
120 I, 11 300, 270
150 I, 11 300, 285
I16110-3 185 11l 305, 295
240 I, 11 295, 285
I16110-5 70 95 ", 1Iv 175, 145
120 ", 1Iv 195, 165
150 ", 1Iv 225, 190
185 ", 1Iv 240, 210
240 ", 1Iv 305, 295
", 1v 295, 295
I16110-2 70 11l 250, 200
95 I, 11 260, 220
120 I, 11 275, 250
I16110-4 120 11l 275, 250
150 I, 11 275, 260
185 I, 11 275, 275
240 I, 11 275, 275
I16110-6 70 ", 1v 135,110
95 I, 1v 150, 125
120 I, 1v 170, 145
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Omnopa CeueHue nmpo- Paiion no roJioJsieny I'aGapuTHbIi mpoJer 1r, m
BO/Ia, MM?
I16110-8 150 I, 1v 225,190
185 ", 1v 235, 205
[1220-3 300 LA LV 520,490,430,380
400 I, 11, 1V 520,475,435,390
[1220-2 300 LA LV 470, 440, 385, 345
400 I, 11, 1V 465, 425, 390, 355
[16220-1 300 LA LTV 310,310,280,230
400 I, 11, 1V 310,310,280,220
[16220-3 300 111 320,320
400 I, 320,320

Ipumeuanusa. bykBeHHO-IUPPOBOE 0003HAUCHHE OTIOP:

IT - mpomexyToUHas onopa;

b - ’xene3ob0eroHHas onopa;

OTCYTCTBUE BTOPOW OYKBBHI - CTallbHAsA ONOPA;

110 (220) - onopa s muaun Hanpsbkeauem 110 (220) kB;

1...8 - HOmMep omopbl (HedeTHbIE HMUQPHI - OMopa OJHOIETHAs, YETHHIC -

JIBYXIIEITHAS ).

Ta6numna I13.5 — PacueTHble KIMMATUYECKU YCIOBUSI

Paiion no Berpy W, naH/m? (V, m/c) Paiion no ro.so- b, mm
Jeny

| 40 (25) I 10

Il 50 (29) Il 15

11 65 (32) Il 20

\Y 80 (36) [\ 25

V 100 (40) \ 30
VI 125 (45) Vi 35
VIl 150 (49) Vil 40

0COOBIN BhIe 1500 (Beie 49) 0COOBIN Bh1Ie 40

Tabmuna [13.6 — Haumenbiiee nomycTUMOE pacCTOSHHE OT MPOBOJA O

3EMIIN
XapakTep MeCTHOCTH I'abaput BJI, hr, M, npu HanpstkeHnn
10 35 kB 110xB 220 xB
Hacemnennas 7 7 8
Henacenennas 6 6 7
TpymHOIOCTYITHAS 5 5 6
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Tabnuma I13.7 — 3nauenus kordpounuentoB K u Ky yunTeiBarommx muzme-

HCHHUC TOJIIWHBI CTCHKHU T'OJIOJICAA OT BBICOTBI PACIIOJIOKCHUS IIPUBCACHHOI'O LICH-

Tpa TAKCCTHU ITPOBOJAOB U OT JUAMCTpPaA IIPOBOAA

Pup,M Ki d, Mmm Kd
10 25 1,0 1o 10 1,0
30 1,4 20 0,9
50 1,6 30 0,8
70 1,8 50 0,7
100 2,0 70 0,6

ITpumeuanue. [[1si MpOMEXyTOUHBIX BBICOT hy, 3HaueHus K03(pPuIeHTOB

Ki u Ky onpeaensitorcst TMHEHHON HHTEPIIOJISIITHEH.

Ta6mumna 113.8. — KoadduimeHnt, yuutsiBaromii U3MEHEHHE BETPOBOTO

JaBJICHHA 11O BBICOTC B 3aBUCHMMOCTH OT THIIa MCCTHOCTHU

Hup, M Koy punuent Ky 15151 THIIOB MeCTHOCTH
A B C
no 15 1,0 0,65 0,4
20 1,25 0,85 0,55
40 1,5 1,1 0,8
60 1,7 1,3 1,0
80 1,85 1,45 1,15
100 2,0 1,6 1,25

Ta6nuna I13.5. — XapakTepUCTUKH MOJIBECHBIX U30JISITOPOB

H3soasTop Pa3p. mexan. | Bec, Beicora, | Ko.1-B0 H30/1SITOPOB B THPJIsSIH]IE,
Harpyska, kH H MM LT, IPU HANIPSAKEHUH
35 kB 110xB 220 xB
[1d-60 60 65 167 3 7 13
[1d-160 160 86 173 3 6 11
[1d-200 200 128 194 3 - 10
I1C-60 60 41 130 3 8 14
I1C-120 120 80 140 - 7 13
I1C-160 160 90 170 - 6 12
[1C-220 220 108 200 - - 10
I1C-300 300 142 190 - - 11
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Ilpunoscenue 4

Ta6numna I14.1 — BapuanTsl 3aaHuii Ha KypcOBOE MPOEKTUPOBAHUE

Noe | P1 [ Pou |P3 | Q1 | Q2 | Q3 |T, Ly L (L |Ls |yp |P-H |P- | Omi | Oma| O
Bap | H H H H H Jac K 2 3 rono- H n°C | x°C | °C
. M nen BE
Tep
1 1012 |15| 5 6 8 (380 | 5|7 (49 |1, | I [-15| 38 |145
0 0|00 2
2 |12 15 |18 | 6 7 9 (480 |4 6|7 ]80]1, 1| I |-18| 35 | 85
0 0|00 2
3 9 |12 |16 |45 | 6 8 [550 | 3 |5 (3|70 |1, | HI |1 |-20| 40 | 10
0 0|00 2
4 |11 14. |17 |55 | 7 8 [520 | 4 | 3 |5 |85 1, 1| Il [-15]| 30 |75
5) 0 0|00 2
5 14|17 | 25| 7 8 |12 1590 | 4 |54 |70 (1 | I I -5 | 40 | 17,
0 |5]0]0 2 5
6 | 18] 22 |28 9 11 {14 {360 | 5 (4 |6 |90 |1, 1| I |-20| 35 |75
0 |5]5]|0 2
7 12024 |30(10 | 12 | 151|410 | 6 | 6 | 3 | 70 | 1, | | -7 | 34 | 13,
0 |0|5|5 2 5
8 |19 25|27 ]9 12 {13 /590 |4 |6 |3 |85 1, 1| I | -10| 38 | 14
0 |0]O0]O 2
9 | 22|28 |30 |11 | 14 | 151|360 | 5|7 (4 (8|1, | IN I -8 | 40 | 16
0 |0]0]O0 2
10 |25 29 |32 |12 | 14 |16 (450 | 5 |6 |3 | 70 | 1, 1| I |-17 | 34 | 85
0O |5]0]0 2
11 (24| 26 |28 |12 | 13 [ 14 (490 | 4 |5 |3 |80 | 1, | I | -15| 40 | 12,
0O |0|0]O 2 5
12 1 9 | 14 120 | 4 7 101|510 | 5|7 |4 |90 |1, 1| i | -10| 30 | 10
0 0|00 2
13 110 20 |30 | 5 10 |15 (620 | 5 | 6 | 4 | 80 | 1, 1| I |{-10| 40 | 15
0 0|00 2
14 |15 20 | 25| 7 10 |12 (610 | 6 | 7 |5 |75 |1, | Wl |1l |-20| 44 | 12
0 0|00 2
1511122 |30 | 5 11 |15 (420 | 4 | 5| 3 | 90 | 1, I i | -5 | 30 | 12,
0 0|00 2 5
16 |15 18 |28 |75 | 9 |14 (320 6 |6 |5 | 70 | 1, 1| I {-10| 30 | 10
0 0|00 2
17 118 25 |30 9 |12, 1151|480 |6 | 7|5 |80 1, I I [-20| 30 | 5
5 0 0|00 2
18 |20 25 |27 |10 |12, 113|580 |4 |6 | 3|90 1, 1| I |{-10| 40 | 15
5 0 0|00 2
19 |10] 12 |20 | 5 6 |10 430 | 5|7 |4 |10 | 1, | I | -15 | 31 8
O l0|O0O|O| 0|2
20 120 25 |30 |10 |12 | 151|560 | 6 | 5|4 |80 1, 1| I {-20 30 | 5
0 0|00 2
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Ilpunoscenue 5

MuHucTepcTBO HAYyKH U BbICcIIero o0Opa3oBanus Poccuiickoii denepanuu
«CEBEPO-KABKA3CKHUU ®EJEPAJIBHBIN YHUBEPCUTET»
Haruropckunii uHcTUTYT (puauan) CKOY

KA®EIPA ®U3UKU, JJIEKTPOTEXHUKHU U JJIEKTPOOHEPI'ETUKHU

KYPCOBOMU IMPOEKT

110 JIMCIMIIINHE
«IIEKTPOIHEPIeTHUCCKHUE CUCTEMBI B CETHY
Ha TEMY:
«I[IpoekTHpoBaHye 3aMKHYTON PAHOHHOM DIEKTPUUECKON CeTH (BapuaHT - )»

Beinosiani:

CTYAEHT 3 Kypca rpyIbl

HaIpaBJICHUS TIOJITOTOBKHU
13.03.02
dbopmbl  0OyUeHUS

(moamuce)

PykoBoaguresb padoThbl:

(®UO, nomxHOCTH, Kadeapa)

Pabora gomyieHa K 3auure

(MOAMUCh PyKOBOJUTEIIS) (mara)

Pabota BeITIONTHEHA 1
3alIUIIEHA C OL[EHKOMN JlaTa 3amuThl

YneHbl KOMUCCUM: TOLEHT Kadheapsl DOud
(momxHOCTB)  (TMOAMUCH) (N1.0. damunus)

noreHT kadbeapsr DOuD

[Iaturopck. 20
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MMHUCTEPCTBO HAVKH U BBICIIIET'O OEPA30BAHM S POCCUCKOM
OEJEPALINU
denepanbHOE TOCYAaPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKACHUE
BBICIIETO 00pa30BaHUs
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBIN YHUBEPCUTET»
[Iaturopckuit uuctutyt ($punmuan) CKOY

MeTtoauyeckue ykazaHusi
110 OPraHU3aIUK U TPOBEICHUIO CAMOCTOSITEIIBHOM pab0ThI
no muciumumae «JIEKTPOOHEPTETUYECKUE CUCTEMBI U CETHW»
JUISL CTY/ICHTOB HAIPaBJICHUS TIOJrOTOBKH
13.03.02 DneKTpoIHEPreTHKa U JICKTPOTEXHUKA

[Tsturopck 2025 r.
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Conepxanue

Beenenue

OOm1ast XapaKTepUCTUKA CaMOCTOATEIBHOM pabOThl 00yJaloLIerocs Mpu u3yde-
HHUHN AUCHUIIINHBI ((BJIGKTPOE)HCPFGTI/ILIGCKI/IC CHUCTEMBI U CCTH»

[Tnan-rpaduK BHINOTHEHUS CAMOCTOSTEIBHON PabOTHI

KoHTpoJIbHBIE TOYKH U BHJIBI OTYETHOCTH 110 HUM

Meroauueckre peKOMEHIAIMH 110 H3YYECHHIO TEOPETHYECKOTO

Marepuaia

Crucok peKOMeHyeMOi TUTEpaTyphl.

218



Beenenne

CaMocrosiTenpHass paboTa — mIaHupyemasi yaeOHasi, yueOHO-UCCIIeIOBaTeIbCKas, Hayd-
HO-HCCIIe/IoBaTeNIbcKasi paboTa CTYJIEHTOB, BBHINOJHSEMass BO BHEAYAUTOPHOE (ayIUTOPHOE)
BpeMs 10 3aJlaHUI0 M MPH METOJUYECKOM PYKOBOJCTBE MpENojaBareis, HO 0€3 ero Hernocpea-
CTBEHHOT'0 y4yacTHs (IpH YaCTUYHOM HEMOCPEICTBEHHOM Y4YaCTHH IpernojaBaTelis, OCTaBIsio-
IIeM BEAYILYIO POJIb 32 paboTO# CTYyIEHTOB).

CamocrosiTenpbHass pabora cTyneHTOB B BY3e sBiseTcs BaXHBIM BHIAOM YYEOHOM M
Hay4HOU JEATEIbHOCTH CTYICHTA.

Benymas uens opranuszauuu u ocyuiectienus CPC nomkHa coBmagaTh C 1eNbl0 00y-
YeHHSI CTY/ICHTA — MOATOTOBKOW 0akanaBpa ¢ BeicmuM oOpasoBanuem. [Ipu opranuzanun CPC
BaXHBIM M HEOOXOJMMBIM YCJIOBHEM CTAHOBATCS (DOPMUPOBAHHE YMEHHUS CAMOCTOSTEIbLHOU pa-
OOTHI A1l TPUOOPETEHHSI 3HAHUH, HABBIKOB M BO3MOKHOCTH OpPTaHM3alUM YIeOHOH M Hay4HOH
JESTEIIbHOCTH.

Lenbto caMOCTOSATENFHOM PA0OTHI CTYACHTOB SBISIETCS OBIIAJCHUE (PYHIAMEHTATLHBIMU
3HAHUSAMHU, TPOPECCHOHATBHBIMU YMEHUSMHU U HABBIKAMU JIEATEIHHOCTHU MO MPOQUIIIO, OMBITOM
TBOPYECKOH, MCCIIE0BATENLCKOM NesTenbHOCTH. CaMocTosITenbHas paboTa CTYACHTOB CIIOCO0-
CTBYET DPa3BUTHIO CAMOCTOATEIHHOCTH, OTBETCTBEHHOCTH M OPraHHU30BAHHOCTH, TBOPUYECKOTO
M0JIX0/1a K PELICHUIO Po0JeM Y4eOHOTo U MPOPECCHOHAIBHOIO YPOBHSI.

1. OBIIASI XAPAKTEPUCTHUKA CAMOCTOSATEJBbHOM PABOTHI
OBYYAIOHIETI'OCHA ITPU U3YUYEHUU JUCHUITJINHBI
QJIEKTPOOHEPTETUYECKHUE CUCTEMbI U CETW»

K coBpemeHHOMY clieranucTy o0IIeCTBO MPeIbsIBISIET JOCTATOYHO IUPOKUN NepedeHb
Tp€6OBaHI/II\/’I, Cp€ar KOTOPLIX HEMAJIOBA)KHOC 3HAYCHHUEC UMCCT HAJITMYHNEC Y BBIITYCKHHUKOB OIIpCIc-
JIEHHBIX CHOCOOHOCTEH M YMEHHs CaMOCTOATENbHO A0OBIBATh 3HAHMSA U3 PA3IMYHBIX MCTOYHU-
KOB, CHCTEMaTU3UPOBATh MOJYYEHHYI0 HH(POPMAIUIO, 1aBaTh OLEHKY KOHKpETHON (hrHaHCOBOM
curyauuu. @opMupoBaHHe TAaKOrO YMEHHs HNPOMCXOJUT B TE€UEHHE BCEro Iepuoja oOydeHUs
4Uepe3 ydyaCTHEC CTYACHTOB B MPAKTUUYCCKUX 3aHATHUAX, BBIITOJITHCHNEC KOHTPOJIbHBIX SaI[aHI/Ifl u TC-
CTOB, HalMCaHHE KYPCOBBIX M BBIMYCKHBIX KBalnH(UKALMOHHBIX paboT. [Ipu stom camocTos-
TeJIbHAs paboTa CTYJEHTOB UIPAET PEIIAIOLIYI0 POJIb B XO/I€ BCET0 y4eOHOro mpoluecca.

@opMbI caMOCTOSTENBFHON pabOThI CTYAEHTOB pa3HooOpasHbl. B cooTBeTcTBHM C pabdo-
4yeil mporpaMMoil TUCHUIUIMHBL «DJIEKTPOIHEPreTUUECKUE CUCTEMbI U CETHU» MPEeTyCMOTPEHBI
CJIEAYIOIINE BUBI CAMOCTOSTENIbHON pabOThI CTYACHTA!

- CAaMOCTOSITEJIBHOE N3YUEHHE JTUTEPATYPHI;
- CaMOCTOSATENBHOE PELICHUE 3a/1a4;
- BBIIIOJIHEHUE KYPCOBOI'O MPOEKTA U KOHTPOJIbHOM pabOTHI.

Ileny camocmoamenvnozo u3zyuenua aumepamypsbl — CaMOCTOSATEIBHOE OBJIA/ICHUE
3HAHUSIMH, OTIBITOM HCCIIEI0BATENBCKON AESTEIbHOCTH.

3aoauamu CaMOCTOATEIIBHOIO U3yUYEHUS JTUTEPATYPHI SABIISIFOTCS:

o yriIyOJieHHe U pacIiipeHne TeOPEeTHUECKUX 3HAaHUH;

o dbopMupOBaHHE YMEHHI HCMOJIb30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPABOYHYIO
JOKYMEHTALMIO U CIIELMAIIBHYIO JTUTEPATYPY;

. pa3BUTHE MO3HABATENBHBIX CIIOCOOHOCTEN M aKTUBHOCTHU CTY/IEHTOB.

Llenv camocmoamenvrnozo pewienun 3a0ay - OBlaiIcHUE NPOPECCUOHAIBHBIMU YMEHUSI-
MH U HaBBIKAMH JIESITEITBHOCTH 110 TPO(HII0 OyAyIIeH NeITeIbHOCTH.
3aoauamu caMOCTOSITENILHOTO PEIICHHUS 3a/1a4 SIBJISIFOTCSL:
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L4 CUCTCMAaTU3alud U 3aKPCIUICHUC TTOJTYYCHHBIX TCOPCTUYCCKUX 3HAHUU U IpaKTu-
YECKUX YMeHI/Iﬁ CTYACHTOB,

J (GbopMUPOBaHHE CAMOCTOSATEIBLHOCTH MBIIUICHUS, CIIOCOOHOCTEH K camMOpa3BH-
THIO, CAMOCOBEPILIEHCTBOBAHUIO U CaMOpeaIu3aluy;
J pa3BUTHE UCCIIEIOBATEILCKUX YMEHUH.

Lenvto camocmoamensnozo 6bIn0OIHEHUA KYPCOBO20 NPOEKMA IO TUCIUIUINHE SBIISET-
CA OBJIaACHHUC (l)yHI[aMCHTaHBHBIMI/I 3HaHUAMH, HpO(bGCCI/IOHaJIBHBIMI/I YMCHHAMU W HABBIKAMU
JeATEIFHOCTH 1O TPO(UITIO, OIIBITOM TBOPYECKOH, MCCIIEIOBATENBCKOMN JIESITETBHOCTH.
3adauamu 1aHHOTO BUJA CAMOCTOSATENBHON pabOThI CTYACHTA SBISAIOTCSA:

. CHUCTEMaTU3alMsl U 3aKPEIUICHUE MOIYYEHHBIX TEOPETUUYECKUX 3HAHUM U MPAKTH-
YECKUX YMEHUH CTYJEHTOB;

. yriIyOJieHHEe U paclIupeHne TEOPETHUECKUX 3HAHUH;

. dopmMupoBaHHE yMEHHI HCIIOIB30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPABOYHYIO
JOKYMEHTALMIO U CIIELUAIIBHYIO JIUTEPATYPY;

. pa3BUTHE MMO3HABATEIBHBIX CIIOCOOHOCTEH U aKTUBHOCTU CTYACHTOB: TBOPUYECKOU
WHULUATHUBBI, CAMOCTOATEIBHOCTH, OTBETCTBEHHOCTH Y OPIraHU30BAaHHOCTH;

. dbopMUpOBaHHE CAMOCTOATEIBLHOCTU MBIIUIEHUS, CIIOCOOHOCTEH K camMOpa3BH-
THIO0, CAMOCOBEPIICHCTBOBAHUIO M CAMOpEaIN3allly;

. pa3BUTHE UCCIIEN0BATEIBCKUX YMEHUH;

. HCIOJIb30BaHNE MaTepuaja, COOpaHHOrO U MOJyYEHHOTO B XOJE CAMOCTOSITENb-

HBIX 3aHATUH HA CEMHHApaX, HA IPAKTHYECKUX M JTAOOPATOPHBIX 3aHATHIX, IPHU HAITUCAHUH KYyp-
COBOM pabOTHI.
B pe3ynbrate 0CBOCHUS TUCIUTUIHHBI (DOPMUPYIOTCS CIICIYIOIINE KOMIICTCHITUH:

Kon, popmynmposka Kox, popmynupoBka unaukatopa | Ilnarampyemsie pe3yinbTaThl

KOMIIETEHITHH 00ydYeHUs IO TUCITUILTNHE
(MonyIi0), XapakTepu3yro-
e dTanbl GOPMUPOBAHUS
KOMHCTGHHI/H\/JI, HHJUKAaTOPOB

3HaeT ¢cXeMBI 1 OCHOBHOE

WJT-2r1c-1 Beibupaer THmoBsie po- | 000pyI0BaHHE dIEKTPHHe-
€KTHBIE PEIICHUSI CUCTEM JJIEKTpO- | CKUX CETEH, IPOCTLIC KOH-

CHaOXXeHUS CTPYKIOHUH SJICKTPOSHCPIrETH-
YEeCKUX 00BEKTOB IMUTAOIIUX

9HEPTOCUCTEM.

Brnaneetr metomamMu BBI60pa

T1K-1 Crioco6eH y4acTBo- U COCTABJICHHS CXEM JJICK-
TPUYECKUX CETei, HaBhIKaMU
BaTh B IPOEKTHPOBAHUH ,
P p WJ1-3rik-1 O6OCHOBBIBACT BBIGOD | 1 oo o MPOEKTHPOBAHHS

apamMeTPOB IEKTPOOOOPYAOBAHUS | o EKTPHUECKHX CeTeii i

CHCTEM DIIEKTPOCHA0KEHUS, yIH- YMEHMEM TPABUITBHO BHIOH-
ThIBasA TCXHUYCCKHUE OIrPaAaHUYCHUA PaTh HIEKTPUUECKHE CXEMBI

C y4€TOM 0COOEHHOCTEH MX
paboThl U TpebOBaHUIA TO-
TpeOuTenei.

CHCTEM 3JIeKTpocHabke-
HUA

YMeeT uconb30BaTh OCHO-
BBl TCOPUU NIEPEAAYU U pac-
IIPEACIICHUS DIIEKTPUYECKON
SHEPTUH IIpU PELICHUH 3a4a4

NJ-5nk-1 leMoHCTpHpYyeT HOHUMa-
HHE B3aUMOCBSI3H 3314 MIPOCKTHU-
POBaHHMS ¥ SKCIUTyaTallul CUCTEM
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AIEKTPOCHAOKEHUS

MPOCKTUPOBAHUS AJIEKTpUUE-
CKUX ceTel

WN-1nk-2 PaccuntsiBaeT napamer-
PBI IIEKTPOOOOPYAOBAHUS CUCTEM
AEKTPOCHAOKEHUS

YMeeT 000CHOBEIBATH TEX-
HUYECKHUE PEIICHUS TIPH pa3-
paboTKe CXeM pacrpeene-
HUS U TIepeaadn dJIeKTpruIe-
CKoil sHepruu. Brageer
HaBBIKAMH pacyeTa napa-
METpPOB 3JIEKTPO0OOPYI0Ba-
HUS CUCTEM 3JICKTPOCHA0-
JKEHUS

I1K-2 CrocoOeH aHaIHu3HU-
pOBaTh PEKUMBI PaOOTHI
CHCTEM 3JIEKTpOCHa0Ke-

HHUS

N/1-2nk-2 PaccunThiBaeT pesxumMbl
paboThI CUCTEM DTIEKTPOCHAOKEHUS

3HaeT TEXHUYECKHUE U DKO-
HOMHUYECKUE PACUEThl, CO-
BpEMEHHBIE aHATUTHYCCKUE
METOAbI KOMIIJIEKCHOI'O HH-
’KEHEPHOTO aHaJIH3a.

Brnaneer HaBbIKamMu TEXHHU-
KO-DKOHOMUYECKUX PAaCUETOB
PEXKUMOB pabOTHI CUCTEM
AIIEKTPOCHAOKEHHUSI.

N-5mk-2 [IpumenHsieT HHKEeHEPHO-
TEXHUYECKHE PACUETHI AJIs pelle-
HUS 3a7a4 podeccuoHanbHOM nes-
TEIbHOCTHU

YMeeT npoBOJIUTh HHIKEHEP-
HO-TEXHHYECKHUE PACUETHI C
MOMOIIIBIO TPOTPAMMHOTO
oOecrieyeHus

Brnaneer HaBBRIKAMH HCIIOJIb-
30BaHMS IPUKIAJIHBIX TTPO-

TpaMM JIJIs1 BHITIOJIHEHUSI HH-
KEHEPHO-TEXHUYECKUX pac-
YeTOB B po(heccoHanbHOM

cdepe

2. TINIAH-TPA®UK BBINIOJHEHUA CAMOCTOATEJBbHOM PABOTBI

Ounas dhopma o0yueHus

Kogn OObeM 4acoB, B TOM YHUCIIE
peanusyem
oii . CPC Konrakr- | Beero
Hrorossrit
KOMITETEHII Bun — CpencrtBa n Has
eATEeIbHOCTH TEXHOJIOTHU
- g CTYIECHTOB CaMOCTOATEH oleHKn* padora ¢
(MHHKaTOP A HOM paboThI npernoa-
a) BaTeJIEM
S cemecTp
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CaMocTosTeNb- Koncmekr Co0OecenoBanue 67,05 7,45 74,5
mK-1 | Hoe U3y4CHUE
JUTEPATypPhl IO
WJI- | pazgenam Ne 1-5
21 | IloaroroBka k OtueTt o CobecenoBanue 7,29 0,81 8,1
nJI- nabopaTopHBIM nabopaTopHOM
3mk-1 | paboram pabore
n- »
By ITonroroBka k Pemennas [TuceMeHHBIH 4,86 0,54 54
MPAKTUICCKAM 3aja4a OTYET O
[1K-2 | 3aHATHAM pelesuu
THUIIOBBIX,
fUI_ Pa3HOYPOBHEBBI
I/IIT)Ij([-Z X 3a7a4
2rik-2 | Beimonnenue Otuer CobecenoBanue 18 2 20
KOHTPOJIbHOU MMHUCbMEHHBIN
paboThl
Hroro 3a
97,2 10,8 108
S cemecTp
6 cemecTp
CamMmocTosITEIb- Koncmekt CobecenoBanue 16,98 2,22 19,2
HOE U3yUYCHHE
TK-1 JIMTEpaTypel 11O
WJT- paznenam Ne6-9
21K IToaroroska x Oruer no CobecenoBaHue 1,8 0,2 2
WJI- 1a00paTOPHBIM nabopaTopHOI
3y | PaboTam pabore
WJI- ITonroroBska k Pemennas ITuceMeHHBIH 1,62 0,18 1,8
SriK-1 MPAKTHYECKUM 3a7a4a OTYET O
[K-2 | 3aHATHAM pelIeHun
THIIOBBIX,
na- Pa3sHOYPOBHEBBI
lnk-2 X 3a/1a4
N-
2k, | BBIMONHEHHE ITpoekr ¢ ITpesenTanus 12 1 13
KYpPCOBOTO TIpO- pe3eHTAIHCH MIPOeKTa
eKTa
Hroro 3a
32,4 3,6 36
6 cemecTp
Hroro 129,6 14,4 144
OuHo-3a04yHas popma 00yUeHHs
Kon peanu- | Bun gesrens- | Utorosbiii Cpencrea u Obbem 4acos, B TOM 4HCIIe
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3yeMoi HOCTHU CTYJEH- | MPOAYKT CaMO- | TEXHOJIOTUHU CpPC Konrtakt- | Beero
KOMIICTEH- | TOB CTOSATEIILHOM o1eHKu* Has
- 3
1y (MHIA paboThI paGora ¢
Karopa)
npernojaa-
BaTelIeEM
5 cemectp
Camocro- | Koncnekr CobecenoBanue 1271 16,9 144
ATEJIBLHOE U3y4e-
K-1 HUE JINTEePATYPhI
e 1o pazzaesam Ne
21IK-1 | 1-5
I:;Ié[{(_ 1 IToaroroska k | Oryer o na- CobecenoBanue 1,08 0,12 1,2
WJI- J1a00paTOPHBIM OopaTopHOU
STIK-1 paboram pabote
TK-2 IToaroroska k | Pemennas 3a- ITuceMeHHBbIH 0,72 0,08 0,8
MIPAKTHYCCKHM Jaya OTYET O pele-
nJI- 3aHATUAM HUH TUIIOBBIX,
1TIK-2 pa3HOYpOBHE-
na- BBIX 3a1a4
2T1K-2
Brimonne- | Otyer  much- | CobecemoBanue 14 2 16
. | MEHHBII
HUE KOHTPOIBHOM
paboTsl
Hroro 3a
1429 19,1 162
5 cemectp
6 cemectp
Camocro- | Koncnekr CobecenoBanue 63,66 10,74 74,4
[K-1 ATEIBHOE U3yde-
na- HUE JIUTEePATypPhI
2T1K-1
WJI- o pazzaenam Ne6-
3[IK-1 |9
NJ-
51IK-1 | HHoaroroska K | Oruer oo na- CobecenoBanue 2,16 0,24 2,4
1ab0paToOpHBIM 6opaTtopHOi
IIK-2 | pa6oram pabote
na- IToaroroska Kk | Pemennas 3a- ITnceMeHHBIH 1,08 0,12 1,2
1TIK-2 MTPAKTUICCKHM JaJa OTYET O pele-
NA- 3aHATHUIM HHUH TUIOBBIX,
2TIK-2 pa3HOYpOBHE-
BBIX 3a7a4
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Brimonaenue [TpoexT ¢ mpe- [IpesenTamnms 36 4 40
KypCOBOIO  IIpO- 3eHTalUen IIPOCKTa
eKTa
Hroro 3a
102,9 151 118
6 cemecTp
Yroro 245,8 34,2 280

3. KOHTPOJIBHBIE TOYKHU U BU/JIbI OTYETHOCTHU IO HUM
B pamkax peHTHHTOBOW CUCTEMBI YCIIEBAEMOCTh CTYJICHTOB IO KaXKI0W TUCIMILIMHE OIICHU-
BAaCTCA B X01€ TCKYILICI'O KOHTPOJIA U HpOMe)I(yTOqHOﬁ arrecranuu.
[Tpu npoBeneHNH TEKYIIEr0 KOHTPOJIS PEHTUHTOBas OIICHKA 3HAHUI CTYJCHTa OICHHBACTCS
CJICYIOIIUM 00pa3oM:

No Bun nesarenbHOCTH CTYIEHTOB Cpoku KonnuectBo
/1 BBITIOJIHCHUSI 0aymioB
5 cemectp
1. 3amuTa 1a00paToOpHBIX padoT. 6 Henens 10
YCTAHOBUBIINECS PEXNMBbI
PACIHPEJIEJIMTEJIbHBIX SJIEKTPUYECKUX
CETEU
2. 3amura naboparopHeix padot PEI'YJIMPOBAHUE 10 Henens 15
HATIPAXKXEHUA B PACTIPEJJEJIMTEJIBHBIX
DJIEKTPMYECKUX CETAX
3. CobecenoBanre PacueT moTokopacmnpeeieHus 14 nenens 30
aKTUBHON MOIIIHOCTH, BBIOOP HOMHHAIBHOTO
HaIPSOKEHUS JTMHUI
Hroro 3a 5 cemectp 55
6 cemectp
4, 3amura adboparopHeix pador. OITHUMU3ALINS 6 Henmens 10
PEXXMMA MECTHOU PACTIPEJEJIUTEJIbHOUN
DJIEKTPUYECKOU CETHU
5. 3amura adboparopeix padbor OUTUMUBALIMA 10 Henemns 15
PEXXMMA PAMOHHOU PACITPENEJIUTEJIbHOU
DJIEKTPUYECKOU CETHU
6. CobecenoBanue DaeMEHThI TPOSKTUPOBAHUS 14 nepens 30
AIIEKTPUYECKHUX CETEH
Hroro 3a 6¢cemectp 55
Uroro 110
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MaxkcumanbHO BO3MOXHBIHM Oali 3a BECh TEKYIIMI KOHTPOJIb YCTaHABIMBAETCS paBHBIM 55. Te-
KyIllee KOHTPOJIbHOE MEPOIPUATHE CUYATAETCS CIAHHBIM, €CIIM CTYIEHT IOJIYYHII 3a HErO HE Me-
Hee 60% OT yCTaHOBJICHHOTO IS TOr0 KOHTPOJI MaKCUMalIbHOTO Oasuia. PedTuHroBBIi Oa,
BBICTABIIIEMBII CTYICHTY 3a TEKYyILEe KOHTPOJIbHOE MEPOIIPUATHUE, CAAHHOE CTYACHTOM B yCTa-
HOBJICHHBIE TPa(h)UKOM KOHTPOJIbHBIX MEPOIIPUATHI CPOKH, OIIPEEIIETCS CIEeTYIOIIM 00pa-
30M:

YpoBeHb BbINOJIHEHUSI KOHTPOJIBHOIO PeiiTunrossbiii 6a/1 (B % 0T MaKCHMAJIbLHOIO
3aaHus 0aJu1a 32 KOHTPOJIbHOE 3a/1aHUeE)
OTnnvHbBINA 100
Xopomui 80
Y 1OBIIETBOPUTEIBHBIN 60
HeynosnerBopurenbHbIi 0

4. METOAUYECKHUE PEKOMEHJIAIIUU 110 U3YEHUIO TEOPETUYECKOI'O
MATEPHAJIA

CamocrosiTenbHast paboTa CTYJEHTa HaYMHAETCA ¢ BHUMATEJIbHOIO O3HAKOMIIEHUS C CO-
JepKaHueM y4eOHOro Kypca.

N3ydeHne kaxxJ10il TeMbI CI€1yeT HAUMHATh C BHUMATEIbHOI'O 03HAaKOMJIEHHsI C HA0OpOM
BONpocOB. OHU OPUEHTHUPYIOT CTYAEHTA, MIOKA3BIBAIOT, YTO OH JOJDKEH 3HATh I10 JaHHOU TeMe.
Bormpockl TeMbl kak Obl HAaKJIaJbIBAIOTCSI HA COOTBETCTBYIOILYIO TJIaBy M30paHHOrO yuyeOHMKA
WK yyeOHoro nocobus. B utore 10mkHO ObITH ACHBIM, KaKH€ BOIIPOCHI TEMbI y4eOHOr0 Kypca U
C Kako# IiyOMHOM pacKphIThl B KOHKPETHOM y4eOHOM MaTepuaie, a Kakue BOOOILE OIYIICHBHI.
Tpebyercs TBOpUECKOE OTHOLIEHUE U K CAMOMY COJIEPKaHHUIO TUCIUILIIMHBL.

Bomnpocsl, cocTaBnsiomuye ee coaepxkanue, 00J1ajaloT pa3HOU CTENEHbI0 BaXKHOCTH. EcTh
BOIIPOCHI, BBIMOJHSIOMINE (YHKLUIO JIOTHYECKON CBA3KH COJEp’KaHMs TeMbl U BCEro Kypca,
MMEIOTCSI BOIPOCHI ONUCATENBHOTO WIN Pa3bsCHUTEIBHOTO XapaKTEPA, & TAKKE UCTOPUUYECKOTO
JKCKypca B 00J1acTh M3ydaeMoi JUCHUIUIMHBL. Bce 3TH BONPOCH! HE COCTABISIIOT CYTH MOHSATHIMA-
HOT'0, KOHIIENITYaJIbHOTO COJIEP>KaHUS TEMbI, HO HEOOXOIUMBI JIJIsl IEJIOCTHOTO BOCTIPUSTHS U3Y-
4aeMBbIX MPOOJIEM.

N3yuaemas nuCHMIUIMHA MMEET CBOM KAaTerOpHAIbHO-NIOHATUHHBIN anmapar. Haydnbie
HOHATUS — 3TO Ta 0a3a, Ha KOTOPOM CTpouTCs KakJas Hayka. [IoHATHS — y370BBIE, OTIOPHBIE
MYHKTBl KaK Hay4YHOT0, TaK U y4eOHOro MO3HaHUsI, JOTMYECKHE CTYIEHU JABM)KEHUS B yuede OT
IPOCTOTO K CJIOXKHOMY, OT SIBJIEHUS K CYIIHOCTU. be3 sicHOro moHumMaHnus NOHATHH yueba KpaiiHe
3aTpyaHSETCS, a CO/Iep KaHUe TPUOOPETEHHBIX 3HAHUI CTAHOBUTCS TYCKJIBIM, PACILJIbIBYATBIM.

CTyZneHT JOKEH IOHHMMAaTh, YTO CaMOCTOSITENBHOE OBJIAJICHHE 3HAHMSMM SBIISETCS
[JIaBHBIM, OIpeesstonM. Briciias mkosa co3aeT A 3Toro HeoOXoIMMBbIE YCIIOBHUS, TOMOTra-
eT OyayueMy BbICOKOKBAIH(UIIMPOBAHHOMY CIELMATMCTy OBJIAZETh TEXHOJOTHEH caMoCTOs-
TEJIbHOTO TPOU3BOJICTBA 3HAHUM.

B camocrosTensHON paboTe CTyAeHTaM MPUXOJUTCS HCIIOJIb30BaTh JIUTEPATypy pasiny-
HBIX BHJIOB: IMEPBOMCTOYHUKH, MOHOTpapuu, Hay4dHble COOPHUKH, XpEeCTOMAaTHH, YYEOHUKH,
yueOHble 1ocoOus, KypHalbl U Jp. M3yueHue Kypca mpenanoyiaraeT 3HaKOMCTBO CTYAEHTOB C
007bIIMM 00BbEMOM HAay4HOH M yueOHOW JHUTEpaTypbl, UTO, B CBOIO OUYe€pellb, TOPOKIAET HEOO-
XOJJMMOCTb BBIPAOOTKH Y HUX PAllHOHAIbHO-KPUTHYECKOTO TOIX0/1a K U3y4aeMbIM HCTOYHHKAM.

UToOBl HE «YTOHYTh» B OTPOMHOM 00BbEME PEKOMEHJIOBAHHBIX MY JJIsl U3Y4YEeHUS UCTOU-
HUKOB, CTYJEHT, IIPEXE BCETO, JODKEH HAYUUThCA MPABUIBHO UX 4uTaTh. [IpaBuibHOE uTeHNE
PEKOMEHIOBAaHHBIX MCTOYHUKOB IPEIOJIAraeT CICJOBAHNE HECKOJIbKUM HECIIOXKHBIM, HO BECh-
Ma MOJIE3HbIM IIPaBUIIaAM.

IIpenBapuTENBHBII NPOCMOTP KHHUIM BKJIKOYAECT O3HAKOMIICHHE C THUTYJIBHBIM JIMCTOM
KHUTH, aHHOTAIMeH, MPEIUCIOBUEM, OryaBieHueM. [Ipu o3HaKOMIICHHH C OTJIaBJI€HHUEM HE0O0-
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XOJJMMO BBIACTHUTH pa3jieibl, IN1aBbl, naparpadsl, MPeACTaBIAIONINE Uil BaC UHTEPEC, OErio ux
IPOCMOTPETh, HAUTH MeCTa, OTHOCALIMECS K TeMe (al3allbl, CTpaHULIbl, Taparpadsl), U MO3HAKO-
MUTBCS C HUIMU B OOIIMX YEPTax.

Hayunble U31aHus CONPOBOXKIAIOTCS Pa3IMYHBIMU BCIIOMOTraTeIbHBIMU MaTepUalaMu —
Hay4YHBIM aIllapaToM, IO3TOMY Ba)KHO 3HaTh, U3 KAKMX OCHOBHBIX 3JIEMEHTOB OH COCTOMT, KaKo-
BBI €T0 () YHKIIUH.

3HAKOMCTBO C KHUI'OM JIydllle BCETO HAUMHATH C U3YYEHUs aHHOTAIlMM — KpPaTKOW Xa-
PAKTEpUCTUKU KHUTH, PACKPBIBAIOIIEH €€ colepKaHKue, UAECHHYI0, TEMAaTHUYECKYIO U KaHPOBYIO
HaNpaBJIEHHOCTh, CBEJCHUS 00 aBTOpE, Ha3HAUYECHUE U JAPYrHe 0COOCHHOCTH. AHHOTAIHMS MTOMO-
raeT COCTaBUTh IIPEBAPUTEIILHOE MHEHUE O KHUTE.

I'my0xe NoHSTH coAepKaHNE KHUTH TO3BOJISIOT BCTYIUTENbHAS CTaThsl, B KOTOPOH JaeT-
Csl OLIEHKA COJIpKAHUs KHUTH, 3aTparuBaeMoi B Heil mpoOieMaTHKH, COAEPKUTCS MH(pOpMaIus
0 XKM3HEHHOH M TBOPUYECKOH Omorpaduu aBTOpa, BBICKAZBIBAIOTCS IOJEMHUYECKUE 3aMEYaHMS,
Pa3bsCHAIOTCS OT/ENbHbIE MOJO0XKEHUS KHUTH, JAl0TCA KOMMEHTapuu U T.1. BoT mouemy 3Ha-
KOMCTBO C BCTYIHUTEJIBbHOH CTaTheil MPENCTaBISETCSI OUE€Hb Ba)KHBIM: OHO IIOMOIA€T CTYAEHTY
COPHEHTUPOBATbCA B TeKCTe pabOThl, 0OpaTUTh BHUMAHUE Ha €€ HauboJiee LICHHbIE M Ba)KHbIE
pa3aensl.

Toit ke enu cofecTByeT 3HAKOMCTBO C OIJIaBJIEHUEM, IPEAUCIOBUEM, IIOCIECIOBUEM.
BecbMa nosie3HbIMU 37€MEHTaMU HaY4YHOT'O anrnapaTa SBJISIOTCS CHOCKM, KOMMEHTapuu, Taliu-
1bl, rpaduKy, COMCKU JuTeparypbl. OHU HE TOJBKO WJUIFOCTPUPYIOT OTAEIbHBIE MOJOXKEHUS
KHUTH WJIN CTAaThH, HO M CaMH O ce0e SIBIISIOTCS TOTOJHUTEFHBIM HCTOYHUKOM MH(OPMALUu
JUI YATATeNIs.

Ecnu yuratens 3auHTEpecoBana Kakas-TO BbICKAa3aHHAas aBTOPOM MBICIIb, HE Hallle/Iiast
HOJPOOHOr0 OCBEIIEHUS B JAHHOM HCTOYHUKE, OH MOXKET OOpaTHThCS K TEKCTY MCTOYHHKA,
YIIOMHHAEMOTO B CHOCKE, JTHOO K MCTOYHHKY, KOTOPBI OH MOYKET HAWTH B CIIUCKE JIUTEPATYPHI,
PEKOMEHI0BAaHHOM aBTOPOM JIJIsl CAMOCTOSITEIILHOTO U3yUYEHHUS.

Cy1iecTByeT HECKOJIBKO ()OPM BEJICHUSI 3aITUCEH:

— 11aH (IPOCTOM U pa3BepHYTHIN) — Hanbosee KpaTkas GpopMa 3anucu NpOUYUTaHHOTO,
IpeJICTaBIsIoNIasl coO0i MepeueHb BOIPOCOB, pacCMaTpUBAaEMbIX B KHUIe WM cTathe. Pa3zBep-
HYTBIH TJIaH MpEeCTaBIseT coOoi Oosiee MOAPOOHYIO 3alMCh MPOYUTAHHOTO, C JeTaau3anuen
OTJIEIbHBIX TOJIO’KEHUI U BBIBOJOB, C BBIMUCKON LIUTAT, CTATUCTUYECKHUX JIaHHBIX U T.JA. Pa3Bep-
HYTBIN JIJaH — HEOLIEHUMBII MOMOIIHUK IIPU BBICTYIUIEHUH C JOKJIAJJOM HAa KOHKPETHYIO TEMY
Ha CeMHUHape, KOH(pepeH1uuy;

— TE3UChl — KPaTKo CHOPMYJIMPOBAHHBIE MOJIOKEHUS, OCHOBHBIE IOJIOKEHUSI KHUTH,
ctatby. Kak mpaBuiio, T€3MChl COCTABISIIOTCS MOCIE MPEABAPUTEIHLHOTO 3HAKOMCTBA C TEKCTOM
VCTOYHUKA, NIPU €r0 NOBTOPHOM Ipo4TeHHU. OHHM NOMOTalOT 3allOMHUTh U CUCTEMATU3UPOBATh
MH(pOpMaIHIO.

CocraBiieHHe KOHCIIEKTOB

Bonpuiyro posib B yCBOGHMM M MOBTOPEHUHU MPOMIEHHOTO MaTepuajga UrpaeT XOPOIIMi
KOHCIIEKT, COJIEpKallliii OCHOBHbIE HJIeH MIPOYUTAHHOTO B YUEOHHUKE U YCIIBIIIAHHOTO B JICKIUH.
Koncnekt — 3710, 110 cymiecTBy, HaOpOCOK, pa3BEPHYTHIN IJIaH CBSI3HOTO PaccKasa Mo OCHOBHBIM
BOIIPOCAM TEMBI.

B kakoli-To Mepe KOHCIEKT paccuuTaH (B 3aBUCUMOCTH OT MHJIMBUIYaJIbHBIX OCOOEHHO-
CTEH CTyJIeHTa) HE TOJIbKO Ha MHTEIUIEKTYaJbHYIO M YMOLMOHAIBHYIO, HO U Ha 3pUTENIbHYIO Ma-
MSITh, IPUYEM TEKCT KOHCIEKTa HEPEIKO aCCOLIMMPYETCS €Ille U C TEKCTOM y4eOHMKA WM 3aIlu-
cbio Jiekuuu. [ToaToMy jerde 3amoMuHaeTcs cojJiepKaHue KOHCIEKTOB, HAMCAHHBIX pa30opuu-
BO, C OJUEPKUBAHUEM WUJIU BBIJICTICHUEM Pa3psIKON KITFOUEBBIX CIIOB U ppa3.

CamocCTOATeNbHO M3YyYEHHBIE TEMbI MPEJOCTAaBIAIOTCS INpernoaaBarento B (Gopme KoH-
CIIEKTa, II0 KOTOPOMY IMPOUCXOAUT cobeceroBaHue. TeopeTHueckue TeMbl Kypca (OTIeNbHbIE
BOIIPOCHI), BBIHOCUMBIE HAa CAMOCTOSATEIbHOE N3YUYEHHUE, IIPECTABICHBI HUXKE.
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METOAUYECKHUE YKA3AHMUA 11O BBIIIOJIHEHHUIO KYPCOBOI'O ITPO-
EKTA

KypcoBoii mpoekT - 3TO CaMOCTOSATEIBHOE HUCCIEAOBAHUE CTYICHTOM ONPEACIICHHON
po0JIeMbl, KOMITJIEKCa B3aMMOCBSI3aHHBIX BOIPOCOB, KACAIOIIUXCSI KOHKPETHOM TEMBI.

BoinonHeHne KypcoBoro poeKkTa HAUMHAETCS C MOJIYYEHHs BapUaHTa 3aJaHUs U TEMBI.

3areM CTYIEHT MPUXOAMUT Ha MEPBYIO KOHCYJBTALMIO K PYKOBOJAUTENIO, KOTOpas Mpey-
CMaTpHUBAET:

- 00cyX/IeHre 1eNU U 3a7a4 paboThl, OCHOBHBIX MOMEHTOB IIPOEKTA;

- KOHCYJIbTHPOBAHUE 110 BOIIPOCaM I000pa JIMTEPATYpHI;

- COCTaBJICHHE IIPEIBAPUTEIHHOTO IJIaHa;

- cOCTaBJICHUE rpaduKa BHIMOIHEHUS KyPCOBOTO MIPOCKTA.

Crnenyroum 3tanom siBisiercs pabora ¢ nuteparypoil. Heobxoaumas nutepatypa no-
OupaeTcs CTYAEHTOM CaMOCTOSITEIBHO.

[Tocne moxbopa nuTeparypsl 1enecoo0pa3Ho cAenaTh padounii BapHaHT IJIaHa pabOTHL.
B HEeM HY)XHO BBIIEIUTH OCHOBHBIE BOTIPOCHI TEMBI M Taparpadpl, paCKphIBAIOLINE HX COJEpiKa-
HUE.

CocTaBlIeHHBII CHUCOK JMTEPATYpbl U IPEIBAPUTENbHbIM BapUaHT IJIaHA YTOYHSIOTCS,
COTJIACYIOTCSl Ha OYEePEHON KOHCYIbTAIIMH C PYKOBOIAUTEIEM.

3areM HauMHAETCs CIEAYIOLIUI 3Tan paboThl - U3yYEHHE JUTEpaTypbl. TOJIBKO BHUMa-
TEJIbHO YUTasi U KOHCIIEKTUPYS JIUTEPATYPy, MOKHO pa3o0paThcsi B OCHOBHBIX BOIIPOCAX TEMbI U
MOJTOTOBUTHCS K CAaMOCTOSITEIbHOMY (aBTOPCKOMY) M3JI0KEHHUIO COAEPKAHUSI KypCOBOrO IIpo-
eKTa.

CucremaTuzanuss M aHajlu3 M3YYEHHOM JMTEpaTypbl MO3BOJSIOT CTYIEHTY HaIlHUCaTh
HEPBYIO (TEOPETUYECKYIO) YaCTh.

Jlanee B COOTBETCTBHM C METOJUKOMN BBINOJHEHHS KypCOBOTO IMPOEKTa MPOU3BOASTCA
CBSI3aHHBIE C TPOEKTUPOBAHUEM DJIEKTPUUECKUX CETEH: BRIOOP paIlMOHATBHOTO BapUaHTa CXEMBbI
CeTH U MapaMeTpoOB JIMHUW 3JIEKTpOIepeiadl U MOHIKAIOIMIKX MOJACTAHIUI AJIs 3JIEKTPOCHA0-
JKEHUSI TPEeX MYHKTOB MOTPEOJICHHs 3JIEKTPOIHEPTUH; aHAIH3 XapaKTePHBIX yCTAHOBUBIIHXCS
PeXUMOB pabOThl CIPOEKTUPOBAHHOMN CETH; OIpe/EIeHHE OCHOBHBIX TEXHMKO-3KOHOMHUYECKUX
MOKa3aTesel CIpOEKTUPOBAHHOM CETH.

Pabouwnii BapuaHT TeKkcTa KypCOBOTO MPOEKTa U IpapUUECKUd MaTepuan MPeaoCTaBsi-
eTcsl pyKOBOJIUTEIIO Ha MpoBepky. Ha ocHOBe pabouero BapuaHTa TeKCTa pyKOBOJUTEIh BMECTE
CO CTYZIEHTOM OOCY’K/1a€T BO3MOKHOCTH JOPAOOTKH TEKCTa, €ro 0hopMIICHHE.

ITocne nopaboTKu KypcOBOM MPOEKT caeTcs Ha Kadeapy JUlsl €€ OLIEHUBAaHUS PYKOBOIM-
TEJEM.

3amuTa KypcoBOTO MPOEKTa CTYAEHTOB MPOXOIUT B CPOKH, YCTAHOBJICHHBIE TpaduKoM
yueOHOro Impoliecca.

OcHoBHbIE 3Tarbl paboThl U TpeOoBaHMS K OQOPMIICHHUIO U 3alIUTE OTPAXKECHBI B METO-
JUYECKUX YKa3aHUSX 110 BBIMOJIHEHHUIO KYPCOBOTO IIPOEKTA.

Bomnpocsl 1u1s cobecenoBaHust

Bonpocs o pazaeny: «XapakTepUCTUKH U TapaMeTPhl JJIEMEHTOB 3JIEKTPOIHEPTETHUECKOM CH-
CTEMBI»

1. Kakoii cxemoit 3aMelieHnst peICTaBIsSeTCs IMHUS AJIEKTPOIepeaayu, IByXOOMOTOUHBIH
TpaHchopmaTop, TpeXoOMOTOUHBIH TpaHchopmaTop?

2. Uewm oTnmyaeTcs cxema 3aMelIeHusT BO3AYITHOW U KaOEeIbHON JTMHUH, BO3AYIITHOW JIMHUA

110 kB u BoItie oT Bo3aymHo# smHuu 35 kB, 10 kB, 6 kB, 0,38 kB?

3. Kak u3MEeHHUTCS aKTUBHOE CONPOTUBIIEHHE JIMHUY ITPU MOBBIIIEHUH TEMIIEPATyphbl OKPYKaro-
et cpeasi?
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4. Kakoe peakTHBHOE (MHAYKTUBHOE) COMPOTUBIICHHUE JIMHUY MPEANOYTHTEIbHEE — OOJIbIIee UITH
MEHBbIIIEE, U TOYeMy?

5. Kakoe BiustHue Ha paOOTy JTMHHUHU AJIEKTPOIEpEIadn OKA3bIBAET €€ PEaKTUBHAS IPOBOJUMOCTD
(3apsigHAs MOIITHOCTB)?

6. Kakoe cooTHOILIEHNE MEXKy AKTUBHBIM U PEAKTUBHBIM COIPOTUBJIECHUSIMU B BO3IYILIHON 1
KaOeNbHOM JINHUAX?

7. Kakue uCronbp3yioT yCIOBHBIE H300paKEeHUS IBYX -, TPEXOOMOTOUYHBIX CHJIOBBIX TpaHchopma-
TOPOB U aBTOTPaHCHOPMATOPOB?

8. Kak o603HavaroTcst THITBI CHIIOBBIX TpaHcdopmaTopoB? Kak pacimmdpoBeiBatoTcst OyKBBI B
0003HauEHMSIX TUIIOB TPaHC(HOPMATOPOB U aBTOTPaHC(HOPMATOPOB?

9. UTO OTHOCHUTCS K MACHOPTHBIM (KaTaJI0XKHBIM) JAHHBIM JIByXOOMOTOYHBIX TpaHC(HOPMATOPOB?
10. KakuMu cxemaMu 3aMeIIeHHsI MOJICITUPYETCS TBYXOOMOTOUHBIN TpaHchopMaTop?

11. Yem oTiMuaroTCsl KaTajaoXHbIC JAHHBIE IS IBYX- U TPEXOOMOTOYHBIX TpaHCHOPMATOPOB?
12. B yem cocTouT 0COOEHHOCTh pacueTa CONPOTUBIEHUH JUIsl TPEXOOMOTOYHOI 0 TpaHchopma-
TOpA 1O CPABHEHUIO C IBYXOOMOTOUYHBIM?

13. KakuMM KOHCTPYKTUBHBIMU ITapaMeTPaMHU JIMHUU MOXKHO BJIMSTh HA BEJIMUMHY €€ PeaKTHB-
HOT'O COIIPOTUBJIEHUS?

14. KakuMM KOHCTPYKTUBHBIMU IapaMeTpaMy BO3AYILHONW JTMHUM MOXHO BJIUATH HAa BEIUYHHY
€€ peakTUBHOU IPOBOJAUMOCTH?

Bormpocs 1o pasneny: «AHaU3 peKUMOB PAOOTHI JIEKTPUICCKHUX CETEH)

1. Yro moHMMaeTcs 1oji BpEMEHEM HCII0Ib30BaHMs HAMOOJIbIIEH MTOTHOMN, aKTUBHOW U PEaKTHUB-
HOU MOIIIHOCTEN?

2. Yro noHuMaeTcs 1oj BpeMeHeM HauOOoJIbIINX MTOTEPD MOJIHOM, aKTUBHON M pEaKTUBHOMN
MOIIHOCTEN?

3. Kak onpenenuts cpeiHEeKBaipaTUUHbIE TOK ¥ MOITHOCTh?

4. KakoBa ¢u3uyeckas Ipupoja NoTepb aKTUBHON M pEaKTUBHOM MOIIHOCTH B JIMHUSIX U TPaHC-
dbopmaropax?

5. Kak onpenenuts KIIJ] nuann snekrponepenaun?

6. BynyT 11 UMETh MECTO MOTEPH PEAKTUBHOM MOIIHOCTH B JIMHUU MPH Tiepeaaye Mo Hel TOIbKO
akTuBHOM MoutHocTu? [louemy?

7. BynyT 11 ©uMeTh MECTO IOTEPU aKTUBHOM MOIIHOCTH IIPH IIepeade 1o Hel TOJIBKO pEaKTHB-
HoM MomHocTH? [Touemy?

8. ByIlyT 1 B JINHUU 3JIEKTPOIIEpEayl MOTEPU aKTUBHON MOIIIHOCTH, €CJIM OHA BKJIIOUEHA C OJI-
HOW CTOPOHBI, a C APYTOM CTOPOHBI - pazoMkHyTa? [louemy?

9. KakoBo MoxeT ObITh HanOoJbIIIee 3HAUEHNE BPEMEHHU UCIOIb30BaHUS HAaMOOJIbIIEH HArpy3KH
¥ HauOoJIblee 3HaYeHUEe BPEMEHH MOTeph?

10. OT 4ero 3aBUCUT COOTHOLIEHWE HATPY30YHBIX ITOTEPh AKTUBHOW U PEAKTUBHOW MOITHOCTEN B
JUHUSX JIeKTponepeaaun’?

11. Kak u3MeHsTCSl TOTepr aKTHBHOMW MOIITHOCTH MPU HEU3MEHHOM Harpy3Ke MOTPeOUTeNs, eciu
K MUTAIOLIEMY €€ TpaHC(HOPMATOPy MOAKIIOYUTH HapallieIbHO BTOPOU TpaHCPOPMATOp C TaKu-
MU € apameTpamu?

Bomnpocsl o pasaeny «Pacdérel pexMMOB 3IIEKTPUUYECKHX CETEN»

1. KakoBbI 3a/1a4 3JEKTPUUECKOTO pacueTa JIEKTPUUECKON ceTr?

2. YUTo noHMMAIOT MOJ MaJeHUEM HAIpPsHKEHUS U OTepel HanpsHKeHUs ?

3. Kak onpenenuTs mpo0JIbHYIO U MTONIEPEUHYIO0 COCTABIISIONINE MTaICHUS HAMIPSDKCHUS?

4. Ilpu pacyere KakuX CETEH MOXKHO MPeHEOpeUb MOTEPSMHU MOITHOCTH Ha KOPOHY?

5. Ilpu KakuX UCXOTHBIX YCIOBUAX U KaK MPOU3BOIAT pacueT peKMMa JIMHUU AJIeKTporepeaadn
B JiBa dTamna?
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6. Ilpu pacueTe KakuXx ceTeil MOXKHO MpeHeOpeyb 3apsTHON MOIIHOCTBIO JTMHUHN?

7. Yrto npenacrapiset coboit moaHas [1-oO0pa3Hasi cxema 3aMelIeH s JIMHAK?

8. Kakas cxema 3amemenus tpancopmaropos HanpsbkenueM 110, 220 kB ucnonssyercs npu
pacyere pexuMOB CeTU?

9. Kak ocymiecTBisieTcs MpUBEACHUE HATPY30K K CTOPOHE BBICIIETO HAMpsHKEHUs TpaHchopma-
TOpOB?

10. B xakoit u3 1uHUINA, BO3AYIIHON WM KaOeTbHOMU, IPU OJIMHAKOBOM CEYCHUH, HOMUHAIIEHOM
HANPSDKEHUU U TIepeIaBaeéMOil MOLTHOCTH OYAYT MEHbIIIE TOTEPU aKTUBHOW U PEaKTHUBHON
MOIIIHOCTU?

11. Kakue MeToibl yalie BCero NCHoJb3yIOT JIJIsl pacueTa YCTAHOBUBLIUXCS PEKUMOB ITPOCTEM-
mux ceren?

12. Kak BAIMSIIOT 1aHHBIE O HArpy3Ke U HAPsDKEHUAX B y3JIaX Ha MOCIEA0BaTEIbHOCTh pacueTa
peKMMa pa3oMKHYTOM ceTtn?

13.KakoBa nociie10BaTeIbHOCTh pacyeTa peKUuMa pa30MKHYTOM CETH IIPH 33JaHUU HalPsHKEHUS
B €€ KOHEYHOM Yy3Jie?

14. B yeMm CymIHOCTh METO/IA pacyeTa pexxuMa pa3oMKHYTOHM ceT "B J1Ba 3tama’?

15. Kakoe nonyuieHue npuHUMAaeTcs MpH pacueTe peKuMa pa3oMKHYTOW CETH Ha IIEpBOM dTane?
16. Kakum 00pa3oM yUUTHIBAIOTCS MOTIEPEYHBIE BETBH IPU pacyeTe pekrMa Pa3oOMKHYTOM ceTu?
17. Kakue cetu Ha3pIBalOTCs 3aMKHYThIMU? Ha30BuTE BUIBI 3aMKHYTHIX ceTeil. B ueM ux mpe-
HMMYIIECTBO?

18. YTo moHMMAIOT MO/ PACYETHOW HArpy3KOH y3j1a 3aMKHYTOM CeTH?

19. Kak onpenenuts KII/] nuHuM 351ekTponepenaun npy 3aJaHuy Harpy3Ky B €€ Havajie u B
KoHI1e?

20. Kak OyneT BBITJIAIETh BEKTOPHAS JUarpaMma JIMHUU JIEKTPoIiepeiadn, eCIi B KOHIIEC JTUHUU
MOAKJIIOYEHA YHCTO aKTUBHAS Harpy3Ka?

21. Kak OyneT BBITIAIETh BEKTOPHAS JUarpaMma JUHUH dJEKTPOIepelayr, eCIi B KOHIIE JIMHUN
MOAKJIIOYEHA aKTUBHO-UHTYKTUBHAS HAarpy3Ka?

22. Kak OyneT BBITJIAIETh BEKTOPHAS JUarpaMma JIMHUU dJIEKTPoIiepeiadn, eCIi B KOHIIE JTUHUH
MOAKJIIOYEHA YHCTO EMKOCTHAs Harpy3Kka?

23. Ha kakux ycJI0BHUSIX OCHOBAHO BBIPAKEHUE VISl pacueTa pacnpeiesIeHUs MOIIHOCTE! B JIU-
HUU C IBYCTOPOHHUM NUTaHUEM? 3alMIIUTE 3TO BbIpAKEHUE B OOIIEM BU/IE.

24. B Kakux ciy4asix B JIMHUM C IBYCTOPOHHUM IUTAHUEM TOSABIISIETCS YPABHUTENIbHASI MOLI-
HOCTB?

25. MOXeT 71 B CETU C IBYCTOPOHHHUM MUTAHUEM MMOTOK PEaKTUBHON MOIITHOCTH OBITH HAIpPaB-
JIEH HABCTPEUy MOTOKY aKTUBHON MOIIIHOCTHU?

26. Uto Takoe To4Ka MOTOKOpa3/ena U Kak OHa BeIOMpaeTcs?

27. KakoBbl 0COOEHHOCTH MpaBHUiia MOMEHTOB JJIS OJHOPOAHOM ceTn?

28. Kak yToYHUTH OTOKOpACIPEAEIEHNUE C YUETOM OTEPh MOLUTHOCTH?

29. Kak BBITIOJHSETCS pacyeT peKMMa JJUHUHU C ABYCTOPOHHUM MUTAHUEM, €CJIM TOYKU MTOTOKO-
pazjiena o aKTUBHOM M peaKTUBHON MOIIIHOCTSIM HE COBIAJA0T?

30. Kak mpoBepuTh MPaBUILHOCTh pacueTa TOKOB B JJUHUU C JIBYCTOPOHHHUM IMUTAHUEM ?

Bonpocs o pazaeny: IIpoekTupoBanue 3IeKTpUUYECKUX CETeH MUTAIONUX SHEPTOCUCTEM

1. Kakue nmapameTpsl SBISIOTCS PEIIAOIIMMU IPU BEIOOPE HOMUHAIBHOTO HANIPSKEHUS TUHUU?
2. Yto npeAcTaBisioT co00i SKOHOMHUYECKUE 00J1aCTH HOMUHAIIBHBIX HANPSDKEHUH?

3. KakoB (pusnuecknii cMbICI 53KOHOMUYECKON MIIOTHOCTH TOKa?

4. Vicxons 3 Kakoro pexrMa BBIOMPAIOT CEYEHUs M0 IKOHOMUYECKOH MIIOTHOCTU TOKA: pexXUMa
HauOOJIBIINX HATPY30K, HAUMEHBIIINX HArpy30K, MociaeaBapuiHbIX peskuMoB? [louemy?

5. B Kakux KOOpJuHATax CTPOSITCSI SKOHOMUUECKHE NHTEPBAJIBI HATPY30K?

6. [Touemy 1 KaK S5KOHOMHYECKAs TIOTHOCTh TOKA 3aBUCHUT OT BPEMEHH HCIIOJIb30BAHHUS
HanOoJbIIel HArpy3Ku?

229



10. Kakue JOTOHUTENBHBIE YCIOBUS IPUMEHSIIOTCS MPU BEIOOPE TPOBOAHUKOB I10 JIOITYCTUMOM
notepe HanpspxeHus? KakoBbl 007aCTH UX UCTIONB30BAHUS?

11. B ueM 0cOOCHHOCTH BBIOOpA CEUEHUH MPOBOJIOB TIO JOMYCTUMOM TIOTEPE HAMIPSDKCHUS B pas-
BETBJICHHBIX CETAX?

7. JIns KakuX pe’KUMOB IPOU3BOAMTCS IIPOBEPKA CEUEHU TPOBOAOB 110 HarpeBy? [louemy?

8. Iy Kakux ceTelt MeYeHHe POBOJIa BEIOMPAIOT 10 AOIMYCTUMOM notepe HanpshkeHus? [Tode-
My?

9. KakoBa nocineoBareabHOCTh BEIOOPA MPOBOJHUKOB JIMHUH MO JOMYCTUMOM MOTEpe HaMpsi-
JKenus?

12. KakoBa 3aBUCHUMOCTbh UHYKTUBHOTO COMPOTHUBIICHUS ITPOBOJOB OT UX CEUeHUs?

13. Kakye HauMEHbIINE CEYEHUS ATFOMUHUEBBIX U CTAJIEAJIOMUHEBBIX [IPOBOOB JOMTYCKAIOTCS
10 YCJIOBUIO MEXAHUYECKOW MPOYHOCTH VISl TUHUNA HampsikeHrueM Boiiie 1 kB?

14. Ot 4ero 3aBUCHUT JIONYCTUMBIN TOK IO HArpeBY JIMHU JIeKTponepenayn’?

15. Uem 00yca0BIEHO OTpaHUYECHNE HAUMEHBIINX JTOMYCTUMBIX CEUEHUN MPOBOJIOB JIMHUN
HanpspkeHus 110 kB u Beime?

16. Kakomy yCIoBHUIO JOJKHBI YIOBIETBOPATH MIPOBOJIA BO3AYIIHBIX JUHHUMA C y4€TOM BO3MOXK-
HOCTH IOSIBJIEHUSI KOPOHBI?

Bonpocs! o pasgeny: KauecTBo 21€KTPOIHEPIUU U €T0 PETYINPOBAHUE

1. Kakue cpenctBa perynpoBaHus HAPSKEHUSI UCIIOJIb3YIOT B PACTIPEACIUTENbHbBIX CETAX?

2. B uem pasnuuue tpancdopmaropos ¢ PITH u 6e3 PITH?

3. B yem 3axiro4aercs NpUHLUII BCTPEUHOTO PEryJIUMPOBAHUS HATIPSKEHUS?

4. Kakas nundopmaius HeoOXoauma Jisi BBIOOpa OTBETBJICHHM TBYXOOMOTOUYHBIX U TPEXOOMO-
TOYHBIX TpaHchopmatopos ¢ PITH?

5. Kak BinsieT ycTaHOBKA KOMIIEHCUPYIOIIUX YCTPOUCTB HA IOTEPH MOIIHOCTH, TIOTEPU HAMPs-
KeHus?

6. Kakumu nmyTssMyu MOXHO YCTPaHUTh B C€TH N30BITOK PEAKTUBHON MOIIIHOCTHU B CETH?

7. Kakuie KOMIIEHCUPYIOIIUE YCTPOICTBA MOT'YT pabOTaTh KaK B peKUME BbIIAu, TaK U B PEXKHU-
Me NOTpeOIeHNs PEaKTUBHOW MOLTHOCTH?

8. B ueM 3axirodaroTcs 0COOEHHOCTH KOHCTPYKIIMH YCTPOICTBA PEryIMpOBaHUS HANPSYKEHUS C
PITH no cpaBHenuto ¢ yctpoiictom 6e3 PITH?

9. Kakoe BiMsiHME OKa3bIBAIOT PEKUMBI HATIPSKEHUHM Ha IOTEPH AKTUBHOW MOIIHOCTH B 3JIEMEH-
Tax dJIEKTPUUECKOM ceTn?

10. TTouemy ycrpoiictBa PITH ycranaBnuBaroT nperMMyIIeCTBEHHO Ha CTOPOHE BBICIIETO HAIpS-
XKeHUs TpaHchopmaropa?

11. KakoBbI IpUYMHBI OTKJIOHEHUS HAIPSDKEHUSI OT HOMHUHAJIBHOTO 3HAUYEHUs?

METOAUYECKHUE YKA3AHMUA 11O IOAI'OTOBKE K OK3AMEHY

N3yuenne AUCHUIUIMHBI « DIEKTPOIHEPIeTUUECKHUE CUCTEMbI U CETH» 3aBepIlaeTCs dK3a-
MeHoM. [ToaroroBka kK sK3aMeHy CITOCOOCTBYET 3aKpEIICHUI0, YIITyOJIeHUIO U 0000IIEHUIO 3HA-
HUH, MOJTy4aeMBbIX, B TIpOIlecce OOyUEHUs, a TAKKEe MPUMEHEHHUIO MX K PEIICHUI0 TTPAKTHUECKUX
3aga4. ['0TOBSCH K 9K3aMeHY, CTYJEHT JIMKBUAUPYET UMEIOIIUECS TPOOEIbl B 3HAHUSX, YIITyOs-
€T, CUCTEeMaTU3UPYET U YIOPsA04YMBaeT CBOU 3HaHUs. Ha sKk3aMeHe CTyAEeHT JJeMOHCTPUPYET TO,
YTO OH NMPUOOPEN B Mpoliecce 00yUeHUs 10 KOHKPETHOM yueOHOM TUCIUIINHE.

Ha xoHcynbTanuu nepen 35k3aMeHOM CTYACHTOB MO3HAKOMST C OCHOBHBIMH TpeOOBaHMSI-
MU, OTBETAT Ha BO3HUKIIIAE Y HUX BOMPOCHL. [109TOMY mocemnienne KOHCYIbTaluid 0053aTeNTbHO.

HpI/I IMMOATOTOBKC K 3K3aMCHY HCOGXOZ[I/IMO HUCITIOJIB30BATh KOHCIICKThHI JICKLII/Iﬁ 1o Jucnu-
IJIMHE, y4eOHWKH U ydeOHbIe 1mocoOus (M3 CrMcKa OCHOBHOM U JIOTIOHHUTEIIBHON JIMTEPATYPHI)
WJIM KOHCIIEKT JIUTEPATYPBI, IPOUYUTAHHOM 110 YKa3aHUIO MPENOAaBaTeNls B TCUEHUE CEMECTPA.
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Bravane cinexyer npocMOTpeTh BECh MAaTepHall IO CIABAEMOM JUCLMIUIMHE, OTMETUTH
Iu1s ce0st TpyaHble Bompockl. O0s13aTeIbHO B HUX pa3oOpaThes. B 3akitoueHue ene pas 1eseco-
00pa3HO MOBTOPUTH OCHOBHBIE TOJIOKECHHUS.

CucreMarryeckasi MOAroTOBKA K 3aHATHUSIM B TEUEHHUE CEMECTPA MO3BOJIMT MUCIOJIb30BAThH
BpEMsl DK3aMEHAIMOHHOW CECCUM JJISI CACTEMATU3Al[MU 3HAHUM.

BOHPOCLI K 3K3aMEHy

3HATh:

1. TexHornoruueckas cxema MpOU3BOACTBA AIEKTPOIHEPTUU. DHEPreTudecKas 1 dJIeKTpuiecKas
CUCTEMBI.

2. DieKkTpuyecKue ceTu u ux kinaccudukanua. CucreMmoodpasyrolye, MUTarlme, pacipese-
JIUTENIbHbIE CETU. BUbl 371EKTPOYCTAaHOBOK M X HOMHUHAJIbHBIE JAHHBIE.

3. DJeMeHThl KOHCTPYKIIMHU JJIeKTpUudecKkux cereil. KoHCTpyKiMs BO3IYIIHBIX JTHHUMA, OCHOB-
HbIE BU/IbI OTIOP, CTAaHJAPThl Ha IPOBOAA, paclleIuIeHne IPoBoA0B. KOHCTpyKIus KaOeIbHbIX
JUHUMN.

4. T'paduky Harpy3oK y3JoB 3JEKTpUUecKOl ceTu. Tunobie rpaguku.
5. CyTouHbIl U rOf0BbIE TpapuKu. XapaKTEPUCTUKU IPaGUKOB HArPy30K.
6. Ilagenue u morepst HaNpsHKEHUS. BEKTOpHBIE TUarpaMMbl TOKOB U HAaNPsDKEHUH ydacTKa ce-
TH.
Ymers:

Baagers:

1. Cxemsbl 3aMelieHHs BO3AYIIHBIX JTHHUNA. Onpe/enenre napaMeTpoB CXeM 3aMelleHus BO3-
JYIIHBIX JINHAN.

2. Cxembl 3aMenieHs KabenbHbIX JTUHUN. Ompe/enenre napaMeTpoB CXeM 3aMeleHus KaOelnb-
HBIX JIMTHUH.

3. CxeMblI 3aMelieHus IBYX0OMOTOYHBIX TpaHCcPopMaTopoB. OmnpeieneHne napaMmeTpoB CXem
3aMelleHusl.

4. CxeMbl 3aMelIeHus] TPeXOOMOTOUYHBIX TpaHchopMaTopoB. OnpeneneHne napaMeTpoB CXem
3aMelleHus .

5. CxeMslI 3ameliieHust 1 oco0eHHOCTH paboThl aBTOTpaHchopmaTopoB. [lapameTpsl cxemsl 3a-
MEIIECHHUS.

6. OgHopoaHas cetb. [IpaBuiI0 MOMEHTOB JJIsl OMHOPOHOM ceTH. CBOIMCTBAa OMTHOPOIHON CETH.

7. IlpaBusI0 MOMEHTOB B TOKaX M MOIIHOCTSX JUIsl OJHOPOJAHON CETH U 00JaCTh IPUMEHEHHUS.

8. IlpencraBneHre UCTOYHUKOB U HATPY30K MPH pacueTax YCTAHOBUBIIUXCS PEKUMOB DIIEKTPU-

yeckux ceredl. CTaTHueckrue XapakTepUCTUKHI Harpy30K.

9. IoTepu MOITHOCTH ¥ SHEPTUU B DIIEMEHTaX dJIEKTpUYecKuX cereil. TouHble u MPUOIMKEHHbBIE

METO/Ibl pacueTa MoTeph AJIEKTPOIHEPTHH B CETU C OJHUM U HECKOJIBKUMHU HArpy304HBIMU y3J1a-

MHU.

10. Mertoubl npeoOpazoBanwust cetd. OObeAMHEHHE KOHIIEBBIX UICTOYHUKOB ITUTAHUS.

11. Merox KOHTYPHBIX YPaBHEHHI U €ro UCTIOIb30BAaHUE JIJIS pacyeTa CI0KHO3AMKHYTHIX Ce-

TEM.

12. Meron ypaBHEHUH y3IOBBIX HAMPSHKEHUH U €r0 UCTIOIB30BaHUE /TSl pacyeTa CI0XKHO3a-

MKHYTBIX CETEH.

13. Meron k03 puLIHEHTOB TOKOpacHpeAeIeHNUs U ToToKopacnpeaeneHus. Ero ncnonap3zoBanue

JUISL pacyeTa CJI0)KHO3aMKHYTBIX CETEH.

14. ComnocraBneHre METOAOB pacyeTa CI0KHO3AMKHYTBIX ceTeil. O0iaacTu MpUMEeHEHus, 0Co-

OEHHOCTH OTENIbHBIX METOJIOB, UX JIOCTOMHCTBA U HEJIOCTATKH.
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10.

11.

12.

13.

14.

15.

Bomnpocsl k 3xk3ameny 6 cemecTp

3HaTh:

[Tpunummne! pa3paboTKU BapHaHTOB. banaHckl MOITHOCTEH.

Otanbl IPOEKTUPOBAHUS SJIEKTPUUECKOMN CETH.

banaHchl MOIITHOCTH U YHEPTHH B 3JIEKTPOIHEPreTUUECKUX crucTeMax. CBsi3b OanaHcoB
MOII[HOCTEN ¢ TapaMeTpaMM KauecTBa.

CrniocoObI U cpelICTBa peryIupoBaHus HANpsHKEHUs. MecTHOe U LIEHTPaTU30BaHHOE pe-
TYJIMPOBAHUE HANPSIKEHUS.

MecTHOE 1 LIEHTpaJIM30BaHHOE peryIupoBaHue HanpsbkeHus. [IpoBepka gomycTuMocTu
LEHTPaJIN30BaHHOI'O PETYIUPOBAHHUS.

PerynupoBanue HanpsiKeHHs! ¢ TOMOLIbI0 KOMIEHCUPYIOIIUX YCTPOHUCTB. Bubl kom-
NEHCUPYIOIINX YCTPOUCTB, PEryJIUPOBAHUE UX MOILHOCTH.

Kputepuun sxoHoMudeckoii 3¢ (peKTUBHOCTH BapUAHTOB Pa3BUTHSI CETH.

YmMeTh:
Baagern:

DNEKTPUYECKUH pacueT B TOKAX PA30MKHYTOM CETH C YMCIIOM Y3JIOB HArpy30K HE MEHEe
JIBYX.

DNEKTPUYECKUH pacueT B MOLUTHOCTSAX PA30MKHYTOH CETH C YMCIIOM Y3JI0B Harpy30K He
MEHeEe JBYX.

DNEKTPUYECKUH pacueT CETH IIPU 3alaHuU Harpy30K CTaTUYECKUMH XapAKTEPUCTUKAMHU.
DNEKTPUUECKUN pacueT CETH € ABYXCTOPOHHUM MUTAHUEM IIPH PABHBIX HAIPSIKEHUAX 110
KOHIIaM nepenauu B Tokax. IIpaBuio MoMeHTOB B Tokax. BeKTOopHBIE AMarpaMMbl TOKOB
Y HaIIPSDKEHUM y4acTKa CETH.

DNEKTPUYECKUH pacueT CETH ¢ IByXCTOPOHHUM IIUTAHUEM IIPU PAaBHBIX HANPSKEHUAX 110
KOHIIaM Ilepeayy B MOIIHOCTAX. [IpaBriio MOMEHTOB B MOIHOCTAX. BekTOpHBIE 1Ma-
IrPaMMbl TOKOB U HaIIPSKEHUN.

DNEeKTPUUECKUN pacueT CeTU C IByXCTOPOHHUM IMUTAHUEM IIPU Pa3HbIX HAMPSIKEHUSIX 110
KOHIIaM Iiepefady. BekTopHble quarpaMMbl TOKOB U HAIIPSIKEHUHN CETH C IBYXCTOPOH-
HUM ITIUTaHHUEM.

OKOHOMHYECKOE PACIPEAEICHUE HATPY30K MEXKY Pa3HOTUIIHBIMU arperaraMy 3JIEKTPo-
CTaHLUH

Crioco0bI U cpeficTBa peryinupoBanus Hanpsbkenus. Y ctpoiicrsa PITH u I1bB Perynupo-
BaHMe HanpspkeHus ¢ nomotbio PITH Ha TpanchopmaTopax.

CriocoObI U cpe/icTBa PEryIMpOBaHus HanpspkeHus. PerynupoBanue HanpspkeHUs ¢ Mo-
MOIIBI0 KOMITIEHCUPYIOLIUX YCTPOMCTB. BEIOOP MOITHOCTH KOMIIEHCUPYIOIIUX YCTPOHCTB
10 KPUTEPUIO KaYECTBA.

CrniocoOblI U cpelIcTBa peryIupoBaHus HapsKeHUs. PerynupoBannue HanpspKeHUs U3Me-
HEHUEM ITapaMeTpoB ceTH . [IpononpHas u nonepeyHas KOMIIEHCALMS [IapaAMETPOB CETH.
CrniocoOblI U cpeJicTBa peryanpoBaHus HanpsokeHus. [IpogonbHOe U monepeyHoe peryiu-
poBanue. JINHEHHbIE peryasaTOpbl U BOJIBTO100aBOYHBIE TPAHC(POPMATOPBHI.

CrniocoOblI U cpesicTBa peryarupoBaHus HanpsokeHus. ComocTaBieHne METOJIOB U CPEJICTB
PEryIupOBaHKs HAIPSKEHUS 110 TEXHUYECKUM U DKOHOMUYECKHUM IOKa3aTeIIsIM.
MeTtoapl MUHUMU3aUKK QYHKIIMH 3aTpaT IpU YCIOBUSIX CBSI3U M PEKUMHBIX OTpaHHye-
HUSX

MuHrMH3a1Ms TOTEPh AKTUBHOM MOIIHOCTU. OnpeneneHne ONTUMalbHON 3arpy3KH HC-
TOYHMKOB PEAKTUBHOU MOIIHOCTH U3 YCIOBUS MUHUMYMa IIOTEPh

MeTo1 5KOHOMUYECKHX HHTEPBAJIOB M €T0 UCIOJIb30BAHUE TSI BBIOOpA CEUEHUM JTMHUI
JJIeKTpolepenadn. JJocTonHCTBA U HENOCTATKU METO/A.
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16. Meron 5KOHOMHYECKOW TUIOTHOCTH TOKA M €r0 UCIIOJIb30BaHUe Ui BEIOOpa CeUeHu Jin-
HUH 5ekTporepenayn. JlocTonHCTBa U HEAOCTATKU METO/Ia.

17. OcobeHHOCTH BBIOOpA CEUEHUH B KOJIBIIEBBIX U PA30MKHYTBIX CETSIX.

18. YcnoBus u METOBI MPOBEPKHU CEYCHUH MPOSKTUPYEMBIX U cymecTByromux JIDII mo go-
IIyCTUMOMY TOKY.

19. Bei6op HOMHMHAJIBHOT'O HAMIPSHKEHUS CETH.

20. TexHUKO-IKOHOMHYECKOE COIIOCTABICHNE BAPUAHTOB PAa3BUTHUS CETU

Kpumepuu OoUueHueanun Komnemem(uﬁ

OneHka «OTJIMYHO» BBICTABJISIETCS CTYJIEHTY, €CJIM OH 3HA€T XapaKTEPUCTHKHU DJIEKTPU-
YECKUX CHUCTEM M CETEH; KOHCTPYKTUBHOE BBIIIOJHEHHUE JJIEMEHTOB JJIEKTPUUYECKUX CETEH; Xa-
PaKTEPUCTUKU U MapaMETPhl 3JIEMEHTOB IEKTPOIHEPIETUYECKON CHCTEMBI; KAU€CTBO 3JIEKTPO-
SHEPrMU U €ro peryaupoBaHHE; SIKOHOMHYHBIE PEXHUMbI pabOThl JIEKTPOIHEPreTUUECKUX CH-
CTeM. YMeeT IPOBOAMTh aHAIU3 PEKUMOB PAaOOTHI JIEKTPUUECKUX CETEH; pacdETbl peKUMOB
JNEKTPUYECKUX CETEH; IPOEKTUPOBAHNE NIEKTPUUECKUX CETEH MUTAIOLIUX YHEPTrOCUCTEM.

IIpu npoBeneHNM PK3aMEHa CTYAEHT MOKa3aJl HAIM4YKME JOCTATOYHbIX 3HAHUH 110 U3ydae-
Mo# mpoOieMaTHKe; yMEHHE OPUEHTUPOBATHCS B MH()OPMAIIMOHHOM MPOCTPAHCTBE; UCIOIb30-
BaHUE U YCBOCHME OCHOBHOI M 3HAKOMCTBO C JIOIIOJHUTEIBHOM JIUTEPaTypOi; IPaMOTHOE U3J10-
YKEHHME MaTepHasa Ipyu OTBETE; MONBITKA apryMEHTUPOBATh COOCTBEHHYIO TOUKY.

OneHka «XOpOII0» BBICTABISETCS CTYIEHTY, €CJIU OH 3HAET XapaKTEPUCTUKH AJIEKTpUYe-
CKHUX CHCTEM U CETEH; KOHCTPYKTUBHOE BBIIIOJIHEHUE 3JIEMEHTOB JJIEKTPUUYECKUX CETEH; Xapak-
TEPUCTUKH U TIApaMEeTpPbl 3JIEMEHTOB 3JIEKTPOIHEPIE€TUUECKON CUCTEMBI; KaueCTBO 3JIEKTPOIHEP-
MM U €r0 peryjJupoBaHHe; SKOHOMUYHBIE PEKUMBI PaOOTHI 3IEKTPOIHEPreTUUECKUX CHCTEM.
YMeer mpoBOIUTh  aHAIN3 PEKUMOB PabOTHI DJEKTPUUECKUX CETEH; pacu€Thl PEKUMOB IICK-
TPUYECKHUX CETEH; MPOEKTUPOBAHUE MIEKTPUUECKUX CETEW MUTAIOIIMX dHeprocucreM. Ilpu mpo-
BEJICHUM 3K3aMe€Ha CTYACHT MOKa3all HaJluuue JAOCTAaTOYHBIX 3HaHUU MO U3ydaeMou Impobiema-
TUKE; YMEHHUE OpPUEHTHPOBATHCS B MH(POPMAIIMOHHOM MPOCTPAHCTBE; UCIOIb30BAHUE U YCBOE-
HUE OCHOBHOM JIMTEpaTypOii; FPaMOTHOE U3JI0’KEHUE MaTepHalia Ipu OTBETE.

OneHka «yJOBJIETBOPUTEIBHO)» BBICTABIIAECTCA CTYACHTY, €CIIM OH JIEMOHCTPUPYET HU3-
KU ypOBEHb 3HAHHWM XapaKTEPUCTHK JJIEKTPUUECKUX CHCTEM U CETel; KOHCTPYKTHUBHOI'O BbI-
IIOJIHEHUS DJIEMEHTOB JJIEKTPUUYECKUX CETEH; XapaKTEPUCTHK M I1apaMeTPOB DJIEMEHTOB JJIEK-
TPOIHEPreTHUECKON CHCTEMBbI; KaUeCTBA AJIEKTPOIHEPTUU U €r0 PEryJIUpOBaHMs; SKOHOMHUYHBIX
PEKUMOB pabOTHI NEKTPOIHEPIETUUECKUX CHCTEM. YMEET C TPYAOM HPOBOJUTH  aHAIU3 pe-
KUMOB pabOThl SJIEKTPUUECKHUX CETEH; PACUETHl PEKUMOB AIEKTPUUECKUX CETEH; MPOEeKTHPOBa-
HUE DJIEKTPUYECKUX CETeM NMUTAKIMX dHeprocucreM. IIpu npoBeneHnn sK3aMeHa CTYIEHT I0-
Ka3aJl HaIM4ue MOBEPXHOCTHBIX 3HAHUU MO M3ydaeMOM NpoOJieMaTHKE; YMEHHE OpPUEHTUPO-
BaThCsl B MH(POPMALIMOHHOM IPOCTPAHCTBE; UCIOJIb30BAaHUE U YCBOCHHWE OCHOBHOM JMTEpaTy-
pOIi; TPaMOTHOE M3JIOKEHHE MaTepuaja MpU OTBETE C OTAEIbHBIMH HEJO0YeTaMHU U OLIMOKaMU;
OTCYTCTBUE YMEHHUS B IIOJHOIN Mepe apryMEeHTHPOBAaTh COOCTBEHHYIO TOUKY.

OneHka «HEYTOBIETBOPUTEIBHO» BBICTABIISIETCA CTYJIEHTY, €CJIM OH HE 3HAET XapakTe-
PUCTHKH IEKTPUUYECKUX CUCTEM U CETEH; KOHCTPYKTHUBHOE BBIIIOJHEHUE DIIEMEHTOB JIEKTpUYE-
CKHX CETei; XapaKTepUCTUKU U MapaMeTPbl AJIEMEHTOB 3JIEKTPOIHEPTreTUUECKOM CUCTEMBI; Kaue-
CTBO 3JIEKTPOIHEPTHU U €r0 PETYIMPOBAHUE; YKOHOMHUYHBIE PEKUMBI PaOOTHI SJIEKTPOIHEPreTH-
yeckux cucteM. He ymeeT nmpoBOIUTh aHAJIN3 PEKUMOB pabOThI SJIEKTPUUECKUX CeTel; pacué-
ThbI PEKXUMOB JIEKTPUUECKHUX CETEH; IPOEKTUPOBAHNE MIEKTPUUECKUX CETEN MUTAIOLINX 3HEPTo-
CUCTEM.

CIIMCOK PEKOMEHJYEMOM JUTEPATYPBI

IlepeyeHb OCHOBHOM JIUTEPaTypPBhI:
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17. KoGener A.B. Pexumbl paboThl JIEKTPOIHEPTETUICCKUX CUCTEM [DIIEKTPOHHBII
pecypc] : yue6HOe mocobue s 6akaliaBpoB U MaruCTpOB HANPaBlIEHUS « DNEKTPOIHEPreTUKAY /
A.B. Ko6enes, C.B. Koueprun, E.A. Iledarun. — DJIeKTpOH. TEKCTOBBIC JdaHHbIC. — TamMOOB:
TamOoBCKHMIA TOCYAapCTBEHHBIN TexHUYeckuii yHuBepcutet, ObC ACB, 2015. — 80 ¢c. — 978-
5-8265-1411-5. — Pexwum noctyma: http://www.iprbookshop.ru/64564.html

18. Anannuena, C. C. AHaJIM3 3JIEKTPOIHEPIETUUECKUX CETEH M CUCTEM B MpHUMEpax
u 3amavax : yueobnoe nocodue / C. C. Anannuesa, C. H. Hlemror. — ExarepunOypr : Ypanbckuit
dbenepanbubiii yausepcuter, ObC ACB, 2016. — 176 ¢. — ISBN 978-5-7996-1784-4. — Texkcr
. JIIEKTPOHHBIN // DnekrpoHHO-OMOMMOTeuHass cucrema [PR BOOKS : [caiit]. — URL:
http://www.iprbookshop.ru/65910.html

19. MoaenvupoBaHue B 3JICKTPOIHEPTETHKE [DIEKTPOHHBIA pecypc]| : yueOHOe Moco-
oue / A.®. lllaranoB [u ap.]. — DAEKTpoH. TeKCTOBbIEe AaHHBbIE. — CTaBpornois: CTaBpoIOIb-
CKHIi TOCYIapCTBEHHBIN arpapHbiii yHUBepcuteT, ATPYC, 2014. — 140 ¢. — 978-5-9596-1059-
3. — Pexwum mocryna: http://www.iprbookshop.ru/47317.html

20. KopotkeBuu, M. A. Dkciuryaraius 3JeKTpuieckux cereil : yaeonuk / M. A. Ko-
poTtkeBHY. — MuHCK : Beimmitmas mkomna, 2014. — 351 ¢. — ISBN 978-985-06-2397-3. —
TekcT : 27eKTpOoHHBIH // DnekTpoHHO-0nbmoTeunas cuctema [IPR BOOKS : [caiiT]. — URL:

http://www.iprbookshop.ru/35574.html

Hepeqeﬂb JIONOJIHUTENbHOI JUTEPATYPHLI:

7. ®@aneesa, I'. A. [IpoekTupoBaHUE PaCIPEICITUTEIbHBIX JIEKTPHYCCKUX CETeH : y4eO-
Hoe mocobme / I'. A. ®@aneeBa, B. T. ®enun ; nox pemakmuedr B. T. ®enun. — MuHCK :
Boiaiimas mkomna, 2009. — 365 ¢. — ISBN 978-985-06-1597-8. — TekcT : 31eKTPOHHBIN //
DNeKTPOHHO-ONOINOTeYHAs cucrema IPR BOOKS : [caiit]. — URL:
http://www.iprbookshop.ru/20124.html

8. Pycuna, A. I'. banaHcel MOIIHOCTH U BBIPAOOTKHU DIIEKTPOIHEPTUU B AJIEKTPOIHEPTE-
TUYECKON cucteMe : yueOHo-MeToaudeckoe nocodue / A. I'. Pycuna, T. A. ®ununnosa. — Ho-
BocuOUpcK : HoBocuOMpCKUiA TOCyIapCTBEHHBIN TeXHUYeckuil yuuepcuteT, 2012. — 55 ¢. —
ISBN 978-5-7782-1935-9. — TekcT : 2neKTpOoHHBIH // DnekTpoHHO-0nOmoTeynas cuctema [IPR
BOOKS : [caiit]. — URL: https://www.iprbookshop.ru/45078.html.
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3. http://e.lanbooks.com - DnekrponHo-0MbNIMOTEYHAS cucTeMa JlaHb

4. http://docs.cntd.ru/ DnekTpoHHbIA (GOHI MPAaBOBO M HOPMATUBHO-TEXHUYECKOW TOKyMEHTa-
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