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MexayHapoaHasi CTyJAeH4YecKasi OJIMMITAA/IA
10 3JIEKTPOIHEPIreTUKE «JIEKTPOIHEPTETUKA)
uMeHu A.D. /[bsikoBa

IMamsaru Anarouausa @exoposuya AbsikoBa. BMecTo npeaucjioBus

E>XerogHyro MEXIyHapOJHYH CTYIECHUYECKYIO OJIMMIIMAIY IO 3JIEKTPOIHED-
retuke B 2015 rony ObLI0 pemIeHo MOCBITUTh NAMSATH BBIJAOIIET0CS POCCUHUCKOTO
sHepreTuka /pskoBa Anatonns @enopoBuya.

B Ty S e = —

Nms Anatonuss denopoBuya BIKMCAHO 30JI0THI-
MU OYKBaMHU B UCTOPHIO Pa3BUTHUSI POCCUUCKOM dJIeK-
TPOIHEPTETUKHU, KOTOPOM OH oTaai 6ojee 55 Jer.

C 1959 r. nocie OKOHYAHUS FNEKTPOMEXaHUYE-
ckoro ¢akynerera CeBepo-KaBkasckoro ropHo-
METAJUIypPruue€CKOro MHCTUTYTa OH MPOWIENT TPYHO-
BOM MyTh OT OJJIEKTPOMEXaHWKa Ha bamKupckoM
MEJIHO-CEPHOM KOMOMHATE /10 TOJLKHOCTH MuHHCTpa
TOIUIMBA W 3HepreTuku Poccuiickon denepannu, Ha

KOoTOpyto Ha3zHaueH B mapte 1991 r. Ilocne crpyk-
TypHO# peopranuzanuu ¢ 01 gexabpst 1992 r. yrBepkeH Ha M0BKHOCTH [Ipesn-
neHTa Poccuiickoro akIimoHEepHOTO 00-
IIECTBA DHEPTETUKU U AJICKTpUPUKALIIN
(OAO PAO «E3C Poccuny).

Cspimie 30 JIeT CBOEH KU3HU OH TIO-
CBATWJI aKTHBHOW paboTe B MexmyHa-
ponHom CoBeTe 1Mo OOJBIINM IEKTPUYIE-
CKAM CHCTEMaM BBICOKOTO HAIPSHKCHHUS
(CIGRE). C 1988 r. on 6eccMeHHO mpe/I-
craBisl Poccrnio B AIMMUHUCTPAaTHUBHOM

coBere u YnpassronieM komurere CIGRE, B 1989-2009 rr. Bo3rmasisut CoBet-
ckuit (¢ 1992 r. — Poccuiickuii) HamoHanbHbIi komutrer CUT'PD. C 2009 r. AHaro-
it ®enoposud n3bpan [louernsim [Ipeacenarenem PHK CUI'PD u Ilpencenare-
nem Texauueckoro komurera PHK CUT'PO.

Bcee atn rogsl Anatonuii ®@enopoBUY OCYLIECTBIISI PYKOBOJCTBO HAy4HO-
TEXHUYECKON aesrenbHOCThIO [lapTHepcTBa, 3aHMMAiCA pa3pabOTKOM IepCrek-
TUBHBIX HampaBjieHud HayudHbIX uccienoBanuii PHK CUI'P3. OH akTUBHO Tpu-
BJIEKAJI POCCUMCKUX YUEHBIX U CIEHIHAINCTOB K YUYACTHIO B HAYYHO-IIPAKTUYECKUX
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meponpustusx CUI'PD, B paMkax KOTOPBIX MPOUCXOAUI OOMEH MEepPEOBbIM OIbI-
TOM, OOCYKJalIHCh HanbOoJee aKkTyalbHbIE€ BOMPOCHI PA3BUTHS SJICKTPOIHEPreTH-
YECKHUX CHCTEM, pa3pabdOTKH, CO3/IaHUSI U IKCIUTyaTallMd BBICOKOBOJBTHOTO 000-
pyJoBaHMs, pa3pabOTKU M BHEAPEHUS B AJIEKTPOIHEPTreTUKE HOBBIX MH(OpMAIIU-
OHHBIX CHUCTEM M CUCTeM ymnpasiieHus. CaM MHOIO CHJI OTAaBall paboTe B UCCIIe-
JIOBaTE€IbCKUX KOMHUTETaX U  pabouyux
Ipynmax, CUMIO3UyMaX, KOJUIOKBUyMax H
Ceccusix CUT'PO. LlenTpasibHOE BHUMaHUE
B CBOEH Hay4yHOU pabore AHaronuii Peno-
pPOBHY YIENsT BOMpocaM pa3pabOTKu U
BHEJIPEHUSI CUCTEMBbI IOBBIIIEHUS HAIEXK-
HocTH U xkuBydectu EQC Poccun.

B 3Hak 0co00ro npu3HaHUs U OLIEHKH
UCKJIIOYUTEIBHOCTA 3acCilyT MEpel] MUPOBBIM HSHEPreTHUYECKUM COOOILECTBOM B
2000 r. on Ob11 yiocToeH cratyca «3aciykeHHbiit uieH CIGRE», a B 2014 r. emy
npucBoeHo 3BaHue «Ilouetnpiit wien CIGRE».

Tpynno nepeonienuts Bkiaa Anartonnss GenopoBrnya B COXpaHEHUE U Pa3BHU-
TH€ HAY4YHOTO MOTEHIIMAJIa OTEYECTBEHHOU sHepreTuku. [Ipodeccop, mokTop Tex-
HUYECKUX HayK, aBTOp 0K0Ji0 400 Hay4HBIX TPYAOB, IECATKOB MAaTEHTOB U aBTOP-
CKHX CBHJETENIbCTB. AHAaTONMi PegopoBUY SIBJISUICS AKTUBHBIM YYaCTHUKOM Be-
AYyIIUX  POCCUMCKMX  HAy4YHBIX DJHEPreTUYECKUX  OpraHu3aldid: YICHOM-
koppecnongenToM PAH, nmpencenarenem Haydnoro copera PAH mo mpoGnemam
HAJIeKHOCTU U 0€30MaCHOCTH OOJIBIINX CUCTEM SHEPIeTHKH, aKaJIEMUKOM — CEKpe-
TapéM, wieHoM [Ipesnnnyma AkageMnn 3IeKTpOTEXHUYECKUX HayK Poccun, 3aBe-
nyromuM Kadeapoil peaedHON 3allliThl U aBTOMATUKU SHEPreTUYECKUX CUCTEM
MockoBckoro  sHepreruueckoro — uHcruryra, lIIpencemarenem  Hayuwno-
texHnueckoil Komneruu, IIpesunenrom HII «Hayuno-texunueckuii copet EQCy -
Hay4dHbIM pykoBogutenem OAO «MuxenepHsbiil eHTp EDC».

Amnatonuii ®eopoBUY NMPUHUMANI CAMOE aKTHUBHOE yYacTHE B JKU3HHU OTpac-
JH, BeNl TUIOAOTBOPHYIO HAayYHO-HCCIIEOBATENbCKYI0 U OPraHU3allMOHHYIO Jesi-
TeIbHOCTh. Ero Bbicouailiuii npodeccuoHanu3M, KojoccallbHas padoTocnocoo-
HOCTh M CAaMOOT/1a4ya, )KUBOM, MIBITIUBBIA YM, HEUCCIKAEMbIE ONITUMU3M U YHEPTHS
HaBCEr/la OCTaHYTCS B MAMSITH KOJUIET, YAeHUKOB, COPATHUKOB U TTAPTHEPOB — BCEX
TeX, KOMY [MOCYACTIANBIIOCH 3HaTh AHatonust denopoBuya U paboTath C HUM.

OpnuM w3 HanpalieHU aestenbHocTH AHatonusi denopoBuya sBIsIaCh pas3-
paboTKa U peanu3aiusi MEPONPHUSITHIA, HATIPABJICHHBIX HA BOCIIUTAHUE U TIOATOTOBKY
HOBOI'O ITOKOJIEHUsI POCCUMCKUX AJIEKTPOIHEPTETUKOB — MOJIOJBIX YYEHBIX, TEXHO-
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JIOTOB, KOHCTPYKTOPOB, MEHEKEPOB, Mpo(eccHoHanoB, 00Jalalonmx MeXIyHa-
POJTHOM KOHKYPEHTOCIIOCOOHOCTBIO, CHOCOOHBIX OCYIIECTBUTH TEXHOJIOTHYECKHIM
WHHOBAllMOHHBIN NIPOPBIB B POCCUMCKON 3JIEKTpO3HEPreTuke. OH CTOSI y UCTOKOB
co3zanus mporpaMmmbl «MosoaexxHast ceKius POCCHICKOro HallMOHAIIBHOTO KOMMU-
teta CUI'PO» 1 moCTOSIHHO OKa3bIBajl MOMONIb U IMOJAEPKKY B €€ Pa3BUTHH.

IloaroroBka u nNpoBeeHue OJTUMITHAIbI

MexayHaponHas CTyeHUeCKas: OJMMIIMAAA IO AJIEKTPOIHEPTETUKE NMEHU
A.®. JIpsikOBa IPOBOJUTCS €KETOTHO B paMKax IIporpammel MOJI01€KHOM CEKIAN
PHK CUI'PD na 6a3e MIBaHOBCKOTO TOCYJapCTBEHHOTO SHEPIETUYECKOTO YHUBEP-
cuteta (UI'DY). OcHOBHBIMU €€ LEIsIMU SIBISIIOTCS Pa3BUTHE MHTEpPECa K TEMAaTH-
ke ucciuenopanuii CUI'PO, passuts MHAMBHYaIbHOTO TBOPYECKOTO MBIILJICHHUS,
NOBBILICHUSI PE3YIbTATUBHOCTH Y4Y€OHOIO IpOLIECcCa, BOBJIECUEHUS CTYJIEHTOB B
HAyYHO-UCCJIEI0BATENbCKYI0 paldOoTy, BBISBICHUS OJAPEHHOW MOJIOJIEXKH, IMOBBI-
HICHHUs YPOBHS NMPO(ecCHOHABHBIX 3HAHUI, a TAK)KE B LIEISAX MOOMIPEHUsI Haubo-
Jee BBIJAIOUIMXCA KOHKYPCAHTOB — MPETEHJAEHTOB Ha mo0eay, MOKa3aBLIMX
HaWJTy4IlIN€E PE3yJIbTATHI.

Hctopust npoBeieHNs CTyACHYECKUX OJUMIIMA MO 3JIEKTPOIHEPTEeTUYECKUM
nucuuminHaMm B UT'DY-UDU (MBaHOBCKOM 3HEPreTUYECKOM HHCTUTYTE) OepeT
Hayaso ¢ 60-x ronoB XX Beka, C OJIMMIHUAJ [0 TEOPETUUECKUM OCHOBAM 3JIEKTPO-
texHuku. B 2010 roay ObLJIO MPUHSATO pEIIEHHWE O MPOBEIECHUU OJIMMITMAJIBI TI0
ANEKTPOIHEPTETUKE IJIsI CTYAEHTOB CTaplIMX KYpCOB HaIpaBlICHUS «JIEKTPO-
DHEPreTUKa M DJEKTPOTEXHUKA». 3afaHusi (OPMHUPOBAIMCH HA OCHOBE 3a/iay IO
0a30BbIM JTUCHUILUIMHAM BBIMyCKAONUX Kadeap AToro HampapieHus. HauuHas ¢
2012 roma, onmumnuana mo ’jiekTpos’Hepretuke B UT'DY mpuobpena Bcepoccuii-
CKHM cTaTyc, a ¢ 2013 roma — MeXIyHapOIHBIN.

OnuMnuazga BKIIOYEHA B IUIAH MEpPOINPHUIATHN MoJiofexHou cexunu PHK
CUI'PD u TpaauIimoHHO MPOBOAMUTCS B HOAOpE TeKyliero roga. Ee yuacTHukamu
MOTYT OBITh CTYJIEHTBI BBIITYCKHBIX KYPCOB M MaruCTPaHThI IEPBOrO roja odyue-
HUSl HampaBlieHUus «DJIEKTPOIHEpreTUKa M 3JeKTpoTexHuka». MHdopmanus o
CpOKax M YCJOBMSX MPOBEICHUS OJIMMIIMAAbI pa3Mmemaercs Ha caurtax PHK
CUT'PD u UT'DY, Takxe mpoOBOAUTCS IIeJIeBas pacChuika WH()DOPMAIIMOHHBIX TTH-
CeM B TEXHUYECKHE BY3bl Poccuu M cTpaH OJMKHEro U JajbHEro 3apyOexbs,
OCYIUIECTBIIAIOIINX MOATOTOBKY KaJIpOB MO AJEKTPOIHEPreTUUYECKUM CIEHH aIIb-
HocTaM. B 2015 roay 06 ydyacTuu B OJIUMITHAJIEC 3asIBUJIM BOCEMHAIATh BY30B.

B cooTBeTCTBHUM C MOJIOKEHHEM 00 OJIMMIIHAJIE B TOATOTOBKE 3a/1a4 y4acTBO-
BaJId TMPETOJaBaTe)Id By30B-YYaCTHUKOB OJIUMIMHUAbI. Ha OCHOBaHWHU MPOTPaMMBbI
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MNOATOTOBKKU CTYACHTOB IIO HAITPAaBJICHHIO ((9JI€KTp03H€pF€TI/IKa " DJICKTPOTCXHU-
Ka» OBLIM COCTaBJICHBI 3aJlavu IByX ypOBHCfI CJIOKHOCTH 11O JUCHUITIIIMHAM:

® TCOPETUYECKUE OCHOBBI AJIEKTPOTEXHUKH,
® TCXHHMKA BBICOKMX HAIPSKEHUH,

e peJicliHas 3alluTa U ABTOMATHKA,

® HJIEKTPUYECKAS YaCTh AIEKTPOCTAHIUMN U OACTAHIIUH,
® 3JICKTPUYECKUE CUCTEMBI U CETH,

® 3JICKTPOCHAOKCHHE.

MexnyHapoaHas CTyJA€HYECKas OJIMMIIMAZa IO 3JIEKTPOIHEPIeTUKE HUMEHU
A.®. JIpsikoBa «Onektposnepretruka—2015» npoBoaunack ¢ 17 nmo 21 Hoa6ps 2015
roja.

B mepBblii 1€Hb OMMMIIUAABI TIOCTIE BCTPEUYH U Pa3MEIICHUs ISl YYaCTHUKOB
U pyKOBOJUTENEH KoMaHJ Oblia mpoBeneHa 3kckypcus no MDY, Bkirouasmias
MOCEIIEHHE MOoJHOMAcCIITa0HOro TpeHaxepa Oynoka ADC, yuyeOHBIX U Hay4yHO-
UCCIIEIOBATENbCKUX JIA0OpaTOPUil JJIsl MOATOTOBKHM CIIELUATMCTOB IO 3JIEKTPO-
TEXHUUYECKUM M AJIEKTPOIHEPTETUYECKUM HAIMpPaBICHUAM, OMOIMOTEKH, CIIOPTHUB-

HOT'O KOpITyca U My3esl.

[lepeMoHUsT OTKPBITUS OMMITUALI nipoxoauia 18 Hosopst 2015 roga B rias-
HOM Kopnyce MI'DY. C npuBETCTBEHHBIM CJIOBOM K YYACTHHKaM OJIMMIIUAJIbI BbI-
CTYNWIHN MPOPEKTOP Mo HayyHoU pabote UT'DY Bnagumup Banentunosuu TroTu-
KOB, 3aMECTUTENb IpeaceaaTens oprkomurera Monoaexnou cexkuun PHK CUT'PD
Apkaguii BnagucnaBoBnu MakapoB, NMPEACTaBUTENM aaMHUHHMCTpanuu lBaHOB-
CKOM 00JIaCTH ¥ PYKOBOJMUTEIN KOMaH/I-y4aCTHUKOB.

HUECKAR ONMMIMADA §
bNEKTPOIHEPTETHKE

[IpUBETCTBEHHOE CJIOBO YYaCTHUKAM OJIUMIIHAIbI
npopekropa UT'DY B.B. Trotukosa yauBepcuteTa Jlapmmranra (I'epmanms)

B onmmMnmane npuHAIM y4acTue CTyIEHTBI U3 CIEAYIOIIMUX By30B:
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1. benopycckuil HaMOHAJIBHBIN TEXHUYECKUI yHUBepcUTeT (T. MUHCK, pec-
nybonuka benapycs);

2. Bomnoroackuii rocyapcTBeHHBIN yHUBepcuTeT (T. Bosoraa);
3. Bstckuit rocynapctBeHHbI yHUBEpcHTET (T. KupoB);
4. ]loHenKuil HAIIMOHAJIBHBIM TEXHHUYECKHI YHUBEpCHUTET (T. JJoHeIK);

5. VBaHOBCKMH  TrOCyAapCTBEHHBI  DHEPreTMUYECKUM  YHUBEPCUTET
(r. IBaHORO);

6. HpkyTckuii rocy1apcTBeHHBINM TeXHUYECKUI YHUBEpCcHUTET (T. UpKyTCK);
7. KazaHckuii rocyiapcTBeHHbIN SHEpreThueckuil yauBepeuteT (. Kazann);

8. HarmoHanbHbIi MCcIen0BaTEIbCKUN YHUBEPCUTET MOCKOBCKHIA SHEPreTH-
yeckuii yHuBepcureT (T. Mocksa);

9. Hwumxeropoackuit rOCyJ1apCTBEHHBIN TEXHUYECKUU YHUBEPCUTET
(r. Huxuauit HoBropon);

10. Cankt-IleTepOyprckuit ToCy1apCTBEHHBIN MOTUTEXHUYECKUI YHUBEPCUTET
[lerpa Benmukoro (r. Cankr-IletepOypr);

11. HoBocMOMpCKUI  TOCYJAapCTBEHHBIM  TEXHUYECKUH  YHUBEPCUTET
(r. HoBocubupck);

12. Cmonenckuii punman «HarmoHanbHBIA MCCIICIOBATEILCKUM YHUBEPCUTET
MOBW» (1. CMOJIeHCK);

13. CeBepo-KaBkasckuii penepanbubiii yausepcurert (r. CTaBpoIioss);
14. Camapckuii TOCy1apCTBEHHBIN TEXHUYECKUH yHUBepcUTeT (T. Camapa);

15. HanmoHaapHBIN Hccaea0BaTeIbeKuii TOMCKHIM MTOMMTEXHUUSCKUH YHUBEP-
cutet (r. ToMck);

16. YIbsTHOBCKUI TOCYJIapCTBEHHBIM TEXHUYECKUM yHUBepcUTeT (T. YIbsi-
HOBCK);

17. Ypansckuii GenepaibHblii yHUBEpcUTET HMeHH TiepBoro [Ipesunenta Poc-
cun b.H. Enpriuna (. ExatepunOypr);

18. KOxxHO-Ypasibckuit TOCy1apCTBEHHBIN YHUBEpPCUTET (T. Yensi0MHCK);
19. Technishe Universitit Darmstadt (r. Japmimrant, I'epmanusi).
Bcero B 1nyHOM nepBeHCTBE y4acTBOBAIO 120 CTyAeHTOB.

Bpewmsi, 0TBEZIeHHOE Ha pELIEHUE 3a/1a4, COCTABIIO YEThIpe yaca. B cooTseT-
CTBHH C MOJIO’KEHUEM OJIMMITUA/IBI, B COCTAB KIOPH OBLIN BKJIIOUYEHBI PYKOBOJAUTENN
KOMaH]l By30B-y4aCTHUKOB onumnuajsl. [IpoBepka paboT mpoBoauiach B 3aliud-
poBaHHOM Buje 3kcnepTamu u3 MI'DY u npyrux BY30B yyacTHUKOB.
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YyacTHHKH omUMIUa bl B ayauropun b-301
' Rl YT | : i

DKcIepThI 3a TPOBEPKOH paboT

[To uroram copeBHOBaHUI B KOMaHIHOM IMEpBEHCTBE MexAy BY3amu mecra
pacnpeneuiInuch CIeIyouuM 00pa3oM:

Ne

w/n BY3 Mecro
1. | iBaHOBCKHUI TOCYAapCTBEHHBIN SHEPreTUUECKUN YHUBEPCUTET 1
2. | benopycckuil HaMOHANBHBIN TEXHUYECKUN YHUBEPCUTET 2
3. | HatmonasnbHbI BiccenoBaTeIbCKuii MOCKOBCKHI SHEPreTHUECKUN YHUBEPCUTET | 2
4. | Canxr-IlerepOyprckuii [Tonutexunueckuit Yuausepcuret [lerpa Bennkoro 3
5. | IOxHO0-Ypanbckuii rocy1apCTBEHHbBIN YHUBEPCUTET 3
6. | ®umman MOU B r. CMoneHCKe 3
7. | HanmonanbHbBIN HccneaoBaTenbckuit TOMCKHI MOMTUTEXHUYECKUN YHUBEPCHUTET | 4
8. | Barckuii rocyjapCcTBEHHbIN YHUBEPCUTET 4
9. | VIbIHOBCKHI TOCYIaPCTBCHHBINH TEXHUICCKHI YHUBEPCUTET 4
10. | Vpanbckuii heaepanbHblil YHUBEPCUTET 4
11. | UpkyTcKkuil HaIMOHANBHBIN UCCIIEI0BATEIBCKUI TEXHUYECKUH YHUBEPCUTET 4
12. | HoBocuOupcKkuii TOCYyTapCTBEHHBIN TEXHUICCKUH YHUBEPCUTET 4
13. | Hapmmranrckuit rexanyeckuit yausepcuteT (TU Darmstadt) 5
14. | KazaHckuii rocy1apCTBEHHBIN SHEPTeTHUECKUI YHUBEPCUTET 5
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Ne
BY3 Mecro
n/n
15. | Bonoroackuii rocyaapCTBEHHBIM TEXHUICCKUA YHUBEPCUTET 5
16. | Hmwxeropoackuii rocy1apCTBEHHbBIN TEXHUYECKUN YHUBEPCUTET )
17. | Camapckuii rocy1apCTBEHHbIM TEXHUYECKUN YHUBEPCUTET 6
18. | JloHeukui HalMOHAIBHBIA TEXHUICCKUN YHUBEPCUTET 6
19. | CeBepo-KaBkasckuii enepanbHblii YHUBEPCUTET 6
PGSYJ'IBTaTLI JIMYHOTI'O IICPBCHCTBA CTYICHTOB!
OO | BY3
1 mecmo
Connarkun Oner HukonaeBuu ‘ VIBaHOBCKMIA rOCYAapCTBEHHBIN SHEPreTHYECKUI YHUBEPCHTET
2 mecmo
Kaprnieuenko Anapeit AuapeeBuy benopycckuil HaMOHAIBHBIN TEXHUYECKUN YHUBEPCUTET
bynbraeBa Eprenns Annpeena Ounmman MOU B 1. CmoneHcke
3 mecmo
T'opmixoB EBrennii EBrenneBud FOsxHO-Ypanbckuii TOCy1apCTBEHHBIA YHUBEPCUTET
Bycnos Bukrtop Brnagumuposuy MOCKOBCKHI 3HEPTeTUYECKUI YHUBEPCUTET
XabapoB Anekcanip Anekcanaposud | Cankr-IlerepOyprekuii Ilonmrexaudeckuii Y HuBepcuTeT

[ToGeaurenu onumnuagbsl B KOMAHIHOM M JIMYHOM IEPBEHCTBE HArpakJICHbI
MOYETHBIMH FPAMOTaMH U KyOKaMu, Hay4HbIMU kKHuramu ot PHK CUT'PO.

PoccuicKuin
HauunoHanbHbin

MEXOYHAPOP

: YH
B TYNEHUECKAS ONWI gME)Kﬂ

TYAEHYECK/
O SNEKTP'

0 INEKTPOIHEPT

Harpaxnenne Conmatknaa O.H. uz UT' DY Harpaxnenune byneraeBoit E.A. m3 CMoneHCKOTO

JTUTUIOMOM 32 | MEcTo B OJTUMIIHA[IE ¢wmana MOU nuruiomom 3a 2 MectTo
«Qnektposnepretrka—2015» B omMnuane «nekTposHepreTnka—2015»

s yyactaukoB onuMmmuansl 20 HosiOps 2015 roxa Obula opraHuM3oBaHa Io-
e37Ika — dKCKypcusi Ha MonoaexHubiii 1ens @opyma 1o sHeprodPpGeKTHBHOCTH U
sHeprocoepexxkennro «kENES—2015y», npoxoausiiero B . Mocksa B ['octurom JIBo-
pe. MHorHe W3 y9acTHUKOB 3aKaHUMBAIOT DHEPICTHUUYECKHE BY3BbI M CKOPO HAYHYT
paboTaTh Ha peaTbHBIX OOBEKTAX SHEPTETUKH U BH3UT HA SHEPTETUUCCKUI HOpyM —
MIPEKPACHBIN IIAHC MMO3HAKOMUTHCS C MPEACTABUTEISIMU SHEPTETUUECKON OTpPACIH.
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Ha ¢opyme y yaacTHHKOB ObLIa BO3MOXKHOCTD 3a/1aTh BOIPOC MUHUCTPY dHEPTETH-
ku PO A.B. HoBaky, a Takke PUHATH Y4aCTHE B KPYIVIOM CTOJIE IO MEPCIIEKTUBAM
Pa3BUTHUS DHEPTETUKH.

TECHNISCHE I/ /47 //\ HI’TY/ ‘ | Ko 1
UNIVERSITAT HE (MefepanbHbiA
24~ ) DARMSTADT S yuusepcmer!

WWW, kgeu ru

O6mas poTorpadus y4acTHUKOB OJIMMITHAIbI

MexnyHapoaHasi CTyJIeHUECKasl OJIMMIMNaAa MO 3JIEKTPOIHEPTreTUKE UMEHU
A.®. JIpsaxoBa cTana €XEroJHbIM 3HAaYUMbIM COOBITUEM ISl SHEPIETUYECKUX BY-
30B Poccun. CBoe kenanue ydacTBoBaTh B onmmmnuaae 2016 roma moarsBepawm
TEKYIlIHE BY3bl-yYaCTHHKH, a TAKXK€ BBIPA3WIM 3aUHTEPECOBAHHOCTH W HOBBIC
BBHICIINE YICOHBIC 3aBECHHS YHEPTETUIECKOTO TIPODUIIS.
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3ananus oauMnuaabl «aekTpodHepreruxka» 2013, 2014, 2015 rr.

1. TeopeTHyecKkHe OCHOBBI YJIEKTPOTEXHUKHU
3aoanue 1.1

Ha puc. 1.1 npencrabiena onHodazHas

N cxema 3aMmenieHus TpexdasHoll KaOenbHOU
4K‘XM nuaun 220 kB, BKIIOUYEHHON Ha HArpy3Ky C
[] 7 COIIPOTHBIICHHEM Z,=96,61+ 51,21 Owm.
 /I3BeCTHBI CONMPOTHBIICHHS JKWIBI U DKPAHA:
R, =5 Owm; R, =20 Owm; Xoe = 25 OMm;
= X, =20 Om, a TakXke COMPOTUBIICHUE B3aWM-

HOM HHAYKOUHN MCKOY KUJION M OKPpaHOM:
Xy =2,5 Om.
HGO6XOI[I/IMO OIIpCACINTDb, HYXHO JIM 3a3CMJIATh 9KpaH CO CTOPOHBLI HAI'py3-

Puc. 1.1

K{, €CJIM MOTEHIMAJ Ha He3a3eMJIEHHOM KOHILIE SKpaHa JIOJDKEH ObITh He OoJblie
25 B OTHOCHUTENBHO «3€MJIN», & HABEIEHHBIA TOK B DKpPaHE HE JIOJHKEH ITPEBBIIIATH
10% oT Toka >xuiibl. OnpeaenuTb NOTepPU aKTUBHOW MOIIHOCTH B Tpex(a3HOU Ka-
O€JIbHOM JIMHUY TIPU BEIOPAHHOM CIIOCOO€ 3a3€MJICHUS DKpaHa.

Pewenue
1. OnpenenuM HaBeAEHHOE HAIMPSOKCHHE HA HE3a3eMJIEHHOM KOHIE DKpaHa.
Jlns1 aTOTO OmMpenensseM TOK B JKHIIE U3 BTOporo 3akoHa Kupxroda s KoHTypa ¢
xuiior 3/]C u Harpy3Koi:

E 220000/+/3

| .= =
> Z +R_+ X 96,61+ j51,21+5+ j25

=800 — j600=1000e*¥(4).

Tor):[a HaB€I[éHHOC HAIIpsHKCHUEC Ha KOHIEC 3KpaHa MOXKHO OIIPCACIUTHL 110

bopmyiie:
U,=1,X,, =1000-2,5=2500 (B), uro 6omnbme 25 B.

2. Tenepb HEOOXOAUMO OLICHUTH HAaBEIEHHBIM TOK B DKpaHE IMPH €ro 3a3eM-
JIEHUH C ABYX CTOPOH. [[jst 3TOro Ha cxeMe 3aMelleHnss 0003HauyaeM HalpaBJICHUs
TOKOB W Hayalla MHIYKTUBHOCTEW TakK, 4YTOOBI JIEWCTBHE TOKOB B HHX OBLIO
BcTpevHoe (o npuniuny Jlenna) (cm. puc. 1.2).

11
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3anuchiBa€M ypaBHEHUE IO BTOPOMY
3akoHy Kupxroda mist KoHTypa ¢ SKpaHOM:
0=1,(R,+jX,)-1,.jX,,,

oHc

I iX,,
(R + an)

=1 =1 Xu I 2,5

TR xE 202 1202

yto Menbline 0,1l,. Iloatomy HeoOxoammo

[] Z, oTkynaa I, =

=0,0881

Puc. 1.2

3a3CMJINTDH 3KpaH C o0enx CTOPOH.

3. OnpenensieM MOTEpPH aKTUBHOW MOIIMHOCTH. JlJis 3TOro HEoOXOJIHUMO pe-
IIUTh CUCTEMY YpPaBHEHUM, COCTABJIICHHYIO 1O BTOpoMmy 3akoHy Kupxroda, oTHo-
CUTEJIbHO TOKOB B JKWJIE U SKPAHE:

0=1,(R, +JX,)=,.iX,. T ZrR+ X,
:>|.3: EJX,,

(R, + IX,)(Z, +R, + X, )+ X5,
Otkyna |,.=999,78 A, |I,=88,37 A. Torna nmorepu akKTUBHOW MOIITHOCTH
MO>KHO OTIPEJICTTUTh KaK CYMMY TIOTEPb B JKUJIE M B DKpaHe:

AP=3AP_+3AP =312R_+3I’R =3-999,78°-5+3-88,38° - 20 = 15462062 ( Bm)

OTtBet: HCOOX0AUMO 3a3eMiuTh; AP = 15,462 MBT.

3aoanue 1.2
A YenoBek KOCHYJCS OJHOIO IIPOBOJA
B Tpé€xda3zHO JTMHUM 3JEKTporepenay ¢ Ho-
c MUHaIbHBIM HampsbkeHueM 10 kB u yacto-

toit 50 't (puc. 1.3). U3BecTHO, 4TO COMpO-
tuBiaeHne denoBeka R, =10000M, co0-
CTBEHHBIC YaCTUYHBbIC EMKOCTH Kaxaou ¢a-

777, 361 JIMHAM OTHOCUTENBHO <3emim» Cip =

Puc. 1.3 Cy =Cs3= =0,256 Mx®, U B3aUMHBIE 4Ya-
CTUYHBIE EMKOCTH MeXTy npoBoaaMu JTUHUU Cip = Ci3 = Cy3 = 0,115 Mk .

PaccunTaTh TOK, KOTOPBIA POUIET Uyepe3 YesioBeKa, U ONPeAeIUTh, TOTHOHET

JU OH, €CJIM M3BECTHO, YTO CMEPTENbHBIM JIsl yesoBeKka sBisieTcss Tok > 100 MA.

[TpoBOAMMOCTBIO U3OMSIIMU MEKY TPOBOAAMHU U 3eMJIEN npeHeOpeyb.

12
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Pewenue
Jlns HaxoXJIeHusl TOKa, KOTOPBIM MPOUIET MO Ye- Xe
JIOBEKY, HEOOXOJMMO COCTaBUTh CXEMY 3aMEIICHUS,
YYUTHIBAIOIIYI0 YaCTHYHBIE EMKOCTH KaXI0# (ha3el OT- Xc
%
HOCHUTENBHO «3eMin» (cM. puc. 1.4). B3auMHble 4acTH4- IL
Hble €MKOCTH HE MOBJIMSIOT HAa UCKOMBIM TOK, TaK Kak c Xc
NOAKIIOYEeHBI K TpéxdazHoMmy uctounuky IJC mapai- n
JIETTbHO COOCTBEHHBIM EMKOCTSIM. Iﬁl
9 I |
[Tonmb3ysick TeopemMoli 00 aKTHUBHOM JIBYXITOJTFOCHH-
K€, CBEpHEM CXeMy OTHOCHUTEIILHO TO4YeK ¢ U n (puc. 1.5): Puc. 1.4
: - - 10000
_ _ it
E,=U,, =E.= =5773,5(B);
N
X 1 1
_"c _ _ _
Xy = = = =4144,7(0m).

3 2nfC,-3 2r-50-0,256-10°-3

Tox B MOJy4eHHOU cXxemMe HaXxoIuM no Gopmyre
S773,5

RZ+ X2, /1000? +4144,72

=1,354(A). Puc. 1.5

OTBeT: 4yepe3 4YenoBeKka MNPOUAET CMEPTEIbHO OMACHBIM TOK BEIWYMHOU

1,354 A.

3aoanue 1.3
K cummerpuunoit TpexdazHoit
Ro X cetu (puc. 1.6) ¢ TUHCHHBIM Hamps-
A R, X, xenrem U, = 380 B u conporuBneHu-
Bo— /Y Y Ri gvu R,=X,=100M momkmoyeHa

Rn X R CUMMETPHYHAs Harpy3Ka.
Co— """ ] OnpejeauTh 3HAYEHHE COIPO-
TUBJICHUS HAarpy3ku R, mpu KoTOpoM

Puc. 1.6

Ha HeHl OyAeT moTpeOsAThCS MaKCH-
MalibHasi MOIIHOCTH (P,=max), HaliTh 3HaueHHue 3TON MOITHOCTH.

Pewenue

[Ipeobpazyem cxemy 1o puc. 1.6 k Bugy puc. 1.7:

R U
%:RlH; PH:3|J72'R1H I, = (Dz

13
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R, X RW3 Jnis toro, 4toObl moTpedisieMass MOIII-
o—— [ YY" [} — HOCTh UMEJa MAKCUMAaJIbHOE 3HAYCHUE, BO3b-
UmI MEM IPOU3BOJIHYI0 MOIIHOCTH MO Ry u mpu-

© paBHSEM €€ K HYJIIO.

Puc. 1.7
dP, _Ri’+2R; Ry +Ry*+ X, — Ry 2(R, +Ry)
dRy, ((Rﬂ+RlH)2+XﬂZ)2
dP, R, +2R,-R, +R, +X,"~2R, R, -2R,’
IR, ((Ry +Ry, )+ X,2)
dP, R2+X,°-R,’ R+X,°-R,°

dR,, :((Rﬂ—FRlH)Z—I—XﬂZ)Z / ((Rﬂ+R1H)2+Xﬂ2)2 -

R, =+R,2+X,” =10J2 (Om);
u

I, = il = 380/+3 =8.395(A);

\/(Rﬂ +Ry ) + X, \/(10+10J§)2 +10°

P,=31,2R,; P, =8.3952.3.10-/2 =2.990-10°(Bm) .

Orser: R, =10v/20wm; P,=2990 Br.

3aoanue 1.4

A :J\W* B niens acunxponnoro nsurarens (AJl)
1

N —/]{ (puc. 1.8) ¢ nuHelHbIM HanpsbkeHruem 380 B

8 % \\\/[vy Aﬂ' BKJIFOUCHBI JIBA OJIMHAKOBBIX BATTMETPA, TO-

Ka3aHus KoTopbix 2670 u 398 Br.

C
(e,
Onpenenute aKTUBHOE M PEAKTHUBHOE
Puc. 1.8 CONPOTHBJICHUS 0OOMOTKH AJl, coemMHEHHOM
3BE310M.
Pewenue

MoOIHOCTb CUCTEMBI
P=R,,+R,,=2670+398=3068B8m

Q=+3(R,,—Ry,)=(2670—398) - /3 = 3930Bm
Tk P=+3-U,-1,-cosp, Q=+/3-U, -1, -sing

14
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P 3068

T ctgp=222_0.7806, ¢=52°

Q 3930
| P 3068

=7.58A

S Yy i _ 380/\/_
=,

D

77 J3U, cosp  /3-380-c0s52°

2N (c0s52° + jsin52°) =17.81+ j22.810m

OtBer: R=17.810Mm, X =22.810m

Puc. 1.9
IMOJIXOISIIETO K TOYKE b.

3aoanue 1.5

Ko BropuuHOii 00MOTKE TpaHc@opma-
topa (A/Y) 6,0/0,38 kB nonkimtouen cummer-
pUYHBINA Tpex(da3HbI PE3UCTUBHBIA MpUEM-
HUK I1, ¢a3el KOTOPOro coeTMHEHBI IO CXEMe
“rpeyroipauk” (puc. 1.9). P, = 6 xBT.

Onpenenuth 3HAYEHUS NOTEHLHUAIOB
TOYEK a, b U C MPHUEMHHKA OTHOCHUTEIHHO
3eMJIM [IpU OOpBIBE JIMHEHHOTO IPOBOJA,

Pewenue
[Ipu oOpeiBe nuHeitHOrO npoBoaa (asel B Benuuuna D/IC B ¢azax BTOpHY-
HOl OOMOTKHM TpaHcpopmaropa He u3MeHuTcs. Ha OCHOBaHMHM 3TOro0 COCTaBUM
CXeMy 3aMeIIeHUsI BTOPHYHOH 1ienu Tpancdopmaropa (puc. 1.10).

Puc. 1.10

Tornma, ecnmu ¢, =0, TO
380

p =E, === =220 (B);

q)a A \/g ( )

¢, = Eq =% e/ =220e" (B);
1

@, =U, :EEAe"W =110e’ (B).

OTBet: ¢, =220 (B); ¢, = 206"

[locnie oOpbiBa aKTHBHBIE COMPOTUB-
neHus B ¢azax npueMHuka A u C okaxyrcs
BKJIFOYEHHBIMHA Ha JIMHEWHOE HAaIIpsKEHHE,
YTO COOTBETCTBYET MEPEMELIEHUIO IMOTEH-
Maja TOYKM N Ha cepeauHy Bekropa Ug,

Ha TororpaduyuecKol auarpaMme Harmpsike-
auit (puc. 1.11).

Puc. 1.11

(B); @, =110 (B).
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3aoanue 1.6
A Ha puc. 1.12 npencraBien pes3u-
o] L are— ~ .. .o L
o CTHBHBI TPUEMHHK, BKIIOUEHHBIA B
B onHo(dazHyIo 1enb ¢ Hanpsbkenuem U.

~lv | R [~ R

Ha puc. 1.13 cummerpuuHslii pe3u-

c CTUBHBIM  Tpéxda3Hbli  NPUEMHUK,
° ° BKJTIOYEHHBIN B TpEX(a3Hyto 1eTb, JTH-
Puc. 1.12 Puc. 1.13 HEWHOE HAaIPSHKEHUE KOTOPOM PaBHO

HaMpsKeHUto ogHodazHou uenu. [nu-
HBI TIPOBOJIOB, MaTe€pHaJl, U IJIOTHOCTU TOKa B IIPOBOJie ogHO(a3HOH U Tpéxda3HOM
LIETISIX OJIMHAKOBEIL.
OnpenenuTs COOTHOLIEHUE MEXKY MacCcaMH IMPOBOJOB 3JIEKTPOCHAOKECHUS
onHodazHoU U TpéxdazHOH Ierei, eI MOIIMHOCTH OHO(a3HOro U TpEXha3HOro
IIPUEMHUKOB PaBHBI.

Pewienue
Maccy ogHOro ImpoBOJia CEUYCHHEM S, JUTMHOM 1, U IMIIOTHOCTRIO MaTepHuaia p
MOYKHO OTIPEJICTUTH 0 hopMyIie:
m=IS-p.
Torma myisi MPOBOJOB SJEKTPOCHAOKEHUSI paccMaTPUBAEMBIX MNPUEMHUKOB
Macchl OyIyT COOTBETCTBEHHO PAaBHBI:
m, =2-1S, - p; m, =3-1S, - p.
Tak kak, MO YCJIOBHIO IUIOTHOCTH TOKa B IMPOBOJAX NPUEMHUKOB PAaBHBI
(5,=0,=0), TO:

Jnst Toro, 4yToObl HAWTH OTHOIIEHHE TOKOB COCTABUM CXEMBI 3aMEUICHUS
(puc. 1.14) u onpeenriM MOIIIHOCTH, MOTPEOIsIEMbIE TPUEMHUKAMH.

2 2
— I :R P1=|12R1=U?=P2=3|§R2=3:?,
iy . I, 1 2
. Ulg R OTKyJa:
‘ o——
v I:I R1:R2:>|1:\/§|2!
C R 3HAYUT OTHOILIEHHE PABHO:
I, S
1 _ 1
Puc. 1.14 .S =3
2 2

OTKy,Z[a HaXOJUM OTHOHICHHUC MaCC IIPOBOJOB:

m_218:p 282 450

m, 31S,-p 3 43

OtBer: 1% =1155.
mZ
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2. PeJsieiinas 3a1{uTa M aBTOMATHKA
3aoanue 2.1

Ha ymuaum JI1 cetn 110 kB (puc. 2.1) ycTtaHoBIIeHa TpeXcTyrneHYaTass TUCTaH-
IMOHHAS 3aIlTa C XapaKTEPUCTHUKOW B BHUAC OKPYKHOCTH, MPOXOMSAIIEH dYepes
Havaso KoopauHat (puc. 2.2). CxeMa 3aMellleHusi U MapamMeTphbl dJIEMEHTOB CETU
nokaszaHsl Ha puc. 2.3. [Ipu pacuerax NpuHATH JJIs BCEX JIEMEHTOB ceTu Z = X.

Conporusnenus aunuit Zy= 47 Om, Zp = 63 OM, CONpOTUBICHUE TPaHC-
dopmaropa Zz ,uu= 57 OM, Z71 yaxe = 130 Om, conpotuBierns cuctem Z¢; = 8,1 Owm,
Zc; = 6,6 OM, MUHUMAJIBHOE COIMPOTHUBJIEHUE HA 3aXKMMax 3alllUThl B PEXKUME
HATrpY3KU Zyaep un = 287 OM, yroa MakCHMajabHOW YyBCTBUTEIBHOCTH PEJIE COIPO-
TUBJICHUS @,, = 65° yrojll BEKTOpa CONPOTUBICHUS HA 3aXUMaxX 3allUThI
B HAIpy30UYHOM PEKUME @06 = 30°, K03 ppuirienT orctpoiiku Kome = 1,2, k03P Ppu-
IIMEHT BO3Bparta pese comportuBienus K, = 1,05, MUHUMAaIbHO JOMYCTUMBIA KO-
dbUIMEHT  YYBCTBUTEJNBHOCTU: B  30HE  OCHOBHOTO  PE3€pPBUPOBAHUS
K", sunocn = 1,5, B 30H€ nanbaero pesepsupoBanus K, pes = 1,2.

Hazp .MuH

I Puc. 2.2

ZT.M(IKL’/ ZT.MUII
130 /57 I%
K3

Puc. 2.3

Bribparh ycraBky cpabarbiBanus 3-i pesepBHOM crynenu 3ammtel Z'., mc-
X0/ U3 YCIIOBHUM:

1) oOecreuenus 4yBCTBUTENLHOCTU Npu K3 B 30HaX OCHOBHOIO M JAJbHETO
pe3epBUPOBAHUS NPH MeTALINYECKHX K3;

2) HecpabaThIBaHM B pexkumMax 6e3 K3.

17



Dnexmposnepeemuxa-2015

Pewenue
1. Bvibop conpomuenenus cpabamuléanus no Ycioguro Hecpabamvl@anus 6
pexcumax b6e3 K3
C uenbio HecpabaTeiBaHusi B pexumax 6e3 K3 1., ; BeiOupaercs u3 yciaoBus
oOecrieueHus: yCTOMYMBOTO BO3BpaTa U3MEPUTEIBHOTO OpraHa 3allluThl B UCXOJ-
HOE COCTOSTHHE TIOCJIe OTKIIIoUeHHs BHenmHero K3 mpu mpoTekaHuu Toka camo3a-

IyCKa DJICKTPOABUTaATECIIs
z

Harp.MuH

<
KOTCKB Cos(q)M.‘{ - d)p)
287 287
Z,< =
1,2-15-cos35° 1,2-1,5-0,819

2. Buibop conpomuenenusi cpabamvieanusi no obecneueHus 4y8cmeumenbHo-
cmu npu K3 6 30nax 0anvnezo pesepeuposanus

Cc3

=194,7 (Om)

2.1. Obecneuenue yyscmeumenbHOCMu 8 KOHYe cmexcHou aunuu (K2)

Z
Z,>K Zy+—%
c3 '-I.MPIH.peS( J1 KT )

Omnpenenenue kodpduirenta TokopacnpeneiaeHus npu K3 B rouke K2:
Tokwu Ha puc. 2 Mecto K3 PacueTrHoe BrIpaxeHue Pacuer

Z.,>1,2(47 +6—13) =132 Om

2.2. Obecneuenue wyscmsumenviocmu 3a mpaucgpopmamopom (K3)

ZTMI/IH
(Z+ )

Zc3 2 K‘I.MI/IH.pCS KT

Omnpenenenue kodddunuenTa Tokopacnpeneneuus nmpu K3 B Touke K3:
Toxwu Ha puc. 2 Mecto K3 PacueTHOoe BIpaxkeHue Pacuer

1 1
—_— K; =——%-—==0,558
/13 Ks® 1 ZatZm T 84T
Zey+ Ly, 6,6+63
57
Z.,>212(47+ ) =179 Om
0,558
2.3. Obecneuenue 4y8cmeumebHOCMU 8 30He OUNCHE20 Pe3ePEUPOBAHUS

Zc3 2 K‘I.MI/IH.OCH ) Zﬂl
Z.>12-47=56,40mMm

3. Beibop ycmasku

B kauecTBe COMPOTHBIICHHS CpabaThIBAHUS IPUHUMAEM Z\| =194 Om.

Oteer: 2", =194 Owm.
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Ucemu =110 xB

bt ga1

Y
T Y/A-11

Puc. 2.4

3aoanue 2.2

JIist 3amuThl JByXOOMOTOYHOTO TMOHU-
3uTenbHoro TtpaHchopmaropa T TpaHcdop-
MaTopbl Toka TA COEAMHEHBI «B TPEYrOJib-
HUK», pene Toka KA — «B 3Be3my» (puc. 2.4).

3nauenue Toka K3, nmpuBeneHHoe Kk Me-
cry ycranoBky 3amuTel 1P =4200 A.

Koaddpunment tpanchopmanuum TpaHc-
dopmaTtopos Toka K; = 600/5.

Conpotusnenue pene Z, = 0,001 Owm.
CompoTruBieHne TpoOBOJAa B OJWH KOHEII
Rip =1 Om.

[TonmoxuTensHbIC HAMIPABICHHSI BEKTOPOB
Tok0oB K3 1 TOKOB B pesie 3a/1anbl Ha puc. 1.

Bnusinuem Harpysku tpancopmaropa T
npeHeopeyb.

HeoOxomuMo MOCTPOUTH  BEKTOPHYIO
auarpaMmy TOKOB B TpaHC(popMmaTopax TOKa
u pene npu asyxdasaom K3 K@, ompene-

JIMTb 3HAYCHHUSA TOKOB, paCCUUTATh COIIPOTHUBJICHNEC HAI'PY3KH.

Pewenue

1. BektopHas nuarpamMmma TokoB B MecTe K3 (B MecTe yCTaHOBKHU 3aIIUThI)

R,
IA_IK
I,=0
__1@
I =—I¢
— (2) 12
[=—18 i, =10
- L4 >

2. Moaynu TOKOB B MECTE YCTAaHOBKH 3aIUThI

I,|=1® =4200 4
l,|=0
I.|=1% =4200 4

3. BektopHas nuarpaMma BTOPUYHBIX TOKOB TT
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Ic Ia
- L L

4, Motynu BTOPUYHBIX TOKOB TT

[Ipu BEIOpaHHOM MOJIOKUTEIILHOM HAIPABJICHUH BEKTOPOB TOKOB BTOPUYHBIC
Toku TT coBmagarT Mo HAPaBICHUIO ¢ IEPBUYHBIMU TOKAMU, @ MOIYJIM ONpPELE-
JITFOTCS TIO BBIPAXKEHUSIM

o

ol 4200
K, 120

I,|=0

o

|C=—C:@=35A
K, 120

5. BGKTOpHaH AquarpamMma TOKOB B PCJIC
=1 -1

b:|a

pl
IpZ_Ib_Ic:_Ic
(=0~ =1 +I =2l
IP3 IPl
- H <
| «————— *————— » |
¢ L a

Moaynu TOKOB B pesie
[,—1,|=|l,|=354

|p1|=

=354

=|-T.

Ip2|:|lb_lc

IC_I(Z

=[2r,|=704

[|=
6. ConpoTHBiIEeHHE HATPY3KU

Z _ Ua _ I‘Pl(r np+Zp)_ I.P3(r np+zp) _ 3Ia
0L |' 0

a a a
Z,, =3(1+0,001) =3,003 (Om).
Comportusnenue Harpy3ku (a3el C TT paBHO COMPOTHUBIEHUIO HATPY3KHU (a-
361 A TT.

(r np+Zp)
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3aoanue 2.3

Ha muamm JI1 ycranoBnena muddepeHnnanpHas TOKOBas 3alluTa C TOPMO-
x)eHueMm (puc. 2.5). XapakTepucTuka cpaOaThIBaHHS 3alllUTHl IPEICTaBICHA Ha

puc. 2.6.
Ly 4
CpabarbiBanne
J3J1
¢l Y, “ K3 K C2 HecpabarsiBanue
a
@7‘4{5. / J1 /E;(@ lesors | A2
—>» <« ' .

Puc. 2.5 Puc. 2.6

loug =[l2+ T3, 17 20’5'("‘1““2‘)'

HomunaneHeii TOK |, = 300 A.

Toku KOPOTKHX 3aMBIKaHHUH, MPOTEKAIONIE dyepe3 3aMTy |sxiuae = 1230 A,
Lik2wace = 1470 A.

Toxu 4depe3 3amuTy B pexxuMe OTKIrOUeHUS CUCTEMBI C2 ks, = 1190 A, B
pexume oTkimroueHuss CucTeMbl C1 — |ixgu, = 1340 A.

Koaddumment orcrpoiiku K,y = 1,5;

K03 PULIMEHT, yYUTHIBAIOUIHI NIepexoanblil mpouece K, = 2;

norpemtHocTh TT ¢ = 0,1;

koddurmeHT ogHoTUHOCTH TT Kop, = 0,5;

MHUHHMAJIbHO JOIMYCTUMBIA KOA(OHUITUEHT TYBCTBUTEIBHOCTH K, 1110000 = 2.

Heobxoanmo:

1. Paccuntath KO3(p(ULHMEHT TOPMOKEHHUS XapaKTEPUCTUKU cpadaThIBAHUS
i depeHnanbHON TOKOBOW 3aIlUThI JIMHUH.

2. O1IeHUTh YyBCTBUTEIHLHOCTD 3aIIUTHI.

Pewenue
1. AHanmu3 XapakTEePUCTUKN CpabaThIBAHUS:

I
b CpabarbiBaHue

HecpabatsiBanue

Kotc*Iu6.makc

IC3.MI/IH

.

|T0:|HuM IKZMaKc IT
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I()uqb :‘|1+ IZ‘:“l_ IZ‘: IH6.MaKc

IT = 0’5 ) (‘ Il‘ + ‘IZD = 0’5 ) ( Ieuem.makc + Ieuem.makc) = Ienem.makc

2. PacueTHOE BRIpakeHHE KO (HUIIMEHTA TOPMOKCHHSI
N3 puc. 2.6:

omc IH6.Ma1<c(K 2) IC3.MMH

IK 2maxc(enewr) ~ ' nom

Ky 2tga =

3. Ompenenenue Toka HeOanaHca JJisl pacyeTa MUHUMAJILHOTO TOKa CpaldaThi-
BaHUS

IH6(IH0M) = Knep & KO()H ) IHOM

L6 1on) = 2-0,1-0,5-300=30 4

4. OmnpeneneHne MaKCUMAaJIbHOTO TOKa HeOasaHca. [IockonbKy MakcHMalb-
HBI TOK HeOaslaHCa ONpeeseTcss MaKkCUuMalbHbBIM TOKOM BHelHero K3, To B ka-
YECTBE PACUETHOI'O U3 JIBYX JIAHHBIX TOKOB BBIOMpPAEM |g2, Kak HanOONbIINN

L6 siawe = Koep € Koon - I 2
L6 vae =2°0,1-0,5-1470=147 A4

5. OnpeneneHrie MUHUMAJIBHOTO TOKa CpabaThIBaHUS:

| s = Komc|H6(IH0M )

l s o =1,5-30=45 4

4. Onpenenenue kKodphuiiieHTa TOPMOKECHUS

S 15-147-45 _
"™ 1470-300

5. O1ieHKa YyBCTBUTEIBLHOCTH 3AIIUTHI MPOU3BOAUTCS TP MUHUMAJIBHOM TO-

ke BHyTpeHHero K3. Tlockonbky lxs < lxs , mpuHUMaeM 3a pacueTHbIN g3

015

Idud} = ‘ I-l + IZ‘ :||1 - O| = I@Hymp.MuH
IT :0’5'(“‘1‘—'_".2‘):0’5'(IeHymp.MuH +0) =0,5- I@Hymp./mm

K = IK3ML!H > K

y | Y. MUH.00N
C3.MUH

k =190 25442
45

y
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3aoanue 2.4
PII1 D T 0.4 kB
10,5 kB / ( AQ\Q
y IH[I&"
c JI1 Kf K i
K s P4l gy
/ l |/
- 1,
SN o
IHasz
Puc. 2.7

Ha nunusix cetu 10 kB (puc. 2.7) ycTaHOBIEHBI MUKPOIIPOIIECCOPHBIE TOKO-
BbIE 3alIUThl OT Mexaydaszubix K3 ¢ o0paTHO3aBUCMMBIMU XapaKTEPUCTUKAMU,
ONpeIENIIEMbIMU YPABHEHUEM:

a
L5 -1 rre les ,a=0,02; §=0,14.

3amuThl BBIMIOJTHEHBI B IBYX(a3HOM UCTIOTHEHUH.

3amutsl 1, 2, 3 IMEIOT TIABHO-3aBUCHUMYIO XapaKTEPUCTUKY C TOKaMu cpaba-
TeIBAHUSA: |05y =253 A; 15 =119,2 A; 13 =134 A

3amura 4 UMeeT OrpaHUYEeHHO 3aBUCHUMYIO Xapaktepuctuky (TO+MT3) ¢
napaMeTpaMu cpaOaThIBaHUSI:

lesr04 = 1500 A; lesyrza =75 A K = 1.

Ha ctopone HH tpancdopmaropa T (10,5 /0,4 kB) ycraHoBiieH aBTOMAT ¢
I, = 1000 A ¢ xapakTepuCTHKOMN cpabaThIBaHUSA:

tes 70aem = 0,04 ¢ ipu 1 > 10 1,,,,,,

tes mM730em = 8 c ipu | < 10 1,,p,,.

Toxu K3, npusenennsie k cropoHe 10,5 kB: 19¥,..=3180 A,
1D 1pn = 1500 A, 1@ g0, = 1000 A, 195, = 700 A, 1Py, = 350 A,

Toku Harpy3ku, npuseneHHblie k ctopone 10,5 kB: 1., = 80 A, 14202 = 50 A,
| Hazp3 = 40 A.

Crynens BoiiepKku Bpemeru At = 0,3 C.

[Ipu OnmxHEM pe3epBUPOBAHUM MHUHUMAJIBHO JOMYCTUMBIA KO3(PPUIUEHT
YYBCTBUTEIBHOCTH Ky ym.00n = 1,5; IpU JabHeM pe3epBUpOBaHUU K yum.00n = 1,2.

3amanue:

1. CornacoBaTh MO BPEMEHM XapaKTepUCTUKU cpabaTsiBanuss MT3 Nel, Ne2,
M3 ¢ 00paTHO3aBUCHUMBIMHU XapaKTEPUCTUKAMU: pacCUUTaTh Ko3dduinreHTs! K xa-
PaKTEPUCTHK.
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2. OLIeHUTHh YYBCTBUTEIBHOCTH 3ammuT MNel, Ne2, Ne3 B 30Hax ONMKHETO U
JTanpHETo pesepBupoBanusi. OIEHUTh HEOOXOAMMOCTh MPUMEHEHHS TPEXPEIeHHOM

CXEMbI U ITOBBINICHUA YYBCTBUTCIIBHOCTHU.

Pewenue

1. Bi6op xapakTepuCTUK BpeMEHU CpadaThIBaHUS

3armura 2
I N

¢3T0asm esTOasm U
BH

1
_ ¢3TOasm

1, =

32

tc32 2 tc3a3m + At

s
3amura 3
I _ |63T04
x| I—
3 MT34
_ kB
c34 I*a _1’

t,=>t ,+At

I _ 3704
*3_

+ I Hazp3

IcsMT33

. _ 2,57(11,5°92 —1)

3 20,92.
0,14

3ammura 1

CoryiacoBaHue C 3aIUTON 2;
®)

I _ _ Kluakc
*2 - I

32

14014
<27 96,6792 _1

®
_ IKlMaKC + IHasz

l, =
1
|

=29c

+ IHazp3

3l

0 3,2(12,9°%2 1)

1,2.
! 0,14

CorracoBaHue € 3aIUTOA 3:

I 1000022 ~ 3814
10,5
=8l 55
119,2
t ,=8+0,3=83c
002
LK C i
0,14
1L, =202
75
1-0,14
it = o007 2,27¢
t ,=2,27+0,3=2,57¢c
L., :M:“ﬁ
134
L, =20 o667
119,2

t,=29+0,3=32c

= 3180+50+40 129
253,2
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)
|*3 _ IKl,uaxc |*3 :@ — 23,73
Ic’33 134
0,92-0,14 _ _
ngzmzzc t,,=2+0,3=2,3c
19+
I*l — Klmakce Haepl I*l _ 3180 ‘|‘8O :12,9
» 253,2
0,02
W LR VIR
0,14
[IpuHnMmaem:

3ammra 2: ko = 1,4.
3ammra 3: k3 = 0,92.
ammra 1: k; = 1,2.

2. OueHka 4yBCTBUTENBHOCTH

O1eHKa 4YyBCTBUTEJIBHOCTH MpPHU OJIMKHEM pE3epPBUPOBAHUU MPOU3BOAUTCS
IpM MUHHMAJIBHOM TOKE yepe3 3amuTy npu K3 Ha mumHax MpOTHBOIOIOKHON
noAacTaHunn. OLEeHKa 4yBCTBUTEIBHOCTU NPU AAIBHEM PE3EPBUPOBAHUM IMIPOU3BO-
JUTCS TIPY MUHUMAJIBHOM TOKE depe3 3amuTy npyu K3 Ha mmHax mpoTUBOMOIOKHOU
IOJICTAHLINY CMEKHOT'O YJIEMEHTA.

3amura 2
I,(fj 350
= Kb > pr K, =——=165>15
y?2 /3|032 Ynun.oon g2 \/é 119, 2

TpeOyemass 4yBCTBUTEIBLHOCTh 3aIUTHI 2 TpU OJMKHEM pe3epBUPOBAHUU
o0ecreynBaeTcs.

3amuta 3
|2 1000

K’{3 :%ZK‘LMW.()M qu = 135 :7’4>1’5
I[(<23)MMH 700

K‘JS ZI—ZK'LMuH.()on qu :E:5’2>1’2

33
TpeOyemasi 9yBCTBUTEILHOCTD 3aIUTHI 3 TIpU OJIMKHEM M JATbHEM PE3CPBHU-
pOBaHUU 00ECIIEYNBACTCHA.

amura 1

|2 1500
Kl{l = % 2 K‘]Muﬂ.()on qu = 253 2 = 5’9 >1’5

c3l
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| 1000
K, =—f2wm>pg K, =——=3095>12
g1l |C31 4; O g1 253’ 2
|2 350
qu = L Z R’JMuH.Oon qu S 0’ 798 < 1’ 2
NEI J3-253,2
TpexpeneﬁHaﬂ CXEMa UCITIOJIHCHUA BaHII/ITBI:
K, =—230 16512
J3-253,2

Tpebyemasi 4yBCTBUTEIBHOCTh 3alUTHI 1 MpH OIMKHEM pe3epBUPOBaHUU 00ec-
neunBaetcs. [Ipu nanbHeM pe3epBUpOBaHUM TpeOyemast YyBCTBUTEIBHOCTD 3aIIUThI
1 6yner oGecrieunBaThCs IPU MPUMEHEHUH TPEXPEIEHHOM CXEMbI UCTIOTHEHHUS.

3aoanue 2.5

Ha tpanchopmatope ycraHosieHa auddepeHiuaibHas
TOKOBAsI 3aI[UTa C TOpPMOXKeHUEM (pHc. 2.8). XapaKTeprcTrKa
Ueany = 110 xB cpabaThIBaHMsI 3aIIUTHI TIpEICTaBleHa Ha puc. 2.9.

C

* I,Z[I/I(I)*

|
|
|
T T fﬁT ! CpabarbiBanue
73 |
|
|

HecpabaTriBanue

[T

Puc. 2.9

Puc. 2.8 . . .
loup =| T+ 12| 17 =05:(|iz]+]T])

MunuManbsHbIi TOK cpadaTteiBanus |« = 0,3 o.e.

Tox Havasa Topmoxenus Iy« =1 o.e.

MakcuManbeHBIN CKBO3HOM TOK BHENTHETO K3 |4eu vacex = 3,5 0.¢€.

MunumanbHbIi TOK BHyTpeHHETO K3 gymp aun+ = 2,5 0.€.

Koaddumment orcrpoiiku K,y = 1,3, ko3 PuIMeHT, yuuThIBaloOmuii nepe-
xoubId mpouecc K, = 2, morpemnocts TT ¢=0,1, ko3 PpureHT 0JHOTUTTHOCTH
TT K,s~=1, morpemHocTts perynupoBanus mnoj Hanpsokennem AUx= 0,16 o.e., mo-
rpemHocTh BeipaBHUBAHUSA Af,,,,=0,02, K. .00 = 2.

Paccuutath K0A(h(UIMEHT TOPMOXKEHHUS XapaKTEPUCTUKU CpabaThIBaHUS U
OLICHUTh YyBCTBUTEIBbHOCTD 3aILUTHI.
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Pewenue
1. AHanu3 XapaKTepUCTUKU CpadaThIBaHUS

Inud

CpabarsiBanue Kotc*Iub.maxc

HecpaGIaTHBaHHe

IT o IBHEII. MaKC. >

Puc. 2.10. IIpoananm3upoBaHHas XapaKTEPUCTUKA CpaOaTHIBAHUS 3aIIIUTHI
Lougp :‘|1+ |2‘ =1 =12 = Vg sane
IT = 0’5 ’ (‘ Il‘ + ‘ I 2‘) = 0’5 ) ( I@Hem.MaKc + I6H€LM.MCZKC) = I(s‘HeLM.MaKC

2. PacuetHoe BeIpaxkeHue KO3 PUIIEHTa TOPMOKEHUS
N3 puc. 2.10:
— 1

-
6. makc* Jlo*
K >thC= omc 'H
T = .

sHeus.makc* IT o*

3. Onpenenenue Toka HebanaHca
I :( Knep & KOOH +AU. + Af@bzp* ) IeHew.MaKc*

I =(2-0,1-1+016+0,02)-3,5=1,33

HO . makc*
1o . makc*

4. Onpenenenue kod(phuireHTa TOPMOKEHUS
K, > 1,3-1,33-0,3
35-1

5. O1eHKa 4yBCTBUTEIBHOCTH 3aLATHI

=0,57

Idud) :‘Il—l_ IZ‘ :|Il _0| = IeHymp.MuH

loud B . SN
=05 ([uf+]i) -
IBHyTp.MMH*
——————— 7
‘| =0,5-(1 +0)=05-1
Cpabafeipanme ! BHYMP . MUH 1
7
/
: HecpabartpiBanue
I
| .
__ Lenymp.mun
20 : I K'i - Z Kq.MuH.Oon
T | N
ITO 015*|BHyTp.MMH* ,ZZO
2
K,=—=6,67>2
0,3
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3aoanue 2.6

Ha muausx cetu 35 kB (puc. 2.11) ycraHOBIICHBI HANIpaBJICHHBIC U HEHATIPAB-
JICHHBIE TOKOBBIE€ CTYNEHYAThi€ 3alIUTHI C HE3aBUCUMON XapaKTEPUCTUKOUN BBHI-
JIEPIKKU BPEMEHHU.

«b» «B» «'» «»
9 10
«A» 4 S X
1 5 || || || vy
C || || 2 IX ¢ | X ]
()~ > [ | I/' x ¢ xu
H e | IV 3[ J«Ey[]6 ?
4 o0, rx
8
K VyVly K,
«WK»
| | | |
VI VI
Puc. 2.11. Cxema ceru 35 kB
HcxonHble  JAaHHBIE: ¥ e = 2,8 KA; 1D sy ki = 1,8 KA;

|(2)3au4.KZMuH = 112 KA, |(2)3au4.K3MMH = 0563 KA: Ipa6.MaKc = 092 KA.
s 3amqutel: At=0,5 ¢; K, = 1,5; K = 0,95; Komenrs = 1,25 Komero = 1,3.

Bpewms cpabaTsiBanus 3amuT otxoadmux Junuid | - X1V ykazano B Tabnuue.

t) th | G | Gv | tv |ty | tun | tum | tix | tx | ta | Txn | tan | tav

1111,09|27(05|21| 0 |05]22|15]18(08|15]| 1

3agaHue:

1. OnpenenuTh, KaKUe 3aIUTh TPUHATH HAITPABICHHBIMH.

2. BeiOpath BBIICP’KKH BPEMEHU MAaKCUMAJIBHBIX TOKOBBIX 3amuT 1, 2, 3, 4, 5,
6,7,8,9, 10 B ceTn.

3. Boi6pats 5701 1 lesprss. TlpuBecTn MeTouKy BEIOOpa YCTABOK.

4. OueHutb uyBCcTBUTENLHOCTh MT3 3amuThi 1.

Pewenue

1. Hanpasnennvimu Heobxooumo npuramo 3auwumol: 3, 5, 6, 7

2. Bvibop evioepoicex spemenu MT3 sawum 1, 2, 3, 4, 5, 6.
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[TockonpKy MakcUMaibHasi TOKOBAs 3alllUTa OCYIIECTBISET (PYHKITUIO HalTh-
HEro PE3epPBUPOBAHUS, BPEMsS CpalaThIBaHUS KaXKIOW 3aIlUTHl PAaCCUYUTHIBACTCS
KaK CymMMa BPEMEHH CpadaThIBaHUSI CMEXHOTO (MPEIbIAYIIEro) 3JIEMEHTa U CTY-
MEeHU ceNeKTUBHOCTU At. [Ipy HaNMYMKM HECKOJNBKUX CMEXHBIX AJIEMEHTOB U3 BCEX
BapUAHTOB BPEMEHU CpadaThIBaHUs BHIOMpPAETCS HAUOOIbIIIEE.

PacuerHoe BrIpa- [Ipunaroe
3amaBaemas pynkius | PacueTHoe ycioBue Pacuer
JKEHUE 3HAYCHUE
t3=0
ts=0
tio=txn +A t 1,5+0,5=2
t10=2 ¢
tio=txiv +A t 1+0,5=1,5
to=tx +A t 0,8+0,5=1,3
fo=tx +A t 1,8+0,5=2,3 te=2,5¢
to=tio +A t 2+0,5=25
tg=tvin +A t 0,5+0,5=1
ts=1c
ts=tvn +A t 0+0,5=0,5
tr=ty +A t 2,1+0,5=2.6
t7=tv +A t 0,5+0,5=1
t7=2,6 c
t7=t3 +At 0+0,5=0,5
tr=ts +A t 1+0,5=1,5
o 5 te=tx +A t 1,5+0,5=2
TCTPOMKA OT Bpe- —— 2.2+05=2.7
HecpabatbiBanue mpu | MEHU cpabaThbIBaHHsI t6=3,0 ¢
te=ts +At 0+0,5=0.5
BHemHUX K3 3aIUT CMEKHBIX
te=to +A t 2,5+0,5=3
HJIEMEHTOB
ti=tx +A t 1,5+0,5=2
ti=tix +A t 2,2+0,5=2,7
t2=3,1c¢c
ti=t7 +A t 2,6+0,5=3,1
ta=to +A t 2,5+0,5=3
=ty +A t 2,1+0,5=2.6
to=tv +At 0,5+0,5=1
t=3,5c¢c
=1t +At 3+0,5=3,5
=13 +At 1+0,5=1
1=ty +A t 2,7+0,5=3,2
=t +At 0,9+0,5=1,4
t1=4 ¢
1=t +At 3,1+0,5=3,6
=t +A t 3,5+0,5=4
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3. Bbl60p ]csTOI u ]csMTS’I

Tok cpabaTbiBaHHsI TOKOBOW OTCEUKH PACCUMTHIBACTCS C IIeNIbI0 HecpabaThl-
BaHus npu BHemHUX K3, mosToMy OTCTpamBaeTcsi OT MaKCHMalIbHOTO TOKa uepe3
3anuTy npu K3 Ha mmHax npoTHBONOJIOKHOMN MOACTAHLINU:

|C3T01ZK0TC'I1(<31)W<C IC3T0121’3'2’8:3’64KA

C nensto HecpabaThiBaHus B pexuMax 0e3 K3 tok cpabateiBanus MT3 Bbl-
Oupaercs U3 yCIOBHS HEMEIJEHHOIO YCTOMYMBOrO BO3BpaTa 3allUThl B UCXOJHOE
COCTOSIHUE ITOCJI€ OTKII0YeHUs BHelHero K3 3ammuToi npeablaymein JMHIY:

Kore - K 12-15
C3MT3IZ%BWY'IPAE.MAX |03W312W'0,2:0,379KA

4. Oyenxa wyscmeumenvrocmu MT3 3awumor 1

4. 1 . OHGHKa qYBCTBHTeHBHOCTH HpI/I 6HH)KH€M pe3epBI/Ip0BaHI/II/I:
| (2)
R‘ — Klmun > R‘

Y = ~“Ymun.oon
C3
K’iuuu.don = 1’ 5
K, =28 _475-15
0,379

42 OHeHKa LIYBCTBI/ITeJ_I]E)HOCTI/I HpI/I JAaJIBHEM pe3epBI/Ip0BaHI/II/I:
| (2)
Kq — K2mun > R‘ K‘

= " Ywun.oon ! Ymun.oon = 1’ 2
C3
=2 232512
0,375
(2)
K,{ _ I[iS,uuH > Kl[,wuH-()on , Kq = % = 1’ 68 > 1’ 2
C3 )

Pacuets! mokasanu, 4ro Tpedyemas yyBctBuTenbHOCT M T3 3amutel 1 obec-
MIEYMBAETCS.
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3. DaekTpocHalKeHH e
3aoanue 3.1

Ha noacranuuu ycTaHOBIEHBI JBa ABYXOOMOTOYHBIX TpaHCc(popMmaTopa TUIa
T/1H-16000/110.

OTtknoHeHus HanpspkeHus Ha mrHax 110 kB moacranuum cocraBuiim:
V1 = -5,63% — B pexume HanOonbmux Harpy3ok u V2 = -0,18% — B pexume
HaWMEHBIINX HArpy30K.

[Torepu HanpsixeHHs B TpaHCPOpPMATOpPaxX COCTABUIN COOTBETCTBEHHO:

AU =45% n AU, = 1,54%.

CripaBouHble JaHHbIE TpaHC(hOpMaTOpa:

Usow s = 115 KB; Uy i = 11 kB;

PITH umeet nuana3oH peryiupoBanus £9x1,78%.

Onpenenuth kK03 GUIMEHTH TpaHCPOpMalUKd TPaHCPOPMATOPOB B yKa3aH-
HBIX peXHMax, €ClIM Ha MOACTaHIMHU Ha muHax 10 kB ocyniecTBiaseTcs TpUHIUI
BCTPEYHOT'O PErYJIUPOBAHUS HAIPSKECHHUSL.

Pewenue
Peoicum naubonvuux naepyzox

1. Hanmpsoxkenune Ha muHax 110 kB I1C B pexxrme HanOONbIIMX HArpy3okK co-
CTaBUJIO:
U; =110-5,63-110/100 = 103,8 xB

2. lMoTteps HanpspbkeHus B TpaHnchopMaTopax:
AU,=4,5 -103,8/100 = 4,67 kB

3. Hanpsixenue Ha mmHax 10 kB, npruBeieHHOE K BBICILIEMY HANPS)KEHUIO
Uz = U; — AU, =103,8 — 4,67 = 99,13 kB

4. Homep otBetBiieHus npu Us,,= 1,05-10 = 10,5 xB
N1=100 [ (U2t - Uson 5t ! Usion 8 Usseen ) —1] 1 AK =
=100 [(99,13-11/115-10,5) - 1] /1,78 =55
[Tpumem N = —6.

5. Hanpsixkenre OTBETBIICHUS
Ujome= 115 (1 — 6x1,78/ 100) = 102,7 xB

6. Hanpspkenue Ha mmHax 10 kB npu Ny = -6, K,= 102,7 /11 = 9,336, Torna
U= U2/ K,=99, 13 /9,336 = 10,62xB

Peoicum naumenvuiux HAZPY30K
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7. Hanpskenue Ha mmHax 110 kB T1C B pexume HaMMEeHbIIMX Harpy3oK:
U;=110-0,18-110/100 = 109,8 kB

8. [loteps HampspkeHHs B TpaHchopMmaTropax:
AU,=1,54-109,8/100 = 1,69 kB

9. Hampsokenue Ha mmnax 10 kB, npuBeieHHOE K BBICIIEMY HANPSKEHUIO!
Uxn=U1-AU,;=109,8-1,69=108,11 xB

10. Homep otetBiieHus mpu Uj,,= 1,0510 = 10,5 kB
N1= 100 [ (U21 * Uson 11 | Usions B Uoseen ) =11/ AK =
=100 [(108,11-11/115-10) - 1] /1,78 =1,92
[Tpumem n; = +2.

11. HanpsiokeHue OTBETBIICHUS
Ujome= 115 (1 +2x1,78/100) = 119,1 kB

12. Hanpspkenne Ha mmHax 10 kB ipu ny = +2, K= 119,1 /11 = 10,827, Torma
U= U/ K,=108,11/10,827 =9,99xB ~ 10 kB.

OtBeT: B pexxuMe HauOoJbIIuX Harpy3ok K, = 9,336; B pekrMe HaMEHb-

mmx Harpysok K, = 10,827.

3aoanue 3.2

[Ipeanpusarue nojiydaeT MEeKTPOIHEPTUI0 Ha HanpsbkeHuu U, = 110 kB no
neyxuernnor JIOII, BeimomnenHo#t mpoBogoM AC-120/19 (momycTUMBIA TOK
loon = 380 A, momyctumasi Temriepatypa HarpeBa Ty,, = + 70 rpamycos, Temmnepa-
Typa Bo3ayxa T,. = + 25 rpamgycoB). MakcumanbHas Harpy3ka MpeInpusThs
Pmax= 40 MBT, tgp = 0,5.

TpeOyeTcs onpenenuTh:

- SIBJISIETCS JTU AOMYyCTUMOM padoTa onnol uenu JIOII npu aBapun Ha Apyrou,
T.€. ONPEACIUTh NPONyCKHYI0 criocooHocTh JIDII o HarpeBy (Pyy, — MO aKTUBHOM
MOITHOCTH) MIPH aBAPUHHOM OTKIJIFOUEHUU OJHOMU LIeTIH;

- Temneparypy Harpesa (7) mpoBoaa oanoi uenu JIOII B mocneaBapuitHom
pexxuMe padoThI.

Pewenue

1. TokoBas Harpy3ska JIOII:

Jp? 2 40% +(40-0,5)
| = Smax _ I:)max +Qmax — \/ +( ) 103 =235 A.
¥3-u,, B-U,, {3110
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IIpoBepka ceuenus BJI nmo HarpeBy
loon= 380 A, uto Gonpmie | = 235 A.

2. IlponyckHas cmocoOHOCTh 0/1HO# 1enu BJI
Poon = V3*Uion loon-cosp =\3-110-380 0,894 = 64,725 MBr.
Pabora oaHOM Henu npu aBapuu Ha Jpyrou donycmuma, T.K.
Pyon= 64,725 MBT 0onbiie Pya= 40 MBT.

3. Temneparypa NpoBo/a B IIOCIEABAPUIHOM PEKUME OTPEIEINSAETC MO BbI-
PaKEHHIO!
T=[1? (ToonToc) + Poon Toc] | 200 =
= [235%(70 — 25) + 3802 - 25] / 3802 = 42,21 rpax.
wtt T= Tyo + P(Toon-To )l 1Pon = 25 + 2352 - (70 — 25)/3802 = 42,21 rpan

OtBer: Py,, = 64,725 MBT; T=42,21 rpan.

3aoanue 3.3

K cymectBytomeit ['TII (puc. 3.1) He06X0AMMO MOJKIIOYUTH TYyTOBYIO CTa-
neraBwibHyto nieub (JCII) B komiiekre ¢ TpaHchOpMATOPOM MOIIHOCTHIO
Sn=4 MBA, BriOpaB pexuMm padoTsl TpanchopmatopoB ['TIII ¢ Takum pacueTom,
yTOOBI KOJICOaHUsI HAIpPSKEHUsI, BbI3BaHHbIC PAOOTON MOJKIIOYaEMOM Me4H, HE
MpEBbIIAIN Obl TOMyCTUMBIX. JlomycTMOe 3HaUeHUE pa3Maxa U3MEHEHUsT Harpsi-
JKECHUA SUMOH = 1,6 %. Sl = 82283 = S4.

é Sxa1=1600 ME-A
T1 T2 TPOH-25000/110 (o nap amenssoH paboTe
T, =10,5% PACIRTIIEHEED 00MOTOE)

ACII-5

Puc. 3.1. Cxema cetu
It aTorO TpedyeTcs:
® ONpENETUTh pa3Max U3MEHEHUs HarpsikeHus oU; B TOUKE MOAKITIOYCHUS
JICII, ecnu oHa IOAKITFOYAETCS HA OJTHY U3 pacCIISIIICHHBIX 0OMOTOK TpaHchopma-
topa T1 nmpu pazaenbHOM padote T u Tz M UX pacHICTUICHHBIX 0OMOTOK, IPUHSTH
KO3 UIUEHT paciuenaeHuss o0oMotok K, = 4;
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® ompenenuTh pazMax u3MeHeHus HanpsokeHus (dUy), ecnu JICII moaxito-
yaercs K muHaMm 10 kB npu napamnensHoit padote T1u Tz M UX pacmienIeHHbIX
0OMOTOK;

e BbIOpaTh pexuM padotsl TpaHchopmaropoB I'TIII ¢ nenpro cHUXKEHUS KO-
nebanuii HanpspkeHus B cetu 10 kB.

Pewenue

Pa3Max u3zmeHeHus HanpsiKeHuUs onpeensercs no Gopmyne:

5U,, = =1.100%
S

tp
K3

Cxema pazoenvrou pabomsl mpancgopmamopos Tl u T2 (puc. 3.2).
Cxema 3aMeIieHus i pacuera |y, U pacueT
/Sy 1600 MBA
K3

110
»
OEC /6,07
1 e
§XC /0,069
u . § Xm0
10 i
. )
#
% \ 4
S
Sl 3 HH
HH
. Xm /0,926 Xm /0,926
2 S4
| 10
K3

Puc. 3.2. Cxema paboThl TpaHCHOPMATOPOB € pacIleIICHHEM

[TapameTpbl CXxeMbI 3aMEIICHUS .
U, =10,5«B
Uy 10,5

NN

2 2
xe =05 105 4 0689 - 0,069 0
S 1600

2
Ve Vel K g
100 S 4

=6,07«B
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2 2
w U U% (ﬁj 105 105" 4 or60n

T 00 5% |2 )"100 25 2

Ec/6,07 Xy =X + X =0,069+0,926 = 0,995 Om
o = Le _ 007 g4,
x, 0,995

X 10,995 S =/3-U, -1 =/3-10,5-6,1=110,8 MBA

10 Pa3smax uzmenenus HaIIPSOKCHUA
I
0,y = 21 100% = 1i :100% = 3,6%
K3

Cxema emopozo pesxcuma (puc. 3.3).
S = 1600 MBA
K3

110
¥

1 &9@ 2

10

—

—

Puc. 3.3. Cxema napasmienbHoi paboTsl TpaHchopMaTOpoB

Cxema 3aMelleHUs U TapaMeTPhI

() Ec/6,07 U, =10,5«B
U, 105
E.=—2="==607xB
§ RERVERRNE
Xc 10,069 2
X = Ung = 105% _ 50689 = 0,069, On
e S 1600
2 2
1 U, U 1105 105" 0

Xm /0,23 Y= 2 100 8?30 2 100 25

|10
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Ec/6,07 Xy = Xc +%; =0,069+ 0,23 =0,299, Om
oo _Fe 80T 0o
x; 0,299

X 10,299

S =3.U_ 1% =/3-10,5-20,3 = 368,8, MBA

| 10
K3

Pa3Max u3MeHeHHs HalPSKEHHUS .
M, = i -100% = 4 100% = 1,08%

b gl 368,8
3aoanue 3.4

K mmnam 10 kB T'TII (puc. 3.4) moakimodeHa Harpy3Ka rpymimbsl IEX0B Mpe/I-
npusitus ¢ S, = 12365 + | 8084 kBA. K 3Tum e mimHAM MOJIKIFOUEHBI 1B CHH-
xpoHHbIX asurarens tuna CT/I, momuocThio kKaxaeii Py = 800 kBT, paboTaromue
c omnepexaromuM CoS ¢, = 0,9 1 K03PPUIIMEHTOM 3arpy3Ku MO aKTUBHOW MOIIIHO-
ctu S = 0,85.

Omnpenenutes Tl 1 HeoOxonumyro momHocTs BCK 10 kB, ucxong u3 ycno-
BHUSI, UTO 3HaueHUe tg ¢, Ha muHax 10 kB He nomxHo npessimars 0,3.

% %THH 1ooa0s110
g , [I0]

CTH LT 1 Gp=Pp+iQp S i CTI

Puc. 3.4. Cxema cetu

Pewenue

1. Onpenenenrie pacueTHBIX HAIPY30K:
- pacueTHas akTuBHas Harpy3ka CJI
P, =n-P,-f=2-800-0,85=1360 xBr;

- koMrieHcupytotas cnocooHocts CJI (pacuetHas peaktuBHas Harpy3ka CJI)
cosp, =0,9; tgp, =0,48;
Qe =n-Py,-tgp, =2-800-0,48 =768 xBap;

- pacuetHas Harpy3ka muH 10 kB T'TITT
P, =P +P . =12365+1360 =13725 kBr;

Qs =Q, ~Qcy =8084—768 = 7316 Kaap.
2. Koapdunment peaktuBHoil morHocty Ha mmHax 10 kB I'TIIT 6e3 BK:
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tY Py = Q _ 7316 0,533.
P, 13725

3. (1 meron) PeakTuBHAsI MOLITHOCTB, NIEpEAaBaeMas B CETh MPEAIPHUITHSL:

Q.. =P, tgp, =13725-0,3=4117,5 ksap.

VYpaBHeHue OanaHca peakKTUBHOM MOUTHOCTH:

QCHCT + QBK = QpZ'

Toraa momHOCTh BK:

Qu =Q,; — Q... =7316—4117,5=3198,5 xsap.

[Tpunsarte! k yctaHoBke aBe BK, momHocThio kKaxkaas 1800 kBap (Ha Kaxmayro
cexruio muH 10 xB) Tima YKJI(IT)56-10,5-1800 V3.

3. (2 metoa) MomHocth BK onpenensiercs mo BeIpaXeHUIO:

Quc =P, -tgp,.. — P -tgp,, =13725-0,533-13725-0,3=3198,5 ksap.

[Tpunsare! k yctaHoBke aABe BK, momHocThIO Kaxkmas 1800 kBap (Ha KaxIyro
cexuuto muH 10 kB) Tuna YKJI(I1)56-10,5-1800 V3.

OtBer: Ha xaxnayro cexkuuto mmH 10 kB I'TIII ycranaBnuBaercs BK tuna
YKJI(IT)56-10,5-1800 Y3.

3aoanue 3.5
/l(% 8 kA .
K mmuam 10 kB cymectByromeit
['TIIT (puc. 3.5) moakrO9YaeTcst HOBasl Iy-

TP/IH-25000/ TOBas cranemapuibHas neds JICII-5.

110
U, =10,5% 3amanue:.

K, o ®OIpE/ICIUTh pa3Max HU3MEHEHUS
10 / HaMpsOKeHUST B TOYKE  TMOAKIIOYCHHS

JCII-5 (cekuus mun 10 kB) nns pexxuma
pabotel TpanchopmatopoB T1 u Ty, yka-
3aHHOTO Ha puc. 3.6;

g e CACIaTb BBIBOJ O JOIIYCTHUMOCTH

Sn=4 KOJICOAHWN HANPSDKEHUSI, TPHUHSAB JJTH-
MB-A TEIBLHOCTh Tiepuona paciiaBa 10 muH, a
ACILS yacToTy KoneOanuii Hanpsbkenus 0,3 ¢,
Puc. 3.5

Pewenue

1. Cxema 3amemenus st pacuera Toka K3 na cexunu muu 10 xB T'TII B
touke K npencrasiena Ha puc. 3.7.
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Ecuer [TapameTpsl cxeMbl 3amernieHust (puc. 3.7) B UMEHOBAaHHBIX
equauIax (Ues,; = 10,5 xB):
Kener E,. =10,5 kB;
1D 2 2 2
Xeer = You . Yo 105 =0,069 Owm;
XT SK3 \/g'llcl'ucncr \/58115
U U 105 105
X =—%. -0 _"—.2 = —(),463 Om.
%, "100 S, 100 25

HapaMeTpLI CXEMbI 3aMCIICHHUA B OTHOCUTCIIBHBIX CANHHNIIAX
PHC. 3.7 (8633 == 1000 MB'A; U6a3 = 10’5 KB):

E,.=loe;

Xer = S _ Vo _ 1000 _ 0,628 Owm;
SK3 \/§.IK1.UCHCT \/58115

x - Y S 1051000, o

"100 S, 100 25

2. Pacuer Toxka K3 na mmmuax 10 kB I'TIII:

I, = Pow _ Eo = 105 =114 xA
< '\/§XZ \/g'(XCHCT +XT) \/§(0’069+O’463) |
HJIn
| = ECI/ICT g = ECI/ICT S6213 — 1 1000 = 11, 4 KA.

27X, ™ (Xyu+X,) VB-U.  (0,069+0,463) /3105
Toraa momuocTs K3 paBHa
Seo =3-Ug, 1, =+/3-10,5-11,4 = 207,326 MB- A.

3. PacueTtHsIil pazmMax koneOaHMii HATIPSDKEHUS:
S 4

Mo =g 1% 20732
K32 !

YacToTa KonebaHul HAMIPSHKEHUS COCTaBUIIA
F=0,3-60=18 mun™.

-100% =1,93 %.

4. onycTUMBIN pa3max HW3MEHEHUs HampspkeHus omnpenensercs no ['OCT
523144-2013 «HopMmbl KauecTBa 3JIEKTPUIECKON IHEPTrum». JlomycTuMbiid pa3zmax
W3MCHEHUIN HaIpSOKEHUST B 3aBUCMMOCTH OT YacTOTHl TMOBTOPEHUS HM3MEHEHUU

HaIpsHKeHUs 1o puc. 3.7:
8U,,, =16 %.

5. O1ieHKa T0MyCTUMOCTH KOJICOAaHUI HANIPSIAKEHUS B CETH:
U, >oU, , (1,6 % < 1,93 % - xosrebaHus HE JOIMYCTHUMBI).

tp?

OT1BeT: Tak Kak oU,,, <oU, , KojeOaHusl HAMPSOKEHUS HE JOTTYCTUMBI.

tp?
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4. JjeKTpruYecKue CUCTeMbl U CeTH
3aoanue 4.1

Ha mmnax 0,4 kB tpancopmaroproit moacranuuu (TII), paGotaromieii c
POBHBIM TpadUKOM HArpy3KH MpEroiaraeTcsi YCTaHOBUTh OaTapero KOHJEHCATO-
poB (BK) momHocThIO 400 KBap crommocTthio K = 120 Teicsy pyounei (puc. 4.1).
Bpewms pa6otsl Tpancdopmaropa B rogy 7' = 5000 yacoB, CTOUMOCTH 3JIEKTPOIHEP-
ruu [fy = 3 py6/kBT-u.

Omnpenenuthb 3aTpaThl HA BO3MEIICHHUE MOTEPH AIEKTPOIHEPTUU B TpaHchop-
Matope npu ycrtaHoBke BK M cpok ee OKymaeMOCTH 3a CUET CHUXKEHHUSI MOTEpb.
HarpeBom Gatapeun mpeneOpeyb.

10 kB

Su = 1000 kBA
Uk = 5%
2Px=10 KBt

— Qr =400 xeap

500 +j 600 kBA
Puc. 4.1
Pewenue

1. Harpy3ouHble moTepu MOIIHOCTH B TpaHc(opmaTope 10 yctaHOBKH BK:
AP = AP - (S/Sy)?>=10- (781 /1000)> = 6,1 xBr,
rie S=+/P?+Q? =+/500% +600? = 781 kB- A.

2. Harpy3o4Hbl€ MOTEpH MOIIHOCTH MOCJI€ YcTaHOBKU bK:
AP = AP, - (S1/Su)>=10 - (538,5/1000)* = 2,9 Br,
rie S=4/P?+Q? =+/500% + 200% =538,5 kB- A.

3. Camxenne noteps: dP = 6,1 —2,9 = 3,2 kBT.

4. CHMXKEHUE TOJOBOTO MOTPEOJICHUSI DTIEKTPOIHEPTUU:
dW =dP-T=3,2-5000 =16 000 kBt-u/roz.

5. 3atpaThl Ha BO3MeEIIEHUE TIOTEPh FICKTPOIHEPTHH B TpaHCPopMaTope:
Uaw=dW-Lw = 16000 - 3 = 48000 py6.

6. Cpok okynaemoctu bK:
Tox = K/ Uaw =120 000 / 48000 = 2,5 roxa.

OtBert: Upy, = 48000 py0., Tox = 2,5 TOnA.
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3aoanue 4.2

JIBa tparcdopmaropa: T1 (S, =1600 kB-A) u T2 (S, = 630 kB-A) paboraroT
pazaenpHO, uUX oOmias Harpyska cocrtabisger 1150 xkB-A mnpu cosp = const
(puc. 4.2). OnpenenuTb Harpy3Kd S; U Sp; KaKI0ro U3 TpaHc(hopMaTopoB, MPH KOTO-

PBIX CyMMa MOTEPh aKTUBHOM MOIIIHOCTHU B IBYX TpaHC(hopMaTOpax MUHUMAJIbHA.

\lz 10 B
T1 T2
T1 T2
ou, kBA | 1600 A 30
51 0.4 B S5 aPx kBr| 3,65 1,9
—_ aFr, kBr| 18 7.6
S=1150 kB A

Puc. 4.2

Pewenue

Memoo 1

1. Cymma Harpy304HbIX ITOTEPh B JBYX TpaHchopMaTopax:

2 2
AP :[S—Szj APKI +SSTZ-APK2

Hl H2

2. IlpupaBHseM HYJIO IEPBYIO IPOU3BOIHYIO:

S-S,

_2. <

3. I[Ipeobpazyem K BUY:
S-S, ARy, Sy _7.6:1600° .
S, AP, S%  18.630°
4. Torpa Harpy3ku TpaHcpopMaTopoB OyAyT paBHBI:
T2: S; = 308,86 kBA = 309 kB-A.
T1:S;=S-S5;=1150 — 309 = 841 xB-A.
Memoo 2

1. 3BecTHO, YTO TPH BKIIOYCHHH TpaHCPOPMATOPOB HA MapalICIbHYIO
paboTy Harpy3ouHble MOTEpU OyAyT MUHUMAJIbHBI. TOKOBBIE HAarpy3Kd B 3TOM
pexxuMe paboThl  pacupenessioTcs OO0paTHO MPOMOPIHUOHATBHO aKTUBHBIM
COIPOTHUBIIEHUSIM TPaHC(HOPMATOPOB, T.€.:

I R _ 2 . 2
1 _R2 iy W S 878 Ry ARy Sy 7616007, 404
R, , S, S, R, AP, S, 18630

1, B
2. Torna Harpy3ku TpancopMaTopoB OyIyT paBHBI:
T2: S, = 308,86 kBA =~ 309 kB-A.
T1:S;=S-S;=1150 - 309 = 841 xB-A.

OtBer: S; =841 kB-A, S, = 309 kB-A.
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3aoanue 4.3

PaccuuTaTh moTOKOpacnpeneneHmue ¢ yueToM NoTepb MOLTHOCTH B 3aMKHYTOU
cetu (puc. 4.3) B 3a7aHHOM pexuMe padoThl. [IpoBEepUTH MPOMYCKHYIO CIOCO0-
HOCTh 110 TOKy ceueHusi BJI A-3 mpu otkmrouennun BJI A-2, ecnu temnepatypa
Bozayxa +40 °C. 3apsanoii momuocThI0 BJI mpeneGpeus.

A AC-95/16 2
25 .
[»$,=27+j-18 MB- A

110

AC-95/16
15

AC-95/16
12

S,=22+j-12MB-A
Puc. 4.3
CHpaBO‘{HBIG JaHHBIC IJIA BO3,ZIYIHHOﬁ JIMHUUN:

ro=0,301 OM/kxM; Xo = 0,434 Om/kM; by =2,611-10° Cwm/km.
JIOIyCTUMBIi AINTENbHBIHA ToK mpu TemmnepaType +25 °C: 1., = 330 A.

Pewenue

1. Pa30MKHEM KOJBILIEBYIO CETh 11O I/ICTO‘IHI/IKy nutanus (puc. 4.4).
i“\ I, ,=25¢8i I, ,=12é&i I, ,=158i ?

rI 1 <_ I‘

<0

-

83
Puc. 4.4
Ornpenenum MOTOKOpacIpeaeIeHUe B 3aMKHYTOM CETH 10 JUIMHAM JIMHUH, T.K.

CEUYEHHUS MTPOBOJIOB OJIMHAKOBBIC
S,,= Sp -+l ) +S5-15 —
IA—2 + |23 + IS—A
_(27+j-18)-(12+15) + (22 + j-12)-15
- 25+12+15
S, , = Sy (s +1,2)+S, -1, _

IA—Z + |23 + I3—A
(22+)-12)-(12+25)+(27+ -18)- 25
- 25+12+15
S,.=S,,-S,=(20,365+ j-12,808) — (27 + j-18) =—6,635— j-5,192 MB- A.

V¥3en 2 — Touka NoTOKOpas3aena.

=20,365+ j-12,808 MB- A;

= 28,635+ j-17,192 MB- A;

2. CocraBumM cxemy 3amenieHus (puc. 4.5) u onpenenum mapamerps JIDIT
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& (S ze Sz 8z $538, za S
Al —> — & &S <= |5
I !

SIS

3-2 S3

Puc. 4.5
- IIOJIHBIC COITPOTHUBIICHHA JIMHUN

Z= Rol + j'Xo'l;

Za2=Rolaz + jXo'la2=0,301-25 +J-0,434-25 = 7,525 + j-10,85 Om;

Zs2=Rolszz + jXol3.2=0,301-12 +j-0,434-12 = 3,612 + |-5,208 Om;

Zsa =Rolsa +jXol3a=0,301-15 +J0,434-15=4,515 + j-6,51 Om.

3. OHpeI[eJII/IM IIOTOKOPACIPCACICHUC C YICTOM IIOTCPb MOIIHOCTHU

- yuacTok A-2 (Uz = Uyon = 110 xB)

St ,=S,,=20,365+ j-12,808 MB- A;

(Pr) +(Qi)
U,

(20,365)" +(12,808)"

= 1102 -(7,525+ j-10,85)= 0,36+ j-0,519 MB-A;

S ,=S",-AS,,=20,365+ j-12,808 +0,36+ j-0,519=20,725+ j-13,327 MB-A;
S', =S",=20,725+ j-13,327 MB-A;

- yaacTok 3-2 (Uz = Uyoy = 110 kB)

Sf,=S,,=6,635+j-5192 MB-A;

ASA—Z =

.(RA—Z +j'XA—2):

2 2
. P, ) +(Qs :
AS32=( 32)U2( 32) '(R372+J'X372):
2
(6,635)" +(5,192)°

= 110° (3,612 + j-5,208) =0,021+ j-0,031 MB- A,

Sy, =S;,-AS, ,=6,635+j-5192 +0,021+ j-0,031=6,656+ j-5,223 MB-A;
— yuactok 3-A (Us = Uy = 110 kB)
Sy, =Sy, +S,=6,656+ j-5223+22+ j-12=28,656 + j-17,223 MB- A;

K 2 K 2
(P) +(Qr)
U;

Sy, =S¥, —AS, ,=28,656+ j-17,223 +0,417+ j-0,601=129,073+ j-17,824 MB-A;
S", =S), =29,073+ j-17,824 MB-A;

AS, , = (Ry_,+J-X, ,)=0,417+j-0,601 MB-A;

— MOIIHOCTBH HCTOYHHKA ITUTAHHSI
S,=S',+S",=20,725+ j-13,327+29,073+ j-17,824 = 49,798+ j-31,151 MB-A.

4. ITpoBepuM NPOMYCKHYIO CTOCOOHOCTh CEYEHHMSI JIMHUU A-3 TI0 TOKY
- ONPEJCIIMM MOIIHOCTh B TUHUHM A-3 MpH OTKIIOYEHUH TUHUU A-2 (puc. 4.6)
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ai 3 e
| st Zs 2 Sz-3 ‘SS»A Zsa <« I
S

Puc. 4.6
Si,=S,=27+j-18 MB-A;

2 2
. PK K
ASH _ ( 3-2) JZ( 3—2) ,(RH +j- X372)=
2

2 2

Sy,=S;,—AS,,=27+-18 +0,314+ j-0,453=27,314+ j-18,453 MB-A;
Sy, =SI,+S,=27,314+ j-18,453+ 22+ j-12 = 49,314+ j-30,453 MB- A;

K 2 K 2
(P) +(Q5)
U;

_ (49,314)" +(30,453)°

110°
Sy, =Si,—AS, ,=49,314+ j-30,453 +1,253+ j-1,807 =50,567 + j-32,26 MB-A;

AS3—A = .(RS—AJ’_ j'xs—A):

-(4,515+ j-6,51)=1,253+ j-1,807 MB-A;

- onpeﬂeJmM ToK JIMHUU (Up = Uyoy = 110 KB)

PH 2 2
| = \/ Jso 567°+32,26° _ ) 1c aa1s A

n J3-110-1

- ONpENEIUM ,Z[OHyCTI/IMHﬁ ToK npu Temmneparype +40°C
U = Voo (T = T) 1 (T, —T,) =330-/(70—40) / (70— 25) = 269, 4 A;

— OIICHUM IPOIYCKHYIO CITIOCOOHOCTh CEUCHUS JTMHUN A-3

|, >1",  clenoBaTelbHO, HEOOXOIUMO YBEIHMUEHUE CEUeHUs JTUHUU A-3.

odon !
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3aoanue 4.4

[Toacranuus nonaydaet nutanue 1o BosaymHou JIDIT 10 kB, BbimosHeHHON
npoBogom AC-50/8 (ro = 0,603 Om/kMm; xo = 0,388 OM/KkM) NMPOTSKEHHOCTBIO
5 xkm. [lepenaBaemas mo JIDII momHOCTh coctaBmsier 1200 + j-1050 kB-A.

Omnpenenuth MOIIHOCTh KOHIEHCATOPHOW OaTaped, KOTOPYH HEOOXOAMMO
yCTaHOBUTH Ha cTopoHe 10 kB moacraniuy, 4ToObl MOTEPU HANPSHKEHUS CHU3U-

JUCh 10 3HadeHus 5 % ot U,
Pewenue

1. Ilotepu HampskeHUs B TMHUM O0e3 ycTaHOBKH BK:

_P,-R,+Q,-X, _1200-0,603-5+1050-0,388-5

AU,
U, 10

=565,5 B.

B IMPpOOCHTAaX OT HOMUHAJIbHOI'O 3HAYCHUA HAIIPSXKCHUA OHHU COCTABJIAIOT!

AU, = 2% 10006= 2522 10096=5 65 9% > 5%.
‘U 10000

HOM

2. JKemaeMble OTEpU HANPSKEHMS COCTABIISIOT:
AU =0,05-U;™ =0,05-10000 = 500 B.

3. MoIHOCTh KOHJIEHCATOPHOM OaTapeu Jisi oOecreueHus KeJlaeMo oTepu

HaIpsKCHUS COCTABUT!

AU _Au)i(en . U — .
_(ay, ) Ve _(5655-500)-10 0 oo
N 03885

J

BK

Breibupaem konaeHcatopable Oatapen tuma YKJI56-10,5-450 ¢ Qpx =
450 xBap.

4. IToTepu HanpsiKEHUS B JIMNHUU TIOcsie ycTaHOBKU BK:

_ P -R,+(Q,-Q,)-X. _1200-0,603-5+(1050—450)-0,388-5

AU,
U, 10

=478,2 B.

B IMpOLCHTAaX OT HOMHUHAJIbHOT'O 3HAYCHUA HAIIPAKCHUA OHHU COCTABJIAIOT!

AU, 0062 4782
U 10000

HOM

AU .,

-100%=4,782 % < 5%.

Oteet: nocne ycranoBku bK tuma YKJI56-10,5-450 momuocThio 450 xBap

MOTEPU HANIPSIKEHUSI COCTABAT MEHee 5% OT HOMHUHAIBHOTO HaIPSKEHHUS.
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3aoanue 4.5

Ha moxacrannmu ycraHoBieHbI JjaBa TpaHcdopmaropa TJIH-16000/110
(APy; = 85 kBt, AP« =19 kBT), paboTaromue mapamienbHo. ['padhuk m3MeHEHHs
Harpy3ku B T€UEHHUE roja npusejacH Ha puc. 4.7. Haubonbinas Harpyska 1mojicTaH-
uun P = 20 MBT. B TeueHue rojga HaumeHblnasi Harpy3ka Pz = a-Pi, 3Ha4€HUE o
n3mensercs B nuanazone 0,3+0,6. KoadduiueHT MOIHOCTH HEe U3MEHSETCS B Te-
YyeHue rojia u pasex 0,9.

Tpebyercs:

1. Onpenenuth Npy KaKUX 3HAUEHUSAX 0 SKOHOMHUYECKH II€JIeCO00pa3HO OT-
KJIFOYEHUE OJIHOTO U3 TPaHCPOPMATOPOB MPU HAUMEHBIIIEH Harpy3Ke.

2. OnpenenuTh MOTEPH AKTHUBHON MOIIHOCTH W JJICKTPOIHEPTHH B TpaHC-
dbopmaTopax 3a roj NMpyd OTKIIOYECHHUU OJIHOTO M3 TPaHCHOPMATOPOB B pPEKUME
HaMMEHbIIeH Harpy3ku (pu a = 0,3).

P, A
MBTt |P1 =20 MBT

P2 = (X'Pl

|
' >
2000 8760

Puc. 4.7. I'pauk u3MeHeHUs1 aKkTUBHOM HAarpy3Ku

Pewenue
1. Harpy3ska (Skp), Ipy KOTOPOM MOTEPH MOIIHOCTH OJMHAKOBBI KaK MPHU pa-
00Te MOJCTaHIIMU C JBYMsI, TaK U C OJHUM TPaHC(HOPMATOPOM, ONPEIEISIETCS 10

dbopmye:

S, =S.=S..- 2-APo _ 4. /E: 10,7 MB- A.
woTe AP, 85

TOI‘)Ia AKTHUBHasj Harpyska, Ipu KOTOpOfI MMOTEpHN MOIIHOCTHU OAMHAKOBBI KaK

pu paboTe MOACTAHLUY C IBYMS, TAK U C OJTHUM TPaHC(HOPMATOPOM COCTABHUT:
P.,=P,=S, -cosp=10,7-0,9=9,63 MBr.

3nadenne kodduimenta o Toraa OyaeT paBHO:

p 9,63

a= —2= 2222048,
P, 20
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T.e. mpu a ot 0,3 10 0,48 3KOHOMHUYECKH LETECOOOPAZHO OTKIKOYEHUE OJHO-
ro U3 TpaHcHOpMaTOPOB, T.K. MOTEPU MOIIHOCTH Oy TyT MEHBIIIE.

2. OnpenenuM MOTEpPH aKTUBHOW MOIIIHOCTH B TpaHCHOpMAaTOpax:

- IIOTCPH AKTUBHOM MOIIHOCTHU B OJHOM Tpchq)opMaTope OIIpCACIIAOTCA 110
BBIPpAKCHHIO:

2
SHa
AP, =AP, +AP, -[S “’J ;

HOM

- IOT€PH aKTUBHON MOIIHOCTH B JIByX TpaHc(hopMaTopax MpH MnapajienbHOMl
paboTe ONpeEeNsAt0TCs M0 BEIPAKEHUIO:

AP.=2-AP,, + L AP, Sy 2
T XX 2 K SHOM :
B pexxrMe HanOOJIpIIMX HArpy30K NOTEPU aKTUBHOW MOIIHOCTU B TpaHC(Op-

MaTopax COCTaBAT:

2
AP, = 2-0,019+%-0,085-(%2’9J =0,12 MBr. (AP,,,= 0,082 MB)
B pexxume HamMmeHbiux Harpy3ok (mpu o = 0,3) moTepu aKTUBHON MOITHO-
CTH B TpaHC(POPMATOPAX COCTABSIT:

2
AP, = 0,019+0,O85-(Mj

= 0,034 MBr. (AP, = 0,015 MBr)

3. Onpenenum NoTEPU ANEKTPOIHEPTUH B SJIEKTPUUECKOM CETH:

- IOCTOSTHHBIE MOTEPH IEKTPOIHEPTUU

AW, =AP,__ -t =AP_-t +2-AP_-t =0,019-6760+2-0,019-2000 = 204,44 MBr-u;

IoCT

- IEPEMEHHBIE TOTEPH IEKTPOIHEPTUU
AW, =AP-At=AP -At+ AP -At=0,082-2000+0,015-6760 = 265,4 MBT- 4;

nep (2 Tp) nep (1 tp)
- CYMMAapHBIC ITOTEPU SJICKTPOSIHCPTIUN
AW, =AW, +AW, . =265,4+204,44 = 469,84 MBr - u.

ocT

OrBer:

1) pu 3nauenusix o ot 0,3 g0 0,48 sKOHOMHUYECKHU 11€7€CO00pa3HO OTKITIOYE-
HUE OJIHOTO U3 TPaHC(HOPMATOPOB, T.K. HOTEPU MOLTHOCTH OyIyT MEHBIIIE;

2) moTepu aKTUBHOUM MOIITHOCTH B peXuMe Hanbompimux Harpy3ok 0,012 MBT;

3) moTepu aKTUBHOW MOIIIHOCTH B peXHMe HauMeHbInX Harpy3ok 0,034MBT;

4) noTtepu 35eKTpo3HEeprun coctasar 469,84 MBT-u.
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5. TexHHUKa BBICOKMX HaNpPsizKeHUil
3aoanue 5.1

N30msiMoHHBIH TPOMEXYTOK MpoBoA—cToiika onopsl JIDII 500 kB obmamaer
CpEeIHUM pa3psaaHbIM HanpspkeHuem 1350 kB npu HopmanbHBIX aTMOC(EpHBIX
YCIIOBHUSIX.

OnpenenuTp, KaK U3MEHUTCS SJEKTPUUECKasl MPOYHOCTh TAHHOTO MMPOMEXKYT-
Ka, npu pacnonoxenun JISII B ropHoit mectHocTH Ha BbicoTe 1100 M Han ypoB-
HEM MODS.

B pacuerax npuHsTH, 4YTO TeMIlepaTypa U BIAXKHOCTh BO3JyXa COOTBETCTBY-
I0T HOPMaJIbHBIM YCJIOBHSIM, a JaBJICHHUE BO3JyXa 3aBUCUT OT BBICOTHI B COOTBET-
CTBUHM C OapOMETpUUYECKOU PopMyIIOii:

_Mgh

P=Pye RT
rae Po = 101,3 [kIla] — gaBneHue Ha ypoBHE Mopsi (HOpMaibHOE aTMOc(hepHOe
nasnenue); M = 0,029 [kr/monb] — MossipHas Macca cyxoro Bosayxa; g = 9,81
[M/c?] — yckopenue cBoboaHoro nagenus; R = 8,31 [JIx/monp K] — yHuBepcaib-
Has razoBas moctosiHHas; T =t + 273 [K] — temmeparypa Bo3ayxa, rae t — Tem-
neparypa B °C; h — BrIcoTa Hax ypoBHEM MOpS [M].

Pewenue

Bnusinne TemnepaTtypsbl U JaBICHUS HA Pa3psAHOE HANPSHKEHUE MPOMEXKYT-
KOB YUUTBHIBACTCS KOA(DPUIIMEHTOM OTHOCUTEIBLHOMN IIJIOTHOCTH BO3IyXa:
To - P
§=-0"",
Py-T
0.

Ilo 3amaHHOM 3aBUCUMOCTH onpcaciIMM JaBJICHHUC BO3yXa Ha BBICOTC

Hpuosrom U, =U

np0 )

1100 m Hag ypoBHEM MOPS:
~0,0299,811100

P=1013e B8%%% =89 08 [kIla].
Takum oO6pazom O = M =0,879
101,3- 293

PazpsimHoe HampshkeHue Unp =1350-0,879=1186,65 [kB]

Otger: Pa3psgHoe HanpsKEHHE MPOMEKYTKAa yMeHbIIUTCA 10 1186,65 kB.
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3aoanue 5.2

[Tpr TPOEKTUPOBAHUH HW3OJSIIMOHHOW KOHCTPYKIMU K JUAJICKTPUKY OBIITH
IPEIBSIBICHBI TPEOOBAHUS IO AJICKTPUUECKON MPOBOIUMOCTHU: yeiIbHAsI 00bEeM-
Has IPOBOJMMOCTE JOJDKHA ObITh He 6onee 1072 Cm/M, a yaenbHas MOBEPXHOCT-
Hasi IpoBOAUMOCTE — He Gonee 1071t Cm. PaccmaTpuBarores Tpu 00pasia Judiek-
TPHUKOB: JJAKOTKAHB, MJIEKTPOKAPTOH U CTEKJIOTEKCTOJUT. Y 00pa3IoB MaTepraioB
OBLTH U3MEPECHBI CONPOTHBIICHUS TI0 TPEXIJISKTPOIHOU cxeMe (puc. 5.1, puc. 5.2).
JluaMeTp HEHTPAIbHOTO (M3MEPHUTENLHOrO0) d1ekTpoaa d; = 66-107° M, koabEBOrO
snextposa Oz = 70-10° m. Tonmmubsl 00pa3nos: nakoTkanb — h,,= 0,1-10° M,
sexTpokapTona — h,,,= 0,2-10° M, creknorekcronuta — h,,,= 0,5-10° m

Pe3ynbpTaThl U3MEpeHUt moka3aiu, 4To:

1. monHOe 0OBEMHOE CONPOTUBIEHHE TAKOTKaHU Ry ,.,= 30-10° Om, smekrpo-
KapToHa — Ry, = 60-10*° Om, crexnorekcronnta Ry .= 15-10% Om.

2. IOJIHOE MOBEPXHOCTHOE CONPOTUBJICHUE JAKOTKAHH Rs.,= 12-108 Om,
3JIEKTpoKapToHa — Ry, = 10-10” Om, creknorekcromura Rs .= 8:10%° Om.

3aoanue:

1. Beibepute u3 NpejIosKeHHBIX TUIIOB MPUOOPOB JII0O0H METrOMMETp U BITH-
IIUTE ero 0003HauYeHHUE B MPUBEACHHBIE cXeMbl u3Mepenus (puc. 5.2, 5.4). Coenu-
HUTE Ha CXeMax KJIeMMbI IprOOpa ¢ IJIEKTPOAHON CUCTEMOU ISl IPOBEJCHUS U3~
MepeHUs 00bEMHOTO U TOBEPXHOCTHOTO COMTPOTUBIICHUN TUAICKTPUKOB.

2. Omnpenenurte, Kakue U3 MPEAJIOKEHHBIX U30JISIITUOHHBIX MAaTepUAIOB MOX-
HO HMCTIOJB30BaTh B COOTBETCTBUU C YCIOBUSIMHU 33]a4H.

[Ipumevanue: mpu pacyeTe MOBEPXHOCTHOTO COMPOTHBIICHHS TUIICKTPUKOB
MO>XHO TIPUHATH TOMYIIEHNE, YTO U3MEPEHUE TTOBEPXHOCTHOTO COMPOTHUBIICHUS C
WCITOJIb30BAHUEM KOJIBIIEBBIX AJICKTPOIOB, YKBUBAJICHTHO H3MEPEHUIO C UCTIOJIB30-
BaHHMEM TUTOCKHX 3JIEKTPOJOB C IMIUPUHOMN AJIEKTPOJIOB PaBHOU JJIMHE OKPYKHOCTH
IIEHTPATBHOTO (M3MEPUTETHLHOTO) JIEKTPOIA.

Puc. 5.1. Dcku3 o0Opasia TBEpIOro qUNIECKTPUKA

Onextpoas! U3 (Gobr, HaKJIeeHHbIE Ha 00paserr:
a) cBepxy: 1 — HeHTpaIbHBIN (M3MEPUTEIHHBIN)

JIUCKOBBIN AIIEKTPOA; 2 — KOJIbLIEBOM AJIEKTPOS;

q 0) cHM3Y: 3 — AJIEKTPOJI B BUE KBajpaTa Win
1

n—]

—& — ’
\ z - j,/a/ BIIUIIUTE MAPKH-
- - ,’ POBKY KJIEMM
v
[ Jeq--o

BITUIIIUTE THUII ITPU-

Puc. 5.2. Cxema n3MepeHust 00bEMHOI0 COMPOTUBIICHUS AUAICKTPUKA:
1, 2, 3 — 97eKTPOJIBI; 4 — TUDIEKTPUK
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\ .~ = %, BIMINTE MapKu-
/7

-
-,
”/ 4

o B

BIIUIIWUTE TUIT

POBKY KJIIEMM

Puc. 5.3. Cxema u3MepeHHs IOBEPXHOCTHOTO COMPOTUBICHHUS TH-
ANEKTPUKA:

\ . : . .
~ A~ a ~ ia ;oA

EEE: a5
] \

1550B ® 4100

Puc. 5.4. Cxempl 0603HaueHM kKitlemM MerommeTpoB: a — FLUKE 1550B; 6 — @ 4100;
1 — BBICOKOBOJIBTHBIH BBIBOJI; 2 — M3MEPUTEILHBIN BBIBOJ; 3 — 3alIUTHAS KiieMMa (9KpaH)

Pewenue
CxeMmbl U3MEpEHNH MpeICTaBlIeHa Ha puc. 5.5.

FLUKE 1550B D 4100
Sy E— — e S—
® W 5
——n" gy / Sl Ne

Cxema N3MCPCHUMA 00BEMHOTO COIIPOTUBJICHUA OU3JICKTPUKA

—%—2 )ﬁ%“w/ﬁﬁ
My ey

| T 1| L 7] —

Puc. 5.5. Cxema HU3MEPCHUA ITOBCPXHOCTHOT'O COMMPOTUBIICHUSA JUIJICKTPUKA

JIi1s1 yKka3aHHOM TPEXAIEKTPOJHON CUCTEMBI YAETbHOE 00BEMHOE COMPOTHUBIICHHUE:

N P ndf _ . 3,14-(66-10_3)2 _342.10°R,
L T T 4h h
r7ie S,;— TJIOMIAh U3MEPUTEIHLHOTO JICKTPOa
VY 1esbHOE TOBEPXHOCTHOE COTPOTUBIICHUE:

R, n R, 2.314

n(dp /dy) /n(70-1072/66-107°%)
[Tpu npubIMKEeHHOM pacyeTe yAeIbHOE TOBEPXHOCTHOE COMTPOTUBIICHUE:
Re—21 __p 2™l _i436.R,

d2-di1 d2-di1
riae | — mmHa OKpYKHOCTH IIEHTPAIBHOTO (M3MEPUTEIBHOTO) 3JICKTPO/IA.

ps = =106,7 - Rq

Ps =

1 1
y,Z[CJ'IBHI)IC HpOBOI[I/IMOCTI/I: O6’I)CMH3$I Y=—, HOBerHOCTHa}I Y=—.
Pv Ps

PaccunTanHbie 3HaUYCHUS CBCIEM B Ta6JII/IIIy1
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Ob6paszen pv, OM'M ps, OM v, CM/M s, CM

JIAKOTKAaHb 10,3-101 12,8-10%0 9,75-10713 7,81-10712
anektpokapton | 10,3-10%? 10,7-10° 9,75-1014 9,37-101!
crexorexcromut | 10,3-10° 8,54-10%? 9,75-101 1,17-10713

OrtBert: YKa3aHHbIM B YCJIOBUH 3aJla491 Tpe6OBaHI/I$IM YAOBJICTBOPSCT JIAKOTKAHB.

3aoanue 5.3

BBICOKOBOJIBTHBIE BBOJBI TpeX(a3zHOM INEKTPOTEXHUUYECKOW yCTaHOBKH HO-
MUHAQJIBHBIM HarpsikeHneMm 35 KB BBITTONHEHBI B BUAE KOAKCUAJIbHOW LIMJIMHIPH-
YECKOW CHCTEMBI C JAByXClIOMHOW m3ossmuei. [lepBeiif ciioit — OGakenut (£=3,5),
BTOPOM CJIOW — KpEMHUHOpraHnyeckas pe3una (€=7).

Paccuuraiite 3HaUY€HUs HAIPSHKEHHOCTEM JIEKTPUYECKOTO IMOJS Ha I'PaHUIAX
M30JSIAOHHBIX CIIOEB M B CEpPEAUHAX CIIOEB M30JSLHHA BBICOKOBOJBTHBIX BBOJIOB
IIPY BO3JICHCTBUM HOMHUHAJIBHOTO HAIIPSDKEHUS TPOMBIIIIEHHOW YaCTOTHI.

HcxonHble JaHHBIE: paInyC TOKOBEAYILErO CTEPKHS — 4 MM; BHEUIHUUN pajau-
yC IIEPBOTO ciosl — 14 MM; BHELIHUN paguyc BTOPOro ciosd — 20 M.

Pewenue

JI7is MHOTOCIIOMHOTO IMJIMHAPHUYECKOTO KOHJIEHCATOpA HANPSHKEHHOCTH B -
TOM CJIO€ ONPEIEIIAETCS BEIPAKECHUEM:

U U
Eri = pai NJINn ErI = pa6
r. |nr27i z& Inrz—k
i «—1Ck P Nk
k=1 ©k

TA€ I3, ok, — BHEIIHUE PAAUYCHI CIIOEB, I'1j 1k — BHYTPEHHUE PAINYCHI CIIOEB, &i, &k
— IURJIEKTPUUYECKHE TPOHULAEMOCTH ciloeB, U s — HanpsbkeHne, BO3AEUCTBYIOLIEE
Ha U30JISLHUIO.

B ycraHOBKax HOMHMHAJbHBIM HampsbkeHueM 35 kB Ha M30s1MI0 BBOJOB
BO3JICHCTBYET (Da3HOE HAIPSHKCHUE:!

U 35
U =—2-_—-=202 (kB).
pab \/é \/§ ( )
Takum 00pa3om, IJIs IEPBOTO U BTOPOTO CJIOSI COOTBETCTBEHHO:
e 20,2 1412 E, - 20,2 _ 1,06
" |n§ | 20 r Inlj In@ r
. 74 A 7-r| — 4+ %
32T 55 g 35 7
Takum 006pazom, noayyaem:
1 cnoit 2 crioit
r, MM 4 9 14 14 17 20
Er, kB/Mm | 3,53 1,57 1,01 0,5 0,42 0,35
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6. DeKkTpUYeCKasi YACTh JIEKTPOCTAHIMIA U MOACTAHIMI
3aoanue 6.1

Ha puc. 6.1 npeacTaBieHa pacyeTHasi CXeMa y4acTKa CETH.

Hcxoonvie oannvle:

1. Syaxe =22 MBA — MakcumanbHasi MOIIHOCTh Harpy3KH, MOAKIIOYEHHOMN K
muHaM 10,5 kB

2. lno = 32 KA — HauanbHOE JACUCTBYIOIIECE 3HAUCHUE TIEPUOIUYECKOM COCTaB-
Jsroniel Toka Tpexdasznoro K3 mepen peakropom (B pacuetHoit Touke K1)

3. lhomes =15 KA — HauanpHOE IEHCTBYIOIIEE TpeOyeMOe 3HAUEHNE TTEPUOINYE-
CKO¥ cocTaBJstoleli Toka Tpexdasznoro K3 3a peakropom (B pacueTHoit Touke K2)

4. torn = 0,2 ¢ — Bpems otkimtoueHust K3 3a peakropom Ha munHax 10,5 kB

5. T, = 0,25 ¢ — mocTosiHHAs BpEMEHU 3aTyXaHus aneproauyeckoro Toka K3
MPU KOPOTKOM 3aMBbIKaHUH 332 PEAKTOPOM

Bb10path cIBOCHHBIM TOKOOTPaHUYMBAIOUINI PEAKTOP JJIsi BHYTPEHHEW ycTa-
HOBKHU B ILIETIH 33 MOHMKAIOLUIUM TPaHC(HOPMATOPOM MOJACTaHUUU; MPOBEPUTH BbI-
OpaHHBII peaKTop IO NEKTPOIMHAMUUYECKON U TEPMUUECKON CTOMKOCTH.

C

K1

10,5
K2

Puc. 6.1. PacueTHas cxema
Pewenue

1. OnpenensieTcss MaKkCUMaJIbHBIN TOK Harpy3ku Ha BbiBojie 10,5 kB cunoBoro
TpaHc(opmaropa (Ha o0111eM BBIBOJIE CIBOCHHOTO PEakTopa):

lyae = Suare/ V3 Usow = 22000/ ¥310,5=1211,1 (A)
2.0HPCHCJ—IHCTC}I MaKCUMAJIbHBIA TOK B BETBU CABOCHHOI'O peaKTopa:
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IMaKc BETBHU =0;5 IMaKC =121ls1/2 :60596 (A)
3.IlpeaBapuTenbHO BHIOMPAETCS CABOCHHBIM PEAKTOP MO HANPSHKEHUIO U MAK-

cumainbHoMy Toky PBCI'-10-2x630

>
IHOM BETBU — IMaKC BCTBH

630 = 605,6

4. OnpenensieTcst pe3yabTupytomiee conporusieHue npu K3 nepen peakro-
poM (pacueTHas Touka K1):

Xpes = Uey! V3 1o = 10,5/ ¥3x32 =0,19 (Om)

5. Onpegensiercss TpeOyeMoe 3HAYEHUE COMPOTUBIICHUS ISl CHIDKCHUSI TOKa
K3 1o tpebyemoii BemuuHbl (pacueTHas Touka K2):

Xoes 16 =Uen! V3 o es =10,5/V3x15 = 0,405 (Owmr)

6. Onpenensercs TpeOyeMoe COMPOTUBIICHUE PEAKTOpa:
XTpe6 = Xpe3 Tpeb — Xpe3 = 0,405 - 0,19 = 0,215 (OM)

7. Beioupaetcs peaktop no Benmuuune conpoTtusieHus: PBCI'-10-2x630-0,25,

Kitom sersn = Xapes; 0,2920,215

[TapameTpbl BHIOPAHHOTO peakTopa: imym = 40 KA — TOK 3JIEKTpOAMHAMUYE-
CKOM CTOMKOCTH; lrep =15,75 KA — TOK TEPMUYECKON CTOMKOCTH; trep = 8 C — BpeMs
IIPOTEKAHMS TOKA TEPMUYECKON CTOMKOCTH

8.0mpenernsercs: HadyalabHOE JEHCTBYIOLIEE 3HAYEHUE NEPHOJUYECKOTO TOKA
K3 3a BeIOpaHHBIM peakTopoM (B pacueTHO# Touke K-2):

Lo = Ue/ ¥3 (Xpes + Xuon nerm) = 10,5/¥3 (0,19 + 0,25) = 13,5 (kA)

9. IIpoBepsieTcst BLIOpAHHBIN peakTop:
- 110 DJIEKTPOJUHAMUYECKON CTOMKOCTH: 1y = iyﬂ;

iy = V2 1 Ky = V2x13,5x1,9 = 36,16 (KA)

40 = 36,16

- 110 TEPMUYECKON CTOUKOCTH: 12 eptrep> By

By = 1240 (tores + Ts) = 13,52(0,2 + 0,25) = 82,01 (kA%)
12,0ty = 15,7528 = 1984,5 ( KA%C)

1984,5282,01

OTBeT: CABOCHHBIM pEAKTOP IO HANPSXKEHUID W MAKCHUMAJIbHOMY TOKY
PBCI'-10-2x630 npoxXoAuT MO YCIOBUSIM JJICKTPOJAMHAMUYECKON U TEPMUUYECKOU
CTOMKOCTH.

52



Meodwcoynapoonas cmyoenueckas OIUMnNUAOAd no saekmposmnepeemuxe umenu A.D. Hoarxosa

3aoanue 6.2

OnpenenuTs TONYCTUMOCTh CHUCTEMAaTHYECKUX HArpy30K CHIIOBOTO TpaHC-
dbopmaTopa UCXOs U3 pacdeTa CYyTOYHOTO U3HOCA BUTKOBOM M30SIIMU. B Teuenne
CYTOK TpaHcopMaTop paboTaeT B COOTBETCTBUU C TpaduKoM, NIPUBEICHHBIM Ha
puc. 6.2. [Ipu pacuerax nmpeHeOpeyb NEPEXOAHBIM IIPOLIECCOM (CUUTATh, UTO TEM-
nepaTypsl 4yacteil TpancopmaTopa CKaykoM JOCTUTAIOT YCTAHOBUBIIMXCS 3HAUE-
HUHM TIpH 33JJaHHOM YpOBHE MOIIHOCTH). Temmeparypa OKpy>Karolleil cpeapl B Te-
YeHUEe CYTOK IOCTosHHA U cocTapiusgeT +10°C. KoodduimenT MOIHOCTH Ipyu BCex
YPOBHSIX Harpy3ku cos@=0.8

A S mBA

20'"'___|___I___'I'__'I___I___l'__'l'___l___l___T__ﬂ___l
L L e —— e ——4——4
L St M Sl S it s R s S s
R e e e e e s e e |
16'IF__'I___I___T__'I______I'__T___I___)'__T___I___I
I I I I I I I I I I
14 " " ; ! Bl i B L ———
I I I I I I I I I I I I
G T S S o AT S S S B S
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
S B S o S
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
4 L__ 1 __ L __L__1__J___L__1__1
I I I I I I I I I I I I
I I I I I I I I I I I I

I I I I I I I I I I I I t,q
I I I I I I I I I I I I

O - - (. o - - o - - | o - ’
4 8 12 16 20 24

Puc. 6.2

[TapameTtps! Tpanchopmaropa:

. Tun — T/TH-16 000/110-Y1

. HomunaneHas momHocts 16 MBA.

. HomunansHoe Hanpsbxkenne oomotkn BH — 115 kB.
. Homunansnoe nanpsbxkenne oomotkn HH — 11 kB.

. [Torepu xonocroro xona Px=18 kBrT.

. [loTepu kopoTKoro 3ambikanus Px=85 kBT.

. Hampsixenue kopotkoro 3ambikanus Ux=10,5 %.

. Tok xonoctoro xoxa [x=0,7 %.

o NOoO Ol WD K-

Pewenue

[TapameTpsl rpaduka Harpy3ok (puc. 6.3):

Harpy3zka S1=19 MBA npoao/KuTenbHOCThIO t1=2 4.
Harpyska S2=18 MBA npo0/KUTeIbHOCTBIO 12=6 u.
Harpyska S3=14 MBA npoaomkuTenbHOCThIO t3=16 4.
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S, MBA
20?___|___|___T__'l___l___l'__T'S’_L_l___l___'l'__'l___l
oAb ——d - — = — — Sy S|
EE S S M Ny S ot _33 e o s il Bt
ST S e Pt Sy A St S S Pty
] | 1S3 1 | | | | 1S3 1 |
14 + ' ' " ; e o - — ———
] | | | | | | | | | | |
12 f-—f--q--—F--f-—4--"-——f--f-—q---F--1--1
] | | | | | | | | | | | |
T A N S R S E S SR
I e i I e e R e R
] | | | | | | | | | | | |
] | | | | | | | | | | | |
] | | | | | | | | | | | |
4 bttt
] | | | | | | | | | | | |
| | | | | | | | | | | | Ity
] | | | | | | | | | | | [
4 8 12 16 20 24
Puc. 6.3
KoaddummenTs 3arpys3ku
K, = Sy =19/16=11875
HOM
S2
K, =—2-=18/16=1125
HOM
SS
K, = =14/16=0,875
HOM
OTtHoeHue noreps Tpanchopmaropa
a P,
18

X
[IpeBbllieHns TeMIepaTypbl Maciaa HaJl TEMIIEpaTypOi OKpyKarolen cpeibl B
TpeX peKrUMax COCTABUT

1+d-K2 Y 1+4,72-118752 )° 0
lng:‘gM'”OM'(lej 255'( 1+4,72 j =715 ¢

1+d-K,2 J ~ 55.(1+4, 72-1125

2 0,9
- 65,74 °C.
1+d 1+4,72

'9M2 = l91&4.1101\41 (

1+d-K,” J ~ 55.(1+ 4,72-0,875°

0,9
= = 45,33 °C.
1+d 1+4,72

l9M3 = ‘gM.HOM (

[IpeBbiiennst TemrepaTypbl 0OMOTKH B HauOosiee Harperoil Touke (HHT)
HaJ| TEMIIEPATypOii Maciia B TPEX PEKHUMaxX COCTABUT

St = Sz o - K =23-1,1875"¢ = 30,28 °C.,

Suire = For rions - K =23-1,125%° = 27,77 oC.
s = Farnon - Ky =23-0,875™ =18,56 °C.
AocomotHas Temrneparypa B HHT
O =Oupcr + 1 + 3 =10+71,5+ 30,28 =111,78 oC.
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O,y = O ppcp + Sy + Sy, =10+ 65,74+ 27,77 =103,51 °C.
O 73 = Opppcp +Rys + Frs =10+ 45,33+18,56 = 73,9 °C.

W3H0C BUTKOBOM M30s1IMH ITpH Harpy3kax S1, S2, S3
t1 (®prir1-98) 2 (111,78-98)

Fl__ 6 =—~2 6 =0,409
24 24
(Oyyr2—98) (103,51-98)
=20 % 8o _gam
24 24
(©73—98) (72,9-98)
F3:;—i-2 6 =§-2 5 =0,041

OO1mMii U3HOC U30JISALIUU 3a CYTKH
F=F +F,+F,=0,409+0,472+0,041=0,923

Urto menbiie equnuipl. Pabota Tpancdopmaropa mno 3agaHHomMy rpaduky ao-

IIyCTUMaA.

Oteet: Pabota Tpancopmaropa 1o 3ajaHHOMY rpaduKy JOIMyCTUMA.

3aoanue 6.3

Cucrema BriOpaTh TOKOBEAYIIYIO YacTh B IIENH OJIOKA
MEXIy TeHepaTopoM U OJIOYHBIM TpaHCHOpMATO-
pom. Cxema Onoka mpescTaBieHa Ha puc. 6.4.
T [Tpumeuanue: 1) momHuocTs 610Ka 300 MBT;
2) momHocTh K3 cucremsr 6500 MBA; 3) mor-
HocTh TCH 25 MBA.

r TCH

Puc. 6.4. Cxema Onoka

Pewenue
Tox K3 ot reneparopa: 1) = E l, = 113 376 614
X", 02 /3.20
. (3) E” 10
Tox K3 or cucremsr: I} =—=1, =-—"--28,9=65,7x4
X, | 0.44
ConporuBnenne X ,,.=X_ +X, = 1000 + 11,5 100 0,440..

et e T 6500 100 400
HomunanbHblil TOk reHeparopa — 11 KA.
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Y napHbIi TOK i :\/EKVVJ(” =J2:1,9-65,7 =176 kA.

n0c
TemnoBoit ummyiase B, = (1) )2 4=17266kA? -c.
Otger: Beioupaem toxonposog TOKHE 20-12500-400 V1, Bk =76800 kAZc.

3aoanue 6.4

Ha puc. 6.5 npeacTaBieHa cxeMa MUTaHUs AIEKTpoaBUraTes M.
Hcxonnbie qaHHbIE:
e HauanbHoe JeiicTByIOllee 3HAYCHHUE MEPUOIU-
YEeCKOM COCTaBIISIIONIEH Tpex(azHOro TOKa KOPOTKOTO

- 3aMbIkaHus B pacyeTHol Touke 1, ) =15 KA.
e[locTosiHHAs BpeMEHW 3aTyXaHus anepuojuye-
CKOM cocTaBiistoNIeil Tpexda3Horo Toka KOPOTKOTro 3a-
A MBIKaHHs B pacueTHoil Touke 7, = 0,06 c.

ello YCIOBHAM OJIMTCIIBHOI'O PCKHUMA BBI6paH Ka-
OCIb ¢ aTIOMUHUEBBIMU JKUJIAMH C 6YM3)KHO-M3CHHHOﬁ

MPONUTAHHOW M30JIsALMell 0e3 Oponu cedenuem ( = 95
Puc. 6.5. Cxema Beiaun 2

MM™.
MOIIHOCTH 3JICKTPOCTAHIIMHU

K3

eBpewmsi cpabaTbiBaHHsI OCHOBHOM pesieiHOM 3a-
muTel — 0,1 c., pe3epsuoit — 0,8 c.

[TonHOE BpeMs OTKIIFOUEHHUS YCTAaHOBJIEHHOTO BbIKIOUaress t,, = 0,07 c.

e Benuunna, obpaTHas TemnepaTypHoMy KO3 GUIIMEHTY COPOTUBIICHHUS, & =
228 °C.

e [locrostHHasA, XapaKTepHu3yroas TeIUIO(U3NICCKHE CBOMCTBA aIlOMUHUS, D
=45.25 mm*/(xAZ ¢).

e HauanbHas Temneparypa kaOens (npeaBapurebHas 3arpyska) @, = 65°C.

[TpoBepuTh npeaBapUTEIbHO BHIOPAaHHBIA KaOElb MO0 TEPMUUYECKON CTONKOCTH
Y YCIIOBUIO HEBO3TOPAEMOCTH.

Pewenue
Kpurepuun npoBepku kabesei mo TepMUYECKON CTOMKOCTH U YCIIOBHIO HEBO3-
ropanus B pexume K3:
® >0,,

rae O, — TeMrieparypa Kuiabl B MOMEHT OTKItoueHus K3; 6O y,, — IpeaenbHoe 3Ha-
YeHUE TEeMIEPATYpPhl MO YCIOBUAM TEPMUUYECKOW CTOMKOCTH, JIMOO MO YCIOBHIO
HEBO3TOPAHHSI.

Koon

1. IIposepka no mepmuueckou cmouxocmu.
Pemienue MoeT ObITh BBIIOJIHEHO JBYMS CITIOCOOAMHU.
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[epBblit c1oco6.
Onpenenenne MUHUMAIbHOTO TEPMHUUYECKU CTOMKOTO CEUECHUS:
V BK
q/biltl-l = C ]
rne B, — unarerpan Jxoyss, onpeaeneH b mpu cpabaTbIBaHUU OCHOBHOM peJieiHOM
3anuThl; C — mapameTp, 3aBUCSIINNA OT TETIO(PH3MUECKUX CBOMCTB POBOTHUKOB.
Jlnst  kabGeneir ¢ OyMaXHOW W3OMAIMEH W AITIOMUHHUEBBIMH KUJIAMH

0,5
c=904 C,aB =12,-(t,, +T,); B, =15"-(0,1+0,07+0,06) =51 75 kA%C.
\/51,75-10°
unH = T = 80 MMZ'

d,.. <J, — xabenb TEPMUUECKU CTOEK.

Bropoii criocob.

@, =0, -e“+a-(e“-1). k:bazB".

B, ompemensercs mnpu cpabGaThlBaHMM OCHOBHOM pENEHHOM 3aLIUTEI
B, =51,75 kAZc.
_ 45,65-51.75
95
200>152.9, O, > 0O, —Kkabenb TEPMUYECKH CTOEK.

k =0,26, ©, =65 +228-(e** —-1) =152,9 (°C).

2. IIposepxa kabens no ycio8usim He80320PaHUSL.

Wurerpan [xoyns By onpenensercs npu cpabaTbIBaHUM PE3EPBHOUN peleii-
HOM 3aILUTBHI:

B. =152(0,8+ 0,07 +0,06) = 209,25 kAZc.
_b-B, 45,65-209,25
q° 957

O >0, ,61568>350 — kabenpb He 061aAET CTOMKOCTHIO K BO3TOPAHUIO.

k

=1,06 ®, =65-e"% +228-(e"* —1) =615,8°C.
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