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Conepxanue

BBenenue

Llenp 1 3a1a4K U3yYEHUSI TUCITUILTHHEI
OOGopynoBaHue U MaTepUalbl
HaumenoBanue nabopatopHbIX padboT
Coneprkanue 1a00paTOPHBIX pabOT

JlaboparopHas pabora Ne 1. PacuyeTHble 3JJIeKTpHYeCKHEe HATPy3KH
norpeduTesieii, 3JileMEHTOB H KOMMYTAIIMOHHBIX Yy3J10B. Bribop mapamerpos
OCHOBHOTO 3JIEKTPOOOOPYIOBAHMS X HATPY304HAsI CIIOCOOHOCTH.

JlaboparopHas padota Ne 2. Harpy3ouHasi cnoco0HOCTH M BLIGOP apaMeTpoOB
OCHOBHOT'O 3JIeKTpooOopyaoBaHuA. PeryiupoBaHue HanpskKeHHUs B CUCTEME
AMEKTPOCHAOKEHUS TPOMBIIIJICHHOTO MPEATNPUATHUS U KOMIICHCALIUS PEaKTUBHOMN
MOII[HOCTH.

JlaGopaTopHas pabora Ne3. PeskmMbl padoThl cXeM pacnpeaeuTeJbHbIX
ynexkTpocereii A0 u Bbime 1000 B. M3menenmii HampspkeHus, (iaukep,
HECUHYCOMJIAJIbBHOCTh M HECUMMETpPHS HANpsHKEHWM B pacrpenesuTeIbTHBIX
anekTpuaeckux cersx 10-0,4 kB.

JlaGopaTopHass s pabora Ned. BepOSITHOCTHO-CTATHCTHYECKHH MeTOH KakK
OCHOBA MNPAKTHYECKHX METOAUK OIpe/esieHUs] PACYeTHOH HArpy3Ku
3JIEMEHTOB CHCTEM JJIEKTPOCHAOKEHMSI HAa PAa3JIUYHbIX ee YPOBHSX.
PerynupoBanue ypoBHeH HalpsKEHUS B TPOMBIIIIIEHHBIX 3JIEKTPOCETSIX.
JlaboparopHas pabota Ne5. YueT KaTeropuu HaJe;KHOCTH JIEKTPOCHAGKEeHU S
3J1eKTPONPHEMHMKOB M BeJIUYHMH, [I0NYCKAeMbIX CHCTEeMAaTHYeCKHUX H
NMOCJIeABAPUUHBIX MeEperpy30Kk NpH BbIOOpe KOJIHYECTBA M MOILIHOCTH
TPaHC(OPMATOPOB TOPOJACKHX M LEXOBbIX mNoAcTaHuuil. PerymupoBanue
MOTEPH IO ANEKTPOINUTAHUIO B TPOMBIIUIEHHBIX 3JIEKTPOCETSX.
Y4ebHO-MeToinYeckoe U HH(POPMAIIMOHHOE 0OecrieueHNe TUCIIUILIMHBI

[lepeueHr OCHOBHON U JOINOJHUTENBHON JHUTEPATypbl, HEOOXOAUMOW IS
OCBOCHMS AUCLUIUIMHBI

[TepeueHp yueOHO-METOIMYECKOTO OOECIEYEeHUs CaMOCTOATENbHON paboThI
00yYaromuxcs Mo JUCUUIUINHE

[Tepeuens pecypcoB HHPOPMAITMOHHO-TEIEKOMMYHHUKAIIMOHHO ceTn HTepHeT,

HeO6XOJII/IMI)IX 11 OCBOCHUS JUCITUITIIMHBI

Crp.



Bsenenue

JIabopaTtopHble 3aHATHA CO3JAIOT ONTUMAJbHbIE JUJAKTUYECKHE YCIOBMS  JAJIS
NeSITEIbHOCTHOIO OCBOEHHSI CTYAECHTaMM COZEP KAHUS U METOJ0JIOTUM U3y4yaeMOl JUCLUIUIMHBIL
«[IpreMHUKH ¥ TOTPEOUTENH IICKTPOIHEPTHH B CHCTEMAX IICKTPOCHAOKEHUS», HCIIOJIb30BaHHIE
CHELHATBHOTO JIA00PaTOPHOTO 00OPYAOBAHUS U TEXHUYECKUX CpeAcTB. JlabopaTopHble 3aHATHS
3aHUMAIOT  NPEUMYIIECTBEHHOE MECTO IpPHU H3YYEHUM  OOLEenpo(ecCUOHANbHBIX U
npoeCCHOHATIBHBIX JTUCUMIIMH. JlabopaTopHble 3aHATHS NPOBOAATCSA C LENBIO BBIPAOOTKU
NPAaKTUYECKUX YMEHUH M TPUOOPETEHHs] HABBHIKOB B PELICHUH SKCIEPUMEHTHBIX 3a/ad,
OTpabOTKH yNpaKHEHUH, BBIIOJIHEHUH YEPTEKEH, TPOU3BOJICTBE PACUETOB U T.1II.

Lenpto 1a00OpaTOpHBIX 3aHATHH sBIseTCs (OPMHUPOBAHUE IMPAKTHUECKUX YMEHUH —
npoeCcCHOHATBHBIX (BBIIOJHATH OIpEACIEHHbIE JEeHCTBUA, oOmepanuy, HeoOXOAUMbIE B
MOCIIEAYIOMEM B TPO(EeCCHOHAIILHON JeATCIBHOCTH) WM YYeOHBIX, HEOOXOJMMBIX B
NOCJEayome y4eOHOW MesTeTbHOCTH 1O 00menpodecCHOHAIBHBIM U MPO(ECCHOHATEHBIM
JUCLUIUIMHAM.

bubnuorpaduyecknii CHIUCOK COAEPKUT CBEJIEHUs O CIPAaBOYHOM JMTEparype U

JOITIOJIHUTECIIbHBIX U3aHUAX, HGO6XOI[I/IMBIX JJIsA YI‘JIY6JICHHOFO HU3Yy4YCHUS OTACIIBbHBIX BOIIPOCOB.



1. I]endb u 3a0auu uzyuenus OUCUUnIUHbL

Lenb u3ydeHus: TUCHUTIIMHBI

- (hopMupoBaHHE y CTYACHTOB CHUCTEMAaTHYECKUX 3HAHUH MO BONPOCAM HPOCKTHPOBAHUSA U
9KCITyaTalldd KOMIUIEKCHBIX CHUCTEM D3JIEKTPOCHA0XKEHUS TOpOJIOB M  MPOMBIIUICHHBIX
IPEANPUATHI.

3amayamMu JUCIUIUIMHBI SBIISETCS:

- 3HaTh B3aMMOCBSI3M MEXIY IMOTPEOUTENSIMM M CHCTEMOM 3JEKTPOCHA0KEHMs; IOKa3aTeln
rpauKoB Harpy3KH 3JIEKTPOIIPUEMHUKOB U OTpeOUTENEN;

- YMeTh aHaM3UpOBaTh rpa)uKu Harpy3KH.

- Brnagets HaBbikamMu pa3pabOTKH OCHOBHBIX SHEProcOeperarouux MEpOINpHUsTUI B CHCTEMax
AJIEKTPOCHAOKEHUSI.

2. Obopyoosanue u mamepuani

KomrutekT yaeOHO0-1abopaTtopHOro 000pynoBaHus

«QHeprocOepexeHne B CHCTEeMax »3JEKTPOCHAOXKEHHsT W aiieKkTponorpediieHus». Kommiekrt
yueOHO-1a00paTOPHOTO 000PYTOBAHHS

«ABTOMATU3MPOBAaHHAsl CUCTEMa KOHTPOJIS M ydyeTa 3JIeKTposHeprum». Kommiekt ydeOGHO-
1a00paTOPHOTO 00OPYAOBAHUS «IIEKTPUUECCKUE CTAHIIMKM M ToAcTaHuum». KoMiuiekt yueOHo-
71a00paTOPHOTO 00OPYAOBaHUS «YMHAas MECTHAs paclpeleUTeNIbHas JIEKTPUUYECKas CETh».
HayuHo-uccnenoBarenbckuil komiuieke «OnTUMU3aLus peKUMOB pabOThI AIEKTPUUECKUX CETel
C AaKTUBHBIMHU D>JIEMEHTaMH, BBIOJHEHHBIMM Ha 0a3e CHUJIOBBIX IOJYPOBOAHUKOBBIX
npeoOpasoBareneil», MCIOIHEHHE CTEHA0BOE KommbloTepHoe. HayuHo-uccienoBarenbckuii
KOMILUIEKC  «ABTOMAaTH3MpPOBAHHBIE CpEJACTBA  YNpPaBICHHs M  3allMThl B  CHCTEMax
AIIEKTPOCHAOKEHUST TIPOMBIIIJICHHBIX MPEINPUSATHIT», WCIOTHEHWE CTEHIOBOE KOMITBIOTEPHOE.
Hay4Ho-uccneoBaTenbCKuii KOMILIEKC

«[IpuMeHeHre aBTOMATH3MPOBAHHBIX CHUCTEM KOHTPOJII M y4YeTa JJIEKTPOIHEPTHH C IEJBI0
NOBBIIEHUS A(PPEKTUBHOCTH OSKCIUTyaTallkd CHCTEM BJIEKTPOCHAOXKEHHS», MHCIOJHEHHE
cTeHaoBoe pyuyHoe. Komruiekr TtumoBoro madopaTopHoro obGopyaoBanus «Teoperndeckue
OCHOBBI JJIEKTPOTEXHUKI . Kommekr y4eOHO0-1a00paTOPHOTO 000pyI0BaHUS
«DNEKTPOTEXHUUECKNE MaTepualbl». KOMIUIEKT THIIOBOTO JIabOpaTOpHOTO O0OPYHAOBaHUS
"JJEeKTpOTeXHUYECKHE MAaIIMHbl». KOMIUIEKT THUIOBOrO J1abopaTopHOro 00O0pYAOBaHMS
DNeKTpOoTeXHUUECKHE MallluHb. JJabopaTopHOe 000pyaoBaHuE «DIEKTPOIHEPTeTUKA-pesieiiHas
3alqUTa M aBTOMAaTUKa». Y4eOHbIH creHa «Teopus >IEKTPUUYECKUX Iened U OCHOBBI
AIIEKTPOTEXHUKI.

3. Haumenosanue npakmultecmtxpaﬁom

N3 anx
Ne Tembl HaumeHnoBanue TeM IUCHUIUIMHBL, UX KPATKOE O0beMm MpaKTUYeCKas
JTUCITATIINHEI cofepKaHue JacoB MOATOTOBKA,
JacoB

6 cemecTp

Jlabopatopnas pab6ota Ne 1. PacuerHble
JJIeKTPUYECKHEe HArpy3Ku MOTpeduTeIeH,

1 3J1eMEHTOB M KOMMYTAIIMOHHBIX Y3JI0B. 4
Bri6op I1apaMeTpoB OCHOBHOTO
JIEKTPOO00OPYIOBAHUS u Harpy3o4Has

CIHOCOOHOCTH.




JlaGopaTopHass pabora Ne 2. Harpy3ounasi
CIOCOOHOCTL M BBIOOPp  MapaMeTpoB

OCHOBHOI'0 3JIEKTPOO0OPYNOBaAHMS.
PerynupoBanue HampspkeHMsT B CHCTEME
JIEKTPOCHAOKEHUS ITPOMBIIIJIEHHOTO

npeanpuAaATd MW KOMIICHCAIUA peaKTHBHOﬁ
MOIIHOCTH.

JlaboparopHast pabota Ne3. Pexumbl padoTsl
cXeM pacrnpeaeJuTeJbHBIX dJIeKTpoceTel /10
u Bpimie 1000 B. M3MmeHeHuil HanpspkeHus,
(bavkep, HeCUHYCONIaTbHOCTh U HECUMMETPUS
HaNpsLKEHUN B pacnpeennTenbTHbIX
anekTpudeckux cersax 10-0,4 kB.

JlabopaTtopHas st pabota Ned. BepossTHOCTHO-
CTATHCTHYECKHHA  MeTOX KaK  OCHOBa
NPAKTHYECKUX  METOAMK  OmNpeaejeHus
pacyeTHOii HATPY3KH 3JIEMEHTOB CHCTEM
JJIEKTPOCHAOGKEHUST HAa Pa3JIUYHBIX ee
YPOBHSIX. PerynupoBanue ypOBHEH
HAIPs>KCHUA B IPOMBIIIJICHHBIX 3JICKTPOCCTAX.

JlaboparopHas pabota No5. Yuer karteropuu
HA/1eKHOCTH 3JIeKTPOCHA0KEeHU s
3JIEKTPONIPHEMHUKOB " BEJIMYMH,
AOIyCKaeMbIX CHCTEeMAaTHYeCKUX "
NocJIeaBaAPpUIHBIX NePerpy3oK npu BbiOOpe
KOJIMYeCcTBa " MOIIHOCTH
TPaHCPOPMATOPOB TOPOACKHX H ILEXOBBIX
noAcraHumii. PerynupoBanue noTepp 10
ANEKTPOIUTAHUIO B MPOMBILIIEHHBIX
AIEKTPOCETSIX.

Hroro

18




JlaGopaTopnas padora Nel
Tema 3anamus CTPYKTYpbI M IapaMeTPbI CHCTEM 3HEProcHaldKeHusl.

lleﬂb 3anamusa. Paccunrath mapaMeTpbl OCHOBHOT'O O60py,HOBaHI/I5{ U HAYYUTBCA
HOI[6I/IpaTB €ro I10 IoKa3aTCjIsiM CUCTCMBI.

TeopeTnyeckas 4acTb

1.1. Harpyzounas CIOCOOHOCTh u BBIOOD rmapameTpoB OCHOBHOTO
AEKTPOOOOPYIOBAHHS.
1.2. L{ens paboThI

N3ydyeHne KOHCTPYKUHMHU JIaOOpaTOPHOW yCTaHOBKM, MPHUHIMIA €€ paboThl W MapaMeTpoB
Moaenupyemsbix dnemenToB COIIIL.

Uccnenoanme pexxuma padbotsl mogenmupyemoit COIIII Ha cyTOUHOM MHTEpBaJIe BPEMECHH U
onpeJieJICHUuE apaMeTpoOB PEKUMOB.

1.3. Brenenue

OcHOBHbIE HOMHHAJIBbHBIC IMapaMeTpbl MojenupyeMbix smeMmentoB COIIIl mpuBeneHsl B
tabu. 1. J{nst Tpexda3HbIX CUIIOBBIX TPAaHC(HOPMATOPOB B MPAKTUICCKUX PACUCTAX UCIIOIB3YIOTCS
CIICyIOIIAE TMapaMeTphl MPU 3aMelieHuH TpaHchopmaTopa I' — o0Opa3HON OTHOTUHEHHOMN
SKBUBAJICHTHON CXEMOM:

Ul’U 2— (1)213HI>I€ HaOpsKCHU A, IPUBCACHHBIC K OHOU CTYIICHU HAIIPSKCHUSI
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TpaHnchopmarope (K 3 = — ko3¢ duiment 3arpysku), kBt;
. . . H
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O6opynoBanue

OcHoBHOM 0c00eHHOCTBIO pekUMOB padoThl COIIII Ha IIUTENBHBIX IUKJIAX BPEMEHU (CYTKH,
Hesenst, TOA) SBJISIETCS MX U3MEHYMBOCTH, YTO OOYCIOBIEHO M3MEHUMBOCTBHIO AJIEKTPHUYECKUX
Harpy3ok. Pexumer COIIIl xapaktepusyrorcsd napaMeTrpamMd [JBYX THIOB: TEKYIIHE U



MHTErpanbHbie 3a Bpems / . K TeKylum napamMeTpaM OTHOCSATCS 3HAYE€HHE TOKOB, HANPSKEHHH,
MOLIHOCTEH B y3J1aX CETH, U3MEHSIOMHUECS BO BpeMeHH. K mHTerpanbHbIM 3a Bpems 1 —
CpeIHUE 3HAYEHUS] TOKOB, HAMPSHKEHUH, MOLTHOCTEH, UX AUCIIEPCHUH, IOTEPU SIEKTPOIHEPTHUH U
Ap.

Ha cyrounbix uHTEpBalax BpPEMEHM TEKYIME 3HadeHUs MapameTpoB pexumon COIIII
MPHUHSITO MPEACTABIATh B POpME CYTOUHBIX rpaduKoB (TOKA, HAPSHKEHUS, MOITHOCTH | JIP.) MX

OCPEJIHEHHBIX 3HAYCHUH Ha MOCJIEA0BATEIbHBIX HHTEPBAIAX 9 (9 =30 wim 60 MuH).
WuTerpanbHble mapaMeTphl, HAIpUMeEp, s rpadrka ToKa
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14. (3amanue)

1.3.1. 3y4nTh KOHCTPYKIIUIO JabOpaTOpHOM yCTaHOBKU. PaccuMtarh Bce CONMPOTHBICHUS
HKBHUBAJIEHTHOU cXeMbl 1J1s TpaHchopmaropoB T2 u T4.

1.3.2. TloaroToBUThCS K perucTpanuu rpadUKOB aKTUBHBIX M PEAKTUBHBIX Harpysok,
3aroToBUTH Ta01.3 B ABYX 3K3eMIUIApax (i TpaHchopmaropos T2 u T4).

Tabnuma 3

Peructpanus u pacuer Tekymux mnapamerpoB pexknma COIIIl HanpsskeHue CyTOYHOM
WHTEpBaJie BpeMeHu aiis Tpanchopmaropa T2(T4)

Home IToxa3aHus C4ETUUKOB I'paduku Harpy3ku
p 4aca
CYTOK AXTUBHOTO PeaktuBHOIO Axr Peakr Ion To
WBHas WBHas Has tgoxk, A
[Toxk Pasn ITok Pazy | MOMHO | MOLIHOCT | MOIIHO
a3aHUS | OCTb a3aHUS | OCThb CTb, b, KBAp | cTb,
kBT kBA
0
1
2
3
Cpennee 3HaUCHUE
CpenHekBaapaTHIECKOe OTKIOHEHUE

1.3.3. IloaroToBUTh YCTAaHOBKY W CAMOMHUIIYIIUH TPHOOP ISl PErHCTPalMHM TEKYITUX
napamMeTpoB pexuma padborel momenupyemor COIIIl Ha cyTouyHOM UWHTEpBaje BPEMEHH;



BKJIFOUUTH TpaHchopmaTop T4, 06001eHHYIO HATPY3Ky SlHa muHax 10,5 kB I'TIT, cuaxponHbIi

AIIEKTPOABHUraTENb; OTKIIOUNTH Tpanchopmarop T3, konaencatopusie 6arapen bK1, BK2 u BK3,
a taxke cuioBoit punstp ®KY; ycranosuts PITH Tpancdopmaropa T2 u I[1EB tpanchopmaropa
T4 B HynEeBOE MOJOKEHHE; MTOATOTOBUTH K pad0Te CaMOUIIYIIUI TPUOOP U MOJIKIIOYUTH €ro ¢
MIOMOIIBIO COSTMHUTEIBHBIX TIPOBOJIOB K COOTBETCTBYIOIIEMY TpaHC(hOopMaTopy Toka (puc.2) amst
peructpanuu rpaduka Toka B Tpanchopmarope T4.

1.3.4. 3anyCTuTh YCTaHOBKY HakaTueM KHONKK »IIyck» M TPOM3BECTH pPErUCTpPaLUIO
rpauKOB aKTUBHOW M PEaKTHMBHON MOIIHOCTEH Harpy3ok TpaHchopmatopoB T2 u T4 myrem
CUMTBIBAHUS M 3amUCH B Ta01.3 (rpadsl 2, 4) moka3aHUN COOTBETCBYIOIINUX CUCTYMKOB. I padux
ToKa TpaHchopmaropa T4 3anucaTh ¢ MOMOIIBIO CAMONUIIYIIEr0 Ipudopa.

Copepxanue oTuera

1.3.5. IIpousBectn pacyer rpauKkoB aKTMBHOM, PEAKTUBHOW W IOJHOW MOIIHOCTEH ITyTeM
YMHOXEHHS Pa3HOCTH MOKa3aHUI CUETYUKOB Ha COOTBETCTBYIOIINN MacITa0OHbIH K03 pULeHT
(tabm.2). PaccuumraTh cpenHuEe 3HAUYEHUS M CPEIHEKBAAPATHUECKUE OTKIOHEHHS TpaduKOB
Harpy3ku. Jlnst T4 3Hadyenuss Toka (rpacda 10) ompenenuTs pacueTHBIM IyTEM WM TI0
peructporpamme, pa3OuB ee Ha 24 paBHBIX WHTEPBAJIA, U3MEPUB CPEIHEE 3HAUCHUE HA KaXIOM
MHTEpBaJie JIMHEHKON (B MWUIMMETpax M YMHOXHUB MX Ha COOTBETCTBYIOLIMI MacHITaOHBIM
ko3 dunmenHT). 11 CaMOKOHTPOJIS PEKOMEHTYeTCsI COITOCTAaBUTh MOJTYyYSHHBIE 3HAUEHHS TOKA CO
3HAUEHUSIMH, PACCUUTAHHBIMHU I10 TOJTHON MOIIHOCTH.

1.3.6. Paccuutath noTepu 3JEKTPOIHEPrUU 3a CYTKU B TpaHcopmaropax T2, T4 u B
Ka0benpHOW JMHHMM (B KHJIOBATT — Yacax M B MPOLEHTax). B BenmnynHe MOTEpPh BBIIEIHUTH
COCTaBIISIOLIYI0, 00YCIOBIEHHYIO HEPABHOMEPHOCTHIO IPaHKOB HATPY30K.

1.3.7. ObopmuTh oTUET 110 JIAOOPATOPHOU pabOTe, KOTOPHIN JOJIKEH COJICPIKATh:

- MHEMOCXEMY YCTaHOBKH, KPAaTKOE OMHCAHUE U TTapaMeTPhl MOJICTHUPYEMbBIX AJIEMEHTOB
tunoBor COIIII, niens paboThl;

- pacueT CONpOTUBIECHUI SKBUBUICHTHOH cxeMbl TpanchopmaropoB T2 u T4;

- pe3ynbTaThl PETUCTPAlMM M pacyera rpauKoB HArpy3Kd U UX IapaMeTpoB IS
tpanchopmatopoB T2 u T4 (Tabn.3);

- rpaduxu Harpy3ok T2 nT4 (akTUBHOM, peaKTUBHOM, ITOJIHON MOITHOCTH U TOKA);

- pacyeT moTephb AMEKTPOIHEPTUuH B TpaHnchopmaropax T2, T4 u B kabeapHON JIMHUM,
nuTatouieit tpancopmarop T4,

- OlleHKYy (B % K TOJHBIM MOTEpsM) MOTEPh B YKA3aHHBIX JJIEMEHTaX CXEMBl,
00yCIIOBJIEHHBIX PEaKTUBHBIMH Harpy3KaMu;

- BBIBO/IbI 110 MOJYYEHHBIM pe3yjIbTaTaM paboThl.

15. [ToaroroBka k pabote

CamocrodTenbHas HOJArOTOBKA K J1a00OpaTOpHON paboTe T0JIKHA BKIIIOYATH!

- u3ydyeHue Tteopetnueckoro wmarepuana kypca OCIIII mo pasmeny «Pexxumbl
AIIEKTPONOTPEOIICHUS POMBILIUIEHHBIX NPETPUATHIN;

BeImonHenue n.1.3.1 u 1.3.2 3aganus.
.6. KoHTponbHbIE BOIIPOCHI
.1. KakoBbI MpUUYUHBI ©3MEHYUBOCTH MapaMeTpoB pexuMoB padoTsl COIIII Bo Bpemenu?
.2. Kakue norepu umeroTcs B TpaHCGOPMATOpPAX U OT YEro OHU 3aBUCST?

1.5.3. Kak onpenensroTcst OTepH MEKTPOIHEPTUH B IPOMBIIUIEHHBIX 3JIEKTPOCETAX?

1.5.4. HepaBHOMEpPHOCTb PEKUMOB 3JIEKTPONOTPEOJICHUS OCIOXKHSIET M yXyAllaeT padoTy
ANEKpOIHEpreTuYeckux cucteM. [louemy?

1
1.5
1.5

JlabopaTopnasi paGora Ne2

Tema 3auamusn PeI‘y'J'II/IpOBaHI/IC HaIIps’KCHUA B CUCTEMC 3J'ICKTpOCHEl6)KeHI/I$I
IMPOMBIINIJICHHOT'O MMPCANPUATHUA U KOMIICHCAIUA peaKTHBHOfI MOIITHOCTH.

Ilens 3anamusa. 1lpruobpecTy HaBBIKU PETYINPOBAHMS HATIPSKEHUSI B CUCTEME
AIIEKTPOCHAOKEHUS MPOMBIIIIEHHOTO MPEATPUATUS M KOMIICHCAIIUS PEAKTUBHOM MOIIIHOCTH.



TeopeTnueckas 4acThb

Kommnencamusi peakTUBHOM MOIIHOCTH U PETYJIMPOBAHME HANpPsDKEHUST B CHUCTEME
AJIEKTPOCHAOKEHHUS MPOMBILIIICHHOTO MPETPUSATHS.

2.1. Lenb paboTsl

N3ydyeHne OCHOBHBIX NPUHLUIIOB KOMIIEHCAlMu peakTuBHbIX Harpy3ok (KPH) B
npoMblnUIeHHBIX 3ekTpuueckux cerax (I19C). C asroit menbto B paboTe MNperyCMOTPEHO:
BBIUMCJICHHE OOIIeld MOIIHOCTH KoMmmeHcupyrommx ycrpoiictB (KVY) nmns morpeburens,
peanu3anys pacyeTHOrO PEeKMMa PEaKTHBHOM MOIIHOCTH Ha J1a0OpaTOPHOM MOJENH, OlEHKa
BiusHUS KPH Ha pexum HanpsikeHHs 1 pacueT 3KOHOMUYecKoro s dekra.

2.2. BBenenue

OOMeH peakTUBHOI MOIIHOCTBIO MEXAY CHCTEMON JIIEKTPOCHAOKEHHS MPEANPUATUS U
anekTpodHepreTudeckoil cuctemoit (32C) pernmamentupoBaH «lIpaBunamu  1OJIB30BaHUSA
AJICKTPUYECKON M TEIJIOBOM DHEpruel». Y CTaHOBJICHUE KOHKPETHBIX TPEOOBAHMMA K PEXKUMY
PEaKTUBHOM MOIIHOCTHU Ka)10T0 U3 NPEIIPUATUN OCYIIECTBIISETCS IIPU €KET0JTHOM 3aKI0UEHNUN
JIOTOBOpA Ha MOCTaBKY 3JIEKTPOIHEPTUH OT 3JIEKTPOCHAOKaIOIIEH opraHu3aui. JKOHOMUYECKU

000CHOBaHHbIE BXOAHBIC peakTuBHBIE MOITHOCTH (Q 57 1 Q 72) 4\, 3a1aI0TCS MPEAIPUITHEM

TG GepeHIMPOBAHHO, B 3aBUCUMOCTH OT MOTPEOISIEMONM MOLIHOCTH U 3JIEKTPUUECKON
YIaJE€HHOCTU MPEANPUATUS OT OCHOBHBIX MCTOYHUKOB 3HEPIuu (dJEKTpocTaHuuit). YucnoBbie
3HayeHnsa Q o; u Q 72 ompenensoTcs B pe3yinbTaTe PacyeTOB ONTUMAIBHBIX PEKHMOB PaOOTHI
HHEPTOCHCTEMBI B IIEPHOABI €€ MaKCUMaIbHBIX (Q 57) 1 MuHMaNbHBIX (Q 57) HArPy30K.

B pabote uccnenyercs y3en Harpy3Ku, cxeMa 3aMelleHHs] KOTOpOro IoKa3aHa Ha puc.7.

Cxema coziepkuT Toibko oaHy u3 cexuuii I'TIII (mpaByto cexiuio), HOCKOJIbKY BTOpasi yCIOBHO
cuMTaeTcss aHajloru4Hoil. ['panunia OanaHCOBON NPUHAMJIEKHOCTH HAXOJUTCS HA YpPOBHE
BBICOKOBOJIBTHBIX BBOZIOB TpanchopmaTtopos I'TII1. Ha rpanuiie cBoASTCS KOHTPOJIBbHBIE OaTaHChI
aKTUBHOM M peakTUBHOW MomHocTed. KoHTposb ocyliecTBiseTcs Ha IOCIEJOBATENIbHBIX
IOJy4acOBBIX HMHTEpBajlaX BPEMEHU HIpPU IOMOIIM CYETYMKOB SHEPrHMU C (UKCUPOBAHHEM
MakCMMyMOB WJIHM TIpd IOMOIIM CIELUUAIbHBIX ABTOMAaTHU3UPOBAHHBIX HH()OPMAIIMOHHO-
U3MEPUTEIIBHBIX CUCTEM.

B  naGopatopHOif ~ MoOxenM  MCTOYHMKAMM  PEAaKTUBHOW  MOIIHOCTH  SIBJISFOTCS:
anekTposHepreTryeckas cuctemMa (Q o7, Q 32), cHHXpOHHBIH snektpoasurateab (Q o),
koHeHcaTtopHble yctaHoBkHM BK1, BK2 nanpsokenuem 10 kB (Q k) u BK3 nanpspkenuem 0,4 kB
(Q xn); moTpeduTeasIMU — Hapry3ka Ha mmHax 10,5 kB (Q 1) u Harpy3ka TII (Q 2).

Puc.7. Cxema 3amenienus y3ia Harpy3Kku

HawnnyumMm (onTUMaibHbIM) PEKUMOM KOMITEHCAIIUU PEAaKTUBHBIX Harpy3oK OyIeT pexuM,
COOTBETCTBYIOIIMH MUHUMAIbHON BETMYMHEE FOJIOBBIX PACUETHBIX 3aTPAT U YAOBIETBOPSIOLIUI

TpeOOBaHUSI DIEKTPOIHEPreTUUECKOW CcHUcTeMbl 4. [l HaxoXIeHHs STOro pexuMa
cocTaBsieTcsl (PYHKIMS pacyeTHBIX 3aTpat (1esneBas (PYHKIUS) U 3aMUCHIBAIOTCS OTPaHUYCHUS
/4,5\,. OnTUMalbHBIMH CUHUTAIOTCA TaKHE MOIIHOCTH KOMIICHCHUPYIOIIUX YCTPONCTB, MpPH

KOTOpPBIX IIeJieBass (PYHKIMS NPUHUMAET MUHUMAJIbHOE 3HAUY€HHE B 00JIACTU JIOMYCTHMBIX
petenuit. O6JacTh TOMYCTUMBIX PEIICHUN ONPEIENSIETCS OTPaHUYEHUSIMH, HAKJIaIbIBAEMbIMU HA
MorrHocTu KVY. Pacuer ontuMansHeIXx MomiHocTel KY, B onmmcanHO# BEINIIE TOCTAHOBKE 3aa4H,
MIPOU3BOUTCS C TIOMOIIHI0O METOJIOB MAaTEMATHIECKOTO IMTPOTPaMMHUPOBAHUSI.

B na6opatopnoit yctanoBke moaenupyercs He Bcs [I9C, a tonpko I'TII u ogHa U3 11€X0BBIX
MIOJICTAHITMI ¢ TTUTAIONIeH ee kabenpHOM muHueit. Harpyska Q1 mpeacrapiiser co0oi cyMMapHYO
PEAaKTUBHYIO MOIIHOCTh. MOTPeOsisieMyt0 ocTanbHbIMU TII, 4MCIO M MOIIHOCTH KOTOPHIX HE
U3BECTHB. B 9TUX ycloBUsAX 3amauy onTuMmm3anuu pasmenieHus KY moxHO pemaTth 0e3
MPUMEHEHHUS ONTUMHU3AIMOHHBIX METOJIOB, Pa3/E/IUB €€ Ha JIBa dTara.

Oran nepsbiit. PacemarpuBaetcs TII (puc.8) u onpenensiercs Q xu

Puc.8. PacueTnas cxema 3aMeleHus I

MIEPBOT0 ATana pacueToB

s onpenenenus Q xx 3anuceiBaeTcs QYHKIUS TOJOBBIX pacquHHx 3arpar.

#Qun) = B ARy Qi +Cof ARuQs + 305 103( " Q) | 6

rne £ — xo3dpduuueHT OTYMCIEHHH OT KalWTaJOBIIOKEHUH (HOPMATHBHBIE OTYHCICHHS,
OTYHCIICHUS Ha JKCIUIyaTallMi0 M BOCCTaHOBJEHHE 00OpymoBaHMs). UucieHHble 3HaueHus E
ClIe/IyeT MPHUHATH 10 YKa3aHUIo npenoaoparens B npeaenax (0,2 — 0.4);



AKy — YnenbHas CTOMMOCTh KOHJICHCATOPHBIX YCTAaHOBOK HM3Koro HampstkeHus (150
py6/kBAp);

Co — ylnenbHas CTOMMOCTb IOTEPh AKTUBHON MOUIHOCTH (3aJaeTcsi IpPENojOoBaTE]IEM B
npeznenax ot 800 go 1200 py6/xBr);

AP- ynenbHblE NOTEPU AKTUBHOM MOLIHOCTU B KOHJAEHCATOPHBIX YCTAHOBKAX HalpsKEHUS
(0,003 xBt/xBAp);

Rz — npuBenennoe k Hanpsokenuio 10 kB conporuBnenne Tpancdopmaropa nexosoi TII u
MUTAIOIIEH ero JIMHUU AJeKTporepenaun, OMm.

BenuunHa 3TOro COnpoTHUBIIEHUS ONpeesieTcs Mo JaHHbIM Ta0a.1 onucanus J1abopaTopHOU
YCTaHOBKU;

U — cpennee Hanpspkenue Ha muHax [TIIT (10 kB);

Q2" — wnaumbomblas peakTHBHAs MOIIHOCTh Harpy3ku TpaHchopmaropa T4 B mepuon
MaKCHMaJbHOW AaKTUBHOM MOIIHOCTU HArpy3Kd SHEProcucTeMbl (s ympouieHus padoTbl
cuurtaeM, uyto Tpanchopmarop T3 oTkitoueH u B pacdyeTrax He yuyuThiBaercs). Omnpenensercs mno
rpaduky Harpy3ku T4, mnomydeHHomy B pabdore Nel. Ilepomn wMakcumyma 3amaercs
IIPENOA0BATEIIEM.

AP, U?
rae APk3 — IOTEpH KOPOTKOTO 3aMbIKaHUs B TpaHchopmatope, KBt (tadn.1.1);
Sur — HOMHHAJIBHAS MOITHOCTH TpaHchopmaTopa, KBA;

Ro — yaenpHOE aKTHBHOE COTPOTUBIICHUE JIMHUH AIeKTporniepeaadn, OM/Ku;
|- iMHA TMHUK AIIEKTpONIepeadyn, KM.
Mo1HOCTh KOHJEHCATOPHOM OaTapeu onpenesieTcs 3 ypaBHEHUs

PacueTHOE BBIPAXKCHUC UMECT BHU/]
0. —n— EAK,+C, AP,
2.C.R

Oran Bropoil. Ha aTOM 3Tane paccmarpuBaercs 3aa4a HaXOKICHHS ONITUMAJIBHBIX 3HAUEHUN
Q kg u Q » (puc.9). BennunHa HEKOMIIEHCHPOBAHHON MOIIHOCTH, MeEpeIaBaeMoil yepes
TpaHncpopmarop T4, mokazaHna Ha cxeme kKak Q 7.

@DyHKIMSI TOIOBBIX PACYETHBIX 3aTpaT JJIs 3TOTO 3Tara PacyeTOB UMEET BUJ

3 (Q k8, Q9)=E-AKs Q x5 +Co-(APxs* Q ks +K1- Q 4+K2 - Q 4%), py6/ron, (5.5)

rae E, C, — cM. BeipaxeHue (5.1);

AKp — ynenbHas CTOMMOCTh KOHJIEHCATOPHBIX Oarapell BbIcOKOro HampsbkeHus (120
py0/kBAp);

Puc.9. Pacuetnas cxema 3amenieHus

JUISL BTOPOT'O 3Tara pacyeToB

APkp — yIenbHbIE NMOTEPU aKTUBHOW MOIIHOCTH B KOHJEHCATOPHBIX YCTAHOBKAX BBICOKOTO
Hanpspkenus (0,002 kBt/kBAp);

K1, K> — ko3 unmenTsl, XxapakTepusyrolme noTept akTuBHO# MoirHocty B CJ1, 3aBucsmiye
ot Q, (K1= 0,011 xB1/xBAp, K2 = 0.00019 kBT/kBAp?).

@ynknusa Jlarpanxka

L (Qxs, Qo4)=3 (Q ks, Qo)+ A(Q1"+Q1 —Qo: — Q k- Q ), (5.6)

rae Q 1™ — peakTHBHAs MOIIHOCTD Harpy3ku Ha muHax 10 kB T'TIIT B nmeprox MakCUManbHOR
AKTUBHOM MOIIHOCTH Harpy3ku 93C.

Mormutaoctr Q ks Q o OIIPENENAIOTCS pelieHueM CUCTEMbI YpaBHEHHH

oL

Qs

U?-10° 5.4
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N3 (5.7) MOkHO MOTyYuTh BRIpaKEeHHE 115 pacuera Q k3, Q o B 0011EM BUIE:!

1 (E-AK
Q

K2l C,
Quz =Q" +Q —Q,, —Q,. xBAp (5.9)

C nomomrsro (5.4), (5.8), (5.9) BbUMCHAIOTCA HEOOXOIMMBIE YCTAHOBJICHHBIE MOIHOCTH
KOHJICHCATOPHBIX Oatapeii n HanOosbIIas peakTuBHas MoHOCT CJ1. OTpHunarenbHble 3HaYeHUS
pacUeTHBIX MOIIHOCTEH CBHIETEIBCTBYIOT 00 OTCYTCTBHH SKOHOMHYECKOW IIeNIECO00Pa3HOCTH
UCIIOJIb30BAaHUsl COOTBETCTBYIOIIETO MCTOYHMKA pPEAKTMBHOW MOIIHOCTH. Ero 3HaueHue
MPUHUMAETCS PaBHBIM HyI0. Bennunna Q y He T0JKHA MPEBBIIATH JOMYCTUMBIX 3HAUYEHUH 10
ycioBUAM HarpeBa crtaropa u potopa CJI ¢ ydyeroM ero 3arpy3ku 10 aKTUBHOM MOIIHOCTH.
[Tposepka C/] o ycnoBusiM HarpeBa B 1abopaTopHOi paboTe He PeLyCMOTpPEHa.

O6opynoBanue

[Tonnoe wucnonb3oBanue Bcex KY sKkoHOMHUYECKH OOOCHOBAHO TOJIBKO B TEpUOJ]
MakcuMmanbHOM Harpy3ku ODC. Ilpu cyiiecTBEeHHO H3MEHsoLeMcs rpaduke peakTUBHON
MOILIHOCTH Harpy3ku TpeOyercs peryiaupoBanue KY. B maboparopHoil ycTaHOBKe
MPEeyCMOTPEHO PYyYHOE AMCKPETHOE perynupoBaHue Q o M aBTOMATHUYECKOE PETyIMpOBaHUE
KOHJIEHCATOpHBIX  Oarapeil. ['padukm perymupoBanust Ky cTpositcs Ha  OCHOBaHUU
ONTUMU3AIMOHHBIX pacueToB ¢ yueToM TpedoBanuit I9C (Qr7, Q»2). Perynuposanue KY nomkHO
o0ecrieunTh MHMHHUMAJbHBIE IOTEPU DJIEKTPOSHEPTHUH U TpeOyemblii ypOBEHb KauyecTBa
HaIPSDKEHUS.

JI71st OTIENBHOTO y3J1a Harpy3KH, KOTOPBIM MCCIEAyeTCs B JaHHOW paboTe, ONTUMHU3AIUS HE
TpeOyercs. I'papuku perynuposanust KY B 3Tom ciydae MOryT ObITh TOCTPOEHBI 0€3 pacyeToB.
OcHOBOM 17151 X MTOCTPOEHHUS SABJISIOTCS rpaduku peakTUBHOM Harpy3ku Ha muHax 10 kB u 0,4
kB. IIpu noctpoennu rpagukoB peryaupoBaHus CIEAYET yUeCTb:

B nmepuon MakcumanbHOM aKTHBHOW MoIHOCTH Harpy3ku O32C mnotpebieHue
PEAKTUBHOM MOIIIHOCTH HE J0JKHO MPEBOCXOIUTH BEMUUUHY Q5;.

2. B nepuon MUHMManbHOM Harpys3ku notpedisiemMas peakTHBHAs MOIIHOCTH JOJKHA
OBITH MeHbIIIE, yeM Q72.

2.3. I[lopsa0K BBINOJIHEHHS pabOThI

2.3.1. [lonyuuTs y npenoaoBaTes CASAYIOIYI0 HCXOIHYI0 HHPOPMALIHIO:

a) Qaz, Qn2;

0) MHTEepBajlbl BPEMEHHU, COOTBETCTBYIOIINE NEPHUOAAM MaKCMMyMa U MUHHMyMa aKTHBHOMN
MOIIHOCTH Harpy3ku 29C;

B) YIEJIbHYIO CTOUMOCTh MOTEPh aKTUBHOU MoIHOCTH C,

2.3.2. Ilo dopmynam (5.4), (5.8), (5.9) onpenenuts momHocTr KY (11Ba atama). [TomyuenHbie
3HAYEHUS] OKPYIIIUTh A0 ONMMKaWIIMX BO3MOXKHBIX BEJIWYUH, YKa3aHHBIX Ha MHEMOCXEeMe
1ab0paTOPHON YCTAHOBKH.

MOUIHOCTb HAarpy3KH B3STh 110 rpaduKy, NOJydeHHOMY B JabopaTopHO# padoTe Nel, npouyro
HEO0OX0UMYI0 HH(OPMAIIHIO CIIeAYyeT B3ATh U3 Ta0I. 1.

2.3.3. IlpoBeputh OanaHc peakTHBHOM MoiHocTH Ha muHax [TIII B uwacel Makcumyma
akTuBHOHU Harpy3ku D3C. B cinyyae He0OXOMMOCTH BBITIOJIHUTH KOPPEKTHPOBKY MoIiHocTei KY
C L1eJbio obecneueHus OanaHca.

2.3.4. TToctpouTh rpauKu peryInpoBaHus MOLTHOCTEH KOHIeHCATOpHBIX OaTapeil (Qxw, Qxs)
U cuHXpoHHoro asuratens (Qo). Ilpu noctpoennn rpaukoB peKoMeHayeTcss 00paTUTh BHUMaHHE
Ha TEXHUKO-3KOHOMUYECKHE XapaKTepUCTUKU U 3(h(HeKTUBHOCTH pacnoiaraeMbix KY.

2.3.5. IlpoBeputh Oananc peakTuBHOM MomHOCTH Ha mnHax [ TIT1 B yackl MUHMMYMa aKTHBHOM
Harpy3ku 99C.

5.3.6. CoOparb cxemy aBTOMaTHYeCKOro ympasieHus aHnandamm T2 (pabora NoS) u
MOIIIHOCTSIMM KOHJCHCATOPHBIX Oarapeil B COOTBETCTBMM C IOCTPOCHHBIMU TIpauUKaMu HX

B +AP 5 —K1 | «BAp 5.8)



perynupoBanus. [IpuBecTu 1a00paTopHYI0 MOJEIL B HCXOJHOE paboyee COCTOSHUE (BKIIOUYHUTH
S1, T4, CH; otxmounth T3, BK1, BK2, BK3).

2.3.7. BxmouuTh 1a00paTOPHBIN CTEH/I ¥ BHIIOJIHHUTD CIIEAYIOIIEE:

a) 1O TOKAa3aHMWAM CUCTUYMKOB 3amucaTh rpaduKu M3MEHEHHs aKTHBHONM M DPEaKTUBHOU
MOIIHOCTEW Harpy3ok TpaHcopmaTopoB T2 u T4 ¢ yuerom pacderHbix morqHocTed KY u mx
pEryJInpOBaHus;

6) 3anucarp ¢ nomomsio CII Hampspkenue Ha mumHax 0,4 kB TII ¢ yuerom peanuzanuu
MEPOTPHUATHIA IO UX YIy4IIeHUIO (cM. paboty Ned).

3anuck rpadMKOB HArpy30K W HaNpspKeHUH (ML»a» W »0») HEOOXOIUMO IPOHM3BOIUTH
OJIHOBPEMEHHO.

2.3.8. Iloctpouts rpaduku Harpysku (P u Q) ¢ yuerom KY u cpaBHHTH MX ¢ rpadukamu,
MOJTy4YeHHBIMH B pabote Nel.

5.3.9. TlocTpouTh THCTOrPAaMMBbI, BBIYMCIUTH MATEeMATUYECKUE OXUIAHUS U JUCIEPCUH
HanpspkeHud Ha mmHax 10 m 0,4 kB ¢ yuerom KPH. Ouenuts Binusaue KY Ha pexum
HANPSDKEHUs, CPAaBHUB MOJIyYE€HHBIE PE3YJIbTAaThl C COOTBETCTBYIOIIUMHU JaHHBIMU PaOoThI No4.

2.3.10. Ouenuts 3xonomuyecknii 3¢ dexr KPH Ha cyrounom uHTepBasie BpeMEeHH B KMIIOBATT-
gacax COKOHOMJICHHOW 3ieKTpodHepruu. OneHky s¢¢eKxrTa BBITOJHUTH CPAaBHEHHEM IOTEPh
sHepruu B TpaHchopmatopax T2, T4 m kabOenpbHON JTUHUM, BBIYUCICHHBIX B padore Nel mo
rpadukam Harpy3ku, He yauTeiBaronM KY u moreps B T€X ke 3JeMEeHTax, HO ¢ yaeTtoM KY u ux
peryinupoBaHusl.

Conepsxanue oT4yera

2.3.11. OdopmuTth oT4eT 0 TAOOPATOPHOI paboTe, KOTOPHIN JOIKEH COICPIKATh:

a) TaONHIly UCXOIHBIX JAHHBIX VISl BHIMOJIHEHUS pabOThI, BKIIIOYAs MapaMeTPhl, MOTYyYCHHbIE
y MPenoIoBaTens;

0) pacuet momHocTel KV

B) rpaduku perynupoBanus KVY;

r) rpadUKy aKTUBHOM U peakTUBHON MoiHocTel Harpy3ku T2 u T4 ¢ yuerom KV

n) rpapuku u3MeHeHus HampspkeHuil Ha mumHax 0,4 kB TII, momydyeHHble ¢ TOMOIIBIO
camornuinymiero BoastmeTpa CII;

€) rucTorpaMMsbl HanpsbkeHuit Ha muHax 0,4 kB TII;

) pacueT 3KOHOMHu4eckoro 3¢ dekra;

3) BBIBOJIBI 110 pe3yNbTaTaM padoThI.

5.4. IlonroroBka k pabore

B mpuecce nmoarotoBku k pabore HEOOXOAWMO O3HAKOMUTHCA C €€ ONUCAHUEM, U3YYUTh
PEKOMEH/I0BaHHYIO JINTEPATYpPy U COOTBETCTBYIOIIME pa3/esibl KOHCIEKTa JIEKIIMH. 3aroTOBUTH
OJIaHKM JUTs1 3aKMCH [TOKa3aHUN TpUOOPOB U MPOTyMaTh OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI.

2.5. KoHTpoJIbHBIE BOIIPOCHI

2.5.1. laTh MOHATHE PEaKTUBHOW MOIIIHOCTH, MOSICHUTH €€ (PU3NUECKUN CMBICIT M 0COOEHHOCTH
B CPAaBHEHHHU C aKTUBHOIA.

2.5.2. Yem ompenenstorcs MpeneabHble 3HaU€HUsI PEaKTUBHOM MOIIHOCTU, KOTOPYIO MOKET
BBI/IaTh B CETh CHHXPOHHAs MalinHa?

2.5.3. JlaTb CpaBHUTEIBHYIO XapaKTEPUCTUKY HCTOYHOKOB PEAKTHUBHOW MOIIHOCTH,
ucnoabszyemsix B COIIIL.

2.5.4. Kakum 00pa3oM peakTUBHAsI MOIITHOCTh BIIMSIET HA PEKUM HAIPSKEHUS SJIEKTPHUUECKOM
cetu?

2.5.5. Tpeboanusi, npenbsasisiemble 99C K pekuMy peakTuBHOM MoutHocty COIIII.

2.5.6. Kak oneHuBaercs SKOHOMHUYECKHH 3()(PEKT BHEAPEHUS pPacyeTHOrOo ONTHMAaJIbHOIO
peKMMa KOMIIEHCAIIMHN Harpy30K MpeInpUsITH?

2.5.7. C xakol UENIpI0 BBIIOIHAETCS PETYJIUPOBAHNE MOIIHOCTEH KOMIIEHCHUPYIOIIUX
YCTPOMCTB?

2.5.8. IlepeuncnuTh U NOSACHUTH MPUHLHUIIBI TOCTPOEHUS rpadukoB perynupoBanus KVY.

2.5.9. Ilouemy BXO/IHbIE pEAKTUBHBIE MOIIIHOCTH 3a/1at0TCSI IPEANPUATUEM UHIUBUYaIbHO?

2.5.10. YTto noHMMaeTcs 1o ONTUMHU3ALUEN peXruMa KOMIIEHCALlUN PEAKTUBHBIX MOILTHOCTEN
Harpy3ok?

2.5.11. IlosscHUTH IpEUMYIIECTBA U HEAOCTATKU MHAWBHUYAJIbHOM KOMIIEHCALIUU PEAKTUBHON
MOII[HOCTH.



JlabGoparopHasi padora Ne3

Tema 3anamus VI3meHeHnii HanpspkeHus, QIvKep, HECUHYCOUJATBHOCTD
HECUMMETPHSI HAIPSKEHU B pacipeeIuTEIbTHRIX dIeKTpuyeckux cetsx 10-0,4 kB

Ienv 3anamusa. VI3y4uTs U3MEHEHUE HAIPSDKEHUS (pIIMKep, HECUHYCOMIaIbHOCTD U
HECUMMETPUS HAIPSKEHUN B paclpeleMTENbTHBIX deKTpuueckux cersx 10-0,4 kB.

TeopeTnyeckas 4acThb

OTKIJIOHEHHUS HANIPSKEHUS, pPa3Max U3MEHEHHH HanpsyKeHus, pauKep, HeCUHYCOUIATbHOCTh U
HECUMMETPUS HAIPSKEHUH B paclpeleIMTENbTHBIX deKTpuueckux cerax 10-0,4 kB

. Henp paboTsl

W3yunTh METOAMKY OLICHKHM YPOBHEH HAINpsDKEHUS B CETH M CHOCOOBI MX YIyYIICHHS Ha
CyTOYHOM MHTEpPBAJIC BPEMEHH.

3.2. BBenenue

Nwmerorcs aBE OCHOBHBIE MPHUYMHBI, OOYCIIaBIMBAIOIIME H3MEHYMBOCTh HANPSDKEHUS B
3JIEKTPUYECKUX CETAX: H3MEHYMBOCTb HArpy30K, BbI3bIBAKOIIAasg HW3MEHUYMBOCTh IOTEPh
HaIPSKEHUS, U PETYJIMPOBAHUE HAIPSKEHUS C LEIbIO MOJICPKAHUS €ro B 33JaHHBIX IIpeieax.

YPOBHU HaNpPsHKEHUS MPUHATO OIICHUBATH OTKIOHEHUSMU HANPSKEHHUS] OT HOMHUHAIBHOTO V
[1], KOoTOpBIE TaKKE U3MEHYHUBBI BO BPEMEHU MO0 YKA3aHHBIM BBIIIE IPUYUHAM.

HamnyumuMm HanpsokeHHMEM Ha 3aKMMax 3JIEKTPOINPUEMHUKOB, C TOYKU 3PEHUS TEXHHUKO-
HKOHOMHYECKOW 3P PeKTUBHOCTH UX paboTsl, sisiercss U (f)=U,=const, T.e. V=0. OGecneuntsb
TaKOM pPEXUM HANpPsDKEHUS JUIsl BCEM MacChl JJIEKTPONPUEMHUKOB B CETH HPAKTHUYECKU
HEBO3MOXXHO, TodTOMY Beeraa V=0. [Ipuyem uem Oospire BenmuunHa V, TEM XYK€ HaIlpsDKEHUE.
W3 »sToro mpaBuia uMeeTCS PsSAA  UCKIIOYEHHWH, Hampumep, A cllabo 3arpy:KeHHOTO
ACMHXPOHHOTI'O AJIEKTPOJIBUraTENsl HAMITYUIIUM SIBJISIETCS HAIIPSKEHUE, MEHbIIIEE HOMUHAJIBHOTO.
Bennuuna nomyctumbix 3HaueHuit V nopmupyercst 'OCT [2] B nieniom 1 SIEKTPHUUECKUX CeTel
B 3aBHCHMOCTH OT UX HampspkeHus. Haumbonee xectkue tpeboBanus k BenuuuHe V B 'OCT
NPEIbABISAIOTCSA, €CTECTBEHHO, K TEM CETsIM, KOTOpble IUTAlOT OCHOBHYIO Maccy
anexTponprueMHukoB (cetu 10 1000 B).

Tabnuma 3
Jlonyctumble 3HaueHus OTKIoHeHu# Hanpshkenus no ['OCT 13109—97
Hanpsokenue cetu JlomycTrMble 3HaYEHUS
HOpMAaJTbHBIE MaKCHUMaJIbHBIC
Jlo 1 kB + 5% + 10%
6...20 xB — +10%

35 kB u BoIIIE _ _

O6opynoBanue

Jns cerert HanpsbkeHneM a0 1000 B ¢ umHTerpanpHoi BepossTHOCTBIO 0,95 nomycTUMBL
OTKJIOHEHHS HanpspKeHus + 5%, ¢ BepoaTHOCThIO 0,05 momycTuMbl O0IBIITNE OTKIIOHEHUS, HO OHU
He JT0JDKHBI npeBbimath + 10%.

OneHKy MaKCHUMaJbHBIX OTKJIOHEHUH HAaNpsDKeHUs OOBIYHO TMPOBOAAT IS PEXKHMOB
MaKCHMaJbHBIX U MMUHHMAJIbHBIX Harpy30K C IOMOILIBIO NOCTPOEHHUS JHAarpaMMbl OTKJIOHEHUN
HANPSDKEHUS B CETH.

Jlst MosteTupyeMoi CeTH pacueTHas cxema u auarpamma V mokasaHsl Ha puc. 0.

Ha stom pucyske:

Vyn — OTKJIOHEHUSI HAIIPSDKEHUS B IEHTPE MUTAHUS;

A U1 — notepst HatipsikeHus B Bo3xymHou auHuu 110 kB, nuTatomeit tpancopmarop I'TII;

Vo — OTKJIOHEHWE HANpsDKEHUS Ha JIMHUM pasjena 0aJaHCOBOW MPHHAIICKHOCTH CeTel
HHEPrOCHA0KAIOIICH OpraHn3alluH U CeTel OTPEOUTENSI ANEKTPOIHEPTUH;

V1 — oTkiioHeHME HanpspkeHus Ha muHax PY 10 kB I'TII;



A U3 — moteps Hanpspkerust B Tpancdopmarope ['TII;

E1 — no6aska nanpspxenus tpancopmaropa I'TII;

AUz — noteps HanpspKeHUs B KaOenbHOW JTMHUM, THTatoiel Tpanchopmarop T4 nexosoit TII;

E> — no6aBka Hanpspkenus Tpanchopmaropa nexopoit TII;

V> — oTkiIoHeHUe HanpsbkeHus Ha mmHax PY 380 /220 B nexosoii TII;

AUy — moTepst HanpsHKEHUS B 1IEXOBOM ceTH (Harpumep, B IMHHON Maructpainu [IM);

V3 — OTKJIIOHEHME HanpsKEHUS B CETH B TOYKE INPUCOECIMHEHUS HaumOojee yIajieHHOIo
AJIEKTPONPUEMHUKA.

B ycnoBusix sKCrutyaTanii Bce MOTPEOMTENH PacCUUTHIBAIOT TpeOyemble 3HadeHus Vo ais
PEKUMOB MAaKCUMAJIbHBIX U MUHUMAJIbHBIX Harpy30K ¢ Y4€TOM CBOUX CPEJICTB PETYIUPOBAHUS
HanpspkeHus. Eciiu sHeprocHa0xaro1ias opranusanys He BbIIEPKUBACT ATH YHAUEHUS, TO K HEl
NPEIbSABISIOTCS SKOHOMHUYECKHE CaHKIMHU. [loaToMy BbIMoNHEHUE HacTosIIeH JabopaTopHOI
paboThl OPUEHTHPOBAHO Ha WCCIEIOBAaHUE OTKIOHEHUU HAMNpsHKEHUS B MPOMBIIIIICHHON
AIEKTPOCETH, MPOBOJUMOE C LENbI0 PELICHHUS JAHHOM 3a7jaun — pacueT TpedyeMbIX 3HaueHui Vo
JUTSL peKMMOB MaKCUMaJIbHBIX 1 MUHUMAJIbHBIX HATPY30K.

TloTeps HANIPSHKEHUS B AIEMEHTE ceTH ¢ conpoTuienneM z=R+jXutokom | =1 — J I
OTIPEACIISIOTCS 1O PopMyIIe

| R+1 X
AU =————100%
U H

Bce HeoOxomumble mapameTpbl 3JIEMEHTOB MOACTHPYEMOW CeTH TNpHuBeneHbl B Tabi.l, a
napameTpsl Tpanchopmaropa T2 paccuurans B 11.1.3.1. maGoparoproii pabotsr Nel.

3.3. 3aganue)

3.3.1. IloaroToBUTH YCTAHOBKY K paboTe:

1) nns uzmepenus HanpspkeHus Ha muHax 10 kB I'TII u 380 / 220 B uexosoii TI1 B cyrounom
LIUKJIE BPEMEHU MOJIKIIOYUTh CAMOIUIIYIIHE TPUOOPHI B COOTBETCTBUU CO CXEMOMU pHC 2;

2) BKIIOYUTH IUTAHUEC YCTAaHOBKM u TpaHcdopmarop T4, orkmounts T3, BKIOYHTH
0000meHHy0 Harpy3ky Ha muHax 10 kB Si, Bkmtounts CJI, OTKIIIOYMTH KOHJIEHCATOpPHBIE
6arapeu bK1, BK2, BK3 u ¢punsrpokomnencupyoiee ycrpoiictso PKVY;

3) nepekirouarens annang tpanchopmaropa T2 u nepekirouarens [IBB tpancdopmaropa T4
YCTaHOBUTH B HYJIEBOE IIOJIOKECHHUE;

4) mepekirouarenb 3aJaHusl YpOBHs HampsbkeHus B cetd 110 kB ycTaHOBUTH B MOJIOKEHHUE,
YKa3aHHOE MPENO0I0BaTEIEM.

3.3.2. 3amycTuTh YyCTaHOBKY HakaTueM KHONKU «IlyCk» M HpOM3BECTH pETHCTpaLMIO
rpaduxoB U (t) Ha munrax 10 kB I'TIIT u Ha maax 380 /220 B niexoBoii TII Ha cyTouHOM IHKIIE
BPEMEHM C T[IOMOIIBI0 CaMONUIIYIIUX mnpuOopoB. Ilpu HEBO3ZMOXKHOCTH HCHOIb30BaTh
CaMOTHUIIIYIIFEe TPUOOPBI IpoBecTH peructpaimio rpadukor U () mo muroBsiM mpubopam.

3.3.3. OGpaboTaTh pe3ynbTaThl U3MEPECHHI:

1) noctpouth rpaduku V (t) as mwa 10 kB T v ans mma 380/220 B nexosoit T,

2) MOCTPOUTh THCTOTPAaMMbl OTKJIOHEHHH HaIpsHKEHHWS W BBIYUCIUTD HMX CpPEIHUE
3HAUEHUS U TUCHEPCUU.

3.3.4. Ilpoananu3upoBaTh IOJY4YEHHbIE pe3ysbTaThl. ONpenenuTh ONTHUMAIBHYIO CTYIEHb
I16B tpancdopmaropa T4 u pazpaboraTs rpadpuk nepexmouenus anmand PITH tpanchopmaropa
T2. IIpu 3TOM BO3MOKHOCTbH peryJIMpoBaHus HamnpsbkeHus ¢ nomouibio Kb B 1anHoil pabore He
YUUTHIBATD.

3.3.5. YcTaHOBUTH MepeKiIouaTeNieM, pacloioKeHHbIM Ha JIMIEBOW MaHeId, HEOOXOJUMYIO
crynenb [IBB Tpancdopmaropa T4 u Ha HAGOPHOM TOJIE C MOMOIIBIO MEPEMBIUEK MPOrpamMmy
nepexiatouenust anuang PITH tpancdopmatopa T2. IloakmrouuTs M NMOATOTOBUTH K pabote
CaMONUILYIIHE MPUOOPHI.

3.3.6. 3anmyCTUTh YCTAHOBKY M MPOBECTH PETUCTPALMIO HANPSIKEHUH HA CYTOYHOM IHKIIE
aHajornyHo m.4.3.2.

3.3.7. O6paboTath pe3yIbTaThl K3MEPEHUHN B COOTBETCTBHH C 11.4.3.3. ¥ OIIEHUTHh COOTBETCTBUE
HanpsDKeHUs: B MozienupyeMoit cetu Tpedosanusim ['OCT 27\

3.3.8. Ilo mony4eHHBIM B IyHKTE 4.3.7. pe3yabTaram MOCTPOUTH ISl PEKUMOB MaKCUMaIbHbBIX
U MMHUMAQJIBHBIX Harpy30K IuarpaMMbl OTKJIOHEHUH HaIpsDKEHHs Ul MOJEIUpPYeMOH ceTH
(anamoruuno puc.4.1). Otknonenus Vi u V2 onpenenstorcs Ipu 3TOM dKCIIEpUMEHTAIbHO, Vo —
pacueTHbIMITYTEM 110 hopmyiie (4.1). Tak kak Ha MOJIeIM HE TIpeIcTaBlIeHa 1iexoBas ceTh 380/220
B (ILIM Ha pwuc.5), To morepu B 3Toii cetu (AU4) He yuuThIBaroTCs U V3 HE OLIEHUBAETCS.



3.3.9. llpunse ansa mua 380/220 B nexosoit TII nomycTumble 3HadeHUsT OTKIOHEHUH V ™), son
=5%, V O3 son =0, OIIpeIeINTH COOTBETCTBYIOIIME OTKIOHEH!s Vo, KOTOpBIE J0JKHA 00ECTICUHTh
SHEProcHadKaroasi OpraHu3anus Ha JUHUU paszena 0anaHCOBOM NMPUHAUICKHOCTH CETeH s
PEKUMOB MAaKCUMyMa U MUHUMYMa Harpy3okK.

[TpunaTs Bpems makcumyMma ¢ 8 10 12 yacoB yrpa, MUHHUMYyMa — ¢ 2 710 5 yacoB Houu. Ilpu
TOM HEOOXOIUMO IMOMHHUTH, YTO B pealbHOW NpPaKTHUKE pacyera TpeOyeMbIx 3HaueHui Vo
HE00X0/IUM yueT paboThl KOMIICHCUPYIOIIUX YCTPOICTB, UTO B HACTOsIIEH TabopaTOopHOI padoTe
HE TPOMU3BOJAUTCS [JIsl YHPOIICHHUS €€ BBIIOJHEHUS M €lle B CBSI3U C TEM, YTO BONIPOCHI
KOMIIEHCAIIMH PEaKTUBHBIX HAaarpy3oK paccCMaTpUBalOTCA B Cleyrolei JadbopaTtopHoii padbore.

Conepxxanne otdera3.3.10. OdopMuTh OTYET MO JTAOOPATOPHON paboTe, KOTOPHIH HOIKEH
COJIePIKaTh:

- bopMyIUpPOBKY 3a/1a4 UCCIIeI0BAaHUM;

- pe3yJbTaThl OLIEHKU OTKJIOHEHUH HaNpsKeHUH B MoJieupyeMon cetu no m.4.3.3.;

- CYTOUHBII rpaduk nepexitoueHus anmnamnd rpaacgopmaropa T2;

- pe3yabTaThl 1o 11.4.3.7, MOIy4YeHHBIE MOCIIE peaanu3alui MEPONPUITHH;

- HanpspkeHus no 1m1.4.3.8 u 4.3.9;

- BBIBOJIBI 11O padoTe.

3.4. IloarotoBka k pabore

CaMocrosiTenbHas IOArOTOBKA K paboTe COCTOUT B CIEAYIOLIEM:

1) MMOBTOPEHHE TCOPUTHIECKOTO MaTepuana 1\ ;
2) MOJITOTOBKA K OTBETaM Ha KOHTPOJIBHBIE BOIIPOCHI;
3) pacder moreph HampspKeHUs B TpaHchopmarope T2 s pe:KkMMOB MaKCUMATbHBIX H

MUHHMAaJIbHBIX Harpy30K, HEOOXOJMMBIX JJIs BeIoaHEeHUs 11.4.3.8 u 4.3.9 3ananus.

3.5. KoHTpoabHbIe BOIPOCHI

3.5.1. Kakue nomyckaroTcsi OTKJIIOHEHHS HANpPSDKEHUsI B NMPOMBIIUIEHHBIX 3JIEKTPOCETAX I10
I'OCT 13109—97 n nouemy?

3.5.2. Kak 3aBucuT paboTa pa3iMyHbIX 3JEKTPOIPHUEMHUKOB OT BEJIUYMHBI HANPSIKEHUS B
cetu?

3.5.3. Kakue cnocoObl YIydlIeHHs HaNpsOKEHUsS UCIOIb3YIOTCS B IMPOMBIIUICHHBIX
IIEKTPOCETAX U B CETAX SHEPIOCUCTEM?

3.5.4. TlocTpoiiTe BEKTOPHYIO QMarpaMMmy TOKOB Y HANPSUKCHUM Ui MPOCTEHIIEN ceTH ¢
conpotusienueM R+jX u Tokom | -j I”.

3.5.5. Kakue umeroTcs OlleHKHM OTKJIOHEHUH HapsHKeHUs U KaK OHU BBIYMCIISIOTCS?

JlabGopaTopnasi padora Ne 4
Tema 3anamusa PerynupoBaHue YpOoBHEH HANPSDKEHUS B TPOMBIIIUICHHBIX DJIEKTPOCETSIX.

Ilens 3anamusa. 1lprobpecTy HaBBIKK PETYIMPOBAHUS YPOBHEH HANpPsSKEHUS B
IIPOMBIIIJIEHHBIX YJIEKTPOCETSIX.

Teopernyeckas 4acTb

HccnenoBanue U peryiMpoBaHUe YPOBHEH HATPSHKCHHS B IPOMBIIIJICHHBIX 3JICKTPOCETAX

4.1. Lenpb paboTsl

M3yunuTh METOAMKY OIICHKH YPOBHEH HAIPSDKEHHS B CETH M CIIOCOOBI MX YJIYUIICHHS Ha
CYTOYHOM MHTEPBAJIC BPEMCHH.

4.2. Benenue

VmeroTcst 71B€ OCHOBHBIC TMPUYHMHBI, OOYCITaBIUBAIONINEG H3MCHUHUBOCTh HAINPSDKCHUS B
DIIEKTPUUYECKUX CETAX: WM3MCHUMBOCTh HArpy30K, BBI3bIBAIONIAs HM3MEHYMBOCTh IOTEPh
HAINPSKCHUS, U PETYJIMPOBAHNE HAMIPSDKEHUS C TENBIO TIOJICPIKaHuUs €ro B 33JaHHBIX MpeJieiax.

YpOBHU HANPSIKCHUS TPUHATO OICHUBATH OTKJIOHCHHUSMHU HAIPSDKEHHUS OT HOMUHAJIBHOTO V
[1], koTOpBIE TaKKe U3MEHUNBBI BO BPEMEHH I10 YKA3aHHBIM BBIIIEC IPUYHHAM.

O6opynoBanue

HawmmyummM HanpspkeHHEM Ha 3aKAMaX JJICKTPONPUEMHHUKOB, C TOYKH 3PEHUS TEXHUKO-
HKOHOMHYECKOW 3P PeKTUBHOCTH UX paboThl, sBisercs U (f)=U,=const, T.e. V=0. OGecneuntsb
TAKOW PEKUM HANPSHKEHUS ISl BCEH MAacChl 3JCKTPONPUEMHHMKOB B CETH MMPAKTHYCCKH



HEBO3MOKHO, 1osTomy Beeraa V0. [Ipuyem uem Oombiiie BenmnunHa V, TeM XyXe HaNpsOKCHHE.
N3 osrToro mpaBmwiia uMeeTCs psAA  HCKIIOYCHHH, Hampumep, uid cinabo  3arpyKeHHOTo
ACMHXPOHHOT'0 3JIEKTPOJIBUTATENS HAMIIYULIUM SIBJISIETCSA HAIPSDKEHUE, MEHbILIEE HOMUHAIIBHOTO.
Bennuuna nomycrumsix 3Hauennii V Hopmupyercs ['OCT [2] B mienom Asist 3JEeKTPUIECKUX CETeH
B 3aBHCHMOCTH OT WX HampspkeHus. Hambonee sxectkue TpeboBanus k BenuwumHe V B ['OCT
NPEIbSABISAIOTCS, €CTECTBEHHO, K TEM CeTsIM, KOTOpbleé MHUTAlOT OCHOBHYIO Maccy
anekTponpueMHUKOB (cetu 10 1000 B).

Tabnuna 4
JlonycTumble 3HaueHus oTkiIoHeHui Hanpspkenust mo [OCT 13109—97
Hanpsixenue cetn JlomycTrMble 3HaYEHUS
HOpMaJIbHbIE MaKCHMaJbHbIE
o 1 kB + 5% +10%
6...20 kB — +10%

35 kB u BrIIE _ _

Jns cereit Hanpsbkenuem a0 1000 B ¢ uHTerpanpHoi BeposTHOCTBIO 0,95 nomycTUMBL
OTKJIOHEHUS HanpsokeHus + 5%, ¢ BeposTHOCTHIO 0,05 1omycTuMBbl 00JIbIINE OTKIOHEHUS, HO OHU
He J0JKHBI peBbimaTh = 10%.

OneHKy MaKCUMAalIbHbIX OTKJIIOHEHMH HaIpsDKEHHUS OOBIYHO MPOBOAST JJIsi  PEKUMOB
MaKCHMaJbHBIX U MMUHHUMAJIbHBIX Harpy30K € IOMOILBIO NOCTPOEHHUS JAUAarpaMMbl OTKJIOHEHUN
HAIPSDKEHUS B CETH.

Jljia MozienupyeMoi ceTH pacueTHasi cxema U auarpamma V nokasaHsl Ha puc. 6.

Ha stom pucyske:

Vyn — OTKIIOHEHUS HAIIPSDKEHUSI B LIEHTPE NMUTaHUS;

A U1 — noteps HanpspkeHus B Bo3ayuHoi uHun 110 kB, nuratomeit Tpancdopmarop I'TIN;

Vo — OTKIIOHEHHE HampsHKeHHs Ha JIMHMM pazjena OalaHCOBOM NPHUHAJUIEKHOCTH ceTei
HHEProcHa0KaroIel OpraHu3ally U CeTe MOTPEeOUTENs AIEKTPOIHEPTUH;

V1 — oTkioHeHUe HamnpsbkeHus Ha muHax PY 10 kB T'TIIT;

A Uz — notepst HatipsikeHus B Tpancopmatope I'TII;

E1 — no6aska Hanpsbxenus tpancopmaropa I'TIIT;

AUz — noTepst HanpspKeHUs B KabelbHOU JTMHUY, TUTatoliel Tpanchopmarop T4 nexosoit TII;

E> — nobGaBka HamnpspkeHus TpaHcopmaropa uexosoi TII;

V> — oTkyioHeHue HanpsbkeHus Ha mmHax PY 380 /220 B nexosoii TII;

AU4 — oteps HanpsKEHUs! B LIEXOBOM ceTH (HampumMep, B IMHHONW Maructpaiu [LIM);

V3 — OTKJIOHEHHE HalpsUKeHUs B CETH B TOYKE MPUCOEIMHEHUS HaumOojee yIajieHHOIo
AIIEKTPONPUEMHUKA.

B ycnoBusix skcrutyataiiii Bce MOTPEOUTENM pacCUUTHIBAIOT TpeOyemble 3HaueHus Vo A
PEKMMOB MaKCHMaJbHBIX 1 MUHMMAJIBHBIX Harpy30K C y4€TOM CBOMX CPEICTB PEryJIupOBaHUs
HanpsbkeHus. Eciu sHeprocHabkarolas opraHu3alus He BhIJIEPKUBAET ATH SHAUYEHUS, TO K Hel
NPEIbABISIOTCS YKOHOMHYECKHE CAHKIMU. [103TOMY BBINOJIHEHHE HACTOALIEH J1abopaTopHOU
paboThl OpPHUEHTUPOBAHO HA HCCIECJOBAHWE OTKIOHEHMH HAINpPSDKEHUs B MPOMBIIUIEHHON
3IIEKTPOCETH, IPOBOIUMOE C LIEJIbIO PEIICHUs JAHHOM 3a[jaun — pacueT TpedyeMbIX 3HaueHun Vo
JUISL pe)KMMOB MaKCHMaJIbHBIX 1 MUHUMAJIbHBIX Harpy30K.

ToTepst HANPSDKEHHUS B SIIEMEHTe ceTH ¢ conporuiennem Zz=R+jXnutokom | = | — ] I
ompenenstoTes mo hopmyse
| R+1 X
AU =———100%
U,
Bce HeoOxonuMble mapamMeTpbl 3JE€MEHTOB MOJAEIUPYEMOM ceTu MpHuBeAeHbl B Tabin.l, a
napameTpbl Tpanchopmaropa T2 paccunransl B 11.1.3.1. maboparopHoii padoTsr Nel.

4.3 (3amanue)
4.3.1. IloAroToBUTH YCTAaHOBKY K padoTe:



5) U1l u3MepeHust HanpspkeHus Ha muHax 10 kB T'TIT u 380 / 220 B nexosoii TII B
CYTOYHOM IUKJIC BPEMCHH IMOAKIIIOYUTh CAMOITUITYTITUC HpI/I60pBI B COOTBETCTBHH CO CXEMOM puc

6) BKIIIOUUTh NMHTaHWE YCTaHOBKU u TpaHchopmarop T4, orkmounts T3, BKIOYUTH
0000menny0 Harpy3ky Ha mmHax 10 kB Si, Bkmounts CJI, OTKIIOYUTH KOHIIEHCATOPHBIC
Oarapeun bK1, BK2, BK3 u punstpokomnercupyrotiee ycrpoiictBo DKV;

7) nepekimouateny  aHnang — tpancopmaropa T2 wu  mepekmouartens [1BB
tparcopmaropa T4 yCTaHOBHUTH B HYJIEBOE TOJIOKEHUE;
8) NepeKiroyaTenb 3aJaHusl ypoBHS HampsbkeHus B cetd 110 kB ycranoButh B

MOJIOXKEHHUE, YKa3aHHOE MTPENO0I0BATEIIEM.

4.3.2. 3anycTUTh YCTaHOBKY HaxaTheM KHONKU «Ilyck» M TpPOM3BECTH PETUCTPALUIO
rpadukoB U (t) va mmuax 10 kB I'TIIT u #a mmuax 380 /220 B nexosoii TII Ha CyTOYHOM IHKIIE
BPEMEHH C TMOMOIIBI0 caMONUIIyIux mnpubopoB. Ilpu HEBO3ZMOXKHOCTH HCHOJIH30BATh
CaMOTHUIIIYIIFe TPUOOPBI IpoBecTH peructparuio rpadukos U () mo muroBsiM mpubopam.

Conepxanne otdyetad.3.3. O6paboTaTh pe3yIbTaThl U3MEPECHHIA:

3) noctpouth rpaduku V (t) s mwmn 10 kB TTI u ans mua 380/220 B nexosoit TIT;

4) MOCTPOUTh THUCTOTPAaMMBbI OTKJIOHEHUW HaIpsSKEHUST W BBIYUCIUTH HX CpPEIHUE
3HAUEHUS U IUCIEPCUU.

4.3.4. Tlpoananu3upoBaTh MOJYYCHHBIC pe3ynbTaThl. ONpeAesuTh ONTUMAIBHYIO CTYIEHBb
[16B tpancdopmaropa T4 u pazpabdorats rpaduk nepexmouenus annand PITH tpanchopmaropa
T2. Ilpu 3TOM BO3MOKHOCTb pPeryiupoBaHus HanpsokeHus ¢ nomoiupto Kb B nanHoil pabote He
YYUTHIBATD.

4.3.5. YcTaHOBHUTH MepeKItoyaTesieM, PacloNOKEHHBIM Ha JIMIEBON MaHeTH, HEOOXOAUMYIO
crynens [IBB Tpancdopmaropa T4 u Ha HAOOPHOM MOJIE C MOMOIIBIO MEPEMBIYEK MPOTPAMMY
nepekmouenus annand PIIH tpanchopmaropa T2. IloakmouuTs W MOATOTOBUTH K pabdoTe
CaMOIIUIITYIIHE TTPUOOPBHIL.

4.3.6. 3anycTUTh YCTaHOBKY M IPOBECTH PETHCTPALMIO HANPSIKEHUHW HA CYTOYHOM IMKIIE
aHajgoruyHo m.4.3.2.

4.3.7. O6paboTath pe3ynbTaThl U3SMEPEHUI B COOTBETCTBUU C 11.4.3.3. 1 OLIEHUTh COOTBETCTBUE

HanpsDKeHUs: B MozenupyeMoii cetu tpedosanusim ['OCT 27\

4.3.8. Ilo moiy4eHHbIM B TyHKTE 4.3.7. pe3ysbTaTtaM OCTPOUTH ISl PEKUMOB MaKCUMAJIbHBIX
U MMHUMAQJIbHBIX Harpy30K JIuarpaMMbl OTKJIOHEHUH HAIpPsDKEHUS Ui MOJEIUPYEMOM CeTh
(ananornyno puc.4.1). Otkiionenus Vi u Vo onpeaenstoTcs pu 3TOM SKCIIEpUMEHTaIbHO, Vo —
pacuetHeiMIyTEeM 110 popmyiie (4.1). Tak kak Ha MO HE TIpEACTaBIeHA 1iexoBas ceTh 380/220
B (IIIM Ha puc.5), To norepu B 310it cetu (AU4) HEe yunuThIBatoTCs U V3 HE OLIEHUBAETCS.

4.3.9. llpunss mist mmn 380/220 B niexoBo#t TII qomyctrMblie 3HaUueHUs OTKIOHEHUH V ™), don
=5%, V )5 g0 =0, onpenenuTh COOTBETCTBYIOIINE OTKIOHEHUS Vo, KOTOPBIE JOKHA 00€CTIeUHTh
HHEpProcHad>karollas OpraHu3alus Ha JMHUU pasjena 0anaHCOBOM NMPUHAUIEKHOCTH CeTeH A
PEKUMOB MaKCUMyMa 1 MUHUMYMa Harpy3ok.

[TpunsATe Bpems MakcumyMa ¢ 8 10 12 yacoB yrpa, MUHMMYMa — ¢ 2 10 5 yacoB HOuH. [Ipu
TOM HEOOXOJIUMO IMOMHHUTh, YTO B pealbHOW NpaKTHKe pacuera TpeOyeMbIx 3HaueHuid Vo
HE00X0/1UM yueT paboThl KOMIIEHCUPYIOIUX YCTPOICTB, UTO B HAaCTOsIIEH TabopaTOpHOI padoTte
HE TPOM3BOJAUTCS [JIsl YIPOIIEHHS €€ BBIINOJHEHUS M €II€ B CBSI3U C TEM, YTO BONIPOCHI
KOMITCHCAIINH PEaKTHUBHBIX Haarpy30K pacCMaTPUBAIOTCS B CIEAYIOMIEH JabopaTopHOi padoTe.

Conepxanue oTyera

4.3.10. OpopMuTh OTHUET 110 JIAOOPATOPHOM pabOoTe, KOTOPHIN JOJIKEH COJIEPKATh:

- (bopMyIUPOBKY 3a/1a4 UCCIIeI0BAaHUM;

- pe3ynbTaThl OLIEHKH OTKIIOHEHUH HANPsHKEHUN B MOAeInpyeMon cetu 1o 11.4.3.3.;

- CYTOUHBII rpaduk nepexyitoueHus anmnamnd tpaacgopmaropa T2;

- pe3ynbTaThl 110 11.4.3.7, MOJIy4eHHBIE MTOCIIE PEeaT3alMi MEPOIPUATHH;

- HanpspkeHus no 11.4.3.8 u 4.3.9;

- BBIBO/IBI 110 padoTe.

4.4. IlonroroBka k pabdote

CamocrosTenbHas NOJAr0TOBKA K pabOTE COCTOMUT B CIEIYIOLIEM:

4) MOBTOPEHHE TEOPUTHIECKOTO MaTeprana ,/ 1\ ;
5) MOJITOTOBKA K OTBETaM Ha KOHTPOJIbHBIE BOTIPOCHI;
6) pacueT morephb HanpsikeHusl B TpaHchopmaTope T2 ast peKuMOB MaKCUMAIIBHBIX U

MHUHHMAJIbHBIX Harpy30K, HEOOXOJUMBIX s BeIoaHeHus 11.4.3.8 u 4.3.9 3aganus.
4.5. KoHTpOJIbHBIE BOIIPOCHI



4.5.1. Kakue nomyckaroTcCsi OTKJIOHEHHS! HANpPsHKEHUS B MPOMBIIIJICHHBIX AJEKTPOCETAX IO
I'OCT 13109—97 u nouemy?

4.5.2. Kak 3aBuCUT paboTa pa3iMuYHbIX IEKTPONPUEMHUKOB OT BEJIWYMHBI HAIPSKEHUS B
cetu?

4.5.3. Kakue cnocoObl yiaydIIeHHs HANpPsOHKEHHUS MCIHOIB3YIOTCS B MPOMBIIUICHHBIX
AIIEKTPOCETSAX U B CETAX SHEPIOCUCTEM?

4.5.4. IlocTpoiiTe BEKTOPHYIO IMarpaMMy TOKOB U HANPSKCHUH UL IPOCTEMIIEH CETH C
conpotusieHueM R+jX u Tokom | -j I”.

4.5.5. Kakue UMEr0TCs OLEHKH OTKJIOHEHUI HAIPsHKEHUS U KaK OHU BBIYUCIISIFOTCA?

JlaGopaTopHasi padora Ne 5

Tema 3anamusn PerynupoBaHue noTephb 10 3JIEKTPONUTAHUIO B IPOMBIIIICHHBIX
INEKTPOCETSIX.

I[ens 3anamus. [IproOpecTr HABBIKK PETYIMPOBAHUS IOTEPD MO AIIEKTPONUTAHUIO B
IPOMBIIIJICHHBIX 3JIEKTPOCETAX

Teopernyeckas 4acTb

HccnenoBanue u peryivpoBaHue YpOBHEH HAMPSKEHUS B MPOMBIIUIEHHBIX JIEKTPOCETAX

6.1. Llenp paboThl

W3yunTh METOAUKY OLIEHKH ypPOBHEHW HANpPSHKEHUS B CETH M CHOCOOBI UX YIy4IIeHHs Ha
CYTOYHOM HHTEpBaje BPEMEHHU.

6.2. Beenenue

Nmerorcs aBe OCHOBHBIE MPHUYMHBI, OOYCIIaBIMBAIOIIME H3MEHUYMBOCTh HAIPSHKEHUS B
DIIEKTPUYECKUX CETSAX: M3MEHYMBOCTh HArpy30K, BBI3BIBAIOIIAs HM3MEHYHUBOCTH MOTEPh
HANPSDKEHUS, U PETYIUPOBAHKE HAMIPSHKEHUS C TENbIO MOAIeP KaHUs ero B 3aJJaHHBIX Mpeenax.

YPOBHH HaNPSHKEHUS MPUHSATO OICHUBATH OTKJIOHSHUSMU HAINPSKCHHUSI OT HOMUHAIBHOTO V
[1], KOoTOpBIE TaKXKE H3MEHYHUBHI BO BPEMEHU 110 YKA3aHHBIM BBIIIC MPUIHHAM.

O6opynoBanue

HannydmuM HampspkeHHeM Ha 3aKHMax dJIeKTPONPUEMHHUKOB, C TOYKHU 3PEHHS] TEXHUKO-
9KOHOMHUYECKON 3((eKTUBHOCTH uX padboThl, sisercs U (t)=U,=const, T.e. V=0. ObecneunTsh
TaKOH pPEXKUM HANpPSDKEHUS JUISI BCeM MacChl JIEKTPONPUEMHHKOB B CETH MPAKTUUYECKU
HEBO3MOXHO, To3TOMy Beeraa V=0. [Ipuuem uem Oosnbliie BenuunHa V, TeM XyKe HalpsDKEHUE.
W3 ortoro mpaBmia uMeeTcs psAA  HCKIIOUSHHHA, HampuMmep, Ui cinabo  3arpyKeHHOTO
ACHHXPOHHOTO 3JIEKTPOJIBUTATEIS HAMITYUIIINUM SIBIISIETCS HAIIPsDKEHHE, MEHbIIIee HOMUHAIBHOTO.
Bemmuuna nomycrumsix 3Hauennii V Hopmupyercst [OCT [2] B esioM 71 9JeKTPUIECKUX CeTer
B 3aBHCHMOCTH OT UX HampspbkeHus. Hambonee xectkue TpeboBanus k BenuuuHe V B ['OCT
OpPEIbIBISAIOTCS, €CTECTBEHHO, K TE€M CeTsIM, KOTOpble THMTAalOT OCHOBHYIO Maccy
anekTponprueMHUKoB (cetu 10 1000 B).

Tabnuma 6
Jlonyctumeble 3HaUeHUs OTKIOHeHuH Hanpshkenus mo ['OCT 13109—97
Hanpsokenue cetu JlomycTrMble 3HAYCHUS
HOpMAaJTbHbBIE MaKCHUMaJbHbIC
Jlo 1 kB + 5% + 10%
6...20 xB — +10%

35 kB u BrIIIE _ _




Hns cerert Hanpstbxkenuem 10 1000 B ¢ umHTerpansHoi BeposiTHOCTBIO 0,95 momycTUMBI
OTKJIOHEHUS HanpspkeHus £ 5%, ¢ BeposTHOCTHIO 0,05 10mycTUMBI OOJBIIIE OTKJIIOHEHW S, HO OHU
HE T0JDKHBI npeBbimath + 10%.

OneHKy MakCUMAalbHBIX OTKJIOHEHHUH HampsDKeHUsT OOBIYHO MPOBOAST JUISL PEKUMOB
MaKCHMaJbHBIX U MHUHUMAJIbHBIX HAarpy30K C IMOMOIIBIO MOCTPOCHHUS JAUArpaMMbl OTKJIOHEHUI
HANPSDKEHUS B CETH.

Jliia MozienpyeMoi ceTH pacueTHasi cxema u auarpamma V mokazaHsl Ha puc. 6.

Ha stom pucynke:

Vyn — OTKIIOHEHHUS HAIPSDKEHUS B IEHTPE IUTAHUS;

A U1 — noreps HanpsbkeHus B Bo3aymHoi uaun 110 kB, nuratomeit Tpancdopmarop I'TII;

Vo — OTKIIOHEHHE HAampsHKEHUS Ha JMHUM paslena O0aJaHCOBOM MPHUHAJICKHOCTH CeTel
SHEProcHalKarollel OpraHu3aui U ceTeil MOTPeOUTEINS ANEKTPOIHEPTHH;

V1 — oTkyIoHeHUe HanpspkeHus Ha mmHax PY 10 kB I'TIII;

A U3 — oteps Hanpspkenust B Tpancdopmarope ['TII;

E1 — no6aska nanpspxenus tpancopmaropa I'TII;

AUz — nioTeps HanpspKeHUs B KaOelbHOW JTMHNM, THTatomlei Tpanchopmarop T4 nexosoit T1I;

E> — no6aBka Hanpsbxenus Tpancopmaropa nexosoit TIT;

V> — oTkiioHeHue HanpsbkeHus Ha muHax PY 380 /220 B nexosoii TII;

AUy — moTepst HanpsHKEHUS B 1IEXOBOM ceTH (Harpumep, B IMHHOK Maructpainu [IM);

V3 — OTKJIOHEHHE HAlpsHKEHUST B CETH B TOYKE MPUCOCTUWHEHHUS HauOojee yIajieHHOIo
AIIEKTPONPUEMHUKA.

B ycnoBusix skcrutyaTaliuy Bce NOTPEOUTENN pacCUUTHIBAIOT TpeOyemble 3HaueHus Vo Juis
PeXMMOB MaKCUMAaJIbHBIX U MUHUMAJIbHBIX Harpy30K C Y4€TOM CBOMX CPEJICTB PETYJIHNPOBAHUS
HanpsbkeHus. Eciu sHeprocHabkarommas opraHu3aius He BBIICPKUBACT ITH SHAUYCHUS, TO K HEl
IPEIbABISAIOTCS dKOHOMHUYECKHE CaHKIMHU. [lo3TOMy BbINOJIHEHUE HAcTOsLIEH Jab0paToOpHOM
paboThl OpPUEHTHUPOBAHO HA MHCCIEIOBAaHUE OTKJIOHEHHM HANpsDKEHUS B IIPOMBIIUIEHHOM
AJIEKTPOCETH, IPOBOAUMOE C LIEJIbIO PELIEHMsI IaHHOM 3a1auu — pacdeT TpedyeMbIX 3HaueHui Vo
JUTSL pEKMMOB MaKCUMaJIbHBIX 1 MUHUMAJIbHBIX HATPY30K.

[Torepst HaMpsKEHUS B SJIEMEHTE CETH € CONPOTHBIIEHHEM Z=R+jX 1 TokOM | =1 — J |

onpenensoTcs no popmyse
AU = I R+1'X 100%
H

Bce HeoOxonumble mapameTpbl 3JEMEHTOB MOJAEIMPYEMOM ceTH mpuBeleHbl B Tabin.l, a
napameTpsl TpaHcpopmaropa T2 paccuutansl B 11.1.3.1. 1aboparoproii paboTsr Nel.

6.3 (3amanue)

6.3.1. [TonroToBUTH YCTAaHOBKY K padorTe:

9) Uit u3Mepenust HanpspkeHus: Ha muHax 10 kB I'TII u 380 / 220 B nexosoit TII B
CYTOYHOM LIMKJIE BPEMEHHU MOJKIIOYUTh CAMOIIUIIYIITHE TPUOOPHI B COOTBETCTBUU CO CXEMOM pUC

)

10) BKJIIOUUTh NMHUTAaHUE YCTAaHOBKM M TpaHchopmarop T4, orkmounts T3, BKIOUYUTH
0000menHy0 Harpy3ky Ha mmHax 10 kB Si;, Brimounts CJI, OTKIIOYUTH KOHJIEHCATOPHBIC
6arapeu bK1, bK2, BK3 u ¢punstpokomnencupyroiiee ycrpoiictso KV

11) nepexioyatens aHuang — tpaHcopmatopa T2 u  mepekmouatens [IBB
TpaHcopmaropa T4 ycTaHOBUTH B HYJIEBOE MOJIOKEHUE;

12) MepeKIouaTeNb 3aJaHus YpOBHs HampspkeHus B cetd 110 kB ycraHoBuTh B
MI0JIO’KEHUE, YKa3aHHOE IIPETIOA0BATEIIEM.

4.3.2. 3anyCTHTh YCTaHOBKY HakatheM KHONKH «[lyck» ¥ TpOHW3BECTH PErHCTPAIUIO
rpadukoB U (t) va mmuax 10 kB I'TIIT u va mmuax 380 /220 B nexosoii TII Ha CyTOYHOM ITHKIIE
BPEMEHH C I[IOMOINBIO CaMONMUIIyIUX MpuOopoB. Ilpu HEBO3MOXKHOCTH HCHOIb30BATh
CaMOIUIIYIIFEe TPUOOPBI poBecTH peructparmio rpadukos U () mo muroBsM mpudopam.

Conepxanue otyera4.3.3. OOpaboTaTh pe3yabTaThl U3MEPEHUI:

5) noctpouthb rpaduku V (t) s mmn 10 kB T'TI u ans mma 380/220 B nexoroii TTI;

6) MOCTPOUTHh THCTOTPAaMMBbl OTKJIOHEHHWH HANpsHKEHUST W BBIYUCIUTH HX CpEIHUE
3HAYEHUS U TUCIEPCUU.

6.3.4. TlpoaHamu3upoBaTh IMOJYYCHHBIC Pe3yibTaThl. ONPEeNeInTh ONTHMAIBHYIO CTYIICHBb
I1bB tpancdopmaropa T4 u pazpadborars rpaduk nepexaouenus annarnd PITH tpancdopmaropa
T2. ITpu 5TOM BO3MOXKHOCTb PeTyJIUpOBaHUs HanpsbkeHus: ¢ momombio Kb B manHo# pabote He
YUUTHIBATD.



6.3.5. YCcTaHOBUTH TEpeKIIIouaTesIeM, Paclol0KEHHBIM Ha JIMIICBOW MaHEeIH, HE0OX0UMYIO
crynenb [IBB Tpancdopmaropa T4 u Ha HAOOPHOM TOJE C MOMOIIBIO MEPEMBIUEK MPOrPaMMy
nepexirouenust annang PITH tpanchopmartopa T2. I[loakiarouuTs M MOATOTOBHTH K pabote
CaMONHUILYIIHE TPUOOPHI.

6.3.6. 3amyCTHTh YCTaHOBKY W IMPOBECTH PETUCTPAIMIO HANPSHKEHUH HA CYTOYHOM IIHKIIC
aHaJIornyHo 11.4.3.2.

63.7. ObpaboTaTh pe3yabTaThl U3BMEPEHUI B COOTBETCTBHUHU C 11.4.3.3. ¥ OIIEHUTh COOTBETCTBUE

HanpspKeHus B Mojienupyemoit cetu TpedoBanusim ['OCT 727\.

6.3.8. Ilo momyueHHbIM B yHKTE 4.3.7. pe3ynbTaTaM NOCTPOUTH AJISl pEKUMOB MaKCHMAaJIbHBIX
U MUHHUMAQJIbHBIX Harpy3o0K JMarpaMmbl OTKJIOHEHWW HAIpPSDKEHUS I MOJAEIUPYEMOW CeTH
(ananoruuHo puc.4.1). Otknonenus Vi u V2 onpeaenstorcs Npu 3TOM SKCIIEPUMEHTAIBHO, Vo —
pacueTHbIMITYTEM 110 hopmyite (4.1). Tak kak Ha MOjIeNIM HE TIpeicTaBlIeHa 1iexoBas ceth 380/220
B (IIIM na puc.5), To motepu B 31oii cett (AU4) He yIUTHIBAIOTCSA U V3 HE OLIEHUBACTCA.

6.3.9. IIpunsaB ansa muH 380/220 B nexosoit TII gnomycTumble 3HaYeHUsT OTKIOHEHUH V ™) som
=5%, V O3 son =0, OIIpeIeINTH COOTBETCTBYIOIIME OTKIOHEH!s Vo, KOTOpBIE J10JIKHA 00ECTICUHTh
SHEpProcHadkarolIlas opraHu3alus Ha JUHUM pasjeia 0anaHCOBOM NMPUHAAIEKHOCTH CeTel AJis
PeXMMOB MaKCUMyMa U MUHUMYMa Harpy3oxK.

[IpunsaTs Bpems makcumyMma ¢ 8 10 12 yacoB yrpa, MUHUMYMa — ¢ 2 710 5 yacoB Houu. [Ipu
3TOM HEOOXOIUMO IMOMHHUTBH, YTO B pealbHOW NpPaKTUKE pacuyera TpeOyeMbIx 3HaueHuid Vo
HE00XO0IUM y4eT paboThl KOMIIEHCUPYIOLIUX YCTPONCTB, YTO B HACTOsIILIEN J1aDopaTOpHO paboTte
HE TPOMU3BOJAUTCS [JISl YIPOIICHHUS €€ BBIIOJHEHUS M €lle B CBSI3U C TEM, YTO BOIIPOCHI
KOMIIEHCAIIMH PEaKTUBHBIX HAaarpy3oK pacCMaTpUBaIOTCA B CIEyIOIIel JabopaTopHoii pabore.

Copepxanue oTuera

6.3.10. ObopmMuTh OTUET 1O JTAOOPATOPHOM padbOTe, KOTOPHIN JOJIKEH COJIEPKATh:

- bopMyITUPOBKY 3a/1a4 UCCIIEI0BAHUM;

- pe3yNbTaThl OIICHKU OTKIIOHEHUN HANPSKEHUH B MOJEIIUPYEMOM CETH.;

- CYTOYHBII rpaduk nepekitoueHus anmnamnd tpaacgopmaropa T2;

- pe3yNbTaThl, HOTYyYEHHBIE MTOCIIE peaTn3aluid MEPOIPUITULL;

- HAIPSDKEHUS;

- BBIBOJIBI 11O padoTe.

6.4. [ToaroToBka Kk pabore

CamocTosiTenbHas MOArOTOBKA K paboTe COCTOUT B CIEYIOIIEM:

7) MOBTOPEHHE TEOPUTUYECKOTO MaTepuana .,/ 1\ ;
8) MOJrOTOBKA K OTBETaM Ha KOHTPOJIBHBIE BOIIPOCHI;
9) pacyer moTepb HampspkeHus B Tpanchopmatope T2 it pekKMMOB MaKCHMAJIBHBIX U

MUHUMAaJIbHBIX HAarpy30K,.

6.5. KoHTpOIBbHBIE BOIPOCH

6.5.1. Kakne momyckaroTcsi OTKIOHEHHS HANpsHKEHUS B MPOMBINUICHHBIX 3JEKTPOCETSIX IO
I'OCT 13109—97 u mouemy?

6.5.2. Kak 3aBucuT paboTa pa3iMyHBIX 3JEKTPOINPHUEMHUKOB OT BEIMYMHBI HANPSIKEHUS B
cetu?

6.5.3. Kakue cmnocoObl yiydlleHHs HamnpsOKeHUs MCIONIB3YIOTCS B IPOMBIIIJIEHHBIX
AIIEKTPOCETAX U B CETAX SHEPIOCUCTEM?

6.5.4. TlocTpoiiTe BEKTOPHYIO AMAarpaMMmy TOKOB W HANpsKEHHMH Ui NPOCTEHIIEH ceTH ¢
comporuBiienueM R+jX u tokom | -j I”.

6.5.5. Kakue umeroTcs OlleHKHM OTKJIOHEHUH HaNPsHKEHHSI U KaK OHU BBIYUCIISIOTCS?

JlabGoparopHasi padora NeS

Tema 3anamua Be100p mapamMeTpoB OCHOBHOTO 3JIEKTPOOOOPYAOBAHUS U
Harpy3o04yHasi CloCOOHOCTb.

Llenw 3anamusa. 1lpuoOpecTy HABBIKU BHITIOTHEHHS pacyeTa 3JIEKTPUYECKUX HAarpy30K B
AJIEKTPOYCTAaHOBKAX HAIPsHDKEHHUEM Bbllle | kKB METOI0M yHopsSA0YEHHBIX HarpaMM.



TeopeTnyeckas 4acThb

HccnenoBanue nomex 1o 3J€KTPOINUTAHUIO B IPOMBIIUIEHHBIX AIEKTPOCETSX

5.1. Llens paboThI

HccnegoBanue mnpoBaJIOB HAINPSHKEHUS B MPOMBIIUICHHBIX 3JIEKTPOCETSX, SIBISIOLIUXCS
MOMEXaMHU TI0 AJICKTPOTUTAHUIO JIIsl TU(PPOBBIX TEXHUUECKHUX CPEICTB.

5.2. Beenenue

B I'OCT [2] ycTaHOB€HBI HOBBIE ITOKA3aTEIN KAaUY€CTBA SJIEKTPOIHEPTUH, XapAKTEPUIYIOIITUE
KpPaTKOBPEMEHHbBIEC UCKAKEHUS HAIIPSDKEHUS B CETH, BO3HUKAIOIIUE MPU PA3TUYHBIX IEPEXOIHBIX
mpoueccax. JTO BBI3BAHO TEM, YTO KPATKOBPEMEHHBIE HMCKAKCHUS HANPSDKEHUS SBISIOTCA
MOMEXaMH 10 AJIEKTPONUTAHUIO B HAMOOJIbIICH cTerneHu A HU(GPOBBIX TEXHUUYECKUX CPEICTB
(ITC) [3]. Bce momexu 1o 3JICKTPONMTAHHWIO TMPHUHATO JEIWTh HA JBa BHUAA: JIMTEIbHBIC
(mpoBaJibl U BBHIOPOCHI HAMPSIKEHUS JUIUTEIBHOCTHIO OT €IUHUI] MUJUIMCEKYHJ O HECKOJIbKHX
CEKYHJl) U UMIYJIbCHbIE — KOMMYTAlIMOHHBIEC MEPEHANPSHKEHUS ITUTEbHOCTBIO, U3MEpIeMOil
MUJUTMCEKYH/IaMU U MUKPOCEKYHIaMH.

O6opynoBanue

B nannoit naboparopHoi paboTe HCCIEAYIOTCS TOIBKO MPOBAJIBI HAMPSKEHUS, TSI KOTOPBIX
I'OCT [2] ycTaHaBnuBaeT cleAyrolue napaMeTpsbl:

At — JIIIUTENBHOCTh MPOBajia HaANpPsSHKEHMUS, C; AU — riryOuHa poBaia HanpsKeHus, %o.

[IpyurHbl BO3HUKHOBEHMSI NMPOBAIOB HANPSDKEHUS B AJIEKTPUUYECKUX CETAX NPEIIpUSITUN
paccmotpensl B pabote [3]. Bce MHOXKECTBO 3THX MPUUMH MOXHO pa3/eiuTh Ha JBa BUJA.
I1epBblil — IpOBaJIBI HAIIPSKEHUS] «IIPUXOSALIUE» U3 CETEU YHEPTOCUCTEMBI, BTOPO — IPOBAJIBI,
BbI3bIBAEMbIC SIBIICHUSIMH B 3JIEKTPOCETSX NPEANpHUATHsA (MMKOBbIE HAarpy3kH, aBapuiiHbIe
HEPEKIIIOYEHUs U Jp).

Texnuka GezomacHocTu

B naGopaTtopHoii ycTaHOBKE CMOAEIUPOBaHbI 00a yKa3aHHbBIX BHJ1a IPOBaJIOB. [IpuueM mpoBain
BTOPOIO BHU/Ia BbI3bIBACTCS MUKOBOI Harpy3koi Ha ctopoHe 0,4 kB nexoBoit TII u o6yciosien
noTepeil HanpsHKeHUs OT MMKOBOW Harpy3Ku Ha compoTuBieHuu Tpanchopmaropa 10/0,4 kB.

B naboparopHoii paboTe HEOOXOIMMO ¢ IOMOIIBIO IEKTPOHHIO OCHMILIOrpada onpenenuTh
BpeMsl [IPOBAJIOB HANPSDKEHUS, UX TIIYOMHY U JJIUTENBHOCTD, & TAKXKE Cpean 3a(pUKCUPOBAHHBIX

MPOBAJIOB BBIACIUTH MIPOBAIBI IEPBOTO U BTOPOTO BHUa. [ myOnHa AU MIPOBAJIOB BTOPOT'O BUJA
MOET ObITh YMEHBIIICHA MU MapajuienbHol padoTe Tpancopmaropa T3 u T4.
5.3. (3aganue)

5.3.1. BxutounTh nuTaHue J1abOpaTOPHOTO CTEH[JA, BKIIOYUTH Harpys3Ky Sl’ OTKJIOUUTH

tpancpopmarop T3. OcrasbHble 3JE€MEHTHl MHEMOCXEMBI MOTYT OBITH B JIHOOOM COCTOSTHHM
(BKJIFOUEHO MJIM BBIKIIOYEHO). [loAKIIOUNTH AJIEKTPOHHBIM ocruuiorpad uis KOHTPOJSL
Hanpspkenus Ha mmHax 0,4 kB nexosoit TII (puc.2). Hactpouts ocummiorpad tTakum odpazom,
4TOOBI MOXXHO OBUIO OLIEHUTh TIYOMHY M JUIMTEIbHOCTH MpOBaja HAONI0aeMOro Ha 3KpaHe
HaIpsKEHUSL.

5.3.2. 3anycTUTh YCTAaHOBKY Ha)kaTHeM KHONKHU « [Tyck» u, BHUMaTenbHO HaOIr0/1as1 Ha SKpaHe
ocuuniuiorpada 3a uccienyeMbIM HanpshKeHHeM, 3a(MKCUpOBaTh MPBaJibl HAPSDKEHUs (Bpems,
ryOuHy, JuIMTenbHOCTh). [IpoaHanu3upoBaTh pe3ynbTaThl HaONIOAECHUN, BBIIBUB Cpenu
3a(pUKCUPOBAaHHBIX IPOBAJIOB T€, KOTOPBIE BbI3BaHBI MMKOBOI Harpy3koii B cetu 0,4 kB nexoBoit
TII.

5.3.3. Brutouuts Tpancdopmarop T3 Ha mapaienbHyto paboTy ¢ Tpanchopmaropom T4 u
MOBTOPUTH IKCIIEPUMEHT B COOTBETCTBUU C 11.5.3.2. OLIEHUTHh CTENEHb YMEHBIICHUS TIyOUHBI
IIPOBAJIOB HAIPsHKEHUsI, 00YCIOBICHHBIX MUKOBOI Harpy3koi B cetu 0,4 kB.

Conepxanue oTyera

5.3.4. OdopmuTh oTUeT 1O JTAOOPATOPHOI paboTe, KOTOPBIH JOKEH COAEPIKATh:

- bopMynHpOBKY 331a4H 1a00PAaTOPHOTO UCCIETOBAHNUS;

- pe3yibTaThl HaOMoeH i o 1.5.3.2 u 5.3.3 B hopme TabiMIIbI C yKa3aHHEM BPEMEHU
MOCAJIKH, €€ JUIMTEIbHOCTU U IITyOUHBI, a TaKXKe BUJa (NIEPBbIi U BTOPO);

- BBIBO/IBI 110 padoTe.

5.4. IloarotoBka K pabore

CamocrodTenbHas MOJrOTOBKA K pabOTe COCTOUT B M3yYEHUU TEOPETUYECKOrO MaTepHaa 1o
auTepatype [3] ¥ B TOATOTOBKE OTBETOB HAa KOHTPOJIbHBIE BOIIPOCHI.

5.5. KoHTpOabHbBIE BOMPOCHI

5.5.1. KakoBbI NpUYHMHBI MPOBAJIOB HAMPSKEHUS B POMBIIUIEHHBIX AJIEKTPOCETIX?

5.5.2. Onumure MexaHu3M BO3I€UCTBUS poBaioB Hamnpsbkenus Ha L{TC.



5.5.3. Kakumu nytsimu MoxkHO o6ecrieuntsh ycrounBocTh LITC k nmpoBanam HanpspokeHHs?
5.5.4. Kakue HOpMBI Ha nipoBajibl HanpsbkeHus ycraHoieHnsl B [OCT 13109-97 [2]?



Onucanue J1a00paTOPHON YCTAHOBKH

JlaboparopHasi ycTaHOBKa SBISICTCS (DU3MUECKON MOMACIBI0O CUCTEMBI SJICKTPOCHAOKEHUS
npomeinuieHHoro npeanpustus (COIII) u npennasHaueHa s yaeOHOM paboThl cTyaeHToB. Ha
YCTaHOBKE MOJICIMPYETCS CyTOUHBIN HUKI paboTs! TunoBor COIIII.

MHemocxema yCTaHOBKH, IIPUBEJIECHHAs Ha €€ JIMLEBOM IaHENIM, BKJIIYAET CIEAYoLIue
aneMeHTsl TunoBoit COIIII (puc.1):

1) IaBHYIO0 moHu3uTeNnbHYl0 mnoxactraniuto (I'TIIT) 110/10 kB, cocrosmgyo wu3
tpanchopmatopoB T1, T2 nHomuHaapHOM MomtHOCTHIO IO 10000 KBA U pacmnpenenuTeIbHOTO
yctporictBa (PY) 10 kB. MmeeTcss BO3MOKHOCTh PYYHOTO HJIM aBTOMAaTHYECKOTO IO BPEMEHU
cytok nepexmodyenus annand PITH tpancopmaropa T2;

2) IEXOBYIO  TpaHchopmaTopHyro moactanimio  10/0,4 kB, cocrosmyro U3
tpanchopmatopoB T3 u T4 momumuanpHOW MomHOCTRIO 1O 1000 kBA. Tpanchopmartop T4
OCHAIIIEH YCTPOKWCTBOM IepeKtoueHust otmaek 6e3 Bo30yxaenus (I16B);

3) cuaxponnbii  asurarens CJAH-10-1250, wumerommii  py4dHyr  pEryJIHpPOBKY
BO30YKICHUS;
4) Oatapeu CHIIOBBIX KOHJIEHCATOPOB Ha HOMuHanbHoe HanpspkeHue 10,5 kB (K1 u bK2)

u Ha Hanpsbkenue 0,4 kB (bK3). Mmeercs BO3MOXHOCTh PY4YHOIO WJIM aBTOMAaTHYECKOI'O IO
BPEMEHM CYTOK BKJIIOUEHUSI U OTKJIIOUEHHUs OaTapeu. MomHocTs 6arapeil 3ajaercs TymOiepamu,
PacoJI0KEHHBIMHU I10/1 X MHEMOCHUMBOJIAMHU Ha CXEME;

5) cunoBoit myHKT CII B iexoBoii cetu 380/220 B, k KOTOpOMY MOAKIIIOUEHA HETMHEHHAS

Harpyska 83 , BBI3BIBAIOIas I10BJICHUC HA IIMHAX CII BeICIIMX TapMOHUK HAITPSAXKCHUS

6) bunbTpokomnencupytomee ycrpoiictso @KV, npenHazHaueHHOE 711 YMEHBIICHHUS
YPOBHSI BBICIINX TaPMOHUK HamnpsbkeHus Ha muHax CII.
Ha mHemocxeme pa3MeleHsbl CleyIolIne N3MEPUTENbHbBIE TPUOOPHI:

Vl — H.IPITOBOﬁ KHJIOBOJIBTMCTP IJI1 HU3MCPCHHUS HAIIPSKCHUSA C BBICOKOM CTOPOHBI

tpanchopmaropa ['TII T2 (wa nmuaum pazaena 6aiaHCOBON MPUHAIJICKHOCTH CETEH ),

V2 — KWJIOBOJIETMETP U1 KOHTPOJIs HanpshkeHus Ha muHax PY 10 kB;
V3 — BOJITMETP U1 KOHTPOJIs HampsbkeHus Ha muHax PY 380/220 B uexosoii TII;
V 4 ~ BOIBTMETp JUls KOHTPOJL HANPSKEHHS Ha LIMHAX 220 B CII.

CH — YHUBEpCAJIbHBIA CAMOITUIIYIIUHI TPHOOP, KIIEMMBbI ITOAKIIOUEHUS KOTOPOT'O BBIBEIEHBI
Ha rHe3a «M3mMeput. mpubopbI», pa3MelleHHbIe Ha JIMIIEBOM MaHEeIu YCTAaHOBKU;

AL — A3— LIUTOBBIE AMIIEPMETPBI, CIYKALINE JUIsI KOHTPOJIS TOKOB B MOJACIIUPYEMOM CETH.

[TapameTpsl MOJIETMPYEMBIX 3JIEMEHTOB IIPUBEAEHBI B Ta0M. |
I'paduk Harpysku S 5 uexoBoil TII monenupyercst Oau3kuM K peanbHoMy. OH IprpaMMHO

3a/1aH ¥ BCETJ1a OJIMH ¥ TOT e JI/Isi KOHKPETHOH YCTAHOBKH (HA Pa3HBIX YCTAHOBKAX rpaduku S 5

OTJIMYAOTCH).
OcrasbHble (10 OTHONICHHUIO K MPHUBEICHHON HAa MHeMocxeMme TiexoBo TIT) motpedurenu 10

kB ITIII npexncraBiensl 00OOLICHHON Harpy3koi Sl’ rpadyK KOTOpOM 3adaercsl >KEeCTKOM

nporpammoil. Harpy3ka CHUHXpOHHOro JBWUratens, noakiatoueHHoro k muHam 10 xB ITII,
HEU3MEHHA BO BPEMEHU.

B monemupyemoit cetu 0,4/ 0,23 kB npencrasien Ha MHEMOCXEME OJMH U3 CUIIOBBIX ITYHKTOB
CII ¢ HenuHelHON Harpy3Kkoi (ogHO(}a3HbIN BBIIPSIMUTEND), KOTOpas 00ycliaBIUBaeT HAJIMYNE B
HanpspkeHuu Ha muHax ClI BeICIIMX rapMOHHMK HanpspkeHUs . J[1s KoMIeHcauu 3TUX TapMOHUK
YCTaHOBJEHO (uiIbTpoKoMIeHcHupytomee ycrpoiictBo @KV, mnonakimtoueHHe KOTOPOro
IIPOU3BOIUTCS TyMOJIEpOM, pacoIOKEHHBIM HapsKeHue JUIeBor manenu. Ha nuiieByro nanens
BBIBEJICHBI TAKXKE KJIEMMBI JUIs M3MepeHns Hanpsbkenus Ha mmHax ClII, a taxke TokoB B HH n
OKYV.

Bce opransl ynpasieHusi ycTaHOBKOM PAcIIONIOKEHBI Ha JIMLIEBOM NaHeNu. B HukHEM nipaBoM
yIJIy TaHeId YCTaHOBJEH aBTOMAT BKIJIIOYEHMS MUTAHHS. Y H300pakeHUs KOMMYTAlMOHHBIX
anmnaparoB YCTAHOBJIEHBI KHOIIKH BKJIFOUEHHUS (UepHasi KHOIIKA) U OTKJIIOUEHUS (KpacHas KHOIIKA)
3TUX anmnapaToB. CHUTHAJIBHBIE JIAMIIBI [1aKa3bIBAIOT COCTOSIHUE KOMMYTAIIMOHHOTO armapara.
N3meputenbHbie TPHOOPHI, pa3MELICHHbIE HA JTUIIEBOM MaHENH, CIYyXXaT Uil U3MEPEHHUS TOKOB B
JUHUAX U HanpspkeHui Ha mmHax 10,5 kB u 0,4 kB. AKTHBHAas 1 peakTUBHAs Y)HEPIUs B Lensax T2



u T4 u3MepstoTcss HHAYKUMOHHBIMU CUETYMKAMH, YCTAHOBJICHHBIMU BHYTpHU cTeHla. CUeTUMKU
CHAOKEHBI TapTUYMKAMH YriIa 00OPOTOB UX JAMCKOB. PsijioM ¢ MHEMOCHMBOJIOM TpaHChopMaTopa
T2 pacmonoxeHbl KHOIKY NIEPEKIIIoUeHuUs aHmandg TpancdopmMaTopa ¥ CUTHAIILHEIC JTAMITBL.

Tabnumna 1

[TapaMeTpsl AIIEMEHTOB CHCTEMBI 3JICKTPOCHAOKEHUS,

MOJICTTUPYEMOH Ha JIa0OpaTOPHOU YCTaHOBKE

Ob6o3HaueHmne Tun HomunansHoe [TapameTpsl

Ha MHEMOCXeMe HaIpsDKEHNE

(puc.1.1)

T1,T2 TJH - | 115711 S =10000 kBA, AP__=27 xBr, AP
10000/110 h XX k3

=74  xBr,U, =10,5%, Ixx:0,9%;

Crynenu PITH: +5 %, +2,5%,
0, -2,5%, -5%

T3, T4 TM3-1000/10 | 10/0,4 S =1000 kBA, AP =24 xBt, AP
H XX K3
=12,2 kBr,,U,. = 55%, | __=2%; T
XX (]
=1,54, v =55°C;
yz

Crynenu [1bB: +5%, +2,5%,
0, -2,5%, -5%

Eg 10/5 Q=4 x 350=1400 xBAp (kanas
6arapest umeet 4 crynenu o 350 kBAp)
kBT
AP =0,0025——
° kBAp
bK3 YKJI-0,38 0,4 QH =210+105+42+3-21=kBAp;
AP =0,0045 kBAp
Kabeis ACB - 1105 | .. =140 A; R =0,62 OM/kM;
matarommii T4 | 10(3-50) 00 o
XO =0,04 Om/xM; | =1 xm;
T0=15 MHUH,; V()d =45°C
CA CAH-10-1250 1 10 P =1250 kBr; COS Y/ =0.9; K _=08;
ﬂ1=6,77 KBT; ,ZZZ =6,98 kBt
OKY 0,4 @unbTp 3-€il rapMOHUKHU

Tymbnepsr «MomHocts BK» u nepekiouarens »PeaktuBnas moutHocts C/I» npeiHazHaueHbl
JUIS 33]JaHUS BeJIMYMHBI TeHEPHPYEMOi

PEaKTHBHOM MOIIIHOCTH KOHACHCATOPHBIX OaTtapell 1 CHHXPOHHOTO ABUTATENsl COOTBETCBEHHO
(MmomHOCTh ykazaHa B KBAp). Ilepexmouatenem «OtnaiikM T4» npou3BOAWUTCS YCTaHOBKA
otnaiiku Tpancpopmaropa T4. B neHTpanbHOM YacTH JIMIICBOW MaHEIN PaCTON0KEHBI OPTaHbI
yIIpaBJICHUS] pe)KUMaMHU pabOTHl BCel yCTaHOBKHU: KHOMKa «Ilyck» — s 3amycka yCTaHOBKH B
paboty; kHomka «COpoc» — i BO3Bpara YCTAaHOBKH B pa0oTy; KHomka «OCTaHOBKa» —
¢buKcupoBaHHE KaKOro-Iub0 pekruMa YCTaHOBKH; IU(PPOBoe TalbJI0 ISl KOHTPOJIS MOAEIBHOTO
BpeMeHH CcyToK. KoMMyTannoHHOE T1o0je, pachojoKEHHOE B IIPaBOM BEPXHEM YTy,
IpelHa3HayYeHo Ui 3aJlaHusl aBTOMATUYECKOTO pexuma paboThl 3JIEMEHTOB CXeMbl. B
71a00paTOPHOIl yCTaHOBKE BO3MO>KHO aBTOMaTHUYECKOE 110 BPEMEHH CYTOK MEepeKIIIoYeHne aHmandg
Tpanchopmaropa T2, a Takke BKIIOUYEHHE U OTKIIOUeHHe TpaHchopmaropa T3 wu
KOHJIeHCcaTOpHBIX, Oatapeit K1, BK2, BK3.

JIaGopatopHasi yCTaHOBKa UMEET JIBa peKuMa padoThI:



|. [Ipy BKJIIOUEHUHU MUTAHUS — PEKUM TOATOTOBKU (MCXOMHBIA pexum). B sToMm pexume
3a/1al0TCA HadajbHblE YCIOBUS (BKIIOYEHHE U OTKIIIOUEHHUE COOTBETCBYIOLIUX 3JIEMEHTOB
CHCTEMBI); YCTaHABIMBAETCA INporpaMMa paboOThl MO BpeMeHH CYTOK ycrpoiictBa PITH
tpancpopmaropa T2; tpancopmaropa T3 komgencatopusix Oatapeit bK1, BK2, BK3 (na
KOMMYTAllMOHHOM Ti0s1€). [loAKIIouaroTcss U HaCTPauBaIOTCS HEOOXOIUMBIE H3MEpPUTEIIbHBIC
puOOpBI, a TAKKE MPOBEPSETCS TOTOBHOCTh YCTAHOBKU K «IIPOTOHKE» CYTOYHOI'O LIMKJIA.

2. Ilpu Haxxatum kHonku «Ilyck» BKIItOUaeTcs Mnpolecc MOAEIMPOBaHUs HAarPy30K CyTOUHOTO
mukina. 3aropaercs uugppa Ol Ha 1HppoBOM TabMO, W MPOUCXOAUT MOJAYa MUTAHHUA HA
MOJIETTUPYEMYIO CXEMY, KOTOpasi 10 3TOro Obuia obecToueHa.

CyTouHBIi UK PabOTHI CHUCTEMBI J3JEKTPOCHAOKEHHS Mojenupyercs 3a 12 muH (luac
peanbHO#l cuctemsbl 32 30 ¢ ycTaHOBKH). MojenbHOe BpeMsi CYTOK B 4acax MOKa3bIBaeTcs Ha
nudpoBom TabdIIo.

[Io okOHYAaHHWM CYTOYHOTO ILMKJIa YCTAaHOBKAa aBTOMAaTHYECKH BO3BPAILLACTCS B HCXOTHBIN
pexxuM. [Ipu HeoOX0IMMOCTH YCTaHOBKY MOYKHO BEPHYTh B HCXOJHBIA PEKUM IPUHYAUTEIHHBIM
HaxkatueM «COpoc». Knomkoit «OcTaHOBKa» OCTaHaBIMBAETCS IMpOrpamMma MOJEIUPOBAHUS
CYTOYHOTO IMKJIA.

[IIxanpl Bcex aMIepMETPOB U BOJIBTMETPOB Ha JIMIIEBOM MMAHEIN CTEH/A NPOrpajlyupoBaHbl B
JNEHCTBUTENBHBIX BEJIMYMHAX. OTH MNPUOOPHI MCIONB3YIOTCA JJI BU3YAIBHOIO KOHTPOJIS
[IapaMeTPOB PEXKUMA MOAEITUPYEMON CUCTEMBI.

Jliig npoBeieHNs HEOOXOIUMbIX U3MEPEHUH ITPH BBINOJIHEHUHUH JJAOOPATOPHBIX padOT UMEETCs
camormmymii mpudop CII. Cxema MOIKITIOYCHHS W3MEPHUTEIBHBIX TPaHCHOPMATOPOB TOKA,
HAIpsDKEHUST M caMoONMINyIlero npubopa mnokasaHa Ha puc.2. ['Hesga «/3mepurenbHas
anmapatrypa» (MA) pacnionoskeHbl Ha JTUIIEBOW MaHENIN YCTaHOBKHU.

Macmrabpl Bcex BEIMYMH MPUBEICHBI B Ta0I.2.

[Ipy BBIONHEHUU pAda HM3MEPEHUN HUCHONB3YeTCs JIOMOJHUTENbHAs — ammaparypa
(ocrmorpad, HU3MEpUTENb HEIMHEHHBIX HCKOKEHUN U 1p.). YCTpoWCTBO M paboTa 3Toi
anmaparypbl U3y4aroTCsl B COOTBETCTBYIOIIUX JIA0OPATOPHBIX paboTax.

[IpaBuna TeXHUKK OE30MACHOCTH MPHU BBHITTOJIHEHUH JIA0OPAaTOPHBIX pabOT

1. Kareropuuecku 3amnpeniaercs:
- TPOTaTh PyKaMU OTOJICHHBIE MPOBOJA U YaCTH TPUOOPOB, HAXOASIINECS IO

HalpsDKEHUEM, JlaXXe €CIM OHO HEBEJIMKO; - IPHUKAcaThCid K BPALIAIOLIMMCS YaCTIM
ANEKTPUYECKUX MAIIHMH; - MPOU3BOJUTH U3MEHEHUSI B CXEME MPH MOJKIIOUYEHHOM HCTOYHHKE
MUTaHUS; - 3aMEHATh WIH OpaTh 000pYyAOBaHUE WM IPUOOPHI C IPYTHX paboUnuX MecT

0e3 paspelieHust TpernojaBaresis WiH JjJabopaHTa; - OTXOAWTH OT MPUOOPOB M MAIIWH,
HAXOJSIIUXCS TOJ HAMpsDKEHWEM WM OCTaBISATh CXEMY IMOJ HampsDKeHHEM IMpu o0padoTke
pe3yabTaTOB U3MEPEHHI; - Meperpykarb MPUOOPHl TOKOM WIJIM HANPSHKEHUEM, MPEBBIIIAIOIINM
HOMUHAJIbHOE 3HAYCHHE.
2.ITpoBepky HAJIMYHS TIOJJaBAEMOTO K CXEeME WJIM JJIEMEHTAM CXEMBbl HANPsDKEHUS HE0OX0IMMO
MIPOU3BOUTH TOJIBKO KOHTPOJIBHOMN JTAMIIOYKOUM WK BOJIBTMETPOM, COOMIOIasi IPaBHIIa TEXHUKU
o6ezonacnoctu.llpu  pabore B  smaboparopuu  ClIE€AyeT CTPOTO  COOJIOATh  MEpbI
MPEA0CTOPOKHOCTH, TAK KaK IMEKTPUUECKUIN TOK, IPOXOIAIINN Yepe3 TENIO YeI0BEKa, BETMUUHON
B (0,025 A yXe SBISIETCS ONACHBIM JIJI )KU3HU.



Tabmmia 2
Macurradbl MOIEIN

HaumenoBanune O06o03HaueHue Ennnuna YucnoBbie
HU3MEPCHHS 3HAYEHUS
Macmrradsl MogeIn 'ut M 240
c.Mo0eau
MacruraOsbr cuerdmkoB | Whl | (4 xBm -u
IIEKTPOIHEPTUU as —_— 250
UMPYTIbC
Varhl | u kBap -4
Wh2 pa —
\\A//ﬁ£h2 umnyiioc
xkBm -y
'ua9 E— 35(70)
UMPYTIbC
Varh2 Iupa kBAp -4
UMPYTIbC
/Macura0bl TH1 ’uu B-oeiicmeg 100
HU3MEPHUTEIIBHBIX B woden
TpaHchopMaTopoB TH 2 J7; B-oeiicme 10
HanpspkeHus (puc.2) u Fy—
Mooenu
TH3 qu B-oeticme 10
B.moodenu
TT1 ’ul A-0eticmes
A.mo0enu
T2 ’ul A-Oeticme
B.mooenu
TT3 ’ul A-Oeticme
B.moodenu
Macriura0d OJI0Ka
omnpeneneHust remneparypsl | bOT 'u\/ o
neperpesa kabens (puc.2) ¢
Buodenu

KOHTpOJIBHBIe BOIIPOCHI

Hasznauenue 1 KOHCTPYKTUBHOE UCTIOJTHEHUE AIEKTPUUECKUX CETEH.
VYc10BUs MOJIB30BAHUS U pacyeTa 3a 3JIEKTPOIHEPTHUIO.

OO6mue TpeboBaHMUs K BRIOOPY M IMTPOKIIAJIKE DIIEKTPUUECKHUX CETEH.

CxeMbl ¥ KOHCTPYKTHUBHBIE UCTIOTHEHHUS MEXKIIEXOBBIX JIEKTPUUIECKUX CETEH.
CxeMbl 1 KOHCTPYKTUBHBIE UCTIOTHEHHUST BHYTPHUIIEXOBBIX JIEKTPUUECKUX CETEH.
3amuTHas annaparypa B ceTsx 10 1 kB. OCHOBHbIE XapaKTepUCTUKH.

No ok owd=

3amuTHas M KOMMYTalMOHHas anmapatypa B cersx Beime 1000 B. OcHoBHbIE
XapaKTEPUCTHUKHU.




YuyeOHO-MeTOAMYeCKOEe H HH(OPMAIIMOHHOE 0O0ecTiedeHue TN CIUTIITUHbI

8.1. [lepeyeHb OCHOBHOI ¥ JONOJHUTEILHOM JJUTEPATYPbI, HEOOXOAUMOM VISl OCBOEHUS
AUCHMILINHBI

8.1.1. IlepeyeHb OCHOBHOM JIUTEPATYPhI:

1. I'yxos H. I1. , OnpxoBckuii B. fI. , [TaBmrouenko JI. A. CucTembl 371eKTpOCHAOKEHUS :
yueOnuk/ ['yxoB H. I1. , OnbxoBckuii B. fI. , [TaBnrouenko /1. A. HoBocubupck: HI'TVY, 2015.—
262 c. Pexxum pocryna: http://biblioclub.ru/index.php?page=book _view red&book id=438343

2. CoxkoinoBa, E.M. DiekTpudeckoe 1 3JIeKTPOMEXaHHIECKOEe 000pyI0BaHHE.
OO01enpoOMBIIIITICHHBIE MEXaHU3MBI U ObITOBas TexHuKa : yueOHuk/E,M. CokomnoBa. - 9-e u3,.,
ucnp.-M.: Axkanemus, 2014. - 224 c.

8.1.2. IlepeyeHb 10NOJIHHUTEIbHOI JIUTEPATYPHI:

1 CmuphoB, 0. A. ®u3nyeckre OCHOBBI JICKTPOTEXHUKH : yueO, mocodue / FO.A. CMupHOB,
C,B. Cokomnos, E.B. Tutos. - 2-e u3zn., uctp. - CII6. : Jlans, 2013. - 560 c. - (YueOHUKHU AJis BY-
30B. CrienmanbHas Tuteparypa). - bubnmorp,: c. 558-559. - ISBN 978-5-8114-1369-0
2.AxumoBa, H. A. MoHTax, TeXHUYECKast SKCILTyaTallis U PEMOHT 3JICKTPUYCSCKOrO U
AJIEKTPOMEXaHUUECKOro o0opynoBanus : yucouuk / H.A. Akumona, H.®. Korenenen, H.I.
CenTropuxuH ; noa pen. H.®. Korenenna. - 10—e uzn., ucnp. - M. : Akagemus, 2013. - 304 c. -
[Mpun.: c. 284-295. - bubauorp.. c. 296.

8.2. IlepeueHb y4eOHO-MeTOAMYECKOTO 00ecredeHNsl CAMOCTOATEIbHOI PadoThI
o0yyarommxcsi Mo JMCHUIINHE

1. MeTonunueckne peKOMEHIAIMH JIJIsl TOATOTOBKH K JIA0OPAaTOPHBIM paboTaM.

2. MeTtoandeckre peKOMEHIallMH TI0 OpTaHU3aI[Ml CAMOCTOSATEIbHOM PaboThl CTYIEHTOB.
3. MeToaudeckne peKOMEH/IAlUN IO BBITTOJTHEHUIO KOHTPOJIBHON paOOTHI.

8.3. Ilepeuennb pecypcoB HH(POPMALMOHHO-TETEKOMMYHUKAIIMOHHOM ceTu «AHTEepHETY,
HEeO00XOIMMBbIX /115l OCBOEHHUS TUCHUILINHBI

1. http://www.biblioclub.ru -OBC "YHuBepcuterckas Oubianoreka oxnain"

2. http://lwww.iprbookshop.ru/ - Dnekrporto- 6ubmuoreuynas cucrema IPRbooks


http://biblioclub.ru/index.php?page=book_view_red&book_id=438343
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n/n

abrowNE

Conepxanue

BBenenue

Ilenp u 3a1a4u U3y4EeHUs TUCLUILIMHBI

OO6opynoBaHue U MaTepUabl

HaumeHnoBaHue KOHTPOJIBHBIX padoOT

Cucok KOHTPOJIBHBIX padoT

[lepeueHr OCHOBHOM U JIOMOJHUTEIBHOM JIUTEPATYpPbI, HEOOXOOUMOW IS
OCBOEHUS AUCLUIIINHBI

Crp.



Bsenenue

KonrponsHast pabGora co3maéT ONTHUMAaJbHBIE JIUAAKTUYECKHE  YCIOBHUSA IS
JIeATEIbHOCTHOTO OCBOEHUS CTYJEHTAMHU COJIEpKaHUS U METOAOJOTUH U3y4aeMOU JUCIUILINHBI
«[IpreMHUKH 1 TOTPEOUTEIH AJIEKTPOIHEPTUN B CHCTEMaX dJIEKTpOCHAOKeHUs». KOHTpoIbHbIe
paboThl MPOBOJATCS C LIETBI0 BBIPAOOTKU MPAKTUYECKUX YMEHUU M MPUOOpPETEHHS HABHIKOB B
pelIeHny 3a/1a4, OTPabOTKHU YIPaXHEHH, BBIMTOJIHEHUU YEPTEKEH, IPON3BOICTBE pACUETOB U T.11.

[lenpto KOHTPOJNBHBIX paboOT sBIsieTcss (OPMUPOBAHME MPAKTUYECKUX YMEHHH —
npoeCCHOHATBHBIX  (BBIIOIHATD OINpENCIEHHBIE JEHCTBUSA, OMNepaly, HEOOXOJUMbIE B
NOCNEAYIOEM B Npo(ecCHOHANBHON JEesATeNbHOCTH) WM Y4eOHBIX, HEOOXOIHUMBIX B
HoCeayome yd4eOHOW MesTeTbHOCTH MO 00menpodecCHOHAIBHBIM U MPO(ECCHOHATEHBIM
JUCLHUTIIINHAM.

bubnuorpaduyecknii CIUCOK COAEPKUT CBEIEHHUS O CHOPAaBOYHOM JUTEparype U
JOTIOTHUTEIIbHBIX U3AaHUAX, HEOOXOAUMBIX JUIS YTIyOJIeHHOTO U3YUeHHUs OTJEIbHBIX BOIIPOCOB.



1. L]env u 3a0auu uzyueHus OUCYUNIUHbL

[lenb u3ydeHs: IUCLHUILIHHBI

- (hopMupoOBaHKE y CTYJACHTOB CUCTEMAaTUYECKUX 3HAHUH 110 BOIIPOCAM MPOSKTUPOBAHUS U
9KCIUTyaTallui KOMIUIEKCHBIX CUCTEM 3JIEKTPOCHA0KEHHs TOPOJOB U IMPOMBIIIIEHHBIX
IPEANPUATHI.

3ama4aMy JUCLUIUINHBI SABJIETCS:

- 3HaTh B3aUMOCBS3H MEX/y TOTPEOUTENSIMU U CUCTEMOM AJIEKTPOCHA0KEHHUST; TIOKAa3aTeIH
rpauKOB HArpy3KH 3JEKTPONPUEMHUKOB U IOTpeOUTEIIEH;

- YMeTh aHaM3UpOBaTh rpa)uKu Harpy3KH.

- Bnaners HaBbIKaMH pa3pabOTKHU OCHOBHBIX SHEProcOeperaroux MEpOpusTH B cucTeMax
AEKTPOCHAOKEHUS



1. Pacuer ko3 dunreHTa HECHHYCOUAANBHOCTH

1.1. BentunbHble mpeoOpa3oBaTen

B Hacrosmee Bpems camoil pacHpOCTPAHEHHOM CXE€MOHM BBINPAMIICHUS IJIS
MOIIHBIX TpeoOpa3oBaTesel sBisieTcss TpexdasHas MOCTOBas cxema (cxema
JlapuonoBa), mpencraBieHHas Ha puc. 1.1, a. Ita cxema BBIIPSAMIICHUS MTO3BOJISIET
OCYILIECTBUTh TaK Ha3bIBAEMYIO MIECTU(PA3HYIO WIM HICCTUUMITYJIBCHYIO CXEMY
BeIpsiviieHusl. CoeMHEHUE TMOCIIeIOBATEeNIbHO WM TapaliebHO JBYX WM
HECKOJIBKUX BBIIPSIMUTEIbHBIX MOCTOB ITPU MTUTAHUH UX HAMPS>)KEHUEM, CIIBUHYTHIM
Ha COOTBETCTBYIOIIMK YroJji, 0o3BOJsieT moayunth 12, 18, 24, 36, 48...-pa3Hbie
CXeMbl  BBIIpsAMIIeHUs  (kpaTHeie miectr). CHBUT  yIyla  HAIPsHKCHUS
OCYIIECTBISIETCS MPUMEHEHHEM COOTBETCTBYIOIIUX CXEM COCTMHCHHS TIEPBUIHBIX
WJIM BTOPHYHBIX OOMOTOK TpaHchopmaropa: Y — 3Be3na, A— TpeyrojbHuK, Z —
3WT3ar, KOTOPBIE MO3BOJISIOT OCYIIIECTBUTH MPAKTHIECKH CXEMBI JIF000# (pazHoCcTH
(MMITYJIBCHOCTH) BBIIPSMIICHHS.

Puc. 1.1. Cxembl MOTyNpOBOHUKOBBIX MPEOOPa30BATEIHHBIX arperaTos:

a — arperat no0 6300 A mectudazHOTO peKUMa BBIIPSIMICHUS
(TpexnuHelHas cxema); 6 — OJHOJIMHEWHAs CXeMa;, 8 — TPEXJIMHEWHas cxema
arperata 12500 A paBeHamnmatu-¢GasHOrO pEXHUMA  BBIIPAMIICHHUS; 2 —
OJHOJIMHEHHAasT cxeMa; 0 — OjHOoJMHelHas cxema arperara 25 000 A u ero
KOMMYTAIlMOHHAS amnmaparypa



[lepBUYHBIM SBISICTCSI TOSBJIICHUE B TUTAIOMIEH CETH KOMMYTAI[MOHHBIX
UCKQOKCHUN HampsHKEHUs, a TapMOHUYECKHUM aHaJu3 WX IO3BOJISET BBISIBUTH
HaJIM4M€ BBICHIMX TApPMOHUK HampsbkeHus. [lopspok BBICHIMX TapMOHUK
onpeaeisercsa Gopmynoit N = mK £+ 1, rae m — uucio ¢a3 Beimpsamiienns; k=0, 1,
2, 3...—TI0CNeI0BATENbHBIN psii HATYpaJIbHBIX YUCET.

Jnsa mectudazHON CHUCTEeMBbl HANpsDKEHHS B KPHUBOW IMUTAOIIETO
HaIPsHKCHHUSI UMEIOTCS BBICIIIME TAPMOHHMKH CJICAYIOMIETO MOPSAKa, Ha3hbIBACMbIC
KaHoHW4eckumu: N=5, 7,11, 13,17, 19, 23...; s 12-da3noit cxemsr N=11, 13, 23,
25, 35, 37...; nna 24-dazHoi cxembl N=23, 25, 47,49, 71, 73 u 1. n.

Mertoauka pacuera Ko3(h(UIIMCHTa HECHHYCOUIATBLHOCTH HampsoKkeHUs Ky
OCHOBBIBAETCS HA BBIYUCICHUHU B JIIOOOW TOYKE MUTAIOIIEH CETH ACHCTBYIOLIUX
3HAYEHUNW KOMMYTAIIMOHHBIX HMCKAXCHUN HANPsDKCHHS, YTO PABHOCHIIBHO y4YeTy
BCEX BBICHIMX rapMoHHMK. CiiemoBaTeNbHO, Ui ompenaeicHus Ky mpu paborte
BCHTWJIBHBIX TpeoOpa3zoBaresiei HET HEOOXOIUMOCTH ONPENeisaTh YPOBHHU
OTIIETBHBIX TApMOHUK. [Ipu 3TOM ymaeTcs u30exarh OMMOKH, BOSHUKAIOIICH TIPH
y4eTe TOJIBKO ONPECIICHHOTO YHCIIa BBICITUX TAPMOHHUK.

Mertoauka 1O3BOJISET BBEIYHCIATE Ky B JII000M TOYKE MHMTAIOLIEH CETH,
WCITOJIB3YsI TTapaMETPHhl, TIOJTyYCHHBIE TIPH BRIYHUCICHUH TOKOB K3, 1 0OCHOBEIBaeTCS
Ha CJENYIOUUX JIONYIICHUSX: MPOBOJAUMOCTH JJIEMEHTOB MHTAIONICH ceTu
CUMTAIOTCS HEEMKOCTHbIMU. [Ipu 3TOM [omyieHuHd oOmuOKa B pacuere He
npeBbimaer 10—15%. Ilpennonaraercsi, 4To B y3jaxX CETH, PACIIOJIOKEHHBIX B
HETMOCPEJICTBEHHONW OJIM30CTU OT BEHTHJIBHBIX MpeoOpa3oBaTesieil, OTCYTCTBYIOT
bK, nmnpegHasHaueHHblE I8 KOMIIEHCAIlMM PEAKTUBHOW MOIIHOCTH; HE
YYUTHIBAIOTCSI aHOPMAJIbHBIE TAPMOHUKHU.

Kosddurment HecuHycOUIaIbHOCTH HANpPsDKEHHS TUTAIONMEH  CeTH
ompenensercs mo popmye [2]

40
> U;

k, =———100
UHOM (11)

OO6mmit K03 GUIIUEHT HECUHYCOUIATILHOCTH TUTAIOIIEH CeTHu Mmpu padbore
BEHTHJILHBIX ITPeoOpa3oBartesicii MOKET ObITh OrpeesieH o dpopmyie [2]

0,955-sin(p_091

k, =100-Xx
. ¢ X + X

(1.2)
S

1p

TIE X, = - BKBUBAJIEHTHOE COMTPOTUBIICHUE CUCTEMbI B OTHOCUTEIIbHBIX
k3,6

eIMHULAX, IPUBEIEHHOE K MOIIHOCTU MpeodpazoBatenst Syp, T. €. CONPOTUBICHUE

OT YCIIOBHOM TOYKH CETH OCCKOHEYHOW MOIIMHOCTH JI0 TOYKH CETH, B KOTOPOWU

onpexnensiercs Ky, Skz — momnocTs K3 B Touke, B KOTOpOii onpenensercs Ku; Xnp

— MHWHAYKTUBHOC COIIPOTHUBJICHUC IICIINA npeo6pa30BaTeJ1ﬁ B OTHOCHUTCIIbHBIX



eIMHULAX, MPUBEJACHHOE K Spp, T. €. COMPOTUBIEHHE OT TOYKH BO3HUKHOBEHUS
KoMMyTarMoHHbIX K3 10 Touku, B KOTOpOii onpenessercs Ky.

dopmyna (1.3) cmpaBemmmBa I IpeoOpasoBareiieid ¢ 00O
MIOCIIEI0BATEIHLHOCTRIO YepeoBanus (as.



Kpome koadpdunumenta wHecunycompambHocth ['OCT  HOpmupyeT
k03 duIeHTHI N-0¥ rapMoHUYecKol coctapisironieit. CornacHo [4]

Un
kug =100, % (1.3)

HOM

[Tpu onpexnenennu Ky ocoboe BHMMaHHWE cieqyeT oOpamarh Ha Xp,. Yarie
BCEro TpeOyeTcss ompeneisaTh Ky Ha IIMHAX MHTAHUS MOIIHBIX THPUCTOPHBIX
npeobpasoBareneii. [log mpeoOpazoBaTeneM MOaPa3yMeBarOTCs BRIIPSIMATEIbHBIN
MOCT (WJIM UX TPyNIa) U TUTAOIINNA MTOHKAIOIINN TpaHCchOopMaTop.

B »sTOM ciydae x,, paBHO COINPOTHBIEHUIO NPeoOpa30BaTEILHOTO
TpaHchopmaropa u onpezensercs mo Gopmyie [2]

X —Eﬂﬁa+53%§@—

=
100 4° S, ouT (1.4)

rie S... —  HOMHUHaJbHasg  MOIIHOCTh  MPeoOpa3oBaTEIBHOTO

tpaHchopmaTopa;  Ky—  KOIpHUIMEHT  pacileruieHus  OOMOTOK  ATOrO

Tpanchopmaropa; Ug o — CKBO3HOe Hamnpspkenne K3 Tpancopmaropa,

MPUBEICHHOE K MOJIHOM HOMHHAIBLHON MOIITHOCTH TpaHchopmaTopa.

JIJist TByXOOMOTOYHBIX TPaHC(HOPMATOPOB, TPUMEHSIEMBIX B MIeCTU(]AZHBIX
(Tpexda3HbIX MOCTOBBIX) cxeMax BbiIpsvieHus, K, =0, TpexoOMOTOYHBIX
TpaHCc(hOPMATOPOB, TPUMEHSEMBIX B MpPeoOpa30BaTeNAX, BBIMOJHEHHBIX 10
nBeHaaTuda3zHoi cxeme, B 00111eM BHJIE

K = Uk (Hr1-HH2)
p U,

T71€ Uk(nra-niz) — Hampspbkenue K3 Mexay paciiernjieHHbIMH BTOPUYHBIMU
oOMoTKaMu TpaHc(opmaropa.

B oOmem ciygae st TpaHchOpMaTOpPOB C paclICTUICHHBIMUA OOMOTKaMH
k,=0+4, ecnmu BeTBM HHM3IIETO HANpSDKEHUS TpaHCc(popMaTopa WMEIOT XOPOUIYIO
ANICKTPOMArHUTHYIO CBsI3b JIpyr ¢ japyrom, K,=0; eciu oomorku HH He mmeror
MarHuTHOM CBSI3U JIPYT C JAPYTOM WJIM TpeoOpa3oBaTesb BBHIMOIHEH MO CXEME C
IBYMsI TpaHC(OpMaTOpaMu, UMEIOIIUMHU pa3Hble CXeMbl coequHeHus, To K,=4.

JleiicTBytoIIee 3HAUCHHUE BBICIICH TAPMOHUKU HAMPSHKEHUS B 000 TOUKE
MUTAIONENH ceTu Tpu paboTe mpeodpazoBaTeisi C JIFOOOW MOCIEeI0BATEILHOCTHIO
gyepemnoBanus (a3 BRIIPAMIICHHS MOXKET OBITh OmpesesieHo 1o dpopmyie [2]

X i i
Un:lndhw——JL—mn@smm-w
TN Xe +Xpp (15)

3(X; +X,p)
rae Y = ——— - YIoJI KOMMYTaluu,pai.
m-sin ¢



JleiicTBytoIIee 3HaUE€HNE TOKA JIF000I TapMOHUKH B IIEMH TTpeoOpa3oBaTes
OIpEIEIACTCS U3 BeIpakeHHs [2]

S

p

_m sin ¢@-sin(n -vy)
n 2 ¢ Y
V31 U oy, (X + X0 )N (1.6)
[Tpu pabote TpynImbl BEHTHIHHBIX peoOpa3oBarTeneil mopsaok pacuera Ky
cnenyromuid. [lo mnpuBeneHHBIM (QopMysaM ONPEAENAIOTCS YPOBHHM BBICHIMX
TapMOHHK HaMPsHKEHUS IS KaXI0TO IpeoOpazoBaTes.
OnuHakoBblE  TAapMOHUKHM  HAmNpsDKEHUs ~ Bcex  IpeoOpa3oBaresnei
. P e
U nx = Z U ni
T€OMETPUYECKH CYMMHUPYIOTCS i=2 3atem OnpeaensieTcs

KO3 GUIUCHT HECUHYCOUIATbHOCTH
p
2
,/Z Uis
Y5 100

HOM
Ocoboe BHMMaHHE HEOOXOJMMO O0palllaTh HAa KOJUYECTBO YUUTHIBAEMBIX
TapMOHHMK, YTOOBI M30€)KaTh OIIMOKK B BhIUKCAcHUHU Ky Uem 0oibliie KOJIMYECTBO
npeobpaszoBareneid u a3 BBIIPAMIICHHUSA, TeM OOJbllee KOJIUYECTBO TapMOHMK
HE0OXO0IMMO YUUTHIBaTh. [IpearaeTcs cienyroiias sMmnupudeckas Gopmyna:

P=Nmax=4qm-+lI, (1.7)

kUZ -

ri€ Nmax—HaWOOJNbIIAs TapMOHMKA; ( — YUCIO pabOTaroIIMX
npeoOpazoBareseil; m — 4uciao a3 BEIIPSIMIICHHUS.

Ipumep 1. /{715 BEHTUIBHOTO BBIIPSAMHUTENS paccunuTaTh KOAQOUIHEHTHI N-
O  rapMOHMYECKOW  COCTABJISIIOLIEH  HampsbKeHHs U KO3(PQPUUHUEHT
HECHMHYCOHIaJIbHOCTH Ha muHax 6 kB.

6 B

Ncxoanbie 1aHHBIE:
C: SK3,6=150 MBA
T3 M T3: S13=10 MBA; Uson=6 KB; U.%=10,5%

VD: Sup=10 MBA; cos ¢=0,8; m=6
M: Pn=220 xkBT; cos ¢=0,9; K\=1,2; K;=5,1

VD

Pemenune: Cuauraem conmpoTtuiieHue mpeodpazonarens mo Gopmyne (1.4)

k. S
an _ Uy (1+_I0)_“P:%(1+9)£:(),066
100 © 4°S;; 100 T 47150

rae K, — koadduiment pacuiernsieHuss 0OMOTOK (A1 JBYXOOMOTOYHOTO
Tpancdopmaropa pasen 0)






ConpoTuBII€HHE CUCTEMBI
X :S—“p=£:0,067
S 150
KoaddunmenT HecuHycouanpHOCTH 0 yIipoIieHHoH dhopmyite (1.2)
0,955-0,6
\/0,067 + 0,066

CornacHo [1] momycTuMbIA KOI(PHUIIMEHT HECUHYCOMAATBbHOCTU IS
HanpspkeHus: 6 kB coctaBiser 5%. Tak kak pacueTHbIM KO3(PGUIMEHT OOJbIIe
JIOTTYCTUMOT0, HEO0XOMMa YCTaHOBKA (PHIIBTPYIOLIUX YCTPOICTB.

k3,6

—0,91=12%

k, =100 - x, \/M ~0,91=100-0,067
X, + an

CornacHo [2] nist BEHTUIIBHBIX TpeoOpa3oBaTeieil HEOOXOAUMO YUUTHIBATh
B pacueTax ToJbko 5, 7, 11, 13 rapmonukm.
VYTros kKoMMyTaluu B panaHax

~3(X¢ +X,,)  3(0,067 +0,066)
m-sin 6-0,6
rae M — gucio ¢as npeodpazoBaTes.

Harmpsixenust BRICIIUX TapMOHUK U KO3 OUIIMEHTHI N-HOM rapMOHUYECKON
cocraisttoneit o (1.5) u (1.3)

=011pan

U, :ﬂum Lsin(p-sin(n -v), [xB] Kum = UUn 100, []
mon X+ X, How
U, = :5 6 0’063’36;066 0,6-5in(5-011) =036KB | k5 = O’—(:;’6100 — 6%
U, = :7 5 0’063’36(;,066 0,6-sin(7-011)=0,35«B | 0 = %100 =5,8%
Uy = §116 0’063’36;’066 06-sin(11-011) =029xB | 029100 _ gy
Uss =~ _613 6 0’063’36;066 06-5in(13-011)=026cB | | 026,00 4 4,

1.2. JlyroBsie cTajeniaBuiIbHbIC €YU

HckakeHusl MUTAIOUIETO TOKAa M HANpsOHKEHUS MpH padoTe AYyroBbIX
CTaJICIUIABUJIBHBIX II€YE€N BOZHUKAIOT 34 CYET HEJIMHEMHOW XapaKTEPUCTUKU NYTU U
3a CYeT HEIMHEWHON XapaKTEepUCTUKU NEYHOTo TpaHc(hopMaTopa, pabdOTaIOLIETO
IIPY MTOBBIIEHHBIX 3HAYCHUSIX MAarHUTHOU MHAYKIAH. Y POBEHb BBICIIUX TAPMOHHUK
TOKa Npu paboTe AYrOBBIX CTaJCIUIaBUIbHBIX IE€Yel CPAaBHUTEIBHO HEBEIUK,
OCOOCHHO TI0O CpPAaBHEHUIO C BBICHIMMH TapMOHUKAMH, T€HEPUPYEMBIMH



BEHTWJILHBIMU TIpeoOpazoBaTeasiMu. OqHAKO C HUMU CIENYyEeT CUMTAThCS, TaK KaK
MOIIIHOCTb JYTOBBIX MeYel MOCTOSIHHO PACTET.

Ha ocHoBaHMM SKCHEpUMEHTANbHBIX HCCIENOBaHUN [2] mMOJydeHO
COOTHOIIICHHUE [IJISi OMPEETICHUS MAaKCUMAJIbHBIX 3HAYEHUN YPOBHEUW OTIECIBbHBIX
rapMOHUK TOKA MPpHU pabOTE AYrOBBIX MEUEH.

2l (1.8)

rjae |, — Tok medHoro TpancdopMaropa B pacCieTHOM PEXHUME (IIJIs1 pacuera
MaKCUMAaJIbHBIX 3HAUYEHWW TAapMOHHMK Haj0 OpaTh B pacyeT HOMHHAJIBHBIH TOK
negHoro Tpancdopmaropa); =2, 3, 4, 5...— HOMep COOTBETCTBYIOIIEH TrapMOHUKH.
N3 coOTHOLIEHUST BUJIHO, YTO JOCTATOYHO B PACUETAX YUHUTHIBATH TOJBKO A0 /-
TapMOHUKH, TaK KaK OCTaJIbHbIE TAPMOHUKU MAJIbI.

JI71st TpyIIIbl OIMHAKOBBIX AYTOBBIX CTAJICTUIABUIIBLHBIX MTeYei

In,r = |n4V N (19)
rmie N — 4ucino medeil, OJHOBPEMEHHO palOTaIONMX B PEXKHUME
pacIUIaBJICHHUS.
JInst rpymIiel meuen pa3Hor MOIITHOCTH
N
In,rzln,max an,Ti Sn,Tmax (1-10)
i=L
rae Spti — MOIIHOCTh I-TO TEYHOro TpaHchopMmaropa; SpTmax —

HanOOJIbIIIAsl MOIITHOCTh TpaHcPopMaTopa B TPyIIE AyrOBbIX neuei; Inmax - TOK N-
Oif TapMOHHMKHU TMEYHOTO TpaHchopmaropa Hambombineil mMomuoctu; N —obiee
YHCIIO PaOOTAIONTUX TTEUEH.

Jlns ompenenenuss Ky B COOTBETCTBYIONICH TOYKE CETH HEOOXOIUMO
OTIPEJICINTh YPOBHU HAMPSDKEHUSI  OTIEIBHBIX rapMoOHHK, reHepupyembix JICII.
da3Hoe HANPSHKEHUE TAPMOHUKU B PACYETHOW TOUYKE IMUTAIOLIEH CETH HAXOIUTCS
U3 BBIpAKECHUS

2
u, :—ﬁ'rg‘KUmM (1.11)

rae |, —nelicTByromee 3HadeHue (pa3HOTO TOKa N-OM TapMOHUKH, N —
MOPSIIKOBBIA HOMEP TapMOHUKH; Uy — HOMUHAIBHOE JIMHEWHOE HANPSHKCHHUE B
pacdyeTHOU Touke; Sk — MoIHOCTh K3 B pacueTHOM TOUKe.

O6mmit kod(PPUIMEHT HECMHYCOMJATHHOCTH B PACUYETHOM TOUYKE IMPHU
paboTe AYroBBIX CTAJCTUIABIIIBHBIX Meuei, %0,

! 2
2 U5
2
ky =+ 2100 (1.12)
HOM
rac UHOM — HOMMHAJIBHOC HaHpH}KeHI/IC OCHOBHOU 4YacCTOTHI B pacquHoﬁ
TOYKE.



I[Ipumep 2. Jlnsg [OyroBod  CTajeIUIaBWIIBHOW I€YM  PACCUMTATH
Kod(hPuIMeHTsl  N-0if  rapMOHMWYECKOW  COCTaBISAIONIEH  HANpsDKEHUS U
ko3 duLMeHT HecuHyconaaIbHOCTH Ha mHax 110 xB.

110 xB
HcxoaHbie TaHHBIE:
C: SK3,110=2300 MBA
T2: S1,=60 MBA; Uyon=110 kB
T2
—
- |ncn

Pemenune: CuntaemM HOMUHAIBHBIN TOK MEYHOTO TpaHcPopMaTopa

I = S1o = 60 =0,31kA
J3u,, +3-110
CornacHo [2] B MpakTHYECKUX pacueTax sl JYyTrOBBIX CTaJICTIABUIIbHBIX
neyel yYUTHIBAIOTCS TAPMOHUKHU CO 2-0M 1O 7-10.
Toku, HampspKeHUsT BBICIIUX TapMOHUK ©  KOdh UIMEHTH N-0H
rapMOHUYECKON COCTABJISIONICH HamNpsbKeHUsI paccuuThiBaeM 1o Gopmynam (1.8),
(1.11) u (1.3), rae N — HOMEp TAQPMOHUKHU

HOM

2 U
l, ZI—TZ, [KA], U, = Y3 , [B] Ky =100, [%0]
n " SK3110 HoM
0,31 J3-0,078-2-110? 1,42
l, = T =0,078KkA| , = s _142kB Ky =7--100=1,3%
E J3.0034-3-1102 0,93
031
|, =—°==0,019xA 3.0,019-4-1102 _07
= U, = V3 - _07kB | Kuw = 115100 =064%
031
ls =~z =0012kA Kugg) = 222100 = 0,5%
031 U ¥3-0,012-5-110° 0.55kB
U= 5= =Y
lg =gz = 0.009kA 2300 Ko = 222100 = 0,45%
031 V30,009 -6-1102 110
1, === =0,006xA | Us = =0,49kB 0,38
72 2300 Ky =-22100 = 0,35%
J/3.0.006-7-1102 " 110
U, = —0.38kB
2300







Koaddummment HecunyconnanpbHoCTH HanpshkeHus Ha muHax 110 kB

7
Z Uﬁ 2 2 2 2 2 2
@ = V5 100 V1422 +0,93% +0,7 1Ioo,ss +0,49° +0.38" 1 oo

CornacHo [1] nmomycTumblii KOA(PGUIMEHT HECUHYCOMAATBHOCTU IS
Hanpsokenusi 110 kB cocraBmsier 2%. Tak kak pacueTHbId KOI(POUIUEHT HE
MPEBBIIIAET TOMYCTUMbINA, YCTAHOBKA (PMIIBTPYIOIIMX YCTpOKCTB HA uHBI 110 kB
HE TpedyeTcsl.

1.3. CBapouHble YCTaHOBKH

[Io cBoemMy BO3ACHCTBHIO HAa HECHMHYCOWJAIBHOCTh IMHUTAIOIIECH CETU
CBApOYHBIC HATPY3KU MOXKHO Pa3JeiNTh Ha JIBE KATETOPUU: YCTAHOBKHU JTyTOBOM U
KOHTaKTHOM AJIEKTPOCBAPKH MEPEMEHHOTO TOKA, YCTAHOBKH JYTOBOM 3JIEKTPOCBap-
KU IOCTOSTHHOTO TOKA.

VY cTaHOBKH JTyTOBOM 3JIEKTPOCBApKU MEPEMEHHOTO TOKa BO3JEHCTBYIOT Ha
MUTAIONIYI0 CETh AHAJIOTHYHO JYTrOBBIM CTaJICTUIaBWIBHBIM TiedaMm. BkitoueHue
CBApPOYHBIX MAIIMH KOHTAaKTHOW D3JIEKTPOCBAPKHA TIPOU3BOJIUTCS C ITOMOIIBIO
UTHUTPOHHBIX WU TUPUCTOPHBIX KITFOUEH, KOTOPBIE JIS TUIABHOTO PETYIUPOBAHUS
CBAPOYHOTO TOKa CHA0XaroTCs cHUcTeMaMH (a30BOTO PpEryJIMpOBAaHUSA YIiia
3Q)KUTaHUS, YTO MPUBOJIUT K MUCKAKCHUIO TOKA BHICIIMMH TapPMOHHKAMHU, YPOBEHb
KOTOPBIX aHAJIOTUYEH YPOBHIO TAPMOHHMK JIJISI TyTOBOM CBAPKH MEPEMEHHOTO TOKA.

B o6miem ciyuae mist e IMHUYHON YCTAaHOBKH DJIEKTPOCBAPKH MEPEMEHHOTO
TOKa TOKHM TapMOHHUK (PEKOMEHIYETCS YYHUTHIBATH TOJIBKO TPEThIO M MATYIO
TapMOHUKH [2]) paBHBI:

In :SHOM,TBCB v HB/(nZUHOM) (1 13)

rjae S.... — HOMUHaJIbHAs MOITHOCTh TPaHC(HOPMATOPA; Pes— KOIPDUIIUEHT
3arpy3ku; [I1B — npoaoinKuTeTbHOCTh BKITFOUEHUS.

OnpeneneHre TOKOB TapMOHHUK, T€HEPUPYEMBIX YCTaHOBKaMHU JyrOBOM
AIEKTPOCBAPKH MOCTOSTHHOTO TOKA, AHAJIOTMYHO OMNPEICICHUI0 TApPMOHUK IS
BEHTUJIbHBIX MpeoOpa3oBaTeneidl. TOKM TapMOHHMK (PEKOMEHAYETCS YUYUTHIBATh
ToJbKO 5, 7, 11, 13-10 rapMOHUKHN) €IMHUYHON YCTAHOBKH JTyTOBOM 3JIEKTPOCBAPKU
MOCTOSIHHOT'O TOKa OMPEeENstoTCs 1Mo (hopmyie

|
| = (1.14)
n

rjae |c; — HOMHHAJIBHBIN NEPBUYHBIA TOK YCTAHOBKH.
JUis Tpynnbl yCTAaHOBOK 3JIEKTPOCBAPKU HE3aBHCHMO OT peXuUMa padOThI
CYMMAapHBbIE OT/I€JIbHbIE TOKH TAPMOHUK OMPEAEIISIIOTCS COrIacHo [2]

(1.15)




rae |y — Tok N-ii rapmoHuku I-i ycraHoBku; N — oOmee Yucio
paboTaIIMX YCTAHOBOK.

JUist OLICHKM BJIMSIHUSL CBApOYHBIX HArpy30K Ha CeTh MPEANpUsTUs
ornpezensieTcs oouwmii Ko3pHUIMEHT HECUHYCOUIATbHOCTHU TI0 popmyiie, %,

13
>V,
Ky =——>—100

HOM

(1.16)

V31 _nu? y
rac U n = _— — N ~ HOM _ HaHpH)KeHI/IC Nn-u FapMOHI/IKI/I.
K

Ipumep 3. Jlns rpymnmbl CBapOYHBIX YCTAHOBOK MEPEMEHHOTO TOKa
paccuutath KOAPUIIMEHTHI N-0M TAPMOHUYECKON COCTABIAIONICH HAMPSKEHUS U
ko3¢ GuImeHT HecunycouaanbHocT Ha muHax 0,4 xB.

0,4 xB
— I/ICXO)IHLIB JAHHbIC:
C: SK3,0,4:2 MBA
f Cy CY: S]—[()M=30 KBA; UH0M=0,4 KB; HB=60%; BCB:O,S;
N=6

Pemenne: CormacHo [2] B MNpakTHYECKHX pacyeTax sl CBAPOYHBIX
YCTAHOBOK MEPEMEHHOI0 TOKA YYUTHIBAKOTCA 3 U 5 TAPMOHHUKHU.

Toku BBICHIMX TAPMOHMK JIJIsl TPYIIIBI CBAPOYHBIX YCTAHOBOK PACCUUTHIBAEM
o ¢popmynam (1.13) u (1.15), rae N — HOMEp TApPMOHUKH

SouPes VIIB N
| — —HomFcB _ 2-
" HZUHOM In,l“ ;Im
. . B 2
3= % 2’5 0.5 =3,23A I, =6-323° =7,91A
304
. . _ . 2
I, = 30 5Cl,5014/0,6 _1164 ;. =+/6-116° =2,84A

Hanpsixenust BICHIMX FTAPMOHUK U KO3(PPUIIUEHTHI N-0i1 TapMOHUYECKOM
cocTaBJisronIel paccunThiBaeM 1o popmynam (1.11) u (1.3)

U, - J31,nUZ [xB] Ko = UUn 100, [%0]
SK3,0,4 -
-3 2 .10°3
V3791107304 _320.20%% | kug _329-107) 09 _ 0.8206

3 2 0,4




V3:2,84-107°-5-0,47 . 197107
= =197-10°kB T e

100 =0,5%
Us 2 0,4 ’

Koaddumment necunycouganbHoCTH HanpsikeHus Ha mmHax 0,4 kB
5

>V, YT
k=3 100 =Y082 057150 5 406

HOM !

Cornacuo [1] momyctumbiii KOA((PHUIIMEHT HECMHYCOMIAIBHOCTH JIJIs
HanpsokeHust 0,4 kB cocraBnser 8%. Tak kak pacyeTHbId KOI(PPUIUMEHT HE
MPEBBINIAET JAOMYCTUMBIN, YCTaHOBKA (GUIBTPYIOMUX YCTPOUCTB Ha muHbl 0,4 kB
He TpeOyeTcs.

2. Pacuer ko3¢ duninenTa HECUMMETPHUH

[Ipu pacuere  HampspDKEHHUs] OOpaTHOW  TOCJIENOBATEIbHOCTH U
kKod(pdunireHTa HeCUMMETpUM OJHO(Aa3HBIE HATPY3KU YUUTHIBAIOTCSI BBEJICHHEM B
CXEMY 3aMEILECHHS 33Jal0IUX TOKOB 00paTHOM MOCIIEI0BATENBHOCTH.

Moayns  Toka  OOpaTHOM  TOCIIENOBATEIBHOCTH,  MOTPEOIISIEMOTO
oJiHO(a3HBIMU Harpy3Kkamu [4]
J3

6U

HOM

382 + (S — 25,.)° 2.1)

l

riae Sap U Spe — ogHO(a3Has HArPy3Ka COOTBETCTBEHHO MEKIY (paszamu ab u
bc.

CxeMa 3aMelieHusi CETH [JJs HAXOXJCHUS HamNpsLKeHHs 0O0paTHOM
nocienoBateabHocTu Uy mpuBenena Ha puc.2.1 [4].

Puc. 2.1. Cxema 3amenieHusi ceTH sl OINpPEACNICHUS HAMNPSIKEHUs OOpaTHOU
nocienoBarenbHocTd. Ha  cxeme o6o3naueHo: | — TOk  oOparHOU
MIOCJICIOBATEIPHOCTH HECUMMETPUYHON Harpy3ku; Do u Dis — mpoBogumocTH
KOPOTKOTO 3aMBIKaHHUs CETU MOIITHOCTBIO Sk M Tpex(ha3Hoi OaTapen KOHIECHCATOPOB
Qs (ecnu mocnennss umeercs); Doy U goy — TPOBOJMMOCTH OCTAJIBHON HATPY3KH
MOJICTAaHIIMH, paccCMaTpUBaeMONW B KauecTBE OOOOIIEHHOH; B OTHOCHUTEIbHBIX
eIMHULAX



_ 1
018 + j0,24
BripakeHus 111 aKTUBHBIX M PEAKTUBHBIX IPOBOJUMOCTEN UMEIOT BUJL:

=2 j2,67

2H

b SK - Q6 . 2,67SH_ ZSH_
NV VN VA AV



Moynb MOJIHOTO COMPOTUBICHUS OOPATHO MOCIEOBATENILHOCTH Z)5 CETH
1IOCJIE€ BBIMOJIHEHUS HECJOXKHBIX NPEeoOpa30BaHUN IMPENCTABISAETCS BBIPAXKEHUEM

[4]:

U2
Zoy == Lo - (2.2)
J4S% + (S, +2,67S, —Q;)

Hal'[p51>KeHI/Ie 06paTHOI>'I IIOCJIICA0BATCIIBHOCTHU
U, =/3l,z, (2.3)

Koaddunment necummeTpuu
U 2

100% (2.4)

Ey =

HOM

[Ipumep 4. Jlns cxeMbl Ha PHUCYHKE ONpPENeTUTh KOdDPUIMEHT
HECHMMMETPHUH TP MOAKIIOUEHUH 01HO(a3HOM meun K (azam a u b.

6 xR .
| Jf Wcxonnble nanHbIe:
Sab T4: St4=1 MBA; Uyo,=06 KB; Uy 2,=5,5%;
0.4 xR AP=10,5 kBT; APx=1,9 kBt
VD: §,,=10 MBA; cos ¢=0,8; m=6
5‘ M: Py=220 xBrT; cos ¢=0,9
VD H: Suap=1 MBA; S4=5,5 MBA

Pemenue: Tok 00paTHOM MoOce0BaTeIbHOCTH HaXoauM 110 hopmyite (2.1)

1, :wi\/gsgb +(S, —2S,.)° :g\/:%-SSOO2 +(5500 —2-0)* =530A

rnie Sap U Spe — oJHO(A3HAs HArpy3Ka COOTBETCTBEHHO MEXKIY (hazamu ab u
bc, kBA.

CymMapHas Harpy3ka Ha muHax 6 kKB ¢ yueTom BEeHTHIIBHOTO BBITPSIMUTEIS
Su=Sup+SuarptSy=10+1+0,22/0,9=11,24 MBA
rae Spp — MOIIHOCTh BEHTWJIBHOTO mpeoOpaszoBarensi, MBA; Sy, —
MOIIIHOCTb Harpy3ku, MBA; S,, — momHocTh aBuraresns, MBA.

Moaynb COpoTUBICHUST OOpaTHOM MOCIEN0BATEILHOCTH 1O (2.2)
2 62
2 = Do = =0,20m
J4S2 + (S 6 + 2,67, — Q) \[4-11,24% + (150 +2,67 -11,24 - 0)?

z




I7€ Sis6 — MOITHOCTh KOPOTKOTO 3aMBIKAHWS CHCTEMBbI Ha ImuHaxX 6 kB,
MBA; Qs — MOIIHOCT, KOHJEHCATOpHON Oarapeun (B J[JaHHOM cCJly4yae He
yCTaHOBJICHA, TpUHUMaeM paBHoii 0), MBap.

Hanpspxenue obpatHoi mociaeaoBaTeIbHOCTH 110 (2.3)
U, =+/3l,2,; =+/3-530-0,2=182,17B

Koaddunment necummerpuu 1o (2.4)

U, 182,17

100% = ———100% = 3%
6000

Ey =
HOM

Jlns HanpspkeHust 6 kB monmycTuMbiit KoahQHUITMEHT HECUMMETPUH COTJIACHO
[1] coctaBmseT 2%. Tak kak pacyeTHbIN KOADOHUITUESHT HECUMMETPHUH TPEBHIIIACT
JIOITyCTUMBIH, HE00X0MMa YCTAaHOBKA CHMMETPHUPYIOIINX YCTPOMCTB.

3. Bausgnue xauectBa QJICKTPOSHCPIUU Ha pa60Ty QJICKTPOIIPUCMHUKOB

3.1. Pacder JOMONHUTENBHBIX MOTEPh PU HECUHYCONAATHFHOCTH HANPSIKEHUS

HecunycomnanbHOCTh ~ HANpsDKEHUST ~ BIMSIET  HA  BCE  BUJBI
AIEKTPONPUEMHUKOB. BBI3BAHO 3TO HE TOJILKO TEIJIOBBIM JOTOJHUTEIbHBIM
HarpeBoMm OII ot Beictiux rapmonuk (BI') Toka, Ho u Tem, uto BI' oOpasytor
COCTaBJISIIONIME MOpsiMOM  mocienoBarenbHoct  1,4,7u  T1.1.), oOpaTHOM
nocjea0BaTeabHOCTH (2, 5, 8 U T.1.) U HYJIEBOM MOCIE0BATEILHOCTU (TAPMOHUKHI
KpaTHble TpeM). B YacTHOCTH, TOKM HYJEBOW MOCJIEIOBATEIBHOCTH CO3AAI0T
JOMIOJIHUTENIbHOE TOAMAarHMYMBAHUE CTald B DJJIEKTPUYECKUX MAaIlWHAX, 4YTO
MPUBOAUT K YXYJAUIEHHUIO XapaKTepUCTUK 3THX DIl ¥ 1OMOTHUTEILHOMY HarpeBy
cepaeYHUKOB (cTaTopbl AJl, MAarHUTONIPOBOABI TPAHCPOPMATOPOB).

O6pruno BI' nHampsikeHus, CyMMHUPYSICb C OCHOBHOW TapMOHHUKOM,

CHOCO6CTBYIOT ITOBBIIIICHUTO I[GfICTBYIOHIeFO SHAUYCHHA HAIIPSKCHUA HA 3a’KMMax
OIL.

Briciine rapMOHMKH HampsbKEHHUs U TOKA HEOJArompUsiTHO BIUSIIOT Ha
AIIEKTPOOOOPYI0BAHUE, CUCTEMBI ABTOMATHUKH, peNerHON 3allUTHI,
TEIEMEXaHUKU W  CBSA3U: TOSBISIOTCA  JIOMOJHHUTEIbHbIE TIOTEPU B
AIEKTPUYECKUX MalllMHaX, TpaHCcHOpMaATOpax U CETAX, YXYAIIAIOTCA YCIOBUS
pabotel Oarapeii koHaeHcatopoB (bK), cokparmmaercss cpok ciy>kObl HM30JIAIAH
ANEKTPUYECKUX MAIIUH M alapaTtoB, BO3PACTaeT aBAPUHHOCTh B KaOEIbHBIX
CEeTsIX, YXYHLIAeTCsl KauecTBO padOThl, a MHOI/A MOSABIAIOTCS cOou B pabote
CUCTEM pEJICITHOM 3alUThl, aBTOMATUKH, TEJIEMEXaHUKHU U CBA3U.

Bricine rapMOHMKM HANpsOKEHHWs] M TOKA BIMSIOT TaKKE Ha 3HAYCHUS
ko3 duieHTa MOIIHOCTH, BpallaloIlero MOMEHTa dJiekTpoapuraTteseit. OHako
CHUXEHHUE ITHX XaPAKTEPUCTHUK, Aaxe Mpu Kodp UIIMEeHTe UCKaKeHUs! (HOPMbI
KpuBoi HampsbkeHus 10—I15 %, oxasbiBaeTcsi BecbMa HEOOJBIIMM. Y POBEHb
JOTIOJIHUTENBHBIX aKTUBHBIX NOTEPh OT BI' B OCHOBHBIX CETSIX 3JEKTPUUECKUX



CHUCTEM COCTaBJISIET HECKOJIbKO MPOLEHTOB OT MOTEPh MPU CUHYCOUJATHLHOM
HanpspKEHUH. B ceTsaX mpeanpusiThii, KPYIHBIX MPOMBIIIJIEHHBIX IEHTPOB, a
TAKXKE CEeTAX DICKTPUPUIIUPOBAHHOTO KEIE3HOJOPOKHOTO TPAHCIIOPTA ITH
notepu MoryT gocturath 10—15 %.

Bo MHOrux ciydasx B 3JEKTPUYECKUX CETSIX PAa3JIUUYHBIX HAINPSHKEHUU C
ucrouHukamu rapmoHuk Kb, o cymiectBy, He pabOTarOT: OHU WJIA OTKJIIOYAIOTCS
BCJICICTBUE TEPErPY3KH MO TOKY, UIM B KOPOTKUU CPOK BBIXOJST U3 CTPOS B
pe3yJibTaTe BCIIYUYHUBAHUS, @ UHOTA U pa3pyllieHUs. B yCI0BHUSIX MPOMBIIIIEHHBIX
NpeanpusITHii Oarapen KOHJICHCATOPOB CIOCOOCTBYIOT CO3JaHHIO YCIOBUU
pe30oHaHca TOKOB (WM OJMM3KUX K 3TOMY PEKMMY) Ha 4acTOTE KaKoW-1ubo u3
FapMOHHUK, YTO MPUBOJUT K OMACHOM NEperpy3ke MX Mo TOKYy. B TAroBwIX u
MPOMBIIUICHHBIX 3JEKTPOCETSIX ¢ MpeoOpa3oBaTeIsIMU TaKUE MEPErpy3Ku
3auKCHpOBaHbI TP pe3oHaHce Ha rapMoHukax 40—50-ro mopsaka, B ceTax ¢
AJIEKTPOAYTOBBIMU M€YaMH U CBAPOYHBIMHU YCTAHOBKAMH - HA TApMOHUKaX 3—/-
ro MopsiaKa.

Oco06eHHO 4yBCTBUTENBHBI K MosiBieHUI0 BI' KoHIeHCaTopHBIE OaTtapeu u
kabenu. B KoHaeHcaTopax TOTEepU MNPONOPIHUOHAIBHBI YaCTOTE
AP = U’w0Ctgs. BT NPUBOJAT K JOIOJHUTEIIBHOMY HArpeBy KOHIEHCATOPOB U
OBICTPOMY BBIXOJY UX U3 CTpos. OrpaHUUEeHUE MO JOMOJTHUTEIBHOMY HarpeBy
Kb 3amaHbl JONyCTHUMBIM YBEJIWYEHUEM JACHCTBYIOUIETO Ha €ro 3a)XuMax
HanpspkeHus 10 10 % oT Uyoy 1 IeticTByroIero 3HaueHus Toka 10 30% oT lyou.

Kpome Toro, yBenudenue Ky IpuBOAMT K CTAPEHHUIO U30JISIMH, KAYECTBO
KoTopoii Xxapakrepusyercs tgo . Pabora Kb ¢ ky=5% B Teuenue aByx et
MPUBOJUT K yBeJIMueHUIO g 5 B 2 pasa.

AHnanornyno BocnpuuM4uBbl K BI' u kabenu, Ka4ecTBO IUAIEKTPUKA

KOTOPBIX XapakTepusyercs TokoM yTeuku. [Ipu ky=6,85% 3a 2,5 roga Tok yreuku
BO3pactaeT Ha 36 %, a uepes 3,5 roaa - Ha 43 %.

[Ipy HecUHycOMAQIHLHOM HANpPSPKEHUU HAOIIOJAeTCs YCKOPEHHOE
CTapeHHE U3OJISIUU IEKTPUUECKUX MAIIUH, TpaHC(HOPMATOPOB, KOHJIEHCATOPOB U
kabeneid B pe3ylbTaTe HEOOpPaTUMbBIX (U3UKO-XMMHUUYECKUX TMPOLIECCOB,
MPOTEKAIINX MOJ BO3JCUCTBUEM I0JIEH, co3maBacMbiXx BI' Toka, a Takxke
MOBBIIIEHHOTO HAarpeBa TOKOBEIYIIUX YacTEH.

JI7s1 OLIEHKHW JOTOJTHUTENIbHBIX MOTEPh MOIIMHOCTH, 00yCioBIeHHBIX BI'
TOKa MOTYT OBITh UCITOJIb30BaHBI ClIeAytomIue ¢popmysl [3]:

JJIA aCHHXPOHHBIX I[BPIF&TGJ'IGIZZ
1
AP, = 2APM’H0MKIZZ(k6(n) mj (3.1)

rne APy op — NOTEpU B MEIIU cTaTOpa IPU HOMUHAJIBHOM TOKE OCHOBHOM
4yacToThl; K; — KpaTHOCTb MYyCKOBOI'O TOKa MPH HOMHUHAJIBHOM HAaNpsHKEHUU
ocHoBHOH wacTothl; Ky =Un/Uyw — oTHOCHTENBHOE Hampsbkenue N-i

rapMOHHKU.
HJIs1 CHHXPOHHBIX MAalllWH:



2
\/E(rz —Tery 2 Kim

AP, =
P 22 HOM
R2 X2 iz n/n (3.2)
rae r;, X2 — AaKTHBHOE M PEAKTUBHOE COIPOTHUBJIEHHUE OOpaTHOU
nocieaoBaTeabHOCTH cTatopa CM; recr — aKTUBHOE CONPOTHUBIIEHHE cTaTopa; Rx
kodpdunment, paBublii 0,71 nna sBHomodtOCHBIX MamuH W 0,88 — mid
HESIBHOITOJIIOCHBIX.
B cratope CM:
40 K
_ TSUN)
AP cr =KerPhom \/—
n=2 NN (33)
—_ 0’47PM1H0M (%]
rae Ko = Rixip KO3((PULIMEHT, YUYUTHIBAIOIIUI TOTEPH B MEIU OOMOTKH
X 2+ HOM

OT TOKa OCHOBHOM HaCTOThI, a TAKIKC FJIY6I/IHy IIPOHUKHOBCHHUA TOKA B IIPOBOAHUK;

JUTs1 CUJIOBBIX TPaHC(HOPMATOPOB:

APr, =AP, > K +0,6 TH"Mz(kU(n) Jﬁj (3.4)

k%

rae APy, AP, Uy - mapamerpsl TpancdopmaTopa.

AJIA CUJIIOBBIX KOCMHYCHBIX KOHJACHCATOPOB:

40
AP, = Cotgd> U2n,
n=2 (3.5)
rae g5 — TaHreHC yria JUAJIEKTPUYECKUX MOTepb KoHAeHcaTopa; Up, —
JEUCTBYIOLIEE 3HAaUECHUE HanpshKeHus N-u BI';

JUISL TMHUM DIEKTPONEPENAYN:

40
AP =3>" 121K,

n=2
3.2. BrnusHUE HECUMMETPUU HATIPSHKCHUS

[Ipu HecummeTpun B Tpex(a3HBIX CETAX MOSBISIOTCS JTOMOIHUTEIbHBIC
NOTEPH B DJIEMEHTaX 3JIEKTPOCETEH, COKpallaeTcsl CPOK CIIYKObI JIaMIl M 3JIeK-
TPOOOOPYAOBAHUS U CHIKAIOTCS SKOHOMHYECKHE TTOKA3aTENN €ro padoThl.

[Ipn HECUMMETPUHN HANIPSYKEHUH B DJIEKTPUYECKUX MAILMHAX IIEPEMEHHOTO
TOKa BO3HUKAIOT MAarHUTHBIE IIOJIsI, BPALIAIOIMECs HE TOJBKO C CHUHXPOHHOM
CKOPOCTBIO B HAIIPpAaBJICHUU BpPALIEHHUS POTOPA, HO U B MPOTUBOIIOJIOXKHOM C
YABOCHHOM CUHXPOHHOW CKOPOCTBIO. B pesynbrare BO3HUKAEeT TOPMO3HOM
JJIEKTPOMArHUTHBIA MOMEHT, a TAK)KE JOIOJHUTENIbHBIM HarpeB akKTUBHBIX YaCTEU
MaIIMHBI, [1aBHBIM 00pa3oM, pOTOpa 3a CYET TOKOB JIBOMHOW 4acTOTHI.



Toxk |, oO6paTHO¥ mocaen0BaTENEHOCTH [4]

J3
l :F\/?’Sgb +(Sip — 2,)° (3.6)

rie Sap M Spe — ogHO(DAa3Hass Harpy3ka COOTBETCTBEHHO Mexkay (asamu ab u bc.

OTOT TOK CO3/IaeT Bpallarolieecsi MarHUTHOE ToJie 00OpaTHOW MocieaoBa-
TEJIbHOCTH, UHAYLHUPYS B Hemsax poTtopoB DJC U TOKM ABOMHON 4YacTOThI, YTO
IPUBOJIUT K JIONOJIHUTEIbHOMY HarpeBy MallllHBbI.

B A/l npu koadduimentax oOpaTHON MOCIEIOBATEIBHOCTH HAMPSKEHUS,
BcTpevaronuxcst Ha mpaktuke (Kpy < 0,05—0,06), cHmKeHHe Bpalaromero
MOMEHTA OKa3bIBAETCS MPEHEOPEKUMO MaJIbIM. BiusiHue HECUMMETPHUH Ha IOTEPU
B DJIGKTPOJBUTATENE M, CJIEAOBATEIbHO, HATPEB M COKPAILIECHHE CPOKA CITYkKObI
U30JISIUU €r0 IPOSABIIAIOTCS B OoJble Mepe. B nenom cpok cinyx0b1 AJl ipu Koy-
2—4 % coxpamaercs Ha 11 % [3].

[Tpu paboTe ay1eKTpoABUTaTENSE C HOMUHAJIBHBIM BPAILlalOIIMMCSl MOMEHTOM
U Ko3(p(duureHTOM HecUMMETpuu HampsbkeHuid Koy = 4 %, cpok ciaykObl ero
COKpaIlaeTcs MPUMEPHO B 2 pa3a TOJIBKO 3a CUET JONOJHUTEIBHOrO Harpesa. Eciu
HanpsDKeHUE Ha OJHOW W3 (a3 OyJeT 3HAUYUTEIbHO MPEBBIIIATh HOMHHAIBHOE
3HAYCHHE, COKpALICHHE CpOKa CIyXObl u3omsuuu Oyner eme Oosbuie. s
o0ecrieueHnss HOPMAJIbHBIX YCIOBUI pabOThl AJIEKTPOJIBUraTENIed B 3TOM Cllydae
HEOOXOIMMO CHMXaTh PacIoaraéMylo MOIIHOCTb UX, a IPU MPOEKTUPOBAHUN —
yYBEIMYMBATh HOMHUHAJIBHYI0  MOIIHOCTb  3JIEKTPOABUTATENIel, €Clu  He
pPEeayCMaTpUBAIOTCS  CHEIHUANbHBIE MEPONPUATHS MO CHUMMETPUPOBAHUIO
HampsDKEHUH  ceTh. OTU  OOCTOSITENbCTBA  BO3HUKAIOT, HANpUMeEp, MpHU
MPOEKTUPOBAHUM AJIEKTPUPULIMPOBAHHOTO KEIE3HOJAOPOKHOTO TPaHCIOPTa, Ha
TOPHO-000TaTUTENBHBIX M HEKOTOPBIX JPYTUX MPOMBILIIIEHHBIX TPEANPUATHUSAX.
Jlnst pacyera TONOJHUTENBHBIX IIOTEPh, BEI3BAHHBIX HECUMMETPHUEN HAIIPSIKEHUS HA
BBOJ1aX AJ] MOeT OBbITh MCIIOJIB30BAHO CIIEAYIOIIEe BeIpakeHue [4]:

2
AP, =2,41AP .. K& (3.7)
A€ APyinon — MOTEPU B MEAU CTATOPA MPU HOMUHAJIBHOM TOKE OCHOBHOM YaCTOTBHI;
K| — kpaTHOCTP TyCKOBOro TOKa NMPH HOMHHAJIBHOM HAINpPsSHKEHUW OCHOBHOM

YacTOThI; €y — KOA(DPUIIMEHT HECUMMETPUH HATIPSKEHUS B OTH. €]I.

[Tpy HecuMMeTpUN HaNPsKEHUW B CUHXPOHHBIX MainHax (CM) Hapsny ¢
BO3HUKHOBEHUEM JIONIOJIHUTEIBHBIX OTEPh U HArPEBOM CTAaTOpa U pOTOpa MOTYT
BO3HHMKATh OTACHbIE BHUOpAaIMd B pE3yJbTaTe TMOSBICHUS 3HAKOMEPEMEHHBIX
BpaIllAOIIMX MOMEHTOB W TAHTCHIMAIBHBIX CHJI, MYJIbCUPYIOIIUX C JBOWHOMU
yacToTol ceTu. [Ipu 3HAYMTENHHOW HECUMMETPUU BUOpAIMS MOXKET OKa3aThCs
OIaCHO, B OCOOCHHOCTH MPU HEIOCTATOYHOMN MPOYHOCTH UM HAIUYUH AEPEKTOB
CBapHbIX coequHeHni. [ Ipu HecumMmeTpun TOkoB, He ipeBbiatoneid 30 % onacHbie
NepeHanpsHKeHUs B JIEMEHTaX KOHCTPYKIIMM, Kak MpaBUJIO, HE BO3HUKAIOT.
CHmxenue cpoka ciyx0b1 CJI ipu K2, = 2 — 4 % coctasmusiet 16 % [3].



JononHutenbHble oTepu MouiHOCTH B CM mpu HECUMMETPHUYHOM Ha-
Ipy3KE€ BBI3BIBAIOT IMOSIBJICHME MECTHBIX (JIOKAJIbHBIX) HarpeBOB OOMOTKH
BO30YKJEHMSI, UTO MPUBOANUT K HEOOXOAMMOCTH CHMXKATh TOK BO30YKJIECHUS U TEM
CaMbIM yMEHBbLIATh 3HAYCHHE PEAKTHBHOW MOIIHOCTH, BbIJaBaeMoOM B ceTb. llpu
3TOM MOXET BO3ZHUKHYTh HEOOXOJMMOCTh CHU3UTh aKTUBHYIO Harpy3Ky reHeparopa
WIM MOMEHT Ha Bally CHHXPOHHOIO ABUraresid. [[OIOJHWTENbHBIE NOTEPHU B
ctatope CM 3Ha4UTEIbHO MEHBIIE aHAJOTHMYHBIX MOTEPh B OOMOTKE pOTOpA,
MIOATOMY UMH OOBIYHO TIPEHEOpEeraroT

U2
APey =AP o —,
HOM 2
Zoem (3.8)
rae AP .., = 312 ufp — JONOJHHUTEIbHBIE ToTepu B CM mpu Toke 00paTHO

MOCJIEIOBATEIILHOCTH, PABHOM HOMHUHAJIBLHOMY; I2p — AKTHUBHOE COIMPOTHUBIICHUE
oOpaTHOH MOCe0BAaTEILHOCTH OOMOTKH pOTOpa; Zocm -TOJTHOE COMPOTUBIICHHE
oOpartHoii mocienoBarenbHocTd CM.

HecumMmeTpus HanmpsKeHHU HE OKa3bIBAE€T 3aMETHOTO BIUSHUA Ha paboTy
BO3AYIIHBIX U KaOCIbHBIX JIMHUH, B TO K€ BpeMsl HarpeB TpaHcGHOpPMaTOPOB H,
CIIEIOBATEIbHO, COKpAaIleHHEe CpOKa WX CIYXOBbl MOTYT  OKa3aThCs
CYIIIECTBEHHBIMU. B ciyuae HecHMMeTpuu TOKOB TpaHCchOopMaTopa HarpeB Macia
OyZeT HECKOJIbKO MEHBIIIE, UeM B CTy4yae CAMMETPHUYHON HArpy3KH Mpu Toke a3z,
paBHOM TOKYy HauOoJjiee 3arpyxeHHod (a3pl. D10 00BscHsAETCS OoJiee
WHTEHCUBHBIM OXJIAKJICHHEM 0OMOTKHU 3TOU (pa3bl. Takue yClIoBUS UMEIOT MECTO
B cersx 6—10—35 kB mnpoMblliuieHHBIX NOpeanpusTuii, padoTaroumx C
V30JIMPOBAHHOM WJIM KOMIIEHCUPOBAHHOW HEUTpaiaplo. PacueTsl moKa3pIBarOT, 4TO
Py HOMHUHAJIBHON Harpyske TpaHchopmaropa u KodphuireHTe HECUMMETPUU

TOKOB paBHOM 10 % cpok cimy>x0b1 u30Js11u TpanchopmaTopa cokpaniaercs Ha 16
%.

JlomoTHUTEIBLHBIC TOTEPH B CHIIOBBIX TpaHCc(hopMaTopax MOKHO OIEHUTH
o hopmyJie

AP+ 2Ps |2 (3.9)

Uy o

AP

Tuc —

rae APxx, AP, Uk — pacueTHble JaHHBIE TpaHchopMaTopa.

Cpox ciyx0b1 TpanchopmatopoB nipu K,y = 2—4 % cokpamiaercs Ha 4 %[3].
IIpu HECUMMETPUM JIMHEWHBIX HANPSHKEHUN pEeakTUBHAsi MOLIHOCTb, I'e-
Hepupyemasi OaTapeeil KOHJEHCATOPOB, M3MEHSETCS MO CPAaBHEHHIO C HOMHU-
HaJIbHBIM 3HaUeHUEeM Q pom Ha BETUYUHY
AQHOM — QHOM UIZ—IOM — Uf(1+ 86) UIZLIOM — Uf

U2 = QHOM U2
HOM HOM

 (3.10)



rne U, — smHeliHOe HanpsbKeHHe NMpsAMOW mociefoBarenbHOCTH; Uuow — HO-
MUHaJIbHOE HAIpsKEHUE OaTapen KOHJEHCATOPOB.

[Tpu Koy = 0,05—0,06 3nauenne AQ = (0,01—0,04)Q ;0 - [Tockosibky Ha
npakTuke HanpspbkeHue Ui MoxeT ObITh OoJiblie Miid MeHbIle HanpsukeHus: Unow,
TO BO3MOXXHO KaK YBEJIMYEHHE, TAK U YMEHBIIECHUE I€HEPUPYEMON pEaKTUBHOMN
MoOIIHOCTU. B mocneanem cinywyae B HauOosee 3arpyX€HHOM (aze 3HaYCHUS
TEIUJIOBBIX MOTEPh MOTYT 3HAYUTEIBHO MPEBOCXOJUTh HOMMHAJIBHOE 3HAUYEHUE,
cOo3/1aBasi MECTHBII NEpEerpeB M30JSLNU, NPUBOASAIIMM K COKPAILEHUIO CPOKa €€
ciy>k0b1 Ha 20 % [3]

APy = Quomt9ey, (3.11)
raie QHOM — HOMHWHAJIbHAs MOIHOCTH KoHAeHcatopHO# Oatapen (Kb); tgs —
TQHTEHC yrja UAJICKTPUUECKUX TII0TePh; €y — OTHOCHUTEIBHOE 3HAYCHUE

KO3(ppureHTa HECUMMETPHUH.



HecummMerpuu HampspkeHUN U TOKOB OTPUIATENBHO BIMSET Ha paboTy
PYAHO-TEPMHUYECKUX II€YE€H, BBI3bIBASI CHWXXEHUE WX IPOU3BOJUTEIBHOCTH,
YBEIMYEHUE PACX0la JIEKTPOIHEPTUH U, TeM caMbiM, ymeHblieHne KIIJ[ meuw.
VYXyauieHne OCHOBHBIX IOKazaresaeil paboThl pyJHO-TEPMUYECKUX MEYell mocie
HEKOTOPBIX TI'PAaHUYHBIX 3HAUYEHUN HECHMMETPHUH, KOTJa HAOJIOJaeTcs pPe3Koe
najeHue npoussoaurensHoctd U KIIJ[ meun mpu pe3kom BO3pacTaHHUM pacxoia
anekTposHepruu. Ilocnennee oObACHAETCS BO3ZHUKHOBEHHUEM 30H aKTHMBHOTO U
ITACCUBHOI'O XOJa pPEaKklUX U, TEM CAMBbIM, HEPABHOMEPHOCTBIO PACIIPEICIICHUS
PHEPruM MO O00bEeMy BaHHBI TMEYH. YBEJIWYEHUE HaAMpsDKEHUs oOpaTHOMH
nocyenoBareqbHOCTH Ha 20 % NOpUBOIUT K CHUYKEHHUIO MPOU3BOJMTEIBHOCTH
pyaHo-Tepmudecknx neueit Ha 30—40 % [3].

I[Ipu mnosiBnenun B 3-¢pazHoii ceru 380 B HanpsbkeHus HyJIeBOR
MOCJIEAOBATEILHOCTA yXyAIIaloTcs pexxumbl oaHodazueix JII. Toku HyneBoi
IIOCJIEA0BATEIIBHOCTH ITOCTOSHHO MPOTEKAIOT Yepe3 3a3€MIIUTEIIN U 3HAYUTEIIbHO
BBICYIIMBAIOT TPYHT, YBEIUYUBAas CONPOTHUBIICHUE 3a3€MIIIOIINX YCTPOMCTB. JTO
MOXET OBITh HENOMYCTUMO JJIsi pabOThl pENeWHOM 3alllUThl, U3-3a YCUJICHUS
BO3JCHCTBUA TOKOB HYJEBOW IIOCIEIOBATEIBHOCTH HAa HU3KOYAaCTOTHBIC
YCTAaHOBKU CBSI3H, YCTPONCTBA KEJIE3HOJOPOKHBIX OJOKUPOBOK. [Ipu nosiBnenun
TOKOB OOpaTHOW M HYJIEBOM MOCJIENI0BATEIbHOCTH YBEIMYMUBAIOTCS CyMMapHbIE
TOKU B OTJIENIbHBIX (pazax CETH.

3.3. Pacder cHMXEHHS CpoKa CITy>KOBI AJIIEKTPOOOOPYI0OBAHUS TPU
HECHHYCOUIATLHOCTH U HECUMMETPUU HATIPSKCHUS

[Ipu pabotre 31EeKTPOOOOPYAOBAaHHMS B  HOMHUHAIBHOM  PEXKUME
JIOTIOJTHUTENIbHBIE TMOTEPU OT TOKOB BBICHIMX TapMOHMK W HECUMMETPUU
HanpsHKEHUsI TMPUBOJST K MEperpeBy TOKOBEAYIIMX YacTed BBIIIE JOMYCTUMOM
Temreparypbl. K MOBBIIIEHUIO TeMrepaTypbl BeChMa UyBCTBUTEIbHA H3O0JSIIUS
0OMOTOK, CPOK CIIyKObl KOTOPOW CHUYKAETCH.

CornacHo [4] mpupocT TeMnepaTypbl OT TOKOB BBICHIUX TAPMOHHUK U TOKOB
oOpaTHOM MOCIeA0BATEIBHOCTH

AP + AP
AMt=1,,— " (3.12)
AP

HOM
IZIE Tuopw — PabOYas TEMIEPATYpPA DJIEKTPOOOOPYAOBaHUS 0O€3 BO3AEHCTBUS TOKOB
BBICIIIMX TapMOHHUK M TOKOB oOpaTHOW mocienoBarenbHocT, °C, AP u APy —
JOTIOJTHUTENbHBIE TOTEPU COOTBETCTBEHHO OT TOKOB BBICIIMX TapMOHUK U
HECUMMETPUU HANIPSDKCHMUS.
Koadduiment cHuxeHuss cpoka CiayxKObl 3JIEKTpOOOOPYAOBaHUS  MOA
BO3JICMICTBUEM TOKOB BBICIINX TAPMOHHMK U HECUMMETPHUU HAIPSIKEHUS [4]

At (0,086A1)?
2

— =0,086AT+ (3.13)

CHIXeHHEe CpoKa CITYKObI AJIEKTPOOOOPYI0BaHUS 0] BO3JEHCTBUEM TOKOB
BBICIIMX FAPMOHUK M TOKOB 0OpaTHOM MOCIE0BATENBHOCTH [4]



at=t At (3.14)

HOpM t

r1e tuopw — HOPMAJIBHBIM CPOK CITy>KOBI 000pyI0BaHuUs, JIET.

[Tpumep 5. s cxembl U3 npuMepa 4 paccuuTaTh AOMOJIHUTENBHbIE IOTEPU
OT TOKOB BBICHIMX T'apMOHMK M HECUMMETPUM HANPSDKEHUS B ACHUHXPOHHOM
JBUTATENE U 1IEXOBOM TpaHcpopMmaTope T4, a Takke CHUKEHUE CPOKa CIYXKObI U3-
3a  TeperpeBa TOKAaMHM  BBICIIMX TapMOHHMK M TOKamMu  oOpaTHOM
nocneaoBareabHOCTH. HopmanbHelil cpok cmyx0bl mpunath 20 jer. Pabouas
temmneparypa 75°C.

Pemenne:

a) Cuumaem OonoiHumenvbHvle NOMEPU U CHUNCEHUE CPOKA CAYHCObL ONs
ACUHXPOHHO20 08U2ameisl.

HomuHanbHbIN TOK 1BUTATENA

P 0,22

o J3U, . cosp +/3-6-09 0dxA
AKTHUBHOE COIIPOTHUBJICHHUC 0OMOTKH cTaTopa
2 6°-0,9
M Ilih; LSJHOM ) 51122 022~ BOM
| HOM ) '
HomunanrnHabBIE IMOTCPHU MOIIIHOCTH
AP, o =31%,R,, =3-24%.6,8-10"° =11,74kBr

JIoTIOTHUTENbHBIE TOTEPU OT TOKOB BBICIIUX TApPMOHUK CUYUTAEM IIO
dbopmyie (3.1)

APM,n = 2APM,HOMK|ZZ(kEJ(n) %j !

rae Kum) — K03 UIMEHTHI N-HOM TapMOHHYECKON COCTABIISIONICH HAMPSIKCHUS,
B35Thl€ B OTHOCUTEIBHBIX €AMHMIIAX. B JaHHOM cilyyae 3Ha4eHHUs BbIOMpaeM U3
npumepa 1.

AP, . =2-1174. 5,122(0,062 L L

+0,0582 N +0,0482 L +0,043

=0,37kBt

1

5V5

2 1)
1313

JlomoIHUTENbHBIE TIOTEPH OT TOKOB OOpaTHOW MOCIEAOBATEIBHOCTH MHpHU
HECMMMETPHUU HANPsDKEHUs cuutaeM 1o (3.7)

AP . =241AP, K% =2,41-11,74-51° -0,03° = 0,66xBT

M,HC M,HOM
riae ey — KodhGUIMEHT HECUMMETPHUH HaIpsDKEHUsT Ha mrHaxX 6 kB u3 mpumepa 4,
0.c.

[Tpupoct TemrepaTypbl OT TOKOB BBICIITMX TaPMOHHK U TOKOB OOpaTHOM
nocjeaoBaTeILHOCTH 110 (3.12)



AP, + AP
Ar=,  run T 7503710080 g 0
PTAP 11,74

M,HOM

I€ Tuopw — pabouas Temmeparypa ABurareist 0e3 BO3JIEHCTBUS TOKOB
BBICIIMX FAPMOHUK U TOKOB 00paTHO mocieaoBaTebHOCTH, °C.

Koadduiment cHmxkeHuss cpoka ciiy>kObl JBUTATENs IMOJ BO3JECUCTBHUEM
TOKOB BBICHIMX FAPMOHHUK M TOKOB 00paTHOM nocieaoBaTebHOCTH 110 (3.13)

At (0,086A1)? (0,086 - 6,58)°
2

— =0086AT+ =0,086 - 6,58 + =0,73

CHmKeHNe cpoKa CIyXObl JBUTATENsI MO BO3ACHCTBHEM TOKOB BBICIIMX
TapMOHHUK ¥ TOKOB 0OpaTHOM Moce0BaTeIbHOCTH 110 (3.14)

At=t At =20-0,73=14,6rona

HOpM

6) Cuumaem OoOnorHumenbHble NOMEPU U CHUNCEHUE CPOKA CAYHCObL ONd
yexogo2o mpancgopmamopa T4.
HomunansHbI TOK TpanchopmaTopa

S 1
I =—_—T4 _ =0,096xA
T4, 1HoM \/§U \/5 ] 6

AKTHBHOE COIPOTHUBIICHHE TpaHChOopMaTopa

2 2
R, = APuUl, _00105-6° 00

2 2
S HOM 1
rae AP — moTepu MOIIHOCTH KOPOTKOTO 3aMbIKaHUsl TpaHchopmaTopa,

HOM

MBT.
HoMmunanbHbIE TOTEPU MOILTHOCTH

AP14on =AP +315, .0 R, =19+3-96°-0,378-10° =12,35kBrt

rae APy — moTepu MOIITHOCTH XOJI0CTOTO X0/1a Tpancdopmaropa, KBT.
JIOMOJIHUTENIBbHBIE IOTEPH OT TOKOB BBICIIIMX TAPMOHUK IO (3 4)

AP, =AP_Y k? n+06 Praon (k ] j
T4, Z uU(n) U% Z U()n\/_

rae Kumy — KodpUIMEHTBI N-HOM TapMOHHYECKOH COCTaBIISIONICH
HaAIpsDKEHUs, B3AThlE B OTHOCUTENIBHBIX €AMHMLAX. B maHHOM ciydyae 3HaueHUs
BBIOMpaeM u3 npumepa 1.

AP, =19-3(0,06% +0,058% + 0,048 + 0,043% )+

12 35 , 1 , 1 , 1 , 1
+0,6-=225"10,062 —— +0,0582——— +0,048%2 —— 1+ 0,043
Z[ 5.5 77 1111 1313

j =0,103xBt

JIoTIOTHUTENbHBIE TTOTEPU OT TOKOB OOpPATHOW MOCIEAOBATEILHOCTH 10

(3.9)



AP
Slranon |2 _f194 1239 15 032 _ 0 2By
0,055

Uy o

AP 14 o (APXX +
)
[TpupocT Temmeparypbl OT TOKOB BBICIIMX TapMOHHK M TOKOB OOpaTHOU
nocseaoBaTeIbHOCTH 110 (3.12)

AP + AP
AT — THOpM T4,n T4,HC — 75 01103 + 012 — 1,86OC
APr4 on 12,35
I 1€ Tuopw — PA0OOYast TEeMIEpaTypa TpaHchopmaropa 0e3 BO3eHCTBHS TOKOB

BBICIIMX FAPMOHHUK M TOKOB 00paTHOM nocieaoBaTenbHocTH, °C.




Kosdouiment cHmwkeHus cpoka CiayxkObl TpaHcpopmaTopa noJt
BO3/ICICTBUEM TOKOB BBICHIMX FAPMOHHUK U TOKOB OOPAaTHOM TMOCIIE0BATEIbHOCTH
mo (3.13)

At (0,086A1)?

2
== 0,086AT + (0,086 -1.86)

=0,086 -1,86 + =017

CHmwxeHHne cpoka ciy>kObl TpaHcopmaTopa MOJ BO3JEHCTBHEM TOKOB
BBICIIMX FAPMOHUK U TOKOB 00paTHOM mocieoBaTeIbHOCTH 110 (3.14)

At=t % =20-017 =3,45rona

HOpM



3ananue Ha KOHTPOJBbHYIO paboTy

Jlns 3agaHHOM CXeMBbl paccuuTarh KOAI(DPHUIIMEHTHI N-OM rapMOHUYECKOM
COCTABJISIFONICH HaIpsKEHUS, KOA(PPUITMEHT HECUHYCOUTAIbHOCTH Ha muHax 110 u
6 kB, 1onoJHUTEIBHBIE MOTEPU MOIIHOCTU M CHIKEHHUE CPOKa CIY>KObI 1IEXOBOTO
Tpanchopmaropa T4 M acHHXpOHHOTO JBUrateiass M H3-3a meperpeBa TOKaMHU
BBICHIMX TapMOHUK M HECUMMETPHUM HamnpsbkeHus. HopMmallbHbIM CPOK CITy>KObI
npuHaTh 20 ner. Pabouast remneparypa 75°C.

6 kB
|
T3@ T4 @
04 K‘R
VD

HUcxonupie naHHBIC:
C: Sks.110 — o TabmUIE; S)36=170 MBA; S 04=3 MBA
T2: S1,=50 MBA; U,;o,=110 kB
T3: S13=10 MBA; Uyo—=6 kB; U, ,=10,5%
T4: St4=1 MBA; Uuon=06 KB; U, %=5,5%; AP,=10,5 xBT; APx,—=1,9 kBT
M: Py — mo tabnure; cos ¢=0,9; K,~=1,2; K;=5,1
VD: S,;,=8 MBA; cos ¢=0,8; m=6
H: Suap=2 MBA; S;p=4 MBA

110 xB

5

ACII

JlanHbie o mudpy 3a4€THON KHUKKH

[Tpennocnennsis uudpa | Sgi10, MBA | Tlocnenuss uudpa Py, kBT
0 1500 0 200
1 1600 1 210
2 1700 2 220
3 1800 3 230
4 1900 4 240
5 2000 5 250
6 2100 6 260
7 2200 7 270
8 2300 8 280
9 2400 9 290
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Conepxanue

Beenenue

OO0mass xapaKTepUCTHKAa CaMOCTOSITENIbHOM paboThl oOOydwaromierocs mpu
M3y4YEeHUHN MYCIIATIINHEI «[TPUEMHUKU 4! ITIOTPEBUTEJIN
DJIEKTPOSHEPT YN B CUCTEMAX 3JIEKTPOCHABXEHW A »
[Tnan-rpaduk BBITOJIHEHUS CAMOCTOSITEILHON PaObOTHI

KoHTposbHbIE TOYKU U BUJIBI OTYETHOCTH 110 HUM

MeTtoauueckre peKOMEeHIaluy 110 U3YYEHHUIO TEOPETUYECKOTO

MaTepuaia

Cnucok peKOMEHIyeMOHl JINTepaTypsbl.



BBenenne

CaMocrosiTenbHas padoTa — riaHupyemas yueOHas, yae0HO-HCCIIeI0BaTEeIbCKasl, HAyYHO-
HCCIIeIOBaTeNbCKas paboTa CTyIEHTOB, BHINOIHIEMAas BO BHEAYTUTOPHOE (2yIUTOPHOE) BpeMs 110
3aJJaHUI0 U TIPU METOAMYECKOM PYKOBOJCTBE IpErojaaBaressi, HO 0e3 ero HemocpeICTBEHHOro
y4dacTus (IpU YaCTUYHOM HETIOCPEICTBEHHOM yYaCTHH IIPENOJaBaTelisl, OCTABIISIOLIEM BEYILYIO
pOJIb 32 pabOTOMN CTY/IEHTOB).

CamocrosiTenpHass pabora cTyneHTOB B BY3e sBisieTcs BaXKHBIM BHJIOM YYEOHOW H
HAyYHOU JeSATeIbHOCTH CTYICHTA.

Benymas nenp opranuzanuu u ocyuiectBieHuss CPC pomkHa coBmajgaTh C LIETBIO
00yu4eHus CTy/IeHTa — [TOATOTOBKOM OakasnaBpa ¢ BeicuIMM oOpa3oBanueMm. [Ipu opranuzanuu CPC
BaXXHBIM U HEOOXOIUMBIM YCIIOBUEM CTAHOBITCS (OPMHUPOBAHUE YMEHHUS CaMOCTOSITEIbHON
paboThl 11 IPHUOOPETEHNsI 3HAHNN, HABBIKOB K BO3MO>KHOCTH OpPraHu3allii y4eOHON U HAy4HOH
JESITEIIbHOCTH.

Lenbro caMOCTOATENBHOM PaOOTHI CTYACHTOB SBIISICTCS OBJIAJieHHE (yHIaMEHTAIbHBIMU
3HAHUSAMU, TPOPECCUOHATBHBIMU YMEHUSIMHU U HaBBIKAMH JESATEIBHOCTH MO MPOMUITIO, ONTBITOM
TBOPYECKOH, HCCIEI0BaTENbCKON JesaTenbHOCTH. CamocrosiTenbHas paboTa CTYACHTOB
CIOCOOCTBYET Ppa3BUTHIO CAMOCTOSATEIBHOCTH, OTBETCTBEHHOCTH M  OPraHU30BaHHOCTH,

TBOPYECKOTO MOIX0/1a K PEIIEHUI0 MPooOieM y4eOHOT0 U MPOPECCHOHAIIBHOTO YPOBHSI.



O01mas XxapaKTepUCTHKA CAMOCTOSTEJIbHON PA00THI 00y4al0IIerocsi Npu U3y4YeHHH
AucHUIUINHBI «[I[pueMHUKH U TOTPeOHuTEeIN JIEKTPOIHEPTUU B CHCTEMAX

JIEKTPOCHAOKEHU D)

CamocrosiTenbHas paboTa - IulaHupyeMasi yueOHasi, yueOHO-UCCIIeJOBaTeNbCKasl, HAayYHO-
UCCIIeIoBaTeIbCKas padoTa CTYACHTOB, BHIIOJIHIEMasi BO BHEAYAUTOPHOE (ayJUTOPHOE) BpEMsI IO
3aJJaHUI0 ¥ TIPU METOJMYECKOM PYKOBOJCTBE IperojaBaTelisi, HoO 0e3 ero HermocpenICTBEHHOTO
y4dacTus (MpU YaCTUYHOM HETIOCPEICTBEHHOM YYaCTHUH MPEIO0/IaBaTelsl, OCTABISIONIEM BEAYIIYIO
POJIb 32 pabOTOM CTY/ICHTOB).

CamocrositenbHasi padora cryaeHToB B BY3e sBisieTcs BaXHBIM BHJIOM Y4YeOHOU U
HAYYHOH NIesSsTeNnbHOCTH cTyneHTa. CaMocToATenbHas padoTa CTYICHTOB UTPACT 3HAYUTEIHHYIO
pOJIb B peHTHHIOBOI TeXHOJIOruM 00yueHus. B cBs3u ¢ 3tum, o0ydyenue B BY 3e Bkitodaer B ceds
JIBE, IPAKTUYECKH OJUHAKOBBIC 1O 00BEMY M B3aMMOBIUSHUIO YaCTH — Ipolecca o0ydeHus u
nporecca camooOyuenus. [loaromy CPC nmomxna crath 3QQeKTHBHON U IIeTIeHANpaBIeHHON
paboToii cTyeHTa.

K coBpemeHHOMY crielanucTy O0IIEeCTBO NPEABSIBISET JOCTATOYHO HIUPOKUN MepeueHb
TpeOOBaHUI, cpeAr KOTOPHIX HEMAJIOBAXXHOE 3HAUEHUE HMMEET HaJIUuue Yy BBITYCKHUKOB
OTIPENIeICHHBIX CIIOCOOHOCTEH M YMEHHs CaMOCTOSITENIbHO NOOBIBaTh 3HAHUS W3 Pa3ITHYHBIX
HCTOYHUKOB, CHCTEMAaTH3MPOBATh TMOJIYYCHHYIO HH(OpMAIMIO, aBaTh OICHKY KOHKPETHOU
¢unaHcoBol cutyanuu. opMupoBaHHE TAKOr0 YMEHHUs MPOUCXOANT B TEUCHHE BCETO Mepuoja
o0y4yeHMsI 4epe3 ydyacTHe CTYJIEHTOB B IMPAKTMUYECKHX 3aHSTUSAX, BBIOJHEHHE KOHTPOJIBHBIX
3aJJaHWii ¥ TECTOB, HAMKMCAHHE KYPCOBBIX W BBITYCKHBIX KBAIM(HUKAIIMOHHBIX padoT. [Ipu sToM
caMocCTosITeNIbHasl paboTa CTYyIEHTOB UIPAET PELIAlOIIYI0 POJIb B X0JI€ BCEro y4eOHOro mpoiiecca.

Benymas nens opranuzanuu u ocymectBieHus CPC nomkHa coBmajgaTh € ILEIbIO
0o0y4yeHMsI CTyJeHTa — MOJArOTOBKOH crienuanicTa 1 0akanaBpa ¢ BeICIIMM oOpa3oBanueMm. I1pu
opranuzaiun CPC BaXHBIM M HEOOXOIWMBIM YCJIOBHEM CTAHOBSITCS (POPMHPOBAHWE yYMEHUS
CaMOCTOSITENTbHOW PabOTHI ISl IPHOOPETCHUST 3HAHUH, HABBIKOB W BO3MOXXHOCTH OpTaHHM3aIuU
y4eOHOI U HAyYHOH e TeTbHOCTH.

@DopMbI CaMOCTOATENBHOM PaboThI CTYJEHTOB pa3Ho00pa3Hbl. B cooTBeTcTBHM ¢ paboueit
POTPaMMOM  TUCIUILIMHBI TIPEAYCMOTPEHBI CIEAYIONINE BHIBI CaMOCTOSTEIBHON pabOTHI
CTY/CHTA!

- CAaMOCTOATENBHOE U3Y4YEHHUE JTUTEPaTyphl;

- CAMOCTOATCIIbHOC PCHICHUC 3a1aY.



Ilenv camocmoamenvnozo usyyenus Jaumepamypsl — CAMOCTOSTEIBHOE OBJIAICHUEC
3HaHUAMHU, OIIBITOM HCCHGI[OB&TGJILCKOI\/JI ACATCIIbHOCTH.

3aoauamu caMOCTOSITEILHOTO U3yUYEHUSI INTEPATYPHI SIBIISIOTCS:

o yrIIyOJieHHE U pacIIipEeHNe TEOPETHUECKUX 3HAHUH;

° ¢dopmMupoBaHHE yMEHHI HCIIOIB30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPABOYHYIO
JOKYMEHTAUHNIO U CIIEUAIBHYIO JUTEPATYPY;

° Pa3BUTHUC MO3HABATCIIbHBIX CII0OCOOHOCTEH M aKTUBHOCTHU CTYACHTOB.

Ilenvs camocmoamenvnozo pewienus 3a0ay - OBIAJCHUE TNPO(HECCHOHATBHBIMU
YMEHHSIMHU M HaBBIKAMHU JEATEILHOCTHU 110 MPOQIITIO OyIyIIei 1esITeTbHOCTH.

3adauamu caMOCTOATEIIFHOTO PEILICHUS 33124 SBJISIOTCS:

J CHCTeMaTH3alus ¥ 3aKpEIUICHHE TMOJYYEHHBIX TEOPEeTHYECKUX 3HAHUH W
IIPAaKTUYECKUX YMEHUH CTYJICHTOB;

J (dopMupOBaHUE CAMOCTOSTEIBHOCTH MBIIICHUS, CHOCOOHOCTEH K CaMOpPa3BUTHIO,
CaMOCOBEPILICHCTBOBAHUIO U CAMOPEATU3aLUH;

J pa3BHTHE UCCIIEIOBATEILCKIX YMEHUH.

Llenvio camocmoamenvHozo 6bINOIHEHUA KOHMPOALHOU padomsl 1O IUCLUIIIMHE
SABJIICTCA OBJIAaJACHUC q)YHHaMCHTaJH)HI)IMI/I 3HaHUAMHU, HpO(bCCCI/IOHaJ'H)HI)IMI/I YMCHUSIMU U
HaBBIKAMU JIESITEIBHOCTH 110 TPOUITIO, OIIBITOM TBOPUYECKOH, HCCIEI0BATEIbCKON IESTETbHOCTH.

3adauamu 1aHHOTO BUJA CAMOCTOSATEILHOM pabOThI CTYICHTA SBISIFOTCA:

o cucTeMaTH3alMsg M 3aKpelUIeHHe MOJYYEHHBIX TEOPETUYECKUX 3HaHUM W
NPAaKTUYECKUX YMEHHUH CTYAECHTOB;

. yri1yOJeHue U pacliupeHre TEOPEeTHUECKUX 3HAHUH;

o dopMHpoBaHHE YMEHHI MCIIOJIB30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPAaBOYHYIO
JOKYMEHTAIUIO U CIIEIUAIbHYIO JINTepaTypy;

o pa3BUTHE MO3HABATEIbHBIX CIIOCOOHOCTEM M aKTUBHOCTH CTYAEHTOB: TBOPYECKOI
MHHUIIMATHBBI, CAMOCTOSITEIBHOCTH, OTBETCTBEHHOCTH M OPraHU30BAaHHOCTH;

o (opMHpOBaHHE CAMOCTOSTETLHOCTH MBIIUIEHHUS, CIOCOOHOCTEN K CAaMOPa3BUTHIO,
CaMOCOBEPIICHCTBOBAHUIO M CAMOPEaH3alny;

o pa3BUTHE UCCIIEIOBATEIbCKIX YMEHHIA;

o UCTOJb30BaHUE  MaTepuana, COOpaHHOTO W  TOJYYEHHOro B XOJe
CaMOCTOSITENIbHBIX 3aHATHM Ha CEeMUHapax, Ha MPAKTHMYECKUX U JAOOPAaTOPHBIX 3aHATHUAX, MPU

HaIMCaHUH KOHTPOJIBHON paboOTHI.



B pesynbrare

OCBOCHHUA

IUCLUITINHEL

dbopMupyrOTCS

CIEAYIOIHUN TepeyYeHb

IJIAaHUPYEMBIX PC3YyJILTATOB OGy‘IeHI/ISI 110 AUCHUIIIINHE, COOTHECEHHBIX C IJIaHUPYCMBIMU

pe3yJbTaTaMH OCBOSHHS 00pa30BaTeIbHOM MPOrpaMMBbI:

Kona, popmymnupoBka Kopx, dopmynupoBka nnaukaropa | Ilmanupyembie pe3yibTaTbl
KOMIIETEHIIUHU o0OyueHus Mo TUCIUIINHE
(Monyiio),
XapaKTEPU3YIOLIUE HTAIbI
dopmupoBanus
KOMIICTCHITUH,
WHJIMKaTOPOB
ITK-1 Cnocob6en | UI-1nk-1  Bemonnser c6op w | 3HaeT B3aMMOCBSI3M MEKITY
y4acTBOBaTh B | aHAIM3 JAHHBIX Ui | TOTPEOUTENSIMU M CHCTEMOM
MIPOEKTUPOBAHUU CHUCTEM | IPOEKTUPOBAHUS CUCTEM ANEKTPOCHAOKEHHUS;
AIIEKTPOCHAOKEHUS JIEKTPOCHA0XKEeHHUS 00BEKTOB IOKa3aTeu rpaduKoB
00BEKTOB Harpy3ku
INEKTPOIPUEMHUKOB "
OTpeOuTECH;
UN-2nk1  Bwibupaer  tumossie | Bmageer HaBBIKAMU
MIPOEKTHBIE PELIEHUS CUCTEM pa3paboTKu OCHOBHBIX
JIEKTPOCHA0XKEeHHUS 00BEKTOB sHeprocOeperarumx
MEpOIIPUATHA B CHUCTEMaxX
3JIEKTPOCHAOKEHUS.
[IK-2 Cnoco6en | U/1-2nik-> PaccunteiBaeT pexumsl | YMeer AHAJIU3UPOBATH
aHAJIM3UPOBATh PEKUMBI | pabOTHI CUCTEM | rpaMKy Harpy3Ku.
paboThI CHCTEM | DJIEKTPOCHAOKEHUS
AIIEKTPOCHAOKEHUS




Inan-rpaguk BHINOJHEHUS CAMOCTOSITEILHOM PadoThI

Kongr

OObeM JacoB, B TOM YHCIIC

CpenctBa u KonTaktHas
pean3yeMbIxX Bun negarenpHoct TeXHONLOLI AGoTa C
KOMIICTCHITUH, CTYJICHTOB OLICHKIL CPC np CLOABAT Bcero
MHJIUKaTopa(oB) H p enélM
6 cemecTp
CaMoCTOSTENBLHOE Cobeceropa
H3Yy4YCHUE JINTEPATYPhI HI/IéH 28,53 3,17 31,7
mo teMaM Nel-18
[IK-1 IToaroroBka k CobecenoBa 3,24 0,36 3.6
NI-1 nka JIEKLMSIM HHUE
N/I-2nk-1 IToaroroska x
Wl-2rk2 | naBoparopsim Cobecenona | 4 g6 0,54 5.4
3aHATUAM
HOIIFOTOBKavK CobecenoBa 11,97 1,33 13,3
KOHTPOJIbHOU paboTe HHE
HUroro: 48,6 5,4 54
6 cemecTp
CaMoCTOSTENLHOE Cobecelon
U3Yy4EHUE JTUTEePATyphl aHI/IeI[ 74,61 6,29 80,9
mo teMaM Nel-18
[1K-1 Iloaroroska k CobecenioB 0,54 0,06 0.6
N/-1 nk-1 JICKIUSIM aHHe
N-2nk-1 IToaroroska K
NJI-2nk-2 1a00paTOPHBIM CO?;‘I(;/IGGILOB 1,08 0,12 1,2
3aHATUAM
HOI[FOTOBKaUK CobecenoB 11,97 1,33 13,3
KOHTPOJIbHOM padore aHue
88,2 7,8 96




KOHTpOJIbeIe TOYKH U BUJABI OTYCTHOCTH 110 HUM

Ne Buj nestenpHOCTH CTYJEHTOB Cpoku KomnnuectBo
/11 BBITIOJIHCHUS OayIoB
6 cemecTp
1. JlaboparopHoe 3ansTie Ne 1 6 Hexens 25
2. JlaboparopHoe 3ansTre Ne 5 10 Hemenst 15
3. JlabGopaTopHoe 3ansaTue No 8 20 Henemns 15
Hroro 95

MaxkcruManabHO BO3MOXHBIN Oalt 3a Bech TEKYIIHIT KOHTPOJIb MaKkcUMaabHO BO3MOYKHBIN
Oam1 3a Bech TEKyLIMH KOHTpOJIb yCTaHaBIMBaeTcs paBHbIM 55. Tekyliee KOHTPOJIbHOE
MEPONPUITHE CUMUTAETCS CIAHHBIM, €CJIM CTYAEHT HOoJydmsa 3a Hero He MeHee 60% oT
YCTQHOBJICHHOTO JUIsl 3TOr0 KOHTPOJS MaKcUMaylbHOro Oaymta. PeitunroBeni Oanm,
BBICTABIISIEMbIM CTYJIEHTY 3a TEKyllee KOHTPOJIBHOE MEPONpHUSATHE, CIAHHOE CTYJIEHTOM B

YCTAHOBJICHHBIE TPaUKOM KOHTPOJIGHBIX MEPONPHUATHI CPOKH, ONPEAETSAeTCS CIEAYIOMINM

o0OpazoM:
YpoBeHb BHITIOJIHEHHS] KOHTPOJIBHOTO PetitunroBeril 6amt (B % OT MaKCUMaIbHOTO
3aJaHHsI 0ajuia 3a KOHTPOJILHOE 33J1aHNUE)
OTIHYHBIH 100
Xopomui 80
Y 10BIIETBOPUTETHHBIN 60
HeynoBneTBopuTenbHbIHI 0




MeToanyeckue peKOMEHIANMH 0 U3YUYEeHHIO TEOPETHYECKOr0 MaTepuasia

CamocrosiTenbHast paboTa CTyAEHTa HAYMHAETCS C BHUMATEIbHOTO O3HAKOMIIEHUS C
coJiepKaHueM y4eOHOro Kypca.

N3yuenue ka0l TeMbl CleyeT HauMHaTh C BHUMATEJIbHOIO 03HAKOMJIEHUS ¢ HAabOpoM
BOIPOcOB. OHU OPUEHTHUPYIOT CTYACHTA, MOKA3bIBAIOT, YTO OH JOJKEH 3HATh 10 JAHHOU TEME.
Bonpocs! TemMbl Kak ObI HAKJIQABIBAIOTCS HA COOTBETCTBYIOILYIO TTIaBy U30paHHOTO YUeOHHKA WK
y4eOHoro nocobus. B utore 10mKHO OBITH SICHBIM, KaKH€ BOIPOCHI TEMbI Y4€OHOIO Kypca U ¢
KaKoi I1yOMHOW PacKpbIThl B KOHKPETHOM y4eOHOM MaTepuale, a Kakue BOOOILIE OIYIIEHBI.
Tpebyercs TBOpUECKOE OTHOIICHUE M K CAMOMY COJIEPKAHUIO JUCIUTUIAHBL.

Bomnpocsl, cocraBnstonye ee coaepxkanue, 001agar0T pa3sHoi CTENeHb0 BaKHOCTH. EcTh
BOIIPOCHI, BBIMOJHSIOMINE (YHKIHUIO JIOTHYECKOH CBSA3KM COJIEpXKaHMsS TeMbl U BCEro Kypca,
UMEIOTCS BOIPOCH! ONUCATEIBHOIO MM Pa3bsICHUTENBHOIO XapaKkTepa, a TaKXKe UCTOPUYECKOTrO
JKCKypca B 00JacTh HM3y4aeMOHl IUCLMIUIMHBL Bce 3T BOIpPOCHL HE COCTaBISAIOT CYTH
HOHHTI/IﬁHOFO, KOHLICHTYAJIbHOTO COACpKaHHUA TCMBbI, HO H€O6XOI[I/IMI)I JJIA LEJIOCTHOI'O
BOCIIPUATHS U3y4aeMbIX IIPOOIIEM.

W3yuaemasi TUCHMIIMHA UMEET CBOM KaTeropuajibHO-TOHATHHHBIA annapar. HayuHsle
MOHATUS — 3TO Ta 0a3a, HA KOTOPOM CTPOUTCS Kaxaas Hayka. [[OHATHS — y3JI0BBIE, ONIOPHBIC
IMYHKTBI KaK HAY4YHOI'O, TaK U yqe6H0ro MMO3HaHUsA, JIOTHYCCKHUE CTYIICHU JIBUKCHUA B y‘I€6C oT
IPOCTOTO K CJIOXKHOMY, OT SIBJIEHUS K CYIIHOCTHU. be3 sicHoro nonuMmanus noHATHH yyeOa KpaiiHe
3aTpyAHSAETCS, a CoiepKaHne MPUOOPETEHHBIX 3HAHUH CTAHOBUTCS TYCKJIBIM, PaCIlJIbIBYATHIM.

CTy,lIeHT JOJDKCH ITOHHMAaTb, 4YTO CaAMOCTOATCIIBHOC OBJIAJCHUC 3HAHUAMH SABJIISICTCA
[JIaBHBIM, OTIpeAEIAI0ONMM. BhIciias 1mkoa co3naet Juist 3TOro HeoOX0AUMBbIE YCIOBHSI, TOMOTAeT
Oyaymemy BBICOKOKBAIN(DUIIUPOBAHHOMY CHELUAIIUCTY OBJIAJIETh TEXHOJIOTHEN
CaMOCTOSITENIBHOTO IIPOU3BOACTBA 3HAHHUM.

B camocTosaTenbHON paboTe CTyIAEHTaM MPUXOJUTCS HCHOJIb30BaTh JIUTEPATYpPy
pa3IMyYHbIX BHUJOB: TEPBOMCTOYHHKH, MOHOTpauu, HaydHble COOPHUKH, XpECTOMATHH,
y4eOHUKH, ydeOHbIe MOCOOMs, KypHaibl M Jp. M3ydeHue Kypca Mpeanojaraet 3HaKOMCTBO
CTYACHTOB C OOJBIIMM OOBEMOM Hay4YHOH M yuyeOHOH JuTeparyphl, 4TO, B CBOIO O4Yepelb,
MMopoKaAaACT H€O6XOJII/IMOCTI) BI)Ipa6OTKI/I Y HUX PpaduOHAJIBHO-KPUTHUYCCKOI0 I1oaxoaa K
HN3Yy4aCMbIM UCTOYHUKAaM.

UYroObl HE «YTOHYTb» B OIPOMHOM OOBEME PEKOMEHJIOBAHHBIX €MY ISl H3Y4EHUs
VCTOYHUKOB, CTYJEHT, MPEXKIE BCETO, JOJDKEH HAYUYUTHCS MPaBWIBHO MX 4MTaTh. [IpaBuibHOE
YTEHUE PEKOMEH0BAaHHBIX UICTOYHHUKOB MPEAINOJIAraeT ClIeJ0BAHNE HECKOJIIBKUM HECTIOAKHBIM, HO

BE€CbMa IIOJIC3HBIM IIpaBUJIaM.



[IpenBapuTenbHbIil MPOCMOTP KHHUTM BKJIIOYA€T O3HAKOMIIEHHE C TUTYJIBHBIM JIHUCTOM
KHWUTM, aHHOTallMEH, IpEAUCIOBUEM, OIJaBleHHEM. lIpu O3HAKOMJIEHMM C OIJIaBJIEHUEM
HE00XO0IMMO BBIICIHUTH Pa3/iesbl, II1aBbl, maparpadsl, MpeacTaBIsIONINe U1 Bac HHTEpeC, Oerio
UX TPOCMOTPETb, HAWTH MecTa, OTHOCSIMecs K Teme (ab3albl, CTpaHUIbl, naparpadsl), U
MO3HAKOMUTHCSI C HUMU B OOIIMUX YepTax.

HayuHble u3gaHus CONPOBOXKIAIOTCS PAa3IUYHBIMU BCIIOMOTaTeIbHBIMU MaTepHalaMy —
Hay4YHBIM alllapaToM, I03TOMY BaKHO 3HaTh, U3 KAKMX OCHOBHBIX 3JIEMEHTOB OH COCTOUT, KAKOBbI
ero (pyHkIuu.

3HAaKOMCTBO C KHHMIOH JIydllle BCEro HayMHATh C M3y4YEHHUS aHHOTALMU — KPaTKOM
XapaKTEepUCTUKU KHUTH, PAaCKPBIBAIOIIEH €€ CoiepKaHKe, UIEHHYI0, TEMAaTHYECKYIO U )KaHPOBYIO
HAIpPaBJIEHHOCTb, CBEAECHUS 00 aBTOpEe, HA3HAYEHUE U Jpyrue OCOOEHHOCTH. AHHOTAIUSA
MIOMOTaeT COCTaBUTH MPEIBAPUTEIILHOE MHEHHUE O KHUTE.

I'my0xe MOHATH coiepKaHNe KHUTH MO3BOJIAIOT BCTYNUTEIbHAS CTaThsl, B KOTOPOU JaeTcs
OLIEHKA COZEP)KaHUSI KHHUTH, 3aTParuBacMoi B Hel MpoOJIeMaTUKU, COACPKUTCS HHPOPMALHS O
KU3HEHHOM U TBOpuYecKoil Ouorpaduu aBTOpa, BHICKA3bIBAIOTCS IOJIEMMUYECKHUE 3aMEYaHUs,
Pa3bACHSIOTCA OTAETbHBbIC MOJIOKEHUS KHUTH, TAIOTCS KOMMEHTapuu U T.A4. Bor mouemy
3HaKOMCTBO C BCTYIHTENIbHOM CTaThell MPEACTaBIsACTCS OUYEHb BAXKHBIM: OHO TIOMOTAaeT CTYJACHTY
COPUEHTHPOBATHCS B TEKCTE€ pabOThI, OOpAaTUTh BHUMAHHUE HA €€ HauboJiee [EHHbIE U Ba)KHbIE
pa3aensl.

Toli ke 1enu coleincTBYeT 3HAKOMCTBO C OIJIABJIICHUEM, NPEAMCIOBUEM, ITOCIECIOBUEM.
Becbma moO€3HBIMM 3lIEMEHTaMH HAy4YHOTO ammapara sBJISIOTCS CHOCKHM, KOMMEHTapHH,
TabNInLbL, TpaduKU, CIUCKU JIUTEpaTypbl. OHU HE TOJIBKO WILTIOCTPUPYIOT OTAENIbHbIE OJI0KEHUS
KHUTH WK CTAaThH, HO M CaMH 1O ce0e SIBIISIOTCS TOTIOJHUTENHBIM HCTOYHUKOM MH(OpPMAaIuu
JUTSL YUTATEs.

Ecnu ynraTens 3amHTEepecoBasla Kakas-TO BbICKa3aHHAsl aBTOPOM MBbICIb, HE Hallle/Ias
NOJPOOHOTO OCBEILIEHUS B JTAHHOM HCTOYHHKE, OH MOXET OOpaTUThCA K TEKCTYy HCTOYHHKA,
YIIOMHUHAEMOTr0 B CHOCKE, TUOO K UCTOYHHUKY, KOTOPbI OH MOKET HalTH B CIHUCKE JIUTEPATypPhl,
PEKOMEHI0BAHHOM aBTOPOM JIJIsl CAMOCTOSITEILHOTO U3yUYEHHUS.

Cy1ecTByeT HECKOJIBKO (OPM BEJICHUS 3aITUCEH:

— 11aH (TPOCTOM M pa3BEepPHYTHIN) — Hanbosiee KpaTkasi (hopma 3amucH MPOUYUTAHHOTO,
IpeJCTaBistonasl cobol MepeueHb BOMPOCOB, PACCMAaTPUBAEMbIX B KHUIE€ MU CTaTbe.
Pa3BepHyThIli TUIaH TMpeACTaBiseT coOoil Oonee MOAPOOHYIO 3aMUCh MPOYUTAHHOTO, C
JeTaau3anend OTJeNbHBIX MOJI0KEHUH U BHIBOJIOB, C BBIMUCKOM IIMTAT, CTATUCTUYECKUX JTAHHBIX
U T.A. Pa3BepHyThIll IUIaH — HEOUEHUMBIH MOMOLIHUK IMpPH BBICTYIJIEHUU C JOKIAJAOM Ha

KOHKPETHYIO TEMY Ha CeMUHape, KOH(PEPEeHLUH;



— TE3UChl — KPATKO CPOPMYIUPOBAHHBIE MOJIOKEHUS, OCHOBHBIEC TOJIOKEHUSI KHUTH,
ctatbi. Kak npaBuiio, T€3UChl COCTABIISIFOTCS IOCIE MPEABAPUTEIBLHOIO 3HAKOMCTBA C TEKCTOM
MCTOYHUKA, IIPU €r0 NOBTOPHOM IpouTeHHU. OHU OMOTalOT 3allOMHUTh U CUCTEMATHU3UPOBATh
nHpopMaIuto.

CocraBneHne KOHCIIEKTOB

bonpuiyro posib B yCBOGHMM U IIOBTOPEHUHU IPOMJAEHHOIO MaTepHalla UIPaeT XOPOILIUH
KOHCIIEKT, COJIEPKalliil OCHOBHBIE HJIEU IPOUYNUTAHHOIO B yUEOHHUKE U YCIIBIIIAHHOTO B JIEKLIUU.
Koncnekt — 3710, 110 cymiecTBy, HaOpOCOK, pa3BEPHYTHIN IIJIaH CBSI3HOTO PAaCcCKa3a M0 OCHOBHBIM
BOITPOCAM TEMBI.

B kakoii-ro Mepe KOHCIEKT paccuuTaH (B 3aBUCHUMOCTH OT WHIUBUIYAIbHBIX
OCOOEHHOCTEH CTy/IE€HTa) HE TOJbKO Ha HHTEUIEKTyaJlbHYI0 M SMOLMOHAJIbHYIO, HO U Ha
3pUTEIIBHYIO MaMsTh, INPUYEM TEKCT KOHCIIEKTa HEPEIKO ACCOLMUPYETCS €lle M C TEKCTOM
yueOHUKa WM 3amuchio Jekuuu. [loaToMy serde 3amoMuHaeTcs COJEp>KaHUE KOHCIIEKTOB,
HallMCaHHBIX pa300pUYMBO, C MOAUYEPKUBAHUEM WM BBIJCICHUEM Pa3psAKON KIIOUEBBIX CIIOB U
dpas.

CaMOCTOSATEIbHO U3YYEHHBIE TEMbI MPEAOCTABISIIOTCS MpenojaBareiaio B  Qopme
KOHCIIEKTa, II0 KOTOPOMY IIPOUCXOIUT cobecenoBanue. TeopeTndyeckue TeMbl Kypca (OTaeNbHbIE

BOHpOCBI), BBIHOCUMBIC Ha CAMOCTOATCIIBHOC U3YYCHHUE, ITPCACTABICHBI HUXKC.



Y4eOHO-MeTOAMYECKOE M HH(POPMALMOHHOE 00eceueHue TUCIHILIMHBI

IlepeyeHb OCHOBHOM M IONOJHUTEJIbHOM JIUTEPATYPbI, HEOOXOAMMOIi 1151 OCBOCHUS
AUCHUTLTHHBI

IlepeyeHb OCHOBHOM JIUTEPATYPhI:

1. 'yxos H. I1. , OnpxoBckuii B. 4. , [TaBmrouenko JI. A. CucTeMbl 371€KTpOCHAOKEHHUS :
yuebnuk/ ['yxoB H. I1. , OnbxoBckuii B. fI. , ITaBmouenko J[. A. HoBocubupck: HI'TY, 2015.—
262 c. Pexxum gocryna: http://biblioclub.ru/index.php?page=book _view red&book id=438343
2. Cokonosa, E.M. DnexTpuueckoe U 31eKTpOMEXaHNYECKOE 000PYAOBAHHUE.
OO0menpoMBIIIICHHBIE MEXaHU3MbI U ObITOBas TexHuka : yaeOnuk/E,M. Cokonosa. - 9-¢ uzs.,
uctp.-M.: Akagemus, 2014. - 224 c.

IlepeyeHb 10NMOJHUTEIBLHOI JTUTEPATYPHI:

1 CmupsoB, 0. A. ®uznveckne 0CHOBBI ANEKTPOTEXHUKH: yueo, mocoodue / FO0.A. CMupHOB,
C.B. Cokornos, E.B. Tutos. - 2-e u3n., uctp. - CII6.: JIlans, 2013. - 560 c. - (Y4eOHUKH 1)1 BY-
30B. CnenmanpHas aureparypa). — budmmorp.: ¢. 558-559. - ISBN 978-5-8114-1369-0
2.AxumoBa, H. A. MoHTaX, TeXHUYECKas IKCIUTyaTalus 1 PEMOHT JJIEKTPUIECKOTO U
3JIEKTPOMEXaHHIECKOro ooopyaoBanus : yueoOnuk / H.A. Akumona, H.®. Korenenen, H.H.
CenTiopuxuH ; noj pen. H.®. Korenenua. - 10—e uza., uctp. - M.: Akagemus, 2013. - 304 c. -
[Tpun.: c. 284-295. - bubauorp. c. 296.

IlepeyeHb y4eOHO-MeTOAMYECKOT0 00eCIIeYeHUSI CAMOCTOATEIbHON PadoThl 00y4al0INXCS
10 JMCHHUIIHHE

1. Meronnueckue yka3aHus i OJrOTOBKHU K JJaOOpaTOpHBIM paboTam.

2. Metoauyeckue yKka3aHusl 10 OpraHu3aluy caMOCTOSTEIbHON pabOThI CTY/IEHTOB.

3. Meronuyeckre yKa3aHus IO BbIOJIHEHHIO KOHTPOJIbHON PabOTHI.

Ilepedyens pecypcoB HH(GPOPMALMOHHO-TEIEKOMMYHUKAUMOHHOU ceTH «HTEepHeT,
HEeOOXO0MMBbIX /1151 OCBOEHMS U CIUTIIHHBI

1. http://www.biblioclub.ru -OBC "YHuBepcuterckas OuOIMOTEKa OHIIANH"
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abrowNE

Conepxanue

BBenenue

Ilenp u 3a1a4u U3y4EHHUs] TUCLIUILIAHBI

OO6opynoBaHue U MaTepUabl

HaumeHnoBaHue KOHTPOJIBHBIX padoOT

Cucok KOHTPOJIBHBIX padoT

[lepeueHr OCHOBHOM U JIOMOJHUTEIBHOM JIUTEPATYpPbI, HEOOXOOUMOW IS
OCBOEHUS AUCLUIIINHBI

Crp.



Bsenenue

KonrponsHast pabGora co31aéT oONTHMalbHblE IUAAKTUYECKHE  YCIOBUS IS
JIEATEIbHOCTHOTO OCBOEHUS CTYJEHTAMHU COJIEpPKaHUS U METOAOJOTUH U3y4aeMOU JTMCLIUILINHBI
«[IpreMHUKH 1 TOTPEOUTEIH AJIEKTPOIHEPTUN B CHCTEMaX dJIEKTpOCHAOKeHUs». KOHTpoIbHbIe
paboThl MPOBOJATCS C LIENBI0 BBIPAOOTKU MPAKTUYECKUX YMEHUN M MPUOOPETEHHS HABHIKOB B
peleHny 3a/1a4, OTpabOTKH YIPaXHEHHH, BBIMTOJTHEHUN YEPTEKEH, TPOU3BOACTBE pACYETOB H T.1I.

[lenpto KOHTPOJNBHBIX paboOT sBIsieTcss (OPMUPOBAHME MPAKTUYECKUX YMEHHH —
npodeCCHOHATBHBIX (BBIIOIHATD OINpPEACIEHHBIC JeHCTBUS, ONepanuy, HEOoOXOAUMbIE B
NOCNEAYIOEM B Npo(ecCHOHANBHON JEesATeNbHOCTH) WM Y4eOHBIX, HEOOXOIHUMBIX B
HoCeayome y4eOHOW esATeTbHOCTH MO 00menpodeccHoHaNbHBIM U MPO(hecCHOHATBHBIM
JUCLHUTIIINHAM.

bubnuorpaduyecknii CIUCOK COAEPKUT CBEIEHHUS O CHOPAaBOYHOM JUTEparype U
JOTIOTHUTEIbHBIX U3JaHUAX, HEOOXOAUMBIX JUIS YTIyOJIeHHOTO U3yUYeHHUs OT/IEIbHBIX BOIIPOCOB.



1. L]env u 3a0auu uzyueHus OUCYUNIUHbL

[lenb u3ydeHs: IUCLHUILIHHBI

- (hopMupoOBaHKE y CTYJACHTOB CUCTEMAaTUYECKUX 3HAHUH 110 BOIIPOCAM MPOSKTUPOBAHUS U
9KCIUTyaTallii KOMIUIEKCHBIX CUCTEM 3JIEKTPOCHA0KEHUS TOPOAOB U IPOMBILIUIEHHBIX
IPEANPUATHI.

3ama4aMy JUCLUIUINHBI SABJIETCS:

- 3HaTh B3aUMOCBS3H MEX/y TOTPEOUTENSIMU M CUCTEMOM JIEKTPOCHA0KEHHUST; TOKA3aTeIH
rpauKOB HArpy3KH 3JEKTPONPUEMHUKOB U IOTpeOUTEIIEH;

- YMeTh aHaM3UpOBaTh rpa)uKu Harpy3KH.

- Bnazers HaBbIKaMM pa3pabOTKH OCHOBHBIX SHEProcOEperaonx MEponpusaTHiA B cucTeMax
AEKTPOCHAOKEHUS



2. Pacuer ko3¢ dunuenTa HeCUHYCOUIATLHOCTH

3.4, BeHTuIbHBIE TPE0OPa30BATEIH

B Hacrosmee Bpems camoil pacHpOCTPAHEHHOM CXE€MOHM BBINPAMIICHUS IJIS
MOIIHBIX TpeoOpa3oBaTesel sBisieTcss TpexdasHas MOCTOBas cxema (cxema
JlapuonoBa), mpencraBieHHas Ha puc. 1.1, a. Ita cxema BBIIPSAMIICHUS MTO3BOJISIET
OCYILIECTBUTh TaK Ha3bIBAEMYIO MIECTU(PA3HYIO WIM HICCTUUMITYJIBCHYIO CXEMY
BeIpsiviieHusl. CoeMHEHUEe IMOCIeIOBATeIbHO WM MapalielbHO JBYX WU
HECKOJIBKUX BBIIPSIMUTEIbHBIX MOCTOB ITPU MTUTAHUH UX HAMPS>)KEHUEM, CIIBUHYTHIM
Ha COOTBETCTBYIOIIMK YroJji, 0o3BOJsieT moayunth 12, 18, 24, 36, 48...-pa3Hbie
CXeMbl  BBIIpsAMIIeHUs  (kpaTHeie miectr). CHBUT  yIyla  HAIPsHKCHUS
OCYIIECTBISIETCS MPUMEHEHHEM COOTBETCTBYIOIIUX CXEM COCTMHCHHS TIEPBUIHBIX
WJIM BTOPHYHBIX OOMOTOK TpaHchopmaropa: Y — 3Be3na, A— TpeyrojbHuK, Z —
3Wr3ar, KOTOPBIE MO3BOJISIOT OCYIIECTBUTh MPAKTHISCKH CXEMBI JIt000H (pazHOCTH
(MMITYJIBCHOCTH) BBIIPSMIICHHS.

Puc. 1.1. Cxembl MOTynpOBOIHUKOBBIX TPEOOPA30BATEIbHBIX arperaToB:

a — arperat no0 6300 A mectudazHOTO peKUMa BBIIPSIMICHUS
(TpexnuHelHas cxema); 6 — OJHOJMHEWHAs CXeMa;, 8 — TPEXJIMHEWHAs cxema
arperata 12500 A paBeHamnmatu-¢GasHOrO pEXHUMA  BBIIPAMIICHHUS; 2 —
OJHOJIMHEHHAasT cxeMa; 0 — OjHOoJMHelHas cxema arperata 25 000 A u ero
KOMMYTAIlMOHHAS amnmaparypa



[lepBUYHBIM SBISICTCSI TOSBJIICHUE B TUTAIOMIEH CETH KOMMYTAI[MOHHBIX
UCKQOKCHUN HampsHKEHUs, a TapMOHHUYECKUI aHali3 WX I[03BOJISIET BBISIBUTH
HaJIM4M€ BBICHIMX TApPMOHUK HampsbkeHus. [lopspok BBICHIMX TapMOHUK
onpeaeisercsa Gopmynoit N = mK £+ 1, rae m — umcio ¢a3 Beimpsamiienns; k=0, 1,
2, 3...—TI0CNeI0BATENbHBIN psii HATYpaJIbHBIX YUCET.

Jnsa mectudazHON CHUCTEeMbl HaNpsHKCHHs] B KPUBOM  MHTAOIIETO
HaIPsHKCHHUSI UMEIOTCS BBICIIIME TAPMOHHMKH CJICAYIOMIETO MOPSAKa, Ha3hbIBACMbIC
KaHoHW4eckumu: N=5, 7,11, 13,17, 19, 23...; s 12-da3noit cxemsr N=11, 13, 23,
25, 35, 37...; nna 24-dazHoi cxembl N=23, 25, 47,49, 71, 73 u 1. n.

Mertoauka pacuera Ko3(h(UIIMCHTa HECHHYCOUIATBLHOCTH HampsoKkeHUs Ky
OCHOBBIBAETCS HA BBIYUCIICHUM B JIIOOOW TOYKE MUTAIOLIEH CETH JEUCTBYIOIIMX
3HAYEHUNW KOMMYTAIIMOHHBIX HMCKAXCHUN HANPsDKCHHS, YTO PABHOCHIIBHO y4YeTy
BCEX BBICHIMX rapMoHHMK. CiiemoBaTeNbHO, Ul ompeaeicHus Ky mpu paborte
BCHTWJIBHBIX TpeoOpa3zoBaresiei HET HEOOXOIUMOCTH ONPENeisaTh YPOBHHU
OTIIETBHBIX TApMOHUK. [Ipu 3TOM ymaeTcs u30exarh OMMOKH, BOSHUKAIOIICH TIPH
y4eTe TOJIBKO ONPECIICHHOTO YHCIIa BBICITUX TAPMOHHUK.

Meroauka I03BOJISET BBIYUCIATH Ky B JIFOOOM TOYKE MUTAIOLIEH CETH,
WCITOJIB3YsI TTapaMETPHhl, TIOJTyYCHHBIE TIPH BRIYHUCICHUH TOKOB K3, 1 0OCHOBEIBaeTCS
Ha CJENYIOUUX JIONYIIEHUSX: MPOBOJAUMOCTH HJIEMEHTOB MUTAIONIIEH CETH
CUMTAIOTCS HEEMKOCTHbIMU. [Ipu 3TOM [omyieHuHd oOmuOKa B pacuere He
npeBbimaer 10—15%. Ilpenmnonaraercs, 4To B y3JaxX CETH, PACIOJIOKEHHBIX B
HETMOCPEJICTBEHHONW OJIM30CTU OT BEHTHJIBHBIX MpeoOpa3oBaTesieil, OTCYTCTBYIOT
bK, nmnpenHasHaueHHble U1 KOMIIEHCAMM PEAKTUBHOW MOIIHOCTH; HE
YYUTHIBAIOTCSI aHOPMAJIbHBIE TAPMOHUKHU.

Kosddurment HecuHycOUIaIbHOCTH HANpPsDKEHHS TUTAIONMEH  CeTH
omnpenensercs mo dpopmyie [2]

40
> U;

k, =———100
UHOM (11)

OO6mmit K03 GUIIUEHT HECUHYCOUIATILHOCTH TUTAIOIIEH CeTHu Mmpu padbore
BEHTHJILHBIX ITPeoOpa3oBartesicii MOKeT ObITh OrpeesieH o dpopmyse [2]

0,955-sin(p_091

k, =100-Xx
. ¢ X + X

(1.2)
S

1p

TIE X, = - BKBUBAJIEHTHOE COMTPOTUBIICHUE CUCTEMbI B OTHOCUTEIIBHBIX
k3,6

eIMHULAX, IPUBEIEHHOE K MOIIHOCTU MpeodpazoBatenst Syp, T. €. CONPOTUBICHUE

OT YCIIOBHON TOYKH CETH OCCKOHEYHOW MOIIHOCTH JI0 TOYKH CETH, B KOTOPOM

onpexnensiercs Ky, Skz — momnocTs K3 B Touke, B KOTOpOii onpenensercs Ku; Xnp

— MHWHAYKTUBHOC COIIPOTHUBJICHUC IICIINA npeo6pa30BaTeJ1ﬁ B OTHOCHUTCIIbHBIX



eIMHULAX, MPUBEICHHOE K Spy, T. €. COMPOTUBICHHE OT TOUYKH BO3HUKHOBEHHS
KoMMyTarMoHHbIX K3 10 Touku, B KOTOpOii onpenessercs Ky.

dopmyna (1.3) cmpaBemmmBa I IpeoOpasoBareiieid ¢ 00O
MIOCIIEI0BATEIHLHOCTRIO YepeoBanus (as.



Kpome koadpdunumenta wHecunycompambHocth ['OCT  HOpmupyeT
k03 duIeHTHI N-0¥ rapMoHUYecKol coctapisironieit. CornacHo [4]

Un
kug =100, % (1.3)

HOM

[Tpu onpexnenennu Ky ocoboe BHMMaHHWE cieqyeT oOpamarh Ha Xp,. Yarie
BCEro TpeOyeTcss ompeneisaTh Ky Ha IIMHAX MHTAHUS MOIIHBIX THPUCTOPHBIX
npeobOpasoBareneii. [log mpeoOpa3oBaTenemM Moapa3yMeBalOTCs BBIPSIMUATEIHHBIN
MOCT (WJIM UX TPyNIa) U TUTAOIINNA MTOHKAIOIINN TpaHCchOopMaTop.

B »sTOoM ciydae x,, paBHO COINPOTHBIEHUIO NPeoOpPa30BaTEIBHOIO
TpaHchopmaropa u onpezensercs mo Gopmyie [2]

X —Eﬂﬁa+53%§@—

=
100 4° S, ouT (1.4)

rie  S... —  HOMHHaJbHas  MOIIHOCTh  MPeoOpPa3OBaATEIHLHOTO

tpaHchopmaTopa;  Ky—  KOIpHUIMEHT  pacileruieHus  OOMOTOK  ATOrO

Tpanchopmaropa; Ug o — CKBO3HOe Hamnpspkenne K3 Tpancopmaropa,

MPUBEICHHOE K MOJIHOM HOMHHAIBLHON MOIITHOCTH TpaHchopmaTopa.

JIJist TByXOOMOTOUYHBIX TPaHC(HOPMATOPOB, TPUMEHSIEMBIX B MIECTU(HA3ZHBIX
(Tpexda3HbIX MOCTOBBIX) cxeMax BbiIpsvieHus, K, =0, TpexoOMOTOYHBIX
TpaHC(hOPMATOPOB, TPUMEHSEMBIX B MPeoOpa30BATENAX, BBIMOJHEHHBIX IIO
nBeHaaTuda3zHoi cxeme, B 00111eM BHJIE

K = Uk (Hr1-HH2)
p U,

T71€ UK(r-nwz) — HampspbkeHne K3 Mexay paciiernjieHHBIMH BTOPUYHBIMU
oOMoTKaMu TpaHc(opmaropa.

B oOmem ciygae st TpaHchOpMaTOpPOB C paclICTUICHHBIMUA OOMOTKaMH
k,=0+4, ecnmu BeTBM HHM3IIETO HANpSDKEHUS TpaHCc(popMaTopa WMEIOT XOPOUIYIO
ANICKTPOMArHUTHYIO CBsI3b JIpyr ¢ japyrom, K,=0; eciu oomorku HH He mmeror
MarHUTHOM CBSI3U JIPYT C JAPYTOM WJIM MPeoOpa3oBaTelb BBIMOIHEH IO CXEME C
IBYMsI TpaHC(OpMaTOpaMu, UMEIOIIUMHU pa3Hble CXeMbl coequHeHus, To Ky=4.

JleiicTBytoIIee 3HAUCHHUE BBICIICH TAPMOHUKU HAMPSHKEHUS B 000 TOUKE
MUTAIONENH ceTu Tpu paboTe mpeodpazoBaTeisi C JIFOOOW MOCIEeI0BATEILHOCTHIO
yepenoBanus (a3 BBRIIPAMIICHHS MOXKET ObITh OmpesesieHo 1o dpopmyie [2]

X i i
Un:lndhw——JL—mn@smm-w
TN Xe +Xpp (15)

3(X; +X,p)
rae Y = ——— - YIoJI KOMMYTaluu,pai.
m-sin ¢



JleiicTBytoIIee 3HaUE€HNE TOKA JIF000I TapMOHUKH B IIEMH TTpeoOpa3oBaTes
OIpEIEIACTCS U3 BeIpakeHHs [2]

S

p

_m sin ¢@-sin(n -vy)
n 2 ¢ Y
V31 U oy, (X + X0 )N (1.6)
[Tpu pabote TpynImbl BEHTHIHHBIX peoOpa3oBarTeneil mopsaok pacuera Ky
cnenyromuid. [lo mpuBeneHHBIM (QopMyJaM ONPEACNAIOTCS YPOBHHM BBICHIMX
TapMOHHK HaMPsHKEHUS IS KaXI0TO IpeoOpazoBaTes.
OnuHakoBblE  TAapMOHUKHM  HAmNpsDKEHUs ~ Bcex  IpeoOpa3oBaresnei
. P e
U nx = Z U ni
T€OMETPUYECKH CYMMHUPYIOTCS i=2 3atem OnpeaensieTcs

KO3 GUIUCHT HECUHYCOUIATbHOCTH
p
2
,/Z Uis
Y5 100

HOM
Ocoboe BHMMaHHE HEOOXOJMMO O0palllaTh HAa KOJUYECTBO YUUTHIBAEMBIX
TrapMOHHMK, YTOOBI M30€KaTh OIMNOKU B BhUncacHUH Ky, Uem 0oibliie KOJIMYECTBO
npeobpaszoBareneid u a3 BBIIPAMIICHHUSA, TeM OOJbllee KOJIUYECTBO TapMOHMK
HE0OXO0IMMO YUUThIBaTh. [IpeniaraeTcs ciaeayromias sMmnupudeckas Gopmyna:

P=Nmax=4qm-+lI, (1.7)

kUZ -

r1€ Nmax—HaWOOJNbIIAs TapMOHMKA; ( — YUCIO paboTaroIINX
npeoOpazoBareseil; m — 4uciao a3 BEIIPSIMIICHHUS.

Ipumep 1. /{715 BEHTUIBHOTO BBIIPSAMHUTENS paccunuTaTh KOAQOUIHEHTHI N-
O  rapMOHMYECKOW  COCTABJSIOLIEH  HampsbKeHUsT U KO3(PQPUUUEHT
HECHMHYCOHIaJIbHOCTH Ha muHax 6 kB.

6 B

Ncxoanbie 1aHHBIE:
C: SK3,6=150 MBA
T3 M T3: S13=10 MBA; Uson=6 KB; U.%=10,5%

VD: Sup=10 MBA; cos ¢=0,8; m=6
M: Pn=220 xkBT; cos ¢=0,9; K\=1,2; K;=5,1

VD

Pemenune: Cuauraem conmpoTtuiieHue mpeodpazonarens mo Gopmyne (1.4)

k. S
an _ Uy (1+_I0)_“P:%(1+9)£:(),066
100 © 4°S;; 100 T 47150

rae K, — koadduiment pacuiernsieHuss 0OMOTOK (Al JBYXOOMOTOYHOTO
Tpancdopmaropa pasen 0)



ConpoTuBII€HHE CUCTEMBI

S 1
x,=—m - 10 4067
S 150
Koaddunment HecuHyconaapHOCTH 10 yrpoliieHHoH Gopmyrie (1.2)

k. =100-x, |29955N® 491 _109.0,067 | 2995 06
Xo +Xop 0,067 + 0,066

CornacHo [1] momycTuMbIA KOI(PHUIIMEHT HECUHYCOMAATBbHOCTU IS
HanpspkeHus: 6 kB cocraBmsier 5%. Tak kak pacdeTHbd K03 UIIMEHT OOJIbIe
JIOTTYCTUMOT0, HEO0XOMMa YCTaHOBKA (PHIIBTPYIOLIUX YCTPOICTB.

k3,6

—0,91=12%

CorunacHo [2] st BEHTWIBHBIX TpeoOpa3oBaTeieil HEOOXOAUMO YUUTHIBATh
B pacueTax ToJbko 5, 7, 11, 13 rapmonukm.
VYTros kKoMMyTaluu B panaHax

~3(X¢ +X,,)  3(0,067 +0,066)
m-sin 6-0,6
rae M — gucio ¢as npeodpazoBaTes.

Harmpsixenust BRICIIUX TapMOHUK U KO3 OUIIMEHTHI N-HOM rapMOHUYECKON
cocraisttoneit o (1.5) u (1.3)

=011pan

U, :ﬂum Lsin(p-sin(n -v), [xB] Kum = UUn 100, []
TN X¢ + Xpp o
U, :5 6 0’063’36;066 0,6-5in(5-011) =0.36kB | Ky = O’—(:;’6100 = 6%
U, = :7 5 0’063’36(;,066 0,6-sin(7-011)=0,35«B | 0 = %100 =5,8%
Uy = §116 0’063’36;’066 06-Sin(1L-011) =029xB | | 0’_:9100 _48%
n= _613 6 0’063’36;066 0,6 -sin(13-0,11) = 0,26xB Ko = 0,_:6 100 = 4.3%

3.5. JlyroBble cTajernjaBUIbHbIC MIEUH

HckakeHusl MUTAIOUIETO TOKAa M HANpsOHKEHUS MpH padoTe AYyroBbIX
CTaJICIUIABUJIBHBIX I1I€YE€N BOZHUKAIOT 34 CYET HEJIMHEHHON XapaKTEPUCTUKU TyTU U
3a CYeT HEIMHEWHON XapaKTEepUCTUKU NEYHOTo TpaHc(hopMaTopa, pabdOTaIOLIETO
IIPY NTOBBIIEHHBIX 3HAYCHHUSX MArHUTHOM MHIYKLIMHU. Y POBEHD BBICIINX FAPMOHUK
TOKa Mpu paboTe AYroBBIX CTAJCIUIaBWIbHBIX I€YEHl CPAaBHUTEIBHO HEBEIUK,
OCOOCHHO TI0O CpPAaBHEHUIO C BBICHIMMH TapMOHUKAMH, T€HEPUPYEMBIMH



BEHTWJILHBIMU TIpeoOpazoBaTeasiMu. OqHAKO C HUMU CIENYyEeT CUMTAThCS, TaK KaK
MOIIIHOCTb JYTOBBIX MeYel MOCTOSHHO PACTET.

Ha ocHoBaHMM SKCHEpUMEHTANbHBIX HCCIENOBaHUN [2] mMOJydeHO
COOTHOIIIEHHE [IJISi OMpEEICHUs] MAaKCUMAJIbHBIX 3HAYEHUN ypOBHEW OTAENbHBIX
rapMOHUK TOKA MPpHU pabOTE AYrOBBIX MEUEH.

2l (1.8)

riae |, — Tok mednoro TpanchopMaropa B pacCdeTHOM PEXUME (IIJIs1 pacuera
MaKCUMAaJIbHBIX 3HAUYEHWW TAapMOHHMK Haj0 OpaTh B pacyeT HOMHHAJIBHBIH TOK
negHoro Tpancdopmaropa); =2, 3, 4, 5...— HOMep COOTBETCTBYIOIIEH TrapMOHUKH.
N3 coOTHOLIEHUST BUJIHO, YTO JOCTATOYHO B PACUETAX YUHUTHIBATH TOJBKO HO /-
TapMOHUKH, TaK KaK OCTaJIbHbIE TAPMOHUKU MAJIbI.

JI71st TpyIIIbl OIMHAKOBBIX AYTOBBIX CTAJICTUIABUIIBLHBIX MTeYei

In,r = |n4V N (19)
rmie N — 4ucino medeil, OJHOBPEMEHHO palOTaIONMX B PEXKHUME
pacIUIaBJICHHUS.
JInst rpymIiel meuen pa3Hor MOIITHOCTH
N
In,rzln,max an,Ti Sn,Tmax (1-10)
i=L
rae Spti — MOIIHOCTh I-TO TEYHOro TpaHchopMmaropa; SpTmax —

HanOOJIbIIIAsl MOIITHOCTh TpaHcPopMaTopa B TPyIIE AyrOBbIX neuei; Inmax - TOK N-
Oif TapMOHHMKHU TMEYHOTO TpaHchopmaropa Hambombineil mMomuoctu; N —obiee
YHCIIO PaOOTAIONTUX TTEUEH.

Jlns ompenenenuss Ky B COOTBETCTBYIONICH TOYKE CETH HEOOXOIUMO
OTIPEJICIUTh YPOBHU HAMPSDKEHUSI  OTICIBHBIX rapMoOHHK, reHepupyembix JICII.
da3Hoe HANPSHKEHUE TAPMOHUKU B PACYETHOW TOUYKE IMUTAIOLIEH CETH HAXOIUTCS
U3 BBIpAKECHUS

2
u, :—ﬁ'rg‘KUmM (1.11)

rae |, —nelicTByromee 3HadeHue (pa3HOTO TOKa N-OM TapMOHUKH, N —
MOPSIIKOBBIA HOMEP TapMOHUKH; Uy — HOMUHAIBHOE JIMHEWHOE HANPSHKCHHUE B
pacdyeTHOU Touke; Sk — MoIHOCTh K3 B pacueTHOM TOUKe.

O6mmit kod(PPUIMEHT HECMHYCOMJATHHOCTH B PACUYETHOM TOUYKE IMPHU
paboTe AYroBBIX CTAJCTUIABIIIBHBIX Teuei, %0,

! 2
2 U5
2
ky =+ 2100 (1.12)
HOM
rac UHOM — HOMMHAJIBHOC HaHpH}KeHI/IC OCHOBHOMW YacCTOTHI B pvaeTHOﬁ
TOYKE.



I[Ipumep 2. Jlnsg [OyroBod  CTajeIUIaBWIIBHOW I€YM  PACCUMTATH
Kod(hPuIMeHTsl  N-0if  rapMOHMWYECKOW  COCTaBISAIONIEH  HANpsDKEHUS U
ko3 dunMeHT HecuHycouaanbHOCTH Ha muHax 110 xB.

110 xB
Hcxomnrie nanHble:
C: SK3,110:2300 MBA
T2: S1,=60 MBA; Uyon=110 kB
T2
—
~_ - lacn

Pemenune: CuntaemM HOMUHAIBHBIN TOK MEYHOTO TpaHcPopMaTopa

I = S1o = 60 =0,31kA
J3u,, +3-110
CornacHo [2] B MpakTHYECKUX pacueTax sl JYyTrOBBIX CTaJICTIABUIIbHBIX
neyel yYUTHIBAIOTCS TAPMOHUKHU CO 2-0M 1O 7-10.
Toku, HampspKeHUsT BBICIIUX TapMOHUK ©  KOdh UIMEHTH N-0H
rapMOHUYECKON COCTABJISIONICH HamNpsbKeHUsI paccuuThiBaeM 1o Gopmynam (1.8),
(1.11) u (1.3), rae N — HOMEp TAQPMOHUKHU

HOM

2 U
l, ZI—TZ, [KA], U, = Y3 , [B] Ky =100, [%0]
n " SK3110 HoM
0,31 J3-0,078-2-110? 1,42
l, = T =0,078KkA| , = s _142kB Ky =7--100=1,3%
E J3.0034-3-1102 0,93
031
|, =—°==0,019xA 3.0,019-4-1102 _07
= U, = V3 - _07kB | Kuw = 115100 =064%
031
ls =~z =0012kA Kugg) = 222100 = 0,5%
031 U ¥3-0,012-5-110° 0.55kB
U= 5= =Y
lg =gz = 0.009kA 2300 Ko = 222100 = 0,45%
031 V30,009 -6-1102 110
1, === =0,006xA | Us = =0,49kB 0,38
72 2300 Ky =-22100 = 0,35%
J/3.0.006-7-1102 " 110
U, = —0.38kB
2300




Koaddummment HecunyconnanpbHoCTH HanpshkeHus Ha muHax 110 kB

7
Z Uﬁ 2 2 2 2 2 2
@ = V5 100 V1422 +0,93% +0,7 1Ioo,ss +0,49° +0.38" 1 oo

CornacHo [1] momycTuMbIA KOI(POUIMEHT HECUHYCOMAATBbHOCTU IS
Hanpsokenusi 110 kB cocraBmsier 2%. Tak kak pacueTHbId KOI(POUIUEHT HE
MPEBBIIIAET TOMYCTUMBIN, YCTAaHOBKA (DUIBTPYIOMIMX YCTPOIMCTB Ha muHbI 110 kB
HE TpedyeTcsl.

3.6. CBapouHble YCTaHOBKH

[Io cBoemMy BO3ACHCTBHIO HAa HECHUHYCOMJAIBHOCTh MHUTAIOLIEH CETH
CBApOYHBIC HATPY3KU MOXKHO Pa3JeiNTh Ha JIBE KATETOPUU: YCTAHOBKHU JTyTOBOM U
KOHTaKTHOM AJIEKTPOCBAPKH MEPEMEHHOTO TOKA, YCTAHOBKHU JYT'OBOM JIEKTPOCBap-
KU IOCTOSTHHOTO TOKA.

VY cTaHOBKH JTyTOBOM 3JIEKTPOCBApKU MEPEMEHHOTO TOKa BO3JEHCTBYIOT Ha
MUTAIONIYI0 CETh AHAJIOTHYHO JYTrOBBIM CTaJICTUIaBWIBHBIM TiedaMm. BkitoueHue
CBApPOYHBIX MAIIMH KOHTAaKTHOW D3JIEKTPOCBAPKHA TIPOU3BOJIUTCS C ITOMOIIBIO
UTHUTPOHHBIX WU TUPUCTOPHBIX KITFOUEH, KOTOPBIE JIS TUIABHOTO PETYIUPOBAHUS
CBApPOYHOTO TOKa CHA0XXalTCsI CcHCTeMaMHd (a30BOTO PEryJIHpOBaHUS yria
3Q)KUTaHUS, YTO MPUBOJIUT K MUCKAKCHUIO TOKA BHICIIMMH TapPMOHHKAMHU, YPOBEHb
KOTOPBIX aHAJIOTHYEH YPOBHIO TAPMOHHMK JJISI TyTOBOM CBApKH IMEPEMEHHOTO TOKA.

B o6miem ciyuae mist e IMHUYHON YCTAaHOBKH DJIEKTPOCBAPKH MEPEMEHHOTO
TOKa TOKHM TapMOHHUK (PEKOMEHIYETCS YUUTHIBATH TOJIBKO TPEThIO M TMATYIO
TapMOHUKH [2]) paBHBI:

In :SHOM,TBCB v HB/(nZUHOM) (1 13)

rjae S.... — HOMUHaJIbHAs MOITHOCTh TPaHC(HOPMATOPA; Pes— KOIPDUIIUEHT
3arpy3ku; [I1B — npoaoinKuTeTbHOCTh BKITFOUEHUS.

OnpeneneHre TOKOB TapMOHHUK, T€HEPUPYEMBIX YCTaHOBKaMHU JyrOBOM
AIEKTPOCBAPKH MOCTOSTHHOTO TOKA, AHAJIOTMYHO OMNPEICICHUI0 TApPMOHUK IS
BEHTUJIbHBIX MpeoOpa3oBaTeneii. TOkM TrapMOHMK (PEKOMEHIYETCS YYUTHIBATh
ToJbKO 5, 7, 11, 13-10 rapMOHUKHN) €IMHUYHON YCTAHOBKH JTyTOBOM 3JIEKTPOCBAPKU
MOCTOSIHHOTO TOKa ONpeeNsitoTcs o hopmyie

|
| = (1.14)
n

rjae |c; — HOMHHAJIBHBIN NEPBUYHBIA TOK YCTAHOBKH.
Jlis Tpynnbl yCTaHOBOK 3JIEKTPOCBAPKHM HE3aBHCHMO OT PEKUMa paboOThI
CYMMAapHBbIE OT/I€JIbHbIE TOKH TAPMOHUK OMPEAEIISIIOTCS COrIacHo [2]

(1.15)




rae |y — Tok N-ii rapmoHuku I-i ycraHoBku; N — oOmee Yucio
paboTaIIMX YCTAHOBOK.

JUist OLICHKM BJIMSIHUSL CBApOYHBIX HArpy30K Ha CETh MPEINPUSATUSA
ornpezensieTcs oouwmii Ko3pHUIMEHT HECUHYCOUIATbHOCTHU TI0 popmyiie, %,

13
>V,
Ky =——>—100

HOM

(1.16)

V31 _nu? y
rac U n = _— — N ~ HOM _ HaHpH)KeHI/IC Nn-u FapMOHI/IKI/I.
K

Ipumep 3. Jlns rpymnmbl CBapOYHBIX YCTAHOBOK MEPEMEHHOTO TOKa
paccuutath KOAPUIIMEHTHI N-0M TAPMOHUYECKON COCTABIAIONICH HAMPSKEHUS U
ko3¢ GuImeHT HecunycouaanbHocT Ha muHax 0,4 xB.

0,4 xB
— I/ICXO)IHLIB JAHHbIC:
C: SK3,0,4=2 MBA
f Cy CY: S]—[()M=30 KBA; UH0M=0,4 KB; HB=60%; BCB:O,S;
N=6

Pemenne: CormacHo [2] B MNpakTHYECKHX pacyeTax sl CBAPOYHBIX
YCTAHOBOK MEPEMEHHOI0 TOKA YYUTHIBAKOTCA 3 U 5 TAPMOHHUKHU.

Toku BBICHIMX TAPMOHMK JIJIsl TPYIIIBI CBAPOYHBIX YCTAHOBOK PACCUUTHIBAEM
o ¢popmynam (1.13) u (1.15), rae N — HOMEp TApPMOHUKH

SouPes VIIB N
| — —HomFcB _ 2-
" HZUHOM In,l“ ;Im
. . B 2
3= % 2’5 0.5 =3,23A I, =6-323° =7,91A
304
. . _ . 2
I, = 30 5Cl,5014/0,6 _1164 ;. =+/6-116° =2,84A

Hanpsixenust BICHIMX FTAPMOHUK U KO3(PPUIIUEHTHI N-0i1 TapMOHUYECKOM
cocTaBJisronIel paccunThiBaeM 1o popmynam (1.11) u (1.3)

U, - J31,nUZ [xB] Ko = UUn 100, [%0]
SK3,0,4 -
-3 2 .10°3
V3791107304 _320.20%% | kug _329-107) 09 _ 0.8206

3 2 0,4




V3:2,84-107°-5-0,47 . 197107
= =197-10°kB T e

100 =0,5%
Us 2 0,4 ’

Koaddumment necunycouganbHoCTH HanpsikeHus Ha mmHax 0,4 kB
5

>V, YT
k=3 100 =Y082 057150 5 406

HOM !

Cornacuo [1] momyctumbiii KOA((PHUIIMEHT HECMHYCOMIAIBHOCTH JIJIs
HanpsokeHust 0,4 kB cocraBmsier 8%. Tak kak pacyeTHbId KOI(PPUIUEHT HE
MPEBBINIAET JAOMYCTUMBIM, YCTaHOBKA (DUIBTPYIOMUX YCTpOCTB Ha muHbl 0,4 kB
He TpeOyeTcs.

4. Pacuer ko3(ppuumeHTa HECUMMETPUU

[Ipu pacuere  HampspDKEHHUs] OOpaTHOW  TOCJIENOBATEIbHOCTH U
Kod(pduieHTa HECUMMETPUH OJTHO(A3HBIE HATPY3KU YUUTHIBAIOTCS BBEJICHUEM B
CXEMY 3aMEIECHHS 33Jal0IUX TOKOB 00paTHOM MOCIEN0BATEIbHOCTH.

Moayns  Toka  OOpaTHOM  TOCIIENOBATEIBHOCTH,  MOTPEOIISIEMOTO
oJiHO(a3HBIMU Harpy3Kkamu [4]

I_ﬁ
276U

HOM

382 + (S — 25,.)° 2.1)

riae Sap U Spe — ogHO(a3Has HArPy3Ka COOTBETCTBEHHO MEKIY (paszamu ab u
bc.

CxeMa 3aMenieHusi Ce€TH [JJs HAXOXKJEHUS HampsbKeHHs oOpaTHOM
nocienoBateabHocTu Uy mpuBenena Ha puc.2.1 [4].

Puc. 2.1. Cxema 3amenieHusi ceTH sl OINpPEACNICHUS HAMNPSIKEHUs OOpaTHOU
nocienoBarenbHocTd. Ha  cxeme o6o3naueHo: | — TOk  oOparHOU
MIOCJICIOBATEIPHOCTH HECUMMETPUYHON Harpy3ku; Do u Dis — mpoBogumocTH
KOPOTKOTO 3aMBIKaHHUs CETU MOIITHOCTBIO Sk M Tpex(ha3Hoi OaTapen KOHIECHCATOPOB
Qs (ecnu mocnennss umeercs); Doy U goy — TPOBOJMMOCTH OCTAJIBHON HATPY3KH
MOJICTAaHIIMH, paccCMaTpUBaeMONW B KauecTBE OOOOIIEHHOH; B OTHOCHUTEIbHBIX
eIMHULAX



_ 1
018 + j0,24
BripakeHus 111 aKTUBHBIX M PEAKTUBHBIX IPOBOJUMOCTEN UMEIOT BUJL:

=2 j2,67

2H

b SK - Q6 . 2,67SH_ ZSH_
NV VN VA AV



Moynb MOJIHOTO COMPOTUBICHUS OOPATHO MOCIEOBATENILHOCTH Z)5 CETH
1IOCJIE€ BBIMOJIHEHUS HECJOXKHBIX NPEeoOpa30BaHUN IMPENCTABISAETCS BBIPAXKEHUEM

[4]:

U2
Zoy == Lo - (2.2)
J4S% + (S, +2,67S, —Q;)

Hal'[p51>KeHI/Ie 06paTHOI>'I IIOCJIICA0BATCIIBHOCTHU
U, =/3l,z, (2.3)

Koaddunment necummeTpuu
U 2

100% (2.4)

Ey =

HOM

[Ipumep 4. Jlns cxeMbl Ha PHUCYHKE ONpPENeTUTh KOdDPUIMEHT
HECHMMMETPHUH TP MOAKIIOUEHUH 01HO(a3HOM meun K (azam a u b.

6 xR .
| Jf Wcxonnble nanHbIe:
Sab T4: St4=1 MBA; Uyo,=06 KB; Uy 2,=5,5%;
0.4 xR AP=10,5 kBT; APx=1,9 kBt
VD: §,,=10 MBA; cos ¢=0,8; m=6
5‘ M: Py=220 xBrT; cos ¢=0,9
VD H: Suap=1 MBA; S4=5,5 MBA

Pemenue: Tok 00paTHOM MoOce0BaTeIbHOCTH HaXoauM 110 hopmyite (2.1)

1, :wi\/gsgb +(S, —2S,.)° :g\/:%-SSOO2 +(5500 —2-0)* =530A

rnie Sap U Spe — oJHO(A3HAs HArpy3Ka COOTBETCTBEHHO MEXKIY (hazamu ab u
bc, kBA.

CymMapHas Harpy3ka Ha muHax 6 kKB ¢ yueTom BEeHTHIIBHOTO BBITPSIMUTEIS
Su=Sup+SuarptSy=10+1+0,22/0,9=11,24 MBA
rae Spp — MOIIHOCTh BEHTWJIBHOTO mpeoOpaszoBarensi, MBA; Sy, —
MOIIIHOCTb Harpy3ku, MBA; S,, — momHocTh aBuraresns, MBA.

Moaynb COpoTUBICHUST OOpaTHOM MOCIEN0BATEILHOCTH 1O (2.2)
2 62
2 = Do = =0,20m
J4S2 + (S 6 + 2,67, — Q) \[4-11,24% + (150 +2,67 -11,24 - 0)?

z




I7€ Sis6 — MOITHOCTh KOPOTKOTO 3aMBIKAHWS CHCTEMBbI Ha ImuHaxX 6 kB,
MBA; Qs — MOIIHOCT, KOHJEHCATOpHON Oarapeun (B J[JaHHOM cCJly4yae He
yCTaHOBJICHA, TpUHUMaeM paBHoii 0), MBap.

Hanpspxenue obpatHoi mociaeaoBaTeIbHOCTH 110 (2.3)
U, =+/3l,2,; =+/3-530-0,2=182,17B

Koaddunment necummerpuu 1o (2.4)

U, 182,17

100% = ———100% = 3%
6000

Ey =
HOM

Jlns HanpspkeHust 6 kB monmycTuMbiit KoahQHUITMEHT HECUMMETPUH COTJIACHO
[1] coctaBmseT 2%. Tak kak pacyeTHbIN KOADOHUITUESHT HECUMMETPHUH TPEBHIIIACT
JIOITyCTUMBIH, HE00X0MMa YCTAaHOBKA CHMMETPHUPYIOIINX YCTPOMCTB.

5. Bausgnue xadecTBa QJICKTPOSHCPIUU Ha pa60Ty QJICKTPOIIPUCMHUKOB

5.1. Pacuer JONOJHUTENBHBIX OTEPH IPU HECUHYCOUAAIBHOCTH HANIPSKEHUS

HecunycomnanbHOCTh ~ HANpsDKEHUST ~ BIMSIET  HA  BCE  BUJBI
AIEKTPONPUEMHUKOB. BBI3BAHO 3TO HE TOJILKO TEIJIOBBIM JOTOJHUTEIbHBIM
HarpeBoMm OII ot Beictiux rapmonuk (BI') Toka, Ho u Tem, uto BI' oOpasytor
COCTaBJISIIONIME MOpsiMOM  mocienoBarenbHoct  1,4,7u  T1.1.), oOpaTHOM
nocjea0BaTeabHOCTH (2, 5, 8 U T.1.) U HYJIEBOM MOCIE0BATEILHOCTU (TAPMOHUKHI
KpaTHble TpeM). B YacTHOCTH, TOKM HYJEBOW MOCJIEIOBATEIBHOCTH CO3AAI0T
JOMIOJIHUTENIbHOE TOAMAarHMYMBAHUE CTald B DJJIEKTPUYECKUX MAaIlWHAX, 4YTO
MPUBOAUT K YXYJAUIEHHUIO XapaKTepUCTUK 3THX DIl ¥ 1OMOTHUTEILHOMY HarpeBy
cepaeYHUKOB (cTaTopbl AJl, MAarHUTONIPOBOABI TPAHCPOPMATOPOB).

O6pruno BI' nHampsikeHus, CyMMHUPYSICb C OCHOBHOW TapMOHHUKOM,

CHOCO6CTBYIOT ITOBBIIIICHUTO I[GfICTBYIOHIeFO SHAUYCHHA HAIIPSKCHUA HA 3a’KMMax
OIL.

Briciine rapMOHMKH HampsbKEHHUs U TOKA HEOJArompUsiTHO BIUSIIOT Ha
AIIEKTPOOOOPYI0BAHUE, CUCTEMBI ABTOMATHUKH, peNerHON 3allUTHI,
TEIEMEXaHUKU W  CBSA3U: TOSBISIOTCA  JIOMOJHHUTEIbHbIE TIOTEPU B
AIEKTPUYECKUX MalllMHaX, TpaHCcHOpMaATOpax U CETAX, YXYAIIAIOTCA YCIOBUS
pabotel Oarapeii koHaeHcatopoB (bK), cokparmmaercss cpok ciy>kObl HM30JIAIAH
ANEKTPUYECKUX MAIIUH M alapaTtoB, BO3PACTaeT aBAPUHHOCTh B KaOEIbHBIX
CEeTsIX, YXYHLIAeTCsl KauecTBO padOThl, a MHOI/A MOSABIAIOTCS cOou B pabote
CUCTEM pEJICITHOM 3alUThl, aBTOMATUKH, TEJIEMEXaHUKHU U CBA3U.

Bricine rapMOHMKM HANpsOKEHHWs] M TOKA BIMSIOT TaKKE Ha 3HAYCHUS
ko3 duieHTa MOIIHOCTH, BpallaloIlero MOMEHTa dJiekTpoapuraTteseit. OHako
CHUXEHHUE ITHX XaPAKTEPUCTHUK, Aaxe Mpu Kodp UIIMEeHTe UCKaKeHUs! (HOPMbI
KpuBoi HampsbkeHus 10—I15 %, oxasbiBaeTcsi BecbMa HEOOJBIIMM. Y POBEHb
JOTIOJIHUTENBHBIX aKTUBHBIX NOTEPh OT BI' B OCHOBHBIX CETSIX 3JEKTPUUECKUX



CHUCTEM COCTaBJISIET HECKOJIbKO MPOLEHTOB OT MOTEPh MPU CUHYCOUJATHLHOM
HanpspKEHUH. B ceTsaX mpeanpusiThii, KPYIHBIX MPOMBIIIJIEHHBIX IEHTPOB, a
TAKXKE CEeTAX DICKTPUPUIIUPOBAHHOTO KEIE3HOJOPOKHOTO TPAHCIIOPTA ITH
notepu MoryT gocturath 10—15 %.

Bo MHOrux ciydasx B 3JEKTPUYECKUX CETSIX PAa3JIUUYHBIX HAINPSHKEHUU C
ucrouHukamu rapmoHuk Kb, o cymiectBy, He pabOTarOT: OHU WJIA OTKJIIOYAIOTCS
BCJICICTBUE TEPErPY3KH MO TOKY, UIM B KOPOTKUU CPOK BBIXOJST U3 CTPOS B
pe3yJibTaTe BCIIYUYHUBAHUS, @ UHOTA U pa3pyllieHUs. B yCI0BHUSIX MPOMBIIIIEHHBIX
NpeanpusITHii Oarapen KOHJICHCATOPOB CIOCOOCTBYIOT CO3JaHHIO YCIOBUU
pe30oHaHca TOKOB (WM OJMM3KUX K 3TOMY PEKMMY) Ha 4acTOTE KaKoW-1ubo u3
FapMOHHUK, YTO MPUBOJUT K OMACHOM NEperpy3ke MX Mo TOKYy. B TAroBwIX u
MPOMBIIUICHHBIX 3JEKTPOCETSIX ¢ MpeoOpa3oBaTeIsIMU TaKUE MEPErpy3Ku
3auKCHpOBaHbI TP pe3oHaHce Ha rapMoHukax 40—50-ro mopsaka, B ceTax ¢
AJIEKTPOAYTOBBIMU M€YaMH U CBAPOYHBIMHU YCTAHOBKAMH - HA TApMOHUKaX 3—/-
ro MopsiaKa.

Oco06eHHO 4yBCTBUTENBHBI K MosiBieHUI0 BI' KoHIeHCaTopHBIE OaTtapeu u
kabenu. B KoHaeHcaTopax TOTEepU MNPONOPIHUOHAIBHBI YaCTOTE
AP = U’w0Ctgs. BT NPUBOJAT K JOIOJHUTEIIBHOMY HArpeBy KOHIEHCATOPOB U
OBICTPOMY BBIXOJY UX U3 CTpos. OrpaHUUEeHUE MO JOMOJTHUTEIBHOMY HarpeBy
Kb 3amaHbl JONyCTHUMBIM YBEJIWYEHUEM JACHCTBYIOUIETO Ha €ro 3a)XuMax
HanpspkeHus 10 10 % oT Uyoy 1 IeticTByroIero 3HaueHus Toka 10 30% oT lyou.

Kpome Toro, yBenudenue Ky IpuBOAMT K CTAPEHHUIO U30JISIMH, KAYECTBO
KoTopoii Xxapakrepusyercs tgo . Pabora Kb ¢ ky=5% B Teuenue aByx et
MPUBOJUT K yBeJIMueHUIO g 5 B 2 pasa.

AHnanornyno BocnpuuM4uBbl K BI' u kabenu, Ka4ecTBO IUAIEKTPUKA

KOTOPBIX XapakTepusyercs TokoM yTeuku. [Ipu ky=6,85% 3a 2,5 roga Tok yreuku
BO3pactaeT Ha 36 %, a uepes 3,5 roaa - Ha 43 %.

[Ipy HecUHycOMAQIHLHOM HANpPSPKEHUU HAOIIOJAeTCs YCKOPEHHOE
CTapeHHE U3OJISIUU IEKTPUUECKUX MAIIUH, TpaHC(HOPMATOPOB, KOHJIEHCATOPOB U
kabeneid B pe3ylbTaTe HEOOpPaTUMbBIX (U3UKO-XMMHUUYECKUX TMPOLIECCOB,
MPOTEKAIINX MOJ BO3JCUCTBUEM I0JIEH, co3maBacMbiXx BI' Toka, a Takxke
MOBBIIIEHHOTO HAarpeBa TOKOBEIYIIUX YacTEH.

JI7s1 OLIEHKHW JOTOJTHUTENIbHBIX MOTEPh MOIIMHOCTH, 00yCioBIeHHBIX BI'
TOKa MOTYT OBITh UCITOJIb30BaHBI ClIeAytomIue ¢popmysl [3]:

JJIA aCHHXPOHHBIX I[BPIF&TGJ'IGIZZ
1
AP, = 2APM’H0MKIZZ(k6(n) mj (3.1)

rne APy op — NOTEpU B MEIIU cTaTOpa IPU HOMUHAJIBHOM TOKE OCHOBHOM
4yacToThl; K; — KpaTHOCTb MYyCKOBOI'O TOKa MPH HOMHUHAJIBHOM HAaNpsHKEHUU
ocHoBHOH wacTothl; Ky =Un/Uyw — oTHOCHTENBHOE Hampsbkenue N-i

rapMOHHKU.
HJIs1 CHHXPOHHBIX MAalllWH:



2
\/E(rz —Tery 2 Kim

AP, =
P 22 HOM
R2 X2 iz n/n (3.2)
rae r;, X2 — AaKTHBHOE M PEAKTUBHOE COIPOTHUBJIEHHUE OOpaTHOU
nocieaoBaTeabHOCTH cTatopa CM; recr — aKTUBHOE CONPOTHUBIIEHHE cTaTopa; Rx
kodpdunment, paBublii 0,71 nna sBHomodtOCHBIX MamuH W 0,88 — mid
HESIBHOITOJIIOCHBIX.
B cratope CM:
40 K
_ TSUN)
AP cr =KerPhom \/—
n=2 NN (33)
—_ 0’47PM1H0M (%]
rae Ko = Rixip KO3((PULIMEHT, YUYUTHIBAIOIIUI TOTEPH B MEIU OOMOTKH
X 2+ HOM

OT TOKa OCHOBHOM HaCTOThI, a TAKIKC FJIY6I/IHy IIPOHUKHOBCHHUA TOKA B IIPOBOAHUK;

JUTs1 CUJIOBBIX TPaHC(HOPMATOPOB:

APr, =AP, > K +0,6 TH"Mz(kU(n) Jﬁj (3.4)

k%

rae APy, AP, Uy - mapamerpsl TpancdopmaTopa.

AJIA CUJIIOBBIX KOCMHYCHBIX KOHJACHCATOPOB:

40
AP, = Cotgd> U2n,
n=2 (3.5)
rae g5 — TaHreHC yria JUAJIEKTPUYECKUX MOTepb KoHAeHcaTopa; Up, —
JEUCTBYIOLIEE 3HAaUECHUE HanpshKeHus N-u BI';

JUISL TMHUM DIEKTPONEPENAYN:

40
AP =3>" 121K,

n=2
52 Bausane HCCUMMCTPHUHU HAIIPSAIKCHUA

[Ipu HecummeTpun B Tpex(a3HBIX CETAX MOSBISIOTCS JTOMOIHUTEIbHBIC
NOTEPH B DJIEMEHTaX 3JIEKTPOCETEH, COKpallaeTcsl CPOK CIIYKObI JIaMIl M 3JIeK-
TPOOOOPYAOBAHUS U CHIKAIOTCS SKOHOMHYECKHE TTOKA3aTENN €ro padoThl.

[Ipn HECUMMETPUHN HANIPSYKEHUH B DJIEKTPUYECKUX MAILMHAX IIEPEMEHHOTO
TOKa BO3HUKAIOT MAarHUTHBIE IIOJIsI, BPALIAIOIMECs HE TOJBKO C CHUHXPOHHOM
CKOPOCTBIO B HAIIPpAaBJICHUU BpPALIEHHUS POTOPA, HO U B MPOTUBOIIOJIOXKHOM C
YABOCHHOM CUHXPOHHOW CKOPOCTBIO. B pesynbrare BO3HUKAEeT TOPMO3HOM
JJIEKTPOMArHUTHBIA MOMEHT, a TAK)KE JOIOJHUTENIbHBIM HarpeB akKTUBHBIX YaCTEU
MaIIMHBI, [1aBHBIM 00pa3oM, pOTOpa 3a CYET TOKOB JIBOMHOW 4acTOTHI.



Toxk |, oO6paTHO¥ mocaen0BaTENEHOCTH [4]

J3
l :F\/?’Sgb +(Sip — 2,)° (3.6)

rie Sap M Spe — ogHO(DAa3Hass Harpy3ka COOTBETCTBEHHO Mexkay (asamu ab u bc.

OTOT TOK CO3/IaeT Bpallarolieecsi MarHUTHOE ToJie 00OpaTHOW MocieaoBa-
TEJIbHOCTH, UHAYLHUPYS B Hemsax poTtopoB DJC U TOKM ABOMHON 4YacTOThI, YTO
IPUBOJIUT K JIONOJIHUTEIbHOMY HarpeBy MallllHBbI.

B A/l npu koadduimentax oOpaTHON MOCIEIOBATEIBHOCTH HAMPSKEHUS,
BcTpevaronuxcst Ha mpaktuke (Kpy < 0,05—0,06), cHmKeHHe Bpalaromero
MOMEHTA OKa3bIBAETCS MPEHEOPEKUMO MaJIbIM. BiusiHue HECUMMETPHUH Ha IOTEPU
B DJIGKTPOJBUTATENE M, CJIEAOBATEIbHO, HATPEB M COKPAILIECHHE CPOKA CITYkKObI
U30JISIUU €r0 IPOSABIIAIOTCS B OoJble Mepe. B nenom cpok cinyx0b1 AJl ipu Koy-
2—4 % coxpamaercs Ha 11 % [3].

[Tpu paboTe ay1eKTpoABUTaTENSE C HOMUHAJIBHBIM BPAILlalOIIMMCSl MOMEHTOM
U Ko3(p(duureHTOM HecUMMETpuu HampsbkeHuid Koy = 4 %, cpok ciaykObl ero
COKpaIlaeTcs MPUMEPHO B 2 pa3a TOJIBKO 3a CUET JONOJHUTEIBHOrO Harpesa. Eciu
HanpsDKeHUE Ha OJHOW W3 (a3 OyJeT 3HAUYUTEIbHO MPEBBIIIATh HOMHHAIBHOE
3HAYCHHE, COKpALICHHE CpOKa CIyXObl u3omsuuu Oyner eme Oosbuie. s
o0ecrieueHnss HOPMAJIbHBIX YCIOBUI pabOThl AJIEKTPOJIBUraTENIed B 3TOM Cllydae
HEOOXOIMMO CHMXaTh PacIoaraéMylo MOIIHOCTb UX, a IPU MPOEKTUPOBAHUN —
yYBEIMYMBATh HOMHUHAJIBHYI0  MOIIHOCTb  3JIEKTPOABUTATENIel, €Clu  He
pPEeayCMaTpUBAIOTCS  CHEIHUANbHBIE MEPONPUATHS MO CHUMMETPUPOBAHUIO
HampsDKEHUH  ceTh. OTU  OOCTOSITENbCTBA  BO3HUKAIOT, HANpUMeEp, MpHU
MPOEKTUPOBAHUM AJIEKTPUPULIMPOBAHHOTO KEIE3HOJAOPOKHOTO TPaHCIOPTa, Ha
TOPHO-000TaTUTENBHBIX M HEKOTOPBIX JPYTUX MPOMBILIIIEHHBIX TPEANPUATHUSAX.
Jlnst pacyera TONOJHUTENBHBIX IIOTEPh, BEI3BAHHBIX HECUMMETPHUEN HAIIPSIKEHUS HA
BBOJ1aX AJ] MOeT OBbITh MCIIOJIB30BAHO CIIEAYIOIIEe BeIpakeHue [4]:

2
AP, =2,41AP .. K& (3.7)
A€ APyinon — MOTEPU B MEAU CTATOPA MPU HOMUHAJIBHOM TOKE OCHOBHOM YaCTOTBHI;
K| — kpaTHOCTP TyCKOBOro TOKa NMPH HOMHHAJIBHOM HAINpPsSHKEHUW OCHOBHOM

YacTOThI; €y — KOA(DPUIIMEHT HECUMMETPUH HATIPSKEHUS B OTH. €]I.

[Tpy HecuMMeTpUN HaNPsKEHUW B CUHXPOHHBIX MainHax (CM) Hapsny ¢
BO3HUKHOBEHUEM JIONIOJIHUTEIBHBIX OTEPh U HArPEBOM CTAaTOpa U pOTOpa MOTYT
BO3HHMKATh OTACHbIE BHUOpAaIMd B pE3yJbTaTe TMOSBICHUS 3HAKOMEPEMEHHBIX
BpaIllAOIIMX MOMEHTOB W TAHTCHIMAIBHBIX CHJI, MYJIbCUPYIOIIUX C JBOWHOMU
yacToTol ceTu. [Ipu 3HAYMTENHHOW HECUMMETPUU BUOpAIMS MOXKET OKa3aThCs
OIaCHO, B OCOOCHHOCTH MPU HEIOCTATOYHOMN MPOYHOCTH UM HAIUYUH AEPEKTOB
CBapHbIX coequHeHni. [ Ipu HecumMmeTpun TOkoB, He ipeBbiatoneid 30 % onacHbie
NepeHanpsHKeHUs B JIEMEHTaX KOHCTPYKIIMM, Kak MpaBUJIO, HE BO3HUKAIOT.
CHmxenue cpoka ciyx0b1 CJI ipu K2, = 2 — 4 % coctasmusiet 16 % [3].



JononHutenbHble oTepu MouiHOCTH B CM mpu HECUMMETPHUYHOM Ha-
Ipy3KE€ BBI3BIBAIOT IMOSIBJICHME MECTHBIX (JIOKAJIbHBIX) HarpeBOB OOMOTKH
BO30YKJEHMSI, UTO MPUBOANUT K HEOOXOAMMOCTH CHMXKATh TOK BO30YKJIECHUS U TEM
CaMbIM yMEHBbLIATh 3HAYCHHE PEAKTHBHOW MOIIHOCTH, BbIJaBaeMoOM B ceTb. llpu
3TOM MOXET BO3ZHUKHYTh HEOOXOJMMOCTh CHU3UTh aKTUBHYIO Harpy3Ky reHeparopa
WIM MOMEHT Ha Bally CHHXPOHHOIO ABUraresid. [[OIOJHWTENbHBIE NOTEPHU B
ctatope CM 3Ha4UTEIbHO MEHBIIE aHAJOTHMYHBIX MOTEPh B OOMOTKE pOTOpA,
MIOATOMY UMH OOBIYHO TIPEHEOpEeraroT

U2
APey =AP o —,
HOM 2
Zoem (3.8)
rae AP .., = 312 ufp — JONOJHHUTEIbHBIE ToTepu B CM mpu Toke 00paTHO

MOCJIEIOBATEIILHOCTH, PABHOM HOMHUHAJIBLHOMY; I2p — AKTHUBHOE COIMPOTHUBIICHUE
oOpaTHOH MOCe0BAaTEILHOCTH OOMOTKH pOTOpa; Zocm -TOJTHOE COMPOTUBIICHHE
oOpartHoii mocienoBarenbHocTd CM.

HecumMmeTpus HanmpsKeHHU HE OKa3bIBAE€T 3aMETHOTO BIUSHUA Ha paboTy
BO3AYIIHBIX U KaOCIbHBIX JIMHUH, B TO K€ BpeMsl HarpeB TpaHcGHOpPMaTOPOB H,
CIIEIOBATEIbHO, COKpAaIleHHEe CpOKa WX CIYXOBbl MOTYT  OKa3aThCs
CYIIIECTBEHHBIMU. B ciyuae HecHMMeTpuu TOKOB TpaHCchOopMaTopa HarpeB Macia
OyZeT HECKOJIbKO MEHBIIIE, UeM B CTy4yae CAMMETPHUYHON HArpy3KH Mpu Toke a3z,
paBHOM TOKYy HauOoJjiee 3arpyxeHHod (a3pl. D10 00BscHsAETCS OoJiee
WHTEHCUBHBIM OXJIAKJICHHEM 0OMOTKHU 3TOU (pa3bl. Takue yClIoBUS UMEIOT MECTO
B cersx 6—10—35 kB mnpoMblliuieHHBIX NOpeanpusTuii, padoTaroumx C
V30JIMPOBAHHOM WJIM KOMIIEHCUPOBAHHOW HEUTpaiaplo. PacueTsl moKa3pIBarOT, 4TO
Py HOMHUHAJIBHON Harpyske TpaHchopmaropa u KodphuireHTe HECUMMETPUU

TOKOB paBHOM 10 % cpok cimy>x0b1 u30Js11u TpanchopmaTopa cokpaniaercs Ha 16
%.

JlomoTHUTEIBLHBIC TOTEPH B CHIIOBBIX TpaHCc(hopMaTopax MOKHO OIEHUTH
o hopmyJie

AP+ 2Ps |2 (3.9)

Uy o

AP

Tuc —

rae APxx, AP, Uk — pacueTHble JaHHBIE TpaHchopMaTopa.

Cpox ciyx0b1 TpanchopmatopoB nipu K,y = 2—4 % cokpamiaercs Ha 4 %[3].
IIpu HECUMMETPUM JIMHEWHBIX HANPSHKEHUN pEeakTUBHAsi MOLIHOCTb, I'e-
Hepupyemasi OaTapeeil KOHJEHCATOPOB, M3MEHSETCS MO CPAaBHEHHIO C HOMHU-
HaJIbHBIM 3HaUeHUEeM Q pom Ha BETUYUHY
AQHOM — QHOM UIZ—IOM — Uf(1+ 86) UIZLIOM — Uf

U2 = QHOM U2
HOM HOM

 (3.10)



rne U, — smHeliHOe HanpsbKeHHe NMpsAMOW mociefoBarenbHOCTH; Uuow — HO-
MUHaJIbHOE HAIpsKEHUE OaTapen KOHJEHCATOPOB.

[Tpu Koy = 0,05—0,06 3nauenne AQ = (0,01—0,04)Q ;0 - [Tockosibky Ha
npakTuke HanpspbkeHue Ui MoxeT ObITh OoJiblie Miid MeHbIle HanpsukeHus: Unow,
TO BO3MOXXHO KaK YBEJIMYEHHE, TAK U YMEHBIIECHUE I€HEPUPYEMON pEaKTUBHOMN
MoOIIHOCTU. B mocneanem cinywyae B HauOosee 3arpyX€HHOM (aze 3HaYCHUS
TEIUJIOBBIX MOTEPh MOTYT 3HAYUTEIBHO MPEBOCXOJUTh HOMMHAJIBHOE 3HAUYEHUE,
cOo3/1aBasi MECTHBII NEpEerpeB M30JSLNU, NPUBOASAIIMM K COKPAILEHUIO CPOKa €€
ciy>k0b1 Ha 20 % [3]

APy = Quomt9ey, (3.11)
raie QHOM — HOMHWHAJIbHAs MOIHOCTH KoHAeHcatopHO# Oatapen (Kb); tgs —
TQHTEHC yrja UAJICKTPUUECKUX TII0TePh; €y — OTHOCHUTEIBHOE 3HAYCHUE

KO3(ppureHTa HECUMMETPHUH.



HecummMerpuu HampspkeHUN U TOKOB OTPUIATENBHO BIMSET Ha paboTy
PYAHO-TEPMHUYECKUX II€YE€H, BBI3bIBASI CHWXXEHUE WX IPOU3BOJUTEIBHOCTH,
YBEIMYEHUE PACX0la JIEKTPOIHEPTUH U, TeM caMbiM, ymeHblieHne KIIJ[ meuw.
VYXyauieHne OCHOBHBIX IOKazaresaeil paboThl pyJHO-TEPMUYECKUX MEYell mocie
HEKOTOPBIX TI'PAaHUYHBIX 3HAUYEHUN HECHMMETPHUH, KOTJa HAOJIOJaeTcs pPe3Koe
najeHue npoussoaurensHoctd U KIIJ[ meun mpu pe3kom BO3pacTaHHUM pacxoia
anekTposHepruu. Ilocnennee oObACHAETCS BO3ZHUKHOBEHHUEM 30H aKTHMBHOTO U
ITACCUBHOI'O XOJa pPEaKklUX U, TEM CAMBbIM, HEPABHOMEPHOCTBIO PACIIPEICIICHUS
PHEPruM MO O00bEeMy BaHHBI TMEYH. YBEJIWYEHUE HaAMpsDKEHUs oOpaTHOMH
nocyenoBareqbHOCTH Ha 20 % NOpUBOIUT K CHUYKEHHUIO MPOU3BOJMTEIBHOCTH
pyaHo-Tepmudecknx neueit Ha 30—40 % [3].

I[Ipu mnosiBnenun B 3-¢pazHoii ceru 380 B HanpsbkeHus HyJIeBOR
MOCJIEAOBATEILHOCTA yXyAIIaloTcs pexxumbl oaHodazueix JII. Toku HyneBoi
IIOCJIEA0BATEIIBHOCTH ITOCTOSHHO MPOTEKAIOT Yepe3 3a3€MIIUTEIIN U 3HAYUTEIIbHO
BBICYIIMBAIOT TPYHT, YBEIUYUBAas CONPOTHUBIICHUE 3a3€MIIIOIINX YCTPOMCTB. JTO
MOXET OBITh HENOMYCTUMO JJIsi pabOThl pENeWHOM 3alllUThl, U3-3a YCUJICHUS
BO3JCHCTBUA TOKOB HYJEBOW IIOCIEIOBATEIBHOCTH HAa HU3KOYAaCTOTHBIC
YCTAaHOBKU CBSI3H, YCTPONCTBA KEJIE3HOJOPOKHBIX OJOKUPOBOK. [Ipu nosiBnenun
TOKOB OOpaTHOW M HYJIEBOM MOCJIENI0BATEIbHOCTH YBEIMYMUBAIOTCS CyMMapHbIE
TOKU B OTJIENIbHBIX (pazax CETH.

5.3. Pacder cHMXEHHS CpOKa CITy>KOBI AIEKTPOOOOPYIOBAHUS TPU
HECUHYCOUJIAJIbHOCTH U HECUMMETPUHU HAIIPSKEHUS

[Ipu pabotre 31EeKTPOOOOPYAOBAaHHMS B  HOMHUHAIBHOM  PEXKUME
JIOTIOJTHUTENIbHBIE TMOTEPU OT TOKOB BBICHIMX TapMOHMK W HECUMMETPUU
HanpsHKEHUsI TMPUBOJST K MEperpeBy TOKOBEAYIIMX YacTed BBIIIE JOMYCTUMOM
Temreparypbl. K MOBBIIIEHUIO TeMrepaTypbl BeChMa UyBCTBUTEIbHA H3O0JSIIUS
0OMOTOK, CPOK CIIyKObl KOTOPOW CHUYKAETCH.

CornacHo [4] mpupocT TeMnepaTypbl OT TOKOB BBICHIUX TAPMOHHUK U TOKOB
oOpaTHOM MOCIeA0BATEIBHOCTH

AP + AP
AMt=1,,— " (3.12)
AP

HOM
IZIE Tuopw — PabOYas TEMIEPATYpPA DJIEKTPOOOOPYAOBaHUS 0O€3 BO3AEHCTBUS TOKOB
BBICIIIMX TapMOHHUK M TOKOB oOpaTHOW mocienoBarenbHocT, °C, AP u APy —
JOTIOJTHUTENbHBIE TOTEPU COOTBETCTBEHHO OT TOKOB BBICIIMX TapMOHUK U
HECUMMETPUU HANIPSDKCHMUS.
Koadduiment cHuxeHuss cpoka CiayxKObl 3JIEKTpOOOOPYAOBaHUS  MOA
BO3JICMICTBUEM TOKOB BBICIINX TAPMOHHMK U HECUMMETPHUU HAIPSIKEHUS [4]

At (0,086A1)?
2

— =0,086AT+ (3.13)

CHIXeHHEe CpoKa CITYKObI AJIEKTPOOOOPYI0BaHUS 0] BO3JEHCTBUEM TOKOB
BBICIIMX FAPMOHUK M TOKOB 0OpaTHOM MOCIE0BATENBHOCTH [4]



at=t At (3.14)

HOpM t

r1e tuopw — HOPMAJIBHBIM CPOK CITy>KOBI 000pyI0BaHuUs, JIET.

[Tpumep 5. s cxembl U3 npuMepa 4 paccuuTaTh AOMOJIHUTENBHbIE IOTEPU
OT TOKOB BBICHIMX T'apMOHMK M HECUMMETPUM HANPSDKEHUS B ACHUHXPOHHOM
JBUTATENE U 1IEXOBOM TpaHcpopMmaTope T4, a Takke CHUKEHUE CPOKa CIYXKObI U3-
3a  TeperpeBa TOKAaMHM  BBICIIMX TapMOHHMK M TOKamMu  oOpaTHOM
nocneaoBareabHOCTH. HopmanbHelil cpok cmyx0bl mpunath 20 jer. Pabouas
temmneparypa 75°C.

Pemenne:

a) Cuumaem OonoiHumenvbHvle NOMEPU U CHUNCEHUE CPOKA CAYHCObL ONs
ACUHXPOHHO20 08U2ameisl.

HomuHanbHbIN TOK 1BUTATENA

P 0,22

o J3U, . cosp +/3-6-09 0dxA
AKTHUBHOE COIIPOTHUBJICHHUC 0OMOTKH cTaTopa
2 6°-0,9
M Ilih; LSJHOM ) 51122 022~ BOM
| HOM ) '
HomunanrnHabBIE IMOTCPHU MOIIIHOCTH
AP, o =31%,R,, =3-24%.6,8-10"° =11,74kBr

JIoTIOTHUTENbHBIE TOTEPU OT TOKOB BBICIIUX TApPMOHUK CUYUTAEM IIO
dbopmyie (3.1)

APM,n = 2APM,HOMK|ZZ(kEJ(n) %j !

rae Kum) — K03 UIMEHTHI N-HOM TapMOHHYECKON COCTABIISIONICH HAMPSIKCHUS,
B35Thl€ B OTHOCUTEIBHBIX €AMHMIIAX. B JaHHOM cilyyae 3Ha4eHHUs BbIOMpaeM U3
npumepa 1.

AP, . =2-1174. 5,122(0,062 L L

+0,0582 N +0,0482 L +0,043

=0,37kBt

1

5V5

2 1)
1313

JlomoIHUTENbHBIE TIOTEPH OT TOKOB OOpaTHOW MOCIEAOBATEIBHOCTH MHpHU
HECMMMETPHUU HANPsDKEHUs cuutaeM 1o (3.7)

AP . =241AP, K% =2,41-11,74-51° -0,03° = 0,66xBT

M,HC M,HOM
riae ey — KodhGUIMEHT HECUMMETPHUH HaIpsDKEHUsT Ha mrHaxX 6 kB u3 mpumepa 4,
0.c.

[Tpupoct TemrepaTypbl OT TOKOB BBICIITMX TaPMOHHK U TOKOB OOpaTHOM
nocjeaoBaTeILHOCTH 110 (3.12)



AP, + AP
Ar=,  run T 7503710080 g 0
PTAP 11,74

M,HOM

I€ Tuopw — pabouas Temmeparypa ABurareist 0e3 BO3JIEHCTBUS TOKOB
BBICIIMX FAPMOHUK U TOKOB 00paTHO mocieaoBaTebHOCTH, °C.

Koadduiment cHmxkeHuss cpoka ciiy>kObl JBUTATENs IMOJ BO3JECUCTBHUEM
TOKOB BBICHIMX FAPMOHHUK M TOKOB 00paTHOM nocieaoBaTebHOCTH 110 (3.13)

At (0,086A1)? (0,086 - 6,58)°
2

— =0086AT+ =0,086 - 6,58 + =0,73

CHmKeHNe cpoKa CIyXObl JBUTATENsI MO BO3ACHCTBHEM TOKOB BBICIIMX
TapMOHHUK ¥ TOKOB 0OpaTHOM Moce0BaTeIbHOCTH 110 (3.14)

At=t At =20-0,73=14,6rona

HOpM

6) Cuumaem OoOnorHumenbHble NOMEPU U CHUNCEHUE CPOKA CAYHCObL ONd
yexogo2o mpancgopmamopa T4.
HomunansHbI TOK TpanchopmaTopa

S 1
I =—_—T4 _ =0,096xA
T4, 1HoM \/§U \/5 ] 6

AKTHBHOE COIPOTHUBIICHHE TpaHChOopMaTopa

2 2
R, = APuUl, _00105-6° 00

2 2
S HOM 1
rae AP — moTepu MOIIHOCTH KOPOTKOTO 3aMbIKaHUsl TpaHchopmaTopa,

HOM

MBT.
HoMmunanbHbIE TOTEPU MOILTHOCTH

AP14on =AP +315, .0 R, =19+3-96°-0,378-10° =12,35kBrt

rae APy — moTepu MOIITHOCTH XOJI0CTOTO X0/1a Tpancdopmaropa, KBT.
JIOMOJIHUTENIBbHBIE IOTEPH OT TOKOB BBICIIIMX TAPMOHUK IO (3 4)

AP, =AP_Y k? n+06 Praon (k ] j
T4, Z uU(n) U% Z U()n\/_

rae Kumy — KodpUIMEHTBI N-HOM TapMOHHYECKOH COCTaBIISIONICH
HaAIpsDKEHUs, B3AThlE B OTHOCUTENIBHBIX €AMHMLAX. B maHHOM ciydyae 3HaueHUs
BBIOMpaeM u3 npumepa 1.

AP, =19-3(0,06% +0,058% + 0,048 + 0,043% )+

12 35 , 1 , 1 , 1 , 1
+0,6-=225"10,062 —— +0,0582——— +0,048%2 —— 1+ 0,043
Z[ 5.5 77 1111 1313

j =0,103xBt

JIoTIOTHUTENbHBIE TTOTEPU OT TOKOB OOpPATHOW MOCIEAOBATEILHOCTH 10

(3.9)



AP
Slranon |2 _f194 1239 15 032 _ 0 2By
0,055

Uy o

AP 14 o (APXX +
)
[TpupocT Temmeparypbl OT TOKOB BBICIIMX TapMOHHK M TOKOB OOpaTHOU
nocseaoBaTeIbHOCTH 110 (3.12)

AP + AP
AT — THOpM T4,n T4,HC — 75 01103 + 012 — 1,86OC
APr4 on 12,35
I 1€ Tuopw — PA0OOYast TEeMIEpaTypa TpaHchopmaropa 0e3 BO3eHCTBHS TOKOB

BBICIIMX FAPMOHHUK M TOKOB 00paTHOM nocieaoBaTenbHocTH, °C.




Kosdouiment cHmwkeHus cpoka CiayxkObl TpaHcpopmaTopa noJt
BO3/ICICTBUEM TOKOB BBICHIMX FAPMOHHUK U TOKOB OOPAaTHOM TMOCIIE0BATEIbHOCTH
mo (3.13)

At (0,086A1)?

2
== 0,086AT + (0,086 -1.86)

=0,086 -1,86 + =017

CHmwxeHHne cpoka ciy>kObl TpaHcopmaTopa MOJ BO3JEHCTBHEM TOKOB
BBICIIMX FAPMOHUK U TOKOB 00paTHOM mocieoBaTeIbHOCTH 110 (3.14)

At=t % =20-017 =3,45rona

HOpM



3ananue Ha KOHTPOJBbHYIO paboTy

Jlns 3agaHHOM CXeMBbl paccuuTarh KOAI(DPHUIIMEHTHI N-OM rapMOHUYECKOM
COCTABJISIFONICH HaIpsKEHUS, KOA(PPUITMEHT HECUHYCOUTAIbHOCTH Ha muHax 110 u
6 kB, 1onoJHUTEIBHBIE MOTEPU MOIIHOCTU M CHIKEHHUE CPOKa CIY>KObI 1IEXOBOTO
Tpanchopmaropa T4 M acHHXpOHHOTO JBUrateiass M H3-3a meperpeBa TOKaMHU
BBICHIMX TapMOHUK M HECUMMETPHUM HamnpsbkeHus. HopMmallbHbIM CPOK CITy>KObI
npuHaTh 20 ner. Pabouast remneparypa 75°C.

6 kB
|
T3@ T4 @
04 K‘R
VD

HUcxonupie naHHBIC:
C: Sks.110 — o TabmUIE; S)36=170 MBA; S 04=3 MBA
T2: S1,=50 MBA; U,;o,=110 kB
T3: S13=10 MBA; Uyo—=6 kB; U, ,=10,5%
T4: St4=1 MBA; Uuon=06 KB; U, %=5,5%; AP,=10,5 xBT; APx,—=1,9 kBT
M: Py — mo tabnure; cos ¢=0,9; K,~=1,2; K;=5,1
VD: S,;,=8 MBA; cos ¢=0,8; m=6
H: Suap=2 MBA; S;p=4 MBA

110 xB

5

ACII

JlanHbie o mudpy 3a4€THON KHUKKH

[Tpennocnennsis uudpa | Sgi10, MBA | Tlocnenuss uudpa Py, kBT
0 1500 0 200
1 1600 1 210
2 1700 2 220
3 1800 3 230
4 1900 4 240
5 2000 5 250
6 2100 6 260
7 2200 7 270
8 2300 8 280
9 2400 9 290
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