[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0
NHbopmaums o Bnagenbue:

OHO: Le3yxop HEPFCTEPETBO HAYKHU U BBICIIET'O OBPA|
ggzz:;’;::oﬂf;’::zz g@@%@%&%@ﬁ%@WEﬁP‘mﬁﬁﬁOE AT
ara nonwcarus: 18.04.2024 16:10:50 YIPEAJIEHHUE BhICIIET
Yinkansisiii nporpammrsiii knio:  «<CEBEPO-KABKA3CKHWM ®EJIEP

d74ce93cd40e39275c3ba2f58486412a1c8ef96f

BOBAHUS POCCUMCKOM ®EJEPALITUN
3TOHOMHOE OBPA3SOBATEJIbHOE

O OBPA3OBAHUSA

AJIBHBIN YHUBEPCUTET»

T <
TIATATOPURA NACINTY 1 (

wiman) CKOY

MerToanyecKkue ykazaHus

10 BBIMOJIHEHUIO JTA0OPATOPHBIX pabOT
o pucuuminae «IIPUEMHUWKHU U ITOTPEBUTEJIN DJIEKTPOOHEPI'N B CUCTEMAX
OJIEKTPOCHABXEHUWSA» 11t cTyieHTOB HanpaBieHUs IOJrOTOBKU

13.03.02 DnekrposnepreTnka u 31eKTPOTEXHUKA



n/n

M A 0N e

4.3.

4.4

4.5

5.2

5.3

Conepxanue

BBenenue

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

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

JlaboparopHas padota Ne 2. Harpy3ouHasi cnoco0HOCTH M BLIGOP apaMeTpoOB
OCHOBHOI'0 3JIeKTpooOopyaoBaHMA. PerynupoBaHue HampskKeHHUs 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 HECHUMMETPHsI HANPSIKEHUM B pacnpeneauTelbTHBIX
anekTpuaeckux cersx 10-0,4 kB.

JlaGopaTopHass s pabora Ned. BepOSITHOCTHO-CTATHCTHYECKHH MeTOH KakK
OCHOBA MNPAKTHYECKHX METOAUK OIpe/esieHUs] PACYeTHOH HArpy3Ku
3JIEMEHTOB CHCTEM JJIEKTPOCHA0KeHMSI HAa PAa3JIMYHbIX ee YPOBHAX.
PerynupoBanue ypoBHeW HalpsKEHUS B IPOMBIIIIEHHBIX 3JIEKTPOCETSIX.
JlaboparopHas pabota Ne5. YueT KaTeropuu HaJe;KHOCTH JIEKTPOCHAGKEeHU S
3J1eKTPONPHEMHMKOB M BeJIUYHMH, [I0NYCKAeMbIX CHCTEeMAaTHYeCKHUX H
NMOCICABAPUIHBIX IEPerpy3oK INpH BbIOOpe KOJIMYECTBA M MOIIHOCTH
TPaHC(OPMATOPOB TOPOJACKHX M LEXOBbIX mNoAcTaHuuil. PerymupoBanue
MOTEPH IO ANEKTPOINUTAHUIO B TPOMBIIUIEHHBIX 3JIEKTPOCETSX.
Y4ebHO-MeToinYeckoe U HH(POPMAIIMOHHOE 0OecrieueHNe TUCIIUILIMHBI

[lepeueHr OCHOBHON U JOINOJIHUTENBHON JHUTEPaTypbl, HEOOXOIUMOW JUIs
OCBOCHMS AUCLUIUIMHBI

[TepeueHp yueOHO-METOIMYECKOTO OOECIEYEeHUs CaMOCTOATENbHON paboThI
o0yyaromuxcst 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
CHEHATBHOTO JTA00PaTOPHOTO 000PYAOBAHUS U TEXHUYECKUX cpeacTB. JlabopaTopHble 3aHATHS
3aHUMAIOT  NPEUMYIIECTBEHHOE MECTO IpPHU H3YYEHUM  OOLEenpo(ecCUOHANbHBIX U
npoeCCHOHATIBHBIX JTUCUMIIMH. JlabopaTopHble 3aHATHS NPOBOAATCSA C LENBIO BBIPAOOTKU
IPAKTUYECKUX YMEHMM U IPUOOPETEHUs HABBIKOB B PELIEHUU SKCIEPUMEHTHBIX 3aj]ad,
OTpabOTKH yNpPaKHEHUH, BBIIIOJIHEHUH YEPTEKEH, TPOU3BOJICTBE PACUETOB U T.1II.

Lenpto 1a00OpaTOpHBIX 3aHATHH sBIseTCs (OPMHUPOBAHUE IMPAKTHUECKUX YMEHUH —
npodeCCHOHATBHBIX (BBIIOJIHATH OINpEACIEHHbIE JEeMCTBUSA, ONepalud, HEOOXOIUMbIE B
MOCIIEAYIOMEM B TPO(HECCHOHATBLHON JCATCIBHOCTH) WM YYeOHBIX, HEOOXOJUMBIX B
NOCJEayome y4eOHOW MesTeTbHOCTH 1O 00menpodecCHOHAIBHBIM U MPO(ECCHOHATEHBIM
JUCLUIUIMHAM.

bubnuorpaduyecknii CHUCOK COAEPKUT CBEJIEHMs O CHPAaBOYHOW JHTEparype u

JOITIOJIHUTECIIbHBIX U3aHUAX, HGO6XOI[I/IMBIX JJIsA YI‘JIY6JICHHOFO N3YUCHUA OTACIbHBIX BOIIPOCOB.



1. I]endb u 3a0auu uzyuenus OUCUUnIUHbL

Lenb u3ydeHus: TUCHUTIIMHBI

- (hopMupoBaHHE y CTYACHTOB CHUCTEMAaTHYECKUX 3HAHUH MO BONPOCAM HPOCKTHPOBAHUSA U
9KCITyaTalldd KOMIUIEKCHBIX CHCTEM DJJIEKTPOCHA0KEHHSI TOpPOJOB U  IPOMBIIUICHHBIX
IPEANPUATHI.

3amayamMu JUCIUIUIMHBI SBIISETCS:

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

- YMeTh aHaM3UpOBaTh rpaduKK HATPY3KH.

- Brnagets HaBbikamMu pa3pabOTKH OCHOBHBIX SHEProcOeperarouiux MEpOINpHUsiTUIl B CHCTEMax
AJIEKTPOCHAOKEHUSI.

2. Obopyoosanue u mamepuani

KomrutekT yaeOHO0-1abopaTtopHOro 000pynoBaHus

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

«ABTOMATU3MPOBAaHHAsl CHUCTEMa KOHTPOJIS M ydyeTa 3JIeKTposHeprum». KommiekT ydeOHO-
1a00paTOPHOTO 00OPYAOBAHUS «IIEKTPUUECCKUE CTAHIIMKM M ToAcTaHuum». KoMiuiekt yueOHo-
71a00paTOPHOTrO O0OPYAOBaHUS «YMHas MECTHAs paclpellesIUTeNIbHAs AJIEKTPUUECKasi CEThY.
Hayuno-uccnenoBarenbckuii KoMIuieke «OnTUMHU3AIMS PeKUMOB paOOTHI AJIEKTPHUECKUX CETEH
C AaKTUBHBIMHU D>JIEMEHTaMH, BBIOJHEHHBIMM Ha 0a3e CHUJIOBBIX IOJYPOBOAHUKOBBIX
npeoOpasoBareneil», MCIOIHEHHE CTEHA0BOE KommbloTepHoe. HayuHo-uccienoBarenbckuii
KOMIUIEKC  «ABTOMAaTU3MPOBAaHHBIE CPEACTBA  YNpPaBICHMS M  3allUTBl B  CHUCTEMax
3J'[CKTp0CH36)K€HI/I$I IMPOMBIIIJICHHBIX HpCHHpHXTHﬁ», HCIIOJIHCHUE CTCHAOBOC KOMIIBIOTCPHOC.
Hay4Ho-uccneoBaTenbCKuii KOMILIEKC

«[IpuMeHeHre aBTOMATH3MPOBAHHBIX CHUCTEM KOHTPOJII M y4YeTa JJIEKTPOIHEPTHH C IEJBI0
HOBBINEHUS A(PPEKTUBHOCTH SKCIUTyaTalldd CHCTEM DJIEKTPOCHAOKEHUS», HCIOJIHEHUE
cTeHaoBoe pyuyHoe. Komruiekr TtumoBoro madopaTopHoro obGopyaoBanus «Teoperndeckue
OCHOBBI JJIEKTPOTEXHUKI . Kommekr y4eOHO0-1a00paTOPHOTO 000pyI0BaHUS
«DNEKTPOTEXHUYECKNE MaTepuasbl». KOMIUIEKT THIIOBOTO 1abopaTopHOro 000pyIOBaHUS
"JJEeKTpOTeXHUYECKHE MAaIIMHbl». KOMIUIEKT THUIOBOrO J1abopaTopHOro 00O0pYAOBaHMS
DNeKTpOoTeXHUUECKHE MallluHb. JJabopaTopHOe 000pyaoBaHuE «DIEKTPOIHEPTeTUKA-pesieiiHas
3alqUTa M aBTOMATuUKa». Y4eOHbIH creHn «Teopus dIEKTpUUECKHUX Iered M  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
ANEKTPOOOOPYIOBAHUS u Harpy3ouHas

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.

JlaboparopHast s1 pabota Ne4. BeposATHOCTHO-
CTATHCTHYECKHii  MeTOJ KaK OCHOBa
NPAKTHYECKHX  METOAHK  OmNpeaeeHust
PacyeTHOil HArpy3KH 3JIEMEHTOB CHCTEM
IeKTPOCHAOKEHUsI Ha Pa3jHYHBIX ee
YPOBHSIX. PerynupoBanue YPOBHEi
HAIPs>KCHUA B IPOMBIIIJICHHBIX 3JICKTPOCCTAX.

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

Hroro

18




JlaGopaTopnas padora Nel
Tema 3anamua CTPYKTYpbI H NapaMeTPbl CHCTEM YHEProOCHAOKEHH .

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 KOHCTPYKUMHU JIaDOpaTOPHOW yCTaHOBKM, IMPUHLMIIA €€ paboThl U 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 CUIOBBIX TPaHC(HOPMATOPOB B MPAKTUICCKUX PACUCTAX UCIIOIB3YIOTCS
CIICyIOIIAE TMapaMeTphl MPU 3aMelieHuH TpaHchopmaTopa I' — o0Opa3HON OTHOTUHEHHOMN
SKBUBAJICHTHON CXEMOM:

Ul’U 2 — q)aBHI)IG HAIps>KCHUA, IPUBCACHHBIC K OJHOW CTYIICHU HAITPAKCHUA,
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1’ "2
I XX - I a_ J I p TOK XOJIOCTOTO X0J1a TpaHc(hopMarTopa;
U, 2
X _ 1
- —_— I/IHI[YKTI/IBHaH COCTaBJIAOIIIaA COHpOTI/IBJIeHI/I}I BCTBU HaAMar HI/I‘II/IBaHI/I}I;

H QZXX
ra:i:’xlx
CAP_10° AP U’
312 82

2
oo | Ry

100

X = — WHJIYKTUBHOE COMPOTHUBIIEHHE TpaHchopmaTopa,
| H

— aKTHBHas COCTaBJIArOIIas COIMPOTHUBIICHUS BETBU HAMAarHM4MBaHUA

R

— aKTUBHOE CONIPOTHUBIIEHHE TpaHchopmaTopa, OM;

Owm;
AS :3|22R — _|3| éX = APK3 'K32 — jAQK3K32 — Harpy304HbIC HOTEpHU B

TpaHnchopmarope (K 3 =—2 _ KO3 pUIMEHT 3arpy3kn), KBT;
. . . H
AU = |2R + J |2 X - MOoTepu HanpsKeHus B TpaHchopmaTope, B.

O6opynoBanue

OcHoBHOM 0c0OEHHOCTBIO pexnuMOoB padboTel COIII Ha IUTENBHBIX LIUKIIAX BPEMEHU (CYTKH,
HEACIIA, FO)I) SABIIACTCA UX U3MCHYUYHMBOCTH, YTO o6ycn03neHo HN3MCHYUBOCTBIO JJICKTPUYCCKUX
Harpy3ok. Pexumbr COIIIl xapaktepu3yloTcsi mapaMeTpamMu JBYX THIIOB: TEKYIIUE W



MHTErpaibHble 3a BpeMs 1 . K TeKymuM napamMeTpam OTHOCATCS 3HAYEHHE TOKOB, HATIPSKEHHIA,

MOH_[HOCTGI\/'I B y3JIaX CC€THU, U3MCHAIOIINCCA BO BPCMCHU. K HWHTCIpaJIbHBIM 34 BPCM:

CpPEIHHME 3HAYEHHUs TOKOB, HAIIPSHKEHUN, MOLTHOCTEH, UX JTHUCIIEPCUH, IIOTEPHU IEKTPOIHEPIUU U
ap.

OCPEIHEHHBIX 3HAYCHUH Ha MTOCJIEA0BATEIbHBIX HHTEPBAIAX 9 ( 9 =30 wiu 60 MuH).

Ha cyrounblx uHTEpBajaXx BpPEMEHU TEKyIIME 3HaueHUsd MnapameTpoB pexumoB COIIIT
IPUHATO MPEJICTABIATH B (hOpME CYTOUHBIX TPaPHUKOB (TOKA, HAPSDKEHHSI, MOIIHOCTH U Jp.) UX

HuTerpaibpHbIe MapaMeTphl, HalpuMmep, s rpaduka Toka
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1.3.1. V3yunTh KOHCTPYKIMIO JIAOOpPAaTOPHOM ycTaHOBKH. PaccumTaTh BCEe CONMPOTUBIIECHHUS
HKBUBAJIEHTHOMN cXeMbl AJ1s TpaHcdopmaTopoB T2 u T4.
1.3.2. TloaroToBUThCS K perucTpanuu rpaduKOB AaKTUBHBIX M PEAKTUBHBIX HArpy3oK,
3aroToBHUTH Ta011.3 B IBYX 3K3eMILIsApax (i TpaHchopmaropos T2 u T4).

Tabnuma 3

Peructpanus u pacuer Tekymux mnapamerpoB pexknma COIIIl HanpsskeHue CyTOYHOM
MHTEpBaJie BpeMeHu a1 Tpancdopmaropa T2(T4)

Howme [TokazaHusl C4ETYUKOB I'paduku Harpy3ku
p 4aca
CYTOK AKTHBHOTO PeakTuBHOTO Akt Peaxr ITon To
UBHAasA WBHAA Has 9ok, A
ITox Paszn ITox Pasp | MOIMHO | MOILUHOCT | MOIIHO
a3aHus | OCThb a3aHus | OCTb CTb, b, KBAp | cTb,
kBT kBA
0
1
2
3

Cpennee 3HaYCHUE
CpenHexBagpaTHYeCcKOe OTKIOHEHUE

1.3.3. TloaroToBUTh YyCTAaHOBKY M CAMONUIIYHIMH HpuOOp A perucTpanuv TEKYILIUX
napamMeTpoB pexuma padbotel momenupyemor COIIIl Ha cyTouyHOM UWHTEpBaje BPEMEHH;




BKITIIOYHTH TpaHchopmaTop T4, 00001IeHHYIO HATPY3KY Sl Ha muHax 10,5 kB I'TII1, cuHXpOoHHBIH

3JICKTPOJIBUTATENb; OTKIOUUTE TpaHnchopmarop T3, konaercaropusie 6atapen bK1, BK2 n BK3,
a Taxoke cuioBoi pmietp O®KY; ycranosuts PITH tpanchopmartopa T2 u [1bB tpanchopmaropa
T4 B HyneBoe MoJIOKEHUE; MOATOTOBUTh K padoTe CaMOMUIIYIIHA TpUOOp U MOJKIIOYUTH €ro ¢
MOMOIIbIO COEIMHUTENBHBIX MPOBOJIOB K COOTBETCTBYIOIIEMY TpaHC(hOpMaTopy ToKa (puc.2) amis
peructpauuu rpaduka Toka B Tpanchopmarope T4.

1.3.4. 3anyCTuTh YCTaHOBKY HakaTueM KHONKK »IIyck» M TpPOM3BECTH pPErUCTpPaLUIO
rpauKOB aKTUBHON M PEaKTUBHOW MOIIMHOCTEH Harpy3ok TpaHchopmatopoB T2 m T4 myrem
CUMTHIBaHUS U 3amucu B Taba.3 (rpadsl 2, 4) nmokazaHUil COOTBETCBYIOIMX CUETUYUKOB. ['padux
ToKa Tpanchopmaropa T4 3anmucarh ¢ MOMOIIBIO CAMOIHUIIIYILETO TPHOOpa.

Coneprxanue oT4yera

1.3.5. TIpousBectu pacuer rpadMKOB aKTUBHOW, PEAKTUBHON M TOJHOW MOITHOCTEH MyTeM
YMHOXKEHUS pa3HOCTU MOKA3aHUN CUETUYMKOB Ha COOTBETCTBYIOIIMI MacITaOHBIN K03 puimeHt
(tabm.2). PaccuumraTh cpenHue 3HAUYEHUS M CPEIHEKBAAPATHUECKUE OTKIOHEHHS TpaduKOB
Harpy3ku. Jlns T4 3nHauenuss toka (rpada 10) ompenenuTs pacueTHBIM IIyTEM WIH TI0
peructporpamme, pa3ouB ee Ha 24 paBHBIX MHTEpBaja, U3MEPUB CpeHEE 3HAUCHUE HA KaXKIOM
MHTEpBaJie JUHEHKON (B MWUIMMETpax M YMHOXXHB MX HA COOTBETCTBYIOUIMI MacIITaOHBIH
kodduimeHT). {15 caMOKOHTPOIIS pEeKOMEHAYETCS COMIOCTaBUTh MOJYyYCHHbBIE 3HAUEHHUS TOKA CO
3HAYEHUSIMH, PACCUUTAHHBIMHU IO MOJIHON MOIITHOCTH.

1.3.6. Paccuntarh moTepu SIEKTPOIHEPTHUU 3a CyTKM B Tpanchopmaropax T2, T4 u B
KaOenbHOW NUHUM (B KWJIOBAaTT — Yacax M B MPOIEHTax). B BenWynHe NOTEph BBIACIUTH
COCTaBIISIIOLIYI0, 00YCIOBIEHHYIO HEPABHOMEPHOCTHIO Tpa)KOB HArpy30K.

1.3.7. OdopMuTh OTUET 10 JIAOOPATOPHOU PabOTE, KOTOPBIA JOJKCH COACPIKATH:

- MHEMOCXEMY YCTaHOBKH, KPAaTKOE OMKMCAHUE U TapaMeTPbl MOJIETUPYEMBIX FIIEMEHTOB
tunoBou COIIII, nens paboTsr;

- pacueT COnmpOTUBIICHUN SKBUBHIICHTHOH cxeMbl TpanchopmaTopos T2 u T4,

- pe3yabTaThl PETUCTPAIlMM U pacyera TpadUKOB HArPy3KM M HMX IapamMeTpoB IS
tparcopmaropos T2 u T4 (Tabdn.3);

- rpaduku Harpy3ok T2 nuT4 (akTUBHO, pEaKTUBHOM, TIOJTHON MOIIIHOCTH M TOKA);

- pacueT morepb 3JIEKTPoIHEpruu B Tpanchopmatopax T2, T4 u B kaOeabHOU TUHUH,
nuTtawoueil Tpanchpopmarop T4;

- OLIEHKY (B % K MOJHBIM IOTEpsAM) MOTEPb B YKA3aHHBIX D3JEMEHTaX CXEMBI,
00yCJIOBJIEHHBIX PEaKTUBHBIMU HArpy3KaMH;

- BBIBOJIbI 110 MOJTY4YE€HHBIM pe3yJbTaTaM padoThI.

1.5. [ToaroroBka k pabote

CamocrosTenbHas NOArOTOBKA K J1a00OpaTopHOM paboTe J0JKHa BKIIIOYATh:

- u3ydyeHue Tteopernueckoro wmarepuana kypca OCIIII no paspeny «Pexumbl
AIIEKTPONOTPEOICHHS TPOMBIIIEHHBIX IPEIIPUITUNY;

BbInoaHenue n.1.3.1 u 1.3.2 3aganus.
KoHTpoJIbHBIE BOIIPOCHI
1. KakoBbl IpUYMHBI N3MEHYUBOCTH NapaMeTpoB pexxnumoB padoTsl COIIII Bo Bpemenun?
2. Kakue norepu nmerorcs B TpaHc(hopmMaTropax U OT UETO OHU 3aBUCHT?
.3. Kak onpezenstorcs MoTepyu 3JIEKTPOIHEPTUU B IPOMBIIIUIEHHBIX AJIEKTPOCETSX ?

1.5.4. HepaBHOMEpPHOCTbh PEKUMOB 3JIEKTPONOTPEOJICHHUS OCIIOKHSIET M yXyJAlIaeT padoTy

AIIEKpOdHEpreTuuecKux cucreM. [louemy?

1.6.
L.5.
L.5.
1.5

JlabGoparopHasi padora Ne2

Tema 3anamusn PerynupoBaHue HAMPSOKEHHUS] B CUCTEME DIIEKTPOCHAOKEHUS
MIPOMBIILIJIEHHOTO NPEINPUATUS U KOMIIEHCAIUS PEaKTUBHON MOIIIHOCTH.

Ilens 3anamusa. IlpuoOpecTr HABBIKK PETYIUPOBAHMSI HATIPSKEHHSI B CUCTEME
3IEKTPOCHA0KEHUS TPOMBILIUIEHHOTO MPEANPUATUS U KOMIIEHCALUs PEAKTUBHOW MOIIIHOCTH.



TeopeTnueckas 4acThb

KoMmneHcanuss peakTHMBHONH MOIIHOCTM U PETYJIMPOBAHME HAIPSDKEHUS B CHCTEME
AJIEKTPOCHAOKEHHMSI IPOMBIIIIJIEHHOTO MTPEAIPUATHSL.

2.1. Lenb paboTsl

W3ydyeHne 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 HanpsikeHus U pacyeT SKOHOMHYECKOro 3¢ dekra.

2.2. BBenenue

OOMeH peakTUBHOI MOIIHOCTBIO MEXAY CHCTEMON JIIEKTPOCHAOKEHHS MPEANPUATUS U
anekTpodHepreTudeckoil cuctemoit (32C) pernmamentupoBaH «lIpaBunamu  1OJIB30BaHUSA
AJICKTPUYECKON M TEIJIOBOM DHEPTHEH». Y CTAaHOBIEHHE KOHKPETHBIX TPEOOBAHHMHA K PEKUMY
PEaKTUBHOM MOIIHOCTHU Ka)10T0 U3 NPEIIPUATUN OCYIIECTBIISETCS IIPU €KET0JTHOM 3aKI0UEHNUN
JIOTOBOPA Ha TOCTABKY 3JIEKTPOIHEPTHH OT 3JIEKTPOCHAOKAIOIIEeH OpraHu3anui. JKOHOMUYECKU
000CHOBaHHBIC BXOJHBbIC peakTuBHBIC MomHOCTH (Q 57 1 Q 32) [4] 3amaroTcs mpeanpusITHEM
mubdepeHIIMPOBaHHO, B 3aBUCHUMOCTH OT MOTPeOIsIeMON MOIIHOCTH M AJIEKTPUYECKOU
YIaJE€HHOCTU MPEANPUATUS OT OCHOBHBIX MCTOYHUKOB SHEPTUU (DJIEKTPOCTaHIMif). YncioBbie
3HaueHus Q »; 1 Q 52 ompenensoTcs B pe3ylbTaTe PacueToB ONTHUMAIBHBIX PEKUMOB PabOThI
SHEPrOCUCTEMBI B IIEPHOIBI €€ MaKCUMaNbHBIX (Q »7) 1 MUHUMAaNBHBIX (Q 57) HArPY30K.

B pabote uccnenyercs y3en Harpy3Ku, cxema 3aMellieHHsi KOTOpOro roka3aHa Ha puc.7.

Cxema coniepkuT Tosibko oany u3 cexkiuii ['TIIT (mpaByro cek1nio), MOCKOIbKY BTOpasi yCIOBHO
cuMTaeTcsi aHajoruuHoil. ['panunia OamaHCOBOW NPUHAANEKHOCTH HAXOIUTCS HA YpPOBHE
BBICOKOBOJIbTHBIX BBOJIOB TpaHchopmaropoB ['TIII. Ha rpanuiie cBoATCS KOHTPOIBHBIE OaaHCHI
AKTMBHOM M pEaKTMBHOM MOIIHOCTEH. KOHTpOIb OCyIIeCTBIISIETCS Ha HOCIEAOBATEIBHBIX
MOJTy4acOBBIX HMHTEpBaJlaX BPEMEHH NpPHU IMOMOIIM CYETYUKOB HSHEPTHU C (PUKCHPOBAHHEM
MaKCUMYMOB WJIM TP [OMOIIM CIEHUAIBHBIX ABTOMAaTH3MPOBAHHBIX HH()OPMAIMOHHO-
U3MEPUTENIbHBIX CUCTEM.

B  nabGopaTtopHoil  MoAenuM  MCTOYHMKAMM  PEAKTUBHOM  MOIIHOCTHU  SIBJISIFOTCS:
anekTpodHepreruueckas cucrema (Q 57, Q »32), cuUHXpOHHBIA s3nekTpoaBurarenb (Q o),
koHneHcaropueie ycraHoBku BK1, BK2 nanpsokenuem 10 kB (Q k) u BK3 nanpspkennem 0,4 kB
(Q xn); moTpeduTensIMU — Hapry3ka Ha mmHax 10,5 kB (Q 1) u Harpy3ka TII (Q 2).

Puc.7. Cxema 3amelnienus y3ina Harpy3ku

HawnnydmuMm (onTUMAalbHBIM) PEKUMOM KOMITEHCAIIMHM PEAKTUBHBIX HATPY30K OYAET PEeKuM,
COOTBETCTBYIOIINN MUHUMAIbHON BEJIMYMHEE FOJIOBBIX PACUETHBIX 3aTPAT U YAOBIETBOPSAIOIIUI
TpeOOBaHUS d3JEKTpo3HepreTuyeckoi cucremsl [4]. Jlns HaxoXAEHUS H3TOrO0 pexuma
cocraBisieTcsl (PYHKLHMS pacueTHBIX 3aTpar (ueneBas QyHKIUSA) U 3alMChIBAIOTCS OTpaHUYEHUs
[4,5]. OnTUMaNbHBIMM CUUTAIOTCS TAKUE MOIIIHOCTH KOMIIEHCUPYIOIIUX YCTPOMCTB, MPU KOTOPHIX
neneBas (pyHKIUS NPUHUMAeT MHUHUMAJbHOE 3Hau€HHEe B 00JACTU JIOMYCTUMBIX PEIICHHH.
OO0nacTe JOMYCTUMBIX PpELICHUH OINpeneNnsercss OrpaHWYCHUSMH, HAKIAJAbIBAEMbIMH Ha
momHoctu KVY. Pacuer ontumansabix MomiHocteld KY, B onucanHo# Bblllle MOCTAHOBKE 33/1a4H,
IIPOU3BOJUTCS C MOMOLIBI0 METOJOB MAaTEMaTUYECKOTO TPOTPAMMHUPOBAHMS.

B nabopartopHoii ycranoBke moaenupyercs He Best [19C, a tonpko I'TIIT n ogHa U3 1eXoBBIX
MOJICTAHITMH ¢ TUTAIONICH ee KabenpHOoM muHuel. Harpyska Q1 mpencrasiisier co0oil cyMMapHYO
PEaKTUBHYIO MOIIHOCTh. MOTpedsseMyto octainbHbiMU TII, 4Mcio0 M MOLIHOCTH KOTOPBIX HE
U3BeCTHBI. B aTuxX ycrnoBusx 3amauy ontumusanuu pasmenieHuss KY moxHO pemaTth 0e3
MPUMEHEHHS ONTUMU3AIMOHHBIX METOIOB, pa3/Ie/IUB €€ Ha JIBa dTara.

Ortan nepsblii. PaccmarpuBaercst TIT (puc.8) u onpenensercst Q xx

Puc.8. PacueTnas cxema 3amenieHus 1uis

MIEpPBOrO JTara pacueToB

st onpenenenust Q xy 3anucbiBaeTcs (YHKIMS TOAOBBIX pacquHHx 3arpar.

Vi
#(Qus) = E - AKy - Ques +Co ARYQe + 17 g 103( P Qui) | 6

rae E — xo3p@UIMEHT OTYMCICHHM OT KaluTaJIOBIOXKEHUIH (HOPMATHBHBIE OTYHCIIEHUS,
OTUUCIICHHUS Ha SKCIUTyaTallul0 U BOCCTAHOBJIIEHHE 00OOpyaoBaHusi). UucineHHble 3HaYeHUs £
ClIeAyeT MPUHATH 0 yKa3aHHIo mpemnoaoBaress B mpeaenax (0,2 — 0.4);

AKy+ — YnenbHas CTOMMOCTh KOHJIEHCATOPHBIX YCTaHOBOK HU3Koro HampsbkeHus (150
py6/kBAp);



Co — ynenbHash CTOMMOCTb IOTEph AKTUBHON MOUIHOCTH (3aJaeTcsi MpernojoBaTeieM B
npeznenax ot 800 go 1200 py6/xBr);

AP- ynenbHblE NOTEPU aKTUBHOM MOILIHOCTU B KOHAEHCATOPHBIX YCTAHOBKAX HaNpsKEHUS
(0,003 xBt/xBAp);

Rzr — npuBenenHoe k Hanpsokenuio 10 kB conporuBnenne tTpancdopmaropa nexosoi TII u
MUTAIOIIEH ero JIMHUU AJeKTporepenaun, OMm.

BennumHa 3TOr0 CONpOTUBIEHHS ONPEEIIAeTCs 0 JaHHBIM Tabul. 1 onucanus 1abopaTopHOit
YCTaHOBKY;

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 oTkiroueH U B pacyeTrax He yuuThiBaeTcs). Omnpezaensercs 1mno
rpaduky Harpy3ku T4, mnomydeHHomy B pabore Nel. Ilepomn wMakcumyma 3amaercs
MIPETOA0BATEIIEM.

2
Rer = 571074 R 1 62

HT
rne APk3 — moTepu KOPOTKOTO 3aMbIKaHus B TpanchopmaTope, kBT (Tadin.1.1);

Sur — HOMHHANBHAS MOIITHOCTH TpaHchopmaropa, KBA;

Ro — ylieiapHOE akKTUBHOE COMTPOTUBJICHHUE TUHUH dJeKTponepenaun, Om/Km;
|- miMHA TUHUK SJIEKTPONEPEaadn, KM.

MotHOCTh KOHJIEHCATOPHON OaTapeu onpenesieTcs U3 ypaBHEHUS

PacueTHoe BBIPAKCHUC UMECT BUI

E-AKH +C -AP
=QM— 0 U?2-10% 54
QKH Qz ). CO.RTj] (5.4)

Oran BTopoil. Ha aTOM 3Tane paccmarpuBaercs 3ajjaua HaxX0KACHHS ONTUMAJIbHBIX 3HAU€HUHN
Q xg m Q » (puc.9). BenmunHa HEKOMIICHCHPOBAHHON MOIIIHOCTH, TEpeIaBaeMoil dYepes
tparcdopmarop T4, mokazana Ha cxeme Kak Q 7.

@OyHKIMS TOIOBBIX PACUETHBIX 3aTpaT JAJIsl 3TOr0 3Tara pacyeToB UMEET BUJ

3 (Q ks, Qo)=E-AKp- Q ks +Co'(APxs Q k5 +K1- Q o+K2 - Q ), pybd/ron, (5.5)

rae E, C, — cM. BeipaxeHue (5.1);

AKp — ynenbHas CTOMMOCTb KOHJIEHCATOPHBIX Oarapeil BbIcOKOro HampspkeHus (120
py0/kBAp);

Puc.9. PacueTHas cxema 3aMelIeHUS

IUISL BTOPOT'O 3TaIla PacyeTOB

APgp — ylenbHbIE NOTEPU aKTUBHOM MOIIHOCTH B KOHJIEHCATOPHBIX YCTAHOBKAaX BBICOKOTO
Hanpsokenus (0,002 kBt/kBAp);

K1, K> — ko3 puurenTsl, XapakTepusyroume 1oTepH akTuBHOI MouHocTy B C/1, 3aBucsIMe
ot Q, (K1= 0,011 xB1/xBAp, K> = 0.00019 kBT/kBAp?).

@ynknusa Jlarpanxka

L (Q KB, QoA)=3 (Qrs, Qo)+ AQ1"+Q1 —Qs; — Qs Qy), (5.6)

rae Q 1" — peakTHBHas MOIIHOCTh Harpy3ku Ha mmHax 10 kB I'TIII B nepnoa MmakcumaibHOU
aKTUBHOM MOIIHOCTH Harpy3ku 29C.

MomrrocTr Q ka1 Q o OIIPENEINAIOTCS pEIIeHHEM CUCTEMbI YpaBHEHHHA

oL

0Q

aL:O, (5.7)
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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,
Qus =Q" +Q —Q,, —Q,, xBAp (5.9)

C nomomrsro (5.4), (5.8), (5.9) BeIUMCISAIOTCA HEOOXOIMMBIE YCTAaHOBJICHHBIC MOITHOCTH
KOHJICHCATOPHBIX OaTapeil u Hanbompiias peakTuBHas MOIIHOCTH CJ[. OTpunaTenbHble 3HAYCHUS
pacyYeTHBIX MOIIHOCTEH CBUICTEIHCTBYIOT 00 OTCYTCTBHM 3KOHOMHMYECKOHW IIE€JIeCO00pa3ZHOCTH
UCIIOJIb30BAaHUsl COOTBETCTBYIOIIETO MCTOYHMKA pPEAKTHMBHOW MOIIHOCTH. Ero 3HaueHue
NPUHUMAETCS paBHBIM HYJ10. Bennuuna Q o He TOKHA MPEBBIIATH TOMYCTUMBIX 3HAUYCHHUN 110
yclIoBUSIM HarpeBa craropa u poropa CJ/] ¢ ydyerom ero 3arpy3kud IO aKTUBHOM MOIIHOCTH.
[TpoBepka C/] mo ycinoBusM HarpeBa B 1JaOOpaTopHOU paboTe HE IPeTyCMOTPEHA.

O6opynoBanue

[Tonnoe wucnons3oBanue Bcex KVY skoHOMHMUECKHM OOOCHOBAaHO TOJIBKO B TEPHOJ
MakcuManbHOW Harpy3ku DOC. Ilpu cyliecTBEHHO H3MEHSIOIIEMCcs Trpaduke peakTUBHOMN
MOIIHOCTH Harpy3ku T1pedyercs perynmupoBanue KY. B nabopartopHoil ycTaHOBKE
MPEeyCMOTPEHO PYYHOE AMCKPETHOE peryinupoBaHue Q o U aBTOMATHUYECKOE PETyIMpPOBaHUE
KOHJEHCAaTOpHbIX Oarapeil. ['paduku perynupoBanuss Ky cTpositcs Ha OCHOBaHUU
ONTUMM3AIMOHHBIX pacueToB ¢ yueToM TpeboBanuit 23C (Qr7, Qn2). Perynuposanue KY nomxHo
o0ecrieunTh MHMHHMMAJbHBIE TMOTEPU ODJIEKTPOIHEPTHUH U TpeOyemblii ypOBEHb KauyecTBa
HAPSDKEHUS.

Jl7isg OTHenbHOrO y37a HAarpy3KH, KOTOPBIN HCcleayeTcsl B JaHHON paboTe, ONTUMHU3ALUS HE
tpebyercs. I'paduku perymupoBanust KY B 3ToM citydae MOTYT OBITH TOCTPOEHBI 0€3 pacueToB.
OCHOBOI /17151 UX TIOCTPOCHUS ABISIOTCS TpapUKU PeaKTUBHOM Harpy3ku Ha muHax 10 kB u 0,4
kB. [Ipu noctpoenuu rpaukoB peryaupoBaHus CIEAYeT yUECTb:

+AP 3 —K1 | «BAp 5.8)

1. B mepuon makcumanbHOW akTUBHOM MoIMHOCTH Harpy3ku 2OOC mnotpebieHue
PEaKTUBHOIN MOITHOCTH HE JOJIKHO MTPEBOCXOTUTH BEMINHY Q2.
2. B mepuon MUHUMaNBHON HAarpy3ku morpebisiemMas peakKTHBHAs MOIIHOCTH JIOJDKHA

OBITH MeHbIIIe, YeM Q72.

2.3. I[lopsa0K BBINOIHEHHS pabOThI

2.3.1. [lonyuuTs y npenoaoBaTes CAEAYIOIIYI0 HCXOIHYI0 HHPOPMALIHIO:

a) Qa1, Qoz;

0) MHTEepBaJbl BPEMEHHU, COOTBETCTBYIOIME MEPHUOaM MAaKCMMyMa U MHUHHMYyMa aKTHBHOM
MOIIIHOCTU Harpy3ku 23C;

B) YAEIbHYIO CTOUMOCTh NMOTEPh aKTUBHOM MomHOCTH Co

2.3.2. ITo dpopmynam (5.4), (5.8), (5.9) onpenenuts MmomuocTi KY (aBa stamna). [lonyueHHnsie
3HAUEHUSl OKPYINIUTHh A0 OMMKalIImX BO3MOXKHBIX BEJIMYMH, YKa3aHHbIX Ha MHEMOCXEMeE
1a60paTOPHON YCTAHOBKH.

Mo1iHOCTh Harpy3KkHu B3sTh 10 TpaduKy, MOITYy4YeHHOMY B JabopatopHoii padore Nel, mpouyro
HEo0X0IUMYI0 HH(OpMALIHIO ClieAyeT B3ATh U3 Tao. 1.

2.3.3. IlpoBeputsr Oamanc peakTuBHOW MommHOocTH Ha muHax [TIII B wacel Makcumyma
akTuBHOM Harpy3ku DOC. B cmydae HE00X0IMMOCTH BBITOJTHUTE KOPPEKTUPOBKY MoITHOCTeH KY
C LIENIBI0 0OecIieyeHus OanaHca.

2.3.4. TloctpouTh rpadMKy peryImpoBaHusl MOITHOCTEH KOHIeHCATOpHBIX OaTapeit (Qxw, Qxs)
U cuHXpoHHoro asuratens (Qo). Ilpu noctpoennn rpaukoB peKoMeHayeTcss 00paTUTh BHUMaHHE
Ha TEXHUKO-3KOHOMUYECKHE XapaKTepUCTUKU U 3((HeKTUBHOCTH pacnoiaraeMbix KY.

2.3.5. IlpoBeputs Oananc peakTuBHOM MomHOCTH Ha muHax [ TIIT B yackl MUHMMYyMa aKTUBHOM
Harpy3ku 99C.

5.3.6. CoOparp cxeMy aBTOMaTH4yeckoro ympasieHus annandamum T2 (paGora Ne5) u
MOITHOCTSIMM KOHJIEHCATOPHBIX Oarapeil B COOTBETCTBUHM C MOCTPOCHHBIMH TpapuKaMH HX
perynupoBanus. [IpuBectu 1abopaTopHyI0 MOJENb B UCXOAHOE paboyee COCTOSHUE (BKIIOYUTH
S1, T4, CI1; otxmrounth T3, BK1, BK2, BK3).

2.3.7. BximtounTh 1a00paTOPHBINA CTEH/] M BBIMTOJIHUTH CIIEAYIOIIEE:



a) MO IOKa3aHUSIM CUETYMKOB 3amucarth TrpadUKd HM3MEHEHMs] aKTHUBHOW M pPEaKTHBHOMN
MOITHOCTEW Harpy3ok TpanchopmaTopoB T2 u T4 ¢ yderom pacueTHbIXx MomHocTed KY u nx
pEryJInpOBaHus;

6) 3anucarp ¢ nomomsio CII Hampspkenue Ha mumHax 0,4 kB TII ¢ yuerom peanuzanuu
MEPONPUITHH 10 UX YIYUIIEHUIO (CM. padoTy Ned).

3anuch TpadUKOB HArpy30K W HampsHDKeHHU (IL»a» M »0») HEOOXOAMMO MPOU3BOIUTH
OJIHOBPEMEHHO.

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

5.3.9. IlocTpouTh THCTOIPAaMMBI, BBIYHCIUTH MaTeMaTHUYECKHUE OXHUIAHUS U JUCIEPCUU
HanpspkeHud Ha mmHax 10 m 0,4 xB ¢ yderom KPH. Ouenuts BnusHue KY Ha pexum
HANPSDKEHUs, CPAaBHUB MOJIyYE€HHBIE PE3YJIbTAaThl C COOTBETCTBYIOIIUMHU JaHHBIMU PaOoThI No4.

2.3.10. Onenuts 3xoHOMHYeckuit 3pdexkr KPH Ha cyrouHOM HHTEpBasie BpeMEHHU B KUJIOBATT-
yacax COKOHOMJICHHOW 3JekTposHepruu. OneHky 3¢ddexrta BBINOIHUTH CpPaBHEHHWEM IOTEPh
sHepruu B TpaHcpopmaropax T2, T4 u kabenbHOW JUHUHU, BBIYUCICHHBIX B padore Nel mo
rpadukam Harpy3Kku, He yauThBarommM KY 1 moteps B TeX e 3JeMeHTax, HO ¢ yaetoMm KV u ux
peryinupoBaHusl.

Conepsxanue oT4yera

2.3.11. OdopmuTth oT4eT 0 TAOOPATOPHOI paboTe, KOTOPBIN JOHKEH CONICPIKATH:

a) TaOIMIy UCXOIHBIX JAHHBIX JUISl BBINOJIHEHUS paOOThl, BKJIIOYas 1apaMeTphbl, OTy4EHHbIE
y NpenoIoBaTes;

0) pacuet momtHocTel KY;

B) rpaduku perynupoBanus KVY;

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

n) rpapuku u3MeHeHus HampsbkeHuit Ha muHax 0,4 kB TII, momydeHHble ¢ TOMOIIBIO
camonmuryuero Bojast™erpa CII;

€) rucTorpaMMbl HanpsbkeHui Ha muHax 0,4 kB TII;

) pacyeT 3KOHOMHYECKOTO0 A (deKTa;

3) BBIBO/JIBI 110 pe3yibTaTaM padoThI.

5.4. IloarotoBka K pabore

B mpuecce nmoarotoBku k padbore HEOOXOJMMO O3HAKOMUTBHCS C €€ ONHCAHMEM, H3Y4UTh
PEKOMEH/I0BaHHYIO JINTEPATYpPy U COOTBETCTBYIOIIME pa3/esibl KOHCIEKTa JIEKIIMH. 3aroTOBUTH
OJ1laHKM JUIsl 3alMCH MTOKa3aHUN MpUOOPOB U MPOTyMaTh OTBETHI HA KOHTPOJIbHBIE BOIIPOCHL.

2.5. KoHTpoJIbHBIE BOIIPOCHI

2.5.1. JlaTh NIOHSATHE PEAKTUBHON MOIITHOCTH, TIOSICHUTH €€ (PU3UUECKHI CMBICII 1 OCOOCHHOCTH
B CPAaBHEHHH C aKTUBHOM.

2.5.2. Yem ormpenenstorcs NnpeaeabHble 3HaU€HUsI PEaKTUBHON MOIIHOCTH, KOTOPYIO MOXKET
BBIJIaTh B CETh CUHXPOHHAs MallnHa?

2.53. JlaTb CpaBHUTEIBHYIO XapaKTEPUCTUKY MCTOYHOKOB pPEAKTMBHOW MOILHOCTH,
ucnoiabszyemsix B COIIIL.

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

2.5.5. TpeboBanus, npenbsaisgeMble I9C Kk pexxuMy peakTuBHOM MourHocTH COIIII.

2.5.6. Kak oueHuBaercs SKOHOMHYECKUH >PQPEKT BHEIPEHUS PACUETHOIO ONTHMAIBHOTO
peXrMa KOMITEHCAI[UN Harpy30K MpeapusITHs?

2.5.7. C xakol UENIpI0 BBIIOJHAETCS PETYJIUPOBAHNE MOIIHOCTEH KOMIIEHCUPYIOIIUX
YCTPOMCTB?

2.5.8. IlepeuncnuTh U NOSACHUTH MPUHLHUIIBI TOCTPOEHUS rpadukoB perynupoanus KV.

2.5.9. [loueMy BXOAHBIE pEAKTUBHBIE MOITHOCTH 3a/IAI0TCS MPEANPUATAEM UHAUBUTYATbHO?

2.5.10. Yto moHuMaeTcs 1ojJ ONTUMHU3aLNAEH peXuMa KOMIIEHCAIIMY PEaKTUBHBIX MOIIHOCTEN
Harpy3ok?

2.5.11. IlosicHUTH IpEeNMyIIIECTBA U HEAOCTATKU MHANBHUYaJIbHOM KOMIIEHCAIIUU PEAKTUBHON
MOII[HOCTH.

JlabopaTopnasi paGora Ne3

Tema 3anamusn VI3MeHeHul HanpsoKeHUs, QIIMKep, HECUHYCOUTAIBHOCTD U
HECUMMETPHSI HAIPSKEHU B paciipeeIuTENbTHBIX dIeKkTpuueckux cetsax 10-0,4 kB



Ilenv 3anamusa. VI3y4nTs N3MEHEHUE HAIIPSDKEHUS (pIIMKep, HECUHYCOMIaIbHOCTD U
HECUMMETPUS HAPSKEHUN B paclpe/leIMTENbTHBIX deKTpuueckux cersax 10-0,4 kB.

Teopetuueckas 4actb

OTKJIOHEHUS HAPsHKEHUS, pa3Max U3MEHEHUN HanpshKeHus, prukep, HECUHYCOMIAIbHOCTD U
HECUMMETPHSI HAIIPSKEHU B pacipeeIuTeIbTHRIX deKkTpuueckux cetsax 10-0,4 kB

. emp paboTsI

W3yunTh METOAUKY OLIEHKH YpPOBHEHW HANpsHKEHUS B CETH M CHOCOOBI MX YIydIIeHHs Ha
CYTOYHOM HHTEpBaje BPEMEHHU.

3.2. Beenenue

HmeroTcst 7Be OCHOBHBIC NPUYMHBL, OOYCIABIUBAIOIIME H3MEHUYMBOCTh HAIPSDKEHUS B
AIIEKTPUUYECKUX CETAX: M3MEHUYMBOCTh HArpy30K, BbI3BIBAIONIAsi WM3MEHYHBOCTh IOTEPh
HaNpsOKCHUs, U PETYIMPOBAHNE HAMIPSDKEHUS C LENbI0 MOAeP)KaHUs €ro B 33JaHHBIX MpeIeax.

YPOBHU HaNPSHKEHUS MPUHSATO OICHUBATH OTKIOHEHUSMU HAMPSKCHHUS] OT HOMUHAIBHOTO V
[1], KOoTOpBIC TaK)KE H3MEHYHUBHI BO BPEMEHU 110 YKA3aHHBIM BBIIIC IPUIHHAM.

HawmnydmmM HanpspkeHHEM Ha 3aKHMax AJIEKTPONPUEMHUKOB, C TOYKHU 3PEHHS] TEXHUKO-
SKOHOMHUYECKO 3 dexktuBHOCTH MX padboThl, sBistercst U (t)=U,=const, t.e. V=0. Obecnieuntsh
TaKOH pPEXUM HANpPSDKEHUS JUIS BCEM MacChl DJEKTPONPUEMHUKOB B CETH MPAKTHUYECKU
HEBO3MOXKHO, o3Tomy Becerna V=0. [IpuueM uem Oosbiiie BenuunHa V, TEM XyXKe HaIpsHKEHUE.
W3 »sTOro mpaBuia uMeeTCs pPSAA  UCKIIOYEHHWH, Hampumep, A cjlabo 3arpy:KeHHOTO
ACHHXPOHHOTO 3JIEKTPOJIBUTATEIS HAMITYUIIINUM SIBIISICTCS HAIIPsDKEHHE, MEHbIIIEe HOMUHAIBHOTO.
Benmuuna nomyctumsix 3Hauennii V Hopmupyercs ['OCT [2] B mieom asist S7IEKTPUIECKUX CETei
B 3aBHCHMOCTH OT UX HampsbkeHus. Hambonee xectkue TpeboBanus k Benuuune V B ['OCT
NPEIbSABISIOTCSA, €CTECTBEHHO, K TEeM CeTsM, KOTOpbleé MHUTAI0T OCHOBHYIO Maccy
anexkTponpueMHUKOB (cetu 10 1000 B).

Tabauua 3
JonycTumble 3HaueHus oTkiIoHeHni Hanpspkenust mo [OCT 13109—97
Hanpsoxenue cetn JomycTuMble 3HaUEHUS
HOpMaJlbHbIe MaKCHUMaJIbHbIE
Jo 1 xB + 5% +10%
6...20 xB — +10%

35 kB u BrIIIE _ _

O6opynoBanue

Jlia cereit HampsbkeHueM 1o 1000 B ¢ wmHTerpanbHOl BeposTHOCTBIO 0,95 nomyctumsl
OTKJIOHEHUS HanpshkeHus + 5%, ¢ BeposTHOCTHIO 0,05 1omycTuMBbl O0JbIINE OTKIOHEHHS, HO OHU
HE JI0JDKHBI peBbimaTh + 10%.

OneHKy MAakCUMAalbHBIX OTKJIOHEHHWH HampspKeHUsT OOBIYHO TPOBOJAST JUISL PEXKUMOB
MaKCHMaJbHBIX U MMUHUMAJIbHBIX Harpy30K C IMOMOIIBIO MOCTPOCHHUS AUArpaMMbl OTKIOHEHUI
HaANpPSDKEHUS B CETH.

Jliia MozienpyeMoi ceTH pacueTHasi cxema u auarpamMma V rmokasaHsl Ha puc. 6.

Ha sTom pucynke:

Vyn — OTKIIOHEHUS HAIIPSDKEHUS B ICHTPE NMUTAHMUS;

A U1 — noteps HanpsbkeHus B Bo3ayurHoi uHun 110 kB, nuratommeit Tpancdopmarop I'TII;

Vo — OTKIIOHEHHE HampsHKeHHs Ha JMHUM pazjena OalaHCOBOM NPHUHAJUIEKHOCTH ceTei
HHEProcHadKaroIel OpraHu3aliy U ceTel MOTPeOUTENs AIEKTPOIHEPTUH;

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

A Uz — notepst HatipsikeHus B Tpancopmatope I'TII;

E1 — no6aska nHanpsbxenus tpancopmaropa I'TIIT;

AUz — nioTepst HanpspKeHUs B KabelnbHOU JTMHUY, TUTatollel Tpanchopmarop T4 uexosoit TII;

E> — no6aBka HanpspkeHus: Tpanchopmaropa uexosoit T1I;

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



AUy — moTepst HanpsHKEHUS B 1IEXOBOM ceTH (Hampumep, B MMHHON Maructpanu [IM);

V3 — OTKJIOHCHHC HAIIPpSKCHHUA B CCTU B TOYKC HNPUCOCIWHCHHSA HaI/I6OHee YAQJIICHHOTO
AIIEKTPOTIPUEMHUKA.

B ycnoBusix sKCrutyaTanu BCce MOTPEOMTENH PacCUMTHIBAIOT Tpedyemble 3HadeHus Vo A
PEKUMOB MAaKCUMAIIbHBIX 1 MUHHUMAJIBHBIX HAarpy30K C Y4ETOM CBOUX CPEJCTB PETyIUPOBAHHS
HanpsbkeHus. Eciu sHeprocHaOkaromias OpraHu3alys He BBIICPKUBACT ITH SHAYCHUS, TO K HEl
NPEIBSBISIOTCS YKOHOMHUYECKHE CAHKIMU. [109TOMY BBINIOJHEHHE HACTOSMICH J1a00paTOPHOMN
pabOThl OPUEHTUPOBAHO HA WCCICIOBAHWE OTKJIOHCHHH HANPSHKEHUS B TPOMBIIIICHHOM
AJIEKTPOCETH, MTPOBOJIUMOE C IIETIbIO PEIICHHUs JAHHOM 3a/laui — pacdeT TpeOyeMbIX 3HaueHur Vo
JUTSL PEKUMOB MaKCUMAaJIbHBIX 1 MUHUMAJIBHBIX HarPY30K.

TToTepst HANPSKEHUS B IIEMEHTE CeTH ¢ conpoTuieHreM Zz=R+jX u tokom | = | - j I
OTpeAeNsaoTes 1Mo Gopmyse
| R+1 X
AU =————100%

H
Bce HeoOxomumble mapameTpbl 3JIEMEHTOB MOACTHPYEMOW CeTH TNpuBeneHbl B Tabi.l, a

napameTpsl Tpanchopmaropa T2 paccuurans B 11.1.3.1. maboparoproii pabotsr Nel.

3.3. 3amanue)

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 MOJIKJIIOYUTh CAMOIUIIYIIHE TPUOOPHI B COOTBETCTBUU CO CXEMOMU pHC 2;

2) BKJIIOYHTH NHTAaHWE YCTAHOBKM u Tpanchopmarop T4, orkiarounts T3, BKIHOYHTH
0000meHHy0 Harpy3ky Ha muHax 10 kB Si, Bkmtounts CJI, OTKIIIOYMTH KOHJIEHCATOpPHBIE
6arapeu bK1, BK2, BK3 u ¢unsrpokomnencupymoiiee ycrpoiicteo OKV;

3) mepexiouarens annamnd rpanchopmaropa T2 u nepekirouarens [IBB Tpancdopmaropa T4
YCTAHOBUTH B HYJIEBOE I10JIOKEHUE;

4) mepekiroyarelsb 3aJaHus ypoBHs HanpsbkeHus B cetu 110 kB ycTaHOBUTH B MOJIOKCHHUE,
yKa3aHHOE MPernooBaTeeM.

3.3.2. 3amycTuTh YyCTaHOBKY HakatueM KHONKU «llyck» M mpou3BeCTH perucrpaunuio
rpaduxoB U (t) Ha munrax 10 kB I'TIIT u Ha maax 380 /220 B niexoBoii TII Ha cyTouyHOM IHKIIE
BPEMEHM C T[IOMOIIBI0 CaMONUIIYIIUX HnpuOopoB. Ilpu HEBO3ZMOXKHOCTH HCHOJIb30BaTh
CaMOTHUIIIYIIFEe TPUOOPBI IPoBecTH peructparuio rpadukor U () mo muroBsiM mpubopam.

3.3.3. OGpaboTaTh pe3ynbTaThl U3MEPEHHI:

1) noctpouth rpaduku V (t) mns mua 10 kB T'TIT v ans mma 380/220 B nexosoit T,

2) MOCTPOUTH THCTOTPAaMMbl OTKJIOHEHHHM HaIpsHKEHHUS W BBIYUCIHUTHD UX CpPEIHUE
3HAUEHUS U TUCIEPCUN.

3.3.4. Ilpoananu3upoBaTh IOJY4YEHHbIE pe3ysbTaThl. ONpenenuTh ONTHUMAIBHYIO CTYIEHb
I16B tpancdopmaropa T4 u pazpaboraTs rpaduk nepexmouenus anand PITH tpanchopmaropa
T2. IIpu 3TOM BO3MOKHOCTb peryJMpoBaHus HanpsbkeHus ¢ nomouibio Kb B 1anHoil pabore He
YUUTHIBATb.

3.3.5. YcTaHOBUTH MepeKIouaTesieM, pacloioKeHHbIM Ha JIMIEBOW MaHeIu, HEOOXOJUMYI0
crynesb [IBB Tpancdopmaropa T4 u Ha HAOOPHOM MOJIE C MOMOIIBIO NEPEMBIUEK MPOrpamMmy
nepexmouenuss annang PIIH tpancopmaropa T2. IlogkmiounTh M MOATOTOBUTH K pabore
CaMOIUIIYITNE PUOOPBHI.

3.3.6. 3anmyCcTUTh YCTAHOBKY M MPOBECTH PETUCTPALMIO HANPSIKEHUH HA CYTOYHOM IMKIIE
aHajornyHo m.4.3.2.

3.3.7. O6paboTath pe3yIbTaThl K3MEPEHUHN B COOTBETCTBHH C 11.4.3.3. 1 OIIEHUTHh COOTBETCTBUE
HanpsDKeHUs B MozenupyeMoit cetu TpedoBanusim [OCT [2].

3.3.8. Ilo nomy4eHHbIM B IyHKTE 4.3.7. pe3yspTaTaM OCTPOUTH ISl PEKUMOB MaKCUMAaJIbHBIX
U MUHUMAQJBHBIX Harpy3oK AMarpaMMbl OTKJIOHEHMHM HANpsDKEHUS Ui MOJAEIUPYEMOW CETH
(ananornyno puc.4.1). Otkionenus Vi u Vo onpeaenstoTcs pu 3TOM dKCIIEpUMEHTaIbHO, Vo —
pacueTHbIMITyTEM 110 popmyiie (4.1). Tak kak Ha MoJieNn He TpeicTaBiIeHa exoas cetb 380/220
B (IM Hna puc.5), To notepu B 31oii cetu (AU4) He yuuThIBatOTCs U V3 HE OI[EHUBAETCS.

3.3.9. Ipunss s mme 380/220 B nexoroii TIT omyctumele 3Hadenns otknorernit V s 5,
=5%, V 5 4on =0, onpeIeTNTh COOTBETCTBYIOINIHE OTKJIOHEHUS Vo, KOTOPBIE JOJKHA 00€CTICUNTh
HHEeprocHad karollass OpraHu3alus Ha JUMHUU pasjena 0anaHCOBOM NMPUHAUIEKHOCTH CETeH A
PEKMMOB MaKCUMyMa U MUHUMYyMa Harpy3ok.



[IpunsaTe Bpems makcumyma ¢ 8 10 12 gacoB yrpa, MUHUMYMa — ¢ 2 10 5 yacoB HouH. [Ipu
9TOM HEOOXOJMMO TIOMHHTH, YTO B pEAIbHON MpaKTHKE pacueTa TpeOyeMbix 3HaueHuu Vo
HE00X0/IUM yueT paboThl KOMIIEHCUPYIOIIUX YCTPOICTB, UTO B HACTOSIIEH TabopaTOpHOI padoTte
HE MPOU3BOAMUTCS [JISl YIPOILEHUSI €€ BBINOJHEHUS U €Hle B CBSI3U C TEM, YTO BOIPOCHI
KOMIICHCAIIMH PEAKTUBHBIX HAArpy30K pacCMaTpUBAIOTCS B CeayIowIeH 1abopaTopHoii padoTe.

Copepxanne otuera3.3.10. OdbopMuth oTUeT MO JAOOpPATOPHOU PadOTE, KOTOPBIA MOIKEH
COJIEPIKaTh:

- (bopMyIHpOBKY 3a1a4 HCCIECIOBAHUM;

- pe3yJbTaThl OLIEHKU OTKJIOHCHUH HaNpsKeHUH B MoJieiupyeMon cetu no m.4.3.3.;

- CYTOUHBII rpaduk nepexiitoueHus anmnamnd tpaacgopmaropa T2;

- pe3yabTaThl 1o 11.4.3.7, MOIy4YeHHBIE MOCIIE peaanu3alui MEPONPUITHH;

- HanpspkeHus 1o 1m1.4.3.8 u 4.3.9;

- BBIBO/IBI 110 padoTe.

3.4. IlonroroBka k padbore

CaMocTosiTenbHas MOArOTOBKA K paboTe COCTOUT B CIEAYIOLIEM:

1) IIOBTOPEHHE TEOPUTUUECKOr0 MaTepuana [1];
2) MOJIFOTOBKA K OTBETaM Ha KOHTPOJIbHBIE BOIIPOCHI;
3) pacyer norepb HanpskeHus B TpaHcpopmarope T2 s peKMMOB MakCUMaJbHBIX U

MUHUMAJbHBIX HATPY30K, HEOOXOAUMBIX IS BbioNHEHUS 11.4.3.8 u 4.3.9 3ananus.

3.5. KoHTpoJsibHbIE BOIPOCHI

3.5.1. Kakue nomyckaroTcs OTKJIOHEHHS HAMPSHKEHUS] B MPOMBIIUICHHBIX JIEKTPOCETAX IO
I'OCT 13109—97 n nouemy?

3.5.2. Kak 3aBucuT pabora pa3UyHBIX JIEKTPONPUEMHHUKOB OT BEIMYMHBI HAMPSKEHUS B
cetu?

3.5.3. Kakue cnocoObl ynydlleHHs HaNpsHKEHHUs] MCIOIb3YIOTCS B MPOMBIIUIEHHBIX
AJIEKTPOCETAX U B CETAX IHEPTrOCUCTEM?

3.5.4. IlocTpoliTe BEKTOPHYIO AMArpaMMy TOKOB W HANpPHKEHHMH U1 NPOCTEHMIIEH CeTH ¢
conpotusieHueM R+jX u Tokom | -j I”.

3.5.5. Kakue umerorcst OLleHKU OTKJIOHEHUH HAlpsSyKEHUS U KaK OHU BBIYUCIISIOTCS?

JlabopaTopnasi padora Ne 4
Tema 3anamuna PerynupoBaHue ypoBHEW HAIIPSHDKEHUS B TPOMBIIIIIEHHBIX dJIEKTPOCETSX.

I]ens 3anamusa. 1IprnobpecTr HaBBIKK PETYIMPOBAHUS YPOBHEH HAINPSKEHUS B
MPOMBIIIJIEHHBIX 3JIEKTPOCETSIX.

Teopernyeckas 4acTb

HccnenoBanue u perynmpoBaHue YpoOBHEN HAMPHYKEHUS B IPOMBIIUICHHBIX JIEKTPOCETIX

4.1. Lenb paboTel

W3yunTh METOOMKY OLIEHKH ypOBHEHW HANpPSHKEHUS B CETH M CHOCOOBI UX YIMy4IIeHHs Ha
CYTOYHOM MHTEpBaJe BpEMEHHU.

4.2. Benenue

Nmerorcss 7B€ OCHOBHBIC TPHYMHBI, OOYCIIaBIMBAIOIINE HW3MEHYMBOCTH HAINPSDKCHUS B
DIIEKTPUYCCKUX CETAX: W3MEHYMBOCTH HArpy30K, BBI3BIBAIOIIAS HM3MEHYMBOCTh TOTEPh
HANPSDKEHUS, ¥ PETYJIMPOBAHKE HAMIPSHKCHUS C TISITBIO MOICP)KaHUS €r0 B 33JJaHHBIX Mpejiesiax.

YPOBHH HaNpPsOKEHUS TPUHATO OICHUBATH OTKJIOHESHUSMU HANPSKCHHUSI OT HOMHUHAIBHOTO V
[1], KOoTOpBIE TaKKe H3MEHYHUBBI BO BPEMEHH 110 YKA3aHHBIM BBIIIEC PUIHHAM.

O6opynoBanue

HawnnydmuM HampspkeHHEeM Ha 3aKUMax dJIEKTPONPHEMHHUKOB, C TOYKHU 3PEHHS] TEXHHUKO-
HKOHOMHUECKOW 3P PeKTUBHOCTH UX paboThl, sBisiercs U (f)=U,=const, T.e. V=0. OGecneuntsb
TaKOH pPEKUM HANpPSDKEHUS JUIS BCEM MAacChl DIEKTPONPUEMHUKOB B CETH MPAKTHYECKU
HEBO3MOXKHO, o3Tomy Becerna V0. [Ipuuem uem Oosbiie BenuunHa V, TEM XyXKe HaMpsHKEHUE.
W3 orToro mpaBmia wuMeeTcs psAA  HCKIIOUYSHHA, HampuMmep, Uil cinabo  3arpyKeHHOTO
ACHHXPOHHOTO 3JICKTPOJIBUTATEIISI HAMITYUIITNM SIBJISICTCS HANIPsDKEHNE, MCHbBIIIEe HOMHHAITBHOTO.
Bennuuna nonyctumeix 3HaueHuit V Hopmupyetrcs [[OCT [2] B 1iesioM 15 2JIGKTPUYECKUX ceTei



B 3aBHCHMOCTH OT WX HampspkeHus. Hambonee sxectkue TpeboBanust k BenuumHe V B ['OCT
NPEIbSIBISIOTCSA, €CTECTBEHHO, K TEM CeTsIM, KOTOpbleé MUTAlOT OCHOBHYIO Maccy
anekTponpueMHUkoB (cetu 10 1000 B).

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

35 kB u BrIIIE _ _

Jns cereit Hanpsbkenuem a0 1000 B ¢ uHTerpanpHoi BeposTHOCTHIO 0,95 nomycTUMBL
OTKJIOHEHUS HanpshkeHus + 5%, ¢ BeposTHOCTHIO 0,05 1omycTuMBbl 00JbIINE OTKIOHEHHS, HO OHU
HE TO0JDKHBI rpeBbimath + 10%.

OneHKy MaKCUMAaJIbHBIX OTKJIOHEHHUH HaNpsDKEHUsS OOBIYHO NPOBOJASAT JUISL PEXKUMOB
MaKCHMAaJbHBIX U MHUHHMAJIbHBIX Harpy30K € IIOMOILBIO IIOCTPOCHHUS JHArpaMMbl OTKJIOHEHUHN
HAIPSDKEHUS B CETH.

Jlis MozienupyeMoil ceTu pacueTHas cxema M Jquarpamma V nokasaHsl Ha puc. 6.

Ha stom pucyske:

Vyn — OTKIIOHEHUS HAIIPSDKEHUS B ICHTPE MMUTaHUS;

A U1 — notepst HatipsbkeHus B Bo3aymHoi auHun 110 kB, nuTatomeit tpancdopmarop I'TII;

Vo — OTKIIOHEHHE HaNpsHKEHUs Ha JMHUM pasjena OaJaHCOBOM INMPHUHAJIEKHOCTH CeTel
HHEPTOCHAOKAIOICH OPraHN3alluH U CETEeH TTOTPEOUTENSI AIEKTPOIHEPTUH;

V1 — oTkioHeHue HanpsbkeHus Ha muHax PY 10 kB I'TII;

A Uz — noteps HanpsbkeHus B Tpancopmatope ['TIIT;

E1 — no6aska Hanpsbxenus tpancopmaropa I'TIIT;

AUz — noTeps HanpspKeHUs B KabelnbHOU JTMHUY, TUTatollel Tpanchopmarop T4 nexosoit TII;

E> — nobGaBka HamnpspkeHus Tpancdopmaropa uexosoit T1I;

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

AU4 — oteps HanpsKEHUs! B LIEXOBOM CeTH (HampumMep, B IMHHONW Maructpaiu [IM);

V3 — OTKJIOHEHHME HAmpsHKEHHs B CETH B TOYKE MPUCOETUHEHHs Hambosee yIaJIeHHOTro
AIIEKTPONPUEMHUKA.

B ycnoBusix skcrutyataliiu Bce MOTPEOUTENN PacCUUTHIBAIOT TpeOyemble 3HaueHus Vo A
PEKMMOB MaKCHMaJIbHBIX M1 MUHMMAJIBHBIX Harpy30K C y4€TOM CBOMX CPEICTB PEryJIUpOBaHUs
HanpsbkeHus. Ecinu sHeprocHabkaroas OpraHu3alus He BhIIEPKUBAET 3TH SHAUYEHUS, TO K Hel
NPEIbABISIOTCS SKOHOMHUYECKHE CaHKIMH. [103TOMy BbIOSHEHUE HaAcTOsIIEH J1abopaTOpHON
paboThl OpPUEHTHUPOBAHO HA HCCIEIOBAaHUE OTKIOHEHWH HANpsKEHUs B IPOMBIIIJICHHON
AJIEKTPOCETH, TPOBOAUMOE C IIEJIbIO PEIIEHMsI ITaHHOM 3a1auu — pacyeT TpedyeMbIX 3HaueHui Vo
JUISL peKMMOB MaKCHMaJIbHBIX 1 MUHUMAJIbHBIX Harpy30K.

TloTeps HATIPSHKEHUS B SJIEMEHTE CeTH ¢ conporupnennem Z=R+jX u toxom | = | - j I
OTIpeICNISAIOTCS 10 hopMyie
| R+1 X
AU =————100%

H
Bce HeoOxonuMble mapamMeTpbl 3JE€MEHTOB MOJAETUPYEMOW ceTu MpHuBeAeHbl B Tabin.l, a

napameTpsl Tpancpopmaropa T2 paccuutansl B 11.1.3.1. 1abopatopHoii padbotsr Nel.

4.3 (3amaHue)

4.3.1. IloAroToBUTH YCTAaHOBKY K paboTe:

5) Uit u3Mepenust HanpspkeHus Ha muHax 10 kB IT'TI u 380 / 220 B nexosoit TII B
CYTOYHOM ILIMKJIE BPEMEHH MOAKIIOYUTH CAMOIIUIITYIIHE TPHOOPHI B COOTBETCTBUU CO CXEMOM puc



6) BKJIFOYUTH TMHTaHUE YCTaHOBKM W TpaHchopmatop T4, orkmounts T3, BKIIOUYNTH
0000menHy0 Harpy3ky Ha mmHax 10 kB Si, Bkmounts CJI, OTKIIOYUTH KOHIEHCATOPHBIC
Oarapeun bK1, BK2, BK3 u punsrpokomnercupyromiee ycrpoiictBo OKV;

7) nepekiouateny  aHnang  tpanchopmatopa T2 wu  mepekmouartens  [IBB
Tparcopmaropa T4 yCTaHOBHUTH B HYJIEBOE TIOJIOKEHUE;
8) NepeKoyaTeab 3aJlanus YpoBHs HampsbkeHus B cetu 110 kB ycranoButh B

II0JIO’KEHUE, YKa3aHHOE IIPEI00BATENEM.

4.3.2. 3anyCTUTh YCTaHOBKY HaxaThueM KHONKHM «lIyck» M INpOM3BECTH pErucTpanuio
rpadpukoB U (t) va mmuax 10 kB I'TIIT u #a mmaax 380 /220 B nexosoii TII Ha cyTOYHOM ITUKJIE
BPEMEHH C TOMOIIBI0 caMONUIIyIux npubopoB. Ilpu HEBO3ZMOXKHOCTH HCHOJIb30BATh
CaMOTHUIIIYIIFe TPUOOPBI IpoBecTH peructparuio rpadukos U (1) mo muroBsiM mpubopam.

Conepxanne otdyeta4.3.3. O6paboTaTh pe3ybTaThl U3MEPECHHIA:

3) noctpouth rpaduku V (t) s mwmn 10 kB TTII u ans maa 380/220 B nexosoii TIT;

4) MOCTPOUTH THCTOTPAaMMbl OTKJIOHEHHH HaIpsSHKEHUS W BBIYUCIUTD UX CpPEIHUE
3HAYEHUS U TUCIIEPCUU.

4.3.4. Ilpoananu3upoBaTh MOJIYYEHHbIE pe3yibTaThl. ONpeAeauTh ONTUMAIBbHYIO CTYIIEHb
[16B Tpancdopmaropa T4 u pazpabdorats rpaduk nepeximouenus annand PITH tpanchopmaropa
T2. Ilpu 3TOM BO3MOKHOCTb pPeryiupoBaHus HanpsokeHus ¢ nomoiupto Kb B nanHoil pabote He
VUUTHIBATH.

4.3.5. YcTaHOBUTH MEpEKIII0YaTesieM, PacioJIOKEHHBIM Ha JUIEBON IMMaHETH, HEeOOXOIUMYIO
crynenb [IBB Tpancopmaropa T4 u Ha HAOOPHOM TOJIE C MOMOUIBIO TMIEPEMBIUEK MPOrPaMMy
nepeximouenuss anuang PIIH Ttpancdopmaropa T2. Ilogkmtounth M MOATOTOBUTH K pabore
CaMOIIUIITYIIHE TTPUOOPBHIL.

4.3.6. 3anmycTUTh YCTaHOBKY M IPOBECTH PETUCTPALMIO HANPSHKEHUH HAa CYTOUYHOM LIMKJIE
aHajgoruyHo n.4.3.2.

4.3.7. O6paboTath pe3ynbTaThl U3SMEPEHUI B COOTBETCTBUU C 11.4.3.3. ¥ OLIEHUTh COOTBETCTBUE
HanpspKeHus B Mojenupyemoit cetu TpedboBanusim I'OCT [2].

4.3.8. [1o monyueHHbIM B yHKTE 4.3.7. pe3yJbTataMm MOCTPOUTH I PEKUMOB MAaKCUMAIIbHBIX
U MUHUMAaJIbHBIX HAarpy3oK JAMarpaMMbl OTKJIOHEHHUW HANpsDKEHUs Ui MOJEIUPYEMON CEeTH
(ananoruuso puc.4.1). Otknonenus Vi u V2 onpeaenstorcs Npu 3TOM SKCIIEpUMEHTAIBHO, Vo —
pacuetHpiMIyTeM 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 yunThIBatoTCs U V3 HE OLIEHUBAETCS.

4.3.9. [Tpunss ans mmH 380/220 B nexosoit TII gomyctumMble 3HaueHHUs OTKIOHEHUH V )5 gon
=5%, V )5 g0 =0, onpeneauTh COOTBETCTBYIOIINE OTKIOHEHUS Vo, KOTOPBIE JOKHA 00€CTIeUHTh
HHEprocHad karollas OpraHu3anus Ha JMHUM pasjena 0anaHCOBOM NMPUHAUIEKHOCTH CeTeH A
PEeXMMOB MaKCUMyMa 1 MUHUMYMa Harpy3oxK.

[TpunsaTh Bpemst MmakcumyMma ¢ 8 10 12 yacoB yrpa, MUHUMYyMa — ¢ 2 710 5 yacoB Houu. [Ipu
TOM HEO0OXOJMMO TOMHHUTH, YTO B peaJbHOM NpaKkTHKE pacueTa TpeOyeMmbIX 3HaueHui Vo
HE00X0IUM y4eT paboThl KOMIIEHCUPYIOIIUX YCTPONCTB, YTO B HACTOsIILIEN JJabopaTOpHO paboTte
HE TPOM3BOJAUTCS [JIsl YHPOIICHHS €€ BBINOJHEHUS M €lle B CBSI3U C TEM, YTO BOMPOCHI
KOMITCHCAIIMH PEaKTUBHBIX Haarpy30K pacCMaTpPUBAIOTCS B CIeAYIOIIEH JabopaTopHOi padoTe.

Conepsxanue oT4yera

4.3.10. OpopmuTb OTYET 1O JTaOOPATOPHOM paboTe, KOTOPBIN JOIKEH COJIEPHKATh:

- (bopMyIHPOBKY 331a4 MCCIEIOBAHUM;

- pE3yJIbTaThl OLICHKU OTKJIOHEHUI HANPsKEHUH B MOJENUPYEMOH ceTH 1o 1m.4.3.3.;

- CYTOUHBIH rpaduk nepexstoueHus anmand tpancpopmaropa T2;

- pe3yabTaThl 110 11.4.3.7, oydyeHHbIE NIOCIIE pealn3alui MEPOIIPUSATUI;

- HanpspkeHus no 11.4.3.8 u 4.3.9;

- BBIBO/IBI 110 padoTe.

4.4. IlonroroBka k pabdote

CamocTosiTenbHas MOArOTOBKA K pab0Te COCTOUT B CIEAYIOLIEM:

4) MOBTOPEHHE TeOpUTUUYECKOro MaTepuana [1];
5) MOJrOTOBKA K OTBETAM Ha KOHTPOJIbHBIE BOIIPOCHI;
6) pacyer motepb HampskeHUs B TpaHcpopmarope T2 mis peKMMOB MaKCUMAaJbHBIX U

MUHHMAJIbHBIX Harpy30K, HEOOXOJUMBIX JJIs BeIoJaHeHus 11.4.3.8 u 4.3.9 3ananus.

4.5. KoHTpOJIbHBIE BOITPOCHI

4.5.1. Kakue nOmycKaroTCs OTKIOHEHUS HaNpsHKEHUS B MPOMBILUIEHHBIX JIEKTPOCETAX IO
I'OCT 13109—97 u nouemy?

4.5.2. Kak 3aBucHT paboTa pazIHyYHBIX DJIEKTPONPUEMHHUKOB OT BEJIWYMHBI HAINPSDKEHHS B
cetu?



4.5.3. Kakuwe cmocoObl YIydIlleHUs HaNPsSOHKEHUS WCIOJIB3YIOTCS B MPOMBIIIICHHBIX
AIIEKTPOCETSAX U B CETAX SHEPIOCUCTEM?

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

4.5.5. Kakue uMeroTcs OLIEHKU OTKJIOHEHUH HAIPSDKEHUS U KaK OHU BBIYUCIISAIOTCA?

JlaGopaTopHasi padora Ne 5

Tema 3anamusn PerynupoBanue noTepb 10 3JIEKTPONUTAHUIO B IPOMBIIIICHHBIX
3IEKTPOCETSIX.

I]ens 3anamus. [IproOpecTy HABBIKK PETYIMPOBAHUS IOTEPD MO AIIEKTPOINUTAHUIO B
IPOMBIIIJICHHBIX 3JIEKTPOCETAX

Teopernyeckas 4acTb

HccnenoBanue U peryJinipoBaHue YpOBHEH HANPSKEHUS B IPOMBILIUIEHHBIX JIEKTPOCETAX

6.1. Llens paboThI

W3yuuth METOAUKY OLIEHKM YPOBHEM HANpsIKEHUS B CETH M CHOCOObI X YIy4IIEHHs Ha
CYTOYHOM MHTEpBaJE€ BPEMEHHU.

6.2. Beenenue

VmeroTcst 1Be OCHOBHBIE NPUYMHBI, OOYCIABIUBAIOIIME H3MEHUYMBOCTh HANpSOKEHUS B
JJIEKTPUYECKUX CETAX: W3MEHUMBOCTb HArpy30K, BBI3BIBAIOLIAs HM3MEHYMBOCTH IIOTEPH
HaNPSDKEHUS, U PETYJIMPOBAHKE HANIPSLKEHUS € LEINIBIO MTOAIEP KaHUA €ro B 3aJaHHbIX IIpeeiiax.

VYpoBHM HaNpsOKEHUs MPUHATO OLEHUBATH OTKJIOHEHUSIMHU HAIPSDKEHUS OT HOMUHAJIBHOTO V
[1], koTOpBIE TaK)Ke U3MEHUMBBI BO BPEMEHHU 10 YKa3aHHBIM BbIIIE IPUYMHAM.

O6opynoBanue

HamnyumuMm HanpsokeHHEM Ha 3aKMMax 3JIEKTPOINPUEMHHUKOB, C TOYKHU 3PEHHS] TEXHHUKO-
KOHOMHYECKOW 3P PeKTUBHOCTH UX padoTsl, sBisercs U (t)=U,=const, T.e. V=0. OGecneuntsb
TaKOM pPEXUM HANpsDKEHUs JUIsl BCEM MacChl JJIEKTPONPUEMHHKOB B CETH NPAKTUYECKU
HEBO3MOXXHO, TodTOMy Beeraa V0. [Tpuyem uem Oorpiire BenmuunHa V, TEM XyKe HaIlpsDKEHUE.
N3 »srtoro mnpaBmwia uMeeTcs psAA  HUCKIIOYEHWH, Hampumep, uid cinabo  3arpyKeHHOro
ACMHXPOHHOTO 3JIEKTPOJIBUTATENS HAWIIYULINM SIBJISIETCS HAIPSKEHUE, MEHbBIIIEE HOMUHAJIBHOTO.
Bemuunna nonyctumsix 3HadeHuit V Hopmupyercs 'OCT [2] B nenoM 11t 371€KTPUUECKUX ceTer
B 3aBHCHMOCTH OT UX HampspkeHus. Haumbonee xectkue TpeboBanus k BenuuuHe V B T'OCT
NPEIbABISAIOTCSA, €CTECTBEHHO, K TEM CETsIM, KOTOpble IHUTAlOT OCHOBHYIO Maccy
anexTponprueMHukoB (cetu 10 1000 B).

Tabnuma 6
Jlonyctumble 3HaUeHUs OTKIoHeHu# Hanpshkenus no ['OCT 13109—97
Hanpspkenue cetu JlomycTrMble 3HaYEHUS
HOpMaJTbHBIE MaKCHMaJIbHBIC
Jlo 1 kB + 5% + 10%
6...20 xB — +10%

35 kB u BrIIIE _ _

Jna cereit HampsbkeHueM 1o 1000 B ¢ wmHTerpanbHOl BeposiTHOCThIO 0,95 nomyctumsl
OTKJIOHEHHS HanpspKeHus + 5%, ¢ BepoaTHOCcThIO 0,05 momycTuMbl O0IBIITNE OTKIIOHEHHS, HO OHU
HE TOJDKHEI rpeBbimath + 10%.

OneHKy MaKCHUMaJbHBIX OTKJIOHEHUH HAaNpsDKEHUsT OOBIYHO TMPOBOAAT JJISi  PEXKHMOB
MaKCHMaJbHBIX U MMHHUMAJIbHBIX Harpy30K € IOMOILIBIO NOCTPOEHHUS JAHAarpaMMbl OTKJIOHEHUHN
HAIPSDKEHUS B CETH.



Jlist MosteTupyeMo CEeTH pacueTHas cxema u auarpamma V mokasaHsl Ha puc. 0.

Ha sTtom pucynke:

Vyn — OTKJIOHEHH S HAIPSDKEHUSI B IIEHTPE MUTAHMUS;

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

Vo — OTKIIOHEHHE HampsHKEHUS Ha JMHUM paslena OaJaHCOBOM MPHHAJIEKHOCTH CeTel
SHEProcHalkarollel OpraHu3aui U ceTeil MoTPeOUTENS INEKTPOIHEPT UM,

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

A U3 — moteps Hanpspkenust B Tpancdopmarope ['TII;

E1 — no6aska nanpspxenus tpancopmaropa I'TII;

AUz — noTeps HanpspKeHUs B KaOenbHOU JIMHUM, THTatoniel Tpanchopmarop T4 nexosoit TII;

E> — no6aBka Hanpspkenus Tpanchopmaropa nexopoit TII;

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

AUy — moTepst HanpsHKEHUS B 1IEXOBOM ceTH (Harmpumep, B MHHON Maructpainu [IM);

V3 — OTKJIOHEHHE HampsDKeHUs B CETH B TOYKE MPUCOEIUMHEHUS HauOojee yIajieHHOIro
AJIEKTPONPUEMHUKA.

B ycnoBusix sKcCrutyaTani BCce MOTPEOMTENH PacCUMTHIBAIOT TpeOyemble 3HadeHus Vo A
PEXMMOB MaKCUMAaJIbHBIX U MUHUMAJIbHBIX Harpy30K C Y4€TOM CBOMX CPEJICTB PETYJIHNPOBAHUS
HanpsbkeHus. Eciu sHeprocHabkaromas opraHu3aius He BBIICPKUBACT ITH SHAUYCHUS, TO K HEl
IPEIbABISAIOTCS dKOHOMHUYECKHE CAaHKIMHU. [1o3TOMy BbINOJIHEHUE HAcCTOsLIEH Jab0paToOpHOM
paboThl OpPUEHTHUPOBAHO HA MHCCIEIOBAHUE OTKJIOHEHUM HANpsDKEHUS B IPOMBIIUIEHHOM
AJIEKTPOCETH, IPOBOAUMOE C LIEJIbIO PELIEHMsI ITaHHOM 3a1auu — pacyeT TpedyeMbIX 3HaueHui Vo
JUISl pe)KMMOB MaKCUMaJIbHBIX 1 MUHUMAJIbHBIX HArpy30K.

TToTepst HANPSIKEHHS B IIEMEHTE ceTH ¢ conporupneHneM z=R+jXutokom | =1 — J |

OTIpeNeNAIoTCs 0 hopMyIie
0
AU = I R+1 X 100%
H

Bce HeoOxonuMble mapamMeTpbl 3JEMEHTOB MOAEIUPYEMOW ceTd MpHuBeAeHbl B Tabn.l, a
napameTpsl Tpanchopmaropa T2 paccuutansl B 11.1.3.1. maboparopnoit padotsr Nel.

6.3 (3amanue)

6.3.1. IloaroToBUTH YCTAHOBKY K paboTe:

9) U1t u3MepeHus: Hanpspbkenus Ha muHax 10 kB TTIT u 380 / 220 B uexosoii TII B
CYTOYHOM IIMKJIE€ BPEMEHH MOAKITIOYUTH CAMOIUIITYIIIHE TTPUOOPHI B COOTBETCTBUH CO CXEMOM pUC

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

11) nepekirovaresip  aHuandg — TpaHcdopmaropa T2 u  mepexmouatens [IBB
Tpancpopmaropa T4 ycTaHOBUTH B HYJIEBOE MOJIOKEHUE;
12) NepeKyoyaTeNlb 3aJaHus ypoBHA HampsbkeHus B cetu 110 kB ycranoButs B

MI0JIO’KEHUE, YKa3aHHOE IIPETIOA0BATEIIEM.
4.3.2. 3anmyCTUTh YCTaHOBKY HakaTMeM KHONKH «[Iyck» M TNpOM3BECTH PpErucTpanuio
rpadukoB U (t) Ha mmHax 10 kB T'TIIT u Ha mmHax 380 /220 B nexosoi TII Ha cyTOYHOM IHKIIE
BPEMEHU C [IOMOINBIO caMONUIIymux MnpuOopoB. Ilpu HEBO3MOXKHOCTH HCHOIb30BATh
CaMOTHUIIIYIIFEe IPUOOPBI IpoBecTH peructparuio rpadukor U () mo muroBsiM mpubopam.

Conepxanne otdyeta4.3.3. O6paboTaTh pe3yIbTaThl U3MEPECHHI:

5) noctpouth rpaduku V (t) s mwwmn 10 kB TTII u ans s 380/220 B nexosoit TTI;

6) MOCTPOUTh THCTOTPAaMMbl OTKJIOHEHHH HaIpsHKeHHUS W BBIYUCIUTD HX CpPEIHUE
3HAYEHUS U TUCIEPCUU.

6.3.4. TlpoaHamu3upoBaTh IMOJYYCHHBIC Pe3yibTaThl. ONPeNeIuTh ONTHMAIBHYIO CTYIICHB
I1bB tpancdopmatopa T4 u pa3paborats rpaduk nepexitouenus anuand PITH tpanchopmaropa
T2. IIpu 3TOM BO3MO>KHOCTb peryJMpoBaHus HanpspkeHus ¢ nomouibio Kb B 1anHoil pabore He
YUUTBIBATh.

6.3.5. YcTaHOBUTH MepeKiIouaTeNieM, pacloioKeHHbIM Ha JIMIEBOW MaHeIu, HeOOXOJUMYIO
crynedb [IBB Tpancdopmaropa T4 u Ha HAOOPHOM TOJE C MOMOIIBIO MEPEMBIUEK MPOrpaMMy
nepekitouenust anuang PITH tpanchopmatopa T2. IloakiarouuTs M MOATOTOBUTH K pabote
CaMONUILYIIHE TPUOOPHI.

6.3.6. 3anmycTUTh YCTaHOBKY M IMPOBECTH PETUCTPALMIO HANpSHKEHUH Ha CYTOYHOM IIHKIIE
aHaJIOTM4HO 11.4.3.2.



63.7. O6paboTaTh pe3yabTaThl K3MEPEHUH B COOTBETCTBUH C 11.4.3.3. ¥ OIIEHUTh COOTBETCTBHE
HanpspKeHUs: B MozenupyeMoit cetu Tpedosanusim I'OCT [2].

6.3.8. Ilo momyueHHbIM B yHKTE 4.3.7. pe3ynbpTaTtaM NOCTPOUTH AJISl PEKUMOB MaKCHMAaJIbHBIX
U MUHUMAJIbHBIX HArpy3oK AMarpaMMbl OTKJIIOHEHHM HamlpsDKeHUS Uil MOJACITUPYEMOW CeTu
(anamoruuno puc.4.1). Otknonenus Vi u V2 onpenenstorcs mpu 3TOM dKCIIEpUMEHTAIbHO, Vo —
pacueTHbIMITYTEM 110 hopmyite (4.1). Tak kak Ha MOJIeNIM HE TIpeIcTaBlIeHa IiexoBas ceth 380/220
B (IILIM na puc.5), To motepu B 31oii cet (AU4) He yIUTHIBaOTCSA U V3 HE OLIEHUBACTCA.

6.3.9. llpunss mns mmH 380/220 B nexooii TII nomyctuMbie 3HaUeHUST OTKIIOHEHUH V ™), don
=5%, V O3 son =0, OIIpeIeINTH COOTBETCTBYIOIIME OTKIOHEH!s Vo, KOTOpBIE J0JKHA 00ECTICUHTh
SHEProcHadKarolasi OpraHu3anus Ha JMHUU pasjena 0aaaHCcoBON MPUHAICKHOCTH CETeH uis
PEKUMOB MAaKCUMyMa U MUHUMYyMa Harpy3ok.

[TpunsaTs Bpems mMakcumyMma ¢ 8 10 12 yacoB yrpa, MUHMUMYyMa — ¢ 2 710 5 yacoB Houu. Ilpu
3TOM HEOOXOIUMO IMOMHHUTH, YTO B pEalbHOW NpPAaKTUKE pacuyera TpeOyeMbIx 3HaueHuid Vo
HE00XO0IUM y4eT paboThl KOMIIEHCUPYIOIINX YCTPONCTB, YTO B HACTOsIIEH JabopaTOpHO paboTte
HE TMPOU3BOJAUTCS [JSl YIPOIICHHUS €€ BBIMOJHEHUS M €lle B CBSI3U C TEM, YTO BOIPOCHI
KOMIIEHCAIIMH PEaKTUBHBIX HAaarpy3oK paccCMaTpUBalOTCA B Cleyrolei JadopaTopHoii padbore.

Copepxanue oTuera

6.3.10. ObopmMuTh OTUET 1O JTAOOPATOPHOU padbOTEe, KOTOPHIN JOJIKEH COJIEPIKATh:

- bopMyITUPOBKY 3a/1a4 UCCIIETI0BAHUM;

- pe3yNbTaThl OIICHKU OTKIIOHEHUN HANPSKEHUH B MOJEIIUPYEMOM CETH.;

- CYTOYHBII rpaduk nepekiitoueHus anmnamnd tpaacgopmaropa T2;

- pe3yabTaThI, MOTYYCHHBIE MTOCTIE PeaTH3ali MEPOIPUSTHIA;

- HATPSDKEHUS;

- BBIBOJIBI 11O padoTe.

6.4. [loarotoBka k pabore

CamocrosTenbpHast HOArOTOBKA K Pa0OTE COCTOUT B CIIETYIOLIEM:

7) [IOBTOPEHHE TEOPUTUUECKOro MaTepuana [1];
8) HOJArOTOBKA K OTBETaM Ha KOHTPOJIbHbBIE BOIIPOCHI;
9) pacyer norepb HanpskeHus B TpaHcpopmarope T2 juist pe)KUMOB MaKCUMAaJIbHBIX U

MUHUMAaJIbHBIX HAIPYy30K,.

6.5. KoHTpOIbHBIE BOPOCH

6.5.1. Kakne momyckaroTcsi OTKIOHEHHS HANpSHKEHUS B MPOMBIIUIEHHBIX JJEKTPOCETSIX IO
I'OCT 13109—97 u mouemy?

6.5.2. Kak 3aBucHT paboTa pa3iuyHBIX SJIEKTPOINPHEMHUKOB OT BEJMYMHBI HATIPSOHKCHUS B
cetu?

6.5.3. Kakme cmocoObl YIydmieHHs HANpsOHKCHUS WCIONB3YIOTCS B TPOMBIIIICHHBIX
AIIEKTPOCETAX U B CETAX SHEPTOCUCTEM?

6.5.4. TlocTpoiiTe BEKTOPHYIO AMAarpaMmy TOKOB W HANPsKEHHMH Ui NPOCTEHIIEH ceTH ¢
conpotusienueM R+jX u Tokom | -j I”.

6.5.5. Kakue umeroTcs OlleHKH OTKJIOHEHUI HalpsKEeHUsI U KaK OHU BBIYUCIISIOTCS?

JlaGopaTopHas padora Ne5

Tema 3anamua Be100p mapamMeTpoB OCHOBHOTO 3JIEKTPOOOOPYAOBAHUS U
Harpy3o4Hasi CHoCOOHOCTb.

lIeJlb 3anamus. HpI/I06peCTI/I HAaBBLIKW BBITIOJIHCHUA paCyCTa JICKTPUUICCKHUX HAI'PY30K B
OJICKTPOYCTAaHOBKAX HAIIPAXKCHHUEM BBIIIC 1 xB MCTOAOM YIIOPAAOYCHHBIX AUarpaMm.

TeopeTnyeckas 4acTh

HccnenoBanue moMex 1o JIEKTPOIUTAHHIO B TPOMBIIITICHHBIX AJIEKTPOCETIX

5.1. Llens paboThI

HccnenoBanue MpOBAIOB HAMPSDHKEHUS B MPOMBIIUICHHBIX AJIEKTPOCETSX, SBISIOMINXCS
MOMEXaMH 1O AJIEKTPOMHUTAHUIO IS HU(POBBIX TEXHUUECKUX CPEICTB.

5.2. Beenenue



B I'OCT [2] ycTaHOBJIEHBI HOBBIE MMOKA3aTEIN KaueCTBA AJIEKTPOIHEPTUH, XAPAKTEPU3YIOIINE
KpPaTKOBPEMEHHBIE NCKaKEHUS HAMIPSDKEHHSI B CETH, BO3HUKAIOIIUE MPH Pa3IMYHBIX MEPEXOIHBIX
nporeccax. OTO BBI3BAHO TEM, YTO KPAaTKOBPEMEHHBIE HMCKAKEHHs HAIPSIKCHUS SBISIFOTCA
MIOMEXaMHU 1O AJIEKTPONUTAHUIO B HAMOOJBINEH CTENEHH Ui MU(PPOBBIX TEXHUYECKUX CPEJICTB
(ITC) [3]. Bce nmoMexu mo 3IEKTPONUTAHUIO IPUHATO ACIUTh HA JBa BUAA: JJIUTEIIbHBIE
(mpoBajbl U BBHIOPOCHI HANPSDKEHUS JITUTENBHOCTHIO OT €IMHHII MHJUIMCEKYH]I 10 HECKOJIBKHX
CeKYHJ[) U UMITYJIbCHbIE — KOMMYTALMOHHBIC MEPEHANPSIKCHUS JIUTEIBHOCTBIO, U3MEPsSeMOi
MUJUIMCEKYH/IaMU U MUKPOCEKYHIaMH.

O6opynoBanue

B nannoit na6opatopHoii pabote HUCCIeAYIOTCS TOJIbKO MPOBaIbl HAPSKEHUS, IS KOTOPBIX
I'OCT [2] ycTaHaBIMBaEeT CIEAyIOIINE TapaMeTphI:

At — JUIMTEIBbHOCTh NPOBAJIa HAIPSKEHUS, C; AU — r1yOuHa mpoBaja HanpsoKeHus, %.

[IpyurHBl BO3HUKHOBEHMSI MPOBAIOB HANPSDKEHUS B AJIEKTPUUYECKUX CETAX NPEIIpUSITUN
paccmotpensl B pabore [3]. Bce MHOXXECTBO 3THX NMPUYUMH MOXKHO pa3felUTh HA J1Ba BHJA.
I1epBblil — IpOBaJIBI HAIIPSKEHUS] «IIPUXOALIUEY» U3 CETEW YHEPTOCUCTEMBI, BTOPO — IPOBAJIBI,
BbI3bIBAaCMbIC SIBICHUSIMH B DJJIEKTPOCETAX MNpeAnpuatvs (IMUKOBbIE HArpy3Kd, aBapHiiHbIE
NEPEKIIIOUCHUS U JIP).

TexHuka 6e30macHOCTH

B nabopaTopHoii ycTaHOBKE CMOIETTMPOBaHbI 00a yKa3aHHBIX BU1a MpoBasioB. [Ipuuem mposai
BTOPOTO BHJIa BhI3bIBaeTCA MUKOBOM Harpy3koi Ha ctopone 0,4 kB nexoBoit TII u o0ycrnosien
noTepeil HanpsHKeHUs OT MMKOBOW Harpy3Ku Ha compoTuBieHuu Tpanchopmaropa 10/0,4 kB.

B naGopatopHoii paboTe HEOOXOMMO C MOMOIIBIO IEKTPOHHTO OcUUIuIorpada onpeaeauThb
BpEMs TPOBAJIOB HANPSDKEHUS, UX TIIYOWHY M JITUTEIBHOCTD, a TAKXKE CPeIn 3aUKCHPOBAHHBIX

MIPOBAJIOB BBIACIUTE MIPOBAJIBI IEPBOTO U BTOPOTO BUaA. [ myOnHa AU IIPOBAJIOB BTOPOTO BUA
MOYET OBITh YMEHbIIICHA MTPH MapajuieNibHOM padore Tpancdopmartopa T3 u T4.
5.3. (3amanme)

5.3.1. BxumounTh muTaHue 1a00paTOPHOTO CTEHAA, BKIIOYHTH HATPY3KY Sl’ OTKJIFOUUTH

tpanchopmarop T3. OcranmpHble 3JI€MEHTHI MHEMOCXEMBI MOTYT OBITH B JIIOOOM COCTOSIHUU
(BKJIFOUEHO WJIM BBIKIIOYEHO). [lOAKIIOUUTH AIIEKTPOHHBIA oOcImuiorpad Uit KOHTPOISL
Hanpspkenus Ha mmHax 0,4 kB nexosoit TII (puc.2). Hactpouts ocumimiorpad tTakum odpazom,
4TOOBI MOXXHO OBUIO OLIEHUTh TIYOMHY M JUIMTEIbHOCTH MpoOBaja HAONI0aeMOro Ha 3KpaHe
HATIPSDKEHUSL.

5.3.2. 3anycTUTh YCTAaHOBKY Ha)kaTHeM KHONKHU « [Tyck» u, BHUMaTenbHO HaOIr0/1as Ha SKpaHe
ocumiorpada 3a ucciaelyeMbIM HanpspkeHueM, 3aUKCUpOBaTh MpBalbl HAMpsKeHUs (BpeMms,
riyOuHy, JUIMTeNbHOCTh). IlpoaHanu3upoBaTh pe3ynabTaTbl HaOMIOAECHUH, BBIABUB CpeAd
3a(pKCUPOBAaHHBIX MPOBAJIOB T, KOTOPHIE BbI3BaHbI MUKOBON Harpy3koil B cetu 0,4 kB nexoBoit
TII.

5.3.3. Bxumouuts Tpancpopmatop T3 Ha mapamnenbHyo padbotry ¢ TpaHchopmaropom T4 u
MOBTOPUTH IKCIIEPUMEHT B COOTBETCTBUU C 11.5.3.2. OLIEHUTH CTENEHb YMEHBIICHUS TIyOUHBI
IIPOBAJIOB HAIPsHKEHUsI, 00YCIIOBIEHHBIX TMKOBOM Harpy3koi B cetu 0,4 kB.

Conepsxanue oT4yera

5.3.4. OpopMuUTh OTYET 10 JTAOOPATOPHOI pabOTe, KOTOPHIN JOJKEH COACPKATh:

- (bOopMyYITUPOBKY 3a7a4H J1JA00PATOPHOTO UCCIIETOBAHNS;

- pe3ynbTaThl HabmoaeHuH 1Mo 11.5.3.2 1 5.3.3 B hopme TabIHIIBI C yKa3aHHEM BPEMEHH
MOCAJIKH, €€ JUTMTEIbHOCTU U IITyOUHBI, a TaKXKe BUJa (NIEPBbIi U BTOPO);

- BBIBO/IBI 110 padoTe.

5.4. IloarotoBka K pabore

CamocrodTenbHas MOJrOTOBKA K pabOTe COCTOUT B M3yYEHUU TEOPETUYECKOr0 MaTepHaia 1o
auTepaTtype [3] U B IOATOTOBKE OTBETOB HA KOHTPOJIBHBIE BOIIPOCHI.

5.5. KoHTpoabHBIE BOIPOCHI

5.5.1. KakoBbI IpUYMHBI IPOBAJIOB HANIPSDKEHUS B POMBIIIIIEHHBIX JIEKTPOCETAX ?

5.5.2. OnuiuTe MexaHu3M Bo3/eiicTBus npoBasioB HanpsokeHus Ha L[TC.

5.5.3. Kakumu nytssMu MokHO obecrieuuts ycroiunBocTh LITC k mpoBanam HanpsbkeHus?

5.5.4. Kakue HOpMBI Ha TipoBajbl HanpspkeHus yeranoiensl 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 , BBI3bIBAIOIIas ITOSABJICHUC HA IIIMHAX CII BeICIINX TapMOHUK HAIIPSIKCHUSA

6) ¢dunsTpokoMneHcupytomiee ycrpoiictBo @KV, npennazHadeHHOE JIsi YMEHBIICHUS
YPOBHSI BBICIIUX TApMOHUK Hanpspbkenus Ha mHax CIT.
Ha MHeMocxeme pa3MeneHbl CIeNyoIne H3MEPUTENbHbIE IPUOOPHIL:

Vl — IIUTOBOM KWJIOBOJIBTMCTPp JIA HU3MCPCHUA HAIPAKCHUA C BBICOKOI CTOPOHBI

tpanchopmaropa I'TII T2 (ma muaMM pa3aena 6alaHCOBOW MPUHAIICKHOCTH CETEH ),
— KWJIOBOJIFTMETD JUIsl KOHTPOJIS HanpskeHus Ha muHax PY 10 kB;

2
V 4 — BOJBTMETD /UL KOHTPOJIA HANPSDKEHNS Ha MIHHAX PV 380/220 B uexosoit TII;
V 4 ~ BOVIBTMETp JUI KOHTPOJIS HANPXKEHUA Ha IIMHAX 220 B CIL

CH — YHUBEPCATbHBIN CAMOIUIITYIIHI MPUOOP, KIEMMbI MOAKIIOYEHHUS] KOTOPOTO BHIBEICHBI
Ha THe31a «M3MepuT. mpulopsl», pa3MeIleHHbIC Ha JIUIIEBOM MaHEeIN YCTaHOBKH;

Ai — A3— IIUTOBBIE AMIIEPMETPBI, CITYXKAIIUE JIJISE KOHTPOJISI TOKOB B MOJIEIUPYEMOI CETH.

[TapameTpbl MOJETUPYEMBIX IEMEHTOB IPUBEACHBI B Ta01. 1.
I'padux HAarpysku S 5 uexosoit TII Mmoxenupyetcst OaU3KUM K peanbHOMy. OH IprpaMMHO

3a71aH ¥ BCET/Ia OJIMH U TOT e JI/Isl KOHKPETHO! YCTAHOBKH (HA PAa3HBIX YCTAHOBKAX IPauKd S 5

OTJINYAIOTCS).
OcTanbHble (10 OTHOLIEHHUIO K IPUBEIEHHON Ha MHeMocxeMe 1exoBoi TII) morpedburenu 10

kB TTIII npexacraBieHbl 00OOIIEHHON Harpy3koi Sl’ rpadyK KOTOpOH 3adaercsi >KEeCTKOM

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

B monenupyemoii cetu 0,4/ 0,23 kB npencraBieH Ha MHEMOCXEME OJIMH U3 CUJIOBBIX TYHKTOB
CII ¢ HenuHelHON Harpy3Kkoi (ogHO(}a3HbIN BBIIPSIMUTEND), KOTOpas 00ycliaBIUBaeT HAIMYHE B
HanpspkeHnu Ha muHax ClI BeICIIMX rapMOHUK HanpspkeHUs . J[1s KoMIeHcauu 3TUX TapMOHUK
YCTaHOBJEHO (uiIbTpoKoMIeHcHpytomee ycrpoiictBo @KV, mnojakimtoueHHe KOTOPOro
MIPOU3BOIUTCS TyMOJIEPOM, pacoiOKEHHBIM HapsKeHue JIUieBol manenu. Ha nuiieByro nanenb
BBIBEJICHBI TAKXKE KJIEMMBI JUIs M3MepeHns Hanpsbkenus Ha mmHax ClII, a taxke TokoB B HH n
OKYV.

Bce oprassl ynpaBieHus yCTAaHOBKOW PacoJIOKEHbI HA JIMIIEBOW MaHeNu. B HUKHEM npaBoM
yIJIy TaHeIH YCTaHOBJEH aBTOMAT BKIJIIOYEHMS NMUTAHH. Y H300pakeHUs KOMMYTAllMOHHBIX
anmnapaTroB YCTaHOBJICHBI KHOIIKHM BKJIIOUEHHs (UepHAasl KHOIKA) U OTKIIOUEHHs (KpacHasi KHOIIKA)
3THX anmnapaToB. CHUTHAIBHBIE JIAMIIBI NTAKa3bIBAIOT COCTOSHUE KOMMYTAIIMOHHOTO armapara.
N3meputenbHble TPUOOPHI, pa3MELICHHbIE Ha JUIIEBOM MaHEeH, CIyXaT Uil U3MEPEHHs TOKOB B
JUHUAX U HanpspkeHui Ha mmHax 10,5 kB u 0,4 kB. AKTHBHAas 1 peakTUBHAs Y)HEPIUs B Lensax T2



1 T4 n3MepsroTcss MHAYKIIMOHHBIMU CUYETYMKAMHE, YCTAaHOBJICHHBIMH BHYTPH cTeHaa. CUeTYnKA
CHaOKEHBI TapTUYMKAMH Yria 00OPOTOB UX AMCKOB. PsijoM ¢ MHEeMOcHMBOIOM TpaHCchopMaTopa
T2 pacmonoxeHbl KHOIKY NIEPEKIIIoUeHuUs aHmandg TpancdopmMaTopa ¥ CUTHAIILHEIC JTAMITBL.

Tabnumna 1

[TapaMeTpsl AIIEMEHTOB CHCTEMBI 3JIEKTPOCHAOKEHUS,

MOJCJIMPYEMOM Ha JJA0OPAaTOPHOU YCTAaHOBKE

Ob6o3HaueHmne Tun HomunansHoe [TapameTpsl

Ha MHEMOCXeMe HaIpsDKEHNE

(puc.1.1)

T1, T2 T/IH - | 115711 S =10000 kBA, AP__=27 kBt, AP
10000/110 H xx K3

=74 xBr,u,.=105%, | __ =0,9%;
XX

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

T3, T4 TM3-1000/10 | 10/0,4 S =1000 kBA, AP_ =24 kBr, AP
H XX K3
=12,2 xBr,,uU, = 55%, | __=2%; T
XX 0
=1,54, v =55°C;

y7;
Crynenu [16B: +5%, +2,5%,
0, -2,5%, -5%

EE; 10/5 QH =4 x 350=1400 kBAp (kaxmas
Oarapest umeet 4 crynenu no 350 kBAp)
kBT
AP =0,0025
° kBAp
BK3 VYKJI-0,38 0,4 QH =210+105+42+3-21=kBAp;
AP =0,0045 xBAp
KaGeuns ACb —1105 | .. =140 A; R =0,62 Om/kM;
nutatommii T4 | 10(3-50) 00 o
X . =0,04 Om/xm; =1 xm;
T0=15 MMH,; V()d =45°C
CA CAH-10-1250 1 10 P =1250 kBr; COS ¥/, =0,9; K _=08;
,ZZ1=6,77 kBT; ,ZZ2 =6,98 kBt
OKY 0,4 @unbTp 3-eil rapMOHUKHU

Tym6nepsr «MomHocTh BK» u nepekimtouatens »PeaktuBHas MomHocTh C/I» mpeaHazHaueHbI
JUIS 3a]JaHUS BEJIMYMHBI T€HEPUPYEMOM

PEaKTUBHOI MOIIHOCTH KOHJICHCATOPHBIX OaTapell U CHHXPOHHOTO JIBUTATeNsi COOTBETCBEHHO
(MmomHOCTh yKazaHa B KBAp). Ilepekmouatenem «OtnaiikM T4» NpoM3BOAUTCS YCTaHOBKA
otnaiiku Tpancpopmaropa T4. B neHTpanbHOM YacTH JIMIIEBOW MaHEIN PACTON0KEHBI OPTaHbI
yIpaBiIeHUs peXuMaMu paboThl Bceil ycTaHOBKHU: KHomKa «Ilyck» — s 3amycka yCTaHOBKHU B
paboty; kHomka «COpoc» — i BO3Bpara YCTAaHOBKH B pa0oTy; KHomka «OCTaHOBKa» —
¢bukcrpoBaHHE KaKOro-Iub0 pekruMa YCTaHOBKH; IU(PpPoBoe TalJI0 JUIsi KOHTPOJIS MOAEIBHOTO
BpeMeHH CcyToK. KoMmMMyTalnnoHHOE T1oje, pachojio)KEHHOE B IIPaBOM BEPXHEM YTy,
IpelHa3HayeHo Ui 3a/laHus aBTOMAaTHYeCKOTO pexuma padoThl 3JEMEHTOB CXeMmbl. B
71a00paTOPHOM yCTaHOBKE BO3MOKHO aBTOMAaTHUYECKOE M0 BPEMEHU CYTOK MEpeKIIoUeHre aH1amndg
Tpancopmaropa T2, a Takke BKIIOYCHHE U OTKIIOYEeHHe TpaHchopmaropa T3 wu
KOHJIeHCcaTOpHBIX, OaTtapeit BK1, BK2, bK3.

JlaboparopHasi ycTaHOBKA UMEET JIBa PeKUMa PabOTHI:



|. Tlpu BKJIIOYEHUU MUTAHUS — PEKUM MOATOTOBKHU (MCXOOHBIA pexum). B atom pexume
3a1al0TCAd HAdaJbHbIE YCIOBUS (BKIIOYEHHE M OTKIIIOUEHUE COOTBETCBYIOLIUX 3JIEMEHTOB
CHCTEMBI); YCTaHABIMBAETCA INporpaMMa paboOThl TO BpeMeHH CcyTok ycrpoictBa PITH
tpancpopmaropa T2; tpancopmaropa T3 komgencatopusix Oatapeit bK1, BK2, BK3 (na
KOMMYTAllMOHHOM Ti0s1€). [loAKIIouaroTcss U HaCTPauBaIOTCS HEOOXOIUMBIE H3MEpPUTEIIbHBIC
puOOpBI, a TAKKE MPOBEPSETCA TOTOBHOCTh YCTAHOBKU K «IIPOTOHKE» CYTOYHOI'O LIMKJIA.

2. Ilpu Haxxatuu kHonku «Ilyck» BKIItOUaeTcs MpolLecc MOAEIUPOBAaHUS HAaIPy30K CyTOUHOTO
mukina. 3aropaercs uugppa Ol Ha 1HppoBOM TabMO, W MPOUCXOAUT MOJAYa MUTAHHUA HA
MOJIETTUPYEMYIO CXEMY, KOTOpasi 10 3TOro Obuia obecToueHa.

CyTouHBIi UK PpabOThI CHUCTEMBI J3JEKTpOCHAOXeHHMs Mozenupyercs 3a 12 muu (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 UCXOIHBIA PEKUM MPUHYAUTEIHHBIM
HaxkatueM «COpoc». Knomkoit «OcTaHOBKa» OCTaHaBIMBAETCS IMpOrpamMma MOJEIUPOBAHUS
CYTOYHOTO IMKJIA.

[IIxanpl Bcex aMIepMETPOB U BOJIBTMETPOB Ha JIMIIEBOM MMAHEIN CTEH/A NPOrpajlyupoBaHbl B
JEHCTBUTENBHBIX BEJIMYMHAX. OTH MHPUOOPHI HCIOJB3YIOTCA JJIs BU3YAJIbHOIO KOHTPOJIS
[IapaMeTPOB PEXKUMA MOAEITUPYEMON CUCTEMBI.

Jliig npoBeieHNs HEOOXOIUMbIX U3MEPEHUH ITPH BBINOJIHEHUHUH JJAOOPATOPHBIX padOT UMEETCs
camormmymii mpudop CII. Cxema MOIKITIOYCHHS W3MEPHUTEIBHBIX TPaHCHOPMATOPOB TOKA,
HaNpsDKCHUST W CAMOINMINYIIETO0 TNpuOopa mokazaHa Ha puc.2. ['mesga «V3MmepurenbHas
anmapatrypa» (MA) pacnionoskeHbl Ha JTUIIEBOW MaHENIN YCTaHOBKHU.

Macmrabpl Bcex BEIMYMH MPUBEICHBI B Ta0I.2.

[Ipy BBIONHEHUU pAda HM3MEPEHUN HUCHONB3YeTCs JIOMOJHUTENbHAs — ammaparypa
(ocimorpad, HU3MEpUTENb HEIMHEHHBIX HCKOKEHUH Hu 1p.). YCTpoicTBO M paboTra 3TOi
anmaparypbl U3y4aroTCsl B COOTBETCTBYIOIIUX JIA0OPATOPHBIX paboTax.

[IpaBuna TeXHUKK OE30MACHOCTH MPHU BBHITTOJIHEHUH JIA0OPAaTOPHBIX pabOT

1. Kareropuuecku 3amnpeniaercs:
- TporaTh pyKaMu Or0JIEHHbIE IIPOBO/IA U YaCTU NPUOOPOB, HAXOSAIIUECS 1101

HampsDKeHHWEM, Jake eCIM OHO HEBENMKO; - TMPHUKacaThCs K BPANIAOIIUMCSA YacTsIM
AIIEKTPUYECKUX MAIIUH; - MPOU3BOJUTH U3MEHEHHUS B CXEME NpHU MOJKIOYEHHOM HCTOYHHUKE
MUTaHUS; - 3aMEHATh WIH OpaTh 000pyA0BaHKE WK IPHUOOPHI C IPYTHX PabOUnX MeCT

0e3 pazpelleHusl IpernojaBaTeNs WIM JlabopaHTa,; - OTXOJAWUTh OT HpUOOPOB M MAallluH,
HAXOJSIIUXCS TOJ HAMpsDKEHWEM WM OCTaBISATh CXEMY IMOJ HampsDKeHHEM IMpu o0padoTke
pPe3yJIbTaTOB U3MEPEHUI; - Meperpykarb NpuOOPbl TOKOM WJIM HANpPSKEHUEM, MPEBBIIIAIONINM
HOMHHAJILHOE 3HAUCHUE.
2.IlpoBepKy HaIM4Ms TOJABAEMOTO K CXEME HMJIM 3JEMEHTaM CXEeMbI HaIlpsDKEHUS HEOOXOIMMO
MIPOU3BOUTH TOJIBKO KOHTPOJIBHOMN JTAMIIOYKOUM WK BOJIBTMETPOM, COOMIOIasi IPaBHIIa TEXHUKU
o6ezonacnoctu.llpu  pabore B  smaboparopuu  Cl€IyeT  CTPOro  COOMIOAaTh  MEPHI
IIPEIOCTOPOKHOCTH, TaK KaK JIEKTPUUECKUH TOK, IPOXOISAIINAN Yepe3 TEN0 YEI0BEKA, BEITUUYNHON
B 0,025 A yXe sIBASIETCS OMaCHBIM JIJIS )KU3HHU.



Tabmmia 2
Maciradsl MOAEIH

HaumenoBanune O06o03HaueHue Ennnuna YucnoBbie
HU3MEPCHHS 3HAYEHUS
Macmradsl MogeIH ’ut c.oeticme. 240
c.mooenu
MacruraOsr cuerdmkos | Whl | 4 xBm-u
3IICKTPOIHEPTUH as E— 250
UMNYTIBC
Vartl |« kBap-u
Wh2 P2 -
Varh? UumMnyioC
Wz M, KBm 35(70)
UMNYTIbC
Varh2 ,upe kBAp-u
UMNYTIbC
/MacurraOsl TH1 ’uu B-oeiicme 100
HU3MEPHUTEIIBHBIX Bvioden
TpaHchopMaTopoB TH? 7, B-oeticme 10
HanpspkeHus (puc.2) u Bovodens
MOOEeNU
TH3 ‘uu B-Oeticmes 10
B.mooenu
711 7 | A-Oeticmea
A.mo0enu
172 7 | A-Oeticma
B.mooenu
TT3 y2s | A-Oeticma
B.mooenu
Macirad 01oKa
omnpezaeneHus remneparypsl | 5OT /,[V °C
neperpeBa kabens (puc.2)
Buodemu

KOHTpOJIBHBIe BOIIPOCHI

Hasnauenue 1 KOHCTPYKTUBHOE HCIIOTHEHUE DIIEKTPUIECKIX CETEH.

Y CITOBHS TTOJTB30BAHUS U pacdeTa 3a dJICKTPOIHEPTHIO.

OO6mue TpeboBaHUs K BEIOOPY M MPOKITAJIKE JIEKTPUUECKUX CETEH.

CXeMbI ¥ KOHCTPYKTUBHBIE UCITOJTHEHHST MEKIIEXOBBIX JICKTPHUYCCKUX CETEH.
CXeMbI ¥ KOHCTPYKTUBHBIC UCTIOJTHEHHST BHYTPUIIEXOBBIX 3JICKTPUIECKHUX CETCH.
3amuTHas anmapaTypa B ceTsax 10 1 kB. OcHOBHBIE XapaKTePUCTHKH.

No ok owd=

3amuTHas M KOMMYTalMOHHas anmapatypa B ceTsax Bbiue 1000 B. OchHoBHblE
XapaKTEPUCTHUKHU.




YueOHo-MeTOAMYeCKOEe H HH(POPMAIMOHHOE 00ecTiedeHHue U CIUTIITUHbI

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

8.1.1. IlepeyeHb OCHOBHOM JIUTEPATYPhI:

1. I'yxos H. I1. , OnpxoBckuii B. fI. , [TaBnrouenko 1. A. CuCTEMBbI 3J1€KTPOCHAOKEHHUS:
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.
OO01enpoMBIIIITICHHBIE MEXaHU3MBI U ObITOBas TexHuka : yaeOnuk/E,M. Cokomnosa. - 9-e u3.,
ucnp.-M.: Axkanemus, 2014. - 224 c.

8.1.2. IlepeyeHb 1OMOJTHUTEIbHOM 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 A7 BY-
30B. CrienmanpHas Tuteparypa). - bubnmorp,: c. 558-559. - ISBN 978-5-8114-1369-0
2.AxumoBa, H. A. MoHTax, TeXHUYECKast SKCILTyaTallis U PEMOHT 3JICKTPUYCSCKOrO U
3JICKTPOMEXaHUUECKOro o0opynoBanus : yucouuk / H.A. Akumona, H.®. Korenenen, H.W.
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. MeTtoanueckre peKOMEeHIalliu TI0 OpraHU3aI[ul CAaMOCTOATEILHOM paboThl CTYIEHTOB.
3. MeToaudeckne peKOMEH/IAlUN IO BBITTOJTHEHUIO KOHTPOJIBHON paOOTHI.

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

1. http://www.biblioclub.ru -OBC "Yuusepcurerckas 6ubimnoreka oHaaiH"

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


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

MHWHUCTEPCTBO HAVKH Y BBICIIETO OBPA30OBAHUSA POCCUICKOM
®EJEPALIAN
®EJEPAJTBHOE T'OCYJIAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJILHOE
YYPEKIEHWUE BBICIIETO OBPA3OBAHMS
«CEBEPO-KABKA3CKH ®EJEPATBHBIA YHUBEPCATET»

IaTuropcknii uHCTUTYT (puiman) CKOY

Meronnueckue ykazaHus
I10 BBIIIOJIHEHUIO KOHTPOJIBHOM paboThI
o pucuumnae « I IPUEMHUWKHU U ITOTPEBUTEJIN DJIEKTPOSHEPI'MMU B CUCTEMAX
OJIEKTPOCHABXEHUW A » nist cTyieHTOB HalpaBieHUs! IOATOTOBKU
13.03.02 DnexTposHepreTuKa U ANEKTPOTEXHUKA



n/n

abrowNE

Conepxanue

BBenenue

Ilenp u 3a1a4u U3y4EHHUs] TUCLIUILIAHBI

OO6opynoBaHue U MaTepUabl

HaumeHnoBaH#ne KOHTPOJIBHBIX padoT

Cucok KOHTPOJIBHBIX padoT

[lepeueHr OCHOBHOM U JIOMOJHUTEIBHOM JIUTEPATYpPbI, HEOOXOOUMOW IS
OCBOEHUS AUCLUIIINHBI

Crp.



Bsenenue

KonrponsHast pabGora co31aéT oONTHMalbHblE IUAAKTUYECKHE  YCIOBUS IS
JIEeATEIbHOCTHOTO OCBOEHUS CTYJEHTAMHU COJEPkKAHUSA U METOAOJOTUH U3Yy4aeMOU JUCHUILIIUHBI
«[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, TPOU3BOJICTBE PACUETOB U T.11.

[lenpto KOHTPOJNBHBIX paboOT sBIsieTcss (OPMUPOBAHME MPAKTUYECKUX YMEHHH —
npodeCCHOHATBHBIX (BBIIOIHATD OINpPEACIEHHBIC JeHCTBUS, ONepanuy, HEOoOXOAUMbIE 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
JOTIOTHUTEIBHBIX U3JaHUAX, HEOOXOAUMBIX Ul YTIyOJIeHHOTO U3yUYeHUs OT/IEIbHBIX BOIIPOCOB.



1. Llenv u 3a0auu uzyuenus 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/ly TOTPEOUTENSIMU U CUCTEMOM AJIEKTPOCHAOKEHHUST; TTOKA3aTeIH
rpauKOB HArpy3KH 3JEKTPONPUEMHUKOB U IOTpeOUTEIIEH;

- YMeTh aHaM3UpOBaTh rpa)uKu Harpy3KH.

- Bnazers HaBbIKaMM pa3pabOTKH OCHOBHBIX SHEProcOEperaonx MEponpusaTHiA B cucTeMax
AEKTPOCHAOKEHUS



1. Pacuer ko3 dunreHTa HECHHYCOUAANBHOCTH

1.1. BentusnbHsle mpeoOpa3oBaTeau

B Hacrosmee Bpems camoil pacHpOCTPAHEHHOM CXE€MOHM BBINPAMIICHUS IJIS
MOUIHBIX IpeoOpa3zoBareneil sBiseTcs TpexdazHas MocToBas cxema (cxema
JlapuoHoBa), mpeacTaBiaeHHas Ha puc. 1.1, a. Dta cxema BBIIPSIMIIEHUS TO3BOJISIET
OCYLIECTBUTh TaK HAa3bIBAEMYIO HIECTU()A3HYIO WIM HIECTUUMITYJICHYIO CXEMY
BeIIpsiMiICHNs. CoequHEeHne IIOCIEN0BATEIbHO WM IApajuIe]bHO JBYX WIH
HECKOJIBKUX BBINPSMUTENIBHBIX MOCTOB ITPU IUTAaHUU UX HANIPSHKEHUEM, CIBUHYTHIM
Ha COOTBETCTBYIOIIMKA YroJi, I03BOJIseT noayunth 12, 18, 24, 36, 48...-pa3Hbie
CXeMbl  BbIIpsAMIIEHHd (KpaTHble wmectd). CaBur yriia  HanpsHKEHUs
OCYILECTBIISIETCS. MPUMEHEHHEM COOTBETCTBYIOIIUX CXEM COEIMHEHHS TIEPBUUHBIX
WJIM BTOPUYHBIX OOMOTOK TpaHchopmaropa: Y — 3Be311a, A— TpeyrojbHUK, Z —
3Ur3ar, KOTOpPbI€ MO3BOJSIOT OCYHUIECTBUTH MPAKTUUECKH CXEMBI JII000H PazHOCTH
(MMITYJIBCHOCTH) BBIIPSMIICHHS.

as O’ Ly

¥

70-35«8B

Puc. 1.1. Cxembl MOTynpOBOIHUKOBBIX TPEOOPA30BATEIbHBIX arperaToB:

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 arperata 25 000 A u ero
KOMMYTAIlMOHHAS amnmaparypa



[lepBUYHBIM SBISICTCSI TOSBJIICHUE B TUTAIOMIEH CETH KOMMYTAI[MOHHBIX
UCKQOKCHUN HampsHKEHUs, a TapMOHUYECKHI aHaliu3 WX IMO03BOJISET BBISBUTH
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
3HAYEHUNA KOMMYTAlIMOHHBIX HMCKaXCHUN HANpPsDKEHHS, YTO PABHOCHIIBHO YUYeTy
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.

MeTronuka IO3BOJSAET BBIUMUCIATH Ky B JIO00M TOYKE MHUTAIOLIEH 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
HEIMOCPE/ICTBEHHON 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)

OO6muit K03 HUIIMEHT HECUHYCOUIATbHOCTH MMHUTAIOMICH CETH MPH padoTe
BEHTHJILHBIX ITPeoOpa3oBartesicii MOKeT ObITh OrpeieneH o dpopmyse [2]

0,955-sin@ 091

k, =100-x
“ N X+ Xy,

(1.2)
S

p

rue X, = - BKBUBAJICHTHOE COMPOTUBIICHUE CUCTEMbI B OTHOCUTEIIbHBIX
k3,6

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

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

onpexaensiercs Ky; Skz — momaocth K3 B TOUke, B KOTOpPOit onpenensiercs Ky; Xnp

— MHWHAYKTUBHOC COIIPOTHUBJICHUC ICIIA npe06pa3OBaTeJm 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 =7, 100, % (1.3)

HOM

[Tpu onpexnenennu Ky ocoboe BHMMaHUE cieayeT oOpamarh Ha Xp,. Yarie
BCEro TpeOyeTcs ompeaeisaTh Ky Ha IIMHAX MHTAHUS MOIIHBIX THPUCTOPHBIX
npeobOpasoBareneil. [log mpeoOpa3oBaTenemM MoApa3yMeBatOTCs BBIPSIMUATEIHHBIN
MOCT (WJIM UX TPyNIa) U TUTAOIINNA MTOHKAIOIINN TpaHCchOpMaTop.

B »TOM ciydae x,, paBHO COIPOTHBIEHUIO NPeoOpa30BaTEIbHOTO
TpaHchopmaropa u onpezensercs mo Gopmyie [2]

= M(l.}. ﬁ) —Snp

an =
100 4° S, out (1.4)
rie  S... —  HOMHHaJbHasg  MOIIHOCTh  MPeoOpPa3OBaATEIHLHOTO
tpaHchopmaTopa; Ky—  KOIpHUIMEHT  pacileruieHus  OOMOTOK  ATOro
Tpanchopmaropa; Ug o — CKBO3HOe Hamnpsbkenne K3 Tpancopmaropa,

MPUBEICHHOE K MOJIHOM HOMHHAIBHON MOIITHOCTH TpaHchopmaTopa.

JI7ist TByXOOMOTOYHBIX TPaHC(HOPMATOPOB, TPUMEHSIEMBIX B MIECTU(HA3ZHBIX
(Tpexda3HbIX MOCTOBBIX) cxeMax BbiIpsvieHus, K, =0, TpexoOMOTOYHBIX
TpaHCc(hOpPMATOPOB, TPUMEHSEMBIX B MPeoOpa3OBATENAX, BBINOJHEHHBIX IIO
nBeHaaTuda3zHoi cxeme, B 0011IeM BHJIE

K = Uk (HH1-HH2)
p u,

T7I€ Uk(na-nwz) — HampsbkeHne K3 Mexay paciiernieHHBIMH BTOPUYHBIMU
oOMoTKaMu TpaHc(opmaropa.

B oOmem ciydyae st TpaHchOpMaTOPOB C paclICTUICHHBIMUA OOMOTKaMH
kp=0+4, ecnmu BeTBM HHM3IIETO HANpsDKEHUS TpaHCcpopMaTopa WMEIOT XOPOUIYIO
AIIEKTPOMArHUTHYIO CBsI3b JIpyr ¢ apyrom, K,=0; ecam oOmotrkn HH He mmeror
MarHUTHOM CBSI3U APYT C JAPYTrOM WU MPeoOpazoBaTeNb BHITIOJHEH MO CXEME C
IBYMsl TpaHC(OpMaTOpaMu, UMEIOIIUMHU pa3Hble CXeMbl coequHeHus, To K,=4.

JleiicTBytoIIIee 3HAUCHHUE BBICIICH TAPMOHUKU HAMPSHKEHUS B 000N TOUKE
MUTAIOIIEH ceTH Tpu paboTe mpeodpazoBaTesisi C JIFOOOW IMOCIEeN0BATEILHOCTHIO
yepemnoBanus (a3 BBIIPAMIICHHS MOXKET ObITh OnpesesieHo 1o dpopmyie [2]

m X . i
U, = U... € —sing-sin(n-vy)
TN Xe + Xy (15)
3(X, +pr)
rae Y = ———— - YI'OJl KOMMYTaluu,pam.

m-sin e



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

S

1p

5 Sing-sin(n-vy)

m
| =
" \/§ﬂ: UHOM(XC+an)n

(1.6)

[Tpu pabote rpynIbl BEHTHIHHBIX peoOpa3zoBarteneil mopsaok pacuera Ky
cnenyromuid. [lo mpuBeneHHBIM QopMyJaM ONPEACNSIOTCS YPOBHH BBICHIMX
TapMOHHK HaMPsHKEHUS IS KaXI0TO IpeoOpazoBaTes.

OnuHakoBblE  TApMOHUKHM  HANpsDKEHUA ~ BceX  IpeoOpa3zoBaresnei

. p e
U n — Z U ni
F€OMETPUYECKH CYMMHUPYIOTCS i=2 3arem OIIpENEIAETCS

KO3 GUIUCHT HECUHYCOUIATbHOCTH
p
2
1/Z Uis
15 100

HOM
Ocoboe BHUMaHHE HEOOXOJMMO O0palllaTh HAa KOJUYECTBO YUUTHIBAEMBIX
TrapMOHHMK, YTOOBI M30€XKaTh OIMMNOKY B BhUKcacHUH Ky Uem 0oibliie KOJIMYECTBO
npeobpaszoBareneid u a3 BBIIPAMIICHHUSA, TeM OOJbIlee KOJIUYECTBO TapMOHMK
HE0OXO0IMMO YUUTHIBaTh. [IpearaeTcs ciaeayroas sMmnupudeckas Gopmyna:

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

kUZ -

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

Ipumep 1. /{715 BEHTUIBHOTO BBIIPAMHUTENS paccunuTaTh KOAQOUIIMEHTHI N-
Of  TapMOHMYECKOW  COCTABJISIIOLIEH  HampsDKeHWsT W KO3(PQPUUUEHT
HECHMHYCOHIaJIbHOCTH Ha muHax 6 kB.

6 B

Ncxoanbie 1aHHBIE:
@ C: SK3,6=150 MBA
T3 M T3: S13=10 MBA; Uyov=6 KB; Ux,%=10,5%

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

VD

Pemenue: Cuuraem conpotuBieHue nmpeodpazonaress o popmye (1.4)

k,.S
an:M(lJ,_p)ﬂ:lo_’S(lJrQ)ﬂ:o,o%
100 4°S., 100 47150

rae K, — koaddument pacuiernsieHuss oOMOTOK (A7l JBYXOOMOTOYHOTO
TpaHchopmaropa paseH 0)






ConpoTuBII€HHE CUCTEMBI

S
=om 10 6067
S, 150

KoaduiimeHT HeCHHYCOMIANBHOCTH T10 yIipoleHHoH (hopmyite (1.2)
K, =100-x, [22°°SIN® _ (99 _100. 0,067\/ 0955-08 91120
X¢ + X 0,067+ 0,066

Cornacuo [1] momyctumbiii KOA((PHUIIMEHT HECMHYCOMIAIBHOCTH JIJIst
HanpspkeHus: 6 kB cocraBiser 5%. Tak kak pacyeTHbld K0d(PUIIMEHT OoJible
JOIMYCTUMOT0, He0OX0IMMa YCTaHOBKA (PHIIBTPYIOIINX YCTPOUCTB.

CorunacHo [2] s BEHTUIBHBIX TpeoOpa3zoBaTeneil HEOOXOAUMO YUUTHIBATh
B pacueTax ToJbKo 5, 7, 11, 13 rapmoHukm.
VYT01 KOMMyTAaIlH B paJiiaHax

_3(Xc +Xy,) 3(0,067+0,066)
m-sing 6-0,6
rae M — yucio ¢a3 npeodpazoBaTes.

Hanpsixenust BICIIMX FApMOHUK U KO3(P(ULIHUEHTHI N-HOW rapMOHUYECKON
coctapsstoniei mo (1.5) u (1.3)

=0,11pan

Uy =™ Uy X sing-sin(-y), [<B] | Kue =, 100, (%]
men X X, o
U, = ;56 0,06%3607,0660’6 .$in(G-01D)=036B | Ky = %100: 6%
U, = :7 6 0,06%3607,0660’6 .in(7-01)=035¢B | ki = %100: 5,8%
Uy = .6116 0,06%3607,0660’6 .SiNL1-010) = 0.296B | K4y = %100: 4,8%
Usy=— -61360,06%36;,0660’6 .SiN(L3-011) =0,26xB | Ky = %100: 4,3%

1.2. JlyroBsie cTajeniaBuiIbHbIC €YU

HckakeHusl MUTAIOUIETO TOKAa M HAmNpsOHKEHUS MpU padoTe AYyroBbIX
CTaJICIUIABUJIBHBIX II€YE€N BOZHUKAIOT 34 CYET HEJIMHEHHON XapaKTEPUCTUKU TyT'U U
3a CYeT HEIMHEWHON XapaKTEepUCTUKU NEYHOTo TpaHc(hopMaTopa, pabOTaIOLIETO
IIPY MOBBIICHHBIX 3HAYEHHUSIX MAarHUTHON MHAYKUHH. Y POBEHb BBICIINX FAPMOHUK
TOKa TMpU paboTe JYyrOBbIX CTAJEIJIABMIBHBIX T€YEH CpPaBHUTENIbHO HEBEIUK,
OCOOCHHO TI0O CpPAaBHEHUIO C BBICHIMMH TapMOHUKAMH, T€HEPUPYEMBIMU
BEHTWJIbHBIMU TpeoOpazoBaTessiMi. OHAKO C HUMHU CJEIyeT CUUTAThCs, TaK Kak
MOITHOCTB AYTOBBIX I€YEN OCTOSIHHO PACTET.



Ha ocHOBaHMM 3KCHEPUMEHTAIBHBIX HCCIECAOBAaHUN [2] MOJy4eHO
COOTHOUIEHHE [UIsI ONpPENEICHUsS MAaKCUMAJIbHBIX 3HAYEHUM YPOBHEH OTJENbHBIX
TapMOHMK TOKA IIPU pabOTe AYrOBBIX MEYEH.

= (1.8)

riae |, — Tok meuHoro TpaHcopMaTopa B pacueTHOM peXuMe (I pacueTa
MaKCUMaJbHBIX 3HAYCHHWI TapMOHUK HaJ0 OpaTh B pacdyeT HOMHHAIBHBIA TOK
neyHoro Tpancdopmaropa); N=2, 3, 4, 5...— HOMEp COOTBETCTBYIOIIEH TAPMOHUKH.
W3 cOOTHONICHUS BHUIHO, YTO JOCTATOYHO B pacyeTax yUHUTHIBATh TOJNBKO O 7-U
TapMOHHUKH, TaK KaK OCTaJIbHbIC TAPMOHHUKH MaJIbl.

JIJ1s TpYTIITBI OJTMHAKOBBIX AYTOBBIX CTANCTUIABWIBHBIX ITeUeh

In,r = In4" N (19)
rie N — 4uucno mnedeil, OJHOBPEMEHHO pabOTAIOMIUX B PEKUME
pacIuIaBJICHHUS.
JInst rpymIiel meuen pa3Hor MOIITHOCTH
N
In,rzln,max an,Ti Sn,Tmax (1-10)
i=1
rne SpTi — MOIIHOCTh I-TO MEYHOro TpaHchOpMaTopa; SpTmax

HanOOJIbIIIAsl MOITHOCTh TpaHcPopMaTopa B TPyIIE TyTrOBbIX neuei; Inmax - TOK N-
Oif TapMOHHMKHU TMEYHOTO TpaHchopmaropa Hambombineil MomHoctu; N —obiee
YHUCJIO pabOTAIOUIUX TTEUEH.

s ompenenenus Ky B COOTBETCTBYIOHIEH TOYKE CETH HEOOXOIUMO
ONpPEACIUTh YPOBHU HAMPSDKEHUS  OTIEIbHBIX rapMOHUK, reHepupyembix JCII.
da3zHOoe HaNPSKEHUE TAPMOHUKH B PACUCTHOM TOYKE MUTAIOIICH CETH HAXOIUTCS
13 BBIPAKCHUS

2
U = Y3lnUie, (1.11)

n Sk

rae lp —naelicTByromiee 3HaueHue (azHOro Toka N-Oil TapMOHUKH; N —
MOPSIIKOBBIA HOMEp TapMOHUKH; Uyoy — HOMUHAIBHOE JIMHEWHOE HANpPsHKCHHUE B
pacdyeTHOM Touke; Sk — MOIHOCTh K3 B pacueTHOM TOUKe.

O6mmit  kKod(PPUIMEHT HECUHYCOMIAIBHOCTA B PACUYETHOM TOUYKE IMPHU
paboTe AYroBBIX CTAJCTUIABIIIBHBIX Meuei, %0,

.
2.U;
2
ky = U—lOO (1.12)
HOM
rae Uyow — HOMUHAIBHOE HANPS)KEHUE OCHOBHOM 4YacTOTHI B PAacCUETHOM
TOYKE.



I[Ipumep 2. Jlnsg [OyroBod  CTajeIUIaBWIIBHOW I€YM  PACCUMTATH
KodhPUuIMeHTsl  N-0if  rapMOHMWYECKOW  COCTaBIAIONICH  HAmpsDKEHUs U
ko3 duLMeHT HecuHyconaaIbHOCTH Ha mHax 110 xB.

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

Pemenune: CuntaemM HOMUHAIBHBIN TOK MEYHOTO TpaHcPopMaTopa

_ Sy, 60
I = = =0,31xkA
J3u,,, +/3:110

CornacHo [2] B MpakTHYECKUX pacdeTax JUIs JYTOBBIX CTaJEIUIaBHIILHBIX
neyeil yYuThIBaIOTCS TAPMOHUKH CO 2-0M 10 7-10.

Tokw, HampsHKCHHWsSI BBICIIUX TapMOHMK M KOA(PQOUIMEHTH  N-Oi
rapMOHUYECKON COCTABJISIONICH HaNpsbKeHUs paccuuThiBaeM 1o Gopmynam (1.8),
(1.11) u (1.3), rie N — HOMEep TapMOHUKHU

HOM

| 2 u,
n :_-2, [xA], Un \/_I nUHOM [ B] kU(n): U 100, [%]
Sk3110 o
031_ J3:0,078-2-110° 1,42
=25 =0078eA| |y, _ S 142k Kue = =100=13%
031 ) 093
1, = —>= =0,034cA J3.0,034-3-110 _ 0583
= - _0.93B Kuw =7, 100=085%
=230 00106 3 00259021 1107 Koy = 07
29 .0.019-4- = ~1100=0,64%
s Uy =~ =07kB | U 7110 ’
031
s =25 =0012cA Ko = 22°100=05%
031 J _ﬁ-o,012-5-1102_055kB
lg =7 =000%A | Us =—— - ——=0, ku(e):%mo:o,%%
031 J3-0,009-6-1107
I, =25 =0,006KkA | U, = — 0.49kB 0,38
72 2300 Ky@y =7--100=0,35%
110
J3.0,006-7-110







Koaddummment HecunyconnanpbHoCTH HanpshkeHus Ha muHax 110 kB

7
ZUﬁ 2 2 2 2 2 2
K, V5 100:J1,42 +0,93 +o,711(§),55 +049°+038" 0 oo

Cornacao [1] momyctumbiii KOA((PHUIIMEHT HECMHYCOMIAIBHOCTH IS
HanpspkeHust 110 kB cocraBnser 2%. Tak kak pacdeTHbli KO3(p(GUIHUEHT HE
MPEBBINIAET IOMYCTUMbINA, YCTAaHOBKA (DMIIBTPYIOIIUX YCTpoHcTB Ha muHbl 110 kB
He TpedyeTcs.

1.3. CBapouHble yCTaHOBKHU

IIo cBoemMy BO3IEHCTBHIO HAa HECHHYCOMIAIBHOCTH IHTAKOLIEH CETH
CBApOYHBIE HArpy3KH MOYKHO Pa3JC/INTh HA JBE KaTETOPUHU: YCTAHOBKH AYTOBOU U
KOHTAKTHOM AJIEKTPOCBAPKHU MEPEMEHHOIO TOKA, YCTAHOBKH JyTOBOM JIEKTPOCBap-
KM IIOCTOSIHHOT'O TOKA.

Y CcTaHOBKHM JTyTrOBOM 3JIEKTPOCBAPKHA MEPEMEHHOTO TOKA BO3JICHCTBYIOT Ha
MATAONIYI0 CETh AHAJIOTMYHO IYIOBBIM CTaJECIUIAaBWIBHBIM Ie4aM. BkiroueHune
CBAPOYHBIX MAIIMH KOHTAKTHOM JJIEKTPOCBAPKMA NPOU3BOJUTCS C HOMOIIBIO
UTHUTPOHHBIX WM TUPUCTOPHBIX KIIFOYEH, KOTOPBIE AJIs INIABHOI'O PErYJIUPOBAHUS
CBApOYHOI'O TOKa CHA0XalTCs CcHCTeMaMH (a30BOro pEeryjIMpoBaHUs yria
3a)KWTaHUs, YTO IPUBOJINT K HCKa)KCHHUIO TOKA BBICIIMMH FAPMOHHMKAaMHU, YPOBEHb
KOTOPBIX aHAJIOTUYEH YPOBHIO TAPMOHHMK IS [yTOBOM CBAPKH IIEPEMEHHOTO TOKA.

B o6miem ciyyae 1uist eIMHUYHON YCTaHOBKH 3JIEKTPOCBAPKH NEPEMEHHOTO
TOKa TOKM TapMOHHMK (PEKOMEHIYETCS YUUTBIBATH TOJIBKO TPEThIO M MATYIO
TapMOHHKH [2]) paBHBL:

I n = SHOM,TBCB HB /(n2 U

how) (1.13)

rjae S.... — HOMUHaJIbHAs MOITHOCTh TpaHC(HOPMATOPA; Pes— KOIPDUIIUEHT
3arpy3ku; [IB — npoaoinKUTENbHOCTD BKIIFOUEHMUS.

OnpeneneHre TOKOB TapMOHHUK, T€HEPUPYEMBIX YCTaHOBKaMHU J1yTrOBOM
ANEKTPOCBAPKU MOCTOSTHHOTO TOKAa, AHAJIOTMYHO OINPEJEICHUI0 TAPMOHUK IS
BEHTUJIbHBIX MpeoOpa3oBaTeneil. TOkM rapMOHMK (PEKOMEHAYETCS YYUTHIBATh
ToJbKO 5, 7, 11, 13-10 rapMOHUKHN) €IMHUYHON YCTAHOBKH JTyTOBOM 3JIEKTPOCBAPKU
MOCTOSIHHOTO TOKa ONpeeNsitoTcs o hopmyie

|
| =< (1.14)
n

rae |l — HOMHHAIBHBIN NEPBUYHBIN TOK YCTaHOBKH.
JIJist TpyMIbl yCTAaHOBOK 3JIEKTPOCBAPKU HE3aBUCUMO OT PEeXHUMa pabOThI
CyMMAapHbIE OT/I€JIbHbIE TOKH TAPMOHUK OMPENEIISIIOTCS COrIacHo [2]

(1.15)




rae |y — Tok N-ii rapmoHuku I-i ycraHoBku; N — oOmee 49ucio
paboTaIIMX YCTAHOBOK.

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

13

2 U,
5

ky =100 (1.16)

HOM

NEIIE

rac Un = HOM - HAIIPSDKCHUE n-i TapMOHHKH.

Sk

Ipumep 3. [lns rpymnmbl CBapOYHBIX YCTAHOBOK MEPEMEHHOTO TOKa
paccuutaTh KOAPGUIUEHTH! N-0if TApMOHUYECKON COCTAaBJIAIOIIECH HAIPSHKEHUS U
K03 GUIMEHT HecuHycouaaibHOoCTH Ha muHax 0,4 kB.

0,4 xB
e Hcxoanble JaHHDBIE:
C: SK3,0,4=2 MBA
/ Cy CY: SH0M=30 KBA; UH0M=0,4 KB; HB=60%; BCB:O,S;
N=6

Pemienne: CormacHo [2] B MNpakTUYECKHX pacyeTax sl CBapOYHBIX
YCTAHOBOK MEPEMEHHOI0 TOKA YUYUTHIBAKOTCA 3 U 5 TAPMOHHUKHU.

Toxu BBICIIIMX TAPMOHHUK JIJIs1 TPYIITBI CBAPOUYHBIX YCTAHOBOK PACCUUTHIBAEM
o ¢popmynam (1.13) u (1.15), rae N — HOMEp TapMOHUKH

S JIIB N
o e = 200
n UHOM ! :
) ) = . 2 —
3= 30 2’5 0.5 =3,23A l;, =v6-323" =7,91A
32.0,4
_ ) 2 _
| = 30 502,5014/0,6 _116A |5, =+/6-116° =2,84A

HanpsixeHust BICHIMX FTApMOHUK U KO3(PHUIUEHTHI N-0i1 TapMOHUYECKOM
cocTaBJIsIroIel paccunThiBaeM 1o popmynam (1.11) u (1.3)

U, :M, [kB] Kumy = UUn 100, [%0]
K3,0,4 o
-3 2 1072
_ J3.791.10°.3.04 ~329.10°KB Kug :Mloozo,&%

3 2 0,4




-3 2 : N
5:\/5-2,84-1;) 504 e ku(5)=%100=0,5%

Koaddumment HecunycouganbHOCTH HanpsikeHus Ha mmHax 0,4 kB

5
> U, a0t L oE2
k, =43 1009820571405 494

HOM !

Cornacuo [1] momyctumbiii KOA((PHUIIMEHT HECMHYCOMIAIBHOCTH IS
HanpsokeHus: 0,4 kB cocraBmser 8%. Tak kak pacyeTHbId KOI(PPUIUEHT HE
MPEBBIIIAET AOMYCTUMBIM, YCTaHOBKA (PUIBTPYIOMIUX YCTPOUCTB Ha muHb 0,4 kB
He TpeOyeTcsl.

2. Pacuer ko3¢ duiinenTa HECUMMETPHUH
I[Ipu pacuere HampspkeHUss  OOpaTHOM  MOCJENOBAaTEIbHOCTH U
ko3 puIeHTa HECUMMETPUH OJHO(a3HbIE HATPY3KU YUUTHIBAIOTCS BBEJCHUEM B

CXCMY 3aMCHICHHUA 3aJal0IKUX TOKOB 06paTHOﬁ IIOCJICA0BATCIbHOCTH.

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

J3
|2 = F\/3S§b + (Sab - 28bc)2 (2-1)

rie Sap U Spe — ogHO(a3Has HAIPy3Ka COOTBETCTBEHHO MEKIY (paszamu ab u
bc.

CxeMa 3aMenieHusi CeTH [JJs HAXOXKJEHUS HampsbKeHHs oOpaTHOM
nocienoBateabHocT Uy mpuBenena Ha puc.2.1 [4].

Puc. 2.1. Cxema 3amenieHusi cCeTH sl OIpPEACNICHUS HAMNPSIKEHUs OOpaTHOU
nocienoBarenbHocTd. Ha  cxeme o0o3HaueHo: | — TOk  oOparHOU
MIOCJICIOBATEIBHOCTH HECUMMETPUYHON Harpy3ku; Do u Dis — mpoBogumocTH
KOPOTKOTO 3aMBIKaHUs CETH MOIITHOCTBIO Sk M Tpex(ha3Hoi OaTapen KOHIECHCATOPOB
Qs (ecnu mocnennsis umeercs); Doy U goy — TPOBOJMMOCTH OCTAJIBHON HATPY3KH
MOJICTAaHIIMK, paccMaTpUBaeMOM B KauecTBE OOOOIIEHHOH; B OTHOCHTENbHBIX
eIMHULAX



Y, =t _2_j267
018+ j0,24

BBIpa)KeHI/IH AJIs1 aKTUBHBIX 1 PCAKTUBHBIX HpOBOI[HMOCTCﬁ HUMCIOT BUA:

Sk_. Qs . 2,675, . 25
:UZK ! bZ6:U26 ! bZH: U2 ! gZH:U2

HOM HOM HOM HOM

H -«
1

2K



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

[4]:

U2
Zos = > == > (2.2)
J4S2 + (S, +2,67S, - Q;)

Hal'IPSDKCHI/Ie 06paTHOI>'I IIOCJIICA0BATCIIBHOCTHU
U, =~/31,2,, (2.3)

Koaddunment necummeTpuun
U 2

ey = 100% (2.4)

HOM

[Ipumep 4. Jlnsg cxeMbl Ha PHUCYHKE ONPENETUTh KO3(DPUIUEHT
HECHMMETPHUH TP MOAKII0OUeHUH 0THO(a3HOH meun K (azam a u b.

h7d 2

6 .
| Jf Wcxonnble nanHbIe:
Sab
VD

T4: Sts=1 MBA; Uyon=6 KB; Uy %,=5,5%;
0.4 xR AP=10,5 kBT; AP,=1,9 xBt

VD: S,,=10 MBA; cos ¢=0,8; m=6

M: Pn=220 xBrT; cos ¢=0,9

H: Suap=1 MBA; Si=5,5 MBA

Pemenue: Tok 00paTHOI MoOcen0BaTeIbHOCTH HaXoquM 1o hopmyiie (2.1)
l, = iJssib +(S,, — 25y, )% = ﬁ\/s 5500 + (5500~ 2-0)? =530A
6U 6-6

rne Sap U Spe — 0JHO(A3HAs HArPy3Ka COOTBETCTBEHHO MEXKTY (hazamu ab u
bc, kBA.

HOM

CymMapHas Harpy3ka Ha IMHax 6 KB ¢ y4eToM BEHTHIIBHOTO BBITIPSIMUTEIIS
Si=Shp+SharptSy=10+1+0,22/0,9=11,24 MBA
rae Sy — MOIIHOCTh BEHTWJIBHOTO mpeoOpaszoBarensi, MBA; Sup —
MOTIHOCTb Harpy3ku, MBA; S,, — momHocTs aBurareins, MBA.

Moaynb COnpoTUBICHUST OOpaTHOM MOCIEN0BATEILHOCTH 1O (2.2)
2 62
25 = Do = =0,20m
JAS2 +(S6 +267S, —Qg)2 (/411247 + (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,z,, =+/3-530-0,2=18217B

Koaddunment necummerpuu 1o (2.4)

u, 18217

100% = ——100% = 3%
6000

gy =

HOM

Jnsa Hanpsioxenust 6 kB gomyctumblit K03 GUIIMEHT HECUMMETPUHN COTTIACHO

[1] coctaBmsieT 2%. Tak kak pacyeTHbIN KOAIDOUITMEHT HECUMMETPUM TPEBHIIIACT
JOMYCTUMBIN, HEOOX0/IMMa YCTAaHOBKAa CUMMETPUPYIOIINX YCTPOHCTB.

3. BnusiHue xaduecTBa 3IEKTPOIHEPTHH HA PA0OTY DIEKTPOIIPUEMHHUKOB

3.1. Pacuer AOITOJIHUTCIIBHBIX ITIOTCPD IIPU HCCUHYCOUIAIIbHOCTHU HAIIPAKCHHA

HecunyconganbHOCTh ~ HampsDKEHUs ~ BIAMSET  HA  BCE  BUJBI
AIEKTPOIPUEMHHUKOB. BBI3BAaHO 3TO HE TOJBKO TEIUIOBBIM JONOJHUTEIBHBIM
HarpeBoM OII ot Beiciux rapmonuk (BI') Toka, HO u Tem, uto BI' oOpa3yior
COCTaBJISIONIME TpsIMOM  mocienoBarenbHoctn 1,4,7u  T1.1.), oOpaTHOM
nocJyenoBaTeabHOCTH (2, 5, 8 U T.JI.) U HYJIEBOM MOCIEA0BATEIILHOCTH (TApMOHUKH
KpaTHble TpeMm). B 4YacTHOCTH, TOKM HYJIEBOM MOCIEI0BATEIbHOCTH CO3JA0T
JOTIOJTHUTENbHOE TMOJMAarHMYMBAaHUE CTAIM B JJIEKTPUUYECKUX MAalIMHAX, 4TO
MPUBOJUT K YXYAILICHUIO XapaKTEPUCTUK 3TUX DIl ¥ JONOJHUTETIBHOMY HAarpeBy
cepAeYHUKOB (cTaTopbl AJl, MAarHUTONPOBOABI TPAHCPOPMATOPOB).

O6piuno BI' HampsikeHHsi, CyMMHUPYSICb C OCHOBHOM TapMOHHUKOM,

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

Briciive rapMOHMKH HamNpsbKEHUs U TOKA HEOJArompUsTHO BIUSIIOT HA
AIEKTPOOOOPYI0BAHUE, CUCTEMBI aBTOMATHUKH, peeHON 3allUTHI,
TEIEMEXaHUKH W  CBS3U: TOSBISIOTCSA  JIOTIOJHUTEIbHBIC TIOTEPU B
AIEKTPUYECKUX MalllMHaX, TpaHcHOpMaTOpax U CETAX, YXYAIIAIOTCA YCIOBUS
pabothl Oarapeit konaeHcaTopoB (BK), cokpariaercs cCpok ciyObl H30JSINU
AIEKTPUYECKUX MAIIMH M aIlapaToB, BO3PAacTacT aBapUHHOCTh B KaOEIbHBIX
CeTAX, YXYIIIAeTCs KadyecTBO PabOThI, a MHOTJA TMOSBISAIOTCS cOOM B padote
CHUCTEM PEJICHHON 3aIUThl, aBBTOMATUKH, TCICMEXaHUKHU U CBSI3H.

Bricime rapMOHMKM HANpsOKCHHs M TOKA BIIMSIOT TaKXKE Ha 3HAUYCHUS
Kod(dpuImeHTa MOITHOCTH, BPAIAIOIIET0 MOMEHTA deKTpoaBuraTenein. OmHako
CHUKEHHE ITHX XapaKTEPUCTHUK, JAaxe Mpu KodP HUIIMEHTE UCKaKEeHUsT (HOPMBI
kpuBoi HampspkeHus 10—15 %, oxaspiBaeTcsi BecbMa HEOOJBIIMM. Y POBEHB
JOTIOJTHUTEIHHBIX aKTUBHBIX TOTEPh OT BI' B OCHOBHBIX CETAX AIEKTPUUECKHUX



CHUCTEM COCTaBJIIET HECKOJIbKO MPOIEHTOB OT MOTEPh MPU CUHYCOUJATIHLHOM
HaIpspDKeHUu. B ceTsiX mpennpusTuii, KPymHbIX MPOMBIIUIEHHBIX IEHTPOB, a
TAKXKE CEeTAX DICKTPUPUIIUPOBAHHOTO KEIE3HOJOPOKHOTO TPAHCIIOPTA ITH
notepu MoryT gocturath 10—15 %.

Bo MHOrux ciyyasx B 3JE€KTPUUECKUX CETAX Pa3IUYHBbIX HAMPSHKEHUN C
ucrouHukamu rapmoHuk Kb, o cymiectBy, He pabOTarOT: OHU WJIA OTKJIIOYAIOTCS
BCJICAICTBUE TEPETPY3KU MO TOKY, MM B KOPOTKHI CPOK BBIXOIST M3 CTPOS B
pe3ynbTare BCIyYHBaHUs, a MHOTA U pa3pylIeHus. B ycIoBHsIX TPOMBIIITICHHBIX
NpeanpusITHii Oarapen KOHJICHCATOPOB CIOCOOCTBYIOT CO3JaHHIO YCIOBUU
pe30oHaHca TOKOB (WM OJMM3KUX K 3TOMY PEKMMY) Ha 4acTOTE KaKoW-1ubo u3
TapMOHUK, YTO MPUBOIUT K OMAcCHOW MEperpy3ke X Mo TOKy. B TAToBbIX U
IPOMBIIIJICHHBIX ~ AJEKTPOCETAX C MpeolOpa3oBaTesiMH TaKHe MEPerpy3KH
3apukcupoBaHbl MpU pe3oHance Ha rapmoHukax 40—50-ro mopsinka, B CEeTsIX ¢
AJIEKTPOAYTOBBIMU M€YaMH U CBAPOYHBIMHU YCTAHOBKAMH - HA TApMOHUKaX 3—/-
ro nopsKa.

Oco0eHHO 4yBCTBUTENBHBI K MOsiBNIeHUI0 BI' KoHAEHCaTOpHbBIE OaTapen u
kabenu. B koHaeHcaTopax MOTEpU MNPOMOPUHOHAIBHBI YacCTOTE

AP = U’wCtgd. BT’ npuBOMAT K HOIOJTHUTEILHOMY HArpeBY KOHIEHCATOPOB H

OBICTPOMY BBIXOJYy UX U3 CTpos. OrpaHUUCHUE MO JOMOJTHUTEIBHOMY HarpeBy
Kb 3amaHbl JONyCTHUMBIM YBEJIWYEHUEM JACHCTBYIOUIETO Ha €ro 3a)XKuMax
HanpspkeHus 10 10 % oT Uy U aelicTByromero 3HaueHust Toka 10 30% oT lyou.

Kpome toro, yBennuenue Ky mpuUBOJUT K CTAPEHUIO M30JISAIUN, KAYSCTBO
KOTOpo# xapakrtepusyercs tgo . Pabora Kb ¢ ky=5% B TeueHume nByx Jer
MPUBOJUT K yBelnueHuto tg S B 2 pasa.

AnanoruyHo BocnpuumuuBbl K BI' u kabenu, KayecTBO IUAJIEKTpUKA
KOTOPBIX Xapakrepu3syercs TokoM yreuku. [Ipu ky=6,85% 3a 2,5 roga Tok yreuku
BO3pactaeT Ha 36 %, a uepes 3,5 roaa - Ha 43 %.

I[Ipy HecHHycCOMTAIBPHOM HANPSDKCHUH HAONIOZAaeTCs  YCKOPEHHOE
CTapeHHE M3OJIAINU HICKTPUUCCKUX MaIIH, TpaHC(HOPMATOPOB, KOHJICHCATOPOB U
kabeneii B pe3ylbTare HEOOPATUMBIX (U3UKO-XUMHUUYECKUX TPOLIECCOB,
MPOTEKAIIUX MOJ BO3JCUCTBUEM I0JIEH, co3maBacMbiXx BI' Toka, a Takxke
MOBBIIICHHOTO HArpeBa TOKOBEAYIIMX YacTEeH.

JIs1 OIIEHKHM JOTIOJTHUTEIBHBIX MOTEPh MOIMHOCTH, 00yClIOBIeHHBIX BI'
TOKa MOTYT OBITh UCTIOJIb30BAHbI cieayromue Gopmyisl [3]:

JUTsL ACUHXPOHHBIX JIBUTATEIICH:
1
AP =2AP, . K? (kz —j (3.1)
N , | Z u(n) n /—n

rae APy yop — TOTEPH B MEAU CTATOPA IIPH HOMHUHAILHOM TOKE OCHOBHOM

qacTOThl; K| — KpaTHOCTh TMYCKOBOTO TOKa TPHW HOMHHAIHHOM HAMPSKCHUH
ocHoBHOH 4acToThl; Ky =Un/Uwow — OTHOCHTENBHOE HanpsikeHue N-i
TapMOHHKH.

AJIA CHHXPOHHBIX MAalllhH:



\/E(rz —Ier *p 2 Kﬁ(n)

AP, = —_—
P 2\, 2 HOM
R2X2 2 nv/n (3.2)
rae r;, X2 — AaKTHMBHOE M PEAKTUBHOE COIPOTHBJIEHHUE OOpaTHOU
nocieaoBaTeabHOCTH ctatopa CM; recr — aKTUBHOE CONMPOTHUBIIEHHE cTaTopa; Rx
kodpdunment, paBublii 0,71 nna sBHomoJMOCHBIX MamuH W 0,88 — mid
HESBHOIIOJIIOCHBIX.
B crarope CM:
40 K2
_ TSUN)
AP cr =KerPhom \/—
n=2 NN (3.3)
—_ 0747PM1H0M L5
rae Kqp = Rexip KO3((PUIIMEHT, YUYUTHIBAIOIINN MOTEPU B MEAU OOMOTKH
x Y2+ HOM

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

JUTSl CUJIOBBIX TpaHC(HOPMATOPOB:
AP =AP_ > kE i +0, 62 rron 5oy 2 3.4
Z u(n) 5% Z u(n) \/ﬁ ( )

rie APy, APs, Uy - mapameTpsl Tpancopmaropa.

AJIA CUJIOBBIX KOCMHYCHBIX KOHJACHCATOPOB!

40
P, = Cootgd> Uzn,
n=2 (3.5)
rae g5 — TaHreHc yria JUAJIEKTPUYECKUX MOTepb KoHAeHcaTtopa; Up, —
JEUCTBYIOLIEEC 3HAaUECHUE HanpshDKeHus N-u BI';

IUISL 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 CIYKObI JIaMIl M 3JIeK-
TPOOOOPYAOBAHUS U CHIKAIOTCS SKOHOMHYECKHE TTOKA3aTENN €ro padoThl.

[Ipu HECUMMETPUHN HANIPSYKEHUH B DJIEKTPUYECKUX MAILMHAX IIEPEMEHHOTO
TOKa BO3HUKAIOT MAarHUTHBIE IIOJIsI, BPALAIOIIMECs HE TOJBKO C CHUHXPOHHOM
CKOPOCTBIO B HAIIPpAaBJICHUU BpPALEHHUS POTOPA, HO U B MPOTUBOIIOJIOXKHOM C
YABOCHHOM CUHXPOHHOW CKOPOCTBIO. B pesynbrare BO3HUKAEeT TOPMO3HOM
AJIEKTPOMArHUTHBIM MOMEHT, a TAK)KE JOINOJIHUTEIIbHBIN HAIPEB aKTUBHBIX YacTen
MaIIHMHBI, [1aBHBIM 00pa3oM, pOTOpa 3a CYET TOKOB JIBOMHOW 4acTOTHI.



Toxk |, oO6paTHO¥ mocaen0BaTENEHOCTH [4]

J3
I, =FJ3S§b +(Syp — 2Sbc)2 (3.6)

HOM
rie Sap M Spe — ogHO(Da3Has Harpy3ka COOTBETCTBEHHO Mexkay (asamu ab u bc.

OTOT TOK CO3/1aeT Bpallarolleecs MarHUTHOE MoJjie oOpaTHOM IMOCIenoBa-
TEJIbHOCTH, MHAYLUPYS B Hensx poropoB DJIC M TOKM JBOMHOM 4acTOTHI, 4TO
IIPUBOJMUT K JIOIIOJIHUTEIbHOMY HAarpeBy MalllWHBI.

B A/l npu koaddunuentax oOpaTHON MOCIEIOBATEIBHOCTH HAIMPSKEHUS,
BcTpevaronuxcst Ha mpaktuke (Kpy < 0,05—0,00), cHmkeHHe Bpaliaromero
MOMEHTA OKa3bIBAETCS MPEHEOPEKUMO MaJIbIM. BiMsiHue HECUMMETPHUH Ha IOTEPU
B DJIGKTPOJBUTATENE M, CJIEAOBATEIbHO, HATPEB W COKPAILIECHHE CPOKA CITYkObI
U30JISIUU €r0 IPOSABIIAIOTCS B OoJble mepe. B nenom cpok cinyx0b1 AJl ipu K-
2—4 % cokpamaercs Ha 11 % [3].

[Ipu pabote 351eKTpoABUTATENS C HOMUHAIBHBIM BPAILAIOIIUMCSI MOMEHTOM
U Ko3(p(duureHTOM HecUMMeETpuu HampsbkeHuid Koy = 4 %, cpok ciaykObl ero
COKpaIlaeTcs MPUMEPHO B 2 pa3a TOJIBKO 3a CUET JONOJHUTEIBHOrO Harpesa. Eciu
HanpsDKeHUE Ha OJHOW W3 (a3 OyJeT 3HAUYMUTEIbHO MPEBBIIIATh HOMHHAIBHOE
3HAYCHHE, COKpALICHHE CpOKa CIyXObl u3omsuuu Oyner eme Oosbiie. s
o0ecrieueHnss HOPMAJIbHBIX YCIOBUI pabOThl AJIEKTPOJIBUraTENEed B 3TOM Cllydyae
HEOOXOJMMO CHIXKATh PACIIOIaraéMyt0 MOIIHOCTb UX, & IPU MPOEKTUPOBAHUU —
YBEIMYMBAaTh HOMHUHAJIBHYI0  MOIIHOCTh  3JIEKTPOABUTATENICd, €CIU  HE
pPEeayCMaTpUBAIOTCS  CHEIHUANbHBIE MEPONPUATHS MO CHUMMETPUPOBAHUIO
HalpspDKeHUH  ceTh. OTU  OOCTOSITENbCTBA  BO3HUKAIOT, HANpUMeEp, IMpHU
MPOEKTUPOBAHUM AJIEKTPUPULIMPOBAHHOTO KEIE3HOAOPOKHOIO TPaHCIOPTa, Ha
TOPHO-000TaTUTENBHBIX M HEKOTOPBIX APYTUX MPOMBILIIIEHHBIX TPEANPUATUAX.
Jlnst pacuera TONOJHUTEIbHBIX MOTEPh, BEI3BAHHBIX HECUMMETPHUEHN HAIPSKEHUS Ha
BBOJIaX AJ] MOXeT OBITh UCIIOJIB30BAHO CIEAYIONIEe BhIpakeHue [4]:

AP, = 2,41AP, K2

(3.7)
rae APyiuon — MOTEPU B MEAM CTATOPA P HOMUHATIBHOM TOKE OCHOBHOM YaCTOTHI;
K; — KpaTHOCTP IyCKOBOIO TOKa INPH HOMHUHAJIBHOM HAIPS)KEHUM OCHOBHOMU

Y4aCTOTHI; €y — KOADPHUIIMEHT HECUMMETPUU HATIPSKEHUS B OTH. €]I.

[Tpu HecuMMeTpUN HaNPsIKEHUW B CUHXPOHHBIX MainHax (CM) Hapsay ¢
BO3HMKHOBEHUEM JONOJHUTENBHBIX IOTEPh U HAIPEBOM CTATOPA U pOTOpPA MOTYT
BO3HUKATh OMNAacHble BHOpalMK B pe3yJbTaTe MOSIBICHHUS 3HAKONEPEMEHHBIX
BpallalOUMX MOMEHTOB W TaHTE€HI[MAIbHBIX CHJI, MYJbCUPYIOIIUX C JIBOWHOMN
yacToToil cetu. [Ipu 3HAUMTENbHON HECUMMETPUHM BHOpalus MOXKET OKa3aThCs
OMMACHOM, B 0OCOOEHHOCTH MPHU HEAOCTATOYHOW MPOYHOCTU WIIM HAJIMYUU Je(EKTOB
CBapHBIX coequHeHni. [ Ipu HecumMmeTpun TOKOB, He ipeBbiatonei 30 % onacHbie
NepeHanpsHKeHUs B JIEMEHTaX KOHCTPYKIIMM, Kak MpaBUJIO, HE BO3HUKAIOT.
Cuamxenue cpoka cinyx0b1 CJI npu Ko, = 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
— 2
AP M — AP Juom Zz J
2cM (3.8)
7€ AP 0. =3lfiomle — AOTONHATENBHBIE TOTEpH B CM npu Toke 00paTHOM

MOCIIEI0BATEILHOCTH, PABHOM HOMHUHAJIBHOMY; I2p — AKTUBHOE COIMPOTHBIICHUE
o0paTHOI MocIeq0BaTEILHOCTH OOMOTKH pOTOpa; Zocm -MIOJTHOE COMPOTUBIICHHE
oOpartHoii mocienoBarenbHocTd CM.

HecummeTpusi HanpsKeHU HE OKa3bIBAE€T 3aMETHOTO BIMSAHUS HA paboTy
BO3JIYIIHBIX U KaOENbHBIX JIMHUM, B TO K€ BpeMsl HarpeB TpaHC(HOpPMATOpPOB W,
CIIEOBAaTEIbHO, COKpAIleHHE CpOKa HUX CIYXObl MOTYT  OKa3aThbCs
CYLIECTBEHHBIMU. B ciyyae HeCcuMMeTpuu TOKOB TpaHCcpopMaTopa HarpeB Macia
OyJeT HECKOJIBKO MEHBIIIE, UYEM B CIIy4ae CUMMETPUYHON Harpy3Kku Mpu Toke ¢as,
paBHOM TOKy Hauboyiee 3arpy>kKeHHou ¢a3pl. ITo o0O0BscHsIETCs Ooiee
MHTEHCUBHBIM OXJIaXJAeHHEM OOMOTKHU 3TOH (ha3bl. Takue ycnoBUs HMEIOT MECTO
B cerax 6—10—35 kB mnpomblIuieHHBIX NpeanpusTHii, padoTammux C
M30JIMPOBAHHOM WJIM KOMIIECHCUPOBAHHOW HEUTpaibplo. PacueTsl moKa3pIBalOT, 4TO
IpyM HOMHUHAJIBHON Harpyske TpaHchopmaropa U Ko3QQULHEHTE HECUMMETPUU
TOKOB paBHOM 10 % cpok ciryk0bI H30JIsIIIUU TpaHCchopMaTopa cokpaiaercs Ha 16
%.

JlomoTHUTEIBHBIC TOTEPH B CHIIOBBIX TpaHCc(hopMaTopax MOKHO OIEHUTH
o hopmyJie

AP, =| ap_ 4+ 2P |2 (3.9)

T,Hc XX
Uy 9

rie APxx, AP , Uk — pacdeTHbie JaHHBIC TpaHcpopmaTopa.

Cpoxk ciyx0b1 Tpanchopmatopos mipu K, = 2—4 % cokpamaercs 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
AQuom = Quom Uiion - 812 (rey) =Quom M’ (3.10)

U HOM U HOM




rne U, — nuHeiHOe HampshpKeHHe MPsSMOW mocieaoBaTebHOCTH, Uyoy — HO-
MHUHAJIBHOE HAIPSKCHHUE OaTapen KOHICHCATOPOB.

[pu Koy = 0,05—0,06 3nauenne AQ = (0,01—0,04)Q - [Tockonbky Ha
npakTuke HanpsbkeHue U; MoxeT ObITh 0O0JIbIIIe MM MeHbIe HanpsokeHust Unowm,
TO BO3MOXKHO KaK YBEJIMYCHHE, TaK M YMEHBIICHHE FeHEPUPYEMOH pEeaKTHUBHOM
MoIHOCTH. B mocnemnem ciydae B HaumOosiee 3arpykeHHOW (ase 3HAYCHHS
TEIUIOBBIX MOTEPh MOTYT 3HAYUTEIBHO MPEBOCXOAWTH HOMHUHAIBHOE 3HAUYCHHE,
CO3/1aBasi MECTHBIN MMEePErpeB U30JISAIHH, TPUBOIAIIMA K COKPAIICHUIO CPOKa €¢
ciy>k0b1 Ha 20 % [3]

APy = Quomtdey, (3.11)
rae QHOM — HOMHUHaJIbHAs MOUTHOCTH KoHAeHcaTopHou Oatapeu (Kb); tgs —
TAHTEHC yria JUAJIEKTPUYECKUX IOTEPh; €y — OTHOCHUTEIBHOE 3HAYEHUE

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
MACCHUBHOTO XOJa PEaKUu M, TEM CaMbIM, HEPABHOMEPHOCTBIO pacIpeieaeHus
PHEPruM MO O00bEeMy BaHHBI TMEYH. YBEJIWYEHUE HaAMpsDKEHUs oOpaTHOMH
nocyenoBareqbHOCTH Ha 20 % NOpUBOIUT K CHUYKEHHUIO MPOU3BOJMTEIBHOCTH
pyaHo-Tepmudecknx neueit Ha 30—40 % [3].

IIpu nosiBneHun B 3-¢pazHoii cetu 380 B HanpsokeHus HyJIeBOR
MOCJIEAOBATEILHOCTA yXyAIIaloTcs pexxumbl oaHodazueix JII. Toku HyneBoi
IIOCJIEIOBATEIIBHOCTH ITOCTOSSHHO IIPOTEKAIOT Yepe3 3a36MIIMTENIN U 3HAYUTEIIHHO
BBICYIIMBAIOT TPYHT, YBEIUYUBAas CONPOTHUBIICHUE 3a3€MIIIOIINX YCTPOMCTB. JTO
MOXET OBITh HENOMYCTUMO JJIsi pabOThl pENeWHOM 3alllUThl, U3-3a YCUJICHUS
BO3JICHCTBHAA TOKOB HYJEBOW IIOCIEIOBATEIbHOCTH Ha HU3KOYaCTOTHBIE
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 HECUMMETPUH 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

At=1, —— (3.12)
AP

HOM
IZIE Tuopw — PabOUas TeMIepaTypa 3JeKTpoodopyaoBaHus 0e3 BO3IEHCTBUS TOKOB
BBICIIIMUX TapMOHHUK M TOKOB oOpaTHOW mocnenoBarenbHocT, °C, APn u APy —
JIOTIOJITHUTENIbHBIE TOTEPU COOTBETCTBEHHO OT TOKOB BBICIIMX TapMOHUK H

HECUMMETPUU HaIPSHKESHUS.

Koadduiment cHuxeHuss cpoka CiayxkObl 3JIEKTpOOOOPYAOBaHUS  IOA

BO3JICMICTBUEM TOKOB BBICIINX TAPMOHHMK U HECUMMETPUU HAIPSKEHUS [4]

At (0,086A1)?
2

~ =0,086AT+ (3.13)

CHmxeHue cpoka Ci1y>KObl 2JIEKTPOOOOPYT0BaHUS 1O BO3ACHCTBHEM TOKOB
BBICIIMX FAPMOHUK M TOKOB 0OpaTHOM MOCIE0BATENbHOCTH [4]



at=t A (3.14)

HODM t

rze thopw — HOPMAJIBHBII CPOK CIIy:KObI 000PYAOBaHHUS, JIET.

[Tpumep 5. st cxembl 3 mpuMepa 4 pacCUUTaTh AOMOJIHUTEIBHBIE TIOTEPU
OT TOKOB BBICHIMX TapMOHMK W HECUMMETPHUU HAINpPSDKEHUS B ACHHXPOHHOM
JBUTATENIE U IIeXOBOM TpaHcpopmaTope T4, a Takke CHIDKEHUE CPOKa CITYKOBbI U3-
3a  TieperpeBa TOKaMH  BBICIIMX TapMOHHMK H  TOoKamMu  oOpaTHOM
nocieaoBaTrebHOCTH. HopmanbHbIid cpok cimyxObl mpuHATh 20 jer. Pabouas
temmneparypa 75°C.

Pewenue:

a) Cuumaem OonorHumenvbHvle NOMEPU U CHUNCEHUE CPOKA CAYHCObL 0N
ACUHXPOHHO20 08U2AMeEsl.

HoMuHamILHBIN TOK OBUTATEIS

P 0,22
| = X = ’ =0,024xA
e J3u,,,cosp  +/3-6-09

AKXTHUBHOE COIIPOTHUBJICHHUC OOMOTKH cTaTopa

K, U%, 126°-09

M .2 - 2 = 6,80M
K2S. 512 022
HomuuanbHBIE IMOTCPHU MOITHOCTHU
APM,HOM _SIEIOM M =3- 242 . 6,8 ‘10_3 :11,74KBT

JIOTIOTHUTEBHBIC TTOTEPH OT TOKOB BBICIIMX TapMOHUK CYHUTAEM IIO
dbopmyie (3.1)

AP, =2AP, . K z(ku(n) \/_j
n

rae Kum) — K03 dUIMeHTs N-HOM TapMOHMYECKON COCTABIISIONICH HAMPSIKCHUS,
B35ThI€ B OTHOCUTEIBHBIX €IMHHIIAX. B JaHHOM cilydae 3HA4YCHHUS BBIOMpaeM U3
npumepa 1.

1 1 1
=2.1174-51° (0,062 —~ +0,058°—— +0,048° ——— + 0,043 J
" 2 55 7ﬁ 1111 1313
=0,37xBT1

JlomoJIHUTENbHBIE TIOTEPH OT TOKOB OOpaTHOW MOCIEAOBATEIBLHOCTH NpHU
HECMMMETPHUU HANPsDKEHUs cuutaeM 1o (3.7)

AP .. =241AP, K% =2,41-11,74-517 -0,03° =0,66xBT

M,HC M,HOM
rae ey — kKodhGUIIMEHT HECUMMETPHUU HallpsKeHus: Ha murHax 6 kB u3 npumepa 4,
0.€.

[IpupocT Temmepatypsl OT TOKOB BBICHIUX TapMOHHMK U TOKOB OOpaTHOMU
nocjeaoBaTeaILHOCTH 110 (3.12)



AP, + AP
Av=ry,,, o T2 e _75037+0.80 g ggoc
AP 1174

M,HOM

I Tuopw — pabouas Temmeparypa ABurareis 0e3 BO3JIEHCTBUS TOKOB
BBICIIMX FAPMOHUK U TOKOB 00paTHO mocieaoBaTelbHOCTH, °C.

Koadduiment cHmxkeHuss cpoka ciiy>kObl JBUTATENs IMOJ BO3JECUCTBHEM
TOKOB BBICHIMX FAPMOHHUK M TOKOB 00paTHOM nocieaoBaTeibHOCTH 110 (3.13)

At (0,086A7)? (0,086- 6,58)*

- =0,086Ac + ~0,086-6,58+ =0,73

CHixkeHHe Cpoka CIIy>KObl JBUTATENs MOJ BO3JECUCTBUEM TOKOB BBICHIUX
rapMOHUK U TOKOB 00paTHOM nocieaoBaTesibHOCTH 110 (3.14)

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

HOPM

6) Cuumaem OOnoIHUMeENbHbIE NOMEPU U CHUNCEHUE CPOKA CAYHCObL 0N
yexogo2o mpancgopmamopa T4.
HomunansHbIi TOK TpanchopmaTopa

S 1
I =_—T4 =0,096rA
T4,H0M \/§UHOM \/5 ] 6

AKTHBHOE CONPOTHUBIICHHE TpaHCHopMaTopa

2 2
R, = APuUln 0010567 (00

2 2
S HOM 1
rae APy, — moTepu MOIIHOCTH KOPOTKOTO 3aMblkaHUs TpaHchopMmaropa,

MBT.
HoMmunanbHbIE TOTEPU MOILTHOCTH

APy pon =AP +315, 0 Ry =19+ 3-96° -0,378-10° =12,35«Br

rae APy — moTepu MOIITHOCTH XOJI0CTOT0 X0/1a Tpancdopmaropa, KBT.
JIOTIOJIHUTENIBHBIC TIOTEPH OT TOKOB BBICIITHUX TapMOHHUK 110 (3.4)

APy, = AP, Y Ky +0,6 u”“"“z(ku(n) N_j
k,%

rae Kum — KodpdUIMEHTBI N-HOM TapMOHMYECKOW COCTaBIISIONICH
HaIpPSHKEHUS, B3SATHIE B OTHOCUTEIBHBIX €AUHUIAX. B MaHHOM ciiydae 3HAYCHUS
BbIOMpaeM u3 nmpumepa 1.

AP, , =19- 2(0,062 +0,058° + 0,048 + 0,0432)+

12,35 , 1 » 1 > 1
+0,6- =223 0,06° —= + 0,058 —= +0,048° ———
0,055 ( 5.5 77 1111

+0,043° ﬁ) —0,103«Bt

JlonomHUTENbHBIE MOTEPU OT TOKOB OOpPaTHOM MOCIEAOBATEILHOCTH 10
(3.9)



AP
Sranon 02 (194229515 052 _ 0,2¢B1
0,055

Uy

APT4,HC = (Apxx +

[TpupocT TeMrepatypbl OT TOKOB BBICIIMX TapMOHHK M TOKOB OOpaTHOU
nocjeaoBaTeIbHOCTH 110 (3.12)

AP, +AP

AT="T,, — " rane _750103+02 1,86°C
APL4 om 12,35

I'ZIE Tuopw — Pa0OOUas TEMIIEpaTypa TpancpopmaTopa 0€3 BO3EHUCTBUS TOKOB

BBICIINX T'apPMOHHK 1 TOKOB 06paTHOﬁ IIoCJICA0BaTCIILHOCTH, °C.




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

2
% _0,086A7 + (2:08647)°

(0,086-1,86)?
2

=0,086-186 + =017

CHmKEHHE CpoKa CiIyXObl TpaHchopMaTopa IO BO3ACHCTBHEM TOKOB
BBICIIIMX TAPMOHHUK U TOKOB 00paTHOM MOCeA0BaTeIbHOCTH 110 (3.14)
At
At =t 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 B |
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

;.

ACII

JlanHble o muU@py 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




Pexomennyemas nuteparypa
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MMHUCTEPCTBO HAVKH U BBICIIIET'O OBPA30OBAHU S POCCUMCKOM ®EJIEPALINN
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«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBI YHUBEPCUTET»

[Taruropckuit uactuTyT (pruman) CKOY

Meroanuyeckue ykasaHus
10 OpPraHU3aIiu U MPOBEICHUIO CAMOCTOSTEIIFHON pa0OThl 00YJarOIIHX Cs
o pucuuminae «IIPUEMHUWKHU U ITOTPEBUTEJIN DJIEKTPOOHEPI'MN B CUCTEMAX
DJIEKTPOCHABXEHU SI»
JUISL CTYJIEHTOB HAIlPaBJICHUS TOATOTOBKH
13.03.02 DnexTposHEepPreTUKa U JIEKTPOTEXHUKA



Conepxanue

Beenenue

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

KoHTposbHbIE TOYKU U BUJIBI OTYETHOCTH 110 HUM

MeTtoauueckre peKOMEeHIaluy 110 U3YYEHHUIO TEOPETUYECKOTO

MaTepuaia

Cnucok peKOMEHIyeMOHl JINTepaTypsbl.



BBenenne

CaMocrosiTenbHas paboTa — riaHupyemas yueOHas, yaeOHO-HCCIIeI0BaTeIbCKasl, HAyYHO-
HCCIIeIOBaTeNbCKas paboTa CTyIEHTOB, BHINOIHIEMAas BO BHEAYTUTOPHOE (2yIUTOPHOE) BpeMs 110
3aJJaHUI0 U TIPU METOAMYECKOM PYKOBOJCTBE IpErojaaBaressi, HO 0e3 ero HemocpeICTBEHHOro
ydacTus (IpU YaCTUYHOM HETIOCPEICTBEHHOM YYaCTHH IIPENO01aBaTENsl, OCTABIISAIOIEM BEAYIIYIO
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
00y4YeHHs CTy/IeHTa — MOATOTOBKOH OakaaBpa ¢ BeicIinM oOpazoBanuem. [Ipu opranuszammm CPC
BaXXHBIM U HEOOXOIUMBIM YCIIOBUEM CTAHOBITCS (OPMHUPOBAHUE YMEHHUS CaMOCTOSITEIbHON
paboThl 11 IPHUOOPETEHNsI 3HAHNN, HABBIKOB K BO3MO>KHOCTH OpPraHu3allii y4eOHON U HAy4HOH
JESITEIIbHOCTH.

Lenbto caMOCTOSATENLHOM PabOTHI CTYACHTOB SIBIISICTCS OBJIAZICHNE (PYHIAMEHTATEHBIMU
3HAHUSAMU, TPOPECCUOHATBHBIMU YMEHUSIMHU U HaBBIKAMH JESATEIBHOCTH MO MPOMUITIO, ONTBITOM
TBOPYECKOH, HCCIEI0BaTENbCKON JesaTenbHOCTH. CamocrosiTenbHas paboTa CTYACHTOB
CIOCOOCTBYET pa3BUTHIO CAMOCTOSATEIbHOCTH, OTBETCTBEHHOCTH U  OPraHW30BaHHOCTH,

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

CamocrodrenbHas paboTa - IIaHupyemas yueOHas, yaeOHO-uCCle10BaTeIbCKasl, Hay4HO-
UCCIIeIoBaTeIbCKas padoTa CTYACHTOB, BHIIOJIHIEMasi BO BHEAYAUTOPHOE (ayJUTOPHOE) BpEMsI IO
3aJJaHUI0 ¥ TIPU METOJMYECKOM PYKOBOJCTBE IperojaBaTelisi, HoO 0e3 ero HermocpenICTBEHHOTO
y4yacTus (IIpU YaCTUYHOM HENOCPEICTBEHHOM y4acTHH MPEenoJaBaTesisl, OCTaBISIOLIEM BEIYIIYIO
POJIb 32 pabOTOM CTY/ICHTOB).

CamocrositenbHasi padora cryaeHToB B BY3e sBisieTcs BaXHBIM BHJIOM Y4YeOHOU U
HAy4YyHOU JesATeNbHOCTH cTyAeHTa. CamocTosTenbHast paboTa CTYJEHTOB UIPAeT 3HAYUTEIbHYIO
pOJIb B peHTHHIOBOI TeXHOJIOrMKM 00yueHus. B cBs3u ¢ atum, o6ydyenue B BY3e Bkitouaer B cebs
JIBE, MPAKTUYECKU OJMHAKOBBIE MO 00BEMY M B3aMMOBIIMSHHUIO YacTU — Ipolecca o0ydyeHHs U
nporecca camooOyuenus. [loaromy CPC nmomxna crath 3QQeKTHBHON U IIeTIeHANpaBIeHHON
paboToii cTyeHTa.

K coBpemeHHOMY clielagucTy 00IIEeCTBO MPEIbIBISET JOCTATOUHO IIUPOKUH NepeueHb
TpeOOBaHUH, Cpeau KOTOPBIX HEMAJIOBa)XHOE 3HAYCHHWE MMEET HaJIM4Yhe Yy BBIIYCKHUKOB
OTIPENIeICHHBIX CIIOCOOHOCTEH M YMEHHs CaMOCTOSITENIbHO NOOBIBaTh 3HAHUS W3 PA3ITHYHBIX
MCTOYHUKOB, CHUCTEMATHU3HPOBATh MOJYyYEHHYIO HMH(OpPMAIMIO, JaBaTh OLEHKY KOHKPETHOM
¢unaHcoBol cutyanuu. opMupoBaHHE TAKOr0 YMEHHUs MPOUCXOANT B TEUCHHE BCETO Mepuoja
o0y4yeHMsI 4epe3 ydyacTHe CTYJIEHTOB B IMPAKTMUYECKHX 3aHSTUSAX, BBIOJHEHHE KOHTPOJIBHBIX
3a/laHuil ¥ TECTOB, HAIMCAHUE KYPCOBBIX M BBIMYCKHBIX KBaTU(UKALMOHHBIX padoT. [Ipu 3ToM
caMocCTosITeNIbHasl paboTa CTYyIEHTOB UIPAET PELIAlOIIYI0 POJIb B X0JI€ BCEro y4eOHOro mpoiiecca.

Benymas nens opranuzanuu u ocyuiectBieHus CPC pomkHa coBmagaTh C LETBIO
0o0y4yeHMsI CTyJeHTa — MOJArOTOBKOH crieruanucTa 1 0akanaBpa ¢ BeICIIMM oOpa3oBaHueM. Ilpu
opranuzaiun CPC BakHBIM M HEOOXOAMMBIM YCIOBHUEM CTAHOBSTCS (OPMUPOBAHHUE YMEHHS
CaMOCTOSITENIbHOM paboThl A MPUOOpETEeHUsI 3HaHUN, HAaBBIKOB M BO3MOYKHOCTH OpraHU3alluu
y4eOHOI U HAyYHOH e TeTbHOCTH.

@DopMbI CAMOCTOATENBHOM paboThI CTYJEHTOB pa3Ho00Opa3Hbl. B cooTBeTcTBHU € paboueit
MPOrpaMMOMl JMCHUILIMHBL MPEIYCMOTPEHBl CJEAYIOIIME BHABI CAaMOCTOSITEIILHON pPadOThI
CTYyJEHTA:

- CaMOCTOSTENIbHOE U3YUEHUE JINTEPATYPHI;

- CAMOCTOATCIIbHOC PCHICHUC 3a1aY.



Ilenv camocmoamenvnozo usyvyenus Jaumepamypsvl — 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
JOKYMEHTALUIO U CIEHUAIBHYIO JIUTEPATYPY;

° Pa3BUTHUC MO3HABATCIIbHBIX CII0OCOOHOCTEH M aKTUBHOCTHU CTYACHTOB.

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

3adauamu caMOCTOATEIIFHOTO PEILICHUS 33/1a4 SBIISIOTCS:

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

J (dopMupoOBaHUE CAMOCTOSTEIBHOCTH MBIIIUICHUS, CHOCOOHOCTEH K CaMOPa3BUTHIO,
CaMOCOBEPILICHCTBOBAHUIO U CAMOPEATU3aLUH;

J pa3BHTHE UCCIIEIOBATEILCKIX YMEHUH.

Llenvio camocmoamenvHozo 6bINOIHEHUA KOHMPOALHOU padomsl 1O IUCLUIIIMHE
SABJIICTCA OBJIAaJACHUC q)YHHaMCHTaJH)HI)IMI/I 3HaHUAMHU, HpO(beCCI/IOHaJ'II)HI)IMI/I YMCHHUAMU U
HaBBIKAMH JIEITEIEHOCTH 110 TIPO(UITIO, OTIBITOM TBOPYECKOH, MCCIIE0BATEIbCKOM 1S TEILHOCTH.

3adauamu 1aHHOTO BUJA CAMOCTOSATENILHOW PabOThI CTYEHTA SIBISIOTCS:

o cucTeMaTH3alMsg M 3aKpelUIeHHe MOJYYEHHBIX TEOPETUYECKUX 3HaHUM W
NPAaKTUYECKUX YMEHUH CTY/IEHTOB;

. yri1yOJeHue U pacliupeHre TEOPEeTHUECKUX 3HAHUH;

o dopMHpoBaHHE YMEHHI MCIIOJIB30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPAaBOYHYIO
JOKYMEHTAIUIO U CHIEIMATIbHYIO IUTEpaTypy;

o pa3BUTHE MO3HABATEIbHBIX CIIOCOOHOCTEM M aKTUBHOCTH CTYAEHTOB: TBOPYECKOI
MHHUIIMATHBBI, CAMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH M OPraHU30BaHHOCTH;

o (opMHpOBaHHE CAMOCTOSTETLHOCTH MBIIUIEHHUS, CIOCOOHOCTEN K CAaMOPa3BUTHIO,
CaMOCOBEPIICHCTBOBAHUIO M CAMOPEATH3aINH;

o pa3BUTHE UCCIIEIOBATEIbCKIX YMEHHIA;

o UCTOJb30BaHUE  MaTepuana, COOpaHHOTO W  TOJYYEHHOro B XOJe
CaMOCTOSITENIbHBIX 3aHATHH Ha CeMUHapax, Ha MPAKTHUYECKUX U JTAOOPAaTOPHBIX 3aHATUAX, TPU

HaIMCaHUH KOHTPOJIBHON paboOTHI.



B pesynbrare

OCBOCHHUA

JUCHUIUINHEI

dhopmupyrOTCS

CIEAYIOIUA TEepeUYeHb

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

pe3yJbTaTaMHi OCBOEHHS 00pa30BaTeIbHOM MPOrpaMMBbI:

Kona, popmymnupoBka Kopx, dopmynupoBka nnaukaropa | Ilmanupyembie pe3yibTaTbl
KOMIIETEHIIUHU o0yueHus o TUCIUILINHE
(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 sHeprocOeperarnmx
MEpOIIPUATHA B CHUCTEMaxX
3JIEKTPOCHAOKEHUS.
[IK-2 Cnoco6en | U/1-2nik-> PaccunteiBaeT pexumsl | YMeer AHAJIU3UPOBATH
aHAJIM3UPOBATh PEKUMBI | paOOTHI CUCTEM | rpaMKu Harpy3Ku.
paboThI CHCTEM | DJIEKTPOCHAOKEHUS
AIIEKTPOCHAOKEHUS




Ilnan-rpaguk BHINOJHEHUS CAMOCTOSATEILHOM 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 Codecenona | 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 8,29 82,9
mo teMaM Nel-18
[1K-1 Iloaroroska k CobecenioB 0,54 0,06 0.6
N/-1 nk-1 JICKIUSIM aHHe
N-2mk-1 [Toaroroska K
N-2nk-2 1a060paTOPHBIM Coiiileeﬂms 1,08 0,12 1,2
3aHATUAM
HOI[FOTOBKaUK CobecenoB 11,97 1,33 13,3
KOHTPOJIbHOM padore aHue
88,2 9,8 98




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

MaxkcruManbHO BO3MOXHBIN Oa 3a BeCh TEKYIIMIT KOHTPOJIb MaKkCUMalIbHO BO3MOKHBIM
Oam1 3a Bech TEKyLIMH KOHTpOJIb yCTaHaBIMBaeTcs paBHbIM 55. Tekyliee KOHTPOJIbHOE
MEPONPUITHE CUMUTAETCS CIAHHBIM, €CIM CTYAEHT NOJyumsa 3a Hero He MeHee 60% oT
YCTQHOBJICHHOTO JUIsl 3TOr0 KOHTPOJS MaKcUMaylbHOro Oaymta. PeitunroBeni Oanm,
BBICTABIISIEMbIM CTYJIEHTY 3a TEKyllee KOHTPOJIBHOE MEPONpHUSATHE, CIAHHOE CTYJIEHTOM B

YCTAHOBJIICHHBIE TPa)UKOM KOHTPOJBHBIX MEPONPHUSATHH CPOKH, OMPEACISIETCS CIEAYIOIINUM

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




MeToanyeckue peKOMEH/IAMUH 10 U3YYEeHHIO TEOPETHYECKOr0 MaTepuasia

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

N3yuenue ka0l TeMbl CleyeT HauMHaTh C BHUMATEJIbHOIO 03HAKOMJIEHUS ¢ HAabOpoM
BOIPOcOB. OHU OPUEHTUPYIOT CTYACHTA, MOKA3bIBAIOT, YTO OH JOJKEH 3HATh 10 JAHHOU TEeME.
Bonpocs! TemMbl Kak ObI HAKJIQABIBAIOTCS HA COOTBETCTBYIOILYIO TTIaBy U30paHHOTO YUeOHHKA WK
yueOHoro nocobus. B utore 10mKHO OBITH SCHBIM, KaKHU€ BOIIPOCHI TEMbI Y4eOHOI'O Kypca U ¢
Kakol I1yOMHOW PacKpbIThl B KOHKPETHOM Y4eOHOM Marepuaje, a Kakue BOOOIIE OIMYyILEHBI.
Tpebyercs TBOpUECKOE OTHOIICHUE M K CAMOMY COJIEPKAHUIO JUCIUTUIAHBL.

Bomnpocsl, cocraBnstomue ee coaepxkanue, o01aJaroT pa3Hoi CTeNeHblo BaxKHOCTU. EcTh
BOIPOCHI, BBIMOJHSIOMINE (YHKLUIO JIOTHYECKON CBSA3KM COJEp’KaHMsl TEeMbl U BCEro Kypca,
UMEIOTCS BOIPOCH! ONUCATEIBHOIO MM Pa3bsICHUTENBHOIO XapaKkTepa, a TaKXKe UCTOPUYECKOTrO
JKCKypca B 00JacTh HM3y4yaeMOH IUCLMIUIMHBL Bce 3TM BONpOChl HE COCTaBISIOT CyTH
HOHHTI/IﬁHOFO, KOHLICHTYAJIbHOTO COACpKaHHUA TCMBbI, HO H€O6XOI[I/IMI)I JJIA LEJIOCTHOI'O
BOCIIPUSATHS U3y4aeMbIX IPOOIIEM.

W3yuaemasi TUCHMIIMHA UMEET CBOM KaTeropuajibHO-TOHATHHHBIA annapar. HayuHsle
MOHSITHS — 3TO Ta 0a3a, HA KOTOPOUW CTPOUTCS Kaknas Hayka. [IOHSITHS — y3JI0BEIC, OTIOPHBIC
IMYHKTBI KaK HAY4YHOI'O, TaK U yqe6H0ro MMO3HaHUsA, JIOTHYCCKHUE CTYIICHU JIBUKCHUA B yqe6e oT
IPOCTOTO K CJIOXKHOMY, OT SIBJIEHUS K CYIIHOCTHU. be3 sicHoro nonuMmanus noHATHH yyeOa KpaiiHe
3aTpyAHSETCS, a coiepKaHne MPUOOPETEHHBIX 3HAHUH CTAHOBUTCS TYCKJIBIM, PACIUIBIBUATHIM.

CTy,lIeHT JOJDKCH ITOHHMAaTb, 4YTO CaAMOCTOATCIIBHOC OBJIAJCHUC 3HAHUAMH SABJIISICTCA
[JIaBHBIM, OTIpeAEIAoNMM. Bhiciias 1mkoa co3naer it 3TOro Heo0X0AUMBbIE YCIOBHSI, TOMOTAET
Oyaymemy BBICOKOKBAIN(DUIIUPOBAHHOMY CHELUAIIUCTY OBJIAJIETh TEXHOJIOTHEN
CaMOCTOSITENIBHOTO IIPOU3BOACTBA 3HAHHUM.

B camocTodTenbHON paboTe CTyJeHTaM NPUXOJUTCS HCIOJIb30BaTh JUTEPATypy
pa3IMyYHbIX BHUJOB: TEPBOMCTOYHHKH, MOHOTpauu, HaydHble COOPHUKH, XpECTOMATHH,
y4eOHUKH, ydeOHbIe MOcoOus, XKypHaisl M Jp. M3ydeHue Kypca MpenrojiaraeT 3HaAaKOMCTBO
CTYACHTOB C OOJBIIMM OOBEMOM Hay4YHOH M yuyeOHOH JuTeparyphl, 4TO, B CBOIO O4Yepelb,
MMopoKaAaACT H€O6XOJII/IMOCTI) BI)Ipa6OTKI/I Y HHUX PpadduOHAJIBHO-KPUTHUYCCKOro IMmoaxoda K
HN3Yy4aCMbIM UCTOYHUKAaM.

UYroObl HE «YTOHYTb» B OIPOMHOM OOBEME PEKOMEHJIOBAHHBIX €MY ISl H3Y4EHUs
VCTOYHUKOB, CTYJEHT, MPEXKIE BCETO, JOJDKEH HAYUYUTHCS MPaBWIBHO MX 4MTaTh. [IpaBuibHOE
YTCHUC PCKOMCHAOBAHHBIX UCTOYHUKOB NIPEANIOIAracT Ca€10BaHNC HCCKOJIbKUM HECJIOKHBIM, HO

BE€CbMa IOJIC3HBIM IIpaBUJIaM.



[IpenBapuTenbHbIil MPOCMOTP KHUTU BKJIIOYA€T O3HAKOMIIEHHWE C TUTYJIBHBIM JIMCTOM
KHWUTM, aHHOTallMEH, IpEAUCIOBUEM, OIJaBleHHEM. lIpu O3HAKOMJIEHMM C OIJIaBJIEHUEM
HE00XO0IMMO BBIICIHUTD Pa3/ieibl, II1aBbl, maparpadsl, MpeIcTaBIsIoNINe i1 BaC HHTEpeC, Oerio
UX TPOCMOTPETb, HAWTH MecTa, OTHOCSIMecs K Teme (ab3albl, CTpaHUIbl, naparpadsl), U
MO3HAKOMUTHCS] C HUMU B OOIIMX YepTax.

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

3HAaKOMCTBO C KHHMIOH JIydllle BCEro Ha4MHATh C M3y4YEHUs aHHOTAlMM — KPaTKOM
XapaKTEepUCTUKU KHUTH, PAaCKPBIBAIOIIEH €€ CoiepKaHKe, UIEHHYI0, TEMAaTHYECKYIO U )KaHPOBYIO
HAIpaBJIEHHOCTb, CBEAECHHUS OO0 aBTOpE, HA3HAYEHHE W JpYyrue OCOOEHHOCTHU. AHHOTALUSA
MIOMOTaeT COCTaBUTH MPEIBAPUTEIILHOE MHEHHUE O KHUTE.

I'my0xe MOHATH coiep KaHie KHUTH MO3BOJISIIOT BCTYNUTEIbHAS CTaThsl, B KOTOPOIi AaeTcs
OLIEHKA COZEp)KaHUsI KHHUTH, 3aTParuBacMoi B Hel MpOOIeMaTHKH, CONEPKHUTCI HHPOpMAIUsI O
KU3HEHHOM U TBOpuYecKoil Ouorpaduu aBTOpa, BHICKA3bIBAIOTCS IOJIEMMUYECKHUE 3aMEYaHUs,
Pa3bACHSIOTCS OTAETbHBbIC MOJIOKEHUS KHUTH, NAIOTCSd KOMMEHTapuu u T.J. Bor modemy
3HaKOMCTBO C BCTYMHUTEIBHOM CTaThell MPEACTaBISETCS OYEHb BAXKHBIM: OHO IIOMOTAET CTYACHTY
COPHEHTUPOBATHCA B TEKCTE pabOThI, 0OpaTUTh BHUMAaHHE Ha ee HanboJiee IIEHHBIC U BAYKHBIE
pa3aensl.

Toli ke 1enu conencTByeT 3HAKOMCTBO C OTJIaBICHHUEM, IPEIUCIOBUEM, ITOCIECTIOBHEM.
Becbma 1oOJ€3HBIMM 3lIEMEHTaMH HAy4YHOI'O amnmapara sBJISIOTCS CHOCKHM, KOMMEHTapHH,
TabNInLbL, TpaduKU, CIUCKU JIUTEpaTypbl. OHU HE TOJIBKO WILTIOCTPUPYIOT OTAENIbHbIE OJI0KEHUS
KHUTH WX CTAaThH, HO M CaMH MO ce0e SIBIISTIOTCS TOTIOTHUTEIBHBIM UCTOYHUKOM HH(OpMAIHH
JUTSL YUTATEs.

Ecnu unraTens 3amHTepecoBajla Kakas-TO BbICKA3aHHAs aBTOPOM MBbICIb, HE Halle/Ias
NOJPOOHOT0 OCBEILIEHUS B JJAHHOM HCTOYHHMKE, OH MOXET OOpaTUThCA K TEKCTYy HCTOYHMKA,
YIIOMHUHAEMOT0 B CHOCKE, TUOO K UCTOYHUKY, KOTOPBI OH MOXKET HalTH B CIIUCKE JINTEPATYPHI,
PEKOMEHI0BAHHOM aBTOPOM JIJIsl CAMOCTOSITEILHOTO U3yUYEHHUS.

Cy1ecTByeT HECKOJIBKO (OPM BEICHHUS 3aITUCEH:

— 11aH (TPOCTOM M pa3BEepPHYTHIN) — Hanbosiee KpaTkasi (hopma 3amucH MPOUYUTAHHOTO,
IpeJCTaBisIoNasl coOol MepeyeHb BOMPOCOB, PACCMATPUBAEMbIX B KHUIE€ WU CTaTbe.
Pa3BepHyThIli TUIaH TMpeACTaBiseT coOoil Oonee MOAPOOHYIO 3aMUCh MPOYUTAHHOTO, C
JeTajau3anyen OTIeNbHBIX MOJI0KEHUH U BHIBOJIOB, C BBIMUCKOM IIUTAT, CTATUCTUYECKUX JTAHHBIX
U T.A. Pa3BepHyThIll IUIaH — HEOLEHUMBI IMOMOIIHUK IMPH BBICTYIUIEHUU C JOKJIAIOM Ha

KOHKPETHYIO TEMY Ha CEeMUHape, KOH(PEpEeHLUH;



— TE3UChl — KPATKO CPOPMYIUPOBAHHBIE IMOJIOKEHUS, OCHOBHBIE IMOJIOKEHUS KHUTH,
ctatbi. Kak npaBuiio, T€3UChl COCTABIISIFOTCS IOCIE MPEABAPUTEIBLHOIO 3HAKOMCTBA C TEKCTOM
MCTOYHUKA, IIPU €r0 NOBTOPHOM IpodTeHHH. OHM NOMOTatoT 3alIOMHUTh U CUCTEMATU3UPOBATH
nHpopMaIuto.

CocraBneHne KOHCIIEKTOB

bonpuiyro posib B yCBOGHUM U IOBTOPEHUHU IIPOMJECHHOTO MaTepUajla UIPaeT XOpPOILIUN
KOHCIIEKT, COJIEPKalliil OCHOBHBIE HJIEU IPOUYNUTAHHOIO B yUEOHHUKE U YCIIBIIIAHHOTO B JIEKLIUU.
Koncnekt — 3710, 110 cymiecTBy, HaOpOCOK, pa3BEPHYTHIN IJIaH CBSI3HOTO PAcCKasa M0 OCHOBHBIM
BOITPOCAM TEMBI.

B kakoii-To Mepe KOHCIEKT paccuuTaH (B 3aBUCUMOCTH OT WHIUBUIYAIBHBIX
OCOOEHHOCTEH CTy/IE€HTa) HE TOJbKO Ha HHTEUIEKTyaJlbHYI0 M SMOLMOHAJIbHYIO, HO U Ha
3pUTEIBHYIO MaMATh, MPUYEM TEKCT KOHCIIEKTa HEPEIKO aCCOLMHMPYETCS €lle M C TEKCTOM
yueOHUKa WM 3amuchio Jiekuuu. [loaToMy serde 3amoMUHaeTCs COJEp:KaHHUE KOHCIIEKTOB,
HallMCaHHBIX pa300pUYMBO, C MOAUYEPKUBAHUEM WM BBIJCICHUEM Pa3psAKON KIIOUEBBIX CIIOB U
dpas.

CaMOCTOSATEIbHO U3YYEHHBIE TEMbl MPEAOCTABISIIOTCS MpenojaaBarento B ¢dopme
KOHCIIEKTa, II0 KOTOPOMY IIPOUCXOIUT cobecenoBanue. TeopeTndyeckue TeMbl Kypca (OTaeNbHbIE

BOHpOCI)I), BBIHOCHUMBIC Ha CAMOCTOATCIIBHOC U3YYCHHUE, ITPCACTABICHBI HUXC.



Y4eOHO-MeTOAMYECKOE M HH(POPMALMOHHOE 00eceueHue TUCIHILIMHBI

IlepeyeHb OCHOBHO M 10TOJITHUTEJIbHOM JIUTEPATYPbI, HEOOXOAMMOI 1JIS OCBOCHUSI
AUCHHUILINHBI

IlepeuyeHb OCHOBHO¥ JINTEPATYPHI:

1. I'yxoB H. I1. , OnbxoBckuit B. 4. , [1aBmrouenko [. A. CucteMbl 31eKTPOCHAOKEHUS:
yueOnuk/ ['yxo H. I1. , OnbxoBckuii B. fI. , [TaBnrouenko JI. A. HoBocubupck: HI'TY, 2015.—
262 c. Pexxum nocryma: http://biblioclub.ru/index.php?page=book _view_red&book id=438343
2. CoxkoinoBa, E.M. DiexTpudeckoe u 3JeKTPOMEXaHHIECKOEe 000pyI0BaHHE.
OO01enpoOMBIIIITICHHBIE MEXaHU3MBI U ObITOBast TexHHKa : yueOHuk/E,M. Cokomnoga. - 9-e u3,.,
ucnp.-M.: Axkanemus, 2014. - 224 c.

IlepeyeHb JONMOJIHUTEILHOM JUTEPATYPHI:

1 Cmupsos, 10. A. ®u3nveckrue 0CHOBBI AICKTPOTEXHUKH: yueO, mocooue / FO.A. CMupHOB,
C.B. Cokornos, E.B. Tutos. - 2-e u3n., uctp. - CII6.: Jlans, 2013. - 560 c. - (YueOHUKY 114 BY-
30B. CrienpaiapHas auTeparypa). — bubmuorp.: ¢. 558-559. - ISBN 978-5-8114-1369-0
2.AxumoBa, H. A. MoHTax, TeXHUYECKas IKCILTyaTal[usl U PEMOHT 3JICKTPUYECKOTO U
3JICKTPOMEXaHHUECKOro o0opynoBanus : yuconuk / H.A. Akumona, H.®. Korenenen, H.W.
CenTropuxuH ; noa pen. H.®. Korenenna. - 10—e uzna., ucnp. - M.: Akagemus, 2013. - 304 c. -
[Mpun.: c. 284-295. - bubnuorp. c. 296.

IlepeueHs y4eOHO-MeTOAUYECKOT0 00ecIeYeHNsI CAMOCTOSITEIbHOI PadoThl 00yUaAIOLIUXCS
MO THCIHUIJIHHE

1. Meroanueckue ykazaHus JJig MOATOTOBKH K JIAOOPATOPHBIM paboTaM.

2. Meronnveckue yKa3aHus [0 OpPraHU3aluu CaMOCTOSITEIIbHON paObOThI CTYICHTOB.

3. MeTtoanueckue yKa3aHus 110 BBIIOJIHEHUIO KOHTPOJIbHON pabOTHI.

IlepeyeHnb pecypcoB HHPOPMAIMOHHO-TEIEKOMMYHHKANOHHOI ceTn « MHTEpHETY,
HeOOXOUMBIX /IJI51 0CBOEHMSI IHCIUTIIHHBI

1. http://www.biblioclub.ru -OBC "YHuBepcuterckas Oubanoreka oHai"

2. http://www.iprbookshop.ru/ - Daexkrporto- 6ubnuoreunas cucrema IPRbooks


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

MHUHUCTEPCTBO HAVKH ¥ BHICIIET'O OBPA30OBAHUS POCCUIICKOM
®EJEPALIAN
®EJEPAJTBHOE T'OCYJIAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJILHOE
YYPEKIEHHUE BBICIIETO OGPA3OBAHMS
«CEBEPO-KABKA3CKH ®EJEPATBHBIA YHUBEPCATET»

IaTuropcknii uHCTUTYT (puiman) CKOY

Meronnueckue ykazaHus
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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 COJIEpKaHUS U METOAOJOTUH U3y4aeMOU JUCIUILINHBI
«[IpreMHUKH 1 TOTPEOUTEIH AJIEKTPOIHEPTUN B CHCTEMaX dJIEKTpOCHAOKeHUs». KOHTpoIbHbIe
paboThl MPOBOJATCS C LIETBI0 BHIPAOOTKU MPAKTUYECKUX YMEHUN M MPUOOpPETeHHs] HABHIKOB B
pelIeHny 3a/1a4, OTPabOTKHU YIPaXHEHH, BBIMTOJIHEHUU YEPTEKEH, IPON3BOICTBE pACUETOB U T.11.

[lenpto KOHTPOJNBHBIX paboOT sBIsieTcss (OPMUPOBAHME MPAKTUYECKUX YMEHHH —
npoeCCHOHATBHBIX (BBIIOJIHATD OINpPEACIEHHBIE JEHCTBHA, ONEepali, HEOOXOIUMBIE B
NOCNEAYIOEM B Npo(ecCHOHANBHON JEesATeNbHOCTH) WM Y4eOHBIX, HEOOXOIHUMBIX B
HoCeayome yd4eOHOW MesTeTbHOCTH MO 00menpodecCHOHAIBHBIM U MPO(ECCHOHATEHBIM
JUCLHUTIIINHAM.

bubnuorpaduyeckuii CIUCOK COAEPKUT CBEIEHUS O CIPABOYHOM JUTEparype H
JOTIOTHUTEIBHBIX U3JaHUAX, HEOOXOAUMBIX Ul YTIyOJIeHHOTO U3yUYeHUs OT/IEIbHBIX BOIIPOCOB.



1. L]env u 3a0auu uzyueHus OUCYUNIUHbL

[lenb u3ydeHs: IUCLHUILIHHBI

- (hopMupoOBaHKE y CTYJACHTOB CUCTEMAaTUYECKUX 3HAHUH 110 BOIIPOCAM MPOSKTUPOBAHUS U
9KCIUTyaTallui KOMIUIEKCHBIX CHCTEM 3JIEKTPOCHA0KEHHS TOPOJIOB U MPOMBIIIIEHHBIX
IPEANPUATHI.

3ama4aMy JUCLUIUINHBI SABJIETCS:

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

- YMeTh aHaM3UpOBaTh rpaduKu HATPYy3KH.

- Bnazers HaBbIKaMM pa3pabOTKH OCHOBHBIX SHEProcOEperaonx MEponpusaTHiA B cucTeMax
AEKTPOCHAOKEHUS



2. Pacuet ko3¢ dunnenta HeCHHYCOUAANBHOCTH

3.4. BentuibHble IpeoOpa3zoBaTeIu

B Hacrosmee Bpems camoil pacHpOCTPAHEHHOM CXE€MOHM BBINPAMIICHUS IJIS
MOUIHBIX IpeoOpa3zoBareneil sBiseTcs TpexdazHas MocToBas cxema (cxema
JlapuoHoBa), mpeacTaBiaeHHas Ha puc. 1.1, a. Dta cxema BBIIPSIMIIEHUS TO3BOJISIET
OCYLIECTBUTh TaK HAa3bIBAEMYIO HIECTU()A3HYIO WIM HIECTUUMITYJICHYIO CXEMY
BeIIpsiMIICHNs. CoequHEHue IIOCIIEeN0BATENbHO WM IApajuIe]bHO JBYX WIH
HECKOJIBKUX BBINPSMUTENIBHBIX MOCTOB ITPU IUTAaHUU UX HANIPSHKEHUEM, CIBUHYTHIM
Ha COOTBETCTBYIOIIMK YroJji, 0o3BOJsieT moayunth 12, 18, 24, 36, 48...-pa3Hbie
CXeMbl  BbIIpsAMIIEHHd (KpaTHble wmectd). CaBur yriia  HanpsHKEHUs
OCYILECTBIISIETCS. MIPUMEHEHHEM COOTBETCTBYIOIIMX CXEM COEIMHEHHS IEPBUYHBIX
WJIM BTOPUYHBIX OOMOTOK TpaHchopmaropa: Y — 3Be311a, A— TpeyrojbHUK, Z —
3Ur3ar, KOTOpbI€ MO3BOJISIOT OCYUIECTBUTH MPAKTUYECKU CXEMBI JIF000H (PazHOCTH
(MMITYJIBCHOCTH) BBIIPSMIICHHS.

as O’ Ly

¥

70-35«8B

Puc. 1.1. Cxembl MOTyNpOBOTHHUKOBBIX TPE0OPa30BATEIBHBIX arperaToB:

a — arperat no0 6300 A mectudazHOTO peKUMa BBIIPSIMICHUS
(TpexnuHelHas cxema); 6 — OJHOJIMHEWHAs CXeMa;, 8 — TPEXJIMHEWHas cxema
arperata 12500 A paBeHamnmatu-¢GasHOrO pEXHUMA  BBIIPAMIICHHUS; 2 —
OJHOJIMHEHHAsT cxeMa; 0 — OJHOJMHeWHass 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 — umcio ¢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 BBIYUCIICHUM B JIIOOOW TOYKE MUTAIOLIEH CETH JEUCTBYIOIIMX
3HAUYEHUNA KOMMYTAIIMOHHBIX HMCKAXEHUN HANpPsDKEHHS, YTO PABHOCHIIBHO YUYeTy
BCEX BBICHIMX rapMoHHMK. CiiemoBaTeNbHO, Ui ompenaeicHus Ky mpu paborte
BCHTWJIBHBIX TpeoOpa3zoBaresiei HET HEOOXOIUMOCTH ONPENeisaTh YPOBHHU
OTIIETBHBIX TApMOHUK. [Ipu 3TOM ymaeTcs n30exaTh OIMMOKH, BOSHUKAIOIICH TTPH
y4eTe TOJIBKO ONPECIICHHOTO YHCIIa BBICITUX TAPMOHHUK.

Meronuka IO3BOISET BBEIYUCIATE Ky B a1000M TOYKE IHTAIOLIEH CETH,
WCITOJIB3YsI TTapaMETPHhl, TIOJTyYCHHBIE TIPH BRIYHUCICHUH TOKOB K3, 1 0OCHOBEIBaeTCS
Ha CJENYIOUUX JIONYIIEHUSX: MPOBOJAUMOCTH HJIEMEHTOB MUTAIONIIEH CETH
CUMTAIOTCS HEEMKOCTHBbIMU. [Ipu 3TOM [omyiieHuHd oOmuOKa B pacuere He
npeBbimaer 10—15%. Ilpennonaraercsi, 4To B y3jaxX CETH, PACIIOJIOKEHHBIX B
HEIMOCPE/ICTBEHHON OJIM30CTU OT BEHTHJIBHBIX MpeoOpa3oBaTesieil, OTCYTCTBYIOT
bK, nmnpenHasHaueHHblE U1 KOMIIEHCAILMM PEAKTUBHOW MOIIHOCTH; HE
YYUTHIBAIOTCSI aHOPMAJIbHBIE TAPMOHUKHU.

Kosddurment HecuHycOUIaIbHOCTH HANpPsDKEHHS TUTAIONMEH  CeTH
ompenensercs mo popmye [2]

40
> U,
k, =—>—100
UHOM (11)

OO6muit K03 HUIIMEHT HECUHYCOUIATbHOCTH MMHUTAIOMICH CETH MPH padoTe
BEHTHJILHBIX ITPeoOpa3oBartesicii MOKET ObITh orpeesieH 1o dpopmysie [2]

0,955-sin@ 091

k, =100-x
“ N X+ Xy,

(1.2)
S

p

rue X, = - BKBUBAJICHTHOE COMPOTUBIICHUE CUCTEMbI B OTHOCUTEIIbHBIX
k3,6

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

OT YCIIOBHON TOYKH CETH OECKOHEYHOW MOIIHOCTU O TOYKU CETH, B KOTOPOM

onpexaensiercs Ky; Skz — momaocth K3 B TOUke, B KOTOpPOit onpenensiercs Ky; Xnp

— MHWHAYKTUBHOC COIIPOTHUBJICHUC ICIIA npe06pa3OBaTeJm 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 duIIeHTHI N-0¥ rapMoHUYecKol coctapisironieil. CornacHo [4]

Un
kug =7, 100, % (1.3)

HOM

[Tpu onpexnenennu Ky ocoboe BHMMaHUE cieayeT oOpamarh Ha Xp,. Yarie
BCEro TpeOyeTcs ompeaeisaTh Ky Ha IIMHAX MHTAHUS MOIIHBIX THPUCTOPHBIX
npeobOpasoBareneil. [log mpeoOpa3oBaTenemM MoApa3yMeBatOTCs BBIPSIMUATEIHHBIN
MOCT (WJIM UX TpyNIa) ¥ MUTAIOIINNA MTOHKAIOIINN TpaHCchOopMaTop.

B »sTOM ciydae x,, paBHO COIpPOTHBIEHUIO MPeoOpa30BaTEIbHOTO
TpaHchopmaropa u onpezensercs mo Gopmyie [2]

= M(l.}. ﬁ) —Snp

an =
100 4° S, out (1.4)
rie  S... —  HOMHHaJbHasg  MOIIHOCTh  MPeoOpPa3OBaATEIHLHOTO
tpaHchopmaTopa; Ky—  KOIpHUIMEHT  pacileruieHus  OOMOTOK  ATOro
Tpanchopmaropa; Ug o — CKBO3HOe Hamnpsbkenne K3 Tpancopmaropa,

MPUBEICHHOE K MOJIHOM HOMHHAIBHON MOIITHOCTH TpaHchopmaTopa.

JI7ist TByXOOMOTOYHBIX TPaHC(HOPMATOPOB, TPUMEHSIEMBIX B MIECTU(HA3ZHBIX
(Tpexda3HbIX MOCTOBBIX) cxeMax BbIpsmieHus, K, =0, TpexoOMOTOYHBIX
TpaHC(OPMATOPOB, TPUMEHSIEMBIX B MpeoOpa3oBaTeNsAX, BBIMOJHEHHBIX 10
nBeHaaTuda3zHoi cxeme, B 0011IeM BHJIE

K = Uk (HH1-HH2)
p u,

T7I€ Uk(na-nwz) — HampsbkeHne K3 Mexay paciiernieHHBIMH BTOPUYHBIMU
oOMoTKaMu TpaHc(opmaropa.

B oOmem ciywae st TpaHC(hOpPMATOPOB C paclICTUICHHBIMUA OOMOTKaMH
kp=0+4, ecnmu BeTBM HHM3IIETO HANpsDKEHUS TpaHCcpopMaTopa WMEIOT XOPOUIYIO
AIIEKTPOMArHUTHYIO CBsI3b JIpyr ¢ apyrom, K,=0; ecam oOmotrkn HH He mmeror
MarHUTHOM CBSI3U APYT C JAPYTrOM WU MPeoOpazoBaTeNb BHITIOJHEH MO CXEME C
IBYMsI TpaHC(OpMaTOpaMu, UMEIOIIUMHU pa3Hble CXeMbl coequHeHus, To K,=4.

JleiicTBytoIIIee 3HAUCHHUE BBICIICH TAPMOHUKU HAMPSHKEHUS B 000N TOUKE
MUTAIOIIEH ceTH Tpu paboTe mpeodpazoBaTesisi C JIFOOOW IMOCIEeN0BATEILHOCTHIO
yepenoBanus (a3 BBIIPAMIICHHS MOXKET ObITh OnpesesieHo mo ¢hopmyie [2]

m X . i
U, = U... € —sing-sin(n-vy)
TN Xe + Xy (15)
3(X, +pr)
rae Y = ———— - YI'OJl KOMMYTaluu,pam.

m-sin e



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

S

1p

5 Sing-sin(n-vy)

| = m
\/§ﬂ: UHOM(XC +an)n (16)

[Tpu pabote rpynIbl BEHTHIHHBIX peoOpa3zoBarteneil mopsaok pacuera Ky
cnenyromuid. [lo mnpuBeneHHBIM (QopMyaM ONPEAENAIOTCS YPOBHHM BBICHIMX
TapMOHHK HaMPsHKEHUS IS KaXI0TO IpeoOpazoBaTes.

OnuHakoBblE  TApMOHUKHM  HANpsDKEHUA ~ BceX  IpeoOpa3zoBaresnei

. p e
U n — Z U ni
F€OMETPUYECKH CYMMHUPYIOTCS i=2 3arem OIIpENEIAETCS

KO3 GUIUCHT HECUHYCOUIATbHOCTH
p
2
1/Z Uis
15 100

HOM
Ocoboe BHUMaHHE HEOOXOJMMO O0palllaTh HAa KOJUYECTBO YUUTHIBAEMBIX
TrapMOHHMK, YTOOBI M30€XKaTh OIMMNOKY B BhUKcacHUH Ky Uem 0oibliie KOJIMYECTBO
npeobpaszoBareneld ¥ a3 BBIIPAMIICHHUSA, TeM OOJbllee KOJIMYECTBO TapMOHHUK
HE0OXO0IMMO YUUTHIBaTh. [IpeiaraeTcs cienyroiias sMmnupuydeckas Gopmyna:

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

kUZ -

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

Ipumep 1. /{715 BEHTUIBHOTO BBIIPAMHUTENS paccunuTaTh KOAQOUIIMEHTHI N-
Of  rapMOHMYECKOW  COCTABJISIIOLIEH  HampsKeHHs U KO3(PQPUUUEHT
HECHMHYCOHIaJIbHOCTH Ha muHax 6 kB.

6 B

Ncxoanbie 1aHHBIE:
@ C: SK3,6=150 MBA
T3 M T3: S13=10 MBA; Uyov=6 KB; Ux,%=10,5%

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

VD

Pemenue: Cuuraem conpotuBieHue npeodpaszonares o popmyie (1.4)

K, S
x,, =Y g Koy S 105 01104 o6
100 4’5, 100" 4’150

rae K, — koaddument pacuiernsieHuss oOMOTOK (A7l JBYXOOMOTOYHOTO
TpaHchopmaropa paseH 0)






ConpoTuBII€HHE CUCTEMBI

S
L= :220,067
S 150
KoaddunmenT HecuHycouanpHOCTH 0 yIipolieHHo# dhopmyite (1.2)

K, =100-XC\/M—OQJ.:].OO-O,OG?\/ 0,955-0,6 091-12%

k3,6

Xe + Xy 0,067+ 0,066

Cornacuo [1] momyctumbiii KOA((PHUIIMEHT HECMHYCOMIAIBHOCTH JIJIst
HanpspkeHus: 6 kB cocraBiser 5%. Tak kak pacyeTHbld K0d(PUIIMEHT OoJible
JOMYCTUMOT0, He00X0AMMa YCTaHOBKA (PMIIBTPYIOIIUX YCTPOUCTB.

CorunacHo [2] s BEHTUIBHBIX TpeoOpa3zoBaTeneil HEOOXOAUMO YUUTHIBATh
B pacueTax ToJbKo 5, 7, 11, 13 rapmoHukm.
VYT01 KOMMyTAaIlH B paJiiaHax

_3(Xc +Xy,) 3(0,067+0,066)
m-sing 6-0,6
rae M — yucio ¢a3 npeodpazoBaTes.

HanpsixeHust BICIIMX FApMOHUK U KO3(P(ULIHUEHTHI N-HOW rapMOHUYECKON
coctapsstoniei mo (1.5) u (1.3)

=0,11pan

Uy =™ Uy X sing-sin(-y), [<B] | Kue =, 100, (%]
men X X, o
U, = ;56 0,06%3607,0660’6 .$in(G-01D)=036B | Ky = %100: 6%
U, = :7 6 0,06%3607,0660’6 .in(7-01)=035¢B | ki = %100: 5,8%
Uy = .6116 0,06%3607,0660’6 .SiNL1-010) = 0.296B | K4y = %100: 4,8%
Usy=— -61360,06%36;,0660’6 .SiN(L3-011) =0,26xB | Ky = %100: 4,3%

3.5.  JlyroBele cTajernjaBUIbHbIC IEUH

HckakeHusl MUTAIOUIETO TOKAa M HAmNpsOHKEHUS MpU padoTe AYyroBbIX
CTaJICIUIABUJIBHBIX II€YE€N BOZHUKAIOT 34 CYET HEJIMHEHHON XapaKTEPUCTUKU TyT'U U
3a CYEeT HEIMHEWHON XapaKTEpUCTUKU MEYHOro TpaHchopmaropa, pabOTaroIIEero
IIPY MOBBILICHHBIX 3HAYEHHUSAX MAarHUTHON MHIYKIMH. Y POBEHb BBICIINX FAPMOHUK
TOKa TMpU paboTe JYyrOBbIX CTAJEIJIABMIBHBIX T€YEH CpPaBHUTENIbHO HEBEIUK,
OCOOCHHO TI0O CpPAaBHEHUIO C BBICHIMMH TapMOHUKAMH, T€HEPUPYEMBIMU
BEHTWJIbHBIMU TpeoOpazoBaTessiMi. OJJHAKO C HUMHU CJEyeT CUUTAThCs, TaK Kak
MOITHOCTB AYTOBBIX I€YEN OCTOSIHHO PACTET.



Ha ocHOBaHMM 3KCHEPUMEHTAIBHBIX HCCIECAOBAaHUN [2] MOJy4eHO
COOTHOUIEHHE [UIsI ONpPENEICHUsS MAaKCUMAJIbHBIX 3HAYEHUM YPOBHEH OTJENbHBIX
TapMOHMK TOKA IIPU pabOTe AYrOBBIX MEYEH.

= (1.8)

riae |, — Tok meuHoro TpaHcopMaTopa B pacueTHOM peXuMe (I pacueTa
MaKCUMaJbHBIX 3HAYCHHWI TapMOHUK HaJ0 OpaTh B pacdyeT HOMHHAIBHBIA TOK
neyHoro Tpancdopmaropa); N=2, 3, 4, 5...— HOMEp COOTBETCTBYIOIIEH TAPMOHUKH.
W3 cOOTHONICHUS BHIHO, YTO JOCTATOYHO B pacyeTax yUHUTHIBATh TOJNBKO N0 7-U
TapMOHHUKH, TaK KaK OCTaJIbHbIC TAPMOHHUKH MaJIbl.

JIJ1s TpYTIITBI OJTMHAKOBBIX AYTOBBIX CTANCTUIABWIBHBIX ITeUeh

In,r = In4" N (19)
rie N — 4uucno mnedeil, OJHOBPEMEHHO pabOTAIOMIUX B PEKUME
pacIuIaBJICHHUS.
JInst rpymIiel meuen pa3Hor MOIITHOCTH
N
In,rzln,max an,Ti Sn,Tmax (1-10)
i=1
rne SpTi — MOIIHOCTh I-TO MEYHOro TpaHchOpMaTopa; SpTmax

HanOOJIbIIIAsl MOITHOCTh TpaHcPopMaTopa B TPyIIE TyTrOBbIX neuei; Inmax - TOK N-
Oif TapMOHHMKHU TMEYHOTO TpaHchopmaropa Hambombineil MomHoctu; N —obiee
YHUCJIO pabOTAIOUIUX TTEUEH.

s ompenenenus Ky B COOTBETCTBYIOHIEH TOYKE CETH HEOOXOIUMO
ONpPEACIUTh YPOBHU HAMPSDKEHUS  OTIEIbHBIX rapMOHUK, reHepupyembix JCII.
da3zHOoe HaNPS)KEHUE TAPMOHUKH B PACUCTHOM TOYKE MUTAIOIIEH CETH HAXOIUTCS
13 BBIPAKCHUS

2
U = Y3lnUie, (1.11)

n Sk

rae lp —naelicTByromiee 3HaueHue (azHOro Toka N-Oil TapMOHUKH; N —
MOPSIIKOBBIA HOMEp TapMOHUKH; Uyoy — HOMUHAIBHOE JIMHEWHOE HANpPsHKCHHUE B
pacdyeTHOM Touke; Sk — MOIHOCTh K3 B pacueTHOM TOUKe.

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

.
2.U;
2
ky = U—lOO (1.12)
HOM
rae Uyow — HOMUHAIBHOE HANPS)KEHUE OCHOBHOM 4YacTOTHI B PAacCUETHOM
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
Hcxomnrie nanHble:
C: SK3,110:2300 MBA
T2: S1,=60 MBA; Uyon=110 kB
T2
—
~_— |ncn

Pemenune: CuntaemM HOMUHAIBHBIN TOK MEYHOTO TpaHcPopMaTopa

_ Sy, 60
I = = =0,31xkA
J3u,,, +/3:110

CornacHo [2] B MpakTHYECKUX pacdeTax JUIs JYTOBBIX CTaJEIUIaBHIILHBIX
neyeil yYuThIBaIOTCS TAPMOHUKH CO 2-0M 10 7-10.

Tokw, HampsHKCHHWsSI BBICIIUX TapMOHMK M KOA(PQOUIMEHTH  N-Oi
rapMOHUYECKON COCTABJISIONIEH HaNpsHKEHUsI paccuuThiBaeM 1o Gopmyniam (1.8),
(1.11) u (1.3), rie N — HOMEep TapMOHUKHU

HOM

| 2 u,
n :_-2, [xA], Un \/_I nUHOM [ B] kU(n): U 100, [%]
Sk3110 o
031_ J3:0,078-2-110° 1,42
=25 =0078eA| |y, _ S 142k Kue = =100=13%
031 ) 093
1, = —>= =0,034cA J3.0,034-3-110 _ 0583
= - _0.93B Kuw =7, 100=085%
=230 00106 3 00259021 1107 Koy = 07
29 .0.019-4- = ~1100=0,64%
s Uy =~ =07kB | U 7110 ’
031
s =25 =0012cA Ko = 22°100=05%
031 J _ﬁ-o,012-5-1102_055kB
lg =7 =000%A | Us =—— - ——=0, ku(e):%mo:o,%%
031 J3-0,009-6-1107
I, =25 =0,006KkA | U, = — 0.49kB 0,38
72 2300 Ky@y =7--100=0,35%
110
J3.0,006-7-110







Koaddummment HecunyconnanpbHoCTH HanpshkeHus Ha muHax 110 kB

7
ZUﬁ 2 2 2 2 2 2
K, V5 100:J1,42 +0,93 +o,711(§),55 +049°+038" 0 oo

Cornacao [1] momyctumbiii KOA((PHUIIMEHT HECMHYCOMIAIBHOCTH IS
HanpspkeHust 110 kB cocraBmster 2%. Tak kak pacdyeTHbld KOd(h(QUIIMEHT He
MPEBBIIIAET IOMYCTUMBINA, YCTAHOBKA (DUIIBTPYIOLIUX YCTpOoKCTB Ha muHbl 110 kB
He TpedyeTcs.

3.6. CBapouHbI€ YCTaHOBKH

IIo cBoemMy BO3IEHCTBHIO HAa HECHHYCOMIAIBHOCTH IHTAKOLIEH CETH
CBAapOYHBIE HArPY3KU MOYKHO Pa3JeiIUTh HA JIBE€ KATETOPUH: YCTAHOBKH JYTOBOU U
KOHTaKTHOU 3JIEKTPOCBAPKHU MEPEMEHHOIO TOKA, YCTAHOBKH JTYT'OBOM 3JIEKTPOCBap-
KH ITIOCTOSTHHOT'O TOKA.

VY CTaHOBKM IyTOBOH 3JEKTPOCBAPKU MEPEMEHHOIO TOKAa BO3ACHCTBYIOT Ha
MUTAIOIIYI0 CETh AHAJOTMYHO IYrOBBIM CTaJICIUIaBWIBHBIM TeyaMm. BkitoueHue
CBAPOYHBIX MAIIMH KOHTAaKTHOW 3JIEKTPOCBAPKUA MPOU3BOJIUTCA C IOMOILBIO
UTHUTPOHHBIX WM TUPUCTOPHBIX KIIFOYEH, KOTOPBIE AJIs INIABHOI'O PErYJIUPOBAHUS
CBApOYHOI'O TOKa CHA0XalTCs CcHCTeMaMH (a30BOro pEeryjIMpoBaHUs yria
32)KWTaHUs, YTO IPUBOJINT K HCKa)KECHUIO TOKA BBICIIMMH FAapPMOHUKAMH, YPOBEHb
KOTOPBIX aHAJIOTUYEH YPOBHIO TAPMOHHUK JUISL JYTOBOM CBApPKU NEPEMEHHOI'O TOKA.

B o6miem ciyyae 1uist eIMHUYHON YCTaHOBKH 3JIEKTPOCBAPKH NEPEMEHHOTO
TOKa TOKM TapMOHHMK (PEKOMEHIYETCS YUUTBIBATH TOJIBKO TPEThIO M MATYIO
TapMOHHKH [2]) paBHBL:

I n = SHOM,TBCB HB /(n2 U

how) (1.13)

rjae S.... — HOMUHaJIbHAs MOITHOCTh TpaHC(HOPMATOPA; Pes— KOIPDUIIUEHT
3arpy3ku; [IB — npoaoinKUTENbHOCTD BKIIFOUEHMUS.

OnpeneneHre TOKOB TapMOHHUK, T€HEPUPYEMBIX YCTaHOBKaMHU J1yTrOBOM
ANEKTPOCBAPKU MOCTOSTHHOTO TOKAa, AHAJIOTMYHO OINPEJEICHUI0 TAPMOHUK IS
BEHTUJIbHBIX MpeoOpa3oBaTeneid. TOKM TapMOHHMK (PEKOMEHAYETCS YUYUTHIBaTh
ToJbKO 5, 7, 11, 13-10 rapMOHUKHN) €IMHUYHON YCTAHOBKH JTyTOBOM 3JIEKTPOCBAPKU
MOCTOSIHHOT'O TOKa OMPEeENstoTCs 1Mo (hopmyie

|
| =< (1.14)
n

rae |l — HOMHHAIBHBIN NEPBUYHBIN TOK YCTaHOBKH.
JIJist TpyMIbl yCTAHOBOK 3JIEKTPOCBAPKK HE3aBUCUMO OT PEXKHUMa PadOThI
CyMMAapHbIE OT/I€JIbHbIE TOKH TAPMOHUK OMPENEIISIIOTCS COrIacHo [2]

(1.15)




rae |y — Tok N-ii rapmoHuku I-i ycraHoBku; N — oOmee 49ucio
paboTaIIMX YCTAHOBOK.

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

13

2 U,
5

ky =100 (1.16)

HOM

NEIIE

rac Un = HOM - HAIIPSDKCHUE n-i TapMOHHKH.

Sk

Ipumep 3. [lns rpymnmbl CBapOYHBIX YCTAHOBOK MEPEMEHHOTO TOKa
paccuutaTh KOAPGUIUEHTH! N-0if TApMOHUYECKON COCTAaBJIAIOIIECH HAIPSHKEHUS U
K03 GUIMEHT HecuHycouaaibHOoCTH Ha muHax 0,4 kB.

0,4 xB
e Hcxoanble JaHHDBIE:
C: SK3,0,4:2 MBA
/ Cy CY: SH0M=30 KBA; UH0M=0,4 KB; HB=60%; BCB:O,S;
N=6

Pemienne: CormacHo [2] B MNpakTUYECKHX pacyeTax sl CBapOYHBIX
YCTAHOBOK MEPEMEHHOI0 TOKA YUYUTHIBAKOTCA 3 U 5 TAPMOHHUKHU.

Toxu BBICIIIMX TAPMOHHUK JIJIs1 TPYIITBI CBAPOUYHBIX YCTAHOBOK PACCUUTHIBAEM
o ¢popmynam (1.13) u (1.15), rae N — HOMEp TapMOHUKH

S JIIB N
o e = 200
n UHOM ! :
) ) = . 2 —
3= 30 2’5 0.5 =3,23A l;, =v6-323" =7,91A
32.0,4
_ ) 2 _
| = 30 502,5014/0,6 _116A |5, =+/6-116° =2,84A

HanpsixeHust BICHIMX FTApMOHUK U KO3(PHUIUEHTHI N-0i1 TapMOHUYECKOM
cocTaBJIsIroIel paccunThiBaeM 1o popmynam (1.11) u (1.3)

U, :M, [kB] Kumy = UUn 100, [%0]
K3,0,4 o
-3 2 1072
_ J3.791.10°.3.04 ~329.10°KB Kug :Mloozo,&%

3 2 0,4




-3 2 : N
5:\/5-2,84-1;) 504 e ku(5)=%100=0,5%

Koaddumment HecunycouganbHOCTH HanpsikeHus Ha mmHax 0,4 kB

5
> U, a0t L oE2
k, =43 1009820571405 494

HOM !

Cornacuo [1] momyctumbiii KOA((PHUIIMEHT HECMHYCOMIAIBHOCTH IS
HanpsokeHus: 0,4 kB cocraBiser 8%. Tak kak pacyeTHbId KOI(PPUIUMEHT HE
MPEBBINIAET AOMYCTUMBIN, YCTaHOBKA (GUIBTPYIOMUX YCTpOcTB Ha muHb 0,4 kB
He TpeOyeTcsl.

4. Pacuert ko3(ppuumeHTa HECUMMETPUU
I[Ipu pacuere HampspkeHUss  OOpaTHOM  MOCJENOBAaTEIbHOCTH U
ko3 puLieHTa HECUMMETPUH OJHO(A3HBIE HATPY3KU YUUTHIBAIOTCS BBEJCHHEM B

CXCMY 3aMCHICHHUA 3aJal0IKUX TOKOB 06paTHOﬁ IIOCJICAOBATCIBHOCTH.

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

J3
|2 = F\/3S§b + (Sab - 28bc)2 (2-1)

rie Sap U Spe — ogHO(a3Has HAIPy3Ka COOTBETCTBEHHO MEKIY (paszamu ab u
bc.

CxeMa 3aMelieHusi CETH [JJs HAXOXKJCHUA HamNpsLKeHHsT 0O0paTHOM
nocienoBateabHocT Uy mpuBenena Ha puc.2.1 [4].

Puc. 2.1. Cxema 3amenieHusi cCeTH sl OIpPEACNICHUS HAMNPSIKEHUs OOpaTHOU
nocienoBarenbHocTd. Ha  cxeme o0o3HaueHo: | — TOk  oOparHOU
MIOCJICIOBATEIBHOCTH HECUMMETPUYHON Harpy3ku; Do u Dis — mpoBogumocTH
KOPOTKOTO 3aMBIKaHUs CETH MOIITHOCTBIO Sk M Tpex(ha3Hoi OaTapen KOHIECHCATOPOB
Qs (ecnu mocnennsis umeercs); Doy U goy — TPOBOJMMOCTH OCTAJIBHON HATPY3KH
MOJICTAaHIIMK, paccMaTpUBaeMOM B KauecTBE OOOOIIEHHOH; B OTHOCHTENbHBIX
eIMHULAX



Y, =t _2_j267
018+ j0,24

BBIpa)KeHI/IH AJIs1 aKTUBHBIX 1 PCAKTUBHBIX HpOBOI[HMOCTCﬁ HUMCIOT BUA:

Sk_. Qs . 2,675, . 25
:UZK ! bZ6:U26 ! bZH: U2 ! gZH:U2

HOM HOM HOM HOM

H -«
1

2K



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

[4]:

U2
Zos = > == > (2.2)
J4S2 + (S, +2,67S, - Q;)

Hal'IPSDKCHI/Ie 06paTHOI>'I IIOCJIICA0BATCIIBHOCTHU
U, =~/31,2,, (2.3)

Koaddunment necummeTpuun
U 2

ey = 100% (2.4)

HOM

[Ipumep 4. Jlnsg cxeMbl Ha PHUCYHKE ONPENETUTh KO3(DPUIUEHT
HECHMMETPHUH TP MOAKII0OUeHUH 0THO(a3HOH meun K (azam a u b.

h7d 2

6 .
| Jf Wcxonnble nanHbIe:
Sab
VD

T4: Sts=1 MBA; Uyon=6 KB; Uy %,=5,5%;
0.4 xR AP=10,5 kBT; AP,=1,9 xBt

VD: S,,=10 MBA; cos ¢=0,8; m=6

M: Pn=220 xBrT; cos ¢=0,9

H: Suap=1 MBA; Si=5,5 MBA

Pemenue: Tok 00paTHOI MoOcen0BaTeIbHOCTH HaXoquM 1o hopmyiie (2.1)
l, = iJssib +(S,, — 25y, )% = ﬁ\/s 5500 + (5500~ 2-0)? =530A
6U 6-6

rne Sap U Spe — 0JHO(A3HAs HArPy3Ka COOTBETCTBEHHO MEXKTY (hazamu ab u
bc, kBA.

HOM

CymMapHas Harpy3ka Ha IMHax 6 KB ¢ y4eToM BEHTHIIBHOTO BBITIPSIMUTEIIS
Si=Shp+SharptSy=10+1+0,22/0,9=11,24 MBA
rae Sy — MOIIHOCTh BEHTWJIBHOTO mpeoOpaszoBarensi, MBA; Sup —
MOTIHOCTb Harpy3ku, MBA; S,, — momHocTs aBurareins, MBA.

Moaynb COnpoTUBICHUST OOpaTHOM MOCIEN0BATEILHOCTH 1O (2.2)
2 62
25 = Do = =0,20m
JAS2 +(S6 +267S, —Qg)2 (/411247 + (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,z,, =+/3-530-0,2=18217B

Koaddunment necummerpuu 1o (2.4)

u, 18217

100% = ——100% = 3%
6000

gy =

HOM

Jnsa Hanpsioxenust 6 kB gomyctumblit K03 GUIIMEHT HECUMMETPUHN COTTIACHO

[1] coctaBmsieT 2%. Tak kak pacyeTHbIN KOAIDOUITMEHT HECUMMETPUM TPEBHIIIACT
JOMYCTUMBIN, HEOOX0/IMMa YCTAaHOBKAa CUMMETPUPYIOIINX YCTPOHCTB.

5. BimsHue kayecTBa AIEKTPOIHEPTUH HA PabOTy 3IEKTPOIPUEMHUKOB

5.1. Pacuer AOITOJIHUTCIIBHBIX ITIOTCPD IIPU HCCUHYCOUIAIIbHOCTHU HAIIPAKCHHA

HecunyconganbHOCTh ~ HampsDKEHUs ~ BIAMSET  HA  BCE  BUJBI
AIEKTPOIPUEMHHUKOB. BBI3BAaHO 3TO HE TOJBKO TEIUIOBBIM JONOJHUTEIBHBIM
HarpeBoM OII ot Beiciux rapmonuk (BI') Toka, HO u Tem, uto BI' oOpa3yior
COCTaBJISIONIME TpsIMOM  mocienoBarenbHoctn 1,4,7u  T1.1.), oOpaTHOM
nocJyenoBaTeabHOCTH (2, 5, 8 U T.JI.) U HYJIEBOM MOCIEA0BATEIILHOCTH (TApMOHUKH
KpaTHble TpeMm). B 4YacTHOCTH, TOKM HYJIEBOM MOCIEI0BATEIbHOCTH CO3JA0T
JOTIOJTHUTENbHOE TMOJMAarHMYMBAaHUE CTAIM B JJIEKTPUUYECKUX MAalIMHAX, 4TO
MPUBOJUT K YXYAILICHUIO XapaKTEPUCTUK 3TUX DIl ¥ JONOJHUTETIBHOMY HAarpeBy
cepAeYHUKOB (cTaTopbl AJl, MAarHUTONPOBOABI TPAHCPOPMATOPOB).

O6piuno BI' HampsikeHHsi, CyMMHUPYSICb C OCHOBHOM TapMOHHUKOM,

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

Briciive rapMOHMKH HamNpsbKEHUs U TOKA HEOJArompUsTHO BIUSIIOT HA
AIEKTPOOOOPYI0BAHUE, CUCTEMBI aBTOMATHUKH, peeHON 3allUTHI,
TEIEMEXaHUKH W  CBS3U: TOSBISIOTCSA  JIOTIOJHUTEIbHBIC TIOTEPU B
AIEKTPUYECKUX MalllMHaX, TpaHcHOpMaTOpax U CETAX, YXYAIIAIOTCA YCIOBUS
pabothl Oarapeit konaeHcaTopoB (BK), cokpariaercs cCpok ciyObl H30JSINU
AIEKTPUYECKUX MAIIMH M aIlapaToB, BO3PAacTacT aBapUHHOCTh B KaOEIbHBIX
CeTAX, YXYIIIAeTCs KadyecTBO PabOThI, a MHOTJA TMOSBISAIOTCS cOOM B padote
CHUCTEM PEJICHHON 3aIUThl, aBBTOMATUKH, TCICMEXaHUKHU U CBSI3H.

Bricime rapMOHMKM HANpsOKCHHs M TOKA BIIMSIOT TaKXKE Ha 3HAUYCHUS
Kod(dpuImeHTa MOITHOCTH, BPAIAIOIIET0 MOMEHTA deKTpoaBuraTenein. OmHako
CHUKEHHE ITHX XapaKTEPUCTHUK, JAaxe Mpu KodP HUIIMEHTE UCKaKEeHUsT (HOPMBI
kpuBoi HampspkeHus 10—15 %, oxaspiBaeTcsi BecbMa HEOOJBIIMM. Y POBEHB
JOTIOJTHUTEIHHBIX aKTUBHBIX TOTEPh OT BI' B OCHOBHBIX CETAX AIEKTPUUECKHUX



CHUCTEM COCTaBJIIET HECKOJIbKO MPOIEHTOB OT MOTEPh MPU CUHYCOUJATIHLHOM
HaIpspDKeHUu. B ceTsiX mpennpusTuii, KPymHbIX MPOMBIIUIEHHBIX IEHTPOB, a
TAKXKE CEeTAX DICKTPUPUIIUPOBAHHOTO KEIE3HOJOPOKHOTO TPAHCIIOPTA ITH
notepu MoryT gocturath 10—15 %.

Bo MHOrux ciyyasx B 3JE€KTPUUECKUX CETAX Pa3IUYHBbIX HAMPSHKEHUN C
ucrouHukamu rapmoHuk Kb, o cymiectBy, He pabOTarOT: OHU WJIA OTKJIIOYAIOTCS
BCJICAICTBUE TEPETPY3KU MO TOKY, MM B KOPOTKHI CPOK BBIXOIST M3 CTPOS B
pe3ynbTare BCIyYHBaHUs, a MHOTA U pa3pylIeHus. B ycIoBHsIX TPOMBIIITICHHBIX
NpeanpusITHii Oarapen KOHJICHCATOPOB CIOCOOCTBYIOT CO3JaHHIO YCIOBUU
pe30oHaHca TOKOB (WM OJMM3KUX K 3TOMY PEKMMY) Ha 4acTOTE KaKoW-1ubo u3
TapMOHUK, YTO MPUBOIUT K OMAcCHOW MEperpy3ke X Mo TOKy. B TAToBbIX U
IPOMBIIIJICHHBIX ~ AJEKTPOCETAX C MpeolOpa3oBaTesiMH TaKHe MEPerpy3KH
3apukcupoBaHbl MpU pe3oHance Ha rapmoHukax 40—50-ro mopsinka, B CEeTsIX ¢
AJIEKTPOAYTOBBIMU M€YaMH U CBAPOYHBIMHU YCTAHOBKAMH - HA TApMOHUKaX 3—/-
ro nopsKa.

Oco0eHHO 4yBCTBUTENBHBI K MOsiBNIeHUI0 BI' KoHAEHCaTOpHbBIE OaTapen u
kabenu. B koHaeHcaTopax MOTEpU MNPOMOPUHOHAIBHBI YacCTOTE

AP = U’wCtgd. BT’ npuBOMAT K HOIOJTHUTEILHOMY HArpeBY KOHIEHCATOPOB H

OBICTPOMY BBIXOJYy UX U3 CTpos. OrpaHUUCHUE MO JOMOJTHUTEIBHOMY HarpeBy
Kb 3amaHbl JONyCTHUMBIM YBEJIWYEHUEM JACHCTBYIOUIETO Ha €ro 3a)XKuMax
HanpspkeHus 10 10 % oT Uy U aelicTByromero 3HaueHust Toka 10 30% oT lyou.

Kpome toro, yBennuenue Ky mpuUBOJUT K CTAPEHUIO M30JISAIUN, KAYSCTBO
KOTOpo# xapakrtepusyercs tgo . Pabora Kb ¢ ky=5% B TeueHume nByx Jer
MPUBOJUT K yBelnueHuto tg S B 2 pasa.

AnanoruyHo BocnpuumuuBbl K BI' u kabenu, KayecTBO IUAJIEKTpUKA
KOTOPBIX Xapakrepu3syercs TokoM yreuku. [Ipu ky=6,85% 3a 2,5 roga Tok yreuku
BO3pactaeT Ha 36 %, a uepes 3,5 roaa - Ha 43 %.

I[Ipy HecHHycCOMTAIBPHOM HANPSDKCHUH HAONIOZAaeTCs  YCKOPEHHOE
CTapeHHE M3OJIAINU HICKTPUUCCKUX MaIIH, TpaHC(HOPMATOPOB, KOHJICHCATOPOB U
kabeneii B pe3ylbTare HEOOPATUMBIX (U3UKO-XUMHUUYECKUX TPOLIECCOB,
MPOTEKAIIUX MOJ BO3JCUCTBUEM I0JIEH, co3maBacMbiXx BI' Toka, a Takxke
MOBBIIICHHOTO HArpeBa TOKOBEAYIIMX YacTEeH.

JIs1 OIIEHKHM JOTIOJTHUTEIBHBIX MOTEPh MOIMHOCTH, 00yClIOBIeHHBIX BI'
TOKa MOTYT OBITh UCTIOJIb30BAHbI cieayromue Gopmyisl [3]:

JUTsL ACUHXPOHHBIX JIBUTATEIICH:
1
AP =2AP, . K? (kz —j (3.1)
N , | Z u(n) n /—n

rae APy yop — TOTEPH B MEAU CTATOPA IIPH HOMHUHAILHOM TOKE OCHOBHOM

qacTOThl; K| — KpaTHOCTh TMYCKOBOTO TOKa TPHW HOMHHAIHHOM HAMPSKCHUH
ocHoBHOH 4acToThl; Ky =Un/Uwow — OTHOCHTENBHOE HanpsikeHue N-i
TapMOHHKH.

AJIA CHHXPOHHBIX MAalllhH:



\/E(rz —Ier *p 2 Kﬁ(n)

AP, = —_—
P 2\, 2 HOM
R2X2 2 nv/n (3.2)
rae r;, X2 — AaKTHMBHOE M PEAKTUBHOE COIPOTHBJIEHHUE OOpaTHOU
nocieaoBaTeabHOCTH ctatopa CM; recr — aKTUBHOE CONMPOTHUBIIEHHE cTaTopa; Rx
kodpdunment, paBublii 0,71 nna sBHomoJMOCHBIX MamuH W 0,88 — mid
HESBHOIIOJIIOCHBIX.
B crarope CM:
40 K2
_ TSUN)
AP cr =KerPhom \/—
n=2 NN (3.3)
—_ 0747PM1H0M L5
rae Kqp = Rexip KO3((PUIIMEHT, YUYUTHIBAIOIINN MOTEPU B MEAU OOMOTKH
x Y2+ HOM

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

JUTSl CUJIOBBIX TpaHC(HOPMATOPOB:
AP =AP_ > kE i +0, 62 rron 5oy 2 3.4
Z u(n) 5% Z u(n) \/ﬁ ( )

rie APy, APs, Uy - mapameTpsl Tpancopmaropa.

AJIA CUJIOBBIX KOCMHYCHBIX KOHJACHCATOPOB!

40
P, = Cootgd> Uzn,
n=2 (3.5)
rae g5 — TaHreHc yria JUAJIEKTPUYECKUX MOTepb KoHAeHcaTtopa; Up, —
JEUCTBYIOLIEEC 3HAaUECHUE HanpshDKeHus N-u BI';

IUISL TMHUM DIEKTPONEPENAYN:

40
AP =3 121K,
n=2

5.2. BrnusHUE HECUMMETPUU HATIPSHKCHUS

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

[Ipu HECUMMETPUHN HANIPSYKEHUH B DJIEKTPUYECKUX MAILMHAX IIEPEMEHHOTO
TOKa BO3HUKAIOT MAarHUTHBIE IIOJIsI, BPALAIOIIMECs HE TOJBKO C CHUHXPOHHOM
CKOPOCTBIO B HAIIPpAaBJICHUU BpPALEHHUS POTOPA, HO U B MPOTUBOIIOJIOXKHOM C
YABOCHHOM CUHXPOHHOW CKOPOCTBIO. B pesynbrare BO3HUKAEeT TOPMO3HOM
AJIEKTPOMArHUTHBIM MOMEHT, a TAK)KE JOINOJIHUTEIIbHBIN HAIPEB aKTUBHBIX YacTen
MaIIHMHBI, [1aBHBIM 00pa3oM, pOTOpa 3a CYET TOKOB JIBOMHOW 4acTOTHI.



Toxk |, oO6paTHO¥ mocaen0BaTENEHOCTH [4]

J3
I, =FJ3S§b +(Syp — 2Sbc)2 (3.6)

HOM
rie Sap M Spe — ogHO(Da3Has Harpy3ka COOTBETCTBEHHO Mexkay (asamu ab u bc.

OTOT TOK CO3/1aeT Bpallarolleecs MarHUTHOE MoJjie oOpaTHOM IMOCIenoBa-
TEJIbHOCTH, MHAYLUPYS B Hensx poropoB DJIC M TOKM JBOMHOM 4acTOTHI, 4TO
IIPUBOJMUT K JIOIIOJIHUTEIbHOMY HAarpeBy MalllWHBI.

B A/l npu koaddunuentax oOpaTHON MOCIEIOBATEIBHOCTH HAIMPSKEHUS,
BcTpevaronuxcst Ha mpaktuke (Kpy < 0,05—0,00), cHmkeHHe Bpaliaromero
MOMEHTA OKa3bIBAETCS MPEHEOPEKUMO MaJIbIM. BiMsiHue HECUMMETPHUH Ha IOTEPU
B DJIGKTPOJBUTATENE M, CJIEAOBATEIbHO, HATPEB W COKPAILIECHHE CPOKA CITYkObI
U30JISIUU €r0 IPOSABIIAIOTCS B OoJble mepe. B nenom cpok cinyx0b1 AJl ipu K-
2—4 % cokpamaercs Ha 11 % [3].

[Ipu pabote 351eKTpoABUTATENS C HOMUHAIBHBIM BPAILAIOIIUMCSI MOMEHTOM
U Ko3(p(duureHTOM HecUMMeETpuu HampsbkeHuid Koy = 4 %, cpok ciaykObl ero
COKpaIlaeTcs MPUMEPHO B 2 pa3a TOJIBKO 3a CUET JONOJHUTEIBHOrO Harpesa. Eciu
HanpsDKeHUE Ha OJHOW W3 (a3 OyJeT 3HAUYMUTEIbHO MPEBBIIIATh HOMHHAIBHOE
3HAYCHHE, COKpALICHHE CpOKa CIyXObl u3omsuuu Oyner eme Oosbiie. s
o0ecrieueHnss HOPMAJIbHBIX YCIOBUI pabOThl AJIEKTPOJIBUraTENEed B 3TOM Cllydyae
HEOOXOJMMO CHIXKATh PACIIOIaraéMyt0 MOIIHOCTb UX, & IPU MPOEKTUPOBAHUU —
YBEIMYMBAaTh HOMHUHAJIBHYI0  MOIIHOCTh  3JIEKTPOABUTATENICd, €CIU  HE
pPEeayCMaTpUBAIOTCS  CHEIHUANbHBIE MEPONPUATHS MO CHUMMETPUPOBAHUIO
HalpspDKeHUH  ceTh. OTU  OOCTOSITENbCTBA  BO3HUKAIOT, HANpUMeEp, IMpHU
MPOEKTUPOBAHUM AJIEKTPUPULIMPOBAHHOTO KEIE3HOAOPOKHOIO TPaHCIOPTa, Ha
TOPHO-000TaTUTENBHBIX M HEKOTOPBIX APYTUX MPOMBILIIIEHHBIX TPEANPUATUAX.
Jlnst pacuera TONOJHUTEIbHBIX MOTEPh, BEI3BAHHBIX HECUMMETPHUEHN HAIPSKEHUS Ha
BBOJIaX AJ] MOXeT OBITh UCIIOJIB30BAHO CIEAYIONIEe BhIpakeHue [4]:

AP, = 2,41AP, K2

(3.7)
rae APyiuon — MOTEPU B MEAM CTATOPA P HOMUHATIBHOM TOKE OCHOBHOM YaCTOTHI;
K; — KpaTHOCTP IyCKOBOIO TOKa INPH HOMHUHAJIBHOM HAIPS)KEHUM OCHOBHOMU

Y4aCTOTHI; €y — KOADPHUIIMEHT HECUMMETPUU HATIPSKEHUS B OTH. €]I.

[Tpu HecuMMeTpUN HaNPsIKEHUW B CUHXPOHHBIX MainHax (CM) Hapsay ¢
BO3HMKHOBEHUEM JONOJHUTENBHBIX IOTEPh U HAIPEBOM CTATOPA U pOTOpPA MOTYT
BO3HUKATh OMNAacHble BHOpalMK B pe3yJbTaTe MOSIBICHHUS 3HAKONEPEMEHHBIX
BpallalOUMX MOMEHTOB W TaHTE€HI[MAIbHBIX CHJI, MYJbCUPYIOIIUX C JIBOWHOMN
yacToToil cetu. [Ipu 3HAUMTENbHON HECUMMETPUHM BHOpalus MOXKET OKa3aThCs
OMMACHOM, B 0OCOOEHHOCTH MPHU HEAOCTATOYHOW MPOYHOCTU WIIM HAJIMYUU Je(EKTOB
CBapHBIX coequHeHni. [ Ipu HecumMmeTpun TOKOB, He ipeBbiatonei 30 % onacHbie
NepeHanpsHKeHUs B JIEMEHTaX KOHCTPYKIIMM, Kak MpaBUJIO, HE BO3HUKAIOT.
Cuamxenue cpoka cinyx0b1 CJI npu Ko, = 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
— 2
AP M — AP Juom Zz J
2cM (3.8)
7€ AP 0. =3lfiomle — AOTONHATENBHBIE TOTEpH B CM npu Toke 00paTHOM

MOCIIEI0BATEILHOCTH, PABHOM HOMHUHAJIBHOMY; I2p — AKTUBHOE COIMPOTHBIICHUE
o0paTHOI MocIeq0BaTEILHOCTH OOMOTKH pOTOpa; Zocm -MIOJTHOE COMPOTUBIICHHE
oOpartHoii mocienoBarenbHocTd CM.

HecummeTpusi HanpsKeHU HE OKa3bIBAE€T 3aMETHOTO BIMSAHUS HA paboTy
BO3JIYIIHBIX U KaOENbHBIX JIMHUM, B TO K€ BpeMsl HarpeB TpaHC(HOpPMATOpPOB W,
CIIEOBAaTEIbHO, COKpAIleHHE CpOKa HUX CIYXObl MOTYT  OKa3aThbCs
CYLIECTBEHHBIMU. B ciyyae HeCcuMMeTpuu TOKOB TpaHCcpopMaTopa HarpeB Macia
OyJeT HECKOJIBKO MEHBIIIE, UYEM B CIIy4ae CUMMETPUYHON Harpy3Kku Mpu Toke ¢as,
paBHOM TOKy Hauboyiee 3arpy>kKeHHou ¢a3pl. ITo o0O0BscHsIETCs Ooiee
MHTEHCUBHBIM OXJIaXJAeHHEM OOMOTKHU 3TOH (ha3bl. Takue ycnoBUs HMEIOT MECTO
B cerax 6—10—35 kB mnpomblIuieHHBIX NpeanpusTHii, padoTammux C
M30JIMPOBAHHOM WJIM KOMIIECHCUPOBAHHOW HEUTpaibplo. PacueTsl moKa3pIBalOT, 4TO
IpyM HOMHUHAJIBHON Harpyske TpaHchopmaropa U Ko3QQULHEHTE HECUMMETPUU
TOKOB paBHOM 10 % cpok ciryk0bI H30JIsIIIUU TpaHCchopMaTopa cokpaiaercs Ha 16
%.

JlomoTHUTEIBHBIC TOTEPH B CHIIOBBIX TpaHCc(hopMaTopax MOKHO OIEHUTH
o hopmyJie

AP, =| ap_ 4+ 2P |2 (3.9)

T,Hc XX
Uy 9

rie APxx, AP , Uk — pacdeTHbie JaHHBIC TpaHcpopmaTopa.

Cpoxk ciyx0b1 Tpanchopmatopos mipu K, = 2—4 % cokpamaercs 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
AQuom = Quom Uiion - 812 (rey) =Quom M’ (3.10)

U HOM U HOM




rne U, — nuHeiHOe HampshpKeHHe MPsSMOW mocieaoBaTebHOCTH, Uyoy — HO-
MHUHAJIBHOE HAIPSKCHHUE OaTapen KOHICHCATOPOB.

[pu Koy = 0,05—0,06 3nauenne AQ = (0,01—0,04)Q - [Tockonbky Ha
npakTuke HanpsbkeHue U; MoxeT ObITh 0O0JIbIIIe MM MeHbIe HanpsokeHust Unowm,
TO BO3MOXKHO KaK YBEJIMYCHHE, TaK M YMEHBIICHHE FeHEPUPYEMOH pEeaKTHUBHOM
MoIHOCTH. B mocnemnem ciydae B HaumOosiee 3arpykeHHOW (ase 3HAYCHHS
TEIUIOBBIX MOTEPh MOTYT 3HAYUTEIBHO MPEBOCXOAWTH HOMHUHAIBHOE 3HAUYCHHE,
CO3/1aBasi MECTHBIN MMEePErpeB U30JISAIHH, TPUBOIAIIMA K COKPAIICHUIO CPOKa €¢
ciy>k0b1 Ha 20 % [3]

APy = Quomtdey, (3.11)
rae QHOM — HOMHUHaJIbHAs MOUTHOCTH KoHAeHcaTopHou Oatapeu (Kb); tgs —
TAHTEHC yria JUAJIEKTPUYECKUX IOTEPh; €y — OTHOCHUTEIBHOE 3HAYEHUE

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
MACCHUBHOTO XOJa PEaKUu M, TEM CaMbIM, HEPABHOMEPHOCTBIO pacIpeieaeHus
PHEPruM MO O00bEeMy BaHHBI TMEYH. YBEJIWYEHUE HaAMpsDKEHUs oOpaTHOMH
nocyenoBareqbHOCTH Ha 20 % NOpUBOIUT K CHUYKEHHUIO MPOU3BOJMTEIBHOCTH
pyaHo-Tepmudecknx neueit Ha 30—40 % [3].

IIpu nosiBneHun B 3-¢pazHoii cetu 380 B HanpsokeHus HyJIeBOR
MOCJIEAOBATEILHOCTA yXyAIIaloTcs pexxumbl oaHodazueix JII. Toku HyneBoi
IIOCJIEIOBATEIIBHOCTH ITOCTOSSHHO IIPOTEKAIOT Yepe3 3a36MIIMTENIN U 3HAYUTEIIHHO
BBICYIIMBAIOT TPYHT, YBEIUYUBAas CONPOTHUBIICHUE 3a3€MIIIOIINX YCTPOMCTB. JTO
MOXET OBITh HENOMYCTUMO JJIsi pabOThl pENeWHOM 3alllUThl, U3-3a YCUJICHUS
BO3JICHCTBHAA TOKOB HYJEBOW IIOCIEIOBATEIbHOCTH Ha HU3KOYaCTOTHBIE
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
HECHUHYCOUJIAJIbHOCTH 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

At=1, —— (3.12)
AP

HOM
IZIE Tuopw — PabOUas TeMIepaTypa 3JeKTpoodopyaoBaHus 0e3 BO3IEHCTBUS TOKOB
BBICIIIMUX TapMOHHUK M TOKOB oOpaTHOW mocnenoBarenbHocT, °C, APn u APy —
JIOTIOJITHUTENIbHBIE TOTEPU COOTBETCTBEHHO OT TOKOB BBICIIMX TapMOHUK H

HECUMMETPUU HaIPSHKESHUS.

Koadduiment cHuxeHuss cpoka CiayxkObl 3JIEKTpOOOOPYAOBaHUS  IOA

BO3JICMICTBUEM TOKOB BBICIINX TAPMOHHMK U HECUMMETPUU HAIPSKEHUS [4]

At (0,086A1)?
2

~ =0,086AT+ (3.13)

CHmxeHue cpoka Ci1y>KObl 2JIEKTPOOOOPYT0BaHUS 1O BO3ACHCTBHEM TOKOB
BBICIIMX FAPMOHUK M TOKOB 0OpaTHOM MOCIE0BATENbHOCTH [4]



at=t A (3.14)

HODM t

rze thopw — HOPMAJIBHBII CPOK CIIy:KObI 000PYAOBaHHUS, JIET.

[Tpumep 5. st cxembl 3 mpuMepa 4 pacCUUTaTh AOMOJIHUTEIBHBIE TIOTEPU
OT TOKOB BBICHIMX TapMOHMK W HECUMMETPHUU HAINpPSDKEHUS B ACHHXPOHHOM
JBUTATENIE U IIeXOBOM TpaHcpopmaTope T4, a Takke CHIDKEHUE CPOKa CITYKOBbI U3-
3a  TieperpeBa TOKaMH  BBICIIMX TapMOHHMK H  TOoKamMu  oOpaTHOM
nocieaoBaTrebHOCTH. HopmanbHbIid cpok cimyxObl mpuHATh 20 jer. Pabouas
temmneparypa 75°C.

Pewenue:

a) Cuumaem OonorHumenvbHvle NOMEPU U CHUNCEHUE CPOKA CAYHCObL 0N
ACUHXPOHHO20 08U2AMeEsl.

HoMuHamILHBIN TOK OBUTATEIS

P 0,22
| = X = ’ =0,024xA
e J3u,,,cosp  +/3-6-09

AKXTHUBHOE COIIPOTHUBJICHHUC OOMOTKH cTaTopa

K, U%, 126°-09

M .2 - 2 = 6,80M
K2S. 512 022
HomuuanbHBIE IMOTCPHU MOITHOCTHU
APM,HOM _SIEIOM M =3- 242 . 6,8 ‘10_3 :11,74KBT

JIOTIOTHUTEBHBIC TTOTEPH OT TOKOB BBICIIMX TapMOHUK CYHUTAEM IIO
dbopmyie (3.1)

AP, =2AP, . K z(ku(n) \/_j
n

rae Kum) — K03 dUIMeHTs N-HOM TapMOHMYECKON COCTABIISIONICH HAMPSIKCHUS,
B35ThI€ B OTHOCUTEIBHBIX €IMHHIIAX. B JaHHOM cilydae 3HA4YCHHUS BBIOMpaeM U3
npumepa 1.

1 1 1
=2.1174-51° (0,062 —~ +0,058°—— +0,048° ——— + 0,043 J
" 2 55 7ﬁ 1111 1313
=0,37xBT1

JlomoJIHUTENbHBIE TIOTEPH OT TOKOB OOpaTHOW MOCIEAOBATEIBLHOCTH NpHU
HECMMMETPHUU HANPsDKEHUs cuutaeM 1o (3.7)

AP .. =241AP, K% =2,41-11,74-517 -0,03° =0,66xBT

M,HC M,HOM
rae ey — kKodhGUIIMEHT HECUMMETPHUU HallpsKeHus: Ha murHax 6 kB u3 npumepa 4,
0.€.

[IpupocT Temmepatypsl OT TOKOB BBICHIUX TapMOHHMK U TOKOB OOpaTHOMU
nocjeaoBaTeaILHOCTH 110 (3.12)



AP, + AP
Av=ry,,, o T2 e _75037+0.80 g ggoc
AP 1174

M,HOM

I Tuopw — pabouas Temmeparypa ABurareis 0e3 BO3JIEHCTBUS TOKOB
BBICIIMX FAPMOHUK U TOKOB 00paTHO mocieaoBaTelbHOCTH, °C.

Koadduiment cHmxkeHuss cpoka ciiy>kObl JBUTATENs IMOJ BO3JECUCTBHEM
TOKOB BBICHIMX FAPMOHHUK M TOKOB 00paTHOM nocieaoBaTeibHOCTH 110 (3.13)

At (0,086A7)? (0,086- 6,58)*

- =0,086Ac + ~0,086-6,58+ =0,73

CHixkeHHe Cpoka CIIy>KObl JBUTATENs MOJ BO3JECUCTBUEM TOKOB BBICHIUX
rapMOHUK U TOKOB 00paTHOM nocieaoBaTesibHOCTH 110 (3.14)

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

HOPM

6) Cuumaem OOnoIHUMeENbHbIE NOMEPU U CHUNCEHUE CPOKA CAYHCObL 0N
yexogo2o mpancgopmamopa T4.
HomunansHbIi TOK TpanchopmaTopa

S 1
I =_—T4 =0,096rA
T4,H0M \/§UHOM \/5 ] 6

AKTHBHOE CONPOTHUBIICHHE TpaHCHopMaTopa

2 2
R, = APuUln 0010567 (00

2 2
S HOM 1
rae APy, — moTepu MOIIHOCTH KOPOTKOTO 3aMblkaHUs TpaHchopMmaropa,

MBT.
HoMmunanbHbIE TOTEPU MOILTHOCTH

APy pon =AP +315, 0 Ry =19+ 3-96° -0,378-10° =12,35«Br

rae APy — moTepu MOIITHOCTH XOJI0CTOT0 X0/1a Tpancdopmaropa, KBT.
JIOTIOJIHUTENIBHBIC TIOTEPH OT TOKOB BBICIITHUX TapMOHHUK 110 (3.4)

APy, = AP, Y Ky +0,6 u”“"“z(ku(n) N_j
k,%

rae Kum — KodpdUIMEHTBI N-HOM TapMOHMYECKOW COCTaBIISIONICH
HaIpPSHKEHUS, B3SATHIE B OTHOCUTEIBHBIX €AUHUIAX. B MaHHOM ciiydae 3HAYCHUS
BbIOMpaeM u3 nmpumepa 1.

AP, , =19- 2(0,062 +0,058° + 0,048 + 0,0432)+

12,35 , 1 » 1 > 1
+0,6- =223 0,06° —= + 0,058 —= +0,048° ———
0,055 ( 5.5 77 1111

+0,043° ﬁ) —0,103«Bt

JlonomHUTENbHBIE MOTEPU OT TOKOB OOpPaTHOM MOCIEAOBATEILHOCTH 10
(3.9)



AP
Sranon 02 (194229515 052 _ 0,2¢B1
0,055

Uy

APT4,HC = (Apxx +

[TpupocT TeMrepatypbl OT TOKOB BBICIIMX TapMOHHK M TOKOB OOpaTHOU
nocjeaoBaTeIbHOCTH 110 (3.12)

AP, +AP

AT="T,, — " rane _750103+02 1,86°C
APL4 om 12,35

I'ZIE Tuopw — Pa0OOUas TEMIIEpaTypa TpancpopmaTopa 0€3 BO3EHUCTBUS TOKOB

BBICIINX T'apPMOHHK 1 TOKOB 06paTHOﬁ IIoCJICA0BaTCIILHOCTH, °C.




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

2
% _0,086A7 + (2:08647)°

(0,086-1,86)?
2

=0,086-186 + =017

CHmKEHHE CpoKa CiIyXObl TpaHchopMaTopa IO BO3ACHCTBHEM TOKOB
BBICIIIMX TAPMOHHUK U TOKOB 00paTHOM MOCeA0BaTeIbHOCTH 110 (3.14)
At
At =t 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 B |
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

;.

ACII

JlanHble o muU@py 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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