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Ilepeuenv komnemenyuit U UHOUKAMOPOE OOCMUNCEHUSA KOMNEMEHYUIL C YKA3AHUEM IMAN0E POPpMUpoCanus
6 npoyecce 0C60eHUA OUCYUNIUHDL
Komnerenmus:
[1K-1 - Crocoben pa3zpabaThiBaTh OTIENbHBIE Pa3/eNibl MPOEKTa HA PA3IMYHBIX CTAIUSAX MPOCKTUPOBAHUS CHUCTEMBI AJIEKTPOCHAOKEHUS U
0(hOpMIIATH TEXHUYECKYIO TOKYMEHTALUIO.

[IK-1.1 - 3Haer OCHOBHBICE HOPMBI, NpaBUIa W TIOJOXKEHHUS, HCIOIb3yeMbIE€ MpPH MPOCKTHPOBAHUU CHCTEMBI SJIEKTPOCHAOKEHUS;
KJIaCCU(UKALNIO, KOHCTPYKIIMH, TEXHUUECKUE XapaKTEPUCTHUKU 000PYI0BaHHS CUCTEMBI 3JIEKTPOCHAOXKEHHUS.

[IK-1.2 - YmeeT mpoBOAUTH TEXHUKO-KOHOMHYECKYIO OLICEHKY Pa3pabOTaHHOH CHCTEMBI 3JEKTPOCHAOKEHHSI, UCIIONB30BaTh TEOPETUUECCKHE
3HaHUS Ha NPAaKTUKE IPU NPOEKTUPOBAHUH CUCTEMBI FIEKTPOCHAOKEHHMSL.

[1K-1.3 - Bnaneer 6a30BbIMH 3HAHUSIMHU B 00JIACTH CHUCTEM DJIEKTPOCHAOKEHUS; HABBIKAMH MCIIOJIH30BAHUSI OCHOBHBIX METOJIOB pacyera s
IIPOEKTUPOBAHUS CUCTEM 3JIEKTPOCHAOXKEHUSI.

[IK-2 - Cnocoben pa3pabaTeiBaTh OTAEIBHBIC Pa3elibl MPOEKTAa HAa PA3UYHBIX CTAIUAX MPOCKTUPOBAHUS aBTOMATU3MPOBAHHOW CHUCTEMBI
yIIpaBJIeHUs TEXHOJIOTHYECKUMU TpolieccaMy U 0hOpMIISITh TEXHUUECKYIO IOKYMEHTALIUIO.

[IK-2.1 - 3HaeT OCHOBHBIC HOPMBI, ITPABHJIA U MTOJIOKEHHSI, HCIIOJIb3YEMbIE IPU MPOCKTUPOBAHIH aBTOMATH3UPOBAHHOW CHCTEMBI YIIPABICHUS
TEXHOJIOTHYECKUMHU TPOLIeCCaMM; KIIacCU(UKALUIO, KOHCTPYKIHMH, TEXHUYECKUE XapaKTEPUCTUKU OOOPYAOBAaHMUS aBTOMATU3UPOBAHHOW CHCTEMbI
YIPaBJICHUS TEXHOJIOTHUECKUMHU MPOLECCAMU.

[IK-2.2 - VYmeer mpOBOIUTh TEXHUKO-3KOHOMHYECKYIO OLIEHKY pa3pabOTaHHON aBTOMAaTH3MPOBAHHOM CHCTEMBl  YIpaBJICHUS
TEXHOJIOTHYECKUMHU IPOLIECCAMM; MCIOJIB30BaTh TEOPETUUYECKHE 3HAHUS HA IPAKTUKE IPU IIPOECKTUPOBAHMM ABTOMATU3WPOBAHHOM CHCTEMBI
YIPABJIEHHUS TEXHOJIOTUYECKUMH IIPOLIECCAMHU.

[1K-2.3 - Bmageer 6a30BbIMH 3HaHUSMH B 00JAaCTH aBTOMATH3MPOBAHHBIX CHUCTEM YIIPABICHUS TEXHOJIOTMYECKHMMH IPOIECCaMH; HAaBBIKAMHU
HCIIOJIb30BaHUs OCHOBHBIX METOOB pacyeTa JJIs IPOCKTUPOBAHUS aBTOMAaTU3UPOBAHHBIX CUCTEM YIIPABIECHUS TEXHOJIOIMYECKUMU IIPOLIECCAMM.

JUIs 0YHOT0, 3a0YHOI0 ¥ OYHO-3a09HOr0 OTACICHUM

Nuaukaropsl OTtanbl GOpMUPOBAHNS B IPOLIECCE OCBOECHHUSI THCIHIINHBI
OCTHKEHHST Jlexun IpakTHyeckue JlaGopaTopHbie KypcoBoii npoexT HanmenosaHue
KOMIIETeHI[U U 3aHATHS 3aHATHS (pa6ota) OIIEHOTHOTO CPEACTBA
IK-1.1 Tema 1-2 He npenycMoTpeHsI Tema 1-2 He npenycmotpensr | JlabopatopHas pabora 1-
5, KOHTpOJIbHAs paboTa
IIK-1.2 Tema 1-2 He npexycMoTpeHsI Tema 1-2 He npenycmotpensr | JlabopatopHas pabdora 1-
5, KOHTpOJIbHAs paboTa
IK-1.3 Tema 1-2 He npenycMoTpensl Tema 1-2 He npenycmotpenst | JlaGopatopHas pabora 1-
4, KOHTpOJIbHAS paboTa




Ilepeuenv oyenounvix cpeocme no oucuunaune (Mooyjir)

Jl1s. 04HO-3a0YHOI0 M 3a0YHOT0 OTACICHUM

Min,
OueHo4YHbIE CpecTBA Koa-Bo 0asL10 Max, 6an10B
B
JlaboparopHuas pabota Ne 1 1 9 14
JlaboparopHast pabora Ne 2 1 9 14
JlaGopaTtopHas padota Ne 3 1 9 14
JlabopaTopHas padora Ne 4 1 9 14
JlaboparopHuas pabota Ne 5 1 9 14
NunuBuayanbHas 1 15 30
KOHTpOJIbHAs paboTa

TeKYIHil PeHTHHT Ryex 1 60 100




HlIxana ouenusanusn

Indposoe
BbIpaKeHue

Bripaxenue B
0aJsnax:

CioBecHoe
BbIpa:KeHHe

Kputepun oleHKH HHIUKATOPOB JOCTHKEHHS MPU (hopMe KOHTPOJIS:

JK3aMeH / 3a4eT ¢ OLeHKOI

3adyeT

5

87 -100

OTan4HO
(3auteHo)

OneHka «OTJIIMYHO» BBICTABISIETCA CTYJEHTY, €CJIH TEOpPETHUECKOe
coJiep>)kaHue Kypca OCBOCHO MOJHOCTHIO, 0€3 MpoOesoB; HcYepIbIBAIOLIE,
[IOCJIEI0BATENIbHO, YETKO M JIOTMYECKHM CTPOWHO H3Jlaraer Marepual;
CBOOOJHO CIIpPaBISIETCS C 3afadaMM, BOIPOCAMHU WU APYIMMH BHIAMH
MIPUMEHEHUS 3HAHWI; MCIOJIB3yeT B OTBETE JOMOJHUTENBHBIN MaTepuan
BCE INPENyCMOTPEHHBIC MPOrPaMMOM 3aJaHHs BBIIOJHEHBI, KaYeCTBO HX
BBIIIOJIHCHHUS OLICHEHO YHCJIOM OamioB, OMM3KUM K MaKCHUMAaJIbHOMY;
aHAJIM3UPYET IIOJIyYE€HHBIE pe3yJIbTaThl; MPOSIBIAET CaMOCTOSTENHLHOCTh
TIpH BBIIOJTHEHUH 33 JaHUH

74 - 86

Xopo1o
(3auTeHO)

OLeHKa «XOpOILIO» BBICTABISIETCS CTYNEHTY, €CIU TEOPETUUYECKOE
coJlep)KaHHEe Kypca OCBOEHO IIOJTHOCTHIO, HEOOXOIUMBIC TPAKTUYECKHE
KOMIIETEHIINK B OCHOBHOM C(OPMHPOBAHBI, BCE MPEIyCMOTPEHHBIE
MporpaMMoii oOydeHusl y4deOHbIe 3aJaHUs BBHIOJIHEHBI, KadeCTBO WX
BBIMIOJIHEHUST JOCTATOYHO BbICOKOE. CTYIEHT TBEpPAO 3HAET Marepual,
rpaMOTHO W MO CYUIECTBY M3Jarae€T €ro, He JONyCKas CYIIECTBEHHBIX
HETOYHOCTEN B OTBETE HA BOIIPOC.

60 -73

VY nosnersopu
TEIBLHO
(3auTeHo)

OueHka  «yAOBIETBOPUTEIBHO»  BBICTABIAETCS  CTYIEHTY,  €CIU
TEOPETHYECKOE COAEpPIKaHWE Kypca OCBOCHO YaCTHYHO, HO TMPOOENbl He
HOCSAT CYIIECTBEHHOTO XapakTepa, OOJBIIMHCTBO TPEAYCMOTPEHHBIX
MPOTPaMMOi 33J]aHNH BBITIOIHEHO, HO B HUX UMEIOTCS OLIHOKH, TIPH OTBETE
Ha MOCTaBJICHHBIA BONPOC CTYJEHT AOMYCKAeT HETOUHOCTH, HETOCTATOUHO
MpaBUIbHbIE (OPMYIUPOBKH, HAOIIONAIOTCS HApYIIEHUS JIOTHYECKON
[IOCJIEI0BATEIBHOCTH B U3JI0KEHUU IPOTPAMMHOI0 MaTEpHAIA.

Ornenka

«3aYTCHO»

CTYACHTY, €CJIM OTBETHI

TEMaM JUCHUITIIIMHBI

JIOTHYCCKH

HE3HAUUTEIBHBIE HEIOYCTHI
KakK
BBIBOJIA,

CTYyJICHTA,

CaMOCTOATCIIBHOT'O

OINOKY U TIp

H3JI03KEHBI,

TaKHe

BBICTABJIACTCA
Ha BOINPOCHI IIO

IMOCJICIOBATEIIbHEI,

JIOIYCKaIoTCA
B OTBETE
OTCYTCTBHUE
pedeBbIe

Hmoxe 60

Heynosnersop
UTENNBHO
(1e 3auTeHO)

OneHka «HEYyAOBIETBOPUTEIBHO» BBICTABISIETCS CTYAEHTY, €CIIM OH HE
3HAaeT 3HAUUTENBHOM YacTH MPOrpaMMHOIO MaTepuana, JOIyCKaeT
CYLIECTBEHHbIE OIMMOKH, HEYBEPEHHO, C OONBIINMH 3aTPYAHEHUSIMHU
BBHITIOJIHSIET ~ TIpaKTHYecKhe  paboThl, HEOOXOJAMMBIE  MPAKTUYECKHE
KOMIIETEHIIMM He C(OPMUPOBAHBI, OOJBIIMHCTBO MPEAYCMOTPEHHBIX
MporpaMMoii O00y4eHHUs] y4eOHBIX 3aJIaHWi HE BBIOJIHEHO, KAa4eCTBO HX
BBITIOJTHEHHS OIIEHEHO YUCIIOM 0aiyioB, OJIM3KHUM K MUHUMAJIBHOMY

Orenka
CTYJICHTY,

€ClIn

«HE 3aYTEHO»
CTYJIEHT

BBICTABJIACTCA
HC 3HaACT

OCHOBHBIX TIOHSTHH TEMBEI JAHUCIUITIIINHBI,
HC OTBCYACT Ha OOIIOJHHUTCIIBHBIC H
HaBOJAIIMEC BOIIPOCHI MPETIOAaBaTCIIA.




KpaTkas xapakTepucTuka olleHOYHBIX CPeACTBA

Ne Haumenosanue IIpencraBienne
I /;1 OLIEHOYHOI'0 Kpartkasi xapakTepucTUKa OLIEHOYHOT'0 CPeACTBA OIIEHOYHOI'0
cpeacrBa cpencrsa B GpoHae
1 2 3 4
CpencTBo IPOBEPKU YMEHUN IPUMEHSITH "
pel POBCPKH ¥ P . Komtekr 3aganuii
JlaGopaTopHas MOJTyYEHHBIC 3HAHUS T10 3apaHee OMPeICTICHHOM
. JUISL BBIIIOJIHEHUS
1 pabora METOMKE JUIsl peLIeHUs 3a/1a4 WIH 3aJaHui 110 -
MOJYJIIO WU JUCITUIUIHHE B IIEJIOM.
o Komruiekt
CpencTBo npoBepKH YMEHUM MPUMEHSTh
KontposnbHas KOHTPOJIbHBIX
2 MOJTYYCHHBIC 3HAHUS ISl pELICHUs 3a/1a4 N
pabora 3aJlaHuil 110

OIIPCACIICHHOI'O TUIIA I1O0 TCME WJIN PA3aCiIy.

BapHUAHTaM




MunmcTepcTBO HayKu U Bhiciero oopasosanus Poccuiickoit denepanuu
HuxHexkaMCKkuil XMMUKO-TEXHOJIOTMUECKUN (MHCTUTYT) (heaepaaIbHOTO
rOCyJ1apCTBEHHOI'O OFO/I)KETHOTO 00pa30BaTEIbHOTO YUPEKICHUS
BBICILIET0 00pa30BaHMs
«KazaHckuii HalMOHAIBHBIN UCCIIEOBATEIbCKUN TEXHOJIOTUYECKUN YHUBEPCUTET»

Dakynvmem UHGOPMAYUOHHBIX MEXHONOSUU
Kageopa snexmpomexnuku u snepeoobecneuenus npeonpusmuii

Hampasnenue noaroroBku 13.03.02«1eKTpoIHEPreTUKA U YJIEKTPOTEXHUKA)
[Tpodmitb «IaeKTpocHAGKEHH e

Ilepedyennb 1a060paTOPHBIX PadOT MO AUCHUIIMHE
«ABTOMATH3MPOBAHHBbIE CUCTEMbI KOHTPOJISI M Y4€Ta 3JIeKTPOIHEPIHID)

JlabopaTtopnasi pab6ora Ne 1 TpancdopmaTopbl HANPSHKEHUS.

Lenv pabomur.

- U3YYUTHh KOHCTPYKIIMIO, MPUHIUI JCUCTBUS, Ha3HAYCHUE M KIIACCUPHUKAIIUIO
U3MEPUTENBHBIX TpaHCHOPMATOPOB HAPSKEHUS,

- 03HAKOMUTKCS C TIPUHITUIIOM PaObO0THI TpaHC(POPMATOPOB HATIPSHKCHHUS;

- paccyMTaTh TOTPEIIHOCTh TO HAMNPSKCHWIO, YIJIOBYIO TMOTPEITHOCTh |
MIOCTPOUTH HMX 3aBUCHMOCTH OT Harpy3Ku TpaHcpopMaTopa HaMPsHKEHUS.

Teopemuueckue ceedenus

W3meputensHbIM TpaHchOpMaTOPOM HaIPSHKCHUS Ha3bIBAIOT
TpaHchopMaTrop, MpeAHa3HAYEHHBIM JUIsi NpeoOpa3oBaHMsl HANPSHKEHUS 0
3HAuCHUA, YJOOHOTO IJisi U3MEPEHUS, W BBINMOJIHEHHBIM TaK, YTO BTOPUYHOE
HampspkeHue TpaHcdopmaropa, yBenudeHHOE B Koy pa3, COOTBETCTBYET C
TpeOyeMOoi TOYHOCTHIO IEPBUYHOMY HAIPSKEHUIO (TP U3MEHEHUH TOCIIETHETO B
OTPENICIICHHBIX TIpe/eiiax) Kak Mo MOAYyNo, Tak U mo (aze. MHox)uUTenb Koy
MpEeACTaBIsIeT  COOOW  HOMUHAIBHBIA  KOd(puiumeHt  TpaHchopmanuu
TpaHchopMaTopa HalpsHKEHUS.

W3mepurenbHbie TpaHcHOpMaTOPhl HANPSHKEHUS U3TOTABIMBAIOT ABYX THIIOB.
onHodazHbie U TpexdaszHbIe.

[To cBoeMy Ha3HAYCHUIO TPaHCHOPMATOPHI  HAMPSHKEHUS  MOXKHO
pasnenuTh Ha JIabOpaTOpHbBIC, M3MEPUTEIbHBIC 00IIEr0 MPUMEHEHHUS U 3allIUTHHIC.

[To cmocoOy mnpumeHeHUs TpaHCHOPMATOPHI HAMPSHKCHUS MOTYT OBITh
CTallMOHAPHBIMH W TEpEeHOCHBIMH. [l0 poay yCTAaHOBKHM CTallMOHApPHBIC
TpaHCchHOPMATOPBI MOTYT OBITH JIsl HAPY>KHOU U BHYTPEHHEH YCTaHOBOK.

B 3aBucuMOCTHM OT HOMHMHAJIBHOTO 3HAYCHHUS TEPBUYHOTO HAIPSIKEHUS
TpaHChOPMATOPHI ACNAT HA OJHO - U MHOTOCTYIIEHUYAThie (KacKaJHbIC), a TaKKe
UMEIOT Pa3JIMYHBIA TUTT U30JISIIUN.

HomunanbHoe mnepBuuHOe HamnpsbkeHnue ycranaBiauBaercss ['OCT ot 380
B no 500 xB. Ilpu HanpsokeHusx 1o 3 kB IpuUMEHSIOT CyXyr H30JLHIO, a



IpU HaNpspKEeHUAX cBble 3 kKB - macmsaHyro wuzomsaumio. I[lpy HOMUHAIBHBIX
MIEPBUYHBIX HaIPSKEHUAX 35 kB IPUMEHSIIOT OJHOCTYNEHYAThIE
TpaHchopmaropsl, npu HampsbkeHusix 110 kB u Bblme - aByx- u Oosee
CTyIleHYaThle TpaHCHOpMATOPHI.

[Ipumenenue TpaHcPOpMaTOPOB HAMNpPsKEHUsT OOecreurnBaeT 0e30MacCHOCTh
JUISL  JIIOJIeH, CONMPHUKACAIOIIMXCA C HM3MEPUTEIbHBIMU MpUOOpaMu M pelie,
MOCKOJIbKY UEMU BBICHIETO M HH3LIECTO HANPSKEHUS  Pa3[ei€Hbl; MO3BOJISET
YHU(PHUIIUPOBATh KOHCTPYKIIMH HW3MEPHUTEIbHBIX MPUOOPOB, OOMOTOK pejie AJis
HOMHUHaNbHOrO HampspkeHuss 100 B, 4To ympomaer mpou3BOJACTBO M CHHYKAET
CTOMMOCTb.

Homunaneueiii  xo3duipent  tpanchopManuu  paBeH  OTHOIICHHIO
HOMHWHAJIBHOTO MIEPBUYHOIO 1 HOMUHAJIBHOT'O BTOPUYHOIO HAIIPSKEHUH :

KHOM:U 1H0M/U2H0M

B ornumume oT CcuIOBBIX TpaHC()OPMATOPOB HOMMHAJIBHBIA KOI(PPUIUEHT
TpaHcopmau TpaHc(OpMaTopa HANPSHKEHUS HECKOJIBKO OTJIMYAeTCsl OT
OTHOIICHUSI YKCET BUTKOB N= W1/ W5.

HomunanbHbie NIEPBUYHBIC HaIPsHKEHUS TpaHc(popMaTopoB
CTaHJAAPTU3UPOBAHBl B COOTBETCTBHUM CO IIKAJIOH HOMHHAJIBHBIX JIMHEWMHBIX
HanpspKeHu# ceteil. VckimroueHne cocTaBislOT OJHO(]a3Hble TpaHCHOPMATOPHI,
IIPEIHA3HAYCHHBIC JUIs BKJIIOYEHUS B 3BE3y C 3a3€MJICHHOW HEHUTPAJIBIO
NEePBUYHOM OOMOTKH, /i1 KOTOPHIX B KAyeCTBE HOMHHAJIBHBIX MEPBUUYHBIX
HaIpsHKEHUI NpUHATHI (Da3HbIe HAIIPSKEHUS CETE.

HomuHanbHble BTOpPUYHBIE HAIpPSKEHUS OCHOBHBIX BTOPHYHBIX OOMOTOK
TpaHc(OPMATOPOB YCTAHOBJIEHBI PABHBIMU ISl OAHO(A3HBIX TpaHCHOPMATOPOB
100 B, nns tpexdaznbix 100/ 3 B.

Hanpsokenne  Uj,  u3MmepsieMoe ¢ TOMOIIBIO  TpaHcopmaTopa
HaIIpSDKEHUS,  ONPENENSIIOT YMHOXXEHUEM BTOpHUYHOro HanpsokeHus U, Ha
HOMUHAIBHBINA KO PuImeHT Tpanchopmanuu :

U1:U2KHOM

[xans U3MEPUTEIBHBIX npuOopoB, peIHa3HAaYEeHHbBIX JUIS
OPUCOEIMHEHUS K TpaHchOopMaropy  HampsDKEHUss € HOMHUHAJIbHBIM
koddurmentTom Tpanchopmanuu Kioy, HAIMUCHIBAIOT B 3HAYCHHSX TIEPBUYHOTO
HanpsbkeHus, T.€. UKoy

VYerpoiictBo  TpaHchopmaTopa  HAMpsKEHUS]  AHAJIOTMYHO — YCTPOMCTBY
cuioBoro TpaHcopmaropa. TpaHchopmarop  HampspKEHHS  COCTOUT M3
3aMKHYTOTO MAarHUTONPOBOJA, HAOPAHHOIO M3 JIUCTOBOM TpaHCc()OpMaTOPHOH
CTaM, W JBYX W30JUPOBAHHBIX OOMOTOK - MEPBUYHOM M BTOPUYHON C
yyciaMM BUTKOB Wi W W, IlepBuunas oOmoTka TpaHchopmaTopa
NPUCOEIMHACTCS K CETH C U3MEpPSIeMbIM HaNpsDKEeHHEM; K 3aXKuMaM
BTOPUYHONH OOMOTKH MOJKJIIOYAIOTCS COCAUHEHHbIE MapajlyieIbHO BOJIBTMETPHI U
napajuieJbHbIe HEnH IPYruX NpudopoB.

Jns paboTel TpaHcopmaTropa HaMpsDKEHUS XapaKTepHO HE3HAYUTENIbHOE
U3MEHEHHE NEPBUYHOTO HANPSOKEHHs W OOJIbLIOE CONPOTHBIIEHHE BTOPUYHOU
BHEIITHEHW IIeNH; TaKuM 00pa3oM, OH paboTaeT B YCIOBUSX, OJMM3KUX K XOJIOCTOMY



XOJly.
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Puc. 1. Cxema BKkItoueHUs TpaHchOpMaTopa HapsKEHUS

Hccneoosanue nocpewinocmen mpancopmamopa HanpsaiceHus

Bropuunoe HanpsbkeHue TtpaHcdopmaTopa, yBenuueHHoe B Kyow pas,
HECKOJIBKO OTJIMYAETCSl OT MEPBUYHOIO HAMPSDKEHHUS Kak MO MOJYJI0, TaK U
no ¢ase BCIEACTBUE IMOTEPh MOIIHOCTA B TpaHchopmarope. PazHOCTh 3THX
HaMpsHKEHUH, OTHECEHHass K TMEePBUYHOMY HAMpPSKEHUIO, TPENICTABIAECT COOOM
MOTPEIIHOCTh B HAIIPSIKEHUU .

F:(Uz KHOM— Ul)/Ul

[TorpemHocTh B HampsbkeHUHW — mojiokutTenbHa, ecnmu  UKyou>Us.
[TorpemHocTh TpaHchopMaTopa MOKET OBITH BhIpakeHa B mpolieHTax. st aToro
B BBIP@KEHHE CIIeyeT BBECTH MHOXKUTENb 100.

Yron MEXJy BEKTOpaMU TMEPBUYHOTO U BTOPUYHOTO HAMPSHKCHUN
npeacTaBisger coOOM YIJIOBYIO MNOTpEemIHOCTh TpaHchopmaropa. IlocnenHroro
CUUTAIOT TIOJIOKUTEIBHOM, €CJIM BEKTOP BTOPUYHOTO HAMPSHKEHUSI OMNEPEKACT
BEKTOpP TMEPBUYHOTO HAMPSIKEHUs. YTJIOBYIO IMOTPEIIHOCTh MPUHATO BHIPAXKATh B
MUHYTax.

Btopuunas nHarpyska TpaHchopMaropa HampsDKEHUsI - YCJIOBHOE TOHATHE,
a MMEHHO: Ka)XXyllasicd MOIIHOCTh BHEIIHENW BTOpUYHOM uenu, BA, HalineHHas
B MPEOJIOKEHNH, YTO HANpsSHKEHHE Yy BTOPUYHBIX 3aKUMOB PaBHO
HOMUHAJIbHOMY:

SZZ(UZHOM)Z/ZI

rae Z - nonHoe (Kaxyuieecs) CONPOTUBJICHHWE  BHEIIHEH  IEMH,
MPUCOEANHEHHON K BTOPUYHBIM 3a:xuMam, OMm.

Bmecte co 3HaueHueM S; NOMKEH OBITh yKa3zaH KOA((UIMEHT MOIIHOCTH
BHEIITHEH 1ISTIH.



OTU JBE BEJIWYMHBI S; M COSQ2 IMOJHOCTBHIO OMPEICIISIOT CONMPOTHUBIICHUE
BHEIIIHEH LIENHU U, CJCIOBATEIbHO, BTOPUYHYIO HArpy3Ky TpaHchopmaropa.

[To Mepe yBenrueHUs Yuciia IPpUOOPOB, MPUCOSAMHEHHBIX K TpaHCHOpMaTOpy
HANpSOKCHUS, COMPOTHUBICHHE BTOPUYHON IENM  YMEHbINACTCS  (IMMOCKOJIBKY
npuOOpHI BKJIIOYCHBI TapajUIe)IbHO), OJIHAKO Harpyska TpaHchopmaTopa
YBEJIUYHNBACTCS.

[Tog HOMUHAIBHOW HArpy3KoW TpaHchOpMaTOpa HANPSIKCHHS MOHHUMAIOT
HauOOJIBIIYIO HATPY3KY, IPH KOTOPOH MOTPEITHOCTH HE BBIXOJIAT 32 JIOIYCKaeMbIe
IpeJIelibl, YCTAaHOBJICHHBIC IS TPaHC(HOPMATOPOB PACCMATPUBAEMOTO KJIacca.

B cooTBercTBMM CO 3HAYEHHWEM JIONYCKAGMOW IOTPEITHOCTH  IPH
OTIPE/ICIICHHBIX YCIIOBUAX Pa0OThI TpaHCHOpPMATOPHI HANPSDKESHUS pa3/ieicHbl Ha
kiaccel TogHocTH. (cMm. TOCT 1983-77).

[petens norpesocTeii TpanchopmaTopos Hanpaxedns (FOCT 1983-89)
HanmeHobaune HanGonewas HanGonewas yrooeas
EMACCa TOWHOCTH OOMPELHOCTE B HANPAHEHHH, OOTPELHOCTE, MEH.

02 +0.2 L0
0,5 ' +0.5 20
I +1.0 40
3 . +3.0 He wopamnpyerca

HanMeHnoBanue  kiacca  COOTBETCTBYET  HAWOOJbIIEH  JOMyCKaeMou
MOTPEIIHOCTH B HaNpsOKEHWH, BBIPAXXEHHOM B mpoueHTax. Ilpenensl
MOTPEIIHOCTA B HAIpPSKEHUM U yriie oTHeceHbl K dactore 50 [, mepBUuHOMY
HarnpsbkeHuto B ripegenax 0,8 no 1,2 HoMuHaNBHOTO, Harpy3ke B npenenax ot 0,25
10 1,0 HomuHaneHOM U K03 dutmenty mourHocTH 0,8.

Tpanchopmatopsl HanpsiKEeHUsI Ki1acca TOUHOCTH (),2 MPUMEHSIOT B KQUECTBE
o0pa3loBbIX, a TakXke [J TOYHBIX U3MEPEHUd B  J1TAOOpATOPHUSIX.
Tpanchopmaropsl, TmpeaHA3HAYEHHBIE  JJIi  NPUCOCAMHEHUS  CUYETYMKOB,
JNOJDKHBL OTBedarh kiaccy 0,5. [lns mpucoenrHEHUs NIMTOBBIX U3MEPUTEIBHBIX
MpuOOpPOB HUCMOJNB3YIOT TpaHchopmaropsl kimaccoB 1,0 m  3,0. TpebGoBaHus,
npeabsBIIeMble K TpaHchopMaTropaM HaMpsOKEHUS IS peledHOM  3allluThl,
3aBUCST OT BUJA 3aIIUTHL. 3/1€Ch UCTIONB3YIOT TpanchopmaTops! kiaccoB 0,5; 1,0 u
3,0.

HCCIIE[JOBAHHUE IIOT'PELIIHOCTEH TPAHCD®OPMATOPOB
HAIIPAPKEHUA

[TorpemnocTn  TpaHcdopMaTopa HANPSHKEHUS 3aBUCSAT OT  pa3MeEpoB
MarHUTONPOBO/IA, MATHUTHBIX CBOWCTB CTaliu, KOHCTPYKIMH OOMOTKH, CEYEHHS
MPOBOJIOB, & TAKXKE OT MPUCOEAMHEHHOW HArpy3KH U NEPBUYHOTO HAMPSIKEHUS.

[TorpentHOCTh MO HAPSKEHUIO ONPEEISIeTCS:

AU%= AUHn%+ AUx%, (1)
rie UH% - DOrpemHocTh MO HANpsHKEHUI0, OOYCIIOBJIEHHAs TOKOM
garpy3ku; Ux% - OOrpPEemIHOCTh [0 HAINPSHKEHUIO, OOVCIOBJIICHHASA TOKOM
b 5

XOJIOCTOI'O Xo44a.



CocTaBnsomye MOTPEeUIHOCTH MOTYT OBITh OMpPENETICHbl AHATUTHYECKH
U3  CXEeMbl 3aMelleHHus JuO0 U3 BEKTOPHOH jauMarpamMmbl TpaHchopMmaTopa
HaNpsHKSHUS.

BekropHas auarpamma TpaHcopMmaropa HampsHKEHUS HUMEET CIeAyIOIni
BU/I, pUC. 2:
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Puc. 2. BexropHas nuarpamma TpancpopMaTopa HanpsHKeHUs

HNcnonb3ys  BEKTOPHYIO  JUarpaMmy,  COCTaBJISAIOLIME  IOTPEIIHOCTH
TpaHcopMaropa MOXKHO C JIOCTaTOYHOM TOYHOCTBHIO BBIPA3UTh CIICAYIOIIUM

obOpazom:
AUx%=-100/U*( 1a*r1'+Ir*x1"); (2)

AUn%=-100*1,/U,*[(r1'+r2)*cose,+xk*sin ¢2], 3)

rae Up-HanpspkeHue BTOPUYHOM OOMOTKM TpaHcopmaTtopa, B; Ia' -
aKTHBHAsl COCTABJISIONIAsl TOKa XOJIOCTOTO XOJa, MPUBEACHHAs KO BTOPUYHOMU
obMmoTke TpaHcopmaropa, A; rl' -compoTHUBICHHE TEPBUYHON OOMOTKH
TpaHchopmaropa, MPUBEACHHOE KO BTOpUYHOUW oOMOTKe, Owm; Ir' -peakTuBHas
COCTaBJISIIOIIAST TOKAa XOJIOCTOTO XOJia, MPHUBEICHHAas KO BTOPHUYHONH OOMOTKE
Tpanchopmaropa, A; x1' -peakTUBHOE COMPOTUBICHUE TEPBUYHON OOMOTKHU
TpaHchopmaropa, MPUBEIACHHOE KO BTOpuUYHOM oOMoTke, Om ; I»-TOK
Harpy3ku TpaHcpopMaropa, A; r2-CONMPOTUBICHUE BTOPUYHON OOMOTKH
Tpanchopmaropa, OM; cos @2-KO3(p(ULIHUEHT MOIIHOCTU Harpys3ku, o.e; xk-
WHYKTUBHOE COMPOTUBJICHUE TpaHchopmaTopa, Om.



YT110Bast MOrPenIHOCTh TpaHcHOpMaTOpa HAPSHKEHHST OTPEICTISETCS:
6'= o'+ oy, 4
II€ Oy - YIJIOBas IOIPEIIHOCTH , 00YCIOBICHHAS TOKOM XOJOCTOTO XOJa;

GH' - YIJ10Basd IMOT'pCIIHOCTD, O6YCJ'IOBJ'ICHHaSI TOKOM HAIrpy3KH.
COCTaBJIHIOHII/IC yFHOBOﬁ IMOTPCIIHOCTHU OIIPCHCIIAIOTCA:

ox =3440/U*(Ir'- 1a"); (5)
on'=3440*1,/U*[(r1'+r2)*sin gz-xk*cos ¢;]. (6)
Jlns  ompeseneHuss CONMPOTHUBICHUN TEPBUYHOM M BTOPHUYHOM OOMOTOK

BOCITOJIB3YEMCS CXEMOM 3aMelIeHus TIBYXOOMOTOYHOTO TpaHCchopMaTopa, KoTopas
HMMEET CIIEYIOLINI BU, pUC. 3:

Puc. 3. Cxema 3amerienust TpaHchopMaTropa HampsiKEHHUs.
[TonHOE compoTUBIEHUE NIBYXOOMOTOYHOTO TpaHCHOpMATOpa OMPEACIIICTCS:
Zx=U,% U,%/100S,,,, Om, (7

rae Uk%-HanpsiKeHne KOPOTKOTo 3aMbIKaHus, %o.
AKTHBHO€ COMPOTHUBIICHHE IByXOOMOTOUHOTO TpaHcpopmaTtopa, OM :

rk=rl'+r2. (8)
NHIyKTUBHOE COTPOTUBIIEHUE TBYX0OMOTOYHOTO TpaHchopmaropa, Om:
xk=x1"+x2. 9)

[IpuBeneHHBIC CONMPOTHBJICHUS IIEPBUYHOM OOMOTKHM TpaHchopMaropa
onpeaenstoTcs, Om:

ri'=rl/ko, (10)

x1 '=x1/ka. (11)



rae k=Ui/Uz-ko3ddunment tpanchopmanmu tpanchopmaropa.
CocTaBsoIIMe TOKa X0JIOCTOTO X0/1a OMPEICIISIOTCS:
la'=Ix"*cosy , (12)

Ir'=Ix"*siny, (13)

i€ \J -yroJl IOTePhb, ONpeaesseMbii o Tadnuie 1, puc.4

Tabnuua |
JaBHCHMOCTE VINA NOTEPE 0T HRAYKUHH By, 408 Marnnronposogos u3 crateii mapok
3411,3412,3413,3414 mpu wacTore 50 [y

Baake, Tn Myammii copr crand | Cpegumii copr cranm | Xymuuil copt cram
0.6 42.5 48,5 55
065 42 48,7 56,2
0.7 41 489 58,2
& 395 48,5 38,2
0.2 37 47.5 58,9

| 342 46,2 39,1
1.1 30 445 38.3
1.2 254 41.5 376
1.3 206 372 56
1.4 16,5 33 32,3
1.5 13 235 3.6
Th
a0 S —

50
40
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Puc. 4. 3aBucumMoCTb yria noTeps B CTadu OT UHAYKIUKA BMakc.

Toxk wHarpy3ku I, ompenensemM, HWCHONB3ysSd 3HAYEHUS HOMHUHAIBHOU
MOIIHOCTH TpaHc(opmaTopa Ha BTOPUYHONM CTOPOHE C YYETOM CXEMBbI
COCIUHCHUS, A:

1,=S2/Unom . (14)
OBO3HAYEHUE TPAHCD®OPMATOPOB HAIIPAIPKEHHUA
Tun Tpancpopmaropa: H — Tpanchopmarop Hanpsbkenus, O —
onHodasuwiii, T — Tpexdaszueiifi, M — ¢ €CTECTBEHHbIM MAaCIISHBIM

oxjaxkaenueMm, JI — ¢ nuron wum3oismuei, I' — c¢ razoBou wm3omsimen, C —



Cyxo#, 3 — 3a3eMJIIeMbIii C OJHUM 3a3eMJISIONIAM BBOJIOM OOMOTKH BBHICIIETO
HanpsokeHusi, W — 1yis w3MmepurenbHBIX 1ienedl, K — kackaaHeli wim ¢
KOMIICHCUPYIOIIEH OOMOTKOW JUIsi YMEHBIICHHS YIJIOBOM  TOTPENTHOCTH
(tpancdopmatopsl cepun HTMK u HOCK), ® — B dapdopoBoii mnokpsiiike, /]

— Jenutenb, E — EeMKOCTHBIM: HHM(pPBI MOCAe TOYKH — Mudp pa3paboTkw,
YHUCJIO TOCcJe MepBoro neduica — kiacc HampsbkeHus, kB, mocine BToporo —
rojJl pa3pabOTKM KOHCTPYKIIMU; OYKBbI mociie uucen: Y — Juisi paboTel B

palioHax ¢ yMepeHHbIM KiuumaroMm, XJI — ¢ XomomHeIM Kimmatom, T — ¢
TPOMUYECKUM KIMMATOM; ocaennss uudpa: 1-m1s paboTsl Ha OTKPHITOM BO3AYXE,
2-17151 paboOThI B TIOMEIIEHUAX CO CBOOOJHBIM JIOCTYIIOM HApPY>KHOTO BO3yXa, 3-
JUIsl paOOThl B 3aKPBITBIX IMOMEILIEHUSAX C €CTECTBEHHOW BeHTWsIMel; 1 (mocie
nepBoro neduca) — UCHOJHEHHUE MJIS YCTAHOBKH TOJBECHOTO Pa3beIUHHUTENS U
3a3EMIIUTEII.

IIPUMEP PACYETA I[IOI'PELHIHOCTU [/IA TPAHC®OPMATOPA
HAIIPADKEHUA

[Ipumep pacuera morpemtHocTd s Tpancpopmaropa HOM-6 mnpuBeneH B
Tabiumnax 2 - 4.

TabnHua 2
Karanousle Jandee Tpadchopuaropa HOM-6

Homue,1 IEpEHYH, HAnpAxeHHe, B 6000 .
HoMHH. BTOPHYH, HANpAKenHe, B 100
Knace TOYHOCTH l
MOIHOCTE B KIACCE TOMHOCTILBA 50
Koadw. TpancopmMaiig il
AKT.CONp, neper4H,00M, O 2045
AET.Cconp, BTopH4H,00M,0M (.76
Hanpasenne K3 .74
Tok xxIxA 1.15
i-'.'!'-J OJ1 MOTEPL, Mpal 34.20
KocHHYC yIa I0Teph (.83
CHHYC ¥IIa NOTEph (.56
AKT cOCTaBN, TOKa XX (.95
PeakT,coCTan, Toka XX (.65
TIpHBen, akT.conp,neperaH, 00mM,OM 0.57
' COSHarpyIkH 0,80

SIM Harpyiku (.60

[To ¢dopmynaM, TIpUBEIECHHBIM  BBHIIIC, PACCYUTHIBAEM  BEIWYUHBI,
HEO0OXOMMBIC JUTS pacyeTa MOrpeIHocTel, Tab. 3.



TaGnuua 3
PacueTHE® BeTHYHHEI

Yran noTepk, rpaj 34.20
KocHHyC vria noreps 0,83
IE'uu:ﬁ.‘ ¥Ia NoTeph . 0.56
AKT, cocTann, Toka XX 0,95
Peakt, cocTann, Toka XX 0,635
[Tpueen, akT.conp, neped4H, oo, O 0,57
Mo, conporHeneHde Zx TH, Owm . 148
[Monw, akr, conporHeaerne Rk TH, Om 1.32
Hup, conporienedde Xk TH, Om . 0,66
Tok Harpyaks, A 0.50
Vron caBHra ipas mexay U2 u 12, rpag . 38,68

HexoTopeie hopmyIibl HEOOXOIUMBIE JIJIs1 pacyeTa:
[TonHOE CONpOTUBIEHUE HATPY3KH, ONIPenesieTcs Mo Gopmyie
ZH:UH0M2/ S
AKTHBHOE CONPOTUBIICHUE HATPY3KHU
TH = ZHCOSQy
PeakTuBHOE CONMPOTUBIICHUE HATPY3KHU
XH= ZHSIN @y
VYron casura a3 mexay U2 u 12, rpagychl
arctg ¢, =xH/rH
Tox Harpy3ku onpenensercs
In=S/U2

Hcnonb3yss naHHble TaOnuibl 4, CTPOMM 3aBHCHUMOCTU MOTPELIHOCTH IO
HalpsHDKEHUI0 W YIJOBOM  MOTPEIIHOCTH OT  Harpy3ku TpaHcdopmaTtopa
HanpspKeHusi, puc. S5, 6.  3aBUCHUMOCTh NOTPENIHOCTH MO HAINPSKEHUIO
ITIOCTPOEHBI C YYETOM BUTKOBON KOPPEKLIHH.



Ucnonb3yss panHble Tabmun 2 W 3, pacCUUTHIBAEM COCTaBIISIOLINE
MorperHocTe, Tadn.4

Tadnmua 4
FABHCHMOCTE NOTPEIUHOCTH 110 HANPAKEHH 0T Harpyaky TH

ﬂ(mn}tbnunen’r aarpyikd TH, o.e. 0,00 0,25 0,50 0,75 1.00 1.25

MomHOCTE Harpyzen TH, BA 0,00 12,500 | 25,0 37.5 30,00 | 62.50
Tox narpyaen TH, A 0,00 0,13 025 038 0.50 0.63
[TorpeHecTE OT TOKA X3, T 075 | 0,75 | 075 ) 075 | 075 ) -0,TS

[TorpeHecTE OT TOKA HArpyIKi, Yo 0,00 0,08 | <036 | 055 | 073 ) 0,91
[orpelisecTE N0 HANPEEEHH, T 075 | <0094 | <112 ) <130 | -1L48 | -1.66

BHTHOBAR KOPPERLIE, T 1,10 1,10 1,10 1,10 1,10 1,10
[TorpemHecTs ¢ koppeknHedi, %o 0,35 0,16 002 | 0,20 | D38 | <056

[0 Oorp. o7 TOKL X.X., MHH 1,77 1,77 1,77 1,77 1,77 1,77

¥ [0, 0orp. o7 TOKL HATPYIKH, MHH 0,00 1,13 226 340 4,53 3606

Y rI0Bas NOTPELIHOCTh, MHH 1,77 2,90 4,04 517 6,30 743
|l{m¢¢uu1|eu'r aarpyvika TH, o.e. 1.50 1.75 2,00 225 2.50 275 | 3,00
MoOWHOCTE Harpyskn TH, BA TE00 | 87500 | 10000 | T12,50 [ 125,040 | 1375 (150,00
Tok narpyien TH, A 0,75 0,88 1,00 1.13 1.25 1.3 | 1,50
[orpemHecTs: 0T ToKa X.X., ¥ 075 | 075 | 075 | 075 | 0TS | -0TS | -0.75
[orpeimHecTs: OT ToKa Harp., %o 09 ) 127 | -14n | -164 | <182 | 200 [ -218
I TorpeiiHoCT R [0 HANPAReHHn, % -85 | =203 | =221 | -239 | -258 | 276 | -2
BHTHOBAY KOPPEKLE, T 1,10 1,10 1,10 1,10 1,10 1,10 1,10
[TorpemHecTs ¢ koppeknredi, %o 075 | 083 | <L | =129 | <148 | -166 | -1.84
[0, Oorp. o7 TOKL X.X., MHH 1,77 1.77 1,77 1.77 1,77 1,77 | 1,77
¥ [0, 0orp. o7 TOKL HAPY 3K, MiHH 6,749 T2 ) 905 | e | 11,32 0 1245 [13.58
Y rI0EAE NOTPElHOCTE, MHH 8,56 o070 B2 | 112G | 13,09 | 1422 (1535

Fanucamucrn EUFPeimocrn o7 Jarpyikse

0,31

P
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Puc. 5. 3aBucumocts norpemHocty TH OT Harpy3ku, BATKOBAst KOPPEKIUA
0.94



VYraoeas norpeimaoets, MHH
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PI/IC.6T 38{BI;;CHMOCTB erIOBOII:/JI HOFpGIHHOC-.’-I:I/II TH ot Harpy3ku
3AHAHUE HA JIABOPATOPHYIO PABOTY

Ha ocHOBaHMM UCXOAHBIX JAHHBIX, 33ABAEMbIX BAPUAHTOM:

1. PacumdpoBaTe 0003HaUEHHE 33JaHHOTO TpaHCPOPMATOPA HAIPSIKEHUS,
ONMHCATh €r0 Ha3HAYEHUE U OCHOBHBIE MapaMEeTphI;

2. Paccuurarts HOTPELIHOCTD 1o HaIPSDKEHUIO 3aJIaHHOTO
TpaHchopMaropa HamNpsHKEHUS TpU  U3MEHEHHH  KoddduimeHTa 3arpys3ku
Tpanchopmaropa Hanpspkenust oT 0 1o 3 ¢ uaTepBasiom 0,25;

3. Paccuutath YIJIOBYIO TOTrPEUIHOCTh 3aJaHHOTO TpaHcpopmaropa
HampsDKEHUs TMpU U3MEHEHMH  KodduimeHta 3arpy3ku  TpaHchopmaTtopa
HanpspkeHust ot 0 1o 3 ¢ unTepBaiom 0,25;

4. TlocTpouTh 3aBUCHMOCTh MOTPEIIHOCTUH TpaHCPOpMaTOpa HAMPSIKEHUS
OT HArpy3KH ¥ 3aBUCUMOCTb YIJI0BOM norpemHocty TH oT Harpy3ku;

5. CpaBHUTh TOJIyYCHHBIE 3HAUEHHSI TMOTPEHIHOCTENM CO 3HAYCHUSIMH,
onpeaensiempimu  ['OCT, cnemate BBIBOJ O BO3MOYKHOCTH O3KCILTyaTalldH
JAHHOTO TpaHcPopMaTopa B CUCTEMAX yueTa NEKTPOIHEPIHH;

6. Omnpenenutb BETUYMHY BUTKOBOM KOPPEKLUUH, HEOOXOIUMON ISt
coomoaenus tpedoBanuii 'OCT mo BenuuuMHe MOTPEUIHOCTH TpaHchopmaTopa
TOKaA.

BapuaHTbl 3amanus 1Uisi BBITIOJHEHUS KOHTPOJIBHOW PabOTHI 3aal0TCs TI0
tabmumam 5 w 6. IlepBas 1umdpa HOMEpa BapuaHTa COOTBETCTBYET
MOPSIIKOBOMY HOMEpY B Tabmuie S5, a BTopas nudpa BapuaHta HOMeEpa
BapHaHTa COOTBETCTBYET MOPSAIKOBOMY HOMEpPY B Tabuie 6.

[To pe3ynbraTam BBINOJIHEHUS KOHTPOJIBHON pabOThI COCTaBISIETCS OTYET.



Tadmuua 5

Ll 1 2 3 4 5 [ T L} 9
[Tun TpaHcopMATOPE HANPAKSHIA FHOJLG-6 | HOM-10 | HOCK-& :ﬂiU.‘l.i]‘l-H]' FHOJLOG-6 | 30M-1115 HOM-6 | HTME-10 | HTMH-10 | HTME-&
I[UI\IIlII.IlE]‘JHMHJI,HuIl[!ﬂ:&{l_"liIll'!,B 000 7 \n"j I | i T \-r] | GO0 _-'.\,"jl. | L5004 U] | [LEETCH] TR0 [ S0
Hontis, aropiss, Hanpakenne, B 100/ \-'._1 104 100 100/ \.".? 1040/ '\,"ZT 100 1k 100 L0 1 (M}
Krace ToaHOCTH 0.5 0.5 0.5 0.5 0,5 0.5 ] 0.5 0.5 0,5
MomHOCTE B Knacce ToUHOCTH,BA 30 5 l S s | 50 l 75 50 I 120 1200 I 50
Koadidy. TpancdopMais 3o 100 | i) 100 [ &l | 150 ol I 1041 100 [ 30
AKT conp neparaH, obm,Om 1103 45 2553 BN 1847 2765 3520 3620 2150 1965
AKT.CONP.RTOPHYH,00M, DM 0,59 0,95 087 0,64 0,73 0,79 0,78 0,90 0,74 0,83
I ['g'IleH:aH:HHE K3 221 (ha5 | 084 2,10 | 23 | 0,79 1,02 | 1.74 1,23 | .84
Mok xx, A 0,20 (55 021 037 0.54 0,58 o7 073 81 023
KOCHHYC HATPYIKH 0,80 (b R]0 0,80 1.1 0,80 111} (20 .80 (b R0 080
'E-ILH'\'L‘ HATPYIKH 1,60 (bl | 1,60 6 [ LR | 1,640 (b &l | 1,600 (bl [ {60k

Tabmuia &

[l 1 2 3 4 5 i 7 S 4
| MaruuTHas HHIYKIHA, Bmax 0 07 LI L5 1 1.2 1.4 1.5 (b6 1.2
Copr cTanu Jyammii Cpeaumni Xyamni | Jlymmii | CpenHiii Hovmmni e | Cpeammii | My mummii | Jlyemasi
KOHTPOJIPHBIE BOIIPOChHI

1. Ha3nauenme wu TuOBl TpaHcpopmaTopoB HampspkeHus. OOnacTb
IIPUMEHEHUS.

2. Knnaccudukanus TpancopmMaTopoB HAPsHKEHUS.

3. OcHOBHBIE TAPAMETPHI U XapaKTEPUCTUKU TPAHCHOPMATOPOB HAMPSIKEHHUS.

4. O0o3HaueHKE TUIIA TPAHCPOPMATOPA HATIPSKEHUS.

5. IllpuHuunuanpHas cxemMa W MOpPUHIOUO JACCTBUSA TpaHcdopmaropa
HaIpsHKEHUS.

6. BextopHas tuarpamMma TpaHchopmaTopa HanpsHDKEHUS.

7. Bugel  morpemHocTedl  TpaHcopmaTopa — HaNpsKEHUs, TOSICHUTH
IPUYUHBI MTOSIBICHUS [TOTPEIIHOCTEH, CIOCOOBI CHIKEHUSI TOTPEILIHOCTH.

8. ITlorpemHocTh MO  HAMNPSHKEHUIO  TpaHcpopMaropa  HANpPsDKCHHS,
CHIOCOOBI OIpeieTIeHHsI TOTPEIIHOCTH 110 HAMPSKEHUIO.

9. VYrioBas moOrpemHoOCTh TpaHchopmaTopa HAMPSHKEHUSA,  CIIOCOObI
OIPEJENICHNS YIJIOBOM OTPEUTHOCTH.

JlaGopaTopnasi padora Ne 2 TpanchopmaTopsl ToKa

Llenv  pabomul: O03HAKOMUTBCS C KOHCTPYKTUBHBIMU OCOOEHHOCTSIMU
tpancopmaropoB Toka (TT). ONBITHBIM MyTeM OMNPEACIUTH OIHOMOJISIPHBIC
3KUMbl  OOMOTOK TpaHC(OpMaTOpOB TOKa, KOA((UIMEHT TpaHcpopManuu
TpaHc(hOpMaTOPOB TOKA, TOCTPOUTH BTOPUUHBIE BOJIBTAMIIEPHBIE XapAKTEPUCTUKH
(BAX), onpenenuth TOKOBYIO norpemHocTs TT.

OBIUE CBEJIEHUA
TparcdopmaTopsl ToKa MpeTHa3HAYCHBI:



1) nns yMmMeHbIIeHHS BEIMYMHBI TOKA, MPOTEKAIOIIETO B TOKOBBIX IEMSIX
U3MEPUTENIbHBIX IPUOOPOB U pEIIE;

2) 14 U30JSIMK TPUOOPOB U peJie OT BBICOKOTO HAIPSIKEHUSI CETH.

[TpuHuun fgedcTBUS  TpaHCHOPMATOPOB TOKAa AHAJIOTMYEH OOBIYHBIM
TpaHcpopmaTopam, HO UMEET CIETYIOIINE OCOOCHHOCTH:

a) TEepBUYHAsT €ro OOMOTKAa BKJIIOYAETCd B CETh IOCJIEIOBATEIIBHO C
HArpy3Koi;

0) TOK BO BTOPHUYHOM IIeNH TpaHC(HOPMATOPOB TOKA CTPOTO MPOMOPIIUOHATICH
TOKY B MEPBUYHOM LIEMU U HE 3aBUCUT OT COMPOTUBIICHUS MOJKIIOYAEMBIX K HEMY
U3MEPUTEIBHBIX TPUOOPOB U pEJIE;

B) MEepBUYHAA OOMOTKa TPaHCHOPMATOPOB TOKA OOBIYHO COACPKHUT OJUH WIIH
HECKOJIbKO BUTKOB, BTOPUYHASI )K€ MMEET BeCbMa OOJIBIIIOE KOJTMYECTBO BUTKOB.

YcnoBable 0003HA4YCHUS TPaHCHOPMATOPOB TOKA C OJHOW BTOPUUIHOU
OOMOTKOM U AByMsl BTOPUYHBIMU OOMOTKaMU IOKa3aHbl Ha puc. 1.

J1 ot J12 m P ey J2
1 oo
H1 M2 M1 M2 H1H2
a) TpaschopMaTOp TOKA ¢ &) TpECHOpMATOD TOKA ¢ TRYMA
OJHOH BETOPHYHOH 00MOTROH BTOHIMHBIMH OOMOTE AMH
Puc. 1

Bropuunas oOmoTka TpaHchopmaTopa Toka paBHocuibHa OJIC, koTopas
UMEET BEeChMa BBICOKOE BHYTpPEHHee compoTuBieHne. CoOMpoTHBIIEHHE Ke
MOJIKJTF0YAEMBIX TPHOOPOB U pesie Mano. [103ToMy BTOpUYHBIN TOK OmpenesieTcs,
MPaKTUYECKU, TOJIBKO BHYTPEHHUM COMPOTUBIICHUEM TpaHchopMmartopa (puc. 2).

[Tpumep MOAKITIOUEHUST U3MEPUTEITHHBIX MPUOOPOB K BHICOKOBOJIBTHOM CETH
gyepe3 TpaHcpopMaTop TOKa MOKa3aH Ha puc. 3.

A fl EIHI}TP e Enlmn
BHYTp
2 FE=1 Z peum = E . £
P Zpgyt Lonenm Ly
Puc.2

OIHOBUTKOBBIE TpaHC(HOPMATOPHI TOKA UMEIOT NEPBUUHYI0 OOMOTKY B BHJIE
OJTHOTO NPSIMOJIMHEWHOIO IPOBOJHMKA. B 3aBUCMMOCTM OT Ha3HA4YEHUs
OJTHOBUTKOBBIC TpaHCchopmaTopsl nenstT Ha npoxoansie (TIIO®, TIIOJ u mp.),
muHHble (Hanpumep, TIII®, TIIIII u ap.), BCTpoeHHbIE B MNPOXOAHBIE
u30JaTophl MacisHbIX BeikItouateneit (TBT, TBC).
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OCHOBHOE  JTOCTOMHCTBO  OJHOBUTKOBBIX  TpaHC(HOPMATOpOB  TOKA —
BBICOKAasl YCTOMYHMBOCTh MPOTUB TOKOB KOPOTKOIO 3aMbIKaHHsI, OOYCIIOBJIEHHAas
OTCYTCTBUEM MEKBUTKOBBIX JIHUHAMUYECKUX yCWIHi. OCHOBHOM HEIOCTATOK —
HU3Kasi TOYHOCTh IMPU MajblX M3MEPSIEMbIX TOKax. Eciu OJHOBUTKOBBIN
TpaHcpOpMaTop TOKa HE MOXKET 00eCledUTh TPeOyeMOl TOYHOCTH HU3MEpEeHUN
WIM HEOOXOJMMO YBEJIWYUTh MOIIHOCTb, OT/AABAEMYIO BTOPHUYHON OOMOTKOM
TpaHchopmaropa, TpaHcGopMaTOp TOKA BBIMOIHIETCS C ABYMSI U 0oJiee BUTKaMU
nepBuyHoit oomotku (TIID, TKIL, TIUI u ap.).

B oco0yto rpynimy BbIIETAIOT KaOelbHbIC, ITUHHBIEC U OBICTPOHACHIIIAIOIINECS
TpaHc(hOpMaTOPhI TOKA.

KaOenbHble W mMHHBIE TpaHCHOPMATOPHI TOKA (MJIM TpaHCHOPMATOpPbl TOKA
HYJIEBOW TOCIJIEOBATEIbHOCTH) HM3TOTOBISIOTCS C HEPA3bEMHBIM CEPJICYHUKOM
(T3, TIII, TIIHII) u c pa3zwemubiM cepiaeuHukoM (T3P, Td) u ciyxkar nis
MUATAaHUS TeNel 3alUThl OT 3aMbIKaHUN Ha 3eMJII0. BTOpUYHBIN TOK KaOeIbHBIX U
HIMHHBIX TPaHCPOPMATOPOB TOKA, B OTIUYHE OT OOBIYHBIX, HE 3aBUCUT OT TOKa
Harpy3KkH, IpOTEKaeMOT0 B IEPBUYHOM LEMH.

JlabopaTtopuasi padoTa Ne 3 KOHCTPYKITUS U PUHIIMIT ACHCTBUS dIEKTPUUECKUX
CYETYMKOB UHAYKIIMOHHOTO THIIA.

Llenv pabomwi: V3yunTh NPUHLUIT JEHCTBUA, YCTPOMCTBO M XAPAKTEPUCTHKHU
WHIYKIIMOHHBIX CYETUYUKOB JIEKTPUUECKON SHEPTUH.

Teopemuueckue ceedenus

[TpuHIMn AeiCTBUA MHAYKIIMOHHBIX TPUOOPOB OCHOBAH Ha B3aUMOJEHCTBUU
JBYX WJIM HECKOJbKMX TIEPEMEHHBIX MArHUTHBIX TIOTOKOB C TOKAaMH,
WHIYLMPOBAaHHBIMU B TMOJBW)XHOM IPOBOJHHUKE (Hampumep, AUCKe). THUnHYHbIM
IIPEACTABUTEIIEM DTOM CUCTEMBI SIBIIAETCS KIACCUYECKUN MHIAYKIMOHHBIA CYETYUK
— U3MEPUTENL AKTUBHON YHEPTUM.

PaccMoTpuMm  yCTpOWCTBO M NPUHIMUII  JEWCTBUS ~ MHIYKIMOHHOTO
ofHO(A3HOrO0 CcueTYMKa aKTUBHOM »HHepruu. Ha pucynke 1 noxa3aHa
YIPOILEHHAs KOHCTPYKIUS Takoro mnpudopa. OCHOBHBIMH 3J€MEHTaMHU MpUOopa



SIBJISIFOTCS IBA MAarHUTOIIPOBOJIA CO CBOMMH 0OMOTKaMu (HAMPsKEHUSI U TOKOBO),
BpAILIAIOIIMICA AUCK M CUETHBIM MexaHu3M. Kak U BaTTMeTp, CUETUUK COACPKUT
OOMOTKH TOKa W HampsbkeHus. Bkirodaercss cyeTunk B IIeNb TaK JKe, KaK M
BATTMETP.

Cxema u BEKTOpHasi JuarpaMma IMOSCHSAIOT MPUHIMIT JIEUCTBUS 3TOTO
npuodopa.

PaccmoTpum paboTy cueTurka Ha MPUMEpPEe BXOIHBIX CUTHAJIOB HAMPsDKCHUS
U TOKa CHHYCOUAAIbHOW (OPMBI C JCUCTBYIOIIMMH 3HAYCHUSMU, DPABHBIMH,
cootBeTcTBeHHO, U u . Bxomnoe nampspkenne U, mpuiiokeHHOE K OOMOTKE
HaIpspKeHUs 2, co3laeT B Hed Tok [u, uMeromuii o OTHOIIEHUIO K HAIMPSKEHUIO
U casur no daze, 6muskuii k 90° (13-3a 60JBIIOr0 HHAYKTUBHOTO COMPOTUBIICHHUS
ol 00MOTKH). Tok Iu poxkmaer MarHUTHBIA NOTOK Pu B CpeaHEM CEpIACUHHUKE
MarHUTONMPOBOAa OOMOTKM HampspkeHus 1. DT1or motok du genmurcs Ha 1Ba
nmoToka: Hepabouunii motok dul KOTOPHIN 3aMBIKACTCsS BHYTPH MarHUTOIpoBoja 1;
U OCHOBHOM moTtok Pu2, mepecekaromuil JUCK 6, 3aKperyIeHHbIM HAa ocu 7 U
BpAIIAIOIIMIICA BMECTE C HEH. OJTOT OCHOBHOM IIOTOK 3aMBIKAETCs uepe3
IIPOTUBOIIOJIIOC 3.

Bxonnoit Tok I, Tekymuii B 00MOTKE TOKa 4, cCO374aeT B MarHUTOIPOBOAE 3
MarHUTHBIN TOTOK DI, KOTOPBIN ABAXKIBI IEPECEKAET JUCK 6.

CueTHelit Yepssunas

MEXaHU3M nepenaya  MAarHuTonposon

oOMOTKH
HATIPSIKCHHUA

| O6moTka
HaNpPsKEHUsE

[Tporusonomoc

MaruuTtonposoa

ObMmoTKa Toka obMOTKH TOKa

Pucynox 1 — YopoieHHas KOHCTPYKITUS UHAYKITMOHHOTO OJTHO(A3HOTO
CYETUYMKA

TakuMm 00pa3oM, TUCK MEPECEKalOT JBa MarHUTHHIX MoToka du2 u ®I He
COBNAJAOUIMX B POCTPAHCTBE U UMEIOLMX (a30oBbId caBUr . [Tpu aTOM U qucke
BO3HUKAET BpaLAOLIMKA MOMEHT M.



J{nst mosty4yeHus pe3yibTara OnpeeaeHus: NOTPeOJICeHHOM aKTUBHOM SHEPrUuu
JOCTaTOYHO  IPOMHTErPUPOBATH  3HAYEHUS  TEKyIEW  MOIIHOCTH.  JTO
WHTETPUPOBAHUE PEATM30BAHO CYETHBIM MEXAHU3MOM 9, CBSI3aHHBIM C OCBIO 7
YEpBIYHOM Tepeaaydei 8.

[IocTOSIHHBIA MarHuT CIYKHT IS CO3JaHUS TOPMO3HOTO MOMEHTa U
oOecrieyeHus: yrJIOBOM CKOPOCTH BpAIllEHUS, MPONOPIUOHATBHOM TEKyIIeMy
3HAYEHUIO AKTUBHOW MOIIHOCTU. KpoMe TOro, B peanbHONM KOHCTPYKLHMH €CTh
AJIEMEHTHI, O00ECIEYUBAIONIUE JIOMOJHUTEIbHBII MOMEHT, KOMIIEHCUPYIOUIUN
MOMEHT TPEHHS, @ TAKXKE FJIEMEHThI YCTPAHEHHS «CAMOXOIa».
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Pucynok 2 — Cxema nosicHsronasi IpuHLHAI IEUCTBUS CUETUNKA
1 — marHuTONPOBOJ OOMOTKH HAIPSIKEHUS; 2 — 0OMOTKA HaNpsLKEHUST; 3 —
MarHUTONpPOBOJ OOMOTKH TOKa; 4 — 0OMOTKa TOKa; 5 — MPOTUBOIIOJIOC; 6 — JTUCK;
7 —ocb; 8 - uepBsyHas mepenaya; 9 — CYSTHBIA MEXaHU3M

Konmponvnvie sonpocui:

1. KakoBbl mNpUYMHBI BO3HUKHOBEHHUS CaMOX0Jla M KaKHe CYIIECTBYIOT
CPEACTBa €ro yCTpaHEeHUs?

2. Uto Takoe cpeaHeB3BeICHHBIN KO3 HUITUESHT MOIITHOCTH?

3. Uewm perynaupyeTcs mopor 4yBCTBUTEILHOCTU CUETUUKA?

4. Kak ompeneiauTh MO TOKa3aHUSM CUYETYMKOB aKTUBHOM M PEaKTUBHOM
SHEPrur KOAOPUIMEHT MOIIHOCTH?

Jlabopatopuass paGora Ne 4 KOHCTpPYKIMS W NPUHLMN JIEHCTBUS
AIEKTPUUECKUX CUETYMKOB AIEKTPOHHOTO THUIIA.



Lenv pabomur: VI3yunTh NpUHIUN JEHCTBUS, YCTPOMCTBO M XapaKTEPUCTUKU
AIIEKTPOHHBIX CUYETUHUKOB IEKTPUUECKOMN dHEPTUu.

Yempoiicmeo u npunyun pabomul 21eKMPOHHBIX CUEMYUKOE

[TpyuHuMIT JEACTBUSL SJIEKTPOHHBIX CYETYMKOB OCHOBAH HA W3MEPEHUU
MIHOBEHHBIX  3HAUEHUN  BXOJHBIX  CHTHAJIOB TOKA W HalpsKEHUs
IIECTUKaHAIBLHBIM  aHaJoro-nmudpoBeIM  mpeodpazoBarenem  (ALIl), ¢
HOCJEAYIOUUM  BBIYMCICHUEM CPEIHEKBAIPaTUUECKUX 3HAYEHUH TOKOB U
HaIlpsSDKCHUM, AaKTUBHOM, PEAKTUBHOW M IOJHOM MOIIMHOCTH W HEPTUH, YTJIOB
casura ¢asbl ¥ 4aCTOThl U(GPOBBIM CUTHATIBHBIM Tporieccopom (LICIT).

KOHCTpYKTHBHO CUETYMK BBIMIOJHEH B IUIACTMAacCOBOM Kopmyce. B
KOpITyCe pa3MelIeHbl U3MEPUTETIbHbIE TPAaHCHOPMATOPHI TOKA U BBHIOJHEHHBIE Ha
NEYaTHBIX  IUIaTax: MOJyJdb  MHUTAHMUSA, IUIaTa  CYETYUKA, OJUH U3
uHTep(ENCHBIX  MOAYJNEH, MOAYJIb  TEIEMETPHUUECKUX  BBIXOJAOB  HIIHU
UMIYJbCHBIX BX0JOB. IlaHenp ¢ HaamucsAMU yCTaHOBJIEHA Ha KpBILIKE KOpIyca
CUETYHKA.

[Tpunuun  paboOTBl  CYETYMKA  MOSACHSAETCS  CTPYKTYPHOH  CXEMOH,
IPUBEICHHON Ha pUCYHKE 3.
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Pucynok 3 — CTpykTypHasi cxeMa 3JIEKTPOHHOIO CYETYMKA
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Jns n3ydyeHuss CTpyKTypHOM cxembl cuerunka [[D6850M u nmpuHumma ero
paboThl, BBeneM cieayrwomiue obo3HaueHus: ABP — aBapus nurtanus; AL —
anajoro-mudpoBoi npeoodpazosarensb; JIIA — nemmdparop aapeca; XKJ —
KUJIKOKpUCTamMueckni aucrien; M — manukatop; Kn — knmaBumarypa; MU —
mMonynb uHTepdeiica; MUB — momyns ummysnbCHbIX BXxoaoB; MII — momynb
nutanusi; MTB - Moaynp TeneMmerpuueckux  BbixogoB; OMOBM  —
onHOKpucTanbHasgs Mukpo-OBM; OIl — ontuueckuit moprt; IIAIT — mnopr
npsiMoro pocryna kK namatu; [13Y — mocTosiHHOE 3amoMHUHAaKoIIEe YCTPONCTBO;
[ICII — mnocnenoBaTenbHbId CUHXpOHHBIM 1OpT; PYH — pene ynpaBnenus
Harpyskamu; [ICII — mmdpoBoit curnanpHbli mporeccop; YPB — wack



peanbHoro BpeMenu. IIIA — mmna agpeca; /] — mmna nansbsix; [TAJ] — muHa
aapec/nanueie; DHO3Y — snepronezaBucumoe O3Y.

Usmepenue u  ewviuucienue napamempog cemu U IHEPLeMUYECKUX
napamempos

Hampsokenuss oT  kaxaod w3 ¢a3 MOCTynaloT Ha JCIUTENH, TIie
MOHIDKAIOTCA [0 3HAYEHUU YPOBHS, NPUTOAHOTO i H3MEpeHUsi. TOKOBbIE
CUTHAJBI NMPEOOPa3yloTCs C MOMOIIbIO TpaHC(HOPMATOPOB TOKA U PE3UCTOPOB B
CUTHAJIbl HATIPSHKEHUSI.

Otn curHanel nonarorcss  Ha Bxoasl AL, rme mnpeoOpasyrorcs B
1 pOBOH KOJI.

3aTeM OHM TOCTYMAalOT Ha MOCIeAOBaTeNbHBIN CUHXpOHHBIN mopT (IICII)
muppoBoro curHaipHOro mporeccopa (L[CIT). IICII mnpouwsBoguT pacuer
CPEIHEKBAIPATUYECKUX 3HAYCHUM TOKOB M HANpsOHKEHWH, MOJHOW, aKTUBHOM,
PEaKTUBHOM MOIIHOCTEW M SHEprui, a TaKkKe YIJIOB CABUra (a3 U 4acTOTHI
OCHOBHOM rapMOHUKHU CUTHAJIOB HaIPSDKEHUS.

Jliig pacueTa cpeJHEKBaIpaTUYHOTO 3HAYCHUS HAIIPSDKEHUS MO KaXK10H Lenu
HaNpsDKEHUS UCTOJIb3yeTcs hopmyna:

U, =Ky KA@ 9)

N

rne Ky — macmrabubiii koahduieHT (BBOIUTCS MPU U3TOTOBICHUH HA

3aBosie); Ka  — kanmuOpoBOuHBI KOI(PGUIMEHT 10 JaHHOM (aze
(BBOAMTCS TpU M3TOTOBJICHUH HA 3aBOJIC); 1 — 3HAUYCHHUE TEKyIed BHIOOpKH; N —
yucio BeIOOpok; U; — 3HaueHHe HanpshKeHus 1-i BEIOOpKH, B.

Jlnst pacuera BENMYMHBI CPEIHEKBAIPATHUYHOTO 3HAYCHHS CHJIBI TOKa JUIs
Ka)XIO0HW IIEMH TOKa UCTIONb3yeTcs (popmyra:

N

21

ch = KMlKAli% (10)

rae Ky — macmrabubiit koadduieHT (BBOIUTCS MPU U3TOTOBICHUHN Ha

3aBone); Ka 1 — kanmOpoBounbli KkodbdUIMEHT 10 JaHHOM  (da3se
(BBOAMTCS TIPW U3TOTOBIICHWU HA 3aBOJIE); [i — 3HaueHWe CUJTBI TOKA 1-i1 BEIOOPKH,
A.

AKTHUBHAsI MOIITHOCTh B KaXKI0H (ha3e BBIUMCIISAETCS 1O GopMyIIe:

N

U, I,

Pzp = KM KAKMlKAli:lT (11)



CymMapHasi akTHBHAs! MOIIIHOCTh BBIYHUCIIACTCS 11O (hOpMyIie:
PZ = Poa + Pop + Paoc (12)
rie Poa, Pos, Poc — akTUBHAs MOIITHOCTH MO Ka)<0u ¢ase.
[TotHast MOITHOCTh B KXo (a3e Tpexda3HOW CeTH BBIYHUCISCTCS I10

bopmyie:
S(p = |q> -Ud , (13)
rae lo — cpeaHeKBaIpaTHYECKOE 3HAYEHUE CHJIBI TOKA B COOTBETCTBYIOIICH
daze, omnpenenenHoe mo Qopmyne (10), A; Us — cpemHEKBagpaTHUIESCKOE

3HAYCHHE HANPSHKCHUS B COOTBETCTBYIOIICH dase, ompeeseHHoe mo Ghopmysie
9).
CymMapHasi MOIIIHOCTb BBIYHCIISIETCS 110 (hopMyJie:
Sy = Saa + Sas * Sac , (14)
e Soa, SoB, Soc — MOJTHAS MOITHOCTH O KaXK10H (aze, B-A.
PeakTuBHAs MOIITHOCTH 1O K01 (paze Beruucisercs no hopmysie:
Q = Sq)z - Pq)z , (15)
rae Se — MoJHAas MOUIHOCTSH M0 KaxioM (asze, onpenensemas no Gopmyie
(13), B'A; Pp — akTuBHas MOIIHOCTh B KaxJ0M (aze, ompenensemas Mo
dopmyne (11), Br.
CymMapHas peakTHBHAsI MOIITHOCTh BBIUYUCISETCS 110 (hopMyIIe:
Qs = Qaa + Qop + Qac , (16)
rie Qoa, Qos, Qoc — peakTHBHas MOIMHOCTH B KaXIoM  ¢ase,
onpenensiemas mo popmyie (15), Bap.
VY nenwpHast 3HEPTUsi MOTEPh B LIETISIX TOKA BRIYHUCIAETCS 110 (hopMyie:

A= |42§A+|§>B+Iéc (17)

rae loza, lo2s, loac — cuna Toka Beruucisiercs no gopmyse (10), A.
KoadduureHT akTMBHON MOIITHOCTH BBIYUCIISIETCS 110 (hopMyJie:

P
Cos ¢ = SL (18)

2

rae Py — akTuBHas MOIHOCTH, BT;
Sy — nosHas MOIIHOCTB, BA.
KoadduimeHT peakTHBHOM MOLITHOCTH BBIYUCISETCS IO PopMyIie:

Q
singozsl (19)

>

rae Qy — peakThBHAsi MOIIHOCTb, Bap.
AKTHBHasl M pPEAKTUBHAs SHEPIUsl BBIYUCISIETCS MO 3HAYEHUSM aKTUBHON H
PEaKTHUBHOM MOLTHOCTH, ONpE/IeTIEHHBIX 32 1 C.



Ha ocHoBe pacueToB aKTHBHOM U PEAKTUBHOM SHEPruu LUQPPOBOI
curHanbHbIil Tiporieccop (LICIT) BemaeT curHaiabl 00 SHEpronoTpeOSieHHH Ha
TEJIEMETPUUECKUE BBIXOJIbI, KOTOPbIE MOTYT OBbITh MOJKIIOUEHBI K CHCTEME
ACKYD.

Haxonnenue u xpanenue pezynomamos uzmepenus

OpnokpucranbHas Mukpo-OBM (OMBBM) no wmmHe — aapec/maHHbIe
(IHAJI) cuuThIiBaeT JaHHBIE 00 DSHEPromoTpeOJCHHMM W MmapamMeTpax  CeTH
yepe3 nopt npsmoro aoctyna k namsaru (ITJI1) LCII. OM3BM cpa3y xe

COXpaHSET >SHEPreTHYECKUe napaMeTrpsl B dHeproHezasucumom O3V
(BHO3Y).
OTcueT BpeMEHH U BEICHHE KAJICHIapsl OCYLIECTBIISIOT Yachl PEAJIbHOIO
Bpemenu (UYPB).

Anpecanus y3JI0B CUETYHMKa OCYILIECTBISIETCA 4epe3 nemmudpaTop aapeca
(JLIA) B cooTBeTcTBMU C 33aHHOM nporpaMmmoii OMDBM.

HUnmepdgheticol nonvzosamers

B cuetunke wumeercs ontuueckuit  mopt (OIl) um Momyns uHTepdelica
(MHW), nns  cuuThiBaHUS UMHpOpMAMM W MPOTPAMMHUPOBAHUS IMaPaMETPOB
II0JIB30BATEIIS.

Nudopmaruss o mapamerpax CeTH, HIHEPromoTpeOIieHMH W TapameTpax
nob3oBatenst BeiBoauTCs Ha JKK-mucreit OKK/).

[IpocMOTp  OCyIIECTBISIETCS  MOJB30BATENEM C MOMOILIBIO  KJIaBUATYPbI
(Ko1), BrirOUaronie mioMOupyeMyro rocioBepuresieM KHOMNKY «JlocTym».

JIBa cBetoamoanbix uHanKaropa (M) nuapopmupyror o paboToCnOCOOHOCTH
CUeTUYMKa TpPU HAKOIUIEHMHM AKTHMBHOM M PEaKTUBHOW JHEPruu, a TaK XKe
00 00pBIBE WIJIM HENTPABUIILHOM COEIMHEHUHU MOABOISIINX MPOBOIOB.

C momomurplo Byx pese ympasieHus Harpyskamu (PYH) ocymiectBisercs
BKJIFOUEHUE WJIU OTKIIIOYEHHE Harpys3ok ¢ujaepa.

Ilumanue cuemuuka

JIns muTaHWs CYETYMKA HCMOJb3yeTCsl MOAYJb MUTAHUS, KOTOPBIM Takke
dbopmupyer curHan aBapuu nurtanus (ABP), curnammsupyrommii - 0
HEJIOMyCTUMOM CHIKEHUM Hanpsbkenus: nutanus. [lo curmanmy ABP, OMOBM
3aBepiaeT paboTy U 3aHOCUT Bce uMmeronuecs ganasie B JHO3Y.

Knaccugpurayus snekmponusix cuemuuxos

[lo Tumy BBIXOAHBIX KAHAJIOB BCE AJIEKTPOHHBIE CUETUYMKU DIICKTPUUECKOU
SHEPIUM MOXKHO pa3JeuTh Ha JBE TPYIIbI: C IUOPOBHIMU BBIXOJAMU IO
untepdeiicy RS485 u ¢ TenemerpuyecKMMHM HWMITYJIbCHBIMH BbIXOJaMu. Bce
AIIEKTPOHHBIE CYETUMKHU UMEIOT CTAaHJIAPTHBINA TEIEMETPUUECKUI BBIXOJI, HO HE BCE
UMEIOT HU(POBbIE BbIXOAHI 10 uHTepdeiicy RS485. Crnenyer paznuuath MexIy
cO0O0M CUETYMKH C TEIEMETPUUECKUMU U IIU(POBBIMU BHIXOJIAMH.

CueTunku C  TEIEMETPUUYECKMM  HMIYJIbCHBIM  KaHAJIOM  MEPEeNaroT
uHOpMAIlMI0O O  3HAYEHUM  M3MEPEHHOM  CYETUMKOM  MOIIHOCTH B
YHCIOUMITYJILCHOM KOjie (B BHUJIE TOCIIEIOBATEIBHOCTH HUMITYJIbCOB). KomuecTBo
UMITYJIbCOB, cOoOTBeTcTBytomiee 1 kBT.u wu3mepsemoil >3Heprum, sBIsETCA
MOCTOSTHHOW JIJIT  KaXJO0ro TUNAa W MOAU(UKAIMKM CYeTYMKa W Ha3bIBAETCS



nepeaaTouyHbIM YynciaoM. Ero 3HaueHre yka3aHo Ha JUIEBOM MaHeNr CYeT4YHKa U B
nacropre.

B cnywyae mepenaun usmeputensHoi mHbopmanuu B mudpoBoit ¢popme ot
CUETYMKA HIIEKTPHUUECKOW HSHEPruHu C IUQPPOBBIM BBIXOJOM, 3Ta HHPOpMAIUs
KOAMpPYETCsl NIBOMYHBIM KOAOM. B mepemaBaeMoM COOOIIEHWH KaXIblid OUT
UHpOpPMALlUK  TPEJCTaBIEH  COOTBETCTBYIOIIMM  CUTHaJoM.  lIpuemHuK
U3MEPUTENBHON MHPOPMAIMK PETHCTPUPYET HAJMUUE UM OTCYTCTBUE CUTHAla U
TEM CaMbIM — KaXK/IbIi TIepelaBaeMblil OUT COOOIICHHUS.

Konmponvnwvie sonpocwi:

1.ITonb3ysICh CTPYKTYpPHOU CXEMOM, OOBSICHUTH YCTPOMCTBO 3JIEKTPOHHOIO
CUETUHKA.

2. OODBSICHUTD MPUHIIMIT JCHCTBUS JIEKTPOHHOTO CUETUYHKA.

3. KakoBo Ha3zHaueHue aHajoro-mudpoBoro mnpeodpazoBarens (ALl u
udpooro curiaibHoro npouecca (L{CII) B anekTpoHHOM cueTunke?

4. T'ne B CUETUMKE COXPAHSIIOTCS PE3YJIBTATHI UBMEPEHUA?

5. Kak ocyniecTBisieTcss IuTaHue cYeT4nKa?

6. Kak onpenensrorcst K03 PUIMEHThI aKTUBHOW U pEaKTUBHOMN

MOIIIHOCTEN ?

JlaGopaTopHnasi pabora Ne 5 M3MepeHue cxem MOAKIIOUCHUS OAHO(PA3HBIX U

Tpex(a3HbIX CUETYMKOB AJIEKTPOSHEPTHH B 3JEKTPOYCTAHOBKAX HAIPSKEHUEM
380/220 B.

Lenv pabomul:

1. W3ydenwe TPOMBINUICHHBIX CXEM TMOAKIIOYCHUS OAHO(A3HBIX U
Tpex(a3HbIX CUETYMKOB yUeTa IEKTPOIHEPTUU HarnpsprkeHueM 10 1 kB.

Teopemuueckas u npakmuyeckas 4acmo

JI71st U3MEpEeHUit ANEKTPUUECKONU IHEPTUU B OAHO(PA3HBIX CETSIX EPEMEHHOTO
TOKa TPUMEHSIOT Pa3IMYHbIE THUIIBI CYETYMKOB KaK OTEUYECTBEHHOTO, TaK H
3apyOeKHOTO MMPOU3BOJICTRA.

Cxema BKIIOYEHHS OJHO(MA3HOTO CUeTYMKa H300pakeHa Ha puc. 12, a.
OO0s3aTenbHBIM TPeOOBAHUEM TIPH BKJIIOYEHUHM CUYETUYMKA SIBJISETCS COOJO/ICHUE
MOJIIPHOCTH TIOJKITFOUCHHUS KaK 0 TOKY, TaK U M0 HAMPSHKESHUTO.

Ha puc. 12, 6 uzoOpaxeHa cxeMa BKJIIOYEHHS] MHIYKIIMOHHOTO CUETUYHKa C
oOpaTHOM TMOJIPHOCTHIO B TOKOBOM 1enu. B jgaHHOM cliydyae HW3MEHEHUE
HaITpaBJICHUS TOKA B IICIU CO3/1aeT OTPHUIATEIHHBIA BPAIIAOIINii MOMEHT, U JUCK
cYeT4yrKa OyJIeT BpalllaTbCsl B OOpaTHYHO CTOPOHY. DJIEKTPOHHBIN OIHO(MA3HBIN
CUCTUYMK B 3TOM CJllydae JHEPTHUI0 HE H3MEpPSICT, U MHUTaHWE WHJIUKATOPOB HE
HaOmomaeTcsi. HoBble THITBI SJEKTPOHHBIX OJHO(PA3ZHBIX CUYETUUKOB H3MEPSIOT
AIIEKTPOIHEPTUIO HE3ABUCUMO OT MOJSPHOCTU MOAKIIOYEHUS TOKOBOU IIETIH.

Bxarouenne oaHOo(da3zHOro cuUeTdynka C OOpaTHOM IOJISIPHOCTBIO IO
HaIMpsHKEHUIO U TOKY TOKa3aHo Ha puc. 12, 6. B ganHoM ciydae ¢aspl TOka u
HaIpsHKEHUST OJTHOBpEMEHHO u3MeHsitorcs Ha 180°, a yrom ¢aszoBoro cupura
octaercs mnpexHuM. [lodToMy CcUETUYMK H3MEpsieT DJIEKTPOIHEPTHUIO B



COOTBETCTBUM CO CBOMM KJIAaCCOM TOYHOCTH. Ha IpakTuKe MCIOJIb30BAHUE CXEMBI
BKJIFOYECHMS] CUETUYMKA II0 pUC. 12, ¢ HE AOIyCKaeTCs, TaK KaK OHA II03BOJISET
UCIIOJIb30BAaTh 3JIEKTPOIHEPTHUIO O€3 yueTa.

B Hacrosmee BpeMs Ha 3aBOAAaxX - H3TOTOBUTEISX CUYETYMKOB C LEJIBIO
IIPENOTBPALICHUS  XMILNEHUM  DJIEKTPUYECKOW DJHEPrMM  IpeayCcMaTpUBaeTCs
YCTaHOBKA Ha OJTHO(a3HbIX UHAYKLIUOHHBIX CUETUYHUKAX:

cToIopa oOpaTHOIO X0A4;

BTOPOIl (IyOnMpyIOIIeii) MEePeMbIUKH ISl TTOJIaYy HAMPSKEHHUS] Ha KaTyIIKY,
pacmoJiarasi €€ BHyTpU KOpILyca;

BTOPOM TOKOBOM KATYIIKH B LIENTHA HYJIEBOTO IIPOBOJA.
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Puc. 12. CxeMbl BKIIIOUCHHS U BEKTOPHBIE THArpaMMbl OJJHO(PA3HOTO CUETINKA
(a), MHOYKIIMOHHOTO OJHO(A3HOTO CUYETYHKA C OOPATHOM MOJSIPHOCTHIO B
TOKOBOM 11e1H (0) 1 0AHO(A3HOTO CUETUHKA ¢ 0OPATHOM MOJIIPHOCTHIO B 1IETIH
TOKa ¥ HanpsHKeHUs (B)

KpOMe TOr'0, KOXXYX CUCTUYHMKA BBIIIOJIHACTCA IIPO3pavYHbIM.



Ha  JleHuHrpamckoM  3JIEKTPOMEXaHUYECKOM  3aBOJIC  BBITYCKAIOTCS
UHIYKIMOHHBIE cyeTyuku Turna CO-236705 (220 B, 10-40 A) co cromopom
oOpatHoro xoja. Cxema BKIIIOUEHHS CYETUYMKA CYIIECTBEHHO OTJIMYAETCS OT
TUIIOBOM TeM, 4YTO Ha KJIeMMbl 1 W 3 BBIBEIIEHBI KOHIIBI TOKOBOM KaTYIIKH.
Ceresble mpoBojia @ (daza) u 0 moakroyarorcs Ha kiemmsl 1 u 4 (puc. 13).
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Puc. 13. Cxema Bxirouenus cuerynka tuna CO-2956705

B OAO «Konuepn Dnepromepa» (r. CrtaBporosib) U Ha APYTHX 3aBOJaX-
M3TOTOBUTEINISIX BBIMYCKAIOTCA oOAHO(a3zHble U  TpexdasHble dAIEKTPOHHBIC
CUETUYUKU, KOTOPHIE HU3MEPSIOT JJIEKTPOIHEPTUI0 HE3aBUCUMO OT MOJSIPHOCTH
BKJIIOUYEHHSI TOKOBOM IIeMU. OTO JOCTUTAETCS MNPUMEHEHHEM CIEHHAIBHO
pazpadorannoit BUC npeobpazoBarensi MOITHOCTH. B pe3ynbTaTe 3TOr0 CYETUUK
3alUIEH OT NPUMEHEHUs (Pa30CHABUTAIONIMX YCTPOWUCTB B AJIEKTPOYCTAHOBKAaX
Hamnpsbkenuem 380/220 B.

B Tpexda3Hpix uUeThIpexmpoBOAHBIX ceTsx HampsbkeHuem 380/220 B s
U3MEPEHUN  BJIEKTPUYECKOM  HDHEPrMM  NPUMEHSIOT  CYETYUKH  IPSIMOIO
(HemocpeACTBEHHOT0) BKIItOUeHMs. VX HazbiBatoT mpsmorodHbiMu. Kpome Toro,
WCIOJIB3YIOT CUETUMKH, IOAKIOYaemMble B ceTb uepe3 T1. Hx Ha3bIBaroT
YHUBEPCATBHBIMU WU TPAaHC(POPMATOPHBIMHU.

CueTunKku TMPSAMOTO BKJIIOUYECHHUS PACCUYUTAHbl HAa HOMHUHAJIBHBIE TOKH
5,10,20,50 A. TloaknrodyeHrH€ TOKOBOM LEMM 3TUX CYETYMKOB OCYILECTBIISIETCS
MOCJIEA0BATEIBLHO C CETEBBIMH IPOBOJHUKAMHU U 00S3aTEIbHBIM COOJIOJIEHUEM
NOJISIPHOCTH (puc. 14).

N3mepsiemast sHeprusi paBHa Pa3HOCTU TOKA3aHUW CUETHOrO MEXaHHM3Ma 3a
pacueTHblid (yuetHblil) nepuoa: AW=IIx-ITy=AIl

[ToaxmroueHue ¢ 0OpaTHOM MOJISIPHOCTHIO OJTHOM M3 TOKOBBIX IIETICH CUETYMKA
OPUBOAUT K 3HAYUTEIBHOMY HEIOy4deTy odyekTposHepruu. OOs3aTenbHO
COOJIIOJIEHNE TPSIMOTO TOpsAKa dYepenoBaHus (a3 HanpsDKeHWM Ha KOJOJKE
3KUMOB cueTunka. M3MmeHenwe mopsnka depemoBanus ¢a3 HaNpsDKEHWH Ha
KOJIOAKE 3a)KMMOB CUETUYHMKA OCYILECTBIISIETCA IMEPEMEHOM MECT MOJKIIOYEHUS
COOTBETCTBEHHO JIByX IPOBOJOB OJHOTO 3JIEMEHTAa C JABYMs IPOBOJHUKAMU
JPYroro 3JeMeHTA.
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380/220 B

Puc.14. Cxema BKIIOYEHHUS TPSIMOTOYHOrO cuetyuka tuna COT4-1

Ha puc. 15 u3o0paxeHnbl cxema BKJIIOYEHHUS TPaHC(HOPMATOPHOTIO CUETUHKA
(a) u BekTopHas jguarpamMma (0), KOTOpash COOTBETCTBYET WHIYKTUBHOMY
XapakTepy Harpy3ku B ciiydae ¢a3zoBoro casura, paBHoro 30°. Cxema BKIIIOUEHUS
BBINIOJIHEHA JI€CATUIIPOBOAHOM. TOKOBBIE LE€NU CYETYMKA TalbBAaHUYECKU HE
CBSI3aHbl C LEMSMHU HaIpsDKEHUs, a pasfesieHbl. M3Mmepsiemas 3J€KTpOIHEprus
paBHA pPa3HOCTH MOKA3aHUKM CYETHOTO MEXaHU3Ma, YMHOXKEHHON Ha KO3 (HULIMEHT
TpaHcopManuu:

W:(H[(‘ —HH)K|:AHK|,.
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Puc.15. Cxema BKJIIOYEHUS TPEXIIEMEHTHOTO CUETYMKA TUTIA
CA4Y-1672M B 4eTbIpeXnpOBOIHYIO CETh C Pa3€IbHBIMU LIETISIMU TOKA U
HanpsbKeHus (a) u BekTopHas quarpamma (0). [Ipsimoit mopsanok yepenoBanus a3
oOsi3aTeneH.

[logximroueHne KaXXAOr0 W3 TPEX HW3MEPUTEIBHBIX JJIEMEHTOB CUETYHMKA
TpeOyeT 00s13aTeIbHOr0 COOJIIOICHUS MOISPHOCTH MOAKIIOUECHHUSI TOKOBBIX IETeH
U COOTBETCTBUA HUX CBOEMY HampsbkeHuto. OOpaTHas MOJISIPHOCTh BKIIIOUYEHUS
nepBuyHOi 0OMOTKkH TT miau ero BTOpUYHONM OOMOTKH BBI3bIBAET OTPULATEIbHBIN
BpaIllalOINil MOMEHT, JEUCTBYIOIIUM Ha AUCK cueTynka. Cxema obecreynBaeT
HOPMHUPYEMYIO TIOTPELIHOCTh Hu3MepeHuin. lloakirodyeHue HyIeBoro mnpoBoJa
o0si3arenbHO. Hanbonee yacTo BcTpeyarouiyecs MoBpexXIeHUS B CXEME:

ocja0JIeHUEe WM OKMCJICHUE 3a)KMMHBIX KOHTakTOB Ha TT;

OOpbIB (BHYTpPEHHHUI H3JI0M) (ha3HBIX IPOBOJIOB HANPSDKEHHS BTOPUYHBIX
1eneu;

npo6oit TT.

[Tpu HEOOXOAMMOCTH MU3MEHEHUs MOpsKa YepeqoBaHus (a3 TpHU MPOBOJA C
OIHOTO DJJIEMEHTA Ha KOJIOJKE 3aXMMOB CYETYMKA MEHSAIOTCSI MECTaMH C
COOTBETCTBYIOIIMMU TPEMS MPOBOAAMHU APYTOTO JIEMEHTA.

Yacto mpuMeHsieTcsl CeMUNPOBOJHAs cxema BkiodeHus (puc. 16). B atoit
CXEMe€ BBITIOJIHEHO OObEANHEHUE 1IeTeil Toka U HanpsbkeHus. CoBMeIlIeHe Lernen
TOKA WU HaIPsKEHUS BBIMOJIHIETCS YCTAHOBKOW MEpEeMbIUEK HAa cueTuuke u Ha TT.
Cxema umeeT CAeAyrIe HEJOCTATKH:

IO/ HANIPSIKEHUEM HaXOJSATCSl TOKOBBIE LM CUETUUKA,;

npo6oit TT nnurenbHOE BpeMs HE BBISBIISETCS;

ycTaHoBka mepembruexk M2-/I2 wa TT, m 1-2 Ha cueTYWKe BBI3BIBACT
JOTIOJIHUTENBHYIO ITOTPEIIHOCTh U3MEPEHUM.
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Puc. 16. CxeMa BKIItOU€HHS TpexdJieMeHTHOro cuetunka tuna CA4Y-N672M B
YETHIPEXIPOBOIHYIO CETh C COBMEIICHHBIMU LIETISIMU TOKA W HAMPSHKCHUS.
[Ipsimoii mopsimok uepenoBanus (az oos3areneH: JI11-H I - nepeMbIYKU, yCTaHOB-
nennbie Ha TT; 1-2; 4-5; 7-8 - mepeMbIuKky, yCTaHOBJICHHBIC HAa CUETUHKE

B snextpoycranoBkax HampsikeHuem 380/220 B Takke mpuMeHsieTCsl cxema
BKJIIOUEHHUSI CUYETUUKOB, N300pakeHHas Ha puc. 17.
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Puc. 17. Cxema BkItoueHHS TpexdiieMeHTHOro cuetunka tuna CA4Y-N672M B
YETBIPEXIPOBOIHOMN CETH B «3Be3ay». [IpsiMoit mopsiaok yepenoBanus a3
o0s13aTesneH

Ha »Toi1 cxeme KoOHIBI BTOpUYHBIX 00OMOTOK TT M2 oObenuHeHB U
COEIMHEHBI C KOHLIAMU TOKOBBIX LIETIEM CUETYMKA B OJHOM Touke. He momyckaercs
MOJKTIOYEHUE TOKOBBIX IIENEH CUeTuynKa WU BTOPUYHBIX 0OMOTOK TT Ha Kopmyc
AJIEKTPOYCTAHOBKY B PA3HBIX MECTaX.

Nzmepsiemas anextposneprus W=MIK;



Haubonee yHuBepcanmbHOW SBISIETCS CXeMa BKIIOYCHUS CUETYMKOB C
ucCIbITaTeNIbHOM KOpoOkou (puc. 18). McneiTaTenpHas KopoOKa IMO3BOJISIET, HE

OTKJIIOYasd Harpy3kKud, IIPOU3BCCTH 3aMCHY CUCTYHUKOB MW IIPOBCPKY CXCMBI
BKIIFOUYCHUA.
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Puc. 18. CxeMa BkItOUeHHS TpexdJieMeHTHOro cueTunka tuna CA4Y-N672M B
YETHIPEXTPOBOJAHYIO CETh C UCIBITATEILHON KOPOOKOM

Jlns vu3MepeHuN aKTUBHOW W PEAKTUBHOM DJHEPIUM INPUMEHSETCS CXeMa
BKJIFOUECHHS CUETYMKOB, M300pakeHHast Ha puc. 19.

CxeMbl BKIIIOUEHMS CYETYMKA peakTuBHOW sHeprun tuna CP4Y-1673 n
CYETYMKA AaKTUBHOW DHEPIUM HE OTIMYAIOTCS APYT OT Apyra. TOKOBBIE LENH ITHUX
CUETYMKOB COCIHHSIOTCS TOCIENOBaTeNbHO. llenn HanpspKeHHs CUETYMKOB
MOAKIIIOYAOTCA NapajuieapHo. OTiInuue CcuYeT4YMKa PEaKTUBHOW DHEPIUHA OT
CUYETUYMKA AaKTUBHOW JHEPIUU - B CXEME BHYTPEHHUX COCIUHEHUN. 34 CUET CXEMBbI
BHYTPEHHHX COCIMHEHUM KaTyIIEK, pPACCUMTAaHHbIX Ha HanpspkeHue 380 B,
BBITIOTHSETCS TOMOMHUTENbHBIN 90°-HbIi (Ha30BbIN CABUT MEXIY MarHUTHBIMU
ITIOTOKaMH.



CA4Y-U6T72M CA4Y-HN673M (co cronopom)
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Puc. 19. Cxema BKJIFOUEHMS CUETUMKOB ISl U3MEPEHUI aKTUBHOW U PEAaKTUBHOU
SHEpruu B cetu HamnpskenueM 380/220 B

Koumponvhvie éonpocwi
1. OObscHUTE CXEMbl MOJKIIOYEHHUS  OJHO(pA3HBIX  CUYETYMKOB B
AIEKTPOYCTAHOBKAX HanpspkeHueM 10 1 kB?.
2. OObsAcHUTE CXEMbl TMOAKIIOYCHHS  Tpex(as3HbIX CUYETYMKOB B
AJIEKTPOYCTaHOBKAX HampsbkeHuem 10 1 kB?.

Maxcumanvnoe Koruuecmaeo 6annog 3a 5 navopamopwvix paoom — 70,
MUuHumanvhoe — 45.



MunmcTepcTBO HayKu U Bhiciero oopasosanus Poccuiickoit denepanuu
HuxHexkaMCKkuil XMMUKO-TEXHOJIOTMUECKUN (MHCTUTYT) (heaepaaIbHOTO
rOCyJ1apCTBEHHOI'O OFO/I)KETHOTO 00pa30BaTEIbHOTO YUPEKICHUS

BBICHICTO 06p330BaHI/I}I

«Kazanckuit HaHI/IOHaJ'ILHHﬁ HCCJICI[OBaTeJII)CKI/Iﬁ TEXHOJIOTUYSCKUMI YHUBCPCUTCT»

Dakynvmem UHGOPMAYUOHHBIX MEXHOTOUL

Kageopa snexmpomexnuku u snepeoobecneuenus npeonpusmuii

Hampasnenue noaroroBku 13.03.02«1eKTpoIHEPreTUKA U YJIEKTPOTEXHUKA)
[Tpodmitb «IaeKTpocHAGKEHH e

KoMmuiekT 3aganmii 1J151 KOHTPOJIbHOM padoThI

ITo nucuunInHe KABTOMATH3UPOBAHHBIE CHCTEMbI KOHTPOJISI M YY€eTa

IJCEKTPOIHECPIrUN»

Borpocs! juisi moAroToBKM pedeparoB B paMKaxX BBIMOTHEHUS WHAUBUIYaTbHON
KOHTPOJILHOM pabOTHhI:

Bale:‘;HTa ITepedyenn paccmaTpuBaeMbIX BOIIPOCOB

1 VY4eT peakTHBHOM 3JIEKTPOIHEPTHHU B AJIEKTPOYCTAaHOBKAX

2 OcobOeHHOCTH yueTa MEKCHUCTEMHBIX IIEPETOKOB IEKTPOIHEPTUH

3 OpraHu3anMoOHHbIE MEPOTIPUATHS 110 CHIKEHUIO KOMMEPUYECKHX MTOTEPh
JIICKTPOIHEPTUH

4 TpeOoBaHMs K CUETUMKAM JTEKTPUIECKON SHEPTUU

5 Cuetunku 29. Tunsl. [Tpuanumner padotsl. Kiaccel TogHOCTH.

6 CxeMbl BKIIIOYECHUSI CYETINKOB HJICKTPOIHEPTHI

7 PacueTHble mapaMeTpbl CPEACTB yueTa 3JIEKTPOIHEPIUU

8 Pa3zmepHOCTB 1 TIpaBHiIa OKPYTJICHUS 3HAYEHHUH YIEeTHBIX TIOKa3aTenei

9 JuckpetHocTb cOopa HHpOpMaIu

10 Kommepueckwuii yger 99 na OPD

11 [ToTrpeOuTenu komMmmepuecKoii nHpopMauu

12 V4eT TeXHHYeCKUX ITOTeph IPH TPAHCIIOPTE dJICKTPOIHEPTHU

13 OCOOCHHOCTH MOTyYeHHSI MHPOPMALIUH TS [IeJIell KOMMEPUYECKOT0 yueTa
3IIEKTPOIHEPTHU

14 Opranuzanus cucTeMbl n3MepeHuid u coopa nadopmanuu Ha OPD

15 Hasnauenue u pynkoun AUMC KVD

16 Texunueckue TpedoBanus kK AUMC KV snepruu u mourHoctu Ha OPD

17 Oco0OeHHOCTH ydeTa IoTeph AISKTPOIHEPTHH Ha PErHOHABHBIX PhIHKAX

18 PacueTHble criocoOBl 3aMeIeHHs U3MEPUTENbHOM nHpopManuy.

19 MOHHTOPHHT TIOTEPh U YUETHBIX JaHHBIX.

Makcumanvnoe Koauuecmeo 6annoe 3a KOHmMpoavHyro pavomy — 30,
MuHumaaovroe — 15.
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