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CoJep KaHHe

BreneHue

Llens M 3agau H3yYeHH S JUCIHIUTHHEI
OOopyaoBaHHE H MaTEPHAJIBI
HarmeHoBaHIe n1abopaTOpHBIX padoT
CojzepxaHHe 1ad0paTOpHBIX padoT

JlaGoparopHasa padora Ne 1. BeiGop mapamMeTpoB OCHOBHOIO 3JIEKTPOOOOPYIO-
BaHIA H Harpy304Has CIIOCOOHOCTH.

JlaGopatopHas padora Ne 2. PerympoBaHie HaIIPsDKEHHS B CHCTEME BJIEKTPO-
CHAOKEeHHS ITPOMBIIIIIIEHHOTO IIPEANPHSTHS H KOMIICHCAIHS PEaKTHBHON MOII[-
HOCTH.

JlaboparopHas padota Ne3. M3MeHeHHIT HaNpspkeHH S, (DIIHKEP, He CHHYCOHIAIIb-
HOCTh M HECHMMETPHS HAIIPSDKEHNIL B PACIIPEACIINTEID THRIX SIIEKTPHYECKHX CE-
Tsx 10-0.4 xB.

JlabGoparopHas g padora Ned. PerymupoBaHie YpOBHEH HAIIPSDKEHHSI B IIPOMBILII-
JIEHHBIX 3IIEKTPOCETSIX.

JlaGopaTtopHasa padora NeS>. PeryimpoBaHHe IIOTEPH 110 SNEKTPOIMHMTAHHIO B ITPO-
MBIIIIIEHHBIX 3JIEKTPOCET SX.

YuyeOHO-MeTOAHYEeCKOe H HH(POPMALIMOHHOE 00ecIieYeH e JHCIIHITINHEI

IlepeyeHs OCHOBHOH M JOIIOJIHHTEIFHOM JTHTEPATYPhl, HEOOXOMIMOH IS OCBO-
eHHS JUCIHIUIHHEI

IlepeyeHp Y4YeOHO-METOMHYECKOTO OOECIIEUEHHSI CaMOCTOSTEIIFHOH PadoTEI
OOYYAIOIIHXCS TT0 JHCIIHITIIHHE

[TepedyeHs pecypcoB HH(OPMAIHOHHO-TEIIeKOMMYHHKAITHOHHOH ceTH MHTepHeT,

HeOoOXOJHMBIX 151 OCBOESHHS JHCIHIUTHHEI
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BreneHue

JIaGopaTOpHBIE 3aHATHS CO3JAIOT OITHMAIbHBIE THUAAKTHUYECKHE YCIOBHS IS JAESITEIh-
HOCTHOI'O OCBOEHMS CTYIAEHTaMH COJIepKaHHI U METOLOIOTHH H3Y4aeMOH JHCIIMIIIHHEL «IIpr-
EMHHKH H IIOTPeOHTENM SIEKTPO3HEPIHH B CHCTEMAX 3JIEKTPOCHAOKEHHS)), HCIIOIb30BAHHE
CITEIHAILHOTO JITabopaTOpHOro 000pYIOBAaHH S H TEXHHYECKHX CpeJCcTB. JIabopaTopHEIe 3aHATHA
3aHHMAIOT ITPEHMYIINEeCTBEHHOE MECTO IIPH H3YYeHHH OOINelpo(eCcCHOHAILHEIX H ITPO()eCcCHO-
HAJIbHBIX JHUCIMIUIHH. JIabopaTOpHBIE 3aHSATHS ITPOBOASATCS C LENBIO BEIPAOOTKH IMPAKTHYECKHX
YMEHIIT H IIPHOOPETEHH S HABLIKOB B PEIeHHH SKCIIEPHMEHTHBIX 3afad, OTpabOTKH YITpaKHe-
HIH, BEITIOJIHEHNH YEPTEXKEH, ITPOH3BOJICTBE PACUETOB H T.II.

[{empro mabopaTOPHBIX 3aHATHI SBIIETCS (DOPMHPOBAHHE ITPAKTHYECKHX YMEHHI — ITPO-
(peCCHOHAIILHBIX (BBITIOIHATH OIPeJelIEHHEIE JeHCTBHS, OIepallii, HeOOXOAUMBIE B ITOCIETYEO-
IIIeM B IMpOo()eCCHOHAIIFHOH JIeSITelIbHOCTH ) HIIH YU4eOHBIX, HeOOXOHMBIX B ITOCIIEAVIOIIEH yueO-
HOH JIeATeIbHOCTH IT0 OOHIEITpOo]peCcCHOHAIFHBIM H IMPO()eCCHOHATEHBIM JTH CIIHITIHAM.

bBrnonrorpaHyecKiil CITHCOK COAEPKHT CBEACHHSI O CIIPaBOYHOH JIMTEPATYpPEe H JOIOI-

HHTEIIbHBIX H3JAHHAX, HeOOXOMHMBIX IS }TH}’@HEI—H—I(}I‘G H3YUCHHA OTACIIBHBIX BOITPOCOB.
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1. Ilens u 3a0 auu uzyueHus OUCUUNTIUHDL

L[EJ]L H3YUCHHA JHCITHITIIHHEBI
- QJGPMIPDEHHHE Y CTYACHTOB CHCTCMATHYCCKILX 3HAHHH ITO BOIIpOCAM ITPOCKTHPOBAHHA H 3KC-
ITIVaTaIii KOMITICKCHBIX CHCTCEM BHEI{TPGCHﬂﬁ}I{EHH_H IoOpoa0B H ITPOMBIHIIICHHBIX ITPEAITPIA-

THIH.

3alayaMH JHCIUIDIHHEI SBJISETCS:
- 3HaTh B3aHMOCRBSI3H MEXKIY ITOTPeOHTESIMH H CHCTEMOH 3JIEKTPOCHAOKeHHS, [T0OKa3aTelIH I'pa-
(PHKOB HAarpy3KH 3JIEKTPOIIPHEMHHKOB H ITOTPeOHTEIIEH,
- YMeTh aHAIM3HPOBATh I'PapHKH Harpy3KH.

- BraieTs HaBEIKAMH pa3pa0OTKH OCHOBHBIX SHEProcOeperarllnx MEPOIIPHATHI B CHCTeMaxX
AIIEKTPOCHA0KEHHS.

2. ObopyooeaHue u mamepuainl

KomrmiekT yueOGHO-1a00paTOPHOro 000PYI0BAHI
«OHeprocOepeKeHHE B CHCTEMAX ANEKTPOCHAOKEHHS H EKTPONOTpeOIeHIs». KoMIDIEKT
y4ye OHO-71a00PaTOPHOr0 000PYAOBAHI
«ABTOMATH3HPOBAHHAI CHCTEMA KOHTPOJIS H YUET A AIIEKTPOIHEPTHIY. KOMIUIEKT yueOHO-
1abopaTOpHOro 000pyIOBAaHHS « DIIEKTPHYECKHE CTAHIMH U ITOACTAHIMI). KOMIUIEKT yUeOHO-
1abopaToOpHOro o60pyIOBaHHS « Y MHasI MECTHAS PacCIIpeJeIHTeIbHAS AIEKTPHYECKas CEThY.
HayuHo-HccrnemoBare IbCKHA KOMIUIEKC « OTITHMH3AIIHS PEXIMOB padOThl IIEKTPHYECKHX CETEH
C aKTHBHBIMH 3JIeMEHTAMH, BEITIOJIHEHHBIMH Ha 06a3e CIJIOBBIX ITOIYIIPOBOJIHHKOBEIX IIpeodpa-
30BATEIIEN», HCIIOJIHEHHE CTEHI0BOE KOMITbIOTEPHOE. HayuyHO-HCCIIE0BAT L CKIH KOMITIIEKC
«ABTOMATH3HPOBAHHEIE CPEACTRA VIIPABIEHHS H 3alI[UTHL B CHCTEMAX AIIEKTPOCHAOKEHUS ITPO-
MBIIIIEHHBIX TIPEAIIPHUATIINY, HCIIOIHEHHE CTEHIOBOE KOMIIBIOTEpHOE. HayuHo-

HCCJIeJOBATENh CKHIT KOMITIIEKC
«lIprMeHeHIe aBTOMAaTH3HPOBAHHEBIX CHCTEM KOHTPOIS H YUETa BIEKTPOSHEPIHH C IIETIBIO I10-
BBIIIEHHS 3(P()eKTHBHOCTH SKCIDTyaTal[HH CHCTEM BJIEKTPOCHA0KEHN D), HCIIOIIHEHHE CTEHIOBOE
pyuHOe. KOMIUIEKT THITOBOTO I1a00paTOPHOro odopyaoBaHNs « 1 eOpeTHYECKHE OCHOBEI BIIEK-
TPOTEXHHKI». KoMIUIEKT yueOHO-1a00paTOpHOro 000PYAOBAHHS « DNIEKTPOTEXHHYECKHE MaTe-
pHaJIBED). KOMIUIEKT THIIOBOrO I1a00paTOpPHOro 000PYAOBAHHS " DIEeKTPOTEXHHYECKHE MAIIIHEI .
KOMIUIEKT THITOBOTO J1a00PaTOPHOrO 000PYAOBAHHS DIEKTPOTEXHHYECKHE MaIIMHED:. JIabopa-
TOPHOE O0OPYIOBAHHE « DIEKTPOSHEPreTHKA-PEJIEHHAS 3all[HTa H aBTOMATHKA. Y YeOHBIH CTEH/I
«TeopHs MeKTPHUYECKHUX I[ETIEH H OCHOBEI 3IIEKTPOTEXHIKI.

3. Haumenosanue npakmuveckux paoom

No TeMpl
ITH CIHT LI HEI

HammMeHOBaHHE TeM AHCITHITIIITHBI, HX KPATKOC
COICPKAHHC

O06beM
YacoB

M3 HUX IIpaKTHie-
CKasl ITOJITOTOBKA,
YacOB

0 ceMecTp

JIadboparopnas padora Nel. Bridop
ITapaMeTPOB OCHOBHOTO 3MIEKTPOOCOPYIOBAHH I
H Harpy304YHasI CIIOCOOHOCTH.

PaccunraTh ImapaMeTphl OCHOBHOTI'O
000pYI0BaHHSI H HAaYYHThCS IOJOHPATh €ro 110
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[IproOpecTH HaBBIKH PETYIHPOBAHH S HAITPsDKe-
HIS B CHCTeMe 3NIeKTPOCHa0KeHH I ITPOMBIIII-
JIEHHOT'O TIPEAITPHATHSI H KOMIIEHCAIIH peak-
THBHOH MOIITHOCTH.

JIaboparopHas padora Ne3. M3MeHeHHiT
HaITPSKEHH S, (PIIMKED, HECHHYCOHAAILHOCTh H
HECHMMeTPHS HallpSTKEeHHI B pacIpeIelIHTEIbT-
HBIX MeKTpHYecKHX ceTsax 10-0,4 xB.

M3yunTh H3MeHEeHHE HaIpsDKeHHs (PIIHKep, He-
CHHYCOHJAIIEHOCTh H HECHMMETPHS HalTpsKe-

HHI B pacIIpeelMTEIbTHRIX 3JIEKTPHYECKHX Ce-
Tsx 10-0.4 xB.

JIaboparopHas padora Ned. PerymupoBaHue
YPOBHEH HAITPSKEHHS B IIPOMBIIIIIEHHBIX HIIEK-
TPOCETSIX.

[ IproOpecTH HaBBIKH PETYIIMPOBAHHS YPOBHEH
HAIPSKEHH S B TIPOMBIIIIIEHHBIX 3IIEKTPOCET SIX.

JIaboparopHas padora NeS. PerynmupoBaHue
TIOTEPh MO AEKTPOITHTAHHIO B IIPOMBIIIIEHHBIX
AIIEKTPOCETSIX.

[IproOpecTH HaBBIKH PeryIHPOBaHHSI IIOTEPh I10
AIIEKTPOITHTAHHIO B ITPOMBIIIEHHBIX AIIEKTPOCe-
TSIX
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JIaboparopHas padora Nel

Tema 3anamus BrIOOp IapaMeTpoOB OCHOBHOI'O 3EKTPOOOOPYAOBAHIS H Harpy304YHasd
CIIOCOOHOCTD.

H e/lb 3aHamuA. Paccuurarh IIapaMcTPbl OCHOBHOI'O Dﬁﬂp}fl[DEEl}]IIH H HAYUYHTBCA 100 0H-
PaTh €10 I1O ITOKA3aTCIIAM CHCTCMBI.

TEﬂpETH‘IEEHﬂH JaACTb

I.1. HarpysouHas CITOCOOHOCTE 151 BBIOOD ITapaMeTPOB OCHOBHOT'O
BIEKTPOOOOPYIOBAHM S
1.2. [{ems paboTel

M3yueHre KOHCTPYKIIHH JTa0opaTOPHON YCTAaHOBKH, IPHHIMMIIA €€ padoThHl M IIapaMeTpPOB
MOIeTHpyeMBIX 371eMeHTOB COIIILL

Hccneporanne pexnma padorsl MogenupyeMon COIIII Ha cyroYHOM HMHTepBalle BPeEMEHH H
OIpElETIEHHE TTapaMETPOB PEKHMOB.
1.3. BeeneHne

OCHOBHBIE HOMHHAJIBHBIE ITApPAMETPBl MOAEIHPYEMBIX 3MeMeHTOB COIIII mpuBeaeHBI B
TaOmn.1. {11 TpexdasHbIX CHIIOBEIX TPAaHC(OPMATOPOB B IIPAKTHYECKHX pacyeTaX HCITOJIb3YIOTCS

CIIeAYIOIHe ITapaMeTpPhl IIPH 3aMellleHHH TpaHcpopMmaropa ' — o0pasHOH OJHOJIMHEHHOMH
SKBHBAJIEHTHOH CXEMOH:

Ulf, l]2 — QJHBHBIE HAITPKCHIA, ITPHBEICHHBIC K OJTHOH CTYIICHH HAaITPAKCHHA,

[.,1 » — TOKH IEPBUMHOH H BTOPHYHOT 0OMOTOK TpaHc(opMaTopa,

I =1 —jI

AX o

U,

X ;JI — — I]I—I,I[}*’I{TI[EHEIH COCTaBIIAROIIIA A CGHPGTI[EHEHI[H BCTBH HElMElI‘HH‘II[BﬂI—]IIH;
0.
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— TOK XOJIOCTOI'O X0Ja TpaHc(popMaTopa,
p

Fﬂ — aKTHBHAS COCTaBIISAIOINAS COIPOTHBRIIEHHS BETBH HaMarHHYHBaHH A,
AP,
103 2
AP.-10° AP_-U,
R= 5 = 5 — aKTHBHOE COITPOTHBJIEHHE TpaHCchopmaTopa, OM;
312 s2

U}'{.UH 2
—\/ 4 R
100 (I R)

X = — HHAYKTHBHOE COIIPOTHBIIEHHE TpaHC(pOpMaTopa,

Iy

OM;
AS = 3122[\’ — ]3133){ = APK? -ng — ]AQR?KEZ — Harpy3o4Hble IIOTEPH B
l 2
TpaHc(pOpMaTOpe (K = KO3 (QHIIHEHT 3arpy3KH), KBT;
| T
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OCHOBHOH OCOOEHHOCTBIO peXKHMOB padoTel COIIIl Ha IHTENBHBIX IMKIAX BPEMEHH
(CyTKH, He[elsd, TOoJ) SBIIIeTCd HX H3MEHYHBOCTh, 4YTO OOYCIIOBIEHO H3MEHUYHBOCTHIO
AIEKTpHUYeCKHX Harpys3ok. Pexamvber COIIIl XapakTepH3yrOTCS IIapaMeTpaMH JIBYX THIIOB:

TCKYIIIHE H HHTCI'PAJIBHBIC 3d BPCMA T . K TCKYIIHM IIdapPpaMETPAM OTHOCHTCHA 3HAUCHHE TOKOE,
HE]HpH]I{EHIIﬁ:, MOIIIHOCTEH B Y3JlaX CCTH, H3MCHAIOIMHCCA BO BPCMCHIL. K HHTCI PaJIBHBIM 34d

BPEMA — CPpCIHIC 3HAUCHHA TOKOBE, HEI]'[IJH}I{EHIIﬁ:, MGH.[HGCTEﬁ: X OTHCIICPCHIL, ITOTCPH

BIIEKTPO3HEPT I H JIP.
Ha cyTOYHBRIX HHTEpBajlax BPEMEHH TEKYIIHE 3HAUEHHS ITapaMeTpoB pexHuMoB COIIII
IIPHHSATO IIPEACTABIITh B (DOPME CYTOYHBIX I'Pa(HKOB (TOKa, HAIIPSDKEHHSL, MOIMHOCTH H JP.) HX

OCPEIHEHHBIX 3HAYEHHIT Ha IIOCIIEIOBATEIIbHBIX HHTE pBaIaxX 6 (6} =30 i 60 MHH).
MHTerpanpHbBIe TapaMeTphl, HaIlpHMeD, A1 rpadHKa TOKa

1 n n ] n
/ :lzlf;o}z:l (If_lfp)zz_ 152_162;}:132_1 2*
n 1 n 1 cp

cp =
! ni=1
rae /1 — 4ICIIO HHTEPRAJIOB (9 B CYTOYHOM I'paHKe TOKa,

I 5 — CPCAHCKBAJPAaTHUYCCKOC SHAYCHHC rpatbm{a TOKaA.

HGTEI}H JNEKTPOSHEPI'HH B JIMHHH C COITPOTHBJICHHCM R 3d BPCMA T .
1

AW =312 RT +30?RT =60 z3I7R.
1

[ToTepH 31eKTpO3HEPTHH B TpaHC(OPMaTOpe 3a BpeMsI 1

(] \2 O_z
AW =AP T+| - | AP T LAP T=AP T+
Sy Iy
2
W 1,
+0 = AP, .
I\ 1
1.4, (3agaHmHe)

1.3.1. M3yuiTh KOHCTPYKIHIO 1a00paTOPHOH YCTAaHOBKH. PaccuMTark BCE COIIPOTHBIICHH S
SKBHBAJIEHTHOH CXeMBbI JUIsd TpaHchopMaTopoB T2 u T4.

1.3.2. IloATOTOBHTBCS K PErHCTPalMH TI'pa)HMKOB AKTHBHEIX H PEaKTHBHBIX HaIpPy30K,
3aroTOBHTH Talm.3 B JIBYX sK3eMIUIgpax (s TpaHchopMaTtopoB T2 u T4).

Taomira 3

Permcrpaiiuga M pacueT TeKYIMX IapaMeTpoB pexmma COIIII HampskeHHE CYTOYHOM
HHTEpBaJle BpeMeHH 1 TpaHchopMaTtopa 12(T4)

Ho- [lokazaHHs CUETUHKOB ['padpuxm Harpy3KH
MEpP Yaca
CYTOK AKTHBHOI'O PeakTHBHOIO Ax- Peak- Ilon To
THBHasl | THBHAasA Hasl gk, A
[To- Pas- [To- Pa3- | Moll- | MOLI- MOLI-
Kaza- HOCTh | Ka3a- goctp | HOCIH, | HOCID, HOCTD,
HILST HILT KBT KBAp KBA
0
1
2
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CpE,[[HEE 3HAQUYCHHC
CpE,[[HEKBE]ﬂpﬂTH‘IECKGE OTEKJIOHEHHC

1.3.3. IloAroToBHTE YCTAHOBKY H CAMOITMINVIIHH IIPHOOP IS PETHCTPALHH TEKYIIHX
ImapaMeTpoB pekKuMa padoTel MofenupyemMon COIIII Ha CYTOYHOM HHTEPBAlIE BPEMEHI,

BKIIIOUHTh TpaHcpopMmaTop T4, o000OCHIEeHHYIO HarpysKy SlHEl mmHax 10,5 kB Tl

CHHXPOHHBIH 3IIEKTPOJBHIaTellb, OTKIIOYHTh TpaHchopmaTop T3, KOHJAeHCAaTOpHBIe OaTapeH
BK1, BK2 u BK3, a taxxke cunoBoil ¢unsrp OKVY; ycranoBute PIIH Tpancdopmaropa T2 u
IIEB tpaHchopmaropa T4 B HylIeBoe ITOJOXKEHHE, ITOJTOTOBHTH K padoTe CaMOITHIITYIITHI
IpHOOp M IMOAKIFOUHTE €r0 C IIOMOINBI COEMHHHTEIIBHBIX IIPOBOJOB K COOTBETCTBVIOILEMY
TpaHc(popMaTOpy ToKa (pHc.2) I perHCcTpalHH I'padHka Toka B TpaHchopMatope T4.

1.3.4. 3armycTHTh YCTAaHOBKY HaXaTHeM KHOIIKHM »IIyCK» H IIPOHM3BECTH PETHCTPAIHIO
rpapHKOB aKTHBHOH H PeaKTHBHOH MOINHOCTeH HArpy3ok TpaHcopmaropoB T2 u T4 myrem
CUHTHIBAHHMSA M 3aIICH B Ta0m1.3 (rpadsl 2, 4) MoKa3zaHHII COOTBETCRYIONMX CUSTYHKOB. ['padHK
TOKa TpaHc(opMmaropa T4 3armicarh ¢ IIOMOIIB CAMOITHIIIVIIETO IIPHOOpa.

CoJiepKaHHE OTYETA

1.3.5. IIpon3BecTH pacyeT rpapHKOB aKTHBHOI, peaKTHBHOH H ITOITHOH MOIIHOCTEH ITyTeM
YMHOKEHH S Pa3HOCTH ITOKa3aHHI CYETYHKOB Ha COOTBETCTBYIOIIHI MacIITaOHBIH KO3()(PHITHEHT
(trabm.2). PaccumraTh cCpefHHE 3HAUEHHS H CpeJHEKBaApaTHUeCKHEe OTKIOHEHHS I'pa(HKOB
Harpy3kH. Jlma T4 3HaueHnsa Toka (rpada 10) ompenemTh pacyeTHBIM ITyTeEM HIIH IIO
perucTporpamMMme, pasons ee Ha 24 paBHBEIX HHTEpBala, H3MEPHB CPEIHEE 3HAUYEHNE Ha KaKJIOM
HHTepBajle JIMHEHKOH (B MIUDIMMeTpaxX H YMHOJKHB HX Ha COOTBETCTBYIOIIHII MacIITaOHBIH
KO3 riipeHT). /719 CaMOKOHTPOIISA PeKOMEHAYeTCSI COIOCTABHTh ITOIMyYeHHbIE 3HAaYeHHS TOKa
CO 3HAUEHHSIMH, PaCCYUTAHHBIMH ITO ITOJHOH MOII[HOCTH.

1.3.6. PaccumrtaTh IIOTEpH ASIEKTPO3HEPTHH 3a CYTKH B TpaHcopmaTtopax T2, T4 u B
KaOEeIIbHOM JIIHHHH (B KHIJIOBAaIT — YacaX H B IIPOIeHTax). B BEeIHYHHE IIOTEPh BHIJACIHTH
COCTABIISIOIIYI0, OOYCIOBIIEHHYIO HEPABHOMEPHOCTBIO I'Pa() HKOB Har py30K.

1.3.7. OgopmMuTh OTYET IO JTaGopaTOpHOH padoTe, KOTOPHIH JOIKEH COJepKaTh:

- MHEMOCXEMY VCTAHOBKH, KpaTKOE€ OIMCaHHE M TIapaMeTphl MOJIEIHPYEMEIX
ar1eMeHTOB THITIOBOH COIIII, 11enp padoThr;

- pacyeT COIPOTHBIIEHHIT SKBHBHIIECHTHOI cXeMBI TpaHc(hopMaTopoB T2 u T4,

- Pe3YIbTATEl PETHCTPAIMH H pacyeTa Ipa)HKOB HAarpy3KH H HX ITapaMETPOB I
TpaHcopmaTopoB T2 u T4 (tadm. 3);

- rpaukH Harpy3ok 12 u1 4 (aKTHBHOH, peaKTHBHOM, ITOJIHOH MOIIHOCTH H TOKA);

- pacyeT MOTePh AIEKTPOsHeprHH B TpaHcpopMmaropax T2, T4 u B xaOellbHOH THHHH,
MU TaroInel TpaHcpopmaTop T4,

- OlleHKY (B % K TIOTHBIM IIOTEPSM) IIOTEPh B VYKAa3aHHBIX SJIeMEHTaX CXEMEI,
OOYCIIOBIIEHHBIX PEaKTHBHBIMH Harpy3KaMH,

- BBIBOJIBI IT0 ITOITYYEHHEIM PE3YIIbTaTaM PadOTHI.

1.5. [Iogroroeka K padore

CamMocToMTelNbHAas ITOAT0OTOBKA K Ta0opaTOpHON padoTe JOIKHA BKIIFOYATh:

- H3YUEeHHE TeopeTHYecKoro wmarepuana kypca OCIIII mo pasgeny «PeXHMbl
BIEKTPONOTPE OIIEHHS ITPOMBIIIUIEHHEIX IIPEATIPH ST I,

BRINIOIMHEHHNE 11.1.3.1 1 1.3.2 3aganus.
. KOHTPOJIBFHEIE BOITPOCEI
1. KakoBBI IIPHYHHEI H3MEHYHBOCTH IapaMeTpoB pexHMOB padbotel COIIII Bo BpeMeHH?
2. Kakue 1orepn HMeroTcs B TpaHc(popMaTOpax H OT Yero OHH 3aBHCHT?
3. Kax omnpeesrorcs IoTepH 3IeKTPOSHEPTHH B ITPOMBIIIUIEHHBIX 3IIEKTPOCETIX?

1.5.4. HepaBHOMEPHOCTh PEXKHMOB SNEKTPOIIOTPEONIEHHST OCIOXKHAST H YXYAIIaeT padoTy

AIEKPOSHEPT ETHYECKHX CHCTEM. []ouemy?

1.6
1.5
1.5
1.5

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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JlaboparopHnas padora Ne2

Tema 3arnamus PEI‘}J’J]]IPGEEIHHE HaITpsDKCHI A B CHCTEME BHEI{’I‘I)GCHﬂﬁ}I{EHHH ITPOMBIIII-
JICHHOT O ITPECIITPHATHA H KONMIICHCAITITA pEEl]E{THEHGﬁ MOIIIHOCTH.

Ilens 3anamus. 11pnoOpecTH HaBEIKH Pel' YIIHPOBAHHS HAIIPSDKEHHS B CHCTEMe BIIEKTPO-
CHAOKeHHS ITPOMBIIIUIEHHOTO IIPENTPHATHS H KOMITEHCAI[HI PEAKTHBHON MOIITHOCTH.

TeoperHyeckas 4acThb

KomrieHcalusg peakTHBHOH MOINMHOCTH M PErVIHPOBaHHE HAMPSDKEHHS B CHCTEME
BIEeKTPOCHAOKEHHH S IIPOMBIIIIIEHHOTO ITPEIITPH STHS.

2.1. llems paboTer

M3yyeHHe OCHOBHBIX TIPHHIMIIOB KOMIIEHCAI[HH peakKTHBHBIX Harpy3ok (KPH) B
ITPOMBIIIIEHHBIX 3NeKTpHuecknX ceTax (I[I9C). C srol 1empro B paboTe IIpedyCMOTPEHO:
BBIUHCIIeHHEe OOMI[eH MOIIHOCTH KOMIIEHCHPYIOIIHX ycTporceTB (KY) mia morpeburtend,
peanmszalsa pacueTHOIO peXKHMa PEAKTHBHOH MOIIHOCTH Ha TabOpaTOPHOH MOJEIH, OI[eHKa
BioistHH S KPH Ha pekiM HaIlpsDKeHHS H pacueT SKOHOMHY ecKoro 3ddekra.

2.2. BeeneHue

OOMEH PpeaKTHBHOH MOIIHOCTBIO MEXIY CHCTEMOH 3IeKTPOCHAOKEHHS IIPEeMTPUSTHI H
AIEKTPO3HEpreTHYeckon cHcTeMoH (B05C) pernamMeHTHpoBaH «lIpaBHiIaMH ITOIB30BaHHS
BIEKTPHYECKOH M TEIUIOBOH SHEPrHEH». Y CTAHOBJIEHHE KOHKPETHBIX TPeOOBaHHH K PEXKHMY
PEAKTHBHOH MOIIHOCTH Ka)XIOro M3 IIPEAIPHATHI OCVINECTBISETCS TIPH  €KErOJHOM
3aKTFOUYEHHH JIOTOBOPa Ha ITOCTABKY SIMEKTPOSHEPTHH OT 3JIEKTPOCHAOKAIOIEH OpraHH3allHH.
OKOHOMHYECKH O0OCHOBAHHBIE BXOIHBIE PeaKTHBHBIE MOIIHOCTH (O =27 H Q 52) [4] 3amarorcs
MpeMIpHATHEM  JTH(Q(QepeHIIHPOBAaHHO, B 3aBHCHMOCTH OT IIOTpeOnsgeMOH MOIIMHOCTH H
SIEKTPHYECKON  VAAIEHHOCTH  TIPEMIPHSATHSA  OT  OCHOBHBIX  HMCTOYHHKOB  SHEPIHH
(anmekrpocTaHimi). UmciioBele 3HaueHHS Q 57 H Q 52 ONPeJelSIOTCS B Pe3ylbTaTe pacyeTOB
ONTHMAIbHBIX PeKHMOB pPaOOThI SHEPrOCHCTEMBI B TEPHOABI €€ MAaKCHMAIbHBEIX (Q 3;) H
MHHHMAaIBHEIX (O 5;) Harpy30K.

B pabote uccneayercs y3el Harpy3KH, cXemMa 3aMeIleHHs KOTOPOro ITOKa3aHa Ha pHcC. /.

CxeMa cOIepKHT TonbKO ofHy H3 cekimii I'TIII (mmpaByro cekIlHro), ITOCKOIBKY BTOpas
YCJIOBHO CUHMTAETCS aHaJIOTHYHOH. I'paHmiia OamaHCOBOH ITPHHAIJIEKHOCTH HAaXOAHTCS Ha
YPOBHE BBICOKOBOJIbTHBIX BBOJIOB TpaHc(popMaropon I'TII1. Ha rpanmiie cBOASTCS KOHTPOIBHEIE
OalmaHCEI AKTHBHOH M PEaKTHBHOH  MOIINMHOCTEH. KOHTPOIE  OCVIIECTBISIETCS  Ha
IIOCIIEAOBATENIBHEIX ITOIYYACOBBIX HHTEPBAIAX BPEMEHH ITPH ITOMOIM CUYETYHKOB SHEPIHH C
(pHKCHpOBaHHEM MAKCHMYMOB MJIH IIPpH IIOMOIIH CIIEIHAIBHBIX aBTOMAaTH3HPOBAHHBIX
HH()OPMAaI[HOHHO-H3MEPHTEIbHBIX CHCTEM.

B  malopaTtopHOH  MOJEIH  HCTOYHHMKAMH  PEaKTHBHOH  MOIIHOCTH  SIBIISIFOTCSL
ANIeKTpo3HepreTHdyeckasd cHcreMa (Q 57, Q 32), CHHXPOHHBIH SIeKTpoJBHTATENb (0O 5),
KoHAeHcaTopHbIe yecTaHOBKH EK1, BK2 HanpsokermeM 10 kB (Q xz) u BK3 Hanpsoxennem 0.4 kB
(O rr); moTpeOHTEISIMH — Hapry3ka Ha mmmHax 10,5 kB (Q ;) u Harpyska TII (Q 2).

Puc.7. Cxema 3aMeIleHHS y37Ia Har Py3KH

Hanmyumrim (oInTHMaIbHBIM) PeXKHMOM KOMITEHCAIIHH PeaKTHBHBIX HAarpy30K OyIIeT pexKHM,
COOTBETCTBYIOIIHI MHHHMAIEHON BEIINUHHEE I'OJOBBIX PACUETHEIX 3aTPaT U YAOBIETBOPSFOIIII
TpeOOBaHHS HIEKTPOIHEPTETHUYECKOH CHCTeMBI [4]. g HaxXOXIeHHS 53TOro pexnMa
COCTABIISIETCS (DYHKI[MS PacUYETHBIX 3aTpar (IieneRas (QYHKIQS) H 3allHCHIBAIOTCS OTPaHHYEHH S
[4.5]. OnrTuMagIbHBIMH CUHMTAIOTCS TaKHE MOIIHOCTH KOMIIEHCHPVIOIMX VYCTPOHCTB, IIPH
KOTOPHIX IlelleBast (PYHKIHMS IIPHHHMAaeT MHHHMAILHOE 3HAYeHHe B OOIAcTH JOITYCTHMBIX
pereHi. OO0NMacTh JOIMYCTHMBIX PEIEHHH OIPENesIeTcsd OrPaHHYEeHHIMH, HAKIIAbIBacMbIMI
Ha MomHocTH KY. Pacuer oInrrMManbHBEIX MOIIHOCTER KY, B OIMCAaHHOH BBIIE ITOCTAHOBKE
3aJ1a4M, IIPOMU3BOJUTCS C TTOMOIIBIO METOJOB MaTeMaTHYECKOTO ITPOr PAMMHPOBAHISL

B maGoparopHon ycTaHOBKe Moienupyercs He Besa [12C, a Toneko ' u ogHa M3 1eXOBBIX
IIOACTAHI[MIL C IMTAroIeH ee KaldenmbHOH ImMHHeH. Harpyska () InpeacraBisieT coOoH
CYMMapHVIO PEaKTHBHYIO MOIINHOCTE. ITOTPEONAEeMYI0 OCTAIbHBIMH T1I, 4HCIIO M MOIIHOCTH

AOKYMEHT NOAMUCAH [THMH3aIMH pasMeleHHs KY MoXHO pelars
ANEKTPOHHOMW NOANMHUCKEIO [E]IHB ee Ha J[Ba ATarla.
Ceptudwmkar: . 12000002A633E3D113AD425FBS0002000002A6
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Jis onpepenenns Q xx 3aIHCEIBAETCS (DYHKITHS TOJOBBIX PaCcUETHBIX 3aTPar.

R m 2
3(Qky) = E-AKy - Oy + C,| APy Qpyy + e Tfog (Qz - QKH) 5.1)
rae E — xoaQ@HIMEHT OTYHCIEHHH OT KalTHTAIOBJIOKEeHHH (HOPMAaTHBHBIE OTYHCIIEHHSL
OTYHCIIEHHSI Ha SKCIUIYaTal[HIO H BOCCTAHOBJIEHHEe OOOpyAoBaHHS). UHCIIEHHBIE 3HAaYeHHSI E
clIleAyeT ITPHHATH IT0 YKa3aHHIO ITperogoBaTeld B mpejenax (0,2 — 0.4);

AKy — VaenmbHasg CTOHMMOCTh KOHIeHCAaTOPHBIX YCTaHOBOK HH3KOro HarpspkeHHS (150
py6/kBAD);

C, — VIEnbHas CTOMMOCTh IIOTEPh AKTHBHOH MOIITHOCTH (3aJacTcs ITPEIoJoBaTelIeM B
npeaenax o 800 go 1200 py6/kBT);

AP- yaenbHBIE ITOTEPH AKTHBHOM MOIIHOCTH B KOHIEHCATOPHBIX YCTAHOBKAX HaITPSKEHHS
(0,003 xkBr/xBAp);

R7r — mpuBeJieHHOEe K HanpskeHHIO 10 kB compoTtuBieHne TpaHcopMaTtopa 1exoroil TII u
T TAIOIIEH er0 JIMHHH 3JIEKTpoIiepeaun, OM.

BermmuiHa 3Toro COIpOTHRIIEHHS OIPEAEIISETCS 110 JaHHBIM Taln.l ormicaHnsa nadopaToOpHOI
YCTaHOBKH,

U — cpegHee HanpsokeHHe Ha mmHax ['TIIT (10 kB);

0:;" — HauOomnbIlas peaKTHBHAS MOIIMHOCTh Harpys3kH TpaHcpopmatopa T4 B mepHOX
MaKCHMAalIbHOH aKTHBHOH MOIIHOCTH Harpy3KH SHEProCHCTeMBI (IS YIIPOINEHHS PaOOTEI
CUHTaeM, 4TO TpaHchopMmarop T3 OTKIIIOYEH H B pacyeTax HE YUHTBIBacTcs). OIpeaersieTcs 1o
rpapuky Harpy3ku T4, mnomydeHHomMy B pabore Nel. Ilepomy MakcHMyMa 3aJaeTcs
IIPEITOJOBATEIIEM.

R,, = AU o +R -1 52

"

HT
r1e AP g3 — IIOTEpH KOPOTKOTI'O 3aMBIKaHH S B TpaHc(opMmarope, KBT (tabm.1.1);
SzT— HOMHHAJIbHASI MOIITHOCTE TpaHc(opMaTopa, KBA
R, — yeIbHOE aKTHRHOE COITPOTHBIIEHHE JIMHHH IeKTponepeaadr, OM/KM;
[— IUIMHA JIMHIH 3JIEKTPOIIepeaay, KM.
MOIIHOCTh KOHAEHCATOPHOH OaTapen OIpeAersIeTCs H3 YPaBHEHHS

03 (™.
aQKH

PacueTHoe BBIPAKCHIIC HMCECT BH/I

E-AK,, +C -
Q — Qm H 0
v 2 2'CH'RTJT

Otan BTopoil. Ha 3TOM 3Tare paccMaTpHBaceTCA 3aadya HaXOXKIEHH S OITTHMAlIbHBIX 3HAYEH I
QO xz 1 O s (puc.9). BemmumHa HEKOMIIEHCHPOBAaHHOH MOIIHOCTH, IlepeJaBacMOH uepes
TpaHcopmMaTop T4, mokazaHa Ha cxeMe Kak O 1.

MYHKIFSA TOJAOBBIX PacUETHBIX 3aTpaT IS 3TOTO 3Talla pacueTOB HMEET BH/I

3 (Q s, Qs)=E-AKz Qg +Co(APrs Qrp +Ki QstK2 - Q4°), pyod/ron, (5.5)

rae E, C, — cm. BeIpakeHHe (5.1);

AKz — vyIenbHas CTOHMMOCTh KOHJEHCATOPHBIX OaTapeH BBICOKOro HampspkeHHS (120
py6/kBAD);

Puc.9. PacueTHad cxXeMa 3aMell[eHU S

I[7IsI BTOPOI'O 3Talla pacueToB

APrp — YIEIbHBIE IIOTEPH AKTHBHOH MOIIHOCTH B KOHJIEHCATOPHBIX YCTAHOBKAaX BBICOKOIO
HanpspkeHHs (0,002 kBr/kBAp);

K, K> — K03 pHIIHEHTHI, XapaKTepH3YIOIIHE IIOTEPH aKTHBHOH MOITHOCTH B CJl, 3aBHCSIIHE
or O (K;= 0011 ¥Br/xBAn_K> = 000019 kB1/xRAp?).

=0, (5.3)

H.[J2.10° 5.4

AOKYMEHT NoAanncAH
SMEKTPOHHOWM NOAMNMUCHLIO .
Ceptudmkar: ~ 12000002A633E3D113AD425FB50002000002A6 | Qxz- Qs), 9.6) -
Bnapgened: LLlebayxoBa TatbsHa AnekcaHaposHa unHax 10 kB 'l B IIEPHOA MaKCHMalIbHOH
[encteurenex: c 20.08.2021 no 20.08.2022 . CHCTEMBI }fpaEHEHHﬁ
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OL

00,

8—L =0.5.7)

00,
oL _,

o),

13 (5.7) MOHO TIOTYYHTE BRIpakeHHe I pacueTa Q xz, O s B 00IeM BHJIE:

1 E'AKB
= FAP ., — K1 |.xBAp (5.8)
Co K2\ C, KB p

Ows =0" +0; — 05, —0,. xBAp (5.9)

C nmomompro (5.4), (5.8), (5.9) BeIMHMCIIIOTCA HeOOXOQHMBIE YCTAaHOBIEHHBIE MOIIHOCTH
KOHIEHCATOPHBIX Oaraped M HaHOOJbINAd peakKTHBHAS MOINHOCTE CJl. OTpHIaTeIbHbIE
3HAYEHHS PaACUETHBIX MOIIMHOCTENH CBHAETEIBCTBYIOT 00 OTCYICTBHH SKOHOMHYECKOMH
1[e11e COOOPa3HOCTH HCIIOJIB30BAHIS COOTBETCTBYIOIIETO HCTOYHHKA PEAKTHRBHON MOIITHOCTH. Ero
3HAYEHHE TIPHHUMAETCS PAaBHBIM HYIIO. BemmumHa () 5 He JOJLKHA IIPEBHIINATEH JOITYCTHMBIX
3HAYEHHH IT0 YCIIOBHSAM HarpeBa craropa H poropa CJ] ¢ y4eTOM ero 3arpyskH IO aKTHBHOMH
MOIITHOCTH. IIposepka CJ/I 1o yCIOBHSAM HarpeBa B 1a00paTOpHOH padoTe He IMPeAyCMOTPEHA.

OO0opyI0oBaHHE

[IomHOe wmcmonb3oBaHHe BeexX KY 5SKOHOMHUYeCKH OOOCHOBAHO TOJIBKO B IIEPHO
MaKCHMaJIbHOH Harpy3kun O0C. lIpH CyIIeCTBEHHO H3MEHIIOIEMCS IpadHke peaKTHBHOH
MOIIIHOCTH Harpyskm TpeOyerca perymapoBanne KY. B mabopaTopHOH  YCTaHOBKE
IPEAYCMOTPEHO PYUYHOE MHCKPETHOE PeryiiHpoBaHHe () 5 H aBTOMAaTHYECKOE PeryIIHpOBaHIE
KOHZEHCATOPHBIX OaTtapeil. I'paduxu perymupoBaHHda Ky CTpoATcs Ha  OCHOBaHHH
ONTHMH3AI[MOHHEIX pacuyeTOB ¢ y4yeToM TpeboBammii 330C (Qz;, Qs22). PerymupoBamme KVY
ITOJDKHO OOeCIIeYHTh MHHHMAJIBHBIE ITOTEPH 3IEKTPO3HEPIHH H TPpeOyeMBIH YPOBEHb KauecTBa
HAITPSDKEHIL.

JIIIsT OTZIENBLHOTO Y3JIa HAarPy3KH, KOTOPBIH HCCIEAYETCA B JaHHOH padoTe, OITHMI3AIHS HE
TpeOyercs. ['paduku perymupoBannsg KY B 3ToM crydyae MOI'YT OBITH ITOCTPOEHEI O€3 PacueToB.
OCHOBOH 151 HX ITOCTPOEHH S SBILTEOTCS I'papHKH peaKTHBHOH Harpy3kH Ha ImmHax 10 kB u 0.4
kB. IIpu rmocTpoeHnn rpagpHKoOB PETYTHPOBAHHA CIEAYET YUECTh!

=0.

l. B r1neprnoj MaKCHMAIbHONH AaKTHBHOH MOIMHOCTH Harpysku 33C morpelieHue
PEAKTHBHOH MOIITHOCTH HE JOJIKHO IIPEBOCXOANTE BEHUHHY (J5].
2. B nepmoja MHHHMAaIbHOH HarpyskH IOTpeliseMass peaKTHBHAS MOIIHOCTH JOIIKHA

OBITh MEHBIIE, YeEM (=).

2.3. ITopsamok BRITTOIMHEHHS PAadOTHI

2.3.1. TlomyyuTs vy IpernogoBaTens CIeAYIOIYEO HCXOMHYIO HH(OPMAIHIO:

a) Os1, O32;

0) HHTepBalbl BPEMEHH, COOTBETCTBYIOIIHE ITEpHOJAM MAaKCHMyMa H MHHHMYMa aKTHBHOH
MOIIIHOCTH Harpysku 255C;

B) VAEIbHYIO CTOHMOCTD IIOTEPh aKTHBHOH MOIIMHOCTH C,

2.3.2. Ilo popmynam (5.4), (5.8), (5.9) onpenenurs MomrHocTH KY (1Ba sramna). ITlomydeHHEIE
3HAYEHHS OKPVITIMTH OO0 OMIDKaIIMX BO3MOJKHBIX BEIMYHH, VKa3aHHBIX Ha MHEMOCXEME
1abopaTOPHOH YCTAHOBKH.

MoIIHOCTP Harpy3kH B3STh IO IpadHKy, ITOIy4eHHOMY B JraboparopHoil padoTre Nol,
ITPOYYI0 HeOOXOAHMYEO HH(OPMAIIHEO CIIETyeT B3ATb H3 Talm. 1.

2.3.3. Ilpoeputs OamaHC peakKTHBHOH MOIMHOCTH Ha ImmHaxX I'TIII B 4ach MaKCHMyMa
ATTTIIRIIATE yrarmmreay AT Do omearan sianafuamrrseasTy BRITIOJIHUTE KOPPEKTHPOBKY MOIITHOCTEH

AOKYMEHT MOArN1CAH
SNEKTPOHHOW MNMOAMUCHIO - -
Ceptudcpukar: - 12000002A633E3D113AD425FB50002000002A6 OITHOCTECH KOHJZICHCAaTOPHBIX 5E1TE1pEII (QR‘H-.-
Bnapenew: WeGayxosa TatbaHa AnekcaHapoBHa JOCHHH I‘path]I{lDE PEKOMCEHIAYETCA DﬁpﬂTHTL

THKH H BtbQJEKTIIEHGGTL PacItojiaracMbIX KY.
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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2.3.5. IlpoBepurp OajmaHC pPeaKTHBHOH MOINHOCTH Ha InmHax ['1III B wacer mimHmMyMa
aKTHBHOH Harpys3ku DOC.

5.3.6. CoOpaTrhs cxeMy aBTOMAaTHYECKOIO VIIpaBlIeHHS aHIandgamu T2 (pabdora Ne5) u
MOITTHOCTSIMH KOHJIEHCAaTOPHBIX OaTapeil B COOTBETCTBHH C IIOCTPOEHHBIMH TIpaHKaMH HX
peryimmpoBaHHA. [IpHBecTH 11a00opaTOpPHYIO MOJIENIF B HCXOAHOE pabouee COCTOSIHHE (BKIIFOUHTE
Sy, T4, CJI; otkmrounts 13, BK1, BK2, BK3).

2.3.7. BknrounTs 1abopaTOpHEIH CTEH]T H BBRIIIOIHHTE CIIEAYIOIIEE:

a) IO TIOKa3aHHSM CYETYHKOB 3allicaTh Ipa@HKH H3MEHeHHS aKTHBHOH H PeaKTHBHOM
MOIIHOCTeH Harpy3ok TpaHchopMaTopoB T2 u T4 ¢ yuyeToM pacueTHBIX MoIHOcTeH KY H mx
PETYIIMPOBAHHA,

0) 3ammcath ¢ oMok CII HampsokeHHe Ha mmHax 0,4 KB TII ¢ ydeToM peanmzaipin
MEPOITPHATHH IT0 HX VIIYUIIeHHIO (CM. paboTy Ned).

3armmich TpaHKOB Harpy30K H HaIlpsUKeHHH (I.pa» H »0») HeoOXOIHMO ITPOH3BOJHTH
OHOBPEMEHHO.

2.3.8. IlocTtpouts rpaduku Harpy3ku (P u Q) ¢ yuetoM KVY M cpaBHHTh HX ¢ T'papHKaMH,
ITOIIYYeHHBIMHI B padote Neol.

5.3.9. IlocTpouTk THCTOrPpaMMBI, BBIYMCIIHTE MATeMATHYECKHE OXHJIAHHUSA M JUCIIEPCHI
HarnpsokeHHH Ha muHaxX 10 m 0.4 kB ¢ yuerom KPH. Ouennrts BrmsHue KY Ha pexnMm
HAITPSDKEHNSL, CPABHUB ITOJIYUEHHBIE PE3YIIbTAThI C COOTBETCTBYIOIHMH JaHHBIMH paOoThl No4.

2.3.10. Onenurs skoHOMHYeckHiT »>(pdexr KPH Ha cyroyHom HHTepBale BpeMEHH B
KITIOBATT-yacaX CAOKOHOMIIEHHOH 3IeKTpOosHeprHH. OIeHKY 3¢ deKTa BBHIIOIHHTL CPaBHEHHEM
ITOTEPh BHeprHH B TpaHchopMaTtopax T2, T4 u xaOelIbHOH JIMHHH, BRIYMCICHHBIX B padoTe Nel
o rpa)HKaM Harpy3KH, He YUYHTHIBAIOIIHMM KY H ImoTeph B TeX XKe 3lIeMeHTax, HO ¢ yueToM KV
H HX PETYIIMPOBAHHSL.

CoJiepKaHHE OTYETA

2.3.11. OpopMuTE OTUET O TabOpPaTOPHOH paboTe, KOTOPBIH JOIKEH COJEePKaTh:

a) TaOIMHIlY HCXOQHBIX JaHHBIX IS BRIIIOITHEHH S paOOThI, BKITIOYAs IapaMeTPhI, ITOTyIeHHEIE
Y IPEOLOBATEILT,

0) pacueT MomrHocTel KV,

B) rpapHKH perynupoBaHHsI KV,

I') rpa(HKH aKTHBHOH H peaKTHBHOH MOIITHOCTeH Harpy3ku 12 u T4 ¢ yuetom KV,

) rpadpuxy H3MeHeHHT HanpsokeHHH Ha mmmHax 0,4 kB TII, momydeHHBIe ¢ ITOMOIIBIO
CAMOITHIIYIIET O BOJIbTMeTpa CII;

) THCTOIpaMMEbI HallpspkeH i Ha 1mmmHax 0,4 kB TII,

’K) pacueT SKOHOMHYECKOT0 3(pdekra;

3) BBIBOJBI ITO pe3ylIbTaTaM pPabOTHI.

5.4. Ilogroroeka x padore

B rmpriecce moAaroroBKH K padore HeoOXOAHMMO O3HAKOMHTBCS C €€ OITHCAaHHEM, H3YVYHTH
PEKOMEHJOBAHHYIO JIMTEPATYPY M COOTBETCTBYIOIIUE Pa3JIelbl KOHCIIEKTA JIEKI[HI. 3arOTOBHUTH
OITaHKH JIIS 3aITCH ITIOKa3aHHH IIPHOOPOB H IIPOAYMAaTh OTBETHEI HA KOHTPOIIBHEIE BOITPOCHL.

2.5. KOHTPOJIEHEBIE BOIIPOCEI

2.5.1. JlaTb TIOHATHE PeaKTHBHOH MOIIHOCTH, TIIOSCHHTH ee (PH3HYeCKHH CMBICT H
OCOOEHHOCTH B CPaBHEHHH C aKTHBHOH.

2.5.2. UeM ompelenstoTcs IMpeJAenbHbIe 3HAUCHHS PeaKTHBHON MOIITHOCTH, KOTOPYIO MOJKET
BBIZATh B CETh CHHXPOHHAS MallliHa?

2.5.3. JlaTp CpPaBHHTEJIBHVIO XapaKTEPHCTHKY MCTOYHOKOB PEAKTHBHOH MOIIHOCTH,
HCITonb3yeMbIX B COIIILL

25.4. KakuM o00pa3oM peakTHBHAS MOINHOCTh BJIHSET Ha PEXHIM  HAIIPSOKEHHS
BIIEKTPHYECKOH CETH?

2.5.5. TpeboraHus, MpeaAbsIBISIeMbIe DOC K peKHUMY peaKTHBHOH MOIIHOCTH COIIII.

2.5.6. Kak oleHHBaeTCs SKOHOMHYECKHH 3((eKT BHeApeHHS pacyeTHOI'O OITHMAILHOIO
peKIMa KOMITEHCAL[MH HATr'PY30K ITPEAIIPUSTHS?

2.5.7. C KakOH II€IBIO BEHIMNOJHIETCA PETYIHPOBAHHE MOIIHOCTEH KOMIIEHCHPVYIOIIHX

YCTPOHCTB?
2.5.8. Ilepe4HCIIHTE H ITOSICHUTSD ITPHHIHIIBI ITOCTPOEHH S I'Pa(pHKOB perymHpoBaHusI KV,
AOKYMEHT NOAMNCAH ' 3aJ1ar0TCA MPEMTPHATHEM HHIHBHIYAILHO?
SNEKTPOHHOW MOATMCHIO KIMa KOMIIEHCALMH PeaKTHBHBIX MOIIHOCTEH
Ceptudhmkar: _12000002A633E3D113AD425FB50002000002A6
Bnapeneu;. leBayxoea TatesaHa AnekcaHgpoBHa

IH—LI[IIEH,[[}"EIJ]LHDﬁ KOMIICHCAIlIIT pEﬁI{THEHDﬁ
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JlabopaTtopHas padora Ne3

Tema 3anamus VI3MeHeHHI HalIPsDKEHH S, (DIIHKEP, HECHHYCOHAATbHOCTh H HECHMMET -
PHS HAIIPSDKEHHH B PACIIPEAEINTEIBTHRIX eKTpHYecKHuX ceTsax 10-0,4 kB

I[ens 3aramus. VI3ydnth H3MeHeHHe HaIIpsDKeHH S (PIIHKeED, HECHHYCOHJAJIbHOCTh H
HEeCHMMETPH S HAIIPSDKEHHI B PACIIPEACIIHTENBTHEIX ANeKTpHYecKHX ceTsax 10-0,4 xkB.

TeopeTHueckas 4acTh

OTKIIOHEHHS HAIIPSDKEHHSL, pa3MaxX H3MeHEeHHIH HaIlpshKeHHS, (DIIHKep, HECHHYCOHAAIbHOCTD
H HECHMMETPHS HAIIPSDKEHHH B PacIIpedeIHTEIbTHRIX IeKTpHuecKiuX ceTsax 10-0.4 kB

. Ilems paboTel

M3y4HTh MeTOAMKY OIIEHKH YPOBHEH HAIPSDKEHHS B CETH H CIIOCOOBI MX VIIVUIIEHHS Ha
CYTOYHOM HHTEPBaJIe BPEMEHM.

3.2. BeeneHue

MMeroTca JBe OCHOBHBIE TIPHYMHBI, OOVCIIABIHBAIOIHE HM3MEHYHMBOCTh HAIIPSDKEHHS B
AIEKTPHUYECKHX CETIX. HM3MEHYHBOCTh HArpy3OK, BBI3BHIBAIOINAS H3MEHUYHBOCTH IIOTEPH
HAIPSDKEHH S, H PETYIIMPOBAHHE HAITPSKEHHU S C LETIBIO TIOIEPXKAaHH S €TI0 B 3aJJaHHBIX ITpEeIax.

YPOBHH HaIpsDKEHH A TIPHHATO OL[EHHBATh OTKJIOHEHHSMH HallpsDKeHHS OT HOMHHAIBHOro V

[ 1], KOTOpEBIE TaKKe H3MEHUYHBEI BO BPEMEHH I10 VKa3aHHBIM BBIIIIE IIPHUIHAM.

HammyuiimnM HanpspKeHHEM Ha 3aKHMax JIEKTPOITPHEMHHKOB, ¢ TOUKH 3PeHHS TEXHHKO-
SKOHOMHYECKOH 3((PeKTHBHOCTH HX paboTHL, sBisteTcs U (t)=Uy=const, T.e. V=0. OGecIIe4HTb
TaKOH PeXMM HaIIpSOKEeHHS IS BCEH MAacChl SIeKTPOIPHEMHHKOB B CEeTH ITPaKTHUYECKH
HEBO3MOJKHO, ITo3TOMY Beerga V(). [Ipnyem yem Golbille BenmuMurHa V, TeM XyXKe HaIllpsKeHHE.
M3 »s3rOoro mpaBwia HMeeTCS PaI HCKIFOYEHHMI, HampHMep, g crnabo 3arpy:KeHHOro
ACHHXPOHHOTO  3JIEKTPOJBHTATENI  HAHIYYIIHM  SBIISIETCS  HAIlPSDKEHHE, — MEHBIIEE
HOMHHAIIBHOIO. BemunHa gomycTHMBIX 3HaueHHH V Hopmupyercs ['OCT [2] B nernom s
AIEKTPHYECKHX CETEH B 3aBHCHMOCTH OT HX HaIpsokeHHs. HamGonee xecTkHe TpeOGoBaHHS K
permunHe V B ['OCT mpeapsSBiIsSIOTCS, €CTECTBEHHO, K TEM CETSM, KOTOPHIE ITHTAIOT OCHOBHYIO
Maccy 3eKTpoIrpHeMHHKOB (ceTH 0 1000 B).

Tabmira 3
JlormycTHMBIE 3HaUEHH I OTKIIOHEeHHH HanpspkeHs 1o 'OCT 13109—97
HanpsoxeHue cetu JloImyCTHMBIE 3HAUEHHST

HOPMaJIbHEIE MaKCHMAJILHBIE
Jlo 1 kB + 5% + 10%
6...20 kB - +10%

35 kB u BhIIIIE _ _

OO0opyaoBaHHE

JInsa ceren HanpsokeHHeM 0 1000 B ¢ mHTerpaabHOH BePOSTHOCTBIO 0.9 IOITYCTHMEI
OTKJIOHEHH S HaIpsKeHHS = 5%, ¢ BEpOATHOCTRIO 0,05 momycTHMEBI OOIBIIHE OTKIOHEHHS, HO
OHH He JOJKHEI IpeBRbInaTh £ 10%.

OLleHKY MaKCHMAaJbHEIX OTKIOHEHHH HAIIPSKEHHS OOBIYHO TIPOBOJAT ML PEKHMOB
MaKCHMAJIbHBIX H MHHHMAIbHBEIX HArPYy30K C ITOMOIIBIO ITOCTPOEHHS JHAI PAaMMBI OTKIIOHEHHIH

NOKYMEHT NoAanmcAH
SNEKTPOHHOWM MOANMCHEID arpammMa V 1mmoxkasaHbl Ha pHcC. 6.
Ceptudmkar: + 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: LUebayxoea TateaHa AnekcanaposHa 19

;I flO KB, nmuraroreit Tpancopmarop I'TIIT;
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Vo — OTKIIOHEHHME HAIIPSDKEHHS Ha JIHHHH pasjena OalaHCOBOHM IPHHAIJIEKHOCTH CETEH
SHEProcHadXKaroIeH OpraHH3al[Mi H CeTeH ITOTPeOHTENS IEKTP OSHEPTHI

Vi — OTKIIOHeHHe HanpskeHHd Ha 1mHHax PY 10 kB I'TIII,

A U — nioreps HanpsokeHHS B TpaHcopmaTtope ['TIIT,

E 1 — mo6aBka HarpspkeHHSI TpaHcpopmaTopa ['TIIT;

AUz — moTeps HanpsoKeHHS B KaOelbHOM JIHMHHH, ITHTaroIneil TpaHchopMaTop T4 11eXoBoH
TII;

E> — mo0aBka HaIpspkeHHI TpaHcpopMaTopa IexoBoi T11,;

V> — OTKIIOHeHHe HanpsykeHH Ha mmHHax PY 380 / 220 B mexosoii T1I,

A U4 — moTeps HaIPSDKEHHS B 1[IEXOBOH ceTH (HAIIpHMED, B IMHHHOH MarucTpanu [HIM);

V3 — OTKIIOHEHHE HAIIPSLKEHHS B CETH B TOYKE IIPHCOEAHUHEHMS HaHOOIEe YIAIEHHOI'O
AIEKTPOIPHEMHHKA.

B VyCIOBHSX BKCIUTyaTallMH Bee IMOTPEOHTENM pacCUUTHIBAIOT TpeOyeMble 3HaueHHI Vo I
PEKHMOB MaKCHMAJIBHBIX H MHHHMAJIBHBIX HAI'PY30K C YUETOM CBOHX CPEJCTB PETYIIHPOBAHH I
HAIpsOKeHNS. E I 3HeprocHa0XaroIast OpraHu3alfid He BEIJIEP/KHBAET 3TH SHAUEHHS, TO K HEH
IPETBABISIOTCS 3KOHOMIUECKHE CAHKIMH. 1103TOMY BBITIONMHEHINE HACTOAIEH IabopaTOpHOI
pabOTEI OPHEHTHPOBAHO HA HCCIIEAOBAHHUE OTKIOHEHHI HAIIPSDKEHHS B IIPOMBIIIIEHHOLM
AIEKTPOCETH, IIPOBOAUMOE C LIETIBIO PEIIEHNS JAaHHOH 3aJayl — pacyeT TpeOyeMBIX 3HAYEHHH V)
IUISL PEKHMOB MaKCHMAIIPHEIX H MIHHHMAIBHEIX HAIPY30K.

[loTepss HanpsoKeHHS B 3JIEMEHTE CETH C  COIPOTHBIEHHEM Z=R+jX M TOKOM

[ =1 — ]1 OIIPEEIIIIOTCS 10 (POPMYIIE
I R+1 X
AU = 100%
Uy

Bce HeoOXOomHMEBIE ITapaMETPHI 3JIEMEHTOB MOJEIHPYEMOH CETH IIPHBEIEHBE B Tadm.l, a
napaMeTpsI TpaHcpopMaTopa T2 paccuntaHsl B 11.1.3.1. maGopaTtopHOii paboTsl Nel.

3.3. 3aaHmHe)

3.3.1. IloaroroBUTE YCTAaHOBKY K padoTe:

1) mia m3mepeHHns HanpsokeHnsa Ha nmmHax 10 xB I'IIIT u 380 / 220 B nexopon TII B
CYTOUYHOM I[HKIIE BPEMEHH TTOJKITIOYHTL CAMOITMIIYIIHE IIPHOOPBI B COOTBETCTBHH CO CXEMOI
pHC 2,

2) BKIIOYHTH ITMTaHHE YCTAaHOBKH H TpaHchopmarop T4, oTkmrouurh T3, BKIIOYHTH
0000IMEHHYIO Harpy3ky Ha mmmHax 10 kB §;, Bxiarounts CJ], OTKIIOUHTL KOHJEHCATOPHBIE
6arapen K1, K2, BK3 u ¢umsTpokoMIieHcHpyolee yeTpoHcTBo DKV

3) nepexmouyarenpd aHI@nd tpaHcopmaropa T2 u nepexmouarens [IBB tpancdopmaropa
T4 ycTaHOBHTH B HYJIEBOE IIOIIOKEHHE,

4) IepeKIrovaTenhb 3aJaHHS YPOBHS HanpsokeHHI B ceTH 110 KB yCcTaHOBHTE B IIOJIOKEHIE,
yKa3aHHOE ITPEIOJOBATEIIEM.

3.3.2. 3amyCTHTh YCTAHOBKY HaKaTHeM KHOIKH «lIyCK» M IIPOH3BECTH PETHCTPAIHIO
rpadukor U (r) Ha mmHax 10 kB I'IIT i Ha mumax 380 /220 B nexopoii TII Ha cyTOYHOM I[HKIIE
BPEMEHH C TIOMOIIBIO CAMOITMINYIIUX IIPHOOPOB. IIpH HEBO3ZMOXKHOCTH HCIIOIL30BATh
CaAMOITHIIIYIIHE ITPHOOPRI ITPOBECTH PeTrHCTPaIHIO rpadukoB U (1) IO MIHTOBEIM ITPHOOPaM.

3.3.3. O0paboraTh pe3yiIbTaThl H3MEPEHHH

1) nocTpouTh rpaduku V (1) mmg nmH 10 xB ' u mog mona 380/220 B mexopoit T,

2) IIOCTPOUThL THCTOTPaMMBI OTKIOHEHWI HAIIPSDKEHHS M BBRIUICIIHTR HX CPEIHHE
3HAYEHHSA U IHCIIEPCHH.

3.3.4. IlpoaHamm3HpoBaTh IIOJIYUYEHHEBIE Pe3VyIbTaThl. OIPEeIenuTh OINTHMAILHYIO CTVIIEHD
I[IEB TpaHchopmaropa T4 wm paspabGorars TpapuK IepekmodeHHs aHnamndg PITH
TpaHcopmMaTopa T2. IIpH 3TOM BO3MOKHOCTh PeryIHPOBAHHS HaIpsDKeHHS ¢ IToMoInbio Kb B
TaHHOM paboTe HE YUNTHIBATE.

3.3.5. YCTaHOBHUTE IEPEKIIFOYATEIIEM, PACIIOIOKEHHBIM Ha JIIHIIEBOH ITAHEIIH, HEOOXOMHMYEO
crynedb 1IBEB Tpanchopmaropa T4 u Ha HAOOPHOM ITIOJIe ¢ ITOMOIIBIO ITEpEMBIYEK ITPOrpaMMYy

nepexmodeHnsa aHuard PITH tpanchopmaropa T2. IlogkmouyuTe H IIOATOTOBHTH K paboTe
NOKYMEHT MOANWUCAH
ANEKTPOHHOWM MNOANUCLIQ
Ceptudpmikar: 12000002A633E3D113AD425FB50002000002A6

Bnageneu; LLlebGayxoea TaTtbaHa AnekcaHapoBHa

CTPAaIllHIO HEIHPH}I{EHHﬁ Ha CYTOYHOM ITHKIIC

B COOTBeTCTBHH ¢ I11.4.3.3. U OIeHHTH
NeicTanTéneh: ¢ 20082021 16 20.08.2022 rpeboBanmsM ['OCT [2].
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338 Ilo mnomydeHHBRIM B TIIyHKTe 4.3.7. pesylIbTaraM TIIOCTPOHUTE IS PEKHMOB
MAaKCHMAaJIbHBIX H MHHHMAIbHBIX HArpy30K JHAarpaMMbl OTKIOHEHHH HaIIpsDKeHHS JUIS
MOJeIHpyeMo ceTH (aHamormyHo pHc.4.1). OtkiioHeHHs V; u V> OnpefensroTcs IPH 5TOM
SKCIIepHMeHTalIbHO, Vp — pacueTHeIMITYTEM II0 (opmyie (4.1). Tak kak Ha MOJEIH He

nmpelicTaBleHa IiexoBas ceThb 380/220 B (IIIM nHa pmc.5), To morepu B 310l ceTH (AUs) He
VUHTBIBAIOTCSA H V3 HE OI[EHHBAETCH.

3.3.9. TIpunss st mmH 380/220 B rexosoii TII golrycTHMELE 3HaYeHHT OTKIOHEHHHT V (5 50n
=5%, V )5 50n =0, OIIPEIEINTH COOTBETCTBYIOIIHE OTKIOHEHHS Vo, KOTOPBIE JOIKHA OGECIIEYHTh
SHEProCHAaOKaroIasi OPraHN3aIis Ha JIMHUH pasfeina O0alaHCOBOH ITPHHAMJIEKHOCTH CETEN I
PEKHMOB MaKCHMYyMa H MHHHMYMa Harpy3okK.

[ IpHHSTE BpeMd MakCHMyMa ¢ 8 10 12 yacoB yIpa, MHHHMyMa — C 2 JI0 5 4acOB HOYH. [Ipu
5TOM HeOOXOJHMO IIOMHHTB, YTO B peaJIbHOH IIPaKTHKE pacueTa TpeOyeMBIX 3HaueHHH Vj
HEOOXOAHMM VYUYeT padoTHl KOMIIEHCHPYIOIIHX YCTPOHCTB, YTO B HACTOSIeH IabopaTOpHOH
paboTe He IIPOM3BOLUTCS IS VIIPOINEHNSI €€ BBIIOMHEHHS U €IIE B CBA3H C TEM, YTO BOIIPOCEHI
KOMITEHCAIL[MHN PEaKTHBHEIX HAaarpy30K pacCMaTpHBAOTCA B CIEAVIOIIEH 1abopaTOpPHOH padoTe.

Copgepxanre oTyeTa3.3.10. OdopMHTs OTUYET 110 JTabopaTOpHOH padoTe, KOTOPBIH JOIKEH
COJIepKaTh:

- (GOPMYIHPOBKY 3aJad HCCIEIOBaHHI,

- PE3VIILTATEI OLIEHKH OTKIOHEHHH HAIIPSDKEHIH B MOJIEIIHPYEMOH CeTH IT0 11.4.3.3.;

- CYTOYHEIH I'papHK MepeKIroYeHHs aHang Tpancopmaropa T2,

- PE3YILTATEI 110 I1.4.3.7, TIONYYEHHBIE TIOCTIE PeaIH3al[HH MEPOIIPHSATHIH,

- HanpsoKeHHa o m.4.3.8 u 4.3.9;

BBLIBOJIBI 110 PadoTeE.
3 4. IlogroroBka K padote
CaMocToSTeNbHAas ITOJITOTOBKA K paboTe COCTONT B CIIEAYIOIIEM:

I) ITIOBTOPEHHE TEOPHTHYECKOTrO MaTepHana [ 1];
2) IIOJITOTOBKA K OTBETAM Ha KOHTPOJILHBIE BOITPOCHI,
3) pacyeT MOTeph HAIpsDKeHHS B TpaHcpopMaTope T2 I peKHMOB MaKCHMAJILHBIX H

MHHHMAJIbHEIX HAaIPYy30K, HEOOXOUMBIX JJIS BRIITOMHEHHA I1.4.3.8 1 4.3.9 3amaHus.

3.5. KOHTPOJILHEIE BOIIPOCEI

3.5.1. Kakue moImyckaroTcs OTKIOHEHHS HAIPSDKEHHS B IIPOMBIIIIIEHHBIX 3JIEKTPOCETSAX TIO
['OCT 13109—97 u nmouemy?

3.5.2. Kak 3aBHCHT padoTa pasjIMYHBIX SJIEKTPOIPHEMHHKOB OT BEJIHYHHBI HAIIPSDKEHHS B
CETH?

35.3. Kakme crocoOpl VYIVUIIEHHS HAMpPsDKEHHS HMCIIOJIB3VIOTCS B IIPOMBIIUIEHHBIX
BIEKTPOCETSX H B CETSX SHEPTOCUCTEM?

3.5.4. IlocTponTe BEKTOPHYIO JAHAarpaMMy TOKOB H HAIIPSIKEHII IS IMPOCTEHINEH CETH C
COITPOTHBIIEHHEM R+jX M TokoM [ -j I”.

3.5.5. Kakue HMerOTCS OL[EHKH OTKJIIOHEHHH HAIPSDKEHHSA H KaK OHH BBIYHCIISTFOTCS?

JladbopaTopnas paodora Ne 4
Tema 3anamua PerymipoBaHie YPOBHEH HAIPSOKeHHS B IIPOMBIIIIIEHHBIX AIIEKTPOCETSIX.

Ilens 3aramua. 1IpnoGpecTH HaBBIKH PETrYIHPOBAHHS YPOBHEH HaAIPSKEHHSI B ITPO-
MBIIIIIEHHBIX SIIEKTPO CETSIX.

Teopernyeckasi 4acThb
MccnegosaHue U perylIHpOBaHIE YPOBHEH HAITPSDKEHH S B IPOMBIIIIIEHHEBIX AIIEKTPOCET X
4.1. llems paboTer
M3y4HTh METOAMKY OILIEHKH YPOBHEH HAIIPSDKEHHS B CETH M CIIOCOOBI MX VIIVUIIIEHHS Ha

AOKYMEHT NOAMNUCAH
SANEKTPOHHOU NMoArnncbio
Ceptudmrar: . 12000002A633E3D113AD425FB50002000002A6

SIIMBAROIITHE  HMSMCEHYIIBOCTE HAITPALDKCHHA B
Bnageneu; lebayxoea TatesaHa AneKkcaHapoBHa

JK, BBI3BIBAIOIAAd H3MCHYHBOCTE IIOTCPb
IO ITOACPAKAHHA €I'0 B 3dJdHHBIX ITPCACIIAX.
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YPGEHII HAITP;LKCHHA ITPHHATO OLCHHBATE OTKIIOHCHHAMI HAIIPAKCHHA OT HOMHHAJIbBHOI'O V

[1], KOTOpEIE TaKKe H3MEHUHBEI BO BpeMEHH I10 YKa3aHHBIM BBIIIIE IIPHUITHAM.

OO0OopyIOBaHHE

HarmmyuiimnM HanpspKeHHEM Ha 3aKHMax 3JIEKTPOIIPHEMHHKOB, ¢ TOYKH 3PeHHS TEXHHKO-
SKOHOMHYECKOH 3 (PeKTHBHOCTH HX padoThl, sBisierca U (t)=U.=const, T.e. V=0. O0ecIie4HTh
TAaKOH PeXHM HAIIPSOKEHHS IS BCEH MAcChl SIEKTPOIPHEMHHKOB B CETH ITPAaKTHYECKH
HEBO3MOJKHO, ITo3roMy Beerga V0. [Iprnyem yem OolnbIlie BenHuMHa V, TEM XYyXKe HallpsSKeHHE.
M3 »s3roro mpaBwia HMeeTCS PSI HCKIFOYEHHI, HampHMeEp, Wi cia1alo 3arpyKeHHOIO
ACHHXPOHHOIO  BJIEKTPOJBHTATENI  HAHIYVYIIHM  SBIIIETCS  HAlPSDKEHHE,  MEHBIIEE
HOMHHAJILHOrO. BemmumHa gormmycTHMBIX 3HaueHHH V HopMupyerca ['OCT [2] B memoM g
AIEKTPHUYECKNX CETEH B 3aBHCHMOCTH OT HX HaIpsokeHHs. HamOonee xecTkne TpebGoBaHHMS K
permunHe V B ['OCT mpeapsSBliIsSIOTCSA, €CTECTBEHHO, K TEM CETSM, KOTOPHIE ITHTAIOT OCHOBHVYIO
Maccy 3IeKTporpHeMHHKOB (ceTH A0 1000 B).

Tabrmiia 4
JTormycTHMBIE 3HAYeHH I OTKIIOHeHHH HarlpspkeHHs 1o I'OCT 13109—97
HarmpsokeHie cetn JlommycTHMBIE 3HAUEHHST

HOPMAaJIbHEIE MaKCHMAalIbHbIE
Jlo 1 kB + 5% + 10%
6...20 kB — +10%

35 kB " BbIIIIE _ _

JInga ceren HanpsokeHueM a0 1000 B ¢ HHTerpalpHOH BEPOSTHOCTBIO 0.9 MOITYCTHMEI
OTKJIOHEHHS HampsKeHHI £ 5%, ¢ BeposATHOCTBIO 0,05 HOIMyCTHMEBI OONBINHE OTKIIOHEHHS, HO

OHH He JOJIKHBI ITIpeRbIIaTsh = 10%.

OLIEHKY MaKCHMAaJIbHEIX OTKJIOHEHHH HAIIPSKEHIS OOBIYHO TIPOBOJAT MJISI PEXKIMOB
MaKCHMAJIbHBIX H MHHHMAJIbHBEIX HArPYy30K C ITOMOIIBIO ITOCTPOEHHMS JHAr PAMMBI OTKIIOHEHHIH
HAITPSKEHHUS B CETH.

JIIIsT MOZIETIMPYEMOH CETH pacueTHasa cxXeMa H JHarpaMma V rokasaHbl Ha pHC. O.

Ha sToM pHCYHKE:

Vy» — OTKIIOHEHHS HAITPSDKEHN S B IIEHTPE TIMTaHHA,

A U; — nioreps HanpsokeHHS B BO3AyIIHOH THHHH 110 kB, muraromer tpancgopmarop I'TIII;

Vo — OTKIIOHEHHE HAaIIpPsDKEHHS Ha JIHHHH pasfeia OalaHCOBOH ITPHHAJIIEKHOCTH CETEH
BHEPrOoCHAOKAIOIIEH OPraHH3aIlMH H CETEH ITOTPEOHUTEIS 3IIEKTP O3HEPI HH

Vi — OTKIIOHEHH e HanpspKeHHd Ha 1nHHax PY 10 kB I'TIII,

A U — nioreps HanpsokeHHS B TpaHcopmaTtope ['TIIT,

E 1 — mo6aBka HarpspkeHHSI TpaHcpopmaTtopa I'TIIT;

AUz — moTeps HanpsDKeHHS B KaOelIbHON ITHHHH, IHTaromei TpaHcopmarop T4 1exoBoit
TII;

E> — mo0aBka HarpspkeHHSI TpaHcpopmaTopa 11exoBoi T11;

V> — OTKIIOHeHHe HanpsykeHH Ha mmHHax PY 380 / 220 B mexosoii T1I,

AUy — moTeps HaNPSDKEHHS B 1[EXOBOH ceTH (HaIlpHMEp, B IMMHHOI MarucTpanu [1IM):;

V3 — OTKIIOHEHHE HAIIPSLKEHNUS B CETH B TOYKE IIPHCOEAUHEHMS HaAHOOIEee YIAIEHHOI'O
AIEKTPOIPHEMHHKA.

B VyCIOBHSX BKCIUTyaTallMH Bee IMOTPEOHTENM pacCUUTHIBAIOT TpeOyeMble 3HaueHHI Vo I
PEKHMOB MaKCHMAJIBHBIX H MHHHMAJIBHBIX HAI'PY30K C YUETOM CBOHX CPEJCTB PETYIIHPOBAHH I
HAIpsOKeHNS. E I 3HeprocHa0KaroIas OpraHu3alfid He BEIICP/KHBAET 3TH SHAUYEHHS, TO K HEH
IPETBABISIOTCS SKOHOMIYECKHE CAHKIMM. [103TOMY BBITIOJIHEHINE HACTOAIEH IabopaToOpHOI
pabOTEI OPHEHTHPOBAHO HA HCCIIEAOBAHHUE OTKIOHEHHI HAIIPSDKEHHS B IIPOMBIIIIEHHOLM
AIEKTDOCETH, IIPDOBOAUMOE C IETBIO PEMIEHNS JaHHON 3aJlaul — pacyeT TpeOyeMBIX 3HAYEHHH V)

NOKYMEHT NOANMWUCAH PY30K.

SNEKTPOHHOW NOANUCHIO D
CepTichukat: 12000002A633E3D113AD425FB50002000002A6 C CONPOTHBIEHHEM z=R+/X H TOKOM

Bnapeneu: LlebGayxoea TateAHa AnekcadHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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[ R+1 X
AU = 100%
Uy
Bce HeoOXomHMBIE ITapaMETPHI 3JIEMEHTOB MOJIESIIHPYEMOH CEeTH IPHUBeIeHBEI B Taldn.l, a
napaMeTpsI TpaHcpopMaTopa T2 paccuntaHsl B 11.1.3.1. maGopaTtopHOii paboTsl Nel.
4.3 (3amaHmHe)
4.3.1. IloarotoBUTE YCTAaHOBKY K padoTe:

) U1 H3MepeHHs HanpsokeHHs Ha mpHax 10 kB I'IIIT u 380 / 220 B nexoroii TII B
CYTOYHOM IMKIIE BPEMEHH ITOMKIIOYHTE CAMOITHMIIYIIHE IIPHOOPEI B COOTBETCTBHH CO CXEMOMH
pHC 2,

6) BKIIIOUHTH ITHTaHHE YCTaHOBKH H TpaHcpopmarop T4, oTKIOYHTH T3, BKIIIOUHTH

0000IMEHHYIO Harpy3ky Ha mmmHax 10 kB §;, Bxiarounts CJ], OTKIIOUHTL KOHJEHCATOPHBIE
Oarapen K1, EK2, BK3 1 ¢umbsTpokoMIIeHCHpYIoIee yeTpoicTBo DKV,

7) NepeKkoyaTelh  aHiandg TpaHchopmaropa T2 wu  mepeknrouareas  1IBB
TpaHc(popmaropa T4 yCTaHOBHTE B HYIIEBOE ITOJIOKEHHE,
8) IIEPEKIIOYATEIILF 3aJaHHS VPOBHS HaIpsokeHHS B ceTH 110 xB ycTaHOBHTE B

TIOJIOKEHH E, VKa3aHHOE IIPETIOIOBATEIIEM.

4.3.2. 3amyCcTHTh VYCTAaHOBKY HaXKaTHEeM KHOIKH «lIyCK» M IIPOH3BECTH PETHCTPALIILIO
rpadukor U (r) Ha mmHax 10 kB I'IIT i Ha mumax 380 /220 B nexopoii TII Ha cyTOYHOM I[HKIIE
BPEMEHH C TIOMOIIBIO CAMOITMINYIIUX IIPHOOPOB. IIpH HEBO3ZMOXKHOCTH HCIIOIL30BATh
CaAMOITHIITYIIIHE ITPHOOPRI IIPOBECTH PerHCTPaIHIO rpadukoB U (1) IO IMHTOBEIM ITPHOOPaM.

Cogepxanre otyeTad.3.3. O6padoTaTh pe3ylbTaThl H3MEPEHHH:

3) rocTpouTth rpaduku V (1) gmg ommH 10 xB I'TIT u g mome 380/220 B mexoroit T1I;

4) IIOCTPOUTE THCTOIPaMMbBI OTKIIOHEHHI HAaIIPSDKEHMS M BBIUHCIHTE HX CPEIHHE
3HAYEHHSA U IHCIIEPCHH.

4.3.4. IlpoaHamm3HpoBaTh IIOJIYYEHHEIE Pe3yIbTaThl. OIPEAeIHTh OITHMAIBHYIO CTVIIEHB
I[IEB TpaHchopmaropa T4 wm paspabGorars TpapuK IepekmodeHHs aHnamndg PITH
TpaHcopmMaTopa T2. IIpH 3TOM BO3MOKHOCTh PeryIHPOBAHHS HaIpsDKeHHS ¢ IToMoInbio Kb B
TaHHOM paboTe HE YUNTHIBATE.

4.3.5. YCTaHOBHUTE IIEPEKIIFOYATEIIEM, PACIIOIOKEHHBIM Ha JIIHIIEBOH ITAHEIH, HEOOXOIUMYEO
crynedb 1IBEB Tpanchopmaropa T4 u Ha HAOOPHOM ITIOJIe ¢ ITOMOIIBIO ITEpEMBIYEK ITPOrpaMMYy
nepexmodeHusa axrandg PITH tpancdopmaropa T2. IIogKmouyuThs H ITOATOTOBHTH K paloTe
CaMOITHIITYIIHE TIPHOOPEI.

4.3.6. 3aryCTHTh YCTAHOBKY M IIPOBECTH PETHCTPAL[HIO HAIIPSKEHHH HA CYTOYHOM I[HKIIE
aHATIOTHYHO 11.4.3.2.

4.3.77. OOpaborark pe3yIbTaThl H3MEPEHHH B COOTBETCTBHH ¢ I1.4.3.3. H OLEHHTH
COOTBETCTBHE HAIIPSDKEHH S B MOZIeTIHpyeMOH ceTH TpeboBanusM ['OCT [2].

438. Ilo mnomydeHHBRIM B TIIVyHKTe 4.3.7. pesyiIbTaraM TIIOCTPOHUTE IS PEKHMOB
MaKCHMAJIbHBIX H MHHHMAJIBHBIX HArpy30K JHarpaMMbl OTKIIOHEHHH HalPSDKEHHS IS
MOJeIHpyeMo ceTH (aHamormyHo pHc.4.1). OtkiioHeHHs V; u V> OnpefensroTcs IPH 5TOM
SKCIIepHMeHTalIbHO, Vp — pacueTHeIMITYTEM II0 (opmyie (4.1). Tak kak Ha MOJEIH He

nmpelicTaBleHa IiexoBas ceThb 380/220 B (IIIM Ha puc.5), To nmoTepH B 3ToH ceTH (AUs) He
VUHTBEIBAIOTCS U V3 He OL[EHHBAETCAI.

4.3.9. TIpunss st mmH 380/220 B rexosoii TII golrycTHMBIE 3HaYeHHT OTKIOHEHHHT V (5 50n
=5%, V )5 50n =0, OIIPEIEINTH COOTBETCTBYIOIIHE OTKIOHEHHS Vo, KOTOPBIE JOIKHA OGECIIEYHTh
SHEpProcHadXaroIas Opra’HM3allisa Ha JIMHUH pasfaena 0alaHCOBOH IIPHHALICAKHOCTH CEeTEH I
PEKHMOB MaKCHMyMa H MHHHMYMa Harpy3o0K.

[ IpHHSTE BpeMd MakcCHMyMa ¢ 8 10 12 yacoB yIpa, MUHHMYMa — ¢ 2 10 5 4acOB HOYH. lIpu
3TOM HeOOXOJHMMO ITOMHHTBL, UTO B PealIbHOH IIPAKTHKE pacuera TpeOyeMBIX 3HaueHHH Vo
HEOOXOAHMM VYUYeT padoTHl KOMIIEHCHPYIOIIHX YCTPOHCTB, YTO B HACTOSIeH IabopaTOpHOH
paboTe He IMPOHM3BOAUTCS IJIS VIIPOILIEHHI €€ BBOIOMHEHHS H €IIE B CBI3H C TEM, YTO BOITPOCHI
KOMIIEHCAI[MH PEaKTHBHBIX HaarPy30K pacCMaTpHBAarOTCS B CIEAVIOIIEH TabopaTOopHOH paboTe.

Comep:kaHie oT4yeTa

4.3.10. ObopMuTE 0TYET 1O 1a00DATODHOH DAb0Te, KOTOPBIH JOIKEH COJEPKaTh:
NOKYMEHT NOANWUCAH
SNEKTPOHHOWM NOANUCHIO
Ceptucbukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: leBayxoea TatenHa AnexkcaHgpoeHa

KEHIH B MOJEIIMPYEMOH CETH 110 11.4.3.3 .,

1¢ TpaHchopmaTopa T2;

cIIe peaIH3ali MEPOITPHSITHIH,
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- BBIBOJIBI I10 PaboTe.
4.4. Ilogroroeka K padore
CaMocCTOSTENbHAS ITIOATOTOBKA K pab0oTe COCTOHT B CIIEAYIOILEM:

4) IIOBTOPEHHE TEOPHTHYECKOTO MaTepHana [ 1];
) IIOJITOTOBKA K OTBETAM Ha KOHTPOJIbLHBIE BOITPOCHI,
6) pacyeT IIOTEPh HAIIpsDKeHHS B TpaHcpopMaTope T2 s peKHMOB MaKCHMAJIbHBIX H

MHHHMAJIbHEIX HAaI'PYy30K, HEOOXOUMBIX JJIS BRIITOMHEHHA I1.4.3.8 1 4.3.9 3agaHu s

4.5. KOHTPOJILHEIE BOIIPOCEI

4.5.1. Kakue mOITyCKaroTCs OTKIOHEHHS HAIPSDKEHHS B ITPOMBIIIUIEHHBIX SIEKTPOCETSX II0
['OCT 13109—97 u nmouemy?

4.5.2. Kak 3aBHCHT padoTa pasjIHYHBIX SJIEKTPOIPHEMHHKOB OT BEJIHYHHBI HAIIPSDKEHHS B
CETH?

45.3. Kakme crocoOpl VYIYUIIIEHHS HaNpsKEHHS HCIIONB3VIOTCS B IIPOMBIIIIIEHHBIX
BIEKTPOCETSX H B CETSX SHEPTOCUCTEM?

4.5.4. IlocTponTe BEKTOPHYIO JAHAarpaMMy TOKOB H HAIIPSDKEHHI IS IMPOCTEHINEH CETH C
COITPOTHBIIEHHEM R+jX M TokoM [ -j I”.

4.5.5. Kakue HMeIOTCS OL[EHKH OTKJIIOHEHHH HAIPSDKEHHSA H KAaK OHH BBIYH CIISTIOTCS?

JIladboparopHas padora Ne 5

Tema 3anamus PEI‘}"]]IIPDEEIHIIE IIOTEPE 11O JJICKTPOIIHTAHHIO B ITPOMBIINIICHHBIX 3JICK-
TPOCCTAX.

Ilens 3aramua. [IpnoOpecTH HABBIKH PeTrYIIHPOBAHHS ITOTEPh IO ANIEKTPOITHTAHHIO B
IIPOMBIIIIEHHBIX 3I1eKTPOCETSIX

Teopernuyeckasi 4acThb

HccnegoraHue 1 peryipoBaHHE YPOBHEH HAIIPSDKEHHS B TIPOMBIIIUIEHHBIX 3IIEKTPOCET X

6.1. Ilens paboTer

M3y4HTE METOAMKY OILIEHKH YPOBHEH HAIIPSDKEHHS B CETH H CIIOCOOBI MX VIIVUIIEHHS Ha
CYTOYHOM HHTEPBAJIE BPEMEHH.

6.2. BReJlleHHe

MMeroTca 1Be OCHOBHEBIE TIPHYHHEI, OOVCIIABIHBAIOINHE H3MEHUHBOCTh HAIIPSDKEHHS B
SIEKTPHUYECKNX CETSIX. HM3MEHYHMBOCTh Harpy3OK, BBI3BEIBAIOINAS H3MEHUHBOCTh IIOTEPH
HAIPSDKEHH S, H PETYIIMPOBAHHE HAITPSKEHHU S C LETIBIO TTOIEPXKAaHH S €TI0 B 3aJJaHHBIX ITpeeiax.

YPOBHH HaIPSDKEHH S TIPHHATO OL[EHHBATh OTKIIOHEHHSMH HAIIPSDKeHHS OT HOMHHAIBHOro V
[1], KOTOpBIE TaKXKe H3MEHUYHBEI BO BPeMEHH I10 VKa3aHHBIM BBIIIIE IIPHUYIHAM.

OO0OopyIOBaHHE

Hammyuiimnm HanpspKeHHEM Ha 3aKHMax JIEKTPOIPHEMHHKOB, ¢ TOYKH 3PEeHHS TEXHHKO-
SKOHOMHYECKOH 3 (PeKTHBHOCTH HX padoThl, sBisierca U (t)=U.=const, T.e. V=0. O0ecIie4HTh
TAaKOH PeXHM HAIIPSOKEHHS JUIS BCEH MAcChl SIEKTPOIIPHEMHHKOB B CETH ITPaKTHYECKH
HEeBO3MOJKHO, ITo3TOMY Beerga V=0. [IpnyeM yeMm OolbIlle BemMuMHa V, TeM XYyXKe HallpsKeHHE.
M3 »3TrOoro mpaBwia HMeeTCS PSI HCKIFOYEHMI, HampHMEp, I ci1alo 3arpyKeHHOIO
ACHHXPOHHOI'O  3JIEKTPOJBHTATENII  HAHIVUIIHM  SBJIIETCS  HAIIPSOKEHHE,  MEHbBIIEE
HOMHHAJILHOrO. BemmumHa gormmycTHMBIX 3HaueHHH V HopMupyerca ['OCT [2] B memoM g
AIEKTPHUYECKHX CETEH B 3aBHCHMOCTH OT HX HalpsokeHHs. Hambonee kecTkne TpeOGoBaHHSI K
permunHe V B ['OCT mpeapsBiIstOTCS, €CTECTBEHHO, K TEM CETSM, KOTOPBIE ITHTAKOT OCHOBHYIO
Maccy 3eKTporpHeMHHKOB (ceTH A0 1000 B).

Tabmiia 6
JOImyCTHMEBIE 3HaYeHI I OTKIOHEHHH HanpspkeHus 1o 'OCT 13109—97
l HamrnawxeHue ceTu | ITorrveTuMple SHAUEHH S
NOKYMEHT NoanncAH
3NEKTPOHHOW NOANUCHIO
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6 pIE MaKCHMAJILHEIE
Bnapeneu: llebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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o 1 xB + 5% + 10%
6...20 kB — +10%
35 kB u BoIIIIE _ _

JInsa ceren HanpsokeHHeM 0 1000 B ¢ mHTerpaapHOH BepPOSTHOCTBIO 0,95 JOITYCTHMEI
OTKJIOHEHHS HampsKeHHSI £ 5%, ¢ BeposATHOCTRIO (.05 momrycTHMEBI OONBINHE OTKIIOHEHHS, HO

OHH He JOJIKHBI ITIpeRbIIatsh = 10%.

OLIEHKY MAaKCHMAJIbHBIX OTKIOHEHHH HaNpPsLKEHHS OOBIYHO ITPOBOJAT IJISI PEKHIMOB
MAaKCHMAJIbHBIX H MHHHMAJILHBIX HAarpy30K C ITOMOIIBIO ITOCTPOESHHS JHarpaMMBbl OTKIIOHEHHH
HAITPSIKEHHSI B CETH.

JI1s MOJIEMHPYEMOH CETH pacyeTHas cXeMa H JuarpaMma V IokasaHbl Ha pHC. O.

Ha sToM pHCVYHKE:

Vy» — OTKIIOHEHHS HAIIPSDKEHH A B LIEHTPE IIHTaHH,

A U; — nioreps HanpsokeHHS B BO3AYIIHOH THHHH 1 10 kB, muratommei TpaHcdopmarop I'TIII;

Vo — OTKIIOHEHHE HAaNpsDKEHHS Ha JIHHHH paszjcina OalaHCOBOH TIPHHAMJIEKHOCTH CETEH
SHEProcHadXaroIeH OpraHi3alHH H CeTEH ITOTPEOHTENIS AIEKTP O3HEPI HI

Vi — OTKIIOHEHN e HanpspKeHH A Ha 1nnHax PY 10 kB T'TIII,

A Uz — nnoreps HanpsokeHH B TpaHcpopMmarope ['TIII;

E; — no6aBka HanpspkeHHSI TpaHcpopmaTtopa ['TIIT;

AUz — TI0Teps HaIpsDKEHHS B KaOelbHOM JIHMHHH, ITHTAoIeH TpaHchopmarop T4 1exoBoii
TII;

E> — no6aBKa HarpspkeHHI TpaHcpopMaTopa 1exoBoi T1I;

V> — oTKIIOHeHHe HanpskeHHS Ha ImHHax PY 380 / 220 B mexosoii T1I,;

AUy —TIOTEPS HAIPSDKEHHA B LIEXOBOH CETH (HAIIpHMEP, B IIMHHOH MarucTpaiu [1IM);

V3 — OTKIIOHEHHE HAIIPSDKEHHS B CETH B TOYKE IIPHCOEAHHEHHMS HaHOOJIEe VIAIEHHOIO
BIIEKTPOIIPHEMHHKA.

B yCIIOBHSX SKCIUTyaTallHH BCe IMOTPEOHTENH pPacCUHTHIBAIOT TpedyeMele 3HAauYeHHS Vi I1d
PEKHMOB MAaKCHMAJIBHBIX H MHHHMAJIBHBIX HAIPY30K C YUETOM CBOHMX CPEACTB PErYIIMPOBAHHSI
HAITPsKEHH . E il 3HeprocHadOKaroIasl OpraHu3al(is He BRIICPKUBACT 3TH SHAYEHH S, TO K HEH
IIPEIBSBIISIOTCS SKOHOMHYECKHE CAHKIMH. [103TOMY BBIMIOJHEHHE HACTOSINEH I1adopaTOpHOH
paboTEl OPHEHTHPOBAHO Ha HCCJIEJOBAHHE OTKIOHEHHH HaIPsDKEHHS B IIPOMBIIIIIIEHHOH
BIIEKTPOCETH, IIPOBOJHMOE C IIEIIBIO PEIIEHHS JaHHOH 3aJauyl — pacueT TpeOyeMBIX 3HaYeHHH Vo
JUISI PEKHMOB MaKCHMAJIBHBIX H MHHHMAJIbHBIX Halr py30K.

[loTeps HampsKeHHS B 3IEeMEHTE CETH C CONPOTHBIEHHEM Z=R+jX H TOKOM

I=1 — jl ” OIIPEIEIITIOTCS 10 (POPMYTIE
I R+1 X 100%

UH

Bce HeoOXOoMHUMBIE ITapaMETPHI 3JIEMEHTOB MOJIESIHPYEMOH CETH IPHUBeIeHBEI B Tadn.l, a
napaMeTphI TpaHcpopMaTopa T2 paccunTaHsl B 11.1.3.1. maGopaTtopHOii paboTsl Nel.

6.3 (3amaHue)

6.3.1. IloAroToBUTE YCTAaHOBKY K padoTe:

e} UL H3MepeHH HanpsokeHHs Ha muHax 10 kB I'TIIT u 380 / 220 B mexopon TII B
CYTOYHOM IMMKIIE BPEMEHHM TTOAKITIOYHTL CAMOIMIIYIIHE IIPHOOPEI B COOTBETCTBHH CO CXEMOMH
pHC 2,

10) BKIIIOUHTh ITHTaHHEe YCTaHOBKH H TpaHcpopmarop T4, OoTKIFOUHTh T3, BKIIOYHTH
0000meHHY0O Harpysky Ha 1mmHax 10 xB §;, Bxarounts CJl, OTKIIOYMTE KOHJEHCATOPHBIE
6atapen EK1, BK2, BK3 u ¢pumpTpokoMIIeHCHpYIOIee yeTpoiicTBo DKV

11) IepeKnIyaTeib  aHiandg  TpaHchopmaropa T2 wu  nepekinrouarens  [IBB
TpaHc(opmaropa T4 yCTaHOBHTE B HYIIEBOE ITOIOKEHHE,

AU =

I "..r"i TTaTaT TTLMAITI O Ta TIL O TTOATITT LT TTVDIIIT TT
O RIMET I HOANAGAL TpsokeHHd B ceTH 110 xB yCcTaHOBHTL B
SMEKTPOHHOWM NMNOANMUCHIO
Ceprudpnkar: - 12000002A633E3D113ADA425FB50002000002A6 MKkH  «llyck» H IIPOM3BECTH PETHCTPAIHIO
Bnageneu: llleGayxoea TatbaHa AnekcadopoBHa 380 /220 B 1exopon T1I Ha CYTOUHOM ITHKIIC

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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BPEMEHH C TIOMOIIBIO CAMOITMINYIIUX IIPHOOPOB. IIpH HEBO3ZMOXKHOCTH HCIIOJIB30BATh
CaMOITHIIIYIIHE ITPHOOPRI IIPOBECTH PerHCTPaIHIO rpadukoB U (7) IO MM TOBEIM ITPHOOPaM.

Cogepxanre otyeTad.3.3. O6padoTaTh pe3ylbTaThl H3MEPEHHH:

5) rocTpouTth rpaduku V (1) gog ommH 10 xB I'TIT u posg s 380/220 B mexopoit T1I;

6) IIOCTPOUTh THCTOTPaMMBI OTKIIOHEHWH HAIIPSDKEHMS M BBRIUNCIIHMTE HX CPEIHHE
SHAYEHHS U U CIIEPCH.

6.3.4. lIpoaHamM3HpOBaTh IIOJIYYEHHBIE Pe3yIbTaThl. OIPEAEIHTh OITHMAIBHYIO CTVIIEHB
[IEB TtpaHchopmaropa T4 m paspaborars TpapHK IlepeknrodeHHS anmarg PITH
TpaHcopmMaTopa T2. IIpH 3ToM BO3MOKHOCTh PeryIHPOBAHHSI HaNpshKeHHSI ¢ IToMoInbio Kb B
JTaHHOM padoTe HE YUHTHIBATH.

6.3.5. YCTaHOBHUTH IEPEKIIIOYATEIIEM, PACIIOIOKEHHBIM HA JIMIIEBOH ITAHEIH, HEOOXOJIUMYEO
cryniedb IIBB 1panchopmaTopa T4 m Ha HAOOPHOM ITOJIe C ITOMOIIBIO ITepeMBIYEK ITPOrPaMMy
nepexmodeHnsa aHuandg PITH tpanchopmartopa T2. IlogkmouynTe H IIOATOTOBHTH K paboTe
CaMOITHIITYIIHE TIPHOOPEI.

6.3.6. 3ayCTHTh YCTAHOBKY H IPOBECTH PETHCTPAIHIO HAIIPSKEHHI Ha CYTOYHOM I[HKIIE
AHAIIOTHYHO 11.4.3.2.

63.7. OOpaborare pe3yIbTaThl H3MEPEHHH B COOTBETCTBHHM ¢ I11.4.3.3. H OLEHHUTH
COOTBETCTBHE HAIIPSDKEHH S B MOZIeTIHpyeMOH ceTH TpeboBanusM [T OCT [2].

6.3.8. Ilo mnomydeHHBRIM B TIIyHKTE 4.3.7. pesyibTaraM TIIOCTPOUTE I PEKHMOB
MaKCHMAJIbHBIX H MHHHMAJIBHBIX HArpy30K JHarpaMMbl OTKIIOHEHHH HaIIPsSDKEHHS IS
MoJeImpyeMoil ceTH (aHamormuHo pHc.4.1). OrximoHeHHsS V; u V> onpeensroTcs MpH 5TOM
SKCIIEpHMEHTAIbHO, Vp — pacdyeTHeIMITYTEM II0 (Qopmylie (4.1). Tak kak Ha MOJEIH HeE
nmpelicTaBleHa IiexoBas ceThb 380/220 B (IIIM Ha puc.5), To nmoTepH B 310l ceTH (AUis) He
VUHTBIBAIOTCSA H V3 HE OI[EHHBAETCH.

6.3.9. Ilpunsas mig nmH 380/220 B niexoBoit TII gomycTiMbIe 3HaUeHHSI OTKIOHEHHIT V +)5 som
=5%, V 5 30n =0, OIIPELEIHTD COOTBETCTBYIOLIHE OTKIOHEHHS Vi, KOTOPBIE LOIKHA OOECIIEYHTh
BSHEProCcHAOKAroIas OPraHH3aIis Ha JIMHUH pasfena OalaHCOBOH ITPHHALIEKHOCTH CETEH 1A
PEKHMOB MAaKCHMYyMa M MHHHMYMa HarpysokK.

[ IpHHATE BpeMd MakCHMyMa ¢ 8 10 12 yacoB yIpa, MHHHMYMa — C 2 JI0 5 4acOB HOYH. lIpu
B5TOM HeOOXOIHMO IIOMHHTB, YTO B PeaJIbHOH IIPaKTHKE pacueTra TpeOyeMbIX 3HaueHHH Vi
HeOOXOaMM VUeT paboThl KOMIIEHCHPVYIOI[HX YCTPOHCTB, YTO B HACTOSIIEH IIabopaTOpHOH
paboTe He IIPOM3BOAUTCS IS VIIPOINEHHS €€ BBRIIOMHEHNS U EIIE B CBSA3H C TEM, YTO BOIIPOCEI
KOMITEHCAIL[HMH PEAKTHBHBIX HAaarpy30K pacCMaTpPHBAIOTCA B CIEAVIOIIEH TabopaTOpHOH padoTe.

CoJiepKaHHE OTYETA

6.3.10. OdopMHTE OTYET IO JTabopaTOPHOH paboTe, KOTOPHIH JOIKEH COJlepPKaTh:

- (GOPMYIHPOBKY 3aJad HCCIEIOBaHHI,

- PE3VIBTATE OL[EHKH OTKIIOHEHHH HAITPSDKEHII B MOJAEITHPYEMOH CETH.

- CYTOYHEIH I'papHK MepeKIroYeHHs aHang Tpancopmaropa T2,

- PE3YIBTATHL, IIOJIYUYEHHEBIE ITOCIE PeATH3AIH MEPOIIPUATHIH,

- HAaIIPsDKEHIS,

- BBRIBOJIBI 110 padoTe.

6.4. Iloaroroeka K pabote

CaMocCTOSTENbHA ITOJITOTOBKA K pab0OTE COCTONT B CIIEAYIOILEM:

7) ITIOBTOPEHHE TEOPHTHYECKOIO Marepuana [ 1];
8) ITOJIOTOBKA K OTBETAM Ha KOHTPOJIbHBIE BOITPOCHI,
o) pacyeT IIOTEPh HAIIpsDKeHHS B TpaHcpopMaTope T2 s peKHMOB MaKCHMAJIbHBIX H

MHHHMAaJILHEIX HaIPY30K, .

6.5. KOHTpOIBHEIE BOIIPOCH

6.5.1. Kakue morryckarorcs OTKIIOHEHWS HAlPSDKEHHS B ITPOMBIIIUIEHHBIX 3JIEKTPOCETSX I10
['OCT 13109—97 u nmouemy?

6.5.2. Kak 3aBHCHT padoTa pa3IHYHBIX SNEKTPOIPHEMHHKOB OT BEIHYHMHBI HAIIPsDKEHUS B
ceTH?

6.5.3. Kakme crocoOpl VYIVUIIEHHS HaIPsSKEHHS HCIIONB3VIOTCS B IIPOMBIIIIIEHHBIX
BIEKTPOCETSX H B CETSIX SHEPTOCHCTEM?

6.5.4. IlocTponTe BEKTOPHVIO JAHArpaMMy TOKOB H HAaIIPSDKEHHI IS ITPOCTEHINEH CETH C
NOKYMEHT MOAMWCAH
3NEKTPOHHOW NOANUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: le6ayxoea TateaHa AnekcaHgpoBHa

QKCHHA H KaK OHH BBITHCITAROT cs1?
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JlaboparopHnas padora Ne5

Tema 3anamua BEIOOp ITapaMeTPOB OCHOBHOTO 3I€KTPO00OOPYyA0BaHUS U
Harpy30dHas CIIOCOOHOCTE.

HEJII’: JAHAMUA. HpIIGﬁpECTH HaBBIKH BBITIOJIHCHHA PAaCiCTa SIICKTPHYCCKIX HAI'PY30K B
JNEKTPOYCTAHOBKAX HAITPAXKCHHEM BBIITIC 1 kB MeTogoMm YIHOPAQOYCHHBIX JTHAI'PAMM.

TeopeTHueckas 4acTh

MccnegosaHue IOMeX IO AIEKTPOITHTAHHIO B IIPOMBIIIIIEHHBIX 3JIEKTPOCET SIX

5.1. Ilems paboTer

HMccnegopaHue ITIpOBAIOB HAMPSDKEHHS B IIPOMBOINIEHHBIX SIEKTPOCETSX, SBJIFOIMXCS
ITOMEXAMH 10 3IeKTPOIMHTAHHIO 1S ITH(PPOBBIX TEXHHYECKHX CPEJCTB.

5.2. BeeneHue

B I'OCT [2] ycTaHOBJIEHEI HOBBIE ITOKa3aTelIM KaueCTBa AIEKTPO3HEPIHH, XapaKTePH3YIOIIHE
KPaTKOBPEMEHHEIE HCKAXKEHHS HAIPSCKEHHS B CeTH, BO3HHUKAIOIIHME IIPH  PasIHYHBIX
IepeXOIHBIX IIPOIleccaX. ITO BRI3BAHO TEM, YTO KPaTKOBPEMEHHBIE MCKAKEHHS HAIIPSKEHHS
SBILTEFOTCS TIOMEXAMH I10 3IeKTPOIHTAHHIO B HAHOOJIBIIEH CTENeHH IS ITH(PPOBBIX TEXHHYECKHX
cpeacte (L[TC) [3]. Bce momMexs IO 53NeKTPOIHTAHHIO IIPHHATO JeNHTh Ha JBa BHJA:
ININTEIbHEIE (IPOBAIBI H BEIOPOCKHI HAIIPSDKEHHS JIINTEILHOCTHIO OT €IMHHI] MHIUTHCEKYH], 10
HECKOJIbKMX CEKYHJI) H HMITYIbCHBIE — KOMMYTAIIHOHHEIE ITepeHalpsDKeHHS JJIHTeIbHOCTBIO,
H3MePSIeMOH MIUIIIMCEKYHIAMH H MHKPOCEKYHIAMH.

OOGopyIoBaHHE

B manHOH mabdopaTopHOH padoTe HCCIEAYIOTCS TOINBKO ITPOBAJIBI HAIIPSDKEHHS, IS KOTOPBIX
["OCT [2] ycTaHaBIMBAET CIEAYIONHE TapaMeTPhI:

Al — pmTempHOCTS IIpOBajla HAITPSLKEHHSL, C, AU — rIyOHHA IIpoBaja HaIpspKeHNSL, %o.

[IpHYHHEI BO3HHKHOBEHHS ITPOBAJIOB HAIPSDKEHHS B SJIEKTPHUYECKHX CETSIX IIPeITPHSTHIL
paccMOTpeHBI B pabote [3]. Bce MHOMXKECTBO 3THX IMPHYHH MOXHO pas3[eidTh Ha JBa BHIA.
IlepBBI — IIPOBAJIEI HAMPSDKEHHS IIPUXOMSAIIME» M3 CETEH BSHEPrOCHCTEMBI, BTOPOH —
IPOBAIIbl, BBI3BIBAEMEBIE SBJIEHHSMH B JIIEKTPOCETSX MPEMIIPHSATHS (IIHKOBBIE Harpy3KH,
aBapHITHBIE TEPEKIFOYEHHS H JIP).

TexHika 0e301acHOCTH

B mabGoparopHOH YCTaHOBKE CMOJEIHPOBAHBEI 00a YKa3zaHHBIX BHJA IIPOBAJIOB. [Ipruem
IIPOBAJI BTOPOr0 BHAA BHIZEIBACTCS IMMKOBON HarpyskoH Ha cTopoHe 0.4 xB 1exopomn TII u
0OyCIIOBJIEH TTOTEPEH HAIIPSDKEHHS OT ITHKOBOH HAarpy3KH Ha COIIPOTHBIIEHHH TpaHC(pOopMaTopa
10/0,4 xB.

B nmaGoparopHo# paboTe HeOOXOAHMO ¢ IIOMOMIBIO AIIEKTPOHHIO OCIIHIIIOrpada OInpeAelIliTh
BpeMs IIPOBAJIOB HAITPSKeHH S, HX IITYOHHY H JUIHTEIIFHOCTD, a TaKKe CpeaH 3a(PHKCHPOBAHHBIX

IIPOBAJIOB BEIJCIIHTEL ITPOBANIBI IIEPBOTO M BTOPOro BHIa. ['myGHHa AU IIPOBAJIOB BTOPOI'O
BHJa MOKeT ObITh YMEHbIIIEHA ITPH ITapaiielbHOH padoTe TpaHcpopMaTopa 13 u T4.
5.3. (3amaHue)

5.3.1. BxmrounTte nuraHHe J1a0OPaTOPHOIO CTEHJA, BKIIIOUHTL HarpysKy S {» OTKIIIOYHTH

TpaHcopmMaTop T3. OcTanbHBle 3NeMEHTHI MHEMOCXEMBI MOI'YT OBITh B JTFOOOM COCTOSHHH
(BKIIFOYEHO MM BBIKIIOUEHO). [IOJKIFOUYMTH SIeKTPOHHBIH OcHHITIOrpad) i1 KOHTPOJIAI
HanpsokeHHS Ha mnHax 0,4 kB 1exooit TII (prc.2). HacTpours ocrmmorpad TakuM o0pazoM,
YyTOOBI MOJKHO OBLIIO OI[EHHUTH TI'IIYOHHY M JUIHTEIRHOCTEL ITpOBaiia HaOIIOLacMOI0o Ha BKpaHe
HAITPSDKEHHS.

5.3.2. 3amyCTHTh YCTAHOBKY Ha)KaTHEM KHOIIKH « IIyCK» M, BHHMAaTelIbHO HaOromas Ha
sKpaHe OCIIUIorpada 3a HcclieAyeMbIM HallpsDKeHHeM, 3a(PHKCHPOBATh ITPBaIbl HaIlPSDKEHHS
(BpeMs, TIIYOHHY, JUIHTEIIbHOCTE). ITpoaHamn3npoBaTh pe3ylibTaThl HAOIMIOEHH I, BEISIBHB CpeIH

3a(pHKCHPOBAHHBIX ITPOBAJIOB T€, KOTOPhIe BhI3BAaHBI ITHKOBOH Harpy3koil B ceTH 0,4 KB 11exoBoit
TIIL

B NOKYMEHT MOANMUCAH B JIeTIBHYIO PadoTy ¢ TpaHcpopMaTopoM T4 H
INEKTPOHHOW NMOANMACHLIO 2. OILIEHHUTH CTEIIEHh YMEHBINEHHS T'ITYOHHEI
Ceptucukart; 12000002A633E3D113AD425FB50002000002A6 farpy3Koit B cetn 0,4 KB.
Bnapeneu. Webayxoea TatbaHa AnekcaHapoBHa ’
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- (GOPMYIHPOBKY 3afadf 1a00paTOPHOIO HCCIeJOBAHH L,

- pe3ynbTaThl HaOmofeHHH 1o mr5.3.2 u 5.3.3 B Qopme TabmHMIpBI ¢ yKazaHHEM
BPeMeHH IT0CAJKH, €€ JIHTeIbHOCTH H IITYOHHBI, a TaKXKe BHA (IIePBEIH H BTOPOH);

- BBRIBOJIBI ITO PaboTe.

5.4. Ilogroroeka x padore

CamMocToSTelNbHAas ITOArOTOBKA K padoTe COCTOUT B H3VUEHHH TEOPETHUYECKOIO MaTepHaa I1o
muTeparype |3] 1 B IOATOTOBKE OTBETOR Ha KOHTPOJIEHEIE BOITPOCHI.

5.5. KOHTPOJIEHEIE BOIIPOCEI

5.5.1. KakoBEI ITPpHYHHEI ITPOBATIOB HAIIPSDKEHIS B IPOMBIIUIEHHBIX SIIEKTPOCET X7

5.5.2. OrmuTe MeXaHH3M BO3JAEHCTBHS ITPOBAIOB HaIIpspkeHs Ha [[TC.

5.5.3. KakuMH ITyTSIMH MOKHO 00€eCIIeUHTh YCTOMYHBOCTE L[ TC K ImpoBanaM HanpsoKeHHS?

5.5.4. Kakre HOpMBI Ha ITPOBaJIbl HanpsKeHUS yeraHorIeHsl B 'OCT 13109-97 [2]?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Onucanne J1a00paTOPHOH YCTAHOBKH

JlaGopaTopHast ycTaHOBKa SBISETCS (PH3HYECKOH MOJEIbIO CHCTEMEI 3JIeKTPOCHAOKEHHS
nmpomMbIIeHHoro npeanpuatrsa (COIIIT) u mpeagHasHavyeHa I yueOHOMH paOoThl cTyaeHToB. Ha
YCTAaHOBKE MOJIETTHPYETCS CYTOUHBIH IHKII padoThl THIIOBOH COIIII.

MHeMocxXeMa VYCTAaHOBKH, TIPHBEICHHAs Ha €€ JIMIEBOH ITaHEIH, BKIIOYAET CIEIVIOIIHE
sneMeHTHhI THIToBOI COIIII (puc.1):

1) IJIaBHYIO ITOHH3HTEeNbHYI0 Ioacranipro (I'TIIT) 110/10 kB, cocTosmyro H3
TpaHcopmaTopoB T1, T2 HommHampHOH MomHOcThIO 1Mo 10000 xBA u pacnpelelHTelbHOIO
ycTporictBa (PY) 10 xB. MMeeTcsa BO3MOKHOCTE PYYHOI'O HIIM aBTOMAaTHUYECKOI'O ITO BpeMeHH
CYTOK nepexmoueHH aHnandg PIIH tpanchopmaropa T2;

2) I[EXOBYI0 TpaHc(hopMaropHyio mnoacranimuro 10/0,4 kB, cocrosmyro  H3
TpaHcopmaTopoB T3 u T4 HommHampHOH MomHOcThIO 1o 1000 xBA. Tpancdopmatop T4
OCHAII[EH YCTPOHCTBOM ITepeKmoueHH oTaek 0e3 Bo30yxaeHus (I11IEB);

3) CHHXpOHHBEIN  aBurarens CJIH-10-1250, wuMeroUii pydyHyIO  PeTryIHPOBKY
BO30VKIEHHS,

4) OaTapeH CHIOBBIX KOHJEHCAaTOPOB Ha HOMHHaIbHOe HampspkeHHe 10,5 kB (BK1 u
BK2) u Ha Hanpsokenmne 0,4 xB (BK3). MMeeTcs BO3MOKHOCTh PYYHOI'O HIIH aBTOMAaTHYECKOTO
II0 BPEMEHH CYTOK BKIIOUYEHHSI H OTKIOUeHHS Oaraper. MommHocTtes OaTapedl 3aJacTcs
TyMOJIepaMH, pPacIIoIOKeHHBIMH I10J] HX MHEMOCHMBOIIAMH Ha CXEME,

) cunmopoit myHKT CII B 1mexoBoit cetnm 380/220 B, XK KOTOpOMY TOAKIIOYEHA

HeIIHMHeHHAa HaI'PYy3Ka S3:, BBEI3BIBAIOINAsl ITOsSBIeHHe Ha IMHHaxX CII BeICIIMX I'apMOHHK

HAITPSDKEHH A,
6) (pHIBTpOKOMITEHCHpYIoHee yeTpolicTBo DKV, mpeaHazHaueHHOE IS YMEHBIIIEHH S
YPOBHS BBICIIIMX FAapMOHHK HaIIpsoKeHHI Ha mnHax CII.
Ha mMHeMocxeMe pasMeIeHB] CIIEAVIOIIHE H3MEPHTEIIbHEIE ITPHOOPEI:

Vl — IIMTOBOH KIIOBOIBTMETP UIS H3MEPEHHS HAaIIPSDKEHHS C BBICOKOH CTOPOHBI
TpaHcopmaTopa I'TII1 T2 (Ha miHIHM pa3gena 6alaHCOBOH ITPHHAIEKHOCTH CeTeH);

V2 — KIWIOBOJIbTMETP JJI KOHTPOIIS HaMpsKeHH S Ha ImHHax PY 10 kB,

V3 — BOIILTMETP IS KOHTPOI HanpskeHH Ha mHHax PY 380/220 B nexopoi TII;

V 4 — BOMBbTMETP ML KOHTPOILSL HAIIPSUKEHH A Ha IIHHAX 220 B CII.

CII - YHHBEPCAJIbHBIH CAMOITHINYIIHIT ITPHOOP, KIEMMBI IIOAKIIFOYEHHS KOTOPOIO
BBIBEJIeHBI Ha THe3Ma « 3sMepHT. MpHOOpED», pa3MelleHHbIE Ha JTHI[EBOH IMaHEeIIH YCTaHOBKH,

14] — A3 — INHTOBLIC aMIICPMCETPHBI, CIIVKAIIHIC I KOHTPOJIA TOKOB B MGI[EHHP}’EMDﬁ CCTH.

[TapaMeTpel MOAEIHPYEMBIX 3IIEMEHTOB ITPUBEIACHEI B Ta0I. 1.
['pacpuk Harpysku S ) riexopon TII mopenupyercsa OIU3KHM K peallbHOMY. OH ITPrpaMMHO

3aJlaH M BCerja OJHH H TOT e I KOHKPETHOH YCTaHOBKH (Ha pa3sHBIX YCTAHOBKAX rpadHKH
52 OTIIHYAIOTCH).

OcranbHble (TI0 OTHOIIEHHIO K IIPHBEeJeHHOH Ha MHeMocxeMe 11exoBoi TII) rmorpedurenn 10
kB I'ITIIl mpexcraneHbpl 00OOINEHHOH HarpysKoH S E rpaHK KOTOPOH 3aJaeTcs KeCTKOMH

IporpaMMoH. Harpyska CHHXpPOHHOIO ABHTraTreflsl, IOAKIOYeHHOro K mmHaMm 10 xB I'TIILL
HeH3MEHHA BO BPEMEHH.

B moapemupyemoii cetm 0,4/ 0,23 xB npeacTraBleH Ha MHEMOCXEME OJHH H3 CHIIOBBIX
nyHKTOB ClI ¢ HeMHHeHHOH Harpy3koH (0HO(pa3HBIH BHEIIPSIMHTENL), KOTOpas 00yCcIaBIHBAET
HAJIM4YKe B HampsoKeHHH Ha ImHaxX CII BBRICIIMX TapMOHHK HAaITpsDKeHHS. [ KOMITEHCAL[HH
STHX TapMOHHK YCTAaHOBIIEHO (DHIIbTPOKOMIIeHCHpYIomiee ycrpoiictBo DKV, momkmrodeHHe
KOTONOTO TINOURRONUTCH  TVMOTENOM  DACTIONOXEHHBIM  HAIIPSDKEHHE JIHIEBOH ITaHenH. Ha

NOKYMEHT NoAannCAH
SNEKTPOHHOM NOAMUCHIO H3MepPEeHHI HalpsokeHHs Ha mnmHax ClI, a

Ceptudpurar: 12000002A633E3D113AD425FB50002000002A6

Bnapeney: lHleBayxosa TatbAaHa AnekcaHgpoBHa 'CHbI Ha JIHIIEBOM MTAHETH. B HIDKHEM IPpaBOM

HTaHHSI. Y HBD@I)HH{EHHH KOMMYTAITHOHHBLX
Neicraurenen: ¢ 20.08.2021'no 20.08.2022 HEPHAA IH-IDTII{E],) H OTKIIHOYCHIA (KPHGHEIH
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KHOITKA) 53THX armaparoB. CHIHaIBHBIE JIAMITEI ITaKa3bIBAIOT COCTOSIHHE KOMMYTAI[HOHHOIO
armrapara. MsmepurenbHble ITPHOOPEI, pasMEIleHHBIE Ha JHMIEBOH ITAHEIM, CIIYKaT I
H3MEPEHHSI TOKOB B JIHMHHSAX M HanpsokeHuMH Ha ImuHaxX 10,5 kB u 0,4 xB. AKTHBHAs H
peakKTHBHAI HSHeprHd B Ienax 12 u T4 wH3Mepsrorcsa HHIVKIIHOHHBIMH CUETUHKAMI,
YCTAHOBJIEHHBIMH BHYTPH CTeHAa. CUYeTYHMKH CHaOXeHBl MapTYHKaMH 4YiiIa OOOpPOTOB HX
ITHCKOB. PSIOM ¢ MHEMOCHMBOIIOM TpaHc(opmaTopa T2 pacIiojioKeHbl KHOIIKH IepeKITFOYEHHS
aHI[ar( TpaHcpopMaTopa H CHTHAIIbHBIE JIAMIIEI.

Ta0Ormia 1

[TapaMeTpEI 37IEMEHTOB CHCTEMEI IEKTPOCHAOKEHH AL

MOJIEIIHPYEMOH Ha 1adopaTOpPHOH YCTAaHOBKE

OO003HayeHHe T HommHasHOE [TapameTper
Ha MHEMOCXEME HaIPsSKEHHE
(puc.1.1)
T, T2 T/1H — | 115/11 S =10000 xBA, AP = 27 «xBr,
10000/110 H AX
APK =74 XBT,U+=10,5%, 1 - =0,9%:;

Crynienu PIIH: +5 %, +2,5%,
0, -2,5%, -5%

13, T4 TM3-1000/10 | 10/0.4 S =1000 xBA, AP =24 xBr,
H xx
AP =122 xBt,,U;= 55%., I =2%;
K3 X
T =154,V =55°C;
0 [

CryneHu 11BB: +5%, +2.5%,
0, -2.5%, -5%

EE% 10/5 QH =4 x 350=1400 xBAp (xaxmas Oa-
Tapes uMeeT 4 cTyrieHH 1o 350 kBAp)
AP =0,0025 Ll
KBAp
BK3 VKJI-0,38 0,4 0 =210+105+42+3-21=kBAp:

&PD =0,0045 kBAp

Kabemp 1mmra- | ACh — | 10,5 [.. =140 A;: R =0,62 OM/xM;
rormriit T4 10(3-50) 90 °
X =0,04 Om/xmM;, [=1 KM,

I =15wvun, V., =45°C

0 00
CA CAH-10-1250 | 10 P =1250 xBr; cos y,=0.9; K =0.8;
,ﬂ'l =0,77 KBT; ,ﬂz =0.,98 KBT
DOKY 0.4 QOWIHTP 3-eH TapMOHHKH

TymOneper «MomHocTe bK» H nepexmnrouarens »PeakTHBHass  MoIHOCTE  CJI»
IpeIHa3HAYEeHBI IS 3aJaHH s BEIIHYHHEI TeHEPHPYEMOH

PEaKTHBHOH  MOII[HOCTH  KOHJEHCATOPHBIX OarapeH M  CHHXPOHHOI'O  JIBHTaTelld
COOTBETCBEHHO (MONTHOCTh VKa3aHa B KBAp). IlepexmrouareneM «OtmnaiikMm T4» IMpoH3BOINUTCSA
yCTaHOBKa OTIaiHkH TpaHchopmaropa T4. B I_[EHTpElJ]LHGfI YacTH JIMIEBON IIAHEII
PACTIONOKEHEL OPraHbl YIIPABIEHHS PEKHMAMH padOTHI BCEN YCTAHOBKH. KHOITKa «IIyck» — misa

' LIDHYMEHT ﬂﬂﬂﬂHCAH [Kd T AJ1 BO3BpPaTa YCTAHOBKH B paﬁm‘y:, KHOIIKa
SNEKTPOHHOW NOANKUCHIO cAHMMAa YCTAaHOBKI, I_[H(prEGE TalI10 HIIA
Ceprudiirkar: 11 12000002A633E3D113AD425FB50002000002A6 AITHOHHOE IIOJIE, PACIIOIOKEHHOE B ITPAaBOM
Branenedy; Uebsyxoea TarbaHa AnekcaHaposHa 'OMAaTHYCCKOI'O PCiKIIMa paﬁﬂTH AJIEMEHT OB

AO dBTOMATHHUCCKOE IIO BPEMCHH CVYIOK
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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MepeKIroYeHHe aHuang TpaHcdopMaropa T2, a Takke BKIOUYeHHe H OTKIIOYEHHE
TpaHcopMaTopa T3 1 KoHAeHcaTOpHBIX, OaTtapeii EK1, EK2, BK3.

JlaBopaTopHas yCTaHOBKA HMEET JBa peKiMa padOThI:

I. [Ipn BKIIIOUEHHH THTAHHSA — PeKHM MOATOTOBKH (HCXOIHBIH pexXHM). B 3ToM peximMe
33JJal0TCSI HayaJlbHBIE YCIIOBHS (BKIFOYeHHE H OTKIIOYEHHE COOTBETCBYIOIIHX 3IEMEHTOB
CHCTEMEBI), YCTaHaBJIMBaeTCsS IIporpaMMma paboThl IO BpeMeHH CYTOK YycrporictBa PITH
TpaHcpopmaTopa T2; TpaHchopmatopa T3 koHmeHcaTopHbIX Oarape BK1, BEK2, BK3 (Ha
KOMMYTAI[HOHHOM TITone). IIogKmoYaroTcss H HacTpaHBAKOTCS HEOOXOMHMBIE H3MEPHTEIbHEIE
IIPHOOPEL, a TAKKE ITPOBEPSAETCSA TOTOBHOCTH YCTAHOBKH K «IIPOIOHKEY» CYTOYHOIO IfHKIIA.

2. IIpn HaxxaTHH KHOITKH «lIyCK» BKIIFOUAETCS IIPOIIECC MOAEIMPOBAHIS HATPY30K CYTOUYHOTO
IHKiIa. 3aropaercsa mugpa 0 Ha 1mudpoBoM Tadllo, M IPOHCXOAHT ITOJaya ITHTAaHHSI Ha
MOJIETIHPYEMYIO CXEMY, KOTOpas 10 3Toro 0pUia o0ecTOYeHa.

CYTOUHBIH ITHKI PpaboThl CHCTeMBI 3IeKTpocHalOXeHHSI MojemHpyercs 3a 12 mmH (lyac
peanbHOH cHcTeMbl 3a 30 ¢ ycraHOBKH). MojenbHOe BpeMs CYTOK B dacaxX ITOKa3bIBacTCS Ha
I (POBOM TalIO.

[Io OKOHYaHHHM CYTOYHOI'O I[MKIIA YCTAaHOBKA aBTOMATHYECKH BO3BPAIAcTCS B HCXOIHBIMN
pexrM. IIp HeoOXOAMMOCTH  YCTAHOBKY MOKHO BEPHYTE B HCXOIAHBIH  PEXKUM
IPHHYAHTEIIPHEIM HaxaTHeM «COpocy. KHomkon «OcTaHOBKa» OCTAaHABIIMBAETCS ITPOrpaMmMa
MOJIETTHPOBAHHS CYTOUYHOTO ITHKIIA.

[IIxanel BCceX aMIIEPMETPOB H BOJIBTMETPOB Ha JIMI[EBOH ITAaHEIIH CTEHJA MIPOrPalyHpPOBaHbI B
IEHCTBUTEIBHBIX BEIMHMUMHAX. OTH ITPHOOPBEI HCITOIB3VIOTCS JI1 BH3VaJIbHOIO KOHTPOJIA
ITapaMeTPOB PeKHMa MOJAEITHPYEMOH CHCTEMEL.

JInsa TIpoBelieHHS HeOOXOAHMMBIX H3MEPEHHH IIPH BBINIOJIHEHHHH J1a0OpPaTOPHBIX padoT
uMeeTcs camorryrnai mpuHoop CII. Cxema IOAKIIFOUEHHS H3MEPHTEILHBIX TPaHC(pPOpPMaTOpPOB
TOKa, HaIIPsDKEHHSA M CAMOIIHINVINETO IIpHOopa IoKasaHa Ha pHc.2. I'Hesga «lIsmepurenbHas
armaparypa» (MA) pacrionoxeHsl Ha THIEBOH ITaHEIH YCT aHOBKH.

MaciTtadsl BCeX BEIHYNH IIPHBEACHEL B Ta0II. 2.

IIpn BBEOIOMHEHHM psia HM3MEPEHMI  HCIIOJB3YETCS  JOIOIHUTEILHAS — allllaparypa
(ocipumiorpad, H3MepHTENIb HelIMHEeHHBIX HCKa)KeHHH H Jp.). YCTPOHCTBO H padoTa 3TOH
armrapaTypel H3Y4arTCSI B COOTBETCTBYIOIHX JTab0opaTOPHBIX padoTax.

[IpaBrina TeXHUKH 6€30IIaCHOCTH IIPH BBIITOITHEHHH TaO0opaTOPHEIX padoT

1. Kareropmuecku 3arpermasTcs
- TporaThk PYKaMH OT'OJIEHHBIE IIPOBOA H YACTH IIPHOOPOB, HAXOISMIIHECS IO

HAITPSDKEHHEM, JTa’Ke CIIH OHO HEBEIHNKO, - MPHKACAThCA K BPAI[AIOIINMCSI YaCTSIM 3IIEKTPHYE-
CKIX MAIIHH, - ITPOU3BOIHTE M3MEHEHHS B CXeME ITPpH TOJKITFOUYEHHOM HCTOYHHKE ITHTaHHSA, -
3aMEHTh WIH OpaTrh 000pYAOBAaHHE HIIH IIPHOOPEI C APYTHX PaboUyHX MECT

0e3 paspelneHus MperoiaBarersd UM 1adopanTa, = OTXOAHTh OT IIPHOOPOB M MAIlMH, HAXO/I5-
IIIXCS TI0JT HAITPSDKEHIEM HIIM OCTABIIAThH CXEMY IIOJ[ HAITPSDKEHHEM IIpH 0O0pabOTKE PE3yibTa-
TOB H3MEPEHHH, - IEeperpykarh IPHOOPHI TOKOM IIH HAIPSDKEHHEM, IIPEBBIMIAFOINIM HOMH-
HaJlbHOE 3HAUEHHE.
2.1IpoBEpKY HAITHYHA ITOJABAEMOr0o K CXeMe IIH 3JIeMEHTAM CXeMbl HallpsoKeHHS HeoOXOMIMO
IIPOM3BOJUTE TOJBFKO KOHTPOJIFHOH JIAMITOYKOH HJIM BOJIIBTMETPOM, COOITFOAAS IIPaBHiIa TEXHHKI
OesomacHoCTH.lIpn  pabore B  naboparopuH  ClIeqyeT  CTpOro  coOmromarh  MEpPEHI
IIPEIOCTOPOKHOCTH, TaK KaK 3IeKTPHYECKHH TOK, IIPOXOISINHIL Yepe3 TEIIO0 YelIOBEKa,
BEJIMYHHOHN B (0,025 A yKe ABJISETCS OITaCHBIM JJIS KH3HH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: le6ayxoea TateaHa AnekcaHgpoBHa
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Tabmi1a 2
MacritaOpl MOJIEH

HanmeHoOBRaHHE OB6o3HauyeHIe Enumima YUHcioBbIEe
H3MepeHH I 3HAUYEHH I
Macrira 0Ol MOJIeIIH /ur c.o0eticme 240
c.Mooenul
MacirmTtaOb1 CUETUHKOB Whi ﬂ wBm-y
3JIeKTPOSHEPTHH a3 p— 250
Varhl wBap-u
wno | o P
Varh? LMIYITb C
Wh?2 ﬂ kBm-u
as 35(70)
LMIYITb C
Varh?2 2 kBAp -y
p3
LUMIVIIB C
/MacmrtalOpl  H3MepHTellb- | THI ya, B-Oeiicme 100
HBIX TpaHCc(pOpPMaTOPOB U B wodens
HaIpsoKeHHS (pHe.2) T /uu Y- 0
B.mooenit
T'H3 ,uﬂ B-oeiicme 10
B.vooentut
IT1 ﬂ ; A-Oeticme
A.mooent
72 ﬂ / A-Oeiicme
B.vmooenit
173 H / A-oeticme
B.vmooentt
Macmra® 0Oj10Ka oIpeje-
JIEHHS TEMIIEpaTypel Iiepe- | HOT y2i °C
rpeBa kabens (prc.2) 4
Bmooeniu

KoHTpOoIbHEIE BOITIPOCHI

HasHaueHe 1 KOHCTPYKTHBHOE HCITOITHEHHE 3IIEKTPHYECKHX CETEH.
YCIOBHS ITOJIB30BAHHS U pacueTa 3a 3IEKTPO3HEPIHIO.

OO01ue TpedoBaHM S K BEIOOPY H IIPOKIIAJAKE BJIEKTPHYECKHX CETEH.

CxXeMBI H KOHCTPYKTHBRHBIE HCITOJTHEHH S MEKI[EXOBBIX SIIEKTPHYECKIX CETEN.
CxXeMbI H KOHCTPYKTHBHBIE HCITOJTHEHH S BHYTPHIIEXOBBIX IIEKTPHYECKIIX CETEH.
3arurHas armaparypa B ceTsax 10 1 kB. OCHOBHBIE XapaKTEePHCTHKI.

3alruTHAS M KOMMVTAIIHOHHAS araraparvpa B ceTsx BhIle 1000 B. OcHOBHEBIE XapaKTepH-
NOKYMEHT NOANMMUCAH
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8.1. IlepeveHb 0CHOBHOM H JONOJHHTEJIbHOMH JIAT €PaTYPhI, HE00X0, MOl /11 0CBOEHHS
M CIHILTHHbI

8.1.1. IlepeyeHns 0OCHOBHOH JIMTEPATYPLI:

1. I'vixkor H. I1. , Onexorckuii B. 5. | [laBmrouenko /. A. CHCTeMBI NIeKTPOCHAOKEHHS: yUed-

Huk/ I'yxoB H. I1. , OnpxoBekmii B. A. |, [Tamrouenko /[, A. HoocuOupcek: HI'TVY, 2015.— 262
c. Pexxum goctyria: http://biblioclub.ru/index.php?page=book view red&book 1d=438343

2. Cokomnora, E.M. DiekTpHuecKoe H 3leKTpoMeXaHHYecKoe o0opymoBanme. OOIeITPOMBIIII-

JIEHHBbIE MeXaHH3MbBI H ObITOBas TexXHHKa . YueOHHK/E, M. CokomnoBa. - 9-e u3a., uenp.-M.: Aka-
memud, 2014. - 224 c.

8.1.2. IlepevyeHns JOMOJIHHT €JILHOH JIMT€PATYPbI:

1 CvmpHoOB, O. A. OH3HYeCcKHEe OCHOBEI 3JIEKTPOTEXHHKH | yuel, mocodue / FO.A. CMHpPHOB,
C,B. Cokonos, E.B. TuroB. - 2-e 3., ucrp. - CIIG. : Jlanb, 2013. - 560 c. - (Y4eGHHKH U1 BY-
30B. CrienHanbHas INTeparypa). - bubmmorp,: ¢. 558-559. - ISBN 978-5-8114-1369-0
2.Axkumora, H. A. MoHTaX, TeEXHIYeCKas SKCIUTyaTalsa H PEMOHT 3NEKTPHYECKOT0 H EKTPO-
MexaHHyeckoro obopynoBanus : yaeOHHK / H.A. Axrmopa, H.D. Korenenen, H. M. CeHTIOpH-

xvH ; rox pexa. H.D. KoreneHna. - 10—e u3a., ucrp. - M. : Axkagemus, 2013. - 304 ¢. - IIpmn.: c.
284-295. - bubmiorp.. ¢. 296.

8.2. IlepeveHb YU4eOHO-MeTOMIECKOr0 00ecreYeHH CAMOCT OATEJIbHOH PadoThl 00y1al0-
IMXCH [0 JHCIIMILIHHE

1. MeTomueckie peKOMEHIALIHH IS ITOATOTOBKH K ITab0opaTOpHBIM paboTaM.

2. MeTomueckie peKOMeHIalHH IT0 OpraHH3alHH caMOCTOSATEIIEHON pabOThI CTYAEHTOB.

3. MeTtomueckie peKOMeHJaI[HH IT0 BRIITOIHEHIIO KOHTPOILHOH PadoTHI.

8.3. Ilepedens pecypcoB HHPOPMANHOHHO-T €JIEKOMMYHHKAIIMOHHOH ceTH «IHTEpHETY,
He00X0HMbIX /VISl 0CBOEHHA U CIHILTHHbI

1. http://www.biblioclub.ru -ObC "YHuBepcureTckass OHOMHOTEKA OHIAHH"
2. http://www.iprbookshop.ru/ - OnekrpoHHO- OuGinHoTeuHas cucrema IPRbooks
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MUHUCTEPCTBO HAVKH U BEICIIIETO OBPASOBAHUS POCCUUCKOU OE JIEPAITUU

DenepabHOE TOCYIAPCTBEHHOE AaBTOHOMHOE
00pa30BaTelIbHOE YUPEXKAEHHE BRICIIEI0 00pa30BaHH S
«CEBEPO-KABKA3CKHUHW OEAEPAJIBHBIM YHUBEPCHUTET»

[Iarrropcekrnt HHCTHTYT ((prman) CKOY

MeTtoauueckue yKa3aHusl

T10 BBITIOJTHEHIIO KOHTPOJILHOIT paOOTEI
10 JUCIUIUINHE «IIpHeMHUKN 1 IOTPeOUTENN 3JIeKTPOIHEPrul B CUCTEMAaX BJIeK-
TPOCHAOKCHIII
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2. O0GopyaoBaHHE H MATEPHAIBI

3. HanmeHoBaHNe KOHTPOJIbHBIX padoT

4. CnHCcoK KOHTPOJIbHBIX padoT

5.1 IlepeyeHb OCHOBHOH H JONOJHHTE/JIbHOH JMTEPATYPbl, HEOOX0AMMON IfA
OCBOCHHSA JHCIHILTHHbI
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BBenenue

KontpoubHasg padora co343€T ONTHMAJIbHbIE JHAAKTHYECKHE YCJIOBHS ISl Jesk
TeJIbHOCTHOT0 OCBOEHHS CTYAEHTAMH COAEP:KAaHHA H MeTO0J0JI0THH H3Y4YaeMOH JTHCIHILIH-
Hbl «IIpHeMHHKH H OTPEOHTeJIH IEKTPOIHEPTHH B CHCTEMAX 3JIeKTPocHadxkeHHD». KoH-
TPOJibHbIE PA0OThI MPOBOASATCHA € IeJIbI0 BHIPAOOTKH NMPAKTHYECKHX YMEHHH H MpHOOpe-
TeHHs HABBLIKOB B pellleHHH 33Ja4, OTPadoTKH YNpakHeHHH, BbIIOJHEHHH YepPTesKeH,
MPOH3BOACTBE PACUYETOB H T.IL

Ileqib10 KOHTPOJIbHBIX PadoT ABJIAETCHA (POPMHPOBAHME NMPAKTHYECKHX YMEHHH —
NpoPpecCHOHAILHBIX (BbIIOJHATH ONpeAe/IEHHbIE JeHCTBHSA, OlepalliHd, He00X0oaHMbIe B
mocJjieayoieM B NpodecCHOHATbHOH AeATeJILHOCTH) IIH YUeOHbIX, HE00X0MMbIX B I0-
cJIeIyIoIeH Y1eOHOH JeATe/IbHOCTH 1o o0IenpodecCHOHAILHLIM H NPod)ecCHOHAILHbIM
JTACITHILTHHAM.

buosmorpadguyecknii CIHCOK COAEPKUT CBeJeHHA 0 CIPABOYHOH JIMTEPATYpe H JI0-
IOJIHAT eJIbHBIX H3AAHHAX, He00X0AHMbIX I/ YIJIYyOJIEHHOI 0 H3Y1YeHH 0T JeJIbHbIX BOIIPO-
COB.

OOKYMEHT NnoarnmncAH
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1. Ilens u 3a0 auu u3yueHua OuUCUUNIUHbI

HEJIB H3YYUCHH A THCIHHIIIHHbI

- (l)ﬂpMHpﬂEﬂHHE Y CTYJCHTOB CHCTEMATHYICCKHX 3HAHHH 110 BOIIpocaM IMPOCKTHPOBaAaHHA H

IKCILIY AT AN KOMILIEKCHBIX CHCTEM 3JIEKTPOCHAOKeHH Sl TOPO/A0B H NPOMbIIILUIEHHBIX
npeapusaTnim.
JagavyaMH JUCHHILIHHbI ABJIAECT CH:

- 3HATh B3aHMOCBfI3H MEARIAY HﬂTpEﬁHTMIﬂIH H CHCTeMOH MEHTpﬂCHﬂﬁ?ﬂEHHH; HHOKA3AT €-

JI TPaHKOB HATPY3KH JIeKT polIpHEeMHHKOB H MOTPEOHT eJiei;

- YMeTh aHAJM3HPOBATH IPAPHKH HATPY3KH.

- BiaageTs HAaBbIKAMH Pa3padoT KH OCHOBHBIX YHEPIocOeperanimmx MeponpusTHil B CH-
CTeMaX JIEKTPOCHAOKeHHS]
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1. Pacuer koadduuneHTa HECHHYCOHJAIbHOCTH

1.1. BeHTHUIIBHBIE ITPpeoOpa3oBaTeln

B Hacrosfilliee BpeMs camMoil pacripoCTpaHeHHOH CXeMOH BbIIPAMJIEHHS
/IS MOIIHBLIX MNpeoOpa3zoBaTeseil ABJsAeTcA TpexdazHasa MoOCToBasi cxeMa
(cxema JlapuoHoBa), nipeacTaBiaeHHass Ha puc. 1.1, a. IT1a cXema BbInpsMJie-
HUS TO03BOJISIET OCYUIECTBUTHh TaK HA3bIBAEMYH IIeCTUH(A3ZHYH WIH IIeCTH-
HMIIYJIbCHYI cXeMy BbINpsaMJIeHHUA. CoeqHMHEHHE IO0C/IeJ0BATECJAbHO WIH Ia-
pa/LuieJIbHO JBYX WIH HECKOJbKHX BBINPSAMHTE/IbLHbLIX MOCTOB INPH MUTAHUU
UX HarpsaKeHHeM, CABUHYTHIM Ha COOTBETCTBYHIUHUH YIoJl, IM03BOJISAET I0JIY-
yutrb 12, 18, 24, 36, 48...-pa3Hble cXeMbl BhINIpAMJIeHUA (KpaTHbIE LIECTH).
CaBur yriia HanpsizKeHHMsl OCYILIEeCTBJIsIeTCH IPUMeHeHHUEM COOTBETCTBYIO-
IHMX CXeM COeJHHEHHA MEPBUYHBIX WIH BTOPUYHBIX 00MOTOK TpaHcdopMa-
Topa: Y — 3Be3aa, A— TpeyrojibHUK, Z — 3Uri3ar, KoTopble Mo3BoJISOT 0CY-
INECTBUTh MNpPaKTHYECKH cXeMbl J1000i1 ¢da3HocTH (MMITYJIbCHOCTH) BbIII-
pAMJIEHHUS.

A § QC A O8 OF

Puc. 1.1. CxeMbl moJIynpoBoJHUKOBBIX TpPeo0pa3oBaTe/IbHbIX arpe-
raToB:

a — arperat 1o 6300 A mecrudgazHOro pexuMa BbINPAMICHUS
NOKYMEHT NOAMNUCAH _ .,
Ceprvdpvikar: -, 12000002A633E3D113AD425FBE0002000002A6 ro peKUMa BBINIPAMJICHUS; ¢ — OJ-

Bnapeneu; lLlebayxoea TaTeAHa AnekcaHapoBHa
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HOJIMHeHHAs cXeMa; 0 — oAHoJIMHelTHas cxema arperarta 25 000 A 1 ero Kom-
MYTALIMOHHAS anmapartypa

IlepeuyHbIM fIBJISIETCS IMOSIBJIEHHEe B MHTAaKOHIEl ceTH KOMMY-
TALMOHHLIX MCKAaKeHUI HANpsLKeHUsA, a TapMOHHYECKHI aHAJIN3 UX M03BO-
JIfieT BBISIBUTh Ha/JIHYHe BbICHIMX rapMOHHK HamnpsukeHusl. Ilopsigok Bbic-
IIUX FTapMOHHUK onpeaeisietcss gopmyoii n = mk £ 1, rane m — 4ucao ¢a3s
BeinipamaeHus; k=0, 1, 2, 3...—mnoc/iegoBaTe/IbHBIII pAaA HATYpPAJbHBLIX YH-
ceJl.

s mecrudgazHON CHCTEMbl HANpPSAKEeHUsA B KPHBOH IHTAKILEro
HAIpsEKEHUs UMEKTCHA BbICHINE TAPMOHUKH CJIEAYIOILIEro rnopsajaka, HazbIBa-
eMble KaHOHHYeckumu: n=5, 7, 11, 13, 17, 19, 23...; ana 12-¢azHoi cxeMbl
n=11, 13, 23, 25, 35, 37...; ansa 24-pazHoii cxembl n=23, 25, 47, 49, 71, 73 u T1.
1.

MeTtoauka pacuera KodpPpuLHeHTa HECHHYCOUAAIBLHOCTH HATIIP sKe-
HUA Ky 0CHOBBIBaeTCH HA BbIYMC/IEHUH B JIW0O0H TOYKe MUTAKLIEN CEeTH Jeii-
CTBYIOIIHX 3HAYEHHUH KOMMYTALHMOHHBIX UCKAKeHUH HaINpsKeHHUsA, YTO paB-
HOCWJILHO YUeTy BceX BbICHINX rapMoHUK. CiieJoBaTe/IbHO, JJ151 ONIpe/ae/IeHUs
ku nnpu padote BeHTWILHBIX MpeoOpa3oBaTe/iell HET HEO0XO0AUMOCTH OIIpe/e-
JIATH YPOBHHU OTA€JIbHBLIX rapMoHHuK. IIpu 3Tom ygaercsa uzdexarb omIMOKH,
BO3HHKAKIIEHN INMPH YUeTe TOJNbKO onpeJe/;IeHHOr0 YHC/Iia BbICHIUX FrapMOHHUK.

MeToauka No3BOJISIET BEIUUCIIATE Ky B Ir000I1 TOUKE IIHTAIONIEH CETH, IC-
[IOJIL3YS IapaMeTphl, IIOJIYUEHHBIE IIPU BHIUNCIJIEHUN TOKOB K3, I OCHOBLIBAETCSH
Ha CIIEAYIOIIUX JOIYIIEHUAX: IIPOBOJINMOCTU 3JIEMEHTOB IIUTAIOIIEN CETU CUTAa-
FOTCSI HEEMKOCTHRIMU. 1IpM 3TOM AOIYIIEHUM OINNOKAa B pacueTe HE IIPEBLIMIAET
10—15%. Ilpeamomaraercs, 4ro B y3JIaX CETHU, PACIOJIOKEHHEIX B HEIIOCPE/I-
CTBEHHOII ONM30CTH OT BEHTUJILHEBIX IIpeoOpazoBaTelneil, oOTCYTCTBYIOT BK, mpej-
HazHAUEHHBIE 1 KOMIICHCAI[UN PEAaKTUBHOI MOIITHOCTH, HE VUUTHEIBAIOTCS aHOP-
MaJIbHBLIE TapMOHUKI.

Kosdduiuenr HecuHyconganbHOCTH HAIPSAKEHUS IIUTAIOMICH CETH OIIpe-
nensercs mo popmyJie [2]

40
2. U,
k, =———100
UHDM (]1)

OOomuil ko3(pPUITNEHT HECHHYCONAAILHOCTH IMUTAKOIENl ceTH Ipu padore
BEHTIJILHBIX IIpeoOpa3oBaTenell MOKET OBIThL ONpedesieH 1o Gopmyrie [2]

0.955-sin¢ o

k, =100-x_. |
NIOKYMEHT MOAMUCAH + X,

SNEKTPOHHOW MOAMUCHIO P (1.2)
Ceptucbvkar:  12000002A633E3D113AD425FB50002000002A6
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HBIX €QUHUIAX, IPUBEAEHHOE K MOIHOCTU IIPpeoOpa3oBaTeld Syp, T. €. COIPOTUB-
JICHHE OT YCJIOBHOI TOYKHU CETH OECKOHEUHOII MOIHOCTH JIO0 TOUKH CETH, B KOTO-
poil ompenenseTca Ky; Sksz — momHocTeE K3 B Touke, B KOTOPOIl ONpeAEIsIeTC
Kyu; Xpgp — MHAYKTUBHOE COIPOTHUBIIEHNE IENN IIPEOOpPaz0BaTENSI B OTHOCUTEIID-
HBEIX €JIHUIAX, NPUBEJEHHOE K Spp, T. €. CONPOTHUBRIEHUE OT TOYKU BO3HUKHOBE-
HIISI KOMMYTaIIIOHHBEIX K3 10 Touku, B KOTOPOI onpeensieTcs Ky.

Dopmyna (1.3) copaBegmBa s IIpeoOpa3oBaTesIell ¢ JIF000Il IoCIIe 0Ba-
TEILHOCTBLIO UepeJOBaHII (a3s.

rac X. = - DKBHUBAJICHTHOC COIIPOTHBJICHHC CHCTCMEI B OTHOCHTCIIb-

K3.6

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
34



Kpome kxoadpdunuenta necunycouganbHocT ['OCT HOpMupyer xo3ddu-
IIIIEHTEI N-0I1 TapMOHIYECKON COCTAaBILAOIIEN. COTrJIacHO 4]

Ky = 100, % (1.3)

UHCIM
[Ipn onpenenennm ky ocoboe BHUMaHUE CIIEAYET oOpalaTh Ha Xgp. 4aIre
BCEro TpeOdyeTcs ompeaendaTh ky Ha MMHAX MUTAaHNISI MOIIHBEIX THPUCTOPHEIX IIpe-
obpazoBateneil. Ilog mnpeoOpazoBaTeeM IIOAPA3yMEBAIOTCS BBINPSIMUTEIBHBI I
MOCT (IUIH UX TPyIINa) 1 NUTAFOINI TOHNKAKINI TpaHC hopMaTop.
B sToM ciy4yae xpp paBHO COIIPOTHUBIIEHIIO IIPeoOpa3oBaTENILHOTO TPaHC-

dopmaTopa u onpeaensercs o dhopmye [2]
. k, S,
Ko =~ (14 —2) 2
100 4 SHIDM._,T (l 4)

TA€ Swn: — HOMHHAIIBHASI MOIMHOCTE IIPe0oOpa30oBaTENIBLHOIO TpaHChopMa-
Topa;, ky— ko3 PuIueHT pacuiersieHus 0OMOTOK 3TOr0 TpaHc(opMaTopa, Ux g —
CKBO3HOEe HamnpskeHne K3 TpaHcdopMaTopa, NpUBEAEHHOE K IIOJIHON HOMUHAIIb-
HOM MOIITHOCTHU TpaHcdopMaTopa.

JI11s1 1By XOOMOTOYHEIX TpaHC(QOpMaTOpPOB, IPHUMEHSIEMBIX B IIECTU(]aZHBIX
(Tpexga3HBIX MOCTOBBIX ) cCXeMaX BBIIPSAMIIEHN, K, =0, TpeXOoOMOTOYHBIX TpaHC-
¢opMaTOpPOB, IPUMEHIEMEIX B IIpeoOpa3oBaTelsIX, BHIIIOJIHEHHBIX II0 JBeHa/lla-
T (a3zHOIl cxeMe, B 00IIeM BUE

u
k(HH1-HH?2
k. = { )

p

Uy

TA€ Uk(minnz) — HanpsDkeHne K3 MexIay pacHieIUIEeHHBIMUI BTOPUYHBIMH
oOMOTKaMH TpaHC}opmaTopa.

B oOmeM criydae a1 TpaHC(QOpMaTOpOB C pacHleINIEHHEIMU OOMOTKaMUI
kp=0+4, ecnm BETBM HU3IIETO HAMNPSKEHISI TpaHC@OpMaTopa HUMEIOT XOPOIIYEO
3IIEKTPOMATHUTHYIO CBs3b APYT ¢ Jpyrom, k,=0; ecnu obmorknm HH He mMmeror
MarHUTHON CB3U APYTr C APYTrOM WIIHN IIpeoOpazoBaTellk BBIIIOJIHEH IIO CXEME C
IByMs TpaHC popMaTOpaMu, IMEIOIMNMI pa3Hble CXeMBI coequHeHNs, To Ky,=4.

JlelicTByIOIIEe 3HaUeHIe BLICIIEH rapMOHUKN HAOpsDKEeHHS B JIFO00IT TOUKE
[IITAIONIEIl ceTu Ipu padboTe mpeodpazoBaTelsl ¢ JOOOH IMOCHIEI0BATEILHOCTHIO
yepeJoBaHUS (pa3 BREIIPSIMIICHIS MOXKET OBITh OIpeeIeHo o hopmyJie [2]

m X . .
Un :_UHGM - sin @ -sin(n - y)
T-n X+ Xpp (1.5)
(X, + X))
rae v = . - YTOJI KOMMYTAaIIII, pa.
NOKYMEHT NOANMWUCAH
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JlelICTBYIOIEE 3HAUCHIIE TOKa JIFOOO0I rapMOHUKHU B LIENU IIpe0Opaz0BaTEeILd
OIIpeJieIIIeTCs U3 BhlpaxkeHud [2]

Snp . .
—sin ¢-sin(n-y)

[ m
" 3m UHDM(chrxnp)n'

(1.6)

IIpu paboTe rpynILl BEHTIILHBEIX INpeoOpa3zoraTeleil Nopagok pacuera Ky
cnegyromuii. Ilo npuBeseHHEIM (QOpMyJIaM OIPEeIIIOTCS YPOBHU BEICIINX Trap-
MOHUK HaIIpsKEHUS JJII KaXI0T0 IIpeoOpa3oBaTes.

OJA1HAKOBEIE TapMOHUKH HANpPSKEHUS BCEX MpeoOpa3zoBaTelIeil T€OMETpPU-
* P e
geckn cymmupyrorest Unr = > Un  3aTem ompepensercs kodpQUIMEHT HecH-
i=2

HYCOMAAJIHOCTIL.

p
> U
Ky = S 100
HOM
Ocoboe BHUMaHIE HeoOXoAUMO oOpalnaTh Ha KOJIMUECTBO YUUTHIBaE€MEBIX
rapMOHUK, UTOOBI N30€3KaTh OMUOKN B BeIUmcJIeHNU ky, UeM Oobire KOINYECTBO
npeobdpazoBaTesicii m ¢a3 BRIIPSIMIEHHISI, TeM OoNbllee KOJIMYECTBO TIapMOHUK

HE0OXOINIMO YUUTHIBATh. [Ipesaraercs cneayromnias sMoupudeckas (popMyia:

pP=Nnax=4qm-+l, (1.7)

rAe Nyq—HANOONIbINAsd rapMOHUKA,  — YHCIIO paboTaromux mnpeodpazo-
BaTEJICH, m — YHNCJIO (pa3 BBIIIPSIMIICHIL.

IIpumep 1. J[119 BEHTIWILHOTO BBIIIPSIMUTENS PacCUUTAThL KO3 PUINEHTE
Nn-oli rapMOHMYECKOINl COCTABJLAIOUIEH HAIpspKeHUS N K03 ((UIIIEHT HECHHYCOMU-
IaJIbHOCTH Ha IHnHax 6 xB.

6 kB
HCXU,E[HLIE HJAaHHBIC:
C: Sws=150 MBA
13 M T3: St3=10 MBA; Uson=6 KB; ti,06=10,5%

VD: Sup=10 MBA; cos ¢=0,8; m=6
M: Pm=220 kBT; cos ¢=0,9; Ky\—1,2; Ki=5,1

{>| VD

D,GWMEI-_I?HDHHHCAH e HpEﬂﬁpﬂI}ﬂBﬂTEﬂﬂ 110 clmpmyﬂe
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k. S
X = Uy (1+ -2y _ 10,5 1+ Q)EZ 0.066
100 4 S 100 4 150

rae ky — korgdpuumeHT paciernieHusi 00MoToK (151 ABYX00MOTOYHOI 0
TpaHchopMmaTopa paBeH ()
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C OIIPpOTHBJICHHEC CHCTCMbI

S
XC — P — £ — 0!067
See 150

KoshduimeHnT HecuHyconaaibHOCTH M0 yIpoiueHHOH popmy.ie (1.2)

k, =100-x, 222209 _ 91— 100. 0,067\f 0.955-0.6
Xe T X 0,067 + 0,066

CormacHo [1] monnycTumMbiil KO3pPPUIMEHT HECHUHYCOUIAJIbLHOCTH 1151
HanpstKeHUsA 6 KB cocraBasier 5%. Tak kak pacyeTHbIH KoO>pGHULUHUEHT

OoJIbIIIE JOITYCTHMOI 0, HE00X0JUMA YCTAHOBKA (PHIILTPYHIIHX YCTPONCTB.

—091=12%

CoriacHo [2] A BeHTWIBHBIX NMpeoOpa3zoBaTeleil HEOOX0JMO YUM-
ThIBATH B pacyeTax ToJbKko S, 7, 11, 13 rapMoHHKH.

VYroj KOMMyTallM| B paJalaHax

3(Xe + Xpp)  3(0,067 +0,066)
m - Sin @ - 6-0,6

riae m — 4uc/io ¢pas npeodpazoBaTeI.

HanpsikeHuss BbICHINX TApMOHHUK U K03¢gdULIHEHTHI N-HOH rapMOHH-
YyeckoH cocTaBiaswoinei o (1.5) u (1.3)

V= =0,11pax

U, ZEUHHM s sing-sin(n -y), [kB] Ky = LIOO, [%]
TN X+ Xpp Uou
6 6 0,067 0,36

U, = 0,6 -sin(5-0,11) = 0,36xB Kyes) = ——100 = 6%
n-5 0,067 + 0,066 6

6 6 0,067 0,35

U, = 0,6 - sin(7 - 0,11) = 0,35xB Kyiy=——100=5.8%
7= 727%0067 + 0066 0 SO =0 YD 6

0,29
U, = 0 6 0,067 0,6-sin(11-0,11)=0,29xB ku[l 1y = —6 100 =4.8%
n-11 0,067 + 0,066

026 =
Upi= 0 6 0,067 0,6-sin(13-0,11) = 0,26xB Kyas) = 7100 —4,3%
n-13 0,067 + 0,066

1.2.  JlyroBel€ cTaleIUIaBIIbHBIE II€UH

HckaxeHus IITNTAFOIICI'O TOKAd I HAIIPAMKCHIIA IIPH paﬁmTe AYTOBEIX CTa-
JICIIABIJILHBIX IIedell BO3ZHUKAKOT 3a CUeT HEIINHENHON XAdPAaKTCPIHICTHUKM AYI'M I1 34

ANEKTROHHOM FOANUCHIO (1IN, YPOBEHb BBICHINX FapMOHUK TO-
Ceptuchukar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu:| ' LWe6ayxoea TaTbaHa AnexcaHapoBHa { reuen CPaBHUTCIILHO HEBCJINK, OCO-

{ (KaMI1, I‘EHEpHp}’EMHMH BEHTI1IILEHBI M
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npeoOpazoBareaMu. OJHAKO C HUMH CleQyeT CUUTAaThbCs, TaKk KaK MOITHOCTB AOY-
T'OBBIX II€UEN IIOCTOSTHHO PacTeT.

Ha ocHOBaHUH 3KCHEepUMEHTAILHLIX HCCJIeJOBaHNI [2] MOJIydeHO COOTHO-
[EHNE JJI OIIPEAECIICHN MaKCUMAJIbHBIX 3HAUEHUI YPOBHEN OTIEJILHBIX IapMO-
HIIK TOKa IIpu padoTe JYTOBBIX Medeil.

IT
In — ) (18)
11
rae I, — Tok nmeuHoro TpaHcopMaTopa B pacueTHOM pexkHMe (A1

pacueTa MaAKCHMAJIbHBLIX 3HAYE€HHUI FapMOHHMK HaJ0 OpaTh B pacueT HOMH-
HAaJILHBII TOK MNMEe4YHOro TpaHcdgopmartopa); n=2, 3, 4, 5...— HoMep COOTBeT-
CTBYHOLIEH rapMOHHUKH. 13 COOTHOLIEHHUSA BU/HO, UTO JOCTATOYHO B pacuyeTax
YUUTHIBATh TOJILKO 0 7- rapMOHHUKH, TAK KaK 0CTaJIbHble TAPMOHHUKH Ma-
JIbI.

JLns rpynmbl 0JMHAKOBBIX YT OBBIX CTaJIEIVIaBUJIbHBIX e Yel

[, =L4N (1.9)

rae N — 4ucio nedeil, 0fHOBpEMEHHO PadOTAIIINX B pe:KHMe pac-
IJ1aBJICHUA.
JLnst rpynnbI rnevyeu pasHOH MOLIHOCTH

N
In,r:In,nmx an;ﬁ Sn,Tnmx (1"10)
1=1

rae SnTi — MOIIHOCTL i-ro mne4yHoro TtpaHchopMaTOpa; SnTmax —
HAH0O0JIbIIIASA MOIMHOCTh TpaHc(opMaTopa B rpyIrne AyroBbIX rnedeil; Inmax -
TOK N-0il TapMOHHUKHU Te4YHOro tpaHcgopmatopa Hanoo/buIeil MomHOCcTH; N
—00I1ee YHCJI0 padoTalINUX MeYeil.

JInga omnpeneneHus ky B COOTBETCTBYIOIIEH TOUKE CETH HEOOXOIIMO
OIIPEJIENINTL YPOBHM HANPSKEHISI  OTAEIbHBIX TapMOHUK, reHepupyembsix J[CII.
dazHOE HaIpsKEHNE FapMOHUKNM B pacUETHON TOUKE MUTArOIIell CEeTU HaXOUTCS

13 BbIPAKCHIA

.
\EI nU:
U, = n___HoM (1.11)
Sk
rae I, —aeiicTByromee 3HaueHne (a3zHOro TOka n-oif rapMOHUKI, N — IIO-
PSAOKOBEIIT HOMep TapMOHUKH, Upey — HOMUHAILHOE JIMHEHHOE HaIpsDKEeHHE B

pacyeTHOI TOUKE; Sx — MOMIHOCTE K3 B pacueTHOI TOUKE.
Oobmuil ko3QUINEeHT HECUHYCOUJAIILHOCTI B pacueTHON TOYKE IpH pa-

OO0T€e JYTOBLIX CTaJIeIUIaBUILHEIX Hedeil, % ,

k.. = (1.12)
[IOKYMEHT MOAMUCAH
3NEKTPOHHOW MOAMNUCHIO M
c . 12000002A633E3D113AD425FB50002000002A6 g g
EEF’T“E*:'””?T *HIIE OCHOBHOII YacTOTBEI B pacueTHOI
nageneuy;: Lebayxoea TaTeAHa AnekcaHapoBHa
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IIpumep 2. J[71 1yroBoii cTajeliaBUILHOI II€UN pacCUUTaTh K03} Quin-
€HTEI N-0l1 rapMOHNYECKOIl COCTARIISIIONISH HaOpsKeHNI 1 K03 (UINESHT HECUHY-
congarbHOCTH Ha mmHax 110 xB.

110 xB
HcxoaHble JaHHbIE:

C: Sk1,11002300 MBA

T2: S1:=60 MBA; Usnowv=110 kB
T2
oo
-

JICTI

Pemenne: CuntaeM HOMHUHAJIbLHBIH TOK IMEYHOr 0 TpaHcopmaTropa

| S\ __o0 =0,31xA

.
boBu,. V30110

CoryacHo [2] B npaKkTHYeCKHX pacueTax JJIs AYTOBBIX CTAJIEIIABWIb-
HBIX IeYer YYUTHIBAKTCH FrAapMOHHUKH €O 2-0M 110 7-10.

Toxn, HanpsZKeHUsA BBICIHUX FAPMOHUK M KO3 PULHEHTHI N-0H rap-
MOHHYECKON COCTABJAKIIEN HANpPsLKeHUs paccuuThbiBaeM I10 ¢opmyaam
(1.8), (1.11) u (1.3), rae n — HoMep rapMoOHHKH

In — I—Tj? [EA]?
2
I, = O%l =0,078xA I; = 0’2’1 =0,034xA 1, = 0%1 =0,019kA I = 0’2’1 = 0,012xA |
27 3 4- 5°
[, = 0{’1 = (0,006xA
7_
[OKYMEHT MOAMNUCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Kos¢gpdpuuneHT HECHMHY CONAAIBHOCTH HAMNp siKeHUs Ha muHax 110 kB
2. Us > 2 2 2 2 2
> 1,427 +0,93° +0,7° + 0,55 +0,49° + 0,38

AT 110

CoraacHo [1] monycTuMbiin KO(PPUIMEHT HECUHYCOUIAJIbLHOCTH 1151
HanpstkeHUs 110 kB cocraBiasier 2% . Taxk Kak pacueTHbIH K03(¢(dULIHEHT He

NpeBbIIIAET JOMYCTUMbIH, YCTaHOBKA (PIILTPYIOIIMX YCTPONHCTE HAa HIHHbI
110 kB He TpebyeTcH.

100 =1,83%

1.3. CBapouHbI€ YCTAHOBKH

Ilo CBOCMY BGB,[[EﬁCTBH}D Ha HCCIHIHYCOIJI4JIbHOCTDb HI»’ITE’LIDH_IEﬁ CETH CBa-
POHHEIC HAI'PY3KH MOXHO Pa3ACIINTE Ha ABC KaTCI'OPIHN. YCTAaHOBKI ﬂyFGEDﬁ 1
KOHTaKTHOII AJNICKTPOCBAPKH IICPCMCHHOI'O TOKd4, YCTaHOBKH ,[[}’FDEDﬁ IJICKTPO-
CBAapKH IIOCTOAHHOI'O TOKA.

Y CTaHOBKU ,[[yFDBDﬁ JJNICKTPOCBAPKH IICPCMCHHOI'O TOKaA EDBﬂEﬁETEy}DT Ha
IIITAFOMYIO CCThb aHAJIOI'NMYHO AYI'OBBIM CTAJICIINIABIUIbHBIM IICHAM. Bxmrouenue
CBApPOYHEBIX MAaIlllIH KOHTaKTHOH SJICKTPOCBAPKH IIPOHN3BOAUTCA C IIOMOIIBIO HNI'HII-
TPOHHBIX IJIN THPHCTOPHBIX KHIDT—IEfI:, KOTOPEIC JJIA IUNIdBHOI'O PCI'YJIMPOBAHIA CBa-
POHHOI'O TOKa CHaOXKaIOTCId CcHUCTEMaMI (bHBDEDFD PCIVIIHPOBAHITA VIJIa 3adXKHId-
HITA, YTO IIPHBOJAHWT K HCKAXCHIIIO TOKd BBICIINMHM I'dpMOHHKdMH, YPOBCHE KOTO-
PBIX dHAJIOI'IYCH YPOBHEO I'dpPMOHHK JIA ,[[}’FDEDE[ CBAPKH IICPCMCHHOI'O TOKA.

B D6H_[EM CJIyHac AJIA E,[[I’IHHT—IHDﬁ YCTAaHOBKH 3JICKTPOCBAPKII IICPCMCHHOI'O

TOKa TOKHI FapMOHUK (PEKOMEHAYETCS YUUTEIBATEL TOJIBKO TPETHIO U ILITYIO rapMo-
HUKU |2]) paBHHL:

Lo =SuourPe VIIB /(1" U ) (1.13)
IA€ S.x. — HOMHHAJIbHas MOIHOCTL TpaHCdopMaTopa;, Pe— kKoadduiin-

€HT 3arpy3ku, I1B — mpogoDKUTEe b HOCTh BKITFOUE HILA.

Onpe/esieHHe TOKOB rAapMOHHUK, FTeHEPHPYEMbBIX YCTAHOBKAMHU YT OBOI
WIEKTPOCBAPKH IMOCTOSAHHOI0 TOKA, AHAJOIHYHO oOrpeejleHH0 TapMOHHUK
V11 BEHTWIbLHBIX MpeoodpazoBareseil. Toxy rapMoHHK (pPeKOMEHAYETCH YUH-
ThIBATh ToJibkO 5, 7, 11, 13-10 rapMoHHKH) e JMHUYHOI YCTAHOBKH JYTrOBOMH
IEKTPO CBaAPKH IOCTOSIHHOT 0 TOKA OIpe/Ie/isitoTcA 1o popmy.ie

|
. CB
[ =—— (1.14)
n
rae lee — HOMHMHAJIBLHBINA NMEPBUYHbII TOK YCTAHOBKH.
"7 JOKYMEHT MOANCAH "BAPKH HE3aBHCHUMO OT peKHMa pa-

SNEKTPOHHOW NOANUCHIO
Ceptudurkar: -12000002A633E3D113AD425FB50002000002A6

Bnapeneu: le6ayxoea TateaHa AnekcaHgpoBHa

DHHIK OIpeaesIsAIlTCA corjacHo [2]
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(1.15)
1
rae Ini — Tok n-ii rapMoHHKH i-i1 ycTaHOBKH; N — 00111ee uKcJI0 pado-
Tal X YCTAHOBOK.
Jlnsi olleHKM BJIMSAHHSA CBapOYHBIX HATPY30K HAa Ce€Th MpeaANpHUATHS

onpeaesercs oomuin Ko3¢puUIMeHT HeECHHYCONJAIbHOCTH 110 hopmy.ie, Yo,

13

> U;
k= JHW 100 (1.16)
@IIIHUEIGM ar
I'1c Un — S - HAIIPHARCHIC n-1 rapMoHHKIIL.
K

IIpumep 3. [ rpynmnel CBapOYHEIX YCTAHOBOK IIEPEMEHHOIO TOKa pac-
CUUTaTh K03 ((UIINEHTH N-0I1 TapMOHUYECKOI COCTABJLIIOIMIEI HAIIPSIKEHILT U KO-
3P PUITNEHT HECUHYCONgaJIbHOCTH Ha muHax 0,4 xB.

0,4 xB
IcxoaHble JaHHLIE:
C: SR;,I],4=2 MBA
/ Cy CV: Suom=30 kBA; Uuon=0,4 kB; 11B=60%b; P=0,5;
N=6

Pemenne: CorsacHo [2] B nMpakKTHYeCKHX pacyeTax AJSA CBAPOUYHbIX
YCTAHOBOK I€peMEHHOI 0 TOKA YYUTHIBAKTCA 3 U S rapMOHUKMN.

Toxn BbICHIMX TAapMOHHUK JJA TPYIIbI CBAPOYHBIX YCTAHOBOK pac-
cuuTbIiBaeM 1o ¢popmysam (1.13) u (1.15), rae n — HoMep rapMoHUKH

— SHGMBCE '1 %

g) n.r
n UH-:-M 1

|

1

13 — 30 -3(1,5(;;4{ 0,6 — 3,23A 15 _ 30 -52,5(')14#0,6 _ 1,16A IB,r — .Jf, . 3!23- — 7,91A

I, =+/6-116> =2,84A

HanpsikeHUs BBICUIMX FrAapMOHUK U KO3(PULIHEeHTbLI N-0H rapMoHHY e-
CKOI cocTaB/IsAOLIEH paccuuThbiBaeM 1o ¢popmyaam (1.11) u (1.3)

; U
17T — '\/§I[‘IHUHQM lw~R1 kU[[’l] — _HIOO, [%]
AOKYMEHT MNoanncAH U
SNEKTPOHHOW NOAMNUCHIO HOM

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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V3-791-107-3.047 3,29:10°
3= =329.10°kB | kyg = 100 =0,82%
2 0,4
J3-2,84-107-5.0,4° o
US — 2 21597'10_31(]3 kU[ﬁ} — 1,97 10 100:0!5%

Kos¢h¢puimeHT HecuHyconaaibHOCTH HaNp sukeHUs1 Ha muHax 0,4 kB
5
> U, —
2°+0,5°
ky,=-——100= J0.82° 05
U on 0,4

CoraacHo [1] monycTuMbiil KOY(pPPUIMEHT HECHUHYCOUJAJIbLHOCTH 1151
HanpsekeHusa 0,4 kB coctapnser 8%. Tak kak pacueTHbI K03¢(HUIINEHT He
NnpeBbIIIAEeT AOIYCTUMBIH, YCTAHOBKA (PIIBTPYHILINX YCTPOMCTB Ha HIHHbI
0,4 kB He TpebyeTcH.

100 =2,4%

2. Pacuer xosdduimenra HecuMMeTpUU

IIpn pacyere HanpsuxeHHs1 00pAaTHOH I0CJEA0BATEILHOCTH H KO3(-
(hymeHTa HECUMMeTPHH 0AHOG(A3HbIE HATPY3KH YUUTHIBAKTCHA BBeJAeHHEM B
cXeMy 3aMelleHHs 3aJaIUX TOKOB 00paTHO 10c/1eJ0BaATEeJIbHOCTH.

Moayab Toka o0paTHOIl MOC/IeJ0BATEIbHOCTH, MOTPE0/IsIEMOro 0JHO-
(hazHbIMH Harpy3kamu [4]
V3

[,= 3S5, + (S, —2S,.)° 2.1
_6UHDM\/h(h ) (2.1)

rae Sap M Spe — oaHoga3HAA HATPY3KA COOTBETCTBEHHO Me:Kay dhazamu
ab u bc.

Cxema 3aMellleHHsl CeTH JIsI HAXO0:K/JAeHHsI HAMNPsLKeHUs1 00 paTHOI 110-
caeaoBateibHocTH Uz npuBeaena Ha puc.2.1 [4].

Puc. 2.1. Cxema 3amMellleHUsI CETH /A1 oripedesieHHsl HAIPSKEeHU 00paTHOH
nocjieaoBarejibHocTH. Ha cxeme 0003HaueHo: I — Tok oOpaTHOIT Moc/1eJ0Ba-

JOKYMEHT MNoarnnvcAH L

SNEKTPOHHON NOAMCHIO 221 U b2 — NMPOBOANMMOCTH KOPOTKO-

Ceptnchikar: 1 112000002A6383E30113AD425FBE0002000002A6 |PEXCIJH3Hﬂﬁ 6HTHPEH KOH/IEHCATOPOB
Bnapgeneu; llebGayxoea TateAHa AnekcaHapoBHa

' — IMPOBOAUMOCTHL OCTAJIbLHOH Ha-
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I'pyY3KH NMoACTAHLIHI, pﬂCCMﬂTpHBﬂEMDﬁ B RAYUECTBC ﬂﬁﬂﬁlﬂEHHﬂﬁ; B OTHOCH-
TCJIbBHBIX € IHHHIIAX

1 .
Y,y = . =2-12,67
0,18 + 0,24
BbipaskeHUsA AJIs1 AKTUBHBIX M PeaKTHBHBLIX MPOBOANMOCTEIl UMEKOT
BT

b Sk b Qs b 2,675, 2SS,
2K =72 26 — <12 2H ™ 2 B2H .3
UHDM UHCIM UHDM UHGM

[IOKYMEHT MOAMNUCAH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Moay./ib MOJHOr0 CONMpPOTHBJIEHHS 00paTHOI 10C/1eJ0BATEILHOCTH Z2y
CeTH MocJjie BbINOJIHEHUsI HECJT0KHBIX MMpeodpa30BaHUI NMPeACTABIAETCHA BbI-
pa:keHueM [4]:

Zyy = ~ Usion = (2.2)
V482 (S, +2,67S, - Q)

HHHPH?HEHHE 00 pa THOH I10CJI €A0BaATC/JIBHOCTH

U, =V3L,2,5 (2.3)
Kos¢gpdpuuneHr HecuMMeTpHUH
£, = UUE 100% (2.4)

HOM

IIpumep 4. /i1 cXxeMbl HAa pUCYHKe onpeaeJUuThb KO3 PUIIHEeHT HeCHUM-
MeTPHH MpH MOAKJIHYEeHHH 0JHo¢a3HoI neuyH K ¢azam a u b.

| { HcxoaHble JaHHbIE:
T3 @ T4@ @ M C: S«:,6=150 MBA
Sab

T4: S1=1 MBA; Unov=06 KB; uk,06=5,5%;
0.4 R APx+~=10,5 kBT; APxx=1,9 kBT
VD: Sup=10 MBA; cos ¢=0,8; m=6
Dl M: Pmv=220 kBT; cos ¢=0,9
vD v H: Suarp=1 MBA; Sa=5,5 MBA

NN

AN

Pemenne: Toxk odOpaTHOH moc/jedoBaTe/IbHOCTH HAX0JUM 10 (hopmy.Jie

2.1)
'\/§ 7 g ‘\/g 3 7

I, = 385, + (S, —2S,.)" =——4/3-5500" + (5500 —2-0)" =530A
=38 £ (Sy 280" =0 ( )

rae Sap M1 Spe — oAHO(¢a3HAA HATPY3KA COOTBETCTBEHHO MeKay (hazamu
ab u bc, kBA.

HOM

CymMmMapHasi Harpy3ka Ha mHMHaxX 6 kB ¢ yyeroM BEeHTWIBHOIO BbI-
Np AMUTEJIA
Su=Snp+Suarp+S5»—=10+1+0,22/0,9=11,24 MBA
rae Spp — MOIIHOCTh BEHTHJILHOro rnpeoopasoBatensi, MBA; Suarp —

AOKYMEHT MOAMUCAH 'Th ABUrareJis, M BA.
SNEKTPOHHOW MOAMNUCHIO
CepTudmkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: IUebayxora TateaHa AnexkcaHgpoBHa Ifl MoCJ1e10BATEJLHOCTH I10 (22)
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2 63
Zyy = Crion = (0,20Mm

V482 + (S + 2678, —Qq)’ : J4-11.247 +(150 +2,67 11,24 - 0)’

rJA€ Sxz,6 — MOIITHOCTH KOPOTKOI 0 3aMbIKAHHMS CHCTEMbI HA IIMHAX 6 KB,
MBA; Qs — MOIIHOCTbL KOHJEHCATOPHOI daTapeu (B JaHHOM CJIy4yae He YCTa-
HOBJIEHA, IIpUHUMaeM paBHoH (), MBap.

Hanpsi:zxeHue odopaTHOI noc/ieJ0BaTEJILHOCTH 110 (2.3)

U, =+/31,2,; =~+/3-530-0,2=182,17B

Kos¢gppuumeHr Hecummerpuu 1o (2.4)

. = U 100, — 18217

U, 6000

Jlns HanpsiikeHUust 6 kKB gonycTuMbIi KO3 PpUIIHEHT HECUMMETPHH CO-
raacHo [1] cocraBasier 2%. Tak Kaxk pacuyeTHbIH KO3(p(PHUIHEHT HeCUMMET-
pHH NpeBbINIAET JOINYCTUMBII, HE00X0AHMMAa YCTAHOBKAa CHMMETPHPYHOLIHX
YCTPOMNCTB.

100% = 3%

3. Bmmsaane xadecTBa JJNICKTPOSHCPITIH Ha paﬁmTy SIICKTPOIIPUCMHIKOB

3.1. Pacuer AOIIOJIHHUTCIIBHEBEIX IIOTCPL IIPIM HCCIHYCOMJAJIbHOCTH HAIIPAXKCHITA

HecuHycouaa/ibHOCTh HaNpPsKEeHUS BIHAET HAa Bce BHAbI IEKTPO-
NPpUEMHHUKOB. BbI3BaHO 53T0 He TOJNBKO TEIUIOBLIM  AOIOJHHUTE/IbHbIM
HarpesoM D11 ot Beicumx rapmoHuk (BI') Toka, Ho 1 Tem, uTo BI' oOpasyror
COCTABJISIIOIIIHE MPsAMOIl mnocJegoBatejabHocTH 1,4,71 T1.1.), 00paTHOIl MoO-
CJIeI0BATEJILHOCTH (2, S, 8 ¥ T.1.) U HYJIEBOH IOCJIeA0BATE/ILHOCTH (TapMOHMU-
KH KpaTHble TpeM). B 4acTHOCTH, TOKH HYJE€BOH IOC/JIeJ0BATEIbHOCTH CO-
30aK0T JOIMOJTHUTE/IbHOE NMoAMATHHYUBAHHE CTAJH B IEKTPUUYECKHUX MaIlH-
HAX, YTO NPHUBOJAUT K YXYAIIEHUHK XapaKTepUCTHK 3TUX Il u momoiHM-
TEeJILHOMY HArpeBy cepaceyHHKOB (ctatopbl AJl, MarHUTONIpOBOALI TPaHC-
¢dopmaTopoB).

Oo0bruHo BI' HanpstxeHHsl, CYMMHPYSICb ¢ OCHOBHOH TrapMOHHKOI,
CIMOCOOCTBYKOT MOBBIIIEHHIO A€HCTBYHINEro 3HAYEeHHA HAMNpsSKeHUs Ha 3a-
auMax J11.

Brbiciue rapMmoHHKH HAIIpHARCHHH H TOKA HEﬁﬂﬂFﬂHpHHTHﬂ BJIMAIOT
Ha BHEHTpﬂﬂﬁﬂpyﬂDBﬂHHE, CHCTEMbLI ABTOMAaTHKH, pEﬂEﬁHﬂﬁ 3alllNTbI, TC-
JICMCXAHHKH H CBH3H. INNOAB/IAKTCH JOIMOTHHTCJ/IBHBIC ITOTEPH B J3JICKTPH-

AOKYMEHT MOAMMCAH “eTsIX, YXYAIIAKTCA YCJI0BHUS pado-

SNEKTPOHHOW NOANUCHIO
Ceprudhukar: | 12000002A633E3D113AD425FB50002000002A6 AACTCH CPOK Cﬂyﬁﬂﬁbl H30JIHLHHN
Bnagnened: Lebayxoea TaTbRAHa AnekcaHapoBHa JSpﬂCTﬂET ﬂBﬂpHﬁHﬂCTh B Hﬂﬁe.ﬂb—
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HBIX CETHAX, YXYALIAEeTCH KAYeCTBO padoThl, a HHOI/Ja MOABJAKTCA cOOH B
pabdoTe cUcTeEM pesieiiHOM 3alMThl, ABTOMAaTHKH, TeJIeMeXaHUKH H CBS3HL.

Beicuine rapMOHHMKH HANpsKEeHUS U TOKAa BIAUMAT TAK/Ke HA 3HAUe-
HUSA Ko3(p¢duuueHTa MOIHOCTH, Bpaulalolero MOMeHTa YIeKTpPOABHUIaTe-
Jel. OqHaAaK0 CHIZKEHHE J3THX XapaKTepHUCTHK, Jaxke MNpH Kod(pduuueHTe
HCKaxKeHUsA ¢opmbl KpuBon HanpsikeHuss 10—1S %, oxaszbiBaeTcs BecbMa
HeOOJILIIMM. Y POBEHBb J0IMOJHUTENbHbLIX AKTHBHBIX nortepb oT BI' B oc-
HOBHBIX CETSX YIEKTPHYECKHUX CHCTEM COCTABJIsAET HECKOJbLKO IPOLIEHTOB
OT MOoTepb IPH CHHYCOMAAJIBHOM HaNpsKeHUH. B ceTsaAX npeanpusTHid,
KPYIHBIX MPOMBbIILIEHHBLIX ILIEHTPOB, a TaKiKe CETHAX JIEeKTpUGHUIHNpPOBaAH-
HOI'0 KeJIe3HOJOPOKHOI0 TPAHCIIOPTA TH MOTEPH MOIyT gocTuratb 10—15
% .

Bo MHorux ciaydasix B 3JIeKTPUYECKHUX CeTAX pa3/IHYHbIX HaIpsKe-
HUI1 ¢ ucTouHMKaMu rapmoHHuK Kb, no cymecTtBy, He padoTaT: OHH WIH
OTKJIIKYAKTCH BCJEACTBUE MEPErPY3KU M0 TOKY, HWIH B KOPOTKHUH CPOK BbI-
XOAAT U3 CTPOSA B pe3yjbTaTe BCIIYUHBaAHHSA, a UHOrJa M paspyuieHus. B
YCJAOBHSAX MPOMbINLIEHHBIX MPeINpUATHI OaTapeH KOHJAEHCATOPOB CII0C00-
CTBYWT CO3JaHHI0 YCJOBHUH pe30HaHCa TOKOB (WJIH OJIM3KHX K 3TOMY pe-
"KHMY) HA 4aCTOTe KAKOH-JIH00 M3 rapMOHHUK, 4YTO MPUBOAUT K ONACHOMN Ile-
perpy3ke HX 1o ToKy. B TAroBbIX H NMpPOMBIIVIEHHBIX 3JIEKTPOCETSX C Ipe-
odOpazoBaTe/IAMH TaKHe Ieperpy3kH 3agpHKCHpPOBaHbI MPH pPe30HAHCE HA
rapmMoHuKkax 40—>50-ro nopsgka, B ceTsAX ¢ IEKTPOAYTOBLIMH Ie4YaMH H
CBAPOYHBLIMH YCTAHOBKAMM - HA TAPMOHUKAX 3—7-ro nopsajaka.

Oco0eHHO YYBCTBHUTE/IbHBI K NMosABIeHUI0 BI' koHaeHcaToOpHbIe DaTa-
per U ka0ean. B koHAeHcCaTOpaxX MOTepH NMPOMNOPLHHUOHAJBHBI YACTOTE

AP = Uszth. Bl npuBOAAT K A0NMOJHUTE/JIHLHOMY HArpeBY KOHIEHCATOPOB

N OLICTPOMY BbLIX0AY HMX U3 cTposA. OrpaHuyeHHe MO JOMOJHHUTEIHLHOMY
HarpeBy Kb 3ajJaHbl J0NyCTHMbIM YBeJIHY€eHHEM JAelCTBYHOLIEro Ha €ro
3a:kuMax HanpszkeHUA 10 10 % oT Usgem M AeHicTBYIOLIET 0 3HAYEHHUA TOKA 10
30% ot lLuom.

Kpome Toro, yesimueHue Ky npuBoauT K CTapeHHI0 H30JISALIHH, Kaye-
CTBO KoTopoii xapakrtepusyercs tgs5. Padora Kb ¢ ky=5% B TeueHHne IByX
JIET MIPUBO/UT K YBeJIHUeHUI0 tg5 B 2 pa3sa.

AHaJIOrHYHO BocnipuuMuMBbl K BI' U Ka0enn, kauecTBO JUIIEKTPH-
KA KOTOPBLIX XapaKkTepHu3yeTrcs TokoM yTeuku. IIpn ky=6,85% 3a 2,5 roaa
TOK YTeUKH Bo3pacTtaeT Ha 36 %o, a uepe3 3,5 roaa - Ha 43 %e.

IIpy HecuHycoMJa/ILHOM HAIMNPEKEHUH HAO0JIIIA€TCA YCKOpPEeHHOe
CTapeHHe H30JALHH YICeKTPUHUYECKUX MAIIHH, TPaHC(pOpMaTOpoB, KOHACHCA-
TOPOB U KaleJiell B pe3yJibTaTe HeEOOpPaTUMBIX (PU3HKO-XUMHUYECKHX IpoLiec-
COB, MNMPOTEKAWINUX [0 BO3JeHCTBHEM I10JieH, co3aaBaeMbIX Bl Toka, a

NOKYMEHT NOONUCAH X YacCTEH.
3NEKTPOHHOW MOANMUCHIO |
CepTudbuikat: 12000002A633E3D113AD425FB50002000002A6 0TepPb MOLIHOCTH, 00YCJIOBJIE€HHBIX
Bnapeney; () 1 Webayxopa TatbaHa AnekcaHOpoBHa Iyl e (l)ﬂpM‘y,]][,[ [3]:
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AP, =2AP, Ky ’[jmi (3.1)

M.HOM n»\/E

rjae APMHGM — IHOTEPH B MC/IH CTaTOpa INIpH HOMHHAJIBHOM TOREC 0C-

HOBHOI 4acToThl; K — KpaTHOCTH IIyCKOBOro TOKa IPH HOMHHAJIbHOM
HanpsukeHn oCHOBHOM 4acToThl; Ky ) =Un/Unow — 0THOCHTENLHOE HaMps-

AKeHHe N-H rapMmoHHKH.
AJIH CHHXPOHHBIX MalllHH.

.
AP. — \/E(ri B I‘CT} %P Ku(n}
P ) ) HOM \/7
R X5 n=2 NN (3.2)
rae rz, X2 — aKTHBHO€ H pPeaKTHBHOE€ COINPOTHBJIEeHHE 00paTHOM IIO-
ciaeaoBatesibHOCTH cTaTopa CM; rcr — aKTHBHOE CONPOTHUBJIEHHE CTATOPA;
Rx Kod¢g ueHT, paBHbIH 0,71 1/ ABHOMOJIKCHBIX MaluH 1 0,88 —
151 HEeSABHOIIOJIFOCHbIX.
B cratope CM.:
,
40 K¢
B U(N)
APp = KerPronm /n
n=2 NVI 3.3)
0,47P 41 srens .
rne K., = Ty P K03(pPULIHEHT, YYUTHIBAWIIUIA MOTEPU B MeJH 00-
x 2 HOM

MOTKH OT TOKAa OCHOBHOH HAaCTOTbI, 4 TARIKE rﬂyﬁHHy IIPOHHKHOBCHHH TOKA
B IIPOBOJHHK,

IJIS1 CWIOBBIX TpaHC(hOpMaTOpoOB:

2 APT HOM 2 1
&PT,I‘I — AP}E{ Zkl-_!{n} + 0?6 5 Z

U(n) —— (3.4)
™ 1 dn
rane APy, AP,,uy - mapamMeTpbl TpaHC(popMaTOpA.
IJIS1 CHJIOBBIX KOCHHYCHBIX KOHJIeHCATOPOB:
0
APy = Cotgd > U n,
n=2 (3.5)
roe tg5 — TaHreHcC yrja AUAJIEKTPHYECKHX MNMoTepb kKoHaeHcaTopa; U, —

AeHCTBYOIIee 3HAUYEHHE HaNIpsuKeHUus n-u Bl

HJIH J1 HHHH DJIEKT porncpciaatii.

40
AP =3>"T1K

NOKYMEHT MOAMNUCAH m >
SNEKTPOHHOW NOANMUCHIO

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
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IIpn HecuMMeTpHH B TpeX(a3zHbIX CeTAX MOSABISIOTCH A0MOJTHUTEb-
HbI€ MOTEPH B JIeMEHTAX IeKTPOceTel, COKPAIaeTCs CPOK CJIYKObI JJaMIT U
1eKTPo0OOPYI0BaHHUSA H CHILZKAKTCS YKOHOMHYECKHE IMOKa3aTeJH ero pado-
ThI

IIpn HecuMMeTpHH HAMNPsSLKEHHI B 3JIeKTPUHUYECKHX MAINMHAX Ilepe-
MEHHOI0 TOKA BO3HHUKAINT MATHHUTHBIE I10J1f, BpallalliHecsl He TOJIbKO C
CMHXPOHHOI CKOPOCTHI0 B HAMpaBJI€EHHH BpallleHUs poTopa, HO U B IIPOTHBO-
MOJIOKHOM C YABOE€HHOI CHHXPOHHOH cKopocThio. B peszyabTaTe BO3HHKAET
TOPMO3HOI 3JIEKTPOMAr HUTHBII MOMEHT, a Tak:Ke JONOJIHUTEIbHbII HAarpen
AKTHUBHBIX YacTeil MAallIMHbI, INIABHLIM 00pa30M, poTopa 3a cueT TOKOB /IBOIi-
HOH YaCTOThIL

T ok 12 oopaTHOI1 MoceJoBaTeIbHOCTH [4]

L= 6[}6 V383, +(Sy —28,.)’ (3.6)

rae Sab M1 Spe — oJHOo(pa3HAA HATPY3KA COOTBETCTBEHHO Mexkay ¢azamu ab u bc.

ITOT TOK CO3aeT Bpallaloileecs MArHUTHOE 110J1€ 00paTHOI MOCJ1e10-
BaTeJIbHOCTH, HHAYLUUPYS B Lensax poropoB D/ 1C U ToKH JBOHHON YaCTOThI,
YTO NMPUBOJIUT K AONOJHUTEJIbHOMY HAr peBy MallHHbI.

B AJl npu ko3¢ duipeHTax odOpaTHON MOCI€J0BATEILHOCTH HATIP STKe-
HHS, BcTpeuaromuxcsa Ha npakrtukxe (Kzu < 0,05—0,06), cHu:xeHne Bpalaro-
IIEr0 MOMEHTA OKAa3bIBAETCs NMpeHed pe;kUMO MAJIbIM. BiinsiHe HeCMUMMeT pUH
HA TOTEepH B JJIEKTPOJABHUraresie H, CjJ1eJ0BaTe/IbHO, HATPEeB H COKpallle HUe
CPOKa CJIYZKObI M30JISILIMH €ro MposBJIAKTCA B 0osiblIeln Mepe. B 1iejioM cpok
cayxkob1 A/l npu K- 2—4 % coxpamaercsa Ha 11 % [3].

IIpu padoTe rj1eKTpoBUraTe isi ¢ HOMHHAJIbHBIM BPallalILHMCH MO-
MeHTOM H Ko3¢¢duiLneHTOM HecUMMeTpuH HanpsuxkeHuil Koy = 4 %, cpok
CJIY:KObI €ro coKpauaeTcs MpUMEPHO B 2 pa3a TOJILKO 32 CYET JOIOJIHHUTEb-
Horo Harpepa. Eciin HanpszkeHMe Ha oaHOM u3 ¢a3 0yaeT 3HAUYUTEJIbLHO IIpe-
BbIIIATH HOMHUHAJIbLHOE 3HAUYEHHE, COKPAallleHHEe CPOKA CJYKO0bI U30JIALIMHU 0Y-
aeT eie ooJsbulie. /L1si od0ecrniedueHrsi HOpMAJILHBIX YCJI0BHII pa0do0ThI 3JIEKTPO-
ABUraTe/iell B 3TOM CJIy4uae HE00X0JUMO CHIZKATh PACIoIaraeMyl0 MOIIHOCTD
X, 4 IIPH MPOEKTHPOBAHUN — YBEJIHYHUBATH HOMHUHAJILHYI MOIIHOCTDH JJIEK-
TpoABUrarTeJseil, ecJid He MpeayCMAaTPUBAKTCH ClielHa/IbHbIe MepOoIpUATHA
M0 CUMMETPHPOBAHUIO HATIPAKEHUH CeTH. DTH 00CTOSATE/ILCTBA BO3ZHUKAIOT,
HAIIpUMeEP, MPH MPOEKTUPOBAHUM WIEKTPHUPUIIHPOBAHHOI O KeJIe3HOAOP 0IK-
HOT'0 TPAHCIOPTA, HA TOPHO-000raTHUTEJIbHBLIX H HEKOTOPLIX APYruUX IIpo-
MbIILJI€HHbIX NpeanpUuATHAX.

Jlnsa pacuera AONMOJHUTEJbHBIX II0TE€pPb, BbI3BAHHBIX HeCHUMMeETpHeH Ha-
npsekeHUs Ha BBoJaxX AJl MoskeT OBITH HMCIIOJIB30BAHO CJeAYHOILee BbIpae-

e T AT,
AOKYMEHT NoarnnMcAH
SNEKTPOHHOW NOAMUCHIO LIAP
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 M

Bnapeneu; leb6ayxoea TateaHa AnekcaHgpoeHa

K.e?
lHoM ™[~ U (3-7)
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raie APminom — MmoTepy B MeaAH CTATOpAa NMPH HOMHHAJIBLHOM TOKE€ OCHOBHOH
JacToThbl; K — KpaTHOCTH IYCKOBOro TOKa NMpPH HOMHUHAJIbHOM HaMpsKeHUH
OCHOBHOH 4acCTOThbI; €U — KO3(p(PULIHEHT HECUMMETPHH HATIP SLKEHHUA B OTH. €/l

IIpn HecUMMeTpHHM HANPSKCHUH B CHHXpOHHbLIX MamuHax (CM)
HAPAAY ¢ BOBHUKHOBEHHEM JOIOJIHUTEIbHbIX IMOTEPh U HATPEBOM CTaTOpa U
poTOopa MOryT BO3HHKATh OMNacHble BHOpaLMHU B pe3yJ/bTaTe MOSIBJIE€HHS 3HA-
KOIle peMeHHbIX BpalllaloIlHUX MOMEHTOB H TAHI€HLHAJIBHBIX CHJI, IMYJbCHPY-
IOLUIMX ¢ JBOHHONI yacToToil ceTH. 1Ipn 3HaYNTEILHOI HECUMMETPHH BHOpa-
LMSI MOKET OKA3aThCHA OMACHOI, B 0CO0€HHOCTH MPH HEJOCTATOUYHOH TPOYHO-
CTH WIH HAJIUYHUM JedeKTOB CBapHbIX coeAnHeHUil. 1Ipn HecumMMerpuHn TO-
KOB, He NnpeBblmawmieil 30 % onacHble NnepeHANPAKCHUA B YJI€MEHTAaX KOH-
CTPYKLIUI, KaK MPaBUJI0, He BO3HUKAKWT. CHH:KeHHe cpoka cay:xk0b1 C/1 npu
Kzu =2 — 4 % cocTaBiasiet 16 % [3].

JlormostHUTEIbHBIE MTOTepU MOIHOCTH B CM npHu HeCUMMeTPHUYHOI HA-
rpy3Ke BbI3BIBAKOT IOSIBTIEHHE MECTHBIX (JIOKAJbHbLIX) HATPEBOB 00OMOTKH
BO30Y:KJA€HHA, YTO NMPHUBOANUT K HE00X0AUMOCTH CHIZKATh TOK BO30Y:KJeHHA U
TeM caMbIM YMeHbUIATHL 3HAYeHHE pPeaKTHUBHOM MOIIHOCTH, BblAaBaeMoOH B
ceTb. IIpu 3TOM MOZKeT BOZHUKHYTh HE00X0JUMOCTh CHU3UTh AKTHBHYH Ha-
rPy3Ky reHepaTopa WJIM MOMEHT Ha BaJjly CUHXpPOHHOIro JABUrartes. /loroJi-
HUTeJIbHbIe ToTepu B cratope CM 3HauuTe/JIbHO MeHbIle aHAJO0THYHBbIX
NoTepb B 00MOTKE poTOpa, MO3TOMY UMH 00bIYHO MpeHeOperawT

U;
AP = AP myon =5
2CM (3.8)
rae AP = 31%101»11'213 — aonoJiHUTeabHbIe noTepu B CM npu Toke 00-

paTHOIl Moc/ieJ0BaTeJIbHOCTH, pABHOM HOMHHAJIbHOMY; I'2p — AKTHBHOE CO-
NPOTHRIEHHE OOPATHOH IOC/JAeA0BATEILHOCTH 00MOTKH poTopa; Zacvm -
MOJIHOE COIMPOTHBJIeHHE 00paTHOMN MnocjeJoBarteabHocTH CM.

HecumMMeTpusa HanpsaKeHHUH He OKA3bIBaeT 3aMETHOr0 BJIAHUAHUA HA
padoTy BO3AYIUIHLIX M KadeJbHBIX JIHHHUI, B TO K€ BpPeMS HarpeB TpaHC-
popMaTOpoOB H, CileJOBATEIbHO, COKpPaALlleHHE CPOKA UX CJIYKObI MOI'YT OKa-
3aThCsl CylleCTBEHHbIMU. B ciayyae HecUMMeTpHUH TOKOB TpaHc(popMaTopa
HArpeB Macja 0yJeT HeCKOJbKO MeHbIlle, YeM B CJiy4dae CHMMETPHYHOM
HArPY3KH NPH Toke (a3, paBHOM TOKY HaHOoJiee 3arpy:xeHHoil ¢azpl. ITO
00BbsAACHAETCA 00/iIee HHTEHCHBHBIM OXJIa:KJeHHEM 00MOTKHM 3Toi ¢a3bl Ta-
KHe YCJI0BUSA MMeT MecTo B ceTaAX 6—10—35 kB npombIlLIeHHBIX Npea-
NPUATHI, padoTAUIUX ¢ H30JIUPOBAHHON WIH KOMIIEHCHPOBAHHOM HeHTpa-
Jbl. PacueTbl NMOKa3bIBAKT, YTO NMPU HOMHHAJbLHOHN HArpy3Ke TpaHCQop-
vaTona u koathdhunmenrte necuniveTnuu TokoB paBHOM 10 % cpok ci1y:KObI

NOKYMEHT NnoarnncAaH
SNEKTPOHHO MOLNUCHIO s Ha 16 Y.
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu; LlleBayxoea TatbAHa AneKcasgpoBHa TOBBIX TpﬂHC(l)ﬂpMﬂTﬂpﬂX MOMAKHO
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AP_ |

AP, =| AP_ + £y (3.9)

T.HC

Uk, %

rae APxx, AP k3, UK — pacdeTHbIe JaHHbIe TpaHcdopMaTopa.

Cpok cayx0ob1 TpaHcopmaTopoB npu K,, = 2—4 % coxpamaercsa Ha 4

90[3].

IIpu HecuMMeTpHUM  JIMHEHHBLIX HAIPSKEHUH peaKTHUBHAs MOII-
HOCTh, FeHepHpyeMasi 0DaTapeell KOHJIEHCATOPOB, M3MeHSETCH IO CpPpaBHe-
HUI0 ¢ HOMHHAJILHBIM 3HaUYeHHeM (Q Hom Ha BeJTMUMHY

2 2 2

3 3
AQ ~Q HQM_U1(1+EU)_Q rom — Y
HOM — <YHOM ) — Y HOM ) > 3.10
U
HOM HOM
rae U, — JIMHeliHOe HaNIps:KeHUe NMPAMOI rmocjaeqoBaTeJbHOCTH; Ugonw — HO-

MHHaJIbHO€e HANpsKeHHe DaTapen KOHJEHCAaTOPOB.
IIpu K>y = 0,05—0,06 zHauenune AQ = (0,01—0,04)Q ..., - Ilockoabky

Ha NMpakTUKe HanpsukeHHe U; MoxkeT ObITh 00JIbLIE WM MEHbILIE HATIP AKe-
HUsA Uhom, TO BO3MOXKHO KAaK YBeJIUUeHHE, TAK U YMeHbIIeHHE TeHePHPYe-
MO peaKTHBHOI MoOINHOCTH. B mociiegHeM ciiyuae B HauOoJiee 3arpysKeH-
HOM (pasze 3HAYEHHA TEILUIOBBIX IMOTePb MOIYT 3HAYHUTEIbLHO INMPEeBOCXOIUTH
HOMHUHAJILHOE 3HAUYeHHE, CO3/JaBasi MECTHBINH IeperpeB H30JALMH, NPUBO-
ASAUIHA K COKpallleHHI0 CPOKa ee CayK0bI Ha 20 Y% [3]

APyg = Quomtgey, (3.11)

rae QHoM — HOMMHAJIBHAS MOIIHOCTh KoHAeHcaTOopHOM 0aTapeu (Kb); tgs
— TAHIreHC YIJa JUVIEKTPHYECKHUX MOTEPb;, €U — OTHOCHUTEJIbHOE 3HAYEHUE
Ko3( dHULHeHTa HeCUMMeE TPUH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: le6ayxoea TateaHa AnekcaHgpoBHa
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HecumMMeTpuH HanpsizKeHUH M TOKOB OTPHULIATEJIbHO BJIMSAET HA pa-
00Ty pyJHO-TepMHUYECKHUX Ieudeil, BbI3bIBAfA CHH:KE€HHE HX MPOH3BOIMTE.Ib-
HOCTH, YBeJIM4eHHEe Pacxoda JIeKTPO3HEpPruu U, TeM caMbIM, YMeHbIlIeHHE
KIIJl mneun. YXyauieHHe OCHOBHBIX TIIOKa3aTejleil padoTbl PpyJaHO-
TepMHUYECKHUX Ieuyeil Iocjie HEKOTOPBIX IPAaHUYHLIX 3HAYEHHH HeCHMMeT-
pHUH, KOorJa HabdJIwaaeTcs pe3koe nageHue npoussoguresbHocTH U K11 ne-
YU MMPU pe3KOM BO3pacTaHHHU pacxoa 3aeKkTpo3Heprun. IlociieqHee o0bsAC-
HAETCHA BO3HHUKHOBEHHEM 30H AKTHBHOIO M IMACCHBHOIO X0Ja peaKlHU H,
TEM CaMbIM, HEPABHOMEPHOCTBLIO pacripeJesieHHs1 YHEPTUHU M0 00beMY BaH-
HbI TIeYn. YBeJIHYeHHe HAMNpAKeHUs o0paTHOH mnocJegoBatejibHOCTH Ha 20
% NpUBOANT K CHUKEHHUIO NMPOU3BOJUTEJIbHOCTH PYAHO-TePMHYECKHUX MeYeH
Ha 30—40 % [3].

1Ipu nosiBiieHuu B 3-cpasHoi cetu 380 B HanpsKeHUsI HYJ1IeBOH IT0OCJIe-
A0BATEJIBHOCTH YXyAIIAKWTCHA pe:xuMbl ogHOo(pa3HbIX D11 Toxkn Hy1eBoHn Mno-
CJIEJ0BATEJILHOCTH IOCTOSIHHO IIPOTEKAKT Yepe3 3a3eMJIHTEJIH H 3HAYH-
TeJbHO BBICYIIMBAKT TIPYHT, YBeJUUYHBAsA CONMPOTHBJIECHHE 3a3eMJISIOIIHX
YCTPOMCTB. DTO MO:KeT ObITh HEeAOMYCTUMO /Il padoThl pesieHHON 3alUThI,
H3-32 YCHUJIEHUS BO3JeHCTBHS TOKOB HYJIEBOHN IMOC/I€I0BATEJIbHOCTH HA HU3-
KOYaCTOTHbIE YCTAHOBKH CBA3H, YCTPOICTBA KeJI€3HOJOPOKHBIX OJI0KHPO-
BoK. IIpu nosiBlieHNH TOKOB 00paTHON MU HYJIEBOH I0CJ1€J0BATEJILHOCTH YBe-
JIMMUBAKTCS CYMMapHble TOKH B 0TJAeJIbHbIX (pa3ax ceTH.

3.3. Pacuer cHIKEHHA cpoka CIIyKOBI AJIEKTPOOOOPYJOBAHNI IIPH HECHHY CON-
ITAJIbHOCTU 11 HECUMMETPUU HAIIPSKECHI

IIpu padoTe 3j1eKTpo0dOpPYAOBAHNSI B HOMHHAJIBHOM pesKHME 0T10.I-
HUTeJbHbIE MOTEPH OT TOKOB BbLICIHMX FAPMOHHUK U HECUMMETPHUH HATIIP A-
KEHUSA TPHBOAAT K IeperpeBy TOKOBeAYUIUX 4YACTel BbIlIe JOIMYCTHMOI
TeMnepatypbl. K nmoBbillieHUI0 TeMIlepaTypbl BeCbMa YYBCTBHUTEJIbHA H30-
JISILMS 00MOTOK, CPOK CJIYKObI KOTOPOI CHIZKAETCH.

CoriacHo [4] npupocT TeMIiepaTypbl 0T TOKOB BbICHIUX FAPMOHHUK U
TOKOB 00paTHOI I0C/1eJ0BATE/ILHOCTH

&Pn + &PHC
HOpM AP

HOM
rae Tuopm — padouasi TeMrepaTypa 3J1eKTpPoodoOpyAoBaHHUA 0e3 Bo31eiiCTBUA
TOKOB BBICIIHX FrapMOHUK U TOKOB 00paTHOM nocjeaoBatejabHocTH, °C, AP, 1

APuc — JOINMOJTHHUTC/IBHLBIC IMOTCPH COOTBCTCTBCHHO OT TOROB BbBICHIHX I'apMo-

HUK U HECUMMETPHH HATIPsEKe HUS.
E!’!"!!!‘!!!‘!!!!!!!!"l'_"!" METTTITAMATTITTSN AT AR
AT R RIS S JIYKOBI 3JIEKTPO00OpPYAOBAHUA TI0]

SNEKTPOHHO NOAMMUCHIO M HECUMMeET pUM HaNp szkeHus [4]
Ceptucukar: 12000002A633E3D113AD425FB50002000002A6

-
Bnapeneuy: le6ayxoea TateaHa AnekcaHgpoeHa 1086&1:) (3 13)

AT=T

(3.12)
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CHHKkeHHE CPOKA CJIYKROBI JIEKTP0o000pYyJ0BaHHA 110 Bo3JeiicTBHEM
TOKOB BBICIIIHX FrapMOHHMK H TOKOB 00paTHOI mnoc/jieoBaTe/IbHOCTH [4]

At=t At (3.14)

HOPM
PM ¢

rae taopm — HOPMAJIBLHBII CPOK CJIY:KObI 000pyA0BaHUS, JIET.

IIpumep 5. s cxembl U3 npuMepa 4 paccyuTaTh AOINOJHUTEIbHbIE
MOTEPH OT TOKOB BBLICIHUX FAPMOHMK U HECUMMETPHH HANPAKEHUA B aCHH-
XpOHHOM /IBUrarTesie U LeXoBoM TpaHchopmartope T4, a Takike CHIKeHUE
CPOKa CJY:KObl M3-32 MeperpeBa TOKAMH BbICIIHX FapMOHHUK H TOKAMH 00-
paTHo nocjegoBatebHocTH. HopMaibHBIN cpok cay:KObI NpUHATHL 20 J1eT.
Paboouas temnieparypa 75°C.

Pemenue:

a) Cuumaem 00NOAHUME/IbHbIE NOMEPU U CHUMNCEHUE CPOKA CIlyHCObl
0J151 ACUHXPOHHO20 08U2aAMelisl.

HomuHa/JIbHBIN TOK ABHUraTe A

| = P ___022 =0,024xA

e ﬁUHGMCGS(p J3:6-0,9

AKTHBHOe COIIPpOTHBJICHHC 00MOTKH CTﬂTﬂpﬂ

2 6 -0,9
R :KM Usow _ 1,2 = 6,80M

Y K? Suon T512 022
HUMHHHHLHLIE HUTEPH MOIIHOCTH
AP =312, R =3-24%.6,8-10" =11,74xBr

M.HOM HDM
Jlonmo/iHUTEJIbHBIE MOTEPH OT TOKOB BbLICHIUX FapMOHHMK CUUTaeM I10
dopmy.ie (3.1)

1

U[n} \/H 2

rae Kum) — ko3¢ ¢puumeHTsI N-HOM rapMOHHYE€CKO0H COCTABJISIOLIEH HATP sLKe-
HHUA, B3ATbIC B OTHOCUTEJIbHBIX eIHHULAX. B JaHHOM c/iyuae 3HAYEHHUA BbI-
onpaem u3 npumepa 1.

AP, =2AP, KISk

M.HOM

L =2-11,74-51°Y] 0,06° —= + 0,058° —= + 0,048° L 0,043

I
5\/_ 7\/_ 1111 7 13413

= (0,37xBT

Jlonmo/THUTE/IbHBIE TMOTEPH OT TOKOB 00pPaTHOHM IOCJ€A0BATEILHOCTH
Npy HeCUMMeTPHUH HATIPSZKeHUA cuuTaeM 1o (3.7)

O EHT oRNAAD  Ket =2.41-11,74-517 - 0,03" = 0,66KBr

SMNEKTPOHHOW NOANMUCHIO
Ceptudpurkar: 12000002A633E3D113AD425FBS0002000002A6

BEnapenel: lllebsyxoea TateaHa AneKkcaHgpoBHa

NpsKeHUs Ha muHaAX 6 kB u3 npu-
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IIpupocT TemMnepaTypbl OT TOKOB BBICHIHNX FAPMOHHK H TOKOB 00paT-
HOM I10CJIe10BATEJIbHOCTH 110 (3.12)

&P M. 1 —|_ &P M_.HC 0537 _|_ 0,66
Hopy =75
AP 11,74

M.HOM

AT=1 =6,598°C
Id€ Tuopm — PAaOOUYasl TeMIlEpAaTypa ABHUraTesis 0e3 Bo3JeiliCTBHA TOKOB
BBICIIHX TAPMOHUK U TOKOB 00paTHOM nocJjeJgoBarebHocTH, "C.
KoshdpuimeHT cHHKeHHs CPpOKa CJY:KObI ABUTaTe sl 110 BO3A€HCTBH-
€M TOKOB BBLICHINX FapMOHHUK H TOKOB OOpPaTHOH IOCJI€JOBATEJIbHOCTH IO

(3.13)

At (0,086AT)” (0,086 - 6,58)*

o 0,086AT +

CHHKeHHe CPpOKa Cﬂy?ﬂﬁbl ABHIaTEJIA 110/ EGS,E[EFICTBHEM TOKOB BLIC-

INUX FAPMOHHK U TOKOB 00 paTHOH IMocCJIeA0BaTe/IbHOCTH 10 (3.14)

At=t g =20-0,73=14,6roa

HOPM
PM ¢

— 0,086 - 6,58 + = 0,73

0) Cuumaem 00ONOIHUMEIbHbIE NOMEPU U CHUNCCHUE CPOKA CIYyHCObl
0711 yexo8020 mpaxcgopmamopa T4.
HomMunHanbHbLIN TOK TpaHchopMaTopa

Lo Su 1
T Uy 36

AKTHBHOE CONPOTHBJIeHHE TpaHchopMaTopa

2

AP Ugoy 00105 -6°

S tom 12
rae APx; — morepy MOIIHOCTH KOPOTKOI0 3aMbIKaHHUsI TPaHC(popMaTo-
pa, M BT.
HomuHanbHbIE MOTEPH MOLIHOCTH

APy vow =AP . + 315, .0 R, =1,9+3-96% - 0,378 - 10~ =12,35xBr

T4 HoM
rae APxx — nmorepu MoIHOCTH X0JI0CTOr 0 Xoa TpaHcopmaTtopa, KBT.
Jlormo/iHUTE/IbHbIE MOTEPH OT TOKOB BbICIIHUX rAapMOHHUK 110 (3.4)

2 &PTﬁLHﬂM 2 1
&PTél,n = AP, Zkum} +0,6 Z U(n) T .
n/n

Uy %
rae kum — ko3¢g¢puLIHeHTBI N-HOM rapMOHH4YECKOH COCTaBJIsOLIeN
HAIIPSZKEHHUA, B3ATbIE B OTHOCHUTE/IbHBIX eJUHULIaX. B 1aHHOM ciiyyae 3Hauye-
HHUSI BbIOHpaeM u3 npumepa 1.

AP, , =19-3(0.06% + 0,058 + 0,048> + 0,043 )+

—0,096xA

=0,3780Mm

Ry =

1235 [ 0 npn | , 1 , 1 , 1
AW A 4 A AWAT B ANAT L | = < _
NOKYMEHT MOAMUCAH 1,048 1711 +0,043 3713 —0,103xBt
INEKTPOHHOW AOAMACHIO
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: le6ayxoea TateaHa AnekcaHgpoBHa
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Jlonmo/THUTe/IbHBIE TMOTEPH OT TOKOB 00paTHON IOCJI€J0BATEIbHOCTH
o (3.9)

&P HOM 7 12, 7
APy .. =| AP + e ey =| L9+ 1255 0,037 = 0,2xBT
* U, o 0,055

IIpupoct TemnepaTypbl 0T TOKOB BBICIINX FTAPMOHHK U TOKOB 00paT-
HOM I10CJIe10BaTeJIbHOCTH 110 (3.12)

AP, +AP
AT=T T4.n Tdnc _ 75 0,103 + O}Z

P AP 12,35

I'1€ Tuopm — Pa0OUYas TeMriepaTypa TpaHcopMaTOopa 0e3 Bo3delCTBUA
TOKOB BBICIHIHNX FAPMOHHK H TOKOB 00paTHOI1 noc/jieaoBaTe/ ibHocTH, °C.

=1,86°C

4 HOM

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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KoshduimeHT cHIZKeHHUs1 cpoKka cJIy:kK0bI TpaHcopMmaTopa mnoJ BO3-
NeIICTBHEM TOKOB BBICHIMX TAPMOHHUK M TOKOB 00paTHOH IOC/1€10BaATEIBLHO-
¢ty 1o (3.13)

AL 0,086A7+ (L0%02T)

t
CHu:KeHHe cpoKa CJIy:K0bI TpaHchopMaTOopa MoJ Bo3AeiICTBHEM TOKOB
BBICIIIHX FrAPMOHHUK M TOKOB 00paTHOI1 Moc/ie0BaTeILHOCTH 110 (3.14)

At=t g =20-0,17=3,45rona

HOPM
PM ¢

(0,086 - 1,86)>

= 0,086 - 1,86 + =0,17

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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3aJlaHle Ha KOHTPOJBLHYIO PadboTy

Jlns1 3agaHHON cXeMbl paccYHuTaTth KO3(p@PUIHEeHTHI N-0H rapMoHHYe-
CKOM COCTABJIAKINEN HaNps:KeHUA, Ko3¢hdHLIHEeHT HeCHHYCOUJAJIbHOCTH HA
mmmHax 110 n 6 kB, gonoIHUTe/ILHBIE MOTEPH MOIHOCTH M CHHZKEHHE CPOKA
CJIYKObI HexoBoro tpaHcgopmatopa T4 u acuHxpoHHoro aBurartesss M usz-3a
neperpeBa TOKAMH BbICHIMX TAaPMOHMK U HeCUMMeTpUH HanpsokeHHs. Hop-

MAaJIbHBIH CPOK CJIY:KObI NpHHATH 20 j1eT. Padouasi Temneparypa 75°C.
110 kB

T1 @ T2
6 kB |
—
[ @ [
T3 T4 M
Sah

0.4 B

> 4

Vd
VD v

Hcxoauble JaHHLIE:
C: Sk3,110 — 10 Tabd/HLIE; Sk3,6=170 MBA; Sk:,04=3 MBA
T2: S12=50 MBA; Unanr—=110 kB
T3: S13=10 MBA; Uuov—=06 KB; Uk,0:=10,5%
T4: St4=1 MBA; Unon=06 KkB; 0k,00=5,5%; APx:—10,5 kBT; AP=1,9 kBT
M: Pv — o Tadauue; cos ¢=0,9; Ky=1,2; Ki=5,1
VD: Sup=8 MBA; cos ¢=0,8; m=6
H: Suarp=2 MBA; Sav=4 MBA

JaHHbIE M0 NPy 3a4eTHONH KHIDKKH

IIpeanocneansist uudpa | Sk:,1100 MBA | Ilocnegnssa undgpa | Pwm, kBT

0 1500 0 200

1 1600 1 210

2 1700 2 220

3 1800 3 230

4 1900 4 240

NOKYMEHT I:ID,HI'IHCAH S 250

SNEKTPOHHOW NOANMACHIO

Ceptudmkar: 12000002A633E3D113AD425FBS0002000002A6 6 26(}
Bnapeneu: Lebayxora TaTeaHa AnexkcaHapoBHa 7 27 0
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PexomeHayemMasd nureparypa

1. TOCT 13109-97. Daexkrpuueckasa >Heprus.. CoBMeCTHUMOCTh TeXHHYe-
CKHX CpPeICTB IeKTpoMarHuTHasa. HopMmbl KadecTBa 3jieKTpHUYECKOU
JHEPrUH B CUCTEMAX WIEKTPOCHADKeHHsI 00111ero Ha3HaYe HHUS.

2. Hranor B.C., CokosioB B.I1. Pe:kMbI NoTped/IeHUA M KAUYEeCTBO JJIeK-
TPO3HEPIrUM CHCTEM 7HJIEKTPOCHAOKEHHSI MPOMBINLIEHHBIX IpeIpHsi-
TUH. — M.: DHeproatomuzaar, 1987. — 336 c.: mi1. — (IKOHOMHUSA TOILIUBA
H AJIEKTPO3Hepr Un).

3. Kapramos ILI1. KauecTBO 3/1€eKTpO3HEPrul B CHCTEMAX AJIEKTPOCHAD-
;keHHsl. Criocodbl ero KoHTpoJis U odoecrieueHun / Iloa pea. ML.A. Kany-
ruHoii. — M.: 3pateascrBo MO, 2000. — 120 c., n.

4. Kexenenko IN1.B. Iloxazatesinm kadecTBa IEKTPOIHEPrMH Ha IIPoO-
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AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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MUHUCTEPCTBO HAVKH U BEICIIETO OBPASOBAHUS POCCUNCKOU OEJIEPAIUU

DenepabHOE TOCYIAPCTBEHHOE AaBTOHOMHOE
o0pa30BaTelIbHOE YUPEKISHIE BBICIIIETO 00pa3OBaHN]
«CEBEPO-KABKA3CKHUHW OEAEPAJIBHBIM YHUBEPCHUTET»

[Iarrropcekrnt HHCTHTYT ((prman) CKOY

MeTtoanueckue yKazaHus

ITo oprasmsaIuy caMoCTOSTEIbHEIX PadoT
10 JUCIMIUINHE «IIpHeMHUKN 1 IOTPeOUTENN 3JIeKTPOSHEPI U B CUCTEMAX DIIEK-
TPOCHAOKCHIII
HAIPaBJIEHU I10ITOTOBKH
13.03.02 - DnexTposHepreTukKa 1 3IeKTPOTEeXHIKA

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa ICK

Nencreutened: ¢ 20.08.2021 no 20.08.2022
59



Copmep:KaHHe

BreneHue

1 O0masa xapaKTEPHCTHKA caMOCTOATENbHOH pabdoThl 00yHalomeroca rMpH H3YYE€HHH JIHCLIHILTH-
Hel «ITPIMIEMHIMKII 1 IIOTPEBUTEJI 3JIEKTPOSHEPT M1 B CUCTEMAX S3JIEKTPO-
CHABXEHIA»

-3

[InaH-rpadHK BBINOIHEHHA caMOCTOATEIBH O paboThl

3 KOoHTp 0/1bHBIE TOYKH H BHIbI OTYETHOCTH 10 HHM
4 MeTogH4ecKHE peKOoMEHIALHH 10 H3YYEHHIO TEOP ETHYECKOro
MaTepHasa
S CITHC OK P EKOMEHTY EMOH JIHTEP aTyPhI.
OOKYMEHT NOANMUCAH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Beegenmne

CamocToATenbHasA pabota — IUlaHHpyeMasa  yueOHasA,  yueOHo-HccleoBaTelbcKasd, HaydHO-
HccJleqoBaTeNlbckasAa padoTa CTyZIEHTOB, BBITIOJIHAEMAasA BO BHeayJHTOpHoe (ayJHTOPpHOE) BpeMA I10 3aJaHHI0 H IPH
METOJJHYECKOM PYKOBOJICTBE IpertofiaBaTensa, Ho 0e3 ero HerocpeAqcTBEHHOro y4yacTHA (MpH YacTHYHOM HeTlocp efl-
CTBEHHOM y4acTHH IPErojjaBaTelsa, OCTaBIAIEM BEIVIIYIO P olb 3a paboToH CTYJ€HTOB).

CamocTosaTenbHas padota ¢cTygeHToB B BY 3e ABnsgeTca BaKHLIM BHAOM yueOHOI H HayYyHOH JIeATeNbHOCTH
CTYZIEHTA.

Benymasa Lieflb opraHH3al[HH H ocyimecTBaeHHsA CPC o/bKHa cOBMagaTh ¢ LIETbI0 00VUEHHA CTYAeHTa —
MOATrOoTOBK O OakanaBpa ¢ BhICIIHM oOpa3oBaHHeM. IIpH opraHmzaipi CPC BakHBIM H He0OXOJHMBIM Y CJIOBHEM
CTAHOBATCA (pOPMHpPOBAaHHE YMEHHA caMOCTOATENbHOH paboTel AJ1A NpHOOp €TeHHA 3HAHHIL, HaBBIKOB H B 03MO/KHO-
CTH OpraHH3aLHH yueOH oIl H HayuHOI JeATelIbHOCTH.

Ilenpio caMOCTOATENBHOH paboThl CTYZIEHTOB ABJIAETCA OBIajJieHHe (PyHAaMeHTaJIbHbIMH 3HaHHAMH, ITPO-
(peccHOHATBHBIMH YMEHHAMH H HaBbIKAMH JIEATETBHOCTH I10 TP OQHII, OMbITOM TBOPYECKOH, HCCIEN0BaTENbCKOH
neaTenbHOCTH. CaMocToATENbHAA padoTa CTYEHTOB CIIOCOOCTBYET Pa3BHTHIO CaMOCTOATEIBHOCTH, OTBETC TBEHHO-

CTH H OPIaHH30BaHHOCTH, TBOPYCCKOI O TIOAX0Oa K PCIICHH IO l'IpDﬁ.]'IEM ‘_‘,”IEEHDFD H Hde)ECCHDHHHLHDFD YP OBHAL.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Gﬁﬂlﬂﬂ XAPAKTEPHCTHEKA CAMOCTOSIT e JIbH O []HﬁDTI:I ﬂﬁ}"‘lﬂlﬂlﬂl’!l"ﬂtﬂ IIPH H3YYEHHH THCIHIIJIHHBI

{(H[]HEMHHRH H IlﬂT[]EﬁHTE.]'IH FNIEKTPOIHEPIHH B CHCTeMAX BHERT[]DEHHG*EHHH}}

CamocToATenbHasA pabota - IUlaHHpyeMaa  yueOHasA, yueOHoO-HcclemoBaTelbCcKasd,  HaydHO-
HccJleoBaTelbckasAa padoTa cTyIEHTOB, BBITIOJIHAEMAasA BO BHeayJHTOpHOE (ayJHTOPHOE) Bp €M I10 3aJaHHI0 H IIPH
METOJJHYECKOM PYKOBOJICTBE IpertofiaBaTensa, Ho 0e3 ero HerocpeAqcTBEHHOro y4yacTHA (MpH YacTHYHOM HeTlocp efl-
CTBEHHOM Y4aCTHH IMPEroaBaTeNla, OCTaBIAIIEM BEIVIIYIO P olb 3a padoToH CTYJEHTOB).

CamocTosaTenbHas padota cTygeHToB B BY 3e ABseTcA BaKHBIM BHA0M YueOHOH H HayuHOH JeATeNbHOCTH
cTyaeHTa. CaMocToATeIbHasA padoTa CTyJEHTOB HIPaET 3HAaYHTEIbHY IO POJIb B PEHTHHIOBOH TEXHOIOIHH 00y YeHHA.
B c¢Bs3H ¢ 3THM, 00yueHHe B BY 3e BKtodaeT B ce0s JIBE, IMp aKTHYECKH OJHHAKOBBIE 10 00bEMY H B3 aHMOBJIHAHHIO
JacTH — IpoLecca oOyueHHA H IIpoLiecca camooOyueHHA. Ilostomy CPC pgommkHa ctaTh 3()(p)eKTHBHOH H LieleHa-
rpaBJIeHHOH paboToii cTyieHTa.

K coBpeMeHHOMY CIIEL[HATHCTY OOI[ECTBO IIPEObABIAET JOCTATOYHO IIHPOKHI ITepeueHb TpeOoBaHHId,
CpeJIH KOTOPBIX HEMAJIOBAKHOE 3HAaUeHHE HMEET HAJIHYHE ¥ BBIITYCKHHKOB OIP €€NIeHHbIX CIT0co0HOCTEH H YMEHHA
CaMOC TOATENbHO J00bIBaTh 3HAHHA H3 Pa3/IHYHBIX HCTOYHHKOB, CHCTEMATH3HPOBaTh ITOJYUEHHYIO HH(]OpMAaLHIO,
JaBaTh OLIEHKY KOHKpPETHOH (pHHaHCoBOI cHTyal[HH. DopMHpP 0BaHHE TaKOro YMEHHA ITp OHCXOAHT B Te€UEHHE BCEro
repHosa o0yUYeHHA 4Yepe3 Y4acTHE CTYZAEHTOB B IMPAaKTHUECKHX 3aHATHAX, BBITTOMHEHHE KOHTPOIBHBIX 3ajJaHHHA H
TE€CTOB, HalmHCcaHHE KypPCOBBIX H BBIITYCKHBIX KBaTH(HKALHOHHBIX padoT. IIpH 53ToM camocToATeIbHAA padoTa CTy-
JEHTOB HIPaET PENIAIOIY IO POJIb B X0JI€ BCero yueOHOoro I1p oLiec ca.

Benymasa Lieflb opraHH3al[HH H ocyimecTBaeHHsA CPC o/bKHa cOBMagaTh ¢ LIETbI0 00VUEHHA CTYAeHTa —
MOATOTOBK O criel[HacTa H OaKaldaBpa ¢ BbICIIHM o00pa3oBaHHeM. IIpH opraHmzaipii CPC BaKHBIM H HE 00X 0JTH-
MBIM YCJIOBHEM CTAaHOBATCA (DOPMHPOBAHHE YMEHHA CaMOCTOATENbHOH paboTel 1A npHoOp eTeHHA 3HaHHIH, HaBbI-
KOB H BO3MOKHOCTH OpraHH3aLHH yueOHOoH H HayYHOH JIeATEIBHOCTH.

DopMBI caMOCTOATENBHOH padoThl CTYEHTOB pasHooOpasHel. B cooTBeTcTBHH ¢ pabouel rporpamvmoid
THCLTHILUTHHEBI TPETY CMOTP €HbI CIEIYIOIIHE BH/IBI CAMOCTOATENBHOH paboThl CTy/jeHTa:

- CAMOCTOATEIIBHOE H3YYEHH € JIMTEPATYPhI,

= CAMOCTOATCIIPHOC PCII CHHE 3ada .

H &b CAMOCTROAINEJIBH 020 HIYUSHHA JiHmepamypsl — CaMOCTOATCIIBHOC OBJIAACHHC 3HAHIAME, OIIBITOM
HCCJ’IEI[DEHTEIILCKDH ACATCIIBH OCTH.

3adauamiL CaMOCTOATEIIEHOIO H3VUCHHA JTHTCPATYPhI ABJTAKTCH .

. yrayOJIeHHe H pacliHpeHHe Teop €THYECKHX 3HAaHHIT,

° (hopMHp OBaHHE YMEHHI HCIT0JIb30BaTh HOPMAaTHBHY 10, ITPABOBYIO, CIIPABOYHY IO JOKYMEHTALHIO H
CIIELHAIbHYIO JTHTEPaTypy,

® pa3BHTHE [MTO3HABATENBHBIX CIIOCOOHOCTEH H aKTHBHOCTH CTY/JE€HTOB.

Ilens camocmoamebHOZ0 penieHUA 3a0ad - OBJIaJieHHe MpodeccHoHaIbHBIMH YMEHHAMH H HaBbIKaMH
NeATENbHOCTH 10 TIpodHIi0 Oy el eATeNbHOCTH.
3adauaru caMOCTOATENBHOIO PElIeHHA 3a]a4 ABIIAIOTCA:

OJOKYMEHT NMoarnncaH bIX TCOPCTHHUCCKHX 3HAHHH H IMPpaKTHYCCKHX ‘_‘,’MEHHITI

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Brnapeney: . lebayxosa JathaHa AflekcaHapoBHa TeHHA, criocobHocTell K camMopa3BHTHIO, CaMOCOBEp-

Nencrautened: ¢ 20.08.2021 no 20.08.2022



° pa3BHTHE HCCIE]0BaTENbCKHX YMEHHIA.

Ilenvio camocmoamensHozo 66UL0JIHEHILA KOHMP 0JI6HOI PAdomst 110 JUCLHIUIHHE ABIAETCA OBJNAJicHHE
(pyHIaMeHTaIbHbIMH 3HAHHAMH, MpodeccHOHAIbHBIMH YMEHHAMH H HaBbIKaMH JEATEIbHOCTH MO TP O(IHIIIO, OITbI-
TOM TBOP Y€CKOH, HCCIIENOBATENbCKOH AeATENHOCTH.

3adauami [aHHOT O BHAa CaMOCTOATEIbH OH pa 0OTBI CTYACHTA ABIAIOTCH.

* CHCTEMATH3aLMA H 3aKp eIUIeHHE IMOJYYeHHBIX TeOop eTHUYECKHX 3HAHHI H IpaKTHYECKHX YMEHHE
CTYJIEHTOB;

° yray0aeHHe H pacluIHpeHHe Teop ETHYECKHX 3HaHHIT,

* (hopMHp OBaHHE YMEHHIT HCIT0JIb30BaTh HOPMAaTHBHY 10, IPaBOBYIO, CTIPABOYHY IO JIOKYMEHTALHIO H
CIIELHAJIbHYIO JTHTEP aTypy,

* pa3BHTHE IM03HABaTEIbHBIX crI0c00HOCTEH H aKTHBHOCTH CTYJEHTOB: TBOPYECKOH HHHIHATHBEI,

CAaMOCTOATCIIBHOCTH, OTBETCTBECHHOCTH H OPIaHH30BaHHOCTT,

* QJDphfﬂ*IpDEHHIfIE CAaMOCTOATCIIBHOCTH MbBIIMIJICHIA, crrocobHocTeH K CaMopasBHTHI, CaMOCOBCD -
MCHCTBOBAHIIO H CaMOpCaJiis alfii,

® pa3sBHTHC HCCIIC OBATCIIbCKIX }MEI—]}HTI;

* HCITOJIB3 OBaHHE MaTCpHaJla, CD'SI] dHHOI'O H ITOJIVUCHHOIO B X0OI€ CaMOCTOATCIIEHBIX 3aHATHH Ha

CEMIHApPaX, Ha INPaKTHYCCEHX H JId 'SD[] dTOPHbBIX 3aHATHAX, ITPH HAalIHCAaHHH KOHTP OJILHOH pﬂﬁDThI.
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B pe3yiabTaTe 0CBOEHHA MHCLHIUIHHBI (POPMHPYIOTCA CHEIVIOMIHI IepeueHb IUTaHHPYEMbIX Pe3yIbTaTOB

D'SF‘IEHHH 10 THCIILIHHE, COOTHECEHHBIX C ITTaHHPYEMBIMH pe3YJIbTaTaMH OCBOEHHA D'SDHEDEHTE.]'ILHGﬁ IpoIpamM-

MbI.

Kon, ¢popMyIHpoBKa KOMITETEHLHH

Kon, ¢opMysHp 0BKa HHIHKATOpa

I LmaHHpyeMbI€ pe3yIbTaThl 00y e-
HH T10 JHCLHIUIHHE (MOJTYIII0), Xa-

p aKTEPH3VIOIIHE HTarlbl (popMHp o-
BaHHA KOMITE€TEHI [Hi, HHIHKaTOp OB

ITK-1 Crioco0eH y4acTBOBaTh B ITpO-
€KTHP OBAHHH CHCTEM 3JIEKTP OCHa0-
AKEHHA.

WJI- 11k BeironHsaeT coop H aHaJIH3
IaHHbBIX J1JIA TP OEKTHP OBaHHA CH-
CTEM 3JIEKTpOCcHa0KEeHH

W JI-2mx.1 BeidbHpaeT THIIOBBI € ITp O-
EKTHBIE P EIIEHHA CHCTEM 3JIEKTP O-
cHa O eHHA

3HaeT: B3aHMOCBA3H MEKY TTOTp e-
OHTEIAMH H CHCTEMOI 3JIEKTp O-
cHa 0K eHHs, TIOKa3aTeH Ip a)HKOB
HaIpy3KH 3JIEKTP OIIPHEMHHK OB H
roTp eOHTENE.

VMeeT: aHaJIH3HpPOBaTh IpadHKH
HaTpy3KH.

Brnajeet: HaBbIKaMH pa3paboTkH
OCHOBHBIX 3HeprocOep eraruHx
MEPOIPHATHI B CHCTEMAX 3JIEKTP O-
cHa 07K EHHAL.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO
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IL1aH-rpadHK BLINOJTHEHHS CAMOCTOAT e/ ILHOK padoThI

O0BbeEM YacoB, B TOM YHCIIE
Konel peanusye- CpencTea H
.. By neaTenbHOCTH CTY- KoHTakTHas
MbIX KOMITETEHI HIT, TEXHOJIOTHH
HHHKATOpa(oB) IIEHTOB OLIEHKH CPC paboTa c ripe- Bcero
r10/laBaTEIEM
6 ceMecTp
CamMocTOATEIIBHOE H3VUE- CoBeceroRa-
HHE JTHUTEPATYPBI I10 TEMAM A 55,665 6,185 61,85
HHE
Nel-18
ITK-1 CobecenoBa-
-1 [IK-1 IloaroToBKa K JIEKLHAM e 0,675 0,075 0,75
MI-2T1K-1 ITonroroBka k nadopaTop - CobecenoBa- 0.81 0.09 0.9
HBIM 3aHATHAM HHE
IToaroroBka K KOHTP OJIb- CobecengoBa- 9 I 10
Hoii paboTe HHE
Hroro: 66,15 7,35 73,5
OOKYMEHT NoanuncAH
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KﬂHTpD.J]I:HI:IE TOYKH HBHILI OTYETHOCTH IO HHM

No BHa neAaTenbsHOCTH CTYIEHTOB CpokH KomnunuecTBoba
/n BbITIOJIHEHHA JUI0OB
6 ceMecTp
1. JIabopaTtopHoe 3aHATHE Ne | 6 HeenA 25
2. JIaGopaTtopHoe 3aHATHE No 5 10 Hegemna 15
3. JIabopatopHoe 3aHATHE No 8 20 Henen 15
Hroro 35

MakcHMaJIbHO BO3MOMKHBIH 0allil 3a Bech TEI{}’I.[[HI':I KOHTP OJIb MakcHMaJIbHO BO3MOKHBIH 0asUT 3a Bech Te-

I'C}’I.[[HITI KOHTPOJIb YCTaHABIIHEACTCA PaBHBIM 55. TEI{‘_‘,’I]_[EE KOHTPOJIBHOC MCPOIMPHATHC CHYHTACTCAd CHaHHbIM, CCIIH

CTYACHT ITOJIVUHII 34 HCT'O HE MCHCC 60% ot YCTaHOBJICHHOIO IUIA 3TOI'0O KOHTPOJIA MaKCHMAJIBHOI'O banna. PefiTHH-

I'OBBIH 63.]'[.]], BbICTaBJIs1EMBIH CTYIACHTY 3a TCKYI €€ KOHTP OJIBHOC MEP OIIPHATHC, CHaHHOC CTYJCHTOM B YCTaHOBJICH-

HbI€ rpaHKOM KOHTP OJIbHBIX MEpP OIPHATHII CP OKH, OIp €JIEIAETCA CIIETYOUHM 00pa3oM:

VPGEEI{B BBITTOJIHEHIA KOHTPOJIBHOI'O

JIa 3d KOHTPOJIBHOC BEH[ELHIIE)

PelTHHTOBBIH Gari (B % OT MaKCHMAaJIbHOTO Oall-

3aJ[aHH T
OTIIHYHBIA 100
XOpOIMH 30

Y IOBJIETBOPHT EIILHBIH 60
HeynoBne TBOPHTEIIBHEIH 0

CepTtudumkar:
Bnapeneu:

OJOKYMEHT NoanmvucAH
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METD,[[H‘:[EERHE PEKOMEHTAIIHH MO HIVUEHHI) TEOPETHUYE CKOI'O MATEPHAJIA

CamocToATeIbHasA padoTa CTyJeHTa HauHHAeTCA ¢ BHHMATEIbHOI0 03HAKOMIIEHH:A ¢ cofiep:KaHHeM yued-
HOI'0 Kypca.

I3yueHHe Kaxgoi TeEMBbI cJI€AyeT HAUHHATh ¢ BHHMATEIbHOr0 O3HaKOMJIEHHA ¢ HabopoM BoripocoB. OHH
OPHEHTHPVIOT CTY/€HTa, ITOKa3bIBaIOT, YTO OH JIOJKEH 3HaTh 110 JaHHOH TeMe. Borpockl Tembl Kak Obl HaKJIa/bIBa-
I0TCA Ha COOTBETCTBYIOL[YIO ITIaBY H30paHHOro yueOHHKa HIH yueOHoro riocodHa. B HrTore JomkHO OBITh ACHBIM,
KaKHE BOIMp 0Chl TEMbI YueOHOr0 Kypca H ¢ KakoiH rimyOHHOI pacKphIThl B KOHKP €THOM Y4eOHOM MaTepHalle, a KakHe
BooOmIe oryiieHbl. TpedyeTca TBOp UECKOE OTHOIIEHHE H K CaMOMY COJIep KaHHIO JHCLIHTUTHHBI.

Borpockl, COCTABIAIONHE €€ CoJiepKaHHE, 00MagaloT pa3HOH CTereHbl BaKHOCTH. EcTh BOIMpOCHI, BbI-
MOJHAKIIHE (PYHKL[HIO JIOTHYECKOH CBA3KH COJiepKaHHA TeMbl H BCEro Kypca, HMEKTCA BOIMP OChI OIMHCATENBHOIO
HJIH pa3bACHHTEIBHOI0 XapaKTepa, a TakKe HCTOPHYECKOro S3KCKypca B 00/1acTh H3y4aeMoH JHCLIHILUTHHLI. Bee 3TH
BOIMPOChI HE COCTABIAIT CYTH MOHATHIHOIO, KOHLIEMTYaJIbHOI'0 COTEp/KaHHA TeMbl, HO HEOOXO0 MBI A LIETOCT-
HOI'O BOCTIPHATHA H3y4aeMbIX ITpo0IIeM.

IT3yuyaemasa QUCLHIUTHHA HMEET CBOH KaTeropHaJIbHO-TIOHATHHHEIH armiapaT. HayuHbIe ITOHATHA — 3TO Ta
0a3a, Ha KOTOp Ol CTpOHTCA KakJaA HayKa. [IoHATHA — y3J10BbI€, OIMOPHbIE IMYHKTHI KaK Hay4HOI0, TaKk H yu4eOHOro
IO3HaHHA, JIOTHY€CKHE CTYIIEHH JBIJKEHHA B yueOe OT IMPOoCTOoro K CI0KHOMY, OT ABIEHHA K CyI[HoCcTH. be3 AcHoro
MOHHMaHHA MOHATHIH yueba KpaliHe 3aTpyIHAETCA, a coiep:KaHHe ITPHOoOp eTeHHBIX 3HAHHI CTAHOBHTCA TYCKJIBIM,
pacIUIbIBYATHIM.

CTyZeHT JI0IKeH MOHHMAaTh, YTO CAMOCTOATEIbHOE OBIaJleHHE 3HAHHAMH ABJIAETCA ITTaBHLIM, OIIPEJIE-
ronHM. Beicmasg mikona co3faeT A 3Toro HeoOXOoOHMBIE YCIIOBHA, ITOMOraeT OyAyIIeMY BbICOKOKBaJH(HILHp O-
BAHHOMY CIIEL[HAJIMCTY OBJIAJIETh TEXHOIOIHEH caMOoCTOATENBHOrO TP OH3BOJIC TBA 3HAHHI.

B camocToATensHOH padoTe cTyjeHTaM IMPHXOHTCA HCI10/Ib30BaTh JHUTEPaTypy pa3JIMUHbIX BHIOB: IIEPBO-
HCTOYHHKH, MOHOrpadHH, HayuHbie cOOpPHHKH, XpecToOMaTHH, YueOHHKH, yueOHbIe ITocobHA, KypHalkl H ap. H3y-
yeHHe Kypca IpearionaraeT 3SHaAKOMCTBO CTYJ€HTOB ¢ OONbIIHM 00bEMOM Hay4HOH H YueOHOH JIHTepaTyphl, 4TO, B
CBOIO O4YEp €/lb, IOop oaeT HeoOXOHMOCTh BhIPAOOTKH YV HHX pal[HOHAJIbHO-KPHTHYECKOI'O TIOJX0/[a K H3Y4aeMbIM
HCTOYHHKAM.

Yto0BbI HE «yTOHYTH» B OTPOMHOM OO0BEME PEKOMEHJIOBAHHBIX €My JUIA H3YUeHHA HCTOYHHKOB, CTYJIEHT,
MpeJie BCEro, NODKEH HayUHThCA IMPaBHIBHO HX 4YHTaTh. I[IpaBHIBHOE YTEHHE PEKOMEH]]OBAaHHBIX HCTOYHHKOB
TpearionaraeT cjaeJoBaHHe HECK OIbKHM HEeCIOKHBIM, HO BEChbMa ITOJIE3HBIM TP aBHIIaM.

IIpeBapHTEIbHBIA IIPOCMOTP KHHIH BKIOYAET 03HAKOMIIEHHE ¢ THTYJIBHBIM JIMCTOM KHHIH, aHHOTALHEH,
rpeaHcIoBHeEM, ornapieHHeM. IIpH 03HaKOMIIEHHH ¢ OrJIaBJIEHHEM HeoOXOHMO BbIJEIHTh pas3jienbl, INaBhbl, Iapa-
rpadbl, MPECTABIIAIONIHE JUIA Bac HHTepec, OErfo HX IMpOocMOTPETh, HAHTH MecTa, OTHOCAI[HecA K TeMe (ald3aLpl,
CTpaHHLILI, TTaparpadml), H MO3HAKOMHTLCA ¢ HUMH B 00IHX YepTax.

HayuHble H3JJaHHA COIIPOBOXKIAIOTCA Pa3/IMUHBIMH BCITOMOIaTeIbHBIMH MaTepHalaMH — Hay4HbIM armia-
paToM, MO3TOMY BaKHO 3HaTh, H3 KAKHX OCHOBHBIX 3JIEMEHTOB OH COCTOHT, KAKOBBI €0 (hYHKI[HH.

3HAKOMCTBO ¢ KHHI'OH JIy4Ill€ BCero HauyHHaTh ¢ H3Y4YeHHA aHHOTALMH — KPaTK O XapaKTepPHCTHKH KHHIH,

pHCI{phIEHI'DI_[[Eﬁ cC COOCPAAaHHC, HI[EHH}’I‘D, TCEMATHUYCCKYHO H KaHPOBYIHO HaAIlIPpaBJICHHOCTL, CBCICHHA 0D dBTOpPC,

Tramrrarrarerro rx rrawrrera annf v ranoery A s ra o ey o o o e85
HORYMERT HOTANCA CTAaBHTB I €J]BAPHTEILHOE MHEHHE O KHHTE.
SNEKTPOHHOM NOANMUCHIO yITHTENbHAsA CTaThA, B KOTOPOI J{aeTcsA OL[EHKA COJIep-
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6
Bnapeney: LWebayxora TateAana AnekcasapoBHa e HH(popMmalHa o KH3HEHHOH H TBOpPYeCKOH OHO-

PasbACHAIOTCA OTIACIIBHBIC TTOJIOACHHA KHHIH, JalOTCA
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KOMMEHTApPHH H T.71. BOT rioyemMy 3HaKOMCTBO ¢ BCTYITHTEIbHOH cTaThel MpecTaBlAeTcA oueHb BaKHbIM: OHO ITO-
MOTaeT CTYJIEHTY COPHEHTHPOBAThCA B TeKcTe padoThl, 00OpaTHTh BHHMaHHE Ha ee HaHOoJee LieHHbi€ H Ba/KHbIE
pa3zebl.

T oii /e 11enH cofieficTBYeT 3HAaKOMCTBO C OTJIaBJIEHHEM, ITp €HCIIOBHEM, TToc/IecIoBHeM. BecbhMa I1o1e3HbI-
MH 3JIEMEHTaMH Hay4HOr'0 armlapaTa ABJIAKTCA CHOCKH, KOMMEHTapHH, TaONHLIbI, rpa)HKH, CITHCKH JIHTEPaTyphl.
OHH He TOIbKO HILTIOCTPHPYIOT OTAEIbHbIE TTON0KEHHA KHHIH HIIH CTaThH, HO H caMH I10 cede ABJIAITCA J10I10IHH-
TeJIbHBIM HCTOYHHKOM HH(pOpMAL[HH JJIA YHTATEN.

Ec/H yHTaTEeNnA 3aHHTEP ecoBajla KaKkaA-TO BbICKa3aHHAA aBTOPOM MbICIIb, HE HalIemIasa r1ogp oOHOro ocBe-
I[€HHA B JaHHOM HCTOYHHKE, OH MOKET 00paTHThCA K TEKCTY HCTOYHHKA, YTIOMHHAEMOI'0 B CHOCKE, THOO K HCTOY-
HHKY, KOTOPbIH OH MOJKET HaiiTH B CIIHMCKE JIMTEPATYPhl, pEKOMEHIOBAHHOH aBTOPOM I CaMOCTOATENbHOIO H3Y-
YeHHA.

CyIIecTBYET HECKOIbKO (popM BeAEHHA 3armHCei:

— ru1aH (TpocToi H pa3BepHyTRIH) — HaHOo/ee KpaTkasa (opmMa 3armHcH Ip OYHTAHHOT 0, MPENCTaBIIAIaA
co0oHi rmepeveHb BOMMPOCOB, paccMaTPHBAaEMbIX B KHHIE HIIH cTaThe. Pa3BepHyThIi ILTaH MpeacTaBiaAeT co0oii Oonee
rofp oOHY10 3arHCh P OYHTAHHOTO, ¢ JeTalH3aLHell OTeNbHBIX IT0JI0KEHHI H BbIBOJIOB, C BRIMMHCKOI LHTAT, CTaTH-
CTHYECKHX JaHHBIX H T.J1. Pa3BepHyThIi IU1aH — HEOL[EHHMBIH MOMOITHHK IIPH BBICTYIUIEHHH C JTOKJIaZ0M Ha KOH-
KPETHVIO TEMY Ha ceMHHap €, KOH(]ep eHLIHH,

— TE€3HChl — KPaTKO c(pOpMYJIIHp OBaHHbBIE [TOJI0KEHHA, OCHOBHBIE MOJOKEHHA KHHIH, cTaThbH. KaK rpasH-
710, TE3HChI COCTABJIAIOTCA ITOCIIE MpEeIBapHTENRHOI0 3HAKOMCTBA ¢ TEKCTOM HCTOYHHKA, [MPH €ro MOBTOPHOM IIpo-
yTeHHH. OHH MMOMOTalT 3 allOMHHTh H CHCTEMAaTH3HPOBaTh HH(OP MALIHIO.

CocTaBJieHHE KOHCIIEKTOB

Bonbiyo ponbk B YCBOEHHH H IMOBTOP €HHH I OHEHHOr0 MaTepHala HIrpaeT Xop OlHiA KOHCIIEKT, cofep-
KalHiA OCHOBHBIE HJI€H ITP OUMTAHHOI'0 B VueOHHKE H YCJIBIIIAHHOIO B JIEKIHH. KOHCIIEKT — 3TO, 10 CYI[ECTRY,
HaOpOCOK, pa3BepHYTHIHA IUIaH CBA3HOI'O pacckasa Mo OCHOBHBIM BOIpP OcaM TeMBbL.

B kakofi-To Mepe KOHCIEKT paccyHTaH (B 3aBHCHMOCTH OT HHJHBHIYaJIbHBIX OC00eHHOCTEH CTy/leHTa) He
TOJIBKO Ha HHTEJIEKTYalbHY 0 H SMOLHOHANBHYIO, HO H Ha 3pHTENBHYIO IMaMATh, IIPHYEM TEKCT KOHCITEKTAa HEPEIKO
ACCOLMHPYETCA €lle H ¢ TEKCTOM yueOHHKa HIIH 3alHchio JeKIHH. ITosToMy nerde 3arioMHHaeTCA cofjepaHHe KOH-
CIIEKTOB, HaIrTHCaHHBLIX pa30opyYHBO, ¢ NoJUepKHBaHHEM HITH BhIJIEIEHHEM pa3pAIKOH KIHUYEBBIX CJIOB H (pas.

CaMOCTOATEILHO H3Y4YeHHBbIE TeMbI TP €NOCTaBIIAIOTCA TP erTo/jaBaTeNo B (popMe KOHCITEKTa, 10 K OTOp OMY
MPOHCXOJHT cobecejoBaHHe. TeopeTHUecKHE TeMbI Kypca (OT/eNbHbIE BOIMPOChI), BBIHOC HMBbIE Ha CaMOCTOATEILHOE

H3IVUCHHC, TIPpCACTAaBJICHBI HHAKC.
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YHEGHU-METD,[[H‘IEERDE H HH(l)D]]MHI[HDHHDE oDecmeyeHHe JHCIHHILUIHHBI

ITepeyeHb OCHOBHOMH H JONMOJIHHTEe IbHOMH JIHTe PATYPHI, He 00X0HMOI /I8 0CBOeHHA JHC IHILUIHHDI
ITepeyeHb OCHOBHOI JIHTepPATYPbI:

1. I'vixkoB H. I1. , Onexorckuii B. 4. | [laBmrouenko J[. A. CHCTeMBI NIeKTPOCHAOKEHHS: yueh-
Huk/ I'ykoB H. I1. , OnpxoBekwii B. A. | ITaBmrouenko /1. A. HoBocubupcek: HI'TVY, 2015.— 262
c. Pexxum goctyta: http://biblioclub.ru/index.php?page=book view_ red&book 1d=438343

2. CokonoBa, E.M. DneKkTpHYecKOe H 3JIeKTp oMeXaHH4YecKoe obopymoBaHHe. OOIerTp OMbIIIIEHHbI € MEXaHH3MbI H
ObITOBAA TeXHHKaA : yueOHHK/E.M. CokonoBa. - 9-e 131, Herp.-M.: Axagenmisa, 2014, - 224 c.

IlepedeHb JONMOJIHHTEILHOM JIHTePATYPAHI:

1 CvpHoB, HO. A. D3HYECKHE OCHOBbBI AJIEKTP OTEXHHKH : y4ed, rmocobHe / FO.A. CvmpHos, C,B. Cokonos, E.B.
THTOB. - 2-€ 137, Herp. - CII6. : JIane, 2013. - 560 c. - (YuebHHKH Jy1a By-30B. Criel[HanbpHasA THTepaTypa). - bHO-
JHOrp,: ¢. 558-559. - ISBN 978-5-8114-1369-0

2. AxrvoBa, H A. MoHTakK, TeXHHYecKasa SKCIUTyaTal[HA H PEMOHT 3JIEKTPHYECKOr0 H 3JIEKTP OMEXaHHYECKOIro 000-
pynoBaHHA : yueOHHK / H A. Axrimoa, H.@. Korenenell, H11. CeHttopisxciH ; rof pen. H.d. Korenerija. - 10—e
H31., Herp. - M. Akagemma, 2013, - 304 ¢. - Tlpun.: ¢. 284-295. - budmorp.. ¢. 296.

HE]]E‘:[EHI: }“lEﬁHD-METD,[[H‘:[ECEDI‘D oDecmeYeHHA CAMOCTOATeJILHOH pﬂﬁﬂTbI Dﬁ}"‘:lﬂIDIJIHKEH IO THCI{HIIJIHHE

1. MeTtomHueckHe peKoMeHIaLHH 1A TI0JITOTOBKH K J1a00p aTOPHBIM padoTaM.
2. MetomHueckHe peKoMeHJaLHH 110 opraHH3al[HH caMOCTOATEIbHOH padoThl CTYJEHTOB.

3. MeromHueckHe peKoMeH IaLHH 110 BbIMOIHEHHIO KOHTP QbHOI padoThl.

ITepeueHb pecypcoB HH()pOPMAIHOHHO-Te/IeKOMMYHHKAIIHOHHOMH ceTH «IIHTepHeT», He 00X0AHMBIX JIJISI OCB 0-

eHHSA JHCIHIIHHbI
1. http://www.biblioclub.ru -OBC "VHHBep cHTeTCKaA OHOMTHOTEKA OHIAHH"

2. http://www.iprbookshop.ru/ - DnexTpoHHO- OHONMHOTEYHAsA cHeTeMa IPRbooks
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