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Comep KaHHe

BreneHue

[lens u 3agau H3yUYeHHS JUCIHIUTHHEI
OO6opyaoBaHHE U MaTEePHAIIBI
HarnmeHoBaHHe 1abopaToOpHBIX pador
Coxepxanie 1adopaTOpHBIX padoT

JlaGopaTtopHas padora Ne 1. BrIOop ImapaMeTpOB OCHOBHOIO 3JIEKTPOOOOPYIO-
BaHH S H HarpPy304HAas CIIOCOOHOCTH.

JlaGopatopHasg padora Ne 2. PeryiaupoBaHie HaIpsDKEHHS B CHCTEME SIIEKTPO-
CHAOKEeHHS MTPOMBIIIUIEHHOT O IIPEAITPHATHS H KOMITEHCAI[HS pPeaKTHBHOH MOII[-
HOCTH.

JlaboparopHas padora Ne3. M3MeHeHHIT HanpskeHH S, (DIIHKeP, HECHHY COHIAIIb-
HOCTh M HECHMMETPHS HAIIPSIKEHHUH B PACIIPENEINTEIL THRIX AIEKTPHYECKIX CE-
Tsx 10-0.4 xB.

JlaboparopHas g padora Ned. PeryimmpoBaHHe YPOBHEH HAITPSKEHHSI B IIPOMBILII-
TIEHHBIX 3IIEKTPOCETIX.

JlabopaTtopHasg padora Ned. PeryiaupoBaHie ITOTEPh 10 3JIEKTPOIIMTAHIIO B IIPO-
MBIIIUIEHHEBIX 3JIEKTPOCETSIX.

YuyeOHO-MeTOHYeCKOe H HH(POPMAIHOHHOe o0ecIeueHHe JH CIHIIIHHEI

IlepeyeHs OCHOBHOH M JIOIIOJIHHTEIFHOH JIHTEpaTyphl, HEOOXOMHMMOH JJIS OCBO-
eHH S JHCIHIUIHHEI

IlepeyeHp Y4YeOHO-METOAHYECKOTO OOECIIeUeHHSI CaMOCTOSTEIIbHOH PadOoThHI
OOYYaArOIIHMXCS TT0 JHCIHIUIHHE

[TepedyeHs pecypcoB HH()OPMAIHOHHO-TEIeKOMMYHHKAITHOHHOH ceTH MHTepHeT,

HEOOXOMUMBIX JITSI OCBOSHH S JIH CITHITIIHEI
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Brenenue

JIaGopaTOpHEIE 3aHSATHSI CO3JAIOT ONTHMAIbHBIE JHAAKTHYECKHE YCIOBHS IJII JeSATElb-
HOCTHOI'O OCBOEHMS CTYJACHTAMH COIEPKaHHSA M METOMOJIOIHH H3y4YacMOH JHCIIMIUITHHEL «IIpH-
EMHHKH H ITOTPeOHTENM SIEKTPO3HEPIHH B CHCTEMaX 3IEKTPOCHAOMXKEHHS), HCIIOIb30BaHHE
CITEL[HATIBHOTO JIabopaTOopHOro o60pyAOBaHHA H TeXHHYECKHX CcpelicTB. JJabopaTopHBIe 3aHATHS
3aHHMAIOT ITPEHMYIINECTBEHHOE MECTO IIPH H3YYEeHHH OOINEeIpOog)eCCHOHAIBHBIX H ITPO()eCCHO-
HAJIBHBIX THCIMIUIHH. JIabopaTOpHBIE 3aHATHS ITPOBOASITCS C I[EBIO BEIPAOOTKH IMPaKTHUYECKHX
YMEHHMIT M ITPHOOPETEHHS HABBIKOB B PEINEHHH SKCIIEPHMEHTHBIX 3afad, OTPabOTKH yIIpakKHe-
HIH, BEITIOJIHEHHH YePTeKeH, IIPOH3BOJICTBE PACUETOB H T.II.

[[empro maGopaTOPHBIX 3aHATHH SBIISETCS ()OPMHpPOBAHHE IMPAKTHYECKHX YMEHHH — ITPO-
(pecCHOHAIBHBIX (BBIIIOIHATH OIPeelIEHHbIE JeHCTBHS, OIepallii, HeOOXOMHMEBIE B ITOCIIETYIO-
I1[eM B Ipod)e CCHOHAIIEHOH JIeSITeIbHOCTH ) HIIH Y4eOHBIX, HEeOOXOIHMEIX B ITOCIIEAYIOIIeH yueo-
HOH JIeITeIbHOCTH IT0 OOIIeTpodecCHOHAIBHEIM H IMpod)e CCHOHAIL HBIM JHCITHIUIHHAM.

brOmmorpadrye CKiil CIHCOK COAEPKHT CBEACHISI O CIIPAaBOYHOH JINTEpaType H JOIOIN-

HHTEIIbHBIX H3AHHAX, HeOOXOQHMBIX IS }TJIY@HEHHGI‘D H3VUCHIA OTACIIBHBIX BOITPOCOB.
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1. I[ens u 3a0auu uzyueHus OUCUUNIUHDL

[{ems u3ydyeHHS JHCI{HIUTHHEL

- (popMHIpOBaHHE V CTYAEHTOB CHCTEMAaTHYECKHX 3HAHHH IT0 BOIIPOCAM ITPOeKTHPOBAHH S H SKC-
IUTyaTal[HH KOMIUIEKCHBIX CHCTEM SJIEKTPOCHAOKEHHS TOPOAOB H IPOMBIIIUIEHHBIX ITPEIITPHSI-
THI.

3agadyaMH JHCIHITIHHEIL SIBIISIETCS:

- 3HaTh B3aHMMOCBS3H MEKAY ITOTPEOHTENSIMH H CHCTEMOH 3JIEKTPOCHA0KEeHH ST, TIOKa3aTelIH IPa-
(PHKOB Harpy3KH SNIEKTPOIPHEMHHKOB H ITOTPeOHTENIEH,

- YMeTh aHATH3HPOBaTh I'pa(pHKH HATPy3KH.

- Bragers HaBhIKaMH pa3paloTKH OCHOBHBIX SHeprocOeperaroliX MepOIPHATHH B CHCTEMAaX
AIEKTPOCHAOKEHH .

2. ObopyodosaHue umamepuainl

KomrmiekT yueGHO-1ab0paTOPHOr 0 000PY JOBAHI

«OHeprocOepeKeHHe B CHCTEMaX SIEKTPOCHAOKeHHS H 3IeKTpornoTpedineHispy. KoMIuiekT
yyeOHO-1a00paTOPHOro 000PYIOBAHH I

«ABTOMATH3HpPOBAaHHAs CHCTEMA KOHTPOIS H ydYeTa S3JIEKTPO’HEprum». KoMIuiekT y4ueOHO-
1abopaTOpHOro O0OPYIAOBAaHHS «IJIEKTPHUYECKHE CTAHIIMHM H ITOACTAaHIMH». KoMIUIekT yuyedHO-
nabopaTopHOro OOOPYIOBAaHHSA « YMHAs MeCTHas PacIpeleMTeNbHAS 3JIEKTPHUYECKAs CEThY.
HayuHo-HccnemoBaTeIbCKHH KOMITIEKC « OTITHMH3AIHS PEKHUMOB PadOThI SNMEKTPHYECKHX CETEH
C aKTHBHBIMH 3JIEMEHTAMH, BBIIIOITHEHHBEIMH Ha 0a3e CHIIOBBIX ITOIYIIPOBOAHHKOBBIX ITpeoOpa-
30BATEIIEH», HCIIOMHEHHE CTEHJIOBOE KOMITBIOTEPHOE. HayyHO-HCCIeqOBaTEILCKHI KOMIUIEKC
«ABTOMATH3HPOBAHHLIE CPEACTBA VIIPABIIEHIS H 3aIllUTEl B CHCTEMAX 3IIEKTPOCHAOKEHHS IIPO-
MBIINIEHHBEIX — TIPEATNPHSATHIY,  HCIIOIMHEHHE  CTEHAOBOE  KOMIBIOTEpHOe.  HayuHo-
HCCIIEOBATEIH CKHIT KOMIUIEKC

«lIprmeHeHe aBTOMaTH3HPOBAHHBIX CHCTEM KOHTPOIS M YYeTa SIEKTPOSHEPIHH C IIENBIO TI0-
BBIIIEHHS 3 ()eKTHBHOCTH SKCIUTYaTal[HH CHCTEM 3JIeKTPOCHAOKeHHS», HCIIOJTHEHHE CTEHA0BOE
pyuHoe. KOMITIIEKT THITOBOrO J1a0OpaTOPHOro OOOpPYHAOBAaHHS «TeOpEeTHYECKHE OCHOBEBI BJIEK-
TPOTEXHUKHY. KoMIUIEKT yueOHO-1a00paTOpHOro o00PYAOBAaHHS « DIMEKTPOTEXHHYECKHE MaTe-
pHaJIBD). KOMIUIEKT THITOBOrO 1ab0paTOPHOro 000OpYAOBaHHS " DINEKTPOTEXHHYECKHE MAIIIHHEDY .
KoMIUIEKT THIIOBOrO HabopaTOpHOro 00OpPYAOBAHMSI OIEKTPOTEXHHYECKHEe MAIIMHED:. JlabGopa-
TOPHOE 00OPYAOBAHHE « DJIEKTPOIHEPIeTHKA-PENEHHA 3alllTa H aBTOMATHKa». Y UYeOHBIH CTEH]I
«T eopHs MEKTPHUYECKIX IIETIEH M OCHOBEI MIEKTPOTEXHUKI .

3. Haumenoeanue npakmuvueckux paoom

M3 HIX IIpaKTHYe-

Ne TeMpl HammeHoBaHHE TeM IUCIHIUIHHEL, HX KPaTKOE O0peM
I LTI HBI COMEDIKAHIIE HACOR CKas IIOArOTOBKA,
P YacoOB
0 ceMecTp
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JIabopaTopHas padora Nel. Bribop
ITapaMeTPOB OCHOBHOI'O AIIEKTPOOOOPYIOBAHH S
H Harpy304YHas CIIOCOGHOCTH. 3
PaccumnrtaTh mapaMeTpsl OCHOBHOT'O
00OpYyIOBaHHI H HAYYHTHCS ITOAOHPATh €ro 110
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[IproOpecTH HABBIKH PErYIHPOBAHHS HAITpSDKe-
HHS B CHCTeMe 3IIeKTPOCHa0KeHHS ITPOMBIIII-
JIEHHOT'O ITPeJIIPHITHS H KOMIIEHCAIH I PeaK-
THBHOH MOITTHOCTH.

JIabopaTopnasn padora Ne3. M3sMmeHeHHi
HaIPsDKEHHS, (PIHKep, HECHHYC OHJAIBHOCTD H
HEeCHMMETPH S HaIIpSKeHHI B pacIpeleIHTelbT-
HEBIX 3eKTpHYecKuX ceTsax 10-0.4 xB.

M3y4unTh H3MeHeHHEe HalIpsKeHHS (DIIHKeP, He-
CHHYCOHJIAJIbHOCTh H HECHMMETPHS HaIIpsDKe-

HII B PacIIpeIelINTEIbTHRIX NEKTPHUYECKHX Ce-
Tsx 10-0,4 xB.

JIabopaTopnas padora Ne4. PerymipoBaHHe
YPOBHEH HAIIPSIKEHH S B IIPOMBIIIUIEHHBIX IIEK-
2 TPOCETSIX.

[ IproOpecTH HAaBBIKH PErYIIHPOBAHHSA YPOBHEH
HaIIPSDKEHHS B TIPOMEIIUIEHHEBIX 3IIEKTPOCETSIX.

JIadoparopHas padora NeS. PerymipoBaHHe
IIOTEPh 110 BNEKTPOIHTAHHIIO B ITPOMBIIIIIEHHBIX
BIIEKTPOCETSIX.

[IprnoGpecTH HaBBIKH PETYIHPOBAHIS IIOTEPS I10
3JIEKTPOIMMTAHNIO B IIPOMEBIIIUIEHHEBIX 3IIEKTPOCE-
TSIX

1,5
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JIabopaTopHas padora Nel

Tema 3anamus BrIOOp ITapaMeTPOB OCHOBHOI'O 3JIEKTPOOOOPYAOBAHHS H Harpy3ouHas
CIIOCOOHOCTE.

H e/lb 3aHamus. Paccuurarth IIaPaMETPBI OCHOBHOI'O Dﬁﬂp}’,[[DEElHHH H HAYIHTBCA IO OH-
PaThb CIro I10 ITOKa3aTCIIAM CHCTCMBIL.

TEﬂpETH‘IEEHﬂH JacCTb

1.1. Harpysounas CITOCOOHOCTE 151 BEIOOD ITapaMeTPOB OCHOBHOI'O
AIEKTPOOOOPYAOBAHM L.
1.2. [{ems paboTel

M3ydyeHHe KOHCTPYKIMHM 1a0OpaTOpPHOH YCTAHOBKH, IPHUHIMIIA €€ padoThl M ITapaMeTpPOB
MOA eI pyeMBIX 3neMeHTOB COIIIT.

Hccnepopanne pexnma padorsl MogenupyeMon COIIII Ha cyTOUYHOM HMHTepBalle BPEMEHH H
OITpEJIETIEHIE TTapaMETPOB PEKHMOB.

1.3. BeeneHne
OCHOBHBIE HOMHHAJIBHBIE IIapaMETPhl MOJEIHMPYeEMEBIX 3jeMeHTOB COIIII mpuBeneHBI B
Tabmn.1. J[11sa Tpex(a3HbIX CHIIOBEIX TPaHC(OPMATOPOB B IPAKTHYECKHX pacyeTaX HCIIOIb3YIOTCS

CIIeAYIOIHE ITapaMeTphl IIPH 3aMellleHHH TpaHchopmaropa [I° — oOpasHOH OJHOIHHEHHOMH
SKBHBAJIEHTHOH CXEMOH:

U 1 U ) (pa3HBIe HAIIPSKEHH S, IIPHBeJeHHBIE K OJHOH CTYIIeHH HaIlpsSKEHH S,

[.,1 » — TOKH NEPBHYHOH H BTOPHYHO 00MOTOK TpaHC()OpMaTopa;

[ =1 — ]I — TOK XOJIOCTOI0 X0Ja TpaHc(popMarTopa;
XX a P
3U
X — — HHAYKTHBHAA COCTABJIAIOINAA COIIPOTHBIICHIA BETBH HaMal HITYHBAHIA,

F = — dKTHBHAA COCTABIIAIOIAA COIIPOTHBIICHIT BETBH HaMAI'HITYHBAHIA,

_AP,10° _AP,-U,"
317, s>
U}'{.UH 2
—(I,R
V(100 UnR)

X = — HHAYKTHBHOE COITPOTHBJIEHHE TpaHc(opMaropa,

Iy

R

— aKTHBHOE COIIPOTHBJIEHHE TpaHC(popMaTopa, OM;

OM;
AS =31§R—j31§X IAPK?-KEZ—jAQK?KEZ — Harpys304YHBIE IIOTEPH B
12

TpaHc(pOpMaTOpe (K s, KO3 (QHITHEHT 3arpy3KH), KBT;
| T
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OCHOBHOH OCOOEHHOCTBIO PpeXKHMOB padorel COIIIl Ha IHTENBHBIX IHKJIIAX BPEMEHH
(CYTKHM, HeJels, TIOJ) SBISeTcd HX H3MEHYHBOCTh, 4YTO OOYCIOBIIEHO H3MEHUYHBOCTBIO
SIEKTPHYECKHX Harpy3okK. Pexmmer COIIIl xXapakTepHsyrorcsa IapaMeTpaMH ABYX THIIOB:

TCKYIIIHE H HHICI'PAJIBHBIC 3d BPCMA T . K TCKYIIHM ITdPAMETPAM OTHOCHICA 3HAUCHHE TOKOB,
HEIHPHH{EHII]?I:, MOIIIHOCTEH B Y3JIaX CCTH, H3MCHAIOIIHCCA BO BPCMCHIL. K HHTCI'PAJIbHBIM 34

BPEMA T — CPE€IHHE 3HaAUCHHA TOKOBE, HE]I[pH?I{EHI]IuI:, MGH.[HGCTEﬁ:, HX OHCIICPCHH, ITOTCPH

BIIEKTPO3HEPTHH H JIP.
Ha cyTOYHBRIX HHTEpBalax BPEMEHH TEKVYIIHE 3HAUYeHHS IIapaMeTpoB pe:kuMoB COIIII

IIPHHSATO IIPeACTABIISATh B (DOPME CYTOYHBIX I'Pa)HKOB (TOKA, HAITPSKEHHS, MOITHOCTH H JP.) HX

OCPEIHEHHBIX 3HAYEHHI Ha ITOCIIEIOBATEIIbHEIX HHTEpBAIax 0 (!9 =30 mmu 60 MHH).
HMHTerpansHeIe ITapaMeTphl, HAaIPHMED, U1 rpadHKa TOKa

n n lﬂ
I :lzlf; crle (11.—1 =—xI’-1.=I;-1 2
| nli

cp ) cp
I'JIC J1 — 4HCIIo HHICPBAIIOB Q B CYTOUYHOM I‘pﬂ(b].:ﬂ{e TOKA,

cp

I 5 — CPCAHCKBAJPAaTHUYCCKOC 3HAYUCHHC I‘pﬂ(bHI{El TOKaA4.

HGTEI}H JNEKTPOSHEPI'HH B JIMHHH C COIIPOTHBJICHHEM R 3d BPEN T .
n

AW =312 RT +30?RT =6 £3I7R.
1

[ToTepH ANMEKTPOsHEPTHH B TPaHC(OPMATOPe 3a BpeMs 1

(] \2 o2
AW =AP T +| —= | AP_T - LAPT=AP T+
\IH/ Iy
2
n| 1.
+0 z| — | AP,,.
I\ 1y
1.4, (3a1aHHE)

1.3.1. A3yUuTh KOHCTPVYKIIIO T1a0OpPaTOPHOH YCTAHOBKH. PacCUMTAThk BCE COIPOTHBIICHHS
SKBHBaJIEHTHOH CXeMBI I TpaHchopMaTopoB T2 u T4,

1.3.2. IIoATOTOBHTBCS K PErHCTPaIMH TI'papMKOB AKTHBHBIX H pPEAKTHBHBIX Harpy3oK,
3aroTOBHTH Talm.3 B IBYX sK3eMILIIpax (s TpaHcopMaTtopoB T2 u T4).

TaOmuia 3

Permcrpaiiuga M pacueTr TEKYINUX IHapaMeTpoB pexnmMa COIIII HampspkeHHe CYTOYHOM
HHTepBajle BpeMeHH L1 TpaHchopmatopa T2(T4)

Ho- [IoKa3aHMs CUETUHKOB ['padpmxm HarpysKu
MEp daca
CYTOK AXTHBHOTO PeakTHBHOIO Ax- Peak- [Ton To
THBHAS | THBHAasd Has gk, A
[To- Pas- [To- Pa3- | MO MOLI- MOLI-
Ka3a- HOCTh | Ka3a- HocTp | HOCTh, | HOCIDb, HOCTD,
IS HILT kBT KBAp KBA
0
1
2
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CpE,[[HEE 3HAYCHIC
cpE,[[HEI{BElﬂpﬂTHLIECKGE OTEJIOHEHH S

1.3.3. IloAroroBUTHE YCTAHOBKY H CAMOITMIIYINHH IIPHOOpP YIS PETHCTPAIMH TEKYIIHX
ImapaMeTpoB pexuMa padorel Mozenupyemon COIIII Ha cyTOYHOM HHTEpBale BPEMEHI,

BKIIIOUHTH TpaHcpopmaTop T4, 000OIIEHHYIO HarpysKy S]Ha nmmHax 10,5 xB [I'IIII

CHHXPOHHBIH S3IIEKTPOJBHIaTellb, OTKIIOYHTH TpaHchopMaTop T3, KOHAEHCAaTOpPHBIe OaTapeH
BK1, BK2 u BK3, a taxxke cunoBoil ¢unsrp OKVY; ycranoButs PIIH Tpanchopmaropa T2 u
IIEB tpaHchopmaTtopa T4 B HyleBoe IOJIOXKEHHE, IIOATOTOBHTh K padoTe CaMOITHIITYIIHI
IpHOOp M IMOAKIFOUHUTH €r0 C IIOMOINBI COSJHHHTEIIBHBIX IIPOBOAOB K COOTBETCTBYIOIIEMY
TpaHc(popMaTOpy ToKa (pHc.2) I perHCcTpalHH I'padHKa Toka B TpaHchopMatope T4.

1.3.4. 3armycTHTh YCTAHOBKY Ha)kKaTHEM KHOIIKH »lIyCK» H IIPOHM3BECTH PETHCTPAIHIO
Irpa(pHKOB aKTHBHOH H PeaKTHBHOH MOITHOCTEH Harpy3ok TpaHcdopmartopoB T2 m T4 myTem
CUMTHIBAaHHI H 3aIlCH B Ta01.3 (Tpadsr 2, 4) moka3aHHI COOTBETCBYIOIIHX CYESTUYHKOB. ['padHk
TOKa TpaHC(opMmaropa T4 3armicark ¢ IIOMOIIB CaMOITHIIYIIErO IIPHOOpa.

CofepKaHHE OTYETA

1.3.5. IIpon3BecTH pacyeT rpa)HKOB aKTHBHOH, PeaKTHBHOH H ITOITHOH MOIIHOCTEH ITyTEM
YMHOKEHHS Pa3HOCTH ITOKa3aHHI CUETYHKOB HAa COOTBETCTBYIOIIHI MacIITaOHbIH KO3 (QHITHEHT
(trabm.2). Paccumrarh cpeJHHE 3HAYEHHS H CpeJHEKBaJpaTHYECKHE OTKIOHEHHS IpaHKOB
Harpysku. Jlmg T4 3HaueHHs Toka (rpadga 10) ompeAenuTh pacyeTHBEIM ITyTEM WIH IO
perucTporpamMme, pa30oue ee Ha 24 paBHBEIX HHTEPBAlla, H3MEPHB CPEIHEE 3HAUEHIE HA KaKIOM
HHTepBajle JIMHEHKOH (B MIUDIMMeTpaxX H YMHOKHB HX Ha COOTBETCTBYIONIHH MacIUTaOHBIHI
ko3 puimeHT). /711 CaMOKOHTPOIISI peKOMEeHAYeTCSI COIOCTaBHTh IIOJTyYeHHbIe 3HAaUYeHHS TOKa
CO 3HAUEHHSMH, PaCCUYUTAHHBIMH 10 ITOJTHOH MOII[HOCTH.

1.3.6. PaccumraTh ITOTEpH SIeKTPOSHEPIHH 3a CYTKH B TpaHchopmatopax T2, T4 u B
KaOeJIbHOH JIHHHH (B KIJIOBAaIT — 4YacaX H B IIPOIeHTax). B BelYHHE ITOTEPh BHIACIHTH
COCTABIISIOIIYEO, 00YCIIOBIEHHYIO HEPABHOMEPHOCTEIO I'Pa() HKOB Harpy3o0K.

1.3.7. OpopMuTh oT4ET IO Ta00pPaTOPHOH paboTe, KOTOPHBIH JOIKEH CONePKaTh:

- MHEMOCXEMY VCTAHOBKH, KpaTKOE€ OIMCaHHE M TIlapaMeTphl MOIEIHPYEMBIX
areMeHTOB THItoBoH COIIII, 11enp padorkr;

- pacyeT COIPOTHBIIEHHI SKBHBIIIEHTHOI cXeMbI TpaHchopmMaTtopoB T2 u T4,

- PE3YIIbTAaThl PETHCTPAHH H pacueTa I'paHKOB HAarpy3KH H HX ITapaMETPOB IS
TpaHcopmaTopoB T2 u T4 (tadm.3);

- rpaukH Harpy3okK 12 T4 (aKkTHBHOH, peaKTHBHOH, ITOJTHOH MOIITHOCTH H TOKA);

- pacyeT IoTeph AIeKTPOsHeprHH B TpaHc(popMartopax 12, T4 u B kaOGenbHOH ITHHHH,
MU TaroInel TpaHcpopmaTop T4,

- OILIleHKY (B % K TIOTHBIM IIOTEPSM) IIOTEPh B VYKa3aHHBEIX BIEMEHTaX CXeMBI,
OOV CIIOBIIEHHAIX PEAKTHBHBIMH Hal' PYy3KaMH,

- BBIBOJIBI 110 ITOITYUYEHHBIM PE3YIIbTaTaM PaOOTHI.

L.5. IIoaroroeka K padore

CaMocTOoSTeNbHAas ITOAT0TOBKA K J1a00paTOPHOH padoTe JOIKHA BKIIFOYATh:

- H3YUEHHE TeopeTHYecKoro wmarepuana kypca OCIIII mo paspeny «PexiMer
BIEKTPONOTPE OIIEHH S ITIPOMBIIITIEHHBIX IIPEATIPHSATHI

- BRINOIMHEHHNE 11.1.3.1 1 1.3.2 3agaHus.

1.6. KOHTPOIIEHEBIE BOITPOCEI

1.5.1. KakoBHI IIpHYHHEI H3MEHUYHBOCTH ITapaMeTpoB pekHMOB padorel CIIIII Bo BpemeHH?

1.5.2. KakHe nmoTepn HMeIOTCS B TPaHC(OpMaTopax H OT Yero OHH 3aBHCST?

1.5.3. Kak onpeaensroTcs IMOTEPH ANEKTPOSHEPTHH B ITPOMBIIIIIEHHBIX 3JIEKTPOCETSIX?

1.5.4. HepaBHOMEPHOCTE PEXKHMOB SNEKTPOIIOTPEOIEHHST OCIOXKHAST H YXYAIIAeT padory
AIEKPO3SHEPTETHYECKHUX CHCTEM. [louemy?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



JlaboparopHnas padora Ne2

Tema 3anamun PEI‘}*’J]I[I)GEEIHHE HaITp;DKCHHSA B CHCTEME BHEKTPGCHﬂﬁ}I{EI—HIH ITPOMBIIII-
JICHHOI' O ITPEAIIPHATIHA H KONIICHCAITITA pEﬂI{THEHGﬁ MOITHOCTI.

Ilens 3anamua. 11pnoOpecTH HaBBIKH PErYIIHPOBAHHS HAIIPSKEHHS B CHCTEME BIIEKTPO-
CHAO KeHILS ITPOMBIIIUIEHHOIO IIPEAIPHSITHS H KOMIIEHC AL PEAKTHBHOH MOIITHOCTH.

TeopeTHyecKasa 4acTh

KomrieHcalusg peakTHBHOH MOINMHOCTH M PEryJIHpPOBaHHE HAIPSKEHHS B CHCTEME
BIEeKTPOCHAOKEHHHS ITPOMBIIIUIE HHOT'O ITPEIIIPH STH L.

2.1. llems pa®oTer

M3yueHHe OCHOBHBIX IIPHHIMIIOB KOMIIEHCAI[HH peakTHBHBIX Harpy3ok (KPH) B
MMPOMBIIIIIEHHBIX ANeKTpHieckxX ceTsax (I15C). C sroH 1enpio B paboTre IpeXyCMOTPEHO:
BBIUHCIIeHHEe OOINeH MOIMHOCTH KOMIIEeHCHpPYIONMHX YerpoiicTB (KY) mig moTpeOuTens,
peanm3aiisd pacueTHOrO pekKuMa PeaKTHBHOH MOIIHOCTH Ha J1adOopaTOPHOH MOJEINH, OIleHKa
BinistHH S KPH Ha peXimM HaIlpsDKeHHS H pacueT SKOHOMHYE CKOro 3 dekTa.

2.2. BeeneHne

OOMEH pPEaKTHBHOH MOIIHOCTBIO MEXAY CHCTEMOH 3JIEKTPOCHAOKEHHS IIPEAIIPHATHS H
AIEKTPO3HEPreTHYecKon cHcTeMoH (B05C) perimamMeHTHpoBaH «lIpaBiiaMH — ITOIB30BaHHSI
BIEKTPHYECKOH H TEIUIOBOH SHEPrHeH». YCTAHOBJIEHHE KOHKPETHBIX TPeOOBAHHI K PEXKHMY
PEAKTHBHOH MOIIMHOCTH Ka)XJIOTO M3 IIPEAIPHSITHH OCVYIIECTBISETCS IIPH  €KErOHOM
3aKTIFOUYEHIH JOrOBOpa Ha TIOCTAaBKY 3JIEKTPOSHEPIHH OT 3IEKTPOCHAOKAIOINEH OpraHM3aI[HH.
OKOHOMHYECKH O0OCHOBAaHHBIE BXOJHBIE PeaKTHBHBIE MOIIMHOCTH (Q =1 M Q =2) [4] 3amaroTcA
MPeMIPHATHEM JH((epeHIIHPOBAHHO, B 3aBHCHMOCTH OT IIOTpeOIIsIeMOH MOIIMHOCTH H
SIEKTPHYECKON  VIAJIEHHOCTH  TIPEMIPHSATHSA  OT  OCHOBHBIX  HMCTOYHHKOB  SHEPIHH
(amekTpocTaHiiii). Yuciopele 3HaueHHSI Q =1 H Q 32 ONPEAEIIIOTCS B pe3ylabTaTe PacyeTOB
ONTHMAIbHBIX PEXKHMOB PaOOThI SHEPrOCHCTEMBI B IIEPHOABI €€ MaKCHMAaIbHBIX (Q z1) H
MHHHMAJIbHBIX (Q 57) HarPy30K.

B pabote uccneayercs y3eil Harpys3KH, cXeMa 3aMeIeHIS KOTOPOTro IT0Ka3aHa Ha pHC. /.

CxeMa COJEpKHT TOIBKO OfmHY H3 cekumii I'IIII (ImpaByro CeKIHIO), ITOCKONIBKY BTOpas
YCIIOBHO CUHTAETCS aHAJIOTHYHONH. ['paHmiia OalaHCOBOH ITPHHAISKHOCTH HAXOAHTCS Ha
YPOBHE BBICOKOBOJIbTHBIX BBOJIOB TpaHc(popMaropoB I'TII1. Ha rpanmiie cBOASTCS KOHTPOIBHEIE
OalaHChI AKTHBHOH M  PEaKTHBHOH  MOINMHOCTEH. KOHTpPOIBR  OCYIIECTBIIIETCS  Ha
IIOCIIEAOBATEIIBPHEIX TIOTYYACOBBIX HHTEPBAIAX BPEMEHH IIPH ITOMOIIH CUETYHKOB SHEPIHH C
(HKCHpPOBaHHEM MAKCHMYMOB HIH IIpH IIOMOIIH CIIEIHAJbHBIX aBTOMAaTH3HPOBAHHBIX
HH()OPMAIHOHHO-H3MEPHTEILHBIX CHCTEM.

B  malopaTopHOH  MOJAEIHM  HCTOYHMKAMH  PEaKTHBHONM  MOIIHOCTH  SIBJISIEOTCS:
MeKTpo3HepreTHyeckass cucremMa (Q =1, O 22), CHHXPOHHBII AIeKTpoABHTATEL (Q o),
KoHIeHcaTopHbIe yYeTaHOBKH BK1, BEK?2 HanpsxermeM 10 kB (Q x5) n BK3 nanpsokennem 0,4 kB
(O kx);, TOTpeOHTEISIMH — Hapryska Ha ImHHaX 10,5 kB (Q 1) m Harpy3ka TII (Q 2).

Puc.7. CxeMa 3aMeIleHHS y3/1a HarPy3KH

Hanmyurmm (onTHMaIbHBIM) PeXKHMOM KOMITEHCAI[HH PeaKTHBHBIX HArpy30K OyAeT perkHM,
COOTBETCTBYOIIMIT MHHHMAIEHOH BEIIMUHHEE TOJOBBIX PACUETHBIX 3aTPaT U YIOBIETBOPSFOIIHII
TpeOOBaHHS HIEKTPOIHEPIreTHUYECKOH CHCTeMBl [4]. g HaxXOXIeHHS 5TOro PpekXHMa
COCTaBIISAeTCA (PYHKIHSA pacUeTHBIX 3aTpaT (1eneBast (PYHKIHS) M 3aIlHCHIBAIOTCS OrPaHHYeHHS
[4.5]. OnruManbHBIMH CUMTAIOTCS TaKHE MOIIHOCTH KOMIIEHCHPVIOIIHX VCTPOHCTB, IIPH
KOTOPHIX IlelleBast (PYHKI[HS ITPHHHMAaeT MHHHMAJIbHOE 3HAaYeHHe B OOJIACTH JOITYCTHMbBIX
pereHi. OOIacTh JOIMYCTHMBIX PEIEHHH OIpPelelsIeTCsa OrPpaHHYeHISIMH, HaKIIabIBacMBIMH
Ha MoImHOocTH KY. Pacuer onTHMambHBEIX MOIMHOCTEN KY, B OIMCAHHOW BEIIE ITOCTAHOBKE
3aJ1a4, IIPOM3BOJUTCS C TIOMOIIBIO METOLOB MaTeMaTHYECKOI'O IPOrPaMMHPOBaHISL

B maGoparopHon ycraHOBKe Mojiennupyercs He Besa [12C, a toneko I'III] u omHa H3 11eX0BBIX
IIOACTAHIMH C IMTaroIeH ee KadenbHOH IMHHEH. Harpyska (; mnpeacraBisier coOoH
CYMMAPHYIO PEAKTHBHYIO MOINHOCTE. ITOTPEOINAEMYIO OCTAIbHBEIMH T1I, 4HCIIO M MOIIHOCTH

NOKYMEHT NMOoOnNnMcAH [THMH34AIIHH Pa3sMCIICHIS KY MOXKHO PEIIATh
ANEKTPOHHOW NOANMUCKEIO [E]IHB ee Ha JBa ATaria.
Ceptudhmkar: . 12000002A633E3D113AD425FBS0002000002A6 [IpeenieTcs QRH
Bnapeneu. Webayxoea TateAHa AnekcaHapoBHa |
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Jist onpepeneHs Q xx 3aIllHCBIBAETCS (DYHKIIHS T'OAOBBIX PaCUETHBIX 3aTparT.

R m 2
3(Qky ) = E-AKy - Oy +C,| APy Qpyy + e Tfog (Qz - QKH) (5.1)
rae E — xoa(@HIMEeHT OTYHCIEHHH OT KalTHTAIOBJIOKeHHH (HOPMAaTHBHBIE OTYHCIIEHHS,
OTYHMCIIEHHS Ha SKCIUTyaTal[HI0 H BOCCTAHOBJIEHHe OOOpyAOBaHHSA). UHCIEHHBIE 3HAaYeHHS E
clleAyeT IPHHATH 110 YKa3aHHIO IMpenojoBaTeld B nmpegenax (0.2 — 0.4);

AKy — VYaempHass CTOHMOCTh KOHJIEHCATOPHBIX YCTAaHOBOK HH3KOrO HampspkeHHS (150
pyO/kBAD);

Co — VyIelIbHas CTOHMMOCTh IIOTEPh AKTHBHOH MOIITHOCTH (3aJacTCs IIPEIlOJOBaTelIEM B
npeaenax or 800 xo 1200 py6/kBT);

AP- yaelbHBIE TIOTEPH AKTHBHOH MOIIHOCTH B KOHIEHCATOPHBIX YVCTAaHOBKAX HAITPSDKEHHS
(0,003 xBr/xBAp);

Rrr — ipHBeleHHOe K HanpsokeHHo 10 kB comporueienne tpaHcdopmaropa mexopoit TII u
T TAIOIIEH er0 JIHHHH 3JIeKTporiepegadt, OM.

BemuiitHa 3TOro COIpOTHRIEHHS OIPEAEIIIETCS 110 JaHHBIM Tadl. 1 ormcaHis 1adopaTopHOH
YCTAaHOBKH,

U — cpenHee HanpsokeHre Ha mnHax I'IIIT (10 xB);

Q>™ — HamOOIbINas peaKTHBHAS MOIIHOCTh Harpys3kKH TpaHcpopMmaTopa 14 B IIEpHOJ
MaKCHMAaJIbHOH aKTHBHOH MOIIHOCTH HAarpy3KH 5SHEPrOCHCTEeMBI (IS YIPOHIeHHS PaboTh
curTaeM, 4YTo TpaHchopMmarop T3 OTKIIOYEH H B pacueTaxX He YUHTBhIBaeTca). OmnpeaenseTcs Imo
rpaduky Harpy3kH T4, mnomydeHHoMy B pabore Nel. Ilepomy MakcHMyMa 3ajaeTcs
IIPEITOJOBATEIIEM.

U?

AP

Ry =—%——10+R, -1 52
SHT

rae APxr3 — mOTepH KOPOTKOI'O 3aMBIKaHH S B TpaHc(popmarope, KBT (Tadm.1.1);
SET — HOMHHAJIbHASI MOIITHOCTE TpaHc(opMaTopa, KBA
Ro — yeTIbHOE aKTHBHOE COITPOTHBRIIEHHE ITHHHH IeKTponepeaadn, OM/KM;
[— IUIMHAa JTHHIH 3]IEKTPOIIEPEgayuil, KM.
MOIIHOCTh KOHAEHCATOPHOH OaTapen OIPeAeiIsIeTCs H3 YPaBHEHHS

03 (O )
aQKH

PacueTHoe BBIPAKCHIIC HMCCT BH/

E-AK ,+C -
Q — Qm H 0
v 2 2'CH'RTJT

Otan BTOpoil. Ha 3ToM sTare paccMaTpHBaeTCA 3aa4ya HaXOXKIEHH S OITTHMAIILHBIX 3HAYEH I
QO kv U Q » (puc.9). BemmunHa HEKOMIIEHCHPOBAHHOH MOIIHOCTH, Ilepe/laBacMOil depes
TpaHcopmaTop T4, mokazaHa Ha cxeMe KakK O 7.

(DYHKIS TOLOBBIX PaCUETHBIX 3aTpaT AJISI 3TOrO 3Talla PacuyeTOB HMEET BH/I

3 (Q x5, Qo)=E AK5 Qx5 +Co (APrs Qx5 +Ki1- Qo+ K2 - Q %), pyd/roxm, (5.5)

rae E, Co — cM. BeIpakeHHe (5.1);

AKs — ypaempbHas CTOHMOCTh KOHJIEHCATOPHBIX OaTapedl BBICOKOro HampsokeHHs (120
pyO/kBAD);

Puc.9. PacueTHad cxemMa 3aMellleHH S

I[7ISI BTOPOI' O 3Talla pacueToB

APrs — YIEIBHBIE ITOTEPH AKTHBHOH MOIIHOCTH B KOHAEHCATOPHBIX YCTAHOBKAX BBICOKOI'O
HarpsoxeHHs (0,002 kBr/kBAp);

K1, K> — Ko3(ppHIIHEHTHI, XapaKTePH3YIONHE ITOTePH aKTHBHOH MOITHOCTH B CJ]], 3aBHCSIIHE
or 0 s (K:=0011xB1t/xRAn_K>=000019 xRT/xBAp?).

=(), (5.3)

H.U2-10° (5.4

AOKYMEHT NnoannucAH
SNEKTPOHHOW NOAMUCHIO ] %
Ceptudounkar:  12000002A633E3D113AD425FB50002000002A6 QRB- Q'ﬂ)’ (56) _
Bnapenety:~ - Llle6ayxoea TatbsiHa AnekcaHaposha noHax 10 kB I'TII B meprnon MakcHMambHOM
[encteurenex: c 20.08.2021 no 20.08.2022 . CHCTEMBI }prlBHEHHﬁ
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oL,
o/

13 (5.7) MOHO TIOITYYHTh BhIpakeHHe I1d pacueTa Q x5, O o B 00IIEM BHJIE:

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

Oz = 0" +0Or — Q5 —Q,. xBAp (5.9)

C nmomompro (5.4), (5.8), (5.9) BEIMHCIIIOTCA HeoOXOZHMBIE YCTaHOBJIEHHBIE MOIIHOCTH
KOHJEHCAaTOPHBIX OaTapell M HaHOOIBINAS peakTHBHAS MOIMHOCTE CJ]. OTpHIlaTeIbHBIE
3HAYEHHS pPacYeTHBEIX MOIIHOCTEH CBHAETEIILCTBYIOT 00 OTCYTICTBHH 3KOHOMHYECKOH
1[e11eCO00Pa3HOCTH HCIIONIB30BAHIIS COOTRETCTRYIOIIEIO HCTOYHHKA PEaKTHBHON MOIITHOCTH. Ero
3HAYEHHE TIPHHUMAETCS PAaBHBIM HYIFO. BenmumHa () s HE JOIKHA IIPEBBOIATEH JOITYCTHMBIX
3HAYEHHH 110 YCIOBHSAM Harpepa craropa H poropa CJ] ¢ y4eTOM ero 3arpyskKH II0 aKTHBHOMH
MOIITHOCTH. IIpoeepka C /] 1mo yciIoBHSAM HarpeBa B 1abopaTOpHOH padoTe He IIPeayCMOTPEHA.

OO0opyaoBaHHE

[IomHOe wmcrmonb3oBaHHe BeeX KY 3KOHOMMUYECKH OOOCHOBAaHO TOIBKO B TIEPHOJ
MaKCHMaJIbHOH Harpy3kH O0C. lIpH CYINECTBEHHO H3MEHTIOIeMCS TIpaHKe PpeaKTHBHOMH
MOIIIHOCTH HarpyskH TpeOyercsa peryimpoBaHne KY. B mnabopaTopHOH  yCTaHOBKE
IPEYCMOTPEHO PYUYHOE AHUCKPETHOE PEryIHpoBaHHE () ¢ H aBTOMAaTHUYECKOE PeryIHpPOBaHHE
KOHJEHCATOpHBIX Oarapeil. ['padukn perymipoBanua Ky CTpoATcsS Ha OCHOBaHHH
ONTHMH3AIMOHHEIX pacyeTOB ¢ ydeToM TpeboBaHHH D3C (Qz1, 0z2). PerymupoBanme KY
TOIDKHO OOeCIeYHTh MHHHMAJIBHEBIE TIOTEPH AJIEKTPO3HEPrHH H TpeOyeMBIH VPOBeHb KauecTBa
HAIPSKEHH L.

JIIIsT OTZENBLHOTO Y3lIa Harpys3KH, KOTOPBIH HCCIEAYETCS B JaHHOH paboTe, ONMTHMH3AIMS He
TpeOyeTcsa. I'paduku perynupoBannsg KY B 3ToM ciIyyae MOIyT OBITh ITOCTPOEHEI 0e3 pacyeTOB.
OCHOBOH JJISI HX IIOCTPOEHHS SBIITEOTCS I'PapHKH peaKTHBHOH Harpy3kH Ha mmHax 10 kB u 0,4
kB. IIpu rmocTpoeHnu rpadgpHKoOB PETYITHPOBAHHS CIIEAYET YUECTh:

l. B r1neprnopy MaKCHMaJIbHOH AaKTHBHOH MOIIMHOCTH HarpyskH 33C I1orpebleHHe
PEAKTHBHOHN MOIITHOCTH HE JOIKHO IIPEBOCXOMNUTH BETHUHHY (3],
2. B mepnoa MHHHMAaIbHOH HArpysKH ITOTpeOseMas peakKTHBHAS MOIIHOCTEH JOJDKHA

OBITH MeHbINE, yeM (=2,
2.3. IlopsmoK BEITIOTHEHHS PadOTHI

2.3.1. Ilomy4yHTs Y IIpenoAoBaTens CIeAYIONYI0 HCXOTHYIO HH(OPMAIIHIO:

a) O=1, O3z

0) HHTepBalbl BPEMEHH, COOTBETCTBYIOIIHE IIEPHOJAM MAaKCHMyMa H MHHHMYMa aKTHBHOH
MOIIIHOCTH Harpys3ku 59C,

B) YIEIbHYIO CTOHMOCTD ITOTEPh aKTHBHOH MOIITHOCTH Clo

2.3.2. I1o opmynam (5.4), (5.8), (5.9) onpenennurs momHocTH KVY (1Ba »ramna). ITomydyeHHbIE
3HAYEHHS OKPVIJIMTL OO0 OJODKAIIMX BO3MOJKHBIX BEIHYHMH, VKAa3aHHBIX Ha MHEMOCXEME
1abopaTOpHOHN YCTaHOBKH.

MoIHOCTh Harpy3KH B3sTh II0 I'paHKy, IOJyYeHHOMY B JaOopaTOpHOH padore Nel,
MIPOYYI0 HeOOXO UMY HH(POPMAIIHIO CIIETyET B3ATh H3 Talm. 1.

2.3.3. Ilpoepurs OamaHC PeaKTHBHOH MOIMHOCTH Ha ImHHax I'IIII B 4acer MaKCHMyMa
ATATIIMmIIATE yrarnnray AT Do omoran mranfuamreencT] BRIITOTHUTE KOPPEKTHPOBKY MOIITHOCTEH

AOKYMEHT MNOArN1CAH
SNEKTPOHHOW MNMOAMUCHIO - -
Ceptudpukar: - 12000002A633E3D113AD425FB50002000002A6 OLTHOCTCH KOHACHCATOPHBIX 5&TﬂpEII (QRH-..
Bnapenew: lWebayxopa TatbaHa AnekcaHapoBHa JOCHHH Ipa(bHI{OE PEKOMCHIAYCTCA GﬁpﬂTHTL

JTHEKH H 3(1)(1) CKTHBHOCTD PACITIOJIdI' dCMBIX KY.
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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2.3.5. Ilpoepurp OajmaHC PEaKTHBHOH MOINMHOCTH Ha mmHax ['TIII B yackl MHHMMyMa
AKTHBHOH Harpysku 235C.

5.3.6. CoOpaTrp cxeMy aBTOMAaTHYECKOrO YyIIpaBlieHHS aHuardamu T2 (pabora Ne5) m
MOITTHOCTSIMH KOHJIEHCAaTOPHBIX OaTapell B COOTBETCTBHH C IIOCTPOSHHBIMH TI'papHKaMH HX
peryinHpopaHds. [IpuBecTH mabopaTOpHYIO MOJEIL B HCXOAHOE padoyee COCTOSHHE (BKIIOYHTH
S1, T4, CJI; otxmmrountsh 13, BK1, BEK2, BK3).

2.3.7. BkrounTs 1ab0opaTOPHEI CTEH]T H BEIIIOIHHUTE CIIEAYIOIEE:

a) II0 TIOKa3aHHSM CYETYHKOB 3aItHcaTh IpaHKH H3MEHEHHS aKTHBHOH H PpPeaKTHBHOH
MOIIHOCTeH Harpy3ok TpaHchopmaTopoB T2 u T4 ¢ ydyeToM pacyeTHBIX MoOIMHOcTeH KY H HX
PETYIIHPOBAHU A,

0) 3ammcaThk ¢ momornpo CII HampsokeHne Ha mmHax 0,4 KB TII ¢ yueroM peammszanim
MEPOITPHSTHH ITO HX YIYUYIIeHHIO (CM. padoTry Ned).

3armich TpaHKOB Harpy30K H HaIlpsUKeHHH (m»a» H »0») HeoOXOIHMO ITPOH3BOIHTD
OJTHOBPEMEHHO.

2.3.8. IlocTtpouts rpaduku Harpy3ku (P u Q) ¢ yuetoM KVY M cpaBHHTh HX ¢ I'pa(pHKaAMH,
ITOIIYYEHHBIMH B padore Neol .

5.3.9. IlocTpours rHCTOrpaMMbI, BBMMHCIHTE MaTeMaTHUECKHE OXHIAHMS H IUCIIEPCHHU
HanpsokeHHH Ha mmHaxX 10 m 0,4 xB ¢ yuyerom KPH. Ouennre BinmsgHme KY Ha pexum
HAITPSKEHHNSL, CPAaBHHB ITOJIYYEHHBIE PE3YILTAThI C COOTBETCTRYIOIMMI JaHHBIMH paboThI No4.

2.3.10. Ouenurp sKkoHOMHYecKHiT »(pdexr KPH Ha cyTodyHOM HHTepBale BpeMeHH B
KITIOBAaTT-4acaX C3KOHOMIIEHHOH 3NIeKTpo’HeprHH. OleHKY 3({@eKTa BHIIOIHHTL CPaBHEHHEM
ITIOTEPD BHEeprHH B TpaHchopMaTopax T2, T4 m xaOelbHOH JIHHHH, BEIYHCIIEHHBIX B padoTe Nel
1o rpa)HKaM Harpy3KH, HE YUHTBHIBAIONMM KY H moTeph B TeX e 3JIeMeHTaX, HO ¢ yueToM KV
H UX PETYIMPOBAHHS.

CofepKaHHe OTYETA

2.3.11. OpopmMuTE OTUET O TabOPaTOPHOH paboTe, KOTOPBIH JOIDKEH COJePKaTh:

a) TaOJIHITy MCXOMHBIX JaHHBIX JJIS BBHIIIOIHEHHS PaOOThI, BKITIOYAs ITapaMeTpPhl, ITOTyYeHHbIE
y IIPETIOIOBATEILS,

0) pacueT MomrHocTeH KV,

B) rpapHKH peryiInpoBaHuga KV,

I') Tpa(HKH aKTHBHOH H peaKTHBHOH MOITHOCTeH Harpy3kH T2 n T4 ¢ yuetom KV

) rpadukH H3MeHeHHT HanpsbkeHHH Ha mmmHax 0,4 kB TII, momydeHHBIE ¢ ITOMOIIBIO
CAMOITHIIYIIErO BObTMeTpa CII;

) THCTOIpaMMBI HaIlpsoKeHH Ha nmHax 0.4 kB TII;

’K) pacyeT 3KOHOMHYECKOr 0 3(pdeKra;

3) BBIBOJBI ITO Pe3yIIbTaTaM PaOoTHI.

5.4. Ilogroroeka K padore

B 1mpriecce moAroroBKH K padore HeOOXOAHMO O3HAKOMHTBCS C €€ OIMCAHHEM, H3YUHTH
PEKOMEHIOBAHHYIO JIMTEPATYPY U COOTBETCTBVYIOIINUE Pa3JIellbl KOHCIIEKTA JIEKI[HMIl. 3arOTOBHTH
OITaHKH JIJI4 3aITCH ITOKa3aHHH IIPHOOPOB U IIPOJAYMaTh OTBETHEL HA KOHTPOIIBHEIE BOIIPOCHL.

2.5. KOHTPOIILHEIE BOIIPOCHI

2.5.1. JlaTb TIOHITHEe pPeaKTHBHOH MOIIMHOCTH, IIOSCHHTh €€ (PH3HYeCKHH CMBICT H
OCOOEHHOCTH B CPaBHEHHH C aKTHBHOH.

2.5.2. UeM ompelesarorcs MpeaciIbHbIe 3HAUCHHS PeaKTHBHON MOIIHOCTH, KOTOPYIO MOXKET
BBIZATh B CETh CHHXPOHHAS MallliHa?

2.5.3. JlatTp CpaBHUTEIBFHVIO XapaKTEPHCTHKY HCTOYHOKOB PEAKTHBHOH MOIIHOCTH,
Hcrronb3yeMbIx B COIIILL

254 KakuM o00pa3oM peakTHBHAsS MOINMHOCTh BJHMSET Ha PeXHM  HaIIPSDKEHHS
BIEKTPHYECKOH CETH?

2.5.5. TpeboraHus, MpeaAbIBISIeMbIe DOC K peXKHMY peakKTHBHOH MoIHocTH COIIITL

2.5.6. Kak oleHHBaeTCsI SKOHOMHYECKHH 3(P(eKT BHeIpeHHS PacueTHOI'O ONINTHMAIBHOIO
peKIMa KOMITEHCAIMH HArPY30K IPEAITPUSTHS?

2.5.7. C KakOH LEINbI0 BBOIONHIETCS PETYIHPOBAHHE MOIHOCTEH KOMIIEHCHPYIOIIHX

YCTPOHCTB?
2.5.8. Ilepe4HCIIHNTE H ITOSICHHUTD ITPHHITHIIBI ITOCTPOEHH S I'Pa(pHKOB perymHpoBaHHI KV
AOKYMEHT NOAMUCAH ' 33Jar0TCS IIPeATIPHATHEM HHAHBHIYAJIbHO?
SNEKTPOHHOW MOATVICHIO KIMa KOMIIEHCALIHH PeaKTHBHBIX MOIIHOCTEH
Ceptudmkar: _12000002A633E3D113AD425FB50002000002A6
Bnapeneu;. leBayxoea TateaHa AnexkcaHgpoeHa

HHINBHIY alIbHOH KOMIICHCAITHI pEﬂI{TIIEHDﬁ
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JladbopaTopnasn padora Ne3

Tema 3anamus VI3MeHeHHI HalIPsDKEHHS, (DIIHKEP, HECHHYCOHIAIIbHOCTh H HECHMMET-
PHS HAIIPSDKEHHH B PaCIIPEAEIHTEIBTHRIX ANeKTpHuecKuX ceTsax 10-0.4 kB

Ilens 3anamua. VI3yunTh H3MeHeHHEe HaIIPSDKEHHS (PIHKeP, He CHHY COHIaIbHOCTD H
HeCHMMETPH S HAIIPSDKEHHH B PACIIPeIe/HTEIbTHRIX 3JIeKTpHYecKHX ceTsax 10-0,4 xB.

TeopeTHueckas 4acTh

OTKIOHEHH S HAIIPSDKEHHS, pa3MaxX H3MeHeHHH HallpsDKeHHs, (PIIHKep, HECHHYCOHAAIbHOCTh
H HECUMMETPHS HAIIPSDKEHHH B PacIIpedelMTebTHRIX eKTpHuecKuX ceTsax 10-0.4 kB

. Ilems paboTel

M3yunTh METOAMKY OIEHKH YPOBHEH HaIpsLKeHHS B CeTH M CIIOCOOBI HMX VIIVUIIIEHHS Ha
CYTOUHOM HHTEpPBaJIe BPEMEHH.

3.2. BeeneHne

MMeroTca ABe OCHOBHBIE TIPHYHHBI, OOYCIABIMBAIOIIHE M3MEHUMBOCTL HAIIPSDKEHHSI B
AIEKTPHYECKHX CETSAX. H3MEHYHBOCTh HArpy3O0K, BBI3BHIBAIOINAS H3MEHYHBOCTH IIOTEPH
HAIPSKEHH S, H PETYIIMPOBAHHE HAITPSKEHU S C LENIBIO TIOAACPKaHH €0 B 3aJaHHBIX IIPEIeIax.

YPOBHH HaIpsDKEHHS MIPHHATO OL[EHHBATh OTKIIOHEHHSMH HaIpsDKeHHS OT HOMHHAIbHOro V

[1], KOTOpEBIE TaKKe H3MEHUYHBEL BO BPEMEHH IT0 YKA3aHHBIM BBIIIE ITPHYHHAM.

HammyuimmmM HanmpspKeHHEM Ha 3aKHMaxX 3JIEKTPOIPHEMHHKOB, ¢ TOUYKH 3PeHHS TeXHHKO-
SKOHOMHYECKOH 3((peKTHBHOCTH HX paboThl, sBisieTcs U (t)=Ux=const, T.e. V=0. O0ecIie4nTh
TAaKOH PeXHM HaIIpSOKEHHS IS BCEH MAacChl BJIeKTPOIPHEMHHKOB B CETH ITPaKTHYECKH
HEBO3MOKHO, ITO3TOMY Bcerga V(). IIprmueM yem Gonbllle BeMMUHHA V, TEM XYKe HaIlpsKeHHE.
M3 »sToro mpaBwia HMeeTcd PSI HCKIIOUEHHI, HaAIpHUMEp, IS cl1ado 3arpykKeHHOro
ACHHXPOHHOI'O0  3JIEKTPOJBHTATENI  HAHIYUIIMM  SBJIIETCS  HAIIPSDKeHHe,  MEHbBIIEe
HOMHHAIIBHOrO. BemuriHa gomycruMbelX sHadeHHH V Hopmmupyercsa 1'OCT [2] B memom mig
AIMEKTPHYECKHX CETEH B 3aBHCHMOCTH OT HX HaIlpsoKeHHS. Hambonee xecTkme TpebOoBaHHMS K
pemunHe V B ['OCT mpeapsSBIssrorcs, eCTeCTBEHHO, K TEM CETSM, KOTOPHIE IMMTAIOT OCHOBHVYIO
Maccy eKTpoIrpHeMHHKOB (ceTH 0 1000 B).

Tabmmra 3
J{oImycTiMBIe 3HaYeHH I OTKIIOHEHHH HanpskeHHT 110 ' OCT 13109—97
HanpsoxeHue cetu JloImy CTHMBIE 3HAUEHHST

HOPMaJIbHbIE MaKCHMAaJIbHbIE
o 1 xB + 5% + 10%
6...20 kB — +10%

35 kB u BhIIIIE _ _

OO0opyaoOBaHHE
Hna ceren HampsokeHHeM 0 1000 B ¢ mHTerpaabHOH BepOSTHOCTBIO 0,95 IOITYCTHMEL

OTKJIIOHEHHS HamnpskKeHHS + 5%, ¢ BepoSTHOCTERIO 0,05 HOMYCTHMEI OONBIIHE OTKIIOHEHHS, HO

OHH He JOJIKHBI ITpeBhIIaTh £ 10%.
OLleHKY MaKCHMAJIbHBIX OTKJIOHEHHI HAIIPSDKEHHS OOBIYHO IIPOBOISAT IS PEKHMOB
MaKCHMAaJIbHBIX H MHHHMAIBHBIX HArPY30K C ITOMOIIBIO ITOCTPOEHHS JHArPaMMBI OTKIIOHEHII

NOKYMEHT NMNOAnmCcAH
SNEKTPOHHOM MOANMCHEIO arpamma V 1mokasaHbl Ha pHcC. 6.
Ceptudhmkar: + 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu; LUebayxora TateaHa AnekcanaposHa 19

1 flO KB, rrraromieit Tparncdopmarop I'TIIT;
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Vo — OTKIIOHEHHE HAaINpsOKEHHS Ha JIHHHM pasfeiia OalaHCOBOH ITPHHAIEKHOCTH CeTeH
SHEProcHaOXKaroIeH OpraHu3alii H CeTel ITOTPeOUTENI 3IIEKTPOSHEPIHIH,
Vi — oTkiIoHeHHe HanpskeHua Ha mmHax PY 10 kB I'III;

A Uz — noteps HanpsokeHH B TpaHcpopmarope T,
E1 — no6arka HanpsbxkeHHS TpaHcpopmaropa 'TII;

AUs — moTeps HanmpsoKeHHS B KaOelIbHOIN IHHHH, ITHTaromei TpaHcopmarop T4 1exoBoit
TII;

E> — no6arka HalpsDKeHHS TpaHc(opMmaropa 1exopor TII;

V> — oTKIIOHeHHe HanpspkeHHs Ha ImmHax PY 380 / 220 B nexooii TII;

AUy — moTeps HAIIPSKEHHS B 1IEXOBOH ceTH (HAIIpHMEp, B IMHHHOH MarucTpaax 11IM);

V3 — OTKIIOHEeHHEe HaIpSCKEHHS B CETH B TOYKE ITPHCOEAHMHEHINS HaubOolee YIaleHHOrO
BIIEKTPOITPHEMHIKA.

B yCIIOBHSX 3KCIDIyaTal[MH BCe ITOTPEOHUTENIH pacCUHTBIBAIOT TpedyeMble 3HaueHHS Vo A
PEKHNMOB MaKCHMAJIBHBIX H MHHHMAJIBHBIX HAIPY30K C YUETOM CBOHX CPEACTB PETYIIHPOBAHHSI
HaIpsoKeHH . Ecim sHeprocHaOKaromasi OpraHu3alfisd He BRIJICPKHBAECT 3TH SHAUEHHSL, TO K HEH
MIPETBABIIIIOTCS 3KOHOMHYECKHE CAHKI[HMHM. [103TOMY BBIIOTHEHHE HACTOSIIEH TabopaTOpHOH
pabOTEl OPHEHTHPOBAHO HA HCCIIEAOBAHHUE OTKIOHEHHH HAIIPSDKEHHS B IIPOMBIIIIEHHON
AIEKTPOCETH, IIPOBOAUMOE C I[ENBIO PEINEHIS JaHHOH 3ajaull — pacueT TpedyeMbIX 3HauYeHHH Vo
IUISI PEKHMOB MaKCHMAIIhHBIX H MHHHMAJIBHBIX HAr PY30K.

[loTepa HanpsKeHHSI B 3JIEMEHTE CEeTH C CONPOTHBIEHHEM Zz=R+jX M TOKOM

[ =1 — ]1 OIIPEEIISIEOTCS IO (POPMYIIE
I R+1I X
AU = 100%
UH

Bce HeoOXoauMmebIe IapaMETPHl 3JIEMEHTOB MOJAESIIHPYEMOH CETH IIPHBEAEHBI B Taldm.l, a
napaMeTpsl TpaHcpopMaTopa T2 paccuntaHsl B 11.1.3.1. maGopaTopHoi paboTsI Nel .

3.3. 3ajaHue)

3.3.1. IloaroTroBUTE YCTAaHOBKY K padoTe:

1) mna m3mepeHns HarnpspkeHHsS Ha muHaX 10 xB I'IIIT u 380 / 220 B mexopon TII B
CYTOYHOM I[MKIIE BPEMEHH IOAKIIFOUHTH CAMOITHIIYIIHE MTPHOOPEI B COOTBETCTBHH CO CXEMOMH
pHC 2,

2) BKIIOYHTH ITHTaHHE YCTAaHOBKH H TpaHcopmaTop T4, oTkmouuth T3, BKIIOYHTH
0000IMEHHYIO Harpysky Ha ImHax 10 kB S;, sxmounrs CJ[, OTKIIOUHMTL KOHIAEHCATOPHBIE
6atapen BEK1, K2, BK3 1 ¢nmsTpokoMIieHeHpYyolee yerporcTBo DKV,

3) mepexiroyaTellb aHIAng TpaHcpopmaropa 12 H nepekmodarelb 1IBB TpancdopmaTopa
T4 ycTaHOBUTE B HYJIEBOE IIOJIOKEHHE,

4) IepeKnIroYarelb 3aJaHHs YPOBHA HampsoKeHHI B ceTH 110 xB ycTaHOBHTE B ITONIOKEHHE,
YKa3aHHOE ITPEIOJOBATEIIEM.

3.3.2. 3amyCTHTh VYCTAHOBKY HaXaTHEM KHOIKH «IIyCcK» H IIPOH3BECTH PETrHCTPAIHIO
rpadukor U (t) Ha mmHaxX 10 kB I'TIIT 1 Ha mmmax 380 /220 B nexoBoi TII Ha cyTOUHOM IIHKIIE
BPEMEHH C TIOMOIIBIO CAMOITMIIYINUX TPHOOpOB. IIpH HEBO3ZMOXKHOCTH HCIIONIB30BAThH
CaAMOITHIITYTITHE ITPHOOPHI IPOBECTH PerHCTPAIHIO rpapHKoB U (1) IO IIHTOBBIM ITPHOOPaM.

3.3.3. O0paborars pe3yIbTaThl H3MEPEHHI:

1) nocTpouTh rpadpuku V (1) misg oo 10 kB T'TII u ms o 380/220 B mexopoit T,

2) IIOCTPOHThL THCTOIpPaMMBI OTKJIOHEHHH HAaIIPSDKEHHS M BBIUHCINTE HX CpPeJHHE
SHAYEHHS H TUCIIEPCHH.

3.3.4. IlpoaHamm3HpOBaTh IIOJIYUYEHHBIE PEe3YIIbTAThI. OIPEIeIHTh OITHMAILHYIO CTYIIEHD
I[IEB Ttpanchopmaropa T4 wm paspaborars TpapuK IepekmodeHus aHmandg PITH
TpaHcopmaTopa T2. IIpH 3TOM BO3MOKHOCTh PeryIHPOBaHHSI HaIpspkeHH ¢ IoMolnpio Kb B
TaHHOM paboTe HE YUHTHIBATH.

3.3.5. YCTaHOBHUTH IEPEKIIIOYATEIIEM, PACIIOIOKEHHBIM Ha JIMIIEBOH ITAHEIH, HEOOXOIHMYIO
crynens [IEB Tpancdopmaropa T4 u Ha HaOOpPHOM ITOJIE C IIOMOINBIO IIEPEMBIYEK ITPOrpaMMYy

nepexmrouyeHns aHuarnd PITH tpancdopmaropa T2. IIogKIrOYHTL H IOATOTOBHTL K paloTe
OOKYMEHT NMOANWUCAH
ANEKTPOHHOWM NOANUCLIO
Ceptudpmikar: 12000002A633E3D113AD425FB50002000002A6

Bnageneu; LLleGayxoea TaTtbaHa AnekcaHapoBHa

CTPAallHIO H&HPHJI{EHIIﬁ Hda CYTOYHOM ITHKIIC

B COOTBeTCTBHH ¢ 11.4.3.3. H OI[eHHTh
NeicTanTeneh: ¢ 20.08.2021 16 20.08.2022 rpedosanmsm 'OCT [2].
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33.8. Illo momyyeHHRIM B IyHKTe 4.3.7. pesylnbTaTaM IIOCTPOHTL IS PEeKHMOB
MAaKCHMAaJIbHBIX H MHHHMAIbHBIX HArpy30K JUHarpaMMbl OTKJIOHEHHI HaIpSDKeHHS I
MOJIeIIHpYyeMOH ceTH (aHamormyHo pHc.4.1). OtknoHeHHs V: u V2 onpelensroTcs IPH 3TOM
SKCIIepHMEHTalbHO, Vo — pacueTHRIMITyTEM II0 ¢dopmyne (4.1). Tak kaKk Ha MOJEIH He

nmpefcTaBleHa IiexoBasd ceTh 380/220 B (IIIM nHa pmc.5), To nmorepH B 3ToH ceTH (AUs) He
VUHTHIBAIOTCS U V3 HE OLIEHUBAETCS.

3.3.9. ITpunss st e 380/220 B 1iexopoit TI1 gormycTHMBIE 3HAUYEHH S OTKIIOHEHHIT V ()2 aon
=5%, V "2 0n =0, OIIPEIETHTEL COOTBETCTBYIOIIHE OTKIOHEHHS Vo, KOTOPHIE JOMKHA 00ECIIEYHTh
SHEProcHadXarolas Opra”Hm3allisa Ha JIMHHH paszeina OallaHCOBOH IPHHAICKHOCTH CEeTEH I
PEKHMOB MaKCHMyMa H MHHHMYMa Harpy3o0K.

[ IpHHSTE BpeMd MakCHMyMa ¢ 8 10 12 yacoB yTpa, MUHHMyMa — ¢ 2 10 5 4acoB HOUH. [Ipu
3TOM HeOOXOAHMMO ITOMHHTBL, UTO B PealbHOH IIPpaKTHKE pacuera TpeOyeMbIX 3HadeHI Vo
HeOOXOAHMM VYYeT padoThl KOMIIEHCHPYIOI[HX YCTPOHCTB, YTO B HACTOSIeH I1adopaTOpHOH
paboTe He IMPOH3BOAHUTCS IJIS YIIPOIIEHHI €€ BBROIOIMHEHHS H €IIE B CBA3H C TEM, YTO BOIIPOCEHI
KOMIIEHCAI[MH PEaKTHBHBIX HaarPy30K pacCMaTpPHBAIOTCS B CIIEAYIOLIEH ITabopaTopHOH padorTe.

Conepxanne oTyeTa3.3.10. OdopMHTE OTUET MO Ta0OPaTOPHOH PadOTe, KOTOPBIH JOIDKEH
COJIEPIKATE:

- (pOPMYIIHPOBKY 3a[ay HCCIe 0BaHHI,

- PE3YIBTATHl OLIEHKH OTKIIOHEHHH HAITPSKEHHH B MOJIEIIHPYEMOH CETH I10 11.4.3.3 ;

- CYTOYHBII IpadpHK MepeKmouyeHH aHIand TpaHcpopmaTopa T2;

- PE3YIBTATHI 110 I1.4. 3.7/, IIOIIYUYEHHEIE TTOCIIE PeATH3AI[HH MEPOITPH STHH

- HanpsokeHUA o m.4.3.8 u 4.3.9;

BBIBOHI 11O paborTe.
3 4. IlogroroBka K padote
CaMOCTOSTEIbHAS ITIOITOTOBKA K pad0Te COCTOUT B CIEAYIOIIEM:

I) ITIOBTOPEHHE TEOPHTHYECKOro MaTepuana [1];
2) ITOArOTOBKA K OTBETAM Ha KOHTPOJILHBIE BOITPOCHI,
3) pacyeT IoTeph HaIpsDKeHHS B TpaHcpopmaTope T2 119 peKMMOB MaKCHMAIBHBIX H

MHHHMAJIbHBIX HAaI'Py30K, HEOOXOHMBIX JJIS BRIITOMHEHHS 11.4.3.8 1 4.3.9 3amaHus.

3.5. KOHTPOIILHEIE BOIIPOCHI

3.5.1. Kakme IoImycKarTcsd OTKIOHEHHS HAIIPSDKEHHS B IIPOMBIIIIEHHBIX 3JIEKTPOCETSX II0
['OCT 13109—97 u nmouemy?

3.5.2. Kak 3aBHcHT padoTa pasIHYHBIX SNEKTPOIPHEMHHKOB OT BEIMYMHBI HAIIPsDKEHHSI B
CeTH?

3.5.3. Kakme cnocoOpl VIIVUIIIEHHS HaNPsSKEHHS HMCIIONB3YIOTCA B IIPOMBIIUIEHHBIX
BIIEKTPOCETSX H B CETSIX SHEPTOCHCTEM?

3.5.4. IlocTponTe BEKTOPHYIO AHAarpaMMy TOKOB M HAIIPSDKEHHH IS IMPOCTEHINEH CETH C
COITPOTHUBIIEHHEM R+jX H TOKOM [ -] I”.

3.5.5. Kakue HMEIOTCS OIEHKH OTKIIOHEHHH HAITPSDKEHUS H KaK OHH BBIUHCILIFOTCS?

JladbopaTopnas padora Ne 4

Tema 3anamusa PerynmpoBaHHe YPOBHEH HAIIPSIKEHHS B IIPOMBIIIUIEHHBIX SIIEKTPOCETSIX.

Ilens 3anamus. 1IpHnoOpecTH HABBIKH PETYIIHPOBAHHS YPOBHEH HaIIPSKEHHS B ITPO-
MBIIIIIEHHBIX BIEKTPOCET SIX.

Teopernyeckasi 4acThb
MccnegopaHie U peryJIHpOBaHe YPOBHEH HAIIPSDKEHHS B IPOMBIIIUIEHHBIX 3JIEKTPOCETSX
4.1. llems paboTel
M3yunTh METOAMKY OIIEHKH YPOBHEH HAIPSLKEHHS B CETH M CIIOCOOBI HMX VIIVUIIEHHS Ha

AOKYMEHT NMOANMUACAH
SNEKTPOHHOW NMoArnncbio
Ceptudmrar:  12000002A633E3D113AD425FB50002000002A6

SIHBAIOIMIHE H3MCHYIIBOCTE HAIIPAKCHHA B
Bnageneu; lebayxoea TatesaHa AneKkcaHapoBHa

JK, BBI3BIBAIOIIAAd H3MCHYIBOCTE IIOTCPb
IO ITOAACPKAaHHA €I'0 B 34 JdHHBIX ITPCACIIAX.
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YPOBHH HaIPsDKEHHS IIPHHATO OL[EHHBATh OTKIIOHEHHSIMH HAIPsDKEHHS OT HOMHHAIbHOro V
[1], KOTOpEIE TaKKe H3MEHUHBEL BO BpeMEHH IT0 YKa3aHHBIM BBIIIE ITIPHYHHAM.

OO0OpYyIOBaHHE

Harmmyuinmm HanmpspKeHHEM Ha 3aKHMax 3IEKTPOIPHEMHHKOB, ¢ TOYKH 3PeHHS TeXHHKO-
SKOHOMHYECKOH 3 (PeKTHBHOCTH HX padoThI, sBiieTcsa U (t)=Ux=const, T.e. V=0. O0ecIiedYnTh
TAKOH PeXHM HAIIPSDKEHHS IS BCEH MAcChl BJIEKTPOIPHEMHHKOB B CETH ITPaKTHYECKH
HEBO3MOKHO, ITo3roMy Bcerga V0. IIpmdueM yem OonnbIlie BeMHYHHA V, TEM XYKe HaIllpsSKeHHE.
M3 »sToro mpaBwia HMeeTcsd PaI HCKIIOYEHHI, HapHMeEp, I cia1abo 3arpy:KeHHOro
ACHHXPOHHOI'O  BJIEKTPOJBHTATENI  HAHIYVUIIMM  SBJIIETCS  HAIIpPSCKeHHe,  MEHbIIEe
HOMHHAJILHOro. BemmumHa gormycTuMelxX sHaueHHH V Hopmupyercs ['OCT [2] B menoM g
AIMEKTPHYECKHX CeTeH B 3aBHCHMOCTH OT HX HaIpsokeHHS Hambonee KecTkme TpeOoBaHHMS K
permunHe V B ['OCT mpeapsBissrorcs, eCTeCTBEHHO, K TEM CETSM, KOTOPEIE IMMTArOT OCHOBHYIO
Maccy IeKTpoIrpHeMHHKOB (ceTH 0 1000 B).

Tabmuia 4
JToImycTHMBIE 3HaYeHH I OTKIIOHeHHH HarpspkeHHs 1o I'OCT 13109—97
HarmpsokeHie cetn Jlormy cTHMBIE 3HAUEHHST

HOPMaJIbHbIE MaKCHMaJIbHBIE
o 1 xB + 5% + 10%
6...20 kB — +10%

35 kB u BpIIIIE _ _

JInga cerenn HanpsokeHueM g0 1000 B ¢ uHTerpalpsHOH BepOSTHOCTBIO 0,95 HOITYCTHMEI
OTKJIIOHEHH I HAIIPsKeHHS = 3%, ¢ BepoSTHOCTRIO (.05 HOIMyCTHMBI OONBINHE OTKIIOHEHHS, HO

OHH He JOMKHEI ITpeBhIIIaTs = 10%.

OLIEHKY MAaKCHMAJIbHBIX OTKIOHEHHI HAIIPSKEHHS OOBIYHO IIPOBOAST JUISA PEKHMOB
MaKCHMAJIbHBIX M MHHHMAJIbHBEIX HArPy30K C ITOMOIIBIO ITOCTPOEHHS JHATPAMMBI OTKIIOHEHHI
HAIIPSKEHNS B CETH.

JII1s1 MOZIETIMPYEMOH CETH pacueTHasa cxXeMa M JHarpaMma V rokasaHbl Ha pHC. O.

Ha sTOoM pHCYHKe:

Viyn — OTKIIOHEHI S HAITPSDKEHN S B IIEHTPE TIHTaHH T,

A U1 — noTeps HanpsoKeHHI B BO3AYIIHOM ITHHHH | 10 kB, muraromein Tpancgopmarop ['TIII;

Vo — OTKIIOHEHHE HAaIPSOKEHHS Ha JIHHHH pasfeiia OalaHCOBOH ITPHHAIIEKHOCTH CETeH
SHEPrOCHAOKAIOINEH OPraHH3aIMH H CETEH ITOTPeOHTENS 3IIEKTPOSHEPT HIL,

Vi — OTKIIOHEHHEe HanpskeHN s Ha 1mmHax PY 10 kB ',

A Uz — noteps HanpsokeHH B TpaHcpopmarope T,

E1 — no6arka HanpsbxkeHHS TpaHcpopmaropa 'TII;

AUs — moTeps HanpsoKeHHS B KaOeIbHOI IIHMHHH, ITHTaroIei TpaHcopMmarop T4 1exoBoit
TII;

E> — no6arka HalpsDKeHHS TpaHc(opMmaropa 1exopom TII,

V> — oTKIIOHeHHe HanpspkeHHs Ha ImmHax PY 380 / 220 B nexooii TII;

AUy — moTeps HAIIPSKEHHS B 1[EXOBOH ceTH (HaIlpHMEp, B IMHHHOH MarucTpamx 11IM);

V3 — OTKIIOHEHHE HAIPSCKEHNSA B CETH B TOUKE IPHCOEAMHEHIS HaMOOIIee YIAIeHHOIO
AIEKTPOITPHEMHHKA.

B yCIIOBHSX 3KCIDIyaTal[MH BCe ITOTPEOHUTENIH pacCUHTBIBAIOT TpedyeMble 3HaueHHS Vo A
PEKHNMOB MaKCHMAJIBHBIX H MHHHMAJIBHBIX HAIPY30K C YUETOM CBOHX CPEACTB PETYIIHPOBAHHSI
HaIpsoKeHHs. Ecim sHeprocHaOKaromasi OpraHu3alfiis He BRIJICPKHBAECT 3TH SHAUEHHSL, TO K HEH
MPETBABIIIIOTCS 3KOHOMHYECKHE CAHKI[MHM. [103TOMY BBIIOTHEHHE HACTOSIIEH T1abopaTOpHOH
pabOTEl OPHEHTHPOBAHO HA HCCIIEAOBAHHUE OTKIOHEHHH HAIIPSDKEHHS B IIPOMBIIIIEHHON
BIEKTPOCETH., ITDOBOANMOE C IENBI0 PEINEHIS JaHHOH 3aJaul — pacueT TpedyeMbIX 3HauYeHHH Vo

OJOKYMEHT NOArMMCAH PY30K.

SNEKTPOHHOW NOANUCHIO D
CepTuchmkat: 12000002A633E3D113AD425FB50002000002A6 C COMpPOTHBIEHHEM z=R+JX H TOKOM

Bnapeneu: Llebayxoea TateAHa AnekcaHipoeHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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I R+I X
AU = 100%
UH

Bce HeoOXoamMebIe IapaMETPHl 3JIEMEHTOB MOJAESIIHPYEMOH CETH IIPHBEAEHBI B Tadm.l, a
napaMeTpsl TpaHcpopMaTopa T2 paccuntaHsl B 11.1.3.1. maGopaTopHoi paboTsI Nel .

4.3 (3amaHie)

4.3.1. IloaroroBUTE YCTAaHOBKY K padoTe:

) U1 M3MepeHHs HanpspkeHHs Ha mmHax 10 kB I'TIIT u 380 / 220 B nexoroin TII B
CYTOYHOM I[MKIIE BPEMEHH IOAKIIFOUHTH CAMOITHIIYIIHE TTPHOOPEI B COOTBETCTBHH CO CXEMOMH
pHC 2,

6) BKIIIOUHTH ITHTaHHE YCTAaHOBKH H TpaHc(popmaTop T4, OoTKIOYHTH T3, BKIIIOUHTH
0000IMEHHYIO Harpysky Ha ImHax 10 kB S;, sxmounrs CJ[, OTKIIOUHMTL KOHIAEHCATOPHBIE
6atapen BEK1, K2, BK3 1 ¢pnmbsTpokoMiieHeHpyolee yerporcTBo DKV,

7) NepeKroyaTeNns  aHIang  TpaHchopmaropa T2 w©  mepekitrodarenb  1IBB
TpaHc(popMmaropa T4 ycTaHOBHTE B HYJIEBOE ITONIOKEHHE;
8) IEPEKIIFOYATEIIL 3aJaHHS VPOBHS HaIpsokeHHS B cetH 110 xB ycTaHOBHTE B

TIOIIOJKEHH E, YKA3aHHOE IIPETIOIOBATEIIEM.

4.3.2. 3anmyCcTHTh YCTAHOBKY HaXaTHEM KHOIKH «IIyCcKk» M IIPOH3BECTH PETHCTPAL[HIO
rpadukor U (t) Ha mmHaxX 10 kB I'TIIT 1 Ha mmmax 380 /220 B nexoBoi TII Ha cyTOUHOM IIHKIIE
BPEMEHH C TIOMOIIBIO CAMOITMIIYINUX TPHOOpOB. IIpH HEBO3ZMOXKHOCTH HCIIONIB30BAThH
CaAMOITHIITYTITHE ITPHOOPHI IPOBECTH PerHCTPAIHIO rpapHKoB U (1) IO IIHTOBBIM ITPHOOPaM.

Copmepxanne otyerad.3.3. O6paboraTh pe3yabTaThl H3MEPEHIH:

3) nocTpouTh rpadpuku V (1) misg oo 10 kB T'TII u ms o 380/220 B mexopoit T,

4) IIOCTPOHThL THCTOIrpPaMMBI OTKJIOHEHHH HAaIIPSDKEHHS M BBIUHCINTE HX CPEIHHE
SHAYEHHS H TUCIIEPCHH.

4.3.4. IlpoaHamM3HpOBaTh IIOJIYUYEHHBIE Pe3YIIbTAThl. OIPENeIHTh OINTHMAIbHYIO CTVIIEHD
I[IEB Tpanchopmaropa T4 w© paspaborars TpapuK IepekmodeHus aHmandg PITH
TpaHcopmaTopa T2. IIpH 3TOM BO3MOKHOCTh PeryIHPOBaHHSI HaIpspkeHH ¢ IoMolnpio Kb B
TaHHOM paboTe HE YUHTHIBATH.

4.3.5. YCTaHOBUTH IEPEKITIOYATEIIEM, PACIIONOKEHHEIM Ha JIMI[EBOH TaHEIH, HeOOXOAHMYEO
crynens [IEB Tpancdopmaropa T4 u Ha HaOOpPHOM ITOJIE C IIOMOINBIO IIEPEMBIYEK ITPOrpaMMYy
nepexmouyeHns aHiandg PITH tpancdopmaropa T2. IIogKIHOYHTL H IOATOTOBHTL K paldore
CAMOITHIITYII[HE ITPHOOPHL.

4.3.6. 3amyCcTHTh YCTAHOBKY M ITPOBECTH PETHCTPAL[HIO HAIMIPSDKEHII Ha CYTOYHOM I[HKIIE
aHAJIOTMYHO 11.4.3.2.

4.3.77. OO0Opaborark pe3yiapTaThl H3MEPEHHH B COOTBETCTBHH ¢ 11.4.3.3. H OLEHHUTH
COOTBETCTBHE HAIIPSDKEHHSA B MOJIETIHPYEMOH ceTH TpeboBaHmsM ' OCT [2].

43.8. llo momyyeHHBIM B IIyHKTe 4.3.7. pesylnbTaTaM IIOCTPOHTL IS PEeKHMOB
MaKCHMAJIbHBIX H MHHHMAJIbHBIX HArpy30K JHarpaMMbl OTKIIOHEHHH HaIpsSDKEHMT I
MOJlemHpyeMOH ceTH (aHamoruyHo pHc.4.1). OtkinoHeHns V: u V2 onpellensioTcs IPH 3TOM
SKCIIepHMEHTalbHO, Vo — pacueTHRIMITyTEM II0 ¢dopmyne (4.1). Tak kaKk Ha MOJEIH He

npefcTaBleHa IiexoBasd ceTh 380/220 B (IIIM nHa pmc.5), To nmorepH B 3ToH ceTH (AUs) He
VUHTHIBAIOTCS U V3 HE OLIEHUBAETCS.

4.3.9. TTpunsas st e 380/220 B 1iexopoit TI1 gormycTHMBIE 3HAUYEHH S OTKIIOHEHHIT V ()2 aon
=5%, V "2 0n =0, OIIPEIETHTEL COOTBETCTBYIOIIHE OTKIOHEHHS Vo, KOTOPHIE JOMKHA 00ECIIEYHTh
SHEProcHadXarolas Opra”Hm3allisa Ha JIMHHH paszeina OallaHCOBOH IPHHAICKHOCTH CEeTEH I
PEKHMOB MaKCHMyMa H MHHHMYMa Harpy3o0K.

[IpuHATE BpeMs MakcHMyMa ¢ 8 10 12 yacoB yTpa, MHHHMYMa — ¢ 2 0 5 4acOB HOYM. [Ipu
3TOM HeOOXOAHMMO ITOMHHTBL, UTO B PealbHOH IIPpaKTHKE pacuera TpelOyeMbIX 3Ha4YeHHH Vo
HeOOXOAHMM VYYeT padoThl KOMIIEHCHPYIOI[HX YCTPOHCTB, YTO B HACTOSIeH I1adopaTOpHOH
paboTe He IMPOH3BOAHUTCS IS YIIPOIIEHHI €€ BBROIOIMHEHHS H €IIE B CBA3H C TEM, UTO BOIIPOCHI
KOMIIEHCAI[MH PEaKTHBHBIX HaarPy30K pacCMaTpPHBAIOTCS B CIIEAYIOLIEH ITabopaTopHOH padorTe.

Copep:kaHie oT4YeTa

4.3.10. ObopMuTE 0TYET 11O Ja00DATODHOH DA0O0Te, KOTOPBIH JOIKEH COJlepKaTh:
AOKYMEHT NMOANMCAH
SNEKTPOHHOW NOANUCHIO
CepTucbukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: leBayxoea TateaHa AnekcaHgpoBeHa

KEHHH B MOJIETIHPYEMOH CETH I10 11.4.3.3 ;

1} TpaHchopmaropa T2;

CIIe peatn3al[iii MEPOITPH SITHI ,

HNencrentened: ¢ 20.08.2021 no 20.08.2022
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- BBIBOJIBI I10 PaboTe.
4.4. Ilogroroeka K padore
CaMoOcCTOSTENbHAS IIOATOTOBKA K pad0Te COCTONT B CIEAYIOIIEM:

4) IIOBTOPEHHE TEOPHTHYECKOro MaTepuana [1];
) IIOArOTOBKA K OTBETAM Ha KOHTPOJILHBIE BOITPOCHI,
6) pacyeT IOTePh HAIIpsDKEeHHA B TpaHcpopMaTope T2 IS peXHMMOB MaKCHMAJIbHBIX H

MHHHMAJIbHBIX HAaI'Py30K, HEOOXOHMBIX JJIS BRIITOMHEHHA 11.4.3.8 1 4.3.9 3amaHu s

4.5. KOHTPOJIILHEIE BOIIPOCHI

4.5.1. Kakue AOITYCKaArOTCS OTKIOHEHHS HAIPSDKEHHS B IIPOMBOIIIEHHBIX 3JIEKTPOCETSX TIO
['OCT 13109—97 u nmouemy?

4.5.2. Kak 3aBHCHT padoTa pasIHYHBIX SNEKTPOIPHEMHHKOB OT BEIMYMHBI HAIIPsDKEHHSI B
ceTn?

45.3. Kakme cnocoOpl VIIYUIIIEHHS HaNPsKEHHS HMCIIONB3YIOTCS B ITPOMBIIIIIEHHBIX
BIIEKTPOCETSX H B CETSIX SHEPTOCHCTEM?

4.5.4. IlocTponTe BEKTOPHYIO JHarpaMMy TOKOB M HAIIPSDKEHHH IS ITPOCTEHINEH CETH C
COIPOTHBIIEHHEM R +jX 1 TokoM [ -j I”.

4.5.5. Kakne HMeIOTCS OILIEHKH OTKJIOHEHHH HAIPSDKEHHSI H KaK OHH BEIYH CIISIOTCS?

JIaboparopHas padora Ne 5

Tema 3anamus PEI‘}’TIHPDEEIHIIE ITOTEPD ITO JJICKTPOIIHTAHHIO B ITPOMBIINUICHHBIX 3JICK-
TPOCCTAHAX.

Ilens 3anamua. 1IpnoOpecTH HABBIKH PETYIIHPOBAHHS ITOTEPD IO AIEKTPOITHTAHHIO B
ITPOMBIIIUIEHHBIX SIIEKTPOCETSX

Teopernueckasi 4acTh

HccnemoBaHiie H peryJIHpoOBaHHEe YPOBHEH HAIIPSDKEHHUS B IPOMBIIIUIEHHBIX 3IIEKTPOCETSIX

6.1. Llems paboTer

M3yunTh METOAMKY OIL[EHKH YPOBHEH HAIPSDKEHHUSA B CETH M CITOCOOBI MX VIIVUIIEHHS Ha
CYTOYHOM HHTepBajlle BpeMeHH.

6.2. BRegeHHe

MMeroTCs JIBe OCHOBHBIE ITPHYHHEI, OOYCIABIMBAIOINHE H3MEHUHMBOCTh HAIIPSDKEHHS B
SIEKTPHUYECKX CETSAX. H3MEHYHMBOCTh Harpys3OK, BBI3BEIBAIOINAS H3MEHYHMBOCTE IIOTEPH
HAITPSKEHHNSL, M PETYIIMPOBAHHE HAIIPSIKEHU A C IIETBIO IOAJIEPKAHHS €I0 B 3aJaHHBIX IIPEIeIax.

YPOBHH HaIIPSDKEHHS ITPHHSTO OI[EHHBATh OTKIIOHEHHSMH HAIPSDKEHHSI OT HOMHHAILHOIO V
[ 1], KOTOpEIE TaKKe H3MEHUYHBEL BO BPEMEHH 110 YKa3aHHBIM BHIIIE ITPHYMHAM.

OO60opyIOBaHHE

Hammywiim HamnmpspKeHHEM Ha 3aKHMaX 3JIEKTPOIPHEMHHKOB, ¢ TOYKH 3PEHHS TEXHHKO-
SKOHOMHYECKOH 3 (PeKTHBHOCTH HX padoThl, sSBiieTcsa U (t)=Ux=const, T.e. V=0. O0ecIiednTh
TAKOH PeXHM HAIIPSDKEHHS IS BCEH MAacChl SIEKTPOIPHEMHHKOB B CETH IPaKTHUYECKH
HEBO3MOJKHO, ITO3TOMY Bcerjga V0. [Ipruduem yeM Oomblle BenuurHa V, TeM Xy)Ke HalpsKeHHE.
M3 »TOoro ImpaBmwia HMEETCS Ps HCKIOUEHHH, HAIpHUMEP, I ciado 3arpyKeHHOIr'o
ACHHXPOHHOI'O  3JIEKTPOABHIATENS  HAMIYUIIMM  SBJISETCA  HalPSKEHHE,  MEHBIIEe
HOMHHAJILHOro. BemmumHa gormycTuMelxX sHaueHHH V Hopmupyercs ['OCT [2] B menoM g
SIEKTPHUYECKNX CETEH B 3aBHCHMOCTH OT MX HanpspkeHHS. Hambonee kecTkue TpeOOBaHMA K
pemunHe V B ' OCT npeapsaBILstoTCs, ECTECTBEHHO, K TEM CETSM, KOTOPBIE ITHTAKOT OCHOBHYIO
Maccy MeKTpoIrpHeMHHKOB (ceTH A0 1000 B).

Tabmma 6
JlormycTHMEBIE 3HAUEHH S OTKIIOHeHHH HanpspkeHHS 1o 'OCT 13109—97
| Hamrnawerue cetu | MotrveTumMpie 3HAYESHHS
NOKYMEHT NOAMMCAH
ANEKTPOHHOM NOANUCHIO
CepTucukar: 12000002A633E3D113AD425FB50002000002A6 DS MaKCHMaJIbHEIE
Bnapeneu: lebayxoea TatesaHa AnekcaHgpoBHa

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 _ _

Hnsa ceren HampsokeHHeM 0 1000 B ¢ mHTerpalbHOH BepOSTHOCTBIO 0,95 IOITYCTHMEI
OTKJIIOHEHHM S HAIIpsKeHHSI + 3%, ¢ BepoSTHOCTBIO (.05 HOIMYyCTHMEI OONBINHE OTKIIOHEHHS, HO

OHH He JOJIKHEI ITpeBhIatsh = 10%.

OLIEHKY MAaKCHMAJIbHBIX OTKJIOHEHHH HAIIPSKEHHS OOBIYHO IIPOBOAST JUISA PEKHMOB
MaKCHMAJIbHBIX M MHHHMAIbHBEIX HArpy30K C ITOMOIIBIO ITOCTPOEHUSA JHArpaMMbl OTKIIOHEHHH
HAITPSKEHNS B CETH.

JII1sT MOZIETIMPYEMOH CETH pacueTHAsA cXeMa H JHarpaMma V rokasaHbl Ha pHC. O.

Ha sToM pHCYHKeE:

Viyn — OTKIIOHEHI S HAITPSDKEHNS B 1LIEHTPE IIMTaHHN A,

A U; — noTeps HanpsoKeHHSI B BO3AYIIHOM THHHH 110 kB, muratommed TpaHcdopmarop I'TIII;

Vo — OTKIIOHEHHE HAaINpsDKEHHS Ha JIHHHH pasfeiia OalaHCOBOH ITPHHAIEKHOCTH CeTeH
SHEPrOCHAOKAIOIIEH OPraHH3aIlI H CETEH ITOTPeOHTEN 3IIEKTPOSHEPT HIL,

Vi — oTKIIOHeHHEe HanpskeHns Ha immHax PY 10 kB ',

A Uz — noteps HanpsokeHH B TpaHc(popmarope I'TIII;

E; — no6arka HanpskeHHs TpaHcpopmaropa 'TIII;

AUs3 — moreps HapsDKeHHS B KaOeIIbHOH IHMHHH, IHTaroIeH TpaHcpopMaTop T4 IexXOBOH
TII;

E> — no6GaBka HanpshKkeHHS TpaHc(opMmaropa 1exopoi T1I;

V> — oTKIIOHeHHe HanpskeHHS Ha mmHax PY 380/ 220 B nexopoit T1I;

AUz — TIOTEPsI HAITPSKEHHA B LIEXOBOH CETH (HAIIpHMEP, B IIMHHOH Marucrpaimm [1IM);

V3 — OTKIIOHEHHE HAIIPSDKEHHS B CETH B TOYKE IIPHCOEAHHEHHS HaHOOJIee YIaJIE€HHOI O
AIEKTPOITPHEMHHKA.

B yCIIOBHSX 3KCIDIyaTal[MH BCe ITOTPEeOHTEelIH pacCUHTBIBAIOT TpelyeMble 3HaueHHS Vo 1A
PEKHMOB MaKCHMAJIBHBIX H MHHHMAJIBHBIX HAaIPY30K C YUETOM CBOHX CPEACTB PETYIIMPOBAHHSI
HalpsoKeHHS. Eci »HeprocHaO KaroIasl OpraHH3aliid He BRIICP/KHBAET 3TH SHAUEHHSL, TO K HeH
IPETBABIIIIOTCS S3KOHOMHYECKHE CAHKI[MHM. 1103TOMY BBIIOTHEHHE HACTOSIIEH I1abopaTOpHOH
pabOTEl OPHEHTHPOBAHO HA HCCIEJOBAHHE OTKJIOHEHHH HAIIPSDKEHHS B IIPOMBIIIIEHHOH
AIEKTPOCETH, IIPOBOANMOE C LENBI0 PEIleHI S JaHHOH 3aJauyl — pacueT TpeOyeMbIX 3HaueHH Vo
IUISL PEKHMOB MaKCHMAIIbHBIX H MHHHMAJIbHBIX HAaIr py30K.

[loTepa HamnpssKeHHS B 3JIeMeHTe CeTH C CONPOTHBIeHHEM Z=R+jX H TOKOM

[ =1 — ]1 " ONPEIEIISTIOTCS 110 (POPMYTIE
TR+I X 100%

U

Bce HeoOXoauMbIe ITapaMETPHI 3JIEMEHTOB M%,[[EJII[p}*‘EMGﬁ CETH IIPHBEIeHBE B Tadm.l, a
napaMeTpel TpaHcpopMaTopa T2 paccuntansl B 11.1.3.1. maGopatopHoi paGoTsI Nel .

6.3 (3amaHie)

6.3.1. IlogroroBUTHE YCTAaHOBKY K padoTe:

9) U1 M3MepeHHa HanpsokeHHs Ha nmHax 10 kB I'TIIT u 380 / 220 B nexooit TII B
CYTOUHOM I[HKIIE BPEMEHH ITOAKIIOUYHTH CAMOITHIIYIIHE ITPHOOPEI B COOTBETCTBHH CO CXEMOM
pHC 2,

10) BKIIIOUHTh ITHTaHHEe YCTAaHOBKH H TpaHcpopmaTop T4, OTKIIOUHTL 13, BKIIIOYHTH
0000IeHHYI0 Harpys3ky Ha mmHax 10 xB S, Bkmounts CJI, OTKIIOYMTE KOHJEHCATOPHBIE
6atapen BK1, BK2, BK3 u ¢ TpokoMeHCHpYIomee yeTpoiicTBo OKYVY,

11) IepeKoyaTelIb  aHHamd  TpaHchopMmaropa 12 H  mepekinrodyarens [IBB
TpaHc(opmaropa T4 yCcTaHOBHTE B HYJIEBOE ITOIOKEHHE,

AU =

I "..r"i TTaTAaT " TTLAITIAaATSTTIL 3y TTOAATITY LT TAVMYTDIICT TT
NORYUMELT TIGOMAGAT TpsokeHH B cetH 110 xB yCTaHOBHTH B
ANEKTPOHHOW NOAMUCHIO
Ceprudpnkar: - 12000002A633E3D113AD425FB50002000002A6 MKH «IIyCK» H IPOM3BECTH PETHCTPAI[HIO
Bnageneu: llleGayxoea TatbaHa AnekcaHgpoBHa 380 /220 B 1iexopoH T1I Ha CYTOYHOM ITHKIIC

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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BPEMEHH C TIOMOIIBIO CAMOITMIIYINUX TIPHOOPOB. IIpH HEBO3ZMOXKHOCTH HCIIOIB30BAThH
CaMOITHIITYIIHE ITPHOOPHI IIPOBECTH PErHCTPAIHIO rpaHKOB U (7) IO IIHTOBBIM ITPHOOPaM.

Copmepxanre otyeTad.3.3. O6padoraTh pe3yabTaThl H3MEPEHIH:

5) nocTpouTh rpadpuku V (1) mig oo 10 kB T'TII i g o 380/220 B mexopoit T,

6) IIOCTPOHTE THCTOIPaMMbBI OTKJIOHEHHH HAaIIPSDKEHHS M BBIUHCIHTE HX CPEIHHE
3HAYEHHS M JTUCIIEPCHH.

6.3.4. IlpoaHamm3HpOBaTh IIOJIYUYEHHBIE Pe3yIbTaThl. OIPEeaeHTh OINTHMAIbHYIO CTVIIEHB
I[IEB Tpanchopmaropa T4 w© paspaborars TpapHK IlepeknrodeHus aHmamndg PITH
TpaHcopmaTopa T2. IIpH 3TOM BO3MOKHOCTh PeryIHPOBaHHSI HaIpspkeHH ¢ IoMolnpio Kb B
TaHHOM paboTe HE YUHTHIBATH.

6.3.5. YCTaHOBHTH IEPEKIIOYATEIIEM, PACIIOIOKEHHEIM Ha JIMIIEBOH ITAHEIH, HEOOXOINMYEO
crynenb [IEB TpaHcdopmaTopa T4 u Ha HaOOpPHOM ITOJIE C IIOMOINBIO IIePEMBIYEK ITPOrPaMMy
nepexmouyeHns aHiandg PITH tpancdopmaropa T2. IIogKIHOYHTL H IIOATOTOBHTL K paloTe
CaMOITHIITYII[HE ITPHOOPHL.

6.3.6. 3aryCTHTh YCTAHOBKY H IIPOBECTH PETHCTPAIHIO HAMMPSOKEHHII Ha CYTOYHOM I[HKIIE
aHaAIIOrH4HO 11.4.3.2.

63.7. OOpaboraTh Ppe3yibTaThl H3MEPEHHH B COOTBETCTBHM ¢ I11.4.3.3. H OIIEHUTH
COOTBETCTBHE HAIIPSDKEHHS B MOJIEIIHPYeEMOH ceTH TpeboBaHmsM ['OCT [2].

6.3.8. Ilo momyyeHHRIM B IIyHKTe 4.3.7. pesylnbTaTaM IIOCTPOHTL IS PEKHMOB
MaKCHMAJIbHBIX H MHHHMAJIbHBIX HArpy30K JHAarpaMMbl OTKIIOHEHHH HaIpsSDKEHHST I
MoJlermHpyeMoi ceTH (aHamormuHo pHc.4.1). OtkmoHeHns V: u V2 onpelensioTcs IMPH STOM
SKCIIEpUMEHTANIbHO, Vo — pacdeTHRIMITYTEM II0 (dopmyne (4.1). Tak KaKk Ha MOJEIH He
npejcTaBleHa IlexoBas ceTh 380/220 B (IIIM nHa pmc.5), To nmorepH B 3ToH ceTH (AUi) He
VUHTBHIBAIOTCS U V3 HE OLIEHUBAETCS.

6.3.9. Ilpunsas ang nmH 380/220 B niexoBoit TII gormycTHMBIe 3HaUeHH S OTKIIOHEHHI V (+)5 s0n
=5%, V 2 son =0, ONPEREIIMTDH COOTBETCTBYIOLIHE OTKIOHEHHS Vo, KOTOPBIE LOIKHA OOECIIEUNTh
BSHEProCHAOKAKOINAas OPraHM3aI[Ms Ha JIMHUH pasjena O0alTaHCOBOH IMPHHAJUIEKHOCTH CETEH IS
PEKHMOB MAaKCHMyMa H MHHHMYMa HarpysokK.

[ IpHHSTE BpeMd MakCHMyMa ¢ 8 10 12 yacoB yTpa, MHUHHMyMa — ¢ 2 10 5 4acoB HOYH. [Ipu
5TOM HeOOXOIHMO ITOMHHTB, YTO B PeaJlbHOH IIPAKTHKE pacuera TpeOyeMBIX 3HaueHUH Vo
HEOOXOMUM VUeT paboThl KOMIIEHCHPVYIOIIIMX YCTPOMCTB, YTO B HACTOSIIEH J1abopaTOpHOH
paboTe He IIPOM3BOAUTCS IS VIIPOIIEHNS €€ BBIIOIHEHHS H E€IIE B CBS3H C TEM, YTO BOITPOCHI
KOMITEHCAI[HMH PEAKTHBHEIX HAaarpy30K pacCMaTpPHBAIOTCS B CIEAVIOIIEH TadopaTOpPHOH padore.

CofepKaHHE OTYETA

6.3.10. OpopMuTE OTUET IO Ta0OpaTOPHOH padoTe, KOTOPBIH JOIKEH COJlepKaTh:

- (pOPMYIIHPOBKY 3aJay HCCIe OBaHHI,

- PE3YIBTATHI OIEHKH OTKIIOHEHHH HAITPSIKEHHH B MOJAEITHPYEMOH CETH.

- CYTOYHBIH I'PapHK INMepeKIroYeHH aHI[ang TpaHchopmaropa T2;

- PE3YIILTATEI, TIOTYUEHHBIE TIOCIE PeaTH3allii MEPOITPH SITHIH,

- HAaIIpPsDKEHIS,

BBLIBOJIBI 110 PadoTe.
6 4. IlogroroBka K padote
CaMocTOoSTENbHAs ITOATOTOBKA K pab0oTe COCTONUT B CIEAVIOIIEM:

7) ITIOBTOPEHHE TEOPHTHYECKOr0 MarepHana [ 1];
8) ITOATOTOBKA K OTBETAM Ha KOHTPOJIbHBIE BOITPOCHI,
o) pacuyeT IIOTeph HAIIpsDKEeHHA B TpaHcpopMaTope T2 IS peXHMMOB MaKCHMAJIbHBIX H

MHHHMaJIbHBIX HAaI'PY30K,.

6.5. KOHTPOIBHEIE BOITPOCEI

6.5.1. Kakue HOITyCKaroTCs OTKIIOHEHHS HAIPSDKEHNS B IIPOMBOIIIEHHBIX 3JIEKTPOCETSX IIO
['OCT 13109—97 u nmouemy?

6.5.2. Kak 3aBHCcHT padoTa pasIHYHBIX SNEKTPOIPHEMHHKOB OT BEIIMYHMHBI HAIIPsDKEHHSI B
CEeTH?

6.5.3. Kakme cnocoOpl VIIYUIIIEHHS HaIpsKEHHS HMCIIONB3YIOTCA B ITPOMBIIIUIEHHBIX
BIEKTPOCETSIX H B CETSIX SHEPTOCHCTEM?

6.5.4. IlocTponTe BEKTOPHVIO IHarpaMMy TOKOB M HAIIPSIKEHHH IS ITPOCTEHINEH CETH C

OOKYMEHT NMOANMMCAH
SNEKTPOHHOW NOoANUCHLIO D
ECHHA H KakK OHH BEIYH CIIHEOTCH
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 |-
Bnapeneu: le6ayxoea TateaHa AnekcaHgpoeHa
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JlabopaTropnas padora Ne5

Tema 3anamua BEIOOP ITapaMeTPOB OCHOBHOTO 3JI€KTPOOOOPY JOBAHIS U
Harpy304Has CIIOCOOHOCTE.

HEJII’: JAHAMUA. HpHGﬁpECTH HaBBIKIH BBIOIOJIIHCHITA PACHCTa SJICKTPHYCCKIIX HAI'PY30K B
JNEKTPOYCTAHOBKAX HAIIPAXKCHHEM BBIITIC 1 kB MeTo10M YIIOPADOYCHHDBIX JHAI'PAMM.

TeopeTHyecKas 4acTh

HccnemoBaHie MoOMeX IT0 3IEKTPOIMMTAHHIO B ITPOMEBIIIUIEHHBIX IEKTPOCET X

5.1. Ilems paboTer

HcciaemoBaHie ITpOBAlIOB HAIPSKEHHSA B ITPOMBIIIIEHHBIX SIIEKTPOCETSX, SBIISIOIIHXCS
TTOMEXaMH IT10 3I1eKTPOIHTAHHIO IS ITH(PPOBBIX TEXHHYECKHX CPECTB.

5.2. BreJieHue

B I'OCT [2] ycTaHOBJIEHEI HOBEIE TTOKa3aTelIM KauecTBa AIIEKTPOIHEPTHH, XapaKTePH3YIOITHE
KpaTKOBPEMEHHEIE HCKaXKEHHSI HaIPSOKEHHS B CETH, BO3HHKAIOIHE IIPH  PasiYHBIX
IIEPEXOMHBIX IIPOIleccax. DTO BEI3BAHO TEM, YTO KPAaTKOBPEMEHHBIE HCKAaKEHHUS HAITPSDKCHIS
SIBIISIFOTCS TIOMEXAMH I10 3IeKTPOIHTAHHIO B HAHOOIBIIEH CTENeHH JJIS IH(POBBIX TEXHHYIECKHX
cpeactB (L[TC) [3]. Bce momMexm 1Mo 5SIeKTPOIHTAHHIO IIPHHATO JEeIHTh Ha JBa BHJA:
ININTENIbHBIE (ITPOBAJIbI H BHIOPOCH HAIPSDKEHHS JIHTEIBHOCTBIO OT €IHHHI[ MIUIIHCEKYH] JO
HECKOJIbKMX CEKYHJ[) H HMITYJIbCHBIE — KOMMYTAI[HOHHBIE IIEPeHANPSDKEHHS JIJIMTEIbHOCTBIO,
H3MepPAeMOH MIWIIHCEKYHIAMH H MHKPOCEKYHIAMH.

OO0opyaoBaHHE

B manHOH nmadopaTopHOH padoTe HCCIEAYIOTCS TOINBKO ITPOBANIBI HAIPSIKEHH S, IS KOTOPBIX
['OCT [2] ycTaHaBIHBAeT CIEIYIONHE ITapaAMETPHI:

Al — jurenbHOCTD ITpOBaJIa HaIIPSDKEHH L, C, AU — Iy OHHA IpoBaia HarpsiKeHHSL, %o.

[IpHYHHEI BO3HHKHOBEHHS ITPOBAIIOB HAIIPSDKEHHS B SIIEKTPHUECKHX CETSX IPEIIPHSITHIH
paccMOTpeHBI B pabote [3]. Bce MHOMKECTBO STHX NHPHYHH MOJKHO pas[elINTh Ha JBa BH/A.
IIepBRIN — IIpPOBAIEl HANPSDKEHHS «IPHXOMAIIME» H3 CETEH B3HEPrOCHCTEMEBI, BTOPOH —
MIPOBAlIbl, BEHI3BIBAEMBIE SBIEHHSMH B JIIEKTPOCETSX IPEANPHITHS (ITHKOBBIE HArPy3KH,
aBapHHHbIE TTEPEKIFOYEHIS H JIP).

TexHmka 0e30IacHOCTH

B mabGoparopHOH YCTAaHOBKE CMOJEIHPOBAHBEI 00a YKas3aHHBIX BHJA IIPOBAJIOB. [IpHuem
IIPOBAJI BTOPOr'0 BHAA BHIZEIBACTCS IMMKOBOH Harpys3koH Ha cTopoHe 0.4 kB 1mexoson TII u
OOYCIIOBIIEH ITOTePeH HAIIPsDKEHHS OT ITHKOBOH HArpy3KH Ha COIIPOTHBIIEHHH TpaHC(OopMaTopa
10/0,4 xB.

B naGopaTopHOH paboTe HeoOXOAHMO ¢ IIOMOMIBIO BIEKTPOHHIO OCIIHIIIorpada OImpeelIlTh
BpeMs ITPOBAJIOB HAITPSKEeHHS, HX IITyOHHY H JJIHTEIBHOCTh, a TAKXKe CpeJH 3a()HKCHPOBAHHBIX

IIPOBAJIOB BREIJECIHTH ITPOBANIEI IIEPBOTO M BTOpOro BHia. ['nmyOnHa AU IIPOBAJIOB BTOPOI'O
BHJa MOKeT OBITh YMeHBIIIeHa IIPH ITapauieIbHOH padore TpaHchopMaTopa T3 u T4,
5.3. (3amaHue)

5.3.1. Bximrounrhs rmraHHe J1a0OpPaTOPHOrO CTEHAA, BKIIFOUHTH HArpysKy S , OTKIIIOYHTH

TpaHcopmaTop T3. OcTalbHBIE 3IeMEHTHI MHEMOCXEMBI MOI'YT OBITh B JTFOOOM COCTOSHHH
(BKIIFOUEHO HIH BBIKIIOYEHO). [IOOKIIOYHTH SIIEKTPOHHBIH OcIiunIorpad Ijid KOHTPOIS
HanpsokeHHs Ha muHaX 0,4 kB nexoBoit TII (puc.2). HacTpouts ociiumorpad TaKkHM 00pa3oM,
yTOOBl MOKHO OBIIIO OIIEHHTEH I'TTYOHHY M JIHTEILHOCTH IpOBaja HaOIIOJAaceMOro Ha 3KpaHe
HAITPSKEHISL.

5.3.2. 3alyCTHTh YCTAHOBKY Ha)XaTHeEM KHONKH « Ilyck» M, BHHMAaTelIbHO HaOromas Ha
sKpaHe OcCIIUIorpada 3a HcclleAyeMbIM HallpsDKeHHeM, 3a()HKCHPOBATh ITPBAIbl HAITPSDKEHHS
(BpeMs, TIIyOHHY, JIIHTEIILHOCTE). ITpoaHamn3npoBaTh pe3yiIbTaThl HAOIIOAeHHIH, BEISIBHB CpeIH
3a(pHKCHPOBAHHBIX ITPOBAJIOB T€, KOTOPKIe BhI3BaHBI ITHKOBOH Harpy3koi B ceTH 0.4 kB 11exoBoit

TH'_ ~

B [OKYMEHT MOANMUCAH B JIeTIbHYIO padoTy ¢ TpaHcpopmaTopoM T4 H
SNEKTPOHHOW MNOAMUCHLIO 2. OLIEHHTH CTEIEHb YMEHBIIEHUS Iy OHHEI
Bnageneu. Webayxoea TatkaHa AnekcaHgpoBHa ’
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- (pOpPMYIIHPOBKY 3aJauH J1a00paTOPHOr O HCClle JOBAHHS,

- pe3ynbTaThl HaOmogeHHil 1mo mi.5.3.2 u 5.3.3 B ¢opme TaOIHIBI ¢ yKa3zaHHEM
BPeMeHH IT0CaJKH, €€ JIHTEIIbHOCTH H ITTYOHHEI, a TaKKe BHA (TIEPBBIH H BTOPOH);

- BBIBOJIBI ITO PadoTe.

5.4. Ilogroroeka K padote

CamocToMTeNbHAas ITOArOTOBKA K paboTe COCTOUT B H3YVUEHHH TEOPETHYECKOIO MaTEpHAJIA I10
muTeparype | 3] H B MOATOTOBKE OTBETOR Ha KOHTPOJIBHEIE BOITPOCHL.

5.5. KOHTPOIILHEIE BOIIPOCHI

5.5.1. KakoBEI ITIPHYHHEI ITPOBAJIOB HATIPSDKEHH S B IIPOMBIIUIEHHBIX IIEKTPOCETSIX?

5.53.2. OrImnuTe MeXaHH3M BO3JAEHCTBHS ITPOBRAIOB HAIIpsKeHHs Ha [[TC.

5.5.3. KakuMH IyTsSMH MOKHO 00ecIieynTh YCTONUYHBOCTE L[ TC K ImpoBanaM HalpsDKeHHS?

5.5.4. Kakue HOpMBI Ha ITPoBaJjibl HanpsKeHHS yeTaHoBIeEHEL B 'OCT 13109-97 [2]?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Onucanne J1adopaTopHOH YCTAHOBKH

JlaGopaTopHasi ycTaHOBKa SBISEeTCS (PH3HYECKOH MOJEJBED CHCTEMEI 3IeKTPOCHAOKEHHS
nmpoMbIieHHoro mpeapuaths (COIIIT) u nmpeagHasHavYeHa 1719 yueOGHOH paboThI cTyAeHTOB. Ha
YCTAHOBKE MOJEIIHPYETCS CYTOUHBIN IHKJII padorsl THITIOBOH CIIIII.

MHeMocxXeMa YCTAaHOBKH, IIPHBEIEHHAS Ha €€ JIMIEBOHM IIAHEIM, BKIIOYAET CIEAYIOIIHE
sneMeHTHI THIToOBOH COIIII (pHc.1):

1) IJTaBHYIO ITOHH3HTEeNbHYIO IToacranmmro (I'TIIT) 110/10 kB, cocTosmyro H3
TpaHcopmaTopoB T1, T2 HommHaIpHOH MomHOcTBRIO 1O 10000 kBA mu pacIpeJeIHTeIbHOro
ycTporictBa (PY) 10 xB. UmeeTcs BO3MOKHOCTE PYYHOIO HIH aBTOMATHYECKOrO IO BpeMeHH
cyTOK nepexirroueHus anmandg PIIH tpancdopmaropa T2,

2) I[EXOBYI0 TpaHcopmaropHyro TofcraHipmro 10/0,4 kB, cocrosimyro H3
TpaHcopmaTopoB T3 m T4 HommHampHOH MomHOcThIO 1Mo 1000 xBA. Tpancdopmarop T4
OCHAIIeH YCTPOHCTBOM ITe peKIoUeHH oTIaeK 0e3 Bo30yxkaeHHs (I11EB);

3) CHHXpOHHEIN  aBHrarteas CJIH-10-1250, wMMeromi pydyHYIO  PEryIIHMPOBKY
BO30YKIIEHHT,

4) OaTapeH CHIIOBBIX KOHJeHCAaTOpPOB Ha HOMHHaJIbHoe HampspkeHHe 10,5 kB (BK1 u
BK2) n Ha Hanpskenue 0,4 kB (BK3). MMeeTcs BO3MOKHOCTh PYYHOIO HIIH aBTOMAaTHYECKOI O
II0 BPEMEHH CYTOK BKIIOUEHHS M OTKIOUeHHS Oaraper. MolHocTes Oaraped 3adacTcs
TyMOJIEpaMIL, PacIIOIOKEHHBIMH I10J] HX MHEMOCHMBOJIAMH Ha CXEME,

) cunmoBoii mMyHKT CII B 1exoBoil cetn 380/220 B, XK KOTOpoMy MHOAKIIOYeHa

HeJIHHEeHHAa HaI'PYy3Ka S , BBI3BIBAIOITAM IIOMABJICHHC Ha IIIHHAX CII BBICIIHX I'aApMOHIK

HaIPSKEHH A,
6) (pHIBTPOKOMITEHCHPYIOIIEe yeTpolcTBO DKV, mpeaHasHauYeHHOE IJISI YMEHbBIIIEHHS
VPOBHS BBICIIINX rapMOHHK HalpsoKeHHa Ha rmmHax CII
Ha mMHeMocxeMe pasMelleHb] CIIEAYIOIHE H3MEPHTEIIbHBIE ITPHOOPEI:

Vl — IIMTOBOH KIIOBOIBTMETP IS H3MEPEHHS HAIIPSDKEHHS C BBICOKOH CTOPOHBI
TpaHcopmaTopa I'TII1 T2 (Ha miHHH pa3aena 6alaHCOBOH IIPHHAIIEKHOCTH CETEH);

V2 — KHJIOBOJIBTMETD JJISI KOHTPOIIS HapspKeHN S Ha immHax PY 10 kB,

V3 — BOJIBTMETP JJISI KOHTPOIL HanpshkeHHA Ha mHHaX PY 380/220 B nexosoii TII,

V 4 ~— BOJBTMETD AL KOHTPOJLY HATPSIKEHH Ha [IHHAX 220 B CII.

CII - YHHBEPCAIbHBIH CAMOITHINYINHIT ITPHOOP, KIeMMBI IOAKIFOYEHHS KOTOPOIO
BBIBEJIeHBI Ha THe3Ma « 3MepHT. TpHOOpEDy, pa3MellleHHEIe Ha JTHIIEBOH ITaHeIH YCTaHOBKH,

14] — A3 — INHTOBLIC aMIICPMCETPHBI, CIIVIKAIIHE JJI KOHTPOIIA TOKOB B MGI[EHIIpyEMDﬁ CCTH.

[TapaMeTpBI MO EITHPYEMBIX 3JIEMEHTOB ITPHBEIEHEI B Ta0I.1.
['pachuk Harpys3kHu S ) rexopor TII moaempyercs OM3KHM K peallbHOMY. OH IIPIrpaMMHO

3aJlaH H BCerja OJHH H TOT JKe JI1 KOHKPETHOH YCTaHOBKH (Ha pasHBIX YCTaHOBKaX I'Pa(pHKH
S 5 OTJIHYAIOTCH).

OcranbHble (TI0 OTHOIIEHHIO K IIPHBeAeHHOH Ha MHeMocxeMe 1lexoBoi T1I) morpedurem 10
kB I'IIIl npexpcraBieHsl 00OOINEHHOH HAarpys3KOH Sl , Tpa)MK KOTOPOH 3aJaeTcs KeCTKOMH

IporpaMmMon. Harpyska CHHXPOHHOIO JIBHIaTelsd, ITOAKIIFOYeHHOro K ImmmHaMm 10 kB I'TIII,
HeH3MEHHA BO BPEMEHH.

B momempyemoii cetm 0,4/ 0,23 xB mpencTraBleH Ha MHeMOCXeMe OJHH H3 CHIOBBIX
myHKTOB ClI ¢ HeJHMHeHHOH Harpy3koH (oJHO(a3HEIH BBHIIIPSIMHTEIL), KOTOPas 00yCIaBIHBAET
HAJIMYHe B HanpsKeHHMH Ha ImMHaxX CII BBRICIIIMX TapMOHHK HAITPSDKEHHS. [[71S KOMIIEHCAI[HH
STHX TapMOHHK YCTAaHOBIIEHO (DHIbTPOKOMIIEHCHPYIOINee ycTpolcTBo DKV, MomKiIrodeHHE
KOTONOTO TINOURRONUTCH  TVMOTENOM  DACTIONONEHHBIM HaIIPsDKEHHE JIHIEBOH TaHermH. Ha

[NOKYMEHT NOANWCAH
SNEKTPOHHOM MOAMUCHIO H3MEPEHHS HanpskKeHHsS Ha ImHax ClI, a

Ceptucpurar:  12000002A633E3D113AD425FB50002000002A6 _ -
Bnapeney: lleBayxosa TatbaHa AnekcaHgpoBHa 'CHbI Ha JIHIEBOM ITAHEIH. B HIDKHEM IPpaBOM

HTaHHI. Y HBDﬁpﬂ}I{EHIIH KOMMYTAITHOHHBILX
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KHOITKA) 53THX armaparoB. CHIHaJIbHBIE JIaMITBI ITaKa3bIBAIOT COCTOSHHE KOMMYTAI[HOHHOIO
armiapara. MsMepHTelbHbIE IIPHOOPEI, pasMENeHHbIE HaA IJHMIEBOH ITAHEIH, CIYXKaT I
H3MEPEHHS TOKOB B JIMHHSX M HanpsokeHHMH Ha ImmmHaxX 10,5 kB u 0.4 xB. AKTHBHasg H
peakTHBHAA OSHeprud B Iermsax T2 u T4 u3MepsroTcd HHAYKIMOHHBIMH CUETYHKaMI,
YCTAHOBJIIEHHBIMH BHYTPH CTeHjaa. CYETYHMKH CHaOXEHBI JapTuMKaMH Yiila OOOpPOTOB HX
IHCKOB. PSIOM ¢ MHEMOCHMBOIIOM TpaHc(opmaTopa T2 pacIioloKeHbl KHOIIKH TEPeKIF0YEHH S
aHI[arng TpaHc(pOpMaTOpa H CHTHAJILHBIE JTAMIIHI.

Tabmuia 1

[TapaMeTpEI 3JIeEMEHTOB CHCTEMBI TEKTPOCHAOXKEHH 5,

MOJETHPYEMOH Ha 1a00paTOPHOH YCTaHOBKE

OOo03HaYeHHE Tun HommHamsHoe [TapameTper

Ha MHEMOCXEME HaIIpsCKeHHeE

(puc.1.1)

T, T2 TJ1H — | 115/11 § =10000 xBA, AP = 27 xBr,
10000/110 X

AP =74 xBt,U,=10,5%, I__=0,9%:
K3 XX

Crynienu PIIH: +5 %, +2,5%,
0,-2.5%, -5%

T3, T4 TM3-1000/10 | 10/0.4 S =1000 kBA, AP =24 BT,
XX
&P =122 XKBT,,Us= 5,5%, I __=2%;
K3 XX
T =154,V =55°C;
o H

Crynienu 11BB: +5%, +2,5%,
0,-2.5%, -5%

EE% 10/5 Q =4 x 350=1400 kBAp (xaxnas Ga-
Tapes HMeeT 4 cryreHHn 1o 350 kBAp)
AP =0,0025 *BI
kBAp
BK3 VKJI-0,38 04 0 =210+105+42+3 21=KBAp;

AP_=0,0045 xBAp

KaGenp 1mra- | ACh — 1 10,5 I..=140 A; R =0,62 OM/KM,

fort T4 10(3-50) ;"5_0 04 Ontfent: 11 st

I' =15wvuH, V., =45°C

o 00
CA CAH-10-1250 | 10 P =1250 xBr; cos y,=0.9; K =0.8;
,22'1 =0,77 kBT, /A 5 =0.,98 kBT
OKY 0.4 QOwiIbTp 3-eH rapMOHHKH

TymOneper  «MommHocTe bK» ® nepexmouarerns »PeakruBHas  MoIfHocTs  CJI»
IpeIHa3HAYEHBI IS 3aJaHH s BEIIHUHHEBI TeHEPHPYEMOH

PEaKTHBHOH  MOIINHOCTH  KOHJEHCATOPHBIX  OaTape U CHHXPOHHOI'O  JBHIATelsd
COOTBETCBEHHO (MOIIHOCTh YKazaHa B KBAp). [lepexmouaTeneM « OtmaitkM T 4» ITpOH3BOTHUTCS
yCTaHOBKa OTIaiHkH TpaHchopmaropa T4. B I_[EHTpElJILHGﬁ YacTH JIMIIEBON IIAHEII
PACTIONOKEHEL OPraHbl YIPABIIEHHS PEKIMAMH pabOoTHI BCEH YCTAHOBKH. KHOIKA «IIyCcKk» — 1A

' ,EIDHYMEHT ﬂﬂﬂﬂHCAH [Ed < AJ1 BO3BpaTad YCTAHOBKH B paﬁchy:, KHOIIKa
SNEKTPOHHOW NMoanuceLio CAIIMAa YCTAHOBKII, I.[II(l)pGBOE Tablmo i
Ceprudinkar: 1 12000002A633E30113AD425FB50002000002A6 AIMIOHHOE IIOJIE, PACIIONIOXKEHHOE B IIPaBOM
BnageneLy: LLleb3yxoea TarbaHa AnekcaHapoBHa 'OMaTHYECKOr0 PpexIma paﬁmﬂ 3IIeMeHTOR

AO aBTOMATHHUCCKOEC IIO BPCMCHH CYTOK
Nencreutened: ¢ 20.08.2021 no 20.08.2022

24



NMepeKroueHne aHuard TpaHcpopmaropa T2, a Takke BKIIOUEHHE H OTKIIOYEHHE
TpaHcopmMaTopa T3 1 KoHAeHcaTopHBIX, OaTapeil K1, BK2, BK3.

JlabopaTopHas yCTaHOBKA MMEET JIBa pPeKiMa PadOThI:

[. IIlpn BKIIOUEHHMH MHTAHHSI — PeXHM MOATOTOBKH (HCXOIHBIH pexXHM). B 3ToM pekimMe
33JaF0TCSI HaAYalbHBIE YCIOBHS (BKIFOYEHHE H OTKIIIOYEHHE COOTBETCBYIOIHX 3JIEMEHTOB
CHCTEMEBI), YCTaHABIHBAeTCS IIporpaMMma padOThI IO BpeMeHH CcyToK ycTporictBa PITH
TpaHcopmaTopa T2; TpaHcopmatopa T3 kxoHaeHcaropHbIx Oatapei BEK1, BEK2, BK3 (Ha
KOMMYTAIIHOHHOM TITone). IIogkmodaroTcss H HacTpaHBaXOTCS HeOOXOAHMBIE H3MEPHTEIbHEIE
IIPHOOPEL, a TAKIKE ITPOBEPSAETCSI TOTOBHOCTH YCTAHOBKH K «ITPOrOHKEY» CYTOYHOI'O I[HKIIA.

2. Ilpn HaxaTHH KHOMKH «I[yCK» BKIIFOYAETCS IIPOIE CC MOJIEIIHPOBAHHISA HAT'PY30K CYTOYHOIO
IHKiIa. 3aropaerca mugpa 0l Ha mudporoM Tadimo, H IPOHCXOAHT ITOJa4ya IMTAHHSI Ha
MOIEIHPYEMYIO CXEMY, KOTOpas 10 3Toro Owliia 00ecTOYeHa.

CYTOYHBIH ITHKI PpaboThl CHCTEMBI SIeKTpocHaOXeHHS MoAelHpyercsa 3a 12 mmH (lyac
peanbHOH cHcTeMBbl 3a 30 ¢ ycTaHOBKH). MojgenbHOe BpeMs CYTOK B dacaxX ITOKa3bIBAeTCS Ha
I (POBOM TalJIo.

[Io OKOHYaHHHM CYTOYHOI'O IMMKIIA YCTAHOBKAa aBTOMATHYECKH BO3BPAIAETCS B HCXOJIHBIIN
pexrM. IIpm HeoOXOAMMOCTH  YCTAaHOBKY MOKHO BEPHYTH B  HCXOIAHBIH  PEXHUM
IIPHHYIHUTEIIPHEIM HaxkaTHeM «COpocy». KHomkon «OcTaHOBKa» OCTAaHABIHBAETCS IIporpaMma
MO EIIHPOBAaHHS CYTOYHOTO ITHKIIA.

[IIxamel BceX aMIIeEpMETPOB H BOIIBTMETPOB Ha JIMI[EBOH ITAHEIH CTEHA ITPOrpalyHPOBaHbl B
HeHCTBHTEIIPHBIX BEeIMYMHAX. OTH TIPHOOPBEI HCIOIB3VIOTCSA IS BH3VAJIbHOIO KOHTPOJIA
ITApaMETPOBR PeKIMA MOJIETTHPYEMOH CHCTEMBI.

s TipoBelieHHsS HeOOXOMMMBIX H3MEPEHHH IIPH BBIOIOTHEHHHH J1adOpaTOpHBIX padoT
uMeeTcsT caMorHrynii nmpHoop CII. CxXemMa MOJKIIIOYEHHS H3MEPHTEIBHBIX TPaHC(OPMaTOpPOB
TOKA, HalpsKEHHSA M CAaMOITMINYINEro IMpHOopa IokaszaHa Ha puc.2. I'Hesma «MsmepHTelnbHas
armraparypa» (MA) pacrososkeHsl Ha JIHIe BOH ITaHEIH YCTaHOBKH.

Mac1rradrl BceX BEITHYHH IIPHBEAEHEBL B Ta0II. 2.

IIpn BBEOIOMHEHHH Psifa HW3MEPEHHH  HCIIONB3YETCSA  JIOIOIMHHMTEIBHAS — allllaparypa
(ocipumiorpad, H3MepHTENIb HeIMHEeHHBIX HCKa)KEeHHH H Jp.). YCTPOHCTBO H padoTa 3TOH
armrapaTyphl H3YUarOTCA B COOTBETCTBYIOIIX Tad0opaTOPHEIX padoTax.

[IpaBiuia TEXHHUKH O€30IMaCHOCTH ITPH BRIIOTHEHHH Ta00opaTOPHEIX padoT

1. KaTeropmuecku 3arpeniacTcs:
- TporaThk PyKaMH OTI'OJIEHHEIE IIPOBOAA H YAaCTH IIPHOOPOB, HAXOMAIIHEC S IO

HAITpSDKEHHEM, Ja’Ke eCIIH OHO HEBEIHMKO, - IIPHKAcaThC A K BPaIlatoI[HMCS YacTsIM 3JIeKTpHYe-
CKIX MAIIMH, - ITPOU3BOJAHTE M3MEHEHHS B CXEME ITPH IMOAKIIOUYEHHOM HCTOUYHHKE ITHTAHHSA, -
3aMeHSTh IWIH Oparh 000pYyAOBaHHE HIIH IIPHOOPEI ¢ APYTHX padbOuHX MECT

0e3 paspelleHns MpernogaBaTes WIH JladopaHTa;, - OTXOAUTEH OT IMPHOOPOB M MAIIIHH, HaXOIs-
IIIXCA TIOJ HAIIPSKEHHEM WM OCTABIIATh CXEMY ITOJ HAIIPSDKEHHEM IIPH 00padoTKe pe3yiibTa-
TOB H3MEPEHHH, - IEPerpykarh IPHOOPE] TOKOM HIIH HANPSKEHHEM, ITPEBBIIAIOIIHM HOMH-
HaJILHOE 3HAUEHHE.
2.1IpoBepKY HaIIMYH ITOAABAEMOr0 K CXeMe HIIM 3JIEMEHTAM CXEMBI HAITPSUKEHHS HeOoOXOMHMO
IIPONU3BOJUTE TOJIFKO KOHTPOIIBHOH JIAMITOYKOH HIIM BOIIBTMETPOM, COOIFOIAs ITPaBIIa TEXHHKH
OesomacHoCTH.lIpn  pabore B  mabopaTopHH  CIeAyeT CTpOro  coOmomars  MEPEI
IIPEIOCTOPOKHOCTH, TaK KakK ASIEKTPHYECKHH TOK, IPOXOMMIIMI 4Yepe3 Telo 4YelIOBeKa,
BEJIMUHHOH B 0,025 A yXe ABIISETCS OITAaCHBIM JUIS KH3HH.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: le6ayxoea TateaHa AnekcaHgpoeHa
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Tabmmia 2
Maci1rrraOb1 MOJIEH

HarmmeHoBRaHHE O0o3HaueHHe E mumrmara YrcioBbeie
H3MEPEHHA 3HaYeHHT
MacritaOb1 MOJIeTH /ur c.Oeilicme 240
c.Mooeu
MacrmtaOr1 CUETUYHKOB Whl | U xBmy
3JIeKTPO3HEPTHH as 250
LUMRAYIbC
Varhl kBap-u
wha | Hpo P
Vari? LUMRYIbC
Wh2 /L[ wBmn-y
as 35(70)
LUMIYIbC
Varh2 ﬂpg B Ap 1y
LUMRYIIBC
/Macmrtalbel  H3MepHTelb- | THI ya; B-oeiicme 100
HBIX TpaHCc(pOpPMaTOPOB U B wodemnt
HaTpshKeHHs (pHC.2) T2 ﬂu Bdeiicme 0
B.voodenu
TH3 ]LZH B-oeiicme 10
B.vooen
171 yzi / A-Oeiicme
A.mooent
172 yai ; A-Oeiicme
B.vooen
173 H / A-Oeiicme
B.vooen
Macmra® Ornmoka omnpejue-
JIEHHS TeEMIIEpaTyphel Iiepe- | bOT ya, °C
rpeBa kabens (pHc.2) 4
Bmooenit

KOHTP OJIBHBIC BOITPOCEIL

HasHaueHIe 1 KOHCTPYKTHBHOE HCITOJIHEHHE IEKTPHYECKHX CETeH.

Y CII0BHS TTONIB30BAHMS H pacueTa 3a EKTPOSHEPTHIO.

OO1pe TpeGoBaHHS K BRIOOPY H IPOKIAAKE 3JIEKTPHUYECKHX CETEH.

CxXeMbl H KOHCTPYKTHRHBIE HCITOJTHEHHS M KI[EXOBBIX AIIEKTPHYECKIX CETEHH.
CXeMbl H KOHCTPYKTHBHBIE HCITOJIHEHHS BHYTPHIIEXOBBIX ATIEKT PHUECKHX CETEH.
3arurHas araparypa B ceTsax 10 1 kB. OCHOBHBIE XapaKTEPHCTHKH.

3armuTHAS 1 KOMMVTAITHOHHAS anmanatvna B ceTsax BhIle 1000 B. OcHOBHBIE XapaKTepH-
AOKYMEHT NoanmncAH

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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8.1. IlepeveHb 0CHOBHOM H JONOJIHHTEJIbHOMH JIATEPATYPbI, HE00X0HMMOH /11 0CBOEHHS
M CHHILTHHbI

8.1.1. IlepeyeHns 0OCHOBHOH JIMTEPATYPLI:

1. I'vaxor H. I1. , Onpxosckun B. 5. , IlaBmrouenko /. A. CHCTEMEBI 3NEKTPOCHA0XKEHH . yUueh-

Huk/ I'yxoB H. I1. , OnsxoBekwii B. A, |, [Tamodenko J[. A. HoBocubupcek: HI'TVY, 2015.— 262
c. Pexxym moctyma: http://biblioclub.ru/index.php?page=book view_red&book 1d=438343

2. Cokomnora, E.M. DiekTpHuecKoe H 3leKTpoMeXaHHYeCcKoe 000pymoBaHiie. OOINEITPOMBIIII-

JIEHHBbIE MEXaHH3MbBI H OBITOBas TeXHHKa ; yueOHHK/E, M. CokomnoBa. - 9-e u3x., nenp.-M.: Aka-
nenmus, 2014, - 224 c.

8.1.2. IlepeueHb JOMOHUTEIBHOH JJUTEPATYPBL:

1 CvmupHOB, 0. A. OH3HYeCcKHe OCHOBEI 3JIeKTPOTEXHHKH : y4el, mocotue / FO.A. CMHPHOB,
C,B. Cokonog, E.B. TuroB. - 2-e m3x., ucnp. - CIIG. : Jlanp, 2013. - 560 c. - (Y4yeOGHHKH /15 BY-
30B. CrielniHanbHas IHTeparypa). - buomiorp,: ¢. 558-559. - ISBN 978-5-8114-1369-0
2.Axrmvora, H. A. MoHTaX, TEXHHYECKAS SKCIUTYaTalid H PEMOHT 3IIEKTPHYECKOr 0 H 3IEKTPO-
MexaHH4YecKoro obopypoBaHus : yueOHHK / H.A. Aximvona, H.@D. Korenenern, H Y. Centiopu-
xXuH ; rmox pex. H.M. KoreneHna. - 10—e m3x., ucrp. - M. : Axkagemus, 2013. - 304 ¢. - [Ipm.: c.
284-2935. - bubmorp.. ¢. 2906.

8.2. IlepeveHb YU4eOHO-MeTOAHIECKOI0 00ecIeeHHA CAMOCT OATEJIbHOI PadoThl 00Y4Jar0-
IMXCA M0 JHCIHHILIHHE

1. MeTomnyeckHe peKOMeHalHH I IO OTOBKH K 1a00paTOPHEIM paboTaM.

2. MeTonnueckie peKOMeHJal[HH IO OpraHH3aIl[HH CaMOCTOSTeIIbHOH padOoThI CTYIEHTOB.

3. MeTtognyecKkHe peKOMeHJallHH 110 BEIITOTHEHHIO KOHTPOJILHOH padoTHI.

8.3. Ilepeuens pecypcoB HHPOPMANHOHHO-TEJIEKOMMYHHKAIMOHHOM ceTH «IITHTepHeT»,
He0O0X0JHMbIX LI 0CBOEHH I JTHCIIHILIHHbI

L. http://www.biblioclub.ru -ObC "YHuBepcurerckas OHOIHOTEKA OHIAHH"
2. http://www.iprbookshop.ru/ - OnekrpoHHO- OnOnHoTeuHas cucrema IPRbooks
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BBeaeHue

KonrposbHasa padora co34a€T oNTHMAJIbHbIE JAHJIAKTHYECKHE YCJIOBHA /1A Jefl-
TeJIbHOCTHOI0 OCBOEHHS CTYJAEHTAMH COAEPKAHHA H MeTOJ0JIOTHH H3Y4YaeMOH JHCI[HILIH-
Hbl «IIpHeMHHKH H MOTPEOHTEJIH IEKTPOIHEPIrdd B CHCTEMAX JIeKTPOoCHA0KeHH D). Kon-
TPoJibHbIE PAadOThI MPOBOASATCH € MeJIbl0 BhIPAOOTKH NMPAKTHYECKHX YMEHHH H NMpHOOpe-
TEHHS HABBLIKOB B pellleHHH 337a4, OTPaA0OTKH YNpakHeHHH, BbIIOJHEHHH YepTesKei,
NPOH3BOJACTBE PACYETOB H T.II.

Ileqibl0 KOHTPOJIBHBIX PadoT ABJIAETCHA (POPMHPOBAHHE NMPAKTHIECKHX YMEHHH —
npo¢ecCHOHAJILHBIX (BBINOJIHATH ONMpede/IEHHbIE JeHCTBHSA, ONepanuH, Heo0Xo HUMble B
nmocjaeayomeM B NpodecCHOHAILHOH AeATeJIbHOCTH) HJIH YYeOHbIX, He00X0HMbIX B IIO-
cJIeyIomel yueOHoil JeaATeJIbHOCTH 1o o0menpodeccHOHAIBHLIM H NPodecCHOHATbHBIM
JTACIHNIMHAM.

buro/morpadguyeckil CIHCOK COAEPKHT CBeJCHHA 0 CIPABOYHOH JIMTEPATYPe H J0-
MOJIHAT eJIbHBIX H3JAHHAX, HE00X0AMMbIX /ISl YIJIY OJIEHHOT0 H3Y'1eHH S 0T/Ie/IbHbIX BONPO-
COB.
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1. Ilens u 3a0auu u3yueHua OUCUUNTIUHbI

HEJIB H3Y'ICHNHA THCIIHIIJIHHDI

- (l]OpMHpﬂEﬂHHE Y CTYJCHTOB CHCTEMATHYICCKHX 3HAHHHA 110 BOIIpoOCaM IMPOCKTHPOBaAaHHA H

IKCILIYATAIHHA KOMILIEKCHBIX CHCTEM WIEKTPOCHAOKeHHA ropoI0B H NPOMbIIILIEHHbIX
npeanpusaTnim.
3agavyamMu AMCHHILIHHBI SIBJISIET CS:

- 3HATh B3aHMOCBSI3H MEARIY HﬂTpEﬁHTMHMH H CHCTeMOH MEETpﬂCHHﬁ?ﬂEHHH; MNoKA3IATE-

JIH TPapHKOB HATPY3KH JIeKT POoNIPHEMHHKOB H MOTPedHTe.Ie;

- YMeTh aHAM3HPOBATH rPa(HKH HATPY3KH.

- BaageTs HABbIKAMH Pa3padoTKH OCHOBHbBIX YHEPI 0COeperaiiux MeponpHATHH B CH-
CTeMAaX JIEKTPOCHADKeHH A
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1. Pacuet xos(p}uiiueHTa HeCUHYCONIATBHOCTH

1.1. BeHTuibHBIE IIpe0dOpa30OBATENN

B HacTosiliee BpeMs caMoil pacripoCTpaHeHHOH CXeMOH BbIIPAMJICHHS
/ISl MOIIHBLIX INpeoOpa3oBaTeJieil ABJsAeTcS TpexdazHasa MoOCToBasi cxeMa
(cxema JlapuoHora), npeacraBiaeHHass Ha puc. 1.1, a. ITta cXxema BbINpsMIIe-
HUS T03BOJISIET OCYIECTBUTH TaK HA3bIBAEMYH IIeCTUH(AZHYI HJIH IIECTH-
HMIIYJIbCHYI cXeMy BbIIpsAMJIeHHA. CoeaHMHEHHE MOoCIeJ0BaTe/IbHO WIH Ia-
pa/ljieJIbHO ABYX WIH HECKOJbKHX BbIIPAMUTEJIBHBIX MOCTOB INPH NMUTAHUH
UX HarpsKeHueM, CABUHYThIM HA COOTBETCTBYHUIHUHN YroJi, IM0o3BoJIsAeT I0J1Y-
yutrb 12, 18, 24, 36, 48...-pa3Hble cXeMbl BbINPAMJIeHUA (KpaTHbIE LIECTH).
CaBur yriia HanpsizKeHUsl OCYIIeCTBJISeTCH IPUMeHeHHEM COOTBETCTBYIO-
IHMX CXeM COeAHHEHHS MEePBUYHBIX WIH BTOPHUYHBIX 00MOTOK TpaHcdopMa-
Topa: Y — 3Be3aa, A— TpeyrojibHUK, Z — 3Ur3ar, KoTopble Mo3BOJISAIT 0CY-
INECTBUTh TNPAKTHYECKH CcXeMbl J11000H ¢a3zHocTH (MMMIYJILCHOCTH) BbIII-
pAMJIEHHSA.

A £ QC 4 Q8 OF

Puc. 1.1. Cxembl noJiynpoBoJAHUKOBBIX TpPeo0pa30BaTe/IbHbLIX arpe-
raToB:

a — arperat 1o 6300 A mecrudgazHoro pexumMa BbIIIPAMICHUSA
NOKYMEHT NOAMNUCAH _ .,
Ceprwdpvikar: -, 12000002A633E3D113AD425F B50002000002A6 T0 peKUMAa BbINIPAMJIEHUSA;, ¢ — O-
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HOJIMHeHasA cxeMa; 0 — OJAHOJIMHelTHas cxema arperarta 25 000 A u ero kom-
MYTALIMOHHAS anmaparypa

IlepBuuHbIM sABJIsIETCA IMOSAABJI€EHHE B IMHUTAKOLIIel CeTH KOMMY-
TALMOHHBLIX HUCKAaKeHUN HANpAKeHUA, a TAPMOHUYECKHUH aHAJIU3 UX IM03B0-
JsileT BbIABUTHL HAJIMUME BBICHIUX FapMOHUK HarmnpsixeHUusi. llopsaaoxk BbIc-
INMX TapMOHUK onpeneasercsa ¢dopmysoin n = mk £ 1, rae m — uncao ¢as
BoinpsamiieHus; k=0, 1, 2, 3...—mocnegoBarejbHbIIl pAad HATYPAJbHBIX YH-
ceJl.

s mecrudgazHO cHCTeMbl HANpPSKEeHHs] B KPHBOH IIHTAKILEro
HAMNpsEKeHUS UMETCS BbICHINE TAPMOHHUKH CJIeYLIero rnopsjaKa, Ha3bIBa-
eMble KaHOHHYeckuMu: n=3, 7, 11, 13, 17, 19, 23...; gaa 12-cpa3Hoi cXeMbI
n=11, 13, 23, 25, 35, 37...; ansa 24-pazHoi1 cxembl n=23, 25, 47,49, 71, 73 n T1.
a.

MeTtoauxka pacyera Ko3(pduUUHEHTAa HECHUHYCOUJAJIbLHOCTH HAIpAKe-
HUA Ky 0CHOBBIBaeTCA Ha BBIYHC/IEHHH B JIWOOH TOYKe IMUTAKIIEH CeTH Jek-
CTBYHOIIUX 3HAYEHUH KOMMYTALMOHHbLIX UCKAKeHUIN HAIpsLKeHUs, YTO PaB-
HOCWIBHO YUeTy BceX BbICHINX rapMoHHUK. Ciiei0BaTe/IbHO, AJIAA onpe/ae/IeHUsI
Ku nnpu padote BeHTHWIbLHBIX Npeo0Opa3oBaTesieill HET HE00OXO0AUMOCTH OIIpe/ie-
JIATh YPOBHH O0TJ€e/ILHBIX rapMoHHUK. IIpu 3TOoM yaaercsa n3dexath OIIHMOKMH,
BO3HHKAKIIEH MPU YyeTe TOJbKO OIpeJe/IeHHOI0 YHCJIa BbICHINX rapMOHUK.

MeToauka NO3BOISIET BBIUHCIIATL Ku B IF000I1 TOUKE MHTAIOMICH CETH, IC-
[IOJIL3Y S MapaMeETpPhl, MOJIYUEHHBLIE IIPU BHIUNCJIEHUN TOKOB K3, I OCHOBBLIBAETCH
Ha CJIEAYIOI[UX JIOIY IMEHUAX: IIPOBOJANMOCTU 3JIEMEHTOB IIUTAROIEN CETU CUUTa-
FOTCS HEEMKOCTHBIMH. l1IpH 3TOM JONyIIE€HNHN OIIMOKAa B pacueTe HE MNPEBBIIIAECT
10—15%. Ilpeamnomnaraercs, 4TO B y3JlaxX CETH, PACIOJIOKEHHBEIX B HEIIOCPE/I-
CTBEHHOII OINM30CTU OT BEHTWILHLIX IIpeoOpa3oBaTeseil, oTCyTCTBYIOT BK, mpej-
HazHAUCHHLIE JUIA KOMIIEHCAIIUN PEAKTUBHOII MOIIHOCTU, HE YUUTBEIBAIOTCSA aHOP-
MaJIbHBIE TAPMOHUK.

KoadduimeHT HeCMHyCONJaJIbHOCTH HAIPSDKEHHS IINTAFOIIEN CETH OIIpe-
nemsgercs mo popmyle [2]

40 ,
2 U,
k, =-———100
UHnM (]1)

OO0muii ko3¢ UIINEeHT HECUHYCONJAILHOCTH IMUTaroIell ceTu npu padboTe
BEHTIILHBIX IIpeoOpa3oBaTesIell MOKET OBIThL OIIpEAesIeH 1o popMmye [2]

0.955-sing _ o

k, =100-x.

AOKYMEHT NoanmncAH -+ xnp
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SHP
SKE,ﬁ

HBIX €JIMHUIAX, IPUBEIEHHOE K MOIITHOCTHU IIpeoOpa3zoBaTelsd Spp, T. €. COIPOTUR-
JICHHE OT YCIOBHON TOYKM CETH OECKOHEYHOIN MOIIHOCTH JIO TOUKHU CETU, B KOTO-
poii onpeaerierca ku; Sk3 — momHocTs K3 B Toduke, B KOTOPOIl OIIpeaerieTcs
Ku; Xnp — HHIYKTHBHOE COIIPOTURIICHHE IIENU IIpeoOpa3oBaTelsd B OTHOCHTEIb-
HBIX €AUHUIAX, IIPUBEJEHHOE K Spp, T. €. COIPOTHBICHUE OT TOUKU BO3HUKHOBE-
HIISI KOMMY TalllOHHBIX K3 710 TOUkH, B KOTOpOil onpeaersiercs ku.

Dopmyna (1.3) copaBeanmnBa s mpeoOpa3oBaTesIell ¢ JTF0O0IT IoCIIe 0Ba-

TCIIBHOCTBIO HCPCIAOBAHIIA tba:a

e X. = - DKBHBAJICHTHOC COIIPOTHUBIICHHC CHCTCMEBEI B OTHOCHUTCIIb-
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Kpome xoaddunuenra HecunycongaabHocT 1’ OCT HOpMupyeT koaddu-
[IIIEHTEI N-0I1 TapMOHNYECKON cOoCcTaBILIrOIeil. CorjtacHO |4 ]

Ky = i 100, % (1.3)

UHCIM
IIpu onpenenennn ky ocoboe BHUMaHUE CIIEAYET oOpamaTh Ha Xpp. JaImie
BCEro TpedyeTcs oIpeaesaThk ky Ha MNMHAX IMUTaHNS MOIMHBIX THPHUCTOPHBIX IIpE-
obpazomaresneil. Ilog mpeoOpazoBaTeneM MNOJAPazyMEBAIOTCS BBIIPSIMUTEIILHBI
MOCT (IJIM UX TPyIIIa) U IIUTAROIIUI 10 HIKAKOIUIT TpaHC (PopMaTop.

B »ToM ciIydyae Xpp PaBHO COIIPOTHBIICHHIIO MNpeoOpazoBaTeILHOIO TPaHC-
dopmaTopa u onpepensiercs 1o popmyne [2]
k, S

U,
_ k%(1_|_ F') 1p

Xop —
P 100 4 SHGM,T (14)

IA€ Swx: — HOMHHAIBLHASI MOIHOCTL HpeoOpazoBaTeNbLHOrO TpaHChopMa-
Topa;, kp— ko3 duiuenT pacmeruieHuss 0OMOTOK 3TOro TpaHc(opmaropa, Ux % —
CKBO3HO€ HampskeHune K3 TpancdopmaTopa, NpUBEeAeHHOE K IIOJIHOII HOMHIHAJIb-
HOM MOIITHOCTU TpaHcdopmMaTopa.

JI1s1 1By XOOMOTOYHEIX TpaHC(OPMATOPOR, IPUMEHSIEMEIX B MIECTH (a3 HBIX
(Tpex¢a3zHBIX MOCTOBBIX) cXeMaX BeIIpiAMIeHUs, Ky, =0, TpexoOMOTOUHEIX TpaHC-
opMaTOpPOB, NPUMEHSIEMEIX B IIpeoOpa’oBaTEIIX, BBINOJIHEHHBIX IIO JBEHAJIa-
T (a3zHoll cxeMe, B 001 eM BUE

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

p

Uy

TA€ Uk(minnz) — HaIpsDkeHne K3 MexIay pacHIeIUIEHHBIMU BTOPHUYHBIMI
oOMOTKaMH TpaHCdopMaTopa.

B oOmeMm criydae a1 TpaHC(OPMATOPOB C pacHlEINIEHHEIMU OOMOTKaMNI
kp=0+4, ecnu BETBH HU3IIEr0 HAIPsKEHUSA TpaHCdOpMaTopa HMEIOT XOPOIIYIO
AIEKTPOMArHUTHYIO CBs3b APYT ¢ JpyroMm, k,=0; ecrmu obmorku HH He mmetor
MarHuUTHON CBA3U APYT C APYrOoM IWIN IIPeoOpaz0oBaTElbL BEIIIOJIHEH II0 CXEME C
IIBy Ms1 TpaHC (hopMaTOpaMu, UMEIOIIUMU pa3HbIE CXEeMBI coequHeHns, To K,=4.

JlelicTByIOIee 3HAaUCHIIE€ BLEICIIE rapMOHUKH HAIpsKEHIU B JEOOOI TOUKe
IUTaromell ceTu npu padoTe mpeoOpazoBaTesd ¢ JIHOOOH IMOCIEA0BATEILHOCThIO
yepegoBaHId (a3 BEIIPSAMICHUSI MOXKET OBITh OIIpedelIeHo 110 (popmyie [2]

m X . .
U, =—U,. ~—sin@- sin(n - y)
T-n X+ Xpp (1.5)
(X + X))
rjae Y = . - YTOJI KOMMYTAaIUN,paJl.
NOKYMEHT NOAMWUCAH
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JleliCTBYIOIEE 3HAUCHIIE TOKa JIFOOO0I FrapMOHNIKH B IIENU IIpE€0OpazoBaTeILd
ONIPENENIeTCS U3 BhIpaKeHU |2 ]

Snp . .
—sin@-sin(n-y)

[ m
" 3m UHDM(chrxnp)n'

(1.6)

IIpu paboTe rpymnmnel BEHTIWILHBEIX IpeoOpazoraTeneil HopaJok pacuera Ky
cnegyromuii. Ilo npuBeaeHHBIM (hOpMyJIaM OIPEIEIIIIOTCS YPOBHU BEICIINX Tap-
MOHUK HaIpPsOKEHIS TS KaXJ0To IIpeoOpa3oBaTeII.

OJ1HaKOBBEIE TAPMOHIKH HaOpsKEHI BCEX MpeoOpazoBaTesell reoMeTpU-

* P e
yecKUu CyMMHUpYIOTcsS Unz ZZUm 3aTeM ompejenserca Kod(UIIUEeHT HecU-
1=2

HY COMJI4JIbHOCTIL.

p g
> Uz
~\5s

kUE _

100
UHCIM

Ocoboe BHUMaHHE HEOOXOJMMO OOpaliaTh Ha KOJIMYECTBO YUHTHIBA€MBIX
rapMOHUK, YTOOKI 130€ekaTh OMHOKN B BeIUncaeHnu ky, Uem OombIe KOIMYECTRO
npeoOpazoBaTenieil 1 (a3 BEIIIPIMICHHS, TeM OONIbIIee KOJIMUECTBO TapMOHIUIK
HEeoOX0oAUMO YUHTHIBATh. [Ipeanmaraercsa cnemyromas sMuupudeckast popMyia:

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

IJ€ Nmax—HANOONIBINAS TaApMOHUKA, (] — YHCIIO padOoTaOIIX Ipeodpaso-
BaTeINell, m — 4Jicio (a3 BEIIPSIMIICHIUSL.

IIpumep 1. J[JI1 BEHTIUILHOTO BHIIPAMUTE PacCUUTATh K03 (PUITHIECHTE
N-oil rapMOHUYECKON COCTaBILIONMIEN HANpspKeHNS N Ko3((UIMEHT HECUHYCOU-

TalIbHOCTU Ha InHax 6 xB.

6 kB

HcxoaHble JaHHbIE:
C: Slﬂ,ﬁ=150 MBA
13 M T3: S13=10 MBA; Usnon=6 KB; Ux0:=10,5%
VD: Sup=10 MBA; cos ¢=0,8; m=6
M: PMm=220 kBT; cos ¢=0,9; Kv—=1,2; Ki=5,1

N
IA VD

LLGKFMEH?HDHHHGAH (151~ HpEﬂﬁpﬂI}ﬂBﬂTEﬂﬂ 110 c]mpmyﬂe
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x = k% (1+kp)snp _

10,5

100 4 S,

100

(1+ g)ﬂ = 0,066
4 150

rjae kp — ko>gduimeHT paciienieHusi 00MoToOK (AJ151 JBYX00MOTOUYHOT 0

TpaHcpopMmaTopa paBeH ()
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C OINPpOTHBJICHHC CHCTCMbI

S
=m0 5667
Spe 150

Ko>¢bduipeHT HecHHYCOH/JaJILHOCTH 10 YrIpoiieHHoi ¢popmy.ie (1.2)

k, =100-x, | 22225 91 ~100-0,067 \/ 0.955-0,6
Xe T X 0,067 + 0,066

CoruaacHo [1] aonycTumMbiii K03 ¢PHULIIEHT HEeCHHYCOUAAIBHOCTH I
HanpskeHUss 6 kB cocraBiasier §S%. Tak kak pacueTHbIH KoOY(pPHULIHEHT

00JIb11IE JOITYCTHMOI0, HEOOX0JMMA YCTAHOBKA (PIILTPYHOUIUX YCTPOHCTB.

—0,91=12%

CoriacHo [2] aAJsi BeHTWIbHBIX Mpeodpa3zoBaTesiell HEOOX0AUMO YUH-
ThIBaTh B pacuyerax ToJibko S, 7, 11, 13 rapMoHUKMN.

VroJj KOMMYTallid B paJaHax

(X, + X))  3(0,067 + 0,066)
m-sing 6-0,6

riae m— 4yuc/io ¢pas npeoopazoBaTei.

HanpsokeHus1 BbICHIHMX FapMOHHUK U K03G$¢HUIIHEeHThI N-HOH TapMOHHU-
YyeckoH cocraBiastomiei o (1.5) u (1.3)

V= =0,11pan

U, ZEUHHM s sing-sin(n - y), [kB] Ky :LIOO, [ %]
T-n X+t X U on
7
U, = 0 6 2.06 0,6-sin(5-0,11) =0,36xB ks :%100:6%
-5 0,067+ 0,066 6

035
U, =0 6097 6 6in7-010=035%B | kua,=—2100=58%
770,067 + 0,066 6

0,29

U]] — 6 6 0,067 0,6 * hll’l(l l * 0,1 1) — O,ZQKB k[_][] ]} — TIOO — 4,8%
n-11 0,067+ 0,066 0o

U13 — ° 6 0.067 0,6 -sin(13-0,11)=0,26xB kU{13; 257100:4,3%

113 0,067 + 0,066

1.2.  JlyroBele cTallellIaBIIIbLHBIE IIEUH

HckaxeHis IIITAOMICI'O TOKA M HAIIPAMXCHIIA IIPI paﬁmTe AYT'OBBIX CTad-
JIEIIAaBUIILHBEIX IIeUell BO3HUKAKOT 3a cUeT HEJINHENHOI XAPAaKTCPHCTIUIKIL AYI'M I1 24

,E[EI{YJEHTF_ID,EHHC:AH [ICTHHOTP TpElHC(prMEITDpa:, paGDTa}mmem IIPH

ANEKTROHHOW IOANUCHIO (1. YPOBEHb BEICHINX I'apMOHUK TO-
Ceptuchukar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu:| ' LWebayxoea TatbaHa AneKkcaHapoBHa < TIeuen CPaBHHTCIILHO HECBCJINK, OCO-

{ (KaMI1, I‘EHEpHp}’EMBIMH BEHTILVILHBEIMI
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npeoOpazoBaTenaMu. OJTHAKO ¢ HIMHU CJIEJIyE€T CUNTAThCS, Tak KaK MOIMHOCTL Y-
T'OBBIX TIEUEl IIOCTOSAHHO PacTeT.

Ha ocHOBaHNMHU 3KCIIEpUMEHTAILHEIX HCCIEA0BaHMII [2] MOJIydeHO COOTHO-
[IeHNEe JUIA OIIpEeJEIICHN MaKCHMAlIbHBIX 3HAUEHUI YPOBHEN OTJAEIILHBIX rapMO-
HIIK TOKa IIpU paboTe JYTOBLIX IIeYeil.

IT
In :—2 (18)
n
rae Iy — Tok medyHoro TpaHcopMaTopa B pacyeTHOM pekuMe (/15

pacdeTa MAKCHMAaJIbHBLIX 3HAYEHHH FapMOHHMK Ha/J0 OpaTh B pacyeT HOMH-
HAJILHBII TOK MNMe4YHOro tpaHcdgopmartopa); n=2, 3, 4, S5...— HoMep COOTBET-
CTBYHOLIEeH rapMOHHUKH. 113 COOTHOIIEHUSA BHIHO, UTO JOCTATOYHO B pacueTrax
YUUTHIBATH TOJIBKO 0 7-H rapMOHHKH, TAK KaK 0CTaJibHble TapMOHHUKH Ma-
JIbI.

s rpynnbl 0AHHAKOBBIX JYyTOBbIX CTAJIEIVIaBUJILHBIX IMeuyel

L, =L4N (1.9)
rae N — uunciio nedeil, oJHOBpeMEHHO padoOTalIIHX B pe:KHME pac-
IJIABJIECHU .
JLnst rpynmbI rneyen pa3sHOH MOLTHOCTH
N
In,r :In,max z}:sn,Ti SH,TITIE[K (1"10)
i
raie Sn,Ti — MOLIIHOCTh I-ro Me4YHOro TpaHchOpMATOPA; SnTmax —

HAH00JILINASA MOUIHOCTL TpaHcdopMaTopa B rpymnmne AyroBbix neueit; I, max -
TOK N-0il TrapMOHHUKH IMeYHOro tpaHcgopmMaTopa Haudo IbIIEeH MoIHOCTH; N
—o00I1€ee YHCJI0 padoTaINUX MeYeil.

)_—[HH OIIPCACIICHIIA ku B CGDTEETCTE}’IDH_[EE TOHUKE CCTU HEDGXD,I[HM'D

OIIPEJIENIUTL YPOBHU HAIIPSIKEHNS  OTAEJILHBIX apMOHUK, reHepupyeMuix J[CII.
DazHoe HalpsKEeHNE FapMOHUKHN B PACUETHON TOUKE IIUTArOIEN CETU HAXOJUTCH
13 BBIPaKEeHI

.
\/gl nU:
U, = 1 HOM (1.11)
Sk
rae I, —aelicTByromee 3HadeHne (pa3zHOTO TOKa N-O TapMOHHUKH, N — IIO-
pAAKOBEI HOMep rapMoHHIKH, Ugoy — HOMHUHAILHOE JIMHEHHOE HaIpsKEHIE B

pacyeTHOM TOUKe; Sk — MOIIHOCTE K3 B pacueTHOII TOUKE.

OOmuii k03(pPUITNEHT HECHHYCOUIAJILHOCTII B PacueTHOIl TOUKE IIPHU pa-
OO0Te JYyTOBBIX CTaJIeINIaBIIILHEIX Neuell, % ,

k.. — 100 (1.12)
NOKYMEHT NoanncAH
SNEKTPOHHOW NnoancCeio M
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 L v >
Bnapeneuy: LLieBGayxoea TatbaHa AnekcaHgpoeHa ~HIC OCHOBHOI HaCTOTHI B pvaETHDH
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IIpumep 2. J[71 qyroBoii cTajellaBIUILHOI €U paccUUTaTh Ko3dduiin-
€HTHI N-0I1 TApMOHMYECKOI COCTABRIISIONICHT HAPSKEHNI U KO3 PPUITHEHT HECUHY -
congarpHOocTH Ha muHax 110 xB.

110 xB
IcxoaHble naHHBbIE:
C: SE3,11ﬂ=2300 MBA
T2: S12=60 MBA: Unon=110 kB
T2
—
- e

Pemenne: CunraeM HOMHHAJbHbLIA TOK IME€YHOr 0 TpaHchopMaTopa

I = Sz 60 =0,31xA

V3U,  +/3:110
CoriacHo [2] B npaKTHYeCKHX pacueTax s AYroOBbIX CTAJCILIABHIIb-
HbIX MeYer YYUTHIBAKTCH FrAapMOHUKH €O 2-0M 110 7-10.
Toxn, HanpsizKeHUs1 BBICIHIUX FApMOHUK M K03 PULHEeHTbI N-0H rap-
MOHHYECKOH COCTABIAKIIEN HANPAKEHUA PpaccCUUTbIBaeM I10 ¢opMyiamM
(1.8), (1.11) u (1.3), rae n — HoMep rapMOHUKH

In — I_Tj? [EA],
2
I, = 0%1 =0,078kA I, = 0‘%1 =0,034xA 1, = 0%1 =0,019xA I = 0‘%1 =0,012xA |
-2 3 4- 5°
[, = 0’::1 = (0,006xA
7_
[IOKYMEHT MOAMNUCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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KosgpduumueHT HECHHYCOU/JAJIbHOCTH HANpsKeHus: Ha muHax 110 kB

n

z J1422 £0,932 + 0,72 + 0,557 + 0,49% + 0,38
k, = 100 =
U 110
CoraacHo [1] monycTuMbii K03 PHULIIHMEHT HECHHYCOUAAIBHOCTH I

HanpsxeHUus 110 kB cocraBisier 2% . Tak kKak pacuyeTHbIN KO3 PHULIMEHT He

NpPEBLINIAET AONYCTHMBII, YCTaHOBKAa (pHUJILTPYHOINHUX YCTPOHCTB HA IIHMHbI
110 kB He TpebyeTcH.

100=1,83%

1.3. CpapouHbI€ YCTAHOBKU

IIo croeMy BO3ACICTBIIO Ha HECHHYCOUJAJILHOCTH IINTAIOMIE CETH CBa-
pOUHBIE HArpy3KH MOXHO pa3AciINThb Ha JBE€ KaTErOpUHU. YCTaHOBKHI AYTOBOI U
KOHTAKTHOH 3JI€KTPOCBapKH IIEPEeMEHHOro TOKa, YCTaHOBKHU JIyTrOBOIl SIEKTPO-
CBapKH IIOCTOSIHHOI'O TOKa.

YCTaHOBKU JyT'OBOIl 3JIEKTPOCBApPKU MNEPEMEHHOI'0 TOKa BO3AeiiCTBYIOT Ha
[IITAIOMIYIO CETh aHaJOTMYHO JYTOBBIM CTaJICIUIaBIIILHBEIM II€UaM. BKmodeHHe
CBapOYHEIX MAaIIMH KOHTAKTHOI 3JIEKTPOCBAPKU IIPOM3BOJUTCS C MOMOMIIBIO UTHI-
TPOHHBIX IWIH THPHCTOPHBIX KIFOUEH, KOTOpBIE I INIaBHOT'O peryINpOBaHUS CBa-
POUHOIO TOKa CHaOXKaroTcda cucTeMaMu (pazoBOTO PEryJIHpOBaHUS YIJIa 3aKUra-
HIS, YTO NPUBOAUT K MCKaKE€HIFO TOKa BEICHINMU FapMOHHKAMH, YPOBEHL KOTO-
PBIX aHAJIOTHMYE€H YPOBHIO FapMOHUK JJII JJyTOBOII CBapKU IIEPEMEHHOr0 TOKA.

B olmem cinydae 11 €AMHIYHON YCTaHOBKH 3JIEKTPOCBAPKHI IIEPEMEHHOTO
TOKa TOKU FapMOHUK (PEKOMEH/Y€TCS YUHTHIBATEL TOJIBKO TPETHIO U IISITYIO rapMO-
HUKU |2]|) paBHEL:

[, =SpourBa VIIB/(n°Uy,) (1.13)
rAe S... — HOMHHaJIbHas MOIIHOCTL TpaHCopMaTopa;, Pe— kK03 huiu-

€HT 3arpy3ku, 1B — mpooKUTEeIbHOCTE BKIIFOUEHUS.

OnpejesieHNe TOKOB rapMOHHUK, r'eHEpHUPYEMbIX YCTAHOBKAMHU YT 0BOI
WIEKTPOCBAPKH IOCTOAHHOI0 TOKA, AHAJOTHYHO OIpeae/IeHHI0 TapMOHHUK
V11 BEHTH/IBHBIX Mpeodopa3oBaTesieil. Toxky rapMoOHHUK (PeKOMeHIYETCH YUH-
ThIBaTh TOJbKO 5, 7, 11, 13-10 rapMoHHMKH) eMHUYHOH YCTAHOBKH JyTrOBOM
IEKTPOCBAPKH IMOCTOSAHHOI0 TOKA onpe/aessiloTcs 1o ¢popmy.ie

[
__ T CB
[, =— (1.14)
n
rae Il — HOMHHAIBLHBII MNEPBUYHbIN TOK YCTAHOBKM.
"7 JOKYMEHT MOANCAH *BAPKH HE3aBHCHUMO OT peKHMa pa-

SMNEKTPOHHOW NOANUCHIO
CepTudukar: -12000002A633E3D113AD425FB50002000002A6

Bnapeneu: le6ayxoea TateaHa AnekcaHgpoeHa

DHHUK OIIpee/IAITCA corjacHo [2]
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(1.15)

rae Ini — Tok n-it rapMoHUKH i-i1 ycTaHoBKH; N — 00111ee uKcJI0 pado-
TALIUX YCTAHOBOK.

JIA oueHKH BJIHUAHUA CBAPOYHbIX HATPY30K HA CeTh IPEANpUATHA
onpeaeaseTcs ool ko3¢ uIeHT HeCHMHYCONJa/IbHOCTH 110 hopmy.ie, Yo,

(1.16)

\/glnnUme

Sk

rae U, = - HaMNpsiKeHHe N-H rapMoOHHUKH.

IIpumep 3. J{ns rpynmnel CBapOYHBIX YCTAaHOBOK IEPEMEHHOIO TOKa pac-
cUUTaTh KO3((PUIMEHTEI N-011 TApMOHIMYECKOI COCTARIISIFOIIEN HAIIPSKEHUS U KO-
3P PuIeHT HeCUHY conganpHocTU Ha muHax (0,4 kB.

0,4 xB
HcxoaHble JaHHLIE:
C: SR;,I],4=2 MBA
/ Cy CV: Suor=30 kBA; Unon=0,4 xB; 1I1B=60%; Bx=0,5;
N=6

Pemenne: CorsiacHo [2] B nmpakTHYeCKHX pacuyeTax s CBAPOYHBIX
YCTAHOBOK INEPEMEHHOI0 TOKA YYUTHIBAKTCA 3 U S rapMOHUKM.

Toxn BBICIIMX TAapMOHHUK AJIA TPYIIbl CBAPOYHLIX YCTAHOBOK pac-
cuuTbiBaeM 1o gopmyaam (1.13) u (1.15), rae n — HomMep rapMoOHHKH

— SHGMBCE "1 _3

-
n UHGM

|

n

I; = . 3050 40’6 =323A 1 = . 5050 40’6 —116A | L= \/ 6-3,237 =791A

[, =+/6-116> =284A

HanpstxkeHuss BbICUIUX TapMOHHK M KO3(PUUHEHTHI N-0H rapMoOHHYe-
CKOM COCTaBJIsOIIEH paccuuTbiBaeM 1o popmysaam (1.11) u (1.3)

S
- U
V30U o Ky = —"—100, [%]
NOKYMEHT NOANMUCAH
SNEKTPOHHOW NOAMUCHIO FIOM
Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6
Bnapgeneu: Lebayxoea TatbAHa AnexkcaHOopoBHa
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V3:7,91-107-3.0,4> 3,29-107°
Us = =329-10°kB | Ky = 100=0,82%
) 0,4
V3-2,84-107°-5.0,4° 1073
U, = —=1,97-10°kB k :1’97 10 100=0,5%
2 o) 0,4 ’

Kos¢duipeHT HecCHHYCOHIaJIbHOCTH HANps:KeHUsa Ha muHax 0,4 kB
>U; =
0,827 +0,5°
k,=-——100= J
U 0,4

HOM
CormaacHo [1] aonycTumMbiil Ko3¢p¢PHULIIHEHT HEeCHHYCOUAAIBHOCTH I
HanpsuxeHus 0,4 kB coctapasier 8%. Tak kak pacuyeTHbI K03 dUILIMEHT He
NpeBbLIIAET JA0NYCTHUMBII, YCTAHOBKA (PUILTPYHUIUX YCTPONMCTB HA HIMHbI
0,4 kB He TpedyeTcH.

100=2,4%

2. Pacuet ko3¢ duieHTa HeCUMMETP U1

IIpn pacuere Hanps:KeHHs] 0OpPaTHOH IOC/JIE€JOBATEJILHOCTH H KO3(-
(pyeHTa HECUMMETPHH OAHO(pa3HbIe HATPY3KM YYUTHIBAIOTCS BBeJeHHEM B
cXeMYy 3aMellleHHUA 32JaIIHX TOKOB 00paTHOM 1oc/ieJ0BaTeIbHOCTH.

Moay/ib ToKa 00paTHOMH IMoOCJIeJ0BATEIbHOCTH, MOTPE0/IAEMOro 0JHO-
(hazHbIMHU Harpyszkamu [4]
3

6UHGM

rjae Sap U Spe — 0AHO(paZHASA HATPY3KA COOTBETCTBEHHO MexAY (pazamMu
ab u bc.

Cxema 3aMellleHHsI CeTH JJIs1 HAX0KAeHUsI HANPSAKeHUsA 00paTHOII 1o-
caeaoBatesibHocTH Uz npuBegena Ha puc.2.1 [4].

I, V382 + (S, — 25, ) 2.1)

Puc. 2.1. Cxema 3amMelieHUsl CeTH /A1 oripede/ieHUs HANPsKeHUsA 00paTHOH
nocjaeaoBate;ibHocTH. Ha cxeme 0003HaueHo: I — Tok o0OpaTHOI Moc/1eJoBa-

JOKYMEHT MNoarnncAH .

SMEKTPOHHOM NMOAMACHIO D2 M b26 — MpoBoOAMMOCTH KOPOTKO-

Cepruchukar: - 112000002A633E30D113AD425FBS0002000002A6 |pEX(l)ﬂI}Hﬂﬁ ﬁﬂTﬂpEH KOHAEHCATOPOB
Bnapeneu; le6ayxoea TateaHa AnekcaHgpoeHa

' — TNMPOBOAUMOCTH OCTAJIBHON HA-
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I'pyY3kH IMOJACTAHIIHI, pﬂCCMﬂTpHBﬂEMDﬁ B RAYECTBC ﬂﬁﬂﬁlﬂEHHﬂﬁ; B OTHOCH-
TCJIbBHBIX €/1HHIIIAX

1

Y,y = _ =2-12,67
- 0,18+ 30,24
BoipamkeHUsi /i1 AKTHUBHBLIX H peaKTHBHBIX INPOBOAUMOCTEH HMEIOT
BH/I:
b,k = SqK ; bag = (Q’Jﬁ ; bog :2,638113 E2H — 2§H .
U;IGM UITICIM U;IGM UITICIM

Mﬂﬂyﬂb IHOJJTHOI'O COIIPOTHBJICHHA ﬂﬁpﬂTHﬂﬁ MocCJICA0BaTECJILHOCTH Z2x
CETH I10CJI€ BLINNIOJIHEHHHA HCEC/IOKWHBLIX HpEﬂﬁpﬂBﬂBﬂHHﬁ IHPpCACTAB/IACTCH Bbl-

pa:xeHuem [4]:
U;om (2.2)

Loy = > . >
J4S2 £ (S, +2,67S, —Q;)

Ha NMpHARCHHC O 6[) AaTHOH I10CJI €CA0BATEJIBHOCTH

U, =3,z (2.3)
KosddpuuueHT HECUMMeTpHUU
e, = UUE 100% (2.4)

HOM

IIpumep 4. /lna cxemMbl Ha PUCYHKeE OIpeaeJUuTh KO3 PUIHEeHT HeCHUM-
MeTPHH MPH MoJKJIYeHHH ogHodg a3HoI neun K ¢azam a u b.

{ I/ICXG,E[HLIE HaHHBIC:
T3 T4 M C:See150 MBA
Sah

T4: St4=1 MBA; Unon=06 KB; Ux,06=5,5%;
0.4 R APx+=10,5 kBT; APxx=1,9 kBT
N VD: Sup=10 MBA; cos ¢=0,8; m=6
l/{ M: Pnv=220 xBrT; cos ¢=0,9
VD v H: Snmp=1 MBA; Sah=5,5 MBA

AN
S

Pemenne: Tok o0paTHOI Moc/1eI0BATEJILHOCTH HAX0AUM 1o ¢opmyJie
(2.1)
E " E 7 7
[OKYMEYT TEMPYACAN JS 535007 +(5500—-2-0)" =530A

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapgeneu: lWeb3yxoea TaTbAHa AnekcaHapoBHa 3Ka COOTBETCTBEHHO MEKIAY [l)ﬂ:],ﬂMH
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CymmapHasi Harpy3ka Ha mMHaX 6 kB ¢ y4yeToM BeHTHJILHOIO BbI-
NPAMHUTEJIS

Su=Smp+Suarp+Sv—=10+1+0,22/0,9=11,24 M BA
rae Syp — MOLIHOCTh BEHTHJILHOIO rpeodpazoBateasi, MBA; Sgyarp —
MOLIHOCTH HAarpy3xu, MBA; Sy — moumiHocTs aBurarens, MBA.

Moayb conpoTHBJIEHHS 00 paTHOI M0C/IeJ0BATEILHOCTH 10 (2.2)

UI?ICIM 62
Z2x = 5 S > >
JASh+ (Ss + 2,678, —Qg)® 411,247 + (150 +2,67-1124-0)’

=0,20m

rjae Sks:6 — MOIITHOCTh KOPOTKOIO0 3aMbIKAHHUA CHCTEMbI Ha MIMHAX 6 KB,
MBA; Qs — MOIIHOCTbL KOHAEHCATOPHOI 0aTapeu (B JaHHOM CJIy4yae He yCTa-
HOBJI€HA, IIpuHUMaeM paBHou (), MBap.

HanpsekeHue odopaTHoii noc/jieoBaTeJbHOCTH 110 (2.3)

U, =+/31,2,5 =+/3-530-0,2=182,17B

KosdpduuueHr HecummeTpuu 1o (2.4)

£y = Y2 100% = 8217 1000 3%
6000

U

HOM
Jlns HanpskeHUust 6 kKB gonmycTruMbIi KO3 PpUIIHEHT HECUMMETPHH CO-
raacHo [1] cocraBisier 2% . Taxk kaxk pacueTHbIN KO pPULIMEHT HECUMMET-
pUH IpeBbINIaAeT JONYCTHMbI, HE00X0AMMAa YCTAHOBKA CHMMETPHPYHINHX
YCTPOHCTB.

3. BnmsHue xadecTBa 3I€KTPO3HEPTUU HA PabOTy 3JIEKTPONPUEMHUKORB

3.1. Pacuer AOIIOJIHHUTCIIBHBIX IIOTCPDb IIPH HCCHHYCOHMAAJIBHOCTIH HAIIPAXMKCHITA

HecuHycongaqibHOCTh HANPSKEHUA BJAHUAECT HA BCe€ BHUIAbI YJIEKTPO-
NpUEMHHUKOB. BbI3BaHO 3T0 He TOJbKO TeIUIOBbLIM  JOIOJHHUTEJIbHbIM
Harpesom JII ot Beicuiux rapmoHuk (BI') Toka, Ho 1 Tem, uTto BI' oOpa3yioT
COCTABJIAKOIIHE NpAMOI MnocjedoBaTeJbHocTH 1,4,71 T.1.), 00paTHOI II0-
cJj1e0BaTeJIbHOCTH (2, S, 8 1 T.4.) ¥ HYJIEBOH MOC/IeJ0BATEJIbHOCTH (rapMOHH-
KU KpaTHbIe TpeM). B 4acTHOCTH, TOKH HYJIEBOH IOC/JI€A0BATEIBHOCTH CO-
34aK0T JAOIMOJHUTE/IbHOE NMOAMArHHYHBAHHE CTAJH B YIEKTPUUYECKHUX MallH-
HAX, YTO NMPHBOJAUT K YXYIIIEHHI XapaKTepUCTHK 3TUX DIl m gomoaHM-

NOKYMEHT NOANMUCAH ( ypbl AJl, MarHUTONPOBO/IbI TPAHC-
ANEKTPOHHOM MOAMNMUCHIO
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: le6ayxoea TateaHa AnekcaHgpoeHa
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Oo0bruHo BI' HanpsuixeHHsi, CYMMHPYSICbh C OCHOBHOH rapMOHHKOI,

CIOCOOCTBYHOT MOBLINIEHHIO JeHCTBYHOIEr0 3HAYEHHUS HAMNpsKEeHUS Ha 3a-
skumax 11

Boicinye rapMOHHKH HANPAKEHUA H TOKA HEOJIATONIPUATHO BJIUSIOT
HA JJIEKTPo00OpYyJ0BaHHE, CUCTEMbI ABTOMATHKH, pPeJIeHHON 3alllUThI, Te-
JIEMEeXaHUKH U CBA3U: MOSABJIAKTCA JOIMOJHUTEIbHbIE MMOTEPH B AIEKTPHU-
YeCKHX MalIMHaX, TpaHchopMaTOopax M CeTAX, YXYAIHAKTCA YCJI0BHS pado-
Thl 0aTapeil koHaeHcaTopoB (BK), cokpanjaercsi cpok cJay:KObI H30JIALIHHI
IEKTPHUYECKHX MAIIIMH U aNMapaToB, BO3pacTaeT aBapUHHOCTL B Kadellb-
HBIX CETHAX, YXYALUIAeTCA KAa4eCTBO padoThl, a HHOIJa MOSABJIAKTCSI cOOH B
padoTe cucTEM peJieifHOM 3aIUThI, ABTOMATHKH, TeJIeMeXaHUKH U CBS3M.

Beicuine rapMoOHHMKH HAMNpsKeHUs U TOKA BJIUMAKT TaKiKe HA 3Haue-
HUA Ko3(pduuueHTa MOUIHOCTH, Bpalllalollero MOMeEHTa JJIeKTpPOoABUIaTe-
Jel. OJHAKO0 CHHKEHHEe HTHUX XapaKTepUCTHK, Aazke NpH KodpduiHeHTe
HCcKaxkeHUsA popmbl KpuBoH HanpsukeHUus 10—135 %, oxa3zbiBaeTcs BecbMa
He0O0/ILIIMM. Y pOBeHb A0MOJIHUTEJbHBIX AKTHBHBLIX Motepb oT BI' B oc-
HOBHBIX CeTSX IEeKTPHUYECKHUX CHCTEM COCTABJIsAieT HECKOJbKO IPOLIEHTOB
OT MOoTepb MNPH CHHYCOMAAJbLHOM HAMNpsuKeHUHU. B ceTsaAX npeanpusatuid,
KPYIHbIX NMPOMBIULIEHHbLIX LIEHTPOB, a TaKiKe CeTAX IeKTpUPHULIHUPOBaAH-
HOI'0 KeJIe3HOJAOPOKHOI0 TPAHCIIOPTAa TH MOTEPH MOryT gocturarb 10—15
% .

Bo MHorux ciaydasix B 3IeKTPHUYECKHUX CeTAX pa3jIHYHbLIX HAIpsuKe-
HUil ¢ HcTOYHHKAaMH rapMoHuk Kb, nmo cymecTBy, He padoTaloT: oHH WIH
OTKJIIUYAKTCA BCJIeACTBUHE Meperpy3KH 1o TOKY, WIH B KOPOTKHIl CPOK BbI-
XOAAT U3 CTPOA B pe3yJjbTaTe BCIIYUHBAHHMSA, a UHOrAa M paspylueHus. B
YCJI0BUAX NMPOMBIIJIEHHBIX MpeJNpUATHI 0aTapel KOHIAEHCATOPOB CII0CO0-
CTBYHT CO3AaHHI0 YCJIOBHH pe30HaHCA TOKOB (WJIH OJIM3KHX K 3TOMY pe-
"KHUMY) Ha 4acTOTe KaKOH-I1M00 N3 rapMOHHMK, UTO NPHUBOJIUT K OIACHOM Ie-
perpys3ke HX 10 TOKY. B TAroBbIX H NpOMbIILIEHHbLIX WIEKTPOCETSIX C IIpe-
oOpa3zoBaTe/IAMH TaKHe Ieperpy3km 3a(HKCHPOBAHBbLI IPH pPe30HAHCE HAa
rapmMoHukax 40—>50-ro nopsgka, B ceTAX € 3JIeKTPOAYTOBLIMH IeYaMH H
CBAPOYHBLIMH YCTAHOBKAMH - HA TapMOHUKaX 3—7-ro nopsajaka.

Oco0eHHO YyBCTBHTEbHBI K NosaBJaeHUI0 BI' koHaeHcaTopHbIe 0aTa-
peu M Kadein. B koHAeHcaToOpax NMOTEPH MPONMOPLHOHAJIbHbI YaCTOTE

AP = UijtgrS. Bl npuBoAAT K JOMOJIHUTEJIbHOMY HAr peBY KOHJIEHCATOPOB

U OBICTPOMY BBLIX0AY HUX H3 cTposi. OrpaHHYeHHE MO JOMOJIHHUTEILHOMY
Harpery Kb 3agaHbl gonmycTHMbLIM yBe/JIMY€HUEM [JeHCTBYIOLIEro Ha €ro
3azkuMaxX HanpsikeHUs 10 10 % o1 Ugom U JeiCTBYIOLLET 0 3HAYEHUS TOKA 10
30% ot luom.
Kpome Toro, ypeinueHre Ky npuBoJUT K CTapeHHI0 H30JISALIUH, KaYe-
T2a0o1a Kb ¢ ky=5% B TeueHue AByX
3a.

AOKYMEHT MoAarimcCAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: = 12000002A633E3D113AD425FBS0002000002A6
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AHAJIOTHYHO BocnpuUM4YHBLI K BI' U Kabden, kauecTBO JUAIEKTPH-
KA KOTOPbLIX Xapaktepusyercsi TokoM yreuku. IIpu ky=6,85% 3a 2,5 roga
TOK YTe4KH Bo3pacTaeT Ha 36 %o, a uepes 3,5 roga - Ha 43 %e.

IIp HecuHycomJaJIbHOM HAMNps:KEeHHH HAOJIIOJaeTCA YCKOpPEHHOe
cTapeHHe H30JIALHHN YIeKTPHUYEeCKUX MAalIHH, TPaHC(POpMaTOpOB, KOHIAEHCA-
TOpPOB U Ka0eJ/ieil B pe3yjibTaTe HE0OOpaTUMBIX (PH3HKO-XHMHUYECKHX MPOLIeC-
COB, MpPOTEKAWINUX @10 BO3JeHCTBHeM I10JieH, co3aaBaeMbIX Bl Toka, a
TAaK/Ke MOBbLIILIEHHOI 0 HATPpeBa TOKOBEAYIIHUX YacCTeH.

JInsi olleHKH JOMOJIHUTEJIbHBIX MOTEPh MOIIHOCTH, 00YCJ/I0BJIEHHBIX
BI' Toka MoryT ObITh HCHO0JIb30BaHbI cjeayoIinue ¢popmy.inl [3]:

AJIH ACHHXPOHHbBIX JABHI'AT eJIeH:

7 2 ].
AP M.1 — Z&PM,HDMKI 2 U(n) ‘\/_ (3'1)
n+vn
rne APy poy — MOTEPH B MeIM CTaTopa NpH HOMHHAJILHOM TOKe OC-
HOBHOI 4YacToTbl; Ki — KpaTHOCTH IyCKOBOIro TOKAa NpPH HOMHHAJILHOM
HanpsukeHnH ocHoBHOM YacToThl; Ky =Uw/Unenw — 0THOCHTEILHOE HaMpsi-
AMeHHe N-I rapMOHHUKH.
OJIA CHHXPOHHbIX MAIIIUH:
.,
AP, — "«*2(1-2 _rCT} P - Ku(n}
P Rg xj HOM ’\/*
X 4% n=2 I1v1l (3.2)
rje ra, X2 — aKTHUBHO€ U pPeaKTHBHOE COINPOTHBIEHHE 00paTHOM II0-
ciaeaoBarTeJibHOCTH cratopa CM; rer — aKTHBHOE€ CONPOTHUBJ/IEHHE CTATOpA;
Rx K03¢ pureHT, paBHbid 0,71 1 ABHOMOJKCHbLIX MamuH U (0,88 —
151 HEeSABHOII0JIF0 CHBIX.
B cratope CM:
.
AP p = K Py S 2
ct — DNert HOM In
n=2 N0vV1 3.3)
rne K., = Iy 2p K03 ¢ULIHEHT, YUYUTHIBAKINHMI MOTEPH B MeaH 00-

HOM
MOTKH OT TOKa OCHOBHOH HaCTOTbI, 4 TARKIKE FﬂyGHHy IIPOHHKHOBCHHSA TOKA

B IIPOBOJHHKS

IJIS1 CWIOBBIX TpaHCGhOpMaTOpOB:
1

2 AP, HOM 2
&PT,H — &Pﬂ Zk[-_](n} T 056 = Z

Uin) \/_ (3'4)
Uk.% nvn
P NOKYMEHT MOAMUCAH yopMartopa.
INEKTPOHHOW NOAMMACHIO
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: leBayxoea TateaHa AnekcaHgpoBHa
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40
~ 2
AP = Cotgd > U n,
n=2 3.5)
rae tg5 — TaHreHc yrJa JUIJIEKTPHYECKHX IoTepb KoHAeHcaTtopa; Un —
AeHCTBYHKOLIIee 3HAYEeHHe HaNIp sizkeHUs n-1 Bl

HJIH JIMHHH ACKTPOIICpCaAaAU.
40
AP =3%"T:1K

n=2

m ?*

3.2. Bmuaune Hec HNMMCTPIHH HAIIPAMKCHITA

IIpn HecuMMeTpHUH B TpeXdazHbIX cCeTsIX MOSABIAAHTCA JOMOJTHUTEIb-
HbI€ MOTEPH B AJIEMEHTAX JIeKTpPoCeTel, COKPALIAEeTCA CPOK CIYKObI JIaMII H
1eKTPOOOOPYJOBAHUSA H CHHKAKTCSH YKOHOMHYECKHE MOKA3aTeJIH ero pado-
ThI.

IIpn HecMMMeTpHHM HAMNPSLKEHUI B 3JIeKTPUYEeCKHX MAINHHAX IIepe-
MEHHOI0 TOKA BO3ZHHKAKT MATHUTHbIE I10JIsl, BpalllalouiHecsi He TOJbKO C
CMHXPOHHOI1 CKOPOCTHIH B HANIPABJI€HHUH BpallleHHsI pOoTOpa, HO M B MPOTHUBO-
MOJIOKHOM C YIBO€HHOI CHHXPOHHOH ckopocThbio. B pesyibTaTe BO3HUKAET
TOPMO3HOI 3JIEKTPOMATHUTHBINT MOMEHT, a TaKiKe J0IMOJTHHUTE/IbLHbII HArpeB
AKTUBHBIX YacTeil MalllMHbI, IJIABHLIM 00pa3oM, poTopa 3a cueT TOKOB JABOII-
HOH YacTOThI.

T ok 12 o0paTHoil mocegoBaTeIbHOCTH [4]

3
6U

HOM

I, V382 + (S, —2S,.)° (3.6)

rae Sap 1 Spe — 0AHO(pa3HA S HATPY3KA COOTBETCTBEHHO Mexkay ¢azamu ab u be.

ITOT TOK CO3JaeT Bpaulawlilieecsi MAarHUTHOe€ IoJie 00paTHO MocJ1e10-
BaTeJIbHOCTH, HHAYLUHPYS B Lenax poropoB J/1C u Toxku ABOMHONH YacTOThI,
YTO NMPUBOAUT K JOIOJHHUTEJIbHOMY HATPEBY MalllUHbL

B AJl npu ko3¢ ¢puiineHTaX 00paTHOI MOC/1€J0BATE/ILHOCTH HAMPSIKe-
HUsl, BcTpedarwmuxcsa Ha npaxktuke (Kxp < 0,05—0,06), cHizkeHMe Bpalialo-
IIEr0 MOMEHTA OKA3bIBAETCA MPeHEOpeKUMO MAJIbIM. BiinsiHHe HecUMMeET pHH
HA TOTEpPH B NIEKTpPoABHUrarTesje H, CJeJ0BaTeJIbHO, HATPEB M COKpalleHHe
CPOKa CJOY:KObI H30JISILIMH €ro MposiBJIAKTCS B 0oJiblleil Mepe. B ies1oM cpok
cay:kob1 A/l npu K- 2—4 % coxpamaercsa Ha 11 % [3].

IIpn padoTe 31eKTpoABHUraTesIsi ¢ HOMHHAJIbHBIM BpallaIMMCS MO-
MeHTOM U Ko>¢duumeHToM HecUMMeTpUH HamnpsuxkeHuil Koy = 4 %, cpok
CJIYZKObI €ro CoOKpalaeTcs MpUMEPHO B 2 pa3a TOJILKO 32 CUET JOIMOJHUTE/b-

FOTO AT O RSy MEHT TIOARMGAR ~TTTT 1T 070N 13 ¢a3 OyaeT 3HAUNTEILHO Mpe-
INEKTPOHHOW NMOAMNCHIO I[eHHe CPOKa CAYKObI H30JIALMH 0Y-

CepTuckar: 12000002A633E3D113AD425FB50002000002A6 .
BEnapeneu: Lebayxopa TaTeAHa AnekcaHpgpoBHa 1aJIbHBIX yCﬂﬂBHH pﬂﬁﬂThl Q'HEHTPU'
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HX, a IPH MPOEKTHPOBAHHHU — YBeJIHYHBATH HOMHHAJIbHYI MOUIHOCTDb JJIeK-
TpoJABHraTeJsieil, eCJii He NpeayCMAaTPHUBAKTCA clelHAJIbHbIE MepPONPUSTHA
0 CHMMETPUPOBAHHIO HATIPSAKEHHI CETH. DTH 00CTOSTE/ILCTBA BO3ZHHKAIOT,
HAMIpUMep, NMPH MNPOEKTHPOBAHUH JJI€KTPUH(PHULIMPOBAHHOI 0 KeJI€3HO0POIK-
HOI'0 TPAaHCIOPTAa, HA TOPHO-000raTHTEJIbHBLIX H HEKOTOPBIX [APYrux Ipo-
MbIILJIEHHbIX IpeJIpUATHAX.

Jlna pacyera JOMOHHUTE/NbHBLIX IOTE€Pb, BbI3BAHHBLIX HeCHUMMeETpHeH Ha-
npsexeHusi Ha BBoJgax AJl MoxkeT ObITH HCIOJIL30BAHO CJleAyHolllee BbIpasKe-
Hue [4]:

ﬂPAﬂ — 254 IAPM]HDMK[E-U (3.7)

rae APminom — HoTepu B MeaAM CTATOPAa NMPH HOMHHAJBLHOM TOKE OCHOBHOI
yacToThl; Ki — KpaTHOCTH IYCKOBOI0 TOKAa NMPH HOMHHAJILHOM HANps:KeHUH
OCHOBHOH 4acCTOThI; €U — K03 PpuHeHT HeCUMMeT PHUH HATIPAKEHHUA B OTH. €/l

I1Ipn HecuMMeTpHH HAMNpPsSEZKEeHUH B CHHXPOHHBLIX MamuHax (CM)
HAPAAY ¢ BOBHUKHOBEHHEM JI0TIOJTHUTEJIbHBIX MOTEPb U HATPEBOM CTAaTOpa U
poTOopa MOryT BO3HHKATH OINACHbIe BUOpaLlUHU B pe3yJibTaTe MOSABJI€HUA 3HA-
KOIePEMEHHBIX BPAIAKINNX MOMEHTOB H TAHI €CHUIUAJIbHBIX CHJI, MYJAbCHPY-
IOUIUX ¢ ABOHHONI 4YacToToil ceTH. 1Ipu 3HauUNTEILHOII HECUMMETPHH BHOpa-
NS MOKET 0Ka3aThCA OMACHOI, B 0CO0EHHOCTH MPH HEJOCTATOYHOIH IMPOYHO-
CTH WIH HAJUYMM e eKTOB CBApPHBLIX coeauHeHUi. 1Ipu HecuMmeTpuH TO-
KOB, He rnpeBblinawiiei 30 % omnacHble nepeHarpsizKeHUs1 B 3J1eMEHTAX KOH-
CTPYKLMII, KaK NpaBIJjIo, He Bo3HUKAKT. CHIDKeHHe cpoka cay:xkob1 C/1 npu
Kzu =2 — 4 % cocTaBiasier 16 % [3].

JlormostHUTEIbHBIE MTOTEepH MOoIHOCTH B CM npu HeCUMMeTPHYHOHN Ha-
rpy3Ke BbI3BIBAKT IOSIBJI€EHHE MECTHBIX (JIOKAJIbHBIX) HATPEBOB OOMOTKH
BO30Y:KJI€HHs, UTO MPUBOJUT K HEOOXOAUMOCTH CHHZKATh TOK BO30Yy:KA€HHUA H
T€M caMbIM YMEHbUIATH 3HAY€HHE PEaAKTHBHON MOIIHOCTH, BbIJaBaeMoOl B
ceTb. IIpu 3TOM MOKeT BOBHUKHYTHL HE00X0AHUMOCTh CHH3UTh AKTHBHYH Ha-
rPY3Ky reHeparopa WIH MOMEHT Ha BaJly CHHXPOHHOro ABurartes. Jlormo.Ji-
HUTeJIbHbIe nMoTepu B crtatope CM 3HauyuTeJlbHO MeHbIIe AHAJOTHYHBIX
MoTeEpPbL B 00MOTKe pOoTOpa, M03TOMY HMH 00bLIYHO NMpeHeOperawT

U3
APy = AP pyou—5—>
2cM (3.8)
rae AP pon = 3112{:3M1'21:- — aonoJHuTeIbHbIe mortepu B CM mnipu Toke 00-

paTHOM IMOC/1€J0BaATEeJIbHOCTH, PABHOM HOMHHAJIBHOMY; I'2p — AaKTHBHOE CO-
NpPOTHBJ/IEHHE O00pPAaTHOH I0C/IeJ0BaTEJIbHOCTH 00MOTKH poTopa; Zocm -

M0JIHOE COMPOTHRJIeHHE 00paTHOI MocjaegoBarteabHocTH CM.

AOKYMEHT NoarnncAH
ANEKTPOHHOM NOAMUCKIO YRA3bIBA€T 3aMCTHOI'O B/J/IMHAHHHA HA

CepridpnkaT;  12000002A633E3D 113AD425FB50002000002A6 1i1l, B TO :Ke BpeMs HarpeB TpaHcC-
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3aThCA CylleCTBEeHHbIMH. B ciiyyae HecuMMeTpHUH TOKOB TpaHcpopMaTopa
HAIrpeB MacJja OyJdeT HeCKOJILKO MeHbllle, YeM B C/Jy4Yae CHMMETPHYHOI
HATPY3KH NpH TOoke (a3, paBHOM TOKY HauOoJiee 3arpy:keHHoH ¢a3bl. DTo
00BbsSICHAETCA 00Jlee HHTEHCHUBHBIM OXJIa:KA€eHHEM 00MOTKM 3ToH ¢a3bl. Ta-
KHe YCJIOBHS UMeT MecTo B ceTaX 6—10—35 kB npoMblLIeHHBIX MIpe-
NPpUATHI, padoTAINHUX ¢ H30JHPOBAHHON WJIH KOMIIEHCHPOBAHHOM HEeNTpa-
Jb1. PacyeTbl NOKa3bIBAKT, UTO INMPH HOMHHAJBLHON Harpyske TpaHcdop-
MaTopa U K03 (pHLIMeHTe HeCUMMETPHH TOKOB paBHOM 10 % cpok ci1y:KObI
H30JISLHUU TpaHchopMaTopa cokpainaercsa Ha 16 Y.

Jlomo/IHUTEIbHBIE TOTEPH B CHIOBBLIX TpaHchopMaTopax MOKHO
OLIEHUTH 110 hopMy.ie

AP ),
k2 o2 (3.9)

AP... =| AP_ +

T.HC
Uy, %

rae A Pxx, AP k3, UK — pacyeTHbIe JaHHbIE TpaHcdopMaTopa.

Cpok cayxob1 TpanchopmartopoB npu K,, = 2—4 % cokpamaerca Ha 4
%[3]-.
IIpn HecuMMeTpHUHM JIMHEHHBIX HAIPsSZKEHUH peaKTHUBHAS MOIII-

HOCTb, I'CHCpHpPpYCMaH ﬁﬂTﬂpEEﬁ KOHIACHCATOpPOB, N3MCHHCTCH II0 CpAaBHC-
HHIO ¢ HOMHHAJIBHBIM 3HAYUCHHEM Q HOM Ha BCJIHMYITHY

2 2 2

7 7
AQ ~Q H(]M_U](I_I_EU)_Q HoM — Y
HOM ~— YHOM 2 T CHOM T yy) = (3.10)
HOM HOM
raie U, — JiMHellHOe HamNpsizKeHHe NMPAMOIH 1ocjaeJ0BaTe ibHOCTH; Upom — HO-

MHHAJIbHO€E HAMPpsKeHHe DaTaped KOHAEHCATOop OB.

IIpu Ky = 0,05—0,06 znauenue AQ = (0,01—0,04)Q ..., - Ilockoabky
HA NpaKTHKe HanpsuxeHue U; Mo:keT ObITh 00JIbIe WJIH MeHbIIIE HATIPSAKe-
HUA Unom, TO BO3MOKHO KAK YBeJIHY€HHE, TAK M YMEHbIIIeHHE TeHepHupye-
MOl peaKTHBHOIl MoumIHOCTH. B mocJjiegHeM cjiydyae B HaHOoJiee 3arpy:KeH-

HOI Cl)ﬂSE JHAYCHHH TCILIOBBIX INMOTEPbL MOI'YT 3HAYUHUTC/IBHO INMPEBOCXOAHNTDb
HOMHHAJIBHO€ 3HA4YCHHE, CO3daBasd MeCTHBIH Ieperpes H30J111HNH, IPHBO-

ASIIHA K COKPallleHHI0 CPOKa ee cIyK0bI Ha 20 % [3]

APyg = QuomtgEy, (3.11)

rae QHoM — HOMHMHAJIbLHAS MOUIHOCTh KoHAeHcaTopHoil 0aTapeu (Kb); tgo

— TAHIeHC YIJa JUNIEKTPHYECKHUX MOTEPb;, €U — OTHOCHUTEJbHOE 3HAUYEHUE
Ko3¢dHULIHEeHTa HECUMMETPHH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: le6ayxoea TateaHa AnekcaHgpoeHa
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HecuMMeTpun HanpszKeHUNH M TOKOB OTPHULIATE/JbLHO BJIMAET HA pa-
00Ty pyJHO-TepMHUYECKHX Ieudeil, BbI3bIBAafA CHH2KeHHE HX MPOH3BOAMTEIb-
HOCTH, YBeJIMUE€HHE Pacxo/Ja IeKTPOIHEPruu U, TeM CaMbIM, YMEHbIIIeHHE
KIIZI mneuud. YXyauieHHe OCHOBHBIX TIIOKa3aTesjleil padoTbl PpydaHO-
TepMHUYECKHUX Ieueil IMocjie HEKOTOPbLIX IPaAaHUYHLIX 3HAYEHUH HeCUMMET-
pUH, Korga HaOJI/IaeTcs pe3koe najgeHue npoussoauteabHocTy U K11 ne-
YU MPH pPe3KOM BO3pacTaHHHU pacxoa dieKTpo3Hepruu. IlocieagHee o0bsAC-
HAETCS BO3HHKHOBEHHEM 30H AKTHBHOIO U IACCUBHOIO X0Ja peaKUUH H,
TeM CaMbIM, HEPABHOMEPHOCTBLI pacripejeieHHs1 YHEPTrUHU M0 00bLeMy BaH-
HbI TIeYd. YBeJIHUeHHe HANPAKeHUs 00paTHOH roc/jieJoBaTeJibHOCTH Ha 20
% NpUBOANT K CHUKEHHUIO NMPOU3BOAUTEJIbHOCTH PYAHO-TEPMHUYECKHUX MeYeH
Ha 30—40 % [ 3].

1Ipu nosBiieHuu B 3-pazHon cetu 380 B HanpszkeHUs1 HYJ1€eBOH I10CJ1€-
A0BATEJbHOCTH YXYAWIAKTCHA pe:xuMbl oaHOG¢a3HbIX J1I. Toxkn Hy1eBoHn Mno-
CJIEJ0BATEJIbHOCTH IOCTOSAHHO IIPOTEKAKT 4Yepe3 3a3eMJIUTEJH U 3HAUYU-
TeJbHO BBICYIIMBAKT TIPYHT, YBEeJIUYHBAsA COMPOTHUBJIEHHE 3a3eMJISIOIIHX
YCTPOMCTB. D TO MOKeT ObITh HEJOIMYCTUMO JISI padoThI peJieHHOH 3alIUThbI,
H3-32 YCHUJIEHHUS BO3JAeHCTBHS TOKOB HYJIEBOH IMOC/JI€J0BATEIbHOCTH HA HU3-
KOYACTOTHbIE YCTAHOBKH CBA3H, YCTPOICTBA KeJI€3HOJ0POKHBIX 0JIOKHPO-
BOK. IIpu nosiBlieHHH TOKOB 00paTHO M HYJIEBOH M0CJ€J0BATEJILHOCTH YBe-
JIMMUBAKTCS CYMMapHble TOKH B 0TJAeJ/IbHBIX (pa3ax ceTH.

3.3. Pacuer cHmkeHNs cpoKa CIIyKOBI 3IIeKTp00OOPY JOBaHUS IIPU HECUHY COU-
IAJIbHOCTU 1 HECUMMETPUN HaIIPsDKEHU

IIpu padorte 31eKTpP0o00OPYAOBAHUA B HOMHHAJIbLHOM pesKHME 10I10.1-
HUTeJIbHbIE TMOTEePH OT TOKOB BbLICIHMX FAPMOHHUK W HECUMMETPHUH HAIIP A-
KEHUS TPUHBOJAT K IeperpeBy TOKOBeAYIIHX 4YacTell BbIlIe JOITYCTHUMOI
TeMnepatypbl. K noBbillieHUI0 TeMIlepaTypbl BeCbMa YYBCTBUTEJAbHA H30-
JISILMS 00MOTOK, CPOK CJIYKObI KOTOPOI CHHIKAETCH.

CoriacHo [4] npupocT TeMriepatypbl 0T TOKOB BbICIIHUX FAPMOHHUK H
TOKOB 00paTHOM M0C/1€J0BATEIbHOCTH

AP+ AP .
HOpPM AP

HOM

rie Tuopm — PaOOUasi TeMIlepaTypa 3JeKTPOO0OpPYI0BaHUS 0e3 BO3aelicTBUA
TOKOB BbICIIHX FAPMOHHK H TOKOB 00paTHOH nocjegoBatebHOCcTH, "C, AP, 1
APuc — IOIOJIHUTEJIbHBIE MOTEPH COOTBETCTBEHHO OT TOKOB BBICIIHX I'apMoO-
HUK U HECUMMETPHUH HANPAKEHU .

andhdhormionr cummpona enarea oy;R0bI JIEKTPO00OPYAOBAHHUS T10/

AOKYMEHT NOAriCAH

ANEKTPOHHO NOANMUCHIO 1 HeCUMMeETPHUH HanpsixkeHus [4]
Ceptucukar: 12000002A633E3D113AD425FB50002000002A6
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(3.12)

AT=T
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CHHKeHHe cpoKa CJIY:KObI 3JIEKTP0O000OpPYA0BaHUA IO BO3delicTBHEM

TOKOB BBICHINX FAPMOHHK M TOKOB 00paTHOI Moc.ie10BaTeJIbHOCTH [4]

At =t At (3.14)

HOPM
Pt

rae tuopm — HOPMAJIbHbIN CPOK CJIY:KOBI 000pyI0BaHMA, JIET.

IIpumep 5. /st cxembl U3 npuMepa 4 paccuuTaTh JOINOJHUTEAbHbIE
MOTEPH OT TOKOB BBICIHHUX FAPMOHMK M HECUMMETPHHU HANPSKEHUA B aCHH-
XpOHHOM /IBMraresjie U LexoBoM TpaHchopmatope T4, a TakiKe CHHKEHHE
CPOKa CAY:AKObl H3-3a MeperpeBa TOKaAMH BBLICIIHX FAapMOHHUK U TOKaMH 00-
paTHON noc.iefoBaTebHOCTH. HopMalibHBII cpoK ciay:k0bI NpuHATL 20 J1eT.
Paboouas temnepatypa 75°C.

Pemenue:

a) Cuumaem 00noOTHUMENbHbIE NOMEPU U CHUMNCEHUE CPOKA CLYHCObL
0J151 ACUHXPOHHO20 08U2ameiisl.

HovyHaabLbHBIN TOK ABUraTeJ s

| = =t 022 = 0,024k A

e ﬁUHGMCGS(p J3.6-09

AKTHBHOe COIIPOTHBJICHHC 00MOTKH craTopa

: 6°-0,9
R = Ky Uson = 1,2 = 6,80M

KPS,y 517 0,22
HUMHHHHLHLIE HﬂTEpH MOIIIHOCTH
AP — 312 —3.24%.68-107° =11,74xBT

M.HOM HDM
Jlonmo/IHUTEIbHbIE TIOTEPH OT TOKOB BbICIHIUX FAPMOHHUK CYUTAEM I10
dopmyie (3.1)

AP, =2AP, K>

M. HGM

5 1
U(n)
n+/n
rae Kum — ko3¢ dpuumueHTbI N-HOM rapMOHHYECKOH COCTABJISIONIEN HaMpsKe-

HUsl, B3ATble B OTHOCHUTE/IbHBLIX eJUHHNLAX. B 1aHHOM ciydyae 3HaueHHS Bbl-
onpaem nu3 npuMepa 1.

21174512 0,067 ——+0,0582 —— +0,048? — — +0,043> —

545 77 11/11 13413
—0,37xBT

Jlonmo/iHUTE/ILHBIE TIOTEPH OT TOKOB 00OpPaTHOH II0CJA€A0BATEJIbHOCTH
Npyu HeCUMMETPHUH HAIIPSLKEeHUA cuuTaeM 1o (3.7)

HOKYMEHT romrea s =241 11,74-5,17- 0,037 = 0,66xBT

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FBS0002000002A6

BEnapenel; lllebsyxoea TatesaHa AnekcaHgpoeHa

MpsKeHUs Ha UMHaX 6 kB u3 npu-
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IIpupoct TemMnepatypbl 0T TOKOB BBICHIHX F'AaPMOHHK H TOKOB 00paT-
HOM I10C/IeA0BATEJbHOCTH 10 (3.12)

APM I —|_ APM HC 5 7 5
p— me 750371066 ¢ sgo
AP 11,74

M.HOM

AT=T1

rJde Tuopm — pPabouasi TeMrepaTypa ABUraTesisi 0e3 Bo3AeiICTBHA TOKOB
BBICIIIHMX TAPMOHHK U TOKOB 00paTHOMH nocjegoBatejbHocTH, "C.

Ko>¢duipeHT cHHZKEHHs CPOKa CJIY:KO0bl ABUraTeis Mo BO3delCTBH-
€M TOKOB BBICIHIHNX TAPpMOHHUK H TOKOB 00OpaTHOHN IMOC/I€JA0BATEJILHOCTH I10

3.13)

At (0,086AT)° (0,086 6,58)>

o 0,086AT +

CHMmKeHHe CpOKa C.J'[y?]{ﬁbl ABHI'aTEJIH 1101 BUB,E[EFICTEHEM TOKOB BbLIC-

INUX FAPMOHHK U TOKOB 00paTHOMH MocJjieAoBaTeIbHOCTH 110 (3.14)

At =t g =20-0,73=14,6ro1a

H M
PN ¢

—0,086- 6,58 + = 0,73

0) Cuumaem 00noJHUMENbHbIE NOMEPU U CHUNCEHUE CPOKA CIYHCObl
0711 yexo6020 mpancgopmamopa T4.
HoMunHaJ/IbHBIN TOK TpaHcopMaTopa

L Sp 1
T4 HoM ﬁUHGM \/g . 6

AKTHBHO€E CONPOTHBJIEHHEe TPpaHcpopMaTopa
7 2
AP U _ 0,0105- 67
S kom 1*
rae APg: — morepy MOIIHOCTH KOPOTKOI0 3aMbIKaHHUA TpaHcGopMaTo-
pa, MBT.
HomuHaJ/ibHbIe MoTepy MOUIHOCTH

APy o =AP . + 315, .0 Ry =1,9+ 396 - 0,378 -107° =12,35xBT

T4 HoMm
rae APx — nmorepu MOIHOCTH X0J10CTOr 0 Xo0/1a TpaHcgopmartopa, KBT.
JlormoJIHUTe/IbHBbIE MOTEPH 0T TOKOB BbICIINX FrApMOHHK 110 (3.4)

—0,096xA

R, = = 0,3780Mm

2

AP HOM 2 1
&Pmm = AP, ku(n} +0,6 = z[ U(n) x/_]!
Nn+1

Uk %
raie Kkum — ko3¢g¢dpuIHeHTbI N-HONH TapMOHHYECKOH COCTaBJIsSIOIIEHN
HAIIPSKEHUs, B3ATbIE B OTHOCUTE/bHBIX ¢IUHHULIAX. B JaHHOM ciiyuyae 3Ha4e-
HUS BbIOUpaeM u3 npuMepa 1.

AP, =19-5(0,062 + 0,058 +0,0482 + 0,043 }+

12,35 [ o npn | , 1 , 1 ,
AW A 4 A AWAT € B ANAT S L | = < _
[OKYMEHT MOAMUCAH 1,048 T +0,043 303 —0,103xBT
SNEKTPOHHOW ANOAMACHKIO
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: le6ayxoea TateaHa AnekcaHgpoeHa
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Jlonmo/IHUTE/ILHBIE TIOTEPH OT TOKOB 0OpPaTHOH II0C/1€J0BATEIbHOCTH
no (3.9)

AP .
AP, .. =| AP_ + ThHoM o2 —| 1,9+ 12,35

0,03° = 0,2xBT
Uy o 0,055

IIpupoct TemnepaTypbl 0T TOKOB BbLICIHMX FAapPMOHHUK M TOKOB 00paT-
HOM I10C/IeA0BATEJIbHOCTH 10 (3.12)

AP, + AP
AT=1 T4.n T4.Hc —75 0,1 03+ 0,2

PR AP, 12,35

rJe Tuopm — Ppabouasi TemMriepatypa TpaHcpopmaTopa 0e3 BO3JeHCTBHA
TOKOB BBICIIHX FrApMOHHK H TOKOB 00paTHOI nocjaegoBaTtejabHocTH, °C.

=1,86°C

4 HoM

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Ko>¢duipeHT cHH:KeHHA CpoKa cIYy:K0bI TpaHcdopMaTopa IMoa BO3-
JeIICTBHEM TOKOB BBICHIMX FapMOHHK M TOKOB 00pPaTHOI MNOC/IeJ0BATEILHO-
ctu o (3.13)

% _ 0.086AT + (QUB6AT)”

CHM:KeHHe cpoKa CJIy:KO0bI TpaHcopMaTOpa Mo/ Bo3AeliCTBHEM TOKOB
BBICIIIMX FrAapMOHHMK U TOKOB 00paTHOI MocjieoBaTeibHOCTH 1o (3.14)

At=t At —=20-0,17=3,45ro1a

HOPM
PN ¢

(0,086-1,86)>

=0,086-1,80 + =0,17

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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3aJlaHIe Ha KOHTPOJIbHYIO paboTy

JLns1 3aJaHHOM CcXeMbl pacCYUTaTh KO3pEPUIHEeHTHI N-0H rapMoHUYe-
CKOM COCTABJIAIOINEN HANpsuKeHUs, K03 PUUIHeHT HeCHHYCOUAAJIbHOCTH HA
mmmHax 110 n 6 kB, JonoJHUTe/ILHBIE MOTEPH MOUIHOCTH H CHHZKEHHE CPOKA
CJIyK0bI lexoBoro tpancgopmartopa T4 u acuHXpoHHoro aABurarejisa M u3-3a
neperpeBa ToKaM BbICIIHUX FAPMOHHUK M HeCUMMeTpHUH HanpsukeHusa. Hop-
MaJIbHbII CPOK CaY:K0bI NpuHATH 20 jeT. Pabdouasa temneparypa 75°C.

6K

B
|
T3 T4
Sah

110 xB
T1 @ T2
o
{ @, =]
M

0.4 R

VD

> 4

v
A J

HMcxoaHble JaHHBIE:

C: Siz,110 — 10 TA0JIHLIES Si26=170 MBA; Sx:04=3 MBA
T2: S12=50 MBA; Uson—=110 kB
T3: S13=10 MBA; Upon=6 KB; ug,0,=10,5%
T4: Sta=1 MBA; Uuon=6 KB} Ug,0:=5,5%; APx+~=10,5 kBT; APxx=1,9 kBT
M: Pv — o Tabdauue; cos ¢=0,9; Kyn=1,2; Ki=5,1
VD: Sip=8 MBA; cos ¢=0,8; m=6

H: Suarp=2 MBA; Sap—=4 MBA
JaHHbIe Mo U@ py 3a4eTHON KHUKKHU
IIpennocneauns umdpa | Sgs110, MBA | Iocneausas umugpa | Py, KBT

0 1500 0 200

1 1600 1 210

2 1700 2 220

3 1800 3 230

4 1900 4 240

[IOKYMEHT MOAMUCAH 5 250)

SNEKTPOHHOM MOAMUCHIO

CepTudmkar: 12000002A633E3D113AD425FB50002000002A6 6 260
Bnapeneu: Webayxora TaTeaHa AnexkcaHapoBHa 7 2 7 0
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PexomeHayeMas muTeparypa

1. TOCT 13109-97. Dnexkrpuueckasi >Heprusi. CoBMeCTHMOCTL TeXHHYe-
CKHX CpeACTB ieKTpoMarHuTHass. Hopmbl KauecTBa 3JIEeKTPpHUYECKOM
JHEPrUH B CUCTEMAX YJIeKTPOCHA0KeHHS 001[ero Ha3HAYeHH .

2. Hranor B.C., CokonoB B.I1. Pe:kMbl NOTped/IEHUA M KAYeCTBO JJIeK-
TPOSHEPIHHU CHCTEM 3JIEKTPOCHA0:KeHUsl NMPOMbIILJIEHHBIX Tpearnpusi-
TUH. — M.: DHeproaromusgar, 1987. — 336 c.: wi. — (AKoHOMHS TOILIMBA
H WIeKTPOSHEPITUH).

3. Kapramos I.I1. KadecTBO 3/IEKTPO3HEPTHH B CUCTEMAX JJIEKTPOCHAD-
keHUust. Crioco0bl ero koHTpoJsa U odecrieueHusn / Iloag pea. MLA. Kany-
ruHoii. — M.: H3gateascrBo MO, 2000. — 120 c., n.

4. Kexenenko ILB. Iloxazatesin KadecTBa 3JIeKTPO’HEpPruM Ha IIPo-
MbIIIJIEHHBIX npeanpuaTusax. M.: DHeprusi, 1977 r. 128 c.: ui.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: le6ayxoea TateaHa AnekcaHgpoeHa
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MUHUCTEPCTBO HAYKHU U BBICIIIET'O OBPA3OBAHU S POCCUUCKON ®E JEPALIUU
De iepalbHOE TOCYTaPCTBEHHOE aBTOHOMHOE

00pa30BaTEMbHOE YUPEKIEHHUE BBICIIIETO 00pa30BAHH ST
«CEBEPO-KABKA3CKHWHU ©ETEPAJIBHEIN YHUBEPCHUTET»
[[aruropcxiii HHCTHTYT ((rmian) CKOY

MeToanyecKkue yKazaHus

10 OpPTraHM3aI[IN CaAMOCTOITENILHO paboTEI
10 JUCIUIDTIHE
«IIpreMHUKN 1 IOTPEOUTEIIH SISKTPOIHEPTUN B CICTEMAaX 31K TPOCHAOKEHIII
HaIpaBJICHUS IIOJTOTOBKH
13.03.02 - OnexTposHepreTHKa 1 SIEKTPOTEXHUKA

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Comep:xaHHe

BreneHue

1 O0masa xapaKTEpPHCTHKA CaMOCTOATENbHOH padoTel 00y Yaromerocsa IMpH H3YYE€HHH JIHCL[HILTH-
Hel «ITPIMIEMHIMKII 1 IIOTPEBUTEJI SJIEKTPOSHEPT M1 B CHICTEMAX 3JIEKTPO-
CHABXEHITA»

)

[InaH-rpadHK BBITTOJHEHHS CaMOCTOATENBHOH padoThl

3 KOHTpOJIBHBIE TOYKH H BHBI OTYETHOCTH 10 HHM
4 MeTogHuecKHEe peKOMEHIALHH IO H3Y YEHHIO TeOp ETHYECKOr0
MaTepHalla
S CITHCOK P EKOMEHTY EMOH JIHTEPATYPHhI.
OOKYMEHT NOANMUCAH

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Beegenue

CamocToATenbHasA pabota — IUlaHHpyeMaa  yueOHasA, yueOHo-HccliefjoBaTelbcKasd,  HaydHO-
HccJlerqoBaTe/ibcKasd padoTa cTYIEHTOB, BBITIOJHAEMasA BO BHeayJHTOpPHOE (ayJHTOpHOE) BpeMA Mo 3aJaHHI0 H ITpH
METOJHYECKOM PYKOBOJICTBE IperoaBaTeia, Ho 0e3 ero Herocp e/IcTBEHHOrO y4acTHA (TIpH Yac THYHOM HeTTocp e]1-
CTBEHHOM Y Yac THH IIp €r10/JaBaTeNIA, OCTaBJIAIOIIEM BEIYIY HO poJb 3a padoToil cTyIEHTOB).

CamocTosaTensHas padoTa cTyZleHToB B BY3e ABsieTca BaKHBIM BHOM YV ueOHOH H Hay YHOH JieATeIbHOCTH
CTYEHTA.

Benymaa Liens opraHH3aliiH H ocymecTBiaeHHA CPC jospkHa cOBIIaZaTh ¢ Lielblo 00y4YeHHs CTyJeHTa —
MoAroToBKOH OakasiaBpa ¢ BhICIIHM oOpa3zoBaHHeM. IIpH opraHmzaipi CPC BakHBIM H He0O0XOHMBIM Y CJIOBHEM
CTAHOBATCA (POpMHp OBaHHE YMEHHA caMOCTOATENIbHOI paboTel Ay MpHOoOp €TeHHA 3HaHHH, HaBbIKOB H BO3MOKHO-
CTH OpTaHH3aLHH Y 4eOHOoi H HayYHOIH JTeATETbHOCTH.

Ilenpio caMOCTOATENBHOH paboThl CTYAEHTOB ABIAETCA OBJageHHe (PyHOaMeHTaIbHbIMH 3HAaHHAMH, IIpO-
(pecCHOHAIBHBIMH YMEHHAMH H HaBbIKaMH JIEATEIBHOCTH I10 MPO(HIII0, OIBLITOM TBOPYECKOH, HCCIE0BaTEIbCKOMH
neaTenbHocTH. CamMocToATebHasA padoTa CTYAEHTOB CIIOCOOCTBYET Pa3BHTHIO CaMOCTOATEIBHOCTH, OTBETCTBEHHO-

CTH H OPpIraHH30BaHHOCTH, TBOPUCCKOI'O IIOAX004 K PpCHICHHIO l'IpDﬁ.]'IEM FIIE'SHDFD H Hde)EC CHOHAJIBHOT'O ¥V POEBHA.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Gﬁﬂlﬂﬂ XAPAKTEPHCTHEKA CAMOCTOATeIbHOK []HGDTI:I ﬂﬁ}"lﬂlﬂlﬂﬂl"ﬂtﬂ IIPH H3VYU¢HHH THCIHHILTHHBI

{(H[]HEMHHRH H IlﬂT[]EﬁHTE.]'IH FIJIEKTPOIHEPIHH B CHCTEeMAX BJIERTIIDEHHﬁ?EEHHH}}

CamocToATenbHasA  paboTa - TIUlaHHpyeMasa  ydeOHada, yu4eOHo-HccleoBaTeNbcKada,  HaydyHO-
HccJleroBaTe/ibcKasd padoTa cTYIEHTOB, BBINIOJHAEMasA BO BHeayJHTOpHoe (ayJHTOpHOE) BpeMA I10 3aJaHHI0 H ITpH
METOJHYECKOM PYKOBOJICTBE IperoaBaTeia, Ho 0e3 ero Herocp e/IcTBEHHOrO y4acTHA (TIpH Yac THYHOM HeTTocp e]1-
CTBEHHOM Y Yac THH IIp €r10/JaBaTeNIA, OCTaBJIAIOIIEM BEIYIY HO poJb 3a padoToil cTyIEHTOB).

CamocTosaTenbHas padoTa cTyZleHToB B BY3e ABsieTcsA BaKHBIM BHIOM YV ueOHOH H HayYHOH JieATeIbHOC TH
cTyZeHTa. CaMocTosATeNbHAA padoTa CTYI€HTOB HIPAeT 3HAUHTEIBHY K0 POJIb B PEHTHHr0BOH TEXHOOTHH 00y YeHH.
B cBa3H ¢ 5>1HM, 0o0yueHHe B BY3e BkitouaeT B ce0s JiBe, IIpaKTHYECKH OJJHHAKOBbIE I10 00beMY H B3aHMOBJIHAHHIO
YyacTH — IripoLiecca oOydeHHs H rpollecca camoobOydeHHs. ITostomy CPC mosmkHa cTaThk 3¢ dexTHBHOH H LieleHa-
rpaBieHHOI paboToi cTygeHTa.

K coBpeMeHHOMY CIIELHAHCTY OOI[ECTBO MPEIbABIAET JOCTATOYHO MIHPOKHII repedeHbh TpeOoBaHHIA,
CpeaH KOTOpPhIX HEMAJIOBaKHOE 3HaU€HHE HMEET HaTHYHE ¥ BbIITY CKHHKOB OITp € eJIEHHBIX CcI1oc00HOCTEH H YMEHHA
CaMOCTOATENRHO JT0ObIBaTh 3HAHHA H3 Pa3/IHYHbIX HCTOYHHKOB, CHCTEMATH3HPOBAaTh ITOJYUYEHHYIO HH()OPMALIHIO,
JaBaTh OLIEHKY KOHKP €THOH (pHHAHCOBOH CHTYaLHH. PopMHpOBaHHE TaKOI0 YMEHHA IIPOHCXOJHT B T€UE€HHE BCEr0
riepHosa o0ydeHHA Yepe3 VUacTHE CTYIAEHTOB B IMPaKTHUECKHX 3aHATHAX, BBITIOJHEHHE KOHTPOJbHBIX 3aJaHHII H
TE€CTOB, HAalTHCAHHE KYP COBBIX H BBIIMYyCKHBIX KBaTH(HKALHOHHBLIX padoT. IIpH 3ToM camocToATENbHAA padoTa CcTy-
JEHTOB HIPAET P €AY POJb B X0J1€ BCEro y4eOHOIO rMpoLiecca.

Benymiaa Liens opraHH3aliiH H ocymecTBiaeHHA CPC jospkHa cOBIMaZaTh ¢ Li€Nbio 00yUYeHHA CTyJeHTa —
MOAroTOBKOH crielHasHcTa H OakandaBpa ¢ BhICIIHM oOpa3oBaHHeM. IIpH opraHmzaipi CPC BakHBIM H HeoOX0H-
MBIM Y CJIOBHEM CTAaHOBATCA (POPMHpP OBaHHE YMEHHA CaMOCTOATENIBHOH padoThl /1A npHoOpeTeHHA 3HAHHI, HaBbI-
KOB H BO3MOKHOCTH OpraHH3aLHH v 4e0HOH H HayYHOH JeATEIbHOCTH.

DopMbI caMOCTOATENBHOH padoThl CTYAEHTOB pasHooOpasHel. B cooTBeTcTBHH ¢ pabouefi riporpamMmoid
T CLIHIUTHHBI TP €TV CMOTPEHBI CJIEY FOIIHE BH/IbI CaMOCTOATEIBHOH padoThl CTyJeHTa:

- CaMOCTOATEIbHOE H3YYEHHE JIMTEPaTYPBI,

- CAMOCTOATCIIBHOC P CIICHHC 3a1a .

H &b CAaMOCTHROATREIBHOZ20 H3YUEeHHA Juimepamypst — CaMOCTOATCIIBHOC OBIIaCHHC 3HaAHHAMI, OIIBITOM
HCCJ’IEI[DEHTEHLCKDI:'I AEATCIIBHO CTH.

3adaamit cCaMoOCTOATEIILHOIO HE3VUCHHA JIHTCPATYVPhl ABJIAKOTCH.

o yryOJIeHHe H pacIHpeHHE Teop eTHYECKHX 3HAHHIT,

° (hopMHpOBaHHE YMEHHIH HCIT0JIb30BaTh HOPMATHBHY 10, [P aBOBY 10, CITPaBOYHYI0 JOKYMEHTALHIO H
CIIEL[HAIbHY 0 JIHTEPaTyPY.

® pa3BUTHE [M03HaBaTEIbHBIX CI10c 00HOCTEH H aKTHBHOCTH CTYJE€HTOB.

Ilens camocmoameIbHo0Z0 penieHUA 3a0ad - OBJIafeHHE MPo¢ecCHOHATIbHBIMH YMEHHAMH H HaBbIKaMH
NEATEIBHOCTH I10 MpodHI0 Oyayei JeATeIbHOCTH.

3adauami caMoCTOATEIIBHOIO PECIICHHA 3a/la'l ABJIAKOTCA.

NJOKYMEHT NMoanncaH BbIX TCOPCTHYCCKHX 3HAHHH H IpaxKTHYCCKHX FMEI—]I*I[:'I

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Brnapeney: . lebayxosa TatkAHa AnekcaHaposHa TeHH:, criocobHOCTell K caMopa3BHTHIO, CaMOCOBEp-
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* pa3 BHTHC HCCIICQOBATCIIbCKHX }"MEI—]HF.I.

H &JIBI0 CAMOCTHOAINE/IBHOZ20 6BINOJIHEHIA K ﬂHIHpﬂJH:HﬂIi pl’lﬁﬂﬂlﬂ 10 JHCLIILUIHHE ABIIACTCA OBIadCHHC
QJYHI[HMEHTH.HIJHLIW SHaHAMH, l'IpG(bEC CHOHAJIbHBIMI Y¥MCHIHAMH H HaBbIKaMH OCATCIIBHOCTH TIO l'IpD(lJIfI.]'IID? OI'bI-
TOM TEGI]‘IECI{DH, HCCIIENOBATENIBCKOH JEATEILHOC TH.

3adauamu [aHHOTO BHA CaMOCTOATENBHOH DHGG'I‘I:I CTYACHTA ABJIAIOTCA.

* CHCTEMATH3aLHA H 3aKp eIUIEHHE IMOJY YeHHBIX TEOp €THYECKHX 3HAHHI H IpaKTHYeCKHX YMEHHI
CTYJIEHTOB,

° yriy OJeHHe H paclIHp eHHe Teop €THUECKHX 3H aHHIA,

* (hopMHpOBaHHE YMEHHI1 HCIT0JIb30BaTh HOPMATHBHY 10, IPaBOBY 10, CITPaBOYHYIO JIOKYMEHTALHIO H
CIIELIHAJIbHY 0 JIHTepaTypy,

* pa3BHTHE I103HABaTeNbHBIX CIMocOOHOCTEH H aKTHBHOCTH CTYEHTOB: TBOPYeCKOH HHHIIHATHBEI,

CAMOCTOATCIIBHOCTH, OTBETCTBCHHOCTH H OPI'AHH30BAHHOCTH,

* (prI'n.f[[pr OBAHHE CaMOCTOATCIIBHOCTH MBIIIJICHHA, criocobHocTeH K ¢ dMOPa3sBHTHIO, CaMOCOECpP-
MICHC TBOBAHHIO H CaMOp CallH3alfiH,

® pa3 BHTHC HCCIICQOBATCIIbCKHX }’MEPH*HTI;

* HCITOJIB30BAHHE MaTCpHAIa, C D'SI]HHHDFD H IOJIIYUCHHOI'O B XO04€ CaMOCTOATCIIBHBIX 3 aHATHI Ha

CEMIHAapax, Ha IPaKTHYCCKIX H .]'IH'SD[] dTOPHBIX 3aHATHAX, ITPH HAaITHCAaHHH KOHTP OJILHOH pﬂﬁDTLI.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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B pe3ynbpTaTe OCBOEHHA JHCLHILIHHBI (POPMHPYIOTCA CIEAVIOUIHIT IMepedeHb IMIaHHPYEMBIX pe3yJIbTaToB

D'SF‘IEHHH I10 JHCLHIUTHHE, COOTHECEHHBIX C IUTAHHPY €EMBIMH P €3y JIbTaTaMH OCBOEHHA DﬁpHEDEHTE.]'IhHGIfL:I IporpamM-

MbI.

Koz, (hopmy mipoBKa KOMIIE TEHLTHH

Kop, hopmy mHpoBKa HHIHKATOP a

[TnaHHpyeMbIe pe3yJIbTaThl 00y Ue-
HH T10 JIHCLMIUTHHE (MOJIY JIi0 ), Xa-

p aKTEPH3Y I0II[HE HTarlbl (popMHp o-
BaHHA KOMITE€TeHI [Hi, HHIHKaTOp OB

IIK-1 CriocobeH y4acTBOBaTh B ITPO-
E€KTHPOBAHHH CHCTEM 3JIEKTPOCHA0-
K EHHA.

WJI- 1. BeimonHaeT cOop H aHAH3
MaHHbBIX 1A [IPOEKTHPOBAHHA CH-
CTEM 3JIEKTpOcHa0KeHH A

-2mk.1 BIOHpaeT THITOBBIE IPO-
EKTHBIE PENIEHHA CHCTEM 3JIEKTPO-
CHaOKeHHs

3HaeT: B3aHMOCBA3H MEKY IMOTpe-
OHTENAMH H CHCTEMOI 3JIEKTPO-
cHaOk eHHA, MoKa3aTeH IpadHKoB
HaIrPpy3KH 3JIEKTP OIPHEMHHKOB H
rioTpeOHTENTE.

VYMeeT: aHaJIH3Hp 0BaTh rpapHKH
HaIPy3KH.

Brnajeer: HaBbIKaMH p a3paboTKH
OCHOBHBIX 5HeprocOeperarHx
MEPOIMPHATHIL B CHCTEMAX 3JIEKTP O-
CHa0K eHHA.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOAMUCKIO

CepTtudmkar:
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IL1aH-rpa(HK BRINOTHEeHHS CAMOCTOATe ILHOK PadoThI

KoMl DRy e CoeneTsa i OOBbeM 4acoB, B TOM YHCIIE
Abl peallisy . By gearenbsHOCTH CTY - pen KoHTakTHaA
MbIX KOMITE TEHIL [HIA, TEXHOJIOTHH
prcaropa(os) IIEHTOB OLIEHKH CPC paboTa c ripe- Bcero
HH riofjaBaTeIeEM
6 ceMecTp
CamMoCTOATENbHOE H3Y Ye-
HHE JIHTEPaTYPhI I10 TEMAM CDSE:;EDEH- 23,805 2,645 26,45
Nel-18
ITK-1 Co0becernoBa- - " -
TUT1 TTK- 1 ITogroroBka K NEKLIHAM e 2,43 0,27 2,7
HMI-2TIK-1 ITogroroBka k nabopartop- Co0becernoBa- 1215 0.135 1.35
HBIM 3aHATHAM HHE
IToAaroroBka K KOHTPOJIb- CobecenoBa- 9 I 10
Hoi1 paboTe HHE
Hroro: 66,15 7,35 36.45
OOKYMEHT NoanmncAH

SNEKTPOHHOW NOAMUCKIO

CepTtudmkar:
Bnageneu;
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KﬂHTpD.ﬂhHhIE TOUYKH HBHIALI OTUECTHOCTH IO HHM

No BHa neAaTtenbHOCTH CTY IEHTOB CpokH KomiuecTBoba
1/ BBITTOJTHEHHA JUTOB
6 cemecTp
1. JIabopatopHoe 3aHATHE No | 6 Heen 25
2. JIabopatopHoe 3aHATHE No 5 10 HemenA 15
3. JIaGopaTopHoe 3aHATHE Ne 8 20 Henena 15
Hroro 55

MakcHMAaIbHO BO3MOKHBIH Oalll 3a Bech TeKyI[HH KoHTpob MakcHMalnbkHO BO3MOKHBIH 0asll 3a BECh Te-
KYI[HH KOHTPOJIb Y CTaHABIHBAETCA PaBHBIM J5. TEKYIIee KOHTPOIBHOE MEP OIPHATHE CUYHTAETCA COAHHBIM, €CJIH
CTYZI€HT ITOJTy YHJI 3a Hero He MeHee 60% OT y¢TaHOBIEHHOIO JIIsA 3TOr0 KOHTPOJISA MakcHMaJIbHoOro oamna. PeHTHH-
roBbIH Oan, BhICTABJIAEMBIH CTYJEHTY 3a TEKYIEE KOHTP OJILHOE MEP ONPHATHE, CJaHHOE CTYJEHTOM B YCTaHOBJIEH-

HbI€ rpaHKOM KOHTPOJIbHBIX MEPOMPHATHIT CPOKH, OMPEeNAeTCA CIEIY IIHM 00pasoM:

YPOBEHE BHINIOJIHEHHS KOHTPOIBLHOI'O PelTHHT OBBIH Oar (B % OT MakKCcHMaJIbHOTro Oall-
33 TaHHS J1a 3a KOHTPOJIBHOE 3aj[aHHe)
OTIIHYHBIH 100
XOPOITHI 30
Y IOBIETBOPHT EJILHEIH 60
HeyaoBiIeTBOPHTEILHEIH 0
NOKYMEHT NOANMCAH

SNEKTPOHHOW NOAMUCHIO
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METD,[[II‘:[EERHE PEKOMEHTAIIHH IO HIVUEHHIO TEOPETHYE CKOI'O MATEPHAJIA

CamocToATeIbHasA paboTa cTyJeHTa HauHHAETCA ¢ BHHMATEIbHOINO 03HAKOMIIEHHA ¢ cojiep:KaHHeM yueO-
HOI'0 Kypca.

I3yueHHe KaxgoH TeMbl clIeAyeT HaYHHATh ¢ BHHMATe/IbHOI'0 03HAKOMIIEHHA ¢ HaOopoMm BoripocoB. OHH
OPHEHTHPVIOT CTyJIEHTa, [T0Ka3bIBaIOT, YTO OH JOJIKEH 3HATh 110 JaHHOH Teme. Borpockl TeMbl Kak Obl HaKJ1a/bIBa-
I0TCA Ha COOTBETCTBYIONIYIO ITaBy H30paHHOTO yueOHHKa HIH yueOHoro rmocodusa. B HTore Jo/LKHO OBITH SCHBIM,
KaKHe BOIIPOChI TEMbI YUeOHOI0 Kypca H ¢ KaKoH rimyOHHOIH pacKpbIThl B KOHKpeTHOM yueOHOM MaTepHalle, a KaKHe
BooOme onyiieHbl. TpelyeTcsa TBOp YeCKOE OTHOIIEHHE H K caMOMY COJ P KaHHIO JHCLHITIHHBI,

Borpockl, cOCTaBIAIIIHE €€ coJiep:KaHHe, 00JagaoT pa3sHOH cTereHbp BaKHOCTH. EcTh BOIMpOCHI, BbI-
MOJTHAKIIHE (PYHKLIHIO JOTHYECKOH CBA3KH COJep:KaHHA TeMbl H BCEro Kypca, HMEKTCS BOIIPOCHI OIMHCATEILHOIO
HJIH pa3biACHHTEIBHOIO XapaKTepa, a TakKe HCTOPHYECKOro SKCKypca B 00MacTh H3Y YaeMOH JUCILIHIUTHHBIL. Bee 3TH
BOIpP OCbI HE COCTABJIAIOT CYTH IMOHATHIHOIO, KOHLIEITTY aJIbHOTO COJIEpKaHHA TEMbI, HO HEOOXOAHMBI 1A LIEN0CT-
HOI'O BOCIIPHATHA H3yYaeMbIX ITpo0JIeM.

IT3yyaemMad QHCLIMIUTHHA HMEET CBOH KaTEropHaJIbHO-TIOHATHHHBIA armiapatT. Hay YHbl€ MOHATHA — 3TO Ta
0a3a, Ha KOTOpOH CTPOHTCA Kaxaa Hayka. [IoHATHA — y3710BbI€, OMOPHbIE MMYHKTHI KAK HAy YHOr0, Tak H Y4eOHOro
MO3HaHHA, JOTHYECKHE CTYTIEHH JIBHKEHHA B yueOe OT IIPOCTOro K CJI0KHOMY, OT ABJIEHHA K CYIIHOCTH. be3 AcHoro
MOHHMAaHHA MOHATHI yueOa KpaiiHe 3aTpyHAETCA, a colep KaHHe IMPHOOpeTEeHHBIX 3HAHHI CTAHOBHTCA TY CKJIbIM,
pacIUILIBYATHIM.

CTyZeHT JIOJLKEH ITOHHMAaTh, YTO CaMOCTOATENbHOE OBJaZeHHE 3HAaHHAMH ABJIAETCA IT1aBHBIM, OIIP €7]esI-
ronHM. Beicmas mkosa co3gaeT JJIA 3TOro HeoOXOHMbIE YV CJIOBHA, IMOMOTaeT OYIyIIEMY BbICOKOKBATH(HLHP O-
BaHHOMY CITELHAJHCTY OBJIaZeTh TEXHOJIOTHEH caMOCTOATENIBHOIO TP OH3 BOJCTBA 3HAHHI.

B camocToATenpHOIH padoTe cTyIeHTaM IMPHX OHTCA HCII0NIb30BaTh JIHTEPATyPy Pa3IHUHbIX BHJIOB: ITEP BO-
HCTOYHHKH, MOHoIrpadHH, HayuHble ¢OOpHHKH, XpeCcTOMAaTHH, VYeOHHKH, yueOHbIe 1oco0HA, KypHalkl H ap. H3y-
yeHHe Kypca IMperiojgaraeT 3HaKOMCTBO CTYJIEHTOB ¢ O0JIbIIHM 00beEMOM Hay4HOH H yueOHOH JTHTEpaTyphl, UTO, B
CBOIO OYEpeEb, [TOpokgaeT HEoOX0JHMMOCTh BbIpabOTKH Y HHX pal[HOHAIBHO-KPHTHYECKOTO IMoAXoda K H3ydaeMbIM
HCTOYHHK aM.

Yto0Obl HE «yTOHYTH» B OrPOMHOM 00beME peKOMEHJ[OBAHHBIX €My JIJIA H3y4YeHHA HCTOYHHKOB, CTY/EHT,
TMpesJie BCEero, JIOJDKEH Hayu4HThCA IMPaBHIbHO HX 4HTaTh. IIpaBHIbHOE YTeHHE PEeKOMEHJ[0BAaHHBIX HCTOYHHKOB
rpeJrionaraeT clieJoBaHHe HECKOJILKHM HECJI0KHbIM, HO BeChMa ITOJIE3HbIM ITp aBHIIaM.

IIpeBapHTEIBHBIA MPOCMOTP KHHIH BKIHYAET 03HAKOMIEHHE ¢ THTYJIHBIM JHCTOM KHHIH, aHHOTALHERH,
TpeJHcIIOBHEM, OrjlaBieHHeM. IIpH 03HAaKOMIIEHHH ¢ OIJlaBJeHHeM HeoOXOoJJHMO BBIJIEHTH pas3jienbl, INaBhbl, Iapa-
rpadnl, MPECTABIAIONIHE JJIA Bac HHTepec, OEro HX IpocMOTPETh, HAFTH MecTa, OTHOCAN[HECA K Teme (ab3aLpl,
CTpaHHL[bI, raparpadpbl), H ITO3HAKOMHTbCA ¢ HHMH B O0IHX YepTax.

HayuHble H3JJaHHA COIPOBOXIAITCA Pa3IMYHbIMH BCITOMOraTelbHbIMH MaTepHalaMH — Hay YHbIM armia-
paToM, IMO3TOMY BaKHO 3HaTh, H3 KAKHX OCHOBHBIX 3JIEMEHTOB OH C OCTOHT, KAKOBBI €0 (PyHKL[HH.

3HAKOMCTBO ¢ KHHIOH JTy4Ille BCEro HauHHaTh ¢ M3y YeHHA aHHOTAL[HH — KP aTKOH XapaKTepHCTHKH KHHIH,

pHCI{phIEHI'DIl[Eﬁ cC COACPAKAaHHC, PLI[EI‘:]I-I}’I'D, TEMATHHUCCKY IO H KaHPOEBY IO HAIIPpaBJIICHHOCTE, CBCICHHA 00 dBTOPC,

Ao oo ro Tr comarrio A ormra ey A oo e o oo o oo
NOKYMEHT NMOOMUCAR CTABHTE IIpegBapHTENBHOE MHEHHE O KHHIE.
SNEKTPOHHOW NOANMNCHIO YyITMTENIbHAA CTaThdA, B KOTOPOH JaceTcA OLIEHKA COIEp-
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
Bnapeneéu: Webayxopa Tateana AnexkcaHapoeHa ‘HTCA Pﬂ-IdJDpMHLuiH 0 KH3HEHHOH H TBOPYECKOH OHO-

PasbACHARKTCA OTACJIBHBIC TTOJIOAKCHHA KHHITH, JalOTCA

66

Nencrentened: ¢ 20.08.2021 no 20.08.2022



KOMMEHTAapHH H T.71. BoT nMmoyemMy 3HaKOMCTBO ¢ BCTYIIHTEIbHOH cTaThell MpeJcTaBIAeTcA 04YeHb BaKHBIM. OHO I10-
MOTaeT CTYJEHTY COPHEHTHPOBAThcA B TekcTe padoThl, 0OpaTHThL BHHMaHHE Ha ee HaHOolee 1ieHHble H BaKHbIE
pa3/iebl.

Tofi ke 11e7H cojeficTBYeT 3HaKOMCTBO ¢ OITIaBIEHHEM, ITp €JHCI0BHEM, ITocaecIoBHEM. BecbMa I10J1€3HbI-
MH 3JIEMEHTaMH HayYHOIO armiapaTa fABJIAKTCA CHOCKH, KOMMEHTApHH, TaOJHLIbI, TpadHKH, CIIHCKH JHTepaTy bl
OHH He TOJIBKO HILTIOCTPHPYIOT OT/AeNbHbIE IMOJIOKEHHA KHHIH HIIH ¢ TaThH, HO H caMH I10 ce0e ABIAITCA JOII0IHH-
TeJIbHBIM HCTOYHHKOM HH(OPMAL[HH 711 YHTATEIA.

EcmH yHTaTeNnA 3aHHTEepec 0Bajla KaKkaA-TO BbICKa3aHHaA aBTOPOM MbIC/b, He HalleAmas rmoJpodHOro ocBe-
IeHHA B JJAHHOM HCTOYHHKE, OH MOKET 00paTHThCA K TEKCTY HCTOYHHKA, YIIOMHHAEMOIo B CHOCKe, THOO K HCTOY-
HHKY, KOTOpbIF OH MOKET HAalHTH B CITHCKE JHTepaTypbl, peKOMEHJ0BaHHOH aBTOPOM 1A CaMOCTOATEIBHOI0 H3Y-
YeHH.

CyI1ecTBY €T HECKOJIBKO (popM BeeHHA 3armHceli:

— ru1aH (TipocToi H pa3BepHy Thiil) — HaHOo/ee KpaTKas ¢opma 3armcH IMp OYHTAaHHOT0, TP €71CTaBJIA oI aA
co0oH nmepeveHb BOIPOCOB, paccMaTPHBAaEMbIX B KHHI'€ HIIH cTaThe. Pa3BepHy ThIH ITaH IIp €icTaBIAeT coOoii Oosee
NoApoOHY IO 3aITHCh IMPOYHTAHHOTO, ¢ JieTalH3aLHell OT/IeIbHbIX ITOJ0KEHHI H BbIBOJIOB, C BBIMMHCKOI LIUTAT, CTaTH-
CTHYECKHX JaHHBIX H T.J1. Pa3BepHy ThIi MJ1aH — HEOL[EHHMBIH MOMOIIHHK ITPH BBICTYIUIEHHH C OKJIaJoM Ha KOH-
KPETHYIO TEMY Ha CEMHHape, KOH(ep EHLIHH,

— TE€3HChl — KPaTKO c(pOopMYJIHP OBaHHBIE IO EHHA, OCHOBHbIE IMOM0KEHHA KHHIH, cTaThH. Kak rpaBH-
710, T€3HChI COCTABIIAKTCA ITOCTIE MPENBAPHTEILHOIO 3HAKOMCTBA ¢ TEKCTOM HCTOYHHKA, I[MPH €ro MOBTOPHOM IIpo-
yTeHHH. OHH [MOMOTaloT 3alIOMHHTL H CHCTEMAaTH3HPOBaTh HH()OPMALHIO.

CocTaBJlI€eHHE KOHCIIEKTOB

BonpInyio ponb B YCBOEHHH H IMOBTOP €HHH IPOIIEeHHOro MaTepHala HIPaeT XOp OIIHH KOHCIIEKT, COJIep-
JKal[Hii OCHOBHbIE€ HEH MPOYHTAHHOrO B YUeOHHKE H YCJIBIIMIAHHOIO B JIEKIHH. KOHCIEKT — 3TO, 110 CYI[ECTRBY,
HaOpOCOK, pa3BepHY ThIH ILTaH ¢BA3SHOTO pacckKas3a [0 OCHOBHBIM BOIIPOCAM TEMBI.

B kakoii-To Mepe KOHCIIEKT paccyiTaH (B 3aBHCHMOCTH OT HHAHBHAYaJIbHBIX 0C00E€HHOCTEH CTyeHTa) He
TOJIBKO Ha HHTEJIEKTYaJIbHY 10 H 3MOLIHOHAJIbHY 10, HO H Ha 3PHTENbHYIO [MaMATh, IPHYEM TEKCT KOHCTIEKTa HEPEIKO
ACCOLMHPYETCA elle H ¢ TEKCTOM YV ueOHHKA HIIH 3alTHChI0 JIEKLHH. ITo3ToMy Jlerde 3arioMHHaeTCs cojiep;kaHHe KOH-
CIIEKTOB, HAITHCAHHBIX pa300p UYHBO, ¢ MOJYepKHBaHHEM HITH BhIJIEJIEHHEM P a3pAaKOoH KIIOYEBbIX CJIOB H (ppas.

CaMOoCTOATEIBHO H3VUe€HHbIE TEMbI IMPEJIOCTABJIAITCA TP EroyjaBaTeNlo B (hopMe KOHCIIEKTa, 10 KOTOPOMY
MPOHCXOJIHT cobeceqoBaHHe. TeopeTHueckHe TeMbl Kypca (0TAeIbHbIE BOITP OChI), BBIHOCHMBIE Ha CAaMOCTOSATEIBHOE

H3YVUCHHC, TIp CCTAaBJICHbI HITAKC.
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YHEGHU-METD,[[H‘IEERDE H HH(l)D]]MHI[HDHHDE oOecImeuyeHHe JHCIHHILTHHBI

ITepeyeHb OCHOBHOM H JONMOJIHHT eJIbHOM JIHTep ATYPbI, He 00X 0JHMOK JJI8 0CBOeHHS JHCIHIJIHHbI
ITepeyeHb OCHOB HOM JIHTep ATYPbI:

1. I'vakor H. I1. , Onpxorckuii B. 5. | [laBmroueHko /. A. CHCTEMEBI 3IEKTPOCHAOKEHH . yUueh-
Huk/ I'yxoB H. I1. | OnsxoBekwii B. A. | [Tamodenko J[. A. HoBocubupek: HI'TVY, 2015.— 262

c. Pexxmnm gocrtyma: http://biblioclub.ru/index.php?page=book_view_red&book_1d=438343
2. CokonoBa, E.M. SnexkTpHueckoe H 3JeKTpoMeX aHH4YecKoe obopymoBaHHe. OOIerp oMbl MIIEHHbIE MEXaHH3MbI H
ObITOBasA TexHHKa : VueOHHK/E, M. CokomnoBa. - 9-e 131, Herp.-M. . Axagenmia, 2014, - 224 c.

IlepedeHb JOMOJIHHT eJIb HOH JIHTEP ATYPhI:

1 CvupHOB, FO. A. DH3HYECKHE OCHOBBI 3JIEKTPOTEXHHKH : Yue0, rmocodHe / FO.A. CviipHoB, C,B. Cokonos, E.B.
THTOB. - 2-€ 137, Herp. - CII6. : Jlane, 2013. - 560 c. - (YuebHHKH 71114 By-30B. Criel[HanbHasA JTHTepaTypa). - bHO-
JHOIp,: ¢. 558-559. - ISBN 978-5-8114-1369-0

2.AxnmvoBa, H. A. MoHTakK, TeXHHYECKasA 3KCITTyaTalHAa H pEeMOHT 3JIEKTPHYECKOr0 H 3JIEKTpP OMEXaHHYeCKOro 00o0-
pyaosaHH:A : yueOHHK / H A. AxtimoBa, H.@. Kotenenery, H.I1. CeHTiopinaiH ; riof ped. H.®@. KoteneHia. - 10—e
H31., Hermp. - M. Akagemmia, 2013, - 304 c. - Tlpun.: ¢. 284-295. - Budmorp.. ¢. 296.

ITepeyeHb Yue DHO-MeTOAHYECKOI0 oDecIeUeHHSI CAMOCTOAT eJIbHOI pA0OThI 00YYAIOIIHXCA MO THCIHILJIHHE
1. MeTogH4ecKHe p eKOMEHAALTHH JI7IA IO MOTOBKH K J1a00p aTOpHBIM padoTam.

2. MeTomH4ecKHe p eKoMeHAal[HH 10 OpraHH3 al[HH ¢ aMOCTOATENBHOH padoThl CTYIEHTOB.

3. MeTogH4ecKHe p eKOMEHALTHH I10 BBIMOJIHEHHIO KOHTPOJIBHOH p adoThI.

IlepedeHb pecypcoB HH(POPMALHOHHO-T eJIEKOMMYHHKAIHOHHOK ceTH «IHTepHeT», He0OXO0AHMbBIX 151 OCBO-
eHHS THCHHIIHHbI

1. http://www biblioclub.ru -OBC "VHHBep cHTeTcKkasAs 6HONMHOTEKa OHIaiH"

2. http://www.iprbookshop.ru/ - SnexTpoHHo- 6HbNMHoTeYHaA cHeTema IPRbooks
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