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ComepKaHHe

BeeneHiie

[ems 1 3agaui H3YYeHHS JUCIUTUIHHEI

OO06opyaoBaHNE H MaTEPpHAIIBI

HarmeHoBaHME IIpaKTHYECKHX padoT

ComepKaHHe IMPaKTHYECKHX padoT

[Ipaktyeckasa pabora Ne 1. I'padukn sneKTpHYecKHX Harpy30K. HarpyszouHas
CITOCOOHOCTH ITPOBOIHHKOB.

[TpakTHyeckasa padora Ne 2. CHioBBle TpaHC(pOpPMaTOPHI H aBTOTpPaHCc(pOpMa-
Topel. Harpy3ouHast crtoc0OHOCTE TpaHC(] OpMaTOpPOB.

[IpakTHueckas padora Ne3. ABapHIHBIE PEXHMBI PaOOTHl 3JIEKTPHUYECKHX CH-
cTeM. [IpoBepKa ITpOBOIHHKOB Ha TEPMHUYECKYIO CTOHKOCTh ITPH KOPOTKHX 3aMBbI-
KaHISX.

[IpaktHueckas padora Ned. KOpoTKHe 3aMBIKAHHS B 3JIEKTPOYCTAaHOBKAX. OJIEK-
TPOJHHAMHYECKIE CHIIBI B 3JIEKTPOYCTAHOBKAX.

[IpakTiyeckas padora Ned. KOpoTKHe 3aMBIKAHHS B 3JIeKTpOyCcTaHOBKaX. lIpo-
BEPKA IIMMHHBIX KOHCTPYKIHH Ha 3NEKTPOAHHAMHYECKYIO CTOHKOCTB.
IIpakTHueckasa pabdora NeO. DIeKTpHUYECKHE allllapaThl H TOKOBEIVIIHE YACTH.
BEIOOp BRIKIIFOYATETIEH.

[IpakTiueckas padora Ne 7. DneKTpHUeCcKHe armrapaThl H TOKOBEIVIIHE YaCTH.
Br10op pazbpeuHHITETIEH.

[IpakTHueckasa pabora Ne 8. DJIEKTpHUYECKHE aIlllapaThl H TOKOBEAVIIHE YaCTH.
Ber0op n3MepHTeNIbHBIX TPaHC(OPMaTOPOB TOKAa H HAIIPSIKEHHI.

IIpakTHueckasa pabora Ne 9. DJeKTpHUeCKHe armiapaThl H TOKOBEIYIIHE YACTH.
BrI00Op TOKOOTIpaHHYHBAIOIIHX PEAKTOPOB.

YyeOHO-MeTOAMYECKOE H HH(POpMAIHOHHOE o0ecredeHHe JHUCIIHIUIHHEI
[lepeyeHs OCHOBHOM M JOITOIHHUTEILHOH JIMTEPATYPRI, HEOOXOANMOH IS OCBOE-
HH S JUCIHILTHHEI

IIepeyeHp YyueOHO-METOMHUYECKOr O O0ECIIEUEHHS CaMOCTOSATEIIFHOH padoThl 00y -

HATOITHXCH 11O AHCITHITIIIHE

H E, gﬂ%%m}IHQJGPMaHHG}H{G-TEHEKGW]I{EH_[HGI-H-IGﬁ CCTH HHTEPHET:,

2C0000043E9AB8B952205E7BA500060000043E
Lle6dF QHH MBI JELAL, QCBOCHI A JHCITHIITIIHEBI

Nencteutened: ¢ 19.08.2022 no 19.08.2023

CTp.



[ IpunoxeHme

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: Webayxora TatTeAHa AnexkcaHgpoBHa

HAencteutenex: c 19.08.2022 no 19.08.2023



BrejieHue

[IpaKkTHUeCKHE 3aHSATHS CO3Mal0T ONTHMAIbHBIE AHIAAKTHYECKHE YCIIOBHS IJISI IESTEIb-
HOCTHOI'O OCBOEHHS CTYIEHTaMH COIEPKAHU I H METOIOIIOTHH H3YYaeMOH JUCIIHILIMHEL. [ [pakTH-
YeCKHE 3aHATHSI 3aHHMAIOT IIPEHMYIIeCTBEHHOE MeCTO IIPH H3YYEHHH OOIenpod)eCCHOHAIbHBIX
1 TpodeCCHOHAIPHEIX JUCIHITINH. [IpakTHYecKHe 3aHATHSI IIPOBOASICSA C IIEIbI0 BEIPAOOTKH
ITPAKTHYECKHX YMEHHH M IPHOOPETEHIS HABBIKOB B PEINEHHH 3aJad, OTpabOTKH VITPaKHEHII,
BBITIOIIHEHHH YEPTEKEH, IIPOHU3BOACTRE PACUETOB H T.II.

[{enpr0 IMpaKTHYECKHX 3aHSATHH SBIETCS ()OPMHPOBaHHE ITPAKTHYECKHX YMEHHH — ITPO-
(pe CCHOHAIBHBIX (BBIOIONHATh OIpeelIEHHbIE JIEHCTBHS, OIepalHH, HeOOXOAHMEIE B ITOCIIETYIO-
IIeM B ITpo(eCCHOHAILHOH JeSTeIbHOCTH) HIH YUeOHBIX, HeOOXOHMBIX B IIOCHE IYIONIEH yue O-
HOH JeSTeIBHOCTH IO O0IeITpod)eCCHOHAIFHBIM H ITPO(eCcCHOHATBHEBIM JH CILIIIIIHAM.

bBuGmmorpadiyeckii CIICOK COAEPKHUT CBEJAEHHS O CIIPAaBOYHOH JIHTePaType H JTOITOIIHH-

TCSIIBHBIX H3AaHIAX HeOOXOIHMBIX 1S }’TJIY@HEHHDI‘D H3VUCHHA OTACIIbHBIX BOIIPOCOB.
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1. Ilens u 3a0 auu u3yueHus OUCUUNIUHDL

]_[E:HB H3VUCHNA JHCIHIUIHHBI {{SHEI{TPH‘IECKYIE CTAHITIH H ITIOJCTAHITHI» COCTOHT B H3Y-
HCHIC BﬂempﬂﬂﬁﬂpyﬂﬂEﬂHI[ﬂ H CXEM 3JICKTPHYCCKIX COeIMHEHHH BJIEI{TPOGTEIHI_[I]IUI H ITIOJCTAaH-
I_[I]ﬁ:, ITOJTOTOBKA Gﬁ}”IﬂIGI_T_[ID{CH KITPOBEACHHIO Pa3JIHYHBIX MEPG]’[I)HHI‘H]‘?L HalTPpABICHHBIX Ha I10-
BBIITMICHHC HX HaACHKHOCTI.

3agadyeH JUCLIHILIMHBI oOeclieueHHe HEOOXOMIMOT O YPOBHA OCBOCHHA COACPAKAHITA OIHC-

I[MIUIHHEI, ()OPMHPOBAHHE ITPO()eCCHOHAILHBIX KOMITETEHIHMH BEITY CKHHKA.

2. Obopyoosarue u mamepuaist

ArnmapaTHeIe CpeCTRa: IIEPEHOCHON HOYTOYK, IPOEKTOP, JOCKa MarHUTHO-MapKEpHasl.
YueOHasa aygUTOPHS IJIS IIPOBEACHHS YUEOHBIX 3aHSATHI, OCHAIlleHAa OO0OpPYAOBAaHHEM H

TEXHHYCCKIIMIH CPEJCTBAMH Dﬁ}”lEHI[H.

3. Haumenosanue npakmuueckux paoom
Jlimsa 3ao0uHOi (hopMBI OOYUYEeHHS IIPeXyCMOTPEHBI CIEAYION[HE ITPAaKTHYECKHEe PaOOTHI:
[IpaktHueckas padora Ne 2. CrimoBele TpaHC(OPMaTOPEI H aBTOTpaHc(hopMaTopsl. HarpyzodyHas
CIIOcOOHOCTh TpaHc(opMaTopoB — 1,5 yaca; [IpakTiHyeckas padota NeS. KopoTkie 3aMBIKaHHSI B
3JIEKTPOYCTaHOBKAX. [IpoBepKa IMIMHHBIX KOHCTPYKIMIT Ha 3JIEKTPOIAHHAMIYECKYIO CTOHKOCTD —
1,5 4aca, rpakTHYecKas IoAroroeka — 1,5 yaca; IIpakrnueckas padora Ne 8. DJIeKTpHUYECKHE all-

ITapaThl H TOKOBEAYINHE YacTH. BEIOOP H3MepHTEIbHBIX TPaHC()OPMAaTOPOB TOKA H HaITPsUKeHHIT

— 1.5 4yaca.
No TeMrsl M3 HUX IIpakTH-
HanmMmeHOBaHHEe TeM MUCIIUIMHBL, HX KpaTKoe co- | O0peM
IIHCIIH - Yye CKas ITOAr0-
IepKaHHE YacoB
TLITHHEI TOBKa, YaCOB
7 ceMecTp

IIpakTHieckasa padora Ne 1. I'paduku 3JIeK-
TPHUECKHX Harpysok. HarpysouHas criocoG-
1 HOCTB ITPOBOJTHIKOB. 3
Hayuirescsa BEOTIONMHATE BEIOOP cedeHHS ITPOBOIOB
10 SKOHOMHYECKOH INIOTHOCTH TOKA.
IIpakTHyeckas padora Ne 2. CnjioBble TpaHC-
dopmaropsl H aBTOoTpaHchopMmatopbl Harpy-
304YHAas CITOCOOHOCTH TPaHC(OPMaTOPOB.
[IproOGpecTH HABBIK TEIUIOBOIO pacyeTa TpPaHC-

ile Wﬁﬁm H OIIeHKH pa0oTH TpaHc(popMaTOpa B

SNEKTROHAH ﬁl'l[ﬁﬂ CblO
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IIpakTHieckasa padora Nel. ABapmiiHble pe-
sKHMBbI PadoThl IEKTPHYECKHX cHCTeM. [Ipo-
BEPKA IMPOBOJHHKOB HAa TEPMHUYECKYIO CTOHKOCTH
IIPH KOPOTKHX 3aMBIKAHHSIX.

[IproOGpecTH HABBIK ITPOBEPKH ITPOBOJHHKOB Ha
TEPMHYECKYIO CTOHKOCTD ITpH K3.

IIpakTH4eckasn padora Ne4. KopoTKHe 3aMbIKa-
HHA B JIEKTPOYCTAHOBKAX. DOIeKTPOJHHAMIIYE-
4 CKIe CHIIBI B BJIEKTPOYCTAaHOBKAX.

AHanH3 H pacyeT SIEKTPOAHHAMHYECKHX Harpy-
30K, JIEHCTBYIOIIIE HA IIHHEI.

IIpaxkTHyeckas padora NeS. Koporkue 3aMbIKa-
HHA B 2IEKTPOYCTAHOBKAX. [[poBepKa IIMMHHBIX
KOHCTPYKI[HII Ha 3SIEKTPOJHHAMHYECKYIO CTOH-
KOCTb.

[IpnoGpecTH HABBIKM ITPOBEPKH IIMMMHHBIX KOH-

CTPYKIHIL.

1,5

IIpakTHieckas padora Ne6. DieKkTpHUecKHe
anmapatbl H TOKOBeIYIIHe YACTH. BEIOOD BEI-
6 KIIFOYaTEJIEH.

[ IppoOpecTH HABBIK pacyeTa M BEIOOPA BBHIKIIFOYA-
TEJIEMH.

IIpakTHyeckas padora Ne 7. DjeKkTpHieCcKHe
annaparbl H TOKOBeAYIIME YacTH. BrIOOp pazs-
7 e JHHHTEJIEH.

[IpnbpecTH HAaBHIK pacyeTa H BEIOOpa pa3beHHH-
TEJEH.

1,5

IIpakTHyeckas padora Ne 8. DjekTpHiecKHe
annmaparbl M TOKOBeAyIHe YacTH. BrIOop H3Me-
PHTENBHEIX TPaHC(POPMATOPOB TOKAa M HaITpsKe-
HHI.

[IppoGpectH HaBBRIK BBIOOpAa H3MEPHTEIBLHBIX
TpaHC()OPMAaTOPOB TOKA H HAITPSIYKEHHII.

IIpakTHyeckas padora Ne 9. DjekTpHiecKHe
annmaparbl H TOKOBeAYIIME YACTH. BEIOOD TOKO-
9 Or PAHHYHBAIOIIHX PEAKTOPOB.

[IppoGpecTH HaABBIK BBIOOpPa TOKOOI'PAHHYHBAIO-
II[IX PeaKTOpPOB.

Hroro 3a 7 cemecrtp:

27

9

HToro:

27

9
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4. Colepacarue npakmuyuecKux pao om
IlIpaxkmuueckasa paboma Ne 1. I paghuxku rnekmpuueckux Hazpy3oxk. Hazpyszournas cno-

COOHOCMb NPO60OHUKOSE.

HEJH:.' Hﬂ}”IHTBCH BBITIOIIHATH EBIﬁle CCHUCHILA ITPOBOJOR IO SKOHOMIYECKOH IUIOTHOCTH

TOKaA.

OcHOé6bL meopui.

Bold op npo600HUK0E RO IKOHOMUY ECKOU NJLOMHOCHIL MOKd. | [pOBOIHHKH BEIOHPAIOTCS

IT0 SKOHOMHYECKOH INIOTHOCTH TOKA Js10:, KOTOPas YCTaHOBIeHa | [paBiiIaMH yCTpOHCTBA BIEKTPO-
ycTraHoBOK (ITYD), Hexomsa H3 MHHHMYMa ITpHBeJeHHBIX 3aTpaT. B HOpMalIbHOM peKHMe IUIOT-
HOCTh TOKa ] JOJKHA ITPHOIHKAThCS K SKOHOMHYeCKOH. CeueHHe ITPOBOAHHKA, OTBEYAOIIEE
ATOMY TpeOOBaHHIO, BEIOHPAIOT B COOTBETCTBHH C BhIPaKEHHEM:

S & S‘:‘.IKH. — HDpM.pElC'—I./jE.IKH.J

2
IAC 83, — JKOHOMHYCCKOC CCUHCHIIC IIPOBOJHHKA, MM |

s — Ompkaiiee (MeHbIee WK OONbIIee ) CTaHAAPTHOE CeYeHHe IIPOBOJIHHKA, hﬂ‘v[z;

Luopw. pacu. — PaCUETHBIH TOK HOPMAIIBHOTO pekuMa, A

[ 51:. — BKOHOMHYECKasI INIOTHOCTD TOKA, Ajmz (3aBHCHT OT IIPOJOIIKHTEIEHOCTH HCITOIIb-
30BAaHHSI MaKCHMAJIbHOH Harpys3kH 1 max., IIEpegaBacMOH IO JIHHHH IIH TOKOITPOBOAY, MaTepHala
TIPOBOJIHHKA, a TaKKe H30ILIIHH Kabensd). B cBS3H ¢ HeompeAeIeHHOCTRIO B pacIipeieIeHHH pa-
OOYEro TOKA BAOIE COOPHEIX IIMHH, peKHMa padoThl H TPYAOEMKOCTRIO OITPedelI€HH I SKOHOMITUE-
CKoro 3¢ QeKra IMPOBOIHHKH COOPHBIX IIHH IT0 SKOHOMHYECKOH ITIOTHOCTH TOKA . HE BRIOHpA-
FOTCSL

[IpoBepka IIMH, KOMIUIEKTHBIX TOKOIIPOBOAORB, KadelneH H 3JIEKTPHYECKIX aIlllapaToR IO
Harpy304HOH CIIOCOOHOCTH. TeMIepaTypa IIPOBOJHNKA V B paboueM peKHMeE HE JOIKHA IIPEBEI-
IIIaTh IIPOAOJIKHTEILHO JOITYCTHMYIO TEMIIEPATYPY Vnpon. JOIL. T. €.

D <V npoo. don,

B I1YD yCTaHOBJIEHEI CIEAYIOIIHE IIPOAOIIKHTENBLHO JOITY CTHMBIE TEMIIEPATYPHI IIPOBO/I-
HHKOB, IIIMH H KabeneH, “C:

[IpOBOTHHKH H IIIHHEI 70

Kabem ¢ OymMaKHOH H30IISIHEN HAIPsDKEHHEM, KB

OOKYMEHT rvfisHes3 380

3NEKTPOHHOW NOANMCLIO
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20,35 50-55

PacueTHas HOpMHpoBRaHHas (HOMHHAJIbHAS) TEMIIEpAaTypa OKPYKAIOMIEH Cpeabl I IIPO-
BOJHHKOB H KaleJIeH, IPOIOKEHHBIX HA BO3AYXE, ITPHHUMAacTCS 25 °C, KabeneH, IIPOI0KEHHBIX B
3emiie, — 15 °C.

B coorBerctBHH ¢ [ OCT 8024-90 mpogoiKHTENILHO JOIIYCTHMAS TEMIIEPATypa HEH30IH-
POBAHHBIX ITPOBOAHHKOB ycTaHAaBIMMBaeTCa 90—120 °C B 3aBHCHMOCTH OT MaTepHala IIOBEPXHO-
CTH Pa3beMHEIX (B T. 4. OOITORBIX) KOHTAKTHEIX COeMHEHHI. Takie TeMIle paTyphl IIPHHHMAIOT B
KayecTBe KPHTEPHSI PabOTOCIIOCOOHOCTH ITPOBOJHHKOB KOMIUIEKTHEIX TOKOIIPOBOAOB (3aBOJ-
CKOI'0 H3TOTOBJIEHHS), a TAK)KE OIIHHOBKH KOMIIEKTHBIX PacIIpe/lelIHTelIbHBIX YCTPOHCTB, KOTO-
PEIE IIPOXOASAT THIIOBBIE HCIIBITAHHUS Ha HAIPY30UYHYIO CIIOCOOHOCTE.

[IpogOmKHUTEFPHO JOIIYCTHMOH TeMIlepaType ITPOBOJHHKA COOTBETCTBYET ITPOMIOIKH-
TEJIIBHO JOITY CTUMBIH TOK [ npos. son. (U1 KOMIUIEKTHBIX TOKOITPOBOLOB U 3JIEKTPHYECKHX aIllapa-
TOB Ha3bIBa€MbIH HOMHHAJIbHBIM TOKOM /#om.). 715 IIIHH, TOKOIIPOBOIOB H SIIEKTPHYECKIX aIllla-
PaTOB YCIIOBHUE BHITIOHAETCS, €CIIM BRIITOIHSETCS COOTHOIIEHHE

Ipﬂlﬁ. HE. = kﬁl.ﬂ. ' kﬂ 1 npogd 4o,

r1ie Ipab. n6. —HaUOOIB NI PabOYHit TOK |, ka.n. — KO3((PHIHEHT aBapHITHOMN IIEPETPY3KH,
k — o paBOYHEIT KO3(PHIIHEHT Ha TeMITeEpaTypy OKPYKaIOIIEH Cpellbl;, Inpoo don. — IIPOXOTKHI-
TEJIBHO JOITY CTHMBIH TOK ITPH HOPMHPOBAHHOM 3HAUEHHH TEMIIEPATYPhI OKPY KAIOIIEH CPEJIEI.

Jlnsa kabeneHn JOIKHO BEOIOIHSITECS COOTHOIIEHHE:
Ipab. u6. <kan k® kn.ku. Inpoo oon.
rae kN. — IIOIpaBOYHEIH KO3 (PHIMEHT Ha KOTHYeCTBO padoTaroIixX KadeneH, ITpoIoKeH-
HBIX PSIOM B 3eMiie;, kUJ. — IIOITPaBOYHBIH KO3 (HIFEHT IJId KaOeneH, paboTaloIHX He TIPH HO-
MHHaJIb HOM HaITPSDK €HIH.

Y cI1oBUS BEIMUCIEHUS Ipab. ub.:

MecTo ornpeeneHns YCII0BHA

[TapamiensHbIe HIIH B3aHMOPE 3¢ PBHPYEMBIE _ .
OTKIIOYeHHe OJHOH U3 Iierei
(53115

COOpHEBIE IIMHEBI CTAHIIHI M ITOACTaHI[HI
IHHBI B I[eITH CeKIIHOHHBIX H IIIHHOCOEe THHH- Hanbomp1ime rmepeTOKH MOIITHOCTH

TeIIbHBIX BBIKITFOYATEIIEH

—_ [ORYMEHRT TTOOTTACAR
ANEKTPOHHOW MOANUCHIO
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PaboTa ¢ HOMHHAIILEHOH MOII[HOCTBIO, IIPH I10-
[{er reHepaToOpOB HIDKEHHOM HalpsoKeHHH 3% OT HOMHHAIb-

HOT'O

[ IpOmOMKHTEBHO JOITY CTHMBII (HIH HOMHHAIBHBIN) TOK lipos son. , KAK IIPABIIIO, OIIPEE-
JTISIeTCS B PE3YIIbTATE HCIIBITAHHI, a HHOIIa aHATIHTHYECKH HAa OCHOBE TETIJIOBOIO pacyeTa IIPOBOJ -
HHUKOB B YCTAHOBHBILEMCS paboyeM peKuUMe. 3HAYEHUS [pos. son. KAOETEH U HEKOTOPBIX THIIOB
IITHH NIPHBOASATCA B [IY 3, a HOMHHAJIBHBIX TOKOB KOMIUIEKTHBIX TOKOITPOBOIOB H 3JIEKTPHYECKHX
arrapaToB — B KaTalorax H HH()OPMALMOHHEIX MaTepHajlaxX 3aBOJ0OB-H3TOTOBHTEIEH, a TaKKE B

CITPABOTHHEKAX.

KosdniieHT aBapHitHOH Ieperpy3KH Kan. VIS TOKOIIPOBOJIOB H 3JIEKTPHYECKHX aIlapa-
TOB IIPHHHMAETCS paBHEIM |, kaGernen — or 1 10 1,5 B 3aBHCHMOCTH OT Harpy3KH B HOpMaJlbHOM

PeFEIIME H ITPOJOIKHTCIIbHOCTH ITCPCT PY3KI.

[TormpaBoyHBII KO3 (PHIFEHT Ha TeMIIEPAaTyPy OKPY KaIOMIeH Cpeibl MOKET OBITh OITpejie-

JIEH IO (POPMYIIE:

kﬂ ~ ﬂnpn,q.;mn. _ 79-:-1{11

\ ﬂl‘[pﬂ,[[.ﬂﬂl‘[. — 1t3'-:1:1¢:1::.1{-::-1~1.

7€ Uokp. B Uogppom, — PAKTHUECKAS H HOMHHAIIbHAS TEMITEPATYPBI OKPYKAIOIIEH CPEIBL.

[ TompaBouHBIH KO3 P HIHEHT ky. <1 3aBHCHT OT KOIHYeCTBa KaOeleH H pacCTOSHII MEKIY
HHMH B cBeTY [ 1, 4]; ky. yuuTBIBaeT H3MeHeHHI YPOBHA IIPOAOIKHTEILHO JOITYCTHMOIO TOKA ITPH
HCITOJIb30BaHHH KaOells B CeTH HaIlpsDKeHHEM HIDKe (HHOTI/IA BRIIIE) er0 HOMHHAJIBHOTO HAIIpSIKe-
Hud [1]. IIpu paBeHCTBe HOMHHAIBHBIX HaNIPsKeHHH KaOelrs 1 ceTH ky. = 1.

TerumoBon pacueT nNH. OMpeaeneHue Inpoq. JOI. MOKHO IIPOBOANTE HA OCHOBE TEILIIOBOI'O
pacyeTa IIPOBOJHHKOB B CTAI[THOHAPHOM padoyeM peXKHMe. Y paBHEeHHE TEIUIOBOro OajlaHca IMHHEL
3aIIHCBIBAETCS B BHJIE:

P r+0Q:=0:+0;

rae [ — TOK, A, r — aKTHBHOE COIIPOTHBIIEHHE IIIMHBI, OM; Jc. — TEIUIOBOH ITOTOK, ITOIJIO-
II[AEMBIH IIMHHOH IIPH COTHEYHOH pagHaiiii, BT, Ok U (J;. — TEIUIOBEIE IIOTOKH, OOYCIIOBJIEHHEIE
KOHBEKI[HEH H H3ITyUYeHHEM, BT.

AKTHBHOE COITPOTHBIICHHE

AOKYMEHT MNOANMCAH r=kas
SNEKTPOHHOW NOAMNWMCLIO 0. T

Ceprudomkar: 2C0000043ESABBESS2205E TBASO0060000043E
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ko. — xoadmirHeHT J00aBOYHBIX ITOTEPS.
COIpPOTHRIIEHHE IIHHBI ITOCTOSHHOMY TOKY 3aBHCHT OT TeMIlepaTyphl H BBIUHCIISIETCS II0
popMyIIe:
r=pl[1+ a, (¥ —9,)|/s

IIe p1 — YAETBHOE SIEKTPHYECKOE COMPOTHBIEHHE, TIPH HOPMIPOBAHHOH TEMIIEPATyPe 9

OM"M;

| — mImMHAa ITPOBOAHMKA, M, § — ILUIOIALb CEUEHHS IIPOBOJIHHKA, M2 X

p— TEMITEPATYPHBIH KO3(P(PUIMEHT 3JIEKTPHYECKOTO COMPOTHBIIeHH, 1/°C; ¥ — Temiiepa-
Typa, “°C.

B mmamazone temrieparyp 20 ... 120 °C xoad pHIIHeHT ap A1 MeAH, aTTFOMHHIS H €T0 CIUIa-
BOB OCTaeTCS IMMPAKTHYECKH ITOCTOSHHBIM H ITpHMepHO paBHBIM 0,004 1/°C [5].
Koad¢mmeHT 106aBOYHBIX TOTEPh:
kp= knks.,
rhe kn, k6. — KO3(] PHITHEHTHI COOTBETCTBEHHO IIOBEPXHOCTHOI O 3()(pekra H 3(pdekra OIH-

30CTH.

B 3aBHcHMOCTH OT (PVHKITHH ./ f /R ko3 HImeHT k. onpeensercs, HaIIpHMED, 10 KPH-

BBIM. 3[eCh f— HdaCTOTa TOKA B CCTIL, FI_[; R — COITPOTHBJICHHE ITIOCTOAHHOMY TOKY IITHHBbI ITOHHOH

1000 ». ][I IHH KOIBIEBOTO CeYeHH K, TTPHOIMKEeHHO BEIYHCISETCS 110 (DOPMYJIE:

kn .~ 1+3,3-10" 19 /D- r=)?

rae D M ¢ — BHEIIHNH JHAMETP U TONIIMHA CTEHKH IIIHHBI, M,

r— COITPOTHBIIEHHE IIIHHBI ITOCTOSHHOMY TOKY, OM/M.

B pacripegenurensHbeIX yeTpoiicTBax (PY) HampsokeHHeM Beillle 1 KB paccTosiHHe MeKITY
IMTHHAMH Pa3HBIX (pa3 3HAYHTEIBHO OOIBINE HX IeOMeTPHUYECKHX pa3sMepoB. IloaToMy U1 Heco-
CTaBHBIX IIIMH k0. = 1 M k. = k11..

J1J1S1 MHOTOITOJIIOCHBIX ITHH (PHCYHOK 1.1) k. mmpHMepHO paBeH K03 (PHIMEHTY J00aB04-
HBIX IIOTEPh SKBHBAJIEHTHOH YEIHMHEHHOH IUIOCKOH INHHEBI IMHPHHON hsk., PABHOH IIHPHHE II0-
JIOCHI ITaKeTa h, M TONMIIMHON bk, =N-b, Tlie

N — 4HCIIO TTOJIOC B ITAaKeTe;, b — TOIIIHHA ITOJIOCHI.

TeIUtoBele IMOTOKH OT IMMHBI KOHBEKI[MH (Jx M H3ITYUYEHHEM (JII COCTABIIIIOT COOTBET-

CTBCHHO.

Ok. = gr.-Fk.;
NOKYMEHT MOAMMCAH
ANEKTPOHHOW NOAMKCHIO On.=qgn.-Fn.,

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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TJIe gx. H gI1. — VAeTbHas TeIUI00TJava (YAeIbHBIH TeIUIOBOIT ITOTOK) COOTBETCTBEHHO KOH-
BEKI[HEH M H3Ty4uyeHHEM, BT/M; Fi. — ITOBEpPXHOCTH IIIHHBI, YYACTBYIOIIAsA B TEIUIOOTJa4e KOHBEK-

,J
I_[HEﬁ:, M ; Fjn — H3ITYHaroIlad IIOBEPXHOCTL IITHHBI, ]M2 .

(£ s

b &

-

PucyHok 1.1 — MHOI'OIIOITFOCHBIE IIIMHEI

Y IenbHBIH TEINIOBOH ITOTOK KOHBEKIIHEH PacCUYHTHIBAETCS IO (POPMYIIE:

(fx-=0y (19 — 1913);

2
re ax. — KO3()HIMEHT TEIUIOOTAaqYH ITPH KOHBEKIHH, BT/M™; ¥, . — TeMIlepaTyp BO3AyXa,
°C
JII1 KpyreIX H IDIOCKHX IIHH, PacIIONIOKEHHBIX BEPTHKAIbHO, KO3((HIHEHT TEeIUIOOT-
Ayl IIPH eCTeCTBeHHOH KOHBEKIHMH B 3aKphIToM PY (3PY) npHOMHKeHHO OIpeJlelIseTcs CO-

I''IaCHO KaK:

As. (g 2\
Ag. = = (E (0 — ) E) ’

rae g=9,81 — yckopeHHe cBOOOJHOIO ITaJeHH s, M/C;

Te =273+, — TepMOIHHAMHYECKAS TEMITEPATYPA BO3AyXa, K, v, —KHHEMaTHYECKas BS3-
KOCTb BO3yXa, M /c;

AB. — TEIIOIMPOBOAHOCTh BO3IyXa, B1/(M-°C);

A — ITOCTOSIHHBIN KO3()(DHIHEHT, 3aBHC SIITHI OT (POPMBI IIIHH,

L — XapaKTepHBIH pa3Mep (BbICOTA HIH JHAMETP IIHHEI).

YKazaHHS 0 Xapakrepe L, a TakKe 3HaueHH A 4 npHuBeaceHB B Tabmiie 1.1. [lapaMerp ve.
3aBHCHT OT TeMIIepaTypEl, a Ae., KpOMe TOro — OT JaBIIEHHSI BO3AyXa. [IpH TemMIiepaType Bo3ayxa,
Om3Kkoi K 25 °C, H HOpMaJIbHOM aTMOC(ePHOM JIaBIIEHHH YIEIbHBIH TEIDIOBOH ITOTOK KOHBEK-
I[HeH MOKHO BBIYHCIIHTG 110 (popMyTIe:

G = B(ﬂ _ ﬂﬂ.)l.ESL—D.ES
rae B —nmapaMeTp, 3HAUEHHS KOTOPOro ITpHBeAeHBI B Ta0mmmie 1.1.

Tabmmma 1.1 — IlapaMeTprl ceyeHH S IITHH

Dopma ceveHHs INHHEI | XapaKTePHBIH pa3sMep IITHHEI L paBeH A B
Kpﬁﬂ&gﬂ@@ﬁ%ﬁ T T BHEIIHEMY JHAMETPY D 0,46 1,31
by T TPAMOYEOIBHASL (P 00060000043¢
anenfupacHOMOKE HIPT T BI | ©5H BBICOTE L. 0.695 1.97
Ha pedpo)

I-:: l'!|
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KoHBeKTHBHAA TEIIOOTAaua IMMHEI OTKPEITOro PY (OPY) 3aBHCHT KaK OT Mepelaja TeM-
IepaTyp, Mpo(iIs H pa3MepPOB IIIHHEI, TaK H OT CKOPOCTH BeTpa. HamMeHbIIas TerooTgada H,
CIIEOBATeNIbHO, HaHOoJIee HeOJIarOIPHSITHEIE YCIIOBHS pabOoTHI ITHH OYAYT IIPH INTHIIE (T. €. IIPH
CKOPOCTH BeTpa, OIH3KO0H K HYIIIO). TeM He MeHee, Jake ITPH ITOITHOM IITHIe KOHBEKTHBHEIH TEII-
11000MeH IMpoBOAHHKOB B OPY ocrtaercs Brmile, yeM B 3PV (IpH cBOOOIHOH KOHBEKIIHH ), TaK KaK
BHE ITOMEINEHHI BCET/Ia HMeeTCs cl1aboe IBHKEHHE BO3AYXa. Y IeIbHBIN KOHBEKTHBHBIH TEIIIIO-
BOH IIOTOK, HaIlpHMEpP, OT TpyOuareIX IMH B OPY I1ipH 1urHie mMpHOIHKEHHO OMPEIeIIeTCs I10
popMyIIe:

G = Bﬂ(ﬁ _ 193_)1'25,[,_{]'25

0,75 01,3

rae Bp= 1,61 Br/(Mm ); L — XapaKTepHEIA pa3sMeD, PaBHBIH BHEIIHEMY JHAMETPY

IIHHEL D), M.
B cootBerctBHH ¢ (1.15) 1 (1.16) yIenbHBI KOHBEKTHBHBIH TelI0BOH MOTOK B 3PY 1 OPY
ITPUBOJIUTCS K BUAY, YIOOHOMY JIJIS ITPAKTHYECKIX PaCUeTOB:

14

1,75
3HaueHHs C, BT'M  IIpH pa3IHYHBIX TeMIlepaTypaxX Bo3AyXa (H COOTBETCTBYIOIIEH TETI-

JIOITPOBOJHOCTH H KHHETHYECKOH BSI3KOCTH EDB,I[}"XE],): d TAKZKC PA3JOTHHBIX TCMIICPATYpPax IIIHH

yKa3aHel B Tadmme 1.2.

-1,75
Tabmma 1.2 — 3Hadyenns C IIpH pa3iIHYHBIX TeMIlepaTypax, BT-Mm

C, BT'M_]"'Tsj TIpH
DopMa CEUEHH ST THmn
Je.=25 °C Je.=35 °C Je.=35 °C
11151513)8 YCTaHOBKH
Ynpoo.oon.=70 °C | Snpoo.oon =90 °C | Snpoo.oon=120 °C
Kpyrnas (tpy6ua- 3PY 152 195 335
Tas) OPY 227 295 519
[ IpsvoyTOTbHAS
(IIHHa
3PY 230 295 508
PacIIoNoKeHa Ha
pe6po)

,HJIH COCTABHBIX IIPOBOJHHKOBE TCILIOOTAAYY KOHBEKI[HEH C EH}"TPEHHEﬁ ITOBCPXHOCTH

NOKYMEHT MOAMMCAH . .
ITPH O REEACHPIHINAIOTPaBHOH (0,7 OT TEIUIOOTAAYH ¢ HAPYKHOH ITOBEPXHOCTH.

Ceptvpukatr: 2C0000043ESABBBO52205E7BAS00060000043E
Bnanenew:  WeCY eI fEHBIFITETHIOBOH ITOTOK H3IIyUeHHEM, BT/M , OIpeJeIstoT 110 (DOpMYIIE:

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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4 4
gn=cc(I —Tg),
TeIuIoBOH IMOTOK, ITOTTIONTAEMBIH IIMHOH ITPH COJTHEYHOH paJiHalHH (Ha eHHHITY JJIHHEI),

IIPHOIMIKEHHO OIpeAenseTcs o (popMyIIe:

QC *: ﬂc L q,,:,
I _ |9xpon t Ongon + Qc
npoAaJon —

"'J T,[[Dl'[.

TeruoBoH pacyeT y00HO IIPOBOAUTE HA 1 M JJIMHEI IIIMHEI.

Taomma 1.3 — KoappHuipeHTH H3TyYeHHS ITOBEPXHOCTH IITHHBI

3Haue HHI KOA3() PHIHEHTOB
MarepHal IIMHBI HIH I[BET KPaCKH
g d.
AJTFOMHHHI (OKHCIIEHHBIH) 0.15 0.4
Kpacka:
Oernas 0.88 0.3
KeJITas 0.9 0,44
3elIeHasd 0.9 0,65
KpacHasd 0.9 0,65
YepHas 0,92 0,97
3adaHua:
Sadarue Nel

OIMpeaemTh JOIIYCTHMBIH TOK ITPOMOIAKNUTEIBHOr O PeKIMa OIHOIIOIOCHBIX H IBYXIIOIOC-
HBIX IIMH (cM. pHCYHOK 1.1a) 3PV, pacronokeHHBIX Ha peOpo H mamMsd. [IIHHBI H3TOTOBRIEHBI
H3 aTFOMHHHS MapKH AJ[O H OKpallleHbl 3MaJIeBOH KpacKoH. PasMep OJHOH ITOIOCH IIIHMHEI 60X8

MDM.

3aoanue Ne2

Br1Oparh ceyeHHe aIFOMHHHEBBIX IIIMH OTKPBITOrO (HE3KPaHHPOBAHHOIO) yYacTKa TOKO-
IIpoBoJIa B 1ienH reHepaTtopa THiia TBO-110-2EY 3 (pucynok 1.2). HoMuHanpHBIE JaHHBIE T'eHE-
paropa: Puov—=110 MBT; Uson=10,5 kB; cos@uav—0,8. ['padpK Harpy3ku reHepaTopa IpejcTaBlIcH

Ha pHCYHKe 1.3. [IpHHATE TeMITepaTypy BO3AyXa B 3PY paBHOH HOPMHPOBAHHOM, T. €. 25 °C.

3aoarue Ne3
BLI@O]I:{V;},TL CeUeHHEe AaITFOMHHHEBBIX IIHH, COSJHHSIOINNX TpaHcopmarop THia T JII-
AOKYMEHT NOANUCAH
0
Coom $§Qpﬂ§%%%@f§§ﬂé%m%{%m 10 kB TOI] (cMm. pucyHok 1.2). B HOpMaTbHOM peXKHMeE
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Harpy3Ka KaKaoro TpaHcpopmaropa cocTaBlseT 63 % ero HOMHHAIbHOH MOIITHOCTH, a IIPH OT-
KITIOYEHHH OJHOI O M3 HIX Harpy3Ka OCTaBIIErocs B padoTe TpaHCc(popMaTopa IIPEBHIIIAET €0 HO-
MHHAaJIbHYIO MOIITHOCTE Ha 20 %. I[IpofoiKHTEeIbHOCTh HCIIONIb30BaHH I MAKCHMAJIBHOH Harpy3KH

TpaHchopMmaropa Tmax. = 6300 4. TemriepaTypy Bo3ayxa IMPHHATH paBHOH 25 °C.

3aoarue Ned

BriOpaTh cedyeHHE aFOMHHHEBBIX IIIHH B IIEIH TpaHC(OpMaropa COOCTBEHHBIX HYXK]I
(TCH) tsmra T JJHC-10000/10 (pucyHOK 1.4) Ha cTOpOHe BRICIIETO HANpsokeHHA. [IpogomkuTenn-
HOCTh HCITOIB30BAHHS MaKCHMAIILHOH HArpys3ku Imax. = 7500 4. MakcumaabHasg TeMIieparypa
BO3IyXa B pacnpenycTtpoiictBe 35 °C. IIpu moBpexaeHHH padoyero TpaHchopMaTopa MoTpedH-

TelIH cOOCTBEHHBIX HY K] ITOJIYYAlOT ITHTAaHHE OT PE3EPBHOIO TpaHC(opMaTopa

3aoarnue Ned
BriOpaTes H IIPOBEPHTE IO VCIIOBHSM HarpeBa B padodeM peknmMe KaOelll ¢ allFOMHHHIE-
BBIMH JKHIIAMH, CBSBBIBAIOIIHE pacipeiennuTenbHble MyHKTE PII 1 u PII 2 (pucyHok 1.5) ¢ mmi-

HavmH 10 kB TOL]. MakcumanbsHas Harpyska rmyHkra PII 1 cocraBmsaer Pmax. = 8 M BT, rmyHKTa

PII 2 — Pmax. =3 MBT; xo3( priiseHT MOITHOCTH Harpy3kH cose = 0,9. KaOelnH IIponoKeHsl B
3eMIIe, TeMIepaTypa moussl 15 °C. CyTouyHble rpadHKH Harpy3KH pacIIpeJelIHTelbHbIX ITYHKTOB

ITpeACTaBIIEHBI HA PHCYHKE 1.6

3aoarnue Neb

a) BEIOpaTh ceueHHEe aIIFOMHHHEBOH IIHHBI 10 YCIOBHIO JOITYCTHMOH TeMITepaTyPhI B JUTH-
TeJIbHOM peXHMe. MakcHMaabHas Tpexdas3Hasd Harpyska IenH paBHa 3200 kBT, Mexmyda3Hoe
HaIpsDKeHHEe — 6 KB, K03 pHIeHT MormHocTH — (),88.

0) IMpOBEPHTH, VAOBIETBOPSET JIH BEIOPaHHOE B ITYHKTE (@) CeYeHHE IMHHBI YCIIOBHIO 3KO0-
HOMMYECKOH TUIOTHOCTH TOKa ITPH IIPOMOIIKHTEIBHOCTH HCIIONB30BAHHS MaKCHMyMa Harpy3KI,

paBHOH 0000 .

3aoarue Ne7

[1o ycrmopmsM pabouero pexuma BEIOpaTh IHMHEL B guekike PY 10 kB 1erm typboreHepa-
topa THita TB®-100-2, umeromero cueayiompe mnapaMeTpel. Pn.= 100 MBr1, Un.= 10,5 kB,
cosp=0.,8 Sﬂ Jﬁigﬁ-dﬁj%c}}rpﬁﬂrempamp padoTaeT ¢ HOMHHAJIbHOH HArPY3KOH 7 MECSIIER B TOAY,

ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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d OCTAJIbHOC BPENA HECCT HE]I'I)}*'BI{YOﬁ HOMHHAJIBHOH. CpﬂBHHTB ITO BCJIMYHHE TIOIICPEYHOT'O CC-

YeHH S allFOMHHHEBBIE IIIMHBI TPeX ITpoIuieH: a) KopoO4yaTele, O) TpyO4YaThle KPYIJIOTO CEUEHHS,

B) TpyO4aThle KBAJAPaTHOIO CEYEHHSI.

3aoarue Ne8

MeaHas IHHa ¢ JOITYCTHMBIM JIIHMTEIBHBIM TOKOM 800 A HeceT TOKOBYIO Harpysky 750

A. OrpeemnTh, JOITYCTHM JIH JJIS IIIHHEI YKa3aHHBIH TOK, €CIIH TEMIIEpaTypa OKPY KaIOIIErO BO3-

nyxa oyaer +40 °C.

3aoarue N9

OIpeAelmTh TEMIIEPATYPY AFOMHHHEBOH OKpAINEHHOI IIHHBI ceueHHeM 80X8 MM’ IIpH

pabouyem Toke 700 A M ITpH TeMIlepaTypax Bo3ayxa: a) +25 °C ) +15 °C.

3aoarue Nel()

TpexnpHBIH Kalenb ¢ OyMaKHOH IIPOIIHTAHHOH H30ISIH e, HanpsKeHHeM 10 kB, ce-

YeHHEM ATFOMHHHEBOH KIUIBI 150 MM’ ITpoTIoskeH B TYHHEIE H HArpy»keH TokoM 175 A. IIpose-

PHTh, CMOXET IIH KaOelb AIHTENbHO padoTaTh ¢ YKa3aHHONH Harpy3KOH, eCIH TeMIlepaTypa BO3-

IyXa B TYHHEJIE ITOAHsUIAachk 10 +35 °C.

Tabmma 1.4 — JIomyCTHMBIH TOK ITPOAOIDKHTEIPHOIO PeKHMa HeOKpallleHHBEIX H OKpa-

IIIEHHBIX IIIHH 0e3 YHCTa COIIHEYHOH pagHaIlHH

TerutoBoIH MOTOK, BT

JloImy CTHMBIHN paldouiil TOK, A

Twum ycra- C YUETOM COIIHEY-
HOBKIL OKpacka ITHH Ox On. Oc. Hoit 0e3 yyeTa COITHEY-
HOH paaHaI[HI
pagHaIiH

HeOKpallleHHbIE 15,9 34 1617 1853

Oemnad 03.2 25.5 2163 2300

OPY KelTas 1269 05.4 37.4 2108 2312

3eJIeHas 95,4 52.7 2019 2312

nokymMERPASAHMEAR 954 | 552 2004 2312

INEKTPOHHOW NOANWUCHIO
Ceptydomkatr: 2C0000043ESABBBO952205E7/BAS00060P00043E
Bna,u,llneu: llleBayxdea TateAHa AnekcaHapoBHa 15?9 1 529

HCOKPAIIICHHBIC

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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93,2 2068

3PY Oernas Kelras, 84,8 05.4 0 - 2081
3eleHasl, -
KpacHas -

BnB

&1 (=) ez

PucyHok 1.2 — IlpuHIpomnansHas cxema 1T 31

P.MBT
100
80
60 — — —_—
40
20
0 4 S 12 16 20 24 t, 9
Sumva (200 gHein )
NOKYMEHT MOANUCAH - T 7 Neto (165 gHeid)
JNERTPORROW NOAINHMCBH
CepTudukarn 2C0000043E9ABBB952205E7BAS0006000004 3E
srenenen Hisbaoss TaE S BreUHoK 1.3 — CyTOUHBIE rpadIKI HATPY3KH TeHEpaTOpa
NencTteuTenex 2022 n Uo. 202

16




-
@ o = TAHO~10000/ 19

Pucynoxk 1.4 — [IpuHipomnansHas cxema T3OI] ¢ tpancdopmaropom CH

OOKYMEHT N

SHEHTPDHHDH%@{ 1.5 — Cxema snexrpocHabxkeHHA nmoTpedurenen 10 kB
Cepmvdomkar: 2C0000043E9AB8BO952205E7/BAS00060000043E

Bnageney, llleGayxoea TaTeAHa AnexkcaHgpoBHa

Neicteutenex: ¢ 19.08.2022 no 19.08.2023
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P .56

100
80 —_
]
5O | —
40 ‘_ |
I I

20

] & B 1.7 16 20 24 1, 4

A (200 -l )
neto (165 maei )

PrcyHOKk 1.6 — CyTouHEBIe rpapHKH HArpy3KH pacipeeHTelIbHBIX ITYHKT OB

K OHMPOJIbHBIE 601NPOCHL.

1. Kak ocymiecTBIIseTCs IPOBEPKaA IIIHH 10 YCIIOBHS HATPY304YHOH CITOCOOHOCTH?

2. Kak BIIHSAeT Ha JOITY CTHMBIH ITPOJOIKHUT €JIBHEI TOK IIIHH YIeIbHOE AIIeKTPHYECKOE CO-
ITPOTHBJIEHHE MaTepHaia?

3. M3moxuTe IMoHATHE O BEIOOPE MMPOBOAHHKOB 110 S3KOHOMHYECKOH ITIOTHOCTH TOKA.

4. OOBSACHHTE BIHSIHHE COTHEYHOH PaJHAIHH Ha ITPOJAOIIKHTEIILHBIH TOK IIIHH.

5. HEPE‘IHGHHTE: OT HEro 3aBHCHT KOHBCKTHBHAA TCIUIOOTHAYd IIIHHBI OTKPBITOI'O PY

(OPY),

AOKYMEHT MNOANMCAH
JNEKTPOHROW 1NO4INMCBHD

CepTudukarn 2C0000043E9ABEB952205E7BAS00060000043E

o~ - "
Bnapeneu LeD3yxXoBd iITbHAHA AJIeKCaHOpoBHA

NeicteMTeneH: ¢ 19.08.2022 no 19.08.2023
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Ipakmuueckaa paboma Ne 2. Cunoéste mparchopmamopst u asmomparnchopma-

mopst. Hazpyzounaa cnocodHocms mpancgopmamop os.

Ilens: 1 IppoOpecTH HAaBBIK TEIUIOBOI'O pacyeTa TPaHCc()OpMaTOpa H OLlEHKH Pa0oTHl TPaHC-

(opMaTOpa B pa3HbIE IIEPHOAEI BPEMEHH.

OcHO6bl meopuL:

Br16op TpaHCchOpMaTOPOB Ha 3JIEKTPOCTAHIMAX H ITOJACTAaHI[MIX 3aKIIFOYAacTCsI B BEIOOPE
THITA, KOIIHYECTBa, HOMHHAJIbHOH MOIITHOCTH, H HOMHHAJIBHOT'O KO3(D()HI[HEHTA TPAaHC(OPMAI[HH.

HommHampHOH MOIMHOCTBIO TpaHC(OpPMAaTropa Ha3bBAIOT KaKYIIYIOCS MOIIMHOCTD
(Harpy3Ky ), KOTOPYIO TpaHc(popMaTop MOKeT HeCTH HEIPEPBIBHO B TeUYeHHEe BCEr0 HOPMAaJIbHOIO
CpPOKa CIIy KOBI ITPH HOMHHAIIBHBIX PeKHMHBIX YCIOBHSX (HOMHHAIBHBIX HAIIPSPKEHHH, YaCTOTE H
TeMIlepaType OXJIa’kKJaromieil cpeasl). HopMambHEIHN CpOK CITY?KObI Ha3HA4YalOT IMIPHMEPHO PaBHBIM
CPOKY MOPaJIbHOI'O CTApPEHMA.

JleHCTBHTEILHBIH CPOK CITYKOBI TpaHCc(opMaTopa OIpedeisieT ITPOLEecC CTapeH s H30IIs-
I[HH €70 0OMOTOK, KOTOPBIH, B CBOIO OYePeb, 3aBHCHT OT TEMIIEPATYPHI H3OISI[HH OOMOTOK. {114
OYMaKHOH H3OJISI[HH, IIOTPYKEHHONH B MAacCIIO, HOPMAJIbHEIH CPOK CIIYKOBI 00eCIIeUHBAETCS ITPH
paboTre ¢ HeM3MeHHOI TeMTepaTypoii 98 °C. CemoBaTelnbHO, TpaHcpopMaTop OyaeT HMETh HOP-
MAaJIBHBIH CPOK CIIYKOBI B TOM CIIyYae, €CIIM TeMIlepaTypa B Haudolee HarpeToH TOUKe ero oOMo-
TOK OyZIeT HeM3MeHHa H paBHa 98 °C. B 3THX yCIOBHSIX H30IIAIIHA TPaHC (hopMaTOopa IToABEPraeTCs
TaK Ha3bIBAEMOMY HOMHHAJIBHOMY (HOPMAalIbHOMY) H3HOCY.

[IpeBbnmieHHe TemIiepaTypbl OOMOTOK TpaHc()OpMAaTOpa HaJl, TeMIIepaTypoH OKpPYKaro-
II[Er0 BO3AyXa 3aBHCHT OT MOIIHOCTH HarpyskH. HoMHHaIbHYIO MOIIHOCTH TpaHC(]opMaTopa
Ha3HayarOT B COOTBETCTBHH C HOPMHPOBAHHEIM IIPERBIIIEHHEM TEMIIEPATYPEI OOMOTOK HAaJ[ TEM-
IepaTypoH Bo3yxa. OJHAKO IIPH YCTAaHOBKE TpaHC(OpMaTopa Ha OTKPBITOM BO3JyXe TeMIlepa-
Typa IOCIEIHEr0 HE ITOCTOSHHA, 4 H3MEHSETCA B TEUEHHE Iojla B COOTBETCTBHH C KIIMMaTHYeE-
CKHMH YCIIOBHSMH. {119 KaXKI0H KIIMMaTHYECKOH 30HBI MOKET OBITh YCTAHOBJIEHA TAaK Ha3bIBac-
Masl SKBHBaJIEHTHAS 10 H3HOCY H3OIAINH TeMIIEpaTypa BO3AyXa 3a BpeMd T, IIpH KOTOPOH TPaHC-
(popMaTop, paboTast ¢ HeH3MeHHOI Harpy3Koi, HMeeT TaKOH ke H3HOC H3OISI[HH, KaK B IeHCTBH-
TEJBHBIX YCIOBHSAX IIPH IIEPEMEHHOH TEMIIEPATYPE BO3YXa 3a pacCMATPHBAEMBIH IIEPHOI BpE-
MEHHU. B KauecTBe HOMHHAJIBHON TEMIIEPATYPhI OXJIAKIAIOINEH CPEAbl IIPHHATA TEMIIEpaTypa +
20 °C. JIng BepXHHX CIOEB Maclla HOPMHPOBAHHOE IIPEBRBIIIEHIE TEMIIEPATYPHI IIPH HOMHHAIbHOH

OKYMEHT MOAMNVCAH

HarpyBKar@)m(MﬂSHpﬂmmmmﬂ cucteM oxmaxaeHusa M u J| — 55 °C, mig cucreM oxXmaxaeHHd L] u

Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E
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[Tpu BEIGOPE HOMHHATIBHOI MOITHOCTH TpaHc(hopMaTOpa ClIeayeT YIUTHIBATE €TI0 CII0CO0-
HOCTb K IIEPErPY3KaM.

CHCTeMaTHYeCKHE IEPErPY3KH — 3TO TaKHe Ieperpy3KH, KOTOPEIM TpaHC(OpMaTOp MOXKET
TTOJIBEPraThCs CHCTeMaTHYECKH (€KeCyTOYHO B Yachl CYTOYHOI0 MaKCHMYMa Harpy3oK), IIpHYeM
H3HOC H30JII[HH 33 pacCMaTpPHBaeMEIH IIEPHO] He IPeBBIIIaeT HOMHHAIIbHOTO.

Ecmi TpaHcdopMaTop B TeueHHe HEKOTOPOro BpeMeHH paboTaeT ¢ Harpy3Koil MeHee HO-
MHHAJIbHOH, TO H3HOC €I'0 H30MISIIHH HAET 3aMeJIEHHO IIPOTHB PacYeTHRIX YCIIOBHIL. 3a CYET 3TOr0
TpaHchOpMaTOP MOKHO IePErPY3HTh Ha KAKOM-TO JPYTOM OTPe3Ke BPEMEHH, T. €. IIOHTH Ha YCH-
JIEHHBIH ITPOTHB HOMHHAJIEHOT 0 H3HOC H30JISII[HH, HO TaK, YTOOBI CyMMapHOE YHCIIO OTKHTBIX Ya-
COB PaBHSIIOCH PaCUeTHOMY.

T[7151 OLIeHKH JOITY CTHMOCTH CHCTEeMATHYECKOH Ieperpy3KH TpaHchopMaTopa B Yachl CY-
TOYHOI0 MAaKCHMYyMa HeOOXOHMO BEIITOJIHHTE PacueT ero TeMIIepaTypPHOr 0 pe’KHMa, T. €. BEIYHC-
JINTh H3MEHEHHEe TeMIlepaTyphl Maciaa H 0OMOTOK TpaHc(opMaTopa B TedeHHe CYTOK. JIJIsS ATOH
I[e]TH MOKHO BOCIIOIIb30BAThCS CIEAYIOITHMH pacuyeTHBIMH BBRIPaKEeHHSIMH, CIIPaBEIJINBEIMH ITPH
BHE3aITHOM H3MeHeHHH Ko3(pPpHIeHTa (KpaTHOCTH) Harpy3kH K oT ki=S1/Su. mo ke=S2/ Su. ( Su.
— HOMHHAJIbHAS MOIITHOCTh TpaHc(opMaTopa).

[IpeBBIOIIEHHE TEMIIEPATYPHI Macia (B BepXHIX CIIOSX) HaJl TEMIIEpaTypOil OXJIaKJaroreit

CPCIbL.
1
@M =®1+(®1 _81) '(1 _EE)

rae ©@1 — mpeBbIIIeHHe TeEMIIEPATYPhI Macia, COOTBETCTBYIOMIee KOA(PHIMEHTY Hauyalb-

HOH Harpys3kHu k1,

m

1+4+b-kZ
91 = Oue "\ —117

®2 — ImpeBBIIIEHHE TeMIIEPaTYPhl Maclla, COOTBETCTRYIOMIEe KOA(P(HIHEHTY HAarpy3KH k2,

14+b-k3
91= O " 733

m

rje b — oTHOMIeHHE ITOTEPh KOPOTKOI'O 3aMBIKAHH S K ITOTEPSIM XOIOCTOr0 X0/a,
T — IIOCTOSIHHASI BPEMEHH TEIUIOBOTO ITpoIiecca TpaHc(popMaTopa, U,

t — BpeMd, 4,

m — TT0Ka3aTellb CTeNeHH, 3aBHCHT OT CHCTeMBl OXJIa KAeHHS.

[IpeBbpnneHHE TeMIIEpaTyphl OOMOTKH HaJl TEMIIePaTypoH OXIIaKIaloIeH CpeIbl

_ . r2m
AOKYMEHT MOAMWCAH Oos. = Ou + ABpg.m). " K
BNEKTPOHHOW MOAMMUCHIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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rae A®o6.(H.) — cyMMapHBIH Iepeliaji TeMITepaTyphl MeKIy HanOoaee HarpeTOoH TOUKOM
H3OMISIHH H BEPXHHMH CJIOSMH Macia IIPH HOMHHAIIBHOH Harpyske. 3HaueHHSI A®00.(H.) H m

ITPHBEEHEIL B Ta0mmie 2. 1.

Taommia 2.1 — 3HaueHna A®o006.(H.) H m

CHCcTEMA OXTIaKIeHHS M | I, 11
A@06. (1), C 23 23 38
m 0,8 0,9 1

TemmepaTypbl Maciaa H 0OMOTOK OITPeJesIstOT JOOaBIEHHEM TeMIIePaTyphl
OXJIaKIaroIIEeH CpelIbl Uy:
Yy = 04 + )
79-:-6 — E)m‘:i + 19-:-
M3MeHeHHe TeMIlepaTypsl OOMOTKH OITpeIeiIseT IPOIecC CTapeHH s H3OISAHH B TeUeHHe
CYTOK. M3HOC M30JI1HH Y A00HO XapaKTepH30BaTh BEIIMYHHON OTHOCHTEIBHOIO H3HOCA, T. €. OT-
HOILIEHHEM CYTOYHOI'O M3HOCA H30JIIHH B PacCMaTPHBAEMOM pPeKHMe K HOMHHAJIbHOMY CYTOY-
HOMY H3HOCY (H3HOCY B YCIIOBHSX, KOT'Jla TeMIIepaTypa 0OMOTKH B HaHOOIIee HarpeTOH TOYKe I10-
CTOSIHHA H paBHa 98 °C).
OTHOCHTETBHBII H3HOC H30TIIHI L PaCCUNTHIBASTCS B COOTBETCTRHII € ITIECTHI DALy CHEIM
IIPaBHIIOM: ITPH H3MEHEHHH TeMIIepaTyphl 0OMOTKH Ha 6 °C cpoK cIIyKOBI TpaHC(]popMaTOpa H3-

MCHACTCH B JIBAd Pd3a.

ﬂuﬁ__ gﬂ

L=2 6
CHCTeMaTHYeCKas Harpy3Ka I10 paccMaTpHBaeMOMY I'pahHKY JZOITYCTHMA, eCJIH CPEJTHECY-

TOYHBIH OTHOCHTEIbHBIH H3HOC H3OJISIHH He IMPEBBIIIACT CAHHHIIBI.

24

1
L=— ] Ldt <1
24 o

0

Ha rpadmkax (2.2, 2.3, 2.4), MOCTPOEHHBIX JUIS MACIIIHBIX TPaHC(OPMATOPOB C CHCTEMOH
OXIaXIeHHUS /][, ITOCTOSHHON BpeMeHH 2.5 4, IIPH 3KBHBAIIEHTHOH TeMIlepaType OXIIaKIaroIleH
cpeanl 0, 10 u 20 °C. I'padguxu B3a1e1 H3 'OCT 14209 -69 [3]. B TaOmuie 2.2 JaHEI ITIOCTOSHHBIE

BpPEMEHH TPaHC(OPMATOPOB, a Ha PHCYHKe 2.1 — SKBHBaJIEHTHBIH JBYXCTYIIEHYATHIH CYTOYHBIH

rpadiK KAEBYSRIbAPSHGPQPMATOPA, I KOTOPOTO MIOCTPOEHB PACYETHBIE KPHBHIE.

Cepmuwdukatr: 2C0000043E9ABEBSS2205E7/BAS00060000043E -
Bnageneu; 11e6E e QEHL ARG LG 6 QLJI0KCHA KPATHOCTD k IPCAIICCTBYIO IICH HAI'PY3KI TpﬂHC(prMﬂTGpEl

HIIH KO3((HIMEHT HaYaJIbHOH Harpy3KH (OTHOIIEHHE HaYallbHOH Harpy3KH K HOMHHAJIBHOH), a
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110 OCH OpAHHAT— KO3((HIMEHT TOMYCTHMOIO ITPEBBINEHHS HATPY3KH Kpon ITO TOKY HIIH IIPH
HEN3MEHHOM HaITPSLKEHHH — ITO ITOJTHOH MOIITHOCTH. KpHEBEIE ITOCTPOEHEI IS Pa3IIHYHBIX ITPOI0JI-

KHTEIILHOCTEN ITeperpy3okK t: or 0.5 g0 24 u.

MOIIHOCTE TPaHC-

0,005— 1,0— 6,3— 125u
¢opmaTopa, 1.0 6.3 39 32-63 80—-125 N

MBA

CHcTeMa
OXTTaKIeHHU A

M il L m 1L

IlocToaHHag

2,5 3,5 2.5 3.5 2,5 3,5
BPEMEHH, 4

B ciyyae aByxcTyneH4aToro pabodero rpadrka Harpy3KH IOPSJIOK OITPEeeIIEHHS JOITY -
CTHMOH IIepPerpy3KH TpaHC(opMaTopa 10 KPHBBIM Harpy304YHOH CITOCOOHOCTH CJIE Y FOIIHH:
1) B coOTBeTCTBHH ¢ MaKCHMAaJIbHOH pacueTHOH HAarpy3KOH HaMedaeTcs THIT H HOMHHAIIb-

Has MOIITHOCTh TpaHCc()opMaTopa SH H BEIYHCIIIETCS I0 IIeperpy3Ka:
ko =S5,/S%;
2) Onpeaenserca Ko3pQHIHeHT HayaJIbHOH Harpy3KH:

ky =S1/Sg;

LERTINY
II{.;-:S_'- |"l EH

K=S,/S, |¢—

OOKYMEHT NOANMUCAH

SNEKTPOHHOW NOANUCH 4 B 12 16 20 24 I Y

Ceprudmkar: 2C0000043ESABBBO52205E7BAS00060000043E
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PrcyHok 2.2 — I'padpHK Harpy304HOH CITOCOOHOCTH TpaHC(OpMATOPOB ¢ CHCTEMOI oXIa-

KaeHna J| mpu =2.5 4 u 9=0 °C

K2 danmn.
1.8

1,7

1.6

1.5

14

13

1.2

11
1,05

0 0,5 10 K1

Prgynok 2 #bankarpy30uHast crtocoOHOCTh TpaHC()OPMATOPOB ¢ CHCTEMOH OXJIaKIeHHS [|
ANEKTPOHHOW NOANMUCHLIO
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3) momb3ysAch TaOmiIIeH 2.2, onpeJelsIroT I HaMeuaeMor o K ycTaHOBKe TpaHCc( opMaTopa
€r0 ITOCTOSIHHYIO BPEMEHH. B 3aBHCHMOCTH OT BHJIA CHCTEMBI OXIIAXKIEHIS, TTOCTOSHHON BPEMEHI
H 3KBHBAJIEHTHOH TEMIIEPATYPhI OXJTaKIAFOIIEN CPEIbl BRBIONPAIOT HYKHOE CEMEHCTBO PACUETHBIX
rpapHKOB Harpy304HOH CITOCOOHOCTH,

4) o rpadukaM 19 K03} PHITHeHTa HadaIbHOH Harpy3KH K1 M pacue THOH ITPOJIOIIKHT €IIh-
HOCTH IIePerPy3KH t HaXOMAT KO3(P(HIMEHT Oy CTHMOIO ITPeBHIIICHN I HATPY3KH Kopon.

5) CpaBHHUBAS PaCYeTHBIH K2 M JOITYCTHMBIH Kopon. KO3()(OHIMEHTHI ITPEBBIIIEHH ST HATPY3KH,
JIeIat0T 3aKIIFOYEeHHE O JOITYCTHMOCTH TaKOIo PekKHMa IS TPaHC (popMaropa.

Ecimi cyTOUHBIH I'papHK MHOTOCTYIIEHYATHIH, TO €ro IPeIBapHTEIFHO IIPeo0pa3yroT B K-
BHBAIIEHTHEIH ABYXCTYIIEHYaTHIH TPa(HK ¢ Harpy3KaMH. SKBHBaJIeHTHAs HauallbHAsI Harpy3Ka 3a

BpeMs 10 4, IIpeIie CTBYIOIIEE HavYaly HaHOOIIBIIEH TIEPErPY3KH:

ni 2
i—19{ L

\ 2121 ti

OKBHBAJIEHTHAS Harpy3Ka Ha BTOPOH CTYIIEHH (IIPH IIEPErPYy3Ke):

815 =

n2 o2
i1 97 L
n2
\ i—1Li

rae S1 — HarpysKa (-’ CTYIIEHH, i —BPeM i-H CTYIIEHH, n] — YHCIIO CTYIIEHEH 3a BpeMs 10

575 =

Y [0 Hadala IIEPerpy3KH;, n2 — YHCIIO CTYIIEHEH 3a BpeM I PErPy3KH .

B cioydyae AByX ITpeBHIIIEHHI HArPY3KH HaJl HOMHHAJIbHOH, MEHBIIHH MaKCHMYM YUHTHI-
BAIOT IIPH BBIYMCIIEHHH S]5. . Pacuer S7» BeayT 3a 10 4 10 1M 1mocie OONIbIIero MakCHMyMa B
3aBHCHMOCTH OT TOTO, IJle PacITONIOKeH MeHbIIIIT MaKCHMYM. Ecin TpaHc(OpMaTOp KPYTIIBIH O/
paboral ¢ OJHHAKOBBIM CYTOUYHBIM I'Pa(p)HKOM Har py3KH, TO IIPH OLIEHKE JOITYCTHMBIX IIEPETPY30K
IIPHHHMAOT T'OIOBYIO SKBHBAJIEHTHYIO TEMIIEPATYPY OXIIaXKAAOIIeH cpeabl. ECIH JIeTHHI rpadHK
Harpy3KH TpaHC(opMaTOpa HHKe 3HMHETO, TO CIeQyeT BOCIIOb30BAThCS CE30HHBIMH SKBHBA-
JIEHTHBIMH TeMITe paTypPaMH OXJIaXKJAFOINEH cpelbl H ONPEAEIIHTE OTAEIbHO JOITYCTHMOCTE COOT-
BETCTBYIOIINUX ITEPErPY30K 3HMOH H JIETOM.

ABapHitHBIE TIEPETPY3KH — 3TO TAaKHE IIEPETPY3KH, KOTOPBIE MOXKHO JOITYCTHTE Ha TPaHC-
opMaTOp B PeIKNX aBAPHHHBIX CIIyYasIX (HaIIpHMED, ITPH OTKIIFOYEHHH OJTHOTO H3 ITapalUIelbHO
paboTaBIIMX TpaHC(POPMATOPOB) Oe3 ero IMOBpeKAeHHI. SHAaUEeHHS JOITYCTHMBIX aBapHHHBIX IIe-
PErpy30K Ha3HAYAKOT TaKHM 00pa30oM, YTOOBI TeMIlepaTyphl OOMOTOK H Macla TpaHc(opMaTopa

HE IIPEBbIIIAJII BHHIIEP]I]IT: ITPH KOTOPBIX ITPOHCXO/ AT HEGﬁpﬂTI]MI:-IE ITPOLCCCHL, ITPCITATCTBYIOIIHC

nanbHei abore TpaHcopMmaTopa. MaKCcHMAaIbHO JOITycTHMAs TeMIlepaTypa
e SRR
oot mpacitd CoCTABIET (13 PC Uil msonsum o6MOTOK (B HanGonee HarpeToit Touke) -140 °C.

BJ'IE,EI,E.‘J'I JYX0Bd 1dTbHHA eRCaHOpOBHA
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[Ipn aBapIiiHEIX MTEperpy3Kax HIYT Ha ITOBBIIIEHHBIH IIPOTHB HOPMAIIEHOI O H3HOC H30T5-
IIMH. TaK Kak 3TH CIIy4aH B 3KCIUTyaTallH JOCTATOYHO PEAKH, a BPEMS aBaPHITHOI'O PEKIMA Or'pa-
HHYEHO, TO 3HAYHTEIIBHOT'O CHIZKEHHS CPOKa CIIYKOBI IIPOTHB HOPMAJIbHOT'O IIPH 3TOM HE ITPOHC-
XOJTHT.

CormacHoO |7] B aBapHHHBIX YCIIOBHSX B TedeHHe He 0o0jlee 5 CYTOK JIOITyCKaeTcs Iepe-
rpy3Ka MacISHBEIX TpaHc]popMmaTopoB 0 40 % Ha BpeMs CyTOYHOIO MaKCHMYyMa ITPOJOJIKHT eJIhb-
HOCTBIO He Ooriee 6 4 B CYTKH, IIPHYEM KO3( (PHIMEHT HaYaIbHOH HAarpy3KH k/ He JOIKeH OBITh
6omee 0,93.

JoImycTHMYIO aBapHIHYIO IIEPETPY3KY k20on.=1,4 crenyeT paccMaTpHBaTh KaK HEKOTO-
PHIH YCIIOBHBII pacyeTHBIH KO3(pHIMIEeHT, HCIIOIb3yeMBIil ITPH BRIOOpPE TpaHC(OPMATOPOB IIO
YCIIOBHSIM aBaApHHHOM IePerpy3KH. BeMunHyY JOITYyCTHMOH aBapHIHOH IIEPErPY3KH B OKCIUIYara-
I[HH Ha3HA4YalT B 3aBHCHMOCTH OT KOHKPETHBIX YCJIOBHH: I'paHKa Harpys3KH, TeMIlepaTyphI
OXTTaXKAAOIIeH cpeibl. Ee oIpeIelstoT pacyeToOM TeIDIOBOIO pekHMa TpaHCc(opMaTopa.

Boioop mpancgopmamopos Ha noocmarnyugx. B Tex ciaydasx, KoOrjga Ha IIOLCTaHIH

OKa3bIBaeTCS BOSMOKHBIM YCTAaHOBHTE OHH TpaHC(hOpMaTOP, BEIOOP €r0 HOMHHAIBHOH MOIIHO-
CTH IIPOH3BOJIAT C YYETOM CITOCOOHOCTH TpaHC(popMaTopa K CHCTEMAaTHYECKHM ITe PErPYy3KaM.

[Ipn ycTaHOBKE Ha ITOACTAHI[HH JBYX TPaHC()OPMAaTOPOR BEIOOP HX HOMHHAJIBHOH MOIII-
HOCTH OCYIIECTBILIIOT C YUETOM BO3MOKHOCTH aBapHIHOM IEPErPY3KH IIPH ITOBPEXKISHUH H O/I-
HOM H3 TpaHc(popMaTopoB. B HOpMalmbHOM peskumMe 00a TpaHc(popMaTopa padOTaroT ¢ 3aMETHOMH
HeJOTPY3KOI.

Ecim Ha ITOACTAHIIMM HMEeeTCS TPH HAIPSDKEHHS, TO, KaK ITPaBIIIO, YCTAHABRIMBAOT
TPpeXO0OMOTOYHEIE TPaHC(OPMATOPBI HIIH aBTOTPAaHC()OPMATOPEI, YTO B OONBINMHHCTBE CIIYYacB
JaeT 3aMeTHbIE SKOHOMHYECKHE BBITOJIBI IO CPABHEHHIO C ABYX0OMOT OUYHBIMH TPaHC) OpMaTOPaMH.
[loHmKarompe aBTOTPAaHC(OPMATOPHI, SKOHOMHYECKH BCErJla BBEITOJHEE TPeXOOMOTOUHBIX
TpaHC(OpPMaTOPOB, HO HX IIPHMEHEHHE BO3MOXKHO TOIBKO B TeX CIIYYasX, KOrJIJa CETH BBICIIETO
H CpeIHEro HanpsoKeHHH paboTaroT ¢ 3 peKTHBHO 3a3eMIEHHBIMH HEeHTPaJIsSMH.

Ecmi npoekTHpyeMast ITOACTaHII HMEET CBSI3h HAa CTOPOHE HHU3MIETO (CpeHEro) Harps-
KEHIS C SIeKTPOCTAHIIHEH, TO IIPH BRIOOPe TpaHC(OpMaTOPOB Ha MOACTAHIIHH HEOOXOHMO YUH-
TBEIBATH ITPOTEKAIOIIHE YEPE3 HUX JOIOIHUTEIBHBIE ITOTOKH OOMEHHOH MOIIHOCTH CTAHI[HH C CH-
CTEMOH.

Boioop mparcghopmamopos Ha 3ekmpocmanyuax. s 3NeKTPOCTAHININ, HMEIOIIIX

MCCTHVIO HAI' PY3KY Hd I'CHCPATOPHOM HAITPAAKCHHIL, ITPCABAPHICIIPHO COCTABIIAIOT XdPdKICPHBIC

OKYMEHT NOOLMACAH . -
C}"TG‘II—[BEH%@&H}HEH MEHBOH MOIOIHOCTH CTAHIIHH C CHCTEMOH B HOPMAJIbHOM PCHKIME. KPGME

CepTudpmkar: 2C0000043E9ABBBI52205E7BAS00060000043E _ _
BnanendOT O PAGCCMATPHBAEHOTOKH OOMEHHON MOII[HOCTH B ABaPHIHBIX PEKHMAX: a) ITPH BBIXOAE H3
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paboTHl OAHOIO HaHOoOlIee KPYITHOTO IeHepaTopa CTAHI[HH, ITOAKIIOUYEHHOTO K IIIHHAM I'eHepa-
TOPHOI'O HAITPsDKEHI (ITPH 3TOM B CIIy4ae He 0OXOJHMOCTH OCTalbHBIE TeHepaTOPhI () OPCHPYIOT
MOIITHOCTE 0 HOMHHAJILHOTO 3HAYeHH), O) IIPH aBapHHHOM COCTOSHHH B CHCTEME, KOIJla TeHe-
PaTOPHI JaHHOH CTAHIHH JOIKHBI (POPCHPOBATH MOITHOCTH IO HOMHHAIbHOH. Ha ocHOBaHHH aHa-
TIH3a TTOMYYeHHBIX I'pa(pHKOB BRIOHPAIOT YHCIO H HOMHHAJIBHYIO MONTHOCTH TPaHC()OpPMaTOpPOB
CBSI3H C CHCTEMOI.

CBSI3b C CHCTEMOH Yepe3 OJHH TPaHCc(OpPMaTOpP BO3MOKHA JIMIIE IIPH BEITOTHEHHH JBYX
YCJIOBHI: a) €CIIH MOIITHOCTG, BEIJIaBaeMasl CTaHIHEH B CHCTEMY B HOPMAIIbHOM peXKHMe, He TIpe-
BBIIIIAET aBaPHITHOIO pe3epBa; 0) eclIH CHHKeHHe TEINIOBBIX OTOOPOB TYPOHHEBI, 00YCIIOBIEH-
HOE BBIHYKIEHHBIM OTPaHHYEHHEM 3JIEKTPHYECKOH MOIIHOCTH CTAHIIHH ITPH HaPYIIIEHHH CBA3H
C CHCTEMOH, BOCIIOITHHMO C ITIOMOIIBIO PeayKIITHOHHO—OXIIaIHTEIbHOH YCTaHOBKH (POY) (mmpoms-
BOIHTEILHOCTE POY OOBIYHO pacCUHMTHIBAcTCSI Ha pe3epBHPOBaHHEe OXHOH TYpPOHHEI). YcCTa-
HOBKa OJHOTO TpaHC(OpMaTopa CBSI3H Ha CTaHI[HH — JOBOJIBHO PEJKOe SBIIEHHE.

Ha sineKTpocTaHIIMSIX pailOHHOI O THITA, BEIAAIOIIIX BCIO BRIpaOaThIBAEMYIO BIIEKTPOIHED-
THIO Ha IOBBIIEHHBIX HAIIPSKEHIX, TEHEPATOPhI BKIIOYAKOT B OJIOKH C ITOBBIIIAOIIIMH TPAHC-
(popmaTopamMH (aBTOTpaHchopMaTopaMH). HoMiHampHag MOIMHOCTh TpaHC(opMaTopa JONKHA
o0ecCIleYHBaTh BEIIaUy BCeH aKTHBHOH H peaKTHBHOI MOIIHOCTH I'eHepaTopa.

Ha rugposneKTpocTaHIIIX 4acTO SKOHOMHYECKH 1I€I1eCcOo00pa3HO IMPHMEHSTh YKPYITHEH-
HbIe OIIOKH. MOIIHOCTEH YVKPYITHEHHOI O OII0Ka He JONIKHA ITPEBHIIATE aBAPHIHOI'O pe3epBa B CH-
CTEME.

TpaHchopMaTopsl H aBTOTPaHC(OPMATOPHI JJIS CTAHIHI H ITOJCTaHI[HI ITPHHHMAIOT, KaK
IIPaBHIIO, TpeX(a3HBIMU ¢ peryIHpOBaHHEM HAIIPSKeHHS ITOJ HarPy3KOoil, KpoMe JIBYXOOMOTOY-
HBIX TPaHC(OpMaT OPOB, BKIIIOYAEMBIX B OJIOKH C T€HEPaTOPaMH.

BERIIIEH3TOKEHHBIE METOANYECKIE YKa3aHHS, PEIIIEHH H OTBETHI K 3aJauyaM COCTABIIEHEI
B COOTBETCTBHH C JEHCTBYIOIIMMH CTaHAApTaMH H HOpMaMH. OJHAKO IIPH ITPOEKTHPOBAHHH
3JIEKTPOYCTAaHOBOK ITPHXOIUTCS YUHTHIBATH 3HAYHTEILHO 00JIee IIHPOKHI KPYT OOCTOSTEIILCTR,
yeM 3aJacTCS B YCIOBHSX 3ajjauy. YUeT 3THX (PaKTOpPOB MOXKeT H3MEHHTh PellleHHe, 3aCTaBHB
BRIOpaTh TpaHC(popMaTOp OONBINEH MOIMHOCTH IO CPaBHEHHIO C TOH, KOTOpas oKa3alach ITpH-

HSITOH ITPH JIOKAJIBHO 3dJdHHBIX HCXO/JHbBIX YCIIOBHAX.

3a0aHuAa:

3aoarue Nel
Tﬁéﬁ%ﬁﬁﬁﬁﬁ%ﬁ;ﬂa T 1 paGoTaeT 110 ABYXCTYIeHYaTOMY I'papHKy Harpy3KH (PHCYHOK

Ceptud *aé,' 2C0000043E9ABBB952205E [BAS0006000004 3E - o
.2. ) TIP3, PKBHBANCHTHOH, ZEMITepaType oXIlaKIaroIe cpebl (Bozayxa) +20 °C.

Bnanen

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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IlocTosHHA S BPCMCHII PpaBHa 2:,5 1, OTHOHOICHHC ITOTCPb KOPOTKOI'O 3dMbIKaHH A K ITOTCPAM

XOJIOCTOTO X0Ja paBHO 5. PaccunTarh TEIJIOBOH PeXHM TpaHc(popMaTopa.

K=5(5..
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PucyHok 2.6 — JI[ByXCTYyIIeHYaThIH I'pahHK

3aoarue Ne2

OrneHHTh MOJKET JIH TpaHc(opmMaTop THra TJ[-16000/110, paccuynTaHHBIH Ha HOMHIHAIIb-

HYI0 MoImHOCTh 16000 kBA, B TeueHHe 3HMHETO Ce30Ha paboTaTh IO CYTOYHOMY I'papHKY, IIPH-

BEJSHHOMY Ha PHCYHKE 2.7.
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PrcyHok 2.7 — CyTOYHEIH rpaHK HarPy3KH

3aoarue Ne3

ONpedgmiTh, MOIKET TH TpaHcpopmaTop Trra T J{, paccUHTaHHBIH Ha HOMHHATBHYEO MOITI-

SNEKTPOHHOW NOANUCHIO

HOCTE 16000 I{BA paﬁmm‘b HOC¥TOUYHOMY I'padHKY, IIPHBEJCHHOMY Ha PHCYHKE 2.7, eCIH 5K-

BHBATCHTHAS TIeTHAS TemepaTypa cocTtaBgeT +20 °C (PocToB-Ha-J[0oHY).
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3aoarue Nod
I10mMB3YACh CTAaHAAPTHOH INKAJI0H HOMHHAIBHBEIX HAITPSCKEHHI, VKAXITE, IIPH KaKOM CO-

OTHOLICHITH HEalH?ICEHIIﬁ ITPHMCHEHHC ,I[E}"XG@MGTG‘IHGI‘D dBTOTPAHC QJGPMHTGPH OKaKETCH KO-

HOMIHYECKH HaHOOJIee BRI OJHBIM H HD‘IE’:I&I}"?

3aoarue Ne>
OmnpeaeniTh HOMHHAIbHYI MOIIHOCTh TpeX(a3HOro aBTOTpaHC(oOpMaTopa, a TaKke ee

COCTABJIATOIIHE. MOIIMHOCTH, IICPEAABACMBIC JJICKTPHYCCKHM H 3JICKTPOMAI HHTHBIM ITYTAMH, €CJIH

Uln=220 kB, U2n =121 xB u I1n.=328 A.

3aoarue Neb

OrnpeAeniTh BEIIHYNHY HaHOOJIBIIIETO BO3MOKHOIO ITepeHaIpsKeHH A B ceTH CH (B momsx
OT HOMHHAIIFHOT'O (pa3HOI O HAITPSKEHH ST) TIPH Me TaJlJIH4Ye CKOM 3aMbIKAaHHH (pa3bl Ha 3eMIIO B CETH
BH, ecnH cBs3b OCYIIECTBIISIETCS ¢ ITOMOIIBIO aBTOTpaHcpopMaTtopa 220/35 kB. IIpHHATE, UTO
cetTh BH u CH pabotaror ¢ pazszeMIeHHBIMH HeEHTPAISIMH. BO3MOKHO JIH ITPHMEHEHHE TaKOIr'O

aBTOTpaHc(opMaTopa?

3adanue Ne7

Br1OpaTh 4HCIIO, THII H HOMHHAIBHYIO MOIIHOCTh TPaHC()OPMATOPOR JJIS ITOHH KAIOIIEH
roacTaHIuy 35/3,5 kB, mpeaHa3HaYe HHOH JJ1 SIeKTPOCHA0KeHHS ITOTpeOHTeNnei 3 KaTerOpHH C
MaKCHMaIbHOH Harpys3koH 11,5 MBT mmpu cosp=0,92. JKkBHBalIeHTHAas TeEMIIepaTypa BO3AyXa: 3H-
Mo 0 °C, metoMm +10 °C. CyToyHble rpaHKH Harpy30K B 3MMHHH H JIETHHH IIEPHOJBI IO/ ITPH-

BEJICHBI Ha PHCYHKE 2.8.

L.l.f'
el 100
100
=il
AMMA
El.l':l R p—
40 _ _L
e
JleTo
OOKYMEHT I__ID,EI,I_I.J*IERI ED
JNERTPORROW NOAINHMCBH t
Kar. £l 43E9ABEBRO52205E7BAS 1004 3E

0 4 8 12 16 20 24y

PucyHok 2.8 — CyTouHble Tpa)MKH Harpy30K B 3HMHHH H JIETHHI TIEPHOABI
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3adarue No8

BrIOpaTts 4rciIo, THIT H HOMHHAJIBHYIO MOIIHOCTE TPaHC(OPMAaTOPOR JJIS ITOHHKAFOIIIEH
noxcTanpi 110/38,5/11 kB, mpetHa3HaYeHHOM J1 3NeKTPOCHA0KeHH I ITIOTpeOnTe el 3 KaTe-
ropuu. MakcumanpHasg Harpyska cetH CH 6500 kBt nipu cosp=0,9, cetn HH-11500 kBT mmpu Tom
Ke COS(. DKBHBAIEHTHAS TeMrieparypa sosayxa +20 °C neroM H +5 °C 3uMoH. CYTOYHEIE I'pa-

¢uxu Harpy3ok ceTeil CH nm HH nmpuBeieHsI Ha pHCYHKeE 2.9.

0/
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PrcyHok 2.9 — CyTounble rpadHKH Harpy3ok ceteit CH u HH

3adanue Ne9

BrIOpaTs 4mHcI0, THIT H HOMHHAJIBHYIO MOIIHOCTE TPpaHC()OPMaTOPOB JIJIS ITOHHIKAFOIIEH
ropcTanpy 110/38,5/11 kB, nmpenHa3sHaueHHOH 1 37eKTpocHa0KeHN I moTpeOuTenei 1, 2 Ka-
TEr OPHI.

MakcuMaabHasg HarpysKa JJIHTECS 5 U H COCTariseT: Ha cTopoHe CH—10 MBT mmpu cosg =

0,8, Ha cropoHe HH-25 M BT nipu cosp = 0,9. IIpeamecTBoBagias Harpyska cocrapiseT 0,7 Mak-

CHMAJILHOH.

Konmponsusie éonpocet:

1. O6psacHuUTe BEIOOP TpaHC(pOpPMaTOPOB Ha ITOACTaHI[HIX.

2. YTto TaKoe cucTeMaTHye CKHE TIEPETPY3KH?

3. OOBSACHHUTE IIOHSTHE IIECTUIPATYCHOE IIPABIIIO

4. OT Yero 3aBHCHT IIPOLECC CTAPEHII H30JIAL[IHH?

5. UznoxuTe MOPpSA0K OIpeAeleHHs JOITYCTHMOH Ieperpy3KH TpaHCc(opMaTopa 1o KpH-

BBIM Harpy304YHOIH CITOCOOHOCTH B CIIy4ae JBYXCTYIIeHYaTOro padodero rpadmka

OOKYMEHT NOANWMCAH
3NEKTPOHHOW NOONMCLIO
wchukat 21 A3E9ABBRO952205ETBAS 0043E

BHHE AJ1eKCaHODOBHS
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Ipakmuueckaa pavboma Ne3. AeapuiiHbie pexcumsl padoomst INEeKMPULECKUX CUCHIEM.

Ilpoeepka npo600HUKO06 HA MEPMUYLECKYIO CHIOUKOCHL NPU KOP OMKUX 3AMbIKAHULAX.

Ilens: IIpnoOpecTH HABBIK IIPOBEPKH IIPOBOAHHKOB Ha TEPMHYECKYIO CTOHKOCTH ITpH K3.

OcHoébl meopuu.

B oTeyecTBEeHHOH ITPAKTHKS CTCIICHD TEPMITICCKOI'O BO3JIcHCTBHI TOKa K3 Ha ITPOBOHIKI

H 3JICKTPHYCCKIIC alllaPaThbl IIPHHATO OIIPCACIIATD 11O 3HaAYCHIIO HHICI'PAJlad l[}I{G}"JIHZ
OTEKN
— -2
0

I'11e ix. 7. TOK B IIPOH3BOJIbHEIH MOMEHT BPEMEHH, A, {yrir — PACUETHAS IIPOLOTLKHTEIIFHOCTD
K3, c; t —BpemMms, C.

be3 cyIIeCTBEHHOH ITOrPEIMHOCTH 3TOT HHTErPall MOXKHO IIPHHSATE PaBHBIM CYMME HHTE-
T'PajIoB OT IEPHOMHYECKOH Bx ;. H allEpHOJAHYECKOH Bx a. OCTABIIIIONNX TOKa K3, T. €.

Bx. = Bx. n+Bx. a..

Metoaika pacyera HHTerpasia J[»Koyisa 3aBHCHT OT HCXOJHONH PacueTHOH CXEMEBI 3JIEKTPO-
YCTAHOBKH, ITOJIOKEHHS PAaCUYETHOH TOUYKH K3 M ee YAAJIEHHOCTH OT I'€HEPAaTOPOB, CHHXPOHHBIX
KOMIIEHCATOPOB HIIH EKTPOABHIATEIIEH.

[TpH 3TOM BO3MOKHBI YeThIpe CIIy4as (YeThIpe THIIa PaCcYETHEIX CXEeM):

1. Ecrmi mcxogHasg pacueTHasa cXeMa HMEET IIPOH3BOIBHEIHN XapaKTep, HO IS BCEX T'eHepa-
TOPOB (CHHXPOHHBIX KOMIIEHCATOPOB) pacueTHoe K3 ABngeTcs yaaleHHBIM, T. €. OTHOIIEHHE JeH-
CTBYIONIETO 3HAYEHHS MEPHOIHYECKOH COCTABILIIOIEH TOKa JIFOOOro reHeparopa (CHHXPOHHOIO
KOMIIEHCATOPa) B HaYaJIbHBIM MOMeHT K3 K ero HOMHHAJIBHOMY TOKY He JOCTHTAeT JABYX, TO ITY-
TeM IpeoOpa30BaHHs SKBHBAIIEHTHOH CcXeMbI 3aMell[eHHs Bce HCTOYHHKH SHEPIrHH (TeHepaTophl,
CHHXPOHHBIE KOMIIEHCATOPBI H HCTOYHHKH O0Jlee yIaJeHHOH YacTH CHCTEMEI) cleyeT 3aMeHHTh
OJHHM 5KBHBAJIEHTHBEIM HCTOYHHKOM, 2 /IC KOTOPOro CYHTaTh HEM3MEHHOH I10 aMIUTHTY/IE, a HH-
IYKTHBHOE COIPOTHBIIEHHE PaBHBIM PE3VYIIbTHPYIOIIEMY SKBHBAJIEHTHOMY COITPOTHRIIEHHIO Pac-

yeTHOH cXeMbl. [IpHaToM HHTerpan J[JKoyiisa orpeaenseTcs 110 ) OpMyJIe:
_ 72
BF:_ — In.c.ltmm. + Ta.r.(l _ Exp(_ZtnTmeaaR))Jﬁ
rae In. ¢. — AEHCTBYIOIIEE 3HAUEHIE TIEPHOAHYECKON COCTABILIIONIEH ToKa K3 OT 3KBHBa-

JIEHTHOT'O HCTOYHHKA SHEPTHHU (CHUCTEMSBI), A, Ta. sx. — IIOCTOSIHHAS BPEMEHH 3aTYXaHNS allepHO-

IIHYECKOH COCTABIIIOIIEH TOKAa K3 OT SKBHBAJIEHTHOr O HCTOYHHKA:

OOKYMEHT UDﬂHHCAH
SNEKTPOHHOW NOAMWCHIO Ta. sx.=xsx.(R=0)/(wRsx.(x=0)),
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E ) )
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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r7ie xsx.(R=0) 1 Rsox.(x=0) — pe3yILTHPYIOI[HE SKBHBAJIEHTHEIE COIMPOTHBIEHHS pacyeT-
HOH CXeMBbI, HalJIEHHBIE ITYTEM YUeTa COOTBETCTBEHHO TOIBKO HHAYKTHBHBIX H TOIBKO aKTHBHBIX
COITPOTHBIIEHHI 3IIEMEHTOB 3TOH CXEMBI.

B Tex cny4uasx, xkorjga tomxn = 3Ta. sx HHTErpan JKOYIISE MOKHO OIPENENIITh 110 Oolee
ITPOCTOH (popMyTIE:

Bx.=In. c(tomxn.+1a. sx.) .

Ecrm HcxomHas pacueTHasd cXeMa COAEPKHUT OQHH HIH HECKOIBKO OQHOTHITHEIX T'eHEPATO-
POB (CHHXPOHHBIX KOMIIEHCATOPOB), IIPHYEM ITOCTIeHIE HaXOAITCS B OJHHAKOBBIX YCIOBHAX OT-
HOCHTEJILHO pacueTHOH TOUYKH K3 (Bce MarmHel HiH OIOKH IMPHCOEIHHEHBI K OOIIHM IIIHHAM), a
pacueTHOEe K3 sgBisseTcsa OIMM3KHM, T. €. HAYaJIbHOE JEHCTBVIOIIEE 3HAUEHHE TIEPHOAHYECKOH CO-
CTaBIISIONIEH TOKa reHepaTopa (CHHXPOHHOIO KOMITIEHCAaTOpa) IIPEBBINIAET eT0 HOMHHAILHBIH TOK

B JJBd Pd3a H 6'3]166:, TO HHTCI' pPall ,H}I{G}"HH CIICAYCT BBIYHCIIATDL, HCITOIIb3Y S BBIPAKCHIIC

BE — Ipor. [BI{.I‘.tGTEJ‘I. + Ta.r.(l _ exp(_ZtnTm/Ta.r.))]

rae In.o.e. —HaYaIbHOE NEHCTBYIOIIEE 3HAUECHHE IIEPHOAHYECKON COCTABIISIOIIEH TOKa K3

OT TeHepaTopa (CHHXPOHHOI'O KOMIIEHCcaTopa), A, Ta.2. — ITIOCTOSIHHASI BPEMEHH 3aTyXaHH allepH -

. . B
OJIHYe CKOH COCTaBIIIIOIIEH TOKa K3 or I'CHCPATOPa (CHI-D{IJGHHGI‘D I{GI'vﬂ'[EHGElTDpﬂ):. c, K.2.—O0T-

HOCHTEIIbHEIH HHTErpai J[)Koyis OT reHeparopa,

J-[ITHJ] .

2
0 In¢rdtl

Bgr. =

2 k)
f]'l.l].]".tl]']'l{.ﬂ .

rae In. t 2. — IEHCTBYIOIIEE 3HAUEHIE IIEPHOMHMYECKON COCTARISIONIEH TOKa K3 OT reHe-
paTopa (CHHXPOHHOIO KOMIIEHCATOPa) B IIPOH3BOILHBIH MOMEHT BpeMeHH, A.

3HaYeHHs OTHOCHTENBHOIO HMHTerpana J[XKOyilsd IIPH pasHBIX YAAIEHHOCTSIX PacyeTHOH
Toukl K3 or reHeparopa (CHHXPOHHOIO KOMIIEHCATOPa) [no-xow T. €. PA3HBIX OTHOIIEHHSIX
HayaJIbHOI O JEHCTBYIOIMIETO 3HAUYEHHS IIEPHOANYECKOH COCTARILIOIEH TOKA MAIIIMHEL K €€ HOMH-
HaJIbHOMY TOKY, MOI'YT OBITh OITpeJlelIeHbI 110 KPHBBIM (PHCYHOK 3.1).

[IpH tomsen = 3T a. 2. MPHOIMIDKEHHO JIJIS BEIYHCIIEHHS HHTEerpana J[KOyJIsI MOKHO HCITOIb30-

BaTh (POPMYIIY:
Bx = Ifor.(Ber.torkn + Tar)
3. Ecim HCXOJHAs pacyeTHas cXeMa COAEPKHT IIPOM3BOIBHOE YHCIIO HCTOYHHKOB SHED-
THH, JJI1 KOTOPBIX pacueTHoe K3 sSBIsSeTcs yaalleHHBIM, H, KpOMe TOro, reHepaTop (CHHXPOHHEBIH
KOMIIEHCATOopP ), KOTOpEIi IMpH K3 oka3kIBaeTCA CBSI3aHHBIM ¢ TOYKOH K3 1o paguanpbHOIl cXeMe H

UL KOTOporo 310 K3 apigercs OIM3KHM, TO HHTErpan [KOoyiid OT IepHOAHYECKOH COCTaBISIO-
NOKYMEHT MOAMNMCAH

01 ()51 TGK?L"E@FHT%@ 4EH I TEIBATE TI0 (hOpMYyIIE

Ceprudomkar: 2C0000043ESABBES32205E7BAS00060000043E

Bnageneuy; llleGayxoea TaTenAHa AnekcaHapggHa 2 2
T?E’..l’[ - (II'I.C. + 2‘II'I.IC.’l(l'I.IZZI.I‘.t:?I'-’.'.I‘. + II'I.D.I‘.B I'-’.'.I‘.)I’-IZ!ITI'-’.'J'IJI

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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rae [, — JEeHCTBYIOIIEE 3SHAUEHH E TIEPHOMHYECKOH COCTaBIISIOIIEH TOKA K3 OT yIameHHBIX

HCTOYHHKOB SHCPI'HH, A; QRT. 2.—OTHOCHTEJIbHbIH HHTCI'PAJI OT HEPIIG,I[II‘IECI{Gﬁ COCTaBIISIOIIEH

TOKa B MecTe K3, 00yCIOBIIEHHOTO JIEHCTBHEM I'€HEPATOPAa,

CepTudM
Bnapneneu

NelcTeUTe
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PrcyHok 3.1 — KpuBrie i1 onpeeneHus By OT CHHXPOHHBIX TEHEPATOPOB C THPHCTOP-

HOH CHCTEMOH BO30YKIEcHHI

0 01 02 03 04 tc

PrcyHok 3.2 — KpuBsle 1115 oripeAeieHHA Qxr OT CHHXPOHHEBIX T€HEPATOPOB C THPHCTOP-

AOKYMEHT MNOANMCAH
HEKTRPORHOW NOONHMCBIO

HOH CHCTEMOH BO30YKIcHHSI
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3HAYEHNE OTHOCHTENBHOIO HHTETpana Qwr IIPH PasHBIX YAAIEHHOCTSIX PacUEeTHON TOUYKH
K3 or reneparopa (CHHXpPOHHOIO KOMIIEHCATOPa) HaXOAT 10 KPHBBIM (PHCYHOK 3.2).
HMHuterpan JIKOyJisd OoT allepHOAHYECKOH COCTABIIIONIEN TOKa K3

BF:_H. — ‘Ir%.c.Ta'aK.(l _ exp(_Ztmm/Ta.r.)) + ‘Fr%.n.r.Tar.(l _ Exp(_ZtnTmear.)) +

4.1 1
1 ncimor f. exp | —toren (T_ + 1/Ta.r.)
——+1/T, | e '
d.3E.

Ecim ucxomHas pacyeTHasd cXeMa COACPUT pa3INYHble HCTOUYHHKH SHEPIrHH, IS KOTO-
PEIX pacuyeTHoe K3 ABIsIeTCS yAaIeHHBIM, H TPYIITY OJHOTHITHBIX SIIeKTPOABHTaTEIeH ( CHHXPOH-
HBIX HJIIH aCHHXPOHHEBIX), a pacueTHas Touka K3 HaxomuTcs Ha IMHHAX, Ky/a ITOJKIF0YeHBI SIIeK-
TPOJABHTATENH, IWIH BOITH3H 3THX IIIHH, TO IIPH OIIpeAelIcHHH HHTerpajla J[»KOYIIs BCce SIEKTPOABH-
raTed JOIYCTHMO 3aMEHSTh OJHHM 3KBHBAIIEHTHBIM 3JIEKTPOABHIATEIIEM, MOIITHOCTE KOTOPOIO
PaBHA CYMMe HOMHHAJIbHBIX MOIIHOCTEH OTAeNIbHBIX AIIEKTPOABHIATEIIEH.

[Tpu sToM HHTErpan J[»KOoyJId 0T allepHOAHYe CKOH H IIEPHOANYECKON COCTABIISIOIIIX ClIe-
IyeT BEIYHCIATH, KaK H B IIpeAbIAYIINeM ciiy4yae, cornacHo (3.2) 1 (3.3) mwm (3.3 a). BmecTo Ino. T.
H Ta I'. HeOOXOANMO ITOACTABRIISATh 3HAUEHHS COOTBETCTBYIOINMX BelIMYMH Irm.o. a. u Ta. a. mid
SKBHBAIIEHTHOTO 3JIEKTPOABHTATEISL, BMECTO Bicr U Qx r. B (3.2) — 3HaueHHS QyHKIMI B 1. 1 Qxk
n BIIEKTpoaBHIaTens. IlocnemHiie sl CHHXPOHHOI'O 3IIEKTPOABHT ATENS MOI'YT OBITE HalIeHEI 110
KPHBBIM (pHCYHOK 3.3 1 3.4), a U151 aCHHXPOHHOT O 3NIeKTPOABHIaTelIs — IO KPHBBIM ( PHCYHOK 3.5
H 3.6).

[IpoBepka AIeKTPHYECKOr O allllapara Ha TEPMHYECKYIO CTOHKOCTD ITpH K3 3aKimroyaeTcs B
CpaBHEHHH HaHeHHOTO ITPH PacUYeTHBIX YCIOBHIX 3HAYEHHSI HHTerpana Koyl ¢ ero JOITyCTH-
MBIM JIJISI JaHHOT'O aIlliapara 3HaueHHeM BTep. DIeKTpHYEeCKII aImiapar VAOBIETBOPSET YVCIIOBHIO
TEPMHYECKOI CTOMKOCTH, €CIIH BBEOIOIHSETCS YCIIOBHE:

Bx. < Bmep.

JlomycTHMoOe 3HaUeHHe HHTerpana J[»KOyiIsa 3aBHCHT OT COOTHOIIEHHS MeXAY PacueTHO
IIPOAOIKHTENIBHOCTRIO K3 tOTKII. M IIPEIEIFHO JOITy CTHMBIM BpeMeHeM BO3AEHCTRHS HOPMHPO-
BAHHOI'O TOKA TEPMHYECKOH CTOHKOCTH tTep. HOpPM., YKa3bIBaEMBIM 3aBOJIOM-H3TOTOBHTETIEM all-
napata. Eciu totkin. = trep HOpM., TO

— J2
B Tep- — I; ep-HOPM- Ly ep-HOPM-

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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PucyHok 3.3 — KpHBEIe IS OITPeZIETIeHHS OT Bx.s. CHHXPOHHOT O 3JIIEKTPOIBHIaTEN S

[IpoBepKa IMPOBOAHMKOB Ha TEPMHYECKYIO CTOHKOCTh IMPH K3 3aKIOYaeTCs B OIpeaeie-
HIH HX TEMIIEpPaTypPhl HarpeBa K MOMEHTY OTKIIOUeHHS K3 M cpaBHEeHHH 3TOH TeMIIEpaTypPHI C
IIPEJEIIBHO JOITYCTHMOH TeMIIEpaTypor Harpesa IpH K3. l1locineaHsasa 3aBHCHT OT BHAA ITPOBOJI-
HHKa, er0 MaTepHala H IpyTrux (pakTopoB. HopMupoBaHHBIE 3HAYEHHS IIPEJEIIbHO JOITY CTHMBIX

TEMIIEPATYP HarpeBa PasHAIX IIPOBOIHHKOB ITPpH K3 mpuBeaeHRI B TadmmIle 3.1.
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PucyHok 3.4 — KpuBble 114 orpesieneHusa () «. ¢. CHHXPOHHOI O 3JIEKTPOJIBHUI AT

PHEE%TMTEIF%TDE E],TXPBI HaI'PEBa IIPOBOJHHKOB K MOMCHTY OTKIIFOYUCHIA K3 BCAYT C HCIIOJIb-

ANEKTPOHHOM NOONUCEID

BQEEIHIIEM Kﬁrmbmaaﬁggmopm 3TOH TeMITePaTyphl OT PYHKIHMH Ay _ (pucyHOK 3.7). Pacuer Be-

E lafe ne ;
,I[yT B cﬂe,z[onu[EM HGPHI[I{E

Nencteutenex: ¢ 19.08.2022 no 19.08.2023
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. BBIOHMPAIOT KPHBYIO), COOTBETCTBYIOIIYID MAaT€pPHAIIy IIPOBEPSEMOIO ITPOBOJ-

HHKA,, 110 3TOH KPHBOH, HCXOAI U3 HAYaJIbHOH TeMITepaTypPhl ITPOBOJAHHKAY; OIPEIEIIIFOT Hayallb-

Hoe 3HaueHne GyHKImH Agp, A C2/MM? ;A szhm4;

. HCIIONB3YS H3JI0KEHHYIO BBIIIE MeTOAHKY, BBIUHCIISIOT 3HAYeHHe HHTerpaia
JIKOVYILA,
. HaxXOJAT 3HaUYeHHe (PYHKIIHH Ay xo, COOTBETCTBYIOIIEE KOHEUHOH TeMIlepaType

HarpeRa IMPOBOJHHKA Uy ;

B. KL
0,8
0,6
0,4
J=2
0,2
' 13
5

O 01 02 03 041¢c

PucyHOK 3.5 — KpHBEIE I OITpEIENeHHS B «.6. OT aCHHXPOHHOI'O 3IEKTPOABHUT aT eI

Q.K
0,8

AN
u:z RW

2
\Hi
== 4
fﬂﬂ@(HGM.}zﬁ-‘q:
0 01 02 03 04t c

PHCYHOK 3.6 — KpHBEIe A1 onpeieneHHI Qx 5 OT aCHHXPOHHOT'O MEKTPOABHTATEIS

Ecm ITPH ELIﬁOpE CCHCHHA IIPOBOJHHKA OIIPEACIIIIOITHM YCIIOBHEM ABJIACTCA €1'0 TCPMI-
yecKasl CTOHKOCTD ITPH KB:, TO HCXOIA H3 3TOI'O YCJIOBHA IIO KPHBBIM Hd PHCYHKC 3.7 Haxomsr

3HauYeHHe (PYHKIMH Aj pon, COOTBETCTBYIOIEE ITPeJelIbHO JOITYCTHMOH TeMIlepaType HarpemRa

. y -
HpGEGﬂ}gmm}m[mﬁ%pEﬂEHmT MHHIMAIIbHOE CEUEHHE ITPOBOAHNKA, IIPH KOTOPOM 00€eC

o MEMHBASTCH 10 TEPMITIECKA CTOMKOCTS.
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PucyHok 3.7 — KpHBEIe 714 OITpeieIeHHS TEMITEpaTyphl Harpesa IIPpOBOAHHKOB H3 pas-
THYHBIX MaTepHailoB ITpH K31 — MM, 2 -MT.3-AM; 4 - AT; 5-AJ1O, ACT; 6 —AJ]31T1.7
—AJ31T, 8 — C13.

3aoanuA:

3aoarue Nel

[IpoBepurh, OyAeT IH TepMHYECKH YCTOHYHB TpaHC(OpPMATOp TOKA, YCTAaHOBJIEHHBIH B
I[EITH CO CIeYIOIHMH 3HaueHHSIMH Toka K3 (nmepromndeckas coctaparomas): I mo.=60 kA, In.
0,2=50 kA, In. 0,6=40 kA. IlocTOsIHHas BpeMeHH 3aTyXaHHS arnepHoanmdyeckoro Toka 1..=0,07 c.
Bpems orxmroueHng K3 cocrarnsget 0,6 ¢. Tpancpopmatop Toka Us.= 6 KB, [: =1000 A, omHOCe-

KYHJ[Ha I KpaTHOCTh TOKAa TePMHYECKOH YCTOHYHBOCTH Kr = 80.

3aoarue Ne2

OmpeAelHTh KOHEYHYIO TEMIIEPATYPY MEIHOH IIHHEBI IIPSIMOYTOIIBHOI'O CEYEHHS C Pa3Me-
pamvu 40x4 vv?. Tlepromgmueckas cocTaBipmornas Toka K3 He 3aTyxaeT M paBHa 25 KA. Bpems
oTkmroueHHd K3 2.0 c. IlocTossHHasa BpeMeHH arnepuoandeckoro toka 7'a= 0,08 c. Jlo K3 TokoBas

Harpyska IIHMHBI cocTaBiisvia 0,7 Ioon. TeMrmeparypa Bo3ayxa paBHa +25 °C.

3aoarue Ne3

[IpoBepHTh TPEXKIILHBIN Kabelh ¢ OyMaXHOH H3OJIAIHEH, ¢ allFOMHHHEBEIMH JKHIIaMH
ceueHHeM /0 MMZ2 Ha TEpMHUYECKYIO YCTOMUHBOCTE B peknuMe K3. [lepromgiraeckas COCTaBIISIIOINAS
Toka K3 - 7 KA (HezaTyxaromas), Bpems oTkroueHnsI K3 -1,5 ¢. Tenmepatypa xuisl 10 K3 paBHa
50 °C. TeruroBeIie/IEHHEM OT allepPHOJHYECKOI0 TOKA IIPeHeOpeYb.

OOKYMEHT NMoanncAaH
ANEKTPOHHOM NOONMUCEID

IDMWKAaT ZCO0000043E9ABBRBAS2205ETBASOOO&0000043E
Bnaneney lllebayxoea TaTeAHAa ANeKcaHnpoBHa
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3adarue Ned

[IpoBepHTh TEPMHYECKYI YCTOHUYHBOCTh IMH [/ mmpH K3 B Iemm TpaHcpopMaTopa co0-
CTBEHHBIX HYXJ Tc.n. MOITHOCTRIO 0,3 MBA (pHcyHOK 3.8).

Y CIIOBHIO JUIHTEJILHOIO PEXKHMA YIOBIETBOPSIOT aJIFOMHHHEBBIE IITHHBI IIPSAMOYTOIBHOIO
ceueHHsd 50°6 mM2. [lepnogmyueckue cocTaBisrone Toka K3 Ha nmmHax 10,5 kB cTaHIMH paBHEI:
0T cucTeMsI [n.c.=20 KA (He3aTyxarolas), OT Ka)KJIoro reHepaTopa [rn.o.2.=13,5 KA.

IIOCTOsIHHYIO BpeMeHH allepHOAHMYECKOIO TOKA JJIS BCeX BETBEH IMPHHATEH paBHOH 0,07 ¢,
BpeMs oTKImroueHHS K3- 0,5 ¢. Jlo K3 Harpyska 1mH cocrasisuia 65 % JOIMyCTHMOrO TOKa. TeM-

reparypa Bosayxa +25 °C.

l_‘_ :_EI | | CH
-1 & e ) 1) ?EF‘:]

PrucyHok 3.8 — PacueTHas cxeMa

3a0anue Nej

OIpeaemTh MHHHMAIILHOE CTaHAAPTHOE cevyeHHe KaOels ¢ aTFOMHHIEBBIMH KITIAMH TEP-
MHYECKH YCTOHYHBOIO IIPH K3 B IIEITH, I[€ IIEPHOAHYECKAS COCTaBILIEOINAa ToKa K3 He 3aryxaer
H paBHa 7,5 KA. BpeMs JeHCTBHS PelIeHHON 3all[HTHL B IIEIM COCTABIIET 1.8 C, a MOJHOE BpeMA
OTKIIFOUeHHS BeIKITrouaTens 0,15 ¢. Hanpsokenne cetu 10 kB. HarpeBoM oT anepHogHYECKOH CO-

cTaBIIsrOIEN ToKa K3 rmpeHe Opeus.

3adarue Neb
OOKYMEHT NoarmmcCAH
Cﬁiﬁ@ﬁ’éh‘ﬁfﬁ” ﬁﬁﬁaﬂbHﬂe CeUeHHe TepPMHYECKH YCTOHYHBOH aTFOMHHHEBOH IIHHEI B

ibukar: 21 A )SE7B/

Bnan ’"uemrceﬁunmﬁﬂm BBRIKITIOYaTens CB MTOJICTAHIIMH (pHCYHOK 3.9). IlepHOaYeCKII He3aTyXako-

o i 1ok K3 Ha nmiHax 10 kB cocTaBIeT: IIpH ABYX BKIIFOUEHHBIX TpaHCchopMaTopax 40 KA, IIpH
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OJHOM BKIIOYeHHOM TpaHchopMaTtope 28 KA. Bpemsa orkmouennsa K3 -0,6 ¢. IlocTosmHas Bpe-
MEHH arepHogndeckoro Toka 0,07 ¢. JlOIMOMHUTEIBHO HAaNTH, KaK H3MEHHUTHCS HCKOMOE CEUYEHIE,

€CIIH IIHHY BBIIIOJIHHTDE H3 MEIH

T1 T-2
1 C2

-
CB

PrucyHok 3.9 — PacueTHas cxeMa

3adarue Ne7

OmnpeaeiiTh MAaKCHMAIIBHO JOITYCTHMYIO ITPOLOIIKUTEIIFHOCTE K3 B CETH M3 YCIIOBHA
06ecIIeYeHH I TEPMHYECKOI Y CTOIUNBOCTH KaOeTIs ¢ aFOMIHHEBBIMH KHIIAMH cedeHHeM 70 MM”,
¢ OyMaKHOH ITPOITHTAHHOH H30IISIHEN, €CIIH He 3aTYXAIOIIHH IIEPHOIHYECKHH TOK B IIEITH PaBeH
8 KA. JIo KOpOTKOro 3aMbeIKaHHS KaOenb ObIII HarpyKeH JJIIHTEIBHO JOITYCTHMBIM TOKOM. Harpe-

BOM OT allepHOAHYECKOH COCTABIIIIONIEN TOKa K3 mmpeHeOpeys.

Koumpononsie éonpocel:

1. OT 4ero 3aBHCHT METOAHKA pacyeTa HHTerpaina Jxoyusa?

2. B yeM 3akmoyaeTcs IpoBeEPKa IIPOBOJAHHKOB Ha TEPMHYECKYIO CTOHMKOCTH ITpH K37

3. Kak ocyIIeCcTBISIETCA pacyeT TEMIIEPATYPEI HarpeBa IIPOBOAHHKOB K MOMEHTY OTKIIIO-

yeHHS K3 ¢ Hermonb3oBaHHEM KPHBBIX 3aBHCHMOCTH TeMITEPATYPhI OT (PYHKIIHH As.?

OOKYMEHT NMoanncAaH
ANEKTPOHHOM NOONMUCEID

IDHKAT Z2C0000043E9ABBBA52205E/BASO0060000043E

UWieniyxoBd iTeHHE AdIeKCaHODOBHS
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Ipakmuueckaa paboma Ned. Kopomkue 3amMblKAHUA 6 IJIEKMPOY CMAHOEKAX. JJ1eK-

HIPﬂﬂHHﬂMHIIECHHE CUJIBL 6 JJIEKIMPOYCMAHOGKAX.

H e/lb: AHAIN3 H PACHET 3NMEKTPOAHHAMHYCCKIX HAI'PY 30K, ,[[EﬁGTE}’TOH_[HE H4a ITTHHBI

OcCHO6b1 meopuu:

[Tpu pacyeTe Harpy30K Ha IIHHEI ITOCIIEIHHE CUHTAOTCS JOCTATOYHO JUTHHHBIMH H KOHIIE-
BbIE 3(P(PeKThI HE YUHTHIBAOTCS. DIEKTPOJHHAMHYECKHE HaIrPy3KH, ASHCTRYIOIHE Ha ITapajlielIb-
HbIe IIHHEI, pacIipeJelIeHbl 110 JJIHHE PaBHOMEPHO.

J[11s1 TTaparuieb HbIX IIHH, PacIIOIOKEeHHEBIX B OJHOH ITITOCKOCTH, MaKCHMAJIbHbIe 3HaYe HHS

Harpy30K IIPH ABYX- H TpexX(pa3Hbx K3 HacTymaroT mpuMepHo yepes 0,01 ¢ 1 paBHBIL, H/M,

Gmar. = {1.!‘2/{1}
Ecmi pa3sMepsl MOIepeyHOoro ceueHH NIHMH OIMH3KH K PacCTOSHHIO MeXKIy HIMH, TO IIPH
pacueTe Harpy3o0kK cleAyeT YUHThIBaTh K03 ¢raHeHT ¢hopMbI. B 3ToM ciydae A1 IHMHHOM KOH-
CTPYKIIMH ITpH JIByX(daszHoM K3, a Takke A1 IMPOBOIHHKOR OJHOM (pasbl, COCTOSIMHX H3 JBYX

JJIEMCHTOB, ITPH nro0oM BHIe K3 pbHaHOOIIBIIE HAI'PY3KH BEIYHCJIAIOTCAH KdK.

2
q max. = ki;b RO A J.-.rjl./CI,
I[HH IOMH, PacCIIOJIOKEHHBIX IIO BEPIIHHAM TPCYTOIIBHHKA (E YaCTHOM CIIy4ac B OIHOH

TUIOCKOCTH ), HAHOOJIbIIINE HAIPY3KH IPH TpeXgazHoM K3 HaxoAsaTcs cormlacHo 110 (popMyile:

VB0

— [Z -
Omax o VaI.

Taomma 4.1 — KoadduipeHT MakcHMaIbHOH HAarPy3KH

KoapuimieHT ¢ MaKCHMaIbHOH Harpy3KH
PacrionmoxeHue
N Daza PesynbpTHPVYIO- Harubaro- Pactsarusaro- CoKHMaro-
e Ien e exn
B oJHOH IT710C-
0,93 0,93 0,00 0,00
KOCTH ACB
1,00 1,00 0,00 0,00
(pucyHOK 4.1a)
[1o BeprmHam
IIPSIMOYT OJIb-
A 0,87 0,87 0,29 0,87
HOT'O
B 0,95 0,43 0,93 0,07
paBHDﬁgn' BRTPOHHOM ?l%%?dﬁm 0.95 0.93 0.14 0.43
Cepmd:rnﬁﬁ@r%glﬂﬂﬂﬂﬂ-i?r 8Bp52205E7BAS0G06000004 3E
Bnanensu: llleGayxoea TaTenAHa AnekcaHapoBHE
YT OJIBHHKA

NelcteUTened. c 19.08. 20272 no 19.08. 20723
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EDTH

(pHCYHOK 4.10)

[1o BeprmHam

(pucyHOK 4.11)

PaBHOCTOpPOH- A 1,00 0,94 0,25 0.75
HETO TPEYT OIIh- B 1.00 0.50 1.00 0.00
HITKa C 1,00 0,94 0,25 0,75
(pHCYHOK 4.1B)

[1o BeprmHam

PaBHOCTOPOH-

HETO Tpeyrome- | A.B.C 1.00 0.50 1.00 0.00
HITKa

3a0anua:

3aoarue Nel

OHPEI[EJ]IITL HaHOOIIBIITHE PE3VIIBTHPYIOIIIE H H3rHOAOIIHE NICEKTPOAHHAMITHCCKIIC

Harpy3KH IpH TpeX(a3zHoM K3, JeHCTBYIONHE Ha IMHHBI, PAaCIIONOKEHHBIE B OJHOH IUIOCKOCTH

(pucyHOK 4.1a), a Take I10 BepIIHHAM IIPSMOYTOIIBHOIO PaBHOOEIPEHHOIO TPEYTOIBHHKA (PH-

CYHOK 4.10) H paBHOCTOPOHHET O TpeyronbHHKaA (PHCYHOK 4.1B). PaccTosHHe MeXny IHHAMH (BO

BceX KOHCTPYKIIAX) a = 0,4 M, yaapHsIi ToK K3 iy = 50 KA.

OOKYMEHT f:IDHI"TW
INNEKTPOHROW TTOL LM

I —— ARA 9 A QOROEITINE
- '1.-. = l"—l--'l-\--l-\.-l-\.--\.--\.-'P--EI'II"‘-EI"-:_‘:"-I-".-'_.-'_-I.'l

- P — N B A
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PucyHox 4.1 — IIIMHHBIE KOHCTPYKI[HI
3aoarue Ne2
OmnpeAeuTh HaHOONBIIHE 3JIEKTPOAHHAMIYECKHE HAaIrPy3KH Ha IIPSIMOYTOIBHEIE IITHHBI,
pacIoaokeHHbIe Ha peOpo, mpH apyxXpaszHoM K3. Ceyenne nmH 80X8 MM, yaapHBIH TOK K3 iye. =

20 KA, paccTosHHE MeXKIAY OCSIMH IIHH ITPpHHATO 1060, 80, 48, 32 1 16 M.

Konmponosrsie sonpocel:

1. Kakue nmpHHHMarOTCA JOIMYIIeHH IJIS pacuyeTa Harpy30K Ha IIHHBI?

2. Kak Busger B3aHMHOE pacIiojloKeHHe (pa3 Ha 3IeKTPOSHHAMHYECKHE HarPy3KH?
3. Kak omnpegensrorcs MaKCHMAalIbHEIE 3HAUEHH I Harpy30K ITpH K3 1S

* [lapaimienpHBIX IIIMH. Yepes KaKkoe BpeMs HACTYITaeT?

* JI1Is IIHH, PacITOIOKEHHBIX ITO BEPIIHMHAM PaBHOOEIPEHHOIO IPSIMOYTOIBHOIO Tpe-

YIOJIbHHKA?

* J[)Is1 IMHH, pacIIONIOKEHHBIX IT0 BEPIIHHAM PaBHOCTOPOHHET O TPEYTOJIbHHKA?

4. 1lpH KakKOM PacIONOKEHHH IIMHH >JIEKTPOJHHAMHYECKHE HarpyskH OyIyT MHHH-

MAalIbHEI?

5. Kak BIHSIOT pacCTOSHHS MeXXAY (a3aMHi Ha SIeKTPOAHHAMHYECKHE HarPy3KH?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023



Ipakmuueckasa paboma Ned. KopomKue 3amblKanua 6 3jaekmpoycmarnoséxkax. Ilpo-

6€PKA HHHHHbBIX HﬂHCﬂIP}’HﬂHﬁ. Hd aﬂemxpﬂﬂuﬂﬂuuuecxym CIOUKOCH1b.

Ilens: 11prnoOpecTH HABBIKH IIPOBEPKH IIIMHHBIX KOHCTPYKIHH

OcHoé6bl meopuu:

Y CIIOBHA AMEKTPOSJHHAMHYECKOH CTOHKOCTH H30JIITOPOB M IIIHH M pacyeTHasI cXeMa IIHH-
HOH KOHCTPYKIIHH.

ONEKTPOAHHAMHYECKOH CTOHKOCTBIO INMMHHOH KOHCTPYKI[HH Ha3BIBAETCS CBOMCTBO KOH-
CTPYKILIMH BBEIAEPKHUBATh Oe3 IOBPEKIAEHHH MeXaHHYEeCKHE BO3JIEHCTRBIS, CO3/laBacMbIe TOKAMH
K3.

[IIMHHAag KOHCTPYKIIHSA CUHTAETCS 3JIEKTPOAHHAMHYECKH CTOHKOH, €CIIH MaKCHMAaJIbHOE
pacueTHOE HAIPSDKEHHE B MATEpHAIIE IIMHH Gpacy. H MAKCHMAJILHEIE PacUeTHRIE HATPY3KH Ha H30-
TIATOPHI Fpacu HE TIPEBOCXOAAT JOITY CTHMBIX 3HAUESHHI, T. €.

0 pacu. < Goon.,
Fpﬂln‘:"—!- i: F.:“?-:m. .

CornacHo IIYD (mmpaBHIO yCTpOHCTIBaA SIEKTPOYCTAHOBOK) JOITYCTHMOE HaIlpsOKeHHE
goon. TIPHHHUMAETCA paBHBEIM 70 % BpPeMEHHOI'O COIPOTHRIIEHHS pa3phIBY (IIpelena IPOYHOCTH)
MaTepHasa IIHH ¢, T. €.

goon. =0, 7oe..

JlormycTiMas Harpys3Ka Ha H30IATop Foon. TpHHUMaeTCS paBHOH 60 % OT MHHHMAaJIbHOH

paspyLIaroIer Harpys3KH Fpasp. IPWIOKEHHOH K TOJIOBKE H30JIITOPA, T. €.
Foon. =0,6 Fpa3sp.

J[1151 cCOBpeMEHHBIX OIOPHBIX (CTEPKHEBBIX) H30IIITOPORB 0...35 KB ¢ BHYTpeHHeH 3a/IeIIKOH
apMaTypsI (PHCYHOK 5.1a) paccTosHie H ITpHMEPHO paBHO BBICOTE H30JIITOPa Hisz. 115 H30IISTO-
poB 110 xB (a Takke HeKOTOPBIX THITOB H30NIITOpoB 10...35 kB) ¢ BHenHHM KpeIllIeHHeM apMa-
TYpHI (PHCYHOK 5.10) ormacHOe cedeHHe IMPOXOIHT 110 BepXHeil TOPIIEBOH ITOBEPXHOCTH OITOPHOIO
(pr1aHI[a, JJISI OTIOPHEIX INTHIPERBIX H3O0IISTOPOBR (PHCYHOK 5. 1B) — IPOXOIHT ITO IIJIOCKOCTH COEIH-
HEHHS YYTYHHOI O INTHIPS H Pap(pOpOBOIo TEIA.

B KayecTBe pacyeTHOH CXeMBI IIIHHBI IIPHHHMAIOT OalKy, 3all[eMIEHHYIO HIIH IITAPHHPHO
OIEPTYEO Ha OITOpHI (Tabmuma 5.1). Pa3miyaror clieayrolHe OCHOBHBIE THITHI IMHHHBIX KOHCTPYK-
I[MI U COOTBEACHBYEIIIE2HIM PAaCUETHELIE CXEMBI:

SNEKTPOHHGOW MNOANWUCHIO
Cepmcpurar:  2COY]T31FATRRECRGHETPYRIITPP O OPH3PE3SHBIMI IIIMHAMH, JJIMHA IIEIBIX (HIIH CBApPHBIX) YYACTKOB

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

KOTOPBIX paBHa JJIMHE ITporieTa. PacuyeTHOH cXeMOH ITpojleTa TAKHX KOHCTPYKIIHH CITYKHT OallKa

Nencteutened: ¢ 19.08.2022 no 19.08.2023

42



C IMAPHHPHBIM orHpaHHeM (cxema 1, Tabmraa 5.1). OOBIYHO pacueTHOI cXeMe 1 OTBe4aroT ITHH-
HbIe KOHCTPYKIMH HarpspkeHHeM 110 kB 1 Brmie.

[IIMHHEBIE KOHCTPYKIIHH C Pa3spe3HbIMH IIIMHAMH, JJIMHA KOTOPBIX paBHA UIMHE IBYX IIPO-
1eTOB. PacueTHas cxeMa IIpolleTa TAaKOH KOHCTPYKIIHH IPEACTABRISET cO00H OalKy € KEeCTKHM
OIMHpaHHEM (3allleMIeHHEM) Ha OJHOH H IMAPHHPHBIM OITHPaHHEM Ha JPYroH orope (cxema 2).
OTH KOHCTPYKIIMI HHOrAa Haxoaar nmpuMeHeHre B PY 110...220 kB, pexe — 10 35 kB.

MHoOr OIpoIeTHEIE KOHCTPYKITHH ¢ HEPa3pe3HBIMH (1IETbHBIMH HJIH CBAPHBIMH) IIIHHAMH.
CpeHHE IIPOJIETHI OIMHHOBKH OTBEYAIOT PACUYETHOH cXeMe OaJIKH C JKECTKHM OITHpPaHHEeM (3aIlleM-

JIeHHeM) Ha 00eHnx oropax (cxema 3). KOHCTPYKIIHH IIIHPOKO HCITONb3yTca B PY 10 35 kB.
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E Ia0erey LIeD3yxoBd iTeHHE Ad1eKCaHdDoOBHES

PucyHok 5.1 — K onpeiefieHHIO JOITYCTHMBIX Harpy30K Ha H30JISTOPEI
Nencteutenexd: ¢ 19.08.2022 no 19.08.2023
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=2 40220 1

Oropsl OHH (T. €. H30JIITOPEI H OCHOBAHHS, Ha KOTOPBIX OHH KPEIIATcs) B pacueTax ITpH-
HIMAIOTCS YIIPYT OIIOAATIIMBBIMI IIH a0COMFOTHO KeCTKHMH. Kak IIpaBHIIO, OITOPEI MOKHO CYH-
TaTh aOCOIIIOTHO KeCTKHMH (He YYacTBYIOIIMMH B KoJleOaHmsax mpH K3) B PY HamnpsokeHHeM 10
35 kB BxmrounTtensHO. B PY HanpsxkeHnem 110 kB H BeIIE pacyeT MeKTPOHHAMHYECKOH CTOH-
KOCTH IIIHHHBIX KOHCTPYKIHH CIIeIyeT IIPOBOAUTH ¢ YIETOM YIIPYTOH MOJAaTIHBOCTH OIop (H30-

TISITOPOB).

3aoanuA:

3aoarue Nel

[IpoBepHUTE Ha BIEKTPOAHHAMHYECKYIO CTOMKOCTD IIIMHHYIO KOHCTPYKI[HIO B I[ETTH TPaHC-
popmaTopa codcTBeHHBIX HY I T3L] (pucyHok 1.4). IIIHHBEI paciionokeHbl BOJHOH INIOCKOCTH,
paccTosHIe MexXay (dazamu, a = 0,7 M, JmHa ImponeTa MHHEI /[=1,2 M. CormacHo pe3yibTaTaM
pacueToB (CM. ITPAaKTHYECKOE 3aHATHE 1, 3aja4ya 4) B LIeH TpaHC(pOopMaTOpa COOCTBEHHBIX HYK/I
BEIOPAHEI AIFOMHHHEBBIE IIIHHBI IIPSIMOYITOJIbHOTO ceueHHa 100x6 MM. Macca 1mHel m = 1,612

Kr/M |1, Tabmpl 7.2]. YaapHseni Tok K3 B 3T0i merm iya. = 249,1 kA.

3adarue No2

OMpeAeuTh MapKy aIFOMHHHEBOIO CIUIABA, M3 KOTOPOI'O H3IOTOBJIEHEI IIIMHEIL, M THIT H30-
JISTOpa IMHHHOH KOHCTPYKITHH, (pa3bl KOTOPOH PacIIONOXKEHBI IO BePIIHHAM ITPSMOYTOJIEHOIO
pPaBHOOEePEeHHOI0 TPeyToIbHHKA (CM. PHCYHOK 5.10).

[TTHHEI MMEFOT IOMIBIH ITPO(IIbF ¢ KaHAJIOM KBaJpPaTHOIO CeYeHHS «TpyOa KBaJpaTHasD).
Bricora creHKH IMHEL 7/ = 60 MM, TomimuHa s = 4 MM. /[iiHa mmposiera [ = 1,5 M, pacCTOsHIIE
Mekay gazamu a = 0,5 M. Yaapseii Tok K3 65 kKA. HoMuHaIpHOe HaIpsOKEHHE 3IEKTPOYCTa-

HOBKH — 10 kB.

3adanue No3
OmnpeAelMTh KOTHYECTBO MPOKIIA0K B ABYXIIOIIOCHOH IIIHHE H MapKy H30JIITOPOB I OT-
KPBITOI'O TOKOITPOBO/IA B 3JIEKTpOycTaHOBKE 10 KB.

[1IMHBI H3rOTOBJIEHEI H3 TEXHHYECKOTO aTFOMUHHMS MapKu AJ[0. CeueHne OJHOH ITI0JIOCH

rnakera HMHEL s=h*b=100+10=1000 mM2. @Da3pl TOKOMPOBOJA PACIIONOXKEHEI B OJHONH I'OPH30H-

TaJIbHOH ITIOCKOCTH. PaccTosHie Mexay dazamu a=1,5 M. I1omock! ImakeTa ycTaHOBIIEHBI Ha H30-

JIATOPax Hmm(rmmq}mcmﬁ CTGPGHGﬁ). PaccrosHie MCEEAY OCAMII ITOJIIOC ITAKETA IIIMHBI as. =2
JNEKTPOHROW 1NO4INMCBHD

'.::'H'ﬁ;ﬁiﬁ"}];[ﬁU'HETa mIiHLI [=1,5 M. YaapHeii TOK K3 iyo. = 50 KA.



3adarue Ned

OrmnpeAenuTh HanOOJIbIINE HAIPY3KH HAa H30JISITOPEI M HAHOOIIBIINE HAITPSDKEHIS B MaTe-
pHaJie IIMH XeCcTKOH oIMHHOBKH OPY 110 kB nipu yaapHoMm Toke K3 50 xA.

BeruncmTs HaHOOJIB I JOITY CTHMBIH YIAPHBIH TOK K 3 110 YCIIOBHIO AIEKTPOJHHAMHYE-
CKOH CTOHKOCTH 3TOH KOHCTPYKI[HH IS PEIIEHHS BOITPOCa O BO3MOKHOCTH COXPAaHEHHS YCTAHOB-
JIEHHBIX H30JISITOPOB H IIIMH IIPH PACIIHPEHHH PaCIIPEISINTEILHOIO YCTPOHCTBA H YBEITHYEHHI
ypOBHSI TOKOB K3. TpyOuaTkle IIMHBI KOIBIEBOIO CEYEHHS BHEIIMHHUM AHaMeTpoM D = 90 mm,

BHYTPEHHHM — d = 80 MM H3IOTOBIIEHE] H3 QIFOMHHHEBOrO CIUIaBa Mapku 1915T (Moxyms yIipy-

roctH E =7,1+1010 Ila, mmoTHOCTE 0 = 2770 k1/M3). KOHCTPYKI[HSA CMOHTHPOBaHa M3 Pa3pe3HbIX

INHH. J[JIMHA IIeI0ro y4yacTka paBHa JUIHHe ITporneTa /= 9 M. Da3bl paconoKeHbl B OJHOH (TOpH-
30HTAIILHOH) TUIOCKOCTH. PaccTosHHE Me KTy OCSMH ITHH cMeKHBIX (a3 a = 1,4 m. IIIHHEI ycTa-
HOBJIEHBI Ha H3OISIHOHHBIX OMopax (KOIOHHAX), COOpaHHBIX H3 TPEX OIOPHO-IITHIPEBBIX H30JIS-
TopoB THrna OHIII-35-2000 YVXJI1 (cMm. pucyHok 3.1r). Paspyimaromass Harpyska H30JISITOpa
Rpasp. = 20 000 H. Macca omopsl Mon. =134 k. Beicora Kaxgoro mizoaaropa Rus. = 400 MM,

BEICOTA BCEH ONOPEI Hon.=1200 M.

3adanue Nej

[IpOBEpHTE ANEKTPOAHHAMHYECKY YCTOHUHBOCTE ATFOMIHHEBREIX ITPSIMOYTOIBHBIX ITIHH
ceuyeHHeM 80 8 MM2. ITTHHEI 3aKkpeIlIeHbI Ha H30IATOpax IUIAIIMS, PacCTOSHIE MeXKIY OCAMH (a3
a =70 cM, IIPONET MeXAY H3onsaTopaM /=120 c¢cM. HavaabHBIH IepHOIHYECKHI TOK TPEX(a3zHOro

K3 cocraBinsger 40 KA ITOCTOSHHAS BpEMEHH 3aTyXaHH alleprHoanyeckoro Toka f'a. = 0,05 c.

3aoarue No6

[IpoBepHTH AIEKTPOAHHAMIYECKYIO VCTOHYHBOCTD IIMMHHON KOHCTPYKIIHH, BBITIOITHEHH O
B BHJIe IBYXIIOJIOCHOTO TIaKeTa H3 AJIFOMHHHEBBIX IIHH ceueHneM 1 00x8 MM”. PaccTosHIe MexIy
dazamu a =70 cM, TIPONET MeXIYy H3onaTopaMu /=120 cM, PaccTosHie Mexay IMpoKIagkaMH /x.

=40 cM (cM. pHCYHOK 5.2). YaapHbIi TOK K3 B 11e1m cocTaBiIseT 75 KA.

}‘ﬁﬁ_=4nm+ 40 + 40 ,{ | =
-

NOKYMEHT NOAMNWMCAH
ANEKTPOHHOW NOONWCEIO

bsiHa AneKcaHapos! 120

PucyHok 5.2 — IIIMHHAg KOHCTPYKIISA
45



3adarue Ne7

HanTi MakcCHMalIbHO JIOITYCTHMOE PACCTOSHIE MEXIY IPOKIAAKAMH [n. JIBYXIIOIOCHOI'O
ImaKeTa M3 MeJHBIX IHH ceyeHHeM 100 10 mm2 (pacmonokeHne IMH Ha pHCYHKeE 5.3). IIponéT
MeK Iy H3omsTopamMu paBeH 140 cm. HavanmpHBIN nepHOAHYecKHII TOK TpéxdazHoro K3 cocTas-

nseT 50 kKA. ITocTosSsHHAS BpeMeHH 3aTyXaHH S allepHoAHYecKoro Toka Ta.= 0,08 c.

b=1 cm 60 60

\\: - e >
Al 227177 A

h=

PrucyHok 5.3 — K pacuery 3agaun 7

Konmponwsusie 6onpocet:

1. UTo Ha3BIBACTCA, SIEKTPOJHHAMIYECKOH CTOHKOCTBIO IIIMHHBIX KOHCTPYKI[HI?

2. Kakas noiHHAas KOHCTPYKIIHS HAa3bIBAETCS AIEKTPOAHHAMHYECKH CTOHKOH?

3. IlepeuyncinTe OCHOBHBIE THIIBI INHHHBIX KOHCTPYKIHMHA H COOTBETCTBYIOIIHE HM PacyeT-
HEIE CXEMBI?

4. KakoB IOpSI0K pacueTa 3IeKTPOAHHAMIYECKOH CTOHKOCTH H30IISTOPOB H IIHH, PacIio-
JTOKEHHBIX B OTHOH TUIOCKOCTH?

5. KakoB 1nopsziok pacyera COCTaBHBIX IIIHH?

6. KakoB nopsok pacueTa IHH, a3kl KOTOPEIX PACIIONIOKEHEI 10 BEPIIFHAM TPEYI Ollb-
HHKa?

7. KakoB IOpSA0K pacyeTa IMHH C YIIPYT OITOaTITHBBIMH OIIOPaMH ?

OOKYMEHT NOANWMCAH
3NEKTPOHHOW NOONMCLIO

= . &

T=n “l|. A '::_I'I-".[';'":'_"“:'.......HI-':_ fBAS = i0ninin -_'.[_

AV XOBd iTeHHE Ad1eKCaHdDOBHLS
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Ipakmuueckasa paboma Ne6. InekmpuueckKue annapdamst U MOKoeé eoyujiie uacni.

Boioop sviknwuamernei.

Ilens: 11pnoOpecTH HABBIK pacyeTa H BEIOOPA BEIKIOYATEIEH

OcCHO6bL MeopULL:

JIIIS 3aIIHUTEL 3JIEKTPHYECKHX CETEH H AIEKTPoodopyaoBaHHA 10 1 KB OT HEHOPMAJIEHBIX
PEKIMOB IIPHMEHSIOT aBTOMATHYECKHE BRIKIIFOUATENHN, IVIaBKHE ITPEAOXPAHHTEIN H Pa3IMYHBIC
KOMOHHHPOBAHHEIE aIlllapaThl.

[IpemoxXpaHHTenH JEIeRIIE H IPOILE B S3KCIUTyaTaI[HH, YeM aBTOMATEI, HO aBTOMAaTHYECKHE
BBIKJIFOYATEIIH 10 CPAaBHEHHIO C ITPeIOXPAHHTEIISIMH HMEIOT P IIPEHMYIIECTB: IIPH Ieperpys3Kax
1 K3 oTkmroyaroT Bce (pa3bl 3aIlHINaeMOH CETH H HCKIIFOYAOT HeOHHO(Ma3HbIe PeKHMBI, YMEHb-
IIIAFOT JJIHTEIBLHOCTD ITPOCTOS BIIEKTPOYCTAaHOBOK, 00jIee Oe30IacCHBI B OOCITYKHBAHHH.

ABTOMATHI IIPHMEHSIOT ITPH HCIIOIB30BAHHH CPEACTB H YCTPOHCTB aBTOMAaTHKH H B CIIy-
yasX HeoOXOIMMOCTH aBTOMAaTHYECKOI'O MJIH JHCTAHI[HOHHOI'O VIIPaBJIeHHs, OBICTPOrO BOCCTa-
HOBIIEHHS HAIIPSKEHHS H ITPH YaCTHIX aBAPHIHBIX OTKITFOUEHHSX.

B Ipyrux cruydyasx peKOMEHAYETCS IIPHMEHSTh HHEPIIHOHHEIE H Oe3HHE PIIHOHHBIE TIPE0-
XPaHHUTEIH, TIPH 3TOM HHEPIHOHHOCTE IIPEIOXPaHHTEN BEIOHPAETCS B 3aBHCHMOCTH OT Xapak-
Tepa HarpyskH. /[ HCKIIOUEHHS HaIloIHMo(da3HBIX PEKHMOB ITPHMEHSIOT ITPEJOXPaHHTEIIH C
OIIOK-KOHTAKTHOM B COUYETAHHH C ITYCKATEISIMH HJIH KOHTAKTOpaMH. | lepCcIieKTHRHEI ITOITYIIPOBO/I-
HHKOBBIE (3I1eKTPOHHBIE) 3alHTHO-KOMMYTAI[HOHHBIE H ITYCKOPer'YIIHPYIOIIHE YCTPOHCTBA: TH-
PHCTOPHBIE BRIKIIFOUATENH, ITYCKATEIM, CTAHIIHH YIIPABIIeHH S H T.II.

Ecim 1S 3aIlHTEL SIeKTPHYECKHX CeTeH H AIeKTPoo00opyJ0BaHI S BEIOPAHLI ABTOMATHYE-
CKHE BBIKITIOUATEJIH, TO Ha OTBETBIEHHSIX OT PacIIPeAeIHTENbHBIX YCTPOHCTE H MHHOIIPOBOIOB
PEKOMEHAYETCA IIPHUMEHSATh YCTAHOBOYHBIE aBTOMAThl HAa HOMHHAJILHEIE TOKH 10 630 A. ABTO-
MaTEhI ITOJICTAaHI[HOHHBIE YCTaHABIIMBAIOTCS Ha TPaHC() OpMaTOPHBIX H ITPe00pa30BaTeIbHbIX ITO/ -
CTAHIIHMSIX ITPH TOKaxX BeIIe 400 A.

[Ipn oTHOCHTEIIFHO OONBIIMX TOKaxX K3 peKoMeHAyeTCsa ITPHMEHSTE OIOK «aBTOMATHYE-
CKHil BBIKIIOUATEIL-TIPEAOXPAHHTENL». B 3TOM ciIydae IpeJoXpaHHTeIH OTKIIOYaloT TOKH K3,
OJIM3KHE T10 BENMMYHNHE K OQHOPa30BOH ITPEACTIFHOH KOMMYTAIJHOHHOH CITOCOOHOCTH aBTOMATa.

MeHsI1He TOKH K3 oTKIII0YaroTCsI aBTOMAaTHUYeCKHM BEIKITFOUATETIEM.

CormacHo TpeOoBaHHAM ITPaBHII YCTPOHCTB 3IeKTpoycTaHOBOK (I1Y3) Kpome 3armThl OT

OJOKYMEHT NOANMCAH
K3 Bce HBRKOBOHBEHBIEICER JOIKHBI OBITh 3aIlHINEHBI OT IICPETPY3KH. K HHM OTHOCST:

Cepmwdukatr: 2C0000043E9ABEBS52205E7/BAS00060000043E
Bnageneu,. mﬂ@}ﬁﬁﬁf;?ﬂ@ﬂﬂﬁﬂﬂﬂﬁiﬁIe OTKPBITO ITPOJIOKCHHBIM KabeneM BHYTPH TTFOOBIX TTOMCITICHITH

6g OCBCTHTCIIBHBIC CETH, HE3dBHCHMO OT criocoda ITPOKIIA K ITPOBOLJOB H Kﬂﬁﬁﬂﬁﬁ;
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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E) CIUIOBEBIC CCTH IIPOMBINUICHHBIX ITPCATIPHAT Hﬁ;
I‘) CCTH BO B3PbIBOOIIdACHBIX ITOMCIIIC HIAX.
B 1enom YCIIOBEHA COI'NIACOBAHHMA XAPAKTCPHCTHK allllapPaTOB 34IllHThI (HpE:,I[GXpElHHTEHEﬁ

H aBTOMATOB) C CEUYEHHSIMH ITPOBOJIOB H KaOesleH 3aIlHInaeMbIX ceTei, MOKHO 0000OIIHTh B BHJIE:

I,-K, <1,

I'Ac Iﬂ - HOMHHAJIBHBIH TOK HIIH TOK CpaﬁaTLIEﬁHIIH dllllapaTa 3allTHTEI, A; K; - KPATHOCTDb

JOITYCTHMOI'O JJIHTCIIBHOI'O TOKA 11O OTHOHICHHIO K HOMHHAJIBHOMY TOKY (HJ]II TOKY CpﬂﬁﬂTHEﬂ-

HHS) arIrapaT 3aIlHThL, %.

Brauenne K, HopMupyrores ITYD B 3aBHCHMOCTH OT YCIIOBHI OKPYKaroIIeit cpeibl, THIIA

arirrapara 3allUThl, H30ISIHH IIPOBOMOB H KabeseH. TaximM oOpa3oM, BEIOOP IMpeJoXpaHHUTENEH H
ABTOMATOB IS 3aIIHTEI CETEH HAIIpsKEeHHdeM 10 1 KB TeCHO cBA3aH ¢ BRIOOPOM CeTel IIPOBOIOB

H KaOelell.

3aoanuA:

3aoariue Nel

Jnns mpHBeIeHHOH 3neKTpHdyeckoH cxeMbl TOI1 (pHcyHOK 1.4 yacTh 1) mommHocTh0 27110
MBT BeIOpaTh BHIKIIIOUATENHN B CIIEAYIOIHX ITPHCOEIHHEHHM SIX

1) g PY10 kB — tpancdopmaropa CH TCH 1;

2) reHeparopa G1;

HavanpHeie nepuogmyeckre ToKH K3 Ha mmHax 220 kB (Touka K1), mmHax 10 kB (Touka
K?2) u 3a mrHeitHBIM peakTopoM (Touka K3). PesynbTars! pacueToB ToKoB K3 M MOCTOSHHOI Bpe-

MeHH ['a. IpUBEJIeHE] B Tadmuie 6. 1.

Tabmmma 6.1 — Pacuer TokoB K3 H ITOCTOSHHOH BpeMeHH T a

HarmmeHoBaHNE BETBH Touka K3 Ino. KA Ta
PY220 kB K1 4.8 0,028
Ot Gl 4.5 0.41
OT cucteMnl H G2 K2 44 8 0.13
PY 10 xB KabenbHast THHH I C
PEaKTOpPOM K3 15.6 0,185
PE10-1000-0,35

SNEKTPOHHOW NOAMNUCHLIO
Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E

Bnaneneu: L1 Eﬁgﬁﬁ;ﬂfé’* W KCaHapoBHa

feficTauTeneH: ¢ HE%QDEQ%QQIEHQD%LHHIIH 1 ELIﬁpElTB BBEIKITIOYATCJIb B ITPHCOCAHHCEHHH KaOelIbHOH JIHHHH.
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3aoarie Ne3

I1o yemorHio 3agaun 1 BEIOpaTh BREIKIIIOYATEID B ITpHCOSHHEHHH 111 PY 220 KB.

3a0anue Nod

[IpoBepHTh Ha TepMHYECKYI YCTOHYHBOCTh BBIKIIFOYATEeNIb B B IlelIH TpaHc()opmaropa
CBSI3H (CcM. pHCYHOK 6.1). Ilepuoarieckas cocTaBIgromnas Toka ImpH K3 B Touke K cocTaBiIsgeT: OT
cucTeMsl Im.c. = 7,8 KA (He3zaTyXaloIlHi TOK), OT KaxKJIoro reHepartopa Imo=0,3 kA, Iim.o.1 =4.,6
KA, I11.0.4 = 3,8 KA. l]0CTOSIHHBIE BPEMEHH AIIEPHOANYECKOI0 TOKA: I cucTeMsI Ta.c. = 0,05 c,
i reHepatopa Tar. = 0,1 ¢. Bpemsa orknroueHus K3 — 0,4 ¢. Tok TepMHYECKOH VCTOHYHBOCTH

BBRIKITFOUATEIS (JecaTHCceKyYHIHBI) 1 0KA.

3aoanue Ned

BriOpars aBTOMAaTHYECKHH BBIKIIFOYATEND JUIS 3alUTH JIMHUH 0,38 KB, rpHcoe IHHEHHOH
K TII-10/0,4 xB momHOCThIO 160 KBA. MakcnManbHasa Harpyska THHHH Ip.max. =90 A. K miHHH
TTOAKIIIOUEH AIEKTPOABHIATEND C [H. 0. =25 A H KPaTHOCTBIO ITYCKOBOI'O TOKa K7. = 7, OCTallbHAA
Harpy3Ka — OCBEII[eHHE U AIeKTpOHarpeB. HOMHHAaIBHAS MOIIIHOCTh CAMOT'O KPYIHOI'O ITOTpeOH-
Tensd — 35 Al

[Ipu pacuére TokoB K3 momydeHsl pesynbrathl: I(3) k.max. = 1400 A; I(3) k.n. = 560 A,
[(2) k.min. = 280 A; I(1)k.min. =200 A.
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PrucyHok 6.1 — K pacuery 3agaun 4

OOKYMEHT NMoanncAaH

. KOHPOILHE §onBoce; ..

~ 1. KaKoBO HasHAUEHHe BBIKITIOYATETSI?

m O

Nencteutenex: ¢ 19.08.2022 no 19.08.2023
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2. ITo xaKuM YCIOBHSM BRIOHPAIOT BEIKIIFOYATES ?

3. KaKoRBHI YCIOBHS IMPOBEPKH BRIKITIOUATENS I10 BKIIFOYAKOIIEH CITOCOOHOCTH?

4. KakoBHI YCIOBHS IIPOBEPKH BRIKITIOUATEIIS HA CHMMETPHYHBIH TOK?

5. 110 KaKMM COOTHOINIEHHSM OIIPEIEISETCI BOSMOKHOCTh OTKIIFOUEHH S alle PHOIHYECKOH
COCTaBIIIOIeH Toka K37

6. UTo 3HAUYHT COOCTBEHHOE BPEMS OTKIIFOUEHHS BEIKITFOUATENA. KakK ommpeensaeTcs’

7. OT 4ero 1 KakuM o0pas3oM 3aBHCST YVCIIOBHS IIPOBEPKH BEIKIIFOUATEISI Ha TEPMIYECKYEO
CTOHKOCTE?

8. Kak M KakmHe BBIKIIOYATEIM IIPOBEPSIOTCS IO IIapaMeTpaM BOCCTAaHABIHBAIOIIETOCS

HaIPSDKEHIA

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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IIpakmuueckaqa paboma Ne 7. Inekmpuueckue annapamst U nMoKoeéeoyuiue uacnil.

Buibop pazveournumerneil.

Ilens: I1puOpecTH HABBIK pacyeTa H BEIOOpa pa3befHHHUTEIIEH.

OCHO6bL MeopuUlL:

PaszpeJHHHUTEIHN SBILIOTCS IIPOCTEHIIIMMH KOMMYTALHOHHBIMH armraparamMu. OHH IIpeJHa-
3HAYEHEI B OCHOBHOM JUIS pa3beUHEHHS OTKIFOUYEHHEBIX YaCTeH 3IeKTPOYCTaHOBOK C I[EIBIO CO-
30aHHS BHAHMOT O pa3peiBa I o0ecrieueHH I 0e30I1aCHOCTH IIPH PEMOHTHEIX paboTaxX. Paswemau-
HHUTEIH MOKHO HCIIOJIb30BaTh TAKKe IS OTKIIOYEHHS H BBIKIIFOUEHHS HEKOTOPHBIX 3JIEKTPHYE-
CKHX IIellell ¢ TOKOM. M3-3a MaJIoH OTKIIFOYAIOINEH CITOCOOHOCTH pa3beJHHHTENIH (Y HHX HET Iy-
TOraCHTEIbHBIX YCTPOHCTB) MOI'YT OTKIIOYAaTh TOJIBKO HEOONIbIIHE TOKH. Pazbe JHHHTEIIH MOIYT
CHa0KaThCS JOITOIHHT EIILHEIMH 3a3eMILTFOIIIMH HOKaMH. [ TTaBHBEIMH H 323EMILSFOLI[IMH HOKaMH
VIIPABJLSIEOT OOBIYHO ITPH ITOMOIIH PYYHBIX (phIYa;KHBIX) ITPHBOJIOB.

JI1s1 BHYTPEHHHX 3IEKTPOYCTAaHOBOK HanpsokeHHeM 10 kB Hanbornee 4acTo HCITOIB3YIOT
pasbeauHUTENH THIIA PB-10.

PazpeJHHUTEIN 1 HAPYKHOH YCTAaHOBKH JTOMIKHBI HMETH H3OISIIHIO, PACCUHTAHHVIO J[JIT
palboTH B HEOIAarOIPHATHBIX YCIIOBHSX OKPYKAIOINEH Cpebl (3arps3HeHHS, Blara, CHET ), a TaK/Ke
o0aiaTh IMOBBIIIEHHON MEXaHHYECKOH IIPOYHOCTRIO B CBSA3H C BO3MOXKHOCTBhIO 00pa30BaHUsA IO-

JIOJIEA A Hda KOHTAKTAX.

3a0anuA:

3aoarue Nel

Br1OpaTk pa3sbeIHHHTEID HAa YYACTKE 3NEKTPOYCTaHOBKH, VKa3aHHOM B Ta0nmax 7.1, 7.2

H Ha PUCYHKeE 7/.1.

1 3 ULS g 0 oz 11

2
TCHpe:
Tl (— T2

OOKYMEHT NOANWMCAH
3NEKTPOHHOW NOONMUCLIO
=N __'I: : '::"I.'.'.[-';-": ::';'I:-.|;_.L_“|_-.I :_':.'_I'.I" & Ninninin -.[:

AV XOBd iTeHHE Ad1eKCaHdDoOBHES
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PrucyHok 7.1 — PacueTHas cxema

Tabmma 7.1 — TexHnyecKne JaHHBIE 3JIEKTPOYCTAaHOBKH

CepTud nHEMEH{IWEEEHWEjﬂﬁE?Bﬁfﬁ]ﬂEﬂﬂﬂﬂﬂdSE

llleGayxoea TaTenAHa An

Bnanensu:

BAPMAHT 1 2 3 4 5
[TIHHBI, BBIKIIIOYATENH, pa3hb-
1-2 3-4 5-6 7-8 9-10
EIHHHTENH, Y Yac TOK
HarpsaxeHue, U, 220 220 220 110 110
KB U, 330 500 500 220 220
MomHocTh Il -—- -—- 253 117.5 117.5
reHEpPaToOpOB, I2 - - - 253 253
MBA I3 353 253 253
MolHocTh Tl -—- 40 --- 32 32
TpaHcpopMma- 12 e e 250 125 125
TOp OB, I3 400 --- —-- 250 250
MBA T4 250 400
MoIHOCTD
aBTOTpPaHC- AT --- --- —-- 250 250
(popmaTopa
Torx K3 Ha i 9.5 11 11 12,8 10,2
BbIOpaHHOM Iy 26 30,2 30,2 35 27.9
V4acTKE, Int 7.8 9.8 9.8 10,1 8,3
KA Lot 7 10 10 11 9.1
Bpema gei-
CTBHA 3a- td 0,1 0,25 0,2 0,25 0,2
IHTHI, C
Bpewms ot-
KJIHOYEHHA
T 0,08 0,08 0,08 0,08 0,08
BbIKJIFOYaTe-
JeH, ¢
Pacctoanue
MEKY (a- L 7 5 5 3 5
3aMH, M
Tabmma 7.2 — TexHnyecKne JaHHBIE 3JIEKTPOYCTaHOBKH
BAPHAHT 6 7 8 9 10
ITTHHBI, BBIKIIOYATENH, Pa3beqHHH-
1-2 3-4 5-6 7-8 9-10
TEJIH, ¥ 4aC TOK
Harpsieric, KB U, 110 110 110 110 110
JOKYMEHT NOANUCAH> 220 230 220 220 220
SNEKTPOHHOW MOANMCHLIO T

Top OB, MBA

KRCaAHOPOBHA

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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MolIrHoCTh TpaHc- T 32 125 2
(hopmMaTOp OB, 12 32 125 )
MBA T3
MoIHoCTh aBTO-
AT 125 250
TpaHc opMaTopa
i 12,5 12,5 10 10,2 12,5
Toxku K3 Ha Bb1OpaH-
Iy 34 34 31,6 27.9 34
HOM Y4acTKE,
In.t 9.6 9.6 8,5 8,3 9,6
KA
la.t 10,2 10,2 9.0 9,1 10,2
Bpems nercTBHA 3a-
1 0,2 0,2 0,1 0,2 0,2
IIHTHI, C
Bpema oTKIIOYEHHA
tomun 0,08 0,08 0,08 0,08 0,08
BBIKJIIOYaTeENIeH, ¢
PaccTosHHE MeKTY
L 3 3 3 S 3
(azamH, M
3adanue Ne2

[IpoBepHTh AIEKTPOAHHAMHYECKYIO YCTOHYHBOCTE pasbeJHHHTENSA P1 B 1ielH TpaHCcop-

MaTOpa CBSI3H (CM. pHCYHOK 7.2). HauanbHOe 3HaUYeHHe IIEpHOJHYE CKOH COCTABILIIOII e TOKA TPexX

¢pazHoro K3 B Touke K paBHEI: OT cHCTeMEI 8,5 KA, OT KaXKJIoro reHeparopa 1o 7 KA. ITocTostHHBIE

BPCMCHI1 3aTyXaHHA alICPHOJIIYCCKOI'O TOKa. IS CHCTCMBI Ta.c. = 0:05 C, JJIAd I'CHCPATOPa

Tar.=0,lc. HoMHHaIBHEIH TOK 3JIeKTPOAHHAMHYECKOH YCTOHYHBOCTH Pa3beJHHHTEISI COCTaB-

nseT 80 KA.

@C

3y I

PrucyHok 7.2 — PacueTHas cxeMa

K

AOKYMEHT MNOANMCAH
HEKTRPORHOW NOONHMCBIO

-~ T e P ———
) 43E9ABBRO! 05ETBA i =
I'_"\..'I.' II I.1JI -\'.'.'I - I"_I'_ll'\..'l'\..'l'\..'l'\..'l'\..' F '\.If_'l F _-ci'\..ll'\..'lidl.l'\..'l I 'l_lll'\..'l'..'l'..ll'..'ll.'l'.'I|.'I|.'I|.'I|.'I Tl

Bnageney, llleGayxoea TaTeAHa AnexkcaHgpoBHa

p—— S . A0 A0 SNTT - 40 (0 ANaT
NeiticteuteneH: ¢ 19.08.2022 no 19.08.2023
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3aoarie Ne3

OHPEI[EJ]IITL KakKIHM HOMHHAIIBHBIM TOKOM BJIEI{TPGI[IH-IMI‘IEGI{Gﬁ }"CTGfI‘]IIEDCTH HOILKCH

0o0magaTh pasbeAHHUTEIL P2 B cXeMe Ha PHCYHKE 7.2 NPHIAHHBIX 3aJauH 2.

Konmponsusie éonpocet:
1. ITo xaKuM YCIIOBHSM BBIOHPArOT pa3beJHHUTEIIH?

2. ITpH moMOIIH KaKiX IIPHBOAOB MOKHO YIIPABIIATE Pa3be JHHHTSIISMH?

3. OOBSICHHTE KOHCTPYKIHIO pa3zbeauHHTeNnel tTHia PB-10/400, PJIH/IA-1-10, PJIH]I-35.

4. Kakoro HaszHauYeHHE pa3beqHHHTEIEH?
5. Kakne tpeGoBaHUA NMPEABABISIOTC I K KOHCTPYKIHSAM PasbeHHHTEIII?
6. B ueM cOCTONT HasHAYEHHE 3a3EMILSFOIIX HOKEH?

7. B 4eM COCTOMT OTIIHYHE BEIKIIFOUATEIS OT pﬂB’LEI[I]}]IITEJIH?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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IIpakmuueckaqa paboma Ne 8. Inekmpuueckue annapamst U MOKoeéeoyui{e uacmil.

Botoop uzmepumensHolx mpaHc@opmamoposé moxka i HANPAHCEeHUIL.

Ilens: 1IpnoOpecTH HaBBIK BRIOOPa H3MEPHTEILHBIX TPaHC(OPMaTOPOB TOKA H HaITpsDKe-

HHIIL.

OcHo6bl meopuu:
BE160p H3MepHTEIBHBIX TpaHcpopMaTopoB Toka (TT) IMpoBOAST IO Clle AYIOIM Y CIIO-
BISIM:
Unom. = Ucemut nom.; 11lnom. = lnopm. pacu. ;
kn.- Inom. 2 Inpoo. paycu. = Ipab. ub. ; ioun. = iyo.
21 1om. koun. > Iyo.

1'2mep. tmep. = Bk

(I1nom. kmep. )2 tmep. 2 Bk. ;

[Ipu BEIOOpE HOMHHAIPHOI'O IIEPBHYHOTO TOKA [Hom. CIEAYET VUUTHIBATH BO3SMOKHOCTD
Ieperpy3KH HEKOTOPBIX THITOB TpaHC(opMaTopoB Toka Ha 10—20 %, 4To 0roBopeHO B KaTaJIorax
Ha TpaHC(OPMaTOPHI TOKA.

3HayeHHe HOMHHAIFHOIO BTOPHYHOIO TOKa YHH(HIHPOBAHO H paBHO 5 A (pexe 1 u 10
A).

Knacc TouHOCTH M3MepHTeNbHOrO TT BRIOHPAIOT B COOTBETCTBHH C €r0 HA3HAUEHHEM.
Ecrm xk T'T mogximroyaroTcs pacyeTHBIE CUETYHKH 3JIEKTPOSHEPIHI, TO KJIACC TOUHOCTH er'0 pabOoTH
IOIDKeH OBITh He HibKe 0,5. ECI MOAKIII0Yar0TCa TOIBKO IIHTOBEIE 3JIEKTPON3MEPHTEILHEIE T10-
Ka3bIBAIOIIHE IIPHOOPHI, TO JOCTAaTOYEH KJIacC TOYHOCTH 1, a HHOTZa (aMITEpMETP B IIEIH CEKITH-
OHHOI'O WJIH IMHHOCOEJHHHTEILHOI'O BEIKIIFOYATES) MOKHO IIPHMEHHTEL TPaHC(OpMaTOp TOKa C
KIIaCCOM TOYHOCTH 3.

Jnsg Toro uroOwl T'T padoran B BEIOPAaHHOM KJIacCeé TOYHOCTH, Harpys3Ka €ro BTOPHYHOMH

I[eITH He JOJIKHA IIPEBHIIIAaTh HOMHHAIBHYIO, T. €. IIPH [2xnom. = 5 A HarpysKa BTOPHYHOH I[EITH

S2 = 122H.:}M. Z2=25 Z2 < 852u0M..
PacueTHas Harpyska TpaHcopmaropa Toka (Z2pacy.) CKIaJBIBAETCSI U3 HATPY3KH H3Me-
PHTEIBHBIX IIPHOOPOB H ITOTE Ph MOITHOCTH B ITPOBOAAaX H KOHTaKTax. CyMMapHOe COITPOTHRIIEHHE

KaTyIIleK ITPHOOPOB, ITOCIIEJOBATEIFHO BKIFOUEHHBIX BO BTOPHYHYIO 1Ielbh TpaHCc(popMaTopa TOKa

[OKYMEHT MOAMWUCAH _
(ZZnputNENTOHEINTHIBAYOT® COOTBETCTBHH CO CXEMOH MX BKITIOUEHNS M paclpelelleHus 110 ¢a-
Ceptudmkat:  2C0000043E9AB8B952205E7BA500060000043E

Branengan . UPHOSOCTARTEARMATPEXTITHEHHON CXEMBI BKIIFOUEHHS H3MEPHTEIBHBIX IIPHOOPOB HEOOXO-

esers AUBIO YHTEIBATE GXEMY BHYTPEHHIT COCIHHEHIIIT TIPHGOPOB.
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COHPGTI[EHEHIIE ITPOBOIOB ETGpH‘]HOﬁ IOEII 3aBHCHT OT OJOIHBI TPacCC ITPOKIIAAKH ITPOBO-
HJOB Iﬂtp., CEHCHHA ITPOBOJOB § H CXCMBI COCJIHHCHITA TpElHC(l)GpM&TDpGE TOKA.

[Tpn BEIOOpE MaTepHalia IMPOBOAOB (C MeJHBIMH HIIH aTEOMHHHEBBIMH KHIIaMH) He00XO-

JTHMO YUHTHIBATH, YTO KOHTPOIBHBIE KaOelH ¢ MeIHBIMH xinaMH (p = 0,0175 OM'MZIM), TIIPH-
MEHSIOT BO BTOPHYHBIX ILETISX MOIIHBIX ANEKTPOCTAHIMI C BHEICIIMM HanpstkeHHeM 220 kB u

BBIIIIE. BO BTOPHYHBIX IICIFIX OCTAJIBHBIX 3JICKTPOYCTAaHOBOK HCIIOIB3VIOT KabeJM ¢ arOMIHHE-

BBIMH KHiIaMH ( p = 0,028 OM'MM2 /M).

CeyeHHS IIPOBOJHHKOB BEIOHPAIOT B COOTBETCTBHH ¢ TPeOOBAaHMAMH TOYHOCTH H3MeEpe-
HHUA. [IpH 3TOM PYKOBOJICTBYIOTCS CTI€ TYFOIITHM.

1. IIpoRox mOMKeH YAOBIETBOPATH TPeOOBAHHSIM MeXAaHHYECKOH ITPOYHOCTH, IT03TOMY

IIPH HAJIMYHIT B LICIIH PACUCTHBIX CHCTHHKOB CCUCHHC MC/IHBIX IIPOBOJOB JOJIKHO OBITH HE MeHee

2

2 .
2,5 MM~, a aFTOMHHHEBBIX — He MeHee 4 MM~ JUIS IIellell ¢ H3MepPHTEeIbHBIMH ITpHOOopaMH (0e3

2
C‘IET‘IIH{GE) MCAHBIC IIPOBOdd JOJIKHBI HMCTh CCHCHIIC HC MCHCC 1:.5 MM . d AIFOMITHHCBEIC — HE

MeHee 2.5 MMZ.

2. CeyeHHE MPOBOJIa JOIDKHO OBITH B3STO OOJIbIIE MHHHMAJILHOIO, YVAOBIETBOPSIOIIET O
. 2
TpeOOBAaHHIO MeXaHHYEeCKOH ITPOYHOCTH (ceueHHe OoJbIne 6 MM~ He IMpHMeHsSeTcs). CTaHIapT-

HBIE CEUEHMS JKHJI KOHTPOIBHBIX Kademen: 1,5; 2,5; 4, 6 MM2 .
M3 ycnoBHS goirycTHMOHN HarpyskH Ha T'T jaig oGecriedueHHs ero padoThl B BEIOPaHHOM
KI1acce TOUHOCTH CIEeAYET, YTO COIPOTHRIIEHHE ITPOBOA
Znpoe . = L2uom. - L3 npub — Zxoum. .
s = plpacy. / rnpoe.,
IZe p — YAEILHOE COIPOTHURIIEHHE MaTepHaia IIPoBoJa; [pacy. — pacueTHasd JJIHHA IIPO-

BOJa, 3aBHCSIIAS OT CXeMbI COeIHHEHHS TpaHC()OpMaTOPOB TOKa (PHCYHOK 8.1).

ABC A D

]
1=
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I L* > '
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F 'r T l’_ _1’ I_ L 4 ;
> 1l &1 & b >
< }
-lh __i_ E-.. | E..‘| pt ZJI( =10
Lop = =
Lpan:tl: 2" Ln‘.p L].ﬂ:q= V3 L.‘r.p L["'"'"_ L"'l"
@ i) B

:ﬁm HOK ;Bﬁlgﬁﬁ}é%mx coeIMHEHH S TPaHC (pOpMaTOPOB TOKa H H3MePHTEIbHBIX ITPHOO0-

!'_ pﬂEEl s EKHIG{IEITIHE Hletﬁ(?pGE B Giﬂ-[y (1)33}":. 0 — BKIIIOUEHHE HpIIﬁlelDE B HCIIOJIHVYIO 3BC3Y. B —

BKIIFOUEHHE ITIPHOOPOB B 3BE3Y
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JlimiHa coe JUHUTEIBLHBIX IIPOBOJIOB OT TpaHc(opMaTopa TOKa O MPHOOPOB (B OHH KO-
Hell) [mp. (JUIMHA TpaccChl) JOIDKHA OBITh H3BECTHA M3 ITPOEKTa pacIpelelINTelIbHOIO YCTPOHCTRA
P

U IUTa yIIpaBlieHHa. OpHEHTHPOBOYHO [mip., M, (IS OZHOH IIeIH B OMH KOHEI[) COCTABIISET:

3adanua:

3adarue Nel

OrnpeaenTh cedeHHe MeJHBIX COeJHHHTEIILHBIX ITPOBOL0B BTOPHYHOMH 1iernH (TT), ycra-
HOBJIEHHBIX Ha BBOZE 10 kB B PY moacraHiiym 1mo cxeme, IIpHBEAEHHON Ha pHCYHKE 8.2. TpaHc-
(popMaTOPHI TOKa JOIKHBI HMeTh Ki1acc TOUHOCTH 0.5. PaccTossHHe MeXJy TpaHCc(pOpMaTOpaMH
TOKa, YcTaHOBIeHHRIMH B PY 10 kB, u nmroM, Ha KOTOPOM YCTaHOBIEHBI MpHOOPEI, 20M (110

Tpacce). COIMpOTHBRIEHHE ITe PeXOAHBIX KOHTAKTOB IMpHHIMaeM 0,1 Om.

10xB
a B e . VARh
A BB @O
TN®Y g J
R
L

PucyHok 8.2 — CxXeMa BKIIOYEHH I H3MePHTEIbHEIX ITPHOOPOB

3aoarue No2

BriOpaTs TpaHCc()OpMaTOp HAMIPSKEHHS, K KOTOPOMY IOIKIIFOYEHEI H3MePHTEILHBIE ITPH-

OOpEHI IT0 CXeMe PHCYHOK 8.3, €ClIH OH JOIKeH padorars B Kilacce TouHocTH 0.5, HampsxeHHe

CETH 6 KB.
AB C o j{/wa MR wn
V) ﬁﬁ@ 1:':’“4' TC’-’*,- —
\/ p g
PucyHOK 8.3 — CXeMa BKIIFOUEHHS ITPHOOPOB
3adanue No3

BriGpaTs TpaHc]opMaTop HaIpsDKeHHS Ha COOPHBIX IMHHAX ITOACTAHIHH. [ToacTaHImsg ¢

ITOCT OSIHHBINVEEIKYPOTBOM TIEPCOHAJIa. Y CTaHOBIEHHAsI MOIIHOCTh TpaHchopMaTopoB 2x40 MB
ANEKTPOHHOW NOANMUCHLIO

Ceprucoyhar: 2 43E9ABBBY52205E7BA500060000043E

LIeD3yxoBd iTeHHE Ad1eKCaHdDOBHLS
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3aoarue Nod
Br10Opats TpaHchOopMaTOp TOKA H HAITPSKEHHS I ITPHCOe IHHeHH S H3MEPHT eIIbHBIX ITPH-

OopoB B 1ienH reHeparopa TB®-63-2, BxiroueHHOro Ha cOopHele IMHHEL 10,5 KB. Mcrons3o0Bars

CXEMY Ha PHCYHKe 3.4.

Ha LILLY Ha My
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PucyHOK 8.4 — CXeMa BKIIIOUEHHS H3MEPHTEIILHBIX IIPHOOPOB I'eHepaTopa

Konmponsusie éonpocet:
1. Kax H3MeHsIeT S MOrpeIHOoCTh TPpaHC(hOPpMaTOPOBR TOKA H HAITPSDKE HIS ITPH YBEIIHYeHHI
IUTHHBL KOHTPOIIEHOIO KaOels, COEHHSIOINETO HX C H3MEPHTEIbHBIMH IIpHOOpamMI?
2. JI11s KaKoH IeTH IIPHMEHSIOTCS H3MEPHTEeIIbHBIE ITpeo0pa3oBaTelIt (JTaTUYHKH)?
3. B uém 3aKmodaeTcs IIPeHMYIIeCTBO H30HpaTeIbHOTO H3MePEHHS (H3MEPEHH S ITO «BHI-
30BY» ) Ilepell HHAHBHYaJIbHBIM H3MEPEeHHEM?
4. Kak BerOHparoTcs TpaHC(OpMaTOPEL TOKAa H HAIIPSKEHHS JUIS IIPHCOEe IMHEHHS K cOO0p-
HbIM IIHaM 10,5 kB?
5. Kak npoBepsroT TpaHc(opMaTOp TOKa H HaIIPsDKEHHS IO BTOPHYHOH Harpy3ke?
6. Kak BeIOHpaeTCs KI1acc TOUHOCTH H3MEPHTEIILHOTO IpHOopa’?
7. Kaxme cxeMsl coequHeHus 11 OpmBaroT?
8. Kak Be1OHparor ceueHHe IPOBOJTHHKOB?
9. B uéM 3aKkmroyaeTcs OCOOEHHOCTH pekuMa padoThl M KOHCTPYKI(MH T'T u TH?
OOKYMEHT NoarmmcCAH
lé]JtH&@ﬁﬁgi_am_gu;:@m{pIe THITBL TpaHC(OpMaTOpa TOKa H HaIIPSIKEHHS?
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IIpakmuueckasa paboma Ne 9. Inekmpuueckue annapamst U MOoKoeéeoyui{e uacmnil.

Boioop mokoozpanuuue aiouiux peaxkmopos.

Ilens: 11IpnoOpecTH HABBIK BEIOOPA TOKOOIPAaHHYHBAIOIIHX PEAKTOPOB

OcHoé6bl meopuu:

OrpaHnyeHHe TOKOB K3 B pasiMYHBIX y3/IaX IEKTPOIHEPTe THUYECKOH CHCTEMEBI BAKHO JITIS
OT'PaHHYEHHS ITOCIIEACTBHI aBapHIL, IS CHHKEHH S CTOMMOCTH ararapaTypel H IIPOBOJIHHKOB pac-
IIPENEIIHTEIIBHBIX YCTPOHCTB.

Ou3HYecKasd CYTh METOAOB OrPaHHYEeHHS TOKOB K3 3aKIIOYAeTCS B HCIIOIB30BAHHH J[O-
ITOITHHUTEJIEHOIO COIPOTHBIIEHHS B IIEITH TOKa K3, HE0OX0AHMOEe 3HaUEHHE KOTOPOTr'0 3apaHee MO-
KET OBITh PACCUHTAHO.

BeeieHHE JOIMOMTHHUTEILHOI O COIMPOTHBIIEHH B IIeTh TOKa K3 ocyInecTBiusgeTca mibo ycra-
HOBKOH CIIEI[HAJIFHBIX aIlllapaTOB — TOKOOTIPAHHYHMBAIOIIHX PEAKTOPOB, IMOO0 CO3QaHIEM HCKYC-
CTBEHHO VJIMHEHHOI O ITYTH JI7151 TOKOB K 3. ECcTecTBEHHO, UTO YCTaHOBKA PEaKTOPOB TPEOYET J0-
ITOITHHUTEIILHEBIX 3aTpar. Jlanee OyIeT IoKa3aHo, YTO YCTAHOBKA PeaKTOPOB B PSJIE CIIYYAeB He BCE-
rj1a >pdexTHBHa. [lo3TOMY BBIOOP CpelJCcTB OrpaHHYeHHSI TOKOB K3 OKOHYATEeIIbHO pellacTcs
JTHIIG TEXHHKO-3KOHOMHYECKHM COIIOCTABIEHHEM BapHAHTOB.

IIpn cpaBHEHHH CIIOCOOOB OIpaHHMYEHHS TOKOB K3 BaKHO IpaBIUIBHO BBRIOpAThk MECTO
YCTAaHOBKH JOIIOIHHTEIILHOIO COITPOTHBJIEHHS. B HAacalbHOM ClIyyae ITYTH IHPKYIISIHH TOKOB
HOPMAJILHOT' O PeXuMa H K3 He COBIaAaroT, H J00aBOYHOE COIIPOTHBIIEHHE OIPAaHHYHBAET
ToJIbKO TokH K3 (Hanmprmep, cekitnoHHBIH peakTtop ['PY 10 kB TOI). Ho B pealbHBIX YCIIOBHSX
YaCcTO Yepes3 JOIOIHHUTEIILHOE COIMPOTHRIIEHHE TaKKe ITPOTEKAl0T TOKH HeaBapHITHBIX PeKHMOB,
YTO COIMPOBOXKAAETCS JOIOIHHTEILHEIMH ITOTEPSMH HaIlpsDKeHHS (JIMHEHHBIe PEaKTOPHI, Peak-
TOPHI B IIETTH TPaHC()OPMaTOPOB CBSI3H ITOACTAHITHH H IP.).

[IoaTOMY YacTO IPHMEHSIOT YCTPOHCTBA, OOECIIEUHBAIOIHE MEHBIIHE IIOTEPH HAIIPSKE-
HHS B HOPMaJIbHOM peXKHMe (CIBOEHHBIE PeaKTOPhI, TPaHC()OPMATOPHI ¢ pacIlelTIEHHBIMH OOMOT-
KaMH HH3IIET0 HAIIPSDKEHH T ), HO JJOCTaTOYHO OOJIBIIIOE COMMPOTHRIEHHE IS 3 (peKTHBHOrO orpa-
HITYEeHHSI TOKOB K3.

B pszge cinydaer IOIOIHHTEIIFHOE COIPOTHBIIEHHE B IIENTH TOKa K3 ymaercsa cosmares H3
CYIIECTBYIOIIHX 3IIEMEHTOB CETH ITYTEM:

* OTKIIFOUEHHS ceKIIHOHHOIr0O BRIKIIroUaTensa PY 10 kB 11C;

AOKYMEHT MOAMWCAH
* ODEKTHEOMEHIIDAMPILK 3 ceK1iHoHHOro BeIKIovareas ['PY 10 kB TOLI,

Cepmwdukatr: 2C0000043E9ABEBS52205E7BAS00060000043E
Bnageneu,. Wetty@EKTHOMS HIBITHHOCOC IHHHTCIIBHOI'O BRIKITFOYATCIIA (H_[CB) ITPpH JIBOMHOH CHCTCEMEC ITITH

OPY 110-220 kB ¢ (UKCHPOBaHHBIMH ITPHC O IHHCHISIMIIL,
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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* OTKIFOUEHHS CEKI[HOHHOI'O BEIKITIOUATEN CHCTEMBI COOpHEIX 1H OPY [10-220 kB;

* CO3ZIaHNS VIUIHHEHHOTO ITYTH TOKOB K3 uepes cets 110-220 kB u ap.

[lepeHOC ITONEepevYHBIX CBS3EH MEXKIY I'eHeparopaMH Ha Oolee BBICOKOE HAaIIPSDKEHHE
TaKKe IIPHBOAHUT K CHIDKEHHIO TOKOB K3. IIpH TeX Ke yCIIOBHSIX Ha HaIpsDKeHHH 6 KB romneped-
HEBIE CBSI3H HEOCYIIE CTBHMEI.

YcTaHOBKa CEKI[MOHHBIX peaKTOPOB Ha CTOPOHE HH3MIEro HampsbkeHHI Ha I[1C mamosd-
(exTHBHA. THITIOBEIM SIBIISETCS IIPHMEHEHHE Pa3IelIbHOH paOOTHI CEKIIHI Ha CpeJHEM H HH3IIEM
HaIIPSDKEHMSX M BBEIECHHE Ha HH3IIEM HAIPSKEHHUH JOITOIHUTEIBHBIX COIMPOTHBIIEHHH B IIEITH
Toka K3, mocinemoBarenbHO ¢ 0OMOTKaMH TpaHC()OPMaTOPOB (peaKTOPOB, THHEHHBIX PeryIHpo-
BOYHBIX TpaHcpopMmaTopoB). [[ina cxem [IC xXapakTepHO coBITajieHHe ITyTeH TOKOB K3 M TOKOB
HOPMAJIbHBIX PEKHMOB. 3TO ITOCIYKHIIO IIPHYHHOH IIIMPOKOI O UCITOIB30BAaHHS CABOEHHBIX peaK-
TOPOB B LIETLSIX TPaHC() OpMaTOPOB, HMEIOIIHX B HOPMAJIBHOM PEXKHME CHH KEHHEIE ITIOTEPH HaITp -

ACHHA B CDABHCHHH C OAMHAPHBIMI PCAKTOPAMIL.

3aoanuA:

3aoarue Nel

OrnpeAeniTh HalpsDKeHHe (B IMTPOIeHTaX 0T HOMHHAIFHOT' O HAITPSKeHH I peaKTopa) Ha BhI-
BOJIaX Pa30OMKHYTOH BETBH CIABOSHHOI'O peaKTopa, KOrja II0 APYTrOH BETBH ITPOTEKAET:

a) TOK, PaBHBIH JJIHTe IbHOMY HOMHHAJILHOMY TOKY peakTopa IpH cos@ = 0,8;

0) TOK KOPOTKOI'O 3aMbIKaHHS (IIPH ITOBPEKIEHHH HEIIOCPEICTBEHHO 3a PEaKTOPOM).

Tumn peakropa PEAC-10-2x600-6, koaddmpieHT cBa3H 0,5, HanpsyKeHHe Ha IMHHAX TTHTa-

HHA IPHHSTH HEM3MEHHBIM H paBHBIM 10,5 kB.

3aoarue Ne2

OrnpeAeniTh, IIPH KaKOM 3Ha4eHHH KOo3()(pHIHEeHTa CBSI3H HaIIpsUKeHHe Ha pa30MKHYTOH
BETBH CIBOSHHOI'O PeaKTOpa ITPH KOPOTKOM 3aMBIKAHIH Ha BEIBOAAX APYI Ol BETBH HE IIPEBOCXO-
JTUT JOITYCTHMOH BEJIMYHHEL, PaBHOH 1.5 OT HOMHHAJIIBHOI'O HAIIPSKEHH S peakTopa. HampsokeHie

Ha IMHax IHMTaHHA TITPHHATE HCH3MCHHBIM H PaBHBIM 1305 OT HOMIHAJIbHOI'O HAITPAAKCHIA PCak-

TOpa.

3aoarue Ne3

[IpH HEM3MEHHOH TOKOBOH I1ay3e B IUIeYe 2 CABOEHHOIO PeaKTopa, PaBHOH HOMHHAJIHLHOH

ITPH COSQ e theaOi BeA G TTOTEPH HATIPSUKEHHS B 00EHX BETBSX JUIS CIEAYIONINX BapHAHTOB

Ceprudomkar: 2C0Q000043ESABBES52205E7BAS00060000043E

Bnanendl OKOBCH Hed YA ALEEHR 0da

a) Il = In. ipu cosp = 0,8;

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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0) 11 =0,5* In. ipn cosp =0.9;

B) I] =0;
Koa(ppHIIHEHT CBS3H paBeH 0.6.
Hapucorate rpaduxy AUI % = f{Il/ In.) n AU2% = f{I1/ In.) N TIOICHUTEL XapaKTep HX

H3MCHCHH A.

3aoarue Ned
Jlax peaxTtop THiTa PEAC-6-2x1000-8. PacimdpoBaTts MapKy peakTopa M BEIYHCINTh €r0
COITPOTHRIEHHE (B IIPOLIEHTAaX) B peXHMMaX CKBO3HOH, OJHOLIEITHONH H ITPOJOIEHOH TOKOBBIX

Harpy3ok. KoadguimeHr cBs3H paBeH 0,46.

3a0anue Nej

TOK KOPOTKOI'O 3aMBIKaHHS Y ITOTpeOHUTEIIS IPeITIoNIaracTcs OrpaHHYHUTh ¢ IIOMOIIBIO JIH-
HEHHBIX I'PVYIIIIOBEIX CABOSHHBIX peakTopos THria PEAC-10 go BemauHEL 13,5 KA. Ompeaemrhb
ITapaMeTPEI peakTopa IIPH MaKCHMAIIbHO BO3MOKHOM YHCIIE JIMHHH, ITOAKITIOYAaEMBIX K €TI0 cOO0p-
KaM, HCXOJ U3 TOT'0, YTO ITOTePs HAIIPSKEHHS B PEaKTOPe B (POPCHPOBAHHOM PeKHME He JOIKHA
IpeBBIIIATh 4 %.

HanpsoxkeHne HCTOYHHKA TTHTAHHSA CUHTATh HEM3MEHHBEIM H PaBHBEIM 1,05 OT HOMHHAIb-
HOI'O HaNIPsKEHHS peaKTopa, COIMPOTHRIEHHEM ITHTAROIIX Kabesei nmpeHeOpeus. KoadprarmueHT
MOIIHOCTH — 0,85, paGouwrii TOK ()OPCHPOBaHHOIO pekimMa IIHHHH — 250 A. KoapHIEHT CBI3H

CABOEHHOI'O peaKTopa IIpHHATE 0,5.

3aoarue Neb

BRISBHTE I1eIecO00pa3HOCTh YCTAaHOBKH ceKI[HOHHOTO peakTopa (CP) LR1 B I'PY 10 xB
TOI] ¢ reHeparopamu THiza TBD-63-2EVY 3 (pHcyHOK 9.1).

HMcxonHbie JaHHBIE:

['enepaTopoB: Prom. = 63 MBT;, Unom. = 10,5 kB; cos ¢ = 0,8; Ta. = 0,247 ¢; Xd nHom.=
0,136.

TPaHC()OPMATOPOB CBS3H:
Snom. =32 MB-A ,n=115/11 kB, Uk. = 10,5 %.

cucTeMbl: Sx. = 5000 MBA; mummit: [ = 30 kv, Xyo. = 0,4 OM/KM;

HATA BOR ol e g2, 2 = 35 MBI, cos pre. = 0,87.
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PucyHok 9.1 — IIpuHIipmmnanpHag cxema T Ol

CyTOYHBIE I'PaHKH HaIPy3KH IIPHBEIeHBI Ha PHCYHKE 9.2

= MBET
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PrcyHok 9.2 — CyTouHbIe rpapHKH BEIPAaOOTKH I'eHepaToOpaMH

Kaxmprii crmoco0 orpanHyeHHs TokoB K3 HamOolee »(peKTHBeH OIS ONpeJelleHHOIO
YPOBHS MOIIHOCTEH, PaCIIPEAEIIEMEIX B Y3JIe JaHHOTO HaIpsoKeHHSI. PacCMOTpHM BapHaHT C

ycTaHOBKOH B I PY 10 kB TD3I] ceKiimoHHOr 0 peakropa.

3aoanue Ne7

BrISBHTE 3 peKTHBHOCTH H Iielecoo0pa3zHocTh yeTaHOBKH CP LR1 BI'PY 10 kB T3I] ¢
arperatamu 2x110 MBT (cMm. pucyHok 9.1). Mcxomubie maHHBIe: TeHepaTopoB THia TB®D-110-
2EY3: Puom. = 110 MBt, U nom. = 10,5 kB, Inom.. =7.56 KA, cos prnom.. = 0,8, x"d. (Hom..) =
0,189, Ta.. = 0,41 c. Tpancopmaropsr Tria TPJH-80000/110: Swom.=80 MBA, n = 115/10,5

,D,DH’&"I"-.-"IE} iT NOANMMCAH

KB, Uk = 10,5 %, CIICTeMbl: Sk = 5000 MBA; mummit: [ = 60 km, Xyo. = 0,4 OM/kv; Harpy3ok 10

':-:l._;:_:l.‘l1; ql;—., ‘- I .-"_".-';'ll ||||||
Bnagene Um.":_.-::}'_‘-f.“.té.! ITeAHa AnekcaHapoeHa
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kB: Pur.= Pur2 = 35 MBT, cos pu.c. = 0,87. CyTouHble TpaHKH Harpy3KH IPHBEJIcHBI Ha

PHCVHKE 9.3.

P, MBT

120
100

80
60

20

- L

| |._____I

4 8 12 16 20 24

.Y

PrcyHok 9.3 — CyrouHble rpaHKH Harpy3kH ceTH 10 kB, BKIro4as coOCTBEHHBIE HY KJIBI

3aoarue Ne8

T3I]

Jnsg yenoBui 3aga4ul 1 mmpu Hamguy CP BeIOpaTh mHHeHHBIE peakTophl (JIP) Ha oTXoms-

X KaOelbHBIX IHHIIX 10 KB MeCTHOH HarpysKH.

Hcxonuble maHHBIE 19 KaOelIbHOH CETH:

YICIIO pacIpeJe/INTeIbHbIX ITYHKTOB (PII) 16;

Kareropus norpedurenen I u I1;

BCC JIHHHH PC3CPBHPOBAHEIL,

mmHa THHHH oT ['PY 10 kB mo PII 2 kM,

B JIMTHHH ITPOJIOKCHBI KaOellH ¢ aIFOMHHHEBBIMH KHIIAMI CeUYeHHEM

s =150 v

MaKCHMalIbHAS HAarpys3Ka KaKIoH ImoacTaHIMH Pmax.= 5000 kBT rpu

cos @ = 0,87, Tmax.= 5600 u,

s g
MHHHMAIbHOe ceueHHe KaOemel, orxoaamx oT PII, cocraBmsger 70 MM~ (aIroMH-

HHEBBIE JKHIIBI), Ha THHHIX YCTaHOBIeHBI BRIKIoUaTenH THiIa BMII-10-20/630V3 (Jomxn.nom. =

20 KA);
@

HAYAIIBHOC 3HAYCHHE HEPIIDI[II‘IEGI{Dﬁ COCTaBILTIOIIEH HaYaJIbHOI'O ToKa K3

Ha cOopHBIX IrHHaxX 10 kB TOI (em. 3agauy 1) Ino = 64,01 KA;

OOKYMEHT NMoanncAaH

iHa AdIeKCAaHODOBHA

tomxkn. = t3awy. 1 + te. omxn. = 0,0 c;

oo PO 02 Bfent oTkmouerm Toka K3 BRIKITIOUATEIISAMH, yCTaHOBITEHHbIMI Ha PII,
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. BBIKITFOYATEISIMH OTXOASIHX OT T 3L KaOeIbHBIX JIMHII

tomxn. = Baw.2 + te. omxn. = tzawy. 1 + At + te. omxn. =06 +0,5=1.1 c.
° Bri6pars JIP Ha orxomsupix oT T3l KabeIbHBIX JIHMHHIX.

. Y1008k 00eceUnTh HaJeKHYIO paboTy KaOeIbHOH CETH B YCIIOBHAX K3 Ha Kabeib-
HBIX THHISX, oTXomsaanux or I'PY 10 xB TOL, ycranasmmBarorcs JIP. Ji1g sToro HeoO0xXoaumo

BBITIOJIHEHHEC YCIIOEE IH:

® Tok K3 gomxkeH OBITH MeHBIIIE HOMHHAIBHOI'O TOKA OTKIIFOUEeHH S BRIKIIFOYATEIIeH

KaOeIIbHOH CETH, YCTAHOBJIEHHBIX HA T'OJIOBHOM YYACTKe KaOeIbHBIX IHHHH H YV ITOTPeOHTETIEH.

° Tok K3 momxeH OBITE MEHBIIE TOKA TEPMHYECKOH CTOHMKOCTH KadeIeH,0TX OISIIHX

or I'PY 10 kB T3I, n xkaGenen, orxoasmpix or cOOpHBIX IMHH PII motpedurens.

. YpoeeHb TOKOB K3 Ha cOopHBIX mHax ' PY 10 kB T3L], cHHKeHHEBI 3a CUET YCTa-
HOBKH CEKI[HOHHOI'O peaKTopa, OMPeldeliseT 3HAaYeHHE COIPOTHBIIEHHS JTHHEHHBIX PeaKTOpPOB.

CrnenoBaTelibHO, YecTaHOBKa CP oGnervaer yeiaorusa K3 11 kaGelIbHOH CETH.

Konmpononsie éonpoceol:

1. B ueMm 3aximoyaeTcs (pH3HYECKasa CYTh METOJO0B OrpaHHYeHHS TOKOB K37

2. Kakue ycrporcTBa 00eCIieYHBaOT MEHBIIHE ITOTEPH HANPSKEHHSI B HOPMAIILEHOM pe-
KHMe?

3. B Kaknx cny4asx yIaeTcs co34arTh JOIOHHUTEILHOE COIMPOTHRIIEHHE B IIEMH TOKa K37

4. [loueMy yCTaHOBKA CEKI[HOHHBIX PeaKTOPOB Ha CTOPOHE HU3IIEr 0 HanpsokeHN [1C Ma-
no3dpdekTHBHA?

5. BimsiHHE CEeKIMOHHEBIX PEAKTOPOB Ha OrpaHHYeHHe TOKOB K3. BrIsBIIeHHE 00JIaCTH 1ie-
11eco00pa3sHOro IMpPHMEHEHHS CEKI[HOHHBIX PeaKTOpPOB.

6. OrmpeneneHie 1e1eco00pasHOCTH YCTaHOBKH CEKIMOHHOI O PEAKTOPa IT0 MHHHMYMY 3a-
Tpar.

7. BimsHHEe THHENHBIX PeaKTOPOB Ha OrpaHHYEHHE TOKOB K3.

8. O1leHKa JOCTOMHCTB H OIIpelelieHHe 00IacTH IIpHMeHeHHS OIOYHON cxeMbl T Ol Kak
CpeACTBa OrpaHHYEHHSI TOKOB K3.

9. OrpanmnyeHue TokoB K3 Ha [IC.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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5. Yuebno-memoouueckoe u unH@hopmauiloHtHoe odecneuerue OUCUUNTIUHbBL

5.1 Ilepeuers 0CHO6HOU U 00ONOIHUMENLHOU JIUMEP AMYPbL, HEOOX00UMOIL 011 0C60e-
HUA OUCUHNIUHbL

5.1.2 Ilepeuerv 0CHOBHOIL TUmMeEP AMYPbl:

1. Owmrmmiora, T.A. OnTuMH3aIg PeKHMOB SNMEKTPOCTAHINI H SHEPrOCHCTEM . YUel-
HUK / T.A. Omwrmmmopa, IO.M. CugopknH, A.I'. PycuHa ; MHHHCTEpPCTBO 00pa30BaHHI H HAYKH
Poc-curickon @egeparpm, HOBOCHONPCKHUH IOCYIaPCTBEHHBIN TEXHHYECKHH YHUBEPCUTET. - 2-€
n3a. - Hopocubupck : HI'TY, 2016. - 359 c¢. : cxem., uin. - buGmiorp.: ¢. 349-350 - ISBN 978-5-
7782-2743-9 ; To Ke | OIeKTPpOHHEIH pecypc]. - URL.:
http://biblioclub.ru/index.php?page=book &i1d=438316

2. Kymneena, JI.W. [IpoekTHpoBaHHe IOACTaHIMH ;| yueOHoe rmocoomne / JI.M. Kymneena, C.B.
Mmurpodanos, JI.A. CemeHoBa ; MHHHCTEPCTBO 00pa3oBaHHI H HayKH Poccriickoi Meje-palm,
OpeHOyprekui I'ocygapcTBeHHBIN YHHUBepcHTET. - OpeHOypr : OI'Y, 2016. - 111 c. : w1, cxeMm.,
Tal11. - BuOmorp.: ¢. 61-63 - ISBN 978-5-7410-1542-1 ; To xe [ OnekrponHsIi pe-cypce|. - URL:
http://biblioclub.ru/index.php?page=book &1d=468847

3.1.5 Ilepeuens 0 onoHuUmMENbHOU JIUMEPAMYPDL:

1. Hemmpocknin, A.E. DnekrpoobopyaoBaHHe 3JIEKTPHYECKHX CETEH, CTAHIMH M IO -
craHIMH | yueOHoe nocobue / A .E. Hemmporcxaii, U.JO. CeprueBckas, JI.JO. Kpemnrbimesa. - 2-e
3. gomn. - MockBa ; Bonorga | Undpa-Unxenepus, 2018. - 149 ¢. : wn. - bubnmuorp.: ¢. 114 -
ISBN 978-5-9729-0207-1 :,
http://biblioclub.ru/index.php ?page=book &1d=493858

To  xe | OneKTpOHHEIH  pecypc]. - URL:

3.2 Illepeuens yuedHO-MemoouUUecK020 obecneueHus camocmoamebHol paoomst 00y-
Yarouiuxca no OucyuUniLHe

1. MeToguyeckie YyKa3aHHSA IO BBOIOIHEHHIO ITPAKTHYECKHX PpalboT IO JTHCIHIUIHHE
« DTMEKTPHYECKHE CTAHIHH H TTOCTAHIHID).

2. Mertognyeckie yKaszaHHA 110 OpraHH3allHHd H IIPOBEJIEHHIO CAMOCTOSTEILHON pabOoThI
IT0 JUCIIMIIIHHE « DNEeKTPHYEeCKHE CTAHIHH H ITOICTAHIIHI) .

3. MeToauyecKie YKa3aHH 110 BRITOTHEHHIO KYPCOBOI'O IIPOEKTA I10 JHCIMIUINHE «OIIEK-

TPHYCCKIIC CTAHITHH H ITOJCTaHIIHHY! .

ﬂfﬁ%&ﬁﬂ%@bﬁK%MIﬂ ITO0 BBOIOITHCHITO HﬂﬁﬂpﬂTGpHBIX pﬂﬁﬂT o AHCIIIOIINTHE

Ceptudmkgr: 2C00000 3952205E7B
E \ane {{ GHHEKTPIIHEEIGIIE]GTQI‘EEIH M HG,I[CTEII{L[HH}}
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3.3 llepeuens pecypcoé UHGOPMALULOHHO-MEIEKOMMYHUKAUUOHHOU cemu HumepHem,

HeoOX00UMBIX 019 0C60eHUA OUCHUUNTIIUHBL

L. http://www.biblioclub.ru -ObC "YHuBepcuTeTCKasa ONOIHOTEKA OHIANH"

2. http://www.iprbookshop.ru/ - OnekTpoHHO- 6HOImoTeyHas cucreMa [PRbooks

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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MWHHUCTEPCTBO HAYKHU U BEICHIEI'O OBPA3OBAHUS POCCUHMCKOU OEJIEPAIIUU
OEJIEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIBHOE YUPEM/IE-
HHUE BEICHIEI'O OBPA3OBAHUA
«CEBEPO-KABKA3CKUU ®F IEPAJIbHBIM YHUBEPCUTET»

[Iaruropckwit HHCTHTYT ((promian) CKOY

MeTtoanuyeckne yKa3aHHs

ITO BBITTOITHEHHIO Ta00paTOPHBIX padboT
o gucipnumHe « QJIEKTPUYECKHUME CTAHLIMA U 1IOACTAHLIUW»
IUIS CTYAEHTOB HAITpaBJIEHHS ITOAT OTOBKH
13.03.02 2neKTposHEPreTHKa M 3IEKTPOTEXHHKA
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i A

4.2

4.3

4.4

4.5

4.6

4.7

4.8

Cozep:KkaHHe

BBeneHiie

[lems u 3agau H3YYeHHS JUCIHIUIHHEI

OO6opyaoBaHHE U MaTEPHAIIBI

HarmveHoBaHME 1a00paTOPHBIX padoT

Copxepxanie 1adopaTOpHBIX padoT

JlaGoparopHasg padora Ne 1. [lorpebGneHne anekTpHyecKon sHepruH. TpeboBa-
HHS K KaUeCTBY SHEPTHH H HAJIEKHOCTH 3IIeKTpOCHa0KeHHI. PydyHOe/aBTOMaTH-
YeCKOe VIIPaBIIEHHE BKIIFOUEHHEM CHHXPOHHOI'O T'eéHepaTopa Ha ITapallIelIbHYIO
padboTy 110 crmoco0y CaMOCHHXPOHH3AIMH, TOYHOH CHHXPOHH3AIlHH, padoTaro-
II[ETO ITAPAIITIEILHO C 3JEKTPHUECKON CHCTEMOH O€CKOHEYHOH MOIIHOCTH.
JlaGoparopHasg padora Ne 2. [lorpebneHue aneKTpHYecKOH sHepruH. TpeboBa-
HHS K KaUeCTBY SHEPTHH H HAJIEKHOCTH 3IIeKTpOCHa0KeHHI. PydHOe/aBTOMaTH-
YeCKOE YITPaBJIeHHE Pe:KHMOM aBTOHOMHO padOTaIOIETO CHHXPOHHOI O T'eHepa-
TOpa.

JlabopaTtopHasa padoTta Ne3. CHuoBBle TpaHC()OPMATOPEI H aBTOTPaHC(OpMa-
TOpel. HaTypHOE MOIENMPOBAHHE YCTAHOBHBIIEIOCS pekuMa PabOTHl TPaHC-
popmaTopa.

JlabGoparopHasg padora Ned. IIpHHIHIIBI ITOCTPOEHHS CXEM ANEKTPHUYECKHX CO-
eIHHEHM 3Heprood0bheKToB. IIyCck M perymupoBaHie peaKTHBHOH MOIIHOCTH
CHHXPOHHOI' 0 KOMIIEHCATOpPA.

JlaGoparopHas padorta Neod. IIpHHIHIIBI ITOCTPOEHHS CXEM ANEKTPHUYECKHX CO-
eJHHEHHI SHeproo0beKTOB. [Ipsmol/peakKTOpHEIH ITyCK aCHHXPOHHOI'O JIBHIa-
TEIS ¢ KOPOTKO3aMKHYTBIM POTOPOM.

JlabGoparopHasg padora NeO. IIpHHIHIIBI ITOCTPOEHHSA CXEM ANEKTPHUYECKHX CO-
eIHHEHII SHEProoOBeKTOB. CaMO3aITyCK aCHHXPOHHOI' O 3IIEKTPOABHTATEIIS.
JlabGoparopHas pabdorta Ne/. KopoTrkHe 3aMBIKAHHS B 3JIEKTPOYCTaHOBKaX. Fc-
CIIEJIOBAHME BIMSHHSI Ha CTAaTHYECKYIO YCTOMYHBOCTh HATYPHOI'O CHHXPOHHOI'O
reHepaTopa BHJIa KOPOTKOI'O 3aMBbIKAHHS B SIIEKTPO3HEPTreTHUYECKOH CHCTEME.
JlabGoparopHasg padora Ne8. MOHHTOPHHT M JHArHOCTHKA OOOpPYIOBAHHS ITOJ-

Qmmgﬁ%ﬁ@mﬁ COOTHOLICHH A TOKOB KOPOTKOI'O 3aMBIKAHITA Pa3JITHHBIX
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4.9

5.2

5.3

CepTudukar:
Bnaneneu:

BHJIOB IIPH 3aMBIKAHHH B OJHOH H TOH K€ TOUYKE CETH, ITHTAIOINEHCS OT HCTOY-
HHKA ITPaKTHYECKH O€CKOHEUHOH MOIITHOCTH.

JlaboparopHasg padora Ne9. CHCTEMBI H3MEPEHHS, KOHTPOJISL, CHTHAJIM3AI[HH H
VITPaBJIEHH. [[HCIIETUEPCKOE YITPaBJIeHHE B ANIEKTPOIHEPTETHYECKHX CHCTEMAX.
YyeOGHO-MeTOHYECKOe H HH(POPMAaIHOHHOe oOecIieueHHe JHCIIHIUIHHEL
IlepedeHs OCHOBHOH H JOIOIHHTEILHOH JINTEePaTYPEL, HEOOXOIHMOH IJI OCBO-
eHH A JHCLHIT/IHHEI

IlepeyeHp Y4eOHO-METOAHYECKOIO OOECIIEUEHHSI CaMOCTOSTEIIBPHOH PadOTEI
OOYYArOIIXCA TI0 JUCIIHUIUIHHE

[lepeyeHp pecypcoB HH(OPMAI[HOHHO-TEIEKOMMYHHKAITHOHHOH ceTH WHTep-
HeT, HeOOXOAHMBIX 151 OCBOESHHS JHCIL[HITIIHHEI

[ IpunoxeHns

JOKYMEHT MNMOANCcAH

3NEKTPOHHOW NOANMCLIO
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BreneHue

[lenpro paboTHl B j1a00paTOpPHH SBISETCS VITIYOJIEHHE H 3aKPEIUIEHHE ITPHOOPETEHHBIX
TEOPETHYECKHX 3HAHHI ITYTEM SKCIIEPHMEHTAILHOH ITPOBEPKH TEOPETHUYECKHX ITOINOKEHHI, a
TAKXKe 3HAKOMCTBO C 3IEKTPOHHBIMH KOMITOHEHTAMH, 000PYA0BAHHEM, H3MePHTEILHBIMH ITPHOO-
paMH H anmapaTypoH, HCIIOIB3YeMBIMH B ITa00paTOPHH.

B pesyinbsTare BEIOIOIMHEHH S Ta00paTOPHEIX PadoT CTYAEHTEI JOIKHBI ITPHOOPECTH YMEHHSI
H HAaBBIKH 110 COOPKE H HCCIEAOBAHIIO 3JIEKTPOHHBIX CXeM H IIPHOOPOB, H3MEPEHHSM SIIEKTPHYE-
CKHMX BeJIMUMH. TemaTHKa 1a00paTOpHBIX paboT IMOIHOCTHIO COOTBETCTBYET COMEPKAHHIO OCHOB-
HBIX Pa3JeloB Kypca, H3Y4aeMOIr'O B BRICIIHX TEXHHYECKHX YUueOHBIX 3aBeJcHHSIX. B Ipeiarae-
MOM YU4eOHOM ITOCOOHH OITHCAaHO OAHHHAIAIATE JIa00opaTOPHBIX padoT. B ormcaHn KaxmaoH 11a0o-
PaTOPHOH padOTHI c(hOPMYIHpPOBaHa €€ Iellb, H3I0KeHbl OCHOBHBIE TeOPETHYECKHE TTOTIOKEHH S,
OICaHa CXeMa YCTAaHOBKH JJIS ITPOBEIASHIS SKCIIEPHMEHTAILHOIO HCCIEQOBAaHIS, JaHbI PEKO-
MEHIALIHH I10 ITPOBEAEHHIO OITBITOB H 00paloTKe pe3yIbTaTOB H3MEPEHHH, a TAKKe KOHTPOIbHBIE

BOITPOCHI.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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1. Ilens u 3a0 auu u3yueHus OUCUUNIUHDL

]_[E:HB H3VUCHNA JHCIHIUIHHBI {{SHEI{TPH‘IECKYIE CTAHITHH H ITOJCTAHITHI» COCTOHT B H3Y-
HCHIC BﬂempﬂﬂﬁﬂpyﬂﬂEﬂHI[ﬂ H CXEM 3JICKTPHYCCKIX COeIMHEHHH BJIEI{TPOGTEIHI_[I]IUI H ITIOJCTAaH-
I_[I]ﬁ:, ITOJTOTOBKA Gﬁ}”IﬂIGI_T_[ID{CH K ITPOBEACHHIO Pa3JIHYHBIX MCPOITPHAT Hﬁ: HalTPpABICHHBIX Ha I10-
BBIITMICHHC HX HaACHKHOCTI.

3agadyeH JUCLIHILIMHBI oOeclieueHHe HEOOXOMIMOT O YPOBHA OCBOCHHA COACPAKAHITA OIHC-

I[MIUIHHEI, (DOPMHPOBAHHE ITPO()eCCHOHAIPHBIX KOMITETEHIHMH BEITY CKHHKA.

2. Obopyoosarue u mamepuaist

ArnmapaTHeIe CpeICTRa:

— Komrmekr yuyeOHO-1adopaTopHOro o0OpYAOBAHMS « DIMEKTPHUYECKHE CTAHI[MH M ITOM-
CTAHIII.

YyeOHas aygUTOPHS IJI IIPOBEAeHHS YUeOHBIX 3aHATHI, OCHAIlleHa OO0OpYIOBAHHEM H
TEXHHYEeCKHMH cpeZicTBaMH O00yueHH. [IepeHOCHOH HOYTOYK, IIPOEKTOP, JOCKAa MArHHTHO-Map-

KepHasL.

3. Haumenosanue n1abo opamopHsix padom
J[11s1 3a04HOH (pOpMBI 00YUEHHS ITPeIYCMOTPEHEI ClIeIYIOIIHE Ta0opaTopHble padoThI: Jla-
OopaTopHas padora Ne3. CHIOBBIe TpaHC(OPMATOPHI H aBTOTpaHc(popMaTopsl. HaTypHoe Moze-
ITHPOBaHHE YCTaHOBHBILET OCS peknMa paboThl TpaHcpopMaropa — 1,5 yaca, mpakTH4ecKas IoJI-
roroBka — 1,J yaca; JlaboparopHas padora Ne9. CHCTEMBI H3MEPEHHS, KOHTPOIIS, CHTHAJIM3AL[IH

H YIIpaBJIeHNHS. J[HCIIeTYepPCKOe YIIpPaBJIEHHE B 3IIeKTPO3HEPTeTHYECKHX CHCeTeMax — 1,5 yaca.

Ne Temsl M3 HUX ITpaKTH-
HanmMeHoOBaHHE TeM IMCIIMIUIMHEBI, HX KpaTKoe co- | O0BreM
IIHICIIH - YecKas IOAro-
IepKaHIe JacOB
TLITHHEI TOBKA, YaCOB
7 CeEMECTP

Jladboparopnas padora Ne 1. Ilorpebsenme
JIEKTPpHYeCKoH >Hepran. TpedoBaHnA K Kave-
CTBY SHEPrif H HAJEKHOCTH 3JIEKTPOCHADKe-
HHSA. PyuyHoe/aBTOMaTHYeCKOe YIIPaBIeHHE BKITIO-
yeHHeM CHHXPOHHOI'O I'eHepaTopa Ha ITapalrlellb-
HYIO0 PaboTy 1o crocol0y caMOCHHXPOHH3AI[HH,

TOYHOH CHHXPOHH34AIlIHH, pﬂﬁDTﬂIDH_[EI‘G IIapali-

JIEIIEHO C AIEKTPHYECKOH CHCTEMOH OeCKOHEYHOH
OOKMMEHT NOANWCAH

1,5

SNEKTROMOIHHOU TACLI0
C“F’“l vkar: 2CO00004SESAPIRYTITH SPMPABIEHTe BKIIOUeHHEM CHHXPOHHOT O
Bnangneu: llleGayxoea TgTeaAHa AnexkcaHgpoBHa

TreHepaTOpa Ha ITapalljIelIbHYyI0 padoTy I10 CIIOC 00y

CAMOCHHXPOHII3AI[HIH, TOUHOH CIHXPOHH3AIII,
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PabOoTAarOIIETO TapaUIEIbHO C MEKTPHUYECKON CH-
CTeMOH OeCKOHEeUHOH MOII[HOCTH.

Jlabopatopnas padora Ne 2. Ilorpeb.ieHme
YJIeKTpHUecKkoil YHeprun. TpeGoBaHNA K Kayve-
CTBY SHEPruf H HAJEKHOCTH 3JIEKTPOCHADKe-
HHA. PyyHOe/aBTOMAaTHYECKOe YITPaBIEHHE PEKH-
MOM aBTOHOMHO Ppa0OTaroIero CHHXPOHHOIO Ie-
HepaTopa.

O3HAKOMHTBCS C YIIpaBJIeHHEM peKHMaMH aBTO-
HOMHO PaboTaroIero CHHXPOHHOTO T'eHepaTopa.

1,5

JlabopaTropHas padora Ne3. CuioBble TpaHC-
dopmaTopsl H aBTOTpaHchopmarTopbl. Haryp-
HOE MOJEIHPOBAaHHE YCTAaHOBHMBIIETOCS PEKIIMA
paboTHI TpaHc(] opMaTopa.

[IprnoGpecTH HABBIKH H3MEPEHHS ITapaMETPOB
YCTaHOBHBIIIETOCSA pekHMa padoThl TpaHCc(pOopMa-
TOpa M 3EKTPHYECKOH CETH.

1,5

1,5

JlabopaTtopnaa padora Ned. IIpumHDHDBI Mo-
CTPOEHHSA CXE€M HJIEKTPHUYECKHX coeJHHEeHH
IHeProodbeKToB. IIyYCK H peryIHpoBaHHe peak-
THBHOH MOIITHOCTH CHHXPOHHOI'O KOMITEHCATOpa.
[TproOpecTH HABBIKM IO BKIFOUEHHIO CHHXPOH-
HOI'O KOMIIEHCAaTOpa PeaKTHBHOH MOIIMHOCTH 0e3
Harpy3KH Ha Bally.

1,5

JlabopatopHas padora NeS. IlpmHIHNBI moO-
CTPOEHHS CXE€M IEKTPHYECKHX COeJHHEHHH
JHEProodbLEKTOB. [IpsaMOI/peakKTOpPHBIN  ITyCK
ACHHXPOHHOI'O JIBHTATENSI ¢ KOPOTKO3aMKHYTHIM
POTOPOM.

Hccnemorars IpsaMOH H PeaKTOPHBIH ITYCK aCHH-
XPOHHOTO SMEKTPOJABHIATENS C KOPOTKO3aMKHY-
THIM POTOPOM.

1,5

JlaboparopHas padora Ne6. IlpmHIHNBI moO-
CTPOEHHSA CXEM IEKTPHYECKHX CcoeIHHeHHil
YHEProodbeKTOB. (CaMo3alyCK aCHHXPOHHOIO
SIeKTPOJBHIATEIIS.
AHalmH3 TIpollecca caMoO3allycKa aCHHXPOHHOIO
AIEKTPOABHIATEIIS.

1,5

JladoparopHas padora Ne7. KopoTkue 3aMbIKa-
HHS B 2JIEKTPOYCTAaHOBKAX. ccremoBaHiie BIIH-
SIHHS Ha CTATHYECKYIO YCTOHYHBOCTH HATYPHOI'O
CHHXPOHHOI'O T'eHEpaTOpa BHAAa KOPOTKOI'O 3aMbI-
KaHH S B SJIEKTPOIHEPTETHYECKOI CHCTEME.

HccnemoBaTs BIMSHHE Ha CTATHYECKYIO YCTOHYH-
BOCTh HATYPHOI'O0 CHHXPOHHOI'O T'eHepaTopa OIHO-
(pa3HBIX, ABYX(pa3HBIX H TpeX(pazHBIX KOPOTKHX
3aMbIKaHuii. HMcciaemopars BIHMSHHE BEIHYHHBI

OISR BAQY K IEHHST Ha CTATHYECKYIO YCTOMH-
SNEKTROBBOT F@ITHSPDHHOI O TeHePATOpa IIPH ITEPEYH CIIEH-

Ceptvdmkatr: 2C0000043E WM -
Bn Eﬂllﬂeui—izlﬁeﬁayxcza Tu*iﬁgﬁiéﬁ Eﬁn '3 3aMbIKAHITH.

1,5

1,5

PRl IHr—l\_l'I_II A
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JladbopaTopnasn padora Ne8. MoHHTOPHHT H JH-
ArHOCTHKA 000pYJA0BaHMA HoacTanmmil. Orpe-
JIEIIEHHE COOTHOIIEHHS TOKOB KOPOTKOI'O 3aMBbIKa-
HH S Pa3IMYHBIX BHAOB ITPH 3aMBIKAHHH B OJHOH H
TOH K& TOYKE CeTH, ITHTAIOIIEHCS OT HCTOUYHHKA
IPAKTHYECKH O CKOHEYHOH MOIITHOCTH.
[IproOGpeTeHHe HABBIKOB OIBITHOI'O OIIpelelIcHHE
COOTHOIIIEHHE TOKOB K3 pa3mHuHBIX BHOB.

1,5

JlaboparopHas padora Ne9. CucremMmbl H3Mepe-
HHS, KOHTPOJIfl, CHTHAJIH3AIHN M YIOPaBJIeHHA.
JIMCTIETUEPCKOE VIIPABIEHHE B BIIEKTPOSHEP €TH-
YyeCKIX CHCTeMAaX.

M3y4uTh IIPHHIMILI pea3alii CHCTEMBI IIepe-
naur, oO0paboTKH H oTOOpaKeHH S CHTHAJIOB TEJe-
H3MEPEHHI H Telle CHTHAIH3aLHH H TeIeyIIpaBIIe-
HHSL

1,5

Hroro 3a 7 cemectp:

13,5

Hroro:

13,5

o [t

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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4. Cooepacarue 1ad opamopHslx pad om
Jlabopamopnas paboma Ne 1. ITompebdnenue ynekmpuueckoil IHepzuu. Tpebosanusa K
Kauecmey IHepeun U HA0EiCHOCMU IJIeKmMpocHadceHua. Pyunoe/asmomamuueckoe ynpaeJie-
HUE 6KII0YUCHUEM CUHXPOHHOZ0 2eHepamopa Ha nap WijleibHY padomy no cnocody camociuH-
XPOHU3AUUU, MOYHOU CUHXPOHU3 AU, DADOMAOULEZ0 NAPWLILEJIbHO C IJIEKMPUUECKOU Cl-

CIemoll 0 ecKoOHeUH ol MOUHOCHIL.

Ilens pabomer: 3yunTh yIpaplIeHHE BKIFOYEHHEM CHHXPOHHOIO I'eHEpaTOpa Ha ITapal-
IeIbHYI0 padoTy II0 CIToco0y caMOCHHXPOHH3AIHH, TOYHOH CHHXPOHH3AILHMH, pa00oTalomero mna-

PAIUIEIBLHO C SIEKTPHYECKOH CHCTEMOH O0€CKOHEYHOH MOII[HOCTH.

OcHO6bl meopuu:

[Ipr TOYHOH CHHXPOHM3ALMH I'eHEPATOP BKIOYAETCSI B BO30OYKISCHHOM COCTOSHHH IIPH
5J1C X0mocToro xojia, IMpakTHYeCKH PaBHOH HaIIPSDKEHHIO Ha ITHHAX 3JIeKTPOCTaHIHH (TIpH OI10Y-
HOH CcXeMe OIpeJIelIIeMOMY C YYeTOM TpaHc(]opmaropa). BEIKIIIOYaTelIb CHHXPOHHOI'O I'eHepa-
TOpa BKIFOYAeTCS IIPH BeChMa MaJIOM CKOJIbKEHHH B MOMEHT coBIajeHH 110 (paze 3][C reHepa-
TOpa M HaIpsDKEHIS Ha IIIHMHaX 3MeKTpocTaHIMH. [Iocime HeGOIBIIMX 3aTyXaKOHX KauyaHHH po-
TOpa I'eHepaTop BXOAUT B CHHXPOHHBIN PeKHM padoThI.

OOecIrieueHHe COBITAJIEHHS BEKTOPOB HAIIpPsKeHHSA ceTH H JJIC reHeparopa B MOMEHT
BKIIFOUEHHS BBIKITIOYATENS JOCTHTAETCS VITPEKIAIOIHMM BKIIOUEHHEM IIPHBOAA ITPH HaJIMTYHH
YMEHBINAKOIIETOCs YITIa CJIBHTa (pa3 ¢ TaKHM pacdyeToM, YTOOBI 3a BpeMs JeHCTBHS IIPHBOJA YT OII
cABHTa (pa3 YMeHBIIUICI A0 HyIS. Omnepallisa BEIOOpa MOMeHTa BKITFOUEHHS ITPHBOAA BHIKITIOYA-
TEIS SBISIETCA OCHOBHOM M KpalHE OTBETCTBEHHOH, YTO H OOYCIIOBIIIO HCTOPHYECKH PaHHIOKO
ABTOMATH3AI[HIO BKIIIOUEHHS CHHXPOHHBIX TeHEPATOPOB Ha MapalljIelIbHYI0 paboTy.

ABTOMAaTHYeCKHE YCTPOHCTBA TOYHOH CHHXPOHHM3AIMH CHHXPOHHBIX TeHEPaTOPOB CO-
CTOSIT U3 TPEX YaCTeH, OOECIIEUHBAIOIIHNX TPH YCIOBHSA TOYHONH CHHXPOHH3AIlHH. PaBEHCTBO aM-
Ty 3J1C reHepaTopa H HaIpsDKEeHHS Ha IIHHAX SIeKTPOCTAHIMH, OIH30CTh K CHHXPOHHOH
JaCcTOTHI BpallleHH A TeHepaTopa H COBIajieHHe 110 (pa3e yka3zaHHBIX 5J[C 1 HaIIpsKeHHI B MOMEHT
BKJTFOUEHH S (3aMBIKaHHSI KOHTAKTOB ) BRIKIIFOUATEIIS CHHXPOHHOI'O reHepaTopa. Takie yCTPOHCTRa
COOTBETCTBEHHO HA3BIBAIOTCS YPABHHUTEIEM aMIUINTV HAIIPSKEHHS, YPaBHHTEIEM YacTOT U aB-
TOMAaTHYECKHM CHHXPOHH3aTOPOM.

ABTOMaTHYECKHI CHHXPOHH34TOP oOecIleunBacT BHITIOIHEeHHEe HaHOOIee OTBETCTBEHHOH

OTIE PALTHEH RO B/ CRHRPQRI3ALIH TT0 00eCIIeYeHHIO CoBIajieH s Tio (asze DJIC reHeparopa H

Cepmwdukatr: 2C0000043E9ABEBS52205E7BAS00060000043E
Bnapendk Al IPHECHEPE Ha, JIHH QX HHEKTPOCTAHIIHH B MOMCHT BKIIFOUCHIA BBIKIIIOYATCII I'CHCPATOPA. OH
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BBIJIaeT YIIPABISIONIEe BO3ACHCTRIE Ha BKIFOUEHHE IIPHBOJA BEIKIIIOYATEIISI C OIlepeKeHHeM MO-
MEHTa BPeMeHH COBITaJeHHS HaXO SIIHXCSA B OTHOCHTEIIBHOM BPaIleHHH BEKTOPOB BEIIIIEYTIOMS-
HYTBIX BEIIHYHH, T.€. IIPH HAIIMYHH MeXKAY HUMH YMEHBIIAIOIIETrOcs yIJIa CABHIa IT0 (ha3e — yIia
OIepeKeHHSL

HcropryeckH IepBble aBTOMAaTHYECKHE CHHXPOHH3ATOPHI OINPeAelsiIH 3aJaHHbIH HEeH3-
MEHHBII YTONI OepeXeHHS H Ha3bIBAaIHCh aBTOMAaTHYECKHMH CHHXPOHH3aTOPaMH C ITOCTOSHHBIM
VITIOM OIepexkeHHs. OJHAKO Yol ONEPEKEHHS IIPH ITOCTOSHHOM BPEMEHH BKIIIOUEHHS BEIKIIIO-
qyaTels JOKEH OBITh IlepeMEHHBIM, 3aBHCSIIHM OT XapaKTepa H ITapaMeTPOB OTHOCHTEIHLHOIO
IBIJKEHHS JIBYX YKa3aHHBIX BBIIIE BEKTOPOB. [103TOMY COBpeMeHHEIE aBTOMaTHYeCKHE CHHXPO-
HH3aTOPBI ONPEAelIsIFoT MOMEHT BKIIFOUEHHS BBIKIIFOYATENS TaKHM oOpa3oM, 4TOOBl He YTOol, a
BPEMS OIlePEKEHHS OCTABAIOCh ITOCT OSTHHBIM.

B maHHOM »KCIlepHMEHTE peajIbHBIH I€HEPATOP aBTOMATHYECKH Pa3rOHSIETCS IO IO CHH-
XPOHHOH 4aCTOTHL, BO30YKIaeTCs H BKIIFOYAETCS Ha IMAapaJUIeIbHY PadoTy ¢ IIOMOIILIO BHPTY-
aJIbHOI'O YCTPOHCTBAa aBTOMAaTHYECKOH TOYHOH CHHXPOHH3AIHH, CMOZETHPOBAHHOIO Ha KOMIThFO-
Tepe cIelHalbHOH IIporpaMMoi. B mmporpaMMe MOKHO 3a[]aTh CKOJIBKEHHE, IIPH KOTOPOM OyeT
IIPOM3BOINUTH CSI CHHXPOHH3AIHS, PAa3HOCTh HAIIPSKEHHH MeXIy IeHepaTOpPOM H CEThIO, PeKHM
paboTEl CHHXPOHH3aTOpPa (C ITOCTOSHHBIM YITIOM HIIH C ITOCTOSHHBIM BpPeMEHEM OIlepeKeHHS
BKITFOUEHH ), YTOII H/HIIM BpPeMS OIlepeKeHHS H HEKOTOPBIE APyTHe ITapaMeTphl. T akKe MOMKHO
yCTAaHOBHTH BPEMS 3aJ[eP KKH ¢ MOMEHTa ITOJJa4YH CHIHalla Ha BKIIFOUEHHE BRIKIFOYATENIS 0 COO-
CTBEHHO €I 0 BKIIFOUEHH L, MOAEITHPYS TeM CaMbIM BpeMeHa BKIIFOUEHHS PeaIbHbIX BRIKIFOYATETICH.
[TpH 3TOM HEOOXOZHMO YUHTBIBATh, YTO COOCTBEHHOE BpeMS BKIIFOUE HHS BEIKITFOUATEIIEH, BXO -

II[IX B COCTaB I1abopaTopHOro CTeHaa, cocTargeT ImpuMepHO 0,02...0,035 CeKVHIEI.

YKkazanue no mexHuke de3onacHocmu.
YKazaHH 110 TeXHHKe 0e30I1aCHOCTH ITPH BBITTOJIHEHHH HﬂﬁﬂpﬂTGpI{BIK pﬂﬁDT ITPHBCACHDBI

B ITPHIIOKEHHE A.

VKa3aHusa no 6bIno0JIHEHIIO J1A00PAMOPHOIL padomul.
. CoOHpaeM MEKTPHUYECKYIO CXeMY COSIHHEHHI H YCTaHABIHBAeM ITapaMeTPhl e
3JIEMEHTOB. BBITTOIHSIEM ITOATOTOBHTEIIBHEIE OITEPALHH.
° YOeaurecs, YTO YCTPOHCTBA, HCIIOIB3YEMBIE B SKCIIEPHMEHTE, OTKIIIOUEHBI OT CETH
3JIEKTPOITHT AHHS.
NOKYMEHT [TOANUCAH - -
-anEmPaﬁmﬁemmmmprmecK}qo CXEMY COEQHHEHHH TEITIOBOH 3all[HTEI MAIIHHEI TIEpe-

Ceptudomkatr: 2C0000043ESABBBO952205E7BAS00060000043E
BnagendeHHOPO PORATeAHa AnekcadapoeHa
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. CoeIHHHTE THE3/a 3allHTHOIO 3a3eMIICHH Il YCTPOHCTB, HCITONIb3YEMBIX B 5KC-

IIEPHMEHTE, ¢ THe3M0M «PE» mcTtounmka Gl.

° CoeanHuTe BIIKH ITHTAaHUA 220 B yCTPOHCTB, HCIIONB3YEMBIX B SKCIIEPHMEHTE, CE-

TEBBIMIH IIIAYPAMI1 C PO3CTKaMIT YV IJOTHHTCIIA.
® CoeIHHHTE dIlIIaPaTyPy B COOTBCTCTBHI C BHEI{TI}IIIIECI{Gﬁ CXEeMOH COETHHEHHH.

® DNMEKTPHYECKHE CXEMBI COSTHHEHII 3KCIIEPHUMEHTOB 2, 3, 4 HacTosI1ero Pykoepo-
CTBa pas3/MYarOTCs HE3HAYMTEILHO. CaMOH OOIIEH M ITOIHOH SBIISETCSA CXeMa 3KCIIEpHMEHTa 3.
CoeMHHUB ararapaTrypy B COOTBETCTBHH CO CXEMOH BKCIIEPHMEHTA 3, MOKHO BBIIIOJIHHTE SKCIIE-

PHMEHTEHI 2, 3 H 4 6e3 ITOBTOPHOH Pa300pKH-COOPKH CXEMBEI.

. [TepexmoyaTe M HOMHHAIBHBIX (pa3HBIX HaNpsKeHHI TpeX(asHBIX TpaHchopMa-
TOPHBIX I'pyIIl A2 H A4 yCTaHOBHTE COOTBETCTBEHHO paBHBIMHM 220 1 230 B. IlapaMeTpsl THHIH
anekTponepegaud A3 ycraHoBHTe creayionmmMi: R = 50 Om, L/RL=0,9 I'u / 24 Om, C1=C2=0

MED.
° ['OTOBHM CXeMYy H IIPOBOAHM SKCIIEPHMEHT B PYUYHOM pPeKHME.

. [ lepeximroyaTeH peXuMOB pabOoThl TPEXIIONOCHOTO BRIKIFOUaTe I Al, HCTOUHHKA
(G2 mMTaHug OBHraTelns IIOCTOSHHOIO TOKA, BO30yauTensa G3 CHHXPOHHOH MAaIlMHEBI, OJI0Ka CHH-
XpoHH3aIH AS ycraHOBHTe B IonoxeHHe « PYUH.». TyMOneps! genurened HaIPSDKEHHS KOH-
HekTopa All ycraHoBHTE B ITONMOKeHHe «1:1». TymMOiaep BeiOopa pexriMa padboThl OOIIEH TOYKH
aHAJIOTOBBEIX BXOJ0B KOHHeKTOpa All ycranosure B nmonoxeHue « AIGND». TymMmOneps! Beibopa
pekMa paboThl IH(MPOBBIX BXOJOB/BRIXOHOB Omoka Al() BBOAA-BRIBOAA IH(PPOBEIX CHTHAJIOB
yCTAaHOBHTE B ITOIOKEHHE «BBIXOM» (TyMOmIep BHH3) Mg KoHTakToB DIO0.. . DIO3, B nmonokeHHe

«BX0J» (TyMOnep BBepX) I KoHTakToB DIO4.. . DIO7.

o Bxmounte BrIKIIroUaTenn « CEThy» TpexmomocHoro BekKimrouaTensa Al, HCTOUHHKA
(G2 nuTaHug IBHUTATENId IIOCTOSHHOIO TOKa, BO30yauTensa (G3 CHHXPOHHOH MAIMHBI, YKa3aTelsd
A’7 4acTOTHI BpameHHs, 0i10Ka AS CHHXPOHH3ALHH.

o Bxmrounte HCTOYHHK Gl. O HamMyiy HanpspKEHHH Ha €0 BRIXO/JIE JOKHBI CHTHA-
JIH3HPOBATh CBETSIIHECSI CBETOMHOMIBL.

° Bxmounte BEIKIOUYATENIR Al HakatHeM Ha KHOIIKY « BKJIL.» Ha ero nepegHen ma-
HeITH.

. [IpuBegTe B pabouee COCTOSHHE IEPCOHAIBHBIN KOMIbIOTEP Al2 M 3aIlyCTHTE

nporpaMMy «T OUHasI CHHXPOHH3ALIHSD) .

® o 3AYEFIES ,cOOp NaHHBIX B PYYHOM peXHME, HakaB JUISL 3TOIO BHPTYalbHYIO

3NEKTPOHHOW NOONMCLIO _ _
i KHOITKW {{BMIBIEPFI-B}}:."- « EFOIH -EBI-ﬁpElE COOTBETCTBYIOIIIH IITYVHKT B MECHIO {{I[EHCTEI[H}}.
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° HaOmromas H3MeHeHHS ITapaMeTPOB FreHepaTopa H CETH II0 BHPTYalIbHOMY I'padorio-
CTPOHTEIIIO ITPOrPaMME], BKIIFOUHTE T€HEPATOP Ha MapaulelbHYI0 padoTy € CETHIO METOLOM TOY-
HOH CHHXPOHM3AIMH. /71 3TOr0 BEOIOIHUTE CIIeAYIOIIHE JTEHCTRUS:

° Bxmounre HeToyHHK (G2, HakKaB Ha KHOIIKY « BKJL.» Ha ero nepeanen rnaxenu. Bpa-
I1[as1 PErYIIMPOBOYHYIO PYKOSTKY HCTOYHHKA (G2, YCTAHOBHTE YacTOTY BpallleHHs JBUraress Ml
(rerepatopa G4) 1500 vuH .

° Bxmounre Bo30yautens G3, HaxxaB Ha KHONKY «BKJL.» Ha ero nmepegHel IaHenH.
Bpaimas perympoBOYHYIO PyKOATKY BO30yauTelsd (G3, YCTaHOBHTE HAIIPSDKEHHE MEKIY (ha3aMH
(rmHeiHOe) reHepaTopa (G4 paBHBIM JIHHEHHOMY HAaIIPSDKEHHIO CeTH. PaBeHCTBO HANpSKEHHH H
YaCTOT I'eHepaTopa H CETH OIPEALIISIITE 110 H3MEPHTEFO AD.

° OO0ecIeubTe YCIIOBHS CHHXPOHH3AIMH COITTIacHO Tadl. 4. (cM. 3KkcrepuMeHT 1.1.1) u

ITOAKIIIOYHTE T'EeHEPATOP K CETH Ha)KaTHEM Ha KHOITKY « BKJI.» Ormoka AS CHHXPOHHM3AI[HI.
° ['OoTOBHM armrapatypy H ITPOBOIHM SKCIIEPHMEHT B aBTOMATHYECKOM PEKIIME.

® OCTaHOBHTE Cﬁﬂp JaHHBIX, HdKadB JJIA 5TOI'O BHPTYAJIIbHYHO KHOIIKY «OCTaHOBHTB»

1 BEIOpaB COOTBETCTBYIOIIHH ITYHKT H3 MEHIO « J[e ICTBHSIY.

° OCTaHOBHTE CHJIOBOH arperar, BBIITOITHHE CIIEAVIOIIHE AeiCTBHI:
. OTKIIOUHTE TeHEPaTop OT CETH, HaxKaB I 3Toro KHonky «OTKJIL» Gimoka AS cuH-
XPOHH3AIHH.

° Bpaias peryImpoBOUYHVIO PYKOSITKY BO30yauTessd G3, CHUMHTE BO30YKIEHIE C I'e-
HepaTtopa G4. Orximrounte Bo30yaurens G3 HaxarHeM Ha KHoOnKy «OTKJL.» Ha ero rnepeaHen
TTAHEITH.

° Bparasg perympoBOYHYVIO PYKOATKY HCTOUYHHKA (G2 ITPOTHB YaCOBOH CTPEIKH TO
yIiopa, ocTaHOBHTe JaBHTaTenb M1 (reHepatop G4). OrxmounTe HCTOYHHK (G2 Ha)KaTHEM Ha
KHOIKY «OTKJL.» Ha ero repeaHen IMaHeIH.

° [Iepexmnrouarerd pexpumMa padorsl OoKa AS CHHXPOHM3AIMH, HCTOYHNKA (G2 IIHTa-
HHS ABHTaTENs MTOCTOSHHOTO TOKa, BO30yauTensa G3 CHHXPOHHON MaIlllMHEl YCTAHOBHTE B ITOIO-
xKenne «ABT . ».

° Bxmrounte Beikmoyarenb « CET by Omoka BBoga-BeIBOMA ITH(PPOBBIX CHIHAJIOB.

® BLI@EPHTE aBTOMAaTHYECKHIT PEHIIM CHHXPOHH3AIIH I'CHCPATOPa., HaxXaB 1A 3TOI'0

COOTBETCTBYIOIIYIO BHPTYAIbHYIO KHOIKY “ Ha SKpaHe KOMITBIOTEpa.

. BaaiiTe ycTaBKH YIIPABIEHHA %% IIPOLECCOM TOUHOI CHHXPOHM3AIMH. Harpimep,

OCTaBBTC WH%%WIE 1O YMOIITYaHHIO.
3NEKTPOHHOW NOONMCLIO
Kat:  2( 43E9ABBB952205E7BAS00060000043E
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° Haxxmrte Ha BHPTYaIbHYIO KHOIIKY ITPOrpaMMbl «3allyCTHTR» -~ . ['eHepaTop JOI-
’KE€H Pa30rHaThCs, BO3OYIUTHCS, MOAKIIFOUNTHCSI K CETH, ITOPad0TaTh HECKOIBKO CEKYHJ, OTKIIIO-
YHUTCS OT CETH H OCTAHOBHTHCS.

° Haxxmite Ha BHPTYaAIBPHVIO KHOIIKY IIpOorpaMMbl « OTOOpasHTh 3aIlHCAHHEIN ITPO-
mecce» —». Ha skpaHe TpadorocTPOHTENS TOSBATCS 3aBHCHMOCTH 3aITHCAHHEIX PEKHMHBIX TTapa-
METPOB OT BpeMeHH. [ [poaHanIH3HpYITE HX.

. Jl1g mpoBeAeHHS HCCIeOBaHNS BINSIHIS MapaMeTPOB CHHXPOHH3AIMH (CKOIIbKe -
HHSI, Pa3sHHIBI HAIIPSDKEHHI T'eHepaTopa H CeTH, YT OJI HIIH BpeMs OIepeKeHHS H JIP.) Ha ITPOLIECC
CHHXPOHH3ALMH ITOBTOPSHTE SKCIIEPHMEHT, 3aJaBasCh TPeOYEMBIMH 3HAYEHHSIMH YIIOMSIHYTHIX
ITapaMETPOB.

° [Io 3aBepIIeHHH B5KCIIEPHMEHTOB OTKIIOYMTE HCTOYHHMK (Gl M BBIKIIOYATEII

«CETb» 6mokos Al, A5, A7, Al10, G2, G3. 3akponre mporpaMmy « I OUHa s CHHXPOHH3AIIIS.

Huoice nepeuticiieHbl HEKOmMopole 3amMey aHA.

° JInsa yopoOcTBa ompeAeleHHS 3HaUeHHIH BEIIHUYHH 110 IpadHKaM Ha SKpaHe 0To0pa-
KAroTCA TEKYINHE KOOPAHHATHI YKAa3aTEISI MBIIIIH.
® Ha skpaHe oToOpakarTCs COCTOSHHS BEIKIIFOUATENEH HCTOUYHHKA (G2, BO30YIHUTENS

G3 1 6moka AS CHHXPOHH3AIHH.

. Ha skpaHe oToOpakaeTcs ITOCJIEOBaTelIbHOCTh IIPOoIlecca TOYHOH CHHXPOHH3a-
I[HH.

. Ha sKpaHe nMeeTcs BUPTYallbHBIN CHHXPOHOCKOII.

. MaciraGHpoBaHHE OCLHITIOTPaMM IIPOH3BOAHTCS ITyTeM HaKaTHS Ha Ipa]HKe JIe-

BOH KITABHIIIH MBIIIH H, HE OTIIYCKAs cC, IICPEMCIICHITA MaHHITYIIATOPA CIICBd HAIIPABO H CBCPXY
BHIS. BGSEP&T K Ha1aJIbHOMY MEI,CI_T_[TElﬁ}*' OCYIICCTBIIACTCA GﬁpﬂTHL]IMI IEPEMEIICHIEM MaHHITYIIA-

TOPad — CIIPdBd HAJICBO H CHH3Y BBCPX.

. JIBHTaTh IpaHK OCIFULIOIPAMM OTHOCHTEIIBHO OCeHl KOOPIHHAT MOXKHO ITyTeM
Ha)KaTHS H YIeprKaHHS Ha COOTBETCTBYIOIIEM 00BbEKTeE ITPaBOi KHOITKH MBIIIH H €€ OJHOBPEeMEH-

HOT'O TIepeMEIEHHS B HYKHYIO CTOPOHY.

. 3aInchk IMPOIECCOB ITPOH3BOAHTCS ITPpOrpaMMOi B IHKIIHYecKHi Oydep. MeHATh

€I'0 ITaPAMCETPBI MOXHO Ha BKII4JIKE «3aImCh IMpoHcccOoB» B OKHE YCTABOK YIIPDABJICHHA.

® BxmoyeHHe I'SHEPATOpP4Ad B CETh ITPOHCXOIHT B MOMCHT BPEMCHH, IIPHMCPHO pPaB-

HBII £ = 0 EE%%HW&EX 3AITHCaHHBIX OCI[HIUIOrPAaMM).

ANEKTPOHHOW NOAMNMUCHLIO =
war 2c0M0043c0ARAETABKYCKOMBKEHHA 3aaBanTe B quarasoHe 0,1...1,0 %.
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