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Llenp 1 3a1a4M U3y4EHUs JUCLIUILIMHBI

OO6opynoBaHue U MaTepUabl

HanmeHnoBanue npaktuyeckux padot

CopepxaHue MPaKTUIECKUX paboT

[Tpaktuueckas padora Ne 1. I'paduku amekTpuueckux Harpy3ok. Harpysounas
CHOCOOHOCTh MPOBOAHUKOB.

[TpakTiaeckast padora Ne 2. Cunoble TpaHchOpMaTOphl M aBTOTpaHCHOpMa-
Topbl. Harpy3ouHast ciocoOHOCTH TpaHC(HOPMATOPOB.

[Tpaktuyeckas pabora Ne3. ApapuiiHble peKUMBbI paOOThl JIEKTPUUECKUX CH-
cteM. [IpoBepka NpOBOJHUKOB Ha TEPMHUYECKYIO CTOMKOCTh ITPU KOPOTKUX 3aMbl-
KaHUSX.

[TpakTnueckas pabora Ne4. KopoTkue 3aMbIkaHusl B JIEKTPOYCTAaHOBKaX. DJIEK-
TPOAMHAMUYECKUE CUJIBI B 3JIEKTPOYCTAHOBKAX.

[Tpaktuyeckas padora Ne5. KopoTkue 3aMblkaHus B 3jleKTpoycTaHoBKax. [Ipo-
BEpKa IIMHHBIX KOHCTPYKLUN Ha 3JIEKTPOJUHAMHUYECKYIO CTOUKOCTb.
[TpakTrueckast pabora Ne6. DnekTpuuecKue anmapaTbl U TOKOBEIYIIUE YACTH.
Be100op BhIKITIOUATENEH.

[TpakTuyeckas padora Ne 7. DyneKTpHuecKue anmapaTbl ¥ TOKOBEIYIIHE YacTH.
Br160p pazbeauHuTenei.

[TpakTrueckast padora Ne 8. DiekTpuyeckue anmnaparbl 1 TOKOBEIYIIUE YaCTH.
Be100p u3mMepuTenpHbIX TpaHC(HOPMATOPOB TOKA M HAIPSIKECHUH.

[Tpaktuyeckas padora Ne 9. DnekTpuueckue anmapaTbl 1 TOKOBEIYIIHE YacTH.
Bb160p TOKOOTrpaHUYUBAIOLIUX PEAKTOPOB.

YuebHOo-MeToANnYeCKOe U HHPOPMAIIMOHHOE 00€CTIeueHNEe TUCITUTIITUHBI
[TepeueHb OCHOBHOI! U IOTIOTHUTENILHON JINTEPATYPbI, HEOOXOAUMOM 151 OCBOE-
HUS AUCLUATIIINHBI

[TepeueHp yueOHO-METOIMUECKOTO 00ECTIEYEHHS CaMOCTOSTENbHON paboThI 00Y-
YaIOMIMXCS M0 TUCIUIIINHE

[Tepeuens pecypcoB HHGOPMALMOHHO-TEJIEKOMMYHHUKAIIMOHHOM ceTn HTepHeT,
HEOOXOIUMBIX JUISI OCBOSHHSI TUCIUIUTMHBI

[Tpunoxenue

Crp.



BBeneunue

[IpakTryeckne 3aHATHA CO3JAIOT ONTUMAIIbHBIC NTUAAKTUYECKHE YCIOBUS UIS JEATENb-
HOCTHOI'O OCBOEHUS CTYJEHTAMH COJEPKAHUS U METOI0JIOTMHU U3ydaeMol JucuUIuIMHEL. [IpakTu-
YEeCKHE 3aHATHS 3aHMMAIOT NIPEUMYILLECTBEHHOE MECTO MPU U3YYEHHUH 00IIenpodhecCHOHATBHBIX
U TPOo(eCcCHOHANBHBIX AUCUUIUINH. [IpakTHuecKue 3aHATHS TPOBOISATCS C IENbI0 BBIPAOOTKH
NPAaKTUYECKUX YMEHHH U MPUOOPETEHUS] HABBIKOB B PEIICHUU 337a4, OTPAOOTKU YIPaKHEHUH,
BBINOJIHEHUH YEePTEKeH, IPOU3BOICTBE PacUETOB U T.II.

Iesnbro NpakTUYECKUX 3aHATUH sBseTcs (OPMUPOBAHHUE MPAKTUUYECKUX YMEHUHN — Mpo-
(beccnoHaIbHBIX (BBIIOIHATH ONpEACIEHHBIE EHCTBUSA, ONlepaliii, HEOOXOAUMBbIE B MOCIEAYHO-
eM B Mpo(hecCHOHAIBHON IEATETFHOCTH) WM YIeOHBIX, HEOOXOMMBIX B MOCIEAYIOIEH yueo-
HOU JEATEIBHOCTH 10 00IenpoecCHOHATBHBIM U TPOPECCHOHATBHBIM TUCIUILTHHAM.

bubnuorpaduyeckuii CIMCOK COAEPKUT CBEACHUS O CIIPABOYHOM JIUTEpaType U AONOTHU-

TCJIBHBIX U3JaHUAX, HCO6XOI[I/IMBIX JJIA er'Iy'6J'IeHHOFO HU3YUCHUA OTHCIBbHBIX BOIIPOCOB.



1. I]endb u 3a0auu uzyuenus OUCUUnIUHbL

Lenp u3ydeHus: TUCHUIIIMHBI «DJIEKTPUUECKUE CTAHIIMK U MOJCTAHIINI» COCTOUT B U3Y-

YCHUC 3JI€KTpOO60py,Z[OBaHI/IH N CXEM JJICKTPHUYCCKUX COCI[I/IHGHI/II‘/'I SHCKTpOCTaHHI/Iﬁ Hu 11oACTaH-

HHﬁ, IIoAroToBKa 06y‘IaIOH_[I/IXC$I K ITPOBEACHHUIO pa3JINIHBIX Meponpnﬂmﬁ, HaIlpaBJICHHBIX HA I10-

BBIIICHUEC UX HAACKHOCTH.

3amaueil QUCUUIUIMHBI 00ecTiedeHrne He0OXOAMMOT0 YPOBHS OCBOCHHUS COACPIKAHUS JTHC-

UIUIMHBI, POpMHpOBaHUE NMPOPECCUOHAIBHBIX KOMIIETEHITNI BBITYCKHHUKA.

2. Obopyooeanue u mamepuani

AHHapaTHBIe cpeacrBa: HepeHOCHOﬁ HO}’T6YK, IMIPOCKTOP, JOCKa MArHUTHO-MapKEpPHad.

VYyeOnast ayautopusi AJis MPOBEACHUS YUeOHBIX 3aHSATHH, OCHaleHa 000pyIOBaHUEM U

TEXHUYCCKUMU CPEACTBAMU 06y‘IeHI/I$I.

3. Haumenoseanue npakmuueckux paoom

Ne Tembl
JTUCIIHA-
TUTAHBI

HanmeHoBaHMEe TeM AMCHUIUIMHBI, KX KPATKOE CO-
JiepIKaHKe

O0BeM
4acoB

N3 Hux npaktu-
4yeckas MOoAro-
TOBKA, 4aCOB

7 ceMmecTp

IIpakTuyeckas padora Ne 1. I'padukm 3i1ex-
TPUYeCKUX Harpy3ok. Harpysounas cnoco0-
HOCTb IPOBOJHHKOB.

HayuuTbcst BHIIOJIHATH BBIOOP CEUeHHs IPOBOJIOB
110 SKOHOMHMYECKOH MJIOTHOCTH TOKA.

IIpakTnueckas padora Ne 2. CuiioBble TpaHc-
¢popmaTopsl U aBToTpaHchopmaropsl. Harpy-
304Hasi CIOCOOHOCTh TpaHCc(HOPMaTOPOB.
[TproOpecTy HaBBIK TEIUIOBOTO pacuera TpaHC-
dopmaropa u oueHKH paboThl TpaHchopmaTopa B
pa3HbIe EPHOJIbl BpEMEHH.

IIpakTnyeckas padora Ne3. ApapmiiHblie pe-
JKHMbI padoThl JIeKTpuueckux cucreM. I[Ipo-
BEpKa MIPOBOJHUKOB HA TEPMHUYECKYIO CTOMKOCTb
IPU KOPOTKHUX 3aMbIKaHUSX.

[TproOpecTy HaBBIK MPOBEPKM MPOBOAHUKOB Ha
TEPMUYECKYIO CTOMKOCTB Ipu K3.

IIpakTnyeckas padora Ne4. Koporkue 3ambIka-
HHUA B JIEKTPOYCTAaHOBKaXx. :‘)JICKTpO)]I/IHaMI/I‘Ie-
CKHE CHJIBI B DJIEKTPOYCTAHOBKAX.

AHamM3 W pacyeT AIEKTPOJNHAMHUYECKUX HArpy-
30K, JEHCTBYIOIIME HA [IHUHBI.

IIpakTnyeckas padora NeS. Koporkue 3amMmblika-
HHUSI B JJIEKTPOYCTaHOBKaX. [IpoBepka MIMHHBIX




KOHCTPYKIIMA Ha 3JIEKTPOAMHAMHYECKYIO CTOM-
KOCTb.

[IproOpectn HaBBIKM MPOBEPKH IMIMHHBIX KOH-
CTPYKLIUH.

12

IIpakTnyeckass padora Ne6. DiekTpuyeckue
anmaparbl M TOKOBeaylllHe 4acTH. BriOOp BHI-
KJIFOYaTeJIeH.

[TproOpecTy HABBIK pacyeTa U BHIOOpA BBIKIIOYA-
TeJen.

12

IIpakTyeckas padora Ne 7. DilekTpHueckue
annaparbl ¥ TOKOBeaylIue 4yacTu. Boibop pasb-
eUHUTENICH.

[TpubpecTtu HaBBIK pacueTa U BbIOOpa pa3beAUHU-
TEJeH.

12

IIpakTuyeckass padora Ne 8. DiiekTpHueckue
anmapartbl M TOKOBeaylue yactu. Boioop n3me-
PHUTENBHBIX TpaHCHOPMATOPOB TOKA U HAIpPsDKE-
HHUIA.

[Iprobpectn HaBBIK BBIOOpAa HM3MEPUTEITHHBIX
TpaHCGOPMATOPOB TOKA M HANPSIKEHUH.

12

IIpakTuyeckass padora Ne 9. DiiekTpHYecKHe
anmapartbl ¥ TOKOBeAylIMe 4YacTu. BeiOop Toko-
OTPaHUYMBAIOIINX PEAKTOPOB.

[TproOpectu HaBBIK BbIOOpAa TOKOOTPAaHUYMBAIO-
IIMX PEaKTOPOB.

Hroro 3a 7 cemectp:

36

Hroro:

36




4. Cooeprcanue npakmuueckux paoom
Ilpakmuueckasa paooma Ne 1. I'paghuku rnexkmpuueckux nazpysok. Hazpyzounas cno-

COOHOCMb NPOBOOHUKOS.

Heﬂb.' HayLII/ITI)CSI BBITIOJIHATDH BBI60p CCUCHUS ITIPOBOAOB IO SKOHOMHYECKOU IIOTHOCTH

TOKa.

Ocnoevl meopuu:

Boioop npoeoonuxoe no Ikonomuueckoil niomuocmu noka. IIpoBogHUKHA BEIOUPAIOTCS

110 9KOHOMHYECKOM TIIOTHOCTHU TOKA Jsy, KOTOpast ycTaHoBIeHA [IpaBuiiaMu ycTpoiicTBa 3JEKTPO-
ycranoBok (ITYD), ucxoxast U3 MUHMMyMa MPHUBEACHHBIX 3aTpaT. B HOpManbHOM pexuMe IMIoT-
HOCTb TOKa j JOJDKHA MPUONIKAThCA K dKOHOMHUYecKoi. CeueHue MPOBOJHKKA, OTBEYAroIlIee
TOMY TPEOOBAHHIO, BEHIOMPAIOT B COOTBETCTBHUH C BHIPAKECHUEM:

S ~ SC-)KH. = HOpM.paC‘{./]Z-)KH.’

2
T/I€ Sy, — IKOHOMHUECKOE CEYEHUE MTPOBOIHUKA, MM ;

. 2.
S — Ounkaiiiee (MeHblIee WK OoJblIee) CTaHJapTHOE CEYeHHUE IIPOBOJHUKA, MM ;

Liopa. pacs. — PACUETHBIN TOK HOPMAIILHOTO PEXKHUMA, A;

I, — DKOHOMHYECKAS IIOTHOCTD TOKA, A/MM2 (3aBHCHT OT MPOJAOHKUTEIILHOCTH UCTIOJb-
30BaHMs MAaKCUMaJIbHOW HArpy3ku 7max., IepeaaBaeMoy Mo JUHUH WA TOKOITPOBOY, MaTepralia
MPOBOJIHMKA, a TAKXKE M3OJSAIUH Kabens). B cBA3M ¢ HEONpPeeIeHHOCThIO B paciipe/ie]ICHHH pa-
004ero Toka B0k COOPHBIX IIMH, peKUMa paObOThI U TPYJOEMKOCTHIO OMPEIEIeHNUS YKOHOMUYE-
ckoro 3¢ (dexra MPOBOJHUKH COOPHBIX IIHUH 110 YKOHOMHUYECKOU TIOTHOCTH TOKA |, HE BHIOUpA-
FOTCSI.

[IpoBepka mKH, KOMIIEKTHBIX TOKOMPOBOOB, kKabesel 1 dJIeKTPUUECKUX arapaToB Mo
Harpy304Ho# cmocoOHocTH. TeMrepaTypa MpoBOAHUKA U B pabodyeM peKUMe HE JTOJKHA MPEBbHI-
1I1aTh MPOJOJKUTENBHO JOIMYCTUMYIO TEMIIEPATYPY Vrnpox. JOTI. T. €.

0 =<0 npoo. don,

B ITY3 ycraHoBneHbI cneayonue NpoaoKUTENbHO JOIMYCTUMbIE TEMIIEPATYpPbl IPOBO/I-
HHUKOB, IITUH 1 Kabenei, °C:

[IpOBOAHMKY U MIMHBI 70

Kabenu ¢ 6ymaxcHO! n3onsiuuei HanpspkeHueM, kB

Memnee 3 80
6 65-75
10 60



20,35 50-55

PacuetrHas HopMupoBaHHasi (HOMHHAJIbHAs) TEMIIEpATypa OKPYKalOUIEH cpelpl AJs Mpo-
BOJIHHKOB U KaOeleH, MpoJIo>KeHHBIX Ha BO3yXe, MpuHUMaeTcs 25 °C, kabenel, MpoioKeHHBIX B
3emie, — 15 °C.

B cootBerctBuu ¢ 'OCT 8024-90 npo10mKUTEIRHO JOMYCTUMAs TEMITEpaTypa HEU30JIH-
POBaHHBIX IPOBOJHUKOB ycTaHaBiuBaeTrcsd 90—120 °C B 3aBUCMMOCTH OT MaTepuaja IOBEPXHO-
CTH pa3beMHBIX (B T. 4. OOJITOBBIX ) KOHTAKTHBIX CoeMHEeHUN. Takue TemMrepaTypsl IPUHUMAIOT B
KayecTBe KpuTepus pabOTOCIMOCOOHOCTH MPOBOJHUKOB KOMILIEKTHBIX TOKOMPOBOJIOB (3aBOI-
CKOT'O U3TOTOBJICHHMSI), & TAKXKE OIIMHOBKU KOMIUIEKTHBIX PAaCIpPEIeIUTEIbHBIX YCTPONUCTB, KOTO-
pbIe MPOXOIAT TUIIOBBIE UCTIBITAHUS HA HATPY30YHYIO CITIOCOOHOCT.

[IpoaomKUTENBHO OMYCTUMOM TEMIIEpaType MPOBOJHUKA COOTBETCTBYET IMPOJOJIKH-
TENIBHO AOILYCTUMBIH TOK | 1500 gon. (AJ151 KOMIUIEKTHBIX TOKOIIPOBOJOB U JIEKTPUYECKUX alIapa-
TOB Ha3bIBAEMbIl HOMHUHAILHBIM TOKOM lrom.). s nH, TOKOMPOBOIOB U AJIEKTPUYECKUX arma-
paTOB YCJIOBUE BBINOIHSETCS, €CJIA BBIIOJIHAETCS COOTHOLIEHHE

Ipa6. 6= ka.n- ’ kﬁ - npoo don-

rae lpab. n6. — Hanbonbmii pabounii ToK ; Ka.n. — k03D OULUEHT aBapUHOM TEeperpy3KH;
Kk — monpaBouHbIi K03 HUIKEHT Ha TEMIIEpaTypy OKpysKaromei cpensl; lnpoo oon. — IpoOIIKH-
TEJBHO JIOMYCTUMBIM TOK P HOPMUPOBAHHOM 3HAYEHUU TEMITEPATYPhI OKPYKAIOIIEH CPEIbI.

Jlna kaGerneii JOMKHO BBIMOIHATHCS COOTHOIICHHUE:

\pa6. n6. <ka.n- k? kn.Ku. Inpoo oon.

rie KN. — monpaBovHbINA KOIPPHUIUSHT Ha KOJIMYECTBO PA0OTAFONIMX KaOeIe, MPOIOKEeH-
HBIX psoM B 3emiie; KU, — mompaBouHblil K03 GuIueHT 11 Kabesei, paboTarolux He pU HO-
MUHAJIBHOM HampsHKEHHUH.

VYcnosust Beraucnenus lpa6. no.:

Mecrto onpeneneHus YcnoBust

[TapannenpHbIE WU B3aUMOPE3EPBUPYEMBIE
OTkII04YeHne OJTHOM M3 1erei
eI

COopHBIE TUHBI CTAHIMN U TOJCTAaHITUH
IIMHBI B 1IETIM CEKIIMOHHBIX U IITMHOCOEIUHU- Haubomnb1me nepeToku MOIHOCTH

TEJIbHBIX BBIKIIFOYATEIICH




PaboTa ¢ HOMUHAJIBHOW MOUTHOCTBIO, ITPH TO-
[enun renepaTopos HIKEHHOM HanpsbkeHUH 5% OT HOMUHAb-

HOIro

ITpo10/KUTENBHO OIYCTUMBIN (MM HOMUHAJIBHBIN) TOK |p00 gon., KaK IIPABUIIO, OIIPEJIE-
JISIeTCS B pe3yJIbTaTe UCTIBITAHUM, @ MHOT1a aHAJIMTUYECKH Ha OCHOBE TEIIOBOI'O pacueTa MpoBO/-
HHMKOB B YCTaHOBMBLIEMCSI paboueM pexuMe. 3HAUCHUS l,p00 gon. KaOENIEH M HEKOTOPBIX THIIOB
muH npuBoarcs B [1YD, a HOMUHAIBHBIX TOKOB KOMIUJIEKTHBIX TOKOIIPOBOJIOB U AJIEKTPUUECKHUX
anmaparoB — B Karajorax ¥ WHGOPMAIMOHHBIX MaTepuanax 3aBOJIOB-U3TOTOBUTENICH, a TAKXKE B

CIIpaBOYHHUKAX.

Koaddurment aBapuitHoii neperpy3ku K,,. Uit TOKOIPOBOIOB U 3JCKTPHUCCKUX arlapa-
TOB NPUHUMAETCS paBHBIM 1, kabeneit — ot 1 10 1,5 B 3aBUCUMOCTH OT Harpy3ku B HOpMaJIbHOM

peXuMe U IPOJOJIKATEIILHOCTH IIEPErPY3KHU.

[TonpaBounsklit k03 PULIMEHT HAa TeMIIepaTypy OKpYKaroIel cpeabl MOXKET OBITh OINpe/ie-

JeH no ¢popmyie:

klg - 191‘1po/u.,£[01'1. - ﬁoxp.

)

npoa.Jom. 7-901<p.H0M.

171€ Yoxp. U Doxpnom. — PAKTUUECKAS M HOMUHAJILHAS TEMIIEPATYPBI OKPYKAKOIIEN CPEIBI.

[MonpaBounklit KOApPuIUeHT Ky, <1 3aBHCUT OT KOIMYECTBA KaOelei U pacCTOSHIS MEXKTY
HUMH B cBeTy [ 1, 4]; Ky, yuuThIBaeT H3MEHEHHS YPOBHS MPOIOKUTEIBHO JOMYCTHMOTO TOKa IIpH
UCIIOJIb30BaHUU Kabess B CETH HAaPsHXKEHUEM HUXKe (MHOT/A BBIIIE) €r0 HOMUHAJILHOT'O HAaIpsKe-
uust [1]. Tlpu paBeHCTBe HOMHHATBHBIX HAMPsHKEHUH Kabens u cetu Ky = 1.

Tennosoii pacuet muH. Onpenenenue lupoy. AOM. MOKHO MPOBOJUTH HA OCHOBE TEIIJIOBOTO
pacyeTa MPOBOJAHUKOB B CTALIMOHAPHOM paboueM pexume. Y paBHEHHE TEIIOBOTrO OalaHca IIMHBI
3aMMChIBAETCS B BUJIE:

I r+Q.=Q,+Q,

rae | — Tok, A; I — akTUBHOE COMPOTUBIIeHHE MUHBI, OM; Oc. — TEMIOBOU MOTOK, MOTJI0-
IIaeMbIi IIUHOW MPU COTHEYHOH paauanuu, Bt; Q. u Q, — TerioBble MOTOKH, 00YCIOBICHHBIE
KOHBEKLMEN U U3Jy4YEeHHEM, BT.

AKTHUBHOE CONPOTUBIICHUE

r=k, r,
I7ie I' — CONPOTUBIICHUE IINHBI IOCTOSHHOMY TOKY IIPH JOIyCTUMOM TeMIiepaTrype Mpo-

AOJDKUTCIIBHOT'O PCXKUMA,



ko. — ko3 durreHT 106aBOYHBIX IOTEPb.

ConpoTHBIICHHE MHUHBI TOCTOSSHHOMY TOKY 3aBHCUT OT TEMIEPATYPHI U BBIYUCIISCTCS 110
dbopmye:

= =pl[1+a,(®—9,)]/s

IJIe p1— YACIBHOE JIEKTPUIECKOC COPOTHBIICHHE, TP HOPMUPOBAHHOM TEMIIEPaType 9, ,
OmMm;

| — IMHA TPOBOHKKA, M; S — TUIOMIA/Ib CCUCHHSI TPOBOIHUKA, M2 ;

a,— TeMIepaTypHblii Kod3QduIKeHT 3aeKTpruuecKkoro conporusienus, 1/°C; ¥ — remnepa-
Typa, °C.

B nuanasone temmneparyp 20 ... 120 °C ko3 duiuent ap 1uist Meu, aTlOMUHUS U €T0 CILIa-
BOB OCTaeTCs MPAKTUYECKU MOCTOSTHHBIM U MpuMepHo paBHbM 0,004 1/°C [5].

KoaddurmeHnT 106aBOYHBIX TOTEPh:

kIL.: knkﬁ.a
rae k,, k6. — ko3 duIpeHTh COOTBETCTBEHHO MOBEPXHOCTHOTO 3 dexTa u adexra 6u-

30CTH.

B 3aBucumoctu ot GyHKIwH +/ f /R kos3ddunuent K, onpeaensercs, HanpuMmep, 1Mo Kpu-
BbIM. 31ech f — yacrtora Toka B cetu, ['1; R — cOnpoTHBICHHE TOCTOSSHHOMY TOKY INHUHBI JUTHHON

1000 m. [Tt IMH KOJIBIIEBOTO CeYeHus K, MPHOIMKEHHO BRIYUCIAETCS IO hopMyJIe:

kn ~1+3,3-10°10(t /D- r=)?

rae D u t — BHemHu JuaMeTp U TOJIUHA CTEHKH HINHBI, M;

I'— COMPOTHUBJIEHUE IIUHBI IOCTOSHHOMY TOKY, OM/M.

B pacnpenenurensHbix yerpoiictBax (PY) nanpsbkenuem Beie 1 kB paccTosiHue mexay
IIMHAMH Pa3HbIX (a3 3HAYUTEIbHO OOJIbIlE X T€OMETpHUECKUX pa3MepoB. [ToaTomy anst Heco-
craBHbIX 1HH K6. =~ 1 1 K. = Krr..

Jlnst MEHOTOMONIOCHBIX HIMH (pUcyHOK 1.1) K. mpumepHO paBeH k03(hduimeHTy 100aBoY-
HBIX TIOTEPh SKBUBAJICHTHOW yeJIWHEHHOW IUIOCKOHM IIMHBI IUPUHON hok., paBHOUW IMpUHE TO-
Jtockl makera h, u tommmaoM bak. =N-b, Tne

N — 4rcsI0 moJioc B makeTe; b — ToJIMHA TOIOCHI.

TenoBble MOTOKM OT MIMHBI KOHBEKIMH Qx M m3mydeHueM Qi COCTaBIIAIOT COOTBET-
CTBEHHO:

Qx. = g«.-Fk.;
Qn.=qx. Fux.,



rae gx. ¥ i1 — yAeJdbHas Ter1o0TAa4a (yaeabHbIN TeMI0BON MOTOK) COOTBETCTBEHHO KOH-

BEKIMEH U m3nydeHueM, Bt/M; F, — MOBEpXHOCTh MIMHBI, YIaCTBYIOMIAs B TEIJIOOTAaue KOHBEK-

2 2
nueu, M F_1. — U3JIiydaroniasa nmoBEpXHOCTb HIMHBI, M

(e

”
I ILSY
A

B &

Pucynox 1.1 — MHOromnoJitocHbI€ IIUHBI
VY 1enbHBIN TEIUIOBOW MOTOK KOHBEKIIUEH pacCUUTHIBAETCS MO (hopMmyIe:

Or-=0r (7-9 - ﬁB)a

2
rze ox. — KO3(QGUIMEHT TeTUIO0T a1 ITPH KOHBEKINHU, BT/M; U, s. — TeMIepatyp Bo3ayxa,
°C
Jljis KpyTabIX U IUIOCKUX IIMH, PAcIOJIOXKEHHBIX BEPTUKAIBHO, KOI(DPUIIMEHT TemIo0T-
a4yl TIpU €CTECTBEHHOW KOHBEKLMHU B 3akpeiToM PY (3PVY) mpubmimkeHHO ompenensercs co-

T'JIaCHO KakK:

_ Al (g L3 1/4
=2 (LW -0)%)

rae 0=9,81 — yckopenne cBOOOIHOTO TAJCHHMS, M/C;

T6.=273+9, — TepMOAMHAMUYECKasl TEMIIEpaTypa Bo3ayxa, K; vg. — kuHemaTHueckas Bsi3-
KOCTb BO3/1yXa, M /C;

AB. — TEMJIOMPOBOAHOCTH Bo3ayxa, BT/(Mm-°C);

A — IOCTOSIHHBIN KO3 DUITUEHT, 3aBUCSIINN OT (HOPMBI IINH;

L — xapakTepHbIil pa3mep (BbICOTA WM TUAMET] IITHHBI).

VYkazanus o xapaktepe L, a Taxxke 3HaueHust A npusenensl B Tadbnuie 1.1. [Tapamerp vs.
3aBUCHUT OT TEMIIEPATyphI, a A6., KpOME TOTO — OT JaBieHus Bo3ayxa. [Ipu TemmepaType Bo3ayxa,
onu3koit k 25 °C, 1 HOpMaIbHOM aTMOC(HEPHOM JIaBIEHUH YACTbHBINA TETIOBOM MOTOK KOHBEK-
[Mel MOXHO BBIYUCIHUTH 1O (hopmyIe:

Gy = B(‘(9 _ 19B.)1'25L_O'25
rae B — mapamMeTp, 3HaUYeHUsI KOTOPOTo MpHUBeAeHbI B Tabmuie 1.1.

Tabnuua 1.1 — [MapameTpsl ceyeHus mWUH

dopma ceueHus IUHBI | XapaKTepHbIH pa3mep MuHbI L paBeH A B
Kpyrnas tpy6Guaras BHeIIHeMy auameTpy D 0,46 1,31
[TpstmoyronbHas (pu

PaCIOJIOKEHUN TITUHBI BbIcOTE L 0,695 1,97

Ha pebpo)
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KonBekTuBHas TemnooTaaua muHbl OTKpbITOro PY (OPY) 3aBuCHT Kak OT mepenaja Tem-
nepatyp, IpoQuis U pa3MepoB LIMHBI, TAK U OT CKOPOCTH BeTpa. HammeHbInas TemnooTnaya u,
clieZioBaTeNIbHO, HanboJiee HeOIAaroNpUsATHBIE YCIOBUS paOdOTHI IKMH OyAyT MpH WTHIIE (T. €. IPU
CKOPOCTH BeTpa, 0JIM3KOM K HYII0). TeM He MeHee, Jake MPY MOJTHOM IITHIe KOHBEKTUBHBIN TeIl-
noo0MeH ipoBoHUKOB B OPY ocTaetcs Bbire, yem B 3PY (ipu cBOOOIHON KOHBEKIINH ), TaK KaK
BHE TIOMEIIICHUI Bcerja uMeercs cinadoe BHKEHHE BO3/1yXa. Y IeNbHbIM KOHBEKTUBHBIN TEILIO-
BOM MOTOK, Hampumep, oT TpyOuareix muH B OPY npu mTuie npuOImKeHHO ONpeaessieTcs 1mo
dbopmyie:

G = Bo(® — 951251702

rae Bo= 1,61 BT/(M0’75-°C1’3); L — xapakTepHblii pa3mep, paBHbIN BHELIHEMY AUAMETPY
muHbel D, M.

B cootBerctBuu ¢ (1.15) u (1.16) yaenbHbIi KOHBEKTUBHBIHN TeI10BOM O0TOK B 3PY 1 OPY
MPUBOJIUTCS K BUAY, YIOOHOMY JJIs MPAKTHUYECKUX PACUETOB:

14
g<.=C/L .

-1,75
3nauenus C, Br'M  1pH paznuyHbIX TeMIEpaTypax Bo3Ayxa (M COOTBETCTBYIOLIEH Tell-

JIOIMPOBOAHOCTH U KUHETUYECKON BSI3KOCTH BOS,ZLYXB.), a TAKXKXC PAa3JIMYHBbIX TCMIICPATypaxX LIWH

yKa3aHbl B Ta0nwuie 1.2.

-1,75
Tabnuma 1.2 — 3nauenus C npu pa3iIndHbIX TEMIIEpaTypax, BT-m

C, BT'M-1’75, npu
®dopma ceueHust Tun
6. =25 °C 3=35°C 3=35°C
IIUHBI YCTaHOBKH
91p00.0on.=70 °C | Snpoo.oon =90 °C | 3npoo.oon=120 °C
Kpyrnas (Tpy6ua- 3Py 152 195 335
Tas) orPy 227 295 519
[IpsvoyromsHas
(mmmHA
3PY 230 295 508
pacrookeHa Ha
pedpo)

I[J'ISI COCTaBHBIX ITPOBOAHUKOB TCIUIOOTAAYY KOHBEKIIUEH C BHYTpeHHCﬁ MOBEPXHOCTU
HpI/I6J'II/I)KeHHO MNPpUHHUMAIOT paBHOfI 0,7 OT TCIIJIOOTAAYH C Hapy)KHOﬁ IMMOBCPXHOCTH.

VY nenpHBIN TEIIIOBOM MOTOK M3MydeHueM, BT/M , onpenensitor mo hopmyse:
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4 4
L=cc(T" —T78),
TemnoBoii NOTOK, MOIJIOIIAEMBbIH IIMHON MPU COIHEYHOM pajuanuy (Ha €IMHULY AJIMHBI),

npUOJIMKEHHO ONpeeNsieTcs o popmyie:

QC.z ac'L qC-
_ QK.AOI‘I. + Qn.aon. + Qc.
Inpo,q.aon - r
Jit), 8

TennoBo# pacder ya00HO MPOBOAUTE HA 1 M JUTMHBI IITUHBI.

Tabmuua 1.3 — KoadummeHnTs! n31ydeHus MOBEPXHOCTH IIHHBI

3HaueHust KO3pPUIUESHTOB
Martepuan MUHBI WU [BET KPACKH
& ac
AnmtoMuHUHN (OKUCIICHHBIN ) 0,15 0,4
Kpacka:
Oenas 0,88 0,3
Kenrast 0,9 0,44
3eJieHas 0,9 0,65
KpacHas 0,9 0,65
yepHas 0,92 0,97
3aoanus:
3aoanue Nel

OnpenenuTtsb T0MYCTUMBINA TOK MPOIOJKUTEIIBHOTO PEKUMA OHOMOJIOCHBIX U ABYXIIOJIOC-
HBIX IIMH (cM. pucyHok 1.1a) 3PV, pacnonoxxeHHbIX Ha peOpo U rutamms. [IIMHBI H3roToBIEHBI
n3 amoMuHus Mapku AJIO u okpalieHsl dManeBoi kpackoil. Pasmep onHoM nosocs! muHbL 60X8

MM.

3aoanue No2

BriOpath ceueHne alOMUHHEBBIX IIMH OTKPHITOTO (HEIKPAaHMPOBAHHOIO) y4acTKa TOKO-
npoBoja B 1ienu reHepatopa tuna TB®-110-2EY3 (pucyHok 1.2). HomMuHansHbIE JaHHBIE TEHE-
patopa: Puov=110 MBT; Uson=10,5 kB; cos@uon=0,8. I'paduix Harpy3ku reHepaTopa npeacTaBiieH

Ha pucyHke 1.3. IIpunats TeMneparypy Bo3ayxa B 3PY paBHOII HopMupoBaHHOI, T. €. 25 °C.
3aoanue Ne3

BriOpath ceueHne alrOMHHHMEBBIX IIWH, COeNUHsIONUX TpaHchopmartop tmma TJII-

80000/220 co cOopubiMu mmHamu 10 kB TOI[ (cm. pucynok 1.2). B HOpManbHOM pexume
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Harpy3ka KaxkJ1oro Tpancopmaropa coctasisieT 63 % ero HOMMHaIBbHOW MOIIHOCTH, a TPU OT-
KJIIOYEHUH OJTHOTO M3 HUX Harpy3ka OCTaBIIETOCs B paboTe TpaHc(hopMaTopa NPEeBbIIIAET €ro HO-
MUHQJIBHYIO MOIIIHOCTB Ha 26 %. [Ipo0o/I KU TENbHOCTD NCII0JIb30BAHNS MAaKCUMAJIbHON Harpy3Ku

Tpancopmaropa Tmax. = 6300 4. TemnepaTypy Bo3ayxa IpuHsTH paBHoii 25 °C.

3aoanue Nod

BriOpath ceyeHHe aqIOMHHHMEBBIX IMHMH B LENH TpaHCPopmaropa COOCTBEHHBIX HYKI
(TCH) tuma TJHC-10000/10 (pucynox 1.4) Ha cTropoHe BbICIIero HanpsokeHus. [1pogomkuTennb-
HOCTb HCIIOJIb30BaHUS MaKCUMaJIbHON Harpy3ku Tmax. = 7500 u. MakcumanbsHas Temieparypa
BO31yxa B pacrpenycrpoiictee 35 °C. Ilpu noBpexknennn padodero tpanchopmaropa morpedu-

TENIU COOCTBEHHBIX HYXJ IOJYYalOT IUTaHUE OT PE3CPBHOI'O TpaHC(bopMaTopa

3aoanue No5

Br10paTh ¥ nmpoBepUTh MO YCIOBUSM HarpeBa B paboueM pekuMme Kadelu ¢ alloMUHHE-
BBIMH KWJIaMHU, CBsI3bIBarolue pacnpeaenutenbubie myHKTsl PIT 1 u PII 2 (pucynok 1.5) ¢ mu-
Hamu 10 kB TOIl. MakcumanbsHasa Harpyska nyHkra PII 1 cocraBinser Pmax. = 8 MBT, nynkra
PIT 2 — Pmax. =3 MBT; k03¢ duiiueHT MOIHOCTH Harpy3ku cosg = 0,9. Kabenu nposioxeHs! B
3emiie, Temnepatypa noussl 15 °C. CytouHsle rpaduKu Harpy3KHU pacpeeIuTeIbHbIX TyHKTOB

IIPEJICTaBJICHbI HA PUCYHKE 1.6

3aoanue Nob

a) BbIOpaTh ceYeHUE aTFOMUHHUEBOM IIMHBI IO YCIIOBHUIO JOITYCTUMON TeMIepaTyphl B 1JTU-
TEeTLHOM pekuMme. MakcuManbsHas TpexdasHas Harpyska menu pasHa 3200 kBt, mexaydaznoe
HanpsbkeHue — 6 kB, koo dunment momuoct — 0,88.

0) MpOBEPUTH, YAOBIETBOPSET JIM BHIOPAaHHOE B MYHKTE (a) CEYEHUE ILINHBI YCIOBUIO 3KO-
HOMUYECKOH MJIOTHOCTH TOKa MPU MPOJOJDKUTEIBHOCTH UCIOJIb30BaHUSI MAaKCUMyMa HarpysKu,

pasHoit 6000 u.

3aoanue Ne7
ITo ycnoBusim pabouero pexxuma BeIOpaTh MUHBI B siueiike PY 10 kB nenu typ6orenepa-
topa tuna TB®-100-2, umeromero ciexyronme mnapamerpsl: Pu.= 100 MBt, Un.= 10,5 kB,

cosp=0,85, In.=6,48 KA. TypOoreHneparop padoTaeT C HOMHHAILHOW HATPY3KOH 7 MECSAIIEB B TOY,
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a ocTalibHOE BpeMs HeceT Harpy3ky(0,6 HomuHanbHOW. CpaBHUTH MO BEJIMYMHE MOMEPEYHOTO Ce-
YeHUs ATFOMUHUEBBIC IIUHBI TPEX Mpoduieii: a) kopoduaTsie, 0) TpyOUyaThie KPYIrioro CEYeHUs,

B) TpyOUaThle KBaIpaTHOI'O CEUEHUSI.

3aoanue No§
Mennast mmHa ¢ IOMYCTUMBIM JUITUTENIbHBIM TOKOM 860 A HeceT TOKOBYIO Harpy3ky 750
A. OnpenenuTs, IOMYCTUM JIU J1JIs IIMHBI YKa3aHHBIN TOK, €CJIM TEMIIEpaTypa OKPYKAIOIIEro BO3-

nyxa oyner +40 °C.

3aoanue Ne9
OmnpenenuTh TEMIEpaTypy allOMHHUEBOH OKpalIeHHON IMHBI cedeHneM 80x8 Mm? mpu

pabouem Toke 700 A u npu TemnepaTtypax Boszayxa: a) +25 °C 6) +15 °C.

3aoanue Nel0
TpexokmibHbINA Kabenb ¢ OyMakHOW MPONUTAHHON M3o0Isuei, HanpsokeHueM 10 kB, ce-
. 2
YEHHEM aJIFOMUHHUEBOM Kuibl 150 MM IpoJIO’KEH B TyHHENE U HarpyxeH TokoM 175 A. Ilpose-
PHUTb, CMOKET JIM Kalenb JIUTENbHO padoTaTh ¢ yKa3aHHOM HArpy3KoH, ecliu Temreparypa Bo3-

Jyxa B TyHHele nojassiacs 1o +35 °C.

Tabmuua 1.4 — JlonycTUMBIH TOK NMPOJODKUTENIEHOTO PeKUMa HEOKPALIEHHBIX U OKpa-

IICHHBIX IITHH 0e3 yueTa COJIHEUHOH paauanuunu

Terunosoi moTok, Bt Jomyctumslit pabounii Tok, A
Tun ycra- C Yy4ETOM COJIHEY-
HOBKH Oxpacka muH Ox. o Qc. ol 0e3 yuera coiHeu-
HOW pajguanuu
paguanun

HEOKpaIlIeHHbIE 15,9 34 1617 1853

Oenas 93,2 25,5 2163 2300

opPy Kenras 126,9 95,4 37,4 2108 2312

3eJIeHast 95,4 52,7 2019 2312

KpacHas 95,4 55,2 2004 2312

15,9 1529

HEOKPAIIECHHBIC
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Pucynok 1.2 — [IpunnunuansHas cxema TOL]

P.MET
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3uma (200 gHeid )

Neto (165 aHeid )

Pucynok 1.3 — Cyrounsie rpaduku Harpy3ku reieparopa
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Pucynok 1.6 — Cyrounblie rpaguKky Harpy3Ku pacrpeaeTuTeNIbHbIX TyHKTOB

Konmponvuuie éonpocw:

1. Kak ocymiecTBisieTcs MpoBepKa IMIMH MO YCIOBUS HArpy304HON CIIOCOOHOCTH?

2. Kak BausieT Ha TOyCTUMBIN POIOIHKUTENBbHBINA TOK IIHH YEIbHOE 3JEKTPUUECKOE CO-
IPOTUBJIEHHE MaTepuaa?

3. 3noxure MOHATHE O BEIOOPE MPOBOJIHUKOB 10 SKOHOMHUYECKOH TIIOTHOCTH TOKA.

4. O0bscHUTE BIMSHUE COJHEYHOH pajivaliiy Ha MPOJODKUTENbHBIA TOK HIMH.

5. Hepe‘lI/ICHI/ITC OT 4YCTr0 3aBUCUT KOHBCKTHUBHAA TCIJIOOTAAYa IMHWHBI OTKPBITOI'O PY
(OPY).
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Ilpakmuueckan paooma Ne 2. Cunoswvie mpancghopmamopst u asmompancghopma-

moput. Hazpyzounasa cnocoéonocme mpancghopmamopos.

I[ens: IlpuobpecTy HaBBIK TEIJIOBOTO pacyeTa TpaHchopMaTopa U OLIEHKU paboThl TpPaHC-

dbopmaTopa B pa3Hble EPUOIbI BPEMEHHU.

Ocnoevl meopuu:

Br16op TpanchopMaTopoB Ha JEKTPOCTAHIIUAX U MOJCTAHIUIX 3aKIHOYACTCS B BHIOOpE
THUIIA, KOJTMYECTBAa, HOMHHATHLHOW MOIIIHOCTH, U HOMUHAIBHOTO KO3 PUIIMeHTa TpaHcHopMarum.

HomuHamsHOW MOIIHOCTBIO TpaHcopMaropa HA3bIBAIOT KAXKYIIYIOCS MOIIHOCTh
(HarpysKy), KOTOpYIO TpaHc(hopMaTop MOKET HECTH HEMPEPHIBHO B TEUEHUE BCETO HOPMAIILHOTO
CpOKa CIIy>KObI TP HOMUHAJIBHBIX PEKUMHBIX YCIOBUSAX (HOMUHAIBHBIX HAMIPSKEHUH, YaCTOTE U
TEMIIEPATYpe OXJIAKAAFOIICH cpebl). HopManbHBIN CPOK CITy)KOBI HA3HAYAIOT TPUMEPHO PABHBIM
CPOKY MOPAJIbHOTO CTAPEHUS.

JleicTBUTENBHBIN CPOK CITYKObI TpaHchopMaTopa onpenesseT Npolece CTapeHus: U30si-
[[UU er0 0OMOTOK, KOTOPBI, B CBOIO OYEepe/Ib, 3aBUCUT OT TEMIIEPATYpPbl H30JIALUN 0OMOTOK. J{1ist
OyMa)KHOW M3O0JISIIIUH, TTOTPYKEHHOU B Maclio, HOPMAJIbHBIM CPOK CIY»KOBbI 00€CIeunBaeTCs pu
pabote ¢ Hen3meHHOM Temneparypoit 98 °C. CnengoBatenbHO, TpaHChOpMATOp OYIET UMETH HOP-
MaJIbHBIN CPOK CIY>KOBI B TOM cllydae, €ClIM TeMIiepaTypa B HanboJiee HarpeToi ToYKe ero oomMo-
TOK OyJeT Hen3MeHHa 1 paBHa 98 °C. B aTux ycrnoBusIX H30JA1Us TpaHCPopMaTOpa Mo IBepraercs
TaK Ha3bIBAEMOMY HOMHHAIFHOMY (HOPMaJIbHOMY) HU3HOCY.

[IpeBbiienre TemrepaTypbl 0OMOTOK TpaHcopMaropa Haj TeMIIepaTypol OKpyKaro-
IIEr0 BO3JyXa 3aBHCHT OT MOIIHOCTH Harpy3ku. HoMuHaJIBHYIO MOIIHOCTH TpaHchopmaropa
HA3HAYaroT B COOTBETCTBUU C HOPMHUPOBAHHBIM MPEBHIIIIEHUEM TEMIIEpPaTypbl 0OMOTOK HaJ TeM-
neparypoit Bozayxa. OqHaKo MpU YCTaHOBKE TpaHc(opmaTropa Ha OTKPBHITOM BO3yXe TEMIEpa-
Typa MOCTEAHETO HE MOCTOSHHA, a U3MEHSETCS B TEUCHHE rojia B COOTBETCTBUHU C KIIMMaTHYE-
CKUMH YCIOBHIMU. {7151 KaXKI0M KIMMATHYECKOW 30HBI MOXET OBITh YCTAHOBJICHA TaK Ha3bIBae-
Masi SKBUBAJIEHTHAs 110 U3HOCY U30JIALIMHU TEMIIEpaTypa Bo3ayxa 3a Bpemst T, mpu KOTOpO TpaHC-
dbopmatop, paboTasi C HEBU3MEHHOIN HArpy3KOol, IMEeT TaKOH K€ N3HOC U30JISIIHNH, KaK B IEHCTBU-
TETBHBIX YCIIOBUSX MPHU MEPEMEHHOM TEMIIEpaType BO3ayXa 3a pacCMaTPpUBAEMBIA MEPUO Bpe-
MeHU. B kadecTBe HOMMHAILHON TeMIEpaTyphl OXJIKIAIOMICH Cpeapl MPUHATA TemIeparypa +
20 °C. 15t BepXHUX CAOEB Macjia HOPMUPOBAHHOE MTPEBBIIICHUE TEMIIEPATYPhI IPU HOMUHAJIBHOM
Harpy3ke ®M(H) paBHO: s cucteM oxnaxaeHus M u Il — 55 °C, qnst cucrem oxnaxkaenus L u

AL 40 °C.
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[Tpu BIOOpE HOMUHATIBLHOM MOITHOCTH TpaHC(hOpMaTOpa CIeYeT YIUTHIBAThH €0 CITOCO0-
HOCTB K Ieperpy3Kam.

CucreMaTH4eCKHE TIEPErpy3KH — 3TO TAKHE TIEPErpy3KH, KOTOPBIM TpaHCHOPMATOP MOKET
MOJIBEPTraThCsi CUCTEMATHUYECKH (€KECYTOYHO B YaChl CyTOYHOTO MAaKCUMyMa Harpy3ok), MpruuemM
W3HOC U30JISIUH 32 PACCMaTPUBAEMBIH ITEPHOJ HE TPEBBIIIACT HOMUHAILHOTO.

Ecnu Tpancdopmarop B TedeHHE HEKOTOPOTO BpeMEHH paboTaeT ¢ Harpy3Koil MeHee HO-
MUHAIBHOH, TO U3HOC €r0 U30JISINH UIET 3aME]IJICHHO ITPOTUB PACUETHBIX YCIOBHI. 3a CYET 3TOTO
TpaHchopMaToOp MOXKHO TIEPETPY3UTh HA KAKOM-TO JJPYTOM OTPE3KE BPEMEHH, T. €. TOWTH Ha YCH-
JICHHBI IPOTHB HOMUHAJILHOTO U3HOC M3OJISIMH, HO TaK, YTOOBI CyMMAapHOE YHCIIO OT)KUTHIX Ya-
COB PaBHSJIOCH PACYETHOMY.

JIJIs OLIEHKH JOIYCTHMOCTH CHCTEMATHYEeCKOW Teperpy3ku TpanchopMmaropa B 4ackl Cy-
TOYHOT'0 MAKCHMyMa HEOOXOIMMO BBIITOJHUTH PACYET €r0 TEMIIEPATYPHOTO PEXKHUMA, T. €. BHIYUC-
JUTh U3MEHEHUE TEMIIepaTyphbl Maciia ¥ 0OMOTOK TpaHchopMmaropa B TeueHUe CyTok. Jlis aTon
I[EJTH MOYKHO BOCIIOJIb30BAThCS CIICYIOIIUMHU PACUCTHBIMH BBIPAKCHUSMH, CIIPABEIITUBBIMA ITPU
BHE3aITHOM M3MeHEeHUH K03 dunuenTa (kpatHocTr) Harpy3ku k ot k1=S1/Sn. 10 ko= S2 / Su. ( Sh.
— HOMHUHAJIbHAsi MOIITHOCTh TpaHchopMaTopa).

[IpeBblmieHrE TeMIIEpaTypbl Maciia (B BEpXHUX CIIOSX) HaJl TEMIIEPATypOr OXJIaXIaroIien

CpCabl:
1
®M = @1"‘(@1_@1)'(1_[7)

rae ®1 — npeBblllieHUe TeMIEpaTypbl Maciia, COOTBETCTBYIOIIEe KOA(P(ULIMEHTY Hayallb-
HoM Harpy3ku k1,
o —6 1+b-kF\"
L W T

02 — npeBbIlLIEHUE TEMIIEPATypbl Maciia, COOTBETCTBYIoLIee KO3 pULMeHTy Harpy3ku k2,

_ 1+b-k3\"
1= O\ T
r7e b — OTHOIIEHHE MOTEPh KOPOTKOTO 3aMBIKAHHUS K TIOTEPSM XOJIOCTOTO XO71a;
T — MOCTOSTHHASI BpEMEHH TEIIJIOBOTO Tpoliecca Tpanchopmaropa, 4;
t — Bpems, u;
M — moKa3aTesb CTENEeHU, 3aBUCUT OT CUCTEMBI OXJIAXK/ICHUS.

[IpeBrilieHe TeMneparypbl OOMOTKH HaJl TEMIIEpaTypoi OXJIaKJatoLIei cpeibl

Ops. = Oy + A606.(1-1). K™
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rae A®o06.(H.) — CyMMapHBIA Tiepenaa TeMIepaTypbl MeXIy HanboJjiee HarpeTold TOYKOH
M30JSIIMM M BEPXHUMHU CJIOSIMU Macjia IpU HOMUHAJIbHOM Harpyske. 3HaueHus A®o00.(H.) 1 m

npuBeAEHbI B Tabnuue 2.1.

Tabmuma 2.1 — 3navenus Ao6.(H.) u m

Cucrema OXJIaKICHUS M pil| 0, JI 10
4006. (1), C 23 23 38
m 0,8 0,9 1

Temmneparypsl Maciia 1 0OMOTOK ONpPEAEISIIOT 100aBI€HUEM TeMIepaTypbl
oXJIaXaroLei cpenpl Uy:

Oy = 0y + Uy
Uos = o5 + U,

W3meneHue TemnepaTypbl 0OMOTKH OIpeaelisieT IPoLecC CTapeHUs N30JIALUN B TeUEHUE
cyTok. M3HoC u30s1Mu y1o0HO XapakTepru30BaTh BETMUNHON OTHOCUTENIBHOIO U3HOCA, T. €. OT-
HOILIEHUEM CYTOYHOI'O M3HOCA U30JSILIUU B PaCCMATPUBAEMOM PEXKHUME K HOMUHAJIBHOMY CYTOY-
HOMY M3HOCY (M3HOCY B YCIIOBUSIX, KOT'/la TeMIiepaTypa 0OMOTKH B HauboJsee HarpeToi TOUKe mo-
cTossHHa U paBHa 98 °C).

OTHOCHTENBHBII H3HOC M30MAINH L pacCUnThIBAETCSA B COOTBETCTBHH C IIECTHTPATyCHBIM
MPaBUJIOM: TIPU U3MEHEHUHU TeMrepaTtypbl 00MoTkH Ha 6 °C cpok ciryxk0bl TpaHcpopMaTopa u3-

MEHSIeTCs B JIBa pasa:

V05.—98
L =2 6

CucremaTnueckasi Harpy3Ka 1o paccMaTpruBaeMoMy rpaduKy J0MyCTUMA, €CIIU CPETHECY-

TOYHBIM OTHOCHUTEIIbHBIN U3HOC U30JISIUU HE NOPCBLIIACT CAUHUAILIBIL:
24

1
L=—| Ldt<1
24 o
0

Ha rpadukax (2.2, 2.3, 2.4), TOCTpOSHHBIX JIJIs1 MACJISTHBIX TPAaHC(HOPMATOPOB € CUCTEMOM
oxnaxJaeHus /|, ToCTOSTHHON BpEMEHM 2,5 4, IPU SKBUBAJIECHTHOHN TeMIIepaType OXJIaKIaroLei
cpenst 0, 10 u 20 °C. I'paduku B3sate1 U3 [OCT 14209 -69 [3]. B Tabnuie 2.2 1aHpl TOCTOSHHBIC
BpeMeHHU TpaHCHOPMaTOPOB, a HA PUCYHKE 2.1 — SKBUBAJICHTHBIN JBYXCTYIIEHUATHIM CYTOYHBIN
rpaduk Harpy3ku TpaHcdopMaTopa, JIisl KOTOPOro MOCTPOEHBI pacUe€THbIE KPUBBIE.

ITo ocu abcmuce oToKEeHa KpaTHOCTh k TpenmecTByo e Harpy3ku TpancdopMaropa

Wi K03 (HUIMEHT HaYallbHOW HAarpy3Ku (OTHOIIEHUE HAadyalbHOM HAarpy3ku K HOMUHAJIBHOW), a
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0 OCH OpJAMHAT— KO3(PPUIMEHT JAOMYyCTUMOTO MPEBBIILIEHUS HATPY3KH Kjon MO TOKY WK TpHU
HEM3MEHHOM HaIIPSKEHUU — 10 MOJHOM MOIIHOCTU. KpHBbIe MOCTPOESHBI 1J1s pa3IMUHbBIX TPOJI0JI-

JKUTEJILHOCTEN neperpy3ok t: ot 0,5 1o 24 u.

MoIHoCTh TpaHc-

0,005~ | 1,0— 6,3— 125u
(hopmaropa, 1.0 6.3 32 3263 80-125 .

MBA

Cucrema
OXJIAKIIECHUA

M | 0 1 1]

ITocTosaunas

2,5 3,5 2,5 3,5 2,5 3,5
BpEMEHH, 4

B ciydae aByxcryneHdaroro pabodero rpaduka Harpy3kd HOPSIOK ONMPEISICHHS JOITy-
CTUMOM Meperpy3ku TpancdopMaTopa Mo KPUBbIM Harpy304HON CIIOCOOHOCTH CIIEAYIOIHIA:
1) B cooTBeTcTBUM C MAKCUMAJILHOM pacueTHOM HAarpy3Koi HaMe4yaeTcsl TUIl 1 HOMUHAIIb-

Hass MOIIIHOCTb TpaHC(bopMaTopa SH ¥ BEIYHCIISIETCS €T0 neperpyska:

ky = S2/Su;
2) Onpexernsiercst KO3GPUIMEHT HaYaTbHOW HArPY3KH:
ki = 51/5u;
K=5/5,
K.=5./ §,

Ki=5,/5, |[+—»

0 4 8§ 12 16 20 24 ty

Pucynox 2.1 — PacueTHslif I1ByXCTYIEHUYATHIN rpadK HArpy3ku TpanchopmaTopa
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Pucynok 2.2 — I'padux Harpy3o4Hoi ciocobHOCTH TpaHC(HOPMATOPOB C CUCTEMON OXJia-

xnaenus [ npu 1=2,5 u u 9=0 °C

K2 dom.
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Pucynok 2.4 — Harpy3ouHasi cHocoOHOCTb TpaHC(HOPMATOPOB C CUCTEMOM oxJakaeHus 1

npu 1=2,5 u u $=+20 °C
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3) monp3ysch TabauIei 2.2, OMpeaesioT A1l HAMEYaeMOoro K YCTaHOBKE TpaHchopMaTopa
€ro MOCTOSTHHYIO BpeMEHHU. B 3aBUCMMOCTH OT BHIa CUCTEMBI OXJIAXKICHHSI, TIOCTOSTHHOW BPEMEHH
¥ DKBUBAJICHTHON TEMIIEPATYPhI OXJIAXKIAIOIIEH Cpe/Ibl BHIOUPAIOT HY’)KHOE CEMEHCTBO PaCYETHBIX
rpapuKOB Harpy304HOM CIIOCOOHOCTH;

4) o rpadukam s ko3P puIMeHTa HayaabHOM HArpy3Ku k1 ¥ pacueTHOM POI0JKUTEITb-
HOCTH TIEPerpy3Ku t HAXOAAT KOA(PPHUIMEHT TOIMYCTUMOTO MPEBBIIICHUS HATPY3KU Koo ;

5) cpaBHUBAas pacyeTHbIN ko M JOMYCTUMBIH K2x0n. KO3 PHUIIMEHTHI TPEBBILICHUS HATPY3KH,
JIeNIAl0T 3aKJIF0UEHHE O JOIYCTUMOCTH TaKOro pexxXuMa Jiist TpaHchopMaTopa.

Ecnu cyTouHblif rpadk MHOTOCTYIIEHYATHIH, TO €ro NpeABapUTENbHO NPeodpa3yroT B K-
BUBAJICHTHBIN ABYXCTYIIEHYATHIA TpaK ¢ Harpy3KaMH: SKBHBAJICHTHAsl HAauyaJlbHasl HAarpy3Ka 3a

Bpems 10 4, mpemiecTByrollee Hadary HauOoJIbIIEH eperpy3Ku:

?=21 S 12 ti
Z?:Z 1 L

rae Si — Harpyska I-ii crynenw; ti — Bpemst i-it ctynenu; N1 — guco cryneneit 3a Bpems 10
Y 710 Ha4aJIa Meperpy3ku; N2 — 4uciio CTyNEHE! 3a BpeMsl Ieperpysku t.

B cnyyae nByx npeBbllIeHUI HArpYy3KH HaJl HOMUHAJIBHOM, MEHBIINH MaKCUMYM YUUTHI-
BAIOT MU BBIYKMCICHUU S/o. . Pacuer S/ Benyt 3a 10 u 10 uinum nmociue O60JbLIET0 MaKCUMyMa B
3aBUCHUMOCTH OT TOTO, TJI€ PacIlOJIOKEeH MEHbIINN MakcuMyM. Eciii TpaHcdopMaTop KpyTiablii 1o
paboTai ¢ O IUHAKOBBIM CYTOYHBIM I'pa)KOM HArpy3KH, TO P OLIEHKE JIOMYCTUMBIX MIEPErpy30K
IPUHUMAIOT F'0JIOBYIO SKBUBAJICHTHYIO TEMIIEpATypy oXJakaaroei cpeapl. Eciau neTHuii rpaduk
Harpy3ku TpaHcopMaTopa HUKE 3UMHET0, TO CIEIYET BOCIOJIb30BAThCSl CE30HHBIMU 3KBHBA-
JICHTHBIMU TeMIIepaTypaMu OXJIaKIAI0Ie cpeibl U ONPEAETUTh OTACIBHO JOMYCTUMOCTD COOT-
BETCTBYIOIUX MEPErPy30K 3UMOM U JIETOM.

ABapuiiHble NIEpErpy3KU — ITO TaKHE NMEPETPY3KU, KOTOPHIE MOXKHO JTOMYCTUTh Ha TPaHC-
(dopmarop B peIKUX aBapUMHBIX Cllydasx (Hampumep, MpH OTKIIOUEHUH OJHOTO U3 MapajuieIbHO
paboTaBmMx TpaHcGopmMaTopoB) 0e3 ero MoBpekAeHUs. 3HAUEHUs JOMYCTUMBIX aBapHIHbBIX Te-
PErpy30K Ha3HAYAIOT TaKUM 00pa3oM, 4ToObI TeMIepaTypbsl OOMOTOK M Macja TpaHchopmaTopa
HE NPEeBbIIIATN 3HAYCHUH, IPU KOTOPBIX MPOUCXOAT HEOOpaTUMBIE ITPOLIECCHI, TPENSATCTBYIOIINE
nanpHeimeil HopmansHON paboTe TpaHcpopmaropa. MakcUMaIbHO JIOMyCTHMAasi TeMIepaTypa

Ju1st Macita coctaisiet 115 °C, s n3onsuun oOMoTOK (B Hanbosee HarpeToid Touke) -140 °C.
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[Ipu aBapuiitHBIX Meperpy3kax UAyT Ha NOBBIIICHHBIN MPOTHB HOPMATILHOTO U3HOC U30JISI-
1uu. Tak Kak 3TU ciiyyau B KCIUTyaTallMM JOCTATOYHO PEIKH, a BpeMs aBapUUHOIO peKUMa Orpa-
HUYEHO, TO 3HAYUTEIIFHOTO CHIKEHHS CPOKA CIIY>KOBI IPOTHB HOPMAJILHOTO MIPU ATOM HE IIPOHC-
XOJIUT.

CornacHo [7] B aBapuiiHBIX YCJIOBHSX B T€UEHHUE HE 0oJiee 5 CyTOK JOIyCKaeTcs mepe-
rpy3Ka MacisHbIX TpaHchopmaTopos 10 40 % Ha BpeMsi CyTOUHOTO MAaKCUMyMa IPOI0JIKUTEIb-
HOCTBIO He Oosiee 6 4 B CYTKH, IpudeM Kod(GUIMCHT HauaabHON Harpy3ku K1 He 10bKeH ObITh
6onee 0,93.

Jlomyctumyro aBapuiiHyto neperpysky K20on.=1,4 cinemyer paccMaTpuBaTh Kak HEKOTO-
PBIH YCTIOBHBIM pacueTHBI KO3 PHUIMEHT, UCIIONB3yeMbI IpU BBEIOOpE TpaHCHOPMATOPOB IO
YCIIOBUSIM aBapuiHOM neperpy3ku. Beanunny gonyctuMoi aBapuitHOM neperpy3Kku B dKCILTyaTa-
MM Ha3HAYalT B 3aBUCUMOCTH OT KOHKPETHBIX YCIOBUU: rpaduka Harpys3ku, TemrepaTypbl
OXJIaXKIatoIIel cpeapl. Ee onpenensor pacueToM TEMIOBOTO pexkuMa Tpanchopmaropa.

Buvioop mpancgopmamopos na noocmanyuax. B tex ciaydasx, Korja Ha MOJCTAHIIMH

OKa3bIBAETCsI BO3MOXKHBIM YCTaHOBHUTb OJIMH TPaHC(POPMATOP, BIOOP €r0 HOMUHAIBHOM MOIIHO-
CTH IIPOU3BOJAT C YUETOM CIOCOOHOCTH TpaHC(HOpMaTOpa K CUCTEMAaTHUECKUM MEpPErpy3KaM.

[Ipu ycTaHOBKE Ha MOJCTAHIIUH JABYX TPaHC(HOPMATOPOB BHIOOP WX HOMHUHAIBHOW MOIII-
HOCTH OCYLIECTBIISIFOT C Y4E€TOM BO3MOKHOCTH aBapUHHON Neperpy3ku Mpu MOBPEKICHUHN U OJ1-
HOM U3 TpaHchopMmaTopoB. B HopManbHOM pexxumMe o0a TpaHcopmaTopa paboTaroT ¢ 3aMeTHOM
HEJOTPY3KOH.

Ecnu Ha moacraHuuu uMMeeTCsl TpU HaINpsDKEHHs, TO, KaK MPaBUJIO, YCTaHABIMBAIOT
TPEXOOMOTOUYHBIE TpaHCHOPMATOPBl WIIM aBTOTpaHC(HOPMATOPHI, YTO B OOJBUIMHCTBE CIy4yacB
JIaeT 3aMETHbIE S KOHOMHYECKHE BBITO/IbI 110 CPABHEHHIO C IBYXOOMOTOUHBIMU TPaHC(HOPMATOPAMH.
[Tonnxaronue aBTOTpaHCHOPMATOPBI, SKOHOMHYECKH BCErJa BBIFOJHEE TPEXOOMOTOUHBIX
TpaHCc(hOPMATOPOB, HO UX IPUMEHEHHE BO3MOXKHO TOJBKO B TE€X CIy4asiX, KOIJla CETH BBICIIETO
U CpEJHEro HanpsuKeHU paboTaroT ¢ 3 PEeKTUBHO 3a3eMIICHHBIMU HEUTpaIsiMU.

Ecnu npoextupyemasi mocTaHIUsl UMEET CBSI3b Ha CTOPOHE HUBIIETo (CpeIHEero) Hampsi-
KEHHUS C MIEKTPOCTAHILIUEH, TO TPHU BEIOOpE TpaHCHOPMATOPOB HA TOJCTAHIIUN HEOOXOIUMO yUH-
TBIBATh MPOTEKAOIINE Yepe3 HUX JOMOIHUTEIbHbBIE TOTOKM 0OMEHHON MOIIHOCTH CTaHLIUMH C CH-
CTEMOH.

Buoioop mpaucd)opmamopoe Ha _J1eKmpocmanuuix. HJ'ISI 3J'ICKTpOCTaHI_II/II\/'I, UMCIOIIUX

MCCTHYIO HArpy3Ky Ha Ir¢HCPaTOPHOM HAIIPAKCHHU, ITPCABAPUTCIIBHO COCTABJIAIOT XapPaKTCPHLIC
CYTOYHBIC Fpa(I)I/IKI/I 0OMEHHOMU MOIITHOCTH CTaHLMHU C CUCTEMOI B HOPMAaJIbHOM PCIKUMCE. KpOMC

TOT0, pACCMAaTPUBAIOT MMOTOKM OOMEHHOW MOILTHOCTH B aBapUUHBIX PEKUMaxX: a) MPU BBIXOJE U3
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paboTel OmHOTO Hambosiee KPYIMHOTO reHepaTopa CTaHIIUH, MOAKIIOYEHHOTO K IIMHAM TeHepa-
TOPHOTO HANpPsDKEHUS (IIPU 3TOM B Cilydae HEOOXOIMMOCTH OCTaJbHbIE TeHEPATOPHI (POPCUPYIOT
MOIITHOCTb /10 HOMUHAJIBHOTO 3HaYeHHUs); 0) MPH aBapHIHOM COCTOSIHUH B CHCTEME, KOTJa TeHe-
paTophl TaHHOMW CTAHIIMU JOJDKHBI (DOPCUPOBATh MOIIIHOCTh 1O HOMHHAIBHOM. Ha ocHOBaHMY aHa-
JH3a TMOYYEHHBIX IPa(UKOB BHIOUPAIOT YHCIO M HOMHUHAIBHYIO MOIIHOCTH TpaHc(hopMaTopoB
CBS3U C CUCTEMOM.

CBs13b ¢ cUCTEMOIl yepe3 oJIuH TpaHc(hOpMaTOP BOZMOKHA JIUIIb P BHIOJTHEHUH JIBYX
YCIIOBHIA: &) €CJIM MOIITHOCTh, BbIJIaBaeMasi CTAHIIUEH B CUCTEMY B HOPMaJIbHOM pEXHMe, HE Ipe-
BBIIIIAET aBAPUUHOTO pe3epBa; 0) €CIIM CHI)KCHUE TEIJIOBBIX OTOOPOB TYpOHMHBI, 00YCIOBICH-
HOE BBIHY)KJICHHBIM OI'PaHUYEHHUEM DJIEKTPUYECKON MOITHOCTH CTAHLIMY IIPU HAPYIICHUH CBS3U
C CHCTEMOI1, BOCIIOJIHUMO € TOMOUIbIO PENYKIIMOHHO—OXJIaAUTeNbHONU yecTaHoBkU (POY) (mmpous-
BoauTeIbHOCTE POY 00BIUHO paccUMTHIBAETCS Ha pe3epBUPOBaHUE OAHOM TypOuWHBI). YcTa-
HOBKa OJTHOTO TpaHC(OpMAaTopa CBSI3M Ha CTAHIIUK — JIOBOJIBHO PEKOE SBICHHE.

Ha snexTpocTaHusix pallOHHOTO THIIA, BBIJAIOIINX BCIO BEIPA0ATHIBAEMYIO 3JIEKTPOIHED-
THIO Ha TMOBBIIICHHBIX HANPSHKEHUSAX, TEHEPATOPHI BKIIOYAIOT B OJIOKH C MOBBIIIAIOIIUMHE TPaHC-
dopmaropamu (aBToTpanchopmaropamu). HoMuHallbHAs MOIIHOCTH TpaHc(opMaTopa JODKHA
o0ecrieyrBaTh BbIJIa4y BCE aKTUBHOW M PEAKTHBHOI MOIIIHOCTH IeHEepaTopa.

Ha runposnexTpocTaHIsIX 9acTo S5KOHOMUYECKH 11E€71eCO00pa3HO MPUMEHSTh YKPYITHEH-
HbIe 0J10KH. MOIIHOCTh YKPYITHEHHOTO 0JIOKA HE JIOJKHA TPEBBIIIATh aBAPUHHOTO pe3epBa B CH-
cTeMe.

Tpancdopmarops! 1 aBTOTpaHCHOPMATOPHI Il CTAHLUHN U MOJICTAHLIUN NPUHUMAIOT, KaK
IPaBUJIO, TPeX(Pa3HBIMHU C PETYIMPOBAHNEM HANPSIKCHUS 110/ HATPY3KOH, KpOME JIByXOOMOTOU-
HBIX TpaHC(OPMATOPOB, BKIIIOUAEMBIX B OJIOKH C F€HEepaTopamu.

BelmensnoxxeHHble METOJUUECKUE YKa3aHUs, PEILICHHUs] M OTBETHI K 3a/1a4aM COCTABIICHBI
B COOTBETCTBUHU C ACUCTBYIOUIMMM CTaHAApTaMu W HopMaMmu. OJHAKO HpU MPOEKTHPOBAHUU
AIIEKTPOYCTAHOBOK MPHUXOIUTCS YUYUTHIBATh 3HAYUTEIBHO 0OJIee IMUPOKUN KPYT 0OCTOSITEIhCTB,
YeM 3a/1aeTCs B YCIOBUAX 3a7ad. YUeT 3TUX (aKTOPOB MOXKET M3MECHHUTH PEIICHHE, 3aCTaBUB
BbIOpaTh TpaHchopmaTop 6oJbIIeii MOIIHOCTH 1O CPAaBHEHMIO C TOM, KOTOpas OKazaiach MpH-

HATOM IIpU JIOKAJIbHO 3a/IaHHBIX UCXOAHBIX YCIIOBUAX.

3aoanusa:
3aoanue Nel
Tpauchopmarop tuna TJI paGotaer 1o AByXCTyNeHYaToMy rpaduKy Harpy3ku (pHUCYHOK

2.6) pu SKBUBAJICHTHON TeMIIEpaType oXJaxmaaromieit cpeasl (Bo3mayxa) +20 °C.
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[TocTrossnHas BpeMeHu paBHa 2,5 4, OTHOLICHUE MOTEPh KOPOTKOTO 3aMbIKAHUS K MOTEPSIM

XOJIOCTOTO XO/a paBHO 5. PaccunTarh TEIIOBOM pexxuM TpaHchopMaTopa.

K=55n. 1,15
1,2 :

1.0

0.8 0.7

0,6

0,4

0,2

0 4 8 12 16 20 24y

Pucynok 2.6 — JIByxcTyneHuaTsiii rpaduk

3aoanue Ne2
Onenutp MoxeT i Tpanchopmarop tuma TJ[-16000/110, paccunTaHHbIil HA HOMUHAIb-
Hyto MomHOCTh 16000 kBA, B TeueHne 3uMHero ce30Ha paboTarh M0 CYTOYHOMY TpaduKy, Ipu-

BEJICHHOMY Ha PUCYHKe 2.7.

MB A
25

20 il

15 1

10

0 4 8 12 16 20 24w

Pucynok 2.7 — Cytounslii rpaduk Harpy3ku

3aoanue Ne3
Onpenenutsb, MOKeT 11 TpaHchopmarop Tuna T/1, paccunTaHHbII HA HOMUHAJIBHYIO MOIII-
HocTh 16000 kBA, paGotars 1o cyroyHOMY TrpaduKy, MIpUBEICHHOMY Ha PUCYHKE 2.7, €Clii JK-

BHUBAJICHTHAs JIETHssI Temneparypa coctasisieT +20 °C (Pocros-Ha-Jlony).
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3aoanue No4
ITonw3ysck CTaHAAPTHOM IIKAJIOW HOMUHAIBHBIX HAIPSKCHUM, YKAXKUTE, IIPU KAKOM CO-
OTHOILICHUH HAIPSDKEHUH MPUMEHEHHE JIByXOOMOTOYHOTO aBTOTpaHc(hopMaTopa OKaKeTCs KO-

HOMHYECKH Hauboee BBII'OAHBIM H HO‘ICMY?

3aoanue No5
OnpenenuT HOMUHAIBHYIO MOIIIHOCTH Tpex(a3zHoro aBTOTpaHchopmaropa, a Takke ee
COCTABJISIIONIHE: MOITHOCTH, TIEpeIaBaeMbIe SJICKTPUICCKAM H DJICKTPOMArHUTHBIM MyTSMH, €CITU

Uln=220xB; U2n .= 121 kB u /1/n.=328 A.

3aoanue Nob

Onpenenuts BEIMYUHY HaUOOJBIIET0 BOZMOXKHOTO niepeHarnpsibkenus B cetd CH (B gomsix
OT HOMUHAJIBHOTO (Pa3HOT0 HAMIPSKCHHSI ) IIPU METAITIYECKOM 3aMbIKaHUHU (pa3bl HA 3EMITIO B CETH
BH, ecnu cBsi3b ocymiecTBISIETCsS ¢ TOMONIbIO aBToTpanchopmaropa 220/35 kB. [IpussTh, 9TO
cetu BH u CH paGotarot ¢ paz3emiieHHBIMH HEUTpasiiMu. BO3MOXKHO JIM IPUMEHEHHE TaKOTO

aBToTpancopmaTopa?

3aoanue Ne7

BeiOpath 4ncino, THI 1 HOMUHAJIBHYIO MOLTHOCTbH TPaHC(HOPMATOPOB JUIsl MOHMKAIOIIEH
noactaniuu 35/3,5 kB, npenHasHaueHHON TS SJIEKTPOCHAOXKESHHS TOTPEOUTENe 3 KaTeropuu ¢
MakcuMaibHOU Harpy3koil 11,5 MBT npu cos@p=0,92. DxBuBaneHTHas TemnepaTypa Bo3ayxa: 31-
motii 0 °C, netom +10 °C. CyrouHnsle rpadMKu Harpy30K B 3UMHHUI U JIETHUHA NEPUOJIBI TOJia MPH-

BEJICHBI HA PUCYHKE 2.8.

0y
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Pucynok 2.8 — Cytounsle rpauku Harpy30K B 3UMHHMNA U JIETHUN TIEPHOIBI
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3aoanue Ne8

Bri6path 4ncio, THII 1 HOMHHAIBHYIO MOIIHOCTh TPAaHC(HOPMATOPOB JIJIsl TIOHMKAIOIICH
noncranimu 110/38,5/11 kB, npenHasHaueHHON 7Sl 3TEKTPOCHAOXKEHUs oTpeduTeneii 3 kare-
ropun. MakcumanbHas Harpy3ka cetd CH 6500 kBt npu cos@=0,9, cetu HH—11500 kBT npu Tom
)K€ cos(. DKBUBaJIEHTHas Temmneparypa Bozayxa +20 °C nerom u +5 °C 3umoii. CyrouyHsle rpa-

¢uku Harpysok cereit CH u HH npuBenens! Ha pucynke 2.9.

oy
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Pucynok 2.9 — Cyrounsle rpaduku Harpy3ok cereit CH u HH

3aoanue No9

BriOpath uncno, TUIT 1 HOMUHAJIBHYIO MOIIHOCTh TPAaHC(OPMATOPOB JIJIsl TTOHMKAIOIIEH
noacraniuu 110/38,5/11 kB, npenna3sHaueHHOH A8 syekTpocHaOxeHus norpedureneit 1, 2 ka-
TETOPUH.

MaxkcuManbHas Harpy3ka JUInTbes S 4 U coctanisieT: Ha ctopoHe CH—10 MBT nipu coso =
0,8, ma cropone HH-25 MBT nipu cos¢ = 0,9. IlpenmectBoBaiast Harpy3ka coctasiset 0,7 mak-

CUMAJILHOMH.

Konmponvnwie éonpocwi:

1. O6psacuuTe BBIOOP TpaHCHOPMATOPOB HA MOJCTAHIIMSIX.

2. Yto TaKkoe cucreMaTuyecKue neperpy3Ku?

3. OOBsicHUTE TOHATHE MIECTUTPAyCHOE MTPABUIIO

4. OT 4ero 3aBUCHT IIPOLIECC CTAPEHUS U30JIALNN?

5. M3noxute mopsaoK onpeaeneHus: JoMyCTUMON eperpy3ku Tpanchopmaropa 1mo Kpu-

BBIM Harpy304Hoi criocoOHOCTH B cliy4ae ABYXCTYIEHYaToro pabouero rpaduka
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Ilpakmuueckan paooma Ne3. Asapuiinvie pexcumot padbomol 31eKMPUUECKUX CUCTEM.

Hpoeepka npoeoduukoe HA mepmudecKyro CHOTIKOCM b npu KOpomkKux 3amMblKaAHUAX.

Ienw: IIproOpecTy HABBIK MTPOBEPKH MTPOBOIHUKOB Ha TEPMUYECKYIO CTOHKOCTB mpu K3.

Ocnoevt meopuu:
B oTeyecTBeHHOM MPAKTUKE CTENIEHb TEPMUYECKOT0 BO3eHcTBUS Toka K3 Ha mpoBOAHUKH

H DJICKTPHUYCCKUEC allllapaThl IPUHATO OIIPEACIIATH 110 3SHAYCHUIO UHTETpajia I[)KOYJ'IHZ

OTKJI
0

I'ne ix.t. TOK B IPOU3BOJIbHBI MOMEHT BPEMEHH, A; tpc; — PACUETHAS ITPOIOTKUTEIBHOCTh
K3, c; t — Bpems, c.

be3 cymecTBeHHON NOrpemHOCTA ATOT HHTErPAJI MOKHO MPHUHATH PABHBIM CYMME HHTE-
IpajoB OT NEpUOANYECKON Bk n. 1 anepuoanyeckoil Bk a. ocrapistommx Toka K3, T. e.

Brk. = Bx. n.tBxk. a..

Meroauka pacuera uHTerpaia oy 3aBUCUT OT HCXOJHOU PaCUETHON CXEMBI JJIEKTPO-
YCTaHOBKH, TOJIOXKEHUSI pacueTHOM Touku K3 U ee ynaneHHOCTH OT T€HepaTOpOB, CUHXPOHHBIX
KOMIIEHCATOPOB WJIN 3JIEKTPOJBUTATEIICH.

[Tpu 5TOM BO3MOKHBI YETHIPE CiTydasi (YEThIPE TUIIA PACUETHBIX CXEM):

1. Eciiu ucxomHas pacueTHasi cxeMa uMeeT IIPOU3BOJIbHBIN XapakTep, HO JIs BCEX reHepa-
TOPOB (CHHXPOHHBIX KOMITEHCATOPOB) pacueTHoe K3 sBiisieTcs yaalleHHbIM, T. €. OTHOIIICHUE JeHi-
CTBYIOIIETO 3HAUEHUS MEPUOJIMUECKON COCTABIISIONIEH TOKa JII000Tr0 TeHeparopa (CHHXPOHHOTO
KOMIIEHCATOpa) B HaYanbHbI MOMEHT K3 k ero HOMHHaIbHOMY TOKY HE JOCTUTAET JBYX, TO Y-
TeM MpeoOpa30BaHUs YKBUBAJICHTHON CXEMbI 3aMEIEHUS BCe HCTOUHUKH DHEPTUU (T€HEPATOPHI,
CHHXPOHHBIE KOMIIEHCATOPHI U UCTOUHUKH 0OJiee y/aIeHHON YacTU CUCTEMBI) CIIEAYeT 3aMEHUTD
OJHUM SKBHUBAJIEHTHBIM UCTOYHUKOM, D/]C KOTOPOro CUMTaTh HEM3MEHHOM MO aMIUIUTY/IE, a UH-
JYKTUBHOE COIPOTUBIICHUE PABHBIM PE3YJIbTUPYIOLIEMY SKBUBAJIEHTHOMY COIPOTUBIICHUIO pac-
yeTHOU cxeMbl. [IpuaTom unterpan Jxoyns onpenensercs mo Ggopmyre:

BK. = Irzz.c.ltOTKn. + Ta.r.(l - exp(_ZtOTKJI/Ta.BK.))Jl

rae ln. ¢. — nelicTByroIiee 3HaYeHNE TTEPUONIECKOM cocTaBisonie Toka K3 oT axBuBa-
JIEHTHOT'O UCTOYHMKA SHEepruu (cuctemsl), A; Ta. sx. — TOCTOSIHHAsI BPEMEHU 3aTyXaHUs arnepHo-
JIMYecKol coctapisitonied Toka K3 oT SKBUBaJIEHTHOTO UCTOYHHKA!

Ta. ax.=Xax. (R=0)/(0wRsx.(x=0)),
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rze Xok.(R=0) u Rok.(x=0) — pe3yabTUpYIOLIEe SKBUBAIECHTHBIC COIPOTUBIIEHUS pacyeT-
HOU CXEMBbl, HaliIeHHBIE ITyTEM y4eTa COOTBETCTBEHHO TOJIBKO HHIYKTUBHBIX U TOJIBKO aKTHBHBIX
COIPOTHUBIICHUHN 3JIEMEHTOB 3TOU CXEMBI.

B Tex cayuasx, korna tomxn > 3Ta. sx unTerpan Koy MOXKHO OnpeAensTh o Oosee
npocToii hopmye:

Br.= In. c.(tomxn.*+Ta. ox.) .

Ecnu ncxonnas pacuetHasi cxema COJAEP>KUT OAMH MIM HECKOJILKO OJJTHOTUITHBIX T€HEPaTo-
POB (CHHXPOHHBIX KOMIIEHCATOPOB), IPUYEM TOCIIETHIE HAXOAATCS B OAMHAKOBBIX YCIOBHSX OT-
HOCUTEJIBHO pacueTHOM Touku K3 (Bce MamuHbl WM 010K NPUCOESIUHEHBI K OOLIUM IIMHAM), a
pacuetHoe K3 siBnsieTcst OiM3KUM, T. €. HaYallbHOE JICHWCTBYIOIIEEe 3HaYCHHE EPUOANYECKOI Co-
CTaBJISIIOIIEH TOKA TeHepaTopa (CHHXPOHHOTO KOMITEHCATOpa) MPEBHIIIAET €r0 HOMUHAIBHBIN TOK

B JIBa pasa u OoJsee, To nHTerpan [Koyiis cienyeT BBIYUCIsATh, HCIIOIb3Ys BRIPAKEHUE

BK = IH.O.F.[BK.F.tOTKJ]. + Ta.r.(l - exp(_ZtOTKﬂ/Ta.I‘.))]

rae ln.o.2. — HavanpHOE ACHCTBYIOIIEE 3HAYCHUE IEPUOANIECKOM cocTaBisitoei Toka K3

0T reHepaTopa (CHHXPOHHOTO KoMIleHcaTopa), A; Ta.2. — IOCTOSIHHAsI BpEMEHU 3aTyXaHMs arepu-

. . B
oIM4ecKoi coctapistoniei Toka K3 oT reneparopa (CHHXpOHHOTO KOMIIEHCATOpa), C;  K.2.— OT-
HOCHUTEJIbHBIN HHTErpall /[0y OT reHeparopa,

OTKJL. .2
fo In.t.r.dt

Bir. =

2 )
Ifor.torkn.

rze ln. t. 2. — gelicTByrolee 3HaUeHNE MEPUOJHMUECKON cocTaBistomei Toka K3 ot rene-
paTopa (CHHXpOHHOI'O KOMIIEHCAaTOpa) B IPOU3BOJIbHBI MOMEHT BpEMEHH, A.

3HaueHus: OTHOCUTEIBLHOIO MHTerpajia J[oyns Mpu pasHbIX yJaJIeHHOCTSX pacueTHOM
toukn K3 0T reneparopa (CMHXpPOHHOTO KOMIIEHCATOPA) | o.u0n T. €. PA3HBIX OTHOLICHUSX
HAYaJIbHOIO JEHCTBYIOLIEr0 3HAYEHNs IEPUOANUECKON COCTABIIAIOIIEN TOKA MAIIMHBI K €€ HOMHU-
HaJIbHOMY TOKY, MOTYT OBbITh OIIPEJIEJIEHbI 10 KPUBBIM (pUCYHOK 3.1).

Ipu ., > 3Ta. 2. TPUOAMKEHHO IS BBIYUCICHHS MHTETpaia JI)KoyIisi MOYKHO MCTIONB30-
BaTh popmyiy:

By = Ig.o.r.(BK.r.tOTKn. + Ta.r.)

3. Ecnu ucxoaHas pacueTHas cxeMa COACPKHUT MPOU3BOJIbHOE YHCIIO UCTOUHHUKOB SHEP-
UM, JUIs1 KOTOpBIX pacueTHoe K3 sBnsieTcs yqaleHHbIM, U, KpOME TOT0, TEHEPATOp (CHHXPOHHBIN
KoMIeHcaTop), kKotopslil mpu K3 oka3zpiBaercs cBsi3aHHBIM ¢ Toukoi K3 1o paguanbHoil cxeme u
11st kotoporo 1o K3 siBnsiercss 6mm3kum, To mHTErpan [»oyms OT MepHOJuIeCcKO COCTaBIISIO-

mieit Toka K3 cienyet paccuutsiBaTh 110 hopmyIie

BK.H = (IF%C + ZIH.C.II'I.O.I‘.QK.F. + Il%.O.I‘.BK.F.)tOTKJI'
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rae |, .. — AecTByoIIee 3HaUCHNE TIEPUOIUIECKOM cocTaBstonel Toka K3 oT yaaneHHbIx
HUCTOYHUKOB dHEpruu, A; Qx. 2—OTHOCUTEIBHBIN UHTETPA OT MEPHOJUICCKON COCTABIISIONICH

Toka B Mecte K3, 00ycoBiIeHHOTO IeCTBHEM TeHEepaTopa,

OTKJI.
jo Ingrdt

QK'F' = Inor.torkn. /
B, K
0,0h ~{._!Mge.(Ham)=2
\ _"""‘--___-_._
0,8 QRH
~_| 3
0,7 \\%‘x
N 4
0,8 NN —
N~
0.4 lada.(Ham)
LA EoE s Ll ~
e

Pucynok 3.1 — Kpussie s onpenenenus By.. OT CHHXpOHHBIX T€HEPATOPOB C TUPUCTOP-

HOM CHUCTEMOI BO30YKIEHUS
QK

kﬁﬁ_{me. HoM.):
0.9 =

Nan
N

rLIJ
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0, InozyHom))=8
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Pucynok 3.2 — Kpussle miis onpezeneHus Qx.r. OT CHHXPOHHBIX T€HEPATOPOB C THPUCTOP-

HOM CHUCTEMOI BO30YXKJIEHUS
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3HayeHHe OTHOCUTEIBLHOIO UHTErpana Q. MPU Pa3HbIX YIAICHHOCTSAX PACYETHON TOUKHU
K3 ot reneparopa (CHHXpOHHOI'O KOMIIEHCATOPA) HAXOAT 110 KPUBBIM (PUCYHOK 3.2).

Wurerpan [Ixoyins oT anepuoguueckoi cocrapistomeil Toka K3

BK.H. = Il%c.Ta.s)K.(l - exp(_ZtOTKﬂ/Ta.F.)) + Il?.o.r.Ta.r.(l - exp(_ZtOTKﬂ/Ta.l".)) +

Al 1 1
|1 —exp| —toran (T— + 1/Ta.r.>
- n 1/Ta.r_ a.3K.

a.3K.

Ecnu ucxonnas pacueTHasi cxema COIEP>KUT Pa3InYHble UICTOUHUKHU SHEPTUH, Ul KOTO-
pbIx pacuetHoe K3 siBnsieTcs yaaleHHBbIM, ¥ TPYIITYy OAHOTUIIHBIX 3JEKTPOABUTATENEH (CHHXPOH-
HBIX WM ACHHXPOHHBIX), a pacueTHas Touka K3 HaxoauTcs Ha MMHAX, KyJa MOIKIIOYEHBI dJI1eK-
TPOJBUTATEINH, WM BOJIM3H 3THX IIIKH, TO IIPH OMpeeNieHnu nHTerpaia J»koyms Bce AIeKTPOIBH-
raTeiay JOIYyCTUMO 3aMEHSTh OJIHUM SKBUBAJIEHTHBIM 3JIEKTPOJIBUTaTENIEM, MOIIHOCTh KOTOPOIO
paBHa CyMM€ HOMHMHAJIbHBIX MOILITHOCTEN OTJEJIbHBIX AIEKTPOABUTaTENIEH.

[Tpu 3ToM uHTerpan J>oyis OT anepuoInyecKo U MepruogNIeCKON COCTABISIONINX Clle-
JyeT BBIYUCISATH, KaK U B IPebIayIIeM ciiydae, cornacHo (3.2) u (3.3) unu (3.3 a). Bmecto lyo. T.
U Ta. T. HEOOXOAUMO MOJCTABIATH 3HAUYEHUSI COOTBETCTBYIOMMX BenuuuH Im.o. a. u Ta. n. mns
SKBHBAJICHTHOTO 3JICKTPOABUTATENSI, BMECTO By r. 1 Q. r. B (3.2) — 3HaueHus pyHkumid By 1. 1 Qx.
x. dNeKkTponBurarens. [lociaennue uist CHHXpOHHOTO 3JIEKTPOABUIaTeNsi MOTYT ObITh HalAEHBI 110
KpHUBBIM (pUCYHOK 3.3 1 3.4), a 1711 aCHHXPOHHOTO 3JIEKTPOABUraTENs — I10 KPUBBIM (PUCYHOK 3.5
u 3.6).

[IpoBepka aneKTpuUecKoro annapara Ha TepMHUEcKyto cToikocTh npu K3 3akintouaercs B
CPAaBHEHMH HalJIEHHOI'O ITPU PAaCUETHBIX YCIOBHAX 3HaU€HUs MHTEerpana /Koy ¢ ero 1onycru-
MBIM JJIs1 JAaHHOTO annapara 3HaueHueM Brep. DnexTpuueckuii anmapar yJ10BIE€TBOPSIET YCIOBHIO
TEPMUYECKON CTOMKOCTH, €CIIN BBIIIOJIHSETCS YCIOBUE:!

Bk. < Bmep.

Jlonyctumoe 3HaueHue uHTerpaia JPKoysst 3aBUCUT OT COOTHOIICHUSI MEX]Ty pacyeTHOU
IpOAOKUTENBHOCTRIO K3 toTKII. M MpeaenbHo AOMYyCTUMBIM BPEMEHEM BO3JIEHCTBUS HOPMHUPO-
BAaHHOI'O TOKAa TEPMHYECKON CTOMKOCTHU tTep. HOPM., YKa3bIBAEMbIM 3aBOJOM-U3IOTOBHUTENIEM all-
napata. Eciu totki. > trep HOpM., TO

— 72
BTep. - IT&p-HOpM-tTep-HOPM-
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Pucynok 3.3 — Kpusble aiis1 onpezeneHus ot By.o. CHHXPOHHOT'O 3JI€KTPOBUTATENS

IIpoBepka NpoBOJIHUKOB Ha TEPMUYECKYIO cTOMKOCTh Ipu K3 3akmrodaercs B onpeneie-
HUU MX TEMIEpaTypbl HarpeBa K MOMEHTY OTKIto4YeHMsI K3 u cpaBHEHMM 3TOM TeMIlepaTyphl C
IpesiebHO A0IycTUMOM Temneparypoil Harpesa nipu K3. Ilocnennsis 3aBucuT OT BUAA NPOBOJI-
HUKa, €ro Marepuana u apyrux ¢axropos. HopmupoBaHHble 3HaU€HHS TPEIEIBHO JTOMYCTUMBIX

TeMIIepaTyp HarpeBa pa3HbIXx MpoBoIHUKOB 1pu K3 npusenens! B Tabnuue 3.1.
Qx4
0,9

no2.(HOM.)=P -

/

0,8 —Suf> , 3
S 4
0.7 A\ S5
1 6
0,6 . - B
Inoz(Ham)=7| |
0,5

0 01 02 03 041tcC

Pucynoxk 3.4 — Kpussie mis onpeneneHust Q . 9. CHHXPOHHOTO 3JICKTPOIBUTATEIS

Pacuer TemnepaTypsl HarpeBa IPOBOJIHUKOB K MOMEHTY OTKIr04eHUs K3 BenyT ¢ ucnonb-
. A
30BaHUEM KPUBBIX 3aBHCHUMOCTH 3TOMH TeMIepaTypsl oT GpyHkimu ¥ — (pucyHok 3.7). Pacuer Be-

IyT B CIIEAYIOLIEM MOPSIIIKE:
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J BBIOMPAIOT KPUBYIO, COOTBETCTBYIOIIYIO MAaTe€pHaly MPOBEPSIEMOro IMPOBOJ-

HUKA; 110 3TOW KPUBOM, UCXOAsI U3 HAYaJIbHOM TeMIepaTypbl IPOBOIHUKAY; ONPEACTISIOT HaYallb-

Hoe 3nauenne QpyHxuun Ao, A 2 /MM? ;A n™:

. HICTIONB3Ys M3I0XKEHHYIO BBIIIE METOAMKY, BBIYHCIAIOT 3HAYEHHE MHTErpaja
Jxoyns;

. HAXOJAT 3HaueHne QyHKIHUH Ay .., COOTBETCTBYIONIEE KOHEUHOH TeMIepaType

HarpeBa MpOBOJHUKA Uy, ;

B.kAa

0,8

III|::I
0,6 ﬁxﬂ

0,41 -\_\ \\{JOE(

moa(ﬁ%ﬁ-_
0 0,1 0,2 03 04t,c

Pucynoxk 3.5 — Kpussle nis onpenenenust B x.o. OT aCHHXPOHHOI'O 3JIEKTPOIBUTATENS
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Pucynox 3.6 — Kpussle ais onpeneneHus Qx. . OT aCHHXPOHHOTO 3JI€KTPOIBUTATENS

Ecnu nipu BeIGope ceueHus MpoBOJHUKA ONPEAEIISIONIUM YCIOBHEM SIBIISIETCS €0 TEPMHU-
yeckass CTOMKOCTh pu K3, To MCXO0as M3 3TOro yCiaoBHS IO KPUBBIM Ha pUCYHKE 3.7 HaxXomsT
3HaueHHe (QYHKIUU Aj ron, COOTBETCTBYIOIEE MPEAEIbHO IOIMYCTUMON TeMIIepaType HarpeBa
npoBoIHUKOB Iipu K3, 1 onpeaensioT MUHUMAabHOE CEYeHHE MMPOBOIHUKA, IPU KOTOPOM oOec-

MEYNUBACTCA €0 TCPMUUCCKAA CTOHKOCTE:

34



I N S
1 2 3 4 5Ag A" - 10%/vam®

Pucynok 3.7 — KpuBble 117151 onpeiesieHHs TEMIIEpaTyphbl HarpeBa MpOBOJIHUKOB 3 pa3-
muaHBIX Matepuaio npu K3 1 — MM; 2 — MT; 3 - AM; 4 - AT; 5- AJ10, ACT; 6 — AII31T1; 7
—AII31T; 8 — C13.

3aoanusn:

3aoanue Nol

[TpoBepuTh, OyAET TU TEPMUYECKH YCTOWYHMB TPAaHCPOPMATOP TOKA, YCTAHOBJICHHBIH B
LENU COo cIeAyoUMMH 3HadeHusiMu Toka K3 (mepuoaudeckas cocrapistomias): [ m.0.=60 kA, 1.
0,2=50 kA, In. 0,6=40 xA. ITocTosiHHas BpeMEeHU 3aTyXaHHUs anepuoandeckoro toka T..=0,07 c.
Bpewms otkmouenust K3 cocrasmsiet 0,6 c. Tpanchopmatop Toka Uy.= 6 kB, I, =1000 A, ogHoce-

KYHJTHasi KpaTHOCTh TOKa TepMHUYecKor yctorunBocTH kr = 80.

3aoanue No2

Onpenenutb KOHEYHYIO TEMIIEpaTypy MEAHON HIMHBI IPSIMOYTOJIBHOTO CEYEHHUS C pa3Me-
pamu 40x4 mm?. Tlepuomuueckas cocTaBnsiomas Toka K3 He 3aTyxaer u paBHa 25 KA. Bpems
otkimoueHns K3 2,0 c. [Tocrosinnas BpeMenu anepuoanyeckoro Toka 7a = 0,08 c. 1o K3 TokoBas

Harpy3ka muHbl coctanisiia 0,7 Ioon. Temnepatypa Bo3ayxa pasHa +25 °C.

3aoanue Ne3

[TpoBepuTh TPEX>KMWIbHBIA Ka0enb ¢ OyMaKHON H30JIALUEH, C aTFOMUHHEBBIMH JKUJIaMHU
cedyeHreM 70 MM2 Ha TEpMUYECKYIO ycTONUMBOCTE B pexume K3. Ileproanueckas cocrasistonias
toka K3 - 7 kA (He3atyxaromias), BpeMs otkitouenust K3 -1,5 c. Temneparypa »xumnsl 10 K3 paBaa

50 °C. TenoBbII€TICHHEM OT allEPHOINIECKOT0 TOKa PeHeOpeyb.

35



3aoanue Nod

[TpoBepuThs TepMuueckyto ycroiunBocTs mmH | npu K3 B nenn tpanchopmaropa cod-
CTBEHHBIX HYX] Tc.H. MomHOCThIO 6,3 MBA (pucyHok 3.8).

VY CIOBUIO ITUTENBHOTO PEeXUMa yIOBIETBOPSIIOT ATIOMUHUEBBIE LTUHBI IPSIMOYTOJILHOTO
ceuenus 506 mm2. [lepuonuueckue cocrapisitomue Toka K3 Ha mmnax 10,5 kB cranuuu paBHbI:
oT cuctembl /n.c.=20 KA (He3aTyxaroias), oT Kaxaoro reueparopa /n.o.2.=13,5 kA.

[TocTosiHHYIO BpEMEHM allepUOAUYECKOT0 TOKA I BCeX BeTBeW npuHATh paBHOU 0,07 c;
Bpems otkiroueHus K3- 0,5 c. [lo K3 Harpy3ka muH coctasisiia 65 % gomyctumoro toka. TeMm-

neparypa Bozayxa +25 °C.

()
. il C

|
o
T

105 kB
|

TCH

|
-1 & [-2 ) n ?EF:'

Pucynok 3.8 — PacueTHas cxema

3aoanue No5

Onpenenuth MUHUMAJIbHOE CTAaHJAPTHOE CeueHne KaOes ¢ alFOMUHUEBBIMHU JKUTIaMH Tep-
Mudecku ycroiluusoro npu K3 B nenu, rae nepuonnueckas cocrasistomas Toka K3 He 3aryxaer
U paBHa 7,5 KA. Bpems neiicTBus pesneliHOM 3aluThl B LIENU COCTaBIsET 1,8 ¢, a moIHOE BpeMs
oTkJiroueHud Boeikirouarens 0,15 ¢. Hanpsokenue cetn 10 kB. HarpeBom oT anepuoauyeckoii co-

ctaBisironien Toka K3 npeneOpeus.

3aoanue No6
OnpenennTe MUHUMAIbHOE CEYEHUE TEPMUYECKH YCTOWYHMBOW AFOMUHHEBOM IIMHBI B
1enu CeKIMOHHOTO BhIKMouarenss CB moacranmuu (pucynok 3.9). [lepuonnueckuii He3aTyxaro-

mumii Tok K3 Ha mmnaax 10 kB cocTtaBnsieT: npu AByX BKIIIOUEHHBIX TpaHcopmaTopax 40 kA; mpu
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OJIHOM BKJIFOUeHHOM TpaHchopmarope 28 kA. Bpems otkmouenns K3 -0,6 c. [TocTostHHas Bpe-
MeHH anepuoanydeckoro Toka 0,07 c. JlonoaHuTeIbHO HAMTH, KaK U3MEHUTHCSI HCKOMOE CEYEHUE,

CCJIM IIHMHY BBITOJHUTL U3 MCIOU

C

() :;—

T1 T-2

- c2
ClL JjokB

CB

Pucynok 3.9 — Pacuernas cxema

3aoanue No7

Onpenenurs MakCUMaJIbHO AOIYCTUMYIO IMPOJOJDKUTENBHOCTh K3 B ceTw U3 ycinoBus
obecredenHs TEPMUUIECKON YCTOHIMBOCTH Kabes ¢ aTlOMIHIEBBIME XKIJIAMU cederreM 70 Mm?,
¢ OyMa)XHOM IPONMUTAaHHON M3OJISILIUEN, €CIIM HEe 3aTyXaloUIUil epuoINYECKUi TOK B LIETIH paBeH
8 KA. JIo KOpoTKOro 3aMbIKaHMsl KaOenb OB Harpy»KeH JUIUTENbHO JIOMYCTUMBIM TokoM. Harpe-

BOM OT arnepuonyeckoi coctapismomei Toka K3 nmpenedpeus.

Konumponvnwie éonpocwi:

1. Ot 4ero 3aBUCHUT METOJIMKA pacueTa UHTerpana Jxoymna?

2. B uem 3akiouaeTcs NpoBepKa MPOBOJHUKOB HA TEPMUUECKYIO CTOMKOCTh nipu K37

3. Kak ocymecTBisieTcs pacdeT TemrepaTypbl HarpeBa IpOBOJHUKOB K MOMEHTY OTKJIIO-

yenns K3 ¢ ucmonp30BaHneM KPUBBIX 3aBUCHMOCTH TEMITEPATYPHI OT GyHKIHA Ag.?
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Ilpakmuueckan padoma Nod. Kopomkue 3amvikanus é 31eKmpoycmanoeKax. Inek-

mpoduuamuuecxue CUJIbL 6 IJIEKMPOYCMAHOBKAX.

Heﬂb: Ananmu3 u PaACUCT SJICKTPOAUHAMUYCCKUX HAIrpy30K, ﬂeﬁCTBYIOIHPIe Ha IMMHBI

OcHogvl meopuu:

[Ipu pacuere Harpy30K Ha UIMHBI TOCIEIHUE CYUTAIOTCS IOCTATOYHO JTMHHBIMHU U KOHIIe-
Bble 3 (EKTHI HE YUUTHIBAIOTCS. DIEKTPOJUHAMUYECKHUE HATPY3KH, IEHCTBYIONINE HA MTapallielb-
HBIE IIUHBI, PACTIPEICIICHBI IO IJTMHE PABHOMEPHO.

Jy1st mapajuieIbHbIX IIHH, PACTIONO0KEHHBIX B OJTHOM MIIOCKOCTH, MAKCUMAJIbHbIC 3HAUCHUS

Harpy3oK npu AByX- u Tpexdaszubix K3 nactynator npumepno yepes 0,01 ¢ u pasusl, H/Mm,

Omax. = (xiz/a,
Eciu pa3sMepsl MONEpeyHoro ceyeHms MKH OJM3KHM K PACCTOSHHIO MEXKIY HHMH, TO IIPH
pacueTe Harpy3oK ClAeAyeT yYUThIBATh KodpduimenT GopMbl. B 3ToM ciaydae i INMHHON KOH-
CTpyKIMH Tipu AByxdasnoM K3, a Taxke Ui TPOBOAHUKOB OJHOW (has3bl, COCTOSIIIMX M3 JABYX

QJICMCHTOB, IIPpH JIF000M BHUAC K3 pHauboapmme Harpys3kKu BbIYUCIIAIOTCA KaK:

- 2
q max. — k¢ AN yd/a,
JUis mMH, pacloyIoKEHHBIX MO BEpIIMHAM TPEYTroJbHHKA (B YaCTHOM cCly4yae B OJHOMU
IUIOCKOCTH ), HauOoJbIne Harpy3Kku npu Tpexdaznom K3 HaxonsaTces cornacHo no ¢popmyse:

V3-1077
a

P2
Amax = lyn. * 3

Tabnuna 4.1 — Koadppuument makcumanbHON Harpy3Ku

Koadduiment é MakcuMansHOM Harpy3Kku
Pacnonoxxenue
®daza PesynbTupyro- N3rubaro- Pacrarusaro- Cxxumaro-
IUH
e e e e
B onno# nnoc-
0,93 0,93 0,00 0,00
KOCTH ACB
1,00 1,00 0,00 0,00
(pucyHok 4.1a)
[To BepmmHam
MPSIMOYTOJ1b-
prvoyr A 0,87 0,87 0,29 0,87
HOTO
B 0,95 0,43 0,93 0,07
paBHOOEIPEH-
C 0,95 0,93 0,14 0,43
HOT'O Tpe-
YTOJIbHHKA
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(pucyHok 4.16)

1o BepmmHam

(pucynok 4.1r)

PaBHOCTOpOH- A 1,00 0,94 0,25 0,75
HETO0 TPEYIoJib- B 1,00 0,50 1,00 0,00
HUKA C 1,00 0,94 0,25 0,75
(pucyHok 4.18)

[To BepminHam

PaBHocTOpOH-

Hero Tpeyroib- | A,B,C 1,00 0,50 1,00 0,00
HUKA

3aoanusa:

3aoanue Nel

OHpeI[eJ'II/ITB HauOOJIbIINE pPE3YIbTUPYIOIIHUE U I/I3FI/I6aI-OH_II/Ie QJICKTPOJUHAMHUYCCKUC

Harpys3ku I1pu TpeX(baBHOM K3, I[CﬁCTBymH.[HG Ha OIWHBI, PACIIOJOXCHHBIC B OI[HOﬁ IIJIIOCKOCTHU

(pucyHOK 4.1a), a TaKkKe MO BEPIIUHAM MPSIMOYTOJIBHOTO PABHOOCIPEHHOTO TPEYTrOJIbHUKA (PH-

CyHOK 4.10) 1 paBHOCTOPOHHETO TpeyroyibHUKa (pUCcyHOK 4.1B). PaccTosiHue Mex 1y MHaMH (BO

BCeX KOHCTPYKIHsX) a = 0,4 M, ynapHsiii Tok K3 iy:. = 50 KA.
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Pucynok 4.1 — lllnHHBIE KOHCTPYKIIUU
3aoanue No2
Onpenenuts HAUOOIBIIHE ICKTPOIMHAMUYECKUE HATPY3KH HA MPSMOYTOJIbHBIC ITUHBI,
pacnosokeHHbie Ha pedpo, pu aByxdasHom K3. Ceuenue mmn 80x8 mm, yaapubiid Tok K3 iy, =

20 kA, paccTosiHME MEXy OocsiMU KH npuHATo 160, 80, 48, 32 u 16 Mm.

Konmponvnuvie 6onpocot:

1. Kakue npuHUMAIOTCS JOMYIIEHUs Ul pacyeTa Harpy30K Ha IHUHbI?

2. Kak BiusieT B3aMMHOE pacrojokeHue a3 Ha IeKTPOAUHAMUYECKHUE Harpy3Kku?

3. Kak onpenenstoTcss MakcCuMalbHble 3HaUeHUs Harpy3ok npu K3 mms:

* [TapaynenbHbIx mMH. Yepe3 kakoe Bpems HacTynaer?

* JIns muH, pacnoiOKEeHHBIX MO BEpIIMHAM PAaBHOOEAPEHHOIO MPSMOYIOJIbHOIO Tpe-
yroJbHUKa?

* JInst uH, pacnoI0KEHHBIX 110 BEPIIMHAM PaBHOCTOPOHHETO TPEYTrOJIbHUKA?

4. Ilpn kakoM pacrnoJOXKEHUH IIUH S3JIEKTPOAUHAMUYECKHUE HArpy3ku OyayT MHUHHU-
MaJIbHbI?

5. Kak BiugioT pacCcTodHUud MEKAY (1)8.38.MI/I Ha 3JICKTPOANHAMUYCCKUC Hal"py3KI/I?
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Ilpakmuueckan paooma Ne5. Kopomkue 3amvikanus 6 rnekmpoycmanosxax. Ilpo-

6€pPpKa WUHHbBIX Koncmpylcuuﬁ Ha 9J1el<mp00unwnuuec1<ylo CHOIIKOCHLb.

Iens: IIprnoGpecty HABBIKK MPOBEPKH IIUHHBIX KOHCTPYKIIMIA

Ocnoevt meopuu:

VY cnoBus 2IEKTPOANHAMUYECKOW CTOMKOCTH U30JIATOPOB U IIUH U PACYETHASI CXeMa IIUH-
HOW KOHCTPYKIIUH.

DNEeKTPOAMHAMUYECKON CTOMKOCTHIO IIMHHOM KOHCTPYKIIMM Ha3bIBAETCS CBOMCTBO KOH-
CTPYKLUHU BbLAEPKUBATh 0€3 MOBPEXKIECHUN MEXaHUYECKUE BO3ACHCTBUS, CO3aBaéMble TOKaMHU
K3.

[IInHHAs KOHCTPYKLMS CUMTAETCS DJIEKTPOAUHAMMUYECKU CTOMKOH, €CJIM MaKCUMaJIbHOE
pacyeTHOE HANPSHKEHUE B MATEPHAJIC IIMH Gpacy. © MAKCUMAJIbHBIEC PACUETHBIC HAIPY3KH HA U30-
AATOPBI Fpacy HE IPEBOCXOAAT TOMYCTUMBIX 3HAUEHUH, T. €.

0O pacu- = Goon-»
Fpacu- < Foon.-

CornacHo IIYD (mpaBuio ycTpoiicTBa 3J€KTPOYCTAHOBOK) AONYCTHUMOE HaIpsKEHUE
ooon. ipuHUMaeTtcs paBHbIM 70 % BpEeMEHHOTO CONMPOTHUBIIEHUS Pa3phIBY (Mpezena MPOYHOCTH)
MaTepuaia IuH 08, T. €.:

ooon. =0,70s..

Jlonyctumas Harpy3ka Ha u3oisaTop Foon. npunumaercst papHoit 60 % oT MUHMMAaNbHOM

paspy1aroniei Harpy3ku Fpasp. IpUI0KeHHOH K FOJI0BKE U30JIATOPA, T. €.
Foon. =0,6 Fpasp.

J111 COBpEMEHHBIX OTOPHBIX (CTEP’KHEBBIX ) U30JATOPOB 6...35 KB ¢ BHyTpeHHel 3a/1enKoit
apMaTypsl (pHCYHOK 5.1a) paccrostnre H mpuMepHO paBHO BbIcOTE n3osstopa Hus. s uzossro-
poB 110 kB (a Takxe HEKOTOpBIX TUIIOB U30JATOPOB 10...35 KB) ¢ BHEIIHUM KpeIJIEHUEM apMa-
TypHI (pUCYHOK 5.10) onacHoe cedeHue MPOXOUT IO BEPXHEH TOPILIEBOI MOBEPXHOCTH OITOPHOTO
¢aH1a, 1715 ONMOPHBIX IITHIPEBBIX U30JISITOPOB (PUCYHOK 5.1B) — MPOXOAMT MO MIIOCKOCTH COE/IU-
HEHUS 4yT'yYHHOTro WTHIpsS U (papdhopoBoro rena.

B kauecTBe pacueTHON CXeMbl HIMHBI IPUHUMAIOT OaNKy, 3alIeMJICHHYIO WM IAPHUPHO
ornepTyro Ha onopsl (Tabauna 5.1). PaznuuaroT cienyrone OCHOBHBIE THITBI INUHHBIX KOHCTPYK-
IIUI ¥ COOTBETCTBYIOIINE UM PACUETHBIE CXEMBI:

[IInHHBIE KOHCTPYKLIUU € pa3pe3HbIMU LIMHAMU, AJUHA LEIbIX (WIN CBapHbBIX) YYaCTKOB

KOTOPBIX paBHA JUIMHE MpoJjieTa. PacueTHol cxeMol mposieTa TaKUX KOHCTPYKIUH CITyKHUT Oanka
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C IIApHUPHBIM onMpanueM (cxema 1, Tadmuna 5.1). OObpIYHO pacyeTHOM cxeMe | OTBeYaroT IIHMH-
Hble KOHCTpYKUMHU HanpspkeHueM 110 kB u Bbime.

[IuHHBIE KOHCTPYKIUH C Pa3pe3HbIMH IIMHAMH, JJIMHA KOTOPBIX paBHA JUIMHE ABYX IPO-
netoB. PacueTHas cxema mposieta Takol KOHCTPYKLUHU IPEACTaBisieT co00il Oanky ¢ MKEeCTKUM
onvpaHueM (3alleMJIeHHEM) Ha OJHOM M IIApHUPHBIM ONMpPAHUEM Ha Jpyroil omope (cxema 2).
OTH KOHCTPYKIMU UHOTAAa HaxosaT npumeHenue B PY 110...220 kB, pexe — 1o 35 kB.

MHoronposieTHbIe KOHCTPYKIIUU ¢ HEPa3pe3HbIMH (LI€TbHBIMH WJIM CBAPHBIMH) ITMHAMHU.
CpenHue npoJieTsl OIIMHOBKH OTBEYAIOT PACUETHOH cXeMe OAIKHU € KECTKUM OIIMpPaHUeEM (3aleM-

neHueM) Ha obOeunx omopax (cxema 3). KoncTpykiuu mupoko ucnonb3yiores B PY mo 35 kB.
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Pucynok 5.1 — K onpenenenno 10nycTUMBIX Harpy30K Ha U30JISITOPBI
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Omnops! muH (T. €. U30JIATOPHI U OCHOBAHUS, HA KOTOPBIX OHU KPEMATCs) B pacyeTax Mpu-
HUMAIOTCS YIPYTONOAATINBBIMH HIIM a0CONIIOTHO JKeCTKUMH. Kak mpaBuiio, Omopsl MOKHO CUH-
TaTh aOCOJIOTHO JKECTKUMH (HE yyacTByIOUIMMHU B Konebanusx npu K3) B PY nanpspkenuem 1o
35 kB BkmtountenbHo. B PY nanpsbkenuem 110 kB u BbIme pacuer 37eKTpOJMHAMUYECKOM CTOM-
KOCTH HIMHHBIX KOHCTPYKIIMH ClIeJlyeT MPOBOJUTH C YUE€TOM YIPYroi MOJATIMBOCTU Onop (U30-

JISITOPOB).

3aoanusn:

3aoanue Nel

[IpoBepuTh Ha MEKTPOJMHAMHUECKYIO CTOMKOCTh HIMHHYIO KOHCTPYKIHIO B LIETIH TPAHC-
dopmatopa cobctBeHHBIX HYX)A TOL (pucynok 1.4). IlIuHBI pacnosioskeHbl BOJAHOH IJIOCKOCTH,
paccrosiaue Mexnay ¢azamu, a = 0,7 M; amuHa nposera mmHel 1=1,2 M. CoryiacHO pe3ysbraTam
pacueToB (cM. mpakTudeckoe 3aHsaTHe 1, 3amava 4) B enu Tpanchopmaropa cCOOCTBEHHBIX HYXT
BHIOpaHBI AIFOMUHUEBBIC IUHBI TPsMOyToNibHOTO ceueHust 100x6 mm. Macca mmubl m = 1,612

kr/M [ 1, Tabauiel 7.2]. Y napusii Tok K3 B a10it nenu iya. = 249,1 kA.

3aoanue No2

OmnpenenuTs MapKy aTFOMHHHAEBOTO CIIaBa, U3 KOTOPOTO W3TOTOBIICHBI IIUHBI, U TUTI H30-
JSITOpa MUHHOM KOHCTPYKIHHU, (pa3bl KOTOPOW PACHOIOKEHBI MO BEPIIMHAM IMPSMOYTOIBHOTO
PaBHOOEIPEHHOTO TPEYTOJIbHHUKA (CM. PUCYHOK 5.10).

[IuHBI UMEFOT MOJIBIA MPOQHITH C KAHATOM KBAJPATHOTO CEUCHHUS «TpyOa KBaJpaTHas».
BricoTa crenku mmHbl hl = 60 MM, TommuHa S = 4 mm. [nuna nponera | = 1,5 m; paccrosinue
Mexny ¢gazamu a = 0,5 M. Yaapusiii Tok K3 65 kA. HomuHaneHoe HanpsikeHHE 3JIeKTpoycTa-

"HoBKH — 10 kB.

3aoanue No3

Onpenenuts KOJIMUYECTBO IPOKIIAA0K B IBYXIIOJIOCHOM IIMHE U MAPKY U30JISTOPOB I OT-
KPBITOTO TOKOIIPOBOJIA B deKTpoycTaHoBKe 10 kB.

[IIuHBI H3rOTOBIIEHBI U3 TEXHUYECKOTO amoMuHus Mapku AJ[0. CedeHne 0HON TOJIOCHI
nakera muHbl s=h * b=100 * 10=1000 mm2. ®a3bl TOKONPOBOIA PACIIOIOKEHBI B OJHOH TOpHU-
30HTaAJIBHOM MI0cKOCTU. PaccrosiHue mexay dazamu a=1,5 M. [loockl makeTa yCTaHOBJIEHBI HA
U30JIATOpax Turanms (IIMPOKOH CTOPOHOM). PaccTosiHIE MEXTy OCSIMH TTOJTOC MTaKeTa IMIWHBI a3. =2

* b=2 - 10=20 mm. /InimHa nponera munb! 1=1,5 M. Y napusrit Tok K3 iy0. = 50 kKA.
3aoanue Nod
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Onpenenuts HauOONbIINE HATPY3KU HA U30JSATOPBI U HAaMOOJbILINE HAMPSHKEHUS B MaTe-
puaiie muH xectkoi omrHoBKH OPY 110 kB npu ynapaom toke K3 50 KA.

Bbruucinte HanboNMbIINI AOMYCTUMBIN yaapHbIi Tok K3 1o ycnoBHio 35eKTpojuHaMuye-
CKOM CTOMKOCTH 3TOW KOHCTPYKLIMH JJIsI PELLICHUs BOIIPOCA O BO3MOKHOCTU COXPAHEHUsI YCTaHOB-
JICHHBIX M30JATOPOB U IIHWH IIPU PACIIMPEHUH PACIPEACIUTEIBHOIO YCTPOMCTBA U YBEIUYEHUHU
ypoBHs TokoB K3. TpyOuarbie MIMHBI KOJBLEBOIO CEYEHMs] BHEIIHUM auameTpoM D = 90 mm,
BHYTpeHHUM — 0 = 80 MM M3TOTOBJICHBI U3 ATFOMHUHHUEBOTO ciijlaBa Mapku 1915T (Moayis yrpy-
rocti £=7,1 = 1010 ITa, mnotHOCTH 0 = 2770 Kr/M3). KOHCTPYKIIHSI CMOHTHPOBaHA U3 pa3pe3HbIX
miH. [IJTMHa [esoro yyactka paBHa JiuHe nposieta |= 9 M. da3bl pacmnookeHsl B OHOM (ropu-
30HTAJILHON) TUIOCKOCTH. PaccTosiHre Mexmy ocsMu MIMH CMEXHBIX (a3 a = 1,4 m. [1luns! ycra-
HOBJICHBI Ha U30JIIIIMOHHBIX OMOPax (KOJIOHHAX ), COOPAHHBIX U3 TPEX OMOPHO-IITHIPEBIX H30JIs-
topoB tuma OHIII-35-2000 YXJI1 (cMm. pucynok 3.1r). Paspymiaroias Harpys3ka H30JsTOpa
Rpazp. = 20 000 H. Macca onopsl Mon. =134 xr. BeicoTa kaxaoro uzonstopa Rusz. = 400 mm,

BbIcOTa Bceil onopel Hon.=1200 mm.

3aoanue Ne5

[TpoBepuTh PMEKTPOAMHAMUYECKYIO YCTOWYMBOCTD AIIFOMHUHHUEBBIX MPSIMOYTOJIBHBIX IIUH
ceyenrem 80 8 Mm2. I1IuHbI 3aKkperyieHbl Ha 30 TOPAX TUIANIMS, PACCTOSTHUE MEXTY OcaMH (a3
a =70 cm, poné€t mexay u3onsropamu =120 cm. HauaneHblil nepuoguueckuii TOK TpEXPasHOro

K3 cocraBnser 40 kA; mocTossHHas BpEMEHM 3aTyxaHMs anepuoaudeckoro toka 7a. = 0,05 c.

3aoanue Neb

[IpoBepuTh 2IEKTPOAMHAMUYECKYIO YCTOMYMBOCTD IIMHHON KOHCTPYKIWH, BBIIIOJTHEHHON
B BHJIE ABYXIIOJIOCHOTO TIAKETa U3 aTFOMHHUEBBIX IIKH ceuenreM 100x8 Mm2. PaccTosHue MexK Iy
dazamu a =70 cm, nponér mexay uzonsropamu 1=120 cm, PaccrosiHie Mexay mpokiaakamu [n.

=40 cm (cM. pucyHok 5.2). Y napusriii Tok K3 B menu cocraisier 75 KA.

I, =40 cm 40 40
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Pucynok 5.2 — [lIuHHast KOHCTPYKIIHS
3aoanue No7
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HaliT MakcHMaJIbHO JOIYCTHMOE PAcCTOSHHUE MEXKAY HMPOKIaaKaMu |,. IBYyXIOIOCHOTO
nakera u3 MenHbix mMH ceyeHueM 100 10 mm2 (pacrnosiokeHue mUH Ha pucyHke 5.3). [Iponér
MexIy u3onsTopamu paBeH 140 cm. HawanbHblil nepuoandeckuii Tok Tpéxdasnoro K3 cocras-
nset 50 kA. IlocTositHHAst BpeMeHHM 3aTyxaHusd anepuoandeckoro Toka Ta.= 0,08 c.

b=1 cm 60 60
- > >

i I Pl

Pucynok 5.3 — K pacuery 3amaun 7

Konmponwvusie eonpocwi:
1. Yro Ha3bIBaETCA, SICKTPOIUHAMHYECKON CTOMKOCTHIO IIIMHHBIX KOHCTPYKIIHI?
2. Kakas mHHas KOHCTPYKITUS Ha3bIBACTCS AICKTPOMHAMUYECKU CTOUKON?

3. Hepe‘II/ICHI/ITC OCHOBHBIC THUIIBI IIMHHBIX KOHCTPYKI_[I/Iﬁ " COOTBCTCTBYIOIIUEC UM PACUCT-

HBIE CXEMBI?

4. KakoB MopsAI0K pacyeTa 3JIeKTPOIMHAMUYECKOW CTOMKOCTH M30JIITOPOB U IIUH, Pacio-

JIOKEHHBIX B OJHOM INIOCKOCTH?
5. KakoB nopsiiok pacueTa COCTaBHBIX IIWH?

6. KakoB nopsijok pacdera muH, (a3bl KOTOPHIX PACIONOKEHBI [0 BEPIIMHAM TPEYroJib-

HUKa?

7. KakoB nopsiIoK pacyeTa MIUH C yIpyronoJaTIuBbIMU OIOpaMu?
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Ilpakmuueckas padoma Neb. Inekmpuyueckue annapamol u moKogeoyuwjue 4acmu.

Buioop eviknouameneii.

Iens: IlpnoGpectu HaBBIK pacyeTa U BbIOOpa BBIKIIIOYATENeit

OcHogvl meopuu:

JUi 3aIIUTHI JIEKTPUYECKUX CeTel U 3IeKTpoodopyaoBanus 10 1 kB oT HeHOpMaNbHBIX
PEKUMOB MPUMEHSIOT aBTOMAaTUYECKNE BBIKJIIOUATENH, IIJIABKUE MPEIOXPAHUTENN U Pa3INYHbIC
KOMOMHHMPOBaHHbIE alapaThl.

[IpenoxpanuTenu AemIeBIIe U MPOIIE B KCIUTyaTalluy, YEM aBTOMATHI, HO aBTOMATHYECKUE
BBIKJIFOUATEIIH 110 CPABHEHUIO C IPETOXPAHUTEIIAMH UMEIOT PAJl IPEUMYIIECTB: MIPU MEPErpy3Kax
u K3 otximrouaror Bce (asbl 3alMIAEMON CETH M UCKITIOYAIOT HEOHHO(Da3HbIE PEKUMBI; YMEHb-
MIAIOT JUTUTEITBHOCTD MPOCTOS SIIEKTPOYCTAHOBOK; OoJiee Oe30MacHbl B 00CTYKUBAaHHH.

ABTOMATHI IPUMEHSIOT IPU UCIOIb30BAaHUM CPEJICTB U YCTPOUCTB aBTOMATUKHU U B CIIy-
YasiX HeOOXOJIMMOCTH aBTOMATHYECKOIO WM JAMCTAHIIMOHHOTO YIpaBJieHHs, ObICTPOro BOCCTa-
HOBJICHUS HAIIPSKEHUS U IIPU YACThIX aBapUUHBIX OTKIFOUECHUSX.

B npyrux ciydasx pekoMeHAyeTcsl IPUMEHSATh NHEPLUOHHbIE U O€3MHEPIIMOHHBIE IIPE10-
XPaHUTENH, IPU FTOM UHEPLHUOHHOCTh MPEJOXPAHUTENS BHIOMPAETCS B 3aBUCUMOCTH OT Xapak-
Tepa Harpy3ku. Ui MCKIIIOUEHMs HAaNoJIMO(pa3HBIX PEXMMOB NMPUMEHSIOT MPEIOXPAaHUTETH C
0JI0K-KOHTaKTHOM B COUETaHMH C ITyCKATEISIMU UM KOHTaKTopamH. [lepcrieKTHBHBI OTYIPOBO/I-
HUKOBBIE (3JIEKTPOHHBIE) 3AIUTHO-KOMMYTALIMOHHBIE U MyCKOPETYJIMPYIOIUE YCTPOUCTBA: TH-
PUCTOPHBIE BBIKJIIOYATENH, TyCKATENIN, CTAHIIMN YIPABICHUS U T.II.

Ecnu a1 3auThl 37IEKTPUUECKUX CeTel U 3J1eKTpooOOpy10BaHuUs BEIOpaHbl aBTOMaTHYe-
CKH€ BBIKJIKOYATEIHN, TO HA OTBETBJICHUIX OT PacIpelelIUTENbHBIX YCTPONCTB U MUHOIIPOBOIOB
PEKOMEHIYETCsl IPUMEHATh YCTAHOBOYHBIE aBTOMAThl HA HOMHHAJIbHBIE TOKU A0 630 A. ABTO-
MaThl MMO/ICTAHIIMOHHBIE YCTAaHABIMBAIOTCS HA TPaHC(HOPMATOPHBIX U MPEOOPa30BaATEIbHBIX MO~
cTaHIUAX pH Tokax Bbie 400 A.

ITpu otHOCHTENBHO GonbIIMX TOKax K3 pekoMeHayercs IpUMeHATh OJ0K «aBTOMaTHue-
CKHH BBIKJIIIOYATEIb-TIPEJOXPAHUTENBY. B 3TOM ciydyae npeaoxpaHuTeNnH OTKIYaroT Toku K3,
OJIM3KHE 110 BETWYMHE K OJTHOPA30BOM MPeIeTbHON KOMMYTAIIMOHHON CITOCOOHOCTH aBTOMATa.

Menbmme Toku K3 oTKITI04a0TCS aBTOMAaTHYECKUM BBIKITIOUATENIEM.

CornacHo TpeOOBaHUSAM MPABUI YCTPOUCTB AeKTpoycTaHOBOK (ITYD) kpome 3aiuThl OT
K3 Bce HU3KOBOJIBTHBIE CETH JODKHBI OBITh 3alIUILEHBI OT Ieperpy3ku. K HUM OTHOCHT:

a) CETH, BBIITOJIHEHHBIE OTKPBITO MPOJIOKEHHBIM KaOeleM BHYTPHU JIOOBIX MTOMEIIEHUH;

0) OCBETUTEIBHBIE CETH, HE3aBUCUMO OT CIIOC00a MPOKJIAIKU MPOBOJIOB U Kabemei;
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B) CHJIOBBIE€ CE€TH MPOMBIIUIEHHBIX IPEITPUITUN;
') CETU BO B3PHIBOONACHBIX TOMEIICHUSX.
B uenom ycioBus coriiacoBaHusi XapaKTEpUCTUK alllapaToB 3alllUThl (MpeoXpaHuTeIeH

¥ aBTOMAaTOB) C CEUYECHUSMHM MPOBOIOB M KaOeliel 3alUIaeMbIX CeTei, MOKHO 0000ITUTh B BU/IE:

.- K, <I

a 3 — Q!
rac I a -~ HOMUHAJIBHBIA TOK WX TOK Cpa6aTBIBaHI/ISI arrapara 3alluThlI, A; K ;- KPaTHOCTDb

JO0IMYCTUMOI'0 AJIUTEIIBPHOT'O TOKA 110 OTHOIICHUIO K HOMHUHAJIBHOMY TOKY (I/IJ'II/I TOKY Cpa6aTBIBa-

HUS1) anmnapar 3amuThl, %.

3HaueHue K3 HopMupytorcs [TV D B 3aBUCMMOCTH OT YCIOBHM OKpYXKaroIIel cpeibl, TUIa

amnmnapara 3al{iThl, H30JIALHUU TPOBOAOB U Kaleneil. Takum oOpa3om, BEIOOP MpeAoXpaHUTENeH U
aBTOMATOB JJIs 3alIUTHI ceTell HampspkeHuSeM 10 1 kB TecHo cBs3aH ¢ BEIOOpOM ceTeit MpoBOI0B

U xa0een.

3aoanusa:

3aoanue Nel

Jlnia mpuBeneHHoit snextpudeckoit cxemsl TOL (pucynok 1.4 wacts 1) MmomuocThio 2110
MBT BbIOpaTh BBIKJIIOUATENH B CIAEAYIOIINX TPUCOSANHEHUSX !

1) i PY10 kB — tpancdopmaropa CH TCH 1;

2) renepatopa G1;

Havansubie nepuoaunueckue Toku K3 Ha mmHax 220 kB (touka K1), mmuax 10 kB (Touka
K2) u 3a nunelinpiM peakTopom (Touka K3). Pezynbrarel pacueroB TokoB K3 1 mocTossHHOH Bpe-

MeHu Ta. mpuBeAeHbI B Ta0uIE 6.1.

Tabnuua 6.1 — Pacuer TokoB K3 u noctosiHHO#M Bpemenu 7a

HaunmenoBanue BeTBu Touxka K3 lno KA Ta
PY220 xB K1 4.8 0,028
orGl 4,5 0,41
Ot cuctemsr u G2 K2 44.8 0,13
PY 10 kB KaGenbHast muHus C
peakTopom K3 15,6 0,185
PB10-1000-0,35

3aoanue Ne2

I[To ycnoButo 3agaun 1 BEIOpATh BRIKIIOYATENb B IPUCOCTUHEHNN KAOEIbHOMN TUHHH.
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3aoanue Ne3

[To ycnoButo 3anaun 1 BeIOpaTh BBIKIIOUATENb B IprcoeanHeHnn 1t PY220 kB.

3aoanue Nod

[IpoBepuTh Ha TEPMUYECKYIO YCTOMYMBOCTH BBIKJIIOUaTeNb B B menu Tpanchopmaropa
cBsA3M (cM. pucyHoK 6.1). Ilepuoauueckas cocrasistomas Toka rnpu K3 B Touke K cocrasnser: ot
cucreMsl Im.c. = 7,8 KA (He3aTyxarIluii TOK); OT KakJ10Tr0 reneparopa In.o = 6,3 kA, Im.o.1 =4,6
KA, In.0.4 = 3,8 xkA. [locTositHHBIE BpeMEHU allepuoMYeCcKoro Toka: aig cucteMsl Ta.c. = 0,05 c,
nis reneparopa Ta.r. = 0,1 c. Bpems orkmouenust K3 — 0,4 ¢. Tok TepMrUUecKOl YCTOMYHUBOCTH

BBIKJTIOUaTeNs (necaTuceKyHanbii) 10kA.

3aoanue Ne5

BriOpaTh aBTOMaTHuecKuid BhIKIIOUaTeNb 1is 3amuThl tuauu 0,38 kB, npucoenuuénnoi
k TI1-10/0,4 kB moutHOoCcThIO 160 KBA. MakcumanbsHas Harpy3ka muHud [p.max. =90 A. K nuxun
MOAKIIOUYEH JIEKTPOABUTATEND C [H. 0. =25 A ¥ KpaTHOCTBIO IMYCKOBOT0O Toka Kn. = 7, ocTanbHas
Harpy3Ka — OCBEIlleHHE U AJIeKTpoHarpeB. HoMuHanpHas MOIIHOCTh CAMOT'O KPYIHOTO MOTPeOu-
tens — 35 A.

ITpu pacuére TokoB K3 momyuenst pe3yiabrarsl: 1(3) k.max. = 1400 A; I(3) k.n. = 560 A,
1(2) k.min. =280 A; 1(1)k.min. =200 A.
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Pucynok 6.1 — K pacuery 3agaun 4

KOHmPOJleble eonpocol:

1. KakoBo Ha3zHaueHue BBIKJIFOYATENS?
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2. ITo xakuM yCIIOBUSIM BHIOUPAIOT BBHIKJIFOYATEIb?

3. KakoBbI yci1oBuUs MPOBEPKU BBIKIIIOYATEINS 1O BKJIIOYAIOIIEH CIIOCOOHOCTH?

4. KakoBbI yCI0BHS IPOBEPKH BHIKIIIOYATENS HA CAMMETPUYHBIN TOK?

5. [To KakKMM COOTHOUIEHUSIM OIPENENIAETCS BO3SMOXKHOCTb OTKIIFOUEHHSI allepUOANYECKON
cocraBirtroniei Toka K3?

6. UTo 3HaUUT COOCTBEHHOE BpeMSs OTKIIIOUEHUS BIKIoUaTesns. Kak onpenensercs?

7. OT 9ero u KakuM 00pa3oM 3aBHUCAT yCIOBHUS MPOBEPKU BHIKJIIOYATENS] HA TEPMHUUECKYIO
CTOMKOCTB?

8. Kak u kakue BBIKIIOYATENM MPOBEPAIOTCA IO MapaMeTpaM BOCCTAHABIMBAIOIIETOCS

HanpspKeHus?
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Ilpaxmuueckas paboma Ne 7. Inekmpuueckue annapamosl u moKogeoyuiue 4acmu.

Buwioop pazveounumeneii.

I]ens: IlpnbpecTu HaBBIK pacueTa U BHIOOpA pa3beUHHUTENCH.

OcHogvl meopuu:

PazpenHuTeNN ABIAIOTCS MPOCTEUIIMMHY KOMMYTALMOHHBIMHU anmnaparamu. OHY IIpegHa-
3HA4YEHbl B OCHOBHOM JJISl Pa3bEIMHEHUS OTKIIOYEHHBIX 4aCTeH 3JEKTPOYCTAHOBOK C LIEJIbIO CO-
3IaHUS] BUIMMOTO pa3phiBa i obecnieueHust 0€30MacHOCTH IPU PEMOHTHBIX paboTax. Pa3benu-
HUTEJIM MO>KHO HCIOJIb30BaTh TaKXKeE JJIs OTKJIIOYEHMSI M BBIKJIFOUEHUS HEKOTOPBIX 3JIEKTpUYE-
CKuX Lemnei ¢ Tokom. M3-3a Manoi oTkIIr04aoneil crnocoOHOCTH pa3beIMHUTENH (Y HUX HET Jy-
TOracUTENIbHBIX YCTPOMCTB) MOTYT OTKJIIOYATh TOJIKO HEOOJbIINE TOKU. Pa3beiMHUTENN MOTYT
CHA0KaThCS TOMOIHUTEIbHBIMU 323EMJISIOIMMHI HOXKaMU. [ J1aBHBIMU U 323eMJISIOLIMMU HOKAMU
YIPaBJISOT 00BIYHO MPU MOMOIIU PYYHBIX (PhIYa)KHBIX ) IPUBOIOB.

JUis BHYTpEHHHX 3JIEKTPOYCTaHOBOK HampspkeHueM 10 kB Hanbosee 4acTo MCNONB3YIOT
pazbenuuuTenu tuna PB-10.

PazbenunuTenu st Hapy>KHOM YCTaHOBKH JJOJKHBI IMETh M30JISLIUI0, PACCUUTAHHYIO JUIS
paboThl B HEOJIATOMPHUSTHBIX YCIOBHIX OKPYKAIOIIEH Cpebl (3arpsi3HEeHUs], BJlara, CHET'), a TaKxkKe
001a1aTh MOBBIIIEHHOW MEXaHNYECKOI MPOYHOCTHIO B CBSI3U C BO3MOXKHOCTBIO 00pa30BaHMs Io-

JJoJI€Ja Ha KOHTaKTax.

3aoanusa:
3aoanue Nel
Bri6paTh pa3beIUHUTENb Ha YUacTKe AJIEKTPOYCTAaHOBKH, YKa3aHHOM B Ta0numax 7.1, 7.2

Y Ha pucyHke 7.1.

1 3 Ul s e 9 L) 11
T
)
. 4 AT 10 12
TCHrpez
T1 T2 T3 T4

© ©

Tl ra I3
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Pucynok 7.1 — Pacuetrnas cxema

Tabnuna 7.1 — Texauueckue JaHHBIE JIEKTPOYCTAHOBKHU

BAPUAHT 1 2 3 4 5
LIuHbI, BBIKIIOYATENH, Pa3b- 10 34 - - 9-10
€/IMHUTEIH, YIaCTOK
Hanpsxenue, Uy 220 220 220 110 110
kB U, 330 500 500 220 220
Mo1HoCcTh Il --- --- 253 1175 1175
T'eHEePaToOPOB, 12 --- --- --- 253 253
MBA I3 353 - - 253 253
MomHoCTE T1 - 40 --- 32 32
TpaHchopMa- 172 - - 250 125 125
TOPOB, T3 400 - - 250 250
MBA T4 --- --- --- 250 400
Mo1uHOCTB
aBTOTpaHC- AT --- --- --- 250 250
dbopmaTopa
Toku K3 na i 9,5 11 11 12,8 10,2
BEIOpaHHOM iy 26 30,2 30,2 35 27,9
y4acTke, int 7.8 9,8 9,8 10,1 8,3
KA fat 7 10 10 11 91
Bpewms neit-
CTBHUA 3a- ty 0,1 0,25 0,2 0,25 0,2
HIUTBI, C
Bpewms or-
KITFOUECHUS
Lomien 0,08 0,08 0,08 0,08 0,08
BBIKJIFOUaTe-
JIeH, ¢
Paccrosinue
Mexay da- L 7 5 5 3 5
3aMH, M

Tabnuua 7.2 — TexHu4eckue JaHHbIe JIEKTPOYCTAHOBKU

BAPUAHT 6 7 8 9 10
IIuHbI, BRIKIIOYATEIIH, Pa3beIHHN-
1-2 3-4 5-6 7-8 9-10
TEJH, YIaCTOK
U1 110 110 110 110 110
Hanpsxenue, kB

U, 220 230 220 220 220

Mo1HoCTb reHepa- Il --- 117,5 -—- -—- -—-
topoB, MBA 12 - --- --- --- ---




MoIHOCTb TpaHc- T 32 125 -
(hopmaTopos, 72 32 125
MBA 73 ---
Mo1HocTh aBTO-
AT --- 125 250
TpaHCchopMaropa
i 12,5 12,5 10 10,2 12,5
Toxu K3 Ha BEIOpan- )
Iy 34 34 31,6 27,9 34
HOM y4acTke, ]
Int 9,6 9,6 8,5 8,3 9,6
KA
iat 10,2 10,2 9,0 91 10,2
Bpewms geiictBus 3a-
tq 0,2 0,2 0,1 0,2 0,2
HINTHI, C
Bpems oTkimoueHus
. tomi 0,08 0,08 0,08 0,08 0,08
BBIKITIOUATENIEH, C
PaccrosHue Mexy
L 3 3 3 5 3
(hazamu, M
3aoanue Ne2

[TpoBepuTh PNMEKTPOANHAMHYECKYIO YCTOHYUBOCTD pa3zbenunutess P1 B nenu tpanchop-
MaTopa CBs3H (CM. pUCYHOK 7.2). HauanpHO€E 3HaU€HKE IEpHOJUUYECKON COCTABIIAIOIIEH TOKA TPEX
¢aznoro K3 B Touke K paBHBbI: 0T cuctemMsl 8,5 KA, oT kaxkaoro reveparopa 1o 7 KA. IloctosHHble
BPEMEHM 3aTyXaHHs alEpUOAMYECKOro Toka: mans cucrembl Ta.c. = 0,05 ¢, mis rereparopa
Ta.r.=0,1c. HoMuHaIbHBIN TOK 3JEKTPOAMHAMHYECKON YCTOHYMBOCTH pa3beIUHHUTENS COCTaB-

et 80 KA.

EI1Y

Pucynok 7.2 — PacueTHas cxema
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3aoanue Ne3
Ornpenenutb KaKUM HOMHUHAIBHBIM TOKOM JIEKTPOJUHAMUYECKON YCTOMYUBOCTH JIOTKEH

o0nanate pazbenuHuTENb P2 B cXeMe Ha pucyHKe 7.2 NpUIaHHBIX 3a7a4uu 2.

Konmponwsnwie eonpocwi:

1. ITo KaKuM YCIIOBHSIM BBIOMPAIOT Pa3beIUHUTEIN?

2. [Tpu momoIM Kakux MPUBOJOB MOKHO YIIPABIISITh PA3bEAUHUTEIISIMU?

3. O0BsiIcCHUTE KOHCTPYKIUIO pazbeaunuTencii tuma PB-10/400, PJIHAA-1-10, PJIH-35.
4, KakoBO Ha3HAYCHHUE Pa3beIUHUTEIICH?

5. Kakue tpeboBaHus TPEeIbABISIOTCS K KOHCTPYKIMSIM Pa3beAMHUTEIIS?

6. B 4em cocTouT Ha3HAYCHHE 3a3EMIISIFOIIINX HOKEH?

7. B ueM COCTOUT OTJIMYME BBLIKJIIOYATENS OT pa3’beI[I/IHI/ITeJ'I$I?
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Ilpaxmuueckas paboma Ne 8. Inekmpuueckue annapamosl u MoKogeoyuiue 4acmu.

Buoibop usmepumensnuvix mpancgopmamopos moka u HanpaxiceHuil.

Iens: TlpuoOpectu HaBBIK BBIOOpPA U3MEPHUTENBHBIX TpaHC(HOPMATOPOB TOKA U HAMpsKe-

HUMH.

OcHoebl meopuu:
Bri6op u3mepurenbhbix Tpancdopmaropos Toka (TT) mpoBOAAT MO CIELYIOMIUM YCIIO-
BHSAM:
Unom. = Ucemu nom.; lnom. = lnopm. pacu. ;
Kn.- Inom. > npoo. paycu. = \pab. ué. ; ioun. > iyo.
N2V Tnom. koun. > iyo. ;

|2mep. tmep. > Bx.

(17rom. Kmep. )2 “tmep. = BK. ;

[Tpu BEIOOpE HOMMHAIBHOTO MEPBUYHOTO TOKA lHom. cienyeT yduThIBaTh BO3MOKHOCTh
neperpy3Ki HEKOTOPBIX TUIIOB TpaHchopmaTtopoB Toka Ha 10—20 %, 94To OroBOpeHo B KaTajiorax
Ha TpaHc(hOpMaTOpPHI TOKA.

3HayeHrne HOMHHAJIBHOTO BTOPUYHOIO TOKAa YHU(UIIMPOBAHO U paBHO 5 A (pexe 1 u 10
A).

Knacc Tounoctu mamepurensHoro TT BbIOMpaAIOT B COOTBETCTBUU C €r0 HAa3HAUEHUEM.
Ecnu k TT noakiarogaroTcst pac4eTHbIE CUETYMKH AIEKTPOIHEPTHH, TO KJIACC TOYHOCTH €ro paboThl
NoJkeH ObITh He Huoke 0,5. Eciau moaxiioyaroTes TOJIbKO IUTOBbIE 3JIEKTPOU3MEPHUTEbHbIE 10~
Ka3bIBaroIlye NpUOOpPHI, TO JOCTATOUEH KJIacC TOYHOCTH 1, a MHOra (aMIepMeTp B LIEMH CEeKIH-
OHHOT'O WJIM IIWHOCOEAUHUTEIBFHOTO BBIKIIOYATENS) MOKHO MPUMEHUTH TpaHCc(OopMaTop ToKa ¢
KJIACCOM TOYHOCTH 3.

st Toro uyto6s TT paboTan B BEIOpaHHOM Kjlacce TOUHOCTH, Harpy3ka ero BTOPUYHOMN

LIeNU HE I0JKHA MIPEBBIIATh HOMUHANIBHYIO, T. €. IpH |2nom. = 5 A Harpy3ka BTOpUYHOM LIETIH:

2 = 12200m. 22 =25 72 < S2uom..

Pacuernas Harpy3ka Tpancdopmaropa Toka (Z2pacu.) CKIaIbIBaeTCs U3 HArpy3KH H3Me-
pI/ITCHBHBIX HpI/IGOpOB nu HOTCpB MOIIITHOCTH B HpOBO[[aX N KOHTAKTax. CyMMapHOC COHpOTHBHeHHe
KaTyIIeK MPUOOPOB, MOCICIOBATEIHHO BKIFOUEHHBIX BO BTOPUYHYIO II€Mb TpaHChopMaTopa TOKa
(ZXnpub.), NOACUNTHIBAIOT B COOTBETCTBUH CO CXEMOW MX BKJIFOUCHUS M pacIpeeeHus 1o ¢a-
3aMm. [Ipu cOCTaBICHUU TPEXJIMHEHHOW CXEMbI BKIIOYCHUS H3MEPHUTEILHBIX MPUOOPOB HEO0OXO-

MO YYUTBIBATh CXEMY BHYTPEHHUX COCTUHEHUN TPUOOPOB.
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ConpoTuBieHue MPOBOJAOB BTOPUUHOM LIETIH 3aBUCUT OT JUIMHBI TPACC MPOKIAIKH IPOBO-
10B lmp., cedenust mpoBOIOB S M CXEMBI COSIMHEHUS TPAaHC(HOPMATOPOB TOKA.

[Tpu BbIOOpE MaTepuana MpPOBOAOB (C MEAHBIMHU WM ATIOMUHUEBBIMU KHJIaMHU) HE00XO0-

2
JIUMO YYHMTBIBATh, YTO KOHTPOJIbHBIC Ka0eau ¢ MeaHbIMU xmiiaMu (p = 0,0175 Om-MMm~/Mm), nipu-
MEHSIOT BO BTOPHUYHBIX LIEMSAX MOIIHBIX 3JICKTPOCTAHIMNA C BbICIIUM HamnpsbkenueM 220 kB u

BbIIIe. BO BTOPUYHBIX LIEMSAX OCTAIBHBIX 3JEKTPOYCTAHOBOK HCIIONB3YIOT KaOeln ¢ allloOMUHHUE-

BbIMU sxuiamu (p = 0,028 OM'MM2 ™).

CeueHus MPOBOJHUKOB BBIOMPAIOT B COOTBETCTBHU C TPEOOBAHUSIMU TOYHOCTH H3MeEpe-
Hust. [Ipu 9TOM pyKOBOJCTBYIOTCS CICAYIOLHM.

1. TIpoBo JOKEH YAOBJIETBOPSTH TPEOOBAHHUSIM MEXaHUUYECKON MPOYHOCTH, MTOITOMY

IIPH HAJIMYWH B ICTIH PACYSTHBIX CYCTUNKOB CEUCHHUE MEIHBIX TIPOBOJIOB JIOJKHO OBITh HE MCHEE
2 2 N
2,5 MM~, a aIFOMMHHUEBBIX — HE MeHee 4 MM*; JJIsl IIenel ¢ U3MEepUTEIbHBIMU pubopamu (0e3

2
C‘leT‘lI/IKOB) MCIHBIC IIPOBOJa JOJDKHBI UMCTh CCUCHUC HC MCHEC 1,5 MM , a AJIIOMHMHUCBBIC — HC

2

MeHee 2,5 MM~

2. CeueHue ImpoBoOaa AOJIKHO OBITH B35TO OOJIBIIIE MHUHHUMAJIbHOI'0, YAOBJICTBOPAOLICTO

. 2
TpeOOBaHUIO MEXaHUYECKON MPOYHOCTHU (ceueHue Oompine 6 MM~ He npumensiercs). Ctanaaprt-

2

HBIE CEUCHMUsI )KUJT KOHTPOJBHBIX Kabeneit: 1,5; 2,5; 4; 6 MMm™.
U3 ycnoBust gomyctumoit Harpy3ku Ha TT s obecriedenust ero paboThl B BHIOpaHHOM
KJIacCe TOYHOCTH CIEAYET, YTO COMPOTHBICHNE IPOBO/IA
Znpoe . < Z2nom. - LY npub — Lxonm.,
s =p Ipacu. | rnpoe.,
rJe p — yAeNbHOE CONPOTHBICHHE MaTepHana npoBoaa; lpacu. — pacyernas ammHa mpo-
BOJIa, 3aBUCAINAS OT CXEMbI COSTMHEHHS TPAaHCPOPMATOPOB TOKA (PUCYHOK 8.1).
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Pucynok 8.1 — Cxembl coegHEeHUs TpaHC(HOPMATOPOB TOKA U U3MEPUTEIBHBIX TPUOO-
POB: a — BKJIIIOUEeHHUE NMPHUOOPOB B 0/1HY (ha3y, O — BKIIIOUEHHE TPUOOPOB B HEMOIHYIO 3BE31Y, B —

BKJIIOUEHHE IPUOOPOB B 3BE311Y
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JnHa coeMHUTEIBHBIX TIPOBOJIOB OT TpaHChopMaTopa TOKa J0 MPUOOPOB (B OJUH KO-
Hen) lmp. (ammHa Tpaccer) 10KHA OBITH M3BECTHA U3 IMPOEKTA PACIIPEAEIUTEIBHOIO YCTPOHCTBA

¥ muTa ynpasieHus. OpUeHTHPOBOYHO Imp., M, (1711 OJIHOI 1IeNH B OIMH KOHEII) COCTABIISICT:

3aoanus:

3aoanue Nol

OnpenenuTb CEYEHHE MEIHBIX COCIMHUTEIbHBIX POBOOB BTopuyHoi 1ienu (TT), ycra-
HOBJICHHBIX Ha BBojie 10 kB B PY moxacrannuu no cxeme, npuBeeHHON Ha pucyHke 8.2. TpaHc-
dbopMaTopsl TOKA TOJDKHBI UMETh Kitace TouHoctu 0,5. PaccTosiHue Mexy Tpancopmaropamu
TOKa, ycraHoBieHHbIMU B PY 10 kB, u muToM, Ha KOTOpOM yCTaHOBIEHHI nprOopsl, 20M (110

Tpacce). ConpoTHUBIIEHNE EPEXOTHBIX KOHTAKTOB pruHUMaeM 0,10m.

10xB
a B oc o AR
BB A [y
{;
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I

Pucynok 8.2 — Cxema BKIIIOUEHHS U3MEPUTENBbHBIX TPUOOPOB

3aoanue Ne2
Bri6path TpancopmaTtop HanpsoKEeHUs, K KOTOPOMY MOJIKITIOYEHBI H3MEPUTENbHbBIE TTPH-

OOpBI IO cXeMe PUCYHOK 8.3, eclii OH JIoJKeH paboTaTh B kiacce TouHoctH 0,5. Hanpsokenue

cetu 6 kB.
Wa W
AB C o = R _Wh
| 990 (P
Pucynox 8.3 — Cxema BKiIFOYeHHS TPHOOPOB
3aoanue Ne3

Bri6path TpancopmaTop HampspKeHHs Ha COOpHBIX MIMHAX mojactaHuuu. [loncranmus ¢
MOCTOSTHHBIM JISKYPCTBOM TIEpCcOHaja. Y CTaHOBJIEHHAss MOIITHOCTh TpaHcdopmaropos 2x40 MB

A.
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3aoanue Nod
Bri6pats TpanchopMaTop TOKa M HAMPSHKCHUS JJ1s1 IPUCOCINHEHUS H3MEPUTEIBHBIX MTPU-
0opos B 1ienu rereparopa TBD-63-2, BkimoueHHoro Ha cOopubie muHb 10,5 kB. HMcnons3oBaTh

CXeMy Ha pucyHke 8.4.

Ha LIy
I
Fl
| PA PA PA PA
- ) s fa a
- I'q.:: - I 1 A=, -,
Q aE uE
_.--"'IIII
TAl

il s
LS

-
[
Ty
T
-
T
L

:
=

C:} PV
@

Pucynok 8.4 — Cxema BKIIIOUEHHS U3MEPUTENIBHBIX PUOOPOB reHepaTopa

Konmponwsuwvie sonpocoi:

1. Kak u3MeHseTcs NOrpelHocTh TpaHc(hopMaTopoB TOKA U HAMIPSKEHUS IIPU YBETTMUYEHUH
JUIMHBI KOHTPOJIBHOTO Ka0eJsl, COSAMHSIONIET0 UX ¢ U3MEPUTEIbHBIMU IpubopaMu?

2. JInis KaKoW 1eNi MPUMEHSIFOTCSI H3MEPHUTEIbHBIC TIpeoOpa3zoBaTeNn (JTaTINKN)?

3. B uém 3aximrouaeTcs MpenMyIecTBO n30MpaTeIbHOTO H3MEPEHHS (M3MEPEHUS TI0 «BBI-
30BYy») Ilepe]] MHAUBUAYaIbHBIM U3MepeHueM?

4. Kax BbIOMparoTcs TpaHc(hOpMATOPhl TOKA M HAMPSDKEHUS IS IPUCOETUHEHUS K cO0p-
HbIM 1muHaM 10,5 kB?

5. Kak npoBepstoT TpaHcGopmMaTop TOKa U HANPSHKEHUS 110 BTOPUYHON Harpyske?

6. Kak BeIOMpaeTcst Kj1acc TOYHOCTH U3MEPHUTEIHHOTO pubdopa?

7. Kakue cxemsl coeunenust TT ObiBaroT?

8. Kak BeIOMpaloT ceueHne mpoOBOJHIUKOB?

9. B uém 3akirodaeTcst 0COOCHHOCTH pexknmMa padoTsl U KoHCTpyKiwmu TT nu TH?

10. Ha3oBuTe OCHOBHBIE TUIIBI TPAaHCPOPMATOPA TOKA M HATPSIKEHUA?
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Ilpakmuueckasn paboma Ne 9. Inekmpuueckue annapamsl U moKogeoyuiue 4acmu.

Buoioop mokoozpanuuusarouux peakmopoe.

I[ens: Ilpno6pectu HaBBIK BHIOOpPA TOKOOTPAHHUMBAIOIINX PEAKTOPOB

OcHogvl meopuu:

Orpanunuenue TokoB K3 B pa3InyHbIX y3/1aX 3JIEKTPOIHEPTETUYECKOM CHCTEMBbI BaXKHO IS
OTpaHHYEHUS MOCIEICTBUN aBapUid, JIsi CHHXKEHHUSI CTOMMOCTH alllaparypbl U IPOBOJAHUKOB pac-
[IPEEIUTEIbHBIX YCTPONCTB.

dusznyeckas CyTb METOJI0B orpaHuyeHusi TokoB K3 3akitodaercs B MCIOJIB30BAHUU J0-
MOJIHUTEJILHOTO COMPOTUBIICHHMS B Lienu Toka K3, HeoOxoaumoe 3HaueHrne KOTOpOoro 3apaHee Mo-
KeT ObITh PACCUUTAHO.

BBenenune 1ononHUTEILHOTO COPOTUBIEHUS B Lienb Toka K3 ocymiectsisercs mubo ycra-
HOBKOH CHEIUaJIbHBIX allapaToB — TOKOOTPAHUYMUBAIOIINUX PEAKTOPOB, JIMOO CO31aHUEM HCKYC-
CTBEHHO yIJIMHEHHOTo ImyTH Ais TokoB K3. EcTecTBEHHO, UTO YCTaHOBKA PEaKTOPOB TpedyeT /10-
MOJIHUTENIbHBIX 3aTpat. [lanee Oyaer moka3aHo, UTO yCTAaHOBKA PEAKTOPOB B Psijie ClIydaeB HE BCe-
raa >gdexruBaa. [loaTomy BeIOOp cpencTB orpaHudeHus TOKOB K3 OKOHYATENBbHO pemiaercs
JIUIIb TEXHUKO-IKOHOMUYECKUM COIIOCTABIIEHUEM BapHAHTOB.

IIpu cpaBHeHHM cnocoOoB orpaHuyeHHs TOKOB K3 BaKHO MpaBMIIBHO BBIOpAaTh MECTO
YCTaHOBKH JIOIOJIHUTEJIBHOTO CONPOTHUBIICHUA. B nieanbHOM ciiyyae myTH LMPKYJISALMH TOKOB
HOpMaJibHOTO pexnmMa U K3 He coBnagaroT, u 106aBOUYHOE CONPOTHBIIEHUE OTPAaHUYMBAET
tonbko Toku K3 (Hanpumep, cexunonusiii peaktop I'PY 10 kB TOII). Ho B peanbHbIX yCi10BHUIX
4acTo 4yepe3 JOMOIHUTEIbHOE COPOTUBICHHUE TAK)XKE MPOTEKAIOT TOKU HEABAPUHHBIX PEKUMOB,
4TO CONPOBOXKAAETCS JOMOJHUTEIbHBIMU MOTEPSAMHU HampspKeHUs: (JIMHEHHbIE peakTophbl, peak-
TOpBI B IIENIH TPaHC(HOPMATOPOB CBSA3H MOJCTAHLIUHN U IP.).

[ToaToMy "acTo MPUMEHSIIOT YCTPOICTBa, o0ecreunBaroIIe MEHbIIINE TOTEPU HampsKe-
HUS B HOPMAJIBHOM peKUME (CABOCHHBIE PEAKTOPBI, TPAHCPOPMATOPHI C pacIeINIEHHBIMU OOMOT-
KaMH HU3LIETO HANpPsHKEHUs ), HO JOCTAaTOYHO OOJIBIIIOE COMPOTUBIICHUE I 3P PEKTUBHOTO Orpa-
HuyeHus: TokoB K3.

B psne cnydaeB HONONMHUTENBHOE CONPOTHBIIEHHUE B Lienu Toka K3 ynaercs coznmare w3
CYILIECTBYIOIIUX 3JIEMEHTOB CETH ITyTEM:

* OTKJIIOYEHUS ceKIIMOoHHOT0 BEIKIIoUaTeas PY 10 kB I1C;

* oTkroueHus npu K3 cekunonnoro Beikmouarens ['PY 10 kB TOL;

* OTKJIFOUCHHUSI ITUHOCOEIMHUTETHbHOTO BhIKTIouaTes (LLICB) mpu nBoliHOM cucTeme MMH

OPY 110-220 kB ¢ ¢pukcupoBaHHBIMU TPUCOCTUHEHHUSIMHU;
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* OTKJIFOUYEHHS CEKIIMOHHOTO BBIKITIOUaTENs cucTeMbl cOOpHBIX mH OPY T10-220 «B;

* co3aHus yaJinHeHHoro mytu TokoB K3 uepes cets 110-220 kB u nip.

[lepenoc momepedHBIX CBSA3EH MEXAy TeHeparopamMH Ha Ooyiee BBICOKOE HAaIpsHKeHHE
TaKXe MPUBOAUT K CHUKeHUIO TOKOB K3. IIpu Tex ke ycinoBusx Ha HanpsbkeHuu 6 kB monepeu-
HBIE CBSA3M HEOCYIIECTBUMBI.

YcTaHOBKa CEKIIMOHHBIX PEaKTOPOB Ha CTOpOHE Hu3IIero HampspkeHus Ha 1IC manosg-
¢dexTrBHA. TUMOBBIM SBISETCA MPUMEHEHHE pa3ebHONH padOThl CEKLIMI Ha CPEAHEM U HU3IIEM
HANpPSDKEHUSAX U BBEJEHUE Ha HU3LIEM HANPsHKEHUH JOMOJHUTENBHBIX CONPOTUBJICHUN B IEMb
toka K3, mocienoBatesibHO ¢ 00OMOTKaMH TpaHCPOPMATOPOB (PEaKTOPOB, TMHEHHBIX PETYIHUPO-
BOUHBIX TpaHcopmaropos). s cxem IIC xapaktepHo coBnaneHue myreid TokoB K3 u TokoB
HOPMAaJIbHBIX PEXKUMOB. DTO MOCTYKUIJIO IPUYMHOMN IIMPOKOr0 UCIIOJIb30BAaHUS CIBOCHHBIX peaK-
TOPOB B LEMAX TPaHC(HOPMATOPOB, UMEIOIIUX B HOPMAILHOM PEXKHUME CHIKEHHBIE TOTEPH HaIPsi-

JKCHHUA B CpaBHCHHUHU C OAMHAPHBIMU PCAKTOpPaAMMU.

3aoanusa:

3aoanue Nol

OnpenenuTts HaNpsDKEHUE (B MPOLIEHTaX OT HOMUHAIBHOTO HAIIPSKEHHSI peakTopa) Ha Bbl-
BOJIaX Pa30MKHYTOH BETBH CABOESHHOTO pEaKTopa, KOT/a 1o IPYTroil BETBU MPOTEKALT:

a) TOK, paBHBII JIMTEIbHOMY HOMUHAJIBHOMY TOKY peaktopa mpu cos¢ = 0,8;

0) TOK KOPOTKOT'O 3aMbIKaHUs (TIPH MOBPEXKICHUH HEMOCPECTBEHHO 3a PEAKTOPOM).

Tun peakropa PBAC-10-2x600-6, ko3¢ durment cps3u 0,5, HanpsHkeHHe Ha IWHAX MUTa-

HUS IPUHATHh HEM3MEHHBIM U paBHbIM 10,5 kB.

3aoanue No2

OnpenenuTts, NpU KaKOM 3HaAUYCHUM KO3(pUILIMEHTa CBSI3U HANPSIKEHUE Ha Pa3OMKHYTOM
BETBH CJIBOCHHOI'O PEAKTOPA MPU KOPOTKOM 3aMBIKaHHWH Ha BBIBOJAX APYrOW BETBU HE MPEBOCXO-
JIUT JAOIYCTUMOM BEIVYHHBI, paBHOU 1,5 0T HOMMHAJIBHOTO HaIpsKeHUs peakropa. Hanpsokenune
Ha IIMHAX NUTaHWS PUHATh HEU3MEHHBIM U paBHBIM 1,05 0T HOMUHAJIBHOTO HANIPSKEHUS peak-

Topa.

3aoanue No3
[Ipu HEem3MeHHOM TOKOBOH May3e B Ijieue 2 CABOCHHOTO PeaKTopa, paBHOM HOMUHAIBHOMN
npu cos¢ = 0,8, onpenenuTs MOTepU HANPSHKEHUS B 00€UX BETBSIX IS CIEIYIOIIUX BapUaHTOB
TOKOBOM Harpy3ku mieua 1:
a) 11 = In. ipu cosep = 0,8;
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6)11=0,5* Iu. npu cosp = 0,9;

B) 11 =0;

koa(durment cBsa3u pasex 0,6.

HapucoBats rpabuxu AUI % = f(11/ In.) u AU2% = f(I1/ In.) 1 IOSACHUTH XapaKTep UX

HU3MCHCHUA.

3aoanue Nod
Jan peaktop tuma PBAC-6-2x1000-8. PacimdpoBarh MapKy peakTopa U BEIYUCIHTH €T0
COIIPOTHBIJICHUE (B TMPOICHTaX) B PEXHMax CKBO3HOW, OJHOILCITHOW M TMPOJOJHLHOW TOKOBBIX

Harpy3ok. Koadumnuenr ces3u pasen 0,46.

3aoanue No5

Tok KOpOTKOIr0 3aMbIKaHUs Y HOTPEOUTENS MIPEAIIOIAraeTCsl OTPAaHUYHUTh C TIOMOLIBIO JIU-
HENHBIX IPYNIOBbIX cIBOEHHBIX peakTopoB THHa PBAC-10 no Bennuunsl 13,5 kKA. Onpenenutsb
napaMeTpsl peakTopa Npyu MaKCUMaJIbHO BO3MOYKHOM UHUCIIE JIMHUU, TOAKIIOYaEMbIX K €ro cOop-
KaM, UCXO0/1 U3 TOT0, UTO MOTEPsl HAMIPSKEHUS B peakTope B (JOPCHPOBAHHOM PEXHUME HE JI0JKHA
npeBbIath 4 %.

HanpspkeHne MCTOYHMKA MUTAHUS CUATATh HEM3MEHHBIM U paBHbIM 1,05 oT HOMUHAaNb-
HOT'O HampsHKEHUs! peakTopa, CONPOTUBICHUEM MUTAIOIKX Kabenel npeHeOpeub. Koaddunnent
mourHocTH — 0,85, pabounii Tok ¢popcupoBanHoro pexxuma auHuU — 250 A. Koadduumenr cszu

CABOEHHOTO peakTopa npuHsTh 0,5.

3aoanue No6

BrisiBuTh 11€51€C000pa3HOCTh yCTaHOBKM cekiMoHHoro peakropa (CP) LR1 B I'PY 10 kB
TOI ¢ reneparopamu tTuna TBP-63-2EVY3 (pucynok 9.1).

WUcxonHble maHHBIE:

I'enepatopoB: Prom. = 63 MBT; Unom. = 10,5 kB; cos ¢ = 0,8; Ta. = 0,247 ¢; Xd.nom.=
0,136.

TpaHc(hOopMaToOpoOB CBSI3U:

Stwom. =32 MB - A,n=115/11 kB, Uk. = 10,5 %.

cuctembl: Sk. = 5000 MBA; munuii: | = 30 kM, Xyo. = 0,4 Om/xMm;

Harpy3ok: Pue.l = Pue.2 =35 MBT, cos gne. = 0,87.
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Pucynok 9.1 — [IpunnunuaneHas cxema TOL]

Cytounble rpaduKy Harpy3KU MIPUBEACHBI HA PUCYHKE 9.2
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Pucynok 9.2 — Cyrounsble rpaduku BbIpabOTKH FreHepaTopaMu

Kaxnapiii cmoco6 orpanuuenus TokoB K3 Hambonee sddexTuBeH i ONpeneaeHHOro
YPOBHSI MOILHOCTEH, paclpelesieMblX B y3Ji€ JaHHOTO HampsbKeHHs. PaccMoTpuM BapuaHT ¢

yctaHoBko# B ['PY 10 kB TOL] cekumoHHOro peakropa.

3aoanue Ne7

BeusiButh 3¢ exruBHOCTS U 1enecoobpaszHocts yeraHoBku CP LR1 B I'PY 10 kB T3I] ¢
arperaramu 2x110 MBTt (cMm. pucyHok 9.1). Ucxomubie nanHbIie: reHeparopoB tuna TBD-110-
2EVY3: Puom. = 110 MBt, U nom. = 10,5 kB, Inom.. =7,56 kA, cos pnom.. = 0,8, x"d. (nom..) =
0,189, Ta.. = 0,41 c. Tpaucpopmarops! Tuna TP/IH-80000/110: Srom.=80 MBA, n = 115/10,5
kB, Uk. = 10,5 %; cucremsr: SKk. = 5000 MBA; nunwmii: | = 60 kM, Xyo. = 0,4 Om/km; Harpy3ok 10
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kB: Pur.= Pur2 = 35 MBT, cos ¢n.e. = 0,87. Cyrounsle rpaduku Harpy3ku TpUBEICHBI Ha

pucyHke 9.3.
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Pucynok 9.3 — Cyrounsie rpadguku Harpy3ku cetu 10 kB, Bkto9as COOCTBECHHBIE HYXIBI

DL

3aoanue No8
Jlia yenoBuii 3anaun 1 npu Hanuuuu CP BeIOpath nuHelHbIe peakTopsl (JIP) Ha oTxoxs-
mux kaOenbHbIX JUHUAX 10 kKB MecTHOM Harpy3ku.

HcxonHble maHHbBIE DI KaOeJIbHOM CeTH:

. YHCIIO pacipenenuTenbHbix myHKToB (PII) 16;
. kareropus norpeoureneii [ u II;
. BCE€ JINHUU PE3EPBUPOBAHBI;
° mmna nuauit ot I'PY 10 kB no PIT 2 km;
. B JIMHHUHU TIPOJIOKEHBI KaOeIH ¢ alFOMUHUEBBIMU KUJIAMU CEUEHUEM
s =150 mm?;
. MaKCHUMaJIbHas Harpy3ka Kaxaou nojacraniuu Pmax.= 5000 kBt npu

cos ¢ = 0,87, Tmax.= 5600 u;

° MUHHMAaJIbHOE cedenue kabeneit, orxomsmux ot PIT, cocrasmsier 70 Mm? (asrromMu-
HUEBBIE JKWIIBI ), HA JIMHUSAX YCTaHOBIIEHBI BeIKItoYarenn tTuna BMII-10-20/630Y3 (lomka.nom. =
20 kA);

° HayaJbHOE 3HAYEHUE NMEPUOINYECKON COCTABIAIONIEN HaYalbHOro Toka K3

. Ha cOopHbix muHax 10 kB TOL (cm. 3amauy 1) /no = 64,01 xA;

° MOJTHOE BpeMs OTKItoueHHs Toka K3 BeIkitouarensimu, yctaHoBIeHHbIMH Ha PIT,

tomxn. = t3awy. 1 + te. omxn. = 0,6 c;
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° BBIKJIIOUYATEIAMH OTXOAAuX oT TOL kaOenbHbIX TUHUN
tomin. = t3au.2 + te. omxn. = tzaw. 1 + At + té. omxn. =0,6 +0,5=1,1 c.

° Bri6pats JIP Ha otxomsmmx ot TOLl kabenbHBIX JTUHUSIX.

J Urto0b1 00ecrieunTh Ha/leXKHYIO paboTy kabenbHoi cetn B ycnoBusax K3 Ha kabenb-
HBIX JUHUAX, otxoasammx oT ['PY 10 kB TOL, ycranasnmusatorcst JIP. [[ns sToro HeoOxoaumo
BBITIOJITHCHHUE YCIIOBHI:

° Tok K3 nomkeH ObITh MEHBIIIE HOMUHAILHOTO TOKA OTKJIIOYEHHS BBIKJIIOUATENEH
KaOeJIbHOW CeTH, YCTAHOBJICHHBIX HA TOJIOBHOM YYacTKe KaOEIbHBIX JIMHUN U Y IOTPEOUTENCH.

° Tox K3 nomkeH ObITh MEHBIIIE TOKA TEPMUUYECKONW CTOMKOCTH KaOeen,0TX OASAIIIIX
ot I'PY 10 kB T21l, u xabenei, orxomsumx oT coopHsix mmH PII morpeduTens.

. Yposenb TokoB K3 Ha cOopubix mmHax ['PY 10 kB TOL, cHukeHHbIH 3a cyeT ycra-
HOBKHM CEKIIMOHHOTO pPEaKTOopa, OMpEeesseT 3HAUCHHE COMPOTHBIICHUS JTMHEWHBIX PEAKTOPOB.

CnenoBatenbHo, yctaHoBKa CP obGnerdaer ycinoBust K3 miist kabenbHO ceTH.

Konmponvuwie eonpocwi:

1. B uem 3axmouaercs puznyeckasi CyTh METO/I0B OrpaHuueHus TokoB K3?

2. Kakue ycTpoiicTBa 00€ecreqnBa0T MEHBIINE MMOTEPH HANPSIKEHUS B HOPMAJIBLHOM pe-
Kume?

3. B kakux ciaydasx yaaercst co3AaTh JONOIHUTENBHOE COPOTUBIEHUE B Lienu Toka K37

4. [ToueMy ycTaHOBKa CEKIIMOHHBIX pEaKTOPOB Ha cTOpoHe Hu3lIero HanpspkeHus 11C ma-
no3¢dexTuBHa?

5. BiusiHue ceKIIMOHHBIX PeakTOpoB Ha orpaHudeHue TokoB K3. BrisiBienue obnactu Lie-
J€c000pa3HOro MPUMEHEHHs CEKLIMOHHBIX PEaKTOPOB.

6. Omnpenenenue 1eecooOpasHOCTH YCTAaHOBKH CEKIIHOHHOTO PEAaKTOPa II0 MUHUMYMY 3a-
Tpar.

7. BnusHue TMHEHHBIX peakTOPOB Ha orpaHuyeHne TokoB K3.

8. OreHka IOCTOMHCTB U OIpejesieHre o0iacTi npuMeHeHus 61049Hoi cxembl TOL kak
cpeacTBa orpannyeHus TokoB K3.

9. Orpannyenne TokoB K3 Ha [1C.
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5. Yueono-memoouueckoe u ungpopmayuonnoe odecneyenue OUCYUNIUHbL

5.1 Ilepeuenv 0cHo8HOI U OONONHUMEILHOU TUMEPAMYPbl, HEOOX00UMOU 0 0C80e-
HUA OUCUUNIUHDL

5.1.2 Ilepeuens ocnognoil iumepamypul:

1. ®ununmosa, T.A. OnTuMu3anus peKUMOB AIEKTPOCTAHIIUNA U YHEPTOCUCTEM : y4eO-
Huk / T.A. ®wmmnmnosa, FO.M. Cunopkun, A.I'. Pycuna ; MuarCcTepcTBO 00pa30BaHUS U HAYKU
Poc-cuiickoit deneparun, HoBocuOupckuii rocy1apcTBEHHBIN TEXHUYECKUM YHUBEPCUTET. - 2-€
u3a. - HoBocubupcek : HI'TY, 2016. - 359 c. : cxem., ui. - bubmuorp.: ¢. 349-350 - ISBN 978-5-
7782-2743-9 ; To xKe [DnexkTpoHHbII pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=438316

2. Kyneesa, JL.U. [IpoektupoBanue nojacranuuu : yueonoe nocodue / J.U. Kyneesa, C.B.
MuTtpodanos, JI.A. CemenoBa ; MunuctepcTBo oOpazoBanus u Hayku Poccuiickoii @ene-panuu,
Open6yprekuii ['ocynapctBennsiii YauBepcuter. - OpenOypr : OI'Y, 2016. - 111 c. : ui., cxem.,
Tabm. - bubmmorp.: ¢. 61-63 - ISBN 978-5-7410-1542-1 ; To xe [ DnexrponHsIii pe-cypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=468847

5.1.3 Ilepeuenv oonoanumenvnoii 1umepamypol:

1. Hemuposckuii, A.E. DnekTpoobopynoBaHHe AIEKTPUUECKUX CETeH, CTAaHLUN U MOJ-
ctaHuui : yueOHoe nocooue / A.E. Hemuposckuii, N.1O. Cepruesckas, JI.}O. Kpensiesa. - 2-e
u3. aon. - Mocksa ; Bosnorna : Uadpa-Unxenepus, 2018. - 149 c. : un. - bubnuorp.: c. 114 -
ISBN 978-5-9729-0207-1 ; To  xe [OnexkTpoHHbIl  pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=493858

5.2 Ilepeuens yuedbno-memoouuecko2o obecneuenus camocmoamenbHoi padomaol 00y-
yaruuxca no OucCyunIune

1. MeTO)II/I'-IeCKI/Ie YKazaHus 110 BBIIOJHCHUIO IMPAKTUYCCKUX pa60T 110 OUCIHUIIIINHE
«DNEKTPUYECKHE CTAHLIUU U MOJICTAHLIUN.

2. Meronuyeckue yka3aHHs [0 OpraHM3alldy M MPOBEICHUIO CaMOCTOSITEIbHON paboThI
10 AUCIIUIIIINHE <<3J'IeKTpI/I‘—IeCKI/Ie CTaHIIMU U IIOJCTAaHIIN».

3. Meroaudeckne yKka3aHUs 110 BBITIOJHEHUIO KYPCOBOTO TIPOEKTA MO AUCIUTUTNHE «DIIeK-
TPUYECKHE CTAHIIUU 1 MOJICTAHLIUN.

4. MetoauuecKkue yKazaHUs 1O BBINOJHEHHIO JAOOpAaTOPHBIX padoT IO JIUCIMILIIMHE

«INEKTPUIECKUE CTAHIIUU U TTOACTAHITIN.
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http://biblioclub.ru/index.php?page=book&id=468847
http://biblioclub.ru/index.php?page=book&id=493858

5.3 Ilepeuens pecypcos unghopmayuonno-meneKoMmyHukayuonnou cemu Humepnem, neoo-
XO0OUMBIX 0]151 0C80CHUSA OUCUUNTIUHDL

1. http://www.biblioclub.ru -OBC "YHuuBepcurerckas OubaroTeka oHimanH"

2. http://www.iprbookshop.ru/ - Dnekrponno- 6ubnuoreunas cucrema [IPRbooks
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MHWHHUCTEPCTBO HAYKHU U BBICIIIEI'O OBPA30OBAHU ST POCCUHCKOM
OEAEPALINN
denepanbHOE FOCYIAPCTBEHHOE aBTOHOMHOE 00pa3oBaTeIbHOE YUPEKICHHE
BhICIIET0 00pa30BaHUs
«CEBEPO-KABKA3CKHWI ®EJIEPAJIBHBIA YHUBEPCUTET»
[Taruropckuit uactuTyT (pruman) CKOY

Meroanuyeckue ykazaHus
10 BBIMOJIHEHUIO JTA0OPATOPHBIX pabOT
no gucuumae «JIEKTPUYECKUE CTAHIMUN U ITOACTAHI I »
JUISL CTYJIEHTOB HaIlpaBJICHUSI 1OATOTOBKU
13.03.02 DnexTposHepreTUKa U ANEKTPOTEXHUKA

[Tsturopck 2025 r.
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n/n

M A 0N e

4.2

4.3

4.4

4.5

4.6

4.7

4.8

Conepxanue

BBenenue

Lenb 1 3324y U3yYEHUS TUCIUTUINHBI

OOGopynoBaHue U MaTepUalbl

HaumenoBanue nabopatopHbIX padboT

Coneprkanue 1a00paTOPHBIX pabOT

JlaGopaTtopnas padora Ne 1. [ToTpeGnenue snmekTpuueckoi sHeprun. TpedoBa-
HUS K KAYeCTBY SHEPIHH M HAAEKHOCTH IEKTpocHaO)eHus. Pydnoe/aBromaru-
YeCcKOe yIpaBJIeHHE BKIIOYCHUEM CHHXPOHHOTO FeHEepaTopa Ha MapauieIbHyI0
paboTy 1o crnocody caMOCHHXPOHHU3ALUU, TOUHOM CHHXPOHU3ALMHU, pabOTaro-
HIET0 MapaljIeNIbHO C AIEKTPUUECKON cUCTeMOi 0ECKOHEUHOI MOILTHOCTH.
JlabGopaTtopHnast pa6ota Ne 2. [Totpebnenue snekTpuueckoi sueprun. Tpedoa-
HUS K KaYeCTBY SHEPIHH M HAAEKHOCTH IEKTpocHaOxeHus. Pydnoe/aBromaru-
YecKOoe yIpaBiIeHHE PEKMMOM aBTOHOMHO padOTaIOIIEro CHHXPOHHOTO TeHepa-
Topa.

Jlaboparopuas pabora Ne3. CunoBble TpaHchopMaTopbl U aBTOTpaHCHOpMa-
Topel. HatypHOoe MonmenupoBaHWEe YCTaHOBUBIIETOCS PEXHMa pabOTHI TpaHC-
dopmaropa.

JlaGopatopHast pabota Ne4. IIpHHIMIIBI TOCTPOEHUS CXEM AIIEKTPUUYECKHX CO-
eAMHEHUH 3Heproo0beKToB. Ilyck M perynupoBaHue peakTUBHON MOIHOCTU
CHHXPOHHOT'O KOMITEHCATOpA.

JlaGopatopHast pabota NeS5. IIpuHIMIIBI OCTPOECHUS CXEM AIIEKTPUUYECKHX CO-
eIMHEeHNH 3HeprooOBbEeKTOB. IpsMoii/peakTOpHBII MycK aCHHXPOHHOT'O JIBUTa-
TEJISI C KOPOTKO3aMKHYTBIM POTOPOM.

JlaGopatopnast pabota Ne6. [IpuHIMIIBEI TOCTPOCHUS CXEM DIEKTPUUYECKUX CO-
eIMHEeHUH YHeproo0bekToB. CaM03anycKk aCHHXPOHHOT'O DJICKTPOIBUTATEIS.
JlaGopatopHnast pabora Ne7. KopoTkue 3aMbIKaHHs B 3JIEKTpOycTaHOBKax. Mc-
CJIEZIOBaHUE BIMSHUS HA CTATUYECKYIO YCTOMYUBOCTH HATYPHOTO CHHXPOHHOTO
reHepaTopa BHia KOPOTKOTO 3aMBIKaHHUS B DJICKTPOIHEPTETHYECKON CHCTEME.
JlaGopatopHnast pabota Ne§. MOHUTOPUHT U AMATHOCTHKA OOOPYAOBaHMS IOJ-

CTaHIIUM. OHpeJICJICHI/IC COOTHOICHUSA TOKOB KOPOTKOI'O 3aMbIKaHUA PA3JIMIHBIX

Crp.
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4.9

5.2

5.3

BHJIOB MPU 3aMBbIKAHUH B OJHON M TOM K€ TOYKE CETH, MUTAIOIIEHCA OT UCTOY-
HUKAa MPAaKTUYECKHU OECKOHEYHOU MOIITHOCTH.

JlabopaTtopnast pabora Ne9. Cucrembl U3MEPEHUs, KOHTPOJIs, CUTHAIM3ALUN U
ynpasieHus. Jlucneryepckoe ynpaBiIeHHE B JIEKTPOIHEPTETUYECKUX CUCTEMAX.
Y4eOHo-MeToinyeckoe U HH(HOpPMaLMOHHOE 00ecieYeHNne JUCIIUITITNHBI
[lepeyeHb OCHOBHOM U JTOTIOJHUTEIBHOM JINTEPATYPhl, HEOOXOIUMOM ISl OCBO-
€HUS TUCUHUTLITUHBI

[lepeueHp y4eOHO-METOAMYECKOTO OOECIEYEHHUS] CaMOCTOSTENIbHONH pabOThI
00y4aromuxcs Mo AUCUUIIINHE

[lepedens pecypcoB MHPOPMAMOHHO-TEIEKOMMYHUKAIIMOHHON ceTH MHTep-
HET, HEOOXOIUMBIX /I OCBOCHUS AUCITUTUIHHBI

[Tpunoxenus
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BBenenne

Lenpto paboThl B 1abopaTtopuu sBIsETCS YriyOJeHHWEe U 3aKperIeHue MPHOOPETEHHBIX
TEOPETHUYECKUX 3HAHUI IyTE€M SKCHEPHUMEHTAJIbHOM MPOBEPKU TEOPETUUYECKUX MOJOKEHUH, a
TaK)Ke 3HAKOMCTBO C 3JICKTPOHHBIMHA KOMIIOHEHTaMH, 000pYyI0BaHUEM, H3MEPUTEILHBIMH ITPHOO-
paMU U anmnapaTypoii, KCIOJIb3yeMbIMH B JIA0OpATOPUH.

B pesynbrare BeIOTHEHHS JIAOOPATOPHBIX PAOOT CTYASHTHI JOKHBI IPUOOPECTH YMEHUS
Y HaBBIKHU 110 COOPKE M UCCIIEIOBAHMIO HJICKTPOHHBIX CXEM U IMTPUOOPOB, U3MEPEHUSIM AIICKTpUYe-
CKHUX BeNMUYUH. TeMaTnka 1abopaTopHBIX padOT IMOJHOCTHIO COOTBETCTBYET CO/AEPIKAHUIO OCHOB-
HBIX pa3/ieioB Kypca, U3y4aeMoro B BBICHIMX TEXHMYCCKUX YUEOHBIX 3aBelleHUsX. B mpeyiarae-
MOM y4e€0HOM TTOCOOHH OTMCAaHO OJMHHAIATH J1a00paTOPHBIX padoT. B onucannu kaxaou 1a0o-
paTopHOii paboThl chopMyIUpoOBaHa €€ 11eib, U3JI0KEHBI OCHOBHBIC TEOPETUYECKUE TTOJIOKEHNS,
OIMCaHa CXEMa YCTAaHOBKHU ISl POBEJCHUS HKCIIEPUMEHTAILHOTO MCCIIEIOBAHMS, JaHbl PEKO-
MEH/IALlMY TI0 IPOBE/ICHHIO OIBITOB U 00Pa0OTKE Pe3ysIbTaTOB M3MEPEHUIL, a TAKIKE KOHTPOJIbHBIC

BOIIPOCBHI.
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1. I]enb u 3a0auu uzyueHus OuCyuUnIuUHbl

Lenp u3ydeHus: TUCHUIUIIMHBI «DJIEKTPUUYECKUE CTAHIIUU U TOJICTAHIIMMY COCTOUT B U3Y-
YEHHUE JIEKTPOOOOPYIOBAHUS M CXEM DJIEKTPUUECKUX COCTUHEHHUM AJIEKTPOCTAHIIMKA U MOJCTaH-
I, TOATOTOBKA 00YJarOITUXCs K TPOBEICHUIO PA3IMYHBIX MEPOIPHUATHI, HAITPaBJICHHBIX Ha IO-
BBIIICHUE UX HAJICKHOCTH.

3amaveil QUCHMILTMHBI 0OeCTIeUeHnEe HEOOXOIUMOTO YPOBHS OCBOCHUS COACPKAHUS JTUC-

UIUIMHBI, POpMHpOBaHUE NMPOPECCUOHAIBHBIX KOMIIETEHITNI BBITYCKHHUKA.

2. Obopyooeanue u mamepuani

ATmapaTtHble Cpe/iCcTBa:

— Kommekt yueOGHO-1a00paTopHOTr0 000pYIOBaHUS «IIEKTPUUECKUE CTAHIIMU U TOJ-
CTaHIIANY.

VYyebnas ayauTopus AJig IPOBEICHUS] YUeOHBIX 3aHITHI, OCHAIIeHa 000pYyIOBaHUEM U
TEXHUUYECKUMHU cpeacTBamu oOydeHus. [lepeHOCHOI HOYTOYK, MPOEKTOp, JOCKAa MarHUTHO-Map-

KepHasl.

3. Haumenoseanue nabopamopusix pabom
Jlis ouHO-32049HON (opMBI 00yUEHHUs MPETyCMOTPEHBI CIEIYIOIINE JTa0OpaTOPHBIE pa-
6otsl: JIabopaTopHas pabota Ne3. Cunossie TpanchopMaTopsl U aBToTpaHchopmaTopsl. Hatyp-
HOE MOJICTTUPOBAHUE YCTAHOBHBIIETOCS PeKUMa paboThl TpaHchopMaTopa — 2 daca, MpaKkTHde-
CKas oJroToBka — 2 4aca; JlaboparopHas padora Ne9. Cuctemsl H3MepeHHsI, KOHTPOJIS, CUTHA-

JIN3a1llu U yIIpaBJICHUS. I[I/ICHequpCKOC YIIpaBJICHUEC B 3JICKTPOIHCPICTHUYCCKUX CUCTCMAX — 2

qaca.
Ne Tembt W3 Hux npaktu-
HaumenoBanue TeM IUCHUIUIMHBL, UX KpaTkoe co- | OObeM
JUCLH- 4yecKas MOoAro-
JIepIKaHNe 4acoB
TUTHHBI TOBKQ, 9aCOB
7 cemecTp

Jladoparopnasi padora Ne 1. Ilorped.ienue
JJIeKTpUYecKoil JHepruu. TpeGoBanus Kk Kaye-
CTBY PHEPruM M HAAEKHOCTH IJIEKTPOCHadKe-
HusA. PydHoe/aBToMaTn4ecKkoe yrnpaBieHHE BKIIO-
1 YEeHHEM CHHXPOHHOIO reHepaTopa Ha Mmapaieib- 2
HYI0 paboTy 1o cnocoOy CaMOCHMHXPOHHU3AIHH,
TOYHON CHHXpPOHHM3AIMHM, pPa0bOTAOIIEro mapai-
JETTBHO C 3JIEKTPUYECKON CUCTEMOM OeCKOHeuHOU
MOIIIHOCTH.
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N3yuuTh ymnpaBiieHHE BKIOYEHUEM CHHXPOHHOTO
reHepaTopa Ha mapauieIbHyI0 paboTy 1o Croco0y
CaMOCUHXPOHHU3AIMH, TOYHOW CHHXPOHHU3AIINH,
paboTaroIIero napauieabHO ¢ JIEKTPUUECKON CH-
CTEMON OECKOHEYHOM MOIIHOCTH.

JlabopaTtopnass pabGora Ne 2. IlorpebsaeHue
3JIeKTpU4YecKkoil 3Heprun. TpedoBaHus Kk Kayde-
CTBY JHEPrUM M HAIEKHOCTH JIEKTPOCHadKe-
Hus. PydHoe/aBTOMaTH4eCKOE yIpaBlieHUE PeXHU-
MOM aBTOHOMHO pa0OTaloLIero CUMHXPOHHOTO Te-
HepaTopa.

O3HAaKOMHUTBCS C YNPABICHUEM PEXUMaMU aBTO-
HOMHO pa0O0TaroLIero CHHXPOHHOIO TeéHepaTopa.

Jladoparopnasi padora Ne3. CuwiioBble TpaHc-
(¢popmaropsl U aBTOTpaHchopmaropsl. Haryp-
HOC MOJCIMPOBAHNE YCTAHOBUBIIETOCS pPEKUMA
paboThI TpaHchopMaropa.

[TproOpecT HaBBIKM H3MEpPEHUS TapaMeTpOB
YCTaHOBUBIIETOCS peXUMa paboThl TpaHchopma-
TOpa U AJEKTPUUECKON CETH.

Jladboparopnasi paGora Ne4. IlpuHnunel mo-
CTPOEHHUS CXeM JJIeKTPUYECKHX COeIHeHMit
IHeproodbeKToB. [lyck U perynmpoBaHue peak-
TUBHOU MOIITHOCTHU CMHXPOHHOI'O KOMIICHCATOPA.

[TproGpecTy HaABBIKM MO BKIIOUYEHUIO CHHXPOH-
HOTO KOMIIEHCATOpa pPEaKkTUBHON MoIHOCTH 0e3
Harpy3Ku Ha Bajy.

Jladboparopnasi paGora NeS. IlpuHnunbl mno-
CTPOCHHS CXEeM JIEKTPHYECCKHX COeIHMHEHHI
IHeproodbeKkToB. IIpsMoil/peakTOpHBIN  MycK
ACMHXPOHHOI'O JIBUraTellsd ¢ KOPOTKO3aMKHYTBIM
POTOPOM.

HccenenoBars MpsAMON M pEaKTOPHBIM ITYCK aCHH-
XPOHHOTO 3JIEKTPOJBUTATENs] C KOPOTKO3aMKHY-
TBIM POTOPOM.

Jladboparopnasi paGora Ne6. IlpuHnunbl mno-
CTPOEHHUsI CXeM JJIeKTPHMYEeCKHX COoeXrHeHMt
3HeproodbeKkToB. (Camo3alyCK aCHHXPOHHOI'O
AIIEKTPOABHUrATENS.
AHanu3 mporecca camo3amycka aCHHXPOHHOTO
AIIEKTPOABHUraTEs.

JlabGoparopnas padora Ne7. Koporkue 3ambika-
HHS B JJIeKTPOycTaHOBKax. lccienoBanue Biu-
SHUS Ha CTaTMYECKYI0 YCTONYMBOCTH HATYpPHOI'O
CUHXPOHHOI'O T€HEpaTopa BHJIa KOPOTKOTO 3aMbl-
KaHHUS B AJIEKTPOIHEPreTUYECKOM cucTeMe.

HccnenoBaTrh BIMSHUE HA CTAaTUYECKYIO yCTONYH-
BOCTh HATYPHOT'O CHHXPOHHOI'O F'€HepaTopa OJIHO-
¢a3HbIX, ABYX(a3HbIX U Tpex(a3HbIX KOPOTKHUX
3aMmblKaHuM. lcciienoBaTh BIMSIHUE BEIMYMHBI
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TOKa BO30YXJIEHUS Ha CTAaTUYECKYIO YCTOWYH-
BOCTh CHHXPOHHOTI'O F€HEpaTopa Mpu MepeyrciieH-
HBIX BUJAaX KOPOTKUX 3aMbIKaAHHM.

JlabopaTopnasi paGora Ne8. MoOHMTOPHHT U M-
arHocTuka odopyaoBanusi noacranumid. Omnpe-
JIJIEHNE COOTHOILIEHUSI TOKOB KOPOTKOT'O 3aMblKa-
HUS pa3IMYHBIX BUJIOB [IPU 3aMbIKAHUH B OJTHOU U
TOM XK€ TOYKE CETH, IMUTAIOIIEHCI OT MCTOYHHKA
MPAKTUYECKH OECKOHEUHOM MOIIHOCTH.
[TproOpereHne HaBBIKOB OIBITHOI'O ONPEIEICHUE
cooTHonieHue TokoB K3 pa3nuyHbIX BUIOB.

JlabopaTopnas paGora Ne9. Cucremsl u3mepe-
HHsl, KOHTPOJIsl, CHTHAJIU3AIUM U yIPaBJIeHUsI.
Jlucnieruepckoe ynpaBiieHUE B JICKTPOIHEPTETH-
YECKHUX CUCTEMaX.

V3y4nuTh TPHUHIUIBI Peau3aliid CHCTEMBI TIepe-
nad, 00pabOTKU M OTOOPAKEHHSI CUTHAJIOB TeJIe-
U3MEPEHUI U Telle CUTHAIIM3AlUU U TeJeyIpaBie-
HUSL.

Hroro 3a 7 cemectp:

18

N

Hroro:

18
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4. Cooeprcanue nadopamopHnulx padoom
Jlabopamopnas paooma Ne 1. [lompeobnenue snekmpuueckoii ynepzuu. Tpebosanusn k
Kauecmaey Inepzuu u Ha0éicHocmu 31eKmpocHaddcenus. Pyunoe/agmomamuyeckoe ynpaee-
HUe 6KI0YeHUEeM CUHXPOHHO20 2eHePamopa Ha napanileibHylo padonmy no cnocooy camocun-
XPOHU3AUUU, MOYHOU CUHXPOHU3AUUU, DADOMAIOU|e20 NAPALIENbHO C )IeKMPUYECKOUl CU-

cmemoil 6eCKOHeYHOll MOUWHOCMU.

Ilens pabomer: VI3yunuth ynpaplieHUE BKIIOYEHHEM CUHXPOHHOTO TeHepaTopa Ha napal-
JeNbHYI0 paboTy 1Mo crnoco0y CaMOCHHXPOHHU3AIMH, TOYHONH CHHXPOHHU3AIMH, pPa0OTAaIOIIEro na-

PaJUIENBHO C 3JIEKTPUUECKONU CUCTEMON OECKOHEYHOU MOIITHOCTH.

OcHoevt meopuu:

[Ipu TOYHON CHHXPOHH3AIMHU T€HEPATOp BKIIOYAECTCS B BO30YXKJICHHOM COCTOSHUU IpU
3/1C X0110CTOr0 X0/, MPAKTUYECKH PAaBHOW HANIPSHKCHUIO HA ITMHAX SJICKTPOCTAHINH (TTpH 0J104-
HOW CXeMe OIpEeaesIIeMOMY C Y4eTOM TpaHchopmaropa). Brikitodarenb CHHXPOHHOTO TeHepa-
TOpa BKIIIOUAETCS IIPU BEChbMa MaJIOM CKOJIbKEHUH B MOMEHT coBnaaeHus no ¢aze DJ[C renepa-
TOpa M HaMpsDKEHUS Ha MIMHaX 3JeKkTpoctaHiuu. [locne HeOoNbIuX 3aTyXauX KauaHul po-
TOpa TeHepaTop BXOAUT B CHHXPOHHBIN PEeXUM pabOTHI.

ObecrnieueHne coBMaZeHus] BEKTOpoB HampsbkeHus cetd u JJIC renepaTopa B MOMEHT
BKJIFOYEHUS BBIKJIIOYATEIN JOCTUTACTCS YIPEXKIAOIIMM BKIOYEHUEM MPUBOJA MPU HAIUYUU
YMEHBIIAIOIIETOCs yIiia cABUra (a3 ¢ TakuM pacyeToM, 4TOObI 3a BpeMs JeHCTBHUS MPUBOAA YTOJl
casura (a3 ymeHsIuics A0 Hyns. Onepaius BbIOOpa MOMEHTA BKJIIOUEHHUS MPUBOJA BBIKJIIOYA-
TeJsl SABJISIETCS OCHOBHOM M KpaiiHEe OTBETCTBEHHOW, YTO U OO0YCIOBUJIO UCTOPUUYECKU PAHHIOIO
ABTOMATU3AIINIO BKIIOYCHHS] CHHXPOHHBIX T€HEPaTOPOB Ha MapaliebHYI0 padoTy.

ABTOMaTHYECKHE YCTPOWCTBA TOYHOW CHUHXPOHU3ALMHA CHUHXPOHHBIX T'€HEPATOPOB CO-
CTOAT U3 TpeX YacTei, 00ecrneunBaroINX TPU YCIOBUS TOYHOW CHHXPOHU3ALMU: PAaBEHCTBO aM-
mutyn DJC reHepaTopa M HAMPsOKEHUS HA MIWHAX AJICKTPOCTAHIUH, OJM30CTh K CUHXPOHHOU
YacTOTHI BpallleHHsI TeHepaTopa U coBnaaeHue mno $ase ykazanusix JJ]C 1 HanpsbKeHUH B MOMEHT
BKJIFOUEHUS (3aMbIKaHUSI KOHTAKTOB) BBIKJIFOUATEIIS CHHXPOHHOTO reHepaTopa. Takue ycTpoiicTBa
COOTBETCTBEHHO HAa3bIBAKOTCS YPABHUTEIIEM aMIUIMTY/l HANPSIKEHUsI, YPABHUTEIIEM 4acTOT U aB-
TOMaTUYECKUM CHHXPOHHM3aTOPOM.

ABTOMaTHYECKUN CHHXPOHU3ATOpP 00ECHIEUMBACT BBIIOJHEHHE HanbojIee OTBETCTBEHHON
olepalry TOYHOM CHHXPOHM3alMU Mo obecneueHuto cosnaaenus no ¢aze D/IC reneparopa u

HAIMpsOKCHUA Ha HIMHAX 3JICKTPOCTAHIMWMHM B MOMCHT BKJIFOUCHHSA BBIKIIIOYATCIIA I'€HEpaTOopa. On

73



BBIJIACT YNPABIIAIONIEE BO3ICUCTBUE HA BKIIOUEHUE NIPUBOJA BBIKJIFOYATENS C ONEPEKEHUEM MO-
MEHTa BPEMEHM COBIIAICHUSI HAXOAIINUXCSI B OTHOCUTEIHOM BPAIIEHUHA BEKTOPOB BBILIECYITOMSI-
HYTBHIX BEJIUYHH, T.C. IPU HATMYUHN MEXKy HIMUA YMEHBIIAIOMIETOCs yriia caBura mo ¢ase — yria
ONEPEIKEHUS.

Hcropruecku nepBble aBTOMAaTHYECKUE CUHXPOHU3ATOPBI ONPECISUIM 33laHHbIA HEU3-
MEHHBII yroJ ONEPEKEHUS U HA3bIBAINCh aBTOMATUYECKUMU CHHXPOHU3AaTOPaMU € IMOCTOSHHBIM
yriiom onepexeHusi. OTHAKO yroyl ONEPeKeHUs! MPU MOCTOSHHOM BPEMEHU BKJIFOUEHHUS BBIKITIO-
yaTessl JOJKeH ObITh MEepPEMEHHBIM, 3aBUCSIIUM OT XapakTepa U MapaMeTpoB OTHOCHUTEIHHOTO
JBWKEHHUSI JIBYX YKa3aHHBIX BbIIIE BEKTOPOB. [103TOMy cOBpeMEHHBIE aBTOMAaTUYECKUE CUHXPO-
HU3ATOPHI OMPEACIISIOT MOMEHT BKJIFOUCHHUS BBIKJIFOYATENSI TAKUM 00pa3oM, 4TOOBI HE Yroj, a
BpEMsI OMIEPEKEHUS OCTABATIOCH TOCTOSTHHBIM.

B nanHOM »KcniepuMeEHTE peaibHbIil TeHEPATOP aBTOMAaTUYECKU PAa3TOHAETCS A0 MOJCHUH-
XPOHHOM YaCTOTHI, BO30YXKAaeTCA M BKJIIOYAETCS Ha MapauieIbHyI0 paboTy ¢ IOMOIIbIO BHPTY-
aJBHOI0 YCTPOMCTBA ABTOMAaTUYECKON TOUHOM CUHXPOHHU3ALNH, CMOJICIMPOBAHHOTO HA KOMIIBIO-
Tepe CreuatbHON MporpaMMoii. B mporpamme MOXKHO 3a/1aTh CKOJIBKEHHUE, IIPU KOTOPOM OyieT
MIPOU3BOJUTHCS CUHXPOHU3ALMS, PA3HOCTh HAIPSHKEHUN MEXKIY F'€HEpaTOPOM U CEThIO, PEXKUM
paboThl CHHXpOHU3aTOpa (C MOCTOSHHBIM YIJIOM WJIHM C MOCTOSHHBIM BPEMEHEM OIEpE:KeHUs
BKJIFOUEHUS), YTOJl U/UITM BpeMsl ONEPEKECHHS U HEKOTOPhIE APyrHue mapaMmerpbl. Takke MOKHO
YCTaHOBUTH BpeMsl 33JIEPKKU C MOMEHTA TOJa4yl CUTHAJIA Ha BKJIIFOYEHHUE BBIKIIIOYATENIS 10 COO-
CTBEHHO €I'0 BKJIOUECHUS, MOJEIUPYS TEM CaAMbIM BPEMEHA BKIIFOUCHUS PEAJIbHBIX BBIKIIFOUATEIICH.
[Tpu 5TOM HEOOXOIMMO YUUTHIBATh, UTO COOCTBEHHOE BpEeMs BKIIFOUEHUS BBIKITIOUATENCH, BXO IS~

X B COCTaB JabOpaTOPHOTO cTeHa, coctapiseT npuMepHo 0,02...0,035 cexyHbI.

Ykazanue no mexnuke o6ezonacnocmu:
VYkazaHus 1o TeXHUKE OC30IMaCHOCTH ITPpU BBITTOJIHCHUH J'Ia60paTOpHLIX pa60T IIpUBCACHLL

B IIPUJIOKEHNE A.

Ykazanun no eévinonnenuro nabopamopnoi pabomer:
o CoOupaeM dIIEKTPHUYECKYIO CXEMY COEJIMHEHHU W yCTAaHABIMBAEM ITapaMeTphl ee

3JIEMEHTOB. BBINOJIHAEM MOATOTOBUTEIHHBIE oncpanunu.

. Yo6eauTeck, 4TO yCTPONCTBA, HCTIOIB3yEeMbIE B SKCTICPUMEHTE, OTKJITFOYEHBI OT CETH
DIEKTPONUTAHUSA.
. ColepuTe INMEKTPUIECKYIO CXEMY COSTMHEHUH TEIJIOBOM 3aIlUThl MAITUHBI TIEpe-

MCHHOI'O TOKa.
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. CoeauHuTe rHE3/1a 3AIUTHOTO 3a3EMJICHUS "." YCTPOMCTB, UCIIOJIb3yEMBIX B DKC-
nepumMenTe, ¢ THe3ioM «PE» ucrounuka G1.

. Coenunute BUiaku nutanus 220 B ycTpoilcTB, UCIIOIB3yEMbIX B 9KCIIEPUMEHTE, CE-
TEBBIMU ITHYPAMHU C PO3ETKAMH YIJIMHUTEIIA.

. CoenuHute anmnapaTypy B COOTBETCTBHH C 3JIEKTPUUECKON CXEMOM COEUHEHUN.

° DJIEKTPUUYECKUE CXEMBbI COSIMHEHUH SKCIIEpUMEHTOB 2, 3, 4 HacTosiero PykoBo-
CTBa pa3Nuy4aloTcs He3HauuTenbHO. Camoii o0uieil U MOJMHOM SBISETCS cXeMa dKCIepuMeHTa 3.
CoenuHuB anmapaTrypy B COOTBETCTBHH CO CXEMOU dKCIEpUMEHTa 3, MOKHO BBITIOJIHUTH JKCIIE-
puMeHTHI 2, 3 1 4 6e3 TOBTOPHON Pa300PKU-COOPKH CXEMBI.

. [TepexirouaTein HOMHHAIBHBIX (Pa3HBIX HANpsDKEHUH Tpexda3Hbix Tpancdopma-
TopHbIX Tpynn A2 u A4 yctaHoBUTE COOTBETCTBEHHO paBHbIMU 220 u 230 B. [lapameTpsl 1uHuun
anekTponepenaun A3 ycranoBute cienyrommmu: R = 50 Om, L/RL = 0,9 ' / 24 Om, C1=C2=0
MKOD.

. ['oToBUM cXeMy U POBOAUM 3KCIIEPUMEHT B PYUYHOM PEKUME.

. [lepexirouaTeny peskxuMOB pabOThI TPEXIIOIIOCHOTO BhIKIIOUaTe s Al, HCTOYHHKA
G2 nuTaHus ABUraTelNs MOCTOSHHOTO TOKa, BO30yautens G3 CHHXPOHHON MaIlIWHbI, OJI0KA CHH-
xpoHmzauuu A5 ycranosute B nonoxenue «PYUH.». TymOnepsr nenuteneii HanpsHKeHUs KOH-
HekTopa All ycraHoBute B nosoxxkenue «1:1». Tym0nep BeiOopa pexxrma paboThl 00IIEH TOUKU
aHAJIOTOBBIX BXOA0B KOHHEKTOpa All ycranoBute B mojoxenue «AIGNDy. TymOneps! Beioopa
pexxnMa paboThl HU(POBBIX BXOAOB/BBIXO0B 0oka A10 BBOJa-BhIBOJA HMU(PPOBBIX CHUTHAIOB
YCTaHOBUTE B MOJIOKEHUE «BBIXO» (TyMOsep BHU3) Ay koHTakToB DIOO0...DIO3, B nonoxxenue
«BX0a» (TyMOnep BBepx) i koHTakToB DIO4...DIO7.

. Bxmrounte Beikmouarenu «CEThy TpexmontocHoro Beikitodarens Al, ucTOYHMKA
G2 nuTaHusl ABUTATENS MMOCTOSTHHOTO TOKa, BO30yauTenss G3 CHMHXPOHHOW MAalllMHBI, yKa3aTems
A7 yacTOoTHI BpamieHus, 010ka AS CHHXpPOHHU3AIINH.

° Bxarounte uctounnk G1. O HanM4unm HanpsiXKEHU HAa €ro BBIXOJE HOJKHBI CUTHA-
JU3UPOBATH CBETSIIUECS CBETOIUOIBI.

. Bxarounte Boikitouatenb Al Haxxkatnem Ha kHonKy «BKJL.» Ha ero mepennen ma-
HEJH.

. [TpuBenute B pabouee COCTOSHUE MEPCOHATBHBIA KoMIblOTep Al2 u 3amycture
nporpammy «TouHast CHHXpOHU3ALUS.

. 3amycTuTe COOp NMAaHHBIX B PYYHOM pEXKHUME, HaXKaB i1 ATOTO BUPTYATbHYIO

KHOTIKY «3aIlyCTUTBh» » WJIM BHIOpaB COOTBETCTBYIOLIH MTyHKT B MEHIO «J{eHCTBHS.
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. Habmronast usMeHeHus mapaMeTpoB TeHepaTopa U CETH 10 BUPTyallbHOMY Tpadoro-
CTPOUTEIIIO MPOTPaMMBbl, BKIIOUUTE '€HEPATOp Ha MapauIeIbHYI0 padoTy C CEThIO METOAOM TOU-
HOW CHHXPOHU3AUMUHU. /[ 3TOTO BBIIIOJHUTE CIECAYIOIIMUE ACHCTBHS:

. Bxmrounte nctounnk G2, HaxaB Ha kHOKY «BKJIL.» Ha ero nepenneit nanenu. Bpa-
masi peryJaupoBOYHYIO PYKOSTKY UCTOUHMKA (G2, yCTAaHOBUTE YaCTOTY BpalleHus: asurarens M1
(reneparopa G4) 1500 mun 2.

. Brrounte Bo30ynutens G3, HaxkaB Ha kHonKy «BKJL.» Ha ero mepeaHeil maHnemm.
Bpamiast perynupoBodHyIo pykosTKy Bo3Oynutenst G3, yCTaHOBUTE HaNPsDKEHUE MEXY dazaMu
(muueitHoe) reHepaTopa G4 paBHBIM JIMHEMHOMY HANPSOKCHHUIO CETH. PAaBEHCTBO HaIpsOKEHUN U
4acTOT F'€HEPATOpa U CETH ONPEACIIAUTE 110 U3MEpUTENO A6.

. ObecrieubTe YCIOBUSA CUHXPOHHU3AIUH COTTIacHO Tabm. 4. (cM. skcriepumenT 1.1.1) u
MOJIKJIFOUUTE TeHEPaTOp K ceTH HakatueM Ha KHomKy «BKJL.» 6moka AS cunxpoHU3anuu.

. ['oToBUM amnmapaTypy ¥ IPOBOJUM HKCIIEPUMEHT B aBTOMAaTUYECKOM PEXHUME.

. OctanoBute cOOp JaHHBIX, HAXKAB JJISl STOTO BUPTYaAJIbHYIO KHONKY «OCTaHOBHUTHY

40 unm BRIGPaB cooTBeTCTBYIOMMIA TYHKT M3 MeHIO «JleHCTBHS.

o OcTaHOBHTE CUIJIOBOI1 arperaT, BHIIIOIHUB CIEAYIOIINUE JCHCTBUS:
o OTkiIr0YnTE TeHepaTop OT CeTH, HaxaB aJist 3Toro kHonky «OTKJL» 6moka AS cun-
XPOHU3AIUY.

o Bpamas perynupoBouHyto pykosTKy Bo30ynutens G3, cHumuTe Bo30yKIEHHUE C Te-
HepaTopa G4. Otkmounrte Bo30yauTens G3 HaxarueMm Ha kHonky «OTKIJL» Ha ero mepenneit
MaHEJIH.

o Bpamas peryianpoBoUHY0 PYKOATKY MCTOUYHMKA G2 MPOTHUB YacCOBOW CTPENIKH J10
ynopa, ocraHoBute aurarenb M1 (reneparop G4). Otkimounte ucTouyHUK (G2 HakaTheM Ha
kHonky «OTKJIL.» Ha ero nepenHei naHenu.

. [Tepexmrouarenu pexxuma paboThl 0Jioka AS cuHXpoHU3auK, uctounnka G2 nmura-
HUS JABUraTelNsl MOCTOSIHHOTO TOKa, BO30yauTens G3 CHHXpPOHHOW MaIllMHBl YCTAaHOBUTE B MOJIO-
xeHue «ABT.».

. Bxuttounre Boikimouarens «CETby 610ka BBoaa-BbIBOa HU(GPOBBIX CUTHAJIOB.

J Bri6epute aBTOMaTHYECKUN PEXUM CHHXPOHU3ALWU TeHEpaTopa, HaxaB JJis 3TOT0
COOTBETCTBYIOIIYIO BUPTYAIbHYIO KHOIKY “& Ha JKpaHe KOMITbIoTepa.

. 3ajaiiTe ycTaBKU ympaBleHUs ¥ mpoleccoM TOYHOM cuHXpoHu3amuu. Hampumep,

OCTaBbTC YCTABKH, 3aJaHHLIC 110 YMOJIYaHHIO.
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. Haxwmute Ha BUpTyaJIbHYIO0 KHOIIKY IIPOTpaMMBbl «3allycTUTh» » . ['eHeparop moi-
JKEH pa3orHaThbCs, BO3OYAUTHCS, HOJKIFOUUTHCS K CETH, TOPad0TaTh HECKOJIBKO CEKYH/, OTKJIIO-
YUTCS OT CETU U OCTAaHOBUTHCS.

J HaxxmMuTe Ha BUPTyaJlbHYIO KHONKY Iporpammbl «OTOOpa3uTh 3alMCaHHBINA MPO-
necc» ~». Ha sxpaHe rpad)ornocTpouTeNs HOsABSTCSA 3aBUCHMOCTH 3alIMCAHHBIX PEKHMHBIX T1apa-
METpPOB OT BpeMeHHU. [Ipoananusupyire ux.

. Jlng npoBeneHus Ucciiel0BaHus BIMSHUS MapaMETPOB CUHXPOHM3ALMM (CKOJIbXKE-
HUS, Pa3HUILIbl HAIIPSDKEHUI TeHepaTopa U CETH, YroJl WM BpeMs OIEPEkXEHUS U JIp.) Ha MpoLece
CHUHXPOHM3AIMU MOBTOPSIHTE SKCIEPUMEHT, 33aBasch TPeOyeMbIMU 3HAUYCHUSIMU YIIOMSHYTBIX
IIapaMeTpOB.

o ITo 3aBeplIeHMM SKCIEPUMEHTOB OTKIOYMTE HcTOYHUMK Gl M BbIKIIOYaTEnn

«CETb» 6nokoB Al, AS, A7, A10, G2, G3. 3akpoiite nporpamMmmy «TodHasi CHHXPOHU3AIUS.

Huice nepeuucienvl Hekomopule 3ameuanus.

. Jlist ynoOcTBa ompeielieHrs 3HAaYeHU N BEJTUMYHH 110 rpadukam Ha dKpaHe 0ToOpa-
JKAIOTCS TEKYIME KOOPAMHATHI YKa3aTessl MBILIH.
. Ha skpane oToOpaxaroTcsi COCTOSIHUS BBIKITFOUaTe el ncTouanka G2, Bo30yauTes

G3 u 6110Ka AS CHHXpPOHU3AIUY.

. Ha skpane oTtoOpakaeTcsl Mocie0BaTeIbHOCTh MPOLECCa TOYHOM CHHXPOHM3A-
LUU.

. Ha skpane nmeercs BUPTyaabHbII CHHXPOHOCKOII.

. MacmrabupoBaHue OCHUIIIOrPaMM MPOU3BOAUTCA ITyTEM HaXKaTus Ha rpaduke Jie-

BOH KJIaBUIIM MBIIIH U, HE OTIIYCKas €€, IEPEMEIECHNS MAHUITYJIATOPA CJIEBAa HAIIPaBO U CBEPXY
BHU3. Bo3BpaT k HauanbHOMY MacIITady OCYLIECTBISETCS OOpaTHBIM NEpEeMEIIEHUEM MaHUITYIIs-
TOpa — CIIpaBa HAJIEBO U CHU3Y BBEPX.

. JIBurath rpauK OCIHIUIOIpPAaMM OTHOCHUTEIIBHO OCEH KOOPAMHAT MOXKHO IyTEeM
Ha)KaTus U yJIep’KaHus Ha COOTBETCTBYIOIIEM OOBEKTE MPaBOM KHOMKHU MBIIIN U €€ OJTHOBPEMEH-
HOTO MEepPEMEILIEHNUS B HY’)KHYIO CTOPOHY.

. 3anuch MpOIECCOB MPOU3BOAUTCS MPOTrpaMMOM B IUKIMYecKUid Oydpep. MeHATh
€ro mapaMeTpbl MOYKHO Ha BKJIAJKE «3alKuCh MPOLIECCOB» B OKHE YCTABOK YIIPABICHUS.

J Bxutouenue reneparopa B ceTb IPOUMCXOJUT B MOMEHT BPEMEHH, IPUMEPHO paB-
HbIH t = 0 (10 rpaduKy 3aMMCaHHBIX OCHUIIIIOTPAMM).

° VYcraBky ckonbxkeHus 3aaaBaiite B quamna3one 0,1...1,0 %.
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. Heo6xoauMo y4uTHIBaTh, YTO MUMEIOTCS MOTPEHIHOCTH ONpPECNICHUS PEXHUMHBIX
apaMeTpoB, KOTOPbIE MOT'YT IOBJIMATH Ha BHIOOP MOMEHTA BKJIFOUEHHS BBIKIIHOYaTesd 0s1oka AS
CHHXPOHH3AIMH, KPOME TOT0, BPeMs BKIIFOUCHHUS STOTO BBIKIIIOUATENS TAK)KEe MOXKET KOJIeOaThCs
B HEOOJIBIINX Tpeaenax. [093ToMy MOMEHT BKITIOYEHHUSI TeHEpaTOpa B CETh HOCUT BEPOSTHOCTHBIN
XapakTep, IpyTuMH CII0BaMH, IIPU OJHUX U TEX K€ YCTaBKaX XapakTep MPOLIECCOB B CXEME MOXKET
OBbITh HECKOJIBKO pasInYHbIM. B CcBsI3u ¢ 3TUM 1711 Gosiee TOUHOM KapTHHBI CIELyeT POBOAUTh

HCCKOJIBKO OIIBITOB C OAHUMHU U TCMU KC YCTaBKaMU MapaMCTPOB YIIPABJICHUA.
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Pucynok 1.1 — IlpunnunuanbHas cxema yrnpapieHUE BKIIOYEHUEM CUHXPOHHOIO IT'eHepa-

TOpa Ha MapalIeIbHYIO pPaboTy
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PI/ICYHOK 1.2 - HpI/IHI_II/IHI/IaJ'ILHaSI CXEMa MOoAyJIsd BBOAA-BbIBOJAa K KOHHCKTOPY



Cooepircanue omuema:

OTuer HOKEH COJepKaTh!

1. Ha3Banue paboThI;

2. llens paboTHI;

3. Kparkue TeopeTuueckue cCBeICHHUS;

4. Onucanue UCIoiab3yeMoro o0opy10BaHus U MaTepUaJIOB;
5. Ilopsiok BBINONHEHUS PabOTHI;

6. Beruncienust u 06paboTKa pe3yabTaToB;

7. BeIBOIEL.

Konmponsnuie eonpocwi:

1. [TapamienbHas paboTa CHHXPOHHBIX T€HEPATOPOB HA CETh OIPAaHMYECHHON MOIIHOCTH.

2. Kakue MeTo 1l UMEIOTCS JIJISl BKIIFOUCHHSI CHHXPOHHBIX T€HEPATOPOB Ha MapaslIeIbHYIO
paboty ¢ ceTbio?

3. K uemy npuBezier HeCOOIIOACHHIE OT/ICIBHBIX YCIIOBUI BKIFOUCHHUS T€HEPATOPOB Ha IMa-
paJUIeIbHYIO pa0dOTy € CEThIO MO0 METOAY TOYHOW CHHXPOHU3AINH?

4. Yto npou30UIeT, €CIIH MPH BKIIFOYCHUN TEHEPATOpa Ha MapajuIeIbHYI0 paboTy C CEThIO
0 METO/Iy CAMOCHHXPOHH3AIIMH OOMOTKY BO30YKJICHHS TeHEPAaTOpa OCTABUTH ITOAKITFOYCHHON K

BO3OYIHUTEIIO?
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Jlabopamopnas paooma Ne 2. I[lompeodnenue inexkmpuueckoii ynepeuu. Tpeoosanus
Kauecmaey Inepzuu u Ha0éicHocmu 31eKmpocHaddcenus. Pyunoe/agmomamuyeckoe ynpaee-

HUE PeHCUMOM A6MOHOMHO paﬁomalomezo CUHXPOHHOZ20 2enepamopa.

Ilenv pabompr: O3HAKOMUTHCS C YIPABIEHUEM PEKUMaMU aBTOHOMHO pabOTarolIero

CHHXPOHHOT'O FeHepaTopa

Ocnoevl meopuu:
B nanHOM sKcriepuMeHTe MOJAETUPYETCS OTHOMAIIMHHAS JIEKTpUYECcKasi cuctema, pabo-
TaloMIasi B HOPMaIbHOM PEKUME MaPAIIICIBHO C JIEKTPUICCKON CHCTEMOM OECKOHEUHOM MOIITHO-

CTH.

G1
Q1

GF Q3

ABTOMaTUYECKUI CUHXPOHKU3ATOP

Pucynox 2.1 — Mojenbs 0IHOMAITUHHOMN 2JIEKTPUUECKON CUCTEMBI

C noMo1ubko crenualbHON KOMIIBIOTEPHON POrpaMMbl CHHXPOHHBIN reHeparop G2 aBTo-
MaTHYECKH MOAKII0UaeTcs K cucteMe 0eckoHeuyHoi MoutHocTH G1 MeTo0oM TOYHOM CHHXPOHU-
3allMM M Harpy»aeTcsi akTUBHOW W PEaKTUBHOW MOIMHOCTAMH. [locne momydeHust ot oneparopa
KOMaH/Ibl Ha OTKJIFOUEHHUE MPOUCXOAUT 0OpaTHBIN MPOIECC — FEHEPaTOP Pa3rpyKaeTcsi U OTKITIO-
YaeTcsl OT AJIEKTPUUECKON CHCTEMBI, BO30YX/I€HUE CHUMAETCS, IPUBOAHOM JIBUTATENlb OCTaHAB-
JIMBAETCSL.

Taxum o6pa3zom, B 1aHHON paboTe MOJIENHUPYETCS] KOMIIJIEKCHOE YIIPABICHHE dJIEKTpUYe-
CKOM cucTeMOl — ynpaBlieHHE MOAKIIOUEHNEM IreHepaTopa K CucTeMe OEeCKOHEYHOM MOITHOCTH,
pEryJINPOBaHNUE aKTUBHOM U pEaKTUBHOM MOIIIHOCTEN T€HEpaTOpa, YIPaBICHUE OTKIIOUEHUEM T'e-

HEpaTopa OT 3J1€KTpH‘-ICCKOﬁ CHUCTCMBI.
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Ykazanue no mexnuke 6ezonacnocmu:
VYkazaHus Mo TeXHUKE OE30MaCHOCTH MIPH BHIMOJIHEHUH Ja00paTOPHBIX pabOT MPHUBEICHBI

B IIPWJIOKEHUE A.

Ykazanua no eévinoanenur nabopamopmnoit pabomoi:
J CobupaeM 1JIEKTPUYECKYI0 CXEMY COSAMHEHHUIM U YCTaHABIMBAEM IapaMeTphl ee

3JIEMEHTOB. BrInonHsIeM MOATOTOBUTCIIBHBIC OIICpallvu.

. Yb6enurech, 4YTO yCTPOMCTBA, UCIOIb3YEMbIE B OKCIIEPUMEHTE, OTKIIOUEHBI OT CETH
AIEKTPOIUTAHUSA.
. CobepuTe MEKTPUUYECKYIO CXEMY COCIMHEHUI TEIUIOBOM 3alUThl MaIIMHbI I1epe-

MEHHOI'0O TOKa.

° CoenuHute rue3na 3aiuTHOro 3a3emiicHs "Hll" yCTpOICTB, UCIIOIb3YEMBIX B IKC-
nepumMenre, ¢ rue3oM «PE» ucrounuka Gl.

. Coenunure Buiiku nutanus 220 B ycTpoiicTB, HCIIOJIB3YEMBIX B OKCIIEPUMEHTE, Ce-

TCBBIMH HIHYpaMHU C PO3CTKaMU YIJIMHUTCIIA.

. CoenuHute anmnapaTypy B COOTBETCTBHH C SJIEKTPUUECKON CXEMOM COCTUHEHUH.

J MomnocTr (a3 akTuBHOU Harpy3ku A6 ycraHoBute paBHbIMU 10 % ot 50 BT.

o ["'oToBUM anmaparypy K IPOBEJEHHUIO IKCIIEPUMEHTA B PYYHOM PEXHUME.

. [Tepexmnrouarenn pexxMMOB pabOTHI TPEXIIOMOCHOTO BhIKIIIOUaTeNnsd A4, HICTOUHUKA

G2 nutaHus ABUTATENS TOCTOSTHHOTO TOKa, BO30yauTenst G3 CHHXpPOHHOW MAalllMHbl YCTAaHOBUTE
B nosioxkeHne «PYUH.». TymGneps! nenureneil HanpsikeHus: KoHHeKTopa All yctaHoBHTE B 1O-
noxenue «1:1». TymOnep BbiOopa pexxruMa paboThl 001Ie TOYKH aHAIOTOBBIX BXOJJOB KOHHEK-
topa All ycranoBute B nojoxenue «AIGNDy. Tym6nepsl BeIOOpa pexuma paboThl IUPPOBBIX
BX0J10B/BbIX0/10B 0110ka A 10 BBOJa-BhIBOAA IU(POBBIX CUTHAJIOB YCTAHOBUTE B IOJOXKEHHUE «BBI-
xo1» (TymOaep BHU3) s koHTakToB DIO0...DIO3, B nmonoxxkenue «BXxoa» (TymOaep BBEpX) A
koHTakToB DIO4...DIO7.

. Bxmrounte BeikmtouaTenu «CETb» TpexnomrocHoro Beikirouarens A4, ICTOYHUKA
G2 nuTaHMA IBUTATENS MMOCTOSHHOTO TOKa, BO30ynuTens G3 CUHXPOHHOM MallMHbI, yKa3zaTenel
Al u A7 4acToThl BpalleHUs, U3MEPUTESI MOIITHOCTEN A3.

. [TpuBenute B pabodee COCTOSTHHE MEPCOHAIBHBIA KoMIbloTep Al2 u 3amycTute
IporpaMMy «ABTOMAaTHUYECKOE YIIPABIECHUE - 1».

. Bxmrounre ucrounuk G1. O HaMuny HanpsKEHUH HA €70 BBIXOJE TOJIKHBI CUTHA-

JIM3UPOBATH CBCTAIIHUECA CBECTOAUOBI.
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. Bxuttounte Bo30ynutens G3 cHHXpOHHOM MamuHbl, HaxkaB KHONKY «BKJL.» Ha ero
nepeaHel nanenu. Bpaias peryianupoBOYHYIO pyKOSTKY, yCTaHOBUTE TOK OOMOTKH BO30YKIEHUs
reHepaTopa paBHbIM 2A.

J 3amyctute cOOp AAHHBIX B PYYHOM pPEXKUME, HaXKaB JUIsl 3TOI0 BHUPTYaJIbHYIO
KHOIIKY «3aIlyCTUTb» » WJIU BbIOpaB COOTBETCTBYIOIIUI IIYHKT B MEHIO «JlelcTBUS».

J PerynnpoBounyro pykosTKy uctouHuka G2 mOBEpHUTE NMPOTUB YACOBOM CTPEIIKH
1o ynopa. Bxintounre uctounuk G2, Haxas kHonky «BKJL.» Ha ero nepeanuii naxnenu.

o HaOnronass M3MeHeHHe MapaMeTpoB CXEMBbl 110 BUPTYaJIbHBIM IpUOOpaM IIpo-
IpaMMBbl, BpalllaliTe PETyJINPOBOYHYIO PYKOSITKY UCTOUHHMKA G2 110 4acOBOM CTpesKe. Y CTaHOBUTE
4acTOTy BpallleHus reHeparopa paBHOM npumepHo 1500 06/MuH, OCIE Yero BKIKOYUTE BBIKIIIO-
yaresb A4, Ha)kaB COOTBETCTBYIOIYIO KHOIIKY Ha €ro nepejaHeil nanenu. O6paTure BHUMaHUE Ha
M3MEHEHUE TapaMeTPOB PEKUMa PabOTHI CXEMBI.

o N3mensiite MomHocTy (a3 akTUBHOW Harpy3ku A6, HalpspkeHHe MCTOYHUKA IMU-
tanust G2 nBUraTess MoCTOSSHHOTO TOKA, TOK BO30Yy»KIeHus reHeparopa. HabGmtonalite n3mMenenue
PEXUMHBIX I1aPAMETPOB CXEMBI.

J OKCHEPUMEHT B PyUHOM PEXHUME 3aBEPLICH.

o OctanoBuTe COOp JaHHBIX, HAXKAB JIJIS1 STOI'0 BUPTYaJIbHYIO KHONKY «OCTaHOBUTH
41 i BEIGpaB cOOTBETCTBYIOMIMIA TYHKT U3 MeHIO «JleHCTBHSY.

o PerynnpoBouHble pyKOSATKH UCTOYHMKA MUTaHUs G2 IBUraTelIs MOCTOSTHHOTO TOKa
u Bo3Oyautens G3 ycTaHOBUTE B TMOJIOKEHUE TMPOTUB YAaCOBOM CTPENKH 10 yrmopa. OTKIounTe
ucrouHuk G2 u Bo30ynurens G3, HaxaB Ha kHonKu «OTKIJL» Ha ux nepenneit nanenu. OTKIO-
YUTE TPEXIOIIOCHBIHN BBIKIIIOUaTENb A4.

o ["'oToBUM amnmaparypy K IPOBEJEHHUIO SKCIIEPUMEHTA B aBTOMaTHYECKOM PEKUME.

J [Tepexmouatens pexuma padoTsl nctounuka G2, Bozoyaurens G3 u Tpexmostoc-
HOT0 BbIKJIItOUaTenss A4 yctaHoBute B nosioskeHue «ABT.».

° Brmrounte Boikmouarens «CETbhy 6moka A10 BBoma-BeIBO/Ia IU(POBBIX CHUTHA-
JIOB.

. Bribepure aBToMaTn4yeckuii pexxuM pabOThl MPOrpaMMbl, HaXkaB JIsl 3TOTO COOT-
BETCTBYIONIYIO BUPTYaIbHYIO KHOIKY & Ha 3KpaHe KOMIIBIOTEpA.

. 3anaiiTe ycTaBky ynpasiaeHus (KHOMKoH %), ncrosb3yeMble nporpamMmoit. Hampu-
MEp, OCTaBbTE YCTABKH, 33JaHHBIE 10 YMOIYAHUIO.

. Haxmure Ha BUPTyaJIbHYIO KHONKY «3amyCTHTh» .. Haxmure BHUpTyaabHYIO
kHOTKY «[TYCK». ITocne 3aBepiienust pa3roHa u Bo30YKJI€HHs TeHepaTopa BKIIOUNTE BUPTYallb-

HBII BBIKJTIOYATENb. MI3MEHANTE 4YaCTOTHYIO XapaKTePUCTUKY 3a/1aHus (IIyTeM «I1epeTacKUBaHUS»
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MBIIIKOM O€JI0N TOYKH Ha COOTBETCTBYIONIEM Tpaduke), MOMHOCTH (a3 akTUBHOW HArpy3ku A6,
3a/laHue HaIpsDKEHUS Ha LIMHAaX reHeparopa (C IOMOIIbI0 BUPTYalIbHON PETyJIMPOBOYHON PYKO-
atku). Habmronaiite u3MeHEeHNE PEKUMHBIX [TapaMETPOB CXEMBI.

. IIpn «aBapuiHON» OCTAHOBKE I'€HEPATOPA OCTAHOBUTE NPOTPAMMY M 3aIlyCTUTE
BHOBB (KHONKOH «OcTaHoBUT» M 1 «3amycTnuTh» » COOTBETCTBEHHO).

J [To 3aBepiIeHUH 3KCIEPUMEHTOB OTKIOYMTE HCTOUYHUK Gl M BBIKIIIOYATENN
«CETb» 6mokoB G2, G3, Al, A3, A4, A8. 3akpoiite nporpaMMy «ABTOMAaTHYECKOE YIIPaBICHUE

- 1».

Ilpu pabome ¢ npozpammoii_ciedyem noJib308amvbCa e€é 603MONCHOCHAMU.

. s ynobcTBa onpezieneHus 3SHaYeHNH BEJTMYMH 0 TpauKy Ha SKpaHe 0ToOpaka-
IOTCA TCKYIIME KOOPAWHATBI YKA3aTCJIsA MBIIIN.

° MacmrabupoBaHue OCIIJUIOrPaMM IIPOU3BOJUTCS ITyTEM HAXKaTUs Ha TpaduKe je-
BOM KJIaBUIIM MBIIIU U, HE OTIYCKasl €e, IepEeMEIIeHNs] MaHUITYJIATOpa CJIeBa HAIIPaBO U CBEPXY
BHU3. Bo3BpaT k HauanbHOMY MacIITady OCYLIECTBISETCS OOpaTHBIM ITEPEMEIICHUEM MaHUITYIIs-
TOpa — ClIpaBa HaJIeBO U CHU3Y BBEpX.

JlBuraTh TpaduK OCHMILIOrPaMM OTHOCHUTEIFHO OCel KOOPAMHAT MOYKHO ITyTEeM Ha)KaTHs
" yACpXKaHUA Ha COOTBETCTBYIOIICM 00BEKTE HpaBOI\/JI KHOIIKW MBIIIN U €€ OJHOBPEMCHHOT'O IIEPEC-

MCIICHU B HY’KHYHO CTOPOHY.
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Pucynox 2.2 — IlpuanunuanpHas cxema yrnpaBjieHUsT pSKHMOM aBTOHOMHO pa0oTaro-

IIETO CHHXPOHHOTO Fe€HepaTopa.
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PI/ICYHOK 1.2 - HpI/IHLII/Il'II/IaJ'ILHaSI CXEMa MOAYyJIsd BBOAA-BbIBOJAA K KOHHCKTOPY



Cooepircanue omuema:

OTuer HOKEH COJepKaTh!

1. Ha3Banue paboThI;

2. llens paboTHI;

3. KpaTtkue TeopeTuueckue CBEACHUS;

4. Onucanue UCIoiab3yeMoro o0opy10BaHus U MaTepUaJIOB;
5. Iopsiiox BBHIIOTTHEHUS PAOOTHI;

6. Beruncienust u 06paboTKa pe3yabTaToB;

7. BeIBOIEL.

KOHmpOﬂbele eonpocol:

1. OT yero 3aBUCHUT Ka4aHHE U JUHaAMHW4YCCKasa YCTOﬁqHBOCTB CHHXpOHHOﬁ MalInHbBI?

2. Hoquy O6MOTKy B036y>K,Z[eHI/IH re’aeparopa Ipu BKIOYCHHUHN Ha MMapalJICJIbHYIO

paboTy [0 METOAY CAMOCHHXPOHHU3ALIMU HE CIENYET 3aMbIKaTh HAKOPOTKO?
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Jlabopamopnas pavoma Ne3. Cunoevie mpancghopmamopel u asmompancghopma-

mopuvl. Hamypnoe modenuposanue ycmano8ueuiezocs pexcuma padomeol mpancgopmamopa.

Ilens padomui: 1lprobpecTy HABBIKK U3MEPEHUS TAPaMETPOB YCTAHOBUBLIETOCS pexKUMa

paboTsl TpaHchopmaTopa U ANEKTPUIECKON CETH.

Ocnoevl meopuu:

Ha snexTprueckux cxemax ABYXOOMOTOYHBIN TpaHC(HOPMATOP MPEICTABISACTCS CIEAYIO-
M obpazoM (pucyHok 3.1):

B oOMOTKax yka3bIBaeTCsl CXEMbl COSAMHECHHS OOMOTOK (3Be3la, 3BE31a C HYJIEM, Tpe-

YTOJIbHUK) U PEKUM pabOThI HEUTpaIu:

EH

HH

Pucynox 3.1 — YcinoBHoe 0603HaueHHE IByX0OOMOTOYHOTO TpaHchopmaTopa

. 3B€3/1a — C U30JIMPOBAHHOW HEUTPAIIBIO;

o 3B€3/1a C HYJIEM — HIMEETCSl COEJMHEHNE HEUTPAIIU C 3€MJIEH.

B cooTrBercTBHM ¢ MpUHATON cHCTeMOW 00o03HadeHUl abOpeBHarypa TpaHchopmaropa
TJAH-10000/110/10 pacmmdpoBsiBaeTcs: Tpancpopmarop TpexdasHblid, ABYXOOMOTOYHBIA C
IPUHYAUTEIbHON LUPKYJIALUEN BO3yXa U €CTECTBEHHON LUPKYJIAMEN Macia, U CUCTEMON pe-
TyJIUpOBaHUs HampsbkeHUs noj Harpyskod. HomumuanpHas mommuocts — 10000 xB-A, kmace
HanpspKeHUs 0OMOTKH BhIcuiero HanpsbkeHust — 110 kB, Husmero Hanpsokenus — 10 kB.

B mpaktuyeckux pacuerax IByXOOMOTOUHBIM TpaHCOpMATOp yallle BCEro MpPEeICTaBIIs-

etcs [-00pa3Hoii cxemol 3aMerenus (pucyHok 3.2).

88



Pucynok 3.2 — I'-o06pa3Has cxema 3aMelIeHHs TByX0OMOTOYHOTO TpaHchopMaTopa

AKTHBHOE M pEaKTUBHOE CONPOTHUBJICHHs TpaHcpopmaTopa (IPOoJ0JibHAS BETBb) Mpel-
CTaBJISIIOT COOOM CyMMY aKTHBHBIX U PEAKTUBHBIX COMPOTUBIICHUM OOMOTKHM BBICIIIETO HAMPSKE-

HUA 1 HpHBeI[eHHOﬁ K HEU 06MOTKI/I HU3IICTO HAITPAKCHUA:
*
R, =R, +R;

X =X, +X.

Ilonepeynas BeTBb CXEMBbI 3aMELICHMSI IPEICTaBIeHa akTUBHON GT U peakTHBHOM BT nipo-
BOOUMOCTAMM. HpOBOI{I/IMOCTI/I 0OBIYHO IMOAKIOYAr0T CO CTOPOHLIL HCpBH‘-IHOfI OOMOTKH: JJIA I10-
BBIIIIAIOLIUX TPaHC(HOPMATOPOB — CO CTOPOHBI OOMOTKH HU3ILIETO HAMIPSIKEHUS, TSl TOHMKAIOIIUX
— CO CTOPOHBI OOMOTKH BBICILIETO HAIIPSKEHMSL.

B Takoii cxeme 3aMelieHusl OTCYTCTBYET TpaHC(hopMalus, TO eCTh OTCYTCTBYET HJl€allb-
HBIH TpaHcopmartop. [loaToMy B pacuerax BTOPUUHOE HANPSKEHHE OKA3bIBACTCSI IPUBEICHHBIM
K HallpsDKEHUIO IEPBUYHON OOMOTKH.

AKTUBHas MPOBOJAUMOCTh O0YCIIOBJIEHA MOTEPSIMU aKTUBHOM MOIIHOCTH B CTaJM TpaHC-
¢dopmaropa Ha epeMarHMUYMBaHUE U BUXPEBbIE TOKH, pEaKTUBHAsl IPOBOIUMOCTh — HAMAarHW4H-
BAOIIEW MOIIHOCTBIO. B pacderax pexuMOB dJIEKTPUYECKON CETH NMPOBOJAUMOCTU 3aMEHSIOTCS
Harpy3Koi, paBHOM ITOTEPSIM XOJIOCTOI0 X0/1a.

[TapameTpsl cxembl 3amMeleHus TpaHchopMaTopa ONpPEeNSIOTCs U3 ABYX OIBITOB — XOJIO-
CTOr0 XOJa U KOPOTKOI'O 3aMbIKaHUsA. B OmbITax ONpenesstoT CleayIolue BeIUIMHbI, KOTOpbIE

YKa3bIBAIOT B MACIOPTHBIX JAHHBIX TpaHCchOpMarTopa:

° MOTEPU AKTUBHOM MOIIIHOCTH B PEXKHMME XOJIOCTOT0 X0/1a APX B KBT;

° MOTEPU AKTUBHON MOIIIHOCTH B PEKUME KOPOTKOTO 3aMbIKAHUS APK B KBT;
° HaTNpsDKEHUE KOPOTKOTo 3ambikanust Uy, B %0;

° TOK Xo0cToro xozaa ly, B %.
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[ToTepn akTUBHOM M PEAKTUBHOW MOIIHOCTH B TpaHC(hOpMaTopax U aBTOTpaHCHOpMATO-
pax pa3zessitoTCs Ha MOTEPU B CTAM M MOTEPHU B Meau (Harpy3ouHsie motepu). [lotepu B cranu —
3TO MOTEPU B MPOBOIUMOCTSIX TpaHchopMaTopoB. OHU 3aBUCAT OT NPUIOKEHHOTO HATIPSKCHHUS.
HarpysouHnsie motepu — 3TO HOTEPH B CONPOTUBICHUIX TpaHChopMaTopoB. OHU 3aBUCAT OT TOKA

Harpy3KHu.
[Torepu akTUBHON MOIIHOCTH B CTalIM TPaHC(HOPMATOPOB — 3TO MOTEPH HA TIEPEMarHUYH-
BaHMe W BUXPEBbIE TOKH. ONpeeNsioTes OTepsMHU XouocToro xozna Tpanchpopmaropa AP, ko-

TOPLIC TPHUBOJATCA B €0 MaCIIOPTHBIX JaHHBIX.
HOTCpI/I peaKTHBHOﬁ MOIMHOCTHU B CTAJIX OIIPECACIIAOTCA 110 TOKY XOJOCTOIr'o Xo0J4a TpaHC-

q)opMaTopa, 3HAYCHHUEC KOTOPOIr'o B IIPpOLCHTAaX IIPUBOAUTCA B €TI0 IIACIIOPTHLIX JAHHBIX:

IXS

AQCT - AQX - 100 HOM *
[Torepu MomTHOCTH B 0OMOTKAxX TpaHc(hopMaTopa MOKHO OTPEACTUTH ABYMS ITYTSIMH:
. 10 [TapaMeTpaM CXEMbI 3aMEILEHUS;
. IO MaCMOPTHBIM JaHHBIM TpaHchopMaTopa.

HOTepI/I MOIIHOCTH 110 IMapaMe€TpaM CXEMbI 3aMCIICHUA OIIPCACIIAIOTCA 110 TEM KE (bOpMy—

jaM, uto u i JIDII:

SZ
APMII _F -~

SZ
AQMJI :FXT

rze: S — MOITHOCTh Harpy3KH;

U — nuHeltHOe HampsbKeHUE Ha BTOPUYHOM CTOpOHE TpaHcopmaTopa.

Jlst Tpexo0MOTOUHOTO TpaHchopMaTopa itk aBToTpaHchopMaTopa MoTepy B MEIA OTIpe-
JENSIOTCS KaK CyMMa MOTeph MOIIHOCTH KaXKAoW U3 0OMOTOK. [ToydunM BeIpaskeHUs AJIs1 Ompe-
JIEJICHUS TTIOTEPh MOIITHOCTH IO MACMOPTHBIM JaHHBIM JBYXOOMOTOYHOTO TpaHchopmaropa.

[ToTepu KOPOTKOTO 3aMBbIKaHUS, TPUBEICHHBIC B MACMIOPTHBIX JAHHBIX, OTMPEAEIECHBI MPU

HOMHUHAJIFHOM TOKE TpaHchopmaTopa:

2
APK:3-I50M-RT:LSJH%RT.

HOM

[Ipu mr06oit 1pyroit Harpy3ke noTepu B Meau TpaHchopMaTopa paBHBIL:
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2 s?
AP, =3-12.R =R,

Pa3I[CJ'II/IB OTH BBIPAXKCHUC, ITIOJTYUUM:

AP

2
K _ SHOM

AP S

M

Ortkyna Haiinem APMH:
AP, = AP, (Si)z.

Ecmu B BBIPAXKCHUC IJIA pacucTa AQMJI , IOACTABUTDH BBIPAKCHUC IAJIA OIIPECACICHUA pCaK-

TUBHOTO COMPOTHUBJICHUS TpaHCHopMaTopa, TO MOTYyUNM:

2 s U U: U §?
AQM;[ — 5 XT — 5 . K, T~ HOM __ K )
U2 Uz 100 S,, 100 S,

Taxum 06pa3om, MOTHBIE TOTEPH MOIIHOCTH B AByXOOMOTOYHOM TpaHCHOPMATOPE PABHEI:

AP, = AP, + AP, (Si)z;
u. s°

AQ =AQ. +—£. >
Q=40+ 150 S

Ecnn Ha moacTaHImu ¢ cyMMapHOW Harpy3koil S paboTaeT mapajijieIbHO N OJJUHAKOBBIX
TpaHcPOpMaTOPOB, TO UX IKBUBAJICHTHBIE COMTPOTUBIICHHS B N pa3 MEHbIIIE, a MPOBOJAUMOCTH B N
pa3 0oJbIile, Toraa:

1

AP.=n-AP, +—-APK(i)2;
n S

HOM
Ykazanue no mexnuke 6ezonacnocmu:
VYkazaHus 1o TeXHUKE 0C30IMaCHOCTH IIPpU BBITTOJIHCHUH na60paT0pHLIX pa60T IIPpUBCACHLL

B IIPUJIOKEHNE A.

Ykazanun no eévinonnenuro nabopamopnoi pabomer:

° YOeauTeck, 4TO yCTPONCTBA, HCTIOIB3yEeMbIE B AKCTICPUMEHTE, OTKITFOYEHBI OT CETH
AIEKTPONUTAHMUS.
° CoenuHuTE THE3Ja 3alIMTHOrO 3a3eMieHus "\&" ycTpoiCTB, UCHOIb3YEMBIX B

sKcnepuMenTe, ¢ THe3oM "PE" onHodasHoro ucrounuka nuranus G1 (G3).
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. CoenuHute anmnaparypy B COOTBETCTBUHU CO CXEMOM ANEKTPUUECKON COeTUHEHU,
MpUBEACHHOMN Ha puc. 3.3.

. YcTaHoBUTE MEpeKIoYaTesieM KellaeMoe 3HaueHue koddduurenta tpancopma-
uu Tpanchopmaropa Al, Hanmpumep, paBHbIM 1,0.

. VYcTaHOBUTE MEPEKIIIOYATENIMA JKEJIaeMble IapaMeTpbl Harpy3ok B MOJEISIX
A3...A6 paBubiMU, Hanipumep, 10 Bt u 0 BAp.

. Bxumtounte uctounuk G1. O Hanuuuu HanpsHKEHUS Ha €0 BBIXOJIE JIOJDKHA CUTHA-

JIM3UPOBATDH CBCTAIIAACS JIaMIIOYKa.

. Bxarounte Boikimouatenu «CETbhy» usmepureneit mapamerpoB P1, P2 u monenei
A3...A6.
o Bxurounte ncrounuk 6ecrniepedoiinoro nmutanus G2 u JOXKAUTECh BBIXOJIA €r0 Ha

YCTaHOBUBIIUIICS PEKUM pabOThI (CBETOIMO/IbI Ha €T0 JIMIIEBOM MaHENN JIOJIKHBI IIepeCTaTh MU-
raTh).

) Bxrounte onHoda3HbIi ncTouHUK utanus G3.

. Knomnkoi#t « < » uzmepurened P1 u P2 BeiOupaiite u pukcupyiite orodpakaemble
napamMeTpsl pekKrMa Ha MEePBUYHONW M BTOPUYHON CTOpOHaX TpaHcopmaropa Al (HampsoKeHHs,
TOKH, aKTUBHbBIE, PEAKTUBHBIE U MTOJHbIE MOIIHOCTH, KOA(QGHUIIMEHTHl MOLTHOCTH, YaCTOTY HAIpsi-
KEHHUS).

o ITo 3aBepIIeHNN SKCIIEPUMEHTA OTKIIOUNUTE 0JHO(DA3HBIM UCTOUHUK nuTaHus G3,
UCTOYHUK OecniepeboitHoro nutanusa G2, Beikmouarenu «CETby» usmepureneit napamerpos Pl,

P2 u moneneit A3...A6, ogHOodazHbI ncTOUHUK nTUTaHus G1.
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Cooepircanue omuema:

OTuer HOKEH COJepKaTh!

1. Ha3Banue paboThI;

2. llens paboTHI;

3. KpaTtkue TeopeTuueckue CBEACHUS;

4. Onucanue UCnoiab3yeMoro o0opy10BaHusl U MaTepUalloB;
5. Iopsiiox BBHIIOTTHEHUS PAOOTHI;

6. Beruncienust u 06paboTKa pe3yabTaToB;

7. BeIBOIEL.

Konmponsnuie eonpocwi:

1. Kakue cxeMbl 3aMeIICHHS IPUMEHUTCSI JIJTsl MOACITHUPOBAHUS U PACYETOB TpaHChopMa-
TOpOB?

2. Kakue qaHHbIe HEOOXOIUMBI JIJIsl BBIYUCIICHUSI aKTUBHOTO COTIPOTHBIICHUST CXEMBI 3aMe-
nieHus Tpaicopmaropa?

3. OT 4ero 3aBUCAT MOTEPHU XOJIOCTOTO X0ja TpaHchopmaropa?

4. B xakux cinydasx npuMeHstot [1-o0pa3Hbie cxeMbl 3ameleHus Tpancopmartopa?

5. Kakumu nmapameTpaMu XxapakTepu3yeTcs yCTaHOBUBIIUICS PEeXUM paObOThI
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Jlabopamopnas paooma Ne4. Ilpunyunst nocmpoenusa cxem 31eKmMpuUdecKuUx coeouHe-
HUil IHep2000vekmos. Ilyck u pecynuposanue peakmueHoi MOUHOCMU CUHXPOHHO20 KOM-

nencamopa.

Ilens pabomet: 1IpnoOpecTy HABBIKU MO BKIOYEHHIO CHHXPOHHOTO KOMIIEHCATOpa peak-

TUBHOUM MONIHOCTHU 0€3 Harpy3KH Ha Baly

Ocnoevl meopuu:

CylecTBYIOT HECKOJIBKO CIIOCOOOB Iycka KOMIIEHCAaTopa. Bce oHM B INIaBHOM 3akiroya-
I0TCS B TOM, UTO B IIPOIIECCE ITYCKa POTOP MAIIUHbI Pa3rOHATCS 10 CKOPOCTH, OJIU3KON K CKOPOCTU
BpAILAOLLErocs MOJIs, OCIIe Yero KOMIIEHCATOp BXOUT B CHHXPOHU3M U HAUMHAEeT paboTaTh Kak
CHHXPOHHBIH.

Bb1ensroT myck ¢ HOMOIIBIO Pa3TOHHOTO JIBUTATeNs, YaCTOTHBIN U aCUHXPOHHBIH MyCK.

JJ1 OCy1LECTBIIEHUS IOCIEIHEr0 Ha POTOPE B MOJIIOCHBIX HAKOHEYHHUKAX pa3MellatoT IIyc-
KOBYIO OOMOTKY. DTa 00MOTKA BBIMOJHSACTCS 110 TUITY KOPOTKO3aMKHYTOH OOMOTKH aCHHXPOH-
Horo asurartens. [Ipu nmycke Tpexdas3nas oOMOTKa cTaTopa BKJIIOYAETCS B CETh, POTOP KOMITEHCA-
TOpa NPUXOJMUT BO BpalllEHUE M Pa3BOPAYMBAETCS 1O CKOPOCTH, OJIM3KOM K CHHXPOHHOH. Bxox-
JIEHUE B CHHXPOHU3M JIOCTUTAETCs MOCIe MOJa4yl TOCTOSSHHOTO TOKa B 0OMOTKY BO30YKIEHUSI.

B nanHOM 3kcrnieprMeHTe 0OMOTKH pOTOpa YHUBEPCAIbHOW MalllMHBI IEPEMEHHOTO TOKa
BBITOJIHAIOT POJIb ITYCKOBBIX IIPU pa3roHe KoMmreHcaropa. [1o okoHuyaHuu pa3roHa B 0OMOTKH po-

TOpa MOJAACTCA MOCTOSIHHBIN TOK U IMPOUCXOOUT BTATHUBAHUC MAIIIMHBI B CHHXPOHH3M.
Ykazanue no mexnuke 6ezonacnocmu:
VYkazaHus 1o TeXHHUKE OC30IMaCHOCTH IIPpU BBITTOJIHCHUH J'Ia60paT0pHBIX pa60T ITPUBCACHBI

B IIPWJIO’KEHUE A.

Ykazanua no eévinoanenuro nabopamopnoit padomoi:

. 3ambIkaeM 0OMOTKY BO30YKIE€HUS IBUTATEIS.

. Bxatounte Boikitouarenb A3 kHonkon «BKJD».

o BxirouaeM gBuraTenb Kak aCHHXPOHHBIM.

. Bxmrounte BeiktouaTens A3 kHonkoi «BKJIy». JIsuratens M1 gomkeH npuiitu Bo
BpalleHUE.

. Pa3mbikaem 0OMOTKY BO3OYXIIEHUS U MOAKIIOYaeM K Hell Bo30yautens. [lelficTBue

MMPOU3BOJAUM 6LICTp0 1 MMCHHO B yKaBaHHOﬁ noCJICA0BATCIBbHOCTHU, BO n30exKaHue BKIIOYEHUS

B0o30OyauTens G3 Ha KOPOTKOE 3aMbIKaHHE.
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. Otximrounte Beikmodarenb A3 kHonkol «OTKIL» u cpa3y ke BKIIOUMTE BBIKIIO-
yatenb A4 kHonkoil «BKJL». JIBuratens M1 qoikeH BTAHYTBCS B CHHXPOHHU3M.
. Haxxmute kHonky «OTKIJL.» ncrounuka G1.

. Ortximounte Boikimtovarenu «CEThy 6110koB, 3a1eiICTBOBaHHBIX B 9KCIIEPUMEHTE.
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Pucynok 4.1 — IlpuHiiunuanpHas cxema Imycka CHHXpOHHOTO KOMIIEHCATOpa PEaKTUBHOU

MOIIIHOCTH 0€3 Harpy3Ku Ha Bally
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Cooepircanue omuema:

OTuer HOKEH COJepKaTh!

1. Ha3Banue paboThI;

2. llens paboTHI;

3. KpaTtkue TeopeTuueckue CBEACHUS;

4. Onmcanue UCIob3yeMOro 000pyI0BaHHS U MaTEpPHAJIOB;
5. Iopsiiox BBHIIOTTHEHUS PAOOTHI;

6. Beruncienust u 06paboTKa pe3yabTaToB;

7. BeIBOIEL.

Konmponwvnwvie eéonpocwi:

1. IlpuHuun nelcTBUS CUHXPOHHOM MalIMHBI 1 OCOOEHHOCTH ee KOHCTpyKuuu. OT 4ero
3aBHCHUT YacTOTa BPAIICHHUS] CHHXPOHHOTO JIBUTATeNs?

2. [Tpu KaKuX YCIIOBHSX MOXHO HCIOJIb30BAaTh ACHHXPOHHYIO MAIIMHY B Ka4eCTBE CHH-
XPOHHOM?

3. KakoBo Ha3HayeHHE CHHXPOHHOT'O KOMIIeHcaTopa?

4. Kakoii Tok BO30YyX/I€HHS Ha3bIBACTCS HOPMAIBbHBIM?

5. OxapakrepusyiiTe paboTy CHHXPOHHOTO KOMIIEHCATOPa B PEKUME HETOBO30YKICHHUE U
B KaKUX CIIy4asiX TaKOW pexuM MpUMeEHseTCs?

6. Oxapakrepu3yiiTe pab0OTy CHHXPOHHOTO KOMIIEHCATOpa B peXUME MepeBO30YKICHNUE U
B KaKUX CIIy4asiX TaKOW pexuM MpuMeHseTcs?

7. IlosicHUTE TOPSAOK MEPEKIIOYCHUIT OOMOTKHA BO30YXKICHUS TIPH ACHHXPOHHOM ITYCKE
CK.

8. Kakoii pexxum (repeBo30ykIeHUs WM HETOBO30YKIEHUS) SBISIETCS PACUETHBIM TS
CK u nouemy?

9. [To xakuM MpU3HAKAM, HaXOJICh Ha IIUTE YIIPABICHUS WIM B MAIIMHHOM 3aJie, MOKHO
y3HaTh, 4TO JaHHbIM CK Hax0oauTCs B ACHHXPOHHOM pEXKUME?

10. Kak uzmenuTtcs pexum CK mocne norepu Bo30yxaeHus?
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Jlabopamopnas paooma NeS. Ilpunyunst nocmpoenus cxem In1eKmpu4ecKux coeouHe-
HUil IHep2000bekmos. Ilpamoii/peakmopHblil NyCK ACUHXPOHHO20 08U2AMENA C KOPOMKO3a-

MKHYHLBIM POMLOPOM.

ILenv pabomer: ViccnenoBath NpsiMON U PEAKTOPHBIN IMYCK aCHHXPOHHOTO 3JIEKTPOJIBUTA-

TEJsl C KOPOTKO3aMKHYTBIM POTOPOM.

Ocnoevl meopuu:

Cy11ecTBYIOT HECKOJIBKO CIIOCOOO0B ITyCKa aCUHXPOHHBIX ABuraresieil. [lpu npsamom mycke
00MOTKa cTaTopa HEMOCPEICTBEHHO, 0€3 BCSIKUX MyCKOBBIX YCTPOUCTB, MOJKIIIOYAETCA K ceTH. B
TEX CIIy4asix, KOrja u3-3a OOJIIIOro MaIeHUsI HAPSDKEHHS B CETH MPSIMOU ITYCK /I KOPOTKO3a-
MKHYTBIX JBUTaTENIeH HETOMYCTHUM, IPUMEHSIOT MOAKIIOYeHNE UX 0OMOTOK CTaTOpa Ha MOHIMKEH-
HO€ HANpPsDKEHUE, MPHU 3TOM IMYCKOBOM TOK YMEHBIIAETCS, YTO MPUBOJUT K CHUKCHHIO MaJCHUS
HaNpsDKCHUS B CeTU. PazinuuaroT myck uepes peakTop, 4yepe3 aBToTpanchopMaTop, mepeKIroueHe
CO 3BE3/Ibl HA TPEYTOJIbHUK.

[Tpu mycke nBurarens ¢ ¢ha3HbBIM POTOPOM B b POTOPA BKIFOYAETCS JOOABOUHOE AaKTHB-
HOE€ COMPOTHUBJICHHE — ITyCKOBOM peoctaT. [IlyckoBoii peocTaT 00bIYHO UMEET HECKOIBKO CTYyIEHEeH
Y pacCUMTHIBACTCS HAa KpPaTKOBPEMEHHOE MpoTekanue Toka. [1o Mepe pa3rona aBuraress corpo-
TUBJIEHUE ITyCKOBOT'O PEOCTaTa YMEHBUIAIOT, IEPEXOAs C OJHOM €ro CTYNeHH Ha APYryro. OTOT
MepPeX0/ MOKET OCYIECTBIATHCS KaK BPYUHYIO, TAK U1 aBTOMaTHUYECKHU.

B nanHoit pabote nMeeTcss BO3MOXKHOCTh CMOJICTMPOBATh OJTHO- U IBYXCTYIEHUATHIN pe-
AKTOPHBIM MYCK aCHHXPOHHOTO JBUTATENs C KOPOTKO3aMKHYTBIM POTOPOM C OJHOBPEMEHHBIM

0TOOpa’keHHEM TapaMEeTPOB Ha KPaHE KOMIIBIOTEpPA.
Ykazanue no mexnuxe 6esonacnocmu:
VYka3zaHus 1o TeXHUKE OE30MMaCHOCTH MPH BBIITOJIHEHUH JIa0OpAaTOPHBIX pabOT MPUBEIEHBI

B IIPUJIOKEHHE A.

Ykazanun no eévinonnenuro nabopamopnoi pabomer:

. Y6enureck, 4TO YCTPONCTBA, UCTIONB3YEMbBIC B OKCIIEPUMEHTE, OTKIIOYEHBI OT CETH
AIEKTPONUTAHMUS.
. CobepuTe NMEKTPUIECKYIO CXEMY COSIMHEHUHN TEIUIOBOM 3alUThl MAITMHBI Iepe-

MCHHOI'O TOKa.

. CoeauHuTe rHE3/a 3ALUTHOTO 3a3€MJICHUS "." YCTPOMCTB, UCIIOJIb3yEMBIX B DKC-

nepumenTte, ¢ rue3aoM "PE" tpexdasznoro ncrounuka nuranus Gl.
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. CoenuHute anmnapaTypy B COOTBETCTBHH C SJIEKTPUUYECKON CXEMOU COeAMHEHU M.

. [Tepexirouatenu pexxuma padboTel uctounnka G2 u Beikmoyareneii A6, A8 ycra-
HOBUTE B nosoxkeHue «PYYH.».

. YcranoBute B Kaxa0i Qasze akTuBHON Harpy3ku Al0 ee cyMMapHyIO BEJIWYHHY
paBHyto, Haripumep, 100 %.

. B tpex¢aznoii TpanchopmaTopHoii rpynmne A2 nepekiIrodaTesieM yCTaHOBUTE JKe-
JaeMOe HOMHUHAJIbHOE BTOPUYHOE HaNpsbKeHue Tpanchopmaropa, Hanpumep, 133 B.

. [TpuBenute B paboyee COCTOSIHHUE MEPCOHATBHBINA KOMITbIOTEP AS U 3aITyCTUTE MTPH-
KJIAJHYIO TporpaMMy «MHOTOKaHaIbHbBIN OcHUILIOrpad».

. Bxurounte Brikimouatenu «CEThy 6110k0B, 3a71eiiCTBOBAaHHBIX B SKCIIEPHUMEHTE.

° Bxmrounte ncrounnk Gl. O Haymuuy HanpsikeHUM (a3 Ha ero BBIXOJIE JOJIKHBI
CUTHAJIM3UPOBATh CBETALIUECS JTAMIIOUKH.

. BpanienueM pyKosSTKU Ha NepeiHel NaHeau ucTouHruka G2 yCTaHOBUTE HapshKe-
Hue, Hanipumep, 100 B Ha ero perynupyemoM Boixojie «SAKOPby.

. Haxxmure Ha BupTyanbHble KHONKU «BKJL.» BKiItOUEHUsI CKaHUPOBAHUS UCIIOJIb3Y-
eMBIX KaHaJIoB ocuuiuiorpada.

° Haxxmute nociaenoBarenbno kHonkn «BKJL.» ncrounuka G2, Beikirouaresss A6 u
CITYCTsI, HarpuMep, 2 ¢ BeikIrouaTesst A8. OctaHOBUTE cOOp JaHHBIX HAXKaTHEM Ha BUPTYaIbHYIO
KHOTIKY «OcTaHOBUTEY §l. B pesyspraTe D0IKEH OCYIECTBUTBCS ABYXCTYIICHUAThIH TyCK HATPY-
JKEHHOTO aCHHXpPOHHOTO faBurateiass M1 u JOMKHBI 3aMCaThCsl B KOMITBIOTEP JAaHHBIE O PEKHUM-
HBIX [IapaMeTpax Ha UHTEpBaJe MycKa.

J OTo6pasuTe 3aMHCAHHBIH IPOIECC HAKATHEM HA BUPTYATbHYIO KHOIIKY _¥.

J Ilpu scenanuu oonocmyneHuamuolii NYCK OCYWecmeisem KII0YeHUeM BbIKIoYa-
mens A6 npu 3apanee 6Kk1I0OYEHHOM 8biKIIOYamene AS.

. Haxwmure knonky «OTKIJL» ucrounuka Gl.

. Otxumrounte Boeikmrodatenu «CEThy 6510koB, 3a1€iiCTBOBAaHHBIX B SKCIIEPUMEHTE.
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Pucynox 5.1 — [lpuniunuansHas cxema IpsiMOT0/peaKkTOPHOTO MyCKa aCHHXPOHHOTO

JIBUTATENS C KOPOTKO3aMKHYTHIM POTOPOM
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K KoMmpomepy A3

Pucynok 5.2 — Cxema moaK/II0ueHus: U3MEPUTENbHBIX TPaHC(HOPMATOPOB K KOHHEKTOPY

Cooepocanue omuema:

OTuer HOKEH CONepKaTh:

1. Ha3Banue paboThl;

2. llens paboTsr;

3. Kparkue TeopeTnieckne CBeICHHS,

4. Onucanue UCIoiIb3yeMoro o0opy10BaHUsl U MaTepUaJIOB;
5. Ilopsiiok BBIOSTHEHUS PabOTHI;

6. Berurcnenus u 006paboTKa pe3yabTaToB;

7. BBIBOJIBI.

KOHmPOJleble eonpocol:
1. OOBICHUTD IMPUHIUIT JIeicTBUA ACUHXPOHHOI'O ABUTATCIIA.

2. Ha3BaTh mpenMyIIecTBa U HEJAOCTATKH aCHHXPOHHBIX JBUTATENCH ¢ KOPOTKO3aMKHY-

TBIM POTOPOM.

3. KakoBa uacTtora BpaCHUsA OCHOBHOI'O MArHUTHOT'O MOJIA aCHHXPOHHOI'O JABUTATCIIA U C

KaKOW Y4aCTOTOM U3MEHSETCS TOK B 0OMOTKE €ro poTopa Ipu HOMHUHAJIbHOM Harpyslce?

4. Kak U3MEHSTCS JIMHEWHBIC TOKH, €CJTM OOMOTKY CTaTOpa MEPEKIIOUYUTh CO 3BE3]IbI Ha

TPEYTOJIBHUK TP HEU3MEHHOM HAIIPSKEHUN CETH?

5. Kakue cymecTBytoT criocoObl peryIMpOBaHUs YaCTOThI BPALICHUS POTOpa TPEX(Pa3HbIX

ACUHXPOHHBIX JBUTaTeIeH?
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Jlabopamopnas paooma Ne6. Ilpunyunet nocmpoenusn cxem 31eKmMpudeckKux coeouHe-

Huill 3Hep20061;e1<m08. CaM03anyc1< ACUHXPOHHO020 3J1el<mp008uzame1m.

Heﬂb pt160Hlbl: Ananuz mponecca caMo3alyCcka aCHHXPOHHOTI'O 3JICKTPOABUI'aTCIIA.

Ocnoevt meopuu:

Camo3arryck — mporecc 4aCTUYHOTO MJIH TOJIHOTO OCTaHOBA AJIEKTPOBUTATENCH (CHIDKE-
HUS YaCTOTHI BpAILIEHHS ), B PE3yJIbTaTe KPATKOBPEMEHHOTO ITEPEPhIBA MUTAHMSI, C MTOCIIECTYIOIUM
BOCCTaHOBJICHUEM YaCTOTHI BPAIICHHUSI.

HpI/I‘-H/IH MOYKET OBIThH MHOXCCTBO, pa3JAC/IMM UX Ha HECKOJIBKO 4aCTO BCTPCUAIOIIUXCA B
IKCIUTyaTaIlH, UTAK:

. Otkmrouenne pabodero BBofa (Tpanchopmaropa, JMHUN) U3-3a MOBPEXKICHUS Ha
miMHaX (KOPOTKOE 3aMbIKaHHME) WIIM BCIICACTBUE OTKAa3a BBIKIIIOYATEIIS.

® HpOIIOH)KI/ITeJIBHoe CHMXCHHUEC HAIIPAKCHUA Ha IMHAX, YTO BBI3BIBACT Cpa6aTI>IBa-

aue ABP neiictBuem 3MH i AIIB.

. OTxroueHue 37IeKTpooOOpyI0BaHHs CaMONIPOU3BOJIBHO WM BCIEACTBHE OLIMOKU
nepcoHaa.
. ABTOMaTHUYECKOE OTKJIIOUEHHE 0JI0Ka, N3-3a TOBPEXKIEHUS FeHepaTopa, TypOUHBI,

0;109HOTO TpaHcopmaropa.

HekoTopslie n3 mpUYuH BO3HHUKAIOT IOCTATOYHO PEAKO WIIM HUKOTA, HO JUTs Mpoduiak-
TUKH TPOBOJIAT UCTILITAHUS HA CAMO3AITYCK, KOT/Ia CO3/1al0T YCIOBHsI OJIM3KHUE K BBIIIEYKA3aHHBIM,
C BO3MOXHBIMH OTKJIFOUEHHSIMU OCHOBHOT'O 00OpynoBaHMs. [[aHHBIE UCTIBITAHMS MPU3BAHBI 110-
BBICUTH HAJIS)KHOCTh U MPOBEPHUTH pabOTOCTIOCOOHOCTD 3aIlIUT U YCTABOK.

[Ipu ycmenrHoM camo3ammycke JABUTaTeNld MOocie 3aTOPMaKUBaHUsI BHOBb HAOMpPaIOT 000-
POTHI ¥ TPOJOIKAIOT padoty. [Ipu HeycnenHoM camo3amnycke IBUTraTeNd He pa3TOHSIOTCS U OCTa-
HAaBJIMBAIOTCA.

Heynasmmmiicsi camo3aryck MOKET MPUBECTH K aBapUHHOMY OCTaHOBY KOTIIOB, TypOore-
HEPAaTOPOB, UTO BBHI30BET HEIOOTITYCK SJIEKTPOIHEPTUH U TEIlIa MOTPEOUTENAM, TAKKE BO3ZMOKHO
OTKJIFOUYE€HHE OTBETCTBEHHBIX MOTPEOUTENEH, HY U, ECTECTBEHHO, K MOBPEXKICHUIO OCHOBHOTO U
BCIIOMOTaTeJIbHOTO 000pYy10BaHMUSI.

YcnenrHocTh caMo3ammycka JOJDKHA OBITh 3aJI0K€HA Ha CTaJWHM MPOCKTUPOBAHUS, IS
3TOr0, KPOME MPOUYETO, HEOOXOAUMO MPABUIBHO BHIOPATh YCTABKH TEXHOJIOTUYECKUX U AJIEKTPH-
YEeCKUX 3alllUT, PaCCYUTATh MPOIIECC CaMO3amycKa, YTOOBI BBIMOJIHSIUCH PACUCTHBIE YCIOBHS
YCHEMIHOCTH BCETO IMPOoIiecca, TAKUE KaK HaYaIbHOE HANPSKEHUE U BBIIIOJIHEHUE ONPEIEICHHBIX

YCIIOBUH.
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JIs1 TIOBBIIICHUS YCTICIITHOCTH CaMO03aITycka He00X0IMMO, YTOOBI B TIPOIIECCE caMo3aImycKa
Y4acTBOBAJIM TOJIbKO OTBETCTBEHHBIEC arperatsl, nepepbiB nutanus CH He mpesbiman 2,5 ¢, Bce
HEOOXOIMMBIE 3aIUTHI OBUIM B HAJJICKAILIEM COCTOSHHH.

HeoTBercTBeHHBIC MEXaHU3MBI JIOJDKHBI OTKJIIOYATHCS MEepBOi cTynenpto 3MH, 310 00-
JIeTYaeT YCJIOBHS CaMO3aIlyCKa OTBETCTBEHHBIX. K OTBETCTBEHHBIM MEXaHHW3MaM OTHOCSTCS Te,
OTKJIFOUYEHHE KOTOPBIX IPUBEJIET K HAPYIICHUIO PEXKHMA PA0OTHI OCHOBHOT'O O0OPYIOBAHUS JJICK-
TPOCTAHIIMM WJIA KOTEJILHOM (KOTJIbI, TeHEPATOPhI, TYpOUHBI).

CnucoK OTBETCTBEHHBIX MEXaHU3MOB YTBEP)KIA€TCS TIIaBHBIM MHXCHEPOM IIPEATIPUSITHS,
HO B 00IIIEM clly4ae, K TaKMM arperaram OTHOCATCS camble MomHbie [IDHBI, ceTeBbie HACOCHI,
TATOAYTHE KOTJIOB (JIBIMOCOCHI U BEHTUJISITOPHI KOTJIOB), ABIMOCOCHI PELIUPKYJISIINN, KOHJICHCAT-
HbIE HACOCHI, IUPKYJISIIMOHHBIE HACOCHl. CamMble OTBETCTBEHHBIE MEXaHU3MBbI TOJKHBI UMETh MaK-
CUMAJIbHYIO BBIIEP)KKY BPEMEHU 3aIUThl MUHUMAILHOTO HAMIPSIKEHHUS.

I'py0Oo roBops, HampsiKeHHE MPOMaaaeT, OTKIIIoYaeTcsl padouee MUTaHUE, cpabaThIBAIOT
3amuthel, ABP, nepexonum Ha pezepBHOe nuTtanue. CHavaga OTKII0YAI0TCS HEOTBETCTBEHHBIE ME-
XaHU3MBI (€CJIH MPETyCMOTPEHO), HE CIIOCOOHBIE HAPYIIUTh TEXHOJIOTHUECKUE PEKUMBI OCHOB-
HOTO O0OpYIOBaHMs, MOCIIE WX OTKIIOYCHMsS HAIPSHKEHHUE IMOBBIIIACTCS U CaMO3aMyCK OTBET-
CTBEHHBIX MEXaHHU3MOB IPOXOAMT OoJiee Jierko. [Ipu BoccTaHOBICHUN HANMPSHKCHUSI MEXaHU3MBbI
BHOBb HAOUpaIOT paboure 4acTOThI U padOTAIOT JNIUTEITHLHOE BPEMSI.

B xone mpotekanus mpoiiecca caMmo3amycka JIeKTpOoIBUTaTesel cieayer ocodoe BHIMa-

HUC YACIIATH IMapaMeTpaM OCHOBHOI'O U BCIIOMOI'aTCIIBHOT'O O60py,HOBaHI/I$I CXCMBbI:

. YMEHbIIIEHUE PacXo/ia BOJIbI B KOpPIyce KOTJIa;

. CHWKEHHUE YPOBHS BOJIbI B OapabaHe KOTIIa;

d CHMIXCHUC pa3pe>1<eHI/I$[ B TOIIKE KOTJIa,

. CHI)KEHHE JIaBIICHUS Ha BCACHIBAIOIICH M HAMOPHON CTOPOHE MUTATEIHHBIX HACO-
COB;

. YMEHBIIIEHUE Pacxoa MUPKYIAIHOHHON BOBI B KOHJIEHCATOPaX TYpOWHBI;

. NaJICHHE JIABJICHUH Macjia B CHCTEME CMa3K1 I'eHepaTopa M arperara muTaTeIbHOTo
Hacoca,

. CHI)KCHHE TTPOU3BOUTEIILHOCTH MUTATENEH MBLTH;

. MOBBIIICHHUE JTABJICHHUS B OOPAaTHOW MaruCTpayM CETEBOW BOABI TETUIO(MUKAIIMOH-
HOro 0JI0Ka.

N3 Bcex TEXHOJIOTUYECKUX 3AIlUT, TJIABHYIO POJIb UTPAIOT T€, KOTOPbIE JEHCTBYIOT HA OT-
KITF0UeHHE OJI0Ka C BBIACPKKaMU MEHBIITUMHU, YeM BpPEeMs CaM03aIlyCKa MEXaHIN3MOB COOCTBEHHBIX
HyX1. HeoOxoaumo obpamiath BHUMaHHUE Ha OTJEIbHBIC TEXHOJOTHUECKHE CUCTEMBI, TI1yO0KOe

CHI)KEHHE MapaMeTPOB B KOTOPBIX MOXKET MPUBECTH K OTKIIOYEHHUIO OCHOBHOTO 00OpYyIOBaHUS
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(cuctema peryiaupoBaHus TYpOWH) UK K PACCTPOMCTBY OCHOBHBIX (DYHKIIMH CUCTEMBI (CHCTEMa
YIUIOTHEHHUH Bajia pOTOpa € OTJENbHO CTOALIMMHI HACOCAMH YIUIOTHEHU).

K anexrpryeckum 3ammram, KOTOPbIE JOJIKHBI pACCMAaTPUBATHCS B IIEPBYIO OYEPEb, IIPU
MPOTEKAaHUU MPOIlecca CaMO3aIlycKa, cleayeT OTHECTH T€, KOTOPhIE OTCTPAUBAIOTCS OT IMMYCKOBBIX
TOKOB OTJIEJIbHBIX arperatoB WM OT PEXUMOB IPYIIIOBOro camo3amnycka. K takum 3amuram oT-
HOCATCA TOKOBBIC OTCCUYKH, 3allIUTLI OT IICPETPY3KU, MAKCUMAJIBHBIC TOKOBBIC 3allIUThI, YCTABKU
ABP BBOJOB IHTaHUs € ITyCKOM IO HampspKeHuio. OTAeIbHO He00X0AUMO KOHTPOIUPOBAThH H3-
MEHEHHE HANpsKEHHs] U TOKa Ha pabO4YMX W Pe3epBHBIX BBOJAX JI0 U IOCIE Mpolecca camo3a-
MycKa, MyCKOBbIE TOKM OTBETCTBEHHBIX MEXaHU3MOB. Y POBEHb HAUaJIbHOTO HAIPSHKEHUS MIPH ca-
MO3AaITyCKe OTPEAEISeTCS PaCYeTHO-IKCIEPUMEHTAIBHBIM ITyTeM, MOJAPOOHEEe 00 3TOM B CTAaThe
IIPO pacyeT caMo3aIycka.

[IpaBuiIbHBIN BEIOOP YCTABOK TEXHOJOTHYECKHX 3alIUT U UX COTJIACOBAHUE C AJEKTpUYe-
CKUMH 3alllUTaMHU MO3BOJIUT MPEAOTBPATUTH OTKIIOUYEHHE 0OOPYIOBAHHE U OCTaBUThH HArpPy3Ky
0J10Ka HEM3MEHHOM OCIIe CaMO3aIlyCKa JIEKTPOIBUTaTENEH.

B nponecce camo3arycka y4acTByIOT OTBETCTBEHHBIE MEXaHU3MbI, OTKJIFOUEHNE KOTOPBIX
MOJKET MPUBECTU K HAPYLICHUIO pabOThl OCHOBHOTO 060pyaoBanusa TOLI wiu HapylIeHUIO TeX-
HOJIOTUYECKOT0 TIpoIecca Ha IPEIPUSITUN, YTO B CBOIO OUEPelb MOXKET IPUBECTU K HEAOOTITYCKY
AIIEKTPOIHEPIUHU, BBIXO/Y U3 CTPOSI OCHOBHOI'O U BCIIOMOI'aTe€IbHOTO 000PYAOBAHHUS.

BbriBaroT cJIydau, Korjga caMo3anyCK OTACIbHBIX MEXaHU3MOB HEAOITYCTUM IO YCIOBUAM
TEXHUKHU 0€30MaCHOCTH, HAaIIPUMEP, CaMO3aITyCK 3JIEKTPOIBUraTese KOMIPEeCCOPHOI yCTaHOBKH,
paboTarolieil ¢ B3pbIBOONACHBIMU BEIIECTBAMH.

[lepen BEIOOpOM MEXaHM3MOB, KOTOpbIE OYIyT MPUHUMATh Y4acTHE B caMO3aIycke, Heo0-
XO0OUMO YUYUTBIBATh, UTO B HCKOTOPLIX CIIydasdXx BO BpEMs MEPCPbIBA IIMTAHUSA, MOIIHOCTH UCTOY-
HUKA MUTaHUS CTAHOBUTCS MEHbIIE. B TakuX ycloBHsIX HeleslecooOpa3Ho MOBBIIIATh CYMMAapHYIO
MOIIHOCTh CaMO3allyCKAIOIIMUXCsl MEXaHU3MOB. Eciin jke MOIIHOCTh MCTOYHMKA ITUTAHUS M103BO-
JIA€T, TO MOXXHO CaMO3aIlyCKaTbh BCE MEXAHU3MBbI, IJId KOTOPBIX 3TOT PEKUM H€O6XOJII/IM.

Taxoke ciaemyer claeanTh 3a 3arpy3Koi arperatoB COOCTBEHHBIX HYX/I. BrikmrouaTenn me-
XaHU3MOB, IPUHUMAIOIINX Y4aCTHE B CaMO3aIlyCKe JODKHBI HAXOANUTHCS BO BKIFOYEHHOM COCTO-

SSHUU.
Ykazanue no mexnuke 6ezonacnocmu:

VYkazaHus 1o TeXHUKE 0C30IMaCHOCTH ITIPU BBIITOJIHCHUH naGopaTopHLIX pa60T IIPpUBCACHLL

B IIPWJIO’KEHUE A.
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Ykazanua no eévinoanenuro nabopamopmnoit padomoi:

. Y06enureck, 4TO YCTPONCTBA, UCTIOIB3YEMBIC B SKCIIEPUMEHTE, OTKIIOYSHBI OT CETH
AJIEKTPONUTAHMUS.
. CobepuTe NMEKTPUUYECKYIO CXEMY COEIMHEHUIN TEIUIOBOM 3alUThl MalIMHbI Iepe-

MEHHOTO TOKa.

. CoeauHMTE THE3/1A 3aLIUTHOTO 3a3€MJIEHUS YCTPOICTB, CIIOJIb3YEMBIX B SKCIIEpH-
MeHTe, ¢ THe3oM «PEy» ncrounuka G1.

. Coeaunute anmnaparypy B COOTBETCTBUHU C DJIEKTPUUECKON CXEMOMN COeTUHEHUH.

. [TepexirouaTenn HOMUHATBHBIX IEPBUYHOTO U BTOPUYHOTO (pa3HBIX HAIMPSHKEHUN
TpexdazHoi TpanchopmaTopHOU rpynmbl Al ycTaHOBUTE COOTBETCTBEHHO paBHBIMU 220 u 133
B. Ilapamerpsl nuHun 3extponepenadn A2 ycraHosute cienyromumu: R = 0 Om, L/RL = 0,9

I'n/ 24 Om, C1=C2=0 mMxD.

. YcranoBute B K101 a3ze UHIYKTUBHOM Harpy3ku A3 ee BenuuuHy, paBHyto 100
%.

. Bxmrounte Boikimtouarenu «CETby 65okoB P1 u P2. AKTUBHU3UpPYHTE MYJIBTUMETP
6moka P2.

. Bxurounte ucrounuk G1l. O Hanmu4uuy HanpsKEHUH Ha €0 BBIXOZE JOJDKHBI CUTHA-

JN3UPOBAThH CBETSAIINECS CBETOINOIBI.

. JBurarens M1 okaxeTcs NOIKIIOUYEHHBIM K AIEKTPUYECKON CETH U MOXKET MPUNTH
BO BpauieHue. Ecnu qurarens He 3ayCTUIICS, TO 3TO TOBOPUT O HEAOCTATOYHOM YPOBHE Hampsi-
KEHMs Ha HeM Juid camo3anycka. OHOM 13 yueOHbIX 3a/1a4 MOXKET OBbITh 10100p MaKCUMAaJIbHO
BO3MOKHOM Harpy3ku A3, nmpu KOTOPOH eIe 00ecreynBaeTcsi caMo3aIyck apuraresns M1.

. Haxwmure kHonky «OTKIJL» ncrounuka G1.

° Otxirounte BeiKIouaTenu «CEThy 6J'IOKOB, 3aJIeliCTBOBAaHHBIX B 9KCIICPUMCHTC.

Cooepowcanue omuema:

OTyer N0JKEeH ColIepKaTh:

1. Ha3Banue paboThl;

2. llens paboTsr;

3. Kparkue TeopeTndeckne CBeICHHS,

4. Oncanue UCIOTb3yeMOTo 000pyIOBaHHS U MaTEPHAIIOB;
5. Iopsiiok BBHIOSTHEHUS PaOOTHI;

6. Beruncnenus u o6paboTKa pe3yabTaToB;

7. BEIBOIEL.
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Konmponwsuwvie sonpocwi:

1. Kak BpamaroTcst Ipyr OTHOCUTEIBHO JIpyra MarHuTHOE TOJIe U POTOp B TpéxdaszHom
ACMHXPOHHOM J1BUrarene?

2. Kak ocy1ecTBUTh peBEPCUPOBAHUE ACHHXPOHHOIO ABUraTess?

3. UeMy paBHO CKOJIbKEHHE ACHHXPOHHOTO IBUraTelsl B IEPBBI MOMEHT 10CJIE MEPEKITIO-
yenus (a3 (mpu pesepce)?

4. Kakue cymiecTByrOT CIOCcOOBI MycKa TpEx(a3HbIX aCHHXPOHHBIX JABHraTesei ¢ KOpoT-

KO3aMKHYTBIM POTOPOM?
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Jlabopamopnas paooma Ne7. Kopomkue 3amvikanus 6 snekmpoycmanoekax. Hccne-
006aHnue IUAHUA HA CIMAMUYECKYI0 YCMOUYUEOCHb HAMYPHO20 CUHXPOHHO20 2EHEPamopa

euoa KOpOmMKO20 3AMbIKAHUA 6 3ﬂekmpoauepeemuuec1<oﬂ cucmeme.

Ilenv pabomur: ViccnenoBath BIUSHHE HAa CTaTHYECKYIO YCTOHYMBOCTH HATYpHOTO CHH-
XPOHHOTO TeHepaTopa 0JHO(pa3HbIX, ABYX(a3HbIX U Tpex(a3zHbIX KOPOTKUX 3aMbIKaHuH. Mccie-
JIOBATh BJIMSHUE BEJTMUMHBI TOKA BO30YKICHHS HA CTATHYECKYIO0 YCTOMYMBOCTh CHHXPOHHOTO Te-

HEpaTopa Ipu NnEPCUUCICHHBIX BUAaX KOPOTKHUX 3aMbIKaHHUH.

OcHnoevt meopuu:

CraTtnueckasi yCTOHYMBOCTD — CIOCOOHOCTH YHEPTOCUCTEMBI BO3BPAIIATHCS K YCTAHOBUB-
HIeMycs PEeXUMY IOCJIE€ MaJblX BO3MYILEHHHM peXuma, IpU KOTOPhIX M3MEHEHUS MapaMeTpoB
OUYECHb MAJIbI 110 CPABHEHHUIO C UX CPEJHUMU 3HAUYCHUSIMHU.

JluHamuueckass yCTOMYMBOCTh — CIIOCOOHOCTh SHEPrOCUCTEMBI BO3BpALAThCS K YCTAHO-
BUBIIEMYCS PEXXUMY pabOTHI TIOCIIe 3HAYUTENbHBIX Bo3mymieHui (K3, oTkimodyenue moboro sie-
MEHTa YHEPrOCUCTEMBI U T.I1.), IPH KOTOPBIX U3MEHEHUS NIapaMeTPOB PeKUMa 110 CPAaBHEHHIO CO
3HAYEHUSMH 3TUX apaMeTpoB 0e3 1mepexo/ia K ACHHXPOHHOMY PEXUMY.

Pacuer ctaTnueckoil 1 AMHAMUYECKON YCTOMYMBOCTHU BBIOJHSIETCS JJIS:

® BI)I60pa OCHOBHOH CXEMEI OHCPTOCUCTEMBI U YTOUHCHUA pasMCUICHUSA OCHOBHOI'O
00opyI0BaHus;

. BbIOOpa paboUnX PEKUMOB IHEPTOCHCTEM;

. BbIOOPA MEPOIPUATHI 110 MOBBIIEHUIO YCTOMYMBOCTH SHEPTOCUCTEM;

. OTIpeICIICHHs TapaMEeTPOB HACTPOHKH CHCTEM PETryJIMPOBAHUS U yIIPABICHUS, pe-

neitHo# 3amuThl (P3), aBTOMaTH4eckoro mosTopHoro BkitoueHus (AIIB) u ap.;

. onpeneneHus: napameTpoB HacTpouku cucteMm [IK, npenHa3HaueHHBIX A7 OBBI-
IIEHUSI YCTOWYUBOCTH YHEPTOCUCTEM;

. MIPOBEPKH BHITIOJIHEHUSI HOPMATUBHBIX IMOKa3aTesIel yCTONIMBOCTH.

[Ipu onpeneneHnyu METOJOB aHAIU3a AMHAMHYECKON YCTOMYMBOCTH ONEPATOP CHUCTEMBI
nepenaun (OCII) npuMeHseT cieayroue mpaBuia;

Ecnu rpanuibl cTaTUYECKOW YCTOMYMBOCTH JOCTUTAKOTCS paHee IpaHUll TMHAMUAYECKOMN
ycronunBoctr, OCII ¢ yueTom aBapuiHBIX CHTyalluii U3 NEPEYHs aBAPUNHBIX CUTYallul JOJKEH
BBITIOJIHSTH aHAJIU3 JUHAMHYECKON YyCTOMYMBOCTU TOJIBKO Ha OCHOBE PE3YJIbTATOB PACUETOB JIU-

HaMHYECKOM YCTOIZHHBOCTH, BBIITOJIHCHHBIX IJIA JOJITOCPOYHOIO IMJIaHUPOBAHUA.
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Ecnu npu niiaHupoBaHUM OTKITIOYEHUH MPEebl JUHAMUYECKOW YCTOMYMBOCTH JOCTHUTa-
I0TCS paHee rpaHull ctaTuueckoi ycroiunBoct, OCII ¢ yuerom aBapuiHBIX CUTyalUUd U3 Ie-
pEe4Hs aBapUMHBIX CUTYallUH JOJDKEH IPOBECTH aHAIM3 JMHAMMYECKOW YCTOWYMBOCTH Ha dTalle
ONEPATUBHOTO IUIAHUPOBAHMS HA JEHb BIIEPEA, MOKa 3TH pexuMsbl cymectByroT. OCII nomken
MOJTOTOBUTH KOPPEKTUPYIOIIHNE NEHCTBHS, KOTOpbIE OyIyT UCIIOIb30BAThCA B CIydae HEOOX0AU-
MOCTH BO BpeMsi pabOThI B PealbHOM BPEMEHH.

Ecnu ceth B pexxuMe peanbHOro BpEMEHU HaxoauTcs B cutyanuu "N, a rpaHuUIbl 1UHA-
MHUYECKON YCTOMUYMBOCTH JIOCTUTAIOTCS paHee rpaHul] cratudeckor ycrounBoctu, OCII ¢ yue-
TOM aBapUMHBIX CUTyallul U3 MEPEYHs aBapUIHBIX CUTYallul JOJHKEH MMPOBOJUTH aHAIU3 JIMHA-
MHUYECKOW YCTOHYMBOCTH Ha BCEX JTamax OMNEPAaTHBHOTO IUIAHUPOBAHUSA U OBITH CHOCOOHBIM
ObICTpEE MOBTOPHO OLIEHUBATH MPEIEIIbl TMHAMUYECKON YCTOMYMBOCTH MTOCIIE CYILIECTBEHHOTO U3-
MEHEHHUSI peKUMa.

Ecnn aHanu3 auHaMu4eckod yCTOMYMBOCTU yKa3bIBAE€T HA HAPYILIEHUE TPAaHULl yCTONYH-
Boctu, OCII nomxkeH pa3paboTars, MOATOTOBUTH U aKTHBU3HPOBATH KOPPEKTHPYIOLIHE JCHCTBHS
C LIEJIBIO MO/JIEP’KaHUsl YCTOMUYUBOCTH CUCTEMBI ITepeiaul. DTH KOPPEKTUPYIOIINE AEHCTBUS MO-
T'YT OXBaThIBATh MOJIH30BATEINEH CUCTEMBI NTepeiauu / pacipeleeHUs.

OCII nomkeH HaCTPOUTH 0OOPYIOBaHKE, peleifHas 3alliuTa U IPOTUBOABAPUITHAS aBTOMA-
THKa TaKUM 00pa3oM, 4TOObI PH JIMKBHUIALUU HAPYILIEHUH, CIOCOOHBIX MPUBECTH K HIMPOKOMAC-
ITaOHOM MOTepU YCTONYMBOCTU CHUCTEMBI, ObI MEHBIIIE, YeM KPUTUUYECKOE BPEMs YCTpaHEHUS
MOBPEXACHUN, NCUUCICHHBIN HUM IIPU aHAJIN3€ JUHAMUYECKON YCTOMUMBOCTH.

OOBEeKTOM MCCIEeOBAaHUS TUHAMUYECKONH YCTOMUMBOCTH SBISETCS pPacdyeT peakiHH CH-
CTeMbl Ha KOHKpETHBIH HaOOp aBapuil, oObluHO ogHO(a3HBIX WM Tpex(dasusix K3, xoropsie
MO’KHO YCTPaHHUTh IIyTE€M OTKJIFOYEHHUs JIMHUH AJeKTporepeaadn. BeimomHseTcs mpoBepka peax-
IIUM TeHepaToOpOB JJIsl TOTO, UTOOBI YOEAUTHCS, UTO Bce 000pyI0BaHHE PabOTAeT CHHXPOHHO, 3a-
TyXaHHs KojeOaHWi B SHEProCHUCTEME OCTAIOTCS Ha JOMYCTUMOM YpPOBHE U BOCCTAHOBJIICHHE
HaANPSDKEHUS T0CTIe aBapyuu IPOUCXOAUT JOJHKHBIM 00pa3oM.

MonenrpoBaHue NEPEXOIHBIX MPOLIECCOB AOKHO YUUTHIBATh BCE COOTBETCTBYIOIINE BO3-
JIeMCTBUSL BO BPEMEHHBIX PaMKax, MPEJICTABIISIONINX HHTEpeC, OOBIYHO HECKOJIBKO CEKYH/[ TOCIIe
BO3HMKHOBEHUS aBapHH, ABISETCS OOBEKTOM aHAM3a MEPEXOTHBIX PEeXUMOB. Tarxke HEoOXo-
JUMO TOYHO BOCIPOM3BECTH PEAKIUIO0 CUCTEMbI YUUTHIBAs 4acTOTY 3a()UKCHPOBAHHBIX KoJieOa-
Huii. OOBIYHO, KOJIE0aHHUs B YHEPTOCUCTEME BO3HUKAIOT B quamnaszone ot 0,2 g0 2 ', Takke oueHb
B)XHBIM SIBJISICTCSI MOJICIMPOBAHUE CIIOCOOHOCTH (MJIM HECTIOCOOHOCTH) CTAHLIMU KOHTPOJIMPO-
BaTh HANPSYKEHUE B 3TUX BPEMEHHBIX PaMKax.

3anac CTaTH4eCKOW YCTOMYMBOCTH JIJISl YCTAHOBUBIIIETOCS PEKUMA PAOOTHI SJHEPTOCHCTEM

OTIpeNeNsIeTCs ero OJIM30CThIO K TPaHMIIE 00JACTH YCTOHYMBOCTH. DTOT 3amac XapaKTepu3yeTcs

108



koa(durmentamu 3amaca. [1o ycmoBusM cTaTHueCKOW YCTOMYUBOCTH YHEPTOCUCTEM HOPMHUPYIOT
MUHHMaJIbHBIE KO (UIIMEHTHI 3araca Mo aKTUBHON MOIIHOCTH B CEUEHHSIX M MUHUMAJIbHBIE KO-
3¢ GUIMEHTHI 3amaca 1Mo HANPsHKEHUIO B y3iax Harpys3ku. Kpome Toro, ycraHaBIMBalOT TPYIIIIBI
HOPMATUBHBIX BO3MYIIEHUH, IPU KOTOPBIX OJIKHBI 00ECIIeUMBATHCS KaK JUHAMUYECKas! yCTOM-
YUBOCTb, TAK 1 HOPMATHBHBIE 3aI1aChl CTATUYECKON YCTOMYNBOCTH B I1OCIICABAPUIHBIX PEKUMAX.

Jnst onpenenenust KodpuureHTa 3anaca CTaTHYeCKOi yCTOMUYMBOCTH 110 aKTUBHOW MOIII-
HOCTH B CEUEHHH CXEMBI BBIIIOIHAIOTCS YTSKEICHUS PEKUMA ITyTEM YBEIIMUEHUs [IEPETOKA MOILI-
HOCTH B C€YECHHUH JI0 NOJIyYEHUS IPEEIIBHOIO 110 YCTONYMBOCTH PEKUMA.

Bo Bpems skcrutyatanuu [uiss KOHTPOJI 3a COOJII0OAEHUEM HOPMATHUBHBIX 3allacoB CTaTH-
YECKOM YCTOMYMBOCTH CIIENYET, KAK IPABHWJIO, MCIIOIb30BAaTh 3HAYEHUE IEPETOKOB AKTUBHOMU
MotHocTU. [Tpu HeoOxoauMoOCTH 3a1al0T KaK (PYHKIUU NEPETOKOB B JPYTUX CEUEHUSIX MAKCH-
MaJIbHO JIOIIyCTUMBIE U aBApUHHAOIYCTUMBIE IEPETOKU. TaKkue NepeToKn U HapsHKEHUE CIIELyeT
CUMTATh KOHTPOJIMPYEMBIMHU IIapaMeTpaMU. B 3aBUCMMOCTH OT KOHKDETHBIX YCJIOBHMM KakK KOH-
TPOJINPYEMBIE MOKHO HCIIOJIB30BaTh APYTHE MapaMeTphl PEKUMa SHEPrOCUCTEMBI, B YACTHOCTHU
3HAQ4YECHMS YIVIOB MEXKY BEKTOPAMHU HAIPSKEHUs HA KOHLAX JIMHUU dJIeKTporepenaun. Jonycru-
MblI€ 3HAUE€HUSI KOHTPOJIUPYEMBIX ITapaMeTpOB, IPH KOTOPBIX 00ecIeunBaeTCsl HOPMaTUBHBIN KO-
3¢ ¢uIMeHT 3amaca 1o akTUBHON MOIIHOCTH, YCTaHABIMBAIOT HA OCHOBE PACYETOB COOTBETCTBY-
IOLUX PEXKUMOB PAOOTHI GHEPTOCUCTEM.

Jl1g KOHTpOJI COOIIO/IEHNST HOPMAaTUBHBIX 3allacoB HAIPSHKEHUS B KCIUTyaTallMOHHOM
IPAaKTUKE MOKHO HCIOJIb30BaTh HAIPSKEHHE B JTFOOBIX y3/1aX 9HEprocucreMsl. Jlomyctumslie 3Ha-
YEeHUs HaNpsDKEHUS B KOHTPOJIMPYEMBIX y3/1aX YCTaHABIUBAIOT 110 pacueTaM pPeKUMOB pabOThI
YHEPTrOCUCTEM.

J11st TomyyeHust OJTHOM KapTHHBI TI0 CTATUYECKON YCTOMUYUBOCTU PEKUMOB PabOTHI SHEP-
ro6s10xoB 35ekTpocTaniuiit O2C YKpanHbl, HEO0X0AUMO OCYIIECTBUTH IPOBEPKY UCXOIHBIX HOP-
MaJIbHBIX, PEMOHTHBIX M I1OCJI€aBapUHHBIX PEXHMMOB KOJICOIIONIYIOCS YCTOMUYUBOCTh C yYETOM
COOTBETCTBYIOIIMX MaTeMaTHUYECKUX MOJIeJIel KaK CAMUX I'€HEPAaTOPOB, TaK U UX CUCTEM BO3OYXK-
nenns ¢ APB.

Huxe nokasaHo CKOJIBbXEHHE POTOPOB I'€HEPATOPOB U HaNpsDKEHUH Ha Beixoae AP3 57
TEHEPATOPOB JIEKTpOCTaHUUN YKpauHbl. Kak BUAHO U3 3TUX 3aBUCUMOCTEN - HCXOJHBIA PEXUM

paboTHI BCEX TEHEPATOPOB CTATUYECKU YCTOUUMB.

Ykazanue no mexnuke oezonacnocmu:
VYkazaHus 1o TeXHUKEe OC30IMacHOCTH IIPpU BLIITOJIHCHHUN J'Ia60paTOpHBIX pa60T IMPUBCJACHBI

B MPUJIOKEHHE A.
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Ykazanua no eévinoanenuro nabopamopmnoit padomoi:

. BHUMAHUME! JTIABOPATOPHAS PABOTA BBIIOJIHAETCA IIPU OJJHO-
BPEMEHHOM HCIIOJIbB3OBAHINH /IBYX JIABOPATOPHBIX CTOEK «Mogenp anekrpo-
cranuuu Nely» u «Mogenb snexTpoctaniu Ne2y». Cobparb cxemy 1a00paTOPHBIX MCIIBITAHUHA B
cooTBeTcTBUU ¢ puc.7.1 (nmuranue crenna aomxHo ObiTh OTKJIKOUEHO!). Moaynb BBO/IA-BBI-
BOJIa UCTIOJb3YeTCs Ui U3MepeHHs (pasHbIX TOKOB U HampspKeHUi. s 3Toro, u3MepuTeNbHbIE
KaHaibel Toka Al, A2, A3 BKiIrOUEHBI mocienoBaTensHo B ¢asel A, B u C Mexay MoaynaeM CHH-
XPOHM3ALUU U CHJIOBBIM TpaHchopmaTopoMm T2. M3mepuTenbHble KaHAJBI 110 HAPSHKEHUIO A4,
AS, A6 nonkimrouensl k kaemmaM Al, B1, C1 Moayns cumoBoro Tpancdopmaropa, H3MepeHue
HANPSDKEHUH OCYIIECTBIISIETCS OTHOCUTENBHO 001Iei TOUKH 0OMOTOK CUIIOBOTO TpaHchopMaTopa
T2. Ha npoTuBOMOI0KHON Ta00OpaTOPHOM CTOMKE, COOpaTh CXemMy B cOOTBeTCTBUHU ¢ puc.4. [Ipo-
JIOJIbHYIO COCTABJISAIOLLYIO Ha MOAYJISIX JIMHUM 3JIEKTpOIepeiad yCTaHOBUTh MUHUMAJIbHOM (I1epe-
kirouatens SA1 B monoxkenue 1). [{ns obecnieuenuss 40CTaTOUHOM BETUYMHBI TOKA OAHO(A3HOTO
KOPOTKOT'O 3aMbIKaHUs, HeHTpaau TpanchopmaropoB co croponsl JIDII u Heittpans camoit JIDIT
TOJKHBI ObITH 00beauHenbl. [Tonepeunsie coctapstone JISII 1omKHBI ObITH BKIIOYEHBI (TIepe-
kiroyatenu SA2 u SA3 B OJI0KEHUH 2).

. [lepeBecTu mepekioyaTeNnu pexkuMa yIpaBiIeHUs BCeX 3aJeCTBOBaHHBIX OJIOKOB
B noJioxkeHue «Pyu». YcraHoBUTHh TOTEHIIMOMETPHI 3a1anust RP1 Moaymns yactoTHOrO npeodpa-
30BaTeNs M MOy ISl BO3OYKIEHHUS B KpaiiHee JIEBOe MOJI0XKEHHUE.

. Ha nepconanbHOM KOMIIbIOTEpE 3aITyCTUTH MpOrpaMMHBINA kKoMmIuieke «DeltaProfi»
(ITyck — IIporpammer — Jlabopatopuslii koMiuieke — DeltaProfi). OTkpsiTs m1abopatophyto paboty
komaHJ0i «Pabotel — [lepexonuble npoueccsl — CUHXpOHM3AlMs TeHepaTopa ¢ CeThioy. 3amy-
CTUTh Iporpammy B pabory kHOmkoi «Ilyck» miam KomMaHIol IJTaBHOTO MEHIO «YIIpaBlIeHUE —
ITyck» wnu ropsiueit knasumieit FS.

. [TonaTe nuTaHue Ha CTEH] (BKIOYUTH aBTOMAT MOAYJISI IUTAHUS CTEH/A).

. Brirounth Bce 3a/1eiiCTBOBaHHBIE MOIYJIM, UMEIOIINE UHIUBUAYAIbHBINA TyMOIep
nogadn nuta"nus «CeTby.

. Brrounts Beikmoyatrens Q4 (knomnka SB1 Ha nuIieBoii maHe I MOIYIA).

. Ha mpoTuBomnonoxxHo# 1abopaTOpHOI CTOMKE: BKIIIOUUTH MTUTAHUE CTEHA, BKIIO-
quTh BeIKIOUYaTenn Q4 u Q7.

. Brirounth reHepaTop Ha MapaieNbHYI0 pa0oOTy C CeThIO0 (BBIMOIHHUTH MYHKTHI

7...13 cormacHO METOUYECKUM YKa3aHUSAM K J1abopatopHoit padote Ne3).
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. YCTaHOBHUTHh MCXOIHBIA PEKUM 3arpy3Kd CHHXPOHHOTO TeHepaTopa, MPUOIU3U-
TEJIbHO PaBHBIH [TOJIOBUHE €0 HOMUHATBHOW MOLTHOCTH (PEryaupys 3aaHie YaCTOTHOTO Mpeod-
pazoBarers).

J OtperynupoBaTh TOK BO30YXAE€HUS IS TIEpEeBOAa IeHEpaTopa B PEKUM BbIIauu
PEaKTUBHOM MOIIHOCTH (YIIpaBJIsisi TOKOM BO30YKJIEHUSI CHHXPOHHOTO TeHepaTopa).

° C nomonipto aBTOMaTnueckux Boikitouarened QF1..QF6, pacnonokeHHbIX Ha JIU-
[IEBOM MaHeIn MOIYJISI KOPOTKO3aMbIKATElIsA, BRIOPATh Tpex(da3zHoe KOPOTKoe 3ambikaHue. [IpoBe-
CTH OIIBIT KOPOTKOT'O 3aMbIKaHUs (IIEPEBECTH NepeKiIodareab SA1 MOIys KOPOTKO3aMbIKATENSA
B NoJI0’KeHHE «BKiI» 1 uepe3 HeCKOJIbKO CEKYH/I MEPEBECTH ero B nosioxkenne «OTKI») OJHOBpe-
MEHHO HalIo1as1 3a peskuMoM padotsr CI.

o B cnydyae motepu yCTOWYMBOCTU BBITIOJHUTH JEHCTBUS 10 PECUHXPOHMU3AINH Te-
HepaTopa C CETbIO.

o [ToBTOPUTH OMBIT MpPU CIAEAYIOUIMX BHAAX KOPOTKHUX 3aMbIKaHUU: oaHO(a3HOE,
nByxhaszHoe, nByxdazHoe Ha 3eminto. [Ipu 3T0M TOK BO30YKISHUS JTOJDKEH 0CTaBAThCs HEU3MEH-
HBIM (is = CONSt ).

. [ToBTOPUTH OMBITHI IPH APYTUX 3HAYCHHSIX TOKA BO30YKIeHU (OObIIE U MEHBIIIE
HAYaJIbHOTO).

. Otxirounth cten1 B coorBeTcTBUU ¢ [IOPAIKOM OTKIIFOUEHUW A CTEHIA.

HHOPH/IOK OTKVTIOYEHHUA CTEH]IA:

. Pasrpy3utbs reseparop mo akTMBHOM MOIIHOCTH 10 Hyuss. Uit 2TOro, IuiaBHO
YMEHBIIATh HAPsHKEHUE 3aJJaHHUs YaCTOTHOTO IpeoOpa3oBaTes 10 TeX MOp, MOKa aKTUBHAS MOLI-
HOCTb T€HEpaToOpa HE CTAHET PABHOM HYIIIO.

o Pa3rpy3uts reneparop no peakTMBHONW MOIIHOCTH 10 HyJs. /st 3TOrO, miiaBHO
YMEHbILIATh HAMPSHKEHUE 3aJaHUsI MOy ISl BO30YKIEHUs J10 TeX MOp, OKA peaKTUBHASI MOLITHOCTh
HE CTaHET PaBHOW HYIIIO.

. OTKITIOYUTDH BBIKIIIOYATENb MOJIYJII CHHXpOHHU3AIMK (KHOnKa SB2).

. CHu3uTh TOK BO30YXKAeHuUs reHepaTopa (morteHuuomerp RP1 moxyns Bo3Oyxae-
HUS) 10 HYJISL.

. CHM3UTH YacTOTY BpallleHHs IpUBOHOTrO aBurarens (nmorenuuomerp RP1 momyns
YacTOTHOTO IIpeoOpazoBaTesisl) 10 MUHUMAIBHOTO 3HAU€HUS (KOTOpOE 33JJaHO B HACTpOMKax 4a-
CTOTHOTO mpeoOpa3oBaTerns).

. OTkII0YNTh BBIKIIOYATEIh Q7.

° OTKJIIOYUTHh MUTAHUE BCEX MOIYJICH.
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o OTKITIOYUTH MUTAHKUE CTEHA.

. OcranoButs padboty nmporpammsl DeltaProfi knomnkoii «Ctom, KOMaH0U TITaBHOTO
MeHIO «YT1paBiienre — CTom» win ropsuei kinasuiieid F6.

J O06paboTath noryueHHbIE PE3yIbTATHI, CIENIATh BEIBOJBI K OOPMUTH OTUET MO JIa-

OGopaTopHol paboTe.
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Pucynok 7.2 — [IpuHuunuansHas cxema 1abopaTopHoit cToiku Ne2
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Cooepircanue omuema:

OTuer HOKEH COJepKaTh!

1. Ha3Banue paboThI;

2. llens paboTHI;

3. KpaTtkue TeopeTuueckue CBEACHUS;

4. Onmcanue UCIob3yeMOro 000pyI0BaHHS U MaTEpPHAJIOB;
5. Iopsiiox BBHIIOTTHEHUS PAOOTHI;

6. Beruncienust u 06paboTKa pe3yabTaToB;

7. BeIBOIEL.

Konmponwsuwvie sonpocoi:

1. ITo xakOMy NPaKTHYECKOMY KPUTEPUIO ONpEAEIseTCs CTaTHUecKasi yCTOHYUBOCTb O1-
HOMAIIMHHOW YHEPrOCUCTEMBI?

2. Iloyemy yMeHbIIAeTCsl IPEEI CTATHYECKOW YCTOMUYMBOCTH OJJHOMAIIMHHON HEProCH-
CTEMBI IIPU MOAKIIOUYEHUH IIYHTUPYIOIIErO peakTopa?

3. [Touemy moBeIIaeTCS MpeeN CTATHYECKON yCTOMYMBOCTH OJTHOMAIIMHHONW 3HEProcu-
CTEMBI ITPH MOJIKIIOYEHUHN KOHJIEHCATOpHOH OaTapen?

4. ITouemy B yTOUHEHHOM MOJIEIHN SHEPTOCUCTEMBI YTIIOBbIE XapakTepucThuku P1(d) u 2 P2

(8) He coBmamarT?

115



Jlabopamopnas paooma Ne8. Monumopunz u ouaznocmuka 000py008anus nOOCMan-
yuit. Onpeoenenue cOOMHOUEHUA MOKOE KOPOMKO20 3AMbIKAHUA PA3TUYHBIX 6UO06 NPU 3a-
MBIKAHUU 6 0OHOIL U MOTL Jice mOoUKe cemu, NUMAaloujelics Om UCMOYHUKA NPpaKkmuuecku oec-

KOHeuHOou MoOouiHocmu.

Ilens pabomer: ITproOpeTeHNe HABBIKOB OMBITHOTO OIPEICTICHIE COOTHOIIICHHE TOKOB K3

Pa3InYHbIX BUIOB.

Ocnogvl meopuu:

Koporkum 3ambeikannem (K3) Ha3biBaeTcs coequHeHre Mexay (azamu, (as3oii u 3emiie
(HyJEeBBIM IPOBO/IOM), HEIIPELYCMOTPEHHBIE HOPMAJIBHBIMH YCJIOBUSMU PaOOTHI CETH.

B GonpimHCTBE ci1y4yaeB NpuuUHON BO3HUKHOBeHUs K3 B cucteme siBIsieTcs HapylleHUe
U30JIALUH IEKTPUUECKOro 000pYyJOBAHUS BCIEACTBUE U3HOCA U30JIALIMH, HE BBISIBJIEHHOT'O CBOE-
BPEMEHHO NpU MPOPMIAKTUICCKAX HCIBITAaHHUIX, M U3-3a mepeHanpspkeHuid. K3 Moryt ObITh
BBI3BaHbI OIMIMOOYHBIMH JEHCTBUAMHU O0CTYKHBAIOIIETO IIEPCOHAIIA, MEXaHUIECKHMHU TIOBPEKIC-
HUSIMH KaOeJIbHbIX JIMHUM, CXJIECTBIBAHMEM, HAOPOCOM Ha IMPOBOJA WIIM MEPEKPHITUEM MTUIIAMU
IIPOBOJIOB BO3YIIHBIX JINHUU.

IIpu Bo3zHukHOBeHun K3 o0liee conmpoTUBIEHHE LEMH CUCTEMBI 3JIEKTPOCHAOKEHUS
YMEHBIIAETCS, BCIEIACTBUE YETO TOKU B BETBSAX CHCTEMBI PE3KO YBEIIMYMBAKOTCS, a HAIPSHKCHUS
Ha OTJEIBHBIX Y4aCTKaX CUCTEMbI CHUKAIOTCS.

KopoTkue 3aMbikanus B Tpex(a3HbIX CeTAX pa3feisioT Ha TpeX-, IByX-, OHO(a3HbIE U
IByX(a3HbIE HA 3€MJIIO0, & CUCTEMbI TOKOB M HAINPSKEHUH MOJIydaloTCs HCKa)keHHbIMU. Tpexdas-
Hoe K3 sBisieTcsi CMMMETpUYHBIM, ITOCKOJIBKY ITPH HEM Bce TpH (a3bl OKa3bIBAIOTCS B OJIMHAKO-
BBIX ycloBHsIX. Bee octanbable BUbI K3 sBIIAIOTCS HECUMMETPUYHBIMH, TOCKOJIBKY (ha3bl OKa3bl-
BAIOTCS B Pa3HBIX YCIOBHSX, & CUCTEMBI TOKOB U HANPSKEHUH I1OTy4ar0TCs MCKaKEHHBIMU

KopoTkoe 3aMbIkaHie CONPOBOXKIAETCA MEPEXOIHBIM ITporieccoM. PaccmoTpuM nepexon-
HBIH Tpoliecc, BO3HUKaromui mpu tpexdaszHom K3 B menu, nutaromieiics oT HCTOYHUKA OECKO-
HEYHOU MOIIHOCTH.

HcTouHrKOM OECKOHEYHON MOIIHOCTH Ha3bIBACTCSA TaKOW MCTOYHUK, HA 3a)KMMax KOTO-
pOro B HOpMaJIbHOM pexume U npu K3 coxpaHseTcss cCMMMeTpUYHAasi 1 HEU3MEHHAsSI 110 BEJINYMHE
Tpex(daszHas cuctemMa HaIpsDKEHUH. YTOJ (¢ MeXAy TOKOM U HallpshKeHHEM Kax1oi (assl orpe-
JIEJSIeTCS. COOTHOILIEHUEM AKTUBHBIX W HHJYKTUBHBIX COIPOTUBIICHUN BCEH LENHU, BKIOYas
HarpysKy.

KopoTkoe 3aMbIkaHUE IENNUT LEnb Ha 1BE YaCTH:

. IpaByIo - ¢ conpotuBiaeHuaMU 1l u x1=wL1 B kaxnoit daze
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J JIEBYIO - COJIepKalllyl0 MCTOYHHMK MHUTAHWS W compotuBieHus uenu K3 rk u
xk=wLk. [Tporieccer 06enx vacreid cxemsl npu Tpexdaznom K3 nporekaroT He3aBUCUMO.

[IpaBas yacTh paccMaTpuBaeMOM LIEMH OKA3bIBAETCS 3AIIYHTUPOBAHHOM KOPOTKUM 3aMbl-
KaHUEM, U TOK B Hel Oy/eT moAJIep >KUBAThCA 10 TE€X IMOp, MOKa 3amaceHHas B MHIYKTUBHOCTH L
SHEPrusi MArHUTHOTO MOJIS HE MepeiIeT B TEMII0, BhIAEIAIONIeecs B AKTUBHOM COIIPOTHUBIICHUU 1'1.
BennunHa ToKa npu akTHBHO—MHIYKTUBHOM XapaKTepe COMPOTUBIICHHE LIEMIH HE MPEBBICUT TOKA

HOPMAJIbHOI'O PCKUMaA, KOTOprfI MOCTCIICHHO 3aTyXas 10 HYJId, HC NPCACTABIACT OITACHOCTH JJIA

000py1I0BaHUs.
[= Upax sin{o! +a) e oLy g__ Y, T (Y &
A
cf Ug= Upy sinfof + o — 1207) o ol E__ i @l ,
B
S0 \Uc= Upnsinfot +0 -2407) & oL ic no al
250 g_:m ng Y Y

Pucynok 8.1 — Tpexdasznoe K3 B nenu, nutaromieiics OT UICTOYHUKA OECKOHEUHOM MOIII-

HOCTH

H3menenue peKumMa B JIEBOM 9aCTH Oeru, conepmameﬁ HNCTOYHUK IMUTAHUSA, IIPU HAJTTUINH
HHAYKTUBHOCTHU Lk Taxxe COIIPOBOKAACTCA ICPEXOJAHBIM ITPOLECCOM. 3 Kypca TOD YpaBHCHHUEC
9TOrO Ipornecca:

u:z-rk+Lk-%

Pemenue sToro YpaBHCHUA JACT BBIPAKCHUC AJII MTHOBCHHOI'O 3HAYCHHA TOKA B 000

MOMEHT BpeMeHH t oT Havasa K3.

t

U B _
e =—"-si(o-t+a—@)+i,-e "
Zk

Breinyxkaennas cocrapistomas Toka K3 umeer nepnoanuecknii XxapakTep ¢ 4acTOTOMH, paB-
HOM YacToTe HaMps>KCHUA UCTOYHHKA. Hazremaror 9Ty COCTAaBJIAIOIIYIO 0OBIYHO NEPUOANICCKUM
tokoMm K3. AmmiuTyna nepuogundeckoit cocrasisitoniedt Toka K3 o6o3navyaercs xak Inm u omnpe-

nengercsa orHorennem Um/zk:

l, :U—m-sin(a)-t+a—(pk):lnm Sin(eo-t+a-¢,)
Zk

117



[TepexomHbIit Ipoliece MPU MUTAHWU 1IETTA OT UCTOYHHUKA OECKOHEYHOW MOIITHOCTH 3aBep-

HIaeTcs MOCJie 3aTyXaHus anepuoIUYeCcKON COCTABIISIIONIEH TOKa, U Janee noiaHbli Tok K3 paBen

€ro MepuoAMYECKON COCTABIIAIOIIEH, HEU3MEHHOM 110 aMILIUTYIE.

JlelicTByrolee 3Ha4YE€HHUE TOKA JJIsl IPOU3BOJBHOTO MOMeHTa BpemeHnu K3 paBHo:

NIEPUOIUYECKON COCTAaBIIAIOIIECH:

alepuoOIUYECKON COCTABJIAIOIIEH

Iat = Uyt

noxaoro Toka K3

_ [2
Ik'[ - I'I't + lat

Pucynok 8.2 — 3meHeHue Toka Tpex(pazHOro KOPOTKOTO 3aMbIKAHUS U €r0 COCTaBJISIO-

X 1 C1y4ast BOSHUKHOBCHUSA MAKCHUMAJIBHOT'O 3HAYCHUA aHepHOHHqCCKOﬁ COCTaBJISIONICH
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Ykazanue no mexnuke 6ezonacnocmu:
VYkazaHus Mo TeXHUKE OE30MaCHOCTH MIPH BHIMOJIHEHUH Ja00paTOPHBIX pabOT MPHUBEICHBI

B IIPWJIOKEHUE A.

Ykazanua no eévinoanenur nabopamopmuoit pabomor:

° Yo6enautech, 4TO yCTPOMCTBA, UCIIOIB3YEMBIC B OKCIIEPUMEHTE, OTKIIFOYCHBI OT CETH
AJIEKTPONUTAHMUS.
° CoenuHuTe rue3a 3auuTHOro 3a3emiicHus "IMl'" yCTPOMCTB, UCIIOJIb3YEMbIX B IKC-

nepumenTe, ¢ rae3noM "PE" tpexdasznoro ncrounuka nutanus Gl.

. Coenunure Buiku nutanus 220 B ycTpoiCcTB, UCIIOJIB3YEMBIX B SKCIIEPUMEHTE, Ce-
TEBBIMU LTHYPAMHU C PO3ETKAMH YJIMHUTEIIA.

. CoenuHute anmnapaTypy B COOTBETCTBHH C SJICKTPUUECKON CXEMOM COeAMHEHUH.

. CmonenupyiTe HHTEPECYIOIINI BUJ KOPOTKOTO 3aMbIKaHusl. J{1s1 MoAeIupoBaHus
tpexdasznoro 3ambikanus coequaute Touku K1, K2, K3 u K4; nsyxdaznoro — K1 u K2; nyxdas-
Horo Ha 3emutto — K1, K2 u K4; ogrodasznoro — K1 u K4.

. CMonenupyiiTe pexuM paboThl HelTpaseil TpanchopMaTOpOB UCCIETYEMOH CETH.
Jlns MozenupoBaHus Tayxo3a3eMieHHON HelTpanu coequaute Touku N1 (N3) u N2. J{ns cnyyas

I/I3OJII/IpOBaHHOI>'I HeﬁTpaJ'IH OCTaBbTC OTH TOYKH HECCOCAMHCHHBIMMU.

o HomunanbeHble ¢a3Hble HanpsbkeHus TpanchopmartopoB Al u AS BeibepuTe pas-
HeiMu 127 B.
. BeiGepute MomHocTh HHAYKTHBHOM Harpy3ku A7 — 100 % ot 40 Bap Bo Bcex da-

3ax, aktuBHOU A6 — 10% o1 50 BT Bo Bcex (azax.

° [Tepexmouatens pexxuma paboThl BhIKIIOUaTeNnss A4 yCTaHOBHUTE B IOJIOKCHHE
«PYYH.».
° VYcraHoBuTe caeayrolIKUe MapaMeTpbl MOAeNIe TUHUMN anekTporepenaun A2 u A3:

R =200 Om, L/R = 1,2/32 I'n/Om, C = 0 mxD.
. [TpuBenute B paboyee COCTOSIHHE MEPCOHANBHBIA KoMmbioTep A10 u 3amyctute

nporpaMMmy «MHOTOKaHaJIBHBINA ocLuLIorpag».

o Bxumrounte aBTOMaTHuecKHe BBIKIFOYATENN M YCTPOMCTBO 3aIMTHOIO OTKIIIOYEHUS HC-
tounnka Gl.

o Bruttounte kitou-BeIkiIoyarenab nctouyHuka Gl.

. Jns peructpauuu TokoB (a3 BbiOeputTe ckanupoBanue kanamoB ACHO-ACHS,

ACH2-ACH10, ACH4-ACH12; nns peructpanuu HanpsbkeHuid Beroepurte kananst ACH1-ACH9,
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ACH3-ACH11, ACH5-ACH13. Otobpa3ute nanenb nudpoBbIX HHIUKATOPOB HAKATHEM Ha BUP-
TyalnbHy!0 KHONKY '3, HacTpoiiTe maHes b Ha PErMCTPALMIO IEHCTBYIOIIMX 3HAYECHMIT CHTHAIIOB.
Bri6epute nogxosamme muoxkutenu (0,1 s TokoB u 200 — 1i1st HanpsHKEHW ).

. Jlist u3MepeHusi TOKOB U HANPSDKEHUH CXEMBI TaKKe MOKHO HCIIOJIh30BaTh OJIOK
MyJIbTUMETpPOB P1.

. Haxxmure kHonku «BKJD» BKIIOUEHHsI CKAHUPOBAHMS 1IEPBOIO, BTOPOTO U TPETh-
€ro KaHaJoB BUPTYaJbHOTO ocImuiorpada.

. Haxwmure knonky «BKJD» ncrounnka G1. Bkntounte Boikimtouarens «CETby» Tpex-
IIOJIFOCHOTO BBIKJIroUaTess AS.

. CmonenupyiTe KOpOTKOE 3aMbIKaHKe, HaxaB KHONKY «BKJI» TpexmnomatocHOro BeI-
kirouatens A4. [To uudpoBsiM HHAMKATOpPaM ONpPEIEIUTE 3HAYCHHUS YCTAHOBHUBIIUXCS TOKOB U
HaIpsHKEHUN TTPU KOPOTKOM 3aMbIKaHHH.

° Ortxirounte BeIKIOUYaTenb A4 Haxkarnem Ha kHONKy «OTKJD» Ha ero mepennei
MaHEJIH.

. Jns aHanu3a BAMSHUSA YOAIEHHOCTH TOYKH KOPOTKOT'O 3aMbBIKAHMS OT T€HEpaTopa
MO>KHO U3MEHSTH ToJIoKeHue Touku K3 u mapaMeTpsl MOJIENIei 3J1IEMEHTOB.

L4 Brumanue! 3anpewiaemcesa mooenuposams KOpOMKUE 3AMbIKAHUA RPU CYMMAP-

HOM_UHOYKMUGHOM_CORPOMUGICHUU JIUHUIL MeHee 0,6 I'n. 3anpemaemcu MOOCIUPOBAM b 00~

nogaznoe K3 na zemuro npu emxocmsax pas aunuii oonee 0,18 mx®.
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Pucynok 8.3 — IIpuHiunuansHas cxema UCCIIEI0BaHNs COOTHOIIEHNS TOKOB KOPOTKOTO

3aMbIKaHUA PA3JIMYHBIX BUAOB IIPU 3aMbIKAHUH B OJIHOM U TOMH K€ TOUYKE CETU

Cooepowcanue omuema:
OT4YeT OKEH COAepKaTh:
1. Ha3Banue paboThl;

2. llens paboTsr;

3. Kparkue TeopeTnieckne CBeICHHS,
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4. Onrcanue UCIoJIb3yeMOro 000OpYI0BaHHS U MaTePHAJIOB;
5. Iopsiiox BBHIIOTTHEHUS PAOOTHI;
6. Berunicnenus u 00paboTKa pe3yabTaToB;

7. BeIBOIEL.

Konmponvnuie éonpocwi:

1. KakoBbl npuunnbl Bo3HukHoBeHUs1 K3 B anekTpoycraHoBkax?

2. YeM onpezensieTcs HAIMYUE NEPUOIUUECKON 1 anepruoANYECKON COCTABIISIIOILUX B TOKE
K3?

3. laiite onpeaenenue ynapaoro Toka K3.

4. Yepes kakoil IpOMEXYTOK BpeMeHH 1ociie nosiBienus K3, Bo3HuKaeT yaapHbIi TOK?

5. Kakoil apext naer npumeHeHne ObICTPOAEHCTBYIOIUX YCTPOHCTB pesIeHON 3alUThI
U OTKJIFOYAIOLIMX anmaparon?

6. Kakue Bunbt K3 Bo3MOXHEI B ceTsX ¢ 3)()EeKTUBHO 3a3eMIICHHBIMU M HE3a3€MJICHHBIMHU
HelTpatsiMu?

7. KakoBbl NperMyIlecTBa U HEJOCTATKU CETeH ¢ M30JMPOBAHHBIMU, KOMIIEHCHPOBAH-
HbIMH, 3()(hEKTUBHO 3a36MJICHHBIMHU U IIYXO 3a3€MJICHHBIMHU HEHTpansiMu?

8. Kakoe Bo3/ieiicTBIE HA AJIEKTPOOOOPYIOBAaHUE BBI3BIBaET TOK K37
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Jlabopamopnasa pavoma Ne9. Cucmemot uzmepenus, KOHMPOJA, CUCHATUZAUUU U

ynpaejienus. ﬂucnemuepcxoe ynpaejienue 6 I1eKmpoIHepcemu4ecCKux cucmemax.

Ilens padomui: VI3yunTh NPUHLIKIIBI peANIM3allMA CUCTEMBI Tiepeaaun, 00padoTKU U 0TOO-

pPaXE€HUA CUTHAJIOB TeJ'IeI/IBMepeHI/Iﬁ " TCJIC CUTHAJIM3alli U TCJICYIIPaBJICHUSA.

Ocnoevt meopuu:

DHeprocucTeMa NpeCTaBiIsIeT CO00M eAUHYIO CETh, COCTOSIIYIO U3 HICTOYHUKOB AJIEKTPHU-
YECKOM HEPIUH — 3JIEKTPOCTAHIIMM, SJEKTPUUECKUX CETEH, a TaKkKe MOACTaHIUH, KOTOPBIE OCY-
HIECTBIIAIOT NMPE0Opa30BaHKE U PACIIpe/IesiCHIE MPOU3BEICHHOM dIeKTposHepruu. s ynpasie-
HUS BCEMH MPOIIECCAMU MMPOU3BOJICTBA, TIEPEAAUN U PACTIPEICTICHUS AIEKTPUIECKON YJHEPTUU CY-
HIECTBYET CHCTEMa ONEePaTUBHO-IUCIIETUYEPCKOTO YIIPABICHUSI.

DHeprocucTeMa CTpaHbl MOKET BKJIIOYATh B C€0sI HECKOJIBKO MPEANPUATHI pa3HON opMbl
cobctBeHHOCTH. Kaxk;10€ M3 3JEKTPOIHEPTreTUUSCKUX MPEANPUITHI UMEET OTACIBHYIO CIIYyXOy
OTIEPATUBHO-/TUCIIETYEPCKOTO YIPABIICHUS.

Bce cinyx0bl OTIENbHBIX MPEIIPUITUN YIPABISIOTCSA LEHTPATBHOM TUCIETUYEPCKON CH-
cTeMoi. B 3aBUCHMOCTH OT BEIMYMHBI SHEPTOCUCTEMBI IIEHTpajIbHAas AUCIeTYepCKasi CUCTeEMa MO-
KET pasaACIATbECA Ha OTACIIBbHBIC CUCTEMBI IO PErMOHaM CTPAaHBI.

DHEProcUCTEMbl CMEXKHBIX CTPaH MOTYT BKJIIOUATHCS HA MApaJUICIbHYI0 CHHXPOHHYIO pa-
oory. llentpanbhas nucnetdepckas cuctema (LIJIC) ocyiecTBisier onepaTtuBHO-IUCTIETYEPCKOE
YIPaBJIEHUE MEXKIOCYJAPCTBEHHBIMU SJEKTPUUYECKUMH CETAMH, IO KOTOPBIM OCYIIECTBIISIIOTCA
MEPETOKU MOHIHOCTGI\/'I MCKAY SHEPTOCUCTEMAMU CMCIKHBIX CTPaH.

3ajaun ONepaTUBHO-IUCIIETYEPCKOTO YIPABICHUS SHEPTOCUCTEMOM:

. nojanepkanue OajaHca MeXAY KOJIMYECTBOM IMPOHM3BOAMMON M MOTpeOisieMoit
MOIIIHOCTH B SHEPIOCHUCTEME;

. HAJIE)KHOCTD AJIEKTPOCHAOKEHHSI CHAOXKAIOMIUX MPEANPUATHI OT MarucTpaibHbIX
cereit 220-750 kB;

. CUHXPOHHOCTH pabOTHI 3JIEKTPOCTAHIINMA B MpeIesaX YHEPTrOCUCTEMBI,

. CUHXPOHHOCTH PabOTBhl SHEPTOCUCTEMBI CTPAaHBI C YHEPrOCHUCTEMaMU CMEKHBIX
CTpaH, C KOTOPBIMH €CTh CBA3b MCKTOCYAAPCTBECHHBIMHU JIMHUH 3JICKTPOIICpEaa4.

Hcxonast u3 BBIMIETIEPEYUCICHHOTO, CJIETYET, YTO CHCTEMa OMEPATUBHO-TUCIIETYEPCKOTO
yIpaBIeHUS YHEPTOCUCTEMON 00ecTieunBaeT KIFOUYEBbIE 3aaUl B DJHEPTOCUCTEME, OT BBITIOJIHE-

HUS KOTOPBIX 3aBUCUT SHCPIrCTHUYCCKAA 0€30IMacHOCTh CTpaHBbI.
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Opranm3anus mpoiiecca oneparuBHO-aucnerdepckoro ynpasienus (OY) B sHepreTuxe
OCYILECTBIISICTCS TAKUM 00pa3oM, 4TOOBI 00ECIIEUUTh pacIpeieieHue PasIudHbIX (GYHKIUH 10
HECKOJBKUM ypOBHSM. [Ipu 3TOM Kak/1blil ypOBEHB MOAUYUHSIETCS BIIIECTOSIIEMY.

Hanpumep, camblii HaYaIbHBIA YPOBEHD - ONIEPATUBHO-TEXHUYECKHM MTEPCOHAN, KOTOPBI
OCYIIIECTBIISIET HETIOCPEICTBEHHO ONEepaliy ¢ 000pyI0BaHMEM B Pa3IMYHBIX TOYKAX HEProCcH-
CTEMBI, IOJJUUHSETCS BBILLIECTOSAILEMY OIIEPATUBHOMY IIEPCOHAITY - IEKYPHOMY JAUCIIETYEPY MO~
paszieneHns YHEPTOCHAOXKAIOUIETO MPEANPUATHS, 32 KOTOPBIM 3aKpeIieHa AJIEKTPOYCTaHOBKA.
JexypHblil nucrieTyep Moapas3iesieHus, B CBOIO O4epe/b MOAUMHSACTCS AUCIIETYEPCKON ciiyx0e
HOPEANPUATHS U T.J. BIUIOTh IO LIEHTPAJIbHON IUCIETUYEPCKON CUCTEMBI CTPAHBI.

[Ipouecc yripaBieHHs SHEPTOCHCTEMOM OPraHU30BaH TAaKUM 00pa3oM, YTOOBI 00ECTICUHTh
HETPEPHIBHBIN KOHTPOIIb U YIPABJICHNE BCEMHU COCTABIISIOIINMHU 00bETMHEHHON SHEPTOCHCTEMBI.

Jlnsa obOecrieueHrss HOPMAbHBIX YCIOBUI pabOThl KaK OTAENbHBIX YYaCTKOB SHEPTOCH-
CTEMBI, TaK U DHEPTOCUCTEMBI B LIEJIOM, JAJISl KAXKI0TO 00beKTa pa3padaThIBaOTCs CIICIUATbHbBIE
PeXHUMBI (CXEMBI), KOTOPBIE CIIEyeT 00ecleurBaTh B 3aBUCUMOCTH OT peXuMa padoThl TOTO WX
MHOTO Y4acTKa JIEKTPUUYECKON ceTu (HOpMaJIbHbIM, pEMOHTHBIN, aBapUIHBII pPEXKUMBI).

Jlns obecriedeHusi BBIMIOJIHEHUS TNaBHBIX 3a1au O/[Y B sHeprocucremMe moMuMo omnepa-
TUBHOTO YIIPaBJIEHUsI CYLUIECTBYET TaKO€ IOHATHE KaK onepaTUBHOE BeJaeHue. Bee onepanuu ¢
000py/I0BaHUEM Ha TOM WJIM MHOM YYaCTKE SHEPrOCHCTEMBl OCYIIECTBISIOTCS 110 KOMaH/E BbI-
HIECTOSIIET0 ONEPAaTUBHOTO MEPCOHANIA - ITO MPOLIECC ONEPATUBHOIO YIIPABICHHUS.

Brimonnenue onepaiuii ¢ 000pyaoBaHuEeM B TOW MM MHOW Mepe OKa3bIBaeT BIMSHUE HA
paboTy Apyrux OOBEKTOB SHEProCHUCTEMBl (M3MEHEHHE MOTpelisieMoil miu BblpabaThiBaeMON
MOIIIHOCTH, CHWYKEHHE HAJEKHOCTU 3JIEKTPOCHAOKEHUS, U3MEHEHHE 3HAUECHUN HaIPSHKEHUS).
CrnenoBarenbHO, TAKUE ONEPALNUU JOKHBI IPEABAPUTENBHO COIVIACOBBIBATHCS, TO €CTh BBINOJ-
HATBCS C pa3pelIeHusl TOro AMCIeTYepa, KOTOPbIM OCYIIECTBISIET ONepaTUBHOE 0OCITyKMBAaHUE
MAHHBIX 00BEKTOB.

To ecTp, B onepaTUBHOM BEJEHHUM JAUCIIETYEpAa HAXOIUTCS BCe O0OpYIOBaHUE, YUACTKU
AIIEKTPUYECKON CETH, PEXKUM pabOThl KOTOPBIX MOXET U3MEHHUTHCS B pe3yibTaTe Olepalnuil Ha
000pyJOBaHUHU CMEXHBIX O0BEKTOB.

Hamnpumep, nunus coenuuser nBe noactaniuu A u b, npu sTom noacranuus b nonyvaer
nutanue oT A. OTKIIIOYEHHE JTUHUU CO CTOPOHBI MOJACTAaHIIUU A OCYIIECTBIISIETCS ONEPATUBHBIM
nepcoHanoM o komanzae aucneryepa ganHou [1C. Ho oTkmrouenne 1aHHON JIMHUU JOJKHO MPO-
M3BOJIUTHCS TOJIBKO IO COTJIACOBAHUIO C JMCIETUYEPOM MOACTAHIMU b, Tak Kak JaHHAs JUHUSA

HaxXo4UuTCd B €TI0 OIICPpATHBHOM BCICHHU.
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Takum 06pazom, MpH MOMOIIHU JIBYX OCHOBHBIX KaT€TOPUH - ONEpaTUBHOE YIPaBICHUE U
OIlEpaTUBHOE BEJCHHE, OCYILECTBIISETCS] OpraHU3alus ONEPaTHBHO-AUCIIETYEPCKOTO YIIPABIICHUS
HHEProCUCTEMOMN U €€ OTAEIbHBIMU YYaCTKAMHU.

st opranm3anuu nporecca OJIY pa3pabaThIBarOTCsS M COTJIACOBBIBAIOTCS MEXTY COO0M
WHCTPYKIUH, YKA3aHUS U pa3auyHas JOKyMEHTAIUs JUIsl KaKJ0r0 OTAEIbHOTO MOAPA3IEICHUS B
COOTBETCTBUH C YPOBHEM, K KOTOPOMY OTHOCHTCS Ta WJIM WHAs OnepaTuBHas ciyxoOa. J[ng xax-
noro ypoBHs cuctemsl OJlY nMeercst cBOM HHAMBUAYAIbHBIN IIEpEYEHb HEOOXOAUMOM TOKYMEH-

TalLUU.

Ykazanue no mexnuke 6esonacnocmu:
VYkazaHus 1o TeXHUKE OE30MAaCHOCTH MPH BBIOJIHEHUH Ja00paTOPHBIX pabOT MPHUBEICHBI

B MPUJIOKEHUE A.

Ykazanus no evinonnenuro nabopamopnoi padomut:

o Ha naGopatopHoii ctoiike «Mogenp anekTpoctaniuu Nel» cobparb cxemy J1abo-
PaTOPHBIX UCHBITAHUM, COOTBETCTBYIOILYIO peskuMy Nel.

o Ha naGopatopHoii ctoiike «Mogens anekrpoctanuuu Ne2y cobparb cxemy J1abo-
PATOPHBIX UCTIBITAHUH, COOTBETCTBYIOIIYIO peKUMy No2.

. BxrounTh aBTOMAaThl ICTOYHUKOB MUTaHUS Moeliel anekTpoctanimii Nol i No2.

o Ha nepcoHaJlbHOM KOMIIBIOTEpPE LEHTPAIU3OBAHHOIO KOMILIEKCA JUCIIETYEPCKOTO
ynpasnenus (HKY) sanyctuts nporpammusiii komiuieke «DeltaProfi» (Ilyck — Ilporpammer —
Jlaboparopusiii komiuiekc — DeltaProfi). 3arpy3uts HeoO0x01MMyI0 KOH(MUTYpaIHIO TPOTrpaMMBbl
komaHjoi «Pabotel — UDC — Kommneke Y — TCuTW». 3anyctute nporpaMmy B paboTy KHOII-
Kol «ITyck» uim KOMaHI0M TJIaBHOIO MEHIO «YTpaBiieHue — ITyck» v ropsuen kiasuiuen F5.

o Ha nepcoHanbHOM KOMIIBIOTEpE MOAENM IeKTpocTaHuuu Nel 3amycTuTh mpo-
rpamMMHbIil  koMmiuieke «DeltaProfi» (ITyck — Ilporpammer — JlaGopaTopHblii KOMILIEKC —
DeltaProfi). 3arpy3uth He00X0AUMYIO KOH(PUTYpaLKio TporpaMMbl komanoi «Padotsr — UDC —
Onexrpocranius Nel — TCuTU». 3anyctuth nporpammy B paboTy kHonkoil «Ilyck» minmu komaH-
JI0M TT1aBHOTO MEHIO «YmpasieHue — [Iyck» nnu ropsuen kinasuen FS.

. Ha nmepcoHanbHOM KOMIIBIOTEPE MOAENIH 3JIEKTPOCTAaHIMKA Ne2 3amyCTHTh IPO-
rpammubiil kommuieke «DeltaProfi» (ITyck — Ilporpammber — JlaGopaTOpHBIM KOMILIEKC —
DeltaProfi). 3arpy3uth He00X0AUMYIO KOHPUTYpaLKIo TporpaMMbl komanoi «Padotsr — UDC —
Onexrpocranius Ne2 — TCuTU». 3anyctuth nporpammy B paboTy kHonkoi «Ilyck» minmu komaH-

JIOM TI1aBHOTO MEHIO «Ympasienue — [Iyck» nnu ropssuent kinasumen FS.

125



J HccnenoBath pabOTy 3JIE€KTPOIHEPIETUUECKON CETH B PEXKUME OJAHOCTOPOHHETO
nutanus. JJist 3Toro, JUCTAHIIMOHHO BKJIIOYMTH BhIKItOUatenn Q6 u Q7 snekrpoctaniuu Nel
(L1eTYKOM JIEBOM KHOIKM MBIIIM 10 M300paKEHUIO BBIKJIIOYATEIS] HA MHEMOCXEME JIOKAJIbHOTO
KOMILJIEKCA YIPaBJICHUS AIEKTPOCTAHIINH ). AHAIOTUYHBIM 00pa30M BKIIIOUHUTH BBIKIIOUaTENb Q6
Ha 3nekTpocTaHiuu Ne2. Ha neHTpaln30BaHHOM KOMILUIEKCE AMCIETYEPCKOrO YIpPABIEHHUS I0-
JIaTh KOMaH/bl HA BKJIIFOYEHHUE BBIKJIIOYATENIEH JIMHUHU 3JIeKTponiepenaadyn W1 co cTOpoHBI 3J1€KTpo-
craniuu Nel u Ne2. 3anucaTh TEKylliMe 3HAUEHUS PEKUMHBIX [1apaMETPOB Ha JIEKTPOCTAHLIMIX
u HKIY.

. BxirounTh BRIKIIIOUATENH JIMHUH 3J1eKTporiepenaur W2, mogayeil JUCTaHIIMOHHBIX
KOMaH]1 C JIOKAJIbHBIX KOMILJIEKCOB yIpaBieHus craHuusaMu Nel u Ne2. 3anucaTe M3MEHUBIINECS
3HAYEHHUSI PEKUMHBIX 1ApaMETPOB.

. HccnenoBath paboTy 3IIEKTPOIHEPTETUYECKON CETH B PEXKHME JBYXCTOPOHHEIO
nutanus. /s aroro, nepeBectu Tymo6nep SA1 pazpemieHus paboThl YaCTOTHOTO Mpeodpa3oBa-
Tens B monoxkeHue «Brnepeny. M3mensist nonoxenue norenimomerpa RP1 moayns mpeobpasosa-
TEJs YaCTOThI, 337aTh ycTaBKy 1o yactoTe 501, COOTBETCTBYIONIYIO YaCTOTE BpallleHUs IPUBO/I-
Horo jnBuratelns 1500 06/mMuH. [TonaTe AMCTAHIIMOHHYIO KOMaH/Iy Ha BKIIOYCHHE TEHEPATOPHOTO
BoIkiTrouaresns Q3. Bximrounts TymOiep nogaun nutanus «CeTb» Moayis Bo3OykaeHus. [lnaBHo
MOBBIIIAS CUTHAMT 33JaHusl moTeHIoMeTpoM RP1, ycTaHOBUTH HOMHHAJBHBIN TOK BO30YKIEHUS
reHepatopa 0,8A. VYBenuuuBas CUrHaJl 3aJlaHUSI MOILHOCTH NPUBOJHOIO JABUTATENsl MOTEHIUO-
meTpoMm RP1 nepeBectu renepaTop B pexxuM Bblaauu akTUBHOW MorHocTH 50 BT. 3anucats Te-
KYLIUE 3HaYEHUsI PEKUMHBIX TapaMETPOB.

° Ha LKV mnoaath AMCTaHIIMOHHBIE KOMaHJbl Ha OTKJIIOUYEHHE OJHOW W3 JIMHUU
AJIeKTporepeaay. 3anucaTh U3MEHUBIINECS 3HAUEHUS PEKUMHBIX ITapaMETPOB.

Brumanue! Ilpu nomepe ycmouuugocmu_CUHXPOHHOZ0 2eHepPamopd, 8bl36AHHO20 O~

Krouenuem 00nou us JIII, Heoo6xo0umo OmKIIOUUMb 2eHePAmop O Cemu 6blKI0uameiem

03 (OucmanyuoHHO, HA MHEeMOCXeMe JTOKAIbHO20 KOMNIEKCA YNPABGICHUS IJIEKMPOCHAHU UL

Ne2).

° OTKJIIOYUTH TEHEPATOP ANEKTPOCTAHIMU Ne2 OT CeTH NTUCTAHIMOHHONW KOMaHIOMU
otkmoueHus Beikimouatens Q3. [lepeectu morenimomerp RP1 Mmoayns Bo3OyxaeHus B kpaiiHee
neBoe nonoxenue. [lepesectu morenimomerp RP1 moayns «IIpeobpa3oBarens 4acTOThD» B Kpaii-
Hee JieBoe nosiokeHue. OTKIIIOUNTD nepekitovarenb «CeThy NCTOYHNKA BO30YKICHUSI CHHXPOH-
HOTO TeHeparopa. [lepexmouaTens SAl paspemnieHuss pabOThl YaCTOTHOTO MPEeoOpa3zoBaTEs Ie-

PEBECTU B CPCAHEC IMOJIOKCHUC.

126



° Ha LHK/Y nonate KOMaHAbl TEJIE OTKIIOYEHHUS BCEX BBIKIIOUYATENEH B 3JEKTPO-
SHEpreTuueckon cucreme. OTKIIOYUTh aBTOMAThl HCTOYHUKOB NUTAHUS MOJEIIEN 3JIEKTPOCTaH-
it Nel u Ne2.

. OcTaHOBUTH PabOTy MPOTrpaMM yrpaBiIeHHs Ha daeKTpocTaHusax Nel u No2 kHor-
kol «CTom», KOMaHJJ01 TJIaBHOr0 MeHI0 «Y1pasienue — CTom» niam ropsuen kinasuiiei F6. Ana-
JIOTHYHBIM 00pa3oM, OCTaHOBHTH paboTy mporpammsl ynpasinenus Ha LIK/Y. Baumanue! [pu
OCTaHOBE pabOThI MPOrpaMM Ha JOKAJIbHBIX KOMIUIEKCAX YIPaBIEHUS JIEKTPOCTAHIUSAMHU, MIPO-
rpamMMHoe obecrieuenue Ha LIKJY Bbiaaer cooblieHue, o ToM, YTO OAMH U3 KIUEHTOB HHPOpMa-
[IMOHHOM CETH OBUI OTKIIIOYEH. ITO HE SIBIISIETCS OLINOKOM.

. [Ipoananu3upoBarh MOTYYEHHBIE JAHHBIE, CAENATh BBIBOJIbI O BIMSHUU MapaMeT-
POB 3JIEKTPOIHEPTETUYECKON CETH HA PEXHUM pabOThl MOTPEOUTENCH U CTATUYECKYIO YCTOWYH-
BOCTh CHHXPOHHBIX reHeparopoB. OdopMuts oTder no gaboparopHoii padore. B ordyere orpa-
3UTh, KAKME MIPEUMYILECTBA JACT UCIIOJIb30BAHUE CUCTEMbI TEJIEU3MEPEHUH, TeJle CUTHAIU3ALUN

U TCJICYIIPABJICHU.
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Pucynok 9.1 — [IpuHnunuansHas cxema «balaHCUPYIOIIUHN y3€l Harpy3Koii»
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Pucynok 9.2 — [IpuHiunuanbHas cxemMa «Y3ell ¢ TeHepalreil MOITHOCTH U Harpy3Koi»
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Cooepircanue omuema:

OTuer HOKEH COJepKaTh!

1. Ha3Banue paboThI;

2. llens paboTHI;

3. KpaTtkue TeopeTuueckue CBEACHUS;

4. Onucanue UCIoiab3yeMoro o0opy10BaHus U MaTepUaJIOB;
5. Iopsiiox BBHIOTTHEHUS PAOOTHI;

6. Beruncienust u 06paboTKa pe3yabTaToB;

7. BeIBOIEL.

KOHmpOﬂbele eonpocol:

1. Kakne 3a/la4i OIICPATHUBHOI'O KOHTPOJIA U ynpaBJ'IeHI/IH?

2. Ctpykrypa ACKYD, noctpoenHas ¢ npumenenuem [I13BM.

3. PasButHe cucrem aBroMatusanuu u aucrerdepusanuu COC

4. OcuoBubie 3agaun ACIY?
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5. Yueono-memoouueckoe u ungpopmayuonnoe ovecnevenue OUCYUNIUHDBL

5.1 Ilepeuenv 0cHo8HOI U OONONHUMEILHOU TUMEPAMYPbl, HEOOX00UMOU 0 0C80e-
HUA OUCUUNIUHDL

5.1.2 Ilepeuens ocnognoil iumepamypul:

1. ®ununmnosa, T.A. OnTuMuzaiuss pe>KMMOB 3JIEKTPOCTAHLIUNA U YHEPrOCUCTEM : yueo-
Huk / T.A. ®wmnmnosa, FO.M. Cunopkun, A.I'. Pycuna ; MuHucTepcTBO 00pa3oBaHus ¥ HAyKH
Poc-cuiickoit deneparun, HoBocuOupckuii rocy1apcTBEHHBIN TEXHUYECKUM YHUBEPCUTET. - 2-€
u3a. - HoBocubupcek : HI'TY, 2016. - 359 c. : cxem., ui. - bubmauorp.: ¢. 349-350 - ISBN 978-5-
7782-2743-9 ; To xKe [DnexkTpoHHbII pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=438316

2. Kyneesa, JL.U. [IpoektupoBanue nojacranuuu : yueonoe nocodue / J.U. Kyneesa, C.B.
MuTtpodanos, JI.A. CemenoBa ; MunuctepcTBo oOpazoBanus U Hayku Poccuiickoii @ene-panuu,
Open6yprekuii ['ocynapctBennsiii YauBepcutet. - OpenOypr : OI'Y, 2016. - 111 c. : ui., cxem.,
Tabm. - bubmmorp.: ¢. 61-63 - ISBN 978-5-7410-1542-1 ; To xe [ DnexrponHsIii pe-cypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=468847

5.1.3 Ilepeuenv oonoanumenvnoii 1umepamypol:

1. Hemuposckuii, A.E. DnekTpoobopynoBaHue AIEKTPUUECKUX CeTeH, CTaHIMM U 1oA-
ctaHuui : yueOHoe nocooue / A.E. Hemuposckuii, N.1O. Cepruesckas, JI.FO. Kpensiesa. - 2-e
u3. aon. - Mocksa ; Bonorna : Undpa-Uuxenepus, 2018. - 149 c. : un. - bubnuorp.: c. 114 -
ISBN 978-5-9729-0207-1 ; To  xe [OnexkTpoHHbIl  pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=493858

5.2 Ilepeuens yuedbno-memoouuecko2o obecnevenus camocmoamenbHoil padomaol 00y-
yaruuxca no OucCyunIune

1. MeTO)II/I'-IeCKI/Ie YKazaHus 110 BBIIOJHCHUIO IMPAKTUYCCKUX pa60T 110 OUCIHUIIIINHE
«DNEKTPUYECKHE CTAHLIUU U MOJICTAHLIUN.

2. Meronuyeckue yka3aHMs IO BBIMOJHEHHIO JAOOpaTOPHBIX padOT MO JUCHUILUIMHE
«DNEKTPUYECKHE CTAHIIUK U TIOJICTAHIIUN.

3. Meroaudeckne yKka3aHUs 110 BBITIOJHEHUIO KYPCOBOTO TIPOEKTA MO AUCIUTUTNHE «DIIeK-
TPUYECKHE CTAHIIUU U MOJICTAHLIUN.

4. Metoanyecke yKa3zaHUs 110 OpraHu3ally U MPOBEIEHUI0 CAMOCTOSTEIBHON pabOThI

IO JUCHMITIIMHE <<9J'I€KTpI/I‘IeCKI/Ie CTaHIIMHU U ITIOJACTAaHIITUH .
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http://biblioclub.ru/index.php?page=book&id=468847
http://biblioclub.ru/index.php?page=book&id=493858

5.3 Ilepeuens pecypcoe unghopmauuonno-menekommynukayuonnoi cemu Hnmepuem,
Heo0X00UMBbIX 011 0C6OCHUA OUCUUNTUHDL
1. http://www.biblioclub.ru -OBC "YHuuBepcurerckas OubaroTeka oHianH"

2. http://lwww.iprbookshop.ru/ - Dnekrponto- 6ubnuoreuynas cucrema IPRbooks
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[Tpunoxenue A

Ykazanue no mexnuke 6ezonacnocmu

Jlo Hayana paGoThI CTYACHTHI 00S3aHbI U3YYUTh MPaBUIa TEXHUKU O€30MaCHOCTH MPH pa-
6ore ¢ anekTpoycraHoBKaMu. OO0 M3y4YeHUU MPaBUJI TEXHUKH O€30MAaCHOCTU U MOTYYCHUH HH-
CTPYKTaXka CTYJICHTHI PaCIHMCHIBAIOTCS B CIIELUAIBHOM XKypHaie. CTyJeHTbI, HE U3YYHUBIIHUE ITpa-
BWJIA TEXHUKU O€30MAaCHOCTH M HE MPOMIEIINE HHCTPYKTaXK, K BBITIOJTHEHHUIO Ja00paTOPHBIX pa-
00T HE I0MYCKAIOTCS.

VYyebnas rpynna (Wi MOATPYINa) pa3OuBaeTCs Ha OpUTajbl, YUCIO KOTOPHIX yKa3bIBa-
eTCs Iperno/iaBaTesieM, a COCTaB OpUral KOMIUIEKTYETCS CTYICHTaMH Ha JOOPOBOJIBHBIX Hayallax.
Cnucok rpymisl (HOArpymibl), pa30UTON Ha Opuraibl, CTapoCcTa MPEIOCTABIIAET IPENOIaBATENIO,
BeylieMy J1ab0paTopHbIe 3aHATHS.

Kaxxnas u3 6pura BeINONHSET 1a00paTOPHYIO pabOTy B COOTBETCTBUH C rpaKOM, HaXoO-
JSAIEMCSE B TaOOpaTOpUH.

[epen KaXKabIM 3aHATHEM CTYACHT 00s513aH MOATOTOBUTHCS K BBITIOJIHEHUIO TAO0PaTOPHOI
paboThI 110 JAHHOMY METOAMYECKOMY IMOCOOHI0 M peKoMeHayeMoit uteparype. [lepen Hayanom
paboThl IpenoaaBaTenb IPOBEPSET 3HAHUS CTYICHTOB IO COJIEPKAHUIO BBITIOIHSAEMOUN PabOTHI.
[110X0 MOATOTOBIIEHHBIE CTYICHTHI K BBITIOJTHEHHUIO JIA0OPATOPHON PabOTHI HE TOMTYCKAFOTCH.

Pabotas B nabopaTopuu, HeOOXOAMMO COOJIIOAATH CIEAYIOIINE MPaBHIIA:

K BbInonHeHuto 1a60paTopHON pabOTHI ClIeAyeT MPUCTYNATh TOIBKO MOCIE MOJIHOTO ysC-
HEHMS €€ CO/IepKaHMsl U OJTYUYEHUs J0IMyCcKa K HeH.

2. HaunHate paboTy cienyeT ¢ 03HaKOMJIEHHs ¢ MpubopamMu U 000pyI0BaHUEM, IPUME-
HS€MBIMHU B JAaHHOM padoTe.

3. Ha naGopaTtopHoM CTOJI€ AOJKHBI HAXOIUTHCS TOJIBKO MPEIMEThI, HEOOXOIUMBIE IS
BBITOJIHEHUS TAaHHON paboTBhI.

4. PacrionoxeHue anmnaparypbl Ha pabodyemM cToJie JOKHO OBITh TAKUM, 4TOOBI CXeMa CO-
eIMHEHNH TTOJTyYrJIach HanOoJIee MPOCTON, HATISITHON U paboTa C anmapatrypoi Obiia yIo0HOM.

5. XenatenbHO, 4TOOBI CXeMy COOMpaT OJKH U3 YWICHOB OpUrajbl, a Apyriue KOHTPOIUPO-
BaJIH.

6. ITpu cOOpKe CIIOKHBIX CXEM CJIeTyeT BHaYalle COSTUHHUTD TIIaBHYIO, TIOCIIEIOBATEIbHYIO
IeTTh, HAYMHAsE COOPKY OT OJJHOTO 3KMMa UCTOYHMKA TOKA U 3aKaHYMBAs HA IPYTOM, a 3aTeM yiKe
HOJKJIIOUUTH MapajuiebHbIe eI .

7. Iocne Toro, kak cxema Oyner cobpaHa, HE0OX0AUMO yOeIUThHCS B MPAaBUIBHOM ycTa-
HOBKE JIBJKKOB PEOCTAaTOB, aBTOTPAHC(OPMATOPOB M PYKOSTOK JPYTUX PEryIHPYIOIINUX
YCTPOICTB.
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8. CoOpanHas cxeMa 00s3aTeNIbHO JOMKHA OBITh MPOBEpPEHA MperogaBaTeIeM WK CTap-
M TaOOPAHTOM M TOJIBKO C UX Pa3pelieHus MOXKET ObITh BKIIFOUCHA MO/ HANIPSDKEHUE.

9. Ilpu BKITIOYEHUH CXEMBI 0CO00€ BHUMAaHUE CIeAyeT OOpaTUTh Ha MOKA3aHUS aMIIePMET-
POB U JIpYTHX HU3MEPUTEIbHBIX TPUOOPOB. B citydyae pe3koro IBUKEHHs CTPEIKU amIepMeTpa K
KOHITY HIKaJIbl CXeMY HEOOXO0AMMO HEMEIJICHHO OTKJIFOUUTh OT UCTOYHUKA HAPSIKEHUSI.

10. Heo6xomuMo GepekHO OTHOCUTRCS K amlmapaType, UCIoJIb3yeMoil B padbote. 060 Bcex
3aMEUEHHBIX HEHCIIPABHOCTSIX HITU MIOBPEXKICHUSX CTYJEHT JOJIKEH HEMEJICHHO COOOIIHTH Tpe-
M0JIaBaTeNI0 WK JTa00OpPaHTYy.

11. Ilocne BoImoOIHEHUSI Pa0OTHI CTYACHT 00s13aH, HE pa30upas CXeMbI IOKa3aTh MOJyYEeH-
HBIC JIAHHBIC TIperoaaBaTelo. Eciau pe3yabTaTel H3MEPEHUN BEPHBI, TO MPENOIaBaTebh UX MO~
MUCBIBACT. DKCIIEPUMEHT C HENPABWIILHBIME PE3YJIbTATAMU CIICAYET IIOBTOPHT.

12. Cxemy cnenyeT pa3OupaTh TOJIBKO MOCIIE €€ OTKIIOYEHHS OT CETH.

13. KaTeropuuecku 3anpeniaeTcs:

— TporaTh pyKaMy OTOJICHHBIC ITPOBOJIA U YaCTH MPUOOPOB, HAXOISIIUECS IO/ HAIPSIKE-
HUEM, JIa)Ke €CJI OHO HEBEJIHKO;

— MPOU3BOAUTH U3MEHEHHUS B CXEME MPH MOAKIIOYEHHOM UCTOYHUKE MUTAHUS;

— 3aMEHSATh WK OpaTh 000pYyI0BAHUE, UITU MPUOOPHI C APYTUX PAOOUNX MECT

— 0e3 pa3penieHus IpernoaBaTess Uil JIa0OpaHTa;

— OTXOJUTH OT MPUOOPOB M MANIWH, HAXOJAIIUXCS TI0J] HANPSIKCHUEM WM OCTaBIISITH
CXeMy MO HampsDKEHUEM MPU 00pabOTKe pe3ylnbTaToB U3MEPEHHIA;

— MeperpyxaThb NprUOOPH TOKOM WM HAMpPsHKEHUEM, TPEBHIIIAIONINM HOMUHAIBHOE 3Ha-
YeHHE.

[TpoBepky HaHMUMs, 1TOIABAEMOTO K CXEME MJIH DJIEMEHTaM CXEMbI HapsOKEHUsT He00X0-
JTUMO TIPOM3BOANTH TOJIHKO KOHTPOJIBHOMN JTAMIIOYKOH MIIH BOIBTMETPOM, COOTIOIast PAaBHUIIaA TEX-
HUKU O€30MaCHOCTH.

[Ipu pabote B mabopaTopuu CiemayeT CTPOro COONIOAATh MEPHI MPEIOCTOPOKHOCTH, TaK
KakK AJIEKTPUYECKUN TOK, TPOXOIAIINN Yepe3 Tello yesnoBeka, BennunHoi B 0,025 A yxe aBisercs

OITIaCHBIM IJIS dKMU3HU.
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[Tpunoxenue b

3JIeKTpH‘leCKaH cxeMa coeJUHEHHUH TeNJI0BOM 3allUTHI MAIIIMHbI

MEPEMEHHOI0 TOKa

Al
Ilepeuens annapamype::
O6o03HaueHne HanmenoBanue Tun [Tapamerpsl
100 Br/230B ~/
Al MainHa nepeMeHHOT 0 TOKa 102.1
1500 mun~
Gl TpexdazHblil HCTOYHUK MUTAHUS 201.2 400B~/16 A
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MHWHHUCTEPCTBO HAYKHU U BBICIIIEI'O OBPA30OBAHU ST POCCUHCKOM
OEAEPALINN
denepanbHOE rOCyIapCTBEHHOE aBTOHOMHOE 00pa30BaTeNbHOE YUPEKICHUE
BhICIIET0 00pa30BaHUs
«CEBEPO-KABKA3CKHWI ®EJIEPAJIBHBIA YHUBEPCUTET»
[Taruropckuit uactuTyT (pruman) CKOY

Meroanuyeckue ykazaHus
I10 BBIIIOJIHEHUIO KYPCOBOTO IIPOEKTA
no gucuumae «JIEKTPUYECKUE CTAHIMUN U ITOACTAHI I »
JUISL CTYJIEHTOB HaIlpaBJICHUSI IOATOTOBKHU
13.03.02 DnexTposHepreTUKa U ANEKTPOTEXHUKA

[Tsturopck 2025 r.
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3.1

311
3.1.2
3.1.3
3.2
3.2.1
3.2.2
3.2.3
3.3
3.1
3.2
3.4
34.1
3.4.2
3.4.3
3.5
3.5.1
3.5.2
3.5.3
3.6
3.6.1
3.6.2

3.6.3

3.6.4
3.7

Conepxanue

BBenenue

Lenb, 3a1aun U peanuzyemble KOMIETEHIIUN

3aiaHue Ha KypcOBO€ IIPOEKTUPOBAHUE

CTpyKTypa BBIIIOJHEHUS KypCOBOTO IIPOEKTa

XapaKkTepruCcTUKa MPOEKTUPYEMOM MOACTAHLIUU U OIIPENEICHUE CTPYKTYPHOU
CXEMBbI MOJICTAHIINU

OO01ue noaoxeHus

PazpaboTka CTpyKTYpHBIX CX€M IOJCTAaHIUI U pacyeT Harpy3Kku

Bb100p MOIIHOCTH CHIIOBBIX TpaHC(HOPMATOPOB

Br160p rinaBHOM cXeMBbI 3JIEKTPUUYECKUX COETMHEHUI

OO01ue noaoxKeHus

Br160op cxem pacrnpeaenuTenbHbIX YCTPOHCTB

CoOcTBeHHbIE HYKbI TOACTAHIIMN

Br160p ceueHuii npoBOIHUKOB BO3YIIHBIX JIMHUU

[TIpoBepka 1o yclioBUSIM KOPOHBI

IIpoBepka mpoOBOAOB IO MAJEHUIO HAIPSKEHUS

PacyeT TOKOB KOPOTKOTO 3aMbIKaHUSI

HaznaueHue 1 mops10K BEINOJIHEHUS PACU€TOB TOKOB KOPOTKOTO 3aMbIKaHUs
Pacuer ToxoB K3 1151 BBIOOpA 27IEKTPUUECKUX alTIapaToB

Bb100p TOKOOTpaHUYMBAIOLINX PEAKTOPOB

Br100p 351eKTpUYeCcKHX anmnaparos

OO011re noJ0KeHus o BEIOOPY anmnapaTos

Bb160p KOMMYTAIIMOHHBIX annapaToB

Br100p n3MepuTenbHbIX TpaHCc(hOpMaTOpoB

Br100op TOoKkOBenyIIMX yacTel pacnpeaeauTeNbHbIX YCTPOICTB

OO01Me noJI0KEHUS

Br160p JkecTKUX muH

Br160op riOKuX IMH, TOKOPOBOAOB M KOMIUIEKTHBIX 9KPaHHUPOBAHHBIX TOKO-
IIPOBOJIOB JUISl MOIIIHBIX T€HEPATOPOB

Br16op xabeneit

KoHnTponbHO-u3MepuTenbHbie MPUOOPHI Ha AIEKTPOCTAHIMSX U MOACTAHLINAX

Crp.

137



3.8
3.9
3.9.1
3.9.2

3.9.3

3.94
3.95
3.9.6
3.9.7
3.10

3.11

Peneitgas 3ammra U aBTOMaTHKA ITOACTAHIIAN

MeponpusTasi 10 OXpaHe TPyAa U IPOTUBOTIOXKAPHOH O6e30macHOCTH
DneKTpoOe30macHOCTh

OO6mmue TpedoBaHUs AIEKTPOOE30MaACHOCTH

TexHuueckue MeponpusaTusi, o0ecreurBaroe 6e30macHocTb paboT co CHS-
THUEM HAMPSHKECHUS

Mepsi 6€30MacCHOCTH MIPHU MPOBEACHUH OTACIBHBIX PadOT

Boznyiineie TMHUY 37€KTpOIiepe1adu

CpenctBa cBA3M, JUCHIETUYEPCKOTO U TEXHOJIOTHYECKOT0 YIIpaBICHUS
Oxpana Tpyna

TeXHUKO-2KOHOMUYECKHE ITOKA3aTeIH MOACTAHIINN

Pa3paboTka ueprexa rimaBHON CXEMbI JIEKTPUUYECKUX COCTUHEHH MOACTaH-
107041

KoMItoHOBKa ¥ KOHCTPYKTHBHOE BBIITOJTHCHUE PACIIPEICTUTEILHBIX
YCTPOMCTB

Knaccudukanus PY, o6mue TpeGoBaHus, MOPsIOK IpoeKTupoBanus PY
OO6mue TpeboBaHUS K HAMMMCAHUIO U OPOPMIICHUIO PaOOTHI.
[TocmenoBaTeIbHOCTD BHITIOTHEHHS 33 1aHHS

Kputepun oniennBanust paboThI

[Topsmox 3amMUTH pabOTHI

Y4eOHo-MeToanYeCKOe U NH(DOPMALIMOHHOE 00ecTiedeHne JUCIUILTUHBI

[Ipunoxenns
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BBenenne

KypcoBoe mpoekTupoBaHue sBISETCS OJHUM U3 BaXXHBIX U MEPCHEKTUBHBIX BUIOB yueO-
HOTO Tpoliecca, MO3BOJISAS MPOSIBUTh UHAUBHUIYaJIbHBIN TBOPUECKHM MOAXO0/ K PEHICHUIO TOCTaB-
JICHHOM 3a7aun. B MeToquyeckoM yka3aHuU pacCMOTPEHO NMPOSKTUPOBAHUE paCTIPeeIUTEIbHON
MOHU3UTEIBLHOMN MOJICTAHLIUN

Meroanueckue yka3zaHUs COCTaBJICHbI B COOTBETCTBUU C IMPOTrpaMMOM JIUCHMILIAHBI
«ONeKTpUYecKue CTaHIIMK U MOACTAHLUN» U MPeJHA3HAUYCHBI JJI CTY/ICHTOB HalpaBlIeHUS MO~
rotoBku OakanaBpuata 13.03.02 DieKTpoIHEPTeTUKA U DJICKTPOTEXHUKA

B MeToguveckoM yka3zaHUU JTaHBI OOIIME CBEACHHS U3 TCOPUH, TpeOOBaHMS K odopmire-
HUIO U COJICP>KaHMIO TIPOEKTa, 33/laHKe Ha MPOEKTUPOBAHUE, HEOOXOIUMbIE METOIMYECKUE yKa3a-
HUS K pacyeTy, MPUBOAITCS JICKTPUUECKUE CXEMbl U CIIPABOYHBIA MaTepua, MpeCTaBlIeH CIuU-

COK peKOMeHﬂyeMOﬁ JINTCPATYPHI.
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He.]]b, 3a/1a4Y1 U peAJIN3yEMbIC KOMIICTCHIIUMA

Lenbto pabOTHI SIBIISICTCS 3aKpEIUICHUE W YriTyOJIeHne TEeOPETUYECKUX 3HAHUH, MOTyYeH-
HBIX B PEe3yJIbTaTe U3YUEHHUS JUCUUIUIMHBI « DIEKTPUUECKUE CTAHIIUU U MOACTAHLIUN» U CMEXKHBIX
C HEeM, a TaKXkKe MOJIy4eHHE HAaBBIKOB TEXHUKO-DKOHOMUYECKHX PACUETOB.

OCHOBHBIMU 3a/1a4aMHM IAHHOT'O KYPCOBOT'O IIPOEKTA SIBJISIETCS 3aKPEIUIEHUE U YIIIyOJIeHUE
3HaHWUM, MOTYYEHHBIX 110 AUCUUILIMHE «DJIEKTPUYECKUE CTAHIIMHU U MOACTAHLUN» U CMEXHBIX C
HEl, MOoTy4eHHe HaBbIKOB MH)KEHEPHBIX U TEXHUKO-I)KOHOMUYECKUX PacUeTOB.

B pesynbrare ocBOeHUS TUCHUILIMHBI (OPMUPYIOTCS CIEAYIOMIUN MepeueHb MIaHupye-

MBIX PE3YJIbTAaTOB 06yqu1/I$1 10 JUCHHMIIIINHE, COOTHECEHHBIX C IIaHUPYEMBIMU PE3YyJIbTaTaMU

OCBOCHHS 00Pa30BaTEIILHON IIPOrPaMMBbI:

Kopx, dopmynupoBka komme-
TCHIIH

Kopx, dbopmynmnpoBka nHIHMKA-
Topa

IInanupyemslie pe3ysbTaTsl

00y4YeHHS IO TUCIUTUIMHE
(MonyII0), XapakTepu3yro-
IIHe ATarbl GOPMUPOBAHHS
KOMHCTGHHHﬁ, HHIUKATOPOB

[TIK-1 Criocoben yuacTBOBaTh
B IPOEKTUPOBAHUU CUCTEM
3IEKTPOCHAOKEHHUS

N-1nk-1 Beimonnsier c6op u
AHaJIN3 JAHHBIX JJIA ITPOCKTH-
POBaHHS CHCTEM

3HAaeT CXEMO-TEXHUUECKOE
HCIIOJTHEHHUE JIEKTPO0OOpyY-
JIOBaHHMS CTAHIINHA U ITOJACTaH-
L[Hi1; COBPEMEHHbBIEC AHAIUTHU-
YECKHE METOIbI U MOJEITH
KOMIUJICKCHOTO WHXEHEPHOTO
aHaJm3a.

VmMeetr 000CHOBEIBATh TEXHU-
YecKHue pelIeHus mpu paspa-
00TKE CXeM pacHpeesIeHus U
nepeavn AMEeKTPUIECKOM
SHEPTUH; IPUMEHSTEH COBpE-
MEHHBIE METOJIBI U CPEJICTBA
WCCIICTOBAHUS JIJISl PEIICHUS
KOHKPETHBIX 3a/1a4.

NJ-2nk-1 Beibupaer Tunossie
MIPOEKTHBIE PEIICHUS CUCTEM
AIIEKTPOCHAOKEHHUS

Bnaneer HaBbIkaMu mpa-
BUJILHO BBIOMPATH DIIEKTPH-
YecKHe CXEeMBI CTAaHIINHA 1
MOJCTaHIIUI C yYETOM OCO-
OeHHOCTEeH UX paboThI U Tpe-
O6oBaHMii moTpeduTeNeil.

[1K-2 Criocoben ananmu3upo-
BaTh PEKUMBI paOOTHI CUCTEM
IIEKTPOCHAOKEHUS

N -1nk-2 PaccunTeiBaeT na-
pameTpsI AIeKTPooOopya0Ba-
HUS CUCTEM

3HaeT o01Ire 3aKOHOMEPHO-
CTH MPOU3BOJICTBA, TIepeaaun
W pacIpeieCHus dJIeKTpHYe-
CKOM DHEpPruu; OCHOBHBIE
KOHCTPYKTUBHBIE U PEKUM-
HBbIE OCOOEHHOCTH DIIEKTPH-
YEeCKUX CTAHIUH (TEIIOBbIX,
AaTOMHBIX, I I/IllpaBHI/I‘-ICCKI/IX)
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Y MOJICTAHIINHI, pacpeaen-
TEIIbHBIX CETCHl.
YMeeT pacCUMTHIBaTh OCHOB-
HBIE MTAPAMETPhI CXEM JIEK-
TPUYECKUX CTAHITUHN U TIOJT-
CTaHIIMH, YYUTHIBATh OCOOCH-
HOCTH PE&KHUMOB pabOTHI pas-
JIMYHBIX CTAHLWH U IMOJCTaH-
1105058

NI-2nk-2 PaccunteiBaet pe-
KHMBI paOOThI CUCTEM DJICK-
TPOCHAOKEHUS

Bnaneer HaBbikaMu pacuéra
napameTpoB 00OpYIOBaHUS
CTaHIIMU U MOACTAHIIHNI; Me-
TOJAMHU pacyeTa TOKOB KO-
POTKOTO 3aMbIKaHHSI CHMMET-
PUYHOI'O U HECUMMETPUY-
HOI'O PEXKHMOB.

N-5nk-2 [IpumensieT nnxe-

HEPHO-TEXHUYECKUE PACUCThI

JUTSL pelieHus 3aaa4 npodec-
CHOHAJIBHOM JIeSITEIbHOCTH

YMeeT npoBOIUTH HHXKE-
HCPHO-TCXHUYCCKUC PACUCThBI
C TMIOMOIIBIO MPUKIIATHOTO
MIPOrpaMMHOTO 00€CTIeUeHHU .
Brnaneer HaBbIKaMU UCTIOJb-
30BaHUA NPUKIIAAHBIX ITPO-
rpamMM JUIs BBITIOJIHEHUS HH-
KCHCPHO-TCXHUUCCKHUX pac-
YeTOB B MPO(PECCHOHATLHOU

chepe.
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3aganune Ha KypcoBoe MPOeKTHPOBaHHE
Oo0pa3zen Jgucra 3aganus

VTBEPX/IAIO
3aBenyroumii kadeapoit
(H3MKH, YEKTPOTEXHUKH
U 2JICKTPOSHEPTCTUKU

WNuctutyt [aturopckumii (hunuan) CKOY

Kadenpa pusuku, 2IeKTPOTEXHUKU U IEKTPOIHEPTCTUKU

Hanpasnenue 13.03.02 DA€KTPOTEXHUKA U 3JIEKTPOIHEPreTUKA

Hampasnennocts [lepesiaua 1 pacnipeiesieHUE MIEKTPUIECKOM SJHEPTUU B CUCTEMAX IEKTPOCHA0-
KEHUS

3AJAHUE
HAa KYPCOBOM NMPOEKT

Crynenra :

(hamunus, ums, omuecmao)

ITo aucruniauHe «DJIEKTPUYECKHE CTAHIIMHU M ITOJICTAHITAM)

1. Tema pabotsr: «IIpoekTHpoBaHKE pacupeIeaUTEIHbHON MOHU3UTEIHHON MOACTAHIIIY

2. HCJ'II)I BreImoIHHUTE MIPOCKTUPOBAHUEC SJICKTPONOACTAHIINHN

3. [lepedens moanexammux pa3padoTKe BOPOCOB:
— Pa3paboTka CTPYKTYPHBIX CXEM ITOICTAHIIHIA.
— BEI0OOp MOIITHOCTH CHJIOBBIX TPaHC(HOPMATOPOB.
— CoOCTBEHHBIE HYKbI ITOICTAHIIHIA.
— Br100p 11aBHOM CXEMBI DIEKTPUYECKUX COSTMHEHUN.
— BeI00p cXeM pacupeaeanTeNbLHBIX YCTPOHCTB.
— Br100op cedyeHui IpOBOAHUKOB BO3AVIITHBIX JIMHUH.
— IIpoBepka Mo YCIOBHUSIM KOPOHEL.
— IIpoBepka IpOBOJIOB 110 MAJACHUIO HANPSHKCHUS.
— PacyeT TOKOB KOPOTKOI'O 3aMBIKAHHS.
— BEIOOD 2JIEKTPUYESCKUX allapaToB.
— BE100p KOMMYTAIIMOHHBIX alIIapaToB.
— BEI00p H3MEPUTENLHBIX TPAHC(HOPMATOPOB.
— BEIOOp TOKOBEAVIIIMX YaCTEHN paclpeaeanuTelIbHbIX YCTPONCTB.
— Be100p ruOKMX ¥ )KECTKUX IIIHH.
— BEI00Op CHIOBBIX KaOeIe.
— KoHTpobHo-u3MepuTeabible NprOOphI Ha MOACTAHIIUSX.
— PesteiiHas 3a111uTa 1 aBTOMAaTHKA I10JICTAHIIHH.
— TexHUYECKHE MEPONPHATHS, 00ECIIEUNBAIOIIKE 0S300aCHOCTE padOT CO CHATHEM HaIps-
JKEHHSL.
— Oxpana TpyJa.
— TeXHUKO-9KOHOMUYECKHE TOKA3aTEIN MOJICTAHIIMH.
- BBIIIOJHHUTD 2 JHUCTa IpadMYeCKOil YaCTH IPOEKTA.
1) ogHONMIMHEWHAS STIEKTPUYECKast CXeMa MOICTAHIINH;
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2) KOMITOHOBKA TOJICTAHIIUH.
4. UcxonHple TaHHBIE:
4.1 XapaktepucTuka IpOEeKTUPYEMOU MOICTAHIIUHU:

Bapuant —
Prax=____ KBT, Quax=_____ xBap
Kareropuunocts notpeduteneit (%): 1-ass— __ ; 2-as1 —

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
90
80
70
60

5

o

4

o

3

o

2

o

1

o

o

iy 3am—

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 t,4

43P acrpeacInTeIibHas CETb HU3KOI'O HAIIPSKCHU A HpoeKTpreMOﬁ noaCTaHIIunu

Cxema noaxmouenus nutaemsix TIT (PIT) —

Bpewmst OTKIII0UEHUS! IPUCOEAUHEHUS Lps poicnnpucoen = c,

Pyvakc.crnpmy = MBHT,

Yucno orxoxgmux nuanit HH nmoacranmnuum —

4.4 Cxema dJeKTPOIUTAIONIEH CUCTEMBI
Howmep npoektupyemMoii mojcTaHium — ,

[TapameTpsl cucTeMsl

H P, MBT

H Q, MBAp

Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA

Sk, MBt
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
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B/ 1 ke e
T
L]
B/l 4
7-89

5. IlepeueHn pekoMeHAYEMOM TUTEPATYPHI

1. ®ununnosa, T.A. Ontumusanus pe>KUMOB 3JIEKTPOCTAHIIMNI U SHEPTOCUCTEM : YUEOHHK /
T.A. ®ununmnosa, FO.M. Cunopkun, A.I'. Pycuna ; MunuctepctBo oOpa3zoBanusi u Hayku Poc-
cuiickoit ®enepannu, HoBocuOupckuii rocyjapCcTBEHHbIN TEXHUYECKUI YHUBEPCUTET. - 2-€ U3/I.
- HoBocubupck : HI'TY, 2016. - 359 c. : cxem., ui. - bubnwmorp.: c. 349-350 - ISBN 978-5-7782-
2743-9 ; To xKe [OnexTpoHHBII pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=438316

2. Kymneesa, JI.W. IlpoexTrpoBanue noacranimu : yaeonoe nocodbue / JI.U. Kyneesa, C.B.
Mutpodanos, JI.A. Cemenona ; MunmncrepctBo oopazoBanus U Hayku Poccuiickoit denepanuu,
Open6yprckuii ['ocynapctBennsiii YauBepcuteT. - Operoypr : OI'Y, 2016. - 111 c. : ui., cxem.,
Tab. - bubnuorp.: c. 61-63 - ISBN 978-5-7410-1542-1 ; To xe [OnekrponHslit pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=468847

3. Hewmmposckwuii, A.E. DnekrpoobopynoBanne IEKTPUIECKUX CeTel, CTAHIIUN U MO/ICTaH-
it : yae6noe nocobue / A.E. Hemuposckuii, N.1O. Cepruesckas, JI.}O. Kpensimesa. - 2-e u3.
norr. - Mocksa ; Bomorna : Undpa-Umxkenepus, 2018. - 149 c. : wi. - bubnworp.: ¢. 114 - ISBN
978-5-9729-0207-1 ; To xKe [D71eKTpOHHBIN pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=493858

6. KOHTpOJ’IBHBIC CPOKH IPCACTABIICHUS OTACIIBHBIX pa3JCIOB KprOBOﬁ pa6OTLI:

25% - «_» 20 1.
50% - «_» 20 1.
75% - «_» 20 1.
100% - «_» 20 1.
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7. CpoK 3aIIMThI CTYAEHTOM KypCOBOTO ITPOEKTA « _ » 201 r.

JlaTa BbIIauu 3a1aHUS «  » 201 .
PykoBoauTenb KypcoBOro npoeKTa

/ /
(yuemmuas cmeneHs, 36anue)(MUUHAS NOONUCD) (UHUYUATBL, hamunus)
3aaHue MPUHSI K UCTIOJTHCHHUIO CTY/ICHT (dhopMbI 00ydeHUS Kypca
TPYIIIIBI

(ruunas noonucs) (unuyuanet, pamunus)
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CTpyKTypa BbINOJHEHHS] KyPCOBOI0 MPOEKTa

KypcoBoii npoeKT 10KEeH COCTOATh U3 BBEACHUS, TCOPETUUECKON YaCTH, IMIUPUIECKOM

(IpaKTHYECKON, pacueTHO-TpapuUECKOn) YacT, 3aKIIOUEHHS, CIIUCKA JINTEPATYPhl U TPUIIOKE-

HU.

CTpyKTypa KypCOBOIO IPOEKTa COCTOUT U3 CIAEAYIOUINX 003aTeNIbHBIX JIEMEHTOB:

1
2
3.
4
5

Tumynonotit 1ucm opopMIsieTCS B COOTBETCTBUH ¢ [Ipunosicenuem 3.
3aoanue na Kypcoeoit npoexm Ilpunooicenue 2

Cooepircanue

Beeoenue

Yacmp 1 — TeopeTuueckas

Teopernueckas 4acTh AOJKHA COAEPIKATh aHAIU3 COCTOSHUSA M3y4aeMOH IpoOJeMbl Ha

OCHOBE 0030pa Hay4YHOH, Hay4YHO-MH(OPMAIIMOHHOM, CIpaBOYHON NuTepaTypsl. IIpencraBien-

HBIN MaTCpHral 10JHDKCH OBITH JIOTUYECKHU CBS3aH C LIeJIbIO UcclieqoBanus. B naparpa(bax TCOPCTHU-

YEeCKOM YacTHu HGO6XOIII/IMO OTpaXaTb OTACIbHBIC KOMIIOHCHTLI HpO6JIeMI>I 1 3aBCpIIAaTh X BBIBO-

JaMu.

6.

Yacms 2— [IpoekTHas

— Pa3paboTka CTpyKTypHBIX CXEM IMOICTAHIUH.

— BB160p MOIIIHOCTH CHJIOBBIX TPaHC(HOPMATOPOB.

— CoOcTBEHHBIE HYX/IbI TOACTAHLIUH.

- BH60p IJIaBHOM CXEMBI QJICKTPUYICCKUX COE€IUHEHUH.

— Br160p cxeMm pacnpenenTeNbHbIX YCTPOUCTB.

— Bp10op ceueHnii MpoOBOAHUKOB BO3AYIIHBIX JTHHHUH.

— IIpoBepka 1o ycioBHSAM KOPOHBI.

- HpOBepKa IMPOBOAOB 110 MAACHUIO HAITPSIPKCHUA.

— PacdeT TokOB KOPOTKOI'O 3aMbIKaHUS.

— BpI100p a5ieKTpruYecKuX anmnaparos.

— Bp100p KOMMYTalMOHHBIX aNapaToB.

— Br160p n3MepuTenbHbIX TPaHCPOPMATOPOB.

— Br160p TOKOBEIYIIMX YacTel pacHpeeuTeNbHbIX YCTPOUCTB.

— Bp100p ruOKuX U )KECTKHUX IIHH.

— Bp100op cuioBbIx kabenei.

- KOHTpOJIBHO-I/IBMCpI/ITCJ'ILHLIC HpI/I60pBI Ha IMoACTaHIIUAX.

— Peneiinas 3amuTa 1 aBTOMaTHKA MOACTAHIINH.

— Texunueckue MeponpusATHs, 0O0ecCIednBaroIne 6€30macHOCTh PabOT CO CHATHEM HaIpsi-

KCEHUA.

146



— OxpaHa Tpyna.
— TexHUKO-3KOHOMUYECKHE TIOKA3aTeIH OCTAHIIUH.
I'paduueckas yacTp BBINOJHACTCS Ha 2-X nucTax GopmaTta Al B cOOTBETCTBHH ¢ TpeOOBa-
Husimu ['OCTa u ECKJI:
—  OpnHonMHEHHAs SIEKTPUUECKas CXeMa MOJICTaHIINY;
— KommnoHoBka noacranuum.
Cnucok ucnonb306aHHbLIX UCHOYHUKOG U TUMEPAMYPbL
Crucok MCIoJIb30BaHHBIX HCTOYHUKOB U JIMTEPATYPhI JJOJKEH OBbITh COCTaBIIEH B COOTBET-

ctBuH ¢ TpedoBanusiMu 'OCTa k opopmienuto oudbnuorpaduu

Hpunoscenusn
[IpunoxkeHue colepXUT Bech (PaKTUUECKHU MaTepHall SKCIIEPUMEHTAIbHBIX MCCIIEI0Ba-
HUU (CXEMBI, YEPTEKH).
Kaxxnioe npunokeHre HaJl0 HAUMHATH C HOBOW cTpaHullbl. [IpuiokeHuss UMEIOT OOIIYIO ¢
OCTaJIbHOM YacThIO pabOThI CKBO3HYIO HYMEPALIUIO CTPAHHII.
3aronoBok «lIpunoxeHue» nuiiercs B BEpXHEM MPaBOM yrity. Bee npunoxxeHus Hymepy-
1otcst, Hanpumep: [Ipunoxenue 2. Eciau npuiioxkeHne 0JJHO, TO €ro He HyMEpYIOT.
Ecnu [IpunokeHrne uMeeT 3arojioBoK, KOTOPBIN MUIIETCS TOCEPEANHE C TPONUCHONW OYKBBI

OTAEIBHON CTPOKOM.
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XAPAKTEPUCTHUKA MPOEKTUPYEMOM NOJACTAHIIUA U OITPEIEJIE-
HHUE CTPYKTYPHOM CXEMBI HOJACTAHIIUA

O01mme moJI0KeHus
IIpu npoeKkTHpOBaHUM IEKTPUUECKOI IOJCTaHIIMH IEPBOHAYAIBHO COCTABIISIOTCS CTPYK-
TYPHBIE CXEMBI, B KOTOPBIX OMPEAEIAETCS COCTaB OCHOBHOTO 000pyI0BaHus (CHIIOBBIE TpaHC(OP-
MaTOphl) U CBSI3U MEXIY HUM M pacnpeayctpoiictBamu (PY) pasnbix Hanpspkenuil. OgHoBpe-
MEHHO C BEBIOOPOM OCHOBHOI'O 00OPYZOBaHUS ONPEIEIAIOTCS U CXEMBI, B KOTOPBIX OHO OyJeT pa-

00OTaTs.

Pa3paboTka cTPYKTYPHBIX CXeM MOJACTAHIIHIT U pacyeT HATPY3KH

IToncTanuuu no cnoco0y NOAKIIOUEHHS JeIAT Ha TYIUKOBBIE, OTBETBUTENIbHBIE, IPOXO/I-
Hbl€ U y370Bble. Ha puc.1. npuBeeHsl CTpyKTYpHBIE CXEMbI IOHU3UTENbHBIX OICTAaHIUI. DJeK-
TPOIHEPTUs OT FHEprocucTeMsl nocrymnaer B PY Boicokoro Hanpsxkenus (BH) noacrannuu, 3arem
TpaHchOpMHUpYETCs U pacnpenersercs Mexxay norpedurensimu B PY nuskoro nanpsbxenust (HH)
(puc.1, a).

VY3110BBIE MOACTAHLIUU HE TOJIBKO OCYLIECTBIISIIOT MUTaHHE MOTPEOUTENEH, HO U CBS3bI-
BAaIOT OTAEJIBHBIE YACTH YHEProCUCTEMBI. B 3TOM ciydae Ha mojacraHuuu, kpome PY Huskoro
HarnpspKeHus coopyxarotcs PY Bbicokoro u cpennero Hanpsbkenus (CH) 1 ycraHaBIMBaroTCs aB-
ToTpanchopmarops! (puc.l, 6) uiu TpexoOMOTOUYHbIe TpaHCcHopMaTOpsI (puc. 1, 8).

Yucno TpaHncopMaTopoB Ha MMOACTAHIUAX BHIOMPACTCS B 3aBUCUMOCTH OT OTBETCTBEHHO-
CTH MOTpeOUTENeH, a TaKKe HAJIMYMS PE3EPBHBIX UCTOUHHUKOB IMUTAHUS B CETAX CPEIHETO U HU3-
KHMX HallpsSHKEHUN.

Tak xak OosbIeif YacThIO OT MOACTAHIMM MUTAIOTCS MOTPEOUTENHN BCEX TPEX KaTeTrOpHii
U MIUTaHUe OT CUCTEMBI MOABOIUTCS JIMIIL cO CTOpoHbI BH, TO 1o ycnoBuio Haje:xxHOCTH Tpedy-
€TCsl yCTaHOBKa HE MEHee JIByX TpaHC(HOpMaTOPOB.

Harpyska noficTaHIIK ONpeaesieTcsl MOIIHOCTbBIO, MOTPeOIieMOl BCeMHU TPUCOETUHEH-
HBIMHU K HEH 3JIEKTPONPUEMHUKAMHU U MOTEPSIMU B 3JIEKTPOCETH. PeskuM paboThI 31€KTpONIpHeM-
HUKOB, 3aBHCSIIHMNA OT X HAa3HAYEHMS M CTEIIEHU HCIIOIb30BAaHUS, HE OCTAETCSA MOCTOSHHBIM U
M3MEHSETCS B pa3IMYHbIC Yachl CYTOK M MECSIIbI TOfla, U3MEHSAETCS U MoTpediisseMas UMH 3JIeK-
TPUYECKasi MOITHOCTb.

OOBIUHO U3MEHEHUE HATPY3KH AJIEKTPONpPUEMHHKA (HallpUMep, 11eXa) WIIH TPYIIIbI AJIeK-

TPONPUEMHUKOB MPUHATO M300paxaTh B BHJE CyTOYHOro rpaduka Harpy3ok [P u Q= f(t)].
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CyTounblii rpaduK HArpy30K MOKET ObITh OCTPOEH KCIEPUMEHTAIbHO, HAIIPUMEP, [10 YACOBBIM

MMOKa3aHUSIM CUCTUMKOB aKTHBHOM M ITOJTHOM OHCPIHUU, WIA 3aJ1aH.

i "_QAIJ_’, Scm ch—n QCH

L L }

Py BH Py BH PY CH

@
HH

PY HH Py
oo Voo
SHH! PHH1 QHH SHH1 PHH! QHH

i SCH! PCH1 QCH
f

PY BH PY CH

2'G

oo

SHH1 PHH’ QHH

6)

Pucynok 1 — CTpykTypHBI€ CXeMbI TOCTAHIIHI
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[To rpaduky Harpy30K OIMpenestOT MAKCUMAJIbHYI0 aKTUBHYIO U PEaKTUBHYIO MOLTHOCTH:

P, =,
T

rae: Wa - TIOKa3aHUs CUCTYMKA aKTUBHOM DHEPTUU 3a BpeMsi HauOOJIbIIIeH OTpeOIsieMoi
MOIITHOCTH T .
MakcumanbHas oJaHast MOIIHOCTD:

s Wy
T

rae: W, - IOKa3aHus CUETYUKA [TOJHOM DHEPTUM 3a TO JKE BpeMs T .

MaKCI/IMaJ'IBHa}I peaKTI/IBHa}I MOIIHOCTb:
Qrax =S,a -SIN @,

amax

rie: Sin g =+/1-cos¢p’, a cosp =

17 max
B xypcoBoM mpoekTe cyTOUHBIN rpaduK aKTUBHOW M PEaKTHUBHOW HArpy30K MOJCTAHIIUU
CTPOUTCS T10 33JaHUI0 ¥ 3HAYCHUSIM MaKCUMAJIbHOW aKTUBHOM M PEaKTUBHOM MOIIHOCTH 3a | yac.

[Tpumep rpaduk CyTOYHOIH aKTUBHOW M PEAKTHBHOM HATPY30K MOJCTAHIINH MPEACTABICH HA PH-

CyHKE 2.
P
P
; P
p [T ST
Q Q 1
™ L e e e e e
Q P \Q
] Il ] ] ] 1 1 ] ] ] 1 1 ] 1 ] L ] ] ] 1 1 I L 1
T T T T T T T T T T 1 T T T T T T T T T T 1 T T
01 2 3 4 5 6 7 8 910 11 1213 14 1516 17 18 19 20 21 22 23 24 T

Pucynok 2 — ITpumep rpaduka CyTOYHON aKTUBHOM U PeaKTUBHOW HArpy30K MOACTAHIHH

Ecnu rpadguk Harpyzok P u Q= f(T) 3a/1aH, TO PacxoJi aKTUBHOW 3HEPIUM 3a CYTKH
orpezensercs Mo miouaau rpadruka akTUBHON SHEPTUH 3a CYTKU
Wacym = ZPI .Ti (KBT.LI)'

CpCIlHHH AKTUBHAA MOIIHOCTD 3a CYTKHU

P _ aom

v 24

Koaddurment 3anmonnenus rpaduka
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Kosdduumenr 3amosnnenus rpapuka no akTtuBHOW MomHocTH K, MOKasbIBaeT BO

CKOJIBKO Pa3 CpelHssl aKTUBHAS MOIIHOCTbH (WM MOTPEOJICHHOE KOJMYECTBO AKTUBHOW SHEPTHHN)
MEHBIIIE MAaKCUMaJbHOW MOIIHOCTH WMJIM MEHbILIE TOrO KOJIMYECTBA 3JEKTPOIHEPTUU, KOTOPOE
ObLTO0 OBI TOTPEOJICHO 32 TO YK€ BpeMs, eciu Obl Harpy3Ka MOJICTaHIIMKM BCE BpeMs Obljla MaKCH-
MaJbHOM.

Ilo pe3ynpTaraM MOCTPOEHHUsS CYTOYHOIrO rpaduka aKTUBHOW M PEAKTHBHOM HArpy3ok
CTPOUTCS TOZO0BOM TpaduK MO MPOJOIKUTEIFHOCTH Harpy30k. Ero npuMeHstor B pacuérax Tex-
HUKO - DKOHOMHUYECKHUX [TOKA3aTeIeH AMEKTPOYyCTaHOBOK, pacuéTax MoTeph JIEKTPOIHEPTUH, IPU
OLIEHKE UCII0JIb30BaHUs 000pyI0BaHUS B TEUCHHE TO/1A.

ITocTpoenue rooBoro rpaduka mo NpoAOKUTEILHOCTH Harpy30K IMPOU3BOAUTCS HA OC-
HOBAHUH JIBYX U3BECTHBIX CYTOYHBIX I'PA()UKOB — 3UMHETO U JICTHETO.

Hnst cpenneit momocsl Poccun pexkuM pabOThI MOACTAHIIMK MO 3UMHeMY rpaduky 212
JHe, a mo-ietHeMy — 153 nHs. B 3apaHum KypcoBOro mpoeKkTa HeT pasfiefieHus] Ha 3UMHUH U
JICTHUM CYTOYHBIN TpaduK HArPy3KU, TOITOMY UCIOIb3YyeM MONHbIE 365 qHE.

VcxonHble JaHHBIN U TOCTPOCHUS TOJI0BOTO rpaduKa 1Mo MpOoA0KUTEEHOCTH 3aHOCUM

B TUIIOBYIO Tabyuiry 1.
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Tabnuma 1 — Jlanubie rogoBoro rpaduka

Bpewms, 1

Pim MBT Juu(B rony) (10 CyT. Yacos B roa ITonnas sueprus, MBt-u
rpacuKky)

Hroro 365 24 8760

[Tpumep rogoBoro rpaduka Harpy3KH MPEICTABICH HA PUCYHKE 3.

P kBT
a7

7.86

7.4

6.9

6.3

Tu=7375.5

59

535

2000

2000 5000

8000 8760 T, yac

Pucynok 3 — I'otoBo# rpaduk 1Mo npoaoHKUTEIEHOCTH

[To maHHBIM r010BOTO TpaduUKa ONMPENCTUM CPEIHIOI0 HATPY3KY MOICTAHIIUH:

P
cp

=W,/ 8760

ron

rae Wroy — mostHast motpebiisiemast sHeprus 3a roa, MB-A-u.

Whox OnIpeiensercs Kax :

WTOJI = Zn:(F)I TI)

rae Pi v Ti, COOTBETCTBEHHO MOIITHOCTh M BPeMs i-0 CTYIICHH TO0BOr0 rpaduka.

Bpewms ncnonb30BaHus MaKCUMAJIbHON aKTUBHOW HArpy3Ku 3a roJ;

Tmax,a = Wa,ro;[ | Pmax

BpeM}I MaKCUMAJIbHBIX TOTCPh OMPCACIIACTCS 11O (I)OpMYJ'ICZ

Tus = (0.124 + Timaxa / 10000)? - 8760

Bb100p MOIIIHOCTH CHIIOBBIX TPaHC(POPMATOPOB

HomunanbHyto MOITHOCTH TpaHC(HOPMATOPOB OMPEIEIISAIOT MO YCIOBUIO
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Sy > AX
HOM.Tp

rae Nl — komuuecTBo TpaHCPOPMaATOpPOB;

|(3 — ko3¢ uLreHT 3arpy3ku TpancGopmatopos. s 1Byx TpaHcGopMaTOPHO MOACTaH-

win K, =0,65-0,8.
[Tpu ycraHOBKe Ha MojCTaHIMK Oojiee 0 JHOTO TpaHcopmaropa (N) paCYCTHBIM SBISCTCS
ClIy4ail OTKa3za OJHOrO U3 TpaHc(OpMaTopoB, KOrja ocTaBlIMecs B paboTe TpaHchOpMaTophl C

Y4ETOM HUX aBapUUHOI meperpys3Ku AOKHBI TepeAaTh BCIO HEOOXOAUMYIO MOILITHOCTD:

S, <S.. -k,

HOM.Tp LN

rae kHaB =1,4 — xo>dduupent aBapuiinoii neperpysku Tparnchopmaropos. Takas mepe-
rpy3Ka JOIYCKaeTCs B TEUYCHHUE 5 CYTOK IMPHU YCIOBHH, YTO KOIPPUIIMEHT MPEANICCTBYIOMICH
Harpy3ku k3 He Oonee 0,93 U AMUTENBHOCTH MEperpy3ku He Oosee 6 u.

Pacder neperpy304Hoii ciocOOHOCTH BBIOpaHHOTO TpaHChopMaTopa HEOOXOMMO ITPOBE-
ctu B coorBercTBuu ¢ [[OCT 14209-85.

Jljis orpaHUYEHNs TOKOB KOPOTKOTO 3aMbIKaHUSI HA HU3KOM HalpsKEHUH 1e1eCo00pa3Ho
IPUMEHSATH TPAHC(HOPMATOPHI ¢ GONBIIIMH 3HAYCHHUSMH HAIPSKEHHS KOPOTKOro 3ambikanus U X

. IIpu momHocTs X 40 1 601ee MB-A ansa orpannuenus TokoB K3 nenecoobpazHo npuMeHeHHe
TpaHchOpMaTOPOB C paACIICTITIEHHON OOMOTKON HU3KOTO HAMPSKCHHUS.

Jlist OorpaHUYeHus: TOKOB KOPOTKOT'O 3aMbIKaHUS (B Cllydyae HEOOXOJIMMOCTH) CO CTOPOHBI
00OMOTKH HU3KOT'O HAalpshKeHUs TpaHc(hopMaTopa MOXKET YCTaHABIUBATHCS OJIMHAPHBIN WM CIIBO-

EHHBIN peakTopbl. MeTouKa BHI0Opa TOKOOTPAHUYMBAIOIIIETO PEaKTOpa U3JI0KEeHa B 11.7.
BbIBOP I''TABHOM CXEMBI DJIEKTPUUYECKHUX COEI[I/IHEHI/Iﬁ
Ooume MoJI0KeHUs

Br100p ri1aBHOM cXeMbl SBISETCS ONPEACSIONIMM MIPH MIPOSKTUPOBAHUH AIIEKTPUUECKON
YaCTH MO/ICTAHIIMHU, TaK KaK OHa ONpeIeNsieT MOIHbIM COCTaB 3JIEMEHTOB (TPaHC(POPMATOPOB, JIH-
HUM, KOMMYTAllMOHHOM U APYroil mepBUYHON anmapaTyphl) U CBSI3eH MEX1y HUMH.

Jlyia BeIOOpA TJIaBHOW CXEMBI AJIEKTPUUYECKHX COEAMHEHMN JOJDKHBI OBITh 3a/1aHbl (MM
OIIpEEIIEHBI B PE3YJIbTATE IPOMEXKYTOUHBIX PaCUETOB) CIEAYIOIINE JaHHbIE: HAPSKEHUS, HA KO-
TOPBIX BBIJAETCS DJIEKTPOIHEPTUsl; CXEMA CETEW M YMCIIO JIMHUHM Ha Ka)KJOM HAIPSKEHHUH; BEJIU-

YHHA MEPETOKOB MOLTHOCTEW MEeX Ay PY pa3HbIX HanpsyKEHHIA.
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Ha npensaputenbHOM 3Tame pa3pabOTKe TIaBHOM CXEMBbI JIEKTPUUYECKUX COCTHMHEHHUI
(pa3paboTKa CTPYKTYpHOU CXEMbI) ONPEEISIeTCS YUCIO U MOIIHOCTh TPaHC(HOPMATOPOB, CBSI3b
Mexay PY pasHbIX HanpsoKeHUM.

B 3aBHCHMOCTH OT KOHKPETHBIX YCIOBUN HaMeuaeTcs 2-3 OMM3KUX BapuaHTa cxembl. st
Ka)KIOr0 U3 HUX OIpPeIessItoTCs:

— METO/Ibl OTPAaHUYECHUSI TOKOB KOPOTKOTO 3aMbIKaHHUS;

— cxembl PY Ha Bcex HalpsiKeHUsX;

— OCHOBHO€ U PE3CPBHOC ITUTAHUC COOCTBEHHBIX HYXIO.

Bb10op cxem pacnpeaeuTeIbHBIX YCTPOHCTB

Ha Bo160Op amexTpuyeckoii cxembl PY Biuser MHOXkeCTBO (DaKTOPOB, U3 KOTOPBIX OCHOB-
HbI€: HOMUHAJIbHOE HAMPSKEHUE; YUCIIO MPUCOEANHEHUI; UX MOILIHOCTh; CX€Ma CETH, K KOTOpO
MIPUCOETUHIETCA JaHHOE PY; ouepeIHOCTh COOPYKEHUS U MEPCIEKTHBA JATbHEUILEr0 paciimpe-
HUS.

[Tpu BBIOOpE CXeM PYKOBOJCTBYIOTCSI peKOMEHIAIMIME, KOTopble natorcs B Hopmax tex-
Honoruyeckoro npoektupoBanus (HTII). B cooTBeTcTBHM ¢ peKOMEHAALMAMU MTOAOUPAIOT KOH-
KypEeHTOCI0COOHbIE BapuaHThI cxeM PV (Tabu1. 3) u B pe3ynbTaTe TEXHUKO-I3KOHOMUYECKOTO CPaB-
HEHUS MPUHUMAIOT HanboJiee MOIXOISAIINE CXEMBI.

KonnuecTBo OTXOMAIIMX JTUHUM ONPENETIAETCS UCXOAS U3 JAIBHOCTH NEpEeJayl U 3KOHO-

MHYCCKH I_ICJ'ICCOO6p8.3HLIX BCJIMYHH IICPCAaABACMbIX MOIITHOCTEH

nzi

JB1I P

I

rjie Ppy — BEJIMYMHA aKTUBHOW MOIIIHOCTH Ha I-Of CTOPOHE paclpeIeIuTENs yCTPOMCTBA;

PJ‘I — OpCaci nepe;[aBaeMoﬁ aKTHMBHOM MOIITHOCTH IO OJHOLEITHON JIMHUH.

B tabnuiie 2 gaHbpl npeaensl nepeaaBaeMoi MOIITHOCTH (Pn ) u ayunbl JIDII paznuunoro

KJIacca HaIpsKEHU M.
B 3aBucmMocTH OT YHCIa HpI/IcoeI[I/IHeHI/Iﬁ 1 HOMHWHAJIBHOI'O HAIPsXKCHUSA MPUHUMAIOTCA

BO3MOJKHEIE cXeMEI PVY.

Tabnuua 2
Hamnpsokenne muanm, kKB 6-10 35 110 220
Haubonpmas juyimHa nepenadu, KM 10-15 50-60 50-150 150-250
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Haubonpmas nepegaBaeMasi MOIII-
3-5 10-20 25-50 110-200
HOCTb Ha OJIHY Lemb, MBT

Pacnpenenurensubie ycrpoiicTBa 6—10 kB BXOI4T B cOCTaB MOICTaHIIMIA KaK IJIaBHBIE pac-
npenyctpoiictBa. OT PY oTxoauT 3HaUMTENbHOE YHCIO0 JTUHHNA ((PrUIepoB) K MECTHBIM MOTPeOH-
tensiM. B PY 6-10 kB noacranumii npumeHseTcst 0IMHOYHAs CEKIIMOHUPOBAaHHAS CUCTEMA ILIUH.

TunoBbie CXeMbI JIEKTPUYECKUX COeTUHEHUN PY HuU3IIero HanpsskeHus: IpUBEACHBI Ha pUC. 3.

&5 E&

79)%@) 1_’ PV 6-10 kB L{@}L

i
p 8

| PY BH | | PY CH |

)
|
!

a)Y

K
-

.
 —CEr

6)

Pucynok 3 — CxeMbl 2JIEKTpUYECKUX COeAMHEHN PY HU3KOro HanmpsKeHus

B xypcoBOM NpoeKTE paccMaTpUBAaOTCS BOZMOXKHBIE BapuaHThl cxeM PY u B pe3ynbrare
TEXHUKO-3KOHOMHMYECKOTO CpaBHEHHUs MPUHUMAIOT Hanbolsiee panroHanbHyto cxemy. [Ipu mpo-
YUX PABHBIX YCIOBHIX MPEAIOYTECHHE OT/IAETCS CXEME, B KOTOPOH OTKIIIOYEHHE IIeTIei OCyIIeCTB-

JISICTCSL MEHBIIINM YHCJIOM BBIKIIOUYATEICH.
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B kypcoBoM mpoekTe paccMaTpuBalOTCs BO3MOXHbBIE BapuaHThl cxeM PY u B pe3ynbrare
TEXHUKO-IKOHOMHYECKOTO CPaBHEHUS MPUHUMAIOT Hanboyiee panuoHaIbHYIO cxemy. [lpu mpo-
YUX PaBHBIX YCIOBUAX MPEANOUYTCHHE OTAACTCS CXEME, B KOTOPOU OTKIIFOUEHHE LIETIeH OCYIIECTB-

JIIETCS MEHBIINM YKMCIOM BBIKIFOYATEIIEH.
CoOcTBeHHBbIE HY Kbl TOACTAHINH

Momnocth norpeduteneid CH moacTaHiuii HeBenrKa, MO3TOMY OHU IHUTAIOTCS OT CETH
380/220 B, xoTopas moyry4aeT MUTaHUE OT MOHIKAIIKMX TpaHchopmaropoB. Ha nByxtpancdop-

MaTOpHBIX moacTaHiuax 35-220 kB ycranaBimuBarorces 18a TCH, MOIIHOCTH KOTOPBIX BEIOUPAIOT
B COOTBETCTBHUH C HArpy3KaMu, C yU€TOM JIOIYCTUMOMN NEPErpy3KH ( kn =1,3) npu BEmoNHEHNN

PEMOHTHBIX pabOT U OTKa3zax oJHOro u3 Tpanchopmaropos. Ilpenensbuas mommocts TCH — 630,
1000 xB-A. IIpucoenunenue TCH k ceTu 3aBUCUT OT CUCTEMBI OIIEPATUBHOIO TOKA. [locTOSIHHBIN
OTIepaTUBHBIN TOK MCMONB3YIOT Ha BceX noacTaHuuax 330—750 kB u Bbllle 1 Ha MOJACTAHIIMSIX C
PY 110-220 kB co coopHbIMU mMHAMH. [IepeMeHHBIN WM BBIMPSMICHHBIN — HA MMOJCTAHIIUAX C
PY 35-220 kB 6e3 BriximrouaTeneii Beicokoro HanpspkeHust. Ha noacranmusx 110 kB u Bbime ¢
NIEPEMEHHBIM U BBIIPSIMIICHHBIM orepatuBHbIM TokoM TCH mpucoeaunstorcst kK BeiBogam 6—10
KB rnaBHbBIX TpaHC(OPMATOPOB /10 UX BBIKJIIOYATENEH yepe3 MpeJoXpaHUTeNH; Ha MOACTaHIHIX
35 kB — k nuTaromueit aMHUN yepe3 npeaoxpaHuTen. Ha mojacTaHusax ¢ moCTOSTHHBIM OIepaTHB-
HbIM TokOM TCH moakirodaroTcs uepes npeoXpaHuTeNH WM BBIKIIOYaTeNn K muHaM PY 6-35

kB i k oomoTke 635 kB TpancdopmaTopos.
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BbIEOP CEUEHUI ITPOBOIHUKOB BO3IYIIIHBIX JTUHUH

Bb160p ceueHus npoBOJHUKOB BO3MYIIHBIX JuHUM (BJI) mponsBoauTcs no skoHOMHUYE-
CKOM IIJIOTHOCTH TOKa.

CeueHue MPOBOAHUKA OTIPEIENIAETCS 10 popmyIie

F _ Ipal6

) - )

)5

rje Ipa6 — ITUTENBHBIA pabodrii TOK HOPMAIBHOTO pexkuMa (0e3 meperpy3okK), A;

; 2
55 - HOpPMUPOBaHHAs SKOHOMHYECKas NJIOTHOCTh TOKa, A/ MM
[4, c. 267].

Ceuenue, HalineHHOE 110 popmyie 4., okpyrisiercs. [Ipu 3ToM mpuHUMaeTcs OnvKkaitiee
MEHBIIIEE CEYCHUE, €CIIM OHO HE OTIIMYACTCS OT PacYeTHOrO 3HAa4YeHUs Oouibiie yeM Ha 15 %.

BrIOpaHHBIC 110 SKOHOMHYECKOW TUIOTHOCTH TOKA MTPOBOIHUKH TIPOBEPSIOTCS:

— M0 JUIUTEIBHO AOIMYCTUMOMY TOKY U3 YCIOBUI HarpeBa

<
pab.max — Izm.z[on. '
rae | pa6.max MaKCUMaJIbHBIN pabounii TOK;

I wion — AVIATEIBHO TOMYCTHMBIN TOK BEIOPaHHOTO MPOBOHUKA;

— I10 KOPOHE;

— II0 MOTEpE HAIPSHKCHMUS.

IIpoBepka no ycjJ0BUAM KOPOHbI

Ota npoBepka He0OXOoAMMa /sl THOKMX MPOBOJHUKOB NpU HanpsbkeHUW 35kB u Bbiie.
Pa3psan B BUie KOpOHBI BOZHUKAET BOKPYT ITPOBOJAA IIPHU BBICOKHUX HAIPSKEHHOCTSIX AJIEKTpUYE-
ckoro nojisi E u compoBoXkgaeTcsi cBeueHueM M moTpeckuBaHueM. [Iporecchl HOHM3AUN BO3-
JyXa MPUBOJAT K JAOMOJIHUTEIBHBIM MTOTEPSM SHEPTUHU, BOSHUKHOBEHHUIO palornomMex U o0paszo-
BaHUIO 030HA, BPEAHO BIMSIOLIETO HA MOBEPXHOCTU KOHTAKTHBIX COeAMHEHNHN. [IpaBUIIbHBIN BbI-
60p MPOBOJHUKOB JIOJKEH 00€CIIEUNTh YMEHBIIEHUE JIeHCTBUS KOPOHBI IO TOMYCTUMBIX 3Haye-
Hull. PaccMoTpuM nmops0ok pacyera i BIOOpa ceueHHs MPOBOIHUKOB IO YCIOBUSAM KOPOHBI.

Pazpfm B BUAC KOPOHBI BO3HUKACT IMPHU MAKCUMAJIbHOM 3HAUYCHUHN HavaTbHOHU KpHTH‘—IGCKOﬁ

HANPSHKEHHOCTH dJIEKTpUdecKoro nonst Ey, xB/cw:
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£, =303m 1+ 22

|

rae m- KodhPUIMEHT, yIUTHIBAIOUINI IEPOXOBATOCTh MOBEPXHOCTHU MPOBOJIA (ISl MHO-

TOIIPOBOJIOYHBIX MTPOBOAOB M =0,82);
I, —paguyc mpoBoja, CM.
JlelicTBuTENbHAS HANPSHKEHHOCTD 3JIEKTPUUYECKOTO IMOJIs OKOJIO MOBEPXHOCTH HEpACIIIE-

JICHHOT'O ITpOoBOJa

~034-U
A,

To

E , kBlcm

(g

rae U - IMHEeHHOE HalpshKeHue, KB;

/, — cpennee paccTosHUE MEKIY IPOBOAAMH (as, CM.
IIpu ropusonTansHoM pacnonoxenuu das /A, =126 /[, rne J] —paccTosinue Mexy co-

ceHuMH (hazamu, CM.
B cayuae, ecnu E > E; (npu nanpsokennu U = 220xB 1 Bbiie) kaxkaas hasa ajis yMeHb-

CHHA KOPOHHUPOBAHUS BBIMIOJIHACTCA ABYMS, TPEMS WK YCTBIPbMA IPOBOJAMH, T.C. IPUMCHSI-
HOTCA paCIICIVICHHBIC ITPOBOJA. TOI‘I[a rHeI\/'ICTBI/ITC.]'II:HEUI HAIPS’)KCHHOCTD

0.354 -U
E=——— «xB /cu.
T cM .

7

n-te
e

rae U — IMHENHOE HalpsbkeHne, KB;

/., — cpenHee pacCTOSHUE MEXy IpoBOamMu (as, cM.
IIpu ropusonTansHom pacnonoxenun pas  J ., =126 /I, rne [ — paccrosHue MexIy

cocenquuMu (azamu, cM. B ciyuae, ecnin E 2 B (npu manpsikennn U = 220xB u BbIlie) Kaxaas

(1)333 JJI1 YMCHBIICHUSA KOPOHHUPOBAHUS BBIMIOJIHACTCA ABYMS, TPEMS NJIW YCTBIPbMS IIPOBOJAMMU,
T.C. IPUMCHAKOTCA pAaCHICIINICHHBIC ITPOBOAA.
HaHpH)I(CHHOCTB QJICKTPUYCCKOTO IMOJISI BOKPYT PACHICINICHHBIX IIPOBOJOB:

0,354U
A,

IK8

E =k . kB/lcm,

n-r, /g

rae k —koa¢puIrMeHT, yIUThIBAIOUINI YKCII0 TPOoBOIOB N B (ase;

I, — PKBUBAJICHTHBIN paJyC pacUICTJICHHbIX TPOBOOB (Ta0I. 4).
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Tabnuua 4 — 3HavyeHus k u I,

K6

Ywucno npoBooB B dasze, N

[Tapamerp
2 3 4

Koaddunuenr, k 142.% 1+2~\/§~r—° 1+3.\/E.r_0
a a

DKBUBAJICHTHBIN pa-

Jh-a 3r, -a? V2.1, -a°

auayc, I, cm.

Paccrosiaue a B pacmieruienHoi ¢aze npuaumaercs npu U = 220xB paBubiM 20 - 30 oM,
a B ycranHoBkax 330 - 750 kB - 40 cwm.

[Iposoza He GyayTt koporuposats, eciu E <0,9E; npu o6pemuom pacronoxenun mpo-

BOJIOB, a IPM FOPM30HTAILHOM pacnonoxenuu nposoaos 1,07 E <0,9E,.

HpOBepKa IMPOBO/JA0B IO MAICHUI0O HAIIPAKCHUHA

[Tanenue Hanpspkenus B auHuu (JISII) He nomkHO npeBbImaTh 5%. @akTHyeckoe najaeHue

HAIPSZKCHUA paCCUYUTBIBACTCA 1O (I)OpMy.]'IeZ

V31

AU =5 P.100% (R, -cos@+ X, -sin @),

pacu.

H

rae R, —akrusHoe conporusnenue JIDIT;

X, — MHAYKTHBHOE compoTusieHue JIDIL

P.
cosp=—%,

p

sin @ = \/1—-cos® ¢,

Rﬂ = r0 'gfll’

rae Iy — yaenpHoe akTUBHOE COIPOTHUBIICHHE JIMHUY;
Xy — YIEIbHOE PEaKTUBHOE CONPOTUBIICHUE JIMHUH;

{ ,— nmana muaun BH.

3HaueHue yJelbHbIX COMPOTUBICHUHN JIMHUN TPUBEIEHBI B Ta0. 4.3
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Tabnuia 5 — 3naueHue yeabHbIX CONPOTUBIICHUNA TUHUN

I[puBon Iy, Om/xm Xo, OM [ kM
AC-70 0,46 0,444
AC-95 0,33 0,429
AC-120 0,27 0,427
AC-185 0,17 0,413
ACO-240 0,13 0,405

PACYET TOKOB KOPOTKOI'O 3AMBIKAHUA

Ha3navenmue u IOPHAI0K BBIIIOJHCHUSA PACYE€TOB TOKOB

KOpoTKOro 3ambikanus (K3)

Jlnst BIOOpA 371€KTPOOOOPYIOBAHUS, aNapaToB, IIUH, KaOelell TOKOOTpaHUYNBAIOIINX
PEAaKTOPOB HEOOXOAUMO 3HATh TOKU KOPOTKOT0 3aMblKaHus. [Ipn 3TOM 00BIUHO 10CTaTOYHO OIpe-
JIeNTUTh TOK TpeX(ha3HOTo KOPOTKOTO 3aMbIKAHHS B MECTE MOBPEX/ICHHs, B HEKOTOPBIX CITydyasxX —
pacnpenesieHny TOKOB B BETBAX CXEMbl, HEITOCPECTBEHHO MPUMBIKAIOUINX K 3TOMY MecTy. Jlis
0OJBIIMHCTBA IPAKTUUECKUX 3aJ]ad pacyeT BEAYT C PSAOM YIPOILIEHUH.

Pacuer TokoB npu Tpexdaznom K3 BHINOIHSIOT cieayronmmM o0pa3oM:

1. lna paccMaTpuBaeMON yCTAaHOBKH COCTABIISIIOT PACUETHYIO CXEMY.

2. Ilo pac4eTHOH cXe€Me COCTaBIISAIOT JIEKTPUUECKYIO CXEMY 3aMELICHUS.

3. Ilyrem nocienoBaTenbHOro NpeoOpa3oBaHus IPUBOAAT CXEMY 3aMEILEHHS K IPOCTEH-

meMy BUay Tak, YTOOBI Ka)KI[I:Jﬁ HUCTOYHUK IMUTAHUS WJIN I'pyIiia KICTOYHUKOB C p€3YJIBTI/IPYIOHIeﬁ

BJIC 6bimu cBA3aHbI ¢ Toukoi K3 oguuM conporuBnenuemM X pes

4. OnpenenstoT 3Ha4eHUEe epruoaAnYecKoil coctapisitomen Toka K3 ( |H ), 3aTeM yJapHbII

Tok K3 (i y) Y TIpU HEOOXOAMMOCTH — TIEPUOTUUECKYIO ( Ino) 1 arepuonIecKyro ( Il'Ia ) cocTas-

nsrorue Toka K3 s 3anaHHoro Mmomenta Bpemen t ( | at)-

PacueTHas cxema — 3TO OJHOJIMHEWHAs CXeMa 3IEKTPOYCTAHOBKH C YKa3aHUEM TeX dJe-
MEHTOB M UX MapaMeTpOB, KOTOPbIE BIUSAIOT HA 3HaUeHHE ToKa K3 U TOIKHBI yUUTHIBATHCS MPU
BBITIOJTHCHHHU Pacy€TOB.

Ha pacueTHoii cxeme HameuaroT pacueTHble Touku K3 — Tak, 4T00BI anmapartsl U MPOBO/I-

HUKH TIOMAJIaTH B HanOoJee TsHKENbIE YCIOBHS PaOOTHI:
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— Ha cOOpHBIX mMHAX PY kaxmaoro HanpsoKeHus,

— 3a TpaHchopMaTopaMu COOCTBEHHBIX HYX]I.
Pacuyer TokoB K3 1151 BbI0Opa dJIEKTPUYECKHUX ANNIAPATOB

Pacuer TokoB K3 MokeT BBINOTHATHCS JBYMSI METOJIaMU: UMEHOBAHHBIX €IUHUIL I OT-
HOCUTENBHBIX eanHull. [l 000ux MeTo10B pacuera TokoB K3 TpebyeTcs HCX0IHYIO cXeMy 3ame-

HICHUA Hp606p8.30BaTI) K HpOCTCfIHIeMy BUAY, KOI'ld UICTOYHUK IIHUTAHUA WUJIU I'pyIIIIa HCTOYHUKOB

cBs13aHbI ¢ Toukoit K3 omHuM compoTusienneM X s cereit cebiie 1000 B pekomenayercs

pe3-
BBIIIOJIHATE PACUET B OTHOCUTEJIBHBIX €AUHULIAX.

HJ'ISI BCCX PACUYCTHBIX TOUCK OIIPEACTIAIOTCS CICAYIOMINEC BEJIIMUYNHBI: HA9aJIbHOC 3HAYCHUC

nepuoANYecKoi coctanistomiei Toka K3 ( |HO ), ynapuslii Tok K3 (1 y ) ¥ TOK B MOMEHT t pacxox-

JIEHUS] KOHTaKTOB BBIKJItOUaTEIN ( Int ). PeaynpraThl pacueroB TokoB K3 1151 Kax 1011 TOUKH CBO-

T B TabI. 6.

Tabmnuua 6 — Pesynsrars! pacueron K3

Y mapHbIii TOK

' 3-(. K3 1, kA

10° KA
Touka K3 SH , MB-A

Tpexdaznoe K3 Onnodasznoe K3

[lepeunicnenHble BETMUMHBI ONPEAEISIIOTCS Ul Bcex Touek. [locnenoBarenbHOCTh pacuera
IIPUHUMAETCS TAKOM, YTOOBI ITPH BEIYUCIEHNH TOKOB B KaykKIoM cienyromeit Touke K3 ncnonb3osa-
JMCh pe3yibTaThl MpeoOpa3oBaHus B mpeapaymei Touke K3.

OOmmit coco6 pacyera TokoB Tpexdasnoro K3 mans aByxTpaHchOpMaTOpHOH 3IeKTpo-
MOJICTAHIUU (PUCYHOK 4) Mpe/ICTaBIEH HIXKE.

ITox pacdeTHON CXE€MOM MOHUMAIOT YIPOLIEHHYIO OJHOJIMHEHHYIO CXEMY AJIEKTPOYCTa-
HOBKM C yKa3aHMEM BCEX JJIEMEHTOB U MX MAapaMETPOB, KOTOPbIE BIUAOT Ha TOK K3 u nosromy
JIOJDKHBI OBITh YUTEHBI IPY BBITIOJIHEHUH PAaCcUeTOB.

Pacuernas cxema n3o0pakeHa Ha pucyHoK 4 [lapaMeTpsl OTXOASIIMX JIUHUM ONpeieneHbl

paHee. DKBUBAJIEHTHAsI CXeMa 3aMeIlleHus PEe/ICTaBIeHa Ha PUCYHKeE 5.
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K1 K4
/ K2 W1 é
Ny K5
T1 T2 W2 ;

W3

[y

K3

/

W7 w8g§ w9olwigw1lil wi W13W14 W15/W16|W17|W18
_v} _v}
K8 K9 K10 Ki1l1 K12 Ki3 K14 K15 K16 K17 K18 K19

Pucynok 4 — Pacuetnas cxema

Xc / K1

XBT1 XBT2

XcT1 K2 XcT2

— ]
XHT1 XHT2
Zw1 Zy2 Zws3 Zya
K5 K6 K7

f K3 K4

K6
S

Zws Zwe Zyy @ Zysg
K9

Zwg
K8 K10 K11 K12 3 K14 K15 K16 K17 K18

PucyHok 5 — DkBUBaneHTHas CXeMa 3aMEILICHUS

@10 Zwi1  Zwizrq Zwis FHZwia H Zwis
K1

Zw16

K19
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Pacder BenmeTcst METOJJOM UMEHOBaHHBIX €WHUII.
3a 6a3uCHYIO0 MOIIIHOCTh MPUHUMAIOT MOIIHOCTH, KpaTHyto 10 (10;100;1000 u T.1.).

Omnpenenrm 6a3uCHBIC HANIPSHKEHUS U TOKU BCEX YPOBHEH HanpspKeHHIA 1o hopmyIie:

| = i
0,1 \/_
3- U6,i
OJIC cuctembl B OTHOCUTEILHBIX €AMHUIIAX:
U
— —_ cp
E,=E. =
6,1
ConpoTHBIICHHE CUCTEMBI:
2
_ Up | Ss
AT s
0 c

I'ZIC Xc — COIPOTUBIICHUE CUCTEMbI B OTHOCUTCIIbHBIX CIMHUIAX,

Sc — MOIIHOCTB KOPOTKOI'O 3aMbIKaHHA CHCTCMBI.
S =J3-U, 19
c b "k ?

@
I K

rac - TOK Ha KOPOTKOTI'O 3aMbIKaHHA Ha MIMHAX BH co CTOPOHBI SHECPIrOCUCTCMBI (CM

m 1.1).
|(3)

wmax - TOK K3 B pexxnme Makcumyma;

I (€))

wmin - TOK ¥3 B peXXnMe MHHUMYMa.

Omnpenenum conportusnenue auaun W1:

X =X |.S_6
wl ya U2’
0
S
I’leryn IU_62’
0

IJIe Xyx — YACIbHOE MHYKTUBHOE COMPOTHBIICHUE JIMHUH,

I'yx — YACIbHOE aKTUBHOE COTMPOTHBIICHUE JIMHUH,

| — MHa TUHIN, KM.

T.k. aKTUBHOE COTMPOTUBIICHUE TPAaHC(HOPMATOPOB MEHBIIIE HHIYKTUBHOTO, TIpeHeOperacM

AKTUBHBIM COITPOTUBJICHUCM. B oTHOCHUTEIBHBIX €IUHHIIAX:

167



B:i'(UKB_ +U1< } -UKC_H).i, UHOM .
2O

1 S U 2

C:_'(UKB_ +U1<c- -UKB_H)._6, HOM ;
200 e s U

1 S U 2
XH:_‘(UKB'H+UKC-H-UKB_C) ._0 HOM
200 s, (U,

riae Ugx — HanpsKeHHne KOPOTKOIo 3aMbIKaHUsI 0OMOTOK TpaHcdopmaropa, %;

Uson — HOMHHAJIBHOE HaNpsDKEHHE 00MOTOK TpanchopmaTopa, KB;

Us, — 6a3rcHOE HanpsDKeHHE, K KOTOPOMY MPHBOIMTCS COMPOTHBIICHHE OOMOTOK BBICO-
KOT'0, CPEJTHETO U HU3ILEro HalpspKkeHus, KB.

Pacuer Toka K3 npoBoauTcs nis AByX peXKMMOB: MAaKCUMAJIbHBIM 1 MUHUMAJIbHBIH.

B MuHUMabHOM peXUME YUTEM PEXKUM MUHUMYMa 3HEPTOCUCTEMBI U TI0JIOKEHUE CEKIH-
OHHBIX BBIKJIIOUYATENIEH —OTKIIOYEHO.

B MakcuMallbHOM peKUMeE Yy4TeM PEeXHUM MaKCHMyMa SHEPrOCHCTEMbI U MOJOKEHHUE CeK-
IIUOHHBIX BBIKJIFOUATENIeH — BKIFOUEHO.

Pacuer npoBoAMM 1O MPUHILMITY YIIPOILIEHHUS CXEMBI 10 TOUKH KOPOTKOTO 3aMblkaHus. [le-

puoandeckas cocrapisitonas Toka K3 naxonures mo gpopmyre.

@-F .

K ’
XZ

rae E — cymmapnas 5/1C

X, - CyMMapHO€ CONpoTHBIICHHE 10 TOUKH K3.

3HadeHUE TOKA KOPOTKOI'O 3aMbIKAHUS B UMCHOBAHHBIX CIMHUIIAX:

1© =1® |

K,AM K,0TH ("
rac |6 — 0a3UCHBINA TOK CTYIICHH HAIIPSXKCHUSA, Ha KOTOpOﬁ IIPOUCXOANUT K3.
Jlanee HaxXOauM 3HAYCHHUE YIAPHOT'O TOKA KOPOTKOT'O 3aMbIKAHUA IJIsI MaKCUMaJIbHOT'O Pe-

XKuMa 1o Gpopmyre:

C— o L 1d.

i, =v2-K,-I7;

rae Ky — ynapusiii koadduueHT.
[TocTrossHHAs BpeMeHU 3aTyXaHUs allepUOIAYECKON COCTaBIISIOIIEH
Xz
ai

oR

)
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4 P
C

TAC ¢ -yTJioBasAd 4acTOTa CCTU, paBHAA 0= 27Cf = 31

Y napublii K03 (HUITHMEHT, TOKA3BIBAIOIINN BO CKOJIBKO pa3 aMILTUTYAa ynapHoro Toka K3

Oonbire ycranoBuBIierocs Toka K3, onpenenennoro o gpopmye:

-0,01

K =1+e™
yA

JU11 MUHUMAaJIBHOTO PEKUMA YJapHBII TOK HE paCCUUTHIBAEM.
Omnpepensiercss TOK BYX()a3HOTO KOPOTKOI'O 3aMbIKaHMsI B MUHUMAJIbHOM pPEXHUME JUIs
OLIEHKU 4yBCTBUTEIBHOCTHU PEICHHON 3alUThI 110 hopMmyIe:
|(2)= \/g . |(3)-
K 2 K !
[IpuBenem pacueT Toka KOpoTKoro 3ambikanus B Toukax K1 u K2, (cMm. puc. 5).
Touka K1 - MakCUManbHBIN peKUM:

Cxema 3aMCHICHUA NTPHUBCICHA Ha PUCYHKC 6

E,

Xl,max

Pucynok 6 — Cxema 3amerenus Jyist Touku K1

MUyHUMAITBHBIN PEXHM:
Cxema 3amelleHus npuBeieHa pucyHke 4.3.
1©=_E
K
X1,min

Touka K2 -  MakcUMaJIbHBII peXUM.
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Cxema 3amenieHus NpeacTaBieHa Ha pUCYHKe 7 a:

E1 El

Xl,max Xl,max
XBT1 XBT2 XBT1
X X X
CT1 K2 CT2 CT1
K2
a) MakcuMarsibHbIA PEXUM 6) MMHMMaTbHBIN PEXNM

Pucynok 7 — Cxema 3amenienus juist Touku K2

(XBTI +XCT1) i (XBT2 +XCT2) .

X5 =X +
Z 1, !
e (XBTl +XCT1)+(XBT2 +XCT2)
|(3) = 5
K .
Xy

TOK KOPOTKOro 3aMbIKaHHs B MUMEHOBAHHBIX €IMHULIAX:
MUyHHUMAITBHBIN PEXHUM:

Cxema 3amenieHus peicTaBlieHa Ha pUCyHKe 7 0.

XZ = Xl,min +XBT1 +XCT1
o=t
K
Xy

Tok KOPOTKOI'O 3aMBIKaHUS B UMCHOBAHHBIX CAMHHIIAX !
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Bp100p TOKOOIPAHUYHUBAIOIIUX PEAKTOPOB

Peaktops! ciayxat A orpaHndeHust TOkoB K3 B MOIIHBIX 3JIEKTPOYCTaHOBKAX, YTO MO3-
BOJISICT MIPUMEHATH O0JIee JIErKHe U ACUIEBbIC BHIKIOYATEIN U YMEHbIIATh IJIOIIAb CEUCHUS Ka-
Oeneil, a, ciaenoBarenbHO, yaewesnaTs PY u pacnpenenurensHslie cetu. OCHOBHAs 00J1acTh MPH-
MEHEHUS PEaKTOPOB — JIEKTPUUECKUE CETH HarpsbkeHueM 6—10 kB.

Jlia orpannyenus Toka K3 B PY 6—10kB anexkrpuueckux noacranuuii npuMEHSIOT JTUHEH-
HBIE PEAKTOPBI.

JIuHelHbIe peakTOPbl BKIIOYAKOTCS MTOCIE10BATEIbHO B L€ OTXOAALIECH JINHUM (JIMHUIT),
OHM IIpeJIHa3Ha4YeHbl 1151 orpaHnueHus Toka K3 B pacnipenenutenbHoil cetu. [Ipu BeIOOpE nMHEN-
HBIX PEAKTOPOB IMPEANOYTEHNE OTJACTCSI IPYNIIOBBIM CABOCHHBIM PEAKTOpaM, T. K. OHU IKOHO-
MHUYHEEe WHAMBHUIYyaNbHbIX. HOMUHAIBHBIN TOK peakTopa ONpenesstoT UCXOs U3 HauOoJIbIIero
TOKa IPYIII JIMHUHM, IPUCOCTUHEHHBIX K IIMHHBIM COOpKaM IpymIioBoro peakropa. Pekomeny-
€TCs, YTOOBI YMCIIO JTMHUHN, IPUCOSIMHEHHBIX K TPYMIIOBON cOOpKE, HE MPEBBIIIATI0 TPEX-YEThI-

pex.

COHpOTI/IBHeHI/Ie JIMHEHHBIX PCAKTOPOB Xp OMpeACIAACTCA U3 YCIIOBUS OT'PAHUYCHUA TOKA

K3 1o Toka oTKIIrO4aromenl CriocoOOHOCTHA BKIIFOYATES |HOM. oKL

[Ipu BbIOOpPE peakTopa BBHIMOIHIETCS YIPOUIEHHBINH pacueT Toka K3, korja Bcs cucrema,

BKJIFOYas NPOCKTUPYEMYIO ITOACTAHIIUTO, TPUBOAUTCA K OTHOMY PE3YIbTHPYIOIMIEMY COIIPOTUBJIC-

HUIO MCKIY 06I>e,Z[I/IHeHHLIMI/I WCTOYHHUKAMHU NUTaHHUSA U Toukor K3 X CBCpXHepeXOHHHﬁ

pes3:
TOK B BbIOpaHHOM Touke K3 onpenensercs kak

I ls

Xpe3

rae |6 — 0a3uCHBIN TOK CTYIEHH HaIpsDKEHUs, Ha KOTOpo# BeIOpaHa Touka K3.

Kenaemoe COIIPOTUBJICHHUEC CUCTCMBI JJI1 obecrnieueHUs OTKJIIOYaroei CIIOCOOHOCTH BBI-

kitovarens (Harpumep, BMIT-10 — |H0M. ORI — 20 kA).
XCI/ICT.)KCJ'I = \/§U ‘I3p~H°M
HOM.OTKIJI
PacueTHO€ CONPOTHUBIEHUE CUCTEMBI:
X _ U Cp.HOM .
CHUCT. \/§ . IHO

Pa3zHocTh MOJIYYCHHBIX COHpOTI/IBJIGHI/Iﬁ AaCT IKCJIaCMOC COIIPOTUBJIICHHUEC PCAKTOpa
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X

poKen *

X

paxen

=X -X

CHUCT.2KCJI CUCT *

3areM B COOTBETCTBUU C TPEOYEMBIMU 3HAUCHUSIMH UHOM u | oy BPIOMPAETCS peakTop ¢

H

OMmKafIIuM OOJIBIITUM 3HAYCHUS X

COTPOTHBIIEHHEM X pKen

p.HOM

BbIBOP DJIEKTPUUYECKUX AIIITAPATOB
OO0mme mos10:KkeHUs1 0 BHIOOPY anmapaToB
DJeKTpUYEeCcKre amnmnaparbl BBIOMPAIOT IO PACYETHBIM YCIIOBUSIM HOPMAJIbHOIO PEXHUMA U
IPOBEPSIIOT Ha PA0OOTOCIOCOOHOCTH B YCIIOBUSX aHOPMAIBHBIX PEKUMOB (TepMHUYECKAst U TTHAMH-
YyecKas CTOMKOCTb IIPU KOPOTKHX 3aMBIKaHUSAX, KOMMYTALIMOHHASI CIOCOOHOCTb U T. 11.).

@dakKTopbl, yYUTHIBaEMbIC IIPU BHIOOPE anmnapaToB, YKa3aHbl B Ta0M. 7.

Tabnuua 7 — Be10op 35eKTpUYeCcKHX anmnaparoB

Tun snexrpuye- | Homunanan- | Homu- | /Ilmnammuye- | Tepmu- |Kommyrta- Harpyska
CKOI0 anmapara | HOe HaNps- | HAJIbHBIM | CKas CTOH- | 4YecKas | IMOHHAs | BTOPHY-
JKeHHue TOK KOCTh CTOM- Croco0- [HbIX LemneH
KOCTh HOCTh
Brixmrouarens + + + + + -
PazpeaunnTEND + + + + (+) -
Koportko3ambika- -
+ — + + —
TEeIb
OTtnenutens + + + + (+) —
Tpancpopmaro
pancgop P + + + + — +
TOKa
Tpancdopmarop + +
HaIpsKEHUs

HpI/IMC‘-IaHI/IC. YV4auTeiBaeMbIe (I)aKTOpLI 0003HaYEHBI 3HAKOM «ty», HE YYUTBIBACMBIC — «—»,

a OTMCUYCHHBIC 3HAKOM (+) YYUTBIBAIOTCA B YaCTHBIX CIIy4dasdx. YcnoBus BLI60pa U MPOBCPKU alllia-

PpaToB U3JI0KCHBI HUXKE.
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Bp100p KOMMYTALIMOHHBIX ANNIAPATOB

Br16op BoIKITIOUaTENEH TPOU3BOIUM IO CIEAYIOIINM TapaMeTpaM:

— 10 HAIIPSXKCHUIO BJICKTPOYCTAHOBKH:

U, <U

HOM ’
— 10 AJIUTCIIbBHOMY pa60quy TOKY C YUCTOM BO3MOKHBIX JJIMTCIbHBIX ICPETPY30K OCHOB-

HOT'O 000PYJOBaHMUS:

k-1

pab.HOM <l HOM '

rac U

HOM IHOM — IIACIIOPTHBIC (KaTaJ'IO)KHBIe) ImapaMETpPhbl BBIKIOYATCIIA;

K — ko3 @uriment, 3aBucamuii OT I0MYyCKaeMbIX JITHTEIbHBIX MOBBIIICHHI HOMHHAIb-

HOTO TOKa (Ji1s TpaHC(HOPMATOPOB, HE padOTAIOIINX B OJIOKE C TEHEPATOPOM k= 1,4).

[IpoBepky BBIKIIOUATENEH TPOU3BOIUM MO CIEIYIOIIUM (HOpPMYIIaMm:

— Ha 3JICKTPOAUMHAMUYCCKYIO CTONKOCTPH BBIIIOJIHSIEM II0 YCIIOBUAM!

0 < II[I/IH;

i<l ,
y a.JH

rae InO’ Iy — pacueTHbIC 3HAYCHUS MIEPUOINIECKON cocTaBisitotei Toka K3 (mpu t=0

) i ymapsoro toka (mpu { = 0,01 C) B wenu, 115t KoTOPOI BEIGHpPACTCS BBIKITIOUATENTE;

IL[[/IH y Ia.’D‘HH - HeﬁCTBYIOHlee " aMIUIUTYAHOC 3HAYCHUEC MMPEACIIBHOTO U CKBO3HOI'O TOKa

K3 (karano)xHble mapaMeTphl BBIKJIIOYATEIS).

BLI6paB BBIKJIFOYATECJIb 110 PACCMOTPCHHBIM ITapaME€TpaM, 3Had IO KaTaJIoTy COOCTBEHHOEC

BPEMA OTKIIIOYCHH A BBIKITHOYATECIIA t HaxoJdaT BpEMA OT Ha4dajia K3 A0 PaCXOoXKXICHNUA KOHTAK-

C.B’

TOB BBIKJTFOUATENIEH:

t=t, .+t

3.min B’

rac t(;.min — MHUHUMAJIbHOC BpPCMHA JIeHCTBUS peHCﬁHOﬁ 3alUThl NPpUHUMACM PABHBIM
0,0lC, " JIA 3TOTO BPEMCHHU OIIPCACIIAOT NCPUOJUUCCKYIO IHt " aricpuoaAUYCCKYHO BCOCT&BHH-

romue Toka K3;

{ — mosnHOE BpeMs OTKIIFOUEHHUSI BBIKJIFOUATEN s (TIPUBOIUTCS B TEXHUYCCKUX XapaKTepH-
CTHKaX BBIKJIFOYATE).

OTxumroyaroas CiocoOOHOCTh BBIKIIIOUATEIISI IPOBEPSAETCS MO CIETYIOIIUM YCIOBHSIM:

1. ITpou3BoauTCs MPOBEPKA HA CAMMETPUYHBIA TOK OTKJIIOUEHHS IO YCIOBHIO
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|, <l

HOM.OTKJI’

rac I — HOMHMHAJIBLHBIN TOK OTKJIIOUCHUS 110 KaTaJiory.

HOM. OTKJI

2. IlposepsieTcst BO3MOXKHOCTb OTKIIFOUCHHS allePHOMYECKOH cocTapstowei Toka K3 1,

. Onpez[en;noT MMPOUCHTHOC COACPIKAHHUC Iat B TOKEC U IIPOBEPSAIOT BBIITOJIHCHUC YCIIOBUA!

BSBHOM

BGJII/I‘-II/IHy B HaxOJAiT IO BBIPAKCHUIO

.100%
b= f | >

t
_ I
=J2-1 -(1+e ™),
rae Ta — IIOCTOsAAHHAsI BPEMCHU 3aTyXaHU:. BeJ’II/I‘lI/IHy Ta " 3HAUCHUC YAApHOI'O K03(1)—

dunrenTa MOXxHO onpeaenuts 1o (5.14)u (5.15)

Ha TtepMuueckyto CTOMKOCTh BBIKJIIOYATEb TPOBEPSIOT 110 PACUETHOMY UMITYJIbCY KBaJ-

paTU4IHOI'O TOKa K3 BK n HaﬁHeHHLIM B KATaJIOIC MPEACIIbHOMY I'apaHTUPOBAHHOMY 3aBOJAOM-

HU3TOTOBUTCIIEM TOKY TepMquCKOﬁ YCTOﬁqHBOCTH arrapara I ¢ ¥ BPEMCHH €TO IPOTCKAHUA tT

B <12t

K T T*

Iapamerp B, onpenensiercs caenyromum oGpasom:

2
BK - IHO '(toncn +Ta)’
rjae tom =tp3 +tB

tp3 — BpeMs JCICTBUS PENICHHON 3aIUTHI;

tB — IIOJIHOC BPEM OTKIIHOYCHU S BBIKITHOYATECIIA (HpI/IBOJII/ITCH B TCXHUYCCKHUX XapaKTCpU-

CTHKax BBIK.IIIO‘-I&TCJISI).
HCO6XO,Z[I/IMO OTMCTUTD, YTO paCYCTHBIM BUAOM K3 JJIL IPOBCPKU HaA 3JICKTPOJUHAMUYC-

CKYIO TEPMHUYECKYIO CTOMKOCTB siBisieTcs Tpexdaznoe K3. Ecnu ke B ceTsax ¢ 3¢ deKkTHBHO-3a3eM-
nennoit ueitrpansio (U = 110 kB u Bbimre) okassiBaercs, 4To TOK onnodaznoro K3 6ombie
Toka Tpexdaznoro K3, To mpoBepky Ha OTKIIIOUAIOILYIO CIIOCOOHOCTH BEAYT MO 00Jiee TSHKEIOMY
pEXUMY.

PazpeuHuTENN, OTACIUTENN U BHIKJIIOYATEIH Harpy3KU BEIOUPAIOTCS IO HOMUHAIBHOMY
HOMMHAIIEHOMY JUINTENHEHOMY TOKY |

nanpsoxenuo U a B pexxume K3 nposepsroT Ha
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TEPMUYECKYIO U 3JIEKTPOJMHAMUYECKYIO CTOMKOCTB. /17151 KOpOTKO3aMbIKaTelNel BHIOOp 10 HOMH-
HAJILHOMY TOKY He TpeOyercsl.

Brikarouarenu HarpysKu npoBEpAIOT JOMOJHUTCIIBHO IO TOKY OTKIIFOYCHU:

k-1

<l
pab.HOM — ' HOM.OTKI

Br160op npenoxpanuTeneil mpoussoxuTes 1o napamerpam U |HOM C IIPOBEPKOI1 BbI-

HOM’

<
MOJIHEHUS YCJIOBUSA |H0 pS |H0M.(m<n.

PacueTrHbie BeTM4HMHBI JIJ1s BBIOOpA MEPEUYHMCICHHBIX allllapaToB T€ JK€, YTO U JJISI BBIKJIIO-
qaTeJIeH.

Bb160p pacCMOTPEHHBIX U IPYTUX TUIIOB AIEKTPUUYECKUX alllIapaToOB PEKOMEHAYETCS Mpo-
U3BOJUTH B TabnmuHoi (opme. Tak, Hanpumep, TaOJI. 8§ COOTBETCTBYET YCIOBHSM BBIOOpA BBI-

KJIFO4YaTeCJIsd.

Tabnuma 8§ — Ber6op BeiKIiIIOUaTENEH

PacueTHble mapamMeTpbl Karajo:xHble fJaHHbIE BbI-

YcaoBust BbiOopa

nemnu KJIK04YaTe/Ida
U yCT UHOM U yCT <U HOM
k- Ipa6.H0M IHOM k- Ipa6.H0M < IHOM
Int IHOM.OTKJ'I Int < IHOM.OTKJ'I

i
=2t 100%
P V21

B =Brow

nt

IHO IJII/IH IHO - IIlI/IH
i, - <1
B, L5t B <12t

Bb160p n3mMepuTeabHBIX TPaHCHOPMATOPOB

Tpanchopmaropsl Toka (TA) BeiOupatoTcs:

— IO HAIPS’KCHUTIO YCTAHOBKH U yer < U

HOM

— II0 HOMMHAJIBHOMY NEPBUYHOMY TOKY |1H0M (HOMUHATBHBIA TOK JOJDKEH OBITh Kak

MO3KHO OJbke K paboyeMy TOKY YCTaHOBKH, TaK KakK Meperpy3ka nepBUYHON 0OMOTKH MPUBOIUT
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K YBCIIMUCHUIO ITOTPECHIHOCTH,
— IO KOHCTPYKIUHU U KJIACCY TOYHOCTH,

— I10 AJIEKTPOAUHAMHYECKON CTOMKOCTH:
y =K V21

rac k):[I/IH — KpaTHOCTb BHeKTpOHHHaMquCKOﬁ CTOMKOCTH II0 KaTaJiory,

oM’

— 10 TEPMUAYECKON CTOMKOCTH:

BK < (kT ) IlHOM)2 'tT’
rae kT — KpPaTHOCTh TEPMUYECKON CTOMKOCTH MO KaTaJory;
— 110 BTOPUYHOM Harpys3kKe:

Z2 S ZZHOM’
rae Z, — BTOpUYHAs Harpy3ka Tpanc(hopmaTopa TOKa;

Z5,on — HOMHHAIbHAs JOIYCTMMAas Harpyska TpaHc(opMaropa TOKa B BbIOpPaHHOM
KJIACCE TOYHOCTH.

PaccMoTpuM mOpsIIOK pacuera Harpy3ku Z, . UHIyKTHBHOE COMPOTUBIICHHE TOKOBBIX I1€-

nem HCBCJIMKO, TTIO3TOMY 22 ~ I’2 . BTOpI/I‘lHa}I Harpyska COCTOUT U3 COIIPOTUBJICHUA HpI/I60pOB

erI/I6 , COCIMHUTCIIbHBIX ITPOBOJIOB erOB " ICPEXOAHOTO CONTPOTUBIICHUA KOHTAKTOB I

KOHT *

npu MpoB KOHT *

Conpotusienue npudopos

i Snpn6
rnpn6 - | 2 '
2HOM

e S

npu6 — MOILHOCTE, OTpeOIseMast IpruOopamMu;

— HOMUHAJIbHBIA BTOPUYHBIA TOK TA, paBubii 1 A mist momabix PY 220-330 kB

=5A.

2HOM

H BBILIC, B OCTAJIBHBIX ClIydasXx I 2HOM

TpanchopmaTophbl TOKa yCTaHOBIEHBI BO BCeX Lemsax. ConpoTuBieHue KOHTakToB I .-
npunuMaroT paBHbM 0,05 OM npu 1Byx-Tpex u 0,1 Om — npu OosnblieM uncie npudopoB.

3Has ZZHOM , OIMPEACIIUM OOITYCTUMOEC COIMMPOTHUBIICHUC U TJIOMIaAb CCYHCHUA IIPOBO/JIA:
S — p- Ipva
- H
rl'[pOB
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rae p — ylIelbHOe COMPOTUBIEHHE MaTepralia IpoBo/a;

| pacy — PACUCTHAs JUTMHA, 3aBUCALIAs OT CXCMBbI COC/INHCHHSI TpaHnchopmaTropa Toka 1 pac-

CTOSIHUSI OT TpaHC(GOPMATOPOB TOKA 10 MPUOOPOB: MPH BKIOYEHUHU B HEMOJHYIO 3BE3NY

= | ; npu Bmouennn B oxny dasy | =21

I = \/é . I ; [IpU BKJIFOYCHHUHU B 3BC3AY I pacu

pacd pacy

2
OMm-MM
31ech cieayeT OTMETUTh, YTO MPOBOJA C MEAHBIMHU Kuilamu (P = 0,0175 ——
M
HpI/IMeHHIOTCS'I Ha NMoACTaHIHAX C BBICHINM HaHpSI)KeHI/IeM 220 KB H BBIIIIC. B OCTAJIbHBIX cnyqaslx

BO BTOPHUYHBIX OeIAax IMPUMCHSAIOTCA ImpoBoJga C AJITOMHUHHUECBBIMU KujiaMu (

OM - MM*
p=0,0283 2M MMy
M
JUIMHY COEIMHUTEILHBIX IPOBOIOB OT TPAHC(HOPMATOPOB TOKA [0 IPUOOPOB (B OJIMH KO-

HEI[) MOKHO IPUHATD U1 Pa3HBIX MPUCOEIUHEHUN MPUOIU3UTENHLHO PABHOM, M:

Tabmuma 9 —
HaumeHoBaHue M HanpsizkeHHe YCTAHOBKH JuHa, M
JIluanm 6-10 kB k noTpedutensam 4...6
Bce nenu PV 35 kB 60 ... 75
Bce nenun PY 110 kB 75 ... 100
Bce nenu PY 220 xB 100 ... 150

JIyist moicTaHIIMM yYKa3aHHbIE JUIMHBI cHUKAKOT Ha 15 ... 20 %. [Tonyyennas momanas ce-

2 2
YCHU HC OOJDKHA OBITH MeHbIlle 4 MM AJIsL IPOBOAOB € aJIOMUHUCBBIMHU XUJIAMU U 2,5 MM
AJI1 TpOBOJOB ¢ MCAHBIMU JKUJIAMHU — 110 YCJIOBHIO MEXaHU4YEeCKOMH IMPOYHOCTH. HpOBO,Z[a C IIoma-

2
JIbI0 ceueHus 0ompiie 6 MM~ OOBIYHO HE IPUMEHSIOTCS.

TpancdopmaTops! HanpsHKEHUsT BBIOMPAIOT 110 YCIOBUSIM:

<

U yer = U Lron * 82 < SZHOM B HAMEYEHHOM KJIacC€ TOUHOCTH,
e U 1oy — HOMHUHAIBHOC IEPBHYHOC HANIPSDKCHHE,

52 — MOIIIHOCTh BHEIIHEH BTOPUYHOI LIenH (BTOPHYHAsS HAarpy3Ka);

SZHOM — HOMUHJIbHAs BTOPUYHAs Harpyska. 3a SZHOM IIPUHUMAIOT MOIIHOCTH BCEX
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Tpex ¢a3 ogHo(pa3HBIX TpaHCHOPMATOPOB HATIPSIKEHHUSI, COSTMHEHHBIX MO0 CXEME 3BE3/IbI U yIBO-
€HHYIO0 MOIITHOCTh 0HO(a3HOTr0 TpaHchopMaTopa, BKIFOUEHHOTO 110 CXEME HETIOJTHOTO TPEYTOJIb-
HUKA.

[ns ynpoweHna pacyeTHy HarpysKy npubopos He pasaenatoT no dpasam. Npu onpese-
NNEHUU BTOPUYHOM HArpy3KM CONPOTUBIEHNE COEAUHUTENbHBIX MPOBOAOB HE YYUTLIBAIOT, TAK

KaK OHO mano.

BBIBOP TOKOBEJYILIUX YACTEM PACHPEJAEJUTEJBHBIX
YCTPOUCTB

O01IMe MoJI0KeHUu s

OcHOBHOE 3JIeKTpUYecKoe 000pYyJOBaHUE AIEKTPOCTAHLUHN U MMOJACTAHLIUHN U annapaTsl B
ATHUX LEMSIX COSIUHSIOTCS MEKIY cO0O0M MPOBOJHUKAMU PA3HOT'0 THUIIA, KOTOPbIE 00Pa3yIOT TOKO-
BEJIyIIE YACTH IEKTPUUECKOU YCTAHOBKH.

ITpu BbIOOpE TOKOBEYIIUX YacTeil HEOOXOAMMO 00eCeUnTh BHIIOJIHEHUE psiia TpeOoBa-
HUH, BBITEKAIOLIMX U3 YCIOBUI paOoThl. [IpOBOTHUKY TOMKHBIL:

1) mMTenbHO IPOBOAUTH paboure TOKH 0€3 Ype3MEPHOTO MOBBIIIEHUS TEMIIEPATYypPHI;

2) NIpOTUBOCTOSITH KPATKOBPEMEHHOMY 3JIEKTPOAMHAMHUYECKOMY U TEINIOBOMY JECHCTBHUIO
ToKOB K3;

3) BeIIEpKUBATh MEXaHUYECKHE HArPYy3KH, CO3/JaBaeMble COOCTBEHHON Maccoil U Maccoit
CBSI3aHHBIX C HUMU alapaToB, a TAK)XE YCHIINS, BOZHUKAIOIINE B PE3yIbTaTe aTMOC(EPHBIX BO3-
JIEHCTBHIA,

4) ynoBIETBOPSTH TPEOOBAHUSAM SKOHOMUYHOCTHU 3JIEKTPOYCTAHOBKH.

PaccMoTpuM THIIBI IPOBOIHUKOB, TPUMEHSAEMBIX HA MOJCTaHIMIX:

1. Ha moacTaHIMAX B OTKPBITOM YacTH MOTYT NPUMEHAThCS NpoBoaa AC Huim KecTkast
OILIMHOBKA alfoMUHHEBBIMU TpyOamu. CoennHenue Tpanchopmaropa ¢ 3akpbeiTeiM PY 6-10 kB
wu ¢ KPY 6-10 kB ocymecTBisieTcst rTHOKUM MOABECHBIM TOKOIIPOBOOM, ITMHHBIM MOCTOM HJIU
3aKpBITBIM KOMIUIEKTHBIM TOKONPoBOoIoM. B PY 6—10 kB npumMeHnsiercs xxecTkasi OIIMHOBKA.

2. B nensix muamii 6—10kB Bes ommHOBKA 10 peakTopa U 3a HUM, a Takke B mkadax KPY
BBITIOJIHEHA MPSAMOYTOJIbHBIMU AIFOMUHHEBBIMU MIMHAMU. HenocpencTBeHHO K TOTpeOUTeNto OT-
XOJIAT KaOeJIbHbIE JINHUM.

3. Lens Tpanchopmaropa codcTBeHHBIX HY¥ 1. OT crensl 3PY no BeiBogoB TCH, ycra-

HOBJIEHHOTO BOIM3K 3PV, coennHeHne BBIMOIHIETCS )KECTKUMH aJTFOMUHUEBLIMH ITMHaMU. Ecin
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TCH ycranaBnuBaetcs Ha yaaieHuu oT 3PY, To ydacTok MeXy HUMH BBITIOJTHSAETCS THOKUM TO-
konpoBooM. OT Tpanchopmaropa 10 PY coOCTBEeHHBIX HYXX TPUMEHSETCS KabeIbHOe COeTMHE-

HHUC.
Bb100p KecTKMX IIHUH

B 3akpeiThix PY 6-10 kB u B psiae cinydaeB B OTKpbIThIX PY Hanpsixenuem 35 kB u Bblie
OIIMHOBKA (MPUCOETUHEHHUS] K COOPHBIM HIMHAM) M COOpPHBIE HIMHBI BBITOJHSAIOTCS KECTKUMU
ATIOMUHUEBBIMU IIMHAMU. MeHbIe IIMHBI U3-32 BBICOKON UX CTOMMOCTHU HE MPUMEHSIOTCS JaKe
npu OOJBIINX TOKOBBIX Harpys3kax. [Ipu Tokax 10 300 A MPUMEHSIOTCS OJTHO- M JIBYXITOJIOCHBIE
mHbL [Ipr G0IBIIMX TOKAaX PEKOMEHAYIOTCS IIUHBI KOPOOYATOTO CeUeHHs, T. K. OHU o0ecreyn-
BalOT MEHbIINE MOTepHu OT 3Pdekra OITU30CTH U MOBEPXHOCTHOTO dPdeKTa, a TaKKe JTydIlInue
YCIIOBUS OXJIaKICHUS.

Bri6op cedyeHus OIIMHOBKM MPOU3BOJIUTCA IO SKOHOMHUYECKOW IUIOTHOCTH TOKa [4,

. 265]:

S __ pab.HOM

3K - H

J3K

rac JBK — OKOHOMUYECCKAaA IJIOTHOCTh TOKA, 3aBHUCAIIAas OT BEINYHNHBI TM .

I[J'If[ AITIOMHUHHUECBBIX U CTAJICAITIOMHUHCBBIX ITPOBOJIHUKOB

mpu T, =1000...3000 wacor - j, =13 A/mm?,
mpu T, =3000... 5000 wacos — j, =11 A/Mm?,

cebiie 5000 gacoB — jaK =10 A/MM2 :

Haiinennoe ceuenue okpyrisercs. Ilpu sTom npuHuMaercs Gnnxkaiiiiiee MeHbIlee CTaH-
JApTHOE CEYCHHE, €CITU OHO HE OTIMYAETCS OT SKOHOMHUYECKOro Oosbine, uem Ha 15 %. B mpo-
TUBHOM clly4yae, IpuHUMaeTcs Omkaiiiinee 0oJbliee CTaHAapTHOE CEUEHHUE.

Crenyer y4ecTh, YTO IO SKOHOMHUYECKON TNIOTHOCTH TOKA HE BBIOMPAIOTCSL:

— cOOpHBIE IUHBI BCEX HANPSKEHUH, T. K. HAarpy3Ka 10 JUIMHE HepaBHOMEpHA U Ha MHOTHX
€e yJacTKax MeHbIlIe pabovero Toka;

— OIIMHOBKA M Ka0elM pe3epBHBIX JIMHUN U pe3epBHBIX TpaHchopmaTopoB CH, T. k. oHH

BKJTIOYAKOTCA SMU30JUYECKH.
BriOpannbie 0 |, HIMHBI IPOBEPSIOTCS:

— 110 TOIIyCTUMOMY TOKY M3 yCIIOBUW Harpesa;
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— Ha TEPMHYECKYIO CTOMKOCTb MPU BO3JEHCTBUU TOKOB K3;
— Ha IMHAMUYECKYI0 CTOMKOCTh pu K3 (MexaHuyeckuil pacyer).

IIpoBepka WIKH 110 JOIYCTUMOMY TOKY OCYLIECTBIISETCS 10 YCJIOBHIO UX HarpeBa TOKOM

YTSKETEHHOTO pesknma K - Ipa6.HOM <l som » TAC | son — AOTYCTHMBII TOK Ha IIMHBI BBIOPAaHHOTO

CEUYCHHS C YUETOM TEMIIePaTypPhl OXJIAXIAIOIIEH Cpe/ibl, OTIIMYHON OT MPUHATON B Tabimnax [4,

c. 267] npu onpeseneHuy J0IMyCcTUMOro Toka | f—

BeJ’II/ILII/IHy I Jom MOKHO OIIPpEACTIUTE U3 l'IpI/I6J'II/I)KeHHOl"O PaBCHCTBA:

rae J,,, — AOIYyCTHMas TeMIlepaTypa HarpeBa MINHBI;

QB — TEMIIepaTypa OKpYXKaroleu cpesl (Bo31yxa);
QB.H — HOPMHUPOBaHHasl TEMIIepaTypa Bo3ayxXa.

[IpoBepka TepMHUYECKONW YCTOMYUBOCTH IIUH CBOJUTCS K ONPEACICHUIO JOMYCTUMOTO MO

YCJI0BUSAM HaArpeBa TOKaMu K3 ceuenus u COITPOTHUBJICHUA €I'0 C BI)I6paHHI>IM Fpacq 110 YCJIOBUAM

pabouero pexxuma:

min —  pacu’

rie 3Hadenue kodddummenta C cremyer Opars mo tadmi. 10
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Tabmua 10

Bua u Marepuas npoBOAHUKA Koy¢ppuumenr ¢
Menauble IUHBI 170
AJIOMUHHEBBIE IITUHBI 90
KabGemu o 10 kB ¢ MeqapIMH xumaMu 160
KabGemu 1o 10 kB ¢ anroMuHHEBBIMY KWJIaMU 110

IIpoBepka MIMH Ha 3JIEKTPOJIMHAMUYECKYIO CTOMKOCTh CBOJUTCS K MEXAaHUYECKOMY pac-
4yeTy HIMHHON KOHCTpYKUMHU npu K3. DnexkrpoauHamuueckue cuilbl, Bo3HUKaroume npu K3, Hocsar
KoJsieOaTeNnbHbIM XapakTep. OTU CUJIbl IPUBOAST LIMHBI U U30JIATOPBI, IPEACTABISIOIUE COO0M
JUHAMUYECKYIO CUCTEMY B KoJsiebaTenbHoe ABMKeHue. [ obecrieueHnss MexaHn4ecKoi MpovHo-

cTM WMH npu Tokax K3 pacueTHoe HampspkeHHE B Marepuallie HE JIOJDKHO IPEBOCXOIUTh

O,on = (0MIIa nns amomunnsa n 6, =140 MIla ans menn.
VCII0BHE TIPOBEPKH:
paca T nom *

Jlsisi OJTHOTIONIOCHBIX IUH (WM TPyO0) MakCHMaJIbHOE PAacyeTHOE HANPSHKCHHE B IIWHE

onpezensercs no Gopmyie:
fI
O T 0 W
FI[e f — MAKCHUMAJIBHOC YCI/I.]—H/IG, HpI/IXOI[ﬂHleeCSI Ha 1 M I[J-H/IHI)I, oT B3aHMOHeﬁCTBHﬂ
MesxIy ToKamu (a3, H/ M;
|Hp — paccTosiHue (IPOJIET) MEKILY OCSIMH H30JISTOPOB BB (asbl, M;

W — MOMCHT COIIPOTHUBJICHUA IIWHBI OTHOCUTCIIBHO OCH, HGpHGHI[HKynSIpHOfI HaripasBJic-

o 3
HUIO JCUCTBUA YCHUIINUA, M .

(DOpMy.HBI JJId IToACUE€Ta MOMCHTA COIMPOTHBIICHUA:

b-h? b?-h

— I TPpAMOYTOJIBHBIX IIWH W = ——— nuim W = —_— B 3aBHCHMOCTH OT HUX B3auUM-

HOI'0 pacCIioJIOKCHU, I'AC b — TOJIIIMHA IIUHBbI, M, h — €€ BBICOTA, M,

01-(D*—d*)

— s tpy6 W = ,rae D u d —coorBercTBenHo BHEUHHIT 1 BHYTpEHHHiT

JTUaMETp TPYOBI;
— MOMEHTBI COMPOTUBIICHUS KOPOOYATHIX LIHH.

VYcunue npu pacronoKEeHUU HIMH B OJTHOM TUIOCKOCTH:
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2
|
-7
f=176->-10",
a
rac a — pacCTOAHUE MCKIAY OCAMU CMECKHBIX (1)33, M.
MakcuManbHOE pacCYETHOE HANIPSIKEHHE B MHOTONOJIOCHBIX IIMHAX, KOT/A B MAKET BXO-

JIAT JIBE MIJIM TPH MOJIOCHI, HAXOJUTCS MO BEIPAKCHUIO O .0 = O + O,
rae O 4 — HAaIpPsKCHHE OT B3aUMOJICHCTBHS ¢a3, onpenenseMoe Takke Kak U Ui OJHO-

ITOJIOCHBIX IIINH, Gl'[ — HaIIPpSXKCHUC OT BSaHMOHeﬁCTBHH IIOJIOC ITaKE€Ta O,Z[HOfI (ba:«;m.

Bemmuuna O I OIIpECACIIACTCA KaK

fo0
G - — -

" 2-b’-h’

rac f — YCUJIMEC, ITPpUXOOAIICCCa Ha 1M JJIMHBI ITOJIOCHI OT B33HMOII€IZCTBPI$[ MEXIAY TO-
I

KaMH TOJIOC MAKeTa, H/ M;

IH — pacCTOAHUEC MCKIY NPOKIaAKaMHU IMaKeTa, M.

HpI/I 3TOM CHJIa BSaHMOHeﬁCTBHH MCXKAY MOJIOCAMHU B IBYXIIOJIOCHBIX IIWHAX U CHUJIA, Jen-
CTBYIOIIasA Ha KpaﬁHHe IMOJIOCHI B TPCXIIOJOCHBIX HIMHAX (KaK HanOoJee I[e(i)OpMI/IpyeMLIC) CO-

craBisgeT B H/M coOTBEeTCTBEHHO:

—
N

f =025 k,->-107;
b
i2

f =016-k,-->-107,
b

rae kq) — ko3¢ ¢uuueHT GOpMBbI IIKH, YUYUTHIBAIOIINN BIHSHUE MONEPEYHBIX Pa3MEpPOB

HpOBO)IHI/IKa Ha CUJIbI B3aHMO)IefICTBHSI.
C6opHble WKHbI PY BbibUpatoTca no 4onyctMmomy paboyemy TOKy. PacyeTHble paboume

TOKW COOpPHbBIX LUMH 3aBUCAT OT pabounx TOKOB NPUCOEANHEHNM, UX B3AMMHOIO PacnooxKeHUs

B PY, a TakXe oT BMAa C60prIX WNH N peXMMa YCTaHOBKM.

[na Bblbopa nnowaam ceyeHma CO0PHbIX LWKH NO YTAXKENEHHOMY PEXMUMY CNeayeT Bbl-

ABUTb OXUOaeMble pa60lw|e TOKW Ha OTAe/IbHbIX y4acTKax PY npu Hanbonee He6ﬂaI'OI'IpMF|THbIX

ycnoBuax.
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Ecnmn paboume TOKM Ha 3TUX y4aCTKax Pe3Ko PasMyHbI, WWHbI MOTYT BbITb BbIGPaHbI
«CTyNneH4yaTbIMU» — C NI0LWAAbI0 CeYEHUA, COOTBETCTBYIOWEN paboymMm ToOKam y4acTkos. no-
LWaab CeYEeHUA WNH A0MKHA ObITb AOCTAaTOYHOM AN1a nepeaaun paboyero Toka Hanbosiee Molll-

HOro arperara.

COopHbIe MIMHBI NIPOBEPSIOTCA HAa TEX K€ YCIOBUAX, paccMaTpuBaeMbIX Bbllie. Kpome
toro, PY 35 kB u Beilie BEIOpaHHOE CEUYEHUE KECTKUX IIMH MPOBEPSIETCS HA KOPOHY

Crenyer noT4epKHYTh BaXKHOCTh MOMEHTA BbIOOPA (POpMBI ceueHust uH. B 3akpeitom PY
70 20 kB BKIIIOYUTENBHO NIMHBI BBITOJIHAIOT U3 IOJIOC MIPSIMOYTOJIBHOTO CEYEHUS, T. K. IPOBOJ-
HUKH C IPSIMOYTOJIbHBIM CE€UYeHUEeM 00JIee IKOHOMHYHBI, 4eM ¢ KpyrisiM. B PY 35 kB u BbIe mo

YCJI0BUSAM KOPOHBI ITPUMCHAKOTCA IIHWHBI TOJIBKO KPYTJIOTO CCUCHMUA.
Bp100p ruOKUX HIMH ¥ TOKOIIPOBO/I0B

B PV 35 kB u Bbllle NpUMEHSIOTCS THOKUE IINMHBI, BbIIOJHEHHBIE ipoBoaaMu AC. OHu
BBIOUPAIOTCS 110 TEM K€ YCIOBUSAM, UTO U JKECTKUE IUHBL. J|00aBseTcs TuIlb MpoBepKa BhIOpaH-
HOTO CEUCHHUS IITMH HAa UCKIIFOYCHHE BO3MOYKHOCTH CXJICCTBIBAHMS IIIWH WJIA OTTACHOTO UX COJFIKE-
HUSA B pe3yJIbTaTe JUHAMUYECKOTO JAeicTBUs TOKOB K3 (BMECTO MpoOBEpKU Ha 3IEKTPOIUHAMHYE-
CKYIO CTOMKOCTB)

FMbKune TokonpoBoAbl ANA coeanHeHUA TpaHchopmaTopoB ¢ PY 6—10 KB BbinonHAtOTCA
My4YKOM MPOBOAOB, 3aKPEMJIEHHbIX NO OKPYXHOCTU B KO/bLAx — oborimax. [sa nposoaa 13
ny4Yyka — CTaneantoMMHeEBbIe — HECYT B OCHOBHOM MeXaHMYECKYHO Harpy3Ky oT cObCTBEHHOro
Beca, rononena, setpa. OctanbHble NPoOBOAA — aIOMUHUEBBIE — ABAAIOTCA TO/IbKO TOKOBEAY-

WMMHN.
Pacuet ruOKOro TOKOMPOBO/Ia 3aKII0YAETCS B ONMPEICICHUH YNCIIa U CCUCHUS TIPOBOIHHU-
KOB.

Hcxons u3 O6IJ.I€FO CCUCHUA ITyUKa FBK IMPpOBOAOB BBI6I/IpaIOTC}I HECyHue 1mpoBoaa.

CeudeHue Hecylero MpoBoia MPUHUMAETCS] PaBHBIM FHeC =0,15- FSK.

Yuciio u ceyeHue TOKOBEAYIIHX IIPOBOJIOB BBI6I/IpaeTC${ o CJIICAYIOIINM YCIOBUAM:
S-n+2-S,., =S,
Ceuenue HECYHICTO MPOBOJa PCKOMCHAYCTCA 6paTB Ha CTYIICHb 60J'IBH_IC TOKOBCAYIICTO.

BLI6paHHOC CCUCHUC TOKOIIPOBOAA MPOBCPACTCA IO JJIUTCIBHO JOIMYCTUMOMY TOKY, TCP-

MHUYECKOMY U AJIEKTPOAUHAMHYECKOMY AeHCTBHUIO ToKa K3.
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Bb100op kadeseit

Kabenu BbIOMpPAIOTCS 11O HAMPSKEHUIO YCTAHOBKU U 9KOHOMHYECKOM IMIIOTHOCTH TOKA.

[IpoBepka HarpeBa kKabesel pyu aBapuHHBIX MEperpy3Kax MPOU3BOAUTCS MO YCIOBUIO

k'lpaG.HOMSkl'kZ'kS'l

JoIr !

rae | sonr — AUIMTEIIBHO JIOIYCTHMBIH TOK Ha OJJMHOYHbIN Kabesb, IPOJIOKEHHBIN B 3eMIIe
npu Temneparype noussl 15°C nim Ha Bozayxe npu temmneparype 25°C;

K,, k2 ) k3— MOTIPaBOYHBIE KOA(PPHUIIMEHTH COOTBETCTBEHHO HAa TEMIIEPATYpPY MOYBBI, BO3-

JyXa ¥ Ha 4Kciio Kabenei B TpaHiee, onpeaensemsie mo [9].

BLI6paHHI>Ie ceueHus Kabens MMPpOBEPAOTCA HAa TCPMUUCCKYIO YCTOﬁqHBOCTL.

KOHTPOJIBHO-USMEPUTEJIBHBIE ITPUBOPBI HA
IAJIEKTPHYECKHUX ITIOACTAHIUAX

KonTposs 3a pexxumMoM pabOThl OCHOBHOT'O U BCIIOMOTaTeIbHOIO 000PYA0BaHUS Ha 3JIEK-
TPOCTAHLMUAX U MOJCTAHLUAX OCYILECTBIIETCS C MOMOLIbIO KOHTPOJIbHO-U3MEPUTENIBHBIX NPHOO-
pOB.

W3mepeHnssMU OIKHBI OBITH OXBau€HbI BCE NMapaMeTpbl OCHOBHOTO U BCIIOMOTaTeIbHOTO
000py10BaHMUs1, KOTOPBIE ONPENEIISIOT PEXKUM YIPABISIEMOT0 00bEKTa — AJIEKTPUUECKON MO/ICTaH-
1.

CTpyKTypHas cxema CUCTEMBbl U3MEPEHUs B OOIIEM Cllyyae BKIIOYAeT B ce0sl: MepBUYHBIN
U3MEpUTENbHBIN MPHOOp, Ipeodpa3zoBaTe, KaHaI CBA3M U BTOPUYHBIA U3MEPUTEIbHBIN PHOOP.

Ha snexTpryeckux moICTaHIUAX UCIIONIb3YIOTCSI U3MEPUTEIbHBIE IPUOOPHI YETHIPEX TUIIOB:

1) nokasbIBarolIMe aHAJIOTOBbIE M LIU(POBbIE MPUOOPHI — JUIsl BU3YaIbHOTO HAOIIOIEHHS 3a
napaMeTpamMH peKnuMa;

2) peructpupytomue (CaMONUIIyIe) MPUOOPbl — AJIsl HENPEephIBHON rpaduuecKoil Win
1M pOBOI 3aITUCH MTApaMETPOB B HOPMAILHOM PEKUME;

3) UHTETPUPYIOITHE MPUOOPHI (CUSTIUKH ) — JIJIT CYMMHUPOBAHHMSI TIOKA3aHU BO BPEMEHH,

4) ukcupyromme TpuOOPs! (CAaMONMIIYIIHE MPUOOPHI ¢ YCKOPEHHOH 3aluChi0, OCIMILIO-
rpadpbl, CelralbHbIE PETUCTPATOPHI COOBITHIH U Jp.) IS rpa)uuecKor 3amucy napaMeTpoB B aBa-
PHUIHBIX YCIOBUSX.

B cootBercTBrn ¢ I1YD muTOBBIE MOKA3BIBAIOIIUE WM PETUCTPUPYIOIINE IIEKTPOU3IMEPH-
TENbHBIE MPHOOPHI AOJKHBI MMETh KJIACC TOYHOCTU HE HUXKE 2,5; CYETYMKU aKTHBHOM SHEpruw,

IpeJHA3HAYEHHBIE IS IEHEKHBIX pPacuyeToB (pacuyeTHbIE CUETUMKU) — HE HIke 2,0, a U1l TMHUN
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MEXCHUCTEMHBIX cBsizer HamnpsbkHueM 110 kB — 1,0, 220 kB u Beie — 0,5. Kitace Tounoctu cueryu-
KOB PEaKTUBHOW SHEPTHH BEIOUPAIOT HA OJIHY CTYIEHb HIKE KIIacca TOYHOCTH COOTBETCTBYIOIIHMX
CYETYMKOB aKTHBHOU sHeprus. st pukcupyrommx npubopoB momyckaercs kinace 3,0. Amrep-
METphI oAcTaHIui, PY Moryt umers kiiacc Tounoctu 4,0.

CoctaB U3MepUTENBHBIX TPUOOPOB, KOTOPHIE TOJKHBI ObITH YCTAHOBJICHBI JUI1 KOHTPOJIA 32
PEKUMOM PaOOTHI OCHOBHOTO 3JIEKTPOOOOPYI0BAHMUS TTIOACTAHITIH/

KonTpons 3a paboToii AByXOOMOTOYHOTO TpaHCPOPMATOpPaA OCYIIECTBISETCS ¢ TTOMOIIIBIO
KOMILJIEKTa MPUOOPOB, YCTAHABIMBAEMbIX HA CTOPOHE HM3ILIEr0 HAMpsHKEHUS M BKIIIOYAIOIIMX B
ce0s1 aMmriepMeTp, BaTTMETP U BapMeTp. Bmecto BaTTMeTpa U BapMeTpa MPAKTUKYIOT UCHOIb30Ba-
HUE OJJHOr0 KOMOMHHUPOBAHHOTO MPHOOpa C TEPEKITIOYCHHEM B LIENsIX HanpsbkeHus. [Ipu HeoOxo-
JUMOCTH y4eTa SHEPTHH, IPOTEKAOIIEH yepe3 TpaHnchopMaTop Ha HEM, YCTAaHABIUBAIOT CUCTUNKA
AKTUBHOU U PEaKTUBHOM sHeprun. Eciu Bo3MokeH peBepCUBHBIN PexXUM pabOThI TpaHchopMaTopa,
TO YCTAHABJIMBAIOT BATTMETP U BAPMETP C AIBYXCTOPOHHEW IIKAJION U JBa KOMILIEKTA CYUETYUKOB CO
cToropamu. Y TpeXOOMOTOYHBIX TPaHC(HOPMATOPOB M aBTOTPaHC(HOPMATOPOB HA CTOPOHAX HHU3-
IETO ¥ CPETHETO HAIPSDKEHUS YCTaHABIMBAIOT TE JKE MPUOOPBI, UTO U Y ABYXOOMOTOYHOTO TPAHC-
dopmaropa. KoHTpoIb 32 TOKOM OCYIIECTBIISIFOT HA BCEX OOMOTKAX.

Ha cO0opHBIX HIMHAX MOBBIIICHHOTO HAMPSKEHUS MPEIyCMaTPUBAIOT 110 OJHOMY YKa3bIBa-
IOIIEMY BOJIBTMETPY Ha KaXXI0W CUCTEME WJIM CEKIIMH IITUH, aBapUHbIC OCIIIIIIIOTpadbI.

Ha muamsix 6-35 kB, koTopbie 00BIYHO YT HETIOCPEICTBEHHO K MOTPEOUTENSIM, yCTaHaB-
JMBAIOT aMIIEPMETP M CUETUYMK aKTUBHOM 3Hepruu. CUeTUUK peakTUBHOU dHEpruu Tpedyercs mpu
pacuere C MOTpedUTENIMHU C yaeToM K0d(pPHIIreHTa MOIITHOCTH.

JIunun HanpspkeHueM 110 kB u BbllIe cetell pallOHHOTO 3HAYEHUS HYKAAI0TCS B KOHTPOJIE
32 TOKOM U MOIIHOCTHIO, OCYIIECTBISIEMOM OJHUM WJIM Tpems amrepMmerpamu (Tipu modazHom
VIIPaBJICHUH ), BATTMETPOM U BapMETPOM. Y UeT aKTUBHON SHEPTUH JTOJHKEH ObITh 0OecreueH JIHUIllb
Ha JIMHUSIX MEKCUCTEMHBIX CBA3€H, MPOBOIMMBIN Ha KAKJIOM KOHIIE CUETUYMKAMU aKTUBHOW SHEP-
THUHU CO CTOMOPHBIMHU MEXaHU3MaMHU.

Ha cOopHBIX mIMHaX TOHWKAIOIINX TOJCTAHIIMA YCTAaHABIMBAIOT YKA3BIBAIOIINN BOJIBTMETP
Ha Ka)XJI0M cHUCcTEeMe M CeKIIMM COOPHBIX IIMH BceX HampspkeHuil. Ha mmHax 635 kB — komruiekT
pUOOPOB KOHTPOJIS U30JSALNH. 115 BRIABICHHS KAPTUHBI TOTO WIJIM HHOTO aBapHITHOTO PeKMMa Ha
MOJICTAHITUSX YCTAaHABIMBAIOT OCIMILIOTPadbl, 3aMMCHIBAIOIINE PEKUMHBIC TTAPAMETPHI, OISk~
1€ KOHTPOJIIO.

IIutanue HpI/I60pOB OCYHICCTBIISACTCS OT UBMCPHUTCIIbHBIX TpaHC(I)OpMaTOpOB.

PEJIEMHAS 3AIIIATA U ABTOMATHKA IOJACTAHIIUM
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Penelinolt 3anmToi Ha3bIBAETCS KOMILIEKC CHENUATBHBIX YCTPOMCTBO, COCTOAILEE U3 peEjie
U IPYTHX aIllapaToB, KOTOPbIE 00ECIEYNBAIOT ABTOMAaTHYECKOE OTKITIOUEHHE TIOBPEKICHHOTO dJie-
MEHTa 3JIEKTPUYECKOMN IIeTIH, €CIIU JAHHOE TIOBPEXKACHHUE TPEICTABISET COO0I HEMOCPEICTBEHHYIO
OIIaCHOCTh JUIA 3TOM LENH, WU IPUBOAUTD B ICHCTBHE CUTHAJIbHBIE YCTPONCTBA. Perneiinast 3amura
JOJDKHA YIOBJIETBOPSTH CICAYIOUIUM TPEOOBAHUSM:

- peneifHas 3amuTa JTOJDKHA OBITH CENEKTHBHOM, T.€. OTKIIOYAaTh TOJBKO MOBPEKIACHHBIN
Y4aCTOK 3JIEKTPUYECKOU LIETIH,

- peneiiHas 3anura 10JKHA UMETh MUHUMAIIbHO BO3MOYKHOE BpeMsi CpabaThIBaHUs,

- perneitHas 3a1mTa JOMKHA ObITh JOCTaTOYHO YYBCTBUTEIBHOM KO BCEM BHJIaM MOBPEK/Ie-
HUI HCHOPMAJILHBIM PEXHMaM pabOoThI Ha 3aIIMIIAEMOM YYaCTKe JIEKTPUIECKON IIeTTH,

- peneitHas 3auTa JJ0JDKHA OBITh HAJIC)KHOM.

K nmoBpexnenusiM TpanchopMaTopa OTHOCSITCS:

1. Mexnayda3Hoe KOpOTKOE 3aMbIKaHUE Ha BBIBOJAX U B 0OMOTKE (IIOCIICIHUE BO3HUKAIOT
ropaszio pexe, YeM MEPBbIE).

2. OgHo(azHbie KOPOTKHE 3aMbIKaHUS (HA 3€MITIO0 M MY BUTKaMU OOMOTKH T.€. MEKBUT-
KOBBIC 3aMBIKAHU).

3. «lloxap cramm cepieUHUKA.

K HEeHOpMaTBbHBIM peKHMaM padOThI OTHOCSTCS:

1. I[Tleperpy3ku, BbI3BaHHBIE OTKIFOYEHUEM, HAITPUMED, OJJTHOTO U3 padOTaIOIMUX TpaHChOp-
MaTOPOB.

2. BO3HUKHOBEHHE TOKOB MPH BHEITHUX KOPOTKUX 3aMBIKAHHSIX, MPEICTABISIONINX OIac-
HOCTb M3-3a UX TEIJIOBOTO JEHUCTBHS HA 0OMOTKHU TpaHchopmaropa.

3. HemonycTtimMoe TMOHFDKEHHE YPOBHS Maclia, BBI3BIBAEMOE 3HAUYUTEITHLHBIM TTOHMKCHIEM
TeMIepaTyphl U APYTUMH IPHYUHAMU.

[Tpu BBIMOTHEHUHU 3alIUT TpaHchopMaTopa HEOOXOIUMO YUUTHIBATH HEKOTOpPHIE OCOOEH-
HOCTbh UX HEHOPMAJIbHOU PabOTHI:

-OpOCKHM TOKa HAMAarHMYUBAHUS TTPH BKITIOYCHUHN TpaHchopmaTopa Imo 1 HanpsHKeHHe,

-BIIUsTHUE KO3 PHIMEeHTa TpaHCHOPMAIH U CXEM COeTUHEHHs 0OMOTOK TpaHchopmMaTopa.

Jlnst BIOOpaA 3aIIUT CUIIOBOTO TpaHc(opMaTopa, MUTAIINX JTHHHNA, pacpeaeTUTeIbHBIX

IIMH OJCTaHIIUN HE0OXOAUMO PYKOBOJICTBOBATHCS yKa3aHusMu [1YD.

MEPOIIPUSATHUA IO OXPAHE TPYJIA U TIPOTUBOIIOXKAPHOI
BE3OITACHOCTH

J1eKTPOo0Ee30NACHOCTh
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OO01mue TpedOBAHUSA JIEKTPOOE30MACHOCTH

TpeOoBaHwMsI K IEPCOHATTY.

OnepatuBHOe 00cmyx)uBanue. OCMOTp JIEKTPOYCTAHOBOK.

[TopsiioK ¥ yCIIOBHSI TPOU3BOJICTBA PAOOT.

Opranu3anroHHbIE MEPONPUATHS, 0OOecTIeyrBaroIne 0€30MacHOCTh padoT.
OTBeTCTBEHHBIC 32 OE30MACHOCTH MPOBEACHUS PabOT, UX TpaBa U 00S3aHHOCTH.

OpFaHI/I3aHI/IH pa60T, BBIIIOJIHACMBIX B ITOPAAKE TGKYH_[CI;'I OKCILTyaTaluu COorjiaCHo

Hanzop 3a npu nposenenuun pador.
Oxkonvanue paboThI, ciada-nmpueMKa padbodero Mecra.

BxroueHnue SJICKTPOYCTAHOBOK ITOCJIC ITIOJIHOTO OKOHYAHUS pa60T.

TexHUYeCKHe MePONPHUSATHSI, 00ecIeYHBAIOIIHE 6€30NIACHOCTH PadOT CO CHTHEM

HaIIPSKECHU S

OTkImroueHus.

BriBemuBanue 3anpeaonmx miakaTos.

[IpoBepka OTCYTCTBHS HAIIPSKEHHUSI.

YcTaHOBKaA 3a3eMIICHHS.

YcTaHoBKa 3a3eMJIEHUS B paclpe/IeIUTeNbHbIX YCTaHOBKAX.
YcranoBka 3azemicHus Ha BJIL

Orpaxpaenue padbodero Mecra.

Mepbl 0€30MaCHOCTH NIPH NMPOBEACHUH OTACIBHBIX padoT

PaboThI B 30HE BAUSHUS 3JIEKTPHYECKOTO M MATHUTHOTO TTOJICH.

['enepaTopbl U CHUHXPOHHBIE KOMIIEHCATOPHI.

DNEKTPOIN3HbIE YCTAHOBKH.

DJIEKTPOABUTATEIH.

KoMMyTanumoHHbIe anmaparsl.

KoMriekcHbie pacrpeaenuTeNbHble YCTPOHCTBA.

Maurossie (cton6ossie) TK u KTII.

Cunosble TpaHchOpMaTOpPbI, MacIsHbIE IIYHTUPYIOILIUE U AYTOracsiiyue peakTophl.

H3mepurenbHbie TpaHC(HOPMATOPHI TOKA.
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10. DneKTpOGUIBTPEI.
11.  AxkymynsTtopHbie OaTapeu.
12. KongeHncaropHbie yCTaHOBKH.

13. KabenpHble TMHUN.

BO3)1yIIIHBIe JIMHUMU JJICKTpoOIepeaaIn

PaboTb1 0e3 CHATHS HAIPSDKEHUS.
PaGoTh1 B mposieTax nepeceueHus ¢ aeicTpyrommmu BJL.
[Todazuslit pemont BJL

Pabote! Ha nepeceuenusix u compkenusx BJI ¢ noporamu.

o L D

OO0cnyxuBaHue ceTel yIMYHOIO OCBELICHUS.

Cpezlcn;a CBA3H, JTUCHIETYECPCKOIo U TEXHOJIOIMYECCKOI'0 YIIpaBJACHUSA

KabenpHble TMHUM CBA3H.

ArnmapaTypa He0OCITy>KUBAEMbIX YCUIUTEIbHBIX TyHKTOB.
Boznyminbie TuHAN CBS3H.

Panno w panguopeneiinbie TUHAN.

BricokouacToTHas cBs3b 0 BJI 1 MONHHME3aIIUTHBIM TPOCaM.
BpemeHnHast BBICOKOYaCTOTHAs! CBSI3b.

Amnmnapatasie CTY.

N o o s~ w D PE

Oxpana Tpyna
1. TpeOoBaHuUs K TEPPUTOPUN MPOESKTUPYEMOTO OOBEKTA.
2. [IpoTrBONOKAPHBIE MEPONIPHUSTHSL, CPEICTBA OMOBEUICHMS U TYILIEHUS TI0KaPOB.

3. 3amura oT aTMOC(HEPHOTO JEKTPUIECTRA.

TEXHUKO-9KOHOMMWYECKUE ITOKA3ATEJIN IOJACTAHIINA

KIIJI snexTponoicTaHinm onpeaesnsercs mo Gopmyse

W
n= A -100%.
Wro;l + AWHOT

loaoBble NOTEPU IHEPTUU B ABYXOOMOTOYHOM TpaHchopmaTope onpeaensatoTcs:
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AW, =n.AP_ -8760+1.AP_
n

HOM.Tp

rac APXX — IIOTEPHU XOJOCTOI'O X014, KBT,

APK3 — IIOTE€PH KOPOTKOIO 3aMbIKaHus, KBT;

T — BpEMA MAaKCUMAJIbHBIX ITOTCPh, 3HAUYCHUC T MOXKET OBITH OIIPEACIICHO 110 (bOpMy.]'Ie
t=(0124+T, -10™)-8760,

rac TM — IPOAOJIKUTEIIBHOCTh UCITIOJIB30BAHUSA MaKCHMaJIbHOM Harpy3Ku.

Ji1s Tpex0OMOTOYHBIX TpaHCHOPMATOPOB MOTEPU FIHEPTUH OMPEIEISIIOTCS, KaK

2

AW, =n-AP_ -8760+= (AP

HoMm.Tp B
2 2

S S
+AP_. pC “T.+AP_, e “Ty)-

HoM.TpC Hom.Tp H

Jlnst ynpouienust MOXHO NpUHATE: Ty = T~ = Tyy. [loTepu KOpoTKOro 3amMbIKaHus B 00-

MOTKax BBICIICTO, CPCAHCTO U HU3UICT'O HAIIPAKCHUS, KBT:

AP, =05(AP 5 ¢ +AP.g iy —APc p);

K K

AP,c =05(AP 5 ¢ + AP ey —APp 1)

K K

AP, =0,5(AP,c 1 + AP g 11 —APp ).

K K

Ecnu B kaTanmorax mis TpCXO6MOTO‘-IHBIX TpaHC(I)OpMaTOPOB ITPUBCJICHA BCIIMUNHA ITIOTCPb
KOPOTKOI'O 3aMbIKaHH TOJIBKO IS ITapbl 0OMOTOK BBICIIET0 ¥ HU3IIETO HaIIPSPKCHU A AP k3B’ TO

npu OZ[I/IHaKOBOI\/'I MOIIHOCTH BCEX 00OMOTOK MPpUHUMAIOT

APKSB = AF)1<3C = AP, 3H ™ 0 SAP, k3B-H -

K

PA3PABOTKA UEPTEXA TJIABHOM CXEMBI
JNEKTPHUECKHUX COEJJUHEHUMN MOACTAHIIUA

Ha gepTteske riiaBHOI cXeMbl COETMHEHHH T0JKHBI OBITH MOKa3aHbl: TPaHCHOPMATOPHI — CHU-
noBble m3mMepurensHble 1 CH, oTxonsimue muHuu, coopHble UHBI PY Bcex HampshkeHuit, BBIKITIO-
YaTeNd, pa3beINHUTENN, OTAEIUTENN, KOPOTKO3AMbBIKATEN!, PEAKTOPBI, IPEJOXPAHUTEIN U TOKO-
Benymue yactu PY. KpoMe Toro, Ha Hell psiioM ¢ OCHOBHBIM 000PYOBaHHEM TOKA3bIBAIOTCS BCE

OTHOCSIIMECS K HEMY KOHTPOJIbHO-U3MEPUTETbHbIE TPUOOPHI.
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I'maBHBIE cXeMbI N300pAXKAIOTCS B OTHOJTMHEHHOM HCTIOJIHEHUH, TIPH OTKIIFOYEHHOM I10JI0-
YKEHUU BCEX DJIEMEHTOB YCTAHOBKHU.

Bce a1eMeHThI cXeMbl M CBA3M MEXAY HUMH n3o0paxarorcst B cootBercTBru ¢ ECK/L. [pu
HEOOXOIMMOCTH JIOIyCKaeTcsl pa3Mepbl rpaduyecknx 0003HaYeHUN MPOMOPLIUOHATBHO YBEINYH-
BaTh WIHA YMEHbILATh IO CPABHEHMIO C pekoMeH10BaHHbIMU ["OCTamu.

I'padudeckue n300pakeHUs HA YEPTEKE JODKHBI ObITh HATJISIHBI, YIOOHBI IS UTCHHUS, C
MUHUMAJIbHO BO3MOXKHBIM YHCIIOM IIEPECEUEHUI U PABHOMEPHBIM 3aII0JTHEHHUEM JIUCTA.

CuroBeie TpanchopMaTopbl H300paXKAIOTCS CO CXEMaMH COSMHEHUH nX 00MOTOK. OOBIYHO
CHJIOBBIE TpaHC(HOPMATOPBI UMEIOT IPyMIly coequHeHuid. HyneBbie BbIBO/IBI CHIIOBBIX TpaHChopMa-
TOPOB COEJIMHSIOTCS C 3€MJIEH TI0 CXEME, COOTBETCTBYIOLIEH pexuMy padoThl HelTpanu cetu. Hy-
JICBBIE TOYKH CHUJIOBBIX TpaHcdopmaropoB 110-220 kB 3azemisitorcst uepe3 pa3beIUHUTEND. Tak
KaK M30JI1IMs HYJIeBbIX BBIBOJIOB YKa3aHHBIX TPaHC(HOPMATOPOB MO3BOJISIET PabOTy € M30IUPOBAH-
HOW HEWTpasblo, TO JJIsi CHIKEHHUS ypoBHEW ofHo(aszHbix K3 B OTAENbHBIX Cllydasix Ha 4acTu
TpaHc(hOPMATOPOB MOACTAHITNN UX HEUTpaIIK pa3felstoTcs. B TakoM pexume padoThI IS 3aIUTHI
M30JSIIIMK  TpaHCPOpMaTOpa OT aTMOC(EPHBIX TMEepPEHANPsDKEHUN JTOJDKEH OBITh MPEAyCMOTPEH
orpannuutens nepenanpsbkenuil (OITH), Bkimroyaemblil mapaniensHo pazbeauHuTento. [Ipu Bei-
6ope ykazanubix pazbeaunuteneit u OITH ux pabouee HanpspkeHUE MPUHUMAETCS Ha KJ1acC MEHbIIIe
HanpsKEHUs1 BBICOKOW CTOPOHBI TpaHCcpopmaropa.

[TpucoenuHeHust K COOPHBIM IITMHAM KOMIIOHYIOTCSI TAKUM 00pa3oM, YTOObI HCKJITFOUUTD T10
[IMHaM OOJIBIIHE MTEPETOKU MOIIHOCTHU. [loaTOoMy mprcoennHenns TpanchopMaTopoB JOKHBI Ye-
PeoBaThCs C OTXOISAIIMMU JIMHUSMHU, a ITUTHOCOETMHUTEIbHbBIE U 00XO/IHBIE BBIKIIOYATEIH PACIIO-
JlararoTcs B cpefHel yacTH muH. 311ech ske ycranasiausaroT OITH u Tpancopmaropsl HarpskeHus,
0e3 BBIBEICHUS ISl HUX OTJIEIBHBIX stueek. [Ipu CeKIMOHMPOBAaHHBIX CHCTEMAX IIWH MTPUCOSIHE-
HUS pa3MEIaTcs Tak, YTOObI Harpy3Ka Mo CeKIUsAM Obla OJJMHAKOBOA.

[Tpu GoNBIIIOM KOMYECTBE OTHOTUITHBIX MPUCOSAMHEHUH Ha KAXKIOU CEKIIMU COOPHBIX IIHH
WJIN TPYIIOBON cOOpKe TMHEWHBIX PeaKTOPOB pa3pelIaeTcs MOKa3bIBaTh TOJIBKO 2—3 MpHCOeInHE-
HUSl, U300pa3uB MpU 3TOM Ha LIMHAX MECTO pa3pbiBa, a JEHCTBUTENHLHOE YHCIIO MPUCOCTUHEHUN
YKa3bIBA€TCSl HA/IMUCHIO.

Jlnst obecnieuenns 6€30MaCHOCTH JIFOJIeH MU MPOBEICHUH PEMOHTHBIX paboT Ha 000py10-
BaHUH JIEKTPUYECKHUX MOJICTAHIIUNA HEOOXOJUMO PEMOHTUPYEMYIO LEMb OTKIIIOYUTh, CO3/1aTh BU-
JTUMBIN pa3pbiB U 3a3€MIIUTh. DTO MPOU3BOIUTCS MPU TIOMOIIY BBIKJIOUYATENIeH U pazbeIuHUTENeH
C 3a3¢MJIIIOLLIMMH HOKaMH.

Yucno u pasMelieHue B LEMAX NPUCOECIUHEHUN ONpeAesseTcd uX HazHaueHueM. Mecta
YCTaHOBKH 3a3€MJISIFOIIMX HOXKEHN HA pa3beUHUTENAX HAMEYAKOTCS HCXO/IS U3 YCIOBUI BO3MOKHO-

CTH 3a3€MIJICHUSA IIpU PEMOHTaX JIFOOBIX Y4aCTKOB IOJACTAaHIINH. OObIYHO 3a3EMIIIIOIIHNE HOXU
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IIPEIyCMaTPUBAIOTCS C IBYX CTOPOH Ha JIMHEHHBIX PA3bEIVHUTENAX, MIMHHBIX Pa3beIUHUTEIAX
TpaHC(HOPMATOPOB HAMPSHKEHUS U PA3bEIUHUTENAX CEKIMOHHBIX BbIKIIOYaTeneil. Ha mmHHBIX
pasbeIMHUTENSIX IPYTUX IPUCOETUHEHNHN — 3a3EMJISIOIIME HOXKU YCTaHABIMBAKOTCSI TOJIBKO CO CTO-
POHBI BBIKJIFOUYATEJIS.

N3meputenbhbie TpanchopmaTopsl Toka (TA) B ceTsAX ¢ 3a3eMIICHHOM HEUTPaIbIO yCTaHAB-
JMBAIOTCS B TpeX (pazax Kax1oi Lemnu cxembl. B ycTaHOBKax ¢ M30IMpOBaHHOM HeWTpaisio TA
MOT'YT IPEAYCMaTpUBAThCA B IBYX (ha3ax, €Cliv MPUMEHSIEMbIE BH]IbI PEJICHHBIX 3aIUT He TPEOyIOT
IUTaHKue OT Tpex (as.

Kaxnprii TA nanpspkenueM 6—20 kB BbITIOHSAETCS ¢ IBYMS BTOPHYHBIMH OOMOTKaMH, 35—
110 kB — ¢ Tpems, 220 kB — yeTbippMms.

KommaectBo TA B kaxmoii nenu onpenensercs mo [5, ¢. 295] u 3aBUCUT OT Ha3HAYCHUS
LIeTIH, BUJIOB 3aLLUT U JPYTrUX (HaKTOpoOB.

Ha noacranuusx oObIYHO HCIIOIB3YIOTCS BCTpOeHHbIE B anmapatsl TA. OHM UMEIOTCS B HY-
JIeBBIX BBIBOAAX TpaHchopmaropoB u aBToTpanchopmaropos (tuma TBT). Kpome Toro, BcTpoen-
Hele TA mpenycmarpuBaroTCs JJIsl YCTAaHOBKM Ha BBOJax 35 kB u Bbllle MacisiHbIX 0aKOBBIX BbI-
kmovarenei (tuna TB, TBC, TB/] u TBY) u cuiioBbix TpanchopMaTopoB u aBTOTpaHC(HOPMaTOPOB
(TBT).

Tpancdopmaropsl TOKa, BCTPOSHHBIE B BBIKIIIOYATENb, [IOKA3bIBAIOTCS HA CXEME C IBYX CTO-
POH YCJIOBHOTO N300paskeHus BbIKIto4aTens (1o 18a TA ¢ KaxX10i CTOPOHBI).

Henocraromue TA ycTanaBnuBaroTcs OTAEIbHOCTOAIMMU. [Tpn aTOM HX MecTo pasmenie-
HUSI BBIOMpPAETCsl TAKUM 00pa3oM, YTOOBI UX BBIBOJ B PEMOHT MIPOU3BOAMIICS COBMECTHO C BBIKIIIO-
yaTessIMU Lernen (10 BBIKIII0YATelIs CO CTOPOHBI TpaHC(hopMaTopa WU JIMHUH).

Tpancdopmarops! HanpsixeHus (TV) 0ObIYHO yCTaHABIMBAIOTCA:

— Ha CeKIMAX COOPHBIX IIMH BCEX HANPsLKEHUH — OJIMH nsiTucTepskHeBoit Tuna HTMU, HA-
MUT wunu xommekT ogaodasusix tuna 3HOJL;

— Ha KaXXJ10 cOOpKe IPYMIOBBIX JIUHEHHBIX peaKTOPOB — JBa 0HO(Ma3HbIX TV, BKIIOYEH-
HBIX 110 CXEME HETOJIHOTO TPEYTOJIbHUKA ([ MUTAHUS CUETYUKOB JIMHUM).

B riaBHO# cxeme He00X0AUMO MPETyCMOTPETh 3aIUTY U30JISALUHN OT aTMOC(HEPHBIX U KOM-
MYTaIMOHHBIX NT€PEHANPSKEHUN.

KomMmmyTranonnslie nepenamnpsokenns B PY 330 kB u Huke orpaHMYMBarOTCS 10 TOIMYCTH-
MBIX BEJIMYUH BHIOOPOM PAIIMOHAIBHOTO CIIoco0a 3a3eMyIeHUs] HeUTpaiu TpanchopMaTtopoB B PY
0oJiee BBICOKOTO HANPSHKEHUsS] — IMyTeM MIPUMEHEHUS BBIKIIIOYATENeH ¢ NIYHTUPYIOIMMH COMPO-
TUBJICHUSIMH, KOMMYTALIMOHHBIX Pa3psIHUKOB U UCKPOBOI'O NMPUCOEINHEHHS PEAKTOPOB MOIEPEY-

HOW KOMIICHCAIIUH.
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B PV nanpspxennem no 330 kB OITH pa3meniaroTcst Ha COOPHBIX IIIMHAX W TPUCOSAUHSIIOTCS
K HUM coBMecTHO ¢ TV yepe3 00bIuHbIi pazbeauautens. Kpome Toro, OITH ycranaBnuBaroTcst Ha
BBIBOJ[aX BBICIIETO M CPETHETO HAMPSDKEHUS TpaHchopMaTopoB (aBTOTpaHC(HOPMATOPOB), YAaICH-
HbIX 0T PY Ha paccrosinue 6omnee 16 MeTpoB.

Ha orxonamux nuHusaX anekrponepenad 35 kB U Bbllle MOKa3bIBAIOTCS aANIapaThl BBICOKO-
4aCTOTHOW 00paOOTKU (KOHACHCATOPHI CBS3H, (PHIILTPHI IPUCOSTUHCHUS M 3arPaUTEIH) OTACTb-
HBIX (ha3 u1s 00pa30BaHUs KaHAJIOB CBSI3M 110 mpoBogam JIOIT.

Konpnencarop cBsi3u co3aaer myTh 17151 TOKOB BBICOKOM YacTOTHI OT ITPUEMO-TIEpEeIaTuhKa B
JIMHUIO U OTHOBPEMEHHO OTIEISET IPUEMOIIEPEIaTYUK OT BEICOKOIO HANPSYKEHUS IPOMBIIIIEHHOM
4acTOThl TMHUU. OHUM U3 TUIOB KOHJIEHCATOPOB CBSI3U SIBJISIIOTCS. OyMa)KHO-MAcCIIsIHbIE KOHJIEH-
caropsl Tunia CMP-55/3-0,044. Ha nuausix 110 kB ycTanaBiuBaroTcs Ba TaKMX dJICMEHTA, COCIH-
HSIEMBIX TIOCJIE0BATENbHO, HA TUHUAX 220 KB — ueTsipe.

OWIbTP NPUCOECAUHEHHS COTIACOBBIBAET BXOJHOE COMPOTUBIIEHUE BBICOKOYACTOTHOIO Ka-
0eJ1st ¢ BXOJJHBIM COTPOTHBIICHUEM JIMHUH, COSINHSET KOHICHCATOP CBSA3H C 3eMJIEH, 00pa3ys TaKUM
00pa3oM 3aMKHYTBIH KOHTYP JUISI TOKOB BBICOKOW 4acTOThl. ®unbTp nipucoenuneans ODII-4, BbI-
MyCKaeMblii IPOMBIIIIIEHHOCTBIO, BBIIOIHIETCS HA TPU IMAIa30Ha, OXBaThIBaOIIME 4acToThl 50 ...
300 xI'm.

3arpagurenb MperpaxaaeT BbIX0 TOKOB BRICOKOW YaCTOTHI 3a IPeesbl JIMHUU. Boimyckae-
MbI€ OTE€YECTBEHHOMN MPOMBIIUIEHHOCTBIO 3arpaJuTeNn

K3-500 paccunrans! Ha pabouuii Tok 700 A ¢ npenenamu Hactpoiiku 50 ... 300 xI'm.

BeicokodacToTHyt0 00paboTKy Beex Tpex (a3 BeinoiHsatoT Ha JIDII 330 kB u Beiue. [Tpu
MEHBIINX HANPSDKEHUAX 00paboTKa BBITIOJIHAETCS Ha JIBYX, PEKE — Ha OJTHOM (a3ze.

B npuHATy10 B Hayaje NpoeKTUPOBAHUS CXEMY BHOCSATCS] BCE U3MEHEHUS U YTOUHEHUs], KO-
TOpbIE OBUIN BBISIBIIEHBI B PE3YJIbTaTe BHIIOIHEHHS MO CIETYIONIMX pa3ieioB POEKTa.

Ha uyeprexe riaBHON cxeMbl pSJOM C YCIOBHBIMU OOO3HAYEHUSIMM allapaToB, CIEBa U
CBEPXY OT HHX, MPHUBOIATCS HOMEHKJIATypHble 0003HAYEHUS TUIIOB, HOMHHAJIbHbBIE MTapaMeTphl U
Jpyrue UX XapakTepucTUKU. Bee Haamucu peKoMeHayeTcs BBIHOCUTD «B paMOYKax», Kak 3TO MpH-
HATO B MPOEKTHBIX OPraHU3aLUAX, YTOOBl OHM HE 3aTeMHsUIM cxeMy. Haqmucu BhINMOMHAIOTCS IS
OJIHOTO IPUCOEUHEHNUS KaXI0T0 TUIIA.

VY cOopHBIX IIMH yKa3bIBa€TCsl HOMUHAIILHOE HAIIPsDKEHUE, MaTepuall U ux cedenue. Ha to-

KOIIpOBOAAX — THUII, MaTEpHAT U CCUCHUC TOKOBG}IYHIeﬁ qacCTu.

KOMITAHOBKA 1 KOHCTPYKTUBHOE BbIIIOJIHEHHUE
PACHPEJIEJMTEJBHBIX YCTPOUCTB
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Knaccuduxkauus PY, o0mme TpedoBaHMsl, NOPAIOK

npoeKkTupoBanus Py

Knaccudpukamus PY. CymecTByroT aBa ocHOBHBIX Bujia PY: 3akpbiTeie (3PY) u oTKphITHIE
(OPY), o6opynoBaHne KOTOPBIX PACIIONOKEHO COOTBETCTBEHHO B 3[aHUSAX U HA OTKPHITOM BO3AYXE.
3PY B 0ocHOBHOM IpUMEHSIOTCS Ha HanpspkeHHsx 3—20 kB. B ycTanoBkax O0NbIINX HAPsKEHUH
(35220 kB) 3PY npuMeHsIOTCsI TOJIBKO MPU OrPaHMYEHHOCTH IUIomau 1t PY nipu n30bITouHO#M
3arpsisHeHHOCTH atMocdepsl. [Ipumensitorcss OPY na HanpsbkeHusx 35—1150 kB, 1. k. mpu 3THX
HanpspkeHussx OPY o0manaroT cymecTBeHHBIME MPEUMYIIECTBAMU 110 cpaBHeHUIo ¢ 3PY: MeHb-
i 00bEM CTPOUTETBHBIX PA0OT, CYIIECTBEHHAs SKOHOMHUS CTPOUTEIHHBIX MATEPHAIOB; MECHBIIHE
KalluTaJIbHbIE 3aTPaThl, CPOKU COOpYKeHus U T. A. OPY umeer u psiji He10CTaTKOB IO CPaBHEHUIO C
3PVY: menee ynoOHoe oOciyKuBaHHe, OOJbIlas 3aHMMaeMasl TUIOIab; MOIBEPKEHHOCTD armapa-
TOB aTMOC(HEPHBIM BO3JICHCTBUSIM.

Knaccuduxanus PY mMoxer ObITh MPOAOIDKEHA MO IPYTUM IpU3HAKaM, HAIPUMeEp, 10 Me-
TOJIaM COOpPYKeHUs1: cOOpHBIE PY, B KOTOPBIX OOJIBIIIAst 4aCTh JIEKTPOMOHTAXKHBIX pabOT IPOU3BO-
JUTCS HA MECTE YCTAHOBKU U KOMIUIEKTHbIE PY 3aBO/ICKOTr0 M3rOTOBJIEHUS C MUHUMAJIbHBIM 00be-
MOM 3JIEKTPOMOHTAXKHBIX Pa0OT Ha MECTE YCTAaHOBKH.

CoOopnbie PY cobupatoT U3 OTIeIbHBIX AJIEMEHTOB U Y3J10B (IIKaQbl, SIMEHKH, ITAHETTH U 1IP. ),
M3TOTOBJICHHBIX U YKOMIUIEKTOBAHHBIX Ha 3aBOJlaX WM B CIELUAIN3UPOBAHHBIX MacTepckux. Uem
KpYITHEE KOHCTPYKTHBHBIE Y3JIbl 3aBOJICKOTO M3TOTOBJIEHUS, TEM IIPOLIE MPOECKTUPOBAHUE U TEM
MIOJIHEE CTETIEHb MHCTPHAIM3ALUN COOpYKEHMs Takux PY.

KommuiexktHbie PY cocTaBnsitoTcst (KOMIEHCUPYIOTCS ) U3 TIOTHOCTHIO MM YACTUYHO 3aKpPbl-
THIX IIKa(OB WK OJIOKOB CO BCTPOSHHBIMM B HHMX amlapaTaMi, yCTPONCTBaMU 3alIUThI U aBTOMa-
THKH, TIOCTABJIIEMbIX B COOPAaHHOM BH/JIE WJIM B MOJHOCTHIO MOATOTOBIEHHOM Il COOPKU BUIE U
TOTOBBIX I10CJIE YCTAHOBKH K BKJIIOUEHHUIO 1107 HanpsbkeHue. KommiektHslie PY BbImyckaroTcst Kak
g BuytpeHHer (KPY), rak u s vapyxuoit (KPYH) ycranosku. Kommnektasie PY cranossites
camoii pacmpocTtpaneHHoH (popmoit ucnomHeHus PY.

BMmecte ¢ Tem, MMPOKO MPUMEHSIOTCS Takke PY cMmemaHHOro Tuma, BBIIOJIHSAEMBIE Ya-
CTUYHO KaK COOpHBIE U YaCTUYHO KaK KOMILJICKTHBIE.

B HacTosiee Bpemst BBITyCKarOTCsl KOMIUIEKTHBIE PY numib Ha Hanpskenue 6-35 kB u s
CXEMBI C 0JTHON cucTeMoi cOOpHBIX MKH. COopHBIE PY MOryT OBITH BBINOIHEHBI IPH JTH000H cxeme
AIIEKTPUUECKUX COEAMHEHUM.

3nanus 3PY B HacTosmiee BpeMsi OOBIYHO BBITIOJIHSIOT U3 COOPHBIX KeIe300€TOHHBIX KOH-
cTpykuuid, KoHCTpyKIuu OPY u3 cOopHoro *xene3o0eTona win Meramia. JKene300eTOHHBIE dJIe-

MEHTHI CTaHAAPTU3UPOBaHbI U pasMepbl 34aHus 3PY cormacyior ¢ pasmepamu erne300eTOHHBIX
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KOHCTPYKIMU: IIMPUHA 37[aHHsI MOXKET OBITh TOJLKO KpaTHOU TpeM (6, 9, 12 umm 15 M), crpoutens-
HBIH 1Iar Mo JUIMHE paBeH ToJbKO 6 1 12 M, 1o BbicoTe 00b1YHO 4,8 — 6 M. [IpuMenenue cOopHOTO
XKeJIe300€TOHA MO3BOJISIET YCKOPHUTH M OCYLIECTBUTH CTPOUTEIHCTBO.

OcHoBHbIE TpeOOBaHus, MpeabsBisieMble K PY moboro Buna, 3akirodarorcst B ux 0ezomnac-
HOCTH IS JTFOAEH, HaJIS)KHOCTH U SKOHOMUYHOCTHU

K mpoexTtupoBanuto KoHCTpyKIHii PY mpuctynaiot mocnie Toro, Kak pazpadoTaHa riaBHas
CX€Ma 3JIEKTPUUECKUX COEIMHEHHN, BBIOPaHBbI JIEKTPUUYECKHE anapaTbl U TOKOBEAYIIME YaACTH.

OcHOBOH 17151 MPOEKTUPOBAHUSI KOHCTPYKUUK PY mpu MpOEKTUPOBAaHUU KOHKPETHOM MOJI-
CTAHLIMU CIIy’KaT TUIIOBblE KOHCTPYKTHUBHBIE pElICHUs, pa3paO0oTaHHbIe BEIYIIMMH MPOESKTHBIMU
OpraHu3alUsIMHU.

[lo PY B nosicHUTENIbHON 3alMCKE JAOJKHO ObITH 1aHO 0OOCHOBaHHE NMPUHUMAEMON KOH-
CTPYKLIUU U KPaTKO€ OMHCAHUE.

[Tpu BBIMONHEHNH YePTEKEHN JTOIKHBI COOMIOAATHCS CIEAYIOIINE TPEOOBAHUS:

1. Cxema pazpaborannoro PY nomxHa COOTBETCTBOBATH TJIABHOM JIEKTPHUUECKOM CXeMe.

2. Pa3mepsl 1 BHEIIHUHN BUJ 3JIEKTPUUECKUX alIapaToB, U30JSTOPOB U IIKH JOJIUHBI ObITh
BbIUEPYCHBI B COOTBETCTBHHU ¢ TpeboBanusmMu ECK/I.

3. Ha KOHCTpYKTHBHOM YepTEKe JOJKHBI ObITh YKa3aHbl Pa3Mepbl CTPOUTEIBHBIX KOH-
CTPYKIHMH U BCE DIIEKTPUUYECKHE paccTOsHUS, HopMupyemble [1Y D, a Takxke npuBeaeHa crequdu-

KaluA SJICKTPUYCCKHUX allliapaToB, U30JIATOPOB 1 LUIMH.
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OO01mue TpedOBAHUA K HANIMCAHUIO M 0()OPMJIEHUIO PA0OTHI.

KypcoBoii mpoekT pekomeHayeTcs npeactaBiiath B oo0beMe 30-40 nmuctoB. Tekct paboTsr
JOJKEeH OBbITh HareuaTaH yepes 1,5 uHTepBana Ha OJHON CTOPOHE CTaHAPTHOTO JUcTa 6eloii Oy-
Mmaru (A-4). TekcT u 1pyrue oTrneyaTaHHbIE 3JIEMEHTHI PaOOThI TOJKHBI OBITH YEPHBIMU, KOHTYPbI
OyKB 1 3HaKOB 4eTKUMH, Oe3 opeosa u 3aTeHenus. Lpudt Times New Roman, kerens 14. Ha3pa-
HUS TJIaB M naparpagoB BIIEIAIOTCS MOIYKAPHBIM MIPUPTOM. JIUCT C TEKCTOM JOIHKEH UMETh
noJst: cineBa - 30 MM, cripaBa - 10 MM, cBepxy - 20 MM, cHU3Y 20 MM.

Hywmeparus ctpanuil TekcTa aenaeTcs B IpaBOM HUKHEM yrity jucrta. [IpoctaBinsate HoMep
CTpaHHIIBI HEOOXOAMMO CO CTPaHUIIBI, I/Ie TieuaTaeTcs «BBeaeHney», Ha KOTOpOi cTaBUTCS udpa
«4». Tlocne 3TOro HyMepyITCsl BCE CTPAHUIIBI, BKITFOYAs IIPUIIOKEHUSI.

Mesx iy Ha3BaHUEM IJ1aBbl U HA3BaHUEM Maparpada 3Toi rJ1aBbl CTaBUTCS MPoOes paBHBIMA
JIBYM MHTEpBalaM, a Ha3BaHue maparpada He JOJDKHO OTAENATHCA OT TeKCTa 3TOro maparpada
npobOeiom. Haspanwus maparpadoB OTAEISIOTCSA OT TEKCTa MPEABIAYIIEro maparpada mpooenom,
paBHBIM IBYM MHTepBajaMm. Kaxkas riaBa, a TaKkKe BBEICHUE, BBIBOIbBI, TPHIIOKEHHUS M CITHCOK
MCIIOJIb30BAaHHOM JIUTEPATYphl HAYMHAIOTCS ¢ HOBOW CTpaHUIIBL. [ J1aBbl UMEIOT TOPSAAKOBBIE HO-
Mepa B Ipejienax Bceil paboTel, 0003HayaeMbie apabckumu nudpamu (Hanpumep: 1, 2, 3), mocie
KOTOPBIX cTaBUTCS Touka. CIoBO «maparpad» miM 3Ha4OK naparpada B Ha3BaHWUU HE CTaBSTCS.
[Taparpadsl UMEIOT MOPAIKOBBIE HOMEpA B MIpe/eliax riiaB, 0003HauyaeMble apaObCKUMHU IUppaMu
(mampumep: 1.1. u 1.2.). 3aronoBku raaB u naparpagoB B TEKCTE pabOTHI TOJKHBI PACTIONaraThCs
10 LIEHTPY, TOUKY B KOHIIE Ha3BaHUs TTIaBbl U Maparpacda He ctaBaT. He gomyckaercst mepeHOCUTh
9acTh CJIOBA B 3ar0JIOBKE.

Hywmepanust Tabaui 1 pUCYHKOB MOYKET OBITh CKBO3HOM WJIM COOTHOCHTBHCS C HOMEPOM
raBbl U naparpada. Hanpumep, ecnu Tabnuiia WM pucyHOK BKIIOYEHBI B TEKCT MEPBOTO Mapa-
rpada BTOpoi IinaBbl, Hymepauus ciaeaytomas: Tabmumna 2.1.1., puc. 2.1.1. [locnennss unudpa
03Ha4YaeT MOPSIKOBBIM HOMEp TaOIHIIBI (MM PUCYHKA) B JaHHOM maparpade. Tabmuia nomema-
€TCs B Ka4eCcTBE CIICAYIONICH CTPaHUIIBI ITOCIIE TIEPBOTO YIIOMHHAHUS O HEH B TEKCTE (CM. pHLC.
2.1.1).

Oopaszey ohopmnenus popmynsl u ypasnenusn

S=ab 2.1.1)

S

rac — [Iomanab MpaMOyrojJbHHUKa, MZ;

ay b _ JUIMHBI CTOPOH MIPSIMOYT'OJIBHUKA, M.
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Oopazey oghopmnenun maonuy

HcTopuKo-KyabTYpHBIE OOBEKTHI pernoHa

Tabmuua 2.1.1

Bt HEMATHIK ®enepanpHoro | MectHoro 3Ha- | BHOBB BbIsIB- Beero
3HAUCHUS YeHUs JICHO

ApXUTEKTypHBbIE 15 328 812 1155
Apxeosorun 3 144 183 330
Hcropun 9 220 66 295
HckyccTBa 1 49 6 66
CaznoBo-mIapKOBBIC - 17 - 17

HUroro 28 758 1067 1853

HpI/I IEPECHOCE Ta6J'II/II_IBI Ha JpYTYyIO CTpaHuly €€ l"pa(i)LI JOJIDKHBI OBITE BBIACJIICHBI OTACIIb-

HOM cTpokoi u mpoHyMepoBanbl. Han mpopomkenueM numnyT «lIpomoinkeHue TaOMHIBL ...»,

«OKoHYaHUE TaAOJIHIIEI

qacCTb Ta6J'II/ILIbI, HC IIPOBOJAT.

Hampumep:

...». HMXKHIOIO TOpHU30HTAIBHYIO YE€pThI, OIPAHUYMBAIOLIYIO IIEPBYIO

Tabmuma 2.1.1

KonmuectBo TyprcTOB npokuBaromux B roctunuie «Hesay B mae

456

566

567

678

Oxonuanne Tadmmmer 2.1.1

Ooépaszey oghopmaenusn pucynkoe
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Puc. 2.1.1 Dkcnopt 1 UMNOPT TypucTUIecKuX yciyr B 2014, MutH.pyo0.

Odopmnenue ccolnok
[Ipu ccbulke B TEKCTE Ha MCTOYHHMKH HYXKHO IMHCATh MOPSIKOBBIM HOMEpP HMCTOYHHKA B
CIHCKE UCIOJIB30BAHHBIX HCTOUHUKOB. [10psIKOBEIIl HOMEp MCTOUYHUKA 3aKITF0YaeTCs B KBaIpat-
HYI0 CKOOKyY. Ecnm ccpitaeTech Ha KOHKPETHYIO CTPAHUILY JAHHOTO HCTOYHUKA, TO 3Ta CTPAHMIIA
ToXe ykazbiBaeTcsa. Hanpumep: [9], [9, c. 123].
CHoCKM 0pOPMIISIOTCS] BHU3Y CTPAHUIIBI, HA KOTOPOM PacloyioxKeH TeKCT npuMedanus. [ns
TOTO B KOHIIE TECTa MPUMEYAHHUs CTaBUTCA 3Be30uka (*) umm mudpa (), koTopas 0603HaYaeT

MOPSIAKOBBIN HOMep npuMedanus. Hanpumep:

1q)e,Z[OpOB [".'M. CouunanpHo-3KOHOMUYeCcKoe pa3BuTue KanmnHuHrpaackoii odmactu: y4ued-

Hoe nocobue. Kanununrpan: M3a-so PI'Y um. U. Kanra, 2016. C. 25.

Ecnu Ha OHONM M TOM e CTPAaHMIE LUTHUPYETCS OJHA U Ta K€ KHHUra, BO BTOPOM CHOCKE

MOKHO HC MOBTOPATH IMOJTHOCTBIO €€ HA3BAHUC,

1Tam xe. C. 34.

Ecau ta xe kaura HUTHUPYCTCA HA APYTUX CTpaHULAX I(prOBOfI pa6OTBI, TO YKa3bIBaACTCA €€

aBTOP, 4 BMCCTO HA3BAHUA MMUIICTCA «YKaz. cod.». Haan/IMep:

'®enopos I'.M. Vkas. cou. C. 5.
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I'paduueckas yacTh NPOEKTa BHIMOIHAETCS HAa KOMIBIOTEPE HA CTAHJAPTHOM JIMCTE Yep-
TEXHOM Oymara ¢opmara Al u 10KHA COEPKATE!
- IPUHIUINAIIbHAS JJIEKTPUUECKas cXema poeKkTupyemoi cetu (Al);

- MPOMEXYyTOYHas ofHoIenHas onopa (Al);
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IlociiemoBaTe IbHOCTDL BBINOJTHEHUS 3aaHU

PyKOBO[[CTBO KYPCOBBIMH IMMPOCKTAMU HAYUHACTCA C BbIJA4YX 3aJaHUA CTYICHTAM. B »tot
nepuoj; HeoOXOUMBIM YCIOBHEM, oOecreuuBaromuM 3()PeKTUBHOCTD ajlbHEHIEro pyKkoBOI-
CTBa, fABJIIETCS MHJMBUyaJbHas Oecela PyKOBOAMUTENS CO CTYIEHTOM IO 3anaHuio. B xone Oe-
CCAbl PYKOBOAUTCIIb AOJIKCH BBIACHUTH CTCIICHB IMOATOTOBJICHHOCTHU CTYACHTA K BBIIIOJIHCHUIO
JAHHOTO 3aJIaHusl, PEKOMEHI0BAaTh HEOOXOIUMYIO TUTEPATYPY U HHOOPMHUPOBATH O TIOPSAKE BBI-
MOJIHEHUS 3aJJaHUsl.

OpHol U3 BaxHBIX (HOPM PYKOBOJICTBA SBIIAETCS MPEABAPUTEIHHBINA IPOCMOTP BBIITOJIHEH-
HOTO KypcoBoro npoekra. [locie mpoBepku pyKOBOIAHUTEIEM BBHITIOTHEHHUS OJHOTO 3Tana padoThI
CTYJEHTY (B Cllydae MOJIOKHUTEIbHOT0 3aKJIIOUEHUS ) pa3pelIacTcs HEPENUTH K CIEYIOIIEMY dTally.

B nenom mocnenoBarenbHOCTh BBHIOJHEHHUS KypCOBOTO MPOEKTa MOXKHO MPEICTaBUTH B
BUJIE CIEAYIOLIUX STANOB PabOTHI:

- iepBbIit 3Tan (1-2 Hexens) - cocTaBlieHUe TUTaHa PabOThI U KaJICHAAPHOTO TUIaHa PaOOThI
Ha BECh MIEPUOL;

- BTOpoii 3tan (3-4 Henens) - cucTeMaruyeckasi paboTa Hall JUTepaTypoii: cOop U aHAIH3
MaTepuaia 1o paccMaTpUBaeMoOu TeMe;

- Ha TpeTheM dtane (5-16 Henenun) — paboTa HaJl OCHOBHOM YacThIO KYpCOBOTO TIPOEKTA,
KOTOpasi COJEPIKUT TCOPETHUECKYIO M MPOCKTHYIO YacTH;

-Ha yeTBepToM 3Tane (17-18 Henenn) — opopmiieHHE U IPEJOCTaBlIEHNE IPOeKTa Ha Ka-

denpy.
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Kpurepun oueHuBanusi padoTbl

OneHka «OTJINYHO» BBICTABIISETCS CTYAEHTY, €CIIM OH IO0Ka3aj IIyOOKOe U XOPOILIO apry-
MEHTHUPOBAHHOE 000OCHOBAHME MTPOEKTHBIX PEIICHUH; YeTKYIO (POPMYIUPOBKY U MOHUMAHHE U3Y-
yaeMoi MpoOIeMbl; IIUPOKOE U MPABUIIBHOE HCIIOJIb30BAHUE OTHOCSIICHCS K TEME JIUTEPaTyphl U
NPUMEHEHHBIX aHATUTUYECKUX METO/OB; MMPOSBICHO YMEHHUE JiefaTh 0000IeHUs Ha OCHOBE OT-
JenbHbIX feraneid. ColepikaHue MPOeKTa U X0/ 3alUThI yKa3bIBalOT HA HaJIMUME HaBBIKOB pabOThI
CTyJeHTa B JaHHOU obnactu. OdopmiieHre KypcoBOTo MpoeKTa U rpaduueckoro Marepuaia co-
OTBETCTBYET MPEIbIBISIEMbIM TPEOOBAHUIM C HATMYMEM HEO0OXoauMou 6ubauorpaduu. 3ammura
KypCOBOT'O IPOEKTa O0Ka3ajia MOBBIIIEHHYIO IOJArOTOBIEHHOCTh CTY/I€HTa U €r0 CKJIOHHOCTb K
AQHAJMTUYECKOMN M MPOEKTHOU pabdoTe.

OneHKa «XOpOIIO» BBICTABIAETCS CTYACHTY, €CJIM IPUCYTCTBYET apryMEHTHPOBAHHOE
000CHOBaHUE MPOCKTHBIX PELICHHH; YeTKas (GOpMYIHPOBKA M TOHUMaHUE N3y4aeMOl TPOOIIEMBI;
MCII0JIb30BaHNE OTPAaHUYEHHOT'0 YHUCJIA IMTEPATYPHBIX HCTOYHUKOB, HO JIOCTATOYHOT'O JUIs TPOBE-
JIeHUs TPOeKTHpoBaHUs. PaboTa ocHOBaHA Ha CpeqHEM MO IIyOWHE aHATM3e M3Yy4aeMOW Ipo-
OJIeMbI U TIPH 3TOM CJlIeJIaHO HE3HAYUTEIbHOE Yucio 00o0menuil. CoaepxaHue MpoeKTa U X0
3alUTHl YKA3bIBAIOT Ha HAIMYUE MPAKTUYECKUX HABBIKOB PAOOTHI CTyJAEHTAa B JaHHOW 00JACTH.
Odopmienune KypcoBoro npoekta u rpauaeckoro mMaTepuana COOTBETCTBYET MPEIbSIBISIEMbIM
TpeOOBaHUSIM C HaTUYMEM HeoOXonuMmon oubmuorpaduu. Xo/1 3aluThl KypCOBOTO MPOEKTa T0-
Ka3aJl JOCTaTOYHYIO TEOPETUYECKYIO U TPAKTUYECKYIO TOATOTOBKY CTYJEHTA.

OneHka «yAOBJIETBOPUTENBHO» BBICTABIISETCS CTYACHTY, €CIU MPUCYTCTBYET JOCTATOY-
HOE€ 000CHOBAaHME MPOEKTHBIX PEIIEHUH, HO OTCYTCTBYET IIyOOKO€ MOHMMaHHME paccMaTpUBae-
Moii mpoGisieMbl. B 6ubinorpadun 1aHnbl B OCHOBHOM CCBUIKM Ha CTaHAAPTHBIE JINTEPATYPHbIE UC-
TOYHUKHU. Tpyzpl, HEOOXOAUMBIE Ul BCECTOPOHHETr0 M3ydeHHsI MpOOJIeMbl, UCIOJIb30BaHbI B
OrpaHHYEeHHOM OOBbeMe. 3aMeTHa HeXBaTKa KOMIIETEHTHOCTH CTYAEHTa B JIaHHOW 00JIacTH 3Ha-
Hult. OdopmiieHre KypcoBOTo NMPOeKTa U rpaueckoro Mareprasia ¢ 31ieMeHTaMi HeOpeXHOCTH.
3aimuTa KypcoBOro MpOeKTa MoKas3ajia yJOBIETBOPUTEIbHYIO TEOPETUUYECKYIO U MPAKTUYECKYIO
MOJTrOTOBKY CTYJIEHTa, OTPaHUYEHHYIO CKJIOHHOCTh K Hay4YHOU pabore.

OneHka «HEyAOBIETBOPUTEIBHO» BBICTABISETCS CTYIEHTY, €CIM IPOEKTHBIE PEIICHUS
OIIMOOYHBI. CY)KJIEHUS T10 HUccileyeMoi npoliemMe He Bcerja KoMrneTeHTHbl. HeTtouHocT u He-
BEpHBIE BBIBOJIBI 10 U3ydaeMoil tureparype. KypcoBoii mpoekT u rpaduueckuii Mmarepuai ohopm-
JIeH C 3JIEMEHTAaMH 3aMETHBIX OTCTYIUIEHUH OT MPUHATHIX TpeOoBaHUN. Bo Bpems 3amuThl CTy-

JACHTOM IIPOABJICHA OTPAaHUYCHHAA HAYYHAA SPpYyAULIAA.
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IMopsinok 3amuUTHI PadOTHI

3amyra COCTOUT B KOPOTKOM JIOKJIAJIe CTYJEHTA MO BHIMOJIHEHHON paboTe U B OTBETaX Ha
BOIPOCHI IIPUCYTCTBYIOIMX Ha 3amure. HayuHblil pyKOBOIUTENb XapakTepusyeT padoTy CTy-
JIEHTA HaJl KypCOBBIM IIPOEKTOM.

Pe3ynbpratrhl 3a1UMThl KypCOBOI'O IIPOEKTA, COTIIACHO AEeUCTBYIOIEMY [100XkeHuIo 0 TeKy-
[IeM KOHTpPOJe U mpoMexyTrounoit arrectaruu B CKDY, onenuBatorcs auddepeHInpoBaHHON
OTMETKOW 1o nATHOaUIbHOM cucteMe. OLlEHKAa KypCcOBOI'O IPOEKTa 3aHOCUTCS B 3aYETHYIO
KHIDKKY CTYZICHTA U 3a4€THO-DK3aMEHALMOHHYIO BEJOMOCTb.

3aiuTa KypCcoBbIX IIPOEKTOB, IPEYCMOTPEHHBIX Y4EOHBIM IIJIaHOM, TPOBOJAUTCS HE MO3/-
Hee, 4eM 3a JIBE HEeJENIN 0 Hadasa 3a4€THO-2K3aMEHAIIMOHHON CECCUM.

CryneHT, He IpeICTaBUBLINI B YCTAHOBJICHHBIN CPOK KypCOBOW ITPOEKT MJIM HE 3allIUTHB-
LIMH €ro M0 HEYBaXKUTEIbHOU ITPUYNHE, CUUTACTCS UMEIOIUM aKaJeMUUECKYIO 3aJ0JKEHHOCTD.

KypcoBeie pOEKThI, IPEACTABIAIONIME TEOPETUUECKUN U NPAKTUYECKUM MHTEpeEC, cie-
JyeT NpPEJICTaBISITh HA KOHKYPC B CTY/IE€HUYECKHE Hay4dHbIE OOIIeCcTBa, KOH()EPEHIIMH, OTMEUATh
IIPUKA30M I10 YHUBEPCUTETY.

BeinonnenHble paboThl MOCHIE MX 3aIIUTHI JOJDKHBI XPaHUTHCS Ha Kadeape B TeueHue 2
JIET, HE CUMTAas r0Jla HallMCaHUsl; 3aTeM pabOThl, HE MPEeACTaBIsAONINE /I Kadeapbl UHTEPEC, YHU-

YTOXAIOTCA 110 aKTY.
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Yueono-memoouueckoe u unghopmayuonnoe obecneuenue oucuyuniunsl

Ilepeuenv ocHo6HOU U 0ONOTHUMENbHOU TUmMEPAMYPbl, HEOOXOOUMOU 01 OCEOCHUA
OUCUUNTUHDL

Ilepeuens ocnoenoil tumepamypol:

1. ®ununmosa, T.A. OnTuMu3anus peKUMOB AIEKTPOCTAHIIUNA U YHEPTOCUCTEM : y4eO-
Huk / T.A. ®wmmnmnosa, FO.M. Cunopkun, A.I'. Pycuna ; MuanctepcTBO 00pa3oBaHus U HAYKU
Poc-cuiickoit deneparun, HoBocuOupckuii rocy1apcTBEHHBIN TEXHUYECKUM YHUBEPCUTET. - 2-€
u3a. - HoBocubupcek : HI'TY, 2016. - 359 c. : cxem., ui. - bubmuorp.: ¢. 349-350 - ISBN 978-5-
7782-2743-9 ; To xKe [DnexkTpoHHbII pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=438316

2. Kyneesa, JL.U. [IpoektupoBanue nojacranuuu : yueonoe nocodue / J.U. Kyneesa, C.B.
MuTtpodanos, JI.A. CemenoBa ; MunuctepcTBo oOpazoBanus u Hayku Poccuiickoii @ene-panuu,
Open6yprekuii ['ocynapctBennsiii YauBepcutet. - OpenOypr : OI'Y, 2016. - 111 c. : ui., cxem.,
Tabm. - bubmmorp.: ¢. 61-63 - ISBN 978-5-7410-1542-1 ; To xe [ DnexrponHslii pe-cypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=468847

Ilepeuens oononnumenvHnoil 1umepamypol:

1. Hemupogsckuii, A.E. DnexTpooOopyaoBaHUe 3IIEKTPUUYECKUX CETeH, CTaHIMM U MoJ-
ctaHuui : yueOHoe nocooue / A.E. Hemuposckuii, N.1O. Cepruesckas, JI.}O. Kpensiesa. - 2-e
u3a. gom. - Mocksa ; Bonorga : Uadpa-Umxkenepus, 2018. - 149 c. : un. - bubnuorp.: c. 114 -
ISBN 978-5-9729-0207-1 ; To xKe [OnexTponnblit  pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=493858

Ilepeuens yuedbno-memoouuecko2o odecneueHus camocmoamenbHol pabomst 0oyuaro-
wuxca no OucyunIune

1. Meroauueckue yKa3aHUs MO BBINOJIHEHUIO NPAKTUYECKUX pPabOT MO JAMCLUIUIMHE
«OJIEKTPUYECKUE CTAHIIUU U TIOJCTAHIIANY.

2. Meronuyeckue yka3aHHUS IO BBIIOJHEHHUIO JIaOOPAaTOPHBIX pabOT MO IUCHUILUINHE
«OIJIEKTPUYECKUE CTAHLIUU U TIOJCTAHLIANY.

3. Meroanueckue yka3zaHus 0 BBIIIOJIHEHUIO KYPCOBOTO MPOEKTA M0 JUCLUIUINHE «DJIEK-
TPUYECKNE CTAHLIUN U MTOJICTAHIINH.

4. Meronuyeckue yKa3zaHUsSl IO OpraHU3aluy U MPOBEACHUIO CAMOCTOSATEIbHONU padOThI

IO AUCHUIIIINHE <<3JI€KTpI/I‘I€CKI/Ie CTaHIIMHU U IIOACTAaHLIUN)).
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Ilepeuens pecypcoe unghopmauuonno-meneKoMmyHuKayuonnou cemu Humepnem, ne-
00X00UMBIX 0151 0C6OCHUA OUCUUNTUHDL
1. http://www.biblioclub.ru -OBC "YHuuBepcurerckas OubaroTeka oHimaiH"
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Ilpunoscenue 2
Bapuanr 1

Prax = 45000 kBT, Q0 = 45000 xBap

Kareropuunocts notpeduteneit (%): 1-as — 15; 2-as — 40; 3-as — 45.

4.2 Cyrounslii rpaduk Harpy3Ku

P.Q % 100 4.3 Pacnpene-
90
80 JTUTENbHAs
79 CETh HU3KOTO
60
50 HaIpsKEHUs
40 H P, MBT
20 mQ VBap  TPOCKTHpYe-
20 MOM MOJCTaH-
10
0 117011
12345678 9101112131415161718192021222324
L Cxema
MOAKITIOYEHUS
nutaembix TII (PIT) — cexnmonupoBaHHasi,
Bpemst OTKIIFOUEHHS IPUCOEAMHEHHSA s poicnnpucoes = 012 C,
Puvakc.crnpmy = 3.2 MBr,
Yucno orxomamux uani HH moacranmum — 25.
4.4 Cxema 3J€KTpONUTAIOIIEH CUCTEMBI
Howmep npoextupyemoit moacranumu — [1C3,
[TapameTpsl cucTemsl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpanchopmaropsr, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
1760;3 30;0,39 | 21;0,38 | 14;0,38 | 23;0,41 | 19;0,4 63 40 | 16 80 6,3
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Prax = 40000 kBT, Q05 = 40000 kBap

Bapuanr 2

Kareropuunocts notpeduteneit (%): 1-as — 10; 2-as — 30; 3-as — 60.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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B P, MBT
H Q, MBAp

12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 L4

4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOT'O HAIIPSAKCHUSA HpOCKTpreMOﬁ NOACTaHIIUH

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

Bpemst OTKIIFOUEHHS IPUCOEAMHEHHSA s poicnnpucoes — 014 C,
Puvakc.crnpmy = 2.9 MBr,
Yucno orxomamux muani HH noacranmun — 44.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoektupyemoit noacranuuu — [C3,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 BJI-2 BJI-3 BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
1800;3 32;0,42 | 23;0,39 | 12;0,42 | 24;0,4 | 20;0,41 63 25 | 16 80 6,3
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Bapuant 3

Py = 70000 kBT, Q05 = 65000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 25; 2-as — 35; 3-as — 40.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

B P, MBT
H Q, MBAp

Bpemst OTKIIFOUEHHS IPUCOEAMHEHHSA s poicnnpucoes = 012 C,
Puvakc.crnpmy = 4 MBr,
Yucno orxomamux auani HH noacranmun — 38.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoektupyemoit noacranuuu — [C3,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 BJI-2 BJI-3 BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
1900;3 28;0,38 | 30;0,39 | 14;0,42 | 22;0,41 | 21;0,42 100 40 | 10 125 10
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Bapuanr 4

Prax = 72000 kBT, Q0 = 72000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 9; 2-as — 31; 3-as — 60.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100

0 |'|"||||||||||‘|‘|‘||‘|
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

B P, MBT
H Q, MBAp

Bpemst OTKIFOUEHHS IPUCOEAMHEHHS s poicnnpucoes — 0,99 C,
Pyvakc.crnpmy = 2 MBr,
Yucno orxomammx muani HH noacranmun — 30.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoii nogcranumu — [IC3,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
2000;2,9 |29;0,38 | 19;0,4 | 16;0,42 | 24;0,42 | 22;0,39 100 25 | 16 125 10
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Bapuanr 5

Prax = 60000 kBT, Q05 = 30000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 18; 2-as — 25; 3-as — 57.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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43P acrpeacIUTCIIbHas CETb HU3KOI'O HAIIPSKCHU A HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

Bpemst OTKIIFOUEHHS IPUCOEAMHEHHSA s poicnnpucoes = 012 C,
Puvakc.crnpmy = 3 MBr,
Yucno orxomamux muani HH noacranmun — 22.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoii nogcranumu — [1C2,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
2100;3 27,0,38 | 18;0,4 | 15;0,42 | 25;0,39 - 32 40 - 40 6,3
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Bapuanr 6

Prax = 25000 kBT, Q0 = 25000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 22; 2-as — 35; 3-as — 43.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

Bpemst OTKIIFOUEHHS IPUCOEAMHEHHSA s poicnnpucoes — 0,49 C,

Puvakc.crnpmy = 2 MBr,

Yucno orxoaamux auani HH noacranmun — 18.

4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI

Howmep npoextupyemoii nogcranumu — [1C2,

[TapameTpsl cucTemMbl

Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
Sk, MBt

MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-

12| 34 | 56,7 | 89

2200;3 26;0,38 | 17;0,42 | 14;0,42 | 26;0,41 - 32 25 - 40 6,3
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Prax = 62000 kBT, Q0 = 38000 kBap

Bapuanr 7

Kareropuunocts notpeduteneit (%): 1-as — 22; 2-as — 18; 3-as — 60.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 L4

4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

H P, MBT
HQ, MBAp

Bpemst OTKIIFOUEHHS IPUCOEAMHEHHSA s poicnnpucoes — 0.6 C,
Puvake.crnpmy = 3.9 MBr,
Yucno orxomamux uani HH noacranmun — 29.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoektupyemoit noacranuuu — [C3,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 BJI-2 BJI-3 BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
2300;3 18;0,38 | 16;0,39 | 11;0,4 | 32;0,4 | 31;0,41 63 40 | 10 80 10
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Bapuanr 8

Py = 70000 kBT, Q05 = 65000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 25; 2-as — 40; 3-as — 35.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIun

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

B P, MBT
H Q, MBAp

Bpemst OTKIIFOUEHHS IPUCOEAMHEHHSA s poicnnpucoes = 012 C,
Puvakc.crnpmy = 3.8 MBr,
Yucno orxomamux muani HH noacranmun — 35.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoii nogcranumu — [IC3,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
2950;3 19;0,38 | 15;0,39 | 18;0,42 | 21;0,41 | 11;0,42 100 25 | 63 125 16

214




Bapuant 9

Prax = 30000 kBT, Qrax = 15000 xkBap
Kareropuunocts notpeduteneit (%): 1-as — 22; 2-as — 40; 3-as — 38.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 30

20
m P, MBT
mQ, MBA
10 | ‘ Q MBAp
0

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 t4

4.3 PacnpenenurenbHasi CETh HU3KOTO HAIPSKEHUSI TPOEKTUPYEMOM MOJCTaHIINU

Cxema nogxmrouenus nutaembix TII (PIT) — cexnimonnpoBanHas,

BpeMmst OTKIIFOUEHNS TPUCOETUHERNUS Ly pyicnnpucoen = 0.6 C,
Pyvaxkc.crmpmy = 2,2 MBH,
Yucno orxomamux juanii HH noacranmun — 31.

4.4 Cxema 3J€KTpONUTAIOIIEH CUCTEMBI

Howmep npoextupyemoit moacrannmu — [1C3,

HapaMeTpLI CUCTCMBI

Cucrema: Jlvunus: anuHa, KM; Xyr, OM/KM I'enepatop | Tpancdopmaropsl, MBA
SK3, MBT

MBA;xo/x1 | BJI-1 BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-

12| 34 | 567 | 89

3000;3 21;0,38 | 30;0,39 | 15;0,41 | 28;0,4 | 18;0,4 63 40 | 16 80 6,3
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Bapuant 10

Prax = 50000 kBT, Q4 = 30000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 20; 2-as — 30; 3-as — 50.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cexnnonupoBanHasi,

B P, MBT
H Q, MBAp

Bpemst OTKIIFOUEHHS IPUCOEAMHEHHSA s poicnnpucoes — 014 C,
Puvakc.crnpmy = 2.9 MBr,
Yucno orxomamux muani HH noacranmun — 23.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoii nogcranumu — [1C2,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
2450;3 20;0,38 | 23;0,39 | 16;0,39 | 19;0,42 | 21,0,4 63 40 | 16 80 16

216




BapuanT 11

Prax = 35000 kBT, Q0 = 15000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 15; 2-as — 40; 3-as — 45.

4.2 Cyrounslii rpaduk Harpy3Ku
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

B P, MBT
H Q, MBAp

Bpemst OTKIFOUEHHS IPUCOEAMHEHHS s poicnnpucoes — 0,99 C,
Puvakc.crnpmy = 2 MBr,
Yucno orxomammx muani HH noacranmun — 30.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoii nogcranumu — [1C2,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
2500;3 25;0,41 | 24;0,39 | 20;0,41 | 18;0,4 - 63 25 - 80 10
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Bapuant 12

Prax = 70000 kBT, Q,q, = 60000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 18; 2-as — 45; 3-as — 37.

4.2 Cyrounslii rpaduk Harpy3Ku
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

B P, MBT
H Q, MBAp

Bpemst OTKIIFOUEHHS IPUCOEAMHEHHS s poicnnpucoes — 0,39 C,
Pyvakc.crnpmy = 1.8 MBr,
Yucno orxomamux muani HH noacranmun — 22.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoii nogcranumu — [1C2,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
2800;3 27;0,38 | 26;0,39 | 17;0,38 | 20;0,41 - 100 40 - 125 16
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BapuanTt 13

Prax = 75000 kBT, Q4 = 62000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 25; 2-as — 40; 3-as — 45.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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4.3 PaCHpCI[eJ'II/ITeJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

Bpemst OTKIIFOUEHHS IPUCOEAMHEHHSA s poicnnpucoes — 02 C
Puvakc.crnpmy = 2,2 MBr,
Yucno orxomamux auani HH noacranmum — 15.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoii nogcranumu — [1C2,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
1760;3 30;0,39 | 21;0,38 | 14;0,38 | 23;0,41 | 19;0,4 63 40 | 16 80 6,3
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Bapuanrt 14

Prax = 35000 kBT, Q0 = 55000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 19; 2-as — 35; 3-as — 39.

4.2 Cyrounslii rpaduk Harpy3Ku
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIun

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

B P, MBT
H Q, MBAp

Bpemst OTKIIFOUEHHS IPUCOEAMHEHHS s poicnnpucoes — 0,29 C,
Puvakc.crnpmy = 4.8 MBr,
Yucno orxomammx muani HH noacranmun — 30.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoit noacranuuu — [C3,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
2800;3 27;0,38 | 26;0,39 | 17;0,38 | 20;0,41 - 100 40 - 125 16
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Bapuanr 15
Prax = 25000 kBT, Qpax = 20000 xBap

Kareropuunocts notpeduteneit (%): 1-as — 15; 2-as — 45; 3-as — 27.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 30
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4.3 PacnpenenurenbHasi CETh HU3KOTO HAIPSKEHUSI TPOEKTUPYEMOM MOJCTaHIINU

Cxema nogxmrouenus nutaembix TII (PIT) — cexnimonnpoBanHas,

BpeMmst OTKIIFOUEHUS TPUCOETUHEHNUS Ly pyrcnmprcoen = 0.6 C,
Pyvaxkc.crmpmy = 4.2 MBH,
Yucno orxonsunx muanii HH noacranmun — 51.

4.4 Cxema 3J€KTpONUTAIOIIEH CUCTEMBI

Howmep npoextupyemoit moacranumu — [1C2,

HapaMeTpLI CUCTCMBI

Cucrema: Jlvunus: anuHa, KM; Xyr, OM/KM I'enepatop | Tpancdopmaropsl, MBA
SK3, MBT

MBA;xo/x1 | BJI-1 BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-

12| 34 | 567 | 89

3000;3 22;0,37 | 27;0,39 | 13;0,47 | 34,05 | 18;0,4 74 40 | 16 80 6,3
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BapuanT 16

Prax = 24000 kBT, Q40 = 11000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 20; 2-as — 30; 3-as — 50.

4.2 Cyrounslii rpaduk Harpy3Ku
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cexnnonupoBanHasi,

B P, MBT
H Q, MBAp

Bpemst OTKIFOUEHHS IPUCOEAMHEHHS s poicnnpucoes — 0,26 C,
Pyvake.crnpmy = 1.2 MBr,
Yucno orxomammx uani HH noacranmun — 20.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoit noacranuuu — [C3,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 BJI-2 BJI-3 BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
2000;3 25;0,38 | 13;0,39 | 18;0,39 | 19;0,36 | 24;0,4 90 40 | 16 80 16
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Bapuant 17

Prax = 60000 kBT, Q05 = 56000 kBap

Kareropuunocts norpeduteneit (%): 1-as — 17; 2-as — 37; 3-as — 46.

4.2 Cyrounslii rpaduk Harpy3Ku
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

Bpemst OTKIIFOUEHHS IPUCOEAMHEHHSA s poicnnpucoes — 0,49 C,

Puvakc.crnpmy = 3.5MB,

Yucno orxomamux auani HH noacranmun — 24.

4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI

Howmep npoextupyemoit nogcranumu — [1C3,

[TapameTpsl cucTemMbl

H P, MBT

H Q, MBAp

Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
Sk, MBt
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
4000;3 27;0,39 | 15;0,26 | 17;0,45 | 19;0,5 - 45 27 - 45 6
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Bapuanrt 18

Prax = 67000 kBT, Q0 = 48000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 11; 2-as — 24; 3-as — 57.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

Bpewmst OTKIIFOUEHHS IPUCOEAMHEHHS s poicnnpucoes — 0,19 C,
Puvake.crnpmy = 3.2 MBr,
Yucno orxomamux muani HH noacranmun — 37.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoii nogcranumu — [1C2,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
1400;3 33;0,37 | 28;0,42 | 14;,0,47 | 27;0,4 | 20;0,41 120 30 | 25 90 7,5
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Bapuant 19

Prax = 80000 kBT, Q4 = 73000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 45; 2-as — 37; 3-as — 41.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

B P, MBT
H Q, MBAp

Bpemst OTKIIFOUEHHS IPUCOEAMHEHHS s pocnnpucoes — 027 C,
Puvakc.crnpmy = 2.9 MBr,
Yucno orxomammx quani HH noacranmun — 42.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoii nogcranumu — [1C2,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
3000;3 29;0,38 | 31;0,42 | 19;0,41 | 25;0,35 | 27;,0,4 95 45 | 15 125 10
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BapuanTt 20

Py = 84000 kBT, Q05 = 58000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 9; 2-as — 21; 3-as — 58.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

H P, MBT
HQ, MBAp

Bpewmst OTKIIFOUEHHS IPUCOEAMHEHHS s poicnnpucoes — 0,19 C,
Puvakc.crnpmy = 6.7 MBr,
Yucno orxomamux auani HH noacranmun — 24.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoii nogcranumu — [1C2,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
3000;2,9 |42;0,24 | 25;0,5 | 18;0,39 | 27;0,45 | 19;0,36 120 30 | 15 120 16
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BapuanT 21

Prax = 36000 kBT, Q05 = 30000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 15; 2-as — 25; 3-as — 37.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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43P acrpeacIUTCIIbHas CETb HU3KOI'O HAIIPSKCHU A HpoeKTpreMOﬁ noaCTaHIIun

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

Bpemst OTKIFOUEHHS IPUCOEAMHEHHS s poicnnpucoes — 0,26 C,
Puvakc.crnpmy = 2,9 MBr,
Yucno orxomammx auani HH noacranmun — 27.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoit nogcranumu — [1C3,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
2250;3 540,38 | 45;0,4 | 25;0,43 | 25;0,37 - 40 25 - 36 8,3
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Bapuanrt 22

Prax = 40000 kBT, Q05 = 40000 kBap

Kareropuunocts norpeduteneit (%): 1-as — 27; 2-as — 39; 3-as — 50.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

Bpemst OTKIFOUEHHS IPUCOEAMHEHHS s poicnnpucoes — 0,99 C,
Puvakc.crnpmy = 6,9 MBr,
Yucno orxomamux uani HH noacranmun — 28.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoit noacranuuu — [C3,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
4000;3 25;0,38 | 23;0,42 | 17;0,44 | 27;0,42 - 150 25 - 90 9,2
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BapuanTt 23

Prax = 77000 kBT, Q,0x = 59000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 32; 2-as — 27; 3-as — 45.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100

90

80

70

60

50

40

30

20

10

0

12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 L4

4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

B P, MBT
H Q, MBAp

Bpewmst OTKIIFOUEHHS IPUCOEAMHEHHS s poicnnpucoes — 0,19 C,
Puvake.crnpmy = 4.9 MBr,
Yucno orxomamux uani HH noacranmun — 28.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoektupyemoit noacranuuu — [C3,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 BJI-2 BJI-3 BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
4525;3 28;0,38 | 19;0,39 | 12;0,4 | 35;0,4 | 36;0,41 130 45 | 45 95 25
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Bapuanrt 24

Prax = 65000 kBT, Q05 = 51000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 25; 2-as — 40; 3-as — 35.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

B P, MBT
H Q, MBAp

Bpemst OTKIIFOUEHHS IPUCOEAMHEHHS s poicnnpucoes — 0,32 C,
Puvakc.crnpmy = 2,75 MBr,
Yucno orxomammx auani HH noacranmun — 27.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoii nogcranumu — [IC3,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
2950;3 24;0,38 | 11;0,39 | 21;0,42 | 24,0,41 | 11;0,42 89 24 | 75 134 18
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Bapuanr 25

Prax = 25000 kBT, Q0 = 25000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 22; 2-as — 35; 3-as — 43.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

Bpemst OTKIIFOUEHHS IPUCOEAMHEHHSA s poicnnpucoes — 0,49 C,

Puvakc.crnpmy = 2 MBr,

Yucno orxoaamux auani HH noacranmun — 18.

4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI

Howmep npoextupyemoii nogcranumu — [1C2,

[TapameTpsl cucTemMbl

Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
Sk, MBt

MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-

12| 34 | 56,7 | 89

2200;3 26;0,38 | 17;0,42 | 14;0,42 | 26;0,41 - 32 25 - 40 6,3
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Bapuant 26

Prax = 72000 kBT, Q0 = 72000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 9; 2-as — 31; 3-as — 60.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

B P, MBT
H Q, MBAp

Bpemst OTKIFOUEHHS IPUCOEAMHEHHS s poicnnpucoes — 0,99 C,
Pyvakc.crnpmy = 2 MBr,
Yucno orxomammx muani HH noacranmun — 30.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoii nogcranumu — [IC3,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
2000;2,9 |29;0,38 | 19;0,4 | 16;0,42 | 24;0,42 | 22;0,39 100 25 | 16 125 10
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Bapuant 27

Prax = 50000 kBT, Q4 = 30000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 20; 2-as — 30; 3-as — 50.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

B P, MBT
H Q, MBAp

Bpemst OTKIIFOUEHHS IPUCOEAMHEHHSA s poicnnpucoes — 014 C,
Puvakc.crnpmy = 2.9 MBr,
Yucno orxomamux muani HH noacranmun — 23.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoii nogcranumu — [1C2,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
2450;3 20;0,38 | 23;0,39 | 16;0,39 | 19;0,42 | 21,0,4 63 40 | 16 80 16
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Bapuanrt 28

Prax = 35000 kBT, Q0 = 15000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 15; 2-as — 40; 3-as — 45.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIun

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

B P, MBT
H Q, MBAp

Bpemst OTKIFOUEHHS IPUCOEAMHEHHS s poicnnpucoes — 0,99 C,
Puvakc.crnpmy = 2 MBr,
Yucno orxomammx muani HH noacranmun — 30.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoii nogcranumu — [1C2,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
2500;3 25;0,41 | 24;0,39 | 20;0,41 | 18;0,4 - 63 25 - 80 10
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Bapuanrt 29

Prax = 75000 kBT, Q4 = 62000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 25; 2-as — 40; 3-as — 45.

4.2 Cyrounslii rpaduk Harpy3Ku
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43P acrpeacIUTCIIbHas CETb HU3KOI'O HAIIPSKCHU A HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cekunonupoBanHasi,

Bpemst OTKIIFOUEHHS IPUCOEAMHEHHSA s poicnnpucoes — 02 C
Puvakc.crnpmy = 2,2 MBr,
Yucno orxomamux auani HH noacranmum — 15.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoextupyemoii nogcranumu — [1C2,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 | BJI-2 | BJI-3 | BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
1760;3 30;0,39 | 21;0,38 | 14;0,38 | 23;0,41 | 19;0,4 63 40 | 16 80 6,3
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Bapuant 30

Prax = 40000 kBT, Q05 = 40000 kBap

Kareropuunocts notpeduteneit (%): 1-as — 10; 2-as — 30; 3-as — 60.

4.2 Cyrounslii rpaduk Harpy3Ku

P,Q % 100
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B P, MBT
H Q, MBAp
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4.3 PaCHpCI[eJ'II/ITCJ'ILHaH CCThb HU3KOI'O HAIIPSKCHUS HpOCKTpreMOﬁ noaCTaHIIuKu

Cxema noakmoueHus nutaeMbix TIT (PIT) — cexnnonupoBanHasi,

Bpemst OTKIIFOUEHHS IPUCOEAMHEHHSA s poicnnpucoes — 014 C,
Puvakc.crnpmy = 2.9 MBr,
Yucno orxomamux muani HH noacranmun — 44.
4.4 Cxema dJeKTPONUTAIONIEH CUCTEMBI
Howmep npoektupyemoit noacranuuu — [C3,
[TapameTpsl cucTemMbl
Cucrema: Jlunus: nmunHa, kM; Xyz, OM/KM I'eneparop | Tpauchopmartops, MBA
SK31 MBT
MBA;xo/x1 | BJI-1 BJI-2 BJI-3 BJI-4 BJI-5 r-123 | T-| T- T- T-
12| 34 | 56,7 | 89
1800;3 32;0,42 | 23;0,39 | 12;0,42 | 24;0,4 | 20;0,41 63 25 | 16 80 6,3
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Ilpunoxcenue 3

MuHucTepcTBO HayKH U BbIclIero oopasosanus Poccuiickoin deaepanun
«CEBEPO-KABKA3CKUUA ®EJIEPAJIbHbIN YHUBEPCUTET»
Haruropckunii uHcTUTYT (puauan) CKOY

KA®EIPA JIEKTPOOHEPI'ETUKHU u TPAHCIIOPTA

KYPCOBOMU IMPOEKT

10 JUCLIUILINHE
«JIEKTPUYECKHUE CTAHIINH U IIOJICTAHIIUN)

Ha TEMY:
«IIpoexTHpoBaHe paclIpeaeINTEILHON MTOHN3UTEILHON ITOACTAaHIINN
(BapuaHT - )»
Buinmoanuni:
CTYyIEHT 4 Kypca rpyIibl
HaIpaBJICHUSA IIOJITOTOBKH
13.03.02
dbopmbel  0OydeHUS
(moamucs)
PyxoBoaguresb padoTsl:
(®UO, nomxHOCTb, Kadeapa)
Pabota nomyieHa k 3amure
(MOaMUCh PyKOBOJUTEIIS) (mara)
PaOora BbIoJIHEHA U
3alUIIEHA C OL[EHKOMN JlaTa 3amuThl

YeHbl KOMACCHUH: NOLEHT Kadeapsl Dul
(mOomKHOCTH)  (MOAIUCH) (1.0. ®amunus)

noneHtT kabeapsl DuT

[Iarturopck. 20
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MHWHHUCTEPCTBO HAYKHU U BBICIIIEI'O OBPA30OBAHU ST POCCUHCKOM
OEAEPALINN
denepanbHOE FOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeNIbHOE YUPEXKICHUE
BhICIIET0 00pa30BaHUs
«CEBEPO-KABKA3CKHWI ®EJIEPAJIBHBIA YHUBEPCUTET»
[Taruropckuit uactuTyT (pruman) CKOY

Meroanuyeckue ykazaHus
[0 OpraHU3aluy U MPOBEIECHUIO CAMOCTOSATEIBHON pabOThI
no gucuumae «JIEKTPUYECKUWE CTAHIUMU U ITOACTAHI I »
JUISL CTYJIEHTOB HaIlpaBJICHUSI 1OATOTOBKU
13.03.02 DnexTposHepreTUKa U ANEKTPOTEXHUKA

[Tsturopck 2025 r.
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Conepxanue

BBenenue

OO01m1ast XapakTepUCTHKA CaMOCTOSITEIBHON PabOThl 00YJarOMIErocs Mpu u3yde-
HUH JUCHUTUTMHBI « DJIEKTPHUUECKUE CTAHIIMU U TTOJICTAHIIAN

[Tnan-rpaduk BHIIOIHEHUS CAMOCTOSITEIbHON paboOThI

KoHTposbHBIE TOUKH U BUJIbI OTYETHOCTH 110 HUM

MeTtoanueckie peKOMEHIalUH 110 U3YYEHUIO TEOPETHIECKOTO

marepuaia

Metoanyeckue yka3aHHs MO BBIIOJIHEHUIO KypCOBOTO IPOEKTa

Meroandeckue ykazaHus IO MOJTOTOBKE K 9K3aMEHY.

Y4eOHo-MeToArnuecKoe U HHPOPMAIIMOHHOE 00ECTICYCHHIE TUCITUTUINHBI
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BBenenne

CaMocrosiTenbHas padoTa — riaHupyemas yueOHas, yae0HO-HCCIIeI0BaTEeIbCKasl, HAyYHO-
HCCIIeIOBaTeNbCKas paboTa CTYIEHTOB, BHINOIHIEMAasi BO BHEAYTUTOPHOE (ayIUTOPHOE) BpeMs 110
3aJJaHUI0 U TIPU METOAMYECKOM PYKOBOJCTBE IpErojaaBaressi, HO 0e3 ero HemocpeICTBEHHOro
ydactus (Mpy YaCTUYHOM HEMOCPECTBEHHOM Y4aCTHUHU MPENO0IaBaTelis, OCTABISIONEM BEYIIYIO
pOJIb 32 pabOTOMN CTY/IEHTOB).

CamocrosTenpHas pabora cTyneHToB B BY3e siBisercs Ba)KHbIM BHIOM YYCOHOW U Hay4-
HOM JIeATEIbHOCTH CTY/ICHTA.

Benymas nens opranuszanuu u ocymiectsienus CPC momkHa coBnagaTs ¢ 1enpio ooyde-
HUSA CTYyJIEHTa — IMOATOTOBKOM OakanaBpa ¢ BeIcIInM oOpazoBanueM. [Ipu opranuzamnuu CPC Baxk-
HBIM ¥ HEOOXOMMBIM YCIIOBUEM CTAaHOBSTCS ()OPMUPOBAHUE YMEHHUS CAMOCTOSITEIILHON PabOThI
JUTSI IPUOOpETEHNS 3HAHWH, HABBIKOB M BO3MOXHOCTHU OpraHU3alluy yueOHOU U HAYYHOH e TeIIb-
HOCTH.

[lenpro camMoCTOSTETEHOM PabOTHI CTYJCHTOB SIBIISICTCSI OBNIaJCHUE (DYHIaMEHTATbHBIMU
3HAHUSAMU, TPOPECCUOHATBHBIMU YMEHUSIMHU U HaBBIKAMH JESATEIBHOCTH MO MPOMUITIO, ONTBITOM
TBOPUYECKOH, HCCIEN0BATENbCKON NesTeNbHOCTH. CaMocTosTenbHas padoTa CTyIEHTOB CIOC00-
CTBYET Pa3BUTHUIO CAMOCTOSITEIHHOCTH, OTBETCTBEHHOCTH M OPTaHM30BAHHOCTH, TBOPYECKOTO

MOJIX0/Ia K PELIECHUIO MpobIeM y4eOHOTo U MpoPecCHOHAIILHOTO YPOBHS.
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O01mas XxapaKTepUCTHKA CAMOCTOSTEJIbHON PA00THI 00y4al0IIerocsi Npu U3y4YeHHH

AUCHHUIIINHBI «3.11eKTpnqec1me CTAaHIMA U MOACTAHIIUHN)>

CamocrosiTenbHas paboTa - IulaHupyemMasi yueoHasi, yueOHO-UCCIIeJOBaTeNbCKas, HayYHO-
HCCIIeIOBaTENbCKas paboTa CTYIEHTOB, BHIIOIHIIEMAas BO BHEAYTUTOPHOE (2yIUTOPHOE) BpeMs 1O
3aJJaHUI0 ¥ TIPU METOJMYECKOM PYKOBOJCTBE IperojaBaTelisi, Ho 0e3 ero HermocpeiCTBEHHOTO
y4dacTus (IpU YaCTUYHOM HETIOCPEICTBEHHOM YYaCTHH IIPENOJABaTENsl, OCTABISIOLIEM BEIYILYIO
POJIb 32 pabOTOM CTYICHTOB).

CamocrosTenpHas pabora cTyeHToB B BY3e siBisercs Ba)KHbIM BHIOM YYCOHOW U Hay4-
HOU JIesATeNbHOCTH cTyAeHTa. CaMocTosITeNIbHAs padoTa CTYJICHTOB UTPAET 3HAYUTEIBHYIO POJIb B
PEUTHHTOBO TexHONIOrHK 00ydeHus. B cBs3u ¢ aTuM, oOyuenue B BY3e Bkimtouaer B cebs 1Be,
MPAKTUYECKH OJMHAKOBBIE IO 00bEMY M B3aMMOBIHUSHUIO YacTU — Mpoliecca 0Oy4eHHUs U IMpo-
necca camoooydenus. [losromy CPC nomxkHa ctath 3 QeKTUBHON U 1eJIeHaNpaBIeHHOM paboToi
CTYJEHTA.

K coBpemenHOMy crnieranucTy 001IeCTBO IPEABABISAET JOCTATOYHO IIUPOKUN IEpPEYEHb
TpeOOoBaHUil, Cpeal KOTOPHIX HEMATOBAXKHOE 3HAYCHHE UMEET HAIMYUE Y BBIITYCKHUKOB OTpee-
JICHHBIX CIOCOOHOCTEN U YMEHUS CaMOCTOATEIHHO J00BIBATh 3HAHUS U3 PA3IMYHBIX HCTOYHUKOB,
CUCTEMATHU3UPOBATh MOIYYEHHYIO0 HHPOPMAIUIO, 1aBaTh OLIEHKY KOHKPETHON (PMHAHCOBOM CUTY-
aruu. @opmupoBaHUe TaKOro YMEHHsI MPOUCXOAUT B TEUEHHE BCETO Mepuojia oO0ydyeHus yepes
y4acTHe CTYJEHTOB B MPAKTUYECKHX 3aHATHX, BBIIIOJHEHHE KOHTPOJBHBIX 3a/laHUIl M TECTOB,
HalMCcaHUe KypCOBBIX U BBIITYCKHBIX KBATH(UKAMOHHBIX padoT. [Ipu 3TOM camocTosTeNbHAs pa-
00Ta CTYJEHTOB UTpaeT pelIalollylo POjib B X0/1€ BCEro yueOHOro mpoiecca.

Benymas nens oprannzanuu u ocymectsienuss CPC nomkHa coBnagarh ¢ Lelblo o0yde-
HUS CTyJIeHTa — IOJATrOTOBKOM crenuanucra 1 6akaigaBpa ¢ BelcnM oOpa3oBanueM. I1pu opranu-
3auuu CPC BakHBIM U HEOOXOUMBIM YCIOBHEM CTAHOBATCS (POPMHUPOBAHUE YMEHHS CAMOCTOSI-
TeIbHOU paboThl /Ui MPUOOPETEHUS 3HAHUM, HABBIKOB M BO3MOKHOCTH OpraHU3alliy yueOHO! 1
Hay4YHOU JEATEIbHOCTH.

@DopMbI CaMOCTOATENBHOM PabOoThI CTYJEHTOB pa3Ho00Opa3Hbl. B cooTBeTcTBUM ¢ paboueit
IpOTpaMMOM JTHUCIUIUIMHBI MIPETYCMOTPEHBI CIIEAYIONINE BUbI CAMOCTOSITEIbHON PabOTHl CTY-
JeHTa:

- CaMOCTOSATEIbHOE U3YUEHHUE JINTEPATYPhI;

- CaMOCTOSTENBHOE PELIEHUE 3a/1aY;

- BBIIIOJIHEHUE KYPCOBOTO MTPOEKTA.

Ilenv camocmoamenvno2o uzyuyenus aumepamypsvt — CAMOCTOATEIHHOE OBJIAJICHUE 3HA-

HUSAMH, OIIBITOM PICCJ'IGI[OB&TCJ'II)CKOﬁ JACATCIIbHOCTH.
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3aoauamu caMoCTOSTETLHOTO U3YUCHHS JTUTEPATYPHI SBISIFOTCS:

o yrIIyOJICHHE U PACIIMPEHUE TEOPETHUSCKUX 3HAHUIA,

o (dbopMHUpOBaHUE YMEHHUI HCIIOJIL30BaTh HOPMATHBHYIO, IMPABOBYIO, CIIPABOYHYIO
JIOKYMEHTAITUIO M CIICIHATbHYIO IUTEPaTypYy;

o pa3BUTHE MTO3HABATEIBHBIX CIIOCOOHOCTEW M aKTUBHOCTHU CTYIICHTOB.

Ilens camocmoamenvhozo pewienusn 3a0au - oBjajieHHe MPO(HECCHOHATLHBIMUA YMEHH-
SIMU ¥ HaBBIKaMH JCSITEIbHOCTH 1O PO OyAyIIel AesTeIbHOCTH.

3adauamu caMOCTOATEILHOTO PEIICHUS 3a/1a4 SIBISIOTCS:

J CUCTeMAaTH3AIMs U 3aKPEIJICHUE MOJIYYCHHBIX TCOPETHUSCKUX 3HAHUHN U TPAKTH-
YECKUX YMCHHI CTY/ICHTOB;

° (dbopMUPOBaHHE CAMOCTOSTSIILHOCTH MBIIICHUS, CITOCOOHOCTEH K CaMOPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO M CAaMOPCaTH3aIIHH;

o Pa3BUTHUEC UCCICAOBATCIIBCKUX yMeHI/H\/JI

Ienvto camocmoamenvHozo 6bINOIHEHUA PACUEMHO-2paduyecKoil padomsl TIO TUCIU-
IUTMHE SIBJISICTCS OBJIaJICHUE PYHIaMEHTAIbHBIMU 3HAHUSIMH, TPOPECCUOHATBHBIMI YMCHHUSMHU U
HABBIKAMU JICSTSILHOCTH 110 MPOQIITIO, OMTBITOM TBOPUYECKOH, MCCIIEA0BATEIHCKOM ACSITEITLHOCTH.

3adauamu naHHOTO BUA CAMOCTOSTEIILHONW PAOOTHI CTYACHTA SIBISIOTCS:

° CUCTEMAaTU3alud U 3aKPCIUICHUC TMOJTYYCHHBIX TCOPECTUICCKUX 3HAaHUU U IMpaKTu-
YCCKUX YMCHI/Iﬁ CTYACHTOB,

. yrIyOJICHHE U paclIMpEeHNe TCOPETHUSCKUX 3HAHUM;

. (dbopMUpOBaHHE YMEHHMM HCIOJIb30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPABOUYHYIO
JOKYMEHTALUIO U CIIEHUAIBHYIO JIUTEPATYPY;

o Pa3BUTHUC MMO3HABATCIIbHBIX CIIOCOOHOCTEN M aKTUBHOCTHU CTYACHTOB!: TBOpquKOﬁ
HHUIUATUBBI, CAMOCTOATCIIbHOCTU, OTBETCTBECHHOCTU U OPIraHU30BaHHOCTH,

° dbopMHUpPOBAHKNE CAMOCTOSITEILHOCTH MBIIIJICHUS, CTIOCOOHOCTEHM K CAaMOpPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CAMOPEaTU3allnu;

o pa3BHUTHE UCCIICJOBATEILCKUX YMEHUIA;

J WCTIOJIB30BaHUE MaTepHaia, COOPaHHOTO M IMOJYYEHHOTO B XOJI€ CaMOCTOSTENb-
HEIX 3aHATHH Ha CECMHHapax, Ha MPAKTHYCCKUX U .]'Ia60paTOpHBIX 3aHATHUAX, [TPU HAITMCAHUHU KYypP-

COBOM pabOTHI.
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B pesynbrare ocBOEHUS TUCHUIUIMHBI (OPMUPYIOTCS CIEIYIOMIMNA MepedyeHb IIaHupye-

MBIX PE3YJIbTAaTOB 06yqu1/151 10 JUCHMIIIIMHE, COOTHECEHHEBIX C IJIaHUPYCMBIMHU PE3YyJIbTaTaMU

OCBOEHUS1 00pa30BaTENbHOM IPOrpaMMBl:

Kon, popmynupoBka komme-
TEHLIUU

Kon, popmynupoBka nnarka-
TOpa

[Inanupyemblie pe3ynbTaThl

o0yueHus o TUCIUILINHE
(MonyII0), XapakTepu3yro-
1ue sTamnsl GOpMUPOBAHUS
KOMIIETECHIIMI, HHIUKATOPOB

[TK-1 CniocobeH ydacTBOBaTh
B IIPOCKTHPOBAHUU CHCTEM
INMEKTPOCHAOKECHHUS

N/I-1nk-1 BemmonasieT coop u
aHAJIN3 TaHHBIX IS IPOCKTH-
POBaHUS CHCTEM

3HaeT CXEMO-TEXHUUECKOE
HCIIOJTHEHHUE JIEKTPOOOOpyY-
JIOBaHHS CTAHIIUH U ITOJCTaH-
LIMI1; COBPEMEHHbBIEC AHAIIUTHU-
YeCKHE METOIBI U MOJEIHN
KOMIUIEKCHOT'O WHKCHEPHOTO
aHaJIM3a.

Vmeetr 000CHOBBIBATh TEXHU-
YECKUE PEIICHUS TIPH pa3pa-
00TKE CXEM pacHpelesIeHus U
nepeaaun AMEKTPUICCKOM
SHEPTUH; IPUMEHSTEH COBpE-
MEHHBIE METOJIBI ¥ CPEJICTBA
WCCJICJIOBAHHUSI JIJISI PEIIICHHUS
KOHKPETHBIX 3aj1a4.

NJ-2nk-1 Beibupaer Tunossie
MPOEKTHBIE PEIICHUS] CHCTEM
AIIEKTPOCHAOKEHUS

Bnaneer HaBbikaMu Ipa-
BUJILHO BBIOMPATH DIIEKTPH-
YecKHe CXeMBbI CTAHIIIHN 1
MOJCTaHIIUMI C yYETOM OCO-
OeHHOCTEH UX paboThI U Tpe-
O6oBaHMii oTpeduTeneil.

[TK-2 Cniocoben aHanu3upo-
BaTh PEIKUMBI paOOTHI CHCTEM
ANEKTPOCHAOKEHHS

N/I-1nk-2 PaccunThiBaeT na-
paMeTpsI AIEKTPOOOOpyI0Ba-
HUS CUCTEM

3Haet oO1re 3aKOHOMEPHO-
CTH MPOU3BOJICTBA, TIepeaun
U pacrpeaesieHus dIeKTpHye-
CKOM SHEprun; OCHOBHbIE
KOHCTPYKTHUBHBIC H PEIKUM-
HbIe 0COOEHHOCTH 3JIEKTPH-
YECKUX CTAHIUH (TEIIOBBIX,
ATOMHBIX, THJIPABINYECKUX )
Y MOJICTAHIINHI, pacpeaen-
TEJIbHBIX CETEM.
YMeeT pacCUMThIBaTh OCHOB-
HBIE MTapaMeTPbl CXEM DJICK-
TPUYECKHUX CTAHIIUN U TIOJI-
CTaHIINH, YYUTHIBATh OCOOCH-
HOCTH PE&KHUMOB pabOTHI pas-
JMYHBIX CTaHIMH U MOJICTaH-
HH.

NJI-2nk-2 PaccunteiBaet pe-
KHUMBI pabOTHI CHUCTEM 3JIEK-
TPOCHAOKEHUS

Bnaneer HaBbikaMu pacuéra
napaMeTpoB 000pyIOBaHHUS
CTAHIIUH U MOJCTAaHIIHI, Me-
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TOJJaMH pacyeTa TOKOB KO-
POTKOT0 3aMbIKaHHSI CHMMET-
PUYHOTO U HECUMMETPHUY-
HOT'O PEXXHMOB.

N-5nk-2 [IpumensieT nnxe-

HEPHO-TEXHUYECKUE PACUCTHI

JUTS pEIIeHUs 3a/1a4 mpodec-
CHOHAJIbHOM JIeATEIbHOCTH

VMeeT MpOoBOJAUTE HHKE-
HEPHO-TEXHUYECKUE PACUCThI
C MOMOII[BIO MTPHUKJIIATHOTO
MPOrPaMMHOTO O0ECTICUCHUSI.
Briajeer HaBbIKAMHU HCIIOJb-
30BaHUA NPUKIIAAHBIX ITIPO-
rpaMM ISl BBITTOJHEHUS MH-
KCHEPHO-TEXHIUUECKUX pac-
4eTOB B MPO(ECCHOHATBHON

cepe.
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IInan-rpa¢guk BBINOJHEHHS CAMOCTOSATEJIbHON PadoThI

Konpl peanuzye-

OObeM 4acoB, B TOM YHCIIC

Cpencrsa u Tex- KonraktHas
MBIX KOMIIETCH- Bun nesrenpHOCTH S aGora ¢
UM, MHIUKA- CTYJICHTOB CPC P Bcero
ropa(oB) OIICHKU npernojaana-
TeJIeM
Ounas ¢hopma oOyueHus
7 ceMecTp
CamocTosiTeNIbHOE
uszydenue ymreparypsl | CobecenoBanue | 30,42 3,38 33,8
o Temam Nel-18
[K-1 LOAROTOBKA KIS | CoGeceonanme | 3,24 0,36 36
N-1nka Wi ”
V-2 UCHbMEHHBIN
N-1nk-2 THUYECKUM 3aHATUSAM ’ ’ ’ ’
VI/T-2mic2 Pa3HOYPOBHBBIX
U/1-Snk2 [Toaroroska K 1a0o- =
A CobecenoBanue 4,86 0,54 54
PATOPHBIM 3aHITHSIM
Brinonnenue xypco- IIpezenTanus 36 4 40
BOT'O MPOEKTA IPOEKTa
HTtoro 3a 7 cemecTp: 81 9 90
Hroro: 81 9 90
OuHo-3a04uHas hopMa o0yueHus
7 ceMecTp
CamocrosiTenpHOE
u3yuyeHue aureparypsl | CobecenoBaHue 102,2 14,8 117
o remMam Nel-18
[1K-1 ES;;OTOBM K ek CobecenoBanue 0,54 0,06 0,6
NJ1-1nk-1 W >
V-2t VUCHMEHHBIN
OTYET O pele-
[1K-2 [TonroroBka Kk mnpaxk-
V-1 THYCCKIM 3AHSITHSM HHUH THUIIOBBIX, 1,08 0,12 1,2
V/T-21c2 Pa3HOYPOBHBBIX
UI-Smic2 [ToaroroBka k 1abo- ==
A CobecenoBanue 1,08 0,12 1,2
PaTOPHBIM 3aHATHIM
Beinonnenue xypco- IIpesentanus 36 4 40
BOT'O TIPOCKTA MIPOCKTa
Hroro 3a 7 cemectp: 140,9 19,1 160
HUroro: 140,9 19,1 160
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KOHTpOJIbeIe TOYKH U BUJABI OTYCTHOCTH 110 HUM

Ne Bun nesrenbHOCTH CTYIEHTOB Cpoxku KomnuectBo
n/m BBITIOJTHEHUS OaioB
7 cemecTp
1. [IpakTnueckoe 3anstue Ne 4 6 Henens 25
2. JIaboparopHoe 3ansitue Ne 6 10 nenens 15
3. [IpakTnueckoe 3ansatue Ne 9 16 nenens 15
Hroro 3a 7 cemectp 55
Hroro 95

MaxkcuManbHO BO3MOXKHBIH 0asl 3a BECh TeKYH_[I/Iﬁ KOHTPOJIb MaxkcumManbsHO BO3MOKHBIM

0aJjii 3a BeCh TGKYH_II/Iﬁ KOHTPOJIb YCTAHABJIMBACTCS paBHBIM 55. TGKYH_Iee KOHTPOJBbHOC MCPOIIPHU-

ATHE CYUTACTCS CIAHHBIM, €CJIM CTYJICHT MOJIy4mJI 32 Hero He MeHee 60% OT yCTaHOBJIEHHOTO JIJIst

ATOTO KOHTPOJIS MaKCUMaJIbHOTO Oaiia. PeTUHTOBBIN Oaii, BEICTABISIEMBI CTYIEHTY 3a TEKY-

e KOHTPOJIbHOC MEPOIIPUATUC, CAAHHOC CTYACHTOM B YCTAHOBJICHHBIC Fpa(1)I/IKOM KOHTPOJIbHBIX

MEPONPUITHI CPOKH, OMPEEIIIETCS CIETYIOINUM 00pa3oMm:

YPOBCHB BBIITOJIHCHHUA KOHTPOJIBHOT'O

PetitunroBeiii 6am (B % OT MaKCUMaIbHOTO

3a/IaHusT OaJiya 3a KOHTPOJIBHOE 3a/IaHHE)
OTnuuHbIi 100
Xopommii 80
Y 10BIIETBOPUTENBHBIN 60
HeynosiieTBOpUTENbHBIN 0

PeliTunrosas cuctema ycrieBaeMOCTH CTYJEHTOB HE MPEIyCMOTpPEHa JJIsl 3a04HON (OpMBI

00yJeHwusI.
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MeToanyeckue peKOMEH/IAMUH 10 U3YYEeHHIO TEOPETHYECKOr0 MaTepuasia

CamocrosaTenbHas padoTa CTy/eHTa HAUMHACTCA ¢ BHUMATEIBHOTO O3HAKOMJICHHS C CO-
JiepKaHueM y4eOHOro Kypca.

N3yuenue ka0l TeMbl CleyeT HauMHaTh C BHUMATEJIbHOIO 03HAKOMJIEHUS ¢ HAabOpoM
BONpocoB. OHU OPUEHTUPYIOT CTYAEHTA, OKA3bIBAIOT, YTO OH JOJDKEH 3HATh I10 JIaHHOM TeMe.
Bonpocs! TemMbl Kak ObI HAKJIQABIBAIOTCS HA COOTBETCTBYIOILYIO TTIaBy U30paHHOTO YUeOHHKA WK
yueOHoro nocobus. B utore 10MKHO OBITH SCHBIM, KaKHU€ BOIIPOCHI TEMbI Y4eOHOIO Kypca U ¢
KaKoH IN1yOMHOM pacKpbIThl B KOHKPETHOM y4€OHOM MaTepHalie, a Kakie BOoOIe OnmyIeHsl. Tpe-
OyeTcsi TBOPUECKOE OTHOLIEHUE U K CAMOMY COJIEP>KAHUIO JUCLUILINHBI.

Bomnpocsl, cocraBnsionye ee coaepxkanue, 00J1a1aloT pa3HoOi CTeNneHblo BakHOCTH. EcTh
BOIIPOCHI, BHIMOIHAOLME (PYHKIUIO JJOTHYECKOHN CBSI3KU COJCPKAHUS TEMbI U BCETO Kypca, UMe-
IOTCSI BOIIPOCHI OIKMCATEILHOTO MITH Pa3bsCHUTEIBHOTO XapaKTepa, a TakkKe UCTOPUIECKOro 3KC-
Kypca B 00J1aCTh U3y4aeMOl TUCHUIUIMHBL. Bee 3TH BOIIpOCkl He COCTaBIISIFOT CYTH IOHSA-TUHHOTO,
KOHIICTITYaJIbHOTO CO/ICPKaHUS TEMBI, HO HEOOXOIUMBI JIJIS IETIOCTHOTO BOCHIPUSATHUS H3y4aeMbIX
po0JieM.

W3yuaemast iuCIUIIMHA UMEET CBOM KaTeropualbHO-MIOHATUIHHBIN antnapaT. HayuHble mo-
HATUS — 3TO Ta 0a3a, Ha KOTOPOW CTpOMTCS Kaxaas Hayka. [IoHATUS — y3J10BbIE, OMOPHbBIE
MYHKTBl KaK Hay4YHOT0, TaK U y4eOHOro MO3HaHUsI, JOTMYECKHE CTYIEHU JABM)KEHUS B yuede OT
IPOCTOTO K CJIOXKHOMY, OT SIBJIEHUS K CYIIHOCTHU. be3 sicHoro nonuMmanus noHATHH yyeOa KpaiiHe
3aTpyAHSETCS, a coiepKaHne MPUOOPETEHHBIX 3HAHUH CTAHOBUTCS TYCKJIBIM, PACIUIBIBUATHIM.

CTyneHT AOKEH MOHUMAaTh, YTO CaMOCTOSITENIbHOE OBJIaICHUE 3HAHUSIMU SIBJISIETCS TJIaB-
HBIM, OTIpeAESIoNMM. BhIciias mkona co3aeT 1ist 3Toro HeoOX0UMBbIE YCIOBHS, TOMOTaeT Oy-
JYIIEMY BBICOKOKBATH(PULIMPOBAHHOMY CIIELUAINCTY OBJIaJI€Th TEXHOJIOTHEH CaMOCTOATEIBHOTO
IIPOU3BOJICTBA 3HAHUM.

B camocrosTenbHO# paboTe cTyeHTaM NMPUXOIUTCS UCIOJIBb30BATh JINTEPATYPY pa3any-
HBIX BUJIOB: IEPBOMCTOUYHUKH, MOHOTpapuu, HaydHble COOPHUKHU, XPECTOMATUH, YIE€OHUKH, yueo-
HbIE [T0COOUS, KYpHAJIBI U J1p. M3yueHue Kypca npeanosiaraeT 3HakOMCTBO CTYI€HTOB C OOJIBIINM
00BbeMOM HayyHOU M y4eOHOH JUTepaTyphl, YTO, B CBOIO OYEpE.lb, MOPOXKIAET HEOOXOIUMOCTh
BbIPA0OTKH Y HUX PallMOHAIILHO-KPUTUYECKOTO MOAX0Aa K U3y4aeMbIM UCTOUHUKAM.

UToOBI HE «YTOHYThH» B OTPOMHOM 00BbEME PEKOMEHJOBAHHBIX MY JJIsl U3Y4YEeHUS UCTOY-
HUKOB, CTYJEHT, IPEXKE BCETO, JODKEH HAYUUThCS MPABUIBLHO UX 4uTaTh. [IpaBuinbHOE uTeHNE
PEKOMEHI0BAaHHBIX HCTOYHUKOB IIPEIITOJIAracT CIeJ0BaHNE HECKOIBKUM HECIIOKHBIM, HO BECbMa

IMOJIC3HBIM ITPpaBUJIaAM.

247



[IpenBapuTenbHbIil MPOCMOTP KHUTU BKJIIOYA€T O3HAKOMIIEHHWE C TUTYJIBHBIM JIHCTOM
KHUTH, aHHOTALlMEH, IPEeTUCIIOBHEM, OryiaBieHrneM. [Ipu 03HaKOMIIEHHH C OTJIaBJICHHEM HE00XO0-
JIMIMO BBLACTUTD Pa3Jiebl, TTaBbl, naparpadbl, IpeACcTaBISIONIUE U1 BaC HHTEpeC, OErIIo ux mpo-
CMOTpETh, HAUTU MeCTa, OTHOCALIMECS K Teme (ab3alpl, CTpaHULbI, naparpadsl), U MO3HAKO-
MUTBCSI C HUIMU B OOIIIUX YepTax.

Hayunble u31aHus CONMPOBOKIAIOTCS PA3IMYHBIMU BCIIOMOTaTEIbHBIMU MaTepUaIaMu —
HAYYHBIM aIrapaTroM, I03TOMY Ba)KHO 3HATh, N3 KAKUX OCHOBHBIX 3JIEMEHTOB OH COCTOUT, KAKOBBI
ero (pyHkIuu.

3HAKOMCTBO C KHUTOM JIy4Ille BCErO HAUMHAThH C U3yUYEHUsI aHHOTAllUU — KPaTKO#l Xxapak-
TEPUCTHKN KHHUTH, PACKPBIBAIOLICH €€ CoAepiKaHue, WACHHYI0, TeMAaTHYECKYI0 M KAHPOBYIO
HaINpaBJICHHOCTh, CBEACHUS 00 aBTOpE, HA3HAUYEHHUE U JIPYrHe 0COOCHHOCTH. AHHOTAIUS TIOMO-
raeT COCTaBUTh MPEABAPUTEIHHOE MHEHHE O KHUTE.

I'my0xe MOHATH coiep KaHne KHUTH MTO3BOJISIIOT BCTYNUTEIbHAS CTaThsl, B KOTOPOIi AaeTcs
OLIEHKA COZEp)KaHUsI KHHUTH, 3aTParuBacMoi B Hel MpOOIeMaTHKH, CONEPKHUTCI HHPOpMAIUsI O
KU3HEHHOH U TBOpYeCKOi Onorpaduu aBTopa, BEICKa3bIBAIOTCS MTOJIEMHUYECKUE 3aMEYaHNUs, pa3b-
SCHSAIOTCSI OTJENbHBIC MOJTO0XKEHHUS KHUTH, 1al0TC KOMMEHTapHH | T.1. BOT mouemMy 3HaKOMCTBO
C BCTYNUTENBHOM CTaThell MpenCcTaBiIsieTcsl OYeHb BaXKHBIM: OHO TIOMOTAeT CTYACHTY COPUEHTH-
poBaThCsl B TEKCTE pabOThl, 0OpaTUTh BHUMaHUE Ha €€ HanloJiee IEHHbIE U BaXKHbBIE pa3JIebl.

Toili e nenu coaenucTBYeT 3HaKOMCTBO C OTJIABJIEHUEM, IIPEIUCIOBUEM, TOCIECIOBUEM.
Becbma mosie3HBIMM 3JIEMEHTaMU HAay4HOTO arnapara sIBJISIOTCS CHOCKM, KOMMEHTapuH, Tab-
JMLBI, TpaUKU, CIIUCKU JUTepaTypbl. OHM HE TOJIBKO MIUIIOCTPUPYIOT OTIENbHBIE MOJOXKEHUS
KHUTH WK CTAaThH, HO M CaMH MO ce0e SIBIISIOTCS TOTIOTHUTENBHBIM UCTOYHUKOM HH(OpMAaIHH
JUTSL YATATEIS.

Ecnu yuratens 3anHTEepecoBajia Kakas-TO BbICKAa3aHHAs aBTOPOM MBICIb, HE Hallle/IIas
OJPOOHOTO OCBEIEHHS B JAHHOM MCTOYHUKE, OH MOXKET OOpaTUThCA K TEKCTY UCTOUYHHUKA, YIO-
MHHAEMOTO B CHOCKE, JTHOO K UCTOYHUKY, KOTOPBI OH MOXKET HAWTH B CIUCKE JTUTEPATYPHI, Pe-
KOMEHIOBAHHOW aBTOPOM JIJIsl CAMOCTOSITEITBHOTO H3Y4YCHUSI.

Cy1iecTByeT HECKOJIBKO (OPM BEICHHUS 3aITUCEH:

— 11aH (MPOCTOM U pa3BepHYTHIN) — Hanbojee KpaTkas Gopma 3anucu NpOUYUTaHHOTO,
IpeCTaBIISIoNIast COOO0H ImepeueHb BOIPOCOB, pACCMaTPUBAEMBIX B KHHUTE WJIH CTaThe. Pa3BepHy-
THIN TUTaH TPENICTaBIIsAET cOO0M OoJsiee MOAPOOHYIO 3aMUCh TPOYUTAHHOTO, C JETaTU3aIuel OT-
JIeNTBHBIX TOJI0)KEHUH U BBIBOJIOB, C BBIIMTUCKOM IUTAT, CTATUCTUYECKUX JAHHBIX U T.1. Pa3BepHy-
THIA TUTaH — HEOIIEHUMBbIN MTOMOIIHKK MPH BBICTYIUICHUHU C JIOKIAJ0M Ha KOHKPETHYIO TeMY Ha

ceMHuHape, KOH(DEPEHITNH;
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— Te3UChl — KPaTKO C(hOpMyIMPOBAHHBIE MIOJ0XKEHUS, OCHOBHbIE TI0OJI0XKEHUS KHUTH, CTa-
TbH. Kak mpaBuiio, T€3UCHl COCTABIIAIOTCA MIOCIE NPEABAPUTEIBHOIO 3HAKOMCTBA C TEKCTOM HC-
TOYHHUKA, IPU €r0 HOBTOPHOM IIPOYTEHUU. OHU ITOMOTaIOT 3alIOMHUTh U CUCTEMATU3UPOBATh UH-
dbopmanuio.

CocraBiieHnE KOHCIIEKTOB

bonpuiyro posib B yCBOGHUM U IOBTOPEHUHU IIPOMJECHHOTO MaTepUajla UIPaeT XOpPOILIUN
KOHCIIEKT, COJIEPKalliil OCHOBHBIE HJIEU IPOUYNUTAHHOIO B yUEOHHUKE U YCIIBIIIAHHOTO B JIEKLIUU.
KoHcnekt — 3710, 110 cyliecTBy, HaOPOCOK, pa3BEPHYTHIH IJ1aH CBA3HOTO paccKas3a [0 OCHOBHBIM
BOIIPOCAM TEMBI.

B kakoli-To Mepe KOHCIIEKT paccuuTaH (B 3aBUCUMOCTH OT MHJIMBUIYaJbHBIX OCOOEHHO-
CTEH CTyJeHTa) HE TOJbKO HAa UHTEJUIEKTYAIbHYIO U SMOLIMOHAIBbHYIO, HO U Ha 3pUTEIbHYIO Ma-
MSITh, IPUYEM TEKCT KOHCIIEKTa HEPEJIKO aCCOLIMMPYETCsI eIl U C TEKCTOM y4eOHUKA WIIN 3aIUChI0
aexuuu. [ToaToMy Jierue 3armoMuHaeTcs cojep’KaHHe KOHCIEKTOB, HAaMCAaHHBIX pa30opuuBo, C
MOTYEPKUBAHIEM WIIM BBIZICIICHHEM Pa3psSAKON KIFOUEBBIX CIIOB U (pas.

CamoCTOATENbHO M3YYEHHBIE TEMBI MPEIOCTABISIOTCS IMPENOoAaBaTeIio B (opMe KOH-
CIEKTa, IO KOTOPOMY IIPOUCXOIUT cobecenoBanue. TeopeTnueckue TeMsl Kypea (OTAeIbHbIE BO-
IPOCHI), BBIHOCUMBbIE HA CAMOCTOSITEIIbHOE U3yUEHUE, IPE/ICTaBICHbI HIDKE.

TunoBble KOHTPOJIBbHBIE 3a/1aHNS U UHBIE MaTepHallbl, XapaKTEPU3yIOIlIKe 3Tanbl (OpMHU-
pOBaHUSI KOMIIETEHIINI

Bomnpocs! 11 cobeceroBanus

1. DnexkTpuueckue CTaHIMU U MOJICTAHIIMK OCHOBHBIE TOHATHUS U ONpeeICHUs

2. I'papukut Harpy3KH JIEKTPOYCTaHOBOK

3. ITapameTpsl TpaduKOB HATPY3KH

4. Y4acTHe TeIIOBbIX MIEKTPOCTAHLIUHI B IPOU3BOICTBE 3JIEKTPOIHEPTUU

5. Yyactue napoTypOMHHBIX KOHJICHCALIMOHHBIX JIEKTPOCTAHLIUN B MPOU3BOJCTBE HIIEK-
TPOIHEPTUU

6. Yyactue napoTypOHMHHBIX TETIO(UKAITMOHHBIX AIEKTPOCTAHIINN B TIPOU3BOJICTBE DIICK-
TPOIHEPTUU

7. Yuactue ra30TypOMHHBIX JIEKTPOCTaHIIUN B IPOU3BOJICTBE AJIEKTPOIHEPTUU

8. YuacTre aTOMHBIX JIEKTPOCTAHIIUN B TIPOU3BOJICTBE AIIEKTPOIHEPTUN

9. Yuactue TuapodeKTPOCTAHIINIA B TIPOU3BOJICTBE AIEKTPOIHEPTHU

10. YuacTue 351eKTpOCTaHLIMi pa3HbIX TUIIOB B TPOM3BOJICTBE IEKTPOIHEPTUU

11. TypGorenepaTopbl

12. T'uaporenepaTopsl

13. Be16op MMUHHBIX KOHCTPYKITHI
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14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
46.
47.
48.

Br160p TOKOTTPOBOIOB ¥ TTPOBOJIOB BO3TYIIIHBIX JIMHUM
Bri6op kabeneit

biiounble cxeMbl

MOCTHKOBBIE CXEMBI

CxeMbl U TPYIIbI COEAMHEHHUS] 0OMOTOK TpaHC(HOPMATOPOB
[InaBkue nperoxpaHuTenu

W3mepurenbHbie TpaHCHOPMATOPHI HATPSIKESHUS
N3mepuTtenbHble TpaHCHOPMATOPHI TOKA

MacnsiHbple BBIKIOYATEIN

Boznyiinelie BhIKITIOYATENN

Dnera3oBble BBIKJIIOYATENIN

Pexumbl pabOTHI 2JIEKTPOYCTAHOBOK
BbICOKOBOIBTHBIE BBIKIIFOYATENN

DNEeKTPOMarHUTHbIE BBIKJIIOUATENIN

Brixmrouarenb Harpy3Ku

Pazbequnurenn

Otpenureny U KOPOTKO3aMbIKATEIN

Cunosble TpaHc(hOpMaTOpBI

Cunosble aBTOTpaHCHOPMATOPHI

HomuHanbHble mapamMeTpsl TpaHC(POPMATOPOB
ABTOMaTHUYECKOE PETYIMPOBaHNE BO30YKIEHHS T€HEPATOPOB
Peneitnast popcupoBka Bo30yKIeHHs T€HEPATOPOB
KoMmnanaupoBanue Bo30yK1€HUS TEHEPATOPOB
PerynupoBanue HanpsKeHUs TpaHC(HOPMATOpOB
JlnHaMmuyeckoe AeHCTBUE TOKOB K.3.

Tepmuueckoe IelcTBHE TOKOB K.3.

DneMeHThl KOHCTPYKIIUHU TpaHC(HOPMaTOPOB

CucTeMbl OXJIaXKICHUsI CUIIOBBIX TPaHC(HOPMATOPOB
Harpyzounas cnoco6HOCTh TpaHchopMaTopoB
KocBeHHbIe cucTeMBbI OXJIaXIEHUSI TEHEPATOPOB
Henocpeactsennoe (popcrpoBaHHOE) OXJIaXKACHUE T€HEPATOPOB
CucteMbl BO30YyX/IeHUS] TeHEpaTOPOB

PeaxTopsl

[[InHHBIE KOHCTPYKIUU

BakyymHbIe BbIKIOUaTeNnn

250



49. TenoBoii pacyeT TpaHchopmMaTopoB

50. OcobennocTH aBTOTpaHC(HOPMATOPOB

51. OrpanuueHue TOKOB KOPOTKOI'O 3aMbIKaHUS

52. beciieTouHoe HE3aBUCUMOE BO30YKIEHHE FeHepaTOpOB

53. Cam0oBO30YyXIeHUE TeHEPATOPOB C MOIYIPOBOJHUKOBBIMU MTPEOOPa30BaATEISIMU

54. ABTOMaTHYECKOE TallleHHE MOJIsl TeHEPaTOPOB

55. DeKTpOMAaIIMHHBIE CUCTEMBI BO30YKICHUS

56. He3aBucrmoe BICOKOYAaCTOTHOE BO30YKIEHUE FEHEPATOPOB C MOITYIPOBOJHUKOBBIMH
BBIIPSAMUTEISIMU

57. He3aBucumoe TUpUCTOPHOE BO30YK/I€HUE T€HEPATOPOB

58. Kak ocymiecTBisieTcst mpoBepKa IIKH 110 YCIOBHUS Harpy309HOI CIIOCOOHOCTH?

59. Kak Bnusier Ha JOMYCTUMBIA TPOAOKUTEIbHBIA TOK IINH YAETBHOE AJIEKTPUYECKOE
COIPOTHBIIEHUE MaTepuana?

60. U3noxute MoHATHE O BEIOOPE POBOJHUKOB 110 SKOHOMHUYECKOH IIIOTHOCTH TOKA.

61. O0bscHUTE BIUSHUE COTHEYHOHN paJialliyl Ha MPOIOIHKUTEIBHBIA TOK IIHH.

62. IlepeuricnuTe OT Yero 3aBUCUT KOHBEKTHBHAs TEIJIOOTJaya IIMHBI OTKPbITOro PY
(OPY).

63. O0BscHUTE BEIOOP TpaHCPOPMATOPOB HA ITOACTAHIIHSIX.

64. Uto Takoe cHCTEeMaTUYECKHE ITeperpy3Ku’?

65. OOBsCHUTE MOHSATHUE IECTUTPATYCHOE MTPABUIIO

66. M3noxute NOpsI0K OnpeeNeHust JOMyCTUMOM Meperpy3ku TpaHcopmaropa 1o Kpu-
BbIM Harpy304HOM CIIOCOOHOCTH B CTy4yae IByXCTYII€HYaToro paboyero rpapuka

67. OT yero 3aBUCHT IPOIIECC CTAPECHUS U3OJISIUH?

68. OT uero 3aBUCHUT METOAMKA pacyeTa uHTerpana Jxoyns?

69. B yem 3akitoyaercsi mpoBepKa MPOBOJHUKOB HAa TEPMUYECKYIO CTOMKOCTh Iipu K37

70. Kakvie mpruHUMAIOTCS AOMYIICHUS ISl pacdyeTa Harpy30K Ha ITUHBI?

71. Kak BausieT B3aMMHOE pacroyioxkeHue a3 Ha dJIEeKTPOAUHAMUYECKHE HATPY3Ku?

72. Tlpy KakoM pAacHoJIOKEHUM HIMH 3JIEKTPOAMHAMUYECKHWE Harpy3ku OyAyT MHHU-
MaJbHBbI?

73. Kak BIUSIOT paccTOsTHUS MEXTy (ha3aMu Ha DIIEKTPOAMHAMUYECKUE HATPy3KH?

74. Yto HaA3BIBAETCSA, IIEKTPOIMHAMHYECKOM CTOWKOCTHIO IIIMHHBIX KOHCTPYKITHI?

75. Kakast mHHAas KOHCTPYKIUS HAa3bIBACTCA AJIEKTPOAMHAMUYECKH CTOHKON?

76. IlepeuncianTe OCHOBHBIE THIBI IIMHHBIX KOHCTPYKIIMA U COOTBETCTBYIOIINE UM pac-

YETHBIE CXEMEI?
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77.

KakoB nopsiiok pacuera 3JI€KTpOJIUHAMUYECKON CTOMKOCTH U30JISITOPOB U IIWH, pac-

HOJIOKEHHBIX B OTHON MIJIOCKOCTH?

78.
79.

HUKa?

80.
81.

KaxkoB nmopsiiok pacuera cCOCTaBHBIX IIMH?

KakoB nmopsiok pacyera mnH, (a3l KOTOPBIX PaCHOIOKEHbI 10 BEPUIMHAM TPEYTOJib-

Yro 3HaYUT COOCTBEHHOE BpEMsI OTKJIIOUEHHsI BBIKITIOUaTens. Kak onpenensercs?

OT 4ero 1 KakuM 00pa3oM 3aBUCST yCIOBHUS MPOBEPKH BBIKITIOUATENS HA TEPMUUECKYIO

CTOUKOCTB?

82.

KaxoBbl YCJI0BUSA IPOBCPKHU BBIKIIIOYATEIIA HA CI/IMMGTpI/ILIHHﬁ TOK?

83. ITo kak¥M COOTHOIICHUSIM OIpCaACIICTCA BO3SMOKHOCTb OTKIIFOUCHU A anepnoxmqecxoﬁ

cocrasJiistroniei Toka K3?

84.
85.
86.
87.
88.
89.
90.
91.
92.

KakxoBo HazHaueHHe BBHIKIIIOYATEIIS?

[To kakuM ycTIOBHSIM BBIOUPAIOT BBIKIIOYATEINH?
JIBe paboume cHCTEMBI UH C 00XOTHON
MoOCTHKOBBIE CXEMBI

Cxemsbl 3/2 1 4/3

N3meputenbabie TpaHCHOPMATOPBI TOKA
Bbiounsle cxeMbl

Cxema kBajgpara

Opna pabouas cuctema IUH ¢ 00XOAHON
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Memoouueckue YKa3anusi no 6blNOJIHEHUIO KYypPC06020 npoeKkma

KypcoBoil IpOEKT — 3TO CaMOCTOSTENBHOE HMCCIEIOBAHUE CTYIEHTOM OIIPEIEICHHOMN
po0JIeMbl, KOMITJIEKCa B3aMMOCBSI3aHHBIX BOIPOCOB, KACAIOIIUXCSI KOHKPETHOM TEMBI.

BrinmonHenue KypcoBoro MpoeKkTa HaYMHAETCS € TOJIYyYEHUs BapUaHTa 3aJJaHus U TEMBL.

3areM CTyIeHT NPUXOIHUT HA TEPBYI0 KOHCYJIBTAIMIO K PYKOBOJIUTEIIO, KOTOpast mpey-
CMaTpHUBACT:

- 00cyX/IeHHe 1IeNIU U 3a7a4 pabOoThl, OCHOBHBIX MOMEHTOB IIPOEKTA;

- KOHCYJIbTUPOBAHUE IO BOIIPOCaM Moa00pa TUTEpaTyphl;

- COCTaBJIEHUE IIPEIBAPUTEILHOIO I1JIaHa;

- cocTaBJIeHHE rpaduKa BBITOIHEHUS KyPCOBOTO MTPOCKTA.

Crnenyrouum sTanomM sBisieTcst paboTa ¢ nuteparypoil. HeoOxonumas nuteparypa noaodu-
paeTcs CTyJIEHTOM CaMOCTOSTEIbHO.

[Tocne mogbopa nuTepaTypsl 1es1ecoo0pa3Ho cAenaTh pabounidi BApUaHT Iu1aHa padboTel. B
HEM HY)KHO BBIJICIUTH OCHOBHBIE BOIIPOCHI TEMBI U Taparpadbl, paCKphIBAIONINE UX COJIEPIKAHHE.

CocTaBIlIeHHBII CIUCOK TUTEPATyPhl ¥ IPEIBAPUTEIbHBIN BAPUAHT IUIaHA YTOYHSIOTCS, CO-
[JIaCYIOTCS Ha O4EPEAHON KOHCYIbTAIUU C PYKOBOJIUTEIIEM.

3areM HAuYMHAETCS CIEAYIOIIMNA 3Tanm paboThl - U3ydyeHHUE JUTEepaTyphl. TOJIBKO BHUMa-
TEJIBHO YNTasi ¥ KOHCIIEKTHPYS JIUTEPATypPy, MOKHO pa3o0parbcsi B OCHOBHBIX BOIIPOCAX TEMBI U
HOJTOTOBUTHCS K CaMOCTOSITEIbHOMY (aBTOPCKOMY) M3JIOKEHHUIO COJEPXaHUS KYypCOBOTO IPO-
eKTa.

Cucremaruzansi ¥ aHaJIU3 HM3YYCHHOW JIMTEpaTypbl MO3BOJSIOT CTYACHTY HAIWCaTh
MEePBYIO (TEOPETUUYECKYIO) YaCTh.

Pabounii BapuaHT TEKCTa KypcoOBOTO MMPOEKTA U IparuecKuii MaTepHral npeoCcTaBIseTcs
PYKOBOJUTENIO Ha mpoBepKy. Ha ocHoBe pabodero BapuaHTa TeKCTa PyKOBOJUTEIb BMECTE CO
CTYJICHTOM 00CYXIaeT BO3MOKHOCTH TIOPAOOTKU TEKCTa, €ro 0(hOpMIICHHE.

[Tocne nopaboTku KypcoBOM MPOEKT claeTcs Ha Kadeapy AJis ee OLeHUBAaHUS PYKOBOIU-
TEJIEeM.

3ammra KypcoBOro MpoeKTa CTYJIEHTOB MPOXOJUT B CPOKH, YCTAHOBJECHHBIE IpaduKoOM
yueOHOro Impoliecca.

OcHoBHbI€ ATanbl padoThl U TPeOOBaHUSA K O(POPMIIEHUIO U 3aIllUTE OTPAKEHBI B METOIU-

YCCKUX YKa3aHHAX IO BBIITOJIHCHUIO KYPCOBOT'O ITPOCKTA.
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Metoanyeckue YKazaHusd 10 MOATOTOBKE K IK3aMEHY

I/ISY‘IGHI/IG JUCHUITIIUHBI ((SJIGKTpI/I‘-IeCKI/Ie CTaHIIUU W TOACTAaHIIUN» 3aBCPIIACTCA SK3aMC-
HOM. [ToAroTOBKa K 3K3aMEHY CIIOCOOCTBYET 3aKPEIUICHUIO, YIITYOJICHHIO U 0000IICHUIO 3HAHUIA,
MOJTy9aeMbIX, B IIpoliecce 00yUYCeHNs, a TAK)KE IPUMEHEHHIO UX K PEIICHUIO TIPAKTUYECKUX 3a/1a4.
['oTOBSICH K HK3aMeHY, CTYJEHT JIMKBUIUPYET UMEIONecs IpoOeibl B 3HAHUSX, YIIIyOJseT, Ch-
CTCMATU3UPYCT U YIIOPAJOUNBACT CBOU 3HAHU. Ha sx3amene CTYACHT ACMOHCTPUPYCT TO, UTO OH
nproOpen B mporiecce 00ydeHHst M0 KOHKPETHOH yu4eOHOM MUCIUTUIAHE.

Ha xoHcynpTanmmu nepea 9K3aMEeHOM CTYACHTOB IO3HAKOMSIT C OCHOBHBIMH TPeOOBaHU-
SIMH, OTBETSAT Ha BO3HUKIINE Y HUX BONPOCHL. [103TOMY mocenieHne KOHCYIbTaluid 00s13aTeNbHO.

[Tpu moAroTOBKE K 3K3aMeHy HEOOXOAMMO HCIIONh30BaTh KOHCIIEKTHI JICKITHH IO JAUCIIH-
IUIMHE, YYCOHUKH U y4eOHbIe TTOCOOUs (M3 CITUCKA OCHOBHOM W JIOTIOJHUTEIILHOW JIUTEPATYPHI)
VI KOHCIICKT JINTEPATYPhl, IPOYUTAHHOM 110 YKa3aHHUIO NIPENoiaBaTells B TCUCHUE CEMECTpa.

Brauate ciieryer mpocMOTpeTh BECh MaTEPHAI IO CAABAEMOW TUCIUTIIMHE, OTMETHTH JUIS
cebst TpynHbie Borpockl. O0s3aTensHO B HUX pa3oOpaThes. B 3akimoueHue eme pas 1enecooo-
pa3HO OBTOPUTH OCHOBHBIC ITOJIOKEHUSI.

CucrteMaTuyieckas MoJIroTOBKA K 3aHATUSM B TEUCHUE CEMECTpa MO3BOJUT MCIIOJIb30BATh

BpEMsl DK3aMEHAIIMOHHOW CECCUU JJIsI CACTEMATU3al[UU 3HAHUM.

Bonpocsl k 3k3ameny

1. DnexkTpuueckue CTaHIIMU U MOJICTAHLIMU: OCHOBHBIE IOHATHUS U ONpeIeIeHUsI.

2. I'padpuku Harpy3KH MEKTPOyCcTaHOBOK. [lapameTpsl rpaikoB HAarpy3Ku

3. CunoBsle TpancpopmMaTopsl, aBTOTpaHchopMaTopsl. HOMUHaIBHBIE TApaMETPBI, CXEMBI
U Tpymnmsl coenuHeHUH. CHCTEMBl OXJaXKACHUS CUJIOBBIX TpaHchopMaTopoB. PerymupoBaHue
HanpsbkeHus Tpaacgopmaropos. [Torepu u KIIJ] Tpancdopmaropos.

4. lunaMA4YecKOoe ¥ TEPMUUYECKOE JICHCTBUE TOKOB K.3. Y TapHbIE U YCTAHOBUBIITUECS TOKH
K.3. CXxembl 3aMeIIeHMS.

5. OrpanndeHue TOKOB KOPOTKOI'O 3aMbIKaHHUS. 3alllUTHbIE U TOKOOTPaHUYHBAIOIIUE all-
naparsl.

6. PexnMBI pabOTHI AJIEKTPOYCTAHOBOK. Pe)KUMBI HEUTPAITH 3JIE€KTPOYCTaHOBOK.

7. 3azemstoniye ycTpoiicTBa. Buabl 3a3eMieHuit 351eKTpoycTaHOBOK. BapuanTtel mpume-
HEHUS U UCIIOJIHEHUS.

8. M3omnsTopsl, kKabenu, TOKOMpoBOAbl. KOHCTPYKIIMU OMOPHBIX, TPOXOAHBIX U MOABECHBIX
n30J1TOpoB. Br100p Kabemnei.

9. lN'amenne nyru. OCHOBHBIE CITOCOOBI TaIlIEHU IyTH B ammaparax a0 1 kB.
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10. 'amenue ayru. OCHOBHBIE CIIOCOOBI TAIlICHHS AYTH B anmaparax cBbimie 1 kB.

11. Bakyymuble Boikitouatenu. O0mme cBenenus. Koncrpykiusa. Ou3ndeckue 0CHOBBI
CYILIIECTBOBaHUA yT'U B Bakyyme. Y crpoiicteo BIIK.

12. Macnsubie Boikiouarenu. Oomue ceeaeHus. Koncrpykuus. [Tpuniun nerictBus ay-
TFOraCUTENbHBIX YCTPONCTB.

13. Boznymabie Beikrodarenu. O0mmue cBepenus. Konctpykius. JloctomHcTBa, HEI0-
ctaTku. [IpuHnun neldcTBUs AyroracUTEIbHBIX yCTporcTB (1Y) BO3AYIIHBIX BBIKIIIOUATENEH.

14. DnerazoBbie Boikmouarenu. OOume ceaenus. Koncrpykius. OU3nKo-XuMUYecKue
CBOICTBa 3s1era3a. [[yroracutenbHble yCTPOUCTBA.

15. Pazpeuautenn. O0mue ceenenus. Knaccudukanus, TpedoBanusi. TUTIBI yCTAHOBKH.

16. M3mepuTenbHbIe TPaHCPOPMATOPHI HATPSKCHUS.

17. I3amepuTenbHbie TpaHCc(hOpMATOPHI TOKA.

18. CtpyKTypHBIE CXEMBI MIEKTPUUYECKUX CTAHIMNA U noAcTaHIud. CTPYKTYpHBIE CXEMBI
MOJCTaHIIHM.

19. DnexTpocHabkeHNEe COOCTBEHHBIX HYX]I 2JIEKTPOCTAHIIUI U TIOJICTAHIIHH.

20. Opranuzanus 1enei onepaTuBHOrO TOKa 3JMEKTPOCTAHININ U moAcTaHuui. Busl one-
paTuBHOrO TOKa. [I[puMeHeHNe akKyMYISTOPHBIX OaTapeil U BBIMPSIMUTEIbHBIX YCTPOMCTB.

21. CxeMBl dNIEKTPUIECKUX COSTMHEHHUN. BII0YHbIE 1 MOCTHKOBEIE CXEMBI.

22. CxeMbl 2IeKTPUIECKUX coennHeHnd. CXeMbl pabouuX CUCTEM IIWH, YEThIPEXYToJIb-
HHKAa, cXeMbI 3/2 u 4/3.

23. [IpoexTupoBaHHe U KOHCTPYHPOBAHUE IEKTPOYyCTaHOBOK. TpeboBanus k cxemam 11C
U 4EepPTEKaAM.

24. Opranu3zanus TUIaBKH rojiojiesia Ha BO3AyIHbIX TuHuX. Cxemsr [11'. [lnaBka rojonena
MOCTOSIHHBIM U IIEPEMEHHBIM TOKOM.

25. ludposas noacranmms u MOK 61850.

26. DneKTpuYecKre CTAaHIIMHU U TTOJICTAHIIMN OCHOBHBIC TIOHSTHS U OTIPEIEIICHUS

27. Cunoseie TpanchopmaTopsl, aBToTpanchopmaTopsl. HoMuHaNbHBIE TapameTpsl,
CXEMBI U TpyHIbl coenuHeHnd. CHCTeMBbl OXJIQXXICHHUs CUIIOBBIX TpaHchopmMaTopoB. Perymupo-
BaHMe HanpshkeHus Tpancpopmaropos. [Torepu u KITJI Tpanchopmaropos.

28. PexxuMbl paboTHI 3JIEKTPOYCTAHOBOK. PeKMMBI HEHTpan dIIEKTPOYCTAHOBOK.

29. UzonsaTopsl, kabenn, TOKOTPoBOAbl. KOHCTPYKIIMK OMOPHBIX, TIPOXOTHBIX U TO/IBEC-
HBIX U30JITOpOB. BrIOOp Kabemneil.

30. lNamenue gyru. OcHOBHBIE CITOCOOBI rallleHus IyTH B anmnapaTax cBbire 1 kB.

31. Bakyywmusbie Boikmtodarenu. O6ume ceeaeHus. Konctpykmus. Ou3ndeckue OCHOBBI

CYIIECTBOBaHUA IyTH B Bakyyme. Y cTpoiictBo BJIK.
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32. Boznymnbie Beikmouatend. Oonme cBeaeHus. Koncrpykmus. JloctomHcTBa, HEmo-
ctaTku. [IpuHnun nelcTBUs AYroracUTCabIbIX yCTpoicTB (1Y) BO3AYIIHBIX BBIKJIIOUATENIEH.

33. Pazpeaunurenu. O6mue ceenenns. Knaccudukanus, tpedboBanus. TUIBI yCTaHOBKH.

34. IamepurenbHbIe TpaHCPOPMATOPHI TOKA.

35. DnekTpocHaOKeHHE COOCTBEHHBIX HYX] JIEKTPOCTAHIIUNA U TTOACTAHIIHH.

36. CxeMbl NEKTPUIECKUX COSIMHEHHUN. BlI0UHbIE 1 MOCTHKOBBIE CXEMBI.

37. IIpoexTupoBaHUEe U KOHCTPYUPOBAHUE IIEKTPOYCTaHOBOK. TpeboBanus k cxemam 11C
U 4epTEeKaM.

38. Yuactue mnapoTypOMHHBIX TEIUIO(DUKAIMOHHBIX 3JIEKTPOCTAHLIMUA B INPOU3BOJCTBE
AIIEKTPOIHEPTUH.

39. Peneiinas popcupoBka Bo30yKI€HHUS TEHEPATOPOB.

40. ABTOMAaTHYECKOE rallleHHe MOJIsi TeHEPaTOPOB.

41. I'paduku HArpy3KHU AIEKTPOYCTaHOBOK. [lapameTpsl rpadKoB HArpy3KH.

42. JlnnaMu4ecKoe ¥ TePMHUYECKOE JICHCTBUE TOKOB K.3. Y IapHBIC M YCTAHOBUBIIECS TOKU
K.3. CXeMbl 3aMeleHusl.

43. OrpanuveHre TOKOB KOPOTKOTO 3aMbIKaHUs. 3allIUTHBIE ¥ TOKOOTPAHHUYMBAIOIIUE afl-
naparsl.

44. 3azemistoniue ycTporcTBa. Buibl 3a3eMiIeHUI AIEKTPOYCTaHOBOK. BapuaHThl mpume-
HEHHSI U MICTIOJTHEHHSL.

45. T'ammenne nyru. OCHOBHBIE CIIOCOOBI TallleHus AYTH B amnmnaparax a0 1 kB.

256



Yueono-memoouuecrkoe u unghopmayuonnoe obecneuenue oucyuniunvl

Ilepeuenv ocHo6HOU U 0ONOTHUMENbHOU TUmMEPAMYPbl, HEOOXOOUMOU 01 OCEOCHUA
OUCUUNTUHDL

Ilepeuens ocnoenoil tumepamypol:

1. ®ununmosa, T.A. OnTuMu3anus peKUMOB AIEKTPOCTAHIIUNA U YHEPTOCUCTEM : y4eO-
Huk / T.A. ®wmnmnosa, FO.M. Cunopkun, A.I'. Pycuna ; MunucTepcTBO 00pa3oBaHus U HAYKH
Poc-cuiickoit deneparun, HoBocuOupckuii rocy1apcTBEHHBIN TEXHUYECKUM YHUBEPCUTET. - 2-€
u3a. - HoBocubupcek : HI'TY, 2016. - 359 c. : cxem., ui. - bubmuorp.: ¢. 349-350 - ISBN 978-5-
7782-2743-9 ; To xKe [DnexkTpoHHbII pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=438316

2. Kyneesa, JL.U. [IpoektupoBanue nojacranuuu : yueonoe nocodue / J.U. Kyneesa, C.B.
MuTtpodanos, JI.A. CemenoBa ; MunuctepcTBo oOpazoBanus u Hayku Poccuiickoii @ene-panuu,
Open6yprekuii ['ocynapctBennsiii YauBepcutet. - OpenOypr : OI'Y, 2016. - 111 c. : ui., cxem.,
Tabm. - bubmmorp.: ¢. 61-63 - ISBN 978-5-7410-1542-1 ; To xe [ DnexrponHsIii pe-cypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=468847

Ilepeuens oononnumenvnoil 1umepamypol:

1. Hemupogsckuii, A.E. DnexTpooOopyaoBaHUe 3IIEKTPUUYECKUX CETeH, CTaHIMM U MoJ-
ctaHuui : yueOHoe nocooue / A.E. Hemuposckuii, N.1O. Cepruesckas, JI.}O. Kpensiesa. - 2-e
u3a. gom. - Mocksa ; Bonorga : Uadpa-Umxkenepus, 2018. - 149 c. : un. - bubnuorp.: c. 114 -
ISBN 978-5-9729-0207-1 ; To xKe [OnexTponnblit  pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=493858

Ilepeuens yuedbno-memoouueckozo odecneueHus camocmoamenbHol padomul 00yuaio-
wuxca no OucyunIune

1. Meroauueckue yKa3aHUs MO BBINOJIHEHUIO NPAKTUYECKUX pPabOT MO JAMCLUIUIMHE
«OJIEKTPUYECKUE CTAHIIUU U TIOJCTAHIIANY.

2. Meronuyeckue yka3aHHUS IO BBIIOJHEHHUIO JIaOOPAaTOPHBIX pabOT MO IUCHUILUINHE
«OIJIEKTPUYECKUE CTAHLIUU U TIOJCTAHLIANY.

3. Meroanueckue yka3zaHus 0 BBIIIOJIHEHUIO KYPCOBOTO MPOEKTA 110 TUCLHUIUINHE «DJIEK-
TPUYECKNE CTAHLIUN U MTOJICTAHIINH.

4. Meronuyeckue yKa3zaHUsSl IO OpraHU3aluy U MPOBEACHUIO CAMOCTOSATEIbHONU padOThI

IO AUCHUIIIINHE <<3JI€KTpI/I‘I€CKI/Ie CTaHIIMHU U IIOACTAaHLIUN)).
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http://biblioclub.ru/index.php?page=book&id=468847
http://biblioclub.ru/index.php?page=book&id=493858

Ilepeuens pecypcoe unghopmauuoHHo-meaeKoMMyHuUKayuonnoi cemu Hnmepuem, ne-
00X00UMBIX 0151 0C6OCHUA OUCUUNTUHDL
1. http://www.biblioclub.ru -OBC "YHuuBepcurerckas OubaroTeka oHimaiH"

2. http://lwww.iprbookshop.ru/ - Dnekrponto- 6ubnuoreuynas cucrema IPRbooks
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