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1. PaGouass nporpamMMa JUCIHUNJIMHBI
1. HEJIM U 3AJIAYU OCBOEHUA JUCIHUIIJIMHBI

[ensimu OCBOEHUS AUCHMILTUHBI «IJIEKTPOCHAOKEHNE MTPOMBIIITICHHBIX TPEIIPUITUN SBISIIOTCS
dbopMUpOBaHNE CHCTEMATH3UPOBAHHBIX 3HAHUM B 00JIACTH M3YYCHHE MPUHIIUIIOB MOCTPOCHHUS
LEXOBbIX  AJEKTPUYECKUX  ceTed, (OpMUpPOBaHHE  KOMIIETEHTHOCTHOTO  MOAXOAa K
MPOSKTUPOBAHUIO  CXEM  DJJEKTPOCHAOXKEHHUS  MPOMIPEANPUATAN,  aHAIM3  BOIPOCOB
JJIeKTpOoCHAOXKEHUsI B OKCIUTyaTal[Md, TJIyOOKOe H3y4eHHEe Ha OCHOBE CHCTEMHOI'O aHajan3a
CHEIMANIbHBIX TJIaB AJIEKTPOCHAOKEHMS, Han0oJiee aKTyalIbHBIX B HACTOSIIIEE BPEMSI.

3anauu TUCHUTUIMHBL

. aHaJIM3 BOIPOCOB AEKTPOCHAOKEHUS B AKCIUTyaTallMH, INIyOOKOE HM3Y4YeHHE Ha OCHOBE
CUCTEMHOIO aHaju3a CIeUUaJbHBIX TJIaB DJEKTPOCHAOXKEHHUs, Haumbojee aKTyaJlbHbIX B
HACTOSLIEE BpEMH.

. O3HAaKOMJICHHE CTYACHTOB C METOAOM IIPOEKTHPOBAHHSA MU €r0 aJIFOPUTMOM M OCHOBaMHU
pacueTa 1o BEIOOPY MEKTPUUECKUX allapaTOB MIEKTPOIHEPTETUUECKUX CUCTEM.
. (dbopMHpOBaHHE CUCTEMHBIX U MPOPECCHOHATBHBIX KOMIIETCHIIUH MO MPOEKTUPOBAHHUIO U

OKCIUTyaTallMl CHCTEM 3JICKTPOCHA0KEHUS MPOMBIIUICHHBIX NPEANPUATHIA, MO NPHUMEHEHHUIO
9HeprocoeperaroInux TeXHOJIOTUl;

2. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OOII BI1O

Juctunimza «91eKTpocHa0KeHHE MPOMBIIIICHHBIX MPEANPUITAN» BXOJAUT B IUKJI AUCHUTIIHHBI
Crnemmammzanuu  (C.JIC.®.4) u npexycMmaTpuBaeT IiiyOOKOE H3Y4YE€HHUE W pa3BUTHE psijia
BOMPOCOB auctUIIHHBI 0710Ka CJ] «CrcTeMbl 2JIEKTPOCHA0KEHUS».

B nekunoHHOM Kypce B LEIOCTHOH (opme 0000mIAIOTCS MOJMy4YeHHbIE paHee 3HaHUS 110
TEOPETUUYECKHM OCHOBAM JJIEKTPOTEXHUKH, (GU3UKH U MaTEMaTHKE, FJIEKTPOIHEPreTUKe U Jp., U
Ha X OCHOBE (POPMHPYIOTCS 33[a4d U3YyUEHHsI JaHHOTO Kypca — IOJIy4eHUE CTy/IeHTaMU 3HAHUH:
NPOEKTUPOBAHUS M OKCIUTyaTallud CHUCTEM OJJIEKTPOCHAOXKEHUs, M3YYeHHE METOJOB pacyeTa
AIIEKTPUUYECKUX HArpy30K.

Crynentsl, oOydaromuecss 1Mo JaHHOW IUCIHMIUIMHE, JOJKHBI 3HATh U BIAJIETh CIEAYIOUIUMU
MaTepHalaMHu:

Marematuka: anredpa, perieHue CHUCTEM anre0panvecKux ypaBHEHHH, nuddepeHIaibHbie U
UHTETpaJbHbIC UCUUCIEHHSI, Tpadbl, TeOpUs QYHKIMNA KOMIUIEKCHOTO IIEPEMEHHOT0, BEPOSATHOCTh
U CTaTHUCTHUKA.

®dusnka: 3MEKTPUYECTBO U MAarHETU3M, SBJICHHUS CBEPXIIPOBOIMMOCTH, MOIYIIPOBOIHUKH,
MPUHIIMUITBI HEOMIPEIETICHHOCTH.

Teopernueckne OCHOBBI ANIEKTPOTEXHUKHU: YPABHEHHUS JIEKTPOMArHUTHOTO OIS, 3aKOHBI
JNEKTPUYECKUX IIeTel; TpexdasHble LENU; TEOpHsl dJIEKTPOMArHUTHOIO IOJIsI, TTOBEPXHOCTHBIN
s ekt u 3pheKT OIU30CTh; AIEKTPOMATHUTHOE YKPAHHPOBAHUE.

DeKTpOMeXaHHKa! THUIIBI INEKTPUUYECKUX MalIvH, TpaHcpopMaTopsl,
aBTOTPaHC(HOPMATOPHI, UX PEKUMBI PAOOTHI, KOHCTPYKIUH.

DNEKTPOIHEPTeTUKA: OCHOBHBIE CBEIEHHUS OO0 DSJIEKTPOIHEPreTUYEeCKHX CHCTEMax, CHCTeMax
AIIEKTPOCHAOKEHHUSI, METOJIaX PACYETOB YCTAHOBUBIINXCS PEKUMOB.

DNEKTPONMUTAIONINE CUCTEMBI M 3JIEKTPUUECKUE CETH: OCHOBBI MPOECKTHPOBAHUS 3JIEKTPUUECKUX
ceTeH.

3. TPEBOBAHUSA K YPOBHIO OCBOEHUS COAEPKAHUSA JUCHUIIIIMHBI

B pesynbrare OCBOCHUS UCHUIUIMHBI OOYYAIOUIMICS JIOJDKEH JIEMOHCTPHPOBATH CIEAYIOIINE
pe3yabTaThl 00pa30BAHUS:

1) 3uare:

COBPEMEHHBIC METOBI IPOSKTHPOBAHUS CHCTEM 3JIEKTPOCHAOKEHHUS TPOMBIIIUICHHBIX TIPEIITPHSTHIA,
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CXEMbI HU3KOBOJIbTHOI'O 3H€KTpOCH216)K€HI/I}I;
KOHCTPYKTUBHOC HCIIOJIHCHHUE 3JIECMCHTOB HU3KOBOJLTHOM CETH,

BBIOOP M MIPOBEPKY CEUEHUH MPOBOAHUKOB, KOMMYTAIIMOHHO-3AIIUTHBIX alapaToB HAIPSLKEHUEM 10

1000B;

IIYCK M CaMO3aIlyCK JIEKTPO/IBUTATENEH;

PEXUMBI pabOTHI HEHTpaNIEH;

NIEPErPY30YHYIO CLIOCOOHOCTD 3JIEMEHTOB CXEM AJIEKTPOCHAOKEHUSL.

2)  VYwmerts:

BBIOMPATH CXEMBbl HU3KOBOJIBTHOM JIEKTPHUECKON CETH,
paccYMTHIBaTh TOKH KOPOTKHUX 3amMbIkaHuii B ceTsx 10 1000B;
BBIOMpATH KabesH, MPoBOa, IIMHOIPOBO/IbI, 3JIEKTPOIIPOBOJIKY;
BbIOMPATh KOMMYTALMOHHO-3ALIUTHYIO allllapaTypy ¢ 00eCIeYeHUEM CEIEKTUBHOCTHU €€ padoThI;
OTIpENeNATh JIUTEIBHOCTh IyCKa U BBIOMPATh CXEMBI ITyCKa 3JIEKTPOIBUTATENICH;
pelaTh BOIPOCH CaMO3aIyCcKa 3JIeKTPOABUraTeseH;
BBIOMPATH PEKUMBI paOOThI HEHUTpaH;
OCYILECTBIISATh KOMIIEHCAIIMIO EMKOCTHBIX TOKOB 3aMbIKaHUS Ha 3€MIIIO;

OMNpCACIIAATL B HOCHeaBapHﬁHBIX U PCMOHTHBIX PCKUMaAX NOMYCTUMBIC ICPCTPY3KHU 3JICMCHTOB
CXEMBI JICKTPOCHAOKECHHUSI.

3) Bnagers HaBBIKAMH:

aHaJIM3a CXeM DJIEKTPOCHA0XKEHUS TPOMBIIIJICHHBIX MPEANPUSTUH;
MPOEKTUPOBAHUS HU3KOBOJIBTHOTO AJIEKTPOCHAOKEHUS,
OLICHMBAHMSI BO3MOXHOCTHU ITyCKa U caMO3alycKa 3JeKTpOABUTaTeeH.

4. CTPYKTYPA

n COAEPKAHUE JIUCHUIIJIMHDbI

MPOMBIIIJIEHHBIX IPEAITPUSATUI»

QJIEKTPOCHABXEHHUE

OO01mast TpyA0eMKOCTh JUCHIUTUINHBI cocTaBiser 150uacon

N g Bunast yueOHoii pabots] DopMBbI TEKYIIETO KOHTPO
I o § BKJTFOYAsi CAMOCTOSITEIIbH]  YCIIEBAEMOCTH (1o Hedels
Pasien § § paboTy CTYIEHTOB H cemecmpa) |
TMCLUILTHHEL z = TPYAOEMKOCTh (33 gacax] Dopma MpoMeKyTOUHO}
O S JIK I3 JI CP( arrecramuu (no cemecmpd
@]
s
1 | Bayrpennee 1-6 15 5 5 12 1,3,5 vegenu — Onu-om
DIIEKTPOCHAOKECHHE Ha JIEKI[UU,
MpEANPUITHI 2,4,6 Hemenmu — ompoc
HanpsokeHueM 10 1kl MPAKTHKE, 3aly
WH/IMBUIYaIbHOTO
JIOMAIITHETO 3a/IaHus, 3aIll
71a00-paTOpPHBIX padboT
2 | Beibop 3JIEMEH 7-1( 15 5 5 12 7, 10 memenu - Onum-orn
HU3KOBOJIBTHON CETH HA JICKIIVH;
KOHCTPYKTHBHOE 8, 9 Hemenmu - ompoc
UCTIOTHEHUE MPAKTHKE, 3aly
TpaHC(HOPMATOPHBIX WHIWBUIYaILHOTO
pacrpeaeIuTeTbHBIX JIOMAIITHETO 3aaHus; 3aIl]
MOJICTAaHIUI 1a00-paTOPHBIX paboT

8 Henenst — KOJIJIOKBUYM




3 | CnocoGbl m cxembr my]  {  11-1 15 5 5 13 11, 15, nepenu - ompoc
BBICOKOBOJIbTHBIX MPaKTHKE, 3alg
HU3KOBOJIbTHBIX WHIUBUIYaILHOTO
JBUTaTenei JIOMAIITHETO 3a/laHus, 3alll
JIOITYCTUMBIE TIEPETpPY] oTyera 1o J1aboparTopy
3JIEMEHTOB CHC] pabore
AIIEKTPOCHAOKEHHS 12 wnenmens — KOHTPOIb

paborta
13, 14uenenu — Onui-omn
Ha JIEKIINU

4 | IIpomexxyTouHas DK3aMeH
aTTecTanus ( KIT

[Tpumeuanus:

JIK — nexnun, [13 — npaktrueckue 3anstus, JI3 —nadoparopusie 3ausatus, CPC — camocTosTensHas
paborta cryaentoB, KIT — kypcoBo# mpoeKT.

5.COAEP/KAHHUE PA3JIEJOB U TEM JUCHUIIVIMHBI

5.1.JIexkuun

Paznen 1. BuyrpenHee anekTpocHaO)XeHUE PEANpHUATHI HanpsbkeHneM 10 1 kB.

Tema 1. Bregenne - 2uaca

[enu u 3agaun kypca. CTpyKTypa U mapamMeTpbl HU3KOBOJIBTHOTO 3J1eKTpocHa0keHusi. OCHOBHbIE
noHsITUsS U omnpeaeneHus. OCOOCHHOCTH pacueTa HAarpy30K B I[EXOBBIX CETsIX. XapaKTePUCTHKU
MIPOU3BOJICTBEHHBIX MIOMEIICHUH MO YCIOBUSAM OKPYKAIOIIEH Cpelibl, X Kiaccudukarus.

Tema 2. BHyTpeHHee 3J1eKTpoCHa0KeHUe MpeInpusiTuil HanpsokeHueM 10 1 kB — 4yaca.

OO0mue mNpUHIUNBI TIOCTPOCHHUST IIeXOBBIX cerei. Kiaccudukanms 1exoBbIX ceTed 1o
KOHCTPYKTUBHOMY UCTIOJNTHEHUIO. CXEeMBI IIEXOBBIX ceTeil. BEIOOp HaMpsHKeHHS B IEXOBOW CETH.
Tema 3. Haznauenue mpoBojoB. MapKupoBKa, CriocoObl MPOoKIaaku. KOHCTPYKIUS U CIIOCOOBI
MPOKJIAIKK KaOENbHBIX JWHUN. TOKOMPOBOJBI, IIMHOMPOBOMBI, JSJIEKTPOMPOBOAKH, TPOJUICH.
[Tpenoxpanutenu 1 aBTOMaTHYECKHE BBIKITIOYaTenn — 4 yaca.

Hasnauenme kabens. W3omsmust >xun  kabens: kabenmbHass Oymara, MpONHUTaHHAS
MacJIOKaHH(OIbHBIM COCTAaBOM; pE3MHA; MOJMBUHUIXJIOpUAA W TOJUATHIEH. MapKupoBka
kabems. CrocoObl MPOKJIANKK BHE TMOMEIICHUN: B TpaHIIESX, KaHamax, TyHHENsAX, OJIOKax,
sctakagax. CrnocoObl MPOKIAJKH BHYTPU COOPYKEHHMH W MPOU3BOACTBEHHBIX MOMEIICHHH: Ha
HACTCHHBIX KOHCTPYKIIHSX, JIOTKaX, B KOPoOax, yKPEIICHHBIX Ha CTCHAX.

Tema 4. HaznaueHue ToOKompoBoaa. J[pWama3oH MOIIHOCTEH W JUIMH, NMPU KOTOPBIX
BBITOJITHO NMPUMEHEHHE TOKOMPOBOJOB. VICIOMHEHHE TOKOMPOBOIOB: OTKPBITHIC, 3aLIUIICHHBIE U
3aKpbIThIe. THUITBI TOKOIIPOBOIOB: KECTKUE U THOKNE — S5YacoB.

Ha3nauenne KOMILJIEKTHOrO MIMHONPOBOAA. KpaTHOCTh AJMH CEKUUN HIMHOIPOBOJOB
gucay 770 mm. Maructpaneubie (IIIPM) wu pacnpenenurensubie 1mmHonpoBoabl (IIIPA).
[[InHOMIPOBOABI pa3auyYaroOUIUecs: MO TUIY HArpy3KH. OCBETUTEIbHbIE M CuioBble. KpaHoBble U
TPOJUICHHBIE IIMHONPOBOABI. PsAJl HOMHUHAIBHBIX TOKOB M HANpPsDKEHUS IIMHONPOBOJOB.
Hcnonnenne mmHONpoBoa0B. Tposuteitabie mmHonpoBoas! ([LITM), KOMIUIEKTHBIE TPOJUICHHBIC
mHOTpoBOABI (ILITA). OcBetutensubie mmHompoBoas! (LLIOC).

DNEeKTPONPOBOAKA Ha3HAUYCHUE U 00JACTh MPUMEHEHHS. MapKUPOBKa AJIEKTPOIPOBOJIOK.
DIIEKTPONPOBOIKA BHYTPH 3JaHUI: OTKPBITas U CKpbiTasd. HapyskHas 3J1IeKTpOnpoBOAKa.

[InaBkue mpemoxpaHuUTeNd: padOuYWil TOK 3amuimaeMoil 1enu. TOk TUTaBKOW BCTaBKHU.
3alUTHAs XapakTepUCTUKA IUIABKOM BCTaBKU. BpeMsITOKOBbIE XapaKkTEpUCTUKM U Kapra
CEJIEKTUBHOCTHU. IIpenenbublii TOK OTKII0YEHUA. TOK TOJI0BHOIO y4acCTKa 3allMINAEMOM CETU U TOK
Ha OTBETBJICHUH K MOTPEOUTEINIO.

ABTOMATHYECKHE BBIKJIIOYATENIM. 3amuTHas (BpEMITOKOBas) XapaKTePUCTHKA aBTOMATA.
TennoBol pacuenuTenb U 3JIEKTPOMAarHUTHAsE OTCEYKa. THUIbl, KOHCTPYKIUH, XapaKTEPUCTHKA U
HOPUHIUI PaOOTHI.
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Pazmen 2. BpIOOp 51I€MEHTOB HHU3KOBOJBTHOM CETH W KOHCTPYKTUBHOE HCHOJHEHHE
TpaHC(OPMATOPHBIX M paclpeleNUTENbHbIX MOACTAaHINH

Tema 5.KoHCTpYKTHBHOE UCIIOIHEHUE TPAHC(POPMATOPHBIX M PACTIPEACTUTEIbHBIX MTOICTAHIINH,
mkadoB, CUIIOBBIX MTYHKTOB — 44aca.

[TpuHIMTIBI KOMIIOHOBKH TpaHC(hOPMATOPHBIX MoAcTaHImii 10 1 kB: 0e3onmacHoe oOcimyXxuBaHUE
000pyI0BaHUs YCTAaHOBKH; y100HOE HaOIIOAECHUE 3a YKa3aTeJsAMU MOJI0XKEHUs BBIKIIOYAaTEIed 1
pa3beuHUTENCH, YPOBHEM Macia B TpaHc(hOpMaTopax M ammapaTax, HEOOXOIUMYIO CTEleHb
JOKaJIU3alMK NOBPEXICHUN IIPU HAPYLUIEHUN HOPMAJIbHBIX YCIOBUN paOOThl yCTaHOBKH.

I[lo xoHcTpykTMBHOMY wucnonHeHuto PVY: 3akpeiteie  (3PY) - ¢ pasmemieHnem
3JIEKTPOOOOPYIOBaHNS B 3JaHMAX, HApYyKHbIMH - OTKpbIThiMH (OPY) - ¢ ycraHOBKO#
3IIEKTPOOOOPYIOBAHNUS HA OTKPHITOM BO3IyXe€.

[lexoBblE  MOACTAaHLIMHU. OTACIBHO CTOAINME HA PACCTOSHUM OT 3[JaHUM, HPUCTPOCHHBIC,
BCTPOEHHBIE; BHYTPULIEXOBBIE.

KommiekTHble pacnpenenuTenbHble yCTpOMCTBa HampsbkeHueM no 1 kB! pacnpenenutenbHble
IIUTHI; TYHKTHI U MIKa(bl CUJIOBbIC; IIUTHI CTAHIIMNA YIIPABICHHS, CHIIOBBIC ITYHKTHI.

Pa3MenieHne 1 KOMIOOHOBKA IIEXOBBIX ITOICTAHIIUH.

Tema 6. BIOOp 371eMEHTOB HU3KOBOJIBTHON CeTH — 64acoB.

Br16op cedyenuit mpoBo1oB u kadenei 10 1 kB ¢ ydyeTom BeIOOpa 3aIlIMTHI: 1O YCIOBUIO HarpeBa
JUIUTENIEHBIM TOKOM, TI0 COOTBETCTBUIO BRIOPAaHHOMY ammapaTy 3aiuThl. BeIOOp MHWHONPOBOIOB!
110 HOMUHAJIbHOMY HalPsDKEHHIO U MaKCUMaJIbHOMY pabouemMy TOKY.

Bri6op aBTOMaTHUECKUX BBIKIIOYATENIEH: 10 HOMHHAJIBHOMY HAaNPSXKEHUIO, HOMHUHAJIBHOMY TOKY,
IIMKOBOMY TOK M pabodyeMy MakCHUMaJbHOMY TOKY, IPOBEpKa IO TOKY cpaOaTbIBaHUS Ha TOK
0J1HO()a3HOTO KOPOTKOTrOo 3aMblKaHUs. TOK cpabaTbiBaHMsS 3JIEKTPOMAarHUTHOTO W TEIJIOBOTO
pacuenuTes.

Bribop mnpenoxpanuteneil: 1Mo HOMHMHAIBHOMY HAmpsOKCHHIO, pabodeMy MaKCUMalbHOMY U
HOMMHAJIBHOMY TOKY, IIyCKOBOMY TOKY JBUTaTEJIs.

Tema 7. KopoTkue 3aMbIkaHUs B CHCTEMax 3JeKTpocHabxkenus 10 1 kB — Syacos.
[lepuonuueckas u anepuoandeckas coctapisgromas Toka K3. YmapHbelii TOK U JelCTBylolee
3HayeHusa Toka K3. Ynapuelii ko3 ¢uIMeHT. YcTaHOBUBIIEECS U CBEPXIIEPEXOJHOE 3HAYCHUE
toka K3. Touka kopoTkoro 3ambikaHusi. CONPOTHBIECHHE HJIEMEHTOB CXEMbl 3aMEILCHUS B
ycTaHoBKax 10 1 kB. Y4er akTMBHOIO M MHIYKTUBHOIO COIPOTUBIIEHUS IIpHU pacuere Toka K3 B
ceTsx 1o 1 xB.

OcobGennoctu pacueta TokoB K3 ot aBurareneii Ha HanpspkeHue 10 1 kB.

Pacuet Tpex(a3HbIX 1 01HO(A3HBIX TOKOB KOPOTKOI'O 3aMbIKaHUS B PAa3HBIX TOYKAX CETH.

Paznen 3. CnocoObl M cXeMbl IyCKa BBICOKOBOJIBTHBIX M HHU3KOBOJBTHBIX JBHUTaTeied u
JIOIyCTUMBIE TIEPETPY3KH IEMEHTOB CHCTEM 3JIEKTPOCHA0KEHUS

Tema 8. OcoO6eHHOCTH CXEM HHU3KOBOJIBTHOTO AJIEKTPOCHAOKEHUS — SYacoB.

Pacnipenenenre HU3KOBOJIBTHBIX KOMIIEHCHUPYIOLIMX YCTPOMCTB. LlexoBbIe CeTH B HOPMaJbHBIX
NOMEILEHUAX, B II0KapO — M B3phIBOONAcHbIX noMenieHusx. [Jlonyctumsie neperpysku BJI, KJI,
CHJIOBBIX TPaHC(OPMATOPOB, KOMMYTAI[MOHHBIX aIIapaTOB, TPAHC(POPMATOPOB TOKA

Tema 10. Pexxumbl paboThl HEUTPAIM B CUCTEMAX AJIEKTpocHa0xeHus — 4yaca.
I'myxo3a3eMieHHas, H30JUPOBaHHAs U KOMIIEHCUPOBaHHAs HEUTpaib, yclIoBUsA paOoThl. Pexxum
paboThl HeWTpanu B YCTaHOBKax HampsbkeHHeM Bbime 1 kB. Pexxum paboTel HeliTpanu B
yCTaHOBKax HampspkeHueMm 10 1 kB.

Tema 11.1lyck u camo3arryck 3JeKTpoJBUraTeNneil — 64acos.

JnurenbHocTh mycka M camosamycka. CnocoObl M CXeMbl IIyCKa BBICOKOBOJBTHBIX U
HU3KOBOJBTHBIX ABurareneil. Camozanyck Al u C/I. Onpenenenue 10nyCTUMOCTH HECUHXPOHHOIO
BKiroueHus1 CJ1. onpeneneHne HEOTKII0YAaeMON MOIIIHOCTH caMo3amyckarouuxcst C/I.
5.2.IlpakTudeckue 3aHATHS

[TpakTHdeckue 3aHATHS MPOBOIATCS C LICJIBIO 3aKPEIUICHUS 3HAHUH, IOIY4YCHHBIX NP U3y4EHUU
TEOPETUYECKOro Kypca. TeMaTuka NpakTHYeCKUX 3aHATUH MpHBeieHa B Ta0II.



Neo 11, HaunmenoBaunue Kom-Bo

TEMBI 4acoB
1. |BwiOop 371€MEHTOB 1IEXOBOM JIEKTPUUECKON CETH 3
2. |Pacyer TOKOB KOPOTKOTO 3aMBIKAHHS 3

3. |Pa3paboTka cxeM HH3KOBOJBTHBIX CHCTEM AJICKTPOCHAOXKEHUS M 00ecreueHn(3
3alIuThHI. KapTa CCJIICKTUBHOCTHU

4. |PacueT eMKOCTHOTO TOKa 3aMbIKaHUs Ha 3emi1to. Beidop /([P

3
5. |Ilyck u camo3zamyck D/1 3

Ha mnpakthueckux 3aHATHUAX KaXKIOMY CTYACHTY BBIJAIOTCS HMHAWBUAYaJIbHBIEC JOMAlIHUE
3aaHusl.

5.3.JIaboparopHbie 3aHATHUS
HQHBIO MMPOBCACHUA Ha60paTOpHBIX 3QHSATUN  SBIICTCS HU3Y4YCHUC BOIIPOCOB, CBA3AHHLIX C
IKCIUTyaTallueil CUCTEM DIIEKTPOCHA0KEHUST TPOMBIIIJICHHBIX TPEATNPUSITHH.

No | HaumeHnoBanwme 1abopaTopHbIX paboT Kon-Bo
4acoB

1. | UccnenoBaHus DIEKTPUYECKUX HATPY30K 3

2. | KopoTkue 3aMbIKaHusl B HU3KOBOJIBTHON CETH 3

3. | TexHUKO-PKOHOMUYECKMA aHAJIU3 TP BBHIOOpE ONTUMAJIBbHOW  cX¢ 3
HU3KOBOJBTHOTO AJIEKTPOCHAOKEHUS

4. | KOHCTpYKTHBHOE WCIIOJIHEHUE JJEMEHTOB HHU3KOBOJIBTHOH JJeKTpudec] 3
cetu. V3yyeHue ux paboTsl

5. Hccnenoanus padotsl Hu3Kk0BONbTHRIX KPY Ha 6a3e 1I[O-70, KTII 3

6.CAMOCTOSTEJBHAS PABOTA

N{ Ne paspend )
n/|  aucrmpmIMH dopma (Bun) TpynoémxocT!
CaMOCTOSTENbHOI paboThI qacax
1 1 MOJrOTOBKA K OJIMI-ONPOCY HA JICKIINH,; 6
BBINOJIHEHUE HMHJIUBUAYAIbHBIX JOMAIHUX 3aJaHHui 6

MOATOTOBKA K TPAKTHYECKOMY 3aHSTHUIO, IMOATOTOBKY
J1a00paTOPHBIM 3aHITHSIM

2 2 MOJrOTOBKA K OJIMI-ONPOCY HA JICKIINH,; 6
BBIIIOJIHEHUE HWHIUBUAYAIBHBIX JIOMAIIHUX 3aJaHHH 6
MOATOTOBKA K TPAKTHYECKOMY 3aHSTHUIO, IMOATOTOBKY
J1a00paTOPHBIM 3aHIATHSIM

3 3 MOATOTOBKA K OJIUI-OTPOCY Ha JIEKIIHH, 5
BHITIOJTHEHUE WHAWBUAYAIbHBIX JOMAIIHUX 3aJaHuil 6

MOATOTOBKA K TPAKTHYECKOMY 3aHSTHUIO, IMOATOTOBKY
J1a00paTOPHBIM 3aHIATHSIM

KypcoBoii npoekt

OTnenbHBIM BHJIOM CaMOCTOSITENTBHON PabOTHI CTYAECHTOB SBISIETCS KYpCOBOW IPOEKT, Ha
BBITIOJTHEHUE KOTOPOTO OTBOAMUTCS yueOHBIM T1aHoM 40 9acos.

I[JI}I 3aKPCIVICHUA TCOPCTHUYCCKUX 3HaHHﬁ, MOJYUYCHHBIX MHPH H3YYCHUU OUCHUIIINHBI,
NpUOOpPETEHUs] HABHIKOB TMOJB30BAHHS CIPABOYHON JIUTEPATypOH, NMPAKTHUYECKUX HABBIKOB TIO
MPOCKTUPOBAHUIO PAMOHHBIX WJIM PACTIPEICTUTEIBHBIX CETel  DJIEKTPOIHEPreTUYECKUX CHUCTEM,
NUTAIOIMX ~ CHCTEMBI  AJIEKTPOCHAOKCHUS, NPETyCMOTPEH KYpCOBOWM TMPOEKT Ha TeMy:
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«[IpoeKkTHpOBaHNE CHUCTEMBI BHYTPHU3ABOACKOTO 3JIeKTpocHaO)eHHus», {dIpoeKTHpOBaHNE CHUCTEMBI
UEKTPOCHAOKEHUSI IPOMBIIITIEHHOTO TPEIIPHUATHSI.

[Tpumep 3ananus Ha KI1 mo HU3KOBOIBTHOMY 2JIEKTPOCHAOKEHHIO 1I€Xa

Bapuanmul 3a0anuii k pucynky 1

HanmenoBanue
AJIEKTPONPUEMHUK

Ne na mng33 |34 | 35| 36| 37 38 39 40 41 42 43 44 |45 (46| 47| 48

TokapHo - 114 50 3m8 (9 |20/ 12 6 | 12 11 5| 9E2,116,114,115,415,121,122,(18
PEBOJIBBCPHBIN

TokapHo-BuHTOpe3y21-29 |12)| 14]17,118 |15]19]| 16| 2014,118 |19,{15,116,{19,{18,i15,116,

Tokapno-sunTope3pd3-52 | 16| 15 14 20 21 18 21 173,115,117,118,119,121,119,(17,119,

TOPHSORTANERO loq 71 | 56| 2423115 |3 |6 |8 | 7,96,5[5,4(6,8(7,5(3,4/4.2[4,5/5,16
bpe3epHbIit

becuenTpoBo - g 1 91 10| 18 19 12 14 7&2/10 |8,5(9.5[12 [14,412,115,18.3/9.5/12

T OBATHHBIN

Bentycranoska|l,2 16|18| 1215,411 |3,54 |12 |3,57,5/4,6/]12 |8,6)5,214,2/5,3/4,5

Tokapusrii ¢ YI1Y63-65,5744 |16 147,132 |14 |15,112 |13 [16,118,115,416,117,i21,124 |18,117,

Beprikanmsiio - 13 99 | 15) 26| 17 8| 4,50 |8 |6,54,5/6,8/5,2(3,7/4,6(7,3[8,214,7]5,2
(bpe3epHbIii
Harperatenbiass 4 o 6 95 140 30| 55 35 20 16 30 45 50 65 #0 [35 50| 60| 40
DJIEKTPOIIEYD
Pammanero- o gq 39| gl 42 35 282,136 28,155 |20 | 45| 70| 40 55 30 60 7
CBCPJINJIBHBIN
Beprukanio- lg, 65 | 18| 2125116 |18,124 20,414 10| 12| 13 14 15 16 17 18 2
CBCPJINJIBHBIN

ITnockonumdosaneyl?2,13,7217,115,{26,112,19,218,419,2|7,2|3,53,814,13,2/5,6/6,5|7,3/5,5|6,2

PespOonakarubii/5-76,8116,{14,123 |18 | 16|27,119 |12,{14,113,114A418,119,121,112,114,118

TokapHo-BUHTOpPE3H66-68 |12/10,(12,111 |18,415,{17 |8,518,116,13,]10,{16,{13,110,112,]18,

Kpyrnonumdosaney39-42,5382,423,123,44  14,3]3,8/3,2|12,8/3,7/5,1|3,7|2,8/5,6|6,6|2,52,8|3
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7. OBPA3OBATEJIBHBIE TEXHOJIOT U

I[Ipu peanuzauuum JUCHMIUIMHBI  <«ONEKTPOCHAOKEHHWE TPOMBIIUICHHBIX  MPEINPUATHII»
UCIIOJIb3YIOTCSl TPAJAULIMOHHBIE U COBPEMEHHBIE 00pa30BaTeIbHble TEXHOIOTUU. 3 cOBpeMeHHBIX
00pa30BaTEeNbHBIX TEXHOJIOTHH MPUMEHSIOTCS HH()OPMAITMOHHBIEN KOMIBIOTEPHBIE TEXHOJIIOTUH C
IPUBJICYCHUEM K MPENOJABAHUI0 MYJIbTUMEINWHON TEXHUKM W HHTEPAKTUBHOM JIOCKH,
TEXHOJIOTUM AaKTHBHOTO O00yd4eHus, npobiemHoro oOydenus. Ilpumenstorcs cuenyrommue
aKTUBHBIE M HMHTEPAKTUBHbIE (OPMBI MPOBENEHUS 3aHITUN: MPOOJIEMHBIE CHUTYaIUH,
KOMIIBIOTEPHBIE CUMYJISLIAHY, JEIOBBIC UTPHI, pa300p KOHKPETHBIX CUTYAIIHHA IO MMPOSKTHUPOBAHHIO
LEXOBbIX ceTed Ha mnpumepe npeanpustuii JlanbHero Boctoka. B pamkax aucHUIIMHBL
MPEAYCMOTPEHBI BCTPEYH C MPEACTABUTEISAMH SHEPreThuecKkux kommnanuii Jlansuero Bocrtoka.
CamocTtosTenbHas paboTa CTyI€HTOB MOIpa3yMeBaeT padoTy Mo PYKOBOACTBOM IMPEIO/IaBaTENs
KOHCYJIbTAIlMM U TIOMOILb MPHU BHIMOJIHEHUH KYPCOBOTO MPOEKTA, WHAUBUYAIBHOTO JIOMAITHETO
3a/laHus], KOHCYJbTAllMM [0 PA3bSCHEHHUIO MaTepHalla, BBIHECEHHOI'O HAa CAMOCTOSTEIbHYIO
npopaboTKy, WHIUBUIAYaJbHYIO paboTy CTyIeHTa B KOMIIBIOTEpHOM Kiacce O@ wiu B
oubmuoreke.

8. OLIEHOUYHBIE CPEJCTBA JJISI TEKYIIEIO KOHTPOJISI YCHEBAEMOCTH,
MPOMEKYTOYHOI ATTECTALIMM IO UTOTAM OCBOEHHUS JUCIUIIJINHBI 1
YYEBHO-METOJMYECKOE OBECIEYEHHUE CAMOCTOSITEJIBHON PABOTBI
CTYJEHTOB

CucreMa OLICHOYHBIX CPEACTB M TEXHOJIOTUH I MPOBEIEHHUS TEKYIIEr0 KOHTPOJISl yCIIeBAEMOCTH
MO JAWCIMIINHE BKIIFOUAET BOMPOCHI ISl OJIHMII-ONpoca Ha JEKIUIX, HHINBUAYAIbHBIE TOMAITHUE
3aJjaHus, 3aJaHUsI ISl KypCOBOIO MPOEKTa U KOHTPOJIBbHBIX padOT, MPOBOAUMBIX HA IPAKTHUECKUX
3aHSTHIX, BOPOCHI JJIsl KOJUTOKBUYMA.
TemaTnka BOpOCOB OJUII-ONPOCa Ha JICKIIUSIX COBMAAACT C TEMATHKOM JICKITHH.
TeMbl MHIUBUIYAIbHBIX TOMAIIHUX 3aJaHU !
COBpPEMEHHbIE = METOJAbl NPOEKTUPOBAHUSA CHUCTEM  DJIEKTPOCHAOKEHHS]  MPOMBIIUIEHHBIX
MPEAIPUATHH;
CXEMbI HU3KOBOJIbTHOTO 3JIEKTPOCHAOKEH NS,
KOHCTPYKTHUBHOE UCITOJIHEHHUE 3JIEMEHTOB HU3KOBOJIBLTHOM CETH;
BbIOOD U IPOBEPKY CEYEHUI MPOBOHUKOB, KOMMYTAI[MOHHO-3AIIUTHBIX allllapaToOB HANPsSKEHUEM
1o 1000B;
MyCK M CaMO03amycK 3JIEKTPOBUTATENEH.
[IpomexxyTouHasi arrecTauusi OCYLIECTBISETCS B BHJAE 3aIUTHI KYpCOBOTO IMPOEKTa U CAAuu
sk3ameHa. Cuctema OLICHOYHBIX CpPEICTB U TEXHOJOTUH [UJIsl MPOBEICHUS IMPOMEXKYTOUHOMN
aTTECTAllMU 0 AUCLMIUIMHE BKIIOYAET BOMPOCH K IK3aMEHY.

Bomnpocsl k 3x3amMeny:
1. XapakTepucTuka MPOU3BOJCTBEHHBIX IMOMEIIEHUN MO YCIOBUSAM OKpPYXaroIleW cpenbl, MX
KJaccuukanms.
2. BriOop HanpsKeHUs B IIEXOBOH 3JIEKTPUUECKOM CeTH.
3. CXeMpbl IIEXOBBIX MIEKTPUUECKUX CETEH.
4. OOmue TPUHIMIBI MOCTPOCHUS IIEXOBBIX CETEH. KiIaccHu(UKAIUs [EXOBBIX CEeTel 10
KOHCTPYKTUBHOMY HCIOJHEHHUIO.
5. IIuHOnpoBOHI (TUITBI U KOHCTPYKIIUH).
6. Ilpoxnanka MIMHOPOBOAOB.
7. DNEeKTpOnpOBOJKa.
8. Kabemu mwampsokenmem g0 1 kB (Mapku, KOHCTPYKTHBHOE HCIIOJIHEHHE, OO0JIACTh
PUMCHEHHS).
9. [IIpoBona nampsixenuem a0 1 xB.
10. Crioco6b! mpoKIIaAKH MTPOBOIOB, KaOeeH.
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

PacnipenenuTenbHble CUIOBBIE MKA(BI, TYHKTHI, IIUTHI, SIIIAKA U IIUTKH.

KomruiekTHbIC pacipenenuTeabHbIe YCTPOUCTBA HanpsbkeHneM 10 1 kB.

Kpanossie Tposien.

ABTOMATHYECKUE BBIKIIOYATEIH (THITbI, KOHCTPYKIIUS, XaPAKTEPUCTHKH, IPUHITAIT PAOOTHI).
IIpenoxpanurenu.

MarsnuTHsle MyCKaTeu.

KTII (koMmOHOBKA, KOHCTPYKIIHS).

CxeMBI 1IEXOBBIX IMOICTAHIIUH.

Pa3Mmernienue u KOMIIOHOBKA LIEXOBBIX MOACTAHIIHM.

IlexoBbIe ceTH B HOPMAIbHBIX TOMELICHUSX.

[lexoBbIe ceTH B MOKapo- U B3PHIBOOIACHBIX TOMEIICHUSX.

Br160op ceueHuit mpoBOTHUKOB.

Bri6op npenoxpaHuTenei.

Bp160p aBTOMaTHYECKHUX BBIKIIIOYATEIICH.

Pacuer tpexdaszupix TokoB K3 B cetn 1o 1 xB.

Pacuet TokoB omHodazHoro K3 B cetn no 1 kB.

PacnpeneneHne HU3KOBOJIBTHBIX KOMIICHCUPYIOIIUX YCTPOMCTB B LIEXOBOM CETH.
N30uparenbHOCTh JEHCTBUS NPEJOXPAaHUTENs] U aBTOMAaTHMUECKOro BhIKIouarens. Kapra

CCIICKTUBHOCTH.

29.
30.
31.
32.
33.
34.
35.

ABP B HU3KOBOJIBTHOI CETH.

TexHonornueckas ¥ aBapuiiHasi OpoHs JIEKTPOCHAOKEHHS TOTPEOUTENEH ITEKTPOIHEPTHH.
Honyctumele nieperpysku BJI.

Jonyctumsle neperpysku KJI.

JlonmycTumble neperpy3ku IeKTPUUECKUX alapaToB U CUIOBBIX TpaHC()HOPMATOPOB.
Pexumbl paboThl HEUTPAIH ANEKTPOYCTAHOBOK.

KomneHcanust €MKOCTHOrO TOKa 3aMbIKaHMS Ha 3€MJII0. YCIOBHS pabOThl CEeTH ¢

KOMIICHCUPOBAaHHOU HEUTPAJIBIO.

36.

OnpeneneHrue W HOPMUPOBAHME TOKA 3aMbIKaHHUS Ha 3€MJII0 B CETH C HM30JMPOBAHHOMN

HEUTPAIBIO.

37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.

Pacuer mapametpoB JII'P u BbIOOp cHit0BBIX TpaHCHOPMATOPOB AJIA UX TMOAKITIOYCHUS K CETH.
[punuunst padoter AI'P 1 ux KoHCTpYKTHBHOE UcTONHEHUE. Bbibop mecta ycranoBku JAI'P.
JnmuTenbHOCTH MycKa 1 camo3aiycka /.

CriocoObI ¥ CXeMbI TyCKa BRICOKOBOJIBTHBIX D /1.

Cnoco0bI ¥ CXEMBI IycKa HU3KOBOJIBTHBIX D/,

[Ipsimoii myck BBICOKOBOJIBTHBIX /1.

Peaxtopnsbiii myck D/1.

IIyck HU3KOBOJIBTHBIX 3JIEKTPOJBUIATEIICH.

Tpanchopmaropusrii myck /1.

Camozanyck A/l.

Camozanyck C/I.

Omnpenenenne JOMyCTUMOCTH HECUHXPOHHOTO BKJIOUeHHs D/I.

OnpeneneHre HEOTKIIOYAEMO MOIITHOCTH caMo3anyckaromuxcs /1.

Pexum Heittpanu B ycranoBkax 1o 1000B.

Cetn qyis nepeasxHbix Ol1.

MexaHnnueckue XxapakTepucTuku D/l pu pa3auyHbIX YPOBHSX HANPSKEHUS.

M3meHeHne CONpOTUBIIEHUS U ITYCKOBOTO TOKA IIPU CKOJIbKECHHH.

Harpes O/1.

ITyck D/ OT UCTOYHUKA COM3MEPUMOIN MOITHOCTH.

OcoOeHHOCTH CXeM 3JIeKTpocHa0)eHus crienupuuHbix I11.
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9.YYEBHO-METO/INYECKOE n NHO®OPMAIIMOHHOE OBECHHEYEHHE
ANCHUITVINHBI «JIEKTPOCHABXEHUE ITPOMbBIIIJIEHHBIX TPEATIPUATUHN»

a) OCHOBHasl JIUTEpaTypa:

1. Kynpun, b. . Cucremsr snekrpocHadxenus [Tekcr] : yue6. mocobue / b. U. Kyapun. -
M. : Akanemus, 2011. - 352. - (Beiciiee npo¢. oOpa3oBaHue. DHEPreTHKA).

2. Omnonesa, I'. H.  CxeMbl U mojacTaHnuu 3aeKTpocHaOkenus [Tekcr] : cmpas.. yueo0.

nocobue: pek. YMO /T'. H. Ononesa. - M. : ®DOPYM : UTHOPA - M, 2006. - 48Q. : puc., Tad1. -
bubnuorp.: c. 473 .

3. Wnbunckuii, H. @. DnekrponpuBoa: sHepro- u pecypcocbepexxkenue [Teker] : yueO.
nocobue: norn. YMO / H. ®. Uneunckuii, B. B. Mockanenko. - M. : Axkagemus, 2008. - 203. :
wi. - (Beiciee npo¢. odpazoBanue. DnerpoTexHuka). - budmmorp. : c. 200.

0) JOTOJTHUTEIbHAS JINTEPATypa:

1. Kontoxosa, E. A. DnekrpocHabxkenne o00bekTOoB [Teker] :  yueb. mocodue /
E.A.Kontoxoga. - M. : MacrepctBo, 2002. - 319 c. puc. - bubauorp.: c. 311.

2. Kopo6os, I'. B. DnekrpocHabxkenue. KypcoBoe mpoektupoBanue [Tekct] : yueO.

nocobue / I'. B. Kopo6os, B. B. Kaprasiies, H. A. Uepemucunosa. - 2< u3na., ucnp. - CIIG. :
Jlans, 2011. - 192.
3. Cubukun, FO. JI. Dnexktpobe30macHOCTh MPHU  AKCIUTyaTallUd  AJIEKTPOYCTAaHOBOK
npoMbIIUIeHHBIX npeanpusatuii [Tekcr] : yue6. / FO. [I. Cubukun, M. 0. Cubukus. - 5¢ u3s.,
ucnp. - M. : Akagemus, 2010. - 23%. : ui. - (Qnekrporexuuka). - bubsauorp. : c. 230.
4. KyxekoB, Cranucnas JlykbssHoBuY. [IpakTudeckoe mocodue 1mo 371eKTPUUECKUM CETSIM
u snekrpoodopynoBanuio [Teker] / C. JI. Kyxekos, C. B. T'onuapos. - 3< u3a. - PoctoB H/]I :
®enuke, 2009. - 493. : un. - ([IpodeccuonanpHOE MacTepcTBO). - bubmumorp. : c. 480.
5. Kynpun, bopuc MBanoBuuy. DIEeKTPOCHAOKEHUE TPOMBIIIUICHHBIX TPEATPUITHA
[Tekcr] : yueb.: pek. ['ockomBy30B Poccun / b. U. Kynpun. - M. : Dueproaromusnar, 1995. - 414
C. . puc., Tabiu. - bubmmorp.: c. 409.
6. I'pemsikoB, Aunpelt AHapeeBUY. ABTOMATU3ALUS PACUETOB CUCTEM DJICKTPOCHAOKEHUS
[TexcT] : maboparop. npaktukym: yued. mocodue / A. A. I'pemsikos. - M. : 3a-Bo Mock. aHeprer.
uH-ta, 2004. - 4. : puc., Taou.
7. DJIeKTpOoCcHAOKEHHE MPOMBINUICHHBIX TpeanpusaTuii [TekcT] © y4e6.-MeTo. KOMITIEKC
s criett. 140211 DnexrpocHabxkenue / AMIY, DH.d. ; coct. H. B. CaBuna. - biaroBenieHck :
N3n-Bo Amyp. roc. ya-Ta, 2007. - 23%.
8. Cokonosekuit, I'. I'. DOnexkTponpuBoIbl MEPEMEHHOTO TOKA C  YacCTOTHBIM
perymupoBanueM [Tekcr] : yueob.: pek. YMO /T'. T'. CokonoBckuii. - M. : Akagemus, 2006. - 266
C. : puc., Tadu. - (Beicuree npo¢. oOpa3oBanue. DIEKTPOTEXHHKA). - bubmmorp.: ¢. 259 .
9. Wnbunckuii, H. @. OcHoBsl anekTpornpuBoaa [Tekct] : yued. mocodue: mom. YMO / H.
®. Unbunackuid. - 3¢ usmd., crep. - M. : U3a-Bo Mock. sHepret. un-ta, 2007. - 222c. : puc. -
bubnuorp.: c. 216. -[Ipeam. ykas.: c. 217.
10. Mockanenko, B. B. CucreMbl aBTOMaTU3MPOBAHHOIO YIIPABICHUS 3JIEKTPONPUBOIA
[Tekct] : yue6.: pek. ['oc. kom. P® / B. B. Mockanenko. - M. : Uadpa-M, 2004. - 20&.
NEpUOIUIECKre 3AaHus (KypHaIbl):
DIIEKTPUUECTBO;
N3Bectuss PAH. DHepreruka;
DNIEKTPUUECKHUE CTAHIIUH,
ODHEPreTuK;

DNeKTpuKa,
Bectuuk MOU,
[IpombllIeHHAs YHEPreTHKa,
Oneprerrka. CBOJIHBIN TOM;
Bectauk UTDY;
IEEE Transaction on Power Systems;
International Journal of Electrical Power & Enef@pystems.
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12. r) nporpammHoe obecnieueHue u MHTepHET-pecypChl

Ne HaumeHoBaHue pecypca Kparkas xapakrepucruka

1 | http://www.iglib.ru WutepHeT-6MbmmoTeka 00pa3oBaTeIbHBIX H3IaHUi, B
KOTOPO# cOOpaHbI 3JEKTPOHHbIE YUCOHUKH, CIIPAaBOYHb
1 ydeOHbIe TOcoOus. Y TOOHBII MOUCK IO KITFOYSBBIM
CJIOBaM, OTJCIIbHBIM TeMaM U OTPACIISIM 3HAHHUS
2 | http://www.twirpx.com/files/tek/| Twirpx.comaTo ciry;x6a, 0OecreunBaroIas ¢ IMOMOIIIJ
BeO-uHTepeiica, pacoI0KEHHOTO TOJIBKO 110 aJIpecy
http://www.twirpX.com g crienuaTn3upoOBaHHOTO
anmnapaTHO-IPOTPAMMHOTO 00ECTICUeHHUs XpaHEHHE,
HaKoOIUICHUE, TIepe1ady U 00paboTKy MaTepHaIOB
[Tonp30Barenei, NpeCTaBIEHHON B 3JIEKTPOHHOM BU/IE
nyonuuHbIi noctyn. MHTepHeT-0MbImnoTeka, B KOTOPOY,
cOOpaHbI NEKTPOHHBIE YUEOHUKH, CIPAaBOYHBIC U
y4aeOHbIe TOCOOUs. Y TOOHBIN MOUCK IO KIIOUYEBHIM
CJIOBaM, OTJCIIbHBIM TeMaM U OTPACIIsSIM 3HAHHUS
3 | Koncynberant + CnpaBouHo-nipaBoBas cuctema. CoAepKUT
3aKOHOAATENhHYI0 0a3y, HOPMAaTHUBHO-TIPABOBOE
oOecrieueHne, CTaTbu.

Ha mpakTH4YecKuX 3aHATHSIX M B CaMOCTOSTEIBHOW pabdOTe CTYACHTOB HCIIONB3YeTCsl CHCTeMa
KOMITbIOTepHOIT MaTeMaTuku Mathcadu rpaduueckuii pegakrop VISIO.
[Ipn paboTe HAJL KypCOBBIM IPOCKTOM HCHOJB3YIOTCS CIIEAYIONIME BHIBI I[POrPaMMHO-

BBIUMCIUTENBFHBIX KOMIUICKCOB M TakeToB mpukiagaeix mnporpamm: CURS.PM, KRNET,
“ZAPUSK?”, “Pacuer cetn”.

10MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJINHBI

B  kauecTtBe  MaTepuaNbHO-TEXHUYECKOTO  OOECTeYeHUs  JUCHUUIUIMHBI  UCHOJIb3YIOTCS
MYJIbTUMEANIHBIE CPEJICTBA, MHTEPAKTUBHAS J0cka. Marepuan JIEKUUN NpeICTaBlIe€H B BHJIE
npesentaimii B PowerPoint. s mpoBeaeHUsT MPAaKTHYECKUX 3aHSATHHA, MPH BBITOJHEHUN
KypCOBOTO TIPOEKTa U B CAMOCTOSITEILHOW padoTe CTYIECHTOB HCIOJB3YIOTCS JIIEKTPUUYCCKUE
CXeMbl 3HepreTudecknx kKommnanuil JlanbHero BocToka, OJHONMHENHBIE JEKTPUYECKHE CXEMBI
IEKTPUYECKUX CTAHLMM U IMOJCTAaHIUI, PACIIONOKEHHBIX Ha JlanpHeM Bocroke.

11. PEUTUHT' OBAS OLIEHKA 3HAHWI CTYJEHTOB IO JUCIIUILJIMHE

PeifTuHroBass oOuLeHKa JAESATENBHOCTH CTYACHTOB OCYIIECTBIISIETCSI B  COOTBETCTBUHU C
TEXHOJIOTHYECKOW KapTOW IUCHUIUIMHBI O PEUTHHTOBOM cucTeMe OOydYeHHs, TPUHATOM Ha
3aceqaHuy Kadeapbl SHEPTeTUKH.

Texymuii KOHTPOJb KadecTBa OCBOCHHS OTHENbHBIX TEM U MOAYJIEH JUCHUIUIMHBI
OCYIIECTBIISIETCS HA OCHOBE PEUTUHTOBOM CHUCTEMBI. DTOT KOHTPOJIb MPOBOAMUTCS €KEMECIYHO B
TCUCHHE CEMECTpa M KavyeCTBO YCBOCHHUS Marepuaiia (BBIMOJHECHHUS 3a/aHMs]) OLICHUBACTCS B
Oarnax, B COOTBETCTBUH C PSUTHHT TNIAHOM JTUCITUTUTAHEI.

DK3aMeH MPOBOJUTCS B KOHIIE CEMeCTpa M OICHUBAETCs Mo S5-Th GaybHOU cucteme. Jlomyck K
HK3aMEHY OCYILECTBISIETCS MO UTOTOBOMY PEUTUHTYTEKYILEr0 KOHTPOJISA, KOTOPBIM ompenensercs
CyMMHpOBaHHEM OaJuIOB MO BCEM BUJAM TEKYIIETOKOHTpOJsi. MakcuManbHBIN Oal cocTaBisieT
100, B Tom umcne: MHAUBUAYaJIbHBIE ToMantHue 3aganus — 60, komwtokBuym — 30, Apyrue BUIbI
Tekymero koutposst — 106ammoB. Jlomyck k 3k3aMeHy coOTBEeTCTBYyeT 56...1000ammam.
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2. KpaTkuii KOHCHEKT JIeKIui

2.1.Metoanueckue yKa3aHusi 0 MPOBeAeHU IO JeKIUH
JIeKIIMOHHBI Kypc TO IUCHUIUIMHE <«IJEKTPOCHAOKEHHE MPOMBIIUICHHBIX NPEANPUATHI» -
HampaBjieH Ha (opMHpOBaHHE Yy CTYAEHTOB CIEUUAJIbHBIX 3HaHWM B 00JacTH CHUCTEM
3JICKTpOCHa6)K€HI/I}I MPOMBIIIJICHHBIX Hpel[HpHHTHﬁ. AKI.[CHT ACJIacTCd Ha HU3KOBOJLBTHOC
JJIeKTpOCHAOXKEHUE U CHelHalbHbIE BOIMPOCH JJIEKTpocHaOkeHus. JlucuuruiiHa sBiseTcs
JIOTUYCCKUM MMPOAOJIKCHUCM NUCHHUIIIIMHBL «CHucTeMbl BHGKTpOCHaG)KeHI/IH».
[lenpto nmaHHOTO pasfena SBISETCS OKa3aHHE METOJWYECKOM MOMOIIM B ONTHMAIbHOM
pacupCaACsICHUU TCOPCTUYCCKOI0 MaTCpualia MCXKAY JICKOUAMHU, a TAKKC MCKAY ayJUTOPHLBIMH
3aHATUSAMHA M CaMOCTOSITEIIBHOM pPabOTOM MO HW3Y4YEHHWIO0 AWCIUIUTMHBL Kpome Toro, Oymer
OCYIIIECTBIIEHA CHCTEMATH3aIUs M3JlaraeMoro Marepuaina. L{enpro JeKIMOHHOTO Kypca SBISETCS
U3y4YeHHE TMPHUHLMIIOB TIOCTPOCHUS LEXOBBIX  JJIEKTpUYECKUX ceTell, QopmMupoBaHue
KOMIIETEHTHOCTHOTO MOJX0Aa K MPOSKTHUPOBAHHUIO CXEM 3JIEKTPOCHAOKEHUS MPOMITPEATPUSTHH,
aHAJIU3 BOIPOCOB JJIEKTPOCHAOXKEHUS B OKCIUTyaTallMH, TJIyOOKOe H3ydYeHHE Ha OCHOBE
CUCTECMHOI'0O aHa/Jiu3a CIICHUAJIBHBIX TJIaB BHCKTpOCHa6)K€HI/I}I, HaH60nee AKTYaJIbHBIX B
HacTosee BpeMs. JIeKIHI0O HY)KHO CTPOUTh TakuM 00pa3oM, 4TOOBbI OCYHIECTBIIATH CKBO3HYIO
HOJATOTOBKY CTYJCHTOB, AaKTUBU3UPOBaTh paldOTy ayJUTOpUH, MOIICPKUBATH MHTEPEC K
u3JlaraeMoMy MaTepuaiy, pa3BUBaTh WH)KEHEPHOE MBIIUIEHHE Y CTYAEHTOB. MeTonnyecku
JICKOUA OO0JI2KHA GBITB HalpaBJICHa Ha YCBOCHHUC CTYACHTAMH H3JIaracMoro marcpuajlia u MCTb
SMOILIMOHAIBHYIO OKpacky. Martepuan 1esnecoo0pa3Ho H3iaraTb B JAOCTYNHON (opMme, TPUBOISL
IIPUMEPBI U3 PEAIBHON JKM3HU KaK B YaCTH DKCIUTyaTallUH, TaK U IPOEKTUPOBAHUS UM Pa3BUTUS
CUCTEM, BBIEJSS MPU 3TOM HamOojiee HacylIHble MPOOJIEMbI MO paccMaTPUBAEMON TEMaTHKE
00IIepOCCHIICKOM 1 peruoHa.
[ToctaBuB 3amaun, KOTOpble OYAYT pelIaThCs Ha JIEKIHMH, MPENOJaBaTeNlb JT0JKEH METOINYECKU
IIOABECTH AyAUTOPHUIO K MX PELICHUIO, UTpas MPU 3TOM pOJb JHaepa. TeM caMbIM y CTYIEHTOB
pPa3BUBAIOTCS CIOCOOHOCTH JIOTUYECKH MBICIUTh W T€HEpUpOBaTh Haeu. I MakcuManbHOTO
YCBOGHHS MaTepuana IeIecoo0pa3Ho 3aJeiCTBOBATh 3PUTENBHYIO, CIYXOBYIO U MOTOPHYIO
namsTh CTYACGHTOB. JlIs Kaxmoil Jekuuu JobKHAa OBITh TOATOTOBJIEHA IpE3eHTaIus,
BKJIFOYArOMas Ha3BaHUC JICKIWMU, LCJIb U 3aJa4u, pCIIaCMbIC Ha JICKIWU, IIJIaH JICKIIUHU, OCHOBHBIC
TEOpETUUECKHE MaTepHallbl, COAEpKAIME MATEMaTUYECKNE BbIKIAIKH, PUCYHKH, CXEMbI, BBIBOJIBI.
[Ipe3enTanuio He HYXKHO 3arpOMOXKIATh TEKCTOM, CIIPABOYHBIM MaTepuaioM. B Xoae JeKiuu
HEO0OXO0UMO, OMUpasiCh Ha (HU3MUECKYIO0 CYLUIHOCTh paccMaTpUBacMOW 3aJauyd WM Ipoliecca,
MOKAa3aTh OCHOBHBIE TEOPETUYECKUE BBIKIAJKH U JIOBECTH TEOPETUYECKUN MaTepuanl o
WHXEHEPHBIX PEUICHUI U X TEXHUYECKOHN peain3aluy, Moka3arb 00JacTh UX TPUMEHEHUS.
[lenecooOpa3Ho, B mpoliecce JEKIUHA UCIOIB30BaTh MEPEOBhIe 00pa3oBaTeIbHbIE TEXHOJIOTHH,
HalpuMep, METOAbl aKTUBU3ALMU O0O0ydeHHs, WH(OPMALMOHHBIE TEXHOJIOTUU. TexHudyeckue
CPEJICTBA, HCIIOIh3yEeMbIe Ha JIEKIIUU: MEIUAPOCKTOP, IKpaH, HOYTOYK, MPOEKTOCKOIL.
[Ipennaraercs cneayromias CTPyKTypa HOCTPOEHUS JEKIUH:
- TeMa,
- LeJb U 33/1a4H,
- TJIaH,
- (hponTanbHBI OHI-onpoc (3-5MuHYT);
- BCTYILICHUE,
- M3JI0)KEHHE OCHOBHOTO MaTepHaa,;
- 3aKpeIUICHUE;
-pa3ienbl, BBIHOCUMbIE Ha CAMOCTOATEIbHYIO TPOPAOOTKY;
- BBIBO/JbI.
Baui-onpoc M0KEH MEPHOAMYECKH Y4epeoBaThC ¢ caMOoCTosATeNbHOM padotoit (10-15munyT),
MIPOBOAMMOM B KOHLIE JIEKLIUH.
[Ipu BbImaue 3agaHUsi Ha CaMOCTOSITEIBHYIO MPOPAa0OTKY HEOOXOJMMO Ha3BaTh YYCOHHKH
MMPEaJIOXKUTD HauTH AOHNOJHHUTCIBHBIC UICTOYHUKH, B T.4. U JJICKTPOHHBIC, TIOMUMO YKAa3aHHBLIX B
paboueii mporpamme.
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Bo1Bo/IBI TOMKHBI OBITh KPATKUMHU, HO EMKHMH M COJIEP’KAaTh OCHOBHYIO MBICITH, KOTOPYIO JIEKTOP
XOTEJI JOHECTH JI0 Ay JUTOPHH.
2.2.KpaTkuii KOHCIEKT JeKIui

Jlexmus 1.

Beenenue.
CtpyKTypa U napameTpbl HU3KOBOJIBTHOTO IEKTPOCHAOKEHHUS.
CTpyKTYpHO HHM3KOBOJIBTHBIE CHCTEMBI JJIEKTpOCHaOkeHHsI cocTosT u3 muH PY HH mexoBbix
TpaHC(OPMATOPHBIX MOJACTAHIMH, Kak  mpaBmio, KoMIwiekTHbIX (KTII), asnexTpuyeckoi
MPOBOJKH, PACIpeNeIUTeNbHbIX MIKa(oB, IIMTOB, CHJIOBBIX ITYHKTOB, 3JEKTPOIPOBOIKH,
COCMHSAIOIEH HMX C  DJIEKTPONPUBOAOM  3JeKTponpueMHuka. Ilapamerper  cucreMbl
DIIEKTPOCHAOKEHHUS IEIISTCS Ha TapaMeTPhl CXEMBI B TapaMeTPhl PEKUMA.
BBonATCsS HOBBIE TOHATHSA.
PacnipenenuTenbHblil NyHKT HanpsbkeHUeM 10 1 kB Ha3bIBalOT CUIIOBBIM IYHKTOM.
PacnipenenutenbHBIM  IIMTOM — HA3BIBAIOT — paclpeneauTenbHoe  ycTpoiictBo a0 1 kB,
npeAHa3HAYEHHOE JJIs1 YIPABJICHUS JIMHUSIMU CETH U UX 3aLLUTHI.
CraHmust ympaBlieHHs — KOMIUIEKTHOE YycTpoiictBo a0 1 kB, mnpeaHazHaueHHoe st
JUCTAHLIMOHHOTO YIPaBJICHUS 3JIEKTPOYCTAHOBKAMHU WM MX YacTsIMU C aBTOMATU3HPOBAHHBIM
BBIMOJTHEHHEM (DYHKIIMA yTIpaBiIeHHUS.
KOHCTpYKTHBHO CTaHIUs yIpaBiICHHs MPEACTABISAET CO00M OJIOK, TaHelNb, mKad, IUT.
biok ynpaBneHHss — CTaHIUS YNPABICHHUS, BCE JJIEMEHTBHl KOTOPOW MOHTHUPYIOT Ha OJHOM
Kapkace.
[[ut ynpaBneHus: — cOOpKa U3 HECKOJBKUX MaHeel Wik 0JJOKOB Ha 00bEMHOM KapKace.
[lkad ympaBneHuss — CTaHIUS YIPaBICHHs, 3alIMUIIEHHAs CO BCEX CTOPOH, T.0., YTO MpPHU
3aKPBITHIX JIBEPSAX U KPBIIIKaX UCKIFOYAETCS TOCTYN K TOKOBEAYIIUM YaCTSIM.
Oco0eHHOCTH pacueTa dNEKTPUUECKUX HArpy30K B IIEXOBBIX CETSX.
B 1eXOBBIX CETSAX HMCHOJB3YETCS METOJ OIPEACNICHUs JJIEKTPUUYECKUX HArpy30K € IMOMOIIbIO
kodduimenTa pacueTHOU Harpy3ku. OIHAKO MPU UCIIOJIB30BAHUH TaHHOTO MeToaa AeneHus D11
Ha XapaKTepHbIE KaTErOpUU OCYIIECTBIISETCS MO CIIOCO0Y MPUCOESTUHEHUS K AJIEKTPUIECKON CETH,
a TaKXe HCIOJh30BaHUE NPYruX Kod(QPHUIMEHTOB pacdeTHON Harpy3ku. OTCiona, mpexae 4em
CUMTATh HU3KOBOJBTHYIO HATPY3KYy HEOOXOAMMO UMETh BAPUAHT CXEMbI HU3KOBOJIBTHOU CETH.
Janee mnpuUBOAUTCA XapaKTEPUCTHUKAa MOMEUICHUM 1O YCJIOBHSIM Cpelbl M JaeTcs HX
KJaccuukanms.

Jlexnus 2.
OO011e NPUHIUIBI TOCTPOCHHSI CXEM IIEXOBBIX CETEH.
Knaccudukamms exoBbIX CeTei.

OCHOBHBIM Ha3HAYCHHEM CETHU HarpsbkeHueM 10 1 kB sBisieTcs pacnpenenieHne 3JI€KTpOIHEPTrun
BHYTPH LIEXOB M HENOCpeACTBeHHOE nuTanue JI1.
OO011re TPUHIIUIIBI TOCTPOSHUS IIEXOBOM CETH:
- COKpalleHUe JJINHBI;
- YHUBEPCAJIbHOCTD;
- THOKOCTB,;
- IPUHLIUI PAaBHOW HAJEKHOCTH;
- HCKJIFOYEHUE TIEpErpeBa MpoBOJIOB;
- IPOCTOTA CXEM U KOHCTPYKIUH.
Onektpuueckue cetd 10 1 kB paznuyaroTcss Mo KOHCTPYKIMHM TPUMEHSEMBIX MPOBOJHUKOB,
croco6aMu WX M3O0JISALUU U MPOKIAIKH.
[To cnocobaM HM30JALIMK CETU JENATCS Ha JBE TPYMIbI: HEM3OJUPOBAHHBIE M W30JMPOBAHHBIE
MIPOBOJIHUKH.
CetH, BBIITOJTHEHHBIE U30JMPOBAHHBIMHU IIPOBOJHUKAMHM, HA3bIBAIOT 3JIEKTPONPOBOAKAMH.
Knaccudukanus cereit mo KOHCTPYKTUBHBIM TPYITIaM:
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HewnsonnpoBanHble NpOBOMHUKM JensaTcss Ha BJI M MIMHOIPOBOXABI, KOTOpBIE IENATCA HaA
OTKPBITBIE, 3aKPBITHIC, 3AIUIICHHBIE U ITBUICHEIIPOHULIAEMBIE.

W3onupoBaHHbIE TPOBOAA ACTATCS HA KaOeIbHbBIC JMHUU U 3JIEKTPOIIPOBOIKH.

KabGenbHble TMHUM JENATCS Ha OTKPBIThIE, B KAOGIBHBIX COOPYKEHUSX, CKPBITHIE.
DNEKTPONPOBOJKU PA3JENISAIOT HA OTKPBIThIE BHYTPH NOMELIEHUHN, HAPY>KHBIE, CKPBITbIE BHYTPH
3IaHUN.

JlaeTcst X XapakTepuCTHKa.

BJI no 1 kB Ha mpOMBIIUIEHHBIX NPEANPUATHAX NPUMEHSIOTCS B OCHOBHOM Uil HapyXHOI'O
OCBEIICHUS.

HauOosnbiiee pacnpocTpaHeHUE MOITYyYHIIN KaOeIbHbIE JIMHUH.

Jlexmus 3.

CxeMbl IEXOBBIX CETEH.
[Ipn mocTpoeHMM ULEXOBBIX CETEH NPUMEHSIOT MarucTpajibHbIE, pagUualbHbIE M CMEIIAHHBIC
cxembl. [Ipu MOCTpOEHWH CXEMBl HCXOAST U3 TOTO, YTO HAACKHOCTH IJIEKTPOCHAOKEHHUS HE
JOJIKHA YCTYIAaTh HAJEKHOCTH pabOThl TEXHOJOTHUecKoro obopyaoBanusa. OTcCiofa HET CMbICa
MUTaTh OJUH 3JIEKTPOJIBUraTeIb TEXHOJIOTHYECKOTO arperara ro JABYM B3aWMOPE3E€PBUPYIOLINM
JIUHUSIM.
MarucrtpalibHble CXE€Mbl IMIUPOKO MPUMEHSIIOTCSA ISl MUTAHUSI OTIEIbHBIX 3JEKTPONPUEMHUKOB
OJIHOTO TEXHOJIOTMYECKOI0 arperara, a TakkKe A1 MUTaHUs OOJBIIOrO YUCIa CPaBHUTEIBHO
Menkux Oll, He CBs3aHHBIX €IMHBIM TEXHOJIOTMYECKHM IIPOLIECCOM M paclpelleIeHHbIX
OTHOCHUTEJIBHO PAaBHOMEPHO M0 IUIOIIAIN 1ieXa. MarucrpaiabHble CXEMbl TO3BOJISIOT 0Ka3aThCs OT
MPUMEHEHHUS TPOMO3JIKOTO U JIOPOrOro paclpeeIUTeIbHOIO YCTPOMCTBA UK LIUTA.
B sToM ciyyae BO3MOXKHO MpUMEHEHHE cXxeM OJI0K TpaHc(hopMaTop-MarucTpalb, K KOTOPOil uepes
ABTOMATUYECKUE BBIKJIIOYATENN MOAKIIOYAIOT OTBETBJICHUS. MarucTpaibHyI0 CXeMY BBITOJHSIOT
HNIMHONPOBOJAMH, B HACTOSILIEE BPEMS HCIIOIB3YIOT MOYJIbHBIE CXEMBI.
Paguanbuble cxembl Xxapaktepusyrorcsa TeM, 4ro oT KTII orxonmdT nuHHMM, HENOCPEACTBEHHO
nuTatone MoiHbsle DIl unm pacnpenenuTenbHble MYyHKTHI, MKagbl, OT KOTOPHIX OTIAEIbHBIMU
JTUHUSAME 3anuTaHbl Oonee menkue DIl PagnanbHbie cXeMbl MPUMEHSIOT B T€X CIydasx, KOrjaa B
[I€XaxX YCTaHOBJICHBI CTAIIMOHAPHO OTHOCUTENBbHO MolHble DI1 nim D11 HacTonbKO yAaneHsl, 4To
MarucTpalib CTAaHOBHUTCS HEIEIeCO00Pa3HOM.
JIOCTOMHCTBO pajMalibHONW CXEMBl 110 CPAaBHEHHIO C MAaruCTpPaJIbHOW 3aKiIrodaeTcss B Ooliee
BBICOKOH HAJIKHOCTH U yI00CTBE FKCIuTyaTanuu. OqHako, oHu Oosee Joporue.
B uncrom Buae MarucTpaibHble M paJHalbHBIE CXEMbl MNpUMEHsI0TCA penko. Haubosbinee
pacnpocTpaHEeHUE TOJYYUIU CMEIIAHHBIE CXEMbI, COUeTaroIe (parMeHThl MAaruCTPalbHBIX U
paauanbHBIX CXEM.
PaccmaTtpuBaroTcst ycioBusi BBIOOpa TOW WM MHOM CXEMBI LIEXOBOW CETH, MCXOJS U3 YCIOBHUI
OKPYKAaIOIEe CPebl.
B nexoBoii ceru npumensiercs HampspkeHue 380 B unum 660 B. Ero BreiGOop o00ycnmoBieH
HanpspkeHuem OI1.

Jlexnus 4.
[IInHONIPOBOABI.

Hasznauenne mmHONpOBOIOB. [[Mamna3oH MOUIHOCTEW U JIJIMH, A KOTOPBIX UX FOAHO MPUMEHSATD.
Hcnonnenus  mumHONPOBOAOB.  THUmbl  MMHONPOBOAOB.  MapKUpOBKa  IIMHOIPOBOOB.
KOHCTpYKTHBHOE HCTIOJIHEHUE.

[To cBOoeMy Ha3HAYEHUIO MIMHOIMPOBOJBI JCNSTCS HA MAaruCTpalibHbIE TEPEMEHHOTO TOKa CEpUU
IIIMA wu nocrossHHoro toka — IIIMAJI. OHu npenHazHadyeHbl 1 NPUCOCAMHEHUS K HHUM
paclpeneuTeIbHBIX [IHHOMPOBOJOB, CHUJIOBBIX pacCHpeAeTUTENbHBIX MKa(doB, IIUTOB U
OTIENbHBIX MOIHEIX OII.
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Pacnipenenurenshble mmHonpoBoas! cepun IIPA nns npucoenunenus k Hum OlI, Tposieiinbie
cepuu IITA u IITM — nna nutanus nepeaBuwxkubix OII, ocBerutensubie cepuun IOC — mus
MUTaHUS CBETHIILHUKOB.

BrimryckaroT mMaructpanbHble MUHONPOBOALI Mapok IIIMA-16, [IIMA-73, IIMA- 68H, IIIMA-
731 u np. Jlaercs MX XapaKTEpUCTUKA U CPAaBHUTEIbHBIN aHAIN3.

Pacnipenenurensapie muHOMpoBOALl Mapok I[IIPA-74, IIIPA-73 B, LIPA-73, IIPM-75 u np.
UCIIOJIB3YIOTCS B LIEXOBBIX CceTsX. [IpOBOIUTCSA UX CpaBHUTENBHBIN aHAIN3.

[[InHONIPOBOABI pa3HBIX CEPUN W THUIOB KOMIUIEKTYIOTCS U3 OTHEIBHBIX CEKUUU Pa3TUYHON
KOH(UTYpaIy U Ha3HAYCHUS.

Cexknuu MOryT OBITH TMpsIMbIE, YIJIOBbIE, BBOJHBIC, OTBETBUTENIbHBIE, KOMIICHCAI[MOHHBIE,
nepexoiHbie, JITMHBI CeKInii YHUPUITUPOBAHBI U KpaTHBI 7 7 OMM.

Tpoinerinbie UHONPOBO B! cepuu LIITA BBIMOTHAIOTCS € TPOJUIESIMU U3 aJTIOMUHUEBOTO CILIaBa,
cepun LITM —c megHpIMu IMHAMM.

OcBerutenbHBIE MMHOMPOBOABI BhIMyckatoTcs cepuid LIIOC-67, [IIOC-73,11OC-73A.

B kauecTBe MpOBOTHUKOB HCHOJIB3YIOT MEIHBIC U H30IMpoBaHHbIe npoBoaa (ILIOC-67), menHbie
mHbl ([IIOC-73) u amromunaueBbie muHb (LLIOC-73A).

Jlexnus 5.

KaGenu HU3KOBOJIBTHBIE U POBOJA.
Hasnauenmnst kaOenst, wu30sausa KU kabems.  MapkupoBka. CrocoObl  MPOKJIAIKH.
KoHcTpykTHBHOE UHCHOJIHEHHE. DIeKTponpoBoAKd. OOmacTb mnpuUMeHeHHs. MapKupoBKa
IIPOBOJIOB, CIIOCOOBI MPOKJIAIKH.
IIpu wmapkupoBke kabeneld W TPOBOJOB NPUHATHL cCledyione o0o3HaueHus. Brauane
MapKHUPOBKH YKa3bIBaeTcs OykBa A, €CIIM KWIbl AIFOMUHHUEBBIE U OTCYTCTBYET OyKBa, €CIIH JKUJIbI
MeIHbIE. AHAIOrMYHO OyMakHas M30JSAIus Ui Kabeneil He o0003HAYaeTCs, IPYrUe BHJBI
U30JIAUHM 0003HAYaIOTCs: pe3nHoBas — P, nonuBuHmiIxnopuaHas — B, nonuatunenosas —I1 u 1.4.
Ob6onouka kabenst mapkupyerca Tak. C- cBuHen, A — amomunuii, B — nonuxnopsuaun, H —
HaWpUT U T.1.
Ecnun B mapke kabenst croutr OykBa I', TO 3TO 3HA4MT, YTO O00OJOYKA WM 3alIUTHAs OpOHS
ABJISIFOTCSI TOJIBIMU; €CJIM B MapKe IPpoBoJia cTOUT OykBa I', To mpoBoA ABIsSETCS THOKUM.
BponupoBanHbie kabenu ¢ JEHTOUYHOW OpoHEH MMEIOT MapKUpOBKY OykBoil b, ¢ mpoBomouHO#
oponeii —I1.
[Tpumepsr mapok kabeneii: AABI', ABBI', ABPI', Ab, AAb, AHPT.
B Mapkax npoBosOB MOTrYT HpPHUCYTCTBOBaTh OYyKBBI, XapaKTEpU3YIOLIME IPYTrue 3JIEMEHTHI
KoHCcTpykuuu: O — omuetka, T — mpoxmagka B TpyoOax, I — mutockuii, @ — merayumyeckas
danpioBaHHas 000JI0YKa.
[Ipumepst mapoxk nipoBonos: AIIB, AIIIIB, ITPII, AITP®, [TPTO, AIIPTO, AITIPH.
Crioco0ObI MPOKJIATKU MPOBOAOB: [0 HECTOPAEMbIM ITOBEPXHOCTSAM, Ha POJIMKAX U H30JIATOpax, B
TpyOax U MeTaJuIopyKaBax, B KOpoOax M Ha JIOTKax, Ha TPOCax.
OO6mee TpeOoBaHHWE K DIIEKTPONPOBOJAKE. OOECICUCHHE BO3MOXHOCTH CMEHBI TPOBOJOB B
YCIIOBUSAX KCILTyaTalHH.
DJEeKTPONPOBOAKH JEIIATCS HAa OTKPBITIE, CKPBIThIE U HAPYXKHBIE.

Jlexnus 6.

KoMMyTannonHsle annapatsl HanpsbkeHneM 10 1 kB.
[Ipenoxpanurenmy.
[IpenoxpanuTeny NPUMEHSIOTCS ISl 3alUTHl 3JIEKTPOYCTaHOBOK OT TOKOB K3 W 3amuThl OT
HEeperpy3oK, €Cly 3alUIacMble 3JIEMEHThl YCTAaHOBKA BBIOpaHBI C 3alacoM IO IMPOIYCKHOH
CIOCOOHOCTH, MPEBHIIIAIOIIMM IPUMEPHO Ha 25%HOMUHATIBHBIN TOK IJIAaBKOH BCTAaBKU.
HauOonee pacripocTpaHeHHbIE IPEIOXPAHNUTEIN!
[P - mpenoxpanuTensb pa30OpHBIii;
HITH — nacwimmHOM npeioXpaHuTenb, Hepa30OPHBIA;
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[IH — npenoxpaHuTenb HACBITHOM;

[THP — 2 —mpenoxpaHuTenb HaCHITHOM, pa300PHBIN.

[ITkana HOMUHANBHBIX TOKOB npenoxpanuteneii 15...1000A.

HanosHuTtenem sBIsIeTCs KBapUEBBIM MEITKO3EPHUCTHIN MECOK.

[MnaBkue mpenoXpaHUTENH ACTSAT Ha MHEPIIHOHHBIC U OC3MHEPIIMOHHBIE.

ABTOMAaTHYECKHUE BBIKIIOYATENH.

ABTomMaTtuueckue Boikioyarenu (AB) oOecrieunBaroT OBICTPYIO U HAJICKHYIO 3aIIIMTY MPOBOIOB U
ka0emnel ceTd Kak OT TOKOB Meperpy3ku, Tak u oT TokoB K3. Kpome Toro, ucrnons3yrorcs ams
yIpaBlIeHUS TPH HEYaCThIX BKIIOUEHHUSX M OTKIoueHusx. T.0., AB coBmemaror B cebe
OJIHOBPEMEHHO (PYHKIIMH 3alUThl U yIIPABICHUS.

AB HMEIOT TeIIOBHIE, SJICKTPOMATHUTHBIE I KOMOWHUPOBAHHBIE PACIICTTHTEIH.

TennoBsle pacUENUTENN OCYIIECTBIAIOT 3aIIUTy OT TOKOB MEPETPY3KH, JEKTPOMArHUTHBIE — OT
TokoB K3.

JleficTBHE TEIUIOBOTO pACIENUTENs] OCHOBAHO Ha WCIOJIB30BAaHWM HarpeBa OMMETAUTMYECKON
IUTACTUHKH. JJIEKTPOMArHUTHBIA PaCIENUTeIh MPEACTABISET COOON IIIEKTPOMATrHUT, KOTOPHIM
BO3JECHCTBYET HAa OTKJIIOYAIONIUI MPY>KUHHBIA MEXaHU3M, B pe3ysbTaTe yero AB oTkirouaercs.
Hactpoiiky pacienurens Ha 3alaHHBIA TOK CpabaThIBaHUs Ha3bIBAIOT YCTAaBKOM TOKA.

AB nensrcs Ha celleKTHBHBIE W HeceleKkTuBHBIC Mapku AB: 3, BA-62, A371(b, A3740C, AE 20,
ATl 50b, u T.1.

KonTakTopsl.

KonrtakTtop — »3TO ammapar mjisi AUCTAaHUUMOHHOTO nedcTBusl. [lpeaHazHayeHHBIM ISl 4acCThIX
BKJIIOUCHUN W OTKIIOYEHUH I10J] HArpy3KoWl CHJIOBBIX Ieneil. KoHTakTopbl HeE 3aluuiaroT
ANEKTPUUECKUE LETU OT HEHOPMAJIbHBIX PEKUMOB. OHU COCTOAT U3 IEKTPOMArHUTHONU CUCTEMBI,
oOecrnieunBaromIel JUCTAHIIMOHHOE YIpaBiIeHUE U OJIOK-KOHTAKTOB.

B ocnoBHOM npumensitoT kKoHTakTophbl cepun KT ¢ HomunansabeiMu Tokamu 63-1000A B cersax
nepemeHHoro Toka u cepurt KTII ¢ HomuHanpabIMU TOKamMu 80-630A B ceTsIX MOCTOSIHHOTO TOKA.
MarHuTHBbIE IIyCKaTEIIHN.

MarHuTHbli MycKaTelb — 3TO TPEXMOJIOCHBIA KOHTAKTOpP IEPEMEHHOr0 TOKa, B KOTOPOM
JIOTIOJIHUTEILHO BCTPOEHO JBa TEIUJIOBBIX PEJi€ 3alllUThl, BKIIIOUEHHBIC MOCJIEI0BATEIBLHO B JBE
(a3bl rI1aBHOMN LMY ABUTATENS.

MarnuTHbIE yCcKaTelld B OCHOBHOM MpEeAHA3HAYEHBI JIJIsl YIIPABICHUS U 3aIUTHl OT MEPETPYy3KU
ACMHXPOHHBIX JBUTATENEH ¢ KOPOTKO3aMKHYTHIM POTOPOM MOLTHOCTBIO 10 /S KBT.

B nacrosmee BpeMsi npuMeHs0T MarHuTHbIE nyckarenu cepuii [IMJI u IIKJI Ha HOMuHanNbHbBIE
paboune Toku oT 4 1o 200A.

Jlexmus 7.

KoMriekTHbIe pacrpeienuTeNbHbIe YCTPOoiicTBa HanpshkeHneM 1o 1 kB.
K xommutektHbIM pacrpenenutenbubiM yerpoiictBa (KPY)  manpstkenunem mo 1 kB oTHOCAT
pacnpenenuTeNbHble MIUTHI, TOCThl YIPABICHUS, CHIJIOBBIC MYHKTHI, IIKA(bI, SIIAKA W IUTHI
CTaHIIMHN yIpaBJICHUS.
PacnpenenutenbHble MUTH MpEAHA3HAYEHBI Ui TpPUEMa W PaCHpeAeTCHUs SJIEKTPOIHEPTUU
MEPEMEHHOT0 U MOCTOSHHOTO TOKa. VX ycTaHaBIMBAaIOT Ha MOJCTAHIMSX, JJIEKTPOCTAHLHUAX U B
MAaIIMHHBIX 3aJlaX.
[uTel OBIBAIOT OTKPBHITOIO U 3aKPHITOrO HCIOJIHEHMS, C ABYXCTOPOHHUM U C OJHOCTOPOHHUM
CaMOOO0CITy’)KUBAaHUEM.
B kauecTBe KOMMYTAlIMOHHBIX U 3alIUTHBIX alllapaToB Ha LIUTAaX YCTaHABIUBAIOT PYOMIIbHUKH,
peIoXpaHUTENH, OJOKH BBIKIIOUATENb — MPEAOXPAHUTENb, BEIKITIOYATEIIH.
Pacnpenenurensapie muthl [1[O-70 omHOCTOpOHHETO OOCITYXKHBaHUsI TOAPOOHO M3y4YalOTCS Ha
71a00paTOpHBIX paboTax.
[TocTbl ympaBieHHsl TNpeAHA3HAUYEHbl s YIPaBICHHUS JJIEKTPONPUBOJAAMU MEXaHU3MOB,
CBSI3aHHBIX MEXy c000i OOIIMM TEXHOIOTHYECKUM MPOLIECCOM.
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[TyakTel ¥ mKadbl CHIOBBIE TPEIHA3HAYCHBI IS paACHpEleNieHUs] AJICKTPUYECKOW SHEPTruu B
MPOMBINIUICHHBIX YCTAHOBKax, a Takxke 3amutbl oT K3 u meperpy3ok. Mx HazHaueHue —
pacnpenenaTb deKTpodHepruto Mexay rpynnamu Ol wim otaensHbiMu DI1. B cuoBBIX ceTsix
HaubOosiee pacnpocrpanensbl mkadsl cepun LIP 11, IIPC na Ttokm mo 400 A, a Takxke cepuu
CITA-77,CIIM-75.

[TynkTel pacnpenenutenbHble cepun [IP wm3roraBnuBaioTr B BHje HIKadOB YTOIUIEHHOTO,
HABECHOTO, HAMIOJILHOTO MCIIOTHEHUS CO BCTPOCHHBIMHU aBTOMATHYECKIUMHU BBIKITIOUATEIISIMH.
CwiioBeie pacripeaenutenbHbie ycrpoiictBa cepun CY-9500 co BCTpOEGHHBIMH YCTPOMCTBAMU
ABTOMATHUKH MPUMEHSIOT B CHJIOBBIX YCTAaHOBKAX MEPEMEHHOTO U MTOCTOSTHHOTO TOKA.
MakcumanbHas Harpy3ka Ha riaaBHbie mHB — 4000A, nyneByto muny — 2000A.

Jns mopxirodeHust oTAenbHBIX Ol unmm oraenbHON Tpexda3zHOW JIMHUM B IEXOBBIX CETAX
NPUMEHSIOT sk pasnuyaeix TumoB: Il BY-4, SAb1-2, APII-20 u ap. Otu  sSmmku
npeIHA3HAYESHBI JJIs 3alUTHl U HEUACTHIX BKIIOYCHHUHN U OTKIIFOUEHUH TI0]] HArPYy3KOM.

BBoanwsie pacnpenenurtenbHbie  ycTpoiicTBa cepur  BPY mpenHasHaueHbl 11 mpueMa,
pacmpenelieHuss M ydera SJEKTPOIHEPTUU M 3alUThl OTXOISMIMX JTUHWH. VX TpUMEHSIOT B
OOIIECTBEHHBIX 3AHUAX, YACTUYHO HA MPOMBIIIJICHHBIX MPEATNPUATHSX, B KHUIbIX JOMaX.

B OCBETHUTENBHBIX CETSX MPUMEHSIOT OCBETUTENIbHBbIC MIMTKU: Maructpaibhubie ([TP 9000, 11P22,
[TP24 u np.), rpymmoseie (SIPH, SIPY, S0V, OI1I, OB u map.)

Jlexmus 8.

KommiektHbie TpaHC)OpPMATOPHBIE MOACTAHIIHH.
KTII mo yuciy TpanchopMaTopoB AEIsAT HA OAHOTpaHCHOPMATOPHBIC, IBYXTpaHC(HOpMaTOpHEIE.
Berpeuarores KTII ¢ Tpems Tpancdopmaropamu. ITo poay ycranoBku KTII Moryt ObITh:
BHYTPEHHEH YCTAHOBKM C MACIISIHBIMHM, CYXUMHU WM 3alOJIHEHHBIMHA HETOPHOYEH >KHIKOCTBIO
TpaHchopmaTopamuy,
HApYXHOW YCTAHOBKH (TOJIBKO C MACJISIHBIMU TPaHC(HOPMATOPAMHU);
CMEIIaHHON ycTaHOBKM ¢ pacnojoxenneM PY BH u Tpancopmaropa cuapyxu, a PY HH
BHYTPH IMOMEIIEHHUS.
Ha npoMbInuieHHBIX peanpusaTusx B ocHoBHOM ucnoiib3ytoT KTII momuocTsio 160...250@B.
[Tpumensitor KTII BHyTpeHHME, BCTPOCHHBIE B 3[JaHUE WUJIU TPUCTPOEHHBIE K HEMY.
HexoBeile KTII B OONBIIMHCTBE CIy4aeB  BBHINOJHSIOTCA 0€3 COOPHBIX IIMH HEPBUYHOTO
HanpspKeHUs Kak MPHU PaavalbHOM, TaK W MpU MaructpaibHoM nutaHud. [Tpu muranum KTII
KaOeNbHBIMU JIMHUSIMA OOBIYHO TNPUMEHSIOT TIyXOe MpHcOoeAuHeHue TpaHchopmaropa. Ilpu
MarucCTpaJlbHOM CXE€M€ BO3MOXKHA YCTAHOBKA BBIKJIIOUATENS HArpy3KH C MPEIOXPAHUTENIEM WIIN
pPa3beAVHUTENS B KOMIUIEKTE C IIPEJOXPAHUTEIIEM.
KTII xomIutekTyroTcss U3 ycTpoiicTBa Bbicokoro Hampspkenus (YBH) tpanchopmaropa, PYHH.
YBH — 5310 mKkad BBICOKOTO HANpPsDKEHUS CO CXEMaMM pPa3IMYHOTO HCIIOJIHEHHsS, C
KOMMYTallMOHHO-3aIIUTHBIM aIll1apaToM.
PYHH coctroutr wu3 mikadoB: BBOAHOTO, JHHEWHOTO, CEKIMOHHOTO (3TOT TOJIBKO ISt
nsyxtpancopmaropusix KTII). B mkadax PYHH ycranaBmmBaror AB wimm  Gioku
IPEIOXPAaHUTEIb-BBIKJIFOUATENb.
KTTII ocHamiensl npubopaMu y4eTa U U3MEpeHHsI.

Jlexmus 9.
Br16op ceuenwnii mpoBo10B, Kabeneil, IIMHOIPOBOIOB.
CedeHHsT TIPOBOJHHUKOB BBIOMPAIOTCS MO JUIUTEIBHO JOMYCTHMOMY TOKY M HOMHHAIBHOMY
HanpspkeHuto. [Ipy 3TOM  UIMTENBbHO AONMYCTHUMBIH TOK JIOJDKEH OBbITH OONbIe WIM paBeH
MaKCHMaJIbHOTO pPAac4YeTHOro ToKa. [l OXMHOYHOTO 3JIEKTPONPUEMHUKA MaKCHMAaTbHBIN
pacueTHbIi  TOK  paBeH  HOMUHAIBHOMY  TOKY  3JEKTPONPHUEMHHKA, I TPYIIBI
JIEKTPONIPHEMHHUKOB — PaCYETHOMY TOKY C Y4€TOM ITONPaBOYHBIX KOA(PPHUITMEHTOB.
BriOpanHble cedeHHUs] NMPOBEPSIIOTCS Ha MEXaHWYECKYI MPOYHOCTh, MO JOMYCTUMOH IMOTepe
HAINpsDKeHMs, 10 YCIIOBHIO COOTBETCTBHS BBIODAaHHOMY ammapary. HmpeaoxpaHuTeno wimm AB,

18



WHBIMH CIIOBAaMH IO COTJIACOBAHHIO BEIOPAHHOTO CEUEHUS U YCTABKH KOMMYTAIlMOHHO-3aIIUTHON
anmapaTyphl.
Cornacuo I1YD 3amure ot neperpy3ku TokoB K3 nojanexar cetu BHyTpH MOMENICHUH, KOTJa 1O
YCJIIOBHSIM TE€XHOJIOTHYECKOTO TMpOIlecCa MOXKET BO3HUKHYTH JITUTENbHAs TEperpys3ka, BO
B3PBIBOONIACHBIX MTOMEIICHUSX .

[[InHOITPOBOABI TAKKE MPOBEPSAIOTCA HA TMHAMUYECKOE AeiicTBrE TOKOB K3.
PaccmaTpuBaroTCs anropuTMBbl BEIOOpA U IPOBEPKHU U MIPUBOASTCS IPHUMEPHI.

Jlexkmus 10.

Br160p aBTOMaTHYECKHUX BBIKIIIOYATEICH U TIPEIOXPaHUTEIICH.
ABTOMAaTHYECKHE BBIKIIOUATENIM BBIOMPAIOTCSA IO CICAYIOIIUM YCJIOBUSM: 10 HOMHHAIBLHOMY
HaNpsHKEHUIO, 0 HOMUHAJIBHOMY TOKY PACIENUTENS; IO HOMHUHAJIIBHOMY TOKY aBTOMAaTHYE€CKOTO
BBIKJTIOYATENIS; IO TOKY cpabaThIBaHWs pacLENuTeNs; 0 MPOBEpKE TOKAa cpabaThbIBaHUS
pacuenurens Ha OTKItoueHrue ogHodasHoro Toka K3; mo cormacoBanuio ¢ BEIOpaHHBIM CEUCHHEM
MPOBOJHMKA, IO JUHAMHYECKON CTOWKOocTH K Tokam TpexdasHoro K3; mo orkimrouaromieit
CIIOCOOHOCTH BBIKJIFOYATEIS.
[IpenoxpanuTenu BEIOUPAIOTCS MO CIEIYIOIIUM YCIOBUSM: 10 HOMUHAIBHOMY HANPSIKEHUIO; 110
HOMHUHAQJIBHOMY TOKY IIJIaBKOW CTaBKH, UCXOJS U3 JUIMTEIbHOIO MaKCHUMAaJbHOTO TOKAa JIMHUU U
NyCKOBOTO (MJIM MHMKOBOTO) TOKA MPU 3aIIUTE OTBETBICHHUS K OJMHOYHOMY SJICKTPOJBUTATEIIIO C
HEYaCTBhIMU ITyCKaMH, TP 3alIMTE OTBETBJICHUS, UAYIIETO K OJJUHOYHOMY JBUTATEIIO C YaCThIMU
MyCKaMy, TpH 3allUTe JUHUHU, M[HUTAIOUIEH CUJIOBYI0 WJIM CMEIIAHHYIO Harpysky; IO
HOMHUHAJIBHOMY TOKY MPEAOXPAHUTEIIS.
PaccMaTpuBaroTCst anropuTMBbl BEIOOpA IPEIOXPAHUTEINEH 1 IPUMEPHI.

Jlexmug 11.
Pacuer Tpex(a3HbIX TOKOB KOPOTKOI'O 3aMbIKaHUs B ceTsx 10 1 kB.
OcobGennoctu pacueta TokoB K3 B ceTsix HanpspkenueM a0 1 kB:
- YYET aKTUBHBIX CONPOTUBIICHHH 3JIeMEHTOB 1enu K3;
- y4YeT CONpOTHBICHHH NepBUUHBIX oOMoTOoK TT, TokoBeIX Karymek (pacuenwureneii) AB,
KOHTakTOB AB, pa3IM4YHBIX KOHTAKTHBIX COCUHECHUH;
- yuet ayru B Mecte K3;
- IeproJuYecKas cocTaBiisAromas Toka K3 paBHa ycTaHOBUBLIEMYCSI 3HAYEHUIO.
Pacuernas Touka TpexdasHoro K3 B ycranoBkax HampsbkeHueM a0 1 kB — HemocpencTBeHHO 3a
ABTOMATHYECKUM BBIKJIFOYATEIEM HUJIU NPEJOXPAHUTEIIEM.
Jlanee mnokasplBacTCAd KakK ONPENENSIOTCS aKTHBHBIE M WHIYKTHBHBIE COIPOTUBIIEHHS BCEX
3eMeHTOB ey K3.
CymmapHOe pe3ynbTHpyolllee conpoTuBiieHue nenu K3 paBHO cymMMe CONPOTHBICHHMH €€
JJIEMEHTOB KaK JUIsl aKTUBHBIX, TaK U PEAKTUBHBIX COIIPOTUBIICHUM.
JleiicTByrolliee 3HaYEHHE MEPUOJNYECKON cocTaBisitoed Toka K3 paBHO OTHOLIEHUIO CpPETHETO

HOMHHAJIEHOTO HANpKeHUd K V3 CyMMapHOrO pe3ylbTUPYIOLMIEr0 IOJHOIO CONPOTUBICHHUS
nenu K3.

Toxn K3 0T acMHXpOHHBIX JBUTaTeNeH, MPUCOCIUHEHHBIX HEMOCPENCTBEHHO K Mmecty K3,
YYUTBIBAIOTCS TOJIBKO IIPHU OIIPEAEIIEHUN YIapHOI'O TOKA.

PaccmarpuBaercst mopoOHbIi anroputM pacdeTa Toka Tpexdaznoro K3 u mpumep pacuera.

Jlexmus 12.
PacueT ogHO(pa3HBIX TOKOB KOPOTKOTO 3aMbIKAHHS
B CeTAX HampspkeHuem 1o 1 kB.
IIpu pacuere omnodazHoro toka K3 omnpenensioTcss CONpOTHBICHHS NPSMOH, OOpaTHOH U
HYJIEBOM MOCIEA0BATEIBHOCTEM.
ITopsnok pacuera.
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1. CocraBnsercs cxema 3amenieHus uenu ogHodaznoro K3, B KOTOpylo BXOIST CONMPOTHUBICHUS
CIEIYIOIIMUX BJIEMEHTOB: (a3HOTO IMPOBOJA, MEPEXOJHOr0 COMpoTHUBIeHUS B Mecte K3,
COIIPOTHUBJICHUSI YeTBEpTOro (0OpaTHOro) MPOBOJA C MOJKIIOYCHHBIMH €MY 3a3eMJISFOIIUMU
OPOBOJAHMKAMM U CONPOTHBIICHUS  pacTeKaHUs  3a3€MJICHHS  HEWTpalid  MUTAIOLIETro
TpaHncopmaropa.

2. OmnpenensitoTcsi aKTUBHBIE W PEAKTUBHBIC COMPOTUBICHUS TMPSAMON, OOpaTHOM, HYJIEBOM
1oCJIeI0BaTeNbHOCTH 37eMeHToB enu K3: cucremsl, cuioBoro tpanchopmaropa, mua KTII,
MPOBOJHUKOB, paclenuTeIeld aBTOMATMYECKHX BBIKJIOYATENIEH, KOHTAKTOB AB, mnepexomnoe
CONPOTHUBIICHUE TYTH.

3. Omnpenensiercss 3HaYeHWE TMEPUOJAMYECKON COCTaBIAMONICH Toka oxHodazHoro K3 kak

orromenue v 3U,;, K cyMMapHOMY IIOJHOMY CONPOTHBICHHUIO IPSIMOMH, 0OPAaTHOH M HyJIeBOi

MOCJIEIOBATEIbHOCTH PACCMATPUBAEMOM 1LIETIH.
[IpuBoauTCS IpUMEp pacyeTa.

Jlexnus 13.

PacnipeencHre MOIITHOCTH HU3KOBOJILTHBIX Oarapeit koHaeHcaropos (HBK) B exoBoii ceTH.
Hns  xaxgoir uexoBoit KTII HeoOxommMo paccMaTpuBaTh BO3MOXKHOCTH —paclpeiciieHus
momHocth HBK B ee cern. Kpurepwii 1enecooOpa3HOCTH TaKOTO paclpeaciieHus —
JIOTIOJIHUTEIbHBIE CHUXEHUSI TPUBEICHHBIX 3aTpaT C YYE€TOM TEXHUYECKUX BO3MOXKHOCTEU
MOJIKJIFOUEHUS OTJENIbHBIX OaTapeil.

Ecnu pacnpenenutensHas cetb BbinoigHeHa Tosibko KJI, KKY m060i# MomHOCTH pekoMeHTyeTcst
MIPUCOEIUHATh HEMOCpenCcTBEHHO K mmHaM 1exoBoil IIC. [lpu mnuTaHuM OT OJHOTO CHIIOBOTO
Tpanchopmaropa Ooiee ABYX MaructpaibHbiXx MmHOMPoBOAOB (IIIIT) k KaxmaomMy H3 HHX
npucoenunsiercss Toiabko 1o oxHo HBK. OO6mias pacuetHas wmomHOCTh Oatapeit Qpux
pactpeneinsercs mexay LI nponopuuonansHO UX CyMMapHON PEaKTUBHOW Harpyske.

KKY emuanunoii momHOocThi0 10 400 kBap mojkitodaeTcs K CeTH 0€3 JIOMOJHHUTEIBHON
YCTAHOBKH OTKJIFOUAIONIETro ammaparta (BBUAY YCTaHOBKH mocienHero B komiuiekte KKY), a npu
MotrHocTu 6osiee 400kBap uepe3 OTKITIOYAIONINN arapaT ¢ BRIOJHEHHEeM TpeboBanuil [TYD.
ITpu mommoctu KKY 6onee 400 kBap pekoMeHIyeTcsi UX MOAKI0YATh K mrHaM 1iexoBoi [IC ¢
ucnojp3oBanuemM cooreTcTByromiero AB I1C.

Ha ogmHOYHOM MarucTpaabHOM IIMHOMPOBOJE CIEAYeT MpeaycMaTpUBaTh YCTAaHOBKY HE Oolee
nByX Omu3kux mo MomHoctu KKY.

Ecnu ocHoBHBIE peakTuBHBIE Harpy3ku LIl mpucoenrHeHsl BO BTOPOW €ro MOJIOBUHE, CIEAYET
yCTaHaBIMBaTh TOJIbKO onHY HBK.

Janee paccMaTpuBarOTCSl yCIOBHUSA, ONpPENETSAIONIME TOYKY MOAKIoueHus ogHoil BK u Touku
noaktoueHust AByx bK k mumHonpoBoy.

Jlexuus 14.

®DakTOpHI, BIUAIONINE Ha BHIOOP CXEM M KOH(UTYpaLIHii CETEH.
Boibop cxeM W KOHCTPYKIMH  HHU3KOBOJIBTHOM CETH HA OCHOBE H3YYEHHUS TEXHOJIOTUU
MIPOU3BOICTBA, YCIOBHI OKPYKAIOIICH CpPebl, CTETICHH BO3TOPAeMOCTH KOH(DUTYpaluii 31aHui 1
COOpY>KeHH U ap. (pakTopoB.
Pacnonosxenne 0o0opyaOBaHHS Ha IUJIaHE 11€Xa, CTENEHb €ro OTBETCTBEHHOCTH, HOMHHAJIbHOE
HanpspkeHue W MolHOCTh OII, paccTosHMe OT TOYKM MUTAHHUS JO TOTPEOHUTENs, XapakTep
HArpy3Kd M €e pacupeesieHue MO IUIOIIAaU LieXa SBISIOTCS ONpeAeiomuMu (aKkTopaMu Mpu
BBIOOpE CXEMBI CETH.
Bp160p KOHCTPYKIIMH CETEH OCYIIECTBISCTCA M3 YCIOBHI OKPYXKAIOIIEH CPelbl TOMEIICHHH, Tie
pa3MeraeTcs TEXHOJIOTMYECKOEe U CBA3aHHOE ¢ HUM IIEKTPOTEXHUUecKoe obopyaoBanue. K atum
YCIIOBUSIM OTHOCSATCSI TEMIIEPATypa BO3/1yXa, BIAXKHOCTh, HAINYUE arPECCUBHBIX T'a30B WU IMbUIH,
BO3MOXXHOCTh BOSHUKHOBEHHUS yCJIOBHUS B3PBIBO- WIIM NOXKAPHON OE30MIaCHOCTH.
[To Temnepatype BO37yxa MOMEUICHHE JENAT Ha HOPMAJIbHBIE U KapKHeE.
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I[To BaXxXxHOCTH CpeJIbl MOMELICHHS PACIIPEICIIIOTCS 110 CYXHUE, BIAXKHBIC, CBIPBIC U 0CO00 ChIpHIC.
Takke BBIIENAIOT TMBUIBHBIC CPEAbl, XHMHYECKH aKTHUBHBIC CpPEbl, MOXApPOOMAaCHbIC U
B3PBIBOOITIACHBIC.

CyliecTByeT IIeCTh CTEMEHEH 3alMThl OT MPUKOCHOBEHUS K TOKOBEIYIIMM YacTSIM M BOCEMb
cTereHen 3alllUThI OT IIoIMagaHus BOABI.

B moxapo- ¥ B3phIBOOMACHBIX TMOMEHICHUSIX BCE 3JIEKTPOTEXHUYECKOEC OOOPYIOBAHHS JOIDKHO
ObITh  CHENHMATbHOrO (B3PHIBO3AIIMIIEHHOIO) MCIOIHECHUA. BooOIIe, eciiu BO3MOXHO Ipyroe
peleHre, B TAKUX MMOMEIIEHHUSX pacosarath 3JIeKTpoo0OpyI0BaHNE HEIEIeco00pa3Ho.

B  ycnoBusix HeOmarompuATHOW cpenbl NPUMEHSTh MAarduCTpajbHbIE CXEMbl ITHTAHUS
HeXenaTenbHo. [l CHIKEHUST KOJMYecTBa 000PYIOBaHUS CIEHHATBLHOIO UCIOJHEHUS B TaKUX
nexax HaI/I6OHBH_Iee PACIIpOCTPAaHCHUC TTOJYUNIN paJUAIbHBIC CXCMbI IIMTAHUSA, ITPU KOTOPBIX BCC
KOMMYTAIIMOHHBIC ammapaThl PacrojaraloTcs B OTIACIbHBIX MMOMEIICHHUSIX, W30JUPOBAHHBIX OT
ArpCCCUBHBIX UJIK B3PBIBOOIIACHBIX CPCH.

Jlexuus 15.

Honyctumele nieperpysku BJI u KJI.
[Mon meperpy3koi NHUTAIOUIMX JIMHUM MOHMMAIOT paboTy MX NpU HArpy3Kax, MPEBbIMAIOIINX
HOMUHaJIbHYI0. Pa0oTa 31eKTpoo0OpyaoBaHus, HAXOAALIErocs B LENM NUTAIOLIECH JHMHUHM, B
YCIOBUSX NEPETPY3KU MOXKET MMETh MECTO KaK B IOCJIE€aBapUNHBIX, TaK U 3KCIUTyaTallMOHHBIX
pexXuMax.
HeoGocHoBanHBIN 0TKa3 oT meperpy3ku BJI mpuBoaAUT K HEOOXOAUMOCTH CTPOUTEIHCTBA HOBBIX
JIUHUM.
Ilog momycTUMOM Harpy3koW IO YCIIOBHsS HAarpeBa IIPOBOJOB ITOHMMAKOT TOKOBYIO HArpysky,
NOBBIIIAIONIYI0 TEMIIEpaTypy MHpoBOJa IpPHU INOJHOM O€3BETpUM M TEMIIEpaType OKpYXKarolei
cpensr 25-75°.
JlonyCTUMBIN TOK OINPENEISAIOT U3 YCIOBUS TEIUIOBOTO PAaBHOBECHS, NPU KOTOPOM KOJNYECTBO
TEIlIa, BBIAEISIEMOrO B IIPOBOJE IPOTEKAKOIIUM TOKOM, PaBHO KOJIMYECTBY TEIUIA, OTJABAEMOIO
IIPOBOZIOM B OKPY>KAIOILYIO CPELy.
PaccmarpuBaeTcss MeTOAMKa ONIPENEIICHUs JJIUTEIBLHO JOIyCTUMOIO TOKA IO IIPOBOY U YCIOBUS
€€ IPUMEHEHUS.
[Ieperpy3ska BJI umeer MecTo B OCEHHE-3UMHHUM NEPUOI.
JlonmycTumble JUIMTENbHbIE TOKOBbIE HArPy3KH Ha KaOenb HampspkeHueM A0 35 kB npuHuMaror B
COOTBETCTBUH C JOMYCTUMBIMH TEMIIEpaTypaMu HarpeBa »ujl Kabeseu.
PaccMmatpuBaroTCsi BO3MOXKHOCTH TIEPErpy3KH KaOenbHbIX JWHWUK HampspkeHuem 1o 10 kB
BKJIIOYMTEIBHO B KpaTKOBpeMeHHBIX mpenenax. [leperpyska KJI nanpsokenuem Boime 20 kB He
JIOITYCKaeTCsl.

Jlexmus 16.
JlommycTrMble eperpy3Ku CUIIOBBIX TPAaHCHOPMATOPOB.

Cpox cimy0bl TpaHChOPMATOPOB  OINpPEAENSETCS CTAapeHHEM €ro H30JSLUU, KOTOpOe PE3KO
BO3pACTaeT C MOBLIICHUEM TEMIIEPaTypbl 0OMOTKH. J[omycTUMBIE eperpy3Ku TpaHcGopMaTopoB
OTIPEACIIAIOTCA TEMIEPATYPHBIM PEXKUMOM.

[IpenenpbHO [mOMyCTUMBIE 3HAYCHHS] aABApPUUHBIX HArpy30K CHIJIOBBIX TpaHC(HOpPMATOpOB
Hopmupytorcs 'OCT 14209-85 fo 100 MBA BKIIOYHTEIBHO) B 3aBUCHMOCTH OT HUX CHCTEMBI
OXJIQKJEHUS, JUIUTEIHHOCTH IMEpPEerpy30K, XapakTepa Harpy3ok, TEeMIEpaTypbl OKpYKaIolIei
cpeasl U T.1. OcHOBHBIM orpanndeHueM corsiacHo ['OCT dABistOTCS TpeAenbHO JOMYCTHMBIE
TeMIIepaTypbl 0OOMOTOK CHJIOBOrO TpaHc(opMaTopa B Haubojee HarpeToi Touke V . u macna V.
[Ipn TemmepaTypax, NPEBBIMAIONINX MPEACTLHO JONMYCTUMBIC, B CHIJIOBOM TpaHCHopMaTOpe

MOTYT IPOU30MTH HEOOPAaTUMBbIE U3MEHEHUS, IPENATCTBYIOLINE €ro JalbHENIIeNH IKCIUTyaTal|H.
Cornacno I'OCT mnpenenbHO JOMYCTUMBIE TEMIIEpaTypbl Macia U OOMOTOK COOTBETCTBEHHO

pasuel: vV, =115C; v =14FC npu nanpsxenun Gonbme 110 xB; v, =16C npu
HarnpsbkeHuu 10 110kB BKirounTeNnbHO.
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Jlsis IpoBepKM TEMIEpaTypHOTO peKuMa CHIIOBOTO TpaHCPOopMaropa U BBIOOpPE €ro MOIIHOCTH
HEOOXOIMMO TOCTPOUTHh TpaduKH HArPy3KH €ro OOMOTOK C Y4YE€TOM CPEICTB KOMIICHCAIIUU
PEaKTUBHON MOLTHOCTY B HOPMAJIBHOM, PEMOHTHBIX U IIOCIEaBapUUHBIX PEKIMAX.
Anzopumm npogepku memnepamypHozo pexcuma

1. IToctpouts u3 peanpHOro rpaduka snexkrpudyeckux Harpy3zok (I'OH) nByxcrynenuartsiii 'OH
(3UMHUI 1 JTeTHUA).
2. CpaBHHTH IIPOAOIDKUTEIHHOCT aBapuitHON Harpy3ku 1o I'OH ¢ mocTosHHON BpeMeHU Harpesa
Thp, 3aBUCSIIEH OT CUCTEMBI OXJIAXKJICHHUS U MOIIHOCTH TpaHC(hopMaTopa.

Cucrema oxnaxzaeH] MonrHocTs cuoBoro TpanchopmaropIlocTossHHast BpeMEeHH Harpena

M S0y =1, 6MBA

i Siiom = 40MBA Thu= 3,54
JI m 10 Siiom 2125MBA
Bce ocranbpHble ciydan Thog= 2,54

Ecnu Bpemst aBapuitHOM Ieperpy3Ku MeHee ITOCTOSIHHOM BPEMEHU Harpesa, T.c.
T.<T.,

TO U30JILKs paboTaeT B HOPMAJILHOM PEXUME U JJalIbHENIIIas IpoBepKa He TpedyeTcs.

3.Ecmm T, > T, , To IpoBOANTCA ClIeAYyIOLIasl IPOBEPKA.

a) OmpezensieTcs TeMIiepaTypa HarpeBa Macna V,,

2
P 1+dK +y
m YuHOM 0.9
1+d
rae 6 .oy — UpPEBBILICHHE TEMIIEpaTypsl Macla B BEPXHUX CIOSAX HaJ TeMIepaTypoi

OXJIKJIAKOWIEH Cpeabl NMPU HOMUHAIBHBIX YCIOBHAX: JUIA CHCTEM oxjaaxaeHus M u J —

B, iom = 55°C, A n -6 0y = 40°C;

d= AZ‘% — OTHOIIIEHHE MOTEPh KOpoTKOoro 3aMbikanus (K3) k motepsm xomocroro xoaa (XX);
X

K- xo3dduuument aBapuitHONl meperpy3ku CHIOBOTO TpaHCPOpPMATOpA, OIMpPEACNIIEMBbId IO

['DOH;

m—  KO3(pQHUIHMEHT, NpUHUMaeMblii 1o pekomeHmamusmM MOK (m = 0,9 mms cucrem

oxmaxaenus M u [, T = 1,01 cucrem oxnaxaerust 11 u LT);

V,, — SKBUBAJICHTHAS 3UMHSS TEMIIEpaTypa, IPHHUMAEMasl 110 CIIPABOYHBIM JaHHBIM.

6) Paccunrannas V, cpaBHMBaeTcs ¢ jgomyctumoii, rae V,, =115C. JIoJKHO BBIIONHATHCS

moon
yCHOBI/IeZ
V <V

M moon "

4. Omnpenensiercs: Temneparypa oOOMOTKH V,

— 2n

V06 - VM + A006HOM[{ !
rae AG oy —CYMMapHBI Iepenaja TeMIepaTypsl Mex 1y HanOojee HarpeTol TOUYKOH M30IHN
¥ BEPXHMMH CIOSMH Macia TpH HOMHHATBHBIX ycrnoBusx (A8 .., =23Cans cuctem

oxnaxaenus M u [, A8, .o, =38 C mns cucrem oxnaxaenus 11 u 1)

n — ko3 dunrenT, nmpuHEMaeMblii Mo pexkomeHmammsM MDK (n=0,8 mis cuctem
oxnaxaenus M u J1, n=0,9 s cucrem oxnaxaenus 11 u LT).
PacueTtnas Temmeparypa V, . CpaBHHBAETCS C MPEEIbHO AOIYCTHMOM.
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Ecm vV <V, , TO JaapbHedmMid pacyeT He TpeOyercs, paboTa TpaHchopMmaTopa JOIYCTUMA.
Ecmu v, >V ., , TO olpenenuTs AOMyCTUMOE 3HaueHue Kod(@uiueHTa aBapuiHON NeperpysKy,
IIpU KOTOPOM V_, HE IPEBBICUT IPEACIbHO JOIMYCTUMOE 3HAYCHHUE.

5. Pacuernslii cpok HsKcIutyatanuu TpaHchopmatopoB 25 ner. Ilpu 3arpyskax ero Bbille
HOMUHAQJIBHOW MOIIHOCTH MOBBIIIAETCS M3HOC n3osanuu. CienoBarenbHO, HEOOX0MMa NPOBEpKa
JIOITYCTUMOCTH aBapUHON Heperpy3ku CHIOBOTO TpaHCPOPMATOpA C YUETOM PacdeTHOrO CpoKa
CiTy»0bI TpanchopmaTopa.

a) OmnpenenuTh OTHOCHTENIBHBI HM3HOC H3OJISIMM OOMOTOK CHIJIOBOTO TpaHC(popMaTopa B
MOCJICABAPUITHOM PEKUME.

Jlns 3TOro cocraBiseTcd TabaMua M3MEHEeHus V, M V. B coOoTBeTcTBHMM C 3uMHuUM I'OH B
[I0CJICABAPUMHOM PEXUME.

Omnpenensiercsd yCTaHOBUBILEECS HAYAIBHOE IIPEBBILICHUE TEMIIEPATYPhl Macia B BEPXHUX CIOAX
HaJ TEMIEpaTypol OXJaXJaroleld cpeasl, COOTBETCTBYIOIIee Kod((dUIMeHTaM 3arpy3ku u
aBapUHON TEeperpy3KH CHIIOBOTO TpaHchopMaropa.

3aTeM pacCUMTHIBAETCS U3MEHEHUE MPEBBIIIEHUS TEMIIEPATYphl Macila IIPU U3MEHEHUU Harpy3Ku

tpancdopmaropa S, ./ Som
- _ AT
0,=6,+(6,-6,)(1-e""),
rae At - uatepBan Bpemenu o ['OH (crymeHs).
Ilpn s>ToM &, - TpeBbINICHHE TEMIEpaTypbl Macjia IpU MNpeAblaymeM 3HadyeHun K —
K03 HUIHeHTa 3arpy3KH CHIOBOTO TpaHchopMaropa, &, - IpH HOCIeTYIOIEM.
OmnpenensioTcs pacyeTHbIC 3HAUCHUS V,
V}lrl = HJ” + V0.3
nv, .

3aroHAIOTCS] COOTBETCTBYIOIINE CTPOKH TabIuIb 1.

Tabmuua 1. TemnepaTypHbIi peKUM M U3HOC U30JISALIUU

Yacel cyTok

0 (24

12

16

20

UYacsl | ctynenn, u

Yacsl Il crynenu, u

— 0
VM - em +Vo.3 ' C

0
V,,, C

L,0.e. (OTHOCHTEIbHBIN M3HOC M30JISIINHN)

Hroro: L,

6. Omnpenensercss U3MEHEHHE OTHOCUTEIBHOTO M3HOCA L W30 CHIIOBOTO TpaHc(opmaTopa B
MOCJICaBAPUITHOM PEXUME B TEUCHHUE CYTOK IO 3aKOHY AppeHunyca

| = 2(1/05—98)/6.
PesynbTaThl pacuera 3aHocsTcs B Tabauiy 1.
Ompenensercs  cpeiHecyTo4yHblii u3HOC L., wu3omanuum oOMOTOK TpaHcopmaropa B
nocieaBapuiHOM pexumMe

24
L, == [Lat="
24) "

rae M —cymmapHas momaab rpaduka u3meHeHus L mo gacam cyToxk.
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v 3

Puc. U3menenne n3Hoca n3oisun TpaichopmaTopa B TEYCHUE CYTOK

7. Omnpenensercss MaKCUMaJIbHBIA (AKTHYSCKUNA HW3HOC H3OJSAIMA  OOMOTOK  CHJIOBOTO

TpaHcopmaropa, H, . 3a ero pacueTHblii Cpok CiIykObl IpU aBapUHHOM IMPOCTOE IPYroro
CHJIOBOT'O TpaHC(opmaropa

LT
max 24

rae Ty - BpeMs aBapuiiHOIO pEMOHTa CHIIOBOTO TpaHC(opMaTopa.

H

Takue pacueTsl IPOBOAATCS TaKXKe JJI1 HOPMAJIBHOTO PEXXMMa B 3UMHUH U JICTHUI IEPUOI.
8. Ompenensercst oOmMi paKTUUECKUN U3HOC M30JISIIMKM OOMOTOK CHIJIOBOTO TpaHc(opmaropa 3a

pacueTHbI cpok (J1eT)
Z LCpiTpacqi

H="—
365

rae L, - OTHOCHTEIBHBINA CPEHNI H3HOC H30JIALUA B IPOMEKYTKE BpEMEHH T

pacui "
HOHy‘IeHHBH‘;I HN3HOC CpaBHUBACTCA C HOMHHAJIBHBIM HW3HOCOM H3OJISIIUN O6MOTOK CHJIOBOT'O
TpaHC(l)OpMaTOpa " ACJIaC€TCs BBIBOJ O BO3MOXHOCTHU ITPUHATBIX aBapHP'IHLIX MEPETPY30K.

Jlexmus 17.

JonycTumMble Ieperpy3ku anmnaparos.
DNeKTpUUecKHe ammaparbl yCTaHABIMBAIOTCS B OJAHOW LEMU C CHJIOBBIMH TpaHcopMaTopami,
JUHUSAMH, KOTOPBIE JOMYCKAIOT TMEepPerpy3Ky,  MOITOMY HEOOXOJUMO paccMaTpuBaTh HX
BO3MOJKHBIE MIEPETPY3KHU.
Brixmrouarenu.
AHanu3 Harpy3KH BBIKJIIOYATENIEW MOKa3bIBAET, YTO OHA B TEUEHUE CYTOK 3HAUYNUTEIIBHO MEHSETCH.
Brikitoyatenu BO BpeMsi IKCIUTyaTallid HMCHBITBIBAIOT IEPErpy3KHM NP IMyCKax JABUTATENEH,
ONEpaTUBHBIX KOMMYTAIIMOHHBIX NiepekiitoueHusx, K3 B cetn nwiu npu pesusuu u pemonte BJI. B
HOPMAJIBHBIX YCIOBHUSX HKCIUTyaTallMU IIEIECO00Pa3HO MEeperpykaTh BBIKIIOYATEH C Y4€TOM
OKHJJAEMbIX HArpy30K B CUCTEMAaX AJIEKTPOCHAOKEHUS.
[IpogomKUTENEHON MEeperpy304HOil  CIIOCOOHOCTHIO  BBIKIIIOUATEINS  SIBISICTCS  JAITUTEIBHBIN
TEIJIOBOM PEXHUM €ro palboThl NpHU HEU3MEHHOW Harpy3ke, TpH KOTOPOW TMPEBBIIICHUS
TEMIIEpaTypbl BCEX 3JIEMEHTOB arapaTa JOCTUTal0T CBOETO YCTAHOBUBLIEIOCS 3HAYCHUS U
HaxoJATCs B Ipesiesax HOPMUPYEMBIX.
PaccmarpuBatoTcss BO3MOXKHOCTH TEPErpy3KH pa3HBIX THUIIOB BBIKIIIOYATEIEH M MPOBOJIUTCS
COOTBETCTBUE MEXJY KPATHOCTBIO INEPErpy3KH M JOMYCTUMOMN JUIMTEIBHOCTBIO NEPETPY3KH, a
TaK)K€ MEXK]y IOMYCTUMBIM 3HAYEHUEM TOKA BBIKIIIOUATENS U TEMIIEPATYPhl OKPYKAIOIIEH CpeIbl.
KPYV.
KPVY Takxke AomyckaroT NEperpy3Ky B 3aBUCUMOCTH OT TEMIEPATypbl OKpPYXKaroIleW Cpeibl.
PaccmaTtpuBaroTcsi 3aBUCUMOCTH JUTMTEIBHO JOMYCTUMOTO ToKa Harpy3ku KPY oT temmneparypsbl
okpyxartorieit cpeast (OC).
Pa3bpenuHUTENN U OTACTUTENH.
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[Ipn nuTensHOM IEperpeBe BhILIE JOMYCTUMBIX HOPM B 3JEKTPUUECKUX aIIaparax MPOUCXOAUT
WHTCHCUBHOE CTApCHUE H3OJALMA M OKHUCIICHWE KOHTAaKTHBIX COCAWHEHHH. OTO CHHKACT
Ha/IeKHOCTh MX paboTel. [Tostomy mnpemycmarpuBaercs ['OCTom Hambomblee AOMYCTHMOE
IIPEBBINICHUE TEMIEPATypbl JJEMEHTOB OJIEKTPUYECKUX  alllapaToB HaJ  TEMIEpaTypoin
OKPYKaroILEeH Cpeabl.

Jia annapatoB ¢ pa3beMHBIMU KOHTAKTAMM COEIMHEHMSI HOPMBI HAarpeBa KOHTAaKTOB M3 MEIU
cocraBiisieT 75°. [Ipyrue ke aneMeHThl uMetoT gonyctumyto temnepatypy 120C Bo3zayxa u 90°C
B MaciIe.

PaccmaTpuBaroTcsi 3aBUCMMOCTM BPEMEHHM HAarpeBa pas3iM4HbIX KOHTAKTOB PAa3bEIUHUTENIEH OT
KPaTHOCTH IEPErpy3KH.

Peakropsl.

Pa3nmuyaroT KpaTKOBpEMEHHYIO NEPErpy3Ky peakTopa W JUIMTEIbHYIO IEpPEerpy3Ky OIHOU BETBU
CIBOCHHOTO PEaKTOpa, a TaKkKe Meperpy3ky peakropa mpu Temmeparype OC ke 35°C.
PaccmaTpuBaroTcs Bce 9TH IEPErpys3KH.

Tpancdopmaropsl ToKa.

Onpenenenne neperpy3ounoit crmocoOHoctd TT cBoAMTCS K ONMpeneNeHUIO BPEMEHH HarpeBa
HanOoJiee Harpy>KEHHBIX AJIEMEHTOB armapara J10 MpeieiIbHO TOMYCTUMOM TEMIIepaTyphl.

Jlekuus 18.
OnpeneneHrne eMKOCTHBIX TOKOB 3aMBIKaHHUS Ha 3€MITIO.
JlomyckaeTcst paboTa ceTd ¢ M30JIMPOBAHHON HEUTpANbIO MPU CIECAYIONIMX TOKAX 3aMbIKaHUS Ha
3EMITIO |

a) 10A npu U= 35kB;

0) 15A npu U= 15-20xB;
B) 20A npu U=10kB;

r) 30A npu U=6kB;

1) 5 A B cxemax OJIOKOB reHepaTop — TpaHc(hopMaTop ¢ TeHepaTopHbIM HanpshkeHueM 6-20kB.
[Tpu GonbIINMX €MKOCTHBIX TOKAX HYXXHA X KoMIeHcanus. [I[puMeHenne ycTpoicTB KOMIICHCANT
€MKOCTHBIX TOKOB 3aMbIKaHHs Ha 3€MJII0 CIIOCOOCTBYET OBICTPOMY M3MEHEHHIO JAYTH B MECTE
3aMBIKAHHS, TIO3TOMY MX Ha3bIBAIOT AYTOTACAIINMHU.

OmnpeneneHre E€MKOCTHOIO M AaKTHBHOTO TOKOB 3aMbIKaHUSI Ha 3EMJII0 HEOOXOAMMO s
NPaBIJIBHOTO BBIOOpA MOIIHOCTEH AYroracsiiux KaTymiek, TpaHc(hopMaTopoB, K KOTOPBIM OHHU
MOJKJIIOYAIOTCS, a TaKKe JJIS OLEHKH CII0C00a BBIMOTHEHHS PEJICHHON 3alUThl U CUTHAIU3ALUN
0JHO(a3HBIX 3aMBIKAaHUH Ha 3€MITIO.

Jlisl OLIEHKU BEJIMYMHBI €MKOCTHOTO TOKa 3aMbIKaHHMS Ha 3€MIII0 PEKOMEHAYETCS MOJIb30BaTHCS
YpaBHEHHEM, YUUTHIBAIOIINM E€MKOCTH BCEX 3JIEMEHTOB CXEMBI CETH OTHOCHTEIBHO 3€MIIU IIPH
KaOeTbHBIX TUHUSX

le

. U
| =B —&,
10

rie K — koap@uuueHT, yuuTHIBAIOUIMA E€MKOCTH MOJHHH, TPaHC(HOPMATOPOB MU OIIMHOBOK
orHOcuTeNbHO 3emitn. K =1,25-1,35.
s BJI Bmecte 10 B 3Hamenarene 6epercst 350.
[Ipy 3amMbIKaHMM Ha 3E€MJIIO B CETH C KOMIIEHCHPOBAHHOW HEUTPAIbIO TOK B MECTE 3aMbIKAHUS
NPEJCTaBIsIeTCs B BUAC JBYX COCTaBISIOMIMX TOKOB: OnHa OOYCIIOBIEHA €MKOCTSIMH CHUCTEMbI
OTHOCHUTEIIbHO 3€MJIH, a BTOpasi — MHAYKTUBHOCTBIO JAyroracsiieil KaTylku 1 Tpanchopmaropa B
HEUTpaau KOTOpPOro OHa BKJIOYeHA. KpoMe peakTHBHON COCTaBISIOLIEH TOK 3aMbIKaHMs Ha
3eMIJTIO COACP)KUT aKTHBHYIO COCTABJISIONIYIO, KOTOpasi Mayia o BEJIMYMWHE M COCTaBIsET 5-6% oT
TOKa 3aMbIKAHUS Ha 3EMITIO.
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Jlexnus 19.

Br16op AI'K u onpenenenue mecta €€ yCTaHOBKH.
JI'K  BBIMOJHSETCS € Yy4YETOM JUIUTENBHOrO oOTekanus TokoM. Pacuernsiii Tok JII'K
CKJIQ/IBIBAETCSl U3 TPEX COCTABIISIIOIIMX: PACYETHOIO €MKOCTHOTO TOKa 3aMbIKaHUS Ha 3eMIIIO,
OCTaTOYHOTO TOKa MEPEKOMIIEHCAIUU, TOKa, OOYCIOBIEHHOTO HMHIYKTUBHBIM COIPOTHBICHUEM
cuioBoro Tpancopmaropa, k koropomy noakiarodeHa JII'K.
[Toka3biBaeTcs kak onpenensercs pacuetHslid Tok JI'K.
Momrocts [II'K HaxomuTcs depes ee pacueTHBIN TOK U (pa3HOE HANPSKCHUE.
Hanee Boidbupaercs tun JAI'K ¢ maBHbIM peryanpoBaHHEM TOKA.
3aaya MIaBHOTO PETYIMPOBAHUS TOKA MOXET OBITh pelIeHa ¢ UCIOIb30BaHUEM TPEX MPUHIIUIIOB
W3MEHEHUS WHAYKTUBHOCTH KATYIIKM. M3MEHEHMEM BO3AYILIHOI'O 3a30pa B MarHUTHOM LENu
anmapata (MWIyH)KEPHBbIC JOPOTOCTOSINUE KATYIIKH), MEPEKIIOUCHHEM MEJIKUMHU CTYNCHIMHU
OTBETBJICHUH C TOMOIIBIO IEPEKIIOYAIOIEr0 YCTPOWCTBA, MOJOOHO YCTPOHCTBY B CHIIOBBIX
TpaHcopmaTopax NpHU PETYIUPOBAHUU HANPSHKEHUS TOJ HArpy3Koi, NOJMarHMYMBaHUEM
MarHUTHOM CHCTEMBI amnmapara (KaTylIky ¢ MOJAMarHUYMBaHUEM).
PaccmaTpuBaeTcss KaXIpli W3 OSTUX MPUHIMIOB M KOHCTpyKTHMBHOe wucnonHeHue JII'K,
BBITIOJIHEHHBIX T10 HUM.
Br160op Tpanchopmaropa ans nogximouenus K.
Paboraromass ayroracsmiast KaTylika sBiseTcs OIHO(A3HON HMHIYKTHBHON Harpy3koil ams
TpaHchopmaTopa, K HeUTpai KOTOPOTO OHA Oy/IeT MOAKITIOUYEHA.
[Ipu 3amblkaHUU Ha 3eMJII0 OAHOM (ha3bl ceTu uepe3 oOMOTKY 3Toi (a3l TpaHcdopmaropa, B
HENTpajdb KOTOPOTO BKIIOUEHA KAaTyllKa, Te4eT HWHIYKTUBHBIM TOK, paBHbI paboueMy TOKY
YCTQHOBJICHHOTO OTBETBJICHHS KATYIIKM. DTO PABHOCHIBHO MPOXOXKIACHUIO Yepe3 OOMOTKH
Kaxaoi (asel 1/3 Toka KaTymikd, 4TO MPUBOTUT K HEKOTOPOMY TaJCHHUIO HAMPSIKCHHS Ha
00MOTKax, BCIEICTBUE YETr0 HANpsDKEHUE HA HEHTpanu OyAeT MeHbIe HOPMaIbHOTO (azHOrO U
dakTHyeckas MOLTHOCTH KaTyIIKHU Oy/1eT MEHbIlIE HOMUHAILHOM.
C TOuYKM 3peHMsI UCTIONB30BAHMSI MOLIHOCTH Ayroracsiueil KaTyllKd U JONOJHUTEIBHOIO Harpesa
MIpU 3aMBIKAaHWHM Ha 3€MJII0 B CETH HamOoJiee Ieaecoo0pa3Ho MPHUMEHSTh TpaHchOpMaTop co
CXEMOM COeMHEHNUsI OOMOTOK.
MomHOCTh Ayroracsiieil KaTylku He JoJDKHa mpeBbimaTh 50% momHocTu Tpanchopmaropa. B
3TOM clly4yae TOK KOMIIEHCAIlMM KaTymKku Oyzaer B 1,5pa3a 0osblile HOMUHAIBHOTO 3HAYCHHSI TOKA
00OMOTKH, 0 KOTOPOW OH MPOTEKAET.
KonnuecTBo 1 MECTO YCTaHOBKH AYroracsiyx KaTylleK ¢ I0JAMAarHN4UBaHUEM OIPEEIIIETCS:
1. Koudurypanueit cetu u ycIoBHEM €€ IKCIUTyaTallid, T.€. BO3MOXXHOCTBIO pa3JelieHus Ha
IIEKTPUYECKU U30JMPOBAHHBIE YUaCTKH WU OTKIIOYEHHS 3HAUUTEIbHBIX Y4aCTKOB CETH.
2. CxemMaMH COEMHEHUS KOMMYTAIIMOHHBIX IYHKTOB, Ha KOTOPBIX OCYIIECTBIISIETCS YCTaHOBKA
Jyroracsilux KaTyIlek.
3. Hanmmuuem tpancopMaTopoB Wi APpyTruX Tpex(da3HbIX YCTPOHCTB C COSTMHEHUEM OOMOTOK B
3Be31y, K HEWTpaau KOTOPBIX MOTYT OBITh TNPHCOEAWHEHBI yrOracUTENbHbIC ammaparbl ¢
MOIMarHUYMBAHUEM.

Jlexmus 20.
JIMMTeNbHOCTD MycKa U camo3arrycka aektpoasurarenei (D/1).

[lpm ycTaHoBHBHIEMCS pPEXKHME BpAINAIOIIMHCS MOMEHT JBUTATeNs pPaBEH MOMEHTY
CONPOTUBIICHUSI MEXaHWU3Ma, 4YTO M OOECIEeYMBAET IIOCTOSHCTBO 4YacTOTHI BpalICHUS  Bala
arperara JBUTaTelb-MeXaHU3M. Ecnu B criy Kakux-1u00 MpUYMH 3TO PaBHOBECHE HapyIIaeTcs,
TO CKOPOCTh arperara m3MeHsiercsi. VI3MeHeHue 4acTOThl BpallleHHs arperara MpPOUCXOIHT TOJ
BO3/IeiiCTBHEM N30BITOYHOTO MOMEHTA.

Ecau u30BITOYHBIE MOMEHT BBINIE, TO 4YacTOTa BpAIlEHHWsS arperara yBEJIHMYUBACTCS, T.C.
NpOUCXOAUT pasroH DJI 1m0 JerT mop, HMOoKa He HACTYUT PaBHOBECHE MEXAY MOMEHTaMHU
JIBUTATENS ¥ MEXaHW3Ma Mpu OOJBIION YacToTe BpamieHus. Eciy u30bITOYHBI MOMEHT MEHbIIIE,
TO YaCTOTa BPAILCHHS CHWKACTCS, T.€. IPOUCXOANT BbIOEr. OH MOXKET OBITh ITOJTHBIM.
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Camo3zamyck couetaer B cebe 2 mporecca: BbIOEr NMPU MOHMKEHHOM HAIPSDKEHHH, pa3roH J10
HOMUHAJIbHON 4aCTOTHI BpAIlIEHUs PU BOCCTAHOBICHUH HaNpshKeHHs. JJTUTeNbHOCTE pa3rona D1
ompenensoT TrpadoaHanuTudeckuM crocodom. [Ipu K3 O6mu3kux or muH, Korja HampsoKeHUe
camkaercss a0 0, BeiOer kaxmoro O] mpoucxomut wHAMBUAYaTbHO. [lpu oTkmoueHun D]
HaNpsDKEHUE Ha WX 3axuMax ckadkoM mamaet a0 0,85 Uy, a 3arem mo mepe BwiOera y Al
owicTpo mamaet a0 0,a y CJl magaet Oonee MEIJIEHHO M JUTUTEIBHOE BPEMS TOIICPKUBACTCS Ha
ypoBHe 0,7-0,8 Yoy

Jlexmust 21. CriocoObI U CXEMBI ITyCKa AJIEKTPOIBUTATEIICH.
Y BBICOKOBOJITHBIX D/] pa3nuyaroT CIeAyIONUe CXEMBI ITycKa!
a) MPSIMOE BKITIOUYCHHE,;
0) BKJIFOYCHHUE Yepe3 peaKTop;
B) BKIIIOUCHHE PEAKTOPa B HEHTpaslb OOMOTKH CTAaTOPA;
r) BKIIIOYeHUE TpaHchopmaTopa nepen D/1;
) BKJTFOUCHHE TpanchopmaTopa B HEUTpabh 00MOTKH CTaTopa;
¢) aBToTpanchopMaTOpHas CXeMa,
) cxeMa 0j10ka TpaHChOPMaTOp-IBUTaTEb.
Jlyist HU3KOBONBTHBIX D] XapaKTepHBI CIACAYIONINE CXEMBI ITyCKa!
a) MPSIMOE BKITIOUYCHHE,;
0) psiIMOE BKITFOUYCHHE C PE3EPBUPOBAHUEM;
B) CXeMa IycKa C MePeKITI0UYCHUEM TPEYroIbHUKA Ha 3BE31Y;
I') BKJIFOYCHUE aKTUBHOTO CONPOTHUBIICHHS;
1) TIEPEKITIOYCHUE YHCIIa TTOJTFOCOB.
PaccMaTpuBaroTCs XapakTEpUCTUKH U 00JaCTH MPUMEHEHHS KJKIOTO BHJIa CXEM ITyCKa.
Hawubonee npenmouturenbHa cxema mnpsmoro mycka (st CJI — mpsMoro aCHHXpPOHHOTO IMycKa),
HO JUIsI BBICOKOBONBTHBIX O] 3TO He Bcerma mpuemiemo. Torna HUCHONB3YIOT pPeaKTOPHBIE
(TpanchopmMaTopHbIE) CXEMBI ITyCKA.
OmnpenenstoTcst MycKOBbIe TOKH [T pa3HbIX crioco0oB mycka /1.

Jlexus 22.

Camozanyck /1.
[Toka3bpIBaeTCst KaKk COCTABIISIETCS] pacueTHAas CXeMa CaMOo3aIrycKa.
[Topsimok OIIEHKH BO3MOKHOCTH CaMO3arycKa.
1. Onpenensiercss yacToTa BpalleHUs (CKOJIBKEHHUS), 10 KOTOPOH 3aTOPMO3UJICS arperar 3a BpeMs
nepephiBa MUTAHHUS.
2. Omnpenensiercsi OCTaTOYHOE HanpspKkeHue Ha muHax MUII.
3. [IpoBepka neperpysku TpanchopMaTopa TOKaMH CaMO3aITycKa.
4. OrmpezaerieHHWe ACHHXPOHHOIO BpallaTeIbHOTO MOMEHTa IPU OCTATOYHOM HAIPSKEHUH,
KOTOPBIN ISl YCHEIIHOTO caMo3arrycka AokeH ObiTh Ha 10% BhIllle MOMEHTa COMPOTHUBIICHUS
MEXaHHU3Ma.
Hns Al BBINOJHEHWE NOCHEAHUX YCIOBUUA JOCTATOYHO [JIsi 3aKIIOYEHHS O BO3MOXKHOCTH
YCHEIIHOTO camM03aIycKa.
Hnsa  CJ] ykazaHHBIE YCJIOBHS SIBISIOTCS HEOOXOAMMBIMH, HO HE JOCTaTOYHBIMH. Jlms
ONpeJIeNICHUs IOCTaTOUYHOTO YCiIoBHs camo3anycka CJl mpoBepsitoT BO3MOXHOCTh €r0 BXOXKIEHUS
B CHHXPOHH3M TPH MOJACHHXPOHHOM cKojbkeHun S= 0,02-0,08 Kak mpaBwiio, MpUHUMAaOT S=
0,05).
C 3TOM 11e/IbI0 BBEIIOJHSIIOT JadbHEHUININE ITAbI BEIYUCICHUS .
a) OIpEeJIeJICHUE PEAKTUBHOTO COMPOTUBJICHHUS IBUTATENsl U OCTATOYHOTO HAMPSHKCHUS HA IHHAX
NII npu NoACMHXPOHHOM CKOJIbKEHUH;
0) ompeneneHUe BPAIIaTEIbHOIO MOMEHTA MPU OCTATOYHOM HAINPSHKCHUM M CPaBHEHHE €ro  C
MOMEHTOM COTIPOTHUBJICHUS TIPH TIOJICHHXPOHHOM CKOJIbKEHUHU.
5. Onpenenenre HEOTKIIIOYAEMOM MOIIIHOCTH caMo3artyckatoumxes J/1.
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Jlexuus 23.
OnpeneneHre AOMYCTUMOrO HECUHXPOHHOTO BKitoueHust C/I.
OnpenensitoTcsi MakCHUMallbHblE 3HA4YeHMsI NEpUOAMYECKO cocraBistomedi Toka CJl mpu
HECMHXPOHHOM BKJIIOUEHHH B MPOTHUBO(A3eE.
a) st ogaoro C/I,
0) must rpymmst CJI.
HaxomuTcs  MmakcuManbHOE  3HAYEHME  BJEKTPOMAarHUTHOIO  MOMEHTa  BpAlleHHUS  IIpU
HECMHXPOHHOM BKJIIOUEHHH B MPOTHUBO(A3eE.
Jlna rpynmst C/1, NOAKIIOYEHHBIX K IUHAM 4epe3 X o6
HonyctuMocTh HeCMHXpOHHOTO BkIO4YeHus CJ onpenenstor Mo JIBYM KPUTEPHUAM: IO
JIEKTPOMarHUTHOMY MOMEHTY U 110 TOKY.
VYcnoBust JOMYCTUMOCTH HECUHXPOHHOTO BKIIFOYEHUS IO TOKY SIBJISIETCS ONPENEIISIOIINM.
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3. [IpakTHYecKue 3aHATHSA
3.1.MeToanyeckune peKOMEHIAIUH MO0 MPOBEIEHHI0 MPAKTHYECKUX 3aHATHH

[IpakTudeckue 3aHATHS MPOBOJISATCS JJI TOTO, YTOOBI CTYAEHTHI MOTJIH IOJTYYHTh OCHOBHBIE
HaBbIKK B OCHOBAaX [IPOEKTHPOBAHHUS HU3KOBOJIBTHBIX CHCTEM JJIEKTPOCHAOXKEHUs, B
PacCMOTPEHUH BOIIPOCOB KOMIIEHCALMM €MKOCTHBIX TOKOB 3aMbIKaHUs Ha 3€MJIIO U CaMO3aIlycKa
BJIEKTPOJIBUTATENICH.
[enp mpakTHYECKUX 3aHATHA — HAYYUTh CTYJCHTOB BHIOMpATh W AHAIU3UPOBATH CXEMBI
HU3KOBOJIBTHOTO 3JIEKTPOCHAOXEHMS, pacCUUThIBATh YCIOBHS Mycka M camosamycka O/l
OTIpeNeNATh TOK 3aMbIKaHHUs Ha 3eMJIt0 U Beioupats J{I'P.
B mpakTtuyeckux 3aHATHSX TNPUMEPbl  MOJOMPAIOTCS B COOTBETCTBHHM CO cHElU(UKON
CHELHATBHOCTH, IIPH 3TOM HCIOIB3YIOTCA PEAIbHBIE CXEMbl OOBEKTOB U CHUCTEM.

[Io mpakTUYECKUM 3aHATHUSIM HCHOJIB3YIOTCS CIIEHUATM3UPOBAHHBIC 3a/1a4M OTAEIBHO JUIsS
KaKJI0M CHeuaibHOCTH Ha UHIMBUIYAIbHBIX KAPTOUKAX.
CornacHo y4eOHBIX IJIAHOB MpeaycMoTpeHo 8 mpakTtuueckux 3anstuil (I13), mepeueHs KOTOPHIX
MIPUBEJICH HUXKE.

13 1. Beibop 311€eMEHTOB 1IEXOBOH 3JEKTPUUECKOH CeTH

[13 2. PacueT TOKOB Tpex(}a3zHOTO KOPOTKOTO 3aMbIKAHUS

13 3. Pacuet TOKOB 0HO(A3HOTO KOPOTKOTO 3aMBIKAHHUS

[13 4. Pa3zpaboTka cxeM HHU3KOBOJBTHBIX CHCTEM DJICKTPOCHAOKEHUS M 00CCTICUCHUE WX 3aIUTHI.
Kapra cenextuBHOCTH

[13 5. PacueT emkoCcTHOTO TOKA 3aMbIKaHUs Ha 3emi1to. Beidop I[P

I13 6. ITyck D]]

[13 7. Camozanyck J]]

I13 8. O630p 3324 O BceM TeMam

B mpomecce o00y4deHHsT CTYAEHTHI TOJB3YIOTCSA HWH(POPMALMOHHBIMA M  KOMIBIOTEPHBIMHU
TEXHOJIOTUSAMH.

lupoko mnpumensrorcsi nporpammubie npoayktel MathCad,  Visio, «ZAPUSK», GAIIP
«Kapar»», ucrnonp3dyercst 0aHK MaHHBIX Kadeapel, COJACp)KAIIWil SIEKTPOHHBIE BapHAHTHI
y4eOHUKOB, CIIPAaBOYHBIE JaHHbIE, a TAK)KE MH(POPMAIMIO O COBPEMEHHOM 000PY/IOBaHUH.
[IpakTHyeckue 3aHATHE PEKOMEHIYETCS IIPOBOIUTH COTJIACHO CIICAYIOIIEMY IIJIaHYy.

Ilnan I’lpOGé@@Hu}l npakmu4ecKko2o 3aHAmuA.

1. Ilens 3ansaTHS.

2. Kparkue TeopeTudecKue CBeICHUSI.

3. brum-onpoc cTyneHToB.

4. Pemenue 3amauy.

5. Ananu3 kauecTBa BBHITIOJIHCHUS WHAWBUAYAJTbHBIX TOMAIIHUX 3aJlaHUi U pa3dop
THIIOBBIX OIIMOOK.

6. BeiBoibI 11 000011ICHIE PE3yIbTATOB.

7. JlomarrHee 3ajaHue 1 33JJaHUE HA CAMOCTOSITEIIBHYIO TPOPAOOTKY.

Ha mnepBoMm 3aHATHM 11€71€COO0Pa3HO YCTPOUTH BXOJHOW KOHTPOJb, HA TMOCIETHEM —
KOMILIEKCHYIO IPOBEPKY KaueCTBa 3HAHUN CTY/IEHTOB.

IIpn M3M0)KEHUN KPAaTKUX TEOPETHUECKUX CBEICHHM PEKOMEHIYETCSl CUCTEMATU3UPOBAThH
U 0000UmMTH MaTepuaj, BBIAECIUB INPH 3TOM IJIaBHbIE MOMEHTHL. B mporecce H310KeHUs
MarepHuaiga LenecooOpa3HO BOBJIEKATh CTYJICHTOB B €ro aHalW3, aKTHBH3HPOBATH IIPOLIECC
MBILIICHHS] CTYJJCHTOB 3a CUET CPEICTB UHTEHCUBHOTO 00Yy4EHUS.
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baui-onpoc cTyaeHTOB Wi HEOObIIask CAaMOCTOATENbHAs paboTa 10 TeMe MPAKTUIECKOTO
3aHSATHS TTO3BOJIAT JIy4IlIe YCBOUTH XOJ] PELICHNUS 3a/1a4, TOHATh UX CYIIHOCTb.

[Tpu pemienun 3a1a4 MOKHO HCIOJIB30BaTh pasHble (popmbl. Hampumep, mpenopaBaTens,

pemas 3ajady Ha JJOCKE, MOSICHSET €€ W NPHUBJIEKAeT K pabdoTe BCIO TPYMITy IyTEM BOMPOCOB,
MOCTOSIHHO ITOJIBO/ISL CTYACHTOB K IPABHJILHOMY PEIICHHUIO.
Hpyras ¢opma pemeHus 3agad - CaMOCTOSTEIbHas paboTa CTYACHTOB IOJ KOHTPOJEM
IpenoiaBaTess ¢ MOsICHEHUEM HambOosee TPYIHBIX MOMEHTOB. BO3MOXXHO pelieHue 3aiaud Ha
JIOCKE CTYICHTOM, HO B 3TOM ClIydae MpPENOJaBaTellb PYKOBOJHUTH IPOLECCOM DEUICHUS H
BOBJIEKAET B pabOTy BCIO TPYIILY.

Kak mpaBwio, 3ammurta MHAMBHAYaJbHBIX AOMAIIHHUX 3aJaHUN JOJDKHA IPOBOIUTHCS BO
BHEAYAUTOPHOE BpEMs, a Ha MPAKTUYECKOM 3aHATHH CJIEeAyeT T0Ka3aTh THUIIOBBIE OIIMOKH,
IPOAHAIM3UPOBATh PE3YJIbTATHl BHIMOJHEHUS W 3aIUTHl MHIWBHIYAJIbHBIX 33JaHUI, OTMETHTH
JyYIIUe U XyJIIUe U3 HUX, MPEJIOKUTh CTYyIEHTaM B BUJE JIEIOBOM UIPhl IPUHATH PELICHUE 110
YCTpPaHEHHIO 3aMEUYaHUM.

B KoOHIIE NpPaKTUYECKOrO 3aHATHUA NpPENoJaBaTelb Ha3bIBACT  TEMY CJEIYIOLIETro,
yKa3bIBaeT pa3Jeibl TEOPETHYECKOTrO0 MaTepuasa, KOTOPble CTYIEHT MJOJDKEH OCBOUTH JUIA
HanOosnee 3(h(HheKTUBHOTO pelIeHns 3aj1ay, BBIAAET IOMaITHee 3aJaHne.

B mnpomecce mnpoBeneHHs NPAKTHYECKUX 3aHATHH HUCIIOJIB3YIOTCS KIIACCHYECKHE |
COBpPEMEHHBIE NIeIarOTMYECKHE TEXHOIOTHH.

3.2.MeToanyecKue yKa3aHus M0 NPOBEAEHUI0 NPAKTHYECKUX 3aHATHH

IIpakTnueckoe 3anarue Nel

Br16op Mecta pacnonoxenust KTTI.
[Ipu mpOEKTUPOBAaHUN COBPEMEHHBIX CHCTEM 3JIEKTPOCHAOKEHHs peliaTh 3aJauyd ONpE/IeICHUs
Yucaa ¥ MecTa pacloyioKEeHUsI HCTOYHUKOB IMUTaHUs CTAHOBUTCA BCE CIIOXKHEE. DTO OOBICHSETCS
TEM, YTO MPOCKTUPOBIIMKAM IPH PEIICHUHM 3THUX 3a7ad NPUXOAMUTCS ONEPUPOBATH C OOJBIIUM
KOJINYECTBOM HCXOJHBIX JaHHBIX, OOBEM KOTOpBIX IIOCTOSIHHO YyBeluWduBaercsi. B mepByro
oudepezib 3TO OTHOCUTCS K BO3POCILIEMY YHUCILY JIEKTPOIPUEMHHUKOB.
OpgHuM MX METOJOB NO3BOJIAIOIIMX IOJYYUTh INPEACTABICHUE O PACHPENEICHUM HArpys3okK IO
TEPPUTOPUN OOBEKTa SBISIETCS KapTorpaMMa Harpy3ok. OTO IUIaH, Ha KOTOPOM H300pa)keHa
KapTUHA CpENHEH WHTEHCUBHOCTU PACIPENEICHUS HArpy30K IPUEMHHUKOB SJIEKTPOIHEPTHUU.
Hauboinee npoctoii crmoco6om n300pakeHus CpelHel MHTEHCUBHOCTH paclipe/leieHus] Harpy30K
COCTOUT B TOM, YTO HAarpy3ku M300pa’karoTcsl ¢ IOMOIIbIO KPyroB. B kauecTBe LieHTpa Harpys3ku
BBIOMpAIOT LEHTp odiekTpuueckod Harpy3ku (LIOH) snekrponpueMHuKa WM TPYIIIBI
JNEKTPOIIPUEMHHUKOB. A paguyc Kpyra CBSA3bIBAIOT C PACYETHON MOIIHOCTBIO.
OOuwmii 1EeHTp 3JEKTPUYECKUX HArpy30K HaXOJWM AaHAJOTHMYHO HAXOXKIACHUIO IEHTP TSKECTH
CHUCTEMBI MaTCPUAIbHBIX TOYEK.
3areM, UCIHOJb3Yysl BEPOSITHOCTHO-CTATUCTHMUYECKUN MaTEeMaTHUYECKHH ammapar, OIpelIeislFoTCs
TaKHE XapaKTCPUCTUKM KAaK MaTeMaThdeckoe oxkumaaHnue koopaumHar I[OH, momyocm smummca
paccesHMs U Yrojl ux noBopora. Ha OCHOBaHMM 3THUX JaHHBIX Ha KapTOIpaMMe JJIEKTPUYECKHUX
Harpy30K CTPOMTCS DJUIMIIC 30HBI PACCESIHMS, 10 KOTOPOMY ONPEAECIIAETCS MECTO PACIIONIOKEHHUS
uexosow TII.
Taxxe paccmarpuBaeTcs BbIOOp CEUEHHIl NPOBOJHUKOB, ABTOMATUYECKHUX BBIKIIOYATENEH U
npenoxpanuresneil. [lpumeps! nux BpIOOpa MOKa3aHbl HUKE B BUJE PEUICHUS KOMIUICKCHON 3a1a4H.

AJITOPUTM pacyeTa [EHTPa ICKTPUUECKUX HArPY30K M KaPTOTPaMMBbI SJIEKTPUIECKUX HArPy30K.
PacueTHbIe METO/IBI B3STHI M3 CIACAYIOIINX HCTOYHHUKOB: /8, ¢c. 67-70/m /14,c 214-257/.
Jlnist MOCTpOeHUsT KapTOrpaMMBbl Harpy30K U 3JUIMIICA 30HBI paccessHusl HeoOxoauma HH(popMaIus
0 Harpyskax. B 4acTHOCTH MOIIHOCTH U LIEHTP PACIIOIOXKEHHUS DJIEKTPONPUEMHUKA MM TPYIIIBI
JNIEKTPOIIPUEMHUKOB (OOBEIMHICMBIX MO TEXHOJOTMYECKOMY TpHu3HaKy). [lo crpaBo4HBIM
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JTAHHBIM BBIOMPACTCS CYTOUYHBIN IpaduK HArpy3KH Ui K&KIOTO IEKTPOIIPUEMHUKA WM TPYIIIIHI
JNEKTPOIIPUEMHHUKOB.

Wmest 5T naHHBIE B KAa4eCTBE MCXOJHOW MH(OPMAIUM NMPHUMEHUM CIEAYIOMIUN alrTOpPUTM IS
IIOCTPOEHHS KapTOrpaMMbl Harpy30K:

1) Paguyc OKpy»KHOCTH JUTsi H300paKEHHSI HATPY3KU HA KapTOrpaMMe:

— Ppi
R_Vﬂﬁm

m - Macmrrad
Ppi - MomnocTts D11

2) KoopauHats! 1ieHTpa 3JeKTPUUIEeCKUX Harpy30kK Mt K-ro gaca cyTok ompeaensiem mo Gopmyie:

n n

> Rk >, PhyCk
Xk = I:]'n ’ y: I:]'n

> R > Pk

i=1 =1
I'ne Pi -momHocTh |- TOUKM IOTpedaeHUs
Xi, Yi - KoOpAMHATHI IICHTPA TSHKECTH (HUTypsI |-if ToukH moTpedIeHns

Ki - momaOoCTh |-ro mpuemuunka B K-ii gac cyTok B mporieHTax ot Pi
3) Maremarndeckoe oxuaanue koopaunat [{OH paBHbI:

24 24
Q, =D X, 124; Q, =D, /24
k=1 k=1
4) CpeaHeKkBapaTHYHbIC OTKJIOHCHHUS KOOPAUHAT LIEHTPA!
24 24
D (Q = X)I24; G,=.[>, Q- Y )/2 5)
k=1 k=1

KoaddunmenT koppensiuun KoopIuHAT HEHTPOB HATPY30K PaBEH:

2. (X~ Q)% - Q)
K, = 6)
24[G, [G,

Yroi moBopoTa 0ce UIUICAa OTHOCUTEILHO BRIOPAHHOW CHCTEMBI KOOPIMHAT:

2K, [G, [G,
GG )
2

arctg(

a=

7) Honyocu 35murica paccesHusI ONPEICIISIOTCS:

X =,[6[(G?2[£og a+ K, [G,[G, [sin 2a+ G?Usif a

Y = [6[(G? [5in® a- K G UG, [sin2a+ G [cod a)

Hcxonst W3 MaHHBIX TOJMYYEHHBIX B PE3YNbTaTe PacueToB, CTPOMTCS KapTorpaMMa Harpy3ok U
aanc  paccesauss [[DH. Mecro pacnonoxenus wucrounwka nuranus ([T, IIPII, TII)
BBEIOMPAIOT B JTF0001 Hanbosee yao0HOM ero TouKe.

B sToM ciydae BeIciIee HampspKeHHE OyAeT MaKCUMAalbHO MPUOIMKEHO K LEHTPY NOTpeOIeHus
JIEKTPOIHEPIHH, A paclpeeTUTENbHbIC CETH OYAYT UMETh MUHUMAIBHYIO MTPOTSKEHHOCTD.
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[Tpumep onpeneneHus IEHTPa MEKTPUIECCKUX HATPYy30K.
C nensto onpenenenns mecta pacnonoxenus ['TIH, I'PIT npeanpusrus, a takxke nexosix TII mpu
MPOSKTUPOBAHUM CTPOSIT KapTOrpaMMy JJIEKTPUYECKUX Harpy3ok. Kaprorpamma mpencraBiseT
co00lf pa3MeIleHHBIE Ha TEHEPAIHHOM IUIAHE NPEANPHUATHS WA IUIaHE II€Xa OKPYKHOCTH,
IUTOMIA/Ib KOTOPBIX COOTBETCTBYET B BRLIOPAHHOM MAcCITa0e pACYETHBIM HArpy3KaMm.
Paanychl OKpY»KHOCTEH KapTorpaMMbI OIpeAesioT mo ¢opmyte /8, c. 67/
[Ipu mocTpoeHnr KapTOTpaMMbl HArPY30K OTAEIBHBIX [[EXOB MPEATPHUATHS IEHTPHI OKPYKHOCTEH
COBMENIAIOT C IIEHTPAMH THKECTH TeOMETPHUECKUX (UTYD, N300pakaroux OTJAEIbHBIC YIaCTKH
I[EXOB C COCPEIOTOYCHHBIMU HATPy3KaMHU.
Cornacuo /8, ¢. 67/ MOXHO BOCIIOJIb30BaThCS KOOPJMHATAMH IIEHTPOB OTACACHHN IeXa s
HaxoxacHus 11OH.
[lex coCcTOUT U3 CIEAYIOIIUX OTACICHUMN:
Mexannueckoe X=28;Y=31;
Coopounas momaaka X=61.5;Y=36;
Tepmuueckoe otnenenne X=14;Y=12.5;
Toueunas cBapka X=38;Y=12;
Pacripenenenne Harpy3ok B TEYEHHE CYTOK JUISI KaKIOTO W3 OTICICHUN BBIOPAHO HCXOIS W3
TUIOBBIX Tpadukos /9, c.120/
MaremaTrueckoe 0XKUIaHNe KOOPIMHAT LIEHTPA ANMEKTPUUECKUX HATPY30K

24
Q=) X, /24= 1287 /24 53,6

k=1
24

Q, =D Y, /24= 550/24 22,9
k=1

CpenHekBaapaTUIHbIE OTKJIOHEHUS KOOPAWHAT IIEHTpA.

24
G, :\/Z(QX - X, )/ 24=+ 1201177/ 24 22..

k=1

24
G, =\/Z(Qy - Y, )/ 24=+ 38262/ 24 9.
k=1

KoaddunmenT koppensiuun KoopIuHAT HEHTPOB HATPY30K PaBEH:
24

z(xk_Qx )*(Yk_Qy)

« =& __ 513566 _,,
24*G, *G, 24* 22,23*9,50
Yroxa ImoBOpPOTa Oocel DILIUIICA 30HEBI pacceaHuAa
i 2K GG, 2[1[22,2319,5
arctg( G252 ) arctg( 2 3
a= 2x y _ 22,; (19,5 = 2314

HOHyOCI/I OJIIUIICA 30HBI PACCCAHUA

X =,/6(Gto$ ar KOGUGUsin2a (G0 sin &)

\/6J22,2§ (Oco$ 23,14 [ 22,238 9,6D sin223114 $[5(n* 28,14 )= 59,2.
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Y= [60(G*Csif a KOGOGUsin2a (G0 cds &)

\/6J22,2§ Osid 23,14 @ 22,23 9,50 sinR2 2344 9,H0s°@8,14 )= 9,8

(®118]

Pucynok - Kaprorpamma sneKTprU4ecKuX Harpy3ok.

[IpakTrueckoe 3ansTue Ne2.

Pacyer TokoB Tpex(azHOr0 KOPOTKOTO 3aMBIKAHHS B HU3KOBOJIBTHOU CETH.
Koporkum 3ambikanweMm (K3) Ha3pBaloT BCsSIKOE ClydailHOE WM IPEIHAMEPCHHOE, HE
IPEIYCMOTPEHHOE HOPMAJIbHBIM PEKUMOM pabOTHl INEKTPHUECKOE COEAMHEHHE pPA3TUYHBIX
TOYEK DJIEKTPOYCTAHOBKH MEXJy COOOM WM ¢ 3eMiield, MpU KOTOPOM TOKHM B ammaparax u
MPOBOJIHUKAX, NIPHUMBIKAIOUIUX K MECTy COEAMHEHUs, PE3KO BO3pPACTAIOT, MpPEBBIIIAs], KaK
MPABUJIO, paCUeTHBIE 3HAYECHUSI HOPMAIBHOTO PEKUMA.
Pacueram TokoB K3 [MOMKHBI TPEANIECTBOBATH AHANU3 CXEMbl JJEKTPUYECKON CeTH U
orpezeneHue HauboJiee TSKENbIX, HO JOCTAaTOYHO BEPOSITHBIX, TaK HAa3bIBAEMbBIX PACUETHBIX
YCJIOBHIA, B KOTOPBIX OKa3bIBACTCs (C TOUKH 3PEHUS PEIIaeMOii 3a/1aun) TOT MM HHOM €€ 3JIEMCHT.
OTOT aHajIu3 SBJISETCS CIOXKHO aJrOpPUTMU3HPOBATh, U OH OCTAaeTCAd IS CaMOCTOSITEIbHOMN
TBOPYECKOI paboTHI.
Pacyer TOKOB KOpPOTKOrO 3aMblKaHHUsS HEOOXOIuUM MJisi BbIOOpa W TPOBEPKU OOOpYIOBAHUS.
Pacuernpim BuzoM K3 mpu BeIOOpEe M MpOBEpKE ammapaToB U MPOBOJHHKOB OOBIYHO SIBIISIETCS
tpexdasnoe, pexe (B cersx I10 kB u Britie) — oanodasnoe K3. Beibop pacuyernsix yciaoBuii K3
NpU PEIICHUH 3aJlay PEeJICMHON 3alUThl 3aBUCUT OT TOTO, B KAKUX LENSAX MPOU3BOAUTCS PacUeT
JUISI IPOBEPKH YyBCTBUTEILHOCTHU WM JUIS BBIOOpA IMapaMeTpoB cpabaThIBaHUS 3alUT.
Pacuer TokoB K3 B cetn 0,4kB npousBoaum B coorBerctBuu ¢ /12/u /4].

MeTtoauka pacuera Tpex(a3zHOro KOPOTKOro 3aMbIKaHUS.
[Tpu pacyerax TokoB K3 B a51eKTpoycTaHOBKAxX MEPEMEHHOT0 TOKa HampspbkeHueM a0 1 kB
JIOTTYCKAaeTCsl:
1) ucronp30BaTh YIPOIIEHHBIE METOIBI PACUETOB, €CIIU MX MOrPEITHOCTh He mpeBbimaet 10 %;
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2) MAaKCUMAJIbHO yHIpPOLIATh U S5KBUBAJICHTUPOBATH BCHO BHCUIHIOKO CCTh IO OTHOIICHUIO K MCCTY
K3 u wuHIMBHIyanbHO YYMUTHIBATH TOJBKO AaBTOHOMHBIE HCTOYHHKU JIIEKTPOIHEPTUU U
AJIEKTPOJIBUTaTENN, HEMOCPEACTBEHHO NMPUMBIKatonne k mecty K3;

3) He y4uTHIBaTh TOK HAMAarHUYUBaHKsI TPaHC(HOPMATOPOB;

4) HC YUUTBIBATH HACBIIICHUC MAI'HUTHBIX CUCTEM BJICKTPUUCCKHUX MAaIllHH,

5) npuaEMaTh KO3(GQUIMEHTH TpaHchopManud TpaHCHOPMATOPOB PABHBIMH OTHOIICHHIO
CPEIHMX HOMHUHAIBHBIX HANPSDKCHUN TEX CTYNCHEM HANPSKEHUsI CETEeH, KOTOpbIE CBSA3BIBAIOT
Tpancopmaropsl. [Ipu 3TOM crienyer ucrnonb30BaTh CIEAYIONIYIO IKATY CPEIHUX HOMHHAIbHBIX
Hanpsokenuit: 37; 24, 20; 15,75; 13,8; 10,5; 6,3; 3,15; 0,6928; 0,4; 0,23;

6) He yYUTHIBATh BIMSHHE CHHXPOHHBIX M ACHHXPOHHBIX JJIEKTPOJBUTATENCH MM KOMIUIEKCHON
Harpy3kH, €clii UX CyMMapHbI HOMHHAJIbHBIN TOK He mpeBbimaeT 1,0 Y HavanbHOrO 3HAUYEHUS
MePUOIMUECKON cocTaBisitolel Toka B Mecte K3, paccuntanHoro 6e3 y4eTa 3JeKTpoABUTaTENeH
WJIU KOMIUJIEKCHOM Harpys3KHu.

[Ipu cocTaBieHMHM SKBUBAJICHTHBIX CXEM 3aMEIICHUs [apaMeTpbl 3JIEMEHTOB HMCXOIHOMI
pacyeTHOM CXEMBI CIEAYET NPUBOJAUTH K CTYIIEHHM HAIPSOKEHUS CETH, HA KOTOPOM HAaXOIUTCA
touka K3, a akTHBHBIC M HMHIYKTHBHBIC COTMPOTHUBIICHHS BCEX JJIEMEHTOB cxeme/ 3aMelleHHs
BbIpaXXaTb B MUJUIMOMAX.

Meroauka pacuera HayajJbHOTO JICHCTBYIOUIETO 3HAYEHUS MEPUOJUYECKON COCTaBIISIIONICH TOKA
K3 B anekrpoycranoBkax 10 1 kB 3aBucHT OT criocoba 37IeKTPOCHAOKEHUS - OT SHEPTOCUCTEMBI
WK OT aBTOHOMHOT'O HCTOYHUKA.

[Ipu pacuere TokoB K3 B 31eKTpoycTaHOBKaX, MOJYYAIOIIMX MUTAHUE HEMOCPEICTBEHHO OT CETU
SHEProCUCTEMBI, JIOMYCKAeTCAd CUYUTaTh, YTO MOHIKAIOUIUE TpaHC(HOPMATOPHI MOJKIIOUEHBI K
HCTOYHUKY HCU3MCHHOT'O II0 AaMIUIMTYAC HANPsKCHUA YCPC3 OSKBUBAJICHTHOC HWHIAYKTHBHOC
COTIPOTUBIICHUE.

Ecimu snexkTpocHaOXeHHE DJICKTPOYCTAHOBKH OCYIIECTBISIETCS OT JHEPrOCHUCTEMBI 4epe3
noHWXxaromuid Tpanchopmatop u BOMM3M Mecta K3 HMMEIOTCS CHHXpPOHHBIE W ACHUHXPOHHBIC
SJICKTPOABUTATCIIM UWJIM KOMIUJICKCHAA Harpy3ka, TO Ha4YaJlbHOC ,Z[GﬁCTByIOLLIGG 3HAYCHUC
MepuoanYecKoil cocrapistomet Toka K3 ¢ yderoM NOANUTKH OT JJIEKTPOABUTATENCH WU
KOMILIEKCHOW Harpy3KH CJICIyeT ONpEeACsaTh Kak CyMMY TOKOB OT dHeprocucremsl (cm. m. 6.2.4)
U OT 3JICKTPOABUTATENIEH HIIH KOMIIEKCHOM Harpy3ku (cm . 6.6u 6.7).

Anroput™m pacdera Tpex(ha3zHOro KOPOTKOTO 3aMbIKaHHS.
AJITOpPUTM pacyera TOKOB KOPOTKOTO 3aMBIKaHUS TOCTPOEH B COOTBETCTBHH C PEKOMEHIAIIMSIMU U
10 METOAMKAM H3JI0KCHHBIMH B CIICAYIONIMX UCTOUHUKaX: /4./u [12].
IMpexxae yeM MPHCTYIMUTHh K pacdery TOKoB K3 HeoOXoauMo BHIOpPAaTh TOYKY, B KOTOPOH OHO
IPOMCXOTUT, OT 3TOTO 3aBHCIT IMapaMeTPhl 3JECMEHTOB CXEMbl 3aMEIICHHs, Ha OCHOBAHUHU
KOTOPBIX BEJETCS pacyer.
Hns  ompeneneHus CONpOTHUBJICHUN dAIeMEHTOB cxeMbl 3amenieHuss B CAIIP  BHeceHbl
CTIPaBOYHUKH M JOMOJHHUTEIbHBIE MOIYJIM BXOMSIIME B MOIYJbh pacdyeTa TOKOB KOPOTKOTO
3aMBIKaHUS.
1) CompoTHuBIICHHS 3JIEMEHTOB CXEMbI 3aMEIIECHHS HAXOMIATCS IO CIPABOYHBIM JAHHBIM HIIH C
MIOMOIIBIO CIIEAYIOIIMX METOJIOB!
1.1) ConpoTHBIICHHE CUCTEMBI

2 2
X = uCp.HH _ lJCp.HH
c
\/§DK.BH chp.BH %(
I'me  Ucp.nH - cpelHee HOMHMHAJIbHOE HANpsHKEHUE CETH, MOAKIIOYEHHOM K OOMOTKe

HU3ILEro HanpsbKkeHus Tpanchopmaropa (B)

Ucp.BH- cpejHEe HOMUHAIBHOE HANPSHKCHUE CETH, IMOAKIIOYEHHOM K 0OMOTKE BBICIIETO
HarnpsbkeHus Tpanchopmaropa (B)

Ik.BE=In0.BH - pelicTByIOIMIEe 3HAYCHHE TIEPUOJUYCCKON COCTABIAIONICH TOKa TIpH
tpexdaznom K3 y BEIBOIOB 0OMOTKH BBICIIETO HANpsbKeHHs Tpanchopmaropa (kA)
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Sk - ycnoBHag MomHOCT K3 'y BBIBOJOB OOMOTKM BBICHIETO HAampsDKEHUS
tpanchopmaropa (MBeA)

IIpy oOTCyTCTBMM YyKa3aHHBIX JaHHBIX SKBHBAJEHTHOE WHIYKTHUBHOE COIPOTHBIICHHUE
CHUCTEMBI JIOIYCKAETCSA PACCYUTBIBATDH 110 TOKY OTKIIIOYEHMS BBIKIIIOYATEN, YCTAHOBIECHHOTO Ha
cropone BH nonmxaromero tpancgopmaropa

2
Yeprn

X =
Cc
\/é H OMKI.HOM U cp.BH

1.2) CunoBoii TpanchopmaTop

2
P nom.HH

RT —_K.HOM > Eﬂ_di
S".HOM

2
X — UK2 —_ (100 DPK.HOM )2 DUHOM.HH Ijl_04

T SI'.HOM S‘.HOM

I'me  Sr.HOM- HOMHHaJIbHAsI MOIITHOCTH TpaHcopMaropa, KBeA

Px.HOM - IOTEePU KOPOTKOTO 3aMbIKaHUsI B TpaHCPopMmaTope, KBT

UnH.HOM -  HOMHUHAQJIBHOE  HAaNpsHKCHHE  OOMOTKH  HH3IIETO  HAIPSDKEHHUS
TpaHncopmaropa, kB

Uk - HAPsDKEHUE KOPOTKOTO 3aMbIKaHUs TpaHchopmaropa

1.3) Peakrop

AP
R =—Pwr @

p.-HOM
I'me PpHom - TIOTEPU aKTUBHOW MOIMHOCTH B (pa3e peakTopa MpU HOMHUHAIBLHOM TOKE,
Bt

|p.HOM - HOMHHAIIBHBIN TOK peakTopa
X, = qL-M)1C
I'ne oc=2rf - YIJIOBast YaCTOTA HANPSDKEHHS B pajinaHax, paz/c
L - HHAYKTUBHOCTh KaTYIIKU peakropa, ['H

M - B3auMHasi UHAYKTUBHOCTh MeX1y (pasamu peakropa, ['H
1.4.)ConpoTuBicHHE dICKTPUIECKON TyTH B HAYaIbHBI MOMEHT BPEMEHHU

U .2 2
@O = @-HH - Xl _R
ﬂ 3[']1702 |J<C2 Z Z

I'me o0 - HaYaJIbHOE 3HAYCHHE TEPUOJAMYECKOM COCTaBIISIIONIEM TOKa B  MECTE

Meraaanueckoro K3, kA

R1), X1 - cyMmmapHbIe aKkTUBHOE U UHIYKTUBHOE conpoTusiieHue nemnu K3, MOm

Kc - CpPEIHECTaTUCTHYECKOE 3HAueHHE IOMPABOYHOIO  KOA(PPHUIMEHTA,
YVUUTBHIBAIOIIETO CHI)KEHHE TOKa B HadajdbHBIH MOMEHT AyroBoro K3 mo cpaBHEHHIO ¢ TOKOM

metasunyeckoro K3

K=0,6-0,0025Z +0.114] Z -018/ 7

I'ne ZK- conpotusnenue nenu K3, 3aBucsiiee ot Buga K3

Z =Ry, *+X3 "
ZO=U3Y@RY, +RY. F+(@IX), + XY ¥
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[TockonbKy 3neKTpUuecKas Iyra o0JagaeT TOJNbKO AKTUBHBIM COMPOTHBIICEHUEM TO IS
pacdeTa TOKOB Tpex(dazHoro u onHodazHoro Toka K3 B HavabHBI MOMEHT BpEMEHH J00aBIIsieM
corpoTtuBienue 1yru B Ry’

2) Tpexa3Hblif TOK KOPOTKOTO 3aMbIKaHHsI HAXOJUTCS 10 CIeayoei Gpopmyire:

I Q) = Ucp.HH
no 2 2
BHRY "+ XY

I'ne
Ucp.HH - CpelHEE HOMUHAIBHOE HANPsKEHUE CeTH e npouzonuio K3
R1), X1) - cyMMmapHbIe aKTUBHOE U PEAKTHBHOE COMPOTHUBIICHHE 1en K3
Rlz =Rm+Rp+6a+ B-'- mR+ KR'I- 11<R+ wlRI- 0

Xlz =XC+Xm+Xp+Xma+)§<6+>$4+ )](J<+>6(,7
I'ne

XC - 3KBUBAJICHTHOE UHIYKTUBHOE COMPOTUBIICHUE CUCTEMBI

RT,XT - akTUBHBIE U MHAYKTUBHBIE COIPOTUBIICHUSI IPSMOIL MOCIIE] Tp-pa

RTA, XTA - aKTHBHBIEC U MHIYKTUBHBIE CONPOTUBIIEHUS Tpa-pa TOKa

Rp, Xp- akTUBHBIE U UHAYKTUBHBIE COTPOTUBJICHHS pEaKTOpa

RkB, XkB - aKTUBHBIE U MHAYKTHBHBIE CONPOTHUBIICHHUS] TOKOBBIX KaTYyLIEK U MEPEXOIAHBIX
COTPOTUBIICHUH MOJBUKHBIX KOHTAKTOB aBTOMAaTUYECKUX BBIKIItoUaTenent, MOm

R, Xt - aKTUBHBIC U UHYKTUBHbBIE COMPOTUBIICHUS IIUHOIIPOBOIOB

Rk - cymmapHble cCONpOTUBIICHHS] KOHTAKTOB U KOHTAKTHBIX CONPOTUBICHUN

R1k, X1k, XB1 - cOnpoTHUBIEHUS KaOCIBbHBIX U BO3AYIITHBIX JTUHUI

Rn - conporuBnenue nyru B mecte K3 BriOupaem mo tabdm 2

4) Y napHblii TOK KOPOTKOTO 3aMBIKAHHS
-ty;(

|Wf&mmumﬂﬁémmmw

VY napusiii KO3)PUITUEHT OnpeAesieM M0 KPUBBIM 3aBUCHMOCTH yIapHOTO Kod(hduimeHTa
ot otHomeHuit R/X. /12, ¢ 16m6o:
001

K,»=1,02+0,98¢ T ;

IlocTostHHAsI BpEMEHH:
314L%,
5) Anleprondeckasi COCTaBIISIOIIAS TOKA KOPOTKOTO 3aMBIKAHHSI.

HaubGonpiiee 3HaYeHWE amnepHOIUYECKON COCTABISIIONIEH B OOIIEM Cllydae CIeIyeT
cHuTarthb paBHBIM aMH.HI/ITYIle HCpHO,Z[H‘-I@CKOfI COCTaB.H}IIOH_Iel\/'I B HaanBHBIﬁ MOMCHT BpeMeHI/I.

| ~V2 0,
6) YueT CHHXpOHHBIX U aCHHXPOHHBIX JJIEKTPOIBUTATEICH

HauvanbHoe pelicTByrolllee 3HAYEHHWE MEPUOIUYECKON cocTapistomeil Toka K3 ot
JIBUTATEJICH.

a

E ¢.co

X"+ XD P+HR,+ R )

7) Yder KOMIIJICKCHON HAarpy3KH IPHU pacdeTax

| =
10.co
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B coctaB KOMIUIEKCHOM Harpy3kKd MOTYT BXOAWTb CHHXPOHHBIE M ACHUHXPOHHBIE
JJIEKTPOABUTATENH, MpeoOpa3oBaTeny, JJIEKTPOTEPMUUECKHE YCTAaHOBKH, KOHJEHCATOPHBIE
Oarapeu, TaMITbl HAKATUBAHUSI.

[Ipu onpeneneHNn HAYaIBLHOTO 3HAYEHUS IEPUOANYECKON COCTABIIAIONIEH TOKA K3 KOMIUIEKCHYIO
Harpy3Ky B CX€MY 3aMEILIEHUS MPSAMOM MOCIEI0BAaTEIbHOCTH CIENYET BBOJUTH 3KBUBAJICHTHOMN
ceepxnepexoaHor DJIC u conpoTUBIEHHEM TIPSIMOM MOCIEI0BATEIIBHOCTH.

Meron y4yeTra KOMIIJIEKCHOM HAarpy3Ky 3aBUCUT OT XapaKTepa UCXOJHON CXEMbI 3aMEILCHUS
Y TOJIOKEHUs pacueTHor Touku K3.

B pagmanbHON cxeme AOIyCKAaeTcsi He YYMTHIBATh BIMSHHUE CTaTHUECKUX MOTpeOUTeNei

(mpeobpa3zoBareneit, AMEKTPOTEPMUUECKHX YCTAHOBOK, JJICKTPUYECKOTO OCBEIIICHHU).
HauanpHoe 3HaueHwe mnepuoguveckoil cocrapisomet Toka K3, ynmapubeiii TOk, a Takxke
MEPUOIUYECKYIO0 COCTABIIAIONIYIO TOKa K3 B IPOHU3BOJIBHBI MOMEHT BPEMEHHU OT ACUHXPOHHBIX U
CHUHXPOHHBIX JIEKTPOJBUraTelIell B paAHalIbHBIX CXEMaX CJIENYET PacCUUTHIBaTh B COOTBETCTBUU
cld,ca7l

8) Yuer n3aMeHeHusI akTUBHOTO COIPOTHUBJICHUS IPOBOJHUKOB IIPH KOPOTKOM 3aMbIBaHHH.

[Ipu pacuere MuHHMaNbHOTO 3Ha4YeHUA Toka K3 11 mpou3BOJBHOTO MOMEHTa BPEMEHH
HEOO0XO/MMO YUYUTHIBATh YBEJIWYCHHE AaKTUBHOT'O CONMPOTHBIICHHS MPOBOJHUKOB BCIEACTBUE HX
HarpeBa Tokom K3.

B 3aBucumocTu oT Lieneil pacuera yBEIMYEHUE aKTUBHOTO CONPOTUBIIEHMS IPOBOJHUKOB
PEKOMEHAYETCsl ONpPEAEATh C y4eToM MM 0e3 yyeTa TeIUIOOTAAaud B OKPYKAaIoLIyI0 Cpeldy, a
TaKXe C y4eTOM WM 0e3 yuera sJeKTpudeckuii 1yru B mecte K3.

VYBenuueHue AakTUBHOTO CONPOTHBIICHHSI MPOBOJHHUKOB PEKOMEHIYETCS YUYUTBHIBAaTh C
nomo1kio koddduuuenra Ks, 3aBucsiero ot Mmarepuasia u TeMIIEpaTypbl IPOBOTHHUKA.

[Tpumep pacuera TokoB TpexdaszHoro K3
st pacuéra TokoB K3 Ha OCHOBE ONHONMMHEHHOM AIEKTPUYECKON CXEMBI JICKTPOCHAOKEHUS
MEXaHUYECKOT0 I1€Xa COCTaBIIsIEM CXEMBblI 3aMENICHUs ISl BCEX TUIOBBIX pacu€THbIX Touyek K3
(mubr KTTI, BBoa mmHONpoBoa IIIPA, nanbonee yaanéunsiit DI1). CocTaBiaeHHbBIE CXEMBbI TaHBI
Ha PUCYHKE.

E
¢
)(c erp ZKBl KLUMA wna ZKB2 Zm.upa Rmp.pam
— —— 1 1 1
E,

c
‘X; ery) ZKBl Zm.uma me ZKBZ Zm.upa Zupa Z)c1317 Rn,epQH
1 | 1 | 1 | 1 | 1 | 1 | 1 |
< : >_‘ — I 1 I 1 I 1 I 1 I 1 I 1 I 1 —

Pucynok —Cxemsl as pacuéra TokoB K3 B TUIIOBBIX TOUKax

Haxoaum conmpoTUBIICHHE CUCTEMBI, pUBEAEHHOE K HanpsbkeHnto 0,4kB:
31eCh  loman108=20 KA — oTKITIOUAroIast crrocooHocTh BeIkIrouarens 10 kB.

105 (04Y

Xc= .
V30 (10,5
Comnpotusienue tpanchopmaropa TM-1600/10/0,4 /6¢. 137/, npuBenéunoe k cropore 0,4 kB:

-1000=0,4410m.
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Z.,=1,1+4}5,4mMOm.

Comnpotusnenusi muHonpoBooB [IIMA u IIIPA, a Takxke KaOeNbHBIX JMHUNU OMpEIEIseM I10
yIeNbHBIM conpoTuBieHusm /6, c. 138, 1394 ux pune:

Hampumep, Zinva1=(0,02+j0,02)-18,5=(0,37+j0,3F¥)Om.

AHaJOTUYHO OIPENETSIOTCS COMPOTUBICHUS OCTATBHBIX MPOBOTHUKOB.

ConpoTuBCHHS aBTOMATHYCCKHX BBIKIIOUaTeNell Haiaenol 1o /6, c¢. 139, tabmuna 2.54/ B
3aBHCUMOCTHU OT UX HOMUHAJIbHBIX TOKOB.

Z1=(0,13+j0,07)MOwm;

Z2=(0,25+)0,1)MOwm.

IlepexogHoe COMPOTHBICHUWE KOHTAKTHBIX COCIWHEHUM 3aBUCHUT OT Mecta K3, T.e. oOT
ynanennoctu K3 ot mmu TI1 /6, ¢. 137, 138/:

RnepTH:]-S MOM;

Rnep.pacn:20 MOwM;

Rieprn=30MOM.

Pesynbrupytomee conporusnenue npu K3 na seoae IIHIMA:

Zsima=Xc+H Zp+ Zig1+Rueprni=0,44+1,1+)5,4+0,13+j0,07+15=16,67+j5 4Dm.

HauanpHoe 3HaYCHHE MEPHOAMYECKON coCcTaBisitomiel Toka Tpexdasnoro K3 Ha BBose [IIMA /6,
c. 141,popmyna 2.183/:

400
V316672 + 54T
AHaJIOTHYHBIM 00pa3oM HalJeHbl TOKU TpéxdazHoro K3 mms ocranbHeIX THMOBBIX Todek K3,

JaHHbIC ¥ Pe3yJIbTaThl IPUBEICHBI B TAOJHIIE.
VY napHsIii TOK HaxoauTcst o Gpopmyne /6, c. 127/:

=13,163kA.

[0 mA=

Jns BBoma IIIMA:
547
T,=—  =0,001c;
31411667
001

K,,=1,02+0,98 %0%'=1 02;

i,,=~/2 13,163-1,02=18,988A.
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Tabmumna —Pacuet TokoB Tpexdasznoro K3

Touka K3 ‘ R1y [M{ X1y [MOI\‘ Kyn ‘ I10(3) [KA]‘ lyn(3) [kA]
[TepBbIii BapuaHT
[IMHBI KTIT 16,2 5,9 1,02 13,37 19,29
[IIPA1 22,6 6,78 1,02 9,76 14,09
[IIPA2 22,4 6,62 1,02 9,87 14,24
IITPA3 22,1 5,72 1,02 10,07 14,53
[IIPA4 23,7 6,39 1,02 9,39 13,54
[IIPAS 24,7 6,01 1,02 9,06 13,07
CII1 54,5 13,23 1,02 4,11 5,93
CIl2 33,5 8,64 1,02 6,66 9,61
CII3 23,5 6,56 1,02 9,44 13,62
CI14 23,6 6,61 1,02 9,41 13,57
CII5 226 6,08 1,02 9,82 14,17
OI11 66,4 17,18 1,02 3,36 4,85
Bropoii BapraHT

Touka K3 R1Y [m{ X1) [MON Kyn Imo(3) [kA] lyn(3) [kA]
MIIPA1 23,1 6,17 1,02 9,63 13,89
[IIPA2 22,3 5,84 1,02 10,01 14,44
[IIPA3 22,1 5,72 1,02 10,07 14,53
CII1 54,5 13,23 1,02 411 5,93
CI12 33,5 8,64 1,02 6,66 9,61
CII3 23,4 6,44 1,02 9,5 13,7
CI14 23,6 6,61 1,02 9,41 13,57
CII5 22,6 60,86 1,32 3,55 6,65
CII6 24,4 6,56 1,02 911 13,15
CI17 26,8 6,31 1,02 8,37 12,07
CII8 43,4 7,95 1,01 5,22 7,53
OI11 66,4 17,18 1,02 3,36 4,85

[TpakTrueckoe 3ansTe Ne3

Pacuer oHO(ha3HOTO KOPOTKOTO 3aMbIKAHHS.
Opnnoda3Hoe KOpPOTKOE 3aMbIKaHUE SIBISETCS HECUMMETPUUYHBIM KOPOTKHM 3aMbIKAHHEM U TPU
€ro pacuera clIeJyeT YUUThIBaTh BO3HUKHOBEHUE TOKOB HYJIEBOM MOCIIEI0BATEILHOCTH.
Pacuer TOKOB HecuMMeTpuuHblXx K3 criemyeT BBINOMHATH C HCIOJIB30BAHMEM METOJA
CUMMETPUYHBIX COCTABJISIIOLIUX.
[Ipu sTOM TIpeIBapUTEIBHO CIEAYET COCTABUThH CXEMBI 3aMEIEHUS MPSIMOM, OOpaTHOM W HYJIEBOH
MOCJIEA0BATEIBHOCTEM.
B cxemy 3amenieHusi mpsMOi IOCIIEIOBATEIBbHOCTU JOJDKHBI OBITh BBEAEHBI BCE 3JEMEHTHI
UCXOJHOM pacyeTHOM CXEMbI, NPUYEM IPU pacyeTe HAYaJIbHOIO 3HAYEHHUs IEPUOJUYECKOU
COCTABJISIIOIIEH TOKa HecMMMETpudyHOro K3 aBTOHOMHBIE HCTOYHUKH, CUHXPOHHBIE U
ACUHXPOHHBIE JJICKTPOABHUTATEH, a TaKKe KOMIUICKCHAs Harpy3ka JIOJDKHBI OBITh YYTEHBI
ceepxnepexoaabiMu DJIC 1 cBepXnepexoIHbIMU COPOTUBJICHUSAMM.
Cxema 3amemieHus: OOpaTHOW MOCIIEOBATEILHOCTA TAKXKE MIOJDKHA BKIIFOYATh BCE DJIEMEHTHI
HCXOJHON pacyeTHON CXEMBI.
ConpoTtusieHusi 00paTHON MOCIENIOBATEILHOCTH CIIEyeT MPUHUMATh MO JAHHBIM KaTaJoros, a
ACUHXPOHHBIX MAIlIMH - IPUHUMATh PABHBIMHU CBEPXIIEPEXOIHBIM COMPOTUBIICHUSIM.
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AuropuTMm pacdera 01HO(a3HOTO KOPOTKOTO 3aMbIKAHUSI.
AJITOpUTM pacdera TOKOB KOPOTKOTO 3aMBIKaHUSI IOCTPOCH B COOTBETCTBHH C PEKOMEHIAIMSAMU U
10 METOAMKAM H3JI0KCHHBIMH B CIICAYIONIMX UCTOUHUKAX: /4./u [12].
Kak u B cinywae pacyera Tpex(a3sHOT0 TOKa KOPOTKOTO 3aMBIKaHUS JUIs pacdyera OJHO(A3HOTO
KOPOTKOT'O 3aMBIKAHHS CJICAYET HAUTH COIIPOTHUBIICHUS SJIEMEHTOB CXEMBI 3aMEIICHHS.
Cnenyer 0cob60 OTMETUTh TOT (hakT, 4YTO OAHO(PA3HOE KOPOTKOE 3aMBIKAaHUE SIBISETCS
HECUMMETPUYHBIM M TIPH €r0 pacueTe CIeNyeT YYUTHIBAaTh BO3HUKHOBEHHE TOKOB HYJICBON
HIOCJICIOBATEIEHOCTH.
OnHoa3zHbIi TOK KOPOTKOTO 3aMBIKAaHHWS B Ha4YaJIbHBI MOMEHT BpPEMEHH OIpEeisieTCsl IO
cienyomen popmyse:

| @ = \/ém']cp.lﬂi
no 2 2
JRRY+RY F+(2OXD + %> )
I'me RI),X1) - cymmapHble aKTHBHOE U pEaKTHBHOE CONPOTUBJICHUE MPSIMOMN
MIOCJIENOBATEIILHOCTU OTHOCUTEILHO TOUKH K3, MOM
ROy, X0, - cyMMapHble aKTHBHOE W pPEAKTUBHOE CONPOTUBJICHHWE HYJIECBOH

MOCJIENOBATEIILHOCTU OTHOCUTEILHO TOUKH K3, MOM
RY> =R, +R+ R+ R+ Rt R+ R+ R |
XOZ :X0T+xp+ ><ma+ >§<3+ >%m+ >$K+ )Se

I'me ROr, XOr - aKTUBHOE W WHJIYKTUBHOE COTPOTHBIICHUS HYJICBOW MOCIEAOBATEIBHOCTH
MOHIDKAIOIIET0 TpaHchopMaTopa.

ROmr, XOmr - akTUBHOE M MHAYKTUBHOE COMPOTHUBJICHUS HYJECBOW IMOCIIEIOBATEILHOCTH
LHIAHOIIPOBO/A.

ROk, X0k - aKTUBHOE U WHJIYKTUBHOE COTPOTHBIICHUS HYJICBOW MOCIEAOBATEIHHOCTH
Kabes.

ROs, X0B - aKTUBHOE U WHJIYKTUBHOE COTPOTHBIICHUS HYJICBOW IMOCIEAOBATEIHHOCTH

BO3AYILIHOW JINHUH.
R®z = R1 + 3R3 = R1+0.15:Om/m
X0sn = 3X182

[Tpumep pacuéra TokoB ogHO(paznoro K3.
ComnpoTHBJICHUSI HYJICBOW TIOCIEIOBATEIHPHOCTH IIIMH 3aBHCAT OT MHOTUX (DaKTOpOB:
pacTONIOKEHUST W BBHIMOJTHEHHS]  3a3eMJISIONINX  MPOBOJHUKOB, ONU30CTH  MPOBOJISIINX
METAJNIOKOHCTPYKIUHI U Jp.
B  mpakthueckux ~— pacuerax ~akTMBHOE€ M HHJYKTUBHOE  COMPOTHUBIICHUS  HYJEBOU
M0CJIEI0BATEIBHOCTH IIIMH TMPHUHUMAIOT B JHMAlla30HE COOTBETCTBEHHO: Ton=(5...14,7¥1u;
Xou=(7,5...9,4)Xu.
B GosbIMHCTBE ClTy4aeB AOMYCTUMO CUUATATD Toy=10r1y; Xom=8,X111.
[Ipu oTcyTcTBHUM 3aBOJCKHUX JAHHBIX MOXHO MPUHUMATH: JUISL ITUHOMPOBOJOB Toy=10ry, ¥ Xou=
1xX 1y 71T TPEXKUIBHBIX Kabemnel Toe=10ry; Xoe=4X1x.
B Tabnume mnokazaHbl CyMMapHbIE CONpPOTHBICHUS CXEM 3aMEIICHUs NpSIMOM U HYJIEBOH
MOCJIEIOBATEILHOCTEH OTHOCUTEIBHO pPacdYETHBIX Touek oaHodaszHoro K3, Tam mnpuBeneHsl
3HAUEHUsl TEPUOJUYECKON cocTaBismomeld Toka oxHodasHoro K3 u ymapHOro Toka mpu
onnodaznom K3.
Jig Touku kopotkoro 3ambikanus «1luasl KTII» numeem:

I @ = \/émJCp'HH = \/émoo =13,2
o JeRY+RY P+ + XY F (21667+166% @ 547547
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Tabnuna —Pacuer TokoB ogHO(MazHoro K3.

Touka K3 IR1Y [M{X1Y [M/ROY [M{XOY [M|  Kya| lno(1) [« lyn(1) [i
IlepBblii BapuaHT
[IMHBI KTIT 16,2 59 11 54 103 1836 26,4
IPA1 226 6,7¢ 212 54¢ 102 10,01 14,4
IPA2 224 66] 203 01 102 1039 15
IPA3 221 571 2468 63( 102 971 14
1IPA4 237 6,3{ 366 114 102 791 114
LIIPA5 247 6,01 46,7 75§ 1,02 7,04| 101
CII1 545 13,2 176, 87,9 1,02 2724| 3,24
CII2 3359 8,64 1347] 190 1,02 337| 487
CII3 235 65§ 391 11,7 1,02 7,71 111
CIl4 2368 6,6] 390 101 1,02 7,75 111
CII5 226 60§ 297 91 102 887 127
DI11 66,4 17,1 186, 87,9 1,02 2,02| 2,91
Bropoii BapuanT

IPA1 231 617 16 54{ 104 1058 15,2
LIPA2 224 584 303 99 107 888 128
IPA3 221 57/ 257 73] 102 953 137
CII1 545 13,2 176, 87,9 1,02 2724| 3,24
CII2 3359 8,64 1347] 190 1,02 3,37| 487
CII3 234 6,44 234 64 102 9,5 13,7
CIl4 2368 66] 390 10,14 1,02 7,75 111
CII5 226 608 297 91 132 459| 859
CII6 244 65¢ 340 119 102 7,99] 115
CI17 26,8 6,3] 465 93] 102 6,75 9,73
CII8 434 7,99 1294 154 1,01 3,16| 456
DI11 66,4 17,1 186, 87,9 1,02 2,02| 291

IIpakTnueckoe 3ansatue Ned
Pa3paboTka cxeM HU3KOBOJIBTHOTO 3JIEKTPOCHAOKEHHS 1 00ECIIeYeHUE UX 3aIHTHI.

Metoanka TEXHUKO-3KOHOMHUYECKOTO aHAJIN3a CXEM HU3KOBOJIBTHOT'O JIEKTPOCHAOKEHHUS.
TexXHHKO-9KOHOMUYECKUE PACUETHI BHITIOIHSAEM HA OCHOBE METOIUK U3JIOKEHHBIX B /9/u /27].
Jnsa onpeneneHuss HanOoJsiee BBITOJHOTO KaK C TOYKM 3PEHUS SKCIUTyaTallMd, TaK U C TOYKHU
3peHHsI CTPOMTEIhCTBA BapHUaHTa CXEMbI 3JIEKTPOCHAOXKEHMS I1eXa HEeOOXOIUMO OIpeNeuTh
CPEIHEr0JJ0BbIE SKBUBAJICHTHbIE pacXosl. ONpenenuTs CpeHEroJOBbIE SKBUBAJIEHTHBIE PACX OB
MOYKHO KaK JUIS IByX BApHAHTOB CXEM 3JICKTPOCHAOKEHUS ETMKOM, TaK U IS PA3TUYAIOLINXCS B
HUX 3JIEMEHTOB. BTopoii BapuaHT npennoyTUTENbHEE BBUAY SKOHOMUU BPEMEHH.

Kak yxe ommcaHo BbIIIE CPEJHETOJOBHIC AKBHUBAJIECHTHBIE PACXOIBI COCTOST M3 CYMMAapHBIX
KaIllUTAJIOBJIOKEHUH B 00OpYJOBaHUE U M3JEpHKEK. M3AepKKH COCTOAT U3 IKCIUTyaTallMOHHBIX
pacxo/10B, aMOPTU3ALIMOHHBIX OTYUCICHUN U CTOMMOCTHU TIOTEPh AIEKTPOIHEPTUH.
Bugy TOoro u4ro HeoThemJIEMOM YacTbIO pacueTa CpEIHErol0BbIX SKBHBAJCHTHBIX PAacXOJ0B
SIBIISIIOTCS IOTEPH AJIEKTPOIHEPTUU UX TaKkKe HE0OX0AUMO paccuuTarhb. IloTepu 31eKTposHepriun
OyaeM ompenensaTte IO METoauKe, u3IokeHHOH B «llomokeHMe © HOPMHMPOBAHUU
TEXHOJIOTUYECKUX MOTEphb MpH INepeaue u pacnpeneaeHun sektposneprun. [lpukaz N 267 ot 4
okTs0pst 2005r.»

Jlnst Toro 4roObl MEpedTH K HM3JI0KEHUI0 METOAMKH pacueTa IMOTEeph SJICKTPOIHEPTUH
ClIeflyeT CHavaja ONMcaTh UCIOJIb3yEeMble TEPMUHBI:

Ortmaiika — mr000¢e otxoxsmee npucoeaunenue ot [IIMA (LIPA, PII, PI, HIOC) wunwu
IIIPA 3anurannbiii kabenem HemocpeacTBeHHo oT KTII.
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Otxopsmee npucoenuuenue — punepsr KTII To ects LIIMA; IIIPA, xabenu murtaromiue
PIT (PIL) wu IIIPA.

V3en - rpynna oaHotunHeix OlIl, nmoaxmoueHHBIX K ogHoMmy PII mnm paBHOMepHO
pacnpeneneHHbix Baob [HIPA.

[Tpu pacuere moreps cleAyeT YUYUTHIBATH CIEAYIONIHE (aKTOPHI:

1) KomunuectBo npucoenunenuit Ha KTII — cymma Bcex OTXOASIIMX MPUCOCIUHEHUN Ha
KTTI, xpome ABP na 0,4kB.

2) CyMMapHO€e KOJIMYECTBO OTMAEK B CETU — JII000€ OTXO/sIIIee MPUCOETIUHEHHE.

3) VYenbHOe CONMPOTUBICHUE OTXOASAIIEro mIpucoeauHenus, To ectb LIIMA, mpoBogHuk

coequustomuid PII wnu IIPA ¢ mmuaamu KTII, [IIPA ecnu oH HEMOCPEACTBEHHO MOAKIIOYEH K
mmmHaM KTII —uraue 310 conportusienus Bcex npucoenunenuit KTII, kxpome ABP na 0,4 kB.

4) KonudecTBo oTIaek Ha JaHHOM MPUCOSTUHEHUN — JIF000€ OTXOAIIEe TPUCOCTUHEHHUE OT
IIIMA unu IHIPA, 3anurannoe ka6eaem ot KTII.

5) Hmuua I[IIMA — paccrosaue ot Havana [IIMA nn touku noakmouenus [IHPA wnm PII
win JyinHa Kabenst, kotopbiM 3anuTad LIIPA ot mma KTII

6) Vnensnoe conpotusiienne IIIPA wnu npoBognuka, coemuusitomero PIT u IIIMA nns
COOTBETCTBYIOLIEH OTITANKH.

7 Yucio y3noB Ha [IIPA uau PII.

8) Jmna IIIPA no y3ma — mmeHa IIIPA 1o wneHrpa rpynmsl  OZHOTUITHBIX
3JIEKTPONPUEMHUKOB WJIM JUIMHHA MPOBOAHUKA, KOTOPhIM PII mogkmoyeno k IIIMA winu mmnam
KTTII.

9) Yem BoImoHEHO NOAKIIOUeHHE DIl B TaHHOM y31e — yIenbHOEe CONMPOTHBIICHUE U JITHHA
MIPOBOTHHKA.
10) [Tokazarenu DI1 gaHHOTO Yy371a — HOMHMHAJIbHASI MOITHOCTh, KOA(M(OUIIMEHT MOIITHOCTH.

HopmaTuBHBIM METOJIOM pacueTa Harpy3ouHBIX MOTepb 3JekTposHepruu B cerax 0,4 kB
ABJISIETCSA METOJ] OLIEHKH ITOTEPh HA OCHOBE 3aBMCHMOCTHU MOTEPh OT 0000IIEHHONH HH(OpMAIK O
CXEMax M Harpyskax CeTH.

ANTOpUTM ONpEENICHNs KallUTaIbHBIX BIOKEHUH.
Hcxons w3 THma 3JI€MEHTa M €r0 CTOMMOCTH KaK BHOCHMOM ITOJIB30BaTENEM BPYYHYIO, Tak U
BbIOMpaeMoll u3 crpaBouyHbIX JaHHBIX CAIIP BeUHCHsSETCS Kak CTOMMOCTh OTHENBHBIX
3JIEMEHTOB, TAK U CTOMMOCTb CPEAHETOAOBBIX DKBUBAJICHTHBIX PACXO0B.
CyMMapHbIe KaluTalbHbIE BIOXKEHUS ONPENEISIOTCA CleAyIonel (opMyou:

Z K= z (Z, ), rae Zn —ueHa TOro WK UHOTO 3eMeHTa ceTd; N —Konnu4ecTBO WM JJIMHA.

ANTOPUTM pacuera MmoTeph IEKTPOIHEPTUH.
ANTOpPUTM pacyeTa MOTEePh DIEKTPOIHEPTHU pa3paboTaH B COOTBETCTBUU C  PacUCTHBHIMU
METOJIMKAMH, H3JIOKCHHbIMH B /26/. AnroputMm nenuTcs Ha JABe BeTBU. [lepBas BETBb
MpeaHa3HaueHa Ui pacdera MOTeph IS paguajbHBIX CXEM DJIEKTPOCHAOKEHHS C Harpy3Kon
COCpPE/IOTOUEHHOW B KOHIIC JMHHH, a BTOpas s CXEM B KOTOPBIX Harpy3ka paBHOMEPHO
pacnpenenena no [HIPA.

CryneHt, ucxoast w3 TaOJUYHBIX TaHHBIX, IO CIPABOYHBIM JAHHBIM BBIOUPACT JIEMEHTHI
CXEMBI CETH, WX THWII, KOJWYECTBO M JUMHY. [loTepu »>IeKTpo’HEpruu B MPOBOJHUKAX
OHpeI[eJBIIOTC}I 110 paC‘-IéTHOMy TOKy IJIA OAHOI'O UJIN HECKOJIBKUX paCCManI/IBaGMBIX BapHaHTOB
3JICKTPOCHAOKEHHUS 1IeXa.

1) JIns panuaibHBIX CXEeM MOTEPH OIPEILIIIeM 1o popMmyIie:

AW =30 2T, (LT, /1¢°
I'me  ry; —yaenbHOE aKTUBHOE CONPOTHBIICHNE NPOBOAHKUKA, MOM/M;
L — nnmHa mpOBOJHUKA, M;
T, —xonuuecTBO YacoB B roay, 8760u.
2) lnst cxeM, rie Harpy3ka paBHOMEpHO pacrpeneneHa Baoib [HIPA:

42



AW =300 2T, [L,,, [T, /10°
Ine Iy, —yaenbHOE aKTUBHOE CONPOTHBICHHE IPOBOJHUKA, MOM/M;
LokB — uIMHa IPOBOAHUKA, M;
T, —xonuuecTBO 9acoB B roay, 8760u4.
L. =L, +0,440L_,+ 0,22]L
I'me  Lm —/lnuHa Maructpaiu, M;
L2-3 —Inuna nByx¢a3HbIX U Tpex(pa3HbIX OTBETBICHUH, M;

L1 - Jlnnna omHO(Ma3HBIX OTBETBJICHUH, M;
AJIFOpI/ITM OHpeI[eJIeHI/IH BKCHHyaTaL[I/IOHHBIX HB,Z[GP)KGK n Cpe,Z[HeI‘O,Z[OBBIX OKBUBAJICHTHBIX
pacxoioB.

PacueTHsIi anropuT™M OCTPOSH HA OCHOBE MeToIn4ecKor nHdopmanuu u3 /27/.
PacueTsl BeeM 1o cieayomum GopMmyam:
1) CymmapHble KalTUTaJIOBIOKEHHS — CyMMa BCEX 3aTpar Ha 000pyIoBaHUE
K=2Z
I'me  Z —3arparsl Ha 000pyHOBaHHE
2) 3 iep KK OMPeaeaioTCsl CYMMOM H3EPIKEK:

H = Hmap + Ha}u + HAW

I'ne My, —U310EpKKU HA TEKYIIME SKCIUTyaTal[MOHHBIE PACXO/BI;
N,y —U30€pKKH HA aMOPTHU3ALHIO;
Haw — CTOMMOCTB MOTEPH JIEKTPOIHEPTUH.
3) U3 epkku Ha TEKYIIUE SKCILTyaTallHOHHbBIE PACXOIbI:

a,, =a,, K

moap
I'ne O,p - HOpMA OTYHCIICHHH HAa 0OCITYKMBAaHUE U PEMOHTHI IEXOBOI ceTH
4) U3nep>KKu Ha aMOPTHU3AIIHIO:
u, =KIT,
I'me  T.; —cpok cimyx0b1 000pyAOBaHUS.
4) CTOMMOCTb MOTEPb AIIEKTPOIHEPTUU:
Uy, =C, AW
I'me C,= ynenbHas CTOUMOCTb OTEPb JIECKTPOIHEPTUU
5) DKBUBAJICHTHBIC CPETHETOIOBBIC PACXO/IBI:
3=FE[K+U
rne  E —HopMmaTHB nuCKOHTHpOBaHUS (OPOTOBOE 3HAUEHUE PEHTAOETLHOCTH, BRIOPAHHBIHN /IS
WHBECTUIIHOHHOTO MTPOEKTA, JO/DKEH YUUTHIBATH M MPOIEHT HHQIISIINN).

TexXHUKO-2KOHOMUYECKUI aHAIN3 BAPUAHTOB CXEM.
[Ipu BBIOOpE ONTHUMAILHOTO BapHaHTa HEOOXOAMMO YUYUTHIBATH KANUTAIBHBIC BIOXKCHHUS U
U3JIEP’KKH, KOTOpPbIE BKJIIOYAIOT B c€0sl OTYMCIICHHS Ha SKCIUTyaTallio, PEMOHTHI, aMOPTHU3AINIO U
CTOMMOCTb MOTEPh AIEKTPOIHEPTUH.
[Totepu snexrposnepruu B [IIPA4 B mepBoM Bapuanre: Loke=-18,59m.
AWi1pas=3-249,38.18,59-8760/1000=6315, kBr-u.
CymMmapHbIe TOTepH IEKTPOIHEeprun B 1 1 2 BapraHTax COCTaBUIIH:
Tabmuna —IloTepu 3IEKTPOIHEPTHH B KaXKIOM JIEMEHTE CETH

[TpoBOIHHUK lp [A] Ry, [MOwm] IL,[M] [Motepn, [KBTeu]
[IEPBbI BAPUAHT

[1IPA4 249,38 0,2 18,39 6315,17
[1IPAS 128,13 0,2 18,39 1667,36

KJI IIMA1-1IPA4 249,38 0,4 2,5 1658,87
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KJI IIMA1-ITIPAS 128,13 1,1 2,5 1186,66
KJI IIMA2-CI13 1095,39 0,06 22 47866,83
85-87 283,01 0,27 6,5 3694,07
94-96 226,41 0,23 33,9 10960,6
100-102 249,05 0,23 15,6 6103,02
104, 105 313,48 0,27 9,39 6554,45
106-109 125,38 0,76 42,59 13553,5
110, 111 67,91 1,53 17,1 3192,54
112-114 88,81 1,1 21,7 4948,79
115-117 114,94 0,76 31 8287,43
118 67,91 1,53 8,8 1642,94
MTOI'O 117633,21
BTOPOI BApUAHT

KJI HIMA1-CTI6 236,57 0,15 4,69 1106,01
KJI IIIMA1-CIT7 95,62 0,54 4,69 620,13
KJI HIMA1-CTI8 88,01 0,54 23,29 2603,86
KJI IIMA1-CI13 1095,39 0,06 29,1 63314,76
85-87 283,01 0,27 23,7 13469,17
94-96 226,41 0,23 22,7 7339,4
100-102 249,05 0,23 23,2 9076,28
104, 105 313,48 0,27 19,2 13387,82
106-109 125,38 0,76 52,5 16703,25
110, 111 67,91 1,53 28,39 5302,24
112-114 88,81 1,1 22,6 5154,04
115-117 114,94 0,76 19,7 5266,53
118 67,91 1,53 4,69 877,48
TOI'O 144222,2

Pacu€r xanuTanbHbBIX BJIOKEHUN U U3LEPIKEK.
Kanuranosnoxxenns B [IIPA4: Kypa=18,40015,5=285,8y0.

CTOMMOCTH OTJIENTBHBIX JIEMEHTOB AJIEKTPUYECKOM CETH OIpeIeNeHbl cornacHo /2, c. 551-552k
/8, c. 180/.

PaccunthiBaeM cOCTaBISIONINE U3EPIKEK U CYMMAPHBIC U3ICPIKKH:
U.,51=0,0231132,84=26, ItbIC. pYO.; U1sp2=0,023775,37=17,918IC. PYO.;
1132,84 775,37

20
Naw2=0.029118267,8=3429,8sic. pyo.;
Naw3s=0.029144221=4182,4%1c. pyo.;
N;=26,1+56,7+3429,8=3512161c. pyo.;
N,=17,9+38,8+3588,1=364418ic. py0..
VY aenpHast CTOUMOCTB TIOTEPh dtekTpodHepruu /11, puc. 34.9/,8 nenax 1989r.
CpeZ[HeI‘O,Z[OBBIG 3KBUBAJICHTHBIC pacxomﬂ.
31=0,1-1134,4+3512,6=362&%Ic. pyo.;
3,=0,1-776,5+3644,8=4306,2Ric. pyo0.
Tabmumna — KanuTtaioioxeHus C ydeToM IMOTePh JUIsSl KaKI0r0 BapuaHTa

=56,7 TbIC. pYO.; Na0=

am1=

=38,8 TrIC. pYO.;

[TpoBogHMK | Ceuenne (mapka), | L [M] | K,[py6/m] | Cymma,[Tic.py6]
IlepBblii BapuaHT

[IPA4 NIPA73Y3,250A | 18,39 15,5 285,2

HIPAS IIPA73Y3, 250A | 18,39 15,5 285,2

KJI HIMA1-I1IPA4 3x95 2,5 1,99 4,97

KJI IIMA1-1ITPAS 3x95 2,5 1,07 2,67
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KJI IMA2-CI13 3¢(X185) 22 10,07 221,75
85-87 2+(%70) 6,5 3,25 21,19
94-96 X150 33,9 2,8 95,25
100-102 3150 15,6 2,8 43,83
104, 105 2+(370) 9,39 3,25 30,64
106-109 350 42,59 1,34 57,08
110, 111 225 17,1 0,83 14,36
112-114 335 21,7 1,07 23,21
115-117 350 31 1,34 41,54
118 X25 8,8 0,83 7,39
[Totepu sneKTpoIHEprUn 117632,3 0,02 3429,76
KanuranbHble 3aTpaThl 1132,84
CpenHeroioBble  YKBUBAJICHTH 3627
pacxoJibl
[TpoBoHUK Ceuenue (map1 L [M] K [py6/m] | Cymma
[mm?.] [Tb1C.py6]
Bropoii Bapuant
KJI IIMA1-CTI6 X240 4,69 4,21 19,83
KJI IIMA1-CT17 X70 4,69 1,62 7,66
KJI IIMA1-CTI8 3x70 23,29 1,62 37,97
KJI IIMA1-CTI3 3¢(X185) 29,1 10,07 293,32
85-87 2+(%70) 23,7 3,25 77,26
94-96 X150 22,7 2,8 63,78
100-102 3150 23,2 0 0
104, 105 2+(370) 19,2 3,25 62,59
106-109 350 52,5 1,34 70,34
110, 111 225 28,39 0,83 23,85
112-114 335 22,6 1,07 24,18
115-117 350 19,7 1,34 26,39
118 X25 4,69 0,83 3,94
[loTtepu anexkrpo3neprun 144221 0,029 4182,4
KanuranpHabie 3aTpaThl 775,37
CpenHeroioBble  YKBUBAJICHTE 4306,22
pacxommsl

Pa3paboTka KOHKYpPEHTHO-CITIOCOOHBIX BAPUAHTOB CXEM HHU3KOBOJIBTHOTO JIEKTPOCHAOKECHHUS.
[lexoBble ceTu pacrpeaeieHus: dEKTPOIHEPTUH TODKHBI:

o0OecrieunBaTh HEOOXOAMMYIO HAJEKHOCTh AJIEKTPOCHAOKEHHSI MPUEMHHUKOB 3JIEKTPOIHEPTHH B

3aBUCUMOCTH OT MX KAaTCrOpHUH,

OBITH YIOOHBIMHU M 0€30TIaCHBIMH B DKCILTyaTallHH;

AMEThL  OITUMAJILHBIE
9KBHUBAJICHTHBIX PACXOJIOB);

HMCTb KOHCTPYKTUBHOC MUCIIOJIHCHUC,

TCEXHUKO-OKOHOMHUYCCKUC

IIOKa3aTCiIn

(MHHEMYM

CPEIHETOA0BBIX

obecrieynBaroIiee MNPUMEHEHHE WHAYCTPHAIBHBIX H

CKOPOCTHBIX METOJIOB MOHTAaXa.

CxeMbl 1IEXOBBIX CETEH JeNAT Ha MarucTpajibHble U paauaibHble. JIMHHUIO 11€XOBOM
3JIEKTPUYECKOM CETH, OTXOSIIYI0 OT PacHpeAeUTEIbHOr0 YCTPOMCTBA HU3IIETO HANPSKECHHS
nexoBoit TIl m mpenHa3HAYeHHYIO AJIsl MUTAHUS OTICIBHBIX HAMOOJEe MOIIHBIX MPUEMHUKOB
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ANEKTPOIHEPTUU U PACIPEICITUTEIBHON CETH 1[€Xa, HA3bIBAKOT INIABHOM MAaruCTPAIbHON JIMHHUEN
(nM TIaBHOM MarucTpaiipio). [J1aBHBIE MAarucTpaid pacCYMTHIBAIOT Ha OOJbIIHE pabOYUe TOKH
(mo 6300 A); oHM HMEIOT HEOOJIBIIOE KOJMYECTBO mpHcoenuHeHuil. LIIupoko NpuUMEHSIOT
MarucTpaibHble CXeMbl Tuma Oioka TpaHchopmarop—maructpadb (BTM). B Takoii cxeme
OTCYTCTBYeT PV HM3IIEro HampspKeHWs Ha LEXOBOW IOACTAHLMM, @ MAarucTpallb MOAKIIOYACTCS
HEIMOCPEACTBEHHO K [IEXOBOMY TpaHC(hOpMaTopy depe3 BBOAHON aBTOMATHUECKHM BBIKIIOYATENb.
[Ipu nByxtpanchopmaTopHOil moacTaHu U cxeme bTM Mexay MarucTpaiasiMu IJisi B3aUMHOTO
PE3€pBUPOBAHMS  YCTAHABIMBAIOT  NEPEMBIYKY C  aBTOMATHMYECKUM  BBIKJIIOYATEJIEM.
Pexomenayercss mpUMEHATh MATUCTPAJIBHBIE CXEMBI ¢ YUCIOM OoTXonasmmx ot TII marucrpanei,
HE TMPEBBILIAIONIMM 4YHCJIa CHJIOBBIX TpaHcpopmaTopoB. Ha ocHOBe BBIIIEH3I0KEHHBIX
NPEANOChIIOK U peKOMeHJanui, cojepxkamuxcs B /8, ¢.172-175/,6pu10 chopmupoBaHO 1Ba
BapHaHTa AJIEKTPOCHAOKEHHS 11eXa, MPEACTaBIEHHBIX Ha PUC.

Ilex cOCTOMT W3 YeTBHIpEX OTIEJICHUI: MEXaHHYeCKOoe OTAeNeHHe, COOpOYHas IUIOLIA/IKa,
TEPMHUYECKOE OTJEIECHUE, CBAPOYHOE OTICICHUE.

B 00oux BapmaHTax 3JEKTPOCHAOKEHHE MEXaHWYECKOIO OT/ENICHHS BBIIOJHEHO C IOMOIIBIO
pacnpeneNuTeabHOr0 HIMHOMPOBOJAa YCTAHOBJIEHHOIO HAa CTOMKax Ha BbicoTe 3,5 Mmerpa. A
3NIEKTPOCHA0KEHNE OCTAIBHBIX OT/ICICHUH 11eXa OTINYACTCS.

B wactHOCTH B IepBOM BapuaHTe cOopouHoe oTaenenue nuraercs ot LIIPA, a Bo Bropom ot PIII.
DNeKTpOCHAOKEHNE TEPMHUUECKOTO U CBAPOYHOTO OTAEICHHI BBHIMOIHEHHBI ¢ momoinsio PII u B
000X BapHaHTax OTIMYAIOTCA APYT OT Apyra Mectom pacrnoiosxenus CII3.

[MuTanue K cTaHKaM MOJBEIECHO B METALTUYECKUX TPYOax, KOTOPBIE SIBJISIOTCS OJHOBPEMEHHO U
HYJIEBBIM ITPOBOJIOM.

[Mutanue PIUI ocymiecTBisieTcss C MOMOIIBIO TPEX)KUIBHBIX KaOENbHBIX JHHUN, a B KaueCTBE
HYJIEBOTO MPOBO/JIa UCTIOIB3YETCS OTHOXKUIbHBIN KaOellb MEHBIIETO TUIIOpa3Mepa.
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Pucynokx —IlepBblii BApUaHT 3JEKTPOCHAOKEHHUS 1I€Xa
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Pucynox —BTtopoii BapuaHT 2JIEKTPOCHA0KEHUS 11eXa

Br16op ceuenuii mpoBOTHUKOB M KOMMYTAIIMOHHO-3AIIUTHON anmapaTyphl.
[Tpu BbIOOpE anmapaToB U MPOBOJIHUKOB JOJKHBI YUUTHIBATHCS
IPOYHOCTh M3OJISALUHU, HeoOXxoaumas [UIsi HAAEKHOM paboThl B JUIMTEIHHOM PEXUME U TPU
KpPaTKOBPEMEHHBIX NIEPEHANPSIKEHUSIX;
- TOIyCTUMBI HarpeB TOKaMU B JUTUTEIBHBIX PEKUMAX;
- TEXHUKO-9KOHOMHUYECKas 11€71ecO00pa3HOCTb,
- COOTBETCTBUE OKPYKAIOLIEH Cpelie U POy YCTaHOBKH,
- 10CTaTOYHasl MEXAaHUYECKasi IPOYHOCTD;
- TOIIyCTUMBIE ITIOTEPH HAMPSIKEHNUS] B HOPMAJIBHOM U aBapUIHOM PEKHUMAX.
- COIVIACOBAHME CEUYECHUN ¢ KOMMYTAallMOHHO-3alIUTHON anmaparypou
VYcnoBust BEIOOpa M TPOBEPKH 000PYAOBAHUS:
1) Beibop u mpoBepka IMHUHOMPOBOAOB!
KommiektHeie muHompoBoasl Tuma I[IIMA BbIOMparoT 1O pPacuéTHOMY TOKY CHIIOBOTO
TpaHcdopmaropa, K KOTOpOMY MOJIKIIF0OYeHA MarucTpais /8, c.184/:

S
"W,

Pacnpenenutensable muHONMPoBOo I THIA [IIPA BBIOMparOTCS MO pacd4eTHOMY TOKY Harpy3KHu.

> P,
x/§DJ Ed:oe¢

rie Pyom —HOMHHAJIbHAS AKTUBHASI MOLIHOCTD 3JIEKTPONPUEMHUKA, KBT;
Uson — HOMHUHAJIBHOE JINHEWHOE HaIpsDKEHUE ceTH, KB;
COS(® —HOMUHAIIBHBII K03 duirenT MmomHocTn Harpysku; /10,c. 178/.
[TpoBepka Ha 3JIEKTPOIUHAMHYCCKYIO CTOMKOCTD BBIMOJIHSIETCS 10 ycoBHio /8, c. 184/:
iy() < iyz) don-
TO€  lyyqon — AOMYCTUMBIN yrapHbIi Tok K3 s nanHOoTO THIA mmHONIpoBoaa /8, c. 177, 179/.
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2) BeiOop 1 poBepka ceueHHid IPOBOIOB U JKWII KaOelel IeXOBOW CeTH !

CedeHuss mpoBOJOB M KM KaOeneld IEXOBOM CEeTH BBIOMPAIOT IO HAarpeBy JIMTEIbHBIM
pacueTHbIM TOKOM /8, ¢. 184,hopmyna 7.5/

IpiKCH ' |()0n|

rne Ky —nonpaBounslii K03 GUIMEHT HA YCIOBHS MPOKIIAAKH IPOBOIOB U Kabemnei.
JIonyCTUMBIE TOKH YKe ¢ YIETOM YCIIOBHI MPOKIAAKK onpeaeisiores mo [TYD (tabauma 1.3.5).
Pacu€THBIN TOK 3JEKTPONPUEMHUKOB, PUCOEAUHAEMBIX K PACIpPEIEIUTEIbHOMY IIMHOIPOBOAY
(nmm CII), onpepensieres o ¢axktudecku norpedisemoit morraocT D11 mo popmyie /8, ¢c. 292/:

P

HOM

IHOM: ;
'\/§ wl‘l()ﬂfl HIO% m]

rae  Pyow —HOMHHaNbHASI aKTUBHASI MOIIHOCTH 3JIEKTPONIPUEMHIKA, KBT;

U jon — HOMHHAQJIBHOE JTUHEHHOE HANpPsHKEHHE ceTH, KB;

C0S¢@ — HOMUHATBHBIN KO3 GUIIMEHT MOIITHOCTH HArPYy3KH;

N —uomunanbubii KI1J] /10,c. 178/.

[Ipu pacu€re HampsOKeHHE HEOOXOIMMO MPOBEPUTH, YTOOBI CaMO€ HHU3KOE W3 HAINpsHKEHUU B
y371ax ObUIO HE MEHBIIIE JOIMYCTUMOro. BMecTo ompeneneHus caMoro HU3KOro U3 HampsKeHUH B
y371aX OOBIYHO OMpPENESIOT HanOOJBIIYIO MTOTEPIO HANpsbKeHus. PasHuIa Mexxay HanpsyKeHUSIMU
MCTOYHUKA MUTAHUS U y37la C CAMBbIM HHU3KHM HAMpsHKEHUEM Ha3bIBaeTCs HauOONbIIeH moTepeit
HaIPSDKEHUS.

[MoTepro HanpsHKEHUsT B KAKOM-THOO IIPOBOIHUKE ONPENeNsIoT mo hopmyrie /8, c. 184/

AJ =\/§Ip(ryacos¢+ X, sing J1L/1000,

rae |p — pacuéTHBIN TOK B IPOBOJHHKE, A;

Fyny Xyn — YZCIbHOE aKTUBHOE M HHAYKTUBHOE COINPOTHUBIICHUE IPOBOAHHUKA, MOM/M;

L — nmuHA TPOBOTHUKA, M.

[TpuHsATHIE CeYeHHs TIPOBOJIOB U KU KaOesel TODKHBI COOTBETCTBOBATh 3aIIUTHOMY yYCTPOUCTBY
/8, c. 185/:

Iz)ﬂ.z)on > |3'k.mm,

rne |, —mapaMeTp 3amuUTHOrO YCTPOUCTBA (TOK cpabaThiBaHUs, HOMUHAIBHBIN TOK);

Ksam — K03 urrenT 3ammtsi /8, c. 186,Tabnuna 7.6/.

3) Bei6op 1 mpoBepKa mpeoXpaHUuTeNCH.

[MnaBkuii mpegoXpaHUTENb MpeTHA3HAYCH TS 3alUThI JEKTPUYECKUX YCTAHOBOK OT TokoB K3 u
NEePErpy30K.

OCHOBHBIMH €TI0 XapaKTEPUCTUKAMH SIBISIOTCS HOMUHAIBHBIA TOK TIJIABKOM BCTaBKH lyoy ser
HOMHHAJIBHBIA TOK MPEAOXPAHUTENS |yom.np, HOMHHAIBHOE HampsbKkeHHE NPpenoXpaHuTesss Usom,mp,
HOMUHAQJIBHBIA TOK OTKIIOYCHHUS MNPEHOXPAHUTEIS  lyoyomen, 3alMTHAs — (BpPEMSATOKOBAs)
XapaKTepUCTUKA IPETOXPAHUTETIS.

HoMmuHanpHbIM TOKOM IUIaBKOW BCTAaBKH HA3bIBAIOT TOK, HAa KOTOPBIA pACCUMTAHA IUIABKAS
BCTaBKa JUIsl JUIMTEIbHOU pabOThl B HOPMAJIbHOM PEKUME.

HomuHanbHbBI TOK MpenoXpaHUTENss — 3TO TOK, MPH IJIUTEILHOM MPOTEKAHHH KOTOPOTO HeE
HaOmolaeTcsl TeperpeBa IpeaoxpaHuTens B 1enoM. Heob6xoaumo umeTh B BHUIY, YTO B
peIOXpaHUTENIe MOXKET MCIOJB30BaThCs IJIABKas BCTaBKAa C HOMHHAIBHBIM TOKOM, MEHBIINM
HOMMHAJILHOTO TOKA MPEIOXPaHUTEIIS.

HomuHanbHOe HampspkeHHE MPEIOXPAHUTENs OMpenesieT KOHCTPYKIUIO TMPEAOXPaHUTENsT U
JUIMHY TJIaBKOW BCTaBKH.

Orkmroyarommasi  COCOOHOCTh  MPEJOXPAHUTENS]  XapaKTePU3YeTCsl HOMHUHAIBHBIM — TOKOM
OTKJIIOUEHHS, SBIAIOIUMCS HauboiabmuM TokoM K3, mpu KOTOpoM MpeqoXpaHUTedb pa3pbiBaeT
nenb 0e3 Kakux-mubo MOBPEXICHHM, MPEMSITCTBYIOMUX €ro JajibHeieil padore mocie cMeHbI
IIJIaBKOW BCTABKH.

HaubonsIee pacnpocTpaneHre B CeTSX HampsbkeHueM 10 1 KB monydninu npegoxpaHuTeNny Tyra
HITH (maceimuoit Hepa36opHbiii) u Tuna [TH2 (HackImHO# pa30opHBIi).
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Pasznmuuator 1uiaBkue npenoxpaHutenn uHepuuoHHbie (tuna MII), crmocoOHble BBIACPKUBATH
3HAYHMTEIbHBIE KPAaTKOBPEMEHHBIC Ieperpy3ku, u OecsuHepimonnsie (tumoB HITH, TTH2) ¢
OTPAaHUYEHHOU CIIOCOOHOCTHIO K MEpErpy3KaMm.

Bei6op npenoxpanuTeneii mpou3BOIAT 1Mo ycioBusm /8, ¢.283/:

U HOM .an U HOM.yCm ;

I Hmz.npzlp.ma)e

rjae

Usom.yer —HOMUHAIIbHOE HANPSKEHUE CETH;

| p.max—MaKkCHMabHbIHA paOOYMil TOK.

[TnaBkast BCTaBKa ISl OC3MHEPIIMOHHBIX MMPEIOXPAHUTENICH BRIOUpAETCs CleayromuM odpasom /8,
283/

I Hmz.ecmzl p.max;

I HOM.GCmZ.i n/Kneps

rae Iy —IyCKOBOM TOK OJJHOTO JBUTATEIS.

K.ep=2,5 —11pu 3a1ure OTBETBIICHUS, UAYLIETO K OAMHOYHOMY JIBUTATENI0 C HEYACTBIMH ITyCKaMU
U JUTUTENHHOCTBIO ITYCKOBOTO TIEpHoja He Oojiee 2,5C wiaM TpW 3aIiuTe JIMHUH, MUTAIOIEH
CUJIOBYIO WJIM CMEILIAHHYIO HAarpy3Ky;,

Kiep=1,6 —mpu 3aimuTe OTBETBIEHHMS, UIYIIErO K OJUHOYHOMY JBUIATEIIO C YaCTBIMHU ITyCKaMHU
WM OOJBIION JUTMTENBHOCTBIO ITYCKOBOTO Tieproaa; /8,c. 284/.

CornacoBaHue Mpe1oXpaHuTeNell ¢ BBIOPAHHBIMU CEYCHHUSIMHU.

Toku MIaBKUX BCTaBOK JOJKHBI COOTBETCTBOBATH KPATHOCTSM TOKOB ofHO(a3HbIX K3 B ceTsax ¢
3a3eMJIEHHOM HelTpanbio /8, c. 284/:

I(l)nO > K3,0' IHOM ecm+

rae K; =3 —KkpaTHOCTH TOKa 3aMbIKaHHsI B TIOMEIICHUSX C HOPMAJILHON CPEIOH.

4) BeiOop 1 mpoBepKa aBTOMaTHYECKUX BBIKITIOYATEIICH.

Hapsiny ¢ miaBkuMu NOpeJoXpaHUTEISIMH B YCTaHOBKax HampsokeHueM 1o 1 kB mmpoxo
MPUMEHSIOT aBTOMATHUYECKUE BO3IYIIHbIE BBIKIIOUATEIH, BBIMYCKAa€Mble B OJHO-, IBYX- U
TPEXIIOJIIOCHOM UCTIOJIHEHUH, TOCTOSSHHOTO U IEPEMEHHOTO TOKA.

ABTOMATHYECKHE BBIKIIIOUATEIM CHA0XKAIOT CHEIUATBHBIM YCTPOMCTBOM PEICHHON 3allUTHl,
KOTOPOE€ B 3aBUCHUMOCTH OT THUIA BBIKIIOYATENS BBIIOJIHSAIOT B BHJE TOKOBOM OTCEYKH,
MaKCHMaJIbHOM TOKOBOM 3aIIUThI WM JIBYXCTYIIEHYATON TOKOBOM 3aIlIUTHI.

Jis  3TOro HCHONB3YIOT DJJIEKTPOMAarHUTHBbIE W TEIJIOBbIE pelie. ODTH pejie  Ha3bIBaloT
pacUenUuTeNsIMHU.

KOHCTpYKTHBHO aBTOMaTH4YeCKHE BBIKJIIOYATEIM HAMHOIO CJOXKHEE MpeloXpaHuTenell u
MPEJICTABIISIFOT COOOM COUeTaHUE BBIKIIOUATEIIS U PACHICTTUTEINS.

HomuHaneHbIM TOKOM aBTOMATHYECKOT'O BBIKITIOYATENS lyom, HA3BIBAIOT HAUOOJBIIUNA TOK, MPHU
MPOTEKAHUU KOTOPOTO BBIKITIOYATENh MOXKET AITUTEILHO padoTaTh 6€3 MOBPEKICHUH.
HomuHaneHbIM HampspDKEHHEM aBTOMATUYECKOTO BBIKIMIOUATENS] Uyoya HA3BIBAIOT YKa3aHHOE B
MacropTe HAMpPsHKCHHE, PABHOE HANPSHKEHUIO AJIEKTPUYECKOM CeTH, JIIS padOThl B KOTOPOM 3TOT
BBIKJIIOYATEN b MPEJHA3HAUEH.

HoMuHanbHEIM TOKOM pacuenuTens lyowpac HA3BIBAIOT YKa3aHHBIA B IIACIOPTE TOK, UIMTEIBHOE
MPOTEKaHHWE KOTOPOTO HE BBI3BIBAET CpabaThIBAHUE PACLICTIUTENS.

TokoM yCTaBKM pacUENUTeNsi Ha3bIBalOT HAWMEHBIIMKA TOK, MPU MNPOTEKAHUU KOTOPOTO
pacuenurens cpabaTpiBaeT.

IIpu BBIOOpE yCTaBOK TOKa cpabaThIBaHUS AaBTOMATUYECKUX BBIKIIOUATENIeH HEOOXO0IMMO
YVUUTHIBaTh pa3iuuusg B XapakTepUCTHKaX U TMOrPEUIHOCTH B paboTe pacuenuTeneit
BBIKJIIOYATEIICH.

Cy1iecTBYIOT ciieyromue TpeOoBaHUs K BEIOOPY aBTOMAaTHYECKUX BBIKIIIOYATENCH !

HOMHHAJILHOE HAIPSHKCHUE BBIKITIOYATENS HE JOJKHO OBITh HI)KE HAMPSDKCHUS CETH,
OTKJIIOYAIOIasl CIOCOOHOCTH JOHKHA OBITh paccuMTaHa Ha MakcuManbHble Toku K3, npoxoasiue
0 3alIUIIAeMOMY 3JIEMEHTY;
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HOMHHAJIFHBI TOK pACICHUTENs OJDKEH OBITh HE MEHBIIE HaWOOJNBIIET0 PAacyeTHOTO TOKa
Harpy3KH, JJIUTEIHHO MPOTEKAOIIETO M0 3alrinaeMoMy seMeHTy /8, ¢. 289/:
I HOM.p(ZCZI p.max;
ABTOMATHYECKUI BBIKJIIOYATEeNIhb HE JOJDKCH OTKJIIOYAThCS B HOPMAIBbHOM peXHME pabOThI
3aIIUIIAeMOr0 3JIEMEHTa, MOATOMY TOK YCTaBKH 3aMEJICHHOTO CpabaThIBaHUS PEryIHpPYyEeMbIX
pacuenuTenei ciaeayer BeIOUpaTh 1mo ycioswuio /8, ¢. 289/:
IHOM.paCZ(lll'_'llS)Ip.maX;
IpU JIOMYCTUMBIX KPAaTKOBPEMEHHBIX IMEperpy3Kax 3alldlaeMoro 3JeMEHTa aBTOMAaTHYECKUH
BBIKJTIOYATENIh HE JOJKEH CpadaThlBaTh; 3TO JOCTUTAETCS BBIOOPOM YCTaBKM MTHOBEHHOTO
cpabaThIBaHMs HIEKTPOMArHUTHOTO pacuenuTels 1o ycnoButo /8, ¢. 291/: 1,y pac5>(1,25+1,35)i,;
TI€ iy — TMKOBBINA TOK.
Cornacuo /8, c. 291/ mus BeIKIIOYATeNel, MMEIONIMX TOJBKO PACUEIHUTENIM MIHOBEHHOTO
cpabarpiBaHMs, MUHUMAIBHBIN TOK K3 B camoii yaneHHOW TOYKE JIMHUU JTOJDKEH MPEBHIIIATh TOK
YCTaBKM MTHOBEHHOTO cpabaTbiBaHUST He MeHee deM B 1,4 pa3a 1 BBIKITIOYATeNed ¢
HoMuHaIBHEIM TOKOM 10 100 A u B 1,25pa3a mnsa Bcex Opyrux BBIKIIOYATENEH, T.€. B HaIleM
JIOJDKHO COOJTIO/IAaThCS YCIIOBHE:
I(l)nOZ 1125Lpa6y
ABTOMaTHYECKHUE BBIKIIIOYATENN TaKKe MPOBEPSIOTCS 110 OTKIIoYaromei cnocoonoctu /1, c. 255/:
Iomm > | (3);10-
PacueTHbIif TOK KOMIUIEKTHOTO IIMHONIPOBOAA: |= ﬂ =2300A

V3,
BriOupaem Ba KOMIUIEKTHBIX MAarvucCTpalbHbIX ImmHONpoBona Mapku [IIMAG68-HY3 ¢
HOMUHAJIBHBIM TOKOM 2500A, ¢ nonepeyHsIM ceueHreM npsimoii cexiun 444x215um nunoit 4,5
M /8,c. 177-178rabnuua 7.3/.
Tabnmuna —BpiGop HIMHONPOBOIOB

ITntaembie Mapxka
Ne urmronpoBoz AIICKTPONPHEMHUKI Po kBT | Qp, KBA 1, A | Luniom 4 ngonpOBo;[a
1 Bapuant
1 1-26 106,2 104,43 215 250
2 27-44, 49-53, 64-6/6203,5 200,08 411,9 630
3 45-48, 54-70CI11 | 385,4 183,7 | 616,8 630 | IIIPA73Y3
4 104-110 136,6 105,9] 2495 250
5 112-115 72,4 51,2 128| 250
2 BapuaHT
1 1-26 106,2 104,43 215| 250
2 27-44, 49-53, 64-6/6203,5 200,08 4119 630 | HIPA73Y3
3 45-48, 54-70 135,4 109,717 247,5 40(
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Tabnuna — BeiOop cedeHuii nuTaronmx Kadenen

CoenuHsgeMble DIIEMEHTEI 1), A I(;eg:;;eM . om A Mapka Ka6ers
1 Bapuant

KTII-1IMA1 2300 5-(8240) 2325

KTII-11IMA?2 2300 5-(8240) 2325

IIMA11IPA1 215 %95 255

HHIMA11IPA2 411,9 3240 465

IIIMA11IPA4 2495 395 255 AIBBI
IIIMA1IIPAS 128 X35 130

IHIMAZ2-1IPA3 622,8 2-(8150) 680

HIPA3-CII1 371,3 3185 390

HHIMA2-CII2 234,9 395 255

HHIMA2-CII3 10954 3:(8185) 1170

LHIMA2-CI14 431,7 3240 465

[IMA2-CII5 753,9 2-(3185) 780

2 BapuaHT

KTII-1IIMA1 2300 5-(8240) 2325

KTII-11IMA?2 2300 5-(8240) 2325

IIIMA111PA1 215 X95 255

HIMA1IIPA2 411,9 3240 465

[IIMA1-CII6 236,4 3240 465 AIIBBI
HIMA1-CII7 103,9 370 210

IHIMA1-CII8 84,8 X70 210

IHIMAZ2-1IPA3 622,8 2-(8150) 680

HIPA3-CII1 371,3 3185 390

HHIMA2-CII2 234,9 395 255

IHIMA2-CII3 10954 3:(8185) 1170 ATIBET
HHIMA2-CI14 431,7 3240 465

[HIMA2-CII5 753,9 2-(3185) 780

Jns BbIOOpa OCBETUTENBHOTO IITUHOMPOBOJA OIPENENAETCs] PAaCYETHBIA TOK OCBETUTEIHHOU
Harpysku /8, c. 271/

_ Pro . _ 395 _
IP-O_ y IHOM_ ——60A
V3, [tosh /30,40, 91

ITo l,, = 60 A BbIOpaH cnenuanbHEI ocBeTHTENbHBIN mHHONPOoBOA LIIOC-73 Ha TOK 63 A /8, .
270/.
Jns cranka Nel umeem:

lhom= 17 =32,43A.

J/3[0,40,8970,8!
Jns nutanus cranka Nel npunumaercs mposox AIIB (3x10) MM ¢ IUTATENBHO-T0ITYCTUMBIM
TOKOM |y 10n=47 A /3, Tabn. 1.3.5/,mpokinajka BBIMOIHIETCS B TPyOax.
AHaJOTUYHO BBIOMPAIOTCS CEUEHUS NUTAIOIIUX TPOBOMOB ANl OcTambHBIX OIl, pe3ynbTarhl
CBeJCHEI B Ta0I.
Bribop mMHOMPOBOZOB W CeueHHW Kalesiel TakKe OCYLIECTBISETCS IO Pacu€THOMY TOKY,
pe3yabTaThl CBEICHBI B TAOI.

oM

Tabmuma — Be16op cedenuii mpoBoaos k 1
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Homep anexTponpuéMHuka Ceuenne Mapxa
Puou, KBT lh, A MpoBOJIa | 11 10ms A | IPOBOJIA
TUTaHe
(xaberst), My (kabens)

1-13 17 32,43 xB 40 AIIB
14-19 28 73,1 25 80 AIIB
20-25 17 44.4 310 47 AIIB
26, 27 34 88,8 35 95 ABBI'
28-40 42 109,7 x50 130 ABBI'
41-48 45 117,6 x50 130 ABBI'
49-53 30 78,4 25 80 AIIB
54-61 24 62,7 25 80 AIIB
62, 63 15 39,2 310 47 AIIB
67, 68 40 104,5 x50 130 ABBI'
64—66 32 83,6 35 95 ABBI'
69,70 15 30,1 810 47 AIIB
71-73 35 57,3 316 60 AIIB
77,78 20 32,7 310 47 AIIB
79, 80 36 58,9 36 60 AIIB
81, 82 54 88,4 35 95 ABBI'
83, 84 67 109,6 x50 130 ABBI'
74—76 18 36,1 310 47 AIIB
85-90 125 283 2:€30) 330 ABBI'
91-93 110 249,1 X350 255 ABBI'
94-96 100 226,4 X350 255 ABBI'
97-99 90 203,8 320 220 ABBI'
100-103 110 249,1 x350 255 ABBI'
104, 105 120 313,5 2x30) 330 ABBTI'
106-109 48 125,4 x50 130 ABBI'
110, 111 26 67,9 25 80 AIIB
112-114 34 88,8 B85 95 ABBTI'
115-117 44 114,9 x50 130 ABBI'
118, 119 32 64,2 25 80 AIIB

B cerax wHanpsokenuemM 1o 1 kB 3amuTy 35eKTpOOOOpYIOBAaHUS BBIMOJIHSIOT ITUTABKUMU
MPEIOXPAHUTEIIAMHU U PACICITUTEIIIMIA aBTOMATHYCCKUX BBIKITIOYATEIICH.

Bri6op npenoxpaHuTenei.

Bre16op npenoxpanutens ais OIT Ne 1:

U.=0,4kB; lp.max=44,4A; 1,/K,p=5-44,4/2,5=88,4;

Brei6upaem npenoxpanurtens tuna [TH2-100¢ TokoM maBKOW BCTaBKHU lyoy ser=100A.
AHaJOTUYHO BBIOMPAIOTCS MPEAOXPAHUTENH Ul OCTalbHbIX OII, pe3ynbTaThl MPEICTaBICHBI B
Ta0JI.

Tabmuma — Be16op npenoxpanurtenei

E;;fep DJICKTPOTIPHEMITHIKA lp, A Mapxka npenoxpautens | in/Knep, A | lger, A
1-13 32,43 ITH2-100 88,8 100
14-19 73,1 [TH2-250 146,2 150
20-25 44.4 ITH2-100 88,8 100
26, 27 88,8 ITH2-250 177,6 200
28-40 109,7 ITH2-250 219,4 250
41-48 117,6 ITH2-250 235,2 250

52



49-53 78,4 ITH2-250 156,8 200
54-61 62,7 [TH2-250 125,4 150
62, 63 39,2 ITH2-100 78,4 100
67, 68 104,5 [TH2-250 209 250
64—66 83,6 ITH2-250 167,2 200
69,70 30,1 [TH2-100 60,2 80

71-73 57,3 ITH2-100 - 60

77,78 32,7 ITH2-100 - 40

79, 80 58,9 ITH2-100 - 60

81, 82 88,4 ITH2-100 - 100
83, 84 109,6 [TH2-250 — 120
74-76 36,1 ITH2-100 72,2 80

85-90 283 ITH2-400 - 300
91-93 249,1 [TH2-250 - 250
94-96 226,4 ITH2-250 - 250
97-99 203,8 [TH2-250 - 250
100-103 249,1 ITH2-250 - 250
104, 105 313,5 ITH2-630 617 630
106-109 125,4 ITH2-400 250,8 300
110, 111 67,9 ITH2-250 135,8 150
112-114 88,8 [TH2-250 177,6 200
115-117 1149 ITH2-250 229,8 250
118, 119 64,2 [TH2-250 128,4 150

Br160p aBTOMaTHUECKUX BBIKIIIOYATEIICH.

Br160p aBTOMaTHUYECKOT0 BBIKIIFOUaTENs, 3amuimarorniero [1IPAL:

lp.max=215A; h=0643,9A,;

1,3k ma=1,1-215=28M,; 1,25-j=1,25-643,9=803,,

BriOupaem aBTomMaruueckuii Beikitouatens Mapku ABM-10H /8,c. 286,Tabmmna 11.2/:
IHOM.a:]-OOOA) UHOM.a:0!4KB| IHOM.paC:6OOA; |pac.HOM 3:900A

AHAJIOTUYHO BBIOpaHBI OCTaJbHBIE ABTOMATHUECKHE BBIKIIOUATENH, PE3YJIbTaThl MOKa3aHbl B
TaOJIHILIE.

Tabmmma —Bp100p aBTOMaTHYECKUX BBIKITIOUATEICH

Coenunsemsle sneMeHTsl| |, A Beikmogarens | luow, A | Ipac. owms Al lis A | Ipacsow s A
1 BapuanTt

HIMA1 2300 | 225 2500 | 3000 3814 5000
HIMA?2 2300 | 925 2500 | 3000 3814 5000
[ITPA1 215 ABM-10H 1000 | 600 643,9| 900
[IIPA2 411,9 | ABM-10H 1000 | 800 979,9| 1600
HTPA3 622,8 | ABM-10H 1000 | 800 1190,8 1600
HIPA4 249,5 | ABM-4H 400 300 1763,7 2400
HIPAS 128 ABM-4H 400 150 683,0 | 1200
CII1 371,3 | ABM-10H 1000 | 600 545,7 | 900
CII2 234,9 | ABM-4H 400 400 409,3 | 600
CII3 1095,4 | ABM-15H 1500 | 1500 1405,9 2200
CIl4 431,7 | ABM-10H 1000 | 600 431,7 | 600
CII5 753,9 | ABM-10H 1000 | 1000 1064 1500
2 BapuaHT

IIIMA1 | 2300 | D25 | 2500 | 3000 | 3814 | 5000
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HIMA2 2300 | 925 2500 | 3000 3814 5000
ITIPA1 215 ABM-10H 1000 | 600 643,9 | 900
[ITPA2 411,9 | ABM-10H 1000 | 800 979,9| 1600
HTPA3 622,8 | ABM-10H 1000 | 800 1190, 1600
CII1 371,3 | ABM-10H 1000 | 600 545,7 | 900
CII2 234,9 | ABM-4C 400 300 409,3 | 600
CII3 1095,4 | ABM-15H 1500 | 1500 1405,9 2200
Cli4 431,7 | ABM-10H 1000 | 600 431,7 | 600
CII5 753,9 | ABM-10H 1000 | 1000 1064 1500
CII6 236,4 | ABM-10H 1000 | 1000 1750, 2000
CI7 103,9 | ABM-4H 400 400 658,9 | 800
CII8 84,8 ABM-4H 400 120 513,7 | 800

PacueTr TOKOB KOPOTKOTO 3aMBIKAHHS.

Jlnst poBepKH BBIOPAHHOTO 3JIEKTPOOOOPYNOBaHHUS HEOOXOAMMO MPOBECTH PACUET TOKOB
TpEXxdazHoro u 0AHO()A3HOTO KOPOTKOTO 3aMbIKaHUs. Pacd&Tsl mMpoOBOASTCS B COOTBETCTBUU C
METOIMKOMH, N3JI0KEHHOH B 114.

s pacuéra TokoB K3 cocraBisieM cXeMbl 3aMEIICHUs ISl BCEX THIIOBBIX PACUYETHBIX
touek K3 (mmubl KTII, BBox muHompoBoaa IIPA, naubonee ymanéunsiii DI1). CocraBieHHbIC
CXEMBI JIaHbI Ha PUCYHKE.

c ;

: : X c Zmp ZKBl Z}Ul.m.wa Zm,Ma ZKB 2 Zm.mpa Rn ep.pacn
| [ | [ | [ 1 [ | [ 1 [
1] 1 1] 1 1] 1 1] 1 1] 1 1] 1

E, 7

: : A/L Zmp ZKBl Z}Ul.ut,wa Zlu.Ma ZKB 2 Z}Ul.mpa Zlupa KnII1 Rn epOI1 }%@
1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 |
1] 1 1] 1 1] 1 1] 1 1] 1 1] 1 1] 1 1] 1

Pucynok —Cxemsl 11 pacuéta TokoB K3 B TUITOBBIX TOUKAX

B tabnunax mpuBencHBI Pe3yNbTaThl PACYeTOB KOPOTKOTO 3aMblkaHMs BbImojiHeHHbIE B CAIIP
«Kapar».
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Tabmumna —Pacuet TokoB Tpexdaznoro K3

Touka K3 | R1y [MOl\{ X1y [MOI\‘ Kyn ‘ I10(3) [KA lyn(3) [kA]
IlepBblii BapuaHT
[INHBI KTIT 16,22 5,9 1,02 13,37 19,29
HIPA1 22,64 6,78 1,02 9,76 14,09
[HIPA2 22,43 6,62 1,02 9,87 14,24
IITPA3 22,19 5,72 1,02 10,0y 14,53
[1IPA4 23,74 6,39 1,02 9,39 13,54
IIPAS5 24,76 6,01 1,02 9,06 13,07
CIIl1 54,56 13,23 1,02 4,11 5,93
CII2 33,56 8,64 1,02 6,64 9,61
CII3 23,54 6,56 1,02 9,44 13,62
CI4 23,62 6,61 1,02 9,41 13,57
CII5 22,69 6,08 1,02 9,82 14,17
oIl 66,49 17,18 1,02 3,34 4,85
Bropoii BapuaHT
[IPA1 23,16 6,17 1,02 9,63 13,89
[IPA2 22,3 5,84 1,02 10,01 14,44
[HIPA3 22,19 5,72 1,02 10,07 14,53
CII1 54,56 13,23 1,02 4,11 5,93
CII2 33,56 8,64 1,02 6,64 9,61
CII3 23,43 6,44 1,02 9,5 13,7
CIl4 23,62 6,61 1,02 9,41 13,57
CII5 22,69 60,86 1,32 3,58 6,65
CII6 24,46 6,56 1,02 9,11 13,15
CI17 26,84 6,31 1,02 8,37 12,07
CII8 43,47 7,95 1,01 5,22 7,53
oIl 66,49 17,18 1,02 3,34 4,85
Tabmmma —Pacyer TokoB ogHodazHoro K3.
Touka K3  |R1Y [M{X1Y [M|ROY [M{X0Y [M|  Kya| Ino(1) [ lya(1) [kA]
IlepBblii BapuaHT
[TNHBI KTII 16,2 5,9 1,1 5,4 1,02 18,3 26,49
[HIPA1 22,6 6,784 21,2 544 1,02 10,0 14,44
[HIPA2 224 6,642 20,3 0,17 1,02 10,3 15
I1TPA3 22,1 571 24,6 6,3¢ 1,02 9,71 14
11IPA4 23,7 6,39 36,6 114 1,02 7,91 11,41
IPAS 247 6,01 46,7 7,55 1,02 7,04 10,16
CII1 545 13,2 176, 87,9 1,02 2,24 3,24
CII2 33,5 8,64 134,57 19,0 1,02 3,37 4,87
CII3 235 6,5¢ 39,1 11,7 1,02 7,71 11,12
CI14 23,6 6,6] 39,0 10,1 1,02 7,79 11,17
CII5 22,6 6,08 29,7 917 1,02 8,87 12,79
oIl 66,4 17,1 186, 87,9 1,02 2,02 2,91
Bropoii BapuanT
[TPA1 23,1 6,17 16,6 5,4¢ 1,02 10,5 15,26
[ITPA2 22,3 584 30,3 9,97 1,02 8,88 12,81
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[HTPA3 221 574 257 7,3 1,07 9,53 13,75
CII1 54,9 13,2 1764 87,9 1,07 2,24 3,24
CII2 33,59 8,64 134,] 19,0 1,02 3,37 4,87
CII3 234 644 234 6,44 1,07 9,5 13,7
CI14 23,6 6,6] 39,0 10,1 1,02 7,79 11,17
CII5 226 60,8 29,1 91] 1,32 4,59 8,59
CII6 244 6,5¢ 340 114 1,07 7,99 11,53
CIl7 26,8 6,3] 46,5 9,31 1,02 6,79 9,73
CII8 43,4 7,95 129, 15,4 1,01 3,16 4,56
OII1 664 17,1 186, 87,9 1,07 2,02 2,91

IIpoBepka ceueHunii MPOBOIHUKOB M KOMMYTAIIMOHHO-3aIIUTHOM anmnapaTyphl.
Onpenenum noTepro HanpspkeHus B mposoze k JI11:

AUKH:;m:\/é -44,4-(3,12-0,65+0,099-0,76)-7,5/1000=1R213

CkianpiBasi JaHHOE 3HAYCHHE C AHAJIOTUYHO HaineHHbIMH moTepsmu B IIIMAIL, B xabenbHOI
auaun ot [IIMA1 k IIIPA1 u B IIIPA1, nmony4aem HauOOJIBIIYIO TIOTEPIO HANIPSIKEHUS B pa3Mepe
20,77 B, uro cocraBisier 5,2% npotuB gonycTUMbIX 5%. [loaTOMy OBUTO NPUHATO pEIIEHUE O
3aMeHe mpoBoja ¢ cedeHuem 3x10 Mm? k DII1 Ha MpoBOJI ceueHueM 3x35 MM, Tlocae 3Toro
notepst HanpspkeHus coctaBmia 19,93B unu 4,98%,4ro nomyctumo.

AHaTOTMYHO OBUTH TIPOBEPEHBI CEUEHHUS BCEX OCTANBHBIX MPOBOAOB K JII, pe3ynbTaThl MPOBEPKU
JIaHbI B TaOJIHIIE.

Tabmuna — [poBepka ceuenuii nmpoBooB k D11 o qomycTuMoii norepe HanpsHKeHUs

Howmep lp, A Ceuenne mpon{ [IU,B | [1U, % | HoBoe ou, ¢

AIIEKTPONPUEMHHKA (kabemns), ceueHue

Ha IJTaHe e poBOJIA
(kabens), M

1 sapuanm

1-3 32,43 810 20,766 | 5,19 25 4,98

4-13 32,43 810 18,707 | 4,68

14,17, 18 73,1 25 20,502 | 5,13 b0 4,99

15, 16, 19 73,1 25 19,47 | 4,87

20-25 44,4 810 16,692| 4,17

26 88,8 335 2,98 0,75

27 88,8 335 2,819 | 0,71

28-40 109,7 850 18,366| 4,59

41-44 117,6 850 8,84 2,21

45-48 117,6 850 5741 | 1,44

49-53 78,4 825 18,637 | 4,66

54-61 62,7 825 13,57 | 3,39

67, 68 104,5 850 8,843 | 2,21

64—66 83,6 835 14,914 | 3,73

69,70 30,1 310 10,47 | 2,62
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[Tponomxenne Taduuibl 18.

Howmep lp, A Ceuenue mpos{ AU,B | AU, % | HoBoe AU, 9

AIIEKTPONPUEMHHKA (kabemns), ceueHue

Ha TUIaHe e poBO/Ia
(kabenst), M

71,72 57,3 816 16,172 | 4,04

73 57,3 316 7,73 1,93

77,78 32,7 810 6,568 | 1,64

79 58,9 316 15,803 | 3,95

80 58,9 316 7,192 | 1,80

81, 82 88,4 835 14,897 | 3,72

83 109,6 250 6,773 | 1,69

84 109,6 250 15,335| 3,83

74,75 36,1 810 15,493 | 3,87

76 36,1 310 6,492 | 1,62

85-87 283 2-(870) 4,54 1,14

88-90 283 2-(870) 2,878 | 0,72

91 249,1 2150 2,343 | 0,59

92, 93 249,1 8150 2,209 | 0,55

94-96 226,4 8150 5106 | 1,28

97-99 203,8 8120 2,267 | 0,57

100-102 249,1 3150 4,721 | 1,18

103 249,1 8150 2,91 0,73

104, 105 313,5 2:£30) 6,496 | 1,62

106-109 125,4 x50 7,11 1,78

110, 111 67,9 5 7,826 | 1,96

112-114 88,8 B5 5561 | 1,39

115-117 114,9 50 4,128 | 1,03

118 64,2 225 5142 | 1,29

119 64,2 325 2,153 | 0,54

2 BapuaHT

1-3 32,43 210 20,766 | 5,19 25 4,98

4-13 32,43 810 18,707 | 4,68

14,17, 18 73,1 25 20,502 | 5,13 x50 4,99

15, 16, 19 73,1 25 19,47 | 4,87

20-25 44,4 810 16,692 | 4,17

26 88,8 335 2,98 0,75

27 88,8 335 2,819 | 0,71

28-40 109,7 80 18,366 | 4,59

41-44 117,6 850 8,84 2,21

45-48 117,6 &0 5741 | 1,44
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[Tponomxenne Tadnunbl 18.

Howmep lp, A Ceuenue mpor{ AU, B AU, U Hosoe  ceuel 4U',
AIIEKTPOTIPUEMHUKA (kaGerst), MM npoBoja (kabe)
Ha TUIaHe MM
49-53 78,4 825 18,637| 4,66

54—-61 62,7 825 13,57 | 3,39

67, 68 104,5 850 8,843 | 2,21

64—66 83,6 835 14914| 3,73

69,70 30,1 810 10,47 | 2,62

71,72 57,3 816 16,172| 4,04

73 57,3 316 7,73 1,93

77,78 32,7 810 6,568 | 1,64

79 58,9 316 15,803| 3,95

80 58,9 316 7,192 | 1,80

81, 82 88,4 835 14,897| 3,72

83 109,6 350 6,773 | 1,69

84 109,6 350 15,335 3,83

74,75 36,1 810 15,493| 3,87

76 36,1 310 6,492 | 1,62

85-87 283 2-(870) 5,486 | 1,37

88-90 283 2-(870) 2,841 | 0,71

91 249,1 3150 2,343 | 0,59

92, 93 249,1 8150 2,172 | 0,54

94-96 226,4 8150 5237 | 1,31

97-99 203,8 8120 2,267 | 0,57

100-102 249,1 3150 5,529 | 1,38

103 249,1 3150 2,873 | 0,72

104, 105 313,5 2:£30) 2,082 | 0,52

106-109 125,4 x50 2,511 | 0,63

110, 111 67,9 5 4,627 | 1,16

112-114 88,8 835 3,609 | 0,90

115-117 1149 x50 1,429 | 0,36

118 64,2 325 4,939 | 1,24

119 64,2 325 2,115 | 0,53

Tabmuua —IIpoBepka MIMHONPOBOAOB HA JIEKTPOAMHAMUYECKYIO CTOMKOCTh
[TuHOIPOBOI | Mapka mmzOnpoBosia | lpgom A iy KA | iyisom KA
1 Bapuant

IMA1 [IMAG68-HVY3 2500 19,29 70
[IMA?2 IIMAG8-HVY3 2500 19,29 70
IITPA1 HIPA73Y3 250 14,09 15
I1TPA2 INPA73Y3 630 14,24 35
HHTPA3 HIPA73Y3 630 14,53 35
TPA4 INPA73Y3 250 13,54 15
HIPAS HHIPA73Y3 250 13,07 15
2 BapuaHT

[IMA1 IIMAG8-HVY3 2500 19,29 70
HIMA?2 HIMAG68-HY3 2500 19,29 70
IITPA1 PA73Y3 250 13,89 15
IITPA2 HIPA73Y3 630 14,44 35
IITPA3 PA73Y3 630 14,53 35
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Tabmuua —CoracoBaHue NUTAOIUX KaOenel U BBIKIIIoYaTeei

Ka6ens nurae] Boikmouat| K| lepad |uion 2018 KaGens wimm muHOTPOBOAE | epas:Kaaul

1 BapuaHT

CIl1 ABM-10H| 0 900 390 198
CII2 ABM-4H | Q 600 255 132
CII3 ABM-15H| 0 2270 1170 484
CIl4 ABM-10H| O 600 465 132
CII5 ABM-10H| Q0 150 780 330
2 BapuaHT

CII1 ABM-10H| 0 900 390 198
CI12 ABM-4H | Q 600 255 132
CII3 ABM-15H| 0 220 1170 484
CIl4 ABM-10H| 0 60( 465 132
CII5 ABM-10H| Q 150 780 330
CII6 ABM-4H | 0 200 465 440
CI7 ABM-4H | O 80(0 210 176
CII8 ABM-4H | 0 80Q 210 176

Tabnmuna —CornacoBaHue cedeHU TPOBOIOB U npefoxpanuteneit y D11

Howep onexrporprinimal Cevermie 'y A Mapra npeoxpanng e, ko, A
1-3 35 95 ITH2-100 100 | 33
4-13 10 47 [TH2-100 100 | 33
14,17,18 50 130 | ITH2-250 150 | 49,5
15, 16, 19 25 80 ITH2-250 150 | 49,5
20-25 10 47 ITH2-100 100 | 33
26, 27 35 95 ITH2-250 200 | 66
28-40 50 130 | [TH2-250 250 | 82,5
41-48 50 130 | [TH2-250 250 | 82,5
49-53 25 80 [TH2-250 200 | 66
54-61 25 80 ITH2-250 150 | 49,5
62, 63 10 47 ITH2-100 100 | 33
67, 68 50 130 | [TH2-250 250 | 82,5
64—66 35 95 ITH2-250 200 | 82,5
69,70 10 47 ITH2-100 80 26,4
71-73 16 60 ITH2-100 60 19,8
77,78 10 47 ITH2-100 40 13,2
79, 80 16 60 ITH2-100 60 19,8
81, 82 35 95 ITH2-100 100 | 33
83, 84 50 130 | I[TH2-250 120 | 39,6
74-76 10 47 ITH2-100 80 26,4
85-90 2-70 330 | I[TH2-400 300 | 99
91-93 150 255 | IIH2-250 250 | 82,5
94-96 150 255 | [1H2-250 250 | 82,5
97-99 120 220 | ITH2-250 250 | 82,5
100-103 150 255 | [1H2-250 250 | 82,5
104, 105 2-70 330 | I[TH2-630 630 | 207,9
106-109 50 130 | ITH2-400 300 | 99
110, 111 25 80 ITH2-250 150 | 49,5
112-114 35 95 ITH2-250 200 | 66
115-117 50 130 | ITH2-250 250 | 82,5
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| 118, 119 | 25 | 80 |IIH2-250 | 150 | 495 |

Tabmuma —IIpoBepka aBTOMaTHYECKUX BBIKIIOYATEIICH
I(l)no B KOI
DieMeHT | ABT. BBIKII. lepasy A 1,25 kpa6, A 3aIHI[aEMOTO lorxns., K I(3)Ho, KA
JJIEMEHTA, KA

1 BapuanTt
IIMA1 325 5000| 6250 7,915 45 19,24
I[IMA?2 225 5000| 6250 7,715 45 19,2¢
[ITPA1 ABM-10H 900 | 1125 2,544 20 14,04
[ITPA2 ABM-10H 1600 | 2000 3,725 20 14,24
IITPA3 ABM-10H 1600 | 2000 3,76 20 14,53
IITPA4 ABM-4H 2400 | 3000 3,952 20 13,54
ITPAS ABM-4H 1200 | 1500 3,748 20 13,01
CII1 ABM-10H 900 | 1125 2,061 20 5,93
CII2 ABM-4H 600 | 750 2,952 20 9,61
CII3 ABM-15H 2200 | 2750 5,826 20 13,67
CIl4 ABM-10H 600 | 750 5,841 20 13,57
CII5 ABM-10H 1500 | 1875 6,46 20 14,1
2 BapuaHT
[IMA1 225 5000| 6250 7,915 45 19,2¢
HIMA?2 325 5000| 6250 7,715 45 19,2¢
ITPA1 ABM-4H 900 | 1125 2,544 20 13,8¢
I1TPA2 ABM-10H 1600 | 2000 3,725 20 14,44
IITPA3 ABM-10H 1600 | 2000 3,76 20 14,5
CII1 ABM-10H 900 | 1125 2,061 20 5,93
CII2 ABM-4H 600 | 750 2,952 20 9,61
CII3 ABM-15H 2200 | 2750 5,906 20 13,7
CI14 ABM-10H 600 | 750 5,841 20 13,5]
CII5 ABM-10H 1500 | 1650 6,46 20 6,65
CII6 ABM-10H 2000 | 2200 6,129 20 13,1
CII7 ABM-4H 800 | 1000 5,415 20 12,0]
CII8 ABM-4H 800 | 1000 3,039 20 7,53
CornacoBaHue Mpe1oXpaHuTeNel ¢ BBIOPAHHBIMU CEYCHUSIMHU.
Tabmuna —IIpoBepka npegoxpaHurenen
E;;\f{eep JJIeKTponpHEMHIKA Mapka npegoxpanutenst | lger, A | lger'Kso, A 1o, A
1-13 ITH2-100 100 300
14-19 [TH2-250 150 450 1301
20-25 ITH2-100 100 300
26 [TH2-250 200 600
27 ITH2-250 200 600
28-40 [TH2-250 250 750 2582
41-44 [MH2-250 250 750
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[Tponomxenne Tabnuibl 23

E;;\f{eep JJIeKTponpHEMHIKA Mapka npegoxpanutenst | lger, A | lger'Kso, A Do, A
49-53 [TH2-250 200 600

64—66 [TH2-250 200 600

45-48 [TH2-250 250 750

54—61 [TH2-250 150 450 2668
67, 68 [TH2-250 250 750

69,70 ITH2-100 80 240

71-73 ITH2-100 60 180 1137
77,78 ITH2-100 40 120 1261
79, 80 ITH2-100 60 180

81, 82 ITH2-100 100 300 1137
83, 84 [TH2-250 120 360

74-76 ITH2-100 80 240

85-90 ITH2-400 300 900 4412
91-93 [TH2-250 250 750 4766
94-96 [TH2-250 250 750 4412
97-99 [TH2-250 250 750 4769
100-103 ITH2-250 250 750 4412
104, 105 ITH2-630 630 1890

106-109 ITH2-400 300 900 1943
110, 111 ITH2-250 150 450

112-114 [TH2-250 200 600 2443
115-117 ITH2-250 250 750

118, 119 [TH2-250 150 450 4412

Br10op onTumMansHOro BapuaHTa HU3KOBOJIBTHOTO 3JICKTPOCHA0XKEHUSI.
[Ipu BBIOOpE BapuaHTOB, [JIi YMEHBIICHHUs OObemMa paboOT, CpaBHEHHE HJIIET TOJBKO IO
MCHAIOIUMCA 4aCTAM IIPOCKTA.
CnenoBarenbHO, T.K. 1 1 2 BapuaHTHl OTJIMYAIOTCS TOJBKO 10 y4acTKy COOpOYHOM IJIONIAKU U
mecty pacnonoxenus: CI13, To cpaBHeHHe BapuaHTOB OyeM IPOBOJUTH IO TUM Y4aCTKaM.
[lpu BEIOOpE ONTHUMAIBLHOTO BapHaHTAa HEOOXOIWMO YUYUTHIBATh KalUTAJIbHBIC BIIOXCHUS U
HU3JCPIKKH, KOTOPBIC BKIIIOYAIOT B C€6$I OTYUCIICHUA Ha SKCILTyaTalluio, pCMOHTBI, aMOPTU3Al[UI0 U
CTOUMOCTb TTOTEPH IIEKTPOIHEPTHH.
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Tabmuna —KanutanoBioxkeHus C ydeToM NOTepb Il KaXKJI0r0 BapHaHTa

Ceuenue (mapi
[IpoBoHUK 2 L [M] K [pyo/m] | Cymma [TBIC.pYO.]
[MM]
IlepBblii BapuaHT
IPA4 HIPA73Y3, 250A 18,39 15,5 285,2
IPAS5 HIPA73Y3, 250A 18,39 15,5 285,2
KJI LIMA1-1ITPA4 395 2,5 1,99 4,97
KJI IMA1-IITPAS 395 2,5 1,07 2,67
KJI IMA2-CI13 3+(%185) 22 10,07 221,75
85-87 2+(%70) 6,5 3,25 21,19
94-96 X150 33,9 2,8 95,25
100-102 3150 15,6 2,8 43,83
104, 105 2+(370) 9,39 3,25 30,64
106-109 350 42,59 1,34 57,08
110, 111 325 17,1 0,83 14,36
112-114 335 21,7 1,07 23,21
115-117 350 31 1,34 41,54
118 X25 8,8 0,83 7,39
[otepu 117632,3 | 0,02 3429,76
KanuraneHele 3aTpaTsl 1132,84
CpenuneroioBbie 3627
SKBHBAJICHTHBIE PACXO/IbI
Bropoii BapuaHT
KJI HIMA1-CTI6 X240 4,69 4,21 19,83
KJI HIMA1-CII7 370 4,69 1,62 7,66
KJI HIMA1-CTI8 370 23,29 1,62 37,97
KJI IMA1-CI13 3+(%185) 29,1 10,07 293,32
85-87 2+(%70) 23,7 3,25 77,26
94-96 X150 22,7 2,8 63,78
100-102 3150 23,2 0 0
104, 105 2+(3x70) 19,2 3,25 62,59
106-109 3x50 52,5 1,34 70,34
110, 111 3x25 28,39 0,83 23,85
112-114 3x35 22,6 1,07 24,18
115-117 3x50 19,7 1,34 26,39
118 3x25 4,69 0,83 3,94
[Torepu 144221 | 0,02 4182,4
KanuranbHabie 3aTpaThl 775,37
CpenneroioBbie 4306,22
HKBHUBAJICHTHBIC PACXOJIbI

Br1BO: IEpBBIi BapuaHT 00Jiee SKOHOMUYEH.
KOHCprKTI/IBHOG HUCITOJIHEHUE CXEMbI HU3KOBOJIBTHOI'O BHGKTpOCHaG)KeHI/IH.

[Tpunsitas 1exoBast 5SJIEKTPUYECKas CETh BBINOJHEHA C MCIOJb30BAaHUEM IIMHOIPOBOJIOB,

KaOeNbHBIX TUHUHI U IPOBOIOB.
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Maructpajibible  JUHUM  BBIMOJHEHBI  3aKPBITBIMH  KOMIUIEKTHBIMH  IIIMHOIMPOBOJAMH,
MOCTaBIISIEMbIMU B BHUJI€ OTIENbHBIX COOPHBIX CEKIIMM, KOTOPbIE MPEACTABISAIOT COOOW TpU WU
YeThIpe IIUHBI, 3aKIIOUECHHBIE B 000JIOUKY U CKPEIJICHHbIE caMOi 000J04YKON. J{JIsi BHIOTHEHUS
OpSIMBIX  YYaCTKOB JIMHHM CIOyXaT TMpsMble CEKIHH, Ui TOBOPOTOB — VIJIOBBIE, JUIS
IPUCOEAVNHEHUH — IPUCOEINHUTENbHBIE U AJI MOATOHKU JJIMHBI — NoAroHouHble. CoennHeHne
CEKIMI Ha MECTE BBITIOJIHAIOT CBAPKOM.
Jlnist TIaBHBIX MarucTpajield MCIONb30BaHbl KOMIUIEKTHBIE HMHONpoBoAb! Thuna [IIMAG8-HY3 ¢
HoMuHaILHBIM TOKOM 2500A. JlaHHBIE MarucTpaabHbIC IMIMHOMPOBOABI MPUKPETVICHBI HAa BHICOTE
3—4 M Haj MOJIOM OMEIIEHHUsT Ha KPOHINTEHHaX. DTo o0ecreunBaeT HeOOIbUIYIO JITUHY CITYCKOB
K pacnpeiesIuTeIbHBIM MarucTpajisiM v cuiioBeiM PII.
PacnipenenurenbHble  MarucTpajiyd — BBIIOJHEHbl KOMIUIEKTHBIMH — IIMHONPOBOJAMH  CEpUid
TPA73Y3 ¢ HomuHanbHbIME TOKaMu 250 m 630 A. OtaenbHBICE MPUEMHUKHA TOIKITIOYCHBI K
HIPA uepe3 OTBETBHUTEIbHbIE KOPOOKM KabeiaeM WM MPOBOJIOM, MPOJIOKEHHBIM B TpyOax. Ha
Kkaxgoi cekuuu IIIPA mmuHON 3 M MMeeTcs BOCEMb OTBETBUTEIBHBIX KOPOOOK (IO YETHIpE C
Ka)XJOH CTOPOHBI) C ABTOMAaTWYEeCKUMH BBIKIOYaTensiMu cepu ABM. [lns mrencensHOTO
MPUCOEANMHEHNUS OTBETBUTENILHBIX KOPOOOK Ha CEKIMSIX HIMHOIMPOBOA MPEAYCMOTPEHBI OKHA C
ABTOMATHUYECKH 3aKPHIBAIOIIMMUCS IITOPKAaMH. JTO obecreunBaeT 0e30MacHOe MPUCOCIMHEHUE
KOpPOOOK K IIMHOMPOBOMY, HAaXOIAIIEMYCsl MOJ HampssKeHUEM B mpoliecce dKcruryatanuu. [Ipu
OTKPBIBAHUU KPBIIIKK KOPOOKHU MUTAHNE TPUEMHHUKA SJICKTPOIHEPTHH MPEKPAIIASTCS.
[Ipucoenunenne IIPA k MarucTtpaJlbHOMYy IIMHOMNPOBOAY OCYIIECTBICHO KaOembHON
NEepEeMBIYKON, coeuHsomeil BBoaHYI0 kKopoOKy IIIPA ¢ orBerBurenbHOl cekiueir IIIMA.
Kpemnnenue muHonpoBoaoB tuma [IIPA BeITTOTHEHO Ha CTOMKAX Ha BBICOTE 3,5M HaJ TOJIOM.
Kabenu npumenens anst nmutanus MomHeix DI u y3moB Harpy3ok. [IpoknanbiBatoTcss kabenu B
CTaJIbHBIX TpyOax, MPOJIOXKEHHBIX B moiy. [IpoBoja A muTaHUs OTAENBbHBIX MagoMOIIHbIX Ol
Tak)Ke TPOJIOKEHBI B CTAIBHBIX TPyOax B MONY. DJIEKTPOMPOBOJIKH B TpyOax SIBISIFOTCS CAMBIMU
HA/IC)KHBIMH.

Bri6op tTuna KTII u €€ KOHCTPpYKTHUBHOE UCIIOTHEHHUE.
KommuiektHast TpaHchopMaTopHasi MOJACTAHIMS — JJIEKTPUUYECKOE YCTPOMCTBO, CIyKallee IS
npuema, mpeodpa3oBaHus U paclpeieeHus IEKTPOIHEPTUU Tpex(Pa3HOro MepeMeHHOro TOKa 1
cocTosiee U3 TPaHCcHOPMATOPOB, PACIPEACTUTEILHOIO (MM BBOJHOTO) YCTPOMCTBA BBICIIETO
HANpsDKEHHsI, KOMILUICKCHOTO paclpeeUTEIbHOT0 YCTPOHCTBAa HU3IIEro (WU  CPEIHEro)
HaANpPsDKEHUs, TOKOMPOBOJIOB, MOCTABISAEMbIX B COOpAaHHOM WJIM TOJTOTOBIEHHOM Ui COOPKHU
Buje. [1o U3BECTHBIM HOMHHAILHOMY HAMPSHKEHUIO U MOITHOCTH TPaHC(HOPMATOPOB MPUHUMAEM
k ycranoBke KTITH-1600 /2¢c. 537/.
Hannas nByxtpancpopmaropnas KTII mnpennaznauena [uis mpueMa, pacrpelesieHuss u
npeoOpa3oBaHmsl dIEKTpUUECKOr dHeprun Tpexdaznoro Toka yactoroit S0 I'm. KTII mpuctpoena
K 3/IaHUI0 MEXaHUUYECKOTO 1IeXa.
Kpome macasubix tpanchopmatopoB TM—1600/108 xommaekt KTII Bxoaut BBOAHOM mkad Ha
Hanpsbkenue 10 kB. B nmomemenun KTII Taxke ycTaHOBIEHBI KOMIUIEKTHBIE KOHJIEHCATOPHBIC
YCTaHOBKH.
Ot xaxmoro TpaHchopMaTopa MUTAETCA IO OJHOMY MAarkuCTPaJbHOMY IIWHOIPOBOAY, U K
KoMy TpaHchopmaropy mpucoenunsiercss tonbko mo omuoit KKY. KKV mogkmrodarorcs k
muHaM LexoBod IIC ¢ ucrnosnb30oBaHMEM COOTBETCTBYIOIIETO aBTOMATHYECKOI'O BBIKIFOYATENS
MOJICTAHINH.
Ha npuctpoennoit KTII momkeH ObITh ycTpOeH MaclONpUEMHHK, BMemaonmii He meHee 20%
MOJIHOTO 00beMa Macia B TpaHchopmaTope, ¢ OTBOJOM B MAaclIOCOOPHUK WJIM 3ariyOJICHHBIN
MaclonpueMHUK ©Oe3 oTBoja Macia, paccuutanHeiii Ha 100% ero oOwema. [lnmomanmp
MAacJIOTPUEMHHKA JOJKHA OBITH OOJIbIIE TUIOMAa OcHOBaHMs TpaHcopmaTopa KTTI.
Ipaxmuueckue 3auamus NeS-7 cmpoamcsa ananocuinbim 0o6pazom.
Ha nocneonem sanamuu npogooumcs 0630p 3auamuii no 6cem memam.
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4. JlabopaTopHbIe 3aHATHS
4.1.MeTtoanuyecKue peKOMeHAAIUH M0 MPOBeIEHUI0 JJa00PaATOPHBIX 3aHATHI

Kowmrneke mabopaTopHbIX paboT MO TUCHUIUTHHE <«INEKTPOCHAOKEHUE TPOMBINIICHHBIX
NPEANPUITHI» TpPeTHA3HAYCH IS CTYJEHTOB OYHOM M 3a04HOM (opM 0OydeHHus 1o
cneunanbHocT 140211 - ®nekTpocHabKeHUE».

B kommerotepHoMm kmacce (504 aym) mo gucnMiuimHE — «DJICKTPOCHAOKEHHUE
IPOMBIIIJICHHBIX MPEANPUATHI» MPOBOAATCS CIENYIOIUE J1a0opaTopHble pabOThl ¢ MOMOUIBIO
CAIIP «Kapat», pazpadboranHoit Korynom C. oz pykoBoactBom Casunoit H.B.:

1. Pacuer Tpex¢a3HbIX AIEKTPUIECKUX HATPY30K

2. Pacuer onHO(DA3HBIX AIEKTPUUECKUX HATPY30K

3. Pacyer cBapOUYHBIX AIIEKTPUIECKUX HATPY30K

4. PacyeT OCBETUTENbHBIX HAIPy30K

5. Bri6op cunoBeix Tpancopmaropon KTII

6. Pacuer neHTpa 2JIeKTpUYECKUX HAarpy30K

7. Pacder TOKOB KOPOTKOTO 3aMbIKAHHUS

8. TeXHHUKO-2KOHOMUYECKHI1 aHATTN3 CXEM HU3KOBOJIBTHOIO AJEKTPOCHAOKEHHUS.

B naboparopuu Bbicokux HampspkeHuid (3an TBH - 107, 207ayn.) mo AuCHMIUIAHE
«INEeKTpOCHAOKEHHE MPOMBIIUICHHBIX MPEANPHUITHII» MPOBOIATCS cieayloue j1adopaTopHble
paboThI:

9. UccnenoBanue paboThl aBTOMAaTHUECKOTO BBIKIIIOYaTesns cepun A3700
10.HccnenoBanue paboThI MPEeJOXPAHUTEIICH.
11. WUccnenoBanre paboThl KOMIUIEKTHOM TpaHchopmaropuoi moactannuu  (KTIT-2x250 kBA
10/0,4kB).
12. U3yyenue npuHuMna pabOThl, Ha3HAYEHUS M KOMIUIEKTALUU DPACIPEAETUTENbHBIX IIUTOB
cepuu 11O — 70.
13. Ha3znauenue u ycTpoOHCTBO HCTOYHUKA peaKTUBHOM MomHOCTH IPM.
14. KOHCTpYKTHMBHOE UCIOJHEHHE, HA3HAYCHUE U KOMIUIEKTALUS SY€EK PACTIPECIUTEIHbHOTO
yerpoiictBa 10 (6)xB tuma KCO-6(10)-31.

4.2. MeToanyeckne yKa3aHus 10 NPOBeIeHUI0 JJA00PATOPHBIX 3aHATHIH

JIABOPATOPHAA PABOTA Nel

Tema: Pacuer Tpexda3HbIX JIEKTPUUECKUX HArpy30K.

Hean: Pacuer TpexdaszHbIX SJIEKTPUUECKHX HArpy30K METOJOM pacdyeTHOro Kod(QuiueHTa c
ucnoaszoBanueM CAIIP «Kapar».

Hcxoanbie JaHHBIE A5 ABTOMATH3MPOBAHHOIO pacyeTa: IUIaH 11€Xa, KOJINYECTBO U MOIIHOCTh
AIIEKTPONPUEMHHUKOB, KOA((UIIMEHTHl MCIOIB30BaHUA M MOIIHOCTH, pa3OMBKa IO TpyInam
OJIHOTHUITHBIX  AJIEKTPONPUEMHUKOB TI0 TEXHOJOTUYECKOMY TMpPU3HAKY U Kod(pPuIMeHty
UCIIOJIb30BaHUs, HATMYHE TEXHOJIOTHYECKOT0 pe3epBa, HOMHUHAIBLHOE HAIIPSKEHHE.
IMocnenoBaTeLHOCTH (AJITOPUTM) pacyera:

1) B rTtex ciyyasx, KOraa B XapaKTEPHYIO KAaTCTOPHIO BXOIAT JIJICKTPONPHEMHHKH C
npooJDKUTENbHOCTRI0 BKIOUeHUs1 < 100% T1o ocymiecTBiseTcsl mepecueT MX YCTaHOBICHHOW
(HomuHanbHO#) MomHocTH Ha [1B 100%.

F)ycm.HB = P 'HB (1)

ycm
2) OmnpenensieM CPeIHIOI0 aKTHBHYIO MOIIHOCTD JIJISl KayKI0H XapaKTePHOH KaTerOPHH.

P,=> P, K,; )

HOM
I'me Paom - HomunanpHas (macropTHas) MOIIHOCTh JIEKTPOIPUEMHUKA,
Ku - Koaddumnuent ncrnonpzoBanus.
3) Omnpenensiercsi CPEHIO PEaKTUBHYIO MOLTHOCTD JIJISl KXKIOW XapaKTepPHON KaTeropuH.

Q,, = B, oy, (3)
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4) Onpexnensiercs 3pHEKTHBHOE YHCIIO IEKTPOIPHEMHHUKOB 110 IPHOJIMKEHHOH hopmyIie

2> P
n, -22R 4)
Pn.max
Wnu rounoit popmyre:
2
n = (Rtu/w) . (5)

‘o 2 !
ZPHOM.i

Ecmu N> Gombine pakTryeckoro koi-Ba 3. MPpUeMHHUKOB TO N3 paBHO (pakTHUeCKOMY KOJI-BY
AIIEKTPOTIPUEMHUKOB.
5) CpeaneB3BeieHHbINH K0I()(OUITUCHT UCTIONB30BaHHUS XapaKTEPHOM KaTeropuu.

P
K, =% : (6)

HOM
6) Koaddunment pacyernoit Harpy3ku Kp BeIOHpaeTcst HCXO0/s U3 3Tama pacdera mo tabnumam 1
u?2l7.c.6/.
Ta6muipl BHeceHbI B 0a3y maHHBIX CAIIP kak He pelakTHPYyEMBIi MOJIb30BaTeNIeM CIIPAaBOYHHK.
B Tex cnyuasx korma 3HaueHne Ku HaxomuTcs MeXAy IBYMS 3HAUEHUSMHU TaOJUIBI, TO
pou3BOAUM BbIOOD, HHTEprionupys Ku u N»a.
st BeIcOKOBONMBTHBIX DI 1 poBoHMKOB ¢ HampspkeHreM Oonbine 1kB u ais mmma 6-10kB Kp
=1.
7) PacueTHas akTHBHAs HAarpy3Ka XapaKTEepPHON KaTeropuH.
Pp - Kp EPCP; (7)
I'ne Kp - onpenenen B mare 6 anropurma.
8) PacueTHas peakTHBHAS MOIIHOCTb XapaKTEPHOU KaTECTOPHH.
JIJ1s1 HUBKOBOJILTHOM CETH

Q, =K, [Q,: (8)
Jns BbIOOpa MarucCTpaslbHBIX IIMHONPOBOJAOB M Ha IIMHAX IIEXOBBIX TPaHC(HOPMATOPHBIX
MOJCTAHIIUNA

Q, =1.1Q,; pu No<=10 9)
Qp =Qy; mpu N»>>10 (20)

9) IMonHas pacyeTHast MOIIHOCTH CHJIOBOM HArPy3KH

S, =P +Q,; (11)

JIABOPATOPHAS PABOTA Ne2

Tema: Pacuer ogqHO(]A3HBIX NIEKTPUYECKUX HATPY30K.
Hean: PacyeT ogHOGa3HBIX JIEKTPUUECKUX HArpy30kK ¢ ucrnoib3oBanueM CAIIP «Kapat».
Hcxonnble 1aHHBIE A1 aBTOMATH3HPOBAHHOIO pacyeTa: HOMUHAJIbHAS MOIIHOCTh YCTaHOBKH,
KOJIMYECTBO YCTAHOBOK, KO3(D(PUIIMEHTHl HCHOJIb30BaHUS U MOIIHOCTH, MPOJOJKUTEIBHOCTh
BKJIIOYCHHUS, JITaHHBIE O TOM Ha JIMHEHHOe WM (pa3HOe HaNpsHKEHHE BKJIIOYEHA YCTAHOBKA,
pazbuBka 1o ¢azam wim napam ¢as.
IMocienoBaTebHOCTH (AITOPUTM) pacyera:

1) HaxonuM HOMHHAJIBHBIC HArpy3KH JUIsI BCEX OJIEKTPONMPHEMHHKOB  MPUBEACHHBIC K
[1B=100%
st paszHoM Harpy3ku mo kaxaomy Ol

P —=nlS [L/IIB (12)

HOM.¢h HOM

Jlng nuHeiHoN Harpy3Kku 1o kaxaomy OI1
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P =SK/IIB [tosp (13)

HOM.Jl

2)O6mmas mourHocTh Beex D11 npusenennas k [1B 100%

PHOM Z = Z n EPHOM QD + Z nDEOM J (14)

3)IToxcunThiBacM 001IyIO HArpy3Ky Ha (asy u napy ¢as

P> =) P, (15)

F?abz = Z Py an (16)
A)[TpuBOAMM JIMHEHHYIO HArPY3KY K (ha3Hoi 10 (hopMysIaM IPUBEICHHS:

Pa=>) Pablp(ab)ar > Pcal p(caya), P (17)

Pa=>) Pablp(ab)ar> Pcal p(caya), P (18)

Pb=> Pablp(ab)s->  Pbel p(bc)k) P (19)
Pc=> Pcallp(ca)a- Y Pbll p(bc)d P (20)
Qa=> Pablq ap a- ) Pcal@ daa)d Qi (21)
Qb=> Pabq(ab)b > Pb&l g(bcyp) Ql (22)
Qb=>" Pabllg(ab)b- > Pbel q(bc)>  Ql (23)
Qc=> Pcalg(ca)a Y Pbel q(bc)>. Q (24)

Pcp.a=) k«[PabOp(ab)a+ Y K [Pcalp(ca)ar > KulPao (25)
Pcp.b=> Ku Pabp(ab )b+ > Ku [PbcOp(bc )b+ > KuPbo  (26)
Pcp.c=) Ku[Pcalp(ca)a+r Y Ku[PbcOp(bc)er Y KulPco  (27)
Qcp.a=)_ Ku[Pabllj(ab)a+ Y K [Pcall(ca)ar Y KulPao  (28)
Qcp.b=) Ku Paby(ab )b+ > Ku [Pbcly(bc)ot > KuPbo  (29)
Qcp.c= Y Ku [Pcall(ca)at Y Ku[Pbcly(bc)et > KulPco  (30)

I'ne p(ab)a, q(ab)ay.t.a. sBistorcss KodhdUIMEHTaMH TIPUBEACHUS KOTOpbIe OepeM u3
tabauipel 2.21B 3aBHCHMOCTH OT COS@ /6. cTp 75/
B Tex cinydasix, korga COSQ JSKUT MEK/Y 3HAYCHUSIMHU YKa3aHHBIMH B TaOJIHIIE, HAXOIUM
€ro HHTEPIOJISIIIUECH.
5)HaxouM MOJIHYIO CPETHIOI MOITHOCTb
Scp.max = PCpl2 + Qcp.i2 (31)
I'ne i — da3za (a,bumu c).
ITo moHOM MOIIHOCTH HAXOJIUM HauOoJIee 3arpyXKeHHYIO a3y
6)Haxonum cpeHeB3BeNICHHBIN KOA(PPHUIIUEHT HCIIOTb30BaAHHUS

Ku.a= Pcp.a/Pa.noM, = Pcp.a/(Pab Pca}y2 Pao (32)
Ku.b=Pcp.b/Pb.noh. = Pcp.b/(Pba Pbcy2 Pbo (33)
Ku.c= Pcp.c/Pc.nori = Pcp.c/(Pea Pbc¥2 Pco (34)

7) Haxoaum > peKTUBHOE YKCII0 3JIEKTPONPUEMHUKOB
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N — ZEPHOMZ
> 3P

HOM . Max

(35)

I'me PHOM)Y. = cyMMa HOMUHAJIBHBIX MOIIHOCTEH (MTOTO 1O UcxoaHOU Tabmuie Paom ¢ N)
Prom.max —HomunanbHas MomHocTs HarbosbInero D11 (13 HCXOaHOM TaOIHIIBI)

8)KoaddunmenT pacuetnoii Harpy3ku Kp BeIOMpaeM UCXO/s U3 ATala pacuera 1o Tadiuiam
1u?2/7,c.6/

9) HaxonmuMm MHHUMAaNbHYI0 U MaKCHMaJIbHYI0 HOMHHAIBHYIO MOIIHOCTH JJIsI ONPEICIICHUS
HEPaBHOMEPHOCTH 3arpy3KHu.
10)OmnpenensieM HEPaBHOMEPHOCTh HArPY3KH

H — PHOM.Max PHOJL!.MMH D_OO (36)

HOMWOMUH
11)Hcxons U3 HEPaBHOMEPHOCTH 3arpy3k, onpezaeisem Qpu Pp.
Ecnm nepaBHOMepHOCTB Harpy3ku H<=15%

Pp= Kp Pcp.ar Pcpb Pcp.c) (37)

Ecmu N3<10

Qp= KpLQcp.max (38)
I'me Qcp.max — Qcpanbdonee 3arpyxeHHOH (asbl

Ecmu N>>10

Qp=1,1LKpLJQcp.max (39)
Ecnm mepaBHOMepHOCTH Harpy3ku H>15%
Pp = 3LKpUPcp.max (40)

I'me Pcp.max -Cpennss MOLUTHOCTh Haubouiee 3arpyKeHHoi (asbl
Ecmu Na<10

Qp=KpLOQcp.max (41)
I'me Qcp.max — Qcmanboinee 3arpyxeHHOH (a3bl
Eciu N>>10

Pp = 3LKpLPcp.max (42)

12)IMosHast MOLITHOCTh

Sp=+ P + QP (43)
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JJABOPATOPHAS PABOTA Ne3

Tema: PacueT cBapOYHBIX AJEKTPUUECKUX HATPY30K
Iean: Pacuer cBapoOUHBIX AIEKTPUUECKUX HArpy3o0k c ucnonb3zoBanueM CAIIP «Kapat».

Hcxonnble JaHHBIE AJS ABTOMATH3HPOBAHHOI0 pacyeTa: HOMUHAIBHAS MOIIHOCTh YCTaHOBKH,
KOJIMYECTBO YCTAaHOBOK, KO3(pPHUIMEHT HCHOIB30BAHUSA, TPOJOIDKATEIILHOCTh BKIIOYCHUS,
pazbuBka 1o napam ¢as.

IMocnenoBaTeLHOCTH (AJITOPUTM) pacueTa:
1)OmpenernisieM CpeTHIOK MOIIHOCTh KaXKI0W MaIluHbI

S =K U/BLE (44)
cp 3 HOM
I'me Scp - Koadduuuent 3arpysku
I1B - [TpoaoKUTENBHOCTD BKIIOUECHUS
Saom - HomuHanbHast MOIIHOCTB 3IEKTPONPUEMHUKA
2)OmnpenessieM CPEIHIOI MOIIHOCTD KaX 10 mapsl das
i
Scp.ab = z SHOM.i * Ni (45)
1
I'ne  SHoMm.i - HoMuHanbHast MOITHOCTB 3JIEKTPOIIPUEMHUKA
Ni - KonunuectBo
3)OrmpenensieM HEPaBHOMEPHOCTH 3arpy3Ku
S -8
H = She” S 100 (46)
Smin
I'me Smax - MaxkcumasnbHast MOIITHOCTH Taphl (a3
Smin - MuHuManbHasi MOIITHOCTH Taphl (a3

4)OmnpenensieM 3KBHBAJICHTHYIO CPEIHIOI HAarpy3Ky HauOoJjiee 3arpyKeHHOW (a3l WK Mapsl

da3
[Tpu H<=15%

Sep = 3B max (47)
ITpu H>15%
Jlnst kaxaoi u3 ¢as:

Scp = \/ég/ S:p.ab2 + Scp bc2 + Scp ablj&p.bc (48)
Scp = \/§Q/ %p.bc2 + Scp ca2 + Scp .bcDQp. ca (49)
Scp = \/ég/ S:p.ca2 + Scp ab2 + Scp calj&p.bc (50)

5)OrnpenensieM cpeHEKBAAPATHUHYIO HATPY3KY KaXKI0H MAIIUHBI

s, =K, G/MBIS,, (51)

6) OmnpenensieM cpeHEKBAIPATUUHYIO MOIIHOCTh KaXI01 napsl (a3

Si = \/(z Scp.i )%+ Z (Sck.iz - Scp.iz) (52)
1 1

6) OmpenenseM  SKBUBAICHTHYIO  CPEAHEKBAJPATUYHYIO  MOIIHOCTh  Haubosee
3arpyxeHHou (hasbl.
[Tpn H<15%

S,, = 305 (53)

CK.Mmax

Tpu H>15%
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Jlnst kax o u3 ¢as:

S, = \/TBIZL/ Seab * Sune T SwanDSne (54)
Sp.s = \/éu/ %k.bc2 + Sck .ca2 + Sck. bclj%k ca (55)
Sp.a = \/éu/ %k.ca2 + Sck ab2 + Sck.caD %k ab (56)

JIABOPATOPHAS PABOTA Ned

Tema: PacueT ocBETUTENBHOMN HATPY3KHU.

Ieas: Pacuer ocBeTuTenbHOMN Harpy3ku ¢ ucnosibzopanueM CAIIP «Kapat».

Hcxoanble 1aHHbIE 1/ ABTOMATH3MPOBAHHOIO pacyeTa: yIelbHas MOUIHOCTh HAarpy3ku Ha 1
M? TPOM3BOJCTBEHHO IIIOMA/M, IUIOMANb LeXa, KOJTMYECTBO JIAMII, HOMHHAIbHAS MOIIHOCTH
JTaMIIBI.

IMocnenoBaTeLHOCTH (AJITOPUTM) pacuera:

Pacuer ocBeTHTENBHOW HArPY3KH MO IEPBOMY 3TAIy OCYIIECTBIISIETCS CISIYIOIMM 00pa3oM:

1) HaxoauM HOMHHAIBHYIO aKTHBHYIO MOIIHOCTH HArpy3KH HCXOIS HX YACNBHOH IIOTHOCTH
Harpy3ku (peAaKTUPYEMBbIid CIIPABOYHUK) U TUIOMIAIH IIeXa.

P =aolF (57)

HOM
Ime o - ynenpHas IUIOTHOCTB HArpy3ku, Br/m

2
F - miomans mexa, M“.
2) HaxoguM CpeaHIOI0 aKTHBHYIO W PEAKTHBHYIO MOIIHOCTH HCXOasi H3 KO3 (HUIMEHTOB
HUCIIOJIB30BaHUA U MOIITHOCTH.

Pcp = PPZKM (P (58)

HOM

Q, =Q,=P, gy (59)
PacueT ocBeTUTENHHOM Harpy3KH 10 BTOPOMY 3TAIy OCYIIECTBISCTCS CASAYIOIIIM 00pa3oM:

1) HOHBBOB&TGHB CaMOCTOSATCIIBHO HAXOAUT YHUCIIO U MOIIHOCTHL CBCTUJIBHUKOB B II€XC a4 TaK XK€
WX CIIPABOYHBIE JaHHbIE U BHOCUT 3TH AaHHbIe B CAIIP.

2) Haxomurcs YCTaHOBJIEHHAs MOIHOCTD JIaMII.

P =NI[P (60)

ycm HOM.Jl
I'me N -Kkoau4ecTBO JaMIl.
PaoM.J1 - HOMUHAJIBHAS. MOIITHOCTh OAHOM JIAMIIEI.
3) pacCUMTBIBAIOTCS OCBETUTEIbHBIC HATPY3KH 1IeXa

Ppo = Pycm DKM Ij{npa (61)
I'me Pycr -ycraHoBiaeHHas MOIIHOCTb JIaMII;
Ku - KOO GUIUEHT UCIIOJIb30BAHNUS;

Knpa - xoaddummeHT, yduTHIBAIOMIMK IMOTEPH MOIIMHOCTH B IYCKOPETYIUPYIOMICH
amnrmnaparype.
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JIABOPATOPHAS PABOTA Ne5

Tema: Bribop cmiioBeix Tpanchopmaropos KTII.
Heasn: Beibop cunoBsix Tpanchopmaropos KTII ¢ yuetom KoMmeHcauy peakTUBHOW MOIIHOCTH
¢ ucnonp3oBannem CAIIP «Kapat».
Hcxoanble 1aHHBIE A1 AaBTOMATH3HPOBAHHOIO pacyeTa. CyMMapHas pacueTHas aKTUBHas U
peakTUBHas MOILHOCTH Liexa, cxema nutanus TII npeanpusarus, HanpsKeHNEe UCTOYHUKA MUTAHUS
(10 (6)kB), KomM4eCcTBO CMEH.
IMocienoBaTeabHOCTH (AITOPUTM) pacyera:
Jnst aucna TpanchopMaTopoB<3
1) HomunanbHas MOITHOCT TpaHcdopMmaropa orpezaessiercs mo hopmyoie:

P

Snwlm R
(K3 EN m )

I'me K3 - pexomenayempiii KOdPUIMEHT 3arpy3Ku TpaHchopMaTopa,

Pp —PacuerHas akTuBHas MOIIHOCTb HAarpy3Ku

Nm —KonudaectBo TpanchopmaTopoB

2) HauGonpmiyto peakTHBHYIO MOIIHOCTh, KOTOPYIO IleJiecooOpa3HO TmepenaTh —uepes
TpaHcGOpMaTop B CETh, ONPEACIISAIOT:

(63)

Qmax = \/(Nm D<3 [Slzo.n.m)z _PIE (64)
3) CYMMapHaH MOIITHOCTb KOH,Z[GHcaTOpHBIX GaTapeﬁ Ha HaHpH)KeHI/Ie 0 1 kB COCTaBUT.
Qirr = Qp ~ Qpax (65)

rIe Qp - pacdeTHasi peaKTUBHAsI MOITHOCT.

4) [lonoHUTENTbHAS MOLIHOCTB JJIsl TAHHOM TPYIINBI TPAHC()OPMATOPOB ONPEICISIETCS:
QHKZ = QP - QHKl - yl:Nanm HOM. M (66)
I'ne  y - pacueTHbli KO>(QGUUMEHT, 3aBUCAIIMA OT pacueTHbIX mapamerpoB K, u K, u

cxeMbl tutagus TI1.

3nadyenus kod(p¢uiento ompenensorces mo (6, c. 398) u Buecenst B CAIIP B kauecTBe
CTIPaBOYHHKOB.

5) CymmapHasi MOIIIHOCTh KOHIEHCATOPHBIX OaTapeii:

QHK = QHKl + QHKZ (67)

6) Ha ocHOBaHUM CIIpaBOYHBIX TaHHBIX BHeCeHHBIX B CAIIP mim camocTosiTennsHO padoTas
CO CIIPaBOYHOM JMTEPATYpPOM, MOJIb30BATENIb BHIOMPAET YMCIO U MOIIHOCTH KOMITCHCHPYIOIIHX
YCTPOMCTB.

7) Haxoaum (akTHYecKyi0 peakTHBHYIO MOIIHOCTB, IiepeaaBaemyio u3 cetu 10 (6) kB B
cets 0,4kB:

Queee =Q, * Quxy (68)

Jlist uncna TpancopmatropoB >3
1) YV nenbHast IUIOTHOCTH HATPY3KH:

G= > (69)
F

I'me  Sp —PacueTHas MOIIHOCTB.
F -ITnomane nexa.
Hcxons u3 ynenbHON TUIOTHOCTH HArpy3KH, BEIOMPAEM MOIIHOCTh CUIIOBBIX TPAHC(HOPMATOPOB.

Tpu G<0,2kBA/M?. S=250-100GBA;
ITpu 0,2>G<0,3kBA/M?. S=1600«BA;
Tlpu G>0,3xBA/M?. S=2500«BA;
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2) MuHuManbHO€E YHCII0 TPaHCPOPMATOPOB:

P
) K3 [Bm HOM.KMn
3) DKOHOMHUYECKH IIE]IECO00pa3HOe YUCIIO TPaHCHOPMATOPOB:
AN=N  +m (71)

['me M —momnpaBouHbIi KO3QHUIHEHT onpeaensiemslii mo /8, crp. 397,puc 2.131/

JIABOPATOPHAS PABOTA Ne6

Tema: Pacuer LieHTpa JIEKTPUYECKUX HATPY3OK.
Hennb: Pacuer meHTpa 3IIEKTPUYECKMX HATPY30K M IIOCTPOCHHE KapTOrpaMMbl HArpy30K C
ucnoaszoBanueM CAIIP «Kapar».
OO01mue cBeaeHus.
[Ipu mpOEKTUPOBAHUN COBPEMEHHBIX CHCTEM 3JIEKTPOCHAOKEHHs peliaTh 3aladyd ONpE/IeTICHUs
Yyciaa ¥ MecTa pacloyIoKEeHUsI HCTOYHUKOB IMUTaHUs CTAHOBUTCA BCE CIIOXKHEE. DTO OOBICHSIETCS
TEM, YTO MPOEKTUPOBLIMKAM IPH PEIIEHUH 3THX 3a7ady MPUXOAUTCS ONEPUPOBATH C OOJIBIIUM
KOJINYECTBOM HCXOJHBIX JaHHBIX, OOBEM KOTOpBIX IIOCTOSIHHO YyBeluW4MBaercsi. B mepByro
oudepezib 3TO OTHOCUTCS K BO3POCILIEMY YHUCILY JIEKTPOIPUEMHHUKOB.
OpgHuM MX METOJOB NO3BOJIIOIIMX IOJYYUTh INPEACTABICHUE O PACHPENCICHUM HArpys3okK IO
TEPPUTOPUN OOBEKTa SBISIETCS KapTOrpaMMa Harpy3ok. OTO IUIaH, Ha KOTOPOM H300paxkeHa
KapTUHA CpENHEH WHTEHCHUBHOCTH PACIPENEICHUS HArpy30K IPUEMHHUKOB SJIEKTPOIHEPTHUU.
Haubonee nmpocroii criocobom n300pakeHus CpeIHEH MHTEHCUBHOCTU pacIpeesieHUs] Harpy30K
COCTOUT B TOM, YTO Harpy3ku M300paXkaroTcs C IMOMOIIBIO KPYroB. B kauecTBe 1ieHTpa Harpys3ku
BBIOMpAIOT LEHTp odiekTpuueckod Harpy3ku (LIDH) osnekTponpueMHHMKa WM TPYIIIBI
JNEKTPOIIPUEMHHUKOB. A paguyc Kpyra CBSA3bIBAIOT C PACYETHON MOIIHOCTBIO.
OOumii 1EeHTp 3JEKTPUYECKUX HArpy30K HaXOJWM aHaJOTMYHO HAaXOXKACHUIO IIEHTP TSKECTH
CHUCTEMBI MaTCPUAIbHBIX TOYEK.
3areM, UCIHOJb3Yysl BEPOSITHOCTHO-CTATUCTHUYECKUN MaTEMaTHUYECKUH ammapar, OIpelIeisIFoTCs
TaKHE XapaKTCPUCTUKM KAK MaTeMaTH4YecKoe oxkuaanue koopaumHat L[[OH, mosmyocm smmmnca
paccestHus U yroia ux noopora. Ha oCHOBaHMM 3THX JaHHBIX Ha KapTOrpamMMe 3JIEKTPUYECKHUX
Harpy30K CTPOMTCS DJUIMIIC 30HBI PACCESIHMS, 10 KOTOPOMY OINPEAEIAETCS MECTO PACIIONOKCHUS
uexosou TII.
Hcxoanbie JaHHBIE A1 ABTOMATH3HPOBAHHOIO0 PacyeTa; MOIIHOCTH U LIEHTPBI PACIIOI0KEHUS
AIIEKTPONPUEMHHUKOB WJIM TPYHIBI 3JIEKTPONPHUEMHUKOB, OOBEINHAEMBIX MO TEXHOJIOTHYECKOMY
IIPU3HAKY.
IMocienoBaTeabHOCTH (AITOPUTM) pacyera:

1) Paguyc OKpy>XHOCTH JUTsi H300pa)KEeHHS HATPY3KU Ha KapTOrpamMMe:

- | 72
R =y (72)

T'ne: m- macmra0,
Ppi -MomHOCTh DI

2) KoopauHats! 1ieHTpa 3JIeKTPUIECKUX HAarpy30kK it K-ro gaca cyTok ompeaensiem mo Gopmyie:

S ROk 3 POyK
X =5 D — (73)
> Pk > Pk
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['ne: Pi - MomHOCTS i-#f Touku moTpedieHus,
Xi, Yi - KoOpAMHATHI IICHTPA TSHKECTH (Urypsl |-if Touku moTpedaeHns

Ki - MomtHOCTS | -T0 puemnnka B K-ii 4ac cyTok B mporeHTax ot Pi,
3) Maremarudeckoe oxunanue koopauHat LIOH paBHBI:

24 24
Q =D X, /24; Q, =Y, 124; (74)
k=1 k=1
4) CpeaHeKkBapaTHYHbIC OTKJIOHCHHS KOOPAUHAT IEHTPA!
24 24
G, = kZ(Qx‘Xk)/Z“? G,= kz Q- Y )2 (75)
=1 =1

5) KoshdurmeHt Koppesiuu KOOpAUHAT [IEHTPOB Harpy30K PaBeH:

S (% - Q)Y - Q)

K, =2 (76)
24G, (G,
6) Yroa moBopoTa Oceii AJUIUIICa OTHOCUTEIBHO BRIOPAHHOM CUCTEMBI KOOPAWHAT:
2K, [G, [G
y
g, )
a= S— (77)
2
7) onyocu 35murica paccesHusI ONPEICIISIOTCS:
X =\/6E(GX2 [0S a+ K, 0G 0G,[sin 2a+ G’ Osif a
(78)

Y = [6[(G? [5in® a- K 0G UG, [sin 2a+ G [cod a)

Wcxons M3 HaHHBIX, TOTYYCHHBIX B PE3yJbTaTe PacdeToB, CTPOMTCS KapTorpamMma Harpy3ok U
amanc  paccesauss [[DOH. Mecro pacnonoxenus wucrounwka nutanus ([T, IIPTI, TII)
BBEIOMPAIOT B JII000# HamOosiee yao0HO# ero Touke. B 3ToM ciyuyae Bbiciiee HampspKeHUE OyneT
MaKCHUMAaJIbHO MPUOIIMKEHO K IEHTPY MOTPEOICHUS AIEKTPOIHEPTHH, & PaCIPEIeIUTEIbHbIC CETH
OyAyT UMETh MUHUMAIIbHYIO TTPOTSKEHHOCTb.

JJABOPATOPHAS PABOTA Ne7

Tema: PacueT TOKOB KOPOTKOTO 3aMbIKAHUS.

Hean: Pacuer TOKOB KOPOTKOTO 3aMbIKaHHMS HM3KOBOJBTHOM ceTu ¢ ucnosib3oBaHuem CAIIP
«Kapar».

OO0mme cBegeHus.

Koporkum 3ambikanwem (K3) Ha3piBaroT BCSKOE CIydaiHOE WM IPEeIHAMEPCHHOE, HE
MPEyCMOTPEHHOE HOPMAIBHBIM PEKUMOM pPAOOTHI JIEKTPUYECKOE COCAMHEHHE PA3IMYHBIX
TOYEK DJIEKTPOYCTAHOBKH MEXJy COOOM WM ¢ 3eMiield, MpU KOTOPOM TOKHM B ammaparax u
IIPOBOJIHUKAX, NIPHUMBIKAIOIIUX K MECTYy COEAUHEHUs, PE3KO BO3PACTAIOT, MPEBBIMIAs], KaK
MPaBUJIO, PACUETHBIC 3HAUECHUSI HOPMAJIBHOTO PEKUMA.

Pacderam TokoB K3 mOMKHBI TpeAIIeCTBOBaTh aHAM3 CXEMbl DJJIEKTPUYECKOM CETH |
ompezieNieHue HauOoliee TSDKENBIX, HO JOCTATOYHO BEPOSTHBIX, TAaK HA3BIBAEMBIX PACUETHBIX
YCJIOBHii, B KOTOPBIX OKa3bIBACTCs (C TOUKM 3PSHUS PEIIacMOil 3a1a4uk) TOT MK HHON €€ DJICMEHT.
DOTOT aHaIM3 SIBISETCS CIOXXKHO aJIrOPUTMHU3HPOBATH, U OH OCTaETCA ISl CaMOCTOSATEIbHOM
TBOPYECKOM pabOTHI.

Pacuer TOKOB KOPOTKOrO 3aMbIKaHHMs HEOOXOAWM JJsi BBIOOpa M IPOBEPKH O0OpPYIOBAHUA.
Pacuernbim Bupom K3 mpu BeiOOpe M mpoBepke ammapaToB U MPOBOAHUKOB OOBIYHO SIBIISIETCS
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TpexdaszHoe, pexe- omHodaszHoe K3. Bwibop pacuernwsix ycmoBuii K3 mpu pemenun 3amad
peneiiHOi 3alUThl 3aBUCUT OT TOTrO, B KAaKUX IEJSIX MPOU3BOAUTCS pacueT s MPOBEPKU
YYBCTBUTEIHLHOCTHU WJIH JUIsSl BBIOOpA MapaMeTpoB cpadaThiBaHUs 3aIUT.

IIpn pacuerax TOkOB K3 B 31€KTpOycTaHOBKAaX INEPEMEHHOIO TOKa HampsbkeHuem a0 1 kB
JIOTTYCKaeTCsl:

1) ucnonb30BaTh YIPOIICHHBIC METO/IbI, €CJIA UX MOTPEIIHOCTH He npeBbinaet 10 %;

2) MaKCHMAaJIbHO YIPOIIATh U SKBUBAICHTUPOBATH BCIO BHEIIHIOK CETh 10 OTHOIICHUIO K MECTY
K3 u wuHIMBHIyanbHO YYMUTHIBATH TOJBKO AaBTOHOMHBIE HWCTOYHHKU JIIEKTPOIHEPTUU U
AJIEKTPOJIBUTAaTEIH, HEMOCPEACTBEHHO MpUMbIKatolue Kk mecty K3;

3) He y4uTHIBaTh TOK HAMArHUYUBAHUsI TPaHC(HOPMATOPOB;

4) He yYUTHIBATh HACBIICHHE MATHUTHBIX CUCTEM 3JICKTPUYCCKUX MAIIHH;

5) npurEMaTh KO3(GQOUIMEHTH TpaHChOpManuud TpaHC(HOPMATOPOB PABHBIMH OTHOLICHHIO
CpPEIHMX HOMUHAJIBHBIX HANpPsHDKEHUM TeX CTYNEHEW HamnpsKeHUs! CeTel, KOTOpPhIE CBS3BIBAIOT
Tpancopmaropsl. [Ipu 3TOM crieqyeT Ucrnonb30BaTh CIEAYIONIYIO IKATY CPeIHUX HOMHHAIbHBIX
Hanpsokenuit: 37; 24, 20; 15,75; 13,8; 10,5; 6,3; 3,15; 0,6928; 0,4; 0,23;

6) He yYHTBHIBATh BIMSHUE CHHXPOHHBIX M ACHHXPOHHBIX AJIEKTPOJBUTATENICH MM KOMIUIEKCHON
HArpy3KH, €CJIM UX CyMMapHBI HOMHHAIBHBIA TOK He mpeBbimmaer 1,0 YoHaganbHOTO 3HAYCHUS
MIePUOIMUECKON CoCTaBisitolel Toka B Mecte K3, paccuntanHoro 6e3 ydeTa 3JeKTpoABUTaTENCH
WU KOMIUJIEKCHOM Harpy3KHu.

[Ipu cocTaBleHUHM SKBUBAJICHTHBIX CXEM 3aMEIICHUs [apaMeTpbl 3JIEMEHTOB HMCXOIHOMI
pacyeTHOM CXEMBbl ClIeyeT MPUBOJIUTH K CTYIEHHM HAIpPSKEHUS CETH, Ha KOTOPOM HaxoJIUTCA
touka K3, a aKTHBHbIC M HMHIYKTHBHBIC COTMPOTHBIICHHS BCEX JJIEMEHTOB cxeme/ 3aMelleHHs
BBIpAXaTh B MIWUIMOMax. MeToauka pacdyera HA4daJbHOTO JCHCTBYIOIIETO 3HAYCHUS
nepuoInYecKor cocrapisrome Toka K3 B anexktpoycranoBkax g0 1 kB 3aBucut ot cmocoba
AIIEKTPOCHAOKEHHUS - OT YHEPTOCUCTEMBI UJIH OT aBTOHOMHOTO UCTOYHHUKA.

IIpu pacuere TokoB K3 B 351€KTpOyCTaHOBKAX, MOTYYAONIUX MUTAHUE HEMOCPEICTBEHHO OT CETH
OHEPrOCUCTEMBI, JIOMYCKAETCS CYUTATh, YTO TOHWXKAIOIIME TPaHCHOPMATOPHI TMOIKIIOYCHBI K
UCTOYHUKY HEU3MEHHOIO MO aMIUIUTYAE HAampsDKeHHs 4epe3 SKBUBAJCHTHOE HWHAYKTUBHOE
CONPOTHUBIICHHUE.

Opnnoda3Hoe KOpPOTKOE 3aMbIKaHUE SIBISETCS HECUMMETPUYHBIM KOPOTKHM 3aMbIKAHUEM U TPU
€ro pacuera cjieayeT yYWUThIBaTh BOZHMKHOBEHHE TOKOB HYJEBOM MocienoBaTelbHOCTH. Pacuer
TOKOB HecMMMeTpHuHbIX K3 cieayeT BBINONHATH C HCHOJIb30BAaHHMEM METO/JAa CUMMETPUYHBIX
coctapisitomux. [Ipy 3TOM mnpeaBapuTeNnbHO CIEAYET COCTaBUTh CXEMbl 3aMEUICHUs TMPSMOH,
0o0paTHOM W HYJIEBOW MoceaoBaTeIbHOCTEH. B cxeMy 3amerieHus: mpsMoil mocaea0BaTeIbHOCTH
JOJKHBI OBITh BBEIIEHBI BCE DJJIEMEHTHI HMCXOJHOW pAacueTHOW CXEMbI, IpUYEM IPHU pacuere
Ha4aJIbHOTO 3HAYEHUs MEPUOJINYECKON COCTABISIONIEN TOKa HecuMMeTpru4yHOro K3 aBToHOMHBIE
WMCTOYHHUKHU, CUHXPOHHBIE U ACHHXPOHHBIE 3JIEKTPOJBHUIATENHU, a TaK)K€ KOMILUIEKCHas Harpys3ka
JOJIKHBI OBITH YUTEeHBI cBepxmnepexoaubiMu DJC 1 cBepXnepexoaHbIMU COTPOTHUBICHUSIMHU.
Cxema 3amerieHUs: OOpaTHOW MOCIIEOBATEILHOCTA TAKXKE MIOJDKHA BKIIFOUATh BCE DJIEMEHTHI
HUCXOJMHOM pacueTHOM cxembl. ConpoTHBICHUS OOpaTHOW TIOCIEAOBATEIBHOCTH CJEAYeT
OPUHUMATh TI0 JAaHHBIM KaTaJlOTOB, a AaCHHXPOHHBIX MAalIWH -TPUHAMATh pPaBHBIMU
CBEPXIIEPEXOAHBIM COITPOTUBIICHUSIM.

Hcxoanbie JaHHBbIE AJ151 ABTOMATH3MPOBAHHOI0 pacyeTa. CONPOTUBIICHUS 3JIEMEHTOB CUCTEMBbI
3JIEKTPOCHAOKEHHUSI.

Jlnst  ompeneneHuss CONMPOTUBIEHUM d31eMeHTOB cxembl 3amenieHuss B CAIIP  BHecenbl
CIPAaBOYHUKU U JIOMOJHUTENbHBIE MOIYJIM BXOJSIIME B MOAYJIb pacyera TOKOB KOPOTKOTO
3aMbBIKaHUS, JTHOO OMPEIEISIFOTCS 10 CIIPABOYHHKAM.

IMocnenoBaTeLHOCTH (AJITOPUTM) pacyera:

1.1) ConpoTHBIICHHE CUCTEMBI
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2 2

CpHH _ lJCp.HH
C
\/é cp.BH %(
lee Ucp.HH - CcpeJHee HOMHHAJIBHOE HANpPsHKEHHE CEeTH, MOAKIIOYEHHOH K

00MOTKE HU3IIEro HanpsbkeHus Tpancdopmaropa (B)

Ucp.BH- cpejHEe HOMUHAIBHOE HAINPSHKEHUE CETH, MOAKIIOYEHHOM K 0OMOTKE BBICILETO
HarnpsbkeHus Tpancopmaropa (B)

Ixk.BE=In0.BH - pelicTByIOIIEe 3HAYCHHE TIEPUOTUYCCKON COCTABIAIONICH TOKa TIpH
tpexdaznom K3 y BEIBOIOB 0OMOTKH BBICIIETO HANpsbKeHHs Tpanchopmaropa (KA)

Sk - ycnoBHas MomHOCTh K3 'y BBIBOZOB OOMOTKH BBICIIETO HANPSHKECHUS
tpancdopmaropa (MBeA)

[lpm oOTCyTCTBMM yKa3aHHBIX JaHHBIX SKBHUBAJCHTHOE WHIYKTHBHOE COIPOTHBIICHHUE
CHCTEMBI JIOIYCKACTCA PACCUUTHIBATH MO TOKY OTKJIIOUEHHS BBIKJIIOYATENsl, YCTAHOBJICHHOTO Ha
cropone BH nmonmxkatomero tpanchopmaropa
U 2

Cp.HH (80)

NI W
omkiHom — cp.BH
1.2) CI/mOBOﬁ Tpanchopmarop

|]JH0\1 2
R, = KHOSJZ s [0 (81)
.HOM
2
XT — UK2 — (1OO|:|PK.H0M )2 DUHOM.HH Ijl_04 (82)
SI'.HOM S‘.HOM

I'me  Sr.HOM- HOMUHaJBHAS MOIIHOCTH TpaHchopmaTopa, KBeA
Px.HOM- oTepu KOPOTKOT0 3aMbIKaHUs B TpaHchopmaTope, KBt
UHH.HOM- HOMHUHAJILHOE HaIpsDKEHHE OOMOTKM HH3IIEro HampsDKeHHs TpaHchopmaropa,

kB
UK - HampspkeHHe KOPOTKOTO 3aMbIKaHMs TpaHchopmaropa
1.3) Peakrop
AP
—_ P.HOM
R =—P 10 (83)
p.-HOM

I'me PpHOM- moTepu akTHBHOM MOIITHOCTH B (ha3e peakTopa Mpyu HOMHUHAIIBHOM TOKe, BT
|p.HOM- HOMMHAJIBHBIN TOK peaKkToOpa.

X, =w QL-M)00 (84)
I'ne oc=2rf - YIJI0Basl 4YaCcTOTa HAMPSLKEHUS B pajnaHax, paa/c

L - IHAYKTUBHOCTb KaTYIIKHU peakTopa, I'H

M - B3aMMHasi HHAYKTUBHOCTH MeX 1y (azamu peaktopa, ['H

1.4.)COHpOTI/IBJIeHI/Ie JJIEKTPUYECKON NYI'Y B HAYAJIbHBI MOMEHT BPEMEHU

U
R ®=
7 ~\am 2 EKZ XY, R (85)

I'ne In0 - HAYaJIbHOE 3HAYECHHUE IEPUOJUYECKOM COCTABISAIOLIEM TOKA B MECTE
Mmetaiuinueckoro K3, kA

R1), X1), - cymmapHble akTUBHOE M MHIYKTUBHOE corpoTuBieHue nenu K3, MOm

Kc - CpPeOHECTaTUCTHUYECKOE 3HAYCHHE IONMPaBOYHOrO0  Kod(duimeHra,

y‘-II/ITI:IBaIOH_IeFO CHM>XXCHHUEC TOKa B HaanbHBIﬁ MOMCHT I[YTOBOI‘O K3 110 CpaBHeHI/IIO C TOKOM
MeTtaiunueckoro K3
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KC=0ﬁ—oxm2ﬂ;+01L£JZ-Qlafi (86)

I'ne ZK - conportusnenue nenu K3, 3aBucsiiee ot Buga K3

z =Ry "+xX )
Z =YY (@RY, +RY. F+(@X), + XY ¥ (88)

[TockonbKy 3neKTpUUecKas Iyra o0JIagaeT TONHKO AKTUBHBIM COMPOTHUBICHUEM TO IS
pacdeTa TOKOB TpexdazHoro u omHodazHoro Toka K3 B HayapbHBIM MOMEHT BpEMEHH J00aBIIsieM
corpoTtuBienue 1yru B Ry’

2) Tpex(a3Hblif TOK KOPOTKOTO 3aMbIKaHHsI HAXOJUTCS 10 CISayoei Gpopmyire:

U

I Q) = cp.HH

" BHRY.T+XY

I'me Ucp.HH - cpeiHee HOMMHAIBHOE HAIIPsDKEHUE CETH rae npousonuio K3
R1), X1)  -cyMmMmapHbIe aKTUBHOE U PEAKTHBHOE COMPOTHUBICHHE 1en K3

RY>, =R +RB+ R+ B+ R+ R R+ R,
Xlz =XC+Xm +Xp+xma+ X<6+ >$4+ )](J<+ )(f(fl

['me XC - 5KBUBaJICHTHOE UHAYKTHBHOE COTIPOTHUBIICHUE CHCTEMBI
RT,XT - akTUBHBIC U UHAYKTUBHBIE COTPOTUBIICHHSI IPSMOM MOCIIE]] TP-pa
RrA, XTA - akTUBHBIC ¥ HHAYKTUBHBIC COIPOTHBIICHHS Tpa-pa TOKa
Rp, Xp- akTUBHBIC U UHAYKTUBHBIE COITPOTUBIICHHS PEaKTOpa
RkB, XxB - aKTHBHBIC M WHIYKTHBHBIC CONPOTHBIICHUS TOKOBBIX KATYIIEK M TIEPEXOIHBIX
COTPOTHBIICHUH TIOJIBUKHBIX KOHTAKTOB aBTOMATHUYECKUX BBIKIItOUaTened, MOm
R, X - aKTHBHBIC U UHIyKTHBHBIC COTIPOTUBIICHHUS IIIMHOIIPOBOIOB
Rk - cymmapHbIe CONPOTUBIICHHSI KOHTAKTOB U KOHTAKTHBIX COMPOTUBICHUN
R1k, X1k, XBJ - COMPOTHUBJICHHS KaOETbHBIX U BO3YIIHBIX JIMHUMA
Rn - conporusnenune nyru B mecte K3 BeiOMpaem mo tadi
4) V napHblif TOK KOPOTKOTO 3aMbIKAHHSI

iy

|W:J§ 0, (+e ™ }=v2 I, (K, (90)

(89)

VY napublii KOAGPUIHUEHT onpeaessieM M0 KPUBBIM 3aBUCUMOCTH YAapHOTO KO3 UIeHTa
ot otHomenu R/X. /12, ¢ 16fm6o:

_o01
K,)=1,02+0,98¢ T ; (91)
IlocTostHHAsI BpEMEHU:
X
m— (92)
314L1,

Kak cnenyer u3 nyHkra 4.1. Huxkecinenyoomue MyHKTbl allOpUTMa B MOAYJb pacueTa
TOKOB KOPOTKOT'O 3aMBIKaHHUsI HE BXOJAT BBH/ly MAJIOTO BIMSHUS Ha BeIMYMHY Toka K3.

5) Anepronieckasi COCTaBIISIONIAS TOKA KOPOTKOTO 3aMBIKAHUS.

HaulGonpiiee 3HaYeHHE amepHOIUYECKON COCTABISIIONIEH B OOIIEM Ccllydae CIeayeT
CUMTATh PABHBIM aMIUIUTYI€ NEPUOANYECKON COCTABISAIONIEH B HAUAIbHBII MOMEHT BPEMEHH.

| =20, (93)
6) Yuer CHHXPOHHBIX U aCHHXPOHHBIX 3JIEKTPOBUTATEIICH

HavanpHoe pelicTBylolee 3HAaYEHHE NEPUOAMYECKON cocTaBisomedn Toka K3 ot
JIBUTATEJIEH.
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e
L (94)

(X, + XY F+(R,+ RS )

7) Yder KOMIIJICKCHON HAarpy3KH MPHU pacdeTax

B cocraB KOMIIEKCHOM Harpy3kd MOTYT BXOJUTb CHHXPOHHBIE M ACHHXPOHHBIE
JJIEKTPOABUTATENM, MpeoOpa3oBaTenu, JIIEKTPOTEPMUUYECKHE YCTAaHOBKH, KOHJEHCATOPHbIE
Oarapeu, JaMmbl HakanuBaHuUs. [Ipw omnpeneneHUM HAYATBLHOTO 3HAYCHHS TEPUOAMYECKON
COCTABJISIIOIIEH TOKa K3 KOMIUIEKCHYIO Harpy3ky B CXEMy 3aMEIICHHS  IpsSMOU
MOCJIEIOBATEIbHOCTH  CJIE€AYeT BBOJWUTH  JKBHBaJeHTHOW  cBepxmepexonnon JIJIC wu
CONPOTHUBIIEHUEM IPSMOM MOCIIETOBATEIBHOCTH.

Merton yyeTa KOMIUIEKCHOM Harpy3Kd 3aBUCUT OT XapaKTepa UCXOJHON CXEMBbI 3aMEIIECHUs
Y TI0JI0’KEHUs pacueTHON Touku K3.

B panuanbHOl cxeme JOMyCKaeTcsi HE YYUTHIBaTh BIMSHUE CTAaTHUYECKUX MOTpeOuTenen
(mpeoOpa3zoBarenei, 3JICKTPOTEPMHUUYCCKIX YCTAHOBOK, JIEKTPUUECKOTO OcBeleHus). HavanpHoe
3HAYEHUE MEPUOJMYECKON cocTaBisitome Toka K3, ymapHblii TOK, a Takke MNEPHOIMYECKYIO
coctaBsitonyto Toka K3 B Mpou3BOJIbHBIE MOMEHT BPEMEHU OT ACHMHXPOHHBIX M CHHXPOHHBIX
JJIEKTPOIBUTATENCH B paJMalIbHBIX CXEMaX CIIEJYyeT PaCCUUThIBATH B COOTBETCTBHH C /4, ¢ 47/

8) Yuer u3MeHEeHUsT aKTHBHOTO COIPOTHUBIICHHS TPOBOTHUKOB IPH KOPOTKOM 3aMbIBAHHUH.

[Ipu pacyere MuHMMaNbHOTO 3Ha4YeHUA Toka K3 11 mpoM3BOJIBHOTO MOMEHTa BPEMEHH
HEOOXOJUMO YUUTHIBATh YBEIHMYCHHUE AKTUBHOTO COMPOTHUBIICHUS MPOBOJHUKOB BCIEACTBHE UX
HarpeBa Tokom K3.

B 3aBucumoctu OT 1esneit pacuera yBeIMYEHHE aKTUBHOTO CONMPOTUBIIECHUSI TPOBOIHUKOB
PEKOMEHAYETCSl ONpPEAENATh C y4eTOM MM 0e3 ydyeTa TeIIOOTIAaud B OKPYKAIOLIYIO Cpeny, a
TaKXe C y4eTOM WM 0e3 yuera sJeKTpudeckuii 1yru B mecte K3.

VYBenuueHue akTUBHOTO CONPOTHBIICHHS MPOBOJHHUKOB PEKOMEHIYETCS YUYUTBHIBaTh C
nomoIIbio ko3 duruenta Ks, 3aBucsiiero otT Mmarepuaia u TeMrnepaTypbl IPOBOTHUKA.

Anroput™ pacueTta oAHO(])A3HOTO KOPOTKOTO 3aMbIKAHUS.

AJNTOpPUTM pacdeTa TOKOB KOPOTKOT'O 3aMbIKaHUsI IOCTPOEH B COOTBETCTBUU C PEKOMEHAAIUSIMU U
10 METOAMKAM H3JI0KCHHBIMH B CIICAYIONIMX UCTOUHUKaX: /4./u [12].

Kak u B cinyuae pacuera Tpex¢a3HOrO TOKa KOPOTKOTO 3aMBIKaHUs JJisi pacdyeTra 0JHO(pA3HOTO
KOPOTKOTO 3aMBIKaHHUs CJIETyeT HAUTH COMPOTUBIIEHUS 3JIEMEHTOB CXEMbI 3aMeleHns. opMyIibl
JUTST HaXOKIEHUS 3TUX BenuuuH omucanbl B 14.3. Cieqyer 0co00 OTMETHTH TOT (akT, 4TO
onHOoa3HOE KOPOTKOE 3aMbIKaHUE SIBIISIETCS HECUMMETPUYHBIM M TPU €ro pacyere cieayeT
YUYUTHIBATh BOSHUKHOBEHUE TOKOB HYJEBOM MOCIIE€I0BATEILHOCTH.

Opnoda3Hbli TOK KOPOTKOTO 3aMbIKaHHS B Ha4yaJbHBII MOMEHT BPEMEHH OINpEIeNsercs Io

cienyomen popmyse:

10.co

I @ = \/émJCP-lﬂi (95)
no 2 2
JRRY+RY F+(2OXD + %> )
I'me RI),X1) - cymmapHble aKTHBHOE U PpEAKTHBHOE COMPOTUBJICHUE MPSIMOMN
MIOCJIENOBATEIILHOCTU OTHOCUTEILHO TOUKH K3, MOM
ROY, X0, - cyMMapHble aKTHBHOE U pPEAaKTUBHOE CONPOTUBJICHUE HYJIEBOMH
MIOCJIENOBATEIILHOCTU OTHOCUTEILHO TOUKH K3, MOM
RY> =R, +R+ R+ R+ Rt R+ R+ R | (96)
XOZ = XoT + xp + ><ma + >§<3 + >%m + >gl(' + )Sg (97)
I'me ROr, XOr - aKTUBHOE U WHJIYKTUBHOE COTIPOTHBIICHUS HYJICBOW MOCIEAOBATEIBHOCTH
MOHIDKAIOIIET0 TpaHchopMarTopa.
ROm, XOmr - akTUBHOE ¥ MHAYKTUBHOE COMPOTHUBJICHUS HYJIEBOW IMOCIIEIOBATEILHOCTH
HIMHOIIPOBO/A.

76



ROk, XOk- akTHBHO€ M WHIYKTUBHOE CONPOTHUBIICHHS HYJIEBOW IOCIIEIOBATEILHOCTH
Kabes.

ROs, X0B - aKTUBHOE W WHJIYKTUBHOE COTPOTHBIICHUS HYJICBOW IMOCIEAOBATEIHHOCTH
BO3AYLIHOW JINHUHU.

Rz = R1 + 3R3 = R1+0.15:0Om/m

X0s2 = 3X1sx

JJABOPATOPHAS PABOTA Ne8

Tema: TexHUKO-?KOHOMUYECKHI aHATTN3 CXEM HU3KOBOJIBTHOTO AJIEKTPOCHAOKEHHUS.
Heas: Omnpepenuts HauOOJee BBITOJHBIA BapUAHT CXEMBI JJICKTPOCHAOKEHUS IeXa C
ucnosb3oBanreM CAIIP «Kapar».
OO0mme cBegeHus.
s onpenenenusi HanOosiee BBITOJHOTO KaK C TOYKHM 3PEHUS DKCIUTyaTalluM, TaK U C TOYKHU
3peHUs CTPOUTENIbCTBA BapHaHTAa CXEMbl JJIEKTPOCHAOKEHHsS II€Xa HEOOXOAMMO OIpEACITUTh
CPEIHET010BbIE SKBUBAJICHTHBIE pacxoabl. ONpenennTb CpeaHEr00BbIE SKBUBAJIEHTHBIE PACXObI
MO>KHO KakK JiJIsl IByX BApHAHTOB CXEM DJIEKTPOCHA0KECHHUS IETUKOM, TaK U JUISl PA3TUYAIOIINXCS B
HUX 3JIEMEHTOB. BTOpoii BapuaHT npeAnoyTuTeIbHEE BBULY SJKOHOMUHU BPEMEHM.
Kak yxe omnmcaHo BbIllI€ CPEIHET0/IOBbIE 3KBHUBAJIEHTHBIE PACXOJbl COCTOST W3 CYMMAapHBIX
KalUTaJIOBIOKEHUN B 00OpyIOBaHUE W M3AEpKeK. V3IEep:KKH COCTOSAT U3 DKCIUTyaTallMOHHBIX
pacxo/ioB, aMOPTU3ALMOHHBIX OTYUCIECHUN U CTOMMOCTH MOTEPh JIEKTPOIHEPTUH.
Buny TOro 4tro HEOTHEMJIIEMOM YAaCThIO pacueTa CpPeAHErOJOBBIX SKBUBAJIEHTHBIX pPacXo0l0B
SIBJISTFOTCSI TIOTEPH JIEKTPOIHEPTUU UX TAK)KE HEOOXOAMMO paccuuTath. [loTepu 3neKTposHepruu
OyneM ompeneisTb IO METOAuKe, U3IokeHHoW B  «llonoxeHne O HOPMHpPOBAHUU
TEXHOJIOTHYECKUX MOTEpPb MPH epeaayue u pacrnpeaeieHuun snekrposneprun. [Ipukaz N 267 ot 4
okTsa0pst 2005r.»

Jlnst Toro 4roObl MEpedTH K M3JI0KEHUI0 METOAMKH pacueTa IMOTEeph 3JICKTPOIHEPTHH
clenyeT CHayaJla OUCaTh UCIIOJIb3yeMble TEPMUHBI:

Ortmaiika — ar000¢e otxoxsiee npucoeaunenue ot [IIMA (IIPA, PII, P, HIOC) wwu
IITPA 3anurannbiii kabenem HemocpenacTBeHHo oT KTII.

Otxonsmee npucoenunenue — ¢unepsl KTII, To ects IIIMA; IIPA, kabenu nuraromie
PIT (PIL) wmu IIIPA.

V3en - rpymnna oaHotunHbix OlIl, nmoaxmoueHHBIX Kk ogHoMmy PII mnm paBHOMepHO
pacnpeneneHHbix Bob [IIPA.

[Tpu pacdere moreps cleAyeT YUYUTHIBATh CIEAYIONIHE (aKTOPHL:

11) KomuuectBo npucoenunenuit Ha KTII — cymMma Bcex OTXOAsSUIMX MPUCOCTUHEHUN Ha
KTTII, xpome ABP na 0,4kB.

1) CyMMapHO€E KOJTMYECTBO OTIAEK B CETH — JII000E OTXOIAIIEe TPUCOCTUHECHHUE.

2) VYenpbHOEe CONMPOTUBICHUE OTXOMASAIIET0 NpucoeauHenus, To ectb LIIMA, mpoBogHuk

coequustomuid PIT wiom IIPA ¢ mmuaamu KTII, [IIPA eciu oH HEMOCPEACTBEHHO MOAKIIOYEH K
mmmHaM KTII —uraue 310 conporusienus Bcex npucoenunenuit KTII, kxpome ABP na 0,4 kB.

3) KonudecTBo oTIIaek Ha JaHHOM MPUCOSTUHEHUN — JIF000€ OTXOIAIIEe TPUCOCTUHEHNUE OT
IIIMA unu HIPA, 3anurannoe ka6eaem ot KTTI.

4) Hmuna [IIMA — paccrosaue ot Havana [IIMA nn touku noakmrouenus [IHPA wnm PII
WM JUTMHHA Kabenst, koTopeiM 3anutad [IIPA ot mun KTII

5) VnensHoe conpotusiienne IIIPA wnu npoBognuka, coenuusitomero PIT u IIIMA s
COOTBETCTBYIOLIEH OTITANKH.

6) Yucio y3noB Ha [IIPA nau PII.

7) HJmuna IIPA no y3nma — mnmuaHa [HPA  no uweHtpa rpynmbl  OJHOTHITHBIX
3JIEKTPONPUEMHHUKOB WJIM JUIMHHA MPOBOAHUKA, KOTOpbIM PII mogkmodeno k [IIMA wnu mmHam
KTII.

77



8) Yem BoImoHEeHO NOAKI0UeHHE DIl B TaHHOM y31e — yIenbHOe CONMPOTHBIICHUE U JITHHA

MIPOBOTHHKA.

9) [Tokazarenu DI1 gaHHOTO y371a — HOMMHAJIbHASI MOIITHOCTh, KOA(G(OUIIMEHT MOIITHOCTH.
HopmaTuBHBIM METOJIOM pacueTa Harpy3ouHBIX MOTepb 3JekTposHepruu B cersax 0,4 kB

SIBIISIETCSI METO/] OIICHKH ITOTEPh HAa OCHOBE 3aBHCHMOCTH MOTEPh OT 00001IeHHOI HH(OpMAIHH O

CXeMax M Harpy3Kax CeTH.

Hcxoanble qaHHBbIE 1JIs1 aBTOMATH3UPOBAHHOIO pacyeTa: 3JIEMEHThl PaCCMaTPUBAEMON CXEMBI
3JICKTpOCH3.6)K€HI/I}I, HX CTOUMOCTb, KOJHUYCCTBO, YACIBbHLIC COHNPOTUBJICHUA W JIMHBI
MPOBOJHUKOB CXEMBI.
IMocienoBaTeabHOCTH (AITOPUTM) pacyera:

AJITOPUTM ONPEAEIICHUS KalUTAIbHBIX BIIOKEHUM.
I/ICXO,Z[}I U3 THUIIA DJIEMEHTAa M €ro CTOMMOCTH KaK BHOCHUMOM MOJIB30BaTEIEM BPpYYHYIO, TaK H
BEIOMpaeMold U3 crpaBouHbIX JaHHbIX CAIIP BeuncisieTcs Kak CTOMMOCTh  OTIEIBHBIX
9JICMCHTOB, TaK U CTOUMOCTDH CPCAHCTOAOBBIX 5KBUBAJICHTHBIX PACXOO0B.
CyMMapHBbI€ KalTUTAIbHBIE BIOKEHHUS OMPEACIISIOTCS CIIeyIoniel (opMyoi:

2 K=) (Z,)

I'ne Zn —ueHa Toro MM MHOTO JIEMEHTA CETU

N —KonuuecTBo win AMHHA.

AJTOpUTM pacydera noTepb 3JIEKTPOIHEPTUH.

AJTOpUTM pacyeTa MOTEeph DJIEKTPOIHEPTrUu pa3paboTaH B COOTBETCTBUU C  PaCUETHBIMU
METOAUKAMHU U3JI0KECHHBIMU B /26/.
Anroput™m aenuTcs Ha JBe BeTBU. llepBas BeTBb MpenHa3HaueHa JUIsl pacyeTa MOTeph IS
paaMaNbHBIX CXEM DJIEKTPOCHAOKEHHsSI ¢ HArPy3KOH COCPEIOTOYCHHON B KOHIIC JTMHUH, a BTOpas
JUJISL CXEM B KOTOPBIX Harpy3ka paBHOMepHO pacrpenenena mo [IPA.
[Tonb3oBarens, UCXOS U3 TAOMUYHBIX JaHHBIX, U3 MOJYJIS BBIOOpA MPOBOJOB U TIO CIIPABOYHBIM
JAaHHBIM BBIOUPAET 3JIEMEHTHI CXEMbI CETH, UX THUI, KOJUYECTBO U JITHHY.
[ToTepu 31€KTpO3HEPTUU B MPOBOJHUKAX OMPEICISAIOTCS MO PaCUETHOMY TOKY ISl OJHOTO WIIU
HECKOJIbKUX PacCMaTPUBAEMbIX BapUAHTOB 3JIEKTPOCHAOKEHUS 1IeXa.

1) JIns panuaibHBIX CXEeM MOTEPH OIMPEILIIIeM 1Mo popmyIie:

AW =300 2 [T, [L[T, /1¢° 98)

Ine Iy, —yaenbHOE aKTUBHOE CONPOTHBICHHE IPOBOJHUKA, MOM/M;
L — ymHA MpoBOAHUKA, M;
T, —KonmMuecTBO 9acoB B roxy, 8760u4.
2) 11 cxeM rie Harpys3ka paBHOMEPHO pacrpejesieHa Baoib [IPA:

AW =300 2 [T, [L,,, [T, /10° (99)

Ine Iy, —yaenbHOE aKTUBHOE CONPOTHBICHHE IPOBOJHUKA, MOM/M;
LoKkB — yTMHA IPOBOIHUKA, M;
T, —xonuyecTBO 9acoB B roay, 8760u4.

L =L, +0,440L, ,+ 0,211, (100)

I'me  Lm —/lnuHa Maructpaiu, M;
L2-3 —Inuna nByx¢a3HbIX U Tpex(a3HbIX OTBETBICHUH, M;
L1 - JInmnna omHO(a3HBIX OTBETBICHUH, M,

ANTOPUTM OTIpE/IeICHHUS IKCILTyaTAIIHOHHBIX U3IEPKEK
" CPCAHCTOA0BBIX 9KBUBAJICHTHBIX PACXOO0B.
PacueTHBIN aaropuT™ MOCTPOEH Ha OCHOBE METOUYeCKOi nHpopMmarwu u3 /27/.
Pacuetsl Beziem 1o cieayromum Gopmynam:
1) CymmapHbie KalUTaJIOBIOKEHHS — CyMMa BCeX 3aTpar Ha 000pyIoBaHue
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K=2Z (101)
I'me Z —3arpaTsl Ha 000pyI0BaHKE
2) M3aepskku OnpeAeNsitoTesl CyMMOW U3/IEPIKeK:

H=H, +H, +HU,, (103)

I'me Wy, —U3AEPXKKU HA TEKYNIME DKCILUTYaTallMOHHBIE PACXO/IbI;
N,y —U31€pKKH HA aMOPTHU3ALHIO;
Haw — CTOMMOCTB MOTEPH 3JIEKTPOIHEPTUH.
3) U3 epkku Ha TEKYIIUE SKCILTyaTallHOHHBIE PACX OBl

a,, =a,, K (104)

map

I'ne Or,p - HOpMA OTYHCIICHHH HAa 0OCITYKMBAaHUE U PEMOHTHI IEXOBOI ceTH
4) V3nep:kku HAa aMOPTH3AIHIO!

u,_=KIT (105)

Cl

I'me  Tey —cpok cimyxOb1 000pyIOBaHMS.

4) CTOUMOCTB MOTEPh AICKTPOIHEPTUH:

Uy, =C,[AW (106)
I'me C,= ynenbHasi CTOUMOCTb OTEPH AIEKTPOIHEPTUHI

5) DKBHBaJICHTHBIEC CPETHETOIOBBIC PACXOIBI:

3=FE[K+U (107)
rne  E —HOpMaTuB AMCKOHTHPOBaHUS (IOPOrOBOE 3HAYEHNE PEHTAOETBHOCTH, BEIOPAHHBIH IS
VHBECTUIIMOHHOTO POEKTA, TOJDKEH YUUTHIBATh U MPOLIEHT HHQIISALINN).

JIABOPATOPHASI PABOTA Ne9”

Tema: UccnenoBanue paboTsl aBTOMAaTUYECKOTO BBIKIIIOYATENS CEPUU.
Henn: M3yyeHne KOHCTPYKUMH M NMPUHLHMINA JEWCTBHS aBTOMAaTUYECKOI'O BBIKJIIOYATENS CEPUU
A3700.

1.Hasznauenue asmomamuueckux gviknrouamenei muna A3700

U npeovasisemvle K HUM mpeOo8aHusl.

ABTOMAaTHYECKUH BO3AYIIHBINA BhIKIIOUaTeb (aBromar) Tuma A3700 Ciry:KuT A IpOBEICHUS
TOKa B HOPMaJbHOM pEXHUME U aBTOMAaTHYECKOI'O OTKJIIOUEHHUS DJIEKTPUUECKON Lenu Ipu
neperpyskax, K3, upe3sMepHOM MOHMKCHUHM HAMPSOHKCHUS MUTAHUS, Ui HedacThiXx (10 6 B yac)
OTNEPATUBHBIX BKJIIOYEHUH M OTKIIOUEHHUH 3JeKTpUYecKux Lemneil Ha Hanpsbkenue 1o 440 B
noctostHHOTO ToKa 1 10 660u 1140B nepemennoro Toka yactotsl 50u 6011,
K aBTOMaTam npenbsaBIsIOTCA CIEAYIONINE TPeOOBaHUS:
1. TokoBenymas Lenb aBToMaTa JOJKHA MPOIMYCKAaTh HOMHUHAJIBHBIM TOK B TEYEHHE CKOJIb
YLOJHO JJIUTENIBHOTO BpeMeHU. PeXnUM NpOoAO0IKUTENBHOIO BKIIOUEHHUS Ul aBTOMATa SIBISETCS
HOpMaJbHBIM. TOKOBEAyIIasi CUCTEMa aBTOMaTa MOKET IOABEPraThCsl BO3JEUCTBUIO OOJBIINX
ToKOB K3 Kak IpH 3aMKHYTBIX KOHTaKTaX, TaKk U IPU BKJIIOUYEHUH Ha cylecTBytoniee K3.
2. ABromar nomkeH oOecreynMBaTh MHOTOKpAaTHBIE OTKIIIOUEHUS MpeneiabHbIXx TokoB K3,
KOTOpbIE MOTYT JOCTHTaTh coTeH KA. Ilocie OTKIIOUEHHUsS 3TUX TOKOB aBTOMAT JIOJIKEH OBITh
MPUTOJEH JJIs JUTUTENBHOIO MPOMYCKaHUsI HOMUHAJIBHOTO TOKA.
3. Jnst obecnieueHHs! 3MEKTPOAMHAMUYECKOM M TEPMHUYECKOW CTOMKOCTH 3HEPrOyCTaHOBOK,
YMEHBIIEHUS pa3pylICHU U APYrUX MOCIEICTBUM, BbI3bIBAEMbIX TOKaMu K3, aBTOMATHI TOKHBI
UMeTh Majoe Bpems oTkmoueHHs. C  [enpl0  yMEHBIIEHUsT TrabapUTHBIX  pa3MepoB
pacnpeeuTeNbHOr0 YCTPONUCTBA M TOBBIIMICHHUS O€30IMacHOCTH OOCITYXUBaHUS HEOOXOIUMO
MUHUMaJIbHAsI 30HA BBIXJIONA HATPETHIX U HOHU3UPOBAHHBIX I'a30B B IIPOLIECCE TALIECHUS YT H.

“Meromuueckue ykasamus o 1aGopatopusiM pabotam Ne9-12 noarorosnenst [aunskosoit JI.H.
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4,  DieMeHTHI 3allUThl aBTOMAaTa JOJDKHEI 00€CIIeUNBATh CEJIEKTHBHOCTL M HEOOXOIMMEIE TOKH
U BpeMeHa cpabaTbIBaHMs.

B 3aBucHMOCTH OT BH/Ia BO3ICUCTBYIOIICH BETMYMHBI aBTOMATHI ICTIATCS HA MAaKCUMAaJIbHbBIC
ABTOMAThl TI0 TOKY, MHHUMAJIbHBIE aBTOMAThl 1O TOKY, MHHHMAIbHBIE AaBTOMAThl II0
HaIpsOKEHUI0, aBTOMAaThl OOpAaTHOTO TOKA, MAaKCHMaJbHBIE aBTOMATHI, pabOTAIONIUE I10
NPOM3BOJHONW TOKA, TMOJSPU30BAHHBIC MAaKCHMaJbHbIE aBTOMAThl (OTKIIOYAIOT IICMb TMPH
HapaCTaHWW TOKAa B OJHOM — MPSMOM HANpPaBJICHHM) W HEMOJAPH30BaHHBIC, pearupyroline Ha
BO3pacTaHHWe TOKA B JIIOOOM HampaBjieHUU. J[JI1 TOCTPOEHHUS CEEKTHBHO JIEHCTBYIOMICH 3aIlUThI
ABTOMATHI JIOJDKHBI IMETh PErYIHPOBKY TOKA M BpeMEHHU cpabaThiBaHMs. B HEKOTOPBIX Cllydasx
TpeOyeTcss KOMOWHHpPOBAaHHAs 3allldTa — MaKCUMaJbHas 10 TOKY M MHHUMAaJbHAas 1O
HATPSDKEHUIO.

ABTOMAaTHYECKHE BBIKJIIIOYATENIM CHAOKAIOT CIEIHATBHBIM YCTPOMCTBOM PEJICMHON 3allUThI,
KOTOPOE€ B 3aBHUCHUMOCTHM OT THUIA BBIKIIOYATENS BBINIONHSIOT B BHJE TOKOBOW OTCEYKH,
MaKCHUMaJILHOM TOKOBOM 3aIllUTEI WM JBYXCTYNE€HYaTOM TOKOBOM 3amuThl. [ 3Toro
UCTIONIB3YIOT DJIEKTPOMArHUTHBIC U TEIIOBBIC pelie. DTH pelie Ha3bIBAIOT PACICTUTEIISIMH.
Homunanvnovim moxom aBTOMaTHUYECKOTO BBIKItOYATENS 40, , HA3BIBAIOT HAMOOJBIIHNN TOK, TIPH
MPOTEKAHUU KOTOPOTO BBIKITIOYATENh MOKET AITUTEILHO padoTaTh 6€3 MOBPEKICHUH.
HomuHanpHBIM HampsDKEHHEM aBTOMATHYECKOTO BBIKIIOYaTenst U,,,, HA3bIBAIOT yKa3aHHOE B
MacropTe HaNpsDKEHUE, PABHOE HAIPSHKCHHIO AJIEKTPUYECKOW CeTH, s paboThl KOTOPOW 3TOT
BBIKJTIOYATEIIh TIPETHA3HAYCH.
Homunanvhvim mokom pacuenutTens |,y pqc Ha3bIBAIOT YKa3aHHBIM B AcHOPTE TOK, AJIMTEIBHOE
MIPOTEKaHNWE KOTOPOTO HE BBI3BIBACT CpabaThIBAHUE PACIICTIUTEIIS.
Toxom ycmasku pacueNUTEeNs] HA3BIBAIOT HAWMEHBIINH TOK TMPH MPOTEKAHUH KOTOPOTO
pacuenurenb cpabaThiBaeT.
2. Knaccughuxayus

Breikimrouarenu paznuyaroTcs: MO poAy TOKAa, YHCAY IIOJIOCOB, HOMHHAJIBHOTO

HANPSDKEHUIO TJIABHOM 1IeTIH, yCTaBKaM 0 TOKY 3JIGKTPOMArHUTHOTO PACIICTIUTEIIS.
3. Koncmpyxkyus u npunyun oeticmeus
OcHOBHBIE Y37BI aBTOMATAa: TOKOBEIYINAsl IIeMb, AYrOracUTENbHAs CHCTEMa, MEePeBOJl aBTOMATa,
MEXaHH3M aBTOMaTa MEXaHH3M CBOOOJIHOTO PACIEIUICHUS U DJIEMEHTHI 3alIUThI — PaCICITUTENH.
ABTomaruveckuil Beikitodarenb cepun A3700 Cnaiin):
a —o0mmii Bu; 6 — IpUHIMNHAIBHAS cXxeMa; 1 — pa3pbIBHON KOHTAKT,

2,7,13 — npyxwunsl, 3,4 — rJaBHbIE KOHTaKThl, 5 — Hecymas JneTanb, 8,9 — Karymku
MaKCUMaJIbHOTO M MUHUMaJibHOTO pacuenureneit, 10 - amexrtpomarnut, 11 —pykosrka, 12 —
phIyary.

ABTOMAT HaXOJUTCS B COCTOSIHUU OTKJIIOYEHMS], TAK KaK IJIaBHbIE KOHTAKThl 3 U 4 pa30MKHYTHI U
TOK KOMMYTAIIMH TMPOXOIUT uepe3 MapajIelIbHYI0 IIeTb Pa3phIBHBIX KOHTAaKTOB 1. bmaromaps
TaKON KOHCTPYKIIMH JIyra B TJIaBHBIX KOHTaKTaxX He o0pa3yercs, U OHU HE MOATOparoT.

PaspriBHBIC (IyroracuTeIbHbIC) KOHTAKTHI 1 pa3MbIKAIOTCS, KOT A TIaBHBIC KOHTAKThI PACXOATCS
Ha JIOCTaTOYHOE paccrosiHue. [[yra, oOpazoBaBiasicsi B pe3ysbTaTe KOMMYTAllUU TOKa, TACUTCS B
JIyroTacUTEeNIbHON Kamepe. JIJis TonmydeHUsT HaIe)KHOTO KOHTAKTa pPAa3phIBHBIE M TJIABHBIE
KOHTAKThl UMEIOT KOHTAKTHBIE IPYKHUHBI 2.

Jnsi BKITIOYCHHUST aBTOMAaTa HEOOXOIUMO HaXaTh Ha PYKOATKY 11 (ydHOU MPHUBOJI) WM
10JaTh HAMpsDKEHKUE Ha dieKTpoMarduT 10 (IMCTaHIIMOHHOE BKIIOYEHHE), KOTOPBIH phyaramMu 12
MIOBOPAYMBAIOT OCHOBHYIO HECYIIYIO JeTanb S B pabouee monoxenue. [Ipu 3ToM oTKII0Yaromas
npyxkuHa 13 pacTsaruBaercs, U BcS CHCTEMa BCTAeT Ha 3aIlelKy 6.

ABTOoMar obecreurBaeT 3alUTy ANeKTpoobopynoBanus or K3 M MHUHMMaiIbHOTO
HaIPSDKEHUS.

[Tpu npoxoxnaenuu Toka K3 karymka 8 MakcuMallbHOTO pacIeTUTENs BO3CHCTBYET Ha KaTYILIKY
C MOJABIKHBIM CEPICUHUKOM U BbIOMBaeT 3amienky 6. [log neficTBueM OTKIIIOYaromen mpyKUHbI
13 aBTOoMaT pa3pbIBaeT KOMMYTUPYEMYIO IIETIb.
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MuHUMaNIbHBIN paclenuTelb UMEET KaTylmKy 9, Ha KOTOPYIO MMOJAeTCsl HaMPsHKEHHUE CETH,
U TIPY)KUHY.
[Ipy HOMHHAIBLHOM HANPSHKEHUHM CETH MX YCHJIMS YPaBHOBEUIMBAETCS, U LITOK COJEHOWJA He
BO3/ICHCTBYET Ha OTKIIOYCHHE aBTOMATA.
[Tpu cHMKEHUM HANpPSKEHUs CETU CUJla, pa3pblBaeMasi OJIBUKHBIM CEPICYHUKOM, HETOCTaTOYHO,
U €T0 IITOK MO/ IeHCTBUEM PYKUHBI BBIOUBAET 3alIeNKy 6.
B aBToMare mnpemycMoTpeHa BO3MOXKHOCTh JTUCTAHIIMOHHOTO OTKIJIIOUEHUS OOOpYIOBaHHS C
MTOMOIIBI0 KHOTIKH SQ.
ABTOMATBl MOTYT COJEPKATh JJICKTPOMATHUTHBIM WM TEIUIOBOW pAacIeNUTeIh, a TaKKe
KOMOMHHMPOBAHHBIN PACLENIUTENb C TEIUIOBBIM U JIEKTPOMArHUTHBIM 3JIEMEHTaMHU.

4. Texnuueckue OaHHble ABMOMAMUYECKO20 BbIKIIOUAMENS.

Tunsl ¥ OCHOBHBIE TapaMeTpbl mpuBeneHbl B Tabn. 1. HomuHanmbHble ycTaBKH TOKa
AIIEKTPOMATHUTHBIX PACLEMUTENEH B CIIOKOWHOM COCTOSIHMM BBIKIIIOUATEIS MPU IPOTEKAHUU TOKA
[0 €ro TMOoJIcaM COOTBETCTBYIOT Tabi.l. YcTaBku TOkKa B YCIOBHSX OJKCIUTyaTallMd He
perynupyrotcs. [IpeaensHas KOMMyTallMOHHAS CIOCOOHOCTH BBIKJIFOUATENEH MEPEMEHHOTO TOKa B
ke O-BO-BO u O npu xoaddummente mommuoctr 0,251 BBIKIIOYATEIM TOCTOSHHOTO TOKA
IpU MOCTOSIHHON BpeMeHH 1ienu (8-12) Mc cooTBeTcTBYyeT ykazaHHOW B TaOu.l. Beikimowarenn
cpabartbeiBaroT nipu Tokax K3 6e3 mpeaBapuTebHO BBOJUMOM BhIIEPKKH BpeMeHH. [lomHOE Bpems
cpabarpiBanus He mnpesbimaer 0,04 ¢ mnpu  kparHoctu Toka K3 K TOKy ycTaBKM
3JIEKTpOMArHuTHOrO pacuenurens 1,25, Breikimtouarenu AomyckaroT paboTy mpu  Jr000M
HanpspkeHuu 10 1,1 HOMUHAJIBHOTO, YKa3aHHOTO B Tab6m. 1.

[TapameTpsl Astomar cepuu A3700

HomunansHoe HanpsbkeHue, B 660
1140

Yacrora, I'rt 50, 60

Pon Toka MepEMEHHBIN

HomuHanbHBIH TOK, A 630

VYcraBka 10 TOKY cpaOaTblBaHHS — DJIEKTPOMAarHUTH 2500 +370;

pacuenuTens, A 4000_+600

[MpenensHass KOMMyTallMOHHAs CIIOCOOHOCTH KA (ym), T

pabouem HampsHKEHUH

= 1140B

~  660B 25

- 440B 42

H3H0COCTONMKOCTD, IIUKIJIOB BO: 30

oOrmmas,

B TOM YHCJICe KOMMYTAIIMOHHAS TIPU padOvYeM HaNPsKCHUN 16000

= 1140B
=~ 660B

- 440 6000

[ToTpebnsiemas MomHOCTH, BT, HE Oonee 10000

Y CTONYMBOCTH IPU CKBO3HBIX TOKaX, KA 10000

B IICTTH TIEPEMEHHOT0 TOKa (aMILUTUTYIHOE 3HAUYCHHUE) 200

B IENM TOCTOSHHOrO Toka (HamOosbliee 3Haucl 40

0)KHIaEMOT0 TOKA)

Tepmuueckast CTOMKOCTb A’c 35

Macca, KT 130x 10°

BBIKJTFOUATEIIS

HE3aBUCHMOT'O PaCIICTIATEIS 18,3

I[EJICBOTO PACIICTIUTENS HATIPSKCHIS 8'443

45
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5. Bpems mokogvle Xxapakmepucmuxu

3orna eapanmupobaroeo cpadameibanus
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Puc.1. Bpems — TokoBasi XxapaKTepHCTHKA TTOIYIIPOBOTHIUKOBBIX PACIEIUTENCH IEPEMEHHOTO TOKa
B 30HE TOKOB IIEPErpy3Ku
a — ycTaBKa 1o BpeMeHH cpabaThiBaHus 4 ¢; 0 —ycTaBKa 110 BpEMEHH cpalaThIBaHUA 8 C; yCTaBKa
1o BpeMeHu cpabartsiBanus 16c.
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3orna zapanmupobanrozo Jowa eapanmupobannozo
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Puc. 2. Bpemst — TokoBast XapaKT€pUCTHKA ITOJIYIIPOBOAHUKOBBIX pacIenuTeNeil IepeMEHHOTO

TOKa B 30HE TOKOB MEPETPY3KHU: a — yCTaBKa M0 BpEeMEHH cpabaThiBaHusA 4 c; 6 — ycTaBKa 1o
BpeMeHU cpabaThiBaHus 8 ¢; B — yCTaBKa 110 BpeMeHH cpaldaTbiBaHus 16c¢.
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Puc. 3. Bpems — TokoBasi XapaKTepuCTHKa C YCTaBKOW 1O BpEMEHHU cpadaThIBaHUS B 30HE TOKOB
neperpysku 8 c: a —aa 380B nepemennoro Toka; 6 —ua 400B nocrosinHOrO TOKA; |, —
HOMHUHAJIbHBIN TOK BhIKTIOUaTess; | — ok K3 (s mepeMeHHOro ToKa — IeHCTBYIOMICE

3HaueHue);  — mojgHoe BpeMs OTKIIOYEHUS; | —30Ha TOKOB neperpy3k; Il — 30Ha TokoB K3; A —

30HA CENEKTUBHOCTH; b —30Ha Toka orpannuenust 1 —ycraBka 0,25¢, 2 —ycraBka 0,1c, 3 —
ycraBka 0,4c.
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6. [lopsiook nposedenus 1abopamopHol pabomai.
- OCMOTpETh aBTOMaTu4ecKoro Beikitouatess (AB) cepun A3700;
- W3YYUTH MPUHIHAITHAIGHYIO CXEMY aBTOMATa,
- U3Y4YUTh KOHCTPYKUHUIO AB U ero TexHu4eckue JaHHbIC,
- 03HAKOMUTHCS C BPEMsI - TOKOBBIMH XapakTepucTiukamu AB;
- pa3o0parh MEKTPUUECKHE CXEMBI JJOMOTHUTEIBHBIX COOPOYHBIX eauHUI] AB.

7. IInan cocmasnenus omuema.
- TUTYJIbHBIN JIUCT;
- 1eb PaboTHI,
- onucanue AB, mpuHIMITHATBHAS dIIEKTPHUECKas CXeMa, Ha3HaYCHHE;
- BpEMS - TOKOBBIE XapaKTEPUCTHKH AB, JIeKTprudecKue CXeMbl IOTIOTHUTENbHBIX
cOOpOYHBIX equHHUIL (0 YKa3aHHIO MPEoJaBaTelis);

8. Pexomenodyemas numepamypa
1. lanpirua A.@., Unesamenko JILA. YCTpoiicTBO 1 00CTyKUBaHHUE YJIEKTPOOOOPYI0BaAHUS
POMBIIIICHHBIX TpeAnpusaTHii. - M.: Beicur. mk.. 1986.
2. UyHnuxun A.A. DnekTpudeckue anmaparbl: O0mmii Kypce. Y4eOHHK Tl By30B.— 3€ H3].,
nepepabd.u gomn. —M.: Dueproatomusaar, 1988.
3. Kopnaunog FO.B., Kprokos B.1. OGcnyxuBaHue M peMOHT AJIEKTPOOOOPYI0BAHMS
NPOMBIIIICHHBIX TpeAnpusaTuii. M.: Bercnr. mk.. 1986.

JIABOPATOPHAS PABOTA Ne10

Tema: VccrnenoBanue paboThl pe1oXpaHuTeNei.
ean: u3yyeHne KOHCTPYKIMH U MPUHIUIIA IEUCTBUS MPEIOXPAHUTEIICH.
1. Hasnauenue aemomamuueckux npedoxpanumereu
U npedvassemvle K HUM mpebosanus.
[IpenoxpanuTenu — 3TO ANEKTPUUYESCKUE aMIapaThl, MPEIHAZHAYCHBI TS 3aIIUTHI SJIEKTPHUSCKUX
LIETIel OT TOKOBBIX Meperpy30k U TOkoB K3. OCHOBHBIMH 3JIEMEHTAMH TPEAOXPAHUTEIS SBIISIIOTCS
TUTaBKask BCTaBKAa BKJIFOYAaeMas IMOCIEOBATEIbHO C 3alUIIAEMON IEMbi0, W TyroracUTEeIbHOE
YCTPOMCTBO.
K npenoxpanuTensiM NpeabsBIsSIOTCS CISYIONe TpeOOBaHUS:

1. BpemsaToKoBasi XapakTEpUCTUKA MPEJOXPAHUTENS TOJKHA MPOXOIUTh HMXKE, HO BO3MOXHO
OJIMKE K BPEMSITOKOBOM XapaKTEPUCTUKE 3aIUIIIAeMOT0 OOHEKTA.

2. Bpems cpabatbiBanus mnpepoxpanutens npu K3 10mKHO ObITh MUHUMAIbHO BO3MOXKHBIM,
O0COOCHHO TIpU 3alIUTE MOTYMPOBOJHUKOBBIX MpuOOpoB. [Ipemoxpanutenu HOKHBI paboTaTh C
TOKOOTPaHUYECHHUEM.

3. [Ipu K3 3amumiaemoii mienu npeaoxXpaHuTeNn JOKHBI 00eCTIeYnBaTh CENIEKTHBHOCTD 3aITUTHI.

4. XapakTepUCTUKH MPEIOXPAHUTENS JAOKHBI ObITh CTAOMIBHBIMM, @ TEXHOJOTHYECKHIMA

pa3z0bpoc ux mapaMeTpoB HE JOJHKECH HApyIIaTh HAEKHOCTh 3aIUTHI.

5. B cBsi3u ¢ Bo3pociieil MOIIHOCTbIO YCTAaHOBOK IMPEIOXPAHUTENU JOJHKHBI UMETh BBICOKYIO
OTKJTFOYAIOIIYIO CTIOCOOHOCT.

6. KoHcTpykius mpemoxpaHuTeNsl TOJDKHA OO0ecredrBaTh BO3MOKHOCTh OBICTPOM W yHOOHOM
3aMEHBI TJIABKOW BCTABKH MPU €€ MePEropaHuu.

2. Xapaxmepucmuxu npedoxparumeneii.

OCHOBHOM XapaKTEPUCTHKOW TMPEIOXPAHUTENS SBISETCS BPEMATOKOBAsS XapaKTEPUCTHKA,
IpesICTaBIsIoNIasi cOO0N 3aBUCMMOCTh BPEMEHH TUIaBJICHUS! BCTAaBKH OT MPOTEKaroIero Toka. J{is
COBEPIIICHHOW 3aIlMTHl JKENIAaTeIhbHO, YTOOBI BPEMSATOKOBAS XapaKTEPUCTUKA MPEIOXPAHUTEIS
(kpuBast 1 Ha puc.l) Bo Bcex TOUKAx ILIa HEMHOT'O HUXKE XapaKTEPUCTUKHU 3aIUIIACMOM 1STTH HITH
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ob6bekTa (kpuBas 2 Ha puc.l). OmHaKko peanbHas XapaKTEPUCTHKA MpeaoxXpanuTens (kpuBas 3 Ha
puc.l) nepecekaer kpuByto 2. Eciin xapakTeprcTUKa IpeoXpaHUTENsl COOTBETCTBYET KpHUBOH 1,
TO OH OyJeT meperoparb W3-3a CTAPSHHS WM NpU Mycke aBurarens. llemb Oyner oTKIroYaThes
IpU OTCYTCTBUU HEIOMYCTUMBIX Tepe3arpy3ok. [103ToMy TOK TUTaBleHUsS BCTAaBKH BBHIOMPAETCS
OoJibllle HOMHUHAJIBHOTO TOKa Harpy3ku. Ilpm 3ToM kpuBas 2 u 3 mepecekarorcs. B obmactu
OobIuX nepe3arpy3ok (oomacth b) mpenoxpaHuTesnb 3aluIaeT 0ObEKT.

B o6mactu A npegoxpaHuTenh OOBEKT HE 3aIUIIACT.

[Tpu HebombImx nepesarpy3ok (1,5+2),,, HarpeB mperoXpaHHUTENs MPOTEKAECT MEJICHHO.
Bonpmias wacte Teruia oTmaercs OKpyxkaromieil cpene. COXHBIE YCIOBUS TEIJIOOTAAYU
3aTPYIHSIOT pacyeT TIAaBKOH BCTAaBKH.

Tok, mpu KOTOpOM IIIaBKas BCTaBKa Cropaer MpH JOCTIKEHUH €I YCTAHOBUBIIEHCS
TEMIEPaTypPbl, HA3bIBACTCS NO2PAHUYHBIM MOKOM lyorp -

it a

IHOM Inorp .
i
Puc. 1. CornacoBanue XxapakTEpUCTHK MPEIOXPAHUTEINS U 3AIIUIIIAEMOr0 00BEKTa

Jlast Toro 4TOOBl MPEJOXPAaHUTENL HE CpabaThiBall IPU HOMHUHAIBHOM TOKE HEOOXOIUMO |jorp™
l,0,,.C Ipyroii CTOpPOHBI AJS JIydIlEH 3aIlUThl 3HAYEHUE |yorp TOHKHO OBITH BO3MOXKHO OJIMKE K
HOMHHAJILHOMY.

IIpn Tokax, OMM3KMX K lyorp , TEMIEpaTypa IUIaBKOW BCTaBKU [OJDKHA IPHONMXKATBCA K
TEMIEPaType TUIABICHUS.

B ¢Bs13u ¢ TeM, 4TO BpeMs IJIABJICHUS BCTABKU IIPH IMOTPAHUYHOM TOKe Beauko (bomee 19) m
TEeMIepaTypa TUIaBIICHUSI €€ MaTepuaia COCTaBIIIET MHOTO COTEH TrpaaycoB Llenbcusi, Bce geramu
MPEIOXPAHUTENS CTAPEHUS TUIABKOW BCTABKH.

JIiss CHIDKEHUsST TEMIIepaTyphl IUIABJICHUS BCTAaBKU TPU €€ M3TOTOBICHUU MPUMEHSIOTCS
JIETKOIIABKME METAJIBI M CIUIABEI.

Ta6mmma 1. MaTtepuaibl miiaBKuX BCTABOK U UX CBOMCTBA

Merann Y nenbHOE TeMHepaTypa' OC A/, A//,

BCTaBKHU COTIPOTHUBIICHHUE 0, , g g Alchm® | A%chav® | 4+ 4"
MKOM [ M o !

Menn 0,0153 250 1083 80000 11600 91600

Cepebpo 0,01147 - 961 62000 8000 70000

Huuk 0,06 200 419 9000 3000 12000

CauHnerr 0,21 150 327 1200 400 1600

IIpumeuanue. 6 non — AOIIYCTUMAs TEMIIEpaTypa IUIABKOM BCTABKU IIPU JUIMTEIILHOM IIPOTEKAHUU

TOKA, 6 m — TEeMIeparypa IUIaBIICHUs] BCTaBKH; Au A - KOA(DPUITMEHTHI, ONPEAEIIIONINe
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Bpems 1iaBieHus npu K3. Bpems HarpeBa miaBKol BCTaBKM OT HayaJdbHOW TEMIIEpATyphl IO
. Iy 4l
MOJTHOTO €€ Pa3pyIICHHsI onpeaesieTcs cyMmmon ko duimeHToB A+ A" .

3.Buzsl npepoxpanurenei
1. IIpemoxpaHuTENH C rameHueM AyTH B 3aKpeIToM o0beMe (tuma [1P-2);
2. [IpenoxpaHutenu ¢ MEIKO3epHUCTBIM HanoiHuTeneM (tunos [TH-2, TTPC);
3. [IpenoxpaHuTenu ¢ )KUIKOMETAIUIMYECKUM KOHTaKTaM,;
4. BeICTPOJCHCTBYIONINE MPEAOXPAHUTEH ISl 3AIMUTHI TTOJTYIIPOBOJHUKOBBIX MPUOOPOB (THUIIOB
11-57, I1I1-59);
5. Biioku npegoxpaHuTeb-BeIKII0YaTes b (Trma bBI1B)
KoncrpykTuBHOe BbinonHenue mnpenoxpanuress [1P-2 u npuHmmn geicteus.

1 4 5

2

Puc.2. Ilpenoxpanurens Tuna [1P-2: 1 —mnaBkast BctaBka, 2 —KOHTAKTHBIE HOXKH, (PUOPOBBII
waaAp (3), matyHHas oboiima (4), naTyHHbIH Koamadok (5) repMeTHYHOro TPyOUaTOro maTpoHa.

IIpn OTKIIIOYEHMM CrOparOT CYXKEHHBIE IEpEUICMKH IUIABKOM BCTaBKM, IIOCIIE YEro
BO3HUKaeT ayra. [lon nelictBueM TemmepaTypsl Ayru (GuOpOBbIE CTEHKH MaTpOHa BBIACISAIOT Tas3,
JIaBJICHUE B ATPOHE YBEITUUNBACTCS, YTO CIIOCOOCTBYET OBICTPOMY TalllEHUIO TYTH.
[TpenoxpaHuTenu ¢ MeIKO3EpHUCTHIM HaIOJIHUTENIEM Oojiee coBeplleHHbl. Kopryc KBaapaTHOTO
CEUeHHs M3TOTABJIMBAETCS U3 MPOYHOro (hapdopa uiu creatura. BHyTpH KopIryca pacnojokKeHb
JICHTOYHBIC TUIABKUE BCTABKH M HAMIOJHUTEIh — KBAPIIEBbIH mecok (¢ comepxkanuem SiO, He MeHee
98 %, ¢ 3epramu pasmepoM (0,2+0,4)10° u BraxrocThi0 He Bhime 3%). [lmaBkas BcTaBka
BBITIOJIHSIETCS. W3 MeAaHo JeHThl TommuHou 0,1-0,2 mm. JInsi monydeHus: TOKOOTpaHWYEHUS
BCTaBKa MMeeT cykeHHble ceueHus. [Ipu K3 mumaBkas BcTaBka cropaetr u Jyra TOPHUT B KaHale,
00pa30BaHHOM 3€pHAaMU HAMOJHUTENS. [ paqueHT HanpsHKeHUs Ha AyTe OYeHb BBICOK U JIOCTUTaeT
(2-6)10° B/M. DTHM 06eCIICUHBACTCS TAILICHAE YTH.

[Ipenoxpanutenu ¢  KUIKOMETAUNIMYECKUM  KOHTakTaM. B TakoM  mpenoxpaHHUTese
DIIEKTPOM3OIIALIMOHHAs TpyOKa HMMeEeT KamwUisip, 3alOJHCHHBIM >KUIKAM MeTawioMm. [lpu
IPOTEKaHWU OOJIBIIOTO TOKAa JKUAKUN MeTall B HEM HcHapsercs, oOpasyercss mopoBas U
JIIEKTpUYECKDasi 1enb pasMmblkaeTcs. llocie ompeneneHHOro BpeMEHHM Mapbhl  MeTaiia
KOHJCHCUPYIOTCSI W KOHTAaKT BOCCTaHaBiMBaeTcs. llpenenbHBbI OTKIIOYaeMbId TOK TaKHUX
npenoxpanureneir  gocturaer 250 kA npu HampspkeHun 450 B mepemeHHOro - ToOKAa.
[Tpenoxpanutenu paboTalOT MHOTOKPATHO C OOJIBIIUM TOKOTPaHUYCHHUEM.

BricTponeiicTByromure  MperoXpaHUTENd  JUIS  3AIIUTHl  TOJXYHNPOBOJHHKOBBIX — MPUOOPOB
MPEACTABISIET cO00M Kopmyc W3 mpovHoro (apdopa, BHYTpH KOTOPOTO PACIIOIOKEHBI IIaBKHE
BCTaBKH U KBapIeBbIi mecok. [IpeaHa3sHadeHbl OHU TOJIBKO st 3amuThl oT K3. B coBpeMeHHBIX
npeoOpa3oBaTeNbHBIX ~ YCTAHOBKAX  KaXIbI  MOJIYMPOBOJHUKOBBIM  mpubOp  uUMeeT
npefoxXpaHuTeb. TOKKM MpoTekaroe yepe3 npenoxpanutens MoryTt gocturatb 100 —200kA.
[Ipu paspymieHnn npeaoXpaHuTeIsT MOKET TPOU30UTH aBapusi TPeoOpa30BaTEILHON YCTAHOBKH.
B cBa3u ¢ 3TUM  OBICTPOACWCTBYIOIIME MPEIOXPAHUTENH JODKHBI HMMETh  OOJIBIIYIO
MEXaHUYECKYIO POYHOCTh U 00J1aJaTh BBICOKOM HaJIEKHOCTBIO.

Jlis ymeHbIIeHHS TabapUTHBIX pPa3MEPOB PACIPEAYCTPOIMCTBA BBIMYCKAIOTCS OJOKH
MpeI0OXPaHUTENb — BHIKIIIOYATENh, 00eCIIeUnBaIONIME OTKIIFOUEHNE HOMUHAIBHBIX TOKOB U 3aIIUTY
Leneil OT TOKOBBIX neperpy3ok u K3.

Tabmuma 2. Texanueckue nanueie npenoxpanureneit tuna [TH-2 m HITH
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Tun HomuHannHOE HoMuHannHEI TOK, A HoMuHaNLHEIT TO
HanpspkeHue, | mpemoxpanuten IInaBxoii BcTaBKH OTKJIFOUYCHHUS,KA (I1
Hanpsokennu 3801
HITH-6Q 500 60 6,10,15,20, 10
ITH2-10( 380, 220 100 25,30,40,60 50
ITH2-25( 380, 220 250 30,40,50,60, 40
ITH2- 40 380, 220 400 80,100 25
ITH2- 60 380, 220 600 80,100,120, 25
150,200,250
200,250,300,400
300,400,500,600

BBICOKOBOIBTHBIE TIPEIOXPAHUTEITH
[Ipn wHanpsokenun Beime 3 KB w vactore 50 I'm NpuUMEHSIOTCS  BBICOKOBOJIBTHBIC
npenoxpanutenu. l[Ipomecc HarpeBa IUIaBKOW BCTAaBKM B HHUX MPOTEKACT TakKe KaKk U B
NPEIOXPAHUTEISIX HU3KOTO HATPSIKCHUS.

B  oTHomeHWM BpeMEHM IUIABJICHHWS K  BBICOKOBOJBTHBIM  MPEIOXPAHHUTEISIM
NPEIBSBISIOTCS CIEAYIOINE TPeOOBaHMS: JUIMTEIBHOCTh IUIABJICHHUS BCTABKU JIOJKHA OBITH
MeHee 2 9 PU TOKE Meperpy3Kku, paBHOM 2l,qy, 1 6osee 1 4 mpu Toke neperpy3ku, paBHOM 3lyoy-
BBICOKOBONIBTHBIE MPENOXPAHUTENM YacTO MPHUMEHSIOT Ui 3aIlIUTBl  TPaHC(HOPMATOPOB
HanpsbkeHus ot K3. Bpems mtaBnenus BctaBku paBHo 1 MuH npu Toke 1,25-2,5A.

5. Bpemsimokogvle xapakmepucmuku npedoxpanumeneti 8blCOKO20 HaANPANCEHUS
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Puc. 3. BpemsrokoBsie (3alIMTHBIC) XapaKTEPUCTUKHU TUIABKUX npenoxpanuteneit tuma [ICH
(IIBT): a) 3aBUCHMOCTb BPEMEHH IUIABICHUS ty,; O) 3aBUCHMOCTH BPEMEHH TOPEHHS trop OT
0’KHUJJaEMOI'0 TOKa.

6. [lopsiook nposedernus 1a6OpamopHol pabomai.
- OCMOTPETh MPEIOXPAHUTEIH, O3HAKOMHUTCS C MX BUJAMH,
- U3YYUTH KIACCH(PHUKAIHIO MTPEIOXPAHUTENICH U KOHCTPYKTUBHBIE 0COOCHHOCTH;
- W3YYUTh TEXHUUYECKUE JAHHBIE MPEJOXPAHUTEIICH;
- O3HAKOMUTBCS C BPEMSI - TOKOBBIMH XapaKTEPUCTHKAMU NPEAOXPAHUTEIICH;

7. Pexomenoyemas numepamypa
1Taneirun A.®., Unesmenko JILA. YcTpoHCTBO M 00CITyXMBAaHHE 3JIEKTPOOOOPYIOBAHUSA
MPOMBINIUICHHBIX peaAnpusaTuid. - M.: Beicmr. mk.. 1986.
2Yynuxun A.A. Dnekrpuueckue ammaparbl: OOmmii xypc. Y4eOHUK Juis BY30B.— 3<€ H3I.,
nepepad.u gom. —M.: Dueproaromusnar, 1988.
3. [TnaBkue npenoxpanurenu / K.K.Hamurokos, P.C.Xmenbuuikuii, K.H. Anukeena.- M.:
Dueproaromusaar,1976.

JJABOPATOPHA PABOTA Nell

Tema: MccienoBanue paboThl KOMIUIEKTHOHM TpaHchopmaToproii noacranuuu (KTII-2x250kBA

10/0,4xB).

Hean: 3HaKkOMCTBO ¢ KOHCTpYKIHed u npuHimnoM aeiicreust KTII- 2x250kBA 10/0,4
Beeoenue.

Hacrosimee “TexHuuyeckoe ONMUCAaHWUE M HMHCTPYKLIUS MO SKciuryaranuu” (B JanbHeimem

nmenyemoe TO) pacnpocTpaHsieTcsi Ha MOJCTAHIUH TPAHC(HOPMATOPHBIE TYITUKOBBIC BHYTPEHHEH

ycraHoBkH MolTHOCTEI0 250kBA Hanpsbkennem 10 kB ¢ BbIKITIOUaTeIeM HArpy3Ku EPEMEHHOTO

toka cepuu BH — 10,aBTromaTnyeckumu Beikmrodatensmu cepun A3710,A3720,A3790.
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TO npenHazHayeHO MJisi O3HAKOMIIGHHS OOCTYXKMBAIOLIEr0 IEpCOHAIa € TEXHUYECKUMU
XapaKTePUCTUKAMHU, YCTPOHUCTBOM, MPHUHIIMIIOM Pa0OTHI, MPaBUIAMH MOHTaXXa U IKCILUTyaTaI[uu
MOJICTAHINH.
[Tpu monTaxke u »kcruryatanuu KTII crienyer MOMOTHUTENEHO PYKOBOACTBOBATHCS TEXHUYECKUM
OMMCAHWEM U MHCTPYKIIMEH M0 3KCIUTyaTalluy Ha!
cuioBoii Tpanchopmarop tuna TM3 — 250/10
BBIKIIIOUaTens Harpy3ku BH — 10
BBIKJIIOUaTenu aBromatudeckue cepuu A3710
BBIKJTIOYaTenu aBToMatudeckue cepun A3720
BBIKJIIOUaTenu aBromatudeckue cepuu A3790
JIPYTYIO0 KOMIUIEKTAINIO almapaTypbl U U3MEPHUTEIbHBIC TPHUOOPEI.

1. Ocnoéubie mexnuueckue Oanubie U XapaxKmepucmuKiy.
HomunanbHas MOIHOCTH, KBA 250
Yacrora, ['n 50
Pon Toka [IEPEMEHHBIN

TpEXazHbIi

oahwnNE

HomuHanbHOE HanpsHKEHUE HA CTOPOHE

BhICIIero Hanpspkenus (cropore BH), kB 10
HomuHanbHOE HanpsHKEHUE HA CTOPOHE

Husiiero Hanpsukenus (cropone HH), kB 0,4
I'aGaputhsie pazmepsl KTII ¢ Bo3aymHbmM

BBOJOM, MM 4700431720
I'abaputhsie pazmepsl KTII ¢ kaGenbHbIM

BBOJOM, MM 2638431720
CreneHb 3alIUTHI P23
VYcranoBneHnHas 0e30Tka3Has HapaboOTKa, 4 26000
ConeprkaHue JparolicHHbIX MaTepPHajIoB

B BBIKJTIOYATEISIX, MIEPEKITIOYATEISIX,

nyckarelnsx, (hoTo-perne, TaTunKax-pere

TEMIIepPaTyphl, 3alIUTHBIX MPUCTABKAX,

BOJIETMETpAXx, T cepebpo, m=178,35

2. Haznauenue

IToncranuus TpaHcopMmaTopHas KOMIUIEKTHas TYNHMKOBas B JaJbHEHIIEM HMEHyeMas
KTII, momuocteio 250 kBA BHyTpeHHeH YCTaHOBKHM CIYXHUT Uil Ipuéma, rnpeodpa3zoBaHus U
pacrnpeneneHus IeKTPUIECKON SHEPrHH.

KTII nmpenna3zHaueHa AJsi 3JIEKTPOCHAOKEHHS CEIbCKOXO3SMCTBEHHBIX MOTpEeOUTENeH U
HEOOJIBIIMX MPOMBIIIIEHHBIX OOBEKTOB B CXEMaxX »3JEKTPOCHAOKEHHsS paJualbHOIO THUINA C
nutanueM co ctoponsl 10 kB. KTII BeimosnHeHa B KJIMMAaTHYECKOM UCHOJIHEHUH Y Kateropuu 1,
creneHb 3ammThl moactaHiuu JP23. Hopmanbaas pabGorta mojacTaHmuu oOecrieuynBaeTcs B
CIIEYIOIINX YCIOBHSIX:

1. TeMIeparypa okpyxaroriero Bozayxa ot - 40C no + 40C;

2. BBICOTA HaJl ypoBHEM Mopsi He 6osee 1000m.;

3. ckopocTh Betpa 10 15 m/c pu Tommuue romonéna 10 20 mm u 36 M/C pu OTCYTCTBHU
rouoiuéna,

KTII ve nmpemnazHadeHsbl il paObOTHI B YCIOBUSX TPSCKH, BHOpaiuu, yaapoB. He momyckaercs
ocymectBiATh noasoa nmutanus KTII co croponst 0,4 kB. Hanpsbkenue ot BHemnel cetn 10 kB
noNaéTcsi d4epe3 BBIKIIOYATENb HArpy3KM M IPENOXPAHUTEIN HAa BBIBOABI  CHIIOBOTO
tpancpopmaropa. Ilonmwkennoe 10 0,4 kB HampspkeHue depes BBIKIIOYATENb aBTOMATHUECKUIH
nogaércs Ha COOPHbIE HIMHBI, K KOTOPBIM MPUCOEANHEHBI OTXOSIINE CUIOBBIE JINHUY.
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[MIkad PYHH mnpencraBnser co0ol METALNTOKOHCTPYKIMIO, WMEIOIIYI0O C JIMIEBOW H
3alHEN CTOPOHBI JBEPH, KPBILLY U BCTPOCHHBII BHYTpU CBapOo4HbIN Kapkac. Kapkac pa3nenén Ha
SYEHWKH, KOTOPBIE pa3leleHbl MEXIy COOOW TMeperopojkamMu, Kaxias s4eika CHapyKu
3aKphIBaeTCs ABephio. Ha ABepsX pacrmoioXeHbl pyKOATKH YIPABJICHHUS anmnapaTypoi, CBETOBas
CUTHAJIM3alusl, U3MEpUTeNbHbIe MPUOOpHl. Kaxkaas u3 HUX 3aKpbIBAETCS U OTKPHIBAETCS ChbEMHBIM
KJIFOUOM-PYKOATKOM, 3aMKHM Ha JTUX JBEpPAX HUMEIOT OAMHAKOBBIN cekpeT. Ha nBepsx kpensrcs
TaOJIMUKY C HAAIKUCHIO O Ha3HaYeHNH Kaxxnoro orceka PYHH.

ABTOMaTHYECKHE BBIKJIIOYATENIM B OTCEKAaX JMHUM MOTYT OBITh YCTaHOBJEHBI B JBYX
MOJIOXKEHUAX. B paboueM, MpH KOTOPOM HMX CThIYHBIE KOHTAKThl COCJUHEHBI C HETOABHKHBIMU
KOHTaKTaMU M B TIOJIO)KEHUU DPA3bEIUHUTEINS, KOrJla MEXAy KOHTaKTaMU MMEeTCs BO3YIIHbII
3a30p.

Brikimrouatenu BKaThIBAlOTCS U BHIKATHIBAIOTCS BPYYHYIO B OTKJIIOUEHHOM cocTostHuH. Kak
B TIOJIOXKCHHUU Pa3bEAMHUTENS, TaK U B IOJIOKEHUM pabodeM BBIKIIOYATENN 3aKPEIUITIOTCS
dbukcaTopamu.

BxittoueHne BBIKITIOUATENS C PYYHBIM MPUBOAOM OCYIIECTBIISIETCS IOBOPOTOM PYKOSITKH
IPOTHB YaCOBOW CTPEJIKHU 10 B3BEJCHUS MeXaHu3Ma cB0OOHOTO pactierichus (Metka 0), 3aTem
IIOBOPOTOM II0 YaCOBOH CTpeNKH A0 yropa (MeTka 1).

[Tonoxxenne BBogHOTrO BBIKIIOUaTenst HH koHTpomupyercs CUTHAJbHBIMHM JIaMIlaMH, a
JMHEWHBIX BBIKIIOYATEIICH MONI0KEHUEM PYYHOTO MPUBOJIA.

3. Vkazanue mep b6ezonacnocmu

KTIT ortHOcuTCs K anekTpoycraHoBkam Hampsbkenus cBbime 1000 B. Ilpu  ux
00CITy>)KMBaHUW HEOOXOIMMO COONIOZaTh | BBIMOJIHATH MEPhI 0€30MMaCHOCTH, IPETYCMOTPECHHBIC
“IlpaBuiaMu  TEXHMKH O€30MAaCHOCTH MPHU AKCIUTyaTallMM 3JIEKTPOYCTAHOBOK IMOTpeOHUTENen”.

OOcmyKuBalOIIKUKA MEepcoHal JOJKEH HMETh KBaTM(UKAIMOHHYIO TPYIIY JOMycKa K
paboTe B 31IEKTPOyCTaHOBKAX.

4. Texnuueckoe obcnyscusanue

Okcruryatauuss u  oOcmyxuBanue KTII 1OMKHBI TPOBOJUTHCS B COOTBETCTBHM C
“IlpaBunamMu TEXHUKH OE€30MACHOCTH TPH DSKCIUTyaTallud SJIEKTPOYCTAHOBOK IOTpeOHuTENnei’”.

ITpu ocmotpe KTII ocoboe BHHMMaHHME cieayeT oOpaiiaTh Ha COCTOSIHHE KOHTAKTHBIX
COCIMHCHUH, WCIOPABHOCTh 3a3€MJICHUS, COCTOSHHUEC W30JSALIUKN (3arpsS3HEHHOCTh, HAINYHE
TPEIIWH, CJIeO0B pa3psmoB u mp.). KoHTponb ypoBHS Macia B CHIOBOM TpaHC(opMaTope
IIPOU3BOJIUTH YE€pe3 CMOTPOBhIE OKHA, UMEIONINeCs Ha ABepsX mKada Tpanchopmaropa.

JIABOPATOPHASA PABOTA Nel2
Tema: M3ydyenue npuHiuna padoThl, HA3HAUEHUS U KOMIUIEKTAIMH MTaHeJIed pacipeaenuTeabHbIX
mmtoB cepun 11O — 70.
Heawb: M3yunth npuHoun padoThl, HA3HAYCHHE M KOMIUIEKTALMIO PACHpENeIUTEIbHBIX IIUTOB
cepuu IO — 70,cxems! siueek 11O — 70.
1. Haznauenue
[Manenn pacnpenemurensupix muToB 111070-1V3, 1[070-2Y3 Hanpsokenunem 380/220 B
nepeMeHHoro Toka, yactoroid 50 I'm mpemnasHadeHbl I MpuéMa AIEKTPUUYCCKON SHEPTHH U
3alllUTHI OT MEePErpy30K 1 TokoB K3 oTxondiux JIMHUMA.
2. Cmpykmypa yclioeHo20 0603HAYeHUS:
H1070-X-XXVY3
[IO70 —uuT pacnpeneauTeNbHbIA, OTHOCTOPOHHET0 00CITYKUBAaHUS, UHJIEKC pa3pabOTKH;
X —anekTpuueckas cToukocTh coopHbIX miH (1-30kA, 2-50kA);
XX —nomep (01...96m0 tadm. 1);
V3 —kinuMaTHueckoe ucnoiaHenue u kareropus pasmenienus no 'OCT 15150-6% 'OCT 15543-
70.
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3. Venosus skenayamayuu:

Bricora Hag ypoBHeM Mops He 6oee 1000m;
TEMIIEpPATypa OKPYyKaroLero Bosayxa or -10 no +35°C;
OTHOCHTEJIbHAS BIaXKHOCTh Bo3ayXxa He 6osee 80%npu temmneparype +20°C;
OKpY’Kaloliasi cpefia HeB3phIBOONIACHAs, HE COJICpIKalllas arpeCCUBHBIX T'a30B U IMapoB, a TaKKe
MPOU3BOJICTBEHHON MBLTU B KOJIMYECTBAX, PA3PYIIAIONINX WU HAPYIIAIONUX pabOTy MaHENeH;
crerens 3amuthl manesei IPO0 ¢ dacamga IP20)mo 'OCT 14254-80;
pabouee MOJI0KEHNE BEPTUKAILHOE, JOMYCKAETCS OTKIOHEHHE OT pabodero moyoxkenus Ha 5° B
JT00YI0 CTOPOHY.
KoHCTpykInsl, MOHTaXX | OKCIUTyaTalusi TaHeJIed IOJDKHBI COOTBETCTBOBATH TPEOOBaHUSIM
6e3omacuoctu mo 'OCT 12.2.007.0-7% 'OCT 12.2.007.7-75.
[Tanenu usrorosnsitores o TY34-1372-79.

4 Texnuuecxkue OanHvle

HomunansHoe HanpspkeHne, KB.................. 0,4

POoTOKA...cov i MIEPEMEHHBIN

L5 2T 405 - R I & G o1 0 |

YHUCIIO OTXOMAIINAX JTHHIHA ..o eneevveevne vanaarenss 1,2,4,6

HoMuHaNBHBINA TOK OTXOMAIMX JIUHUH, A...... 100, 250, 400, 630, 1000
HoMmuHanpHBEIA TOK BBOOHBIX IMaHEIEH, A....... 400, 630, 1000, 1500, 2000

DIeKTpOAMHAMUYECKAs CTORKOCTh COOPHBIX
IIMH U OTIAeK OT HUX, KA
JUTS. BBOJHBIX M CEKIIMOHHBIX MaHeNel

10 1000A.........ccoiiiiiieee. 30
Ha 1500A. .. ... e 30u 50
qutst BBoaHBIX ma”ereit Ha 2000A............... 50
b1 8) £ 010705 (=375 0509 0. 30u 50
["aGapuTHBIE pa3Mepsl, MM:
153 3 (070 1 ;I 2200
D110 05 - VR 300, 800u 1000
10 4700705 - T 600
Macca nmanenei, kr.
CEKIIMOHHOM ¢ pyOominpHUKOM Ha 600A.......... 60

JIMHEWHOM ¢ aBTOMaTUUYECKUMH
BBIKJTFOUYATEIISIMA Ha 6 OTXOISAIINX
aaHAH 100A .. ..o 150
JUHEHHOM C pyOMJIbHUKAMU 1
NpeIOXPaHUTENSIMU Ha 4 OTXOSIINE JIMHUN
2x250+XA400A. ... .o, 150
BBOJHOM C aBTOMAaTHYCCKUMU
BeIKITIOUaTensiMu Bo3ayiHeiME Ha 2000A.... 320
lapanTuitHelii CpoOK ycTaHaBIMBaeTCs Ha 2 roja cO JHS BBOJA MaHENH B JKCILTyaTallMi0 U HE
Oosee 2,571€T co AHS OTTPY3KU MOTPEOUTEITIO.

5. Konecmpykyus
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Puc. KommuiektHoe pacnpenenutensHoe ycrpoiictso 11O — 70:
1 —cpémHBIN KapHU3; 2 —aMIiepMeTp; 3 —paMKa g HaAmuCH; 4 —TpaBepca ¢ U30JITOpamMu; 5 —
PYOMIIBHUK C MIPEIOXPAHUTENSIMU; 6 —TpaHchopMaTop TOKa.
JUids  KOMIUIEKTallMd  TUMOBBIX  IOJCTAaHIMM  NPOMBIIUIEHHOCTb  BBIIYCKaeT  JUIA
pacnpenenurensHoro ycrpoiicrtBa 0,4 kB  yHupunmpoBanueie mmThl cepun 11O (murhr
oxHocTopoHHero obcnykuBanus). luter cepun 1[0 — 70 UMEOT HECKOIBKO MOAM(UKALINI:
BBOJIHBIC, CEKIMOHHbIC, pacHpeAeTuTebHbIe, HapyKHOro ocBemeHus. [lanenu mkagos
KOMIUIEKTYIOT pPYOWJIbHMKAaMM W THpepoxpaHurensmMu win aBtoMatamu. [lunsr 0,4 kB
CEKI[MOHUPYIOTCS BO3AYLIHBIM aBTOMAaToM win pyousnbHukoM. KabGenbnbie 3anenku 0,4 kB
pacnosiaratlorcss BHYTpU IIUTOB. JlJIi NpHCOEAMHEHHs] CETH HApYXKHOI'O OCBELICHMsI HMEETCs
crienManbHas NaHesb [UTa C YCTAHOBKOW Ha Hel TpaHcopMaTopa TOKa U AJIEKTPOCUETUHKA.
KommekTHble pacnpenenuTenbHble yeTpolcTBa HanpsbkeHueM 6 — 10xB usrortaBnuBaioT AByx
THUIIOB, CTAllMOHAPHOT'O U BBIKATHOTO.
[lanenu mpencTaBIsAIOT CcO0OM CBapHYH KOHCTPYKIIMIO U3 JIMCTOTHYTBHIX Tpoduieir ¢
YCTAaHOBJIEHHBIMU B HMX KOMMYTAllMOHHO-3AILUTHBIMU allapaTaMyd U 3JEKTPOU3MEPUTENBHBIMU
npudopamu.
[Tanenu nopapasnensoTcs Ha BBOAHBIE, JIMHEHHBIE, CEKLMOHHBIE, BBOAHO-JIMHEWHBIE, BBOJHO-
CEKIIMOHHbIC, JI1 MPUBOJOB K Pa3beIUHUTENSAM, YIUYHOIO OCBEIICHHMS, ¢ amnmaparypoil ABP,
TOPLIOBBIE.
ITanenu BBoaHble. Ha maHensx ycTaHoB/IeHa KOMMYTAIlMOHHAs U 3alllMTHAs anmapaTypa BBOJA C
TpeMsi TpaHCPOpMAaTOpaMH TOKa, TPeMs aMIEpMETpaMU M OJHUM BOJBTMETPOM, a TaKKe MOKET
OBITh YCTAHOBJIEH TpaHC(OpPMATOp TOKA Ha HYJIEBOM BBIBOJE OT CHJIOBOI'O TpaHC(popmaropa JUls
3alIUTHl OT 3aMBIKAaHUK Ha 3eMIII0. BBOIBI OCYIIECTBIAIOTCS PYOMIBHUKAMH, aBTOMAaTHYECKUMHU
BBIKJIIOUYATEIISIMH.
Jlns maHened ¢ aBTOMaTHYECKUMH BBIKITIOUATENIMU UCTIONB3YIOTCS BbIKmouaTenu tuma A3790,

BA52-41,BA53-41,BA55-41.
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Mex 1y aBTOMaTUYECKUMU BBIKIIOYATENIMUA U COOPHBIMH IIIMHAMHU YCTaHOBJIEHBI OHOIIOJIIOCHBIE
pa3beAMHHUTENH, YIpaBlseMble mTaHroi. TpanchopMaTropbl TOKa B 3TUX MaHENsAX AJs yao0cTBa
00CITyXKMBaHUSI PACIIONIOKEHBI MEXKAY BBIKIIOYATENIEM M pa3beauHuTeNeM. Mexay BBOJIOM U
ABTOMATUYECKUM BBIKIIOUATENIeM DPa3beIMHUTEICH HET, TaK KakK MPU PEMOHTE BBIKIIOYATENS
CUJIOBOI1 TpaHChOpMaTOp MOXKET ObITh OTKJIIOYEH CO CTOPOHBI BBICIIETO HampsbkeHus. [lanenu c
pyOMIIBHUKAaMHU KOMIUIEKTYIOTCS pyomnpHukamu Ha 600 A ¢ npenoxpanurensmu U Ha 1000A —
0e3 peaoXpaHUTEIICH.

[Tanenu mnpenycMaTpuBaroT KaOeidbHble M IIWHHBIE BBOABI. BBOJHBIE MaHENW MOTYT
KOMIIIEKTOBAThCS IIIMTKOM y4€Ta CO CUETYMKAMU aKTUBHOW U PEAKTUBHOM DHEPIUU IIPU YKA3aHUU
B OIPOCHOM JIUCTE.

[anenu nuHEHHBIE KOMIUICKTYIOTCS PYOUITBHUKAMHU C TPEIOXPAHUTEISIMH, aBTOMATUYCCKUMU
Beikmouarensimu A3100, A3700, AE2050, BA. B manensx ¢ pyOWIbHUKAMHU TMPUMEHSIIOTCS
pyounsHuKM Ha Toku 100, 250, 400, 604

C MIPEJOXPAHUTEISIMHU.

B mamensx c¢ aBTromartmueckuMu BeIKmouaremsimu BA-57, A3100, A3700 mpumeHsroTcs
BeIktouarenn Ha Toku 100(160), 200(250), 608, ¢ Beikmovarensmu BA —ua toku 400, 1000A.
Ammaparsl, IpUMEHSEMbIE B MaHENSIX, MEePEIHET0 MPUCOeINHEHUs. biarogaps HaTU4IUIO MEXIY
BBIKJIIOYATEIeM U COOPHBIMM IIMHAMHU Pa3beAMHUTENICH C IMOJIIOCHBIM OTKJIIOYEHHEM ILITaHTOMN
BO3MOXHBI O€30MaCHBII OCMOTp IMaHeNU, PeBU3HsA, PEMOHT U 3alMTa BeIKItouyateneid. [lanenu c
Beikmouarensimu - A3100, A3700, BA-57, AE2050 moryr OBITh HM3rOTOBIICHBI Takxe Oe€3
pa3bEOUHUTEIIEH.

[TaHeny CEKIMOHHBIE MpeJHA3HA4YeHbl ISl CEKIMOHUPOBAHUS BBOJOB B TEX CIyyasx, Korja
Ka)KIasi U3 CEKIIU HOPMAJILHO MOTyYaeT MUTaHUE OT OTACIBLHOTO TpaHchopMaTopa Wik BBOAA.

C nomomplO  ATUX  TaHEJed  KOMIUIEKTYIOTCA  paclpeleluTeNbHbIe  YCTpPOMCTBA
JIBYXTpaHC(HOPMATOPHBIX MOACTAHIIUH.

CeKIMOHHBIE MTaHETN MOT'YT ObITh BBIMOJIHEHBl HA PYyOUIIbHUKAX, aBTOMAaTUYECKUX BBIKIIOUATEISAX
BA, A3790. Ha pyOunbpHukax BeimonHstoTcs maHenu Ha Toku 600 m 1000 A. Vmpasnenue
pyOMIbHUKAMU CEKIIMOHHBIX IMaHeNed OCYHIECTBISETCS LEHTPAIbHBIM PHIYaKHBIM MPUBOIOM C
(acagHON CTOPOHBI TAHEIH.

[Tanenn BBOAHO-MHEHHBIE. Ha mnaHensx ycTraHoBieHa amnmapaTypa BBOJQ, pacHpeieieHUus
AIIEKTPOIHEPTHH, allapaTypa 3aluThl, H3MEPUTEITbHBIC TPHOOPHI.

Ha BBOIE ycTanoBiensl pyouiasHukd Ha 600 A ¢ Tpe1oXpaHUTEISIMU HITH

Ha 1000 A 6e3 mnpenmoxpanuteneil. Ha oTXonmsdmmx IUHHUSX YCTaHOBJIEHBI DPYOWJIBHMKH C
npenoxpanutensmu Ha Toku 100, 250, 400\.

[Manenu BBOJMHO-CEKIMOHHBIE. Ha TaHensx yCTaHOBIIEHA amnmaparypa BBOJAOB H UX
CEeKIIMOHUPOBaHUs. B KauecTBe BBOJHBIX alapaToB HCIOIL3YIOTCS pyounpHuku Ha 600 A ¢
npenoxpanurensivu win Ha 1000A 6e3 npenoxpaHuTeneil, B kKauecTBe CEKIMOHHOTO arnmapara —
pyounnbauK Ha Toku 400u 600A.

Hanenn c¢ anmapatypoii ABP mpennHazHauyeHbl Al JBYXTPaHC(HOPMATOPHBIX TMOJCTAHIINN, B
KOTOPBIX HEOOXOAMMO MPEAYyCMOTPETh aBTOMAaTHYECKOE BKIIIOUEHUE pe3epBa. Y CTaHABIMBATh UX
PEKOMEHIYETCSl MEXAy BBOJHON U CEKIIMOHHOM NAHEISIMU PACIIPEIEIUTENIBHOIO YCTPOUCTBA.
[laHeny TUCHETYEPCKOrO YOPABJIEHHUS YIWYHBIM OCBENIEHUEM YKOMILJIEKTOBaHBI ammaparypoit
yIOpaBlIeHUS W 3allUThl JIMHUHA YIUYHOTO OCBEIICHHUS. YCTAHABIMBATH HX PEKOMEHIYETCS
KpalHUMH B PAJT PacTIPECTUTEIILHOTO YCTPOHCTBA, U M0/IaBaTh HA HUX MUTaHUE OT OJKanien
MIAHEIH.

Taonunoa 1

Tun Ucnonuen| Bun ¢ gacal Cxema anektpuuec| O6o3Haue HaumenoBanue | Kommuec
HaHeu IPUHIUINHNATIbHAS TEPBUUE € JJIEMEHTOB CXEMHK JIEMEHT
COECIMHEHUN
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5. KypcoBoe npoekTnpoBaHue
5.1.Metoanuyeckue yKa3aHusi 0 BbINOJHEHUIO KYPCOBOI0 MPOEKTAa

IIpumepHoOe conep:kaHue MOSICHUTENbHON 3alIUCKH
JUist IpeisIoxKEHHOT O TIJ1aHa 1eXa pa3paboTaTrh CIEAYIOIINEe BOIIPOCHL:
BBeneunue
CopepxaHuie 1 OCHOBHBIE pa3/IeNibl KypCOBOTO MPOEKTa
1. Kpatkoe onucanue TEXHOJIOTMYECKOTO Mpoliecca
2. Pacuer 3neKTpUUECKUX Harpy30K

2.1.  Pacuer anekTpudeckux Harpy3ok aist Beioopa LIT (mo | atamy)

2.1.1. Pacuer anekTprdeckux Harpy3ok, paboTarouux B MPOJOJDKATEILHOM PEKUME
2.1.2. Pacuer snmexkTpuuecKMX Harpy3ok, paOOTaloUIMX B MOBTOPHO-KPATKOBPEMEHHOM
pexuMe

2.1.3. Pacuer ogHO(Da3HBIX HATPY30K

2.1.4. PacueT ocBeTuTENHHOM HArpy3KU

3. Ompenenenne LIOH, mocTpoenne kaprorpaMMbl Harpy30K M 3JuIuIca 30HbI paccestuus L[OH
4. BpiOop umciaa W MOIIMHOCTH IIEXOBBIX TpaHchopmaropoB ¢ yderom KPM  (texHmKoO-
KOHOMHUYECKOE CPAaBHEHHE JIBYX BapHAHTOB)

Br16op nByx BapuanToB pacnpeaenurensHoi cetu 0,4kB nexa

Pacuer anexTpudeckux Harpy3okK i BeIOopa pacnpeaenutensHoi cetu (1o 1l aramy)
TeXHUKO-?KOHOMUYECKOE CPaBHEHHE IBYX BapHAHTOB paclpeaeuTeIbHON CEeTH

Bri6op u paccranoBka KKY

. Pacuer TokoB K3

10.TIpoBepka BEIOpaHHBIX CEYCHUN POBOJIOB, Kabemei IIMHOMPOBOIOB

11. BeiGop 1 mpoBepKa 3alIMTHBIX alapaToB

12.CornacoBanue yCcTaBOK 3alIUTHBIX allllapaToB C BEHIOPAHHBIMH CEUCHUSMHU

13.TlocTtpoeHue KapThl CEICKTUBHOCTH

14.Bs100p yCTpOICTB aBTOMAaTHKH

15. TexHUKO-9KOHOMUYECKHE TTOKA3aTEIHN MPOEKTa

7. OdopmieHre MaTepragoB MPOEKTa

Jluteparypa

©ooNOO
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[Tpumep 3ananus Ha KI1 mo HU3KOBOIBTHOMY JIEKTPOCHAOKEHHUIO 1I€Xa

Bapuanmet 3a0anuii k pucynky 1
Hamveroarme v, .\ 1433 |34 | 35| 36| 37 38 39 40 41 42 43 44 |45 46|47 48 49
SJICKTPONTPHUCMHUK
Tokapto - 194 503018 |9 20|12 6 | 12 11 5| 9/E2,116,{14,115{15,121,{22,(18
peBeanepHHH
Tokapno-sunTOpe3y21-29 |12| 14{17,118 |15| 19| 16| 2014,118 |19,{15,{16,{19,{18,]15,116,
TokapHo-BHHTOpe3E43-52 | 16| 15 14 20 21 1B 21 1¥3,{15,117,118,119,121,119,(17,119,
TOPHSORTANERO loq 71 | 26| 2423115 |3 |6 |8 | 7,96,5[5,4(6,8(7,5(3,4/4.2[4,5/5,16
(bpe3epHbIit
becuientposo ~lg 115 11 | 10 18 19 12 14 7&2[10 |8,59,5/12 |14,112,115,18,3]9,5[12
T (OBATILHBIN
Benrycranoska|l,2 16| 18] 1215,111 [3,514 |12 |3,57,5/4,6/12 |8,6/5,2/4,2|5,3/4,5
Tokapnsiit ¢ UITY63-65,5744 |16 |47,132 |14 15,112 [13[16,{18,115,{16,{17,{21,124 [18,117,
Beprukansio -la, a9 |15/ 26 17 8| 4/50 |8 |6,54,5/6,8/5,2[3,7/4,6(7,3/8.214,75,2
bpesepHbIit
Harpesarenvuasiy 4 5 6 Jo5 |40 (30| 55/ 35 20 16 30 45 50 65 40 |35 [50| 60| 40 35
AJIEKTPONEYb
Pammanero- "o g0 |39l 28| 43 35 282,136 [28,155 |20 | 45| 70| 40 55 30 6D 75
CBepJII/IHBHBII/I
Beprukansno- 160 o5 | 18| 21125 {16 18,124 [20.414 10| 12| 13 14 15 16 17 18 20
CBepJII/IHBHBII/I
Tnockommndosansi12,13,7217,115,{26,]12,19,2/8,419,2[7,2[3,5[3,8/4,1]3,2|5,66,5/7,3/5,5/6,2
PesnGonakatHE{75-76,8116,114,123 |18 | 16[27,119 [12,{14,113,114,118,119,121,{12,114,{18
TokapHo-BHHTOPe3166-68 | 1210,(12,111 [18,{15,{17 |8,5/18,116,]13,110,116,{13,110,112 {18,
Kpyrnonumdosansy39-42,532,423,123,'4  (4,3/3,8/3,2|12,8(3,7/5,1{3,7|2,8(5,6/6,6|2,5|2,8|3
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5.2.1Ipumep BbINOJHEHUSI KYPCOBOI'0 NMPOEKTA

Onucanue TEXHOJIOTHYECKOI0 Mpolecca
PaccunthiBaeMbIil 11eX SBISETCS OJHUM M3 IEXOB IO MEXaHUYECKOW 00pabOTKe pPa3IMYHBIX
3aroTOBOK.
[Tocne mnpenBapuTenbHOW 00pabOTKM Ha METANIOPEKYIIUX CTAaHKAX IOBEPXHOCTH
CTaJbHBIX 3arOTOBOK BTOPHYHO MOJBEPraroT TEPMHYCCKOW 00paboTKe (3aKanke U OTIYCKY).
3akalka TpPOBOJAUTCA TOKAaMH BBICOKOM YacTOThl Ha CHENHAIbHBIX arperarax, a
HU3KOTEMIIEPAaTypHbIA  OTHYCK, OCYIIECTBJAEMBIH ISl CHIATHUS  HANpPS)KEHUU B
creuuaJbHbIX IMeyax KOHBeilepHoro tuma. Bropuunas tepmuueckas oOpaboTka ymydliaer
MEXaHMYECKHUE CBOMCTBA CTalld, MOBBIIIAET MOBEPXHOCTHYIO TBEPAOCTh MU H3HOCOCTOUKOCTH
matepuana. OCHOBHBIMH ONEpalHUsiIMH TNpPU MeEXaHHYeCcKol o0paboTke 3aroToBOK
SBJISIFOTCSA
00paboTKa TEXHOJIOrMYEeCKHX 0a3 (TOpioB, IICHTPOBBIX OTBEPCTHI U OYPTHUKOB);
00paboTKa KOPEHHBIX IIEEK, 1K U TalTeNeH;
00paboTKa MaCIISTHBIX KaHAJIOB;
o0paboTka oTBepcTUid BO (hIaHIe U HA KOHIAX BaJIa;
OT/ICJIKA MOBEPXHOCTEN IIEEK;
OajaHCUpPOBAaHUE BAJIOB.
B ocBenienre npou3BOACTBEHHOTO 11€Xa MPUMEHSIOTCS CBETUIIbHUKH ¢ Jlamnamu [[PJI.
[Motpebutenu otHocsTes ko Il u |l xareropun HageKHOCTH.
[To pexxumy paboThI Ha MPEANPHUATHH CYILIECTBYET TPU XapaKTEPHbIE IPYIIbI IPUEMHHUKOB!
1) [Ipuemnnku, pabortarimme B PeKUME C MPOJOHKHTETFHO HEU3MEHHOW WM Mallo
MEHSIOIICHCS Harpy3Koil. B aToM pexume siekTpruyeckast MaIlliHa WiId armapaT MOXKeT padoTaTh
MPOJOKUTEILHOE BpeMsi 0€3 TPEBBIIICHUS TEMIIEPaTyphl OTIEIbHBIX YacTeld MAaIlUHBI WU
anmapara Bbllle JonycTuMoi. [IpuMepamu npueMHUKOB, pabOTaIONIUX B 3TOM PEXUME, SIBIISIOTCS
AJIEKTPOJIBUTATEIN KOMIIPECCOPOB, HACOCOB, BEHTHIISITOPOB, U T.I1.;
2) [IpueMHuKH, paboTaOIIMEe B PEKUME KPAaTKOBPEMEHHOW Harpy3ku. B 3ToM pexume
paboumii TepwojJ MAaIIMHBI WM amnmapaTta HE HACTOJNBKO JUIMTENEH, 4YTOOBI TeMIleparypa
OTIIENbHBIX YacTed MaIIWMHBl WM ammapara MOIJIa JOCTHUTHYTh YCTaHOBUBIIETOCS 3HAYEHUS.
[lepuoa ocTaHOBKM MAIIMHBI WM amnmapara HACTOJIBKO JJIUTENEH, YTO MalluHA MpPAKTHYECKU
yCIIeBaeT OXJAJAUThCA 10 TeMIepaTyphl OKpyxaromieil cpeapl. K 3Toil rpymnme npueMHUKOB
OTHOCSITCS 3IEKTPOIBUTATENIN AJIEKTPOIPUBOJIOB BCIIOMOTaTeJIbHBIX MEXaHU3MOB
METAIOPEXKYIIUX CTaHKOB (MEXaHHU3MBbl MOABEMa MONCPCUMHBI, 32)KUMBbI KOJOHH, JBHUIATEIIN
OBICTPOTrO MIEPEMEIIICHUS CYIIIOPTOB U JP.), TUAPABIMUYECKUX 3aTBOPOB;
3) [Ipuemuuku, padboTaromuye B peKMMe TOBTOPHO-KPATKOBPEMEHHON Harpy3ku. B aTom
peXHMe KpaTKOBpEeMEHHBbIE pabodre TMepuoabl MAIlMHBI WM ammapara YepenyroTcs C
KPaTKOBPEMEHHBIMH TEpUOAaMH OTKIIOueHUs. [IOBTOpHO-KpaTKOBPEMEHHBIN PEXUM PabOThI
XapaKTEepPU3yeTCs OTHOCUTENIbHOU MPOJAOKUTEIIbHOCTHIO BKIIFOUEHHS U JUIUTENbHOCTRIO IUKIa. B
MOBTOPHO-KPATKOBPEMEHHOM PEXKHUME 3JIEKTpUUECKasi MaIlMHA WIK afnmapaT MOXeT paboTarh C
JOMYCTUMOW [IJII HUX OTHOCUTEIBHOM MPOJIOJKUTEIBHOCTBIO BKJIIOUEHUS HEOTPAHMYEHHOE
BpeMsi, IPUUEM TNPEBBINICHUE TEMIIEPATyp OTIACNbHBIX YacTel MAlllMHBI WIN afrapaTa He BBIHJET
3a Tpeaesibl JOMYCTUMBbIX 3HaueHui. K 3TON rpymnme OTHOCSATCS NPUEMHHKOB OTHOCSTCS
CBapOYHbIE ammnapaTsl U Jp.
[To poxy Toka Bce MOTpPeOUTENH AIIEKTPOIHEPTUH, pabOTAIONINE OT CETH, MOXXHO Pa3JIeIuTh Ha
TPU TPYIIIBI. MEPEMEHHOTO0 TOKAa HOPMaJIbHOM TpOMBIUIeHHOW 4YacToThl S50 I'1, mepemeHHOTo
TOKA TOBBIINIEHHOW WJIM MOHMXEHHOM YacTOTHI, MOCTOSHHOTO TOKA: MPUEMHHUKH IMEPEMEHHOI0
Toka (OCHOBHAs Macca MOTpeOHTelNeil); MPUEMHHUKHA IMOCTOSHHOTO TOKa: B OCHOBHOM HMH
SIBIITFOTCSI  DJIEKTPOCBAPOUYHBIC arperathl IMOCTOSIHHOTO TOKAa; NPUEMHHUKH, paboTaromue ¢
gactoto, orinuHoi oT 50 ['1. K gaHHBIM nMprueMHHUKaM OTHOCSTCSI YCTAHOBKH JIJISI HarpeBa 1o/
3aKajKy, KOBKY, U IITAMIOBKY METAJJIOB, a TAK>Ke ISl MJIABKW METAJUIOB.

YVVVVYYV
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Pacué€r snekTpuyueckux Harpy3ok
OnpeneneHne JIIEKTPUYECKHX HATPY30K B CHUCTEME JJIEKTPOCHAOKEHHUS TMPOMBIIUICHHOTO
MPEANPUATHS BBITTOIHAIOT JJISI XapaKTEPHBIX MECT MPUCOETUHEHUS TPUEMHUKOB 3JICKTPOIHEPTHH.
[Ipu 5TOM OTHENBHO paccCMaTPUBAIOT CETU HamnpsbkeHueM 10 1 kB u Bbiie.
Homunanehast (ycraHOBIICHHAs)) aKTHBHAas MOIIHOCTh TNPUEMHHUKA JIIEKTPOIHEPTHH — 3TO
MOIIIHOCTh, YKa3aHHAsl HA 3aBOJCKOW TaOIMUYKE WM MACIOPTe MPUEMHHKA dJIEKTPOIHEPTUH, TIPU
KOTOPOW MPUEMHUK JIEKTPOIHEPTUH JOJIKEH pabOTaTh.
st 25eKTpONpUEMHUKOB pabOTAIONIUX B JUIMTEILHOM pPEXHME PabOThI — ATO MacHOpTHAas
MOIIHOCTb.
Hnst OI1 B TOBTOPHO-KPATKOBPEMEHHOM PEXUME —3TO MOIIHOCTh, TPUBEIEHHAS K HOMHUHAIBHOMN
JUINTEIbHON MOIITHOCTH.
Jnst aneKkTpoaBUraTennei:
P, =Py JIIB (1)
rae /1B —nacnopTHas NpOoI0HKUTEIbHOCTD BKIFOUCHUS.
HomuHanbHYI0 MOIIHOCTH (AKTUBHYIO P, ¥ peakTuBHYIO Q,0,) TPYIIBI 3JCKTPONPUEMHUKOB
(OI1) onpenensdOT Kak anreOpanvyeckyrd CyMMY HOMHHAJIBHBIX MOIIMHOCTEH OTAEIbHBIX
NPUEMHUKOB, MPUBEIEHHBIX K IPOJOJDKUTEILHOCTH BKItoueHus [1B = 1.
['pynmoBast HoMuHanbHas (yCTaHOBICHHAS) aKTHBHASI MOIITHOCTE!

PHOM = z Prowm,i » (2)
i=1

rae N —4HCIIO YJIEKTPONPUEMHUKOB.
I'pynnoBass HOMMHaIbHAs PEaKTUBHAS MOILIHOCTD!

Quow =2 Unowi = 2, Prow; 199 (3)
i=1 i=1
CpenHue akTUBHBIE U PEAKTUBHBIE MOITHOCTH XapaKTepHOUl rpynmsl JII:
PC = I:)HOM DKH’
Q. =P [gg. (4)

CyMMmapHble 3Ha4€HUS CPEJIHEN aKTUBHOM M pEaKTUBHOM MOIIHOCTH rpynmsl OII:

ZPC :Z PHOM [H(H |
1

Q. =Y P, figg . (5)

rJe M —4ucio xapakTepHpx kareropuit JII.
Omnpenensercs cpeHEB3BEIICHHBIH KO3 (UIUEHT UCTIOAb30BaHus rpymnmnsl J11:

K, =2P. 1 ZP,,,, - (6)
Onpenensiercs 3¢ dexktuBHoe uncio I1I:
n3 = 2 ijHOM /PHOM MAX 1 (7)

ecnu okaxercsa, 4ro 3¢dextuBHoe uyucno Ol OGonpme daktuueckoro uwmcia I, To
npuHUMaeM N, =N, .

B 3aBucuMoOCTH OT CpeaHEB3BEIIEHHOTO Kod(pduIMeHTa MCHoJb30BaHUS U 3()PEKTUBHOTO
gucina DIl mo kpuBbIM, mpexacraBieHHbiM B /1, puc.2.6./ ompeaensiercss KodbdUIIHEHT
pacueTHOU Harpy3ku K.

Pacdernas aktuBHas MmomHOCTh rpynn DI nHanpsokenuem 1o 1 kB:

P, =K, &P, (8)

PacueTHas peakTUBHAsE MOIIHOCTE:

Mpu n,<10m K 202 Q,=11M. . (9)
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Mpu n,<100u K <02Q, =Q.. (10)

K pacyérHbiM cunoBeIM Harpyskam P, . un Qp.c100aBisI0TCS OCBETUTENbHbBIE HATPY3KU P, U

Qp.o-
Po =Poc tPsp (11)

QP = QP,C + QP_O (12)

[Tonnas pacyérHass MOIIHOCTb.

S =R +Qz (13)

Pasnenum Bce OII Ha XapakTepHble TpYIIBI C OJMHAKOBOM AaKTHMBHOW MOIIHOCTBIO Py,
ko3 dunrenTom ucnonb3oBanus K, u tg@. JlanpHeiinme pacuéTsl MOKaKEM Ha IPUMEPE TPYIIIHI,
COCTOSAILEH U3 TOKapHBIX CTAaHKOB C YIIY 1 BEHTYCTaHOBOK.
HomunanpHasi akTHBHAas MOIIHOCTh CTaHKOB 28-36:
Poyv = 140 = 126kBr.
HomunanbHast peakTuBHasi MOIIHOCTH 28-36:

Quon = 126011,02 = 128,5ZBap.
CpenHsisi akTUBHAS! MOITHOCTh CTaHKOB 28-36:

Pc =12600,6 = 75,6BrT.
Cpennsist peakTHBHAs MOIITHOCTh CTaHKOB 28-36:

Qc = 75,6011,02 = 77,IBap.
[TonoOHbIe pacy€Thl MpoBEAEM I KaXKIOTO TUIA cTaHka xapaktepHoi rpymmbel OII. Ilo
HaMJICHHBIM CYMMAapHBIM 3HAYCHUSM CPEIHEH aKTUBHOW W PEaKTUBHOW MOIIHOCTH (Tabmwuia 1)
paccuuTaeM CpeIHEB3BEIICHHBIN KO PuImeHT ucnoyb3oBanus u ¢ dexrtuBaoe yucio 1.
CymMapHast ycTaHOBIICHHAsI aKTUBHAs MOIIHOCTD Tpynmsl JI1: 2P, = 271kBr.
HomunanpHast MOIIHOCTE HanOoaee MOIHOTO DI1: P,yymax= 20kBT.
CymmapHas cpefHss akTUBHasi MOIMHOCTb Tpynnsl OI1: Ps.04 = 184kBT.
CymmapHas cpesiHss peakTuBHas MOIIHOCTD rpynnbl DI Qx,04 = 164,6xBT.
CpenneB3BenIeHHbIH KO3 PHUIUEHT ncnoiab3oBanus rpynmnst JI1:

K _ZKu EIPHOM()4_0,6E|9E|14+ 0,803014+ 0,61 21 26 0,81 18 0,[83[315068
ucn04 SP 94+ 3014+ 2020+ 1018 3115 '

HOM

T.x. B rpynme OTHOIIEHHWE M HOMHHAIBHON MolrHOocTH HamOombiiero D11 rpynmbl P,y max K
MOIIHOCTH HAaUMEHBIIETO MPUEMHUKA Py, min MEHBIIIE 3, TOT/1a MOXHO CUUTAaTh N, =N o= 18

Koadpumuent pacuernoit Harpysku pis 0,4xB Haxoqum o xpusbM /1, puc.2.6/. K04 = 1,244
Pacuernas akTHBHas MOIIHOCTH XapakTepHoii rpymmsl OI1 Ha 0,4xB

P04 =K 045y 04~ 1 2440184 228xBm

Tk. n,< 100u Ku >0, 2., To pacueTHasi peaKTUBHAsl MOIIHOCTb JAHHOM XapaKTepHOW TPYIIIbI

OIl na 0,4xB
Qp04 = lQZch4 = 1164,6 = 164,6<Bap
[TonoOHbIe pacy€Thl MPOBOISATCS MO BCEM OCTAJIBHBIM XapaKTEPHBIM IPyHIaM MEXaHUYECKOTO
1exa, pe3yabTaThl 3aHOCATCS B Tabnuiy 1.
Pacuetnas Harpyska mexanumdeckoro mnexa B cetu 0,4 kB, ¢ yderoM OCBETHUTENHHOW Harpy3KH,
paBHa

P, = 1491xBrt

Q, = 1285kBap
Pacuer ocrampHbIX XxapakTepHbix rpynm DIl mpoumsBoautcss B mnporpamme Zapusk,
pe3yIbTaThl pacueTa npuBeeHbI B Tabmuie 1.

Omnpenenenne NEHTPA ANIEKTPUIECKUX HAIPy30K
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s onpenenenust mecta pacnojoxkeruss KTII, HeoOXoaumMo moCTpOUTh KapTorpaMmy Harpysok,
KOTOpas MpeACTaBiIsIeT co00il pa3MelleHre Ha IUIaHE 1eXa OKPYXHOCTEH, IIomaab KOTOPBIX
COOTBETCTBYET B BBIOpaHHOM MacmiTade pacuéTHbIM Harpy3kaMm. Paauycel OKpy:KHOCTeH
oTpeneNsioTes o hopmysie:

= i 14
R = o= (14)

rjie m — TPUHATHIA MacIITad I OnpeaeIeHus IIomany Kpyra, KBr/mwm.
Ha ocHOBaHMM MOCTPOEHHBIX KApTOTpaMM HaXOJSAT KOOPAMHATHI YCIOBHOIO IIEHTPAa HArpy3okK

(YLIH)
Z Ppi D(i Z Ppi Eyi

X = i=2l.rl : y: i=1n (15)
S, SP,

Anroput™m mocTtpoeHus: 30HbI paccesiHus [[OH mpuBeneHsl B NMpuiiokeHUH 8, 30Ha paccesHus
[IOH npencraBnena Ha pucyHke 1.
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Ta6muma 1 —Harpy3ku cetu 0,4xB

VcxonHbIe TaHHbBIE <
10 CIIPaBOYHBIM &
10 3aJJaHUI0 TEXHOJIOB 2
JTAHHBIM = -
2 | E
b} ] ;
= s 5| % 2
o) = B =
= 2 .= = Cpenuss 2 5 =
O S z = 5 = MOIIHOCTb S 3 PacueTHas MOWHOCTD | =
2 =5 = 8| 85 = &, 5
&8 5 8 =5 8 a 2 rpynnsl D11 S = o
) >~ I = M = T 3] e g.é
XapakTepHbIE KATEropuu | £ 5 H g = 5 = 5 o o
= S s O = 2 = =
OI1 5 s = c 5 g = = =
~ 3 - S M g
as} = S
s g S
o Z R~
=
n Pmax EPHOM KI/I tg ¢ Pc QC n3 Kp Pp Qp Sp Ip
mT.| kBT kBT kBT | xBap | mr. kBT | xBap | kBA A
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1-6, 59-65 13| 28 364 0,14 1,33 51[0 67[9
12-16 5 30 150 | 0,13 2,29 195 44f7
17-22 6 14 84 0,1§ 1,17 1501 17)
37-40, 85, 86 6 12 72 0,1B 1,17 13,0 152
41-53 13| 23 299 0,13 1,98 389 771
54-58, 92-94 8 16 128| 0,14 1,73 17,9 310
66-73 8 13 104 | 0,13 1,17 13/5 15/8
77-84 8 44 352 | 0,14 1,33 4913 65])7
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MPOJIOJDKEeHHE Ta0IuIhe 1

103

1 2 3 4 5 6 7 8 10 11 12 13 14
95-100 6 23 138| 0,14 1,33 193 25{8
106,107 2 16 32| 0,18 1,98 4p 8B
116-118 3 15 451 0,18 1,17 8L 9p
119, 120 2 17 34| 0,14 1,33 48 6,8
124-128 5 30 150| 0,18 2,29 19,5 447
Hroro 85| 44 | 1952 0,38% 1,56 274 43 1,2062 3 430 42 |[782
7-11, 87-91 100 18 1800 0,20 1,17 36,0 43,1
23-27, 114, 115 7 21 144 0,35 1,02 36,8 37,5
74-76 3 15 45 | 0,2( 1,17 9,0 10/5
101,102 2 30 60 [ 0,22 1,17 132 154
103-105 3 26 78 [ 0,20 1,17 156 18{2
112, 113 2 24 48 | 0,20 1,17 96 112
121-123 3 18 54| 0,20 1,17 10{8 126
Htoro 30| 30 612 | 0,214 1,15 13 147,6 1,5249 2 148 P48 (358
143-146 41 48 192] 0,2% 1,33 48  64{0
147-151 5 28 140] 0,28 1,33 32,2 429
152-155 41 24 96 | 0,40 1,02 38|14 392
156-158 3 36 108| 0,30 2,29 3204 7472
159-161 3 16 48 | 0,3% 1,73 16{8 29{1
Htoro 19| 48 584 | 0,28) 1,54 168 2494 1542 2 249 B59 [519
28-36 9 14 126( 0,6( 1,02 75|16  77|1
108, 109, 129 3 14 42 0,80 0,75 33,6 2%,2
110, 111 2 20 40 0,60 1,02 240 245
142 1 18 18 | 0,8( 0,75 14,4 10{8
162-164 3 15 451 0,80 0,75 36,0 27,0
HTtoro 18] 20 271 | 0,67y 0,86 184 164,6 1,2439 2 164,6 P82 [406



poJoHKeHne Tadbmuist 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14
130, 131 2 15 30 0,70 0,48 21{0 10,2
132-134 3 20 60 0,50 0,62 300 186
135, 136 2 50 100 0,6pD 0,75 60,0 45,0
137 1 41 41 0,50 0,62 205 12)7
138-141 4 32 128| 0,7% 0,33 96[,0 316
Hroro 12| 50 359 | 0,634 0,56 228 114,0 1p 1,3292 3P2 118 B25
Hroro no nexy 164 50 | 3778 0,38 1,13 984 1109 1%2 1,1%55 1320 1109 1724
OcBeTuTenbHasi Harpy3Ka 119 0,9 1,33 10 1428 1071 142,8 1Y9 2
Wroro narpys3ka B menmom | 164| 50 [ 3778 0,38 1,13 1091 12%2 1%2 11,1555 1261 1252 L1777
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Pucynox 1.30Ha paccestHus IIEHTPOB IEKTPUUECKUX HArPY30K.

Omnpenenenne montHoCcTH TpanchopmatopoB KTTI

MouHocTh TpaHcopMaTOpOB BBIOMpPAIOT MO CpeAHEW AKTUBHOW MOLIHOCTH 3a Haumboisee

3arpy’>KeHHYIO0 CMEHY 110 (hopmyJie:

P
Smmm2 - "
7 K, IN

3 m

rac
P, —pacueTHas akTUBHasi MOIIHOCTG, KBT;

(16)

K, —xo3¢pdunment 3arpysku tpancopmaropa (mpu Harpyskax Il u Il kareropum u Hamuuuu

[ICHTPAIM30BAaHHOTO pe3epBa Tpanchopmaropos pasen 0,9);
[pu ogrom Tpancdopmarope Ha KTII (Bapuant 1)

2%—1400 KBA .
0,9

HOM.m

[pu nByx Tpancpopmaropax Ha KTII (Bapuant 2)

ZE—QOO KBA.

om0, 72
IIpuHMMarOTCS K YCTaHOBKE:
Bapuant 1 —tpancdopmarop TM-1600/10;
Bapuant 2 —tpancdopmaropst TM-1000/10.
HanOonpmyto  peakTHBHYIO  MOIIHOCTh, KOTOPYIO  II€JIecO00pa3Ho
TpaHnchopmatopsl B ceTh HamnpspkeHueM 0,4 kB, onpeaenstoT no (bopMyne:

Quaxn =y(N, K, [5,,,,)? -

s BapuanTa 1

Q.. =10,916007- 1263 = 696:ap

105

nepeaTh
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s BapuanTa 2

Q,... =1(200, 7010007 - 1263 = 128%eap

CymMapHast MOIITHOCTh KOHJICHCATOPHBIX Oatapeii Ha HanpspkeHue 0,4kB cocTaBur:
s BapuanTa 1

Q1 = Q, — Quaxn =1252- 696= 556xsap , (18)

Q, — peakTHBHAasI MOIHOCTh, KBap.
s BapuanTa 2

Q,, =1252- 1285 — 33ksap
Ecmn Q.1 < 0,T0 ycTaHOBKa 6aTtapeil KOHIEHCATOPOB HE TpeOyeTcs.

Bb100p MOIIHOCTH KOH/IEHCATOPHBIX OaTapeil sl CHUKEHUS TIOTEPh MOLTHOCTH B
TpanchopmaTopax
HononuurensHas MomHOcTh Qe HBK mna rpynmer TpanchopmaTopoB omnpenensercss 1o
dbopmyre:
QHKZ = Qp - le -0 mmp [Eﬂw.m- (19)
rae
| — pacy€THbli K03()(HULMEHT, 3aBUCAIIMNA OT Pacu€THBIX napameTpoB Kj,1 ¥ Kj,» 1 KOTOpBIil IIpH
OTCYTCTBHH JJOCTOBEPHBIX JaHHBIX MOKHO IpUHATH paBHbiM 0,3 1o /3, c. 107/.

s BapuanTa 1

QHK2 =1252- 556- 0,8]M1608 2l@sap

s BapuanTa 2

QHK2 =1252- 0- 0,312]1006& 65%sap

Cymmapnas montHocth HBK 1iexa coctaBurt:
s BapuanTa 1
QHK = Qs + Qui, =556+ 216= 772keap (20)

s BapuanTa 2
QHK =0+ 652= 612«ksap

Jns Bapuanta 1. ycranaBnmuBaem oany HBK tuma VKIJI (IT) H-0,38-600-1503, u onny HBK
tuna YKJI(IT) H-0,38-200-158'3.
Jns BapuanTta 2: ycranasiuBaem ase HBK tuna KKY (IT) H-0,38-400-150'3.
OO6m1as ckoMIIeHCHPOBaHHAs MOITHOCTH I1eXa Il BapuanTa 1
QHKZ = QH b EhH o = 6001+ 2007 800xkseap

TSl BapuaHTa 2. Q =400[R2= 800 «sap

HKZ = QH6K EhH5K

HeckomnencupoBaHHas peakTUBHAasI MOIIHOCTD JJ1s BapuaHTa 1

QH€CK.04 = Qp -Q S 1252- 800= 452«keap (21)
TSl BapuaHTa 2. QH€CI<‘ 04~ 1252- 800= 452keap

TexHUKO-2KOHOMUYECKOE CPAaBHEHHE BEIOPAHHBIX TPaHC(HOPMATOPOB
[TpuBeneHHbIe 3aTpaThl OMPENEIAIOTCS 110 GopMyIIe:

3 = EH m + H = EH |JI{KTH + KHEI{) + AZ |JI{I(TH + KHEK) + CO |JAWTP + AWHEI{ )D'O_s’ (22)
rne
E,, = 012- HopMaTHBHBIH K03()(HULHEHT IKOHOMUUECKOU 3(h(HheKTUBHOCTH;
K pn Ky - croumocts KTIT u HBK cooTBeTCTBEHHO;
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C, = 0035 py6/xkBT*4 — yzenpHasi CTOUMOCTB IIOTEpPh JIEKTPOIHEPIHH;
Ay - cyMMapHbI€ €KeroiHbIe OTUYMCIICHUs Ha aMOPTH3ALUIO0, PEMOHT M 00CITyKHBaHHUE;
AW, u AW, - notepu 3nekTposHepruu B Tpanchopmarope u HBK.
[Torepu B Tpancopmaropax onpeaesstoTcs mo Gopmyie:
AW, =N, HAPX T, +K32z1> EK; LAP Erp)l (23)
rne
K ;, - paxTrueckuil k03GUIMEHT 3arpy3KkH TpaHchopMmaTopa,
K, -xoapduuuent gpopmel, K, =11;
T, - BpeMs paboTHI 1iexa, 4/Tox; IpH AByXCMeHHOU pabote 7, = 4608 u/rox;
T - - Bpems paboTsI TpaHchopmaTopa, 4/Tox

AWHEK = AV\{/()HEK EQK D-E’ ' (24)
rmue AWyOHEK - ynenbubie notepu B HBK, paBubr 0,0045kBT/kBap;

Q;x - MomHocts HBK, kBap.

Croumocte  KTII ¢ tpanchopmaropom  TM-1600/10: Ky =31,07 muic pyo
Ky =8,92 muic py6 ; As = 0094

AW, =1{4,508760- 0,7501701 16/5 46p8  91168m 4

AW, .. =0,0045180014608 16588Bm I
3=0,120(31,0% 8,92 0,094 (31,67 8,92) 0,085 E116558)11C = 12,62mic py6

s BapuanTa 2:
Ky = 28,75 muvic py6 ; K, =3,87 moic py6 ., As = 0094

AW, = 2[{3,30B760+ 0,730 111 11/ 46p8  1267%Bm I

AW, .. =0,0045180014608 16558Bm &
3=0,12128,7% 3,873 0,09 (28,75 3,87) 0,085 (BB 1655810 = 11, 7dmic p6

Tak kak nmpuBeneHHBIC 3aTpaThl Ui BapuaHTa 1 Gojblle, YeM AJis BapuaHTa 2, TO IPUHUMAEM K

ycranoBke KTIT 2 x 1000/10
Pacuer anexkrpuueckoii cetn 0,4xB

.OnpeneneHne cXeMbl [IEX0BOM NEKTPUUECKON CETH
PaccmarpuBaroTcss aBa BapuaHTa dJeKTpocHaOxkeHus 1nexa (pucyHok 2.1, pucyHok 2.2 -
[Mpunoxenus 2).
Pacuer Harpy3zok CII 1 mIMHONPOBOIOB MPOU3BEICH METOIOM K03(p(pUllneHTa pacueTHOM HArpy3Ku
B mmporpamMme Zapuskpe3ynbTaThl pacueTa MpUBEICHBI B MPUIoKeHHH 3 Tabmmax 1 u 2.

Br16op ceuenuit mpoBOIOB M KK Kabenein
CedeHuss TpOBOJOB W KM KabOeneld IEXOBOW CeTH BBIOMPAIOT N0 HAarpeBy JJIUTEIbHBIM

PaCUCTHBIM TOKOM.
| <K | (25)

p cH oon’
rIe

K, - nonpaBouHblil K03()(PULIMEHT Ha YCIOBHSI IPOKIIAJKH IIPOBOIOB U Kabenei;
K., =1 1.x. npoBofa 1 Kabeau MpoKJaabIBalOTCA B TpyOax.

Bri6op cedeHuit MpOBOJHUKOB ISl MUTAHHS AJIEKTPONPUEMHUKOB, MPUCOCAUHIEMbBIX K
pacnpenenurenbHomMy mmHONpoBoay (wnu CII), ompenensercs nmo (akTuyecku MOTpedIisseMoin
morrHoctr DI1. HoMuHanbHBIN TOK HATPY3KH |, HAXOTUTCS TIO OpMYIIE:
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P [

HOM

" J3W,, oy

How (26)
rae

P,10,, — HOMUHAJbHAS aKTUBHASI MOIIIHOCTH 3JIEKTPONIPUEMHIKA, KBT;
U,.o, — HOMHUHAJIbHOE JIMNHEWHOE HaIpshKEeHue ceTH, KB;

COS | —HOMUHAJIBHBIN KO3(PDUIIMESHT MOIITHOCTH HArPYy3KH;

) —uomuHanbHbIN KT/,

K; —K03((OUIIMEHT 3arpy3Ku, paBHBIN:

K3 -, (27)

rIe

Ky, — koa(h punment ucnonpizoBanus OlI;
Ks —Koa(hpurmenT Briouenust JI1.
Jnst cranka Ne 7:

K =O;2=O,2.

| = 18(0,2 =10 4.
" /3[B8OD, 6510,85

Jns ycraHoBku mpuHMMaeTcs mnposoa AIIB (3 x 4) MM C JUTUTEIBHO-A0MYCTUMBIM TOKOM
I()fl.()oanCH =47A > IHOM = 43A.

Opnaxko, ecinu BIOpaHHOE CeueHue Ui aJlOMUHUEBOTo MpoBojaa MeHee 10 MM? BKJTFOUHTEIBHO,
TOT/Ia TOKOBBIE HAarpy3KH IO HarpeBy MPUHUMAIOT KaK Uil YCTAHOBOK C JIJTUTEIBHBIM PEKUMOM
paboTHI.

Jnst cranka Ne 7:

HOM 18

| = = =49 4
HoM @,mJH [tosp [y -~/ 3138010,68 0,85

oM
Jlns ycranoBku npuHuMaetcs mpoog ATIB (3 x 16) MM? ¢ JUTUTEIIbHO-OITYCTUMBIM TOKOM | ;901
=60A > 1, =49A.

Ecnmu monmyuennoe ceuenune Ol 6omee 25 MM K yCTaHOBKE NMpUHUMaeM kadenp mapku ABBI'.
AHanoru4Ho cedeHus s octanbHbIX OlI, pesynmbraThl cBeneHbl B Tabmuiy 3. [lo ycmoButo
MEXaHUYECKON MPOYHOCTH BBIOPAHHOE CEUCHHE JTOJDKHO OBITH OOJIbIIE HaMMEHbINETO Fmin = 4
MM>.

Bei6op ceuenus kabenei k CII 1 MIMHOMPOBOAAM POU3BOJUTCS aHATIOTHYHO 10 Gopmyite (26),
pe3yNbTaThl CBEJEHBI B Tabmuity 4, 5.

s kabens mexay IIIMAL —IIIPAL (Bapuant 2) pacueTHblit TOK (pacueTHblii Tok IIIPAL) paBen
(Tabn.1 mpunoxenus 5) |, = 269A.
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Tabnuna 2 —Ceuenus u mapku npoBozaoB DI (Bapuant 1 u BapuaHT2)

2 g |3 2 |3

- = | B2 |§|28| %

=] o) o ) ol O @ ¥

S 8 s | S| 8|58 °®

x® % 6 E % x E[ S =

sl | €| 3 | ¢ |55]8|55]| 3

3 S 1 3|2 |88 3

o S > G s | 6" =

T o O = 5 | =

PHOM = I/J, Kn § I/J, IHOM

kBT MM A = A A

1 2 3 4 5 6 7 8 9 10

1-6, 59-65 28 0,6 0,14 | ABBI' | 35 95 1 95 83
7-11, 87-91 18 | 0,65 | 0,20 | AIlB 16 60 1 60 49
12-16 30| 04 [ 013 |ABBr| 70 | 165 | 1 | 165 | 134
17-22 14 | 0,65 | 0,18 | AIlB 10 47 1 47 38
23-27, 114, 11% 21 0,7 0,25 | AlB 16 60 1 60 54
28-36 14 | 0,7 (060 | ANB | 10 | 47 | 1 | 47 | 36
37-40,85,86| 12 | 065 | 0,18 | AlB | 10 | 47 | 1 | 47 | 33
41-53 23 1 0,45 | 0,13 | ABBI'' | 35 95 1 95 91
54-58, 92-94 | 16 0,5 0,14 | AlB 16 60 1 60 57
66-73 13 | 0,65 | 0,13 | AIlB 10 47 1 47 36
74-76 15 | 065 [ 0,20 | AMB | 10 | 47 | 1 | 47 | 41
77-84 44 | 0,6 | 0,14 [ ABBIr| 70 | 165 | 1 | 165 | 131
95-100 23 0,6 0,14 | AlB 25 80 1 80 69
101,102 30 | 0,65 | 0,22 | ABBI' | 35 95 1 95 82
103-105 26 | 0,65 | 0,20 | AlB 25 80 1 80 71
106,107 16 | 0,45 | 0,13 | AIlB 25 80 1 80 64
108, 109, 129| 14 | 0,8 | 0,80 | ANB | 10 | 47 | 1 | 47 | 31
110, 111 20 0,7 0,60 | AlB 16 60 1 60 51
112, 113 24 | 0,65 | 0,20 | AlB 25 80 1 80 66
116-118 15 | 0,65 | 0,18 | AIlB 10 47 1 47 41
119, 120 17 0,6 0,14 | AlB 16 60 1 60 51
121-123 18 | 0,65 | 0,20 | AIB 16 60 1 60 49
124-128 30 | 04 [ 013 |ABBIr| 70 | 165 | 1 | 165 | 134
130, 131 15 | 09 | 070 | AMB | 10 | 47 | 1 | 47 | 30
132-134 20 | 0,85 [ 050 | AMB | 10 | 47 | 1 | 47 | 42
135, 136 50 0,8 0,60 | AlB 25 80 1 80 67
137 41 | 0,85 | 0,50 | ABBI' | 35 95 1 95 86
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MIPOJIOJDKEHHE TaOTUITHI 2

1 2 3 4 S 6 7 8 9 10
138-141 32 | 095 | 0,75 | AlNB | 25 80 1 80 60
142 18 08 | 0,80 | ArNB | 10 47 1 47 40
143-146 120 | 0,6 | 0,63 | ABBI' | 150 [ 255 | 1 | 255 [ 223
147-151 70 06 | 058 | ABBI"| 70 | 165 | 1 | 165 | 120
152-155 60 0,7 | 1,00 | ABBIl | 70 | 165 | 1 | 165 | 153
156-158 90 04 | 0,75 | ABBI''| 70 | 165 | 1 [ 330 | 302
159-161 40 05 | 088 | ABBI'| 70 | 165 | 1 | 165 | 125
162-164 15 08 | 0,80 | ArNB | 10 47 1 47 34

Jns ycraHoBku npuHUMaeTtcs kabens ABBIT 2(3x70) ¢ miuTenbHO-T0MyCTUMBIM TOKOM |y, = 155
A. C yderom ycioBuil pokJIagku (CpemHsst TeMnepaTypa OKpyxkaromed cpensl tog., = 25 T)
TOITYCTUMBIN TOK Kabenst
loon " Kew = 21551 A = 310A > |, = 269A
[IuHOTPOBOIBI BRIOMPAIOTCS MO PACUETHOMY TOKY U3 YCIIOBUSL:
Ip < IHOM (28)

rae |0, — HOMUHANBHBINA TOK LIMHOMPOBOJA, A.

Tax ms nmuompoBona IIIPAL1 (Bapmant 2) |, = 292 A. BreiOupaeMm a1 yCTaHOBKH
KOMIUIEKTHBIN mmmHOonpoBoa tuna [IIPA73Y3 ¢ 1,,, = 400A.
Ta6muia 3 —lluaOopoBOABI

= =

@ 3 3 = =

=3 I I < & O

o 0 ] S I

@ c = C I x Emao

® 8 o S o o o = O
z = =3 ST |8 £33 c 2082y

oL 5 o o g O C a = g >
S 3 Q I g @ 55 = = 4 oqg'é
o) 8 o 3 S ~— >‘|:[ )Sg = EOI¥
o = cC 0 x T © S 0 o @ m O
= ) e ) S o | Tg s 2 c 9 Q
o bos I S SF | g £ == 3 328
I T = I o zg_ P x a 0509
= s 3 [ o o 2 0 O g3 a
3 c T > @© > F N =
o = 0] [ Q [ S ©

< < &) o [ [} 3T

— () Ig [
. ln la b Na/ Het
MM A A A
BapuaHTl

IIIPA1 | 1 | IIPA73Y3 3550 630 1 630 470 Ha

[IIPA2 | 1 | IOPA73Y3 3550 630 1 630 517 Ha

IIIMA1| 1 [[IMA68HV3| 13098| 4000 1 40001 2834 Ja
BapHaHT 2

IIPA1| 1 | HIPA73Y3 | 2698 630 1 400 292 Ha

IIIPA2 | 1 | IIPA73Y3 | 3550 631 1 630 482 Ha

IIIMA1| 1 | OIMA73Y3 | 4800 | 1600 1 1600| 1402 Ja

INIMA2| 1 | IIMA73Vy3 [ 4800 | 1600 1 1600 1428 Jla
Tabnuna 4 —IMuraromue kabenu (Bapuant 1)
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Tabnuna 5 —IMuraromue kabenu (BapuaHt 2)

111

S S
a (=4 [ m
(& )% )% § g
3 = 5 3 :3
© g 3 3 o)
| g | 8 | E=|s8| 8
= x
& .- e | §% | 88| 538
= ] 4 T = — = ¥ 3 n
3 © < o 3 3 35
[ E 4 % = = C s
= Q & o = = S 2
o = S 9 52
O [ C
Z = mu )
=
o
X I,qon.Taﬁn I,qon |H6
MM A A A
KTM - WWMA1 8 ABBI 150 340 3189 2127
LLIMA1 - LUPA1 3 ABBI 95 210 739 470
LLIMA1 - LUPA2 2 ABBI 150 340 797 517
WPA1 - ClM1 1 ABBI 70 165 193 117
WPA1 - CI2 1 ABBI 95 200 235 127
WPA1 - CI3 1 ABBI 50 130 152 92
WMAL - ClN4 1 ABBI 70 165 193 103
LLIMA1L - CI15 1 ABBI 120 220 258 178
LLIMA1L - Cl16 2 ABBI 95 200 469 295
LLIMAL - CI7 2 ABBI 70 165 387 231
LLIMA1 - CI18 2 ABBI 95 200 469 292
LLIMA1 - CIM9 2 ABBI 120 220 516 334
WMA1L - CI10 1 ABBI 95 200 235 159
WMAL - ClN11 2 ABBI 120 220 516 363
WMAL - ClM12 1 ABBI 70 165 193 112
LLHMA1L - CINM13 1 ABBI 50 130 152 80
LLHMA1 - ClN14 1 ABBI 50 130 152 86
LLHMA1L - CI15 1 ABBI 25 80 94 59
LLUMA1L - Cl116 1 ABBI 95 200 235 152
WMAL - ClN17 1 ABBI 95 200 235 152
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KT - WMA1 5 ABBI 150 340 1993 1402
KT - LLMA2 5 ABBI 150 340 1993 1428
LLIMAL - WWPA1 2 ABBIT 70 210 492 292
LLIMAL - LUPA2 2 ABBI 120 295 692 482
LLIMAL - ClN1 1 ABBI 70 165 193 117
LLIMAL - ClN2 1 ABBI 95 200 235 127
LLIMAL - CIN3 1 ABBI 50 130 152 92
LLIMAL - ClN4 1 ABBI 70 165 193 103
LLMAL - CI15 1 ABBI 120 220 258 178
LLIMAL - CI16 2 ABBI 95 200 469 295
LLIMAL - ClN12 1 ABBIT 25 80 94 53
LLMA2 - CI17 2 ABBI 70 165 387 231
LLIMAZ2 - CI18 2 ABBIT 95 200 469 292
LLIMA2 - CI19 2 ABBI 120 220 516 334
LLIMA2 - CI110 1 ABBI 95 200 235 159
LLIMAZ2 - ClN11 2 ABBI 120 220 516 363
LLIMA?2 - ClN13 1 ABBI 50 130 152 86
LLIMAZ2 - ClN14 1 ABBIT 25 80 94 59
LLIMA?2 - CI115 1 ABBI 95 200 235 152
LLIMA?Z2 - Cl116 1 ABBIT 95 200 235 152

IIpoBepka cedeHust IPOBOJHUKOB 110 JOIYCTUMOM ITOTEPE HAIIPSKEHUS

BeiOpaHHble MO JUIMTENBHO AOMYCTUMOMY TOKY U COIJIACOBAaHHBIE ¢ TOKOM 3aIlUThI alaparoB
CeUeHHs] TPOBOJHUKOB BHYTPULIEXOBBIX CETeH JOJDKHBI OBITh TPOBEPEHBI HA MOTEPIO
HanpspkeHus. [Ipy 3KcIulyatanuy 3JIEeKTPUYECKUX CETEH, 3Hasl YPOBEHb HAIPSKEHUS Ha BBIBOIAX
y HaunbOonee ynanéunoro D11 u paccunTaB MOTEPIO HANPSKEHUS, MOXKHO OTIPENICIUTh HANpPSKEHUE
Ha BTOPUYHOM CTOPOHE NMUTAIOIIEro TpaHCPopMaTopa U BeIOpaTh YCTPOWCTBA TSl PEryJIMPOBAaHUS
HaNpsDKCHUs Ha MUTAIoIIeM KoHIe JuHuM. /s HopmanmbHOU pabotrel DIl HampspkeHue Ha ero
BBIBOZIAX JIOJIKHO OBITh IO BO3MOXHOCTH OJIMKE K HOMUHAIBHOMY 3HaUYEHHUIO.

HomunanbHOe HampspkeHHE Ha BTOpUYHON oOMOTKe TpaHcdopmaropa cormacHo 'OCT mpunsTo
Ha +5 9% Bbllle HOMMHAJIBHOIO HANpsDKEHUs ceTH. JlomycTUMOE HOpPMallbHOE OTKJIOHEHHE
HanpspkeHus: y Haubonee ypanéaHoro Ol nomkno ObiTh He HIKe —5%. Takum o6pazom obiee
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CHWDKEHHWE HAMPSDKEHUS B CETH OT UCTOYHHMKA MUTaHMS 70 Hanbosee ynanéanoro DI pasno 10 %
HOMHHAJILHOTO 3HAYCHUS.
Hnst cetm Tpéx(da3zHOTO TMEPEMEHHOTO0 TOKa C HECKOJBKMMHU pachpenel€éHHBIMU Harpy3Kamu
MoTepsl HAPSDKEHUS OTpeiessieTcs mo popMmyIie:
10° n
AU% =——7PIIL0Or +>g0[ﬂg¢),
u? 1 0
HOM

rae P —pacuérnas win HoMuHAIBHAS (17151 oguHOuHOTro DI1) MOIIHOCTE Harpy3kH, KBT;

L —paccTosiHe 10 HArpy3KH, KM;

lo, X0 — aKTHBHOE M PEAKTUBHOE YJIETBHOE COMPOTHBJICHUE MaTepuaja TPOBOIHUKA,
Om/kM;

tgl ! —ko3(pPHUIHMEHT MOIIHOCTH HATPY3KHU.
Haiiném HanOoIbIIyI0 TOTEPIO HAMIPSHKEHUS B PACIPEICTUTEIHLHON CETH W PE3yJbTaThl CBEIEM B
tabmuusl 1 - 4npunoxenus 4.

(29)

OINIPEAEJIEHME TOKOB KOPOTKOI'O 3AMBIKAHUA

Pacuer Tpexdaznbix TokoB K3

CeTn TpPOMBINUICHHBIX MNPEANpHUIATUN HampsokeHneM 10 1 kB xapaxtepusyrorcs Ooiblioi
MPOTSKEHHOCTHIO U HAJIMYHEM OOJBIIOTO KOJIMYECTBA KOMMYTALIMOHHO-3aLIUTHON armaparypsbl.
[Tpu Hanpspkenuu 1o 1 kB naxke HEOOMBIIOE COMPOTUBIICHNE OKA3bIBAET CYIIECTBEHHOE BIUSHUE
Ha Tok K3. [loaToMy B pacyeTax y4HMTBHIBAIOT BCE COMPOTUBICHUS KOPOTKO3aMKHYTOM €U, KaK
WHJYKTUBHbIE, TaK M akTuBHbIE. KpoMe TOro, y4uThIBaIOT aKTUBHBIE COINPOTHBICHUS BCEX
NEePEXO/IHbIX KOHTAKTOB B ATOU 1ienu. [Ipy OTCYTCTBUHM TOCTOBEPHBIX JAHHBIX O KOHTAKTaX M UX
MEPEXOHBIX COMPOTHUBICHUSIX PEKOMEHAYyeTcs Npu pacdyere TokoB K3 B ceTsix, mUTaeMbIxX
TpanchopmaTopamu MomHOCTEIO 10 1600 kBA, yuuThIBaTH WX CONPOTHBICHHE CIIECIYIOIIAM
obpazom: 0,0150M — anist pacpeenuTeNbHBIX YCTPOUCTB Ha cTaHIusAX U noacTanmusx; 0,020m
— ans nepBUYHBIX 1exoBbIX PII, a Takke Ha 3akMMax amnmaparoB, MUTAEMbIX paJUaIbHBIMU
JUHUSAMH OT IIUTOB MOJACTAaHIMN WiauM ThaBHbIX Maructpaneir; 0,025 OM — mis BTOPUYHBIX
nexoBeix PII, a Takxke Ha 3akumax ammaparoB, muTaeMbix OT mepBuuHbX PII; 0,03 Om — nmns
anmnapaTypbl, YCTaHOBJICHHOW HEMOCPEACTBEHHO Yy MPUEMHHUKOB 3JIEKTPOIHEPIUH, MOTYUYAIOIIUX
nutaHue ot BropuuHbix PII.

ConpoTuBIIeHNUE CHCTEMBI OIIPEIENIAETCS 10 cenyromei Gpopmyre:
2

UC UECT
= : 1o, 30

rne
U, - HampspKEHUE CUCTEMBI, B JaHHOM citydae pasHo 10500B;

U o - HampsbkeHHe 0a3uCHOM CTyIEHH, B JaHHOM citydae paBHO 400B;

| & - rpexdasHpIii TOK KOPOTKOTO 3aMBIKAHHS CHCTEMBI, T.K. He 3a[1aH MPUHIMAaeM paBHEIM 5000

A.
. = 10500 ( 0,4)
J36000, 10,5

10> =1,76 mOm

ConpoTuBJICHHS IIEXOBOTO TpaHCHOpMaTopa ONpeAeIsTIOTCs 1Mo GopMyiam:

AP, 2
My = K BUHﬂ ' (31)
SHOM SHOM
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2 2
U, AP 2
X, =\/( Mj -( < j o (32)
100 SHOM S1'7’0M
Jlnst tparcdopmaropa TM-1600/10:AP; = 4,5 xBt, AP. =165 kBt u Uk o = 90 %.

_16,5 3—0’& =1,03 MOm,

r =
1600 1600
2 2
Xyr = (S’SJ —( 16’5j DO,& 10° =5,4 mOm
100 1600 1600

ConpoTuBieHUs MIMHONPOBOIOB U Kalelsel onpeaesnsorcs mo GopmyIe:
r=r,ll
x=x, 0’

(33)

rae
Iy U X, - yIeIbHbIE CONPOTUBICHHS JIUHUI, MOM/M;

| - nmHA MuHUH, M.
Tok tpexdaznoro K3 onpenensercs no popmyse:

U
|, =— 2% 34
S (34)
Paccunrtaem i Touku kopotkoro 3ambikanus Ha [IIMAL (cMm. puc. 2, 3)Tok Tpexdasznoro K3
(meTammueckoe K3).
Xs =Xt X%+ X%+ X+ X, =1,76+ 5,4 0,04 0,0¥ 0,038 7,240nm

C y4eToM MepexoTHOTO COMPOTHUBIICHUS] KOHTAKTOB: I =15 mMOwm;

nepex

fy =T +Fom + opp o . =1,03+ 0,13 0,13 0,134 15 16,290m

nepex
7, =[R2+ =\/16,2F + 7,27 = 17,8u0m
| =400
0 3mv,8

AHaJOTUYHO PAaCCUYUTHIBAEM TOKH JUIsl OCTAIBHBIX TOYeK. Pe3ynbTarhl cBeneHbl B Tabmunbl 1 - 4
npunoxenus 4. Toku KOpOTKOTO 3aMbIKaHUS Ha ITMHOTIPOBOIaX MPECTaBICHBI B Ta0IHIIE 6.

Tuc

X

C

=12,9 k4.

T1

ZQFl, QF2

I
|
[

R

nep.k

—
ZKJ'I.KTI'I-LLIMal
N

Pucynoxk 2. Cxema 3aMerieHus Jijisl pacuyera TOKOB KOPOTKOTo 3aMbikanus Ha [IIMA1
Tabmuua 6 —Toku KOPOTKOTO 3aMBIKaHUS Ha IIMHOIPOBOJAX
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= =
1 [ ¢ [
S T p o ] an e o™
< ) = )
= 7 |w 8 S 4 = Z e = < ~
S | z|2% |2 | 2 |22 |2 | &
= 518 84 F = = 5138y E =
2 ° Iz B = = 2 ° |z g = =
) o = = oM ia) o o = = o M €
g |3 s g FX = 2 s J B x =
E E (€ 5 9 8 5 E 12 5 9 x 2
2 2 le=¢f 2 S 2 2 le2 q¢8 ‘=1
£ o |0 & , S = s o & , S
2 = = = T z = 5 = o)
E [av] g =) = E < g € =
& ~ T o © ~ = o
N ) = N 1) =3
o S s o S =
=~ o > =~ o >
KA KA KA KA KA KA
BapuanT 1 BapHaHT 2
IIMA1| K1 112,945 18,54 3,6YILIMA1| K1 |11,358 16,56 3,1%
IIPA1| K2 |9,9144 14,04 3,3BIIIMA2| K2 |11,429 16,64 3,1p
IIIPA2| K3 |5,4184 7,66 2,79 IIIPA1 | K3 |8,7591 12,54 2,64
CII1 | K4 | 5,726] 8,12 1,64 IIIPA2| K4 |8,9629 12,84 2,8P
CIlI2 | K515,3383 7,56 1,24 CII1 K5 16,8513 9,75 1,69
CII3 | K6 |5,1864 7,34 1,16 CII2 K6 16,0614 8,60 1,26
CIl4 | K7 | 8,651| 12,24 2,4% CII3 | K7 |5,8688 8,33] 1,19
CII5 | K8 | 7,498| 10,64 1,7f CIl4 | K8 |8,1858 11,69 2,3p
CIl6 | K9 18,9254 12,64 2,68 CII5 | K9 | 7,02| 10,00 1,68
CII7 | K10]9,6042 13,64 3,2b CII6 |K10| 38,2238 11,77 2,3p
CII8 | K11]9,6128 13,68 3,2Pp CII12 | K11|6,319% 8,96 1,3%#
CII9 | K12|8,8618 12,58 2,7F CII7 |K12|8,6662 12,43 2,84
CII10 | K13] 8,273 11,73 2,2 CII8 |K13|7,4913 10,68 2,0b
CII11 | K14| 8,588| 12,14 2,51 CII9 |K14|6,3841 9,07 1,48
CII12 | K15] 4,1047 5,81| 1,59 CII10 | K15(|5,1534 7,30 0,98
CII13 | K16]| 3,757 5,32 1,3B CII11 | K16| 5,735 8,13] 1,1%
CII14 | K17| 7,8398 11,10 1,98 CII13 |K17|7,288% 10,38 1,8b
CII15 | K18| 6,271| 8,87| 1,24 CII14 | K18|5,6333 7,98 1,1
CIIl6 | K19| 8,95 | 12,70 2,78 CII15 | K19| 8,086 11,54 214
CII17 | K20]| 8,9028 12,64 2,78 CII16 | K20|8,0024 11,46 2,4P
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Pacuer onnodazubix TokoB K3
Tok ogHodaszHoro K3 onpexnensercs mo hopmye:

\/§|]JHOM

IR = : (35)
\/(rlZ oy + s P4 (X + Xy + Xy )
rae
s+ Tpys foy - CYMMapHbIE AaKTHBHBIC CONPOTUBICHHMA NPAMOH, OOpaTHOW M HyJIEBOH

IMMOCJICA0BATCIIBHOCTU COOTBETCTBCHHO,
Xis» Xo5, Xoy - CyMMapHbI€ PEaKTHBHBIE CONPOTHMBIICHHS NPAMOM, OOpPaTHOM W HYJIEBOM

IIOCJICA0BATCIBHOCTH COOTBETCTBCHHO.

Jlns  tpamchopmatopoB ¢ ob6MoTKoM coeammeHnms Y /A -1lakTuBHBIE M peaKTHUBHEIE
COIPOTHUBIICHUS HYJICBOU IOCIIEIOBATEILHOCTH ONMPEAENAIOTCs mo Tabmwume /2, tada. 2.50/. s
OCTAJIBHBIX JJICMCHTOB HpI/I OTcyTCTBI/II/I 3aBOJZICKHUX JTAHHBIX MOXKHO HpI/IHI/IMaTB: JUIS
MIMHOTIPOBOOB Ioy, = 10711y, , X0 = 10 x1,, ; AT TPEXKUIBHBIX Kabenet ro, = 101y, , xor = 4
X1, 12,c. 141/.

PesynbTaThl pacueToB cBeneHbI B TabMuIbl 1 - 4nipusoxenus 4.

[TPOBEPKA IIIMHOITPOBO/IOB HA DJIEKTPOJMHAMHWYECKYIO CTOMKOCTh TOKAM
K3

Jnst BeIOOpa W TMPOBEPKH IIWHOMPOBOJOB TIO YCJIOBHIO AJIEKTPOJIWHAMHYECKOW CTOHMKOCTH

HE0OX0IUMO 3HATh HauOOJbIIIEe BO3MOKHOE MTHOBEHHOE 3HaYeHHE Toka K3, KoTopoe Ha3bIBalOT

yIapHbIM TOKOM U OTIPEAENAIOT 1o popmyIe:

iy, =v20,, K, (36)
rIe
| ;0 - 3HAaUEHUE MEepHOANYECKON cocTaBiioniel Toka K3 B HayabHbIl MOMEHT;

Ky, - ynapuplii Ko>(QQHUUMEHT, 3aBUCAUIMA OT MOCTOSAHHOW BpeMeHH 7', amnepHOAMYECKOM

cocrasistoueil Toka K3, BennunHa cripaBouHasl.
[TpoBepka Ha 31EKTPOIUHAMUYECKYIO CTOMKOCTD BBIIOJIHAETCS 10 YCIOBHIO:

IYH< IYH.,HOH’ (37)
rae
iwz. SO~ JOMYCTUMBIA  yaapubii Tok K3 s maHHoro tuma miMHOMNPOBOAA (cripaBovHAs

BCJIMYHMHA).
Beimostaum nposepky Beioparnoro IIIMA (mist BapuanTa 1):

i,, =v/2[12,91,0008& 18,524
18,52xA < 70,000kA

BriOpanHbIif MarucTpaibHbBIN IIMTHOIPOBO MPOXOIAUT MO JAHHOMY YCJIOBHIO.
AHaJIOTMYHO NMPOBEPSIOTCS OCTANIbHbBIE HIMHONPOBO/bI. Pe3ynbTaTel cBeieHb! B Ta0aMILy 6.

BBIEOP 3AIIIUTHOM AIIIIAPATYPBI
Bri0op npenoxpanureneit

HauOosnb1iee pacrpocTpaHeHHE B CETAX HanpspkeHUeM 10 1 kB nomy4uinu npeaoxpaHuTeny Tuna
HITH (nacwimHoit Hepa3oopHsiii) u Tuna [TH2 (HackimHO# pa300pHBIii).
Pasnmuuaror miaBkue npenoxpaHutenu wuHepuuoHHble (tuma WII), crocoOHBIE BBIAEPKHBATH
3HAYUTENbHBIC KPAaTKOBPEMEHHbBIC Ieperpy3kd, u OesuHepiwonnbie (tumoB HITH, TTH2) c
OTPAaHWYEHHON CIOCOOHOCTBHIO K TMeperpy3kaM. B mampHeWmUX pacdyerax NpPUHUMAEM
Oe3MHEPIMOHHbIC MTPEIOXPAHUTENH, T.K. 3aIUTa OT MEPErpy3Ku He TpeOyeTcs.
[lnaBkyro BcTaBKy [uisi O€3MHEPLMOHHBIX IPEIOXPAHUTENIEH BBIOUPAIOT IO  CIEXYIOLIUM
BBIPAKECHUSM:
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IHOM.BCT 2 IP.MAX ;

Vonrser 2 (i 1K e ) s (38)

rac
| » max - MAKCHMAaJIbHBIM pabouuii TOK ceTy;

| jop - HOMHHAJBHBIN TOK JIBUTATEIIS;
| ;- TMYCKOBOM TOK OJHOTO IBHrarteins, paBHbIH i, =1|,,, (K, (@11 rpymmsl aBurateneit

BMECTO ITyCKOBOT'O TOKA IPUHUMAIOT IIUKOBBIH TOK);
K ;vex - KPATHOCTB ITYCKOBOTO TOKa,;

K, zp - K03 dummenT neperpy3ku (mpuHUMaeM 2,5 —uist ISTKUX YCIOBHH ITyCKa).

B kauectBe nmpumepa BeiOepem npenoxpanutenu At D11 Ne 1:
| v ser 283 4 i, =5083=4174; (i,/K,;)=417/2,5= 1674

Bei6upaem npenoxpanurens [TH2-250,c Tokom mnaBkoii BCTaBku |, o = 200A.

AHAJOTUYHO BBIOMPAIOTCS MPEAOXPAHUTENHM ISl OCTaNbHBIX OIl M pe3ynbTaTbl CBEACHBI B
tabnuiy 1 npunoxeHus 7.

Br160op aBTOMaTHUECKHX BBIKIIIOYATENEH
ABTOMAaTHYECKU BBIKJIIOYATEh HE JOJDKEH OTKIIOYaThCs B HOPMAJIBHOM pEXUME paboThI
3alUIIAEMOT0 3JIEMEHTa, MOATOMY TOK YCTaBKHM 3aMEUICHHOTO cpabaTbIBaHUSI PETYIHPYEMbIX
pacuenuTenei ciaenyer BEIOUPATh MO YCIOBHIO:

IHOM.PAC 2 (171_ ls)l P,MAX (39)
[Ipy nomycTUMBIX KpaTKOBPEMEHHBIX IEperpy3kax 3allUIaeMoro 3JeMeHTa aBTOMAaTHYEeCKUI
BBIKJIFOUATCJIb HE JOJI’KCH CpaGaTbIBaTB; 9TO HOOCTHUTACTCA BBIGOpOM YCTaBK MTI'HOBCHHOTI'O
cpabaThIBaHUSI AJIEKTPOMArHUTHOTO PAaCUENUTENs O YCIOBUIO:

I HOM .PAC 2 (1'25_ 1'35)|17 ’ (40)
rae i, onpenesnsieTcs Tak ke, Kak ¥ IPH BEIOOpE MPeIoXpaHuTeIeH.

Takke OCYIIECTBIISIETCS MPOBEPKA HA COOTBETCTBHE TOKA YCTABKH PACHEMMTENS KPaTHOCTH
oxuodasuoro Toka K3 /3, c. 291/:

I I(?l) 2 1’ 25|:|] HOM .PAC 1 (41)
BreiOepem aBTOMaTHMYeckwii  BbIKIOYaTeNb, 3ammmaromuid  [IIMA-1  (Bapumant Ne 1):
l o max = 2854 A —1n0 nannbM Tabmuip! 4.

BriOupaem aBromaThyeckuii BbIKIIOYaTedb Mapku 325, ¢ HomuHaibHBIM TOokOoM 3000 A u

ycTaBKoii Toka cpabarbiBanus pacuenurens 3750A.
37502 13[2854=3711A

3800= 1,25%13006¢ 37504

T.0. BRIOpaHHBIN BBIKJIIOUATENb BEIOPAH BEPHO, T.K. YIOBIETBOPSET BCEM YCIOBUSM.

AHaJIOTUYHO BBIOEPEM OCTAIBHBIC BBHIKIIIOUATEIIN U PE3YJIbTaThl CBEJCHBI B Ta0. 7,8.

Hns  oOecnedyeHuss ~ W30UpATEIBbHOTO  JCUCTBUS  TOCIEAOBATEIBHO  YCTAaHOBICHHBIX
ABTOMATUYECKUX BBIKIIIOYATENIe MX 3alllUTHBbIE XapaKTEPUCTUKH Ha KapTe CEIEKTHUBHOCTU HE
JOJIKHBI TIePEeCceKaThCs, MPUYEM YCTaBKH TOKa paCICNHUTENed 3aMeUICHHOTO W MIHOBEHHOTO
NEHCTBUS Y BBIKJIIOYATENSI, PACIIONOKEHHOTO OJIMKE K HCTOYHMKY NUTAHUS, JOJKHBI OBITh
Oonpire B 1,5pa3a, yem y 6osiee ynaaeHHOTO BBIKITIOYATEIIS.

[Ipu coBmecTHOM paboTe aBTOMAaTUYECKHX BBIKIIIOYATENCH, MPUHAAICKAIINX K OJHOW CEpHH,
n30MPaTEeTbHOCTh UX JACUCTBUS B PE3yJbTaTe MOTPEIIHOCTEH B pabOTe M OJMHAKOBBIX 3aIUTHBIX
XapaKTepUCTUK He olecneunBaeTca. B 3ToM cioyyae TNPUMEHSIOT — BBIKJIIOYATENH  C
M30MpaTeTbHBIMU BBIKITIOYATEIISIMHU.
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Tabnuna 7 —Beikmouatenu (Bapuant 1)

= F E o5 §5:| 2|8
o ﬁ B A o b 9 & § oo =
5 o E g Ex=E| 2 &g|8EE|E «
3| =8 [lapaverp | £ S E| S S 5 |E R E| 2™
S & 5 S g S 8 & |2 o s a
|z gl g52|TEg|2
M an T S o >
1 2 3 4 5 6 7
PacuerHbIN 2854 3711 12945 19
QFL 925 Homunaneuemi | 3000 3750 9000 45,0
Pacuernsrit 2854 3711 12945 19
QF2 925 Homunanpuemi | 3000 3750 2000 45,0
PacuerHsbIit 624 811 12945 19
F3 [ ABM-10
Q HoMmunanbHbBIN 750 938 2000 45,0
Pacuernsrit 178 231 7498 11
F4 | A37
Q 3713% HomuHanbHbIH 200 250 600 50,0
Pacuernsrit 295 383 8925 13
QFS | A374® HomMmunanbHbBIH 320 400 960 50,0
PacuerHbrit 103 133 8651 12
QF6 | A371B HomuHanbHbIH 160 200 480 50,0
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1 2 3 4 5 6 !
Q7 | 374w L | 630 | 788 | 1890 [ 500
QF8 | A3T40s e T o5 | a1 T 730 [ 500
QF9 | A374® Ei)CJEEEZILHHHﬁ jgg ggg ?ggg 516?0
QR0 | A3T4G T 59 T a0 | 9% | 500
e B T o T
QFL2 | A37AGs L T 250 T s13 750 [ 500
QF13 | A3T36 T 155 T 200 | 480 | 505
QR | A374Gs L e 750 | a1 | 750 | 500
QRIS | A3T4G T ose T 315 T 750 [ 500
QF16| A371(® gi)c;;:gzlﬂﬁmﬁ 11.5090 17275 ?320701 58,0
QL | A374Gs 400 | 500 | 1200 | 500
QL8 | A3736 e T 160 T 206 | 480 50
QFL0 | A7 e | 160 | 200 | 480 | 503
QR0 | A3TIGs [T 1ee T 200 | 4m0 | 500
QF21 | 371 e T T60 | 700 480 [ 500
QF2z | A7 [ 160 T 200 | 480 [ 500

Tabnuna 8 —Beikmouatenu (Bapuant 2)
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= — R o 5 by
=8| ¢ S2E|EEe P 5 EE|x
S = 3 Mapamverper |E € E[E 8 Z B[ s 8 2| 2 G
S E = g S 2EE R0 68 3| &
5| & : 3|22 g|mEg|E
2 T S|z AR
1 2 3 4 5 6 7
Pacuernsbrit 1402 1823 11357,7| 16,6
QFL | ABM-15 Homunanensiii | 1500 1875 3750 45,0
PacuerHsbrit 1428 1856 11428,7| 16,7
QF2 | ABM-15 Homuuaneusiii | 1500 1875 3750 45,0
PacuerHsbIit 1428 1856 11428,7| 16,6
QFS | ABM-AS ramemmi | 1500 1875 3750 | 45,0
PacuerHbIit 1402 1823 11357,7| 16,6
QR4 | B aemit | 1500 1875 4500 | 45,0
PacuerHbIit 624 811 11357,7| 16,6
QFS | A374® HomunanpHbIi 630 819 1890 50,0
Pacuernsrit 624 811 11428,7| 16,7
QF6 | A374( HomuuanesHbIH 630 819 1890 50,0
PacueTHbIi 1428 1856 11428,7| 16,7
QF7 | ABM-15 Homuuaneusiii | 1500 1875 4500 45,0
PacuerHsbrit 117 152 6851,3 | 9,8
QF8 | A373® HomunanpHbIi 160 200 480 50,0
PacuerHbIit 127 166 6061,6 | 8,6
QF9 | A373® HomunanpHbIi 160 200 480 50,0
Pacuernsrit 92 119 5153,4 | 8,3
QF10 | A373G HomuHanpHbII 160 200 480 50,0
PacuerHsbrit 292 379 8759,1 | 12,6
QF11l| A374® HomunansHbIH 320 400 960 50,0
PacuerHsbrit 103 133 8186 11,7
QF12 | A373® HomunansHbIit 160 200 480 50,0
PacuerHsbrit 178 231 7020 10,0
QF13 | A374G HomunanpHbII 250 313 750 50,0
PacuerHbIit 295 383 8223,8 | 11,8
QF14 | A374G HomunanpHbII 320 400 960 50,0
PacuerHbIit 53 69 6319,5( 9,0
QFLS | AS71® HoMuHansHbIM 100 125 300 50,0
PacuerHsbrit 482 626 89629 | 12,9
QF16| A374( HomuuanesHbIA 500 625 1500 50,0

MPOJOHKEHHUE TAOIUIBI 8
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1 > 3 4 5 6 7
QR | A4 i 250| 313 | 750 | 500
QR0 | A3 400|500 1206 | 568
il T O T - R
QR0 | A3 400|500 1200 | 508
QFL| ASTAT Iy | 250|315 |~ 750 | 50¢
QF22 | ASTAT I | 250|313 |~ 750 | 50¢
QF23 | AT | 100 | 125|300 | 500
QF | AT | 106|125 | 500 | 503
QF25 | AST3 [ | 520 | 400~ 966 | 500

Pacuenurenu BBIKIIOUATENE € yCTaBKaMM, BBIOPAHHBIMH TIO YCJIOBHIO HW30MPAaTEIhHOCTH,
JIOJDKHBI yJIOBJIETBOPSTH TPEOOBAHUSIM YYBCTBUTEIBHOCTH, KOTOPBIE CBOIATCS K CIECAYIOIIEMY:
muHUMaNbHBI TOK K3 (00brdHO paccmarpuBaroT ogHodasHoe K3) B camoil ynaieHHO#H Touke
3aIUIIAEMON JIMHUM JOJDKEH OBITh OOJbIIIE HOMHUHAJIBHOTO TOKA PACHENHTENS 3aMeIJIEHHOTO
cpabaThiBaHHsI HE MEHee 4YeM B 3 pasa, a JUIsl BBIKIIOYATENeH, UMEIONIUX TOJIBKO PAaCICTTHTENN
MTHOBEHHOTO cpaOaThIBaHMs, MUHUMAJbHBIN TOK K3 B caMoil ymaneHHON TOYKE JTMHUHU JOJDKEH
NPEBBIIATh TOK YCTaBKM MTHOBEHHOTO cpabaThiBanusi He MeHee ueM B 1,4 pasza s
BBIKJTIOUaTesei ¢ HomuHaIbHBIM TOKOM 710 100A u B 1,25pa3a s Bcex Apyrux BBIKITIOYATEIICH.
Jis mpoBepkr BBIOpaHHBIX ammaparoB 3ammtel Ha npumepe CII 1 moctpoum kapry

CEJICKTUBHOCTH MPEJICTABICHHYIO Ha pUCYHKE 3.
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KAPTA CEJIMKTUBHOCTY Crl1

t cem

Ipac I iyo3)ent  jyg cnt wa I
20 4,4 KkA

Iyo(1)
cnt 5,7
KA

3
2
10 1

—
— .

|
0 160 763 1000 1500 2000 10000 1A

lpumeyaHue:
1. Aemomam A-37306
2. lNpedoxpaHumens.
3. Aemomam ABM15

Pucynok. Kapra cenexrusnoctu Ha CII 1.

[TPOBEPKA CEYEHUI ITPOBOJIOB 1 JXIJI KABEJIEN
CoracoBanrie BRIOpaHHBIX MPEAOXPAHUTENCH C CEYCHUSIMH IMPOBOTHUKOB

CornacoBanue NPOU3BOJUTCA 1O CIEAYIOLEMY YCIOBHUIO!

I,HOH 2 KEAZLI D 37 (42)
rae
K 3411]
MIPOBO/IA WJIH JKUJI Kabessl K mapaMeTpy 3alUTHOTO YCTPOMCTBA;
| , - mapameTp 3aUTHOTO yCTPOHCTBA (TOK cpabaThIBaHUs, HOMHHAIBHBIN TOK);

-K03((HUIMEHT 3alTUThI, MPEJACTABISIOMUNA COO0W OTHOLIEHWE JIMTEIBHOTO TOKa IS

| Jior7 ~ [UTATEIIBHO JIOIYCTUMBIN TOK IPOBOJIHUKA;

K 341
PesynbTaThl pacuera cBesieHbl B Tabnuiy 1 npusiosxeHus 7.

= 0,33 —1s cerei rie 3anmTa OT Meperpy3ku He TpedyeTcs.

122



TEXHUKO-2KOHOMUWYECKUI PACYET BAPUAHTOB CXEM

Bb100p onTUMaIbHOTO BapHaHTa MPOU3BOIUTCS ¢ TOMOIIBIO pacyeTa MPUBEACHHBIX 3aTparT.
Hcxonubie qaHHbBIC AT pacdyeTa 3aTpaT mpuBeaeHbI B Tabnunax 1u 2 nmpunoxenus 9.
KanuransHble 3aTpaThl paCCYUTAHBI C TIOMOIIBIO TIporpaMMbl Zapusk.

CyMMapHBbIe KaluTalIbHbIE 3aTpaThl IEPBOTO BapuaHTa: 65,57 4rkIC.pyo.
CyMMapHbIe KaluTajdbHbIC 3aTpaThl BToporo BapuanTa: 61,02Teic.py0.
[IpuBeneHHbIe 3aTpaThl B 00LIEM BUE ONPEACISIOTCS MO cieayrouei Gopmye:
3=(E, +py) K +Co, (43)
rme
E,, - HopMaTuBHbII K03 duuneHT 3(p(HEeKTUBHOCTU KAMUTATIOBIOKEHUN,; TPUHUMAETCS PaBHBIM
0,12;
C,, - CTOUMOCTb ITOTEPb AIEKTPOIHEPTUH;

Dy - OTYHCIICHHS Ha aMOPTH3ALMIO P, , PEMOHT p 1 O0CIy)KUBaHUE P, .

Py =P, %P, P (44)
171 KaOeIbHBIX JIMHUM € MJIaCTMACCOBOM M30JISLUEN, IPOJIOKEHHBIX B HOMEILEHUAX py = 0073;
JUTSL CUJIOBOTO 3JIEKTPOTEXHHYECKOTO 000pYIOBaHUS M PacTIpeACTUTENbHBIX ycTporcTB 10 20 kB
ps = 0104,
CTOMMOCTB TTOTEPh SHEPTHH JJIsI TPOBOJIOB M KaOEIbHBIX JTUHUHN OMpeesieTcs: o popMyIie:
C,,, =30°K?[M, MT [C,10°, (45)
rae
C, = 0035 py6/xkBT*4 — yzenpHasi CTOUMOCTB IIOTEpPh JIEKTPOIHEPIHH;
K; —xoadduniment 3arpy3ku npoBoja;
| - IIUTENbHO-TOMYCTUMBIN TOK JIUHUH, A.

Jlnst mpumepa paccuuTaeM CTOMMOCTD MOTEPh AIEKTPOIHEPTHH IS IIEPBOT0 BapraHTa CXEMBI JIJIs
npoBoja k OIT Ne 1:

C,,, =305 [D,8810,00092 2 3500 0,08516 4,726 2od
Jns mepsoro Bapuanta cxXeMmbl: C,,v =0,787 meic py6 koo (c ydyerom CTOMMOCTH HOTEPh
anekTposHeprun B Tpancdopmarope KTII).
Jns Broporo Bapuanta cxembl: C,,s =1,04 moic py6 le00

[TpuBeneHHbIe 3aTpaThl Ui BAPUAHTOB PacCUUTaHHbIC 10 (hopmyiie (43) paBHBI:
st iepBoro Bapuanta 3 =15,683 muic pyo koo,
1t BToporo Bapuanta 3 =14,907 moeic py6 koo .

Takum 00pa3oM 1O MHHMMYMY TPHBEICHHBIX 3aTpaT BBIOMPAaEM BTOPOH BapHaHT CXEMBI
DIIEKTPOCHAOKECHHUSI.

OCHOBHBIE TEXHMKO-D3KOHOMMWYECKUE ITOKA3ATEJIN ITPOEKTA

Homunansnas momuocts OII: P, =3729  «BT;
Yucno DI mepemennoro Toka: N =164,
Hanpsxenune nexosoit cetu: U ,,,,, =380 B;
Pacuernas momnocts OII: P, =1286 kBT;
Tum, urcno u MmourHOCTH Tpanchopmatopo KTIT: TM-1000/10,
S, =1000kBA, 2mr.;
DJeKTpo3Heprus moTpedssieMas 1iexom 3a rof (¢ yuerom morepb): W = 13051500«Br.4.
[Torepu snexTposuepruu 3a roa:. AW = 297264xBr.4.(2,27 %);
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Croumocts noteps anekrposneprun: C,,; =1,04 teic.py6/ros.
CymmapHbie kanuTanosinoxenus npoekra. Ky = 6102 Teic.py0;

[MpuBenennsie 3atparel: 3 =14,907 Thic.pyo/roa.
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3AKJIIOYEHHUE

JlaHHBIE KYpCOBOW MPOEKT IO JAUCHHUINIMHE <«DJIEKTPOCHAOXKEHHE MMPOMBIIIICHHBIX
OpeaNnpUsATHI», IpeAHAa3HAUYCH JJIs 3aKpETUICHHUsS 3HaHUW MOJYyYEHHBIX B X0J1¢ 00ydeHus,
a TakXe IS Pa3BUTHA MHXKEHEPHOTO MOAXO0Ja K PEUICHUI0 KOMIUJIEKCHBIX
IPOEKTUPOBOYHBIX 3ana4. [lonydeHHBINH ONBIT OyJeT HEe3aMEHUMBIM Ha TOCYAAapCTBEHHOM
JK3aMeHe M0 OJHOMMEHHOMN NUCUUILIMHE, a TaK)Ke Ha JUIJIOMHOM IPOEKTUPOBAHUU.

B xone BbIMONHEHHUS KYpPCOBOTO MpOEKTa OblIa CHOPOEKTHpPOBAHA M paccuMTaHa
BHYTPHUIIEXOBAA CETh.

PazpabGoTka cxeMbl BHYTpUIIEXOBasi CETH, a TaKXe €€ MpoBepKa JaeT BO3MOXKHOCTHb
IMOHATH 3aJadM, KOTOPLIC CTABATCA ICPpCA HMHKCHCPAMHU B HNPOCKTHBIX OpraHui3anugx, a
TaKk)K€ HEKOTOpbIE AaCMEeKThl PEaJbHOTO NPUMEHEHHs MNOJOOHBIX CXEM HH)KEHEepaMHu B
SKCIIJIyaTalluu.

BpimonHEHHBI OPOEKT CUCTEMBI DJJIEKTpOCHAaOXEeHHs He  sABJIAeTcs  o0pasmom
MNPOCKTHUPOBAHHA IO CPABHCHUIO C MNPOCKTAMHU CHCHHUAJTIHU3UPOBAHHBIX OpFaHH3aHHﬁ, qTO
CBSI3aHO C OTPAHMYEHHOCTHIO OnbiTa. HO BRIMOJHEHHE TAKOTO MPOEKTa B Y4EOHBIX LEIsAX
AacT CCPbLCE3HOC MOAKPCIIJICHUC W YHNOPAAOYCHUC HMCIOIINUXCA W BHOBH IMOJYUYCHHBIX
3HAHUU.

Hrorom PACUCTOB BLIINOJIHCHHBIX B JaHHOM KYPCOBOM IIPOCKTC, SABJISICTCA OINTHUMAJIBHOC
MOJIKJIIOUEHHUE 3JIEKTPOIIPUEMHHUKOB 33/JaHHOTO 11eXa K MUTAIOIICH CeTH.
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MNPUJIIOKEHME 1

I[TEPEYEHD
HOPMAaTHUBHO-TEXHUYECKOHN TOKYMEHTAIUU
MPUMEHEHHOH 17151 0pOpMIIEHUSI PACUETHO-TIOSICHUTEIBHON 3aMMCKH KYPCOBOT'O IIPOEKTa

1.TOCT 2.104-68ECK/I. OcCHOBHBIC HAJITUCH.

2.TOCT 2.105-95ECK]I. O6mue TpeboBaHMS K TEKCTOBBIM JOKYMEHTAM.

3.T'OCT 2.106-96ECK/I. TekcTOBbIe JOKYMEHTHI.

4.TOCT 2.111-68ECKJI. HopMOKOHTpOJIb.

5.T'OCT 2.113-75ECK/]. T'pynmnoBble KOHCTPYKTOPCKHE JOKYMEHTHI.

6.T'OCT 2.306-68ECK]]. Ob6o3HaueHue rpadiuecKuX MaTepruaioB
Y TIpaBUJIa HAHECEHUsI WX Ha YepTeKax.

7.TOCT 2.316-68ECK]I. IIpaBmia HaHECEHHS Ha YepTEk)axX HAAIHCEH,
TEXHUYECKUX TPeOOBaHUU U TaOIHII

8.T'OCT 2.605-68ECK]/I. Ilmakatel yueOHO-TexHUYEeCKHEe. OOIIHEe
TEXHUYECKHE TpeOOBaHMS

9.TOCT 2.701-84ECK]I. Cxembl. Buasr u Tumel. O0miue TpeOoBaHMs K
BBITIOJTHEHUTIO

10.T'OCT 2.721-74ECK]I. OGo3HaueHus yCIOBHO-TpapUIECKHE B CXEMax.
O6o3HaueHust 00LIEro MPUMEHEHHS

11.TOCT 3.1103-8FCK]l. OcHOBHBIC HaAMUCH

12.TOCT 3.1130-9FCK/. OcHoBHble TpeboBaHMs K (popMam u GiraHKaM
JIOKYMEHTOB

13.TOCT 3.1105-84ECK/. IlpaBuna opopmiaeHHs JOKYMEHTOB
o011ero Ha3HA4YEHHUS.

14.TOCT 7.1-84CUBU/A. bubmuorpaduueckoe opopmieHue
MPOU3BEJCHUN TMeYaTh

15.TOCT 7.9-77CUBU/. Pedepar un annoTaus

16.TOCT 8.417-81CTU. Enununbl Gpu3ndecKuX BEIMUNH

17.TOCT 15.001-88 Pa3paboTka 1 mocTaHOBKA IPOAYKIMH
Ha MPOM3BOACTBO (B YaCTH MOPSIKA
COCTABJICHUS TEXHUUYCCKHX 3aaHUI).

18.TOCT 21.101-93IIAC. OcHoBHBIE TpeOOBaHUS K paboyeii
JTOKYMEHTAII!

19.TOCT 21.501-93 [IpaBuna BBIMOTHEHUSI APXUTEKTYPHO-
CTPOUTEIBHBIX YepTEkKEn

20.TOCT P 21.1101-92  OcHoBHbIE€ TpeOOBaHUS K paboueit

AOKYMCHTAaIMN

21.TOCT 1494-77 DNeKTpOTeXHUKA. bykBeHHBIE
O603HaquI/I$I OCHOBHbIX BCJINYUH

22.TOCT 1648783 Tpancnutepalys pycCKUX CJIOB JIATHHCKUMHU
OyKBaMu.
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Pucynok 2.2.Onekrpuueckas cxema cetd 0,4kB peMOHTHO-MeXaHUYECKOTO 1iexa (BapuaHT 2)
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6. CamocTosiTesIbHAsI padoTa CTYJI€HTOB

6.1.I'padpuk camocTOsATEIbHOM PadOTHI CTYAE€HTOB

Taomuma 1.
Ho|Hq Bonpo 3ans Hcnonszyemblie CamocTrosaTenbHas DopMBbI
JEeK TEU3y4dae|lpaKT HarJsil. U METOJ,. paloTa CTYIE€HTOB KOHTPOJI
Ha Jiek| 1a00] nocoous COJIEPK. qach]
1 Crnaiiapl kK MeauanpoekTopy 1 M3yuenue marepual) 6 | brmi-onpog
TeMe JIeKIIH 110 TEeME JEKINH JEKIIH
2 2 1/] Cnaiinpl k MenuanpoekTopy 1 M3ydenue marepual 4 | baui-onpog
TeMe JIeKINH 10 TE€ME JIEKIUH, JeKuy 3ai
10 TEME MPAKTUKE UH]I. IOM
3aJaHul|
4 3 Crnaiiapl K MeauanpoekTopy 1 M3yuenue marepual) 4 | baui-onpog
TeMe JIeKINH 10 TEME JIEKINH JeKuy 3ai
UH]I. IOM
3aJaHul|
6 4| 2,3 Cnaitnsl k MeguanpoekTopy 1 M3ydenue marepual] 6 | brui-onpog
TeMe JIeKINH 10 TEeME JIEKIH1H, JEKIUH
10 TEME MPAKTHUKH 3amuTa uy
JIOM. 33/1aH
8- S Crnaiiabl kK MeauanpoekTopy 1 M3yuenue marepual) 6 | brui-onpog
TeMe JIeKINH 10 TEME JIEKIUH JEKIUH
3amuTa uH
JIOM. 33/1aH
11 6| 3,4/ Cnaiigsl k MeuanpoekTopy 1 M3ydenue marepuall 6 | boi-onpog
TeMe JIeKIUH 10 TEME JIEKIUH, JeKuy 3ai
0 TEME MPAKTUKE UH]I. IOM
3aJaHul|
13 7 Crnaiinpl kK MeauanpoekTopy 1 M3yuenue marepual) 4 | baui-onpog
TeMe JIEKIHH 110 TEME JIEKINH JEKIUH
15 8| 5/4 Cnaiinsl k MeauanpoekTopy | M3ydenue matepual
TeMe JIeKINH 110 TE€Me JICKIIH,
110 TeME MTPAKTHUKY
19 9 Crnaiinpl kK MeauanpoekTopy 1 M3yuenue marepual)
TeMe JIeKIIH 110 TEeM€ JEKINH
21 10| 5/9 Cnaiinsl k MeguanpoekTopy | M3yueHue marepuall
TeMe JIeKINH 10 TEME JIEKIUH,
110 TEME MPAKTUKE

6.2.MeToanyecKkue yKa3aHUsl N0 BHINOJTHEHHUIO JOMAIIHUX 321aHUI U KOHTPOJIbHBIX padoT.
IIpy wn3y4eHMM OUCLMIIIMHBI IPEIYCMOTPEHO BBINOJHEHUE CEMU WHIUBHIYaJIbHBIX
JIOMAIIIHUX 3aJaHU# Ul CTYJIEHTOB OYHOM (hOpMBI 0OY4EHUS U OAHON KOHTPOJIBHON pabOThI A
CTYJICHTOB 320YHOM M COKpPAIIEHHON 3a09HOM PopM 00ydIeHHUSI.
TemaTtvka MHAMBUIYANBHBIX JOMAIIHUX 33JaHUN COBIAAAET C TEMAaTUKON NMPAKTHYECKHUX
3aHATHH.
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[Ipe’xne dvem mnpucTynarh K BBINOJHEHUIO JIOMAIIHUX 3a/JlaHuil HEoOXOIHMMO  H3YYHTH
COOTBETCTBYIOIIUX  TEOPETHUYECKHI MaTepHall U pa3o0paThCs C PelICHUEM aHAJIOTUYHBIX 3a/1a4,
PacCMOTPEHHBIX Ha MPAKTUYECKHUX 3aHATUSAX WU B INTEPATYPE.

WuauBuayanbHbIC TOMAaIIHWE 3alaHus BhIMONHSAIOTCS ¢ momomipio [IBK  MathCad,
Zapusk,CATIP «Kapar» u rpaduueckoro pegaktopa Visio.

KonrtponbHast pabota 1 CTYACHTOB 3a04HOM M COKpAIICHHOHW 3a04HOM (popm oOyueHHs
peycMaTpUBAET BBHITOJIHEHUE 33]1a4 [10 HU3KOBOJILTHOMY 3JIEKTPOCHA0KEHHUIO.

LEJIb U 3AJTAYM BBITIOJTHEHU I KOHTPOJIBHBIX 3AJIAHUI

[lenpto BBIMIOJIHEHUST KOHTPOJBHBIX 3a/JIaHUN SIBISICTCS MW3YYCHHUE, 3aKpeluieHue u
cUCTeMaTH3alus y4yeOHOro Marepuaja IO Kypcy. BbIpaOOTKa HaBBIKOB CaMOCTOSITEIbHOTO
pelIeHNs HHKEHEPHBIX 33]1a4 MO CIIEeUaTbHOCTH.

COJIEPXKAHUE Y O®OPMJIEHUE KOHTPOJIBHBIX 3AJIAHUI

KonTponpabie 3amganus Ne 1 u 2 BKIFOYAIOT 1O JIBE 3a7a4d HA TeMy: «IJIEKTPOCHAOKEHUE
MPOMBINIUICHHBIX TNpeanpusaTuii Ha Hanpspkenue a0 1000 B». xonTponbshbie 3amanust Ne 3-5
BKJIIOYAIOT MO OJHOW 3a7auydl Ha TeMy <«IJEeKTPOCHAOKEHHE MPOMBIIUICHHBIX MPEINPUATHA Ha
HamnpsokeHue Boie 1000B».

Hcxonubpie maHHBIE A7 pEUICHHS 3adad NPUHUMAIOTCS IO TaONHWIlaM BapUaHTHl B
cootBeTcTBUH ¢ mmmppom (Tabna. 1) win mo HOMEepaM BapHaHTa, BbIIABAEMbIX MPEMOaBaTeIeM
KQKIOMY CTYACHTY B OTJEIbHOCTH.

[lepen pemieHuem 3amaun 00sI3aTENIBHO JOJKHBI OBITh YKa3aHbl HOMEpa BapHaHTOB U
mmdpa, a TakKe TPUBEICHO YCIOBUE 3aaUH.

OdopmieHre pUCYHKOB U Pe3yJIbTaTOB PEIIEHUs 33a/1a4 OCYLIECTBIISIETCS B COOTBETCTBUU C
neiictByromumu 'OCT u ECKJI, ocHOBHBIE mpaBuia oQOpMIICHHE PE3YyIbTATOB KOHTPOJIBHBIX
3aJ[aHui TpuBeaeHbI B /12/.

Ecnu npu BeIMOTHEHUN 337124 CTYJACHT OOHAPYKUT B HCXOMHBIX JaHHBIX U B YKa3aHUSAX TI0
BBIMIOJTHEHUIO KOHTPOJBHOTO 3a/JaHUS OTCYTCTBHE HEKOTOPHIX HEOOXOAMMBIX MJAaHHBIX IS
pemieHus, ux cieayer npuHATh o crnpaBoyHukaM, ['OCT, karajgoram u T.0. ¢ 00s3aTeNbHOU
CCBUIKOW Ha HCTOYHUK.

KoHcynbpTanusi Mo BBITIOJHEHHIO KOHTPOJBHBIX 3aJaHW OPTraHU30BBIBAIOTCS B IEPHOJ
ceccuir 9ro mu 1010 cemecTpoB, a TakKe €KCHEAECTbHO B COOTBETCTBHH C PACIHCAHUEM, KpOME
TOTO, BEIYIIMI IPEToaaBaTelh IPOBOJAUT MUCHMEHHBIC KOHCYIHTAIIUH.

BrinmonHeHHbIe KOHTPOJIbHBIE 33/1aHUS B COOTBETCTBUH € TpaMKOM MPEIOCTaBISAIOTCA Ha
kadenpy M0 Hauama SK3aMEHAIIMOHHBIX CECCHUU MJisl Tepefadd BeAyIIeMy IMperojaBareiio Ha
petieH3upoBanue. Bo Bpems cmaud dk3amMeHa (3ayeTa) CTYIEHT [JOJDKEH MPEICTaBUThH
BHITIOJTHEHHBIE W 3aYTEHHBIC KOHTPOJBHBIC 3aJaHUS DK3aMEHATOpy C NPOpabOTaHHBIMU
3aMeyaHusIMH perieH3eHTa. [locie caaun cTyaeHTamMu SK3aMeHa o paszieny Kypca KOHTPOJIbHbIE
3a/laHus OCTAl0TCS Ha Kadenpe.

Ng  Iudg No|  Tudy No|  Tudy No|  udy No|  Tudy
1 3643 8 5314 15 3561 22 2315 29 6421
2 2113 9 1234 16 6542 23 3465 30 3333
3 2241 10 5513 17 2651 24 5623 31 22272
4 6152 11 2456 18 5431 25 2354 32 1111
5 1124 12 1345 19 4322 26 4214 33 5555
6 6363 13 1653 20 4136 27 4616 34 4444
7 6255 14 3262 21 3146 28 4532 35 6666

[Ipumeuanue:

1) Ne - HoMep BapuaHTa 3aaBaeMblii ITPEO1aBaTeIEM

2) OmpeneneHne HMCXOAHBIX JAHHBIX MJIsi pEHICHUs 3a/Jad COOTBETCTBYIOLIEIO BapHUaHTa

OCYIIECTBIISICTCS CIASAYIONIMM 00pa3oM: IO MEpBOM MUQPE OCYIIECTBISAETCS BRIOOPKA U3 MEPBOM
CTPOKH, II0 BTOPOM — M3 BTOPOM CTPOKH, IIO TPETbEU U3 TPEThEH CTPOKH, II0 YETBEPTON U3
YETBEPTOM CTPOKH TAOIMIIBI CXOAHBIX JaHHBIX U 33]a4.
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KOHTPOJIBHOE 3AJIAHUE

3AJAYA Nel. Ilo pe3synbraTaM ompenesieHHs pacueTHOW Harpy3ku (cpenHedd 3a HamOoiee
3arpy’keHHYI0 CMeHBI - Pov 1 Qem M pacueTHo# - P, 1 Q) 3amaun 1 koHTposbHOTO 3aganue Nel
MeToioM Ko3(hduimeHTa pacyeTHOW Harpy3Ku C MHCIIONB30BAaHMEM TOYHOH (OPMYIIBI
OTpeNieJICHUsT TPOM3BECTH BBIOOp umciaa W MomHocTH TpaHchopmaTopoB KTII momHOCT
KOMITCHCHUPYIOIIUX YCTPOMCTB MX THII, MECTO YCTAaHOBKHU (10 HampspkeHuto). COCTaBUTH CXeMy
KTTI ¢ ykazanueM mapaMeTpoB YCIOBHOTO JIEKTpooOopynoBanus nojactaniiuu u PY — 0.4xB
Tabmuma 4

N 1 2 3 4 5 6
1 TIouanp nexa, M° 3000 6000 4000 5000 3500 4500
2 Croumocts nmotepu morHoctu (C 70 65 60 70 65 60
py6. kBT-roz
3 CToWMOCTh BBOJHOTO YCTPOUCTB
Oarapeil KOHJIEHCATOPOB, PYO.
Uy=380B 700 750 800 700 800 750
Un=10,0xB 300 250 350 250 300 350
[Ipumeuanue: CumTaTh, YTO MOTPEOWTENH SJEKTpOdHEpruu oTHocsaTcs K Il kareropum mo

OecriepeOOHHOCTH ANEKTpOCHAOKEHHUSI. MOIIHOCTh OCBETUTEIIBHON HArpy3KH OIpPEeAeTUTh I10
ynenbHOU MmomHocTH Pp=0,02 kBt1/M%. HoMuHAIBHOE HaIpsHKEHUE PacIpeeuTeIbHON CceTn
Uy=10,0 kB, CHHXpOHHBIE DJIEKTPOJIBUTATETN OTCYTCTBYIOT. YIEIbHYI CTOMMOCTH
KOH/ICHCATOPHBIX ycTaHOBOK Ky — npuHATE paBHOM: Ky10,05=6 py0./kBap. Kyo 36 =12 pyO/xBap.
VaensHble noTepu Py B KOHAEHCATOpax MPHHATH paBHBIMU Pyi00ps=2,5 kBT./kBap. Pyo 36 x3=4,5
kBt1/kBap. Unciao yacoB ucnoab3oBanus Makcumyma Harpys3ku Ty=4500u4/roa. Croumocts KTII
HOPUHATH 110 TabI. 5.
Tabmuna.5 - Croumocts KTIT (K1 py6.)
PVY-0,38kB XapakrepucTux YcranoBneHHast MomHocTh TpancopmaTopos KTII, kBA
KTII TpanchopmaTop

63¢ 2*63 100] 2*10( 160, 2*16( 250 2*25
[Mxader HH|  Tp-p macnsusIi - - 134( 312¢ 146€ 337¢ - -

ABTOMATAMM T . opromoss| 1440 3324 1670 378 198( 4404 2794 5984
DIIEKTPOH

[Mxaber HH| Tp-p macmsweri  516| 116] 632 139] - - - -

aBTOMaTaMu T
- ¢ - - - -
ABM Tp-p copromos] 730 1589 962/ 2051

Pexomenayemsie ucrounuku: /1,2,5,6,7/.

MeTtoaudeckue yka3aHus K pelIeHHUIO 3aaun

[Ipennonaraercs, 4YTO MNpOEKTUpyeTCcs TpaHcPopMaTopHass TOACTAHIUS Ui TPYIIIIBI
JMIEKTPONPUEMHUKOB 0€3 B3aUMOYBSI3KM pEIIEHHs] C JaHHBIMM IIOCTOPOHHEH Harpy3sku u
TpeOOBaHUSAMH 1O KOMIIEHCAIIMM PEAKTHBHOM MOIIHOCTH B IIEJIOM IO MPEeaNpusThio. PacueTs
NPOU3BO/INTh, CPaBHHBAs J[BAa BapUaHTa BBIOJHEHUS TMOJICTAHIMU: 1) YCTaHOBKAa OJHOTO
Tpancopmaropa; 2) — nByX. BbIOOp KOMIEHCHPYIONMIMX YCTPOMCTB, MX MOIIHOCTH U MECTa
yCcTaHOBKM (HAQ HHU3KOM WJIM BBICOKOM HampspkeHur) OCYyIIeCTBIATh W3  MPEIIOKEHHS
HKOHOMHYECKOW 3arpy3Ku TpaHC(OpPMATOpPOB CpeIHEW MOLIHOCTHIO 3a Hamboiiee 3arpyXeHHYIO
cmeny (B cpenrem moxxuo npunsat K,= 0,75).Tlotepu B TpaHchopMaTopax pacCUUTHIBAIOTCS IO
MaKCHUMAaJIbHOU MOIITHOCTHU.

[Ipennonaraercst cxema KTII 6e3 PY — 10kB, npu 3TOM B ciiydae HEOOXOIUMOCTH, YCTaHOBKA
KOHJICHCATOpHBIX Oarapeil Ha HanpsbkeHun 10 kB ocymectBnsaTe Ha mmuax 10 kB T'TIIT (IIT'B);
YUCJIO KOHJICHCATOPHBIX OaTapeil craHmapTHOM MmomHocTd Ha HampspkeHusx 10 kB u 0,38 kB
IPUHUMATh PaBHBIM yHuciy TpaHchopmaropos KTII.
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CpaBHeHUSI BapHaHTOB OCYIIECTBISITH IO TPUBEACHHBIM HApOJHOXO3SHCTBEHHBIM 3aTpaTam,
BKJIFOYAIOLIUM IPUBEJICHHbIE KanuTalibHble 3aTpaThl Ha KTII, Ha KOHAEHCATOpHBIE YCTAHOBKH, UX
perynupyomue W BBOAHBIE YCTPOICTBAa, a TakXe CTOMMOCTh IIOTEPh BJIEKTPOIHEPTHH B
TpaHchopMaTopax U KOHIEHCATOpaxX.

[Ipumepsr BbIOOpa umcia U MomHocTH TpaHchopmaropoB KTII u ompeneneHuss MOIIHOCTH
KOMITCHCHUPYIOIIUX YCTPOUCTB mpezcranieHsl /1,5,6/.

3AJIAYA 2.

JInst cxeMbl TPUBEACHHON HA PUCYHKE:!
1) paccunTaTh HOMHHAIBHBIH TOK MaructpaipHoro mmuompoBona (ILIIMA), BeiOpars ero
THUI, CIIOCO0 TPOKIAIKH, a TaKXKe CII0CO0 MPOKIAIKU PACIPENeUTEIILHOTO IIHHOIPOBOIA
(LLIPA);
2) paccuMTarth ceueHHe Kabens (IpoBoja) OT paclpeieMTENbHOrO IMHHOMPOBOAA K
anekTporpueMHuKy (O11)
3) paccuuTaTh TOKHM oOAHO(a3HOro u Tpex(a3sHOro KOPOTKOrO 3aMbIKaHHUS B TOYKaX
yKa3aHHbBIX HA CXEME;
4) MOCTPOUTH KAapTy CEJIeKTUBHOCTHU 3anmuThl Ha HampstkeHun 0,3&B B menu KTII — DI,
YCTaHOBUB 3alllUTHBIC almapatkl B Toukax 1, 2, 3, 4.

Cxema 351eKTpoCcHa0KEeHUs yJacTKa 1iexa.

3-10 kB

LPA
le

Puc.
3neck: 1 —MarHuUTHBIN ITycKaTelb WIH KOHTAKTOP
2 —H1IpeoXpaHUuTENb
3 —aBTOMAaTHYECKHE BBIKJIIOYATEIH
4 —aBTOMaTUYECKUE BBIKJIIOYATEIH

B kauectBe HaubGonbmiero Ol mpUHATH AJEKTPOABHUraTeNlb HACOCA, MOIIHOCTh €ro MPUHATh
pPaBHOM B COOTBETCTBUM C UCXOAHBIMU JIAaHHBIMU K 3a7auu 1 KoHTposibHOrO 3aaanus Nel. Cuurarsb
MotrHOCTh D11 HanbobIIeH U3 UMEIOIIMXCS B IIEXE AJICKTPONPUEMHHUKOB.

Pacuernyto Harpysky pacmpenenutensHoro muHonpoBona tuma IIIPA-73 ompepenuts 1o
HOMHUHAJIBLHOMY TOKY M KO3(p(UIMEHTY 3arpy3KH €ro, NMpeAcTaBIeHHbIM B Taba. 6. PacueTHyro
Harpy3Ky MAarucTpajbHOrO IIMHONPOBOJA IMPHUHATH PAaBHOW TMOJHOM WJIM TOJOBUHE
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MaKCHUMaJbHONH pacyeTHOW Harpy3ku (B 3aBHCHMOCTH OT uucia tpaHnchopmaropos KTII,
paccurTaHo B 337a4u 1 KOHTpOJbHOTO 3agaHust Ne2, ompenesnieHHONH B 3aaud 1 KOHTPOJIBHOTO
saganus Nel). TIporsbkeHHOcTH Kabens (MPoBOAA) M IIMHOIPOBOJIOB IMPEACTAaBICHBI B TaOi. 6.
MOITHOCTh KOPOTKOTO 3aMbIKaHHs Ha BBICOKOM cTopoHe TpaHcdopmaropa KTII npunare paBHO#
Se=S10=200MBA.
Tabauma 6
HcxonHple JaHHbIE K PELICHUIO 3a7a4u

No] XapaKTepUCTUKH DJIEMEHTOB CETH 1 2 3 4 5 6

1 1) nomunanbHeI TOK [IIPA-73, A 250 400 630 250 400 630
2) koahdurment 3arpysku [IIPA-7 0,7 0,8 0,85 0,85 0,7 0,8

2 IpotsbxenHocTh Kabens |1 5 8 10 12 15 17
3 Iporsoxkennocts 1IPA-73, b 40 35 30 25 20 15
4 [MpotsuxkenHocTs [IIMA, I3 20 30 40 50 60 70

Pexomenayemsie ucrounukun/1,2,4,5,8/.

Metoanyeckue yKka3zaHus K PEIICHUIO 3a1a49H
Bribop THma M croco6oB MPOKIAIKKM M HIMHONPOBOAOB M Kalesel OCyHIeCTBISATh C yYETOM
OKPY’KaIOIIEeH CpeJlbl, XapaKTepHOW Il MeTauiooOpadaTeiBaromux 1exoB. CedeHune MpoBoja
(kabenst) BHIOpaTh B COOTBETCTBHM ¢ TpeOoBanusmu [1YD/10/, T.e. mo ycioBusM Harpera ¢
MPOBEPKOM MO AOMYCTUMON OTepe HanpskeHui. [Ipu pacuere 1onycTUMONM NOTEpH HANIPSYKEHUI
Ha yuactke cetu KTII-OII mpunsaTth, uTo B MakcuManbHOM pexxuMe Ha muHax 0,38 kB KTII
nojaepxkuBaercsa HanpspkeHue pasHoe 1,05 U, B pexxume makcuMmanbHBIX Harpy3ok - Uy  Tlocne
pacueToB TOKOB OJHO(A3HOTO M Tpex(Pa3HOro KOPOTKOrO 3aMbIKAHHS M BbIOOpa HOMHUHAJIBLHOTO
TOKa TUIABKM W BCTaBKH, U TPEIOXPAHUTENS W YCTABOK PACHENHTENICH aBTOMATUYECKHX
BBIKJTFOUATENICH, HEOOXOAMMO TPOU3BECTH MPOBEPKY BHIOPAHHOTO cedeHHs Kabens (mpoBoaa) Ha
3alIMIAeMOCTh U TI0 K03 (PHUIIMEHTY YyBCTBUTEIBHOCTH.
Ha xapTy celeKTHBHOCTH JOJDKHBI OBITh HAaHECEHbl 3HAYEHUS MAKCUMAJbHBIX PACUETHBIX U
IIMKOBBIX TOKOB Kabens (MpoBoaa), pacrlpeeTUTeIbHOT0 U MAaruCTPaJbHOrO MIMHOMPOBOIOB,
3HaYeHUs TOKOB Tpex(a3HOro KOPOTKOTO 3aMblKaHUS B Tokax 1,2,3,4,a Takke TOKOBPEMEHHBIE
XapaKTEePUCTUKH BHIOPAHHBIX 3alIUTHBIX arnmapaTtoB 2,3,4.
[Mpumepsl pacdera HH3KOBOJIBTHBIX ceTedl mnpexactaBieHsl B /1,6,8/, moctpoeHus: KapTsl
celeKTUBHOCTH — B /1/.

KOHTPOJIBHOE 3AJTIAHUE
3amaua 1

[To pe3ysabraTtam ompeaenenus pacuetHoi Harpysku (Pp,Qp) 3amaunl koHTpoNBHOTO 3amaHus Nol
METOIOM YIOPSIIOUEHHBIX AMAarpaMM, IPOU3BECTH BHIOOP YUCIIA U MOLIHOCTH TPaHC(HOPMATOPOB
KTII, MOIIHOCTh KOMIIEHCUPYIOIIUX YCTPOWCTB, MX THII H MECTO YCTAHOBKH (10 HAMPSIKCHHUIO).
CocraButs cxemy KTII ¢ ykazanuem napameTpoB 0CHOBHOTO 3nekTpoobopynosanus [1C u PY 0,4
kB.
[nomams nexa Sip — 3000m.
Croumocts noreps MmomtHOcTH Co — 70py6/xBT1-T01.
CrouMOCTh BBOIHOTO YCTPOHCTBA OaTapeil KOHAEHCAaTOPOB
Ur10— 3000py6, UHO’38— 600py6
CToMMOCTD pEryIHMpYIOLIEro yecTpoiicTBa OaTapeit
KonnencaropoB Unig— 700py0; UHg 3g— 250py0.
Pp —509xBt. @ —344,5«Bt. & — 621,3kBT.
[Torpebutenu Il xareropum.
MOIIHOCTh OCBETUTEIBHON HATPY3KH ONPEIETHTh MO yaenbHON MomuoctH Po = 0,02 kBr/M?.
HomunansHoe HampsbkeHuwe pacnpenenutenbHod ceth Un = 10 kB, cuaXpoHHBIC
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JJIEKTPOABUTATENN OTCYTCTBYIOT. YJIENbHYIO CTOMMOCTh KOHIEHCATOPHBIX YyCTaHOBOK Ky
IIPUHUMATh PaBHOM!

Ky10 = 6 pyo/kBap; Kyp 3s = 12py6/xBap. Y aeabHbIC IOTEPH

Py10 = 2,5kBt1/kBap; Py1o = 4,5xB1/kBap. Uncio yacoB UCIONb30BaHKsI MAKCUMyMa Harpy3ku Tm
= 45004/rox. Croumocts KTII npuHrMaTh 110 Tabuiie 5 3amaHus.

PacyeTHas MOIIHOCTB 11€Xa C YY€TOM OCBETUTEIBHON Harpy3Ku

Ppu = Pp + Po =50€+ 60 = 56¢ xBr

rae Ppo =P, [Su = 002[3000= 60 kBt
PaccMOTpUM BapuaHThI yCTAHOBKH OJIHOTO U JBYX TpaHncdopmaropos Ha [1C
Jlns oqHOTO Tp-pa ST = Ppu > >69 > 7587 xBr

~ K3INt 075001
I'me K3 =0,75.
Bribupaem Tpancdopmarop Saom = 1000xBa
Jlnst ABYyX Tp-poB ST = Ppu > 569 > 379 kBt

Kzs[NTt 0752

Bribupaem 2 tpancopmaropa Saom = 400kBa
OmnpenernsieM peakKTUBHYIO MOITHOCTh, KOTOPYIO MOXKHO miepenath B cetb 0,38kB u3 cetn 10 kB
4yepes TpancopmaTop

Qr= \/(NT [K3 [5T)2 - Ppu’
JUIs1 OJTHOTO TpaHchopmaropa
Qr, = +/(LD751000? —56F = 4886 xsap

JUIsL ABYX TpaHC(HOpMaTOpOB

Qr, =+/(207500)° —56F =1904 xeap
OmnpepensieM MOITHOCTh HU3KOBOJIBTHBIX OaTapeit konaencatopos (HBK).
Quky = Quk, + Qnk,
Qux,; = Qpu - Qr
Quk, = Qpu — Quk, —y[NT[Sr
r7e Y —pacueTHhId KOA(DPUITUEHT, 3aBUCSIINA OT TapaMETPOB
Kp1, u Kp2, onpenensercs u3 rpadpukos /2/ctp.107
Kpi1-Ta6.4.6 /2£1p.108; Kp; =9
Kp2-Ta6.4.7 /26tp.109 Kpp = 27(1), =17(2)
v1= 0,26 v2= 0,26
Quk1- cymmapHas momHocts Kb

QHK,- momoaHUTEIbHAasS MOITHOCTE Kb
U1 OTHOT'O TpaHcopmaTopa

Quk, = 569- 4886 = 80,4 ksap
Quk, =569-804 - 026[1[1000= 2286 xsap
Quk, =804+ 2286 = 309 eap

Beibupaem  YKJI(IT) H-0,38-300-503 ¢  aBTOMAaTHYEeCKMM  PEryJIHPOBAHHEM IO
Hanpspkenuto./2/ctp.220,126.9.2

s 1Byx tpancopmaropos QHK, =569-1904 = 3786 «sap
Qux, =569-3786— 026[2[400< 0(—17,6) xsap
Quk, =3786+0=3786 xsap
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Beiobupaem 2 wmr VYKJI(IT) H-0,38-150-50/3 ¢ aBTOMaruyeckMM pEryJIHpPOBAaHHEM I10
HATPSDKEHUTO.

Onpenensem MOITHOCTb BBICOKOBOJIbTHBIX Oarapeit KOHJICHCATOPOB (BBK).
HeckomnieHcupoBaHHas peakTUBHAsI HATpy3Ka sl OAHOTO TpaHcopmaropa

Queck = Qr; — Quk,, + AQr
rae AQr- notepu B TpancopmaTope ¢ yueTom 3arpy3ku = 41kBap
Queck =486 —30C+41=22€,6 ksap
QBOK = Queck —
rne Q3 = Pprltge =56€[0,3=17(7
QBOK =2256-17(7 =59 ksap
Bribupaem KC2-10,5-50 mo /3/ cTp231
nns aeyx Tpancpopmaropos QHeck =19(4 —30C+ 41< 0 ksap
QBOK < O kBap

Omnpenenum 3arpatsel Ha BK
ITpu oxHOM TpaHcpopmarope

30k = Ky,, [QBOK + Ky 5 [QuoOx = 6[50+12[300=3900py6
JUIsL ABYX TpaHC(HOpMaTOpOB

30k = Ky,, [QBOK + Ky 5, [QuOx = 6[0+12[300=3600pys6.
Omnpenenum cyMMapHbIe IPUBEICHHBIC 3aTPATHI TI0 BHIPAKESHHIO

3=E[(Ktp +K6k)+C = E[Krm +Ksy, +E[Ky 03 LQHOK + KBy  +
+E [Ky,,[QBOk + C, [APTp + Py . [C,[QuOK + Py . [C, [QBOK

rae: E —koahunmeHT exxeroJHpIX OTYMCIICHUH Ha KA TAbHBIC BIOKEHUS
Kt — croumocts TpanchopmMaTOpHO# TOACTaHIINHA
C —cToumMocTb MOTEPH J1.9HEPTUU B Tp-pax U bK

APTp = APx + K3° [APK  /2k1p86

Jlns BapuaHnTta ¢ OJHUM TpaHc(hopMaTOopoM MpHUBeeHHBbIE 3aTpaThl cocTaBisitor 109729py6. s
BapuaHTa ¢ JByMs TpaHcopMaTropamu TpuBeAcHHBIC 3aTpaThl cocTaBisitor 103744 py6. Ha
OCHOBAHMHU CPAaBHEHHUS JBYX BAapHAHTOB BbIOOpa uMcia M MouHocTH TpaHcopmaropo KTII u
momHOcTH KV, B KadecTBE ONTUMAIBHOTO BbIOMpaeM BTOpPOW BapuaHT C JABYMS
Tpancpopmaropamu MOIHOCTHIO 0 400kBA kaXxapIii.

N

0 kB Il

I

400KBA
__\3~ 0 Kb X2 x25%,; 3~ 038 Kb

TETSIERERL:
R N I IR AN S VAR I
YK H038- 10 X% Ci)@f % % f % —\ir% % % % | ﬂ@{g N S
@ 0 bhbe b SR
1 | 2 314|5|6 7 8 |9 [10[11] 12 | 13
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3agaua 2
st cxeMbl, TpUBEICHHON HA PUCYHKE,
1. Paccuntarh HOMHHAIBHBIA TOK MaructpanbHoro muHomposoga (ILIMA), BeiOpath ero Twiri,
Croco0 MPOKIIAKH, a TAKXKE CIIOCO0 MPOKIIAJAKH paclpeIeUuTeIbHOTO mrHonpoBoa (IIIPA);
2. Paccumrath cedenue kabens (MpoBOgA) OT  pacHpeACTIMTEILHOIO MIHHOMPOBOAA K
anekTporpueMHuky (JI1);
3. Paccunrars Toku oiHO(pa3HOTO U Tpex(PazHOro KOPOTKOTO 3aMbIKAHUS B TOUKaX, yKa3aHHBIX Ha
CXEMEe;
4. TlocTtpouTh KapTy ceneKTUBHOCTH 3amuThl Ha Hanpsokennn 0,38 kB B menm KTII-OII,
YCTaHOBUB 3aIlIUTHBIC amnmapaTsl B Toukax 1,2,3,4.
Cxema 311eKTpOCHA0KEeHUS yJacTKa 1exa.

3 ~10 KB
(&)
3 T038 KB @
ﬁ(- 7

UNA 3
1. Homunanbhsiii Tok [IIPA-73,(A) 250
2. Koaddumnuent narpysku HIPA-73 0,7
3. [MpoTsoxkenHocTh Kabens (mpoBoja), li, (kM) 5
4. [Mpotsoxkennocts IIIPA-73, b, (kM) 35
5. [MpotsoxenHocts [IIMA, I3, (kM) 50
6. S, =S", (MBA). 220
7. OI1, (xBT) 105
8. MoraocTh Tpanchopmaropa,(KBA) 400
1. Paccunraem ceuenue kabdess (mpososaa) ot IIIPA x DII.
Onpeaenum HOMUHANBHBIN TOK DI
P 105
HoM 2014A

| oy = = =
J3[osp, M, [Wu /3[DBBIDID38
Ceuenue kabesns BHIOUPAETCS IO HArPEBY MJUTEIBHBIM PACUYETHBIM TOKOM.

I p

I K.0on 2 Y v
| Kl |:I<2
rae K]_:l; K2:O,87
520535
' 087
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[IpumeMm cedeHue Xwmiibl Kabens 95 MM? ¢ JJIUTEIBHO JIOTTYCTUMON TOKOBOM Harpy3kon 2595A.
Bri6upaem kabenb ¢ alFOMUHUEBBIMU KUJIAMU U TNIACTMACCOBOM M30JISIIHEH.
2. Pacuer ToxoB K3.
2
U, _ 03¢

OnpeneniM CONpPOTUBIECHUE CUCTEMBI X, = = = 0.72MOm

S, 200

[TotHOE COMPOTHBIIEHHE CUIIOBOTO TpaHchopMaTopa
_ U, %, _55M03%
RS 400

HOM.T

Z

10" =199MOMm

AxtuBHOe conportuienue CT
- —aPU,  _ 540038
® SZHOM.T 4‘002

WNunyktuBHOE conporusienue CT
X, =427 -1’ =4/199° - 54’ =1915MOm

ConpoTUBJICHHE aBTOMATHUECKOTO BhIKIIouatTenst QF
Xpac=0,08MOM; I54c4=0,1MOM; [4r=0,15MOM
Conporusnenne muH oT BbiBoA0B CT mo coopubix mmH 0,38kB KTII
Xuxm=0,06MOM; Iyerr=0,1MOmM

Conporusnenrne QFR=QF

Conportusnenue [IIMA

re=0,031MOm/m ly-0=0,072MOm/m
X0=0,017MOm/M  X4-,=0,098MOm/m
Xina=Xo' lima= 0,017-50 = 0,810m

Funa=T0" k= 0,031-50 = 1,5MOm

Conpotusnenue [1IPA

r.=0,15MOm/m  Xo=0,17MOm/m
Xupa=Xo*lupa= 0,17-35 = 5,9M0m

Mupa=T0" hupa= 0,15-35 = 5,2510m

Conporusnenne kabdemns k OI1

ro=1,25MOwm/m Xo=0,062MOmMm/m

Xx:=0,062-5 = 0,3 OmMm

ra=1,25-5=6,2%0m

10° = 54MOm

CornpoTHuBIeHHE KOHTAKTOPA Ioir=1,1 MOwm; Xiorr=0,5MOM
Omnpenensiem Toku 3x-hazHoro K3 ykazaHHBIX TOUKaX.
Touka K4

CyMmmapHoe COmpoTUBIIEHHE 1enu 10 Touku K3
My =Ty tlop t My = 94+ 01+ 025= 575 MOwM

X, =X+ X, +Xgg + Xy = 072+1915+ 008+ 006= 2001 MO
Zys =\Tis” *+X,y” =V 575 +2007F = 2082 MOw

Tox Tpexdaznoro K3 mpu metammuyeckom K3

®_ U 03800

| = HH =
3z, /32082
Tox Tpexdaznoro K3 mpu yuere nepexoaHoro conpotruBieHus B mecte K3

M4y =Ty + 1. = 575+15=20.75MOwm

nepex

Z',s =\2075 + 2082° = 2939 MO
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(3) _ 038 D.03

e VTSN
J32939 ¢

k4

Touka K3
CymmapHoe cCOmpoTUBIIEHHE 1enu 10 Touku K3

lax =Ty T Tom e F e = D75+ 025+ 155+ 20=27.55 MOwm

nepex

Xas = X5 +Xom + Xy = 2001+ 008+ 085= 2094 MO
Zyy =Ty’ +Xgy” =4/2755° +2094° =346 MOw

Tox Tpexdaznoro K3 mpu metammuyeckom K3

| @ u_ _ 038010
“ 3z, /30346

= 856 kA

Touka K2
CyMmmapHoe COmpoTUBIIEHHE 1enu 10 Touku K3

ly Mgy + o t 1, =2755+1.7=2925 MOm
Xyy =Xgy + X pa =2094+15=2244 MOMm

Z,s =y’ *+ Xpy” =4/2925° + 2244 =3687 MOm
Tox Tpexdaznoro K3 mpu metammuyeckom K3

®_ U 03800

HH

| = =
“  J3m,, /33687

= 595«A

Touka K1
CyMMapHoe conpoTuBIeHUE 1enu A0 Touku K3

e =0+r +r +r =925+ 625+ 11+25=416 Mom

KOHT nepex

e I'ye =lhy = loeo =2925-20= 925
Xy =X+ X +X  =2244+ 031+ 05=2325MOm

Zyy = \/rlz2 + X122 = \/4162 + 2325 = 4766 MOwm
Tox Tpexdaznoro K3 mpu metammuyeckom K3

®_ U 038010 _

HH

| = = =
“ J3m,, 34766

Pacuet onnodasznoro K3.
s pacuera ogaodaznoro K3 npu nannuuu [IIMA u IIPA yuuTeiBaeTcsi CONPOTUBICHUE NETIN
¢daza-HoIb

U

I HH

K: Z
x/I_SEEZH+ 3"]

rae Z —0JIHOE COMPOTUBIICHUE TIETIN
Zip=2Zpl+ 2o+ 2 p0 yUUTBIBAIOTCS IIPsAMas, 0OpaTHAs U
HyJIeBas TIOCIIEIOBATEILHOCTH.
Touka K4
[Ipu pacueTe yunuThIBalOTCS MpsiMasi, oOOpaTHas U HyJI€Basl MOCIEA0BATEIIBHOCTH.
Cucrema: X, = 0,72Mowm; Xo. = Xq¢
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CT: X1rp = Xop = 19,15MOM; Xorp = X1rp — 7151 JAHHOM CXeMBI coeinHeHnst 00MoToK CT
J1st ocTanbHBIX 3JIEMEHTOB X1 = Xo = Xg; 1= h =TIy
CyMmmapHoe COmpoTUBIIEHHE 1enu 10 Touku K3

rf; = 3er + 3rIQFl + 3ru_u<rn - 3 [65’4 + 0;25+ 0,1) = 17,25 MOwMm
X$ =2X, +3r +3r,, +3r, =144+ 3[{1915+ 008+ 006) =59.31MOwm

Tok onnodasznoro K3 mpu meramummyeckom K3

\/§|].JHH

I(l) — ~

- \/(rlz Ty T lox )2 + (X12 + X, + Xoy )2

_ V3, _ V3380 . iee
\/(er )2 + (xff; )2 V1725 +5937 '

Tox omrodaznoro K3 mpu ydyeTe nepexoaHOro conpoTuBieHus ayru B mecte K3

rQ =3r,,. +3r__ =3[575+15) = 6225 MOm

nepex

' = *@;EUHH _ = @’ZBSO _ = 766 xA
Jref+(x2f 6225 +5937

Touka k3
Omnpenenum MoyiHOE CONpoTHBIIeHUE et ¢-0

Xan = Xom T Xpan T Xor T X g0 = 008+ 006+ 008+ 085= 107 MOm
Lo = Tom T len T om T Mago T lepex = 008+ 006+ 008+ 085=2215MOm

nepex

Z, =12 +x2 =4/2215" +107° = 2218 MOw

Tok ogHodaznoro K3

U 380

| (l) —_ HH
K3

V3 [ﬁzem + szj V3 E€22;L8+ 3%’9’9j

=52 kA

Touka K2
X,y = Xg, + X, =107+ 595= 702 MOwm
rZZ = r3r1 + rmpa = 2215+ 5,25: 274 MOwMm
Lys = Jrzzz + X5 = J27,42 + 702° = 2828 MOM
U 380
I(l) — HH - — 4’6 A
RN [qzzz + er) V3 [628’28"'19,9) ‘
Touka K1

Xiy =Xy X +Xx . = 702+ 031+ 05= 783 MOwm
ly =l +r, +r =274+ 75+11=36 MOm

Tak kak B KauecTBe HYJICBOW XHMJIbI KaOens HCIIONB3yeTcsl TpyOa, TO CONpPOTHUBJICHHE TPYOBI
orpenenuM 1o ¢popmyie

o __ 4000 400
"oy Oe® - J18°) 1020B140(423° -359°
141

) =125 MOm



rKn(b—O = rKn + rT = 6125+ 1;25: 7,5 MOwm

Z,y =15 +x2, =+/36° + 783 =3684 Mo
o_ U 380

== e = = 387 x
<3z, +r,) 3{3684+199) Bl

3. Paccuurars Tok Maructpansroro I, BeiOpaTs ero Tur, cnocod mpoKIaaKy.

S 6213
| = P = =472 A
e J3U. 23/3[038

Tax xax KTII aByx TpanchopmaTtopHasi, TO pacueTHBII TOK JIenuM Ha 2 u noiyduM lp = 236A.
[IpyaMaeM K yCTaHOBKE MarucTpaibHbIH muHONpPOoBOJ Tumna [IIMA-73Y3 ¢ HOMHUHAIBHBIM
TokoM 1600A, T.K. cepuitHO Ha MEHBIINI TOK MarucTpaJibHbIe IIMHOIPOBO/IBI HE BBIITYCKAIOTCA.
VYcranasiausaeMm IIIMA Ha croiikax Ha BeicoTe 4M, IIIPA Ha BeicoTEe 3M.

[TpoBepka BwIOpanHOTO cedenust [IIMA mo morepe HampspHKEHUS W TUHAMHYECKON CTOWKOCTH.
[Totepu HanpsHKEHUS B TIIaBHOW MarvucTpaly OMPEeNsioT M0 BIPAXKEHUIO

_+/30, 011000107

AU U [ﬁryﬂ [Cosp +X,, E‘Bin(p) =
-3
_ V3 m72E§§cElOOﬂO [Q0,0SlED84+ 0.017[055) = 045%

KommuiekTHbIe IMHOMPOBOIBI MPOBEPSIOT HA ANEKTPOAMHAMUYECKYIO CTOMKOCT 110 YCJIOBHIO!
IyIl < IyZl pr{ON

yax4 = ky B‘/E DISL)
e K, =144, =1+e ™ =1+ 042= 142

Taz Xa __ 2001
o, 3140675

|0 = 14203/2105=21.1xA < 70xA

CrnenoBatenbHO, BeIOpaHHbIA [IIMA npoXoauT 1o YCIOBHUSM MTPOBEPKH.

JIJis OCYIIECTBIICHUS MIPOBEPKH O COTJIACOBAHUIO C 3alIUTOH, T.e. ¢ QF2 HeoOXxoanumMo BEIOpaTh
3TOT aBTOMaT. BriOupaem aBromar tuna BA 62 ¢ HomuHansHbIM TokOM 630 A. HomuHaNbHBIN
TOK TETIOBOTO PACIEIHTENS 3alIMIIAONIETO OT MEePerpy3Kd BBIOMPAETCS MO PACUYETHOMY TOKY
3QMUINACMOM TUHUHN  |ypacy > | 500> 472 A)

Tok cpabGatbiBanusi  (OTCEUKHM)  DJIEKTPOMATHUTHOTO  PACHCIHTENS  MPOBEPSCTCS IO
MaKCHMaJbHOMY KpaTKoBpeMeHHOMY TOKY LIIIMA  l¢psq > K THE K = 1,25,

lmx pacCUMTHIBAETCS MPHU IYCKE HAcoca M HOPMalIbHOW padoTe OCTANbHBIX MOTpeOuTeNnen

| =1 +(Kn-1) =472+(7-1)[2014=16804

HpOBepHCM BHGKTpOMaFHHTHBIﬁ PACHCIIUTCIIb IO IMACTIOPTHBIM JAHHBIM €ro0 TOKa Cpa6aTI:IBaHI/I}I
lepsn = 6kipacy = 3000A

[Iposepsiem no ycnosuto 3000>1680-1,25=21008smonHseTCS

[IpoBepsiemM 1O COraacoBaHUIO TEIJIOBOTO pacuenuTess ¢ cedueHuem [IIMA

TIe - lygnon = 70KA
YV napubiii Toxk K3 [

=0.0118

maxaom

|H pacu < 115|m1.)10n

500< 1,5-1600 -eo0mromaercs
[IpoBepka o uyBcTBUTENBHOCTH K TOKaM K3

142



1 = 1250 10,66 >1,25:3=3,78 (veranK3)

7,66 > 3,7%A  (C y4ETOM Irepex)
VYcnoBue cobmromaercs, cienoBarenbHO ofaHopazHoe K3 B MUHHMAaIbHOM pexuMe OymyT
OTKJIFOYEHBI.
[IpoBepka ceuenus kademns k J11 no nmorepe HaPsHKECHUS
AU = -}l = 0,53:201,4-5-10= 0,53%<5%
JUnist 3alIUThl OTBETBJICHUH K OJUHOYHBIM JIBUTATENSIM INPH PEAKHX U JIETKUX IMyCKax BhIOMpaeM
npeaoxpanuTens cepun [TH-2

| > K Homsn — 502014

s 25 25
Beibupaem BcraBky ¢ Ig=500A, Iyom = 600A /3lctp402.
[IpoBepsieM cornacoBaHWe BBIOPAHHON BCTaBKH C CedeHUEM Kabens [<3- 1101
500<3:255=765A — coOmromaercs
[IpoBepsieM nmpenoxpaHuTeNb MO YyBCTBUTENbHOCTH K K3

=4028 A /4krp151

|1(<11) > 3DIB 3870>3:500=150@ — cobromaercsi, ClIeIOBaTEILHO MPEIOXPaHUTENh BHIOpaH
BEPHO.
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6.3. KoMnieKThI 1OMAIIHUX 32IaHUI, KOHTPOJIbHBIX PadoT.

KoMruiekTsl JOMaIHUX 3aJaHuid BBITTOJIHEHBI IO TeMaM, KaKJas W3 KOTOPBIX COAECpKHUT 15-25
3a/1a4. 3a/1a4u BapbUPYIOTCS CIy4ailHBIM 00pa30oM MpH BbIIa4Ye CTYACHTaM.

Hwxe mpuBOASTCS IpUMEPBl MHIANBUTYATBHBIX JTOMAITHUX 3aaHUM.

[TonHBINM KOMIUIEKT 3aJaHUN HaXOIUTCA Y JIEKTOPA.

3amanus HA KOHTPOJBHYIO padOTy CTYICHTOB 3a0YHOW M COKpaIleHHON (opM OOyUEeHHS TakKe
dbopMUPYIOTCS U3 TOAOOHBIX 3aTaHU.

[Ipumepsl HHAMBHUIYATBHBIX 3a1AHUM.

Bagaua 1.

[IpousBecTr pacuer 3MEKTPUUECKON CETH MEXAHUYECKOTO 1IeXa.
BbiOpaTh ¥ MpoOBepUTH CEUCHHs MPOBOJHUKOB (POBOJOB, KaleleH, IMUHOIPOBOIOB), BEIOPATH
MapKd M YCTaBKM 3alllMTHOM ammapaTtypbl W NPOBEPUTHh MX HA YYBCTBUTEIBHOCTh K TOKam
KOPOTKOT'O 3aMBIKaHUs, IPEIBAPUTEIHHO pacCUUTaB TpeOyeMble 3HaueHus1 TOKOB K3.
Jlns BeIOOpa MotmHocTH cuioBoro Tpancdopmaropa 10 / 0,4kB  TII ucrnonb30BaTh pe3yabTaThl
pacyera nepBoM 3a7auH.
Cxema ceTu pHUBE/ICHA HA PUCYHKE.
TpeOyemMble HCXOMHbIE TaHHBIC B TAOIHUIIE.
B kauecTBe 371eKTpONPUEMHUKOB UCTIOIb3YIOTCSI ACHHXPOHHBIE JBUTATENH C JIETKUM ITYCKOM.
Bribpats AB, HOMEp KOTOPOTO COOTBETCTBYET HOMEPY BapHUaHTAa.
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Taonumua

=

CE Homepa 351eMeHTOB cXeMBbl Pacterrere Tox JUIMHBI TPOBOIHUKOB, Xapaxkrepuctuka O11

) IIPOBOJHUKOB, « ey S

M U Cf K '

2 | LI, ka6{ ABro-y  OII Hf:;g-c mm/ MPA | WPATIposa L cosq K1 Ilfg:TT

' ocC, 10cC, )V |
HUTEJ] IyCK

1] IIPA-] QF! M?2 F2 115 270 10 18 6 8 0.8 0.8 5 0.3 10 100
2| IMPA-7 QF4 M5 F5 130 190 15 27 7 10 0.89 0.9 6 0.2¢§ 12 160
3] IMPA-§ QF§ M9 F9 240 350 20 32 8 12 0.81 0.9] 7 0.3] 8 250
4 KJI QF¢ M1 F17 210 80 7 9 5 15 0.8 0.8¢ 6 0.27 9 250
5 Hoc, QF] M1 F1 890 90 18 21 9 18 0.8§ 0.97 7 0.1§ 11 630
6/ IMMPA-] QF3 M3 F3 120 420 12 19 10 25 0.8¢ 0.9] 5 03] 108 100
7| IHPA-7 QF4 MG F 6 122 510 16 17 11 23 0.87 0.8¢ 6 0.2] 13 100
8| IMMPA-§ QFf M8 F8 192 290 21 15 12 22 0.84 0.9 7 0.24 14 250
9 KJI QFq M1 F113 183 30 9 13 8 24 0.8¢ 0.89 5 0.28 9.5 160
10 HI0C, QF7 M7 F17 124 40 23 12 7 19 0.9 0.9 6 033 114 100
11 1IPA-] QF] M4 FA4 180 220 29 16 6 32 0.91 0.97 7 0.2¢§ 8.4 250
12 1IPA-Z QF4 M35 F5 210 580 1/ 24 9 30 0.8§ 0.8¢ 5 0.29 12 160
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3amgaua Ne2
BriOpath MarucTpaibHBIN IIMHONPOBOA U MPOU3BECTH pacueT anekrpuyeckoi cetu 0,4 kB,
yKa3aHHBIN Ha puc.l. BeiOpaTh u mpoBepUTh CEUCHHS IPOBOJHUKOB, YKa3aHHBIX B Ta0J.2, BHIOPATh U
MPOBEPUTh MAapKH W YCTAaBKU 3aIIMTHOHN ammapaTypbl, MpeaBapUTEIbHO paccMoTpeB Toku K3.
Homepa BweiOMpaemoit ammapaTypsl npuBeneHbl B Tabm.2. B kadectBe JOII mcmomssytores AJl ¢
JeTKUM TyckoM. B Ta6in.2 ykazansel OIl, sBusironuecs Hanbosee MOIIHBIMU JJIsl TAHHOTO y4acTKa
cetu. McxomHbie naHHBIC TPUBEICHBI B Ta0.2.

@CT

A,
I, A,
I1IPA-1 T T Lo, g1l
Harpy3ka Harpy3ka
A;
IIIPA-2 T | T Lo, iy, T
As
PHOMI
OIl'1 C0S Pyoml
N
Ay
IIIPA-3 T T L3, iy3 L3
l IIMA l n,
PHOMZ
oIl 2 COS QPyuon2
N2

Puc.1
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Tabmauma 2

PacueTHbIe TOKM HIMHOMPOBOJOB U LIEXO VYV napusie Toxku K3 o S5 1 S
Ne Bapy Harpyska ITMHOIIPOBOIAM

WAL Lu Al Lo Al e Al i KA i kA iys KA Puows, Kl COSQuo Kglﬂ Puovzs Kl COS@yo KEZH
1 980 180 204 168 4,6 4,2 4,0 8 0,88 0,89 16 0,85 0,88
2 1150 240 287 135 4,2 4,0 3,8 10 0,89 0,9 15 0,86 0,89
3 1300 320 380 174 3,8 3,6 3.4 12 0,87 0,91 13 0,87 0,9
4 2400 600 450 330 2,5 2,2 2,0 17,% 0,86 0,88 18 0,88 0,88
5 2100 610 310 207 4,0 3,8 3,5 15 0,86 0,89 19 0,89 0,91
6 2300 181 590 420 4,3 4,0 3,7 9 0,88 0,9 21 0,9 0,8¢
7 760 132 208 174 3,9 3,6 3,3 18 0,87/ 0,88 20 0,89 0,89
8 890 215 144 267 2,8 2,5 2,2 25 0,86 0,91 23 0,88 0,9
9 1240 244 440 159 3,6 3,3 3,1 28 0,89 0,9 30 0,87 0,91
10 189(Q 333 248 174 44 3,9 3,5 23 0,86 0,89 29 0,86 0,88
11 1680 510 407 122 41 3,7 3,3 21 0,88 0,91 25 0,85 0,89
12 2150 296 481 603 3,7 3,3 3,1 27 0,89 0,88 24 0,9 0,9
13 1910 331 285 413 3,5 3,2 2,9 22 0,86 0,9 26 0,88 0,91
14 1830 610 375 189 4,7 41 3,8 24 0,87 0,89 32 0,89 0,89
15 1210 550 461 209 45 4,0 3,7 19 0,89 0,91 33 0,87 0,88
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7. IlepeyeHb NPOrpaMMHBIX MPOAYKTOB, HCIIOJIb3YeMbIX CTYA€HTAMHU NPH U3yYeHUH JAHHOMH
AUCIHUTITHHBI

[Ipy wW3y4yeHUW MAHHOW IUCIHMIUIMHBI I1eI€COO0Pa3HO MOJb30BAThCA  CIEAYIOUUMHU
nporpamMubsiMu ipoayktamu: MathCad; Visio; ZAPUSKCATIP «Kapat»; Exsel.
Beimenepeuncnennsle IIBK mupoko uCHonp3yroTcss B IPAKTUYECKOH AESITEIBHOCTU
BBIITYCKHUKOB M U3Y4arOTCs paHee.
Mertoanueckue ykazaHus 10 JaHHBIM IPOTrPpaMMHBIM POAYKTaM u3ioxkeHsl B Y MK/ nucuumniva
«upopmaruka», «lakeTsl NPUKIATHBIX IPOrpamMM», mo3Tomy B 1aHHOM Y MK/I He nmpuBoasTcs.

8. Metoauyeckue ykazaHus 110 NPUMEHEHHIO COBPeMEHHbIX HH(POPMAMOHHBIX TeXHOJIOT Wil

CocraB MH(pOPMAIMOHHBIX TEXHOJOTHH, WCTIOJIb3YEMBbIX TIPU HW3YyYCHUHU JaHHOU
JUCITUTITAHBL:

1. IlpeseHTanuu JIEKIMH, CHANABI, KaTAJIOTH C TEXHUYECKHUMH XapaKTePUCTUKAMHU
000py/IOBaHUs HA KAXKAYIO JIEKITHUIO.

2. DJeKTpPOHHBIE BAapUAHTBl AJIEKTPUYECKUX CXEM CHUCTEM DJIEKTPOCHAOKEHHUS
MPOMBINUICHHBIX MPEATPUSTHIH.

3. CxeMpbl, pUCYHKH, TaOIHIIBI 10T MEAUATIPOSKTOP.

4. JIazepHbIe IJICHKU K TPOSKTOCKOMY.

5. KoMmiekT nHAMBUAYAIbHBIX 33JaHUN 10 JUCIUIUIMHE. TOMAIIHUX M BbIJaBaeMbIX Ha
TEKIUSX.

6. IlpombIuIeHHBIE MPOrPaMMHO-BBIYMCIHTENbHBIE KOMIUIEKCH «ZAPUSK», 'CATIIP
Kapart", maker aBromaru3anuu maremarndeckux pacueros «MathCad».

7. Ilpe3enTanuu MpakKTUYECKUX 3aHATHH.
8. DneKkTpoHHBIN MOA00p MaTepUaIoB MO TEMATUKE JIEKIIUH.
9. DneKTpOHHBIE BapHaHThl YACOHUKOB M y4E€OHBIX TOCOOUH B OMOIHOTEKE KadeIphl.
10. CripaBouHbIe MaTepHAIIBL.
K wundopmanmonnoit cocraBmstomerr YMK  oTHocsaTcs  yueOHHMKH, y4deOHBIE TIOCOOHS
MeToauyeckue paspabotku. T.e. ux anekrponHsie usganus (M3). Nudopmanmnonnas
COCTaBJISIOLIAs SIBJISIETCS 3JIEKTPOHHBIM aHAJIOTOM C:
BO3MOXXHOCTBIO HCTIOJIB30BAaHUSI HAPSAAYy CO CTaTHYECKHMMH TEKCTaMU U HM300paKEHUSMU
MYJIbTHMEAMHHBIX peCcypcoB (3ByKa U BHJIEO);
HAIMYUEM BCTPOCHHBIX CPEACTB HABUTAIMH, TO3BOJSIONMX TIOJIB30BATEII0 MEPEXOIUTh K
OCHOBHOW CTpaHHUIlE HW3AaHUs, NPEAbIAYNIEH, CIEAYIOUIEH CTpaHUle HW3AaHus, MPOCMOTPETh
OTJIaBJICHUE BCETO M3JaHUS WK €T0 pa3Jiena;
BO3MOXXHOCTh OIEPaTUBHOI'O BHECEHUSI U3MEHEHUII MocIie MmyOauKaluu.
DNEKTPOHHBIE M3aHUS CYIIECTBYIOT B Pa3IUYHBIX MPEACTABICHUSX. BO3MOXKHO mpeacTaBieHue
u3gaHuii B (opmare TEKCTOBOro mporeccopa, Hampumep Word, nybOnukanus wu3gaHus B
nepeHocumoM (opmate, Hampumep Adobe PDFCrienyromieii popmoit myonukaru DU siBisiercst
nyonukamus Bo BecemupHoit maytune B popmare HTML ¢ ncnons3oBanneM Apyrux TEXHOJIOTHH,
Hanpumep CSS ans cruneBoro odopmuenus, aunamuyeckoro HTML — ans coszmanus
JUHAMUYEeCKHX ToKyMeHToB, Macromedia Flashis anumarium.
DU nomyckaeT MHOTOBApUAHTHOE MIPEICTABICHHE C PA3IMYHON (DYHKIIMOHAIBHOCTHIO /ISl PA0OTHI
C TIOMOIIIBIO PA3TMYHBIX MOJIB30BaTEILCKUX areHToB. CoctaB Bepcuit DU obecreunBaet paboTy ¢
HUM Ha TIEPCOHAILHOM KOMITBIOTEPE U pacledyarKy ero Ha Oymare. DIEKTPOHHOE MpeACTaBIeHUE
OU 1o3BOISIET XpaHUTh €0 Ha JHOOBIX 3JIEKTPOHHBIX HOCUTENSIX U IOCTABIIATh YEPEe3 CETh.
PazHuma npoBeneHHs] MPAKTUYECKUX 3aHSATHI MPU OYHOM U JWCTAHIIMOHHOM BHJAaX OOy4YEHUS
oTpezeNnseTcss opraHu3alrell B3auMOJICHCTBUSL MEXAY 00ydaeMbIM M NPENoaaBaTeseM, a TakkKe
CTETICHBIO B3aMMOJICUCTBUS MEXIy 00ydyaeMbIMU. B 04HOM 00pa3oBaHUU MPENOAaBaTeIb MOXKET
YIPaBIATh XOJIOM PELICHHS 33a]a4 B pPealbHOM BPEMEHH, HaIpaBJisisi 00y4yaeMbIX, KOMMEHTHUPYS U
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OOBSCHSS TUMUYHBIE OIMMOKW. B3ammopaeilcTBue MexXay oOy4aeMbIMH TIO3BOJISIET OBICTpee
HaXOJUTh PEIICHUs, KpOME TOT0, 00y4aeMble MOJy4YaroT OMBIT COBMECTHON paboThl. B 3a04HOM
oOpa3oBaHuM, 00y4aeMblii MOJy4aeT KOMIUIEKT, COCTOAIIMN M3 3aJauyHuKa, 3aJaHus,
METOAMYECKUX YKa3aHUM, NPHUMEPOB pELICHUs 3a4ad, CIPABOYHBIX MAaTEpHaAOB. Y4acThe
mpenojaBaTenss CBOJUTCA K IPOBEPKE IOJYyYEHHBIX IO MouTe peuieHui. JlucTaHIMOHHBIN
BApHUAHT MPOBCACHUA TNPAKTHYCCKUX 3QHSATUN  OTJIMYAETCSI OT 3a04YHOT0 BO3MOXKHOCTBIO
OTIEpaTUBHOTO OOILEHUS MEXTy 00ydaeMbIMU U MPEINO/1aBaTEIEM.

Cnioco0ObI O0IIEHUST MEXKTY TIPENoaaBaTeieM U 00ydaeMbIMU B 3a09YHON M COKPAIICHHON 3a09HON
dbopmax oOydeHwUs:

oOlIeHNe MO ANEKTPOHHOM MOYTE — 3TOT CIOCO0 SIBISETCS MPEANOYTHUTENbHBIM, MO3BOJISAS €ro
Y4aCTHHUKaM YUTATh U MOATOTAaBINBATH COO6H.[€HI/ISI B y,Z[O6HOG JJIS HUX BpeMSI;

obrrenue yepe3 Web-hopymsl, opranuzyembic Ha Web-cepBepax yueOHOT0 3aBe/ICHUS,

00IIeHNEe ¢ TOMOIIIBIO CITY’)K0O MTHOBEHHBIX COOOIIIEHUN U YaTOB.

Cnoco6 oocmasku yuebHo2o0 KOHmenma: JTAYHO; TI0 TI0YTe; 3JICKTPOHHbIE cpeicTBa qoctaBku (ftp,
http, E-mail);xoMOuHUpOBaHHBIC CPECTBA JOCTABKHU.

CpencTBa B3auMOJICHCTBHS MEXTY TPENoaaBaTesieM 1 00ydaeMbIMH BhIHECEHBI U3 cocTaBa Y MK,
HAIIpUMEp SJIEKTPOHHYIO TOYTY, (POPYMBI, YaThl IEIECOO00Pa3HO COBMECTHO HCIOIB30BaTh IO
Heckoapko DYMK.
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9. KoHTpoJib KayecTBa 00pa30BaHUsA

9.1.MeToanyeckue yKkazaHusi pogeccopcKo-MpenoaaBaTebCKOMy COCTaBY IO
OpraHH3aIUU MEKCECCHOHHOT0 M SK3aMEeHAIMOHHOT0 KOHTPOJISA 3HAHUI CTY1€HTOB.

B mpouecce u3zydeHuss NUCUMIUIMHBI HCMOJIB3YIOTCS CIENYIOIIME BUAbI KOHTPOJS 3HAHUU
CTYJCHTOB:

BXOJITHOM KOHTPOJIb;

TEKYIIUHA KOHTPOJIb;

PYOEKXHBIN KOHTPOJIb;

9K3aMEHAIIMOHHBIN (MTOTOBBIN) KOHTPOJI,

CaMOKOHTPOJIb 3HAHHI.

Buowvt u yeau konmpona
BxoOHou KoHmpoas 3aBUCUT OT 1ienu oOywaromero kKypca u ero cneuupuku. OH ompenensier
TOTOBHOCTh CTyIeHTa K paboTe mo Kypcy (posib [omycka K OOYYCHHIO), BBIMOJIHACT
TUATHOCTHYECKHE (YHKIUHU, BBISBISET MpoOeibl B 3HAHUSAX, KOMIICHCHPYEMBIE MPOIIECCOM
JIOTTOJTHUTEIBHOTO 00yueHus. OOyJaromuil Kype CTAaHOBUTCS aJalTHBHBIM (KaXIbli ydaliuics
UJICT CBOMM ITYyTEM B 3aBUCHUMOCTH OT €r0 HayaJIbHOTO ypoBHs). PaboTa Mo TECTOBBIM 3aaHUSIM
HACTpauWBaeT CTYAEHTAa Ha MPEIMETHYI0 00JacTh, BBOJUT B TEPMUHOJIOTHIO, CHOCOOCTBYET
aKTyaJM3aliuy 3HAHUM, CTAHOBUTCSI CTAPTOBOW TUIOIMIAIKOMN 1T HOBOM Tembl. OOBIYHO BXOIHOM
KOHTPOJIb PEJOK (BCTYNUTENbHBIC 93K3aMEHbBI, JOMYyCK K JabopaTopHoWl paboTe), HO mpHu
KOMIBIOTEPHU3AIUU OOYUYCHHSI €T0 YaCTOTA MOBHIIIAETCS.
Texywuil Konmpo/ib — IMArHOCTHKA 3HAHWM, yMeHuil U HaBbIKOB (3YH) u xoppekiust o0y4yeHus B
MPOIIECCE YCBOCHUS TEMBI, IMO3BOJISIONIAS HCIPABIATH HEJAOCTATKU OOYYCHHsS] W JIOCTHTaTh
HEO0OXOIUMOTO YPOBHS €r0 YCBOCHHUS.
Pybesrcnbiti konmpons — 3T0 MpoOBEpKa YpOBHS YCBOCHHUSI OYEPEAHOTO pasaena Kypca. CTyaeHTy
IpejjlaraeTcss  TBOpYECKas  3a/Jada, 3aJada [OBBIIMICEHHONW  CIIOXKHOCTHM WM  3a/auya,
IIPEAYCMAaTPUBAIOIIAsl IIEPEHOC YCBOCHHBIX 3HAHWM HAa APYrod Marepuain. YCIEIIHOE pelicHue
3aJla4d  MOKa3bIBAa€T, YTO YyYAIMICAd OBJAAEI BCEW CHUCTEMOM 3HAHUW W JICHCTBHIA,
MPEIyCMOTPEHHBIX IEIsIMH OOY4YeHHs MO JaHHOW Teme. PyOexxHas mpoBepka IO3BOJSET
oOydyaeMOoMy 3alpaliMBaTh HEOOXOAMMBIN CIPABOYHBIA WM WHGOPMAIMOHHBIN MaTepual,
COBETHI, Pa3bSICHEHUS OMIMOOK, HABOMASAIIUE BOTPOCHL. 3aJaHUsl JOJKHBI OBITh aJeKBATHBI 3TAIy
MTO3HABATEJIBHON AESATENBHOCTH, AIEMEHTY KOTOPOIO COOTBETCTBYET CE€pPHUsl HECKOIBKHMX 3aJIaHUU.
PyOexxHbIif KOHTPOJIh MOET OBITh BXOIHBIM IS HM3y4YEHUS IOCIEIYIOIIEro MaTepuana |
NONJEPKKU YpPOBHSI 3HAHUW MpU TEpepbhiBax B OOYyYEHUH, UYTO XapaKTepHO [UIsl CTYAEHTOB
3a04YHOM M COKpaIllleHHOH 3a04HOi ¢opM. MTorom pyOeXHOTO KOHTPOJIS SBISIIOTCS PE3yJbTaThl
KOHTPOJIBHBIX TOYEK.
Oxzamenayuonnviti (umoeogwitl) kowmpons. Ecau mpoBepka MUCXOJHOTO YPOBHS — <BXOJHON»
KOHTpPOJIb, TO 3aKJIIOYUTENIbHBIM KOHTPOJIb MTOKA3bIBAECT IMOJYUYEHHBIE PE3YJIbTAThl <«HA BBIXOAE».
On mnpencraBnser coboil cepuio 3aJaHHil MO BCeMy MaTepHaly, KOTOpYI O0y4daeMblil JOJKEH
pemmTh caMmocTosTeNnbHO. [lo pe3ynpTaTaM 5K3aMEHALIMOHHOIO KOHTPOJS YYalIUKCS MOJy4aeT
OTMETKY.
Camoxonmpons 3nanuii — Hanoosee mpoctoit Buga. OOBIYHO 3TO BONPOCH! M 3a7a4M, HA KOTOPBIC
YUaIIUICS TBITAETCSI OTBETUTH CaMOCTOSTENbHO. [Ipu 3aTpylIHEHMH OH MOXET OOpaTUTHCS K
yueOHUKY U HaWTH B HeM oTBeThbl. OCHOBHas IIeJIb CAMOKOHTPOJISI — CaMOYTBEpXKJAEHHUE, J0C-
THXKEHHE YBEPEHHOCTH B YCBOGHUHU Y4eOHOTO MaTepuaia, XOTs 9TO MOXKET U HE COOTBETCTBOBATh
NEUCTBUTEILHOCTH.
TakuM 00pa3oM, OCHOBHBIE MM PAa3HBIX BHJIOB KOHTPOJS CJIEAYIONINE. CaMOYTBEPKICHUE,
TOTOBHOCTh K M3YYEHHMI0O HOBOTO MaTepuaia; IpPOBEPKA YPOBHS YCBOEHMS; NOAJEPKKa
aJIalITUBHOTO OOYYeHHUS M YpOBHS 3HaHMMW; (opMHpoBaHHE O0a3bl OLIEHOK Ui OIpEACIICHUS
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peiituHra oby4yaembix. [IporpaMmHbie cpelncTBa KOHTPOJS 3HAHUN JTOJKHBI 0OecrieynBaTh BCe
CTaJINY €ro MPOBEJCHUS . OT UACHTU(DUKAIINH IO BBIAYU PE3yIbTATOB.

Kourpons (mmarnocruka) 3HaHuii, ymeHwid, HaBbIkOB (3YH) Bkimtouaer B ceOsi BBINOJIHEHHE
HEKOTOPOr0 MHOXECTBA 3aJlaHUM, XapaKTEPU3yEeMbIX TPYAHOCTHIO M CIOXXHOCTbIO. TpynHOCTH
3aJaHUsl ONpENeNseTcs YPOBHEM YCBOEHHUS, Ha JUArHOCTHKY KOTOpPOTO OHO HaIlpaBJICHO.
CHoXHOCTh XapaKTePU3YETCsI YUCIIOM CYIIECTBEHHBIX OINEPAIlHii B HEM, B T.4. U CBEPHYTHIX.
Iledacoeuuecku koppekmuoe 3adaunue Ol KOHMPOIS 3HAHUL CMYOEHMO8 OO0JNCHO Oblmb.
COZICP)KATEIbHO BAJTUJHBIM (IIOCTPOCHHBIM Ha COACPKAHWU TPEIIISCTBYIONMIETO0 O0yUCHHS);
(GYHKIMOHATBHO BalMIHBIM (MPOBEPKA TOrO, JIsi YEero €ro HUCIOJb3YIT), OOBEKTHBHBIM;
OJIHO3HAYHBIM, crnenuduyuabiM (TpeOyromum KoHKpeTHeix 3YH, a He o0meil spyaurmn);
CIIOCOOHBIM Pa3IeTUTh YUAIUXCs Ha 3HAIOIINX W HE3HAIOIINX.

I1o06op 3a0anuil 6 epynny OCHOBAH Ha PEIPE3CHTATUBHOCTU (IIOJHOTE OXBaTa AMCIUIIMHBI HIIH
ec pasjielia OrpaHHUYCHHOW BBIOOPKOW); OMHOPOTHOCTH (PABHOIICHHOCTH COJCPXKAHUS U
TPYIHOCTH HAOOPOB 3aJaHuil); paHIOMHU3AIMU (TapaHTUU HE MPEABABICHHUS OJHOTO U TOTO XKe
Ha0Op 3a7aHuU).

BXonHOW KOHTpPOJIb BBINOJHAETCS B BHJE TECTOBBIX 3aaHuil. DopMaMu TEKYHIErO KOHTPOJIS
SIBIISIFOTCSL OJIMI-OMTPOC CTYJCHTOB Ha KaXKJOW JISKIIUH 0 TpoiaeHHOMY Marepuany (5-7 MUHyT),
OIPOC Ha MPAKTUYECKUX 3aHATHUSAX, 3alllMTa MHAUBUYaTbHBIX JOMAIIHUX 3aJaHui, pedepatsl.
PyOexxHbIif KOHTPONb TPEIyCMAaTPUBACT BBIMIOJHEHWE KOHTPOJBHBIX pPAa0OT, KOMITJIEKCHBIX
3aJJaHu}, HAaNIPaBJICHHBIX Ha MPOBEPKY IBPUCTUUECKUX CIIOCOOHOCTEH CTYAEHTOB, YIIIyOJIEHHOTO
U3YYCHUS MaTepuana, KOJUIOKBHYM.

WTOTOBBIE KOHTPOJIb — 3TO 9K3aMEH M0 JUCIUIUIMHE. JK3aMEHAIIMOHHBIA OWJIET OJDKEH
BKJIIOYATh J[BA TEOPETHUECKUX BOMpoca U 3anady. [IpegycMoTpeHo Tpu THIA CIOKHOCTH 3a/ay:
MPOCTOM, CPENHEW W TOBBIIICHHOW cloXHOCTH. CTYyIeHTy mpejiaraercs BhIOOp 3a7add 110
CJIOKHOCTH B 3aBHCHMOCTH OT TOrO, Ha Kakyl OLEHKY OH IMpeTeHayeT. Eciu cTyneHT He
CIIPABJISIETCS € 3a7ja4ell CpeHEN WIIM TTOBBIIIEHHOM CII0KHOCTH, TO IIPeAJIaraeTcs mpocTas 3ajaya,
OTCYTCTBHE PEIIECHUSI KOTOPOU MPUBOAUT K HEYTOBJIECTBOPUTEIILHON OIIEHKE HA HK3aMEHE.
PexoMenayercs npu olieHKe 3HAHUI CTY/IEHTOB Ha 9K3aMEHE YUUTHIBATh €r0 padoTy B CEMECTpE.
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9.2. ®oHaBI TECTOBBIX M KOHTPOJILHBIX 3aaHUI /151 OLeHKH KayecTBa 3HAHUI
TectoBble 3amaHus JUIsl OIEHKM KayecTBa 3HAHUM MO AUCHUIUIMHE <«IIEKTpOCHAOKEeHUE
MPOMBINIUICHHBIX Tpennpusatuii» yreepxaeHsl B 2006 r. 8 YMO B 007acTé JHEPreTUKH U
AIIEKTPOTEXHUKH.

TecroBoe 3amanume Nel
1. DIEeKTPOTEXHUYECKUE YCTAaHOBKH, MPOU3BOIAIINE, TPEOOpas3yIolIue,
pacnpenensomue u NoTpeOsoue 3JeKTPOIHEPTHIO oIpa3AessaioTcs Ha DY HanpsyKeHUEM:
a) Beime 1 kB u Hmwke 1 kB
0) 1B, 10xB, 35kB, 110xB, 220xB
B) 10 220kB u cBbimie 220kB.

2. DNeKTpocHA0KECHUEM HA3BIBAIOT:

a) obecrieueHre MOTpeOUTENCH IEKTPOIHEPTrUeH

0) cOBOKYMHOCTH DY, MpeaHa3HauCHHBIX T 00eCIIeUeHHs TOTPEOUTENCH AIeKTpOIHEpreit
B) COBOKYITHOCTh B3aUMOCBSI3aHHBIX DY NPEANPUsSTHS, TOPOA.

3. [IpreMHHUKOM 37eKTPOIHEPTHH Ha3bIBAIOT:

a) mpeoOpa3oBaTEIbHOE YCTPOHUCTBO

0) yCTpOWCTBO, B KOTOPOM MPOMCXOAUT MPEoOpa30BaHKe HIEKTPOIHEPTHU B AP. BHI SHEPTHH IS
€€ UCIOJIb30BaHUS

B) COBOKYITHOCTh MAIIIUH JIJIsl IPEOOpa30BaHUs 3J1. SHEPTUH.

4. PactipeieTMTENIbHBIM ITyHKTOM Ha3bIBAIOT:

a) OV i mpeoOpa3oBaHus U paclpeeiICHUs 1. SJHEPTHH

0) PV, npexnasHadeHHOE Ul IpUEeMa M PacIpeAeiIeH s ). SHEPIHU Ha OJHOM HanpsHKeHHH Oe3
npeoOpa3oBaHus U TpaHchopMaLuu

B) KOMIUIEKTHOE YCTPOWCTBO, IPETHA3HAUYCHHOE JUIsl YIIPABJICHHS JIMHUSAMH CETH U UX 3aIlHTHL.

5. ITo pony Toky morpeduTenu, paboTaronue OT CeTH JACISITCS Ha TPYIIIHI:
a) TIEPEMEHHOT'0 U TIOCTOSIHHOTO TOKa

0) MepeMeHHOro TOKa HOPMaJIbHOM MPOMBIIIIICHHON YacTOTHI,
MEPEMEHHOT0 TOKA MOBBIIIEHHON MJIM MOHM>KEHHOM YaCTOThI TOCTOSHHOTO
TOKa

B) MEPEMEHHOT0 TOKA MOBBIIICHHOW YaCTOTHI U TIOCTOSIHHOTO TOKA.

6. OCHOBHBIM MOKa3aTesieM, M0 KOTOPOMY ClIeyeT KIacCH(UIMPOBATh MPUEMHHUKH 3J1. SHEPTUH
SIBJISTFOTCS

a) TeMIepaTypa OT/AeIbHBIX YacTel MPUEMHHUKA IEKTPOIHEPTUH

0) TEXHOJIOTHYECKHI PEXKUM

B) TpaduK 3JIEKTPHIECKOI HATPY3KH.

7. IIpueMHUKH 37€KTPOIHEPTUH MOAPA3AEIAIOTCSA Ha TPYIIIBI IO CXOJICTBY PEKUMOB:
a) OI1 ATUTETLHOrO peXXUMa PaboThI

OI1 KpaTKOBPEMEHHOTO PeXUMa PabOTHI

DIl MOBTOPHO-KPATKOBPEMEHHOTO PeKHUMa PabOThI

0) DI npoIOKUTETBHOTO PeXKUMa pabOThI

OIl KpaTKOBPEMEHHOTO PeKUMa pabOThHI

B) DI criokoiHOTO pekruMa paboThI

OIl ynapHoro pexuma padboTHI.

8. Pexxum pabotsr D11 xapakTepusyercs:
a) TEXHOJIOTUYECKUM TPOIIECCOM
0) TeMIiepaTypoii OTJCIbHBIX YaCTeH MaIluHbI
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B) BpeMeHeM paboTsl JIT.

9. HomunanwsHas akTuBHasi MOITHOCTH D11 mmurensHOro peskuma paboTsl 3TO:
a) MOIIHOCTH 3a HauboJIee 3arpyKEHHYIO CMEHY

0) MOIIIHOCTb, yKa3aHHas B TexX. macrmopte DT

B) cpeaHsist MOIIHOCTD OII.

10. HomuHanpHas akTUBHAS MOIIHOCTH D11 MOBTOPHO-KPATKOBPEMEHHOTO peKUMa pabOTHI 3TO:
a) MOIITHOCTh 3a HauOoJIee 3arpyKCHHYI0 CMEHY

0) macnopTHasi MOLTHOCTh, IPUBEACHHAS K JITUTEIBHOMY PEXKHUMY PabOTHI

B) MaKCHMaJIbHas MOIIHOCTH 38 30-MHHYTHBIH MaKCHUMYM.

11. KoaddunmeHT ucrmoap30BaHus akTUBHOW MOIITHOCTH ouHOYHOTO D11 3TO OTHOIIEHUE:!

Pcp.m. Pcp.xB Pp
a 0) B) .
Paowm. ProwMm. Paowm.

12.Koa¢dduumentom cripoca aKTUBHOM MOIIIHOCTH HA3bIBACTCS OTHOIICHHE:
Pcp.m. Pp Pmax
a_ ) B)_ .

PHOM. Paom Paom

13 PacuerHast HAarpy3Ka SMIUPHYCCKUM METOZOM OIPEICIIACTCS KaK:
a) Pp = Kc ¢ Pyct

0) Pp = Pcpr £ bdepr

B) Pp=Kpe* Pcp

14. B 3aBUCHUMOCTH OT YCTAHOBJICHHOW MOIIHOCTH MPHEMHHUKOB 3JCKTPOIHEPTHH Pa3InYaroT
OOBEKTHI:

a) 6osbmoii (75-100MBT u >), cpenneii (ot 5 1o 75MBT) u manoit (<5 MBT) momHoCTH

6) 6onbmoii (>100MBT), cpenneii (<100MBT)

B) OoubIioit (>75MBT), manoii (<75MBrT)

15.Tnyxoe 3a3eMIICHHE HEUTpaTu IPUMEHSIETCS B:

a) Tpex¢a3Hbix cersax 6-35kB

0) Tpex(da3HbIX CETSIX MOCTOSHHOTO TOKA

B) B ceTsix 110kB wu Bhinie, B 4-x npoBoaHbix cetsax 380/220B, 3x ¢a3HbIX CETSIX MOCTOSHHOTO
TOKA.

16. B cersax 6-10 kB nmpoMBIIIIIEHHBIX MPEATPUATHN SKOHOMUYECKU I1€JIeCO00pa3HO MPUMEHSATH
TOKOTIPOBO/IBI TPH TepEAaBaACMON MOIITHOCTH:

a) 5-10MBA na U=6kB, >10MBA na U=10xB

0) 15-40MBA na U=6kB 20-70MBA na U =10xB

B) <15MBA na U=6xB, >15MBA na U=10«kB.

17. Tlo pexumy K3 npu Hanpskenun >1 kB He mnpoBepsitoTCS IEMEHTHl KaHAIW3aLUU
3JICKTPOIHEPT U U

a) 3aIIUIICHHBIC aBTOMATHYCCKUMU BBIKJIIOUATEISIMU M [HOM. BhIKI. 10 100A

0) 3amuIneHHbIC IUIABKUMH TPEIOXPAHUTEISIMA CO BCTaBKamu Ha lHom mo 60 A - mo ai.
JTAHAMUYECKON CTOMKOCTH, HE3aBUCUMO OT HOMUHAJIBHOT'O TOKA BCTABOK IO TEPMHUYECKOU
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B) 3allIUIIEHHBIC TUNIABKUMH MPeIoXpaHuTessiMu ¢ IBct < 60A.

18.T1o pexumy K3 B OV Bbitie 1 kB 10mKHBI TPOBEPSITHCS:

a) Kabenmu U JIp. IPOBOTHUKH

0) BJI 1 TOKOIIPOBOIBI

B) Ka0eJH, TOKOIPOBOBI, OTIOPHBIC U HeCyINe KOHCTPYKIMU Ha HUX, BJI npu iy, K3 = 50kA.

19. IIpu npokmanke kabemeid mo 10 kB B 3emisie pekoMeHmyeTCs B OJHOW TpaHIIEe
IPOKJIA/IbIBATH!
a) He OoJiee 6 CHIIOBBIX Kabeneit
0) ue 6onee 10 cumoBbIX Kabeneit
B) He Oosiee 12 cuioBbIx Kabenei

20.Paccrosiaue Mexay AByMs MapauieIbHO HAYIIUMHU TPAHIISSIMH ¢ Kabemsimu 35 kB:
a) 1,5m

0) 1m

B) 0,5Mm

21.TIpu pacuere TokoB K3 10 1 kB B otnuuune ot TokoB K3 > 1 kB n0mKHBI yYUTHIBATHCS:

a) compoTuBiieHue ayru B Mecte K3

0) comporuBieHne ayru B Mecte K3, aKTHBHBIC CONPOTHUBIICHHS JJIEMEHTOB IICTH, BKITIOYAs
COIIPOTHUBIIEHUE NTEPEXOJHBIX KOHTAKTOB

B) aKTUBHBIC COITPOTHUBIICHUS JIEMEHTOB LICTIH.

22.11naBkue nMpeaoXpaHuTeIN CIIyKaT JIJIs:

a) 3aIIUTHl BHYTPHULIEXOBBIX ceTeil oT TokoB K3
0) AMCTaHIIMOHHOTO yIpaBieHus AJ|

B) KOMMYTAI[H CHJIOBOH IIETIH.

23. HoMuHAaIbHBIM TOKOM IIJIABKOM BCTaBKU HA3BIBAIOT:

a) HOMHUHAJIBHBIA TOK, ITPH KOTOPOM IIJIaBKasi BCTaBKa MPEIOXPAHUTENS €IIIC HE TIeperopact

0) TOK, KOTOPO MOXKET JIUTEIILHO MPOXOJUTh Yepe3 MX, HE BbI3bIBAS pAaCIUIABJICHUS MeTaylia
BCTaBKH WJIU CHJIBHOTO HarpeBa

B) Tok K3, mpoTtekaromuii yepes npeoXpaHnuTelb.

24. ABTOMaTHYECKHE BO3AYIIHBIC BRIKIIIOYaTenn 10 1 kB mpenHa3zHayeHsbI:

a) aBTOMaTHUYECKOTO Pa3MbIKaHUS 3J1. IIENICH MPH aHOPMAJIbHBIX PEKUMAaX

0) 111 ONIEPaTUBHBIX MEPEKITIOYEHUI IIPH HOPMAJIBHBIX PEXMMaXx

B) Ui 3amuThl 3. cetedd g0 1 kB or TokoB K3 u meperpysku, s peIKuX OMEPATUBHBIX
MEPEKITIOUCHNUN B HOPMAIBHOM PEXUME, IS 3aIIUTHI CETEH PU CHIDKCHUH HATPSHKCHMUS.

25.Tokom Tporanus AB Ha3bIBaroT:

a) HACTPOWKY pacLenuTeNs Ha 3aJaHHBIN TOK CpadaThIBaHHsI
0) HaMMEHBIINH TOK, BBI3BIBAIOIINI OTKIIIOYeHHE AB

B) MaKCHMAJIbHBIN TOK, KOTOPBI MOXET MPOTeKaTh uepe3 AB.
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26.IIpeaenbHo TOMYCTUMBIM TOKOM I10 HArpeBYy Ha3bIBAIOT:

a) JUTMTEIbHO MPOTEKAOUIMHA M0 MPOBOJHUKY TOK, IPH KOTOPOM YCTaHABIMUBACTCS HAMOOJIbIIIAS
JUIUTETILHO JOMyCTUMas TeMIIEpaTypa HarpeBa MpOBOJAHHUKA

0) MUHUMAJIBHBI TOK B HOPMAJIbHOM PEKHME JUTHTENLHO MPOTEKAOIIHNA IO TIPOBOJIHUKY

B) TOK, MPOTEKAIOIIHIA B IIPOBOIHKMKE B MIOCJIE aBAPUUHOM PEIKUME.

27 HoMuHanbHBIN TOK TUIaBKOM BCTABKH MPEJOXPAHUTENS ONPEIEAeTCS KaK:
a) mis oquHouyHoro DIT  lmom.BeT. = Ip
st omuHoyHOTO DJ] [HOM.BCT. = | myck./O

0) st oguaOUHOTO D11 IHOM.BCT.2 |HOM.O1T
qutst ogquHogHoro DJI lmom.ser. = | auk./a

B) utst oxuHoYHOro DIT lHOM.BCT.> lHOM.OH
it omuHoyHOTO DJ] [HOM.BCT. = | myck./a

28. Ilpu BBIOOpE 3aTUTHBIX amnmapaToB ais 3amuThl D)1 10 1 kB yuutsiBaercs koaddunuent qA,
3aBUCSIINN OT YCIOBUH M JUIMTENBLHOCTH ITycka D/1 1 paBHBIN:
a) O = 2,517 nerkux myckos ¢ tmycka = 10 2,5

0 = 1,614 TsOKETBIX TYCKOB ¢ tycka = > 2.5

0) o = 3,511 nerkux myckos ¢ toycka 1o 3,5¢
O = 2,511 TSOKETbIX MycKoB ¢ tiycka > 3,5

B) O = 1,615 terkux myckoB ¢ tmycka 10 1,6c
0 = 2,511 TsHKENBIX MycKoB ¢ tmycka > 1,6

29. Otknonenue HanpsokeHus y OI1 onpenensercs:
a) £U% = [(Udak - Uaom)]/Unom] » 100%
0) £U% = [(Urom - Umin)]/Uuom] » 100%
0) £U% = [(Umax - Unom)]/Unom] » 100%

30. Iloteps HampspkeHHMs MEXAy HampspDKeHHeM HUCT. nuTaHusd U; UM HamnpsiKeHHEeM B MecCTe
noxkitouenus Ol k cetn U, onpenensercs:

a) AU% = [(Unom - U2)]/U1] «100%

0) AU% = [(U1 - U2)]/Uaom] » 100%

6) AU% = [(U1 - Uaom)])/U2] »«100%

31. PacyerHas peakTuBHas Harpy3ka B ceTsax 6-10 kB mnpoMbIIIICHHBIX NpeanpusTAN
OTIpeIeIIsIeTCs:

a) QB = Qp.s. + Quax.T - AQr

0) QB = Qp.B. - Quax.T + AQr

B) QB = Qp.B. + Quax.T - AQT

32.bananc peakTUBHOM MOIITHOCTH B y3lie 6-10kB npom.mpeanpusitis umeeT BU:

a) QB - Quk - Qex - Qr- Qen- Q1 =0

B) QB - Qca - Qek - Qror - Qek - Q1 =0

B) QB - Qcxt - Qpk - Qmax.T - Q1 - Qo =0

33. PeakTtuBHas MOIIHOCTD, TeHepupyemas C/I, onpenensercs Kak:
a) Qcx = Puom.cx Ken tg drom
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6) Qcx + o V P?HoM cx + QPHoM cx

Praom.ca.e tg bHOM
B) Q=

nNaOM

34.Pacuernas momnocts BBK 1t mpennpustus onpenensercs:
n

a) Qex =¥ Qpr - Qukh +AQr - Q1
i=1

n
6) QBk =2 Qpsi - Qca.p. - Quax.T.

i=1

n

B) Qex = 2Qpsi - QC1.p - Q1
i=1

35IIpoBecTr COOTBETCTBUE:

a) MOBTOPHO-KPATKOBPEMEHHBIH peskuM padboThl D11
0) IPOIOIIKUTEIBHBIN (ITUTEIbHBIN) pexxuM padoThl D11
B) KPaTKOBPEMEHHBIH peskuM padboTsl D1

36.IIpoBecTu COOTBETCTBHE:!

a) HKY ycranosieno y oguHouHoro DI ¢ HuU3kuM COS) M OOJBIIMM YUCIOM 4YacoB pabOTHI B
rony

6) HKY ycranoBiaeHo y pacmpenenuteibHoro nyHkra < 1 kB wiam Ha MaructpanabHOM
IIMHOIIPOBOJE

B) HKYVY ycranosneno na mmuax 0,4xB TII 10/0,4xB

1. llenTpamm3oBannas KPM
2. I'pynnoBass KPM
3. UamuBuayansnas KPM

37. IlpenHaMepeHHOE COEAMHEHHE C 3a3eMIISIONIMM YCTPOMCTBOM Kakod MO0 TOYKHU
TOKOBEIYIIMX YacTeil DY, HeoOxoaumoe st o0ecriedeHus ee paboThl, Ha3bIBAIOT:

a) pabo4nM 3a3eMIICHUEM

0) 3aIUTHBIM 3a3eMJICHUEM

B) 3a3eMJICHHEM HEUTpaJIu.

38. KoaddurpiearoM 3pPeKTHBHOCTH 3a3eMiIcHHS HeliTpain K3 Ha3bIBarOT:
a) k3 = Urom/ Umin

6) k3 = Ups / Up

B) k3 = Uvax Umin / Udom

39. Eciu xoaddunuent s3dpdexTuBHOCTH 3a3emiieHus HewTpanu K3 < 1,4, To Takoe 3a3eMiIeHHE
HEUTpaJIi HA3bIBAIOT:
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a) U30JIMPOBAHHBIM
0) >3 PeKTUBHBIM
B) KOMIIEHCHPOBAaHHBIM

40. EMKOCTHOM TOK 3aMbIKaHUs Ha 3€MJII0 B CETH C M30JIMPOBAHHON HEUTPANBIO OMPEACISETCS
KaK:

a) Icm
0) lcm

Ul/a
ul

B) lecp =V3Up W Coi li

41. JInuTenbHO 10MyCKaeMbIM TOKOM 3aMbIKaHUS Ha 3€MJIIO Ha3bIBAETCS TOK:
a) MaKCHMAIIbHBIH, IPOTEKAEMBbIi B HEUTpaJI TpaHchopMaTopa

0) KOTOpBIii, poTeKas B TeueHHe 1-24acoB, HE BBI3BIBACT MEPEX0/1a

B) JUTMTEJIBHO MPOTEKACMBI pab0UHii TOK B CETH.

42. PexxuMamMu HACTPOMKH IyroracsiiuxX KaTylleK B CETH C PE30HAaHCHO-3a3¢MIICHHBIMH
HEUTPAJISIMU SBIISIOTCS

a) pe30HaHCHBII

0) HEZIOKOMITCHCAIH, PE30HAHCHBIH

B) PE30HAHCHBIH, HEJOKOMIICHCAIIMH, IEPEKOMITCHCAIINH.

43. PexxM HaCTPOMKH JyTOracsiifx KaTyIIeK B HEHTpanIu XapakTepu3yercs:
a) CTETEHBIO0 PACCTPOMKH, CTEIEHBIO HACTPONKHU

0) K03 pUIIHEHTOM YCTIOKOCHHSI PE30HAHCHO-3a3EMIICHHON CETH

B) HAMPsDKEHUEM CMEIICHHS HeUTPaIH.

44, KosduimeHT ycroKOSHHs pe30HACHO-3a3eMJICHHOM CETH ONPEIeIIeTCs KakK:
Ca +&Cp +aC,

ayd =-
Cat+tG+GC

W(Ca + G + C)-1/WLn
6) d = * 100
W(ECA+ G+ )

3G + 1/Ri
B) d= . 100
WG +G+ Q)

45. Hanpsbxkenue ¢a3 OTHOCUTENbHO 3eMiid Tpu oaHodasHbix K3 B 3¢ (dekTuBHO-3a3eMICHHBIX
CeTSAX HE MMPEBHIMIAOT:

a) 1,4 Up

0) 1,73 Up

B) 1,9 Up

46. Cam03an1yCKOM Ha3bIBACTCA:

a) BOCCTAHOBJICHHE HOPMAJbHOW pPabOTHI 1. MPHBOAA O€3 BMEIIATENLCTBA MEPCOHATA TOCIEe
KpPaTKOBPEMEHHOTO TIepephIBa 3J1. CHaOXKEeHUs

0) BoccTaHoBjIeHHE paboThl DI MOCie HAPYIIEHUS TUTaHUS

B) BOCCTaHOBIICHHE pabOTHI 1. MPUBO/IA TTOciie cpabareiBanus P3 u A.
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47 .Tlpotecc camo3anycka ACIUTCS Ha CIAEAYIOIINE ITAITbI.
a) BBIOET U BOCCTaHOBJICHUE pabovyero pexxuma

0) pa3roH U BOCCTaHOBJIEHHE paboUYero pexuma

B) BBIOET, Pa3rOH U BOCCTAHOBJICHHE Pa00OYero pekuma.

48. Camo3anycK CUATAETCs] 00ECIeYEeHHBIM, €CIIH:

a) TeMmIeparypa HarpeBa 0OMOTOK 3a BpeMsi caMO3aIycka He MPEBBICUT JOMYCTUMOTO 3HAUCHUS

0) Ipy MOHMKCHHOM HANPSHKCHUHM M30BITOYHBIA MOMEHT JBHTATEIIsA AOCTATOYEH JJIS JTOBECICHUS
MeXaHHU3Ma 0 HOMUHAIILHOHN yIIIOBOM CKOPOCTH M €CJIM 32 BpeMs pa3roHa TeMIlepaTypa HarpeBa
00OMOTOK HE MPEBBICUT JAOMYCTUMOTO 3HAYCHUS

B) MPH MOBBIIICHHOM HANPSHKCHUH W30BITOYHBI MOMEHT JIBUTATENIsl JOCTATOUYCH IS JIOBEICHUS
MEXaHU3Ma 10 HOMHUHAJIbHOM YIJI0BOM CKOPOCTH

49.TIpombIlIUIEHHBIE MEXAHU3MBbI, YYaCTBYIOIINE B CaMO3aIlyCKe JIeJSATCs Ha:

a) MEXaHU3Mbl C IOCTOSHHBIM MOMEHTOM CONPOTHBICHHS, MEXAHU3MBbl C BEHTHJISTOPHBIM
MOMEHTOB CONPOTUBIICHNUS;

0) MeXaHU3Mbl ¢ MaKCHUMAJIbHBIM MOMEHTOM COIPOTHBIICHHS, MEXaHHU3Mbl C HOMHHAIbHBIM
MOMEHTOM COIPOTHUBJICHUS;

B) MEXaHMU3Mbl C MHHHUMAJIbHBIM MOMCHTOM COTPOTHBIICHHS, MEXaHH3Mbl C MaKCHMaTbHBIM
MOMEHTOM COIPOTHUBJICHUS.

50. YcnoBuem HecUHXpOHHOTO BKmoueHust CJI siBisieTcst:
a) lacX"d < 1,5k

0) lacX"d < 1,05 k

B) lucX'd< 1,5k

51. Tox HECMHXPOHHOTO BBIKJIIOUEHUs IIpU camo3anycke 1 JJ1 onpenensiercs:
E+U

a) luc =
X"d + Xc

E+U
a) luc =
X'd + Xc

E+U
a) luc =
Xd + Xc

52.JIns yBeIu4eHUST KPUTHIECKOTO CKOJIBLKEHHUS BO BPEMS caMO3aIrycka He00X0IUMO:
a) IpoBoaANTH pecuHXxpoHmu3anuto CJJ
0) MaKCHMMaJIbHO MCIIOJIb30BaTh POPCUPOBKY BO3OYKICHHUS
B) 4TOOBI BXOIHOW MOMEHT ObLII MEHbIIIE MOMeHTa conpoTuBieHus CJ]
KommnekcHoe 3amanue Nel

B rmaBHOM Kkopryce 3aBojJia JOPOKHO-CTPOMTEIBHBIX MalIMH pa3MmemieHo 120 craHkos
CyMMapHOi ycTaHoBieHHOW MomHOCThI0O 1500 kBT, 25 caHTEeXHHMYECKHX BEHTUIISTOPOB
cyMMapHO# ycraHoBieHHOH MomHOCThI0 420 kBt, 30 cBapo4HBIX arperatoB CyMMapHOMH
yctaHoByieHHOM MomHOCTEI0 900kBT, Tepmudeckoe otnenenue ¢ 12 anexTpornedamMu CyMMapHOH
ycTaHOBJIEHHOM MomHOCThIO 710 kBT. I'aBHBIN KOpIyC pacmosniokeH Ha pacCTOSIHUU 2,5 KM OT
I'TITT, Ha KOTOpOW YCTAaHOBJIICHO JBa CUJIOBBIX TpaHchopmaTopa MONIIHOCThIO Mo 63 MBA
KaXKIbIH.
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I'TIIT nwraercs npByxuennod BJI mmunoit 17 kM ot VYPII sHeprocucremsr c
HEOIPAaHUYEHHOW MOIHOCTBIO.
1. Bribpate TpanchopMaTopHble MOACTAHLUMU A MUTaHUS HArpy3oK TIJIaBHOTO KopIyca.
Pazpaborares omnonuueinyto cxemy ITIII ¢ yderom Ttoro, uro Harpy3ku | u |l xareropum
coctaBisitor 70 % u cxeMy aieKTpocHaOkeHMsI TJIaBHOro kopmyca. OIEeHUTh HaJeKHOCTh
npunsaTon cxemst ['TIIIL
2. PaccmotpeTs anekTpocHabxkenune tepmudeckoro otaenenus ot KTII, yuurteiBas, 4To
3JIEKTPONEYN UMEIOT HE OJTHOPSATHOE PACIOIOKEHUE U CIEAYIOUINI cocTaB: 7 meyeil MOIHOCThIO
70 kBt kaxnas, 4 neun no 40 kBt u onna 60 kBt. BeiOparh mpoBoHUK M anmmapaT 3aIlUThl K
neyr MomHOCThI0 70 KBT. [IpoBEepUTH UyBCTBUTEIHHOCTD MPUHATON 3aIUTHI.

3. Kakoit Tunm Ttpancopmaropa HampspkeHus mydme npumeHuts Ha [TIIT u moyemy?
Ha3nauenue ero oOMOTOK, KOHCTPYKTHBHOE UCIIOJIHEHUE.

4. Bri6pate Homep otnaiiku PITH na Tpancdopmarope I'TIII, 4To6s1 obecrieunts TpeboBaHUE
I'OCTa na KTII rnaBHoro kopmyca.

5. [Moxap B cranmu Tpancopmaropa ['TII. Kakue 3anuTel 1 Ha KaKuX 3J€MEHTax 3a(pUKCHPYIOT
noBpexaeHue. Ha kakoii BBIKITIOYATE b MOAETCsl KOMaH 1a OTKIIIOYEHUS 7

6. Okcmtyaranus u3oiasauuu MB: nmepnoanyHOCTh OCMOTPOB U PEMOHTOB, HUclbITaHMW. Ha
YTO HEOOXOIMMO OOpaTUTh BHUMAaHKE NpU ocMoTpe MB?

7. B cxeme 3neKTpocHa0KeHUs TJIaBHOTO KOpIyca IMPOHM30LUI0 0JHO(Aa3HOEe 3aMbIKaHUE Ha

3emutio. Kak OIMPECACIIUTD €ro HAJIMYUEC 1 Ha KaKOM IMPUCOCIAUHCHUHU OHO HpOI/IBOI_HJ'IO?
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9.3.9Kk3aMeHANIMOHHBII KOHTPOJIb.

Bomnpock! k 3x3ameny
1. XapaxTepucTuka HpPOU3BOACTBEHHBIX MOMELIEHUH 110 YCIOBUSM OKpY)KAIOIIEH Cpebl, MX
KJ1accuukarms.
2. BpIOOp HaNPsKEHUS B LIEXOBOM IEKTPHUUECKOM CETH.
3. (CxeMbl 1IEXOBBIX JICKTPUUECKHUX CETEH.
4. OOumye NPUHLHUIBI TOCTPOEHHUS LIEXOBBIX CeTeH. Kiaaccuukaius UEXOBbIX ceTed Mo
KOHCTPYKTUBHOMY HUCIIOJTHEHHIO.
5. IIuxompoBOabI (THUITEI U KOHCTPYKIUH).
6. Ilpoxmagka IMKUHOMIPOBOIOB.
7. DAEKTPONPOBOAKA.
8. Kabemu wnampsbkenumem 10 1 kB (Mapku, KOHCTPYKTHBHOE WCIIOJHEHHE, 00JacTh
NPUMEHCHHS).
9. IIpoBoga Hampsixenuem 10 1 kB.
10. CriocoObI MpOKIIAIKK MPOBOJIOB, KabemeH.
11. PacnpenenutenbHbIe CUIOBBIC MKA(DBI, TYHKTHI, ITUTHI, SIIUKH U ITUTKH.
12. KomruiekTHBIE pacipeAeIuTeIbHBIE YCTPOCTBA HaNpshkeHueM 10 1 kB.
13. KpanoBsle Tposuien.
14. ABTOMATHYECKHE BBIKIIIOYATENN (THITbI, KOHCTPYKIIUS, XapaKTEPUCTHKH, TIPHHIIUI PAOOTHI).
15. IIpenoxpanutenu.
16. MarHuTHbIE TyCKaTEH.
17. KTII (koMIIOHOBKA, KOHCTPYKITHUS).
18. CxeMsI 11eX0OBBIX IMOACTAHIINHN.
19. Pasmemenne 1 KOMIIOHOBKA [[EXOBBIX TOICTAHIIHIA.
20. IlexoBble ceTH B HOPMAJIbHBIX TTOMEIIICHUSIX.
21. IlexoBbI€ CETH B MOKAPO- U B3PHIBOOIIACHBIX TOMEIICHUSX.
22. Bbibop cedeHuit MpOBOHUKOB.
23. BeiOop npenoxpaHuTenei.
24. BbpiOOp aBTOMAaTHYECKUX BBIKITIOYATEIICH.
25. Pacuer tpex¢aznbix TokoB K3 B cetn 10 1 xB.
26. Pacuer TokoB ogHodaznoro K3 B cetn 1o 1 kB.
27. PacnipenieneHrne HU3KOBOJIBTHBIX KOMIIEHCHPYIOLTUX YCTPOICTB B IIEXOBOW CETH.
28. U30upaTenbHOCTh JIEHCTBUS NPEIOXpPAHUTENS M aBTOMAaTHYeCKOro BbIKIouaTensd. Kapta
CEJIEKTUBHOCTH.
29. ABP B HU3KOBOJIBTHOI1 CETH.
30. TexHomoruueckas 1 aBapuiiHasi OpoHs 3JIEKTPOCHAOKEHUS MTOTPEOUTENEH SIEKTPOIHEPTUH.
31. Jlonmyctumeie neperpy3ku BJI.
32. Nonyctumsle neperpysku KJI.
33. JlomycTUMBIE IEperpy3KH AICKTPUICCKUX allapaToB U CUIIOBBIX TPAaHC(HOPMATOPOB.
34. Pexumbl pabOThI HEUTPAIH AJIEKTPOYCTAHOBOK.
35. KoMmrieHcanusi €MKOCTHOTO TOKa 3aMbIKaHHS Ha 3€MJII0. YCIOBUS pPabOThI ceTH ¢
KOMIICHCUPOBAaHHOU HEUTPAJIBIO.
36. OmpezneneHue ¥ HOPMHUPOBAHHE TOKa 3aMbIKAHUS Ha 3€MJII0 B CETH C H30JIMPOBAHHOMN
HEUTPAIBIO.
37. Pacuer mapametpoB JII'P 1 BEIOOp CHITOBBIX TpaHCHOPMATOPOB ISl X TOIKIIFOYCHHS K CETH.
38. IMpununst padots! AI'P 1 ux KoHCTpYKTHBHOE UcTIONHEeHUe. Bbibop mecta ycranoBku JII'P.
39. JInutenbHOCTh TTycKa U camo3arycka /1.
40. CriocoObl M CXEMBI ITyCKa BEICOKOBOJIBTHBIX /1.
41. CriocoObl U CXeMBI ITyCKa HU3KOBOJIBTHBIX D/I.
42. TTpsamoii mycK BEICOKOBOJIBTHBIX /1.
43. Peaktopnslii myck D1,
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44, TTyck HU3KOBOJIBTHBIX DJIEKTPOABUTATEIICH.

45. TpaucdopmaropHslii myck /1.

46. Camozanyck A/l.

47. Camo3zanyck C/I.

48. OnpeneneHue JOMYCTUMOCTH HECHHXPOHHOTO BKITIOUeHUS D/I.

49. OnpezneneHre HEOTKIIOYAEMON MOIIIHOCTH camo3aryckaromuxcs /1.
50. Pexum nelitpanu B yctanoBkax 10 1000B.

51. Ceru ms nepenBmxHbIX OI1.

52. MexaHnuecKkue XapakTepucTuKu D/ Mpu pa3TUYHBIX YPOBHSIX HAMPSKCHHUS.
53. U3MeHeHHe CONPOTUBIIEHUS U ITYCKOBOTO TOKA MPHU CKOJIbKEHHH.

54. Harpes D/I.

55. Ilyck D/1 oT HCTOYHMKA COM3MEPUMON MOIITHOCTH.

56. OcobeHHoCTH cXeM 3JeKTpocHa0)eHus crieruuuHbix J11.

[Tpumep OuneTa Ha 3K3aMeH

buner Nel
CxeMBblI LIEXOBBIX AJEKTPUUYECKUX ceTel U 00JIaCTh UX MPUMEHEHHUS.
M3MeHeHre HHYKTUBHOTO COMTPOTUBIICHHS U ITYCKOBOT'O TOKA MPHU CKOJIbXKEHUU.
Honyctumele nieperpysku KJI.
3agaua.

PONPE

Tonnwlii KoMnieKm K3aMeHAYUOHHBIX OUNEMO8 XPaHUmMCcsa Ha Kagheope.

10.Kapra o0ecne4yeHHOCTH IMCHMIUIMHBI KajpaMH NPodeccopCcKo-NnpenoaBaTeibcKoro

cocTaBa
Jlekuun [IpakTuueckue KonTpoJib 3a kauecTBON DK3aMeH
3aHATHS 3HAHW CTYJICHTOB
3aB. kad. snepreruct.mpen. [lanpkoBa [[.LH.  mpod. CaBuna H.B., npod. CaBuna H.B
npo¢. CaBuna H.B cr.npen. [TanskoBa JI.H.

11.Cnucok UCnoJIBL30BAHHBIX HCTOYHHKOB

a) OCHOBHasI JINTEPATypa:

4. Kynpun, b. . Cucremsr snekrpocHadxenus [Tekcr] : yue6. mocobue / b. U. Kyapun. -
M. : Akanemus, 2011. - 352. - (Beiciiee npo¢. oOpa3oBaHue. DHEPreTUKA).

5. Omnonesa, I'. H.  CxeMbl U mojacTaHnuu 3aeKTpocHaOkenus [Tekcr] : cmpas.. yueO.

nocobue: pek. YMO /T'. H. Ononesa. - M. : ®OPYM : UHOPA - M, 2006. - 48Q. : puc., Tad1. -
bubnuorp.: c. 473 .

6. Wnbunckuii, H. @. DnekrponpuBoa: sHepro- u pecypcocOepexkenue [Teker] : yueO.
nocobue: norn. YMO / H. ®. Uneunckuii, B. B. Mockanenko. - M. : Axkagemus, 2008. - 203. :
ui. - (Beiciee npo¢. odpazoBanue. DnerpoTexHuka). - budmumorp. : c. 200.

0) JOTIOJTHUTEIbHAS JINTEPATypa:

11. Kontoxosa, E. A. DnekrpocHabxkenne o00bekTOoB [Tekcr] :  yueb. mocodue /
E.A.Kontoxoga. - M. : MacrepctBo, 2002. - 319 c. puc. - bubauorp.: c. 311.

12. Kopob6os, I'. B. DnekrpocHabxkenue. KypcoBoe mpoektupoBanue [Tekct] : yueO.

nocobue / I'. B. Kopo6os, B. B. Kaprasiies, H. A. Uepemucunosa. - 2 u3na., ucnp. - CIIG. :
Jlaus, 2011. - 192.
13. Cubukun, FO. JI. Dnexktpobe30macHOCTh MPH  IKCIUTyaTallud  AJIEKTPOYCTAHOBOK
npoMbIIUICHHBIX npeanpusatuii [Tekct] : yue6. / FO. [I. Cubukun, M. 0. Cubukus. - 5<¢ u3s.,
ucnp. - M. : Akagemus, 2010. - 23%. : uin. - (Qnekrporexuuka). - bubauorp. : c. 230.
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14. KyxekoB, Cranucnas JlykbsHoBud. [IpakTnyeckoe mocodbue mo 3MeKTPUIECKUM CETSIM
u anekrpoodopynoBanuto [Teker] / C. JI. Kyxekos, C. B. T'onuapos. - 3< u3a. - PoctoB H/]] :
®dennke, 2009. - 492. : un. - ([IpodeccronamsHOE MacTepcTBO). - bubmumorp. : ¢. 480.

15. Kynpun, bopuc BanoBuu. DneKTpocHAOKEHHE MPOMBIIUICHHBIX TPEIIPUATHIA
[Tekct] : yueb.: pek. ['ockomBy30B Poccun / b. . Kyapun. - M. : Dueproaromusaar, 1995. - 414
C. : puc., Tabin. - bubnuorp.: c. 409.

16. I'pemsikoB, Auapert AHapeeBrd. ABTOMATU3AIMS PACYCTOB CUCTEM JJICKTPOCHAOKEHUS
[TexcT] : maboparop. mpaktukym: yued. mocodue / A. A. I'pemsikos. - M. : 3a-Bo Mock. aHeprer.
uH-ta, 2004. - 4. : puc., Tadu.

17. DJIeKTpOoCHAOKEHHE MPOMBINUICHHBIX TpeanpusaTuii [TekcT] © y4e6.-MeTo. KOMITIEKC
s crett. 140211 -DnexrpocHabxkenue / AMIY, DH.d. ; coct. H. B. CaBuna. - biaroBenieHck :
N3n-Bo Amyp. roc. ya-Ta, 2007. - 23%.

18. Cokonoekuit, I'. I. DOnexkTponpuBoIbl MEPEMEHHOTO TOKA C  YacCTOTHBIM
perymupoBanueM [Tekcr] : yueo.: pek. YMO /T'. T'. CokomnoBckuii. - M. : Akagemus, 2006. - 266
C. : puc., Tabm. - (Beicuiee npo¢. oOpa3oBanue. DIEKTPOTEXHHKA). - bubmmorp.: ¢. 259 .

19. Wnbunckuit, H. ®. OcHoBsl anektponpuBoaa [Tekcr] : y4ue6. mocodbue: morm. YMO / H.
®. Unpunckuii. - 3¢ u3a., crep. - M. : U3n-Bo Mock. sHeprer. un-ta, 2007. - 222. : puc. -
bubnuorp.: c. 216. -[lpenm. ykasz.: c. 217.

20. Mockanenko, B. B. CucreMbl aBTOMAaTH3MpPOBAaHHOI'O YIPaBJIEHUS 3JIEKTPONPUBOJA
[Texct] : yueb.: pek. I'oc. kom. P® / B. B. Mockanenko. - M. : Uadpa-M, 2004. - 20&.

B)  IEPUOIUYUCCKUE M3IaHuUs (KYpHAIbI):

13. DnexTpu4ecTBo;

14. WsBectus PAH. Duepreruxka,

15. DnexkTpuyuecKkue CTaHIUH,

16. DmHepretuk;

17. DNeKTpuKa,

18. Becruux MDU;

19. [IIpombinieHHAs YHEPTETHKA,

20. Dmuepreruka. CBOIHBINA TOM;

21. Bectaux UI'DY;

22. |EEE Transaction on Power Systems;

23. International Journal of Electrical Power & Enefgpystems.

r) mporpaMMHoe obOecrieueHue u MIHTepHeT-pecypChl

Ne HaumeHoBaHue pecypca Kparkas xapakrepucruka

1 | http://www.iglib.ru WNuTtepHer-6mbnrorexka 00pa3oBaTeNIbHBIX U3/IaHUMH, B
KOTOPOM COOpaHbI AJIEKTPOHHBIE YUCOHUKH, CIIPABOYHB
1 yueOHbIe mocoOus. Y 100HbBIN OUCK M0 KITFOYEBBIM
CJIOBaM, OTJCITHLHBIM TEMaM M OTPACIISIM 3HAHHSI

2 | http://www.twirpx.com/files/tek/| Twirpx.comaTo ciryx6a, 0OecreunBaroIas ¢ IMOMOIIIJ
BeO-uHTepeiica, pacoI0KEHHOTO TOJIBKO 110 aJIpecy
http://www.twirpX.comu crienuaaIn3upoOBaHHOTO
anmapaTHO-IIPOrPaMMHOTO 00eCIIeUeHUs! XpaHEeHHe,
HaKOIUICHHE, TTepeiady 1 00paboTKy MaTepHrasoB
[Tonp3oBarenei, NpeCTaBICHHON B 3JIEKTPOHHOM BHU/IE
nyOn4HbIN fqoctyn. MHTepHeT-0nbnuoTeka, B KOTOPOY
coOpaHBbl 3JIEKTPOHHBIC YYCOHUKH, CITPABOYHBIC U
yaeOHbIe TOCOOUS. Y TOOHBIN MOUCK MO KITFOUEBBIM
CJIOBaM, OTJCILHBIM TEMaM M OTPACIISIM 3HAHHSI

3 | Koncynberant + CnopaBouHo-nipaBoBas cuctema. CoAepKUT
3aKOHOAATENBHYIO0 0a3y, HOPMATHUBHO-TIPABOBOE
oOecrieueHne, CTaTbu.
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