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IMacnopt ¢oHAa OLeHOYHBIX CpPe/ICTB

Taouna 1
dopmMUpyemMsbie OueHouHbIe
Mopynb AVCLUIIMHBI KOMIIEeTEHL[UU Marepura’ibl KonunuecTtBo
W/ UX YaCTU Y CpeJiCTBa
[TocTaHoBKa 3a7jauv pacyeta NupvBuayanbHOe 3
HECUMMETPUYHbBIX PEXXUMOB JloMallHee
3/1eKTpUueckux ceteir. 0630p 3a/laHue
METO/,0B pacyera TectupoBaHue 22
NHupvBuayanbHOe 2
MaremaTruecKkue MeTozbl FHBHAY
JloMallHee
pacyeTa HeCUMMETPUUHbIX
. 3a/laHue
PEXXUMOB 37IEKTPUUYECKUX CeTeun
TecTupoBaHue 21
VuauBuyansHoe 5)
IIporpammsl pacueta FHBHAY
JloMallHee
HECUMMETPUYHBIX PEXXUMOB
. 3a/laHue
3/IeKTPUYECKUX CeTeu
TecTupoBaHue 22
NupvBuayanbHoe 10
PacueT HeCUMMeTPHUUHBIX JloMallHee
[TKoc-1. Criocoben
pexxriMmoB B nakete MathCAD 3a/ilaHue
OCYILIECTBJIATE TectupoBaHue 22
MaremaTtuueckue mogenu JIOI1 MOHHTOPHHT NHupvBuayanbHOe 10
[IJIs1 pacuyeTa HeCUMMETPUUHbBIX TEXHUYECKOro AoMarliHee
pe>XXrMOB COCTOSAHUA 3a/laHue
0GOpyA0BaHMsI TectupoBaHue 24
. VuauBuyansHoe 6
MaremaTrueckue Mozenu HOACTaHLIMN ABIAY
JloMallHee
TpaHC(OPMAaTOpPOB Ji/Is1 pacueTa 3J1IeKTPUYECKUX sajanue
HECUMMETPUYHbBIX PEXXUMOB i
P P ceTen TectupoBaHue 22
MaremaTtrueckue Mojienu
(UIBTPOB HaMpsHKEHUs VuauBuyansHoe 10
oOpaTHOM U HyJIeBOU JloMarlirHee
TI0C/Ie0BaTeIbHOCTEM 11 3a/laHue
pacyeTra HeCUMMETPUYHbIX TecTtupoBaHue 22
pPEXXUMOB
MaremaTrueckue Mozenu NupvBuayanbHoe 4
Harpy3o0K Y pa3/InuHbIX BU/ 0B JloMallHee
HeCHUMMEeTPUHM TIPU pacueTe 3a/laHue
HEeCHMMEeTPUYHBIX PeKUMOB TectupoBaHue 23
Pacuert u uccinenoBanue NupvBuayanbHOe 7
aBapUMHBIX HECUMMETPUYHBIX JloMallHee
PEeXXUMOB pacIipe/ieIUTeIbHbIX 3a/laHue
ceTeu TecTrvpoBaHue 24




1 OHEHOYHBIE MATEPUA/JIbI, HEOBXO/JVNMBbIE
JIJIs1 OIIEHKHW 3HAHUM, YMEHU 1 HABBIKOB JIEAATE/TbHOCTHU

B ITPOIOECCE OCBOEHUSA JUCLHUIIVIMHbBI

Tabuna 2 — @opMupyemMble KOMIETeHI[UH

Kopg u OueHouHbIe
Kopx v HauMeHOBaHMe UHAUKATOPa JOCTHXKEHUS
HauMeHOBaHHe Marepuasbl
KOMIIeTeHLUM (UaCTHh KOMITeTeHLIUM)
KOMIIeTeHLIUU Y CpeficTBa

[MKoc-1. Criocoben
OCYIL[eCTBJIATh
MOHHUTOPHHT
TEeXHUYECKOTO
COCTOSIHUS
obopyoBaHus
MOACTaHLUN
9JIEKTPUUECKUX
ceTel

ITocranoBKa 3d/1d4H pdC4e€Td HECUMMETPUYHbLIX PEKUMOB 3/IEKTPHYECKHX

cereii. 0030p MeToI0B pacuera

NO-1nkoc-1 OcyliecTBasieT MOHUTOPHUHT TEXHUUECKOTO
COCTOSTHUSI 000pYI0BaHUS TIOICTAHIUM 3/IEKTPUUECKUX
cerent

TectupoBaHue
NupvBuyansHOe
JloMalllHee 3a/laHue

MaTemaTHyecKue METO/bl paCyeéTd HECUMMETPUYHLIX PEXXUMOB

3/IEKTPUYECKHX CeTel

NO-1nkoc-1 OcCyliliecTBIsieT MOHUTOPUHT TEXHAUYECKOTO
COCTOSTHUSI 000pY/I0BaHUS TIOCTAHIUM 3/IEKTPUUECKUX
cerent

TectupoBaHnue
NupvBuyansHOe
JloMalliHee 3a/ilaHue

HpOI‘paMMLI pPac4e€Td HECUMMMETPHUYHbLIX PEKUMOB 3JIEKTPHYECKHUX cerel

NO-1nkoc-1 OcCylillecTBIsieT MOHUTOPUHT TEXHAUYECKOTO
COCTOSTHUSI 000pY/I0BaHUS TIOICTAHIUM 3/IEKTPUUECKUX
cerent

TectupoBaHnue
NupuBuyansHOe
JloMalliHee 3a/ilaHue

Pacyer HecMuMMeTpHUHBIX pexuMoB B nakere MathCAD

NO-1nkoc-1 OcCylillecTBIsieT MOHUTOPUHT TEXHAUYECKOT O
COCTOSTHUSI 000pY/I0BaHUS TIOCTAHIUM 3/IEKTPUUECKUX
cerent

TectupoBaHue
NupuBuyansHOe
JloMalliHee 3a/laHue

MaremaTtuueckue mojenu JIJII aisa pacuera HECUMMETPHUYHBIX PeXXKUMOB

NO-1nkoc-1 OcyliliecTBIsieT MOHUTOPUHT TEXHAUYECKOTO
COCTOSTHUSI 000pY/I0BaHUS TIOICTAHIUM 3/IEKTPUUECKUX
cerent

TectupoBaHue
NupuBuyansHOe
JloMalliHee 3a/laHue

Maremarnueckue Mojie/id TpaHCGOpMaTOpPOB /I pacuera

HECUMMETPHUYHBIX PEXXUMOB

N-1nkoc-1 OcyljecTBasieT MOHUTOPUHT TEXHUYECKOTO
COCTOsIHUSI 000PY/ZI0BaHUsI TIOZCTAHLIUIA 3/1IeKTPUYECKUX

TectupoBaHue
NupuBuyansHOe

cerent

JOoMalllHee 3a/laHHre

Maremarnueckue Mojieid (PU/IHTPOB HaNPsKeHUs1 00PaTHOM M Hy/IEBOH
NOC/Ie0BaTe/IbHOCTEN /Il pacyeTa HeCHMMEeTPHUYHBIX PeXXUMOB

NO-1nkoc-1 OcCyliliecTBIsieT MOHUTOPUHT TEXHAUYECKOTO
COCTOSTHUSI 000pY/I0BaHUS TIOICTAHIUM 3/IEKTPUUECKUX
cerent

TectupoBaHue
NupvBuyansHOe
JloMalliHee 3a/ilaHue

MaTemaTHyecKue MO/J€/I1 HAarpy30K H pa3/IMYHbIX BU/10B HECUMMETPHHA
IpHU pacyeTe HCCHMMETPHUUYHBIX PEKUMOB

NO-1nkoc-1 OcyliliecTBIsieT MOHUTOPUHT TEXHAUYECKOTO
COCTOSTHUSI 000pY/I0BaHUS TIOICTAHIUM 3/IEKTPUUECKUX
cerent

TectupoBaHue
NupuBuyansHOe
JloMalllHee 3a/iaHue

Pacuer u ucc/IefiloBaHie aBapUHHBIX HECUMMeTPH
pacnpejie/IuTe/IbHBIX ceTel

YHBIX PEXXUMOB

N-1nkoc-1 OcyljecTBasieT MOHUTOPUHT TEXHUYECKOTO
COCTOsIHUSI 000PY/ZI0BaHUsI MOZCTAHLIUIA /1IeKTPUYECKUX

TectupoBanue
NupuBuyansHOe

cerent

JOoMalllHee 3a/laHHre




OueHOUHBbIe MaTepHa/Ibl U CPEJACTBA /ISl MPOBEPKH
copMHUPOBAHHOCTH KOMIIETEHIMH

Moavyasb 1. «IlocTaHOBKA 3aja4y pacyeTa HECHMMETPHUYHBIX Pe)KHMOB
yIeKTpuUYeckux cerer. O030p MeTOI0B pacueTa»

KoMmnbroTepHoe TecTUpOBaHue

Bbibepume 0OuH npasu/ibHblil 6apuaHm omeema u Haxcmume KHonky «/lanee»
Kakou u3 pe)xxiMoB B ceTsx 6-35 kB He siB/1sieTcs1 aBapUMHBIM?

OO6pniB (assbl

+OpHo(a3Hoe 3aMbIKaHUe Ha 3eMJII0

[Byx@da3zHoe KOPOTKOe 3aMbIKaHHUE

Tpexda3Hoe KOPOTKOe 3aMbIKaHHe
Kakue ceTH AB/IAITCA Han0o/iee MPOTSHKeHHbIMH?

+0,38 kB

500 kB

35 kB

110 xB
Kakoii 13 aBapuiHBIX PeXXHMOB PadoTbI TeKTPUUECKHX CeTeill He SB/ISAeTCs
HeCUMMeTPUYHBIM?

OO6pnIB (asbl

OpHodazHoe KOPOTKOe 3aMblKaHHe

[Byx(da3Hoe KOPOTKOe 3aMbIKaHHUe

+Tpex(a3Hoe KOPOTKOe 3aMbIKaHHe
Kakoii MeToJ TMO3BO/IsIeT PacCUMTBIBATh paclpeje/iuTe/]bHble CeTH C
MPOU3BO/IBHBIM UMC/I0M (pa3 M BUJaMHU HeCUMMeTPUH ?

MeTo/, TpeX CHMMETPUYHBIX COCTaBJISFOILINX

+MeTtoz (pa3HbIX KOOpAUHAT

O6a metoga

Hu oguH U3 HUXx
Cro)XHble BU/Ibl HECUMMETPHUH 3TO:

[IByx(da3Hble KOPOTKUE 3aMbIKaHUs

Tpexcda3sHble KOPOTKHE 3aMbIKaHUS

KopoTkue 3aMbIKaHUs1 yepe3 COMPOTUBIIEHUS

+OpHOBpeMeHHbIe 0OPBIBBI U K.3. UIU OZJHOBpEMeHHbIE K.3. U O0DbIBBI
KopoTKue 3aMbIKaHMsi B CeTAX C H30/IMPOBAaHHON HeNTPa/Jbi0 HamNpshKeHUeM
6-35 kB npuBojaT:

K ymeHbllIeHUIO HamnpshKeHWH Ha HeroBpeKeHHbIX (a3ax

K ymeHblIeHHI0 TOKa K.3.

+K Bo3pacTaHuIo HanpsKeHW Ha HelmoBpeXXAeHHbIX (ha3ax

K ymeHbllIeHUIO HamnpshKeHU
JIBoliHbIe 3aMbIKaHMS B CeTAX C U30/IMPOBAaHHON HelTpanbio 6-35 KB nnpuBoaaT:

+K Bo3pacTaHHIO TOKOB B OBpPeXXJEHHBIX (ha3ax

K yMeHbI1eH!IO TOKOB B HETTOBPEX/I€HHbIX (ha3ax



K Bo3pacTaHuio HanpsbKeHuH BO Bcex (pas3ax
K yMeHbl1eHUIO HanpsbkeHU BO Beex (paszax
CamoHecylMii  M30/IMPOBAaHHbBIM  MPOBOJ  ucmosb3lyerca Ha JIDII
HaNPsHKeHUAMHU:
Tonbko 0,38 kB
Toneko 10 kB
+0,38 1 10 kB
35 kB
V3MeHeHUe B3alIMHOI0 pacHo/IOKeHUs MPOBO/JOB OTAeJbHBIX (a3 Mo JjIMHe
BO3/yLIIHOU JIMHUM 3/1eKTpornepeaum:
Yepenoranue a3
+Tpancno3unus ¢as3
Hecummetpus ¢a3
ABapUUHBIN PEXXUM
Ilpu KaKkoM aBapuMHOM pe)XHUMe MepexoAHoe CONPOTUB/IeHHe MUHUMA/IbHO?
+Meta/inyeckoe 3aMbIKaHue
3aMbIKaHue yepes Ayry
3aMbIKaHue yepes BeTKY JepeBa
[TasieHue poBoJa Ha 3eMJIrO
ITouemy cpeactBa OMII (onpepaeneHne MecTa noBpexaeHusi) B cersax 35-10-6-0,38
KB npuMeHs10TCA OrpaHUUYeHHO?
BrIiCcoKast MOIITHOCTb OTK/TFOUEHUS
+Hu3Kas MOIIHOCTb OTK/TFOUEHUS
Huskoe HarpsokeHue ceTu
BbICOKMM NPOTEKAIOLUU TOK
Kakas ¢yHKIUA He npUCylia Cpe/ICTBaM peJieiiHOoM 3alUThI?
OTtkrouenue ¢ujepa Npyv BO3HUKHOBEHHWH aBapUHMHOTO PeXXUMa
+Coo011ieHre 0 BUle 1 MeCTe aBapUItHOTO peXKrMa
ABTOMaTHYeCKOE MTOBTOPHOE BK/IOUEHWE
ABTOMaTHYeCKOe BK/IIFOUeHNe pe3epBa
Cetu 0,38 KB aB/s1I0TCA CETAMMU:
C U30/1MpOBaHHOU HEUTPaJbIO
+C ry1yxo3a3eM/JIeHHOU HeUTpasibio
ITocTosiHHOTO TOKa
OpHodazHoro repeMeHHOr0 TOKa
Cetu 6-10-35 kB ABAAOTCA CeTAMMU:
+C U30/IMPOBaHHOMN HEWUTPAJIbIO
C riyxo3a3eM/ieH-HOM HEUTPasIbIo
ITocTosiHHOTO TOKa
OpHodazHoro repeMeHHOro TOKa
HepocratkoM MeToAa (pa3sHBIX KOOPAMHAT IO CPAaBHEHHMID C METOAOM Tpex
CUMMETPHYHBIX COCTAB/ISIIOIIMX AB/ISIETCH:
HeB03MOKHOCTb PaCCUMTHIBAaTh HECUMMETPUUHbIE PE’KUMBbI pabOThI ceTeit
+IToTpebHOCTE B GosbilieM ob6beMe uWHQpopMalM A1 (HOPMHPOBaHHUSI CXeM
3aMelreHust
HeB03MOKHOCTb pPacCUMTHIBaTh CeTH C urcsaoM (a3 bosee Tpex
C10oKHOCTBb MO/ e/TMpOBaHus
CKo0/IbKO BCero Kareropui Ha/Je)KHOCTH 3/IeKTPOCHAa0)KeHHsI CyLiecTByeT?
6



1
2
+3
4
IlepepsIB B 3HeproodecreuyeHu MOTpeduTe/ell KAaKOM KAaTeropuu J0/DKeH ObITh
MUHHUMaA/IbHbIM?
+IlepBou
Bropou
TpeTnen
YerBepTou
Kakue noTpeduTe/ 1 OTHOCATCA K MePBOil KaTeropuM HeproodecneyueHus?
[auHbli1 KOOTIepaTuB
["apakHbIM KOOIepaTyB
ITocenok
+IIturedabpuka
Kakue ceTH Ha3bIBalOTCA pacnpejeinTe/1IbHbIMU?
0,38 xB
6-10 kB
35 kB
+Bce nepeunciieHHbIe
IloueMmy B ceTAX C [IJ/IyX03a3eM/IeCHHOM HeNTPa/Jbl0 YyJa/ieHHble KOPOTKHUe
3aMbIKaHHSA CJI0)KHO HAeHTU(PHIMPOBATh CPe/ICTBAMHU pe/1eHHOM 3a1UThI?
TOKM KOPOTKMX 3aMbIKaHMM MHOTOKPATHO MPEeBBIIIAI0T TOKW Harpy3KH
+TOKM KOPOTKMX 3aMbIKaHUM CPaBHUMBI C TOKAMU Harpy3Ku
HarnpskeHUs: IpU KOPOTKUX 3aMbIKaHHUSX TTPEBBILLAIOT HOMUHATbHBIE
HarnpsikeHUs: NpyY KOPOTKUX 3aMbIKaHUSX CIUILIKOM HU3KHE
Tpancno3unus ¢a3 Hy)KHa J/i:
+CHWKeHNUsT HeCMMMETDPUU HalpsKeHW U TOKOB MPU HOPMAaJIbHBIX peXXUMax
paboThI
CHMKeHHs TOTePb MOLJHOCTU Ha KOPOHY
CHKeHHs MOTePh MOLHOCTU Ha HarpeB MPOBO/OB
CHIKeHHs1 pyCKa MOpakeHMs! 37IeKTPUUeCKUM TOKOM TIPU HaXO0XKJAeHUH YesioBeKa
nox JIOII
Haubosb11as JonmycTuMas JjiuHa JuHuM Kiacca 0,38 kB:
200 m
+800 m
10 000 m
15 000 m



Tab6suna 3 — Kpurepuu oreHKu copMHUPOBAaHHOCTH KOMIIETEeHI[UH

Kog u Kputepuu onjeHMBaHus CQOPMUPOBAHHOCTH KOMITETEHLIMU
HavMeHOBaHue (4acTM KOMIIETEeHLMH)
VHJMKaTopa Ha 6a30BOM ypOBHe Ha TMOBBIIIIEHHOM YPOBHE
AOCTHOKEeHUA COOTBETCTBYeT OLIeHKe | COOTBETCTBYeT OLIeHKe COOTBETCTBYeT OLieHKe
KOMIIeTeHL[UM (YaCTH | «y[OBJIETBOPUTEILHO» «XOpOLLO» «OTJINYHO»
KOMITETEeHLIUH) 50-64% ot 65-85% ot 86-100% ot
MaKCHUMaJibHOro 6ajla | MakcuMasbHOro bansa MaKCUMaJibHOro 6asia
CrygeHt CrygeHt CTyZeHT AeMOHCTpUpyeT
JIeMOHCTPUPYET 3HaHUe | IeMOHCTPUPYET OTJIMYHOE 3HaHUe
OCHOBHBIX METO/IOB X0polee 3HaHue OCHOBHBIX METO/I0B
pacueTa OCHOBHBIX METO/I0B pacueTa
N-1nKoc-1 HEeCUMMETPUUHBIX 1 pacueTa HEeCUMMETPUUHBIX U
Ocyl11jecTBseT aBapUMHBIX PEXXKUMOB HEeCUMMETPUUHBIX 1 aBapUMHBIX PEXXKUMOB
MOHUTOPHHT S/IeKTPHHECKHX CeTel, | aBapuHHBIX PeKUMOB 5/IeKTPUYECKUX CeTeu,
TeXHITIeCKOro MeTO/IOB OLIeHKH 5/IEKTPUYECKUX CeTeu, MeTO/IOB OLIeHKH
Ha/le)KHOCTU MeTO/IOB OLIeHKH Ha/le)KHOCTU
COCTOAHMA 3/IEKTPOCHAOKeHUsT; Ha | HaJ|e)KHOCTH 3/IeKTPOCHa0KeHUs;
0bopyioBaHKs 0a30BOM ypOBHE MOXKET | 3/IeKTPOCHAGKEeHUS; Cr1ocofbeH ¢ BBICOKOM
TIO/CTaHLIMH OCYLLeCTBJIATh MOXKET CaMOCTOSATEe/IbHO | CTeleHblo
3/1IeKTPUUECKUX MOHUTOPHHT OCYILIeCTBJISATh CaMOCTOSITE/IbHOCTU
ceTeit TeXHUUECKOT 0 MOHUTOPHHT OCYILIeCTBJISATh
COCTOSIHUSI TeXHUUECKOT 0 MOHUTOPHUHT
obopyZoBaHust COCTOSIHUSI TeXHUUECKOT0 COCTOSTHUS
MO/ICTaHLMI obopyZoBaHust obopyZoBaHust
3JIEKTPUUECKUX CeTel MOACTaHLUN MOACTaHLUN
5/IEKTPUYECKUX CeTel 5/IeKTPUYECKUX CeTel

Moavyasb 2. «MaTeMaTHYeCKHe MeTOAbI pacueTa
HeCHMMEeTPHUYHBIX PeXXUMOB YJIeKTPHYECKHUX CeTen»

KomMmnbroTepHoe TecTUpOBaHuUe

Bbibepume 00uH npasu/bHbIll 6APUAHM OMeema u Haxcmume KHONKYy «/lanee»
MeTtop, HCHIO/IB3YIOLIUNCS /I PACUeTOB HECUMMETPHUYHBIX PeXXUMOB 3-X (pa3HbIX
CUMMETPHYHBIX CeTel, — 3TO:

+MeTto[ 3-X CUMMETPHUUHBIX COCTaBJISAIOLHAX

MeTo/, nepBoi Moc/aeA0BaTe/IbHOCTH

MeTo/, BTOpOM MOC/1eJ0BaTeTbHOCTH

MeTo/, Hy/IeBOM MOC/Ie/0BaTeTbHOCTH
Kakoit meros  sB/siercsi  0ojiee  mpeAnouTHUTEe/IBHBIM  JJIA  pacuera
HeCMMMeTPUYHBIX Pe)XMMOB Tpex(¢a3HbIX ceTeu?

MeTo/, TpeX CHMMETPUYHBIX COCTaBJISFOIINX

[TapameTpruecKkuii MeTOz

+MeTtoz (pa3HbIX KOOpJUHAT

OrnepaTopHbIA METO[,




OnepaTrop mNOBOpPOTa, TMPHHUMAaeMbli B MeTOAe Tpex CUMMETPUYHBIX

COCTaBJIAIOLINX, UMeeT BUJ;:
k
75

a=e
2
Jria
ta=e 3
2
a=-e 3
i
a=e?
BekTopsbl (ha3HbIX HaNPsHKeHUH CABUHYTHI JPYT OTHOCUTE/IBHO Apyra Ha yroJi:
T
2
T
3
42
3
T
4

MeTtop pacueTra HeCHMMETPUYHBIX Pe)XMMOB, OCHOBaHHBIN Ha MOJIHBIX MaTpUIjax
NapamMeTpPoOB U Pe)XUMOB 0THOCUTE/ILHO Bcex (a3 ceTu:

@da30BbI METO/]

[TapameTprueckuii MeTOz

+MeTto/ pacyera B pa3HbIX KOOpJHWHATax

MatpuuHbIi MeTO[,
HasBanue 4-x matpurj (A, B, C, D), Bxoasainux B Marpunyy nepegauu (H):

biiouHble MaTpULibl

+MaTpuiibl 060011IeHHBIX TOCTOSTHHBIX

Martpuripl mapaMeTpoB

MartpuLiipl CONPOTHBIEHUN U IPOBOJAUMOCTEN
Ha3BaHue MaTpuLl NOTOHHBIX TAPaMeTPOB JIMHUM 3JIeKTponepejayvu:

Martpuiipl pacrpe/ie/ieHHbIX [TapaMeTpPOB

+MarpuLibl IPOJOIBHBIX COMPOTUB/IEHUU U TIONIEPEYHbIX TTPOBOAUMOCTEN

[TapameTpuueckrie MaTpULbI

O06006111eHHbIE MaTPULIBI
Kakoii MeToj m03BOJ/isieT NPOU3BOJUTH pacueTbl B pealbHbIX BeJIMYHHAX B
Kaxou ¢a3ze ceTu?

MeTtopn Tpex CHMMETPUUHBIX COCTABJISFOLIUX

+MeTtoz (pa3HbIX KOOpAHUHAT

[TapameTpruecKkuii MeTOz

MaTtpuuHbIi MeTO[,
ITapameTtpsl B ¢a3HbIX KoopjuHaTax (Z) mpv U3BeCTHBIX B 3-X CHMMeETPUYHBLIX
COCTaB/AINMX (ZS):

Z=S":7s
Z=17s-S
+7Z=S17s-8S

7= Z.s'1



I[TlapameTpbl B KOOpPAUHATax 3-X CHMMETPUYHBIX COCTaBAAWIIMX (Zs) mpu
U3BeCTHBIX NapaMeTpax B (pa3HbIx (Z):

/s=17-S
ZSZS'Z'S'1
+7s=S -7
ZSZZ'1

B KakoM «1yyae HeBO3MOXXHO TMpPHMeHeHHe MeTo/a TpeX CHUMMeTPHUYHBIX
COCTABJ/ISIOIIUX?

CHUMMeTPUYHBIN PeXXUM

HecriMMeTprUUHBIN peXxuM

Yucno a3 paBHO Tpem

+Yucso ¢a3 6osee Tpex
Kakas ¢opma cBsi3bIBaeT HanpsDKeHUs] U TOKH B Hauajie C HaNpsOKeHUAMHU H
TOKaMH4 B KoHIle 2K-nmo/1rocCHUKa?

A-dopma

C-dopma

+H-dopma

Y-dopma
Kakas ¢opma cBsA3bIBaeT TOKHM B Havasjie M B KOHIIe C HANPsDKeHUsIMU B HayaJjie U
B KoHIle 2K-nmo/1rocHUKa?

A-dopma

C-dopma

H-¢popma

+Y-dopma
KomnieKcHas KBa/jjpaTHas MaTpHLia MOTOHHBIX NMPOJO/IbLHBIX CONPOTUB/IeHUU k-
NPOBOAHUKOB JIMHUM HaxouTcs no ¢opmy.ie:

*z]=|R|+ jolr]
[¥[=lg|+ jelp]
W=l
W= 12

KomnieKcHas KBajipaTHasi MaTpulia MOTOHHBIX MOMeEPeyYHbIX MpoBoAuUMoOcCTed k-
NMPOBOAHMKOB JIMHUU HAaX0uTcs no ¢opmy.ie:

12]=|R]+ jolr]
+Y[=lg|+ jolp]
=l
W=l 12

CTOJIGI.[OBI)IE MATPpHULibl KOMIUVIEKCHbIX dMIUIMTYJ Hal'[pﬂ)KEHl/Iﬁ H TOKOB B
IMPOBOJAHHUKAX B PACCMAaTPHUBA€MOH TOUYKE JIMHUU!
b
ichizi]
Vbl
|4,|BJ.|c|,|D|

YJ:[EJII)HHH MNpoBOJAMMOCTD 3€MJ/IH HMEET PA3MEPHOCTD.
10

9

9 2




Om
cm
+(Om-cm)™

(&)

ConpoTuB/ieHHe 3eM/IU HAXO/JAT 0 popmyie:

+RZ = 21,
rz="*
2
RZ = 24
A
RZ = 27” i
I'1y0uHa 3a/1eraHusi 00paTHOro NpoBoAAa HAXOAUTCA Mo opmyJie:
+D, = 66.4
Nz
D, - 66.4
A
D, =66.4- fA

D, =664-[f4
JusnekTpuyeckas MpOHULIAEMOCTh BO3/[yXa 0003HauUaeTcs:
(04

B
+e 0
A
Ju3/1eKTpuyecKasi NPpOHUIAeMOCTh MMeeT Pa3MepHOCTh:
Om
CM
(Om-cm)™
+be3pa3smepHas BeiMurHa
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Tabmuna 4 — Kpurepuu orjeHKH ¢()OpMHUPOBAHHOCTH KOMITEeTeHIUM

Kog u KpuTepuu orjeHBaHUsS CPOPMUPOBAHHOCTH KOMIIETEHLIU
HavMeHOBaHHe (4acTH KOMITeTeHIHH)
WHAUKaTOopa Ha 6a30BOM ypOBHE Ha TIOBBIIIIEHHOM yYPOBHE
AOCTHXXEHMA COOTBETCTBYeT OLIeHKe COOTBETCTBYeT OLIeHKe COOTBETCTBYeT OLIeHKe
KOMITeTEeHLIUU «yIOBJIETBOPUTETLHO» «XOpOILII0» «OTJINYHO»
(vactu 50-64% ot 65-85% ot 86-100% ot
KOMIIeTEHLIH) MaKCUMaJibHOT0 6asia MaKCUMaJibHOr0 6asia MaKCUMaJibHOr0 6asia
CrypeHT CryzaeHT aeMmoHcTpupyeT | CTyZieHT AeMOHCTpPUpYeT
JIeMOHCTPUPYeT 3HaHUe | XOpolllee 3HaHue OTJINUHOE 3HaHUe
OCHOBHBIX METO/IOB OCHOBHBIX METO/IOB OCHOBHBIX METO/IOB
pacueTa pacueTa pacueTa
HEeCUMMeTPUYHBIX HeCUMMEeTPUYHBIX HEeCUMMETPUYHBIX
VLot PE>KMMOB } PEXKMMOB 3/IEKTPUUECKIX | POKUMOB 3/1eKTPUIeCKIX
3JIEKTPUUECKUX CeTel; ceTel; MeToZia Tpex ceTel, MeTo/ia Tpex
OcymecTBiseT MeTo/la Tpex CUMMETPUYHBIX CUMMETPUYHBIX
MOHHTOPHHT CUMMeTPHUYHBIX COCTABJISIFOLIMX, METO/la | COCTaBJISIIOIIMX; MeTOo/1a
TeXHUUeCKOT 0 COCTABJISIFOLMX, MeTo/la | (pa3HbIX KOOPAUHAT C (ha3HbIX KOOpUHAT C
COCTOSTHUSI (a3HbIX KOOpJMHAT C HCIO0/Ib30BaHHUEM 2-K HCII0/Ib30BaHHEeM 2-K
0GOpyA0BaHuUsI HCII0/Tb30BaHHUEM 2-K TIOJIFOCHUKOB U UX TIOJIFOCHUKOB U UX
MojCTaHIHiA TIOJIFOCHUKOB U UX MaTpul] repejiauy; MaTpHL| niepesiaun;
MaTpul] repejauu; Ha MOYKET CaMOCTOSITe/IbHO crioco0eH C BBICOKOM
SJIEKTPHHCCKIX | 6a30B0M ypoBHE MOXeT TBJISITh TeTieHb
N YPOBHE MOXe OCYILleCTBI/I CTereHblo
ceren OCYIIIeCTBJIATh MOHUTOPHUHT CaMOCTOSITe/TbHOCTU
MOHUTOPHUHT TeXHUUECKOTO COCTOSIHUSI | OCYIL[eCTBISTh
TeXHUYEeCKOT 0 obopyioBaHus MOHUTOPHUHT
COCTOSTHUSI MO/ICTaHI[UI TEeXHUUECKOTO COCTOSTHUS
obopyZoBaHust 3JIEKTPUUECKUX CeTel obopyoBaHus
MOACTaHLUN MOACTaHLUN
3JIEKTPUUECKUX CeTel 3JIEKTPUUECKUX CeTell

Moayasb 3. «IIporpaMmsbl pacueTa HeCUMMMETPHUYHbBIX PEXKHMMOB

TeKTPUUYECKHUX CeTen»

KomMmnbroTepHoe TecTUpOBaHue

Bbibepume 0OuH npasu/ibHblil 6apuaHm omeema u Haxcmume KHonky «/lanee»
MaTpuiia y3/10BbIX IPOBOUMOCTEN BHIPA)KAETCA KaK:

Y=M-Z7Zs
+Y =M - Zg' - M;
Y =7 - M;
Y=M"7Zs M
3anuch MaTPUYHBIX y3/I0BbIX YPaBHEHUIA:
Is=7Zp"' - Vs
Us=7"1p
+J=Y U
J=(Y+Z)-V
YpaBHeHus1, ONUCHIBAKOIME MATPHILY epejaud MPOJ0/IbHBIX YCTPOMCTB:
A=E, B=0, C=0, D=E
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A=E,

A=27Y, :

+A =E, B=72, C=0, D=E
YpaBHeHus1, ONUCHIBAKOILYEe MAaTPHUIly I

A =E, B=72, C=Y, D=E
+A =E, B=0, C=Y, =E
A=72Y, B=72, C=0, D=Y-Z

A=E, B=E, C=E, D=E
Haubosiee ygo0Hasi mporpaMMa /isi BBINO/IHEHUSI PacueToB HeCHMMMeTPHUYHBIX
PEe)XXMMOB 3/IEKTPUUYECKHX LieTen:
+MathCAD
MS Office
Pascal
TurboPascal
Urenue fanHbIX B nporpamMme MathCAD nipoucxoput:
CripaBa — HaJsieBO, CBepXy — BHU3
+CJieBa — HaripaBoO, CBepPXYy — BHU3
CrneBa — HarpaBo, CHU3Yy — BBepX
B nmobom HampaBieHUH
Cron01i0Bas MaTpHIla MMeeT Pa3MepHOCTh (m — uncio ¢a3 TUHHHN):
Ixm
mxm
+tmx1
1x1
CTpouHas MaTpuija UMeeT pa3MepHOCThb (M — Yuc/i10 (a3 TUHUHI):
t1lxm
mxm
mx1
1x1
IIpu yMHOXeHuH MaTpull A ¥ B J0/DKHO BBINIO/THATHCA C/IeAyHollee yCI0BHUe:
+YuC/o0 CTPOK MaTpUILibl A PaBHSIETCS YKCTY CTO/IOLOB MaTpULibl B
Yucno cTonbiuoB MaTpULbl A paBHSIETCS UMCTY CTPOK MaTpHLbl B
Pa3Mepbl MaTpUL] MOTYT OBITh TFOOBIMU HEOJUHAKOBBIMU
[viaroHanbHbIe 3/1eMeHTbl MaTPUL] PABHBI
IIpu cnoxxenuu marpun A ¥ B 10/KHO BBINO/THATHCA C/Ieylolee yC/I0BUe:
Yucsio CTpOK MaTpUILibl A paBHSIETCS YKCTY CTO/IOLOB MaTpULibl B
Yucno cTonbioB MaTpULbl A paBHSIETCS UMCTY CTPOK MaTpHLibl B
+Pa3mMepsl MaTpuL| 0MHAKOBbIE
[viaroHanbHbIe 3/1eMeHTbl MaTPUL] PaBHBI
IIpu cioxeHun marpui| A u B pasmep pe3yabTHpyromeil MaTpuibl C:
+PaBeH pa3smepy maTpuLbl A
B nBa pa3sa 6oJibllie pa3mepa MaTpHIbl A
B fnBa pa3a MeHbllle pasMepa MaTpuLisl A
B aBa pa3a 6oJibilie pa3mepa MaTpulibl B
Ilpu yMHO)XXeHMH MaTPHIbl A Ha YUC/I0 A 3/IeMeHThI pe3y/IbTUPYHoIIeil MaTPULbI
C MO0)XHO HauiTu no popmy.ie:

13



A
C. =—
y

a;

a;
5=
A

C. = ..

Kakoe 13 jelicTBUI ¢ MaTpuLiaMi A U B 3amnucaHo HeBepHo?

A-B#B-A

+A4-B=B-A4

[4-B|=|4]-|B]

(4-B)'=B"- 4"
Ec/1u 3/1eMeHTBI CTPOK MaTPHUIbI PAcCTaB/IeHbI B CTO/IOLBI, a 3/IEeMEeHThI CTO/I01[0B
B CTPOKHM, TO TaKas MaTpPHIia Ha3bIBAeTCsA:

EavHuuHOU

Hynesoiu

OO6patHoit

+TpaHCIIOHMPOBaHHOM
Marpuna, yMHOXeHHe KOTOPOM Ha HCXOAHYH MaTpUIly /JdeT eANHUYHYIO
MaTpully, Ha3bIBAeTCsA:

[dviaronanbHOU

Hynesoiu

+O6paTHoi

"TpaHCIIOHMPOBaHHOM
Marpuia Ha3bIBaeTcsi KBa/IpaTHOM, eC/I:

+Yucmo CTPOK paBHO UMC/IY CTOJIOI0B

Yucsio CTpOK B ZiBa pa3a OoJibllie unc/ia CToJI0I0B

OHa cofiep>XMT OZJHY CTPOKY U HECKOJIBKO CTOJIOII0B

OHa co/iep>XMT HeCKOJIbKO CTPOK M OJJUH CTOJIOeI]
OKBHBa/IeHTHasA MaTpHlia Mepeiaud BCeX YCTPOMCTB, BK/IHUEHHbIX B/I0/Ib JIMHUH,
paccuuThiBaeTcs no gopmyiie:

[, )=T]c)

[HH]:Z(Hi)
(17, 1=TTc)
[, 1= > 1)

Marpuija y3/10BbIX MPOBOAMMOCTEH BCeH I/IeKTponepefaYd PacCUMTHIBAETCA IO
dopmyne:

-

Y, -7,

Hce Hd
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-2 )
Lasio

A -B
-
O/1eMeHThI MaTPHIIbI Y3/I0BBIX MPOBOJUMOCTEH BCEeH YIeKTponepeAauy paBHbI:
Ty, = DHB;I]’YH/) =Cy _DHB;[]AH’YHC = B;l]’YHd = _B;[]AH
A=E,B=0,C=E+1,D=0
Yy =Cy _DHB;[]AH’YH[) = DHB;[]’YHC = _B;IIAH’YHd = B;I]
A=0,B=E,C=E+1,D=0
Beipaxxenue H-¢gopmbi 2k-nonrocauka JIIII:

e bl

el L]
HRZEE
e e o]
Boipaxkenne Y-¢popmsr 2k-nomocanka JIIIT:
e ]
R AR
RCHEERI
VRCEE

Ilpu pacuyeTre HeCUMMETPUYHBIX PE)XXMMOB MeT0/i0M (pa3HbIX KOOPAMHAT ONepaTop

j paBeH:
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Tab6nuna 5 — Kpurepuu oreHKu copMHUPOBAaHHOCTH KOMIIETEeHI[UH

Kop u Kputepuu onjeHnBaHus CQOPMUPOBAHHOCTH KOMITETEHLIMU
HavMeHOBaHue (yacTM KOMIIEeTeHLMH)
VHJUKaTopa Ha 6a30BOM ypOBHe Ha TMOBbIIIIEHHOM YPOBHE
AOCTHXXEHMA COOTBeTCTBYeT OL[eHKe | COOTBeTCTBYeT OLIeHKe COOTBETCTBYeT OLIeHKe
KOMIIeTeHL|UU «yI0BJIETBOPUTE/ILHO» «XOpOIIO» «OTJTMYHO»
(vactu 50-64% ot 65-85% ot 86-100% ot
KOMIIeTEHLIH) MaKCHMMaJIbHOro O6a/uia | MakcuMasabHOro bansa MaKCUMaJibHOro 6asia
CrygeHnt CrygeHt CTyZeHT JeMOHCTpUpyeT
JIEMOHCTPUPYET 3HaHUE | IeMOHCTPUPYET OTJIMYHOE 3HaHUe
OCHOBHBIX ITPOrpaMM XOpolee 3HaHue OCHOBHBIX ITPOrpaMM
pacueta OCHOBHBIX ITPOrpaMM pacueTa HeCUMMETPUYHbIX
HeCUMMeTPUYHBIX pacueTa PE>KMMOB 3JIEKTPUYECKUX
N-1nKoc-1 pPEeXXUMOB HeCUMMeTPUYHBIX ceTeid, MeTO/la y3/I0BbIX
OcyujecTsiseT 3JIEKTPUUECKUX CeTeu, pPeXHMOB ypaBHEeHUH; JeCTBUN C
MOHUTOPHHT MeTOJa y3/I0BBIX 3/IeKTPUYECKUX CeTel, Matpulamy; «H» 1 «Y»
TeXHITIeCKOro YPaBHEHHIA; IEHCTBHM C | METOAA Y3N0BBIX (opM 2-K NOFOCHUKOB
MatpuLiamu; «H» 1 «Y» | ypaBHEHWI; AeHCTBUM C | 3/IeMEHTOB CEeTH; CIIoCO0eH
COCTOAHMA ¢opm 2-K MOIFOCHUKOB | MaTtpuliaMu; «H» 1 «Y» | € BBICOKOM CTerneHbI0
0DOpY/0BaHMA | 55eMenTOB CeTH; Ha (hopM 2-K MOIIOCHUKOB | CAMOCTOSITE/IbHOCTH
TO/CTaHLN 6a30BOM ypOBHE MOXKET | 3JIEMEHTOB CeTH; MOXKET | OCYL[eCTBJIATh MOHUTOPUHT
9JIEKTPUYECKUX | OCYILeCTBJIATh CaMOCTOSITE/IbHO TeXHUUECKOT0 COCTOSTHUS
ceTeit MOHUTOPHHT OCYILIeCTBJISATh 000py/Zi0BaHusI MOZCTAHLUMA
TeXHUUECKOT 0 MOHUTOPHHT 5/IeKTPUYECKUX CeTel
COCTOSIHUSI TeXHUUECKOT 0
obopyZoBaHust COCTOSIHUS
MO/ICTaHLMI obopyZoBaHust
3JIEKTPUUECKUX CeTeil MOACTaHLUN
3JIEKTPUUECKUX CeTel

Moavyiab 4. «PacueT HeCHMMETPHUHBIX PeXUMOB B nmakere MathCAD»

KomMmnbroTepHoe TecTUpOBaHue

Bbibepume 00uH npasu/bHbIll 6APUAHM OMeema u Haxcmume KHONKy «/lanee»
Marpuija, cBsA3bIBaKOLiasg HaNpsDKeHUsA W TOKUW B Hauajie C HaNpsOKeHUsAMH U
TOKaMH B KOHIIe:

Marpuiia coejuHeHUM

+Martpurja nepegauu

OOparHast MaTpuiia

EvHuyHas maTtpuLia
Marpuna, oTpaxkarwujas CB3U MeXAY y3/1aMHi U BeTBAAMM CeTH:

CoepunHuTesbHasA MaTpuLia

Marpuiia y3/10B

Martpuija BeTBel

+Martpuia UHLMIeHLIUU
Martpuna, sABAAKLIASCSA MaTpuleil mnpeo0pa3oBaHus H3
CUMMeTPHYHBIX COCTAB/IAIIINX B ()a3Hble KOOPANHATHI:

KoopAauHaT 3-X
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a a a

[N}
[’}
S5}

a a a

KBaspaTHasi MaTpUIia Ha3bIBaeTCsA BepXHel TPeyro/ibHOM MaTpuLieH, ec/iu:
+ai;=0 aJ1s BCex i>]
a;j=0 f/1 BCex i<j
aij=0 [/11 BCex i U |
aik=0 /15 Bcex izk
KBajpaTHasi MaTpulia Ha3bIBaeTCsl HI)KHeH TPeyroJibHOW MaTpHULeH, eC/iu:
a;j=0 p/11 BCex 1>]
+ai;=0 aJs1g BCex i<]
aij=0 [/11 BCex i U |
aik=0 /15 Bcex izk
KBasipaTHasi MaTpuIia Ha3bIBaeTCA Hy/1eBOM MaTpHUIieH, ec/Iu:
a;j=0 [/14 BCex 1>]
a;j=0 p/1 BCex i<j
+aij=0 a5 BCex iU j
aik=0 /15 Bcex izk
KBaspaTHasi MaTpUIia Ha3bIBaeTCA JHMaroHa/JIbHON MaTpULeH, ec/Iu:
a;j=0 f/11 BCex 1>]
a;j=0 p/1 BCex i<j
aij=0 [/11 BCex i U |
+aik=0 g5 Bcex izk
KBagpaTHasi MaTpulia Ha3bIBaeTCs eJUHNYHOM MaTPHUIeH, eC/Iu:
a;j=0 p/11 BCex 1>]
a;j=0 p/1 BCex i<j
aij=0 [/11 BCex i U |
+aik=0 s Bcex i#k; aik=1 /151 Bcex i=k
Pe3ynbTHpYyIOIasA MaTpHLia Yy3/IOBBIX IPOBOJUMMOCTeH NPH  H3BECTHBIX
MaTpHUIaX PS/IOM CTOAIIUX YCTPOMCTB Oy/[eT paBHa:

+tY =Y +Y>
Y=Y1"Y>2

Y=Y1'Y2'1
Y=Y1'1'Y2

MojemupoBaTth 00pbIB (ha3 MOKHO:

17
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bonbiion nornepeuyHor MpoOBOAUMOCTBIO
+bosibIIMM MPOJOIBLHBIM CONPOTUBJ/IEHUEM
Maviol rorepeyHor MpoOBOAVMMOCTBIO
MaJibiM NpOI0/IbHBIM CONIPOTUB/IEHUEM
MojenpoBaTh KOPpOTKOe 3aMbIKaHue (pa3 MO)KHO:
+MasbIM MorepeyHbIM CONPOTHUB/IEHHEM
BoJsiblrM 1morepeuHbIM CONPOTUBR/IEHUEM
Mavsiol pof0IbHOM TIPOBOJUMOCTBIO
BoJibLor Npoj0/1bHOW NPOBOAUMOCTBO
JKBHBA/IeHTHasT MaTpUlla Mepejayd NPH  HU3BeCTHbBIX MaTpUIlaX [epejauu
YCTPOMCTB B pacrpe/jie/IuTe/IbHOU CeTH PaBHa:
CymMe mMaTpul] yCTPOMCTB
Cymme obpalljeHHbIX MaTpUL] YCTPOMCTB
[TpousBefeHuto 0OpallleHHbIX MaTpPHL] YCTPOMCTB
+IIpoun3BeneHn0 MaTpUL] YCTPOKCTB
[IpaBu/ia cocTaB/ieHNs MAaTPULbl UHIM/EHI|MI:
+E/m TOK BBIXOJUT U3 y3/1a, TO CTAaBUTCA +1; ec/iv BXOAUT B y3es1, TO -1; ec/ik He
CoeJIuHeH C y3710Mm, To 0
Ec/v TOK BBIXOAUT U3 y371a, TO CTaBUTCA -1; eC/ii BXOAUT B y3esl, TO +1; ec/iv He
COoeJIuHeH C y3710M, To 0
Eciv TOK BBIXOZUT U3 y3/1a, TO CTaBUTCA +1; ec/ii BXoAuUT B y3es, TO 0; eciu He
COeJIUHeH C y3J/I0M, TO -1
Eciv TOK BBIXOAMT U3 y37/1a, TO cTaBUTCA 0; ecsiv BXOAUT B y3esl, TO -1; eciv He
COeJIuHeH C y3/ioM, TO +1
Pa3mepHocTh MaTpunbl nepegauu H npu mogenupoBanuu JIIII (m — uuncso ¢das):
mx1
Ixm
mxm
+2mx2m
Pa3MepHOCTh MaTpHIibI Y3/10BbIX IPoBoAMMocTeH Y npu moaenvpoBanuu JIOII (m
— ynco ¢as):
mx1
Ixm
mxm
+2mx2m
Ha Kakue MaTpuubl Ae/JUTCS MaTpulia nepejauu H?
+A, B,C, D
H., Hv, He, Hqg
ULRZ
K,N,P, T
Ha kakue MaTpuLbI Je/IUTCA MaTPHUIla y3/I0BbIX MPOBOAMMOCTeH Y?
A, B CD
+Ya, Yb, Y, Ya
ULRZ
K,N,P, T
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OKBHBa/ileHTHasi Marpuna nepejaud H, Bcex ycTpoMCTB, BK/IIOUEHHBIX B/0JIb
JIMHUM, PaCCUMTBHIBAETCA KaK:

CyMMa MaTpui] riepefilauu Ka>k/Joro yCTpoucCTBa

+ITpou3BesieHre MaTpHuL] fepe/jaul KaXk/loro yCTpOMCTBa

Pa3HOCTh MaTpwul] riepefilauu Kak/Joro yCTpOMCTBa

CyMMa TpaHCIIOHMPOBAHHBIX MaTPUL] Mepeiauu KaXkKZioro yCTPOKCTBa
ITo kKakou ¢opmysie MOKHO HAaMTH TOKH B Hauvase Iy u B KoHIe Ix /JMHUM
JIeKTponepejauu?

{IH}Z{UHHYHG Yﬁﬂ
IK UK YHc YHd

{IH}{UKHYHG Yﬂ

IK UH YHc YHd

{Iﬁ}{% YH,,HUH}

IK YHc YHd UK

{Iﬁ}{% YH,,HUK}

IK YHc YHd UH
ITo kakoii ¢opmysie MOKHO HaiTH TOKM Ix U HanpsbkeHusa Ux BAOIb JIMHUM
j/IeKTponepeAauu (B Touke x)?

L
-UX-{UK][HX]

I I,

HRZIE

e

L IX _
IIpoao/ibHBIN HECUMMETPUYHBIN 3/1eMeHT (3/ieMeHT ¢ noda3Hoii HecMMMeTpHe)
3ajaeTca cieymoiier opmy.ioii:

Ly = \/RZi +JX 4

tZ, =R, + jX,
Z; =Ry, —jX,
Ly =Ry - jX5

1

!

!

Ko3ddummenr csasu od6MoToK TpaHchopmaTopa co cxeMou «3Be3fia — 3Be3fia C
HYyJIEM».

+Kc:—2
2+7,-Y,
K. = 2
2_Zt'Yt
K. = !
2+Z7,-Y,
K. = !
1-Z,-%,
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Tab6suna 6 — Kpurepuu oreHKu copMHUPOBAaHHOCTH KOMIIETEeHI[UH

Kop u Kpurepuu onjeHnBaHus CQOPMUPOBAHHOCTH KOMITETEHLIUU
HavMeHOBaHue (yacTM KOMIIETEeHLMH)
VHJUKaTopa Ha 6a30BOM ypOBHe Ha TOBBIIIIEHHOM YPOBHE
AOCTHXXEHMA COOTBETCTBYeT OLIeHKe COOTBETCTBYeT OLIeHKe COOTBETCTBYeT OLIeHKe
KOMIIeTeHL|UU «yI0BJIETBOPUTE/ILHO» «XOpOLLO» «OTJIAYHO»
(vactu 50-64% ot 65-85% ot 86-100% ot
KOMIIeTEHLIH) MaKCHUMaJibHOT0 6asia MaKCUMaJibHOr0 6asia MaKCUMaJibHOro 6asia
CryzneHT pemoHcTpupyeT | CTyJeHT CTyZeHT [eMOHCTpUpYeT
3HaHNe OCHOBHBIX JleMOHCTpPUDPYET OTJIMYHOE 3HaHUe
MoJiesiell 371eMeHTOB XOpolllee 3HaHue OCHOBHBIX MoJiefnen
3/IeKTPUYECKOM CeTU B OCHOBHBIX MoJiefnen 3/1eMEHTOB
nakere MathCAD, 3JIeMeHTOB 5/IeKTPUYECKOM CeTU B
MaTpuL] Mpeobpa3oBaHusl, | 3/1eKTPUUYECKON CeTH B nakete MathCAD,
N-1nkoc-1 5KBUBA/IeHTHbIX MaTpul] | nakete MathCAD, MaTpui] rpeo6pa3oBaHuUs,
Ocyujectaser | TIePe/jauu; MaTpuil MaTpHL} 5KBHBaJ/IEHTHBIX MaTpHL]
MOHUTOPHHT BBIUUC/IEHHS nipeobpa3oBaHus, nepejiauu, MaTpHL]
TEXHUUECKOIO HanpsvkeHuH 1 TOKOB B SKBUB/IEHTHbIX MAaTPHL| | BbIYAC/IEHUS
TOUKAaX 3JIeKTPUUeCKON repejiauu, MaTpHL] HarpspKeHUH U TOKOB B
COCTOAHMA ceTd; Ha 6a30BOM ypOBHE | BBIUMC/IEHUS TOUKAaX 3JIeKTPUUeCKON
060PY/IOBAHUS | \iosxeT OCYILECTEATD HarnpsUKeHUM ¥ TOKOB B | CETH; CIIOCOGeH ¢
TO/CTaHLN MOHUTOPUHT TOUKAaX 3/IEKTPUYECKON | BBICOKOU CTEIeHbI0
9/IEKTPUYECKUX | TEXHAYECKOTO0 COCTOSIHUS | CeTH; MOXKEeT CaMOCTOSITE/IbHOCTU
ceTeli obopyZoBaHust CaMOCTOSATE/IbHO OCYILIeCTBJISATh
MO/ICTaHLMI OCYILIeCTBJISATh MOHUTOPHHT
5/IeKTPUYECKUX CeTel MOHUTOPHHT TeXHUUECKOT0 COCTOSTHUS
TeXHUUECKOT 0 obopyzoBaHust
COCTOSIHUSI MO/ICTaHLMI
obopyzoBaHust 5/IeKTPUYECKUX CeTel
MOACTaHLUN

3JIEKTPUUECKUX CeTel

Moavyab 5. «MaTeMmaTunueckue moaeau JI1IIT1

QJIA pdCUe€Td HECMMMETPHUHBIX PEXXHUMOB»

KomMmnbroTepHoe TecTUpOBaHUe

Bbibepume 0OuH npasu/ibHblil 6apuaHm omeema u Haxdcmume KHonky «/lasee»

Y paBHeHus, onuchbIBaIiyie MaTpPUIly Mepejaduy JUHUM:
+tA=E+72'Y,B=72,C=2-Y+Y-Z'Y, D=E+Y-Z
A=E, B=0, C=Y, D=E
A=E, B=72,C=0, D=E
A=E, B=7Z, C=Y, D=E

IIpu mopenupoBanuu JIJII marpuna E aBisercs:
+EquHUYHOM MaTpULier pa3mepa mx m

HyneBou maTpuLiei pa3mepa 2m x 2m

[viaroHanbHOU MaTpULer pa3mepa mx m

BepxHel TpeyroyibHOM MaTpuLier pa3mepa 2m x 2m
Matpuna Z co0CTBeHHBIX M B3aUMHBIX NMPO/I0/IbHBIX CONMPOTUB/IeHUN (a3 JTMHUHU
uMeeT pa3MepHOCTh:
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mx1

Ixm

+mxm

2mx2m
Matpuna Y co0CTBeHHBIX U B3aUMHBIX MOMEPeUHbIX MpoBoguMocTeil a3 TMHUN
HMe€ET Pa3ME€PHOCTb:

mx1

Ixm

+mxm

2mx2m
ManI/II.[aMI/I MOTrOHHBIX IMAPAMETPOB JIMHUU AB/IAKTCH:
e

ManI/II.[aMI/I BO/THOBBLIX IMapaMe€TPOB JIHHUU AB/IATCH:
29
AL ]
;e

|4

. D)

71, ]
4. 1B
o
Ilpu Kako¥ JAJuHe JUHUM pacyeT MaTPUIbl YNPOIAeTCs, U JIMHHS CUMTAETCA
KOPOTKOM?

Menee 300 km

+Menee 150 km

Menee 50 kM

Menee 25 kM
YcnoBue (Ix = 0) paBeHCTBa HY/JI0 TOKAa B KOHIle paclpe/e/luTeJTbHOH CeTH
HUCIO0/Ib3yeTCA:

IIpy 2-X CTOpOHHEM MUTaHUU

[Tpu o6pbiBax

IIpu K.3.

+IIpu 0AHOCTOPOHHEM NTUTAHUU
YpaBHeHue, onucbIBaKiiee MaTPpULy Nepejayuy AJisi CONPOTHB/IEHHS Z:

A.=Z, B,=1, C,=0, D,=1

A;=0, B,=Z, C,=1, D,=0

+A;,=1, B,=Z, C,=0, D,=1

A.=1, B,=7, C,=Z, D,=1

i |C

. D)
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YpaBHeHue, onuchIBaiiee MaTpHULly NepeAauy NonepeyHoi NpoBoANMOCTH Y:

Ay=1, B,=Y, C,=0, Dy=1

+Ay=1, By=0, C,=Y, Dy=1

Ay=1+YZ, By=7, Cy=Y, Dy)=1

Ay=1+YZ, By=Y, Cy=Z, Dy=1
YpaBHeHue, onucbIBawilee MaTpully nepefauy MornepeyHod NMPOBOJUMOCTH Y U
IPO/0/ILHOTO conpotuBienns z (I'-o0pa3Has cxema):

+Ay.=1, By,=Z, Cy,=Y, Dy,=1+YZ

Ay.=1, By,=Y, Cy,=Z, Dy,=1+YZ

Ay,=1+YZ, By,=Z, Cy,=Y, Dy,=1

Ay,=1+YZ, By,=Y, Cy,=Z, Dy,=1
YpaBHeHue, onuchIBaKIlee MaTPUIy Nepefavyy NPOAOCJIbHOI0 CONPOTUB/ICHUA Z U
nomnepeuHoii mposogumoctu Y (I'-o6pa3Has cxema):

Ay=1, By=Z, Cy=Y, Dyy=1+YZ

Ay=1, By=Y, Cyy=Z, Dyy=1+YZ

+Ay=1+2Y, B;y=2, C;y=Y, Dy=1

Ay=1+Z7Y, By=Y, Cy=2Z, D=1
YpaBHeHue, onuchIBaKIlee MaTPHLy Nepefavyy NPOAOCJILHOI0 CONPOTUB/ICHUA Z U
nornepeuHbIx npoBogumoctei Y1 u Y2 (II-odpa3Has cxema):

An=1, Bh=Z, Ch=Y, Dp=1+YZ

An=1, Bn=Y, Ch=2Z, Dn=1+YZ

+An=1+2Y>2, Bh=2, Ch=Y1+Y2+Y1ZY>, Dn=1+Y:Z

An=1+ZY>2, Bh=1+Y1Z, Ch=Y1+Y2+Y1ZY>, Dh=Z
YpaBHeHue, onuchIBaIiee MaTpuLly nepejayy MNpPoOAO/JIbHBIX CONMPOTHB/IeHH] Z;
Z> v nonepeyHoi npoBoauMocreii Y (T-o6pa3Has cxema):

Am=1, Bn=2, Cn=Y, Dn=1+YZ

Am=1, Bn=Y, Cn=2Z, Dn=1+YZ

An=1+21Y, Bn=2, Cn=21+22+7Z1YZ2, Dn=1+Y1Z

+An=1+21Y, Bn=21+722+72:YZ> , Cn=Y, Dn=1+YZ>
Ilpu moaenpoBaHum JuHUM Kiaacca 0,38 kB meTogom (pa3HbIX KOOPAUHAT YHUC/I0
¢a3z m npunumaercs:

3

+4

6

8
J/ieMeHTbl MaTpUIlbl AKTUBHBIX NPOAOJIbHBIX CONPOTHUB/IEHHMH MPOBOJAHUKOB
JINHUMH:

R, =Ry,R, =R, +R,

TR, =Ry + Ry, R; =R,

R; =Ry —R;,R; = R,

R; =R;,R; = Ry, — R,
J/ieMeHTbl MaTPHLbl MHAYKTUBHBIX MPO/I0/IbHBIX CONMPOTUB/IEHHU NMPOBOAHUKOB

JIMHUU

+ X, :47110‘4fh1&,Xl.j = 47107 fIn D,

Toi \/(xi _xj)z + (yi - yj)z
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X, =4710" fIn 2D3 =, X, :47T10_4f1n&
J@ =x )+ (- )

X, :47110'4f]n&,Xl.j =4710"* fIn 2D3 =
J@, =x)" = (v, - )

X, =4710"" fIn 2D3 =, X, — 4710 fln s
J@ =3’ =, - »)

O/1eMeHThl MAaTPHUIbI MOTEeHHUATBHBIX K03()(HUIMEeHTOB ! PacCUMTHIBAIOTCS IO
dopmynam:

2 2

ta, = 1 lnﬂ’ i = 1 In (xi xj)2+(yi+yj)2
2re, 1, | 27, (x,—x;)" +(yi=»;)

a. = ! lnﬂ — 1 In (xi_xj)z_(yi"'yj)z
12 b ij P) 5
21, 1n, | 2me, (x;,=x,)" =y, +y,)

= 1 In (xi_xj)2+(yi+yj)2 o 1 lnﬂ
! 277"‘90 (xi_xj)2+(yi_yj)2’ Y 271'80 Ty;
o 1 n (xi_xj)z_(yi+yj)2 o 1 lnﬂ
"oome, \(-x)-(ity)t T 2me,

O/1IeMeHThI ¢ii MAaTPHUIbl AKTHBHBIX TONEPeUYHbIX MPOBOAMMOCTEH MPOBOAHUKOB
JIMHUM PAacCUMTHIBAIOTCS MO c/1eaymomei hopmy.ie:
_ TS (B Ey)
i U2

1

_RS(EE,)
1 U

b g = Tl (EE)
12 U2

_ 1 f(EJE)
i U2

JJieMeHThI gjj MaTpullbl aKTUBHBIX MONEepPeYHbIX MPOBOJUMOCTEHd MPOBOJHUKOB
JIMHUM PaBHBI:

+0

1

gii

Xii
Marpuna Ko3(pPHUUHeHTOB 3/IeKTPOCTaTHUEeCKOW HUHAYKIUM (YaCTUYHBIX
eMKOCTel) MPOBOAHUKOB JIMHUM PAaCCUMTHIBAeTCA MO0 caeayoinei ¢popmyie:

Bl =af
+|Bl=lel”
Bl=0-lo"
Bl=e-Jof

Marpuija eMKOCTHBIX IPOBOAMMOCTe B paccydThIBaeTcsi Mo Cjieylouien
dopmyne:
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[B]= @laf

1

|B|:a)-a‘
-
+|B| = o|p]

TenerpadHble ypaBHeHHs /I MHOTOIIPOBOJHON 00paTHMOM JIMHUM, COCTOSIIEH
u3 k-nmpoBOAHMKOB, UMEIOT BU/:

_dlul|_[o ][]
dl| |1)] Y| 0 11|
_d[pl]_[o ][l
dl_|1,|_ _|Z| 0 _|1,|
_d|olf]_[lzl o] [lui]
dl_|l,| _|Y| 0 _|1,|
_d[pl]_[o ][]
di ||| [0 Y] L]

Tab6suna 7 — Kpurepuu orjeHKH copMHUPOBAaHHOCTH KOMIIETEeHI[UH

Kop u Kputepuu onjeHnBaHus CQOPMUPOBAHHOCTH KOMITETEHLIMU
HavMeHOBaHUe (4acTM KOMIIeTeHLMN)
VHJUKaTopa Ha 6a30BOM ypOBHe Ha MOBbILIIEHHOM YPOBHE
JOCTH>KeHUs COOTBETCTBYeT OL|eHKe COOTBETCTBYeT OL|eHKe COOTBETCTBYeT OL|eHKe
KOMIIeTeHL|UU «y[I0BJIETBOPUTEILHO» «XOpOLLO» «OTJINYHO»
(vactu 50-64% ot 65-85% ot 86-100% ot
KOMIIeTEeHLIMH) MaKCUMaJibHOro 6asia MaKCUMaJibHOro 6asia MaKCHMaJibHOro basia
CrygeHt CrygeHt CTyZeHT AeMOHCTpUpyeT
JIEMOHCTPUPYET 3HaHUe | IeMOHCTPUPYET XOpolllee | OTJIMYHOe 3HaHue
OCHOBHBIX METO/I0B 3HaHNWe OCHOBHBIX OCHOBHBIX METO/I0B
MO/Ie/TMPOBaHus IMHUKA | MeTOZI0B MOJZIe/TMPOBaHUs | MOZe/IMPOBAaHUS JIMHUM
3/IeKTpoIiepesiauy, JIMHUM 3/1eKTpoIepe/jauy, | 3/eKTporepeauu, MaTpuL]
N-1nKoc-1 MaTpuL] repefauu MaTpuL} repejaunt repejiauy JIMHUM, MaTpUL]
Ocyuectpaser | JIMHUMN, MaTpuil JIMHUM, MaTpUL} MPOJOJIbHBIX
MOHHTOPHHT MPOAOJIBHBIX MPOAOJIBHBIX COTIPOTHBJIEHUI U
TeXHITIECKOro COTPOTHBJIEHUH U COTIPOTHBJIEHUH U rorepeyHeIX
MornepeyHbIX MOTepeyHbIX MIPOBOJAUMOCTEH JIMHUH,
COCTOAHMA MIPOBOAUMOCTEH JIMHWY, | TPOBOAUMOCTEM JIMHUY, | TejerpaHbIX ypaBHEHUM;
06OpY/I0BaHHSA | e nerpacHbIX TesterpaHbIX CrIocoBeH C BLICOKOM
TO/\CTaHLN ypaBHeHMit; Ha 6a30BOM | ypaBHEHMIA; CTeIleHbI0
9JIEKTPUYECKUX | YPOBHE MOXKeT CaMOCTOSITE/IbHO MOXKET | CAMOCTOSITeIbBHOCTH
ceTeli OCYLLeCTBJISITh CaMOCTOSITEJIbHO OCYILIeCTBJIATb MOHUTOPHUHT
MOHUTOPHHT OCYILIeCTBJISATh TEeXHUUECKOT 0 COCTOSTHUS
TeXHUUECKOT 0 MOHUTOPHHT 000py/Zi0BaHusI MOZCTAaHLUMA
COCTOSIHUSI TEeXHUUECKOT 0 COCTOSIHUS | 3/IEKTPUUECKUX CeTer
obopyioBaHus obopyioBaHus
MOACTaHLUN MOACTaHLUN

3JIEKTPUUECKUX CeTel

3JIEKTPUUECKUX CeTel
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Moayiab 6. «MaTeMaTuyecKre MoJe/J U TpaHchopMaTopoB

JUIA pdCUe€Td HECMMMETPHUHBIX PEXXKHUMOB»

KomMmnbroTepHoe TecTUpOBaHUe

Bbibepume 00uH npasu/bHbIll 6APUAHM OMeema u Haxcmume KHONKy «/lanee»
Hau0o/1ee npuMeHUMas cxeMa coeiuHeHHs1 00MoToK TpaHcdopmaTtopa 35/10 kB:
TpeyroyibHUK-3Be3/a
+3Be3a-TpeyrojibHUK
3Be3/1a-3Be3/1a
3Be3/a-3Be3/a C HyJiem
IToTpebduTebCKHA TPaHC(OPMATOP Yallle BCEro UMeeT CXeMy COeJUHEeHHUA:
TpeyroyibHUK-3Be3/a
3Be3/1a-TpeyroJibHUK
3Be3/1a-3Be3/1a
+3Be3/a-3Be3/a C HyjieM
HanpsbkeHus1 morpedure1bCKoro Tpancgopmaropa:
35/10 kB
10/6 xB
+10/0,4 xB
380/220 B
Ko3¢pdumuenr Ttpanchopmauuu  TpaHcdopmaTopa PpacCcuMThIBaeTcsi 10
caeaymoiien popmy.ie:

vk U

]

Martpuna HHIIUeHIUH TPaHcopMaTopa uMeeT cjiefyoiiee 0003HaUeHHe:
H
+M
Y
Zb

Kako# nmo/xo/; He/ib3s1 MCII0/Ib30BaTh /ISl ONpeje/IeHUs1 MaTPHULbI CONPOTUB/IeHUN
TpaHcdopmaropa?
HenocpenctBeHHOe M3MepeHre
Vicrionb30BaHWe CIPaBOUHBIX CBeJEHUM O COMNPOTMBIIEHUSX IepBOM, BTOPOW U
HYJ/IEBOW MOCJ/IeJ0BaTe/IbHOCTH
Vicrionb30BaHMe NAaCIIOPTHBIX JaHHbBIX
+H/crnonb30BaHrie MPOU3BOJIBHBIX 3HAYEHUU
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Jnsi MopenupoBaHusi TpaHC(opMaTopoB B (pa3HBIX KOOPAWHATAX MCIOJIH3YIOT
MaTpHIly y3/I0BbIX POBOJUMOCTEH:

Y=M-Zb"-M"'

ty=M-72b"-M"

Y=M-2Zb"

Y=M-M"
ComnporuByiienue ogHoda3Horo rpaHcopmaropa pacCUMTBIBAETCSA MO C/1eAyloien
dopmyne:

+Z, =R, +jX,

Zy =Ry + X,

ZTi :RTi _jXTi

Ly = vV Ry — Xy,
YpaBHeHus1, onuchIBaliue MaTpuly mnepeAauu ojHoda3HOro tTpaHcdopmaropa
NMPHU U3BECTHBIX MAaTPHUIIAX MPOBOAUMOCTEH:

1
A, =K-ZT,B,, =K,C,, =0,D,, =| —

K
1

K

A, =K,B,,=0,C,, =K-ZT,D,, =

1
+A4,=K,B, =K-ZT,C;, =0,Dp, :lz_}
K

K

YpaBHeHUs1, ONHUCHIBAKWIIHEe MAaTPHUIly MNepejayd TpaHcopMmaropa NpH
HM3BECTHBIX MaTPHUIIaX MPOBOAMMOCTEN:

+A=-Yu' Y»n, B=-Yu', C=Yi—-Yu: Yu' Yn, D=-Yu Yu!

A=Y»n, B=Yxsn, C=Yn, D=Yn

A=Yn, B=Yp, C=Yn, D=Y2»

A=-Yo1- Y1, B=Yxn!, C=Yn+Ys, D=-Yu Y»
CoOcTBeHHbIe ¥ B3aUMHbIE CONPOTHB/IEHHA OOMOTOK 2-X 00MOTOYHOrO
TpaHcopmaTopa paBHBbI:

Z

1 Y.
1-K&)(—+—-L
( c)(ZT 2)

Z1= 7, Z,=72,-K%, Z,=K.Z,Z,

1
A, = [—}Bn, =K-ZT,C,, =0,D,, =K

1 Z
Z,=—, Z,=—+, Z,=Kc+Z2\Z,
Y K3
ZI=ZT+Y1’ Zzzzl'K%a Z,,=Kc\2,Z,

B cersix 10 u 0,4 xB wucnonb3yrorca TpaHcdopMaTopbl €O CXeMOM COeJUHeHMs
00MOTOK:
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TpeyroybHUK-TPeyrOIbHUK
+3Be3/ja-TPeyro/bHUK U 3Be3/1a-3Be3/ja C HyJleM
TpeyroJyibHUK-3Be3/a
3Be3/a-3Be3/1a
B maTpue MHIU/JEHI[UI KO/IMUeCTBO CTPOK COOTBETCTBYET:
KonmuecTBy BeTBen
+Ko/uecTBy y3/10B
KomuecTtBy 06MOTOK TpaHCcopMaTopa
['pymnirie coegrHeHUs TpaHchopMaTOpa
B marpuLe HHOHAEHIHI KOJTHYeCTBO CTO/I0LI0B COOTBETCTBYeT:
+ YMCIly BeTBer
YHCITy Y3710B
YUCITy CXeM
YHUCJTy KOHTYPOB
Martpuna nepejgaun TpancdopmaTopa uMeeT cjiefyioiiee 0003HaueHue:
+H
M
Y
Zb
Marpuija conpoTuB/IeHNH BeTBed TPaHC()opMaTopa YUHTHIBAET:
CormpoTuBieHUs CBA3U
IIponosibHBIE CONIPOTUBIIEHUS
[ToniepeuHbie CONMPOTHBIIEHUS
+CobCTBeHHbIe U B3aMHbIe COTIPOTHB/IEHUSI 00MOTOK

Marpuna CONPOTHUBJIEHUH BeTBel ABYX00MOTOYHOI0 TPex0aKoBOro
TpaHcopmaTopa UMeeT BU/J;:

(Zm 0 0 Zc2 0 0 |
0 Zm 0 0 Zc2 0
0 0 Zm 0 0 Zc2

ZV =
Zel 0 0 Zm 0 0
0 Zd 0 0 Zm 0
|0 0 Zel 0 0 Zm|
[Zc2 0 0 Zm O i
0 Z2 0 0 Zm
0 0 Z2 0 0 Zm
ZV =

Zm 0 0 Zc O 0
0 Zm O 0 Zc 0
0 Zm O 0 Zcl

27



[Ze1l 0 0 Zm 0
0 Zcl O 0 Zm 0
0 0 Zc 0 0 Zm

tzv =
Zm 0 0 Zc2 0 0
0O Zm O 0 Zc2 0
L0 0 Zm O 0 Ze2|
[ Zm 0 Zel 0 0]
0 Zm 0 0 Zc 0
0 0 Zm 0 0 Zc
ZV =

Zc2 0 0 Zm O 0
0 Zc2 0 0 Zm O
0 0 Zc2 O 0 Zm|

IIpu mopenupoBanuu TpaHchopmaropa «3Be3ja-3Be3ia C HyJ/IeM» MeTO0M
(ha3HBIX KOOPJUHAT pa3Mep MaTPUIbl HHIIUAECHIIMU Oy/JeT COCTAB/IATh:

3x4

4x3

6x8

+8%x6
IIpu mopenupoBanuu TpaHchopmaropa «3Be3jja-3Be3ia C HyJIeM» MeTO0M
(ha3HBIX KOOPAMHAT pa3Mep MaTPHIlbl COOCTBEHHBIX U B3aMMHBIX COMPOTHB/IeHUI
OyAeT COCTaB/IATH:

3x3

4x4

+6x6

8x 8
Ilpu mopenupoBaHuu TpexdasHbiXx TPaHCc)OPpMATOPOB MaTpuIlbl TOKOB Iy u
HanpspkeHud Uy B y3/1aXx BX0/ja M BBIX0/J0B HMEIOT Pa3MepPHOCTb:

+mx1

Ixm

mxm

2mx2m
Kakoe u3 mnpeACTaB/IeHHBbIX HIDKe YDAaBHEHHMH He OTHOCHTCHA K Y3/I0BBIM

ypaBHeHHusIM Tpex(a3Horo TpaHcdopmaropa?

[=MZ, MU =YU = {Y” T }U
MY YMM

U,=MU

1,=Z,'MU

+U, =U, +Z1,
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K y3/10BbIM ypaBHeHUsIM NPH MOJie/IMPOBaHNu Tpex(a3Horo TpaHcopmaropa He

OTHOCHUTCHA:

-1 YYY
[=MZ; MU =YU =

U,=MU

1,=72;'MU

YYM
YMY YMM

+U = _Y;);):)Y;)YOUY

Tabnuna 8 — Kpurepuu oreHKH ¢()oOpMHUPOBAHHOCTH KOMITeTeHIIUM

Kog n Kpurepuu orjeHrBaHUsi CQOPMUPOBAHHOCTH KOMITeTEHLIUU
HavMeHOBaHue (4acTv KOMIEeTeHIMN)
WHAWKaTopa Ha 6a30BOM ypOBHE Ha TOBBIIIIEHHOM YPOBHE
JOCTHKeHUs1 COOTBETCTBYET OLIeHKe | COOTBETCTBYET OLIeHKe COOTBETCTBYET OLIeHKe
KOMIIeTeHLIUM (YaCTH | «yJ0BJIETBOPUTEIHHO» «XOpOILII0» «OTJINYHO»
KOMIIeTeHLUH) 50-64% ot 65-85% ort 86-100% ort
MaKCHMaJIbHOTO Oajyla | MaKcHMasbHOro Oasia MaKCUMaJibHOro 6asia
CrygeHt CrygeHt CTyZeHT AeMOHCTpUpyeT
JIeMOHCTPUPYeT 3HaHUe | JeMOHCTpUpPYeT OTJIMYHOE 3HaHHe CXeM
CXeM COe/JMHEeHUsI Xopolliee 3HaHHe CXeM | coeluHeHUsT 0OMOTOK
VT Trikoet 00MOTOK coeuHeHUs] 0OMOTOK TpaHC(OpMaTOpOB, }
TpaHC(hOpMaTOpPOB, TpaHC(hOpMaTOpOB, MaTpHulL] COMPOTHB/IEHUH U
OcymecTBiseT MaTpHuL] COMPOTHBJIEHHWN | MaTPUL] COTIPOTUBJIEHUM | y3/I0BBIX TIPOBOAUMOCTEH,
MOHHUTOPHHT 1 y3JI0BBIX 1 y3JI0BBIX MaTpuLbl UHLUAEHLIUN U
TeXHUYEeCKOT 0 TPOBOAUMOCTE, TPOBOAUMOCTEH, MaTpHLIbl Tlepeiau;
COCTOSIHUSI MaTpULIbl UHIUEHI[UY | MaTPULIbl MHIUAEHLUA | CIToCcoOeH C BBICOKOM
0GOpyA0BaHuUsI Y MaTpULIbI ITepe/iauy; Y MaTpHUL{bl lepejjauy; CTereHbIo
MoZCTaHIHiA Ha 6a30BOM ypOBHe MOYKET CaMOCTOSITeJIbHO | CAaMOCTOSITe/IbHOCTH
5 MeKTpHUECKIIX MOYKeT OCYIeCTBJISITh OCYILeCTBJISITh OCYILeCTBJISITh
N MOHUTOPHUHT MOHUTOPHUHT MOHUTOPHUHT
ceren TeXHUYEeCKOT 0 TeXHUYEeCKOr0 TeXHUUYECKOT0 COCTOSIHUS
COCTOSIHUSI COCTOSIHUSI obopyoBaHus
obopyoBaHus obopyoBaHus TMO/ICTaHI[UI
MO CTaHLIuH MO CTaHLUH 3JIEKTPUUECKUX CeTel

3JIEKTPUUECKUX CeTel

3JIEKTPUUECKUX CeTel

Moayab 7. «MaTeMaTHyecKHue Mo/ie/ 11 (bI/IJIbTDOB HaIlIpAXEeHHUA OGDaTHOﬁ

4 HVJIEBOﬁ HOCHQHOBHTEHBHOCTEﬁ JUIA pdCYe€Td HECHMMETPHUUYHBIX PE>KHUMOB»

KomMmnbroTepHoe TecTUpOBaHuUe

Bbibepume 0OuH npasu/ibHblil 6apuaHm omeema u Haxcmume KHonky «/lanee»
JI/ist uero UCmob3ylT GUIBTP HaNpsHKeHUsI 00PaTHO# MoC/1e/J0BaTe/IbHOCTH?

+ 717151 0OOHapy>KeHUs1 HaTIpsbKeHUs] 00paTHOM T10C/Ie/I0BaTeTbHOCTU

J71s1 GUIbTpaLUK HamlpsDKeHUH

47151 GUIbTpaLyy TOKOB

J1s1 GUIbTpaLUU HanpsDKeHUH 1 TOKOB
Jiis1 uero Ucnoib3ywT (UIBTP HAaNPsDKeHUs1 Hy/1eBOH M0c/ie/j0BaTe/IbHOCTH?
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A71s1 GUIbTPaLX HarpshKeHU N

+77151 0OHapy kKeHUsl HallpsDKeHYsl HyJ1IeBOH T0C/ieloBaTeIbHOCTH

47151 GUIbTpaLy TOKOB

A71s1 GUIbTPaLMK HarpsKeHU U TOKOB
Kakoii 3¢ dekT co3paeT HanpsokeHHe 00paTHOM MOC/1e/J0BaTe/IbHOCTH?
TOJIO>KUTEIbHBIM BpalJaloOIMi MOMEHT JIBUTaTe/Ist

BpallleHue BUraTesisi B 0OpaTHYIO0 CTOPOHY

OCTaHOBKY JiBUTaTesi

+0TpULIATe/IbHbIM BPALLAIOLIUM MOMEHT JBUraTesIst
YTo MPOMCXOAUT C JBUraTe/ieM MPH YaCTOM MOSAB/I€HUM HamnpsDKeHHsI 00paTHoM
noc/1ei0BaTe/IbHOCTU?

yBE/JIMUMBAETCS CKOPOCTh BpallleHUs

JIBUTaTe/b OCTaHAB/IMBAeTCS

+COKpalIlaeTcst CPOK CJTy>KObI

JIBUTaTe/b BpalljaeTcsl B PYT'YHO CTOPOHY
@uIbTP HanpsHKeHUs1 00PaTHOM MoC/1e0BaTe/IbHOCTH — 3TO:

+3J/IeKTpUUecKasi Cxema, BblZieJisitolijasi HarpshkeHre 00paTHOM 1oc/ieZioBaTeTbHOCTH
cxeMa, u3Mepsitolllasi HarpsbkeHre 00paTHOM Moc/ie/[0BaTe/IbHOCTU

cxeMma, U3MepSIoLasi MOAY/IU HalpsKeHU!

cxeMma, usmepsitoiias (asbl HarpsHKEHUN
®OuabTP HaNpPsHKeHUs HyJIEBOH M0C/Ie0BaTe/IbHOCTHU 3TO:

CcxeMa, U3MepSIoLasl HarpsbKeHWe Hy/1eBOU MOC/iei0BaTe/IbHOCTH

cxeMma, U3MepSIoLasi MOAY/IM HalpsKeHU!

+3/1eKTpUUecKasi CxeMa, BbIZIe/ISIoIasi HalpsPKeHe HyJIeBOU M0C/e10BaTe/IbHOCTH
cxeMma, usmepsitoiias (asbl HaMpsHKEeHUN
B Kakue 1jeny BK/JIHYaT GUIbTP HaNpsUKeHUsi 00paTHOM 1Moc/ieJ0BaTe/IbHOCTH?
+BO BTOPUYHbIE LieNU TpaHC(HOpMaTopa HallpsKeHUs!

BO BTOPHYHbIE LieNy TpaHChopMaTopa ToKa

B CHJIOBbIE CETH

BO BTOPHYHbIE LIeNU
B kKakue Heny BKJINOUYAKT (GUIbTP HaNpsDKeHUs Hy/1€BOH N0c/ie/j0BaTe/IbHOCTH?
+BO BTOPUYHbIE LieNU TpaHC(HOpMaTopa HallpsKeHUs!

BO BTOPHYHbIE LieNK TpaHC(hopMaTopa ToKa

B CHJIOBbIE CETH

BO BTOPHYHbIE LIeNU
N3 CKOJIbKHX Pe3UCTOPOB U eMKOCTed coCcToMT (GUIbTP HANpsHKeHHsi 00paTHOU
N0C/Ie0BaTe/IbHOCTH AKTUBHO-eMKOCTHOI'0 THUMA?

nslu3

ns3ul

nslu4

U3 2 u?2
N3 C(KOMBKHUX Ppe3uCTOPOB  COCTOMT (WILTP HaNpsDKeHHsl  HYJ/1eBOH
noc/1ei0BaTe/IbHOCTH?

+us3 3

us 1
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us3 2

us3 4

CKo/IbKO BX0/I0B HMeeT (PM/IBTP HaNpsDKeHUs1 00paTHOM 1oc/1e0BaTe/ IbHOCTH?

2

+3

1

4

CKo/1bKO BX0/10B UMeeT ((JUIbTP HaNpsDKeHUs1 Hy/1eBOH Moc/1e0BaTe/IbHOCTH?
+3

2
4

1

CKo/IbKO BBIX0/I0B UMeeT (U/ILTP HANPsDKeHNs 00paTHOM Moc/1e0BaTe/IbHOCTH?
1

3

+2

4

CKo0/IBKO BbIX0/I0B UMeeT (UIbTP HanpsDKeHUs Hy/1eBOH Moc/ie/j0BaTe/IbHOCTH:
+1

2

3

4

CKo/JIBKO Yy3/10B U BeTBeil HMeeT Mojenb (UIbTPAa HANpPsDKeHUs1 00paTHOM
noc/1ei0BaTe/IbHOCTU?

Sud

4ub

+5ub

4v4

Cko/IbKO Yy3/I0B U BeTBeM HMeeT Moje/lb (UIbTPAa HaNpsDKeHUs HyJ/1eBor
noc/1ei0BaTe/IbHOCTU?

+t5u4

Subs

4ub

4v4

Yem MOXXHO MO/ie/IUPOBaTh ¢punbTp HaNpsHKeHUs! odpaTHoM
noc/j1e{0BaTe/IbHOCTH?

MaTpuLiel COTPOTUB/IEHUN BETBEU

+MaTpuLiel y3/10BbIX ITIPOBOAUMOCTEMN

MaTpuLiel UHLUEeHLIUU

obpaTHOU MaTpuiieit

Yem MO)XHO MO/ie/TUPOBaTh (PUILTP HaNpsHKeHUs HyJ/1eBOU Moc/ie0BaTe/IbHOCTH?
MaTpuLiel COTPOTUB/IEHUN BETBEU

MaTpuLiel UHLIUEeHLIUU

obpaTHOM MaTpuIiei

+MaTpuLiel y3/10BbIX IIPOBOAUMOCTEMN
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Yem MOXKHO

MOA€/INPOBATDb

noc/iei0BaTe/IbHOCTU?

MaTpuLiel CONPOTUB/IEHUN BETBEU
+MaTpuLel nepejaun

MaTpuLiel UHLIUEeHLIUU

obpaTHOU MaTpuiieit

Yem MO)XKHO MO/ie/TUPOBaTh (UILTP HanpsDKeHUs Hy/1eBOU Moc/ie0BaTe/IbHOCTH?
+MaTpuLel nepejauu

MaTpuLiel CONPOTUB/IEHUN BETBEU
MaTpULiel UHLUeHLIUU
obpaTHOU MaTpulieit

YTo noAk/I0UaeTcsa K (UIbBTPY HaNPpsDKeHUs1 00paTHOM 1Moc/ie/j0BaTe/IbHOCTH?
+pearupyroLIul opral

amIiepMeTp
dazomeTp
CUETUHK

punbTp

HaIIpHXXE€HUA

o0paTHOM

Yto nojkaovaercs K GUIbTPy HanpshKeHUs Hy/1eBOH M0c/ie/j0BaTe/IbHOCTH:

amIiepMeTp
dazomeTp

+pearvpyoLiui oprad

CUeTuUuK

Tab6suna 9 — Kpurepuu oreHKu copMHUPOBAaHHOCTH KOMIIETEeHI[UH

Kop u Kputepuu onjeHBaHus CQOPMUPOBAHHOCTH KOMIIETEHLIMU
HavMeHOBaHue (4acTM KOMIIeTeHLMN)
VH/JMKaTopa Ha 6a30BOM ypOBHe Ha TOBbILIEHHOM YPOBHE
JOCTHKeHUs1 COOTBETCTBYeT OLIeHKe | COOTBETCTBYET OLIeHKe COOTBETCTBYeT OL|eHKe
KOMIIETeHLIUM (YaCTH | «y[OBJIETBOPUTEILHO» «XOpOIIO» «OTJTMYHO»
KOMIIeTeHLUH) 50-64% ot 65-85% ort 86-100% ort
MaKCHMMaJibHOro O6a/uia | MakcuMasnbHOro bana MaKCUMaJibHOro 6asia
CrygeHt CrygeHt CTyZieHT JeMOHCTpUpyeT
JIEMOHCTPUPYET 3HaHUe | IeMOHCTPUPYET OT/IMYHOE 3HaHUe
Ha3HaueHWM QUIBTPOB | XOpollee 3HaHUe Ha3HaueHWM (UIBTPOB
V- Trikoet HarpsDKeHus oOpaTHOM | Ha3HaueHW (1)1/1]1pr0]-3 HarpsDKeHus obpaTHoM 1
Y HyJIeBOUN HanpsbkeHUst 00paTHON | HyJ/leBOM
OcymecTBiseT 10C/IeZloBaTeIbHOCTH, Y HyJIeBOUN 10C/1eZloBaTeIbHOCTH, UX
MOHHUTOPHHT UX Mogesiel B (Pa3HbIX | MOC/Ae[0BaTe/IbHOCTH, Mogesel B ha3HbIX
TeXHUUECKOT 0 KOOpAMHATaX, CXeM U | UX MoJiesied B (pa3HbIX | KOOpJAMHATaX, CXeM U
COCTOSIHUSI 3/IeMeHTOB; Ha 6a30BOM | KOOpJMHATaX, CXeM U 3/IEMEHTOB; CIlocobeH
0GOpyA0BaHuMsI YPOBHE MOXXET 3/1eMEHTOB; MOXXEeT BBICOKOU CTeTeHbI0
MojCTaHIHiA OCYILIeCTBJISATh CaMOCTOSITE/IbHO CaMOCTOSITE/IbHOCTU
MOHUTOPHHT OCYILIeCTBJISATh OCYILIeCTBJISATh
3/1IeKTPUUECKUX
N TeXHUUECKOT 0 MOHUTOPHHT MOHHUTOPUHT
ceTen COCTOSIHUSI TeXHUUECKOT 0 TeXHUUECKOT0 COCTOSTHUS
obopyZoBaHust COCTOSIHUSI obopyZoBaHust
MOACTaHLUN obopyoBaHus MOACTaHLU!
5/IeKTPUYECKUX CeTel MO/ICTaHLMI 5/IeKTPUYECKUX CeTel

3JIEKTPUUECKUX CeTel
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Moavyab 8. «MaTeMaTHUYeCKHe MOJe/IM Harpy30K U pa3/IMUHLIX BUI0B
HeCMMMeTPHH NPH pacyeTe HeCUMMEeTPUYHBIX Pe)KUMOB»

KomMmnbroTepHoe TecTUpOBaHue

Bbibepume 00uH npasu/ibHblil 6apuaHm omeema u Haxdcmume KHonky «/lanee»
CxemMbl  BK/JIWYEHHS  Harpy3ok, UCTIO/IB3yIOIuecsi B Tpex(a3HbIX
pacrnpejeUuTe/TbHbIX CeTAX:

[TocnemoBarenbHbIE

[TapannenbHbie

+B 3Be3ay U B TpeyroyjibHUK

[TocnenoBaTebHO-TIapasiebHbie
Martpuia y3/I0BbIX MPOBOJUMOCTEH /JIA MO/Jie/TH Harpy3KH, BK/IIOUaeMOH MeXAy
(ha3HBIMM M Hy/IEBBIM NPOBOJAAMHM B YeThIPEXIIPOBOJHOH CETH:

I Yzm 1 1 _Yzm
Yas _ 1 Yasz 1 _Ym
1 1 Ym _Ym
__Yzm _Ym _Ym Yzm +Yd§2 +Yas3
! 0 0 -Y, |
v, - 0 1 0 -,
0 0 1 -Y,,
_Yzm _Ym _Ym Yzm +Yd§2 +Yd§3_
Y, 0 0 1
- 0 Y, O 1
0 0 Y, 1
111 Y +Y, 4T,
Y, 0 — Yy,
0 0 ~Y,,
0 Ym _Ym
Y _Ym Yzm +Y<D2 +Yas3

Ilapamerpsl 2K-mosocHUKa Tpex(a3HOM Harpy3kK, BK/IHOUYaeMOH MeXAy
(ha3HbIMM U HyJ/1eBbIM NPOBO/JaMM:

A=0, B=E, C=Yo, D=E

A=E, B= Yo, C=0, D=E

A=E, B= Yo, C=E, D=0

+A=E, B=0, C=Yo, D=E
3HaueHMs y3/I0BbIX TOKOB NPH MOJAE/JTHPOBAHMU HArpy3KH, BK/IIOUAaeMON MeXAy
(¢a3HbIMM M Hy/JeBbIM NPOBOJaMH B UeThIPeXIPOBOJHON CeTH, HAXOJATCHA IO
dopmyne:
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/]=[E]-[¥, ]
B ciayuae MmojennpoBaHusi AByX(pa3HOM HArpy3Kd B UeThbIPeXIPOBOJAHON CeTH,
MaTpHUIia MPOBOUMOCTel OyJeT UMeTh C/1e/[yIOIu BUJ:

0 0 0 0
yo|0 0 00
0 0 Ym Ym
0 0 _Ym Ym
Y, 0 0 =Y,
syo_| O 0 -Y,
? 0 0 0
Yzm m 0 Yzm"'Ym
1 0 -1
yo - 0o 1 0 -1
0 0 Ym _Ym
-1 -1 =Y, 1+1+Y,,
_Yzm 0 0 _Yzm
) 0 Ym 0 _Yd§2
Y,” =
0 0 1 -1
-Y, -Y, -1 Y, +Y,+1

B ciyuae MojenupoBaHusi 0AHO(A3HON HArpy3Kd B UYeTHIPEXIPOBO/HON CeTH,
MaTpHUIia MPOBOUMOCTel OyJeT UMeTh C/Ie/[yIoIu BUJ:

0 0 0 0
sy |00 00
100 Y, -Y,
0 0 -Y,, Y,
_Yzm 0 0 _Yzm 1
Y(I) 0 Ym 0 _Ym
=
0 0 0 0
L™ Yzm _Ym 0 Yzm +Yd§2_
1 0 0 -1
Yo _ 0 1 0 -1
0 0 Ym _Ym
-1 =1 -Y,, 1+1+Y,,
[ Y, 0 0 -Y,,
y® 0 Ym 0 _Ym
=
0 0 1 -1
_Yzm _Ym -1 Y®1+Y®2+1

EciM B UeTHIPEXNPOBOJHONH CeTH B HeNOCPeJCTBEeHHON OJ/IM30CTH HMMEKTCH
ogHodazHaa U AByxdasHas Harpy3kd, TO pe3yJbTHpPyWLIasi MaTpHLa
MPOBOAMMOCTEM Oy/IleT HaX0AUTHCS Mo cyieayomen Gopmyie:

+Y, =Y +Y”
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_ vy (2)
Yds_Ym _Yas

_ vy (2)
Yds_Ym 'Yas

_vy®) ()}
Yds_Ym 'Yas

Marpuija y3/710BbIX NPOBOAUMOCTEH HAarpy3Ku, COeiHHEHHOH B TPeyrojbHHUK B

YeThIPeXIPOBOAHOM CeTH:

Y12+Y13 _le _Y13 0
+YAEI.2 _ _le le +Y23 _Y23 0
_Y13 _Y23 Y23+Y13+Y34 _Y34
0 0 Y, Y,
_Y12+Y13 _le _Y13 1
Y(3)_ _le Y12+Y23 _Y23 1
Mo ~
_Y13 _Y23 Y23+Y13+Y34 _Y34
L 1 1 _Y34 Y34
(1%, X 0]
y® — _le 1 _Y23 0
Mo ~
_Y13 _Y23 1 _Y34
0 0 =Y Y
[0 -¥, -%, 1]
y® — _le 0 _Y23 1
Mo ~
_Y13 _Y23 0 _Y34
1 -y Y|
Ilapamerpsl 2K-mos0CHUKA Harpy3kH, COeJUHEHHOH B TpPeYroJbHUK B

TPeXNpPOBOJAHOM CeTH:
A=0, B=E, C=Yuo®, D=E
+A=E, B=0, C=Yuo®, D=E
A=0, B= Yuo®”, C=E, D=0
A=E, B= Yuo®”, C=0, D=E
Martpuna y3/I0BbIX TIPOBOJUMOCTeH Harpy3KH,
YeThIPeXIPOBOAHOM CeTH:

COeJMHEHHOH B 3Be3ly B

y 0 0 0 -
0 Y 0 0 -,
+Y,={ 0 0 Y, 0 -Y,
0o 0 0 Y -Y,

-4 =Y -Y =Y, R+ +N+Y

Yy, 1 1 1 -Y |
1y 1 1 -,
Y,={ 1 1 Y 1 -Y,
11 1y, -Y,

-4 Y =Y Y, R+ Y+
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3

Y, =Y, =Y, =Y, LAY, Y+,

Y 0 0 0 Y,
0 Y 0 0 Y,
Y,=|0 0 ¥, 0 Y,
0 0 0 ¥, Y,
MARARARAR S AN AN A

Y3n0Bble TOKM W Yy3/I0Bble HANpPsDKeHHs] NPH MO/Je/JTHPOBAHUM HArpys3KH,
Coe/JUHEeHHOH B 3Be3/]y B UeThIPEeXNPOBOJHOU CeTH, CBSI3aHbl COOTHOIIIEHUEM:

[Jm]:[Um]'[Y(S)]
v, ]=[r]-[U,]
FARIRA

+[Jas]: [Y(S)]' [Uas]
ITapamerpnbl 2K-mo/iloCHMKAa Harpy3kKH, COeJUHeHHOW B 3Be3y 0e3 HyJ/ieBOro
MpoBOAA:

+A=E, B=0, C=Yy30, D=E

A=0, B=E, C=Yysz0, D=E

A=E, B= Yys3eo , C=0, D=E

A=E, B= Yyso , C=E, D=0
Kakoi H3 3THUX PeXHMOB SB/IfeTCI aBapHMUHbIM, HO He SB/IfAETCHA
HeCUMMeTPUYHBIM?

HopmasbHbIN pexxum

HecvMmMmeTpuuHas Harpyska

[Byx@da3Hoe KOPOTKOe 3aMbIKaHHUe

+Tpexda3Hoe KOPOTKOe 3aMbIKaHHE
Kakoi M3 3THX PpeXuMOB SfBJ/IA€TCA HeCUMMETPUYHBIM, HO He SIBJIfAeTCS
aBapUIHBIM?

HopmasbHbIN pexxum

+HecummeTpruHasi Harpyska

[IByx(da3zHoe KOPOTKOe 3aMbIKaHUsI

Tpexda3Hoe KOPOTKOe 3aMbIKaHHE
B ci1yuyae, KOraa KOpoTKoe 3aMbIKaHHe MIPOUCXO0JUT /10 00pbiBa (pa3HOro mpoBoja,
TO TaKO# PeXXUM MOJIe/IMPYeTCsl CIeAYIIUM CIIocofom:

Zobi, Ylyi

+Y1yi, Zobi

Y1yi, Zo6i, Y2yi

Zobi, Y2yi
B ciyuae, Korja KOpPOTKOe 3aMbIKaHHe MPOMCXOAHWT mocje o0pbiBa (ha3HoOro
IPOBO/]a, TAKOU Pe)KHUM MO/[e/TUPYeTCsA C/IeJyIoLIiM criocodom:

Zobi, Ylyi

Y1yi, Zo6i
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Ylyi, Zob6i, Y2yi

+Z06i, Y2yi
B ci1ydae, Korja KOpoTKoe 3aMbIKaHHe MPOHUCXOAUT /10 U moc/ie o0pbiBa ¢a3Horo
MPOBO/IA, TAKOHW PE)XXHM MO/Ie/THPYETCs C/IeAYIOIHM CII0Co000M:

Zobi, Ylyi
Y1yi, Zo6i
+Y1yi, Zobi, Y2yi
Zobi, Y2yi
IIpu o6pbiBe ¢a3bl conpoTuB/ieHne Zo6i NPpUHUMAETC MPUMEePHO:
0,1 Om
100 Om
1000 Om
+1000 000 Om
IIpu ogHO(da3HOM KOPOTKOM 3aMbIKaHUM MaTpuiia Y Oyjer paBHa:
Y, 0 0 -V,
vy, 0 00 O
0 00 O
-Y, 0 0 Y,
Y, -Y. 0 0]
s e 000
10 0 00
0 0 0 0]
Y, 0 -Y, 0]
v - 0 0 O0 O
2ol-v, 0 Y, 0
0 0 0 0]
[y, 0 0 -Y
0o Y. 0 -V
T'e=ly 0 v, -y
K K
|- Yy Y, Y. 3Y
IIpu AByx(a3HOM KOPOTKOM 3aMbIKaHHMU MaTpuLia Y OyAeT paBHa:
Y, 0 0 -Y|
v 0 00 O
10 00 0
-Y. 0 0 Y, |
0 0 0 0 |
0 Y. 0 -Y,
'2=lo 0 0 o
0 -Y 0 Y, |
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. 0 —-Y, 0
vy, = 0 0 O O
Y, 0 Y, 0
0 0 O O
[y, 0 0 -Y
0o Y. 0 -V
=l 0w, -y
K K
-Y, -Y, -Y. 3V,
IIpu Tpex¢a3nom KOPpOTKOM 3aMbIKaHUM MaTpuria Y Oy/er paBHa:
Y, 0 0 -Y|
v 0 00 O
10 00 0
-Y, 0 0 Y, |
0 0 0 0 ]
0 Y 0 -Y,
e=lo 0 0 o
0 -Y 0 Y, |
Y, 0 -Y, O]
v - 0 0 O O
20y, 0 Y, 0
0 0 0 0]
Y, 0 0 =Y,
Y = 0o Y. 0 -V
0 0 Y. =Y,

~Y, -Y. -Y, 3Y,
Ilpu oOpbiBe ¢a3HOro MpoBoja MaTpHLia MPOJOJIHLHOIO CONMPOTHBIEHHA OyAer
HMeTb BU/|:

Z., 0 0 0
0 0 O
4=l 0 0 o
0 0 O
Z. 0 0 0
0 0 0 O
206:
0 0 0 O
Z. 0 0 0
06 0 0 _206
0 0 0
206: 0 0
0 0
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2
0
0
_206

Zoé =

00 -2,
00 0
00 0
00 Z

B KakoMm c/j1yuae Harpy3ka He siB/IfAeTCSl HeCCUMMETPHUUYHOM ?
ConpoTuB/ieHHs1 BO Bcex (a3ax pas3TudHbl

CornpoTuB/ieHus B [IByX (pa3ax 0JMHAKOBbIE, B TDEThEN MEHBIIIE
ConpoTuBieHus B AByX ¢a3ax OfMHAKOBbIe, B TpeThell Oosbliie
+CornpoTuBIieHHs BO BCeX (ha3ax OZMHAKOBBIE

Tab6auna 10 — Kpurepun oueHKH ¢()OpMHPOBAHHOCTH KOMIIeTeHI[HI

Kop n Kpurepuu orjeHvBaHUsI CQOPMUPOBAHHOCTH KOMIT@TEHLIUU
HavMeHOBaHUe (4acTv KOMIeTeHI1N)
WH/IMKaTopa Ha 6a30BOM ypOBHE Ha TOBBIIIIEHHOM YPOBHE
JOCTY>KEeHUS COOTBETCTBYET OL|€HKe COOTBETCTBYET OL|€HKe COOTBETCTBYET OL|€HKe
KOMIIeTeHL|UU «YZIOBJIETBOPUTE/TLHO» «XOpOIIO» «OTJTMYHO»
(vacTu 50-64% ot 65-85% ot 86-100% ot
KOMIIeTEeHLIMH) MaKCHMaJTbHOTO bOasia MaKCHMaJTbHOTO bOasia MaKCHMaJTbHOTO bOasiia
CrygeHt CrygeHt CTyzeHT AeMOHCTpUpyeT
JIeMOHCTpUPYeT 3HaHWe | JeMOHCTPUPYeT XOpOollee | OTIMYHOe 3HaHue
MEeTO/IOB 3HaHKe MeTOZ0B MEeTO/ZIOB MO/Ie/IMPOBaHUS
MO/Ie/TMPOBaHUS MOJeTUPOBaHUS Harpy3oK 1 BH/IOB
Harpy3oK 1 BH/IOB Harpy3oK U BH/IOB HeCHUMMEeTpPUU B
N-1nKoc-1 HeCHUMMEeTPUU B HeCHUMMeTPUU B TPEeXIPOBOAHBIX U
Ocy1jecTBsieT TPeXIPOBOAHBIX U TPEeXIPOBOAHBIX U YyeThbIpex MPOBO/IHBIX
MOHUTOPHHT YyeThbIpex MPOBO/IHBIX YyeThbIpex MPOBO/IHBIX 3JIEKTPUUECKUX CeTsX, UX
TeXHITIECKOro 3/IeKTPUYECKUX CETSIX, S/IEKTPUUECKHX CeTSAX, HX | MaTPHUL| y3/I0BbIX
WX MaTpUL] Y3/10BbIX MaTpHul] y3/0BbIX MPOBOJVMOCTEN,
COCTOAHMA TPOBOAUMOCTE, MPOBOAUMOCTEN, rapamMeTpoB 2-K
060py/i0BaHHSA | apameTpos 2-K rapameTpoB 2-K TI0/IFOCHUKOB; CIIOCOOEH C
MO/ICTAHLINM MOJIFOCHUKOB; Ha MOJTFOCHUKOB; MOJKET BBICOKOM CTeNeHbIO
9JIEKTPHUECKUX | 0A30BOM YpDOBHE MOXKET | CaMOCTOSITE/IbHO CaMOCTOSATEJIbHOCTH
ceTeli OCYILLIeCTBJISATh OCYILLIeCTBJISATH OCYILeCTBJISITh
MOHHUTOPUHT MOHHUTOPUHT MOHHUTOPUHT
TeXHUYEeCKOT 0o TeXHUUECKOT0 COCTOSIHUSL | TEXHAUECKOTO COCTOSIHUSA
COCTOSTHUS obopyoBaHus obopyoBaHus
obopyoBaHus MOACTaHLUN MOACTaHLUN
MOACTaHLUN 3JIEKTPUUECKUX CeTei 3JIeKTPUUECKUX CeTel

3JIEKTPUUECKUX CeTel

Moayasb 9. «Pacuer 1 Mcc/1eJOBaHHE aBaDI/IﬁHbIX HECMMMETPHUYHBbIX PEXKNMOB

pacnpee/JIuTe/TbLHbIX CeTen»

KomMmnbroTepHoe TecTUpOBaHuUe

Bbibepume 00uH nNpasu/ibHbIll 6APUAHM OMeema u Haxcmume KHONKYy «/lanee»
3HaueHHs1 TOKOB W HANpsOKeHHH B «Iy4dae oOpbiBa (a3Horo mposoja C
OJJHOBPE€MEHHbIM KOPOTKHM 3aMbIKaHMeM OyJyT T@PHMMEpPHO COBHAjaThb C

PeXUMOM:
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OpHodha3HOro KOPOTKOTO 3aMbIKaHUSI

[Byx(ha3HOro KOPOTKOT0 3aMbIKaHUS

Tpexda3Horo KOPOTKOTO 3aMbIKaHUsI

+O6pbiBa (ha3HOTO TIPOBOZIA
3HaueHUs] TOKOB U HANPsDKeHUH B c/lydae 0AHO()a3HOr0 KOPOTKOro 3aMbIKaHHUS C
OJHOBpPeMeHHbIM 00pbIBoM (ha3HOro mnpoBoja OyJyT NPHUMEPHO COBHAAATH C
PEeXUMOM:

+0OH0(}a3HOro KOPOTKOT0 3aMbIKaHUS

[Byxha3HOro KOPOTKOT0 3aMbIKaHUS

Tpexda3Horo KOPOTKOTO 3aMbIKaHUsI

OO6pnbiBa (ha3zHOro MPOBO/IA
B «iyyae /Byx(a3HOro KOpPOTKOro 3aMbIKaHHUsI TOKH ¥ HamnpsDKeHHs B
NOBPeX/|eHHbIX (a3ax:

+ToKu BO3pacTaroT, HalpsbKeHYsl yMeHbILAaTCs

TOKM yMeHbIIat0TCSl, HarlpsbKeHWsl BO3PacTaloT

ToKM oCcTaroTCsl HeU3MeHHbIMU, HaMpsKeHUs] BO3pacTatoT

ToKu BO3pacTaroT, HalpsbKeHYsl OCTal0TCsl HeU3MeHHbIMU
B ci1iyuae o0pbiBa (ha3HOTO MPOBO/A TOK M HanpshKeHUe B AaHHOU (a3e:

Tok Bo3pacTaeT, Harps>keHre YMeHbIIaeTCst

ToK yMeHbIlIaeTCsl, HalipsiKeHHe BOo3pacTaeT

+ToK paBeH Hy/It0, HarpshKeHWe Bo3pacTaeT

Tok paBeH HY/It0, HaMpshKeHWe PaBHO HYJIIO
B ciayuae Tpex(a3HOro KOPOTKOr0 3aMbIKaHHsI COOTHOLIeHHe HamnpsHKeHu
pa3/INuHbIX (¢a3:

PaBHO Hy/11O

bin3Ko K HyJ1H0

+bJ/IU3KO K eHMLIe

PaBHO 6€CKOHEUHOCTU
B ciyyae MeTa/l/IM4eCKOro KOPOTKOI0 3aMbIKaHHS MepexofiHoe CONMpPOTUB/IeHHe B
MecTe 3aMbIKaHUSl MO)KHO NPHHATD:

+0,1 Om

100 Om

1000 Om

1000 000 Om
®uIbTP HaNpspKeHUsi 00paTHOM MOC/Ie/[0BaTe/IbHOCTH UeTKO peardpyer Ha
00pbIBbI (pa3, ec/Td 0OPHIB MPOU30IIIEIT:

+J1o MecTa yCcTaHOBKM (UIbTPA

[Tocnie MecTa ycTaHOBKM (UIBTPA

Kak /10 MecTa ycTaHOBKH (GUIbTPA, TaK U MOC/Ie

He pearupyet Ha 0OpbIB
®uIbTP HANpsHKeHUsI 00paTHOW TMOC/Ie0BaTe/IbHOCTH TPH MPOHU30LLe/IeM
Tpex(¢a3HoM KOPOTKOM 3aMbIKaHHUM:

He pearupyert, eciv 3aMblKaHHe TIPOU30LLIO A0 GUIbTPa

He pearupyer, eciy 3aMblKaHHe TIPOM30LLLIO TToc/ie GUIbTPa

+He pearupyert, ec/i1 3aMbIKaHHe TIPOM30IILIO KaK /10, TaK U rocsie GuabTpa

Pearupyer, ecjii 3aMbIKaHHe TIPOU30LIO KaK /10, TaK U rocsie ¢GuabTpa
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Ilpu ycraHoBKe ¢uibTpa HanpsHKeHHs 00paTHOM MOC/Iel0BaTe/ILHOCTH B HauyaJie
JIMTHUM:

+He pearupyet Ha ofgHO(]a3HbIe KOPOTKME 3aMbIKaHUS

He pearvpyet Ha MeXXaya3Hble KOPOTKHE 3aMbIKaHUS

PearupyeT Ha ogHO(a3Hble KODOTKHUE 3aMbIKaHUS

Pearupyet Ha Tpexda3Hble KODOTKHE 3aMbIKaHUS
®OunbTp HaNpsDKeHHMsi HY/IeBOM TM0C/Iel0BaTe/JIbHOCTHM YeTKO pearupyer Ha
00pbIBBI (pa3, ec/id 0OPHIB MPOU30IIIET

o MmecTa ycTaHOBKHU (pUibTpa

+ITocne MecTa ycTaHOBKM (hU/IbTpa

Kak 110 MecTa yCTaHOBKM (DU/IbTPA, TaK U MOCIIe

He pearupyet Ha 0OpbIB
®OunbTp HaNpsDKeHHMsi HY/eBOM MOC/AeA0BaTeJbHOCTH IMPH MPOU30ILe/IeM
Tpex()a3HOM KOPOTKOM 3aMbIKaHHH:

He pearuvpyert, ecnu 3aMbIKaHHe TTPOU30LLIO 40 (PUIbTpa

He pearupyert, ecu 3aMbIKaHHe TTPOU30LLLIO MOC/e PUIbTpa

+He pearupyert, ec/ii 3aMblKaHWe MPOU3OIIIO KakK /10, TaK ¥ mocjie (puabTpa

Pearupyert, ec/iv 3amMbIKaHMe TIPOM30LIIO KaK /0, TaK U Moc/ie (puibTpa
®OunbTp HaNpsDKeHUs1 Hy/IeBOU T0C/Ie/j0BaTe/IbHOCTU pearupyer Ha ojHo(da3HbIe
KOPOTKHUe 3aMbIKaHUs PU MeCTe YCTaHOBKHU (uabTpa:

B Havane nuHun

B KoH11e TMHUM

B cepenuHe nuHun

+B nro6oM MecTe yCTaHOBKU
®unbTp HaNpsDKeHWsT HY/JIeBOM I0C/1el0BaTe/JIbHOCTM He pearupyer Ha
MexAy(pa3Hbie KOpOTKHE 3aMbIKaHUs, €C/IM OH YCTaHOBJIeH:

B Havane nmuHuH

B KoH1Ie TMHUM

B cepenuHe nuHUN

+B nro6oM MecTe yCTaHOBKU
Toku B ¢a3ax npu ycTaHOBKe (WIbTPOB 00paTHOM ¥ HYJ/IeBO#
[0C/IeJ0BaTe/IbHOCTA OT MeCTa YCTaHOBKU (PM/IBLTPOB HAXOJATCS B cC/efyloiei
3aBUCUMOCTH:

+He 3aBucar

YMeHb11at0TCs, e/ (GUIBTPhI YCTaHOB/IEHBI B HaUasie JIMHAA

YBenuuuBaroTcsl, ec/iv GUIbTPbl YCTaHOB/IEHBI B KOHLIE JIMHUU

YBenuuuBaroTcs, ec/i GUIbTPbl YCTaHOB/IEHBI B Hauasie JUHUU
Ilpu yaaneHuu TOYKH 0/jHO()a3HOI0 KOPOTKOro 3aMbIKaHMsA OT Haya/ia JIMHUM TOK
B NOBpeX/leHHOH (a3e:

YBenuuuBaeTcs

+YMeHbllaeTcs

He u3smensietrcs

CTaHOBUTCSI paBHBIM HYJIO
Ilpu yaajseHUH TOUYKH oOpbiBa (pa3HOro mMpoBOAa OT Hayaja JIMHUM TOK B
NoBpeX/eHHOoH (a3e

YBenuuuBaeTcs
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YmMenbliaetcs
CHauasna yBe/IMuMBaeTCsi, TIOTOM yMeHbIIaeTCst
+PaBeH HyJIt0
ITo KakuM NpHU3HAKaM MO)KHO ompeje/uTh /Byx(a3Hoe KOPOTKoe 3aMbIKaHHe B
CeTAX C IJiyxo3a3eM/IeHHOM HelTpa/ibio?
B noBpesx/ieHHbIX (ha3zax TOKM He3HAUUTEebHO YBeJIUUUBAIOTCS
+B noBpexxieHHbIX (Da3ax TOKW yBeTUUHMBAOTCS
B noBpesx/ieHHbIX (ha3zax TOKM He3HAUMTeTbHO YMEeHbIIatTCs
B noBpex/ieHHbIX (hazax TOKM YMEHBILATCS 10 HYJIS
IIpu yBe/IMueHUM COMPOTHB/IEHHUs 0HOM U3 (a3 HAarpy3KH TOK B 3TOH (ha3ze:
YBenuuurcs
+YMEeHBIIUTCSA
He u3menurcs
CraHeT paBHBIM HYJIIO
IIpu paboTe TMHUHU HAa X0/I0CTOM X0/Iy CONPOTUB/IeHHs HArPy3KH:
PaBHBI Hy /1O
PaBHBI COMTPOTUB/IEHUIO 0OMOTOK TpaHChopMaTopa
PaBHBI COMPOTUBIIEHUIO TTPOBOAHUKOB JIMHUU
+PaBHBI 6€CKOHEUHOCTH
IIpu paboTe TMHUU Ha X0/I0CTOM X0/1y (0€3 Harpy3KH) NpoTeKalIie TOKHU:
+EMKOCTHBIE
AKTUBHBIE
VHyKTHUBHBIE
AKTHWBHO-UH/YKTUBHbIE
Be/lMurHa NMPOTEKAKIMX TOKOB MPH PadoTe JIMHUH HA X0JI0CTOM XOAY:
+bv3ka K Hy/I10
PaBHa Be/lMuMHe TOKOB Harpy3Ku
PaBHa Be/lMuMHe TOKOB KOPOTKHX 3aMbIKaHUM
bBoJibllie TOKOB Harpy3Ku, HO MeHbIIIe TOKOB KOPOTKUX 3aMbIKaHUM
ITo KakoMy NMPU3HAKY MbI MO)KeM NpeJIo/iaraTb 0 BOSBHUKHOBeHUHU Tpex(¢a3Horo
KOPOTKOro 3ambikaHus B cetH 0,38 kB?
OpHoBpeMeHHOe CHW)KeHHe TOKa BO Bcex (pa3zax
+0O/ITHOBpeMeHHOe BO3pacTaHUe TOKa BO BCeX (pa3ax
OpHoBpeMeHHOe Bo3pacTaHue HarpsKeHUs BO Bcex (pa3ax
OpHoBpeMeHHOe CHI)KeHHe HarlpsKeHUs BO Bcex (pa3zax
fiBnsiercst im oAHO(da3Hoe 3aMbIKaHHE HA 3eMJ/II0 aBapMHWHBLIM PEeXXHMOM B CeTH
0,38 kB?
+/1a
Het
HepmocTaTouHO aHHBIX
B 3aBMCHMOCTH OT MOLJHOCTU Harpy3Ku
SfiBnsiercst 11 ofHO(a3HOe 3aMbIKaHUE Ha 3eMJ/II0 aBaAPUUHBIM Pe)XHUMOM B ceTu 35
KB?
Ha
+Het
HepmocTaTouHO aHHBIX
B 3aBMCHMOCTH OT MOLIJHOCTU Harpy3Ku
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Tab6suna 11 — Kpurepun oueHKH ¢()OpMHPOBAHHOCTH KOMITeTeHI{HI

Kop u Kputepuu onjeHnBaHus CQOPMUPOBAHHOCTH KOMITETEHLIUU
HavMeHOBaHue (yacTu KOMIIETeHLMH)
VHJUKaTopa Ha 6a30BOM ypOBHe Ha MOBbIIIIEHHOM YPOBHE
AOCTHXXEHMA COOTBETCTBYeT OLIeHKe COOTBETCTBYeT OLIeHKe COOTBETCTBYeT OLIeHKe
KOMITeTEeHLIUU «yI0BJIETBOPUTE/ILHO» «XOpOILIO» «OTJTUUHO»
(wactu 50-64% ot 65-85% ot 86-100% ot
KOMIIeTEHLIH) MaKCUMaJibHOr0 6asia MaKCUMaJibHOr0 6asia MaKCUMaJibHOro 6asia
CrygeHt CrygeHt CTyZeHT AeMOHCTpUpyeT
JIEMOHCTPUPYET 3HaHUe | IeMOHCTPUPYET XOpolllee | OTJMYHOE 3HaHUe
3aBUCUMOCTeHN 3HaHUe 3aBUCUMOCTeM 3aBUCUMOCTeHN
HarpspKeHUH U TOKOB HarpspKeHWW Y TOKOB OT | HalpsDKeHW U TOKOB OT
OT BUJIOB BH/IOB HECUMMETPUYHBIX | BUJOB HECUMMEeTPUYHBIX
VLot HeCUMMeTPUYHBIX PE’XKMMOB TIpU PEXXUMOB TpU
PE’XMMOB TIpU MeTalJInyeCcKuX MeTalJInyeCKUX
OCyWeCTBIACT | \tora nmgeckux 3aMbIKaHUSAX U TTPU 3aMbIKaHUSIX U TIPU
MOHHUTOPHHT 3aMbIKaHUSAX U TTPU 3aMbIKaHUAX yepes 3aMbIKaHUAX yepes
TeXHUUeCKOT 0 3aMbIKaHUAX yepes repexo/iHoe repexosiHoe
COCTOSIHUSI repexosiHoe COTIPOTHUBJIEHHE, COTIPOTHBIJIEHUE, MOJeen
oGopyzoBatusi | COTIPOTHBIIEHHE, Mogeneil 00peIBOB U 00pbIBOB U 3aMbIKaHUM (a3
MojCTaHIHA Mozesnen OU6pLIBOB u 3aMbIKaHUU (a3 B CeTH; | B CeTH; Snoc06eH C
3aMbIKaHUU (pa3 B CeTH; | CAMOCTOSITEIbHO MOKET | BBICOKOM CTEIeHbI0
3/1IeKTPUUECKUX
N Ha 6a30BOM ypoBHe CaMOCTOSITE/IHO CaMOCTOSITE/IbHOCTU
ceren MOJXKET OCYIIeCTB/IATh | OCYLIeCTB/ATh OCYIL|eCTB/IATh MOHUTOPHHT
MOHHUTOPHUHT MOHUTOPHHT TeXHUUECKOT0 COCTOSTHUS
TeXHUUECKOT 0 TeXHUYeCKOT0 COCTOsTHUs | 000py/10BaHMsI TIOJCTaHL[UI
COCTOSIHUSI obopyzoBaHust 5/IeKTPUYECKUX CeTel
obopyioBaHus TMO/ICTaHI[UI
MO/ICTaHLMI 5/IeKTPUYECKUX CeTel

3JIEKTPUUECKUX CeTel

2 OOEHUBAHMUME ITMCBbMEHHBIX PABOT CTY/JIEHTOB

OueHuBaHHe NMCbMEHHBIX PadoT CTY/eHTOB,
He perjiaMeHTHPyeMbIX y4eOHbIM IJIaHOM

NuaguBuayvananHoe gjoManiHee 3aganue (MU/13)

BapuaHmbl 3a0aHus

1. ITocTaHOBKAa 3ajjauM pacyeTa HeCUMMETPUYHBIX Pe)XUMOB
eKTpUYecKux cereil. 0630p MeTo0/10B pacuera

1. 3apaua pacueta HECUMMETPUYHBIX PDEXKUMOB 3/IEKTPUUECKOU CEeTH

2. OCHOBHBIE METO/Ibl pacyeTa HeCUMMETPUYHBIX PEXKUMOB 3/IeKTPUUECKOU CeTH
3. Byl HeCUMMETPUUHBIX PEKUMOB

2. MaremaTuyeckue MeTOAbI pacyera

HeCMMMEeTPUYHBIX Pe)XUMOB 3/IeKTPHUECKHUX ceTel
1. Metog, da3HbIX KOOpAWUHAT
2. Metop, Tpex CUMMeTPUYHBIX COCTABJISOLIIUX
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3. IlporpamMmmsbl pacueTa HeCUMMETPUYHBIX PEXXUMOB 3/1eKTPHUECKHUX ceTel
. OCHOBHBIE IPOrpamMMBbI pacyeTa HECUMMETPUUHBIX PE)KUMOB 3JIEKTPUUYECKOU CeTU
. Y3/I0Bble ypaBHEHUS 3JIEKTPUUECKOU CeTH
. deuncTBUs C MaTpuLlaMu
. Matpuibl nepefjauu IIpOJIOIBHBIX U MTONePeUHbIX YCTPOUCTB
. «H» 1 «Y» (opMBI 2-K MIOFOCHUKOB 3/1EMEHTOB CETU
4. PacueT HeCUMMeTPHYHBIX peXumMoB B nakere MathCAD
1. MopaenupoBaHue 3/ieKTpUuecKol cety B makete MathCAD
2. MaTpuiibl TipeoOpa3oBaHust
3. [lepeBox u3 (a3HBIX KOOpPAMHAT B  KOOPAWHATBI TpeX CUMMETPUYHBIX
COCTAaBJISIFOLLIUX.
4. TlepeBog W3 KOOpAWMHAT TpeX CUMMETPUYHBIX COCTaBISAOIIMUX B  (a3Hble
KOOD/UHATHI.
5. MogenvpoBaHue TIOBpexXieHus1 (HeCUMMeTPHH ).
6. MogenvpoBaHre KOPOTKUX 3aMbIKaHUU.
7. MoaenvipoBaHue 0OPHIBOB.
8. MosienpoBaHie OAHOBPeMEHHbIX 00PHIBOB M KOPOTKHX 3aMbIKaHUM.
9.0KkBUBa/IeHTHas: MaTpuLia fepejjau CeTy
10. PacueT HanpsbkeHWH U TOKOB B TOUKax CeTH
5. MaremaTnueckue mojenu JIDII a1 pacyera HeCHMMeETPUYHBIX PeXMMOB
1. MaTpuuHble TenerpadHble ypaBHEHUs] MHOTOITPOBOJHOU JIMHUY U UX
ripeoOpa3oBaHUsI.
2. MaTpuLibl TOTOHHBIX NTapamMeTPOB (pa3 MHOro(ha3HOU JTMHUY.
3. MaTpuLibl TOrOHHBIX NTAPaMETPOB (Pa3 TMHUM C YYETOM UMC/Ia U BU/la TPAHCIIO3ULMH.
4. MeTo[yKa ¥ a/I'OPUTM pacuyeTa HeCUMMeTPUUHBIX pe;XUMoB JIDII ¢ BK/IFOUeHHbIMU
YCTPOMCTBaMH BJIOJIb JIMHUU.
5. IIpogonbHOe COTpOTHB/IEHUE JTUHUU.
6. ITonepeuHas npoBOAMMOCTb JIMHUU.
7. I'-obpa3Has cxema 3amelrieHust JIMHUU.
8. [T-obpa3Has cxema 3amelrieHHsl JIMHUU.
9. T-obpa3Hast cxeMa 3aMeIreHHs JIMHUH.
10. OkBUBasIeHTHasA MaTpulia iepejayuu JUHUU.
6. MarTemaTnueckue Mo/ie/ii TpaHc(opmMaTopoB
AJIS1 pacyeTa HeCUMMEeTPHUYHBIX Pe)XMMOB
1. MopgenupoBaHve TpaHC(OpMaTopa «3Be3/ja-3Be3/ia C HyJ1eM».
2. MopenvpoBanue TpaHchopmaTopa «3Be3/1a-TPeyro/IbHUKY.
3. PaccuutaTh MaTpully nepezsauu TpaHcdopmartopa 10/0,4 kB «3Be3/a-3Be3/ia ¢
HYJIEM>».
4. Paccurrtath MaTpuLy nepegauu TpaHchopmaTtopa 35/10 kB «3Be37a-TpeyroabHUK».
5. MogenupoBaHue TpaHc(hopMaTopa C mpusierarolei ceThlo.-
6. Tpex(a3zHbie 1 MHOrO(asHble TpaHC(POPMaTOPHI.
7. MaremaTuueckue Mo/ie/id GUILTPOB HanpsDKeHHs 00paTHOM
U Hy/IeBOM MOC/IeJ0BaTe/IbHOCTEH [/ifl pacueTa HeCUMMeTPUYHBIX Pe)XXUMOB
1. MogenupoBaHue puibTpa HanpspKeHUsI 00paTHOM TT0C/Ie[0BaTeTbHOCTH.
2. MopgenvpoBaHue (hUibTpa HalpsyKeHUsT HyJ1eBOU M0C/ie/l0BaTeIbHOCTH.

U~ WN -
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3. [logkntoueHne  GuUAbLTPA  HANPsDKeHWsT  00OpaTHOM  TOC/Ie[OBaTeMbHOCTU K
TPEeXIPOBOJHOM CeTH.

4. [MopkmoueHue (QuIbTpa HampsykeHUsi 0OpaTHOM  TOC/e[0BaTebHOCTU K
YEeThIPeXIIPOBOJHOU CETH.

5. [lopknmtouenne  ¢uUAbTPA  HANpSDKEHWs]  HYJE€BOW  MOC/Ie[0BaTe/NIbHOCTA K
TPEeXIPOBOJHOM CEeTH.

6. [TogkntoueHre GpUIbTpa HaMps>KeHUs1 HY1eBOM TOC/Iel0BaTeIbHOCTH K
YeThIPeXIIPOBOJHOU CETH.

7. Paccunratb MaTpuLy repeziauun ¢unbTpa HarpsUKeHUs! oOpatHoi
T110CJ1e[;0BaTe/IbHOCTH.
8. PaccuuraTh MaTpuLy repefiauun ¢bunbTpa HarpsUKeHUst HYJIeBOU
110C/1e[;0BaTe/IbHOCTH.

9. Db deKkTUBHOCTh GUIBTPa HATIPSHKEHUsT 06paTHOM MOCe0BaTe/IbHOCTH.
10. 3ddekTuBHOCTD (DUIbTPa HaNPsKEHUsT HYJIeBOM MOCe[j0BaTeTbHOCTH.
8. MaremaTnueckue Mo/ie/ii HAarpy30K U pa3/IMUHbIX BU/J0B HECUMMeTPHUU
NPH pacyeTre HECUMMETPHUYHBIX PeXXKUMOB
1. Mogens Harpy3ku, BKIHOYaeMOr MeXy (pasHbIMU M HYJIEBBIM NIPOBOZAMU B
YeThIPeXIIPOBOJHOU CETH.
2. Mopenb HarpysKu, COeJMHEHHOW B TPEYTOJIbHUK, B UeThIPEXIIPOBOJHOM CeTH.
3. Mogenb Harpy3ku, COeJMHEHHOM B 3Be3/ly, B UeThIPEXITIPOBOJHOW CETH.
4. PaccuuTaTh MaTpULly fepefjaud Harpy3KH, COeJMHEHHOU B 3Be3]y.
9. Pacuer u Mcc/iejoBaHie aBapUUHbIX HECUMMETPUYHBIX Pe)XXUMOB
pacnpeje/nuTe/IbHbIX ceTel
1. PacueTtHas cxema ¢ugepoB 6-10-35 kB.
2. HecummeTtpuruHble pexxumsl pugepoB 6-10-35 kB.
3. PaccuutaTth HeCMMMeTPUYHbBIE PEXUMbI CETH, COCTOSIEN U3 ABYX YYaCTKOB JIMHUU U
HarpyskKu
4. PaccunTtaTh HeCUMMETPUYHBIE DEXUMbI CETH, COCTOSLLEW U3 [BYX YUYaCTKOB JIMHUY,
Harpy3Kd U KOPOTKOT'O 3aMbIKaHUs.
5. PaccuutaTh HeCMMMeTPUYHbIE PeKHMMbI CeTH, COCTOSAILeN M3 JIBYX y4aCTKOB JIMHUM,
¢bunbTpa HaripsbkeHuss oOpaTHOM TIOC/e[0BaTebHOCTH, HArpy3kKM W KOPOTKOTO
3aMbIKaHUS.
6. PaccurTaTh HECUMMETPUUHBIE PEXXUMbBI CE€TH, COCTOSLLEN U3 TpaHC(opMaTopa, ABYX
Y4aCTKOB JIMHUU U Harpy3KH.
7. PaccunTaTh HeCUMMETPUYHbBIE DEXKUMbI CETH, COCTOSILLEN U3 TpaHC(hopMaTopa, JBYX
YYaCTKOB JIMHWW, HATPY3KU U KOPOTKOT'O 3aMbIKaHMUS.

MakcuMa/ibHasA oneHKa — 10 0a/ioB.
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Tab6suna 12 — Kpurepun oueHKH ¢()OpMHPOBAHHOCTH KOMIIeTeHI[HI

Koz u Kputepuu orjeHrBaHusi CQOpMHUPOBAaHHOCTH KOMITETEHL[UN
HauMeHOBaHUe (uacTu KOMIeTeHLH)
WH/MKaTopa Ha 6a30BOM ypOBHe Ha MOBBILLIEHHOM YPOBHE
AOCTYKEeHUST COOTBETCTBYET OL|eHKe COOTBETCTBYET OL|eHKe COOTBETCTBYeT OLleHKe
KOMITeTeHLIUU «y[IOBJIETBOPUTETHHO» «XOpOILIO» «OTJTUUHO»
(wactu 50-64% ot 65-85% ot 86-100% ot
KOMIIeTEeHLIUH) MakcUMasibHOro basna MakcUMasibHOro basa MakcUMasibHOro basa
CTyJieHT, B OCHOBHOM, CTyJieHT X0pOlL1I0 CTyJieHT OTIMUYHO
BJlaJleeT MaTepuasoM 10 | BrafieeT MaTepuasoM, BJIaJleeT MaTepuasoM,
Teme, 3a/jaHue BBITIO/THW 3a/laHue B BBITIO/THW 3a/laHue B
BBITIO/THW IO KOHIIa CPOK U B MTOJTHOM CPOK U B MTOJTHOM
ceMecTpa, Ipu oObeme, Mpu oObeMe, Ipu
BBITIO/THEHUU 3a/JaHUsI BBITIO/THEHUU 3a/JaHUsI BBITIO/THEHUU 3a/JaHUsI
VICTI0/1b30BaJl IaKeT MICII0/1b30BaJl Ha YCIIeILIHO MCII0/Ib30Ball
WI-1rikoc-1 MathCAD u xopotueM ypoBHe naker | MathCAD u
Ocyl11jecTBseT Heo0XOMMbIe MathCAD u Heo0XOMMbIe
MOHMTODHHT TIporpamMmebl pacueTa, HO | Heo6XxoJuMbIe Mporpammsbl pacyera,
TEXHIUECKOTO MIPUBOJUT HETOUHYIO TIpOrpamMMmbl pacueTa, 10 | TIOKa3bIBaeT riybokoe
apryMeHTaLuIo CyILLleCTBY OTBeuaeT Ha 3HaHUe U TOHUMaHUe
COCTOAHMA TeopeTHUYeCKUx MoCTaB/IeHHbIe BOTIPOCH], | TeMbl, CAMOCTOSITE/IbHO U
060pY/IOBAHUS | o n0skeHmit MM HO JIOTTyCKaeT apryMeHTHPOBaHHO
TO/CTaHLN JIOIyCTUJT HeTOYHOCTHU JlejlaeT IpaBU/IbHbIe
9JIEKTPUUECKUX | He3HauUTesIbHbIe (hopMyMpOBOK, He BBIBO/IbI; CIIOCOO€H C
ceTeit omn6ky; Ha 6a3o0BOM VCKaKarollue ux BBICOKOI CTelleHbI0

yYPOBHE MOXeT
OCYILIeCTBJISATh
MOHHUTOPUHT
TeXHUYEeCKOro
COCTOSIHUSI
obopyoBaHus
MOACTaHLUN
3JIEKTPUUECKUX CeTel

cofiep>KaHUsl; MOXeT
CaMOCTOSITE/IbHO
OCYILIeCTBJISATh
MOHHUTOPUHT
TeXHUUYECKOT0 COCTOSIHUS
obopyoBaHus
MOACTaHLUN
3JIEKTPUUECKUX CeTel

CaMOCTOSITEJIbHOCTU
OCYILIeCTBJISATh
MOHHUTOPUHT
TeXHUYECKOT0 COCTOSIHUS
obopyoBaHus
MOACTaHLMH
3JIEKTPUUECKUX CeTel
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3 OITPEJJE/IEHUE PE3YJ/IBTATA
IMPOMEXYTOUYHOM ATTECTAILIUA

dopMa NTpOMeKyTOUHOM aTTeCTalvy 10 AUCLUIVIMHE SK3AMEH.

OLEHOYHBIE MATEPUAJIbI 1 CPELICTBA [1JId ITPOBEPKN
CO®OPMMNPOBAHHOCTY KOMITETEHIIU

ITKoc-1. CnocoGeH oCymieCcTB/ISITb MOHUTOPUHI TEXHHUYECKOT0 COCTOSHUS
000pyi0BaHMSA MOACTAHIIUM 3/IEKTPHUYECKHUX CeTeM.

3aiaHusA 3aKPBITOro THUIIA

BbiGepume HeCKo0/1bKO Npasu/bHbIX 6apuUAHNOe omeema

1. Harpy3ka IMHUM MOXXeT BK/IIOYAThCA B CeTh:
+ TPexIpOBOJHYIO

+ YeTbIPeXIIPOBOHYIO

CEeMUIIPOBOHYO

BOCBMUIIPOBO/IHYIO

2. TpancgopmarTopsl pa3iuvyarTCs M0 UCIO/THEHUIO Ha:
nATHOAKOBbIE

+TpexbakoBbIe

+0HOOAKOBBIE

cemMrbaKkoBbIe

Bbibepume 00uH npasu/ibHbIll @ApUAHM omeema

3. IlepexogHoe conpoTuB/ieHre B MecTe 3ambikanua HE Bo3Hukaet npu:
3aMbIKaHUU uepe3 Ayry

TajieHny MPOBO/ja Ha BeTKY /iepeBa

o0OpbIBe MpoBO/Ia

+CXJ1eCThIBAHUU NIPOBO/IOB

3ajaHusA OTKPBITOr0 THUIIA

Jatime pa3eepHymblil omeem Ha 0nNpoc

1. Kakmue 3/1eKTpruecK#e ceTd padoTarnT ¢ H30/IMPOBAaHHON HelTPaIbI0?
IIpagunbHblii omeem: C W30JMPOBAaHHOM HeWTpasbl0 paboTaroT 3/1eKTpUuecKue
ceth HampspkeHueM 6-10-35 kB.

2. UTto Ha3bIBaeTCsi HECCUMMETPUUYHBIM PeXXUMOM 3/IeKTPHUeCcKOo# ceTn?

[IpasunbHblli omeem: HECUMMETPUUHBIM PpeXUMOM SIBSIETCS PEXXHUM, KOrja
HarpspKeHUs1 M TOKU B y3Jie CeTH He PaBHbI 10 (ha3am.
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3. Kak Ha3bIBaeTcs H3MeHeHHMe B3aUMHOI0 pacmno/ioxeHus ¢a3 1Mo /JIUHe
JIUHUU?

IIpasuabHblii omeem. VI3MeHeHHe B3aMMHOTO PACMoioxKeHUs ¢a3 Mo AJiMHe TUHUA
Ha3bIBaeTCsl TpaHCHo3uLMen ¢as3.

4. Kako MeToj pacueTa aBapUHHBIX Pe)XMMOB IMO03BOJIsieT MOJAy4YaTb Cpa3y
pea/ibHbIe HANIPSHKeHUA M TOKH?

IIpasuabHblli omeem: MOMy4YaTh Cpa3y peasibHble HaNpPsKeHUS U TOKU T03BOJISIET
MeTo/, (ha3HbIX KOOP/MHAT.

5. Kakue aBe cxeMbl coeHeHHsI 00MOTOK TpaHC(OpMaTOpPOB Haubo/iee
YacCTO MCIO/Ib3YHTCA B Y/IEKTPHYECKHX CEeTAX?

[IpasunbHblll omeem: HauboJjiee UCIO/b3yeMbIMU CXeMaMH COeJAMHEHUs] 0OMOTOK
TpaHC(HOPMAaTOPOB SIB/ISIIOTCSI CXEMBI «3Be3/]a» U «TPEYTOJIbHUKY.

6. UYemy paBeH ko3(p¢uinueHT TpaHchopMamuu  ABYX00OMOTOUHOIO
TpaHcdopmaropa?

IIpasunbHblli omeem: Ko3hduleHT TpaHCchOpMaLMd paBeH OTHOILEHHUIO
BXO/JJHOT'O Y BBIXO/IHOTO HampsbKeHusi TpaHchopMaropa.

7. UeMy paBHBI YHC/I0 CTPOK M YHCJ/I0 CTO/IOI[0B MAaTPHUIbI COeUHEHHH CXeMbI
3/IEKTPUYeCKOMN ceTu?

IIpasuabHblli Omeem: UXACI0 CTPOK PaBHO KOJMYECTBY Y3/I0B, a YMCJIO CTOJIOLIOB
PaBHO KOJIMUECTBY BETBel CXeMBbl.

8. lna yero HUCII0/Ib3yeTCs punbTp HanpsHKeHNU odparHo#
noc/j1ei0BaTe/IbHOCTU?

[IpasunbHblli omeem: GUALTP HampsbkeHUs: 0OpaTHOM TOC/e0BaTe/IbHOCTU
WCTIOIb3yeTcsl A1 OOHapy’)KeHUsl HarpspKeHHsi 00paTHOW Moc/efoBaTe/IbHOCTU B
57IEKTPUYECKOU CETH.

OxkoHuaTe/nbHbIe  pe3y/bTaThl 00yueHuss (hOpMHpOBaHUS ~ KOMIIETEHIIHM)
OTIpe/iesIsitOTCSl TIOCPe/ICTBOM TepeBojia 0assioB, HabpaHHBIX CTYJE€HTOM B TipoLjecce
OCBOEHUSI JVCLIUIIIUHBI, B OLIEHKHU:

— 6a30BbBINA YpOBeHb C(HOPMUPOBAHHOCTH KOMIIETEHIIUM CUMTAETCS JOCTUTHYThIM,
ecnmu pesynbTaT OOy4yeHHMS COOTBETCTBYET OLleHKe «y/I0BaeTBopuTeabHO» (50-64
PeUTHHTOBbLIX OassioB);

— TMOBBIIIEHHBIM  YpOBeHb  C(HPOPMUPOBAHHOCTM  KOMIIETEHIIMM  CUUTAETCs
JOCTUTHYTBIM, €CIU pe3ysbTaT 00yueHUsi COOTBETCTBYeT OLIeHKaM «Xoporio» (65-85
PEUTUHTOBBIX 0a/uioB) U «OTIUUHO» (86-100 peMTUHrOBbLIX OasioB).
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4 TIOPSIZIOK IIPOBEJJEHUA ITIOBTOPHOM
IMPOMEXYTOUYHOM ATTECTAIIUA

dopMa NTPOMe)KyTOUHOM aTTeCTaLU M0 AUCLUIUIMHE 5K3AMEH.

@oH/ OLEHOYHBIX CpeACTB [/l TPOBeJleHUs] TOBTOPHOM IPOMEXYTOYHOU
aTTecTaliu (OpMHUPYeTCsd W3 UKC/a OLIEHOYHBIX CpPEJACTB [0 TemaM, KOTOpble He
OCBOEHBI CTY[€HTOM.

IIpumeuaHue:

[JononHuTe/bHble KOHTPOJIbHbIE HWCMBITAHUS IIPOBOJAATCSA /ISl CTYZEHTOB,
Habpapmmx meHee 50 Oa/wioB (B COOTBeTCTBUM C «Ilojlo)KeHHMEM O MOAYIbHO-
PEUTUHTOBOM CUCTEMEY).

Tabmuna 13 — Kpurepun oneHku chopMHUPOBAHHOCTH KOMIIETeHIUA

Kputepuu onjeHnBaHus CQOPMUPOBAHHOCTH KOMITETEHLIUU

Koj 1 HauMeHOBaHue
(4acTv KOMMeTeHL1H)

WH/IMKATOpa JOCTH)XEHUS
Ha 6a30BOM ypOBHE

KOoMIleTeHIIH (T-IaCTI/I
COOTBETCTBYET OLI€HKE «YZOBJ/IETBOPUTE/IBHO»

KOMITETEHL[UU
k) 50-64% OoT MakcHMabHOTO Oasia
-1 CTy[ieHT JeMOHCTPUPYET 3HaHHe METO/IOB pacueTa HECHMMETPHUUHbIX
= 1ITKoc-1 o
Oc ECTBOJCIHET PEXXHUMOB 3/IEKTPUUECKUX CeTel; MeTOZOB (Da3HbIX KOOP/JMHAT, TPEX
MZIL{L‘HTO S CUMMEeTPUYHBIX COCTABJISFOLMX; MO/Ie/Ie JIMHUIA, TpaHC(HOPMaTOPOB,
P Harpy3ok, GUIbTPOB, OOPHIBOB U 3aMbIKAHHIA; Y3/I0BBIX YPABHEHHUIA;
TEXHUYECKOTO COCTOSIHUS 9 N
MaTpul] repejaunt; 3aBUCUMOCTEH HaIpsDKeHUI U TOKOB OT BU/IOB
obopyioBaHus
. HECHMMMEeTPUYHBIX pe>KUMOB. CTy1eHT criocobeH Ha 6a30BoM
TIOZICTAHLIAH

OCYyIIEeCTBJ/IATb MOHUTOPDHUHI' TEXHUYECKOI'O COCTOAHUA O60py,ELOBaHI/IH

3JIEKTPUUECKUX CeTel o N
TMO/ICTAHI[UH 2/IEKTPUUECKUX CeTel
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