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ITacnopT poHI2 OLIECHOYHBIX CPEACTB

OIIK-2. CriocobeH pa3pabaTsiBaTh
QJIITOPUTMBI U KOMITBIOTEPHBIC
[IPOTPaMMBbI, IIPUTOAHBIEC IJIsS
MPAKTHYECKOTO MPUMEHEHUSI

NI-1omnk2 ATTOPUTMH3UPYET pElIeHHE 3a/1a4 U
peanu3yeT alrOpUTMbI C UCTIOJIH30BAHUEM MMPOTPAMMHBIX

CpEAacCTB.

WN-20mk-» PazpabaTsiBaeT anropuT™Mbl M1 KOMIIBIOTEPHBIE
MIPOTPaMMBbI, IPUTOAHBIE TSI TPAKTHYECKOTO

MMPUMCHCHU A

[TKoc-1. CriocobeH ocymecTBIIsATh
MOHHUTOPHUHT TEXHUYECKOTO
COCTOSIHUSI 000PYIOBaHUS

N - 1mkoe-1. OCcyecTBAsIET MOHUTOPUHT TEXHUYECKOTO
COCTOSTHUSI 000PYTOBAaHUS TIOJICTAHITIH SJICKTPHISCKUAX

N o ceTeit
MOJICTAHIINH JIEKTPUUYECKHUX CeTer
Tabauma 1
dopmupyemblie OneHouyHbIE
Moaynb JUCHUIIITNHBI KOMIIETCHIIUU MaTEpUAIIBI KomnuecTBo
WM UX YaCTH U CPEACTBA
[TocranoBKka 3a1aum pacyera
NuauBunyanbHOE 3
HECUMMETPUYIHBIX PEKHUMOB
. JIOMAIIIHEE 3aJaHKe
anekTpudeckux cereit. O030p TeCTUDOBAIE 2
METOJIOB pacyeTa P
MareMaTHUEeCKHE METOIBI
NuauBunyanbHOE 2
pacdera HECHMMETPUIHBIX
JIOMAIIIHEE 3aJaHKe
PEKHUMOB AIIEKTPUUIECKUX TeCTUDOBAIE 71
ceTen p
IIporpammMmsl pacuera WNunuBunyansHOE 5
HECHUMMETPUYHBIX PEKIMOB JoMalllHee 3aJaHue
JIEKTPUYECKUX CETEU OMK.2. C 5 TectupoBanue 22
IIK-2. Cmocoben
NuauBuayanbHoe 10
Pacyetr HecCUMMETPUYHBIX pa3pabaThIBaTh
JIOMaIlIHee 3a1aHue
pexxumoB B nakere MathCAD AJITOPUTMBI U Tecrupopasme 2
KOMIIBIOTEpPHBIE
MaremaTudecKkue MOJICIH
e [pOrpamMMbl, MPUTOJIHBIC NunuBunyansHOE 10
AJI pacdeTa IS TIPAKTHYECKOTO JIOMAIIHEe 3a1aHIe
HECUMMCTPUYHBIX PEKNMOB IIPUMEHEHNA TeCTI/IpOBaHI/Ie 24
ITKoc-1. Crocoben
Mo eeme Mote | ooy | Munannoe |6
P p POB 11 MOHUTOPHUHT JOMAaIlHEES 3a1aHUC
pacdera HECHMMETPUIHBIX
TEXHUYECKOI'O COCTOSHUSA TecTupoBaHue 22
PEKUMOB 5
MaTeMaTH4ecKre MOICITH 00OpynOBAHIA
(GUIBTPOB HANIPSHKCHUS HOACTAHINN VHAMBHAYaTbHOE 10
06paTHOﬁ u HyHeBOﬁ S3JICKTPHUYCCKUX CETCHU y
. JIOMaIllHee 3a1aHue
MOCJIEOBATENLHOCTEN IS T )
pacueTa HeCHMMETPHYHBIX CCTPOBAHHC
PEXKHIMOB
MareMmaTHueCcKHe MOJIEIH
NuauBunyanbHOE 4
HArpy30K ¥ pa3IUYHbBIX BUJIOB
JIOMAIIIHEE 3aJaHKe
HECUMMETPUU TIPU pacuere TeCTUDOBAIE 23
HECUMMETPHUYIHBIX PEKHMOB p
Pacuer u uccienoBanme
o NuauBunyanbHOE 7
aBapHUITHBIX HECUMMETPUIHBIX
JIOMAIIIHEE 3aJaHKe
PEXKHUMOB pacmpeaeTUTENbHBIX Tectuposane 24

ceTen




1 OLIEHOYHBIE MATEPHAJIbI, HEOEXOJUMBIE
JUISI OEHKM 3HAHWA, YMEHUI 1 HABBIKOB JESTEJLHOCTH
B NPOLIECCE OCBOEHUSI JUCLMUIIJIUHBI

Tabmuua 2 — @opMupyemble KOMIETEHIIUN

Kon n Kon n HammeHnoBaHne nHAMKATOpa OneHouHble

HaNMEHOBAHUE JOCTHKEHUS KOMIIETEHIIH (YaCTH MaTepHaJIbl

KOMIIETEHLIUH KOMITETEHLIUN) U CPEACTBA
1 2 3

ITocTanoBka 3a1auM pacyeTa HeCMMMETPHYHBIX PeKHMOB
3JIeKTpHYecKux cereid. O030p MeTOI0B pacyera

NJI-1omnk2» ATTOPUTMH3UPYET pElIeHHE 3a/1a4 U
peann3yeT alrOpuTMbI C UCTIOJIb30BAHUEM
MPOTPaMMHBIX CPEJICTB.

N -20mk-2 PazpabaTsiBaeT anroputMsl U TectupoBanue
KOMIBIOTEPHBIE TIPOTPAMMBI, TPUTOIHBIE [ NuauBuayanbHOe
MPAKTUYECKOTO MPUMEHECHHUS JIoOMalIHee 3aJaHue

N-1nkoe-1 OcylecTBiIsieT MOHUTOPHHT
TEXHHYECKOTO COCTOSIHHSI 000PYIOBaHUS ITOACTAHIIAN
ANEKTPUIECKUX CeTeil

MaremaTu4ecKue MeTOAbI pacyeTa HeCUMMETPHYHbIX PEeKUMOB
JIEKTPUYECKHUX ceTel

OIIK-2. Criocoben N-1omk-2 ATrOpuTMH3UPYET pPEIICHUE 3a1ad 1

pa3zpabaThiBaTh
peann3yeT alropuTMbl C UCIIOJIb30BAHUEM
aIrOPUTMBI U
MPOTPAMMHBIX CPEJICTB.
KOMITHIOTEPHBIC
DOLDAMMEL N-20nk-, Pa3zpabaTeiBaeT anropuT™Mel U TectupoBanue
I IEFOEHHG zu,m KOMIIBIOTEPHBIE IPOTPAMMBbI, IPUTOAHBIC JIJI5 NunuBuayansHOE
P MPaKTUYECKOTO MPUMEHEHUS JOMAaIITHEE 3aJaHue
MPAKTHHACCIOTO Na-1 OcymiecTBisieT MOHUTOPUHT
TTPUMCHCHHA TGXHI/I‘IGCKOII:I(I: OCC;)ICTOHZI/ISI 000pyIOBaHUSA HIZ)I[CTaHI_[I/Iﬁ
I1Koc-1. Cocoben py .
AJIEKTPUYECKUX CETEH
OCYIIECTBIISITh —
MOHHTOPHHT IIporpaMmbl pacyeTa HECHMMETPHYHBIX PEKMMOB JJIEKTPHUUYECKHUX ceTeil
N-10nk., ANTOpUTMHU3UPYET pElICHUE 3aa9 1
TEXHHUYECKOTO A-lonk- p pyer p A
peanu3yeT alropuTMbl C UCIIOJIb30BAHUEM
COCTOSTHUS
MIPOrPaMMHBIX CPEIICTB.
o0opyioBaHus porp pel
N N-20nk-, Pa3zpabaTeiBaeT anropuT™Mel U TectupoBanue
KOMIIBIOTEPHBIE TPOTPAMMBbI, IPUTOAHBIC J1JI5 NunuBuayansHOE
ANEKTPUUECKUX
ceTeit MPaKTUYECKOTO MPUMEHEHUS JOMAaIITHEE 3aJaHue

N/-11koee-1 OcylecTBiIsieT MOHUTOPUHT
TEXHUYECKOTO COCTOSIHHSI 000PYIOBaHUS MOACTAHIIUN
AJIEKTPUYECKUX CETEH

Pacuer HecumMeTpruHbIX pe:kuMoB B nakere MathCAD

NJI-1omnk2» ATTOPUTMH3UPYET pElIeHHE 3a/1a4 U
peann3yeT alrOpUTMbI C UCTIOJIb30BAHUEM
MPOTPaMMHBIX CPEJICTB.

N -20mk-2 PazpabaTsiBaeT anroputMsl U TectupoBanue
KOMIIBIOTEPHBIE TIPOTPAMMBI, TPUTOIHBIE [T NuauBuayanbHOe
MPAKTUYECKOTO MPUMEHECHHUS JIoMaIlHee 3aJaHue

N-1nkoe-1 OcylecTBiIsieT MOHUTOPHHT
TEXHHYECKOTO COCTOSIHHSI 000PYIOBaHUS ITOACTAHIIAN
ANEKTPUYECKUX CeTeil




2

3

OIIK-2. Cnocoben
paspabaTbIBaTh
AITOPUTMBI U
KOMITBIOTEPHBIC
MIPOTPaMMBI,
MIPUTOTHBIC TSI
MPaKTUYECKOTO
MIPUMEHEHUS
ITKoc-1. Crnocoben
OCYIIECTBIISATh
MOHUTOPUHT
TEXHHUYECKOTO
COCTOSTHHS
00opyaoBaHUS
HOJICTAHIINHU
AIIEKTPUIECKUX
ceTei

Marematuyeckune moaeau JIIII nast pacyera HeCMMMeTPHYHBIX

PEKHMOB

NJI-1omnk2» ATTOPUTMH3UPYET pElICHHE 3a/1a4 U
peann3yeT aIrOpUTMBI C UCTIOJIb30BAHUEM
IPOTPAMMHBIX CPEJICTB.

N-20nk-, Pa3zpabaTeiBaeT anropuT™Mel U
KOMIIBIOTEPHBIE TIPOTPAMMBI, TPUTOIHBIE [T
MPAKTUYECKOTO MPUMECHECHHS
U-1rkoe-1  OcymIecTBAsIET MOHUTOPUHT
TEXHUYECKOTO COCTOSIHHSI 000PYIOBaHUS MOACTAHIIUN
AICKTPUICCKUX CETEH

TectupoBanue
NunuBuayansHOE
JIOMaIlTHee 3aJjaHue

MaremaTudeckune MoaeJIu TPaHCPOPMATOPOB /LISl pacyeTa

HCCHUMMETPUYHBIX PECKUMOB

N -1onk-2 AITOpUTMHU3UPYET PEIICHHUE 3a7a9 U
peann3yeT alropuTMbl ¢ UCIIOJIb30BAHUEM
MPOTPaMMHBIX CPEJICTB.

N -20mk-2 PazpabaTeiBaeT anroputMsl U
KOMITBIOTEPHBIE TPOTPAMMBI, IIPUTOTHBIE JJIS
MPaKTUYECKOTO MPUMEHEHUS
N-1nkoe-1 OcylecTBiIsieT MOHUTOPHHT
TEXHUYECKOTO COCTOSTHHSI 000PYI0BAHUS MTOACTAHITHI
BJIEKTPUYECKUX CETEM

TectupoBanue
NunuBunyansHoE
JOMaIlTHee 3alaHue

MartemaTtudeckue Moaeau GUILTPOB HANIPSKEHUsI 0OPATHOM M HYJIeBOW
MocJieI0BaTeJIbHOCTEl I pacyeTa HeCUHMMETPHUYHBIX Pe:KUMOB

N-1omk-2 ATrOpuTMH3UPYET pPEIICHUE 3a1ad U
peanu3yeT alropuTMbI C UCTIOJIb30BAHUEM
MIPOTrpaMMHBIX CPECTB.

N-20nk-» PazpabaTeiBaeT anropuT™Msl U
KOMIIBIOTEPHBIE TPOTPAMMBbI, IPUTOAHBIC J1JI5
MPAKTUYECKOTO MPUMEHECHHUS
N-1nkoe-1 OcyliecTBAsIET MOHUTOPUHT
TEXHUYECKOTO COCTOSIHHSI 000pYI0BaHUS MOACTAHIIUN

TectupoBanue
NunuBuayansHOE
JIOMAILIHEE 3a/1aHNE

AJIEKTPUYECKUX CETEH

MarteMaTu4ecKHe MOAEIN Harpy3oK 1 pasjiniHbIX BUA0B HECUMMETPHH

NpH pacuyeTe HECHMMETPUYHBIX PeikK

HMOB

N -1onk-2 AITOpUTMU3UPYET PELICHUE 3a7a4 U
pean3yeT alrOpUTMbI C UCTIOIH30BAaHHEM
MIPOTPaMMHBIX CPEJCTB.

N -20mk-2 PazpabaTsiBaeT anroputMsl U
KOMITbIOTEPHBIE IPOTPAMMBI, IIPUTOTHBIE AJIS
MPAKTUYECKOTO TPUMEHEHUS
N/-11koee-1 OcyliecTBisieT MOHUTOPUHT
TEXHHYECKOTO COCTOSIHHSI 000PYIOBaHUS ITOACTAHIIAN

TectupoBanue
NunuBunyansHoe
JIOMaIlTHee 3aJIlaHne

SJICKTPUUECKUX CETEH

Pacuer u uccienoBanue aBapHﬁHbIX HECUMMETPUYIHBIX PEKUMOB

pacnpeaeauTeJbHbIX CeTel

N -1onk-2 AITOpUTMHU3UPYET PEIICHHUE 33729 U
peann3yeT alropuTMbl C UCIIOJIb30BAHUEM
MPOTPaMMHBIX CPEJICTB.

N -20mk-2 PazpabaTeiBaeT anroputMsl U
KOMITBIOTEPHBIE TPOTPAMMBI, IIPUTOTHBIE JIS
MPaKTUYECKOT0 MPUMEHEHUS
N-1nkoe-1 OcylecTBiIsieT MOHUTOPHHT
TEXHUYECKOTO COCTOSTHHSI 000PYI0BAHUS MTOACTAHITHI

TectupoBanue
NunuBunyansHoe
JOMaIlTHee 3aJlaHue

AJIEKTPUYECKUX CETEM




OueHoYHbIEe MATEPHUAJIBI M CPEICTBA ISl IPOBEPKHU
¢pOopMHUPOBAHHOCTH KOMIIETECHIIUI

Moavas 1. «IlocTaHOBKA 32124y PACYETA HECUMMETPHUYHBIX PeKNMOB
YJIeKTPpUYeCKuX cereir. O030p MeTOI0B PACUYETA

KOMHLIOTepHOG TCCTUPOBAHUE

Buvibepume o0un npasunbHblll 6apuarnm omeema u Hadxdxcmume KHONKYy «/laneey

Kakoii u3 pe:kumoB B ceTsix 6-35 kB He siBisiercst aBapuiiHbIM?

OO6psIB (a3l

+OnHoa3Hoe 3aMbIKaHUE Ha 3EMITIO

JIByx(azHoe KOPOTKOE 3aMbIKaHHE

Tpexdaznoe KOpOTKOE 3aMbIKaHUE
Kaxkue ceTu AABJAAIOTCA HandoJiee NPOTAKEHHbIMHU?

+0,38 kB

500 xB

35kB

110 xB
Kakoii u3 aBapuilHbIX pe:KMMOB padoThl iekTpuyeckux cered HE sBiasiercs
HECMMMETPUYHBIM?

OO6psbIB (pasel

OnHo(azHoe KOPOTKOE 3aMbIKaHHE

JIByx(a3HOe KOPOTKOE 3aMbIKAHUE

+TpexdazHoe KOPpOTKOE 3aMbIKaHUE
Kakoii MeTrog moO3BOJISIET PACCYUTBIBATL paclnpefeHuTe/]bHbIe CeTH ¢
NPOU3BOJILHBIM YHCJIOM (a3 U BUAAMH HECUMMETPUH?

Merton Tpex CHMMETPUYHBIX COCTABIIIOLINX

+MeTtoa pa3HbIX KOOPAUHAT

Oba metona

Hu onnH n3 HUX
CJ105kHbIe BUABI HECUMMETPHUH ITO:

JIByx(da3Hble KOPOTKHE 3aMbIKaHUS

Tpexda3Hbpie KOPOTKUE 3aMbIKAaHUS

KopoTkue 3aMmblkaHus yepes CONpPOTUBIICHUS

+OHOBpEMEHHBIE OOPBIBBI U K.3. WJIK OJTHOBPEMEHHBIE K.3. U1 OOPBIBBI
Koporkue 3ambIkaHMsl B CeTsIX C M30JIMPOBAHHON HEHWTPAJIBI0O HANPSKEHHEM
6-35 kB npuBoaAT K:

YMEHBIIIECHUIO HANIPSLDKEHUH Ha HETIOBPEXKIEHHBIX (pa3ax

YMEHBILIEHUIO TOKA K.3.

+ BO3pacTaHMIO HANPSKEHUH Ha HEMOBPEXKIEHHBIX (hazax

YMEHBIIIEHUIO HANPSHKEHUN
JIBOMHBbIE 3AMBIKAHHS B CETAX C N30JJUPOBAHHON HelTpPaabIo 6-35 kB npuBoAAT K:

+ BO3pacTaHMIO TOKOB B TOBPEXACHHBIX (ha3ax

6



YMEHBIICHUIO TOKOB B HETTOBPEXKICHHBIX (pa3zax
BO3pACTaHUIO HAMPSKEHUN BO Beex (azax
YMEHBIIICHUIO HAIIPSKEHUHN BO BceX (pazax
CamMoHecymmii  M30JIMPOBAHHBIA  NPoOBOA  Hcmogab3dyercs Ha JIDII ¢
HANPSIGKEHUSIMU :
Tonbko 0,38 kB
Tonsko 10 kB
+0,38 u 10 xB
35 kB
N3MmeHeHne B3aMMHOIO PacCHOJI0KEHUS NPOBOAOB OTAEJbHBLIX (a3 mo AJuHe
BO3AYLIHOM JIUHUY JJIEKTPOIepenayun:
UepenoBanue a3
+Tpancno3unus a3
Hecummerpus das
ABapHiTHBII peKUM
IIpu kakom aBapuiHOM peKuMe MepexoqHoe CONPOTHBICHNEe MUHUMAJIBHO?
+Merainueckoe 3aMbIKaHUe
3ambIKaHHE Yyepe3 AYTy
3aMbIKaHUE Yepe3 BETKY JIepeBa
[Tanenne npoBoaa Ha 3EMITIO
IMouemy cpeactBa OMII (ompenesieHue MecTa TMOBPEXIACHHUSI) B  CeTHX
35-10-6-0,38 kB npuMeHsIIOTCH OrPaHUYEHHO?
Bricokast MOIITHOCTH OTKITFOUECHUS
+Hu3kas MOIIHOCTh OTKIIFOUEHUS
Huskoe HanpspkeHue cetu
BrIcokuii mpoTEeKaromnil TOK
Kakasi pyHKIUA HEe IPHUCYIIA CPeACTBAM peJIeHHON 3a1MThI?
Otkirouenue umepa npyu BOSHUKHOBEHUH aBApUHHOTO PEXKUMa
+Coo0111eHre 0 BUJIE U MECTE aBaPUIHOTO PEeKUMa
ABTOMaTHUYECKOE MOBTOPHOE BKIIKOYEHUE
ABTOMaTHYECKOE BKIIIOUCHHE pe3epBa
Cetu 0,38 kB sIBJsIIOTCS CETAMM:
C n301MpOBaHHON HENUTPAIIBIO
+C m1yx03a3eMJICHHON HEUTPAJIBIO
[TocTossHHOTO TOKA
Onnoda3zHOro NMepeMeHHOro ToKa
Certu 6-10-35 kB saBasiroTcst ceTAMU:
+C U30IMPOBAHHON HEUTPAIIBIO
C rimyxo03a3eMJICHHON HEUTpasibio
[TocrosiHHOTrO TOKA
OnHodazHoro NepeMeHHOro ToKa
Henocrarkom Mmeroga ¢a3HbIX KOOPAMHAT IO CPABHEHHMI0 C METOAOM Tpex
CHMMETPHYHBIX COCTABJISIIONIUX SIBJISCTCH:
HeB03MOXHOCTh pacCUMTHIBATH HECUMMETPHUUHBIC PEKUMBI PAOOTHI ceTer
+IlorpebHOCTE B OOnbiieM oO0BeMe WHGOpMAUH s (HOPMUPOBAHUS CXEM
3aMeleHus



HeBo3M0XKHOCTB pPacCUnUTBIBATb CCTH C YUCJIIOM (1)&3 Ooiece TPCX
C10XHOCTh MOACIUPOBAHUA

CKo0JIbKO BCEro KaTeropuii HaJIe’KHOCTH NIEKTPOCHAOKEHHUA CyleCcTBYeT?
1

2
+3
4
IlepepbiB B dHeproodecneyeHun moTpeduTes el KAKOH KaTeropum JA0J/KeH ObITh
MHUHUMAJBHbIM?
+11epBoii
Bropoii
Tperben
YerBeproi
Kakue morpeduTe M OTHOCATCH K IEPBOH KATErOPUM IHeproodecneyeHus ?
JlauHbIl KOOTIEPATHB
["apaxHblii KOOTIEpATUB
ITocenox
+Itunedadbpuxa
Kakmue ceTu Ha3bIBalOTCA pacnpeaeanTeIbHbIMU?
0,38 kB
6-10 kB
35 kB
+Bce nepeynciieHHbIE
Ilouemy B cersix ¢ TIJIyX03a3¢MJICHHOM HEHTPAJbI0 YJaJlecHHbIe KOPOTKHE
3aMbIKaHUA CJI0KHO HACHTH(PUIHPOBATH CPEACTBAMHU PeJIeiiHOM 3allUThI?
ToKM KOPOTKHX 3aMBIKAHUH MHOTOKPATHO MPEBBIIIAIOT TOKA HATPY3KU
+TOKM KOPOTKHX 3aMBIKAHUM CPABHUMBI C TOKAMH Harpy3Ku
Hanpsixkenus npu KOpOTKHUX 3aMBIKAHUSIX IIPEBBIIIAIOT HOMUHAJIbHbBIE
Hanpsxkenus npu KOpOTKHUX 3aMBIKAHHSAX CIUIIKOM HU3KHUE
Tpancno3uuusa a3 Hy:KHA U1 CHUKEHM S
+HECUMMETPUH HATIPSHKEHUN U TOKOB TIPU HOPMAJIBHBIX PEKUMax pabOThI
MIOTEPh MOIIHOCTH HA KOPOHY
MIOTEPh MOIIHOCTH HA HAarpeB MPOBOJIOB
pHUCKa OPAKEHUS IEKTPUUYECKUM TOKOM MPU HAXO0XKAeHUU vesnoBeka mnoj JIDIT
Hauboubmas gonycruMas 1JiMHa JuHuM kiaacca 0,38 kB:
200 m
+800 m
10 000 m
15000 m



Taoauua 3 — Kpurepuu oueHku chopMUpPOBAHHOCTH KOMIIETEHIIU I

Kon u Kputepuu oniernBanmst chopMHUpOBAaHHOCTH KOMIICTCHIIUN
HaMEHOBaHHE (4acTv KOMIETECHITUH)
WHJUKaTOpa Ha 0a30BOM YpOBHE Ha MOBBIIIEHHOM YPOBHE
HOCTUIKCHUSA COOTBETCTBYECT OLICHKEC COOTBCTCTBYCT OIICHKC COOTBETCTBYET OLICHKE
KOMIICTCHIINHA «YJOBJICTBOPUTCIILHOY «XOpOoUIo» «OTIIMYHO»
(qacTn 50-64% ot 65-85% ot 86-100% ot
KOMITETEHIINH ) MaKCHMAJILHOrO Oajuia | MakCUMAaJILHOTO Oasia MaKCHMAaJILHOTO Oasia
W-1onk2 CryneHt CryneHt CTyneHT eMOHCTpUpYET
ANTOPUTMUBHPYET | IEMOHCTPUPYET 3HAHHUE | IEMOHCTPUPYET OTJINYHOE 3HAHUE!
pelIeHue 3aa4 U | OCHOBHBIX METO/IOB XOpoIlIee 3HaHUE: OCHOBHBIX METO/IOB
peanuzyer pacuera OCHOBHBIX METOJ/IOB pacyeta
AJITOPUTMBI C HECHUMMETPUYHBIX U pacueta HECHUMMETPUYHBIX U
WCIIOJIb30BAHUEM | aBapUIHBIX PEKUMOB HECHUMMETPUYHBIX U aBapUNHBIX PEKUMOB
MPOTPAMMHBIX AJIEKTPUYECKUX CETEH, | aBapUUHBIX PEKUMOB AIEKTPUUECKUX CETEH,
CPEJICTB. METO/IOB OLIEHKH ANEKTPUUECKUX CETEH, METO/IOB OLIEHKH
NJ-20nk2 HaJICKHOCTHU METOJIOB OIICHKU HaJIEKHOCTHU
Pa3zpa0aTbiBaeT | IEKTPOCHAOXKEHMS; HA | HAJAEKHOCTH AIIEKTPOCHAOKECHHUS;
AITOPUTMBI U 0a30BOM YPOBHE YMEET | IEKTPOCHAOKEHNUS, CITOCOOEH C BBICOKOM
KOMITBIOTEPHBIE | AJITOPUTMU3UPOBATH CrocoOeH CTEIIEHbIO
IIPOrpamMMBl, penieHue 3a1a4 ¢ CaMOCTOSITEIIBHO CaMOCTOSITEIBHOCTH
MPUTOJHBIC 11 | UCTIOJIb30BAHUEM ANrOPUTMHU3UPOBATH ANrOPUTMHU3UPOBATH
MIPAKTUYECKOr0 | MPOrPaMMHBIX CPEJICTB; | PELICHHE 3a4a4 ¢ pelieHue 3a1a4 ¢
npumenenus UJI- | pa3zpabateiBact UCIIOJIb30BaHUEM UCIIOJIb30BAaHUEM
I rikoc-1 ITOPUTMBI U IIPOrPaMMHBIX CPEACTB; | MPOrPAMMHBIX CPEJICTB;
OcymiecTBisieT | KOMIBIOTEPHBIE pa3pabaTsiBacT pa3pabaTsiBacT
MOHUTOPHUHT IIPOrpamMMBl, ITOPUTMBI U AITOPUTMBI U
TEXHUYECKOTO MIPUTOHBIC JIJIS KOMITbIOTEPHBIE KOMITbIOTEpPHBIE
COCTOSIHUS MIPaKTHUYECKOTO IIPOrpaMMBbl, IPUTOJIHBIE | IPOrPaMMBbl, IPUTOAHBIE
00opyaoBaHUS MPUMEHEHUs, CIOCOOCH | IS MPAKTUIECKOTO JUISL IPAKTUYECKOTO
MOJICTAHIINI OCYILIECTBIISATh MIPUMEHEHUS, MIPUMEHEHUS,
ANEKTPUYECKUX | MOHUTOPUHT OCYILIECTBIISATh OCYILIECTBIISATh
ceTen TEXHUYECKOTO MOHUTOPHUHT MOHUTOPHUHT
COCTOSIHUS TEXHUYECKOTO TEXHUYECKOT'O COCTOSIHUS
000pyIoBaHUS COCTOSTHUS 000opyIoBaHUs
MIOACTAHIIUI 00opy1oBaHuUs MIOACTAHLIUI
AIIEKTPUUECKUX CETEH MOJCTaHIINI AIEKTPUUECKUX CETEH

AIEKTPUUECKUX CETEU

MoavJab 2. MaTtemMaTHdyecKue MeTOAbl pacuera

HECMMMETPHYHBbIX PEKMMOB 3JIEKTPHYECKHX CeTel

KoMmnbroTepHoe TecTUPOBaHUE

Buibepume ooun npasunvHwlil 6apuanm omeema u Haxdcmume KHONKY «/laneey
MeTtoa, MCNOJIb3YIOIIUICS JJIS PACYeTOB HECUMMETPHYHBIX Pe:KUMOB 3-X (pa3HbIX
CUMMETPHYHBIX CeTei:
+Meton 3-X CUMMETPUYHBIX COCTABIISIFOIINX
Meton nepBoM MOCIEI0BATEIbHOCTH
Metoa BTOpOM IOCIIEA0BATEIBHOCTH
Meton HyJIEBOM MOCIEI0BATEIILHOCTH
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Kakoit Merox  sBasierca  0oJiee  NPEANOYTHTEJbHBIM  JJs  pacyera
HECHMMETPUYHBIX Pe:KUMOB Tpexga3HbIX ceTeii?

Meron TpeX CHMMETPHUYHBIX COCTABJISIFOLIUX

[Tapamerpuuecknit METOL

+MeToxa pa3HBIX KOOpPAHMHAT

OnepaTopHBbIil METO[
OnepaTtop mnoBOpOTa, NPHHMMaeMbli B MeTode TpeX CHMMETPHYHBIX

COCTABJIAKOIIINX, UMEECT BU/I:

Ja
a=e¢ ?
21
+ta=e ?
27
a=—e 3
jﬁ
a=e¢ 3
BexTopbl Ga3HbIX HANPSIKEHUI CIBUHYTHI IPYT OTHOCUTEIbHO APYra Ha yroJ:
z
2
42
3
+27
3
4

Metoa pacuera HeCUMMETPUUYHBIX PEKMMOB, OCHOBAHHBIA HA MOJHBIX MATPHLAX
apaMeTpoB U Pe:KUMOB OTHOCUTEJBHO Beex ¢a3 ceTu:
da3oBrIl METO
[TapameTpruueckuii METOT
+Mertop pacuera B (ha3HBIX KOOpJIMHATAX
MaTtpuuHbId METOT
Ha3zBanmue 4-x matpun (A, B, C, D), Bxoasimux B maTtpuny nepenaqu (H):
bnounbie MaTpuirsl
+Matpuirsl 0000IIEHHBIX TOCTOSHHBIX
Martpuusl mapamMeTpoB
Martpunsl CONPOTUBIEHUN U TPOBOAUMOCTEN
Ha3BaHue MaTpuIl MIOTOHHBIX IAPAMETPOB JIMHUM dJIEKTPoNepeaayn:
Martpuiiel pacrpeIeICHHbIX IapaMeTPOB
+Matpuibl IPOJOIBHBIX CONPOTUBIICHUN U IONIEPEYHBIX IIPOBOAUMOCTEN
[TapameTpruueckue MaTpUIbL
O0600111eHHBIE MATPUIIBI
Kakoii meroa mo3BoJisieT NMPOU3BOAMTH PacyeTbl B peajibHbIX BeEJIUYHHAX B
Kaxknoi ¢gase ceru?
Merton TpeX CHMMETPUYHBIX COCTABIISIFOLINX
+MeTtoa pa3HBIX KOOPAWHAT
[Tapamerpuueckuit METO
10



MaTtpudHbId METOT
ITapametpsl B pa3HbIX KoOOpaAUHATAX (Z) NPU M3BECTHBIX B 3-X CHUMMETPUYHBIX
COCTABJISIIOINUX (ZS):

Z:S'Zs
Z:Zs's
+Z=S"7s-S
7=7s"

IlapameTpsl B KoOOpAHHATAX 3-X CHMMETPHYHBIX COCTABJAKIINX (Zs) mnpu
U3BECTHBIX napamMerpax B ¢a3HbIx (Z):

ZS:Z'S
Zs=S-7-S"!
+ZS:S‘Z
Zs=27"

B kakom ciayuyae HeBO3MOKHO TNPUMEHEHHE MeTOJa TpeX CHUMMETPHYHBIX
COCTABJIAIONIUX?

CUMMETPUYHBIN pEKUM

HecummeTrpuuHnbiid pexxum

Yucno ¢a3 paBHO TpeM

+Uwucno a3 6onee Tpex
Kakas ¢opma cBsi3bIBaeT HANPSKEHUS U TOKU B Hayajle ¢ HANPSLKEHUAMHM W
TOKaMM B KOHUIe 2K-nmorocHuka?

A-popma

C-dpopma

+H-dpopma

Y-popma
Kakas ¢opMma cBsi3bIBaeT TOKH B HaYajle M B KOHIIE ¢ HANIPSI2KEHUSIMM B Ha4YaJie u
B KoHIe 2K-nosirocHauka?

A-bopma

C-dbopma

H-dbopma

+Y-popma
KomiulekcHasi KBaJpaTHash MATpPUIAa NOTOHHBIX NPOJOJbHBIX CONMPOTHBJIEHHH
k-TIpOBOJIHUKOB JIMHUH HAXOAUTCH 1O popmy.ie:

*lz|=[R|+ jelL]
[¥]=lel+ jelA
=iy
=]

KoMmmiiekcHasi KBaJijpaTHasi MATPHUIIA MOTOHHBIX MONEPEYHbIX NMPOBOAUMOCTEH K-
NMPOBOJIHUKOB JIMHUU HAXOAUTCH M0 opmy.ie:

2= i+ jol
+11|= et jol
=iy

wi=|r12
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Cros0uoBbIE MaTpulbl KOMILIEKCHBIX aMIIJIUTY/ Haﬂpﬂ)KeHI/Iﬁ H TOKOB
MPOBOAHUKAX B pacCMaTpuBa€MOH TOYKE JIMHUU.
il
Vil
Vbl
|4,|Bl|C|,|D|
YneabHas MPOBOAUMOCTD 3€MJIM UMEECT PAasMEPHOCTDL.
Om

cm
+(Om-cm)™

()

ConporuB/ieHHe 3eMJIM HAXOAAT MO popmy.ie:

5

2

B

M 9

+RZ =272
Rz =%
2
RZ = ﬁ
A
RZ = 2% A
I'myOuna 3aerannsi 00paTHOro0 NPOBOAA HAXOAUTCH 1O popmy.ie:
+p, = 564
VA
D, = 66.4
1
D, =66.4- fA
D, =66.4-,/fA
/{3 ieKTpuYecKasi IPOHUIAeMOCTb BO31yXa 0003HAYAeTCH:
(24
B
te,
A
Ju3iekTpudecKasi IPOHUIIAEMOCTh UMeEeT Pa3MEPHOCTh:
Om
M
(Om-cm)™

+be3pa3mepHas BelMurHa
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Taoauua 4 — Kpurepuu oueHku chpopMUPOBAHHOCTH KOMIIETEHIIU I

Kon n Kputepuu onieanBanusi chopMHUpOBAaHHOCTH KOMIICTCHIIUN
HAaMCHOBAaHHE (4acTv KOMIETECHITUH)
WHJUKaTOpa Ha 0a30BOM YpOBHE Ha MOBBIIIEHHOM YPOBHE
JOCTHIKEHMS COOTBETCTBYET OLIGHKE | COOTBETCTBYET OILICHKE COOTBETCTBYET OIICHKE
KOMICTCHIINH «YJOBJICTBOPUTCIILEHOY «XOpOoLIO» «OTIIMYHO»
(vactu 50-64% ot 65-85% ot 86-100% ot
KOMITIETEHIIUH ) MaKCHUMAJILHOrO Oajuia | MakCUMAaJILHOTO Oajia MaKCHMAaJILHOTO Oaiia
NA-1onk-2 Crynent CryneHt CTyneHT NeMOHCTpUpPYET
ANTOPUTMUBHPYET | JEMOHCTPUPYET JIEMOHCTPHUPYET OTJINYHOE 3HAHUE:
pellieHre 3aa4 1 | 3HaHHEe: OCHOBHBIX XOpoIllee 3HaHUE: OCHOBHEIX METOJIOB
peanusyer METOJIOB pacyeTa OCHOBHEBIX METOJIOB pacyeTa
QJIITOPUTMBI C HECUMMETPUYHBIX pacueta HECUMMETPUYHBIX
WCIIOJIb30BAHUEM | PEXKUMOB HECHMMETPUYHBIX PEKUMOB IEKTPUUECKUX
MIPOTrpaMMHBIX ANEKTPUIECKUX CETECH; | PEKUMOB ceTel; MeToaa Tpex
CpE/CTB. MeToJa Tpex ANEKTPUUECKUX CETEH; CUMMETPUYHBIX
N-20mk2 CUMMETPUYHBIX METO/J1a TpeX COCTaBJIAIONINX, METOIa
Pa3pabareiBaet COCTAaBJISAIOIINX, CUMMETPUYHBIX (ha3HBIX KOOPIUHAT C
ANTOPUTMBI U MeToaa (a3HbIX COCTaBJISIOIIMX, METOJA | MCIIOJb30BAHUEM 2-K
KOMITbIOTEPHbBIE KOOPJIMHAT C (a3HBIX KOOPJIUHAT C MOJIFOCHUKOB U UX MaTpPHII
MIPOTrpamMMBlI, HCIIOJIL30BAHUEM 2-K HCIIOJIL30BAHUEM 2-K nepeaadn; CrocoOeH ¢
MPUTOIHBIE 1151 MOJIIOCHUKOB U UX IMOJIFOCHUKOB U UX BBICOKOM CTCIICHBLIO
MPaKTUYECKOTO MaTpuIl Iepeiadn; Ha | MATPHIl IepeaavH; CaMOCTOSATEILHOCTH
MIPUMEHEHUS 0a30BOM ypOBHE YMEET | CIIOCOOCH AITOPUTMHU3UPOBATH
WNJI-1 1101 aNTOPUTMHU3UPOBATH CaMOCTOSTEILHO pelIeHue 3a1a4 ¢
OcymiecTBasieT pelieHue 3a1a4 ¢ AIrOPUTMHU3UPOBATH HCIOJIb30BaHUEM
MOHUTOPHHT HCII0JIb30BaHUEM perieHue 3a1a4 ¢ MPOTrPaMMHBIX CPEJCTB;
TEXHUYECKOI0 MPOTPaMMHBIX CPEJCTB; | UCIOJIb30BAHUEM pa3pabaTsiBacT
COCTOSIHUS paszpabaThIBacT MIPOTPaMMHBIX CPEJCTB; | AJITOPUTMBI U
obopyoBaHus ITOPUTMBI U pa3pabatsiBacT KOMITbIOTEPHBIE
MOICTAHIIUI KOMIThIOTEPHBIC ANTOPUTMBI U MPOTpaMMBbl, IPUTOJTHBIE
AIEKTPUUYECKUX MPOTpamMMBbl, KOMITbIOTEpPHBIE JUTSL IPAKTUYECKOTO
cereit MIPUTOTHBIC TS MIPOrpaMMBbl, PUTOJTHBIC | MPUMEHCHHS,
MPaKTUYECKOTO JUISL IPAKTUYECKOTO OCYILIECTBIISATh
MIPUMEHEHHUS, CTTIOCOOCH | MPUMEHEHHS, MOHUTOPHUHT
OCYIIECTBIISATh OCYILIECTBIISATh TEXHUYECKOI'0 COCTOSHHS
MOHUTOPUHT MOHUTOPHUHT 00opyIoBaHUs
TEXHUYECKOIO TEXHUYCCKOIO IMOJICTAHIU I
COCTOSIHHS COCTOSIHHS ANEKTPUYECKUX CETEH
00opy1oBaHuUs o0opyioBaHuUs
OJCTAHIIUNA OJICTAHIIUNA

AIEKTPUYECKUX CETEU

AIEKTPUYECKUX CETEH

Moavas 3. IIporpaMmMbl pacdyeTa HeCHMMETPHYHBIX PEKUMOB

DJIEKTPUICCKHUX CeTel

KomnbroTepHoe TecTUpOBaHue

Buvibepume o0un npasunbHblll 6apuanm omeema u Hadxcmume KHONKy «/laneey
MaTtpuua y3710BbIX IPOBOAUMOCTEH BbIPAaKaeTC KAK:
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Y=M " Zg
Y =M-Zg' - M,

Y =7 M,
Y=M:Zg M,

3anucb MATPUYHBIX Y3JI0BBIX YPABHEHUM:
lg=Zg" - Vg
Up=127z Iz
+J=Y - -U
J=(Y+2)-V

YpaBHeHNsl, ONUCHIBAOIIHE MATPHUILY Nepelavu NPOA0JbHBIX YCTPOHCTB:
A=E, B=0, C=0, D=E

A=E, B=0, C=Y, D=E
A=72Y, B=E, C=E, D=YZ
+A =E, B=72, C=0, D=E
YpaBHeHus, ONMCHIBAKOIIME MATPHILY NEepPeJayYM NMONEPEeYHbIX YCTPOMCTB:
A=E, B=7Z, C=Y, D=E
+A =E, B=0, C=Y, D=E
A=72Y, B=Z, C=0, =Y-Z

D
A=E, B=E, C=E, D=E
Haubosnee ynoOHass mporpamMMa [Jisi BBINOJHEHHSI PACYETOB HECHMMETPHYHBIX

PEKUMOB IJICKTPHICCKHUX ueneii:

+MathCAD
MS Office
Pascal
TurboPascal
YUrenne 1annbix B mporpamme MathCAD npoucxoaur:
CnpaBa — HaJIeBO, CBEPXY — BHU3
+cieBa — HaIpaBO, CBEPXY — BHU3
CiieBa — HanpaBoO, CHU3Y — BBEPX
B mo0om HanpaBieHUH
CronduoBasi MaTpuia MMeeT Pa3MepPHOCTD (m — YUCJI0 (a3 JMHNM):
Ixm
mxXm
+mxl
Ix1
CrtpoyHasi MaTpHLIA HMeeT Pa3MEPHOCTDb (M — YUCI0 (pa3 JIMHUH):
+1xm
mxXm
mx1
Ix1
IIpu ymMmHO:XeHUU MAaTPUIl A ¥ B 10/I2KHO BBINIOJIHATHLCA CJEAYIOlIee YCJI0BUe:
+Uwucno cTpok MaTpulbl A paBHSETCS YHCIy CTOJIOI0B MaTpulibl B
Yuciio cToa010B MaTpULibl A paBHSIETCS YHCIIy CTPOK MaTpulsl B
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Pa3mepsl MaTpuil MOTYT OBbITh JIFOOBIMUA HEOJIMHAKOBBIMU
JlnaroHasabHbIE 2JIEMEHThI MATPULL PaBHBI
IIpu caoxkenun MaTpul A U B 10/15KHO BBIIOJIHATHCS CIeAYIOLIee YCIOBHE:
Yucno cTpok MaTpuilbl A paBHAETCS YHCITY CTOJIOIOB MaTpuIlbl B
Yucno cTon0110B MaTpHllbl A paBHAETCS YUCITY CTPOK MaTpHIlbl B
+Pa3mMeprl MaTpull OAMHAKOBBIE
JlnaroHajabHbIE€ 3JIEMEHThI MATPULL PABHBI
IIpu ciaoxenun matpun A u B pasmep pesyabTupyoineit Marpunsi C:
+PaBeH pasmepy maTpuubl A
B nBa pa3za Gosibliie pazmepa MaTpuibl A
B nBa pa3a menbuie pazmepa MaTpuisl 4
B nBa pasa Oosblie pazmepa MaTpulsl B
IIpu yMHOKeHHMH MATPHUIBI A HA YHUCJIO0 A JIEMEHTHI pPe3yJIbTHPYIOLIeil MaTPHLbI
C M0xHO HalTH 10 popmy.ie:

+cl.j:ﬂ-al.j

_ A

Kakoe u3 geiicTBuii ¢ Matpuuamu A u B 3anMcaHo HeBepHO?

A-B#B-A4

+A-B=B-A4

[4-B|=|4-|3]

(4-B)'=B"- 4"
Ecin 3j1eMeHTBI CTPOK MATPHUIBI PACCTABJICHBI B CTOJI0OLBI, 2 3JIEMEHThI CTOJIOL0B
B CTPOKH, TO TAKASI MATPULIA HA3BIBACTCS:

Enunununon

Hynesoit

OG6patHoit

+TpaHCIIOHUPOBAHHOM
Martpuna, yMHOK€HHE KOTOPOM HA HCXOAHYK) MATpPHUIy [JaeT eIHUHUYHYI0
MaTpHIy, HA3bIBACTCH:

JnaronanbHOM

Hynesou

+QO0paTHoi

TpancrIOHMPOBaHHOU
Matpuia Ha3pIBaeTCd KBaJAPATHOM, €CJIu:

+Uucno cTpoK paBHO YHCIy CTOJOIOB

Yuciio CTpok B JiBa pa3za 0oJibllie YUCiIa CTOI0LOB
Ona collep>KUT O/IHy CTPOKY M HECKOJIBKO CTOJIOIIOB
Ona collep>KUT HECKOJIBKO CTPOK U OJIUH CTOJIOEI]

15



IKBUBAJIEHTHAaA MaTpHla mnepeaavdn BCex yCTpOﬁCTB, BRKJIIOYC¢HHBIX BJ10JIb JINHHUH,

paccuuThIBaeTCd 1Mo popmy.ie:

+[HH]:H(Hi)
[HH]: Z(Hz)
11, 1=T 1)

[, 1= (H)
i=1
MaTtpuua y3J0BbIX NMPOBOAMMOCTEN BCEH JJIEKTPOIEpeaaYn PacCYUTHIBACTCH 110

dbopmye:

-Y Y.
Y — Ha Yb
] [Y Y}

Hc

nl-le )
- ]
- ]

DJieMeHThI MATPHUIIbI Y3JI0BBIX IPOBOAMMOCTEN BCeH dJIeKTponepeaad paBHbI:
+Yy, =DyB, .Yy, =Cy — DB,/ 4,.Y, =B, .Y, =B, 4,
A=E,B=0,C=E+1,D=0
Yy, =Cy _DHB;IlAﬂaYHb = DHBI;I’YHL' = _BI_JIAHﬂde = BI_JI
A=0,B=E,C=E+1,D=0
Bripa:xenue H-¢popmbl 2k-nosmocauka JIDJII:

e ol

_UH_ UK Ha Hb UK
= [1—[ =
_IH IK Hc Hd [K
vy ]
IH IK )fc )fd IK
Ll Le ol
I, I.| |c D|I,
Boipakenune Y-popmbi 2k-nomocauka JIIII:

el
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u,] [v, YU,
Ue| LY YU
Ul [Y, YU
L] Y Y| 1]
Ug| [4 BJU,
I.| |c D|I,

IIpu pacyere HeCUMMETPUYHBIX PEKMMOB MeTOA0M (a3HbIX KOOPAUHAT ONEPaTOp

J{j}f =[y
K
U,
=|H
| 4]
U, "
_IH
Jj paBeH:
j=Ae
2z
j=e’
j=n'

+j=4/-1

Taoauna 5 — Kpurepuu oueHku chpopMUpPOBAHHOCTH KOMIIETEHIIU I

Kon u Kpurepun onieanBanmsi chopMHUpPOBAaHHOCTH KOMIICTCHIIUN
HaVMEHOBAHHE (4acTH KOMIIETEHIIUN)
WHJIUKAToOpa Ha 0a30BOM ypOBHE HA MOBBIIIEHHOM YPOBHE
JOCTHXKCHUS COOTBETCTBYET OLIEHKE | COOTBETCTBYET OLICHKE COOTBETCTBYET OLICHKE
KOMIIETEHLINU «yJIOBJICTBOPUTEIBHOY «XOPOILIO» «OTJIMYHO»
(uactu 50-64% ot 65-85% ot 86-100% ot
KOMITIETEHIIUH ) MaKCUMAJILHOTO Oayia | MakCUMajbHOro Oajuia MaKCUMAaJILHOTO Oajuia
W/I-1onk2 Crynent Crynent CTyeHT NEeMOHCTpUpPYET
ANTOPUTMUBHUPYET | IEMOHCTPUPYET 3HAHUE: | IEMOHCTPUPYET OTJIMYHOE 3HAHUE:
peuleHue 3a1a4 1 | OCHOBHBIX ITpOrpamMm XOpOIlIee 3HAaHUE:! OCHOBHBIX ITpOrpamMm
peanusyer pacuera OCHOBHBIX ITPOTpaMm pacuera
aIrOpPUTMBI C HECHUMMETPUYHBIX pacyeta HECUMMETPUYHBIX
WCMOJIb30BAHUEM | PEKHUMOB HECHMMETPUYHBIX PEKUMOB IIEKTPUIECKUX
MIPOrpaMMHBIX ANEKTPUUECKUX CETEH, PEXKUMOB ceTel, METoJa y3JIO0BBIX
CPEACTB. METO/1a Y3JIOBBIX ANEKTPUYECKUX CETEH, | ypaBHEHUU; ACUCTBUM C
N-20mnk-2 YpaBHEHUI; JEUCTBUM C | METO/IA Y3JIOBBIX Matpunamu;, «H» u «Y»
Pa3pabarbiBaer matputiamu; «H» 1 «Y» | ypaBHeHHIA; ZEUCTBUI | GOPM 2-K MOIFOCHUKOB
aIrOpPUTMBI U ¢dbopM 2-K MONMIOCHUKOB | ¢ MaTpuuamu; «H» u 3JIEMEHTOB CETH;
KOMIIBIOTEPHBIE AJIEMEHTOB CETH; HA «Y» dopm 2-k CIOCOOEH C BBICOKOM
MIpOrpamMMBl, 0a30BOM ypOBHE YMEET | MOJIFOCHUKOB CTEIEHbIO
MIPUTOIHBIC TSI aNrOPUTMHU3UPOBATH 3JIEMEHTOB CETH; CaMOCTOATEIbHOCTH
MPaKTUYECKOTO penieHue 3a1a4 ¢ crocoOeH AITOPUTMU3ZUPOBATH
MIPUMEHEHUS WCIIOJIb30BAHUEM CaMOCTOSTENBHO pelIeHHE 3a/1a4 ¢
W -1mxoc-1 MPOrpaMMHBIX CPEACTB; | AITOPUTMU3UPOBATH HCII0JIb30BAaHUEM
OcymiecTBiasieT pa3pabatsiBact pelIeHue 3a1a4 ¢ MIPOTPAMMHBIX CPEJICTB;
MOHUTOPHHT aIrOPUTMBI U HCIIOJIb30BaHUEM pa3pabaThiBaeT
TEXHHUYECKOTO KOMITHIOTEPHBIE MIPOrpaMMHBIX AITOPUTMBI U
COCTOSIHMSI [IPOrpaMMBbl, IPUTOJIHBIE | CPEJICTB; KOMITbIOTEPHBIE
obopyoBaHus JUISL IPAKTUYECKOTO pa3zpabaThIBacT MIpOrpamMMBbl, PUTOJTHBIE
MOACTAHIUI MPUMEHEHHUS, CIOCOOCH | aITOPUTMBI U JUISL IPAKTUYECKOT O
BJIEKTPUYECKUX OCYIIECTBIIATh KOMITHIOTEPHBIC MIPUMEHEHUS,
ceTen MOHUTOPUHT IPOrpamMMmBbl, OCYILIECTBIISITh
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TEXHHYSCKOT'O MPUTOJHBIC JIIIS MOHUTOPUHT
COCTOSTHUS MPAKTUYECKOT O TEXHHUYCCKOI0 COCTOSHUS
00opyaoBaHUS MIPUMEHEHU, 0o0opyaoBaHUs
IMOICTaHIIHI OCYILECTBIIATh MMOACTAaHITNH
ANEKTPUUECKUX CETEU MOHUTOPUHT 3JIEKTPUUYECKUX CETEH

TEXHHICCKOTO

COCTOSIHUS

000pyI0BaHusA

HOJICTAHIIUNA

AIEKTPUYECKUX CETEH

Monavyan 4. Pacuer HecuMMeTPpHYIHBIX pekMMOB B nmakere MathCAD

KomnbroTepHoe TecTUpOBaHue

Buibepume ooun npasunvhwlil 6apuanm omeema u Hadxcmume KHONKy «/aneey
Marpuna, CBA3BIBAIOIIAA HANPSKEHUS U TOKHM B Hayajle ¢ HANPAXKEHUSAMH H
TOKaAMH B KOHIIE:

Marpuia coeiuHeHur

+Marpuiia nepegayuu

OGpaTHas MaTpuiia

Ennnnunas matpuna
MaTtpuua, oTpaxkaomasi CBA3M MeKAy y3JaMHi U BEeTBSIMH CeTH:

CoenunuTeNbHasg MaTpULIa

Marpuna y35oB

Marpuna BeTBen

+Marpuia THIUASCHINT
Martpuua, sABJSKOMIAsACA MaTpuleil mnpeodpa3oBaHusi U3 KOOpAMHAT 3-X
CHUMMETPHUYHBIX COCTABJAIONIUX B (a3Hble KOOPAMHATHI:

1 1 1
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KBagpaTHas MaTpuua Ha3bIBaeTcsi BepXHeil TPEyrojabHOi MaTpuLei, ecJIu:

+a;;=0 11 Bcex 1]
a;;=0 14 Beex 1<

a;;=0 11 Bcex 14
a;=0 ma Bcex 1#k

KBaapaTHasi MaTpuIia Ha3bIBaeTCsl HUKHEH TPEYroJIbHOM MaTpULIel, ecIu:

a;;=0 1 Bcex 1)
+a;=0 11 Bcex 1<
a;;=0 114 Bcex 11 J
a;=0 g Bcex 12k
KBanpaTHasi MaTpuiia Ha3bIBaeTCsl HYJ1€BOii MaTpuIleii, ecJiu:
a;;=0 114 Bcex 1]
a;;=0 114 Beex 1<
+a;;=0 171 Bcex 1 1 |
a;=0 ma Bcex 1#k
KBagpaTHasi MaTpuna Ha3pIBaeTcsi AUATOHAJIbLHOI MaTpHUIei, eCJIu:
a;;=0 114 Bcex 1]
a;;=0 14 Beex 1<
a;;=0 1 Bcex 1 4
+a;=0 m1g Bcex 1£k
KBaagparHasi MaTpuna Ha3bIBaeTCs eIUHUYHON MaTPULIEH, €CJIU:
a;;=0 114 Bcex 1]
a;=0 114 Beex 1<)
a;;=0 114 Bcex 11 J
+a;=0 mg Bcex 17k; ag=1 m1d Bcex 1=k

PesyabTHpyomass MaTrpuua y3J0BbIX NPOBOAUMOCTEl INPH M3BECTHBIX [IBYX

MaTpHUax PsiiOM CTOSIIIUX YCTPOMCTB Oyaer paBHa:

+Y:Y1+Y2
Y:Yl 'Y2

Y=Y, Y,
Y=Y,"Y,

MoaenaupoBatb 00pbIB a3 MOXKHO:
bosnpron nonepeyHo NpoBOAUMOCTBIO
+bonbIMM IPOIOIBHBIM COPOTUBIIEHUEM
Mauioii nmonepeyHoy NpOBOIUMOCTBIO
MaibiM IpOIOJABHBIM COITPOTUBJIEHUEM
MoaeaupoBarb KOPOTKOE 3aMbIKaHUE (a3 MOKHO:
+MaubIM NONEePEeYHbIM COIPOTUBIEHUEM
BonpmmM nornepeyHbIiM CONPOTUBIICHUEM
Masno# npo10JbHON MPOBOAUMOCTBEO
bosb110#1 TpOA0JIBHON TPOBOAMMOCTBIO
JKBHMBAJICHTHAs MAaTpHLa MepeJadyd MNpPH H3BECTHBIX MAaTPHIAX
YCTPOMCTB B pacnpeaeJuTe/IbHON CeTH paBHA:
Cymme maTpull yCTpouCTB
CyMMe 00panieHHbIX MaTpHIL] YCTPOMCTB
[IpousBeneHn0 OOpALLIEHHBIX MATPUL] YyCTPOICTB
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+IIpou3BeIeHNIO MATPULL YCTPOMCTB
IIpaBuia cocTaBjieHUs] MATPUIbI MHIIAICHIIHA:
+Eciu TOK BBIXOJUT U3 y31a, TO CTaBUTCA +1; eciin BXOJIUT B y3el, TO -1; ecnu He
COEAMHEH C y3710M, TO 0
Ecnu TOK BBIXOAMT U3 y371a, TO CTaBUTCA -1; €ciu BXOOUT B y3el, To +1; eciu He
COEJIMHEH C y3J710M, TO ()
Ecnu TOK BBIXOIWT W3 y37a, TO cTaBUTCA +1; eciin BXOAUT B y3end, To 0; eciau He
COEJIMHEH C y3JI0M, TO -1
Ecnu Tok BbIXOAMT U3 y3ia, TO ctaButcs 0; eciaum BXOOUT B y3€l, TO -1; eciin He
COEJIMHEH C y3J7I0M, TO +1
PasmepuocTs maTpuusl nepegaun H npu mogenuposanuu JIIII (m — yucio ¢a3s):
mx1
Ixm
mxm
+2mx2m
Pa3mepHoCTh MAaTPHIIBI Y3JI0BBIX IPoBOAUMOcCTel Y npu moaeanposanuu JIDII (m
— 4quciao ¢as):
mx1

Ixm
mxm
+2mx2m
Ha xakue MaTpuubl 1eJUTC MaTpula nepexauu H?
+A,B,C,D
H,, Hy, Hc, Hy
U LR, Z
K,N,P, T
Ha kakue MaTpuubl JeJTUTCH MATPUIA Y3JIOBBIX MPpoBoAuMoOcTei Y?
A,B,C,D
+Y. Yy, Yo, Y4
ULR,Z
K,N,P, T
JKBHBAJICHTHAsE MaTpuua mnepeaauu H, Bcex ycTpoMcTB, BKJIYEHHBIX B/0JIb
JINHUHU, PACCYUTHIBACTCH KaK:
CymMmma maTpull nepegayu KaxJ10ro ycTpoicTaa
+1IpousBenenre MaTpul nepeladyn KaxxJ10ro yCTpoucTaa
PasnocTe Matpui| nepeaun Kax10ro yCTporucTBa
CyMMma TpaHCIIOHUPOBAHHBIX MaTPUI] IEPEAAUH KaXKJO0T0 yCTPOUCTBA
ITo kakoii ¢gopmy/ie MOKHO HAWTH TOKH B Havajge Iy u B KoHue Ix JUHUM
3JIeKTponepenaun?
]H UH . YHa YHb
YH

]K_ UK YHc d

IH_ Uk | | Y

YHb
]K_ UH YHc YHd
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{IH}{YHLI YHbHUH}
[K YHc YHd UK
{IH}:|:YHQ YHb}.|:UK:|
[K YHC YHd UH
IIo kakoit ¢opmysie MOKHO HAWTH TOKU Iy m HanpsikeHus Uy BAOJb JIMHUHU
3JIeKTponepeaauu (B ToUKe x)?

sl

a
)
|
av
)
eed
o
NN
[ER

1
C
)
1
|
1
~
>
| I
=
S
e

IIpoaoJbHBIT HECUMMETPUYHBIH 3JIEMEHT (3JIEeMEHT ¢ NMo(a3Hoil HeCUMMeTpuUei)
3aaaercs ciaeaymwouei ¢popmyJioi:

Z, = \/RZi +JX,

+ZZi = RZi + jXZi

Z; =Ry, - jX,
Zy =Ry, —JjXy
Kosdpunuenr cBsizu 00MOTOK TpaHchopMaTopa €O CXeMOHM «3Be3la — 3Be3l1a C
HYJIEM):
iR 2
2+7,-7,
PO
2- Zt ’ Yt
K.= !
2+Z7,-Y,
Koo L
1-Z,-Y,

t
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Taoauua 6 — Kpurepuu oueHku chopMUpPOBAaHHOCTH KOMIIETEHIIU I

QJICKTPHUUYCCKUX ceTe

AJIEKTPUYECKUX CETEH

Kox u Kpurepuu onernBanmsi copMUPOBAaHHOCTH KOMIIETCHIIUN
HaMEHOBaHHUE (4acTv KOMIETCHITUN)
WHANKATOpa Ha 0a30BOM ypOBHE Ha TMOBBIIICHHOM YPOBHE
HOCTUIKCHUA COOTBETCTBYECT OLICHKE | COOTBETCTBYCT OLICHKE COOTBETCTBYET OLICHKE
KOMIIETEHIIUH (4aCTH | «yJOBICTBOPUTEIIHHOY «XOpOoLIo» «OTIIMYHO»
KOMITIETECHIIMH) 50-64% ot 65-85% ot 86-100% ot
MaKCUMAaJILHOTO Oajia | MakCHUMAaJIbHOro Oajuia | MakCUMalIbHOIO Oajlia
N-1omk-2 CryneHt Crynent Crynent
ANTOpUTMUBHPYET JIEMOHCTPHpYET JIEMOHCTPUPYET JEMOHCTPHUPYET
pelleHue 3a1a4d u SHAHE: XOpoIlIee 3HaHUE: OTJINYHOE 3HAHUE:
peanuzyer . OCHOBHBIX MOJeJIei OCHOBHEBIX MOJEJIEN
OCHOBHEBIX MOJIEJIEH
AITOPUTMBI C DIIEMEHTOB 3JIEMEHTOB
3JIEMEHTOB . .
HCIIOIb30BaHUEM SICKTPHIECKO COTH B AIIEKTPUYECKOM CETU B | DIIEKTPUIECKON CETH B
MIPOTrPaMMHBIX makete MathCAD makete MathCAD
porp nakete MathCAD, ’ ’
CpEJCTB. MaTpu MaTpu
pea MaTpPHII pHLL pHLL
N-20mk2 npeoOpa3oBaHusl, npeoOpa3oBaHusl,
npeoOpa3oBaHusl,
Pa3pabartrsiBaer SKBHUBAJIEHTHBIX SKBHBAJIEHTHBIX
SKBHBAJIEHTHBIX
AJITOPUTMBI U MAaTpHIL IEPEIAYM; MaTpHIL IIEPEIAYN;
p MaTpull IIepesadu; PHIL HIEpEA i TpHIL HEpea i
KOMITBIOTEPHBIC MaTpPHII BHIYUCIICHUS MaTpPHUIl BEIYUCTICHUS
MaTpPHIl BEIYUCTICHUS . .
MIPOTPaMMBI, N HaIpsKEHUH ¥ TOKOB B | HANPSHKEHUH M TOKOB B
HaIpsHKEHUH ¥ TOKOB B N N
MIPUTOTHBIC TSI . | TOYKaX AJIIEKTPUYECKON | TOUKAX DIEKTPHUECKON
TOYKAX AIEKTPUIECCKOU
MPaKTUYECKOTO ) CETH; CIOCOOCH CETH; CIIOCOOCH C
ceTH; Ha 0a30BOM .
MIPUMEHEHUS CaMOCTOATEILHO BBICOKOH CTEIIEHBIO
YPOBHE yMEET
-1 11k0c 1 aNTOPUTMHU3UPOBATH CaMOCTOSITEIILHOCTH
aJITOPUTMHU3ZUPOBATH
OcymuiecTBiasieT pelIeHue 3a1a4 ¢ AITOPUTMU3UPOBATH
pelieHue 3aaa4 ¢
MOHUTOPUHT HCIIOJIL30BAHUEM penieHue 3auay ¢
HCIIOJIb30BAHUEM
TEXHUYECKOTO . | mporpammHBIX HCIOJIb30BaHUEM
MPOTPaMMHBIX CPEICTB;
COCTOSIHUSI CPEJICTB; MIPOTPAaMMHBIX CPE/ICTB;
pa3pabaTbIBaeT
00opyI0BaHuUs paspabatrbIBaeT paspabarbIBaeT
. AITOPUTMBI U
MOACTAHIINI AITOPUTMBI U AITOPUTMBI U
KOMIThIOTEPHBIC
AIIEKTPUIECKUX KOMITBIOTEPHBIC KOMIIBIOTEPHBIC
. IPOrPaMMBI,
ceTei MIPOTPaMMBI, MIPOTPaAMMBI,
MIPUTOHBIC IS
MIPUTOIHBIE TSI MIPUTOTHBIC TSI
MPAKTUIECKOTO
MPaKTUYECKOTO MIPaKTUYECKOTO
MIPUMEHEHUs, CITIOCOOCH
MPUMEHEHUS, MPUMEHEHUS,
OCYILECTBIISATh
OCYIIIECTBIISATh OCYIIIECTBIISATh
MOHUTOPUHT
MOHHUTOPHHT MOHHUTOPHHT
TEXHUYECKOI'O
TEXHUYECKOTO TEXHUYECKOT'O
COCTOSIHUS
COCTOSIHUS COCTOSIHUS
00opyAOBaHUA
N 000pyIoBaHUs obopyoBaHus
MIOICTaHIINI . .
MOICTAHIIUI MOICTaHIHUI

SJIEKTPUYECKHUX CETEH
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Moavab 5. Maremarnueckue moaeau JIDII
VIS PACYETA HECUMMETPUYHBIX PEKUMOB

KoMmnbroTepHoe TeCTUPOBaHUE

Buvibepume o0un npasunvbHulll 6apuanm omeema u Hadxcmume KHONKy «/laneey
YpaBHeHUs, ONMCHIBAKOIIME MATPULLY NlepeIayu JUHUM:

+tA=E+72'Y, B=72,C=2-Y+Y'Z'Y, D=E+YZ

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

A=E, B=7Z C=0, D=E

A=E, B=Z, C=Y, D=E
IIpu mopesupoBanuu JIDII marpuna E sBiasercs:

+EauHnYHON MaTpulen pazmepa M Xm

HyneBoii matpuieit pazmepa 2m x 2m

JlnaronanbHOUM MaTpuuen pazmepa 7 X ni

BepxHeii TpeyroabHON MaTpuLEel pasmepa 2m X 2m
Martpuna Z co0CTBEHHbIX U B3aUMHBIX MPOJ0JbHBIX CONMPOTHBJIEHUH (pa3 TUHUH
HMeeT Pa3MePHOCTh:

mx1

Ixm

+mxm

2mx2m
Matpuua Y coOCTBEHHBIX M B3AaUMHBIX MONEPEYHBIX NMPOBOAUMOCTel (a3 JMHUU
HMeeT Pa3MePHOCTh:

mx1

Ixm

+mxXm

2mx2m
MaTpuuamMu MOrOHHbIX MaPaMeTPOB JIUHUHU ABJIAKOTCH:

7

MaTtpunamu 0000111eHHBIX TAPAMETPOB JIUHUM ABJISIIOTCS:
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+
Ul [
Ilpu kakoil JJIMHe JMHHHM pacdeT MATPHUbI YNPOIIAETCH, W JHUHUS CUYUTAETCHA
KOpPOTKOi1?

Menee 300 km

+Menee 150 km

Menee 50 km

Menee 25 km
YcaoBue (Ix = 0) paBeHcTBa HYJII0 TOKA B KOHIE pacHpeleIUTEJbHOH CeTH
HCIOJIb3YeTCH NMPHU:

2-X CTOPOHHEM ITUTaHHUU

00pBIBax

K.3.

+ OXHOCTOPOHHEM NUTAHUU
YpaBHeHuUe, onMChIBAKOLICe MATPUILY MepeAayM AJIs COPOTHUBJICHUA 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.=Z, C.=Z, D.=1
YpaBHeHHe, ONUCHIBAIOLICE MATPUILY IepeIayH MonepevyHol NPoOBOAUMOCTH Y

A,=1, B,=Y, C,=0, D,=1

+4,=1, B,=0, C,=Y, D,=1

A,=1+YZ, B,=Z, C,=Y, D,=1

A,=1+YZ, B,=Y, C,=Z, D,=1
YpaBHeHUe, ONUCHIBAKOIEE MATPULY MepeAayYy MONepeYHOr NMPOBOAMMOCTH Y H
NMPoa0JbLHOro conporunjeHus z (I'-o0pa3nas cxema):

+4,.=1, B,.=Z, C\.=Y, D,,=1+YZ

A,.=1, B,.=Y, C\.=Z, D,,=1+YZ

A,.=1+YZ, B.=Z, C,.=Y, D,.=I

A,.=1+YZ, B,.=Y, C,,.=Z, D,,=1
YpaBHeHHe, ONMCHIBAIOIIEE MATPHUILY NepeAaYH MPOJA0JIbHOI0 CONPOTUBJICHUA £ H

nonepeyHoi npopoaumoctu Y (I'-o6pa3nas cxema):

A.,=1, B.,,=Z, C,,=Y, D,,=1+YZ

A,=1, B,,=Y, C,=Z, D.,=1+YZ

+A.,=1+ZY, B,,=Z, C,,=Y, D,,=1

A.,=1+7Y, B.,=Y, C,,=Z, D,,=1
YpaBHeHHe, ONNCHIBAIOIIEE MATPHUILY Nepeaayu MPOA0JbHOI0 CONPOTUBJIEHUSA 7 U
nonepeyHsix nmposoaumoctei Y1 u Y2 (Il-oOpa3nas cxema):

A,=1, B,=Z, C,=Y, D,=1+YZ
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A,=1, B,=Y, C,=Z, D,=1+YZ

+A,=1+72Y,, B,=Z, C,=Y,;+Y,+Y,ZY,, D,=1+Y,Z

A,=1+2Y,, B,=1+Y,Z, C,=Y;+Y,+Y,ZY,, D,= Z
YpaBHeHUe, ONUCHIBAKOLIEEe MATPHULY Nepeladyd MPOAOJbHBIX CONPOTHBJICHUN Z;
U Z, u nonepe4Hoii npopoaumocreii Y (T-o6pa3nas cxema):

A,=1, B,=Z, C,=Y, D,,=1+YZ

A,=1, B,=Y, C,=Z, D,=1+YZ

A,=1+2,Y, B,,=Z, C,=Z,+7Z,+7Z,YZ,, D,,=1+Y,Z

+A,=1+72,Y, B,,=Z,+Z,+72,YZ,, C,=Y, D,=1+YZ,
IIpu moaenupoBanuu JuHuHU Kiaacca 0,38 kB merogom ¢a3HbIX KOOPAUHAT YHCJIO0

(¢a3 m npuHuMaercsa:

3

+4

6

8
JJleMEeHTbl MATPHUUbI AKTHUBHBIX NPOAOJbHBIX CONPOTHBJICHUN TMPOBOJIHHUKOB
JINHUU:

R,=R;,R;, =R, + R,
+R, =Ry, + R;,R, = R,
R, =R, —R;,R, =R,
R,=Ry,R; =R, — R,

J1IeMEeHTbI MaTpHlbl HHAYKTUBHBIX NMPOAOJbHBIX COHpOTI/IBJIeHI/Iﬁ IPOBOAHUKOB
JIMHUH:

+ X, :47z10_4f1n&,X,~,~ =4710" f1n 2D3 2
. \/(x,- —Xj) +(yi_yj)
Xl.l. _ 47[1074f11'1 D3 7X[j = 47[1074f1n&
\/(xi _xj)2 + (yi _yj)2 for
Xii :472'10_4f1n&,Xi]‘ :47T10_4f1n 2D3 2
7, \/(xj —x) =y, =)

D _ D
: X, =47107* fIn—
2 2 v 7
(xj —X;) _(y_j - ) 0i
JIeMEHTBhl MATPHLBI NMOTEHUUAIBHBIX KOI()P(HUIHMEHTOB (. PACCYUTHIBAIOTCH IO
¢popmynam:

X, =4710" f1n

' —x)+ (v, +y,)

ta, = L2 a, = G x,)2 , y_,)2
272'50 . : 272'80 (xl.—xj) +(yi_yj)

B B S VS B (€ e Dl /R0

ii 272'80 rOi >y 272'(90 (xi _xj)Z _(yi +yj)2
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i =
2rg, 1y,

1

X )V +(y +v.)? ,
_L (x;—x;) +(,+y)) Lo 20
2re,

(x; _'x_j)2 +( _y_,-)z Y

L (=) =Oity) ] 22
(xi_'xj)z_(yi—i_yj)z) ! 2re, 1y

1
JJleMeHThI g; MAaTPUIIbI AKTUBHBIX MONEPEYHBIX NMPOBOAUMOCTE MPOBOJIHHUKOB
JIMHUM PACCYUTHIBAIOTCA IO cieaywined popmyJie:
_ S (E/Ey)
8i = Uz

_RS(EE)
111 U

1

o il (E/E)
i U2

1
_ RS, E)
il Uiz

DJIEMEHTHI g;; MATPHIbl AKTHBHBIX NONEPEYHBLIX NPOBOAMMOCTEH NPOBOJIHHKOB
JIMHUM PABHBI:

+0

1

8ii

X
Marpuna Ko3QGUUHMEHTOB JJICKTPOCTATHYECKON HMHAYKIUM  (YACTHYHBIX
€MKOCTel) NPOBOJIHMKOB JIMHUM PACCYUTBIBAETCH 110 cJeayrouei ¢popmy.ie:

ii

2re,

=lef’

*1A=[e]”

A= lal”

=0 lf
MaTpuua eMKOCTHBIX IPOBOAUMOCTe B paccuMThIBaeTcsi MmO cJjaeAyrluei
popmy.e:

[B]= <o

B=w-a

="

*B|= ol

Tenerpadguble ypaBHeHHsI JJ MHOTONPOBOIHOH O00paTUMOW JIMHMHU, COCTOSIIENH
U3 Kk-npoBOJHUKOB, UMEIOT BH/I:

+_g{Wﬂ:[0lﬂiP%q
di||| | 0 | 1)

i{lwl} ) { 0 IYI} | ‘lvll}
dl| |I] z| 0 _|1,|
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_d|lu)]
dl|
_d|lul]
dl |

12 o] [lul]
] of L]
0 [Z] U]
0 Y]] L]

Tadoaunua 7 — Kpurepun oneHkn ¢cGopMHUPOBAHHOCTH KOMIIETEHIIUI

ANEKTPUUYECKUX CETEU

AIIEKTPUYECKUX CETEH

Kon u Kputepuu oniennBanus chopMrupoBaHHOCTH KOMIIETEHLIUN
HAaMMEHOBAHUE (4acTu KOMIETEHITNH)
UHAMKATOpa Ha 0a30BOM ypOBHE HAa MOBBIIIEHHOM YPOBHE
HOCTUIKCHUSL COOTBETCTBYET OLICHKE | COOTBETCTBYET OLICHKE COOTBETCTBYET OLICHKE
KOMIIETEHIMH (YaCTH | «yIOBJICTBOPHTEIBHO» «X0pOo1IO» «OTIIMIHO»
KOMIICTCHIIUH) 50-64% ot 65-85% ot 86-100% ot
MaKCHMaJIbHOTO Oajyla | MakCMMAaJbHOro 06ajla | MaKCHUMaJlbHOTO Oajuia
N-1omk2 Crynent Crynent Crynent
ANTOPUTMUBHPYET JIEMOHCTPHPYET JEMOHCTPHUPYET JEMOHCTPHUPYET
pelieHue 3aaa4y u 3HAHHE: XO0poIllee 3HaHUE: OTJINYHOE 3HAHUE:
peanuzyer OCHOBHBIX METOJIOB OCHOBHBIX METOJIOB
OCHOBHBIX METOJIOB . .
AJTOPUTMBI C . | MOJICTTUPOBAHUS JIMHUMA | MOJEIUPOBAHUS JIMHUMA
MOJEIIUPOBAHUS TUHUI
HCIOJIb30BaHUEM AIIeKTponepeauu, 3JeKTponepeaun,
o 3JeKTponepesaun,
1} AMMHBIX MaTpull iepeaadn MaTpull iepe1adn
porp MaTpull epeaadn PHILTIEpEA UL Tiepe
CPEICTB. . JUHUH, MaTpHII JMHUM, MaTpHIL
JMHUM, MaTpHUIL
N-20mk-2 MPOJIOJIBHBIX MIPOIOJIBHBIX
MPOJIOJIBHBIX . .
Pa3pabatbiBaer . COTIPOTUBIICHUN U COTIPOTUBIICHUH U
COTIPOTUBIICHUH U
AITOPUTMBI U MOTIEPEUHBIX MOTIEPEYHBIX
MOTIEPEYHBIX . .
KOMITBIOTEPHBIC . MIPOBOAMMOCTEMN MPOBOAMMOCTEH TUHUH,
MIPOBOAUMOCTEM
MIPOTPaMMBlI, TUHUH, TenerpagHbIX | TenerpadHbIx
JIMHUY, TeJerpadHbIX . .
MIPUTOIHBIC IS ypaBHEHHIL; H ypaBHEHUI; CTIOCOOCH | ypaBHEHUM; CITIOCOOCH ¢
MPaKTUYECKOIro ’ CaMOCTOSITEJIbHO BBICOKOU CTENEHBIO
0a30BOM ypOBHE yMeeT
MIPUMEHEHUS ANTOPUTMHU3UPOBATH CaMOCTOSITEIbHOCTH
aIrOPUTMU3UPOBATH
N - 1koc-1 pelieHue 3a1a4 ¢ AIrOPUTMHU3UPOBATH
pelIeHue 3a1a4 ¢
OcymiecTBisieT HCIIOJTh30BaHUEM pelnieHue 3auay ¢
HCIIOJIb30BaHUEM
MOHUTOPUHT . | mporpamMmHBIX HCII0JIb30BaHUEM
MPOTrpaMMHBIX CPEACTB;
TEXHUYECKOTO CPEJICTB; MPOTPaMMHBIX CPECTB;
pa3pabaTbIBaeT
COCTOSIHUS pa3pabaTsiBaeT pa3pabaTsiBacT
AITOPUTMBI U
0o0opyaoBaHUA ANTOPUTMBI U AITOPUTMBI U
. KOMIIBIOTEPHbBIE
MOACTaHIIU N KOMITbIOTEPHBIE KOMITbIOTEPHBIE
POrPaMMBI,
INEKTPUUYECKUX MIPOTPaMMBI, MIPOTpamMMBbl, IPUTOJTHBIE
. IIPUTOJIHBIE JISI
cerei MPUTOJHBIE JIJIS JUTSL IPAKTUYECKOTO
MPaKTUYECKOTro
MPaKTUYECKOTO MPUMEHEHUS,
MPUMEHEHUs, CITOCOOEH
MIPUMEHEHUS, OCYILIECTBIISATh
OCYILECTBIISATh
OCYIIIECTBIISATh MOHHTOPHHT
MOHHUTOPHHT
MOHUTOPUHT TEXHUYECKOTO
TEXHUYECKOTO
TEXHUYECKOTO COCTOSTHHSI
COCTOSTHUS
COCTOSIHUS 00opy10BaHuUs
00opyaoBaHUs .
o 00opyIoBaHUS IIOACTaHIINI
MOJICTAaHIUI . .
MOACTAHIINI 3JIEKTPUUYECKUX CETel
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MoavJab 6. MaTtemaTnueckue MojaeJau TpanchopmMaropoB
JIJIS PACYETA HECHMMETPUYHBIX PEKUMOB

KoMmnbroTepHoe TeCTUPOBaHUE

Buvibepume o0un npasunvbHulll 6apuanm omeema u Hadxcmume KHONKy «/laneey
Haunbosee npumennMasi cxema coeliHeHnsi 00MOTOK Tpancpopmartopa 35/10 kB:
TpeyronsHuK-3B€31a
+3Be31a-TpeyroabHUK
3Be3Ia-3Be3aa
3Be31a-3B€3/a C HyJIEM
IHoTpeduTenbckuii TpanchopMaTop yaiie BCero UMeeT CXeMy COeJMHEHUS:
TpeyronbHUK-3B€31a
3Be3/1a-TPEyroJIbHUK
3Be3a-3Be31a
+3Be3na-3Be3/1a ¢ HyJeM
HanpsizkeHus1 noTpedOMTEIHCKOT0 TPanchopMmarTopa:
35/10 kB
10/6 xB
+10/0,4 xB
380/220 B
Kos¢ppuuuenr Ttpancpopmauumu  TpaHchopmaTopa  paccUMThIBaeTcsli IO
ciaenymwoueit popmy.ie:

kU
U

S8}

Marpuna vHIHMIeHIUil TpaHcdopMaTopa uMeeT ciaeayrollee 0003HaYeHHne:
H
+M
Y
Zb
Kaxoi moaxoa HeJib3sl HCII0JIb30BATH [IJISl ONPele/IeHUS] MATPHULBI CONPOTHBJICHUM
TpaHcgopmaropa?
Henocpencrsennoe namepeHune
Hcnonb30BaHue COPaBOYHBIX CBEACHUM O CONPOTHUBIICHUSAX IEPBOM, BTOPOU M
HYJIEBOU IOCJIEI0BATEIIBHOCTH
Hcnonb30BaHKe NacoOPTHBIX JaHHBIX
+lcnonb30BaHue MPOU3BOJIBHBIX 3HAYCHUH
Jdast MmogesupoBaHusi TpaHCPOPpMATOPOB B (Pa3HBIX KOOPAMHATAX MCHOJIB3YHT
MAaTPHUIY y3J0BbIX IPOBOAUMOCTEH:
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Y=M-2b"-M"

ty=M-zb"-M"

Y=M-Zb"

Y=M-M"
ConportusjieHue oaHo¢a3zHoro tpancyopmaropa pacCiuThIBAETCS MO CJeayIoInei
popmy.e:

+ZT[ = Rn + jXTi
Zy = \/RTi + Xy
ZTi = RTi _jXTi

Zy :\/Rn - Xp

YpaBHeHusl, ONUCHIBAOIIME MATPULY mepeaadyu oaHogazHoro tpancpopmaropa
MPH U3BECTHBIX MATPULIAX MPOBOAUMOCTEI:

1
A, =K-ZT,B,, =K,C,, =0,D,, =| —

K
1

K

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

1
tA4, =K,B,, =K-ZT,C., =0,Dpp ={—}
K

1
App _|:T]7BTP =K-ZT,C,p, =0,D =K

K
YpaBHeHusi, ONUCHIBAKOIIME MATPUIy Mepegayd TpaHchopmaropa mnpu
HU3BECTHBIX MATPUIIAX IPOBOUMOCTEM:

-1 -1 -1 -1
+A=-Y, - Yzz, B=-Y;, ) C= Yio—Yi- Yo Yzz, D=-Y1" Ya
A:Yzz, B:Yzh C:Ym D=Y
A=Y, B=Yp, C=Yy, D=Yp

-1
A=-Yy Y, B=Yy, C=Yn+Yy, D=-Yyu Yn
CoOcTBeHHbIE ¥ B3aUMHbI€ CONPOTHUBJIEHUS] OOMOTOK 2-X OOMOTOYHOIO
TpaHcopmaTopa paBHbI:

V4
+Z = ! Z,= ; Z,,=Kc-V2/Z,
-k Ty o
Tz, 2
Z,=17r, 7,=72,-K3, Z,=K.Z,Z,
1 Z
Zy =, 2 12 , Z,,=Kc\2,Z,
Y K3
2, =121+ —, Zzzzl'K%a Z,,=Kc\2,Z,

B cersix 10 u 0,4 kB wucnoas3ywress TpanchopMaropsl €O €XeMO#l COCAUHECHUA
00MOTOK:

TpeyronbHUK-TPEYroJIbHUK
+3Be3/1a-TpeyTroJabHUK U 3BE€3/1a-3BE€3/1a C HyJIEM
TpeyrosibHUK-3BE31a
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3Be3a-3Be31a

B maTpuile MHIIUIEHIIUI KOJNY€CTBO CTPOK COOTBETCTBYET:
KonnuectBy BeTBen
+KonnuecTBy y3110B
KonuuectBy 06MoTOK TpanchopmaTopa
['pynme coenuaenus Tpanchopmaropa

B maTpuue MHIIUIEHIUI KOJIN4Y€ECTBO CTOJI0LOB COOTBETCTBYET YHCJIIY:
+ BeTBEH

y3JI0B
CXeM
KOHTYpPOB

Marpuua nepeaadyu TpancpopmMaTopa uMmeeT cieayruiee 0003HaUYeHHe:
+H

M
Y
Zb
MaTpuua conpoTuB/IeHMH BeTBell TpaHcGopMaToOpa yYMThIBAECT:
ConpoTuBneHus CBSI3U
[IponoJsibHBIE COPOTUBIIEHUS
[Tonepeunble CONPOTUBICHUS
+CoOCTBEHHBIE U B3aUMHBIE COITPOTUBICHHUSI OOMOTOK

Matpuua CONPOTUBJICHUI BeTBel ABYX00MOTOYHOI'0 TPexX0aKoBOro
TpaHcopmMaTopa UMeeT BUA:

[ Zm 0 0 Zc2 0 0 |
0O Zm O 0 Zc2 O
0 0 Zm O 0 Zc2
ZV =
Zcl 0 0 Zm 0 0
0 Zc1 O 0 Zm 0
| 0 0 Zc O 0 Zm |
(Zc2 0 0 Zm 0 0]
0 Zc2 O 0O Zm O
0 0 Zc2 0 0 Zm
ZV =
Zm 0 0 Zc 0 0
0 Zm 0 0 Zc 0
| 0 0 Zm 0 0 Zcl
(Zcl 0 0 Zm 0 0 |
0 Zc 0 0 Zm 0
0 0 Zc O 0 Zm
+7ZV =

Zm 0 0 Zc2 O 0
0 Zm O 0 Zc2 O
0 0 Zm 0 0 Zc2_




Zm 0 0 Zc1 O 0
0 Zm O 0 Zcl O
0 0 Zm O 0 Zcl

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

ZV =

Ilpu MomeaupoBaHuu TpaHcopMaTopa «3Be3a-3Be3a ¢ HyJeM» MeTOI0M
(a3HBIX KOOPAUHAT Pa3Mep MATPHIbI HHIMIAEHIHH Oy1eT COCTABJIATD:

3x4

4x%x3

6x8

+8x%x6

IIlpu MoaeaupoBaHum TpaHchopMaTopa «3Be3da - 3Be3a C HyJeM» MeTOA0M
(ha3HBIX KOOPAUHAT pa3Mep MaTPHUIbI COOCTBEHHBIX U B3AUMHBIX CONPOTHBJICHUI
OyaeT coCTABJISATH:

3x3

4x4

+6x6

8x 8
IIpn mopesmpoBannu TpexgasHbIX TpaHcHOPpMATOPOB MATPHILI TOKOB I, mu
Hanpsi:kenui Uy B y3/1aX BX0/1a H BBIX0J0B HMEIOT Pa3MePHOCTD:

+mx1

Ixm

mxm

2mx2m
Kakoe wu3 mnpeacraBjieHHbIX HHWJKe YPaABHEHUIlT He OTHOCHUTCA K Y3JI0BbIM
ypPaBHeHHsIM Tpex(asHoro rpancpopmaropa?

Y, Y,
[=MZBIMIU=YU:{ " YM}U

MY YMM
U,=MU
I,=Z, MU
+U, =Uy +ZI,

K y3/710BbIM ypaBHeHUSIM NIPH MOJeJUPOBAHMHU TPex(a3HOro Tpancdopmaropa He
OTHOCHUTCS:

Y, 7,
I:MZ;‘M,U:YU:{ v YM}
YMY YMM

U,=MU
I,=Z,'MU
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+U

= _Y()BBY()YOUY

Taoauua 8 — Kpurepuu oueHku chopMupoOBaHHOCTH KOMIIETEHIIU I

Kon u Kputepuu oniennBanust chopMHUpOBAaHHOCTH KOMIIETCHIIUN
HauMEHOBaHHUE (4acTv KOMIETCHITIH)
WHJUKaTOpa Ha 0a30BOM yYpOBHE Ha MOBBIIIEHHOM YPOBHE
AOCTHKCHMSA COOTBCTCTBYCT OLICHKE | COOTBCTCTBYCT OLICHKE COOTBETCTBYET OLICHKE
KOMIIETEHIIUH (4acTh «YOOBJICTBOPHUTECIILHO» «XOpOo1I0» «OTIHUYIHO»
KOMITETCHIIHH ) 50-64% ot 65-85% ot 86-100% ot
MaKCUMAaJIbHOTO O0ajljla | MaKCHMMaJIbHOro 0ajuia | MaKCHMaJbHOro Oajia
U-1onk-2 Crynent CryneHr CrynmeHt
ANTOPUTMU3HPYET | IEMOHCTPUPYET 3HAHUE | JEMOHCTPUPYET JEMOHCTPHUPYET
pelIeHue 3aJa4 U | CXEM COEAMHEHUS XOpOIIIee 3HAHUE CXEM | OTJIMYHOE 3HAHUE CXEM
peanuzyer 00MOTOK COCIMHEHUSI OOMOTOK | COGTMHECHHSI OOMOTOK
AJITOPUTMBI C TpaHcpopMaTopos, TpaHcPopMaToOpoB, TpaHcpopMaTopos,
WCIIOIb30BAaHUEM MaTpuIl MaTpHuIl MaTpHI] COMPOTUBICHUIN
MIPOrpaMMHBIX CONPOTUBIICHUN U CONPOTHUBIICHUH U 1 y3JI0BBIX
CPEICTB. Y3JIOBBIX Y3JIOBBIX MPOBOJIUMOCTEH,
N-20nk-2 MIPOBOJIUMOCTEH, MIPOBOJIUMOCTEN, MaTpULbl UHIIUJICHLIUH U
Pa3pabatrsiBaer MaTpUIbl UHIUICHIIMK | MATPULIBI MHIUACHIIUU | MAaTPULbI IEpelayuy;
AIrOPUTMBI U Y MaTpHIlGI IEpejayy; | U MATPHUIIBI IEpPEIaur; | CIIOCOOCH C BBICOKOU
KOMITbIOTEPHBIE Ha 6a30BOM ypOBHE CrocoOeH CTEIEHbIO
IIPOrpamMMBl, yMeeT CaMOCTOSITEIIbHO CaMOCTOSITEIbHOCTH
NPUTOIHBIC TS AJITOPUTMU3ZUPOBATH aNrOpUTMHU3UPOBATH AITOPUTMU3ZUPOBATH
MIPAKTUYECKOTO penienue 3auad ¢ perieHue 3aaad ¢ penieHue 3auay ¢
MIPUMEHEHUS HCIOJIb30BAaHUEM HCIOJIb30BaHUEM HCII0JIb30BaHUEM
N-1xoc-1 MIPOTPAMMHBIX CPEJICTB; | IPOrPAMMHBIX MPOTPAMMHBIX CPEJICTB;
OcymuiecTBiasieT pa3pabaTsiBacT CPE/CTB; pa3pabaTsiBacT
MOHUTOPUHT AITOPUTMBI U paszpabaThIBacT AITOPUTMBI U
TEXHUYECKOTO KOMITbIOTEPHbBIE aIrOPUTMBI U KOMITbIOTEPHBIE
COCTOSIHUS IPOrpaMMBbl, KOMIThIOTEPHBIC MIPOTpamMMBbl, IPUTOJTHBIE
00opyaoBaHUS MPUTOHBIC JJIs MIpOTrpamMMBbl, JUTSL IPAKTUYECKOTO
MOACTaHIU I MPAKTUYECKOIO MIPUTOIHBIC JTIS MPUMEHEHU,
ANEKTPUUECKUX MPUMEHEHUs, CIOCOOCH | MPaKTHYECKOTO OCYILECTBIISATh
ceren OCYUIECTBIIATh MIPUMEHEHUS, MOHUTOPUHT
MOHUTOPUHT OCYILIECTBIISATh TEXHUYECKOTO
TEXHUYECKOTO MOHUTOPUHT COCTOSIHHSI
COCTOSIHUSI TEXHUYECKOT O 00opyaoBaHUA
00opyIoBaHUs COCTOSTHUS MO/ICTAHIINI
MO/ICTAHIINI 00opyaoBaHUS 3JIEKTPUUYECKUX CETEH
AIIEKTPUYECKHUX CETEH MOJCTaHIINI

QJICKTPHUICCKUX ceTei

Moavab 7. MareMaTHdyecKre Mo (hHJILTPOB HANPSKEHUS 00paTHOM

M HYJIEBOM MOCJIEeI0BATEIbLHOCTEN JIJISI PACYE€TAa HECUMMETPHYHbIX PEKUMOB

KoMmnbroTepHoe TeCTUPOBaHUE

Buvibepume o0un npasunbHulll gapuanm omeema u Hadxcmume KHONKy «/laneey
OuiabTp HANPSAKEHUs 00PaTHOI MOCJIeI0BATEIbHOCTH UCIIOJIB3YIOT 1JIf:
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+0o0HapyKeHUs HAIPSKEHUsT 00paTHOM MOCIe0BATEILHOCTH
buabTpalK HANPSKEHUN
buIbTpai TOKOB
buIbTpaMK HAPSHXKEHUN U TOKOB
OuJIbTP HANPSKEHHUS HYJIEBOI MMOCJAeA0BATEIbHOCTH UCIIOJIb3YIOT IJIfA:
bunpTpauuu HanpsHKEHUN
+ 00HapyKEHUS HANIPSHKEHUS HYJIEBOW MOCIICIOBATEILHOCTH
(GunbTpani TOKOB
bunbTpaluy HANPsIKEHUNH U TOKOB
Kakoii 3¢ ¢pexT co3naer HanpsizkeHUe 00PaATHOH MOCJIeI0BATEILHOCTH?
TMTOJIOKUTEIBHBIN BpAIAFOIIUI MOMEHT JIBUTATEISA
BpallleHue IBUraTess B 0OpaTHYIO CTOPOHY
OCTaHOBKY JIBUTaTEJIs
+0TpULATENbHBINA BPAIAIOIIMNA MOMEHT JIBUTATEIIS
YTo mpoucXoaMT ¢ JABUraTesieM NPH YaCTOM IOSIBJICHUM HANPSKeHHs 00paTHOH
OCJIe0BATEJIHLHOCTH?
YBEIIMYUBAETCS CKOPOCTH BPAILLICHUS
JBUTATEIb OCTAHABJIMNBACTCS
+COKpanaeTcsi CPOK CIIyKObI
JIBUTaTeIIb BPAIIAETCS B APYTYIO0 CTOPOHY
OuiIbTp HANPSKEHUs 00PaTHOI NMOCJIeI0BATEJIbHOCTH — 3TO:
+aNeKTpuUecKas CXema, BhIIEIAIOIIas HalpsKeHue o0paTHOM MOCIe10BaTEIbHOCTH
cxema, U3MepsIoLas HalpsbKeHue 0OpaTHOM MOCIIeI0BaTEIbHOCTH
CXeMa, U3MEPSIoNIas MOAYJIA HAPSKEHU N
cxema, u3mepsitomas (hasbl HaPsKEHUN
OuJIbTP HANPAKEHUS HYJIEBOH MOCIEA0BATEJIbHOCTH — ITO:
CXeMa, U3MEPSIOIas HaNpsHKEHUE HYJIEBOM MOCIEN0BATENbHOCTH
cXeMa, U3MEPSoIIas MOAYJIA HAIPSKEHUN
+3JIEKTpUUECKAs] CXEMA, BBIACISAIONIAS HAPSKEHUE HYJIEBOU MOCIEA0BATEIIbHOCTU
cxema, u3mepsitomias (hasbl HaPsSKEHUN
B kakue nenu BKJINYAKT PUIbTP HANIPSKEHUSI 00PATHOM MOCJI€10BATEILHOCTH?
+ BTOpUYHBIC TIeMTN TpaHCHOpPMATOPA HATPSIKCHUS
BTOPUYHBIC MU TpaHC(hopMaTopa ToKa
CUJIOBBIE CETH
BTOPUYHBIC 1IETTH
B kakue nenu BKIKYAKT GUILTP HANIPAKEHUS HYJIEBOH MOCJI€10BATEJIbHOCTH?
+ BTOpUYHBIE LIETIH TpaHCPOopMaTOpa HAMPSHKEHUS
BTOPHUYHBIE 1IN TpaHc(hopmaTopa Toka
CUJIOBBIE CETH
BTOPUYHBIE LIENTU
N3 cKOJIBKHUX Pe3UCTOPOB M €MKOCTEHd COCTOMT (PUILTP HANpPSAKEHUs] 00paTHOM
MOCJIeIOBATEJIbHOCTH AKTHBHO-eMKOCTHOI0 TUNA?
m lu3l
m3ul
mlu4
tuz 2 u?2
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N3 cKONBKHUX  PEe3UCTOPOB  COCTOMT  (UIBTP  HANPSKEHUS  HYJIEBOH
M0CJICI0BATEJIbHOCTH?

+u3 3

u3 1

u3 2

u3 4

CKoJIbKO BX010B MMeeT (PMJIBTP HANIPSKEHUs 00PaTHOM MOCJIe10BATeILHOCTH?

2

+3

1

4

CKo0JIbKO BX0I0B MMeeT (PMJILTP HANIPAKECHUS HYJICBOH M0CIe10BATEIbHOCTH?
+3
2
4

|

CKo0JIbKO BBIX0/10B HMeeT (PWIbTP HANPSIKEHUSA 00PATHOM MOC/Ie10BATEJIbHOCTH?
|

3
+2
4

CKo0JIbKO BBIX0/I0B MMeeT (PMJILTP HANIPSKEHUS HYJIEBOIl M0CIe10BaATEIbHOCTH:
+1
2

3
4

CkoJIbKO Y3/710B M BeTBeil HMMeeT MOAe]b (UIbTpPa HANPSKEHUs OO0paTHOM
NOCJIe0BATEJIHLHOCTH?

Su4
4us
+5us
4ud

CkoyJbKO Yy3J10B W BeTBeil uMeeT MoJedb (GUIbTPa HANPSKEHUS HYJIEBOH
MOCJIeI0BATEJIbHOCTH?

+5u4

Sus
4us
4u4
Yem MOKHO MOJEJIHPOBATH ¢puabTp HaIIPSZKEHHU S oOpartHoit
M0CJIEI0BATEJIbHOCTH?
MAaTpULEN CONPOTUBIIEHUN BETBEU
+MaTpuIed y3JI0BbIX POBOJUMOCTEN
MaTpuULel HHIUAECHIUH

oOpaTHOI MaTpulent
YeM MOKHO MOAEJIMPOBATH (PUJIBTP HANPSKEHHUS HYJIEBOI MOCIe10BATEJIbHOCTH?
MAaTPHIEN CONPOTUBIIEHUN BETBEU
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MaTpuLe HTHIUAECHIUH
oOpaTHON MaTpuUIIeH
+MaTpuLeH y3JI0BbIX IIPOBOJIUMOCTEN

Yem MOKHO

MOJI€JIUPOBATD

NOCJIe0BATEJIHLHOCTH?
MaTpHULIEW CONPOTUBIICHUN BETBEU
+MmaTpunen nepenaun

MaTpHULIe¥ MTHUUACHINN

buabTp HaNPSKEHU I oOpaTHOH

oOpaTHOI MaTpuuen

YeM MOKHO MOIECIUPOBATDL q)l/IJILTp HaNpsizkCHUsA HyJIeBOﬁ IIOC.]]CI[OBaTeJIbHOCTI/I?

+Marpuuen nepegayu

MAaTpPUILIEH CONPOTUBIICHUN BETBEMN
MaTpuLEe HHIUAECHIUH

oOpaTHON MaTpuleH

Yro noakiawyaercs K GuJabTPy HANPSIZKEHUsI 00PATHOM MOCJIe10BATEJIbHOCTH?
+pearupyromuin oprax

amIiepMeTp
dazomerp
CUCTYHK

Yro noakiawyaercs K QUIbLTPY HANPSIZKEHUS HYJI€BOH MOC/Ie10BATEIbHOCTH:

aMIIepMeTp
dazomeTp

+pearupyromuin opras

CUCTYHUK

Tabiamua 9 — Kpurepun oueHkn ¢cGpopMHUpPOBAHHOCTH KOMIIETEHIUI

Kon u Kputepuu oniennBanusi chopMHUpOBaHHOCTH KOMIIETEHIIUN
HaVMEHOBAaHUE (4acTH KOMIIETEHIIUN)
UHANKATOpa Ha 6a30BOM ypOBHE Ha TIOBHIIIICHHOM YPOBHE
JOCTHIKCHHS COOTBETCTBYET OIIEHKE | COOTBETCTBYET OIICHKE | COOTBETCTBYET OIICHKE
KOMIETEHLIUH (4aCTH «YJOBJICTBOPUTCIILHOY «XOpOoIIOo» «OTIINYHOY
KOMIIETEHIIMHN) 50-64% ot 65-85% ot 86-100% ot
MaKCHMaJIbHOI0 0ajijia | MakCHMajJbHOIO Oajijia | MaKCHMMAaabHOro Oaiia
NJ-1onx2 CryneHt CryneHnt CryneHnt
AnropuTMusupyer JEMOHCTPUPYET JEMOHCTPUPYET AEMOHCTPUPYET
penieHue 3aaad u SHAHME: XOpolliee 3HAHHE: OTJIMYHOE 3HAHHE:
peanuzyer N . Ha3HAa4YeHHUH PUIBTPOB
Ha3HaueHWH QUIBTPOB | Ha3HAUEHHUH HUIBTPOB -
AJTOPUTMBI C N . | HampspDKeHUs 00paTHOM U
HaIpsKEHUs1 00paTHOM | HAMPsHKEHUS 00paTHOU .
HCIIOIb30BaHUEM N . HYJIEBOI
U HYJICBOM U HYJIEBOM
MIPOTrPaMMHBIX MTOCJICA0BATEIILHOCTH, MX
MOCJICAOBATEIILHOCTH, | TIOCJICIOBATEILHOCTH, -
CPEICTB. . . MoJieleit B pa3HbIX
uX Mojenel B pa3HbIX | UX Mojeled B (ha3HbIX
NJ-20nk2 KOOpAMHATAX, CXEM U
KOOpJIMHATaX, CXeM U | KOOpAMHATaX, CXeM U
Pa3pabatrsiBaer ) . 3JIEMEHTOB; CITIOCOOEH C
2JICMEHTOB; Ha 0a30BOM | 3JIEMEHTOB; CIIOCOOCH .
AITOPUTMBI U BBICOKOM CTCIIEHBIO
YPOBHE yMeeT CaMOCTOSTEIIHHO
KOMITBIOTEPHBIC CaMOCTOSATCILHOCTH
AITOPUTMU3UPOBATH IITOPUTMHU3UPOBATH
MIPOTPaMMBI, AITOPUTMHU3UPOBATH
penieHue 3auay ¢ perieHue 3a1ad ¢
MIPUTOTHBIC TSI pelIeHue 3a1a4 ¢
HCIOJIb30BaHUEM HCIIOJIb30BAHUEM
MPaKTUYECKOTO . HCIIOJIb30BaHUEM
MIPOTPaAMMHBIX CPEACTB; | MPOTPAMMHBIX
MPUMEHEHUS MPOTPaMMHBIX CPEJICTB;

35




N-11ikoc-1
OcymiecTBisieT
MOHUTOPUHT
TEXHHUYECKOIO
COCTOSIHUS
o0opyoBaHus
NOACTaHIINI
ANMEKTPUUECKUX
cereit

pa3pabaThiBaeT
AITOPUTMBI U
KOMITbIOTEPHBIE
MIPOTrPaMMBI,
MPUTOJHBIE IS
MPaKTUYECKOTO
MPUMEHEHHs, CIOCOOeH
OCYIIECTBIIATh
MOHUTOPUHT
TEXHUYECKOTO
COCTOSIHUS
o0opyioBaHus
HOACTaHIIUN
ANEKTPUYECKUX CETEr

CPEIICTB;
paszpabaThiBacT
QJITOPUTMBI U
KOMITBIOTEPHBIC
MIPOrPaMMBl,
IIPUTOTHBIC TSI
MIPAKTHIECKOTO
MIPUMCHCHUS,
OCYUIECTBIIATH
MOHHUTOPHHT
TEXHUYECKOTO
COCTOSTHUS
000opyToBaHUS
MOJCTaHLINI
AIIEKTPUYECKUX CeTel

pa3pabaTsiBaeT
AITOPUTMBI U
KOMIIBIOTEpPHBIE
IPOTPaMMBI, TTPUTOTHEIC
JUTSI IPAKTUYECKOTO
IPUMCHCHUS,
OCYUIECTBIIATh
MOHHTOPHHT
TEXHUYECKOTO
COCTOSTHUS
00opyIoBaHUs
MOJICTAHIIUN
ANEKTPUYECKUX CeTel

MoayvJab 8. MaTemaTHuyeCKHe MOJA€JIM HATPY30K U Pa3JIUYHbIX BUI0B

HECCUMMCETPHUHU IIPH PACICTC HCCUMMETPHUYIHBIX PEXKUMOB

KoMmnbrorepHoe TectupoBanme

Buvibepume ooun npasunvHulll 6apuanm omeema u Hadxcmume KHONKy «/laneey
CxeMmbl BKJIIOYCHUA HAI'py30K, HCIOJIb3YIOLIHeCS B Tpex(dasHbIX
pacnpene/JuTeIbHbIX CeTAX:

[TocnenoBarenbHbIe

[TapaiutenbHbie

+B 3Be311y U B TPEYTOJIbHUK

ITocnenoBaTenpHO-NIapaUIEIbHbBIC
Matpuua y3/J10BbIX NPOBOAMMOCTEH AJIS MOJAEJIH HATPY3KH, BKINYAEMOH MEKIY
(a3HbIMM U HYJIEBBIM IPOBOAAMHU B YeTHIPEXIPOBOJAHOM CeTH:

Y, 1 1 -Y,,
7 - 1Y, |1 ~Y,,
1 1 Y., -Y,,
__Y@l _Yqbz _Yq)s Yq)l +Yq>2 +Y<p3_
1 0 0 -Y, ]
7, = 0 0 ~Y,,
0 0 | —Y,;
|~ Y(Dl _Yq)z _Yq)3 Y@l +Y<z>2 +Yq>3_
'Y, 0 0 1 |
7, - 0 Y, O 1
0 0 7Y, 1
111 Y Y, 4T,




Y, 0 0 ~Y,,
0 erz 0 _chz
+Yq> =
0 0 Y(I)S _Yqbs
L~ Y<1>1 —Yq>2 _Y<p3 Y<p1 +Yq>2 +Yq>3_

IHapamerpsl 2K-mosrocHuka Tpex(a3HOM HArpy3KH, BKJIOYaeMOH MeEXIy
(pasHBIMM U HYJIEBBIM NIPOBOJAMM:

A=0, B=E, C=Y¢, D=E

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

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

+A=E, B=0, C=Y ¢, D=E
3Ha4YyeHHus1 y3JI0BBIX TOKOB IPH MOACTHPOBAHUM HATPY3KH, BKJIIOYAeMONl MEXKIY
(pasHBIMM M HYJEBBIM INPOBOJAMU B YeThIPEXNPOBOJHOM CETH, HAXOAATCH IO
popmy.e:

+l]=[%] U]

/]=[v]-[x; ]

[/]=1%, - [E]

[/]=[£]-[x, ]
B cayyae mopequpoBaHusi ABYX()a3HOH HArpy3KH B 4eTBIPEXIPOBOAHON CeTH,
MAaTpPHUIIA POBOAUMOCTEN Oy/aeT uMeTh CJeAyIOIuil BUA:

00 0 0
yo - 00 0 0
0 0 Y, -Y,
00 Yo, Yo
Y(Dl 0 0 _Ytpl |
Y(z) _ 0 Yq)z 0 Y<p2
+e 0 0 0 0
L Y@l - Y<p2 0 Y(Dl + Yq)z_
1 0 0 -1 ]
yo - 0O 1 0 -1
0O O Y., -Y,,
-1 -1 =Y, 1+1+7Y,,
Y(Dl 0 0 _chl
Y@ — 0 Y@z 0 _Ym
? 0 0 1 -1
__Y@l _Y<z>2 -1 Y@1+Y@2+1_
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B ciayyae mopesupoBaHusi 0JHO(A3HON HArPY3KM B YeTHIPEXIPOBOAHON CeTH,
MAaTPHIIA POBOAUMOCTEN Oy/aeT uMeTh CJeAYIOUIuil BUA:

0 0 0 0
yO _ 0 0 0 0
e 0 0 Ycz>3 o Ycz>3
0 0 —Y,; Y5 |
'Y, 0 0 -Y, |
Yy — 0 chz 0 - szz
’ 0 0 0 0
L Yq>1 _Y@z 0 Yd)l +Yd>2_
1 0 0 -1 ]
YO — 0 1 0 -1
10 0 Y, Y,
-1 =1 =Y,; 1+1+7,;
(Y, 0 0 ~Y, ]
y» 0 chz 0 - ¥, @2
¢ 0 0 1 -1
=Y, Y, -1 Y, +Y,+1]
Ecam B 4eThIpexXmpoBOAHOW CeTHM B HENMOCPEACTBEHHOW OJM30CTH HMMEKTCS
oxHo(asHass W JABYXx(¢a3Hasg HArpy3Kd, TO Ppe3yJbTHPYIOINAsd MaTpuua
NMPOBOAUMOCTEI OyIeT HAXOAUTHCA MO cJaeayloineii gopmyJie:
+Y, =Y+,
s
F, =1y
F, =1y

MaTtpuua y3JioBbIX NPOBOAUMOCTEH HATPY3KH, COCIUHEHHOW B TPEYroOJbLHHUK B
4eThIPEXIPOBOIHOMN CETH:

_le"'Yw _le _Y13 0
Y& — _le le+Yz3 _Y23 0
+ o —
—X; — Yy Yy+Ys+Y, —Y,
L 0 0 _Y34 Y34_
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_le + Yl3 o Kz o YI3 1
Y& — - le Kz + Y23 - Y23 1
Mo —
_Yl3 _Yz3 YZ3+YI3+Y34 Y
L 1 1 - Y34 Y34 _
1 - le - Y13 0 |
y® _ o le 1 o Yz3 0
Mo —
- Y13 - Yz3 1 T34
L 0 0 o Y34 Y34 N
I 0 - Y12 - Y13 1 |
Yﬁfd)) _ - le 0 - Y23 1
—Y; —Yy 0 — Y,
REURR RS i 4
IHapamerpsl 2K-mosiloCHMKAa HArpy3Kd, COCAMHEHHOM

TPEXIPOBOAHOM CeTH:
A=0, B=E, C=Yys"’, D=E
+A=E, B=0, C=Yys", D=E
A=0, B= Yys"”, C=E, D=0
A=E, B=Yys"”, C=0, D=E

Martpuua y3J0BbIX NPOBOAMMOCTEH HArpPy3KH,

YeThbIPEeXINPOBOIHOM ceTH:

Yy 0 0 0 -Y,
O Y, 0 0 -Y,
+Y,={0 0 Y, 0 -Y,
O 0 0 Y -Y,
Y L -h =Y Y+ +h+Y
Yy 1 1 1 -Y ]
1y 1 1 -,
,={1 1 v 1 -Y,
11 1 7 -Y,
R A S A A R AR
Yy -1 -1 -1 -, ]
-1 Y -1 -1 -Y,
Y,=| -1 -1 Y -1 -,
-1 -1 -1 Y, -Y,
Y =Y -h Y, h+h+ i+
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Y 0 0 0 Y,
0 Y, 0 0 Y,
Y,=|0 0 % 0 Y,
0 0 0 Y, Y,
MARAR AR AR TR AR AN A

Y3i0Bble TOKHM M Y3JIOBble HANPSKEHUS NPH MOACJIHPOBAHUM HATPY3KH,
COCIUHEHHOM B 3B€31y B YEThIPEXIPOBOJIHOM CETH, CBA3aHbI COOTHOILICHHEM:
[Jcp]: [U(D]- [Y(3)]
o =[r]u,]
.=
+[J<1>]: [Y(S)]' [U<p]
IHapamerpsl 2K-nmoJilocHMKa HArpy3KM, COCIMHEHHON B 3Be3ay 0e3 HYJIEBOIO
nposoja:
+A=E, B=0, C=Yys, D=E
A=0, B=E, C=Yy3¢, D=E
A=E, B= Yy3qo , C=0, D=E
A=E, B=Yyso , C=E, D=0
Kakoii w3 3THX peKUMOB HBJACTCH ABApPUMHBIM, HO He fABJAETCH
HeCHMMETPUHYHBIM?
HopmaneHblil pexxum
HecummerpuuHnas Harpyska
JIByxda3zHoe KOpOTKOE 3aMbIKaHUE
+Tpexda3Hoe KOPOTKOE 3aMbIKAHHE
Kakoii u3 JTHMX peKMMOB HBJACTCH HECMMMETPU4YHBIM, HO He SBJISIETCH
aBapuilHbIM?
HopmanpHblil pexum
+HecumMmerpuyHas Harpyska
JIByx(da3zHoe KOpOTKOE 3aMbIKaHUS
Tpexdaznoe KOpOTKOE 3aMbIKaAHHE
B ciyuyae, korjga KOpoTkoe 3aMbIKaHHE NMPOMCXOIMT 10 00pbIBa (pa3HOrO MPOBOAA,
TAKOM PeKUM MOJETHPYETCH CIACAYIIIMM CIIOCc000M:
Zo6i, Y1yi
+Y1yi, Zooi
Y1yi, Zo6i, Y2yi
Zoo6i, Y2yi
B cayuyae, Korma KOpoOTKOe 3aMbIKaHHMe INPOUCXOAUT Mmocjae o0pbiBa (a3zHOro
MPOBOJA, TAKON PEeKUM MOJEJTHPYETCH CIACAYIOIIUM CIIOCOO0M:
Zo6i, Y1yi
Yiyi, Zo6i
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Y1yi, Zob6i, Y2yi
+Z006i, Y2yi
B cayuyae, korjga KopoTkoe 3aMbIKaHHe MPOUCXOIUT A0 M Nocjie oOpbiBa Ga3Horo
NMPOBOJA, TAKOI Pe:KUM MOJEJTUPYETCH CIACAYIOIIUM CIIOCOO0M:
Zo6i, Y1yi
Y1yi, Zo6i
+Y1yi, Zo6i, Y2yi
Zoo6i, Y2yi
IIpu o0pbiBe (a3bl conpoTuBieHne ZoOi NPUHUMAETCA MPUMEPHO:
0,1 Om
100 Om
1000 Om
+1000 000 Om

IIpu oqHO(pa3HOM KOPOTKOM 3aMbIKAHMU MaTpULa Y OyaeT paBHa:

Y, 0 0 -Y.]
y | 0 00 0
L0 00 0
-Y 0 0 Y |
Y, Y. 0 0]
v - ~-Y, Y. 00
0O 0 00
0 0 0 0]
Y. 0 Y, O]
v - 0 0 0 0
¥ ol-vy., 0 v, 0
0 0 0 0
Y, 0 0 -Y.|
S L N U
“ 10 o0 v -7
__YK _YK _YK 3YK_

IIpu nByx(¢ra3HOM KOPOTKOM 3aMBIKAHUM MaTpHua Y Oyaer paBHa:

Y. 0 0 -Y.|
y 0 00 O
K 0 00 0
-Y, 0 0 Y |
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0 0 0 O
0 Y 0 -7
YKZ: K K
0 0 0 O
0 -Y, 0 Y, |
Y, 0 -Y, O]
0 0 0 0
—|—YKZ_
-Y, 0 Y, O
0 0 0 O]
Y, 0 0 -Y |
0 Y 0 -Y,
Yy, =
0 0 Y. -Y
-Y, -Y, -Y. 3Y

IIpu Tpex¢a3zHoM KOPOTKOM 3aMbIKAHMH MaTpula Y OyaeT paBHa:

Y. 0 0 —Y.]
. 0 00 0
Kz 0 00 O
-Y, 0 0 Y |
0O 0 0 0 |
. 0 Y 0 -Y,
¥ 00 0 0 0
0 -Y, 0 Y |
Y, 0 -Y. 0
0 0 0 O
"=y o v o
K K
0 0 0 0
Y, 0 0 Y|
Y = 0 Y. 0 -Y,
10 0 Y -V
-Y, -Y. -Y 3% |

IIpu oOpsiBe (a3zHOro mMpoBoaa MaTpHUAa NPOAOCJBLHOIO CONPOTHBJICHUSI Oyaer
UMeTh BHJ:
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Zoﬁ

Zo6 =

Zoﬁ

Zo6

S O O O o0 o0 o o

N © © ©

06

0
0
- ZO6

Zo6 =

B kakom ciayyae Harpy3ka HE siBasiercst HeCUHMMETPHYHOM?

S O O O

oS o O

00 Z,

o o O O
e R e R e)

o o o O
e e R )

Zo6

S O O O

oS o O
S

ConpoTtuBiieHHs BO BcexX (hazax paziIuyHbl
CompoTtusiieHus B IByX ¢a3ax OJJMHAKOBBIC, B TPETHEH MEHBIIIE
CompoTtuBiieHus B IByX ¢azax 0JIMHAKOBBIE, B TPEThEH OOJIbIIE
+ConpoTuBieHus BO BcexX (azax 0JIMHAKOBBIC

Tadoamnua 10 — Kpurepuu oneHkn cpopMUPOBAHHOCTH KOMIIETEHIM A

Kon n Kputepuu oniennBanust chopMuUpOBaHHOCTH KOMIIETEHIIUN
HaMEHOBaHHUE (4acTv KOMIETCHITIH)
WHJIUKaTOpa Ha 0a30BOM YpOBHE Ha MOBBIILICHHOM YPOBHE
AOCTHIKCHUA COOTBETCTBYECT OLICHKE | COOTBETCTBYET OLICHKE COOTBETCTBYET OLICHKE
KOMIICTCHIIMH (aCTH | «yAOBICTBOPUTEIHLHOM «XOpOLIO» «OTIIMIHO»
KOMIIETEHIIUH) 50-64% ot 65-85% ot 86-100% ot
MaKCHMAJILHOTO Oajia | MaKCUMAJIBHOTO 0ajla | MaKCHMAaJIbHOTO Oajuia
N-1omk-2 CryneHt CryaeHt Crynent
AJITCOPUTMU3UPYET | IEMOHCTPUPYET 3HAHUE | AEMOHCTPUPYET ACMOHCTPHUPYCT
pelIeHue 3a1a4 u METOJIOB XOpouiee 3HaHueC OTIIMYHOC 3HAHUC
peanusyer MOJEIIMPOBAHUSA METONI0B METON10B
QJITOPUTMBI C Harpy30K U BHJIOB MOACIUPOBAHMA MOACTUPOBAHUSA
UCIIOJIb30BAHUEM | HECHMMETPHH B Harpysox 1 BUZ108 Harpysox 1 BUZ0B
TPOrPAMMHBIX TPEXTIPOBOJIHBIX 1 HECUMMETPHUH B HECUMMETPHUHU B
CpE/ICTB. YETBIPEX MPOBOHBIX TPEXIIPOBOAHBIX U TPEXIIPOBOAHBIX U
WJ1-2011k. S ICKTDIUCCKUX COTSIX YEThIPEX MPOBOJHBIX YEThIPEX MPOBOIHBIX
OIK-2 p 5
ANEKTPUUECKUX CETAX, | AJIEKTPUUYECKHUX CETSIX,
PaszpabarbiBaer MX MaTpHIl Y3JIOBBIX
o UX MaTpHUIl y3JI0BbIX UX MaTpHll y3JI0BbIX
aIrOpUTMbI 1 TIpOBOIUMOCTCH, MPOBOJUMOCTEM, MPOBOAUMOCTEN,
KOMIBIOTEPHBIE napameTpoB 2-K MApAMETPOB 2-K MApaAMETPOB 2-K
HpOrpaMMmbil, HOJIFOCHUKOB, Ha HOJIIOCHUKOB; TIOJIFOCHUKOB; CITIOCO0EH
TIPUTOHBIC JUIS 0a30BOM YPOBHE YMEET | crocoben C BBICOKOH CTETIEHBIO
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MIPaKTUYECKOTO
MIPUMEHEHUS
WT-1rikoc-1
OcyrmiecTBisieT
MOHUTOPUHT
TEXHHUYECKOIO
COCTOSIHUS
o0opyioBaHus
NOACTaHIINI
ANMEKTPUUECKUX
cereit

AITOPUTMU3ZUPOBATH
pelLICHHE 3a/1a4 ¢
HCIIOJIb30BaHUEM
MPOTPaMMHBIX CPECTB;
pa3pabaThiBaeT
AITOPUTMBI U
KOMITbIOTEPHBIE
MIPOTPaMMBI,
MPUTOJHBIE IS
MPaKTUYECKOTO
MPUMEHEHHs, ClIOCOOeH
OCYIIECTBIIATh
MOHUTOPUHT
TEXHUYECKOTO
COCTOSIHUS
o0opy10BaHus
OJACTaHIIUN
ANEKTPUYECKUX CETEU

CaMOCTOSITEIIBHO
AIrOPUTMHU3UPOBATH
penieHue 3a1a4 ¢
HCITOJIb30BAaHUEM
MIPOrpaMMHBIX
CPE/CTB;
pa3zpabaThIBacT
IrOPUTMBI U
KOMITBIOTEPHBIE
MIPOrpamMMBbl,
MPUTOJHBIC JIJIS
MPaKTUYECKOTO
MIPUMEHEHUS,
OCYILIECTBIISAT
MOHUTOPUHT
TEXHUYECKOTO
COCTOSIHUS
00opyaoBaHUS
HOACTaHIINN
AIEKTPUYECKUX CETEH

CaMOCTOSITEIBHOCTH
aIrOPUTMU3HUPOBATH
pelieHue 3a1a4 ¢
HCITOJIb30BAaHUEM
IPOrPaMMHBIX CPEJCTB;
pa3pabaTsiBaeT
AJITOPUTMBI U
KOMIIBIOTEPHBIE
IIPOrpamMMBbl, IPUTOIHBIE
JUTSL IPAKTUYECKOTO
MIPUMEHEHUS,
OCYILECTBIIATh
MOHUTOPUHT
TEXHUYECKOTO
COCTOSTHUS
0o0opyaoBaHUA
MOJICTAHIIUN
ANEKTPUUECKUX CETEU

Moayab 9. Pacuer u ucciieioBaHue aBAPUIHbIX HECUMMETPUUYHBIX PEKHUMOB

pacnpeneanTeJbHbIX ceTel

KoMmnbrorepHoe TectupoBanme

Buvibepume ooun npasunvHbulll gapuanm omeema u Hadxdxcmume KHONKy «/laneey
3HayeHUs] TOKOB M HANpsiKeHUMd B ciay4dae oOpbiBa (PasHOro mnpoBOAa C
OJHOBPEMEHHBbIM KOPOTKHM 3aMbIKaHMeM OyIyT TIIPMMEPHO COBHOAAaTh €

PeKUMOM:

OnHodazHOTO KOPOTKOTO 3aMBIKAHHUS
JIByx(ha3HOTO KOPOTKOTO 3aMbIKAHHSI
Tpexda3zHoro KOPOTKOTO 3aMBbIKAHUS
+O0psiBa Ga3HOTO MPOBOIA
3HaYeHHs TOKOB M HANPSKeHHil B ciIydyae 0AHO(A3ZHOI0 KOPOTKOI0 3aMbIKAHHUS C
O/THOBPEMEHHBIM 00pPbLIBOM ()a3HOr0 TNPOBOAA OYyAyT NPUMEPHO COBHAAATH C

peKUMOM:

+OnHO0(a3HOT0 KOPOTKOTO 3aMbIKaHHUS
JIByXx(da3HOro KOPOTKOTO 3aMbIKaHHSI
Tpexda3zHoro KOPOTKOTO 3aMbIKAHHUS
OO6psIBa (ha3HOTO ITPOBOIA
B cayyae naByx¢a3HOro KOPOTKOro 3aMbIKaHUSI TOKHM M HaNpsKeHHs] B
MOBPekKIACHHbIX (pa3ax:
+Toku BO3pacTarOT, HAMPSHKEHUS YMEHBIIAIOTCS
Toku yMEHBIIAIOTCS, HANIPSDKCHHST BO3PACTAIOT

Toxu ocrarorcs HCU3MCHHBIMH, HAIIPAKCHUA BO3PACTAIOT
Toxku BO3pacCTaroT, HAIPSXKCHUA OCTAIOTCA HCU3MCHHBIMHA

B cayyae oOpbiBa (pa3HOI0 MPOBOJA TOK U HANIPSAKEHUE B JaHHOU (a3e:
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Tox Bo3pacTaeT, HaNPSKEHUE YMEHBIIAETCS

Tox yMeHbIIIaeTCs1, HAIIPSKEHUE BO3PACTAET

+Toxk paBeH HyIII0, HAPSYKEHUE BO3PACTaET

Toxk paBeH HyJt0, HANPSHKEHUE PABHO HYJIIO
B cayyae Ttpex¢a3zHOro KOpPOTKOro 3aMbIKAHMS COOTHOLICHUE HANPSAKEHUMN
pa3JuYHbIX (pa3:

PaBHO HymIO

bnu3zko k HyIr0

+bau3ko K eIUHUIE

PaBHO GeckoHEeUHOCTH
B ciayyae MeTalJIM4eCKOro KOPOTKOI0 3aMbIKAHUSA MEPEX0JHOe CONPOTHBJICHUE B
MecTe 3aMbIKAHHUS MOKHO NPUHATH:

+0,1 Om

100 Om

1000 Om

1000 000 Om
OuiabTp HANpPsKeHUs OOpPaTHOM IOCJeI0BATEJILHOCTH 4YeTKO pearupyer Ha
o0pbIBbI (a3, ecid 00PHIB MPOU30IIEII:

+/1o MecTa ycTaHOBKHU GUIbTpa

[Tocne mecTa ycTaHOBKH (pUiIbTpa

Kaxk 10 Mecta ycTaHOBKHU (hUIIBTpaA, TaK U MOCIE

He pearupyet Ha 00pbIB
@OuiabTp HaNpsKeHUs OOPATHOH IOCJIeI0BATENbHOCTH NPH NPOU3OLIEALIEM
Tpex()a3HOM KOPOTKOM 3aMbIKAHUH. ..

He pearupyer, ecinu 3aMblkaHKe MPOU30ILIO A0 GUIBTPa

He pearupyer, ecnu 3aMblkaHie MPOU30ILIO TTocie (GUIbTpa

+He pearupyer, eciiv 3aMbIKaHUE TPOU30LLIO KaK /10, TaK U Tociie GuibTpa

Pearupyer, ecinu 3amMblkaHie IPOU3OILIO Kak 10, TaK U 1ocie GuibTpa
IIpu ycrtanoBke GuabTpa HANPSIZKEHUsI OOPATHOM MOCJIEA0BATEJILHOCTH B HayaJe
JIMHUM OH pearupyer:

+He pearupyer Ha oaHO(pa3HbIE KOPOTKUE 3aMbIKaHUSI

He pearupyet Ha mexayda3Hbie KOPOTKUE 3aMbIKaHUS

Pearupyet Ha ogHO(a3HbIE KOPOTKUE 3aMbIKAHUS

Pearupyet Ha Tpex¢aszHble KOPOTKUE 3aMbIKaHHSI
@OuiabTP HANPSKEHUs HYJEBOH I0CJeJ0BATEJbHOCTH YeTKO pearupyer Ha
o0pBIBHI (pa3, eciiu 00pPBLIB MPOU30LIEJI:

Jlo Mecta ycTaHOBKHU (hUIIBTpa

+Ilocne mecTa ycTaHOBKH QUIBTpa

Kaxk 10 mecra ycranoBku (puinbTpa, Tak v 1mMocie

He pearupyet Ha oO6pbIB
OuJIbTP HANPSAKEHUS HYJEBOHl IO0CJeI0BATEJbHOCTH MPH MNPOU30UIEAIEeM
TPex(a3HOM KOPOTKOM 3aMbIKAHHMU:

He pearupyer, ecnu 3aMblkaHye IPOU30ILIO 10 (pUiIbTpa

He pearupyer, ecnu 3aMblKaHUE MPOU30LLIO TIOCE (PUIBTpa

+He pearupyer, eciau 3aMbIKaHH€e MPOU30LLIO KaK 710, TaK U mocie GpuibTpa

Pearupyer, ecnu 3aMblkaHie TPOU3OILIO KakK A0, TaK U mocie GuibTpa
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DOWIbTP HANPAKEHUS HYJEBOH MOCIEI0BATEIbHOCTH pearupyer Ha ogHo(a3HbIe
KOPOTKHE 3aMbIKAHUS MPU MeCTe YCTAHOBKHU (PMIiIbTpA:

B Hauvane nuaun

B konue mmHumn

B cepenune nmuHumn

+B mo0oM MecTe ycTaHOBKU
DuIbTP HANPSKEHUS HYJIEBOM IOCIEA0BATEJBHOCTH He pearupyer Ha
Mexay(Ga3HbIe KOPOTKUE 3aMbIKAHUS, €CJIM OH YCTAHOBJICH:

B navasnie nuaun

B koH1e muHnmn

B cepenune nmuHun

+B 11000M MecTe YCTaHOBKH
Toxu B d¢azax npum ycraHoBke ¢GuIbTPOB 00paTHOM W  HYJIEBOH
MOCJIEA0BATEJbHOCTH OT MeCTa YCTAHOBKH (MILTPOB HAXOAATCH B CJeAyHInei
3aBHCUMOCTH:

+He 3aBucsr

YMeHbIatoTces, eciu GUIbTPhl yCTAHOBIICHBI B HAYaJIe TUHUU

YBenuuuBaroTcs, eciiv GUIbTPhl yCTAHOBJICHBI B KOHIIE TUHUU

YBenuuuBaroTcs, eciii GUILTPHI yCTAHOBIICHBI B HAYAJIC TUHUT
IIpu ypajieHnu TOYKU OAHO(PA3HOI0 KOPOTKOI0 3aMbIKAHMS OT HAYAJIA JMHUM TOK
B IIOBpEXAeHHOM (a3e:

YBenmuuuBaercs

+¥YMenbIaercs

He n3mensiercs

CTaHOBUTCS paBHBIM HYJIIO
IIpn ynaneHun TOYKHM OOpbIBa (Pa3HOro mNmpoBoAa OT Hayajga JUHUU TOK B
MOBPEXKACHHOU (a3e:

YBenuuuBaeTcs

YMmeHbIaeTcs

CHauasia yBeJIMUYMBAETCS, IOTOM YMEHBIIAETCS

+PaBeH Hy10
IIo kakuM NpPHU3HAKAM MOKHO OIpeAe/UTh ABYX(pa3HOoe KOPOTKOe 3aMbIKaHHE B
CeTAX C IVIyX03a3eMJICHHOI HEeHTpPaJIbI0?

B noBpexaeHHbIX (pazax TOKM HE3HAYUTEIBHO YBEIUYUBAIOTCS

+B noBpexaeHHbIX (azax TOKU YBEIUUUBAIOTCS

B noBpexaeHHbIX (pazax TOKU HE3HAYUTEITLHO YMEHBIIIAOTCS

B noBpexaeHHbIX (pazax TOKU YMEHBIIAIOTCS 10 HYJIS
IIpu yBes1MueHUN CONPOTHBJICHHUS OJHOM U3 ()a3 HATPY3KH TOK B ITOM (a3se:

YBenmuuurcs

+¥YMeHbImuTCs

He usmenurcs

CraneT paBHBIM HYJIIO
IIpu paGoTe JMHUU HA XOJOCTOM XOAY CONPOTHBJICHUS HATPY3KH PABHbI:

HYJIIO

CONPOTUBJICHUIO OOMOTOK TpaHc(opmaropa

COIPOTHUBIICHUIO TPOBOJHUKOB JINHUU
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+0ECKOHEUYHOCTH

IIpu paGoTe JMHUU HA X0J10CTOM X0y (0€3 HATPY3KH) MPOTEKAKIINE TOKHU:

+EMKOCTHBIC
AKTHBHBIE
NunaykTuBHBIE
AKTUBHO-UHTYKTUBHBIE

BeauunHa npoTrekawIMX TOKOB IPH padoTe JMHUM HA X0J0CTOM XOAY:

+binska K HyJIrO
PaBna BennuurHE TOKOB Harpy3Ku

PaBHa BenMurHE TOKOB KOPOTKUX 3aMbIKAHUMN
bospliie TOKOB Harpy3Kku, HO MEHbIIE TOKOB KOPOTKUX 3aMbIKAaHUU
ITo kakoMy NPHU3HAKY MBI MOKEM MPEAN0Jaratb 0 BOSHUKHOBEHUU TPeX(pa3HOro

KOPOTKOIo0 3ambiKkaHus B cetu 0,38 kB?

OmHOBpEMEHHOE CHIYKEHHE TOKa BO BCeX (azax
+OgHOBpEMEHHOE BO3pacTaHUE TOKA BO BCeX (hazax

OnHOBpEeMEHHOE BO3pAaCTaHUE HAIPSKEHUS BO BcexX (azax

OnHOBpEeMEHHOE CHMIKEHUE HAMIPsHKEHUS BO BeeX (pa3ax
SABasiercs Ju oaHO(A3HOE 3aMbIKAHHME HA 3€MJII0 ABAPUHHBLIM PEKMUMOM B CETH

0,38 kB?
+]la
Her
HenocraTtouHo JaHHBIX

B 3aBrcHUMOCTH OT MOIIHOCTH Harpy3Ku
SBiasiercs M ogAHO(a3HOE 3aMBbIKAHUE HA 3¢MJII0 aBaAPUHHBIM PEKUMOM B ceTH 35

kB?
Ha
+Her
HenocraToyHo jaHHBIX

B 3aBrcuMOCTH OT MOIIHOCTH Harpy3Ku

Taoauna 11 — Kputepuu oneHku chpopMHUpPOBAHHOCTH KOMIIETEHIU

Kon u Kpurepun oniernBanus chopMHUpPOBAaHHOCTH KOMIICTCHIIUN
HalMEHOBAaHHUE (4acTH KOMIIETEHIIUH)
WHIUKAaTOpa Ha 0a30BOM ypOBHE Ha MOBBIIICHHOM YPOBHE
AOCTHIKCHUA COOTBETCTBYECT OLICHKE | COOTBETCTBYET OLICHKE COOTBETCTBYET OLICHKE
KOMIIETEHIIUH (4aCTH | «yJOBJIETBOPUTEILHOY «XOpOUIO» «OTJIIMYHO»
KOMIICTEHIINH) 50-64% ot 65-85% ot 86-100% ot
MaKCHMaJIbHOTO Oajyla | MakCMMAaJlbHOro O6ajia | MaKCHUMaJlbHOTO Oasuia
N-1onk-2 CryneHt CryaeHt CryneHt
ANTOpuTMHU3HMpYET | IEMOHCTPUPYET 3HAHUE | JEMOHCTPUPYET JEMOHCTPHUPYET
pelieHue 3a1ad 1 | 3aBUCUMOCTEH XOpolllee 3HaHUE OTJINYHOE 3HAHUE
peanusyer HanpsHKEHUH U TOKOB 3aBUCUMOCTEN 3aBUCHUMOCTEN
AJITOPUTMBI C OT BUJIOB HaIpsKEHUN U TOKOB HaIpsKEHUN U TOKOB OT
HCIIOJIb30BAHUEM HECUMMETPUYHBIX OT BUJIOB BHJIOB HECUMMETPUYHBIX
MIPOrpaMMHBIX PEKUMOB IPU HECHUMMETPUYHBIX PEKUMOB TIPU
CPEICTB. METaJUTMYECKUX PEKUMOB IIPH METaJUIMYECKUX
W-20mk-2 3aMBIKaHUSX U TPU METaJUIMYECKUX 3aMBIKaHUSX U TPU
Pa3pabatbiBaer 3aMBIKaHUSIX Yepes 3aMBIKaHUSAX U IIPH 3aMBIKaHUSIX Yepes
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aJITOPUTMBI U IIEPEXOTHOE 3aMBIKaHUAX Yepe3 NIEPEXOTHOE
KOMITBIOTEPHBIE CONPOTHUBIICHUE, IIEPEXOHOE COIPOTUBIICHUE,
IIPOrPaMMBlI, Mojelneit 0OpbIBOB U COINPOTHBIICHUE, Mojelneit 0OpbIBOB U
[IPUTOJHBIC IS 3aMbIKaHui (a3 B CETH; | MOJeIel OOPbIBOB U 3aMbIKaHHi (a3 B CETH;
IIPAKTUYECKOTO Ha 0a30BOM YpOBHE 3aMbIKaHUH (a3 B CHOCOOEH ¢ BBICOKOM
IIPUMEHEHHUS yMeeT CeTH; crocoOeH CTEIECHBIO
N-11koc-1 aJIrOpUTMU3UPOBATH CaMOCTOSITEJIBHO CaMOCTOSITEJIBHOCTH
OcymecTBisieT pelenue 3a1ay ¢ AIrOPUTMHU3UPOBATh AJITOPUTMU3UPOBATH
MOHHUTOPHHT MCII0JIb30BaHUEM pelIeHne 3a1a4 ¢ pelIeHne 3a1a4 ¢
TEXHUYECKOTO IIPOTPaMMHBIX CPEACTB; | UCIOJIb30BAHUEM UCIIOJIb30BAaHUEM
COCTOSIHUS paspabarbIBaeT IIPOrPaMMHBIX IIPOrPaMMHBIX CPEICTB;
00opyAoBaHUS AITOPUTMBI U CPEACTB; pa3pabaTbIBacT
MOJICTaHIUI KOMIIBIOTEPHBIE paspabatrbIBaeT AJITOPUTMBI U
ANEKTPUYECKUX IIPOrpaMMBl, ITOPUTMBI U KOMITBIOTEPHBIE
ceTen IIPUTOJIHBIE VIS KOMIIBIOTEPHBIE IIPOrPaMMBI, IPUTOIHBIE
IIPaKTHUYECKOTO IIPOrpamMMBl, JUISL TIPAKTUYECKOT O
IPUMEHEHHUs, CIIOCOOEH | MPUTOHbIE IS IIPUMEHEHHS,
OCYILIECTBIIATh IIPAaKTHYECKOTO OCYILECTBIIATh
MOHHUTOPHHT IIPUMEHEHUS, MOHHUTOPHHT
TEXHUYECKOTO OCYILIECTBIISATh TEXHUYECKOTO
COCTOSIHUS MOHHUTOPHHT COCTOSIHUS
00opyAOBaHUA TEXHUYECKOTO 00opyaoBaHus
NOJICTaHIUI COCTOSIHUS NOJCTaHIUI
DIIEKTPUYECKHUX CeTell | 000pyI0BaHUs IEKTPUYECKUX CETEU
OJCTAHIIUNA
AIEKTPUYECKUX CETEH

2 OHEHUBAHMUE IIMCBMEHHBIX PABOT CTYJIEHTOB

OueHuBaHMe NMCbMEHHBIX PA0OT CTYJEHTOB,
He perjiaMeHTHPYeMbIX Y4eOHbIM MJIaAHOM

NuamuBuavaabHoe nomaimngee 3aganue (UJ13)

Bapuanmui 3a0anus

1. ITocTaHoBKA 321a4H pacyeTa HECHMMETPUYHBIX PEKUMOB JJICKTPHUUYECKHUX
ceteil. O030p MeTOI0B pacuera
1. 3amaua pacueTa HECHMMETPUYHBIX PEKUMOB JIEKTPUUECKOM CETH.
2. OCHOBHBIE METO/IbI pacuyeTa HECUMMETPUYHBIX PEKUMOB IIEKTPUUECKOU CETH.
3. Buapl HECUMMETPHUUYHBIX PEKUMOB.
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2. MaremaTu4ecKue MeTO/bl pacuyeTa HeCHMMETPUYHBIX PEKMMOB
JIEKTPUYECKHUX ceTel

[E—

. Merox (a3HbIX KOOpPAHUHAT.
. MeTox Tpex CHMMETPUYHBIX COCTABIISIOLIUX.

3. IIporpaMmmbl pacuyeTa HECUMMETPHUYHBIX PEKMMOB IEKTPHUECKHUX ceTeil
. OCHOBHBIE IPOrpaMMbl pacue€Ta HECUMMETPUYHBIX PEKUMOB JIEKTPUUECKOM CETH.
. Y3J10BbI€ YpaBHEHUS IEKTPUUECKOMN CETH.
. JlecTBUS ¢ MaTpHULIaMH.
. Marpuubl niepeayu NpoI0iIbHbBIX U MOMEPEYHBIX YCTPOUCTB.
. «H» 1 «Y» QpopMbI 2-K MOTIOCHUKOB 3JIEMEHTOB CETH.

4. Pacyer HecHMMeETPHYHBIX pe:xxuMOB B makere MathCAD
1. MoaenupoBaHue 3ekTpuueckoit cetu B makere MathCAD.
2. Martpuirsl npeoOpa3oBaHusl.
3.IlepeBog w3 (a3HBIX KOOPAWMHAT B KOOPAWHATHI TPEX CHMMETPUUIHBIX
COCTaBIIAIOIIMX.
4.TlepeBox #3 KOOpPAMHAT TPEX CHUMMETPUYHBIX COCTABIAIOIIMUX B (ha3HbIE
KOOPJIMHATHI.
5. MonenupoBaHue NOBPEKAEHUS (HECUMMETPHH).
6. MoaenupoBaHre KOPOTKUX 3aMbIKAHUN.
7. MoaenupoBaHue 0OpHIBOB.
8. MonenupoBaHue OJJHOBPEMEHHBIX OOPHIBOB M KOPOTKHUX 3aMbIKaAHHIA.
9.OKkBUBaJICHTHAs! MAaTPUILIA NIEPEIAYN CETH.
10. Pacuer Hanps>KEHUN U TOKOB B TOYKaX CETH.
5. Marematnueckue moaeau JIDII qis pacyera HeCHMMETPUYHBIX PEKUMOB
1. Matpuusnsie TenerpadHbie ypaBHEHUS MHOTOIPOBOHON JTMHUU U HX
npeoOpa3zoBaHus.
2. MaTtpulibl MOrOHHBIX MapaMeTpoB (a3 MHOTO(ha3HOM JIMHUU.
3. Matpuiisl MOTOHHBIX MapaMeTpoB (a3 JUHUH C yUETOM YUCIIa U BUAA TPAHCTIO3UIINH.
4. Meroauka 1 alrOpUTM pacdeTa HECUMMETPHUUYHBIX pexuMoB JIDII ¢ BKIIFOUEHHBIMU
YCTPOMCTBAMHU BJIOJb JIMHUH.
5. ITpogonbHOE CONTPOTUBIICHUE JINHUU.
6. [lonepeuHas NpoBOAUMOCTb JTUHHH.
7. '-00pa3Has cxema 3aMelleHus JTUHUY.
8. [1-o0pa3Has cxeMa 3aMelleH sl JINHUU.
9. T-o0pa3Has cxeMa 3aMelleHUs] IMHUU.
10. DxBUBaneHTHAsE MaTpUIIA MTEpeaadu JUHUH.
6. MaremaTu4eckue MoJeJiM TPAHCHPOPMATOPOB JJIA pacyeTa
HECHMMETPHYHBIX PEKHUMOB

1. MonenupoBaHnue TpancpopmaTopa «3Be3Aa-3Be3/1a C HyJIeM».
2. MonenupoBaHue TpaHchopMaTopa «3Be31a-TPEYTOIbHUK.
3. Paccunrats MaTpuily nepeaaun tpanchopmaropa 10/0,4 kB «3Be3ma-3Be3na ¢
HYJIEMY.
4. Paccuutath MaTpuily nepenauu tpanchopmaropa 35/10 kB «3Be31a-TpeyroabHUK.
5. MoaenupoBanue Tpancopmaropa ¢ mpuiieraromiei ceTbo.
6. Tpexda3zubie 1 MHOrO(a3zHbIe TpaHCPOPMATOPBHI.

[\

N B~ W =
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7. MaremaTn4eckue Moesu (PUJIbTPOB HANIPHAKEHUS O0PATHOH U HYJIeBOM
M0CJIeI0BATEIBLHOCTEH /151 pacyeTa HeCUMMETPUYHBIX PE:KUMOB

1. MonenupoBanue GpuiabTpa HalpspDKeHUs 00paTHON MOCIEA0BaTEIbHOCTH.
2. MonenupoBaHue QuiIbTpa HaMPsHKEHUS HYJIEBOM MOCIE10BaTEIbHOCTH.
3. lonkmtouenne  GuibTpa HaNpsHKEHUS  OOpaTHOM  MOCIENOBaTEIbHOCTH K
TPEXIPOBOJIHOU CETH.
4. [lopkmrouenue (QuiapTpa HaOpsHKEHUS OOpaTHOW  MOCIEIOBATEIBHOCTH K
YETBIPEXITPOBOAHON CETH.
5. llopkntouenne  ¢GuabTpa  HAOPSDKEHUS  HYJEBOW  MOCIEAOBATEIBHOCTH K
TPEXIIPOBOIHOU CETH.
6. [loaxmtouenue GuiIbTpa HAMPSKEHUS HYJIEBOM MOCIEA0BATENIHOCTH K
YETBIPEXIIPOBOJIHOMN CETH.

7. PaccunraTh MaTpuLy nepenayn bunbTpa HaIpsHKEHUS oOpaTHoOM
MOCJIEI0BATENBHOCTH.
8. Paccunrarh MaTpuIy nepegayu bunbTpa HaIPSKEHUS HYJIEBOUI
MOCJIEI0BATEILHOCTH.

9. D dekTuBHOCTH GUIHTPA HAMIPSKEHUST OOPATHOM MOCIIET0BATEILHOCTH.
10. DddexTuBHOCTD PHUIBTPA HANIPSKEHUS HYJIEBOHM TOCIEI0BATEIHHOCTH.
8. MaremaTn4yecKkue MO/JeJIM HATPY30K U Pa3JIHYHbIX BUAOB HECUMMETPHUH
IPpU pacyeTe HECHMMETPUYHBIX PE:KUMOB
1. Mopenp Harpy3Ku, BKJIFOYaeMOr MeXAy (pa3HbIMHU U HYJIEBBIM POBOAAMH B
YETBIPEXIIPOBOJHOM CETH.
2. Mopnenp Harpy3KH, COEIMHEHHON B TPEYTOJIBHUK, B YETBIPEXITPOBOJHOM CETH.
3. Moaenp Harpy3kH, COEIMHEHHOU B 3BE3]ly, B YETBIPEXIIPOBOJHOM CETH.
4. PaccunTarh MaTpully NepeJadyy Harpy3ky, COCIMHECHHON B 3BE311y.
9. Pacuer u ucciieloBaHue aBAPUHHBIX HECUMMETPUYHBIX PEKHUMOB
pacnpeneuTeJbHBIX ceTel
1. Pacuernas cxema ¢punepos 6-10-35 kB.
2. HecummeTpuunsbie pexumsl ¢puaepos 6-10-35 xkB.
3. PaccunTaTh HECHUMMETPUYHBIE PEXUMBI CETH, COCTOSIIIEN U3 JBYX YYaCTKOB JUHUU U
Harpys3KH.
4. PaccuntaTh HECUMMETPUYHBIE PEKUMBI CETH, COCTOSIIEH U3 JABYX YYaCTKOB JINHHH,
Harpy3ku 1 KOPOTKOTO 3aMbIKaHHS.
5. PaccunraTh HECHMMETPUYHBIE PEKUMBI CETH, COCTOSIIEN U3 IBYX yYAaCTKOB JIMHUH,
bunbTpa HampsbKeHUs OOpaTHOM MOCHEAOBATENbHOCTH, HArpy3KM M KOPOTKOTO
3aMBIKAHHS.
6. PaccuntaTh HECUMMETPHUUHBIE PEKUMBI CETH, COCTOSILENH U3 TpaHCcPopMaTopa, IBYX
Y4aCTKOB JIMHUM U HAarpy3KH.
7. PaccuntaTh HECUMMETPHUUYHBIE PEKUMBI CETH, COCTOSIILEH U3 TpaHc(opmaropa, IByX
Y4aCTKOB JINHUH, Harpy3KH U KOPOTKOI'O 3aMbIKaHUS.

MakcuMaabnHada oneHka — 10 6aa10B.
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Taoaunma 12 - K

DUTEPUH OLICHKU CHOPMHUPOBAHHOCTH KOMIIETEHLUI

Kon u Kputepuu onienuBanus chopMHpPOBAHHOCTH KOMIIETCHIIUN
HaMEHOBaHUE (4acTH KOMITCTCHITHH )
WHJIUKaTOpa Ha 0a30BOM YpOBHE Ha MOBBIIICHHOM YPOBHE
JOCTIDKCHMS COOTBETCTBYET OIICHKE COOTBETCTBYET OIIEHKE COOTBETCTBYET OILICHKE
KOMIICTCHITUH «YIIOBJIETBOPUTEILHOY «XOPOIIO» «OTIIHYHO»
(uactu 50-64% ot 65-85% ot 86-100% ot
KOMHeTeHHI/II/I) MaKCHUMAaJILHOTO Oasa MaKCUMAaJILHOTO Oajia MakCUMAaJILHOT'O Oaia
N-1omk2 CtyneHT, B OCHOBHOM, CtyneHT Xoporio CTyaeHT OTIMYHO
ANTOpUTMHU3HUPYET | BIaJECET MATEPUAJIOM MO | BJIaJICET MAaTEPUAIIOM, BJIaJICET MaTEPHUAIIOM,
pelieHue 3a1a4 1 | TeMe, 3aJaHue BBIIIOJIHUJ 3aJaHHC B BBIINOJIHUJ 3aJaHHC B
peanusyer BBITTOJIHUJI JIO KOHIIA CPOK U B MIOJIHOM CPOK Y B MOJIHOM
AJTOPUTMBI C ceMecTpa, npu obwveme, mpu o0Beme, mpu
HCITOJIb30BAHUEM | BBHITIOJIHCHUH 3aaHHS BBITTOJITHEHUH 3aTaHUS BBIITOJTHEHHUH 3aJIaHUS
MPOTPAMMHBIX HCII0JIL30BAJI ITAKET HCIIOJIL30Ball HA YCHENIHO UCTIOIh30BAJl
CPEACTB. MathCAD u xopotuieMm ypoBHe nakeT | MathCAD u
N-20mk-2 HEOOXOINMBIE MathCAD u HEOOXOIMMEIE
Pa3pabatbiBaer IporpamMMbl pacueTa, HO | HeOOXOIUMBbIe MPOrpaMMBbI pacyeTa,
ITOPUTMBI U MPUBOJUT HETOYHYIO MIPOrpaMMBbI pacdera, o | MOKa3bIBaeT rTy0OKoe
KOMITBIOTEPHBIE | apTryMEHTALUIO CYHIECTBY OTBEYAET Ha 3HaHHWE U IOHNMAaHNE
MIPOTPaMMBl, TEOPETHUECKUX MOCTaBJICHHBIE BOMPOCHI, | TEMbI, CAMOCTOATEIBHO U
MPUTOJHBIE 1151 | MOJOKEHUM Un HO JOIMYyCKaeT apryMEHTHPOBAHO
MPaKTUYECKOTO JTOTTY CTHJT HETOYHOCTH JienaeT MpaBUIIbHbIC
MIPUMEHEHUS HE3HAYHMTEIIbHBIC (GhOpMyITUPOBOK, HE BBIBO/IbI; CTYJICHT
M- 11xoc 1 OIMOKM; CTYJICHT Ha HUCKaXKaromne nux cI10co0€H ¢ BBICOKOH
OcymiecTBisieT 0a30BOM ypOBHE YMEET | COJEP KaHUS; CIIOCOOEH CTEIICHBIO
MOHUTOPUHT AIrOPUTMHU3UPOBATH CaMOCTOSTEILHO CaMOCTOSATCILHOCTH
TEXHHUYECKOT'O pelIeHue 3a1a4 ¢ aNTOPUTMHU3UPOBATH aJITOPUTMU3UPOBATH
COCTOSIHHS HCIO0JIb30BaHUEM perieHue 3a1ad ¢ pelieHue 3a1a4 c
00opyaoBaHUA MPOTPAMMHBIX CPEJICTB; | UCIOJIb30BAHUEM HCIIOJIb30BaHUEM
MOJICTaHIIN I pa3pabatsiBact MPOTPaMMHBIX CPEJCTB; | MPOTPAMMHBIX CPEJICTB;
AIEKTPUUECKUX aJITOPUTMBI U paszpabaThIBacT pa3pabaTbIBaeT
cerelt KOMITbIOTEPHBIC AITOPUTMBI U AITOPUTMBI U
MPOTPAMMBI, IPUTOJIHbIE | KOMIIBIOTEPHBIE KOMITBIOTEPHBIE

JUISL IPAKTUYECKOTO
MPUMEHEHHUs, CIOCOOEH
OCYIIECTBIISATh
MOHHUTOPHHT
TEXHUYECKOTO
COCTOSTHUS
000py10BaHUs
HOJCTAHIIUNA
AIEKTPUYECKUX CETEH

MIPOTPaMMBI, TPUTOTHBIE
JUTS IPAKTUYECKOTO
MIPUMCHEHUS,
OCYUIECTBIIATH
MOHHUTOPHHT
TEXHUYECKOT'O COCTOSIHUS
000pyIOBaHUS
OJCTAHIIUNA
AIEKTPUUYECKUX CETEH

MPOrpaMMbl, IPUTOJTHBIE
JUTSL IPAKTUYECKOTO
MIPUMEHEHUS,
OCYILECTBIIATh
MOHUTOPHUHT
TEXHUYECKOTO COCTOSTHUS
o0opyoBaHus
HOJICTAaHIINHN
SJIEKTPUYECKHUX CETEMN
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3. OITPEAEJEHME PE3YJIBTATA
MNPOMEXYTOUYHOM ATTECTALIMU

dopma MPOMEKYTOUYHOM aTTECTALMU 110 TUCHUIUIAHE IK3AMEH.

OLEHOYHBIE MATEPUAJIbI 1 CPEACTBA JULA IIPOBEPKH
COOPMHMPOBAHHOCTU KOMIIETEHIIM

OIIK-2. Cmnocoben pa3padaTbiBaTh AJTOPUTMbI M  KOMIIBIOTEPHbIE
NPOrpaMMbl, IPUTOAHbIE VISl NPAKTHYECKOr0 IPUMEHEHHS.

3agaHus 3aKPHITOrO THIA

Bbtﬁepume HECKOJIbKO npasuibHblX eapuanmoe omeema

1. K wmeromam pacyera aBapMHHBIX PeKHMOB JJCKTPHYECKON CeTH
OTHOCHTCSH MaTeMAaTHYeCKHI METO/:

+ (pa3HbIX KOOpIKMHAT

Kpamepa

Dypbe

+ METOJ TPEX CUMMETPUYHBIX COCTABIAIOIINX

Buioepume ooun npasunvuwlit gapuanm omeema

2. Bua 3/1eKTpUYECKOro aBapMHHOIO peXKUMa B MATEMATHYECKON Mo/JesH
JIMHUU HA3bIBACTCH:

I1aJICHUE ONIOPBHI

pacTsKKa IpoBOJIOB

+ KOPOTKO€ 3aMbIKaHUE

MaJicHUE JIEPEBHEB HA IIPOBOJA

3. B mareMaTH4eCKOM MeTOJe TpeX CHMMETPHYHBIX COCTABJIAIOIIMX IPH
pacuere aBapMIHBIX PeKMMOB JJICKTPHYECKOM CeTH HeT MOCJIeI0BATEeJIbHOCTH:

IPSAMON

oOpaTHOM

HYJIEBOU

+ paBHOMEpPHOU

4. IlpuMeHeHHMe MeTOJa TPeX CHMMETPHYHBIX COCTABJISIOIIHNX CJy4dae
HEBO3MOKHO TIPH:

CUMMETpUYHOM PEKUME

HecummerpuunoMm pexume

Yucne a3, paBHOM Tpem

+Uucne da3 6omee Tpex
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3aaHusA OTKPBITOIO THIIA

Haume pazeepruymotit omeem na éonpoc

1. Kakue 4erpipe MaATpHMUbI HCHOJB3YHTCHA B AaJrOpUTMEe pacyera
napaMeTpoB dJIeKTpornepeaaun?

IIpasunvubii omeem. B anroputMe pacyera IapaMeTpOB JJIEKTPOIEpEnadn
WCMOJIB3YIOTCA: MaTpulla aKTUBHBIX MPOJOJBHBIX  CONPOTUBICHUM; MaTpula
WHIYKTUBHBIX TPOJOJBHBIX CONPOTHUBICHUM; MaTpHIla aKTUBHBIX IIONEPEYHBIX
MIPOBOAMMOCTEN; MATPULIA EMKOCTHBIX OTIEPEUYHBIX TPOBOAUMOCTEN.

2. Yrto Takoe MaTpula nepeiavu, NCMOJIb3YIOMIASACA NP MATEMATHYECKOM
MO1eJTMPOBAHUM dJleKTponepenaun’?

IIpasunvubiii omeem: MaTpulla, CBS3BIBAIONIAS HAMPSHKEHUS W TOKM B Hadaje
JIMHUY C HAPSDKCHUSIMU M TOKAMH B KOHIIE JIMHUH.

3. Yemy paBHA 3KBHBAJICHTHAas MAaTpHLa NepeJayvu, MCIOJIb3YOIIAasICHA MPH
MaTEeMaTHYEeCKOM MOACJTMPOBAHUM JMHHMH JJIEKTpolepeladyd ¢ BKJIYEHHbIMHU
B/10JIb Hee ycTpoucTBamMu?

IIpasunvubiii omeéem: DKBUBAIICHTHAs MaTPULIA IEPEJayd pPaBHA IPOU3BEICHHUIO
BCEX MATPHII IEPEIAYN YCTPOUCTB, BKIFOYEHHBIX BIOJIb HEE.

4. B kakux aByx ¢opMax mnpeacTaBjsieTcsi MaTpuua mnepeaayd MNpH
MaTeMaTHYeCKOM MO/IeJTMPOBAHUY JIMHUU?

IIpasunvueiii omeem: MaTpHIla IEpeadl JIMHUA MOXKET OBITh MpECTaBICHa WU B
«H» - popme unu B «Y» - hopme.

5. Ilo kakomy ajJropuTmMy COCTABJISIETCH MATPULA y3J0BbIX MPOBOAMMOCTEN
JIEKTPUYECKOM cXeMbl?

Ilpasunvnbi omeem: CHadalla TPOCTABISETCS C OTPULATEIBHBIM 3HAKOM
CYLIECTBYIOIIME IPOBOJUMOCTH MEXAY HaHHBIMU Y3JaMH CXEMBI, a 3aTeéM IO
JIAArOHAJIM TPOCTABJISAIOTCS MPOBOJAUMOCTH, PABHBIE CyMME IPOBOJUMOCTEN HAHHOU
CTPOKH MAaTPHILIBL.

6. Ilo xakoMy aJropuTmMy COCTABJISACTCH MATPULA COCAUHEHHH Y3JI0B H
BETBEH JIEKTPHUYECKOH CXeMblI?

IIpasunvhubiii omeem: TPOCTaBIACTCS «+1» UMK «-1», €Clnu BETBb BBIXOIUT WU
BXOJIUT B y3€11, a Takxke «0», eciu BEeTBb HE COEAMHEHA C Y3JIOM.

7. CKOJbKO AKTHUBHBIX CONPOTHBJIEHHI W  e€MKOCTEHd  COHAEPKHUT
MaTeMaTHYeCKas MoJeJIb (PUJIbTPa HANIPSAKEHUS 00PATHOH MOCJIe10BATEILHOCTH ?

Ilpasunvnoii omeem: GUABTP HANPSHKCHUS OOpPAaTHOW IOCIIENOBATEIHLHOCTH
COJICPKUT JIBA AKTUBHBIX COMPOTUBJICHUS U JIBE EMKOCTH.

8. Kak Bk/IIOYeHBbI NMPOBOAUMOCTH B MaTeMaTH4yeckoil mogeau ¢uiabTpa
HANPSIZKEHUS] HYJIEBOW MOC/Ie10BATEIbHOCTH?
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IIpasunvueiii omeem: TPOBOAUMOCTU (PUIbTPAa HYJIEBOH IMOCIIEI0BATEILHOCTH
BKJIFOUEHBI B «3BE3y» MEXAy (ha3sHbIMU U HYJIEBBIM IMPOBOJIAMH.

9. Yem MoaeaupyroTcsi Me:xkayasHble KOPOTKHE 3aMBbIKAHUA U OOpPBIBHI B
MaTeMaTH4eCKOi MO/ieJId YJIeKTponepeaayu?

Ilpasunvuviti  omeem:  KOPOTKHE  3aMBIKaHUS  MOJCIUPYIOTCS  MaJlbIMU
OPOBOAMMOCTSIMH ~ Mexay (a3amMu, a OOpbIBBI  MOJCIUPYIOTCS  OOJNBIIUMU
COIPOTUBIICHUSIMH B (pa3ax.

10. ITo kakuM JABYM cXxeMaM MOKeT ObITh BKJIIYEHA Harpy3ka B
MaTeMaTH4YeCKON MOJIe/IH dJIeKTponepesayu?

Ilpasunvnvlii omeem: TIPOBOJUMOCTH HArpy3kKM MOTYT OBITh BKJIIOUYEHBI B
«3BE3/1y» WIN B «TPEYTOJIBHUK.

11. OT 4ero 3aBMCMT MATPHMIA NMPOAOJbHBLIX AKTHUBHBIX CONPOTHUBJIEHHUH B
MaTeMaTH4YeCKOoil Mojeu JUHUM?

IIpasunbubiii omeem: MaTpulla aKTUBHBIX MPOJOJIbHBIX COMPOTHUBICHUN 3aBUCUT
OT CONPOTHUBIIEHUH (Da3HBIX TPOBOJIOB U COMPOTUBIICHUS 3€MJIH.

12. Ot 4ero 3aBHCUT MaTpPHLa MPOJOJbHbIX HHAYKTUBHBIX CONPOTUBJICHUMH
B MaTeMaTH4YeCKOH MOIeIH JTUHUU?

IIpasunvuelii omeem: MaTpula MPOJOJbHBIX HWHIYKTUBHBIX COINPOTHUBICHHUM
3aBUCHUT OT pajnyca MpPOBOAOB, MPOBOANUMOCTH 3€MJIU, YACTOTHI CETU U KOOpAUHAT (a3
Ha OIOpE JINHUU.

13. Ot 4Yero 3aBHCUT MATPHMIA MONEPEYHbIX AKTHUBHLIX MPOBOJAMMOCTEH B
MaTeMaTH4YeCKOM MoJeIH JUHUU?

IIpasunvhuiii omeem. MaTpulla MOMEPEUYHBIX AKTUBHBIX MPOBOJAMMOCTEN 3aBUCHUT
OT paJuyca IPOBOJIOB, HAIPSKEHUS MIPOBOJA U OTEPh HA KOPOHY.

14. Ot 4yero 3aBMCHT MATPHULA NMONEPEYHbIX €EMKOCTHBIX NMPOBOAMMOCTEN B
MaTeMaTHYeCKOH MO1eTH JTUHUHU?

Ilpasunvrovli omeem. MaTpuLa MONEPEUYHBIX EMKOCTHBIX TPOBOJUMOCTEN 3aBUCUT
OT paauyca MPOBOJIOB, KOOPJWHAT TMPOBOJIOB HAa OMNOPE M JAUIIEKTPUUYECKOU
MPOHUIIAEMOCTH BO3/1yXa.

IIKoc-1. CnocobeH ocymecTBJIsITb MOHMTOPHUHI TEXHHMYECKOr0 COCTOSIHUA
000py10BaHMS MOJACTAHIUI JJIEKTPUYECKHUX CeTEH.

3agaHus 3aKPHITOrO THUNA

Bblﬁepume HECKOJIbKO npasuibHblX eapuanmoe omeema

1. Harpy3ka JIJMHMH MOKeT BKJIIOYATHCHA B CeTh:
+ TPEXIpOBOIHYIO
+ YETBIPEXIPOBOIHYIO
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CCMHUIIPOBOAHYIO
BOCBMHUIIPOBOJIHYIO

2. TpancdopmaTopsbl pa3jinvyaOTCs MO UCIOJTHEHUIO HA:
ATHOAKOBBIC

+Tpex0aKoBbIe

+0/1HO0aKOBbBIE

ceMnOaKOBbIE

Buvibepume ooun npagunvnulii gapuanm omeema

3. Ilepexoanoe conporuBJienne B Mmecte 3ambikanusa HE Bo3Hukaer npu:
3aMBIKaHUH 4€pe3 AyTy

1aJICHUY MTPOBOJIa HA BETKY JAEPEBA

00pbIBE MPOBOJIA

+CXJIECTBIBAHUY MPOBOJIOB

BanaHnﬂ OTKPLITOTO THUIIA

Jaume pazeepuymotii omeem na 6onpoc

1. Kakue 3j1eKTpu4ecKue ceTd padoTaoT ¢ H30JMPOBAHHON HEHTPAIbIO?

lIpasunvubiii omeem: ¢ W30JIUPOBAHHON HEUTpaNbI0 PabOTAIOT DJIEKTPUYECKUE
cetu HanpsbkeHueM 6-10-35 kB.

2. YUto Ha3bIBaeTCsl HECUMMETPUYHBIM PeKMMOM JIEeKTPHUYeCKoi ceTn?

IIpasunvubiii omeem: HECUMMETPUYHBIM PEKHUMOM SBISETCA PEXKUM, KOraa
HaIpsHKEHUS! U TOKU B y3JI€ CETU HE PaBHBI 1O (hazam.

3. Kak Ha3bIiBaeTcsi M3MEHEHHE B3aMMHOI0 PacCHoJioxkeHus (a3 mo JIuHe
JIUHUM?

IIpasunvuviii omeem: N3MEHEHHUE B3aMMHOTO PACTIONOXKEeHUS (a3 Mo JUIMHE JIMHUH
Ha3bIBAaETCS TpaHCIO3ULIUeH (Bas.

4. Kakoil MeTOoJ pacyeTa aBapHHBIX PeKMMOB I03BOJsIeT MOJY4YaTh CPa3y
peaJibHbIe HATIPSKEHUS U TOKH?

IIpasunvhbiii omeem: MONy4YaTh Cpa3y peajbHbIC HANPSDKEHUS M TOKH IO3BOJIAET
MeTo[1 ha3HbIX KOOPAMHAT.

5. Kakne aBe cxeMbl cOeJHMHEHHs OOMOTOK TpaHcopMaTopoB HamboJee
4acTo UCMOJIb3YIOTCS B JJIEKTPHUYECKUX CeTAX?

IIpasunvueiii omeem: HauboJiee UCTOIb3YEMBIMU CXEMaMU COEAMHEHUS 0OMOTOK
TpaHCHOPMATOPOB SIBISIOTCA CXEMBI «3BE3/1a» U «TPEYTOJILHUK.

6. Yemy paBeH koI(ppuuuent TpaHchopMauuMu  ABYXOOMOTOYHOIO
TpaHcgopmarTopa?

Ilpasunvuvii  omeem: k0dPPUIMEHT TpaHcPopMallud pPaBEH OTHOLIECHUIO
BXOJIHOTO Y BBIXOJTHOTO HANpsDKEHHs TpaHc(opmaTopa.

7. HeMy paBHBI YHCJIO CTPOK M YUCJIO0 CTOJ0IOB MATPHUIIbI COeIMHEHUI CXeMbI
JIEKTPUIECKOM ceTn?

lIpasunvubiii omeem: YUACIO CTPOK PaBHO KOJIMYECTBY Y3JIOB, a YUCJIO CTOJOIIOB
PaBHO KOJIMYECTBY BETBEU CXEMBI.
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8. s yero HCIIO0JIb3YeTCH ¢puabTp HANPSIZKEHU I oOpaTHOM
M0CJIeI0BATEJIBbHOCTH?

IlpasunvHoi omeem: (UIABTP HaNpsHKEHUS OOpaTHOW IOCIEI0BATEIILHOCTH
UCIIONIB3YETCsl Al OOHAapy’>KEHUs HaNpsDKEHUsT OOpaTHOW TIOCIIENOBATEbHOCTH B
AJIEKTPUYECKOM CETH.

OxoHuaTeNnbHbIE pe3ynbTaThl  oOydeHus ((popMHUpOBAaHUS  KOMIIETEHI[HIN)
OINPENEISIIOTCS MOCPEICTBOM IEPEBOJIa OATIOB, HAOPAaHHBIX CTYJEHTOM B IMPOLECCE
OCBOEHHMSI TUCLIUIINHBI, B OLIEHKH:

— 0a30BBI YpOBEHb C(HOPMUPOBAHHOCTH KOMIETEHIIUN CUUTAETCS JOCTUTHYTHIM,
€CIIM pe3yJIbTaT OOyYEeHHUS COOTBETCTBYET OIICHKE «YyIOBIETBOPUTEIBbHO» (50-64
PEUTHUHTOBBIX OAJIJIOB);

— MOBBIILIEHHBI  ypOBEHb  CHOPMHUPOBAHHOCTH  KOMIIETEHIIMM  CUUTACTCS
JOCTUTHYTBIM, €CITU PE3yJIbTaT 0O0y4YeHUs COOTBETCTBYET OIIEHKaM «Xopoiio» (65-85
PEUTUHTOBBIX 0aJUTOB) U «OTANYIHOY» (86-100 peHTHHTOBBIX 0aIOB).

4 IIOPSITIOK MPOBEJIEHUSI TIOBTOPHOI
MNPOMEXYTOUYHOM ATTECTALIUU

@OHJ OLCHOYHBIX CPEACTB UL IPOBEACHUS IOBTOPHOM MPOMEKYTOUHOMN
aTTecTal (pOpMUPYETCS] U3 YUCIA OLEHOYHBIX CPENCTB IO TeMaMm, KOTOpbIe He
OCBOEHBI CTYJIEHTOM.

Ilpumeuanue:

JIONOTHUTENIbHBIE KOHTPOJIBHBIE HWCIBITAHUA MPOBOAATCS ISl  CTYJICHTOB,
HaOpaBmmx wmeHee S0 O6aioB (B coorBercTBHHM ¢ «llojoskeHWEM O MOIYJIHHO-
PEUTUHTOBOM CUCTEMER).

Tabimua 13 — Kpurepuu ouenky chopMUpPOBAHHOCTH KOMITETEH M H

Kon u HaumenoBanme nnaukaropa | Kpurepuu oniennBanus c()OpMHUPOBAHHOCTH KOMITETEHIIUU
JOCTUKEHHSI KOMIIETEHIIUH (YacTH (4acTH KOMIIETEHIIUN)
KOMIIETEHITHH ) Ha 6a30BOM ypOBHE
COOTBETCTBYET OLICHKE «Yy/I0BJIETBOPUTEIHLHO)
50-64% ot MakcuManIbHOTO Oaa
N-1omk-2 ATrOpuTMHU3UPYET CTyneHT NEeMOHCTPUPYET 3HaHHE METOAO0B pacyeTa
pelIeHre 3aa9 U Peau3yeT HECUMMETPUYHBIX PEKUMOB IJIEKTPUUECKUX CETEH;
QITOPUTMBI C UCTIOJIB30BAHUEM METOJIOB (pa3HBIX KOOPAMHAT, TPEX CUMMETPHYHBIX
MPOTPaMMHBIX CPEJICTB. COCTABIISIONIUX; MOJIEIICH JINHUH, TpaHC(HOPMATOPOB,
N-20nk-2 PazpabatsiBaeT Harpy3ok, GuIbTpOB, OOPHIBOB U 3aMBIKaHHI; Y3JIOBBIX
QITOPUTMBI U KOMIIBIOTEPHBIE YpaBHEHUI; MAaTPHII TIEpeIadn; 3aBUCUMOCTEN
MIPOrPaMMbl, IPUTOIHbIE [ HaANpsDKEHUH ¥ TOKOB OT BUJIOB HECUMMETPUYHBIX
MPAKTUYECKOTO TPUMEHEHUS pexxumoB. CTyieHT Ha 6a30BOM YPOBHE YMEET
N-11nkoee-1 OcymiectBisier ANTOPUTMHU3UPOBATH PEIICHUE 3a/1a4 C HCTI0JIb30BAHUEM
MOHHUTOPHHT TEXHUYECKOTO MPOrPaMMHBIX CPEJICTB; Pa3padaThIBAET AITOPUTMBI U
COCTOSIHUSI 000pY10BaHUS KOMITBIOTEPHBIC TIPOTPAMMBI, TPUTOIHBIC JIJIS
MOJICTAHIINI SJICKTPUUYECKUX CeTel MPAKTUYECKOr0 MPUMEHEHUs, ClIOCOOEH OCYIIECTBISATh
MOHHUTOPHUHT TEXHUYECKOTO COCTOSIHUS 000pyJ0BaHUs
MOJICTAHINI SJIEKTPUUECKUX CeTel
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