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ITacnopT ()oHAQ OLEHOUYHBIX CPe/ICTB

Tabmuna 1
dopmupyemeble OueHouHbIE
Mopynb AUCLUIIIUHBI KOMIIeTeHLIU! Martepuansl | KomuectBo
W/ UX YaCTU Y CpejCTBa
OJiIeMeHTbl TeOpyuU MaTpuL|. UHCTpyMeHT [TKoc-1. CriocobeH
N TectupoBaHue 20
MathCAD /151 onepaijuii ¢ MaTpyliaMU OCYLLeCTBJISITh
dopmHupoBaHue YpaBHEHUU 3/1eKTPUUECKUX MOHUTOPUHT TectupoBaHue 81
Lieriell Ha OCHOBe TeoprH rpadoB TeXHUUYEeCKOT0 PT'P 150
[TonHast cuctema ypaBHeHUM 3/1eKTPUUECKUX COCTOSIHUS
N TectupoBaHue 60
Lernemn obopyaoBaHust
3a/iau AUArHOCTHKU 3JIEKTPUUeCKUX MOACTaHLUN
terneit. UyBctButembHOCTh. Oco6eHHOCTH 3/7IeKTPUYeCKUX TecTupoBaHue 39
pacyeTa HeJIMHEWHBIX Liernei ceTel

1 OHEHOYHBIE MATEPUAJIbI, HEOBXOJNUMBbIE

JIJI1 OEHKHY 3HAHIUM, YMEHUHN U HABBIKOB JIESATEJIBHOCTU

B ITPOOECCE OCBOEHUMA JUCLIUILI/IMHBI

Ta6smmra 2 — dopMupyembie KOMIIETeHI[UH

Kog n O1jeHOYHbIE
Kop v HaMeHOBaHNe MHAUKATOpa JOCTH)KEHHUS
HavMeHOBaHUe MaTepurabl
KOMITeTeHLM (YaCTH KOMITeTeHLIUN )
KOMIIeTeHLIUU Y CpeficTBa
Mogpayas 1. Dy1eMeHTBbI TeOPpUM MaTPHIL].
Nucrpyment MathCAD p/1s1 onepaifuii ¢ MaTpuLiaMu
N /1-5nkoc-1 VIcrionb3yeT pU3MKO-MaTeMaTUUeCKWi amnmapar
TIPU aHa/IM3e U MO/e/IMPOBAHNH JIeKTPUYECKUX LieTei U
TectupoBanue
3/1eKTPUUECKMX MALLUH C UCTI0/Ib30BaHUEM
VH(OPMaLMOHHBIX U LU(POBLIX TEXHOJIOTUU
Mopyas 2. @opMupoBaHue ypaBHeHHH /1eKTPUUYECKHX Lieriel
IIKoc-1. Ha 0CHOBe Teopuu rpagos
CrniocobeH
OCYIIIeCTBIISITh W /1-5nkoc-1 Icrionb3yeT ¢pU3MKO-MaTeMaTUUeCKWH anmnapar PI'P
MOHUTOPHHT IIpH aHa/IM3e 1 MOAe/IMPOBAaHKUH 3/IEKTPUUECKHUX HEHEﬁ nu
TeXHUUECKOTO 3/1IeKTPUYECKMX MalIUH C UCTI0/b30BaHUEM
COCTOSIHUSI MH(OPMaI[MOHHBIX U I[U(MPOBBIX TEXHOJOTHUM TecrrpoBanue
obopyoBaHust = >
. Mogayas 3. [TosiHas cucTeMa ypaBHeHHH 3/1eKTPUYECKHX Iienel
MO/ICTaHL1I =
N I-5mkoc-1 VIcTionb3yeT pU3MKO-MaTeMaTUUeCKWi amnrmapar
3/1eKTPUYECKUX o
o TIPU aHa/IM3€e U MO/e/IMPOBAHUU 3/IeKTPUYECKUX Liernel 1
ceTeu TectupoBaHue
3/1eKTPUUECKMX MALLIUH C UCTI0/b30BaHUEM
VMH(OPMaLMOHHBIX U IM(GPOBBbIX TEXHOJIOTUM
Mopaynb 4. 3aaum JUArHOCTHKH 3JIEKTPHUECKHX Lierneit.
YyBcTBUTEIBbHOCTh. OCO0EHHOCTH pacyeTa HeJIMHEeHHBIX Henei
N 1-5nkoc-1 VIcTionb3yeT pU3MKO-MaTeMaTUUeCKWi amnrmapar
TIpYU aHa/IM3e U MO/e/IMPOBAHNH 3/1IeKTPUYECKUX Lierei U
TectupoBaHue
3/1eKTPUUECKUX MalLUH C UCII0/Ib30BaHUEM
VMH(OPMaLIMOHHBIX U U(POBLIX TEXHOJIOTUU
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OueHOUHBbIe MaTepUaJ/ibl U CPe/CTBA /ISl NPOBEPKH
copMHPOBaHHOCTU KOMIIETeHI[AMN

Mogpayas 1. D/1eMeHTBI TeOPpUU MaTPHLL.
Nucrpymedt MathCAD pjist onepanuid ¢ MaTpuLiaMu

TecTtupoBanue (TCm, TCk)

Bbibepume 00uH npasu/ibHbIll 6apuaHm omeema u Haxcmume KHONKy «/lasee»
IIpsamoyroyibHasi Tab/1MIa YKHCesI, KOTOpas Mpe/CTaB/sieT 000 COBOKYIMHOCTD
CTPOK M CTOJIOLIOB — 3TO:

rpad

+MaTpula

OTIpe/IeTUTE b

noArpad

Kakue yc/i10BHAA JO/DKHBI BBITIOTHATHCA, YTOOBI MaTPHUIy MOXXHO ObLIO Ha3BaTh
KBaJpaTHOM?
m#n
+m =n
m =2n
— 2
m=n

Kakue yc/j10BHAA JO/DKHBI BBINIOTHATHCA, YTOOBI MAaTPHUIly MOXXHO ObLIO Ha3BaTh
AHAroHa/JILHOM?

m#n;aij=0npui#j

m=n;aij=0mpui=j

tm=n;aijj=0npui#j

m=n;aijZ0npui#j

Eciu B juaroHajibHOM MaTpHLie BCe fUaroHajibHbIe 3/1eMeHThl paBHbI 1, TO Takas
MaTpuLia Ha3bIBAETCA:

HYJIeBOU

obpaTHOI

BBIDOJKJ€EHHOU

+eIMHUYHOMN

Ecmn y KBajgpaTHOM MaTpHUIbl PacCHo/I0KeHHble BbIlIe TIJIABHOM /[HMaroHaau
3/1IeMeHTHI PaBHbI HYJ/II0, TO MaTPULiA AABJIAETCA:

BepXHETPeyroJIbHOM

+HVDKHETPeyroJIbHOM

JIaroHaIbHOU

HYJIeBOU



Ecim y KBaApaTHOM MaTpulbl PpacHo/ioKeHHble HIDKe IJIaBHOM JAUaroHa/v
3/1eMeHThI PaBHbI HYJ/II0, TO MaTpPHUIiA SIBJISIETCA:

+BepXHETPeyro/IbHOU

HIDKHETPeyroJIbHOM

JIaroHaAbHOU

HYJIeBOU

Ec14 y MaTpHUIbl JIMIIb OJUH CT0/I0€1l, TO B ’TOM C/Ily4yae OHa Ha3bIBaeTCs:
CTPOUHOM
+CTON0I0BOM
e JUHUYHOM
obpaTHOM

Ec/4 y MaTpuibl JIMIIb 0/JHA CTPOKA, TO B 3TOM C/Iyyae OHa Ha3bIBAeTCs:
+CTPOYHOU
CTOJIOI[OBOM
e JUHUYHOM
obpaTtHoOI

E1M 3/1eMeHT a;jj MaTpubl A paBeH 3/1eMeHTy aji MaTpunbl AT 1y1s Bcex 3HaueHwmi i
U j, TO TaKasi MaTpHLia Ha3bIBAeTCH:

obpaTHOM

+TPaHCIIOHUPOBAHHOM

BBIPOJK/]€HHOU

TpeyrojbHOU

Kakoe 13 CBOMCTB C/I0KeHUS MATPHUL] 3dlIMCAHO HEBepHO?
A+B=B+A
A+(B+C)=(A+B)+C
(A+B)'=AT+B"
+A+B=A1+B"

Kakoe u3 CBOﬁCTB YMHOXX€HUA MaTPpHL] 3alTUCAHO HEBepHO?
+A-B=B-A
A (B-C)=(AB)C
(A+B)C=A-C +B-C
AB+C)=AB+AC

Ecmu A -B=E, To maTpuna B o oTHOLIeHUI0 K MaTpULle A AB/IAETCA:
TPaHCIIOHUPOBAHHOU
+obpaTHOI
KBaJIpaTHOM
BBIDOJKJEHHOU



KakumMu U3 3TUX CBOMCTB He 00/1a/jaeT oOpaieHne MaTpuiy?
(A1)=A
(A*B)-IZB-l*A-l
(A-l )T:(AT )-1
(A*B)'=A"1*B"!

OGparHas maTpuia A~! cymecrsyer, ecin:
detA=0
+det A =0
det AT=0
detA1l=0

Kakas ¢pynkiusa B MathCAD co3paeT eAuHUYHY0 MaTpULly nopsijiKa n?
+identity(n)
augment(A, B)
matrix(m, n, f)
diag(v)

Kakas ¢pynkiusa B MathCAD co3paer AuaroHa/jibHy10 MaTpHILy, 3/IeMeHThI IJIAaBHOM

AUAroHa/ M KOTOPO XPaHATCA B BeKTope v?
identity(n)
augment(A, B)
matrix(m, n, f)
+diag(v)

Kakas ¢pynkiusa B MathCAD ¢opvupyer maTpuily, B epBbIX CTO/I0LAX KOTOPOi

CO/Iep)XUTCSA MaTpuIia A, a B OC/IeJHUX — MaTpuia B?
identity(n)
+augment(A, B)
matrix(m, n, f)
stack(A, B)

Kakasa ¢yskinusa B MathCAD dopvupyer MaTpuily, B nepBbIX CTPOKax KOTOPOH

COJepXUTCA MaTpuLa A, a B N0C/IeJHUX — MaTpulia B?
identity(n)
augment(A, B)
matrix(m, n, f)
+stack(A, B)

Ilepemennasa B MathCAD, B KoTopoii XpaHUTCSI HOMepP MepBOM CTPOKH (CT0/101ia)

MaTpHIibl WM IepBOM KOMIIOHEHTHI BeKTopa:
AUGMENT
+ORIGIN



SUBMATRIX
STACK

ITo ymoruanurw B MathCAD koopAuHATHI BeKTOPOB, CTO/IOIbI U CTPOKH MaTPHULIbI
HYMepYIOTCs, HAUMHaA C:
MUHYC eJUHUL[bI

+HYIs
e IUHULIbI
ABYX

Tabmna 3 — Kpurepuu oneHKH ¢()oOpMHPOBAHHOCTH KOMITETE€HI[HI

Kog u Kputepuu olieHuBaHUs chOPMUPOBAHHOCTH KOMITeTEHLIUN
HavMeHOBaHUe (4acTH KOMIIeTeHIUH)
WHJMKaTopa Ha 0a30BOM ypOBHe Ha MOBBIIIIEHHOM YPOBHE
MOCTHKeHUs COOTBETCTBYeT OLIeHKe | COOTBETCTBYET OLleHKe COOTBETCTBYeT OLIeHKe
KOMITeTeHLIUU «yZOB/IETBOPUTE/ILHO» «XOpOLLO» «OTJINYHO»
(yactu 50-64% ot 65-85% ot 86-100% ot
KOMIIeTeHLIMH) MaKCUMaJIbHOTO DOasiia | MakcuMasbHOro Gasia MaKCUMaJibHOTO Oasiia
CryzeHT BiazseeT CrygeHT ucnonb3yetr | CTyLeHT XOpOLLO
MaTepHrasioM 10 TeMe, ((NZEVINE OpPUEHTUPYETCS B TeOpUHU
IJIOXO BJafleeT akeTOM | MaTeMaTH4eCKUn MaTpHull, BjafieeT [1aKeTOM
MathCAD, Ho xopotio | anmapat ripu aHanuse | MathCAD Ha xopoiliem
V-1 OCBOWJI TEOPHIO Y MOJIe/TMPOBaHUU T10/1b30BaTe/IbCKOM YPOBHE,
- 1nKoc-1 o
°C MaTpHULl; IPaBUJIbHO 3/IeKTPUYECKUX 1iereld | UCTo/b3yeT (HU3MKO-
Hcmone3yer o o
P BbINIO/IHUI 50-64% Y 3JIeKTPUYECKUX MaTemMaTHU4yeCKuy arrapar
. | TeCcTOBBIX 3a/laHW, HO | MallUH C TIpU aHau3e u
MaTemMaTh4eCKuu
VICTIBITHIBAET VICII0/Ib30BaHVEM MO/le/TMPOBaHUM
anmnapar npu o
AHAIZe I 3aTpyJHeHUs B VH(OPMAaLIMOHHBIX U | 3JIEKTPUYECKUX Lierel U
VICII0J/Ib30BaHNN LU POBBIX 3JIEKTPUYECKUX MAlVH C
MO/leTMPOBaHUM .
¢du3MKo- TeXHOJIOTUH, HO VICII0/Ib30BaHHEM
3/IeKTPUYECKUX
oLeH 1 MaTemMaThU4eCcKoro JlOIyCKaeT VMH(OPMAaLMOHHBIX 1
H amnrnapara [py aHaau3e | [OTrPelIHOCTH B 1[M(PPOBBIX TEXHOJIOTUI
3/IeKTPUYECKUX
MALLIHH Y MO/Ie/TUPOBaHUU TeOpUU MaTpulj; JIOTUYeCKU MBICJINT,
3/IEKTPUYECKUX LIeTIel ¥ | TIyTaeTcs B crocobax | criocobeH HaXOUThb U
WCII0/Ib30BaHNEM
3/IEKTPUUECKUX MalllMH | ¥ MeToZiax 00paboTKM | aHa/lM3UpOBaTh
VH(OPMaLMOHHBIX U
HPOBHIX C UCII0/Ib30BaHUEM pe3yJ/bTaToB, He B VH(pOpMaLMIO [/
TL;XHOJIOFI/Iﬁ VMH(OPMAaLMOHHBIX U TIOJIHOU Mepe B/laJieeT | pelleHUs IT0CTaBJIeHHOU
HM(poBbIX TexHo/orUM | naketom MathCAD, 3a/1a4yu, TOTOB K
TIPaBWIBHO BBIITOJIHUI | COBEPIIEHCTBOBAHUIO
65-85% TecToBbIX pellleHus], [IPaBUILHO
3a/laHuN BbINoJHUI 86-100%
TeCTOBbIX 3a/laHUN




Mopayab 2. @opMUpoBaHUe YpaBHEHUM /IEKTPUUECKUX Lenei
Ha OCHOBe TeopuM rpagos

TecTtupoBanue (TCr, TCk)

Bbibepume 00uH npasu/ibHbIll 6apuaHm omeema u Haxcmume KHONKy «/lanee»
OJIeMeHT, J/IA KOTOPOro TeKYI[Hil TOK i ¥ NMPWIO)XKeHHOe HaNpsDKeHHe U CBA3AHBI

3ak0HOM OMa, Ha3bIBaeTc:
VCTOYHUK MATAHUS
KaTyIIKa UHIYKTUBHOCTH
KOH/IeHCAToP
+pe3ucTop

HanpshkeHHe ¥ TOK B Pe3UCTOpe CBfi3aHbI COOTHOIIIeHHEM:

+u=R-I
_di
dt
_cdu
dt
[
u=—
R
HanpskeHue ¥ TOK IMHEHHOU MHAYKTHUBHOCTH CBSI3aHbI COOTHOLLIEHUEM:
di
+U=L—
dt
di
Uu=—
dt
1
u=—
G
u=R-i

Tok n HaIlpsi>keHnrue B eMKOCTH CBA3dHbI COOTHOLIIEHUEM:
di



Kakoe 13 yKa3aHHbIX ypPaBHeHUI Ha3bIBAeTC KOMIIOHEHTHBIM?
u=R-i

+BCe yKa3aHHble ypaBHEHHs

Kakoe 13 yKa3aHHbIX ypaBHeHHH SIB/ISIETCS TOMO/IOTHUECKHM?
u=R-i

+HEeT BEepHOIro OTBeTa

J/1eMeHT nermnuy, OGECHE‘—Il/lBaIOII.[I/Ii/i 3d/idHHO€ 3HaYe€HHE€ HAIIPS)KEHHUA Ha I10/II0CAX

He3aBHCHUMO OT TOro, KAaKOM TOK TedeT yepe3 Hero:
He3aBHCUMBbIN UCTOUHHK TOKA
+He3aBUCHUMBIN UCTOUHUK HallpsDKeHU

peasibHbIA UCTOYHUK D/C
peasibHbIM UCTOUHHK TOKA

Ha KakoM U3 PUCYHKOB H300pa)keH He3aBHCMMbIH HCTOUYHHK TOKa?
U

——

o—&)—o0

1 G




Ha xakom u3 %ncyHKOB n300pakeHa Mozies1b ucrounuka J/[C?

TARN
o—> O
E
U

4_

OJIeMeHT LieNny, CO3AANIMMI 3aJaHHbIH TOK, HanpsbkeHHe Ha I0/IK0CAX KOTOPOro
3aBHMCHUT OT Lielly, MOAK/IIOYeHHOH K HeMYy, — 3TO:

+He3aBUCHUMbIM UCTOYHUK TOKA

He3aBUCUMbIM UCTOYHUK HaIpsDKeHUs

peasibHbIA MCTOUHUK ¢ D1C

peasibHbIM UCTOUHHK TOKa
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HallpA)KeHUH,

n300pakeHa CxXeMa HCTOYHHMKA

PHMCYHKOB

KdKOM U3

Ha

yIIpaBJ/IsieMOro HampsoK
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Ha kxakom wmu3 PUCYHKOB n306pa)KeHa (XeéMd HCTOYHHKA TOKad, YIIpdBJ/JIA€MOro

HaIMpsHKeHuem?
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PHCYHKOB H300pa)keHa CxXeMa MCTOYHHMKA HamNpsDKeHHs,

KdKOM U3

Ha

yIpaB/isieMoro TOKom?

Fe—————————

Ha kakoM H3 PHCYHKOB H300pa)keHa cxeMa HMCTOYHHMKA TOKAa, YIPaB/IsIEMOro

TOKOM?
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C noMo1Ib10 KaKoro ypaBHeHUsI OTNpejie/iseTcsa uaeaabHbId Tpancdopmarop?

U,=nl,; I, =10,
)

U, =+11,; 1, =7,
M

+ H

Kakoe ypaBHeHMe cipaBe//IMBO //I1 rUpaTopa?
I, =-g,Uy; I,=gU,

I'upaTop Ha3bIBaeTcs UaeaabHbIM, €C/IU:
BXO/IHO€ HarpsbkeHue PaBHO BBIXOTHOMY
BXO/IHOM TOK PaBeH BbIXOAHOMY
+TI0CTOSIHHbIE TUPALIUU PaBHbI 81=g>=¢
BOJIbT-aMIIepHast XapaKTepUCTUKa MpeZiCTaB/IsieT COO0M MPSIMYIO JIMHUIO

Ha KakoM 13 PUCYHKOB H300pa)keHa cxeMa ONepanioHHOI0 YCU/IUTe/IA?

I I,
O
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vl <><~ v
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OmnepainuoHHBIN yCWIMTe/Ib, UMeHUNA JuddepeHUHATBHBIM BX0J, C OYeHb
00/1bIIMM BXOAHBIM CONMPOTHB/IEHHEM, MaJji0oeé BBIXOJHOE€ CONPOTHB/IEHHE H
BBICOKUM KO3((PHLMEHT yCh/IeHUsl, OTHOCHTCA K:

aKTUBHBIM JIBYXTTO/TFOCHUKaM

MaCCUBHBIM JIBYXTIO/TFOCHAKaM

+aKTUBHbIM MHOT'OTIO/IFOCHUKAM

MMaCCHBHBIM MHOTOITO/TFOCHUKAM

CoOBOKYIIHOCTb BeTBeH M Yy3/10B, Pe/iCTaB/IAI0Ias TOMO/JI0THI0 I{eNH, Ha3bIBaeTCs:
KOHTYD
+rpad
CTPYKTYpa Liernu
IJIaBHBIN KOHTYD

Ec/u Tonmosioruyeckue cBOMCTBa rpa)oB 0iMHAKOBbIE, TO OHU HA3bIBAIOTCS:
paBHbIe
+130MOp(HbBIe
TO>K/]eCTBEHHbIe
TiJlaHapHbIe

I'pa¢, koTopbiii B pe3ynbTare H30MOP(HBIX mNpeodpa3oBaHUM MOXKeT OBITh
HU300pakeH HA MJIOCKOCTH 0e3 mepeceueHnsi BeTBeld, Ha3bIBAeTCsl:

OPUEeHTUPOBAHHBIN

V30MODP(HBIN

HEeOpUEeHTUPOBaHHbIN

+TI/IaHapHBIN
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YnopsigoueHHas MOC/IeJ0BaTeIbHOCTh BeTBel, B KOTOPOl KaXK/ble JBe COCeJHHe
BeTBH UMeIOT 00INuil y3e/, mpuyeM J/i00asi BeTBb M JIIO00# y3e/s1 BCTpPe4yarwTcs B
3TOM MYyTH TOJILKO OJJUH pa3:

+yTh

KOHTYD

noarpad

JlepeBo

3aMKHYTbId MyTh, B KOTOPOM OJUH U3 y3/I0B SIBJ/IAETCS HaUa/IbHbIM M KOHEUHBbIM
y3/1aMH ITyTH:

IyTh

+KOHTYD

roArpad

JlepeBo

Eciu Mex/y /0001 mapoi y3/10B rpad)a CymecTByeT myTh, T0O rpad Ha3bIBaKOT:
+CBsI3HBIM
3aMKHYThIM
TJlaHapHbIM
M30MOP(HBIM

Cesa3HbIi noarpad, cogep)xaiuid Bce y3/bl rpada, HO He COep)Kal[Uuii HU OHOTO
KOHTYypa:

MyTh

KOHTYD

roArpad

+71epeBo

BetBu rpaga, KoTopble AONO/IHAIOT /jepeBo 0 MCX0AHOro rpada, Ha3bIBAKTCA:
COeJMHUTE/IbHbIE BETBU
MyThb
+BeTBU CBSI3U
ceyeHue

BetBu rpada, BXoAsIIHe B JepeB0, Ha3bIBAKTCS:
XOpaMu
+pebpamu
CBSI3IMH
My TAMU
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MHo)xecTBO BeTBed, yJajeHHe KOTOPbIX AequT rpad Ha /JBa H30/JIUPOBAHHBIX
noarpada, ofJUH M3 KOTOPbIX B YaCTHOM C/Iydyae MOXeT ObITh H30/JIMPOBAHHBIM
y3JI0M:

My Th

KOHTYP

+ceyeHue

JlepeBo

KoHTyp, cocTosIinui 13 BeTBel JiepeBa 1 TO/IbKO OJHOM BeTBH CBSI3U, Ha3bIBAETCS:
+T/7IaBHbIA KOHTYD
CBSI3aHHBI KOHTYP
TJIaBHOE CeueHue

roArpad

Ceuenue, cocTosiIee U3 BeTBeH CBSI3U U TOJILKO 0/JHOW BeTBH /iepeBa, Ha3bIBAeTCA:
IJIaBHBIA KOHTYD
CBsI3aHHBIN KOHTYD
+Tr/1aBHOE ceueHue

noarpag

Tabmna ko3¢¢HUIUeHTOB YypaBHEHHH, COCTAB/IEHHBIX II0 TME€PBOMY 3aKOHY
Kupxroda s y3/10B:

Marpulia KOHTYPOB

MaTpulja CeueHuHn

+MaTpulia CoeIMHEeHUMN

060011eHHast MaTpuIia

Kakoe 13 mpaBwW/I /il COCTAB/IeHHsI MaTPHULbI COeJMHEeHUI 3allCaHO HEBEPHO?
aij = 1, ec/si BeTBb j COeIMHEHA C y3/I0M [ M HarlpaBJieHa OT y3/1a
aij = —1, ecsv BeTBb j COeJMHEeHa C Y3/10M [ U HarlpaBJ/ieHa K Y31y
ai;j = 0, ec/iv BETBb j He COeJiHEeHa C Y3J/I0M I
+aj; = —1, ec/iv BeTBb j He CcOeIUHeHa C y3J/I0M i

Tadmmna kKo3¢¢HUIHeHTOB YypaBHEHHH, COCTAB/IEHHBIX 110 TME€PBOMY 3aKOHY
Kupxroda ans ceueHuu:

Marpulija KOHTYPOB

+MaTpHlia CeueHUu

MaTpulia CoeIMHEeHUU

00600111eHHast MaTpULIa

Eciu maTpuia ceueHUH COCTaBJ/IeHa /ISl IJIaBHBIX CeUeHUH, TO ee Ha3bIBaKOT:
IJIaBHOW MaTpuLen
+MaTpulieN IJ1IaBHbIX CeUeHUun
He3aBUCHMMOM MaTpULIen
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MaTpHliel He3aBUCHUMBbIX CeUeHUH

3akoH Kupxroda ansa ceueHuii B MaTpUuHO# (hopMe 3alMCHIBAETCA C/AEAYIOIIHM
obdpa3om:

D=(1*F)

+D*1=0

I=CTIx

C*U=0

Tabmma ko3¢¢UIUeHTOB YypaBHEHHH, COCTABJIEHHBIX 10 BTOPOMY 3aKOHY
Kupxroda a1 HanpsoKeHW:

+MaTpulja KOHTYPOB

MaTpulia CeueHuHr

MaTpulia COeJUHEeHUM

000011IeHHast MaTpULia

Kakoe 13 npaBu /il COCTaB/IeHUsI MaTPULbl KOHTYPOB 3allUCaHO HeBEPHO?

cij = 1, eciv BeTBb j COAEPKUTCS B KOHTYpe | U Harpas/ieHWe BeTBU COBIAJaeT C
HarpaB/ieHreM 00X0/ja KOHTypa

cij=-1, e BeTBb j COAEPXKUTCS B KOHTyYpe [ W HarpaBjleHHe BeTBU
TIPOTHBOTIO/IOXKHO HarlpaB/ieHH0 06X0/ja KOHTYpa

+ cj =1, ec/iu BeTBb j He COAEP)KUTCA B KOHTYpe [ W HarpaB/ieHWe BeTBU
COBTMIa/IaeT C HarpaBeHreM 00x0/ja KOHTypa

cij = 0, ey BeTBb j He COZEP)KUTCS B KOHTYPe i

Bropou 3akon Kupxroda ans HanpsbkeHudl B MaTpuyHOM (opMe 3amucbIBaeTcs
CJ1eiyI0IMM 00pa3om:

D=(1*F)

D*I=0

I=C™"Ik

+C*U=0

Kakue 3/1eMeHTBI MOKET COfiep)KaTh KaXK/jasA 000011[eHHAsA BETBb?
IaCCUBHbBIE 3/IeMEHThI
HjieaibHbIM UCTOUHUK D]IC
W/lea/IbHbId UCTOYHUK TOKa
+BCe yKa3aHHbIe 3/71eMeHThI

Ha KakoM U3 PUCYHKOB Npe/CTaB/IeHa cxemMa 000011[eHHOI BeTBU?
U

«—

o—)——o

J
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J1 yKa3aHHOU CXeMBbI yPaBHEHHUE 10 NepPBOMY
3akoHy Kupxroda npumeHHuTeIbHO K y3/1y m’ OyAeT MMeThb BUJA;

_' _' c~
+1 =1 =1, +3,

—1 — 1 _ <X
R e

YpaBHeHue corsiacHo BTOpoMy 3akoHy Kupxrodga ansa KoHTypa, Npoxojsiiero mno
NpoBojHUKaM BeTBH «k» OT y3/1a «m» K «n», H N0 BHeIIHEMy NPOCTPaHCIBY

\ 4

, Oy/ieT 3amucaHo B BH/E:
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k = Umn =& — Uy
Uy =Uy, =U, +€,
+Gk =U,, =U, —€
Gk = Upn = Uy

i T
""l:lm ,_q,
(r)n-H m R L C n

Tomno/ioruyecKue ypaBHeHus1 AJIsl JAHHOM LieIH
MOT'YT ObITH 3alMCAHbI:

+Ai=-AJ,; Cu=Ce

Ai=A3,; Cu=Ce

Ai=-AJ,; Cu=-Ce

Ai=A3,; Cu=-Ce

JI/is1 IMHeNHbBIX J/IeKTPUUeCKUX Lenei napamerpsl r, L, C u M:
3aBUCAT OT TOKOB UM HarpspKeHU
+He 3aBUCAT OT TOKOB U HaTIPSKeHUH
3aBUCSAT TOJIKO OT TOKOB
3aBUCAT TOJILKO OT HaTPsDKeHUH

3HaueHUsl TOKOB U HamNpsDKeHUM 3aMeHSIIOTCA UX KOMIUIEKCHBIMHM /IefiCTBYHOIIMMU
3HAYEeHUAMMU:

B CJIy4ae IepexoHbIX IIPOLeCcCOoB

+B (Jlydyae YCTaHOBUBIIIMXCS IPOLIeCCOB

eC/IM OTCYTCTBYeT UCTOUHUK TOKa

eC/Ii OTCYTCTBYeT UCTOUHUK D/IC

Korja Tok k-oii BeTBH C03/iaeT HamnpsbKeHHe Ha CONMpPOTUB/IeHUM Z k-0 BeTBH, TO
MaTpuna Z 0y/jeT siBJIATHCA:

e IMHUYHOM

+IiarOHa/IbHOM

BepXHETPeyroJIbHON

HIDKHETPEYTroJIbHOM

Eciu opueHTanusi i-oi M j-0M BeTBeH IO OTHOLIEHHUI0 OJHOMMEHHBIX 3a)KMMOB
0/JMHAKOBA, TO CONMPOTHUB/IeHNA UHAYKTUBHOU CBA3H i-0U M j-0M BeTBeH Mij:
+T10/I0KMTE/IbHbI
OTpHLIATEe/TbHBI
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MOTI'yT OBITh KaK IMOJIOXKUTE/IbHBIMH, TdK U OTPpULlaT€/IbHBIMH
BCer/ja OTpHLdTe/IbHbI

Eciu opueHTanusi i-od M j-0M BeTBed MO OTHOIIEHHWI0 OJHOMMEHHBIX 3a)KMOB
MPOTHBOII0/I0)KHA, TO CONPOTHB/IEHNs UH/YKTUBHOMU CBSI3M i-0H M j-oii BeTBel Mjj:
TIOJIOKUTETbHBI
+O0TpHLIaTe/IbHbI
MOTYT ObITh KaK MOJIOKUTEIbHBIMH, TaK U OTPULIATeIbHBIMU
BCer/ja I0JIOKUTeJIbHbI

Martpuija npoBogumMocTeld Y HaxoguTcs mo popmy.ie:
+Y=27"!
Y=R!
Y=2"
Y=R"

J/leKTpruecKas Helb Ha3bIBaeTCsl IMHEeNHOU, eC/Iu:

+r, L, C win M He 3aBUCAT OT 3HAU€HWM TOKOB WM HANPSDKEHUH B 9TOM ydacTKe
Lernu

r, L, C wiu M X0Ts1 6bI OZJHOT'O M3 yUaCTKOB 3aBUCAT OT 3HAUEHWUN WK TOKOB, WA
HanpspDKeHUM B 3TOM yUyacTKe Liernu

r, L, C i M X0Ts Obl OZJHOTO 13 YUaCTKOB 3aBUCST TOJILKO OT 3HAUEHHM TOKOB B
5TOM y4acCTKe Lienu

r, L, C wii M XoTsd Obl OAHOTO W3 Y4YaCTKOB 3aBHUCST TOJIbKO OT 3HAUeHHWH
HanpsDKeHUM Ha 3TOM yuyacTKe LieTy

CucremMa ypaBHeHMIl, BK/IIOYAmOIasi B ce0s ypaBHeHHs, 3alUCaHHbIe COT/IACHO
3akoHaM Kupxroda, ¥ ypaBHeHHUs], XapaKTepU3yIOIjUe CBA3H MEXAY TOKaMU H
HAMNpPsDKeHUsIMU 3/IeMEeHTOB /IeKTPHUeCKOH Liend, Ha3bIBaeTCA:

+T10/IHasi CUCTeMa ypaBHEeHUM 3/1eKTPUUeCKOM Lenu

CUCTeMa y3/I0BbIX YPaBHEHUM 3/1eKTPUUYECKOM Lieln

CUCTeMa KOHTYPHBIX YpaBHEHUI 3/IeKTPUUECKOM Lienu

cucteMa 000011[eHHBIX ypaBHEHUM /IeKTPUUECKOMN 1[eru

Kakoe 13 yTBep)X/JeHUH AB/IAETCS NPAaBU/I0M COCTaB/IeHUsl y3/I0BbIX ypPaBHEHUM ?
[\aroHaJIbHble 3JIeMEeHTbl MaTpULibl Yy IOJIOKUTENbHBI U KaXK[bIM 3J1eMeHT Yj;
paBeH CymMMe NPOBOAUMOCTeN BeTBeM, MOK/IFOUEeHHBIX K j-MY Y3J1y
BHe/lMarOHa/IbHbIe 3JIeMeHTbl MaTpulbl Y, OTpuLiaTesbHbI U 37eMeHT Yjx paBeH
CyMMe NPOBOJMMOCTEMN BeTBeH, BK/IFOUEHHBIX MeXY j-M U k-M y3/1amu
BHe/lMaroHa/IbHble 371eMEeHThbl MaTpHULbl Y, MOJIOKUTE/IbHbI U 371eMeHT Yjk paBeH
CyMMe NPOBOJUMOCTEN BETBeH, BKJIFOUEHHBIX MEX/Y j-M U k-M y3/1aMu
+BCe yTBepXXeHUs
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YpaBHeHHe Ha OCHOBe BTOpPOro 3akoHa Kupxroda A1 KOHTYPHBIX ypaBHeHHH
OyaeT uMeTh BHUJA:

U=R*I

C*I=0

[=CT"Ix

+C*U=C*E

dopmy.ia /il BbIpa)KeHHs TOKOB B 0000IeHHBIX BeTBAIX Uepe3 KOHTYPHbIeé TOKH
uMeeT BUJ;:

IIpaBu/ibHas 3aMMCh KOHTYPHBIX YPaBHEHMH:
CZC'T, =C(E-ZJ)

CZC'T, =C{E+RI)
L CZCTT, =C(E+2J)

CczC'I, =ClE-zI)

MaTtpuija KOHTYPHBIX CONPOTHB/I€HNH HAX0UTCA 10 popmyJie:

+Z. =C-Z-CT
Z =C-Z-C*
Z.=C".Z.C
Z.=C'Z-C

Marpuna koutypHbix J/IC HaxoauTcsa no gopmy.ie:

E.=R-I
E, =CE-CZJ
E =

" R,

+E =C.E+C-Z-J

PemeHue /i1 KOHTYPHBIX TOKOB B MaTpUuHOM (popMe UMeeT BUJ;:
LI =lczc™ T e+ 2))

I.=lczcf cle-z))

it

. =(czc? ) -clE+2r)
. =lczc™ " . c(E-RT)

it
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BeTBb Ha3bIBaeTca Y-BeTBbIO, €C/IH:
HanpspkKeHUue MOXKHO BbIPa3vTh Yepe3 TOK
HanpspKeHUe MOXKHO BbIPa3vTh uepe3 COMPOTHUBIIEHHE
+TOK MOX>KHO BbIPa3UTh uepes3 HarpsbkeHue
TOK MOYKHO BbIPa3uThb uepe3 MPOBOAUMOCTb

IlepBbiii 3ak0oH Kupxroda A1 MaTpuilbl IJIaBHbBIX CeYeHUH uMeeT BHUJ:
D*I=E
C*I=0
+D*1=0
D*I=C

YpaBHeHHsI, COCTaB/IeHHbIe 10 BTOpoMy 3akoHy Kwupxroda s
KOHTYPOB, OyAyT UMeTb BH/J:

U=R*I

C*I=0

[=C""Ix

+C*U=0

I'padbl, y KOTOPBIX BCe BeTBH OPHEHTHPOBAHbI, HA3bIBAIOTCH:
+ OpUEeHTUPOBaHHBIMHU
TiJIaHapHBIMU
130MOp(PHBIMU
TJIaBHBIMU

Ha pucyske HU300paXkeHo:
+ rpad
JlepeBo rpada
3/IeKTpPHUUECKasi CXeMa
TIPUHIAITHATBHAS CXeMa

Ha pucyHke HU300pakeHo:
rpac
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+1epeBo rpada
3/1IeKTprYecKasi cxema
TIpUHIUITHATbHAs CXemMa

Ha pucyHke / U300pakeHO:
+ceueHus rpaga
JlepeBo rpada
3/IeKTpUUecKasi CxeMa
TIPUHLATTHATBHAS CXeMa

Ha pucyHke Mpe/|CTaB/IeHO:
ceueHus rpacda
JlepeBo rpada
+BeTBU CBS3U
cxema

YTo u300pa)keHO HA PUCYHKe?
TJIaBHbIE CeUeHUsI Y TJlaBHble KOHTYPbI Ipada
IJIaBHbIE CeYeHUs
IrJIaBHbIE KOHTYPHI Ipada
+BCe OTBEThI BEPHBI

IToarpadom moxeT OBITH:
O/lHa BETBb
OJIUH y3er
MHO>KECTBO BeTBeU U y3/10B, cojieprKallieecsi B JaHHOM rpade
+BCe OTBETHI BEPHBI
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Ecim B cxeme 4 y3/1a u 6 BeTBed, TO MaTpUIija COeAUHEHNH CO/IePIKUT:

4 cTpOKH
2 CTpOKHA
+3 CTPOKMU
5 CTpPOK

Ecu B cxeme 4 y3/1a ¥ 6 BeTBeld, TO MaTpUIja COeAUHEHUH CO/IePIKUT:

4 cTonbua

7 CTONOL0B
+6 cT0/10110B
5 cTo10110B

Eciu B cxeme 4 y3/1a v 6 BeTBed, TO MaTpUIja CEUeHHU COJE€P)KHUT:

4 CcTpOKH
2 CTpOKHU
+3 CTpPOKU
5 CTpOK

Ecnu B cxeme 4 y3/1a U 6 BeTBel, TO MaTpuLia CeYeHUM CO/IeP)KUT:

4 cTonbua

7 CTONOL0B
+6 cT0/0110B
5 cTo10110B

Ecnu B cxeme 4 y3/1a u 6 BeTBel, TO MaTpuLia KOHTYPOB CO/I€P)KUT:

4 ctonbua

7 CTO/IOI0B
+6 cTo/I01I0B
5 cTonb10B

Eciu B cxeme 3 KOHTYypa, TO MaTpULia KOHTYPOB CO/\€PIKUT:

4 CTpOKHU
2 CTPOKU
+3 CTpOKM
5 CTpOK

Marpuna 3/1C BeTBel — 3T0:
+MaTpuIia-cTosber]
MaTpulia-CTPOKa
KBa/[paTHasi MaTpUlia
BBIPO>K/IeHHAsl MaTpHIa

MarTtpuia conpoTuB/1eHNHU BeTBe! — 3TO:
MaTpulia-CToJI0el]
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MaTpulia-CTPOKa
+MaroHasbHasi MaTpHIja
BLIPOXK/IEHHAsI MaTpHIia

Marpuija TOKOB BeTBel — 3TO0:
+MaTtpuiia-cTosber]
MaTpuIja-CTPOKa
KBa/[paTHasi MaTpuLia
BBIPOJK/IeHHasl MaTpuLia

MarTtpuija HanpsbKeHu# BeTBeH — 3T0:
+MaTpuija-cTosoer]
MaTpHlia-CTPOKa
KBaZlpaTHasi MaTpuiia
BLIPOJK/IeHHasl MaTpuiia

Ecm B cxeme 4 y3/1a, TO MaTPHIia y3/10BBIX IIOTEHLINA/IOB COAEPIKUT:
4 CcTpOKH
2 CTpOKHU
+3 CTpPOKU
5 CTpOK

Marpuiia y3/10BbIX OTE€HI[HA/IOB — 3TO:
+MaTpHIja-CToJI0er]
MaTpHIIa-CTPOKa
KBa/IpaTHasi MaTpHIIia
BBIPOXK/IEHHAsI MaTpHUlia
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Tabmuna 4 — Kpurepuu onieHKH ¢(h)opMHPOBAHHOCTH KOMIIETE€HI[HI

Kop v HaumeHOBaHMe
VHAUKaTOpa
JIOCTYKeHUSsT

KOMITeTeHLIUM (4acTh

KOMIIETeHLUM)

Kputepuu ouieHuBaHus cOPMUPOBAHHOCTH KOMITeTEHLIUN

(4acT KOMMeTeHI1H)

Ha 6a30BOM YpOBHe

Ha ITOBBIINIEHHOM YPOBHE

COOTBETCTBYET OL|eHKe
«yI0BJIETBOPUTETHHO»
50-64% ot
MakKCHMaJIbHOro basia

COOTBETCTBYET OL|EeHKE
«XO0pOo1Io»
65-85% ot

MaKCUMaJIbHOro Oasiia

COOTBETCTBYET OL|eHKe
«OTIMYHO»
86-100% ot

MaKCHMaJIbHOTo Oasiia

N/-11Koc-2 Micrionb3yet
¢busuko-
MaTemMaThUueCcKuu
ammapar Mpy aHa/iu3e U
MO/Ie/IMPOBaHUU
3/IeKTPUUECKUX Lieren
Y 3JIeKTPUUYeCKUX
MaIIIVH C
WCTIOTb30BaHUEM
MH(MOPMaLIMOHHBIX U
LU(POBLIX TEXHOIOTUH

CtyneHT Bnajeet
MaTrepuasioM I0 Teme,
JIOTTyCKaeT Tpy0Obie
OLITMOKH B METOZIe
rpadoB, HeIrJI0Xo
pa3bupaetcs B
MoO/Ie/isiX 37IeMEeHTOB
37IeKTPUYECKHUX LiereH,
MeTO/jaX pelleHus
CUCTeM ypaBHeHUM
3/IeKTPUUECKUX 1ieTel;
TIPABWIbHO BBITTOTHUI
50-64% TecTOBBIX
3a/laHUi, HO
VCTIBITHIBAET
3aTpyJHEHUs B
VICII0/Ib30BaHUHU
¢busuKo-
MaTemMaThUuecKoro
arirapaTa Mpy aHaju3e
Y MO/IeTUPOBaHUU
37IeKTPUYeCKUX Liernei
Y 3JIeKTPUYECKUX
MaIIIH C
WICII0/Ib30BaHHEM
MHGMOPMALMOHHBIX U

1[A(PPOBBIX
TeXHOJIOTUHN

CTyZeHT UCTI0JIb3yeT
¢busrko-
MaTeMaTUuyecKui
amnapaT Mpy aHajmse U
MO/leTUPOBaHUM
3/7IeKTPUYECKUX Liernei
Y 3JIeKTPUYECKUX
Mall1H C
WCI10/Ib30BaHHEM
HMH(OPMAaLIMOHHBIX U
LU(POBBIX
TeXHOJIOTUH, HO
JIOTTyCKaeT
TOTPELIHOCTU B MeTO/le
rpadoB, XOpOIIIO0
pa3bupaeTcst B MOZIeISIX
3/1eMEHTOB
3/71eKTPUYeCKUX Lierneu,
MeTo/lax pelleHus
CUCTeM ypaBHeHUH
371eKTPUUECKHUX 1iereu;
TMPaBUJIbHO BBITIOJIHUA
65-85% TecTOBBIX
3a/laHul

CTyZeHT X0pOoLLo
BJIafleeT Y UCTIO/b3yeT
busuko-
MaTeMaTHhuyeCKUi
anmapar Npy aHaiause u
MO/IeTMPOBaHUU
3/7IeKTPUYeCKUX Liereu
Y 2JIeKTPUUYEeCKUX
MalllWH C
HCIT0/Ib30BaHHEM
MH(POPMALIMOHHBIX U
LM(POBBIX TEXHOJOTHI
JIOTUYeCKU MBICJIUT,
crioco06eH HaXO/IUTh U
aHa/IM3UPOBaTh
vH(opMaLuio AJist
pellieHust
MOCTaB/I€HHOM 3aJjauH,
rOTOB K
COBepIIIeHCTBOBAHUIO
pellieHus1, XOpOLIOo
pa3bupaeTcsi B MOJIeISIX
3/1eMEHTOB
3/7IeKTPUYeCKUX Lierneu,
MeTo/jaxX pelleHust
CUCTEeM ypaBHeHUH
371eKTPUUECKHUX Liereu;
TPABU/IbHO BBITTOTHUT
86-100% TecTOBBIX
3a/laHul
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Mogpayab 3. ITo/siHasA cucTeMa ypaBHeHUM 3/IEKTPUUeCKUX Lernen

TecTtupoBanue (TCr, TCk)

Bbibepume o0uH npaguibHblIll 6apuaHm omeema u Haxcmume KHOnKy «/lanee»
IlepBbiii 3ak0oH Kupxroda 1 MaTpuiibl rJ1aBHbIX CeUeHUH UMeeT BUJ:

D-1=E
C-1=0
+D-1=0
D-1=C

YpaBHeHus1, COCTaB/ieHHble 10 BTOpoMy 3akoHy Kwupxroda /g1s raBHBIX
KOHTYPOB, OyAyT UMeTb BH/:

CU=E
CU =JR
CU =3z
+CU =0

BeTBb Ha3bIBaeTca Y-BeTBbIO, €C/IH:
HarpspkKeHUe MOKHO BbIPasvThb uepes3 TOK
HarpspkeHUe MOKHO BbIPa3UThb Uepe3 CONPOTHUB/IEHUE
+TOK MOYKHO BbIPa3uTh uepes3 HarpsokeHue
TOK MOJKHO BbIPa3WTh Yepe3 IMPOBOAMUMOCTb

KoMnoHeHTHoe ypaBHeHHe Y-BeTBH /I/isi TOKOB 0y/ieT HMeTh BH/;:
+1,=Y,U; +g,U, +kil, - J,
I, =Y,U, —g,U; —kil, +J,
I, =Y,U; +g;U, +ki'jli +J;
I, =YU, —g;U, —kil, =3,
Ko3hduijueHT nmepeaaun mo ToKy B KOMIIOHEHTHOM YPaBHeHHH Y-BeTBH /I/Isl TOKOB
o0o3Hauaercs:

Y.

i
ki
g
§

+

YpaBHeHus 1A Y-BeTBed B MaTPpUUHO# (hopMme Oy/1eT UMeTh BH/L:
I, =-YUy—k'l, +J

I, =YUy—k'l, +J
I, =-YUy+k'l, - J
+1, =YUy+k'l, -J
27



Ha KakoM U3 PUCYHKOB H300pakeHa cxeMa Y-BeTBH?
— 1 — 1,

i Y
—> J
O 1 O
9ij, Ui
iE
I‘ej le

Ha KakoM U3 pUCYHKOB H300pakeHa cxeMa Z-BeTBH?
— 1 — 1,

I .
—> Yj
o, 1 O
9ij Ui
i
kej le

\ A
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BeTBb Ha3bIBaeTca Z-BeTBbIO, €C/IH:
+HarpsykeHre MOXKHO BbIPa3sUThb uepes3 TOK
HarpsokeHUe MOKHO BbIPa3UThb Uepe3 CONPOTHUB/IEHUE
TOK MOJKHO BbIPa3WTh Uepe3 HarpsokeHue
TOK MOKHO BbIPa3WThb Yepe3 IMPOBOAMUMOCTb

KoMmioHeHTHOe ypaBHeHHe [I/Is1 Z-BeTBH /i/isl HANPsDKeHUH UMeeT BH/:
U =21, -1, +kSU, +E,
+U; =Z1,+1,1, +kjU, —E,
U, =Z,1,+1,,-kSU, +E,

U, =21, -1, —kJU, +E,

J 1]

YpaBHeHue Z-BeTBeld B MAaTPHUUHOM (popMe UMeeT BUJ;:
U, =2l,-KU, +E
U, =-2ZI, +K'U, +E
U, =-2zI, -K"U, +E
+U, =2l, +K'U, —-E

KoadpuumeHT mnepefaur no HamnpsDKeHUI0 B KOMIIOHEHTHOM YpaBHEHHMH [IJifl
Z-BeTBH JI/Isl HANPSDKeHUH 0003HaYaeTcs:
Y.

j
"
g
+k;;
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KoMrioHeHTHBbIe ypaBHeHHUs 00001eHHBIX BeTBel 3aiChIBalOTCS B BH/IE:
ol B0 e
= +
U,| [KY zZ |1, E
AN Y K'[Uy | [3
U, KY z |1, E
Uy Y K
I, |[KY Z E
I, U | Yy K'| [J
= +
U, Iy | KY Z E

BXO}Z[HOE COMpPOTHUBJ/ICHHE LICIIN OIIpeAe/IdeTCHa CJIeAYIIIUM 06pa30M:

1
C -
N =<
(I
|

U
_ “ex
+ Zex - I
6x
Z _ UBbLX
6x I
6x
Z _ st
ex I
8bIX
Z — Usbe

ng

KH B UGhLX
Uebzr
T

KH — UKI:LX

Iex

Iewc

KH :U—

Ko3dpunmeHnT nepesaum 1o Toky onpejessiercs no gopmy.ie:
I

— B blX
+KT__
68X
K _ ng
T
B8blX
K _ISbLX
T u
68X
K _UBle
=
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ITo kakou popmyJie onpejesisieTcsi nepeJaTouHoe CONPOTUB/IeHUE?

I
Zn — 6 blX
I()’X
Zn — UBbL)C
UBX
U
Zn — 68X
IBle
U
+Zn — 6 blX

iy = e
.
=
-
Y, = Lo
U

da3oBbIN CABUT onpejesisieTcs no gopmy.ie:
B(w)
() = tg( j
4 A@)
B(a))j
Aw)

+o(w) = arctg( Ew;]

B(a))]
Aw)

p(w) = arcctg[

p(w) = Ct9[

I'pynmoBas 3a/iep)KKa ornpeje/sieTcs mo popmy.ie:
d
+r(w) = —d—¢(w)

B(a))j

7(w) = arctg[ Ao)
() == ()
(0]

mmj

r(a))——arctg[ A©)
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BbIpa)keHHsI HAINPsDKeHHH uepe3 TOKHU /jisi ABYX00MOTOYHOro tpaHcgopmaropa
MOTYT ObITH MPe/CTaB/IeHbI B BU/I¢ YyPaBHEHHU:

yeThIPeXIoJ/I0CHYUKa B B-(hopme

yeThIpexmnoJ/itocHuka B H-hopme

YyeThIPeXIoJ/I0CHUKA B Y -hopme

+4eThIPeXIOJ/IF0CHUKA B Z-hopMe

YpaBHeHHe YeThIPexXMo/II0CHUKA B Z-(opMe 3anuCbIBaeTCA KaK:
H i HF ;12}
12 QZ ;21 =22
M i HF ;12}
U, | ]2 2y
+ |:Q1i| — |:;11 Z12i||:|_lj|
QZ ;21 ;22 I_Z
|:|_1:| — |:Z11 ;12 :|{ul:|
12 ;21 ZZZ L_JZ

ITepecueT CONPOTUB/IEHUA W3 BTOPUYHOHU L[eNX B NEPBUYHYH0 /1aeT BO3MO)XKHOCTh:
onpe/ie/IUTh HaNpsDKeHVe Ha BXOZe TIPU U3BECTHOM TOKe
+orpezie/IMTh TOK TTePBUUHOM 1]eMU MPU U3BECTHOM HalpsDKeHHUU Ha BXO/je
onpe/ie/IUTh NPOBOJUMOCTH Lierneu
onpe/ieJIUTh TOK BTOPUYHOU LIeNU MTPU U3BECTHOM HarpsKeHUU

N

Jl/is onipefiesieHMsl TOKA U HaNPsDKeHUs1 BTOPUYHOM LieTH MoJ/Ib3YHTCSl yPaBHEeHHUEM :
+4eThIPeXII0/IF0OCHUKA B B-opme
yeThIpeXIot0CHUKA B H-hopme
YeThIPeXIIOOCHUKA B Y-hopme
YeThIPEeXIIOOCHUKA B Z-hopme

YpaBHeHHe YeTbIPeXNno/Il0CHUKA B B-(hopme 3anuchbiBaeTcs Kak:
QZ ul
+ -B
I, 1,
a_[Ys Lo
LY,

B cayuyae mnapanie/lbHOr0 COeJHHEHUS UYeTBHIPEeXIO/JICHUKOB 3JKBHMBa/ICHTHas
Y-maTpuna paBHa:
+CcymMMe Y-MaTpUL| OT/e/IbHBIX YeThbIPeXII0IF0CHUKOB
32



IMMpoun3sBeieHHNI0 Y-ManI/IL[ OTAe/IbHBIX YeTBIPEXIIO/IIOCHUKOB
MMpour3BeaeHHUIO Y-ManI/I]_[bI Had KOJ/IMYeCTBO YETbIPEXITO/JIFOCHUKOB
PA3HOCTHU Y-ManI/II_[ OTAe/IbHbIX YEThLIPDEXIIO/TFOCHHUKOB

ITepexop ot Z-dopmbl K Y-(hopme ypaBHeHUM TpaHC(OpMaTOpa BO3MOKEH TO/ILKO B
TOM C/Iyuae, Korja:

MaTpuiia Y He ocobeHHast

Matpwuija Y ocobeHHas

+Marpuija Z He 0coOeHHast

Matpwuija Z ocobeHHast

ITepexog ot Z-dopmbl K Y-popMe ypaBHeHMH [AJ/isi COBePIIEHHOT0 U H/ea/TbHOr0
TpaHcdopmaropa:

+HEBO3MO>KEH

BO3MO>KEH, eC/ii MaTpuiia Z He ocobeHHast

BO3MO>KEH, ec/ii MaTpuiia Y He ocobeHHast

BO3MO>KEH, eC/ii MaTpuiia B He ocoOeHHast

JuaroHasibHas MaTpuia conporuBjaeHnd (1 OM) BTOpUYHOU 1jeny NP COeAUHEHUH
3Be3/10M C Hy/IeBbIM NPOBOAOM UMeeT BHJ;:

1 01
Z,=|0 11
111
1 0 1]
Z,=/0 11
0 0 1]
1 0 0
Z,=/0 1 0
111
100
+Z,=/0 1 0
001
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Ecu 00MOTKH MepBHYHOM Lienmu TpaHcdopMaTopa coeJUHEHbI M0 cxeMe «3Be3/ja»,
TO MJIA pacqua TOKOB HEpBI/I‘—IHOI’l Iermu MO>KeT UCIT10/1Ib30BaThCA CXeéMa:
lj

o

o, O

/\El

E D Ijzll "
DDZH

Ecim 00MOTKH nepBHYHOM 1jeny TpaHcdopMaTopa COeUHEHBI 10 CXeMe «3Be3/ja»,
TO MaTpPHIla KOHTYPOB Oy/ileT MMeTh BHA:

10T

1 -1 0
+C=
0 -1 1

1
N
(48]

100 1 -1 0]
cC=/010 0 1 -1
001 -1 0 1|
1 00 -1 1 0]
cC=(010 0 -1 1
001 1 0 -1
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Marpuia KOHTYPHBIX CONPOTUB/IEHUH ONpeje/isieTc Kak:

Ly = Cch_l
Ly = C;2CT

Zy= CZlc_l
tZyg = CZ1CT

BekTop KoHTypHBIX J/]C umeet opmysny:

+Ex=C-E
E(=C-E-C
Ex=E-C
Ex =C' ‘E

HanpspkeHusi Ha Harpy3Ke BTOPUYHOH IjeNM HaXoATCsA 1o popmyiie:

o120
U,=20 1
g 2094
1
U, =20 e 2%
1
1

+Q2 — 20 e—j2.094
ej2.094

pi2004

U, =20 e 120
1

ToKu B Harpy3ke BTOPUUYHOM LNy HaxXoAATcs mo gopmy.ie:

e—j2.094
1,=200 1
ej2.094
1
I , = 20 e—j2.094
1
1

+lz — 20 e—j2.094
ej2.094
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12094

| , = 20 e—j2.094
1

B ciyuyae kopoTrkoro 3aMbiKaHus (a3pl C-MaTpuilia CONPOTHB/IEHHMHA BTOPUUYHOM
[jeny uMeeT BUJ;:

Ecim 0o0MOTKH TePBHYHOM Lenu TpaHchopMaTopa COeJUHEHBI IO CXeMe
«TPpeyrojibHUK», TO VIl pdCYeTada TOKOB l'[epBl/l‘-IHOi/i LeINn UCIT0J/Ib3yeTCH CXeMa:
I Yj
|

C—>

O

L —
iU

i
ej le
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S5

l11
s
o 5'22
5%
—
= D IjZﬂ I []z
u 13
OF DDZ”

+ ®

Ecim o0MOTKH mepBHUYHONM 1jenM TpaHcdopMaTopa COeAWHEHBI 10 CXeme
«TPeyroJibHHUK», TO MaTpULia KOHTYPOB OyAeT UMeTh BUA;:

1 0 -
C=

-1 0 1

1 -10
C=

0 -11

100 1 -1 0

+C=|0 1 0 0 1 -1
001 -1 0 1

100 -1 1 O
C=01 0 0 -1 1
001 1 0 -1

IlosiBieHWe oTpMIlaTelbHBIX [IeUCTBUTE/JbHBIX YacTed BHeAHAroHa/IbHBIX
3/1eMeHTOB MaTPHULbI BXOHOT'0 CONMPOTHB/IEHUS MO)KHO 00bACHUTD:

MOTepsIMU SHEPTUU B Cep/leUHUKe

TOTepsIMUA SHePTrur B 0OMOTKaX

+Tiepeiaueld akTUBHOW MOLL[HOCTH U3 OJJHOM (ha3bl B PYTYIO

MpOTeKaHWEeM TOKOB YTEUKH

O/ieMeHTBI Z-MaTpHULbl TPaHC(oOpMaTOpPa MOTYT OBITH OTIpe/ie/IeHbI:
T10 MaCHOPTHBIM JJaHHBIM TpaHC(popMaTopa
9KCIepUMEHTAa/IbHO
+KaK 3KCIIePUMEeHTa/IbHO, TaK U 110 MacClOPTHLIM JaHHbIM
TOJIBKO C IIOMOLLIbIO0 pacueToB

YpaBHeHUsAMH LieNM AJisi MTHOBEHHbIX 3HaUeHUM TOKOB U HalIPsHKeHUM sIB/ISeTCs:
cucrema auddepeHIMaIbHBIX YPaBHEHUM
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cucTteMa anrebpanyecKux ypaBHeHUIH
+cucreMa auddepeHIMaNbHBIX U anrebpaniuecKux ypaBHeHUMA
cuctema guddepeHLMaTbHBIX YPaBHEHUI B ONIepaTOPHOM (popme

HOpMaJ'leaﬂ CUCTeMa ypaBHEHI/Iﬁ NepeMEeHHbIX COCTOAHUA:
Y =AX+BY
dX
+—= = AX +BV
Y =AX +BV
dX

——=AX+BYV
ek i

YPaBHEHI/IH BBIXO/JHbIX I€PeMEHHBIX 3dIIUCBIBATCA B CJIeAYHOIIEM BHUR€E:

Y =AX +BV

dX

=2 = AX +BY
g = AX+B

+Y = A X + BV
dX

=2 AX+BYV

YpaBHeHuUs nepeMeHHbIX COCTOSIHUSA COCTaBJ/IAIOT:

C OMOLL[BIO 3aKOHOB Kupxroga

Ha OCHOBAHWM MPUHIIUIIA HAJIOXKEHUS

C TIOMOIIIBKO0 TOMOJIOTMYECKUX MAaTpHl] CEUeHUU U KOHTYPOB U 3aKOHOB Kupxrodga
B MaTpPUYHOU (popme

+B0O3MOXXHBI BCe BapUAHTHI

Eciu B HenM HeT eMKOCTHBIX KOHTYPOB U MHAYKTHUBHBIX CeYeHHH, TO ypaBHEHUs
COCTOSTHHMSI MO)KHO COCTaBUTh:

C TIoMoIIbio 3aKoHOB Kupxroda

+Ha OCHOBaHWM MPUHLIUIA HaJIOXKEeHUsI

C MOMOIIbIO TOMOJIOTUYECKUX MaTpPUL] CeUeHUM U KOHTYPOB U 3aKOHOB Kupxroda
B MaTpPUYHOU (popme

BO3MOYKHBI BCe BapUaHThI

'Z[JIH TOKOB B EMKOCTAX H Haﬂpﬂ)KEHHﬁ Hd MUWHAYKTHUBHOCTHAX CIIpaBeJ/INBO
COOTHOIIIEHHue:

ic) (L 0} (uc
uL_OC'iL]
I C 0)(u
u ) Lo L'b]
I C 0) (ug
u.) |0 L.iJ
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4 2
u, 0 L)\i
Kakue MaTpuibl TPeACTAB/JAAIT C000i BX0JHble W B3aMMHbIE TMPOBOJUMOCTH
BeTBeH C uUcu e?
+Hcc v Hee
Hcr v Hey

Hicwv Hpe
Hirvi Hyy

Kakue Marpuibl TpPeACTaBAAOT co00ii Ko3hdunueHTHl mNepefadyd ToOKa
COOTBETCTBYIOLIUX BeTBen?

Hce v Hee

+Hcr v Hey

Hicwv Hie

Hirvi Hiy

Kaxkue MaTpHuIbl PeACTaB/IAIOT c000i K03 GHUIHeHThI nepejaud HanpsHKeHus?
Hcew Hee
Hcr v Hey
+Hrcu Hee
Hirvi Hig

Kakue MaTpuubl NpeACTaB/ISIOT c000il BXO/JHbIe M B3aUMHbIe CONPOTUB/IEHHSA
COOTBETCTBYIOLIUX BeTBeM?

Hce v Hee

Hcr v Hey

Hic v Hre

+Hir v Hiy

Ec/id KaK/JIbId 3/IeMeHT 3/IEKTPHUYEeCKOH I[N BbIIe/ISIeTCS B KaueCTBeé BEeTBH, TO
OTHECeHHeE BeTBeM K /IePeBYy WIH CBS3AM CJie/lyeT MPOU3BO/JUTh:

C yYeTOM Mpe/bIAyIIero

+C yueToM C/IeyIOIIero

C yUeTOM BCEX JIepEBhEB

6e3 yuera JiepeBbeB

I'pad 3nekTpuyecko Ienu, CoAep kalidii HOPMajibHOe [epeB0 U HOPMa/IbHbIN
noarpa¢ ces3eH, Ha3bIBAIOT:

+TIpaBHU/IbHBIM

CBSI3aHHBIM

TJIaHapHbIM

V30MOP(HBIM
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HepocraTKkamMu ypaBHeHUH MepeMeHHbIX COCTOTHUSA AB/ISIFOTCA:
CJIOKHOCTDb UCK/TFOUeHUs ajredpanuecKux ypaBHeHUM
T0JTyuyaeMble MaTpPULIbI He SIB/ISTFOTCS pa3psKeHHbIMU
+o00a yKa3aHHbIe He/IoCTaTKa
HU OJJUH U3 YKa3aHHbIX HeJJOCTaTKOB

JAuddepennnanbHble ypaBHeHUs1 MePBOro nNopsjkKa, 3anucaHHble B ¢popme Komiu,

OyayT UMeTh BUJI:

+%X(t)= AX(t)+BV (t)

dX
——=AX+BYV

Y =AX+BV

%X(t): BX (t)+ AV (t)

Hau6os1ee mpocToil MeTo/] YMC/IEHHOTO PellleHUusl YPaBHEHHH, 3alMCaHHbIX B (hopme
Komiu:

SIBHBIM MeTOoZ, Jujiepa

anroputMm PyHre-KyTTa nepBoro nopsizika

HU O/IVH M3 YKa3aHHbIX METO/I0B

+00a meTozia

Y cToiuMBOCTh ABHOT0 MeTo/ia Jiljiepa 3aBUCUT OT:
+1ara h
TIOCTOSTHHOW BpeMeHH LIeT! T
MaKCHMaJ/IbHOT0 KO3 dHIieHTa 3aTyXaHUs Omax
OT BCeX YKa3aHHBIX TapaMeTPOB

I[TapameTp, KOHTPO/IMPYWIIMA NOrpeiiHoCcTh pemnieHusas B MathCAD mnpu
ABTOMAaTHYeCKOM BBIOOpe I1ara HHTerpupoBaHus, 0003HaYaeTCA:

+acc

kmax

npoints

save

MakcumanbHOe 4HCI0 y3710B cetkh B MathCAD, B KOTOpPbIX MOXeT OBITh
BBIYHMC/IEHO PellleHHe 3a/lauM Ha 0Tpe3Ke, 0003HaUaeTCsl:

acc

+kmax

npoints

save
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Haumenblnee jgomyctumoe 3HaueHue mara B MathCAD

aBTOMAaTHYeCKHUM BbIOOPOM HIara 0003Ha4YaeTcs:

acc
kmax
npoints
+save

A GyHKOUM C

Kakue JeiicTBHUsI He00X0ANMMO BBINIOJIHUTH MPH pacuyeTe Mepexo/HbIX MPOLecCoB B
C/I0)KHBIX Ijensix?

anrnpokcumaliyio auddepeHIManbHbIX YpaBHEHUN OTAe/NbHBIX 3/IeMEeHTOB Ilernei
Pa3HOCTHBIMU YPaBHEHUSIMH, C KOTOPbIMU COIMOCTABJISIFOTCSI YUCTO PE3UCTHBHBIE CXEMBI

3aMelLleHus

dbopMrpoBaHWe Ha KaXK/IOM Illare pacueTa CHUCTeM airebpanuyecKux ypaBHEHWM,

COOTBETCTBYHOIIIMX PE3UCTUBHBLIM CXEMaM 3aMellleHWA I.[EHEﬁ

Toc/IeZioBaTe/IbHOE pellieHure MOTyUeHHbIX CHCTeM arebpandecKnx ypaBHEHHIH
+BCe yKa3aHHbIe IeUCTBUS

Tab6suna 5 — Kpurepun oneHKH chopMHUPOBaAaHHOCTH KOMITETEHI[AM

Kop u KpuTtepuu oLieHUBaHKs: CHOPMUPOBAHHOCTH KOMITETEHIMU
HavMeHOBaHHE (JacTy KOMIETEeHLIVH)
WH/IMKATOpa Ha 6a30BOM ypOBHE Ha TOBBIIIIEHHOM YPOBHE
JOCTHKEeHMsI COOTBETCTBYET OLIEHKe | COOTBETCTBYET OL[eHKe COOTBETCTBYET OLIeHKe
KOMIIeTeHLIUH «YZIOBJIETBOPUTETHHO» «XOpOLIO» «OT/IMYHO»
(uactu 50-64% ot 65-85% ot 86-100% oT MakCMMa/IbHOTO
KOMIIeTeHI1H) MaKCHMaJ/IbHOr'O 0ajila | MakKCHMaJIbHOro Oasiia basna
CTyJeHT BajieeT CTy/IeHT KCII0/Ib3yeT CTyIeHT XOPOILO MCIOJIb3yeT
MaTeprajioM I10 TeME, ¢bu3ukKo- ¢bur3MKo-MaTeMaTUUeCKUH
HO HUCTIBITRIBAET MareMaTHJeCKUi arapar Ipy aHaju3se u
3dTPY/AHEHITA B arrapar Ipy aHa/lIu3e U | MOJIeJIMPOBaHUI
MCITO/Ib30BaHUH .
MO/Ie/TMPOBAHKUHI 5/IEKTPUUYECKHX Lierieil 1
VIT-Trikoc-2 (usiko- 9/IEKTPUUECKUX TIerell | 3/IeKTPUUECKUX MAI|H C
Mcromayer MaTeMaTHYecKoro p p
PR armapaTa npy aHammse | Y 971€KTPUUECKHX UCII0/Ib30BAHIEM
.. | ¥ MopjenupoBaHuK MallI|H C UH(POPMALUOHHBIX U
MATEMaTUIECKIN | 5oy pyyeckix Lierell | MCTIO/Mb30BaHKEM [M(PPOBBIX TEXHOIOTHI
drapar Ipu U 3/IeKTPUYECKUX UH(OPMAL[MOHHBIX U JIOTUYECKH MBICJINT,
dHa/n3e 1 MalIiH C 1U(pOBLIX criocobeH HaxOUThb U
MOAEINPOBAHUN | MCTIO/Ib30BaHHEM TeXHOJIOT M, HO aHa/IM3UPOBATh MH(POPMAILUFO
SMIeKTPHUECKHX | MH(OPMALMOHHBIX 1 JIOTyCKaeT JI7151 pellieHnst TIOCTaB/IeHHOH
Lerei u M(pOBBIX
. IO PELIHOCTH TIPU 3a/jauu, FOTOB K
SMeKTpuueckux | TEXHOJIOIHI, fomycKaeT
6 COCTABJIEHWH TOJIHBIX | COBEPIIEHCTBOBAHUIO
MAILIHH C OIIMOKY TIPH -
O 30maruey | COCTAB/EHHH TIOMHbIX | CHCTEM ypaBHerii peLIeHtsI TIPYA COCTAB/IeHUM
CHCTeM ypaBHeHH i 5/IeKTPUUYECKMX Lieriel, | MOJHLIX CHUCTEM YPaBHEHU
HH(OPMALIHOHHDI 5/IeKTPUUECKUX Lierel, | 1iemned ¢ 3JIEKTPUYECKUX L[eTIeH, rierei
XHu HI/IC])PO%HX 1ereit ¢ TpaHCchopMaTopaMu U | € TpaHChOpPMaTOpamMu 1
TEeXHOJIOTMiA

TpaHc(opmaTopamu 1
MeTo/jaX pacueTa
repexo/IHbIX
TIPOLIECCOB; MPABUILHO
BbINOHUI 50-64%
TEeCTOBBIX 3a/laHUN

MeTo/laxX pacyeTa
repexoHbIX
TMPOL[eCCOB; MPABU/IBLHO
BBINOHUI 65-85%
TeCTOBbIX 3a/laHUM

MeTo/jax pacyeTa
nepexo/IHbIX MPOLIeCCOB;
TIPaBUJIBHO BBINOJIHUI 86-
100% TecTOBBIX 3aJjaHUN

41



Mopayab 4. 3aiauu JUArHOCTUKH /IeKTpHUecKHX 1jeneid. UyBCTBUTE/IbHOCTD.
Oco0eHHOCTH pacueTa He/IMHEHMHBIX Henein

TectupoBanue (TCm, TCk)

Bbibepume o0uH npasu/ibHbIll 8apuaHm omeema u Haxcmume KHONKy «/lanee»
Mepa BIAUAHUA HU3MEHEHUs IIApaMeTPOB CHUCTeMbl Ha ee XapaKTepUCTHUKH
(cBoiicTBa):

BOCIIPUMMUYUBOCTD

+4yBCTBUTE/IbHOCTh

JUarHoCTHKa

OTKJIUK

le/l‘-II/IHI)I HCU/IeJO0BAHUA UYBCTBUTE/IbHOCTH 3JIEKTPHUUYECKHUX l.lEl'[Eﬁ:

IMOMOr'd€T ITOHUMATb, KdK BapUdLIUA KaKoro-amnoo IMapaMeTpa 3JIEMEHTA BJ/IMAET Ha
OTKJIMK LIelmr

IMOMOr'd€T CPABHUTL KAaU€CTBO Pd3/IMYHBIX L[EHEﬁ, HMeIoInX O,Z[I/IHaKOBbIﬁ OTKJ/IMK
IMPY HOMHUHAJ/IBHBIX TIdpdAMETPdX

oripefesdeT IrpagueHT (DYHKL[I/II/I, KOTOpBIﬁ HCIIOJ/Ib3YyeTCA TIIpU  OIITUMHU3dIIUHN
CXeMBbI

+BCe yKa3aHHble IIPUUUHbI

ITo xakoii u3 popmy.1 onpe/e/iAeTcsi YyBCTBUTE/ILHOCTD 0 napametpy h?

+pr = 9F
dh

ShF :8In F
dinh

or = OF
dlinh

DhF :aln F
oh

Ilo kakoui wu3 ¢opmya omnpeje/sieTcd OTHOCHTe/lIbHass (HOPMHPOBAaHHasA)
4yBCTBUTE/IBHOCTH?

pr =&
dh
"'ShF :aln F
Jdlnh
thzé_F
dinh
DhF =a|n F
oh
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ITo xakou u3 ¢opmy.1 onpepesisieTCsl MOJTYHOPMUPOBAHHAsA YyBCTBUTE/IbHOCTb MPH
F=0?

pr = 9F

dh

_oInF
~ dInh
- _OF
" dnh
DhF _ onF

oh

Sy

ITo Kakou u3 popmy.1 onpejenseTcs MNOJIYHOPMHUPOBAHHAsA YyBCTBUTE/IbHOCTDb NMPHU
h=07?

pr =9
dh
ShF =aln F
dlinh
F__OF
" dInh
+DhF :aln F
ch

YpaBHeHUsI KOHTYPHBIX TOKOB /ISl JAHHOW CX€MbI
OyAyT uMeTh BHA:

+{rﬁr3 —T, }{'1}:{51}
-, L+l 0
L n+r, - | [E]
_Ij[—r3 L+r| [0
L+, -, ][O
_Ij{—r3 nL+r| |E
r+r, - [1I,] [E]
-, r2+rj{ll__ 0

Ec/iv BbIXOJHAsA CKa/IsIpHasi Be/MYMHA SIB/ISAETCA JIMHEHHOW KOMOMHaLueH
KOMIIOHEHTOB BeKTOpa @=d'X, TO 3ajadya BBIYMC/IEHHS YYBCTBUTE/IHBHOCTH
ckasapHou GpyHKiuu @ K napamMeTpy uMmeer BHA:

oD _ (X
oh \oh
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8_@sz(th

oh oX

40P _ d’ X
oh oh

(X
oD oh

MeTo JAUAarHOCTUKU TMACCHUBHBIX JJIEKTPUYECKHX Iierneid, OCHOBAHHbIM Ha
IKCIePpUMEHTA/IbHOM  Omnpeje/ieHUd MaTpPHULbl Y3/I0BbIX CONMPOTHB/IEHUM U
noc/ie/lyoiieM pacyere MaTpuiibl Y, Ha3bIBaeTCA:

MeTO/, KOHTYPHBIX TOKOB

MeTO/I, y3/I0BBbIX TTPOBOIUMOCTEM

MeTO/I, Y3/IOBBIX TTOTEHIHaIOB

+MeTO/, Y3/IOBbIX COTIPOTHBJIEHUIN

Jia peanu3anyiid MeToJa Y3/I0BbIX CONPOTUB/IEHMA Mexay y3idamMu 0 um j
MHOI'OII0/IIOCHMKA BK/IOYAKOT:

UCcToYHUK I3/C

+HUCTOYHHUK TOKa

COTIPOTUBJ/IEHUE

LIYHT

Ecim W3BeCTHO, UTO [JUAarHOCTHPYeTCsl B3auMHAs JJIeKTpUYecKasi Iielb,
00/1afa0ass CHMMETPUYHBbIMM MaTpuiiaMd Y U Z, TO AJ/IA NMOCTPOEHUS] CUCTEMbI
YU=1 Ko/1M4eCcTBO M3MepeHHii, He00X0JUMBIX /I/IA BOCCO3/laHUA HIDKHel (BepxHeH)
TPeyroJibHOH YaCTH MaTPHIlbI, Oy/leT paBHO:

n

n-1

n2

+n(n-1)/2

JI0CTOMHCTBOM MeTOAQ y3/1I0BBIX CONPOTUB/IEHUHU SIBJ/IAETCH:
HebOoJIbIII0e KOJTMUeCTBO ypaBHEHUMA
OTCyTCTBUE AU PepeHLIraTbHbIX YPaBHEHUM
+TIPOCTOTa 3KCIIePUMEHTAIbHOW YaCTH
KOJIMYECTBO HEU3BECTHBIX MEHbIIIe KOJTMYeCTBa YpaBHEHUU

Kakue mnpubopbl TpedylOTCHA [/ii BbINOJHEHUA 3KCIEPUMEHTA/TIbHONH YacTH
AUATHOCTUKHU 3/IEKTPHUECKOH I[eNd MeTO0/i0M y3/I0BbIX CONMPOTHB/IeHUN?

OJIUH amIiepMeTp

OJIUH BOJIbTMETP

OJIUH peryaupyemMbii UCTOUHUK D/C

+BCe yKa3aHHbIe TTPUOO0pbI
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Meto/, fMarHoCTHKH, MO3BO/IAIOIMI MPOBECTH JKCIEePUMEHTA/TbHYK 4acTbhb Tak,
YTO00BI YIPOCTH/IACh BHIYUC/IUTE/IbHAA YaCTh Pado0ThI /10 ee MOTHOI0 UCK/TIOUeHHUS
MeTOJ, KOHTYPHBIX TOKOB
+MeTO/, Y3/I0BBIX NTPOBOJMMOCTEMN
MeTO/], Y3J/IOBBIX NTOTEHLUA/IOB
MeTO/, Y3/I0BbIX COMPOTHBJIEHNUN

IIpy MCno/b30BaHUHM MeTO/ja Y3/I0BbIX MNPOBOAUMOCTEH /i1 pellieHusl 3ajadu
AUArHOCTUKHU CyMMapHOe YMC/I0 U3MepPeHH TOKOB:

Oosbliie, UeM YUCJIO HeHM3BECTHBIX

+MeHbllIe, YeM UKC/I0 HEU3BECTHBIX

PaBHO UKCJTy HEU3BECTHBIX

B /IBa pa3a 0oJibllle, YeM UHC/I0 HeM3BeCTHBIX

MeTtop y3/10BBIX IPOBOJUMOCTEH /JaeT BO3MO)KHOCTh MPAKTUYECKH 000UTHCH 0e3:
Vi3MepeHUl TOKOB
Vi3MepeHUU HarpsUKeHU!
M3MepUTe/bHbIX IPUOOPOB
+BBIYMCJIUTE/ILHOM YacTh

HepocTaTKu MeTOJ0B JUArHOCTUKH Lierei:
HeoOXOAMMOCTD TTPUMeHeHHsT 00JIbIIIOT0 UKC/Ia U3MEPUTE/TbHBIX TIPHOOPOB
OCYIL[eCTB/IEHHE MHOTOKPATHBIX U3MEPEeHUH 1eMu
Pe3KO0 BO3paCTaeT YMC/IO0 U3MEPEHUI TOKOB
+BCe yKa3aHHbIe HeJOCTaTKH

Ha kakoMm u3 PHUCYHKOB n306pa>KeHa BOJIbTaMII€EPDHAA XdPAKTEPUCTHUKA 3/IEMEHTA,

ynnpaBJ/igeMoro 1o Ha“pﬂ}I(EHI/IIO?
U

Y

—
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0 UE
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I[A]l/
g Ul

—

Ha kakoMm u3 PHUCYHKOB n306pa)KeHa BOJ/IbTaMII€EPHAA XdPAKTEPHUCTHKA 3/IEMEHTAd,

yIpaBJ/isieMoro 1o Toky?
U

Y

1

1[&]{
0 U

7

I[A]

]

» U
—-—l-"'/

dynknusa B MathCAD, ucnoib3yomascs /i TUHEeHHON UHTePIo/ISALUM:
cspline(VX, VY)
+linterp(VX, VY, x)
Ispline(VX, VY)
pspline(VX, VY)

C noMomp0 Kakux (PyHKIMIA NPOBOJUTCS CIVIAWH-aNMPOKCUMAIMA Ha MepBOM
sTamne?
+cspline(VX, VY); pspline(VX, VY); Ispline(VX, VY)
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interp(VX, VY, x); linterp(VX, VY, x)
root; polyroots
find; minerr

C nomMompbHw KakoW (DYHKIHM TMPOBOJUTCS CIUIAWH-aNMPOKCHUMAIHA HAa BTOPOM
jTamne?

cspline(VX, VY)

+interp(VX, VY, x)

Ispline(VX, VY)

pspline(VX, VY)

Kakasgs (yHKOUS HCHO/Ib3yeTcA /JIA pea/iM3aliid JIMHEHHOW perpeccH o00Imero
BU/A?

+linfit(VX,VY,F)

linterp(VX, VY, x)

Ispline(VX, VY)

pspline(VX, VY)

JInsi cocraB/ieHHsI YpaBHeHHH 10 BTopoMy 3akoHy Kupxroda He3aBHCHMBIe
KOHTYPBbI BBIOMPAIOTCSI TAKMM 00pa3oM, UT00bI:
o0I1Mie BETBU COZlep>Ka/ii HeJIMHeHHbIe 371eMeHThI ¢ BAX, yrpaB/isieMbIMUA TOKOM
BETBU CBSI3U COZiepyKa/ld HelMHelHbIe 37ieMeHThl ¢ BAX, yripaB/isieMbIMH
HaTpsDKeHHUEM
+10JDKHBI COO/TIOAATHCS 00a yC/IOBUS
HU OJJHO 13 YC/IOBUI He JJOJDKHO COOJTFOaThCsl

Cko/1IbKO BeTBed /JepeBa /I0/DKHbI CO/iep)KaTh Y3Jibl, /I KOTOPbIX COCTABJIAIOTCS
ypaBHeHus o nepBomy 3akony Kupxroda?

+ OfHY

[iBe

TPU

HU OJJHOM

YpaBHeHUs1 Y3/10BbIX HaNpsDKeHHMW COCTAB/ASKTCA [/ Lered, 3J/ieMeHTaMH
KOTOPBIX AB/IAIOTCA:
PE3UCTHUBHEBIE 3JIEMEHTEI C MOHOTOHHBIMU XapaKTepPUCTHUKaMU
JIBYXIIOJIFOCHbIE 3/IeMeHTbI C HEMOHOTOHHBIMU XapaKTepUCTUKaMU S-THIIa,
yIipaBJisseMbIMU HallpspKeHUeM
3aBUCHMbIe UCTOYHUKU TOKa, yIIpaBJ/iseMble HallpsDKeHUeM
+BCe yKa3aHHbIe 3J1eMeHThI

B kakue 371eMeHTHI Held CJieflyeT NMpeodpa3oBaTh 3aBHCHMbIe HCTOYHHKHU JJPYTHX
Tunos (He UTYH)?
B UICTOUHWKH TOKA, yIpaBJ/isieMble TOKOM
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+B UCTOYHUKY TOKa, yIpaBJ/isieMble HallpsDKeHUeM
B UCTOUHWKU HarpspKeHUs, yIpaB/isieMble HalpsoKeHueM
B UCTOUHWKU HarpspKeHUsl, yIpaB/sieMble TOKOM

Kakoii y3e/1 1jenu c/jiefyeT NpUHUMAaTh 3a 0a3uCHBINA?
+y3eJ1, B KOTOPOM CXOJWUTCSI HaUOO/Ibliee YMC/I0 HeTMHeMHbBIX 3/1eMeHTOB
y3eJjl, B KOTOPOM CXOZJMTCSI HAUMEHbLIee YK C/I0 HeJIMHEWHBIX 3/IEMEeHTOB
y3ej1, B KOTOPOM CXOZSITCSI TOJIbKO JTMHEHHbBIE 3/IEMEHTHI
y3eJs1, B KOTOPOM CXOZATCS BETBU C UCTOYHUKaMU D/1C

YpaBHeHHe 3aBHCUMOTr0 HCTOYHHKA TOKA, yNpaB/ifgeMoro HanpsbkeHuem Ujj Mexay
y3/1aMM i 4 j, UMeeT BU/|:

In =GUj;

im = meij
+i, = gmUij
im =r,U ij

IIpu cocTaB/ieHUM THOPUIHBIX YPABHEHUI B KaUyeCTBe BeTBed JepeBa NPUHUMAIOT:
UCTOUHUKU D[ C
HeJIMHEeUHbIe pPe3UCTHBHBIE 3JIEMEHThI, XapaKTePUCTHKU KOTOPBIX YIIPaBSIOTCS
HarpsbKeHUueM WU 33/laHbl B BUe 3aBUCHMOCTU OT HarpspKeHUsT
JIMHelHbIe pe3UCTHUBHBIE 3/IeMeHThl, Hy)KHbIe Zji1 00pa3oBaHus Y-1 BeTBeil epeBa
+BCe yKa3aHHble BApUaHThI

IIpu cocTaB/ieHMH THOPHUAHBIX YpaBHeHWII B KaueCTBe BeTBell CBA3H (XOpJH)
NPUHUMAIOTCS:

He/IMHelHble pPe3UCTUBHbIE 3/IEMEHThI, XapaKTePUCTUKU KOTOPBIX YMPaBJSIFOTCS
TOKOM WY 3a/laHbl B 3aBUCUMOCTH OT TOKa

VICTOUYHUKH TOKa

NTUHeHbIe pe3UCTUBHbBIE 3/IeMEHThI

+BCe yKa3aHHbI€ 3J1eEMEHThI

Ha KakoM U3 pUCYHKOB H300pa)keH rpad), COCTaB/IeHHBIH /ISl JAHHON CXeMbI?
Ry

. UO
5
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®@yukusa B MathCAD, ¢ noMoIbi0 KOTOPOH HAXOAUTCA pelieHue /s MPOCTeNux
He/IMHeNHbIX ypaBHeHuM Buja F(x)=0:

+root

polyroots

find

minerr

®ynkiua B MathCAD a5 norcka KoOpHeld 00bIYHOT0 MO/JTHHOMA p(X) CTeIreHH Nn:
root
+polyroots
find
minerr
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dyHkmen polyroots(V) He peKoMeHAyeTCsl M0/Ib30BaThCA, €C/IM CTeleHb MO/IMHOMA
338111 (H

BTOPOU

YeTBEPTOU

+11eCTOU

JIeBSITON

Eciu peiieHue cucTeMbl He/IMHENHBIX ypPaBHEHUM peasibHO CyILleCTByeT, TO B
BBIYHC/INTE/IbHOM 0/10Ke, 0OTKPbIBaeMOM C/1I0BoM Given, HCTIO/Ib3yeTcs: QyHKIus:
root
polyroots
+find
interp

DyHKIMS, WMCOO/Ib3YHOLIAsACS /s PpelleHusi CUCTeM He/JIUHeWHbIX YypaBHeHUM,
KOTOpasA  MbITAaeTCi HAWTH  MaKCUMa/IbHOe  MpUO/IIDKeHHe  JdKe K
HeCyL[eCTBYHWILleMy PpelIeHUI0 MyTeM MHMHHMHU3ALMHU CpeJHeKBa/|paTUIHOMN
MOTPeIIHOCTH pellieHUus, Ha3bIBaeTCA:

root

polyroots

find

+miner

JJieKTpUYecKas Lienb Ha3bIBaeTCs HeJIMHeUHOM, eC/Ii:

r, L, C unu M He 3aBUCST OT 3HAaY€HUM TOKOB WJIA HAlPSUKEHWH B 3TOM yuyacTKe
Liernu

+r, L, C umu M xoT1s Obl OJJHOTO M3 yYaCTKOB 3aBUCST OT 3HAUEHWUW WM TOKOB,
W/TW HalpsDKeHUM B 9TOM yuyacTKe Lenu

r, L, C v M XoTs1 ObI OJJHOT'O M3 yYaCTKOB 3aBHCAT TOJLKO OT 3HAUEHW TOKOB B
5TOM yyYacTKe Liernu

r, L, C wmi M XoTs Obl OAHOTO W3 YYaCTKOB 3aBHUCSAT TOJBbKO OT 3HAU€HWH
HarpsbKeHWM Ha 5TOM yuyacTKe Lienu

JI/11 He/TMHEeWHBIX /IEKTPUYeCKHX HeneHd napamerpsir, L, C u M:
+3aBUCAT OT TOKOB U HATIPSDKEHUU
He 3aBUCAT OT TOKOB U HaTPSHKEeHUN
3aBUCAT TOJIBKO OT TOKOB
3aBUCAT TOJIbKO OT HarpshKeHUU
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Tabmuna 6 — Kpurepuu oneHKH ¢()opMHPOBAHHOCTH KOMIIeTE€HI[HI

Kog u KpuTepuu olieHrBaHus c)OPMHUPOBAHHOCTH KOMITeTEHL[UN
HavMeHOBaHue (4acTy KOMIIETEeHLMM)
WHJUKaTopa Ha 0a30BOM YpOBHe Ha MOBBIIIIEHHOM YPOBHE
MOCTH)KeHUsT COOTBETCTBYET OLIeHKe | COOTBETCTBYET OlleHKe COOTBETCTBYET OLIeHKe
KOMITeTeHLIUU «yIOBJIETBOPUTE/ILHO» «XOpOLLO» «OT/IAYHO»
(yactu 50-64% ot 65-85% ot 86-100% ot
KOMIIeTeHL[H) MaKCHUMaJIbHOTO 0aj/ula | MakcMMasbHOro 6aria MakCcUMaJibHOro Oasa
N-11Koc-2 CryneHT BnaseeT CTyleHT UCTO/b3yeT CrypeHT cBo60HO
Ucnonb3yer MaTepuasioM Io TeMe, | PU3KKO- WCII0/1b3yeT (PU3UKO-
¢u3nKo- HO UCIIbIThIBAET MaTemMaTUueCKUii MaTemMaTUueCcKWy amnmapar
MaTeMaTUueCKUi 3aTpyJHeHUs B ammapar Mpy aHa/iu3e U | TIpU aHaju3e u
anmapar npu VICII0/Ib30BaHUHU MO/le/TMPOBaHUM MO/leTMPOBaHUM
aHasmse u ¢bu3mKo- 37IeKTPUYECKUX Lierell | 3/IeKTPUUeCKUX Lieren 1
MO/le/TMPOBaHUM MaTemMaThUuecKoro Y 3JIeKTPUYECKUX 3/1eKTPAYECKUX MalIUH C
3JIeKTPUUECKUX armapara npy aHalu3e | MalluH C HCTI0/Ib30BaHHEM
Leneu u Y MO/IeTUPOBaHUU HCI10/1Ib30BaHUEM MH(OPMaLIMOHHBIX U
3/IeKTPUUECKUX 3/IeKTPHUYECKUX Lierell | UHPOPMAaIIMOHHBIX U 1[M(POBBIX TeXHOJIOTHH,
MallH C Y 3JIeKTPUYECKUX L1M(POBBIX JIOTUYeCKU MBICJIUT,
HCIT0/Ib30BaHEM MallIH C TeXHOJIOTUM, HO crocobeH HaXO/UTh U
MH(OPMAaLIMOHHBIX U | UCI0J/Ib30BaHHEM JIOTTyCKaeT aHa/IM3UpOBaTh
11 (POBBIX MHGOPMaLMOHHBIX U MOTPEIIHOCTU TPU vHbOpMaLIUIo J71s1
TeXHOJIOTUM A (PPOBBIX pelleHuH 3a7au pellieHus ToCTaBIeHHOM
TeXHOJIOT UM, JTUaTHOCTUKHU 3a/laul, yMeeT pelllaTh

JIOTTyCKaeT OMIMOKH
TIpU pelleHrH 3a/iau
JIMarHOCTUKU
37IeKTPUYECKHUX LiereH,
TIJIOXO OCBOWJI
0COOEHHOCTH pacyeTa
HeJIMHeWHbBIX Lienewu;
TPaBU/IbHO BBITIOTHUI
50-64% TecTOBBIX
3a/laHuM

3/IeKTPUUECKUX Lieren,
TIPU 3TOM OCBOWJI
0COOEHHOCTH pacyeTa
HeJIMHeNHBIX 1ierel;
MPaBWIbHO BBITTOHUT
65-85% TeCcTOBBIX
3a/laHuk

3a/jlauyl JUarHOCTUKU
37IeKTPUYECKHUX LieTeH,
0CBOWJT 0COOEHHOCTH
pacueTa HeJIMHEUHbIX
Liereu; roToB K
COBEpIIeHCTBOBAHUIO
pellieHusi, IPaBUIbLHO
BbINOJHWI 86-100%
TEeCTOBBIX 3aJlaHUU
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2 OOEHNBAHHWE IITMCBbMEHHbBIX PABOT CTYAEHTOB,
PEI'JIAMEHTUPYEMBIX YUYEBHBIM IIVTAHOM

PacuerHo-rpaduueckas padora «Tpexda3sHbie menu»
Tunosass PI'P, BbINOJIHSAETCA 0 BapuaHTaM B COOTBETCTBUU C METOLUUYECKUMU
yKa3aHUsIMHU.

Tabmra 7 — @opMupyeMble KOMIIETeHIIMH (M/TH MX YaCTH)

Ko v HarimeHOBaHWe UHAMKATOPa OLieHOYHbIe
Kog n HammeHOBaHuMe
JNOCTH)KEHHS KOMITeTeHLIUU MaTepyasbl
KOMITeTeHL[UU
(4acTu KOMITeTEHLINN) Y Cpe/iCTBa
[TKoc-1. Criocobex U/I-111Kec-1 VicTiONB3yeT hu3nKo- IpoBeDKa
OCyl1eCTB/IATb MOHUTOPUHI MaTeMaTUueCKui dallliapaT IMpy dHa/iu3e 1 coze IZKaHII/)IH PT'P
TeXHNYeCKOro COCToaHuda MO €e/IMPOBAHUU SJIEKTPUUECKUX L[enef/'l 141 gap uta PTP
060py,[[OBaHI/I$I HO,Z[CTEIHI_[I/II‘/’I 3JIEKTPUYECKHUX MdIlIHMH C MCITI0/Ib30BAHHUEM (CO6€U26 OBaHI/Ie)
3JIEKTPUYECKUX CeTel MHGOPMAaLIMOHHBIX U LM(POBBIX TEXHOIOTUN A

Tabsmma 8 — Kpurepun oneHKu pacuyeTHO-rpaduyeckKou padoThI

IToka3arenu KonuyectBo 06asios
MHHHMa/IbHOE MaKCHMa/IbHOoe
Cobmonenne rpaduka BeiroaHeHUs1 PI'P 5 10
3augura PI'P 5 10
Hroro: 10 20

OueHka cpopMUPOBAaHHOCTU KOMIETEHLIUM TIPY BBINOJHEHUU U 3all[UTe pacueTHO-
rpaduueckor paboThl ocymiecTBiasieTcss 10 670Ky «3ammra  PI'P».  Kputepuu
olleHHMBaHUs CHOPMUPOBAHHOCTH KOMITeTEHIWH TIpe/iCTaB/IeHbI B Tabmuiie 9.
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Tabmna 9 — Kpurepuu oneHku copMHpPOBAaHHOCTH KOMIIETEHIIUM MO PaCyeTHO-

rpaduueckoii pabore

Kog n HaumeHOBaHMe
WHJUKaTopa
JIOCTYKeHUSsI

KOMITeTeHLIUM (YacTh

KOMIIeTEeHIMH)

Kputepuu olieHuBaHUs chOPMUPOBAHHOCTH KOMITeTEHLIU
(4acTy KOMIIETEeHLMM)

Ha 0a30BOM YpOBHE

Ha ITOBEIIII€EHHOM YpPOBHE

N I-11koc-1 Mcrionb3yeT
¢busuko-
MareMaTuueCcKui
ammapar Mpy aHa/iu3e U
MO/1e/IMPOBaHUU
3/1eKTPUUECKUX Lieren
U 3JIeKTPUUYeCKUX
MaIlIVH C
WCTIOTb30BaHUEM
MH(MOPMAaLIMOHHBIX U
LU(POBLIX TEXHOIOTUH

CryeHT CrIocoOeH OIleHHBaTh
pe3y/IbTaThl BLITIOJTHEHHBIX
pacueToB, OCBOUJ paboTy B rMakeTte
MathCAD, noka3saji roToBHOCTb
WCI0JTb30BaTh (hM3UKO-
MaTeMaTHUeCKU arirapar rnpu
aHa/iM3e ¥ MO/le/TMPOBAaHUH
37IeKTPUYECKHUX Lierneu u
3JIEKTPUUECKUX MAIIUH C
WCTI0/Ib30BaHNeM HH(OPMaIIMOHHBIX
1 1[U(POBBIX TEXHOJIOTUH,
WCTIO/b3YeT 3/IEMEHThI TEOPUU
MaTpuL] ¥ rpadoB; criocobeH
COCTaBJISITH MOZIE/TH 37IEMEHTOB
3JIeKTPUUECKUX Tiereld; peliaTh
CHCTeMbI YPaBHEHHUH 3/IEKTPUUECKUX
1iereii; HO He COBCEM TBep/IO0 BiaZieeT
MaTepuanoMm, npu 3aujure PI'P
JIOTTyCKaeT UCKa)KeHUsI JIOTHUeCKOu
TI0C/IeI0BaTeIbHOCTH, HETOUHYTO
apryMeHTalHI0 TeOPeTUUYEeCKUX
TI0JI0YKEeHUH, BBITIOJTHWI paboTy /10
KOHIIa cemMecTpa

CTyieHT BBITTOJTHUT U 3all[UTHIT
paboTy B CPOK, OCBOWJT paboTy B
rakete MathCAD, Ha xopoiiieMm
T0/1b30BaTe/TbCKOM YPOBHE U
YCITEIITHO WCIO/h30Basl ero Tpu
BBLITTOJTHEHUH PacueToB; B paboTe
ToKa3asi TOTOBHOCTh MCIT0J/Ib30BaTh
(bU3MKO-MaTeMaTHUeCKUH amrapar
MIpY aHa/Tu3e U MO/Ie/TMPOBaHUH
3/71eKTPUYeCKUX Liereu u
3/IEKTPUUECKUX MALUH C
HCI0/Ib30BaHHEeM MH()OPMAITMOHHBIX
Y [IU(POBBIX TEXHOJIOTHH,
WCTIO/Bb3YeT 3/IeMeHThI TeOpUHr
MaTpuil 1 rpadoB; criocobeH
COCTaBJISITh MO/IE/N 3JIEMEHTOB
3/IEKTPUUECKUX TIereld; peliaTh
CUCTEeMbI YpaBHEHUI
3JIEKTPUUECKUX 1Iereid; MOXKeT
CaMOCTOSITE/TEHO U
apryMeHTUPOBAHHO OCYIIIECTBJISATh
aHa/n3, 00001IeHNs U BBIBOZBI T10
BBITIOJTHEHHOM paboTe

Ba30BbIii ypoBeHb C(HOPMUPOBAHHOCTH KOMIETEHLIUH, COOTBETCTBYIOLIWM OLIeHKe «3auTeHO»,
CUMTAeTCsl JOCTUTHYTBIM, €C/IU CTYZIEHT I10 UTOraM TOJTOTOBKU U 3alUThl paboThl Habupaet ot 10 g0
14 6annoB, TOBBIMIEHHBI YPOBEHb CUMTAETCS AOCTUTHYTBIM, €C/U CTyJeHT Habupaet ot 15 go 20

0aJIIoB.
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3 OITPEJE/IEHUE PE3YJIBTATA
ITPOMEXYTOYHOM ATTECTAIINN
dopma MpOMeKyTOUHOM aTTeCTal[uu 10 AUCLIUTIIMHE 9K3dMeH.

OLEHOYHBIE MATEPUAJIBI 1 CPEACTBA [OJI [TPOBEPKU
C®OPMUPOBAHHOCTY KOMIIETEHIINN

ITKoc-1. Crmoco6eH OoCymieCcTB/AATH MOHUTOPHUHT TE€XHHYECKOT0 COCTOSHHA
000py/i0BaHMSA MOACTAHI[UN 3/IEKTPHUUYECKHX CEeTeH.

3ajaHus 3aKpbITOr0 THIIA
Bbibepume o0uH npasu/ibHbIll eapuaHm omeema

1. He3aBUCHMBIi HCTOYHHK TOKA M300pakeH Ha PUCYHKe:
U

)
oO—>) O
E
P

N
&/
Y

o

2. MO].'[EJ]LUI/ICTOHHPIKEI 9/1C u3o0pakeHa Ha PUCyHKe:

)
o—E&)—o0

E
)
J
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3. Tononornyeckne ypaBHeHus /Il JAHHOH L{eTIH
Umn
Uk e'
. _— k
I I I /;\ q]
n’
C U

3anMChIBAIOTCA:
+Ai=-AJ,; Cu=Ce

Ai=AJ,; Cu=Ce
Ai=-AJ,; Cu=-Ce
Ai=AJ,; Cu=-Ce

BHAaHHH OTKPLITOI0O THIIA

Jatime pazeepHymbiii omeem Ha 80npoc

4. Kakue napaMeTpbl CXxeMbl He 3aBUCAT OT 3HAUEHUH TOKOB U HaNpsDKeHu#?

IIpasunbHbili omeem: [lnsg JUHEWHBIX 3/IEKTPUUYECKUX 1iefell T1apamMeTphl:
aKTUBHOe compoTtuBieHue (r), WHAYKTUBHOCTb (L), emkoctb (C) U B3aWMHasi
VHJYKTUBHOCTb (M) He 3aBUCAT OT 3HAUE€HWU TOKOB W HaTIPSDKEHUN.

5. Uem 3amMeHAKOTCS 3HAUEHUS] TOKOB U HAMNpPSDKeHHMH B YCTaHOBUBIIUXCS
peXXuMax 3JIeKTPHUYeCKHUX Leneu?

IMpasunbHbili omeem: B yCTaHOBUBIIMXCS pPeXWMaX 3HAueHUs TOKOB W
HarpsbKeHUM 3aMeHSII0TCSl UX KOMITIEKCHBIMU JIeMCTBYHOIIUMY 3HAUeHHUSIMHU.

6. Uro Ha3bIBaercs rpagom?

IIpasunbHbili omeem: AJisl ONHUCAHUS TOTIONIOTWU (CTPYKTYPbI) LIeTH KKAYIO0 BETBb
CXeMbl 3aMeHSIIOT 0TPe3KOM JIMHUM, Ha3bIBaeMbIM BeTBbIO I'pada, a y3/ibl TOUKaMU — Yy3/1aMU
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(BepimiHamMK) rpada. ITa COBOKYITHOCTh BeTBeW W Y3J/I0B, MPeACTaB/IsAOIIasi TOMOIOTHUIO
1]eM1, Ha3bIBaeTCs rpadom.

7. Kakas yactb rpada moxxet 0bITh mogrpagom?
IIpasunbHblli omeem: mobast yacTb rpada siBsieTcs noarpadom - ojHa BeTBb, OJUH
y3eJl, MHOXKeCTBO BeTBell U y3/10B, COZleprKallieecsl B IaHHOM rpade.

JlonosiHume

8. /Ioboi1 3aMKHYTHIH MyTh, O00pPa30BaHHbLIA BeTBAMHM U Yy3/1aMH, H
Npe/CTaB/ISIIMNA TONO/JIOTUIO IeNH, Ha3bIBAeTC A .
IIpasunbHbili omeem: KOHTYPOM.

9. Ecim TonmosiornyeckKue cBoycTBa rpag)oB 0JUHaKOBbIe, TO OHH .
IIpasunbHbili omeem: ru3oMopdHbIe.

10.'pad, koTophlii B pe3yjbTare H30MOP(}HBIX NMpeodpa3oBaHU MOXeT OBITh
HU300pakeH Ha MJIOCKOCTHU 0e3 mepeceueHusi BeTBeH, IB/IAETCS .
[IpasunbHbili omeem: TIIaHAPHBIM.

11.I'padbl, y KOTOPBIX BCeé BeTBM HMEKT HaNpaB/ieHUsA, Ha3bIBAKTCA

IIpasunbHbili omeem: OpUeHTUPOBAHHBIMHU.

OxkoHuUaTesbHBIE  pe3y/bTaThl  00yueHWs  ((OpMHPOBaHUSA  KOMIIETEHIIH)
OTIpeJIeNISIFOTCS  TIOCPeJCTBOM IepeBoia 0a/ioB, HaOpaHHBIX CTYAEHTOM B IIpOLiecce
OCBOEHHUS IUCLIUIIIUHBI, B OLIEHKU:

— 6a30BbIi ypoBeHb CPOPMHUPOBAHHOCTHA KOMIIETEHI[MH CUHUTAETCS JOCTHUTHYTBIM,
ecid  pe3yabTaT o0OydeHHsT COOTBETCTBYeT OLleHKe «yAOBaeTBOpUTenbHO» (50-64
PEUTHHTOBLIX OasIioB);

— TMOBBILLIEHHBIM  YpPOBEeHb  C(OPMHUPOBAHHOCTU  KOMIIETEHL[MM  CUMTAEeTCs
JIOCTUTHYTBIM, €CJIA pe3y/bTaT OOyueHHSI COOTBETCTBYET OIleHKaM «xopomo» (65-85
PEUTHHTOBBLIX 0a/I0B) M «OTAMYHO» (86-100 peHTHHTOBBIX 6asIoB).
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4 TIOPSAATOK ITPOBEIEHNS IIOBTOPHOU
IMPOMEXYTOUYHOM ATTECTAIIUN

dopma MPOMeKyTOUHOM aTTeCTal[uu 10 AUCLIUTIIMHE IK3dMeH.

@OH/ OLEHOYHBIX CPEeACTB [Jid TIPOBEJIeHUs] TMOBTOPHOM TPOMEXYTOUYHOMU
aTTecTaluu (opMHpyeTCSl W3 UMC/Ia OLIeHOUHBIX CpeJICTB TI0 TeMaM, KOTOpble He
OCBOEHBI CTYIeHTOM.

IIpumeuanue:

[omnonHUTebHbIE  KOHTPOJIbHBIE  WCIBITAHUSL  TPOBOAATCA Jisl  CTYZEHTOB,
HaOpaBimx MeHee 50 0OamioB (B cooTBeTcTBUU C «[lo/io)keHHeM O MOAY/IbHO-
PeNTHHIOBOM CHUCTEME» ).

Ta6ymna 10 — Kpurepuu oneHku copMHUPOBAaHHOCTH KOMIETEHLIMH
Kputepuu orieHuBaHHs ChOPMUPOBAHHOCTH KOMITETEHLIUU
(4acT KOMMeTeHI1H)

Ha 6a30BOM YPOBHE
COOTBETCTBYET OILIEHKE «y/I0BJIETBOPUTETLHO»

Koa n HaumeHOBaHMe
WH/IMKaTOopa AOCTHUKeHUs
KOMITeTeHLM (4acTu

KOMIIETEHLHH) 50-64% oT MakcrMasbHOro 6ana
CTyzeHT BiajieeT MaTepyasaioM 0 TeMaM AUCLUIIIMHBI, OCBOUI
paborty B rakere MathCAD, ymeeT UCI0/1b30BaTh MO/Ie/IN
N-1nkoc-1 OcyiuecTsaser 3/IeMEeHTOB 3/IeKTPUUEeCKUX 1[eTield, HO UCTIbITLIBAeT
MOHUTOPUHI TeEXHUUECKOT'0 3aTpyJHeHUs B TeOpUU rpadoB, UCTIOIb3yeT (PU3UKO-
COCTOsTHUSI 000py/I0BaHUs MaTeMaTHuYeCKUM anrmapar Mpy aHaau3e U MOZeIMpOBaHUuN
MOACTAHLWM 3/IeKTPUUECKUX 37IeKTPUYECKUX LieTei U 3/1IeKTPUUYeCKUX MallluH C
ceTeli HCII0/Thb30BaHeM MH(POPMALIMOHHBIX U LIU(PPOBBIX

TeXHOJIOT UM, UCI0/Ib3yeT UH(POPMaLMOHHbIe U 1[U(POBbIe
TeXHOJIOTMM Ha 0a30BOM YPOBHE
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