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IHacnopt poHA2 OLIEHOYHBIX CPEACTB

Taomaunma 1
dopmupyemblie OueHoYHbIE
Moaynb AUCIUTUTHHBI KOMITETCHIIH Marepuansl | KomudecTBo
WJIM UX YaCTU U Cpe/CTBa
DneMeHTHI Teopuu MaTpuil. MHCTpyMeHT I1K,.-1. Cnocoben TCrm. TCk 20
MathCAD s onepanuii ¢ MaTpuLaMu OCYLLIECTBISITH ’
®opMupoOBaHUE YPABHEHU MOHUTODHHT
JJIEKTPUYECKUX LIETIEN HA OCHOBE TEOPUH TCm, TCk 81
TEXHUYECKOTO
rpa¢oB
ITonHas cuctema ypaBHEHUH COCTOAHMA TCm, TCk 60
DIIEKTPUYECKHUX IIEMEH 0bopynoBaHHs PT'P 150
3agaun JUAarHOCTUKU HJIEKTPUUECKUX MOICTaHIU I
nerneid. YyBcTBUTENBHOCTh. OCOOCHHOCTH ANEKTPUUYECKUX CceTeit TCm, TCk 39
pacuera HEJIMHENHBIX LENen

1 OHEHOYHBIE MATEPHUAJIbI, HEOBXO/UMBbIE

JIJIS1 OEHKH 3HAHWI, YMEHU 1 HABBIKOB JIEATEJIBHOCTH
B IMPOLHECCE OCBOEHUSA JUCLHHUIIJIMHBI

Tabanna 2 — @opmupyembie KOMIIETEHIMH

Kon u O1eHOYHBIE
Kon n HaumeHoBaHre WHIUKATOPA JOCTHIKEHUS KOMIICTCHITUH
HaMMEHOBaHUE MaTepuaibl
(4acTu KOMIETEHITUH)
KOMIIETEHIIUN U CpeJICTBa

Moayas 1.

DJIeMeHThI TeOpUU MATPHLL.

Nucrpyment MathCAD pois onepanuii ¢ MaTpuiaMu

N-1rkoe-1 OcymiecTBiIsieT MOHUTOPUHT TEXHUYECKOTO
COCTOSIHHSI 000PYIOBaHUSI MTOACTAHITNI SJIEKTPUUECKHUX CeTer

TectupoBanue

IIK,.-1. Cnocoben

Monyas 2.

DopMHUpoOBaHHE YPABHEHHUH JJIEKTPUYECKHUX Lienei

OCYIIECTBIIATh
MOHHTOPHHT Ha OCHOBe Teopuu rpagos

TeXHITIECKOrO N-1mkoe-1 OcymecTBasieT MOHI/IT?pHHF TEXHAYECKOT'O .| Tecruposanne

COCTOSIHIIS COCTOSIHHSI 000PYIOBaHUsI TTOACTAHITNI SJIEKTPUUECKHUX CeTer

000opyIoBaHUs M0)1y.111: 3. .
TOMICTAHIH IlostHasi cucTeMa ypaBHeHM 3JIEKTPUYECKHX Leneil

BIIEKTPUIECKHUX N-1mkoe-1 OcymiecTBisieT MOHUTOPUHT TEXHUYECKOTO PI'P

cereu COCTOSIHHSI 000pYIOBaHUSI MTOACTAHIINI SJIEKTPUUECKHUX CeTen TecTHpOBaHNE

Monyas 4.

3anauM IMArHOCTHUKM JJIeKTPHUUYeCKUX Henei. YyBCTBUTEJIbHOCTD.
Oco0eHHOCTH pacyeTa HeJJMHEHHbIX Henei

N-11xec-1  OcyliecTBiasi€T MOHUTOPUHT TEXHUYECKOTO
COCTOSTHUSI 000PYIOBAHUS TIOJCTAHIINIA AIEKTPUIECKUX CeTel

TectupoBanue




OueHouyHble MaTepHAJIbI U CPEACTBA 1JIA IPOBEPKHU
copMUPOBAHHOCTH KOMIIETEH U

MoayJs 1. Di1eMeHThI TEOPUU MATPHIL.
HNucrpyment MathCAD i onepanmii ¢ MaTpuuaMu

TecTupoBanme (TCru, TCk)

Buvibepume o0un npasunvHbulll gapuanm omeema u HAddCMume KHONKy «/laneey
IIpsimoyroabHas Tadauna 4ynces, KOTOpasi MpeacTaBJseT co00ii COBOKYITHOCTh
CTPOK M CTOJIOIIOB — ITO:

rpad

+MmaTpuna

OnpeeUTeNb

noarpad

Kakue yc/ioBHSI JI0/LKHBI BBINOJHATHCH, YTOOBI MATPULY MOXXHO ObLIO Ha3BaTh
KBa/JpaTHOi?
m#%n
tm =n
m =2n
_ 2
m=n

Kakue ycjoBHSAA T0KHBI BBINOJHATHCH, YTOOBI MATPHUIY MO:KHO ObLI0 Ha3BaTh
THATOHAJILHOM ?

m#n;aij=0npui+j

m=n;aij=0n0pui=j

tm =n;aij=0npui#j

m=mn;aij#0n0pui#j

Ecau B 1uaronajJbHOM MaTpulle BCe IMATrOHAJbHbIE 3JIeMEHThI PaBHbI 1, TO Takas
MATPHIA HA3bIBAETCH. ..

HYJICBOU

oOpaTHoM

BBIPOXKIECHHOU

+eAMHUYHOU

Ecau y KBaapaTHoO MaTpUUbl PAacHoJIOKEHHbIE BbIlIE T[JIABHOW JTHATOHAJIM
3JIEMEHTBbI PAaBHbI HYJII0, TO MATPHULA SAIBJIACTCH...

BEPXHETPEYTOJIBbHOU

+HWKHETPEYTOIbHON

JIAArOHAJIbHOM

HYJIEBOU



Ecau y KBaapaTHOWl MAaTpPHIbI PACHOJIOKEHHbIE HHKe TJIABHOM JHArOHAJIH
3JIEMEHTbI PABHbI HYJII0, TO MATPULIA ABJISETCH...

+BEpXHETPEYTOJIbHOU

HUKHETPEYT0JIbHON

JIMaroHajbHOM

HYJICBOU

Ecau y MaTpunbl JMIb OHH CTOJI0€L, TO B 3TOM CJIyYae OHA HA3bIBAETCH. ..
CTPOYHOMU
+cT00110BOM
eTUHUYHOU
obpaTtHoM

Ecan y MaTpuubl JIMIIb 0JJHA CTPOKA, TO B 3TOM CJy4ae OHA Ha3bIBAETCH. ..
+CTpOYHOM
CTOJIOIIOBOM
e IMHUYHOU
oOpatHoM

Eciin 3jieMeHT a; MAaTpUUbl A paBeH 3J1eMEHTY @;; MAaTPUIbI AT st Beex 3HaueHmii i
U j, TO TAKasi MATPULIA HA3BIBACTCH. ..

obpaTtHoM

+TpaHCIIOHUPOBAHHOU

BBIPOXKJICHHOU

TPEyTroJIbHOU

Kakoe 13 cBOIiCTB ¢JI05KeHHS] MAaTPHIL 3ANIMCAHO HEBEPHO?
A+B=B+A
A+(B+C)=(A+B)+C
(A+B)'=A"+B’
+A+B=A"+B"

Kaxoe u3 cBOiiCTB YMHOKEHHUSI MATPHUIL 32ANIMCAHO HEBEPHO?
+A-B=B-A
A (B-C)=(A-B)C
(A+B)C=A-C+B-C
AB+C)=AB+A-C

Ecnu A-B=E, To maTpuna B no oTHOIIeHUIO K MaTpuue A ABJsieTcH...
TPAHCIIOHUPOBAHHOU
+0o0patHOU
KBaJpaTHOMN
BBIPOXKICHHOUN



Kakumu 13 3THX CBOMCTB He 00/1a/1aeT o0panieHue MaTpuu?
(A')'=A
(A*B)'=B'*A"
(A-l )T:(AT )-1
+(A*B)'1=A'1*B'1

OoOpaTHast maTpuna A CyLIECTBYET, €CJIU:
det A=0
+det A #0
det A" =0
det A" =0

Kakasa pynknus B MathCAD co3gaer exMHHYHYI0 MATPHUILy HOpPsIAKA n?
+identity(n)
augment(A4, B)
matrix(m, n, f)
diag(v)

Kakasa ¢ynxkuuss B MathCAD co3naer aMaroHajibHYyI0 MaTpHILy, JIEMEHTbI IJIABHOM

JIMATOHAJIM KOTOPOii XpaHsITCA B BeKTOpE v?
identity(n)
augment(A4, B)
matrix(m, n, f)
+diag(v)

Kakaa ¢ynkuuss B MathCAD ¢opmupyer marpuiy, B HepBbIX CTOJ0LAX KOTOPOH

CO/IEPKUTCH MAaTPULA A, a B IOCJIeHUX — MaTpuna B?
identity(n)
+augment(A4, B)
matrix(m, n, f)
stack(A, B)

Kakas ¢ynxkunus B MathCAD d¢opmupyer MaTtpuiy, B IepBbIX CTPOKaxX KOTOPOii

COIEPKUTCA MAaTPULA A, a B OCJIeHUX — MaTpuna B?
identity(n)
augment(A4, B)
matrix(m, n, f)
+stack(A4, B)

Ilepemennassi B MathCAD, B KOTOpPOH XpaHMTC HOMEP NEPBOM CTPOKH (CTOJI0LA)

MATPHIBI WIH IIEPBOil KOMIIOHEHTHI BEKTOpa:
AUGMENT
+ORIGIN



SUBMATRIX
STACK

IIo ymomuanuro B MathCAD koopaymHaThl BEKTOPOB, CTOJOLBI W CTPOKH MATPHUbI

HYMEpYIOTCS, HAYHHAA C...
MUHYC €IMHULbI

+HyI
CAHUIIBI
ABYX
Taoauna 3 — Kpurepun oueHku chopMupOBAHHOCTH KOMIIETEHIIUM
Kon u Kpurepun ornieanBanmsi chopMHUPOBAaHHOCTH KOMIICTCHIIUN
HalMEHOBaHHUE (4acT¥ KOMIIETEHIIUN)
WHIUKAaTOpa Ha 0a30BOM ypOBHE Ha MOBBIIICHHOM YPOBHE
AOCTHIXKCHUA COOTBETCTBYET OLICHKE | COOTBETCTBYCT OLICHKE COOTBETCTBYECT OLICHKE
KOMIICTCHI N «YJIOBJICTBOPUTCIILHO» «XOpOoUIO» «OTJINIHO»
(uactu 50-64% ot 65-85% ot 86-100% ot
KOMIIETEHIIMH) MaKCHUMAaJILHOTO 0anna | MakCMMAaJIbLHOTO 0ajjia | MakCHMalabHOIo Oajia
CryzneHt Bianeer CryneHT Xxopo1io CryneHt cBOOOIHO
MaTepHuajoM I0 TEME, 3HAEeT MaTepuai 1o OPHUEHTHUPYETCSI B TEOPUH
HO HCTBITHIBAET TeMe, JOMMyCKaeT MaTpHull, BIaJIeeT
3aTPYIHEHUS B IOUCKE | MOTPEIIHOCTH B naketoM MathCAD nHa
U aHaJIu3e TEOPUH MaTPHLI, XOpOIIeM
- 1koc-1 uH(pOpMaInH, TI0X0 MyTaeTcs B Crocobax | MOJb30BaTEIbCKOM
Ocyl1ecTBisieT BJIAJICET ITAKETOM 1 MeToJ1aX 00paboTKU | YPOBHE, TOTHUECKH
MOHHTOPHHT MathCAD, B0 ocBOMI pesym,vTaTOB, HE B MBICJIUT, TOTOB K
TeXHITUCCKOrO TEOPUIO MATPHII; MOJIHOW Mepe BIAJCET | COBEPILIEHCTBOBAHUIO
MPaBHJIBHO BBITIOJIHHII naketom MathCAD; pelIeHUS; TPABHIIBLHO
COCTOAHHA 50-64% TecToBBIX IIPaBWJIBHO BBINOJIHUI | BIOJIHKI 86-100%
000pyHoBaHH 3a7jaHnl, Ha 6a30BOM 65-85% TEeCTOBBIX TECTOBBIX 3a/1aHUIL;
MO/CTAHLUH YPOBHE MOKET 3a1aHUM; MOKET CHOCOOEH ¢ BBICOKOM
ANEKTPUIECKUX OCYILECTBIISATh CaMOCTOSITEJIBHO CTETEHbIO
ceTeit MOHUTOPUHT OCYILECTBIISITh CaMOCTOSITEIBHOCTH
TEXHUYECKOTO MOHUTOPHUHT OCYILIECTBIISAT
COCTOSIHUS TEXHUYECKOTO MOHUTOPUHT
o0opyIoBaHus COCTOSIHUSI TEXHUYECKOTO COCTOSTHUS
MOJICTAHIINI o0opyaoBaHuUs o0opyaoBaHUA
ANEKTPUYECKUX CETEr MOJCTaHLINI MOACTaHLINI
AIEKTPUUYECKUX CETEN | DIEKTPUUECKUX CETEeH




Moayab 2. ®opMupoOBaHUE YPABHEHUI 3JIEKTPUYECKHX Hernei
Ha OCHOBe Teopuu rpagos

TecrupoBanue (TCr, TCk)

Buvibepume ooun npasunvbHulli gapuanm omeema u HA3CMume KHONKY «/laneey

DJIeMEeHT, JAJIsi KOTOPOro TeKYIIUil TOK i W NMPUJI0KEHHOe HANPSKEHUE U CBSI3aHbI
3ak0HOM OMa, Ha3bIBAETCA:

HWCTOYHUK ITMTAHUSI

KaTylIKa UHIYKTUBHOCTH

KOHJEHCATOP

+pe3ucrop

HanpsizkeHue ¥ TOK B pe3ucTope CBA3aHbI COOTHOIIEHHEM:

+tu=R-i
u:Lﬂ
dt
i:Cd—u
dt
i
u=—
R

+u=L£
dt
di
u=—
dt
1
u=—
G
u=R-i



Ha3biBaeTcsi KOMIIOHEHTHBIM YPABHCHHE!

u=R-i
b
dt
i:Cd—u
dt

+BC€ yKa3aHHbIC YpaBHCHUSA

SABJasieTcs TONMOJOTHYECKHMM YPABHEHHE:

u=R-i

u=Lﬂ
dt

i:Cd—u
dt

+HET BCPHOI'O OTBCTA

JJIeMeHT HHe1u, oﬁecneanammnﬁ 3aIaHHOC 3HAYCHHUEC HANPSKCHHUA HA II0JI0CaX

HE3aBHCUMO OT TOI'0, KaKOil TOK Te4yeT Yepe3 Hero:
HE3aBUCUMBII UCTOYHUK TOKA
+HE3aBUCUMBINA UCTOYHUK HAIPSKEHUS
peanbHbIil ucrounuk I1C
peanbHbIA UCTOYHHUK TOKA

Ha xaxoM U3 pUCYHKOB H300pakeH He3aBUCUMBbIl HCTOYHUK TOKA?

5
o—&)—o0
E
L
L
—0




DJIEMEHT LelH, CO3AaIIMid 3aJaHHbII TOK, HANIPsA’KeHHE HA MOJII0CAaX KOTOPOro
3aBHCHUT OT LENH, NOAKJIIYEHHONH K HEMY, 3TO...

+He3aBUCUMbII UCTOUYHUK TOKA

HE3aBUCUMBIN HCTOYHUK HAIPSKEHUS

peanbHbIi uctouHuk ¢ D1C

peasIbHbIM HCTOUYHUK TOKA

10



HaINpAXKCHUHA,

cxemMa HCTOYHHKA

u3o0pakeHa

11

PHCYHKOB

KaKoM U3
yHpPAaBJIsieMOr0 HANPSK

Ha

Ha kakom wmu3 PUCYHKOB n306pameHa ¢x€eMa HCTOYHHKaA TOKa, yIpaBJasA€eMoOro
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Hanps>keHU,

cxemMa  HCTOYHHKA

u3o0paxkeHa

KakOM W3 PHUCYHKOB

Ha

yHpaBJIieMOro TOKOM?

Ha kakom wmu3 PUCYHKOB n306pameHa ¢x€eMa HCTOYHHKaA TOKa, yIpaBJasdA€eMoOro

TOKOM?
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C noMobI0 KAaKOr0 YPaBHEHHS onpeieisieTcsi uaeaabHbIi TpaHcdopmarTop?

L.."l =iﬂf1, IJ =$l[,-'rz
iyl

U =+11,; I,=FnU,
H

I, =-gUy. I,=gU,

I,=g,U,; I, =gU;
I,=—g,U,; I,=gU,
+

I'mpaTop Ha3bIBaeTcs UaealIbHbIM, €CJIU:
BXOJHO€ HANPSI’KEHNE PABHO BBIXOJHOMY
BXOJIHOM TOK PaBEH BBIXOJHOMY
+110CTOSTHHBIEC TUPAIIMK paBHbI gl=g2=¢g
BOJIbT-aMII€pHAsl XapaKTEPUCTUKA IIPEICTABIIAECT COOOU MPSAMYIO JTUHUIO

Ha xaxoM U3 pUCYHKOB H300pakeHa cXxeMa OMepPalHOHHOT0 YCHIIUTENs?
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OnepanuoOHHBIA yCUIMTEIb, HUMeWIUMH AuPdepeHUNaTBLHBIA BX0A € OYeHb
00JbIIMM BXOJAHBIM CONPOTHBJICHHMEM, MAaJjio¢ BbIXOJHOE CONPOTHUBJICHUE H
BbICOKMH KOI(P(PUIUEHT yCHJIEHHS, OTHOCUTCH K:

AKTUBHBIM JIBYXIIOJIFOCHUKAM

[IaCCUBHBIM JBYXITOJIFOCHUKAM

+aKTUBHBIM MHOTOIIOJIOCHUKAM

[IACCUBHBIM MHOTOIIOJIFOCHUKAM

CoBOKYIIHOCTB BeTBeil U y3/10B, IPEICTABJIAIOIIASA TONOJIOTHIO LIeNH, HA3bIBACTCH:
KOHTYp
+rpad
CTPYKTYypa LieIU
[JIABHBIN KOHTYP

Ecau Tononoruyeckue cBoiicTBa rpad)oB 0OIMHAKOBBIE, TO OHH HA3LIBAIOTCH. ..
paBHBIC
+u3oMopQHbIE
TOKJICCTBCHHBIE
TJIaHapHbIE

I'pad, xoTopslii B pe3yiabraTe H30MOP(PHBIX NMPeodPa30BaHU MOKET ObITH N300paKeH
HA INIOCKOCTH 0e3 mepeceyeHus BeTBel, Ha3bIBaeTCsl. ..

OPHUEHTUPOBAHHBIN

U30MOP(HBIA

HEOPUEHTUPOBAHHBIN

+1UIaHapHBIN

14



YnopsigoyeHHas MOC/JIeA0BATEIbHOCTh BeTBel, B KOTOPOIl Kax/able IBe COCeAHHe
BeTBH MMEKWT O00IIMI y3es, Npu4eM J00asi BeTBb M JII000i y3eJ BCTPE4YalOTCHA B
3TOM NMYTH TOJbKO OJUH pa3:

+1IyTh

KOHTYP

noarpad

IEepEBO

3aMKHYTBIH NIyTh, B KOTOPOM OJAMH M3 y3JI0B fIBJSETCS HAYAJbHBIM U KOHEYHBIM
y3J1aMH NyTH:

yTh

+TKOHTYP

noarpad

JIEPEBO

Ecau mexay 10001 napoii y3,10B rpaga cymecrByeT nNyTh, TO rpag Ha3bIBaIoOT. ..
+CBSA3HBIM
3aMKHYTBIM
IJIaHAPHBIM
U30MOp(HBIM

Ces3Hblii noarpad, coaepkamuii Bce y3Jbl rpada, HO He COAEPKAMUNA HU OJHOTO
KOHTYypa:

Iy Th

KOHTYD

noarpad

+aepeBo

BerBu rpadga, koropbie J0NOJHAIOT AePeBO 10 UCXOAHOI0 rpada, Ha3bIBAKOTCA. ..
COECIMHUTEIBHBIE BETBU
Iy Th
+BETBU CBA3U
ceyeHue

BerBu rpadga, Bxoasiuue B 1epeBo, Ha3bIBAKOTCH. ..
XopJaamu
+pebpamu
CBSI3SIMU
MyTAMHU

15



MHoxeCcTBO BeTBeH, yAajleHHMe KOTOPbIX AeJUT rpad Ha aBa H30JUPOBAHHBIX
noarpaga, oAMH M3 KOTOPBIX B YACTHOM CJay4Yae MOKeT ObITb H30JMPOBAHHBIM
y3J10M:

nyTh

KOHTYD

+ceueHue

IEepEBO

KouTtyp, cocTrosiimii u3 BeTBeil AepeBa M TOJbKO OJJHON BEeTBH CBSI3U, HA3bIBACTCH...
+TIJIaBHBINA KOHTYD
CBSI3aHHBIN KOHTY]
[JIABHOE CEYECHUE

noarpad

Ceuenne, cocrosimee H3 BeTBell CBA3M W TOJBKO OIHOW BeTBHM [epeBa,
HA3bIBACTCH. ..

[JIABHBIN KOHTYP

CBS3aHHBIN KOHTYP

+rIaBHOE CEUEHHE

noarpad

Taboauna ko3pPuUUHEHTOB yYpPaBHEHHMil, COCTABJIEHHBIX MO MEPBOMY 3aKOHY
Kupxroda nis y3nos:

MaTpulla KOHTYPOB

MaTpuIla CCYCHUH

+MaTpuIla COeIMHEHU I

0000111eHHAsT MaTpHIla

Kaxkoe u3 npaBuJ 1Jisl COCTaBJIEHUSI MATPHUIIbI COeJMHEHU A 3aNIMCAHO HEBEPHO?
a; = 1, eciy BETBb j COEIMHEHA C Y3JIOM i U HAIIpaBJIeHa OT y371a
a; = —1, eciiv BETBb j COEMHEHA C y3JIOM [ U HANpaBJIEHA K Y311y
a; = 0, eclii BETBb j HE COEIMHEHA C Y3JIOM .
+a; = —1, eciin BETBb j HE COEIMHEHA C Y3JIOM 1.

Tabauna kKo3((PUIIMEHTOB YPABHEHHIl, COCTABJEHHBIX 10 TEPBOMY 3aKOHY
Kupxroda nis cedyeHuii:

MaTpuIla KOHTYPOB

+MaTpuIla CeYeHU MU

MaTpULa COEAUHECHUMN

000011eHHasI MaTpuUIla

Ecau maTpuna ceyeHHi COCTaB/IeHA IS [VIABHBIX CEYEHMH, TO ee Ha3bIBAIOT:
[JIABHOW MaTpuLen
+MaTpuLEH TJIaBHBIX CEUYCHUN
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HE3aBUCHUMOUN MaTpULIEH
MATPULEH HE3ABUCUMBIX CEYECHHIN

3akon Kupxroga nnasi ceyenuii B MaTpu4Hoii ¢gopMe 3anucbiBaeTcsl CJeIyHUIHM
oOpazom:

D=(1*F)

+D*I=0

I=C"'I

C*U=0

Tadimua ko3¢pGUUMEHTOB YpPaBHEHHMid, COCTABJIECHHBIX 10 BTOPOMY 3aKOHY
Kupxroga nis HanpsizkeHui:

+MaTpulla KOHTYpOB

MaTpULa CEUECHU

MaTpULa COCAUHEHUN

00001IeHHas] MaTpHUIla

Kakoe u3 npaBui 11 cocTaBJIeHNs MATPUIIbI KOHTYPOB 3alIMCAHO He BEPHO?

c; = 1, eci BETBb j CONEPAKUTCS B KOHTYpE [ U HAIIPABICHUE BETBU COBIAJAET C
HarpaBJIeHHEM 00X0j1a KOHTypa

c;=—1, ecaum BeTBb j CONEPKUTCS B KOHType [ M HAalpaBICHUE BETBU
MIPOTUBOTOJIOXKHO HAMPABICHUIO 00X0/1a KOHTYpa

+ ¢; = 1, eciu BETBb j HE COJEPIKUTCS B KOHTYpPE i M HAIIPaBJICHUE BETBU COBIANAET C

HarpaBlieHUEM 00X0/1a KOHTypa

c; = 0, eclli BeTBb j HE COIEPKUTCS B KOHTYpE i

Bropoii 3akon Kupxroga ais HanpsizkeHuil B MAaTpU4YHOH ¢opme 3amuCbIBaeTCs
cJIeyIIIuM odpa3om:

D=(1*F)

D*I=0

I=C"'I,

+C*U=0

Kaxwue 3j1eMeHTBI MOKET COAEPKATH KaxK/Aast 00001IeHHAS BETBb?
IMaCCUBHBIE 3JIEMEHTBI
uacanbHbIM HCTOYHUK DJ[C
HAACaIbHBIN NCTOYHHUK TOKA
+BC€ YKa3aHHBIEC DJICMEHTEI

Ha xakoM U3 puCyHKOB NpeAcTaBJ/IeHa cxeMa 00001eHHO BeTBH?
U

«—

o—r——o0

J
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T ik _— Cx
m

+ NG

Jlyis yKa3aHHOM cXeMbl YPABHEHUE N0 nepBoMy 3aKoHY Kupxroga npumMeHUTEIbHO
K y3J1y m’ OyJaeT uMeThb BH/I:

YpaBHeHnue COIJIACHO BTOpOoMYy  3akoHy  Kwupxropa  puas KOHTYpa,

um n

»
>

AN
N
NPOXOAAILIEro M0 MPOBOAHUKAM BeTBHM «K» 0T y3ja «m» K «n», U M0 BHELIHEMY
NMPOCTPAHCTBY, OyJeT 3aNMCaHO B BUjAe:
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LU = U, SUL €
uk - umn = uk
ﬁlnll
Uy >
T ik —_— ek
m |Mm R C
3k
N
. 77
TomoJsiornueckue YPaBHCHHUSA AJIdA JaHHOHU LEIIU v

MOr'yT ObITH 3alIMCAHbI:
+A4i=-A4T,; Cu=Ce
Ai=A3,; Cu=Ce
Ai=-AS,; Cu=-Ce
Ai= AT, ; Cu=—-Ce

JlJIs TMHEHBIX JJIEeKTPUYEeCKUX Heneil mapamerpslt r, L, Cu M...
3aBUCAT OT TOKOB U HAIPSIKECHUN
+HE 3aBUCAT OT TOKOB U HAIIPSKECHUN
3aBUCAT TOJIBKO OT TOKOB
3aBUCAT TOJBKO OT HANPSKEHUN

3HavYeHNs] TOKOB M HANPSKEHNUH 3aMEHAKTCH UX KOMILIEKCHBIMHU AeCTBYIONIUMH
3HAYEHUSAMM. ..

B CJIy4yae MepexoHbIX MPOLIECCOB

+B Cilyyae yCTaHOBUBIIUXCS ITPOIIECCOB

€CJIM OTCYTCTBYET UCTOYHHK TOKA

€clii OTCYTCTBYET UCTOUHUK DJ[C

Korna Toxk k-0ii BeTBHM C0O31aeT HANPsi’KeHHE HA CONMPOTHBJIeHUN Z k-0 BeTBH, TO
MaTpuna Z oyaer ABJIATHCH...

S TUHUYHOU

+nuaroHajJbHOM

BEPXHETPEYTOJIbHOU

HIKHETPEYTOJIbHOU

Ecian opueHTanus i-0ii M j-0oil BeTBeil MO OTHOIIEHUI) OJHOUMEHHBIX 32:KMMOB
OJMHAKOBA, TO CONPOTUBJICHUS HHAYKTHBHON CBA3H i-0i U j-0oH BeTBel Mj;...
+IOJI0KUTEIbHEI
OTpHUILIATEIIbHBI
MOTYT OBITh KaK MOJIOKUTEIbHBIMU, TaK U OTPUILIATSIIHHBIMHU

19



BCCraa OTpuaTCJIbHbI

Ecian opueHTanusi i-oM M j-0i BeTBeill IO OTHOILIEHMI) OJHOMMEHHBIX 32:KHMMOB
NPOTHBONOJIOKHA, TO CONPOTHBJICHUS] HHAYKTUBHOM CBSI3H -0 U j-0i1 BeTBel Mj...
MOJIOKUTEIIbHBI
+OTpULATEIbHEI
MOTYT OBITh KaK MOJIOKUTEIbHBIMU, TaK U OTPULIATEITLHBIMU
BCET/1a MOJIOKUTEbHBI
Martpuua nposoaumocrted Y Haxoaurcs mo popmyJie:
+Y=2"
Y=R"
y=2"
Y=R'

JdyleKTpU4ecKasi enb Ha3bIBaeTCsl JINHEHHOM, eCJIu...

+r, L, C win M He 3aBUCSIT OT 3HAYEHU TOKOB WJIM HANPSHKEHUM B 3TOM Y4YacCTKe
IIETIH

r, L, C unmu M x0Tst OBl OJTHOTO M3 YYaCTKOB 3aBUCAT OT 3HAYCHUN WJIM TOKOB, WIIH
HANPSDKEHUM B 3TOM YYacTKE LEeNU

r, L, C umu M XOTs OBl OJTHOTO M3 YYaCTKOB 3aBHUCST TOJbKO OT 3HAYCHUI TOKOB B
ATOM Y4YacTKe LIEIH

r, L, C wiu M XoTa Obl OJHOrO W3 YYacCTKOB 3aBUCAT TOJIbKO OT 3HAYCHUU
HaNpsDKEHUN HA 3TOM YYacTKe LIENU

Cucrema ypaBHeHHUil, BKJIKYAKIIAA B Ce0f YpaBHEHHUSl, 3allHCAHHbIE COIJIACHO
3akoHaM Kupxrodga, u ypaBHeHUs, XapaKTepu3yKIlUHe CBA3M MEXKAY TOKAMH H
HANPSAKEHUSIMH 3JIEMEHTOB JICKTPUYECKOM e, HA3bIBACTCH:

+11071Has CUCTEMa YPAaBHEHUH DJIEKTPUYECKOU LIETTH

CHCTEMA Y3JIOBBIX YPABHEHMM JIEKTPUUECKOU LIENN

CHUCTEMAa KOHTYPHBIX YPAaBHEHUH 3JIEKTPUYECKOMN LEIH

cuctemMa 00OOIIIEHHBIX YPaBHEHUHN AJIEKTPUUECKON LIeTn

Kaxkoe u3 yrBepikaeHuil iBJIsieTcsi IPAaBUJIOM COCTABJICHUS Y3JI0BbIX YPABHEHU?

+BCC YTBEPIKICHUS

JIMArOHAIbHBIE DJEMEHTBl MATpPUIbl Y, IOJOXHUTEIbHb M KaXIbli 3JIEMEHT Y
pPaBEH CyMME MTPOBOJUMOCTEN BETBEH, NOAKIFOYEHHBIX K j-MY Y31y

BHEJIMAroHaJabHbIE DJIEMEHTBI MATPUIIBI Y, OTPULIATEABHBI U DJIEMEHT Y paBeH
CyMMe IPOBOJMMOCTEHN BETBEW, BKIFOUEHHBIX MEXKY j-M U k-M y3J1aMHu

BHEJMArOHAJILHEIE DJIEMEHTEI MaTPUIILI V), IIOJIOKHUTENBHEI U DJIEMEHT Y paBeH
CyMMe MPOBOJMMOCTEN BETBEH, BKIFOUYECHHBIX MEXKY j-M U k-M y3J1aMHu

YpaBHeHHe Ha OCHOBe BTOpPOro 3akoHa Kupxroga ajis KOHTYPHBIX YpaBHEHUil
Oyaer MMeTh BH/:
U=R*]
C*I=0
20



I=CT'I,
+C*U=C*E

(I)OpMy.]Ia AJIsl BbIPAKEHUSA TOKOB B OﬁOﬁmeHHLIX BETBAX Y€PE€3 KOHTYPHBIEC TOKMN
HMeeT BUA:

[=T-J

zZ,1=E,

+1=C"T,

T=dl,
IIpaBuiibHAasA 3aNIMCh KOHTYPHBIX YPABHEHUM:

CZC'T, =C(E-ZJ)

CZC'T, =ClE+RI)

L CZCTT, =C(E +2J)

CczCI, =ClE-ZI)

MaTtpuua KOHTYPHbBIX CONPOTUBJICHHUN HAXOAUTCH MO popmyJie:

1 Z.=C-z.CT
Z =C-Z.C
Z,=CT.Z.C
Z=C'-ZC

Martpuua koutypHsix I/AC Haxoaurcst mo ¢popmy.ie:

E.=R-I.
E =CE-CZJ
E =1t

=2

LE =C-E+C-Z-J

Pemienue 17151 KOHTYPHBIX TOKOB B MATPUYHOM hopMe UMeeT BUA:
LI =lcze™ - clE+z7)

7.=(czcT -c(E-z7)

i)

. =(czc? ) -clE+2r)

i)

. =(czc™ I c(E-RT)

BerBb Ha3bIBaercsi Y-BeTBbIO, €CJIM...
HaNPsKEHUE MOXKHO BBIPA3UTh YEPE3 TOK
HANPSKEHUE MOXKHO BBIPA3UTh YEPE3 CONMPOTUBIIEHUE
+TOK MOKHO BBIPA3UTh YEPE3 HAMIPSIKECHUE
TOK MOYHO BBIPa3UTh Y€pPE3 MPOBOJIUMOCTh
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Iepsbiii 3akoH Kupxroga ajist MaTpunbl rJ1aBHbIX CEYeHUH UMeeT BU:
D*I=E
C*I=0
+D*[=0
D*[=C
YpaBHeHusl, COCTaBJIeHHbIe MO0 BTOpoMy 3akoHy Kupxropa nias
KOHTYPOB, Oy1yT HMeTh BH/:
U=R*I
C*I=0
I=C"'T;
+C*U=0

I'pagsbl, y KOTOpBIX BCe BETBH OPHEHTUPOBAHBI, HA3LIBAIOTCH. ..
+ OpHMEHTHUPOBAHHBIMHU
IUIaHAPHBIMU
n30MOp(HBIMU
IJIaBHBIMHA

Ha pucynke U300paskeHo...
+ rpad
nepeBo rpada
ANIEKTpUYECKasi cxema
MPUHITUITHATBHAS CXeMa

Ha pucynke
rpad
+nepeBo rpada
AIIEKTpHUUECKasi cxema
NPUHIMIHATIbHAS CXeMa

n300paxeHo...

22
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Ha pucynke ’ H300paskeHo...
+ceuenus rpada
nepeBo rpada
AIIEKTpUYECKas cXxema
MPUHITUITHATBHAS CXeMa

Ha pucynke NMpeaCTaABJICHBI. ..
ceueHus rpada
nepeBo rpada
+BETBU CBSI3U
cxema

Yt0 n300paxkeHo HA PUCYHKe?
rJIaBHBIC CEUECHUS U TJIaBHBIE KOHTYPHI Ipada
IJ1aBHBIE CEUECHUS
rJIaBHBIE KOHTYPHI Tpada
+BC€ OTBETHI BEPHEI

HMoarpadom MoxkeT ObITh...
OJlHA BETBb
OJIMH y3€Il
MHO>XECTBO BETBEH U y3JIOB, COJAEpIKalieecss B JaHHOM Ipade
+BCE OTBETHI BEPHBI

Ecau B cxeme 4 y3s1a 1 6 BeTBeil, TO MATPULIA COCIMHEHHHA COACPIKUT:
4 cTpoku
2 CTpOKH
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+3 cTpokH
S cTpok

Ecau B cxeme 4 y3/1a u 6 BeTBeil, TO MATPULIA COeIUHCHUN COACPHKUT:
4 cronbua
7 cTONOLIOB
+6 cTOJIOIOB
5 ¢T0JI01I0B
Ecamu B cxeme 4 y371a u 6 BeTBell, TO MATPHUIIA CEUEHU COIEPKUT:
4 cTpoku
2 CTpOKH
+3 cTpoku
S cTpok

Ecau B cxeme 4 y3,1a 1 6 BeTBeil, TO MATPUIIA CeYEHUI COTEPKUT:
4 ctonOna
7 cTOJIOLIOB
+6 cTon0110B
5 ¢T0JI01I0B

Ecau B cxeme 4 y3s1a 1 6 BeTBeil, TO MATPULIA KOHTYPOB COACPKUT:
4 cronbua
7 cTonb110B
+6 cTon010B
5 cTon610B

Eciau B cxeme 3 KOHTYpa, TO MATPHLA KOHTYPOB COJAEPKHT:
4 cTpoku
2 CTpOKH
+3 cTpoku
S cTpoK

Marpuuna /IC BerBeii — 310:
+MaTpuIa-cTooer
MaTpHIla-CTpoOKa
KBaJpaTHas MaTpuIia
BBIPO’KJICHHAS! MaTpHUIIa

Marpuua conpoTuB/JIeHMH BeTBel — ITO:
MaTpHUIa-CTOIOEI]
MaTpULA-CTPOKA
+auaroHaJIbHast MaTpuIa
BBIPOXKJICHHAsI MaTpULIA
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Marpuua TOKOB BeTBel — 3T0:
+maTpuia-crosoer
MaTpUIa-CTPOKa
KBaJipaTHasi MaTpuLa
BBIPOXK/ICHHAsI MaTpHULIA

Marpuua Hanpsi>keHuil BeTBeil — 3T0:
+MaTpuIa-cTooer
MaTpHIla-CTPOKa
KBaJpaTHas MaTPUIIQ
BBIPOJKJICHHAS! MaTpHIIa

Ecau B cxeme 4 y3/1a, TO MATPULIA Y3JI0BBIX IOTEHIHATOB COACP/KHUT:
4 cTpoku
2 CTpOKH
+3 cTpoku
S cTpoK

MaTtpuiia y3J10BbIX OTEHIIAAIOB — 3TO...
+MaTpuIa-cToaoery
MaTpHIIa-CTPOKa
KBaJIpaTHAss MaTPHIIA
BBIPOXKJICHHAS MaTPHUIIA
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Tadaunua 4 — Kpurepun oueHku ¢cGopMHUPOBAHHOCTH KOMIIETEHIUIA

Kon u Kpurepun oniennBanus copMrpoOBaHHOCTH KOMIIETECHITHH
HAaUMEHOBaHUE (4acTu KOMIIETEHIINN)
MHAMKATOpa Ha 6a30BOM ypOBHE Ha MOBBIIIIEHHOM YPOBHE
JAOCTUKCHUSA COOTBETCTBYET OLICHKE COOTBETCTBYET OLICHKE COOTBETCTBYET OLICHKE
KOMITETCHIINHU «yJIOBJIETBOPUTEIHHO «XOPOILIO» «OTJIIMYHO»
(1actu 50-64% ot 65-85% 0T MakcHUMaJIbHOTO 86-100% ot
KOMIIETEHIIMM) | MaKCMMaJbHOro 0ajuia Oayta MaKCHMaJIbHOTO Oajuia
CryzneHt Binaaeer CryzaeHT 3HaeT METObl CryzneHT XOpouIo 3HaeT
MaTepuajoM 0 TeMe, | MaTeMAaTUYECKOTo aHaliu3a | METOJbl MaTeMaTUYECKOTO
HO IIyTaeTcs B METOJIE | U MOAEIMPOBaHUS IPU aHanu3a u
rpadoB, Mozesx HCIIOJIb30BaHUU TEOPUU MOJIETTUPOBaHUS,
AJIEMEHTOB rpadoB, MOJICNIN JIEMEHTOB | AJIEMEHTHI TeOpuH rpados,
JNEKTPUYECKUX LIEeTIeH, | DJIEKTPUUECKHX IeTei, MOJIETIN 3JIEMEHTOB
VT o METO/lax pelleHHs METO/Ibl PEIIECHH CHCTEM ANEKTPUYECKUX LIETIEH,
CUCTEM ypaBHEHUU YpaBHEHUH AJIEKTPUUYECKUX | METOJbI PEIICHUSI CUCTEM
Ocymecraiier IIEKTPUYECKUX LIETICH; | Lenel, HO JOIyCKaeT YPaBHEHUN JJIEKTPUYECKUX
MOHHUTOPHHT WCTIBITHIBAET MOTPEIIHOCTH B TEOPUU LeNel JOTUYECKH MBICIIUT,
TEXHUYECKOTO | 3aTpyAHEHUs B MOUCKE | rpad)oB U METOAAxX CIOCOOCH HAXOAUTh U
COCTOSIHUS Y aHAIInu3e pELIEHHs CUCTEM aHaJIM3UPOBATh
0GOpyI0BaHHUS uHpOpMaIUY; YpaBHEHHI AJIEKTPUYECKUX | HH(POPMALNIO; TPABUIHHO
IOICTAHIHIA MPAaBWJIHHO BBIMIOJIHEHO | LIETIEH; MPAaBUIHHO BBINTOJIHEHO 86-100%
50-64% TecTOBEIX BBIIOJIHEHO 65-85% TECTOBBIX 3aJIaHUIL;
ANEKTPUUYECKUX .. ..
N 3aaHuil; Ha 0a30BOM TECTOBBIX 33/IaHUN; MOKET | CTYJEHT CIIOCOOEH C
ceteit

YPOBHE MOXKET
OCYUIECTBIIATh
MOHUTOPUHT
TEXHUYECKOTO
COCTOSIHUSI
o0opyIoBaHus
MOJACTAHIIUN
SJIEKTPUYECKHUX CETEH

CaMOCTOSATCILHO
OCYIIIECTBIIATh MOHUTOPHHT
TEXHUYECKOI'0 COCTOSHUS
000py1I0BaHUS MTOJACTAHITUN
ANEKTPUUECKUX CETEU

BBICOKOU CTEINEHbBIO
CaMOCTOSITEJIBHOCTH
OCYILECTBIISITh
MOHUTOPHHT
TEXHUYECKOT'O COCTOSIHUS
00opyI0BaHUS
MHOJICTAaHIIUU
AJIEKTPUYECKUX CETEH

Moayab 3. IlotHasi cucTeMa ypaBHEeHUI 3JIeKTPUYECKUX Leneil

TecTupoBanue (TCru, TCk)

Buvibepume ooun npasunvbHulli gapuanm omeema u HA3CMume KHONKY «/laneey
Iepsbiii 3akoH Kupxroga ajis1t MaTpunbl rJ1aBHbIX CEYeHHMH UMeeT BU:

COCTABJICHHbIC 10 BTOPOMY 3aKOHY

KOHTYPOB, Oya1yT HMeTh BH/:

D-I1=F
C-1=0
+D-1=0
D-1=C
YpaBHeHus,
CU=FE
CU =JR
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CU=JZ
+CU =0

BeTBb Ha3bIBaeTcsl Y-BeTBbIO, €CJIMN...
HaNpPsHKEHUE MOXKHO BBIPA3UTh YEPE3 TOK
HaIpsHKEHUE MOYKHO BBIPA3UTh Uepe3 CONMPOTUBIICHUE
+TOK MOKHO BBIPA3UTh YEPE3 HAIIPSIKCHUE
TOK MOYHO BBIPa3UTh U€pPE3 MPOBOJIUMOCTh

KommnoHeHTHOe ypaBHeHHe Y-BeTBH /il TOKOB 0y/1eT MMeTh BU/:
+1,=YU,+g,U,+kil,~J,
L=YU,-g,U,~kil,+J,
I, =YU,+g,U +kil,+J,
L;=YU,-gU,—kyl,=J,

Ko>¢dunuent nepenaum no To0Kky B KOMIOHEHTHOM YPaBHEHUM Y-BeTBH /Il TOKOB
0003HAYACTCH:
Y.

J

i

+ kiJ’
Eij

U

k;

YpaBHeHus nis Y-BeTBeil B MaTpu4HOI popme OyaeT uMeTh BU:
[, =-YUy—k'I +J
I, =YUy—k'I_ +J
I, ==YUy+k'I,-J
+I, =YUy+k'I. -J
Ha xakoMm u3 pucyHKoB u300pakeHa cxema Y-BeTBu?

— /\ — 1
« ZIM

v—
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rjli - riele U;

Ha xakoM u3 pucyHKoB u300pakeHa cxema Z-BeTBU?

— 1 /\ — 1
« IM

gij, U;
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BerBb Ha3bIBaeTcsi Z-BeTBbIO, €CJIM...
+HaNpPSIKEHUE MOKHO BBIPA3UTh YEPE3 TOK
HaNpsHKEHUE MOXKHO BBIPA3UTh YEPE3 CONMPOTUBIICHUE
TOK MOYHO BBIPA3UTh YE€PE3 HAMPSIKECHUE
TOK MOYHO BBIPA3UTh U€PE3 MPOBOJIUMOCTh

KommnonenTHoe YPABHECHHUE NJIsA Z-BeTBHU 1Jisl HaHpﬂ)KeHI/Iﬁ HMECT BU:
U,=Z1,—r,+k]U +E,

g

U
U, =Z1,+r,,+k;U -E,

gy

U
U,=Z1,+rl,—k;U +E,

g

— U
U,=Z,1,~r,~kiU +E,

g

YpaBHeHue Z-BeTBeil B MATPUYHOM (popMe uMeeT BUA:
U,=2I,-K'U, +E
U,=-Z1,+K"U, +E
U,=-ZI,-K U, +E
+U,=2I,+K"U, -E

Kosgppunuent nepegaum mno HANPSKEHUI0 B KOMIIOHEHTHOM YPaBHEHHMH JIJIA
Z-BeTBH VISl HANPSIKeHU 0003HAYaeTCA:
Y

J
k)
8ij
+E
KomnoHneHTHBbIe ypaBHeHHsI 00001IIEHHBIX BeTBEl 3aNMCHIBAIOTCA B BHJIE:
I, | Y K'|U, . J
u,| |kY z |1, | |E
ULy kU] [V
u,| |k z|1,]| |E
I, Uyl Y K'| |J
U, I, | kY Zz | |E
I, u,| v K’ . J
U, I, |KY Zz E

BxogHoe conpoTHBJIeHHE LENH ONPeaessieTcs CJIeAyIUM 06pa3om:

68X
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ZGX = =
]Bblx

ng — Uﬁhlx
1

USX
KH ) U@bzx
Uswx
+KH USX
U(iblx
KH ) ]GX
1
K, =t

Ko3¢gpuuuenT nepexayu mno Toky onpeaesasiercs no gopmy.ie:

Kert
K, - U]'

1
Z ; — BblX
Iex
U
Zn — 6blX
UQX
U
Z"I = =
16 bIX
+ Z N UB bIX
1

ITo xkakoii popmyJie HAXOAUTCS MepPeAATOYHAS POBOAUMOCTD?

by, Lo
U(fx
— IG)C
! UBle
I
Yn — BblX
U
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Da30Bblil CABUT Olpeae/saercsd mno popmy.ie:

(@) —tg( AE ;]

_ ()
o(w) arcctg( e )j

+o(w) = arctg( ;j

(
A(w
<o(w)=ctg( e )]

I'pynnoBasi 3aaep:xxka onpenessiercs 1o popmy.ie:

()= —%w(w)

o)
A(w)

() = p(0)
Mj

T(w) = arctg(

7(w) = —arctg( A(@)

Boipaikenusi HanpsKeHUil 4Yepe3 TOKHM VISl ABYXOOMOTO4YHOro tpancdopmaropa
MOI'YT OBITh NPEACTABJICHBI B BUJE¢ YPABHEHHH. ..
YeThIpEXNoaocHuKa B B-popme
yeTbIpexnoiatocHuka B H-popme
YETHIPEXITOIIOCHUKA B Y -hopme
+4eTBIPEXIOIIOCHUKA B Z-hopme
YpaBHeHUE YeThIPEXNOJAICHUKA B Z-(popMe 3an1MCbIBaeTCH KaK...
H _ {Ql }[z ;2}
12 QZ ZZ] 222
[Ql} _ {L }F zn}
Uy | ]2y Zn
{Ql} _ {zn Z}H
U, Zy Zp]l,
H _ {zn z}{g}
12 ZZ] ZZZ QZ
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Ilepecuyer conpoTHBJICHUS U3 BTOPUYHOM LeNH B NIEPBUYHYIO 1aeT BO3MOKHOCTb...
OIPEIICIINTDh HAIPSIKEHUE HA BXOJI€ IPU U3BECTHOM TOKE
+onpenenuTh TOK EPBUYHOM LIENUA IIPU U3BECTHOM HAIIPSXKEHUU HA BXOJIE
OIPENIEIIUTh IPOBOJAUMOCTH LETIEN
OIPEJICIUTh TOK BTOPUYHOMN LIETU IPU U3BECTHOM HANPSIKEHUU

Jlisi  ompenesieHusi TOKA M HANPSLKEHHsT BTOPUYHOH IeNM  MOJb3YHOTCS
YPABHEHHUEM...

+4eThIPEXIOJIFOCHUKA B B-hopme

YETHIPEXITOIIOCHUKA B H-hopme

YETHIPEXIIOIIOCHUKA B Y-hopme

YETHIPEXITOIIOCHUKA B Z-hopme

YpaBHeHUEe YeThIPEXNOJAICHUKA B B-popme 3anncbIBaeTcs Kak...
v, U,
+ =B
I, 1,
B U, I,]
I, U]

B ciayyae mnapajasieJIbHOIO COCIMHEHHS YeTHIPEXIOJIOCHUKOB 3KBHBAJCHTHAS
Y-maTpuua pasHa...

+cymMe Y-MaTpull OTAEIbHBIX YETHIPEXIOJIIOCHUKOB

MPOU3BEICHUIO Y -MATPULl OTAEIBHBIX YETHIPEXITOIOCHUKOB

MPOU3BEICHUIO Y -MaTPHUIIbl HA KOJIMYECTBO YETHIPEXITOIIOCHUKOB

pa3HOCTU Y -MaTpHIl OTAEJIbHBIX YETHIPEXIIOJIOCHUKOB

Ilepexon or Z-¢popMmbl Kk Y-hopMe ypaBHeHH# TPaHC(PoOpMaTOpPa BO3MOMKEH TOJBKO B
TOM CJIy4ae, KOrja...

MmaTpuua Y He ocoOeHHas

maTpuua Y ocobeHHas

+maTpuna Z He ocoOeHHas

Marpuia Z ocoOeHHas

Ilepexox or Z-¢popmbl Kk Y-popme ypaBHeHUH IJIs1 COBEPIICHHOI0 U H/1€AJTBLHOI0
Tpancdopmaropa...

+HEBO3MOXKEH

BO3MOJKEH, €CJIM MaTpulla Z He 0COOeHHas

BO3MOJXKEH, €CJI MaTpulia Y He ocoOeHHas

BO3MOJKEH, €CJIM MaTpulla B He ocoOeHHas
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/InaroHanbHas Mmatpuua conporuBiaenni (1 OM) BTOpUYHOM enH NMPHU COeAMHEHU U
3Be3/10#l ¢ HyJIeBbIM IPOBOJA0OM UMeeT BU/:

1 01
Z,=|0 1 1
111
1 0 1]
Z,={0 1 1
0 0 1
1 0 0
Z,=|0 1 0
11 1
1 00
+Z,={0 1 0
0 0 1

Ecan o0MOTKM mepBHYHON Henu TpaHchopMaTopa coeMHEHBI MO CXeMe «3Be31a»,
TO JAJIfl PacYeTa TOKOB NIEPBUYHOM LEeNH MOKeT HCIO0Jb30BaThCHA CXemMa:
Yi
|

L
—>

O 1 O
gij Ui
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D
les]
[\ )
N\,
N
_
=
1
| I |
N
W

/

I 71>
M D D
N °

Eciu 00M0oTKH nmepBHYHOI nenu TpancGopMaTopa COeUHEHBI MO CXeMe «3Be31a,
TO MaTPHUIIA KOHTYPOB Oy1eT UMeTh BH/I:

10 -1
C:
{—1 0 1}

+C{1 —10}
0 -1 1
(1 00 1 -1 0
cC=/01 0 0 1 -1
001 -1 0 1
1 0 0 -1 1 0]
c=/01 0 0 -1 1
001 1 0 -1

Mannua KOHTYPHBIX COl'[pOTI’IBJIeHI/Iﬁ onpeaeasieTcsl Kak...

Lg= Cch_l
Zg= Cchr
Lg= CZlc_l
tZy = CZICT

BexTop kouTypHbix I/IC umeer popmyay:

TE=C-E
E,=C-E-CT
Ex=E-C
Ey :CT'E

HanpsizkeHus1 Ha Harpy3Ke BTOPMYHOM LielM HAXOAATCA 1o ¢popmy.ie:
—j2.094
o

U,=20 1

1<

_ ~j2.094
,=20e
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+Q2 — 20 e*_/2A094

72.094

i2.094
e]

— 20 e—j2.094

S

Toku B Harpy3ke BTOPUYHOM LeNH HAXOAATCS M0 popmy.ie:
e—j2.094

1,=20 1

|~

_ ~j2.094
, =20 e

+£2 — 20 e—j2.094

12.094
e]

j2.094

Q

—j2.094

I,=20

Q

1

B cayyae xoporkoro 3ambikaHus (a3pl C-MaTpuUa CONMPOTHBJICHUH BTOPUYHOM
nenu umMeeT BUA:

10 0
=0 1 0
0 0 10°
1 0
=10 1
001-3
10 1

Z,=|0 1 1
10 0 107
1 0 0

Z,=|0 1 0
11 10°
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Ecain o0MOoTKM mnepBHYHOH 1nenu TpaHcOpMATOpPa COeIMHEHbI

nmo cxeme

«TPEYIroJbHHUK», TO JJIfd pacueTa TOKOB neanqHOﬁ eI UCIMOJIBb3YETCH CXeMa:

I

&
Y
—

o,

O

é}

k.

I
gij Uj;
i
ej Ie

+

Ecam o0mMoTkM mnepBH4YHO menu TpaHcdopmaropa

«TPeyroJjibHUK», TO MATPHIIA KOHTYPOB Oy1eT UMeTh BH/I:

10 -1
C =
{—1 0 1}
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IlosiBneHne OTPULATENbHBIX JEHCTBUTEJBHBIX 4YacTeil BHEIHATOHAJBHBIX
3JIEMEHTOB MATPHUILI BXOJIHOT0 CONPOTUBJIEHUS MOKHO O0bSICHUTb...

MOTEPSIMU SHEPTUU B CEPJCUHUKE

MOTEPSIMU SHEPTUU B OOMOTKaX

+1epeauyeit akTUBHON MOIIIHOCTH U3 OJHOM (ha3bl B IPYTYIO

IPOTEKAHHUEM TOKOB YTEUKHU

JJIeMeHTbI Z-MaTpHULbI TPaHC(PoOpMaTOpPa MOIYT OBITh OIIPe/IeJICHbI. ..
10 MMaCMOPTHBIM JaHHBIM TpaHchopmaTopa
JKCIEPUMEHTAIIBHO
+KaK 3KCIIEpUMEHTAIbHO, TAK U 110 NACIIOPTHBIM JaHHBIM
TOJIBKO C IIOMOILBIO PACUETOB

YpaBHeHUSIMU LeNH /1151 MTHOBEHHBIX 3HAYE€HUI TOKOB U HANIPSI2KEHU SBJIAETCH:
cucrtema quddepeHIanbHbIX YpaBHEHU N
CUCTEMA aredpandecKux ypaBHEHUN
+cucrema nudpepeHInaIbHbIX U alreOpanyecKux ypaBHEHUM
cuctema auddepeHaIbHbIX ypaBHEHUH B oriepaTopHOi hopme

HopMmasibHas cucTeMa ypaBHEHUH NMEPEMEHHBIX COCTOSIHUSA
Y=AX+BV
+§K=4X+QV
dt
Y=A,X+BV
ég=AZX+BZV
dt

ypaBHeHHH BBIXOAHBIX IIEPEMECHHDBIX 3AIIMCBIBAIOTCHA B CJCAYIOIIEM BH/IC:

Y=A4X+BV
d—X: AX+ BV
dt

+Y=4,X+B,V
ax _ A,X + BV
dt

YpaBHeHUS NTePEMEHHBIX COCTOSTHUSA COCTABJIAIOT...

C oMo1IbIo 3aKk0HOB Kupxroga

Ha OCHOBAHWH IIPUHIINAIIA HAIOKEHUS

C MOMOIIBIO TOMOJIOTMYECKUX MATpHUI] CEYEHUI U KOHTYpOB U 3akoHOB Kupxroda
B MaTpUYHOU popme

+BO3MOKHBI BCE BAPUAHTHI
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Ecau B nenu HeT eMKOCTHBIX KOHTYPOB M MHAYKTHBHBIX CEYeHHH, TO YPABHEHHS
COCTOSIHUSI MOKHO COCTABHTh...

¢ momoIibio 3akoHOB Kupxroda

+Ha OCHOBaHUU MPUHIINUIA HATOKECHUS

C TIOMOIIIbIO TOTIOJIOTUYECKUX MATPUIl CEYCHUN U KOHTYpPOB U 3aKOHOB Kupxroda
B MaTpU4HOU hopme

BO3MOXHbBI BCE BAPUAHTHI

Il.]'[ﬂ TOKOB B EMKOCTAX H Hal'[pﬂ?l(eHI/Iﬁ Ha HWHIAYKTUBHOCTHAX CHPaBCAJIHBO
COOTHOLIICHHE:

ic | L 0 ucj
u, 0 C)\i
ic) c 0 uLj
u, 0 L) \i.
i) (C 0 uCJ
U 0 L)\
Lo
u, 0 L)\

Kakue Marpuubl npeacraBjisilOT €000l BXOJAHBbIE W B3aMMHbIC IPOBOAUMOCTH
BeTBel ¢ ucue?

+Hcew He,

Hep v Hey

Hycw Hp,

HyywnHp,

Kakue wmarpunbl mnpeacTaBissiloT ¢000ii ko3 PUIHEHTHI TepeaavYd TOKa
COOTBETCTBYIOIIMX BeTBei?
Hcen He,
+Hcep v Hey
Hicw Hi,
Hppn Hyy
Kakue maTpunbl npeacTaBiasioT co00i ko3 GpuumeHThI Nepeavn HaNnpsKeHus?
Heen He,
Hep v Hey
+Hicw Hp,
Hipn Hpy

Kakune maTpuubl npeacTaBjisilOT c000M BXOJAHbIe W B3aHUMHbIC CONPOTHBJICHHUS
COOTBETCTBYIOIIIMX BeTBei?

Heen He,

Hepm Hey

Hpen Hy,
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+H n Hyy

Ecan kakablid 3JIeMEeHT JIEeKTPU4YeCKOW LenH BblIeJsieTcsl B KaYecTBe BeTBH, TO
OTHeCeHUe BeTBeH K JiepeBy MJIM CBA3SIM cJIeAyeT POU3BOAUTh...

C YYETOM MPEbIAYyIIEr0

+C y4eToM CleayrouIero

C YUETOM BCEX JIEPEBHEB

0e3 yuera JepeBbeB

I'pad 3iaekTpryYecKod uenu, COAepPKAIUUN HOPMAJbHOE JAEePeBO M HOPMAJbHBIN
noarpag cBsizei, Ha3bIBAKT:

+HOpaBUIbHBIM

CBSI3aHHBIM

IJTAHAPHBIM

U30MOP(PHBIM

Henocrarkamu ypaBHeHUH epeMEHHbBIX COCTOSIHUS SIBJISIOTCH:
CJIO)HOCTb UCKJIIOUYEHUS alnreOpandyeckux ypaBHEHUN
[OJIy4yaeMble MaTPHULIbI HE ABIISAIOTCA pa3psHKEHHBIMU
+00a yKa3aHHbIE HEIOCTaTKa
HU OJMH U3 YKa3aHHbBIX HEJOCTaTKOB

InddepenunaibHbie YpaBHEHHsI EPBOr0 MOPSiAKA, 3anucaHubie B (popme Komu,

OyayT UMeTh BH/:

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

X _ yx+By
dt
Y=4,X+BV

%X(t) = BX(1)+ AV ()

HauboJ1ee npocToil MeTOA YUCJIEHHOI0 PelICHUs YPAaBHEHHMH, 3alIMCAHHBIX B (popme
Kommu:

SIBHBIA MeTO Diliiepa

anroputm Pynre-KyTra nepBoro nopsaka

HU OJIMH U3 YKa3aHHBIX METOJIOB

+00a MeToa

Y cToiiuyuBOCTH SBHOTO MeTO1a Jiljiepa 3aBUCHUT OT...
+mara A
ITIOCTOSTHHOM BPEMEHU LEIHN T
MaKCHUMaJTBbHOTO KO3(PPUITUEHTA 3aTYXAHUS gy
OT BCEX YKa3aHHBIX MapaMeTPOB
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IlapameTp, KOHTpoOJUpPYWOIIMI nNOrpemHOCT, pemenuss B MathCAD npu
aBTOMAaTHYE€CKOM BbIOOpe IIara HHTErpupoOBaHNsl, 0003HAYAETCH:

+acc

kmax

npoints

save

MakcumanbHoe 4ucja0 y3j0B ceTku B MathCAD, B KoTOpbBIX MOKET OBITH
BbIYMCJICHO pelIeHue 32Ja4U HA 0TpPe3Ke, 0003HAYAeTCH:

acc

+kmax

npoints

save

Haumenbiee ponmyctumoe 3HadeHume mara B MathCAD aas  ¢QyHkomili ¢
aBTOMATHYE€CKUM BbIOOPOM LIAra 0003Ha4aercs...

acc

kmax

npoints

tsave

Kakue neiictBusi He00X0AUMO BBINOJHUTH TNPH pacyeTe INEPeXOAHbIX IMPOLECCOB B
CJIOKHBIX Hensix?

anmpokcuMaIuo auddepeHnanbHbIX YPaBHEHUH OTACIBHBIX JJIEMEHTOB IeHel
Pa3HOCTHBIMHU YPABHEHUSIMH, C KOTOPBIMH COIIOCTABJISIFOTCS YACTO PE3UCTUBHBIEC CXEMBI
3aMEIICHUS

dbopMHupOBaHHE HA KaXOM IIIare pacuera CUCTEeM alnreOpandecKux ypaBHEHHH,
COOTBETCTBYIOUIUX PE3UCTUBHBIM CXEMaM 3aMEIICHUS Lenei

MOCJIE0BATEILHOE PEIICHUE TOJYYEHHBIX CUCTEM alreOpandecKux ypaBHEHUN

+BCE yKa3aHHbIC IECUCTBUS
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Tadoamnua 5 — Kpurepun onenku ¢cGopMHUPOBAHHOCTH KOMIIETEHIIUIA

Konu Kputepuu oniennBanusi chopMrUpOBaHHOCTH KOMIIETEHIIUN
HAaMCHOBaHHE (4acTv KOMIETCHITUH)
WHIUKAaTOpa Ha 0230BOM YpPOBHE Ha MOBBIIICHHOM YPOBHE
AOCTUIKCHU COOTBETCTBYCT OLICHKE COOTBETCTBYET OLICHKE COOTBETCTBYCT OLICHKE
KOMIICTCHLIMHU «YIOBIIETBOPUTEITHHO «XOPOIIIOH «OTIINYHO
(uactu 50-64% ot 65-85% ot 86-100% ot
KOMIIETEHIINH ) MaKCHUMAaJILHOT'O Oamia MaKCUMAaJILHOTO Oasuia MaKCHMAaJILHOT'O Oaiia
-1 1koc-1 CryneHT Bnazgeer CryneHT 3HaeT MeTobl CryaeHT npuHUMaeT
Ocy1iecTBIsET MaTepuajoM I0 TeEME, MaTeMaTHYeCKOro aHaJiu3a | aKTUBHOE Y4acTHE B XOJIe
MOHHTOPHHT HO MyTaeTcsl B METO/I€ | M MOJEIUPOBAHMUS, MIPOBEACHUS
X HIECKOrO rpadoB, MOJEIIX 3JIEMEHTHI TeOpHH rpad)oB, | MPAKTUUYECKOTO 3aHSATHUS,
DIIEMEHTOB MOJEIH DJIIEMEHTOB 3HAET METOJIBI
COCTOSTHHA ANEKTPUUECKUX IETNeH, | AIEKTPUUECKUX LIETICH, MaTEMaTHYECKOTO
000pyI0BaHHU METO/IaX PEIICHHSI METOBI PEIIEHUS CHCTEM aHaJIN3a U
HO/ICTAHIMI CUCTEM ypaBHEHUI YPaBHEHUHU JJIEKTPUUYECKUX | MOJECIMPOBAHMS,
ANEKTPUUECKUX ANEKTPUYECKUX LeNel, | Lenei, MeToIbl pacuera AJIEMEHTBI TCOPHH
cereit MeTOoJax pacuera MEePEXOHBIX MPOIIECCOB, rpadoB, MOJETH

MEePEXOIHBIX
MPOLECCOB M LENEN ¢
TpaHcopmaTopamu;
HCIIBITHIBACT
3aTpyJHEHUS B IOUCKE
Y aHaJIu3e
uH(pOpMaLINK;
MPaBUIILHO BBITTOJTHUIT
86-100% TecToBbIX
3aJlaHni; Ha 0a30BOM
YPOBHE MOXET
OCYIIECTBIISTh
MOHUTOPHUHT
TEXHUYECKOTO
COCTOSIHUSI
obopyoBaHus
HOACTaHIINN
BJIEKTPUYECKUX CETEH

HO JIOTyCKaeT
MOTPEITHOCTH B TEOPUHU
rpadoB, MOJEIIX
3JIEMEHTOB JIEKTPUUECKUX
1enei, MeTo1ax penieHus
CUCTEM ypaBHEHUI
ANEKTPUYECKUX LICTICH,
MeTOoJax pacuera
MEPEXO/IHBIX MPOIECCOB;
IIPABWJIbHO BBIIIOJIHUI 86-
100% TecTOBBIX 3aJaHHUM;
MOXET CaMOCTOSATEIBLHO
OCYUIECTBIISATH
MOHHUTOPHHT
TEXHUUYECKOT'O COCTOSTHUS
obopyoBaHus
HOJICTAHIIMHA
BJIEKTPUYECKUX CETEU

9JIEMEHTOB
3JIEKTPUYECKUX LIETEMH,
METO/Ibl PEIICHUS CUCTEM
YpaBHEHUI
3JIEKTPUYECKUX LICTIEH,
METO/IbI pacyeTa
MEePEXOAHBIX MPOIECCOB;
JIOTUYECKH MEICIINT,
MPaBWIHHO BBITTOJIHUII
86-100% TecToBBIX
3aJlaHHUI; CIIOCOOEH C
BBICOKOM CTEIICHBIO
CaMOCTOSITEILHOCTH
OCYILIECTBJISATh
MOHHUTOPHUHT
TEXHHUYISCKOTO COCTOSHHUS
o0opyaoBaHus
MHOJICTAaHIIUH
AJIEKTPUUECKUX CETEH
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Monayab 4. 3a1a4u TUATHOCTUKH JIeKTPUYeCKHX Heneid. UyBCTBUTEIBLHOCTD.
Oco0eHHOCTH pacyeTa HeJIMHENHBIX Hene

TecrupoBanue (TCru, TCk)

Buvibepume o0un npasunvHulll gapuanm omeema u HAddCMume KHONKy «/{aneey

Mepa BiuSIHMS W3MEHEHUS TMapaMeTPOB CHCTeMbl HA ee XapaKTePUCTHKH
(cBoiicTBA):

BOCIIPUUMYHUBOCTD
+4yBCTBUTEIBLHOCTD
JIMarHOCTHKA
OTKJIUK

HpI/I‘-II/IHbI HUCCJICA0BAHUA YYBCTBUTCJIbHOCTH JJICKTPUICCKHUX neneu:

IMIOMOTacT MMOHUMATh, KaK Bapuanus KaKoro-anoo mapamMeTpa 3JICMCHTA BJIMACT Ha
OTKIJIMK LICIIN

MOMOTAEeT CPAaBHUTh KAYE€CTBO PA3IMUHBIX LIETICH, UIMEIOIINX OAUHAKOBBIA OTKIIUK MPU
HOMUWHAJIBHBIX MTapamMeTpax

OIIpCACIIACT TPaaAUCHT (bYHKHI/II/I, KOTOpLIﬁ HUCIIOJIB3YCTCA IIPpU OIITHMHU3ALUN
CXCMbI

+BCE YKa3aHHBIC IPUYHUHBI

ITo kakoii u3 popmyJi onpeaesisieTcss 4YyBCTBUTEIBLHOCTD 10 nmapametpy h?

+Df _dar
dh

S{ _ olnF
olnh

olnh

D,f _ OlnF
oh

IIo kakoii wu3 d¢opMya omnpeaessiercs OTHOCUTeJNbHAasE (HOPMHMPOBAHHAS)
YYBCTBHUTEJIbHOCTb?

r_dF
" dh
_'_Sf:@lnF
" Olnh
" Olnh
thzalnF
oh
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IIo xakoi u3 ¢popmyJ onpenesieTcs MOJTYHOPMUPOBAHHASL YYBCTBUTEJIbHOCTDH NPH
F=0?

le=d_F
dh
S’f:@lnF
olnh
+D] = oF
Olnh
szalnF
Oh

IIo xakoi u3 ¢popmyJ onpenesieTcs MOJTYHOPMUPOBAHHASL YYBCTBUTEJIbHOCTh NPH
h=0?

DhF:d_F

dh
S’f:@lnF
olnh

F_ oF
" olnh
_i_D::@lnF
oh

ca e [

YpaBHeHHUS] KOHTYPHBIX TOKOB /ISl JAHHOM CXeMbI
OyayT UMeTh BH/:

n n+r - | 1| | E
- n+n|l, 1o

_Il
12

}{7”1""”3 - 1 _El_
-1 ntn

0
I |n+r —r 0]
_Ij{—ig n+r| | E
n+r, - }{12_ _E1_

-1, ntr 1] 0

Ecniu BbIXOAHAs CKajdsipHas BeJUMYMHA SABJseTCS JHHEHHONH KoOMOMHaumewn
KOMIIOHEHTOB BeKTOpa @ =d’'X, TO 3agadya BbIYHCJIEHHUS 4YYBCTBUTEJIHLHOCTH
cKaJsApHON pyHKuuM @ K napaMeTrpy umeeT BH/:

oo
oh oh
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@_dr(@]

Oh oX

+a_@:dT(a_Xj
Oh oh

3 _ (%)
oD oh

MeTrox OMArHOCTHKHM TACCHBHBIX JJIEKTPHUYECKHX Ieneil, OCHOBAHHbIN Ha
JKCIEPUMEHTAJIBHOM OIPEACJICHUM MATPHUUbI Y3JIOBbIX CONPOTHUBJEHHMH H
MOCJAeAYIOIIEeM pacyeTe MATPULbI Y, HA3bIBACTCS:

METOJI KOHTYPHBIX TOKOB

METO/I Y3JIOBBIX MPOBOJAUMOCTEH

MCTOJ Y3JOBBIX IIOTCHIIHMAJIOB
+METO/I Y3JI0BBIX COHpOTI/IBJIeHI/Iﬁ

s peanu3anuu MeTOAA Y3JI0BbIX CONPOTHUBJIEHMHA Mexay y3iaamu 0 wum j
MHOI'OIIOJIIOCHUKA BKJIIOYAIOT:

nctounuk JJ[C

+HUCTOYHHK TOKA

COIIPOTUBJICHUE

LIYHT

Ecim M3BeCTHO, YTO IMArHOCTHPYETCS B3aUMHAasi dJIEKTPUYecKasi Lelb, 00J1a1al01as
CHMMETPUYHBIMU MaTpuuamMu Y u Z, 1o 1 nocrpoenHusi cucrembl YU=1 koimnuyecTBo
U3MepeHunii, HeOOXOAMMBIX IS BOCCO3JaHUSI HUKHeH (BepXHel) TPeyroJibHOM 4acTh
MAaTpHIbl, OyJeT PAaBHO:

n

n-1
2
n

tn(n-1)/2

JIOCTOMHCTBOM MeTO0/a y3JI0BbIX CONPOTHBJICHHUH SIBJIACTCH:
HEOOJIBIIOE KOJMYECTBO yPAaBHEHU I
otrcyTcTBUE U (PepeHnanbHbIX ypaBHEHUI
+1pOCTOTA HKCIIEPUMEHTAIBHON 4acTU
KOJIMYECTBO HEU3BECTHBIX MEHbIIIE KOJUYECTBA YPABHEHUI

Kakue npuOopsl TpeOyHOTCH I/ BbINOJHEHUS 3JKCIEPHUMEHTAJbHON YacTH
AMATHOCTHKH 3JEKTPUYECKOM 1[eNd MeTOI0M Y3JI0OBBIX CONIPOTUBJICHUI?

OJWH aMIIEpMETP

OJWH BOJIbTMETP

OJUH peryiaupyembiid uctounuk IJ1C

+Bce yKa3zaHHbIE PUOOPHI
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MeToa IUArHOCTMKH, MO3BOJAIOIIUNA MPOBECTH IKCIHEPUMEHTAJIBHYI0 4acTh TaK,
YTOObI YIIPOCTHJIACH BHIYUCIUTENbHAA YACTh Pad0ThI /10 €e MOJTHOI0 HCKJIIYEeHHUS:
METOJl KOHTYPHBIX TOKOB
+METO/1 Y3JIOBBIX TPOBOJUMOCTEMN
METOJ Y3JIOBBIX ITIOTEHLIUAJIOB
METOJ Y3JIOBBIX COIIPOTUBIICHUN

Ilpy ucnoOBL30BAHMHM MeTOAAa Y3JIOBBIX NPOBOAUMOCTEN IJ51 pelleHUsl 3agauM
AUATHOCTHKH CYMMAPHOE YMCJI0 U3MEPEeHN i TOKOB...

00JIBIIIe, YeM YMCIIO HEU3BECTHBIX

+MeHbIIE, YEM YHCIIO HEM3BECTHBIX

PaBHO YHUCITY HCHU3BCCTHBIX
B /IBa pasa 60J'IBHIG, YCM 4YHMCJIO HCU3BCCTHBIX

MeTtoa y3/10BBIX IPOBOAUMOCTEN 1a€T BO3MOKHOCTH NMPAKTUYECKH 000 THCH 0€3...
M3MEPEHUN TOKOB
U3MEPEHUN HAPSKEHUN
U3MEpPUTEIbHBIX TPUOOPOB
+BBIYUCIIUTEIILHON YaCTH

HenocTaTku MeTO/10B AUATHOCTUKH LeIei:
HE0OXOMMOCTh MMPUMEHEHHUS OOJIBIIIOTO YK CIIa U3MEPUTEIBHBIX PUOOPOB
OCYIIECTBICHIUE MHOTOKPATHBIX U3MEPEHUN 11eTH
PE3KO BO3PACTAET YUCIIO U3MEPECHUI TOKOB
+BC€ yKa3aHHBIC HEJOCTATKH

Ha xkakom u3 PUCYHKOB n306pa>1<eHa BOJIbT-aMIIEPHAasA XapaKTCPUCTUKA 3JIE€MEHTa,

YIIpaBJjasieMoro 1o Haﬂpﬂ)KeHl/IIO?
U a

Y

—
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I[A]

/_,_/0‘ -

I[A]

{

—— e

Ha kakoM u3 pHCYHKOB H300pakeHa BOJIbT-aMIIEPHASl XaPAKTEPUCTHKA 3JIeMEHTa,

yHpaBJIieMOro no ToxKy?
U

Ial

= U [B]
_.-—-"/

®yukuus B MathCAD, ucnosnb3yomasicst 1Jis1 TMHEHHOW HHTEPIIOJISILMHU:
cspline(VX, VY)
+linterp(VX, VY, x)
Ispline(VX, VY)
pspline(VX, VY)
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C nomompbl Kakux (QYHKOUA NMPOBOAWTCH CIVIAHH-ANNPOKCHUMANUS HA NEPBOM
rane?

+espline(VX, VY), pspline(VX, VY), Ispline(VX, VY)

interp(VX, VY, x); linterp(VX, VY, x)

root; polyroots

find; minerr

C noMompb Kakoi (PYHKOMH TPOBOIAUTCH CIUIAMH-aNMPOKCHMALMS Ha BTOPOM
rame?

cspline(VX, VY)

+interp(VX, VY, x)

Ispline(VX, VY)

pspline(VX, VY)

Kakas ¢yHknusi ucmosb3yercsi AJIsl peaju3aliu JMHEHHOW perpeccu o0miero
Buaa’?

+linfit(VX, VY, F)

linterp(VX, VY, x)

Ispline(VX, VY)

pspline(VX, VY)

Jlis cocTaBjieHHsl ypaBHeHMid 1o BTopoMy 3akoHy Kupxroda HezaBucCHMBIE
KOHTYPBbI BEIOMPAKOTCHA TAKMM 00pa3oM, 4YTOOHI...
oOlue BETBU COeprKalu HeIMHEeWHbIE aneMeHThl ¢ BAX, ynpaBisieMbIMH TOKOM
BETBHU CBSI3U COZAEPIKaIN HEJIMHEWHbIE ieMeHThl ¢ BAX, ynpaBisieMbIMU
HaNpsHKEHUEM
+ITOJKHBI COOMIOATHCS 00a YCIOBUS
HU OJTHO U3 YCIIOBUH HE JTOJKHO COOIOaThCs

CkoybKO BeTBeil JepeBa JOJKHbI CONEPKATH Y3Jibl, A1 KOTOPbIX COCTABJISIIOTCS
yYPaBHeHHS 10 nepBoMYy 3akoHy Kupxroga?

+ onHy

JIBE

TpH

HU OJHOM

YpaBHeHUS Y3JIOBBIX HANPSKEHUH COCTABJISIOTCH JJIf Lened, 3JIeMeHTaMH
KOTOPBIX ABJIAIOTCH...
PE3UCTUBHBIE DJIEMEHTHI C MOHOTOHHBIMU XapaKTEPUCTUKAMU
JBYXIIOJIFOCHBIE 3JIEMEHTHI C HEMOHOTOHHBIMH XapaKTEPUCTUKAMU S-THUIIA,
YIPaBJISIEMBIMU HAIIPSHKEHUEM
3aBUCHMBbBIE UCTOYHHUKH TOKA, YIIPABIIEMbI€ HANIPSDHKEHUEM
+BC€ YKa3aHHBIEC DJICMEHTEI

47



B kakue 3j1eMeHTHI 1LleNU cJieayeT NMpeodpa3oBaTh 3aBUCHMble HCTOYHMKH JAPYrHX
TUnoB (He UTYH)?

B UCTOYHHMKH TOKA, YIIPaBJISEMbIC TOKOM

+B HCTOYHUKH TOKA, YIIPABIIIEMbIC HAIPSHKCHUEM

B HCTOYHHMKH HANPSHKCHUS, YIIPaBIIsieMbIe HAPSHKCHHEM

B UCTOYHHUKHU HANPSDKCHHSI, YIIPABISAEMbIC TOKOM

Kakoii y3es nenu ciaeayer npuHMMATh 32 0a3UCHBIN?
+y3el1, B KOTOPOM CXOJUTCSI HAanOOJIbIIEE YUCIO HEIMHEWHBIX 2JIEMEHTOB
y3€J1, B KOTOPOM CXOJUTCSI HAMMEHBLIEE YHCIIO HEJIMHEWHBIX 3JIEMEHTOB
y3€J1, B KOTOPOM CXOZSTCS TOJBKO JJUHEHHBIE 2JIEMEHTHI
y3€ll, B KOTOPOM CXOJSTCSl BETBU ¢ UcTOUHUKamMu D /[C

YpaBHenue 3aBHCMMOI0 HCTOYHHMKA TOKA, YNPaBJIseMoro HanpsuxenueMm Uy Mexay
y3JIaMH i U j, UMeeT BU/:

i, =GU,
i, :meU.
+1i, =gmUl.j
i, =nU;

Ilpu cocraBjeHuM THOPUAHBIX YpPaBHEHMHI B KayecTBe BeTBeH JepeBa
NPUHUMAIOT. ..

ucrounuku 3J[C
HEJIMHEHHbIC PE3UCTUBHBIC BJIEMEHTHI, XapaKTEPUCTUKU KOTOPBIX YIIPABIISIIOTCS
HanpsHKEHUEM WJIM 3aJIaHbl B BUJI€ 3aBUCUMOCTH OT HaNPSIHKEHUS

JUHENHBIE PE3UCTUBHBIC DJIEMEHTHI, HYKHBIE JJIsl oOpa3oBaHus Y-1 BeTBel gepeBa
+BC€ yKa3aHHbIC BapHUAHTBI

Ilpn cocraBieHuM rUOPUIHBLIX YPaBHEHMH B KauyecTBe BeTBedl CB3UM (X0pa)
NPUHUMAKTCA. ..

HEJIMHEWHBIC PE3UCTUBHLBIC JJICMCHTLI, XAPAKTCPHUCTUKKU KOTOPBIX YIIPABIAIOTCA
TOKOM HJIH 3aJaHbl B 3aBUCHUMOCTHU OT TOKa

HCTOYHHKH TOKaA

JIMHCHHBIC PE3UCTUBHBIC 3JICMCHTHI

+BCE YKa3aHHBIC 3JICMCHTBI
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Ha kaxoM U3 prCyHKOB H300paxkeH rpad, cocTaBJIeHHbIN 1JI51 JAHHOU CXeMbl?

®yuknusa B MathCAD, ¢ noMoumbi0 KOTOPOii HAXOAMTCS pPelIeHue 1JIsl MPoCcTeHImmx
HeJIMHeHbIX ypaBHennid Buaa F(x)=0:

+root

polyroots
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find

minerr

®yukuusa B MathCAD s moucka KopHeil 00bIYHOI0 IOJIHHOMA p(X) CTEIeHH n:
root
+polyroots
find

minerr

dyukuuei polyroots(V) He pekoOMeHayeTCsl MOJb30BATHCS, €CJU CTeNeHb MOJNHOMA
BbILIIE...

BTOpPOU

YETBEPTOMN

+mecron

JEBSATON

Eciu peumienue cucreMbl HeJIMHEHHBIX ypaBHEHHUIl peajibHO CYIIeCTBYeT, TO B
BBIYHCJIUTEIBLHOM 0J10Ke, OTKPHIBAEMOM CJIOBOM Given, UcnoJib3yercs QyHKIMs:
root
polyroots
+find
interp

DyHKUNUA, HUCHOJb3YIOIIASCH [IJf PelIeHUs CHUCTeM HeJUHEHHBIX YPABHEHHMH,
KOTOpPasi  NbITAeTCH  HAWTH  MaKCHMMaJbHOe  NPHOJMIKEHHME  Jame K
HECYLIeCTBYIWIEMY PpeIlIeHHI MNyreM MUHMMHU3AUUU CPeIHEKBAJAPATHYHOU
MOIrPEIIHOCTH PelIeHUs, HA3bIBACTCSH:

root

polyroots

find

+miner

DJIeKTpUYecKasi Lellb Ha3bIBaeTCsl HEeJIMHEHHOM, eCJIn. ..

r, L, C unmu M He 3aBUCAT OT 3HAUYCHUN TOKOB WJIM HANPSHKEHUM B 3TOM y4acTKe
Lenu

+r, L, C unmu M x0Ts ObI OAHOTO U3 YYaCTKOB 3aBUCAT OT 3HAYCHHUH WJIM TOKOB,
WA HAMPSKCHUW B 3TOM Y4acCTKe LIEIH

r, L, C umu M X0Ts OBl OJTHOTO M3 YYaCTKOB 3aBHUCST TOJBKO OT 3HAYCHHUI TOKOB B
3TOM yYacCTKe LN

r, L, C wiu M XoTa Obl OJHOrO W3 YYacTKOB 3aBUCAT TOJIbKO OT 3HAYCHUM
HaNpsHKEHUN HA 3TOM Y4YacTKE LENn
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JIJifl HeJIMHEHHBIX JJIEKTPUYECKHUX Heneil mapamerpslt r, L, Cu M...
+3aBUCAT OT TOKOB U HAIIPSHKEHUN
HE 3aBUCAT OT TOKOB U HANIPSKEHUN
3aBUCST TOJBKO OT TOKOB
3aBUCST TOJBKO OT HANPSKEHUMN

Tadiamnua 6 — Kpurepun oneHku ¢cGpopMHUpPOBAHHOCTH KOMIIETeHLUI

Kon u Kputepuu oniernBanmsi chopMHUpOBaHHOCTH KOMIIETCHIIUN
HaMEHOBaHUE (4acTH KOMIICTCHITUH )
HHAWKATOpa Ha 0a30BOM YpOBHE HA NOBBIILIEHHOM YPOBHE
MOCTUKCHUS COOTBETCTBYET OLIEHKE COOTBETCTBYET OLICHKE COOTBETCTBYET OLICHKE
KOMIICTCHI N «YHOOBJICTBOPUTEIILHOY «XOpOoIIO» «OTJIMYHO»
(qacTn 50-64% ot 65-85% ot 86-100% ot
KOMIETEHIMH) MaKCUMaJIbHOTO OaJiia MaKCHUMaJIbHOTo Oasia MaKCUMaJbHOTO OaJia
-1 11koc 1 CryneHT Bnageet CtyneHT 3HaeT METO/Ibl CryneHT XopoIo 3HaeT
OCYH.[eCTBHHeT HaBBIKAMU MaTEMaTU4YCCKOIro METOAbI MATEMATHUYCCKOI'O
MOHUTOPUHT MaTeMaTU4ICCKOIo aHaJin3a u aHaJin3a u
TEXHIYECKOIO aHAIN3a U MOJIETTUPOBAHUSA } MOJICJIMPOBAHUS, METObI
COCTOSIHIS MOJEJTUPOBAHUS JIIEKTPUYECKUX LETEH, peleHus (iI/ICTGM }
37IeKTPHYECKHX Ilereii; | MCTOBI PEIICHUS CUCTEM | YPABHCHHH HEIMHEHHbIX
0bopyoBaHUs HABBIKAMH PEIICHHS YPaBHEHUW HEJIMHEHHBIX | AJIEKTPUYECKHUX LIETIEH;
NOJCTaHIUI CHCTEM ypaBHEHHIA 3IIEKTPUYECKUX TIETICH; JJOTUYECKU MBICIIUT,
BIIEKTPUUECKHUX HEeTUHEHHBIX CITOCOOBI ITOUCKA, CITIOCOOCH HAXOAUTh U
ceTeit 37IeKTPHYECKHX Ilerei, | XPaHCHHUS, 00paboTKu 1 AHAIM3UPOBATH
HO HCIIBITBIBACT aHaym3a nHGopMauu; HO | HH(OPMAIIHIO;
3aTpy/IHEHHs B TOMCKe | AOIMYCKACT MOTPELIHOCTU | MPABHJIBHO BHIIOIHCHO
W aHaIu3e B PEIICHUU CUCTEM 86-100% TecToBBIX
uH(OpMAINH; YPABHEHUI HEJIMHEHHBIX | 3aJJaHUl; CTyACHT
TIPABUJILHO BBITIONHEHO | YICKTPHICCKHUX LICIICH; CIIOCOOEH C BBEICOKOM
50-64% TeCTOBBIX MPABUJIBHO BBITIOJIHEHO CTENEHBIO
SaHaHI/Iﬁ; CTYJCHT Ha 65-85% TeCTOBBIX CaMOCTOATCIbPHOCTHU
6a30BOM YPOBHE 3aJlaHUl; CTYICHT MOXKET | OCYyLIECTBIATh
MOJKET OCYLIECTBIATh CaMOCTOATCIbHO MOHUTOPHHT
MOHMTOPUHT OCYILIECTBJIATh TEXHUYECKOTO COCTOSHUSA
TEXHUYECKOTO MOHUTOPHHT O60py,HOBaHI/I51
COCTOSIHUS TEXHUYECKOT'O COCTOSHUS | MOJICTaHIUN
O60py,I[OBaHI/I$I O60py,I[OBaHI/Iﬂ QJICKTPHUYICCKUX ceTen
MOICTAHLIUI HOJCTAHIIUI
AIEKTPUYECKUX CETeH DJICKTPUYCCKHUX CETCH

2 OHEHUBAHMUME IIMCBMEHHBIX PABOT CTYAEHTOB,
PETVIAMEHTHUPYEMbBIX YYEBHBIM INIAHOM

PacuetHo-rpaguueckasi padora «Tpexdasnbie nenmw»
Tunosass PI'P, BeImosiHseTCS MO BapuaHTaM B COOTBETCTBUHU C METOJMYECKHUMU
YKa3aHUSAMU.
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Tabauna 7 — @opMupyeMblie KOMIETEHIIUN (MJIM UX YACTH)

Ko u HanmeHoBaHue uHAMKATOpA O1ieHOYHEBIE
Konx 1 nanmenoBanue
JIOCTHIKECHUS KOMIIETEHIINHN MaTepuabl
KOMIIETCHIINHU
(4acTH KOMIIETCHITHHN ) Y CpEJICTBA
[TK,-1. CnocobeH ocymiecTBIsATh [IpoBepka

N-11kec-1 OcyliecTBiasieT MOHUTOPUHT

MOHHUTOPHUHI TEXHUYECKOTO coxnepxanus PI'P
TEXHUYECKOT'O COCTOSHUS 000PY10BaHHUS
COCTOSIHUSI 000pYyIOBaHUS N . Samura PT'P
N . MOJICTAaHIINH IEKTPUIECKUX CeTei
NOJICTAHINI 3JIEKTPUUECKUX CEeTel (cobecenoBanue)
Tabimua 8 — Kpurepun oueHkn pacyeTHo-rpadgpuyeckoit padoTbl
[Tokazarenu KonndectBo 6amioB
MUHUMAJIILHOE MakKCHUMaJIbHOE
Cobmonenue rpaduka Beimonaenus PI'P 5 10
3amura PI'P 5 10
Hroro: 10 20

Onenka chOpMHUPOBAHHOCTH KOMITETCHIIMM TIPH BHITIOJHEHUN U 3aIIUTE PACUETHO-
rpadudeckoit paboTel ocymiecTBisieTcss 1o Onoky «3ammra PIPy». Kpurtepun
OIICHUBAHUS C(HOPMUPOBAHHOCTH KOMITETECHIIUI MTPEACTABICHBI B TaOmiie 9.

Tabimua 9 — Kpurepuu oueHku cHOpMHUPOBAHHOCTH KOMIIETEHIIMM IO pPacyeTHO-
rpaduueckoii padore

Kox n HaumeHnoBanue Kpurepuu oniennBanus copMupoBaHHOCTH KOMIIETEHIH
WHIUKaTOpa (4acTu KOMITETCHITIH )
JOCTUKEHUS Ha 0a30BOM YpOBHE Ha TOBBIIICHHOM YPOBHE
KOMIeTeHIUH (4acTi | CTyIeHT CocOOeH OLIEHUBATh CTyneHT BBITIOTHUI U 3aIUTHII
KOMIIETEHIIUH) pe3yJIbTaThl BHIMOJIHEHHBIX PACYETOB, | pabOTy B CPOK, OCBOMII paboOTy B
N JT-1 rxoc-1 ocBou paboty B makere MathCAD, nakere MathCAD, Ha xopotiem
OcyIecTBAseT MO0Ka3aJl TOTOBHOCTh MCII0JIb30BaTh M0JIb30BATEIBCKOM YPOBHE U
METO/Ibl MATEMAaTUYECKOTO aHaIN3a U | YCIEIIHO UCIOIb30Bal €ro IpU
MOHHTOPHHT MOJIETUPOBAHUS, JIEMEHTBI TEOPUU BBITIOJIHEHUH PAcYEeTOB; B paboTe
TECXHUYCCKOTO MaTpul] U rpadoB; COCTABIATH MOJIENIN | ITOKa3all TOTOBHOCTh MCIIOJIb30BaTh
COCTOSIHUS 3JIEMEHTOB JIEKTPUYECKUX LIEeTIEH; METO/Ibl MaTEMaTHYECKOTO aHAIN3a
oGopy noBaHHs pelarh CUCTEMBI ypalaﬂeHnﬁ 1 MOJIEITMPOBAHMUSI, 3JIEMEHTHI
. AJIEKTPUYECKUX IIeTIei; OCYIIECTBIATh | TEOPHU MATPHIL U TPadoB;
HOJCTaHIINH MIOUCK, XpaHEeHue, 00paboTKy H COCTaBJISITh MOJCIH DJIEMEHTOB
NEKTPUUECKUX CeTel | aHaiau3 MH(OpPMAIMH, HO HE COBCEM JIEKTPUUYECKUX LIeTIel; penaTh
TBEPAO BJaJ€eT MaTepuaioM, Ipu CUCTEMBbI YpaBHEHUI
samure PI'P nomyckaer uckakeHus JNEKTPUYECKUX LETIEH; MOXKET
JIOTUYECKON MOCIIEA0BATEIBHOCTH, CaMOCTOSITENIBHO U
HETOYHYI0 apryMEHTaLUI0 apryMEHTHPOBAaHHO OCYILECTBIIATh
TEOPETUYECKHUX MOJIOKEHUH, aHaJIn3, 000011EeHUs ¥ BBIBOBI IO
BBIMOJIHWI paboTy /10 KOHIIA BBITTOJIHEHHOHN paboTe; CrocoOeH ¢
ceMecTpa; Ha 6a30BOM YPOBHE MOXKET | BBICOKOW CTETIEHBIO
OCYILECTBIIATh MOHUTOPUHT CaMOCTOSITENIbHOCTH OCYIIECTBIISTh
TEXHUUYECKOI'O COCTOSTHUS MOHHUTOPHUHT TEXHUYECKOTO
000pyI0BaHUS MOACTAHIINN COCTOSIHUSI 000PYIOBaHUS
IEKTPUYECKUX CETEMN MOJICTAaHIIMI 3JIEKTPUUECKHUX CETEN

ba3oBelii ypoBeHb CHOPMUPOBAHHOCTA KOMIETEHIIMM CUMTAETCS JAOCTUTHYTHIM,
€CJIM CTYJIEHT N0 UTOTaM MOATOTOBKHU M 3alMThl paboThl Habupaer ot 10 1o 14 Gamnos,
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MOBBIIICHHBI YPOBEHb CUMTAETCS JTIOCTUTHYTBHIM, €CIM CTyAEHT HaOupaer ot 15 mo 20
0asioB.

3 ONPEJAEJIEHUE PE3YJIBTATA
MNPOMEXYTOUYHOM ATTECTALIUU

dopMa NpOMEKYTOUHON aTTECTALMH 110 JUCLUIUIMHE 9K3AMEH.

OLEHOYHBIE MATEPUAJIbI 1 CPEACTBA JUIA IIPOBEPKH
COOPMHMPOBAHHOCTU KOMIIETEHIIM

I[IKoc-1. CnocoGeH ocymecTBJISITh MOHMTOPHUHI TEXHHYECKOTr0 COCTOSTHUS
000pyI0BaHMS MOJACTAHIHUI JJIEKTPUYECKHUX CeTeN.
3anaHus 3aKPHITOrO TUINA

Buvibepume o0un npasunvnulit gapuanm omeema:

1. He3aBHCHUMBIii MICTOYHHUK TOKA H300pakeH HA PUCYHKe:
U
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2. Mopgeab ucrounuka 3J[C uzo0paxeHa Ha pUCyHKe:
U

O

3aaHusA OTKPHITOIO THIIA

Haume pazeepuymotit omeem na eonpoc:

3. Kakue napaMeTrpbl cXxeMbl He 3aBHCAT OT 3HAYEHHUI TOKOB U HANPSKeHUit ?

IIpasunvubii omeem: JlId JWHEWHBIX DIEKTPUYECKUX ILENEH IapaMeTphl:
aKTUBHOE compoTuBieHue (7), HUHAYKTUBHOCTH (L), emkoctb (C) U B3auMHas
UHAYKTUBHOCTH (M) HE 3aBUCAT OT 3HAYEHUIN TOKOB M HAMPS>KEHU.

4. Yem 3aMeHSIIOTCH 3HAYEHHS] TOKOB M HANPHAKEHUN B YCTAHOBHBIIHUXCH
PEeKUMAX IEKTPUYECKUX Hemne?

IIpasunvuwiii. omeem: B yCTaHOBUBIIMXCS PpPEXHUMax 3HAYEHUS TOKOB U
HaIpPSHKEHUN 3aMEHSIOTCS UX KOMIUIEKCHBIMU JEHCTBYIOIIMMU 3HAUCHUSIMH.

5. Yro Ha3biBaercs rpagom?

IIpasunvuelii omeem. ISl ONMCaHUS TOMOJIOTMHU (CTPYKTYphI) LENH KXy BETBb
CXEMbI 3aMEHSIOT OTPE3KOM JIMHUM, Ha3bIBAEMBIM BETBBIO Ipada, a y3JIbl TOUKaMU — y3JIaMH
(BepimmmHaMu) rpada. ITa COBOKYIMHOCTh BETBEH U Y3JIOB, MPEACTABISAIONIAS TOMOJIOTHIO
LEI1, Ha3bIBaeTCsA rpaom.

Monoanume

6. Ecim  Tomosiormyeckue CcBoiictBa rpadoB OAMHAKOBbIE, TO OHHU

IIpasunvHolit omeem: N30MOpP(QHBIE.
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7. I'pad, koTopsblii B pe3yabTare H30MOPQHBIX NPeodpa30BaHUil MOKeT ObITh
H300paskeH HA IVIOCKOCTH 0e3 nmepeceyeHusi BeTBe, ABJIACTCS .
IIpasunvhbiii omeem: TIIAHAPHBIM.

OxkoHyaTenbHbIE  pe3yJbTaThl  00y4deHUs  ((popMupoBaHUS ~ KOMIIETEHIUN)
OTNPENENSIOTCA MOCPEICTBOM TiepeBoja 0aioB, HaOpaHHBIX CTYJEHTOM B IIpoliecce
OCBOCHMSI TUCIIUIUIMHBI, B OLIEHKU:

— 0a30BBIi ypOBEHb CHOPMUPOBAHHOCTA KOMIIETEHIIUUA CUUTAETCS JOCTUTHYTBIM,
€CIM pe3yibTaT OOydYeHHsS COOTBETCTBYET OIICHKE «yIOBJIeTBOpUTEnsHO» (50-64
PEUTUHTOBBIX 0aJIOB);

— MOBBIIICHHBI  YpOBEHb  C(HOPMHPOBAHHOCTH  KOMIETEHLIMH  CUUTAETCSA
JOCTUTHYTBIM, €CJIM Pe3yJbTaT OOyUYeHHS COOTBETCTBYET OLIEHKAM «Xopomio» (65-85
PEUTHUHTOBBIX OAIINIOB) U «OTIANYHO» (86-100 peTUHTOBBIX 0AJIOB).

4 IIOPSIIOK MPOBEJIEHU S TIOBTOPHOI
MNPOMEXYTOUYHOM ATTECTALIUU

CDopMa HpOMG)KYTO‘IHOfI aTTCCTalluM 110 JUCHUIIIIMHC 59K3AMEH.

@OHI OLEHOYHBIX CPEACTB [UIA IMPOBEACHUS MOBTOPHOM ITPOMEKYTOYHOU
aTTecTanu (opMupyeTrcs W3 dYHClIa OIICHOYHBIX CpPEJICTB IO TeMaM, KOTOphIE He
OCBOEHBI CTYJICHTOM.

Ilpumeuanue:

JIOTIOTHUTENIbHBIE  KOHTPOJBHBIE HWCHOBITAHUS MPOBOMITCA TSI CTYAEHTOB,
HaOpaBmmx wmeHee 50 O6amnoB (B coorBercTBuM ¢ «[lonokeHneM O MOMYJIBHO-
PEUTUHTOBOM CUCTEMER).

Taduaunna 10 — Kpurepuu oueHkH ¢hopMUPOBAHHOCTH KOMIIETCHIMH

Kputepuu onienuBanusi chopMrUpOBaHHOCTH KOMIIETEHIIUN
(4acTu KOMIETECHITNH)
Ha 6a30BOM ypOBHE
COOTBETCTBYET OIIEHKE «YyJIOBJICTBOPUTEIIHHO
50-64% oT MakCHMaJILHOI'O Oasia

Kox n HaumeHoBaHue
WHIMKATOPa TOCTIKECHUS
KOMITETCHIINH (4acTh
KOMIIETECHITUH )

CryzeHT BnageeT MaTepuaioM 10 TeMaM TUCLMIUINHBL,
ocsou pabdory B makere MathCAD, ymeer HCHoNb30BaTh MOJACIH
AJIEMEHTOB JIEKTPUYECKUX LIENEH, PEIIaTh CHCTEMBbI YPABHEHUI
ANIEKTPUYECKUX IIeTIeH, HO UCIIBITHIBAECT 3aTPYAHEHUS B TEOPUU
g rpadoB, Ha 6a30BOM yPOBHE CITIOCOOEH OCYIIECTBISATH

ceren MOHHUTOPHHT TEXHHYECKOTO COCTOSHHS 000PYI0BaHUSI
HOJICTAHIIMI YIEKTPHYCCKUX CeTel

U-1mkee-1 OcyiectBisier
MOHUTOPHHI TEXHUYECKOTO
COCTOSIHUSI 000PYIOBaHUS
MOJACTAHIINM JIEKTPUYECKHUX
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