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ITacnopT ¢oHA2 OLIEHOYHBIX CPEICTB

Tabumua 1
dopmupyembie O1ieHOYHBIE
Monynb JUCIUILINHEI KOMIIETEHIINH matepuansl | Komnuectso
WIM UX YaCTH U CpEICTBa
DneMeHTHI Teopuu MaTpuil. MHCTpyMeHT [TKoc-1. Ciocoben
. TectupoBanue 20
MathCAD ans oneparuii ¢ MaTpuiamMu OCYLIECTBIISAT
@opMHpOBaHNE YPABHEHUH JIIEKTPUUECKUX MOHUTOPUHT TecTtupoBanue 81
1ienei Ha OCHOBe Teopuu rpadoB TEXHUYECKOTO PI'P 150
[TonHas cuctema ypaBHEHUN JIEKTPUIECKUX COCTOSTHUS
. TectupoBanue 60
nenen 00opy10BaHuUs
3azayu TUarHOCTUKHU DIIEKTPUYECKUX TOJICTAHIMI
neneid. YyBcrBuTensHOCTh. OCOOEHHOCTH SIIEKTPUIECKUX TectupoBanue 39
pacyera HEJIMHEWHBIX [Eenei cere

1 OEHOYHBIE MATEPHUAJIbI, HEOBXOJINMBIE

JIJISI OEHKHW 3HAHUI, YMEHUW Y HABBIKOB JESTEJBHOCTHN

B NPOIECCE OCBOEHUSA JUCIUIIJIMHBbI

Taoauna 2 — @opMupyembie KOMIETEHIUH

Kon u OueHoYHbIE
Koa n HauMeHoBaHKE MHIUKATOPA JOCTUKEHUS
HaVMEHOBAHHE MaTepHuabl
KOMITETCHIINH (YACTH KOMITETCHIINH )
KOMIIETEHIIMH U CpEICTBA
Mopnyas 1. D1eMeHTHI TEOPHHM MATPHIL.
Hucrpyment MathCAD st onepanmii ¢ MaTpuamMmu
W J1-511k0c-1 Ucnionb3yeT ¢pusnko-maTeMaTHueCcKuil anmapat
[P aHAJIU3€ U MOJEIMPOBAHUU IEKTPUUECKUX LIeTIeH U
P AICITHD P " TectupoBanue
3JIEKTPUYECKUX MAIINH C UCIOJIb30BaHUEM
MH(POPMALMOHHBIX B UPPOBBIX TEXHOJIOTHI
Moayab 2. ®opMupoBaHNe YPABHEHUH JIEKTPHYCCKHUX Hernei
[TKoc-1. HA OCHOBe Teopuu rpagos
Crniocoben
OCYILECTBIIATH N 1-51koc-1 Ucnonb3yeT ¢pusnko-maTeMaTHYeCKui anmnapat PI'P
MOHHUTOPHHT MIPU aHAJIM3€ U MOJICIIMPOBAHUY AIIEKTPUUECKUX LIETIEH U
TeXHHYECKOTO AIIEKTPUYECKUX MAIINH C UCIOJIb30BaHUEM
COCTOSIHHS UH(GOPMAIMOHHBIX U U(PPOBBIX TEXHOIOTHIA TectupoBanne
000pyI0BaHUS = =
. Mopnyas 3. IlosiHasi cucTeMa YPaBHEHHI JJICKTPHYECCKHUX Lenei
MOJICTaHIUI »
N I-511k0c-1 Ucmionb3yeT ¢pu3nko-MaTeMaTHYECKUi anmapat
3JIEKTPUUYECKUX o
. IIPY aHAJIM3€ U MOJICIIMPOBAHUY JIEKTPUUECKUX LIETIEN U
ceren TecTtupoBanue
IIEKTPUYECKUX MAIINH C UCIOJIb30BaHUEM
WH)OPMAITMOHHBIX U ITU(MPOBBIX TEXHOJIOTUH
Monyab 4. 3agaun THATHOCTUKH YJIEKTPUYECKHUX Herei.
YyBcTBUTEJIBHOCTh. OCO0EHHOCTH pacyeTa HeJIMHEeHBIX Henei
N 1-511k0c-1 Ucmionb3yeT ¢pu3nko-MaTeMaTHYECKUi anmapat
MIPY aHAJIM3€ U MOJICIMPOBAHUY IEKTPUUECKUX LIETIEN U
P AACITHD P " TecTtupoBanue
IIEKTPUYECKUX MAIINH C UCIOJIb30BaHUEM
WH)OPMAITMOHHBIX U ITUGPOBBIX TEXHOJIOTUHN
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OueHouyHble MaTepHAJIbI U CPEACTBA 1JIA IPOBEPKHU
copMUPOBAHHOCTH KOMIIETEH U

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

TecTupoBanme (TCru, TCk)

Bvibepume ooun npasunvHulil 6apuanm omeema u Hadcmume KHONKY «/laneey
IIpsimoyrosibHasi TabJMua 4ymMcesi, KOTOpasi MpeaCTaBJsieT 000l COBOKYITHOCTH
CTPOK H CTOJIOLOB — 3TO:

rpad

+Marpuia

OIPEIEITUTEIID

noarpad

Kakue ycjioBusl J0JUKHBI BBINOJHSATHCS, YTOObI MAaTPUMIYy MOKHO ObLIO Ha3BaTh
KBaJpaTHOM?

m#n

+tm=n

m =2n

_ 2
m=n

Kakue ycjioBuSI J0JKHBI BBINOJHATHCS, YTOObI MAaTPUIy MOKHO ObLIO HAa3BaTh
TUATOHAJLHOM?

m#n;aij=0npui+j

m=n;aij=0npui=j

tm =n;aij=0npui#j

m=mn;aij#0n0pui#j

Ecau B AuaroHajibHoOil MaTpuiue Bce IMAarOHAJbHbIE 3J1€MEHTHI paBHbI 1, TO Takasi
MaTpHIa HA3bIBAETCH:

HYJIEBOU

oOpatHoOM

BBIPOXKICHHOMN

+eIMHUYHOU

Ecam y kBagpaTtHOH MaTpuubl PpacCHoOJIOKEHHbIe BbIlIE T[JIABHOW IMArOHAJH
3JIEMEHTbI PABHBI HYJIK0, TO MATPULIA SABJISIETCS:

BEPXHETPEYTOJIBbHOU

+HUKHETPEYTOJIbHOU

JIarOHaAJIbHON

HYJIEBON



Ecau y KBaapaTHOWl MAaTpPHIbI PACHOJIOKEHHbIE HHKe TJIABHOM JHArOHAJIH
3JIEMEHTbI PABHbI HYJIK0, TO MATPULIA ABJISIETCH:

+BEpXHETPEYTOJIbHOU

HUKHETPEYT0JIbHON

JIMaroHajbHOM

HYJICBOU

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

Ecaun y MaTpuubl JIMIIB 0JJHA CTPOKA, TO B 3TOM CJIy4Yae OHA HA3bIBAETCA:
+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)=(AB)C
(A+B)C=A-C+B-C
AB+C)=AB+A-C

Ecnu A-B=E, To maTpuna B 110 OTHOLIEHUIO K MaTpuue A sBJsieTcs:
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

Kakas ¢pynkuusa B MathCAD co3naer exuHUYHYI0 MAaTpULy NOPSAKA n?
+identity(n)
augment(A, B)
matrix(m, n, f)
diag(v)

Kaxkas ¢pynkuus B MathCAD co3gaeTr 1MaroHaJbHYI0 MATPHUILY, 3JIeMEHTHI IJIABHOM

AAATOHAJIM KOTOPO# XpaHSITCA B BeKTOpE v?
identity(n)
augment(A4, B)
matrix(m, n, f)
+diag(v)

Kakasa ¢pynkuusa B MathCAD ¢opmupyer Mmarpuny, B HepBbIX CTOJ0LAX KOTOPOii

CO/IEP:KUTCH MaTpUlAa A, a B OCJeHUX — MaTpuua B?
identity(n)
+augment(A, B)
matrix(m, n, f)
stack(A4, B)

Kakasa ¢ynxkuus B MathCAD ¢opmupyer marpuily, B nepBbIX CTPOKaxX KOTOPOil

COJIePKUTCHA MATPHULA A, a B IOCJEAHNX — MATpULa B?
identity(n)
augment(A4, B)
matrix(m, n, f)
+stack(A, B)

Ilepemennasi B MathCAD, B KOTOpPOH XpaHMTCH HOMEpP NEPBOM CTPOKH (CTO/101A)

MaTpPHIBbI WM IEPBOH KOMIIOHEHTHI BEKTOpa:
AUGMENT
+ORIGIN



SUBMATRIX
STACK

ITo ymosruanuio B MathCAD koopauHaThl BEKTOPOB, CTOJOLbI M CTPOKH MATPHIbI
HYMEpPYIOTCH, HAUMHAA C:
MUHYC €IMHHILIBI

+HYIA
€ TUHUILIE]
TIBYX

Taoauna 3 — Kpurepun ouenku c¢hopMupoOBAHHOCTH KOMIIETEHIIUM

Kon u Kpurepun oniernBanus chopMHPOBAHHOCTH KOMIICTCHIIUN
HAaUMEHOBAaHHE (4acTH KOMIIETEHIIUH)
WHIUKAaTOpa Ha 0a30BOM ypOBHE Ha MOBBIIIEHHOM YPOBHE
HOCTUKCHUL COOTBETCTBYET OLICHKE | COOTBETCTBYCT OLICHKE COOTBETCTBYECT OLICHKE
KOMIIETCHIINHU «YIIOBJICTBOPUTEILHOY «XOPOIIO» COTIUIHO»
(uactu 50-64% ot 65-85% ot 86-100% ot
KOMIIETEHIIMH) MaKCHUMAaJILHOTO Oanna | MakCUMalabHOIo Oajiia MaKCHMaJILHOTO Oasia
CryneHT Biajaeet Crynent ucnonb3yer | CTyA€HT XOpOIIO
MaTepUajoM Io TeMe, ¢buzuko- OpPUEHTHUPYETCS B TEOPUU
IJI0XO BJIAJIEET MMAKETOM | MaTeMaTUYECKUN MaTpull, BIaJICET MAKETOM
MathCAD, Ho xopomo | anmapar npu aHanuse | MathCAD na xopomem
VJT-1 OCBOMJI TEOPUIO Y MOJICJIUPOBAHUU M0JIb30BATEIHCKOM YPOBHE,
I/Icnoniioc-elT MAaTpHIL; TPaBUIBHO ANEKTPUYECKUX LeNel | UCTIONb3yeT (PU3NKO-
(1)1431/11((21 BbINOIHWI 50-64% U DJIEKTPUYECKUX MaTeMaTU4YECKUM anmnapar
. TECTOBBIX 33/IaHU/, HO | MAILUH C IIpU aHAJIK3E U
MaTeMaTHYeCKUI
UCIIBITHIBAECT HCIOJIb30BaHUEM MOJICIUPOBAHUU
amnmapart npu .
AHANIEE 1 3aTpyIHEHUS B MH(OPMALIMOHHBIX U | BJIEKTPUUECKUX IIeTIel U
UCIIOJIb30BAaHUU U (POBBIX ANEKTPUUYECKUX MAIIIUH C
MOJIETTUPOBAHUH .
buzuko- TEXHOJIOTUH, HO HCIIOJIb30BaHUEM
ANEKTPUIECKUX
Heneii u MaTeMaTU4eCcKOro JOTTYCKaeT UH(POPMAIMOHHBIX U
anmnapara Ipy aHalu3e | MOTPEIIHOCTH B U(GPOBBIX TEXHOJIOTUI
ANEKTPUIECKUX
MALLH U MOJICITUPOBAHUU TEOpUHU MATPHUIL; JIOTUYECKH MBICIINT,
IEKTPUICCKUX TIETIEH U | IMyTaeTcs B CIOco0ax | COCOOCH HAXOAWTh U
MCIIOJIb30BaHUEM
ANEKTPUYECKUX MAIIUH | U METOJIaX 0OpabOTKH | aHAIU3HPOBATh
MH(OPMALIMOHHBIX U
LH(POBBIX C UCIOJIb30BAaHUEM pe3yIbTaToOB, HE B UHPOPMAITHIO JTS
p . MH(GOPMAIIMOHHBIX U MOJIHOM Mepe BIaJieeT | peuieHHs MOCTaBICHHON
TEXHOJIOT Ui .
poBbIX TexHosoruit | maketom MathCAD, 3a/1a4u, TOTOB K
MIPABHJIBHO BBIMOJIHUI | COBEPIICHCTBOBAHUIO
65-85% TecToBBIX pelIeHus, IPaBUIBHO
3aJaHuN BEITTOTHUA 86-100%
TECTOBBIX 3aJaHUI




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

TecrupoBanue (TCr, TCk)

Buvibepume ooun npasunvbHulli gapuanm omeema u HA3CMume KHONKY «/laneey
DJIeMEHT, JJI KOTOPOro TEeKYIIMi TOK i U NMPUJI0KEHHOE HANPSKEHHE U CBA3AHBI

3akoHOM Oma, Ha3bIBAETCH:
WUCTOYHUK TTUTAHUS
KaTyIIKa UHIYKTUBHOCTH
KOHJIEHCATOp
+pe3ucTop

Hanpsi:keHue H TOK B pe3UCTOpe CBSI3aHbI COOTHOIIIEHHEM:

tu=R-i
di
u=L—
dt
. du
i=C—
dt
i
u=—
R
HanpsizkeHue ¥ TOK JIMHEHHOM MHAYKTUBHOCTH CBSI3aHbI COOTHOILICHUEM:
di
+u=L—
dt
di
u=—
dt
1
u=—
G
u=R-i

Tox 1 HanIpsIZKeHHE B eMKOCTH CBA3aHbI COOTHOLLEHUEM:
di
u=L—
dt



Kakoe u3 ykazaHHbIX ypaBHEeHH I HA3bIBA€TCSI KOMIIOHEHTHBIM ?

u=R-i
_pdi
dt
i:Cd—u
dt

+BC€ yKa3aHHbIC YpaBHCHUSA

Kaxkoe U3 yka3aHHBIX YPABHEHH I SABJISIETCH TOMOJIOTHYECKUM?

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?
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JIEMEHT LeNu, CO3JAKIIMI 3aJaHHbIH TOK, HANPSKEHHE HA IO0JICAX KOTOPOro
3aBHMCHUT OT LENH, MOAKJIIYCHHOH K HEMY, — 3TO:

+HE3aBUCUMbII UCTOUYHUK TOKA

HE3aBUCUMBIN HCTOYHUK HAIPSKEHUS

peanpHbIi uctouHuk ¢ D1C

peasIbHbIM HCTOUYHUK TOKA
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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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mro o)
.;o|v o)
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C NMOMOIIBI0 KAKOI'0 YPAaBHCHUS OIIPECACIACTCH I/IIleaHLHLIﬁ TpaHC(l)OpMaTOp?

U, =nl,; I, =520,

Kaxkoe ypaBHeHue cipaBesIMBO 1JIs1 rupaTopa?
I, =—g,Uy; I, =gU,

==&l I,=gU,

I'mparop Ha3bIBaeTCH HACAIBHBIM, €CJIH:
BXOZHOE HAIIPSIKEHUE PABHO BBIXOJAHOMY
BXOZHOU TOK PaBEH BBIXOAHOMY
+T0CTOSAHHBIE THPALUN PABHBI g1=,=¢
BOJIT-aMIIEpHAs XapaKTEPUCTUKA IIPEACTABIIAET COOOU MPSAMYIO JTUHUIO

Ha xakom u3 PHUCYHKOB nsoﬁpameﬂa CXeMa onepanuoHHOro yCl/I.III/lTeJIﬂ?

I, I,
-

O
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Iz;"rl'l nUl
vl <><~ v
O— O
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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 Tononornyeckue cBoicTBa rpa)oB OIMHAKOBBIE, TO OHU HA3bIBAIOTCS:
paBHBIC
+u3oMopQHbIE
TOKJICCTBCHHBIE
TJIaHapHbIE

I'pad, xoropblii B pe3yabrare H30MOP(PHLIX NPeo0pPpa3oBaHWil MOKeT ObITh
n300pa’keH Ha IJIOCKOCTH 0e3 nmepecevyeHusi BeTBeil, Ha3bIBaeTcCs:

OPHUEHTUPOBAHHBIN

U30MOP(HBIA

HEOPUEHTUPOBAHHBIN

+1UIaHapHBIN

14



YnopsiioueHHasi MOCJIeA0BATEIbLHOCTh BETBEH, B KOTOPOHl Ka)Kable JABe COCEeIHHE
BEeTBH MMEKOT OOLIMI y3eJsl, mpu4yeM J00asi BeTBb U JIO00H y3eJl BCTPEYAKTCH B
3TOM IIyTH TOJBKO OJAMH pa3:

+IyTh

KOHTYP

noarpad

NIEPEBO

3aMKHYTBIH IyTh, B KOTOPOM OJAMH M3 y3JI0B fIBJSETCH HAYAJbHBIM U KOHEYHBIM
y3J1aMH NyTH:

IIyTh

+KOHTYP

noarpad

JIEPEBO

Ecau mexnay 110001 napoii y3,10B rpaga cymecrByeT nNyTh, TO rpad Ha3bIBaKOT:
+CBSA3HBIM
3aMKHYTBIM
IJIaHAPHBIM
U30MOp(HBIM

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

IyTh

KOHTYD

noarpad

+IepeBo

BerBu rpaga, koropbie J0NOJHAIOT AePeBO 10 UCXOAHOI0 rpada, Ha3bIBAKOTCH:
COECIMHUTEIBHBIE BETBU
Iy Th
+BETBU CBA3U
ceyeHue

BerBu rpadga, Bxoasiuue B 1epeBo, Ha3bIBAKOTCS:
XopJaamu
+pebpamu
CBSI3SIMU
MyTAMHU

15



MHoxeCcTBO BeTBeH, yAajleHHMe KOTOPbIX AeJUT rpad Ha aBa H30JUPOBAHHBIX
noarpaga, oaMH M3 KOTOPBIX B YACTHOM CJy4Yae MOKeT ObITb H30JMPOBAHHBLIM
y3J10M:

yTh

KOHTYD

+ceueHue

NIEPEBO

Kourtyp, cocTrosimmii u3 BeTBeil AepeBa M TOJbKO OHOH BEeTBH CBSI3U, HA3bIBACTCSH:
+TIJIaBHBINA KOHTYD
CBSI3aHHBIN KOHTY]
[JIABHOE CEYECHUE

noarpad

Ceuenne, cocrosiiiee U3 BeTBeil CBA3H M TOJIBKO OIHOH BeTBH JepeBa, HA3bIBACTCH:
[JIABHBIN KOHTYP
CBSA3aHHBIN KOHTYP
+TJIaBHOC CCUYCHHUEC

noarpad

Tadanuna ko3¢pPuUUMEHTOB YypPaBHEHHMi, COCTABJIEHHBLIX IO TMEPBOMY 3aKOHY
Kupxroda nis y3ios:

MaTpuIla KOHTYPOB

MaTpuIla CEYCHUM

+MaTpuia CoOeIMHEHU I

00001TIeHHAs MaTpHIla

Kakoe u3 npaBuJi 1/ COCTaBJIEHUS] MATPHUIbI COeIMHEHU I 3aIIMCAHO HEBEPHO?
a; = 1, eciy BETBb j COEIMHEHA C Y3JIOM i U HAIIpaBJIeHa OT y371a
a; = —1, eciiv BETBb j COEJMHEHA C y3JI0M [ M HAlpaBJIEHA K Y3IIy
a; = 0, eclii BETBb j HE COEJIMHEHA C Y3JIOM I
+a; = —1, eclii BETBb j HE COEIMHEHA C Y3JIOM I

Tadanna ko3¢pPuUUMEHTOB YypaBHEHHMid, COCTABJIEHHBLIX 10 TMEPBOMY 3aKOHY
Kupxroda nis cedyeHuii:

MaTpulla KOHTYpPOB

+Mmarpuia ce4yeHui

MaTpULa COCIUHEHUN

00001IIeHHAsT MaTpHUIIA

Eciu MaTpuna ce4eHHUd COCTABJICHA /IJIS [JIABHBIX CEYEHUI, TO €€ HA3bIBAKOT:
[JIABHOW MaTpuLen
+MaTpuLEeH TJIaBHBIX CEUYCHUN
HE3aBUCUMOMN MaTpULIEN
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MAaTpULEH HE3ABUCUMBIX CEYECHHMN

3akon Kupxroga niasi ceyenuii B MaTpu4Hoii ¢gopMe 3anucbIBaeTcsl CJeIyHLIHM
oOpazom:

D=(1*F)

+D*I=0

I=C"'I

C*U=0

Tabauna kKo3(p(PUIIMEHTOB YpPABHEHMil, COCTABJEHHBIX 10 BTOPOMY 3aKOHY
Kupxroda nis HanpsizkeHuii:

+MaTpulia KOHTYpPOB

MaTpULa CEYCHUH

MAaTpULa COCTUHEHUN

00001IIeHHAsT MaTpHUIIa

Kakoe u3 npaBuJi 1/ COCTaBJIEHUS] MATPHUIIbI KOHTYPOB 3alIUCAHO HEBEPHO?

c;j = 1, ecny BETBb j COAEPKUTCSA B KOHTYpE [ M HAIPaBJIEHHE BETBU COBIANAET C
HaIpaBJIeHHEM 00X0/1a KOHTYpa

cj=—1, ecim BETBb j CONECPKHUTCA B KOHTYpE [ M HAaIPaBICHUE BETBU
IIPOTUBOIIOJIOAKHO HAMPABIECHUIO 00X0/1a KOHTYpa

+ ¢; =1, ecnu BeTBb j HE CONEPKUTCA B KOHTYpE [ W HAIIPABICHHE BETBU
COBMAJAET C HaMpaBlieHHEM 00X0/1a KOHTypa

c;j = 0, ecln BETBb j HE COLCPKUTCSA B KOHTYPE I

Bropoii 3akon Kupxroga aias HanpsizkeHuil B MaTpU4YHOH ¢opme 3anmuCbIBaeTCs
cJIeyIIInuM o0pa3om:

D=(1*F)

D*I=0

I=C"'I,

+C*U=0

Kaxkwue 3j1eMeHTBI MOKET COAEePKATH KaxK/Aas 00001IeHHAS BETBb?
[IACCUBHBIE DJIEMEHTHI
ujaeanbHbIN ncTOUHUK DJIC
WJICATbHBIA UCTOYHHUK TOKA
+BC€ YKa3aHHBIC DJIEMEHTHI

Ha kaxoM U3 pUCYHKOB NpeACTaBJIeHa cXeMa 00001eHHOl BeTBU?
U

4_

o—)y—o

J
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JliI yKa3aHHOHM CXeMbl YPaBHEHHE 10 NEPBOMY
3akoHy Kupxroga npuMeHuTe/bHO K y3,1y m’ OyaeT uMeTh BH/:

+1 =i =i, +3,

YpaBHeHue cOriacHO BTopomy 3akoHy Kupxroga nast koHTypa, npoxoasimero mo

IIpOBOIlHI/IKaM BE€TBHU «k» oT y3ﬂa «m» K «», H II0 BHelllHeMy leOCTpaHCTBy
Umn

u Ll
k e,

L 5
N\

—

i
N s C o

, Oyaer 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 JJIEKTPUYECKUX Heneil napamerpsl r, L, C u M:
3aBUCAT OT TOKOB U HAIPSIKECHUN
+HE 3aBUCAT OT TOKOB U HAIIPSKEHUN
3aBUCAT TOJIBKO OT TOKOB
3aBUCAT TOJBKO OT HAINPSKEHUN

3HavYeHNs] TOKOB M HANPSKEHUH 3aMEHAKTCH UX KOMILJIEKCHBIMHU AeiCTBYIONIUMH
3HAYEHUSIMU:

B CJIy4yae MepexoHbIX MPOLIECCOB

+B Cllyyae yCTaHOBUBIIUXCS ITPOIIECCOB

€CJIM OTCYTCTBYET UCTOYHHK TOKA

ecly OTCYTCTBYET UCTOUHUK DJ[C

Korna Toxk k-0ii BeTBHM C0O31aeT HANPS’KeHNE HA CONPOTHBJIeHUN Z k-0 BeTBH, TO
MaTpuua Z oyaer ABJATHCS:

STUHUYHOU

+nuaroHajJbHOM

BEPXHETPEYTOJIBbHOU

HIKHETPEYTOJIbHOU

Ecian opueHTanus i-0ii M j-0oil BeTBeil MO OTHOIUIEHUID OJHOMMEHHBIX 32:KMMOB
OIMHAKOBA, TO CONPOTHBJICHHUS HHAYKTHBHON CBSA3H (-0# U j-0il BeTBer M;;:
+IOJI0KUTEIbHEI
OTpHUILIATEIIbHBI
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MOT'YT OBITH KaK IMOJIOKUTCIIbHBIMHA, TAK U OTPHULATCIIbHBIMUA
BCCraa OTpuaTCJIbHbI

Ecau opueHTanms i-0if M j-0i BeTBEH II0 OTHOLICHUIO OAHOMMEHHBIX 32:KHMOB
NPOTHBOIIOJIOKHA, TO CONPOTHBJICHH NHAYKTHBHOM CBSA3H i-0M H j-0ii BeTBel M;;:
II0JIO>KUTEIIbHBI
+0oTpuLAaTENbHbI
MOTYT OBITh KaK IOJIOKHUTEIbHBIMU, TaK U OTPULIATEIbHBIMU
BCEI /1A MOJIOKUTEIIbHBI

Martpuua nposoaumocrted Y Haxoaurcs nmo popmyJie:
+Y=2"

DyleKTpUUecKasi lenb Ha3bIBAETCS JINHEHHOM, eCJIn:

+r, L, C unn M He 3aBUCAT OT 3HAYEHUI TOKOB WJIM HANPSHKEHUM B 3TOM Y4YaCTKe
Lenu

r, L, C unu M x0Tst OBl OJJTHOTO M3 YYaCTKOB 3aBUCAT OT 3HAYEHUN WJIM TOKOB, WIIH
HAMPSKEHUI B 3TOM y4aCTKE LIENH

r, L, C umu M X0Ts OBl OJTHOTO M3 YYaCTKOB 3aBUCST TOJBKO OT 3HAYCHUI TOKOB B
ATOM Y4YacTKe LIEIH

r, L, C wim M XoTs OBl OJHOrO W3 yYacCTKOB 3aBHUCAT TOJIBKO OT 3HAYCHUM
HANPSDKEHUM HA 3TOM y4YacTKE LEMH

Cucrema ypaBHeHHUil, BKJIKYAKIIAA B Cce0f yYpaBHEHHUsI, 3allUCAHHbIE COIJIACHO
3akoHaM Kupxroga, u ypaBHeHUs, XapaKTepU3yKIUHe CBA3M MEXKAY TOKAMH M
HANPSAKEHUSIMH IJIEMEHTOB JICKTPUYECKOM LeNu, HA3bIBACTCH:

+11071HAs CUCTEMa YPaBHEHUH DJIEKTPUYECKOU LIETTH

CHUCTEMA Y3JIOBBIX YPABHEHUH DJIEKTPUYECKOM LIETIH

CHUCTEMA KOHTYPHBIX YPAaBHEHUH 3JIEKTPUYECKOMN LEIH

cuctemMa 00OOIIIEHHBIX YPaBHEHUHN AJIEKTPUUECKON LIeNn

Kaxoe u3 yrBepxkaeHU IBJISETCA MPABUJIOM COCTABJICHHUS Y3JI0BbIX YPABHEHU?
JVaroHaJIbHLIE DJEMEHTBl MAaTpPUIbl Y, MOJOXHUTEIbHb M KaXIbli 3JE€MEHT Y
pPaBEH CyMME MPOBOAUMOCTEN BETBEU, MTOJKIIOYEHHBIX K j-MY y3IIy
BHEMArOHAJILHLIE JJIEMEHTHI MAaTPULBI Y, OTpULATENILHBI U DJEMEHT Y paBeH
CyMMe MPOBOAUMOCTEN BETBEM, BKIIOUCHHBIX MEXKIY j-M U k-M y31amMu
BHEJIMArOHAJILHBIE DJIEMEHTBI MATPHIbl Y, IOJOXHUTEIbHBI U DIEMEHT Yj paBeH
CyMMe MPOBOAUMOCTEN BETBEM, BKIIOUCHHBIX MEXKIY j-M U k-M y31amMu
+BCC YTBEPKACHUA
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YpaBHeHue Ha OCHOBe BTOpOro 3axkoHa Kupxroga nisi KOHTYPHBIX YpaBHEHHMH
Oyaer MMeThb BH/I:

U=R*I

C*I=0

I=C"'I

+C*U=C*E

®opMmyJia AJis1 BbIPaKeHUsI TOKOB B 0000IICEHHBIX BETBSAX 4Yepe3 KOHTYPHbIE TOKHM
uMeeT BUA:

I[IpaBuibHasA 3aNIMCh KOHTYPHbIX YPABHCHUM:
CzZC'I, =ClE-ZJ)

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

czc’I, =clE-ZI)

MaTpuia KOHTYPHBIX CONIPOTUBJICHMH HAXOAUTCHA 1O popmy.ie:

4 Z.=C-Z-CT
Z =C-Z-C
Z =Cr.Z.C
Z=C"'-ZC

Marpuua kourypubix I/IC Haxoaurcs mo gpopmy.ie:

E.=R-I.
E, =C-E-CZJ
E =2t

" R,

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

Pemenue AJId KOHTYPHbBIX TOKOB B Manl/I‘IHOﬁ (l)OpMe HMeeT BUI:
I =lcze™ - clE+ z7)

7.=(czcf -cle-z7)

it

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

4]
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BerBb Ha3bIBaercsi Y-BeTBb10O, €CJIM:
HaNPsHKEHUE MOXKHO BBIPA3UTh YEPE3 TOK
HaNpsHKEHUE MOXKHO BBIPA3UTh YEPE3 CONMPOTUBIICHUE
+TOK MOKHO BBIPA3UTh YEPE3 HAMIPSIKECHUE
TOK MOHO BBIPa3UTh Y€pPE3 MPOBOJIUMOCTh

IlepBrlii 3akon Kupxrodga st MaTpunbl rJIaBHbIX CEYCHUI UMeeT BU/:
D*I=E
C*I=0
+D*I=0
D*I=C

YpaBHeHus1, COCTaBJEHHbIe 10 BTOpoMYy 3akoHy Kupxroda pas
KOHTYPOB, Oy1yT UMeTb BH/I:

U=R*I

C*I=0

I=C"'I,

+C*U=0

I'padwbl, y KOTOpPBIX BCe BETBH OPUEHTHPOBAHbI, HA3bIBAIOTCS:
+ OpUEHTHUPOBAHHBIMU
TUTAHAPHBIMA
U30MOPGHBIMU
TJIABHBIMH

Ha pucynke H300paxKeHo:
+ rpad
nepeBo rpada
AJIEKTpUYECKas cXxema
NpUHLUIINAIbHAS CXeMa

Ha pucyHnke
rpag

H300paKeHo:
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+nepeBo rpada
AIEKTPHUYECKAs CXema
MPUHITUITHATBHAS CXeMa

Ha pucynke / HU300paKeHo:
+cedeHus rpada
nepeso rpada
AIIEKTpUYECKas cxema
MPUHITUITHATBHAS CXeMa

Ha pucynke NpeaCcTABIEHO:
cedyeHus rpada
nepeBo rpada
+BETBHU CBS3U
cxema

Yto n300pakeHo HA PUCYHKe?
TJIaBHBIC CEYCHUS U TJIAaBHBIE KOHTYPHI Tpada
TJIaBHBIE CEYEHUS
IJIaBHBIE KOHTYPHI rpada
+BCC OTBETHI BEPHBI

Hoarpagom moxker ObITH:
OJlHA BETBb
OJVIH y3€ell
MHO>KECTBO BETBEH U y3JI0B, CoJieprKalieecs B JaHHOM rpade
+BCE OTBETHI BEPHBI
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Ecau B cxeme 4 y3/1a u 6 BeTBeil, TO MATPULIA COeIUHCHUN COACPKUT:

4 cTpoku
2 CTpOKH
+3 cTpoku
S cTpoK

Ecan B cxeme 4 y371a u 6 BeTBell, TO MATPUIIA COEIMHEHUI COAEPKUT:

4 cronbua

7 cTONOIIOB
+6 cT0I0110B
5 cTosb1oB

Ecamu B cxeme 4 y371a u 6 BeTBeill, TO MATPULIA CEYCHUH COICPKUT:

4 cTpoku
2 CTpOKH
+3 cTpoku
S cTpoK

Ecau B cxeme 4 y371a u 6 BeTBell, TO MATPUIIA CEUEHU COIEPKUT:

4 cronbua

7 cTOIOIIOB
+6 cTOI01I0B
5 cToJb1oB

Ecau B cxeme 4 y3/1a u 6 BeTBeil, TO MATPULIA KOHTYPOB COJAEPKHUT:

4 ctonOna

7 cTOJIOLIOB
+6 cTOJIOIOB
5 ¢T0JI01I0B

Ecinu B cxeme 3 KOHTYpa, TO MATPULIA KOHTYPOB COAEPKUT:

4 cTpoku
2 CTpOKH
+3 cTpoku
5 cTpok

Marpuna I/IC BerBeii — 3T10:
+maTpuIa-cTosoer
MaTpuIla-CTpOKa
KBaJ[paTHasI MaTpHIa
BBIPOXKICHHAS MaTpHUIIA

Marpuua conpoTuBJIeHMHA BeTBel — ITO:
MaTpuLa-cTonoer
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MaTpHLa-CTPOKa
+auaroHaJIbHast MaTpULa
BBIPOXKICHHAsI MaTpUILia

Marpuia TokoB BeTBeii — 3T0:
+MaTpuIa-cTooer
MaTpHIIa-CTPOKa
KBaJIpaTHasi MaTpHIla
BBIPOXK/ICHHAS MaTpPHIIA

MaTtpuua Hanpsi;keHuil BeTBe — 3To:
+MaTpuIa-cToa0ery
MaTpULA-CTPOKA
KBaJIpaTHasi MaTpuULa
BBIPOXK/ICHHASI MaTpULIa

Ecau B cxeme 4 y3j1a, TO MAaTPpUILIA y3JI0BbIX OTCHIHAJIOB COACPKUT:
4 cTpoku
2 CTpOKH
+3 cTpoku
S cTpoK

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

Kox u Haumenosanue
WHJUKATOpa
JTOCTHKEHUS

KOMITETCHIINH (Y4acTH

KOMITETCHIIHH )

Kpurepun oniennBanus chopMUpOBaHHOCTH KOMIIETECHIHH

(4acTH KOMIIETEHIIUN)

Ha 0a30BOM ypOBHE

HAa MOBBIIIEHHOM YPOBHE

COOTBETCTBYET OIICHKE
«YJIOBIICTBOPUTEITHHOY
50-64% ot
MaKCHUMaJILHOI'O Oajia

COOTBETCTBYET OIICHKE
«XOPOIIIO»
65-85% ot

MaKCUMaJLHOro 0ajia

COOTBETCTBYET OIICHKE
«OTJINYHO»
86-100% ot

MaKCHMAaJILHOT'O Oajia

N - 11xoc-2 Ucnionb3yer
¢busmko-
MaTeMaTUYECKUU
anmnapar Ipu aHaJIHu3e U
MOJICTTUPOBAHUU
AJIEKTPUYECKUX LIETICH
1 DIIEKTPUIECKUX
MalIVH ¢
MCIOJIb30BaHUEM
MH(pOPMAIIMOHHBIX U
U(PPOBBIX TEXHOJIOTUH

CryneHT Bnajaeer
MaTepHUajIoM IO TeME,
JI0IyCKaeT Tpyobie
OILIIMOKH B METOJIE
rpa¢oB, HETIIOXO
pazOupaetcs B
MOJIEJISIX 3JIEMEHTOB
3JIEKTPUYECKUX LIETIEH,
MeToAax PeHIeHUs
CHUCTEM YpaBHEHUI
3JIEKTPUYECKUX LIETIEH;
MIPABIJIBHO BBITTOJIHUI
50-64% TecToBbIX
3aJIaHuM, HO
WCTIBITHIBACT
3aTpyIHEHUS B
WCIOJIb30BaHUU
(busuko-
MaTeMaTHIeCKOTrO
anmapara npu aHanauze
Y MOJICTHPOBAHHUH
BJIEKTPUYECKUX LIEeTICH
Y DJIEKTPUIECKUX
MalIHH ¢
WCIIOIb30BAHUEM
WH(POPMAITMOHHBIX U

U (POBBIX
TEXHOJIOTUH

CryneHT ucCoab3yeT
¢busuko-
MaTeMaTHYEeCKHUI
arrapar npy aHaJIu3e u
MOJEIMPOBAHUU
AJIEKTPUYECKUX LIETIeH
U DJIEKTPUYECKUX
MaIIINH C
HCII0JIb30BAHUEM
WH(pOPMAIIMOHHBIX U
U (POBBIX
TEXHOJIOTHH, HO
JOTTYCKaeT
MOTPEIIHOCTH B METO/IE
rpa¢oB, XOpOIIO
pazOupaeTcsi B MOJEISIX
3JICMCHTOB
AJIEKTPUYECKUX LIECTIEH,
MeToAaXxX PEeIICHUs
CHUCTEM YpaBHEHUU
3JIEKTPUYECKUX LIETIEH;
MPaBWIHHO BBITTOJIHUII
65-85% TeCcTOBEBIX
3aJaHuN

CryneHT xopolio
BJIAJICET U UCIIONb3YyET
¢busuko-
MaTeMaTHYECKUI
anmapar Ipy aHAIHU3e U
MOJIETTUPOBAHUU
3JIEKTPUYECKUX LIETIEN
U DJIEKTPUYECKUX
MaIIIVH ¢
HCIOJIb30BaHUEM
MH(POPMAIIMOHHBIX U
U(PPOBBIX TEXHOJIOTHI
JIOTUYECKH MBICITUT,
CIIOCOOEH HaXOIUTh U
aHAJIM3UPOBATH
nHpopMaIuio s
peuieHus
MOCTaBJICHHOM 3a1a49H,
rOTOB K
COBEPUICHCTBOBAHUIO
peuieHust, XopoIo
pazbupaercs B MOJEISIX
3JIEMEHTOB
3JIEKTPUYECKUX LIETIEH,
MEeToAax PeHIeHUs
CHUCTEM YpaBHEHUI
3JIEKTPUYECKUX LIETIEH;
MPABIJIBHO BBITTOJIHUI
86-100% TecToBBIX
3aJaHuN
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Moayab 3. IlotHasi cucTeMa ypaBHEeHUI JJIeKTPUYECKHUX Leneil

TecrupoBanue (TCr, TCk)

Buvibepume ooun npasunvbHulll gapuanm omeema u HA3CMume KHONKY «/laneey
Iepsbiii 3akoH Kupxroga ajis1t MaTpunbl rJ1aBHbIX CEYEeHUH UMeeT BU:
D-I1=F
C-1=0
+D-1=0
D-1=C

YpaBHeHUs, COCTaBJCHHbIe 10 BTOpoMy 3akoHy Kwupxropa pasi riaaBHbIX
KOHTYPOB, Oya1yT HMETh BH/:

CU=E

CU =JR

CU=JZ

+CU =0

BeTBb Ha3bIBaeTcs Y-BeTBbIO, €CJIN:
HaNpsHKEHUE MOXKHO BBIPA3UTh YEPE3 TOK
HaNpsHKEHUE MOXKHO BBIPA3UTh YEPE3 CONMPOTUBIICHUE
+TOK MOKHO BBIPA3UTh YEPE3 HAPSIKECHUE
TOK MOYHO BBIPA3UTh Y€pPE3 MPOBOJIUMOCTh

KoMnoHeHTHOe ypaBHeHHe Y-BeTBH [JIsl TOKOB Oy/J1eT HMeTh BH]I:
+1,=YU,+g,U +k,1,-J,
L;=YU,-g,U,~kyl, +J,
I; =YU;+g,U+k;l; +J;
L =YU;-gU;=kil,~J,

Ko3¢gpuuueHT nepegaym mo TOKy B KOMIOHEHTHOM YPABHEHUHU Y-BeTBH ISl TOKOB

0003HaAYaeTCA:
Y.

J

i

+ ki
8ij

U

kij

YpaBHeHnus aja Y-BeTBeil B MAaTpUUYHOM (popMe OyeT MMeTh BU/L:
[, =-YUy—k'I +J

1, =YUy-k'I_+J
I, ==YUy+k'I_~J
+1 =YUy+k'T —J
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Ha kakom U3 prcyHKOB H300paxeHa cxema Y-perBu?

— 1 /\ — 1
e IM

I; Y-
— > J
O 1 O
&ij U;

rlJIl rjeUe U;
E
A
> LI
L
SEZ ﬁ,) 7
. I
N> h
. I

Ha kakoM u3 pCYHKOB H300paxeHa cxema Z-BeTBHU?

— 1 /—\ — D

v
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I22

REQyA

BeTBb Ha3bIBaeTcs Z-BETBbIO, €CJIN:
+HaNpPsIKEHUE MOKHO BBIPA3UTh YEpPE3 TOK
HaNpsHKEHUE MOXKHO BBIPA3UTh YEPE3 CONMPOTUBIICHUE
TOK MOYHO BBIPA3UTh UE€PE3 HAMPSIKECHUE
TOK MOYHO BBIPa3UTh U€pE3 MPOBOJIUMOCTh

KomnoneHnTHoe ypaBHeHuUe sl Z-BeTBH JISl HANIPSI)KEHUH UMeeT BU/L:
U,=Z1,—r,+k]U +E,

g

U
+U, =270, +r,d,+klU,~E,

gy

— U
U,=Z1,+r],~k'U +E,

g

U
U,=2,1,-rl,-k'U, +E,

gy

YpaBHeHue Z-BeTBeil B MATPUYHOM (popMe UMeeT BUA:
U,=ZI,-KU, +E
U,=-ZI,+KU, +E
U,=-ZI,-K"U, +E
+U,=21,+K U, -E

Ko3ppuuueHTr nepesauym mno HANPSKEHUI) B KOMIIOHEHTHOM YpPaBHEHHMH I
Z-BeTBH [IJIsl HATIPSIZKEHU 0003HAYaeTCH:
Y.

J

i
ki
Eij
+iY

y
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KoMnoHeHTHBbIe ypaBHeHHs 00001IEHHBIX BeTBell 3alIUCHIBAIOTCS B BHJIE:
I
U, KY 7|1, E
e S
u,| |kY z|I,]| |E
I, Uyl Y K'| |J
o e 5 Hz
e 2L
U, I, | KY Z E

BxonHoe conpoTuBieHNe HEeNU ONpe/iesieTcs ceIyluM 00pa3om:

U
+ Ly =5
Z&x — UKbl)C
ISX
ZBX = ng
I@bzx
ng — UBle
I

Koy
e

KosgpunueHnT nepexayu no Toky onpeaesiercs no gopmy.ie:

S
Ky
Ky = o
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Ilo kakoii popmy.ie onpenessieTcs nepeaaTo4Hoe CONPOTUBICHUE?

ITo xkakoi popMysie HAXOAUTCS MepPeaATOYHAS MPOBOANMOCTD ?

by o
UBX
Yn — ]8)(,'
U@blx
Yn — IBle
U{fblx
)fn — Iex
U8X
Da30Bblil CABUT ONpeae/sercd no popmy.ie:
B(w)
w)=tg| ——=
o) g(A(w)]
B(w)
w)=arcctg| ——
ple) = arects (A(w)j
B(w)
to(w) = arct,
ooz arcts (A(w)j
B(w)
o) = ctg| ——=
7 g(A(w)]

I'pynnoBast 3agepskka onpeaeJsiercs no gopmye:

() = —j—wcﬂ(a))

(o) = arctg(%)

(@) = %w(w)
Mj

T(w) = —arctg(A(w)
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BripaxkeHusi HanpszKeHUl 4Yepe3 TOKH JJs1 ABYX00MOTOYHOro tpaHcdopmaropa
MOTYT ObITH NMPeEICTABJIEHbI B BU/I€ YPABHEHHIi:

YETBHIPEXIOIOCHUKA B B-hopme

yeThIpexmnoatocHuka B H-dhopme

YETHIPEXIIOIIOCHUKA B Y -hopme

+4eTBIPEXITOIIOCHUKA B Z-hopMe

YpaBHeHHE YeThIPEXNOJIIOCHUKA B Z-(popMe 3alIMChIBAaeTCH KaK:

H _ {Ql }[z zu}
12 QZ Zzl ZZZ
[Ql} _ [L }F zu}
Qz 12 ZZI Z22
+|:Ql:| :|:le le :||:£1:|

QZ ZZI 222 12
|:£1 :| — |:le le j|{gl }
lz Zzl ZZZ Qz

IIepecuyer conpoTHBICHUS U3 BTOPUYHON LENU B IEPBUYHYIO 1a€T BO3MOKHOCTh:
OIIPEJICIINTDh HANIPSIKEHUE HA BXOJI€ IPU U3BECTHOM TOKE
+ompenenuTh TOK EPBUYHOM LIENTUA [IPU U3BECTHOM HAIIPSHKEHUU HA BXOJIE
OIPEIECIIUTh IPOBOJAUMOCTH LETIEN
OIPEJIEIUTh TOK BTOPUYHOMN LIETU IPU U3BECTHOM HANPSIKEHUU

JlJ1s1 onipeniesieHHsI TOKA U HANPSIZKEHUs] BTOPUYHOM 1eNH MOJIb3YIOTCSl YPABHEHUEM:
+4eThIPEXIOJIFOCHUKA B B-hopme
YETHIPEXITOIIOCHUKA B H-hopme
YETHIPEXITOIIOCHUKA B Y-hopme
YETHIPEXITOIIOCHUKA B Z-hopme

YpaBHeHUEe YeThIPEXNOJAICHUKA B B-popme 3anncbiBaeTcs Kak...

i

B{% L |

B ciayyae mnapajsieJIbHOIO COCIMHEHHS YeTHIPEXIOJIOCHUKOB 3JKBHBAJCHTHAS
Y-marpuua paBua:
+cymMe Y-MaTpull OTAEIbHBIX YETHIPEXIOJIIOCHUKOB
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IMPOU3BCACHUIO Y—ManI/II_I OTACJIbHBIX YCTBIPCXITIOJIFTOCHUKOB
IMPOU3BCACHHIO Y-ManI/II_[I)I Ha KOJIMICCTBO YCTBIPCXITOJIHOCHUKOB
pPasHOCTHU Y—ManI/II_I OTACJIIbHBIX YCTBIPCXITOJIIOCHUKOB

Ilepexon or Z-popMbl Kk Y-hopMe ypaBHeHH# TPaHC(PoOpMaTOpPa BO3MOMKEH TOJBKO B
TOM CJIy4ae, Korjaa:

MmaTpuua Y He ocoOeHHas

maTpuua Y ocobeHHas

+Matpuua Z He 0cOOeHHas

Martpuia Z ocoOeHHas

Ilepexox or Z-popmbl Kk Y-popme ypaBHeHUN IJIA COBEPIICHHOI0 W HMIACAJIBHOIO
TpancdopmarTopa:

+HEBO3MOXKEH

BO3MOKEH, €CJIM MaTpulla Z HE 0COOEHHas

BO3MOJKEH, €CJIM MaTpulia ¥ He ocoOeHHas

BO3MOJKEH, €CJI MaTpulia B He ocoOeHHas

/{naronanbHas MaTrpuua conporusieHni (1 OM) BTOpUYHOM enu NPU COeAMHEHUHU
3B€3/10H C HYJICBBIM IIPOBO/IOM MMeeT BH/:

1 01
Z,={0 1 1
11 1]
1 0 1]
Z,=|0 1 1
0 0 1
1 0 0
gz=010]
111
1 00
+Z,=[0 1 0
0 0 1
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Ecau 00MOTKHM nepBHYHOI 1enu TPaHCHOPMATOPA COEMHEHBI MO CXeMe «3Be3/1ay,
TO Uil pacuera TOKOB MEePBUYHON e MOKeT UCIO0JIb30BATHCS CXeMa:

o
%%

L1
_2,) 7

I

L7

Ez D [::IZ”
111
E3 D[::Izlz

Ecan o0MoTKM nmepBUYHON Henu TpaHchopMaTopa coeAMHEHBI MO CXeMe «3Be31a»,
TO MATPHUIIA KOHTYPOB OyJ1eT UMeTh BH/:

c{_z -
ey 1

{1
N
W

1 0 0 1 -1 0]
c=/0 1 0 0 1 -1
001 -1 0 1
1 0 0 -1 1 0]
cC=/01 0 0 -1 1
001 1 0 -1
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MaTtpuia KOHTYPHBIX CONPOTHBJIEHUI ONpeiesieTcs Kak:

Ly = Cch_l
Ly = Cchr
Ly = CZlc_l
tZy = CZICT

BekTop kouTypHbIX J/IC umeer popmy.ay:

+E,=C-E
E =C-E-C’
E =E-C
E,=C"-E

HanpsiskeHuss Ha HAarpy3Ke BTOPUYHOM LEeNU HAXOAATCH 0 popmy.ie:

—j2.094
e J

U,=20 1

72.094

U2 — 20 e—j2.094

1
+Q2 — 20 e*_/2A094

12.094
ej

o209
_ —j2.094
U,=20|e
1

Toku B Harpy3ke BTOPUYHOM LN HAXOAATCS M0 popmy.ie:
ei_/2.094

1,=20 1

72.094

|~

_ —j2.094
, =20 e

—j2.094
+1,=20/¢”’
72.094
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12.094
eJ

1,=20e7*™
1

B cayyae koporkoro 3ambikanusi ¢a3bl C-mMaTpuia CONPOTHBJIECHUI BTOPUYHOMN
nemnu uMeeT BU:
0 0

0

Z,= 1
0 10°

0
0

0

1
1 0
+gz{01 0
0 0 107

1
0
0
1
0
1

—_— = O OO = O
[—,

S O O u -
b

Ecin o00MOTKM mnepBHYHOIl Henmu TpaHC(POpMATOPA COEIMHEHbI IO cXeMme
«TPEYroJbHUK», TO VIS PpAcYeTa TOKOB IePBUYHON el UCIO0JIb3yeTCs cXema:
o |

C—>

O

@_

L —
Eij, Ui
i

kej Ie
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[es]
(o)
N\,
N
_
=
1
| I |

+ —/ i

Ecain o0mMoTkM mnepBH4YHOH unenmu TpaHcopMaTopa CoeIMHEHbI MO CcXeMe
«TPeyroJbHUK», TO MATPULA KOHTYPOB Oy/JeT MMeTh BU/:

10 -1
C =
{—1 0 1}

IlosiBneHne  OTpPHLATENBbHBIX JACHCTBHUTEJBHBIX 4YacTed BHEIUATOHAJBHBIX
3JIEMEHTOB MATPHUIBI BXOJHOI'0 CONPOTHUBJIEHUS MOKHO O0bSICHUTD:

IIOTEPSIMUA DHEPTUU B CEPACUHUKE

MOTEPSIMH SHEPTUU B OOMOTKAX

+1repegaveil akTUBHON MOILIHOCTH U3 OJHOM (ha3bl B IPYTYIO

IIPOTEKAHUEM TOKOB YTEUKH

JIeMeHThI Z-MaTpULbI TPAaHCHPOPMATOPA MOTYT OBITH ONpeAe/IeHbI:
10 TaCOPTHBIM JaHHBIM TpaHchopmaTopa
AKCIIEPUMEHTAIBLHO
+KaK 9KCIEPUMEHTAIbHO, TAK U 110 NACTIOPTHBIM JIaHHBIM
TOJIBKO C IIOMOIIIBIO PACUETOB

YpaBHEeHUSAMH LENHU /Il MTHOBEHHbBIX 3HAYEHU TOKOB M HANIPAKEHU U ABJISACTCH:
cuctema auddepeHImaIbHbIX ypaBHEHUH
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CUCTEMA AIreOpanvecKuX ypaBHEHUN
+cucrema nudepeHuanbHbIX U aNredpandecKux ypaBHEHUN
cuctema AuddepeHunaIbHbIX YpaBHEHUH B oniepaTopHOi hopme

HOpMaJIl)Haﬂ CuUCTemMma ypaBHeHHﬁ MEPEMEHHBIX COCTOAHUS .
Y=AX+BV
+ X _ 4 x+BY
di
Y=A,X+BV
X _ ux+By
dt

YpaBHeHHUS BbIXOJIHBIX IIEPEMEHHbIX 3aNMCHIBAIOTCA B CJIeAYIOIIEeM BUIe:

Y=4X+BV

ax _ AX+BV
dt

tY=4,X+B,V

ax =A4,X+B,V
dt

YpaBHeHUS NepeMEeHHbIX COCTOSIHUSI COCTABJISIIOT:

¢ momolIibio 3akoHOB Kupxroda

Ha OCHOBAHHMM MPUHIUIIA HAJIOKEHUS

C TIOMOIIIbIO TOTIOJIOTUMYECKUX MATpHIl CEYCHUN U KOHTYpPOB U 3aKOHOB Kupxroda
B MaTpU4HOU hopme

+BO3MOKHBI BCE BAPUAHTHI

Eciu B menu HeT eMKOCTHBIX KOHTYPOB M MHAYKTHBHBIX CeYeHHi, TO ypaBHEHUsI
COCTOSIHHSI MOKHO COCTABHTH:

C moMoIII0 3aKkoHOB Kupxroda

+Ha OCHOBAaHUU TIPHUHIIUIA HAIOKCHUS

C TIOMOIIIBIO TOTIOJIOTUYECKUX MATPHI] CEUCHUN U KOHTYPOB M 3akoHOB Kupxroda
B MaTpu4IHOU (hopme

BO3MOYKHBI BCE BaPUAHTHI

I[.]'lﬂ TOKOB B CMKOCTAX H Hal'[pﬂ)l(eHI/Iﬁ Ha HWHAYKTUBHOCTHAX CHPaBECAJHUBO
COOTHOIIICHUE:

ic) (L 0O ucj
u, 0 C)\i
ic) (C 0 uq
u, 0 L) \i.
ip) (€ 0O uc]
Ue 0 L)\
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{6 2
u, 0 L)\
Kakue Marpuubl npeacrabBjsilOT c000ii BXOJAHBbIe W B3aMMHBbIE IPOBOAUMOCTH
BeTBeH ¢ ucue?
+Hceen He,
Hepn Hey
Hycw Hp,
HyywnHp,

Kakue wmarpuubl mnpeacraBasiT co0oii ko3pduuueHTHI Nepegadydm  TOKa
COOTBETCTBYIOIIIMX BeTBEi?

Hcen He,

+Hcp v Hey

Hicw Hi,

HypnHpy

Kakue maTpuubl npeacTaBasioT co00i KOIPPUUMEHTHI epeIadyd HANPSKeHUus ?
Hcewn He
Hcyn Hey
+Hcn H,
HypwHyy

Kakue mMaTpuubl npeacTaBJsIOT €000ii BXOAHble M B3aUMHbIE CONPOTHBJIECHUS
COOTBETCTBYIOIIIMX BeTBEi?

Hcen He,

Hcp v Hey

Hycw Hp,

+Hp, u Hy,

Ecian kaxabiili 3JIeMeHT JIeKTPUYECKOH LeNu BbLIAEJISAETCS B KauyeCcTBe BETBH, TO
OTHeCeHHe BeTBeH K JiepeBy UJIM CBA3SIM CJieyeT MPOU3BOAUTh:

C Y4YETOM IIPEABIAYIIETO

+C Yy4E€TOM CJICAYIOIETO

C YYETOM BCEX JIEPEBLEB

0e3 yuera 1epeBbeB

I'pa¢d snexTpuyeckoil memu, coaepsKallMid HOPMAJIbHOE JAepeBO W HOPMAJbHbIN
noarpadg ces3eil, HA3bIBAIOT:

+IpaBUIIbHBIM

CBSI3aHHBIM

IJIAHAPHBIM

U30MOpP(HBIM

39



Henocratkamu ypaBHeHUI NepeMeHHbIX COCTOSIHUS SIBJISIIOTCS:
CJIOKHOCTh HCKJTIOUCHUS aNreOpandecKux ypaBHEHUN
MOJTy9aeMbIe MAaTPHUIILI HE SBJISFOTCS Pa3psSKCHHBIMH
+00a yKa3aHHbIE HEJIOCTaTKa
HU OJIMH W3 YKa3aHHBIX HEJIOCTATKOB

Ju¢ppepeHunanbHbie YpaBHEHUsS NEPBOr0 MOPsiAKa, 3anucanubie B popme Komu,

OyAyT MMeTh BHA:

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

ax =AX+BV
dt
Y=4X+B,V
d

aX(t) = BX(r)+ AV ()

Haunoosee npocToii MeTO YMCJIEHHOI0 pellieHus YPABHEHHH, 3allUCaHHBIX B opme
Kounu:

SBHBIA METOJ Diliiepa

anroputm Pynre-KyTra nepBoro nopsuka

HU OJIUH U3 YKa3aHHBIX METOJIOB

+00a meTona

YCcToi4HUBOCTH IBHOI'O METOAA Jiljiepa 3aBUCHUT OT:
+11ara A
IIOCTOSTHHOM BPEMEHHU LIEIH T
MaKCHMAaJIbHOTO KOA()PHUITHECHTA 3aTyXaHUS O,y
OT BCEX YKa3aHHBIX MapaMeTPOB

IlapameTp, KOHTpoOJUpPYWOIIMI nNOrpemHOCT, pemeHuss B MathCAD npu
aBTOMAaTHYE€CKOM BbIOOpe IIara HHTErpupPOBaHNsl, 0003HAYAETCH:

+acc

kmax

npoints

save

MakcumanbHoe 4ucja0 y3j0B ceTtku B MathCAD, B KoTOpBIX MOKET OBITH
BBIYHCJICHO PeLIeHHe 321a4M HA oTpe3Ke, 0003HaYaeTcs:

acc

+kmax

npoints

save
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Haumenbiee pomyctumoe 3HadeHue mara B MathCAD aas  yHkomili ¢
AaBTOMATHYE€CKMM BbLIOOPOM mIara 0003HA4YAeTCs:

acc
kmax
npoints
+save

Kaxkue neiictBusi He00X0AUMO BBINOJHUTH MPH pacyere NMepexoJAHbIX MPOLECCOB B
CJ0KHBIX Hensax?

anmpokcuManuo auddepeHInanbHbIX YPAaBHECHUN OTACIBHBIX JJIEMEHTOB IeHel
Pa3HOCTHBIMHU YPABHEHUSIMH, C KOTOPBIMH COIIOCTABJISIFOTCS YACTO PE3UCTUBHBIEC CXEMBI

3aMCIICHUA

dbopMHpoBaHHE HAa KAXKIOM IIIare pacuera CUCTeM alreOpandecKuX YpaBHCHHIA,

COOTBCTCTBYIOIIHNX PC3NUCTUBHBIM CXCMAM 3aMCIIICHUSA ueneﬁ

MOCJICTIOBATEIHFHOE PEIICHUE MOTYUYCHHBIX CHCTEM alITeOpandecKuX ypaBHCHHM
+BCE yKa3aHHbIE IEUCTBUS

Tabimua S — Kpurepun oneHku ¢cpopMHUpPOBAHHOCTH KOMIIETeH LU

Kon u Kputepuu oniennBanust chopMHUpOBAaHHOCTH KOMIIETCHIIUN
HaMCHOBAHHE (yacTH KOMIICTEHIIVH)
WHIMKaTOopa Ha 0a30BOM YpPOBHE Ha MOBBIIICHHOM YPOBHE
TOCTHKCHUS COOTBETCTBYET OIICHKE | COOTBETCTBYET OIICHKE COOTBETCTBYET OIICHKE
KOMIIETCHIIMHA «yIOBJICTBOPUTECIILHOY «XO0pomo» «OTIIMYHO»
(qactm 50-64% ot 65-85% ot 86-100% oT MakCMMaJIbLHOTO
KOMITETCHIIH) MaKCHMAaJILHOIO 0ajjia | MaKCUMaJbHOro Oaja Oaiuta
Crynent Bnageer CTyneHT UCTIONb3yeT CTyeHT XOpOoIIIo UCTIONB3YEeT
MaTEpHaIoM II0 TCME, ¢busuko- (bu3uKO-MaTEMAaTHYECKUN
HO UCTIBITRIBACT MaTeMaTH4YeCKUii anmnapar IpH aHaJIu3e u
3aTpy/IHCHUA B amrmapar npy aHajlu3e U | MOJICITUPOBAHHU
HCTIOIb30BAMIHH MOJICTTUPOBAHUHT IEKTPUICCKUX TENCH 1
V- Trikoc2 dusnico- IEKTPUUECKUX TETIeH | JIEKTPHUYSCKUX MAIIUH C
Vcnons3yer MaTEeMaTHYeCKOT0
- almaparta npy asHanuse | ¥ MCKTPHICCKHX UCIIOJIb30BaHUEM
. | 1 MomenmpoBannH MAIIIHH C UH(POPMALMOHHBIX
MATCMATHUCCKIH | 5 e TpiueckuX Ieneil | MCIIONb30BaHHEM II(POBBIX TEXHONOTHiA
armapar rnpu Y DIICKTPUICCKUX UH(POPMALMOHHBIX U JIOTUYECKU MBICIIUT,
aHalmnse 1 MAallKH C 1HPPOBBIX CIIOCOOEH HAXOUTH U
MOACITMPOBAHUH | MCIIONB30BAHNEM TEXHOJIOTHii, HO AHATM3MPOBATH MH(OPMAIIHIO
SJICKTPHICCKIX UHDOPMALMOHHBIX U JIOIyCKaeT I pEelICHUs TOCTABIEHHOMI
LHenen u 1U(pPOBBIX
. MOTPENTHOCTH TIPU 3aJ1a4uM, TOTOB K
IEKTPUYECKHX TEXHOJIOTHH, JOMyCKaeT
OLINGKH TTDK COCTaBIICHUH MOJTHBIX COBEPIICHCTBOBAHUIO
MAIIIFH C p .
TN SORArey | COCTABICHHH TOTHbIX CHCTEM YpaBHEHUH pEIIeHUs TIPH COCTABICHUN
CHCTEM ypaBHEHUM AJIEKTPUYECKUX LIENEN, | NOJHBIX CUCTEM YPABHEHUI
MH(OPMAIOHHbI AJICKTPUYECKHUX IIeTeH, | Lenei ¢ 3JIEKTPUYECKHX LIETEH, LEene
xu HH(prBUHX emneu ¢ TpancopmaropamMu 1 | ¢ TpaHcopMaTopamMu U
TEXHOJIOTHIt

TpanchopmMaTopaMu
METOoJIaX pacueTa
HepPEeXOJHBIX
IPOIIECCOB; MTPABHIBHO
BbINOJTHUI 50-64%
TECTOBBIX 3a/IaHHI

MeTOJax pacyera
MEePEXO0HBIX
MPOIIECCOB; MPABWILHO
BBITIOJIHUI 65-85%
TECTOBLIX 3aJaHUN

METOJIaX pacuera
MEePEXOHBIX MPOLIECCOB;
MPABUJILHO BBIMOJIHHII 86-
100% TecToBBIX 3a1aHUI
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Monayab 4. 3a1a4u TUATHOCTUKH JIeKTPUYeCKHX Heneid. UyBCTBUTEIBLHOCTD.
Oco0eHHOCTH pacyeTa HeJIMHENHBIX Hene

TecTupoBanue (TCru, TCk)

Buvibepume o0un npasunvHulll gapuanm omeema u HAddCMume KHONKy «/laneey

Mepa BIuSIHMS W3MEHEHUS TMapaMeTPOB CHCTeMbl HA ee XapaKTepPUCTHKH
(cBoiicTBA):

BOCIIPUUMYHUBOCTH
+4yBCTBUTEIBLHOCTD
JIMarHOCTHKA
OTKJIUK

HpI/I‘II/IHLI HCCJICTOBAHUA YYBCTBUTCJIbHOCTH 3JCKTPHYCCKHUX nemnemu:

IMOMOTacT IMMOHUMATh, KaK Bapuamus KaKoro-anoo mapamMeTpa 3JICMCHTA BJIMACT Ha
OTKIJIMK LICIIN

IMOMOTacT CPaBHUTH KAYCCTBO PA3JIUYHBIX ueneﬁ, HUMCIOIIUX OI[I/IHaKOBBII\/'I OTKIJIUK
I[P HOMHWHAJIBHBIX ITapaMeTpax

OIIpPCACIIACT TpPaaAUCHT (bYHKHI/II/I, KOTOpLIﬁ HUCIIOJIB3YCTCA IIPpU OIITHMHU3ALUN
CXCMbI

+BCE YKa3aHHBIC IPUYHNHBI

ITo xkakoi u3 popmyJi onpeaesisieTcss 4YyBCTBUTEIbHOCTD 10 mapameTtpy h?

+le :d_F
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
thzélnF
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
" dlnh
_i_D::alnF
oh

ca e [

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

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

_Il
I,

}F"”% - ] _El_
-1 ntn

0
I |n+r, —n 0
_Ij{—ig n+r | | E
n+r —n }[lz_ E, |

-1, ntr |1 0

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

oo
oh oh
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aﬁzaﬁ(%]
Oh oX
+a_®:dT(a_XJ
oh oh
%sz(%j
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

METO/I Y3JIOBBIX MOTEHIIUAJIOB

+METO/1 y3JIOBBIX CONMPOTUBJICHUM

s peanu3anmuM MeTOAA Y3JI0BbIX CONPOTHUBJIEHMHA Mexay y3iaamu 0 wum j
MHOI'OIIOJIIOCHUKA BKJIIOYAIOT:

nctounuk IJ(C

+HUCTOYHHK TOKa

COIIPOTUBJICHUE

LIYHT

Ecain  M3BeCTHO, 4YTO [JAHATHOCTHpPYeTCS B3aMMHAs JJIEKTPpUYecKass Lelb,
o0sagaIass CMMMETPUYHBIMH MAaTpUMUAMU Y M Z, TO I MOCTPOCHUNA CHUCTEMbI
YU=1 kosn4yecTBO M3MepeHHH, HEOOXOAUMBIX JJIS BOCCO3IAHMSI HUKHEH (BepXHei)
TPEYroJbHON YaCTH MATPUILIbI, Oy1eT PABHO:

n

n-1

2
n

tn(n-1)/2

JIOCTOMHCTBOM MeTO/A Y3JI0BbIX CONPOTUBJICHUN ABJIACTCH:
HEOOJIBIIIOE KOTMYECTBO yPAaBHEHU I
orcyTcTBHE U dHepeHINaTbHBIX YpaBHEHUN
+1IpPOCTOTA HKCIIEPUMEHTAIIBHON 4acTH
KOJINYECTBO HEU3BECTHBIX MEHBIIIE KOJINYECTBA YPABHEHUN

Kakue mnpubGopsl TpedyoTcss il BBINOJHEHUS JKCIEPUMEHTAJBHON 4YacTH
AMATHOCTHUKH JIEKTPUYECKOH eNu MeTOA0M Y3JIOBBIX CONPOTUBJICHUI?

OJIMH aMIIepMETP

OJIMH BOJIbTMETP

OJIMH perynupyembliid ucTouHUK D/[C

+BCe yKa3zaHHbIE TPUOOPHI
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MeToa IUArHOCTMKH, MO3BOJAIOIIUNA NMPOBECTH IKCIHEPUMEHTAJBHYI0 4acTh TaK,
YTO0BI YIIPOCTHIACH BBIYUCINTENbHAA YACTh Pa0OThI /10 €€ MOJTHOI0 HCKJIIOYCHHUS:
METOJl KOHTYPHBIX TOKOB
+METO/1 Y3JIOBBIX TPOBOJMMOCTEMN
METOJ y3JI0BBIX IIOTCHIINAJIOB
METO/ Y3JIOBBIX COIIPOTUBIICHUN

Ilpy ucnmob30BaHMHM METOAA Y3JIOBBIX NPOBOAUMOCTEH /JJIs1 PeELlIeHUs 3ada4uM
AHATHOCTUKH CYMMAPHOE YHCJI0 M3MEPEHUI TOKOB:

0o0JbllIe, YEM YHCIIO HEU3BECTHBIX

+MEHBbIIE, YEM YUCIIO HEU3BECTHBIX

PABHO YUCIly HEU3BECTHBIX

B JIBa pa3a 0OJIbIIIe, YeM YUCIIO HEM3BECTHBIX

MeTtoa y3/10BBIX IPOBOAUMOCTEN 1a€T BO3MOKHOCTb NMPAKTHYECKHU 000l THCH 0€3:
U3MEPEHUN TOKOB
U3MEpPEHUN HANPSHKEHUN
U3MEPUTEILHBIX TPUOOPOB
+BBIYUCIIUTEIILHON YaCTH

HenocraTtkn MeT0/10B IMATHOCTUKY LENei:
HE0OXOAMMOCTb MMPUMEHEHHUS OOJIBIIIOTO YHCIIa U3MEPUTEILHBIX PUOOPOB
OCYIIECTBICHIUE MHOTOKPATHBIX U3MEPEHUN 11eTH
PE3KO0 BO3PACTAET YUCIIO U3MEPEHUM TOKOB
+BC€ YKa3aHHBIC HEIOCTATKU

Ha xakoM H3 PHCYHKOB H300pakeHa BOJbTAMIICEPHASl XapaKTEePUCTHKA 3JEeMEHTa,

YIIPpABJAECMOI0 110 HaHpﬂ)KeHI/HO?
U a

Y

—
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Ha xakoM H3 PHCYHKOB H300paeHa BOJbTAMIICEPHAS XapPaKTEePUCTHKA 3JIEeMEHTa,

yHpaBJIsieMOro no ToxKy?
U

L

+ i

Ilﬁ]{
0 UE

7

Il

]

» Ul
—-—l-"'/

®yukuusa B MathCAD, ucnonb3yromasics 1isl JJUHEHHOW HHTEPIIOJIALMHA:
cspline(VX, VY)
+linterp(VX, VY, x)
Ispline(VX, VY)
pspline(VX, VY)

C nomompb Kakux (QYHKOUIA NMPOBOAWTCH CIVIAHH-ANNPOKCHUMANUS HA NEPBOM
rane?
+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 noMomb Kakoil (PYHKIMH NPOBOIAUTCH CIUVIAH-aNNMPOKCHUMALMS Ha BTOPOM
rame?

cspline(VX, VY)

+interp(VX, VY, x)

Ispline(VX, VY)

pspline(VX, VY)

Kakas ¢yHkuus ucnosb3yercs AJds peaju3anuy JHMHEHHON perpeccum 001Iero
Buaa’?

+infit(VX, VY, F)

linterp(VX, VY, x)

Ispline(VX, VY)

pspline(VX, VY)

Jliis  cocraBijieHMsl ypaBHeHMH N0 BTOpoMy 3akoHy Kupxroga He3aBucHMBIE
KOHTYPBbI BLIOMPAIOTCH TAKHM 00pa3oM, 4TO0bI:
oOl1ue BETBU COAEpKaIu HEIMHEWHbIE aneMeHThl ¢ BAX, ynpaBisieMbIMU TOKOM
BETBU CBSI3U COJEPKaIN HENMHENHBIE 2eMeHThI ¢ BAX, ynpaBisiembiMu
HaIPSHKEHUEM
+10JKHBI COOMIOAATHCSA 00a yCIOBUS
HU OJHO U3 YCJIOBUI HE JOJDKHO COONIOAATHCA

CkoybKO BeTBeil JepeBa JOJKHbI COIEPKATH Y3Jibl, AJ51 KOTOPBIX COCTABJISIIOTCH
ypaBHeHMsI 10 nepBomy 3akony Kupxrodga?

+ omHy

1IBE

TpHU

HU OJHOU

YpaBHeHUS Y3JIOBBIX HANPSKEHUH COCTABJAIOTCH [JJId Lened, 3JIeMeHTaMH
KOTOPBIX ABJIAIOTCH:
PE3UCTUBHBIE DJIEMEHTHI C MOHOTOHHBIMU XapaKTepUCTUKAMU
JBYXITOJIFOCHBIE 3JIEMEHTHI C HEMOHOTOHHBIMU XapaKTEPUCTUKAMHU S-THIIA,
YIIPaBJIsIEMBIMU HAIIPSKEHUEM
3aBUCHUMBIE HCTOYHUKHU TOKA, YIIPABIISIEMbIE HAIIPSHKEHUEM
+BC€ YKa3aHHBIC DJIEMEHTEHI

B kakue 3j1eMeHTHI LleNU cJieayeT NMpeodpa3oBaTh 3aBUCHMble MCTOYHMKH JAPYrUX
TUNoB (He UTYH)?
B UCTOYHHKH TOKA, YIIPABISEMbIE TOKOM
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+B UCTOYHUKH TOKA, YHPAaBIIACMBIC HAIIPSAXKCHUEM
B UCTOYHUKHU HAIIPSIKCHUA, YHIPABJIIACMBIC HAITPSKCHHUEM
B UCTOYHUKHU HAIIPSIKCHUS, YIIPABISACMBIC TOKOM

Kakoii y3es nenu cjieayer NpUHAMATH 3a 0a3UCHBIN?
+y3e11, B KOTOPOM CXOJUTCSI HauOOJIbIIEe YUCIO HENUHEWHBIX JIEMEHTOB
y3€J, B KOTOPOM CXOAMUTCSI HAUMEHBLIEE YACIIO HEJIMHEWHBIX 2JIEMEHTOB
y3€J1, B KOTOPOM CXOJSTCS TOJIBKO JIMHEMHBIC 2JIEMEHTBI
y3€J1, B KOTOPOM CXOASTCS BETBU ¢ uctounnkamu J/1C

YpaBHeHHe 3aBHCHMOI0 HCTOYHHKA TOKA, YNPABJIAEMOro Hanpsikenuem Uj; Mexmy
y3JaMH i 4 j, iMeeT BU/:

i, =GU,
i, =mel.j
+1, :gmUl.j
i = rmUl.j

IIpu cocTraB/iennu rUOPUAHBIX YPABHEHH B KauecTBe BeTBell lepeBa NIPUHNUMAIOT:
ncrtounuku DJ1C
HEJIMHEWHBIC PE3UCTUBHBIC JJIEMEHTHI, XapPaKTEPUCTUKU KOTOPBIX YIPABISIOTCS
HaIPsDKEHUEM WM 3aJIaHbl B BUJIC 3aBUCUMOCTH OT HAIPSKESHHUSI
JMHEHWHBIC PE3UCTUBHBIC DJIEMEHTHI, HYKHBIC /111 00pa3oBaHus ¥Y-1 BeTBei epeBa
+BCe yKa3aHHbIE BAPUAHTHI

IIpu cocraBjeHMu TUOPHJAHBIX yYPaBHEHHH B Ka4decTBe BeTBeil CBs3M (Xopa)
NPUHUMAKTCH:

HEJIMHEWHbIC PE3UCTUBHBIE JJIEMEHTHI, XAPAKTEPUCTUKU KOTOPBIX YIPABISIOTCA
TOKOM WJIH 33J]aHbl B 3aBUCUMOCTH OT TOKa

HMCTOYHUKH TOKA

JUHEWHBIC PE3UCTUBHBIC DJIEMEHTHI

+BCE YKa3aHHBIC DJIEMECHTHI

Ha xakoM u3 pucyHKoB u300pa:keH rpad, cocTaBJIeHHbI 1JI JTAHHOU cXeMbl?
R,

. UO
5

48



®yukuusa B MathCAD, ¢ noMombi0 KOTOPOii HAXOAMTCS pPelIeHue ISl MPOoCTeHImnxX
HeJIMHEHHBIX ypaBHeHuid Buaa F(x)=0:

+root

polyroots

find

minerr

®ynkuust B MathCAD i1 noucka KopHei 00bIYHOI0 MOJIMHOMA pP(X) CTENeHH 7:
root
+polyroots

find

minerr
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®yukuuei polyroots(V) He pekoOMeHIyeTCs NMOJIb30BATHCH, €CJIU CTeNeHb MOJMHOMA
BbIIIIE:

BTOPOU

YETBEPTOU

+mecroun

JIEBSITON

Eciu peienue cucTeMbl HeJIMHEHHBIX ypaBHEHHWiIl peajibHO CYIIeCTBYeT, TO B
BBIYHCJIUTEIBLHOM 0J10Ke, OTKPBIBAEMOM CJIOBOM Given, UCTOJIb3YyeTCsl QYHKIMS
root
polyroots
+find

interp

DYyHKIUA, HCHOJb3YIOLIAsCH /JJA PelIeHUs CUCTeM HeJUHEHHBIX YpPaBHEHMH,
KOTOpasi  NbITaeTcsl  HAWTH  MAKCUMAJIbHOe  NPUOJIMKEHHMe  JaKke K
HECYLIeCTBYWILEMY PpelIeHUI MNyreM MUHMMHU3AUUN CPeIHEKBAJAPATHYHOU
MOIrPEIIHOCTH PelIeHUs], HA3bIBACTCS:

root

polyroots

find

+miner

JJleKTpUUYeCKas HeNb HA3bIBAETCS HeJIMHEHHOM, eCJIn:

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

+r, L, C unu M x0Ts1 Obl OAHOTO U3 YYaCTKOB 3aBUCAT OT 3HAYEHUUN WUIIM TOKOB,
WJIA HAIPSKEHUH B 3TOM YYaCTKE LENH

r, L, C unu M X0Ts Obl OJTHOTO U3 YYaCTKOB 3aBUCST TOJBKO OT 3HAYEHUN TOKOB B
ATOM Y4YacCTKe LIETH

r, L, C wiu M XoTsa Obl OJHOrO W3 YYacCTKOB 3aBUCAT TOJIbKO OT 3HAYEHUU
HANPSHKEHUM HA 3TOM Y4YaCTKE LEIH

JIJI HeJIMHEHHBIX YJIEKTPUYECKHUX Lenei napamerpst r, L, Cu M:
+3aBUCAT OT TOKOB U HaIIPSKEHUU
HE 3aBUCAT OT TOKOB U HAIIPSKEHUN
3aBUCAT TOJIBKO OT TOKOB
3aBUCAT TOJBKO OT HAIIPSKEHUN
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Tadoaunua 6 — Kpurepun onenkn cGopMHUpPOBAHHOCTH KOMIIETEHIUIA

Konun Kputepuu oniennBanusi chopMHUpOBaHHOCTH KOMIIETEHIIUN
HaMEHOBaHHUE (4acTv KOMIIETCHITNH)
UHAMKATOpa Ha 0a30BOM ypOBHE HAa MOBBIIIEHHOM YPOBHE
HOCTUIKCHUL COOTBETCTBYCT OLICHKE | COOTBETCTBYCT OLICHKE COOTBETCTBYECT OLICHKE
KOMITCTCHIINHU «YOOBJIICTBOPUTEIBHOY «XOpOILIO» «OTJIMYHO»
(qacTn 50-64% ot 65-85% ot 86-100% ot
KOMIICTEHIIIH) MakKCUMAaJILHOI'O Oaia | MaKCHUMaJILHOTO Oajuia MaKCUMAaJILHOTO Oasuia
W-11koen CryneHTt Biaaeet CTyaeHT ucosb3yer CrtyzaeHt cBob60aHO
Hcnonsiyer MaTepHaJoM o Teme, | (PHU3HKO- UCTIONB3YeT (PH3UKO-
¢buzuko- HO UCIBITHIBAET MaTeMaTHYECKUI MaTeMaTUYECKU anmnapar
MaTeMaTHYECKHUM 3aTpy/IHEHUs B anmnapar Ipy aHaJIM3€e U | [IPU aHaJIU3€e U
anmnapar npu UCII0JIb30BAaHUU MOJEIMPOBAHUU MOJICJIUPOBAHUU
aHaluse u duzuko- JJEKTPUYECKUX LENEH | DJIIEKTPUUYECKUX LIETIeH U
MOJEIMPOBAHUU MaTeMaTUYeCKOro U SJIEKTPUYECKUX 3JIEKTPUYECKUX MAIIHH C
ANEKTPUUYECKUX anmnapara Ipy aHaJIu3€ | MAIluH C HCIIOJIb30BaHUEM
ueneu u Y MOJICJIMPOBAaHUU WCII0Ib30BAHUEM MH(GOPMAIIMOHHBIX U
ANEKTPUUYECKUX AJIEKTPUYECKHUX Lenell | MHPOPMallMOHHBIX U TU(POBBIX TEXHOJIOTHH,
MalluH C U DJIEKTPUUECKHUX U (POBBIX JIOTUYECKH MBICIIUT,
HCII0JIb30BAHUEM MaIIHH € TEXHOJIOTHH, HO CIOCOOEH HaXOUTh U
MH(OPMALIMOHHBIX U | UCIOJIB30BaHUEM JIOITy CKaeT aHaJIM3UPOBATh
U(PPOBBIX UH(POPMALMOHHBIX MOTPEIIHOCTH MTPU UH(POPMALIUIO JITIS
TEXHOJIOT Ui U POBBIX peuieHuu 3a1a4 pelIeHus TOCTaBICHHOM
TEXHOJIOT U, JMarHOCTUKHU 3a/1a4M, yMEET peliaTh

JIOTTYCKaeT OLTHOKHU
MIPU peIlIeHUH 3a/1a4
JIHArHOCTHUKHU
ANEKTPUUECKHUX LIETIEH,
IJIOXO OCBOMII
0COOEHHOCTH pacueTa
HEJIMHENHEBIX e,
MPaBUIILHO BBHITTOTHUII
50-64% TecToOBBIX
3aJaHui

3JIEKTPUYECKUX LICTIEH,
MIPU 3TOM OCBOMIJI
0COOEHHOCTH pacuera
HEJIMHENHBIX LIENEH;
MPaBUIILHO BBIMOJIHUI
65-85% TeCcTOBBIX
3aJaHUuN

3aJla4M JUATHOCTHKH
ANEKTPUYECKUX LIETIEH,
OCBOMJI 0COOCHHOCTH
pacueTa HEJTMHENHbBIX
LIENEeN; TOTOB K
COBEPIIIEHCTBOBAHUIO
pelieHus1, NpaBUIbHO
BBITTOJTHIIT 86-100%
TECTOBBIX 3aJaHUI
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2 OHEHNBAHUE IITMCBMEHHBIX PABOT CTYAEHTOB,
PETJIAMEHTUPYEMBbIX YYEBHBIM IIVIAHOM

PacueTrHo-rpajduueckas padora «Tpexdasubie nenmw»
TumnoBast PI'P, BbIlOnHSETCS 1O BapuaHTaM B COOTBETCTBHM C METOAUYECKHUMU
yKa3aHUSAMHU.

Tabauna 7 — @opMupyeMble KOMIETEHIIUN (MM UX YACTH)

Konx u HanmeHOBaHME HHAUMKATOPA OneHo4HEbIE
Kox u HanmmeHoBaHue
NOCTWYKECHUSI KOMITETEHIINHT MaTepUabl
KOMIIETEHIINHU
(4acTu KOMIIETEHIUN) Y CpEJICTBA
[TKoc-1. Criocoben N -111kee-1 UcionsiyeT puszuko- MhosenKa
OCYH.[GCTBJ]}ITB MOHI/ITOPI/IHF MaTCMaTI/I‘-IGCKI/Iﬁ annapaT HpI/I aHaJIN3¢C U p p
N coaepxxanus PI'P
TCXHHUYCCKOI'O COCTOSIHUA MOI[CJ'H/IpOBaHI/II/I SHGKTpI/ILIeCKI/IX eneu u BamnTa PI'P
O60py[[0BaHI/ISI HOZ[CTaHL[I/Iﬁ BHGKTpI/I‘ICCKI/IX MalInH C UCIIOJIB30BAHUCM (CO6€CC OBaHI/Ie)
SJIEKTPUYECKHUX CETEM MH()OPMAITMOHHBIX U ITU(APOBBIX TEXHOJIOTHIA g

Tadauuna 8 — Kpurepun ouneHkn pacueTHo-rpadgpuveckoii padoTbl

[Tokazarenu KonnuectBo 6amios
MHUHHAMAJILHOE MaKCHUMaJIbHOE
Co6monenne rpaduka BoinoaHenust PI'P 5 10
3ammra PI'P 5 10
Hroro: 10 20

Onenka chOpMHPOBAHHOCTH KOMITETCHIIMM TIPH BBITIOJTHEHUN M 3aIUTE PACUYCTHO-
rpaduyeckoil paboThl ocymiecTBisieTcss no Onoky «3amuta PI'P». Kpurepuu
OIICHWBAHUS C(HOPMHUPOBAHHOCTH KOMITETCHIIUN MTPEACTABICHBI B Ta0HIIe 9.
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Tadanuna 9 — Kpurepun oueHku c)OpMHMPOBAHHOCTH KOMIIETEHUHWH MO0 Pac4eTHO-
rpaduyeckoii padore

Kon u HanmeHoBaHMe Kpurepuu onennBanus chopMupoBaHHOCTH KOMIETEHIIH
WHIUKAaTOpa (4acTv KOMIETCHITUH)
JOCTUKEHUS Ha 0a30BOM ypOBHE Ha MOBBIIIEHHOM YPOBHE
KOMIIETEHIUH (4aCTH CryeHT CIIOCOOCH OLICHUBATh CtTyaeHT BBIIOJIHWII U 3alATUII
KOMIIETEHIIHH) pEe3ynbTaThl BHIITOJIHCHHBIX paboTy B CPOK, OCBOUI paboTy B
W-111Ke-1 Micnonbsyer | pacyeToB, OCBOMII paboTy B makeTe nakete MathCAD, na xopomem
dusmKo- MathCAD, nokasan roToOBHOCTb N10JIb30BATEIBCKOM YPOBHE U
MATEMATHYECKIi HCII0JIb30BATh (beHKO- YCIEUIHO HUCIIOIb30Ball €r0 IIPU
MaTeMaTUYECKHUH anmnapar pu BBINOJIHEHUH PacyeToOB; B paboTe
anmnapar Ipy aHaJIA3E U
aHAJIN3€ U MOJEIMPOBAHUU IIOKa3aJl TOTOBHOCTb UCIIOJIb30BATh
MOJZCpOBAHIH . JJIEKTPUYECKUX LETIEN 1 (bu3NKO-MaTeMaTUIECKHUIA ammapar
SJICKTPUHUCCKUX HCTICH | ek TprYeCcKUX MAIIUH C [PY aHAITM3E U MOICTIUPOBAHUH
U JJICKTPHICCKUX UCIOJIb30BaHNEM UH()OPMAIIMOHHBIX | JEKTPUUECKUX Lenen u
MalIVH ¢ U IIM(PPOBBIX TEXHOJIOTHH, NEKTPUYECKUX MAIIUH C
HCII0JIb30BAHUEM HCIIONIB3YET JJIEMEHTHI TEOPUHN MCTIOJIb30BaHNEM HH()OPMAITHOHHBIX
MH(QOPMAIMOHHEIX U MaTpuil 4 TpadoB; CiocoOeH 1 U POBBIX TEXHOJIOTHIA,
LPOBBIX TEXHOIOrUH | COCTABIATH MOJIETH SIEMEHTOB UCIIOJIb3YET JIEMEHTHI TEOPUU
AJIEKTPUICCKHUX IIETIEH; pelaTh Matpuil ¥ rpadoB; crmiocooeH

CUCTEMbI YPAaBHEHUH 3JIEKTPUUECKHUX | COCTABIIATH MOJEIH 3JIEMEHTOB
LIeNel; HO HE COBCEM TBEPJIO BIAJEET | JIEKTPUUECKUX LIETIEH; pelaTh

Marepuainom, npu zamure PI'P CUCTEMBbI YpaBHEHU

JIOITyCKaeT UCKAKCHMsI JIOTUYECKOU JNEKTPUYECKUX LENEH; MOKET
MIOCJIEIOBATEIbHOCTH, HETOYHYIO CaMOCTOSTENIBHO U

apryMEHTalUI0 TEOPETUYECKUX apryMEHTHUPOBAHHO OCYILIECCTBIIATh
MIOJIOKEHUH, BBIIOJIHUII paboTy 10 aHaJn3, 00001LIEeHNS U BBIBOJIBI 10
KOHIIA ceMecTpa BBINOJIHEHHOM paboTe

bazoBblii ypoBeHb CHOPMUPOBAHHOCTH KOMITETEHIIMH, COOTBETCTBYIOIIMI OIEHKE «3a4TCHOY,
CUNTAETCs IOCTUTHYTBIM, €CJIM CTYAEHT M0 UTOraM HMOJATrOTOBKM M 3alUThI paboThl Habupaet ot 10 o
14 GannoB, NMOBBILICHHBIH YPOBEHb CUMTAETCS JOCTHTHYTBIM, €CJIM CTYIeHT Habupaer oT 15 mo 20
0aJIoB.
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3 ONPEAEJIEHUE PE3YJIbTATA
MNPOMEXYTOUYHOM ATTECTALIUU
dopma NpOMEKYTOUHOHN aTTECTALMU 10 JUCIUIUIMHE 9K3AMEH.

OLEHOYHBIE MATEPUAJIbI 1 CPEACTBA JUIA IIPOBEPKH
COOPMHUPOBAHHOCTU KOMIIETEHIIM

IIKoc-1. Cnocoben ocymecTBJASITb MOHUTOPHMHI TEXHHUYECKOr0 COCTOSTHMS
000pyI0BaHMS MOJACTAHIHUI JJIEKTPUYECKHUX CeTEN.

3anaHus 3aKPHITOrO0 TUINA

Boioepume ooun npasunvHwlit 6apuanm omeema

1. He3aBUCHUMBIi MCTOYHHUK TOKA H300pPa’KeH HA PUCYHKe:
U

)
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3. Tomonoruveckue ypaBHeHUsl AJIfl JAHHOH LeNU
umn

U.k =
E— Ex

L 3

=

iy
m [m R

Jk C
(o
\ZJ

3alIUCbIBAIOTCH:
tA4i=-AT,; Cu=Ce
Ai= AT, ; Cu=Ce
Ai=—-AJ,; Cu=—-Ce
Ai= AT, ; Cu=-Ce

3aIlaHI/IH OTKPLITOIO THUIIA

Jlaiitme pazeepuymotii omeem Ha 60NPoc

4. Kaxkue mapamMeTpbl CXeMbl He 3ABUCAT OT 3HAYEHUI TOKOB M HANIPSIsKeHUil ?

IIpasunvuwiii. omeem: Jiid JWUHEWHBIX SIEKTPUYECKUX ILENEld mNapaMeTphl:
aKTUBHOE compoTuBieHue (r), wuHAyKTHBHOCTH (L), emkoctb (C) u B3auMmHas
WHJYKTUBHOCTH (M) HE 3aBUCST OT 3HAYEHUN TOKOB M HAIIPSIKEHUH.

5. Uem 3aMeHAOTCH 3HAYEHHUS] TOKOB M HANPSKEHUH B YCTAHOBHUBIIMXCS
PeKUMAX TeKTPUYECKUX Lemnei?

IIpasunvueiii omeem: B yCTaHOBUBIIMXCS pEeXHMaxX 3HA4Y€HHS TOKOB U
HaIpPsHDKEHUN 3aMEHSIOTCS UX KOMILUIEKCHBIMU JEHCTBYIOIIMMU 3HAYCHUSIMH.

6. Uro nazpiBaercs rpagom?

IIpasunvuelii omeem: Ijisl ONMCAHUSL TOMOJIOTUU (CTPYKTYPBI) LIENH KaXIyl0 BETBb
CXEMbI 3aMEHSIOT OTPE3KOM JIMHUH, Ha3bIBAEMbIM BETBBIO Ipada, a y3JIbl TOUKaMU — y3JIaMH
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(BepumHamu) rpada. ITa COBOKYMHOCTh BETBEH M Y3JIOB, MPEICTABISIONIAS TOMOJIOTHIO
LIEIH, Ha3bIBAaeTCA rpadom.

7. Kakas yactb rpaga moxet 0bITh moarpagom?
IIpasunvHuiii omeem: n006ast 4acTh rpada sBiasercs noarpadom - oaHa BETBb, OJIUH
y3€J1, MHOKECTBO BETBEH U y3J10B, COJIEpKalleecs B JaHHOM rpade.

Honoanume

8. JIro0o0ii 3aMKHYTBHIi MYyTh, OOpPa30BaHHBLIH BeTBIMH M Yy3JaMH, H
NPeACTABJIAIOIIMH TOIOJIOIHIO eIH, HA3bIBACTCH .
IIpasunvnbii omeem: KOHTYPOM.

9. Eciu TOnmoJiornyeckue cBoMcTea rpa)oB 0AMHAKOBbIC, TO OHU .
IIpasunvbHoviii omeem: N30MOp(pHBIE.

10.I'pad, koTopbiii B pe3yjbTaTe M30MOP(PHBIX NMPeodPa3oBaHM MOKET ObITh
H300pakeH HA IVIOCKOCTH 0e3 nmepeceyeHusi BeTBei, ABJISAETCS .
IIpasunvbhbiii omeem: TIIAHAPHBIM.

11.'pa¢gpl, y KOTOPHIX BCe BeTBH HMEKT HANPABJEHHUS, HA3bIBAKTCH

IIpasunvuelii omeem.: OPUEHTUPOBAHHBIMU.

OxoHuaTenbHbIE  pe3yJbTaThl  00yudeHUs  ((popMuUpOBaHUS ~ KOMIIETEHIUN)
ONPENENSIOTCA MOCPEICTBOM NepeBoaa 0OamioB, HaOpaHHBIX CTYJEHTOM B IIpoliecce
OCBOCHMSI TUCIIMIUINHBI, B OLIEHKU:

— 0a30BBI ypOBEHb CHOPMUPOBAHHOCTA KOMIIETEHLIUU CUUTAETCS JOCTUTHYTBIM,
€CIM pe3yibTaT OOyuYeHHsS COOTBETCTBYET OIIEHKE «yJOBJIeTBOpUTENbHO» (50-64
PEUTUHTOBBIX 0aJIOB);

— MOBBIIICHHBI  YpOBEHb  C(HOPMHPOBAHHOCTM  KOMIETEHLIMU  CUUTAETCSA
JOCTUTHYTBIM, €CJIH Pe3yJbTaT OOy4eHHS COOTBETCTBYET OIICHKaM «Xopomio» (65-85
PEUTUHTOBBIX 0aJUTOB) U «OTAUIHOY» (86-100 peHTHHTOBBIX 0aIOB).
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4 IOPAJIOK ITPOBEJEHUS IOBTOPHOM
MMPOMEXYTOUYHOM ATTECTAIIUA

dopMa MPOMEKYTOUHOM aTTECTALIMH MO JUCLUIUIMHE 9K3AMEH.

@OHJT OLIEHOYHBIX CPEACTB [JIsi MPOBEACHUS TOBTOPHOM IPOMEKYTOUHOM
aTTecTalu (QopMupyeTcs W3 4YHClIa OIICHOYHBIX CpPEJICTB IO TEeMaM, KOTOpbIE HE
OCBOEHBI CTYJICHTOM.

llpumeuanue:

JIONOJIHUTENIbHBIE ~ KOHTPOJIbHBIE  HCMBITAHUS  MPOBOJATCS JUIsl  CTYJEHTOB,
HaOpaBmmx wmeHee 50 O6amnoB (B coorBercTBUM ¢ «[lojokeHneM O MOIYJIBHO-
PEUTUHTOBOM CUCTEMEY).

Tadoanna 10 — Kpurepun oueHkn ¢hopMUPOBAHHOCTH KOMIIETEH UM
Kpurepuu oriennBanusi cOpMUPOBAHHOCTH KOMIICTCHIHH
(4acTH KOMITCTCHITHH )
Ha 0a30BOM ypOBHE
COOTBETCTBYET OLICHKE «yJIOBJICTBOPUTEIBHOY
50-64% ot makcuMabHOTrO Oana
CTyIeHT BlaJieeT MaTepUalioM 110 TeMaM JMCIUILTHHBI, OCBOWII
paboty B makere MathCAD, ymeeT ucrnonp30BaTh MOACIN
AJIEMEHTOB JICKTPUICCKHX IICTICH, HO UCTIBITHIBACT
3aTpyAHEHUS B TeOpuu rpad)oB, UCTIOIB3YET (PU3UKO-
MaTeMaTUYeCKUil anmapar Mpyu aHATU3e U MOJICITUPOBAHUN
AJIEKTPUUYCCKUX IICTICH U AJICKTPUUCCKUX MAIIIHH C

Kon u naumeHnoBanue
WHAMKATOpa TOCTHKEHUS
KOMIIETSHIINH (4acTh
KOMITCTCHITHH )

N I-111k0c-1 Ucnionbiyer pusuko-
MaTeMaTUYECKHUI anmnapar npu
aHaJIU3€ U MOJACIINPOBAHUU
ANEKTPUUECKUX LETEN 1
3IEKTPUUYECKUX MAIIHH C

UCTIOJIb30BaHUEM
UCIIOJIb30BaHUEM WH(POPMAIIMOHHBIX U IU(POBBIX
MH(POPMAITMOHHBIX U ITU(DPOBBIX o
TeXHONOMH TEXHOJIOTUH, UCTIOIB3yeT HH(POpPMAITMOHHBIE ¥ IN(POBHIC

TEXHOJIOTMH Ha 0230BOM YPOBHE
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