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Hpumep 4. B ¢aiine ¢ umenem «int(4_4).txt» 3amicaHsl 4uCiaa B BUIE MATPHUIEI YETHIPE
CTPOYKHU IO UETBIPE SJIEMEHTA, pa3AeneHHBIMU npoOemamui. B (aitie ¢ umenem «ant(4_1).txt»
3aIMMCAHEI YACIA B CTOIOUK. 1 pedyercs mpounTars 3TH qaHHble B Marpuiy Q u Bekrop P.

Pemenue. /[ urenua maHHeIX W3 (paiyia B MATPHUILY/BEKTOP MOKHO BOCHOJIB30BATHCA
¢pynakumenn READPRN, koropas nmeer oaun mapamerp — umsa (paitna. @parMeHT ¢ penieHueEM
npencrasiaeH Ha puc. 10.
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Puc. 10. Urenue nanneix n3 (ainos

C marpuiiamMu MOTYT NMPOU3BOOUTHCA KAK UMCICHHEBIE, TAK M CUMBOJIBHBIE BBIYUCIICHHUA.
Onepanymn ¢ marpunamu B cucreme MathCAD o0Oo3nadarorcs Tak, Kak 53TO0 OPUHATO B
MaTeMaTHKE: —, +. *, ....

Ha pwuc. 1] mokazano Ha3zHa4yeHHME HEKOTOPBIX CHENHUATW3UPOBAHHBIX  KOMAHT,
PACIIOJIOKEHHBIX HA HAHEW UHCTPYMEHTOB Matrix.

[Tomumo sroro, cucrema MathCAD npencrapnser Oosbmioe KOIMYECTBO (PYHKIMU 1A
paboTHI ¢ BEKTOpaAaMH U MarpuiiamMi. Bocmons30BaTECA 3TUMH (PYHKIMSAMH MOKHO € TTOMOIIBIO
macrepa pynakimit f(x).

X — MOMVIHTE OOPATHYVHY MATPHITY

1 X| — BLIYHCIHTE JeTepMHHAHT

Y, TPaHCIIOHHPOBATE

) H AT M~ " — H3 MATPHITH B3fTh BEKTOP-CTONOE

B o 2.V — HOOYYHTE CYMMY IJIEMEHTOB
Y-V — CKANEpHOS MPOHIBEICHHE REKTOPOB

EH A b

X * J — BEKTOPHOE IPOHIBEISHEE BEKTOPOE

Puc. 11. Haznauenune HEKOTOPBIX KOMAHT,
pPACHOI0KEHHBIX HA MaHEIN UHCTPYMEHTOB «Matrix»

Ha puc. 12 npeacraBneHsl BEIYUCIEHUS ¢ UCTOJIB30BAHUEM ONEPAIMI HAL MATPULIAMHU.
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Puc. 12. ITpumepsr maTpuuneix BerauciaeHnd B MathCAD

[Tpumep 5. TpeOyercs chopmupoBaTes MTUATOHANBHYK KBAJIPAaTHYH Marpuly c(6x6).
3HAYCHUS SJIEMEHTOB IJIABHOU JUATOHAIH JOJIKHEL COBIIAIATE C HOMEPOM CTPOKH/CTONONA.

Pemenue. [lna mosydeHns quaroHaasHOM MATPHUIEL B CUCTEME HNPENYCMOTPEHA (PyHKIMA
diag, koropas wumeer OOWH MapaMerp — BEKTOP AUATOHANBHBIX SJIeMEHTOB. [losTomy
(opMUPOBAHNE MATPHUIIEI HAYHEM C CO3JaHMA BCIIOMOTATEIRHOTO BEKTOPA, B KOTOPEI 3aHECEM
3JIEMEHTHI A quaroHanu. [{ma popmupoBanns 5TOTO BCIIOMOTATENRHOTO BEKTOPA (HATTPUMED, C
MMEHEM S), BOCHOJB3YEMCS BCIIOMOTATENRHOM HEPEMEHHOM, KOTOpas OyJer urpars poJb
UHIEKCa (Hanpumep, 1). Torma popmupoBanne IuaroHaAIBEHON MATPHLEI MOKET OBITH ITOJYUEHO
B PE3YIBTATE OMEPALMIL, KAK 3TO IMOKA3aHO HA puC. 13.
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Puc. 13. ®opvupoBanre THATOHAJIBLHOM MAT BI
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[Tpumep 6. laner nse matpunisr: A(4%3) u B(4x2). TpebOyerca 00BeIMHUTE 9TU MATPHUIILI B
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ogHy Mmarpuny C(4x5), npuuem, NEPBEIMU CTOIONAMH HOBOM MATPHUIIEI JOMKHEI OBITE CTOJIOIEI
MATpuIBl A, a CmpaBa OT OSTHX DJJIEMEHTOB CIE€ZOBATh CTONOIBI marpunsl B (MeTomom
«TOTMCBIBAHUS CIIPABA» ).

Pemenue. [lna coeguHeHna ABYX MarTpull B OJHY MATPHUILy MOKHO HCIIOJIL30BAThH
(pyHKIMIO augment, mapaMerpaMu KOTOPOH OyayT ABAATHECA UMEHA COETUHAEMBIX MATPHUIL, KAK
3TO MOKA3aHO HA puc. 14.
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Puc. 14. O0bvenunenna qByx MaTpuil
MO MPABUITY «IOMUCEIBAHUSA CIIPABA»

[Tpumep 7. laner nee matpunsr: A(2x3) u B(3%3). TpeOyerca 00beIMHUTE 3TH MATPHUIILI B
onny marpuiy C(5%3), mpuuem, B HOBOM MATPHUIILI B KAUECTBE IMEPBBIX CTPOK OOMKHBEI OBITH
CTPOKU MATPULLI A, 4 32 HUMH JOJLKHEI CI€I0BATh CTPOKU MaTpUIlEl B.

Pemenue. [{na coemuHeHus ABYX MATPUIl B OJHY MATPUILy IO HPABUIY «IPyTr IIOT
OPYyroOM» MOKHO UCIOJIB30BaTh PyHKIMIO stack, mapamerpamMu KOTOPOU OyAyT ABIATECA NMEHA
COEQUHAEMBIX MaTPHII, KAK 3TO IMOKa3aHo Ha puc. 15.
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Puc. 15. O0senunenna qByx MaTpuil
MO TPABUITY «IOPYT MO IPYTOM»

[Tpumep 8. Jlana marpunia A(6x6). TpeOyercs monyduTs U3 3TOU MATPUILY TTOIMATPHUILY, B
KOTOPYTO BEH Hof@MEHTEL, PACITONOKEHHBIC B CTPOKAX, HAYNHAL C HOMEpA 2-r0 10 HOMEp

4-it, m cTOROIT AR HARATYTH O HO Me a 0-ro mo Homep 5-i.

Ceptuidmkar: EE[I'[I'[I'[I'MSEBABE:EQEEEDEETBASEIEIGEGﬂﬂEI
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Pemenmne. Jlnga BeigeneHus mOIMATPUIEI C  HOMEpaMHd  CTOJOIOB ©  CTPOK
HeicraIPEACEABISHHBINH , FPAHUYHEIMA  3HAYECHUAMU MpenycMoTpeHa (QyHkuMa submatrix. Ora



(pYHKIMSA UMEET 5 mapaMeTpoB: UMA MATPHUIILI, U3 KOTOPOU MPOU3BOIUTCA BBIOOD; HAUATBHBIH
HOMED CTPOKH BEIOOPA; KOHEUHBIM HOMEP CTPOKHM BEIOOPA; HAYAMBHBIN HOMED CTOJ01a BEIOOPA;

KOHEYHBIN HOMED CTON0nA BEIOOpa. Bo3MoxHOE peneHue npeacraBiaeHo Ha puc. 16.
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Puc. 16. Beigenenue mogMaTpuiisl U3 3aJaHHOM MATPHIIEL

[Tpumep 9. lana marpuna A(6%6). TpeOyercsa momyduTs U3 3TOM MATpUIy IOBa BEKTOPA.
[lepBEli BEKTOp OOMKEH COBHANATH C 4-BIM CTOIOIOM MATPHUIBL A, 4 BTOPON — € 3-i1 CTPOKOU

MaTpPHUIEL A.

Pemenue. [t moaydeHus BEKTOPHEIX 3HAUCHHIA MOKHO BOCIOJIE30BATECI KOMAHIOH M*™~
(13 Marpuubl B3ATH BEKTOP-CTOA0EI]), KOTOpas pacmoioxkeHa Ha na”enu «Matrix». [lnd

MOJIYYE€HUS ITIEPBOTO BEKTOPA ATY KOMAHAY HYKHO IIPUMEHUTH HEITOCPEACTBEHHO K MaTpuIie A, a
U1 TONYYEHHs BTOPOrO BEKTOpa HYKHO CHadajga IIOJYYMTh M3 Marpuiel A
TPAHCIIOHUPOBAHHYIO0 MATPHUILY, & TOJBKO IMOTOM BOCITOJIB30BATHCA KOMAHIOH «B3ATh CTOJIOEI».

Bo3morkHOE pemenne npencraBaeHo Ha puc. 17.
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Puc. 17. Beinenenne BEKTOPHEIX 3HAUCHUH
W3 3aJaHHON MATPHIIEI
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[Tpumep 10. U3 marpuner A(6%6) BEIIEINTE MUHOP, KOTOPBIM 00pa3yercs B PE3yIbTATE
BEIUYEPKHBAHUS 13 TOM MATPUIIBI HYJIEBOU CTPOYKH
U TPETHETrO CTOJIONA.

Pemenne. Pemenne 3anqaum MOKHO CBECTH K COEIUHEHUIO JIBYX ITOJIMATPHII, BEIIECICHHBIX
13 Marpulsl A, KaK 3TO MOKa3aHo Ha puc. 18.
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Puc. 18. Beigenenue MuHopa U3 3a1aHHOM MATPULLEI

Ucnonb3oBaHWe maTpuL, CNeluanbHOro Buaa AN BbiNOAHEHUA MaTPUUHbIX onepauuii B cucteme
MathCAD

M3BecTHO, UTO B pE3yJIbTATE YMHOKEHUHM MATPHUIBI HA BEKTOpP MOJIYYAETCA BEKTOP.
[Ipruem, Kakael 1-M SJIEMEHT HTOr0 BEKTOpA-pe3yiabTara MPEACTABISIET CO0OM CyMMmy
MOMAPHBIX MPOU3BENEHUH COOTBETCTBYIOMIMX SJEMEHTOB 1-OM CTPOKH MATPHUIIBI HA SIEMEHTEI
BEKTOPA-COMHOKUTEIA. OUEBUIHO, €CIM B BEKTOpPE, HA KOTOPHIM YMHOKAETCSI MAaTpUIld, BCE
5JIEMEHTEI PABHEBI HYJIIO, 4 OOWH SJIEMEHT PABEH €OUHUIIE, TO PE3yILTATOM TAKOTO MPOM3BENECHUA
Oymer 4mcio, COOTBETCTBYIOMIEE TOMY JJIEMEHTY I-M CTPOKM MATPHUIBL, TAE€ BEKTOPHBIM
COMHOXkUTENEM Oyaer emuHuia. [akoh BBEIBOA MOKHO HWCHOONB30BATh IS BBIACICHUS
((hopmupOBaHM) U3 MATPUIIEI HYKHOTO CTOIOIIA.

[Tpumep 11. lana marpuna: A(4x4). TpeOyercsa moaydurs U3 3TOW MATPULY OBA BEKTOPA.
[TepBeni BekTOp momxen coBnanars ¢ 0-biM CTOMOIIOM MATPULBL A, @ BTOPOU — € 3-M CTOI01IOM
MaTpPHUILEL A.

Peménifer! @%ﬂ{ﬁ?ﬁfgfﬁl{m HOBEIX BEKTOPOB C(POPMHUPYEM ABA BCIIOMOTATEIBHBIX BEKTOPA:

INEKTFPOHA -
.;:;.”;;|,-.1;B_§KTQR-;;QEJ!;gm,;‘-\[gl:gﬁmmmﬂm.,g;.ﬁﬂﬂﬂgmiem B cTpoke ¢ Homepom (), a BTOpoOM BekTtop B4 — C

Snanel eMUHIMIHEIM “3HAYEHHEM®B CTpoke ¢ HomepoMm 3. Torma i nOOMydeHHUA BEKTOPOB B
COOTBETCTBHUM C YCJIOBUEM 3aJauM IOCTATOYHO YMHOKUTE MAaTpuily A crpasa Ha BEKTOpHI Bl u

nencrevB2y kAR PP TIOKA3aHO3HA puc. 19.
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Puc. 19. Beigenenue BEKTOPHBIX 3HAYEHUM W3 3aaHHOU MATPUIIEI

AHAmOTUYHEIM 00pa3OoM MOMKHO IOJYYUTE BEKTOP-CTPOKY W3 Marpunsl. [lia sroro
OOCTATOYHO C(POPMHUPOBATE BCIOMOTATENBHBIM BEKTOP-CTPOKY, Y KOTOPOM BCE KOMITOHEHTHI
PaBHBI HYJIIO, 4 OHA KOMIIOHEHTA, HOMEP KOTOPOH COOTBETCTBYET HOMEPY BBIIEISIEMON CTPOKH
13 MATPULEL, paBHA eauHuIEe. ECM 5TOT BEKTOP YMHOKUTE CI€BA HA MATPHUILY, TO B PE3YIBTATE
OyaeTr moiydeHa HyKHas CTPOKA.

[Tpumep 12. lana matpunia: A(4x4). TpeOyercs BeIIeanTs U3 MAaTPUIEL HEPBYIO CTPOKY MO
nopAaaky (¢ Homepowm 0).

Pemenune. CHauana tpedyercsa moaroTOBUTh BCIOMOTATENBHBIN BEKTOP-CTPOKY, 4 MOTOM
YMHOKHUTB 3Ty CTPOKY CI€BA HA MaTpuily A. BeKTOp-CTpOKy MOKHO MOIYUHUTE U3 OPEALITYIIETO
IpUMEPA TPAHCIIOHUPOBAHUEM BEKTOpa-cronona Bl.

Taxoii mpuemM MOXKHO HMCIOJIB30BATH I MEPECTAHOBKU CTPOK M CTOAOIOB MATPHIIHL,
TOJBLKO [JIA 3TOr0 HOTpeOyercs yike BCIOMOTaTelIbHAsd MATPHIA, COCTOAMIAS U3 BEKTOPOB-
CTOJONOB (BEKTOPOB-CTPOK), MECTO EOUHWUYHBIX NIEMEHTBI KOTOPBIX COOTBETCTBYIOT TOMY
MOPSAKY, KOTOPEIA HYKHO UMETh B PE3yJIBTATE IMIPe00pa3zoBaHms MATPHIIEL.

[Tpumep 13. danma marpuma: A(4x4). TpeOyercs nepecTaBUTr B MATPHUIIE CTPOKH C
Homepamu 0 u 1.

Pemenue. Jlma mnpeoOpazoBaHusa WMCXOOHOW MATpUIEl  TPEOyeTcs MOATOTOBUTH
BCITOMOTATEIbHYI0 MATpuily. BO BCIOMOTarenpHOM MATPUIE MECTOMOJOKEHUE EINHUI] B
CTPOKAaxX MOJKHO COOTBETCTBOBATH HYKHOMY IOPANKY I/ PACIONOKEHHA CTPOK B HOBOH
marpuiie. [locie 5Toro pemenne MOKHO IMOJYYUTE NPOCTEIM NEPEMHOKEHHEM MATPHULL:

‘0010 00 ‘4 11 1 0
1 000 ] 3 7 B
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[Tpumep 14. Jlana marpuna: A(4x4). TpeOyercs mepecTaBUTE B MATPUIE CTOJIOIBI C
nomepamu 0 1 1.

Pemenuwe. J[lna mnpeoOpazoBaHusas UCXOOHOM  MATpUIl  TpeOyercs MmOATOTOBUTH
BCIIOMOTATENRHYI0 MATpUlly. B0O BCmOMOrareasHON MaTpUIE MECTOIOJIOKEHHE E€INHUI] B
cTOA0I[aX COOTBETCTBYIOT HY:KHOMY HMOPAIKY Ui BEIOOpa mx B HOByI0 marpuiyy. [Tocne sroro
pelIeHNE MOKHO MOTYIUTh TPOCTHIM NEPEMHOKEHUEM MATPHII!

Mmooy 307 ozh
L 0o IL4 10
0010 34 % 0 2
0001, L7 omoaa,

£
I

Paccyxknas takum o00pa3oM, MOKHO C HOMONIBEI0 BCHOMOTATENBRHOTO BEKTOpA C
€IUHUIHEIMU KOMIIOHEHTAMH MOJYYUTh BEKTOP, KOMIOHEHTH KOTOPOro OyIyT paBHBI CyMME
CTPOK (CTOJOIIOB) MATPUIIBI, 4 TAKKE CYMMBI OTJIEIBHO BBIAECIEHHOTO CTOJIOMKA (CTPOYKH).

[Tpumep 15. Jlana matpuna: A(4x4). TpeOyercs Hautu CyMMy SJIEMEHTOB B CTONOLE €
HOMEPOM 3.

Pemenue. Jlna pemenusa 3agaun TpeOyeTcsa MOArOTOBUTE BCIIOMOTATENBHEIA BEKTOP-CTPOKY
113 €IMHUYHBIX 5JIEMEHTOB M BEITOJHUTE YMHOKEHHUE:

E=01 1 1 19

E A B4=-[31)

[Tpumep 16. [lana marpuna: A(4x4). TpeOyerca moaIyduTs BEKTOPA, SIEMEHTEI KOTOPOTO
OyayT MpeACTaBIAThE CYyMMBI 3JIEMEHTOB B CTOJIOI[AX MATPUIIEI.

Pemenue. /i1 pemenus TpeOyeTcs mMOATOTOBUTE BCIIOMOTATEIBHBEIN BEKTOP-CTPOKY M3
EIMHUUHEIX AJIEMEHTOB U BEITIOJHUTE YMHOKEHHE!

E:=¢L 1113
EA=(17 57 12 54)

Konmponshbie gonpocsl

I. Kak moMeHATE MECTAMM CTPOKH MATPHUILIBI?

2. %%Hg@%ﬁﬁmgpﬂq}me CYMMEI rﬂ:iTpHuLI?
CepTudmkar 3,_4&::-;:-ﬂﬂﬂeﬂﬂlﬂﬁiﬂﬁﬁﬂﬁﬂﬁm?ﬂﬂ;?ﬂﬁﬂ CO3O0daHHOH CTPOKH TeKCTa?
dSnanenen: - AUCORR CO3MATB HOBBIIT TEKCTOBBIN CTHIIE?

5. Kak 3arpy3uts TO0TIOMTHUTEIBHBIN IPAPT?

S e = A0 A8 37T 5 - 3 M T3
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6. Kak co3maTe BEPTUKAITEHYIO CTPOKY TEKCTA?

Cnucok numepamypol, peKOMeHOVEeMblIl K UCNO1b308AHUI0 N0 OAHHOU meMe:
I. bepmunep, 3. M. CAIIP B mammnocrpoennn : yueOuuk mis sy30B / 3. M. bepmunep, O.

B. TapareinoB. — Mocksa : @opym, 2014. — 448 c.

2. AdanaceeBa, H. M. BrramcimrensHbplE W SKCHEPUMEHTAIBHBIE METOABI HAYYHOTO
ykcnepuMenTa : [yued. mocodbue™]. — M. : KHOPYC, 2013. — 330 c.

3. XnebnukoB, A. A. Mudopmarmonnsie Texnonornu : yueOHuk / A. A. XneOHnkoB. — M. :
KnoPyc, 2014. - 472 c.

4. MATHCAD 14: Ocnosnrie cepBuckl u texnonoruu Iloxapckaa I'. U., Hazapos [[. M.
M3pgarens: Hanmonameueit OtkpeiTeiid Y HUBepeuter « MIHTY U Ty, 2016

JlabopaTtopuas pabora7. IlocTpoeHne TpexMepHoOro rpapuxka 3aBHCHMOCTH TOKa B

mend R, L, C ot Ru X,

Teopemuueckasn 4acmb.

Hapsany ¢ asyxmepueimu rpapukamu MATHCAD no3Bosser co3naBaTe U TPEXMEPHEIE
rpapuku. /[na 5T0ro HEOOXOOUMO CO34ATh MATPHUILY, COACPKANIYI0 3HAUCHMA (PYHKIMU OBYX
MEPEMEHHBIX, 1 ITOKA3aTh €€ B BHJIE MOBEPXHOCTHA B TPEXMEPHOM ITPOCTPAHCTBE.

Hcmonp3yem mosryueHHEBIE paHEE HABBIKA MOCTPOEHUA M PENAKTHUPOBAHUA TPA(PUKOB 1A
pPELIEHNA 3a0a4 JJIEKTPOTEXHHUKH.

Oo0opyaoBanne H MATepHAIbL.

[Tepconanpueiit komnerotep, nporpamma MathCAD.

YKkazanus 1o TeXHuke 0e30nacHoOCTH:

COOTBETCTBYIOT TEXHUKE OE30MACHOCTH IO PadOTE ¢ KOMITBIOTEPHOU TEXHUKOM.

3amaHus
[Tycts, Hampumep, B cXeMe, MOKA3aHHOW HA pUC. |, M3MEHMOTCS ABA MapaMeTpa: UHIYKTUBHOE
comporuBieHne XL u aktuBHoe comporuBnenne R. Bemmunmna emxocrn konmencaropa C u
€MKOCTHOE COmpoTHUBIEHHE J[O0CTaroTCa mOCTOAHHBIMU. [IOCTOSHHEIM OCTAE€TCA U BHYTPEHHEE
AKTMBHOE COIIPOTUBICHUE WHAYKTUBHOM Karymku r. [lommoe conporuBienne unemm
nepeMeHHOMY TOKY Z = y|(R + 1)~ + (XC - XL)2 u tok B uemm [ = U / Z apmarorcsa QyHKIMAMU
3TUX JBYX MAPAMETPOB.
[Tycts muraromee nanpsskenne U - 10 B, Xc = 1 Om, BHyTpeHHEE NMOCTOSHHOE AKTUBHOE
COIPOTUBJIEHHE UHIYKTUBHON KATYymKU T = 0,4 Om.
AxtuBHoe conporuBiacHue R m3menserca ot nyng 1o 0,4 Om ¢ marom 0,02 Om. UngykruBHoe
conmporuiaeHne XL mmensercs ot vy 10 2 Om ¢ marom 0,1 Om.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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3asucumocTh ToOKa B mend R, L, Cor Ru X
n:=0.20 m:=0.20 R,:=0,02n +04

Xi =0,1m U:=10 Xe=1
N = r e A T =
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Pucynok 1. Tpexmepnsni rpapuk ¢ pe30HAHCHEIMU KPUBEIMH
Nupexcer smemenToB maccuBoB R, XL, Z u | momkuer ObITh mensiMu uuciaamu. [losTomy
ONpPENE MM UENBIE OUCKPETHBIE APryMEHTHl IUTH BEIpasuM nepemeHHele R m XL kak
unaekcupoanneie mnepemennsle Rn m XL (em. pucl). M3 sroro pucynka BuOHO, 49TO
OUCKPETHBIE APTYMEHTHI ITUT U3MEHAIOTCA OT HyAA 00 20 ¢ marom, paBHBIM €TUHULIE.
[Tocne Toro kak OymyT ompeneneHsl 3HaueHUA (PYHKIWMH Z W / OT apryMEHTOB HHT, MOYKHO
crpouth rpaduk. J[ng storo mano Haxare kiaBunm [Ctrl]+12] wim BeiOpars B mento BeraBka
(Insert) — I'papuk (Graph) — ITosepxnoctu (Surface Plot). MoxHO Takke BOCHOJIB30BATHCA
kHonkoi HMucrpymentsr rpagukos (Graph Toolbar) m B ma(popmanmonHom okHe (cm. pucl)
BEIOpars cpenuioro kHOMKY ['paduk mosepxuoctu (Surface Plot). Beegure omanM 13 yka3zaHHBIX
ctoco00B mabmoH TpexmMepHOoTO Trpaduka M B IMOJE BBOAA (B YEPHOM MPIMOYTOJBHUYKE)
HameuaranTe uMmsa (PyHKIMH, T.€. [.
Br1 yBugure HarmagHoe mpeacrasiieHne Marpuibl. [10 rOpU30HTATEHEIM OCAM OTKIJIAIBIBAIOTCS
APTYMEHTHL 1T U T, & M0 BEPTUKANBHOU ocu — TOK . [TomecTture ykaszarens meimm Ha rpaduk
TOBEPXHOCTH M MOMPOOYHUTE MEPEMENIATh MBI C HAKATOM JIEBOH KHONKOH. BBl yBUauTE, Kak
HOBOPAYNBAETCA TPa(UK.
[Tonbepure s Hero HanOoIE€ MOAXO AN PAKYPC.

OOKYMEHT NMoanncAaH
SNEKTPOHHOW NOANKCLIO

Ceptvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Puc. 2.15. Dnexrpuueckas uene A1d UCCICAO-
BAHMSA SIBJICHUS pE30HAHCA HaNpSKECHUH

Konmponshbie gonpocol

KomaHabl peaakTMpoBaHUA BeKTopos M maTpuu, B cpene MathCAD.

Jl71s wero npumMeHsaroTCs madIoHbI?

Kak co3qate JOKYMEHT HA OCHOBE mAa0I0HA?

Kak co3mars HOBBIH 11a0moH"?

Tpexmepusie rpadukm.

Co3zmanue MaTpUIlbl, COAEPKANIEN 3HAYECHUS (DYHKIMH IBYX IEPEMEHHBIX, U
OTOOpAKEHUE €€ B BUAE MOBEPXHOCTU B TPEXMEPHOM ITPOCTPAHCTBE.

AN o e

Cnucok numepamypol, peKOMeHOYEeMblI K UCNO1b308AHUI0 N0 OGHHOU meMe:
I. bepmunep, 5. M. CAIIP B mammnocrpoennn : yueOHuk 1 By30B / J. M. bepmunep, O.

B. Taparsmos. — Mocksa : @opym, 2014. — 448 c.

2. AdanaceeBa, H. 0. BrramcimrensHbelE W OKCHEPUMEHTAIBHBIE METOABI HAYYHOTO
yKcmepuMenTa : [yued. mocodbue™]. — M. : KHOPYC, 2013. — 330 c.

3. Xnebnukos, A. A. Uudopmarmonnsie Texnonornu : yueOHuk / A. A. XneOHnkoB. — M. :
KnoPyc, 2014. — 472 c.

4. MATHCAD 14: Ocnosnrie cepBuckl u texnonoruu Iloxapckaa I'. U., Hazapos [[. M.
M3pgarens: Hanmonameueit OtkpeiTeiid Y HUBepeuter « MIHTY U Ty, 2016

JlabopaTopHasi padora8. Pelienne ypapHeHHH

eib papombl.

Hayuurscsa co3maBars O10KHU, UCIIOJIB30BATE TOTOBEIE OMOMMOTEKN OIOKOB U pa3padareiBaTh
coOCTBEHHBEIE ONOITMOTEKH.

Teopemuueckana uacme.
OFpDDvﬂ-IDE KOJIHMYCCTBO 34144 BLIIH{CIH{TEJTE:HDﬁ MATCMATHEKH CBA3dHO C pEHlEHHEM

HEMMHEWHBIX aIreOpandecKuxX YpPaBHEHMI, a4 TAKKE CHUCTEM Takux ypaBHeHud. [Ipm stom
HEOOXOIMMOCTE PEMIEHUS HEIMHEMHBIX YPABHEHWI BO3HHUKAET 3a4acTyl0 HA MPOMEKYTOUHBIX
marax, Impyu peanusanuu (pparMeHToB 00JIee CIOKHEBIX AITOPUTMOB (K IIPUMEPY, NMPH pacueTrax
nu((pepeHIMATBHBIX YPABHEHUHN IIPU IMOMOIINA PA3HOCTHBIX CXEM U T. I1.). YACIEHHOE penieHue
HEMMHEHHOTO YPaBHEHUA AJTOPUTM OPUOMMKEHHOTO pemeHus ypaBHeHus {(x)=0 cocrout u3
IBYX ATAIOB:

l. HAXOXKOEHUA NOPOMEKYTKA, COJNEPKAMIETO KOPEHb YPABHEHMA (WIM HAYAIBHBIX

TPUOTHKERIH AT KQDHA);
SNEKTPOHHOW NOANWUCHIO
Ceptudmkar: 2C0000043ESABBB952205E7BAS00060000043E
Bnageney, lLlebayxoea TaTbAHa AnekcaHapoBHa
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2. moIy4eHU MPUOIMKEHHOTO PEIIEHUA C 38JAHHOW TOYHOCTBIO C MOMOMIBI0 (PyHKIIHM
root. Ecmn mocne muornx wrepammu MathCAD ne nHaxoaur moaxoasmniero NpUOMWKEHHA, TO

: .
[MOSBUTCA COOOmIeHne ‘ Cant converge to a solution. ‘ (OTCYTCTBYET CXOAUMOCTB).

O0opvaoBaHHe H MATEPHAIbL.

[Tepconanpueiit komnerotep, nporpamma MathCAD.

Ykazanus 1o rexuuke 0e30nacHoOCTH:

COOTBETCTBYIOT TEXHUKE 0€30MACHOCTH IO padOTE C KOMIBIOTEPHOU TEXHUKOM.

Jaoanusn

Mpumep 1. PelleHWe ypaBHeEHWA C NOMO Wb GpyHKUMKM ROOT

Npumep 1. PelleHne ypaBHEHMS ¢ nomMouwlbio dyHkumn ROQT

f(x) = 2-In(x) - % 1 3agaeM dyHkLMIO f(X)
/ . | 1 CTpoum rpacduk u
_ 0/ 1 2 3 4 5 Haxo4WUM Ha4anbHOE
{(x) NpUBRMKEHUE
2
-
*

x:=07

root (f(x).,x) = 0.728
Jta ommOKa MOKeT OBITE BEI3BAHA CIEAYIOIMMI TPHUHNHAMU:
* YPABHEHHUE HE UMEET KOPHEM;
* KOPHHU YPABHEHU PACIIOJIOKEHEI JATEKO OT HAYATBHOTO MPUOINKEHNS,
* BEIPAKEHUE UMEET KOMIUIEKCHBIM KOPEHB, HO HAYAMBHOE MPUOMMKEHNE OBIIT0 BENIECTBEHHBIM.

YT1o0Bl yCTaHOBUTE HpUUMHY OmMOKM, uccaenyire rpadpuk f(x). OH DOMOKET BBIACHUTE
HAIMUMEe KOpHEW ypaBHeHus f(x) = 0 u, ecnm OHM €CTh, TO OOPEAEIUTE MPUOIM3UTENBHO HX
3HaueHusA. Yem TouHee BEIOpPAaHO HAYAIBHOE NMPUOMIKEHUE KOpHA, TEM OwicTpee Oyner root
CXOIUTHCA.

[Tpumep:
AOKYMEHT MNOANMCAH

Haxﬂm iﬂépﬁﬂ HEMTHEMHOTO YPABHEHILS:

CepTudM _,_J......'. FO9ABBRAO52205E7BASDO06000004
Bnapeneuy lleBayxoea TaTbAaHa AnekcaHapoBHa
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£ Mathcad Professional - [Untitled:1] M=

@ File Edit View Insert Format Math  Symbolics  Window Help - &
4
D-=E &V T e =
|H|:-rmal Ll.-ﬁ-.rial L|'|I:I || I
X £ -
fix) = o) + 3yx - 1.56 Calculator X [g‘
T 11
TOL = m—j sin cos tan In o log
T = 4 il | |:'i| -rl H-rl
xl = root(fx, 0 ot L[] W
xl = 1998 )
TT
+ [ ® f8 9 f
T 4 5 B =
E FF [::::| - 1 2 3 +
x= I% {f '
= 0 -=
]
m 41 af B
Fress F1 for help. ALTO MU Page 1
1. Onpenenure KOPeHbE HEMMHEMHOTO YPABHEHU A
— X
(&
X+0,323- 7—0
¢ Tounocteo € =107, ecmt xo0 = 0,8.
2. Onpenenure KOPEHs HEMMHEMHOTO YPABHEHUA:
X
xe =4.28

c rounocteio  £=107°, ecom xo0 =1.2.

3. Onpenenure KOPEHb HEIMHEMHOTO YPABHEHU A

X+X 1 + ‘\/; =4.75

¢ TounocTteio € =107, ecom xo0 =1.5.

4. Onpenenute KOPEHb HEIMHEMHOTO YPABHEHU A

x-‘j\/;=0.]09

¢ TounocTeo £ =10, ecom xo =1.1.

5. Onpenenure KOPEHb HEIMHEMHOTO YPABHEHU A
X’ +x=3.3

¢ TouHO cTEIN@ =108 ecm xo =1.4.
3NEKTPOHHOW MOAMUCHIO

Ceprvdomkatr: 2C0000043ESABBBO952205E7BAS00060000043E
Bnapgeneuy;: llleGayxoea TaTeAHa AnexkcaHgpoBHa

HaxoxaeHue KopHeil NoNIMHOMA

B o e e . A A T s La B 4 10 L o]
Nencteutened: ¢ 19.08.2022 no 19.08.2023



Jl71s1 HaxoxkaeHus KOPHEW BRIpakeHus, nmeroniero sug vo+vix+... vn-1x n-1 +vnx n , ayume
MCMOJIB30BaTh (PyHKIMIO polyroots, mexenu root. B ormuume ot (yHKImM root, (QpyHKImL
polyroots He TpeOyer HagassHOTO HNPHOMIKEHUS W BO3BPANIAET Cpa3y BCE KOPHH, Kak
BEMIECTBEHHBIE, TAK U KOMIUIEKCHEIE.

Oyakrnua Polyroots(v) - BozBpamiaer kopau momuHOMa creneHu n. Kosduimmentsr momuaoMa
HAXOOATCA B BEKTOpE Vv AJMHEI n + 1. Bo3Bpamiaer BEKTOp AMUHEI N, COCTOAMIMH M3 KOPHEH
TOJIMHOMA.

Mpumep 2. HaxoxgeHWe KOpHEU NOAUHOMA

3
075X —8X+5
[NA co3aaHua BeKTopa V:
1. lNocTaBbTe KYPCOp Ha NEPEMEHHYI0 X B BbIPaXKEHUM

(5 ) 075X — 8X+ 5
-8 2. BoinonHnte komanay Cumeonel —
V= o KoathdpmumeHTsl NoONMHOMA
3. BoinonHuTe kKomaHay [lpaBka — BeipezaTth
.T_ =3
15 4. HaneyaTtanTe v:= 1 BbINONHWUTE KOMaHAy
lNpaeka - BcTaBnTh
(—3.542)
polyrool{v) = | 0.651
\ 2.892

Pemenune cucrem ypaBHeHud Pemenne CUCTEM ypaBHEHUI MATPUYHBIM MeTOOOM Paccmorpum
CUCTEMY N JIMHEWHBIX Jre0panueCcKkux ypaBHEHUN OTHOCHUTEIBEHO N HEM3BECTHEIX X 1, X2, ..., xn:

a,x, +a,x, +...+a,x,=b,

CucreMa MMHEHHBIX YPABHEHUHM MOKET OBITh 3amMCaHa B MATPUIHOM BHJIE!

Ax =b, rue:

a, dap a,,

X b

dy dx as : -
A= "|ox=| | b=

4] { A |

-l n2 nh _
_xﬂ_ _bﬂ_

Ecm det A # 0 To cucrema Wi S5KBUBATCHTHOE € MATPUYHOE YPABHEHHE UMEET €THHCTBEHHOE
pemenue. Pemenne cucrtem ypaBHeHui ¢ momonipio (pyHkimu Lsolve CucTeMBl JTHHEHHBIX
ypaBHEHUI y100HO pemarts ¢ nomonisio (yHKImu lsolve. @yukmnus Isolve(A, b) - BozBpamiaer

BEKTOP PEIEHHA X TAKOH, UTO AX = b.

ANEKTPOHHOW OLNTMCBH) y
ceprubhlpume p3oPetueHmne cmcTemMbhypaBHeH N

Bnageney, LUleD3ayxoBa |aTeAHa ANeKkcaHapoBHa
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(X, +2x,+3x,+4x, =30
-X, +2x,-3x;,+4x, =10

X, +x, +x;+x, =10

Januwem B MaTpr4HOM BMAE!

f1o2 3 4N ¢ 30 Y
-1 2 =3 4 h 10
A= 0 1 1 1 T3
w11 1 1., \ 10
|A| = 4 1
1 2
¥ = A b v =
A 3
4./
x = Isolve(A,b)
O 1
2
X =
3
4/

PeweHne cuctembl ypasBHeHUU metogom lFaycca

Meron I'aycca, ero emie Ha3pIBAIOT METOAOM ['ayCCOBBIX MCKJIFOUEHWM, COCTOUT B TOM, UTO
CUCTEMY VPAaBHEHHWH MNPUBOJAT NOCIETOBATEIBRHBIM HCKIIOYEHHUEM  HEW3BECTHBIX K
YKBUBAJIEHTHOM CUCTEME C TPEYTOJBHOW MATPUIEN. B MarpuuHON 3amuCH 3TO 03HAYAET, 4TO
cHauana (mpaMou xox merona ['aycca) sIeMEHTAPHBEIMHM ONEPALMAMH HAL CTPOKAMU HPUBOIAT
pPaCHIMpPEHHY MATPUIlY CHUCTEMBI K CTYNEHYATOMY BHIYy, a4 3areéMm (0OparHeIM XOI METOnA
l'aycca) sty crymeHuaryr warpuny mnpeoOpa3yroT Tak, 4ToOBl B MEPBBEIX N CTOJOIAX
nony4dwiack eauwHugHas marpuna. llocneguuiu, (n + 1) crombern 3ToM MATPUIIBI COAEPKUT
pELIEHNE CUCTEMBEI.

B MathCAD npsamoii u o0parnsiii xoasr meroaa ['aycea BermomasaeT pyHknus rref(A).

Mpumep 4. PewneHne cuctembl ypaBHeHU metogom lMaycca

(x. +2x,+3x, +4x, =30
| ; +3x, s =3 F 1 02 3 4N £ 30\

- 2 x. — -
X, +2x,=3x,+4x, =10

-
&
Il

X, —Xy+X, =3 A ” 0o 1 =1 1

1s)

X+ X+ X+ x, =10

ORIGIN = 1

! 1 1 1) \ 10 /

AOKYMEHT MNOANMCAH
HEKTRPORHOW NOONHMCBIO

-~ T T P ———
) 43E9ABBRO! 05ETBA i =
I'_"\..'I.' II I.1JI -\'.'.'I - I"_I'_ll'\..'l'\..'l'\..'l'\..'l'\..' F '\.If_'l F _-ci'\..ll'\..'lidl.l'\..'l I 'l_lll'\..'l'..'l'..ll'..'ll.'l'.'I|.'I|.'I|.'I|.'I Tl

Bnageney, llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ceptudm

dopMMPOBAHME PACLLUMPEHHON MATpULIbl CUCTEMBI:
_r” 1 2 3 4 30)

Al := augment(A,b) Al — -1 2 =3 410
0o 1 =1 1 3

L1 1 1 1 10)

[lpuBeaeHne paclnMpeHHOn MaTpuubl K CTyneH4YaTomy Buay
(npamon 1 obpaTHbIN Xoabl MeToaa [aycca

10 0 0 1)

4 e praf 0100 2
0O 0 1 0 3

O 0 0 1 4/

(1)
X := submatrix(A2,1,4,5,5) _ 2 MpoBepKa:
3 00
\ 4/ 0

Ax—-Db
0

N

PewseHne cuctem ypaBHeHUU ¢ nomouibio pyHKUMKU Find nam Minner

Jlna pemeHns cucTeMbl ypaBHEeHH ¢ momonipio (pyHknmum Find HEoOXOmMMO BBITIOJHHTE
CIEOyIomIee:

1. 3agares HaganpEHOE TPUOMIDKEHUE 111 BCEX HEM3BECTHEHIX, BXONINMX B CHCTEMY YPABHEHUM.
MathCAD pemaer cucremy ¢ nOMONIIBEI UTEPANUOHHEIX METOOB;

2. Hanmeuarats knroueBoe cnoBo Given. Ono ykaseiBaer MathCAD, uro manee cnemyer cucrema
Yy PaBHEHUU;

3. Beemute ypaBHenus u HepapeHcTBa B ymoOom mopsanke. Mcnomesyire [Ctrl]= mma megarn
cumBOJIA =. Mexny 7n€BBIMM M NOpPaBBIMA 4YAaCTAMH HEPABEHCTB MOKET CTOATH 000U W3
CUMBOJIOB , = U <;

4. Beemute mro00€e BeIpakeHne, kotopoe Bmouaer Gpyukimto Find, mampumep: x:= Find(x, v).

KiroueBoe cioBo (Glven, ypaBHEHUA U HEPABEHCTBA, KOTOPBIE CAEIYIOT 3a HUM, H KaKO€ - 00
BEIpAXKEHUE, comepikaniee pyukmmio Find, Ha3eBaroT 0,10k0M penieHust ypaBHeHHH.

Mpumep 5. PelweHne cuctemsol ypaBHEHMH ¢ nomolbio dyHKuuKM Find

AOKYMEHT MNOANMCAH
HEKTRPORHOW NOONHMCBIO

. ACANNANATCOARARGEYAINEETE A EANAE NRCRNA 2
kat: 2C0000043ESABBBO952205E7BAS00060000043E

—_

Bnapneneuy llleGayxoea TaTbAHa AnekcaHapoBHa
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"l. iTh 1

x| =10 X2 :=0 %3 =0 vd = ¢ Ha4daneHele NpPUONUXKEeHUA

Given

X1 12521 33 1 4x4 = 30
X1+ 2x2-3X3+4xd = 10
X2 —-x3+ x4 =3
xl+x2+x3+x4=10
25
2

Find(x1,x2,x3,x4) = .

4 )

Oynkius Minner ouens moxoxka Ha (yaknmo Find (ucnome3yer Tot ke amroputwm). Ecnu B
pe3yasTare NOMCKA HE MOJKET OBITH ITOIYYEHO JANBHENNIEE YTOUHEHHE TEKYIIETO MPUOIHKEHU A
K pemenuro, Minner Bo3Bpamiaer 310 npuOmkenue. Gyuknusa Find B 3Tom cmyuae Bo3Bpaniaer
coobmienne 00 oumbke. [IpaBuna ncmonszoBanusa PyHkiuu Minner takue ke, Kak 1 (PyHKITAH
Find. ®ynaknma Minerr(xl, x2, . . .) - BO3Bpamiaer NPUOTIIKEHHOE PENICHUE CUCTEMBI
ypaBHEHHHU. YHUCI0 apryMEHTOB TOJKHO OBITE PABHO YMCITY HEM3BECTHBIX

CMMBOJ/IbHOE pelueHUe YypaBHEHU I

HNwmeroTcss HekoTopeie 3amaun, i KOTOPeIX BO3mMoxkHOCTH MathCAD mo3zponsior Haxoaurs
pEUICHUA B CHUMBOJBEHOM (aHAJIUTUYECKOM) BUae. Pemenue ypaBHEHHWH B CHUMBOJIBHOM BHIE
MO3BOJIAET HANTH TOUHBIE WM NTPUOIMKEHHEIE KOPHHA Y PAaBHEHUA

* CCIM pEIIAeMOE YPABHEHME HMMEET IapaMerp, TO PEIIEHUE B CHUMBOJBHOM BHJE MOKET
BBEIPA3UTH UCKOMBIN KOPEHB HEMOCPEACTBEHHO uepe3 mapamerp. [1osTomy BMECTO TOrO 4TOOBI
pellars ypaBHEHHUE UIA KaKOOr0 HOBOTO 3HAYEHMA HapameTpa, MOMKHO HPOCTO 3aMEHATH €r0
3HAUEHUE B HAHIEHHOM CUMBOJILHOM PELIEHUH;

* €CIIM HYXHO HAWTH BCE KOMIUIEKCHBIE KOPHHU ITOJIMHOMA CO CTENEHBI0 MEHBIIE WIH PABHOU 4,
CUMBOJILHOE PENIEHNE JACT UX TOYHBIE 3HAYEHUA B OJHOM BEKTOPE WA B AHATUTHYECKOM WU
nu(ppoBoM BUIE.

Komanma CumBomer — lIlepemennsie — BrlUHCINTE NO3BOJAET PELIUNTH yPABHEHHE
OTHOCHUTEIBRHO HEKOTOPOU ITEPEMEHHOM U BBEIPA3UTEH €T0 KOPHHM 4E€PE3 OCTAILHBIE MapPaMETPEI
ypaBHEHUAL.

YToOBI pemnuTE ypaBHEHNE CUMBOJIEHO, HEOOXO0 IMMO:

1. Hamewarare BeIpaxeHue (a1s BBOOA 3HAKA PABEHCTBA MCMOJL3YUTE KOMOWHALMIO KJIABUILL

Ctrl + =);

2. Brigenuts nepemMeHHy0, OTHOCUTEIBRHO KOTOPOM HYKHO PEILIUTE YPABHEHUE, MICJIKHYB HA
HEH MBITIILIO;

3. BuiOpates mynkr menro CumBossl — llepemennsie — Brraucaours. Her neobxomumoctn
npupaBHUBATh BeIpakeHnue Hymo. Ecma MathCAD we wnaxomur 3Haka paBeHCTBA, OH
IPEATIONATAET, UTO TPEOYETCA NPUPABHATEL BEIPAKEHHUE HYJTIO.

Urober  pEdits.. %Eﬁfiélm, YPA6HEeHUIl & CUMEOIbHOM @UOe, HEOOXOIUMO BBITIOJIHUTH
CHEﬂmeEI:Hf BBRB952205E7BAS00060000043E

Bnapnenei YXOB: iITbHHA F dHOPOBHA

|. Hameuarats xaroueBoe cioso Given;
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2. Hanmeuarate ypaBHeHUA B mr000M mopsaake Huxke cinoBa Given. Y IOCTOBEPBTECH, YTO A
BBOJA 3HaKa = ucrnoms3yerca Ctrl + =;

3. Hamewarars pyaknmro Find, cooTBercTByIONIyIO CHCTEME YPAaBHECHHIH;

4. Haxare Ctrl +. (xmaBuma CTRL, compoBoxmaemas toukoit). MathCAD ortoOpazur
CUMBOJIBHBIN 3HAK PABEHCTBA —;

5. lllenxkayTh MeImbio Ha (pyHKIpA Find.

Mpumep 6. PelueHne cuctemsl ypaBHEHUW B CUMBOJIBHOM Buje

Given
X+ 2-my=a
4x+y=b [ 2xb-a |
| -1+ 8m
Find(x,v) —
—(—4-a+ b)
. -1+ 8m |

Konmponwsusie gonpocsl

Pemenue ypanenus ¢ nomonipio pynkumum ROOT.

HaxoxkaeHne KOpHA HEMMHENHOTO YPABHEHUA.

Haxoxnenme kOpHEH NOIMHOMA.

Pemenue cucremsl ypasueHn meronom [aycca.

Pemenne cucrem ypaBaenuit ¢ momoniero (pynknmi Find i Minner.
CUMBOIBHOE PEMICHUE YPABHECHUM.

kWD =

Cnucok numepamypbol, peKoMeHOYyeMblil K UCRO1b306AHUI0 RO OAHHOIL MeMe:
l. bepmunep, 5. M. CAIIP B mammnocrpoennn : yueOHUK 1ig By30B / 3. M. bepmanep, O.

B. TapareinoB. — Mocksa : @opym, 2014. — 448 c.

2. AdanaceeBa, H. H). BrramcimrensHblE W SKCIIEPUMEHTAIBHBIE METOABI HAYYHOTO
ykcnepuMenTa : [yued. mocodbue™]. — M. : KHOPYC, 2013. — 330 c.

3. XnebnukoB, A. A. Mudopmarmonnsie texnonornu : yueOHuk / A. A. XmeOHnkoB. — M. :
KnoPyc, 2014. - 472 c.

4. MATHCAD 14: Ocnosnrie cepBuckl u texnonoruu Iloxapckaa I'. U., Hazapos [[. M.
M3pgarens: Hanmonameueit OtkpeiTeiid Y HUBepeuter « MIHTY U Ty, 2016

JlaboparopHasi padora9. Pemienne quddepeHnnaIbHbIX YpaBHEeHH M.

I env padomur:

Haquhﬂﬁgm%mggﬂme, paguagbHbEIE, THAMETPAILHEIE PA3MEPEl, HACTPAUBATE
Ceprud PA3MEPHBIC: AHHIS (PAZMEPHBII PEKCT, HAHOCUTH IITPUXOBKY HA YEPTEKE.

Bnapeneu Lilel 1AV X0Bd iITbHAHA AJIeKCaHOpoBHA

Teopemuueckan uacms.

S e = A0 A8 37T 5 - 3 M T3
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B cucremy MathCAD Beenena BO3MOKHOCTE pemeHus guepeHmansHeIX yPaBHEHUH
Y CAUCTEM C TAKMMH YPABHEHHAMH B YHUCIICHHOM BHIE. JTY BO3MOKHOCTE TPYIHO IEPEOLEHUTE,
TaK KaK MHOTHE CEPHbE3HBIE HAYYHO-TEXHUUECKUE 3a1auM (0COOEHHO OTHOCANIMECA K aHAITU3Y
JIUHAMHUYECKHX CHCTEM M K UX MATEMATHUYECKOMY MOIEIMPOBAHUIO) 0a3UPYIOTCA HA YUCICHHBIX
METOJAX PEMIEHNA CUCTEM TU( pepeHIMATEHBIX YPABHEHHH.

Henunelnere nud QpepeHumansHeie YpaBHEHUA U CUCTEMEI C TAKUMH YPABHEHUAMM, KakK
MpaBWwIO, HE WMEIT AHAIMTUIECKUX METOAOB pEHeHusA, Hu 30eCh 0COOEHHO BakHA
BO3MOKHOCTE HUX PEIICHUA YHUCIEHHBIMM MeTogamu. B OONBIIMHCTBE CIydaeB KeEIaTeabHO
MPENCTABICHUE PEmIEHUNA B rpauaeckom Buue, uto u no3soiser MathCAD.

Hna pemenus mud@pepeHnManbHEIX YPABHEHUM (CHUCTEM) Pa3IMUHOTO IOpAOKA U
pazmiuneiMu Metogamu B MathCAD BBenensr 13 BcTpoennsix ¢Qynknumii: rkadapt, Rkadapt,
rkfixed, Bulstoer, bulstoer, bvalfit, multigird, relax, sbval, Stiffb, stiffb, Stiffr u stiffr.

Hasnauenue u onmucanve apryMeHTOB 3TUX (DYHKIMN JAHEI B JTEKIHH.

B ¢yakmmro rkfixed 3amokeH MmMpPOKO pacHpOCTPAHEHHBIA METOI PEHICHUA
ouddpepeHmaTpHEIX ypaBHeHU — Mmeton Pyure-Kyrra. HecmoTps Ha TO, 94TO 5TO HE CAMBIM
Obictperii merom, (yukima rkfixed mourw Bcerma cmpaBagercsas ¢ MOCTABICHHOW 3aTaueH.
OngHako €CTh Ciydad, KOrjaa Jydlle HCHOOJIL30BATH OO0IEE CIIOKHBIE METOIBI. JTU Cilaydau
MOMAAOT TOJ TPU UIMPOKHE KATErOPUM: CHCTeMa MOKeT OvITh kecTkod (Stiffb, Stiffr),
pyakipm cucremsr moryT rnagkumu (Bulstoer) win mmasueivm (Rkadap). Hepenko mpuxomures
npo0OBATh HECKOJBLKO METOA0B HA OJJHOM AU( pepeHIMATEHOM YPABHEHUH (HA OTHOU CHUCTEME),
4TOOBI OMPENETNTE, KAKOW MEeTO ayume. Kak m3BECTHO, UTO pelieHue TIaakoe, UCTIOIb3YETCA
Gyukmma Bulstoer, kyma 3amoxen meron bypmum-IItepa, a we Pyure-Kyrra, ucmonb3yembii
¢yukmmei rkfixed. B srom cioyuae pemenune Oymer tounee. MoxHO pemmts 3amady Oosee
TOUHO (Oomee OBICTPO), €CIM YMEHBIIWTH MIAT Tam, TAE€ MPOWU3BOJHAA MEHAETCA OBICTPO, U
yBEMYUThL MIAT TaM, IA€ OHA Bexer Oosee cmokowHO. [{ma 3TOro mpemycMoTpeHa (PyHKums
Rkadap. Ho, mecmoTps Ha TO uTO0 OHA Tpu pemeHud au(EepeHINATEHOTO YPAaBHEHUSA
WCMOJB3YET HemOCTOSHHBIM mar, (yHkims Rkadap npencrasur oTBEeT miId  TOYEK,
HAXOMAMMXCA HA  OJMHAKOBOM pACCTOAHWM,  3aJaHHOM  Toip3oBarenem.  (Cucrema
nu(pepeHIMATBHEIX YPABHEHHM, 3aMUCAHHAA B MATpuU4HOM (opMe y=A-X, rae A — modru
BBIPOKIEHHAA MATpPUIA, HA3BIBACTCA KECTKOM. IIpH pemenmmn KECTKMX CHUCTEM CIEIyeT
HCITOJI30BATE OJHY W3 IBYX BCTPOEHHBIX (PYHKIMM, pa3pabdOTAHHBIX CIENHATBHO IS TAKHUX
caygae: Stiffb u Stiffr. Omm ucnonssyior meron bymapmi-IlIrepa (b) wmu Pozen-Opoka (r).
OyHKIMM, HAUMHAIONINECS CO CTPOUYHOW OYKBEI, JAIOT PEMIEHUS TONBKO I KOHEYHOM TOYKH.
JIJ1a pemenus IByXTOUYEUHBIX KPAeBBIX 3aqad npeaHasHaueHsl (QpyHknuu: sbval u bvalfit. [
pemenus auddepenunamsueix  ypaBHeHud Ilyaccona (B 4acCTHBIX HPOM3BOOHBIX BTOPOTO
mopsanka) v ypasHenuid Jlammaca B cucreMy BBeneHwl cienyiomme Qyukium: bvalfit, multigird,
relax, sbval.

O0opyaoBanie H MATepPHAIbL.

[Tepconanmpueiit komnerotep, nporpamma MathCAD.

Ykazanusd 1o TexHuke 0e30nacHoOCTH:

CDDTBﬂcwHﬁmﬂml&mnammm m0 paboTe ¢ KOMIBIOTEPHOM TEXHUKOU.
ANEKTPOHHOW NOANMCHIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Samanud
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PeweHue cuctembl U3 ABYX AvddepeHUnansHbIX ypaBHEHWU I
MeToaom PyHre-KyTTa ¢ (hUKCUPOBaAHHEIM LIAroMm

Ma0aMETD CHOTEM b 0 BekTop Ha4ansHbIX
Ho=-01 P ) A= | YCNOBWIA
i 2 2] ] Y
we X, - X — [(Xu) P ] x, | CveTema HenuHenHbix
D(t, X) := - AndppepeHymanbHbIX
Xy + X —[[}{n}i (X)) |-x, | ypaBHeHu]
Z =rkfixed X, 0,20, 100,D) n:=0.99 3apaHuve peLieHHs
L r | | r
En_l
In,l
_ | | | |

0 20 () 60 80 100

3aganue k padore: Pemmre Ha orpeske [xo,xn| 3amauy Komm y'= {(x, y),

y (x0) = yo wmeromom Pynre-KyTTel ¢ mocrosuueiM marom. M3o0pasure rpaduku pemeHui,
BBIUMCIIEHHBIX C maraMmu h, 2h u h/2. 3nagenne xn > Xo BEIOEpUTE CAMOCTOATEIBHO.

BapuaHTbl MHAMBUAYA/bHbIX 3a4aHWUH

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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F(x,7,7) =0
Ne (x.3.7) Hauanvnoe ycnoeue
1 | (e"+Ddy+e'dx=0 »(0)=0.5
2 ylny+xy'=0 y()=e
3 4-x"y' +xy7 +x=0 y(0) =—ig2
4 | _ " 1) =arctg(2—e
3e  tgydx + 2-¢ dx =0 D g(2-e)
COS~ X
> | (+e)w' =e y(0)=1
6 | ysinx=ylny (ﬂ-]
¥ o|=e
2
7 | xdx _ydy _ (1) =1
l+y 1+x B
8 | (1+ 7 )dx = xdy NEAN.
4
Q0 | y'sinx=siny ﬂr} o
'],5 =
L2 2
1O 13y + y)dv+ 2+ ¥ dx =0 v(0) =1

Pemurs 3anagy Komm yi' = fi(x, yi, y2), y2=1H(X, y1,y2), yi(a) =yio0,

y2(a) = y2.0 Ha oTpe3ke [a,b] meromom Pynre-Kyrra ¢ mocrogaabmv marom h=0.1. U300pasure
rpauky pemeHuii, BBIUUCAEHHBIX ¢ maramu h, 2h u h/2.

BapuanTel ”HOINBUAY ATBHEIX 3aTaHUI

Ne S1(x.y1,02) Ly 1:02) yila) | w(a) | a b
1 ) (1)’ 0 1 | -1 | 1
2 SNy, COSY, 0.5 -0.5 -1 3
3 ICGS(‘])|+;?1) sin(yi-y2) -0.6 2 2 5
4 SINY;COS V> COSYCOSY> 0 0 -1 3
5 cos(V1)2) sin(y,;+y,) 0 0 0 2
6 yalnx 1+, -2 -1 1 4
7 2)1/¥ 2y1-y, I I 1 3
3 Vitys /(1+ prrtys) o | 0o 0o | 4
9 arctg(xy;) siny, 0 0 -2 ]
T ey | ety 10 0 0 1

SNEKTPOHHOW NOAMNUCHLIO
Ceprudomkar: 2C0000043E9ABEBOS52205E7BAS00060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Konmponshbie gonpocsl

I. PeweHune anddepeHLnanbHbIX ypaBHEHMIA (CUCTEM) Pa3NNYHOIO NOPAAKA U
pa3znndyHbimmn metogamum B MathCAD

2. BcTpoeHHasa ¢yHKUMA rkadapt, ee Ha3zHayeHWe, 0COBEeHHOCTN, CMHTAKCMUC.
3. BcTtpoeHHana ¢yHKUMA Rkadapt, ee HazHauyeHMe, 0cCOBEHHOCTU, CUHTAKCUC.
4. BcTtpoeHHas ¢pyHKUMA rkfixed, ee Ha3zHaueHMe, 0cOBEHHOCTHU, CUHTAKCKUC.
5. BcTpoeHHasa ¢yHKUMA Bulstoer, ee HazHayeHMe, ocobeHHOCTKU, CUHTAKCUC.
6. BcTpoeHHasa ¢yHKUKA bulstoer, ee HazHavyeHMe, 0cOBEHHOCTKU, CUHTAKCMUC.
7. BcTpoeHHasa ¢yHKUMA bvalfit, ee HazHa4yeHWe, 0cOBEHHOCTH, CMHTAKCKC.
8. BcTtpoeHHasa ¢pyHKUMA multigird, ee Ha3zHayeHne, 0cobeHHOCTHN, CUHTAKCHUC.
9. BcTrpoeHHana ¢yHKUMA relax, ee HasHavyeHmne, ocobeHHOCTU, CUHTaKCUC.
10. BcTpoeHHana ¢yHKUmMA sbval, ee HazHayeHmne, ocobeHHOCTK, CUHTaKCKC.
11. BctpoeHHana ¢yHKUmMA Stiffb, ee HazHayeHmne, ocobeHHOCTU, CUHTAKCuUC.
12. BcTtpoeHHana ¢yHKumMA stiffb, ee HazHavyeHWe, ocobeHHOCTH, CMHTAKCKC.
13. BcTtpoeHHana ¢yHKUMA Stiffr, ee HasHaueHne, ocobeHHOCTU, CUHTAKCUC.

14. BctpoeHHana ¢yHKUmMA stiffr, ee HazHayeHne, ocobeHHOCTU, CUHTaKCuUC.

Cnucok numepamypol, peKoMeHOyeMblil K UCNO.1b306aAHUIQ N0 OAHHOU meMe:
I. bepmunep, 3. M. CAIIP B mammnocrpoennu : yueOHuUK 11 By30B / J. M. bepmunep, O.

B. Taparsmos. — Mocksa : @opym, 2014. — 448 c.

2. AdanaceeBa, H. 0. BrramcimrensHbelE W OKCHEPUMEHTAIBHBIE METOABI HAYYHOTO
yKcmepuMenTa : [yued. mocodbue™]. — M. : KHOPYC, 2013. — 330 c.

3. Xnebnukos, A. A. Uudopmarmonnsie Texnonornu : yueOnuk / A. A. XneOHnkoB. — M. :
KnoPyc, 2014. — 472 c.

4. MATHCAD 14: Ocnosnrie cepBuckl u texnonorun Iloxapckaa I'. U., Hazapos [[. M.
N3parens: Hanmonamsuerit OtkperTeidl YHuBepcuter « AHTYUT», 2016

JlaboparopHasi padoral(. CHMBOJILHLIE BLIYHC/ICHHS

Ienw padomui:

Hayuurecsa BBOOUTE TPEXMEPHBIE KOOPANMHATE 00BEKTOB, UCITOJIB30BATh (PUIIBTPEI TOYEK.
[lepexmrogars peKUMBI TPEXMEPHOTO OTOOPAKEHNA, HACTPANBATE BU3YAIbHBIE CTHJIH.

Teopemuueckasn 4acmb.

CUMBONBHEII 3HAK paBeHcTBa mo3osuier Mathcad BeIiTH 3a paMKH UYHMCIIEHHOTO
BEIYMCIIEHUSA BeIpakeHUM. MO)kHO nomymars, 4T0 5TO OOBIUHBIA 3HAK =. B orauume ot
0OBIIHOTO 3HAKA PABEHCTBA, KOTOPHIM BCETa BO3BPANIAET YHUCI0, CUMBOJBHBIN 3HAK PABEHCTBA
MOKET BO3BPAILIATE BEIPAKEHHUE.

Uro0Bl MMETE BO3MOKHOCTBH HCITOJIB30BAThH CHMBOJILHBIM 3HAK PABEHCTBA, TPEOyeETCA
Mathcad PLUS. Ecimm 5T0 Tak, yIpoCTHTE BEIPAKEHHE MOIKHO CIETYIONIUM 00pa3om:

¢ oKYMYARQRIPRERNHTECE, gTo KOMaHIa ABTOMATHYECKHH peKHM B
venrg MEAFEMATIRA HOMEHbra, B mpotieHOM cryuae crenaiite 510 U3 MeHIo.

CepTudukar: 2C0000043E9ABBB952205E7BAS00060000043
Bnageney  LeByxosa TarYAQEHOBEPHEECE, uTo komanga Mcmonn30BaTh CHMBOJ/THKY B

meHIO MaTeMaTHka NOMEYeHa, B MPOTUBHOM Cilydae caenanute 510 u3 MeHw. OOparure
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BHUMAHHUE, 49TO 7Ta KOMAaHJa HAmucaHa CEepPeIM, MOKA HE YCTAHOBJIEH ABTOMATHYECKH
pe:xuM 13 Mexro MaTreMaTHkA.

. Beequre BEIpa)KEHUE, KOTOPOE HYKHO YIIPOCTUTE.

. Haxovmure [Ctrl].  (kwrapumy CTRL, conmpoBoxmaemyio Ttoukoit). Mathcad
0TOOpA3UT CTpENKy “®”.

. [IlénxkauTe MBIIBI0 BHE BeIpakeHus. Mathcad oroOpazur ynpomnieHHy0 BEpPCHEIO

MEPBOHAYATLHOTO BEIpaKeHUs. ECam BEIpakeHHE HE MOKET ObITh yropomnieHo, Mathcad mpocto
MOBTOPUT €r0 CIpaBa OT CTPENKH.

CUMBONBHEIN 3HAK PABEHCTBA SABILETCA OIMEPATOPOM, MOTOOHBIM OOOMY oOmeparopy
Mathcad. Korma nenarorcs wu3mMeHeHus Trae-au00 BBIIE WIA Jeree or Hero, Mathcad
Mo (punupyer pezynasrar. CHMBOJ PABEHCTBA 3HAET NMPENBAPUTEIIBEHO OMPEIEIEHHEIE (D YHKIMH
U NEpPEMEHHBIE W HUCIOJIB3YeT HUX Be3ne, rae HeoOxomumo. MokHO mpeammcars CHUMBOIY
PaBEHCTBA UTHOPUPOBATH MPENMIECTBYIONIME ONMPEIEICHN (DYHKIMI U NEPEMEHHEBIX, UCITOJIB3Y A
KJIIOUEBOE CIOBO assume, Kak mokasano Ha Pucynke 4.

Pucynok 2 1OKas3pIBa€T HEKOTOPBIE HOPUMEPEI MCIOJB30BAHUA 3TOTO OIEpaTopa.
OOparure BHUMAHUE, 9YTO RIPUMEHAETCS TOIBKO KO BCEMY BBIpaxkeHUo. Hemp3s, manpumep,

IPUMEHUTHh ® HHM K 4ACTH BRIPAKEHUA, HU K PE3YABTATY OPEIBIIYIIErO NeCTBUS ®.
= Mathcad - [Untitled 1) -
=|@daan [lpaska Texct MaTemaTuka [padura Cumsonuka Okno KHnrwe

“Tolbl 3aNUCaTh CHMBONbLHLIA 3HAK PABEHCTEA, HAXMKUTE [Ctrl] M KNaBully TOMKH .

b

x© dx — l'h3—l'ﬂ;3
3 3

E E:E:::

Ecnu EbIpaXKEHHE HE }FH-EETESI YHNPOCTHTE A2NbLUE, CHMEONbHBIA 3HAK PAdBEHCTEA
EOIEpAWACT CI0 HEH 3MEHEHHBIM.

:{Z o2
ITO AHANOMHYHO NMNAIEEACHHHD SHAKa PAECHCTEA B UACNEHHBLX FEEIETH':{.
2=72

CHMBONBHbIA ZHAK PABCHCTERA TAECKE p:!lﬁl]'l':.!ltT CMACCHEAMM.

-1
991 42 1 Ao ~ 842
— -
891 Qa9 (511'5‘22 = EIL12"121} =897 849
o] R ] e

= e

Pucynok 2: Hcnonb3oeanue cuMe0ibHO20 3HAKA PAGEHCMEA.

HacTtpolika CHMBOJILHOI'O 3HAKA PABEHCTBA

CumBon ® Oeper BEIPAKEHUE C JIEBOU CTOPOHBI U MOMENIAET €T0 YIIPOMIEHHYIO BEPCHIO C
mpaBou CTOPOHEL [10 ymomganuro sTa onepanusa yrnponiaer JIEBYK CTOPOHY TOYHO TaK, KAK 9TO
nenaer kKomMaHaa BeMHCINTE = BbIYHCIHTHL B CHMBOJIAX 13 MeHIO CHMBOJIHKA.

KoneuHno, 4T0 03HA49aeT ynpocTtuts — ocraércs Bonpocom. [lo ompenenéHHol CTeneHu
MOJKHO YHOPAaBIATh COCOOOM, KOTOPBIM Omeparop ® TpaHC(OPMUPYET BBEIPAKEHUE, MOMEMIAS

OIHO W3 NAYCAHIFOUEBLIX CJIIOB TIepe BEIpakeHweM, couaepxanmMm ®. Jlnga Oosnee
SHEH.'I'F'D! EHDM AoOnNMChIO P P ’ p J

Coprna BSECTOROHREIQ, ;s KOH L 00dl8d8 0 SMMBOJIBHEIMI  TPEOOpa3oBaHUAMN HYKHO HCIIOJIB30BATH
BranenMEH I <6 HMBOAHK S e canaposna

K/1roueBoe CJIOBO DOyHKIHUA
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symplify

Ynoponiaer BEIPpAaKE€HHUE, BBINOIHAA apu(pMeTHdecKkue IpeoOpa3oBaHusd,
cokpamnias oOmpe MHOMKUTETH M MCHOJb3YS OCHOBHEIE TOXKIECTBA JIJIS
TPUTOHOMETPUUECKUX U O0PATHBIX (PYHKIMH.

expand

Pasmaraer Bce cTeneHHu u IMPOU3BCOCHHA CYMM B BEIPAKCHHH.

series

Paznaraer BBIpAKE€HHUE OT OOHOM WM HECKOJIBKHUX MEPEMEHHBIX B
OKPECTHOCTH ONPEACICHHON TOUKHU. [10 ymMomuaHuio pazioxeHue MMEET
BU/I ITOJIMHOMA IIECTOr0 MOPAIKA.

factor

Pasznaraer Ha MHOKUTEIN BEIOPAHHOE BBIPAKEHUE, €CIH BCE BBEIPAKCHUE
MOJKET OBITE 3aIMMCAHO B BUJE NPOU3BEACHUS COMHOKHUTEIICH.

dassume

[TpenmiceBaer Mathcad paccmarpuBate mepeMEHHYIO, KOTOpas CICIyeT
MOCJIE 3TOM KOMAHIbI, B KAUECTBE HEOMPENEIEHHON MEPEMEHHOU, TAKE
€CIM €M OpPUCBOEHO  OIpeAeneHHoe 3Hauenwe. Kpome  aroro,
HCOOJB3YETCA I ONpPeAeJeHUS OrpaHUYCHHH, HCHOJIB3YEMBIX 1A
BEIUM CJICHUS BEIPAKECHUS.

complex

[Tpenmiceiaer Mathcad BERIMOTHMTE CHUMBOJBHOE IpeoOpazoBaHHE B
KOMILIEKCHOM oOmactu. Pesymerar Oyaet o0sruHO B (popme a + 1+ b.

float

[TpenmiceBaer Mathcad oroOpaxkate umcao B (opmare ¢ ILIaBarOMICH
3AMATON BCAKUM pa3, KOTAa 3TO BO3MOKHO.

literally

3ampeniaeT CUMBOJBHOMY MPOIECCOPY MHITATHCA ONTHUMHM3HUPOBATH
nr000€e moCIe AyI0NIEe BEIPAKEHHE.

KimroueBsie cioBa UYBCTBHTCJIBHELI K PETHCTPY H MO3TOMY OOJIKHBI IMCHYATATHCA TOUYHO

TaK, KAK MMOKA3aH0. 3aT0 OHU HEUYBCTBUTEIBHEI K IPUTY.
Mathcad - [Untitled 1)

=|{PaAan [lpaeka JexcT MaTeMmaTrka [padwexa CHMeonMka UkHO KHHrR®

(7%

.u.ﬂl_'iﬂTEHE-‘ CHMEDNLHOND 3HAKA PABCHCTEBG CaMora no Ce0E IKEMBANEHTHO
OEACTEHID KOoMaHOb BoiuMcanTe =2 BoiuMcAdTe B cHMBONAX MEHO CHMBONMKA

3NEKTPOHHOW NOANKCHIO

i Blele

(x +¥)° = (x +y)°

Vicnonbzoeanue PAZNHUHBIX KNIXEBLIX CNOB W3MEHAET Mo IHAYEHHE: it

expand

3

(X + ng = %Y + 3-.1-:2-3r + 3-!-3-'2 + *_ﬁ

Kniepoe cnogo El]:liﬂ.ﬁd AenaeT CHMEONEHBIA 23HAK PAECHCTES JKEHEANEHTHRIM
KoMaHae PAasnoxdaT™s Mo CTeNneHEM MeHio CHMEONMKA

tactor

:-:3

+ 3-:-:2-3.' 4 3-:-:-3-‘2 + 3:'3 == X 4+ ‘_5":[3

Knwaeeoe cnoeo  factor AENacT CHMEBOJILHBIM ZHAK PAQBEHCTEQ IKBHEONCHTHEIM
EOMaLHOgc FasnoxHTb HA MHOXKHTENH MEeHID CHMBONHKA

KERitEBbIe CNOBA JONKED HAXOAWTDCA B MATEMATHUHECK X abnacrax.
He CNEAYET JakKNHMATDh HxX B KAaEbIMEH.

PR

Ceprucbukar:  2COI0UBYELOREES A CHDILCOBEHIEKTIOUEBbIX 108 C CUMBOIbLHbIM 3HAKOM PABCHCMEA.
snanened: WeOPHEY IFOR 3 "HORASEIBaeT HEKOTOPEIC MPUMEPHI HMCITOJIL30BAHUS 3THX KIFOUYEBEIX CIIOB.

3aMeThTE, 4YTO KIKYEBOE CIOBO MOEHCTBYET TOJNBKO OO ciuenyromero cumeona ® . Korma
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CUMBOJILHBIM 3HAK PABEHCTBA WCIOIB3VeTCA misd mpeoOpazoBanus Beipakenus, Mathcad
MPOCMATPUBAET BCE MEPEMEHHBIE U (DYHKIMHU, MPOBEPsA, OBLIM T OHM PAaHEE ONMPENEIECHBEI B
pabouem moxkymente. Ecmn Mathcad maxogur onpenenenus, OH UX UCIomb3yer. JlroObie npyrue
NEPEMEHHBIE W (YHKIMHU YUYACTBYIOT B MpPeo0Opa3oBaHMHM B BHJAE CHUMBONOB. ECTh TpH
UCKIIIOUEHHS W3 OTOr0 mpaBuia, wwmocrpupyemeie Ha Pucynke 4. Ilpu mpeoOpazoBanuu
BEIPAJKECHUA, HCHOJB3YIONIETO paHee OmpeaecneHHsle mnepemennble W (pynkimm, Mathcad
UTHOPUPYET NPENMIECTBYIONIME ONMPEAETEHMS, €CIIHU:

. nepeMeHHAasn OMPEIEIeHa KaKk YiCiio, COOepKaniee JeCATHUHYI0 TOUKY;
. KITIOUEBOE CIOBO assume NpeNMIECTBYET ONPENEICHUIO HIIH;
. nepeMeHHasn ObLIa ONpEenencHa KaK TUCKPETHBIN apryMEHT.

Mo3KHO Tak)e MCIOJB30BATh KIIUYEBOE CIOBO assume, yTOOBl HAMOKUTE OTPAHUUCHUA
HA nepemMeHHsle B BeIpaxkeHuu. [locnennuit mpumep Ha Pucynke 4 mokaswsBaeT, Kak 3aqaHuEM
OTPAHUYEHUN HA MApPaMETP WHTETPal MOJKET OBITH CHENAH CXOoAAmuMcA. UTOOBI Ompenenursb
HECKOJIBKO YCIOBUM, JOCTATOUHO OTAEINUTE UX 3AIATEIMU, KAK MOKAa3aHO B mpumepe Ha Pucynke
4. KiroueBoe CIOBO assume JOJLGKHO IIPEAIIECTBOBATE JIIOOOMY OPYroMy KIHOUYEBOMY CIIOBY,
00panieHHOMY K BBIPAKEHMIO, MOCKOJIBKY KIIOUEBOE CIOBO OyIEeT HNPUMEHATHCS TOJBKO K
BBEIPAKEHUIO, PACITOIONKEHHOMY cpa3y nocne Hero. [Ipumep nokasan B cepennne Pucynka 4.

= Mathcad - [Untitled 1) ll =
=|@daan [lpaska Texct MaTemaTuka [padura Cumsonuka Okno KHnrwe =
4|
x = 3 2 = 2, mo=1.10 u
expand (x +1)(z-1) > dz2-4 < ha!fﬂh[:ﬂEl IAMEHAET NEPEMEHHYIO X HA
e JHAUYEHHE, & NEPEMEHHYH Z HE
FAMEHALT.
assume X :
expand (x + 1) (x - 1) = x% -1 <— SRECD TBICKE UTHOPHPYETCS U
ONpEAENEHHE X, MDCEONbEY X CNEQYET
33 KNK¥ EEbIM CNOBOM ASSuUme .
m = m c MockomeKy M ONpPEREnNeHa KAk QHCEPETHLIR aPpryMENT,
¢8 ONpenenecHHE HrHOPHPYETCA,
assume &> 0, x nﬂﬂl‘:ﬂﬂhw & NpeanonaracTca monexH TCnbHDIM,
o MHTerpan cxogurcea. Mockonbky x cnegyeT sa
- E—E-l: dr = E KNHMEeEbIM CNOBOM  @ssume |, ero GHPEHEI’IEHHE
0 x M HOpMH PYETCS. ;Eiz: :
-
o b e
SETO Ctp 1

Pucynok 4: Knrouesoe cniogo assume onpeodenaem, sameHum uiu Hem Mathcad 3nauenus
nepemeHHOU U UMEeH QYHKYUU 8 BblPaAHCEHUU.

KmoueBeie  crmoBa complex u float  oOecrmeunBaror HEKOTOPBIM — JOIMOJHUTEIEHBIN
KOHTpOJL Hax ¢opmoit, B koTopoir Mathcad oroOpaxkaer pe3ympTar NOpuM CHMBOJBHBIX
npeoOpa3oOBaHUAX.

KmoueBoe cmoBo complex mepen BeipakeHuem mpennuceiBaer Mathcad Bo3spamiaTs
pesynerar B (opmea+ 1'bh. Her HykObl Kakaell pa3 BBIBOAUTE TAKyK T'POMO3IKYIO

KOHCTPYK URIGVERUIO@V@BEE mapaMeTPel BEMIECTBEHHEI. (OIHAKO, KOTA BBIPAKEHUE MOKET
SNEKTPOHHOW NOANM

cepm¢&gﬂeﬁ%§&aaé@%%€§%ﬁmﬁ&&6ﬂﬁﬂ BO3MOKHOCTE YBHJIETH Oosiee 00miee mnpencraBiIeHUE
Bnanen<TAHOBINOsE THOACSHOaRHEYHOK 5 CpaBHUBAET HEKOTOPHIE MPeo0pa30BaHusA C UCMOJIE30BAHUEM

1 0€3 UCIMONb30BAHMA KIIIOUEBOr0O CIOBA complex.
Nencteutened: ¢ 19.08.2022 no 19.08.2023




Kmouepoe cnoBo float mpegmiceiBaer oroOpaxares BCAKUH pa3, KOraa BO3MOKHO,
MOCIAEAYIONINE CUMBOIBHEIE PE3YIBTATEI B BUAE UMCEN C MIaBawmomnienn 3amaroi. MoxkHo
YIIPABJIATE TOYHOCTBIO ATOTO 4HUCHA, COnpoBokaasn float COOTBETCTBYIONIUM IENBEIM YUCIOM, KAK
moka3zano Ha Pucynke 6. Ha stom pucynke Mathcad oroOpaxkaer Bemmuuny p/2 B (popmare c
mIaparomniern  samarod. OmgHako kiaoueBoe ciaoBo floatmukak He Bmuger Ha X. Iloka

penmuuuHa X He onpenenena, Mathcad ve mosxer orodpaxkars Huuero, kpome X,
Mathcad - (Untitled T)

= | Papn [lpaeka JTercr MatemaTrka [padwxa Cumeonmka DeEre  EHWMH ?

NEQEE

[No yMONYWAHHID PE3YALTAT DCTABNAELTCA

= — exp{1 +n:8) T B sKCNOHEHUMANLHOR dopME.
complex
ci-mi cos(n-8) + i -sin{n-8) <— Mcnonb3ceanmue kMeBOro cnoea
complex NPHBOANT K BOIBPALLEHHIO
peayneTaTa B opme "arbi’,
cosi 51 + 2) & cos(Z + 51} <= [opo6Ho BCEM KNIHEELIM CNOBAM,
complex npuRaraeTcA TONbKD K
HEMOCPENETEEHHO CRENYIOLLEMY 3a
HHM BDIpPadEcHWHED.
complex
cos(6i +2) =& cos{2) cosh(B) -1 sin(2)-sinh{h)
n
- -
JETO Ctp 1
Pucynok J: Kmouesoe cinoeo complex onpedenaem, wymcno uiu Hem Mathcad
g038pauyamo 1" b.

Mathcad - [Untitled 1)
=|Pdaan [paska Texer MatemaTuka [padhuxa Cumsonuka Oxkeo Kaura ?

I PHMED CHMBONBHOIO BbIUHCNEHHA

1
X-acos(0) —= E-}i-ﬂ

Orobpaxenne pesynsrata 8 hopMe ¢ NNasa0LER FANSTOR

float
X-acos(0) = 1.5707963267948966193 - X

To Xe, MTO W BLILUE, HO CYCTAHOENEHHOR TOYHOCTEH B 4 IHEYAWKX UK P

float 4
¥ acas( 0] == 1571-%

Takum UEPEI-EII]H MOHO MONYYATE OUEHE TOYHBIE QECATHHHBIC I'IFIHEJ'II'I:I{EHHH

float 53
e — 2. 718201820459045235360287471 352662497 757/2470936999595 74967

Pucynox 6: Hcenonwzyume kiwouegoe cioeo float, umobbt omobpazums pezyibmamel 6

YUCTOBOM BUOE BCAKUU pPaA3, KO20a 3mo 803MOJICHO.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMWMCLIO

Ceprudukar:  2C0IRIHOHLBOR s LAOBOSEDIES HECIEOTHE3YETCA, UTOOBl COMOCTABUTH BRIPAKEHUIO OTPE30K €r0
BranengygmallePufistd parafoconpefeienHol  koMOmHanuu nepeMeHHsix. [lo ymomuanmo Mathead

pﬂ?pJIﬂFHET B pH,I[ OTHOCHTECIEHO TOYKH 0 H HCHDJTE:E}’E‘T BCC YJICHEI pﬂﬂﬂ, y I{DTDPLIK C}’hf[ﬂhf[ﬂ
Nencteutened: ¢ 19.08.2022 no 19.08.2023



MOKA3aTeNed CTENEHW MEHBIEe meCcTH. MOKHO, BOpOYEeM, ONPENEnsaTh TOUYKH, B KOTOPBIX
HEOOXOOUMO MMONYyUYWUTh PA3J0KEHUE B pAd, Kak MOkazaHno Ha Pucynke 7. 9T0 0COOEHHO
MONE3HO, KOTAA BEIpAKEHHE uMeeT 0coOeHHocTs B 0. MokHO Takke ONpenenaTes MOpPSOOK
PAa3yI0KEHNA, KAK MOKA3aHO B Mociaequem npumepe Pucynka 7.

HMuorpa psan Oymer conmepxarbk KO3 (PUIUEHTEI, 0TOOpax)aeMble B JOBOIBHO JIMHHOM
cumBomeHOU (popme. [lonmeszno wucnoms3oBares kmwdeBoe cnoBo float Bmecre ¢ series, kak
moka3zano Ha Pucynke 7. B mpuBeneHHOM pa3iokKeHUH TIPU OTCYTCTBUHU KiIroueBoro ciosa float

MOKHO OBLI0 OBI ITOJIYYWUTE BRIpAKeHHE, comepsxamiee exp(l).
= Mathcad - [Untitled 1)
a|Daan [lpagka Texer MaTeMmaTeka [padura Cumeonuka

Ar |4}

Dknn  KHurm

FAaz3noXEHAE B OKPECTHOCTH TOUuKd xX=0, v=0

SEMnes X,¥
1 2 1 > 1 3

K+Y o _ _ : _ LI _
= + X + Y + = + ¥ X <+ v -+ X =+ WX + b e —
2 ? F 2 . ¥

Paznoxenme B okpecTtHocTH Toukk x=0, y=1

series X, y=1 _YTobbl BBECTH 3HAK PABEHCTE A, HeNoNbayATE [Clrl]=

float 3 «— BmeCTO MCNONb20BaHNA B KAWECTEE KO3M (DHALKMEHTE
exp[ 1), 3aMEHIET ero AECATHUHbIM NpMOAKKEHHEM.

e¥TY = 072 % + 272 v + 136 x% + 272 (y - 1) x + 1.36(y - 1.7%+ .454

PaznoxeHHEe, HCNONbLIYILWEE YWIEHDI PAQA C0 CTENEHLID, MEHbLIUEA 3.

seres  X.v, 3

E"*"’—*1+x+y+%-:¢2+y-x+%-y2

Ctp 1
Pucynork 7: Hcnoavsyume kioyegoe clogo Series, umoovl paszioncums 6blpajiCeHue 8
OKpeCcmHOCmU 8blOPAHHOU MOYKU.
Hcoone3oBanue mMeHo CHMBOJIMKA

XOTs CUMBOJIBHEBIN 3HAK PABEHCTBA, OOCYKIOEHHBIM B MOCIEOHEM pasziene, yaoOeH md
HCIIOJIB30BAHNS, HAOOP MPEZOCTABIAEMBIX MM CHMBOJILHBIX MPEOOpa3zoBaHWil OTPAHHUUEH.
Komanaer n3 mento CHMBOJIHKA00ECTIEUMBAIOT 3HAUMTEIBHO OONBIIEE YOPABIEHHUE BUAAMH
OOCTYITHBIX CHMBOJIBHBIX IPE0OPa30BaAHUM.

OCHOBHBIE IIATH I HCIOJB30BaHHA MeHIO CHMBOJHKA — T€ K€ CaMple, 9TO U IJId
BCEX KOMAaHJ MEHIO:

. 3akmounTe BCE, uTO TpeOyeTcsa mpeoOpa3zoBaTh, B BEIACIAIONIYIO PAMKY.
. Bei0eprTe COOTBETCTBYIONIYIO KOMAaHY U3 MeHIO CHMBOJIHKA.
. Mathcad momectuT mpeodbpazoBaHHOE BEIPAKEHUE B PAOOUMI JOKYMEHT.

HMmeercas BaxkHOE pazmume MEKIY CHUMBOJBHBIM HPeOOpa3zOoBAHUEM, HCIONB3YIOMIAM
meHio CHMBOJIMKA, ¥ MOpeoOpa3oBAHMEM, WCHONB3VIONIMM CHUMBOJIGHBIM 3HAK PABEHCTBA,
OMMCAHHEIN B OpEeNbIaymieM paszaene. Pe3ymsTarsl ¢ MpaBoil CTOPOHBI OT CUMBOJBHOTO 3HAKA
PABEHCTBA BEIMHCILIIOTCA 33HOBO BCAKUI pa3 MpPU BHECEHUH M3MEHEHUM B padO4Mi JOKYMEHT.

PesympTamjokymien HCITOJIB30BAHHUEM MeHro CHMBOJIHKA, ABTOMATHUYECKH
IJEKTPOHRO I_IDJ% g:
CenTi 1 MQMMW@BE _E}ch,i' el-[-: 000004 3E
Bnapeneu uz.Hpe:gmmmmumw,.,ﬁﬂanpnmep, gTo [MOCJ€  BBIOCJICHUASA BBEIPAKEHUS BBEIOpaH

MyHKT Pa3ioxkuTh HA MHOxkHTeIHN3 MeHo CuMBouka — Mathcad BcTaBuT paszmoxeHHEBINH
Neicreiide: MHOKMTEAW: 0pe3yabTaT. ECnn Tenmepes OTpemakTHpOBATH IEPBOHAYANBHOE BBIPAKEHHUE,




LEDTE

CUMBOJIEHBIH OTBET HE M3MEHUTCA. UTOOBI MOMYyYUTE HOBEIM OTBET, MPUAETCA CHOBA BBIICIUTE
BEIPAKEHNUE, KOTOPOE TOABKO UTO M3MEHWIH, U CHOBA BRIOPATE M3 MEHIOMYHKT Pa3dnoxkuTh Ha

MHOxHTeIn — Mathcad 3amenuT pe3yibTar.
B cmemyrommx  paznemax  moapoOHO — OMMCHIBAOTCA — PA3IMUHBIE  KOMAHIBI

MeHo CHMBOJIHKA.

O0opyvioBaHHEe H MaTepHAJIbL.

[Tepconamphusiit komoeroTep, nporpamma MathCAD.

Ykazanus 1o TexHuke 0e30nacHOCTH:

COOTBETCTBYIOT TEXHUKE 0€30MACHOCTH MO padOTE C KOMIBIOTEPHOU TEXHUKOM.

Jamanus

B MathCad umeercs mocTtaro4HO MIMPOKUM CHEKTP BEIUUCIECHUH B CUMBOIBHOM BHIE.

Jlna BBIYUCIEHHSA B CUMBOJIBHOM BHAE HAKATHUEM KHOIIKH ® MATUTPE MATEMATHIECKHUX
3HAKOB OTKpouTe maneas Cumeonuka, Kak 5TO mokaszano Ha puc.51.13.

CHHMEB O MK s
— -— Modifiers
float complex AssUme
solve simplify sub stitute
factor expand coefls
collect sSeries parfrac
fourier laplace Ztrans
invfourier invlaplace inwzrans
HT — M — M| —
Puc.51.13

[Tpocreiimmy  npuMepoM  CHUMBOJBHBIX — BBIUMCIEHWH  ABJAETCA  BBIYHUCIEHHUE
HEOMPENENEHHBIX MHTETpaToB. Jlasd 5TOro ¢ MCHoJb30BAHMEM CHUMBOJIA HEOOPENEIEHHOTO
uHTerpana Ha nanenu Hcuucienue nadepure TpeOyeMBIN HEONPEIENEHHBI HUHTErpana. 3aTeM
BMECTO CHUMBOJIA = HAOEpPUTE CUMBOJIBHBIN 3HAK PABEHCTBA — HA maHem Oyenka U HAKMUTE
| Enter]. 3nak — Ttakxke BBoauTCa komOnHarmen kinasuml [Ctrl+-].

[Tpumep CMMBOMBHOTO BEIYMCIACHUA WHTErpaga mokaszaH Ha puc.51.14. Ha sTtom ke pucynke
MOKA3aHBI TPUMEPEl CHUMBOJBHOTO BEIYMCJICHUA TPOMHOIO HHTETpaga M ONPEIEIEHHOTO
WHTETpana ¢ mapaMerpam a,b.

3aMeTUM, 4TO JAJNEKO HE BCE MHTErpansl U Tem Oosiee mBomneie u tpounsle Mathcad
MOJKET BBIYMCIUTHL B CUMBOIBHOM Buae. [Ipumep HEBRIUMCIAEMOTO0 B CHUMBOJBLHOM BHJIE

UHTErpana (Hedepymuicsa UHTErpan) npuBeaeH Ha puc.51.14.
OOKYMEHT NOANWCAH

u

AHaTOTHUHBLIM  OOPA30M °B CHMBOTLHOM BHIE MOKHO BEIYHCIMTL MPOM3BOJHBIE T06OTO

.
CO0O000043E9ABBBY952205E /BASO0060000043

BnanendIOPSAIKAsCYMMBI; HpoH3BeneHns. [TprMep Taknx BEIYUCICHUH MpUBeaeH Ha puc.51.15.
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x —1 1
cira ) - e ol — ? - expl) - cos(x) -+ E st x) el X)

J‘ J‘ i i 71 - Ezl:il{l:l_':.irl:ﬂE% _?1 - coglyl - - explz)

-

a ~b
{
fa— %" +(b- P dyde— - -2 b+ — a b
[1:-:] 4 12
0 o —
a4

. 2

= dE: 5 x - [1}[
4 st Cexp(x) + sl

Puc.51.14

Mathcad umeer Takxke Creayromnme BO3MOKHOCTH: yIpomieHue BeipaxeHus Simplify,
pa3noKEeHNe BBRIpAKEHUA IO creneHaM Expand m pazioxeHue BBIPAKEHWA HA MEOKHUTEIN
Factor. Onepanua — nogpasymeBaer Symplify mo ymonuanuio, OqHAKO €€ HEMOCPEACTBEHHOE
HCIIOJIB30BAHUE HAeT 0O0Jiee TPOCTOM pE3yJabTaT, KAaK H5TO TMOKazaHo Ha puc.51.15 s
MPOU3BETEHUN.

[T simerty —ra0 -0

L

Puc.51.15

Jlns BeImOMHEHMA COOTBETCTBYyROmIEN komanawsl tuma Simplify, Factor minm Expand
HEOOXOIMMO BMECTO — BHIOpaTh COOTBETCTBYIomiee Ci0BO HA maHemu Cumeonuka. Ilpumep
komang Simplify, Expand, Factor npusenen na puc.51.16.

AOKYMEHT MNOANMCAH
JNEKTPOHROW 1NO4INMCBHD

WDKUKAT 2C0000043E9ABEB952205E7BAS00060000043E

o~ - "
Bnapeneu LeD3yxXoBd iITbHAHA AJIeKCaHOpoBHA

ITened: c 19.08. 2022 no 19.08. 2023



aj— h2

: P x . . : .
(¥ + eos X simplify — 1 (At t) (o b sithplify — 1
d
-3 N >3 N f 4 simplify — I::-: —5)
ol eyt et -t Lo - 1*

it - ¥) expand,? — 16 - sin(y) - cus(:-:j"1 — 12 - zitu’x) - ct-s(:f:jj + =)

(a+ B expand,? —a +5 a b+10 & b +10 a° B +5 a-b'+ 0

-4 eosd-a) +cos(d a)) expand,d — 2 -4 -cos(2-a -5 cns(334 + 8- -msl:aj2

d 2 2
}:E—Ergfa.l:t-:lr,ﬁ (G- (x4 ) [(a) —E-a-h+h]f&ctnr=2 — (a — h)

z:-:—ﬂfan:tl:-f,i —= 11 (%= 1]

Il

P -1 factor,2 —(x—17- (:.:E + %+ 1)

Puc.51.16

Komannma Collect pasmaraer Belpak€HHE IO CTENEHAM YKA3aHHOHM B 3TOM KOMAaHIE
MEPEMEHHOM, €CITU TAKOE MpeacTaBiaeHue BO3MokHO. [Ipumep ncnons3oBanua komanaer Collect
npuBeneH Ha puc.51.17.

e+t collesta — e +5 8 b+10-a B +10 & b 45 a0+

(rx—a) (x-h-(x-¢) eollect x %«:{3+(—a—h—cj-:-:2+[a-h—(—a—1:|j-ﬂ]-:-:—a-h-c

(a+b+ ) colleeta —a + (2 b+2-01 a+(h+o)
(atb+ o) collecth b +(2 a2 0 balat )

Ca+b+ o eollect,e — e® +72-a+2 B)-c+(a+ )

Puc.51.17

Komanma Coefls wnucnone3yercs mas BBMUCICHUA KOY(P(PUIMEHTOB ITOJIMHOMA

OTHOCHUTEJIFHO VYKa3aHHOUM B komaHae nepemeHHou. llpumep komanaer Coeffs mpuBenen Ha
puc.51.18.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023



e 0
i L [(rfl;]-:-:3+3-:-:ﬁ:|-[::-:+ ) coeffs,x — | 3
: 7
I P =l LA
2 2ep _ *
(x—T)- [:-:E + 2) coeffe,x — N E}H b )[:h 1) cosffs,b = -1
]
\ 1 ] ' 4

Puc.51.18

Komanga Solve mo3BOMsAET peIUTE YPABHEHUE WM HEPABEHCTBO C HYJIEBOM MNPABOU
JaCThI0O OTHOCUTEILHO YKA3aHHOM B OTOM KOMaHae nepeMmMeHHou. lIpumep mcnoms3oBanus

KoMaHIBl Solve npuBenexn Ha puc.51.19.

_ 1
1 2
— a4+ — I:ﬂj—-’-l h]
q 2 2
¥ +a-x+b solve,x — ,
_ 2
1 a— — [33_4_1:,)
" — a solve,x — Infd)
Puc.51.19

Komannma Solve no3Boysier Takke pemarb CHUCTEMBI JIWHEWHBIX W HEIWHEHHBIX
yPaBHEHUH (C HYIEBOU MPABOM 4acCThiO). [IpuMep pemenns CUCTEM ypaBHEHHWN MPUBENEH HA

puc.51.20.

¢ 2 )
12 PR R RN K
{:-: + 7 —TJ a 3
golve, v — | 5
2 2oy N i -
\ 2 3 /
¢ B!
:-:2+j.r2+:2—3 1 -1 -1
i+ y-z—1 solve x,v,2 —=| 1 1 1
OKYMEHT NOANWUCAH - -
“ :':GI'I%I-{'F"PﬁH Ol Hoanuchbio S

CEpTHdJHHETZ ZLUUUDUG SEYABSEY L U0 E FBAQUUUBULLUUSE SE
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

NeiicTeuTenen: ¢ 19.08.2022 no 19.08.2023 Puc.51.20



B03MO3KHEI Takke€ CUMBOIBHEIE onepamyuu M'— . M™'— u |[M|— nag marpuneii.

a-:-:2+l:--:-:+-:su1:p5t;itute:,:-:=5 —>25-a+5 b+

substitute .c = 3

A +h-T4 0 | 525 .a+ 5 b+ 3
substitute x = 2

aubstitute x= 5
a-:-:2+1:--:-:+ ¢ |substitute,c =4 —> 23 a+

aubstitute ,h = 11

sithstibuate x= 5

-1 4 b x4 o |substibule.c =3 . g
sizhstibiate b= 4

sithatibate a= 3

Puc.51.21

Komanma Substitute wucmons3yercs Anasfd NDOACTAHOBKH 3HAUEHWH TEPEMEHHBIX B
BRIPAKEHUE M BBIUMCICHWE ATOTO BEIpaxkeHusa. [y 3Toro Habepute BERIpakKEHUE, HA MAHEIH
Cuumeonuxka BelIOepuTe KOMmanay Substitute, 3amomnure Ttpadaper. J[lanee ycranorure

u-x:+h-x+:suhsﬂtutc,x=5 — i
oOpamiieHHE B BUIE: U BEIOEpUTE OmATH KOMAaHOy Substitute, u

TaK Janee 40 MPUCBAMBAHMS UYMCIOBBIX 3HAYEHUI BCeM nmepemMeHHBIM. [Ipumep ucnonb3oBanus
komMaHasl Substitute mpusenen Ha puc.51.21

Konmponshnbie gonpocol

CUMBO/IbHbIN 3HaK paBeHCTBa.

Mathcad PLUS.

MeHio MaTemaTHKa.

HacTpoMKa cMMBONbHOIO 3HaKa paBeHCTBa.

CumBonbHble onepaummn: assume, complex u float, series,
Acnonb3oBaHue meHo CMMBOMKA.

A i ad M

Cnucok n1umepantypol, peKOMeHOVEeMblU K UCNO1b306AHUI0 N0 OGHHOU meMe:
l. bepnunep, 3. M. CAIIP B MmamunocTpoeHun : yueOHUK 11 By30B / 3. M. bepmuep, O

B. TaparsmnoB. — Mocksa : @opym, 2014. — 448 c.
2. A%ﬂﬂ%%ﬂﬂ%ﬁ”}(} BEIUMCIMTEIEHEIE U SKCOEPUMEHTAIBHBEIE METOOEl HAYYHOTO

S 91?3& CPUMEH %]ﬁﬁﬁﬁnqqggﬁne’*‘] — M. : KHOPYC, 2013. — 330 c.
Bnapneneu 34 XoreGHIKOBs A sHHpOpMAIIMOHHEIE TEXHOIOTHH : yueOHUK / A. A. Xi1eOHMKOB. — M.

Neinct

BATE

KHGPyc 2014.—-472 c.
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4. MATHCAD 14: OcuoBurie cepBuck u texnogoruu Iloxkapcekas I'. WM., Hazapos JI. M.
N3parens: Haumonameuerii Otkperteiil YHusepeuter «MHTYHWU Ty, 2016

JlabopaTopnasi padorall. IlocTpoeHnne BOJTHOBBIX H MOTEHIHAIBHLIX [{HAT PAMM

Ienv pabomoi:

HayuuTscsa uCmons30BaTh PEKUM IMHAMHUYECKOTO BBOJA TS 340aHU TPEXMEPHBIX KOOPIUHAT
00BEKTOB.

Teopemuueckasn 4acmb.
JlnnamMugecknuit BBOJ IMO3BOIAET BBOOUTH MH(POPMAIMIO OKOJIO Kypcopa, HE HCIOJB3YA

KOMAHIHYIO CTPOKY, KOTOpPas HAXOAWTCS B HIKHEW 9aCTH OKHA KOMmaHz. bomee Toro, camo OKHO
KOMAHJ MOKET OTCYTCTBOBATE B TEKYIIEH KOH(pUryparmu padouero npocrpanctea. B AutoCAD 2006
VMEETCA BO3MOKHOCTE LMKIMYECKH YOAIATE W BEIBOOUTE 3aHOBO OKHO KOMAHA INPH ITOMOILIM
HaxaThua komMouHarimu kiaasumi <Ctrl>+<9>,

JlnHaMueCKuil BBOJ MOKET PEATM30BATHCA B IBYX PEKUMAX.

—  KypcopHwiu 6600, KOTOPEIA UCTIOIL3YETCA I BBOAA ADCOMFOTHBIX U OTHOCUTEIEHEIX KOOPAMHAT
TOUEK B CHEIMAIBLHOE moJie OKomo Kypcopa. [lo ymomuanuro BBOAATCS OTHOCHUTEIBHEBIE
KOOPIMHATEL, & €CJTM HYKHO BBECTH a0COMIOTHBIE KOOPAMHATEL, M3MEPAEMBIC OT HAYAIA TEKYIICH
CHCTEMBI KOOPAWHAT, TO CICAYET CHAYAIA BBECTH 3HAK # IIEPET MEPBOU KOOPIMHATOM.

—  Paszmepubiu pedscum 66oda, KOTOped nocrynen mil komana pucoBanus LINE (OTPE30K),

ARC (JIYTA), CIRCLE (KPVYT), ELLIPSE (Qmmirc) u PLINE (TTOJTVJTAHUST), Bemomur

OKOJI0 Kypcopa HOACKA3Ky KOMAHIBI M UMEET HOJI i1 PACCTOSHHUA M A0COMOTHOTO YIJIA €T0
HaKIOHA K ocu Ox. [lepexoo OT OOHOrO MOASA K JPYyrOMY BBIMOMHAETCSA MPH MOMOIIM KIABUILIM
«Tab». B sTOM pexnme MOKHO BEIBECTH AWHAMHYECKOE MEHIO, B KOTOPOM CONEP/KATCA paHEe
BBEJICHHBIE KOOPIHUHATEI U JJAHAMHYECKOE MEHIO C OMIUAMH KOMAHBI, €CJIM HAXKATH KJIABUIIY CO
CTPEIIKOM, HAIIPABICHHON BHU3 (<|>). O0parHas onepamisa — OTKAa3 OT MEHIO0 — BBITTOJIHACTCS
MOCJIE HAKATHS KJIABUIIM CO CTPENIKOM, HAMMPABIEHHOHU BBEPX (<T>).

Hacrpoitka muHaMu4eckoro BBOJA BHIMOMHAETCA B auamoroBom okHe Drafting Settings

(Pesxxumer pucoBanus) Ha monoaHWUTensrHOM BKianke Dynamic Input (/lmnammueckuii BBOX),
nosBuBmencsa sauepseie B AutoCAD 2006.

O0opvIoBaHHe H MAaTepHAJIbI.

[Tepconanpueiit komnerotep, nporpamma MathCAD.
YKka3aHHd 10 TeXHHKe 0e30IaCHOCTH:
COOTBETCTBYIOT TEXHHUKE 0€30MACHOCTH MO padOTE C KOMIBIOTEPHOU TEXHUKOM.

3amanus
B mpempiayniux padorax MBI CTPOWIM TpauK i1 WHOECKCHUPOBAHHBEIX IEPEMEHHEIX,
KOT1a WHAEKCH OBLIIM LEIBIMM YuCaamMu. ECim ke Hy)HO HOCTPOUTH 3aBUCHUMOCTE 1=1(t) u
APTYMEHT t HE MPUHUMAET LENBIE 3HAYEHUS, 4 U3MeHseTcsa, Hanpumep, ot 0 go 0,03 ¢ ugepes
0,0001 ¢, To B 3TOM CiTyuae CymieCTBYET HECKOIBKO CITOCO00B MOCTpOeHu rpauka.
[lepBeni crmoco0. Tak ke, kKak U paHee, HAAO BBECTH LETOYUCICHHYIO YIIPABJISIONIYIO
nepemea;é

OKYM

ﬁpgﬁﬁﬁﬁ%%imkF 0..300. Temepr apryment t Oyzer ykKe HHICKCHPOBAHHOU

CepdrrepeMeHOIE BEOTEPENSHABIL A IOIIEN NHIEKC K. JTOT MHAECKCUPOBAHHBIM APryMEHT Oyaer

Bnaneneu: llebayxoea TateaHa AnekcaHnpoBHa
BEIPAXKATHCA TEPE3 YIIPABILAIONIYIO MEPEMEHHYIO (MM MHAEKC K) craemyronmm 00pazom:
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t, = 0,0001*k.

. OyHknua Toka Takke Oymer wHmekcupopaHHOW mepemenHoi Ik. [Tycrs, mampumep, B

PE3IYILTATC PACUCTd DJICKTPHYCC KOH HCIMH KOMIIJICKCHBIM MCTOIOM ITOJYYCHBI KOMIIJIICKCHEIC
3HAYCHHA TOKOB.

I, =5673+2,419;;  I,=2094+2,532; I,=3,58-0,112

[TocTpouMm 1o 5THM JaHHBIM BOJHOBEIE AuarpaMMmel TOKOB (puc. 3.1). Toku Ha puc. 3.1
MPENCTABICHEI KAK MHICKCHPOBAHHBIE (DYHKIMM OT MHAEKCUPOBAHHOTO APTYMEHTA tk.

OTmeTnM, 4TO apryMeHT t MOJKET 3aJaBATHCA HE KAK WHIEKCHPOBAHHAA IEPEMEHHAS,
3aBucsaIIas ot K, a kak (PyHKIHS K, KOTOpas BEIPAKAETCS 4epe3 K CACTYIONMM 00pa3oM:

t(k):=0.0001*%.

[Tepemennsie 11,12, 13 3agaroTcs Kak (pyHKIMH ApTYMEHTA t, T.€.:
(1) = 2|1 |-sin(314 - i(k) + arg(1))) ;

i1(¢) :=~2-|I |-sin(314 - (k) + arg(]))) ;

i1(1):=~2-|I,|-sin(314 - t(k) + arg(/,)) .

[loctpoeHHe BOJIHOBLIX AHArpaMM (nepsbiv cnocod)
[,:=5673+ 2419 1,:=2.094 + 2.532
[:=3.58-0.112j
k:=0.300 t,:=0.0001-k

il = V2 -[1y] -sin(314-t;, +arg(l)))
2, =2 |12|-sin(314-t; +arg(1,))
3y =2 -|I;]-sin(314 - t, +arg(l3))

0005 001 0015 D02 0025
"

Puc. 3.1 TIGETPOCHIIE BOTHOBBIX IMarpamMm ¢ MPUMEHEHHEM HHICKCHPOBAHHEIX EPEMEHHBIX
Ceptucukat:  2C0000043E9ABBBIS2205E7BA500060000043E

Prapened eI ET poTe FPadiik ‘fakuM cmocodboM caMOCTOSTETBHO.
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Bo BTOpOoM crmocobe BMECTO HMKHUX MHAEKCOB YV TOKOB MCITOJIB3YETCS BEKTOPHAS 3aITHUChH
C MOMOTIBIO OMEpPATOpPa BEKTOpU3auu (puc. 3.2).

[TocTpoentie BonMHOBLIX puarpamm (BTopoii crnocob)
[, =5.673+2.419] 1, = 2.094+ 2.532]
13:=3.58-0.112; k:=0..300 ty :==0.0001-k

i1= 2| |-sin(3 141 + arg(1)))

2= 2 I, |-sin(3141 + arg(1»))

i3 = Jf I3[-sin(314t+ arg{lg_);

10 :

ily )

i2,

T 0

o Puc. 3.2. ITocrpoenmue

A = BOJTHOBBIX IMATPaMM C

HCITOJIB30BaHHEM OTIE-

- 0.005 0.01 0015 002 0.025 003 paTopa BEKTOPH3AaLHH

DopMyIBL, KOTOPEIE UCTOIB3YIOT BEKTOPHYIO 3AIMMCH BMECTO HIKHUX MHIEKCOB, 0OBITHO
BEIYHCIIIIOTCA HAaMHOro OwicTpee. HamomHWM, d9TO CHMBOI BEKTOPH3alMN BBOOUTCA Kak
[Ctrl]+[-].

B Ttpethem cmocobe ympapmgronmias mepeMeHHas BOOONIE OTCYTCTBYET. APryMeHT t
zamaercsa ¢ maroMm 0,001 ¢, a Tok 3ammceBaeTcs Kak (PyHKIMSA aprymeHra t. 3ToT crmocod
MOCTPOEHUA BOTHOBBIX TUArpamMm MPUBEIEH HA puc. 3.3.

OOKYMEHT NMoanncAaH
SNEKTPOHHOW NOANKCLIO

Ceptvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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[HocTpoenie BOJIHOBBIX jutarpaMMm (TpeTHH citocol)
I, = 5.673 +2.419j 1, = 2.094+ 2.532]
t:=0,0.001..0,03 Iy =3.58-0.112]

i1(t) = V2 -1 -sin(314- t + arg(T}))

i2(1) = V2 - |I| - sin(314 - t + arg(12))

i3(t) = V2 - |13] - sin(314 - t + arg(13))
1

/

13(1) ¢

------ Puc. 3.3. IlocTpoe-
Ay HHE BOJIHOBBIX JMar-
paMM C HCIOJIb30Ba-
HHEM QYHKLUMH IUCK-
0% — PETHOIO apryMeHTa

WU 0.015 .02 0.025 U035

1

T == =

Bo BCcex paccMOTpeHHBIX BEIIE Tpex cnocodax Bpems t m3mensercs ot 0 mo 0,03 c, gro
COOTBETCTBYET 1,5 mepmomaM MUTAIONIETO HANPKEHUA C yrIoBOM udactoron @ =314 l/c, a
KOJIMUECTBO TOYEK HA 5TOM UHTEpBane pasuo 300.

ITocTpoeHNe MOTEHIIHAILHBIX THATPAMM
To oOcrogarenscTBO, UTO COCemHWE TOYKH OO0 3amMaHHON (DYHKIMH COETUHSIOTCS
mpsaMON JMHWEH (ma Tuma JMHUE line win draw), TO3BOJIAET CTPOUTH MOTEHIIHMATBHBIE W

BEKTOpHEIE AuarpaMmel. [loTeHImanpHOM muarpaMMou IJif 3aMKHYTOrO KOHTYpPa HAa3bBIBAIOT
3aBUCUMOCTB ITOTEHIIUAJIOB B TOUKAX KOHTYPA OT BEJIMYUHBI CONMMPOTHUBICHHUH.

R . R2
-4 ] - 2
R e

7 2 .
})EL 101 13‘ R3 E2, 102
R5 l R4
— |
5 . ' 0 l

Puc. 3.4. DnekTpHyecKas Uenb NOCTOSHHOIO TOKa C ABYMS HCTOYHHKAMH
OC

BemuuHBl COMPOTUBICHUWI OTKJIAABIBAIOTCS MO OCH X, a 3HAUYCHMSA MOTEHIMAIOB — IIO
ocu y. [TOCKOMBKY COMPOTHBICHUS SJIEMEHTOB, KaK IMMPABHIO, Pa3HBIC, TO IJII TOTO, YTOOBI
OTJIOKHUTH UX IO OCH X, HEOOXOJIMMO BBECTH TIETOUYHCICHHYIO YIIPABISIONIYIO0 MEPEMEHHYIO K,
KoTopas OyJer COOTBETCTBOBATHL TOYKAM 3aMKHYTOTO KOHTypa. COmpoTHBIEHHWE ydacTKa
DGUEHaqgﬁoﬁgE: E%gaﬂ Toukn — Uk. [locTpoenne mnOTEHIMATLHON aUArpaMMBl I

Cepruh CXEMBLPHR SICHH OV Ha P0s B4y TOKA3aHO HA puc. 3.5.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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[[loeTpoeHHe TOTEHIIHATIBHON IHATP AMMbI
JUJIA HETIH NTOCTORHHOI'O TOKA

M 3BrecTHBI IIa Lienin Ha puc. 3.4:

t0l == 14.5 02 := 7.5 Rl :=82.72 R2:=110

R3:=71.9 R4:=80 R5:=114.15 11:=0.22
[2:=0.04 13:=0.26 El =654 E2:=26.8
Beibepem xoHTyp ob6xopma 0-1-2-3-4-5-0 1 paccunraem

B KaxXmoil Toyke conpornrineHne R (HapacraonmM

NTOroM OT Hauasna obxoma) n noreHunain U

Ro=0 R, =Ry+R4 R,:=R,;+1r02 R;:=R,+R2
R;:=R;+R4 R;=R,+ 0l Rgi=Rs+ RS Uy:=0
U =U,—-R4-12 Uy:=U,+E2-1r02-12 U,:=U,-R2:-12
Uy=Uz+RI-11 Ug:=U;-El + 01 -1 Ug;:=Us+R5- 1l

B pesysbTare noJjiydnM sa BeKTopa

e iane MR
80 -3.2
87.5 3.3
R=| 197.5 U= 18.9
Z2r13 37.098
292 -25.112
,406.15 lle—l::u:l[l":iﬁ
Beeaem nepemennyio k :=0.. 6
H MOCTPOHM rpaduk
30 51 it
- 20 "
' 10 e %
P — 1 — — —
0 - - s i $
—_ - 40
-30 t s T | S .
-20 -
-10

0 50 100 150 200 250 300 350 400 450

R,

Puc. 3.5, IlocTtpoeHue noTeHUHAIbEHOH AuarpaMMsl OJ4 LIeHHd HOCTOSHHOI O
TOKA C ABYM# HCTOUHHKaMH J[1C

AOKYMEHT MNOANMCAH o
Kagcregenyeronmacepuc. 3.5, cHadara (POPMUPYIOTCA BEKTOPBI CONPOTHBICHUM R u

ﬁﬁﬁﬁﬁ

“Otdrepuanos U, 3datem “BEOANTCH mEepeMEHHAs IMKJIA WM YIPABIAKOIMIAS NEPEMEHHAA K,

Bnapeneuy; efayxoea laTeAHa AnekcaHapoBHa

mpuHUMaronias 3HadeHus ot 0 7o 6, T.6. HA eauHUIY OOJBIIE KOJIHMYECTBA TOYEK, TAK KAK
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HyJIeBas TOUKA YYACTBYET B moCcTpoeHun ABaxasl. [1o ocu x orknanger-BaroT aprymeHT Rg mo ocu
y — ¢yukmmro Uk

Koumponsrwvie sonpocwt

[locTpoeHue FpEld)H Ka 3aBUCMMOCTK C BEWECTBEHHbBIM apPrymMmeHTOM.
[locTpoeHWe BOTHOBbIX AMarpamm Cc UCNob30BaHMEeM onepaTopa BEKTOPU3aLL UK.

NocTpoeHWe noTeHuManbHbIX AMarpamm

Kakue crmocoOrl (popmarupoBanusa rpapukoB Bel 3HAETE?

Kak BEIIEMUTE y3I0BEIE TOUKH rpauka?

Kak n3mennrts nuamnas3on rpadguka?

Kak 3anare HECKOMBEKO apryMeHTOB (PyHKIIMU HA rpaduke?

Kak mocTpouTs HECKONTBKO TPA(UKOB (PYHKIIMA HA OTHOM PHUCYHKE?
Kak mocTpouTs rpauk moBeEpXHOCTU?

Wk W N RE

Cnucok numepanypbol, peKOMeHOVEeMblIl K UCNO1b306AHUI0 N0 OGHHOI meMe:
1. bepmunep, 3. M. CAIIP B mammHocrpoenuu : yueOHuk 11 By30B / 3. M. bepmuep, O

B. TaparemnoB. — Mocksa : @opym, 2014. — 448 c.

2. AdanaceeBa, H. 0. BrramcimrensHbele W SKCHEPUMEHTAIBHBIE METOABI HAYYHOTO
sKcnepuMenTa : [yued. mocodbue™|. — M. : KHOPYC, 2013. — 330 c.

3. Xnebnukop, A. A. Uudopmarmonnsie Texuonornu : yueOnuk / A. A. XmeOHukoB. — M. :
KnoPyc, 2014. — 472 c.

4. MATHCAD 14: Ocnosnsie cepBuckl u texnonoruu Iloxapckas I'. U., Hazapos [[. M.
N3parens: Haumonamsuerit Otkperteiil Y HuBepeuter « MHTYHWUT», 2016

JIabopaTopHasi paboTal2. IlocTpoeHHe Be KTOPHBLIX JHATPAMM

Ienw padompi:

Hayuurecsa n3MEeHATE TEKYIINE YPOBHU YEPUEHUsA, CO34ABATh U HACTPAUBATE ITOJIL30BATEILCKUE
CUCTE€MEI KOOPIHUHAT.

Teopemuueckan uacnib.

Bce koOpauHATEI TOYEK NMPH BBOAE U BBEIBOJAE Ompeneisorcs OoH Hadana tekymen UCS
(ITICK). Ilmockue puCyHKH BBIMOJHAKOTCA B MIOCKOCTH, MAPAIUICIHFHOM WJIH COBIAJAIOMIEN C
mI0CKOCThI0 XY Tekymien cucreMsl koopauHar. Mamenuts nmomoxenue texkymen [ICK wnm
CO3J1aTh HOBYIO MOJKHO € IIOMONIBIO TPYHITEI KOMAH, HAXOMAMIEHCS B MEHIO « HCTpYMEHTEI».

Ecmi nms ToukH, pacmosioKEHHON B MPOCTPAHCTBE, YKA3BIBAIOTCA TOMBKO KOOPAUHATEL X U
Y, TO koopauHara Z 5TOW TOUKH NPUHUMAETCA PABHOW TOMY 3HAUEHHIO, KOTOPOE YCTAHOBIIEHO
komannont ELEV (YpoBens). OT0 3HaueHME KOOPOWHATH Z HA3BIBAETCA YPOBHEM M HE
WU3MEHAETCS TP NMEPEX0IE K APYTOH MOMb30BATENECKON CHCTEME KOOPAUHAT.

Yﬂ]ﬁmmwem KOOPIMHATEI Z BHOBL CO3IABAEMBIM OOBEKTAM TPU TIPHRIZKE K TOUKAM

Ceprne MO CEI3 YK E%Pg@%g?gg%% %ﬁ@ﬁ’&'ﬁ?ﬁ BBITIOJTHAETCA TpU ToMon cucremuon tiepemenHorn OSNAPZ,
BnanendOTOPASIPEATIMAST SHaYCHRIe0 11 1.

Ecmn OSNAPZ = 0, T0 B KaueCcTBE€ KOOPAUHATEI Z HUCIIOIB3YETCA KOOPAWHATA TOM TOUKH, K
NeiicreKOTOPOIHIIPEHABOIHTES IIPUBS3KA TPH IMTOCTPOECHNH 00BEKTA.




Ecm xe npucsoute OSNAPZ — 1, T0 B kauecTBe KOOpAMHATEI 7. UCIOMB3YETCA 3HAUECHUE
ypoBH4, 3apanHoro komannoit ELEV (YPOBEHD).

VpOoBeHL HCMOMB3YETCS I YepUEHWA HAA WIM TOJ IUIOCKOCTEI0O XV M MO3BOJMET 3471aBaTh
PA3MIHBIE 3HAYEHU KOOPOUHATE Z, B KOTOPOH BBUEPUYUBAETCS OCHOBAHUE TPEXMEPHOTO 00BeKTa. s
BHOBB CO31dBAEMBIX O0OBEKTOB YpOBeHb yeranaBmBaercs kovannon ELEV (YPOBEHD), kotopas BBomircs
C KJIABUATYPBL. ITOM K€ KOMAHIOH MOKHO ITPUAATE TIOCKHM 00BeKTOM M BEICOTY Thickness (Bricora).

[Ipunanme mwIoCKUM OOBEKTAM BBICOTHI ITO3BOJIAET CO34ABATH PAZHOOOPA3HBIE IMOBEPXHOCTH C
TOJIIIMHOM, PAaBHOM TOJIIMHE MCXOOHOTO 00BEKTa. Oneparsa MpUOaHus BEICOTHI ITIOCKOMY OOBEKTY
HA3BIBAECTCH @bloagiuearuem. [Ipy BEIIABIMBAHMM CTPOUTCA MTOBEPXHOCTh, COOTBETCTBYIONMIASA KOHTYPY
MIOCKOT0 00BeKTa. /1A BEIIABIMBAHMA TBEPABIX TEI M3 IUIOCKHUX OOLEKTOB HEOOXOAUMO BOCIIOIL30-
BATHCA KOMAHION BEIIABIMBAHUA, O KOTOPOH PEUb MOMIET MO3KE.

Yxe BeraepueHHEIM 00BeKTaM yporeHs Elevation (Yposens) u Beicotry Thickness (Bercora) moxHO
3a1aBaThk HA MAATPE CBOUCTB 00BekTa Properties (Ceoiicrsa).

Oo0opyaoBanne H MATepHAIbL.

[Tepconanpueiit komnerotep, nporpamma MathCAD.

Ykazanus 1o TexHuke 0e30nacHoOCTH:

COOTBETCTBYIOT TEXHHUKE 0€30MACHOCTH IO padOTE C KOMIBIOTEPHOU TEXHUKOM.

Samanus
Paccmorpym mocTpoeHmne BEKTOpPHBIX muarpamM. [lycte B pesymesrare pacuera TpexazHoi 1iemm
MOTYYEHBI 3HAYEHMS TOKOB B (pazax a.b u ¢:

= E

I =3+3j,1 =-1-4j,I =-4+].

r'r [
TpeOyerca mocTpoUTs BEKTOPHYIO AMArpaMMy TOKOB. YKakKEM JIA KAXIOT0 BEKTOpPA HAYAIBHYIO W
KOHEUHYIO TOUKH. HagambHOM TOUKOM U1 BCEX BEKTOPOB OyIET HyIEBAsA TOUKA, & KOHEYHOH TOUKOM —

3HAUEHNE KOMIUIEKCHOTO YMCIIa, COOTBETCTBYIOMIETO 3HAYCHUIO TOKA. | akiM 00pa3oM, HYKHO MPOBECTH
PAMBIE JIMTHUH MEKIY TOUKAMH C KOOPIUHATAMHI

0-J7 ,0-1,0-1.
a b &

CrnenoBaresHo, HYKHO chopmurpoBaTh BEKTOD (OMHOMEPHEII MACCHB) TOKOB

071,01,01.],

BBECTH YIMPABAIONIYIO MEpeMeHHYI0 K:=0..5 (WId mEeCTH TOYEK, HAUMHAS C HyJII) U HA rpaduxe
OTKJIABIBATE MO OCH X MHUMBEIE 3HAueHUA TOKOB Im[lk| , a mo ocn y — AeNCTBUTENRHEIE (PEATEHEIE)

3nauenys TOKOB Re[lk], kak aTo mpumsro B Tpex(aszueix cucremax. [Tocrpoenme BeKTOPHON qrarpaMMeI
TOKOB IMPUBENEHO HA pUC. 3.6.
CTpe/Kki y BEKTOPOB M CHUMBOJIBHBIE O0OO3HAUEHMSA TOKA HA pUC. 3.6 MOCTABIEHBI B Tpa(UUECKOM

pemakrope Paint Bpyunyro.

AOKYMEHT MNOANMCAH
JNEKTPOHROW 1NO4INMCBHD

WDKUKAT 2C0000043E9ABEB952205E7BAS00060000043E

o~ - "
Bnapeneu LeD3yxXoBd iITbHAHA AJIeKCaHOpoBHA
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IlocTpoeHue BEKTOPHBIX AHArpamMm

B pezynbTare pacyera TpexdazHoii Lenu noyyeHbl CIeaylolHe TOKH:
la.=3+3 Ib:=1-4 lc.=-4+;
Tpebyercs OCTPOUTL BEKTOPHLIE AHArPaMMbl TOKOB.

k:=0..5 R n:=0.3
la | 0
0) la
| = L] o=
' b la+1b
0 la+1b+lc)

= el Tal fa

—
=

Re(l.) Re(l1,)

. ad 1w

337 B-I-0-8-4 4821 0-1-2-954
| Im(1,) [in(I1,)

Puc. 3.6. ITocrpoenne BEKTOPHEIX quarpamMm sl CAMMETPHIHON TPeX (Pa3HOM 1M

Cam MATHCAD crpenkn ne craBur. Ha o5rom ke puCyHKE TTOKa3aHAa CyMMa BEKTOPOB
([, +1r +1,],

KOTOpas, KAK BHUIHO W3 IMOCTPOEHWs, paBHA Hyro. [omoOHEIM ke 00pazoM MOMKHO TOCTPOWUTH U
BEKTOPHBIE UArPAMMBI HAITPSKEHWI, 3aITACBIBAA B MATPHULIE HE TOKH, & HATTPSAKECHHA.

Konmponsuvie gonpocul

[locTpoeHue BEKTOPHbIX AuUarpamm 4/19 CUMMETPUYHOWN Tpexda3HoM Lenu.
Kakue crocoOsr (hopmarupoBanus rpadpukoB BeI 3HAETE?

Kak BEIZEIUTE y3I0BEIE TOUKHU rpauka’?

Kak m3menuts quamnazoH rpaduka?

Kak 3a1aTs HECKOIMBKO apryMEHTOB (PyHK1IMHN HA Tpaduke?

Kak mocTpouTs HECKONTBKO TPA(UKOB (PYHKIIMA HA OTHOM PHUCYHKE?
Kak mocTpouts rpauk moBEpXHOCTU?

NSOk LN =

Cnucok numepanypol, peKOMeHOVeMblil K UCNO1b306AHUI0 N0 OGHHOU meMe:
1. bepmuanep, 2,M.,CAIIP B MmammHOCTpOCHNH : yueOHUK a7 By30B / J. M. bepmunep, O.

B Tdpdtertios"'Mdckea : Popym, 2014. —448 c.

Ceprudmkar: 2C0000043ESABBBY52205E 7BA500060000043E
Bnagency:  AlecAdpanacseBascdloos). BrramcimmTensHBIE M AKCIEPUMEHTANBHBIE METOIBI HAYYHOTO

sKcrepuMenta : [yaed. mocobue*]. — M. : KHOPYC, 2013. — 330 c.
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3. XueOHukoB, A. A. Ma(popmanmoHHkie TeXHOIOTHH : yueOHuk / A. A. XneOnukoB. — M. :
KnoPyc, 2014. - 472 c.

4. MATHCAD 14: OcuoBurie cepBuck u texnogoruu Iloxkapcekas I'. WM., Hazapos JI. M.
N3parens: Haumonameuerii Otkperteiil YHuBepcurer « UIHTY WU Ty, 2016

JlabopaTopHasi padboral3. @yHKIHH C YCI0BHEM

Ienv padomoi:

M3yuutes npumenenne PyHKIn C yCIOBHEM.

Teopemuueckasn yacme.
KapkacHele MOIENM — 3TO ABYMEPHBIE OOBEKTHI, MOMENIEHHEIE B MPOCTPAHCTBO. OHHU

COCTOAT W3 TOYEK, OTPE3KOB M KPHUBBIX. UTOOBI KapkacHas MOOEIb CTaJa ITOJHOIEHHOU
MPOCTPAHCTBEHHONW MOIIENBbI0, HA HEE HYKHO HATAHYTH MOBEPXHOCTHM KOMAHAAMH CO3dAHUA
MOBEPXHOCTEH.

OOopvaoBaHHEe H MATEePHAJIbI.

[Tepconanmpueiit komnerotep, nporpamma MathCAD.
YKka3aHHd 110 TeXHHKe 0e30IaCHOCTH:

COOTBETCTBYIOT TEXHHUKE 0€30MACHOCTH MO padOTE C KOMIBIOTEPHOU TEXHUKOM.

3adanusn
PaccmoTpum HEKOTOpEIE (PYHKIIUM C YCIOBUEM, T.€. (PYHKIIUM, PE3YIBTAT KOTOPEIX 3aBUCHT OT
BBRITTOTHEHUA WIW HEBBIMOJHEHMS KAKOTO-TMOO0 3a0aHHOTO VCIOBUA. OTH  (PYHKIIUH
3aIMUCHIBAIOTCA TaK:
if (ycrmoBue, BeIpaxeHue 1, Beipaxkenue 2).
Ecrm ycnoBue, 3ammcaHHoe B CKOOKAxX, BBINOMHAETCA, TO (PYHKUOMSA NPUHUMAET 3HAYECHUE,
pPaBHOE BBIPAKEHUIO |, €C/IM € yCIOBUE HE BBIMOIHAETCA, TO (PYHKUMA NPUHUMAET 3HAUCHUE,
paBHoe BeIpaxkeHuro 2. Ilpumenenmne pyaxipm if nmd moCTpoeHMsA KPUBOM BBIPAMICHHOTO
HAIPSKEHUA [IPH OJHOIMOJIYHEPUOIHOM M ABYXITOJIYIEPUOIHOM BEINPAMIEHUA HNPUBEIECHO HA
puc. 3.7.
until ( BeIpakenme 1, BeIpakeHHe 2) — BBINOJHACT WTEPAIMA M BO3BPAIIAECT 3HAUYCHHUE
BRIPAJKEHUA 2, €CIM BEIpAKEHUE | OOJNBIIE MK PABHO HYJIIO, MHAYE MPEKPANIAIOTCA UTEPALUA U
BEIUM CIEHUS BRIpAKEHUA | .
®d(a") — dynkiua XeBucaga, OPUHUMAET 3HA4YeHWE 1, €COIM X PaBHO HYJIKO WIH
nonokuTenmpHoe, u () B mpoTHUBHOM ciyudae. 3arimaBHas rpeueckas OykBa @ BBOOUTCA C
MOMONIBI0 T'PEUECKUX CHUMBOJIOB omuuu Maremaruka wiu ciaepyrommm oOpazoMm. CHagana
BBEUTE 3aryIaBHYIO JATHHCKYI0 OykBy F (pumckuii skBuBaneHt), a 3atem Hakmure [Ctrl]+[G]
(mepeBOI B rPEUECKUN an(aBuT).
sign(x) — (yHKUMA 3HAKa, nmpuHAMaer 3HadeHue 1, ecimm x>0 u 3wauenme -1, ecrm x<0, u
3nauenue 0, ecmn x=0. [Ipumep ncmoap30BaHua ABYX MOCAEAHUX (DYHKIMM IMOKA3aH HA puc. 3.8.

[Tone3HEIMPIOKBSHEIRAFOTEA TAKKE CICOYIONNE (DYHKIIUN I PEMIEHNA YPABHEHUU:
gl

EKTPOHHOW MO, o < )
Cemgggt ggggﬁﬁ glé%ggg %%ﬁg%gm@ — UIIET 3HAUCHHUE NIEPEMEHHOU, ITPH KOTOPOM BEIPAKEHUE
Bnanen&TAH OBUGESE PABHEMEYF0a [[0MCK KOPpHA OCYMIECTBIAETCA UTEPAIMOHHBIM METOIIOM, MPUUEM

mepes STUM 3a1aeTCs HAUaIbHOE 3HAUEHUE UCKOMOM MePEMEHHO M.
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|- ITpumenenne Gpynxuum if
x:=0,0.02.. 20

f(x) := 25 - sin(x)

- - !

X
yl(x) = if(f(x) > 0 ,f(x) ,0) OnHONONIYNEPHOIHOE BhINPSIMIICHHE
30
yl(x)
RN |
X

y2(x) := if(f(x) > 0 f(x) ,~f(x)) /IByxnoynepHOHOE BbINPSAMIEHHE

y2(x)

Puc. 3.7. HPHMEHEHHE (PYHKIMH C YCIOBUEM IS MOCTPOEHUA KPUBOU BRIMPAMIEHHOT O
HANPSKEHUA

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWCLIO

Ceptvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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& e

[TpumeHeHune pyuknuuu Xesucaiiga @ (x) u @ yHKUHHM 3HaKa sign(x)

x:=0,0.02.. 20 f(x) := 25 sin(x) — 15
40)
20
f(x)
U
{
el
401
L) 14
A
DyHKIHA XeBucanaa DO yHKLHA 3HaKa
pl = O(f(x)) P2(x) := sign(f(x))
b 2
1 1
pl(x) p2(x)
e ey () — i
0 ()
—r i ———
-3 2
() 7 14 { T 14

A A I

Puc. 3.8. Ilpumenenue pyHkuuu Xesucaiina u GyHKIMH 3HAKA

Ecmt Heo0Xo Mo pemmTh CUCTEMY YPABHEHUH ¢ HECKOJLKUMHA HEH3BECTHBIMH, TO HCITOJIB3VIOT
Find(x,, x,.....x,)
1§l /s
(pyHKIIHIO ;

OTBEICKHMBAIONIYI0O TOYHOE 3HAUEHUE IMEPEMEHHBIX X,, X2 ...XI. [Ipumep ucnoms3oBanHus 3THX
(pyHKIMIT mOKaszaH Ha puc. 3.9. 3HaKM pPABEHCTBA B CHUCTEME YPABHEHWUHM IPU MCITOJIb30BAHUH
¢yukmpm Find mHabuparorcs maxaruem kiaasum [ Ctrl]+[=].

OOKYMEHT NMoanncAaH
SNEKTPOHHOW NOANKCLIO

Ceptvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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FpumenerHne QyHKuMH root 1)1 peuieHusi ypaBHeHUs!

x :=0.1 HayanbHoe 3HayeHHe HCKOMOM NMEPEMECHHOM
f 1 ) Onpenenunn KOpeHb ypaBHEHMS
root ——2-x,x 1=0.707 55 I g
.\ X j f:{-.?x—-U

NpumeHenue pyukuuu Find wis HaxoxacHus KO3GPHUUEHTOB
anmpoKcuMauuu KpuBoi Hamaruvunanusi H=a*sinh(b*B)

Hauno: Bl :=0.8 B2:=1.6 Muaykuusa B Ta
HI := 400 H2 := 3900 HanpsixkeHHocTh B A/M
a:=1 b:=1 Munumannzaums. HavaneHble 3Hauenusia u b
Given Knwyeroe cnoso. Havyasno 6noka pewenus

a - sinh(b -Bl) = HI Cuctema ypaBHeHHH. JKMPHBIH 3HAK

a- sinh(b ‘BZ) - H2 pP4a4BCHCTBA HEIﬁHpﬂETCH HAXATHCM KJidBHLI
[Ctrl] + [=]
a>0 b>0

TOYHOE DPEellIEHHME UICKOMBIX
2.833 P

83.834 Find — ¢yHKuHs, HaXoAAILAS
I Find(a,b)=[ }
HEH3BECTHbIX a H b

Puc. 3.9. Peinenue ypaBHeH Ui ¢ mpuMeHeHMeM QyHKUHEA root 1 find

Konmponshnbie gonpocol

1. MpumeHeHMe PyHKLMM C yCNOoBMEM ANA NOCTPOEHUA KPMBOM BbINPAMIEHHOIO
HanpaKeHuA.
2. lMpumeHeHUe pyHKUMN XeBncanga u QyHKLLMKM 3HAKa.

Cnucok numepamypbol, peKoMeHOVeMblil K UCHO1b306AHUI0 N0 OAHHOU HeMe:
1. bepmunep, 3. M. CAIIP B mammHocrpoenuu : yueOHuk 11 By30B / 3. M. bepmunep, O

B. TaparemnoB. — Mocksa : @opym, 2014. — 448 c.

2. AdanaceeBa, H. . BrramcimmrensHbele W SKCHEPUMEHTAIBHBIE METOABI HAYYHOTO
yKcnepuMenTa : [yued. mocodbue™]. — M. : KHOPYC, 2013. — 330 c.

3. ng@ﬂgg‘;pﬁmﬁmﬁﬁ HNudopmammmonneie Texuonoruu : yueOnuk / A. A. XneOHukoB. — M. :
KHOPY, SUTHVAT)

Ceptudukar: 2C0000043 f".EI BO52205E7BA. ;EEE{EDDDD =

snanenen 4uesMATFHEAD:141/0eHoBHER cepucel U texnonoruu [loxapcekas I'. M., Hazapos JI. M.
N3parens: Haunmonameueiin Otkperteiil Y Husepceurer «MHTYHWUT», 2016

B o e e . A A T s La B 4 10 L o]
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JlaboparopHasi padoral4. Pemienne cucTeMbl 00bIKHOBeHHBIX TH(p PepeHIIHAILHBIX

VpaBHeHH H

Llenv pabompl:

M3y4unTe 0COOEHHOCTH MOCTPOECHU NOBEPXHOCTHEIX MOJIEIEH PA3IMIHEIME METOTAMMU.

Teopemuueckaa uacmeo.

Kapkacaele MOIenum — 3TO JIBYMEPHBIE OOBEKTHI, MOMEMICHHBIE B IPOCTPAaHCTBO. OHu
COCTOAT W3 TOYEK, OTPE3KOB M KPHUBBIX. UTOOBI KapkacHas MOJENb CTAJId ITOJHOIEHHOU
MPOCTPAHCTBEHHOW MOMEJBI0, HA HEE HYKHO HATAHYTH MOBEPXHOCTH KOMAHIAMH CO3TAHUA
MOBEPXHOCTEH.

[Tpu monenupoBaHuM MPOCTPAHCTBEHHEIX 0OBEKTOB MOBEPXHOCTAMHU CO3JAIOTCA HE TOIBKO
pebpa, HO u rpanu 00BekTOB. CamMu MOBEPXHOCTH B CBOIO OUEPENb MOIEIUPYIOTCA IMIOCKUMH
TPEYTOJBHBIMM W  YETHIPEXYTOJBHBIMA MO3aWYHBIMH  KyCOUKamu, 00pasys CTpPyKTypy,
HA3BIBAEMYIO CETEIO.

O0opvIOBaHHE H MATEPHAJILI.

[Tepconamphusiit komoeroTep, nporpamma MathCAD.

Ykazanus 1o TeXHuke 0e30nacHoOCTH:

COOTBETCTBYIOT TEXHUKE 0€30MACHOCTH IO padOTE C KOMIBIOTEPHOU TEXHUKOM.

Jadanusn

PaccmoTpuM cHagana, kak pemaercsa nudepeHipansHoe ypaBHEHHUE TEPBOTO nopaaka. Ha puc.
3.10 npuBeneHa nEKTPUIECKAA L€, COAEPKAMIAA MOCIEIOBATEILHO COEIUHEHHEIE
MHAYKTUBHYIO Katymky L u pesucrop R.

Puc. 3.10. Bxmouenue uenu R,
L Ha MOCTOAHHOE HanpsHKeHHe

3aMbIKaHUEM pyOWIbHUKA P ens MOaKIro9aeTcs K MCTOYHUKY NOCTOAHHOTO HAnpsixeHua U u
MO [[€NM HAUMHAET IMPOTEKATh TOK 1. B 111 BO3HMKAET NepexOaHEIil mpouecc. 1Tpedyercs
ONPEETUTE TOK HEPEXOTHOTO0 nmpoiecca 1. M3BectHo, 9ro mocne 3aMeikanus pyOwisHuka P
COCTOSTHME TIETTH OMUICHIBAETCS YPABHEHUEM, COCTABIEHHEIM MO BTOpOMY 3akoHy Kupxroda:

uy +up =U HIH L£+R:‘=U.

a MEHT NOANMMCAH
NNEKTRPORHOW NOONHMCBIO t

Ceptudouar:  2C000R043E9ABBBY52205E 7BAS00060000043E
e.-m,-u,-_--kIﬂKI’M;E’ﬁRﬁBQ%.;H%QH‘H?HHE TOKA 1 CBEIETCA K pemeHuto U epeHnInansHOro ypaBHEHN

Neinc

MEPBOTO MOPAIKA.
_ Jokaxem MHTETpupoBaHue au(dpepeHmansHOTO yPaBHeHMS, 3aMMCAaHHOT0 B (popme Kommm



di_U-Ri

- - >

I L
UUCIIEHHBIM METOI0M JIIepa MEPBOTO MOPAAKA (ITPOCTEIM METOO0M Junepa). PekyppenTHas
(hopMyIa UM CIEHHOT 0 UHTETPUPOBAHUA U (P(PEPEHITNATBEHOTO YPABHEHUS 3ATMUIIETCA:

: df
=l, +| — |-Af.
k+1 k At

CornacHo 3T0# (pOpMyII€ HHTETPUPOBAHUE TPOUIBOAUTCA C marom At 1 3HaUueHHUE (PYHKIIMH HA
miare k+1 HaxoauTces mo U3BECTHOMY 3HAYEHUIO (PyHKIMHK HA miare k u mpupanienuro ee Ha
nannom mare. Ckazannoe wimocrpupyer puc. 3.11. [locrosnnaga spemenn nenm

t=IL/R=02c¢.

I

PacueT nepexo/iHoro mponecca Merogox Jiijiepa B JiHHeliHoi e
R, L npH noarMo9enny ee ¥ HCTOYHHKY Mo¢TOAHHOIO HanpAKeHHA

Jano: U :=100B, R:=40um, L:=0.81'H

I HauansHoe al-rlaqcmre TOKAa Mo nepBOMY 3aKOHY
KoMMyTaumiity :=0

k:=0.9 Hunexcuas nepemeHHas
dt .= 0.1t.:=k-dt [llar uHTErPHPOBAHIIA 11 TEXVITNCE BpeMs

PekyppentHas popMysia yneneHHOTO
ITHTETPHPOBAHIIS

k1= ik +

%)
m L ]

)
- L
Mo
0

t
~
o)
-
O

24.902

6

8 |24,
199 24.951]
10§24

-2
=
-~
(=

| 1‘“’
HUR‘F‘I‘H‘EH‘T"ETUJJTTI?TCFH_' -
MNECPIEHTPAPEE eT mepexoanoro npornecca B uenu R, L merogom Dunepa

Ceprudukatr: 2C0000043E9ABBBS52205E ?BAEDDDEDDDDE: JE

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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JImuTEenEHOCTE MEPEXOAHOTO IMponecca npuMepHo paBHa 4t = 0,8 ¢. Bpemsa unrerpupoBanus
BEIOpano pasueiM (0,9 c. HaganpHOE 3HaYE€HME TOKA IO MEPBOMY 3aKOHY KOMMYTAITUHN TTPHHATO
PaBHBEIM HYJTIO.

Meron Dinepa mpocTt, HO AJI HONYIEHUSA TPUEMIEMON TOUHOCTH MI1ATr UHTETPUPOBAHUA JOKEH
OBITE OTHOCHUTEIBHO HEOOMb MM, YeM MeHb e mar, TeM 0osbme TogHOCTE. [Ipn 0ompmom
[1are€ UHTETPUPOBAHHUS MPOLIECC MOKET OKA3aThHCSI HEYCTOMUMBEIM. BBeauTe, Hanmpumep, mar =
0,4 ¢, u Bel yBuauTe, 94T0 IPOLECC HE MPUXOIUT K YCTAHOBUBILIEMYCA TOKY (puc. 3.12).

PacueT mepeX0;iHOI O ipoliecca Mero/loM Jiepa B Toi xe
uent (puc. 3.10) npn yBeaHueHHOM LIare HHTErpHPOBAHHS

U:=100B R:=40m L:=08TH 1,:=0 k:=0..9

U-R-i
dt:=04 t.:=k-dt i 4] = 1) - dit

1 &

¥
o

r""- ':'I'r" I--"Jl r.‘lrl Y
" £ - g L

Lr
—_—
o

B

by
Puc. 3.12. HeycToimuuBeM nponece mpyu yBEIMIEHUH 1ara MHTETPUPOBAHU S

YTtoO®I penieHne moIyunyiocs 00Iee TOUHBIM, MTPUMEHSIOT MOIU(PUITMPOBAHHEIN METOI Jiiepa,
KOTJA4 HAXOOAT 3HAYECHHE NPOM3BOTHON HE TOIBKO B HAYAJIe, HO M B KOHIIE HHTEpBAIa
WHTETPUPOBAHMSA (I1ara HMHTErPUPOBAHWA), W OepyT CpeaHee 3HAYEHWE HPOW3BOMHOM HA
WHTEPBAJIE.

Enie 6osiee Tounsie pe3yabTaTel gaet Meton Pyure—Kyrra 4-ro mopsaaka. MATHCAD
comepkuT Ha0Op (pyHKIMIA 11 pemenus Tu(pepeHImanbHEIX YPABHEHUH METOI0M PyHre—
Kytra. Paccmorpum, kak ucnonesyercs pyukuns rkfixed mma pemenns npuBeeHHOT 0 BBITIE
nud pepentmanbHOro ypasaenus (puc. 3.13). Rkfixed — st10 ¢pyHK1IMA HHTETpUpPOBAHNA

nu( pepeHMATBHEIX YPABHEHNH B (popme Ko ¢ HA9anpHEIMU yCIIOBUAMU METOIOM PyHre—
Kytra werBeproro mopsaka (rk) ¢ ¢puxcuposanusim marom (fixed). B ckobkax ¢pyukimm
MEPEYHCIAIOTCA YEPE3 3AMATYIO: BEKTOP HAYAIBHBIX YCIOBUI, HAYAIbHAA U KOHEUHAA TOUKH
WHTEPBATIAa UHTETPUPOBAHU A, M CJIO TOYEK, HE CUATASA HYJIEBOU TOYKHU, U (DYHKIUA NEPBBIX
MPOU3BOTHBIX NCKOMBIX (DYHKIIHH.

OOKYMEHT NMoanncAaH
SNEKTPOHHOW NOANKCLIO

Ceprudukar; 2C0000043ESABBBO52205E7TBAS00060000043E
Bnapeneu; llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Pacuet nepexoanoroe nponecea B Tok we i
nenu (pue. 3.10) meroponms Pyure—Kyrra

JU=10B, R:=40mM, L:=0.8I'H by 0=
D(t,i):= U-R- Onpeaenenne G yHKIHH,
| L 38121001 NPOH3BOIH VIO TOKA
I -= rkfixed(1 ,0.1,10 D) BriuticieHne peiueHiis 510

TOYKAaXx Ha orpeske [0-1]

(

n:=0.10 [THeKcHad nepemMeHHas s NOCTPOEHH A
rpadpuka rio 10 Toykam

m-a
_0.1] 9.831

i
941

4] 21.611

22.944
23 ?5

0 0.2 04 06 08 1

1

— = = - e

Puc. 3.13. Pacuer nepexomnoro npouecca B uenu R, L meronom Pynre—Kyrtra uerseproro
nopsaaKa ¢ (PUKCUPOBAHHBIM IATOM UHTETPUPOBAHU S

B namewm ciayuae peus uaeT ToapK0 00 0HOM Hen3BecTHOU. [ GyHKIMM nepBoit
mpou3BogHON D(t, 1) B CkOOKax yKa3wsIBaeTCs CHadaaa MepeMeHHast, 1o KOTOpoi depercs
MPOU3BOAHAS (B HAIMIEM CIYy4A€ 3TO t), M 4EPE3 3aMATYIO YKAZBIBAETCS (PYHKIMA, OT KOTOPOI
Oepercs mpou3BOIHAS (B HAIEM CITyJae 3TO 1).

[Tpu ucronmp3opannu Gpynukmm rkfixed pemenune omHOTO MU PEpEeHTMATEHOTO YPABHEHU A
IMOJIYIAeTCs B BUIEe MaTpuIisl [, mmeronieit qea cronOrma. [Teperrit cronbder comepxut TOUKH, B
KOTOPBIX UIIeTCs pemenne nuddepenimansaoro ypasaenus (Bpems (). Bropoii cronden
COOEPKUT 3HAUEHUA HANIEHHOT O PEmeEHus (TOKa T') B 3aAaHHeIX Toukax t. Ha puc. 3.13 mpu
mocTpoenuu rpaduka i-i(t) mo ocu adcrucce (o OCH X) OTKIATBIBAIOTCA 3HAYECHHS TTEPBOTO
crosiona In 0 marpurier 1, a mo ocu opauHAT (IO OCH V) OTKJIAIBIBAIOTCSA 3HAYEHUS BTOPOTO
crosioua lm | maTpuer [.

Kak Bugno u3 puc. 3.13, meron Pynre-Kytra maer 6osee Tounsie pe3yabTarel. banzkue kK HUM
PE3VABTATEl MOYKHO MOJIYYMTh, B3AB 00JIEe MENIKWI 11ar B MeToae Jiepa. Hampumep, Ha puc.

3.14 M%WW@SHT dt =0,001 ¢, 53T0 3HAYMTEIHLHO MOBBICHJIO TOYHOCTh PACUETOB.

Ceptvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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PacyeTr nepexoAHOro npouecca MeToaoM JHiacpa B TOH %Xe
uenu (puc. 3.10) npu ManioM mare HHTErpHPORAHHH

U:=100B, R:=40M, L:=08TIH tg:=0
k :=0..1000 dt := 0.001 t, :=k - dt
l

1. i=i.+U_lk'R-dt n := 0,100.. 1000
k+l — 'k 2

20 p—

20)

15

() 0.2 04 06 0.8 /

Iy
Puc. 3.14. Pacuer nepexognoro npouecca B uenu R, L merogom Dinnepa npu Manom miare
MHTETPUPOBAHUS

Oyuknua rkfixed uarerpupyer ¢ pukcupoBanHeiM gyucinoM maros. UMeroTes takxke (QyHKIMH,
KOTOPBIE MHTETPUPYIOT C HEPEMEHHBIM LIATOM.

PaccmoTpum pemenne cucreMsl () epeHIMANBHBIX YPABHEHUH BTOPOTO MOPAOKA HA OPUMEPE
BKJIFOUEHUSA LEMH, COAEPKAMIEN IMOCHenOBATENRHO BKmMoUYeHHBIE HneMeHTel R, L, C Ha

nocrosHuoe Hanpskenue U (puc. 3.15).

Puc. 3.15. BxmoueHue ey
R, L, C Ha nocroguHoOe
Hanpsxexnue
OOKYMEHT NOANnUCcAH
Tawo: Us=k00BoR=nb80u, L = 0,1 Tr, C =200 Mxd.
Copud @mféﬁfﬁ?ﬁﬁ%ﬁﬁfﬁ%ﬁﬁﬁ%&%@?&ﬁi«wmnmaﬁ CXEMBI:

Bnaneneu: LlleBayx TaTeaHa AnekcaHapoBHa
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