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(PVHKI[IST FIMEeT D ITapaMeTpOB. MM MaTpHIBI, H3 KOTOPOH IMPOM3BOAUTCSA BHIOOP, HauyalIbHBIH
HOMED CTPOKH BBIOOpa, KOHEUHBIH HOMEP CTPOKH BBRIOOPA, HAYAJILHLEIH HOMEP CTOJIOIA BEIOOpA,
KOHEUYHBIH HOMeD cTONO1a BeIOOpa. Bo3MOKHOE pellleHHe IIPeACTaBIEHO Ha pHC. 16.
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Puc. 16. BeieneHne mogMaTpHIlbl H3 3aJaHHON MaTPHIIBL

[Tprmep 9. JlaHa maTpuiia A(6x6). TpeOyeTcs IMOIYYHTh H3 ATOH MATPHI[Y JBa BeKTOpa.
IIepBEII BEKTOP MONKEH COBIAAATH C 4-BIM CTOJIOIIOM MATPHIIBI A, @ BTOPOH — € 3-H CTPOKOH
MaTpPHIIEL A.

Perennie. JI7IsI IONMY4YeHHS BEKTOPHBIX 3HAYEHHI MOKHO BOCIIONB30BAThCSI KOMaHLoH M ™~
(M3 MaTpHILI B3SATh BEKTOP-CTONOEI[), KOTOpas pacliojiokeHa Ha IaHelnH «Matrix». J[mg
TTIOIIYYEHHS IIEPBOr0 BEKTOPA 3TY KOMAHAY HYKHO IIPHMEHHTEH HEIIOCPEACTBEHHO K MaTpHIIE A, a
UL TIONYYEHHS BTOPOrO BEKTOpa HYXKHO CHayajga IIONYYHTh M3 MaTpHIBI A

TPAHCIIOHHPOBAHHYIO MaTPHI[Y, a TOJIBKO ITOTOM BOCITOIIB30BAThCS KOMAHIOH «B3STh CTOJIOEI».
Bo3MoKHOE pellieHHe MpeAcTaBIeHo Ha pHc. 17.
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[Tprnep 10. U3 maTpuims A(6x6) BEIAEIINTh MHHOP, KOTOPEIL 00pa3yeTcs B pe3ylbTaTe
BBIUEPKHBAHH 13 3TOH MaT PHIIBI HYIIEBOH CTPOUYKH
H TPETHETO CTONIOIIA.

Pemenne. PenreHne 3ajjaui MOXHO CBECTH K COEIHHEHHIO JBYX ITOJMATPHI], BEIJAEIeHHBIX
13 MaTPHIBI A, KaK 3TO MOKa3aHO Ha pHc. 18.
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Puc. 18. BrigeneHre MHHOpa M3 3aJaHHOH MaTPHIIEI

Mcnonb3oBaHue MatTpuu cneurnanbHOro eMga AnAa Bbino/IHEHUA MaTPHUYHbIX D-ﬂEpELI,Hﬁ B CUCTEéme
MathCAD

M3BeCTHO, YTO B pe3yiIbTaTe YMHOKEHHHM MATPHIIBI Ha BEKTOP IIOINYYaeTcd BEKTOP.
[IpryeM, KaXxObpIH 1-H SIEMEHT 3TOrO0 BEKTOpa-pes3yibTara IIPeJCTaBIsIET COOOH CYMMY
ITOMAPHBIX ITPOMU3BEAEHIIT COOTBETCTBYIOIIMX 3IIEMEHTOB 1-OH CTPOKH MAaTPHIBI HA SIIEMEHTHI
BEKTOpa-COMHOXHUTEIII. OYEeBHIHO, €CIIH B BEKTOPE, Ha KOTOPBIH YMHOXKAeTCS MaTpHIla, BCE
3JIEMEHTHI PABHEI HYIIIO, a OJIHH 3JIEMEHT PaBeH eJHHHIIE, TO Pe3VIILTaTOM TaKOTO IIPOH3BEICHH
OVIET YHCIO, COOTBETCTBVIOINEE TOMY HSJIEMEHTY 1-H CTPOKH MAaTPHIpBI, TAE BEKTOPHBIM
COMHOXHTeJIeM OyIeT eIHHMI[a. TaKOH BBIBOJ MOXHO HCIIOIB30BaTh JUIS BBIAEICHHS
((hopMIIpOBaHH ) H3 MaTPHIBI HYKHOI'O CTOJIOIIA.

ITprmep 11. JlaxHa matpuiia: A(4x4), TpeOyeTcsa MOTYIHTh H3 3TOH MaTPHILY JIBa BEKTOpa.
I IepBEBII BEKTOP JOIKEH COBMNAAarh ¢ 0-bIM CTOJIOIIOM MaTPHIEI A, a BTOPOH — € 3-M CTOJIOIIOM

MaTpPHIEL A.
LOKYMEHT MOAMCAH B c()OpPMHPYEM J[Ba BCIIOMOr aTeIbHBIX BEKTOPA:
QNEKTROHHOU NOAIMCLIO yoke ¢ HoMepoM 0, a BTOpoil BekTop B4 — ¢

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneti: WWebayxoea TaTbAHa AnekcaHgpoBHa oM 3. TGI‘,I[EI, AL TIOJIIYHUEHHA BCEKTOPOB B

/MHOXHTHh MaTpHIy A CITpaBa Ha BEeKTOpPH Bl u
HNencreutened: ¢ 20.08,.2021 no 20.08.2022
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Puc. 19. BrijeneHne BeKTOPHBIX 3HAYEHHI H3 33JaHHON MaTPHIIBI

AHAJIOTHYHBIM 00pa3oM MOKHO ITOIYYHTh BEKTOP-CTPOKY H3 MATpPHIBL. J[JIT 3TOro
JOCTAaTOYHO C(OPMHPOBATH BCIIOMOIaTeIbHBIH BEKTOP-CTPOKY, Y KOTOPOH BCE& KOMIIOHEHTEI
PaBHEL HYIIIO, 2 OJHAa KOMIIOHEHTA, HOMeP KOTOPOH COOTBETCTBYET HOMEPY BBIIEIISIEMON CTPOKH
13 MaTPHIBL, paBHA eJHHHMIIE. ECIH 3TOT BEKTOP YMHOKHTH ClIeBa Ha MATPHILY, TO B pe3ybTare
OyJleT IonydeHa HyKHasl CTPOKa.

[Iprvep 12. Jlana matprmia: A(4x4). TpeOyeTcs BRIASIHTE H3 MaTPHIIBI IIEPBYIO CTPOKY IO
TTOpSAKY (¢ HoMepoM 0).

Perenne. CHavana TpeOyeTcs IOATOTOBHTEL BCIIOMOraTelIbHBIH BEKTOP-CTPOKY, a IIOTOM
YMHOXKHTB 3TY CTPOKY CIIEBa Ha MaTpPHIY A. BeKTOp-CTPOKY MOKHO ITOIIYYHTh H3 ITPEABIAYIIETO
ITpHMEpPa TPaHCIIOHHPOBaHHEM BeKTOpa-cTondma Bl.

TakoH IpHeM MOXHO HCIIOJIb30BaTh IS IIEPEeCTaHOBKH CTPOK H CTONIOIOB MaTPHIBI,
TOJLKO JUIA 3TOro morpedyeTcs yiKe BCIIOMOrarellbHas MaTpHIla, COCTOSINAS H3 BeKTOPOB-
CTONOIOB (BEKTOPOB-CTPOK), MECTO EJHHHYHBIX 3JIEMEHTHI KOTOPBIX COOTBETCTBYIOT TOMY
ITOPSAKY, KOTOPBIH HYKHO HMETh B Pe3yIbTaTe IPe0o0pa30BaHH I MaTPHIIHL.

[Iprmep 13. Jlana matpmia: A(4x4). TpeOyercs IepecTaBHTh B MaTpPHIE CTPOKH C
HoMepaMu 0 1 1.

Pemmenne. Jima 1peoOpazoBaHHS HCXOMHOH MAaTpHIBI  TpeOyeTrcs  ITOATOTOBHTH
BCIIOMOraTeIbHYI0 MaTpHIly. BoO BCIIOMOraTelIpbHOH MAaTpHIlE MEeCTOIIONOKEHHE EIUHHI[ B
CTPpOKax JOIDKHO COOTBETCTBOBATH HYKHOMY ITOPSAKY JUIS PAcCIIONOKEHHSI CTPOK B HOBOMH
MaTpHlle. [oce 3Toro perreHHe MOKHO ITOTYUYHTE IIPOCTHIM IIEPEMHOKEHHEM MaTPHII;

‘0010 00 ‘4 11 1 0
1 000 ] 3 7 B
0010 3340 2
W0 oo, LT 4

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



ITprmep 14. Jlana matpuia: A(4x4). TpebOyercda IepecTaBHTh B MATpPHIIE CTOJOIBI C
HoMepamMu 0 u 1.

Pemenne. Jlima 1peoOpazoBaHHS HCXOMHOH MAaTpHIBI  TpeOYeTcs  ITOATOTOBHTH
BCIIOMOTaTeIbHYEO MaTpHIly. BO BCIIOMOTraTelIpbHOH MATPHUIE MECTOIIONOKEHHE eIUHHI[ B
CTOJIOIAX COOTBETCTBVIOT HYKHOMY ITOPSAKY IS BRIOOpa MX B HOBYIO MarTpHIly. Ilocie storo
PEIEHHE MOXKHO ITOIYYHTh IIPOCTHIM IMEPEMHOKEHHEM MATPHIIL:

Mmooy 317 zh
L 0o IL41 0
0010 343 0 2
0001, L7 o9,

Paccyxmasgs TakuM o0O0Opa3oM, MOKHO C TIIOMOMIBIO BCIIOMOTaTEIbHOIO BEeKTOpa C
e JHHHYHBIMH KOMIIOHEHTAMH ITOJIYYHTh BEKTOpP, KOMIIOHEHTHI KOTOPOro OYIYT PaBHBI CYMME
CTPOK (CTOIOIOB) MaTPHIEI, @ TAKKE CYMMEI OTAEIIbHO BEIJIEIIEHHOIO CTOJIOHKA (CTPOYKH).

[Tprmep 15. JlaHa matpuia: A(4x4). TpeOyeTcs HaHTH CyMMY 3IeMEHTOB B CTONOIE C
HOMEPOM 3.

Permenne. s peleHns 3agaudl TpedOyeTcs IIOATOTOBHTE BCIIOMOTATEIBHBIH BEKTOP-CTPOKY
H3 eIMHHYHBIX 3JIEMEHTOB M BBIIOIHUTE YMHOKEHHE:

E=01 1 1 19

E A B4=-[31)

ITprmep 16. Jlana matpuia: A(4x4). TpeOyeTcsa MOIYYHTh BeKTOPa, 3IeMeHThl KOTOPOro
OVAVYT IIPEICTABIISATE CYMMBI 3JIEMEHTOB B CTONIOI[aX MATPHI[HL.

Pemenmie. JInsa permeHus TpeOyeTcs IMOATOTOBHTH BCIIOMOTaTEIbHBII BEKTOP-CTPOKY H3
e JHHHYHBIX 3JIEMEHTOB H BBITIOIIHHTL YMHOKEHHE:

E:=¢L 1113
EA=(17 57 12 54)

KonmpoJibHbie 60npochol

1. Kak rmoMeHsTbs MeCTaMH CTPOKH MaTPHIIBL?

OOKYMEHT MOANUCAH PHIIBI?
ANEKTPOHHOW NMOANUCHIO 9
Ceprucbukar:  12000002A633E3D113AD425FB50002000002A6 CIPOKI Tercla:

Bnapeneu: [Llebayxorea TateAHa AnekcangpoBHa
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6. Kak co3maTth BepTHKAIIBHYIO CTPOKY TeKCTa?

Cnucok aumepamypbl, PeKOMEHOYeMblil K HCROJIb306AHUI0O N0 0AHHOIL meMe:
1. Bepmumep, 5. M. CAIIP B MallMHOCTPOEHHH . Y4eOHHK 11 By30B / 5. M. bBepminep, O.

B. TapateiHOB. — MockBa : Qopym, 2014. — 448 c.

2. Adanaceera, H. IO. BpruHCIHTEIBbHBIE H SKCIIEpHMEHTaIbHBIE METOABI HaY4YHOIO
SKCIIepHMeHTa : [y4el. nmocoone™]. — M. : KHOPVYC, 2013. — 330 c.

3. XneOnukoB, A. A. MH(popMaIHoHHEIe TeEXHONIOTHH | YueOHHK / A. A. Xi1eOHHKOB. — M. :
KuoPyc, 2014. — 472 c.

4. MATHCAD 14: OcHoBHEIE cepBHCHL H TexHonoruu Iloxapckas I'. M., Haszapos /1. M.
Ms3marens: HarmoHampHBIH OTKPRITRIH YHHBepcHTET «MHTYHWT», 2016

IIpakTruyeckas padora 7. IlocTpoenne TpexmepHoro rpapuka 3aBHCHMOCTH TOKA B
memu R, L, C ot Ru XL

TEﬂpEHHFIECKﬂH HACHD.

Hapsany ¢ nByxmepHbIMH rpadukamu MATHCAD mno3BonseT co3gaBaTh H TPEXMEPHEIE
rpauKH. J[1g 3TOro HeoOXOJHMMO CO3JaTh MaTPHILY, COAEp KaIlyi0 3HaueHHS (DYHKI[HH JIBYX
IIepeMEHHBIX, H ITOKA3aTh €€ B BHAE ITOBEPXHOCTH B TPEXMEPHOM ITPOCTPAHCTRE.

Hcrnonp3yeM 1moayyeHHBIe paHee HABBIKH ITOCTPOSHHS H pelaKTHPOBAHHS I'Pa(pHKOB IS
PEIEHHS 33124 SIIEKTPOTEXHHKH.

OOopyaoBaHHe M MAaTEPHAJIbL

[ lepcoHamBHEBIN KOMITBROTED, ITporpamma MathCAD.

YKa3aHuAa 00 TeEXHHKe 0e30IacHOCT H:

COOTBETCTBYIOT TEXHHKE Oe30ITaCHOCTH IT0 padoTe ¢ KOMIIBIOTEPHOH TEXHUKOH.

SalaHu S
IIycTh, HarIpuMep, B cXeMe, IOKa3aHHOH Ha PHC. 1, H3MEeHSIOTCS JBa IapaMeTpa: HHIYKTHBHOE
COIIPOTHBIIeHHe XL M aKTHBHOe CcONpOTHBIcHHe R. BemmumHa eMKocTH KOHeHcaTtopa C H
EMKOCTHOE COITPOTHBJIEHHE J[OCTAIOTCSA IMOCTOSHHBIMH. [IOCTOSIHHBIM OCTAaeTCsl H BHYTPEHHEE
AKTHBHOE COIIPOTHBIICHHE HMHAYKTHBHOH KaTyImKH T. IlomHOe COIpOTHBIEHHE IETTH
nepeMeHHOMY TOKY Z = V|[(R + 1)~ + (XC - XL)2 n Toxk B 1ietti [ = U / Z gBIsrOTCS (PYHKIHSIMH
3THX JBYX ITapaMETPOB.
IIycte muraromee HanpsckeHHe U - 10 B, Xc = 1 OM, BHYTpeHHEe IIOCTOSHHOE aKTHBHOE
COIIPOTHBJIEHNE HHAYKTHBHON KaTyIIKH I' = 0,4 Om.
AKTHBHOE compoTHBIeHHe R HM3MeHseTcs oT HYIA 10 0.4 Om ¢ marom 0,02 OMm. MHIYVKTHBHOE
COIIPOTHBIEHHEe XL H3MeHSeTCa OT HYIS 40 2 OM ¢ 1mmraroMm 0,1 Om.
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PrcyHoK 1. TpexMepHBIH rpadHK ¢ pe30HAHCHBIMH KPHRBBIMH
HMunexkcel ainemMeHTOB MacCHBOB R, XL, Z m I HOIDKHBEI OBITH LIEJIBIMH 4yHclIaMH. [loaTomy
ONMpEeHEeNIMM IIeNble MQUCKPETHBIE apryMeHTHI IMMTH BHEIpasHM IlepeMeHHble R m XL Kak
HHAeKcHpoBaHHBIe IlepeMeHHBIe Rn m XL (cm. pucl). M3 sToro pHcyHka BHIHO, 4YTO
IHCKPETHBIE apr'YMEHTEI ITHT H3MEHSFOTCS OT HYILA 10 20 ¢ IaroM, paBHbEIM €QHHHIIE.
[Tocrme Toro kxak OYIyT OIpeleleHBbl 3HaUueHHT (PYHKIDOI Z M / OT apryMeHTOB ITHT, MOJKHO
CTPOHTH I'paduk. JIng sToro Hamo HaxkaTh Ki1aBHImH |[Ctrl]+I12] mwim BeiOpats B MeHI0O BeTaBka
(Insert) — I'padgux (Graph) — IloBepxHoctH (Surface Plot). MokHO Takke BOCIIOIB30BaThCS
kHonkon HMHcTpymeHTHI rpadukoB (Graph Toolbar) m B mH(pOpMAaIHOHHOM OKHe (cM. pHC])
BHIOPATh CPeJHIOK KHOIKY [ paduk moBepxHocTH (Surface Plot). BBegure ogHHM H3 YKa3aHHBIX
crioco00B MMIAaOIOH TpexMepHOro rpadHka M B Iole BBOJAa (B YEpPHOM IIPSIMOYTOIBHHYKE)
HaIleyaTaiTe HMI QYHKIIHH, T.e. [.
Brl yBHANTE HAITIAHOE IIPEACTABIEHHE MATPHILI. 110 TOPH30HTAIEHBIM OCSM OTKJIAIbIBAOTCSI
apIYMEHTEI I1 H T, a II0 BepTHKAIbHOH OCH — TOK I. IloMecTHTe yKa3zaTelb MBIIIH Ha rpadHK
ITIOBEPXHOCTH H IIONPOOVYHTE IepeMeaTh MBIIE ¢ HaXKaTOH JIEBOH KHOITKOH. BRI YBHAHNTE, KakK
TIOBOPAaYHBAETCS TPadHK.
[IogGepure 1 Hero HaudoIee IIOIXO AL PaKypC.

NOKYMEHT MOAMUCAH
3NEKTPOHHOM MOANUCHIO
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Puc. 2.15. Dnexrpuueckas uene A1d UCCICAO-
BAHMSA SIBJICHUS pE30HAHCA HaNpSKECHUH

KonmpoJibHbie 60npochl

KomaHabl pegakTMpoBaHMA BEKTOPOB U matpuy, B cpeae MathCAD.
JI719 4ero ImpHMeHSFOTCS ITa0IOHBI?

Kak co3mars JOKYMEHT Ha OCHOBe ImmadjioHa?

Kak co3mars HOBBIH 11a0iI0H?

T pexMepHEIe IpaHKH.

CosmgaHHe MaTPHIIBIL, CGﬂEpH{aﬂlEﬁ SHAYCHIA (I)}J'HIG_[I]II ABYX IICPEMCHHBIX, H
GTGﬁpﬂ}I{EI{[IE €€ B BHAC ITIOBCPXHOCTH B TPEXMCEPHOM ITPOCTPAHCTEC.

AR AN S e

Chucok 1umepamypbl, peKOMeH0yemblil K UCROJIb306AHII0 N0 0AHHOU meMe:
1. Bepmumep, 5. M. CAIIP B MallMHOCTPOEHHH . yueOHHK 11 By30B / 5. M. bBepminep, O.

B. TapateiHOB. — MockBa : Qopym, 2014. — 448 c.

2. Adanaceera, H. IO. BpruHCIHTEIBbHBIE H SKCIIEpHMEHTaIbHBIE METOABI HaY4YHOIO
SKCIIepHMeHTa : [y4el. nmocoone™]. — M. : KHOPVYC, 2013. — 330 c.

3. XneOnukoB, A. A. MH(}opMaIHoHHEIe TeEXHOIOTHH | YueOHHK / A. A. Xi1eOHHKOB. — M. :
KuoPyc, 2014. — 472 c.

4. MATHCAD 14: OcHoBHEIE cepBHCHL H TexHonoruu Iloxapckas I'. M., Hazapos /1. M.
Mzparens: HargmoHambHEIN OTKPRITEIH YHHUBepcHTET « MHTYHWT», 2016

IIpakTHyeckas padora 8. Pemmenne ypaBHeHHH

Ienn pabomet:

Hayunrtscs co3maBaTh OIOKH, HCIIOIB30BATh IOTOBEIE OHOIHOTEKH OIIOKOB M pa3padaThIBaTh
cOOCTBeHHEIe OHOITHOTEKH.

Teopemuueckasn wacms.
OI‘I)GMHGE KOIIHYECTBO 3aJa4y BBEMMHCIHTEIIPHOH MATEMaTHKH CBS3aHO C PEIOICHHEM

HEJIMHENHBIX alIreOpanyecKHX VYpaBHEHHH, a Takke CHCTEM TaKHX YpaBHeHHH. [IpH sTOoM
HeOOXOAHMMOCTE PEIleHHS HelIHHEeHHBIX YPaBHEHHI BO3HHKAET 3a4acTYIO Ha ITPOMEKYTOUYHBIX
Iarax, IIpH peaaH3alHH (pparMeHTOB OoJee CIOKHBIX all OpPHTIMOB (K ITPHMEPY, IIPH pacyeTax
THdepeHITHAIPHBIX YPaBHEHHH IIPH ITOMOIIH Pa3HOCTHBIX CXEM H T. IL.). UHCIIEHHOE peIleHHE
HEITHHEHHOI 0 YpaBHEHHSI AJITOPHTM ITPHOIIKeHHOrO pelleHHs ypaBHeHHI [(X)=0 cocTOHT H3
JIBYX 3TaIlOB:

l1. HaxoXIeHH IMPOMEKYTKA, COACPKAIICIO KOPEHb YPAdBHCHHA (HJ]II HaYaJIIbHBIX

T!'T'ETTET!'T!"‘E!'.-':':‘-TTTTTL? rirdr ‘!'.J‘!""!‘!""‘.-‘!'!""_fw'!'
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2. TOTY4YeHHS IMPHOIH)XEeHHOr O PellleHHI ¢ 3aJaHHOH TOYHOCTBRIO C ITOMOINBIO (PYHKITHH
root. Ecmm mmocne mHorux ureparmii MathCAD He HaxomHT MOAXOASINETrO IMPHOMDKEHHS, TO

: .
ITOSIBHTCSI COOOIIEHHE ‘ Lan't converge to a solution. ‘ (OTCYTCTBYET CXOIHMOCTB).

OOopyaoBaHHe H MATEPHAJIBL

I lepcoHAIPHBIN KOMIIBIOTED, IIporpamma MathCAD.
YKka3aHu s 10 TEXHHKE 0e30I1aCHOCT H:

COOTBETCTBYIOT TEXHHKE O€30IIACHOCTH I10 PadoTe ¢ KOMITbIOTEPHOH TEXHHKOH.

3a0anHu

Mpumep 1. PewweHne ypaBHeHMA ¢ NnoMoLbio dyHKUMKM ROOT

Mpumep 1. PeweHne ypaBHEHWHA C NOMOLWBLIO QyHKUMK ROOT

f(x) = 2-In(x) — g 1 3agaem  yHkLMIO f(X)

CTpOUM rpachuK u
0 / 1 | Haxo4WUM Ha4anbHOE
{(x) npubnuxkeHue

—_—

e
—_

L o
Las =T~
e
) |

root (H(x),x) = 0.728

OTa onmdKka MOKeT OBITh BhI3BaHA CIICOYIOIIIMIH ITPHYITHAMIH.

* ypaBHEHHE He HMEET KOPHEH,
* KOPHH YPaBHEHHS PacIIONIOKEHHI JaJIeKO OT HavyaJIbHOI O ITPHOIHIKEHHS,
* BEIpa’KEHHEe HMeEeT KOMIUIEKCHEIIT KOPEHD, HO HaYalIbHOe ITPHOIHKeHHEe ObLIIO BEIeCTBEHHBIM.

UTtoOBl YyCTAaHOBHTH IIPHYHHY OMMMOKH, HccneayiTre rpaduk f(x). OH ITOMOXKeT BBISICHHTH
HalIHM4ylie KOopHel ypaBHeHHS f(X) = 0 H, eclIH OHH eCTh, TO ONPEACTIHTh IPHOIH3HTEIBPHO HX
3HAaueHHSI. YeM TOouHee BBRIOpaHO HavalbHOE NPHOMIKEHHE KOPHS, TeM ObIcTpee OyAeT root
CXOJIHTHCSL.

[ Iprmvep:
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Ex Mathcad Professional - [Untitled:1] Mi=>

1. OmnpegemiTe KOpeHb HEMMHEHHOI'O YPaBHEHMS:

X
e
X+0,323- —=0

2

C TOYHOCTBIO £ =107 , ecu xo = 0,8.

2. OrnpeiermTe KOpeHb HEJIMHEHHOIO YPaBHEHHS:

X
xe =4.28
¢ TouHOCcTRI0  e=107° ecmmt xo =1.2.

3. OmpegemiTe KOpeHb HEMMHEHHOI'O YPaBHEHH:

)
X+X + \/; =4.75
¢ TOUHOCTEIO £ =107 | ecnu xo =1.5.

4. OrpegemiTe KOpeHb HEMMHEHHOI'O YPaBHEHH:

X- U; =(.109
¢ TOYHOCTBIO & =10 , ECIIH Xp =1.1.

5. OrnpeermTe KOpeHb HEJIMHEHHOI'O YPaBHEHHS:
2
X~ +x=3.3

r ratrranTLIn ¢ =100 anmr va —1 A

OJOKYMEHT NnoarMcAH
SNEKTPOHHOW NOAMUCKIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: Lebayxora TaTteaAHa AnekcaHapoBHa
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JI1g HaXOXKAeHN S KOPHEH BRIpaKeHHS, HMeroLero sug vo+vlx+... vn-1x n-1 +vnx n , ayuie
HCITOIb30BaTh (PYHKIMIO polyroots, Hexemn root. B omimume oT (QyHKIMH 100f, ()yHKIIIL
polyroots He TpeOyeT HayaIbHOIO IPHOIIDKEHHS H BO3BpalllaeT Ccpa3y BCe KOPHH, Kak
BEIIECTBEHHBIE, TAK H KOMIUIEKCHEIE.

Oyukimsg Polyroots(v) - Bo3BpamaeT KOpHH ITOTHHOMA cTereHH N. KoadHimeHTH TomHoMa
HaXOJSATCSI B BeKTOpe V JIHMHBEI N + 1. BosBpalmaeT BeKTOp IHHBI 1, COCTOSIIHH H3 KOPHEH
ITOITHHOMA.

Mpumep 2. HaxoxKaeHne KopHeM NOAMHOMA

3
075X —8X+5

[nA co3aaHua BEKTOpa V:

1. INocTaebTe Kypcop Ha NEPEMEHHYID X B BbIPaXEHUN

(5 075X — 8X+ S
-3 2. BoinonHnte komangy Cumeonel —
V= o KoathdpmumeHTsl NONMHOMA
3. BoinonHuTe kKomaHay [lpaBka — BeipezaTth
nT5 4. HaneyaTtawnTe v:= U BbINONTHUTE KOMaHay

[MpaBka - BcTaBnThb
(—3 542

polyrool{v) = = 0.65]
\, 2.892

Pemmenne cucreM ypaBHeHHH PellleHHe CHCTEM YpaBHEHHH MaTPHYHBIM METOAOM PaccMOTpHM
CHCTEMY N IHHEHHBIX alreOpanyecKHX YPaBHEHHH OTHOCHTEIIFHO N HEH3BECTHRIX X1, X2, ..., Xn:

ay X, +apX, +..+a,x, =D,

Ay X) TAxpX, t...1T 4y, X, =0,

QX +a,X, +...+a,x,=b,

CHcTeMa JIHHEeHHBIX }fpﬂBHEHI]IuI MOKeT OBITH 3allFicaHa B MATPHYHOM BHIC.

Ax=Db, rae:

a, dp ay,

X b

ﬂﬂl ﬂzz ﬂ: 2 2
A = h \ _x = ; b =

4] a ..

Ll n2 Hh _
_xn_ _bﬂ_

Ecmi det A # 0 To cHcTeMa HIIH 3KBHBaJIeHTHOe € MaTpPHYHOE YpaBHeHHe HMeeT eHHCTBEHHOE
pelieHHe. PellleHHe cHCTeM YpaBHeHHIH ¢ moMomplo (PYHKIHH Lsolve CHcTeMbl ITHHEHHBIX
ypaBHeHHII yIOOHO pemIaTh ¢ MoMompio QyHKIMH lsolve. Oyukimsg lsolve(A, b) - Bo3Bparmaer

RAKTON NATTTeHUT ¥ Tawnll_utn Av =h
ONOKYMEHT NoanncAH
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(X, +2x, +3x;,+4x, =30
-X, +2x,=-3x;,+4x, =10

hxl+xz+x3+x4 =10

Januwem B MATPWU4YHOM BHUAE.

f12 3 40 ¢ 30 )
-1 2 =3 4 10
A= b=
o 1 1 1 3
w1 1 1 12 \ 10
Al = -4
| | 1
1 2
x=A b v =
A 3
4/

v = lsolve(A ,b)

an
2
3

\ 4/

PeweHune cuctembl ypaBHeHMi metoaom lMaycca

Meton 'aycca, ero ere Ha3bIBAalOT METOJIOM ['ayCCOBBIX HCKIIFOYEHHI, COCTOHT B TOM, UTO
CHCTEMY VYPaBHEHHH IIPHBOLST IIOCIEAOBATEIBLHBEIM  HCKIIOUEHHEM  HEH3BECTHBIX K
SKBHBAJIEHTHOH CHCTEME C TPEYrOIbHOH MaTpHIleH. B MaTpHUYHON 3allHCH 3TO O3HAYaeT, YTo
CHavana (IIpsSMOH XOJ MeTofia ['aycca) 3IeMeHTapHBIMH ONepaIfisaMH HaJ CTPOKaMH ITPHBOISIT
PACIMPEHHYI0O MAaTPHI[Y CHCTEMBI K CTYIIEHUYaTOMY BHIY, a 3aTeM (O0OpaTHBIH XOJ MeToxa
['aycca) 5Ty cCTylleHYaTyi0 MaTpHI[y IIpeo0pa3yloT Tak, 4YTOOBI B IIEPBRIX 1 CTONIOIAX
IONTyYHIIach eJUHHYHAs MarpHia. [locmemmmii, (n + 1) cromberl 5TOi MaTPHIBI COMEPKHT
pEIlleHHE CHCTEMBI.

B MathCAD mnpsmvoit 1 o6paTHBIH X0AbI MeToa ['aycca BeOTOMHAET (PyHKIIHS 1Tef(A).

Mpumep 4. Pelnenne cuctembl ypaBHeHM metoaom MFaycca

’x[+2x3+3x3+4:n:4:30 RIS /30
{—I]+EIE—313+414=I{} 2 3 2 10
X, =Xy +Xx, =3 e 0 1 =11 A= 3
X+ X+ X5+ %, =10 L1 1 1) \ 10
ORIGIN := 1
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dopMUPOBaHME PACLLUMPEHHON MATpULIbl CUCTEMBI:
_r’ 1 2 3 4 30)
2

Al := augment(A,b) Al = -
0 1 =1 1 3

L1 1 1 1 10)

—3 4 10

[lpuBEAEHNE pacLUMPEHHOW MaTpULbl K CTyneHYaToMy BUAY
(npAMoOW 1 00paTHbIN X0abl MeToAa [ aycca

10 0 0 1)

A2 := mref(Al) AD — 0100 2
00 1 0 3
O 0 0 1 4)
(1)
X = submatrix(A2,1,4,5,5) N [ lpoBepka:
AR X =
3 00
\ 4/ 0
Ax-b =

0
\ 0/

PeweHnune cucrem ypaBHeHMI ¢ nomouybio dyHKumu Find unm Minner

Jl1msa pemieHHS CHCTEMBI YPaBHEHHH ¢ ITOMOINBIO (YHKIHH Find HeoOXOMHMO BBITIOIHHTD
CIIEYIOMIEE:

1. 3agaTe HaYabHOE ITPHONMIKEHHE IS BCEX HEM3BECTHRIX, BXOMSIIHNX B CHCTEMY YPaBHEHHH.
MathCAD permaeT cucTeMy ¢ TOMOIIbIO HTEPAITHOHHEBIX METOJIOB;

2. HammeyaTats ximroueBoe cnoBo Given. OnHo ykasemaeT MathCAD, uTo fmanee ciegyeT cHCTeMa
YpaBHEHHI

3. BemTe ypaBHeHHS H HepaBeHCTBa B moOom Imopsanke. Mcmonpayitte [Cirl]= mng mevatn
CUMBOIIa =. Mexay JIeBeIMH M IIPAaBEIMH YacTSMH HEPABEHCTB MOXKET CTOSTH JIFOOOH H3
CHMBOJIOB ., = H <,

4. Bregute mro00e BeIpakeHHe, KOTOpoe BKIroYaeT PyHKIHIO Find, Hanmprvep: x:= Find(x, y).

KiroueBoe cimopo Given, ypaBHeHHS H HEpaBEHCTBA, KOTOPBIE CIEAYIOT 3a HHM, H KaKoe - JTHOO
BBIPaXKeHHe, cojiepkalnee (PyHKIHIO Find, Ha3pIBar0T 0JI0KOM pelleHnsl YPaBHeHHI.

Mpumep 5. PelneHne cuctembl ypaBHEHMM € nomoLbio ¢yHKumuK Find

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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xl =10 X2 =0 %3 =10 wd = 0 Ha4yaneHele NpUbnmKeHnA

Given

x1 + 2x2 1 3x3 + 4x4 = 30
X1 +2-xX2-3X3+4x4 = 10
X2 —x3+ x4 =3
xl+x2+x3+x4=10
A1)
2

Findix1,x2,x3,x4) = X

w4/

OyHkIMS Minner odeHb NMOxX0Ka Ha QYHKIHIO Find (HcImons3yeT TOT Ke aJropHIM). Eciam B
pe3ylbTaTe IMOHCKA He MOJKeT OBITh ITOIYYEHO JaldbHEHINee YTOUYHEHHE TeKYIEero IIPHOIHKEHHS
K pelreHHr0, Minner po3pparaer 3To mpHOmkeHHe. DyHKIHS Find B 3ToM cirydae Bo3BpaIiaeT
coobmmeHHe 00 ormmoOKe. [IpaBHIa HCITOMB30BaHHSA (PYHKIHH Minner TakHe Ke, KaK H (PYHKITHH
Find. ®Oyuximsa Minerr(xl, x2, . . .) - BO3BpaImmaeT IpHOMMKEeHHOe pPelIeHHE CHCTEMBI
ypaBHeHHI. UHCIO apryMeHTOB JONIKHO OBITh PaBHO YHCITY HEH3BECTHBIX

CMMBONbHOE pelueHue YpaBHEHUN

MMeroTca HekoToOphle 3afaud, IS KOTOPRIX Bo3MokHOCTH MathCAD I1o3BONSIOT HaXOIHTh
pelleHHsS B CHMBOIBFHOM (aHAIMTHUYeCKOM) BHje. PellleHHe ypaBHeHHHI B CHMBOIBHOM BHJIE
ITO3BOJISIET HANTH TOYHBIE HIIH ITPHOIHKEHHbIE KOPHH YPaBHEHHS:

* CCJIM pPCcIIacMOC YPAaBHCHHC HMCCT IldpPaMCTpP, TO PCOICHHS B CHMBOJIIBHOM BHIAC MOXKCT
BBEIPA3HTD HCKOMBIH KOPEHb HEITOCPEACTBCHHO HEPEC3 ITAPAMCTP. [losT OMY BMCCTO TOI'O yTOOBI
PEIIATh YPABHCHHC I KdKJO0I'0 HOBOI'O 3HAYUCHHA IIAPAMCTPd, MOMXKHO IIPOCTO 3aMCHATL €10
3HaueHHEe B HaHJeHHOM CHMBOJIEHOM PELICHITH,

* eCIIH HY)KHO HaHTH Bce KOMILJIeKCHbIe KOPHH ITOTHHOMA CO CTelleHbI0 MeHbIIle HIIH PaBHOH 4,
CHMBOJIbHOE pellleHHe JacT HX TOYHbIe 3HAYeHHS B OJJHOM BEKTOPe HIH B aHATHTHYECKOM HIIH
IIH(POBOM BHJIE.

Komanga CumBomel — IlepemMeHHble — BBRIYHCIHTE I103BONSET PEUIHTh YpaBHEHHE
OTHOCHTEIIPHO HEKOTOPOH MepeMeHHOH M BBIPA3HTh €0 KOPHH 4epe3 OCTalbHbIE IapaMeTphI
yPaBHEHHSL.

YTOOH pellIHTh YpaBHEHHE CHMBOIIBHO, HEOOXOIHMO:

1. HameyaraTp BhIpakeHHE (IS BBOJA 3HAaKa PaBEeHCTBA HCIIONBL3YHTe KOMOHHAIHMIO KJIaBHIII
Ctrl + =);

2. BeigemmThs mepeMeHHVIO, OTHOCHTEJIPHO KOTOPOH HYKHO PEIlHTh YpaBHEHHE, IIEIIKHYB Ha
HeH MBIIIB IO,

3. BriOpare nyHKT MeHO CHMBOIBI — llepemeHHBIe — Brruncnurs. HeT HeoOXomuMoCTH
IIpHpaBHHBaTh BeIpakeHHe HynI0. Ecmm MathCAD He HaXoOJZHT 3HaKa paBeHCTBa, OH
ITPEATIONAraeT, YTO TPeOyeT s IIPHPABHATEH BRIPaKEeHHE HYIIIO.

AOKYMEHT NOANWUCAH UMGOJIbHOM 610e, HeOOXOIHNMO BEITIOIHHUTE
SNEKTPOHHOW NOANUCHIO
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2. HameyaTaTh ypaBHeHHSI B TOOOM ITOpSIKe HIDKe ciioBa (Given. YOCTOBEpPhTECh, UTO A
BBOJIa 3HAKa = HCIToNb3yeTca Ctil + =

3. HamevaraTth pyHKIITO Find, COOTBETCTBYIOIIYVIO CHCTEME YPaBHEHHIT,

4. Haxarp Ctrl +. (xkmaBmmma CTRL, compoBoxkgaemasa Toukoi). MathCAD oroOpas3ur
CHMBOJIbHEIH 3HaK paBeHCTBa —,

5. ] enxkHyTh MBIIIBIO Ha pyHKIHH Find.

Mpumep 6. PelneHne cuctembl ypaBHEHUA B CUMBOIbBHOM BuAae

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

KonmpoJibHble 60npochl

Pemenne ypaBHeHHS ¢ TToMoInbio GyHKIHH ROOT.

HaxoxmeHne KOpHS HETHHEHHOTO YPaBHEHH AL

HaxoxaeHne KOpHEH ITIOIIMHOMA.

PellieHne CHCTEMEBI YpaBHEHHH MeTOLOM ['aycca.

Pemenie crcTeM ypaBHEHHH ¢ ITOMONIBO (PYHKIHH Find mmm Minner.

CHMBOJIPHOE PEeIlleHHE VPaBHEHHIL.

RN =

Cnucox 1umepamypbl, peKOMeHO0yemblil K UCROJIb306AHII0 N0 0AHHOI meMe:
1. Bepmumep, 5. M. CAIIP B ManmmHOCTpOeHHH . Y4eOHHK 11 By30B / 5. M. Bepminep, O.

B. TapareiHOB. — Mocksa : @opymM, 2014. — 448 c.

2. AdanaceeBa, H. KO. BpruHcoHTEIbHBIE H SKCIIEpHMEHTallbHBIE MeTOABl Hay4YHOIO
SKCITepHMeHTa : [y4el. mocoone™]. — M. : KHOPVYC, 2013. — 330 c.

3. XneOnukoB, A. A. MH(popMaIHOHHEIe TEXHONIOTHH | YueOHHK / A. A. Xi1eGHHKOB. — M. :
KuoPyc, 2014. — 472 c.

4. MATHCAD 14: OcHoBHEIE cepBHCHL H TexHonoruu Iloxapckas I'. M., Haszapos /1. M.
M3marens: HarmoHampHBIH OTKPRITRIH YHHBepcHTET «MHT YW T», 2016

IIpakTHueckas padora 9. Pemienne auddepeHnnaIbHbIX YPABHEHHI.

Ilenv pabomol.

OOKYMEHT MNoganicAH JAaMETPAJIBHBIC Pa3MCPERI, HACTPaHBATb

INEKTPOHHOW MOAMUCHIO |
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B cucremy MathCAD BBesleHa BO3MOKHOCTh pellleHH S JH( ] epeHIHATbHBIX YpaBHEeHHIT
H CHCTEM C TaKHMH YPaBHEHHSAMH B YHCIIEHHOM BHJIE. OTY BO3MOKHOCTh TPYAHO IIEPEOLIEHUTE,
TaK KaKk MHOTHE Cepbe3Hble Hay4HO-TEXHHYeCKHE 3aJa4yd (0COOEHHO OTHOCSINHECS K aHAJIH3Y
JTHHAMHYECKHX CHCTEM H K HX MaTeMaTHYECKOMY MOJEIIHPOBAHHIO) 0a3HpPYIOTCS Ha YHCIIEHHBIX
METOAX pelleHns CHCTeM JH( (epeHIHaIbHBIX YPaBHEHHI.

Henmneliaele gud QepeHIaIbHble YPaBHEHHS H CHCTEMBI ¢ TAKHMH YPaBHEHHSMH, KakK
IIPAaBIUIO, He HMEIT aHAIHTHYeCKHX METOMOB PEIIeHHS, H 3Jech OCOOEHHO BaKHa
BO3MOJKHOCTh HX PEIIeHHS YHCIECHHBIMH MeTOAaMH. B OOJIBIIMHMHCTBE CIIVYacB KellaTelIbHO
IIpeJcTaBIeHHe pPelleHHH B Ipad)HYecKoM BHJE, 4TO H mo3BongeT MathCAD.

Jlnga pemeHnsa gUQQepeHIIHAIFHRIX YPaBHEHHH (CHCTEM) Pa3IMYHOIO IIOpSAKa H
pasimuHbIiMM MeTojamu B MathCAD BBezieHBl 13 BeTpoeHHBIX (yHKIH: rkadapt, Rkadapt,
rkfixed, Bulstoer, bulstoer, bvalfit, multigird, relax, sbval, Stiffb, stiftb, Stffr u stiffr.
HasHauyeHHe H oImFcaHHe apryMeHTOB 3THX (DYHKI[HI JaHBI B TeKITHH.

B ¢Jyaxmro rtkfixed 3amokeH IIHPOKO pacIpOCTpaHEHHBIM METOJT  PelleHHS
THdepeHIHAIBPHEIX YpaBHEHHII — MeToJi PyHre-KyrTa. HecMOTpsa Ha TO, YTO 3TO He CaMBbIi
ObICTpeIH MeTOX, (pyHKIHA rkiixed modrm Bcerja CIpaBiIsieTcsI ¢ IIOCTABIEHHOH 3aJayei.
OpHAKO ecTh CIy4aH, KOTJa IyYllle HCIIOJIb30BaTh Oo0jee CHOXKHBIE MeTOABl. OTH CIIy4YaH
IIONaJaloT II0J TPH IMHPOKHE KaTerOpHH: CHCTeMa MOoKeT OBRITh kecTkoH (Stifib, Stiffr),
(P YHKITHH cHcTeMBbl MOryT rmagkuMHe (Bulstoer) mmn rmapaeivu (Rkadap). Hepegxo nmpuxoaurcs
ITpoOOBaTh HECKOIIBKO METOJ0B Ha OJHOM AH( (] epeHIHAaIbHOM YpaBHEHHH (Ha OJHOH CHCTEME),
yTOOKI ONPEeJeInTh, KaKOH MeTo JIydilne. Kak H3BECTHO, UTO PelleHHe ITIaJKOoe, HCIIOIb3YeTC s
¢yHxiug Bulstoer, kyma 3amoxkeH Meton Bypmmmm-IIItepa, a He PyHre-KyrTa, HCIIOIB3yeMEBIH
¢yaxipen rtkfixed. B atoMm cinyyae pemieHHe OyaeT TouHee. MOXKHO peIlnTh 3ajady Oomee
TOYHO (Oortee OBICTPO), €CIIH YMEHBINHTH IMar TaM, IJe ITPOH3BOAHAS MEHSETCS OBICTPO, H
YBEIIMUNTh INAr TaM, IZe OHa BefeT Oojiee CIIOKOHHO. /[JIT 3TOro mpemycMOoTpeHa (PYHKIHS
Rkadap. Ho, HecMoTps Ha TO YTO OHa IIPH peIleHHH JH((PepeHIHaJIbHOI0 YpaBHEHHS
HCITONB3YeT HENOCTOSHHBIN Imar, (yHKipsS Rkadap mpeacraBHT OTBeT ITI  TOYEK,
HaXOASIMNXCA Ha  OJHHAKOBOM PpACCTOSHHH, 3aJaHHOM  ITojb3oBareneM.  CHcTeMa
nHddepeHIaTbHEIX YPaBHEHHH, 3allicaHHasg B MAaTPHYHOH dopMe y=A-X, IJe A — IIOYTH
BBRIPOXKAEHHASI MaTpHIla, Ha3bIBA€TCSA JKeCTKOH. I[IpH pemmeHHH KeCTKHX CHCTEM CIeayeT
HCITOIIB30BaTh OJHY H3 JABYX BCTPOEHHBIX (PYHKIHIL, pa3paCOTaHHBIX CIIEIHAIBHO JJIS TAKHX
crydaeB: Stifftb m Stiffr. Omm mucnonmp3yror Meron Bymupin-Illtepa (b) mmn PozeH-Opoka (1).
(DYHKIHH, HAUHHAIOIMHECS CO CTPOYHOH OYKBBI, JAOT PEIleHHS TOJBKO JIISI KOHEYHOH TOYKH.
Jlnng perneHH S ABYXTOYSYHBIX KpaeBHIX 3ajJau MpeJHa3HayeHbl pyHKImm: sbval m bvalfit. J{na
pelreHHs OHQQepeHIHAIbHEIX VypaBHeHHH I[lyaccoHa (B 4acTHBIX ITPOM3BOJIHBIX BTOPOIO
TOpSAKa) M ypaBHeHHH Jlamaca B cHcTeMy BBeJeHEI clleayionme QyHiimn: bvalfit, multigird,
relax, sbval.

O0opyaoBaHHe N MATEPHAJIBL

I lepcoHaBPHBIN KOMIIBIOTED, IIporpamma MathCAD.

YKa3aHud N0 TeXHHKe 0e30acHOCT H:

[OKYMEHT NOOMUCAH Te ¢ KOMITBIOTEPHOI TEXHHKOIT.
SNEKTPOHHOW NOANMMCHLIO
Ceptucmkar: 12000002A633E3D113AD425FB50002000002A6 - S
Bnapenew:  lle6ayxoea TaTbsAHa AnekcaHapoBHa -
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PelweHue cuctembl U3 ABYX AuddepeHUManbHbIX ypaBHEHWU I
MeTonom PyHre-KyTTa ¢ (hUKCUPOBaAHHEIM LUAroM

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

0 20 () 60 80 100

3amaHne K padore: Pemmite Ha oTpeske [Xo,xn| 3amauy Komm y'= (X, y),

y (X0) = yo MerojgoM PyHre-KyITHl C ITOCTOSHHBIM IaroM. FK3o0pasurte rpaduki perieHuni,
BBRIYHCIIEHHBIX ¢ Imarame h, 2h 1 h/2. 3HaueHHe X~ > X0 BRIOEPHTE CaMOCTOSTEILHO.

BapuaHTbl MHAMBUAYANbHBLIX 3a4aHNIH

AOKYMEHT NoanmncAH
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No F(x,y,y)=0

Hauanvnoe YyC/lo6He
1 | (e"+Ddyv+e'dx=0 y(0)=0.5
2 ylny+xy'=0 y(l) =e
. 4-x"y'+x" +x=0 y(0) = —1g2
4 ' —e 1) =arctg(2—e
3€'1.fgydx+ 2-e dx =10 -y( ) g( )
COS™ X
S | (I+e)y'=¢ y(0)=1
6 | ysinx=ylny [E]
Y = e
2
7| v _ydy D=1
[+y 1+x -

8 | (1+ y )dx = xdy

QO | y'sinx=siny

FT) 4
M
[2 2

10 3(x v+ ¥)dy + 2+ vidx=0

v(0)=1

Permurs 3agauy Ko yi' =fHi(x, yi, y2), v2=f (X, y1, y2), vi(a) = vyio,

y2(a) = y2,0 Ha oTpeske [a,b] meromom PyHre-KyrTa ¢ nmocrosHabeM marom h=0.1. M306pasure

rpa(pHKH pPellleHHH, BEIYHCIEHHBIX ¢ maraMH h, 2h n h/2.

BEIPHEIHTLI HHAHNBHAYAJIBHbBIX 3aJlaHHH

CepTtudmkar:
Bnageneu;

SNEKTPOHHOW NOAMUCLIO
12000002A633E3D113AD425FB50002000002A6

lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

Ne Sixp1.p2) fo(x.y1,2) yi(a) | w(a) a b
1 x+y) (y1-12)° 0 1 -1 1
2 SNy, COSY, 0.5 -0.5 -1 3
3 JECGS(J)]"‘%&) sin(yi-12) -0.6 2 2 5
2 SINY1C0S Y, COSY|COSY> 0 0 -1 3
5 cos(V1)2) sin(y,+y,) 0 0 0 2
6 yolnx V1), -2 -1 1 4
7 2y1/¥ 2y1-y; I I 1 3
s Vitys /(14 yrtys) o | 0o | o | 4
9 arctg(xy;) siny, 0 0 -2 |
10 sin(x>+21,) cos(xvy) 0 0 0 4
AOKYMEHT NOANUCAH




KonmpoJibHbie 60npochol

I. PeweHune andpdepeHuManbHbIX ypaBHEHUN (CUCTEM) PA3/IMYHOIO NOPAAKA U
pasnanyHbimu metogamu 8 MathCAD

2. BcrpoeHHas ¢yHKumMA rkadapt, ee HazHa4yeHUe, 0COBEHHOCTU, CUHTAKCUC.
3. BcrpoeHHas ¢pyHKuMA Rkadapt, ee HasHaueHMne, 0cOBEHHOCTU, CUHTAKCUC.
4. BcrpoeHHasa ¢pyHKumA rkfixed, ee HazHauyeHMe, 0COBEHHOCTU, CUHTAKCUC.
5. BcrpoeHHaa ¢pyHKUMA Bulstoer, ee HazHayeHMe, 0COBEHHOCTU, CUHTAKCMHC.
6. BctpoeHHaa ¢pyHKUMA bulstoer, ee Ha3zHavyeHMe, 0COBEHHOCTU, CUMHTAKCUC.
7. BcrpoeHHaa ¢yHKuMA bvalfit, ee HasHayeHne, 0COOEHHOCTU, CUHTAKCUC.
8. BcrpoeHHaa ¢yHKUMA multigird, ee Ha3sHayeHMne, 0COBEHHOCTHN, CUHTAKCUC.
9. BcrpoeHHasa ¢pyHKumMA relax, ee HasHavyeHMe, ocObeHHOCTU, CUHTAKCKUC.
10. BctpoeHHana ¢pyHKumA sbval, ee HasHavyeHMe, ocobeHHOCTKH, CUHTaKCKC.
11. BctpoeHHas ¢pyHKuma Stiffb, ee HasHayeHne, ocobeHHOCTU, CUHTAKCKUC.
12. BctpoeHHas ¢pyHKkuma stiffb, ee HazHavyeHune, ocobeHHOCTH, CUHTAKCKUC.
13. BctpoeHHan ¢pyHKuma Stiffr, ee HasHaueHne, 0cCOBEHHOCTU, CUHTAKCUC.

14. BctpoeHHas ¢pyHKuma stiffr, ee HasHavyeHne, ocobeHHOCTU, CUHTAKCKUC.

Chucox aumepamypbl, peKoMeH0yemblil K UCROJIb308AHUI0 N0 0AHHOU neme:
1. Bepmumep, 5. M. CAIIP B MalmMHOCTPOEHHH ;| Y4eOHHK JIJI1 By30B / O. M. Bepinnep, O.

B. TapateiHOB. — MockBa : Qopym, 2014. — 448 c.
2. Adanaceera, H. IO. BpruHCIHTEIBbHBIE H SKCIIEpHMEHTaIbHBIE METOABI HaY4YHOIO
SKCIIepHMeHTa : [y4el. nmocoone™]. — M. : KHOPVYC, 2013. — 330 c.

3. XneOnukoB, A. A. MH(}opMaIHOHHEIE TEXHOIOITHH . yueOHHK / A. A. X1eOHHKOB. — M. :
KuoPyc, 2014. — 472 c.

4. MATHCAD 14: OcHoBHEIE cepBHCHL H TexHonoruu Iloxapckas I'. M., Hazapos /1. M.
Mzparens: HargmoHambHEIN OTKPRITEIH YHHUBepcHTET « MHTYHWT», 2016

IIpakTH4eckan padora 10. CuMBo./IbHBbIE BHIMHCJICHHAA

I[ens padombl.

Hﬂ,}"‘HITBCH BBOAHTE TPCXMCPHBIC KOOPAHHATEIL Gﬁ'LEI{TGE: HCITOIIB30BATh (bHJ]I;TpBI TOYUCK.
HEPEI{J]IGIIHTL PEAIIMBI TPEXMEPHOI'O GTGﬁpﬂ}I{EHI[H: HACTPAaHBATh BH3YAJIbHbIC CTHIII.

Teopemuueckas uacne.
CHMBONIBHBIH 3HAaK paBeHcTBa Io3BONsSgeT Mathcad BBITH 3a paMKH YHCIIEHHOIO
BEIUMCIIEHHS BBRIpaKEHHH. MOXHO IIOAYMaTh, YTO 53TO OOBIYHEIN 3HAaK =. B oTimmune oOT

OOBIYHOI'O 3HaKa PaBCHCTEA, KDTDPBIﬁ BCCI'd BO3BpAIlllda€T HHCIIO, CHMBOJILHBIH 3HAaK PdBCHCTBA
MOZKCT BO3BPAllldTh BhIPadKCHHC.

YroOBl HMMETh BO3MOXKHOCTBH HCIIOIB30BAaTh CHMBOIBHBIN 3HAK paBeHCTBa, TpeOyeTcd
Mathcad PLUS. Ecim 3T0 Tak, YIIPOCTHTh BhIpakeHHe MOYKHO CIIEYEOIITHM 00pa3oM:

NOKYMEHT MOANCAH TTT KOMaH1a ABTOMAT HIeCKHIl PEeRHM B
SNEKTPOHHOW NOANMUCHLIO (ydac C,I[EJIEIIUITE 2TO H3 MCHIO.
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 KOMAHIa Ncnosabio0BaTh CHMBOJIMKY B
Bnapeneu: llebayxoea TateAHa AnekcaHapoBHa *

clIy4yae CJHelnanTe 53T0 M3 MeHro. OOparure
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BHHMaHHE, YTO 5Ta KOMaHjJa HallHMcaHa CephIM, ITOKa He VYCTAaHOBIEH ABTOMATHYECKHH
pesxuM 13 MeHIO MareMaTHKa.

. BBeaure BEIpaKeHHE, KOTOPOE HYKHO YIIPOCTHTE.

. Haxavmire [Ctrl]. (xmapmmy CTRL, compoBokmgaeMyro Toukor). Mathecad
OTOOPa3HT CTPENKY “®™.

. [TénxHHuTEe MBIIILIO BHe BhIpakeHHSI. Mathcad oToOpasHT yIIpoIeHHYIO Bep CHIO
TIEpBOHAYAJIPHOr O BhIpakeHHS. EcCIIH BhIpakeHHe He MOKeT OBITh yIporeHo, Mathcad mmpocto
IIOBTOPHT €r'0 CIIPaBa OT CTPEIIKH.

CHMBOJIBHBIH 3HAK PABEHCTBA SBIIETCS OIEPATOPOM, ITOZOOHBIM JIXOOOMY OIIEPATOPY
Mathcad. Korma pgemarorcst H3MeHeHHS TJe-THOO BEIINIE HIH JIeBee OT Hero, Mathcad
MOJH(PHITHPYeT pe3ynbTar. CHMBOII paBeHCTBA 3HAET ITPeJIBAPHTEIILHO OIpeleleHHbIe (PYHKIHH
H IIepeEMEHHBIE H HCIIOJB3YET HX Be3fe, IJe HeoOXomnmo. MOXKHO IIpeAIlHcarbh CHMBOILY
PaBeHCTBAa HTHOPHPOBATh ITPeINeCTBYIONTHE OIpeAelIeHHS (P YHKIHI H ITepeMeHHBIX, HCIIOIb3YSI
KJIFOUEBOE CIIOBO assulne, Kak IToKa3aHo Ha PHCYHKe 4.

PHCYHOK 2 TIOKa3BIBa€T HEKOTOPBIE IIPHMEPHI HCIIOJIB30BAHHS 3TOrO OIlepaTopa.
OOpaTtHTe BHHMaHHE, 4TO ®IIPHMEHSETCS TOIBKO KO BCEMY BEIpaKeHHIO. Hembss, HampHMep,

IIPHMEHHTH ® HH K 4YaCTH BBIPAKEHH L, HH K PE3YIIbTATy IIPEABIAVILIETO JIeHCTBHA ®)
= Mathcad - [Untitled 1) -
=| aan [paska Texct MaTenmaTurka [padura Cumsonuka DkHo KHnrwe

“iTolbl 3aNUCaTh CHMBONBHDIA 3HAK PABEHCTEA, HAXMUTE [Ctrl] M KNaBuLly TOMKH .

b

3

x© dx — o« B -ﬂ3

1 1
a 3 3

Ecnu BbIPdIXEHHE HE }FH-EETEEI YAPOCTHTE A4NbLUE, CHMBOMbHBIA 3HAK PABEHCTEA
BOIEPALLACT CIo HEH ZMEHEHHDIM.

:.:Z_}IZ

JTO aHANOrHYHO NOEEOAECHHHD 2HAKA PHEEHETBE B HACNEHHDbIX pﬂﬁlﬁTﬂZ{.
2=72
CHMBONBbHbIA 3HAK pEEEHﬂTEE TAKEE p:!lﬁﬁ'l':!ltT CMACCHEAMMA.
a a -1 A - A
11 12 1 22 12

— -
Q91 829 (511'5‘22‘“12'“21} =82 344

Vs

SETO
Pucyunox 2: Henonvzoeariie cumeonsHo20 3HAKA PAGEH CINE.
Hacrpoiika CHMBOJIbHOIO 3HAKA PaBeHCTBA
CrMBOII ® OepeT BEIpaKeHHE € JIEBOH CTOPOHBI H IIOMEIIAET €r0 YIIPOINEHHYIO BEPCHIO C
IIPaBOH CTOPOHEI. 10 yMOTUYaHHIO 3Ta OIeparis YIIPOIMaeT JIEBYIO CTOPOHY TOYHO TaK, KaK 3TO
JelaeT KoMaHAa BbraucmTs = BbhIMMCIATHD B CHMBOJIAX H3 MeHIO CHMBOJIMKA.
KoHeuHO, 4TO O3HA4YaeT YIIPOCTHTh — OCTAaETCSI BOITPOCOM. [0 OIpeAelIEHHOH CTEeIleHH
MOXKHO YIIPaBIISITh CIIOCOOOM, KOTOPHIM oreparop ® TpaHc(OpMHpYeT BBIpaKeHHe, ITOMeINas

NIOKYMEHT NOANUCAH I BEIpaKEHHEM, coacpxkaimuM ®. [[ins Ooree

SNEKTPOHHOW NMOANUCHIO H IIpeoOpa3oBaHHSAMH HYKHO HCIIOIB30BaTh
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapenel. Webayxoea TatbaHa AnexcaHgpoBHa

Nencrentenen: ¢ 20.08.2021 no 20.08.2022




symplify YrpomraeT BeIpakeHHE, BBOIOMHSIA apH(MeTHYEeCKHe ITpeoOpa3zoBaHHA,
COKpalrass OOIIHe MHOMXHTEIH H HCIIOJIb3YSI OCHOBHBIE TOXKIECTBA IS
TPHT OHOMETPHYECKHX H 00PaTHBIX (DYHKITHIH.

E}Lpﬂl‘ld Pasmaraer Bce cTeIlleHH H IIPOH3BECACHHA CYMM B BbIPAKCHHH.

series Pasmaraert BBEIPAKCHHE OT OOHOH HIIH HeCKOIBKIX IICPEMCHHBIX B
OKPECTHOCTH GHPE,I[EHEHHGﬁ ToukH. [lo YMOIHMAHHIO PAa3JIOKEHHT HMCCT
BH/J ITOJIHHOMA IIISCCTOI'O ITOPAIKA.

factor Pasmaraer Ha MHOXHTEIH EBIﬁpElHHDE BBIPAKCHHE, CCJIH BCE BBIPAKCHHC
MOZKeT OBITE 3allHICaHO B BHJIE ITPOH3BCOCHITA COMHOKHTEIIEH.

assume [IpepmiceBaer Mathcad paccmaTpHBaTh IepeMEHHYIO, KOTOpas ClIeayeT
ITOcJIe 3TOH KOMaHJbI, B Ka4eCTBE HeOIIpeJelIeHHOH IlepeMeHHOH, JaxKe
eCIIH e TIPHCBOEHO OIpejlelleHHOe 3HayeHHe. Kpome sToro,
HCITOIIL3YETCA IS OIPeAelICHHS OrpPaHHYEHHI, MCIOIb3YEMBIX LT
BBIYHCJIEHHS BEIPAKEHHA.

complex [IpepmiceiBaer Mathcad BBENIOMTHHTE CHMBOIBHOE ITIpe0o0Opa3OoBaHHE B
KOMIUIEKCHOH oOiacTH. PesynbTar OyzieT oObIYHO B JOpMe a + 1+ b.

float [IpemmmiceiBaeT Mathcad oroOpaxkaTe 4HcIO B (popMaTe ¢ IIIAaBAFOIIEH
3aIISTOM BCAKHIL pas3, KOrja 3TO BO3MOKHO.

literally 3ampernaer CHMBOJIBHOMY  IIPOLIECCOPY TIBITATHCA  OITHMH3HPOBATh
nr000e ITOCTIEAVIOIIEE BhIPaKeHHE.

KiroueBrIe CcIIOBa UYBCTBHTCJIIBHBI K PEITHCTPY H ITIO3TOMY JOJIZKHBI IICHATATBCA TOYHO

TaK, KaK II0Ka3aHO. 3aTO OHH HEUYYBCTBHTEIbHEL K IIPH(TY.
Mathcad - [Untitled 1)

=|Paan [lpaska JexkcT MaTeMmaTrka [padwka CHMeOnMKa DkHO KHHrR 7

.H.EEETEHE CHMEONDHOND 3HAakd PAECHCTEBAG CaMora no celbe IKEMBANEHTHO
OEACTEHID KoOMaHOb BoiuMcanTe =» BoiuMcnaTe B cHMBONaX MeH CHMBONMKA —

(x +¥)7 = (x +y)°
HEI’IEHI:I-EDEEIHHE PAaZNHUAHEBES KNIDY EERE CNOE HIMEHACT &7 AHAYEHHE: I'lE

expand

3

(X + yjﬂ = %Y + 3-.1-:2-5-' + 3-!-5-'2 +y3

KnuMesoe CNogo Emﬂ.ﬁd acnacT CHMEONbHDIKW 3HAK PABCHCTES IKEHEANCHTHRIM
KoMaHae PasnosaTs no cTeneH M MedHio CHMBONMKa

tactor

x3 & 3-:-:2-3.' 14 E-x-yz + y':? =+ (X & },13

Knipugeoe cnoeo factor AenaeT CHMEBONLHBIE ZHAK PABEHCTES AKBHEINCHTHLIM
KoMange FasnoxHTb HA MHOXHTENHA MEHO LAMBONKKA

ErrieEpie CNOBa JONXKEDbl HAX0OAWTDCA B MATEMATHUHECKHX aGnacrax.
He CNEQYET 3aKNHMATH Hx B KAaBbIUEH.

«f BEEEEEE ena »
[IOKYMEHT MOANUCAH CTp 1
ANEKTPOHHOM MOANMMUCHIO
Ceptucpukar:  12000002A633E3D113ADA25FB50002000002A6 06 C CLUMGCONbHbIM SHAKOM pasercmed.
Bnapeneu: LLleBayxosa TaTesiHa AnekcanapoBHa MMCPBI HCIIOIIB30BAHITAA S3THX KIIOYCBBIX CIIOB.

TOJIbKO JO CICAVIOOICTO CHMBOIJIA ® . Kc:-r,[[a
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CHMBOJIbHBII 3HAaK PpaBEHCTBAa HCIIOIb3yeTCcA IS IpeoOpa3zoBaHHA BeIpakeHus, Mathcad
IIPOCMAaTpHBAeT Bce IepeMeHHbIe H (DYHKI[HH, ITPOBepss, ObLIH JIH OHH paHee ONpelelIcHBl B
pabouem moxymeHTe. Ecnn Mathcad HaxomuT orpeaeneHms, OH HX HCIIONb3YeT. JIF0Oble apyrHe
IIepeMeHHBIe H (PYHKIIHH VYYacTBYIOT B IIpeoOpa3oBaHHH B BHJE CHMBOIIOB. ECTh TpH
HCKIIFOUEHHS M3 STOr0 IIpaBiUia, IWNIOCTpHpyeMble Ha PrcyHke 4. [lpu mpeobpazoBaHHHU
BBIPaKEeHHS, HCIIOJIL3VIOIEr0 paHee OIpelelleHHble IlepeMeHHble H (yHkimx, Mathcad
HTHOPHPYET IPEMIIECTBYIOIIHE OIPeaelIeHHS, €CIIH:

. IIEPEMEHHAA OIIPEACIICHA KdK YHCIIO, COACPKAICS ACCATHYHYIO TOYUKY,
. KIIOYCBOC CIIOBO assume INPpCAIICCTBYCT OITPEACIICHHIO HITH ,
. IIEPEMEHHAA OBbL1a OIIpEACIICHA KaK ,I[HCI{IJETHL]I”I dPI'YMCHT.

MoKHO Takke HCIIOIb30BaTh KIKOYEBOE CIIOBO assume, YTOOBl HAJIOKHTh OTPaHHYeHHS
Ha IlepeMeHHbIe B BRIpaKeHHH. [lociemHuil rmpaMep Ha PHCyHKe 4 ITOKa3bIBAaeT, KaK 3aJaHHEM
OrpaHHYEeHHH Ha ITapaMeTp HHTerpajl MOXeT OBITh cJellaH CXOASImHMcSI. UTOoOBI OIpefelnTh
HECKOJIPKO YCIIOBHIH, JOCTaTOYHO OTAEINTh HX 3aILITBIMI, KaK ITOKa3aHO B IIpHMepe Ha PHCyHKe
4. KmxodyeBoe CIOBO assume JOIKHO IIPeJIINecTBOBATh JIFOOOMY APYroMY KIFOYEBOMY CIIOBY,
oOpallleHHOMY K BBIPaXXKEHHIO, ITOCKOIBKY KIIFOUEBOE CIOBO OYAeT IIPHMEHSATHCS TOJBKO K

BBIPaXKEeHIHIO, PACIIOIOKEHHOMY Cpa3y IIOCIIE HETO. HpHMEp IIOKA43aH B CepeIHHE PIIG}HK& 4.
= Mathcad - [Untitled 1) -
=| aan [paska Texct MaTenmaTurka [padura Cumsonuka DkHo KHnrwe

Mathcad 3amenaeT nepemennyio x Ha
EE FHAUEHHE, @ NEPEMEHHVID Z HE
SAMEHALT.

expand (x+1})(z-1}) = 4.7z -4 <—

assume X

3nech TACKE MTHOPHPYETCA U
ONpefeEneHMe X, NOCKONbEY X CNEAyeT
33 KN4 EBbIM CNOBOM  ASSume .

expand (x + 1) (x - 1) - x%_1 <

MocKonbKY M ONPERENEHa KAk JHCKDETHDIA AapryMENT,

m —* m «—
e€ onpeneneHHe KrHOPHPYETCA.

MNockonoky G NPERNONaracTcs MONOKHTENbBHDIM, ||
mHTErpan c<ognres. [Nockoneky x cnegyeT 3a
a-Tb gy = X KNHMEBBIM CIOBOM ASSUME , M0 ONpefeneHHEe
0 o MIHOpHPYETCS. :

SV

BETO CTp 1

Pucynox 4: Knioueeoe cnoeo assume onpedensem, 3amenum i Hem Mathcad 3nauenuis
nepemeHHOIl U LUUMeH QYHKLULL 6 GbIPANCEHLILL.

Kmoueprie crnoBa complex u float oOecrieunBaroT HEKOTOPBIH  JOIOJIHHTEIIbHBIH
KOHTpOIb Haj ¢opMmoii, B koropoii Mathcad otoGpakaeT pe3ynsTaT IIPH CHMBOJIBHBIX
ITpeoOpa3OBaHHIX.

KiroueBoe crmoBo complex nepes BeIpakeHHeM ITpeditHchiBaeT Mathcad Bo3Bpammars
pe3ynbTaT B (opMea + i1*bh. HeT HYXIOb KaXIblii pa3 BBIBOAHTh TaKyl0 TI'POMO3JIKYIO

assume o> 0, x

NOKYMEHT NOONVCAH TBeHHBI. OJHAKO, KOIJla BBIPAaKEHHE MOXKET
SMNEKTPOHHOW NOAMNCHIO HOCTh YBHJeTh Oonee oOIlee IIpelCTaBIEHHE
CepTucbukar:  12000002A633E3D113AD425FB50002000002A6 | 5
Bnanerehi Ol Sl RS M ek A ARSI 1eKOTOpbIe ITpeodpa3zoBaHUg C HCIIOIb30BAHHEM
X,

Nencreutened: ¢ 20.08.2021 no 20.08.2022



Kmouepoe cimoro float ripearoickiBaeT oTo0OpakaTh BCSKHH pa3, KOrJa BO3MOXKHO,
ITOCIIEAVIOIHE CHMBOJIPHEIE Pe3yiIbTaThl B BHAE 4YHCENl C IUIABAIOIIEH 3ardaroi. MOoKHO
VIIPABISATh TOYHOCTBIO 3TOrO YHCIa, cOmpoBokaas float cCOOTBETCTBYIOIIINM IIETIBIM YHCIIOM, KaK
nmoka3zaHo Ha PucyHke 6. Ha stom pucyHke Mathcad oroGpaxaer BemmunHy p/2 B opmaTe c
IUIaBaromen 3arsaror. OpHako Kinroueoe cIloBo floatHrkak He Bimmsger Ha X, lloka

BETHYHHA X HE OIIpcAcIICHA, Mathcad He MOKeT DTGﬁpa}I{aTB HHYCT O, KPOMCE X.
Mathcad - (Untitled T)

= | Maan [lpaeka Terct MatremaTrra [patdhuka Cumeonnka Deroe EHWru ?

NEQEE

i on- _— P Mo YMORYAHKD PE3YALTAT 0CTABNALTCA
= — exp{1 +n:8) B SKCMOHEHUMANEHOR hopMe.
complex
ci-mi cos{n-8) +i -sinfn @) €— Mcnonbzoeaswe KNHMEBOrO CAOES
complex NpMEOOHMT K BOSEPALLEHMID
peayneLTaTa B hopme "arbi'
cos(5i + 2] = cos(Z + 5] <— [lopofHo BCEM KNWMEEDIM CNOBAM,
complex npunaraeTcd TONbED K
HENOCPERCTEEHHD CREAYIOLLEMY 38
HMHM El:llp ANCE M EO.
complex
cos(B6i +2) =& cos{2) cosh(B) -1 sin(2)-sinh{ &)
+
- >

JETD Ctp 1
Pucynox 5: Knioueeoe cnoeo complex onpedensem, HyxcHo wi Hem Mathcad

go3epauiamo pe3vismam e popme a +1- b.
= Mathcad - [Untitled 1)
=|Pann [lpaska Texer MatvemaTuka [padhuxa Cumsonuka Oxkno Kaurs 2

"pl'll'-'lﬂp CHMBONBHOMD BEbIUMCNEHHA

1
X-acos(0) —= E-H-ﬂ

Orobpaxenne pesynerata B hopMe ¢ NNAasawoLEd SANATOR

float
X-acos(0) = 1.5707963267948966193 - X

To Xe, UTO W BbIWE, HO CYCTAHOBNEHHOE TOMHOCTRH E 4 3HaUaWMX UM pol

float 4
¥ acas( 0] == 1571-X

Takam DEPEIEII]H B O HD I'IIIJIT‘IEIT'I& OUEHDL TOHHBE OECATHHHEIE I'IFIHﬁJ'IIIII{EHI'IH

float 58
e — 2. 718201820459045235360287471 35266249775 7247/0936999595 74967

Pucynox 6: Hcenonvsyiime rnrwoueeoe cnoeo float, umobwr omobpazums pesvismanmost 6

Y1iCI080M BLIOe ECHMIIEPETI?, K020a 310 603MOINCHO.

OJOKYMEHT NoanmvucAH

ANEKTPOHHOW MOAMUCHIO |
Ceprudukar:  12000002A633E3D113AD425FB50002000002A6 1TOOBI COIOCTABHT BHIPAKEHIIO OTPE3OK €ro

Bnapened; - lleBayxoea TaTeAHa AneKcanaposHa (i nepeMeHHBIX. Ilo ymomyanmio Mathcad

[IOJIB3YET BCC YIICHBI Pild., YV KOTOPBIX CYMMad
Nencreutened: ¢ 20.08.2021 no 20.08.2022



ITOKa3aTelleil CTENEHH MEHBINE InmecTH. MOKHO, BIIPOYEM, OMPENEelIITh TOYKH, B KOTOPHIX
HeOOXOANMO ITONYYHTE Pas3lIokKeHHe B PSAJ, KaK ITOKa3aHO Ha PHCyHKe 7. 3T0 0COGEHHO
IIONIE3HO, KOrja BhIpakeHHe HMeeT 0coO0eHHOCTh B (. MOXHO TakKKe ONpelelsarh TOPSIOK
Pa3loKeHN s, KaK IT0Ka3aHOo B ITOCIIEIHEM IIpHMepe PHCyHKa 7.

HMHorpa psgm OyzeTr cozepkaTh Koa()(PHI[HEHTHEI, OToOpakaeMble B JOBOJIBHO JJIMHHOH
cHUMBOJILHOH (popme. IlonmesHo Hcromp30BaTh KiorodueBoe ciroBo float BMecTe c series, Kak

IOKa3aHO Ha PHcyHKe 7. B IIpHBeIeHHOM pa3iIoKeHHH IIPH OTCYTCTBHH KIIFO4eBOro ciuopa float
MO2KHO OBLTIO OBI ITOTYYHTH BRIPaKeHHe, copepskamiee exp(l).

= Mathcad - [Untitled 1) il
a|Daan [lpagka Texer MaTewmaTeka [padura Cumeonuka ODkvo Ewuwrs 7 =
FPaznoxeHAE B OKPECTHOCTH TOUuKd xX=0, vw=0 E
series X,y
K+ ¥ g 1 2 | 1.2 1.3 1 2 1 2 1 3
L= + X + + = -+ n <+ -+ X =+ X + - —
Yt TETEY Ty z 7 2 P XTEY T
Paznoxenne B okpecTHocTH Toukk x=0, y=1
series  x,y=1 ¢ HTobbi BBEECTH 3HAK PABEHCTBA, HenonbayiATe [Crl]=
float 3 «— BmecTo wenonbzoeanng B kavecTee K03 GuuneHTa

exp[ 1), 3AMEHAET Ero AECATHUHDIM NpMinKKEHHEM.

e¥TY = 072 x 4+ 272 v + 136 %% + 272 (y - L)%+ 1.36(y - 1.)% + 454

PaznoxeHHEe, HCNONbIYLWEE YWIEHD] PAQA C0 CTENEHLID, MEHbWIEA 3.

sernes xX.v, 3

e" ¥ = +x+y+1?:-:2+y-x+1—-y2

o B0

QBT CTp 1

Pucynox 7: Hcenonv3syviime xnouecoe c1060 Series, umobwvl pasioxciims eblpaxceHie 6
OKPeCcmHOoCmiL eblOPaHH otl MOoYKIL

Hcrionb3oBaHHe MeHI0O CHMBOIIHKA

XOTS CHMBOJIBHEIN 3HAK PaBEHCTBA, OOCYKIEHHBIN B IIOCIEIHEM pasaeie, VI0OeH I
HCIIOJIb30BAaHH S, Ha0Op IIPeJOCTABIISEMBIX HM CHMBOJIBHBIX ITpeo0Opa3’oBaHHI OrPaHHYEH.
Komaxapel 13 MeHrO CHMBOJIMKAOOECIIEUNBAIOT 3HAYHNTEILHO OOINBINEe YIIPABIEHHE BHIAMI
JOCTYITHBIX CHMBOJIbHBIX ITPe00pa30BaHHI.

OCHOBHBIE IIarH JISI HCIIOJB30BaHHI MeHI0O CHMBOJIMKA — Te Ke CdaMBIC, YTO H OJIA
BCCX KOMAHA MCHIO:

. 3aKrounTE BCE, UTO TpebyeTcs Ipeodpa3oBarh, B BRACISIOIIYIO PAMKY.
C BrIGepHTe COOTBETCTBYIOMIVIO KOMaHy H3 MeHIO CHMBOJIMKA.
. Mathcad rmomecTHT 1peoGpa3oBaHHOE BRIpaKeHHE B PaOOYHI JOKYMEHT.

HnMeeTca BaKHOE pa3jIHiic MCKAY CHMBOJIBHBIM T[pEGﬁpElBGEEH—]IIEM, HCIIOJIb 3YHOIITHM
MCHIO CHMEMHHR: H HpEGﬁpﬂBGEﬂHIIEM:, HCITOIIB3YHOIIHM CHMBOJIbHBIH 3HAaK PABCHCTEA,
OITICAHHLII B IMpeAbLAYIIIEM PA3ACIIC. PEB}’J]I:THTBI C l'[pﬂB'Dﬁ CTOPOHEI OT CHMBOJIBHOI'O 3HdKd
PABCHCTBA BBITHCIIAHOTCHA 3dHOBO BCSIKHH pa3 IIPH BHECCHIH H3MeHEeHHH B pﬂﬁDIII]IuI JOKYMCHT.

NOKYMEHT nDﬂﬂFICAH HIEM MCHIO CHMEMHEH: dBTOMATHYCCKI

SNEKTPOHHOW MNOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa 1IOCIIE BbIICIICHHA BhIPpaKCHIA ELIﬁpElH

aMBoMka — Mathcad BcTaBuT pﬂBHG}I{EHHLIﬁ
Neicrentenen:c 20;08.2021 no 20.08.2022 PEAAKTHPOBATL IIEPBOHAYAIILHOE BEIPaKEHHE,



CHMBOJILHBII OTBET He H3MeHHTCSA. UTOOHI ITOTYYHTh HOBBI OTBET, MPHAETCS CHOBA BBIACIHTD
BBIPaKeHHe, KOTOPOe TOIBKO YTO H3MEHWIH, H CHOBa BEIOpaTh H3 MEHIOITYHKT Pa3ioskHTh Ha
mHozuT e — Mathcad 3aMeHHT pe3ymbTar.

B  cumemyrommx — paszenax  IOAPOOHO  OIMCBHIBAIOTCS — Pa3lIMYHBIE  KOMAaH]IbI
MeHIO CHMBOJIMKA.

OodopyaoBaHHe H MATEPHAJIbL

[IepcoHaAIPHEIN KOMIIBIOTED, IIporpamma MathCAD.

YKa3aHuA 10 TeEXHHKe 0e30acHOCT H:

COOTBETCTBYIOT TEXHHKE O€30ITACHOCTH I10 pPadoTe ¢ KOMITbIOTEPHOH TEXHHKOH.

SagaHud

B MathCad uMeeTcs JOCTaTOYHO IMMPOKHH CIIEKTP BBIMHCIEHHH B CHMBOIIBHOM BHJIE.

JI11s1 BRIYHCIIEHHS B CHMBOIIBHOM BHJIE HaKaTHeM KHOIIKH * ITaJIHTPe MaTeMaTHYECKHX
3HAKOB OTKPOHTE ITaHelb Cumeontika, KaK 3TO ITOKa3aHo Ha pHc.51.13.

CHMBONMKA s

— - — Fodifiers

float cOomplex assume

=3 ] yTy=" sirmplifw = b stituta
factar expand Coefs
collect Setias parfrac
fourier laplace trans

inwfourier inviaplace  1wEtrans
MY — R M| —

Puc.51.13

[IpocTediiiM  IIPUMEPOM  CHMBOIBHBIX  BBIUHCIIEHHH  SBIISETCS  BBEIUMCIIEHHE
HEOITPEJIETIEHHBIX HHTErPaioB. J[JI1 3TOro C HCIIOIB30BAHHEM CHMBOJA HEOIPEIEIEHHOI O
HHTEerpajia Ha maHenn ZFHcuucnenue HabepHuTe TPeOYEMBIH HEOIIPeAelIEHHBIH HHTErpail. 3areM
BMECTO CHMBOJIAa = HaOepHTe CHMBOIIBHEIN 3HAK paBeHCTBA — Ha MaHelH Oiyenxa H HaXKMHTE
| Enter]. 3Hax — Taxke BBOIHUTCSI KoMOHHaImei knapui [ Ctrl+-].

[IprMep CHMBOIBHOIO BEIYHMCIIEHHS HHTErpana ImokasaH Ha puc.51.14. Ha sTtoMm XKe pHCYHKe
IIOKa3aHbl IIPHMEPEl CHMBOJIPHOI'O BBIUHCIIEHHS TPOHHOIO HHTErpala H OIPEIEIIEHHOI O
HHTErpaia ¢ rapaMeTpaMH a,b.

3aMeETHM, 4YTO JAJIEKO HE BCE MHTErpalbl M TeM Oolee ABOHHBIE M TpoHHbIe Mathcad
MOJKET BBIUHCIHTE B CHMBOJIBHOM BHjE. I[IpHMep HEBBIUMCISEMOIO B CHMBOIIBHOM BHIIE

HHTerpana (HeOepyIIHiics HHTerpan) IpHBeieH Ha prc.51.14.
NOKYMEHT NOANMCAH

SNEKTPOHHOW NMOANUCHIO € MOJKHO BBIMHCIHTH ITPOM3BOIAHEBIE IIFOOOIO
CepTtucukar: 12000002A633E3D113AD425FB50002000002A6 | - 5115
Bnapeneu: Webayxoea TaTeAHa AneKkcaHgpoBHa - BEITHCIICHHH HPHBCACH Ha PHC.O1. 1.
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x —1 1
sl ) - e o — ? - explx) - cos(x) + E s x) - expi X

J j i it ¥ - e dy dy dz — _?1 - O8I - - il e

-

1 3

a b
1
fa— %" +(b- W dyde—> - -a b+ — a b
y 4 12
0 }:—[:JI

}:E lﬂ.EI }:E - Ao
4 singsh Cexplz) + sial)

Puc.51.14

Mathcad mmMmeeT TakXKe CIERYIOIHE BO3MOKHOCTH: YIIPOLIeHHE BRIpakKeHHSA Simplify,
pasIoKeHNE BBIpaKeHHSI II0 cTeleHsIM Expand H pasmoXeHHe BBIPaKeHHS Ha MeOKHTEH
Factor. Onepartinss — mogpasyMmeBaeT Symplify 1o yMomI4aHHIO, OQHAKO €€ HEIOCPEACTBEHHOE
HCIIOJIb30BaHHE JaeT OoJlee IIPOCTOM Pe3VIIbTar, KakK 5TO IIOKa3aHO Ha pHc.D]1.15 mig
ITPOMN3BECHII.

K _ .
[ [= simptty —rag- e

k

Puc.51.15

JJIsL BBITIOIHEHHS COOTBETCTBVIOMIEH KoMaHAbl THIa Simplify, Factor mwin Expand
HeOOXOAHMMO BMEeCTO — BBIOpaTh COOTBETCTBVIOIIEE CIIOBO Ha TaHenH Cumeonuxa. IIpuMep
xoMmaHZ Simplify, Expand, Factor nipuBeneH Ha puc.51.16.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



2 2
a —h

s:in.[:'::lE + I:I:-s(:'::lE sunplify — 1 il (e sunphfy — 1

2
—5 N 5 ~ A N ] ~ 4 simplfy — |:3,: —5;'
w1l e m-n’ @-nt L (x-

sirg - %) expand 2 — 16 smu(x) cns(:{jdr — 14 - sl - |3|:|s[:}::]2 + 8111 ¥)

(a+tr epand 2 s a +5-a b+10 8 bi+10-6 ¥ +5-a b+

=04 cog2-a 4 cod an expand, 2 =2 -4 coxl a4 - I:Ds(af + E- cns(a’f

2 2 2
3{2—5’2 factor.2 — (x— ) - (% + ) Ha)—la-h+h:|fa-:tnf,2 — (a -t

Zx_ o factor,d = n- -1 ¥ -1 factor,? —(x—- 11" (:c3 + x4+ 1)

Il

Puc.51.16

Komanga Collect pasmaraer BeIpaKeHHE IIO CTEIEHSIM VKa3aHHOH B 3TOH KOMAaHJIE
TIEPEMEHHOH, €CIIH TaKOe IPeACTaBIIEHHE BO3MOXKHO. IIpuMep Hcmonmb3oBaHisa KoMaHasl Collect
IIPHBEAEH Ha puC.51.17.

(a+b) collect,a —a +5 & B+10-8 B +10 & B +35 a b +b
(=2 - (x=-h) (x-c) collect,x %:-:3+(—a—b—I::)-:-:E+[a.-1:|—[—a.—bj-n:]-:-:—a.-b-n:

Ca+h+ o) collesta = a +(2 b+2 &) -a+(b+d’

(atb+o)  collect,h b 4(2-2+2-0)-b+(atc)

(atb+ o) collect,e = e +(2 a+2 b) c+(ath)’

Puc.51.17

Komangma Coeffs wcromp3yercss IS BRIYHCIEHHS KO3((HIMEHTOB ITOITHHOMA
OTHOCHTEIPHO VKa3aHHOH B KOMaHe IlepeMeHHOMH. [Ipmmep xoManasl Coeffs mpHBeaeH Ha

puc.51.18.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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.’D".
p
_1 1
(-] -(x+ b) coefls,x — 1 |:I:-ET-_;I-:|53+3-}IE:|'I:}I+1) coeffs x — | 3
1 i
P £y 4 )
2 4 - ’
(x— k- (:-:2+E) coeffa ,x — . I::H-h )(h L) coetis. b — -1
Lol L
Puc.51.18

Komanga Solve ITO3BOJISET PEINNTh YPaBHEHHE IIIH HEPABEHCTBO C HYIEBOH ITpPaBOH
YACThIO OTHOCHTEIIPHO VKa3aHHOH B ATOH KOMaHJe IlepeMeHHOH. [IpHMep HCIIONb30BaHHI

KOMaHIEI Solve mmpHBeaeH Ha pHe.51.19.

2
¥ +a-x+ b solve,x —

& — asolve,x — lnfa)

Puc.51.19

Komanga Solve I03BOJISIET Takke PpelIaTh CHCTEMBI JIMHEHHBIX M HEJIMHEHHBIX
ypaBHeHHH (¢ HYJIeBOH IIPaBOH 4YacThiO). IIpHMep pelieHHs cHCTeM yYpaBHEHHH IIPHBEIeH Ha
puc.51.20.

2 2
Y - sobve ,x, v —

2y NG

2 2 2
¥4y +z -3

K+ -5 1 solvex,w,E2 —| 1 1 1

[NOKYMEHT MNOOMNWCAH
SNEKTPOHHOWM NOAMNUCHIO | |
Ceptudbmkar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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B 03MOKHEI TaKKe CHMBOIBHBIE orepatil M™— | M'— u [M|— Hax MaTpHIIET.

a-:-:2+1:--:-:+-:suhstitute=:-:=j —=2h-a+ 5 b+

substitute . c =3

A% +h-r+ o _ 525 .a4+5 b4 3
substitute x = 3

auyhstabute x = 5
a X +h x+ec gubstitute e =4 — 23 a+ 3¢

substitute b =11

substitute ,x = 3

EL':':2+.I:I':':‘|—I: substitute . c = 3 . gg

substitute =4

subgtitute ,a = 3

Puc.51.21

Komanma Substitute Hcmomp3yercs IS IIOACTAHOBKH 3HAUYEHHH IIEPEMEHHBIX B
BRIPAXKEHHE M BBIUHCIEHHE 3TOr0 BRIpaKeHHS. J[119 »Toro HaGepHTe BBIpaKeHHE, Ha ITaHEI
Cumeonuxa BbpIOEpHTEe KOMaHAY Substitute, 3amomHuTe TpadapeT. Jlalee ycTaHOBHTE

u-xj—l—h-:-:+|:su‘nstitut.n,ﬂ=5|—} ‘
oOpamiIeHHE B BHJIE: H BEIOEpHTE OITSITh KOMaHIy Substitute, H

TaK Jajee 0 IMPHCBANBAHMS YHCIOBBIX 3HAUYEHHIH BCEM IIEpeMEHHBIM. [IpHMep HCITONMB30BaHI
KOMaH/JIEI Substitute IpHBeaeH Ha pHC.5] .21

K OHMPOJILHBIE 6011POCHI

CMMBObHbIW 3HAK paBeHCTBA.

Mathcad PLUS.

MeHo MaTtemaTuKa.

HacTpoWKa CMMBOIBHOIO 3HaKa paBeHCTBa.

CumBonbHble onepaumun: assume, complex u float, series,
Mcnonb3oBaHme meHo CMMBOAMKA.

I o

Cnucok qumepamypsl, peKOMeEHO0 yemMblil K UCRO0JIb306AHILI0 N0 0AHHOUL memMe:
1. Bepmumep, 5. M. CAIIP B MalmHOCTpOeHHH . Y4eOHHK 11 By30B / 5. M. Bepminep, O.

B TapaTLIHGE — Mockga : @opymMm, 2014, — 448 c.

ﬁﬁxﬁ?ﬁjéﬁ'r I'IDﬂI'IMCAH”__“"_"___ TTle B SKCIIEpHMEHTAIBHBIE METOABI HAYYHOI'O
INEKTPOHHOW NOANUCHIO KHOPYC(C, 2013. - 330 c.

CepTuchukar: 12000002A633E3D113AD425FB50002000002A6 ’

Bnapenew: - - LWeBsyxosa Tatedna AnekcaHaposHa 2XHOJIOTHH : yueOHHK / A. A. X71eOHHKOB. — M. :
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4. MATHCAD 14: OcHoBHEIE cepBHCH U TexHomornu Iloxapckas I'. K., Hazapos J[. M.
M3parens: HargmoHampHEIN OTKPRITEIH YHHBepCHTET «MHTYHT», 2016

IIpakrauyeckas padora 11. IlocTpoeHne BOJIHOBBIX H OTEHIHAIBHBIX JHATPAMM

Ilens pabomot:

HayunThcsa HCITONB30BATh PEKHM JHHAMITYECKOr O BBOJA AJIS 3aJaHH TPEXMEPHBIX KOOPIHHAT
00BLEKTOB.

Teopemuueckas uacme.
JIMHaAMIYEeCKHIT BBOJ, ITO3BOISET BBOJHTH HH()OPMAIHIO OKOJIO Kypcopa, He HCIIONb3YS

KOMAH/IHVIO CTPOKY, KOTOpasl HaXOQUTCS B HIJKHEH YaCcTH OKHa KOMaHJ. boree TOro, camMo OKHO
KOMAaHJT MO’KeT OTCYTCTBOBAaTh B TEKYINEH KOH(HTypaIH padodero rmpocrparcTBa. B AutoCAD 2006
HMEETCSI BO3SMOXKHOCTE IMEKTHYECKH VAAISATh M BBIBOJHUTH 3aHOBO OKHO KOMAH[ ITPH ITOMOIIH
HaKaTHs KOMOHHAINH Ki1aBuIn <Ctrl>+<9>,

I[IH—IEIBH[‘IECIG]IUI BEBOJ MOZKET PCAJIH30BATECA B JIBYX PCHIIMAX.

—  Kypcoprviii 6600, KOTOPBIN HCIIONB3YETCS JUIS BBOAA a0COIMFOTHBIX H OTHOCHTEIIBHBIX KOOPAHHAT
TOYEK B CIHEIHAIFHOE IIOJIE OKOIMO Kypcopa. llo yMOT4aHMIO BBOISICA OTHOCHUTEIIBLHBIE
KOOPIMHATEL, a ECIIH HYKHO BBECTH aOCOIFOTHBIE KOOPHMHATEL, H3MEPSIEMEBIE OT Hadalla TEKYIIEH
CHCTEeMBI KOOPHHAT, TO CIeyeT CHavala BBeCTH 3HaAK # Iepe]] IIepBOH KOOPIHHAT OH.

—  Pasmeprnuiii pescum eeoda, KOTOpEIl gocTyreH g komaHa pHcoBaHHs LINE (OTPE30K),
ARC (IYTA), CIRCLE (KPVT), ELLIPSE (Ommuric) nu PLINE (TIOJIMJIMHKS), BeIBOIHT
OKOIIO Kypcopa ITOACKA3Ky KOMAHIBI M HMeeT ITOI JUIS PACCTOSHHS M aOCOIIFOTHOTO VITIA €70
HAKIIOHA K ocH Ox. [lepexoo OT OJHOIO ITOJNIA K APYTOMY BBEOIONHSETCS ITPH TTOMOIIH KIABHITIH
«Tab». B 3TOM pexrMe MOKHO BBIBECTH JHHAMHYECKOE MEHFO, B KOTOPOM COIEPKATCS PaHEE
BBEICHHBIE KOOPIMHATEI M JHHAMIYECKOE MEHIO C OIMI[ISIMH KOMAH/IBI, €CIIH HaXKaTh KIIABHIITY CO
CTPENIKOH, HaITpaBIIeHHOH BHH3 (< |>). OOpaTHas oIepalliisi — OTKa3 OT MeHIO — BBIIOIHSETCS

TTOCTIe Ha)KaTHS KIIaBHIIH CO CTPENIKOH, HallpaBIeHHOH BBepPX (<1>).
Hacrtpoiika AHHAMHYECKOrO BBOJA BBOIOIHSETCS B AHAIOroBoM OKHe Drafting Settings

(PesxiMBI pHCOBaHHSI) Ha JONONMHHTENIBHOH BKIagke Dynamic Input (/lmHamirdeckiii BBOX),
ImosiBUBINEHCS BIIEpBEIE B AutoCAD 2006.

OOopyaoBaHHe H MATEPHAJIBL

I lepcoHaBPHBIN KOMIIBIOTED, IIporpamma MathCAD.

YKa3aHud 1o TeXHHKe 0e30acHOCT H:

COOTBETCTBYIOT TEXHHKE O€30IIACHOCTH I10 PadoTe ¢ KOMITbIOTEPHOH TEXHHKOH.

SaJlaHH
B npeapgyimx padorax MBI CTPOHIHM T'paHK 1T HHIASKCHPOBAHHBIX IlepPeMEHHBIX,
KOrJla MHAeKChI OBIIM IEIBIMH YHCcITaMH. EciH Ke HYKHO ITOCTPOHTH 3aBHCHMOCTH 1=1(f) H

apryMeHT t He IMPHHHMAET IIENbIe 3HAYEHHS, a M3MeHsgeTcsd, HarpuMep, oT 0 mgo 0,03 ¢ yepes
0,0001 ¢, To B 3TOM ciIy4yae CyIllecTBYeT HECKOIBKO CITOCOO0OB ITOCTPOEHH S I'pahHKa.

IlepBBIH criocod. Tak Ke. KaKk H paHee. HaJl0 BBECTH HEJIOUHCIICHHYIO YIIPABJIATOIYHO

OOKYMEHT NOANUCAH | .

SHEKTPORHO NOOMMCHIO > aprymMeHT t OVIeT yXkKe E]I—I,I[EKGIIPGEEH—H—IGH

CepTudpnkat: | 12000002A633E3D113AD425FB50002000002A6 KC K. OTOT HHAEKCHPOBAHHBIH apryMEHT OYIAET
Bnapeneu: | Webayxosa TatbaHa AnekcaHaposHa (uTH HHIEKC K) craeQyroInmm 00pa3oM:
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t, = 0,0001*k.

. DYHKIMSA TOKA Takke OYVAET HHAESKCHPOBAHHOH IlepeMeHHOH lx. IIycTh, HammpuMmep, B

PE3VIIBTATC PdACHCTaA QHEKTPHIIECKDﬁ OEI KOMIIIICKCHBIM MCTOAZOM IIOINYHUCHBI KOMILIICKCHBIC
SHAQUCHHA TOKOB.

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

[TocTpoHM 1O 3THM JaHHBIM BOJHOBBIE JHArpaMMbI TOKOB (pHc. 3.1). Toxu Ha puc. 3.1
IIpeICTaBIEHb] KaK HHIEKCHPOBAHHbIE (D YHKIIHH OT HHJIEKCHPOBAHHOT O apr'yMEHTa t.

OTMETHM, YTO apryMeHT t MOKET 3aJaBaThCd HE KaK HHACKCHPOBAHHAS IepeMEHHASs,
3aBHCSINAS OT K, a Kak (DYHKIMS K, KOTOpas BEIpakaeTcsI Yepe3 K CIEIYIOIIHM 00pa3oM:

t(k):=0.0001*k.

[Tepemennsle il,i2, 13 3agaroTcs Kak (PyHKI[HH apryMeHTa t, T.e.:
i1(1) = 2|1 |-sin(314 - (k) + arg(1)) ;

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

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

[loctpoeHHe BOJIHOBLIX AHArpaMM (nepsbiv cnocod)
[,:= 5.673 + 2,419 I,:= 2.094 + 2.53]
[y:=3.58—0.112j
k:=0.300 t.:=0.0001-k
il =2 |1;|-sin(314 -, +arg(I,))
i2 =2 -|[,| -sin(314- t;, +arg(l,))

3y =2 -|I;]-sin(314 - t, +arg(l3))

0.005 0.01 0O0I1S 002 0025 D03

"

AOKYMEHT MNOANUCAH [PUMEHEHHEM HHIAEKCHPOBAaHHBIX ITEPEMEHHBIX
ANEKTPOHHOM NOANUCHIO

Ceptuchmkar: 12000002A633E3D113AD425FB50002000002A6
Bnageneu:  Le6syxosa TatbaHa AnekcaHapoBHa OCTOATCIIBHO.
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Bo BTOpoM crmocoGe BMeCTO HHKHHX HHAEKCOB Y TOKOB HCITOIb3YETCS BEKTOPHAS 3aITHCh
C IIOMOIIBIO OIlepaTOopa BEKTOPH3AIHH (pHC. 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:= V2 -[1,|-sin(3 14 +arg(1)))

12 5= E Iz 'Sili{3]4‘l + ﬂl‘g([:)a

3= 2 |I]-sin(3 14+ arg(I))
1

ily )
i2,
r 0
0 Puc. 3.2. ITocrpoenue
A = BOJTHOBBIX IMATPaMM C
HCITOJIB30BaHHEM OIIC-
e 0015 002 0025 0,03 paTopa BEKTOPH3AaLHH

@ OpMYIIBI, KOTOPHIE HCITONBL3YIOT BEKTOPHYIO 3aITHCh BMECTO HIKHHX HHJIEKCOB, OOBIYHO
BRIUHCIIIIOTCS HAaMHOrO OpIcTpee. HammoMHIM, YTO CHMBOI BeKTOPH3AI[MH BBOIHTCI Kak
[Ctrl]+[-].

B TperseM crocobe yIIpaBIsrom[as IlepeMeHHas BOOOINE OTCYTCTBYET. APIryMeEHT t
3agaeTcsa ¢ maroM 0,001 ¢, a TOk 3almchIBaeTcd KaK (PYHKIHS apryMeHTa t. 3TOT CIIoco0
ITOCTPOEHHS BOIHOBEIX JHIarpaMM ITPHBEIEH Ha pHC. 3.3.

AOKYMEHT NoanmncAH
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Heincreutened: ¢ 20.08.2021 no 20.08.2022



[HocTpoenie BOJIHOBBIX jutarpaMMm (TpeTHH citocol)
[ =5.673+2.419 I, =2.094+ 2.532
t:=0,0.001..0.03 I; =3.58-0.112]

(1) = 2 - |1y sin(314 - t + arg(1))
12(1) = JE_ : IIEI sin(314 -t + arg(I,))
i3(t) = V2 - |13] - sin(314 - t + arg(13))

10

/

11(t) 7
i201)
Mo Puc. 3.3. IlocTpoe-
i :‘ HHE BOJTHOBBIX JIHar-
paMM C HCIOJIb30Ba-
HHEM QYHKLUMH IUCK-
10

U 0005 Bl 0015 D.02 (.025 0.03 pe’THOFQ EPFYMEHTE
1

———-

B0 BcexX pacCMOTPEHHEBIX BHIIIE TPeX criocofax BpeMd t H3MeHseTcs oT 0 go 0,03 ¢, uTo
COOTBETCTBYeT 1,5 IepHOIaM ITHTAIOINEr0 HaIpsoKeHHS ¢ YITIOBOH 4dacToToH ® =314 l/c, a
KOJIMYECTBO TOUEK HA HTOM HHTEpBaie paBHO 300.

ITocTpoeHne MOTEeHIHAJIBHBIX JHATPAMM
To 0oOCTOSITENhCTBO, YTO COCENHHE TOYKH JFOOOH 3aJaHHOH (PYHKIIHH COEIHHSIOTCS
IIPSIMOR JIMHHEH (U1 THITa JTHHHH line mioH draw), mo3BOJISeT CTPOHTh IOTEHI[HAIbHBIE H
BEKTOPHEIE JHarpaMMmbl. [IOTEHI[HAIPHOHM JHArpaMMOH IS 3aMKHYTOrO KOHTYpa Ha3bIBAIOT
3aBHCHMOCTD ITOTEHI[HATIOB B TOYKAaX KOHTYpa OT BEIHYHHBI COIMPOTHRIICHHI.

RI R2

4 | 2

——— E—
2

Ii
1 )EN 00 fal R3 F2, 102

3
I
RS T R4
‘ 0

[

d

Puc. 3.4. DnekTpHyeckas uenb NOCTOAHHOI'O TOKA C ABYMSA HCTOYHHHKAMH
0C
BemuiHbL CG]'[pGTHBHEHHﬁ OTKIIAABIBAIOTCA IIO OCH X, 4 3HaAYCHHA ITOTCHIMAIIOB — IIO
OCH Y. HCIGI{CIHBI{}’ COIIPOTHBIICHHA 3JIICMCHTOB, KAdK IIPABHIIO, Pa3HBIC, TO JJII TOI'O, YTOOBI
OTIIOAITE HX IIO OCH X, HeOoOXOIHMO BBECTH HEJIOUHCIICHHYIO YIIPABIIAIOIIYIO IIEPEMCHHYIO K,
KOTOpasd 6}’,[[ET COOTBCTCTBOBATLE TOYKdAM 3aMKHYIOI'O KOHTYPA. CDHPCJTHBHEHHE YH4CTKa

AOKYMEHT NOAMNMCAH IlocTpoeHHEe TOTEHIHAILHONH JHAarpaMMbl I
AINEKTPOHHOW MNOoANnnchbio ic. 3.5
Ceptudchukat:  12000002A633E3D113AD425FBS0002000002A6 : e
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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[loeTpoeHHe TOTEHIIHATIBHON IHATP AMMbI
JUJIA HETIH NTOCTORHHOI'O TOKA

H3gecTHBI mIa 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 := 268
Beibepem xoHryp ob6xoma 0-1-2-3-4-5-0 1 paccunraem

B KaXXKIoi Toyke conpoTnricHne R (Hapacraommm

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:i=0
U =U;—R4-12 Uy:=U,+E2-1r02-12 U,:=U,-R2:12
Uy,=Uz3+RI1- Il Ug:i=Uy-El + 01 -II 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 A8 LeHHd HOCTOSHHOrO
TOKA C ABYMS HCTOUHHKaMH 1 C

NJOKYMEHT NoanmvucAH

SNEKTPOHHOW roannceio bﬂphﬂ{p}fIOTCH BEKTOPBI COIIPOTHBJICHII R u

Ceptudpmkar: 1 112000002A633E3D118AD425FB50002000002A6 I INMKIId HIOT VIIPABIDIIOINAS IICPEMCHHAA K,

Bnapeneu; Webayxoea TaTthAHa AnekcaHapoBHa & IHHILY GOTMLINE KOMIMMECTRBA TOUEK. TaK Kak
)
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HyJIeBas TOUYKa YUaCTBYeT B ITOCTPOeHHH ABaKAbI. I10 OCH X OTKIAJBI-BalOT apryMeHT Ry 1o ocu
y — (pyHkImzo Uy

KoumpoJibHble 6onpocst

nDCTpDEHHE F[.‘JE]d)HHEl 3dBUCHMMOCTKM C BEWECTBEHHbIM aprymeHTOM.
nDCTpDEHHE BOMTHOBbIX AMarpamm C MCnosib30BaHMEM OMNeEPATOPa BEKTOPU3aLUUMN.

[TocTpoeHMe NoTeHUMaNbHbIX AMarpamm

Kaxme crmocoObl (popMaTHpOBaHHS IPa(pHKOB BEI 3HaETE?

Kax BEIZIEIIHTE Y3II0BEIE TOUKH I'parka?

Kakx m3MeHHTH JHAIIa30H IpadpHKa?

Kaxk 3aaTh HECKOIBKO apryMeHTOB (DYHKI[HH Ha rpadHke?

Kax 1mocTponTh HeCKOIBKO I'papHKOB (PYHKI[HIL Ha OJHOM PHCYHKE?
Kax rmocTponTs rpadHK ITOBEPXHOCTH?

RSB E

Cnucox 1umepamypbl, peKoMeHO0yemblil K UCROJIb306AHII0 N0 0AHHOI meMe:
1. Bepmumep, 5. M. CAIIP B MalmMHOCTPOEHHH ;| Y4eOHHK JIJI1 By30B / O. M. Bepnnnep, O.

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

2. AdanaceeBa, H. KO. BpruHcIHTEIbHBIE H SKCIIEpHMEHTallbHBIE MeTOABl HayYHOIO
SKCIIepHMeHTa : [y4eO. mocodue*]. — M. : KHOPVYC, 2013. — 330 c.

3. XneOnukoB, A. A. MH(pOpMaIlHOHHEIE TEXHOIOTHH : y4eOHHK / A. A. X1eGHHKOB. — M. :
KuoPyc, 2014. — 472 c.

4. MATHCAD 14: OcHoBHEIE cepBHCHL H TexHonoruu Iloxapckas I'. M., Hazapos /1. M.
M3marens: HarpmoHampHBIH OTKPRITRIH YHHUBEpCHTET «MHTYHWT», 2016

IIpakTHyeckas padora 12. IlocTpoeHHe BEKTOPHBIX JHATPAMM

Ilenv pabomol.

HEI,}”-]]ITBCH H3MCHATD TCKYIIHC YPOBHH UCPUCHIA, CO3/JaBaTh H HACTPAHBATDE ITOIIb30BATCIIBCKHC
CHCTCMbBI KOOPAHHAT.

Teopemuueckasn uacme.

Bce KOOpAHHATEL TOYEK ITPH BBOJIE H BBEIBOJAE OIPEAEISrOTCS OH Haydana Tekyien UCS
(IICK). IImockme pHCYHKH BBOIOIHSIOTCS B IIIOCKOCTH, IapajNIelIbHOH HIIHM COBIIAJAIOINEH C
ITIOCKOCTRIO XY TEKVIIEH CHCTeMBI KOoopAuHAT. M3MeHHTH monoxeHHe Tekyiuen [ICK mm
CO37IaTh HOBYIO MOKHO C ITOMOIIBIO TPYIMIEI KOMaH/I, HaXOAdIeics B MeHI0 « MHCTpYMEHTEI».

EcIm a1 TOUKH, PacIlONOKEHHOH B IIPOCTPAHCTRE, YKA3BIBAIOTCS TOJIBKO KOOPAMHATEL X H
Y, TO KoopAHHAaTa Z 3TOH TOYKH ITPHHHMAETCS PAaBHOH TOMY 3HAUEHHIO, KOTOPOE YCTAHOBJIEHO
koMaHoH ELEV (YpoBeHb). OTO 3HauyeHHe KOOPJHHATHI 7 Ha3bIBAeTCS YPOBHEM H HE
H3MEHSETCS IIPH TIEPEXO0/JIE K APYIOH IOJIb30BATEILCKOH CHCTEME KOOPAHHAT.

~ T NOKYMEHT NOANUCAH 74 Bb CO3TaBacMBIM OOBEKTAM IIPH ITPHBSIKE K TOUKAM
INEKTPOHHOW NOANUCHIO S TIPH TIOMOLIH CHCTeMHOH TiepeMeHHOH OSNAPZ,
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: Webayxoea TaTeAaHa AnekcaHgpoBHa

[HATEI 7. HCIIOIB3YETCA KOOPAHHATA TOH TOYEKI, K
NencrenTenen: c20.08. 2021 no 20.08.2022 00BEKTA.



Ecrm ke nipucBouts OSNAPZ — 1, TO B KauecTBe KOOPAHMHATEI 7. HCIIONB3YETCS 3HAUYECHHE
ypoBH4, 3agaHHoro koMaHaoi ELEV (YPOBEHE).

YPpOBEHb HCIOIMB3YETCS IS YepueHHS HaJA WIH TI0J ITIOCKOCTBIO XV M IIO3BOISET 33aRaTh
pasyHbIe 3HAYEHIS KOOPAHHATE Z, B KOTOPOH BBIYEPUYHBACTCS OCHOBAHHE TPEXMEPHOIO O0beKTa. 11t
BHOBb CO3/IaBacMBIX 0OBEKTOB YpOBeHb yeTaHarmBacTca komaHaoi ELEV (YPOBEHDE), koropas BBoIHTCS
C KITABHATYPBL. TOH 7Ke KOMAHZIOH MOKHO ITPHJIATh ITIOCKHM 00beKTOM H BEICOTY Thickness (Bricora).

[IpupaHie T0I0CKHMM OOBEKTAM BBICOTHI ITO3BOJISIET CO3[ABaTh PasHOOOpA3HBIE ITOBEPXHOCTH C
TOIIIHHOHN, PaBHOH TOJIIHHE HCXOMHOro oO0beKTa. OIepaliisa IPHIaHHSI BBICOTHEI ITIOCKOMY OOBEKTY
Ha3bIBACTC evidagmiéariiem. 1IpH BBITABIIMBAHHH CTPOHTICS IIOBEPXHOCTh, COOTBETCTBYIOIIAS KOHTYPY
IUIOCKOro OOBeKTa. IS BRITARIHMBAHHS TBEPIBIX TENI H3 IUIOCKHX OOBEKTOB HEOOXOIIMMO BOCIIONB30-
BAaThCS KOMAHIOH BBIIABIIMBAHISL, O KOTOPOH Peyb ITOHIET ITO3XKE.

Y3ke BeIUepYeHHBIM 00beKkTaM ypoBeHb Elevation (YpoBeHs) 1 BeicoTy Thickness (BricoTra) MOXHO
3aJ[aBaTh Ha ITaJIHTPpe CBOHCTB 00bekTa Properties (CBoHCTBA).

OﬁﬂETQHEHHHE H MaTEepHaJIbL

[ lepcoHanmpHBIN KOMITBROTED, ITporpamma MathCAD.

YKa3aHufa o TeXHHKe 0e30acHOCT H:

COOTBETCTBYIOT TEXHHKE Oe30ITaCHOCTH IT0 padoTe ¢ KOMIIBIOTEPHOH TEXHUKOH.

3agaHg
PaccMoTpuM  ITOCTpoeHHEe BEKTOPHBIX JHarpaMM. IIycTh B pesynbrare pacueTa TpeX(asHOH IelH
TIOITY4eHbI 3HAUYEHH S TOKOB B (pazax a,b H ¢:

= E

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

r'r .
TpeOyeTcs IOCTPOHTh BEKTOPHYIO JHATPaMMY TOKOB. YKAXKEM I KaKIOIO0 BEKTOpPA HAYAIBHYEIO H
KOHEYHVYIO TOUKH. HavalbHOH TOYKOH JJIS BCEX BEKTOPOB OVIET HYJIEBAS TOUKA, a KOHEUHOH TOUYKOH —
3HAYEHHE KOMIUIEKCHOIO UICIIa, COOTBETCTBYIOIIEI'O 3HAUEHITIO TOKA. 1 aKkiM 00pa3oM, HYKHO ITPOBECTH
TIPSIMBIE JIFHIH MEXKITY TOUKAMH ¢ KOOPIIHATaAMI

0-71 ,0-171,,0-1.
a b ¢

CreIoBaTeIbHO, HYKHO c(pOpMHpPOBATE BEKTOP (OMHOMEPHBII MACCHB) TOKOB

071,01,01.],

BBECTH VIIPABILIEOIIYIO IepeMeHHYI0 K:=0..5 (I IIecTH TOo4eK, HauHMHas C HYIII) H Ha IpadHKe
OTKIIaJIpIBaTh ITO OCH X MHHMEIE 3Ha4eHHSI TOKOB Im|Ik] , a 1Mo ocn y — JelicTBHTEIbHEIE (PealbHEBIE)

sHayeHHs TOKOB Re[Ik]|, kak 3ro mpHHSTO B TpeX(pa3HbIX cHeTeMax. [locTpoeHHe BeKTOPHOH JHArpaMMbI
TOKOB IIPHBEIEHO Ha PHC. 3.0.

CTpelKH y BEeKTOPOB H CHMBOJBHEIE OOO3HAYEHHS TOKA Ha PHC. 3.0 IIOCTARIEHBl B I'padHyecKOM
penakrope Paint BpyuHyro.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



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 03 n:=0.3
la | 0
0) la
| = B
' b la+1b
0 la+1b+lc)

Re(l.) Re(Ily) "

s 3 21 ﬂwl-.2~¥-~l
Im(I1,)

Pric. 3.6. IlocTpoeHyie BeKTOPHBIX THATPAMM IS CHMMETPHYHOH TpeX(a3HOH IIETTH

Cam MATHCAD crpemxn He craBur. Ha 3roM ke pHCYHKe IIOKa3aHa CyMMa BEKTOPOB

(I, +1r+1.],
KOTOpasi, KaK BHIHO H3 TIOCTPOEHHSL, paBHA HVIIO. lIomo0HBIM ke oOpazoM MOKHO ITOCTPOHTR H
EEKI‘EIPHBIE‘: IUIHIPMIBI HﬂHpH}I{EHHﬁ: SAIJICEIBEAH B MElTpPIL[E HE TOKIL, a4 HE]]'[pH}I{EHHH.

KonmpoJibHbie 601npochl

[MocTpoeHWe BEKTOPHbIX Axarpamm 418 CUMMETPUYHOM Tpexda3HoM Lenu.
Kaxme crmocoOs! (popMaTHpoBaHHS I'PapHKOB BEI 3HAETE?

Kaxk BeIZIEIINTE Y3II0BEIE TOUKH I'padrka?

Kakx m3MeHHTH JHAIIa30H IpadpHKa?

Kak 3amaTh HECKOIBKO apryMeHTOB (DYHKI[HH Ha rpadHKe?

Kax 1mmocTponTh HECKOIBKO I'papHKOB (DYHKI[HIL Ha OJHOM PHCYHKE?
Kakx mocTpouTs rpaHK ITOBEPXHOCTH?

A ol A

Cnucok qumepamypsl, peKOMEHO0 yemMblil K UCRO0JIb306AHILI0 N0 0AHHOIL memMe:

I Tanmmrran ™ A M ATID o ararmmirrranmnna -
TOKIMEHT NOBNMCAH "HHH | Y4eOHHK JUIsI BY30B / 3. M. Bepminep, O.

ANEKTPOHHOW NOANUCHIO . — 448 c.
Ceptudchmkar:, 12000002A633E3D113AD425FBS0002000002A6 _
, © H DSKCIICPHMCHTAJIbHBIC MCTOJBI HAYHHOI'O
Bnapeneu: lLleBGayxoea TateAHa AnekcaHapoBHa

- KHOPYC, 2013. — 330 c.
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3. XnebnukoB, A. A. MH(popMaIHOHHEIe TeXHOIOTHH | YueOHHK / A. A. Xi1eGHHKOB. — M. :
KHoPyc, 2014. — 472 c.

4. MATHCAD 14: OcHoBHEIE cepBHCH U TexHomornu Iloxapckas I'. K., Hazapos J[. M.
M3parens: HargmoHampHEIN OTKPRITEIH YHHBepCcHTET « MHTYH Ty, 2016

IIpakTHyeckas padora 13. PYHKIHH € YCJI0BHEM

I[ens padomol:

M3yunTh npHuMeHeHHe (DYHKI[HH C YCIIOBHEM.

TEﬂPEHHFIECHﬂH HACHLD.
KﬂpI{ﬂGI{BIE MOJCIOL — 3TO ABYMCPHEIC Gﬁ'BEI{TLI:, ITOMECIIICHHEBIC B ITPOCTPAHCTEO. OHH

COCTOAT M3 TOYEK, OTPEe3KOB M KpHBBEIX. UYTOOBR KapkKacHas MOJEIb cTajla ITOIHOLIEHHOH
ITPOCTPAHCTBEHHON MOJIENIBIO, Ha Hee HY)KHO HATSHYTh ITOBEPXHOCTH KOMAHIAAMH CO3aHHSI
IIOBEPXHOCTEH.

O0opyaoBaHHe N MATEPHAJIBL

I lepcoHaIBbHBIN KOMIIBIOTED, IIporpamma MathCAD.

YKa3aHud 0o TeXHHKe 0e30acHOCT H:

COOTBETCTBYIOT TEXHHKE O€30ITaCHOCTH I10 padoTe ¢ KOMITbIOTEPHOH TEXHHKOH.

3a0 anus

PaccMOTpHM HeKOTOpBIe (DYHKIHMH C YCIOBHEM, T.€. (DYHKI[HH, Pe3yIIbTaT KOTOPBIX 3aBHCHT OT
BBITIOITHEHHSI HIIH HEBBEIIONHEHHS KaKoro-MHOO 3aJaHHOrO0 VYCIOBHSA. OTH  (DYHKI[HH
3aITHCHIBAIOTCS TAK:
1f (ycimoBHe, BEIpakeHHe 1, BEIpakeHHe 2).
Ecmm yciaoBHe, 3ammcaHHOe B CKOOKaX, BBIOIONIHSAECTCS, TO (DYHKIHS IIPHHHMAET 3HAYEHIE,
PaBHOE BHIPAKEHHIO 1, €CIIH JKe YCIIOBHE He BBIOIONMHSICTCS, TO (PYHKIIHS ITPHHHMAET 3HAUeHHE,
paBHOe BhEIpakeHHI0 2. IIpumeHeHme (QyHKIMH 1f IS IIOCTPOEHHS KPHBOH BBIIPSIMIEHHOrO
HaITPSCKEHH ITPH OJHOIIONYIIEPHOJIHOM M ABYXITOIYIIEPHOAHOM BBINIPSAMIEHHH ITPHBEIESHO Ha
puc. 3.7.
until ( BeIpakeHHe 1, BBIpa)keHHe 2) — BBIIIOJHSET HTEpPallMd H BO3BpaIlaeT 3HAUYECHHE
BBIpAKeHHS 2, €CIIH BBIpakeHHe 1 OOJIbIlle HIIM PaBHO HYIIIO, HHAYe MPEKpPaIaroTca HTepaliis
BBIUHCIIEHHS BRIpAKEHHS 1.
O(a') — Jyuxumg XeBucalijla, IIPpHHHUMAaeT 3HauyeHHe 1, ecIH X paBHO HYIIIO HWIH
IIONIOKUTENRHOE, H 0 B IPOTHBHOM CIIy4yae. 3ariaBHas Ipeueckasd OykBa @ BBOOHUICI C
ITOMOINBIO TPEYECKHX CHMBOJIOB OIIIHM MareMaTHKa IUIH CIEeQVIOINMM oOpaszoM. CHayana
BBeJHTE 3arTIaBHYIO JTaTHHCKYIO OVKBY F (pHMCKHI SKBHBaleHT), a 3aTeM Haxkmute |Ctrl]+[G]
(rIepeBOJI B IpeveCcKHi andaBHT).
sign(x) — (QYHKIMA 3HAKa, IIPHHUMAET 3HayeHHe 1, ecmm x>0 M 3HaueHHe -1, ecnmu X<0, H
3HadeHHe 0, eciau x=0. [IpHmep HCIIONB30BaHH S JIBYX ITOCHEAHIX (DYHKIHH ITOKa3aH Ha pHC. 3.8.
I1 NOKYMEHT MOANUCAH TVHKITHH JUTIS pellleHHsS YpaBHEHHIH:

SNEKTPOHHOW MNOANUCHIO IaYeHHE IIEPEMEHHOH, TIPH KOTOPOM BBIPaKeHHE

Ceptudbunkar: 12000002A633E3D113AD425FB50002000002A6 |
, JESCTBIEICTCA HTICPAITHOHHBIM MCTOJOM, ITPHYCM
Bnapeneu: LleGayxora TaTtbAHa AneKkcaHapoBHa - .
MOH IIEPEMEHHOH.

Nencreutened: ¢ 20.08.2021 no 20.08.2022



ITpumenenne Gpynxuum if
x:=0,0.02.20
f(x) := 25 - sin(x)
I(x) |
X
yl(x) = if(f(x) > 0 ,f(x) ,0) OnHONONIYNEPHOIHOE BhINPSIMIICHHE
30
= m
X
y2(x) := if(f(x) > 0 f(x) ,~f(x)) /IByxnoynepHOHOE BbINPSAMIEHHE

30
y2(x)
0 ]
“301} 7 14

Puc. 3.7. IIpumMeHeHHe (PYHKITHH ¢ YCIIOBHEM JJIS ITIOCTPOEHH I KPHBOH BBIOTIPSMIIEHHOIO
HAaITPsDKEHIS

AOKYMEHT NOANMCAH
QNEKTPOHHOW NMoArnncbio
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: LWebayxopa TaTeAHa AnekcaHOpoBHa

HewncrenteneH: ¢ 20.08.2021 no 20.08.2022



& e

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

x:=10,0.02..20 f(x) := 25 sin(x) — 15
44
20
f(x)
U
{
R L
—4()
L) 14
A
DyHKIHA XeBucanaa DO yHKLHA 3HaKa
pl = O(f(x)) P2(x) := sign(f(x))
b 2
1 1
p2(x)
() -
0
-1 r—
-3 2
0 7 14 0 T 14

A A I

Puc. 3.8. INpumenenue pyukuuu Xesucaina u byHKIMH 3HAKa

Ecim HeoOGXOMMMO PEllHTh CHCTEMY YPAaBHEHHII ¢ HECKOIBKHMH HEH3BECTHBIMIL, TO HCIIONIB3YEOT
Find(x,, x,.....x,).
 yHKLIHEO 1 2 e

OTBICKHBAIOIIYID TOYHOE 3HAYEHHE IIEPEMEHHBIX X,, X2 ... .XII. [IpuMep HCIIOINB30BAHMSA 3THX
(PYHKI[HI TTOKa3aH Ha pHC. 3.9. 3HaKM paBeHCTBa B CHCTEME YpPaBHEHHH ITPH HCITOJIb30BAHHH
¢yuaxarm Find Habuparotrcs HaxkatHeM xi1aBumi [ Ctrl|+[=].

AOKYMEHT NOANMCAH
QNEKTPOHHOW NMoArnncbio
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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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
L X ) /x-2x=0

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

Hauno: Bl :=0.8 B2:=1.6 Muaykuusa B To
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 -B2) = H2 paBEeHCTBA HADMPAETCH HAXKATHEM KJlaBULL
[Ctrl] + [=]
a>0 b>0
‘ £3.834 Find — ¢yHKUHS, HAX0oAAILAS
| Find(a,b)= 7 833 TOYHOE pelIeHHe NCKOMBbIX
' HEH3BECTHLIX A H b

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

KonmpoJibHbie 60npochl

1. lMpumeHeHMe GyHKLUM C yCAoBMEM ANA NOCTPOEHUA KPUBOM BbINPAMAEHHOIO
HaNpAXeHuA.
2. TMpumeHeHne pyHKUMM XeBncanga n GyHKLMKM 3HAKA.

Cnucox 1umepamypbl, peKoMeHO0yemblil K UCROJIb306AHII0 N0 0AHHOI meMe:
1. Bepmumep, 5. M. CAIIP B MalmHOCTpOeHHH . Y4eOHHK 11 By30B / 5. M. Bepminep, O.

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

2. AdanaceeBa, H. KO. BpruHcIHTEIbHBIE H SKCIIEpHMEHTallbHBIE MeTOABl Hay4dHOIO
SKCIIepHMeHTa : [y4eO. mocodue*]. — M. : KHOPVYC, 2013. — 330 c.

2 VmomaArmrrean A A TArrdhanamrrirarmrrra ma - _ -
A ORYMERT TIORMMCAH >XHOJIOTHH : yueOHHK / A. A. X71eOHHKOB. — M. :
3ANEKTPOHHOW AOOMNCBIO
Ceptudukar:. 12000002A633E3D113AD425FB50002000002A6
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rexHonoruu Iloxapckas I'. K., Hazapos [[. M.
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IIpakTHyeckas padora 14. PemieHne cucremMbl 00bIKHOBEHHBIX

AU epeHIHATBHBIX YPABHEHHH

Ilens padomot:

HB}"‘-]]ITL 0COOEHHOCTH ITOCTPOCHITA ITOBEPXHOCTHLBIX Mo elIeH Pa3ITHYHBIMH METOMaMIL.

Teopemuueckan uacmnib.

KapkacHple MOIEIH — 3TO ABYMEPHEIE OOBEKTHI, ITOMEINEHHEIE B ITPOCTPAHCTBO. OHH
COCTOAT H3 TOYEK, OTPEe3KOB M KpHBBIX. UYTOOBl KapKacHas MOJENb CTajla IIOJIHOLEHHOM
ITPOCTPAHCTBEHHON MOJIENIBIO, HAa Hee HY)KHO HATSHYTh ITOBEPXHOCTH KOMAHIAaMH CO3aHI I
ITIOBEPXHOCTEH.

[Tpn MozeTHpoBaHHH ITPOCTPAHCTBEHHBIX 00BEKTOB ITIOBEPXHOCTIMH CO3AF0TCS HE TOIIBKO
pelpa, HO U rpaHH 00BeKTOB. CaMH ITOBEPXHOCTH B CBOKO OYepelb MOIEITHPYIOTCS IDIOCKHMH
TPEYITOJIBHBIMH M YETBIPEXYTOIbHEIMA MO3aHYHBIMH KYCOYKaMH, 0O0pa3ysa CTPYKIVYPY,
Ha3bIBAEMYIO CETHIO.

O0opya0BaHHE M MATEPHAJIbL

[ lepcoHAIPHBIN KOMIIBIOTED, ITporpamma MathCAD.

YKa3aHuAa 10 TeXHHKe 0e30acHOCT H:

COOTBETCTBYIOT TEXHHKE O€30ITACHOCTH I10 pPadoTe ¢ KOMITbIOTEPHOH TEXHHKOH.

3a0anHu

PaccMmoTprmM cHavana, Kak perraceTcsa JH(epeHIHalbHOE YpaBHEHHE IIEPBOro ITopsaka. Ha prc.
3.10 mpuBeeHa »IeKTpHYecKas IIelb, coAepKallas ITocIeoBaTe IbHO COeTHHEHHEIE

HHAYKTHBHYIO KaTYIIKY L 1 pe3ncrop R.

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

3aMBIKaHHEM PYOHILHHKA P IIeNb ITOJKIIOYAEeTCA K HCTOYHHKY ITOCTOSHHOI O HAITpspKeHHI U H
ITO LIEMH HaYHHAEeT MIPOTeKaTh TOK 1. B IIeIH BO3HHKAET IePeXOMHEIH ITpollecc. TpedyeTcs
OIpeJIEIHTh TOK ITePeXOIHOr0 MpoIiecca i. U3BecTHO, YTO IOCHe 3aMBIKaHHI PYyOHIbLHIKA P
COCTOSIHHE IIeITH OITHCHIBAeTCS YpaBHEHHEM, COCTAaBIEHHEBIM ITO BTOPOMY 3akoHY Kupxroda:

Mr +UDb ={/ HIH L[—#+RI=U

JOKYMEHT NOoAarnncAH
SNEKTPOHHOW NOANMUCHIO
CEDTHdJHHﬂT: 12000002A633E3D113AD425FB50002000002A6 pEH_[EHI[EG ,I[H(l)(l)EpEI—H_[HElJILHGI‘D }}I)HBHEI_HIH
Bnapeneu;: lebayxoea TaTeAHa AnekcaHapoBHa
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di_U-Ri

- - 3

(i 1.
YHCIIEHHBIM METOIOM JSHIIepa IIEPBOro ITopsaaKa (IIPOCTBIM METOAOM Jiepa). PeKyppeHTHas
¢ OopMYyIIa YHCIIEHHOr 0 HHTETPHPOBAHHS AH(P(epEeHITHAILHOIO YPaBHEHHS 3aITHIIIET CS:

I I, + ({ﬁ Al
— k " ey ol L "
kK+1 A1
CormmacHO 3TOH (pOopMyJle HHTET PHPOBaHHE ITPOH3BOIHTCS ¢ ITaroM At H 3HaueHHe () YHKIIHH Ha

1mare k+1 HaxXoJuTCs 10 H3BECTHOMY 3HaYeHHIO (DYHKI[MH Ha IIare K M IMpHpaIieHHIo ee Ha
TaHHOM Inare. CKa3zaHHOe WIIFOCTPHPYET pHC. 3.11. IlocTossHHAsA BpeMeHH 1IelH

t=IL/R=02¢c.

PacueT nepexoiHoro mponecca Merojgox Jiiiepa B JiHMeliHoi e
R, L npH noarMoyenny ee ¥ HCTOYHHKRY Mo¢TOAHHOIO HaNpAKeHHA

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

HauannHoe 1HAYeH e Toka Mo nepBOMY 3aKOHY
KoMMyTaumil ig:= 0

k:=0..9 HunexcHas nepemecHHAA
dt:=0.1t.:=k-dt Illar nHTerPHPOBaHILA 11 TEKYINEE BpEMS

PekyppentHas popMysia yneneHHOTO
|  HHTErpHpoBaHHA

k1= ik +

23

-
]. 24.219
o S 6 |24.609
24.805
8 {24.902
0 02 04 06 08 | 9 ]24.951
j :
| . 10(24.976
_ AOKYMEHT NoArnMcAH o
ANEKTPOHHOW MOANMCHIO tecca B 1er R, L MeTosioM Sibepa
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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JITHTEIILHOCTE TIEPEXOJMHOrO IIpoliecca IMpHMepHO paBHa 4t = 0,8 ¢. BpeMs HHTer pHpOBaHHI
BEIOpaHO paBHEIM 0,9 ¢. HauarmsHOe 3HaUeHIEe TOKA I10 IIEPBOMY 3aKOHY KOMMYTAI[HH TIPHHATO
PaBHEIM HYIIIO.

Meroa Sruepa IIpocT, HO IS ITOMYYEHNI IIPHEMIEMON TOYHOCTH IIIal HHTETPHPOBAHMS JOIKEH
OBITH OTHOCHTEIIEHO HEOQOIBIIIM. YeM MEHBIIIE IIar, TEM OOIIBIIE TOYHOCTD. [Ipn Oompimom
I11are HHTErPHUPOBAHHS ITPOIIECC MOXKET OKa3aThCs HEYCTOMYHBEIM. BBeUTe , HAITPHMED, IIIar =
0,4 ¢, u BBl yBHIHTE, YTO IIPOIECC He MPHXOAHNT K YCTaHOBHBIIIEMYCS TOKY (pHc. 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,b:=0 k:=0.9

p—
L
e

e B
dt =04 t.:=k-dt 1k_|1:=1k+[' Rl gt el
x n 5()
2] o
50 .
i | = (4] o
30 I'
" I
10 !
" 50

l
-

Puc. 3.12. HeyCTONUHMBEIH IIPOIIECC IIPH VBEJIHYEHHH IIIara HHTEIPHPOBAHH T

UToOH pelieHHe ITOIYYHIOCh Ooee TOYHBIM, IIPHMEHSIOT MOJH(PHITHPOBAHHBIH MeTOJT Diiepa,
KOrJla HaxXOMIT 3HAYEeHHE ITPOHM3BOJHOH HE TOIBKO B Hayalle, HO M B KOHI[E HHTEpBala
HHTEeIpHpOBaHHS (Illara HHTETPHPOBAaHHS), H OepyT cpefHee 3HAYeHHe IIPOH3BOJHOH Ha
HHTEPBAJIE.

Eme 6omnee TOUHBIE pe3yibTaThl AaeT MeTol PyHre—Kyrra 4-ro mopsaka. MATHCAD
COIEPKUT HAOOP (PYHKIIHI I peleHH JH( (pepeHIMaIbHBIX YPaBHEHHI METO0M PyHre—
Kyrra. Paccmorpnm, Kak Heromb3yeTce s pyHKIHA rkfixed U1 perieHns MpHBEISHHOT O BEIIIIE
nHddepeHImambHOro ypaBHeHHA (pHC. 3.13). Rkfixed — 3T0 QyHKINI HHTEIPHPOBAHH A
mHpepeHIHaTbHBIX YPaBHEHHI B (popMe Kol ¢ HayambHEIMH YCIIOBHSMH MeTO0M PyHre—
Kyrra yerBeproro nmopsaka (rk) ¢ ¢puxcnpoaHHbIM I1aroM (fixed). B ckoOkax QyHKITHH
IIEPEUHCIISIOTCS Yepes 3allaTyI0: BEKTOP HavyalbHBIX YCIIOBHI, HaYaIbHas H KOHEUYHAS TOYKH
HHTEpBala HHTETPHPOBAHM S, YHCIIO TOYEK, HE CUYHTAs HYIIEBOH TOUKH, H () YHKIIHS IIEPBBIX

IIPOH3BOJHBIX HCKOMBIX () VHKIIHI.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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Pacuet nepexoanoroe nponecea B Tok e
nenu (pue. 3.10) meropons Pyure—Kyrra

(J=100B, R:=40mM, L:=0.8I'H by 0=
D(t,1):= e Onpezesienue G yHK i,
| i ] 3a)1a10U1eH NPOIIBOIHYIO TOKA
1 -= rkfixed(1 ,0.1,10 D) BreiuticieHne perueHiis 510

TOYKAaX Ha orpeske [0-1]

I
n:=0.10 upexcHan nepeMeHHas s NocTpOeHH

rpadpuka rio 10 Toykam

q 0 0
0.1] 9.831
0.2] 15.796

0.3/ 19.415
0.4] 21.611
E=1""0.5]22.944
0.6 23.752
0.7] 24.243

0 02 04 06 08 1 0.8] 24.541
0.9] 24.721

m, 0 1] 24.831

Puc. 3.13. Pacuer nepexogHoro mnporiecca B 1erm R, L metogoMm PyHre—KyrTa yeTBeproro
TTOPSIAKa ¢ (PHKCHPOBAHHBIM IITarOM HHTEeTPHPOBAHH I

B Harmem ciaydyae peub HAET TOIbKO 00 OJHOH HEH3BECTHOH. J[11g () YHKIIHH IIEPBOH
npor3BoAHOH D(t, 1) B ckoOKax yKas3bpIBaeTCs CHaualla IlepeMeHHas, 110 KOTOpoi OepeTcs
IIPOM3BOIHAS (B HAIlleM cIy4ae 3To t), H Yepe3 3alsaTyio YKa3bIBaeTcs (PYHKIHS, OT KOTOPOH
OepeTcs IMpoH3BOAHAS (B HAIIIEM CITydae 3TO 1).

[Tpn ncnoms3oBaHuH QyHKIMH 1kfixed permenme ogHoro guddepeHIMaIbHOIO YPaBHEHHS
ITONIYVYaeTCs B BHJIE MaTpHIEI [, mMeromen aea cTonoda. IlepBeil cToIber COmep K KUT TOYKH, B
KOTOPBIX HINETCS penleHe TH( ¢ epeHIHaIbHOro ypaBHeHHI (BpeMs (). BTopoit cronberr
COJEPKHT 3HAYEHH S HaHIeHHOr O pelieHHs (TOKa I') B 3aJJaHHBIX Toukax t. Ha puc. 3.13 mpu
ITOCTPOeHHH T'paduKa 1-1(t) mo ocH adcimcce (TT0 0CH X) OTKIAAbIBAIOTCS 3HAUYEHHS IIEPBOT0
cronbna In 0 maTpHIfe! 1, a 1o ocH opAHHAT (II0 OCH Y) OTKIIABIBAIOTCSI 3HAUYEHHS BTOPOIO
cTonona 1m | maTpuIm! [

Kak ugHo 13 puc. 3.13, Metox PyHre-Kyrtra gaet 6oree TOUHBIE PE3VIIBTATEL. bIIN3KHE K HHM

PE3YILTAThl MOKHO ITOIIYYHTE, B35B 00lIee MEIKHH IIar B MeTo/e Jrepa. Hampumep, Ha pHC.

AOKYMEHT MNOANMCAH D 3HAYHUTEIBHO ITOBLICHIIO TOYHOCTE PACUYETOB.
SNEKTPOHHOW NOONMUCHIO
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PacyeTr nepexoAHOro npouecca MeToaoM JHiacpa B TOH %Xe
nenu (puc. 3.10) npu Manom mare HHTErPUPORAHHH

U:=100B, R:=40mM, L:=08TIH g =0
k :=0..1000 dt := 0.001 t, :=k - dt
|
. _ U-1, 'R
iy =i F———dt n :=0,100.. 1000
|
20
A
20 |
15
il;
o« .48 : —
5 |
0
0
() 0.2 04 06 0.B i
Iy
Puc. 3.14. Pacuer nepexoaHoro mporiecca B 1enH R, L MeTogoMm Siepa ITpH MajIoM Iare
HHTETPHPOBAHH I

Oyuxims rkfixed HHTErpHpYeT ¢ (PHKCHPOBAHHBIM YHCIIOM IIaroB. MMeroTcs Takke (DYHKIHH,
KOTOPBIE HHTETPHPVIOT C IIEPEMEHHBIM IIIar OM.

PaccMoTpHM pelieHHe CHCTeMBI JH(PepeHIIHAIbHAIX YPaBHEHHII BTOPOIO IOPSIAKA Ha IIPHMEPE
BKIIFOUEHHS IIEITH, CcOAeplKalleH IIOCIeOBaTelIbHO BKIIOYeHHBIEe 531IeMeHTHI R, L, C Ha

rocTossHHOe HanpspkeHe U (puc. 3.15).

Puc. 3.15. Bxmouenue uernm
R, L, C Ha nocrosuHOe

HanpsxeHne
NOKYMEHT MOAMNUCAH 10 kD
SNEKTPOHHOW NOAMUCHIO U MKLD.
Ceptudchukat:] 12000002A633E3D113AD425FBS0002000002A6 H CXEeMBbI:
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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