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1. Ilean ocBOEHUN TUCIUILIHHDI

Ilenp ocBOCHMS NUCLMIUIMHBI — OBIAJCHUE TEOPETUYECKUMU OCHOBAMM U NPAKTUYECKUMU
HaBBIKAMU MOJIEIMPOBaHUS; (OPMUPOBAHUE JIMYHOCTH, PA3BUTUE MHTEJUIEKTA U CIIOCOOHOCTEH K
JIOTHYECKOMY MBIIIJICHUIO, PA3BUTHE YMEHHS ONEPUPOBATh aOCTPAKTHBIMH OOBEKTAMH; YCBOCHHE
MaTeMaTHYeCKUX METOJI0B, HEOOXOIUMBIX IPU MOJEIMPOBAHUHU IPOLECCOB U SIBJICHUM, IOUCKE
ONTUMAJIBHBIX PpEIIEeHUH, BbIOOpE PpAIMOHAIBHBIX CIIOCOOOB M HMX pealln3alli, BBIPAKCHUU
KOJINYECTBEHHBIX M KAueCTBEHHBIX COOTHOIIEHUI MEXIy 3JIEMEHTaMH TEXHUYECKUX OOBEKTOB
peasbHOroO MUpA.

2. Mecto nucuuminnsl B ctpykrype OIIOIT BO

I[I/ICI_[I/IHJII/IHBI U TIPAaKTUKH, HAa OCBOCHHU KOTOPBIX 6a31/1pyeTcs1 JaHHas JUCLHMIIIMHA:
«BrIcmIas mareMaTuka» JUCHUITIIMHBI HpCI[I_HeCTBYIOIHeﬁ CTYIICHHU O6p&30BaHI/I${.

JIMCUMIUINHBI ¥ IPAKTUKH, AJI1 KOTOPBIX OCBOECHUE JAHHOM TUCIMIIIMHBI HEOOXOAUMO Kak
npenuecTsyomiee: «Pacuer u KOHCTpynpoBaHUe 000pYI0BaHUS ¢ KOMIIBIOTEPHBIM YIIPaBICHUEM,

IoAroToBKa M 3al1uTa MarHCTepCKOﬁ JUCCCpTalu.

3. Iliianupyemblie pe3yJibTaThl 00y4eHUs1

dopmMupyemMblie U
pMHpY HNHaukaTopsl JOCTHKEHUS

KOHTPOJINpyeMble . IInanupyemble pe3yJibTaThbl
POTHPY KOMIIeTeH Ui Py pesy
KOMIIeTeHIINH o0yueHust
(Ko ¥ HAMMEHOBAHUE)
(K0J1 1 HAUMEHOBAHUE)

[IK-1. Ciocoben [IK-1.1. ®opmynupyert nenu | 3HaTh:

CaMOCTOSITEIILHO W 3aJauyd  OpPOBOJUMBIX | - HAy4YHYI0 KapTUHY MHpa U
MIPOBOJMTD, a TAKXKE HCCIeI0BaHU I U | COBPEMEHHBIE COLIMOJIOTHYECKHE
PYKOBOJIUTH IPYIIIOi pa3paboTok napagurMbl, COBPEMEHHBIE TEOPUHU
WCIIOJTHUTENIEH ITpU [K-1.2. OcyuecTBisieT | 0011IECTBEHHOTO pa3BuTHs,
Hay4HO- cOop, 06paboTKy, aHAIMU3 U | METOA0JIOTUYECKHE MPUHIUITBL
HCCIIEIOBATENbCKUX U 00o0011IeHne MIEPEI0OBOTO | COLMOJIOTUYECKOTO ITO3HAHUS,
OTIBITHO-KOHCTPYKTOPCKHUX | OTEYECTBEHHOIO U | - COBPEMEHHBIE Hay4yHbIE METOJbI

pa3zpaboTkax

MEXTYHApOIHOTO OIbITa B
COOTBETCTBYIOIIEH 00macTu
HCCIIEIOBAHUI

[1K-1.3. Odopmisier
pe3yNbTaThl HAYYHO-
HCCIIeIOBATEIILCKUX U
OTIBITHO-KOHCTPYKTOPCKHUX
pabort

HCCIIEIOBAHMNS,

- TIPUHITUTTBI MaTeMaTHYECKOTO
MOJICITUPOBAHUSI TIPOIECCOB, CPEICTB
nu CUCTCM MaIHI/IHOCTpOI/ITeJ'H)HI)IX
NPOM3BOJICTB €  HCIOJIb30BaHUEM
COBpeMeHHBIX TeXHOJ'IOl"I/II\/JI
MPOBE/ICHUS HAYYHBIX HCCIICIOBAHUM.

YMeTh:

- HpI/IMeHHTB Ha HpaKTI/IKe
COBpPEMEHHBIE TEOPHH OOIIECTBEHHOTO
pa3BUTUA U METOI0JIOTHYECKHE
MIPUHLUTIBI COIIMOJIOTHYECKOT 0
MO3HAHUS,

- OpHUEHTHUPOBATHCA B TMOCTAHOBKE
3a7a4 U OUPEHENATh IIYTH IIOMCKa U
CpelCTBa UX PEIICHHUS,

- HpOBO)II/ITI) Hay'-IHI)Ie 3KCHepI/IMeHTBI,
OLIEHMBAThb pe3yNbTaThl
WCCIIEOBaHUM, CpaBHUBATh HOBBIC




®opmMupyembie U
KOHTPOJINpYyeMble
KOMIIEeTeHI[HH
(ko1 1 HAUMEHOBAHME)

NHaukaTopsbl J0CTHXKEHUS
KOMIIeTeHIUi
(Koa 1 HAaMMEHOBaHUE)

IlnannpyemMble pe3y/bTaThl
o0y4eHust

OKCIICPUMCEHTAJIBHBIC JaHHBIC C
JaHHBIMU  TTPUHATBIX MOI[CHCﬁ JUIA
IMPOBCPKHU HX AJACKBATHOCTH U IIpU

HE00X0AUMOCTH npeziarath
V3MEHCHUS JUTS YIYYLICHHUS MOJIEIICH,
BBIIIOJIHATH MaTEMAaTU4YCCKOC

MOJICJINPOBAHUE IPOLIECCOB, CPEACTB
U CUCTEM  MAIlIMHOCTPOUTEIBHBIX
IPOU3BOACTB C  HCIOJIb30BAHUEM
COBPEMEHHBIX TEXHOJOTHI

Bnaners:

- HaBBIKAMH OPUMEHEHUsS Ha
IOPaKTUKE  COBPEMEHHBIX  TEOpHil
0OLIECTBEHHOT O pa3BUTHS "
METO/10JIOTHYECKUX HPUHIUIIOB
COLIMOJIOTMYECKOI0 TIO3HAHMUS,

- HaBbIKAMM  IIOMCKAa  peIIeHHH

MPUKJIIATHBIX HCCIIEI0BATEIbCKUX
3aj1a4;

- HaBBIKAMHU HCIIOJIb30BaHUS
COBPEMEHHBIX TEXHOIOTHI

IMPOBCACHHNA HAYYHBIX HCCHeﬂOBaHHﬁ.




4. CTpyKTYpa U cofepKaHue JUCHUILIHHBI

DopMBbI TEKYLLET0

Bun . KOHTPOJIA
Monayab . HaumenoBanue TeM 3aHATHIA Oo0nemMm,
yueOHoit . Cemectp Bbanabl | AHTepakTuB, 4.| (HAMMEHOBaHHe
(pa3neui) (yueoHoii padoThI) 4,
padoThI OLICHOYHOI'0
cpeacrsa)
Pazmen 1 Jlex. MoaenupoBanue CHUCTEM MacCOBOT'O 4 4 - 2 Bomnpocsl k 3x3ameny
MonenrpoBaHue 00cayKUBaHUS
TeXHHUECKHUX Cp. MonenupoBanue CUCTEM MaccoBOI'0 4 12 Bompocs k 3x3ameny
CHCTEM C 00CIVKUBAHUS
ucmonssoannem | 1P IIpaktuueckas pabora Nel OcHOBBI paOOTBI € 4 1 - - OTyer B 371€KTPOHHOM
CITyqaitHbIX nporpammoit MathCad BUJIC
IPOLIECCOB Cp. [Ipaktrueckas pabota Nel OCHOBBI pabOTHI C 4 12 Bompocsr k 3x3ameny
nporpammoiit MathCad
IIp. [Ipaktuueckast pabora Ne2 Paszpaborka 4 1 OT4er B 2JIEKTPOHHOM
MaTeMaTHYeCKUX  MOJENeH  CiIydallHbIX BUIC
MIPOLIECCOB
Cp. [Tpaktuyeckas pabora Ne2 PaspaboTka 4 12 - - Bompocsl k ak3ameny
MaTeMaTU4eCKUX  MOJENEeH  CIy4anHBIX
IIPOLIECCOB
IIp. [Ipaktrueckas padora Ne3 Unteprniomnsius u 4 2 OT4YeT B 2JIEKTPOHHOM
npejcKa3zaHue CIydaifHbIX TPOLECCOB BUIC
Cp. [TpakTtuyeckas padora Ne3 MuTepronsanus u 4 12 Bompocsl k ak3ameny
npesicKa3aHue CIy4YaiHbIX MPOLECCOB
Paznen 2 Jlek. DeMeHThl MaTeMaTUYECKOTO 4 6 - 2 Bompocs k ax3ameny
JIeMEHTHI MOJICIMPOBAHMS] B MAIIMHOCTPOEHUH
MaTtemaTtraeckoro| Cp. DeMeHTBl MaTeMaTHYEeCKOT0 4 12 Bomnpocs! k 3x3ameny
MOJIETTUPOBAHUS MOJICITMPOBAHNSI B MAIIMHOCTPOSHHUH
IIp. [TpakTrueckas padota Ne4 maTeMaTuyeckast 4 1 - - OT4YeT B 2JIEKTPOHHOM

00paboTKa pe3ysbTaToB
OKCIICPUMCEHTAJIBHBIX JaHHBIX

BULE




DopMBbI TEKYLLET0

Bun . KOHTPOJIA
Monayab . HaumenoBanue TeM 3aHATHIA Oo0nemMm,
yueOHoM . Cemectp Bbanabl | AHTepakTuB, 4.| (HAMMEHOBaHHe
(pa3neu) (yueoHoii padoThI) 4,
padoThI OLICHOYHOI'0
cpeacrsa)
Cp. [TpakTrueckas padota Noe4 maTeMaTHyeckas 4 12 Bormpocsr k 3x3ameny
00paboTKa pe3yIbTaToB
IKCIEPUMEHTAIBHBIX JaHHBIX
IIp. [IpakTuueckas padbora NeS VMcnonabs3zoBanue 4 1 OT4er B 2JIEKTPOHHOM
YHCJICHHOTO UHTETPUPOBAHUS U BUJIC
QG epeHIMpPOBaHUs B MOACTHPOBAHUN
TEXHUYECKHUX CUCTEM
Cp. [IpakTrueckas padota Ne5 Hcnonb3oBanue 4 12 Bompocsr k a3x3ameny
YHCJICHHOTO UHTETPUPOBAHUS U
QG epeHIMpOBaHUs B MOACTHPOBAHUN
TEXHUYECCKHUX CUCTEM
IIp. [IpakTuueckas padora Ne6 Onucanue 4 2 OT4er B AJIEKTPOHHOM
MoJiesiel ¢ TOMOIIBI0 OOBIKHOBEHHBIX BUIC
mubdepeHIIMATBHBIX ypaBHEHUN
Cp. [TpakTuueckas pabora Ne6 Onrcanue 4 12 - - Bomnpocsl k 3x3ameny
MoJieIel ¢ TOMOIIbI0 OOBIKHOBEHHBIX
TuddepeHIMaIbHbIX ypaBHEHUH
Pasnen 3 Jlek. O06paboTka CTaTUCTUYECKOM HH(pOPMALIHH. 4 6 - - Bompocsl k ak3ameny
Crarucrireckue [cp O6paboTKa CTATUCTUYECKOH MH(POPMAIIUH. 4 13 Bomnpockl K SK3aMeHy
szZﬁ];IIp oparms | 1P- HpaKTI/I:-ICCKaH pabota Ne7 Onucanue 4 1 - - OTueT B 2JIEKTPOHHOM
Mojiesel ¢ moMoIbio AudPepeHnanbHbIX BHJIE
YPaBHEHHI B YaCTHBIX MTPOU3BO/IHBIX.
Cp. [TpakTrueckas padota Ne7 Onucanue 4 13 Bompocsr k 3x3ameny

MoJjeneit ¢ moMoIbio AuddepeHnnanbHbIX
ypaBHeHI/II\/'I B HaCTHBIX IIPON3BOJHBIX.




DopMBbI TEKYLLET0

Bun . KOHTPOJIA
Monayab . HaumenoBanue TeM 3aHATHIA Oo0nemMm,
yueOHoit N CemecTtp banabl | UHTepakTuB, 4.| (HaMMeHOBaHHe
(pazaen) (yuedoHOl padoTHI) u.
padoThI OLICHOYHOI'0
cpeacrsa)

IIp. [IpakTrueckas padota Ne§ CrieKTpaibHBIN 4 1 OTuer B 2JIEKTPOHHOM
aHaJIN3 U CUHTE3 CTATUCTUYECKOU BHJIC
uHpopmanuu

Cp. [IpakTuueckas padorta Ne§ CrieKTpanbHbIi 4 13 Bomnpocsl k 3x3amMeny
aQHAJIU3 U CUHTE3 CTATUCTUYECKOM
uHpOpMaLUn

IIp. [IpakTuueckas pabota Ne§ CriekTpasibHBbIiH 4 6 OTyYeT B 3JIEKTPOHHOM
aHaJIN3 U CUHTE3 CTATUCTUYECKOU BHJIC
uHpopmanuu

Cp. [IpakTuueckas padora Ne§ CriekTpasibHbIN 4 13 - - Bomnpocsl k 3x3amMeny
aHaJIN3 U CUHTE3 CTAaTUCTHYECKOU
uH(pOpMaLIUH.

ITA 4 0,35

Kontponb 4 35,65

Hroro:; 216




5. O6pa3oBaTe/ibHbIEe TEXHOJIOTHHU

JIns  mpoBeleHHs NPAKTUKO-OPUEHTHUPOBAHHBIX  JIEKIMM  HUCIOJB3YeTCAd  COYETaHue
TPaJULMOHHBIX METOAOB OOy4YeHHs C MHTEPAKTUBHBIMU TEXHOJOTMSAMHU. AKTHBHM3ALUA
NEeSITeIbHOCTH CTYIEHTOB Ha JICKIUM JOCTHTaeTcs BO BpeMsl MPOBEIEHHUS NpPOOJEMHBIX U
JUCKYCCHOHHBIX JICKLIMH.

6. Meronnyeckue yKa3aHus M0 OCBOEHHIO U CIUTIIHHbBI

IIpakTHyeckue 3aHATUS NPOBOJATCA B KOMIIBIOTEPHBIX ayauTopusx. Mcmonb3yrorcs
MHTEPAKTHBHBIC TEXHOJOTHHM, HWH()DOPMAIIMOHHBIE TEXHOJIOTMH M TEXHOJOTMH  Pa3BUTHUS
KPUTUYECKOIO MBIIUICHUs. B mpolecce npakTHYeCKUX 3aHATUH IPUMEHSETCS IPOEKTOP, MaTepHra
3aHATUI OQOpPMIICH B BUJIE Mpe3eHTaLUH, Oaroaapst 4eMy 3(pGEKTUBHO OCYLIECTBIISETCS MpoIece
nepeaayn u ycBoeHus MHdopMmaruu. Ha 3aHATHIX MaKCHMaJIbHO aKTUBU3UPYETCS CAMOCTOSITENIbHAs
pabora cryneHToB. OOy4arommMmcs HEOOXOAMMO BBITIOJHUTh WHAMBHUIYAILHBIC 3aJaHMUS,
pa3BUBAlOIIKE HaBbIKU OyayIel npodeccuonanbHoil aesarenbHocTy. [Ipennaraercs HallTH pereHue
3a7a4 C TOMOILIBIO HH(OPMALMOHHBIX TEXHOJOIMM. 3agaHusi, NpPelyCMOTPEHHbIE B Kypce,
BBIIIOJIHSIFOTCSL Ha KOMIbBIOTEpax IpH MoMomu Mmarematudeckoro makera MathCad wmm npyrux
HSKOHOMETPUUYECKUX NaKeToB. CTYIEHTHl MPOBEPSIOT, AHAIU3UPYIOT, DPA3BUBAIOT, HPUMEHSIIOT
HOJYYEHHYIO WM HaiJleHHYI0 MH(pOpMaltIo, 1ojayyas NpodeccuoHanbHble YMEHHUsI U HaBbIKU. B
KayeCcTBE IPOMEXKYTOUHOTO KOHTPOJISI IIPETYCMOTPEHBI TECTHI [0 MaTepuaaM TEKYIIEro paszesna
WJIN BCEro Kypca.

Jlns caMocTosATeNbHOM paboThl MpEenoaBaTeieM opraHusyercs (GpopyM MO JUCUUIUIMHE Ha
oOpa3zoBatenbHOM mnoprtane. CaMOKOHTPOJIb MPOBOAMTCA C IOMOUIbIO TECTOBBIX 3aJaHUN Ha
JOCTYIHBIX UHTEPHET-PECYPCaXx.

1. I'opnau b. A. Matemaruueckoe MoJenupoBaHue [DIeKTPOHHBIN pecypc] : mocTpoeHue
MOJIeJIC W YHUCIIeHHas peanm3anus : yued. mocoome / b. A. T'opmau, B. I'. IllaxoB. - CaHKT-
[TetepOypr : Jlanp, 2016. - 292 c. : un. - (YueObHuku a1 By3oB. CnenpansHas aureparypa). - ISBN
978-5-8114-2168-8. ObC "Jlann".

2. bemos II. C. Maremarnueckoe MOJEIUPOBAHUE TEXHOJIOTMYECKHX IIPOLECCOB
[DnexTpoHHbI# pecypce] : yuebd. mocodue (koHcnekT Jiekiuit) / I1. C. benoB ; EropseBckuii TeXHOIL.
uH-T (¢pwman) MockoBckoro roc. TexHod. yH-Ta «CTAHKWH». - Eropeesck : ETU MITY
"CTAHKHMH", 2016. - 121 c. - ISBN 978-5-904330-02-6.

3. T'ony6eBa H. B. MaremaTnueckoe MOJeIMPOBAHUE CUCTEM M MPOLECCOB [ DIEKTPOHHBIH
pecypc] : yuebHoe nocodue / H. B. I'omyOeBa. - Uzn. 2-e, crep. - Cankr-Ilerepoypr : Jlans, 2016. -
192 c. : un. - (YueOHuku uig By30B. CrnenuanbHas aureparypa). - ISBN 978-5-8114-1424-6. 5bC
"Jlanp".

4. bype B. M. Teopus BepoATHOCTEN 1 MaTeMaTH4eCKasi CTaTUCTHUKA [ DNEKTPOHHBIN pecypc] :
[yaeOnuk] / B. M. bype, E. M. Ilapunmuna. - Caunkt-IlerepOypr : Jlans, 2013. - 416 c. : w. -
(YueOuuku 1i1s By30B. CriennanbsHast nuteparypa). - ISBN 978-5-8114-1508-3.

5. bopoBkoB A. A. Maremaruueckasi CTaTUCTHKA [ DIEKTPOHHBIN pecypc] : yueOHuK / A. A.
bopoBkoB. - 13a. 4-e, crep. - Cankt-Ilerepoypr : Jlans, 2010. - 704 c. - (Knaccuueckast yueOHas
auTepatypa mo maremaruke). - ISBN 978-5-8114-1013-2.

6. Tyran6aeB A. A. Teopust BeposSTHOCTEH W MaTeMaTHUECKasi CTATUCTHKA [ DIEKTPOHHBIH
pecypc] : yue6. mocobue / A. A. Tyranbaes, B. I'. Kpymun. - Cankr-IlerepOypr : Jlans, 2011. - 224
C. : W - (YueOHuku 1 By30B. CnenuanbHas aurepatypa). - ISBN 978-5-8114-1079-8.

7. CucreMbl aBTOMAaTH3WPOBAHHOTO TMPOEKTUPOBAHUS TEXHOJOTMYECKUX IPOILIECCOB
[D1eKTpOHHBIH pecypc] : 37eKTpoH. yuel.-MeTouueckoe nmocoodue /30tos, A.B., Koznos A.A. TT'Y,
2016. — 87 c. : wi. — bubmumorp.: ¢. 79. —ISBN 978-5-8259-0991-2.


http://dspace.tltsu.ru/browse?type=author&value=%D0%9B%D0%B5%D0%B2%D0%B0%D1%88%D0%BA%D0%B8%D0%BD%2C+%D0%94.+%D0%93.

7. OueHOYHBIE CPEACTBA

7.1. IlacnopT OLIEHOYHBIX CPEACTB

Koa koHTpo/IMpyemMoii KOMIIETeHIIUH HaumeHoBanue
Cemectp
(WJIK ee 4acTH) OLIEHOYHOI'0 CPeACTBA
4 ITK-1 [Ipaktraeckue padoTsr NoNe 1-3
Bomnpocs! k 5k3ameny Ne 1-25
4 ITK-1 [Ipaktraeckue padboTsr NoNe 4-6
Bomnpocs! k 9k3ameny Ne 26-50
4 ITK-1 [IpakTraeckue padboTsr NoNe 7-8
Bonpocs k 3x3ameny Ne 51-75

7.2. TunoBble 3aJaHUs] M1 HHbIE MAaTePUAJIbl, HEO0XOIMMBbIe VISl TEKYIero KOHTPOJIsI

7.2.1. KOMIUIEKT OpaKkTHYECKUX pPadoT
(HauMeHOBaHUE OYEHOUHO20 CPeICmBa)

IIpakTnyeckas padora Nel
«OcHoBbI padoThl ¢ mporpammoii «MathCAD»

1. Heas 3ansaTusi: DopmupoBaHUE OOILIErOo MpeJICTaBICHUs pabOThl C MPOrpamMmon
«MathCAD».

2. AJITOPUTM BbINIOJTHEHHSI TPAKTHYECKOT0 3a1aHUS

3ajnanue 1.
Beruncnuts:
1) +/100; 2) |-10| =; 3) 10! =.
OTO U BCE OCTaJbHBIE 3a/laHUSI CHAOAUTh KOMMEHTAPUSAMHM, UCTIONb3Yysl KoMaHasl “Text” — Create
Text Region” unu "Text” — "Create Text Paragraph”.
3ajnanue 2.
1) Onpenenutsb nepeMeHHbIE:
a:=3.4;b:=6.222; c = 0.149; (nmpryeM nepeMEeHHYIO ¢ — I0OATBHO).
2) BbruucnuTh 3Ha4€HUS BBIPAXKECHUS:
3

Z = 2ab +¥c . N:=e%" . cos?,

\/(a2+ba+0).c b

3) C nomomursio komanasl ‘Math” — "Numerical Format” — "Displayed Precision” uamenutb
TOYHOCTh OTOOPAXKEHHUs PE3yJIbTATOB BEIYUCIEHHS ITI00aTBHO.
3amanue 3.
BriBecTr Ha 3KpaH 3HaYCHUE CUCMEMHOU KOHCMAHMbL T W YCTAHOBUTh MaKCUMANbHBIN opmar eé
OTOOPaXKECHHUS JIOKAILHO.

3amanue 4.
BBITIOTHUTE ClIeTYIOITNE OTepallii ¢ KOMIUIEKCHBIMH YHCIIaMU:

Z:=-3+2i;|Z| =; Re(Z2) =; Im(Z) = ; arg(Z2) = ; JZ = -5=; 27 =;71:=1+2i; 72:= 3+4i;
21472 =;71-722=;71-22=;Z7Z1/72 =.

3ajaHue 3.
BBITTOIHUTB CIIEIYIOIIUE OTIEPALIHN:




T ctg2x d -

0,4
i:=1.10; Y i=; i+1)=: [x® lg(x+2)dx=: dx=; x=2; —XxX° =;
i Z H( ) ! g(x +2) ) sin2xy

d .
—sin(x) =.
o (x)
3ananue 6.

Omnpenenuth BekTopsl d, S 1 R yepe3 muckperHsiii aprymMenT I. OToOpa3uTh rpaguyecku, TaOJIUIHO
sagannbie yakiuu Ri(di) u Si(di), ncnonas3ys komanay Graphics — Create X-Y — Plot. Uto0Os!

0opopMuUTh rpaduK, HEOOXOAMMO BBITIOTHHUTH CICAYIOIIHE KOMaH/IbI.

i di Si Ri
0 0,5 3,3 2

1 1 5,9 3,9
2 1,5 7 45
3 2 6,3 3,7
4 2,5 4,2 1,2

1) lllenxkHyTH MBIIIBIO Ha TpaduKe, YTOOBI BELICIHUTD ero, ipu 3ToM MathCAD 3aMeHuT MeHIO
Graphics ua menro X-Y Plot.

2) Boiopate X-Y Plot — Format (nosiutcst auanorosoe okHo "Formatting Currently Selected
X-Y Plot") u ordpopmatupoBath rpaduk Tak, 4TOObI B KaXKIOH y3JI0BOM TOouke rpaduka GyHKIUH
Si(di) crosun 3nak Buna [ (Traces — Symbol — box), a rpadux pynkuuu Ri(di) oro6pasuts B BuC
rucrorpamMmer (Trace — tupe — bar).

3) Hanectu ninunu cetku Ha rpaduk (X-Y Axes — Grid Lines) u otroOpa3uts nereny (Traces
— Hide Legend).
3ananue 7.
[Toctpouts nexaptoBsl (X-Y Plot) u nonsipasie (Polar Plot) rpaduku cnexyronmx GyHKUIn:

X(a) :=cos(x) -sin(x);
Y(a):=15c0s(x)? -1
P(a) =cos(x).

J11s1 3TOr0 HEOOXOMMO ONPENEIUTD ¢ KaK JUCKPETHBIN apryMeHT Ha uHTepBaje ot 0 10 27 ¢ marom
7/30.
Omnpenenuth mo rpaduky X-Y Plot koopauHaThl 11000# U3 Touek mepeceueHus rpadukos Y(a) u
P(a), mi1st 3TOr0 HEOOXOAUMO:
1) Beinenuts rpaduk u Beiopath X-Y Plot — Zoom (nosiButTcs nuanorooe okHO "X-Y Zoom") ans
YBEIMYEHUS YacTH rpaduKka B 00JIACTH TOUKH ITEPECCUCHNUS;

2) Ha uepTesxe BbIICINUTh MYHKTUPHBIM NPSMOYTOJIBHUKOM OKPECTHOCTh TOUKHU MEPECeUEeHUs
rpadukoB Y(a) u P(a), KOTOpyIO HY)KHO YBEITHUYHTb.

3) Haxatp kHONKY Zoom, 4TOOBI IEpeprCcOBaTh TpaduK.

4) YUto6sl cenaTh 3T0 U300pakeHue MOCTOSIHHBIM, BBIOpaTh Accept.

5) Beiopats X-Y Plot — Trace (nosiButcs auanorooe okHo "X-Y Trace™).

6) BuyTpu uepreka Ha)kaTh KHOIKY MBIIIM U NIEPEMECTUTh yKa3aTelb MBIIIU HA TOUKY, YbH
KOOPJIWHATHI HY’)KHO YBHUJICTb.

7) Beiopats Copy X (unu Copy Y), Ha cBOOOJHOM MoJie JOKyMeHTa HabpaTh Xper := (uinu
Yper :=) u BeiOpath nyHKT MeHI0 Edit — Paste.
8) Berunciuth 3HaueHus pyukuuit X(a) u Y(a) npu o= 7/2.
3ananue 8.
Hcnonb3ys komanny Math — Matrics co3mate Matpunyy Q pasmepom 60 Ha 6, 3amogHHUTH €&
IIPOM3BOJILHO U 0TOOpa3uTh rpaduyecku ¢ nomoirsio koManasl Graphics — Create Surface Plot.
3ananue 9.
[Toctpouts rpaduk nosepxuoctH (Surface Plot) u kapty nunuii yposus (Contour Plot) mist pyakiuun
JIBYX TEPEMEHHBIX:



X(t,a)=t-cos(x)-sin(a).

1) Onpenenuts Gynkumio X(t, o).

2) 3agath Ha ocsax mepeMeHHbIX t u a mo 41 Touke (i:=0..40, j:=0..40): s nepeMeHHOM ti co
3HAUCHUSMH, U3MEHSIOMUMUCS OT —5 10 5 ¢ marom 0.25 (ti := -5+ 0.25I), a a1 mepeMeHHoM
aj— ot 0 10 27 ¢ marom 7/20 (¢j := 7/20 j).

3) Onpenenuts Matpuity Mi j := X(ti, j) 1 0T0Opa3uth ¢€ rpaduuecKu.

4) C nmomompto koMman bl Graphics — 3D Plot Format Bei3Bats nuanorosoe okHo "3D Plot Format"

U U3MCHUTH.

— xapakTepuctuku mpocmotpa (View — Rotation — Tilt),
— uBera 1 auHUK oBepxHOCcTH (Color&Lines — Shading),

— mapameTpbl oceit (Axes),

— By 3arosoBka rpaduka (Title).

3amanwme 10.

Hcnonw3ys nepemennyto FRAME u komanny Animation — Create, co3aTh aHUMAIIMOHHBIC KJTHITHI
C TIOMOIIIBIO JIAHHBIX PUBEICHHBIX B TaOJIHIIE:

Bapuantsl 3ananus 10

Ne [IepemeHHbIE
BapHUaHTa

OyHKIUU

FRAME

Tumn rpaduka

1 x:=0,0.1..30

f(x):= x + FRAME

or 0 o

20

nossipuenid  (Polar
Plot)

2 ii=
0..FRAME+1

gi:= 0,5"i"cos(i)
hi:= isin(i)
ki:= 2i

oT
50

A0

TPEXMEPHBIN
TOYEYHBIN rpaduk
(3D Scatter Plot)
I'paHHUIIBI Ha OCAX
Min Max

x-50 50

y-50 50

z0 50

f(x,y):=sin(x*+y*+FRAME)
Xi:=—1,5+0,15i
yj:=-1,5+0,15j

oT
50

A0

rpaduk
IMOBCPXHOCTHU
(Surface Plot)

Xmn:=  (R+rJ  cos(vn)):
*co8(Wm)
Ymn:=(R+rcos(vn)) sin(wm)

Imn:=1T Sin(Vn)

oT
11

10

rpaduk
napamMeTpU4eCKOu
IIOBEPXHOCTHU
(Surface Plot)
(rpaHuUIBI HA BCeX
OCSIX YCTaHOBUTH
or—11 no 11)

Xmn:=(R+rJ cos(vn))[J cos(Wm)
Ymn:=(R+rJ cos(Vn))[J Sin(Wm)
Zmn:= rl] sin(vn)

oT
11

A0

rpaduk
MapaMeTpU4YECKOn
IIOBEPXHOCTHU
(Surface Plot)
(TpaHHIIBI HA BCEX
OCSIX YCTaHOBUTH
or—11 o 11)

3. Oxuaaemblii (e) pe3yabTat (b1): opopmiieHHe oTyeTa B Buje daitna popmara «MathCAD»




IIpakTyeckas padora Ne2
«Pa3pabdoTka MaTeMaTHYeCKUX MO/IeJIeH CJy4YailHbIX MPOLecCOB»

1. Heap 3anstusi: GopMupoBaHHE YMEHHS peElIaTh OOBIYHBIC ypPaBHEHUS U CHCTEMBI
ypaBHeHuii B mporpamme «MathCAD».

2. AJIrTOPUTM BbINOJTHEHHUSI IPAKTHYECKOT0 3a1aHM S
3ananue 1.
1) IToctpouts rpaduk dyHkiwu f(X) 1 IPUOIM3UTETLHO ONPEACTUThH OJUH U3 KOPHEH YpaBHCHUS.
2) Peruts ypasuenue f(x)= 0 ¢ TounocTsio £ = 1074
— ¢ IOMOIIBI0 BCcTpoeHHo# ¢yaknun Mathcad root;
— MeToioM HproToHa (KacaTenbHbIX), UCTIONB3Ys (yHKIHO until;
— METOJIOM UTepalui, UCrob3ys GpyHkiuio until.
3) OnpenenuTh YUCI0 UTEPALHA B KOKIOM METOJIE, C IOMOIIBI0 QyHKImHU last.
BapuanTe! 3ananus |

Ne ) Ne )
BapHaHTa BapuaHTa
1| 3sin+/x +0,35x - 38x; 9 |e*-e*-2
x €[2;3] x e [0:1]
S IV S 10| J1-x-tgx;
3+5sin3,6x’ x e [07]
x € [071]
3 arccosx —/1—0,3x>; L fox2 412 —cosx—1;
x €[01] x e[01]
4 J1-0,4x* —arcsin; 12 CO{E)_ZS"{E)A;
x e[0:1] X X)X
xe[1;2]
5 3x—14+e* —e™%; B 1 01x?—x-Inx;
x e [1;3] xe[1;2]
6 0,25x% + x — 2: 14 1-x+sinx—In(1+x);
x €[0;2] x €[0;2]
7 . X2 15 eX—l _ X3 —x
arccos————; ’
1+x%—x x e[0]
x € [2;3]
8 3x—4Inx-5; xe[2:4]
3aganue 2.

Jiis mosmHOMa g(X) BBITIOJIHHUTE CIIEAYIOIINAE ICHCTBHS:

1) C nomompio komanasl Symbolic — Polynomial Coefficients co3gare Bektop V,
coepxamuii K03 GUIIMEHTHI TTOJIMHOMA.

2) Pemuth ypaBHenue g(X) = 0 ¢ momorsio ¢pyHkimu Polyroots.

3) Pemuth ypaBHEHHE CUMBOJILHO, UCIIOJIB3YS KoMaHay Symbolic — Solve for Variable.

4) pa3noXuTh Ha MHOXKHTENH, HCTIoNb3yst Symbolic — Factor Expression.



Bapuantsl 3ananus 2

No g(x) Ne a(x)
BapUaHTa BapHUaHTa
1 X*—2x3+ x>— 12x + 20 9 x4+ x3— 17x%— 45x — 100
2 x4+ 6x3 + x°— 4x — 60 10 x*—5x3+ x?— 15x + 50
3 x4 — 14x° — 40x — 75 11 x4 — 4x3— 2x2— 20x + 25
4 =3+ x2— 11x + 10 12 X*+ 5+ 7%+ 7x — 20
5 x4 — x3— 29x%— 71x 13 x*— 7x3+ 7x?— 5x + 100
6 x4+ 7x3+ 9x% + 13x — 30 14 x4+ 10x° +36x% +70x+ 75
7 x4+ 3x3 — 23x%— 55x — 150 15 x* + 9x3 + 31x% + 59x+ 60
8 x4 — 6x° + 4x% + 10x + 75
3aganue 3.

Pemnts cucreMy IMHENHBIX YPaBHEHUMN:
1) ucronb3ys Gpyukiuu Find;
2) MaTpUYHBIM CIIOCOOOM, HCIIONIB3Ys PyHKIHIO ISolve.

Bapuantsl 3ananust 3

BapuaHT CI/ICTCMa JUHEWUHBIX BapUaAHT CI/ICTeMa JIMHEUHBIX
ypaBHEHUH YPaBHEHUH

1 + X2+ 2X3 + 34 = 8§; 9 1+ X2 —5X3 + X4 = —4;
.+ 3x3=6; —3X2— 6x4 =-T7;
= X2+ 3x4 =4; 2 — X3+ 2Xs4 = 2;

+ 2X2 — X3 + 2X4 = 4. X1+ 4Xo — X3 + 6Xg4 = 2.

2 r-+ 2X2 + 3X3 + 4x4 = 22, 10 r+ 2X2 + 3X3 + 4x4 = 26;
1+ 3x2+ X3+ 2x4 = 17; L+ 3x2 + 4X3 + x4 = 34;
+ X2 +x3— X4 =8; L+ 4X2 + x3 + 2Xa = 26;
— 2X3—3X4 = 7. L+ X2 + 2X3 + 3x4 = 26.

3 71+ 10X — 7X3 — X4 = 23; 11 £+ — 8X2 — 3X3 —2x4 = 18
1—X3— x4 = 37; — 2x2 + 3X3— 2x4=28;
1—2X3 + X4 = 22; + X3 + X4 = 10;
1+ X2+ 2X3 + 3X4 = 26. X2 + X3 + 2X4 = 21.

\, \

4 71— X2 + 10X3 — Xa = 158; 12 r1— X2 + 4X3 + X4 = 66;
1+ X2+ 10x3 + 7x4 = 128; 2 —6X3 + x4 =-63;
1—2X2—2x3—X4=7; 11— 3X2 +6x3 —5X4 =146;
— 12X + 2X3 — X4 = 17. 1 — X2 + 6X3 — X4 = 80.

\, \

5 r— 2X2 + 6X3 + X4 = 88; 13 r1— 3X3 — 2X4 = —16;
1+ 2X3 — 3x4 = 88; 1 X2 +13x3 +4x4 = 213;
1—3X2 + 7x3 + 2X4 = 181; 1+ X2+ 2x3+ X4 =72;

3X1 — X2 + 5%3 + 2x4 = 99. — 12x3 — 5x4 = 159.
\, \,

6 F— 2X2 — 8Xa = —7; 14 F1+ TXo— 7x3—2X4 = 5;
+ 4Xo — 7x3 + 6x4 = -8; 1+ 4X2 + 5x3 + 8x4 =60;
+ X2 — Sx3 + X4 = -10; 1+ 2X2 + 2x3 + X4 = 27;
1—Xo+2xa=17. 1—2X3— X4 = —1.

\, \,

7 r1+ 2X2 + Ox3 + Xq = 15; 15 r1— 9X2 + Sx3 +X4 =124 ;
2+ 2X3 + x4 = 18; 2 — Sx3— x4 =-54;
1—3X2 + x3—5x4 = 37; 1—5X2 + 2x3 + 4X4 =83;
1—5X2 + X3 —x4 = 30. 1—9X2 + x3 + 6X4 = 45.

\, \,




8 1—5X2 + 7X3 + 5x4 = 165;
1+ X2 — 3x3 — x4 = —-15;
1+ 4X3 — X4 = 194;

— X2 — 2x3 — 3x4 = —19.

3ananue 4.
1) IIpeoOpa3oBaTh HenMHEHHBIE ypaBHEHHUS cucTeMbl K Buay f1(X) =y u fa(y)= X.

2) [Moctpouth UX rpaduKu U OMPENCTUTh HAYAIbHOE MPUOIIMIKEHIE PEIICHUS.
3) Pemuth cucTeMy HEIMHEHHBIX YPAaBHCHHM, HCIIONB3YS GyHKIH0 Minerr.
Bapuantsl 3aanus 4

BapuaHT CucremMa HEIMHEHHBIX BApUAHT CucremMa HEIMHEIHBIX
ypaBHEHUH YPaBHEHUH

1 X + 2y = 2, 9 Ay +x =-0,4,
{'s(y—1)+x:0,7; {—Cos(x+1):

2 (x+05)-y=1, 10 (X +2)—y=15;
{;s(y 2) +x=0; {'s(y 2) +x=0,5;

3 ISX +y =1,5; 11 1S(x +0, 5) y 2;
{ Sin(y—0,5) = {1y 2X =

4 IS(x + 0,5) +y=10,8; 12 IS(X—2) +y= O
{1y 2x = 1,6; {1(y+05) x=1

5 (x-1)=13- y, 13 IS(x +0,5) +y= 1
{ Sinly +1) = {1(y+05) x=1

6 's(x+05)+y 1; 14 X—2y=1;
{1y 2X = {'s(y +0,5)—x=

7 sink+1) +y=0,8; 15 Sin(x—0,5) =1;
{1(y 1)+x=1,3; {'sy+x—15

8 X -2y =1;
{1(y -1)+x=1,3;

3amanue 5.
CHUMBOJIBHO PEIIUTh CUCTEMBI YPaBHEHHI:

+4ny =a;
{+y:b.

3. O:xupaemblii (e) pe3yabTat (b1): opopmiieHHe oTyeTa B Buae daitna popmara «MathCAD»



IIpakTHyeckas padora Ne3
«HTEepnoJIsinMs U MpeacKa3aHue CIyYaifHbIX MPOIECCOB)»

1. Heap 3anaTusa: dopmupoBaHue yMEHUS NPOBOAUTH HWHTEPHOJSIHUIO U IpeIcKa3aHue
pe3yJIbTaToB KcIepuMeHTOB B porpamme «MathCADy.

2. AJIFOpI/ITM BBIIMMOTHCHHUSA IIPAKTHYECCKOI0 3a/IaHUA

3ananue 1.
Boruuciute 3HaueHus 3amanHod GyHkiuuu yi = f(Xi)) B y3max uaTepnomsimm xi =a + hi, rme
_(b-a)

, 1=0,1, ..., 10, na orpeske [a, b].

BapuanTs! 3ananmii 1...7

No f(x) [a; b] Ne f(x) [a; b]
BapHUaHTa BapHaHTa
1 Sinx? [0; 2] 9 x-Cos(x + In(1 + x)) [1; 5]
2 Cosx? [0; 2] 10 2x [1; 5]
10-In——
_ 1+ X
3 esinx [0; 5] 11 Sinx?-e ®2) [0; 3]
4 1 [0; 2] 12 Cos(x + Cos’x) [0; 2]
0,5+ x2
5 gLe+SinX) [2: 5] 13 Cos(x + e*°) [3; 6]
6 1 [0; 4] 14 Cos(2x + x?) [0; 1]
(1+e™)
7 Sin(x + e5™) [0; 3] 15 eC%.Cosx? [0; 2]
8 ef(x+1/x) [1; 3]
3aganue 2.

[To BeryricneHHOM Tabnuie (Xi, Yi) MPOBECTH MapaboNMUECKyr0 HHTEPIOIAIHUIO.

1) Anst HaxoxaeHust K0dPPUIUEeHTOB HCKOMOTo TosinHOMa (3.1) HE0OXOUMO COCTaBUTh CUCTEMY
JUHENHHBIX anredpanyeckux ypaBHeHu (3.3).

2) CucteMy ypaBHEHHH PEIUTh MATPUIHO C UCTIOIb30BaHueM QyHKIUH ISOlve.

3) [MocTpouTh rpadMK HHTEPIOIAHOHHOTO MHOTOUYJIEHA U OTMETHTh Ha HEM Y3JIOBbIE TOUYKH (Xi, Yi).
3ananue 3.

1) st BEIYKCIEHHON TaOMUYHON (DYHKIIMU COCTaBUTH (OPMYITY HHTEPIOISIMOHHOTO MHOTOUJIEHA
Jlarpana, UCIIONIB3Ys ONEepPaTOPbl CYMMUPOBAHUS U IEPEMHOKECHHUS TI0 AUCKPETHOMY apryMEHTY, a
Taroke QyHkiumio if,

2) IToctpouTs rpaduK HHTEPIOIAIHOHHOTO MHOTOUJIEHA M OTMETHUTh HA HEM Y3JI0BBIC TOUYKH (Xi, Vi).
3ajanue 4.

1) IlpoBectn wWHTEPHOIUPOBAHUE 3aJaHHOW (YHKIIMM C TIOMOIIBIO TEPBOH U BTOPOH
WHTEPIONSAIUOHHBIX opmyn HproToHa.

2) IMocTpouTh rpaduKu WHTEPIIOSIIIMOHHBIX MHOTOWICHOB M OTMETHTh Ha HEM Y3JIOBBIC TOUYKH (Xi,
yi)-

3amanue S.

1) IlpoBecTn NHMHEWHYI0 WHTEPHONSAIUIO 33JaHHONM (QYHKIMKM C TIOMOIIBIO BCTPOCHHOM
UHTEPIIOSIIMOHHON QyHKImu linterp.

2) IMoctpouts rpaduk Gpyukiuu linterp u oTMETUTH HA HEM y3JI0BbIE TOUKH (Xi, Yi).

3ananue 6.

1) IIpoBecTu crutaiiH-MHTEPIOJSIMIO ¢ TOMOIbI0 GpyHKUNMH Ispline, pspline, cspline n interp.

2) IToctpouts rpaduk GyHKIIHU INtErP 1 OTMETHTH Ha HEM Y3JI0BBIE TOUYKH (Xi, Vi).



3amanue 7.
1) Berurcaunth 3HaYeHus 3aganHoi Gyukiuu yi = f(X) B Toukax xj =a + /10, rme, 1 =0, 1, ..., 10(b -
a), Ha otpeske [a, b].
2) C ucnosib3oBanueM ¢ynkiuu predict BbIMOIHUTH MpeacKa3zaHne (IKCTPAMOIISIHIO) MOTyISeHHOTO
BEKTOpa JIaHHBIX Yi B mocieayromux 10 Toukax mo mociaeaHuM 7 3HaueHUSIM (DYHKIHH.
3) OtobOpa3uth rpaduyecku HMEIOUIMECs IaHHbIC, TPEJACKAa3aHHbIC JaHHbIE W HCTUHHBIN BUJ
byukuuu f(x).

3. Oxxunaemplii (e) pe3yJabTar (b1): oopmiieHre oTyeTa B Bue daitna popmara «MathCAD»y

IpakTnuyeckas padora Ned
«MaremaTnueckasi 00padoTka pe3yJbTaTOB IKCIIEPHMEHTAJIbHBIX JAHHBIX)

1. Heab 3ansaTusa: QPopMUpOBaHHUE YMEHHS IMPOBOAUTH MaTEMAaTHUYECKyl0 00paboTKy
IKCIIEPUMEHTANBHBIX JaHHBIX B porpamme «MathCADy.

2. AJITOPUTM BbINIOJTHEHHUSI IPAKTUYECKOT0 3aaHMS

3amanue 1.
CoznaiiTe Ta0nHIly SKCIIEPUMEHTAIBHBIX JaHHbBIX

xiza+hi,i=0,1,...,10, h=

, Ha oTpeske [a, b].

Bapuantsl 3ananus 1

Ne i [a; b]
BapuaHTa

1 2,86; 2,21; 2,96; 3,27; 3,58; 3,76; 3,93; 3,67; 3,90; 3,64; 4,09 [0; 1]

2 1,14;1,02; 1,64; 1,64; 1,96; 2,17; 2,64, 3,25; 3,47; 3,89; 3,36; [-1; 1]

3 4,70; 4,64, 4,57; 4,45; 4,40; 4,34, 4,27; 4,37; 4,42; 4,50, 4,62 [2; 4]

4 0,43; 0,99; 2,07; 2,54; 1,67; 1,29; 1,24; 0,66; 0,43; 0,35; 0,70 [2; 4]

5 1,55; 1,97, 1,29; 0,94, 0,88; 0,09; 0,02; 0,84; 0,81; 0,09; 0,15 [1; 4]

6 3,24;1,72; 1,95; 2,77; 2,47, 0,97; 1,75; 1,55; 0,12; 0,70; 1,19 [0; 4]

7 2,56; 1,92; 2,85; 2,94; 2,39; 2,16; 2,51; 2,10; 1,77; 2,28; 1,70 [-1; 2]

8 1,77;0,92; 2,21; 1,50; 3,21; 3,46; 3,70; 4,02; 4,36; 4,82; 4,03 [-1; 3]

9 1,53; 0,45; 1,68; 0,12; 0,68; 2,36; 2,58; 2,53; 3,45; 2,70; 2,82 [4; 8]

10 2,50; 3,90; 3,54; 4,63; 3,87; 5,25; 4,83; 3,24; 3,08; 3,00; 4,70 [0; 5]

11 2,95; 3,38; 2,71; 2,37; 2,29; 2,75; 2,76; 2,74; 2,57; 2,40; 2,99 [1; 5]

12 -0,23; -0,03; -0,98; -0,97; -0,43; -0,91; -0,27; -0,19; 0,88; 1,06; 0,72 [2; 4]

13 2,36; 0,03; -0,38; -1,33; 0,25; -1,36; 0,95; 3,16; 4,03; 4,92; 4,20 [0; 2]

14 3,82; 4,07; 3,53; 4,83; 5,53; 5,04; 5,09; 5,87; 5,53; 4,72; 4,73 [3; 4]

15 2,35; 2,16; 2,39; 2,39; 2,18; 2,09; 2,44; 2,56; 3,35; 3,22; 2,65 [-3; 4]
3aganue 2.

1) AnnmpokcuMHpOBaTh MHOTOWIEHAMHU 2-0l U 6-0# CTENEHU IO METOAY HauMEHbIINX KBaJIpaToB
(byHKLMIO, 331aHHYI0 TaOJIUIIeH 3HAYEHUH Xi U Vi U CPaBHUTH KAUY€CTBO MPUOIMKEHHIH.
2) IToctpouTh rpadku MHOTOUICHOB M OTMETUTH Y3JIOBbIC TOUKH (Xi, Yi).
3ananue 3.
1) Jlns mpUBEOCHHBIX B TAOJMIE SKCIEPUMEHTANBHBIX JAaHHBIX (Xi, Yi) OMPEICTHTh MapamMeTphbl
JMHEHHOM perpeccuu ¢ UCIojb30BaHHeM BcTpoeHHBIX (GyHkuuii Mathcad slope u intercept.
2) OtoOpa3uTh rpauyeckd COBOKYMHOCTh TOYEK BEKTOPOB Xi M Yi U pe3yJbTaTbl IPOBEICHHON
JIMHEUHOM pEerpeccum.
3ananue 4.
1) AnnpokcuMupoOBaTh JaHHBIE U3 BEKTOPOB Xi U Vi !

— MOJIMHOMOM 4-0ii CTeTIeHH TP oMol GyHKIUI regress u interp;

— HabopaMu MOJMHOMOB BTOPOTO IMOps/AKa ¢ moMouibio GyHkimid 10ess u interp (mpu span
paBaom 0,5 u 2,5).
2) Otobpa3zuTte rpadu4ecku pe3ynbTaThl alMpPOKCUMAIIH.



3amanue S.

1) AnmpokCHMMHpPOBATH AIKCIIEPUMEHTAJIbHBIC JaHHBIE W3 TAOJMWIl 3HAYEHUU Xi M Yi JTUHEHHOU
KOMOMHAaIuen QyHKINI:

f(x) = ay f1(x) + a2 f2(x) + as fa(x).

2) Koadduumentsr BekTopa a HaiiTH ¢ nomolinsio Gpynkuuu linfit.

3) Oto6pa3uth rpaduvecku COBOKYIHOCTh TOYEK BEKTOPOB Xi U Yi U PE3YyNbTaThl MPOBEACHHOMN
JTUHEHHON perpeccuu o0IIero BuUa.

BapuanTe! 3aanus 5

Ne f1(x) f2(x) f3(X)
BapHuaHTa
1 e 1 Sin x
1+ 2Cos®x
2 1 eX Sin (3x)
1+ x2
3 1 e sin x X
1+ x2
4 arctg x In In x Sin x
5 e—x 12 1 e~
X
6 1+ x X Cos x
2+ Cos _O
X
7 1 /1 4+ x2 Cos x
1+e*
8 X 2 —Cos x
Cos— Sin—
1+e*
10 In(x + 5) 1+ x Sin x
11 1 1+ X 1
X X2
12 Cos x 1 1
1+ X + X2 1+ X
13 e* Cos 4x —e¥2
14 Hie™ o3 Sin%(3x)
15 1 X X
— Cos— Cos—
1+ X+ X 10 10
3amanue 6.

1) AnnpokcuMHUpOBaTh SKCIIEPUMEHTANIbHBIE JaHHBIE U3 TAaOIUI] 3HAUEHUH Xj U Vi QYHKIMeH BUa:
f(x)= eU0+U1-x+U2-x2 .
2) [TapameTpsl BekTopa U HaiiTu ¢ moMomibio Gpynkuuu genfit.

3) Oto6pa3uth rpapuuecku COBOKYITHOCTh TOYEK BEKTOPOB Xi U Yi U PE3yNbTaThl MPOBEACHHOMN
HEJIMHEHHO perpeccuu o01Iero Bua.

3amanme 7.



1) BBIMONHUTE CrITaKUBAaHUE YKCIIEPUMEHTAITLHOW (DYHKIIMH, 33JaHHON TaOIuIel 3HaYeHHH X U Vi,
¢ moMoIIpio BCTpoeHHbIX (yHkimit Mathcad: medsmooth, ksmooth u supsmooth.
2) Pe3ynbTathl Criia)kuBaHust OTOOPA3UTh rpapUUSCKH.

3. Oxugaemplii (e) pe3yJabTar (b1): oopmiieHre oTyeTa B Buje daitna popmara «MathCAD»

IpakTnyeckas padora NeS

«HAcnosib30BaHHE YN CJIEHHOTO HHTerpupoBanus u JuddepeHIIUPOBAHUS B MOIeTUPOBAHUHI
TEXHHYECKHX CHCTEM»
1. Iean

3aHATHA:

®opmMupoBaHue
nuddepentmpoBanus B mporpamme «MathCAD».
2. AJITOPUTM BBINIOJIHEHUSI PAKTHYECKOTO 32/ IaHUS

yMEHUs

YHUCJIICHHOT'O

UHTEIPUPOBAHUS

n

3amanue 1.
Onpenenutb Gynkiuro f(X) TabauaHo, BeraucauB 3HadeHus yi = f(Xi) B Toukax xi =a + h;;
i=0,1,..,8;
h= b-a Ha oTpeske [a, b].
Bapuantsl 3ananus 1
Ne f(x) [a; b] [c; d]
BapHaHTa
1 1 [0,4;0,8] [2, 2;1]
tg2x +1
2 Cos3x [0,8; 1,6] [-1;-0,9]
(1—Cos3x)-2
3 1 [0,18; 0,98] [0,5; 0,6]
XV X3 + 4
4 Sinx [0,8; 1,6] [2;2,1]
1+ Sinx
5 x219(+2) [0; 0,4] [1,5; 1,6]
6 yzarctg(x/3) [0,8; 1,6] [1;1,1]
7 e>*-Sin3x [0,4; 1,2] [2;2,1]
8 ctg2x [0,8; 1,2] [1;1,1]
(Sin2x)?
9 (x + 1)-Sin x [1; 5] [1;1,1]
10 Sx + x-lgx [0,2; 1] [1,3; 1,4]
11 (2x + 3)-Sin x [0,4; 1,2] [0,5; 0,6]
12 Cosx [0,4; 1,2] [1; 1,1]
2X+5
13 1 [0; 4] [2; 2,1]
1+ X+ x°
14 1+ X [0,4;0,8] [1,5; 1,6]
2+X
15 Mo [0,4;1,2] [0,5; 0,6]

3amanue 2.




b
BBIYMCINTD HHTEPAI: I f (x)dx:
a
1) ¢ moMo11bI0 BCTPOEHHOT'O OllepaTopa UHTErPUPOBAHNUS;
2) o ¢hopmyJie IpsIMOYTOJIbHUKOB;
3) o hopmyne Cumncona;
4) ¢ MOMOIIBI0 BCTPOCHHOTO ONEpaTopa WHTETPUPOBAHUS M WHTEPIOSAIMEH TaOIMIHON
byHkmMK KyornueckuM criaiinoM (Gynkuuu cspline u interp);
5) MeTo1oM HeonpeeNneHHbIX KO3(GHUINEHTOB Ul YUCICHHOTO HHTEIPHPOBAHMSL.

3amanue 3.
b

BBIUKCINTE HHTErPAT f f (X)dX metonom MonTe-Kapino. [list 37010 HEOGX0AUMO:
a

1) onpeaenuTh QUana3oH clydaiHbix yncen, Hanpumep j = 0...1000;

2) ompeneauTh C MOMOIIBID (YHKIHMH INd paBHOMEPHO pacHpeae/ICHHYIO CIydaiHyro
BEIIMYKHY 7]j HA OTPEe3Ke HHTErpupoBanus [, b];

3) co3nate Bextop Fj = f(7;);

4) c noMouIbr0 GYHKIUU MEAN BEIYUCIUTH HHTETPAL.
3asanue 4.
Haiitu nepBooOpa3Hyro aHaIuTHYeCKU 3aaHHoi GyHkuuu f(X), ucrnonp3ys komanay Symbolic —
Integrate on Variable.
3ajanue 3.
BeluncinuTh 3Ha4CHHS IEPBOM M BTOPOil por3BoaAHbIX GyHkuuu f(X) B Touke X = ¢:

1) ¢ momomkro oneparopoB auddepenuupopanns Mathcad;

2) METOIOM HEOIPEACIIEHHBIX KO(DGHUIIMEHTOB I YHCIEHHOr0 JU(PEepEeHIIMPOBAHUS.

3) Onpenenuth pynkuuto f(X) Tabnudano, BeIYUCTUB 3HaueHUs Vi = f(Xi) B Toukax xj = ¢ + h'i,
i=0,1,..,10,h=0,01 na orpeske [c, d].
3ananue 6.
OmnpenenuTh CUMBOJIBHOS 3HAYCHHE MEPBOM M BTOPOM Mpom3BOAHBIX f(X), HUCIOIB3Ysl KOMaHIY
Symbolic — Differentiate on Variable.

3. Oxupnaemsiii (e) pesyabTar (b1): opopmieHne otuera B Buze Qaiina popmara «MathCAD»

IIpakTyeckas padora Ne6
«Onuncanue Mojeell ¢ MOMOLIbI0 00bLIKHOBEHHBIX AU (epeHunaIbHbIX yPABHEHUID»

1. Heap 3ansaTusa: OopMupoBaHHe yMEHHUs peliaTb OOBIKHOBEHHBIE TU(epeHIHaIbHbIe
ypaBHenus B mporpamme «MathCADy.

2. AITOPUTM BBINOJHEHHUS IPAKTHYECKOI0 3aJaHUS

3ananue 1.
Pemmts 3anady Komm: ? = f(X,Y), y(0) =1, c marom h = 0,1 Ha otpeske [0; 1]:
X

— MeToA0M Diliepa;
— meTozoM Pyrre-Kytra (ko3 durmenTs! K 3a1aTh kKak GyHKIUH OT X U Y);
— MeTogoM Anamca;
— ucnonb3ys pynkmmto rkfixed.
Bapuantsl 3aganus 1

Ne f(x, y) Ne f(x, y) Ne f(x, y)
BapHaHTa BapHuaHTa BapHuaHTa
1 X+y 6 2y — Cos2x 11 2y + 3e*
2 2X% + 2y 7 y—e?+2 12 y o
2




3 e*—3y 8 3y —2-Sin x 13 Cosx
3
4 y —Sin x 9 ey 14 y—4x+5
5 10 2-Sinx +y 15
Y 2x—J ¢
3 3
3ananue 2.

[TocTtpouTh rpaduKu pelICHUM, IMOJIYyYEeHHBIX MeTtojgamu Oinepa, Pynre-Kyrra, Amamca u ¢
nomotieio ¢pyakiuu rkfixed. Beraucauth B Touke X = 1 OTHOCHTEIBHYIO MOTPEITHOCTD IS KAXKI0TO
MeTo/a.

3ananue 3.

Hatitu ananutuueckoe (tounoe) pemenue O/1Y u3 3ananust 1 ¢ momompio npeodpazoBanwmii Jlammaca
(xomangp Symbolic — Transforms — Laplace Transform u Inverse Laplace Transform).

3ananue 4.

Pemnts 3anauy Ko mist cuctemsr OlY nipu 3aaHHbBIX HavadbHBIX YCJIOBHSAX Ha otpeske [0; 2] ¢
marom h = 0,2. Pemats ¢ momonipio pyukuuu rkfixed. ITocrpouts rpaduku Gpyrkmmii Uu(t) u v(t).
Bapuantsl 3ananus 4

Ne CucreMa 0OBIKHOBEHHBIX HayanbHrle
BapHaHTa G hepeHIMATBHBIX YPaBHEHUI YCIIOBUS
u(0) u’(0) v(0) v’(0)

1 T=2v+u 15 15 1 1
{’ =4y —2u.

2 ' =-v+ 3u; -1 1 -15 3
{’ =y-2U.

3 T=2v— u; 15 15 1 1
{’ =4y + u.

4 T =5y, 1 15 0 2
{’ =v+2u-+t

5 =v+ outt 0,5 15 -1 2
{’ =v+2u-t

6 =2v+ u -+t 0,5 2 1 2
{’ =4y,

7 =V 4 5 5 -1 1
{’ =5v-—TuU

8 "=y-5u; 15 1 3 1
{’ =2v+u -+t

9 =05+ v 2 0 -1 1
{’ =4—-Uu+t.

10 =+t -1 2 -15 0
{’ =v+ 3u.

11 T=y—u-—t; 15 15 -1 -1
{’ =2v+u.

12 T=5v+ -1 15 0 -2
{’ =3v+u

13 T=v+us -0,5 1 -1 2
{’ =y+u-—t.

14 T=2v—u; 0 -2 0 2
{’ =4y +t

15 =y -2t 3 3 -1 1
{’ =v + 3u.



3amanue S.

Ha otpeske [@; b] ¢ ucnmons3oBanuem ¢pynkuumii load, score u sbval mpeobpasoBars KpaeByio 3a1a4y:
2

—— =f(x,y, y'), npu rpannunsx ycnosusx y(a) = 4, y(b) = B x sanaue Ko n Haiitu pewenue
X

saganHoro OJ1Y B 10 mpoMeKyTOYHBIX TOUKaX ¢ momoripio Gpyrkiuu rkfixed.

Bapuantel 3aganus 5

Ne f(x, v, ) ['pannyHbBIE YCIOBHS
BapuaHTa a b y(a) y(b)

1 e’y + cos x 1 2 0 0
2 ysinx +e ™ 2 3 1 0
3 y COS X + tg X 0 1 0 0,45
4 X3y + CoS X 0 1 1 0
5 X +e'y 2 4 1 0,14

1-X
6 X2y 1 1 3 0 0,17

1+X
7 y COS X + COS %X 1 2 0 0
8 (2+x)y +arctg x 0 3 0 0,22
9 (5-x)y+x 2 4 0 -1,2
10 e*y+2e™ 0 1,5 2,4 0
11 ey iy -3 -2 3 0

X
12 1 1 2 3 0 0

2
(X +=)-y+—
X X
13 (10-x)y +x -1 0 2 0
14 y 1 3 1,5 0
=5 +X
X

15 ylnx+1+x 7 8 0 0

3. Oxupnaemsiii (e) pesyabTar (b1): opopmieHne oTyera B Buze Qaiina popmara «MathCAD»

IIpakTyeckas padora Ne7
«Onucanue MoaeJieil ¢ MOMOLIBI0 TU(PPepeHIHATBLHBIX YPABHEHUH B YaCTHBIX
NMPOU3BOIHBIX»

1. Hear 3anarusa: PopMupoBaHue ymeHHs pemath auddepeHIranbHble YpaBHEHUS B
YaCTHBIX MPOU3BOIHBIX B mporpamme «MathCAD».

2. AITOPUTM BBINOJTHEHHUS MPAKTHYECKOI0 3a1aHUA

3amanue 1.
BapuanTe! 3ananus |
No f(x) a b c
BapHUaHTa
1 1 0,1
2 2 0,1
3 4 0,2
4 6 0,3




5 I 8 0.4
H R
|
|
|
|
|
I
0 5 "
6 X(x?—1)
7 sin (mx?)
8 Sin(mx) cos x
9 x-sin2( x —1)
10 43 (x — 1)
11 s 1 0,1 0,2
12 a 3 0,2 0,4
13 L 5 0,4 0,6
14 | I 7 0,6 0,8
15 : : 9 0,8 0,9
| I
0 | I
7 X
Pemmuts 3aaady o KOJIG63.HI/II/I CTPYHBI CI[I/IHH‘-IHOﬁ JJIMHBI C 3aKPCIUICHHBIMU KOHIIaAMU:
o’u  , o
7 =a T ya=1,
ot OX
C Ha4YaJIbHBIMH YCJIIOBHUAMMU:
u(x, 0) = f(x),

8—u(X,O)ZO,OSxSl;
ot

U HyJeBbIMH TpaHnuHbIMU yenoBusmu: U(0, t) = u(l, t) = 0.

Jlist pemieHust 3amauu moctpouth cetky u3 11 y3moB mo X (i =0, 1, ... 10) u mpoBecTH BBIYHUCICHUS
st 16 cnoésmo t (j =0, 1, ... 16). BeruricieHust BHIOIHUATS ¢ 1raroM h o x, paBHbiM 0.1 U marom ¢
no t, pasabiM 0,05. OTo6pa3uTh rpaduyecku pemienue 3anaun Ha 0-m, 5-m, 10-M 1 16-M BpeMeHHBIX
CIIOSIX.

3amanmue 2.
Haiitu pemenwue U(x, t) 11s ypaBHEHHS TEIUIOMPOBOIHOCTH C TIOCTOSHHBIMU KO3 (D uitneHTaMu:

ou o4

—=a >

ot OX
C HAYaJIbHBIMU YCIIOBHSIMHU:

ux,0) =f(x),0<x<1;
Y TPAaHUYHBIMU YCIIOBUSIMH:

u(0, t) = a,
u(l,t)y=nh.
Jlnis perieHus 3a1auu mocTpouTh ceTky u3 11 y3108 mo X (1 =0, 1, ... 10) u npoBecTH BBIYHCICHHUS
it 12 cnoésmo t (j=0, 1, ... 12). BerariciaeHust BBIMOIHUATSE ¢ 1raroM h mmo x, paBaeim 0,1 U marom ¢
o t, paBabeiM 0,005. OTOOpa3uTh rpadudecku perenue 3anadu Ha 0-om, 4-om, 8-om u 12-oM crosix
U TOCTPOUTHh MHTETPAIbHYIO TTOBEPXHOCTh PACIIPEACIICHUS] TEMIIEPATyphl B CTEPKHE C TTOMOIIBIO
koman bl Graphics — Create Surface Plot.
BapuanTel 3aianus 2



Ne f(x) a b Ne f(x) a b
BapHaHTa BapHaHTa
1 X(x—1) 0 0 9 (X% +0,5)-cos(27 x) 05 | 15
2 Xx3+x2-x 0 1 10 Sin(m x)-cos x 0 0
3 x2(1 —X) 0 0 11 xsin(2(x — 1)) 0 0
4 X2(1 —x) 1 0 12 n@,5 + x)-(x — 1) 0,7 0
5 x-sin(27 x) 0 0,3 13 xsin(4(x—1)) —x 0 -1
6 (X — 1)-sin®x 0 0 14 x-cos(2mx) 0 1
7 4x2(x — 1) 0 0,5 15 xe X(x*—2) 0 | 04
8 10x3(x — 1) 0 0,5
3ananue 3.

Haiitn crammonapHoe pacrpeneiaeHue TeMIepaTypbl B KBaJpaTHOM IUIACTMHE CO CTOPOHOM 1,
onuceiBacMoe ypaBHeHueM Jlamnnaca:

o°u 0%

2t =0

ox° oy

C KpaeBbIMHU yCIIOBUSIMH BUA:

u(,y) =fuly), 0 <y <1),

ud,y) =fay), (0O<y<1),

u(x, 0) =f3(x), (0 <x<1);

u(x, 1) = fa(x), (0 <x <1).

Pemrats 3amauy ¢ momoripio Gyrkiuu relax. s perrenus 3aaaqu mocTpouTh ceTKy u3 11 y3710B 1o
x(1=0,1,..10)uu3 11 ya3nosmoy (j =0, 1, ... 10). OtoOpa3uth rpahuIecKu ¢ MOMOIIHI0 KOMAHIbI
Graphics — Create Contour Plot cranimoHapHoe pacmpese/ieHue TeMIIepaTyphl B IUTACTHHE.
Bapuantsl 3ananus 3

Ne fi(y) fa(y) fa(x) fa(x)
BpHAHTa
1 y? cosy + (2 - x3 1+x
—cosl)y
2 e/ — ey? y 1-x3 %
3 1-vy? y sinx+1— — X
x3(1 + sinl)
4 0 y sin x— x3-sinl X
5 &+y}(1-e)-1 y 0 x
6 y? cosy+ (3— x3 1+ 2x
—cos 1)y
7 0 y sin x— x3-sinl X2
8 2ey— (1+ + —y 1-x3 X—2
2e)y>—1
9 —10y’ -8y +6 | —10y?—30y + 22 %%+ 7x + 6 Ox% — 15x — 12
10 —7y* -5y +3 — 7y - 21y + 13 6X° + 4x + 3 6x% — 12x — 9
11 1 y+1 1 1+x
12 1 eY 1 e
13 —y? by 4 + 5y —y? X2 + 3x X2+ 3x + 4
14 3-7y 7—6y 4x + 3 5x—4
15 0 siny 0 sin x

3. Oxunaemplii (e) pe3yabrTar (b1): oopmiieHre otyeTa B Buje daitna popmara «MathCADy



IIpakTyeckas padora Ne§
«CrneKTpajbHbIN AHAJIU3 U CHHTE3 CTATUCTHYECKOH HHpopManum)
1. Hean 3ansaTus: opMupoBaHre yMEHMs NIPOBOAUTH CIIEKTPAJIbHBINA aHAJIU3 U CHUHTE3 B
nporpamme «MathCAD».
2. AJITOPUTM BBITIOJIHEHUSI MPAKTHYECKOT0 32 IaHUS
[TopsiioK BBIMOTHEHUS TTPAKTUUYECKON paboThl No§
3ananue 1.
1) Berurcauth mepBbie miecTh map KodGduiueHToB pasioxenus B psag Pypee dyakiuu f(t) Ha
orpeske [0, 27].
2) [Toctpouts rpaduku 1, 2 u 3 rapMOHUK.
3) Beimosnnuth rapmonndeckuii cuntes Gyakiuu f(t) mo 1, 2 u 3 rapmonukam. Pe3ynbTaThl cuHTE3a
0TOOpa3UuTh rpaPuIECKH.
Bapuantsl 3ananus 1

Ne () Ne (t) No (0
BapHaHTa BapHaHTa BapHaHTa
1 Cost 6 Cost-Cos|Sint| 11 Sin( /1+ £2 )
1+ Cos?2t
2 Sin t 7 arctg(Cos0,5t) 12 COS( 1.t )
1+ Cos?2t
3 Sin2t + Sin3t 8 sing 13 g 10(t-7)°
3+ Sin t + Cos2t ©
4 Sin3t 9 Sint + |Sin2t| 14 cost
‘Sin t‘ +|Cost| €
5 |sin3t| 10 2 15 b
Cose Sin(%) e 032Cos(Sin t)
3amanmue 2.

1) BBIMONHUTD KIaCCHYSCKHI CTIEKTPaIbHBIN aHau3 u cuHTe3 QyHkimu f(t).
2) OtoOpa3uTth rpaguuecKy CIEKTPbl aMIUTUTYA U (a3, pe3ysbTaT CIEKTPAIbHOTO CUHTE3a (YHKIIUU
f(t).
3ananue 3.
1) BBIMOTHUTE YHCIIEHHBIH CIIEKTPANIbHBIN aHanu3 u cuHTe3 Gynkuuu f(t). Jns sToro Heodxoanmo
3aaaTh ucxoanyr ¢ynkuuro f(t) auckperHo B 32 orcuérax.
2) OTo0pa3uTh rpayuyecKu CIIEKTPbl aMIUIMTYA U (a3, pe3yabTaT CIEeKTPAIIbHOIO CUHTE3a (PYHKIIUN
f(t).
3anmanue 4.
BeimonHute cnektpanbHblii aHanmu3 W cuHTe3 ¢GyHkimuu f(t) ¢ momompro BII®. [lns storo
HEOOXOaNMO:

1) 3amare ucxoauyro ¢yakuuto f(t) nuckperno B 128 orcuérax;

2) BeInOJHUTH Tipsimoe BII®D ¢ momotsio ¢pyukimu fft 1 oToOpa3uTs rpaduyeckn HalCHHBIC
CHEKTPBI aMIUTUTYA U (a3 NEepBbIX IIECTH FAPMOHUK;

3) BeInosTHUTE 00paTHOE BII® ¢ momortsio ¢pyuknuu ifft  orodpasuts rpaduuecku pe3yabTar
CHeKTpaibHOTO cuHTe3a QyHkiwn f(t).
3ajmanue 3.
Bemonuute Gunsrpanuio yakmuu f(t) ¢ momomnipro BI1O:

1) cunre3upoBath GyHknuio f(t) B BUze mMosie3HOro CUrHaia, mpeacTaBieHHoro 128 orcueramu
BEKTOpA V,



2) K MONE3HOMY CHTHaly V MPUCOSAWHHUTH myM ¢ momoinsto ¢ynkiuu d (rnd(2)-1) u
chopmMHpoBaTh BEKTOp U3 128 0TCUETOB 3allyMIIEHHOTO CUTHAA S;

3) npeoOpa3oBaTh CUTHAJ C IIIYMOM S U3 BPEMEHHOM 00J1aCTH B YaCTOTHYIO, UCTIOB3Ys MPSIMOE
BII® (¢pyukuus fft). B pesyaprare monyunrtcs curHain f u3 64 4acTOTHBIX COCTABIISIOIINX;

4) BRINOTHUTD (PUIBTPYIOLIEE TpeoOpa3oBaHue ¢ TOMOIIbI0 GyHKIMKM XeBucaiaa (mapaMerp
bunpTpanuun o = 2);

5) ¢ nomouipto dynkuuu ifft BemonHuTE 00paTHOe BII® M MONYYUTH BEKTOP BBIXOTHOTO
cur"ana h;

6) ToCTpOoUTh TrpadUKHU IOJIE3HOTO CHUTHAjJa V M CHTHAJA, TOJXY4YeHHOro (uibTpanuen
3alIyMJIEHHOT'O CUTHAJIa S.

3. Oxupnaemsbiii (e) pesyabrar (b1): opopmieHue oryera B Buze Qaiina popmara «MathCAD»

Tunosoii npumep 3axaHus

IIpakTuyeckas padora Ne 1.

3amanmne:

1. U3y4uuTh TeOpEeTUUECKHI MaTepHrall.

2. Odbopmuts otuet B Buze (aiina popmarta «MathCAD» (pacumpenue daiina *.med).

Heanb 3aganus: GopMupoBaHHE OOIIETO MpeACTaBIeHUs PaboTh ¢ mporpammoit «MathCADy.
AJITOPUTM BBINOJIHEHHUS MIPOBEPSEMOT0 32/ IaHUS

1.1. 3aganue BBIMOIHACTCS JIJIsl BCEX BAPUAHTOB. BhIUUCITUTS:

J100; |-10]; 101

Pemenmne:
J100=10  |-10| =10 101= 3628200

1.2. 3amanue BBIOHSICTCS U BceX BapuaHTOB. ONpeIeTuTh nepeMeHHbIE:
a:=3.4; b:=6.222; ¢ =0.149.
Pemenue:

a=34 b=06222 ¢=0143

1.3. 3a,Z[aHI/Ie BBIITOJIHACTCA JIA BCEX BAPUAHTOB. Breraucnuts:

2ab +3/c :
Z = e N =g -cosé.
\/(a2+ba+C)‘C b
Pemenue:
3
g _cabt e _ 4,292
la? 42 ¢

yw: Esm(c}_ms[g] = [.5991]

1.4, 3amanuwe BBIMOJHSAETCS JJII BCEX BapUAHTOB. BBIMOTHUTH ClEMyIONIHME OINEpalud C
KOMITJICKCHBIMHA YUCJIAMU .

Z2:=-3+2i; |Z|=; Re(2)=; Im(Z) =; arg(2) =; JZ = ;

27 = Z1:=1+2i; Z2:=3+4i; Z1+Z2=; Z1-7Z2=; Z1-Z2=; Z1/1Z2 =.

Pemenne:



Z:= =3+ 2

|z| = 3.606
Re(Z) = -3
Im(Z) = 2
arg(Z) = 2.554

JZ =055+ 181%A

27 = 6+ 4i
Z1l=1+2
72 = 3+ 4

Zl+Z2=4+6
Z1-Z22=-2-2
Z1.22 = -5+ 10

1 = 044 4 0.06
Z2

1.5.3aganue BBITIOJIHSIETCS 711 BCEX BAPUAHTOB. BBIMIOJIHUTD CIIEAYIOIINME ONepaIuu:

: : 0.4 12 ctg2x
ii=1..10; Y I=; i+ =; [x*-lg(x+2)dx=; [——=— ;
; H { Ojjg(sm 2X)*
X=2; ix5=; isin(x):.
dx dx
Pemienue:
=110

S'i= 55

o

i

H(i+ 1) = 39916800
i

al.4

o log(x+ 2) dx = 7711x 107~

!l

alld
cot(2.%)

dix = - HeCOBCTEEHHBIA MHTEMDAN, PaciogHTCA

st 2 %)
Y03

[ This calculation does not converge ko a solution, |

=2

4P -

dx

4 gin(x) = 0416
dx



1.6. 3aganue BIMOMHsIETCS AU BceX BapuaHToB. Onpenenuth BekTopbl d, S U R u 0T0Opasuth ux
rpaguyecKy.

i di Si Ri
0 0,5 3,3 2
1 1 5,9 3,9
2 15 7 45
3 2 6,3 3,7
4 2,5 4,2 1,2
Pemenue:
0.5 33 2 )
1 59 2.9
i=0.5 d=|15 g=1|7 Ro=|45
2 6.3 3.7
2.5 4.2 1.2
8
G
5y 4
Ej
—3
0
0 1 y 3 4

i
1.7. 3aganue BeIMOMHAETCS 17151 BceX BapuaHTOB. [locTpouTs rpaduku cienyromux ¢ yHKIIHMA:
X(a) :=cos(x) - sin(a);

Y(a):=1.5cos(x)? - 1;
P(a)=cos(x).
Pemenmne:

Xl = cos{o)-sinfoe)




V(o) = 1.5cosla?) - 1

Plo) = cos(on)

]. I I
0.5r .
P(o) OF s

- 0.5F .

_ 1k I I I |
-1 -5 0 5 10

0

1.8. 3aganue BoimonHsAeTCA U1 Beex BapuaHToB. Co3nate MaTpully Q pazmepoM 6x6, 3alI0JHUTH e
IIPOU3BOJILHO U 0TOOPA3UTh Irpa)UuEeCcKu.

Pemenne:
(24310 1)
5255734

|532415
Rl v 5 51 B §
4067302
\2046285)

¥




1.9. 3ananue BeImoNHACTCA 1715 BceX BapuaHTOB. [1ocTpouTh rpaduk MOBEPXHOCTU U KapTy JIMHHUHA
ypOBHS AJis1 GYHKIIUU JABYX IIEPEMEHHbIX:

X(t,a):=t-cos(x)-sin(a).

Pemenmne:

2(t,0) = t-cos(o)-sin(Qr)

x

PesynpTaThl pacuera Mo mpakTH4eckoi padore ««MojenupoBaHUE MOBEJIEHHS PEaTbHOTO
00BbEeKTa B KPUTHYECKOM CHUTyallud Ha OCHOBE ero IuQpoBod kommm»» Kypca «Lludpossie
TE€XHOJIOTHUH NPOU3BOJICTBEHHBIX IPOLECCOBY SIBISIOTCS UCXOAHBIMHU JAHHBIMM JUISl IPAKTUYECKOU
paboter  NoS Mcmonp3oBaHME YHCICHHOTO WHTETPHPOBaHUS M IU(G(GEpeHIpPOBaHUS B
MOJICIUPOBAaHUM TeXHUYECKUX cucteM M Ne6 OmnucaHue Mojenei ¢ MOMOIIBI0 OOBIKHOBEHHBIX

Qg QepeHIraIbHbIX YPaBHEHUH.

7.3. OueHo4Hble CpPeACTBA I NMPOMEKYTOUYHON ATTECTAMH MO WUTOraM OCBOEHUSA
AUCHUTLTUHBI

7.3.1. Bonipochbl K IPOMeKYTOYHOI aTTeCTANNH

Cemectp 4

Bonpocs! k 3k3amMeHy

1 OCHOBBI BCPOATHOCTHBIX METOJ0OB aHaJIN3d U MOACIIMPOBAHUS CUCTCM.

2 DJIEMEHTHI TEOPHH BEPOSITHOCTEH, HCII0JIb3yeMble B MATEMaTHUYE€CKON CTaTHCTHKE.




Bonpocsl k 3k3amMeny

n/n

3 DeMeHTapHBbIC MOHATHUS O CIIYYaiHbIX COOBITUSIX, BEIMYMHAX M (QYHKIHUSX.

4 HUucnoBble XapaKTEPUCTUKHU CIIyYalHbIX BEJIMYUH.

5 CoayyaiiHbple BeJIMYMHBI M UX 3aKOHBI PAaCIpeiesIeHHs], HOPMAJIbHBII 3aKOH PAaCIpe/ICICHHSL.

6 CraTrcTHdecKas OlleHKa METOJIOB paclpe/IeIICHUs CITyJailHbIX BETMYHH.

7 Maremarnueckas cTaTucTuka. OCHOBHBIC TIOHSTHS U ONPE/ICIICHHS.

8 OCHOBHBIE 3aKOHBI PACHPEACICHUS CITyYaHBIX BEIHYHH.

9 O06paboTKa CTaTHCTUYECKOH HH(OPMAITHH.

10 | BrOop TeopeTHyecKoro 3aKOHa pacrpeieNICHHs CTy4aliHbIX BEIUYHH.

11 | 3akoHBI pacnpe/esieHus, Hanboee pacnpocTpaHEHHBIC B TEXHUKE.

12 | VcxoaHble NpeAnoChIIKH PErPECCHOHHOTO aHAIN3a M CBOHCTBA OLICHOK.

13 | Craructuyeckuii anain3 HHGOPMALIUHU; TPOBEPKA CTATUCTUYECKHUX TUTIOTES.

14 | Dranel mocTpoeHUst MHOTO(GAKTOPHON KOPPEISIIMOHHO-PETPECCUOHHON MOJICITH.

15 | PerpeccuBHBIN 1 KOPPEISLIMOHHBIN aHAIN3 PE3yIbTaTOB HCIIBITAHUH.

16 | [InanupoBaHue SKCIIEPUMEHTA.

17 | XapakTepucTHKa METOJIOB U MOJICJICH IPOrHO3HUPOBAHHMS.

18 | [Iporao3zupoBaHye Ha OCHOBE PSAJOB C MCIIOJIF30BAaHHEM NAKETa MPUKIIAJHBIX IPOTPAMM.

19 | MonenupoBaHue CHCTEM C MCIOIb30BaHIEM MAapKOBCKUX IPOIIECCOB.

20 | MapKOBCKUE IICIIH.

21 | MonenupoBaHue CHCTEM MAaCCOBOTO OOCITY)KHBAHUSI.

22 | KomnoHeHTsI U Ki1accuuKaius Mojiesield MacCOBOTro 00CTy)KUBaHUSL.

23 | OnpenencHre XapaKTEPUCTHK CUCTEM MAaCcCOBOTO OOCITY)KUBaHMUSL.

24 | MopenupoBaHue IOTOKOB OTKAa30B JJIEMEHTOB CJIOKHBIX TEXHHYECKUX CHCTEM.

25 | OGmue BOIpoCckl MaTeMaTHIECKOTO MOJICIIUPOBAHUS

26 | UMuTanmmoHHble MOAEIHA

27 | NaTepnonsims no obueit popmyne Jlarpanxka

28 | MHTeprionsus TabJIMYHBIX TaHHBIX 110 opmynam Jlarpanxa

29 | Ilporuecc mocTpoeHusi MaTeMaTHYeCKOH MOEIH

30 | IlonmHOMMATBHAS AaNTIIPOKCHMAITHS

31 | YeOblmeBcKas anmpoKCuMaIus

32 | CyTh KOMIIBIOTEPHOTO MOJICITHPOBAHUS

33 | DKCrOHEHIATTbHAS PETPECCHs

34 | IlonuHOMMATIbHASL PETPECCHs]

35 | Pa3znuuHble METO/IBI PENICHNs] HEIMHEHHBIX YpaBHEHUH

36 | Jluneitnas perpeccus 001Iero Buaa

37 | HenuneitHas perpeccusi 001Iero Buaa

38 | BeluncnuTenbHble 3KCIEPUMEHTHl € MaTeMaTHMYECKUMHM MOJEISIMH, HMHUTUPYIOIIUMU
TIOBEJICHHE PEATbHBIX 00HEKTOB, MPOIIECCOB WIIM CHCTEM

39 | JIuHeiHOe criaXuBaHUe 10 MATH TOUYKaM

40 | HenuneliHOe Criia)KMBaHUE 10 CEMH TOUKaM

41 | Cnyyaiinble BETUYMHBI M COOBITHUS, METO/IbI MX F€HEepaIui U 00J1aCTh UX MPUMEHEHUs

42 | IlpoGnemsl nosnydeHust Ha DBM ciaydaifHbIX YMCIOBBIX MOCIEI0BATEIBHOCTEN € 3aJaHHBIMU
BEPOSTHOCTHBIMH XapaKTEPUCTHKAMHU

43 | IlpeoGpa3zoBanue Jlamnaca

44 | BeruncieHne XapaKTepUCTHK CHCTEMEI 110 €€ OIePaTOPHON XapaKTePUCTHKE

45 | AnropuTMBI U METOJIbl TeHEPALMU PABHOMEPHO paclpeie]IeHHbIX CIyYalHbIX YHCe

46 | MopenrpoBaHue JIOTHYECKUX (PYHKITHI

47 | 3aryxaroniye 1 HapacTarlxe KoJIeOaHus

48 | MeToJ1 M aJrOPUTM pELICHHs CUCTEM JIMHEHHBIX ypaBHeHUH MeToioM ["aycca

49 | Konebanusi 1 pe30HAHC B MEXaHUUYECKOW CHCTEME




Ne
Bonpocsl k 3k3amMeny
n/n
50 | Knaccuveckuii crieKTpajabHbIN aHAJIM3 U CHUHTE3
51 | CyTb KOMIBIOTEPHOTO MOJIETMPOBAHUS
52 | MonennpoBaHue TEXHOJIOTHYECKUX MPOIECCOB
53 | Maremarnueckoe obecrieueHue Mpu aBTOMATH3AIHH
54 | MonenupoBaHie CUCTEM aBTOMAaTUYECKOTO YIPABJIEHUS TEXHOJIOTMYECKUMHU POIECCAMU
55 | O6mue BOIpochkl MaTEMaTUUECKOTO0 MOJICITUPOBAHMS
56 | MuTanmoHHbIE MOAEIH
57 | UaTepnonsmus o obuieit hopmysie Jlarpamxka
58 | MHTepnionsus TaOJIMYHBIX JaHHBIX 110 (hopmynam Jlarpanxa
59 | IIpouecc mocTpoeHus: MaTeMaTHYeCcKOl MO
60 | [MonmmHOMMANIbHAS ATIPOKCUMAITHUS
61 | YeObImeBcKas anmpoOKCHMAIIUS
62 | CyThb KOMIBIOTEPHOTO MOJICTTUPOBAHUS
63 | DKCHOHEHNIHMATbHASL PETPECcCHs
64 | IlomuHoMuagbHasK perpeccus
65 | Pasnmynble METOBI penIeHUs] HETMHEWHBIX YpaBHEHHH
66 | JIuneitHas perpeccus 0OIIETo BUIA
67 | Henunelinas perpeccus o0Iero Buaa
68 | BeluncnurenbHbIE OSKCIEPUMEHTHl C MAaTEMAaTHYECKHMMU MOJICNSIMH, HMUTHPYIOIIUMH
MOBEJICHNE PeaJbHBIX 00BEKTOB, MTPOLIECCOB MU CHCTEM
69 | JluneiiHoe criuakxnBaHUe IO MATH TOYKAM
70 | HenuueliHoe criakMBaHue IO CEMU TOYKaM
71 | CiyyaiiHble BEJIMUMHBI U COOBITHSI, METOJIbI UX T€HEpallMy U 001acTh X IPUMEHEHUS
72 | IIpo6nemsbl nonyyeHus Ha OBM ciyyaliHBIX YHCIIOBBIX OCIEA0BATENBHOCTEH C 3aJaHHBIMU
BEPOSTHOCTHBIMH XapaKTePUCTHKAMHU
73 | IlpeobpazoBanue Jlamnaca
74 | BeluncieHne XapakTepUCTUK CUCTEMBI IO €€ ONepaTOPHOM XapaKTepUCTHKE
75 | Cratuctuyeckuil anainn3 HHGOpMaIuu; NPOBEpKa CTATUCTUUYECKUX THIIOTES.
7.3.2. Kputepuu 4 HOPMbI OLEHKH
dopma
Cemectp NIPOBELCHHH Kpurtepuu u HOpMbI OLleHKH
NMPOMeKYTOYHOM
aTTecTaluu
4 DKk3aMeH (YCTHO) HCUYEPITBIBAIOIIME OTBETHI HA
COTIHHOY BOIIPOCHI 9K3aMEHAIIMOHHOT O
Oomiera v Ha JOIOJHUTEIbHBIE
BOIIPOCHI
NPaBUJIHHBIE OTBETHI HA BOIIPOCHI
«XOPOILIO» ounera

C HE3HAYUTCIIbHBIMU HEAOUYECTAMU

MPaBUJIbHBIE OTBETHI Ha BOIMPOCHI
«yIOBJIETBOPUTENIbHO» | OuieTa
C CYIIECTBEHHBIMH HEJI0UETAMH

HETPaBUJIbHBIC OTBETHI HA
«HEYIOBIETBOPUTEIBHO» | BOMPOCHI SK3aMEHAI[HOHHOTO
ounera




8. YueOHo-MeTOoauYecKoe U MH(OPMAITMOHHOE O0ecneyeHue TUCIIUTIIHHbI

8.1. O0si3aTesibHAA JIUTEPATYpPa

Tun (yueOHuK, ydeOHOE

KoanuyecTtBO B

HAYYHOU
Ne nocodoue, yueoHo-
ABTOPpBI, COCTABUTEH 3arsaaBue (3aroJioBok) I'ox n3panus ounodanorexe /
n/n MeTOoHYeCKoe Mmocodue,
EpAKTHIYM, 1p.) HaumeHoBaHue
p y 9 p‘ BBC
1 |Topnaub. A. MatemaTuuecKkoe MOJCIIUPOBAHKE: Y4eOHoe mocodue 2016 OBC "Jlanp"
MIOCTPOCHHUE MOJIETICH U YUCIIEHHAs
peay3ans
2 Benos I1. C. MaremaTruueckoe MOACITMPOBAHUE YuyebHoe mocodue 2016 9BC "IPRbooks"
TEXHOJIOTUIECKHX MPOIECCOB
3 l'ony6esa H. B. MareMaTrnueckoe MOACIIMPOBAHUE CUCTEM U | YueOHoe rmocobdue 2016 ObC "Jlanp"
MIPOIIECCOB
8.2. JlonosinuTebHAS JIUTEpPATypa
KoanuecTBo B
Tun (yueOHUK, ydeOHOE .
HAYYHOI
Ne nocooue, yueOHo-
ABTOpBI, COCTABUTEJH 3arsiaBue (3aroJioBOK) I'op u3panus Ondamorexe /
n/n MeTOoHYEeCKOoe Mmocodue,
IPAKTHKYM, 1p.) HaunMeHoBaHue
p y 2 p’ BBC
1 | bypeB.M. Teopus BeposiTHOCTEN U MaTeMaTH4eCKast Yy4eOHuk 2013 OBC "Jlanp"
CTaTHCTUKA
2 | bopoBkoB A. A. MatemaTtnueckas CTaTHCTHKA Y4eOHoe mocodue 2010 OBC "Jlanp"
3 | Tyranbaes A. A. Teopus BeposiTHOCTEN U MaTeMaTH4eCKast VYuebHoe nmocobue 2011 OBC "Jlanp"
CTaTHCTUKA
4. | 1.A. Pacropryes, H.IO. OnTumu3anus TEXHOJIOTHn4YecKuX mpoueccos | IIpaktukym 2020 MetoakaOuneT
JlornHOB u onepanuii: /— Tompstr: TI'Y,. 92 c. Kadenapsl
P




8.3. Ilepeuyennr mpodeccnoHANBHBIX 0a3 JAaHHBIX M MHGOPMAIMOHHBIX CIPABOYHBIX
cucTeM

— Poccuiickass rocymapctBeHHas OuoOimoreka (PI'b), r. MockBa — Pexum npocryna:
http://www.pnb.rsl.ru;

— Poccwmiickas rocymapctBeHHas OuOnmoreka. r. MockBa. Jluccepranum — Pexum gocryna:
http://www.diss.rsl.ru;

— Poccuiickas nammonanehnas Oubnumoreka (PHB), r. Canxr-IlerepOypr — Pexum pocryna:
http://www.nlr.ru;

— OrtkpeiTass  pycckas ojekTponHas Oubamoreka PI'b (OREL) - Pexum gocryma:
http://www.orel.rsl.ru;

— Caiit Beepoccuiickoro Hay4HO-HCCIEA0BATENBCKOTO KOHBIOHKTYPHOTO HHCTUTYTA - CTapEHIIero
B Poccun HaydHOTO yUpexaeHUs, UMEIONIETO MPSMOE OTHOIICHHE K MapKeTUHTY — Peskum jocTyma:
WwWw.vniKi.ru.

— Elibrary [DnextponHbIii pecypc] : HaydHas dmeKTpoHHas 6ubiamoreka. — Mocksa : HOb, 2000. —
Pexxum nocryma: http://www.elibrary.ru .

- SCopus [DnekTpoHHBIN pecypc]| oubmmorpadudeckas u pedeparuBHas 6a3a JaHHBIX U HHCTPYMEHT
JUISL OTCJICKMBAaHUS LUTUPYEMOCTU CTaTei, ONMyOJMKOBAHHBIX B HAyUHBIX H3JIaHUSAX. - Pexum
nocryna: http://www.scopus.com;

- Web of Science [DnexkTpoHHBI pecypc] HOUCKOBas HHTEPHET-IUIATGOpPMA, OOBEAMHSIONIAN
pedepaTuBHbie 0a3bl TaHHBIX MYyOJUKAIIMH B HAYYHBIX KypHalaX MOATEHTOB, B TOM 4YHCIIEe 0a3bl,
YUUTHIBAIOIINE B3aMMHOE IIUTHpoBaHUe mybnukanuid. Web of Science oxBaTbIBaeT MaTrepHalbl 10
€CTCCTBCHHBIM, TEXHHYECKHM, OOIIECTBEHHBIM, T'YMaHUTAapPHBIM HayKaM M HCKYCCTBY. - Pexum
nocryna: http://www.webofknowledge.com.

8.4. [lepeuenb nmporpaMMHOro odecrneyeHust

Ne Hanvenosanue MO PexBu3nTHI A0roBopa
n/n (nata, HOMep, CPOK JAeCTBUS)
1 Windows: noroop Ne 757 ot 04.07.2018, cpok
WinPro 10 RUS Upgrd OLP NL Acdmc JIeHCTBUSL — OECCPOYHO;

koHTpakT Ne 1653 or 14.12.2018, cpok
JeiicTBUsL — 6ECCPOUHO

2 Office Standard:
Office Stdandard 2013 Russian OLP NL | kortpakt Ne 690 ot 19.05.2015, cpok
AcademicEdition JICUCTBHS — OECCPOUHO

Office Stdandard 2016 Russian OLP NL | noroBop Ne 757 ot 04.07.2018, cpok
AcademicEdition JICHCTBUSL — OECCPOUHO

Office Stdandard 2016 Russian OLP NL | kontpakr Ne 727 or 20.07.2016, cpok
AcademicEdition JCUCTBHS — OECCPOUHO

3 KOMITIAC-3D v 18 (IIpoektupoBanne wu | koHTpakT Ne 1198 or 18.11.2019, cpox
KOHCTPYHUPOBAHHE B MAIIMHOCTPOCHHH) JercTBUs — 6eCCPOUHO



http://www.pnb.rsl.ru/
http://www.diss.rsl.ru/
http://www.nlr.ru/
http://www.orel.rsl.ru/
http://www.vniki.ru/
http://www.elibrary.ru/
http://www.scopus.com/
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B8%D1%81%D0%BA%D0%BE%D0%B2%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%83%D1%87%D0%BD%D1%8B%D0%B9_%D0%B6%D1%83%D1%80%D0%BD%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%82%D0%B5%D0%BD%D1%82
http://www.webofknowledge.com/

00pa30BaTeIbHOIO MPoIecca Mo THCIUTIINHE

8.5. Onucanne MarepHaJbHO-TEXHHMYECKON 0a3bl, HEOOXOAMMOM ISl OCYLIECTBJICHUSI

HanmeHnoBaHue 000py10BAHHBIX YUeOHBIX
Ka0MHETOB, JIa00paTOPHii, MACTEPCKHUX H

Ne Ap. 00bEKTOB /1JIsl IPOBE/ICHUs!
N IlepeyeHb 0OCHOBHOIO 000PY10BAHMS
n/n | NPakTUYeCcKUX U Ja0OpaTOPHBIX 3aHATHH,
MOMeIeHUM JJI51 CAMOCTOATEIbHOM

padoThl 00yYarommxcs (HoMep ayAuTOPH)
VYuebnas aymutopuss ans  npoBeneHus | CTOdbl yYeHUYECKHUE ABYXMECTHBIC
J1a00paTOPHBIX padoT. (MOHOOJIOKH) , JOCKa ayJIUTOpHAs
VYyebnas ayauTopusi s MPOBECHUS 3aHIATHI | (MeJIoBast), CTOJI MPEMNO/1aBaTeIbCKUH ,
CEMHHApPCKOT0 THIIA. CTYJI MpernoiaBaTenbckuil kadeapa,
VYuebHas  ayauTopuss UL KypCOBOTO | IIKa(bl ISt HHCTPYMEHTA, TUIJIOMHBIE
MPOEKTUPOBAHMS  (BBIMOJIHEHHS] KYPCOBBIX | TUIAHIIETHI, CTOJIBI K 00OPYIOBaHUE,

1 pabor). TyMOBI C 000pyIOBaHHEM, TIPUOOPHI IS
YyeOnass ayautopust Ui TPOBEICHHS | U3MEPEHHUs YTIIOB, PEXKYIIHE
IPYIIOBBIX u WH/IMBUIYAIBHBIX | HHCTPYMEHTEHI, CBEpJIa, PE3Ibl, IPOTSKKH,
KOHCYJIbTAIIH. ¢bpe3bl, UHCTPYMEHTAIbHbIC IEHTPHI,
VY4eOHas ayauTOpus IS IPOBEACHNUS 3aHATUH | uepBsiuHas ppe3a, onTuyecKast
TEKYIIEr0o KOHTPOJIE M  MPOMEXKYTOUHOH | AeNUTENbHAs FOJOBKA
arrectanuu. (E-205)

2 [Tomemenue st camocTosATenbHOU paboThl | CTOJBI, CTYIbs, KOMIIBIOTEPHI
crynenros (I'-401)
[Tomemenue st camocTosATeNnbHOM padoThl | Jlocka aynuTopHas (MenoBast), CTOJIbI

3 | obyuaromuxcst (C-508) YUYEHUYECKHUE, CTOJI IIPENOJaBaTEIbCKUM,

CTYJIbS, CTEH/Ibl, IKa(BI.
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