MMHUCTEPCTBO HAYKHU U BBICHIEI'O OBPA30OBAHM S POCCUMCKOM ®EJEPAITN
(enepanbHOE roCyAapCTBEHHOE OIOPKETHOE 00pa30BaTeIbHOE YUPEIKICHHE
BBICIIET0 00pa30BaHUs
«TONBATTUHCKUIA TOCYIAPCTBCHHBIN YHUBEPCUTET»

b1.B.J1B.03.02

(uHOexc OucyuniuHot)

PABOYASA ITPOTPAMMA JTUCLHUITJIMHBI

MATEMATHYECKOE MOJAEJIMPOBAHUE B MAIIITMHOCTPOEHUU

(HauMeHo8aHUe OUCYUNIUHDBL)

I10 HAINPaBJICHUIO MOATOTOBKH (CHEUAIILHOCTH)

15.04.05 KOHCTPYKTOPCKO-TEXHOJIOTMYECKOE OBECIIEYHEHUE
MAIINHOCTPOUTEJIBHBIX ITPOU3BOACTB

HaIpaBJIECHHOCTH (MPOQUIIb)/CrIeIuaTu3 A

[MNPPOBBLIE ITPOLIECCBI U CUCTEMbBI ABTOMATHU3MPOBAHHOI'O
MAHIINMHOCTPOEHUA

®dopma 00ydeHus: ouHas
I'on Habopa: 2022
O6mras TpynoeMkocTb: 6 3ET

PacnpeneneHI/Ie JaCOB JUCHUIIIIMHBI 11O CEMECTpaM

Cemectp 4

®opmMa KOHTPOJISI | IK3aMeH Hroro
Bua 3ansiTuii
Jlexun 16 16
JlaGopaTopHble
[TpakTnueckue 16 16
PykoB0OJCTBO: KypcoBbie paboThl (rpoekThi) / PT'P
IIpoMexyTouHas aTTecTalus 0,35 0,35
KonTaktHas pabora 32,35 32,35
CamocrosiTenbHas paboTa 148 148
KoHTposb 35,65 35,65
Hroro 216 216




Pabouyto mporpammy coctaBui(u):
noueHt kadenpsr OnTMII, goueHT, k.1.H., ['ynsies B.A.

(OondcHocmy, yueHoe 36anue, cmenensb, Pamunus 1.0.)

(Oondicnocmy, yueroe 36anue, cmenetsb, @amunus U.0.)

PenenzupoBanue paboueii mporpaMMbl TUCHUTUIMHBL:

OtcyTcTBYET

Penensent

(OovicHOCmb, yueHoe 36anue, cmenenb, Pamunus U.0.)

PaGouas mporpamMmma AuCHMILTUHBL cocTaBiieHa Ha ocHoBaHUU @I'OC BO u yyeOHoro 1ana
HaIpaBJICHUs TOATOTOBKU
15.04.05 KoHCTPYKTOPCKO-TEXHOJOTHYECKOE 00ecIIeUeHE MAIIMHOCTPOUTENLHEIX IPOU3BOJICTB

Cpoxk aeiicTBusi pado4eii mporpaMmsl JHCHMIVIMHBI 10 «_30 » aBrycra 2024 r.

YTBEPXIEHO

Ha 3acenannu xadenps
«O06opynoBaHue U TEXHOJIOTUU MAIIMHOCTPOUTEIHHOTO ITPOU3BOJICTBAY

(mporoxon 3acemanusg Ne. 1 ot «31 » asrycra 2021r.).

JOKYMEHT NMOANMCAH
QNEKTPOHHOW NOANWNCLIO

Ceptudukar: 01EBFOAE0042AFACBF4C85985C8EOBA090
Brageneu: llornHoB Hukonain KOpbeBuy
DevicteuTteneH: ¢ 03.11.2022 po 03.11.2023




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 PpEIIeHUH, BbIOOpE PpAIMOHAIBHBIX CIIOCOOOB M HMX pealln3allid, BBIPAKCHUU
KOJINYECTBEHHBIX M KAueCTBEHHBIX COOTHOIIEHUI MEXIy 3JIEMEHTaMH TEXHUYECKUX OOBEKTOB
peasbHOroO MUpA.

2. Mecto nucuuminnsl B ctpykrype OIIOIT BO

I[I/ICIII/IHJII/IHI)I U TIPAaKTUKH, HAa OCBOCHHU KOTOPBIX 6a31/1pyeTca JaHHas JUCLHMIIIMHA:
«BrpIci1as MmaTemMaTuka AUCHUITIIMHBI npez[meCTBonmeﬁ CTYIICHU O6pa3OBaHI/I${.

JIMCUMIUINHBI ¥ IPAKTUKH, AJI1 KOTOPBIX OCBOECHUE JAHHOM TUCIMIIIMHBI HEOOXOAUMO Kak
npezmecTBytomniee: «Pacuer u KOHCTpyHpOBaHUE 00OPYIOBAHUS C KOMITBIOTEPHBIM YIIPABICHUEM,

IoAroToBKa M 3al1uTa MarHCTepCKOﬁ JUCCCpTalu.

3. Iliianupyemblie pe3yJibTaThl 00y4eHUs1

dopmMupyemMblie U
pMHpY HNHaukaTopsl JOCTHKEHUS

KOHTPOJIMpyeMble . Ilnannpyemble pe3y/bTaThl
POTHPY KOMIIeTeHIUii Py pesy
KOMIIeTeHIIUHN o0yueHust
(Kol ¥ HAMEHOBaHUE)
(Ko 1 HAMMEHOBAHUE)

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

CaMOCTOSTENIbHO W 33Ja4yd  TPOBOJUMBIX | - HAyYHYK) KapTUHY MHpa H
MIPOBOJIUTH, & TAKIKE HCCTIEIOBAHUI U | COBpEMEHHBIE COLIMOJIOTHYECKHE
PYKOBOAMTH IPYIIION pazpaboTok napajurMbl, COBPEMEHHBIE TEOPUHU
HCTIOJIHUTENECH TPU IK-1.2. OcymiecTBisieT | 001IEeCTBEHHOTO pa3BUTHS,
Hay4HO- cbop, 00paboTKy, aHAIHU3 U | METOAOJIOTHYECKHE MIPUHIUIIBI
HCCIIEIOBATENbCKUX U 00o0011IeHne MIEPEI0OBOTO | COLMOJIOTUYECKOTO ITO3HAHUS,
OMBITHO-KOHCTPYKTOPCKHUX | OT€YECTBEHHOI'O U | - COBPEMEHHbIE Hay4yHbIE METO/bI

pa3zpaboTkax

MEXTYHApOIHOTO OIbITa B
COOTBETCTBYIOIIEH 00IacTu
HCCIIEIOBAHUI

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

HCCIIEIOBAHMNS,

- MNPHUHIUIBL  MaTeMaTHYECKOTO
MOJICIIMPOBAHUS MPOIECCOB, CPEICTB
nu CUCTCM MaHII/IHOCTpOI/ITeJ'IBHBIX
MPOU3BOJICTB C  HCIOJb30BAHUEM
COBpeMeHHLIX TeXHOJ'IOl"I/II\/II
MPOBE/ICHUS HAYYHBIX HCCIICIOBAHUM.

YMeTh:

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

- OpHUEHTHUPOBATHCS B TOCTAHOBKE
3a/1a4 U OMPENENATh IMYTH TIOWCKA U
CpEACTBA UX PELICHHUS;

- MPOBOANTH HAYYHBIE SKCTICPUMEHTHI,
OILICHHUBAThHb pe3y.HI>TaTbI
WCCIIEOBaHUM, CpaBHUBATh HOBBIC




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

NuaukaTopsbl 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 JUIS YIYYLICHHs MOJIEICH,
BBIIIOJIHATH MaTEMAaTU4YCCKOC

MOJICJINPOBAHUE IPOLIECCOB, CPEACTB
U CUCTEM  MAIlIMHOCTPOUTEIBHBIX
IPOU3BOACTB C  MCHOJb30BAHUEM
COBPEMEHHBIX TEXHOJOTHIA

Bnaners:

- HaBBIKAMH OPUMEHEHUsS Ha
IOPaKTUKE  COBPEMEHHBIX  TEOpHil
0OLIECTBEHHOT O pa3BUTHSA "
METO/10JIOTHYECKUX HPUHIUIIOB
COLIMOJIOTMYECKOI0 TIO3HAHMUS,

- HaBbIKAMM  IIOMCKAa  peIIeHHH

MPUKJIIATHBIX HCCIIEI0BATEIbCKUX
3aj1a4;

- HaBBIKAMHU HCIIOJIL30BaHUS
COBPEMEHHBIX TEXHOIOTHI

MMPOBCACHUA HAYUHBIX HCCHC}IOB&HHﬁ.




4. CTpyKTYpa M coJiepKaHue IUCHUIINHbI

DopMBbI TEKYLLET0

Bun . KOHTPOJIA
Monayab . HaumenoBanue TeM 3aHATHIA Oo0nemMm,
yueOHoit . Cemectp banabl | AHTepakTuB, 4.| (HAMMEHOBaHHe
(pa3nen) (yueoHoii padoThI) q,
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 371EKTPOHHOM
CITyqaitHbIX nporpammoit MathCad BUJIC
IPOLIECCOB Cp. [Ipaktrueckas pabota Nel OCHOBBI pabOTHI C 4 12 Bomnpocsr 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 2x3ameny
MaTeMaTU4eCKUX  MOJENEeH  CIy4anHBIX
IIPOLIECCOB
IIp. [Ipaktrueckas padora Ne3 Unteprniomnsius u 4 2 OTyYeT B 2JIEKTPOHHOM
npejcKa3zaHue CIydaifHbIX TPOLECCOB BUIC
Cp. [TpakTtuyeckas padora Ne3 MuTepronsanus u 4 12 Bompocsl k 2x3ameny
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

BUIE




DopMBbI TEKYLLET0

Bun . KOHTPOJIA
Monayab . HaumenoBanue TeM 3aHATHIA Oo0nemMm,
yueOHoM . Cemectp banabl | AHTepakTuB, 4.| (HAMMEHOBaHHe
(pa3nen) (yueoHoii padoThI) q,
padoThI OLICHOYHOI'0
cpeacrsa)
Cp. [TpakTrueckas padota Noe4 maTeMaTHyeckas 4 12 Bormpocsl k 9k3aMeHy
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 3x3ameny
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(pOPMAIIHH. 4 6 - - Bompocsl k 2x3ameny
Crarucrireckue [cp O6paboTKa CTATUCTUYECKOH MH(POPMAIIUH. 4 13 Bomnpockl K 5K3aMeHy
METOIbI
o - -
MOJTCTHPOBAHHS Ip. HpaKTI/I:ICCKaH pabota Ne7 Onucanue 4 1 OTueT B AIEKTPOHHOM
Mojiesel ¢ moMoIbio AudPepeHnanbHbIX BHJIE
YPaBHEHHI B YaCTHBIX TPOU3BO/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,
yueOHO N CemecTtp banabl | UHTepakTuB, 4.| (HaMMeHOBaHMe
(pa3nen) (yueoHoii padoThI) q,
padoThI OLICHOYHOI'0
cpeacrsa)

IIp. [IpakTrueckas padota Ne§ CrieKTpaibHBIN 4 1 OTuer B 3JIEKTPOHHOM
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. O6pa3oBaTesibHbIE TEXHOJIOTHH

JIns  mpoBeleHHs NPAKTUKO-OPUEHTHUPOBAHHBIX  JIEKIMM  HUCIOJB3YeTCAd  COYETaHue
TPaJULMOHHBIX METOAOB OOY4YeHHs C MHTEPAaKTUBHBIMU TEXHOJOTMAMHU. AKTHBH3ALUA
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 Mpe3eHTALWH, Oaroaapst 4eMy 3(pGEKTUBHO OCYHIECTBIISETCS MPOIece
nepeaayu u ycBoeHus uHdopmaruu. Ha 3aHATHIX MaKCHUMaJIbHO 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 moprtane. CaMOKOHTPOJIb MPOBOAMTCA C IOMOUIbIO TECTOBBIX 3aJaHUN Ha
JOCTYIHBIX MHTEPHET-PECYpCax.

1. Topnau b. A. Matemaruueckoe MoJeIHpoOBaHUE [DIEKTPOHHBIA pecypc] : MOCTpOeHUE
MojieNield U uucieHHas peanusarus : yded. mocobue / b. A. T'opmau, B. I'. Illaxos. - CaHnkr-
[TetepOypr : Jlanp, 2016. - 292 c. : un. - (YueObHuku a1 By3oB. CnenpansHas aureparypa). - ISBN
978-5-8114-2168-8. ObC "Jlann".

2. bemos II. C. Maremarnueckoe MOIECIUPOBAHUE TEXHOJIOTMYECKUX IIPOLIECCOB
[DnexTponHbIi pecypce] : yueb. mocodue (koHcnekT yekmuii) / I1. C. benos ; EropbeBckuii TeXHOI.
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] : yaebnoe nmocodue / H. B. T'onmy6esa. - U3x. 2-e, crep. - Cankr-IleTepOypr : Jlanp, 2016. -
192 c. : un. - (YueOnuku g By30B. CrnenunanbHas aureparypa). - ISBN 978-5-8114-1424-6. 5bC
"Jlanp".

4. bype B. M. Teopus BepoATHOCTEN 1 MaTeMaTH4ecKasi CTaTUCTHKA [ DJIIEKTPOHHBIN pecypc] :
[yaeonuk] / B. M. bype, E. M. Ilapumna. - Cankrt-IlerepOypr : Jlans, 2013. - 416 c. : wn. -
(YueOuuku 1i1s By30B. CriennanbsHast nuteparypa). - ISBN 978-5-8114-1508-3.

5. bopoBkoB A. A. Martemaruueckasi 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. Teopus BeposSTHOCTEH U MaTeMaTHYecKasi CTATUCTHKA [DIEKTPOHHBIHI
pecypc] : yue6. mocobue / A. A. Tyran6aes, B. I'. Kpynun. - Cankr-IlerepOypr : Jlans, 2011. - 224
C. : W - (YueOHuku ais By30B. CnenuanbHas aurepatypa). - ISBN 978-5-8114-1079-8.

7. CucteMbl aBTOMAaTH3UPOBAaHHOTO IPOEKTUPOBAHMS TEXHOJOTMUECKUX IPOLIECCOB
[D7eKTpOHHBIH pecypc] : 37eKTpoH. y4uel.-MeToauueckoe nmocoodue /30tos, A.B., Koznos A.A. TT'Y,
2016. — 87 c. : mi1. — bubmuorp.: c. 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 padboTer 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. AITOPUTM BBINOJHEHHUS IPAKTHYECKOI0 3aJaHUS

3ajnanue 1.
Beruncnuts:
1) +100; 2) |-10| =; 3) 10! =.
OTO U BCE OCTaJbHBIC 3a/laHUSI CHAOAUTh KOMMEHTAPHUAMHM, UCTIONb3ys 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 3HaU€HUS BBIPAXKEHUS:
3

Z = 2ab +3c - N :=e° .cos2.

\/(a2+ba+C).C b

3) C nomomursio komanasl ‘Math” — "Numerical Format” — "Displayed Precision” uamenutb
TOYHOCTh OTOOPAXKEHHUs PE3YJIbTATOB BEIYUCIIECHHS II100aTbHO.
3amanue 3.
BriBecTr Ha 3KpaH 3HaYCHUE CUCMEMHOU KOHCMAHMbL T W YCTAHOBUTh MaKCUMANbHBIN opmar eé
OTOOPaXKECHHUS JIOKAILHO.

3amanue 4.
BBITIOTHUTE ClIeTyIOITNE OTepallii ¢ KOMIUIEKCHBIMH YU CIaMU:

Z:=-3+2i; [Z| =:Re(@) =; Im(Z) = arg(2) = ; NZ = ;=5 =; 27 =; 71:= 142i; 72:= 3+4i;
Z1+72=;71-72=;71-722=;71/722 =.

3amanue 5.
BBITIOTHUTE CIIEYIOITNE OTIepaIln:




: : 0t 2 ctg2x d
i:=1.10; Y I=; i+1)=: [x® -lg(x+2)dx=: C—dX:; X=2: —X°=:
Zi: H( ) { gix+2) OIg(sin 2x)? dx
d .
—SIN( X) =.
™ (x)
3amanmue 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) lllenkHyTh MBIIIBIO Ha TpaduKe, YTOOBI BELICTHUTD ero, pu 3ToM MathCAD 3amMeHHT 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 rpaduk pynkunu Ri(di) oroOpasuts B Buze
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 cnenyronmx QyHKIINiI:

X (a) =cos(x) - sin(«);
Y (a):=1.5c0s(x)? -1
P(«) =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 (mosiButcst AuanoroBoe okHO "X-Y Zoom") ans
YBEITUYCHUS YacTH rpaduka B 00JaCTH TOYKH MTEPECEUCHUS;

2) Ha uepTesxe BBIICINUTh MYHKTUPHBIM MPSIMOYTOJIBHUKOM OKPECTHOCTh TOYKHU MEPEeCceUeHUs
rpadukoB Y(a) u P(a), KOTOpYyIO HY)KHO YBETHUYHTb.

3) Haxatp kHONKY Zoom, YTOOBI IEpepUCOBATH TPa(UK.

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

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

6) BHyTpH uepTeka Ha)KaTh KHOMKY MBIIIN M MEPEMECTUTh yKa3aTellb MBIIIN Ha TOYKY, YbU
KOOPJIWHATHI HY’)KHO YBHUJICTb.

7) Beiopats Copy X (unu Copy Y), Ha cBOOOJHOM MoJj€ JOKyMeHTa HaOparb Xper := (uiu
Yper :=) u BeiOpath nyHKT MeHI0 Edit — Paste.
8) Borunciuth 3HaueHus pyukuuit X(a) u Y(o) npu o= n/2.
3ananue 8.
Hcnonb3ys komanny Math — Matrics co3gate Matpuity Q pasmepom 6[] Ha 6, 3amonHUTH €€
MIPOU3BOJILHO U 0TOOpa3uTh rpaduyecku ¢ momombio komanasl Graphics — Create Surface Plot.
3amanue 9.
[TocTpouTs rpaduk moBepxHoctu (Surface Plot) u kapty smawmii ypoBas (Contour Plot) mis dyaknmm
JIBYX TEPEMEHHBIX:



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

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 koman bl Graphics — 3D Plot Format Be13Bath 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, co31aTh aHUMAIIMOHHBIC KITUITBI
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
TOYECUHBIN Tpaduk
(3D Scatter Plot)
TpaHHUILIBI 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)
Ym,n:=(R+rcos(vn)) sin(wm)

Zmn:= r sin(Vn)

oT
11

A0

rpaduk
MapaMeTpUYECKOn
IIOBEPXHOCTHU
(Surface Plot)
(TpaHHIIBI HA BCEX
OCSIX YCTaHOBUTH
or—11 no 11)

Xmn:=(R+rJ cos(vn))[J cos(Wm)
Ymn:=(R+rJ cos(Vn))[J Sin(Wm)
Imn.= rtj Sin(Vn)

oT
11

A0

rpaduk
MapaMeTpU4YECKOn
MOBEPXHOCTHU
(Surface Plot)
(TpaHHIIBI HA BCEX
OCSIX YCTaHOBUTD
or—11 mo 11)

3. O:xxuaaemblii (e) pe3yabTat (b1): opopmiieHre oT4yeTa B BUae 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 YMUCII0 UTEPAIIUi B KAKIOM METOJIE, ¢ TOMOIIbI0 (yHKIuu last.
BapuanTsl 3a1anus 1

Ne ) N )
BapHaHTa BapuaHTa
1 3sin +/x +0,35x — 3,8x; 9 ef—e -2
x e[2;3] x e[071]
2 . 1 10 | J1-x—tgx;
3+5in3,6x’ x [07]
x e[0:1]
3 arccosx —/1—0,3x%; L 2x2 11,2 - cosx—1;
x e[07] x e [071]
Y 1-04x% —arcsinx; 12 cos(g) _2sin (l) L
x e[01] X X)X
xe[12]
5 3x—14 +e* —e7%; 13 01x% —x-Inx;
x € [1;3] x e[1;2]
6 0,25x% + x — 2; 14 [ 1—x+sinx—In(1+ x);
x e[0;2] x € [0;2]
7 —x? 15 Xl 3 _y
arccos ————;, ’
1+ %% =X x e[0:]
xe[2:3]
8 | 3x—4Inx-5 xe|24]
3amanue 2.

Jiis mosmHOMa g(X) BBITIOJIHHUTE CIIEAYIOIINAE ICHCTBHS:

1) C nomompio komanasl Symbolic — Polynomial Coefficients co3mare Bektop V,
cojiepxkamuii Ko3GGUIIMEHTHI TOJIMHOMA.

2) Pemuth ypaBuenue g(X) = 0 ¢ momorisio ¢pyHkimu Polyroots.

3) Pemuth ypaBHEHHE CUMBOJIBHO, UCTIOIBL3YS KoMaHy 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 TMHENHBIX YpaBHEHUM:
1) ucnonb3ys pyukuuu Find,;
2) MaTpUYHBIM CIIOCOOOM, HCIIONIB3Ys PyHKIHIO ISolve.

Bapuantsl 3ananust 3

BapuaHT CI/ICTCMa JUHEWUHBIX BapUaAHT CI/ICTeMa JIMHEUHBIX
ypaBHEHUH YPaBHEHUH
1 FXo+2X3+3x4 = 8; 9 1+ X2 —5X3 + X4 = —4;
+ 3X3=06; —3X2— 6x4 =-T7;
—Xo+3x4=4; < 20— X3+2X4=2;
+ 2Xo — X3 + 2x4 = 4. X1+ 4Xo — X3 + 6Xg4 = 2.
2 r-+ 2X2 + 3X3 + 4x4 = 22; 10 r+ 2X2 + 3X3 + 4Xx4 = 26;
1+ 3x2+ X3+ 2x4 = 17; L+ 3x2 + 4X3 + x4 = 34;
{ +Xo+x3—X4=8; L+ 4X2 + x3 + 2X4 = 26;
— 2X3—3X4 = 7. L+ X2 + 2X3 + 3x4 = 26.
3 71+ 10X — 7X3 — X4 = 23; 11 /51 — 8X2 — 3X3 —2x4 = 18
1—X3— x4 = 37; — 2x2 + 3X3— 2x4=28;
L 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;
L1-2%—-2x3—-X4=T; 1 — 3X2 +6x3 —5X4 =146;
—12%o + 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+ 2xa = 181; L1+ X+ 2x3+ X =72;
3X1 — X2 + 5%3 + 2x4 = 99. — 12x3 — 5x4 = 159.
\ \
6 rF— 2X2 — 8Xa = —7; 14 1+ TXo— 7x3—2X4 = 5;
+ 4Xo — 7x3 + 6x4 = -8; 1+ 4X2 + 5x3 + 8x4 =60;
{ + X2 — Sx3 + Xq = -10; {1+ 2% + 2x3 + Xq = 27,
1—=Xo+ 2% =T7. 1—2X3— X4 = -1.
\ \
7 r1+ 2X2 + 6x3 + X4 = 15; 15 r1— 9o + 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— 9%2 + x3 + 6X4 = 45.
\ \




1—5X2 + 7X3 + 5x4 = 165;
1+ X2 — 3x3 — x4 = -15;

1+ 4X3 — X4 = 194;
— Xo — 2x3 — 3X4 = —19.

3amanue 4.

1) IIpeoOpa3zoBarh HeMMHEHHBIC ypaBHEHHsI CUCTEMbI K BUIy 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 My +x =-0,4,
Is(y—1) +x=0,7; —Cos(x+1) =
2 (x+05)-y=1, 10 (X +2)—y=1,5;
ISy —2) +x=0 Is(y —2) + x=0,5;
3 ISX +y =1,5; 11 B@+0® y 2;
{ Sin(y—0,5) = {1y 2X =
4 IS(x + 0,5) +y=10,8; 12 IS(X—2) +y= O
-{w 2x = 1,6; {*y+0® x=1
5 (x-1)=13- % 13 IS(x +0,5) +y= 1
{SmW+D <{W+O® x=1
6 's(x+05)+y 1; 14 X—2y=1;
{w 2x =2 {F@+O® X=2
7 sink+1) +y=0,8; 15 Sin(x—0,5) =1;
{ﬁy 1)+x=1,3; {%y+x—15
8 X -2y =1;
{*yn+x=13;

3aganue 5.

CHMBOJIBHO PEIINUTH CUCTEMBI YPaBHEHUI:

+ 4ny = a;
{+y:b

3. O:xxuaaemblii (e) pe3yabTat (b1): opopmiieHre oT4yeTa 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) .
h= u, i

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

BapuanTs! 3aganmii 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 2% [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 gbe+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) IMoctpouTh rpaduk HHTEPHOISAIMOHHOTO MHOTOWICHA K OTMETUTh HA HEM Y3JIOBBIC TOUKH (Xi, Vi).
3aganue 3.

1) st BEIYKCIIEHHOM TaOMUYHON (DYHKIIMU COCTaBUTh (OPMYITY HHTEPIOISAIMOHHOTO MHOTOUJICHA
Jlarpanska, UCTIOJIB3Ys ONEPATOPHl CYMMHUPOBAHHUS U TIEPEMHOXKCHHS 110 JUCKPETHOMY apryMEHTY, a
Taoke QyHkimio if.

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

1) IlpoBecT UWHTEpHOIMPOBAHHE 3aJaHHOM (YHKIMH C TIOMOUIbIO TIEPBOM M BTOPOIl
WHTEPIONSAIUOHHBIX opmyn HproToHa.

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

3ajanue 5.

1) IlpoBecTn NHWHEWHYI0 WHTEPHOJSIUIO 3aJaHHONM (QYHKIMM C TIOMOIIBIO BCTPOCHHOM
UHTEPHOJSIHOHHON QyHKIwH linterp.

2) IMoctpouts rpaduk Gpyukiuu linterp u oTMETUTH HA HEM Y3JI0BbIE TOUKH (Xi, Yi).

3ajanue 6.

1) IIpoBecTu CrTaiftH-UHTEPIIONSIINIO C TIOMOIIbIO GYHKIWI Ispline, pspline, cspline u interp.

2) IToctpouts rpaduk GyHKIHH INtEFP U OTMETUTH HA HEM Y3JI0BbIe TOUKH (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 mocieAyommx 10 Toukax 1o mocjaeAHuM 7 3Ha4CHUSIM (DYHKITUH.
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 IKCIIEPUMEHTAIbHBIX JAHHBIX)

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

2. AJIrTOPUTM BbINIOJTHEHHSI TPAKTHYECKOT0 3aaHUS

3amanue 1.
CoznaiiTe Ta0nHIly SKCIIEPUMEHTANIBHBIX JaHHBIX:

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]
3ananue 2.

1) AnmpokcMMHUpOBaTh MHOTOWIEHAMHU 2-0i U 6-0# CTENEHU MO0 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 mpuBelEHHBIX B TAOJHUIC SKCIIEPUMEHTATBHBIX MAHHBIX (Xi, i) ONPEACIUTh MapameTphl
JMHEHHOM perpeccuu ¢ UCIojb30BaHHeM BcTpoeHHBIX (GyHkuuii Mathcad slope u intercept.
2) OtoOpa3uTh rpauyeckd COBOKYMHOCTh TOYEK BEKTOPOB Xi M Yi U pe3yJbTaTbl IPOBEICHHON
JIMHEHHOM pEerpeccum.
3ananue 4.
1) AnnpokcuMupoBaTh JaHHBIE U3 BEKTOPOB Xi U Vi !

— MOJIMHOMOM 4-0¥ CTEIIECHH MPH MOMOIIK GYHKIIUI regress u interp;

— HabopaMu MOJMHOMOB BTOPOTO IMOpsIKa ¢ moMouibio QyHkiwmid 10ess u interp (mpu span
paBaom 0,5 u 2,5).
2) Otobpa3zuTte rpauv4ecku pe3ynbTaThl allPOKCUMAIIH.



3amanue S.
1) ANmpoKCHMMHpPOBATH ASKCICPUMEHTAJBHBIC JaHHbIE M3 TAOJWIl 3HAYEHUH Xi M Yi JUHEHHOMN

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
V1+ 2Cos?x

2 1 e Sin (3x)
1+ x?2

3 1 esinx X
1+ x2

4 arctg x In In x Sin x

5 e—x 12 1 e

X
6 1+ X Cos x
al Cos—
2+ x 10

7 1 /1+ X2 Cos x
1+e*

8 X 2 —Cos x X
Cos— Sin—
1+e”

10 In(x + 5) 1+ x Sin x

11 1 1+ X 1

X x>

12 Cos x 1 1

1+ X + X2 1+ X

13 e* Cos 4x —e¥2

14 Nie™ o3 Sin%(3x)

15 1 X X

— Cos— Cos —
1+x+X 10 10
3amanue 6.

1) AnmpoKCUMHPOBATh SKCIIEPUMEHTAJIbHBIC JaHHBIC U3 TaOIUI] 3HaUCHUH Xi U Yi PyHKIMEH B!
f(x)= eU0+U1~X+U2-x2

2) [TapameTpsl BekTopa U HaiiTu ¢ moMomibio Gynkuuu genfit.
3) Oto06pa3uTh rpa@uvecKd COBOKYMHOCTh TOYEK BEKTOPOB Xi M Yi U PE3YJIbTAThl MPOBEIACHHOM
HEJIMHEHHO perpeccuu o011ero Bua.

3amanme 7.



1) BBIMONHUTE CrITaKUBaHUE YKCIIEPUMEHTATBHONW PYHKIINH, 3aIaHHON TaOIuIel 3HaUeHUH 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 «MathCADy

IpakTnyeckas padora NeS

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

3aHATHA:

®opmMupoBaHue
nuddepentmpoBanus B mporpamme «MathCAD».
2. AJITOPUTM BBITIOJIHEHUSI PAKTHYECKOT0 32 IaHUS

yMEHUs

YHUCJIICHHOT'O

UHTEIPUPOBAHUS

n

3amanue 1.
Onpenenuts Gynakiuro f(X) Tadbauano, 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]
XVx3 +4
4 Sinx [0,8; 1,6] [2;2,1]
1+ Sinx
5 x 219(x+2) [0; 0,4] [1,5; 1,6]
6 x 2-arcg (x/3) [0,8; 1,6] [1;1,1]
7 e”*-Sin3x [0,4; 1,2] [2;2,1]
8 ctg 2x [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+95
13 1 [0; 4] [2; 2,1]
1+ x+x°
14 1+x [0,4;0,8] [1,5; 1,6]
2+ X
15 /1+ aX [0,4; 1,2] [0,5; 0,6]

3amanue 2.




b
BerauciuTh HHTErpal: 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 HHTETPHPOBAHMS.

3amanue 3.
b

BbIUKCIUTD HHTETpall j f (X)dxmeronom MonTe-Kapino. Jli1st 37010 HEOGX0AUMO:
a

1) onpeienuTh qUaNa3oH ciay4aiHbix yncen, Hanpumep j = 0...1000;

2) ompeneauTh C MOMOIIBID (YHKIHMH INd paBHOMEPHO pacHpeae/ICHHYIO CIydaiHyro
BEJIMYMHY 7jj HA OTPE3Ke HHTErpupoBanus [a, b];

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

4) ¢ momMonIbo GyHKIIUK MEean BIYUCIUTD HHTETPA.
3asanue 4.
Haiitu nepBooOpa3Hyro aHaIuTHYeCKU 3aaHHoi GyHkuuu f(X), ucrnonp3ys komanay Symbolic —
Integrate on Variable.
3ajanue 3.
BeruucinTh 3HAYESHUS IEPBOM U BTOPOU Mpon3BoaHbIX GyHKIMH f(X) B Touke X = c:

1) ¢ momomkto oneparopoB auddepennuporanust Mathcad;

2) METO/IOM HeompeIeIeHHbIX KOI(DDHUIIMEHTOB [T YUCICHHOTO AU (hepeHIInPOBaHHS.

3) Onpenenuth pynknuio f(X) TabnudaHo, BEIYUCTUB 3HaUeHUs Vi = f(Xi) B Toukax xi = ¢ + 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): opopmieHre otyera B Buze Qaiina popmara «MathCAD»

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

1. Heap 3ansaTusa: @opMupoBaHHEe yMEHHUs peliaTb OOBIKHOBEHHBIE TU(QepeHIHaIbHbIe
ypaBaenusi B nporpamme «MathCAD».

2. AIrOPUTM BBINOJHEHHUS IPAKTHYECKOT0 3aJaHUS

3aganue 1.
0
PemnmTs 3a1a4y Kormu: a—y = f(X,¥), y(0) =1, c mrarom h = 0,1 ma orpesxe [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)
BapuaHTa BapHvaHTa BapHhaHTa
1 X+y 6 2y — C0s2x 11 2y + 3e*
2 2x2 + 2y 7 y—e¥2+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 _x 2x— Y _gx
3 3
3ajnanue 2.

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

METOo/IA.
3amanue 3.

Hatitu ananutuueckoe (tounoe) pemenue O/[Y uz 3amanus 1 ¢ momomipio npeodpazoBanuii Jlammaca
(xomanpr Symbolic — Transforms — Laplace Transform u Inverse Laplace Transform).

3amanue 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 nudhepeHIMATBHBIX YPABHCHHIMA 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
{’ =vy-—2U.

3 =2v— u; 15 15 1 1
{’ =4v+u

4 T =5y, 1 15 0 2
{’ =v+2u-+t

5 =v+ outt 0,5 15 -1 2
{’ =y + 2u-—t.

6 =2v+ utt 0,5 2 1 2
{’ =4y,

7 =+t 5 5 -1 1
{’ =5v-TuU

8 T=y-5u; 15 1 3 1
{’ =2v+u-+t

9 =05+v 2 0 -1 1
{’ =4—-u+t

10 T=_v+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 =y +4u; -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

d—2 =f(x, y, Y, npu rpannunbix ycnosusx y(a) = A4, y(b) = B k 3agaue Komu u HaiiTu perieHue
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 Xzy 11 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 e~y oy -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): opopmieHue otyera B Buze Qaiina popmara «MathCAD»

IIpakTyeckas padora Ne7
«Onucanue MoaeJieil ¢ NOMOLIbI0 (P PepeHIHAIBHBIX YPABHEHUI B YaCTHBIX
NMPOU3BOIHBIX»

1. Hear 3anarus: PopMupoBaHue yMmeHUs pemats AuddepeHlnnanbHble ypaBHEHUS B
YaCTHBIX MPOU3BOIHBIX B mporpamme «MathCAD».

2. AITOPUTM BBINOJTHEHHUS NMPAKTHYECKOI0 3a1aHUA

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




5 4 8 04
a e
|
I
|
|
I
I
0 5 7
6 X(x?—1)
7 sin (mx?)
8 Sin(mx) cos x
9 x-sin2(x —1)
10 4x3(x— 1)
11 y 1 0,1 0,2
12 a 3 0,2 0,4
13 | | 5 0,4 0,6
14 I | 7 0,6 0,8
15 : : 9 0,8 0,9
I |
I |
4 b X
Pemurts 3aaa4dy o KOHe6aHI/II/I CTPYHBI CI[I/IHI/I‘-IHOfI JJIMHBI C 3aKPCIUVICHHBIMU KOHIIaMU:
o’u  , o4
y=a 5, a=1
ot OX
C HA4YaJIbHBIMH YCJIIOBHUAMMU:
u(x, 0) = f(x),

8—u(X,O):O,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 ¢
o t, pasubim 0,05. OTo6pa3uTh rpadudecku pemenue 3anaun Ha 0-M, 5-m, 10-M 1 16-M BpeMeHHBIX
CIIOSIX.

3amanue 2.
Haiitu perienne U(x, t) 11t ypaBHEHHS TETUTOMPOBOIHOCTH C MTOCTOSHHBIME KO3 GHUIIMEHTaAMH:
ou o4
—=a_—.,a=1
ot OX

C HAYaJIbHBIMU YCIIOBHSIMHU:

ux,0) =f(x),0<x<1;

Y TPAaHUYHBIMH YCIIOBUSIMH:

u(0, t) = a,

u(l, t)="h.

Jns pereHust 3a1a4u mocTpouTh ceTky u3 11 y3moB mo X (1 =0, 1, ... 10) u nmpoBecTH BBIYHCICHUS
it 12 cnoésmo t (j=0, 1, ... 12). BerariciaeHust BBIMOIHUATSE ¢ 1raroM h mmo x, paBabimM 0,1 U marom ¢
o t, paBabeiM 0,005. OToOpa3uTh rpadudecku perienne 3anadu Ha 0-om, 4-om, 8-om u 12-0M crosix
U MOCTPOUTHh MHTETPAIbHYIO MMOBEPXHOCTh pacIpe/ieieHHs] TEMIEPaTyphl B CTEPKHE C MOMOIIbIO
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 In@,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.

Haiiti crammoHapHOe pacrpe/eieHre TeMIepaTypbl B KBAJIPaTHOW IUIACTHMHE CO CTOPOHOM 1,
OIHChIBacMOE ypaBHeHueM Jlarmaca:

o°u o

2t =0

ox° oy

C KpaeBBIMH YCIIOBHUSAMH BHUJIA:

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).

Pemats 3a1a4y ¢ nomonipio ¢yukiuu relax. s pemenns 3axaun HOCTPOUTh CETKY 13 11 y3110B 110
x(1=0,1,..10)uuz 11 ya3nosmo y (j =0, 1, ... 10). OToOpa3uth rpadu4ecKu ¢ MOMOIIHIO KOMAaH/IbI
Graphics — Create Contour Plot cranimonapHoe pacnpenenenrue TeMiepaTyphl B TUTACTHHE.
BapuanTsl 3a1anus 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) pe3yJabTar (b1): oopmiieHre oTyeTa B Buje daitna popmara «MathCAD»y



IIpakTyeckas padora Ne§
«CrneKTpajbHbIN AHAJIU3 U CHHTE3 CTATUCTHYECKOH HHpOopManum)
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) Berurciauth mepBbie miecTh map Kod(QOUIMEHTOB pasioxkeHus B psagq Pypee dyukmuu f(t) Ha
orpeske [0, 27].
2) [Toctpouts rpaduku 1, 2 u 3 rapMOHUK.
3) BeimosnnuTh rapmonndeckuii cunte3 Gyakiuu f(t) mo 1, 2 u 3 rapmonukam. Pe3ynbTaThl cuHTE3a
0TOOpa3UuTh rpaPuIECKH.
Bapuantsl 3ananus 1

Ne f(0) Ne (0) Ne f(0)
BapHaHTa BapHaHTa BapHaHTa
1 Cost 6 Cost-Cos|Sint| 11 Sin(m)
1+ Cos*2t
2 Sin t 7 arctg(Cos0,5t) 12 COS( W )
1+ Cos*2t
3 Sin2t + Sin®3t 8 sing 13 o 10(t-7)’
3+ Sin t+ Cos2t ¢
4 Sin3t 9 Sint + [Sin2t] 14 ot
‘Sin t‘ +|Cost| ¢
5 |sin 3t| 10 2 15 ot
Cose ] cos .
Sm(%) e 2Cos(Sin t)
3aganue 2.

1) BBIMOSHUTD KITACCHYECKHI CIICKTpaIbHbIN aHamu3 U cuute3 Gyukimu f(t).
2) OtoOpa3uTth rpaguuecKy CIEKTPbl aMIUTUTYA U (a3, pe3ysbTaT CIEKTPAIbHOTO CUHTE3a (YHKIIUU
f(t).
3ananue 3.
1) BBIMOSHUTE YHCIIEHHBIH CIIEKTPaNIbHBIN aHanu3 u cuHTe3 Gynkuuu f(t). 1nsg sToro Heodbxoanmo
3a1aTh ucxoanyw ¢ynkiuio f(t) auckperno B 32 orcuérax.
2) OTo0pa3uTh rpadUuyecKu CIEKTPhl aMIUIUTYA U (a3, pe3yabTaT CIeKTPAIIbHOIO CUHTE3a (DYHKIIUU
f(t).
3ananue 4.
BemmonHute cnekrpanbHblii aHanmu3 W cuHTe3 ¢QyHkimuu f(t) ¢ momompro BII®. [lns storo
HEOOXOaNMO:

1) 3amare ucxomuyto ¢pyukimio f(t) muckperHo B 128 orcuérax;

2) BeInOJHUTH Tipsimoe BII®D ¢ momomsio ¢pyukimu fft 1 0ToOpa3uTs rpaduyecku HalCHHBIC
CHEKTPBI aMIUTUTYA U (a3 NepBbIX ILECTH FAPMOHUK;

3) BeInoIHUTE 00paTHOE BII® ¢ momomsio ¢pyukuuu ifft u orodpasuts rpaduuecku pe3yapTar
CrHeKTpanbHOro cuHTe3a pynkiwu f(t).
3ajanue 3.
Bemmonaute Gunbsrpanuto yukiuu f(t) ¢ nomonipro BI1O:

1) cuntesupoBars ¢pyukuuio f(t) B Bume monesnoro curnana, npeacraBieHHoOro 128 orcueramu
BEKTOpA V,



2) K MONE3HOMY CHTHaly V MPUCOSAWHHUTH myM ¢ momoinsto ¢ynkiuu d (rnd(2)-1) u
chopmMHpoBaTh BEKTOp U3 128 OTCUETOB 3alIyMIIEHHOTO CUTHAJIA S;

3) npeoOpa3oBaTh CUTHAJ C ITyMOM S U3 BPEMEHHOM 00JIaCTH B YaCTOTHYIO, MCIIOJIB3YS MPSMOE
BII® (¢pyukuus fft). B pesyaprare monyunrtcs curHain f u3 64 4acTOTHBIX COCTABIISIOIINX;

4) BBINOJTHUTDH (PUIBTPYIOLIEE peoOpa3oBaHUe C MOMOIIBI0 PYHKIIMN XeBHcaiaa (mapaMmeTp
bunpTpanuun o = 2);

5) ¢ nomomipto 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 3ajaHus

IIpakTuyeckas padora Ne 1.

3amanmne:

1. U3y4uuTh TeOpEeTUUECKHI MaTepHrall.

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

Heanb 3aganus: GopMupoBaHHE 00IIETO MpeACTaBIeHUs PaboThl ¢ mporpammoit «MathCADy.
AJITOPUTM BBITIOJIHEHHUSI IPOBEPSIEMOT0 32 IaHUS

1.1. 3aganue BBIMOIHACTCS JIJIsl BCEX BAPUAHTOB. BhIUUCITUTS:

J100; |-10; 101

Pemenmne:
J100=10  |-10| =10 100= 3628200

1.2. 3aymanue BBIOHIETCS I BceX BapuaHTOB. ONpeIeTuTh epeMeHHbIE:
a:=3.4; b:=6.222; ¢ =0.149.
Pemenue:

a=34 b=0222 =014

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

2ab+3 i
Z= ab +3/c : N =e%"° -cosg.
\/(a2+ba+0).c b
Pemenue:
3
g 2@t e _ 4.292
la? 4+ b2 ¢

= esm(c}-ms(%] — 0.991

Al

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

Z:=3+2i; |Z|=: Re@)=; Im2) =; arg(@) =; Z =;

27 = : Z1:=142i; Z2:=3+4i: 71+Z2=: 71 -72=: Z1-Z2=: Z1/Z72 =.

Pemenne:



Zo= -3+

|Z| = 3.606

Re(Z) = -3

Im(Z) = 2

arg(Z) = 2.554

JZ =055+ 1817
22 =—6+4i
Zi=1+2
Z2:=3+4i

Zl+Z2=4+6H
Ll -Z2=-2-21
Z1.22 = -5+ 10

1 = 044 + 0.085
Z2

1.5.3aganue BBITIOJIHSIETCS 711 BCEX BAPUAHTOB. BBIMIOJIHUTD CIIEAYIOIINME ONepaIuu:

_ _ 0,4 2 otg2x
ii=1.. 10; i=: i+ =: [x® -lg(x+2)dx=: _cgex X=:
2i= IO = PO s ]
X:=2; ix5:; isin(x):.
dx dx

Pemrenne:
1:=1..10

Zi:ﬁﬂ
i

H (i+ 1) = 39916800

1

a4

2 dog(z+ 2) dz = 7711x 1077

1

a1l
cot2-x2)

i = g| - HeCOBCTEEHHBIA MHTEMpaN, PacxogHTCA

stni 2 %)
Y&

[ This calculation does not converge ko a salution, |

=2

42w

dx

4 gin(z) = —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 4.5
3 2 6,3 3,7
4 2,5 4,2 1,2
Pemrenne:
0.5 33 2
1 59 3.9
i=0.5 d=[15 s=1|7 Ro=|45
2 6.3 37
2.5 4.2 1.2
8
dj fi
5y 4
Ej
'
1]
1] 1 2 3 4

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

Y(a):=1.5cos(x)? —1;
P(a) =cos(x).
Pemenue:

Hia) = cos(o)-sm{o)




V(o) = 1.5cosla?) - 1

Pilo) = cos(on)

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

- 0.5F .

_ 1k I I I A

-1 -5 0 5 10
o

1.8. 3aganue BoImonHAETCA 111 BceX BapuaHToB. Co3nate MaTpuily Q pazmepoM 6x6, 3alI0JHUTH e
IIPOU3BOJILHO U 0TOOPA3UTh Irpa)UuEeCcKu.

Pemenne:
(24310 1)
5:2 575 3 4
|532415
Rl 5 B B §
4067302
2 046285)

3




1.9. 3ananue BeImoNHACTCA 1715 BceX BapuaHTOB. [1ocTpouTh rpaduk MOBEPXHOCTU U KapTy JIMHUMA
YPOBHSA IJIA (byHKuHI/I JBYX IEPEMEHHBIX.

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

Pemenue:

Alt,0) = t-cos(a) sin{or)

X

Pe3ynbratel pacdera mo mpakTuueckoil pabore ««MojenupoBaHHe TOBENCHUS PeaTbHOTO
00beKTa B KPUTHYECKOW CHTyalldd Ha OCHOBe ero uudpoBoi kommm»» Kypca «lludpossie
TEXHOJIOTHUH MPOU3BOJICTBEHHBIX MPOIECCOBY SBISIOTCS UCXOAHBIMU JAHHBIMH ISl PAKTUYECKOM
pabotrer  No5 MHcmonp3oBaHWE YHCICHHOTO WHTETpUpoBaHus ©  AuddepeHnrpoBaHus B
MOJICTTMPOBAHUHN TEXHUYECKUX cucteM M Ne6 OmucaHue Mojenell ¢ MOMOIIbI0 OOBIKHOBEHHBIX

nudepeHInaIbHBIX YPaBHEHUM.

7.3. OueHo4Hble CpeaCcTBa ISl NMPOMEXKYTOYHON ATTECTAIMM 1O MTOraM OCBOCHHS
AUCHUTLTUHBI

7.3.1. Bonipochbl K IPOMeKYTOYHOI aTTeCTANNH

Cemectp 4

Bomnpocsl k 3k3amMeHy

1 OCHOBBI BCPOATHOCTHBIX MCTOJ0OB aHaJIn3ad U MOACIIMPOBAHUS CUCTCM.

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




BOHpOCLI K 3K3aMEHY

n/n

3 OjeMeHTapHble OHATHS O CIYyYalHbIX COOBITHSX, BEIMUYMHAX U (PYHKIUX.

4 HUucnoBble XapaKTEPUCTUKHU CIIyYalHbIX BEJIMYUH.

5 CrnyyaiiHbple BeIMYMHBI M UX 3aKOHBI pacIpeesIeHNs, HOpMaJIbHbIN 3aKOH pacIpeesIeHHsL.

6 CraTrcTH4ecKas OlleHKa METOJIOB paclpeIeIICHUs CIIyJailHbIX BEJTHYUH.

7 MaremaTtuueckas craTuctuka. OCHOBHbIE NOHSATUS U OIPEJCIICHHUSL.

8 OCHOBHBIE 3aKOHBI pacpeAeIeHUs CIIy4yaliHbIX BEJIMYHH.

9 O06paboTKa CTaTHCTUYECKOH HH(OPMAITHH.

10 | Be1bop TeOpeTHuecKoro 3aK0Ha pacupeiesIeHHsl CIly4ailHbIX BEJIUYUH.

11 | 3akousbl pacnpezenenus, Hanbojee pacnpoCTpaHEHHbIE B TEXHUKE.

12 | UcxoaHble MpeanoChIKU PErPECCHOHHOTO aHAIN3a U CBOMCTBA OLICHOK.

13 | Craructuyeckuii aHain3 HHPOPMAILIUH; POBEPKA CTATUCTUYECKUX TUTIOTES.

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

15 | PerpeccuBHbIi U KOPPESILMOHHBIN aHAIU3 PE3yIbTATOB UCIIBITAHUM.

16 | [InanupoBaHue SKCIIEPUMEHTA.

17 | XapakrepucTuka METO/10B M MoJiesIel IPOTHO3UPOBAHUSI.

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

19 | MojaennpoBaHue CHCTEM € UCIOIb30BAHHEM MAapPKOBCKUX IPOLIECCOB.

20 | MapKOBCKUE IICIIH.

21 | MonenupoBaHue CHCTEM MAaCCOBOTO OOCITY)KHBAHUSI.

22 | KomnoHeHTsI U Ki1accuuKaius Mojieiel MacCOBOT0 00CTy )KUBaHUSL.

23 | OnpezencHre XapaKTEPUCTHK CUCTEM MAaCCOBOTO OOCITY)KUBaHUSL.

24 | MonenupoBaHie IOTOKOB OTKAa30B 3JEMEHTOB CIIOKHBIX TEXHUYECKHX CHCTEM.

25 | OGmue BOIpoCkl MaTeMaTHIECKOTO MOJICITUPOBAHUS

26 | IMuTaniMoHHbIE MOJIEIH

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 | DKCrIOHEHIATTbHAS PETPECCHs

34 | IlonuHOMHATIbHASL PETPECCHsT

35 | Pa3nuuHble METO/BI PENICHNST HEIMHEHHBIX YpaBHEHUH

36 | Jluneitnas perpeccusi 001Iero Buaa

37 | HenwHeitHast perpeccusi 001Iero Buaa

38 | BeluncnuTenbHBIE OKCIEPUMEHTHl € MaTeMaTHYECKUMH MOJAETSIMHM, HMHTHPYIOIIUMU
TIOBEJICHHE PEATbHBIX 00BEKTOB, MPOIIECCOB WIIM CHCTEM

39 | JIuHeiHOe criaXuBaHUe 10 MATH TOUYKaM

40 | HenuneliHOe Criia)kKMBaHUE 110 CEMH TOUKAM

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

42 | IlpoGnemsl nosnyueHust Ha OBM ciaydaifHbIX YMCIOBBIX MOCIEOBATEIBHOCTEH C 3alaHHBIMU
BEPOSTHOCTHBIMH XapaKTEPUCTHKAMHU

43 | IIpeoOpaszoBanue Jlamnaca

44 | BpluncieHHE XapaKTEePUCTUK CUCTEMBI 110 €€ ONIEPaTOPHON XapaKTEPUCTUKE

45 | ANTOpUTMBI M METOJIbI TeHEPALIMU PABHOMEPHO PACIpPEICICHHBIX CIyYaiHbIX YHCE

46 | MopenupoBaHue JIOTHYECKUX (PYHKITHIA

47 | 3aryxaroniye 1 HapacTarIxe KoJIeOaHus

48 | MeTtoJ M aJrOpUTM pEIICHHsI CUCTEM JIMHEHHBIX YpaBHEHHH MeTonoM ["aycca

49 | Konebanusi 1 pe30HAHC B MEXaHUUYECKOW CHCTEME




Ne
Bonpocs! k 3k3amMeHy
n/n
50 | Knaccuveckuii crieKTpajabHbIN aHAJIM3 U CHUHTE3
51 | CyTb KOMIBIOTEPHOTO MOJEIUPOBAHUS
52 | MonennpoBaHue TEXHOJIOTHYECKUX MPOIECCOB
53 | Maremarnueckoe obecrieueHue Mpu aBTOMATH3AIHH
54 | MonenupoBaHie CUCTEM aBTOMAaTUYECKOTO YIPABJIEHUS TEXHOJIOTMYECKUMHU POIECCAMU
55 | O6mue BOIpochkl MaTEMaTUUECKOTO0 MOJICITUPOBAHMS
56 | MuTanmoHHbIE MOCITH
57 | UaTepnonsmus o obuieit hopmysie Jlarpamxka
58 | MHTepnionsus TaOJIMYHBIX JaHHBIX 110 (hopmynam Jlarpanxa
59 | IIpouecc nocTpoeHus: MaTeMaTHYeCcCKOl MO
60 | [TonmmHOMMaNbHAS AaNIPOKCUMAITHS
61 | YeObImeBcKkas anmpoOKCHMAIIHS
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 | HenuneliHoe cria’kuBaHHe O CEMH TOYKaM
71 | CiyyaliHble BEJTMUMHBI U COOBITHSI, METOJIbI UX T€HepallMy U 00J1acTh UX PUMEHEHUS
72 | IIpoGnemsl nomyueHust Ha 9BM ciydalfHbIX YHCIIOBBIX MOCIIEA0BATENBLHOCTEH € 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 TTPOBEACH M . Kpurepun u HOpMbI OLIEHKH
NPOMeKYTOYHOMH
aTTecTaluu
4 DK3aMeH (YCTHO) HCUYEPITBIBAIOIINE OTBETHI HA
COTIHHOY BOIIPOCHI 9K3aMEHAIIMOHHOT O
Oomiera v Ha JOIOJHUTEIbHBIE
BOIIPOCHI
NPaBUJIHHBIE OTBETHI HA BOIIPOCHI
«XOPOILIO» ounera

C HE3HAYUTCIIbHBIMU HEAOUYECTAMU

MPABUJIbHBIE OTBETHI HA BOIMPOCHI
«yIOBJIETBOPUTENILHO» | Ouera
C CYIIECTBEHHBIMH HEJI0YeTaMH1

HETPABUJIbHBIC OTBETHI HA
«HEYIOBICTBOPUTEIBHO» | BOMPOCHI SK3aMEHAI[HOHHOTO
ounera




8. YueOHo-MeTOoAMYecKOe U MH(OPMAITMOHHOE O0ecTieYeHHe TUCIIUITHHBI

8.1. O0si3aTesibHAA JIUTEPATYpPa

Tun (yueOHuK, ydeOHOE

KoanuyecTBO B

HAYYHOU
Ne nocooue, yueoHo-
ABTOPpBI, COCTABUTEH 3arsaaBue (3aroJioBoK) I'ox n3panus ounoamnorexe /
n/n MeToIMYecKoe nocooue,
EpAKTHIYM, 1p.) HaumenoBanue
p y 9 p‘ BBC
1 |Topnaub. A. MatemaTruuecKkoe MOJICIIUPOBAHHE: Y4eOHoe mocodue 2016 OBC "Jlanp"
MOCTPOSHHUE MOJICIICH W YHCIICHHAS
peanm3anus
2 Benos I1. C. MaremaTruueckoe MOACITMPOBAHUE YuyebHoe mocodue 2016 9BC "IPRbooks"
TEXHOJOTHYECKHUX TPOIECCOB
3 l'ony6esa H. B. MareMaTtnueckoe MOACIIMPOBAHUE CUCTEM U | YueOHoe rmocobdue 2016 ObC "Jlanp"
MIPOIECCOB
8.2. JlonosinuTebHAS JIUTEpPATypa
KoanuectBo B
Tun (yueOHUK, ydeOHOE .
HAYYHOI
Ne nocooue, yueOHo-
ABTOpBI, COCTABUTEJH 3arsiaBue (3aroJioBOK) I'op u3panus Ondamorexe /
n/n MeTOInYecKoe mocooue,
IPAKTHKYM, 1p.) HaumenoBanue
p y 2 p’ BBC
1 | bypeB.M. Teopus BeposiTHOCTEN M MaTeMaTH4ecKast Yy4eOHuk 2013 OBC "Jlanp"
CTaTHCTUKA
2 | bopoBkoB A. A. MaremaTnueckas CTaTUCTHKA Y4eOHoe mocodue 2010 OBC "Jlanp"
3 | Tyranbaes A. A. Teopus BeposiTHOCTEN U MaTeMaTHYECKast VYuebHoe nmocobue 2011 OBC "Jlanp"
CTaTHCTUKA
4. | 1.A. Pacropryes, H.IO. OnTumu3zanus TEXHOJIOTNYeCKUX npoueccos | IIpakTukym 2020 MetoakabuHeT
JlornHoB u onepanuii: /— TomesarT: TT'Y,. 92 c. Kadenpsl




8.3. Ilepeuennr nmpodeccuoHaJBHBIX 0a3 JAHHBIX M MH(GOPMAIMOHHBIX 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 UHCTUTYTA - CTapEHIIero
B Poccuu HaydHOTO yUpexIeHHs, UMEIONIETO MPSMOE OTHOIICHHE K MapKeTUHTY — PeskuM jocTyma:
WWw.vniKi.ru.

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

- Scopus [DnexkTponHbIii pecypc] Oubmuorpadudeckas u pedeparnBHas 6aza TaHHBIX U HHCTPYMEHT
JUISL OTCJICKMBAaHUS LIUTUPYEMOCTU CTaTei, ONMyOJMKOBAHHBIX B HAyUHBIX H3JaHUSAX. - Pexum
nocryna: http://www.scopus.com;

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

8.4. IlepeyeHb NPOrpaMMHOro odecnevyeHus

Ne Hanvenosanue MO PexBu3nTHI A0roBopa
n/n (nata, HOMep, CPOK JAeCTBUS)
1 Windows: noroop Ne 757 or 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 JCUCTBHS — OECCPOUHO

Office Stdandard 2016 Russian OLP NL | noroBop Ne 757 ot 04.07.2018, cpok
AcademicEdition JEeNCTBUS — 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
KOHCTPYMPOBAHHE B MAIIMHOCTPOSHHH) 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, JIa00OPATOPHUIi, MACTEPCKUX U

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 yYeHUYECKHE IBYXMECTHBIC
J1a00paTOPHBIX padoT. (MOHOOJIOKH) , JOCKa ayJIUTOpHAs
Vyebnas ayaAuTOpus AJis NPOBECHUS 3aHIATHI | (MEJIOBast), CTOJI MPEMNO/1aBaTeIbCKUM ,
CEMHHApPCKOT0 THIIA. CTYJ MpernoiaBaTelnbCcKkuil Kadeapa,
VYuebHas  ayauTopusi UL KypPCOBOTO | MIKa(bl [UIsi HHCTPYMEHTA, JUIJIOMHBIC
MPOEKTUPOBAHMS  (BBIMOJIHEHHS] KYPCOBBIX | TUIAHIIETHI, CTOJIBI K 00OPYIOBaHUE,

1 pabor). TyMOBI C 000pyIOBaHHEM, TIPUOOPHI JIS
YyeOnass ayautopust Ui TPOBEICHHS | U3MEPEHHUs YTIIOB, PEXKYIIHE
IPYIIOBBIX u WHVBUIYAIBHBIX | HHCTPYMEHTBI, CBEPJIa, PE3IIbl, IPOTSIKKH,
KOHCYJIbTAIIH. ¢bpe3bl, UHCTPYMEHTAIbHbIC IEHTPHI,
VY4eOHas ayauTOpus IS IPOBEACHNUS 3aHATUH | uepBsiuHas ppe3a, onTuyecKast
TEKYIIEr0 KOHTPOJII M MPOMEXKYTOUHOH | AeNUTeNbHAas rOJOBKa
arrectanuu. (E-205)

2 [Tomemenue amst camMocTosITENbHOU PaboThl | CTOJBI, CTYJIbSI, KOMITBIOTEPHI
crynenros (I"'-401)
[Tomemienne st camocTosATenbHOM paboThl | Jlocka aynuTopHas (MenoBast), CTOJbI

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

CTYJIbS, CTEH/Ibl, IKa(BI.
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