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1. Ilean ocBOEHUN TUCIUILIHHDI

Ilenp OCBOEHUS IUCHMIUIMHBI — CGHOPMHPOBATH Yy OOYYalOMIMXCS 3HAHUS, yYMEHHUS U
npuoOpeTeHNe OMbITa IPUMEHEHHS METOJ0B MaTeMaTH4YeCKOro MOJENIUpoBaHus (pa3paboTka
MaTE€MaTU4eCKUX MOJEIEH, NPUMEHEHUE YHUCICHHBIX METOJOB pEIICHHs pa3iIM4yHbIX 3a1ad4,
UCIIOJIb30BAHUE COBPEMEHHBIX MATEMaTUYECKHUX IIaKETOB U PELICHHs 3aJa4 MaTeMaTU4eCKOro
MOJIEJIMPOBAHUS) IIPU CUHTE3€ U UCCIIEA0BaHUN CUCTEM aBTOMAaTUYECKOr0 KOHTPOJI U YIPaBICHUS
TEXHOJIOTMYECKUMU IIPOLIECCAMH.

2. Mecro nucuumiuabl B ctpykrype OIIOITI BO

JIMCUMIUIMHBl M TPAaKTUKH, HAa OCBOEHMM KOTOpBIX Oasupyercs JaHHas AUCHUIUIMHA:
«Bpicmas matemaruka», «OCHOBBI MH(MOPMALMOHHON KyIbTYpb», «DHU3UKa», «ABTOMATH3aLUs
TEXHOJOTMYECKHUX IPOLIECCOB B MAIIMHOCTPOEHUM», «Teopus aBTOMATUYECKOTO YIPABICHUS»,
«TexHonoruss MalMHOCTPOEHUSD.

JIMCUMTUIMHBL ¥ TIPAKTHKH, JJI1 KOTOPBIX OCBOCHUE AHHON IUCIMILIMHBI HEOOXOAMMO Kak

MMpEANICCTBYIOMICC: BBITIOJIHCHHUE BbIHYCKHOfI KBaHH(bHKaHHOHHOﬁ pa6OTI>I.

3. Ilinanupyembie pe3yJibTaThl 00y4YeHUs1

dopMmupyembie u
pMupy NHaukaTopbl 10CTHIKEHU S

KOHTPOJIUpYyeMble . I[Inanupyemble pe3yJbTaThl
KONII)IIeT(g{yHHI/I KOMITET eHiHH pyoﬁyqe}?uﬂy
(KOJ 1 HAMMEHOBAHHE) (Koa 1 HAMMEHOBaHUE)

OIIK-2: ctocoOHOCTH 3HaTh:
pemaTh cTaHAapTHBIE - METOJABl pEIIeHHs CTaHAapTHBIX
3a/1auu 3a1a4 npogeccuoHaIbHON
npodeCcCHOHAILHON NeSTeTbHOCTH;
NeSITeIbHOCTH HAa OCHOBE - OCHOBbl HMH(POPMALMOHHON U
WH(pOpPMAIIMOHHON U oubnuorpadguueckoil  KyJabTypbl €
6ubnuorpaduueckon IPUMEHEHUEM UH(POPMALIMOHHO-
KYJBTYPHI C TPUMEHEHHEM KOMMYHHUKAIIHOHHBIX TEXHOJIOTUH H C
UH(POPMAaLMOHHO- Y4E€TOM  OCHOBHBIX  TpeOoBaHMM
KOMMYHHKAITHOHHBIX MH(POPMALIMOHHON 6€30MaCHOCTH;

TEXHOJIOTHI U C yYETOM
OCHOBHBIX TPeOOBaHUI1
MH(pOpMaLOHHON
6e3omacHOCTH

- OCHOBHBIC IIOHATHA, 3aJa4u U LCJIU
MOJICTTHPOBAHUS;

- KJaccu(UKaIMI0 MoJeNeld U BHUIOB
MOJIETTUPOBAHUS;

- METOAbI HOCTpOCHI/Iﬂ
MaTEMaTUUECKOTO OITMCAHUS
00BLEKTOB.

YMeTs:

- pemaTh CTaHAApTHBIC  3a/Ja4U
npodeCcCHOHATBHON IEATETLHOCTH;

- MOJTH30BaThCSI HHPOPMAIIMOHHBIMU U
OoubmorpaguIecKuMu CpeICTBaMH C
MpUMEHEHHEeM HH()OPMAIIMOHHO-
KOMMYHHKAITUOHHBIX TEXHOJIOTHHA U C
Y4€TOM OCHOBHBIX TpeOOBaHUM
nH(POpPMaIMOHHOM 06€30MMacHOCTH;




®opmMupyembie U
KOHTPOJIUpYeMble
KOMIIETEeHIHH
(ko1 1 HAUMEHOBAHME)

NuaukaTopsbl J0CTHXKEHUS
KOMIIeTeHIH i
(Koa 1 HAMMEHOBaHUE)

Ilnannpyemble pe3ybTaThl
o0y4eHust

- UCIIOJIb30BAaTh OCHOBHBIC 3aKOHbI
CCTCCTBCHHOHAYYHBIX JUCHUIIINH IJIA
COCTaBJICHUA MaTEMATHYCCKOI'O
OIIMCaHMI 00bEKTa MOACIIMPOBAHUAA.

Bnaners:

- METOAAMH pEHICHHs] CTaHJAPTHBIX
3a1a4y npodeccuoHaIbHOM
NeSITeTbHOCTH;

- OCHOBaMH HH(OPMAIIMOHHON U
oubnuorpaduyeckoil  KylnbTypbl €
IpPUMEHEHHUEM uH(GOPMaIMOHHO-
KOMMYHHUKAIIHOHHBIX TEXHOJIOTHUA U C
Y4E€TOM  OCHOBHBIX  TpeOoBaHMI
nH(GOPMAIMOHHOK 0€30I1aCHOCTH;

- METOAAMH COCTaBJICHHS TOJHOU
CTPYKTYpHOW CXEMBI BEIIECCTBCHHO-
JHEPreTHUYECKUX MOTOKOB
TEXHOJIOTUIECKOTO nporecca,
IPOTEKAOIIETO0 B TEXHOJIOTHYECKOM
0o0BEKTE yIpaBiIeHHUS;

- cocobamu pa3paboTKu
TUHAMHYECKHX U CTATHICCKUX
POCTPAHCTBEHHO-PACTIPEIEICHHBIX
MAaTeMaTUYECKUX MOJENIEH
TEXHOJIOTHYECKUX MTPOLECCOB.

ITK-12: crtoco6HOCTH
BBITIOJHSATH PabOTHI 1O
IMATrHOCTHUKE COCTOSTHUS
IWUHAMHKH 00BHEKTOB
MAaIIHHOCTPOUTEITBHBIX
MIPOU3BOJICTB C
HCIIOJIb30BaHUEM
HEOOXOIUMBIX METOIOB U
CPEJICTB aHAJIN3a

3HaTh:

- METOAMKY JUArHOCTUKU COCTOSTHUSA
TUHAMHUKHA 00BEKTOB
MaIIMHOCTPOUTENBHBIX MPOU3BOJICTB
C HCIIOJB30BaHUEM HEOOXOIUMBIX
METO/IOB U CPEJICTB aHAIIN3a,;

- UHCIEHHBIE METOJbl  pelIeHUus
pa3IMYHBIX 3a]1a4;

- MCETO/bI BOCCTaHOBJICHHUA
OMIINPHUYICCKUX 3aBI/ICI/IMOCTeI>’I;

- METOJbI AHAJTUTHUYCCKOI'O
MOJCIIMPOBAHUA;

METOJAbI HUMUTAILITMOHHOI'O
MOJCIIMPOBAHUS.

YMmeTs:

- BBITIOJIHATH PAOOTHI IO JUATHOCTHKE
COCTOSIHUS TUHAMHUKN 00BEKTOB
MAaIIHHOCTPOUTENBHBIX TPOU3BOJICTB
C UCIIOJIL30BAaHUEM HEOOXOMUMBIX
METOJIOB ¥ CPEJICTB aHAIM3a,;

- pelIaTh COCTaBJICHHBIC YPaBHEHUS
(cucTeMbl ypaBHEHHIA) MOJIEIH C
TTOMOIIBIO0 COBPEMEHHBIX




®opmMupyembie U
KOHTPOJIUpYeMble
KOMIIETeHI[HH
(ko1 1 HAUMEHOBAHME)

NuaukaTopsbl J0CTHXKEHUS
KOMIIeTeHIH i
(Koa 1 HAMMEHOBaHUE)

Ilnannpyemble pe3ybTaThl
o0y4eHust

MaTEMAaTHYCCKUX ITaKECTOB.

Bnanets:

- METOIMKOM JUArHOCTHKH COCTOSHUS
IUHAMUKHA 00BEKTOB
MaITUHOCTPOUTEIBHBIX TPOU3BOICTB
C UCII0JIb30BaHHEM HEOOXOIUMBIX
METOJIOB U CPEJICTB aHAIIN3a,;

- METOJaMH MaTEMaTHYCCKOTO
aHaJM3a U MOJICJIMPOBAHUS B
TEOPETHUUECKUX U
AKCTICPUMEHTAIBHBIX HCCIICIOBAHUSIX
B obsactu pazpadbotku ACY TII ¢
WCITOJIb30BAaHUEM COBPEMEHHBIX
MaTEMAaTHYECKUX ITaKETOB.




4. CTpyKTYpa U cofepKaHue JUCHUILIHHBI

DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HaunMenoBanue TeM 3aHATHH OonemMm,
y4eOHol . CemecTtp Baaabl | UHTepakTuB, 4. | (HAHUMEHOBaHHUE
(pa3neu) (yueoHoOii padoThI) 4,
padoThI OLICHOYHOI'0
cpeacTBa)
Monyns 1 JIek. 1.1. O6mue BOpoCckl MaTeMaTUIECKOTO 8 1 - - Bormpocs! k 3auery

MOJICTTUPOBAHUSL.

Cp. 1.1. OGmue Bonpockl MaTeMaTHUYECKOTIO 8 2 - - Bomnpocsl k 3auety
MOJIEAUDOBAHUS.

IIp. 1.1. OGuire BOmpockl MaTeMaTH4YECKOTO 8 1 - - OT4eT B 3JIEKTPOHHOM
MOJICTUPOBAHUSL. BUJIC

Jlex 1.2. UaTepnonsanus mo odmiei Gpopmyre 8 1 - - Bomnpocsr k 3auety
Jlarpanxa.

Cp. 1.2. Unrepnomnsmus mo oduieit popmyre 8 2 - - Bomnpocsr k 3auety
Jlarpanxa.

IIp. 1.2. UnTepnonsuus mo odmei hopmyne 8 1 - - OT4YeT B 2JIEKTPOHHOM
Jlarpanxa. BHJIE

Jlex 1.3. UaTepnonsus Ta0IMYHbIX JAHHBIX 10 8 1 - - OT4er B 2NIEKTPOHHOM
dopmynam Jlarpanxa. BUJIC

Cp. 1.3. Uutepnonsius TaOIMYHBIX JAHHBIX 110 8 2 - - Bomnpocsr k 3auety
dopmynam Jlarpanxa.

IIp. 1.3. UaTepnonsuus TaOIMYHBIX TaHHBIX 110 8 1 - - OT4YeT B 3JIEKTPOHHOM
dopmynam Jlarpanxa. BUJIE

Jlex 1.4. IIpouecc moCTpOEHUSI MATEMATHYECKOM 8 1 - - OTyYer B 3JIEKTPOHHOM|
MOJEJIH. BUIE

Cp. 1.4. ITpouecc mocTpoeHUss MAaTEMAaTUYECKOM 8 2 - - Bormpocs! k 3auery
MOJIETIH.

IIp. 1.4. IIpouecc mocTpoeHUsI MaTEMATHYECKOM 8 1 - - OTyYer B 3JIEKTPOHHOM|
MOJEJIH. BUIE

Jlek. 1.5.TlonnHOMUAIBHAS AMPOKCUMAITHSL. - - OT4eT B 3JIEKTPOHHOM

Cp. 1.5.ITonmmHOMHANIBHAS aNIPOKCUMALIUS. - - Bormpocs! k 3agery




DopMBbI TEKYLLET0

MaAaTEMAaTHYCCKUMH MOICIISIMHU,
HUMUTHUPYIOIIUMU NTOBEACHUC PCAIIbHBIX
00BEKTOB, IPOIISCCOB WU CHUCTEM.

Bun . KOHTPOJISA
Monayab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . Cemectp Banabl | UaTepakTuB, 4.| (HAaHMeHOBaHHUe
(pazaen) (yuedoHO¥ padoTHI) u.
padoThI OLICHOYHOI'0
cpeacTBa)
IIp. 1.5.ITonuHOMMaNbHAS AIPOKCUMAITHUS. 8 1 - - OTyer B 3JIEKTPOHHOM|
BUIE
Jlek. 1.6. UeObImieBcKast anmpoKCUMaIusl. 8 1 - - Bormpocs! k 3auery
Cp. 1.6. UeOpbImeBcKast anmnpoKcuMarius. 8 - - Bomnpocsl k 3auety
IIp. 1.6. YeObImeBcKas anmpoKCUMAIIHsL. 8 1 - - OTuer B 2JIEKTPOHHOM
BUJIC
Jlex 1.7. CyTb KOMIIBIOTEPHOI'O MOJECIUPOBAHUS. 8 1 - - Bormpocs! k 3auery
Cp. 1.7. CyTh KOMIIBIOTEPHOT'O MOJCIUPOBAHUS. 8 - - Bormpocs! k 3auery
IIp. 1.7. CyTh KOMIBIOTEPHOI'O MOJIETUPOBAHUSI. 8 1 - - OTuer B 2JIEKTPOHHOM
BU/JIC
Jlex 1.8.OxcrioHeHIMaNbHAS PErpeccusl. 8 1 - - Bomnpocsl k 3auery
Cp. 1.8.OkcroHeHIMATTbHASL PETPECCHSL. 8 2 - - Bomnpocsr k 3auery
Jlex 1.9.ITonnHOMUANBHAS pETPECCHSL. 8 4 - - Bormpocs! k 3auery
Cp. 1.9.ITonmuHOMMATIbHAS pETPECCHUS. 8 2 - - Bormpocs! k 3auery
Monys 2 Jlex 2.1. PaznuuHble METOIbI pEIICHHUS 8 1 - - Bormpocs! k 3auery
HEIMHENHBIX YDABHEHUM.
Cp. 2.1. Pa3nuuHble METOIBI pEIICHUS 8 2 - - Bormpocs! k 3auery
HEJIMHENHBIX VDABHEHUN.
IIp. 2.2. JluneitHas perpeccus o0IIero BUA. 1 - - Bomnpocs! k 3auety
IIp. 2.3. Henuneitnas perpeccusi o0Omiero Buja. - - OT4eT B 3JIEKTPOHHOM
BU/IE
Jlex 2.4.BpIuncIUTENbHBIE SKCIIEPUMEHTSHI C 8 1 - - Bomnpocsl k 3auery




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . Cemectp Banabl | UaTepakTuB, 4.| (HAaHMeHOBaHHUe
(pa3neu) (yueoHoOii padoThI) 4,
padoThI OLICHOYHOI'0
cpeacTBa)

Cp. 2.4.BBIYHCIIUTEITLHBIE YKCIIEPUMEHTHI C 8 2 - - Bomnpocs! k 3auety
MaTeMaTHYEeCKUMH MOJEIISIMH,
MMUTHPYIOLIUMU [TOBEJECHUE PEATbHBIX
00BEKTOB, MPOLIECCOB MIIU CHCTEM.

[Ip. 2.4 .BblunCcnUTENIbHBIE SKCIIEPUMEHTHI C 8 1 - - OT4eT B 3JIEKTPOHHOM
MaTeMaTHYEeCKUMH MOJEIISIMU, BU/JIE
MMUTHPYIOLIUMU [TOBEJECHUE PEATbHBIX
00BEKTOB, MPOLIECCOB MIIU CHCTEM.

Jlek. 2.5.11peobpazoBanue Jlamnaca. 8 - - Bomnpocsl k 3auety

Cp. 2.5.1IpeobpazoBanue Jlammnaca. 8 - Bomnpocs! k 3auery

IIp. 2.6. CnyyaiiHble BETMYMHBI U COOBITHS, 8 1 - - OT4er B 2JIEKTPOHHOM
METO/]Ibl UX TeHEpalHu U 00JacTh UX BU/IE
IIPUMEHEHHS.

JIek. 2.7. JluHeliHOE CrIaXKUBaHWE IO IIATH 8 1 - - Bonpocel k 3auery
TOYKaM.

Cp. 2.7. JluHelHOE CIVIa)XMBaHWE IO IIATH 8 2 - - Bormpocs! k 3auery
TOYKaM.

IIp. 2.8. HenuneitHoe criakxuBaHUe 110 CEMU 8 1 - - OTuer B 3JIEKTPOHHOM
TOYKaM. BUJIE

Moyns 3 Jlek. 3.1. Ilpo6nemsl morydeHust Ha OBM 8 1 - - Bomnpocs! k 3auety

CIIy4alHBIX YMCIIOBBIX
MOCJIEZI0BATEIBLHOCTEN C 3aJaHHBIMU
BEPOATHOCTHBIMU XapaKTEPUCTUKAMH.

Cp. 3.1. [IpoGnems! monyyeHust Ha O9BM 8 2 - - Bormpocs! k 3auery

CIIy4alHBIX YUCIIOBBIX
IIOCJIEI0BATEILHOCTEN C 3aJaHHBIMU
BEPOATHOCTHBIMM XaDaKTEPUCTUKAMM.




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . Cemectp Banabl | UaTepakTuB, 4.| (HAaHMeHOBaHHUe
(pazaen) (yuedoHO¥ padoTHI) u.
padoThI OLICHOYHOI'0
cpeacTBa)

IIp. 3.1. IIpo6iemsl mosrydeHust Ha 9BM 8 1 - - OT4YeT B 3JIEKTPOHHOM|
CIIy4alHBIX YMCIIOBBIX BU/IE
MOCIIeI0BAaTEIbHOCTEH C 3aJaHHBIMU
BEPOATHOCTHBIMU XaPaKTEPUCTUKAMH.

Jlex 3.2. Boluncnenue XxapakTepUCTUK CHCTEMBI 8 1 - - Bormpocs! k 3auery
0 €€ OMepaTOPHON XapaKTePUCTHKE.

Cp. 3.2. Boluncnenue XapakTepUCTUK CUCTEMBI 8 2 - - Bomnpocsr k 3auety
110 €€ ONepaTOPHON XapaKTEPUCTHKE.

IIp. 3.2. Boluncnenue XxapakTepUCTUK CUCTEMBI 8 1 - - OT4er B 2NIEKTPOHHOM
110 €€ OIepaTOPHON XapaKTEPUCTHKE. BU/IE

Jlek. 3.3. AIropuT™MbI U METO/IbI T€HEPALIUU 8 1 - - Bompocs! k 3auery
PaBHOMEPHO PacHpEeeIICHHBIX CIIy4aiHbIX
qrces.

Cp. 3.3. AITOpUTMBI U METO/IbI T€HEPALINH 8 2 - - Bormpocs! k 3auery
PaBHOMEPHO pacHpeeNIeHHbIX CITy4aiHbIX
qucel.

. .3. AnIropuT™MBl ¥ METOABI T€HEPALINH - - TYET B AIIEKTPOHHOM

IT 33.A 8 1 O
PaBHOMEPHO pacHpeeNIeHHbIX CITy4aiHbIX BUIC
qucel.

Jlek. 3.4 MonenupoBaHHE JIOTHIECKUX (YHKITUH. 8 1 - - Bormpocs! k 3auety

Cp. 3.4 MonenupoBaHHUE JIOTHIECKUX (YHKITUN. 8 - - Bormpocs! k 3auety

Ip. 3.4 MonenupoBaHHE JIOTHIECKUX (YHKITUH. 8 1 - - OTyYer B 3JIEKTPOHHOM|

BUJIE

Jlex 3.5. MeToa u anropuT™ penieHus: CUCTEM 8 1 - - Bormpocs! k 3auery
JIMHENHBIX YpaBHEeHUM MeTo1oM ['aycca.

Cp. 3.5. MeToa u anroput™ petieHus: CuCTeM 8 1,75 - - Bormpocs! k 3auery

JIMHENHBIX YpaBHeHN MeToioM I'aycca.




DopMBbI TEKYLLET0
Bu . KOHTPOJIA
Monayab A . HaunMenoBanue TeM 3aHATHH Oo0nemMm, p
yueOHOI . CemecTtp banabl | UHTepakTuB, 4.| (HAaUMEHOBaHHeE
(pazaen) (yuedoHO¥ padoTHI) u.
padoThI OLICHOYHOI'0
cpeacTBa)
IIp. 3.6. Konebanus 1 pe3oHaHC B 8 1 - - OT4YeT B 3JIEKTPOHHOM|
MEXaHUYECKON CUCTEME.. BHJIC
IIp. Kiaccuueckuii ciekTpalibHbIA aHaIu3 U 8 1 - - OT4eT B 3JIEKTPOHHOM
CUHTE3. BU/JIC
ITA 8 0,25
HTroro: 72




5. O6pa3oBaTe/ibHbIEe TEXHOJIOTHHU

JIns  mpoBeleHHs NPAKTUKO-OPUEHTHUPOBAHHBIX  JIEKIMM  HUCIOJB3YeTCAd  COYETaHue
TPaJULMOHHBIX METOAOB OOY4YeHHsS C MHTEPAKTUBHBIMU TEXHOJOTMAMHU. AKTHBHU3ALMA
NEeSITeIbHOCTH CTYIEHTOB Ha JICKIUM JOCTHTaeTcs BO BpeMsl MPOBEIEHHUS NpPOOJEMHBIX U
JUCKYCCHOHHBIX JICKLIMH.

6. Meronnyeckue yKa3aHus M0 OCBOEHHIO U CIUTIIHHbBI

[IpakTueckue 3aHATHS MPOBOASATCS B KOMIIBIOTEPHBIX ayauTopusx. Mcmomb3yrorcs
HHTCPAKTUBHBIC TCXHOJIOI'UH, I/IH(i)OpMaI_[I/IOHHLIe TEXHOJIOTNU u TEXHOJIOTNH Pa3sBUTHUA
KPUTHYECKOT0 MBIIUICHUs. B mpoliecce mpakTHUeCKUX 3aHATUN MPUMEHSETCS IPOEKTOp, MaTepua
3aHATUI OQOpMIICH B BUJIE MpE3EHTALUH, Oaroaapst yemy 3((GEKTUBHO OCYLIECTBISETCS MPOLECC
nepegaud M ycBoeHus uHopmanmu. Ha  3aHATHAX ~ MakCUMajibHO — aKTUBU3UPYETCS
camocTosTelbHas padora cTyaeHToB. O0ydaronmmcss He0OX0IUMO BBITIOJHUTh WHIUBUIYAIbHBIE
3aJaHus, pa3BHBAIOIIME HABBIKM Oynymed mnpodeccuoHanbHO nesTenbHOCcTH. [Ipemmaraercs
HAWTH pereHne 3a/1a4 ¢ IMOMOIIbI0 HHPOPMAMOHHBIX TEXHOJOTHH. 3a/1aHus, IPETyCMOTPEHHBIE B
Kypce, BBIMOJHSIOTCS HAa KOMIIBIOTEpaxX MHpH MOMOIIM MaTeMaTHYeCKOro MakeTa WIH APYTrux
HSKOHOMETPUUYECKUX NaKeToB. CTYIEHTHl MPOBEPSIOT, AHAIU3UPYIOT, DPA3BUBAIOT, HPUMEHSIIOT
MOJTYYEHHYIO WK HallIEHHYI0 HHPOPMAIIUIO, MOTy4asi MPOPEeCcCUOHANbBHBIE YMEHUS U HABBIKU.



7. OueHOYHBIE CPEACTBA

7.1. IlacnopT OLIEHOYHBIX CPEACTB

Koa koHTpO/IMpyemMoii KOMIIeTeH UM HaumenoBanue
Cemectp
(WM ee 4acTH) OLIECHOYHOI'0 CPeACTBA

8 OIIK-2 [Tpaxtrueckue padotTsr NeNe 1-3
Bomnpocsr k 3auety Ne 1-25

8 OIIK-2, I1K-12 [TpaxTrueckue padoTsr NeNe 4-6
Bomnpocs k 3auety Ne 26-50

8 I1K-12 [TpaxTrueckue padotTsr NeNe 7-8
Bonpocsl k 3auery Ne 51-75

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

7.2.1. KOMIUIEKT OpaKkTHYECKUX pPadoT
(HauMeHOBaHUE OYEHOUHO20 CPeICmBa)

IIpakTuyeckas padora Nel
OcHoBbI pa6oThl ¢ nporpammoii «MathCAD»
[TopsiioK BBINONHEHUS TPaKTHUYECKON paboThl Nel.
3apanue 1.
Beruncnuts:
1) +/100; 2) |-10 =; 3) 10! =.
DTO U BCE OCTaJIbHBIE 33/1aHUs CHAOAUTh KOMMEHTApUsIMHU, UCTIONB3Ys komaHael “Text” — Create
Text Region” mwu "Text” — "Create Text Paragraph”.
3amanue 2.
1) Onpenenutsb nepeMeHHbIE:
a:=3.4;b:=6.222; c = 0.149; (nprueM NMepeMEHHYIO ¢ — [NI00ATBHO).
2) BbruucnuTh 3HaUE€HUS BBIPAXKCHUS:
3

Z= 2ab +¥c . N =e™ . cos.

\/(a2+ba+0).c b
3) C nomompto komanasl “Math” — "Numerical Format” — "Displayed Precision” u3meHUTbH
TOYHOCTh OTOOPa)KEHUS Pe3yIbTaTOB BBIUMCICHHUS TII00ATBHO.
3ananue 3.
BriBecTH Ha 9KpaH 3HAUYEHUE CUCMEMHOU KOHCMAHMbL T U YCTAHOBUTh MaKCUMaJIbHBIA GopmaT eé
OTOOPaXKECHHUS JIOKAILHO.

3amanue 4.
BBITIOTHUTE ClIeTyIOITNE OTepaliii ¢ KOMIUIEKCHBIMHA YHCIIaMU:

Z:=-3+2i: 12| =;Re(2) = Im2) = arg(Z) =: NZ = ; -5=; 2Z=; Z1:= 1+2i; 72:=
3+4i; 71472 = ;71722 =271 - 22 =; Z1/Z2 =

3amanue S.
BrInosHUTE cieayronme onepanuu:

. . 0.4 12 ctg2x d
i:=1.10; Y i=;: i+1)=: [x? lg(x+2)dx=: C—dX:;X:: I Ve
| Z.: H( ) £ 90x+2) OIg(sinZX)2 dx

d .
—sin(x) =.
v (x)



3ananue 6.
Onpenenutb BekTopsl d, S 1 R uepes muckperHsbiii aprymedT i. OTo0pasuTh rpaduyecku, TabIMIHO

3agannble pyHkiuu Ri(di) n Si(di), ncnons3ys komanny Graphics — Create X-Y — Plot. UtoObr

opopMuTh rpaduK, HEOOXOAUMO BBINOIHHUTD CIEAYIOIINE KOMaH/IbI.

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

1) llenkHyTh MBIIIBIO Ha Tpaduke, 4ToObI BbAEIUTH ero, npu 3ToM MathCAD 3amenut meHro
Graphics ua menio X-Y Plot.

2) Beiopars X-Y Plot — Format (mosiutcs nuanorosoe okHo "Formatting Currently Selected X-Y
Plot") u ordopmaTrpoBath rpaduk Tak, 4TOOBI B KaKI0H y3510Boi Touke rpaduka Gpyakiuu Si(di)
crosin 3uak Buga [ (Traces — Symbol — box), a rpaduk ¢yuakuuu Ri(di) oroOpa3uts B Bujae
rucrorpamMmel (Trace — tupe — bar).

3) Hanectu nunun cetku Ha rpaduk (X-Y Axes — Grid Lines) u orobpasuth jerermy (Traces —
Hide Legend).

3amanue 7.

[Toctpouts nexaprosl (X-Y Plot) u nomsipusie (Polar Plot) rpaduku cnexyromumx QyHKIHA:

X (a) =cos(x) - sin(x);
Y (a) :=1.5c0s()? - 1;
P(a) :=cos(a).

st aTOoro HeoOXOAUMO OMPENEIUTh o KaK JAUCKPETHBIM apryMeHT Ha uHtepBaiie ot 0 10 27 ¢
marom 7/30.
Omnpenenuth 1o rpapuxy X-Y Plot koopauHaTh! J1I000# U3 Touek mepeceueHus rpadukoB Y(a) u
P(a), miast 5Toro HEOOXOAUMO:

1) Boigeants rpaguk u Boiopats X-Y Plot — Zoom (nmosiBuTcs Auajgorosoe okHo " X-Y

Zoom") nJist yBeIn4eHusi 4acTH rpadguka B 001aCTH TOYKH IepecedeHus;

2) Ha ueprexe BBIACTUTH MYHKTUPHBIM NIPSIMOYTOJBHUKOM OKPECTHOCTh TOYKH IE€pPEeCeUeHUs
rpadukoB Y(a) u P(a), KOTOPYIO HY)KHO YBEIHYIHUTb.
3) Haxxate kHOnIKy Zoom, 4TOObI IepeprucoBaTh rpaux.
4) YtoObl cenath 3TO M300pakeHue MOCTOSTHHBIM, BEIOpaTh Accept.
5) Beiopats X-Y Plot — Trace (nosiButcs auanorooe okHo "X-Y Trace™).
6) BHyTpu uyepTexka HaxkaTb KHONKY MBIIIM U TEPEMECTUTh yKa3zaTellb MBIIIM Ha TOUYKY, YbH
KOOPJAWHATHI HY’)KHO YBHUJIETb.
7) Beiopats Copy X (unu Copy Y), Ha cBOOOTHOM M0OJIe JOKYMEHTa Habpath Xper = (uu Yper :=)
u BeIOpaTh NMyHKT MeHto Edit — Paste.
8) Beruncnuth 3Hauenus pynkiuit X(a) u Y(a) npu o= /2.
3amanue 8.
Hcnonb3ys komanny Math — Matrics co3mate MaTtpuiyy Q pasmepom 60 Ha 6, 3amogHHUTH €&
MIPOU3BOJILHO U 0TOOpa3UTh rpaduyecku ¢ nomoinsio koManasl Graphics — Create Surface Plot.
3ananue 9.
[Toctpouts rpaduk nosepxHoctu (Surface Plot) m xapty muumii ypoBHs (Contour Plot) nmms
(GyHKLIUU IBYX EpPEMEHHBIX:
X(t,a)=t-cos(x)-sin(cx).
1) Onpenenuts Gynkmmio X(t, o).
2) 3amath Ha ocsx nepeMeHHbIX t U a no 41 Touke (1:=0..40, j:=0..40): ans nmepemeHHoi ti co
3HAYEHUAMH, W3MEHSIOMMMHUCI OT —5 1o 5 ¢ maroMm 0.25 (ti:=-5+ 0.25i), a mus
nepemenHoit aj — ot 0 1o 27 ¢ marom /20 (g := 7/20 ).



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

4) C nmomompio koMan bl Graphics — 3D Plot Format Bei3Bate quanorosoe okHo "3D Plot Format"
Y U3MEHUTH:

— xapakTepucTtuku mpocmotpa (View — Rotation — Tilt),

— nBera 1 auHUK oBepxHOocTH (Color&Lines — Shading),

— mapameTpbl oceit (Axes),

— By 3aronoBka rpaduka (Title).

3apmanue 10.

Ucnone3yst nepemennyto FRAME u komanny Animation — Create, co3iaTh aHUMallMOHHBIE
KJTUIIBI C IOMOIIIBIO IaHHBIX IPUBEICHHBIX B TaOJIHIIE:

Bapuantsl 3ananus 10

Ne IlepemenHbIE OyHKIHUH FRAME Tun rpaduka
BapuaHTa
1 x:=0,0.1..30 f(x):= x + FRAME or 0 po|momspusiii (Polar
20 Plot)
2 i:=0.FRAME+1 gi:= 0,5"i*cos(i) or 0 po | TpexmepHBbIi
hi:= isin(i) 50 TOYCUHBII
ki:= 2i rpaduk
(3D Scatter Plot)
TpaHUIIBI Ha OCAX
Min Max
x50 50
y-50 50
z0 50
3 i:=0..20 f(x,y):=sin(x>+y>+FRAME) or 0 go|rpaduk
j:=0..20 Xi:=-1,5+0,15i 50 TIOBEPXHOCTH
yj:=-1,5+0,15j (Surface Plot)
4 r:= FRAME, Xmn:= (R+r0) cos(vn)):[lor 0 mo|rpaduk
R:=6 *coS(Wm) 11 napaMeTpUIeCcKon
m :=0..20 Ymn:=(R+rcos(vn)) sin(wm) TIOBEPXHOCTH
n:=0..20 Zmpn:= 1 Sin(Vn) (Surface Plot)
(rpaHMIIBI HA BCEX
0CSIX YCTaHOBHTD
or—11 o 11)
5 r.= FRAME, Xmn:=(R+r] cos(vn)) L] or 0 g0 |rpaduk
R:=6 coS(Wm) 11 napaMeTpHYecKoi
m :=0..20 Ymn:=(R+rJ cos(Vn))[] Sin(Wm) MTOBEPXHOCTH
n:=0.20 Zmn:= rlJ sin(vn) (Surface Plot)
(rpaHMIIBI HA BCEX
0CSIX YCTaHOBHTD
or—11 o 11)

IIpakTyeckas padora Ne2
Pemienue ypaBHeHui
[Topsi10K BBIMOTHEHUS IPAKTUYECKOH paboThl N2

3amanue 1.
1) IToctpouts rpaduk GpyHKIuH f(X) 1 IPUOIU3UTEIHLHO ONPEICITUTL OJJMH U3 KOPHEH YpaBHEHHUSL.



2) Peruts ypasaenue f(x)= 0 ¢ TounocTsio £ = 1074
— ¢ IOMOIIBI0 BCcTpoeHHo# ¢yrkuun Mathcad root;

— MeToioM HproToHa (KacaTenbHbIX), UCTIONB3Ys GyHKIHo until;
— METOJIOM UTepalui, ucroib3ys pyHkiuio until.
3) OnpenenuTh YUCI0 UTEPALHA B KOKIOM METOJIE, C IOMOIIBI0 QyHKImHU last.
BapuanTse! 3ananus |

No ) Ne )
BapuaHTa BapHaHTa
1| 3sin+/x +0,35x — 3,8x; 9 |e*-e -2
xe[2:3] x e [0;1]
2 « 1 . 10 1 J1-x —tgx;
3+5sin3,6x’ x e[0]
x 0]
3 arccosx —+/1-0,3x°; L /2x? 412 —cosx —1;
x e[071] x e[0:1]
4 J1-0,4x* —arcsinx; 12 CO{E)_ZSm(E)A;
x e[071] X X/ X
x e [1;2]
5 3x—14+e* —e7%; 13 1 01x2 —x-Inx;
x e[1;3] x e[1;2]
6 0,25x% + x — 2: 14 1-x+sinx—In(1+ x);
x €[0;2] x €[0;2]
7 2 15 ex—l _ X3 X
arccos————; ’
1+x% —x x e [0:1]
x € [2;3]
8 | 3x—4Inx-5 xe|24]
3amanue 2.

Jlnst mosmuaOMa §(X) BBIIOJTHUTG CIIEAYIOIIUE ICHCTBHS:

1) C momomipio komauasl Symbolic — Polynomial Coefficients co3gats BekTop V, comepxarimii

K03 UITMEHTH TOTUHOMA.
2) Pemuts ypaBuenue g(X) = 0 ¢ momorsio Gpyrkimu polyroots.

3) Pemuth ypaBHEHHE CUMBOJIBHO, UCIIONB3Ya KoMaHly Symbolic — Solve for Variable.
4) pa3ioXKuTh HA MHOXKUTENH, UcTONb3ys Symbolic — Factor Expression.

Bapuantsl 3aganus 2

Ne 9(x) Ne 9(x)
BapI/IaHTa BapI/IaHTa

1 Xt —2x3+ x>~ 12x + 20 9 x*+ 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 x*—x3+ x°— 11x + 10 12 X4+ 5x3+ 7x% + 7x — 20

5 x4 — x3—29x°— 71x 13 x*— 7x3 + 7x*— 5x + 100

6 x*+ 7x3+ 9x% + 13x — 30 14 x4+ 10x° +36x° +70x+ 75

7 x*+ 3x3— 23x?— 55x — 150 15 x*+ 9x3 + 31x% + 59x+ 60




| 8

| x*— 6x3+ 4x?+ 10x + 75

3amanue 3.

PemnTh cuctemy JTUHEMHBIX YPaBHEHUM:
1) ucnonb3ys pynkuuu Find,

2) MaTpUYHBIM CIIOCOOOM, MCITONIB3Ys QyHKIHIO ISolve.
Bapuantsl 3ananus 3

BApUAHT Cucrema JTHHEHHBIX BapHUaHT Cucrema TUHEHHBIX
ypaBHEHUN ypaBHEHUU
1 r + X2+ 2X3 + 3X4 = 8; 9 r1+ X2 —5X3 + X4 = —4;
.+ 3X3=06; —3X2— 6x4 =-T7;
—Xo+3x4a=4; L 2—Xs+2x4=2;
+ 2X2 — X3 + 2X4 = 4. X1 + 4X2 — TX3 + 6Xq4 = 2.
2 r~+ 2X2 + 3X3 + 4X4 = 22; 10 r+ 2X2 + 3X3 + 4X4 = 26;
1+ 3x2+ X3+ 2xa =17, L+ 3x2 + 4X3 + x4 = 34;
4 +X2+x3—Xe4=8; L+ 4X2 + x3 + 2X4 = 26;
— 2X3—3x4 = —T1. L+ X2 + 2X3 + 3x4 = 26.
3 71+ 10X2 — 7X3 — X4 = 23; 11 o1 — 8X2 — 3X3 —2x4 = 18
1— X3 — S5x4 = 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 — X4 = 158; 12 r1— X2 + 4X3 + X4 = 66;
1+ X2+ 10x3 + 7x4 = 128; 0 —6X3 + x4 = —63;
L 1—-2X%—2x3—X4=1T; 4 1 — 3X2 +6x3 —5X4 =146;
—12%2 + 2X3 — x4 = 17. 11— X2 + 6xX3 — 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 + 2% = 181; L 14X+ 2x3+ Xa = T72;
3X1 — 7X2 + 5x3 + 2%x4 = 99. — 12x3 — 5x4 = 159.
\ \
6 F— 2X2 — 8X4 = T, 14 r1+ X2 — 7x3— 2X4 = 5;
+ 4xo — 7x3 + 6x4 = -8; 1+ 4X2 + 5x3 + 8x4 =60;
§ + X2 — 5x3 + x4 =-10; S 1+ 2Xe + 2x3 + Xxq = 27;
1—Xo+2x4=1. 1—2X3— X4 = 1.
\ \
7 71+ 2X2 + 6x3 + X4 = 15; 15 r1— 9 + Sx3 +x4 =124
2+ 2X3 + x4 = 18; 2 — 5x3—x4 =-54;
< 1—3X2 + x3—5x4 = 37; < 1 —5X2 + 2x3 + 4x4 =83;
1— 5X2 + X3 — x4 = 30. 1—9X2 + x3 + 6X4 = 45.
\ \
8 71— 5Xo + 7X3 + 5x4 = 165;
1+ X2 — 3x3— x4 =-15;
< 1+ 4X3— X4 =194;
— X2 — 2x3 — 3x4 = -19.
\
3amanne 4.

1) IIpeoOpa3oBaTh HenuHElHBIE ypaBHEHUS cucTeMbl K Buy f1(X) =y u f2(y)= X.
2) [Toctpouts X rpauKu U ONpPeNEIUTh HadallbHOE MPUOINKEHUE PEIICHNUS.
3) Pemmnth cucremy HeMHEHHBIX YpaBHEHUH, UCTIONb3ys GpyHKImo Minerr.
BapuanTel 3ananus 4

| Bapuanr |

CucreMa HEJTMHEHHBIX

| Bapuanr |

CucreMa HETMHEHHBIX




ypaBHEHUU ypaBHEHUH

X+ 2y =2, 9 y+x=-04,
IS(y— 1) +x=0,7; Cos(x +1) =

1(x+0,5)-y=1, 10
1s(y —2) + x=0;

x+2)-y=15;
1s(y —2) +x=0,5;

»sx+y 1,5; 11 »s(x+05) y 2;

1(y+05) x—

x-1)=13- y, 13
Siny +1) =

isS(x +0,5) +y= 1
1y +05)-x=1

»s(x+05)+y 1; 14
»s(y+05) X=2

sinx+1) +y=0,8; 15
y—1) +x=13;

Sin(x—0,5) =
ISy + X =1,5;

! U
! !
e ]
{ ]
- &
] v

8 X—2y=1;
{1(y— 1) +x=1,3;

3amanme 5.
CHUMBOJIBHO PEIINTH CHCTEMbl YPaBHEHUH:

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

— Z:a"
-z=bh;
+Xx=c.

IIpakTnyeckas padora Ne3
HNHaTepnonsinyus v npeacKasaHue
[Topsinok BBIMONHEHUS TPAKTHUECKON paboThl Ne3

3ananue 1.
Beruucnute 3HaveHus 3amaHHoW QyHkimu yi = f(Xi) B y3max umHTepnossiumu xi = a + hi, rae

_(b-a)

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

BapuanTs! 3aganmii 1...7

Ne f(x) [a; b] Ne f(x) [a; b]
BapuaHTa BapHuaHTa
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 s [0; 5] 11 Sinx?-e ®2) [0; 3]




4 1 [0; 2] 12 Cos(x + Cos’x) [0; 2]
0,5+ x>

5 g(c+Sinx) [2; 5] 13 Cos(x + %) [3; 6]

6 1 [0; 4] 14 Cos(2x + x?) [0; 1]
(1+e™)

7 Sin(x + ™) [0; 3] 15 eC%*-Cosx? [0; 2]

8 ef(x+1/x) [1; 3]

3ananue 2.

[To BbrurcneHHoM Tabnuue (Xi, Yi) MPOBECTH MapaboIMYECKyr0 HHTEPIOJIALHUIO.

1) Jns naxoxnenus ko3dduuuenToB nckomoro noimuHoma (3.1) HeoOX0AUMO COCTaBUTH CUCTEMY
JUHEHHBIX anreOpanyeckux ypaBHeHui (3.3).

2) CucreMy ypaBHEHUH PELIMTh MATPUYHO C HCIIOJIb30BaHueM (yHkiuu Isolve.

3) Ioctpouts rpauk MHTEPHIOIANHMOHHOIO MHOIOWIEHAa U OTMETUTh Ha HEM Y3JIOBbIe TOUKHU (Xi,
yi)-

3amanue 3.

1) [Anst BEIUMCIIEHHON TaOMMYHOM (PYHKIIMH COCTaBUTH (HOPMYITy HHTEPIOISIIMOHHOTO MHOTOYJICHA
Jlarpan»a, UCIIOJIb3Ys OIlEpPaTOPbl CYMMHUPOBAHUS U IIEPEMHOKEHUS 110 IUCKPETHOMY apryMEHTy, a
Take QyHKimo If.

2) IToctpouth rpaduk MHTEPHIOJIALUOHHOTO MHOIOYIEHAa U OTMETUTh HA HEM Y3JIOBblE TOUKH (Xi,
yi)-

3apnanue 4.

1) IIpoBecTn WHTEPHOIMPOBAHWE 33aJaHHON (YHKIMH C TIOMOIIBIO TIEPBOW H  BTOPOM
UHTEPHOILMOHHBIX (opMyn HeloToHa.

2) [loctpouTh TpadMKu UHTEPIOISIMUOHHBIX MHOTOYWICHOB M OTMETHTh HAa HEM Y3JIOBBIE TOUKH (Xi,
yi).

3ajanue 3.

1) IIpoBecTn InUHEHHYI0 WHTEPHOJALMIO 33JaHHOW (QYHKIUMM C TIOMOIIBIO BCTPOEHHOMH
UHTEPIIOSAIMOHHON QyHKImu linterp.

2) Hoctpouts rpaduk ¢pyHkimu linterp u oTMETUTH Ha HEM y3I10BbIe TOUYKH (Xi, Yi).

3asanue 6.

1) [IpoBecTy crutaitH-MHTEPIIOJSILIUIO C TOMOLIBI0 GYHKUU Ispline, pspline, cspline u interp.

2) IToctpouts rpaduk GyHKIHH INtEFP U OTMETUTH HA HEM Y3JIOBBIC TOUKH (Xi, Vi).

3ananue 7.

1) Beraucnuth 3HaueHUs 3a1aHHoi QyHkimu yi = f(Xi) B Toukax xj =a + /10, rme, i =0, 1, ..., 10(b
—a), Ha oTpe3ke [a, b].

2) C ucnosnp3oBanueM GyHkimu predict BBIMOTHUTE MpeicKa3zaHue (IKCTPATOIISIHIO) TIOJTY4SHHOTO
BEKTOpa JIaHHBIX Yi B mocieAytomux 10 Toukax 1o nocieHuM 7 3Ha4eHUsIM (DyHKIUH.

3) OtoOpasuth rpadudecKkd HMMEIOIMUecs IaHHBIC, MPEACKAa3aHHbIC JaHHBIE W WCTHUHHBIA BH/T

bynkuuu f(x).

IIpakTyeckas padora Ned
MaremaTudeckasi 00padoTKa pe3yabTaTOB IKCINEPUMEHTATBHBIX TaHHBIX
[TopsimoK BBITIOHEHUS TPAKTHUECKOH paboThl Nod

3aganue 1.
CoznaiiTe Ta0NHIly SKCTIEPUMEHTANIBHBIX JTAHHBIX:

b-a

xiza+h;,i=0,1,...,10, h= , Ha oTpeske [a, b].

BapuanTe! 3ananus |

Ne yi [a; b]
BapHaHTa




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) AnmpoKkCUMHpPOBATh MHOTOWJIEHAMHU 2-0M U 6-0if CTENEHU MO0 METOAY HaUMEHbBIIHUX KBaJIpaToB
(GYHKIMIO, 33JaHHYI0 TaOIuIEel 3HaUeHUH Xi ¥ Yi U CPABHUTH KaueCTBO MPUOIMKEHUH.

2) [ocTpouth rpadMKi MHOTOYWICHOB M OTMETHTH Y3JIOBbIC TOUYKH (Xi, Yi).

3ananue 3.

1) Jlns mpuBeNeHHBIX B TaOJMIE 3KCICPHUMEHTAIbHBIX JAHHBIX (Xi, Yi) ONPENEeIUTh MapaMeTpbl
JMHEWHOW PerpeccHu ¢ MCIob30BaHKeM BCTpoeHHbIX GyHKIuit Mathcad slope u intercept.

2) Otobpa3uth rpaduyecky COBOKYMHOCTb TOYEK BEKTOPOB Xi U Yi M pe3yibTaThl MPOBEIECHHON
JIMHEHHOM pEerpeccum.

3ananue 4.

1) AnnpokcuMUpoBaTh JaHHbIE U3 BEKTOPOB Xi U Vi !

— MOJIMHOMOM 4-0ii CTeTeHH TpH moMoIny GyHKIUi regress u interp;

— HabopaMu MOJMHOMOB BTOPOTO MOPsiiKa ¢ MOMOIIbI0 (yHKIUi 10ess u interp (mpu span paBHOM
0,5u 2,5).

2) OToOpa3zute rpaguuecku pe3yabTaThl alIPOKCUMALIUH.

3ajaHue 3.

1) AnmpokcuMupoBaTh 3KCIEpUMEHTAIbHbIE JaHHbIE M3 TaOJIWIl 3HAYEHUW Xi U Yj JIMHEHHOU
KoMOUHaImen (QyHKIMMI:

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

2) Koa¢duumeHTs! BekTOpa ¢ HaiiTi ¢ moMoiibto Gpyakuuu linfit.

3) Oto6pa3uth rpapuuecky COBOKYIHOCTb TOYEK BEKTOPOB Xi U Yi U PE3yNbTaThl MPOBEACHHOMN
JTUHEHHON perpeccuu oOIIero BHUA.

Bapuantel 3aganus 5

No f1(x) f2(x) f3(x)
BapHaHTa
1 e 1 Sin x
V1+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 /2 1 e—x

X




6 1+ x X Cos x
Cos—
2+x 10
7 1 /1+ NG Cos x
14eX
8 2 —Cos x X
Cos — Sin—
2
3 1 arctg/x Sin 3x
1+e”
10 In(x + 5) 1+ x Sin x
1 1 1+ X 1
X x°
12 Cos x 1 1
1+ X+ X° 1+ X
13 e Cos 4x eX?
14 m o3 Sin?(3x)
15 1 X X
— Cos— Cos—
1+ X+ X 10 10
3aganue 6.

1) ANnpoKCUMUPOBATH SKCIIEPUMEHTAIBHBIE JAHHBIE U3 Ta0JMI] 3HAYEHHH Xi ¥ Vi QYHKIMEN BUA:
f (X) — eU0+U1-X+U2~X2 .

2) [TapameTpbl BekTOpa U HaiiTH ¢ moMombio GpyHkuu genfit.

3) Orobpa3uth rpauyecku COBOKYITHOCTb TOYEK BEKTOPOB Xi M Yi U PE3yJIbTaThl MPOBEICHHON
HEJIMHEWHOH perpeccuu o0Iero BUaa.

3ananue 7.

1) BbINOMHUTE CrilaKuBaHUE SKCIIEPUMEHTAIbHOW (PYHKIIMU, 3a/1aHHOM TaOauIel 3HaueHui Xi u i,
C MOMOIIBIO BCTpOeHHBIX (yHKIuit Mathcad: medsmooth, ksmooth u supsmooth.

2) Pe3ynbTathl Criia)kuBaHus OTOOPA3UTh rPapUUECKH.

IIpakTyeckas padora NeS

YucjieHHOe HHTerpupoBaHue U AuddepeHHpPOBaHTE

[Topsiiok BBIONHEHUSI TPAKTUYECKON paboThl N5

3ananue 1.

Onpenenutb Gynakiuro f(X) TabmuaHo, BeraucauB 3HaueHus yi = f(Xi) B Toukax xi = a + h;;
i=0,1,..8;

b-a
h= Ha oTpe3ke [a, b].
BapuanTs! 3ananus |

Ne f(x) [a; b] [c; d]
BapyaHTa

1 1 [0,4; 0,8] [2, 2;1]

tg2x +1
(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 »2106+2) [0; 0,4] [1,5; 1,6]
6 wZarctg(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)Sinx [1;5] [1; 1,1]
10 Sx + x-lgx [0,2; 1] [1,3; 1,4]
11 (2 + 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 /1+ o X [0,4; 1,2] [0,5; 0,6]
3aganue 2.

b
BeruncnuTs uHTErpa: I f(x)dx:
a
1) c MOMOIIBIO BCTPOSHHOTO ONepaTopa HHTETPUPOBAHUS;
2) o ¢opmyIe NpIMOYTrOJIbHUKOB;
3) mo ¢popmyne Cumncona,
4) c MOMOIIBbIO BCTPOCHHOTO ONepaTopa MHTETPUPOBAHUS U MHTEPIOJIALUEH TaOauuHOW (HyHKINUN
KyOnueckuM crutaitnoM (pynkuuu cspline u interp);
5) MeTo/10M HeolpeeIeHHBIX KO GHUIIMEHTOB Ul YMCICHHOTO HHTETPUPOBAHUSI.

3amanue 3.
b

BBIUHCINTE HHTErPAT I f (X)dX meTomom Monte-Kapio. Jlist 5T0ro HE06X0AMMO:
a
1) onpenenuTh qUana3oH ciay4aiHbIX yncen, Hanpumep | = 0...1000;
2) ompenenuTh ¢ OMOIIBI0 QYHKIMK Nd paBHOMEPHO pachpeieieHHYIO CIy4YailHyr0 BEIUYHUHY 7]
Ha OTpe3Ke MHTerpupoBanus [a, b];
3) coznate Bextop Fj = f(7;);
4) ¢ momouIbio PyHKIIUK MEeaN BHIYUCIUTD HHTETPal.
3ananue 4.
Haiitn nmepBooOpa3Hyto aHanmuTrdecku 3ananHon QyHkiun f(X), ucmonssys komanny Symbolic —
Integrate on Variable.
3ajaHue 3.
Bbruncnute 3HaueHMs IEPBOI U BTOPOii porn3BoAHBIX GyHKIuH f(X) B Touke X = c:
1) ¢ momompto onepatopoB auddepennupoBanust Mathcad;
2) METO/IOM Heonpe/IeIeHHbIX K03()(UIIMEHTOB JUIs YUCICHHOTo AuddepeHIIMpOBaHHUS.




3) Ompenenuts ¢ynkuuto f(X) Tabnwuno, BeuMCANB 3HaueHus yi = f(Xi)) B Toukax xi =c + ki,
i=0,1,..,10,h=0,01 una orpeske [c, d].

3ananue 6.

OmnpenenuTh CUMBOJBHOEC 3HAYCHHE IMEPBOW M BTOPOM mpom3BoiaHbIX f(X), MCMOMb3ys KOMaHTy
Symbolic — Differentiate on Variable.

IIpakTnyeckas padora Ne6
Pemenne 00bIKHOBEHHBIX TU(PepeHunATBbHBIX YPABHEHUI
[TopsiIOK BBINOJIHEHUS IPAKTUUECKOM paboThl Neb

3amanue 1.
Pemmmts 3amauy Komu: ? =f (X, y) , ¥(0) =1, ¢ marom h = 0,1 ua orpeske [0; 1]:
X

— METOJIOM Jitnepa;

— meTonoM Pynre-Kytra (ko3 durmenTs! K 3a1aTh kKak QyHKIUH OT X U Y);
— METOJI0M Ajamca;

— ucnonb3ys pynkumto rkfixed.

BapuanTsl 3a1anus 1

Ne f(x, y) No f(x, y) Ne f(x, y)
BapHaHTa BapHaHTa BapHaHTa
1 X+y 6 2y — Cos2x 11 2y +3e*
2 2x% + 2y 7 y—e’+2 12 y —X
~—e
2
3 & 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
X - X2 2X — X —e”
3 3
3aznanue 2.

[Toctpouth rpaduku pemeHui, MoixydeHHbIX Meroaamu Oilnepa, Pynre-Kyrra, Anmamca u ¢
nomoiisio pyukimu rkfixed. Beraucnute B Touke X = 1 OTHOCHUTENBHYIO OTPEIIHOCTD ISl KAXKI0TO
MeTo/a.

3amanue 3.

Haiitu ananutudeckoe (tounoe) pemenue OAY wu3 3amanus 1 ¢ momompio mpeoOpa3oBaHUA
Jlammaca (xomanas1 Symbolic — Transforms — Laplace Transform u Inverse Laplace Transform).
3ananue 4.

Pemmts 3agauy Komm mia cucremsr O/1Y nipu 3a1aHHBIX HadalbHBIX yCI0BUAX Ha oTpeske [0; 2] ¢
mrarom h = 0,2. Pemrats ¢ momorpsto Gyukiuu rkfixed. IToctpouts rpaduku yrkmit u(t) u v(t).
BapuanTsl 3ananus 4

Ne CucreMa 0OBIKHOBEHHBIX Havanbueie
BapUaHTa muddepeHIMaTbHBIX YpaBHEHUI YCIIOBHSI
u(0) u’(0) vio) | v

1 T=2v+ous 15 15 1 1
{’ =4v-2U

2 ' =-v+ 3u; -1 1 -1,5 3
{ "=y 2U.

3 T=2v— u; 15 15 1 1
{’ =4y +u.

4 { T = 5v; 1 15 0 2



v>i=v+2u+t

5 "=y 4+ utit; 0,5 15 -1 2
{’=v+2u—t

6 "=2v+ utt; 0,5 2 1 2
{’=4v.

7 =+t 5 5 -1 1
{’=5v—7u

8 "=yv-5u; 1,5 1 3 1
{’=2v+u+t

9 =05+ v, 2 0 -1 1
{’24—u+t

10 =+ -1 2 -15 0
{’=v+3u

11 =y—u-—t; 15 15 -1 -1
{’=2v+u

12 =5y + ¢ -1 15 0 -2
{’=3v+u.

13 =yt -0,5 1 -1 2
{’=v+u—t

14 T=2v—-u; 0 -2 0 2
{’=4v+t

15 =V -2t; 3 3 -1 1
{’=v+3u.

3amanme 5.

Ha otpeske [a@; b] ¢ ucnonp3oBanuem ¢ynkiuii load, score u shbval mpeoOpa3zoBaTh KpaeByio
3a1a4y:

d?y

7 =f(x, y, y'), npu rpannunbix yciaosusx Y(a) = A4, y(b) = B k 3agadye Ko u HaliTH perieHue
3aganHoro OJ1Y B 10 mpoMeXyTOUHBIX TOYKax ¢ moMoripio Gyukiuu rkfixed.

BapuanTel 3ananus 5

Ne flx, v, ») I'paHn4HBIC YCIIOBHS
BapHaHTa 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 + eXy 2 4 1 0,14
1-X
6 X2y 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 eXy+2e” 0 15 2,4 0
11 ey -3 -2 3 0
—+X
X




12 , 1 1 2 3 0 0
(X +=)y+—
X X
13 (10-x)y +x -1 0 2 0
14 y 1 3 15 0
= +X
X
15 ylnx+1+x 7 8 0 0

IIpakTyeckas padora Ne7
Pemenne nudpPpepeHumajbHbIX YPABHEHUH B YACTHBIX IPOM3BOIHbBIX
[TopsiioK BBINONHEHUS TPAKTUUECKON paboThl N7

3amanme 1.
Bapuantsl 3ananus 1
Ne f(x) a b c
BapUaHTa

1 4 ‘ 1 0,1
2 £ Lons 2 0,1
3 | 4 0,2
4 | 6 0,3
5 | 8 0,4

|

i

0 5 ~

6 X(x2—1)
7 sin (mx?)
8 Sin(mx) cos x
9 x-sin2(x —1)
10 ax3-(x — 1)
11 J4 1 0,1 0,2
12 a 3 0,2 0,4
13 | | 5 0,4 0,6
14 | | 7 0,6 0,8
15 : : 9 0,8 0,9

L

4 b X

Pemite 3aaa4dy o KOJ'Ie6aHI/II/I CTPYHBEI eJIHHHLIHOfl JJIMHBI C 3aKPCIVICHHBIMU KOHIIaMU:
2 2
o’u  , ou

—= —a=1
ot? ox>

C HAYaJIbHBIMHU yCJ'IOBI/I}IMI/I:
u(x, 0) = f(x),

@(X,O):0,0s)csu
ot

U HyJeBbIMH TpaHn4HbiMU yenoBusmu: U0, t) = u(l, t) = 0.
Jlnis pereHus 3a1auu mocTpouTh ceTky u3 11 y310B mo X (1 =0, 1, ... 10) 1 npoBecTH BBIYHCICHHUS
st 16 cnoésmo t (j =0, 1, ... 16). Berancienus BBIMOJHUTE ¢ 1marom h mo x, paBusiM 0.1 u mrarom



7 no t, paBubM 0,05. OrtoOpas3uth rpaduuecku pemenue 3amaud Ha 0-m, 5-m, 10-M u 16-m
BPEMEHHBIX CIOSX.

3amanue 2.
Haiitu perenne U(x, t) st ypaBHEHHS TEIUIOMPOBOAHOCTH C MOCTOSHHBIME KO3 GHUIIMEHTaAMHM:
2
ou o°u
—= Eil—2 ,a=1;
ot OX

C HaYaJIbHBIMU YCJIOBHSIMHU:
ux,0) =f(x),0<x<1;

Y TPAaHUYHBIMH YCIIOBUSMU:

u(0, t) =a,

u(l, t)=nh.

Jiist perieHust 3a1auu mocTpouTh ceTky u3 11 y3108 mo X (1 =0, 1, ... 10) u npoBecTr BBIYHCICHUS
it 12 cnoés o t (j =0, 1, ... 12). Berauciienus BuImoaHUTh ¢ marom h mo x, pasubiM 0,1 1 mrarom
7 mo t, paaeiM 0,005. OToOpa3uth rpadudecku pemenue 3amxadu Ha 0-om, 4-om, 8-om u 12-om
CIOSX U TOCTPOUTH MHTErPalbHYIO MOBEPXHOCTh PACHpPENEICHHUs] TEeMIEpaTypbl B CTEpXKHE C
nomonipio komanael Graphics — Create Surface Plot.

Bapuantsl 3aganus 2

Ne f(x) a b Ne f(x) a b
BapuaHTa BapUaHTa
1 X(x—1) 0 0 9 (X2 +0,5)-cos(2m x) 05 | 15
2 x3+x2%2—x 0 1 10 SIn(T x)-cos x 0 0
3 x2(1 —X) 0 0 11 x-sin(2(x — 1)) 0 0
4 x2(1 —X) 1 0 12 (0,5 + x)-(x — 1) 0,7 0
5 x-sin(2x x) 0 -0,3 13 xsin(4(x—1)) —x 0 -1
6 (X — 1)-sin’X 0 0 14 x-cos(2nx) 0 1
7 4x*(x — 1) 0 0,5 15 x-e ¥(x* - 2) 0 | 04
8 10x3(x — 1) 0 0,5
3ananue 3.

Haiiti cranmmoHapHOE pacmlpeselieHHe TeMIlepaTypbl B KBaJpaTHOH IUIACTHHE CO CTOPOHOW 1,
omuchIBaeMoe ypaBHeHueM Jlamaca:

o°u 0%

o+ o

oX* oy

C KpacBbIMHU YCIIOBHSIMHU BHJIA:

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

u(l,y) =fa(y), O <y <1);

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

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

Pematp 3amauy ¢ momomnipro yHkuuu relax. J{nst penienus 3agaun mocTpouTh ceTKy u3 11 y3moB
no X (i=0,1,..10) u u3 11 y3nmoB mo y (j =0, 1, ... 10). OToOpa3uth rpaduvecku ¢ MOMOIILIO
komanabl Graphics — Create Contour Plot crammonapHOe pacmpeneneHue TemIepaTypbl B
TUIACTHHE.

Bapuantsl 3aganus 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-y? y sinx+1-— — X
x3(1 + sinl)
4 0 y sin x— x3-sinl X




a1

& +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 x>+ 7x + 6 Ox% — 15x — 12
10 —7y* -5y +3 —7y* 21y + 13 6X% + 4X + 3 6x2 —12x — 9
11 1 y+1 1 1+x
12 1 ey 1 e*
13 —y? -5y 4 + 5y —y? X2 + 3x X2+ 3x + 4
14 3-1y 76y 4x +3 oX—4
15 0 siny 0 sin x

IIpakTHyeckas padora Ne8

CrnekTpajibHbIil aHAJINU3 U CHHTE3

[TopsiioK BBINONHEHUS TPAKTHUECKON paboThl Ne§

3apganue 1.

1) Boruricauth nepBbie miecTh map Kod(QOUIMEHTOB pasioxeHus B psan Pypoe dyakiuu f(t) Ha
orpeske [0, 27].

2) Ioctpowuts rpaduku 1, 2 u 3 rapMOHUK.

3) BoeimonuuTh rapmonndeckuii cunte3 Gpynkuuu f(t) mo 1, 2 u 3 rapmonukam. Pe3ynbTaThl cHHTE3a
0TOOpa3uTh rpaUuecKy.

Bapuants! 3aganus 1

Ne f(t) Ne f(t) Ne f(t)
BapHaHTa BapHaHTa BapHuaHTa
1 Cost 6 Cost-Cos|Sint| 11 SII’](W)
1+ Cos*2t
2 Sin t 7 arctg(Cos0,5t) 12 COS( m )
1+ Cos®2t
3 Sin2t + Sin?3t 8 sint 13 o 10t-7)’
: e
3+ Sin t + Cos2t
4 Sin3t 9 Sint + |Sin2t| 14 st
‘Sin t‘+\Cost\ ¢
5 |sin3t| 10 2 15 cost
Cose Sinej e 2Cos(Sin t)
3ananue 2.

1) BeIMONHUTP KIacCHUYECKH CTIEKTPaIbHBINA aHau3 u cuHTe3 QyHkimu f(t).

2) Oto0pa3uth rpaduyecKkd CHEKTPhl aMIUIUTY U (a3, pe3yiabTaT CHEKTPaJbHOTO CHHTE3a
¢bynkuuu f(t).

3amanue 3.

1) BBIOTHUTE YHCIIEHHBIH CIIEKTpaNIbHBIN aHanu3 u cuHTe3 Gynkuuu f(t). 1ns sToro Heodbxoanmo
3a7ath ucxoanyro Gyukiwio f(t) nuckperro B 32 orcuérax.

2) OroOpa3uth rpaduyecku CHEKTPhl aMIUIMTYA W (a3, pe3yibTaT CHEKTPAJIbHOTO CHHTE3a
byuximn f(t).

3ananue 4.



BeimonHute cnektpanbHblii aHanmu3 W cuHTe3 ¢QyHkuuu f(t) ¢ momompro BII®. [lns storo
HEO00XO0aUMO:

1) 3amars ucxomuyto ¢pyukimio f(t) muckperto B 128 orcuérax;

2) BeInOAHKUTE mpsimoe BII®D ¢ momomipio ¢yakuuu fft u oroOpasuts rpaduuecku HaiifeHHBIE
CHEKTPBI aMIUTUTYA U (a3 IEepPBbIX ECTH TAPMOHUK;

3) BemmonHuTh obparHoe BII® ¢ momomipio ¢yukuuu ifft u oroOpasurs rpaduuecku pe3ynbraT
CHeKTpanbHOro cuHTe3a Gynkiuu f(t).

3ajanue S.

Beimonaute Gunsrpanuto Gyukiuu f(t) ¢ nomomnipro BI1O:

1) cuntesupoBath (pynkuuio f(t) B Bume momesHoro curHaiga, npejactaBieHHoro 128 orcueramu
BEKTOpa V;

2) K MOJE3HOMY CHTHaly V MPHCOCAUHUTH ImyMmM ¢ mnomoinsio ¢yaknua rnd (rmd(2)-1) u
chopmupoBath BeKTOp U3 128 OTCUETOB 3alIyMIIEHHOTO CUTHAIIA S;

3) npeoOpa3oBaTh CUTHAJ C HIYMOM S K3 BPEMEHHOW 00JacTH B YAaCTOTHYIO, MCIOJIB3YS MPSIMOE
BI1® (pynxuus fft). B pedynprare nonyuntcs curHai f u3 64 4acTOTHBIX COCTABIISIONINX;

4) BbINOTHUTH (uUIbTpyIOlIee Mpeodpa3oBaHue C MOMOIIbI0 (YHKIUMU XeBHcaiina (mapamerp
GunbTpanuu o = 2);

5) ¢ momoreio pyukmuu ifft BeimoaHUTs 00paTHOE BII® M MOMYyYUTH BEKTOP BBHIXOJHOIO CHUTHANIA
h;

6) mnocTpouTh TrpadUKd TMOJIE3HOIO CHUTHAJTa V U CHUTHAJA, MOJYYEHHOro (uibTpanueit
3alIyMJIGHHOTO CUTHAJIA S.

Tunosoii npumep 3a1aHus

IIpakTuyeckas padora Ne 1.

3aganue:

1. U3y4uuTh TEOpETUUECKHI MaTepHrall.

2. Odopmuts otyet B Buje daitna popmara «MathCAD» (pacmupenue daitna *.mced).

Hean 3aganus: gopmupoBanue odIero npeacTaBieHus: padbotsl ¢ mporpammoit «MathCADy.
AJITOPUTM BBINIOJTHEHHS IPOBEPAEMOro 3aaHusA

1.1. 3aganue BBIMOMHACTCS JIJIsl BCEX BAPUAHTOB. BRIUUCITUTS:

J100; |-10[; 101

Pemenmne:
Jioo=10  |-10| =10  101- 3628800

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

a=34 bi=622 ci=0148

1.3. 3al[aHI/IC BBIITOJIHACTCA IJI BCCX BAPUAHTOB. Br1unciauTh:

Z = 2ab +¥c . N =e" . cos2.
\/(a2+ba+C).C b

Pemrenne:




3
2ab+
7= =2 e = 4.292

(2 ate |
|.,a +55 e

o= Esin(u:}

S

..:os|/3\| = 0.991
\ b

1.4, 3aI[aHI/Ie BBIIIOJIHACTCA JIA BCEX BAPHAHTOB. BrimonauTs cieayromue oIrcpanuu ¢
KOMIIJICKCHBIMH YU CJIaMH:

Z:=-3+2i; |Z|=; Re(Z2)=; Im(2) =; arg(2) =; JZ =;
27 = Z1:=1+42i; Z2:=3+4i; Z1+Z2=; Z1-72=; Z1-Z2=; 7Z1/Z2 =.
Pemenue:

Z=-3+2
|z| = 3.606

Re(Z) = -3
Im(Z) = 2

arg(Z) = 2.554
JZ =055+ 181%A

27 = —6+4i
Zl=1+2
72=3+4

Zl+Z2=4+6
L1 -Z2=-2-2
L1242 =-5+ 10

1 = 044 4+ 0.05
Z2

1.5.3aganune BBITIOJIHSIETCS 17151 BCEX BAPUAHTOB. BBITIOIIHUTE CIIEAYIOIINE OTNIepaIiu:

ii=1.10; Y i=; [[@{+1)=; Oj4x2-lg(x+2)dx—' Tctg—Zde__
I e " Cge(sin2x)®
X=2; ix5=; isin(x):.

dx dx
Peienne:
i=1.10

Zizﬁi
1



H (i+ 1) = 39916300

i

0.4
J  log(x+ 2 dg = 7711 % 107 °

0
12
cot(Z-®
# du = a - HeCORCTEEHHEIA MHTEMPAN, PaCcKoaMTCA
sl 2.3
0.8
|This calculation does nok converge ko a solution. |
=2
4 5
—x =380
dx

4 in( = —0416
dxc

1.6. 3aganue BhIMOMHSETCS Ui BceX BapuantoB. Omnpenenuts BekTopsl d, S U R u 0T0Opasuth mx
rpaguYecKy.

i di Si Ri
0 0,5 3,3 2
1 1 59 3,9
2 15 7 4.5
3 2 6,3 3,7
4 2,5 4,2 1,2
Pemenue:
0.5 2.3 2 )
1 5.9 2.9
i=0.5 d=|15 8=\ 7 k=45
2 6.3 2.7
2.5 4.2 1.2
8
d f
5 4
Ej
-2
1]
0 1 y 3 4

i
1.7. 3aganue BBIMOMHSAETCS 7151 BceX BapuaHTOB. [locTpouTs rpaduku cienyromux ¢ yHKITHHA:
X () =cos(x) - sin(a);

Y () =1.5c0s()? - 1;
P(a) :=cos(x).

Pemrenne:



Hia) = cos{o) sinio)

0.6 —
0.4
0.2
Xa) 0
-0
~0.4

_Dﬁ | | |
-0 -3 0 3 10

1]

V(o) = 1.5cosl ) — 1

Plo) = cos{a)

]. T T
0.5F -

Pl(a) 0

- 0.5

-1t
] 0 5 10

(8}
1.8. 3amanue BeIMOMHSCTCS IS BceX BapuaHToB. Co3nats MaTpuily Q pasmepom 6x6, 3aI0THATE e

MIPOU3BOIBHO U 0OTOOPA3UTh IpadUUECKHU.
Pemenne:



(24310 1)
525534
ls32415
Remtlioms 4 51 B §
406732
2 04685)

1.9. 3ananue BeImonHsAETCA 171 BceX BapuaHTOB. [locTpouTh rpaguk MOBEpXHOCTU U KapTy JIMHUM
YPOBHS JUIsl QYHKIMU ABYX MEPEMEHHBIX:

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

Pemenne:

At 00 = t-cos(a) sin{or)




7.3. OneHo4Hble cpeacTBa AJs NMPOMEKYTOYHOM ATTECTAMH IO HUTOraM OCBOCHHS
AUCHUTLTHHBI

7.3.1. Bonipocsl K IPOMEKYTOYHOM aTTeCcTAIUM

Cemectp 8

BOHpOCLI K 3a49€Ty

1 Kakue ocHOBHBIC BEPOATHOCTHBIC MCTOABI aHAJIM3a W  MOJACIIMPOBAHUA  CHUCTCM
HCIIOJIB3YIOTCS B MHKCHCPHBIX pvaeTax?

2 Kakue smemeHTHI TCOpHUU BepOHTHOCTeﬁ, HCIOJIb3YEMbIC B MaTeMaTUYeCKOH CTaTUCTUKE?

3 Kakne »sneMeHTapHBIE TIOHATHS O CIYYalHBIX COOBITHSX, BEIWYMHAX M (QYHKIUIX
HCIOJIB3YIOTCSl B MH)KEHEPHBIX pacyeTax”?

4 Kakne 4uciioBble XapakTEPUCTUKH CIIyYalHBIX BEIMYHMH HCIIOJIB3YIOTCS B HHKEHEPHBIX
pacuerax?

) Kakne ciydaiiHple BENIMYMHBI W HMX 3aKOHBl PpAaCIpEICIICHMs, HOPMAJIbHBIA 3aKOH

pacnpeaciICHUA NCITOJIb3YOTCA B MHIKCHCPHBIX pacquax?

6 Kak crarucruueckas olieHKa METOJIOB PacIpeieCHUs CIIy4aiHbIX BEJIMYUH MCIOJb3YyETCs B
MHXEHEPHBIX pacyeTax?

7 Kakne OCHOBHBIC MOHATHUA U OIpPEJEIEHUS] MAaTeMaTHUYeCKOM CTAaTUCTUKH CoOJiepKaTrcs B
WHXEHEPHBIX pacyeTax?

8 Kakue ocCHOBHBIE 3aKOHBI paclpeeNieHHs CIy4alHbIX BEIUYMH HCIONB3YIOTCS B
WH)KEHEPHBIX pacuerax’?

9 Kak 06pa0oTka cTaTuCTHUECKOM HH(pOpMAIMK UCTIONb3YEeTCs B MH)KEHEPHBIX pacueTrax?

10 | Kakum 00pa3oM MPOUCXOTUT BHIOOP TEOPETHUYCCKOTO 3aKOHA PACIPENCICHHS CITydalHBIX
BEJIMYMH B MHKEHEPHBIX pacyerax?

11 | Kakme 3akoHBI pacnpeesieHus, Han0oiee pacpoCTpaHEHHBIC B TEXHUKE HCIIOIB3YIOTCS B
WHXEHEPHBIX pacyeTax?

12 | Kakwe WCXOJHBIE TPEINOCHUIKM PETPEeCCHOHHOTO0 aHalli3a M CBOWCTBA  OIICHOK
WCTIOJIB3YIOTCSl B MHKCHEPHBIX pacueTax?

13 | Kak craructudeckuit aHamm3 wWHG(pOpMAnMuM, TpPOBEpKAa CTATHCTUYECKUX THIIOTE3
HCIIOJIB3YETCS] B MHKEHEPHBIX pacuerax’?

14 | Kakue »sTambl TOCTPOCHUS MHOTO(PAKTOPHOW KOPPEISIIHOHHO-PErPECCHOHHON MOenn
COJIEp>KaTCsl B MH)KEHEPHBIX pacuerax?




Bonpocsl k 3auery

n/n

15 | Kak perpeccuBHBII ¥ KOPPEISAIMOHHBIN aHAN3 PE3yJIbTaTOB MCIBITAHUH HCIIOJIB3YIOTCS B
MHXEHEPHBIX pacyeTax?

16 | Kak muanupoBaHue SKCIIEPUMEHTA UCIIOIb3YETCsl B MHXKCHEPHBIX pacyerax?

17 | Kakum 0o0Opa3oM XapaKTepHCTHKAa METOJO0B M MOJIENICH MPOTHO3UPOBAHUS HCIIONB3YETCS B
WH)KCHEPHBIX pacyerax”?

18 | Kak mporno3upoBaHue Ha OCHOBE PSA0OB C UCIOJIH30BAHUEM MAaKeTa MPHUKIAAHBIX IPOrpaMM
WCIIOJIb3YETCsl B MHKCHEPHBIX pacyerax?

19 | Kak mozmenupoBaHHE CHUCTEM C HCIIOJIB30BAHUEM MAapKOBCKUX IIPOIECCOB HCIIONB3YETCS B
WH)KCHEPHBIX pacyerax”?

20 | Kakum 00pa3om MapKOBCKHE IICTIH UCTIONB3YIOTCS B MHKCHEPHBIX pacyerax?

21 | Kak MoOAenupoBaHHME CHCTEM MAacCOBOTO OOCITYXHBAHHMS HCIOJB3YETCS B WHIKEHEPHBIX
pacuerax?

22 | Kakre KOMITOHEHTBI U KJIaCCH(DHUKAIIUS MOJAEICH MacCOBOTO OOCITYKHBAHHS WCIOJIB3YIOTCS B
WH)KCHEPHBIX pacuerax”?

23 | Kakoe ompeneneHne XapaKTEPHCTHK CHUCTEM MAacCOBOTO OOCITY)KHMBAHHUSI HCIIONIB3YETCS B
WH)KCHEPHBIX pacuerax”?

24 | Kakum 00pa3oM MOJEIMPOBAHHE ITOTOKOB OTKA30B JJIEMEHTOB CIIOXKHBIX TEXHUYECKUX
CHCTEM HCITOJIb3YETCsl B MH)KEHEPHBIX pacueTax?

25 | Kakme oOmme BOMPOCHI MaTeMaTHYECKOTO MOJCIMPOBAHUS  PACCMaTPUBAIOTCS B
WH)KCHEPHBIX pacuerax”?

26 | Kak mMHTaImMOHHBIE MOJEIH HCIIOJB3YIOTCS B MH)KEHEPHBIX pacueTax?

27 | Kakum 006pa3oM peamusyeTcsi HHTepHoJsius o oomieit popmyse Jlarpamxka?

28 | Kakum o6pa3oM peanusyeTcst MHTepHOJSIus TaOJIHMUHbIX JaHHBIX 10 Gopmynam Jlarpamxa?

29 | Kakum 00pa3oM peam3yeTcsi Mporece MOCTPOCHHUS MaTEMAaTHIESCKONH MOJICITH ?

30 | Kakum 06pa3om peanan3yercs OJIMHOMUAIbHAS allPOKCUMAIHS?

31 | Kakum 006pa3oM peamu3yeTcsi 4eOBIIeBCKas apOKCUMAITHs?

32 | Kakas cyTb KOMIOBIOTEPHOI'O MOJEIUPOBAHMSI?

33 | Kakum 06pa3om peanan3yercsi SKCIIOHEHIIMAIbHAs perpeccusi?

34 | Kakum 00pa3oM peamn3yeTcsl MOJIMHOMHUATBHASI PETPECCHs?

35 | Kak paznuuHble METOABI pelIeHUs] HETMHEWHBIX YpaBHEHUH HCIIONB3YIOTCS B MHKEHEPHBIX
pacuerax?

36 | Kak simHeiiHas perpeccusi 0011ero BUJa UCIOJb3yeTCsl B MHKEHEPHBIX pacyeTax?

37 | Kakum 00pa3oM pean3yeTcsi HeTMHEHas perpeccus o01ero Buja?

38 | Kak BBIYMCIHUTEIbHBIE SKCIEPUMEHTHl C MaTeMaTHYECKUMHU MOJAEISIMH, UMHUTUPYIOIIUMHU
MOBEJICHHE PEATbHBIX OOBEKTOB, MPOIECCOB WIIM CHCTEM HCIIOJB3YIOTCS B HH)KEHEPHBIX
pacuerax?

39 | Kakum 00pa3oM peamu3yeTcs TUHEHHOE CTIIa)KHBAHKE 10 TISITH TOYKaM?

40 | Kakum oOpa3om peam3yeTcsl HeIMHEHHOE CTIIaXKMBAHUE 110 CEMH TOYKaM?

41 | Kak ciydaiiHple BeTMYMHBI M COOBITHS, METOABI UX I'eHEepaluu U 00JIACTh UX NPUMEHEHHUs
WCTIOJB3YIOTCSl B MHXKCHEPHBIX pacyerax?

42 | Kak npoOinembl mnonydeHus Ha OBM ciay4ailHbIX YHCIIOBBIX MOCJEIOBATENIBHOCTEH C
3aJJaHHBIMH BEPOSITHOCTHBIMH XapaKTEPUCTHUKAMH BIHUSIOT HA X0/ WH)KEHEPHBIX pacueToB?

43 | KakuM o6pa3om peanuzyercs npeoOpa3oBanue Jlammaca?

44 | Kak BBIYUCIICHHE TTAPAMETPOB CUCTEMEI 110 €€ OTIEPATOPHON XapaKTEPUCTHKE UCTIOTBh3YETCs
B MH)KEHEPHBIX pacueTax”?

45 | Kak anropuTMbl U METOJIBI TE€HEepaIli PaBHOMEPHO pacIpEleIeHHBIX CIyYalHBIX YHCEl
MCTOJIB3YIOTCS] B MHKEHEPHBIX pacyerax?

46 | KakuM 00pazom peau3yercsi MOJeTUPOBaHHUE JOTHYECKUX (YHKIIUHN?

47 | Kak 3aryxaroniye ¥ HapacTarlre KoJieOaH!s UCIIOIb3YIOTCS B HH)XCHEPHBIX pacueTax?




Bomnpocsl Kk 3auer
n/n p y

48 | Kak merox u anroputM peuieHHs CUCTEM JMHEHHBIX ypaBHeHUM MeronoMm [aycca
HCII0JIb3YETCS] B MH)KEHEPHBIX pacyerax?

49 | Kak koinebOaHHMs W pPE30HAHC B MEXAaHHUYECKOW CHUCTEME HCIONB3YeTCsl B HMHKCHEPHBIX
pacuerax?

50 | Kak KiaccMUecKWi CHEKTpajbHBI aHAM3 W CUHTE3 HCIOIB3yeTCS B WH)KCHEPHBIX
pacuerax?

7.3.2. Kputepuu 4 HOPMbI OLEHKH

dopma
NpoBe/eHUs
Cemectp . Kpurepuu u HopMbI OLIEHKH
MPOMEKYTOUHOI
arTrecTalnuu
8 3auet (YCTHO) MCYEPIIbIBAIOIINE OTBETHI HA
BOTIPOCHI K 3a4eTy U Ha
«3a4TEHOY JIOTIOTHUTEJIbHBIE BOMPOCHI;

BBITOJIHEHBI BCE MTPAKTHYCCKHUE U
nabopaTopHbIe padOThI

HEIPaBUJIbHbIE OTBETHI Ha
BOIIPOCHI K 3a4eTy; MPAKTUUYECKUE
«HE 3aYTEHO» 1 1a00paTOpHbIE PAOOTHI
BBINOJIHEHBI HE TOJTHOCTHIO (HE
BBIIOJIHEHD)




8. YueOHO-MeTOAMYeCKOe M HHOPManMOHHOE ofecrevyeHne TUCHUIIHHBI

8.1. O6s13aTesbHAs IUTEpPATypa

Tun (yueOHHK, yueOH

Ne nocooue, yueOHO-
ABTOpBI, COCTABUTEJIN 3arsiaBue (3arojioBoK)
n/n MeToHYecKoe Mocooy
NMPaKTHUKYM, JIP.)
1 | benos Il C. Matematuueckoe MOJCIIUPOBAHHE Y4eOHoe mocobue
TEXHOJIOTMYECKUX MPOLECCOB
2 | MemepsikoBa B. b. Mertamnopexymue cranku ¢ UITY Y4ebHoe nmocobue
3 H. 1O. 3emnsanymnosa, H. [IpoekTupoBaHuE TEXHOJIOTUYECKON [IpakTukym
. FOmenko OCHACTKHM ISl PEMOHTA U 00CIIy>KUBAHHUS
TPAHCHOPTHBIX U TPAHCIIOPTHO-
TEXHOJIOTUYECKUX MAIlIUH
4 | Knenukos B. B. ABTOMAaTH3aLUs IPOU3BOJCTBEHHBIX YueOHoe nmocobue
IIPOLIECCOB
8.2. lonotHUTe/ILHAS JIUTEPATypa
Tun (yueOHMK, yueOH
Ne nocooue, yueoHo-
ABTOpBI, COCTABUTEIH 3arsiaBue (3aroJioBoK)
n/n MeTOIHYEeCKOoe IMOCo0¥
NPAKTHUKYM, AP.)
1 | bBype B. M. Teopus BEpOATHOCTEN U MaTEMaTUYECKas VY4aebHUuK
CTaTHCTHKA
2 | TyranbaeB A. A. Teopus BEpOATHOCTEN U MaTEMaTUYECKas YuebHoe nocobue
CTaTHCTHKA
3 bopoBkoB A. A. MaremaTuyeckasi CTaTUCTHKA YyeOHuK




8.3. Ilepeuenr mpogeccHOHAIBHBIX 0a3 JAHHBIX U MH(OPMAIMOHHBIX CIIPABOYHBIX
cucTeM

— Poccwiickas rocynapcrsernas 6ubnuoreka (PI'B), r. Mocksa — http://www. rsl.ru

— Wnadopmanmonnas cucrema "EnnHOoe OKHO JocTyma K oOpa3oBaTelbHBIM pecypcam"
co3mana 1o 3akazy depepanibHOro areHTcTBa 1o oopazopanuto B 2005-2006 rr. Ha nanHbIil mepuon
B Ob yxe cobpano 6osiee 11 ThIc. y4eOHBIX MaTepuaaoB pa3andyHbIX By30B Poccun. B DK — Gonee
30 TeIc. onMcaHMi, a Tak ke ecTh "lnoccapuil" u pasgen "Cucrema HOBOCTEH" 10 Ha3BaHHOM
TeMaTUKe. DTO YHUKAJIBbHBIA 00pa30oBaTeIbHBIM MPOCKT B pyccKos3bidHOM MHTepHere. [lomHbrit
JOCTYII KO BCEM pecypcaM, BKJIIOYasi MOJTHOTEKCTOBBIE MaTepuaibl OMOIMOTEKH, IPEIOCTABISACTCS
BCEM I10JIb30BaTEISIM B CBOOOHOM peskume — http://window.edu.ru

— WHTepHer-0mbMMoTeka 00pa30BaTENbHBIX W3JaHUN, B KOTOPOW COOpaHBI JIEKTPOHHBIE
yu4eOHUKH, CIIPaBOYHBIE U yueOHbIE MOCOOUs. Y JOOHBIM MOUCK MO KIIHOYEBBIM CIIOBaM, OTIEIbHBIM
TEeMaM | oTpaciisiM 3Hanus — http://www.edulib.ru

8.4. IlepeueHb NpOrpaMMHOro obecnevyeHus

Ne HanmenoBanue I10 KosnvecTBo | PekBU3UTHI 10roBopa (1ara,
n/n JIMLIEH3U I HOMep, CPOK AeHCTBHA)

1 Windows: noroBop Ne 757 ot 04.07.2018,
WinPro 10 RUS Upgrd OLP NL Acdmc CPOK JICHCTBHS — O€CCPOUHO;

KoHTpakT Ne 1653 ot
14.12.2018, cpok neicTBUs —

0ecCpovHO
2 Office Standard:
Office Stdandard 2013 Russian OLP NL KoHTpakT Ne 690 ot
AcademicEdition 19.05.2015, cpok peicTBus —
6eccpouHO

Office Stdandard 2016 Russian OLP NL
AcademicEdition noroBop Ne 757 ot 04.07.2018,

CPOK JeHCTBHS — OECCPOUHO
Office Stdandard 2016 Russian OLP NL

AcademicEdition KOHTpakT Ne 727 ot
20.07.2016, cpok nenicTBUs —
06eccpovHO

3. KOMITAC-3D v 18 (ITpoextupoBanue | 250 KOHTpakT Ne 1198 or
Y KOHCTPYHPOBAHUE B 18.11.2019, cpoxk neiicTBus —
MaIIMHOCTPOSHHH) 0eccpouHo

4. Mathcad Education - University Edition | 25 KOHTPakKT Ne 469 ot

Subscription (25 pack) 05.06.2020, cpok aeiicTBus —
06ecCcpovHO

5. Mirapolis Human Capital Management JTUIIEH3UOHHBIN 10TOBOp Ne

42/02/22-K ot 02.02.2022,
CPOK JIEUCTBUA — 10
31.08.2022



http://window.edu.ru/
http://www.edulib.ru/

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

00pa30BaTeJILHOIO MPoIecca Mo JUCIIHNIHHE

n/n

HanmeHnoBanune 000py10BaAHHBIX YUeOHBIX
Ka0OMHETOB, JIa00PATOPHUIi, MACTEPCKUX U
ApP. 00bEKTOB /ISl IPOBEAEeHUS
NMPAKTHYECKHUX U JIAa00OPATOPHBIX 3aHATHH,
MOMeIEeHHU 1JIs1 CAMOCTOATEIbHOMI
padoThl o0yyarommxcst (HoMep ayAuTOPUM)

IlepeyeHb OCHOBHOT0 000PY10BAHMS

KoMnbroTepHslii Kiacc.

VYuebHasg  ayauTopus  AJs
3aHATUH JEKIIMOHHOTO THIIA.
VYuebHasg  ayauTopus  AJs
3aHATUNA CEMUHAPCKOIO THUIIA.
VYuyebHast  ayauropus UL
NPOCKTHPOBAHUS  (BBITIOJTHEHUS
pabor).

YuebHast  ayauTopHs
IPYNIIOBBIX U
KOHCYJIbTALUM.
VYuyebHast ayauTopus A [POBEACHUS
3aHATUH TEKYILETO KOHTPOJIS "
npoMexyTouHoi arrectanuu. (E-306)

IIPpOBCACHUA

IIPpOBCACHUA

KYpPCOBOI'O
KYPCOBBIX

JJIA IIPOBCACHUA
WHIAUBUAYAJIIBHBIX

[TepenocHoOI IPOEKTOP, IKpaH,
KOMIIBIOTEPHBIE CTOJbI, CTOJ
MPEnoIaBaTeIbCKUM, CTYJIbs, TOCKa
ayJIUTOpHAs, CTOJIb YYeHUUECKHE
nByxMmectHble, [1IK

VYyeOnass  ayautopuss JUis  IPOBEICHHS
3aHSATHA  JICKIIAOHHOTO  THIA.  YdeOHas
ayIUTOpUsl i1 TPOBEACHUS  3aHATUU
CEMUHAPCKOT0 TUMA. Y4ueOHas ayTuTOPHs IS
KYpPCOBOTO MPOEKTUPOBAHUS (BBIMOTHEHUS
KYpPCOBBIX pa0o0T). YueOHasi ayauTopusi HIJist
MIPOBECHUS TPYIMIOBBIX U MHAUBUAYAIbHBIX
KOHCYJbTallMi. YdueOHas ayauTopust s
MPOBEICHUS 3aHATUN TEKYLIEro KOHTPOIS U

npoMexxyTouHo# arrecranuu. (E-309)

Cron npenojaBaTeabCKHi, CTOMbBI
YUEHUYECKHUE JIByXMECTHbIE (MOHOOJIOK) ,
CTYJbs, 10CKa ayAUTOpHast (MesloBast),
Kagenpa, IpoeKTop, IKpaH, IMPoLECcCOop,
mKagwl

[Tomemienue uisi caMOCTOSITENBHON pabOTHhI
crynenros (I'-401)

CTOJ'II)I, CTYJIbA, KOMIIBIOTCPhI

[Tomemenue uisi caMOCTOSITENBHON pPabOTHI
obyuaroruxcs (C-508)

JHocka aynutopHas (MeJioBas), CTOJIbI
YUYEHHUYECKHUE, CTOJ MPENoJaBaTeIbCKHM,
CTYJIbSI, CTEHJIbI, IKA(BI.
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