dbeneparbHOE TOCYTapCTBEHHOE OIOHKETHOE 00pa30BaTEILHOE YUPEIKICHNE
BBICIIETO MPO(ECCHOHAILHOTO 00pa30BaHuUs
«TONMBATTHHCKUN TOCYIaPCTBCHHBIH YHHUBEPCUTET

b1.B.JZ1B.03.02

(uHOeKC OUCYUNTUHDL)

PABOYAS ITPOT'PAMMA JUCHHUIIIIMHBI
MATEMATHYECKOE MOIAEJIMPOBAHUE B MAIIMHOCTPOEHUU

HANMMCHOBAHHUC TUCHHUIIINHBI

I10 HAIIpaBJICHUIO ITOATOTOBKHU

15.04.05 KOHCTPYKTOPCKO-TEXHOJIOI TYECKOE OBECIIEYHEHHUE
MAIINHOCTPOUTEJIBHBIX ITPOMU3BOJCTB

(K01 M HaUMEHOBaHKE HAIPABIICHUS TTOJTOTOBKH, crielaibHOCTH B cooTBeTcTBUU ¢ DI'OC BIIO/OI'OC BO)

TEXHOJIOT'SA ABTOMATU3NMPOBAHHOI'O MAILIMHOCTPOEHU A

(HanpaBiieHHOCTH (TIPOGUIIB))

®opma 00ydyeHus: o4yHas

I'ox Habopa 2019

Pacnpenesienue 4acoB JUCHUIJIMHBI 10 ceMeCTPaM U BUIaM 3aHATHI (110 y4eOHOMY IIaHY)

KoauuecTBo 8
3ET
Yacos no PYII 288
Buanbi IK3aMeHbI 3adersl Kypcosbie Kypcosbie Konpoataie
KOHTPOJIs B NMPOEKTHI padoThI (v 35,?,6*::)2’;,0})]\4},[
ceMecTpax 00yueHus)
4
NeNe cemecTpoB
1 2 3 4 5 6 7 8 9 10 11 Hroro
3ET no 3 8
ceMecTpam
Jlekuun 12 12
JlaGopaTopHble
IIpakTH4yeckue 48 48
KonrakTHan 60 50
padorta
Cawm. pabora 192 192
Kontpoian 36 36
HToro 288 288

ToabsitTH, 2019



Pabouas mporpamma cocraBieHa Ha ocHoBanuu @I'OC BO u yueOHOro mjiaHa HampaBiICHUs
IIOJATOTOBKH MarucTpa 15.04.05 KOHCTPYKTOPCKO-TEXHOJIOTHYECKOE obecrieueHue
MAaIlIMHOCTPOUTENLHBIX IIPOU3BOJICTB

PeIIeH3I/Ip0BaHI/Ie paﬁoqeifl nporpaMmmbl ITUCHUIIJIMHBI:

OtcyrcTBYyeT

YuyeOHas (pabouas) mporpamma o00peHa Ha 3acenanuu kadenpsl «O00opyaoBaHue U
TEXHOJIOTUU MAIMHOCTPOUTEIBHOTO IPOU3BOICTBAY (MpoTOKO 3acenanus Ne 1 ot
«31 » aerycra 2018r.)

Penensent

(OoadicHOCmb, YUeHOe 36aHue, CIeneHy) (noonucs) (U.0. Pamunus)
«_» 20 1.

Cpoxk aeiicTBusi pado4eii NporpaMMbl JUCHMILIMHBL 10 < »

Cpox oeticmeusi ymeepoicoennou PII/: ons OOIl 6akanaspos — 4 2oda; ona OOII
mazucmpos — 2 2oda, ons OOII cneyuanucmos — 5 nem.

Nudopmanus 06 akryanuzaunu padouyeil nporpaMmMbl JMCHHUIIIMHbBI:

[TpoTtokoun 3acemanust kKagenpsl No  OoT «__ » 20 1.

[TpoTtokoun 3acemanust kKagenpsl No  OoT «__ » 20 1.

[TpoTtokoun 3acemanust kKagenpsl No  OoT «__ » 20 1.

[Iporokoin 3acenanus kageapbt No 0T «_ » 20 1.
YTBEPXIAIO

3aBeyromuii Kadeapoit _ «Ob6opynoBaHue u TEXHOJIOTUU
MAallIMHOCTPOUTCEIIBHOI'O ITPOU3BOACTBA»
(pazpabomaswien PIT]])
«_» 20 T H.1O. Jlornunos
(noonucsw) (H.0. @Pamunus)



AHHOTAIIUA
AMCHHUIUIMHBI (Y4eOHOT 0 Kypca)
b1.B.JIB.03.02 MaremaTnueckoe MoIeJIUPOBAHNE B MAIIIMHOCTPOEHNH

(MH/IEKC ¥ HAMMEHOBaHUE ANUCIMIUINHBI (Yy4eOHOTO Kypca))

1. Heapb u 3a1a4u U3yYeHUs! JUCHUILIMHBI (Y41e0HOI0 Kypca)

Ilene — oBIaieHHME  TEOPETUUYECKUMH OCHOBAMU M MPAKTUYECKUMU
HaBBIKAMH MOJIEIUPOBaHUs; (POPMUpPOBAHUE JTUYHOCTH, PA3BUTHE WHTEIUIEKTa U
CIIOCOOHOCTEM K JIOTMYECKOMY MBIIUICHUI0, Pa3BUTHE YMEHHUS OIEpUPOBATH
a0CTpaKTHBIMU OOBEKTaAMH; YCBOCHHE MATEeMaTHYECKUX METOJ0B, HEOOXOJMMBIX
Ipyu MOJEIMPOBAHUHU MPOLIECCOB M SIBICHUM, MOMCKE OINTHUMAJBHBIX PpELICHUH,
BHIOOpE  pallMOHAIBHBIX  CIOCOOOB W MX  peaju3allid,  BBIPAXKEHUU
KOJMYECTBEHHBIX M  KAUECTBEHHBIX COOTHOUICHUH  MEXIy dJIeMEHTaMu
TEXHUUYECKUX O0BEKTOB PEAIbHOTO MUpA.

3agaun:

1. - chpopmMupoBaTh OCHOBHBIE MOHATHS Kypca MaTeMAaTUKH;

2. - cpopMuUpOBaTh YMEHHUS PEUICHUS OCHOBHBIX M TNPUKIAIAHBIX 3a]ad
BBICIIEN MaTeMaTUKU;

3. - chopMHUpOBaTh HaBBIKU JJOTMUYECKOTO U MATEMATUYECKOTO MBIIIICHUS;

4. - copMHUpOBaTh HaBBIKK NPUMEHEHUS MATEMAaTUYECKUX OOBEKTOB IpPH
pEIICHUH MPUKIIAIHBIX 3a/1a4;

5. - chopMupoBaTh  HABBIKM  CAMOCTOSTEIBHOM  IMO3HABATEILHOMN
NEeSATEIbHOCTH;

6. - chopMHpOBaTh HABBIKM MAaTEMAaTHYECKOTO MOJICITUPOBAHHS,

7. - chopMupoBaTh MAaTEMaTUUYECKYIO KyJIbTypy OakayiaBpa.

2. MecTo aucuuiuinHbl (yaedHoro kypcea) B crpykrype OITIOITI BO

HNannas nucummivHa (y4eOHbIl Kypc) oTHocutes K bioky 1 «/lucuurmuaet
(Momynu)» (BapuaTUBHAS YacTh, TUCHUILTUHBI 10 BEIOODY).

Jucruninael, yaeOHbIE KypChl, HA OCBOEHUU KOTOPBIX Oa3upyercs JaHHAS
TUCIUTIINHA (Y4eOHBIN KypC) — BhICIIAst MATEMATHKA.

Jucuuminabl, yueOHbIe KYPCHhI, 711 KOTOPBIX HEOOXOAUMBI 3HAHUSI, YMEHHUS,
HaBBIKHU, TPUOOpPETAEMBbIC B PE3yJIbTaTe U3YUYCHUS TAHHOW TUCIMUIUINHBI (Y4eOHOTO
Kypca) — pacueT U KOHCTpyHUpOBaHHUE oOOOpyJOBaHUS C KOMIIBIOTEPHBIM
yIpaBjeHUEM, MOJITOTOBKA U 3aIllUTa MaruCTEPCKON JTUCCEePTALIUH.

3. Iliianupyemblie pe3yjbTaTbl O0yYeHHMs] MO AUCHUILIMHE (Y4eOHOMY
KYpPCY), COOTHECEHHbIe ¢ IUVIAHUPYEMbIMH pe3yJbTaTAMH OCBOCHMS
00pa3oBaTeIbHOM MPOrPaMMbI

dopmupyembie U Ilnanupyembie pe3yabTaThl 00y4eHHA
KOHTPOJIMpYeMble




KOMIICTCHIIUN

- CIIOCOOHOCTDH | 3HATh: HAYYHYIO KapTUHY MHpa U COBPEMEHHBIC
MIPUMEHSITh COLIMOJIOTUYECKUE TMAPAUTMBI, COBPEMEHHBIE TEOPUU
COBPEMEHHbIE METO/Ibl | OOLIECTBEHHOTO pa3BUTHS, METOAO0JIOTHYECKHE
UCCIIEJOBaHUS, MPUHIHUIIBI COLMOJIOTUYECKOTO TTO3HAHMS
OLICHUBATH U | YMETh: NPUMEHATH HA MPAKTUKE COBPEMEHHBIE TEOPHUU
MPECTABIATH OOIIIECTBEHHOTO  Pa3BUTHUSI U METOJOJOTHYECKHUE
pe3yJIbTaThl MPUHIUIIBI COLMOJIOTHYECKOTO MO3HAHUS
BBINOJIHEHHON ~ paloThl | BageTs: HaBBIKAMHU NPUMEHCHUS Ha TMPAKTHUKE
(OIIK-2); COBPEMEHHBIX TEOpHUIl OOIECTBEHHOTO pa3BUTUS H
METOJOJIOTUYECKUX  TMPUHIMIIOB  COLUOJOTHYECKOTO
NO3HAHUS
- CIIOCOOHOCTH | 3HATh: COBPEMEHHBIE HAYYHBIE METO bl UCCIICAOBAHUS
OCO3HAaBaTh OCHOBHBIE | YMETh: OPHEHTHPOBATHCS B MOCTAHOBKE 3adady W
poOJIeMbl CBOEH | OTIPECISITh MYTH TTOMCKA U CPEJICTBA MX PEIICHHUS
NpEeAMETHOM  00macTH, | BrajeTs: HaBBIKAMU IIOMCKA PELIEHHN IPHKIAJIHBIX

MIPU PEIICHUH KOTOPBIX
BO3HHUKAET
HEO0OXOJIUMOCTh B
CJIOKHBIX 3aagax
BBIOOpa,  TpeOyromux
UCITIOJIb30BaHUS
COBPEMEHHBIX HAYYHBIX
METOJ/IOB MCCJIeIOBAHNUS,
OpPUEHTUPOBATHCS B
MOCTAaHOBKE 3a7a4 U
OTIPEIEIISITh My TH
MOWCKAa M CPEICTBA X
pelieHus, TMPUMEHATH
3HAHHUS O COBPEMEHHBIX
METO/IaX MCCIICIOBaHNUS,
CTaBUTh W  peIaTh
TIPUKJIATHBIC
HCCIICIOBATEILCKIEC
3agaun ([TK-15)

HCCICOAOBATCIIbCKUX 3ada4

— CITOCOOHOCTH
MPOBOJIUTH Hay4YHbIC
AKCIIEPHUMEHTHI,
OLICHUBATh PE3YIbTATHI
HUCCIEeIOBAHMH,
CpaBHUBATh HOBLIE
AKCTIEPUMEHTAIbLHBIE
MaHHBIE C  JaHHBIMU
TIPUHATHIX Moenen
JUTS MIPOBEPKHU 150:¢

3HaTh: TMPUHIUIIBI MATEMaTUYECKOIO0 MOJECIUPOBAHUS
MPOLIECCOB, CPEJICTB M CHUCTEM MAIIMHOCTPOUTEIIBHBIX
MPOU3BOJACTB €  HCHOJIB30BAHMEM  COBPEMEHHBIX
TEXHOJIOTUH MPOBEACHUS HAYYHBIX UCCIEA0BAHUN

YMeTh: MPOBOAUTH HAYYHBIC SKCIIEPUMEHTHI, OIICHUBATh
pe3yabTaThl  UCCIEIOBAaHWM, CpaBHUBaTh  HOBBIC
AKCIIEPUMEHTAJIbHBIC JIaHHbIC C JaHHBIMU TPUHSITHIX
MoJeNiel Il TPOBEPKHM MX aJCKBAaTHOCTH U TIPU
HEOOXOINUMOCTH npejiarath W3MEHEHHUS TUTST
YIYUYIIEHUSI MOJIeJiel, BBITIOJHATh MaTeMaTHYECKOe

4




aZIEKBaTHOCTU U TPH
HEOOXOIUMOCTH
npeajgaratb U3MEHEHMS
JUTSt YIy4IlICHUSA
MOJICICH,  BBIMIOJIHSITH
MaTEMaTHYECKOE
MOJIETUPOBAHUE
MPOIIECCOB, CPEICTB U
CHCTEM
MaIlMHOCTPOUTETBHBIX
MIPOU3BO/ICTB c
HCITOJIb30BaHUEM
COBPEMEHHBIX
TEXHOJIOTUH
MIPOBEICHUS
HCCIICIOBAHMM,
pa3pabarsiBaTh
TEOPETUYECKUE
MOJCIIH, TO3BOJISIONINE
HCCIIeOBaTh KaudyecTBO
BBIITYCKaEMBbIX
W3JICIIUM,
TEXHOJIOTHYECKHUX
MPOIIECCOB, CPEJCTB U
CHCTEM
MAaIIMHOCTPOUTEIbHBIX
npou3BoicTB ([TK-16)

HaY4YHBIX

MOJCIUPOBAHHUC IIpoueCCoB, CpEacTB 141 CHUCTEM
MAaIlIMHOCTPOUTCIIbHBIX IMPpOU3BOACTB C
HCIIOJIb30BAHNCM COBPCMCHHBIX TEXHOJIOTUM

BJ'I&I[GTLI HaBBIKaMH HCIIOJIB30BAHUA COBPCMCHHBIX
TEXHOJOTUH IMPOBCACHUA HAYYHBIX I/ICCJ'IGI[OBaHI/Iﬁ

TemaTn4yeckoe coaep:kaHue JUCUUILINHBI (Y4eOHOr0o Kypca)

Pa3znen, moayan

IHoapaznesn, tema

Paznen 1.
MonaenupoBanue
TEXHUUYECKUX CHUCTEM C
HCIIOJIb30BaHUEM

CIIy4alHbIX IPOLIECCOB

MopenupoBaHuE CUCTEM MAacCCOBOTO OOCTYKUBAHUS

Pazgmenr 2 DneMeHTHI
MaTEMATUYECKOTO
MO/JICTUPOBAHUS

DeMeHThl MaTEMaTHYECKOr0 MOACIIMPOBAHUAA B
MalllIMHOCTPOCHUHU

OO01masi Tpy10eMKOCTh TUCUMILIUHBI (YueOHoro Kypca) — 8 3ET.




4. CTpyKTypa M coep:KaHNe IUCHUILTUHBI (YueOHOro Kypca) MaremaTuueckoe MOJEIMPOBAHNE B MAITUHOCTPOEHU U

CemecTtp uzydeHus

Paznedn, Hoapasaen, Tema Buabl yuedHo# padoThl Heo0xoaumpble Dopmbl Pexomennyema
MOIyJab AynuTopHbIe 3aHATHA CamMocrosiTeJibHasi padoTa MAaTepHaIbHO- TeKylero sl IUTEepaTypa
(B yacax) TeXHHYeCKHe KOHTPOJIs (Ne)
BCEro @opMbl IPOBEACHUS JICKIUH, ¢opmbl opranusanun pecypcbl
5 J1a00pPaTOPHBIX, MPAKTHYECKUX CaMOCTOSATeILHOMN
E E @ E o 3aHATHIH, MeTOIbI 00yYeHuUsl, % pa6oTsI
5 & g ZE& peajiu3yiouine npuMeHsieMy o 3
g ] = = &8 =
g g g g 00pa3oBaTeILHYI0 TEXHOJOTHIO 2
Tl | i :
Pa3znen 1 MopenupoB | 4 16 Jlyis mpoBeneHus 64 |-camocrositensHoe | [IporpammHble | KOHTPOJb 1,2
MopeaupoB | aHue JIEKIMOHHBIX 3aHATUM U3y4EHHUE NPOIYKTHI: Has
aHue CUCTEM COYCTAHNC TPAUITNOHHBIX pa3zenoB padora
TeXHHYECKH | MAaCCOBOTO METOJIOB 00yHeHus ¢ JUCLUITIIMHBL Microsoft Word,
HHTEPAKTHBHBIMU .
X CHCTEeM ¢ | 00cCiIyXuBa p -IIOJITOTOBKA K | Microsoft Excel,
TexHoyorusmu. Ha
HCIO0JIb30BA | HUSA MPaKTUYECKUM MS Power
MPAKTUUCCKUX 3aHITUIX 6 ) Point
H“EM HCHOJIE30BaHUE pabotam, oint.
CTyqanHBIX MHTEPAKTUBHBIX TEXHOJIOTHH, ~BBIIOJHCHHC
MpoLecCcoB MH(OPMALIOHHBIX KOHTPOJBHBIX
TEXHOJIOTUHA U TEXHOJIOTHHU paGOT;
Pa3BUTHUS KPUTHIECKOTO -MIOJITOTOBKA
MBIIIIeHus. Beimoanenne pedeparon
MPAKTHYECKUX 3aJIaHUI Ha
KOMITBIOTEPAX
Pa3pgen 2 DJIEeMEHTEBI 4 16 [ns npoBenenus 64 |-camocrositenbHoe | IIporpammubie JOKJIAg 1,2
DJIeMeHThlI | MaTeMaTh4de JIEKITMOHHBIX 3aHATHH HA3Y4YECHHUE TIPOJTYKTHI:
MaTeMaTrude | CKOro COYEeTaHue TPAAULIMOHHBIX pas3zenos
CKOIo MO/ICITUPOB METOI0B O0yUCHHS C JIACIATIIAHEI; Microsoft Word,
MOJIEeJIMPOBA | aHUS B WHTEPAKTUBHBIMU -[IOATOTOBKA k | Microsoft Excel,
HUS MaIIuHOCTP TexHosorusmu. Ha MIPaKTHYECKUM MS Power
OCHUH MPAKTUYECKUX 3aHATUAX paboTtawm; Point.

HUCITIOJIB30BaHHUEC

-IIOATOTOBKA




MHTEPAKTUBHBIX pedeparos.
TEXHOJIOTHH,
MH(OPMALIMOHHBIX
TEXHOJIOTHI U TEXHOJIOTUI
Pa3BUTUS KPUTHUECKOTO
MbllUIeHUs. Boinonnenue
MPaKTUYECKHUX 3aJJaHui Ha
KOMITbIOTEpax
Obpabotka | 4 16 Jns nposenenus 64 |-camocrositenbHoe | [IporpaMMHbIE | KOHTPOJIb 1,2
CTaTUCTUYE JIEKIIMOHHBIX 3aHATUI U3y4YeHue MIPOJTYKTHI: Hast
CKOH COUYEeTaHHE TPAJAULIUOHHBIX pazzenoB pabora
uHpOopMaIH METOJIOB 00y4CHUS C JMCIUTLTHBL; Microsoft Word,
u HHTEPAKTUBHBIMU -IIOATOTOBKA K Microsoft Excel,
TexHojorusimu. Ha MPAKTUYECKUM MS Power Point.
MPAKTUYECKHUX 3aHATUAX pabotawm;
KCIIOIb30BaHUE -BBINTOJTHEHUE
MHTEPAKTUBHBIX KOHTPOJIbHBIX
TEXHOJIOTHH, pabor;
MH(OPMALIMOHHBIX -MOJITOTOBKA
TEXHOJIOTHI 1 TEXHOJIOTHI pedepaTos.
Pa3BUTUSA KPUTHIECKOTO
MblITUIeHus. BoinmonHenue
MPAKTUYECKHUX 3aJaHUI Ha
KOMIThIOTEpax
DK3aMeH 36
Hroro: 12 |48 ] 192

288




5. Kputepun u HOpMbI TEKYIIEr0 KOHTPOJISI U IPOMEKYTOYHOH aTTeCTAIIUM

@OpMBI TEKYILETO
KOHTPOJIS

VYcenosus nomycka

Kpurepuu u HOpMbI OLICHKH

ArtTtecTtainus B cepe/iuHe
cemecTpa

s monmy4deHus
aTTecTaluu
HE00X0AUMO

«XOopouro»

pabotam

BremonHeHs! n 3alIUIICHBI OTYCTHI 11O BCEM IMPAKTUYCCKUM

BBITIOJTHEHUE
IPAKTUYECKUX paboT

«YZOBJIETBOPUTEIILHO»

pabore

BpInosiHEeHbI U 3aIIMIIEHBI OTYETHI 10 OAHON MPAKTUYECKOU

«HCYHOBJICTBOPUTCIILHO»

He BpINoNHEHO HU OAHON NPAKTUYECKOM pabOThI

®dopma npoBeACHUS

IIPOMEKYTOUYHOM aTTeCTalun

YcaoBus AO0ITyCKa

Kputepuu u HOpMBbI OIICHKU

DK3aMeH 10 JUCHUIUINHE

JJis jomycka K 3K3aMeHy
HEOOXOIMMO BBIIIOJIHCHHE
MPAKTHYECKHUX padoT, a TaKKe
BBITTOJIHEHHE U 3aIATA
KypCOBOH paboThI

«OTJIAYHO MCYEPIBIBAIOIINE OTBETHI HA BOIIPOCHI
3K3aMEHAIIMOHHOr0 OMIeTa
«XOpOIIIOY MIPaBIJIbHBIC OTBETHI HA BOIPOCHI OHIIETA C

HC3HAYHUTCIbHBIMH HCJOUYCTaMU

«YZOBJIETBOPUTEIILHO»

MMpaBHUJIbHBIC OTBETHI HA BOIIPOCHI ouyera ¢
CYHICCTBCHHBIMH HCIOYCTAMU

«HCYHOOBJICTBOPUTCIIBHO»

HCIMPAaBUJIbHBIC OTBETHI HAa BOIIPOCHI
9K3aMCHAITMOHHOT'O ounera




6. Kputepun u HOpMbI OLIEHKH KyPCOBBIX padoT (IIPOEKTOB)

JlaHHBII pa3zien He IPeLyCMOTPEH

7. llpuMepHasi TeMaTMKa IHMCbMEHHBIX PpadoT (KypcoBbIX, pedeparos,
KOHTPOJIbHBIX, PACYETHO-TPAGUYECKUX H AP.)

7.1 KoHTpOJIbHBIE Pa0OTHI

Ne Tembl

n/n
1 | Dranel mocTpoeHuss MHOTOGAKTOPHON KOPPEISAIIMOHHO-PETPECCHOHHON MOJIETH
2 | XapakTepucTuKa METOJIOB ¥ MOJIeJIel TPOrHO3UPOBAHMS B MAIIMHOCTPOCHUN

7.2 TeMaTHKA JOKJIAI0B

Ne Tembl

n/n
1 | 3akoHBI pacnpeneneHus, Hanbosee pacpoCTPaHEHHBIC B TEXHUKE
2 | [InanmpoBaHue SKCIIEPUMEHTA B MAITUHOCTPOCHUH

8. Bompocsl K 3k3aMeHy

Ne ni/m Bormpocsl

1 OCHOBBI BEpOSITHOCTHBIX METOI0B aHAJIM3a U MOJICIIMPOBAHUSI CUCTEM.

2 DJIeMEHTBI TEOPHUHU BEPOSITHOCTEH, HCITOJIb3YEMbIE B MATEMAaTHYECKOM CTAaTHCTHKE.

3 OJeMeHTapHble IOHATHS O CIyYalHbIX COOBITHSX, BEIMUMHAX U (PYHKIUSIX.

4 YucnoBsle XapaKTEPUCTUKU CIIyYalHBIX BEJIMYUH.

5 CnyvaiiHple BeIMYMHBI M MX 3aKOHBl paclpeseleHus, HOPMaJbHbII 3aKOH
pacrpeneneHusl.

6 CraTucTuyeckas olleHKa METOJIOB paclpe/ieeHus ClydyailHbIX BEJTMYHH.

7 MaremaTtnueckas craTucTuka. OCHOBHBIE MOHSATUS U OIpPEJeNICHHsL.

8 OCHOBHBIC 3aKOHBI pacTpeIeTICHHS CITy9ailHbIX BEJTMYNH.

9 O06paboTKa cTaTUCTUYECKOH HH(pOpMAIHH.

10 Br160p TeopeTnyecKkoro 3aKkoHa pacupeeIeHNs CIIydalHbIX BEJIUYHH.

11 3aKkoHBI pacnpesiesieHrsl, Han0oJiee pacpoCTpaHEHHbBIE B TEXHUKE.

12 Vcxo1HBIE TPENNIOCBUIKH PETPECCMOHHOIO AHAJIN3a U CBOMCTBA OLICHOK.

13 CraTucTuyeckuil aHaan3 MH(GOpMaIiK; pOBepKa CTATUCTUYECKUX THIIOTE3.

14 Oransl NOCTPOCHUsI MHOTO(aKTOPHON KOPPETSIIMOHHO-PErPECCHOHHON MOJIEIH.

15 PerpeccuBHBIN U KOPPEISIUOHHBIN aHAIN3 PE3YJIbTATOB UCIIBITAHUMN.

16 ITnanupoBaHue IKCIIEPUMEHTA.

17 XapakTepruCTHKa METOJIOB U MOJIEJIEH TPOTHO3UPOBAHUS.

18 [IporHo3upoBaHMe Ha OCHOBE ps/IOB C HCIOJb30BAHWEM I1aKeTa IPHUKIATHBIX
IPOTPaMM.

19 MojenrpoBaHie CHCTEM € UCIOIb30BaHHEM MAapPKOBCKUX MPOLIECCOB.

20 MapKOBCKHE LIETH.

21 MoienrpoBaHe CHCTEM MacCOBOTO OOCITYKHBaHMUSI.

22 KoMmroHeHTsI 1 Kaccu(uKaiys Mojieneil MacCoOBOTr0 00CITYKHBaHMSL.

23 OnpeeneHne XapakTePUCTHK CUCTEM MacCOBOTO OOCITY)KUBaHUSL.

24 MojenupoBaHi€ TOTOKOB OTKAa30B JJIEMEHTOB CIIOXKHBIX TEXHUYECKUX CHCTEM.




25

O6HII/IC BOIIPOCHI MAaTCMATUYCCKOI'O MOJACIINPOBAHHA

26 NMuTalimoHHbIe MOAEIIH

27 WuTepnionsiiust o o6miet opmyiie Jlarpamxka

28 WNuTtepnossmus TabJIUYHBIX JaHHBIX 110 hopmynam Jlarpamxka

29 I[Iporecc MOCTPOCHUST MATEMAaTHUECKOW MOJICIN

30 [TonmmHOMMANTbHAS ANTTPOKCUMAITHST

31 YeObIeBcKast anmpoKCUMaIius

32 CyTb KOMIIBIOTEPHOTO MOJIEITUPOBAHUS

33 DKCIOHEHITMATbHAS PETPECCHsT

34 ITolnHOMMANIbHASL perpeccus

35 PaznuyHbie METO/bI pEIICHUS] HETMHEMHBIX YpaBHEHUHN

36 Jlunelinas perpeccus o01Iero Buaa

37 Henuneiinast perpeccust 001ero Buja

38 BbruucnuTenbHbie 3KCIIEPUMEHTBI ¢ MATEMATUYECKUMH MOJICIISIMUA, HMUATHPYFOIIIUMHU
NOBEJICHHE PEATBbHBIX 00BEKTOB, MMPOLIECCOB MIIM CHCTEM

39 JluHelHOe CriIaKUBaHKE M0 MSATH TOUYKaM

40 HenuneiiHoe criiaxxuBaHue O CEMH TOYKaM

41 CrnydJaiiHble BEJIMYMHBI M COOBITUS, METOJIbI UX TEHEPAIIMU U 00JIACTh X MPUMCHCHUS

42 [TpoGsiembl nonyuyenust Ha OBM ciayyaliHbIX YMCIIOBBIX I1OCIEN0BATEIBLHOCTEN C
3aJJaHHBIMH BEPOSITHOCTHBIMH XapaKTEPUCTHKAMHU

43 ITpeoOpazoBanue Jlammaca

44 Brrunciienne xapakTepuCTHK CHCTEMBI TI0 €€ OIIEPaTOPHOM XapaKTEPUCTHKE

45 AJNTOPUTMBI M METOJIbI TEHEPAIH PABHOMEPHO PACIIPE/ICIICHHBIX CITyYalHBIX YUCEI

46 MojenupoBaHue JOTHUeCKUX (QYHKIHHA

47 3aryxarliye U HapacTarouie Kojaebanus

48 Metoz 1 alrOpuTM pEIIEHNs] CUCTEM JIMHEMHBIX YPaBHEHHMM MeToI0M ['aycca

49 Konebanus u pe3oHaHC B MEXaHUYECKOW CUCTEME

50 Kiaccuyeckuii criekTpaibHbIM aHAJIU3 U CUHTE3

ol CyTh KOMIIBIOTEPHOTO MOACITUPOBAHUS

52 MopenupoBaHe TEXHOJOTHUECKHUX MPOIECCOB

53 Marematudeckoe oOecrieueHne Mpyu aBTOMATH3AINH

54 MonaenupoBaHlE€ CUCTEM ABTOMATHYECKOTO YIPABJICHUS TEXHOJOTMYECKHUMU
IpoLeccamu

95 OO01Me BOIPOCHI MATEMATHYECKOTO MOJICITHPOBAHHMS

56 NmurtannosHbie MOJIETU

57 Wutepnomsiuus no oduiert popmyse Jlarpanxka

58 WuTepnionsinys TabIMYHBIX TaHHBIX 10 opmynam Jlarpanxka

59 ITpornecc NOCTpOEHUsI MATEMAaTHUECKOW MOJIENIN

60 [TonmHOMMANTEHAS ATTTPOKCUMAIIHS

61 UYeObIeBcKast anmpoKCUMAaIIns

62 CyTb KOMIBIOTEPHOT'O MOJIETUPOBAHHUS

63 DKCIOHEHITMATBHAS PErpeccust

64 ITolmHOMMANIBHAS perpeccus

65 Pa3nuuHble METOIBI pelIEHNs] HETMHENHBIX YPaBHEHUHN

66 Jluneitnas perpeccust 001Iero BUaa

67 Henunelinas perpeccus o01iero suaa

68 BerauciuTensHbIe SKCIIEPIMEHTBI C MAaTEMAaTHIECKIMH MOJIEIISIMU, HMUATHPYFOTITAMH
NOBEJICHHE PeabHbIX 00BEKTOB, POLIECCOB WIIM CHCTEM

69 JInHEHOE CTIaKUBAHKE T10 IISITH TOYKAM

70 HenuueiliHoe criaxxuBaHue IO CEMH TOYKaM
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71 CryqaifHbple BETMYUHBI M COOBITHS, METOBI UX TEHEPAIUU U 00JIaCTh UX MPUMEHEHUS

72 [Tpo6aems! noyuenust Ha IBM ciyyailHBIX YHCTIOBBIX MOCIEOBATEIBHOCTEN C
3aJJaHHBIMH BEPOSITHOCTHBIMH XapaKTE€PUCTUKAMU

73 ITpeoOpa3oBanue Jlannaca

74 Belunciienne xapakTepuCTHK CUCTEMBI 110 €€ ONIEPATOPHON XapaKTEPUCTHKE

75 CraTucTH4ecKuid aHaan3 MH()OpMaIUK; MPOBEpKa CTATUCTHYECKUX THITOTE3.

Kpurepun onenkmu:

- OLEHKa «OTJIMYHO» BBICTABJSETCS CTYIEHTY, €cid B pedepaTe 3aTpOHYTHI
aKTyaJbHble U TEPCIEKTUBHBIE BOIPOCHI IO paccMaTpuBaeMoi Teme, pedepar YETKO
CTPYKTYpUPOBaH, CHa0KeH HEOOXOJMMBIM WILTIOCTPATUBHBIM MaTepUaIOM, paccMaTpUBaeMble
BOTIPOCHI PACKPBITHI B MOJIHOW Mepe, pedepar COAECPKUT JOCTATOYHOE KOIMYECTBO UCTOYHUKOB
JUTEepaTyphl, B TOM YHCIIe U 3apyOexxHoil. Pedepat opopmiieH B coOTBETCTBHUE ¢ TPeOOBAaHUSIMU

- OIIGHKa «XOpOLIO» BBICTABISETCS CTYICHTY, €ciu B pedepare 3aTpoOHYTHI
aKTyaJlbHble U TEPCIEeKTHBHBbIE BOMPOCHI IO paccMaTpuBaeMoi Teme, pedepar odopMieH ¢
HE3HAYNTENFHBIMU OTKJIOHEHHSIMH OT TpeOOBaHWHM, WUIIOCTPATUBHBIA MaTepHal CHAa0XEH
HEOOXOJUMBIM WIITIOCTPATUBHBIM MaTEpHUajIOM, pPacCMaTpUBAEMbIE BOIPOCHI PACKPBHITHL B
MIOJTHOM Mepe, pedepar COIEPKHUT JOCTATOUHOE KOJIUIECTBO HCTOYHUKOB JIUTEPATYPHI;

- OlEHKA «yJOBJIETBOPUTEIBHO» BBICTABIACTCSA CTYACHTY, €ciu pedepar BBIMOIHEH
HEOpEeXKHO, paccMaTpuBaceMble BOIPOCHl HE aKTyallbHbI, padoTa HE CTPYKTypUpOBaHa U HeE
COOTBETCTBYET TPEOOBAHUSIM;

- OIICHKAa «HEYJOBIETBOPHUTEIBHO» BBICTABISCTCS CTYIAEHTY, eciu pedepar He
MOJITOTOBJICH

9. ®OH/ OLIEHOYHBIX CPEACTB JIfl IPOBEAeHUS NIPOMEKYTOYHOM
arrecTauuu 00y4arIIUXCH 10 TUCHUILIMHE

9.1. IacnopTt GoHAA OLIEHOYHBIX CPEICTB

Kon
Ne KoutpoJsmpyemsble pa3ienbl KOHTPOJIMPYeMOM HaumenoBanue
n/n (TemMbl) AUCUMIIIIMHBI KOMIIeTeHIUHU (MU OLICHOYHOI'0 CPeACTBA
ee 4YaCTH)
1 | Oransl ITOCTPOEHUS OTdyer 1O BBINOJHEHHUIO
MHOTO(aKTOPHON KOPPESIUOHHO- MpPaKTUYECKOro 3afaaHus |
PErpECCUOHHON MOIENH «OCHOBBI paboThl c

nporpammoit «MathCAD».
OTyeT 1O BEIIOJHEHUIO
OIIK -2 MPaKTUYECKOro 3aaHus 2
«Pemienne ypaBHEHHN.
OT4eT 1O BHIIOJHEHUIO
MPaKTUYECKOTO 3aaHus 3
«HTepnonsaus u
TIPEACKa3aHUE)

2 | XapakTepuctuka METO/IOB u OTyer 1O  BBINOJHEHUIO
MOJeJIed  TPOTHO3UPOBAHUS B MPAaKTUYECKOTO 3a7aHus 4
MaIlIMHOCTPOEHUHU «MaremaTtnueckas

IIK - 15 o0paboTka  pe3yJabTaTOB
SKCIEPUMEHTAIbHBIX
JTAHHBIX).

OTyeT 1O BBINOJHEHUIO
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MPAaKTUYECKOTO 3aAaHud 5
«Hucnennoe
UHTErpUPOBaHHE u
Qg epeHIIMPOBAHNE).
OTuer 1O BBIIOJIHEHUIO
MIPaKTUYECKOro 3a1aHus 6
«Pemenne 0ObIKHOBEHHBIX
Qg depeHratbHbIX
YpaBHEHUI.

3aKoHBI pacHpeleneHus, Haubosee
pacnpocTpaHEHHbIE B TEXHUKE

IIK -16

Or4yer 0O BBINOJHEHUIO
MPAKTUYECKOTO 3a1aHus 7
«Pemenue

nuddepeHIaTbHBIX
YpaBHEHUH B  YaCTHBIX
IIPOU3BOTHBIX».

OT4yeT 1O BEIIOJHCHUIO
MPaKTUYECKOTO 3adaHus 8
«CHeKTpajabHbIi aHaIU3 U
CHHTE3.
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9.2. TunoBble KOHTPOJIbHBIE 3aJaHUS WM HHbIE MATePHAJIbl, HEOOX0AUMbIe
ISl OLleHKH 3HAHM M, yMEHMIi, HABBIKOB U (WJIM) ONBITA /1eSITeIbHOCTH,
XapaKTepu3yIuX 3Tanbl GOpMUPOBAHMA KOMIIETEHINI B Npouecce
OCBOCHHS 00pa30BaTeJbLHONH MPOrPaMMbl

KoMIIeKT MpakTHYeCKuX 3a1aHui

IIpakTuuyeckoe 3anaTue Nel
«OcHOBBI padoTsl ¢ mporpammoii «MathCAD»

1. Heas 3ansaTusa: QPopMupoBaHUME OOLIET0 MpEACTaBICHUS padOTBl C
nporpammoit «MathCAD».

2. A.]]I‘OpI/ITM BBINMOJIHCHHUSI MPAKTUYECCKOI'0o 3alaHUA

3apanue 1.

Beruncnauts:

1) V1o ; 2) |-10/=; 3) 10! =.

OTO W BCE OCTalbHBIC 3a/laHWsl CHAOIUTh KOMMEHTApHUSIMH, HCIONb3ys KoMaHisl Text” —
Create Text Region” mmu “Text” — “"Create Text Paragraph”.

3aganue 2.

1) Onpenenutsb nepeMeHHbIE:

a:=3.4; b:=6.222; ¢c = 0.149; (mpuyeM MepeMEHHYIO ¢ — TII00aTBHO).

2) BbruucnuTh 3Ha4E€HUSI BHIPAKEHUS:

2ab +?&/; sin ¢ a
i N :=e - C0S —.
J@® +6%%) ¢ b

3) C nomomuisto komanasl "Math” — "Numerical Format” — "Displayed Precision” uamenutsb
TOYHOCTh OTOOPaXKEHHUsI PE3yJIbTATOB BEIYUCIEHHS II100aIbHO.

3ananue 3.

BeiBecTu Ha 5KpaH 3HAYEHUE CUCEMHOU KOHCMAHMbl T U YCTAHOBUTh MaKCUMANbHBIH opmar
€€ 0TOOPAKEHUS JIOKANbHO.

3aganue 4.
BBITIOTHUTE CIIeMyIOIINE ONepaliy ¢ KOMIUICKCHBIMU YHCIIAMHU:
Z:=-3+2i; |Z| =:Re(@) =; ImZ) =; arg(Z) =; Nz = ; J-5=; 27 =; ZL:= 142i; Z2:=
3+4i; 21+72 = ;721 -722= ;721 -72=;71/72 =.
3agaHue 5.
BEINOTHUTH ClEAyIONTNE ONepaluu:
0,4 12
) . . 2 ctg 2x
=1 . 10; Yi=; [IGi+1)=; fx “lg( x + 2)dx = —zdx =; X:=2;
i i 0 0.g (SN 2X)
d d .
—Xx =, —sin( x)=.
dx dx
3aganue 6.

Omnpenenuth BekTopsl d, S U R depe3 muckperHbiii aprymeHt i. OToOpasuTh rpauyecky,
tabmuuHo 3ananHble pyHkuuu Ri(di) u Si(d;), ucnonp3ys komanny Graphics — Create X-Y —
Plot. Yto6sl oopMuTh rpaduiK, HEOOXOIMMO BHIMOJHHUTE CIACTYIONINE KOMAHIbI.

i ] di S | R |
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0 0,5 3,3 2
1 1 59 3,9
2 1,5 7 4,5
3 2 6,3 3,7
4 2,5 4,2 1,2

1) lllenkHyTh MBIIIBIO HA TpaduKe, YTOOBI BBIACTUTH ero, npu 3toM MathCAD 3aMeHUT MEHO
Graphics ua menio X-Y Plot.

2) Beiopats X-Y Plot — Format (mosiButcs auanorosoe okxo "Formatting Currently Selected X-
Y Plot™) u ordopmarupoBaTh rpaduk Tak, 4TOOBI B KaXKI0U y3JI0BOM ToUKe rpaduka GyHKIIHN
Si(d;) crosin 3nak Buna [1 (Traces — Symbol — box), a rpaduk ¢pynkuu Ri(d;) oToOpasuts B
Buzie rucrorpamMmsl (Trace — tupe — bar).

3) Hanectu nunauu cetku Ha rpaduk (X-Y Axes — Grid Lines) u otob6pasuts sierenay (Traces
— Hide Legend).

3ananue 7.

IToctpouts nexaproBsl (X-Y Plot) u momsipusie (Polar Plot) rpaduku cnegyrommx GyHKIui:

X (ax):=cos( a)-sin( a);
Y (a):=1.5cos( a)2 -1

P(a):=cos( a).

Jist 3T0r0 HE0OXOAUMO ONPENEIUTh (. KaK JUCKPETHBIN apryMeHT Ha uHTepBajie or 0 1o 27 ¢
rarom 72/30.

Omnpenenuts 1o rpaduky X-Y Plot koopauHaThl 11000# U3 TOUeK nepeceueHus rpadukos Y(a) u
P(a), mi1st 3TOr0 HEOOXOAUMO:

1) Boizenuts rpadguk u Boiopath X-Y Plot — Zoom (mosiButcsi 1uajnorosoe okHo "X-Y
Zoom'") 1151 yBeJIMUeHUs YacTH rpaduka B 00J1aCTH TOUYKHU MepecevdeHusd;

2) Ha uepTtesxe BbIICTUTH MYHKTUPHBIM MPSIMOYTOJIBHUKOM OKPECTHOCTh TOUKH IEepPECeueHust
rpadukoB Y(a) u P(a), KOTOpYyIO HY)KHO YBEIHUYHTb.

3) Haxxats kHONIKY Zoom, 4TOOBI epepucoBaTh rpaduk.

4) Ytobsl cenath 3T0 U300pa’keHue MOCTOSIHHBIM, BBIOpaTh Accept.

5) Boibpats X-Y Plot — Trace (mosiButcs auanorooe okHo "X-Y Trace™).

6) BHyTpu uepTexa HaxXaTh KHOIKY MBIIIN U IIEPEMECTHTh YKa3aTellb MBIIIN Ha TOUKY, YbH
KOOP/IMHATHI HY’)KHO YBUJIETb.

7) Beiopars Copy X (i Copy Y), Ha CBOOOTHOM TT0JI€ IOKyMEHTa HaOpath Xper := (uiu Yper
:=) ¥ BbIOpaTh MyHKT MeHto Edit — Paste.

8) Beruncnuts 3HaueHus Gpyakuuii X(a) u Y(a) npu a:= /2.

3ananue 8.

Hcnons3yst komanay Math — Matrics co3nmate Matpuiy Q pasmepom 6] Ha 6, 3alONHUTH €&
IPOM3BOJILHO U 0TOOpa3uTh rpaduuecku ¢ momomsio komanasl Graphics — Create Surface Plot.
3ananue 9.

[Toctpouts rpaduk moBepxHoctu (Surface Plot) u kapry nunuii ypoBHs (Contour Plot) mus
(GYHKITMH IBYX TTEPEMEHHBIX

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

1) Onpenenuts Gpynkuuio X(t, ).

2) 3agath Ha ocsx nepeMeHHbIX t u o 1o 41 Touke (1:=0..40, j:=0..40): a1 nmepemenHoii tj co
3HAYEHUSIMHU, U3MEHSIOMMMUCS oT —5 10 5 ¢ marom 0.25 (ti :=—5 + 0.251), a ns
nepeMeHHoH 0j — oT 0 1o 27 ¢ marom 7/20 (o := /20 j).

3) Onpenenuts Matpuity M; j := X(ti, j) 1 0TOOpa3uTh €€ rpaduuecKy.

4) C momomipto komanabl Graphics — 3D Plot Format Be3BaTh muanoroBoe oxkxo "3D Plot
Format" u usmeHuTs:

— xapakrepuctuku rnpocmotpa (View — Rotation — Tilt),

— uBeta u muHUM nosepxHocTH (Color&Lines — Shading),
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— mapameTpsl oceit (Axes),

— BuJ 3arosioBka rpaduka (Title).

3ananue 10.
Ucnonp3ys nepemennyio FRAME u xomanny Animation — Create, co3maTh aHUMAIlMOHHBIC
KJIMIIBI C TOMOIIBIO JTAHHBIX NMPUBEJICHHBIX B TAOIUIIE:
BapuanTel 3aanus 10

No [TepemenHbIe OyHKIIUU FRAME Tun rpaduka
BapHUaHTa
1 x:=0,0.1..30 f(x):= x + FRAME oT 1o | monspubIii  (Polar
20 Plot)
2 i:=0..FRAME+1 gi:= 0,5-i-cos(i) oT JI0 | TpEXMEpHBIi
hi:=isin(i) 50 TOYCUYHBIN
ki:= 2i rpadux
(3D Scatter Plot)
TPAHHUIIBI HA OCAX
Min Max
x-50 50
y-50 50
z0 50
3 i:=0..20 f(x,y):=sin(x*+y*+FRAME) or 0 o |rpapux
j:=0..20 Xj:=—1,5+0,15i 50 IIOBEPXHOCTH
yj:=—-1,5+0,15j (Surface Plot)
4 r:= FRAME, Xmn:= (R+r] cos(vy)) oT 10 | rpaduk
R:=6 *cos(Wm) 11 rapamMeTpPUIeCKOM
m :=0..20 Ymn:=(R+rcos(vy)) sin(wm) MOBEPXHOCTHU
n:=0.20 Zmn:=rSin(vy) (Surface Plot)
(TpaHUIBI HA BCEX
0CSIX YCTaHOBHTD
or—11 o 11)
5 r.= FRAME, Xmn:=(R+r1 cos(vy)) [ oT 10 | rpaduk
R:=6 cos(Wm) 11 napaMeTpUIeCcKOi
m :=0..20 Ymn:=(R+r] cos(Vn)) [ Sin(wWp) MOBEPXHOCTHU
n:=0..20 Zmpn:= 11 sin(vy) (Surface Plot)

(TpaHMIIBI HA BCEX
OCSIX YCTAaHOBHTH
or—11 o 11)

3. O:xunaemplii (e) pe3yabrtat (b1): odopmiieHHe oTyeTa B Bujae (aiina ¢popmara
«MathCAD»
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IIpakTnueckoe 3ansaTue Ne2
«Pelenue ypaBHeHUID»

1. Henab 3ansaTusa: PopMHpPOBAHME YMEHHUS pelIaTh OOBIYHBIE YpPaBHEHUA H
cucteMbl ypaBHeHul B iporpamme «MathCADy.

2. AJ]FOpHTM BBINMOJIHCHHUSI MPAKTUYECCKOIo 3alaHUA

3amanue 1.

1) Hocrpouts rpaduk ¢yakumuu f(X) U NPUOIMBUTETBHO ONPENCTUTh OJMH M3 KOpPHEH
YpaBHEHHSI.

2) Peunts ypasuenue f(X)= 0 ¢ Tounoctsio ¢ = 10

— ¢ IOMOIIBI0 BCcTpoeHHo# ¢yHkun Mathcad root;

— MeToioM HproToHa (KacaTenbHbIX), UCTIONB3Ys GyHKIHo until;

— METOJIOM UTepalui, ucrob3ys GpyHkiuio until.

3) OnpenenuTh YMCII0 UTEPAITU B KKIOM METOJIE, ¢ TOMOIIbI0 (yHKIuu last.

BapuanTsl 3a1anus 1

No ) Ne )
BapHaHTa BapMaHTa
1 3sin /x + 0,35 x — 3,8x; 9 el et -2
x e [2;3] x e [0:1]
2 . 1 _ 10 \/l——x—tgx;
3+ sin 3,6x x e [051]
x e [0:1]
3 arccos x—\/1—0,3x3; 1 \/2x2+1,2—cos X —1;
x e [0:1] x e [0:1]
4 m— arcsin - X; 12 cos (E) _ 2sin (iw 4 i;
x e [0:1] \x) \x/) X
x e [1;2]
5 3x —14 +e" —e *; 13 01x> = x-Ih x;
x e [1;3] x e [1;2]
6 O,25x3+x—2; 14 1-x+sin x—1In(1+ x);
x € [0;2] x € [0;2]
! 1-x° 15 et o x® - x;
arccos —————;
1+ x° —x x e [0:1]
x e [2;3]
8 3x —4Ih x - 5; xe[2;4]
3ajanue 2.

Jnis nonmuHOMa ¢(X) BBITIOJIHHUTE CIIEAYIOIINE ICHCTBHS:

1) C momomisto komanael Symbolic — Polynomial Coefficients co3nate BexTop V, comepxamimii
KOA(UITMEHTH TOTUHOMA.

2) Pemuts ypaBuenue g(X) = 0 ¢ momorsio Gpyrkimu polyroots.
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3) Pemuth ypaBHEHHE CUMBOJIBHO, UCIIONB3Ya KoMaHly Symbolic — Solve for Variable.
4) pa3oXuTh Ha MHOXKHUTEIH, UCTIONIb3yst Symbolic — Factor Expression.
Bapuantsl 3aanus 2

No g(x) Ne g(x)
BapUaHTAa BapHuaHTa
1 f_23+ x5 12x + 20 9 x* + x°— 17x° — 45x — 100
2 X"+ 6X° + X — 4x — 60 10 X" — 5X° + x“— 15x + 50
3 *_ 14x*— 40x — 75 11 f_4x7—2x*— 20x + 25
4 X — x>+ x°—11x + 10 12 X"+ 5x°+ 7x° + 7x — 20
5 X' — x°— 29x° — 71x 13 f_ 7%+ 7x°— 5x + 100
6 X'+ 7x° + 9x° + 13x — 30 14 X"+ 10x° +36x° +70x+ 75
7 X"+ 3x°— 23x°— 55x — 150 15 X"+ 9x° + 31x” + 59x+ 60
8 *_6x°+ 4x°+ 10x + 75
3amanme 3.
Pemnts cucreMy TMHENHBIX YPaBHEHUMN:
1) ucnonb3ys pyukuuu Find,;
2) MaTpUYHBIM CIIOCOOOM, MCIIONB3Ys PyHKIHIO ISOlve.
BapuanTe! 3amanus 3
BapuaHT Cucrema JIMHEHHBIX BapuaHT Cucrema TMHENHHBIX
ypaBHEHUU ypaBHEHUH
1 + X + 2X3 + 3%X4 = 8; 9 F1+ Xo —5X3 + X4 = —4;
~+ 3X3 = 6; —3Xo — 6x4 =—T;
—Xo+ 34 =4 < o—Xg+ 24 = 2;
+ 2Xo — X3 + 2X4 = 4. X1 + 4Xo — TX3 + 6X4 = 2.
2 r~t+ 2% + 3X3 + 4X4 = 22; 10 r+ 2Xo + 3X3 + 4X4 = 26;
1+ 3x + X3+ 2x4 = 17; L+ 3xp + 4X3 + x4 = 34;
S +Xo+x3—X4=8; L+ 4% + x3 + 2X4 = 26;
—2X3 — 3Xs = 1. |+ Xo + 2X3 + 3X4 = 26.
3 1+ 10X, — 7X3 — X4 = 23; 11 1 — 8Xo — 3X3 —2X4 = 18
1—Xa—5x4 = 37; — 2% + 3X3 — 2x4= 28;
<1 =23+ Xq = 22; + X3 + X4 = 10;
1+ Xo + 2X%3 + 3X4 = 26. [Xo + X3 + 2X4 = 21.
\ \
4 71— Xo + 10X3 — X4 = 158; 12 r1— X2 + 4x3 + X4 = 66;
1+ Xo + 10x3 + 7x4 = 128; b —BX3 + x4 = —63;
L 1= —2x3—Xa =T, < 4 — 3Xp +6x3 —5X4 =146;
— 12X, + 2X3 — X4 = 17. 1 — X + 6X3 — X4 = 80.
\ \
5 r— 2Xo + 6X3 + X4 = 88; 13 r1— 3X3 — 2X4 = —16;
1+ 2X3 — 3x4 = 88; 1 —Xo +13x3 +4x4 = 213;
4 1— 3Xo + 7x3 + 2x4 = 181; 4 1+ Xo +2x3+ X4 =72;
33Xy — 7Xo + 5X3 + 2X4 = 99. —12X3 — 5x4 = 159.
\ \
6 F— 2Xo — 8Xq4 = —7; 14 71+ TXo — 7x3 — 2X4 = 5;
+ 4Xy — 7x3 + 6x4 = -8; 1+ 4Xo + 5x3 + 8x4 =60;
<+ Xp— Sx3 + Xq = —-10; <1+ 2% + 2x3 + Xq = 27;
1—Xo+2X1=17. 1— 2X3 — X4 = —1.
\ \
7 r1+ 2Xo + 6x3 + X4 = 15; 15 r1— 9% + 5x3 +X4 =124 ;
)+ 2X3 + x4 = 18; »— Sx3 — x4 =-H4;
4 1— 3Xp +x3—5x%4 = 37; 4 1— 5Xo + 2x3 + 4%, =83;
1—5Xs + X3 — x4 = 30. 1— 9% + x3 + 6X4 = 45.

\

\
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1— 5Xo + X3 + 5x4 = 165;
1+ Xo— 3x3—x4 =-15;
1+ 4%z — X4 = 194;

— X9 — 2x3 — 3X4 = -19.

3aganue 4.

1) IIpeoOpa3oBaTh HeNUHEHHBIC YpaBHEHHUS CUCTEMBI K By f1(X) =

y u fo(y)= x.

2) IlocTpouts ux rpadMKu U ONPEAEIUTh HadyaJIbHOE IPUOIINKEHNE PELICHUS.
3) Pemuth cucteMy HeJIMHEHHBIX YpaBHEHUH, UCTIONB3ys GyHKImio Minerr.
BapuanTe! 3ananus 4

BapuaHT CucremMa HEJIMHENHBIX BapuaHT Cucrema HETMHENHBIX
ypaBHEHU U ypaBHEHUH

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

2 1(x+0,5)-y=1, 10 x+2)-y=15;
{»s(y 2)+x=0; {»s(y 2) +x=0,5;

3 ISX +y =1,5; 11 »s(x+05) y 2;
{ Sin(y — 0,5) = 1; {1y 2x=1

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

5 x-1)=13- y 13 1sS(x +0,5) +y= 1
{ Sinly +1) = {1(y +0,5)—x=

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

7 sinx+1) +y=0,8; 15 Sin(x—0,5) =
{1(y 1) +x=13; {»sy+x—15

8 X—2y=1;
{1(y— 1) +x=1,3;

3ananue 5.

CHUMBOJIBHO PEIINTH CHCTEMbl YPaBHEHUH:

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

'—7Z'Z:Ll,'
—z=Db;
"+X=c.

3. Oxxunaemblii (e) pe3yabrar (bl): opopmiieHune otyera B Buje daiina popmara
«MathCAD»
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IIpakTH4yeckoe 3ansitue Ne3
«HTepnoasiys ¥ NpeIcKazaHue»

1. Hdeas 3anaTus: QPopMUpOBaHME YMEHMSA IPOBOAUTH HHTEPHOJLALMUIO H
IpeJICKa3aHue Pe3yIbTaTOB dKCIepuMeHTOB B porpamme «MathCADy.

2. AJ]FOpHTM BBINMOJIHCHHUSI MPAKTUYECCKOIo 3alaHUA

3amanme 1.
Boruncnute 3HaueHus 3amaHHod (yakiuu y; = (X)) B y3max uHTepmomsuuu xj =a + h;, rae
b - .
h = Q, 1=0,1,..., 10, na orpeske [a, b].
10
BapuanTse! 3ananmii 1...7
Ne f(x) [a; b] Ne f(x) [a; b]
BapHaHTa BapHaHTa
1 Sinx® [0: 2] 9 x-Cos(x + In(1 + x)) [1; 5]
2 | Cosx’ [0; 2] 10 2x [1; 5]
10 - In
1+ X
3 ™ [0; 5] 11 Sinx*-e ¥ [0; 3]
4 1 [0: 2] 12 Cos(x + Cos°x) [0; 2]
0,5+ x 2
5 gl [2; 5] 13 Cos(x + e*°%) [3; 6]
6 1 [0: 4] 14 Cos(2x + x°) [0; 1]
L+e )
7 Sin(x + e>™) [0; 3] 15 e“%*-Cosx® [0; 2]
8 ef(X+l/X) [1, 3]
3amanmue 2.

ITo BbruKcneHHoM Tabnuue (X, Yi) MPOBECTH MapaboNIMUYECKy0 HHTEPIOJIALUIO.

1) Ons naxoxnaeHus koddduimentoB uckomoro mnonuHoma (3.1) HE0OXOOUMO COCTaBUTH
CHUCTEMY JIMHEWHBIX anredpandeckux ypaBHeHui (3.3).

2) CucteMy ypaBHEHHUH PELIMTh MATPUIHO C MCIOIb30BaHHeM GyHKIMH ISolve.

3) [MocTpouts rpadmk UHTEPIOIAIMOHHOTO MHOTOWICHA U OTMETUTh Ha HEM Y3JIOBBIE TOUKH (X;,
yi)-

3ananue 3.

1) Jlns BBIYMCIEHHON TaOnMMuHOW (YHKIMKU COCTaBUTH (OPMYITy HMHTEPHOISIIMOHHOTO
MHOTOWIeHa Jlarpanka, WCIONB3ysl ONEpaTOpbl CYMMHPOBAHHUS UM TIEPEMHOXKEHHS TIO
JMCKPETHOMY apryMeHTy, a Takke (pyHkuuio if.

2) IloctpouTts Tpadvk HHTEPIOIAIMOHHOTO MHOTOUYJIEHA M OTMETUTH Ha HEM Y3JI0BBIE TOUKH (X;,
yi)-

3ananue 4.

1) IIpoBecTu WHTEPHOIMPOBAHUE 3aJaHHOW (YHKIMM C TOMOIIBI0 TEpPBOH U BTOPOM
WHTEPITOJSIIIMOHHBIX popmya HeroToHa.

2) Ioctpouth TpadMKK WHTEPIIOISAIMOHHBIX MHOTOWICHOB M OTMETHTh Ha HEM Y3JIOBBIC TOUKH
(Xi, ¥i)-

3amanue S.

1) IlpoBecT IMHEHHYIO HMHTEPHONANUIO 33aJaHHOW (YHKIMK C TOMOIIBI0 BCTPOCHHOM
UHTEPIIOSAIIMOHHON QyHKImu linterp.

2) IMoctpouts rpaduk ¢pyukiuu linterp u oTMETUTH HA HEM Y3JI0BbIE TOUKH (Xj, Yi).
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3ananue 6.
1) IIpoBecTH CrIaifH-UHTEPIIONSILNIO C TIOMOIIBI0 GYHKIWI Ispline, pspline, cspline u interp.
2) [Toctpouts rpaduk GpyHKIHH INtEFP U OTMETUTH HA HEM Y3JIOBBIC TOUKH (Xi, Vi)

3aganue 7.

1) Berurcnuth 3HadeHus 3agannoi pynkuuu y; = f(X;) B Toukax xj =a +1/10, rme, 1 = 0, 1, ...,
10(b — @), na otpeske [a, b].

2) C wucnosnbp3oBanueM (yHKIMH PrediCt BBHIMOTHUTH MpeACKa3aHHe (IKCTPAIOJISIIHIO)
MOJIyUEHHOT0 BEKTOpa JaHHBIX Y; B mocienyromux 10 Toukax Mo MOCIeAHUM 7 3HAUYCHUSIM

GyHKIHH.
3) OrobpasuTh rpapuuecky UMEIOUIMECS JaHHBIE, NPEICKa3aHHbIC JAaHHbIE U MCTHHHBIA BUJ

byukuuu f(x).

3. Oxunaemplii (e) pesyabrar (bl): odopmiieHre oTyeTa B Buae ¢aiina ¢opmara
«MathCAD»

IIpakTnueckoe 3anaTne Ne4
«MaremaTnuyeckasi 00padoTka pe3yJibTaTOB IKCHEPUMEHTAIbHBIX JaHHBIX))

1. Heas 3anaTus: DopMHpOBAHME YMEHHS NPOBOJUTH MATEMATHYECKYIO
00pabOTKy IKCIIEPUMEHTAIBHBIX TaHHBIX B TporpamMme «MathCAD».

2. AJIFOpI/ITM BBINMOJTHCHHUS MPAKTUYIECCKOIo 3alaHUA

3amanue 1.
Cozpnaiite Ta0nHIly SKCIIEPUMEHTANIbHBIX JaHHBIX:

b —
xi=a+h;,i=0,1,...,10, h = 4 , Ha oTpeske [a, b].

10
Bapuantsl 3ananus 1
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) AnmpokcMMHpOBaTH MHOrOYJIEHaMHM 2-0 M 6-0M CTENEHM MO METOAY HauMEHBIINX
KBapaToB (YHKIUIO, 3aJaHHYl0 TaOnuuell 3HaueHWH X; M Yi U CpPaBHUTh KayecTBO
npUOIMKEHUH.
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2) [Toctpoutk rpadku MHOTOUYJICHOB M OTMETUTH Y3JIOBBIE TOYKH (Xi, Vi)

3ajmanue 3.

1) Jlns mpuBeneHHBIX B TaOIHIE SKCIIEPUMEHTAIBHBIX AaHHBIX (Xi, Yi) OMPEICTUTh MapaMeTphI
JMHEHHOW PErpecCHHt ¢ MCII0JIb30BaHKEeM BCTpoeHHBIX GyHKiuii Mathcad slope u intercept.

2) Otobpa3uTh rpaduvecKd COBOKYITHOCTh TOUYEK BEKTOPOB X U Yi U PE3yIbTAaThl IPOBEICHHON
JIMHEWHOM perpeccuu.

3ananue 4.

1) AnpoKCUMHPOBATH JaHHBIC U3 BEKTOPOB X U Y

— MOJIMHOMOM 4-0ii CTeTieHH Npy oMol GyHKuuii regress u interp;

— Habopamu OJIMHOMOB BTOPOT'O MOPs/IKa ¢ moMoIbio pyHkuui 10ess u interp (mpu span
paBaom 0,5 u 2.5).

2) OToOpa3ute rpaguuecku pe3yabTaThl APOKCUMAIIUH.

3ajanue 3.

1) AnmpoKCUMUPOBaTh AKCIIEPUMEHTAJbHBIEC JaHHBIC W3 TAOJWIl 3HAYCHUN Xi U Y JIMHCHHOU
KOMOMHAImen QyHKINH:

f(x) = ay f1(x) + a; f2(X) + az f3(x).

2) Koadduuuentsr BekTopa a HailTH ¢ momolinsio Gpyakmuu linfit.

3) OTob6pa3uth rpaduueckd COBOKYIMHOCTh TOUEK BEKTOPOB X; U Yi U PE3yIbTaThl MPOBEACHHOMN
JUHEWHOMN perpeccuu oOIIEeTro BU/IA.

BapuanTte! 3aganus 5

Ne f1(x) f2(x) f3(x)
BapHaHTa
1 e* 1 Sin x
\1+ 2Cos *x
2 1 e* Sin (3x)
1+ X 2
3 1 eSII‘]X X
1+ X 2
4 arctg x InIn x Sin x
5 e—x /2 1 efx
X
6 1 + x X COS X
Cos —
2+ x 10
7 1 T Cos x
1+e”
8 X 2 —Cos X X
Cos — Sin —
2 2
9 1 arctg \/x Sin 3x
1+e”
10 In(x + 5) 1+ x Sin x
1 k] 1+ X £
X X 2
12 Cos x 1 1
1+ X+ X 1+ X
13 e Cos 4x e
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XI3 -2
14 /1 et e Sin“(3x)

15 1 X X
— Cos — Cos —
1+ X+ X 10 10
3amanue 6.

1) ANmpoKCUMHpOBAaTh 3KCIEPUMEHTANbHbIE JAaHHbIE M3 TAOMUI[ 3HaYeHHH X; U Vi QyHKUMEH
BUJIA!

f(x)=e
2) ITapametpsl BekTOpa U HalWTH ¢ moMoInbo Gyakimu genfit.
3) Oro0pa3uth rpapuuecKu COBOKYIHOCTh TOUEK BEKTOPOB Xj M Yj M PE3YJIbTaThl MPOBEICHHON
HEJIMHEHHOM perpeccuu 00IIero Bua.
3ananue 7.

1) BBIMOSHUTE CTiia)KUBaHUE SKCIIEPUMEHTATBHON QYHKIIUH, 3aJaHHON TaOJIUIIeH 3HaUYeHUHN Xj U
Yi, C TOMOIIBIO0 BCTPOCHHBIX (yHKIni Mathcad: medsmooth, ksmooth u supsmooth.
2) Pe3ynbrathl CriaxuBaHus 0TOOPa3UTh TpadUUeCcKH.

U,+U -x+U 2~><2

3. Oxunaemplii (e) pe3yabrar (bl): opopmiieHHe oTyeTa B BUie ¢aiina gpopmara
«MathCAD»

IIpakTueckoe 3anaTue NeS
«YucieHHoe MHTerpupoBanue u 1upepeHpoBaHNE)

1. Heasb 3ansaTusa: PopMHUPOBAHHME YMEHHUS YHCICHHOTO HWHTETPUPOBAHUS U
nuddepenirpopanus B mporpamme «MathCADy.

2. AIropuTM BBHINIOJIHEHHUS] MPAKTHYECKOI0 3a1aHUS

3ananue 1.
Omnpenenuth pynkiuio f(X) Tabnuano, Beraucius 3HaueHus yi = f(Xj) B Toukax xj =a + h; ;
1=0,1,..,8;

b _
h = 4 Ha oTpeske [a, b].
BapuanTsl 3a1anust |
Ne f(x) [a; b] [c; d]
BapHaHTa
1 1 [0,4;0,8] [2,2;1]
tg2x +1
2 Cos 3x [018a 116] [-11 -019]
(1-Cos 3x)-2
3 1 [0,18; 0,98] [0,5; 0,6]
xVx° + 4
4 Sinx [0,8; 1,6] [2;2,1]
1 + Sinx
5 i 2190x+2) [0; 0,4] [1,5; 1,6]
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6 y 2:areg (x/3) [0,8; 1,6] [1;1,1]
7 e™-Sin3x [0,4: 1,2] [2; 2,1]
8 ctg 2 x [0,8; 1,2] [1;1,1]
(Sin 2x)°
9 (x + 1)-Sin x [1; 5] [1;1,1]
10 S5x + x-lgx [0,2; 1] [1,3; 1,4]
11 (2x + 3)-Sin x [0,4; 1,2] [0,5; 0,6]
12 Cosx [0,4;1,2] [1; 1,1]
2X +5
13 1 [0; 4] [2; 2,1]
1+ X+ x°
14 14 x [0,4; 0,8] [1,5; 1,6]
2+ X
15 1t [0,4; 1,2] [0,5; 0,6]
3amanmue 2.

b
Beruucnauts unTerpa: I f(x)dx :
a
1) ¢ moMoI1bI0 BCTPOEHHOT'O OllepaTopa UHTErPUPOBAHNUS;
2) o popmyse npsSMOYrOJIbHUKOB;
3) o hopmyne Cumncona;
4) ¢ MOMOIIBIO BCTPOSHHOT'O OIlEpaTopa MHTETPUPOBAHUS U HHTEPIIOJISAIMCH TaOIUIHOM
byHkMK Kyornueckum criaiinoM (pynkuuu cspline u interp);
5) MEeTOIOM HEOIPEICIIEHHBIX KOA(PPUIIMEHTOB [Tl YHCICHHOTO HHTETPUPOBAHUSI.

3amanue 3.
b

Beruucautes unTErpan I f (x)dx metomom Monte-Kapio. /{5 aToro Heo6xoaumo:
a
1) onpeieNnuTh qUana3oH ciy4aiHbIX yncel, Hanpumep | = 0...1000;
2) ompeaenuTh ¢ MOMOUIBI GYHKIUH A paBHOMEPHO paCIpe/IeICHHYIO CITy4ailHYI0 BETUYUHY
#j Ha OTpe3Ke MHTETPUPOBaHHA [a, b];
3) co3nmats BexTop Fj = f(7;);
4) ¢ nomonibio GYHKIIMK Mean BBIYUCIUTh HHTETPAIL.
3ananue 4.
Haiitn mepBooOpa3Hyro aHanuTHuecku 3aganHoi GyHkimu f(X), ucmonszys komanay Symbolic
— Integrate on Variable.
3ajanue 3.
BeluncnuTh 3HaYCHHS IEPBO M BTOPOi npoun3BoaAHbIX GyHkuuu f(X) B Touke X = ¢:
1) ¢ momomkto oneparopoB auddepennuporanust Mathcad;
2) METOJIOM HEOIPEICIICHHBIX KOA(PPHUIIMEHTOB Il YUCICHHOTO AuddepeHIInPOBAHNS.
3) Onpenenuts Gynknutio f(X) Tadbauyuno, BerurcauB 3HaueHus y; = f(Xj) B Toukax xj = ¢ + h-i,
1=0,1,..,10,h=0,01 na orpeske [c, d].
3ananue 6.
OmnpenenuTh CUMBOJIBHOE 3HAUYEHHE MEPBOW M BTOPOI mpom3BoaHbIX f(X), mcrnonb3ys KomaHmy
Symbolic — Differentiate on Variable.

3. O:xknaaemplii (e) pe3yabrar (bl): ohopMmieHue oTyeTa B Buje ¢aiina hopmara
«MathCAD»
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IIpakTuyeckoe 3ansaTue Ne6
«Pemenne 00bIKHOBEeHHBIX AU depeHIHATbHBIX YPABHEHH»

1. Hear 3ansatusi: @DopMupoBaHHEe yMEHHS pemiaTh OOBIKHOBEHHBIC
nuddepeHnmranbabie ypaBaeHnus B mporpamme «MathCADy.

2. AJIrOpUTM BBINOJTHEHUS IPAKTHYECKOT0 3a1aHMS

3amanue 1.

0
Pemuts 3apauy Komu: Y f(x,y),Y¥(0)=1, cmarom h =0,1 Ha orpeske [0; 1]:
oX

— METOJIOM Jitnepa;

— metonoM Pynre-Kyrra (ko3 durmenTs! K; 3a1aTh kKak GyHKIUH OT X U Y);
— METOIOM Anamca;

— ucnonb3ys pynkumto rkfixed.

Bapuantsl 3aganus 1

Ne f(x, y) Ne f(x, y) Ne f(x, y)
BApUAHTA BApUAHTA BApUAHTA
1 X+Yy 6 2y — Cos2x 11 2y + 3¢
2 2x% + 2y 7 y—e”+2 12 y
—-e
2
3 ex — 3y 8 3y —2-Sin x 13 Cosx
y +
3
4 y —Sin x 9 e” -y 14 y—4x+5
5 y , 10 2-Sinx +y 15 y )
2y 2x — ——e
3 3
3ananue 2.

[Toctpouts rpaduku pelieHuil, MoJydeHHBIX MeTrogamu Oiinepa, Pynre-Kyrra, Anamca u ¢
nomotneto Gynkuun rkfixed. Berumciants B Touke x = 1 OTHOCHTENBHYIO MOTPEUIHOCTh JUIS
Ka)KJ0r0 METO/1a.

3ananue 3.

Haiitu ananutudeckoe (touHoe) pemenue OJIY w3 3amanus 1 ¢ moMomsio mpeoOpa3oBaHuin
Jlarumaca (komanasr Symbolic — Transforms — Laplace Transform u Inverse Laplace
Transform).

3ananue 4.

Pemmmts 3amauy Komm mist cucremsr OJ1Y mpu 3a1aHHBIX HauadbHBIX YCIOBHUSX Ha oTpeske [0;
2] c marom h = 0,2. Pemats ¢ nomomrsto ¢yukimu rkfixed. Iloctpouts rpaduku ¢pyskmii u(t) u

v(t).
Bapuantsl 3ananus 4
Ne CucreMa 0OBIKHOBEHHBIX HauanrHbIe
BapUaHTa muddepeHIMaTbHBIX YpaBHEHUI YCIOBUSA
u(0) u’(0) v(0) v'(0)
1 T=2v +u; 15 15 1 1
{’ =4v—2u.
2 ’=_v+ 3Uu; -1 1 -15 3
{’ =y—2U.
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3 T=2v— u; 1,5 1,5 1 1
{’ =4v+u
4 "= 5v; 1 1,5 0 2
{’ =y +2u+t.
5 =yt utt 0,5 1,5 -1 2
{’ =v+2u-—t.
6 =2v+ o utt; 0,5 2 1 2
{’ =4y.
7 T=v + 5 5 -1 1
{’ =5v—Tu
8 "=y-5u; 1,5 1 3 1
{’ =2v+utt
9 =05+ v, 2 0 -1 1
{’ =4—-u+t
10 =+t -1 2 -15 0
{’ =v+ 3u.
11 T=y—u-—t; 1,5 1,5 -1 -1
{’ =2v+u
12 =5v+ ¢ -1 1,5 0 -2
{’ =3v+u
13 "=v+u -0,5 1 -1 2
{’ =v+u-—t
14 T=2v—u; 0 -2 0 2
{’ =4v+t
15 T=y -2t 3 3 -1 1
{’ =v+ 3u.
3amanue 5.
Ha orpeske [a; b] ¢ ucnons3zoBanuem ¢ynkuumii load, score u shval nmpeobpa3zoBars KpaeByro
3a7a4y:
“y

dx 2

= f(x, y, y’), npu rpanuuHbix ycnousx y(a) = A4, y(b) = B x 3amaue Komu u HailTH

pemenne 3aganaoro OJIY B 10 mpoMexyTO4HBIX TOUKax ¢ nmomorsio Gynkimu rkfixed.
BapuanTsl 3a1anus 5

Ne f(x, v, v) I'pannynbIe yCnoBUS
BapHaHTa a b y(a) y(b)
1 ey + 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 X’y + COS X 0 1 1 0
5 x+e'y 2 4 1 0,14
1-x
6 Xy +1 1 3 0 0,17
1+ x
7 y COS X + COS °X 1 2 0 0
8 (2 +x)y + arctg x 0 3 0 0,22
9 (G-X)y +x 2 4 0 12
10 eXy+2e™ 0 1,5 2,4 0
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11 e Xy -3 -2 3 0
+ X
X
12 , 1 1 2 3 0 0
(x +—)~y+—2
X X
13 (10-x)y +x -1 0 2 0
14 y 1 3 1,5 0
— + X
2
X
15 ylnx+1+x 7 8 0 0

3. Oxugaemplii (e) pe3yabrat (b1): ohopmiieHre oT4eTa B BUe (aitna popmara
«MathCAD»

IIpakTHueckoe 3anaTue Ne7
«Pemenue nudepeHINANBHBIX YPABHEHUN B YACTHBIX IPOU3BOJIHBIX)

1. Hean 3ansarusi: dopmupoBanue ymeHus pemarb AuQdepeHIuaIbHbIe
ypaBHEHMSI B YACTHBIX MPOU3BOAHBIX B iporpamme «MathCADy.

2. AJIFOpI/ITM BBINMOJTHCHHUS MPAKTUYIECCKOI'o 3alaHUA

3apanue 1.
Bapuantsl 3ananus 1
Ne f(x) a b c
BapuaHTa

1 J4 1 0,1
2 7 = 2 0,1
3 | 4 0,2
4 | 6 0,3
5 | 8 0,4

|

|

I

0 5 m

6 x(x*—1)
7 sin (mx °)
8 Sin(mx) cos x
9 x-sin2(x —1)
10 4x°-(x — 1)
11 y 1 0,1 0,2
12 a 3 0,2 0,4
13 | 5 0,4 0,6
14 /| \ 7 0,6 0,8
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| 15 | | 9 | 08 | 09 |

Pemmte 3a1a4uy 0 KosieOaHUM CTPYHBI €AMHUYHOM UIMHBI € 3aKPETIJICHHBIMUA KOHIIAMHU:

o°u , O “u

—=a -——,a=1
ot oX
C HaYaJbHBIMU YCIOBUIMU:
u(x, 0) = f(x),

ou
—(x,0)=0,0<x<1;
ot

U HyJIeBbIMK TpannyHbiMu yemoBusmvu: U(O, t) = u(l,t) = 0.

Jdns peuwieHus 3amadd 1ocTpouTh cetky u3 11 y3moB mo X (1=0,1,..10) u mposectu
BeruncieHust a1 16 cnoés mo t (j=0, 1, ... 16). BerukcicHust BBIIOJHUTH ¢ marom h mo x,
paBubM 0.1 1 marowm 7 o t, paBubiM 0,05. OTOOpa3uTh rpaduyecku pemieHue 3aaadn Ha 0-m, 5-
M, 10-M 1 16-M BpeMEHHBIX CIOSIX.

3amanue 2.
Haiitu pemenue U(x, t) ms ypaBHEHUS TETUIONPOBOJIHOCTH € MTOCTOSHHBIMU KO3 puiineHTamu:
2
ou Jou
—=a—, a=1;
ot oX

C Ha4YaJIbHBIMHA YCJIOBHUAMMU:
u(x, 0) =f(x),0=sx<1;
U I'paHUYHBIMU YCIIOBUAMMU:

u(,t) =a,
u(l,t)y=nh.
Jns peuwieHus 3amadd nocTpouTh cetky u3 11 y3moB mo X (i=0,1,..10) u mpoBectu
BeruucieHus s 12 cnoés mo t (j = 0, 1, ... 12). BelukcieHus BBIIOJIHUATL ¢ marom h mo x,

paBubM 0,1 1 marom 7 o t, paBaeiM 0,005. OTo6pa3uTs rpaduuecku penieHue 3aaa4du Ha 0-om,
4-oM, 8-oM W 12-0M CHOSX M TOCTPOHTH HWHTEIPAIBHYIO IOBEPXHOCTh pPACHpPEACICHUS
TEMIEPATYphl B CTEpP>KHE ¢ ToMolIbio komaH bl Graphics — Create Surface Plot.

BapuanTsl 3a1anus 2

Ne f(x) a b Ne f(x) a b
BapHuaHTa BapHaHTa
1 X (x—1) 0 0 9 (x° +0,5)-cos(?2rx) | 05 | 1,5
2 X2 +x%—X 0 1 10 Sin(m x)-cos x 0 0
3 X“(1 - x) 0 0 11 xsin(2(x — 1)) 0 0
4 x°(1—x) 1 0 12 In0,5+x)x—-1) | 07 | 0O
5 xsin(2x x) 0 -0,3 13 xsin(4(x—1)) —x 0 -1
6 (X — 1)-sin°x 0 0 14 x-cos(27x) 0 1
7 4x°(x — 1) 0 0,5 15 xe X(x' - 2) 0 |04
8 10x°(x — 1) 0 0,5
3amanue 3.

Haiitu cranmoHapHOe pacnpeneseHue TeMIeparypsl B KBaJIpaTHOM IJIACTUHE CO CTOPOHOHU 1,
onuchIBaeMoe ypaBHeHHeM Jlamaca:

2 2
o'u ou
+
2 2

oX oy

C KpacBbIMHU YCIIOBUSAMH BHUOA:
u(0,y) =fa(y), (0O<y<1);
u(l,y) =fa(y), 0 <y =<1,
u(x, 0) = f3(x), (0 <x <1);
u(x, 1) =f4(x), (0 <x <1).
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Pemats 3a1auy ¢ momomisio Gpynkuuu relax. [Ins pemenus 3amauu mocTpouThb ceTky u3 11 y3ios
mo X (i=0,1,..10) wu3z 11 ysmoB mo y (j =0, 1, ... 10). OToOpa3uts rpahuuecKu ¢ TOMOIILIO
komanael Graphics — Create Contour Plot cranmmonapHoe pacrpenesneHue TeMnepaTypsl B
IUIACTHHE.

Bapuantsl 3ananus 3

Ne fa(y) fa(y) fa(X) fa(x)
BpHUaHTa
1 v cosy+ (2 — x> 1+x
—cosl)y
2 e —ey” y 1-x° X
3 1-y* y sinx+1-— — X
x3(1 + sinl)
4 0 y sin x— X>-sinl X
5 & +y(l-e)-1 y 0 x
6 y cosy + (3 — x> 1+ 2x
—cos 1)y
7 0 y sin x— X°-sinl X
8 2ey— (1+ + —y 1-x° X—2
2e)y’— 1
9 ~10y° -8y +6 | —10y°— 30y + 22 Ox° + 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 e/ 1 e
13 —y* 5y 4+ 5y —y° X* + 3x X*+3x + 4
14 3-7y 7— 6y 4x + 3 5x—4
15 0 siny 0 sin x

3. Oxunaemplii (e) pe3yabTat (b1): ohopmiieHHe oT4eTa B BUAE (aitma popmara
«MathCAD»

IIpakTnueckoe 3ansaTHe Ne§
«CrnekTpajJbHbIi AHAJIU3 U CUHTE3)

1. Heab 3ansaTusa: OopMUpPOBAHUE YMEHUS MPOBOAUTH CIEKTPAIbHBINA aHAIN3 U
cunTe3 B iporpamme «MathCADy.

2. AJITOpUTM BBINIOJIHEHUS] IPAKTHYECKOT0 3a1aHMSI

[Topsinok BBINONHEHUS MTpaKkTH4YeCKOr paboThl Ne§

3ajnanue 1.

1) Beruucnuthb nepBbie mecTb nap koddduimenToB pasnoxenus B psax Oypoe ¢pynkiun f(t) Ha
orpeske [0, 27].

2) [Noctpouts rpaduxu 1, 2 1 3 rapMOHUK.

3) BomonuauTh rapmonmdeckuii cunte3 Qynkmuu f(t) mo 1, 2 m 3 rapmonmkam. Pe3ymbTarh
CHHTE3a 0TOOpa3UTh TpadUUECKH.

Bapuantsl 3aganus |

Ne f(t) Ne f(t) Ne f(t)
BapuaHTa BapHaHTa BapuaHTa
1 Cost 6 Cost-Cos|Sint| 11 Sin ( /1 Nt )
2
1+ Cos "2t
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2 Sin t 7 arctg(Cos0,5t) 12 Cos ( /1 . tz)

1+ Cos 2 2t
3 Sin 2t + Sin °3t 8 it 13 Ry
e 3
3+ Sin t+ Cos 2t
4 Sin 3t 9 Sint + [Sin2t] 14 cosi
e
‘Sin t‘+ ‘Cost ‘
5 Cose ‘sin 3t‘ 10 . ) 2 15 ,Cost, |
Sin | — e 2Cos (Sin t)
\2)
3amanmne 2.

1) BBIMONHUTD KIaCCHYECKHI CIIEKTPaIbHBINA aHau3 u cuHTe3 QyHkimu f(t).

2) Orobpa3uth rpaduyecKku CHEKTPbl aMIUIMTYA U (a3, pe3ynbTarT CIEKTPAJIbHOIO CHUHTE3a
dynkmu f(t).

3amanue 3.

1) BBINOJHUTE YKCIIEHHBIA CHEKTpaibHbIA aHamu3 W cuHTe3 (yHkmum f(f). Jlas sroro
HEoO0X0MMO 3a1aTh ucxoaHyro GyHkiwmio f(t) auckperHo B 32 orcuérax.

2) Oto0pa3uth rpaduyecKu CIEKTPHl aMIUIUTYA W (a3, pe3yabTaT CHEKTPaIbHOTO CHHTE3a
bynximu f(t).

3ananue 4.

BbIMOMHUTE CHEKTpaibHblil aHanu3 U cuHTe3 ¢GyHKiuu f(f) ¢ momompio BII®. [[ns sToro
HE00X0UMO:

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

2) BeinonHUTH npsimoe BII®D ¢ nomomnipto ¢pynkimu fit u oToOpa3ute rpaduuecku HaiICHHbIC
CHEKTPBI aMIUIUTYI U (a3 MepBBIX IIECTH TaPMOHUK;

3) BeinoaHUTH 00patHoe BITD ¢ momorsio ¢pynkunuu ifft 1 0ToOpasuTh rpaduyecku pe3yabTar
CreKTpajbHOTO cHHTe3a GyHKuuu f(t).

3ajanue 3.

Beinonuute punsrpanuto Gpyukiun f(t) ¢ momomnipro BIID:

1) cuntesupoBathb GyHkiwio f(t) B BUIE MOIE3HOr0 CUTHANA, pecTaBiIeHHOro 128 orcueramMu
BEKTOpa V;

2) K MOJIE3HOMY CUTHAITY V IPUCOSIUHUTS IyM ¢ ioMoiibio pynkiuu rnd (rnd(2)-1) u
chopmupoBaTh BeKTOp U3 128 OTCUETOB 3alIyMIIEHHOTO CUTHAJIA S;

3) mpeoOpa3oBaTh CUTHAJ C IIIYMOM S U3 BPEMEHHOU 00JIaCTH B YaCTOTHYIO, UCTIOB3YS MIPSIMOE
BI1® (pynxuus fft). B pezynprate nomyuntcs curHan f n3z 64 4acTOTHBIX COCTaBISIONINX;

4) BBINOJHUTH QUIIBTPYIOILIEE PeoOpa3oBaHUE C MOMOIIBI0 PyHKIMK XeBucaiiia (mapamerp
bunbTpanuu o = 2);

5) ¢ momornkto GpyHkiuH ifft BeImOTHUTE 00paTHOE BII® U MOMTYyYHTH BEKTOP BBIXOIHOTO
cursaina h;

6) TOCTPOUTH IPaPUKHU MOJIE3HOTO CUTHAJIA V U CUTHAJIA, TTOJIYYCHHOTO (pUIIbTpaIHeit
3alIyMJIEHHOTO CUTHAA S.

3. Oxungaemplii (e) pe3yabrat (b1): ohopmiieHre oT4eTa B BUje (aitna popmara
«MathCAD»

Kpurepuu onenkmu:

- OIIEHKA «3a4TEHO0Y» BBICTABIIACTCS CTYACHTY, €CJIH OH MPABUIHLHO BBHITTOTHHII
paboTy u 0(hOPMUIT TOTHBINA OTYET;

29



- OIIEHKA «HE 3a4TEHO0» €CJIM OH HEMPABUIILHO BBIMOJIHIII padoTy ¥ ohopmMuI
MIOJIHBIA OTYET, BHIITOJIHUI paboTy, HO He O(OPMUIT OTYET WIIA HE BBITTOJTHUI
pabory.

TecToBbI€E 3a1aHUS

3apgaHue Neo1

CraTtucTHueckKue MOACIIA OTIIUYAOTCA OT APYIUX MATEMATUICCKUX MOI[CJ'ICﬁ B
3aBUCUMOCTHU

BiGepute oanH 13 5 BapraHToB OTBETa:
OT XapakKTepa MPpUMCHACMOIro MCTOZIa MOACIMPOBAHUA U
HCIIOJIB3YyCMOI'O MaTCMATUYCCKOI'O allrapara

2) oT crioco0a uau GopMbl UX MPEJCTABICHUS

3) OT CTETIEHU OTPAXKEHHUS COOTBETCTBYIOIINX CBOMCTB OOHEKTOB
4) OT CTETIEHU OTPAKECHUS ONPEACICHHON MOJHOTHI OOBEKTOB

5) OT MPEIMETHOM 00JIaCTH U 3a/1a4 MOJICTUPOBAHUS

3apgaHune No2

TGOpCTI/IKO-MHO)KCCTBeHHI)IC MOACIN OTIUYAOTCA OT APYTUX MATCMATUYICCKUX
MOIIGHeﬁ B 3aBUCHUMOCTHU

BbiGepute oauH 13 5 BapuaHToB OTBETA:
OT XapakKTepa NPpUMCHACMOro MCToia MOACIMPOBAHUA U
HCIIOJIB3YyCMOI'O MaTCMAaTUYCCKOI'O allrapara

2) oT crioco0a uiu GOopMbI UX MPEACTABICHUS

3) OT CTETEHU OTPAXKEHHUS COOTBETCTBYIOIINX CBOWCTB OOHEKTOB
4) OT CTETICHU OTPAKEHUS ONPEACICHHON MOJHOTHI OOBEKTOB

5) OT MPEAMETHOM 00JIaCTU U 3a/1a4 MOJICTUPOBAHUS

3apaHue Ne3

AOGCTpakTHO-JIreOpanyecKre MOJIEIH OTIIMYAIOTCS OT APYTHX MaTeMaTUYECKUX
MOJICJIEN B 3aBUCUMOCTH

BblbepuTe oouH U3 5 BaprMaHTOB OTBeTa:
OT XapaKTcpa IIPUMCHACMOI'0O MCTOda MOACINPOBAHUA HIINU
HMCIIOJIb3YyEMOI'0 MaTCMaTHYCCKOT'O aIriapara

2) oT crioco0a uiau GOpMBI UX MPEACTABICHUS

3) OT CTETICHU OTPAKEHUSI COOTBETCTBYIOIINX CBONCTB OOBEKTOB
4) OT CTETICHU OTPAKECHUS ONPEACICHHON MOJHOTH OOBEKTOB

5) OT MPEAMETHOM 00JIACTH U 3a]1a4 MOJICTUPOBAHUS

3apgaHue Ne4
HeueTkue MOICINU OTIINYAKOTCA OT IIpyrI/IX MaTCMaAaTHUYCCKHUX MO)ICJICFI B
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3aBUCHUMOCTH
BbibepuTte oanH 13 5 BapnaHToB OTBETA:
OT XapakKTepa MPUMCHACMOro MCTOZIa MOACIMPOBAHUA U

1)
HCIIOJIB3YyCMOI'O MAaTCMATUYCCKOI'O allrapara

2) oT crioco0a uau GopMbl UX MPEJCTABICHUS

3) OT CTETMEHU OTPAXKEHHUS COOTBETCTBYIOIINX CBOMCTB OOHEKTOB
4) OT CTEINIEHU OTPAXKEHUS ONPEIETEHHON MOTHOTHI OOBEKTOB

5) OT PEeIMETHON 00JIaCTH U 33]a4 MOACITMPOBAHUS

3apgaHue Ne5

ABTOMAaTHBIEC MOJECIIN OTJIUYAIOTCS OT APYIrux MaTCMaTHYCCKUX MOJICJICH B
3aBHCUMOCTHU
BblbepuTe oouH U3 5 BaprMaHTOB OTBeTa:

OT XapaKTcpa IIPUMCHACMOI'0O MCTOda MOACTIUPOBAHUA NI
HCIIOJIB3YyCMOI'O MaTCMAaTUYCCKOI'O allrapara

OT crioco0a uiu GOpMbI UX MPEACTABICHUS

)

3) OT CTENEHU OTPAKEHUS COOTBETCTBYIOIINX CBOMCTB OOBEKTOB
) OT CTENEHU OTPAXKEHUS ONPEIETEHHON MOTHOTHI OOBEKTOB
)

oT HpCIIMGTHOﬁ oOnacTv u 3a1a4 MOACIIMPOBAHUA

3apaHue N2196
VYkaxxkute PyHKIHMIO MIIOTHOCTH BEPOSATHOCTH AJI1 raMMa-pacipeeeHusl.

Bbibepute oavH 13 4 BapuaHTOB oTBeTa:

1) dbeta(x, s1, s2)
2) dcauchy(x, I, s)
3) dgamma(x, s)
4) dF(x, d1, d2)

3agaHue Ne197

VYkaxuTte PyHKIUIO TUIOTHOCTA BEPOSITHOCTH JIJIs1 IOTHOPMAJILHOTO
pacupeneneHus.
BbibepuTe oovH 13 4 BaprMaHTOB OTBETA:

1) dbeta(x, s1, s2)
2) dinorm(x, u, o)
3) dgamma(x, s)
4) dF(x, d1, d2)

3agaHue Ne198
VYkaxute QyHKIUIO MIIOTHOCTH BEPOSITHOCTH JJIsl HOPMAJIBHOTO pacipeiesiCHusI.
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1)
2)
3)
4)

BbibepuTte oanH 13 4 BapnaHToB OTBETA:
dlogis(x, 1, s)
dinorm(x, u, o)
dgamma(x, s)
dnorm(x, u, o)

3apnaHue Ne199

Yxkaxute QyHKIHIO TUIOTHOCTH BEPOSITHOCTH 1T pactpeneneHus CThIOeHTa.

1)
2)
3)
4)

BbibepuTte oanH 13 4 BapnaHToB OTBETA:

dlogis(x, 1, s)
dinorm(x, u, o)
dt(x, d)

dnorm(x, u, o)

3apanue Ne200

VYkaxute QyHKIUIO MIIOTHOCTH BEPOSATHOCTHU JIJIi PABHOMEPHOI'O paclpe/IeICHuUs.

1)
2)
3)
4)

BbiGepuTe oauH 13 4 BapnaHToB OTBeTa:
dlogis(x, 1, s)
dunif(x, a, b)
dt(x, d)
dnorm(x, u, o)
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10. OOpa3oBaTesibHbIe TEXHOJOTMH M MeTOANMYECKHE YKa3aHHUA II0
O0CBOCHHUIO TUCIHUILIMHBI (Y4eOHOT 0 Kypca)

Jis  npoBeieHUs IPaKTUKO-OPUEHTHPOBAHHBIX JIEKLMH HCIOJIB3YeTCsl COYeTaHHe
TPaJMLIMOHHBIX METOJ0B OOy4YeHUS C MHTEPAKTUBHBIMM TEXHOJOTMSAMH. AKTHUBU3ALUA
JeSITEIbHOCTH CTYIEHTOB Ha JIEKIMM JOCTHraeTcs BO BpeMs MPOBEICHHsS INPOOJIEMHBIX U
JIUCKYCCUOHHBIX JICKLIHM.

[IpakTHyeckue 3aHATUS NPOBOAATCA B KOMIBIOTEPHBIX ayauTopusax. Mcmomw3yrores
MHTEPAKTHBHBIC TEXHOJOTHH, WH()OPMAIIMOHHBIE TEXHOJOTUH W TEXHOJIOTUU Pa3BUTHA
KPUTUYECKOTO MbILIUIEHUs. B mpoliecce npakTHUeCKUX 3aHATUH NPUMEHSIETCS IPOEKTOD,
Martepuan 3aHATHH odopmIeH B BUAE Mpe3eHTanui, Onaromaps uemy d3(QeKTuBHO
OCYILECTBIISICTCSl MPOLECC Mepeaud M YCBOEGHUs MHpopmauuu. Ha 3aHATHAX MakCUMaiIbHO
AKTUBH3UPYETCS CAaMOCTOSITeNIbHAsL paboTa cTyaeHToB. OOyJaroImuMcs HEOOX0AUMO BBITIOTHUTH
WH/IMBUYyaJIbHBIE 3aJJaHNs, Pa3BUBAIOIME HABBIKU Oyaylieil npodeccuoHalbHON AesTeIbHOCTH.
[Ipennaraercss HaTH pelIeHHE 3a1ad C MOMOIIbI0 MH()OPMAIMOHHBIX TEXHOJOTHHA. 3aJaHus,
IPEIYCMOTPEHHBIE B KypCE, BBINOJIHAIOTCA Ha KOMIbIOTEpax MpHU MOMOIIM MAaTeMaTHYeCKOIro
nakera "Ananu3 gaHHbIX" MS Excel unm apyrux SKOHOMETpPHUYECKHMX IakeToB. CTYAEHTHI
IOPOBEPSAIOT, AHAIU3UPYIOT, DPA3BUBAIOT, IPUMEHSIOT IOJIYYEHHYIO MM  HalJIeHHYIO
uH(pOpMalLMIo, Moslydas NpopecCUOHANbHbIE YMEHUS U HaBbIKU. B KauecTBe MpoMEKyTOUYHOTO
KOHTPOJIS IPElyCMOTPEHBI TECTHI 110 MaTepHaiaM TEKYILEro pa3zeiia Uil BCero Kypca.

Jlig caMOCTOATENbHOW paboThl MpeIoaaBaTeaeM opraHusyercs GopyMm Mo JUCHUIUIMHE
Ha oOpa3oBareiabHOM noprane. CaMOKOHTPOJIb IPOBOJUTCS C MOMOILBIO TECTOBBIX 3a/laHUM Ha
JIOCTYIHBIX UHTEPHET-PECYPCaAX.
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11. YuyeOHO-MeTOAMYeCKOE oOecnieueHre TUCHUILTHHBI (Y4eOHOro Kypca)

11.1. Ob6s13aTesibHAA JIUTEPATYpa

No bubnuorpaduueckoe onucanue

Tun (yueOHuK, yueOHOE
nocobue, yaeOHo-
METOAMYECKOEe TIoco0ue,

MIPaKTUKYM, 1Ip.)

KommuectBo
B

onbanorexe

1 I'opnau b. A. Maremaruueckoe
MOJieJIUpOBaHue [ DNEKTPOHHBIN pecypc] :
MOCTPOCHUE MOJIEJIeH U YHCIIeHHAs
peanuzanus : yueo. mocobue / b. A. I'opnau,
B. I'. lllaxoB. - Cankt-IleTepOypr : Jlans,
2016. - 292 c. : wi. - (Y4eOHUKH TSI BY3OB.
CrnernuanpHas qureparypa). - ISBN 978-5-
8114-2168-8. ObC "Jlanp"

yue0. mocodue

ObC "Jlanp"

2 benoa I1. C. MaTremaruueckoe
MOJICTTMPOBAHUE TEXHOJOTHICCKUX MPOIIECCOB
[DnexTpoHHBIH pecypc] : yueb. mocodue
(xoucnext nexuwuii) / I1. C. bernos ;
EropwseBckuii TeXHOJ. HH-T ((human)
MOCKOBCKOTO I'OC. TEXHOJI. YH-Ta
«CTAHKUHY. - Eropsesck : ETU MI'TY
"CTAHKHMH", 2016. - 121 c. - ISBN 978-5-
904330-02-6.

yue0. mocodue

2OBC
"IPRbooks"

['ony6esa H. B. Matemarnueckoe
MOJICJTMPOBAHUE CUCTEM U MPOIIECCOB
[DnexTpoHHBIH pecypc] : yueOHOe ocooue /
H. B. T'onyGeBa. - U3x. 2-e, crep. - CaHKT-
[TeTepOypr : Jlansb, 2016. - 192 c. : um. -
(Yuebnuku ams By3oB. CriennanbHas
mutepatypa). - ISBN 978-5-8114-1424-6.
OBbC "Jlansp"

yuebHoe rocobue

9BC "Jlaup"

11.2. lonoJsiHUTEJbHAS JMTEpaTypa M y4dyeOHble MaTepuHaJbl (ayauo-,

BH/1€OIIOCO0MS U JIP.)

e (doun Hayunoit budmmorexu TI'Y:

Ne bubnuorpaduueckoe onucanue

Tun (yuebHUK,
yuebHoe rmocobdue,
yueOHo-
METOIUYECKOe
rmocooOue,
IPAaKTUKYM, Jp.)

KonnuectBo B

oubnnoreke

bype B. M. Teopus BeposTHOCTEU

auteparypa). - ISBN 978-5-8114-1508-3.

MaTeMaTHyecKasi  CTaTUCTUKA  [DJEeKTpOHHBIN
1 pecypc] : [yuebnmk] / B. M. bype, E. M.
[Tapununa. - Cankt-IlerepOypr : Jlans, 2013. -
416 c. : uin. - (YueOHuku 11 By30B. CrienianbHas

51 y4eOHUK

9BC «Jlaup»
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No bubnuorpaduueckoe onucanue Tun (yuebHuK, KonuuecTBo B
m\n yuebHOe mocooue,
o6ubnmmoTexe
y4eOHO-
METOHYECKOE
rnocooue,
IIPAKTUKYM, Jp.)
bopoBkoB A. A. Maremarnueckas CTaTHUCTHKa y4eOHUK OBC «Jlanb»
[DnexTpoHHBI  pecypc] yueOHUK / A. A.
2 bopoBkos. - U3zn. 4-e, crep. - Cankr-IletepOypr :
Jlanb, 2010. - 704 c. - (Kmaccuueckast yueOnas
nuteparypa no marematuke). - ISBN 978-5-8114-
1013-2.
Tyranbaes A. A. Teopus BeposTHOCTE U | ydeOHOe mocobue OBC «Jlanb»
MaTeMaThyeckas  CTaTUCTHKA  [DJEKTPOHHBIN
3 pecypc] : yue6. mocodue / A. A. Tyranbaes, B. T'.
Kpynusn. - Cankr-IlerepOypr : Jlans, 2011. - 224
C. : un. - (Yuebuuku nns By3oB. CrneuuanbHas
nuteparypa). - ISBN 978-5-8114-1079-8.
e 1pyrue GoHAbL:
No bubnmorpaduueckoe onucanue Tun (yaeOHUK, yaeOHOE Mecro
n/m nocodue, yueOHo- XpaHeHus
METOJIMYECKOE [T0COOue, (MeToanueckuii
MPAKTUKYM, ayAnuo0-, KaOWHET
BUJIEOTIOCO0US U JIp.) Kadeapsl,
TOPOJICKHE
OMOJIMOTEKH U
ap.)

4 | Cucrembl aBTOMaTU3UPOBAHHOTO Y4eOHO-MeToANYECKOE Penosuropuii
[IPOCKTUPOBAHUSA TEXHOJIOTUYECKHUX nocobue Ty
MPOIIECCOB [ DIIEKTPOHHBIN pecypc] :

JIEKTPOH. yuel.-METOANYECKOe
mocobue /3otos, A.B., Koznos A.A.
1TV, 2016. — 87 c. : un. — bubauorp.:
c. 79. —ISBN 978-5-8259-0991-2
COI''TACOBAHO
JupexTop HayuyHOU OMOIHOTEKH A.M. AcaeBa
(noonucs) (U.0. Damunus)

«

20 T.

MII
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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.

11.3. IlepeueHsb pecypcoB HH(POPMALMOHHO-TEIEKOMMYHUKAIIMOHHOM CeTH
"UnrepHer"

1. Poccwuiickas rocyaapcrsernas oubanoreka (PI'B), r. Mocksa — http://www. rsl.ru.

2. Undopmanmonnas cucrema "EnumHOe OKHO JocTyma K 00pa3oBaTelbHBIM pecypcam”
co3nmana 1o 3akazy denepasbHOro areHtrcTBa 1o odpaszoBanuio B 2005-2006 rr. Ha mannbId
nepuol B Ob yxe cobpano 6onee 11 Thic. yueOHBIX MaTepHaioB pa3ln4HbIX By30B Poccun. B
OK — 6onee 30 ThIC. onucaHuid, a Tak ke ecth "I moccapuit" u pazaen "Cucrema HoBOCTEH" MO
HA3BaHHOW TEMAaTHKE. OJTO YHUKAIBHBIA OOpa30BaTENbHBIA MPOEKT B PYCCKOSI3BIYHOM
Untepuere. IlonaHbli AOCTYN KO BCEM pecypcaM, BKIIOYAs IOJHOTEKCTOBBIE MaTepUalIbl

OMONMMOTEeKH, TPEJOCTABIISCTCS  BCEM  IOJIb30BATeNsiM B CBOOOJHOM  pEeXUME  —
http://window.edu.ru.
3. HUnrepuer-6ubimoreka  00pa3oBaTeNbHBIX  W3JAaHUH, B  KOTOPOW  coOpaHbI

JNICKTPOHHBIC YYEOHUKH, CIIPABOYHbIC U y4eOHBbIC MOCOOUs. YIOOHBIH HMOMCK IO KIFOUEBBIM
CIIOBaM, OTJICIIbHBIM TeMaM M 0TpacisiM 3Hanus — http://www.edulib.ru

11.4. IlepeyeHb NPOrPaAaMMHOI0 O0eCIIeYeHUS

Ne HanmenoBanue I10 KounvecTBo | PekBU3UTHI 10roBopa (1ara,

n/n JIMLeH3UI HOMep, CPOK JAeHCTBHA)

1 Windows 1398 Horosop Ne 690 ot 19.05.2015r.,
CpPOK JICHCTBHS - OECCPOYHO

2 Office Standart 1398 Horosop Ne 727 ot 20.07.2016r.,
CPOK JeHCTBHA - OecCpOUHO

3 MathCAD 15 Axrt i/m ot 21.07.09 (T'oc. Konrpakr
487 ot 28.05.09) beccpounas

11.5. Onucanue MaTepuaIbHO-TEXHUYECKOI 0a3bl, HEOOXOAMMOM 1JIsI
OCyIleCTBJIEHHSI 00Pa30BaTEJIBLHOI0 MpoLecca Mo AUCIHUIIMHE (MOILYJII0)

HaumeHoBaHue
000py10BaHHBIX -
y4eOHBIX KAOMHETOB, . o~ 3
N DaKkTHYECKUI = o =
Jaboparopwuii, - &
ajgpec y4eOHBbIX | =
Ne MAaCTePCKUX M Jp. Ilepeyenb 0CHOBHOTO = g =2
KaOUHETOB, s - =
n/n 00BEeKTOB 1JIs1 odopynoBanus . = = I
Jaboparopuii, ) = o
NpoBeaAeHUs = =
MACTEePCKUX M Jp. = <z 8
NPAKTHYECKUX U e
J1260pPaTOPHBIX =
3aHATHH
JlabopaTopus Cron yueHn4eckuit 445020, Camapckas
"MeToabl JIBYXMECTHBIN 00u1., T. TompsTTH,
HccJIeI0BaHUS (MOHOOJIOK., TOCKa yi. benopycckas,
(usuyeckux CBOWMCTB | AyIUTOpPHAS 16 B
1 | mepcneKTHBHBIX (MemoBast), CTON mro3utust o TIT 35,9 30
matepuaioB' (E-205) | npenonaBatenbckuil., | Ne26,
CTYJ 2 stax, (E-205)
Iperno/1aBaTeIbCKUil. ,
Kadeapa
2 | Komnbrotepnsiit kiacc. | Cron  yuenuueckwuid, | 445020 Camapckas | 84,8 16
ITomemenue st | crya, [1K ¢ Beixogom B | 0671aCTh, T.
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HauMenoBanue

000py10BaHHBIX -
Y4eOHbIX KAOUHETOB, 5 ~ 54
N DaKkTHYECKUI = o =
Jaboparopwuii, - 2
aapec yueOHbIX 2 5 B
Ne MAaCTEePCKUX H Jp. IlepeyeHb OCHOBHOIO = g 3
Ka0MHETOB, s = =
n/n 00BbEeKTOB 1JI1 odopynoBanust . =f = T
Jadoparopuid, S = o
npoBeaeHud = = §
MACTEePCKUX M Jp. = <z S
NPAKTHYECKUX H S
J1a00paTOPHBIX =
3aHATHH
CaMOCTOSTEJIbHOU CETh UHTEPHET Tonpsarry,
paboTHI. YueOHast yn.benopycckas, 14,
ayAuTOpHUs s no3urmd mo TTI Ne

MPOBEJICHUSI  3aHATHI
CEMHUHApPCKOI0 THUIIA.
YueOHast ayIuTOpuUs
UL KypCOBOTO
IIPOEKTUPOBAHUS
(BBIIIOJIHEHUS KYPCOBBIX
pabor). YyeOHas
ayuTOpus JUISL
IIPOBEJCHUS TPYIIIOBBIX
u WUHAVBUAYAJIbHBIX
KOHCYJIbTALIU.
VYuebHas ayIuTopus
JUIs [IPOBEJICHUS
3aHATUN TEKYILIETO
KOHTPOJIS u
IIPOMEKYTOUHOU
arrecraruu. (I'-401)

48,
4 srax, (I'-401)
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