MMHUCTEPCTBO HAYKHU U BBICHIEI'O OBPA30OBAHM S POCCUMCKOM ®EJEPAITN
benepanbHOE TOCyIapCTBEHHOE 010 IKETHOE 00pa30oBaTesIbHOE YUpPEKICHUE
BBICIIET0 00pa30BaHUs
«TONBATTUHCKUN TOCYTAPCTBEHHBI YHUBEPCUTET

b1.B.JIB.02.02

(uHOexc OucyuniuHot)

PABOYASA ITPOTPAMMA JTUCLHUITJIMHBI

CUCTEMBI NIOJJEPKKN UHXEHEPHBIX PACYHETOB

(HauMeHo8aHUe OUCYUNIUHDBL)

I10 HAINPaBJICHUIO MOATOTOBKH (CHEUAIILHOCTH)

15.03.05 KOHCTPYKTOPCKO-TEXHOJIOTMUYECKOE OBECIIEYEHUE
MAIINHOCTPOUTEJIBHBIX ITPOU3BOACTB

HaIpaBJIECHHOCTH (MPOQUIIb)/CrIeIuaTu3 A

TEXHOJIOT' A MAIIIMHOCTPOEHU A

dopma 00ydeHHsI: OUHAs
I'ox mabopa: 2021
Oomras TpymoeMkocTb: 2 3ET

PacnpeueneHHe 4aCOB JUCHUIIJIMHEI ITO CEMECTpaM

Cemectp 8

®opma KOHTPOJIA 3a4yer Hroro
Bun zansaruit
Jlexuu 18 18
JlaboparopHble
ITpakTnueckue 18 18
PykoBozcTBO: KypcoBbie paboThl (ipoekTsl) / PI'P
[TpoMexxyTouHast aTTecTanus 0,25 0,25
KonraktHas pabota 36,25 36,25
CamocrosiTenpHas pabora 35,75 35,75
KoHnTpons
Hroro 72 72




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

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

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

PenenzupoBanue paboueii mporpaMMbl TUCHUTUIMHBL:

OtcyTcTBYET

Penensent

(OoavicHOCmb, yueHoe 36anue, cmenenb, Pamunus 1.0.)

Pabouas mporpamma qucHMIUIMHEBI cocTaBieHa Ha ocHoBaHuu GI'OC BO u yuebHoro miana
HanpasieHuss  noarotoBku  15.03.05  KOHCTPYKTOPCKO-TEXHOJIOTHUYECKOE  olecneueHue
MAaITMHOCTPOHUTENBHBIX IPOU3BOICTB

Cpok neiicTBus pado4eil mporpaMMbl JUCHHMILVIMHBI 10 «31» aBrycra 2025 r.

YTBEPXIEHO

Ha 3acemanuu xadenps
«O00opyI0BaHNE U TEXHOJIOTUHM MAIIMHOCTPOUTEITHLHOTO ITPOU3BOICTBAY

(mporoxon 3acemanusg Ne. 1 ot «31 » asrycra 2020r.).

AOKYMEHT MOoArnnCAH
QNEKTPOHHOW MOAMUCHLIO

Ceptudukat: 01EBF9AE0042AFACBF4C85985C8EOBA090
Bnapgeneu;: NNornHos Hukonan KOpbeBuny
LenctButeneH: ¢ 03.11.2022 oo 03.11.2023




1. Ilean ocBOEHUN TUCIUILIHHDI

Ilenp OCBOEHUS IUCHMIUIMHBI — CGHOPMHPOBATH Yy OOYYalOMIMXCS 3HAHUS, yYMEHHUS U
npuoOpeTeHNe OMbITa IPUMEHEHHUsS METOJ0B MaTeMaTH4eCKOro MOJEIMpoBaHus (pa3paboTka
MaTE€MaTU4eCKUX MOJEIEH, NPUMEHEHUE YHUCICHHBIX METOJOB pEIICHHs pa3iIM4yHbIX 3a1ad4,
UCIIOJIb30BAHUE COBPEMEHHBIX MAaT€MAaTHUYECKUX IIAKETOB Ul PEIICHMS 3a1a4 MaTeMaTH4eCKOro
MOJIEJIMPOBAHUS) TIPYU CUHTE3€ U UCCIIEI0BAaHUI CUCTEM aBTOMAaTHYECKOIO KOHTPOJIS U YIIPABICHUS
TEXHOJIOTMYECKUMU IIPOLIECCAMH.

2. Mecro nucuumiuabl B ctpykrype OIIOITI BO

JIMCUMIUTMHBL M TPaKTUKA, HAa OCBOEGHUU KOTOPBIX Oaszupyercss [aHHas HUCHUIUIMHA:
«Bpicmias mMaremaTnka», «OCHOBbI MH(OPMALMOHHON KyJIbTYpbl», «Dusuka», «ABTOMaTH3aLUsA
TEXHOJIOTHYECKHX TMPOIECCOB B MAIIMHOCTPOCHUNY», «Teopus aBTOMATUYECKOTO YIPABICHUS,
«TexHonorus MamHOCTPOCHUS.

I[I/ICIII/IHJII/IHI)I " OpPaKTHUKH, JJI1 KOTOPBIX OCBOCHUC I[aHHOfI JUCHUITIIMHBI HGO6XOI[I/IMO Kak

MMpEANICCTBYIOMICC: BBITIOJIHCHHUE BBIHYCKHOP'I KBaHH(bHKaHHOHHOﬁ pa6OTLI.

3. Ilinanupyembie pe3yJibTaThl 00y4YeHUs1

dopmupyemble U
NHaukaTopbl 10CTHKEHUS
KOHTPOJIUpYyeMble N IInanupyemble pe3yJbTaThl
KOMITeTeHIIM I
KOMIIETeHI[HH 00y4eHuUs
(Koa 1 HAMMEHOBaHUE)
(Ko ¥ HAMMEHOBAHUE)
[1K-3. Cnocoben IIK-3.1. OcymecTBnusieT | 3HaTh:
OCYILECTBIIAT 0bpaboTky JaHHBIX | @ OCHOBHBIE MOHATHSA, 3a/a4¥ U IEIH
ABTOMATHU3UPOBAHHOE 00BEKTUBHOT'O KOHTPOJIA | MOACTHPOBAHHUS;
MMPOCKTUPOBAHHUE CHUCTEMBI c6opa, 06pa6OTKI/I, ° KJIaCCI/I(l)I/IKaLII/IIO MOﬂeHeﬁ U BUIOB
TEXHOJIOTUYCCKUX OTO6pa)KeHI/I$[ " | moge JINPOBaHUA,
MponecCoOB N3roTOBJICHUA APXUBHUPOBAHUA METOJBI TIOCTPOCHHUA
JeTanei u3 pa3anyHbIX uHpopmanud 00 0O0BEKTAX | MaTeMATHYECKOTO ONMUCAHUS
KOHCTPYKITHOHHBIX A7 BBIABIEHUS TIPUYUH | 0GBEKTOB,
MaTcpHraJioB 6paKa IIpyu H3TOTOBJICHUU | e yyCcliIcHHEBIC METOJIbI peLIeHus
MAaIIHHOCTPOUTEIBHBIX Pa3IIIYHBIX 3a1a4;
H3NCINH ® METO/IbI BOCCTaHOBJICHUS
[IK-3.2. ToaroTaBiuBaeT | sypyppaeckux 3aBUCHMOCTEH;
HPEATOKCHUA O | o MeTomp! AHATTUTHYECKOTO
HPCAYTIPEKACHHUIO 1| monenupopanus;
JIMKBUIAIMA  OpaKa  TPH | yroroer pvuTAIIHORHOTO
HU3TOTOBJIIEHUU MOZIEHPOBAHHS.
MaIIHHOCTPOUTETBHBIX VMeTh:
EE‘I?CHHH - UCIIOJIL30BaTh OCHOBHBIE 3aKOHBI
-3.3. OcyHIeCTBJ'IiIeT €CTCCTBCHHOHAYYHBIX JUCHUTUIMH JJIS
BHECCHNC N3MCHCHUH B COCTaBJIEHHUS MaTEMATUIECKOI'O
TEXHOTOTICCKNE OTMCAHNS 00BEKTA MOJICTHPOBAHNS,
HPOTECCHI M3TOTOBJICHIA - pemIaTh COCTaBlICHHBIC YPAaBHEHUS
MaIMHOCTPOUTEILHBIX (cHCTeMBI ypaBHEHHIT) MOJIEIH C
U3NCUHA 1 IOKYMEHTAMIO | o\ romipi0 COBPEMEHHBIX
Ha HAX MaTeMaTHYECKHX TTAKETOB.
Bnanets:




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

NuaukaTopsbl 10CTHIKEHUS
KOMIIeTeHIH i
(Koa 1 HAMMEHOBaHUE)

Ilnannpyemble pe3ybTaThl
o0y4eHust

® COCTAaBJICHHUSI TIOJIHOM CTPYKTYpHOMU
CXEMBbI BEIECTBEHHO-IHEPTreTHUYECKUX
IIOTOKOB TEXHOJIOTUYECKOI0 Ipoliecca
IPOTEKAIOIIET0 B TEXHOJIOTHYECKOM
00BEKTE yIpaBIICHHUS,

pa3paboTKu JUHAMHYECKUX U
CTaTHYECKUX MPOCTPAHCTBEHHO-
pacnpe/elieHHbIX MaTeMaTHYeCKUX
MOJENEN TEXHOJIOTUYECKUX
IPOIIECCOB;

- METOJIaMU MaTEMaTHIECKOTO
aHaJIM3a U MOJICTIUPOBAHUS B
TEOPETUICCKHUX U
IKCIIEPUMEHTAIIbHBIX UCCIET0BAHUAX
B obsactu pazpadbotku ACY TII ¢
UCIIOJIb30BAaHUEM COBPEMEHHBIX
MaTEeMATHYECKUX ITAKETOB.




4. CTpyKTYpa M coJiepKaHue IUCHUIINHbI

DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HanMeHoBanue TeM 3aHATHH OonemMm,
(pasnex) y4eOHol (yueBHoii padoTbi) Cemectp . Baanel | UHTepakTuB, 4. | (HAHUMEHOBaHUE
padoThI OLICHOYHOI'0
cpeacTBa)
Monyns 1 JIek. 1.1. O6mue BOpoCckl MaTeMaTUIECKOTO 8 1 - - Bormpocs! k 3auery

MOJIETTUPOBAHUSI.

Cp. 1.1. OGuire BOmpockl MaTeMaTHIEeCKOTO 8 2 - - Bormpocs! k 3auery
MOJIETUDOBAHUSL.

IIp. 1.1. O6mue BOpocsl MaTeMaTUIECKOro 8 1 - - OT4eT B 3JIEKTPOHHOM
MOJICTTUPOBAHUSI. BUIC

Jlex 1.2. Unrepnonsus no oduieit popmyse 8 1 - - Bomnpocsr k 3auety
Jlarpanxa.

Cp. 1.2. UaTepnomnsmnus mo odmiei Gpopmyre 8 2 - - Bomnpocsr k 3adery
Jlarpanxa.

I[Ip. 1.2. Uarepnomnsmus mo odmieit popmyre 8 1 - - OT4eT B 3JIEKTPOHHOM
Jlarpanxa. BHJIE

Jlek. 1.3. UnTepnonsnus Ta0IMYHBIX JAHHBIX 110 8 1 - - OT4er B 2JIEKTPOHHOM
dopmynam Jlarpanxa. BUIE

Cp. 1.3. UaTepnonsus Ta0IMYHbIX JAHHBIX 10 8 2 - - Bompocsr k 3auety
dopmynam Jlarpanxa.

IIp. 1.3. VIaTepnionsanus TaOINYHBIX JAHHBIX 110 8 1 - - OT4er B 2JIEKTPOHHOM
dopmynam Jlarpanxa. BUJIE

Jlek. 1.4. IIpouecc nocTpoeHnss MaTEMaTHUECKON 8 1 - - OT4eT B 2NIEKTPOHHOM
MOJIETIH. BHJIC

Cp. 1.4. IIpouecc moCTpOEHUSI MATEMATHYECKOM 8 2 - - Bomnpocs! k 3auety
MOJIETIN.

IIp. 1.4. IIpouecc nocTpoeHNss MaTEMaTHUECKON 8 1 - - OT4eT B 2NIEKTPOHHOM
MOJIETIH. BHJIC

Jlek. 1.5.ITonmmHOMHANIBHAS ANIIIPOKCUMALTHS. - - OT4er B 3JIEKTPOHHOM

Cp. 1.5.ITonmnHOMHANIBHAS ANIIIPOKCUMALTHS. - - Bormpocs! k 3auety




DopMBbI TEKYLLET0

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

Bun . KOHTPOJISA
Monayab . HanMeHoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . Cemectp banabl | UHTepakTuB, 4.| (HAaUMEHOBaHHeE
(pa3nen) (yueoHoOii padoThI) q,
padoThI OLICHOYHOI'0
cpeacTBa)
IIp. 1.5.ITonuHOMMaNbHAS AIIPOKCUMAITHUA. 8 1 - - OTyYer B 3JIEKTPOHHOM|
BU/JIE
Jlek. 1.6. UeObImieBcKast anmpoKCUMaIusl. 8 1 - - Bormpocs! k 3auery
Cp. 1.6. UeOpbImeBcKast anmnpoKcuMarius. 8 - - Bomnpocsl k 3auety
IIp. 1.6. UeOpbIeBcKas armpoKCUMAIIHsL. 8 1 - - OT4YeT B 3JIEKTPOHHOM
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 3JIEKTPOHHOM
BU/JIC
Jlex 1.8.OkcnoHeHIManbHas PErpeccusi. 8 1 - - Bompocs! k 3auery
Cp. 1.8.OkcroHeHIMATTbHASL PETPECCHSL. 8 2 - - Bompocsr k 3auery
Jlex 1.9.ITonnHOMUANBHAS pETPECCHSL. 8 4 - - Bormpocs! k 3agery
Cp. 1.9.ITonmuHOMMATIbHAS pETPECCHUS. 8 2 - - Bormpocs! k 3auety
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 3adety
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 BblunCIUTENbHBIE SKCTIEPUMEHTHI C 8 1 - - Bormpocs! k 3auery




DopMBbI TEKYLLET0

CJ'Iy‘-IElfIHLIX YHCJIOBBIX
MOCJIEIOBATEIILHOCTEH C 3aJaHHBIMH
BEPOATHOCTHBIMU XapPAKTCPHUCTUKAMM.

Bun . KOHTPOJISA
Monayab . HanMeHoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . CemecTtp banabl | UHTepakTuB, 4.| (HAaUMEHOBaHHeE
(pa3nen) (yueoHoOii padoThI) q,
padoThI OLICHOYHOI'0
Cpe/cTBa)
Cp. 2.4 .BpIUMCIUTENBHBIE SKCIIEPUMEHTHI C 8 2 - - Bomnpocs! k 3auety
MaTeMaTUYeCKUMHU MOJIETISIMU,
UMUTHUPYIOUIIMH MOBEICHUE PeabHbBIX
00BEKTOB, MPOLIECCOB MIIU CHCTEM.
IIp. 2.4.BpIuuCIUTENTbHBIC SKCIIEPUMEHTHI C 8 1 - - OT4er B 2JIEKTPOHHOM
MaTeMaTUYeCKUMHU MOJICTISIMU, BUJIC
UMUTHUPYIOLUIMMH OBEJCHUE PEabHBIX
00BEKTOB, MPOLIECCOB MIIA CUCTEM.
Jlex 2.5.IlpeobpazoBanue Jlamaca. - - Bomnpocs! k 3auery
Cp. 2.5.IlpeobpazoBanue Jlammaca. - Bormpocs! k 3auery
IIp. 2.6. CrydaiiHple BETUYUHBI U COOBITHS, 8 - - OT4YeT B 2JIEKTPOHHOM
METO/IbI UX TeHepaIlu U 007acTh UX BU/JIC
MIPUMEHEHUS.
Jlex 2.7. JluHeliHOe CrJIa)XMBaHUWE MO TMISTU 8 1 - - Bomnpocsr k 3auery
TOYKaM.
Cp. 2.7. JluHeliHOEe crIaXMBaHUE IO MATU 8 2 - - Bomnpocsr k 3auery
TOYKaM.
[Ip. 2.8. HenuHelHOE criakXuBaHUE MO CEMU 8 1 - - OT4eT B 3JIEKTPOHHOM
TOYKaM. BUJIC
Moyns 3 Jlek. 3.1. Ilpo6nemsl mosrydeHus Ha OBM 8 1 - - Bomnpocs! k 3auety
CIIy4alHBIX YUCIOBBIX
MOCJIEZI0BATEIBHOCTEN C 3aJaHHBIMU
BEPOSITHOCTHBIMH XapaKTEPUCTUKAMMU.
Cp. 3.1. [IpoGnems! nonyyeHus Ha O9BM 8 2 - - Bonpocsr k 3auery




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HanMeHoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . CemecTtp banabl | UHTepakTuB, 4.| (HAaUMEHOBaHHeE
(pa3nen) (yueoHoOii padoThI) q,
padoThbI OLICHOYHOI'0
Cpe/cTBa)

IIp. 3.1. IIpo6iemsl mosrydeHust Ha 9BM 8 1 - - OT4YeT B 3JIEKTPOHHOM|
CITy4alHBIX YUCIOBBIX BUJIC
MIOCJIEI0BATEIBbHOCTEN C 3aJaHHBIMU
BEPOSITHOCTHBIMH XapaKTEPUCTUKAMMU.

Jlek. 3.2. BeluncneHnne XxapakTepUCTUK CUCTEMBbI 8 1 - - Bormpocs! k 3auery
110 €€ ONepaTOPHON XapaKTEPUCTHKE.

Cp. 3.2. Beruucnenue XxapakTepUCTHK CUCTEMBbI 8 2 - - Bomnpocs! k 3auety
I10 €€ ONEePaTOPHOM XAPAKTEPUCTHUKE.

IIp. 3.2. Beruucnenue XxapakTepUCTHK CUCTEMBbI 8 1 - - OT4YeT B 3JIEKTPOHHOM
I10 €€ ONEepaTOPHOM XapaAKTEPUCTHUKE. BU/JIC

Jlek. 3.3. Alroput™msl ¥ METO/Ibl TEHEPALIUU 8 1 - - Bompocs! k 3auery
PaBHOMEPHO paCIpPEACIICHHBIX CIIYYalHBIX
YHUCEIL.

Cp. 3.3. Alroput™mbl ¥ METO/IbI TEHEPALIUH 8 2 - - Bormpocs! k 3auety
PaBHOMEPHO pacIpeAesICHHBIX CIIYYailHbIX
qrces.

IIp. 3.3. Alroput™msl ¥ METO/IbI TEHEPALIUH 8 1 - - OT4YeT B 2JIEKTPOHHOM
PaBHOMEPHO pacIpeAesICHHBIX CIIyYailHbIX BU/JIC
qrces.

Jlex 3.4.MopenupoBaHUe JTOTHUECKUX (YHKITHIA. 8 1 - - Bomnpocs! k 3auetry

Cp. 3.4.MopenupoBaHUe JTOTHUECKUX (YHKITHIA. 8 - - Bormpocs! k 3auery

IIp. 3.4.MopenupoBaHUe JTOTHUECKUX (YHKITHIA. 8 1 - - OT4YeT B 3JIEKTPOHHOM

BHJIC

Jlex 3.5. MeToa 1 anropuTM peLIeHus: CUCTEM 8 1 - - Bormpocs! k 3auery
JIMHENHBIX YpaBHeHN MeToioM ['aycca.

Cp. 3.5. MeToa u anropuTM perieHus: CuCTeM 8 1,75 - - Bormpocs! k 3auety

JIMHEWHBIX ypaBHEHUM MeToJioM ['aycca.




DopMBbI TEKYLLET0
Bu . KOHTPOJIA
Monayab A . HanMeHoBanue TeM 3aHATHH Oo0nemMm, p
yueOHOI . CemecTtp banabl | UHTepakTuB, 4.| (HAaUMEHOBaHHeE
(pa3nen) (yueoHoOii padoThI) q,
padoThI OLICHOYHOI'0
cpeacTBa)
IIp. 3.6. Konebanus 1 pe3oHaHC B 8 1 - - OT4YeT B 3JIEKTPOHHOM|
MEXAHUYECKOU CUCTEME. . BHJIC
IIp. Kiaccuueckuii ciekTpalibHbIA aHaIu3 U 8 1 - - OT4eT B 3JIEKTPOHHOM
CUHTE3. BU/JIC
ITA 8 0,25
HTroro: 72




5. O6pa3oBaTesibHbIE TEXHOJIOTHH

JIns  mpoBeleHHs NPAKTUKO-OPUEHTHUPOBAHHBIX  JIEKIMM  HCIOJB3YETCs COYETaHUe
TPaJULMOHHBIX METOAOB OOY4YEHHs C MHTEPAaKTUBHBIMU TEXHOJOTHMAMHU. AKTHBHU3ALUA
NEeSITeIbHOCTH CTYIEHTOB Ha JICKIUM JOCTHTaeTcs BO BpeMsl MPOBEIEHHUS NpPOOJEMHBIX U
JUCKYCCHOHHBIX JICKLIMH.

6. Meronnyeckue yKa3aHus M0 OCBOEHHIO U CIUTIIHHbBI

[IpakTueckue 3aHATHS MPOBOAATCS B KOMIIBIOTEPHBIX ayauTopusix. lcmomb3yrorcs
HHTCPAKTUBHBIC TCXHOJIOI'nu, HH(l)OpMaI_II/IOHHBIe TEXHOJIOTNHU u TEXHOJIOTUU Pa3sBUTHUA
KPUTHYECKOT0 MBIIUICHUs. B mpoliecce mpakTHUeCKUX 3aHATUN MPUMEHSETCS IPOEKTOp, MaTepua
3aHATHI OOPMIICH B BHUJIC TIpE3CHTAIMA, Omarogaps deMy 3 (HEKTHBHO OCYIIECTBISETCS MPOIIECCe
nepegaun M ycBoeHus wuHopmanmu. Ha  3aHATHSX  MaKCHMalbHO  aKTHBU3UPYETCS
camocTosTelbHas padora cTyaeHToB. O0ydaronmmcss He0OX0IUMO BBITIOJHUTh WHIUBUIYAIbHBIE
3aJaHus, pa3BHBAIONIME HAaBBIKKM Oynymeld mnpodeccuoHanbHOll nestenbHOCTH. [Ipennmaraercs
HAWTH pemeHne 3a/1a4 ¢ IMOMOIIbI0 MHPOPMAMOHHBIX TEXHOJIOTHNA. 3aJaHus, TPETyCMOTPEHHBIC B
Kypce, BBITOJHAIOTCS Ha KOMITBIOTEpax MpH IMOMOIIKM MaTeMaTudyeckoro makera MathCad wim
JIpYTHUX SKOHOMETpuYeckuX makeToB. CTyIeHThl NPOBEPSIIOT, aHAJIM3UPYIOT, pa3BUBAIOT,
MPUMEHSIOT MOJIYYeHHYIO WM HaiIeHHyI0 nH(opMaiuio, noayyas npodeccuoHaIbHble YMEHUS U
HAaBBIKH.



7. OueHOYHBIE CPEACTBA

7.1. IlacnopT OLIEHOYHBIX CPEACTB

Koa koHTpO/IMpyemMoii KOMIIeTeH UM HaumenoBanue
Cemectp
(WM ee 4acTH) OLIECHOYHOI'0 CPeACTBA
8 I1K-3 [Tpaxtrueckue padotTsr NeNe 1-3
Bomnpocs! k 5k3ameny Ne 1-25
8 I1K-3 [Tpaxtrueckue padoTsr NeNe 4-6
Bomnpocs k sx3ameny Ne 26-50
8 I1K-3 [TpaxTrueckue padotTsr NeNe 7-8
Bonpocsl k ak3ameny Ne 51-75

7.2. TunoBble 3aJaHUS] MU HHbIE MATePUAJIbI, HEO0X0IMMBbIe VIl TeKYIero KOHTPOJIf

7.2.1. KOMIUIEKT OpaKkTHYECKUX pPadoT
(HauMeHOBaHUE OYEHOUHO20 CPeICmBa)

IIpakTuyeckas padora Nel

OcHoBbI pa6oThl ¢ nporpammoii «MathCAD»

[TopsiioK BBINONHEHUS TPaKTHUYECKON paboThl Nel.

3ananue 1.

Beruncnuts:

1) +100; 2) |-10| =; 3) 10! =.

OTO U BCE OCTaJbHBIC 3a/laHUsI CHAOAUTh KOMMEHTAPHUAMHM, UCTIONb3ys KoManasl “Text” — Create
Text Region” mmu "Text” — "Create Text Paragraph”.

3ajanue 2.

1) Onpenenutsb nepeMeHHbIE:

a:=3.4;b:=6.222; ¢ =0.149; (npuueM MepeMEHHYIO ¢ — II00ATBHO).
2) BbruucnuTh 3HaUE€HUS BBIPAXKCHUS:

3 _
Z = 2ab+3c 'N::es'”C-cos%.

)
\/(aZ + ba+c) .C
3) C nomomipto komanasl “Math” — "Numerical Format” — “Displayed Precision” u3aMeHuTh
TOYHOCTh OTOOPAXKEHHUs PE3yJIbTATOB BEIYUCIEHHS ITI00ATBHO.
3amanue 3.
BriBecTr Ha SKpaH 3HAYCHHUE CUCTEMHOUKOHCMAHMBIT U YCTAHOBUTh MaKCHUMAaJbHBIN (opmar eé
OTOOPaXKECHHUS JIOKAILHO.

3amanue 4.
BBITIOTHUTE ClIeTyIOITNE OTepaliii ¢ KOMIUIEKCHBIMHA YHCIIaMU:

Z:=-3+2i;|Z| =;Re(2) =; Im(Z) =; arg(Z) =; NZ = ;N—5=; 2Z =; Z1:=1+2i; Z2:= 3+4i;
Z1+72=;71-722=;7Z1-22=;71/Z72 =.

3amanue 5.
BBITIOTHUTE CIIEYIOIITNE OTIEpaIlH:

i=1.10; Yi=; [[(+D=; 0fxz-lg(x+2)dx:- Tde—- X=2: —Xx =
. ) , i , i ’ 0 ’ O’B(Sin 2X)2 , . ’ ,
d .

—sin(x) =.

4y SN(x)



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

sagannabie pyakuun Ri(di) u Si(di),ucmons3ys komanmy Graphics — Create X-Y — Plot. YUtoOsr

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 menro X-YPlot.

2) Beiopats X-YPlot — Format (mosiButcs amanoroBoe okHo "FormattingCurrentlySelectedX-
YPlot") u orhopmarupoBath rpaduk Tak, 9To0bI B KaXKA0# y3110BO# Touke rpaduka pyukiuu Si(di)
crosin 3uak Buga [ (Traces — Symbol — box), a rpaduk ¢yuakuuu Ri(di) oroOpa3uts B Bujae
rucrorpamMmel (Trace — tupe — bar).

3) Hanectu nunauu cetkn Ha rpaduk (X-YAxes — GridLines) u oroOpasuts serenny (Traces —
HideLegend).

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(x).

st aTOoro HeoOXOAMMO OMPENETUTh o KaK JUCKPETHBIM apryMeHT Ha uHtepBasie or 0 g0 27 ¢
rarom 7/30.
Omnpenenuth 1o rpapuxy X-Y Plot koopauHaTh! J11000# U3 Touek mepeceueHus rpadukos Y(a) u
P(a), miast 5Toro HEOOXOAUMO:

1) Boygenuts rpaduk u Beiopath X-Y Plot — Zoom (nosiBuTcs auanoroBoe okuo "X-Y Zoom")

JUIsl yBEIMUYEHHsI YacTu Tpaduka B 007IaCTH TOUKH MEpeceUeHus;

2) Ha ueprexe BBIACTUTH MYHKTUPHBIM MPSIMOYTOJIBHUKOM OKPECTHOCTh TOYKU II€PECEUCHUS
rpadukoB Y(a) u P(a), KOTOPYIO HY)KHO YBEIHYIHUTb.
3) Haxxate kHOnIKy Zoom, 4TOObI IepeprucoBaTh rpaux.
4) YtoObI cenathb 3TO M300pakeHue MOCTOSTHHBIM, BEIOpaTh Accept.
5) Beiopats X-Y Plot — Trace (mosiButcs auanorooe okHo "X-Y Trace™).
6) BHyTpu ueprexa HaxaTb KHONKY MBIIIM U TEPEMECTUTh yKa3aTelb MBIIIM Ha TOYKY, UbH
KOOPJAWHATHI HY’)KHO YBHUJICTb.
7) Beiopare Copy X (wnu Copy Y), Ha CBOOOZHOM MoJie JOKyMeHTa HaOpaTh Xper := (v Yper :=)
u BeIOpaTh NMyHKT MeHto Edit — Paste.
8) Beruncnuth 3Hauenus pynkiuit X(a) u Y(a) npu o= /2.
3ananue 8.
Hcnonb3ys komanny Math — Matrics co3gate Matpuity Q pasmepom 6[] Ha 6, 3amonHUTH €€
IIPOM3BOJILHO U 0TOOpa3uTh rpaduyecku ¢ nomoirsio koManasl Graphics — Create Surface Plot.
3ananue 9.
[Toctpouts rpaduk moepxHocTu (Surface Plot) m kapry nunuii ypoBHs (Contour Plot) mis
(GyHKLIMU 1BYX IEPEMEHHBIX:
X(t,a):=t-cos(x)-sin(x).
1) Onpenenuts Gyuknuio X(,a).
2) 3amath Ha ocsx nepeMeHHbIX t U a mo 41 Touke (1:=0..40, j:=0..40): ans nmepemeHHoi ti co
3HAYEHUSAMHU, W3MEHAIOIUMHUCI OT —5 10 5 ¢ marom 0.25 (ti:=-5+ 0.25i), a mus
nepemMenHoit aj — ot 0 10 27 ¢ tarom 7/20(e;j := 7/20 ).



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

4) C momompto koman bl Graphics — 3D Plot Format Bei3Bats nuanorosoe okHo "3D Plot Format"
Y U3MEHUTH:

— xapakTepucTtuku mpocmotpa (View — Rotation — Tilt),

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

— mapameTpbl oceit (Axes),

— Buj 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
BapHaHTa
1 x:=0,0.1..30 f(x):= x + FRAME or 0 po|momspusiii (Polar
20 Plot)
2 i:=0.FRAME+1 gi:= 0,5i-cos(i) or 0 po | TpexmepHBbIi
hi:= isin(i) 50 TOYCUHBII
ki:= 2i rpaduk
(3D Scatter Plot)
IPaHMIIBI HA OCSX
MinMax
x-50 50
y-50 50
z0 50
3 i:=0..20 f(x,y):=sin(x>+y>+FRAME) or 0 po |rpaduk
j:==0..20 Xi:=-1,5+0,15i 50 TIOBEPXHOCTH
yj:=-1,5+0,15j (Surface Plot)
4 r.= FRAME, Xmn:= (R+rIcos(vn)): ‘cos(Wm) |[oT O 1o |rpadux
R:=6 Ymn:=(R+rcos(vn)) Sin(wm) 11 napaMeTpUIECKOM
m :=0..20 Zmpn:= 1 Sin(vn) TIOBEPXHOCTH
n:=0.20 (Surface Plot)
(rpaHHIIBI HA BCEX
OCSIX YCTaHOBHTH
or—11 o 11)
5 r.= FRAME, Xmn:=(R+r1cos(vn))[] cos(Wm) ot O 1o |rpadux
R:=6 Ymn:=(R+rJcos(va)) ] sin(wm) (11 napaMeTpHIecKoit
m :=0..20 Zmn:= 11 sin(vp) MTOBEPXHOCTH
n:=0..20 (Surface Plot)
(rpaHMIIBI HA BCEX
OCSIX YCTaHOBHTH
or—11 o 11)

IIpakTyeckas padora Ne2
Pemenune ypaBHeHuii
[Topsi10K BBIMOTHEHUS MIPAKTUYECKON paboThl No2

3anmanue 1.
1) [Toctpouts rpaduk dpyHkIwH f(X)1 MPUOIU3UTENBHO ONPEISTUTH OJJMH M3 KOPHEH ypaBHEHMUS.



2) Peruts ypasaenue f(X)= Oc Tounoctsio ¢ = 104 :
— C MOMOIIBI0 BeTpoeHHo# (ynkiuu Mathcad root;

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

No f(x) Ne f(x)
BapHaHTa BapHaHTa
1 3sin +/x + 0,35% — 3,8X; 9 eX—e X -2
x €[2;3] x e [0:1]
2 “— 1 . 10 | V1-x—tgx;
3+5sin3,6x’ x e[01]
x e[071]
3 arccosx —/1-0,3x°; o 2x2 11,2 - cosx —1;
x e[01] x e[01]
4 . 12
\1-0,4x% —arcsin x; cos(zJ—Zsin(lj+1;
x e[01] X X)X
x e [1;2]
5 3X-14+e* —e™*; 13 01x%> —=x-Inx:
x e [1;3] x e [1;2]
6 0,25x% + x — 2: 14 1-x+sinx—In(1+x);
x e[0;2] x<[0;2]
7 2 15 ex—l_XS —x
arccos————; ’
1+ X% —x x €[071]
Xe [2;3]
8 3x—4Inx-5; xe[2;4]
3aganue 2.

Jnis nonuHOMa g(X) BBITIOJIHHUTE CIIEAYIOIINE ICHCTBHS:

1) C momomisio komauasl Symbolic — Polynomial Coefficients cozmate BexTop V, comepxarimit

KOX(PUITMEHTH TOTUHOMA.
2) Pemuts ypaBuenue g(X) = 0 ¢ momorsio Gpyrkimu polyroots.

3) Pemuth ypaBHEHHE CUMBOJIBHO, UCIIONB3Ya KoMaHly Symbolic — Solve for Variable.
4) pa3i0XKuTh HA MHOXKUTENH, UcToNb3ys Symbolic — Factor Expression.

Bapuantsl 3aganus 2

Ne 9(x) Ne 9(x)
BapHaHTa BapHaHTa

1 X*— 233+ x2— 12x + 20 9 x4+ x3— 17x%>— 45x — 100

2 x*+ 6x3+ x°— 4x — 60 10 x4 —5x3+ x>~ 15x + 50

3 x4 — 14x?— 40X — 75 11 X4 — 4x3 — 2x2— 20x + 25

4 x*—x3+x>— 11x + 10 12 X4+ 53+ 7x2+ 7x — 20

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

6 x*+ 73+ 9x% + 13x — 30 14 x4+ 10x3 +36x° +70x+ 75

7 x4+ 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 + 2Xq4 = 4. X1 + 4X2 — TX3 + 6Xq4 = 2.
2 r~+ 2X2 + 3X3 + 4Xx4 = 22; 10 r+ 2X2 + 3X3 + 4X4 = 26;
1+ 3x2+ X3+ 2x4 = 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=T; 1 — 3X2 +6x3 —5X4 =146;
— 12X + 2X3 — x4 = 17. 11— X2 + 6X3 — X4 = 80.
\ \
5 r— 2X2 + 6X3 + X4 = 88; 13 r1— 3X3 — 2X4 = —16;
1+ 2X3 — 3x4 = 88; 1 —X2 +13x3 +4x4 = 213;
< 1—3X2 + 7x3 + 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 — Sx3 + Xa = -10; <1+ 2X2 + 2x3 + Xq4 = 27,
1—Xo+2xa=17. 1—2X3—Xa = —1.
\ \
7 r1+ 2X2 + 6x3 + X4 = 15; 15 r1—9X2 + Sx3 +X4 =124 ;
2+ 2X3 + x4 = 18; 2 — 3x3—x4 = -H4;
< 1—3%X2 +x3—5x4 = 37; < 1 —5Xo + 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) IIpeoOpasoBaTh HenuHEHHBIE ypaBHEHUS cucTeMbl K Buy f1(X) =y u f2(y)= X.
2) I[ocTpoutsh ux rpaduKy U OMpeETUTh HAYATbHOE TPUOIMIKEHUE PEIICHHUS.
3) Pemmnth cucteMy HEeJIMHEHHBIX YpaBHEHUH, UCTIONb3ys GpyHKImo Minerr.
BapuanTe! 3amanus 4

| Bapuanr |

CucreMa HEJTMHEHHBIX

| Bapuanr |

CucreMa HETMHEHHBIX




ypaBHEHUU ypaBHEHUH
1 X+ 2y =2, 9 y+x=-04,
{»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 is(x +0,5) +y=0,8; 12 IS(x—2) +y= O
{1y 2x = 1,6; {1(y+05) x=1
5 (x-1)=13- y, 13 IS(x +0,5) +y = 1
{ Siny +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;
3aganue 5.
CHUMBOJILHO PEIINUTb CUCTCMBI ypaBHeHHﬁI
+4ny = a;
{ +y=Dh.
-z = a,
-2=b;
+X=c.
IIpakTuyeckasipadora Ne3
Hurepnonsiuusa U npeacKasaHue
[Topsiok BBINMONHEHUS MPAKTHUECKON paboThl N3
3ananue 1.
Bbrauciute 3HaueHus 3amanHod ¢GyHknmu yi = f(X)B y3max wuHTepnoasimm xi = a + hi,rae
b-a
h= u,i =0,1, ..., 10, Ha otpe3ke [a, b].
10
BapuanTs! 3aganmii 1...7
Ne f(x) [a; b] Ne f(x) [a; b]
BapuaHTa BapuaHTa
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(x+SinX) [2:5] 13 Cos(x + e%°) [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 BbruKcnenHoM Tabnuue (Xi, Yi) MpOBECTUNAPAOOTHUECKY0 HHTEPIIOIALIUIO.

1) [nst HaxoxkaeHus: Ko3pPUIreHToB uckomMoro noauHoMa (3.1) He0OXOAMMO COCTaBUTH CUCTEMY
JUHEHHBIX anreOpanyecKux ypaBHeHui (3.3).

2) CucteMy ypaBHEHHH PELIUTh MATPUIHO C UCIOJIb30BaHuEM (pyHKIHH ISOlve.

3) IHoctpouts rpaduk UHTEPHOISAIHMOHHOTO MHOTOUYWIEHA U OTMETHTh Ha HEM Y3JIOBbIE TOYKH (Xi,
yi)-

3amanue 3.

1) [uist BEIYUCIICHHOHN TaOMUYHON (DYHKIIMK COCTABUTH (POPMYITY HHTEPIOJISAIIMOHHOTO MHOTOWICHA
Jlarpanska, UCHIOJIB3Ys ONEPaTOPbl CYMMUPOBAHUS U IEPEMHOXKEHHS 110 AUCKPETHOMY apryMEeHTy, a
takxe QyHKIwmo if.

2) IMoctpouth rpadmk UHTEPHOISIUOHHOTO MHOTOYJICHA M OTMETUTh HA HEM Y3JIOBble TOYKHU (Xi,
yi)-

3apnanue 4.

1) IlpoBecT HWHTEpHOIMPOBAHHE 3aJaHHON (YHKIMH C TOMOLIbI0 TIEPBOM M BTOPOIl
MHTEPIOISIMOHHBIX Gopmyn HproToHa.

2) IMoctpouts rpadvKu UHTEPIOJISIIIMOHHBIX MHOTOWICHOB U OTMETUTH Ha HEM Y3JIOBbIE TOUKH (Xi,
yi)-

3ajanue 3.

1) IlpoBecTn NHMHEWHYI0 WHTEPHONSIUIO 33JaHHONM (YHKIMM C TIOMOIIBIO BCTPOECHHOM
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 3aaanHoi GyHkimu yi = f(Xi)B Toukax xi = a + i/10,rae, 1 = 0,1, ..., 10(b —
a), Ha oTpeske [a, b].

2) C ucnonb3oBanueM ¢GyHKIMU Predict BEIMOIHUTHIPEACKa3aHe (SKCTPATIOISINIO) TOJYdEHHOTO
BEKTOpPA JaHHBIX Yi B Mocieayromux 10 Toukax 1mo nociae HuM 7 3HaueHUSIM (yHKITHH.

3) OtoOpasuth rpadudecKkd HMMEIOIMKecs IaHHBIC, MPEACKA3aHHbIC JaHHBIE W WCTHUHHBIA BH

bynkuuu f(x).

IIpakTyeckas padora Ned
MaremaTtuyeckasi 00padoTKa pe3yabTaTOB IKCIEPHUMEHTAIbHBIX TAHHBIX
[TopsimoK BBITIOHEHUS TPAKTHYECKOH paboThl Nod

3amanue 1.
Co3paiite TaOIUIly SKCTIEPUMEHTAIBHBIX JTaHHBIX:

b-a

xi=a+h,i=0,1,...,10,h= ,HaoTtpeske [a, b].

BapuanTe! 3ananus |

Ne Vi [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 TaOJIUIEH 3HAaUeHUH Xiu Vi U CPaBHUTh Ka4e€CTBO MPUOIMKEHUI.

2) [ocTpouth rpadMKi MHOTOWICHOB H OTMETHTH Y3JIOBbIC TOUKH (Xi, Yi).

3ananue 3.

1) Jlns npuBENEHHBIX B TaOJUIE SKCIEPUMEHTAIBHBIX JAHHBIX (Xi, Yi)OIPEIeauTh HapamMeTpbl
JMHEWHOW PEerpeccHu ¢ MCIoJb30BaHKeM BCTpoeHHBIX GyHKImit Mathcad slope u intercept.

2) Otob6pa3uth rpaduyecky COBOKYMHOCTh TOUEK BEKTOPOB Xi U Yi M pe3ylbTaThl MPOBEIECHHON
JIMHENHOM pEerpeccum.

3ananue 4.

1) AnnpokcuMupoBaTh JaHHBIE U3 BEKTOPOB Xi U Vi !

— MOJIMHOMOM 4-0MCTeneH Py MOMOIIH (GyHKIME 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) AnmpoKcUMHpPOBaTh 3KCHEPUMEHTAJbHbIE JaHHbIE W3 TaONWIl 3HAUYEHUH XiU Yi JIMHEHHOU
KoMOuHaIuen QyHKIMMI:

f(x) = asfi(x) + axf2(x) + asfs(x).

2) Koadduumentsr BekTOpa a HaiiTH ¢ momotnsio Gpyakuuu linfit.

3) Oto6pa3uth rpapuuecku COBOKYITHOCTh TOYEK BEKTOPOB Xi U Yi U PE3yNbTaThl MPOBEACHHOMN
JTUHEHHON perpeccuu o0IIero BUA.

BapuanTe! 3amanus 5

Ne f1(x) f2(x) fa(x)
BapHaHTa
1 e 1 Sin x
V1+ 2Cos?x

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

3 1 e sin x X
1+ x°

4 arctg x In In x Sin x

5 e—x 12 1 e >

X




6 1+ x X Cos X
Cos—
2+x 10
7 1 /1+ NG Cos x
1+e*
8 X 2 —Cos x
Cos— Sin=
9 1 arctg/x Sin 3x
1+ e*
10 In(x +5) 1+ X Sin x
11 1 1+ X 1
X X2
12 Cos x 1 1
1+ X + X2 1+ X
13 eX Cos 4x —e¥2
/3 A2
14 /1 e X e” Sin(3x)
15 1 X X
PE— Cos— Cos—
1+X+X 10 10

3amanue 6.
1) AnnpokcUMHUPOBATh SKCIIEPUMEHTANLHBIC JaHHBIE U3 TAOMUI] 3HAUCHUH XU Yi GyHKIIHEH BHa:

f (X) — eU0+U1-X+U2«X2

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

3) Orobpa3uth rpauyecku COBOKYIHOCTb TOYEK BEKTOPOB Xi M Yi U PE3yJbTaThl MPOBEICHHON
HEJMHEWHOH perpeccuu o011ero BUaa.

3ajnanue 7.

1) BrinmonHUTh criakuBaHHe SKCIEPUMEHTAIbHON (YHKIIMM, 3aJaHHON TaOiulel 3HaUeHUu! Xiu Vi,
C MOMOIIBIO BCTpOeHHBIX (yHKInit Mathcad: medsmooth, ksmooth u supsmooth.

2) Pe3ynbTathl Criia)kuBaHus OTOOPA3UTh rPapUUECKH.

IIpakTuyeckasipadbora NeS

YuciieHHOEe HHTErpUpPOBaHue U (P pepeHpoBaHne

[Topsimok BBIMONHEHUS MTPAKTHYECKON paboThl No5

3ananue 1.

Onpenenuts Qyakuio f(X) Tadbauuno, BeraucauB 3HaueHus yi = f(Xi)B Toukax xi = a + h;;
1=0,1,..,8;

h:b—a

Ha oTpe3ke [a, b].

BapuanTs! 3ananus |

Ne f(x) [a; b] [c; d]
BapHUaHTa
1 1 [0,4; 0,8] [2, 2;1]
tg2x +1
(1—Cos3x)-2




3 1 [0,18; 0,98] [0,5; 0,6]
Xy x3 +4

4 Sinx [0,8; 1,6] [2;2,1]
1+ Sinx

5 »21(x+2) [0; 0,4] [1,5; 1,6]

6 y2-arcg (x/3) [0,8; 1,6] [1;1,1]

7 e>*-Sin3x [0,4; 1,2] [2;2,1]

8 ctg 2x [0,8; 1,2] [1;1,1]
(Sin2x)?

9 (x + 1)-Sin x [1; 5] [1; 1,1]

10 5x + 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 + X2

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]
3amanmue 2.

b
Bbruucnuth UHTETpat: I f (x)dx:
a
1) c MOMOIIBIO BCTPOSHHOTO ONepaTopa HHTETPUPOBAHUS;
2) o ¢opmyie NpSIMOYTrOJIbHUKOB;
3) mo ¢popmyne Cumncona,
4) c MOMOIIBbIO BCTPOCHHOTO OMepaTopa MHTETPUPOBAHUS U MHTEPIOJIALUECH TaOauuHOW HyHKINU
KyOnueckuM crutaitnoM (pynkuuu cspline u interp);
5) MeTo/1I0M HeolpeaeIeHHBIX KO GUIIMEHTOBI YUCICHHOTO HHTETPUPOBAHHUS.

3aganue 3.
b

BBIYUCIUTE HHTETpa I f (X)dXmeTomom Monte-Kapio. JI1s1 3T0ro HeoO6X0aMMO:
a
1) onpeienuTh qUaNa3oH cayvaiHbix yncen, Hanpumep j = 0...1000;
2) ompenenuTh ¢ TOMOMIBI0 QYHKIMU MNd paBHOMEPHO pacnpeAeieHHYI0 CIy4aiHyl0 BEIUYHHY 7
Ha OTpe3Ke MHTerpupoBanus [a, b];
3) co3nate Bektop Fj = f(#;);
4) ¢ nomomnibio GYHKIIMM Mean BHIYUCIUTh HHTETPAIL.
3ananue 4.
Haiitn iepBooOpasHyro aHaTUTHUECKH 3amanHoi GyHkimu f(X), ucrmons3ys komanay Symbolic —
Integrate on Variable.
3ajanue 3.
Bbruncnuth 3HaueHMs IEPBOI U BTOPOi pon3BoAHBIX pyHKIMH f(X) B Touke X = c:
1) ¢ momompto onepatopoB auddepennupoBanust Mathcad;
2)MeTOIOM HEeOoNpeIeIeHHBIX K0 (PUIIMEHTOB IS YUCICHHOTO Au(dEepeHIIUPOBAHMS.




3) Ompenenuth ¢yHkimioo f(X) Tabnmuno, BbuMcHMB 3HaueHus yi= f(Xi)B Toukax xi=c+ h-i,

i=0,1,..,10,h=0,01 una orpeske [c, d].
3amanue 6.

OmnpenenuTh CUMBOJBHOEC 3HAYCHHE IMEPBOW M BTOPOM mpom3BoiaHbIX f(X), MCMOMb3ys KOMaHTy

Symbolic — Differentiate on Variable.

IIpakTnyeckas padora Ne6

Pemenne 00bIKHOBEeHHBIX TU(PepeHINATBbHBIX YPABHEHU I
[TopsiIOK BBINOJIHEHUS IPAKTUUECKOM paboThl Neb

3amanme 1.

0
Pemmmts 3anauy Komu: 8_y = f(X,¥), y(0)=1, c mrarom h = 0,1 na orpesxe [0; 1]:
X

— MeTOo/IOM Diliiepa;

— metonoM Pynre-Kyrra(koaddurpentst Ki 3a1ath kak GpyHKIHHU OT X 1 Y);

— MetogoM Ajnamca;
— ucnonb3ys pynxmuto rkfixed.
Bapuants! 3ananus 1

No f(x, y) No f(x, y) No 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
Z—e
2
3 e*—3y 8 3y —2-Sin x 13 Cosx
+ J—
3
4 y — Sin x 9 ey 14 y—4x+5
5 10 2-Sinx +y 15
Y _y 2x— Y g
3 3
3amanue 2.

[TocTpouTh Trpaduku peleHud, MOTy4eHHBIX Meromamu Oiinepa, Pynre-Kyrra, Anmamcam c
nomoripto ¢pyukiuu rkfixed. Beraucaute B Touke X = 1 OTHOCHTENBHYIO TIOTPEITHOCTD JJISl KaXKI0TO

METOoAA.
3amanue 3.

Haiitu ananutuueckoe (tounoe) pemenue OAY u3 3amanus 1 ¢ moMomipio TMpeoOpa3oBaHUi
Jlammnaca (komanaer Symbolic — Transforms — Laplace Transform u InverseLaplaceTransform).

3amanue 4.

Pemute 3agaay Kommm mist cuctemsr OJ1Y npu 3agaHHBIX HavaIbHBIX YCIIOBUIX Ha oTpeske [0; 2] ¢
marom h = 0,2. Pemars ¢ momomrpto pynkuuu rkfixed. [Tocrpouts rpadukn Gpynxmmii u(t) u v(t).

BapuanTel 3ananus 4

Ne Cucrtema 0OBIKHOBEHHBIX HavanpHeie
BApUAHTA muddepeHIMATbHBIX YpaBHEHUN YCIIOBHS
u@ | «'@© | v | v'(©)

1 =2v+u 1,5 1,5 1 1
{’ =4v-2u

2 '=-v + 3u; -1 1 -15 3
{ ‘=v-—2u.

3 T=2v— u; 1,5 1,5 1 1
{ =4y tu

4 { "= Sy, 1 1,5 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 =vV—-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 =y - 2t; 3 3 -1 1
{’=v+3u.

3amanme 5.

Ha otpeske [a@; b] ¢ ucnonp3oBanuem ¢yukmuii load, score u shbval mpeobpa3zoBaTh KpaeByio

3aj1a4y:

d?y , y

—— =f(x,y, y"), npu rpanmunsIx yenosusx y(a) = 4, y(b) = B x 3anaue Koww n Haiitu pewenue
X

3aganHoro OJ1Y B 10 mpoMexXyTOUHBIX TOYKax ¢ moMoiipio hyukiuu 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 +ey 2 4 1 0,14
1-x
6 X2y +1 1 3 0 0,17
1+ X
7 y COS X + COS %X 1 2 0 0
8 (2 +x)y + arctg x 0 3 0 0,22
9 (5-x)y+x 2 4 0 -1,2
10 eXy+2e™ 0 1,5 2,4 0
11 ey -3 -2 3 0
—= +X
X




12 1 1 2 3 0 0
(X2+—)’Y+—2
X X
13 (10-x)y +x -1 0 2 0
14 y 1 3 15 0
=5+ X
X
15 ylnx+1+x 7 8 0 0

IpakTnyeckas padora Ne7
Pemenne nudpepeHunajbHbIX YPABHEHU B YACTHBIX IPOM3BOIHbBIX
[TopsiToK BBIMOTHEHUS TTPAKTUUYECKON paboThl No7

3amanue 1.
BapuanTsl 3a1anust 1
Ne f(x) a b c
BapuaHTa
% A o
a - — )
3 | 4 0,2
4 | 6 0,3
5 | 8 0,4
|
|
|
0 5 ~
6 X(x2—1)
7 sin (mx?)
8 Sin(mx) cos x
9 xsin2(x—1)
10 Ax3-(x — 1)
11 y 1 0,1 0,2
12 a 3 0,2 0,4
13 | | 5 0,4 0,6
14 I I 7 0,6 0,8
15 : : 9 0,8 0,9
I I
0 | |
b X
Pemmth 3a1a4y 0 KoJieOaHUU CTPYHBI SAMHUYHOMN JUTMHBI C 3aKPETICHHBIMHA KOHIIAMHU:
ou  , &%
—2 =da - —2 ,ad = 1,
ot OX
C HaYaJIbHBIMHU YCIIOBHUSIMH:
u(x, 0) = f(x),

a—u(X,O):O,OSXSI;
ot

U HyJIeBbIMU TpaHnyHbIMU yenoBusimu: U(O, t) = u(l,t) = 0.
Jlns pemieHus 3a1a4n MoCcTpouTh ceTky u3 11 y3moB mo X (i=0, 1, ... 10)unpoBecTH BBIYUCICHHS
it 16 cnoésmo t (j =0, 1, ... 16). Beruucienus BBIMOJHUTH ¢ 1marom h mo x, paBueiM 0.1 u miarom



7 no t, paBubiM 0,05. OrtoOpasuth rpaduuecku pemenue 3agaud Ha 0-m, 5-m, 10-M u 16-m
BPEMEHHBIX CIOSX.

3amanue 2.
Haiitu perenue U(x, t) it ypaBHEHHS TEIUIOMPOBOAHOCTH C MIOCTOSHHBIME KO3 GHUIIMEHTaAMH:
ou 0%
—= a—2 ,a=1;
ot OX

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

Y TPAaHUYHBIMH YCIIOBUSMU:

u(0, t) = a,

u(l,t)=nh.

Jns perieHus 3aa4qu moctpouth cetky u3 11 y3moB mo X (1 =0, 1, ... 10)unpoBecTd BBIYUCICHHS
it 12 cnoés o t (j =0, 1, ... 12). Berauciienus BuIMOIHUTH ¢ maroM h mo x, paBubiM 0,1 1 marom
7 mo t, pasaeiM 0,005. OToOpa3uth rpadudecku pemenue 3anadu Ha 0-om, 4-om, 8-om u 12-om
CIOSX W TOCTPOUTh HMHTErPalbHYIO MOBEPXHOCTh PACHpPEICICHHs] TEMIEPaTypbl B CTEpXKHE C
nomonipio komanael Graphics — Create Surface Plot.

Bapuanrsl 3aganus 2

Ne f(x) a b Ne f(x) a b
BapuaHTa BapHaHTa
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 n@0,5 + x)-(x — 1) 0,7 0
5 xsin(2x x) 0 -0,3 13 xsin(4(x—1)) —x 0 -1
6 (X — 1)-sinX 0 0 14 x-cos(2mx) 0 1
7 4x%(x — 1) 0 0,5 15 x-e X(x* - 2) 0 | 04
8 10x3(x — 1) 0 0,5
3ananue 3.

Haiiti cranmmoHapHOE pachpeseleHHe TeMIIepaTypbl B KBaJIpaTHOM IJIACTHHE CO CTOPOHOH 1,
omuchIBaeMoe ypaBHeHueM Jlamaca:

o°u 0%

2 + 5 = O ;

ox* oy

C KpaeBbIMHU YCIIOBHSIMUBHUIA:

u(0,y) =fuy), (O<y<1);

u(l,y) = fa(y), 0 <y <1);

u(x, 0) = f3(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
mo X (i=0,1,...10m u3 11 y3m0B o y (j =0, 1, ... 10). OToOpa3uth rpaguyecku ¢ MOMOIIBIO
xomanabl Graphics — Create Contour Plot cranuoHapHOe pacmpenesneHHe TeMIepaTypbl B
TUIACTHHE.

Bapuantsl 3aganus 3

Neo f1(y) fa(y) f3(x) fa(x)
BpHaAHTA
1 y? cosy+ (2 - X3 1+ X
—cosl)y
2 e/ —ey? y 1-x3 X2
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 7 -6y 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 cuntes Gpynkuuu f(t) mo 1, 2 u 3 rapmonukam. Pe3ynbTaThl cHHTE3a
0TOOpa3uTh rpaUuecKy.

Bapuants! 3aganus 1

Ne f(0) Ne f(0) Ne (0)
BapHuaHTa BapHaHTa BapHaHTa
1 Cost 6 Cost-Cos|Sint| 11 Sin( \/1+7)
1+ Cos?2t
2 Sin t 7 arctg(Cos0,5t) 12 COS( W )
1+ Cos?2t
3 Sin2t + Sin?3t 8 sint 13 o-100-7)’
: e
3+ Sin t+Cos2t
4 Sin3t 9 Sint + [Sin2t] 14 ot
‘Sin t‘ +|Cost| ¢
5 |sin 3t| 10 2 15 ot
Cose ('t cos _
Sln(Ej e 2Cos(Sin t)
3aganue 2.

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

2) Oto0pa3uth rpaduyecKu CHEKTphl aMIUIUTYy U (a3, pe3yiabTaT CHEKTPaJbHOTO CHUHTE3a
¢bynkuuu f(t).

3amanue 3.

1) BBIOTHHUTE YHCIIEHHBIH CIIEKTPANIbHBIN aHanu3 u cuHTe3 Gynkuuu f(t). Jns sToro Heodbxoanmo
3amath ucxoanyro Gyukiwuio f(t) nuckperno B 32 orcuérax.

2) OroOpa3uth rpaduyecku CHEKTPHl aMIUIMTYJ W (a3, pe3yapTaT CIEKTPaJbHOTO CHHTE3a
byukuu 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 BIID ¢ momompio ¢GyHkuuu fft u oroOpasute rpaduuecku HaiieHHBIE
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.

Bemmonuute Gunbsrpanuto yukiuu f(t) ¢ nomomipro BI1O:

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

2) K MOJE3HOMY CHTHay V MPHCOCAUHUTH ImyM ¢ mnomoinsio ¢yaknua rnd (rnd(2)-1) u
chopMupoBaTh BEKTOp U3 128 0TCUETOB 3alllyMIIEHHOT'O CUTHAaJja S;

3) npeoOpa3oBaTh CUTHAN C IIYMOM S W3 BPEMEHHOW 00JacTH B YAaCTOTHYIO, UCIOJB3YS MPSIMOE
BI1® (pynxkuus fft). B pedynprare nonyuntes curHai f u3 64 4acTOTHBIX COCTABIISIONINX;

4) BBINOTHUTH (uUIBTpyIOlLIee MpeoOpa3oBaHue C MOMOIIBI0 (QyHKIUMK XeBHUcaiina (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. I3yunTh TEOpETHUECKUI MaTepHAIL.

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

Hean 3aganus: gopmupoBanue odIero npeacTaBieHus: padbotel ¢ 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. 3ayanue BBITOHIETCS T BceX BapuaHTOB. ONpeIeTuTh epeMeHHbIE:
a:=3.4; b:=6.222; ¢ =0.149.
Pemenne:

a=34 bi=6222 c:=1014%8

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

3 .
Z = 2ab +3c 'N::es'”c-cos%.

\/(az +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/IC BBIIIOJIHACTCA JIA BCEX BAPUAHTOB. Brmonants CICAYyIOmMe oIrncpanuu ¢
KOMIIJICKCHBIMH YU CJIaMH:

Z=3+2i; |z|=; Re(@)=; Im2) =; arg(2) =; VZ =;
27 =; 71:=1+2i ; Z2:=3+4i; Z1+Z2=; 7Z1-72=; Z1-Z2=; 7Z1/Z2 =.
Pemnennue:

Z=-3+2
|z| = 3.606

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

arg(Z) = 2.554
W2 =055+ 1817

2Z=-64+4
Z1 =1+ 2
Z2=3+4
Z1+Z22=4+4&

Z1-Z2=-2-2
2122 =-5+ 10

1 = .44 4+ 0.0
Z2

1.5.3aganme BBITIOIHSIETCS 17151 BCEX BAPUAHTOB. BBITIOHUTD CIIEAYIOIIHNE ONIepaIiu:

- : o 'z ctg2x
i=1.100 Yi=: [T(i+)=: [x®-lg(x+2)dx=: [—9% g4y—.
| Z.: H( ) g (x+2) OIS (sin 2x)?

X:=2; L =; isin(x):.
dx dx

Pemenne:
1=1..10

Zi:ii
i



H (i+ 1) = 39916300

i

0.4
J  log(x+ 2 dg = 7711 % 107 °
0
12
2
M du = a - HeCORCTEEHHEIA MHTEMPAN, PaCcKoaMTCA
sl 2.3
0.8
|This calculation does nok converge ko a solution. |
=2
4% =80
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 1,5 7 45
3 2 6,3 3,7
4 2,5 4,2 1,2
Pemenue:
05) 23 2
1 5.9 3.9
i=0.5 d=|15 s=|7 R=|45
2 6.3 3.7
2.5 47 1.2
8
f
Sy
Ej
—1
1]
0 1 y, 3 4

1
1.7. 3amanue BBITIONHSETCS U BceX BapuaHTOB. [IoCTpOUTh rpaduku CIeTyIOIUX (yHKITHIA:
X (a) =cos(x) -sin(x);

Y (a):=1.5c0s(x)? —1;
P(«) =cos(x).

Pemenne:



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 -

P(a) O

-05

-1t
B — 0 5 10

o

1.8. 3amanue BoIMOTHACTCS IS BceX BapuaHTOB. Co3nats MaTpuiy Q pasmepom 6x6, 3aIOTHATE e
MIPOU3BOIBHO U 0OTOOPA3UTh IpadUUECKHU.
Pemennue:



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

1.9. 3ananue BeIMoNHAETCA 1715 BceX BapuaHTOB. [locTpouTh rpaduk MOBEPXHOCTH U KapTy JIMHUM
YPOBHS It GYHKITUH JIBYX ITEPECMCHHBIX :

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

Pemennue:

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




7.3. OneHo4Hble cpeacTBa AJs NPOMEKYTOYHOM ATTECTAIMH IO HUTOraM OCBOCHHS
AUCHUTLTHHBI

7.3.1. Bonipochbl K IPOMEKYTOYHOM aTTeCTAIIUMN

Cemectp8
Ne
i Bomnpocsl k 3a4ery
1 OCHOBBI BEPOATHOCTHBIX METOJIOB aHAJIN3a M MOJICTTUPOBAHUS CUCTEM.
2 DIeMEHTHI TEOPUH BEPOSITHOCTEH, HCIIOJIb3yeMbIe B MATEMAaTHUECKON CTaTHCTHKE.
3 DIeMEHTAPHBIC TIOHSTHSI O CITyJalHBIX COOBITHSX, BEIMIMHAX M (DYHKIIHSIX.
4 UucnoBble XapaKTEPUCTUKH CITyYalHbIX BEJIMYHUH.
5 CrnyuaiiHble BeIMUMHBI U UX 3aKOHBI pacIipe/ie]IeH s, HOpMaJIbHBIA 3aKOH paclpeaeNeHusl.
6 CraTtrcTdeckasl OlleHKa METOJIOB paclpeIeIeHUs CITyYailHbIX BEITMYHH.
7 Matemaruueckas ctatuctuka. OCHOBHBIE TIOHSTHUS U OMpPEJICICHHUS.
8 OCHOBHBIE 3aKOHBI PACTIPE/ICTICHHUS CITyJailHBIX BEITMYHH.
9 O06paboTKa CTaTUCTUYECKON HH(pOPMAIIHH.
10 | Be16op TeOpeTHdYecKOoro 3aK0Ha paciupeesieHus! CIy4alHbIX BETUYMH.
11 | 3akoHbI pacnpeneneHus, Hanbosee pacnpoCTpaHEHHBIC B TEXHUKE.
12 | McxoaHble MpelnochlIKi PErPECCHOHHOT0 aHaJIM3a U CBOMCTBA OIICHOK.
13 | CratucTudeckuii aHau3 HHPOPMAITUH; IIPOBEPKA CTATUCTHYCCKHUX THUITOTE3.
14 | Dransl nocTpoeHHsI MHOTO(aKTOPHON KOPPENSIIIMOHHO-PETPECCUOHHON MOJIETH.
15 | PerpeccuBHBIN U KOPPEIAIMOHHBIN aHAIN3 PE3YJIbTATOB UCIIHITAHUH.
16 | IlmaHMpOBaHKE YKCIICPHMEHTA.
17 | XapakTepucTrKa METOJIOB U MOJIeTICH MPOTHO3UPOBAHUSI.
18 | IIporHo3upoBaHue Ha OCHOBE PSJIOB C UCIIOIH30BaHUEM IAKETa MPHUKIATHBIX TPOTPAMM.
19 | MoaenupoBaHue CUCTEM € HCIIOIb30BAHHEM MAPKOBCKUX MPOILIECCOB.
20 | MapKOBCKHE IICTIH.
21 | MopenupoBaHue CUCTEM MAaCCOBOTO 0OCTYKHBAHMUS.
22 | KoMIoHEHTHI 1 K1acCH(UKAINs MOJIENICH MacCOBOTO OOCITYKUBaHHUSI.
23 | OnpeneneHne XapakTEPUCTHK CUCTEM MacCOBOTO 0OCTY)KHBaHUSI.
24 | MopenupoBaHie IOTOKOB OTKa30B 3JEMEHTOB CIOXKHBIX TEXHHMUYECKHX CHCTEM.
25 | O6mume BOnpoCckl MaTeMaTHYECKOTO MOJICITHPOBAHHS




BOHPOCLI K 3a49€Ty

n/n

26 | UMuTannoHHble MOEIHN

27 | Nnrepnomnsiimst o o6mmeit hopmyie Jlarpamka

28 | UnTepnonsanus TaOIMYHBIX TaHHBIX 11O (hopmynam Jlarpanxka

29 | IIpouecc mocTpoeHUs MAaTEMAaTHYECKON MOJICIN

30 | IlonnHOMMasIbHAS AaIPOKCUMALUS

31 | YeOnImeBcKas anmpoOKCUMAITHS

32 | CyTh KOMIIBIOTEPHOTO MOJETHPOBAHHUS

33 | DKCIOHEHIIMAIbHAS PETPECCHS

34 | llonmnHoMHAIbHASL PETPECCHSI

35 | PasnmuuHbie METOBI pEIICHUST HEJTMHEHHBIX YPaBHCHUI

36 | JluneitHas perpeccus 00IIero Buaa

37 | Henuneiinas perpeccust 001ero Buaa

38 | BeluMcnauTenbHbIE 3KCIEPUMEHTHl C MAaTeMaTHMYECKMMM MOJEISIMU, HMHUTUPYIOIIUMU
MIOBEJICHHE PEATbHBIX 00BEKTOB, MPOLIECCOB I CHCTEM

39 | JIuHeiiHOe criaxuBaHue M0 MATH TOYKaM

40 | HenuHeliHOE CTiIa)KUBAaHUE 110 CEMU TOYKAM

41 | CayyaiiHble BeJIMYMHBI U COOBITHSI, METObI MX T€HEPALIMK U 00JIACTh UX IPUMEHEHHMSI

42 | Ilpobaemsl momydeHust Ha DBM ciny4aifHBIX YHCIOBBIX MOCIEIOBATEIBHOCTEH C 33 JaHHBIMU
BEPOSITHOCTHBIMH XapaKTEPUCTHUKAMU

43 | Ilpeo6pa3oBanue Jlamnaca

44 | BerunciieHne XapaKTepPUCTHK CHCTEMBI 110 €€ OTIePaTOPHON XapaKTEPUCTUKE

45 | AropUTMBI U METO/Ibl TeHEepallii PAaBHOMEPHO PacHpeeICHHbBIX CIyYailHbIX YHCel

46 | MogenupoBaHHe JOTUIECKUX QYHKITUI

47 | 3aryxarolue 1 HapacTarolue KojJeOaHus

48 | Meron M anrOpuTM pEIIeHNs CUCTEM JIMHEHHBIX ypaBHEHHI MeToioM ["aycca

49 | KonebaHus 1 pe30HAHC B MEXaHUYECKOH cucteme

50 | Knaccuueckuil cieKTpajibHbIN aHaJIU3 U CUHTE3

51 | CyTh KOMIBIOTEPHOTO MOJIETUPOBAHUS

52 | MozenupoBaHue TEXHOJIOTHYECKHUX MPOLIECCOB

53 | Maremarndeckoe obecrieueHue Mpu aBTOMaTH3AIIH

54 | MosennpoBaHue CUCTEM aBTOMAaTHYECKOr0 YIPABJICHUs] TEXHOJIOIMYECKUMHU MTPOIieccaMi

55 | Ob6mue BOpoChl MaTEMaTUUECKOTO MOJIEITHPOBAHUS

56 | iMuTanoHHBIE MOACITH

57 | Marepnossnus no obmeit popmyne Jlarpanxka

58 | MHTeprossnus TaOIMYHBIX JaHHBIX 110 Gopmynam Jlarpamka

59 | Ilporiecc mocTpoeHusi MaTeMaTHYeCcKOr MOJIeTTH

60 | [lommHOMMATBHAS ANIPOKCUMAITHS

61 | YeOsImeBcKas anmpoOKCHMAIIHS

62 | CyTh KOMITBIOTEPHOTO MOJICTTHPOBAHUS

63 | DKCOHEHIMATbHAS PETPECCHSI

64 | IlonuHOMMAIbHAS PETPECCHS

65 | Pa3nuunbple METOIBI PEIICHNs] HETMHEWHBIX YpaBHEHHI

66 | Jluneitnas perpeccus o01Iero Buaa

67 | HenmuneitHnas perpeccust oOIero Buia

68 | BeluncnauTenbHBIE SKCIEPUMEHTHl C MaTeMaTHMYeCKUMHM MOJEISIMU, HMHUTUPYIOIIUMHU
NIOBEJICHHE PealbHbIX 00BEKTOB, POLIECCOB WIIK CHCTEM

69 | JIuneiiHoe criakxuBaHue M0 MATH TOYKaM

70 | HenuneliHOE CTIakMBaHHUE MO CEMH TOYKaM

71 | CnyuaiiHble BEJTMYHHBI U COOBITHS, METOJIBI X T€HEpAIMU M 00J1aCTh UX MPUMEHEHUS




Bomnpocsl k 3auer
n/n p y

72 | IlpoGnemsl nmonyueHus Ha IBM cirydaitHbIX YHCIIOBBIX MTOCIIEIOBATEILHOCTEH C 3aJaHHBIMHU
BEPOSITHOCTHBIMH XapaKTEPUCTUKAMU

73 | IlpeobpazoBanue Jlarmiaca

74 | BpruncineHnre XapakTEpUCTHK CUCTEMBI 110 €€ ONIEPATOPHOM XapaKTEPUCTUKE

75 | Cratuctuyeckuil anaan3 nHGOpMaIuu; IPOBEPKa CTATUCTUYECKUX THIIOTES.

7.3.2. Kputepuu 4 HOPMbI OLlEHKH

dopma
NpoBe/eHUs
Cemectp . Kputepuu u HOpMBI OLEHKH
NMPOMEKYTOYHOM
arTrecTalnuu
8 3auer (yCTHO) MCYEPIIHIBAIOIINE OTBETHI Ha
BOMPOCHI K 3a4eTy U Ha
«3aYTEHOY JIOTIOJTHUTEIILHBIE BOIIPOCHI,

BBITOJIHEHBI BCE MMPAKTHYCCKHUE U
nabopaTopHbIe padOThI

HEMpaBUIbHBIC OTBETHI HA
BOTIPOCHI K 3aUETy; MPAKTUICCKHE
«HE 3a4TEHO» U 1a0opaTopHbIe pabOTHI
BBITIOJTHCHBI HE ITOJTHOCTHIO (HE
BBITIOJTHEHB )




8. YueOHo-MeTOoAMYecKOe U MH(OPMAITMOHHOE O0ecTieYeHHe TUCIIUITHHBI

8.1. O0si3aTesibHAA JIUTEPATYpPa

Tun (y4yeOHUK, ydeOHOE KounyecTBO B
Ne nocodue, yue0Ho- T'on HAY4YHOI
ABTOpBI, COCTABUTEIHN 3arsiaBue (3aroJjioBoK)
n/n MeToauYecKoe mocoomue, M3IaHUA ouoaunorexe /
NPaKTHKYM, 1p.) HaumenoBanue 3b6C
1 Benos I1. C. MaremaTuueckoe MOJACIMPOBaHUE Y4yebHoe mocodue 2016 9BC IPRbooks"
TEXHOJIOTUYECKHX TIPOIIECCOB
2 | MemepsikoBa B. b. Meramnopexyuue ctanku ¢ YITY YueOHoe nmocodue 2017 9bC
"ZNANIUM.COM"
3 | H. FO. 3emnsanyurHosa, H. [IpoekTupoBaHuE TEXHOJIOTUYECKON [IpakTukym 2015 3BC IPRbooks
H. FOmenko OCHACTKHM ISl pEMOHTA U 00CIIy>)KUBAHHUS
TPAHCIIOPTHBIX U TPAHCIOPTHO-
TEXHOJIOTUYCCKUX MaIliH
4 Kinenukos B. B. ABTOMAaTH3aIUs TIPON3BOICTBEHHBIX VYyebHoe rocodue 2016 9BC
MIPOIIECCOB "ZNANIUM.COM"
8.2. JlonosinuTeIbHAS JIUTEPATypa
KouunyecTBOo B
Tun (yueOHuk, yaeoHoe N
HAYYHOI
Ne nocooue, yueoHo-
ABTOpBI, COCTABUTEIHN 3aryiaBue (3aroJioBOK) I'ox u3nanus ondbauorexe /
n/n MeTOANYECKoe mocoone,
DpPAKTHKYM, 1p.) HanmeHnoBanue
P » AP 9BC
1 | bype B. M. Teopust BeposATHOCTEN U MaTEMaTUYECKas YueOHuK 2013 OBC «Jlanb»
CTaTHCTHKA
2 | Tyran6aeB A. A. Teopus BeposTHOCTEN U MaTeMaTH4ecKas YuebHoe nocobue 2011 9BC «Jlanb»
CTaTHCTHKA
3 | bopoBkoB A. A. MaremMaTrnyeckasi CTATUCTHKA Y4eOHuK 2010 OBbC «Jlanby




8.3. Ilepeuennr mpodeccHOHATBLHBIX 0a3 JAHHBIX M HMH(POPMAIMOHHBIX CHPABOYHBIX
cucTeM

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

—Nudopmarnmonnas cucrema "EawmHOoe OKHO mocTyma 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 ThIc. onMcaHMi, a Tak ke ecTb "lnoccapuil" u pasgen "Cuctema HOBOCTEH" 10 Ha3BaHHOUN
TeMaTUKe. DTO YHUKAJIBbHBIA 00pa3oBaTeIbHBIM MPOEKT B pycckos3biuHOM WHTepHere. [lomHbIi
JOCTYII KO BCEM pecypcaM, BKJIIOYasi MOJTHOTEKCTOBBIE MaTepuaibl OMOIMOTEKH, IPEIOCTABISACTCS
BCEM I10JIb30BATEISIM B CBOOOHOM peskume — http://window.edu.ru

—WuaTepHeT-6ubmnoTeka 00pa3oBaTENbHBIX HM3JaHHUMA, B KOTOPOW COOpaHBI 3JEKTPOHHBIC
yu4eOHUKH, CIIPaBOYHBIE U yueOHbIE MOCOOUs. Y JOOHBIM MOUCK MO KIIHOYEBBIM CIIOBaM, OTIEIbHBIM
TeMaM M oTpaciisiM 3Hauus — http://www.edulib.ru

8.4. IlepeyeHb NpOrpaMMHOro obecnevyeHus

Ne HaumenoBanmue I1O KounvectBo | PekBU3UTHI 10roBopa (xara,
n/n JHUIeH3HH HOMeEp, CPOK el CTBHUA)

1 Windows: nmoroBop Ne 757 ot 04.07.2018,
WinPro 10 RUS Upgrd OLP NL Acdmc CPOK JIEHCTBHS — O€CCPOYHO;

KOHTpakT Ne 1653 ot
14.12.2018, cpok aeiicTBus —

06eccpovHO
2 Office Standard:
Office Stdandard 2013 Russian OLP NL KOHTpakT Ne 690 ot
AcademicEdition 19.05.2015, cpok neicTBus —
06eccpodHo

Office Stdandard 2016 Russian OLP NL
AcademicEdition noroBop Ne 757 ot 04.07.2018,
CpOK HeﬁCTBHH — 6eccp0qH0

Office Stdandard 2016 Russian OLP NL

AcademicEdition KOHTpakT Ne 727 ot
20.07.2016, cpok nmencTBHS —
6eccpouHO

3. KOMIITAC-3D v 18 (ITpoextupoBarue | 250 KOHTpakT Ne 1198 ot
Y KOHCTPYUPOBAHUE B 18.11.2019, cpok neiicTBus —
MaIIMHOCTPOEHHH) 6eccpoyHO

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

Subscription (25 pack) 05.06.2020, cpok aeicTBuUS —
6eccpouHO

5. Mirapolis Human Capital Management JIMIIEH3UOHHBIN T0oToBOp No

42/02/22-K ot 02.02.2022,
CPOK JIEUCTBHUS — JI0
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 JIAa00PATOPHbIX 3aHATHIA,
MOMeIEeHHU 1JIs1 CAMOCTOATEIbHOMI
padoThl o0yyarommxcst (HoMep ayAuTOPUM)

IlepeyeHb OCHOBHOT0 000PY10BAHMS

KoMnbroTepHslii Kiacc.

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

YuebHast  ayauTopHs
IPYNIIOBBIX U
KOHCYJIbTALUM.
VYuyebHass  ayauTopus IPOBE/ICHUS
3aHATUH TEKYIIETO  KOHTPOJS  H
npoMexyTouHoi arrectanuu. (E-306)

IIPpOBCACHUA

IIPpOBCACHUA

KYpPCOBOI'O
KYPCOBBIX

JJIA IIPOBCACHUA
WHIAUBUAYAJIIBHBIX

I

[TepenocHoi IpOEKTOP, IKpaH,
KoMIbloTepHbIe CTOJBI, CTOJ
MPEnoIaBaTeIbCKUM, CTYJIbs, TOCKa
aynutopHasi, CTosbl yUeHHUECKUE
nByxMmectHble, [IK

VYuyebHast  ayauTopus AN MPOBEACHUS
3aHATHM  JIEKIMOHHOTO  TuUma.  YueOHas
ayoquTopus  JUIl  TNPOBEINEHUS  3aHATUH
CEMHUHApPCKOro Tuna. YueOHas ayuTopus Jis
KypCOBOTO MPOEKTHUPOBaHMS  (BBIMOJIHEHUS
KYpPCOBBIX pa0o0T). YueOHasi ayauTopusi HIJist
IIPOBEJEHUS TPYNIOBBIX U WHIAWBUAYAJIBHBIX
KOHCyJbTallMi. VY4eOHas aynutopus Uid
IIPOBEJEHUS 3aHATUN TEKYLIETO KOHTPOJIS U

npoMexxyTouHo# arrecranuu. (E-309)

Croun npenogaBatenbckuid, CTOIIbI
YUEHUYECKHUE JIByXMECTHbIE (MOHOOJIOK) ,
CTYJbs, 10CKa ayAUTOpHast (MesloBast),
kadenpa, MpoeKkTop, 3KpaH, MpoLeccop,
mKagwl

[Tomemenue st caMOCTOSITENBHON pPabOTHI
crynentos (I'-401)

CTOJIBI, CTYJIbS, KOMITBIOTEPHI

[Tomemenue st caMOCTOSITENBHON pPabOTHI
oOyuaroruxcst (C-508)

Jocka aynutopHas (MesioBasi), CTOJIbI
YUEHUYECKHUE, CTOJI IPETIOAABATEIbCKUM,
CTYJIbSI, CTEHJIbI, IKA(BI.
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