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1 IlepeyeHb NJIAHMPYEMBbIX Pe3y/JIbTATOB 00y4eHHs 10 JUCHHUILINHE, COOTHECEHHBIX
CIUIAHMPYEMbIMH Pe3yJIbTATAMH OCBOCHHUSI 00pa30BaTeJbHOH NPOrpaMMbl

B pesynprare ocBOCHHS 00pa30BATENBHOW MPOTPaMMbl OOYYAIOIIMICS JIOJDKEH OBIAICTh
CJIEYIOIIMMU Pe3yIbTaTaMu O0yUYEHHUS 110 TUCIUTLINHE!

OIIK-2 — ciocoOHOCThIO MPUMEHSTh TEOPUI0 M METOJAbl MAaTeMaTUKU MJIsi TMOCTPOSHUS
KAueCTBEHHBIX U  KOJMYECTBEHHBIX  Mojeneil  OOBEKTOB U  MPOIECCOB B
€CTeCTBEHHOHAY4YHOU cdepe;

OIIK-4 — ciocoOHOCTBIO MPUMEHTh NOJyYEHHbIC 3HAHHS U1 aHalu3a CHUCTEM, MPOLECCOB U

METOJIOB;
IIK-4 — cnocoOHOCTBIO KPUTHUYECKHA OLEHWBATH TMPUMEHUMOCTh TMPUMEHSEMBIX METOAHK U
METOJIOB.
dopmupyemas
Pe3ynbrarel 00yueHus komneteHiwus (¢ | [Ipumeuanue
YKa3aHHeM KOJa)
3HaHuA 1. Cucrema noHsATUHN B 00JIACTH COBPEMEHHOTO OIIK-2

ImporpaMMHUpOBaHus, BKIIIOYAIOITYI0O METOAbI
IMPOCKTUPOBAHUA U aHAJIN3a HHq)OpMaHHOHHBIX
MOJIEIeH peasIbHbIX 0OBEKTOB U CTPYKTYP

2. OCHOBHBIE YHCIICHHBIE METO/IbI PEIICHUS OIIK-4
¢busznuecKkux 3a1a4 1 00pabOTKH PE3yIbTaTOB

HU3MEpEHU

3. Merononorusi, METOIbI U IPUEMBI IK-4

MPOBCACHUA BEIYUCIIUTCIIbHBIX SKCIICPUMCHTOB

YMenus 1. AHanu3 MOCTaHOBKH 3a/1a4d, BEIOOP OIIK-2
ONTUMAaJIbHBIX CPEJICTB U YUCIEHHBIX METO/I0B
pelieHus 3a/1auu, peaau3alus BCeX 3TarnoB
pelieHus 3a1a4yi Ha KOMIIbIOTEPE, aHAIN3 U
TECTUPOBAHUE MOIYYEHHBIX PE3YJIbTATOB

2. Onucanue pU3NYeCKuX SBJICHUH C OIIK-4
MPUMEHEHUEM U3BECTHBIX (PU3HMUECKUX MOJIeen
Y TIOCTPOEHUE MaTEMATUYECKUX MOJAEIH s
OTMMCAaHUS NPOCTEHIINX PU3NUECKUX SABIECHUIN

3. HTepnpeTupoBaTh 1 aHAJIM3UPOBATh IIK-4
PE3YJIBTAThl PACUETOB U BHIYUCIUTEIBHBIX
JKCIIEPUMEHTOB
Bianenns 1. YncneHusle pacyeTsl GU3NYECKUX BETUUUH OIIK-2
(HaBbIKH / IIpH pelieHnn GU3NYecKux 3a1a4d U 00paboTke
OTIBIT AKCIIEPUMEHTAJIbHBIX PE3yJIbTaTOB
aeaTenbHOCTH) | 2. TlpeacraBienue Gu3nIeckoil nHGpopMaum OIIK-4

Pa3IMYHBIMH crioco0amu (B BepOabHOIM,
3HAKOBOM, aHATUTHYECKOM, MaTeMaTUIECKOM,
rpadUuecKoi, CXeMOTEXHHUECKOM, 00pa3HOH,

aIropuTMUUecKon (hopmax)




3. CriocoObI BEIOOpA a/IeKBATHBIX YHCIICHHBIX
METOI0OB ¥ ONTHMAJIBHBIX CIOCOOOBUX
peanu3aiy B BUJe KOMIBIOTEPHBIX KOJOB C
y4eTOM OCOOEHHOCTEH peraeMoi 3a1adu

IIK-4




2 llesb 1 MeCTO TMCUMILINHBI B CTPYKTYpPe 00pa3oBaTeIbHOM MPOrpaMmbl

Jucuunnmna «Buluucaiumenvhasn ¢puzuka» OTHOCUTCS K 6apUAMUBHOLU YaCTH.
JuctumiimHa u3ydaeTcst Ha 2Kkypce B 3 cemecmpax.
[{enssMu OCBOCHUS TUCHUILTUHBI «BbrauciuTenpHas pusrkay sBIseTcs:
® O3HaKOMJICHHE OOYYalOUIMXCS C 3aJa4yaMd  MOJCIUPOBAHMS (PU3HMUECKUX MPOIECCOB U
SIBIICHHIA;
® O3HaKOMJICHHE O0YYarOIIUXCS C OCHOBHBIMH BBIYMCIUTEIBHBIMH METOAaMH, TPUMEHICMBIMH
pu penicHnd (QU3UYEeCKuX 3a1ad U 00pabOTKe JAaHHBIX JKCIIEPUMEHTa, CIIOCOO0aMH HMX ONTHUMAIbHOU
peam3anuy Ha KOMIIBIOTEPE, OLIEHKAMH MTOTPEIIHOCTH PE3YJIbTaTa MPOBOIUMBIX PACUETOB;
e (QopmupoBaHHE y OOYYAIOIUXCS MPAKTHYECKHMX HABBIKOB IMPOTPAaMMHPOBAHUS OCHOBHBIX
MaTEMATHYECKHUX AJITOPUTMOB, TPUMEHSIEMBIX IPU MOJICIIUPOBAHUH (DU3HMUECKUX SBIICHHUIA,
3amayamMu OCBOCHHUS JUCIUIUIMHBI SIBIISETCS HM3YyUYCHUE TEOPETUYCCKUX OCHOB YHCICHHBIX
METOJIOB, (OpPMHUPOBaHHE Yy OOYYAIOIIMXCS YMEHHA ¥ TPUBHTHE WM HABBIKOB MPAKTUYECKOTO
UCToJIb30BaHuss DBM [u1sl penieHus MPUKIaIHbIX (U3HYSCKUX 3a/1a4.
Jiis  OCBOGHHUS IUCHMIUIMHBI «BbraucnutenbHas (U3MKa» HEOOXOAMMBI  KOMIICTCHIIUH,
c(OpMHPOBAHHBIC B paMKaxX U3YUCHUS CICAYIOIINUX TUCIIUATIIAH
— Marematudeckuii aHaIIU3
— AHajuTHYeCKas TEOMETPUS
— JIuneitnas anre6pa
— IIporpammupoBanue
3HaHUS M yMEHUS, HAKOIUICHHBIC MPH H3YYCHUH JTUCHUIUIMHBI «YHCIICHHBIE METOIbI U
BBEIYHCITUTENIbHAS MaTeMaTHKa», HWCIOJB3YIOTCS TIPH BBINIOJHEHUH BBITYCKHOW KBaJIM(DHUKAIIMOHHOM
paboTHI.

3 Conep:xanne padoyeii nporpamMmbl (00beM AUCUMILIMHBI, TUIIBI M BUbI y4eOHBIX 3aHATHI,
y4eOHO-MeToan4YecKoe odecnedeHne CaMoCTOATeIbHOI padoThl 00y4aOIINXCs)

Coneprkanne paboueli mporpaMMmel npeactapiieHo B [Ipunoxenun Ne 1.



4 DoHJ OLIEHOYHBIX Cpe€ACTB MO TMCHUIIJINHE

4.1 llepeyeHb KOMIIETEHIHII ¢ yKA3aHMEM 3TANOB UX ()OPMUPOBAHUSA B MPOLECCE OCBOCHUS
oOpa3oBaTe/ibHOM MporpaMmmbl. Onucanue nNokas3areyed 1 KpuTepueB OLleHUBAHMS
KOMIIETEeHIHIi HA PA3JIMYHBIX 3Tanax uX (OpMUPOBAHNSI, ONTUCAHUE IIKAJ OLleHUBAHUS

OIIK-2 — CrocoOHOCTh NMPUMEHATH TEOPHUI0 W METOJbl MAaTEMATHKH JJsl MOCTPOCHHS
Ka4eCTBEHHBIX U KOJIMYECTBEHHBIX MOJIeNIell 0OBbEKTOB U IPOLIECCOB B €CTECTBEHHOHAYYHOH cepe

Otan
(ypoBeHb)
OCBOCHUS

KOMITETEHIINU

[TnaHupyeMele pe3yibTaThl
o0yueHus (MoKa3arenu
JOCTHKEHUS 331aHHOTO

YPOBHS OCBOCHUS
KOMIIETCHIIMI)

Kpurepuu orieHnBaHMS pe3yabTaTOB 00yUCHNUS

He 3auteno

3aureHo

Ilepsslii 3Tan
(ypoBeHb)

3HaTh CHCTEMY MOHATHH B
00J1acTH COBPEMEHHOTO
OpOrpaMMUPOBaHHS,
BKJTFOYAIOIIYIO METO/IbI
[POCKTHPOBAHUS M aHATIH3a
MH(POPMALMOHHBIX MOIETICH
peabHbIX OOBEKTOB U

CTPYKTYpP

He 3HaeT wnu 3HaeT
YaCTHYHOCHUCTEMY MOHSTHI B
00J1acTH COBPEMEHHOTO
IpPOrpaMMHPOBAHUS,
BKIJTFOYAIOIIYIO METOIBI
[POCKTHPOBAHMUSI U AHAIIM3a
UHPOPMAIMOHHBIX MOJEIEH
peasbHBIX 0OBEKTOB U CTPYKTYP

3HaeT CUCTeMY TIOHATHH B
00J1acTH COBPEMEHHOTO
MpOrpaMMHUPOBAHH,
BKITFOYAIOIIYIO METOIBI
[POCKTHPOBAHUS M aHATH3a
UH(POPMAIMOHHBIX MOJEICH
peabHBIX 0OBEKTOB U CTPYKTYP

Bropoii sTan
(ypoBeHb)

YMeTh aHaTu3UpOBaTh
MIOCTaHOBKH 3aJa4H,
BBIOMPATh ONTUMAJIbHBIC
CPEICTBA U YUCIICHHbIE
METOBI peIlleHHs 3a1auH,
pean30BhIBaTh BCE ITAIbI
pelieHus 3ajauu Ha
KOMITBIOTEPE,
aHAIM3UPOBATh U
TECTUPOBATH MOTYICHHBIC
Pe3yJIbTaTHI

He ymeeT aHanusupoBath
MOCTaHOBKH 3a/1a4H, BEIOMPATh
OIITUMAJIbHBIE CPEJICTBA
YHCJIEHHBIE METO/IbI PEIICHUS
3aJ1a4y, peaau30BbIBaTh BCE
9TaIlbl peIICHUs 3a/1a4 Ha
KOMITBIOTEpE, aHATU3UPOBATh U
TECTHPOBATH HOJyYCHHBIC
Ppe3yIbTaTh

YMeeT aHaM3UpOBaTh
NIOCTaHOBKH 3aJlau¥, BBIOMPATh
OINITHUMAJIbHBIE CPEJICTBA
YHCIIEHHbBIE METO/IbI PELLICHUS
3aj1a4y, peaau30BbIBaTh BCE
9TaIlbl PEICHUs 3a/1a4 Ha
KOMITBIOTEPE, aHAJIM3UPOBATh
TECTHPOBATH HOJIyYCHHBIC
Ppe3yIbTATEI

Tperuii aTan
(ypoBeHb)

Brnanets HaBbIKaMU
MPOBEICHUSI YUCIIEHHBIX
pac4eroB GHU3MUECKUX
BEJIMYHMH NIPU PEIICHUU
(buznueckux 3aaa4d u
obpaboTke
AKCIEPUMEHTAIBHBIX
pe3yJIbTaToB

Y 10BIETBOPUTENHHO BIIAJICET
HABBIKAMH TIPOBE/ICHHUS
YHCJIEHHBIX PACYETOB
(U3NYECKUX BETHMUYUH [IPH
penieHun GU3NISCKUX 38129 U
obpaboTke
IKCIICPUMEHTATBHBIX
pe3yabTaToB

Xopo1o BiIazeeT HaBbIKaMH
TIPOBEJCHUS YHCIEHHBIX
pacyeToB (QU3MUECKHUX BEINUNH
NP peIIeHuH (PU3NIECKIX
3a1a4 u 00paboTke
IKCIIEPUMEHTAIIBHBIX
pe3yIpTaToB

OIIK-4 — CriocoGHOCTh MPUMEHSITH MTOJIyYE€HHbIE 3HAHUS /1711 aHAJIM3a CUCTEM, IIPOIIECCOB U

METOI0B
Sran [Tnarupyemble pe3yabTaThl Kputepuu onieHnBaHus pe3ybTaTOB 00yIeHUsI
o0ydeHus (okazaTenu
(ypoBeHb)
JIIOCTHKEHHUS 3aJaHHOTO
OCBOCHHUS He 3auteno 3aureHo
YPOBHSI OCBOCHHUS
KOMIIETEHIINHA

KOMITETEHIIHH)

Ilepsslii aTan
(ypoBeHb)

3HaTh OCHOBHBIC YHCIICHHBIC
METOIbI PEICHHUSI
(bu3nUecKuX 33124 1
00paboTKN pe3yIbTaToOB
U3MepeHuil

He 3naer wiu 3Haer
YaCTUYHOOCHOBHBIE YHCIICHHBIE
METO/IbI PeIIeHHsT PU3HIECKUX
3a7a4 1 00pabOTKH Pe3ysIbTaTOB
HU3MEpEHUi

3HaeT OCHOBHBIE YHCIICHHbIC
METO/IbI pPelIeHHsT PU3HIECKUX
3a7a4 1 00pabOTKH Pe3ysIbTaTOB
HU3MepeHuil

Bropoii sTan
(ypoBeHs)

YMeTh onuchiBaTh
(buzrueckue ABICHUS C
MIPUMEHEHUEM H3BECTHBIX
(buzrueckux Mojenei u
CTOPOWTH MaTEMaTHIECKHE

He ymeer onuckiBaTh
(busmueckue ABICHUS C
MIPUMEHEHUEM HU3BECTHBIX
(usrueckux Mojenen u
CTOPOWTH MaTEMATHUECKHE

Ymeer onuceIBaTh (pru3nUecKue
SBJICHUS C IPAMEHEHIEM
H3BECTHBIX (PU3NIECKUX
MOZeJIEN U CTOPOUTh
MaTeMaTHIeCKHUEe MOAEIH IS




MOJICIIU JIJIsl OTICAHUS
MPOCTEHIINX PUBNIECKUX
SIBJICHU U

MOJICIH JIJISl OITUCAHUS
MPOCTEHTIINX (PU3HIECKUX
SIBJICHU I

OIUCAHHUS MPOCTEHIINX
(bu3HUYECKUX SIBICHUN

Tperunii 3Tan
(ypoBeHs)

BnaneTs HaBBIKAMU
MpeICTaBICHUS (PU3NIECKOM
HHPOPMALIIH Pa3THIHBIMH
cnocobamu (B BepOaIbHOH,
3HAKOBOM, aHAJITNTHUCCKOH,
MaTEeMaTU4YEeCKOM,
rpau4ecKon,
CXEMOTEXHUYECKO,
00pa3Hoii,
AITOPUTMHUYECKOH hopmax)

Y 10BIETBOPHUTENHHO BIIAJICET
HaBBIKAMH TIPEICTABICHHS
¢usndeckoit nHpOpMaIUU
pa3IHIHBIME criocobamu (B
BepOaIbHOM, 3HAKOBOH,
AQHAJIUTUYECKOM,
MaTeMAaTHUYCCKOM,
rpadu4eckon,
CXEMOTEXHUYECKOI, 00pa3HOi,
AITOPUTMUYECKOH hopMmax)

Xopouio BiaieeT HaBbIKAMU
MIPeCTaBICHUS (PUIUICCKON
nH(popManuy pazIHIHBEIMA
cniocobamu (B BepOaIbHOM,
3HAKOBOH, aHAJTUTHYECKOH,
MaTeMaTUYeCKOH,
rpaduyeckon,
CXEMOTEXHUYECKO, 00pa3HOii,
IrOpUTMHUUECKOH opmax)

IIK-4 — cnocoOHOCTh KPUTUYECKH OIICHWBATh MPUMEHUMOCTh MPUMEHSEMBIX METOJUK M

METO/IOB.

TaIn (ypOBEHB)
OCBOCHHUSA
KOMITeTEHIINN

[Tnanupyembie pe3yabTaTh
o0ydeHus (moxazartenu
JIOCTHXKEHUS 3aJaHHOTO

YPOBHS OCBOCHUS
KOMITCTCHITHI )

Kpurepun olieHHBaHus pe3yIbTaTOB 00yUYESHUS

He 3auteno

3aureHo

IlepBeiii sTan
(ypoBeHb)

3HaTh METOJOJIOTHIO,
METOJIbI ¥ IPHEMBI
MPOBEICHUS
BBIYHCITATEIHHBIX
HKCHEPHUMEHTOB

He 3HaeT uny 3HaeT 9aCTUYHO
METO/OJIOTHIO, METOJIBI 1
TIPUEMBI IPOBEICHUS
BBIYHMCITUTEIBHBIX
SKCIEPUMEHTOB

3Haer METOOOJIOTHUIO, METOABI 1
MIPUEMBbI IPOBECACHU A
BBIYHUCIIUTCIbHBIX
OKCIICPUMCHTOB

Bropoii 3tan
(ypoBeHb)

YMeTb HHTEepPIPETUPOBATE U
aHAITM3UPOBATh PE3YIbTaThI
pacueToB U
BBIYUCITUTEIIbHBIX
HKCHEPHUMEHTOB

He ymeer untepnpetupoBats U
AQHAIU3MPOBATh PE3YJbTATHI
pacdyeToB U BBIYUCIUTENBHBIX
3KCIIEPUMEHTOB

YMeer UHTEepIIPETUPOBATh U
aHAJU3UPOBATH PE3YJIbTATHI
pacueToB U BHIYHUCIUTEIBHBIX
SKCIEPUMEHTOB

Tpetuii aTan
(ypoBeHb)

Brnanets criocobamu BeIOOpa
AICKBATHBIX YHUCJICHHBIX
METOIOB ¥ ONTHMAJIbHBIX
CIOCcO00B X peajn3ainy B
BHUJIE KOMIIBIOTEPHBIX KOJIOB
C y4ETOM 0COOEHHOCTEH
peraeMoi 3a1aun

V IOBIETBOPUTENBHO BIAACET
criocodamu BbIOOpa a7eKBAaTHBIX
YHCIIEHHBIX METO/IOB U
OITHMAJIBHBIX CIIOCOOOB UX
peaM3anuy B BHIE
KOMITBIOTEPHBIX KOJIOB C
y4IeTOM 0COOEHHOCTEH
peraemoii 3a1auu

Xopolo BiajgeeT cnocodamu
BBIOOpA aJIeKBaTHBIX
YHCIICHHBIX METOJIOB U
ONTUMAJIBHBIX CIIOCOOOB HX
peanu3anyy B BUIE
KOMIIBIOTEPHBIX KOJIOB €
y4eTOM 0COOCHHOCTEN
penraeMoii 3aja4n

[TokazaTenu copMUPOBAHHOCTH KOMITETEHIINHU:

Kputepusimu onieHuBaHMs SBISIOTCA Oallibl, KOTOPbHIE BBICTABIISIFOTCS MPENOJAaBaTEIEM 3a
BUJBl JEATEIBHOCTH (OL€HOYHBIE CpEACTBA) MO MTOraM H3Yy4eHus Moayieill (pasnenoB
JUCIUIUINHBI), IEPEYUCIICHHBIX B PEUTHHI-IUIAHE TUCLUIUINHBI (0715 3auema: TeKYIMH KOHTPOJIb —
MakcuMyM 50 GansioB; pyOexHbIl KOHTPOJIb — MakcuMyM 50 OaioB, MOOLIPUTENbHBIE OaIbl —
MakcumyMm 10).

[Ikana oLleHNBaHUA IS 3a4€Ta:

3auTeHo — oT 60 1o 110 peliTuHroBbIX 6aoB (BKiItoUYas 10 MOOMIPUTENBHBIX OAJIIOB),

He 3a4TeHO — OT 0 10 59 peTHHIOBBIX 0aJlIOB).



4.2 TunoBbie KOHTPOJIbHbIE 32/IaHUS WM HHbIE MATePHAJIbl, HEOOXOAMMbIE 1JIfl OLIEHKHU
3HAHWH, YMeHHii, HABLIKOB H ONBITA J1eSITEJILHOCTH, XaPAKTEPU3YIOIIUX ITAMNBI
(opMmupoBaHus KOMIETEeHIN B MpoLecce 0CBOeHHs 00pa30BaTeIbLHOM NPOrpaMMBbl.
MeToanueckne MaTepuaJibl, ONpeaeJasiioye Npoueaypbl ONeHUBAHUS 3HAHUI, YMEHM,
HABBIKOB M ONBITA eSITeJILHOCTH, XaPAKTEPU3YIOIINX 3TANbl GOpMHUPOBAHUS KOMIIETEHIIUI

Ortanel
OCBOCHUSA

Pesynbrarhl 00y4eHus

Komnerennus

O1LeHOYHbBIE
CpeJicTBa

1-# 3Tan

3Hanusg

1. OcHOBHBIE METO/IbI YUCIEHHOTO
penieHus: 0ObIKHOBEHHBIX
muddepeHIMATBEHBIX YPaBHEHUHN U
YpaBHEHUMN B YACTHBIX MTPOU3BOIHBIX

OIIK-2

2. MeTtoapl U IpUEMBI IPUMCHECHHS
nmaketa MATLAB 11 ynciieHHoro
pelIeHus 3a/1a4 B CBOEH MPEIMETHOM
obnactu

OIIK-4

3. Merononorusi, METOJIbI U TIPUEMBI
IIPOBE/ICHUS BBIYUCINUTEIbHBIX
JKCIIEPUMEHTOB

IK-4

JlaGopatopHsble
paboThl
Konrtposnbusie
paboThl

2-1 sran

YmMmenusa

1. IIpUMEHSATh BBIYHCIUTEIbHBIC
QITOPUTMbI MATEMATUKHU JIJISI PEIICHUS
muddepeHIMaTbHBIX YpaBHEHUI
MaTEeMaTHYECKHUX MOJIENIel 00BEKTOB U
IPOIIECCOB

OIIK-2

2. IIporpaMMHO peain30BbIBATH
QITOPUTMBI BEIYHCITUTEIILHON
marematuku B nakere MATLAB

OIIK-4

3. HTepnpeTnpoBaTh 1 aHAIN3UPOBATH
pe3ysbTaThl PaCYETOB U
BBIUHCIUTENbHBIX IKCIIEPUMEHTOB

IK-4

JlaGopaTopHbie
paboTsl
KonTposbHbie
paboTsl

3-# aran

Bnanets
HaBbLIKAMH

1. CoBpeMeHHBIMH METO/IAMU
BBIUHCIUTENbHON MaTeMaTUKH,
METOJJaMH MOCTPOEHUSI MaTEMAaTUYECKUX
MoJiejier A1 3a7a4 B
€CTeCTBEHHOHAY4HOI1 cepe

OIIK-2

2. HaBBIKM HCIIONIB30BaHMS COBPCMCHHBIX
YHUCJIICHHBIX METOJ0B

OIIK-4

3. CrtocoOb1 BEIOOpA a/IeKBATHBIX
YHCIIEHHBIX METOJIOB U ONITUMAaJIbHBIX
CIoco0O0B WX peaTu3ali B BUIE
KOMITBIOTEPHBIX KOJIOB C y4ETOM
0COOCHHOCTEH perraeMoit 3a1auu

IK-4

JlaGopaTopHsble
paboTsl
KonTponbHbie
paboTsl
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IIpumepHBIe BONPOCHI IS NHCBMEHHOI0 OTBETa

ConservationLawsandPhysics

Significant Figures. Accuracy and Precision

Error Definition. Round-Off Errors

The Taylor Series. Error Propagation

Total Numerical Error. Blunders, Formulation Errors and Data Uncertainly
The Bisection Method.

The False Position Method

Incremental Search and Determining Initial Guesses

Simple Fixed-Point Iteration

The Newton-Raphson Method.

. The Secant Method

Computing with Polynomials. Conventional Methods

Computing with Polynomials. Muller’s Method. Bairstow’s Method
Gauss Elimination

Decomposition and Matrix Inversion

Special Matrices and Gauss-Seidel

One-Dimensional Unconstrained Optimization. Golden-Section Search
One-Dimensional Unconstrained Optimization. Quadratic Interpolation
One-Dimensional Unconstrained Optimization. Newton’s Method
Multidimensional Unconstrained Optimization. Direct Methods

. Multidimensional Unconstrained Optimization. Gradient Methods
. Constrained Optimization. Linear programming

Nonlinear Constrained Optimization.
Linear Regression. Polynomial Regression
Multiple Linear Regression

General Linear Least Squares

. Newton’s Divided-Difference Interpolating Polynomials

Lagrange Interpolating Polynomials
Inverse Interpolation

. Curve Fitting with Sinusoidal Functions. Continuous Fourier Series
. Numerical Integration. The Trapezoidal Rule. Simpson’s Rules

. Numerical Integration. Newton-Cotes Algorithm for Equation

. Numerical Integration. Romberg Integration

. Numerical Integration. Gauss Quadrature

. Numerical Differentiation. High-accuracy Differentiation Formulas
. Numerical Differentiation. Richardson Extrapolation

IIpuMepbITHNIOBBIX32/124, MPeIJIATaeMbIXHAJA00PATOPHBIX3AHATHAX

1 KOHTPOJIbHBIX padoTax

Tema 1. ErrorsAnalysis
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1. Convert the following base-2 numbers to base-10: (a) 101101, (b) 101.101, and (c)
0.01101.

2. Compose a program to determine your computer's machine epsilon.

3. Write a program to determine the smallest number, Xnmin, used on the computer you will
be employing along with this course. Note that your computer will be unable to reliably distinguish
between zero and a quantity that is smaller than this number.

4. The infinite series
n
f(n) = Zi“
i=1

converges on a value of f(n) = n*/90 as n approaches infinity. Write a program in single precision to
calculate f(n) for n = 10000 by computing the sum from i = 1 to 10000. Then repeat the calculation
but in reverse order - that is, from i = 10000 to 1 using increments of -1. In each case, compute the
true percent relative error. Explain the results.

5. Evaluate e using two approaches

2 3
e =l-X+———+...
2 3
And
_ 1 1
e X:e—X: 5 X3

I+ X+—+_+...
2 3

and compare with the true value of 6,737947-10%. Use 20 terms to evaluate each series and compute
true and approximate relative errors as terms are added.

6. The derivative of f(x) = 1/(1 — 3x%)? is given by

6X
(1—3x2)?
Do you expect to have difficulties evaluating this function at x = 0,577? Try it using 3- and 4-digit
arithmetic with chopping.

7. (a) Evaluate the polynomial

y=x-7x*+8x-0,35
at x = 1,37. Use 3-digit arithmetic with chopping. Evaluate the percent relative error.
(b) Repeat (a) but express y as

y=((X-7)x +8)x—0,35
Evaluate the error and compare with part (a).

8. Calculate the random access memory (RAM) in megabytes necessary to store a
multidimensional array that is 20 x 40 x 120. This array is double precision, and each value requires
a 64-bit word. Recall that a 64-bit word = 8 bytes and 1 kilobyte = 210 bytes. Assume that the index
starts at 1.

9. Determine the number of terms necessary to approximate cos x to 8 significant figures
using the Maciaurin series approximation

> " a e Ty
Calculate the approximation using a value of x = 0,3n. Write a program to determine your result.
10. Use 5-digit arithmetic with chopping to determine the roots of the following equation
x* —5000,002x + 10

11



Compute percent relative errors for your results.
11. How can the machine epsilon be employed to formulate a stopping criterion for your
programs? Provide an example.

Tema 2. Roots of Equations
1. Determine the real roots of f(x) = —0.5x* + 2.5x + 4.5:
(@) Graphically.
(b) Using the quadratic formula.
(c) Using three iterations of the bisectional method to determine the highest root. Employ initial
guesses of x;=5 and x, =10. Compute the estimated error ¢, and the true error & after each
iteration.
2. Determine the real root of f(x) = 5x> — 5x* + 6x — 2:
(a) Graphically.
(b) Using bisection to locate the root. Employ initial guesses of x; = 0 and x, = 1 and iterate until the
estimated error ¢, falls below a level of &5 = 10%.
3. Determine the real root of f(x) = —25 + 82x — 90x* + 44x> — 8x* + 0.7x":
(@) Graphically.
(b) Using bisection to determine the root to & = 10%. Employ initial guesses of x,=0.5 and
Xy = 1.0.
(c) Perform the same computation as in (b) but use the false-position method and & = 0.2%.

4. (a) Determine the roots of f(x) = —12 — 21x + 18x* + 2.75x* graphically. In addition,
determine the first root of the function with (b) bisection, and (c) false position. For (b) and (c) use
initial guesses of x; = -1 and x, = 0, and a stopping criterion of 1%.

5. Use simple fixed-point iteration to locate the root of

f (x) = 2sin(v/x) — x
Use an initial guess of xo = 0.5 and iterate until ;< 0.001%. Verify that the process is linearly
convergent.

6. Determine the highest real root of

f(x) = 2x3- 11.7x° + 17.7x- 5
(a) Graphically.
(b) Fixed-point iteration method (three iterations, xo = 3). Note: Make certain that you develop a
solution that converges on the root.
(c) Newton-Raphson method (three iterations, xo = 3).
(d) Secant method (three iterations, x.; = 3, Xo =4).
(e) Modified secant method (three iterations, xo = 3, 6 = 0.01) Compute the approximate percent
relative errors for your solutions.

7. Use (a) fixed-point iteration and (b) the Newton-Raphson method to determine a root of
f(x) = -x* + 1.8x +2.5 using xo = 5. Perform the computation until ¢ is less than & = 0.05%. Also
perform an error check of your final answer.

8. Determine the real roots of f(x) = -1 + 5.5x- 4x* + 0.5x%: (a) graphically and (b) using the
Newton-Raphson method to within & = 0.01%.

9. Divide a polynomial f(x) = x* — 7,5x® + 14,5x* + 3x - 20 by the -monomial factor x - 2.
Isx =2 aroot?

10. Divide a polynomial f(x) = x®> — 5x* + x>~ 6x>~7x + 10 by the monomial factor x - 2.

11. Use Muller's method to determine the positive real root of

12



(a) f(x) = x>+ x*>- 3x - 5
(b) f(x) = x*—0,5x% + 4x - 3
12. Use Muller's method to determine the real and complex roots of
(a) f(x) = x> —x?* + 3x - 2
(b) f(x) = 2x* +6x% + 10
(€) f(x) = x* —2x* + 6x°* — 8x + 8

Tema 3. Linear Algebraic Equations
1. Given the equations
10X, + 2Xo- X3 = 27
-3X1 — 6Xs + 2X3 =-61,5
-X1+ Xo +5x3=-21,5
@) Solve by naive Gauss elimination. Show all steps of the computation.
(b)  Substitute your results into the original equations to check your answers.
2. Use Gauss elimination to solve:
8X1 + 2%, — 2X3 = -2
10x1 + 2%, + 4x3= 4
12X, — 2Xo + 2X3= 6
Employ partial pivoting and check your answers by substituting them into the original equations.
3. Given the system of equations

-3Xp + X3 =2
X1+ 2Xo — X3=3
5Xq - 2Xs =2

@) Compute the determinant.
(b) Use Cramer's rule to solve for the x's.
(©) Use Gauss elimination with partial pivoting to solve for the xs.
(d)  Substitute your results back into the original equations to check your solution.
4. (a) Use naive Gauss elimination to decompose the following system
10X, + 2X— X3 = 27
-3X1 — 6X2 + 2X3= 61,5
X1+ Xp+5x3=-21,5
Then, multiply the resulting [L] and [U] matrices to determine that [A] is produced, (b) Use LU
decomposition to solve the system. Show all the steps in the computation, (c) Also solve the system
for an alternative right-hand-side vector: {B}' = [12 18 -6].
5. (a) Solve the following system of equations by LU decomposition without pivoting
8X1 +4x,- X3=11
-2X1 +5Xo + X3= 4
2X1- Xo+6Xz= 7
(b) Determine the matrix inverse. Check your results by verifying that [AJ[A]™ = [I].
6. Solve the following system of equations using LU decomposition with partial pivoting:
2X1 — 6Xs - X3 = -38
-3X1- Xo+ X3 =-34
-8X1+ X — 2X3=-20
7. Determine the total flops as a function of the number of equations n for the (a)
decomposition, (b) forward-substitution, and (c) back-substitution phases of the LU decomposition
version of Gauss elimination.
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8. Use the Gauss-Seidel method to solve the following system until the percent relative
error falls below 5%
10X, + 2X— X3 = 27
-3X1 — 6Xs + 2X3 =-61,5
X1+ Xo +5%x3=-21,5

9. Use the Gauss-Seidel method (a) without relaxation and (b) with relaxation (A = 0,95) to
solve the following system to a tolerance of 5%. If necessary, rearrange the equations to achieve
convergence.
-3X1- Xo +12x3 =50
6X1- Xo— X3 = 3
6X1 + 9o+ X3 =40

10. Use the Gauss-Seidel method (a) without relaxation and (b) with relaxation (A = 1,2) to
solve the following system to a tolerance of 5%. If necessary, rearrange the equations to achieve
convergence.
2X1 — 6Xo— X3 = -38
-3X1- Xp + TX3=-34
-8X1+ X — 2x3=-20

Tema 4. Optimization
1. Employ the following methods to find the maximum of
f(x) = 4x — 1,8x* + 1,2x3 — 0,3x*
@) Golden-section search (x; = -2, X, = 4, es = 1%).
(b)  Quadratic interpolation (Xo = 1,75, X1 = 2, X = 2,5, iterations = 4).
(©) Newton's method (X = 3, es = 1%).
2. Consider the following function:
f(x) = -x* — 2x* — 8x% — 5x
Use analytical and graphical methods to show the function has a maximum for some value of x in
the range -2 <x< 1.
3. Employ the following methods to find the maximum of the function
f(x) = -x* — 2x® — 8x% — 5x
@) Golden-section search (x; = -2, Xy, = 1, es = 1%).
(b)  Quadratic interpolation (Xo = -2, X; = -1, X = 1, iterations = 4).
(©) Newton's method (X = -1, s = 1%).
4. Consider the following function:

f(x):2x+§
X

Perform 10 iterations of quadratic interpolation to locate the minimum. Comment on the
convergence of your results, (xo = 0,1, X, = 0,5, X, = 5)
5. Consider the following function:
f(x) = 3 + 6x + 5x% + 3x® + 4x*
Locate the minimum by finding the root of the derivative of this function. Use bisection with initial
guesses of x; =-2 and x, = 1.
6. Find the minimum value of

f(x, y) = (x - 3)* + (y - 2)°
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starting at x = 1 and y = 1, using the steepest descent method with a stopping criterion of es = 1%.
Explain your results.
7. Perform one iteration of the steepest ascent method to locate the maximum of
f(X, y) = 4x + 2y + x* — 2x* + 2xy — 3y*
using initial guesses x = 0 and y = 0. Employ bisection to find the optimal step size in the gradient
search direction.
8. Perform one iteration of the optimal gradient steepest descent method to locate the
minimum of
f(X, y) = -8x + X? + 12y + 4y*- 2xy
using initial guesses x =0 and y = 0.
9. Consider the linear programming problem:
Maximize f(x, y) = 1,75x + 1,25y
subject to
1,2x +2,25y < 14
Xx+11ly<8
25x+y<9
x>0
y=>0
Obtain the solution:
(@) Graphically.
(b) Using the simplex method.
(©) Using an appropriate package or software library (for example. Excel, MATLAB, IMSL).

Tema 5. Curve Fitting
1. Use least-squares regression to fit a straight line to

X 0 2 4 6 9 11 12 15 17 19

Y 5 6 7 6 9 8 7 10 12 12

Along with the slope and intercept, compute the standard error of the estimate and the correlation
coefficient. Plot the data and the regression line. Then repeat the problem, but regress x versus
y - that is, switch the variables. Interpret your results.

2. Use least-squares regression to fit a straight line to

X 6 7 11 15 17 21 23 29 29 37 39

Y 29 21 29 14 21 15 7 7 13 0 3

Along with the slope and the intercept, compute the standard error of the estimate and the
correlation coefficient. Plot the data and the regression line. If someone made an additional
measurement of x = 10, y = 10, would you suspect, based on a visual assessment and the standard
error, that the measurement was valid or faulty? Justify your conclusion.

3. Use least-squares regression to fit a straight line to

X 1 2 3 4 5 6 7 8 9

Y 1 15 2 3 4 5 8 10 13

(@) Along with the slope and intercept, compute the standard error of the estimate and the
correlation coefficient. Plot the data and the straight line. Assess the fit.

(b) Recompute (a), but use polynomial regression to fit a parabola to the data. Compare the results
with those of (a)
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4. Fit the following data with (a) a saturation-growth-rate model, (b) a power equation, and
(c) a parabola. In each case, plot the data and the equation

X 0.75 2 3 4 6 8 8.5

y 1.2 1.95 2 2.4 2.4 2.7 2.6

5. Fit the following data with the power model (y = ax"). Use the resulting power equation
to predict yat x = 9:

X 2.5 3.5 5 6 7.5 10 12.5 15 175 20

y 13 11 8.5 8.2 7 6.2 5.2 4.8 4.6 4.3
6. Fit an exponential model to

X 0.4 0.8 1.2 1.6 2 2.3

y 800 975 1500 1950 2900 3600

Plot the data and the equation on both standard and semi-logarithmic graph paper.
7. Giventhedata

X 1.6 2 2.5 3.2 4 4.5

y 2 8 14 15 8 2

(@) Calculate f(2.8) using Newton's interpolating polynomials of order 1 through 3. Choose the
sequence of the points for your estimates to attain the best possible accuracy.
(b) Estimate the error for each prediction.

8. Giventhedata

X 1 2 3 5 7 8

y 3 6 19 99 291 444

Calculate f(4) using Newton's interpolating polynomials of order 1 through 4. Choose your base
points to attain good accuracy. What do your results indicate regarding the order of the polynomial
used to generate the data in the table?

9. Employ inverse interpolation using a cubic interpolating polynomial and bisection to
determine the value of x that corresponds to f(x) = 0.23 for the following tabulated data:

X 2 3 4 5 6 7

y 0.5 0.3333 0.25 0.2 0.1667 0.1429

10. Employ inverse interpolation to determine the value of x that corresponds to f(x) = 0.85
for the following tabulated data:

X 0 1 2 3 4 5

y 0 0.5 0.8 0.9 0.941176 0.961538

Note that the values in the table were generated with the function f(x) = x*/(2 + x°).

(a) Determine the correct value analytically.

(b) Use cubic interpolation of x versus y.

(c) Use inverse interpolation with quadratic interpolation and the quadratic formula.

(d) Use inverse interpolation with cubic interpolation and bisection. For parts (b) through (d)
compute the true percent relative error.

Tema 6. Numerical Integration and Differentiation
1. Evaluate the following integral:

4
I(l— X —4x3 +2x5)dx
%2
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(a) analytically; (b) single application of the trapezoidal rule; (c) composite trapezoidal rule, with n
= 2 and 4; (d) single application of Simpson's 1/3 rule; () Simpson's 3/8 rule; and (f) Boole's rule.
For each of the numerical estimates (b) through (f) determine the percent relative error based on (a).

2. Integrate the following function analytically and using the trapezoidal rule, withn =1, 2,

3, and 4:
2

=

Use the analytical solution to compute true percent relative errors to evaluate the accuracy of the
trapezoidal approximations.
3. Integrate the following function both analytically and using Simpson's rules, with n = 4

and 5. Discuss the results.
5

J (4x - 3)3dx
-3
4. Integrate the following function both analytically and numerically: Use both the
trapezoidal and Simpson's 1/3 rules to numerically integrate the function. For both cases, use the

multiple- application version, with n = 4. Compute percent relative errors for the numerical results.
3

Ixzexdx
0
5. Use Romberg integration to evaluate

2 32
| :J.(Zx+—j dx
X

1
to an accuracy of e; = 0.5%. Use the analytical solution of the integral to determine the percent
relative error of the result obtained with Romberg integration. Check that e; is less than the stopping
criterion es.

6. Use order of h® Romberg integration to evaluate
3

Jxexdx

0
Compare e, and ey
7. Employ two- through six-point Gauss-Legendre formulas to solve

; 1

dx
J.1+ x2
-3

Interpret your results.

8. Compute forward and backward difference approximations of O(h) and O(h?), and
central difference approximations of O(h?) and O(h?) for the first derivative ofy = cosx at x = n/4
using a value of h = z/12. Estimate the true percent relative error e; for each approximation.

9. Use centered difference approximations to estimate the first and second derivatives ofy =
e* at x = 2 for h = 0.1. Employ both O(h?) and O(h*) formulas for your estimates.
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10. Use Richardson extrapolation to estimate the first derivative ofy = cos x at x = n/4

using step sizes of h; = #/3 and A, = #/6. Employ centered differences of O(h?) for the initial
estimates.

11. Determine the first derivative of y = 2x* — 6x> — 12x — 8 at x = 0 based on the values at
Xo = -0.5, X3 = 1 and x, = 2. Compare this result with the true value and with an estimate obtained
using centered difference approximation based on h = 1.

12. Compute the first-order central difference approximations of O(h*) for each of the
following functions at the specified location and for the specified step size:

() y= x> + 4x — 15 atx =0, h=0.25
(b) y= x?cosx atx = 0.4, h=0.1
(c) y=tan (x/3) atx =3, h=05
(d) y= sin(0.5x*°)/x atx =1, h=0.2
(e) y=¢€"+x atx =2, h=0.2

Compare your results with the analytical solutions.

4.3 PeliTHHI-ILIAH TACHUILINHBI

PeliTuHr—I1aH AUCIUIIIIMHBI IMpCACTABJICH B ITPHUJIOKCHHUH 2.
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5 Y4eOHO-MeTOAMYECKOE U HH(POPMALMOHHOE O0ecTedeHue JUCIUIIMHBI

5.1 llepeyeHb OCHOBHOM ¥ JONOJHUTEIbHON YU4eOHOI JIUTEpaTypbl, HEOOX0AMMOM 1JIs
OCBOEHMS TUCIHIIHHBI

OcHoBHas1 JUTEpaTypa:

1. Chapra S.C., Canale R.P. Numerical Methods for Engineers // McGrow-Hill Education, 2015. —
Seventh edition — 970 pp.

2. Franklin J. Computational Methods for Physics // Cambridge University Press, 2013. — 400 pp.

3. BepxOunkwuii, B.M. OcCHOBBI 4HCICHHBIX MeTOAOB: yueOHUK / B.M. BepxOunkuii. — M.:
Hupexr-Menauna, 2013. — 847 c. — ISBN 978-5-4458-3873-9; To ke [DyneKTpoHHBII pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=214564

4. BepxOunkwnii, B.M. UucnenHsle MeTOAbl MaTeMaTH4eCKol (Qu3MKu: ydeOHOe mocodue /
B.M. Bepx6unkuii. — M.: lupekr-Menua, 2013. — 212 c¢. — ISBN 978-5-44583871-5; To xe
[DnexTponnsiit pecypce]. - URL: http://biblioclub.ru/index.php?page=book&id=214562

5. Tlopmmes, C.B. KommberoTepHoe MojenupoBanue Gu3ndeckux nporeccoB B makere MATLAB.
+ CD [Onektponnsiii pecypc|. — Dnekrpon.gan. — CII6.: Jlans, 2011. — 727 c. — Pexum
nocryma: http://e.lanbook.com/books/element.php?pll_id=650

JlonoTHUTeILHAS JIUTEpaTypa:

1. Klein A., Godunov A. Introductory Computational Physics // Cambridge University Press,
2013. — 137 pp.

2. Pang T. An Introduction to Computational Physics // Cambridge University Press, 2006. — 2"
ed. — 385 pp.

3. Usmanova Z., Nasibullin R. Educational practice on physics and mathematics: the methodical
textbook for the foreign students // The Bashkir State Medical University; composers - Ufa,
2007

4. AwmocoB A.A., [lyounckwmii FO.A., KomuenoBa H.B. BrruncnurenbHbple  METOIbI s
UH)XeHEepoB: YueOHoe nmocobue. — M.: Bricmas mkona, 1994. — 544 c.

5. baxsanos, H.C. Yucnennsie metoasl [DnexktponHslil pecypce] / H.C. baxsanos, H.I1. )Kunkos,
I"."M. KobenbkoB. — 7-e u3a. (31.). — M.: BMUHOM. JlaGopatopus 3nanuii, 2012. — 636 c. : ni1. —
(Knaccuueckuit yHUBEpCUTETCKUM yUeOHUK)

6. bByitnaues, C.K. IlpuMeHeHHE YHCIIEHHBIX METOJOB B MAaTEMaTHYECKOM MOJICIUPOBAHUHM:
yuebHoe mocobue / C.K. byitnaueB. — EkarepunOypr: MW3natenscTBo YpanbcKoro
yHuBepcureta, 2014. — 72 c. — ISBN 978-5-7996-1197-2; To xe [DnekTpoHHbIH pecypc]. —
URL: http://biblioclub.ru/index.php?page=book&id=275957

7. JuxoB A.B., CrenanoBa C.B. Matemartuueckoe MOJECTUPOBAHHE M YHUCIEHHBIE METOBI:
yuebHoe nocobue. — Ilensa: U3n-so II'TIY, 2000. — 162 c.

8. MWmenna B.A., CunaeB I1.LK. YUucnennsie Metoasl Juisi (HU3UKOB-TeOpeTHKOB. . — MockBa-

NxeBck: MTHCTUTYT KOMIIBIOTEPHBIX HccneaoBanui, 2003. — 132 c.

9. MWmenna B.A., Cunaes [1.K. Uucnennsie MeTonbl Ui ¢Gu3nkoB-TeopeTukoB. II. — Mocksa-
NxeBck: MHCTUTYT KOMIIBIOTEPHBIX HccienoBanuii, 2004. — 118 c.

10. Kamutkun H.H. Uucnennsie metosel. — CI16.: BXB-IletepOypr, 2011. — 592 c.
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http://e.lanbook.com/books/element.php?pl1_id=650
http://biblioclub.ru/index.php?page=book&id=275957

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

Kupees, B.. Yncinennple METOZIbI B NIpUMEpax W 3agadax [DIEKTPOHHBIA pecypc]: yueOHoe
nocobue / B.M. Kupees, A.B. IlanteneeB. — Dnexrpon.nan. — CII6.: Jlanb, 2015. — 448 c. —
Pexxum nocryna: http://e.lanbook.com/books/element.php?pll id=65043

Mpuukuc A.Jl. DnemeHTs TeOpur MareMatudeckux mozaeneil. — M.: KomKunura, 2007. — 192 c.
Mboreio3 1.1, ®dunk K.JI. Yucnennsie wMeroasl. HcnonbzoBanue MATLAB. — M.

Wznarensckuii joM «Buabsmcy, 2001. — 720 c.

[TnoxornukoB K.O. Beruucnurenbubie MeTobl. Teopusi u npaktuka B cpene MATLAB: kypc
nekuui. — M.: I'opsuast muaus Tenekom, 2009. — 496 c.

[Topmae C.B. MATLAB 7. OcHoBel paboTel u mnporpammupoBanus. — M.: OOO
«bunomlIpeccy, 2011. — 320 c.

[Topmaer C.B. Berancnurensaas matemaruka. Kype neknwmii. — CI16.: BXB-Iletepoypr, 2004.
-320c.

Camapckuit A.A., I'ynun A.B. Yucnennsle metoasl. — M.: Hayka, 1989. — 432 c.

Camapckuit A.A., MuxaiiioB A.Il. Maremarnueckoe wmopaenupoanue: HWuen. MeTtonpbl.
[Tpumepsl. — 2-¢ uza. — M.: ®uzmatnur, 2005. — 320 c.

CneuxkoB O.A. Maremaruka Ha komnbeiotepe: MAPLE 8. — M.: COJIOH-IIpecc, 2003. — 176
c.

Cpouxo B.A. Uucnennsie metonpl: Kype jekuuid. — Cankr-IlerepOypr; Mocksa; Kpacnonap:
Jlans, 2010

Tapacesuy F0.}O. Marematuueckoe U KOMIBIOTEpHOE MojieupoBanue. BBoausii kypc. — M.:
YPCC, 2004. — 152 c.

Typuak, JLMI. OcHOBBl 4HCIEHHBIX MeTOAOB: yuebHoe mocobue / JLU. Typuak,
I1.B. [InoTHUKOB. — 2-¢ m31., nepepad. u gomn. — M.: @usmarnur, 2002. — 304 c. — ISBN 5-
9221-0153-6; To xKe [D5eKTpOHHBIN pecypc]. — URL:
http:/biblioclub.ru/index.php?page=book&id=69329

TeipteiaukoB E.E. MeTozas! uncnenHnoro ananuza: yuedHnoe nocodue. — M.: Axagemusi, 2006.
—-291c.

®enopenko P.I1. BBenenue B BeraucauTenbayto Gpu3uky. — M.: MaTemnekt, 2008. — 504 c.

®opmarnes, B.®. Yucnennrsie metonsl / B.®. ®opmanes, JI.JI. PeBusnukos. — M.: ®uzmartiur,

2006. — 399 c. — ISBN 5-9221-00479-9; To xe [Dnekrponnsii pecype]. — URL:
http://biblioclub.ru/index.php?page=book&id=69333

5.2 Ilepeyenb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKAIIMOHHOK ceTH « AHTEepHET» M

NnmporpaMMHOIo 06ecneqe}mﬂ, HCOﬁXOIlI/IMbIX AJId OCBOCHHSA TUCHUIIJIMHBI

ONeKTpOHHO-O0MOINOTeYHAs cuctema «DNEeKTPOHHBII YUTaJIbHBINA 3am»:

https://bashedu.bibliotech.ru/Account/LogOn

DNEeKTPOHHO-ONOINOTeYHAs cucreMa «YHUBEpCUTETCKAA oubnuoreka online:

http://www.biblioclub.ru/

DeKTpOHHO-0MOIMOTeUHAs cucTeMa u3aarenbeTBa «Jlanby: http://e.lanbook.com/

DekTpoHHO-0MOHoTeuHas cuctema «Kuura®owmy»: http://www.knigafund.ru/

yqeGHO-MCTOIlI/I‘{eCKaH nu HpO(I)eCCI/IOHaHLHaH J'II/ITCpaTypa JJIsL CTy,Z[eHTOB nu npeno;laBaTeJIeﬁ
TCXHUYCCKHUX, €CT CCTBCHHO-Hay‘-IHBIX nu T YMaHI/ITapHBIX CHCI_II/IaJIBHOCTeI\/'IZ
http://www.twirpx.com/
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6MaTepuajabHO-TeXHHYecKasi 0a3a, Heo0OXoAUMAs AJIsl OCYIIeCTBJICHUSI 00Pa30BaTeILHOI0
npouecca no JUCHUILINHE

Haumenosanue
CReyUaANU3UPOBAHHBIX
ayoumopuil, KaOuHemoe,
aabopamopuii

Buo 3anamui

Haumenoeanue ooopyoosanus,
NPOZPAMMHO20 0DecneueHus

1

2

3

Aynutopus Ne 425
KOMIIBIOTEPHBbIt KJ1acc
(pusmar kopmyc-yuedHOE).

JlaGoparopHsie pabOTHI

HanmenoBanue odopyaoBanus
VYuebHass  meOenb, ydueOHO-HarjsAHBIE  TOCOOWS,
komnbeioTep B cocraBe:SOC -1150 AsusintelCore i3-
4150.4096 mb.1024 mb.64bit DDR3.monutop 23,
KJIaBHaTypa,MBbIIIb, KOHJULIUOHED (crumnt-
cuctema)Haier HSU-18HEK203/R2-HSU-
18HUNO03/R2, xommpoBansHbiii ammapat Canon FC-
230, mepcoHaNbHBIM KOMIBIOTEp B KomIuiekTte Nel
KlamaSoffice, moruTop DEIl 21 - 8 ., mpuarep HP
LaserJet 1220 nazepuslii A4 (mpuHT+KOIUp+CKaHED),
npuntep Samsung ML-1750  nmazepusrii (A4, 16
crp/muH, 1200%600dpi, LPT/USB 2.0), npoekrop
BenQProjectorPB7.210 (DIP,1024*768, D-sub, RCA,
S-Video,Component, USB), cucremusiii  0J0K
kommbiorepa  Celeron  315-2.26/s478  EliteGroup
P4M800-M/256Mb/80GDb/3.5"/CD-ROM/ATX, mxkad
mabopatopuenii  1IJI-06 MCK 900*500*1850 2-x
CTBOPYATHII BEPX-CTEKIIO,HU3-METaILT

IIporpamMmHoeobecnieuenne
1. Windows 8 Russian. OLP NL OLP NL
AcademicEdition. Torosop Nel04 ot 17.06.2013 .
Jluuensun  Geccpounbie.Nel04 ot  17.06.2013 .
JInuen3uu OeccpoyHbIe.
2. Windows Professional 8 Russian. OLP NL
AcademicEdition. Torosop Nel04 ot 17.06.2013 .
JInuen3uu OGeccpoyHbIe.
3. Microsoft Office Standart 2013 Russian. OLP NL
OLP NL AcademicEdition. lorosop Nel14 ot
12.11.2014 r. JInmeH3unOCCCpOYHBIE.
4. TlpaBa Ha ucnojs3oBanue Roxar software. JluneHsus
Ne RU 970297-A
5. Jlumensmonusd goroBop Ne 100017/02314]] ot
16.06.2017 r. BeccpouHo.

YuTaabHbIi 3ai Ne2,
ayIUTOpUs Ne 406
KOMIIBIOTEPHBII KJ1acc
(pusmarkopryc-yueGHOE),

CHCTEMa I[CHTPAIU30BAHHOTO

tectupoBanus bamly

CamocrosTensHas paboTa

HaumeHoBaHue 060pyaoBaHus

YuraabHbli 320 Ne2
Hayunsrit u yueOHbIi (oI, HayuHas neproanka, Wi-Fi
JIOCTYI MOOWJIBHBIX ~ YCTPOWCTB, HEOTpaHHYCHHbI
nocryn k OBC u BJl; konuuecTBO MOCaJOYHBIX MECT —
50

Aynutopus Ne406
VYuebnas mebenb, I0CTyn B MHTepHET, KoMmnbiorep B
coctaBe:SOC  -1150  AsusintelCore  i3-4150.4096
mb.1024 mb.64bit DDR3.mouruTOp 23,
KIaBuarypa,Meime — 4 mT.; KoHmumwmoHep(criamt-
cucTema) Haier HSU-24HEK203/R2- HSU-
24HUNO03/R2 210136000003093, M®VY Kyocera
V2030 DN  210134000003069;  IlepcoHambHBIN
kommbioTep B Komruiekte Ne 1 iRUCorp — 6 .

IIporpamMmHoeobecieuenne

1. Windows 8 Russian. OLP NL OLP NL
AcademicEdition. lorosop Nel04 ot 17.06.2013 .
Jlnuensun  Oeccpounsle.Ne104 ot  17.06.2013 .
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Jluuen3uu OeccpoyHbIe.

2. Windows Professional 8 Russian. OLP NL
AcademicEdition. Torosop Nel04 ot 17.06.2013 .
JIunensuu 6eccpoyHble.

3. Microsoft Office Standart 2013 Russian. OLP NL
OLP NL AcademicEdition. Jlorosop Nel14 ot
12.11.2014 r. JInmeH3nndeccpoyHbIe.
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[Ipunoxenne Nel

MHWHOBPHAYKU POCCUN
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE BIO/UKETHOE OBPA30OBATEJIBHOE
YYPEXJEHUE BBICILIET'O ObPA30OBAHUA
«BAIIIKMPCKUI T'OCYIAPCTBEHHBI YHUBEPCUTET»

COJIEP)KAHUE PABOYEN ITPOT' PAMMBI

AUCHUITIINHBI BrraucnurenpHas (1)I/ISI/IKa Ha 3 CCMCCTp
(Haumenosanue OUCYUNIUHbL)

OYHas
(¢popma obyuenus)

Buna pa6otsl O0BLeM TUCHUIITHHBI
O6mas TpynoemkocTs auctuiuinabl (3ET / gacoB) 2[72
Y4eOHbIX YacOB HAa KOHTAKTHYIO pabOTy C MpernoaaBaTesaem: 38,2
JIEKOUH —
MIPAKTUYECKUX/ CEMUHAPCKUX —
71a00PaTOPHBIX 36
JOpyrux (CpynmnoBasi, MHANBUAYATbHAsI KOHCYIbTAIUS U HHBIE
BUJIBI YI€OHOHU JEATEIBHOCTH, MPeyCMaTpUBAIOLIHE PadoTy 2+22
oOyuatomuxcs ¢ npenogasarenem) (OKP)
Y4eOHbIX 4aCOB Ha CaMOCTOATENIbHYIO paboTy obyuatonuxcs (CP) 31,8
Y4eOHBIX 9acOB Ha MOATOTOBKY K
sK3ameny/3auety/muddepenipoBanHomy 3auery (Kontporn) -

®opma(bl) KOHTPOJIA:
IK3aMEH — ceMecTp
3ayer 3 ceMecTp
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dopma U3ydeHHs] MaTEPUAIIOB: JICKLIHUH,

OcHOBHAaA U

®dopma TeKyIIEero

IMPAKTUYCCKUE 3aHATUA, CCMUHAPCKUEC AOIOJIHUTCIbHAA 3a,Z[aHI/I$I 1o ycﬁzgzgﬁgirﬂ
Ne 32HATHA, 1aGopaTopHLIe paboT, JHTepatypa, CaMOCTOSITEIIBHOU (KOJIJIOKBUYMBI,
Tema u conepxanne CaMOCTOSITEeNIbHAs paboTa pEeKOMEHAyEMast
n/m pabore KOHTPOJIbHBIC
TPYZAOEMKOCTb (B Hacax) CTYACHTaM CTYIeHTOR paGoTHL
(HOMepa - KOMITBIOTCPHBIC
JIK I[TP/CEM JIP Cp CITHCKA) TECTBI H T.1L.)
1 2 3 4 5 6 7 8 9
MOAYJIb 1
Mathematical modeling and engineering
; . [1],
1 | problem solving. Approximations and - 2 - 2
. ctp. 11-108
round-off errors. Truncation errors
. [1], ITucemennbie
2 | Roots of equations - 4 - 3 ctp. 123-173 OTBETHI Ha BOIIPOCHI
. [1], [TuceMeHHBIE
3 | Roots of polynomials B 2 B 2 crp. 176-201 OTBETHI HA BOIPOCHI
4 Linear algebraic equations 1: Gauss B 4 B 3 [1], [TuceMenHbIe
elimination cTp.245-275 OTBETHI Ha BOIIPOCHI
5 Linear algebraic equations 2: Iterative B 9 B 9 [1], [TuceMeHHbIC
methods ctp. 300-316 OTBETHI Ha BOIPOCHI
6 Linear algebraic equations 3: Special B 4 B 2 [1], JlabopatopHas
matrices ctp. 300-316 pabota Nel
MOJYJIb 2
. [1],
7 | Optimization — 4 — 3 otp. 355-413
8 Curve fitting 1. Least-squares regression B 9 B 9 [1], [TucemeHHbIC
cTp. 456-487 OTBETHI Ha BOIIPOCHI
Curve fitting 2. Interpolation [1], [TuceMeHHBIC
9 N 2 N 2 ctp. 490-524 OTBETHI Ha BOIIPOCHI
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Curve fitting 3. Fourier approximation [1], [TuceMeHHbIE
10 2 2 ctp. 526-561 OTBETHI Ha BOIIPOCHI
. . s [1], IIuceMenHbIE
11 | Numerical Differentiation 4 3,4 c1p. 655-670 OTBETH Ha BOIPOCH
cal ) [1], JlaGopatopHas
12 | NumericalIntegration 4 3,4 ctp. 603-653 paGora Ne2
Bcero uacos: 36 31,8
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PeliTUHT — II1IaH AUCHHUILIMHBI

BrerancnurensHas pusnka

[Tpunoxenue No 2

(Hazearue OUCYUNIUHBL CO2TIACHO pabouemy Y4eOHOMY NIaHy)

CIIELINATIHLHOCTE 03.03.01 Ilpuknanapie MaTeMaTUKa U (Pu3nKa
Kypc 2 ,CeMecTp 3
Yucino baiel
. bann 3a .
Buabl yueOHoil 1eATEIbHOCTH 3a7laHui
KOHKPETHOE . .
CTYAECHTOB 3a MuHuManbHbI | MakcHMaJILHBIN
3aJjaHue
CEMECTP
Moayas 1 0 50
Texkymmii KOHTPOJIb
AynuTopHas pabora 5 1 0 5
[TucbMeHHBIE OTBETHI HA BOIPOCHI 5 4 0 20
Py0eskHbIii KOHTPOJIb
Jlaboparopuas pabora Nel \ 25 \ 1 0 25
MoayJb 2 0 50
Texkymumii KOHTPOJIb
AynuropHas paboTa 5 1 0 5
ITrucbMEeHHBIC OTBETHI HA BOIIPOCHI 5 4 0 20
Py0e:xHbIIi KOHTPOJIb
JlaboparopHas pabota Ne2 ‘ 25 ‘ 1 0 25
IoompuTebHbIE 0B 0 10
Yyactue B KOHPEPEHIUAX
depenumx, 1 10 0 10
nmyOnuKaIus ctaTei
ITocemaemMocTh (02/1J1b1 BBIYUTAIOTCS U3 0011el CYMMBbI HAOPaHHBIX 0aJJI0B)
[Tocemenune npakTuyecKux / 0 10
CEMUHAPCKUX 3aHATUN
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