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1. HaumeHoBaHUE QM CIUATIIHHBI
Numerical Methods: Analysis of Economic Processes

2. MecTo IMCHHUILIMHBI B CTPYKTYpeE 00pa30BaTeIbHOM NMPOrpaMMBbI

JlucuumniauHa BXOAUT B 00s3aTenbHy0 YacTh bioka « b.1 » oOpa3oBarenbHON IporpaMMBI [0 HANIPaBICHUSIM
MOATOTOBKH (CMEIUATBLHOCTSIM):

Hamnpasnenue noarotosku: 38.03.05 buznec-uHpopmaruka

HanpaBiieHHOCTh H(popMalinoHHbIE CUCTEMBI U OOJIbIINE JaHHbIE



3. [lnanupyembie pe3y/ibTaThl 00y4eHUs M0 AUCHUILINHE

B pesynbrare ocBoenus aucuuiuinasl Numerical Methods: Analysis of Economic Processes y
00y4aroImerocs T0JHKHbI OBITH CPOPMUPOBAHBI CIIEAYIOINE KOMITETEHIIUH:

38.03.05 buznec-nHpOopMaTHKa (HampaBJIeHHOCTH : UH(pOpManmoOHHbBIE CHCTEMBI U OOJIBIITNE TaHHBIC)
IIK.2 CnocoGeH k aHanu3y, 000CHOBAHHWIO U BHIOOPY PEIICHUS Ha OCHOBE OM3HEeC-aHaIn3a HH(OpMaIuu ¢
MCIOJIb30BaHNEM MH(POPMAITMOHHBIX TEXHOJIOT U
Nupukaropsl
IIK.2.2 Onpenenser CBsI3U U 3aBUCUMOCTH MEXTY dJIEeMEHTaMu HHGOpMaIy Ou3Hec-aHaIHM3a B
COOTBETCTBUH C BRIOPAHHBIMH TOJIX0/IaMU C TPUMEHEHNEM HH(POPMAITMOHHBIX TEXHOJIOTHUI B 00BEME,
HE0OX0IUMOM JUISI LIeJIe CHCTEMHOTr0 aHajIn3a



4. O0beM U coJepkaHue TUCHUTITHHBI

HanpasjieHue moaAroroBKu

38.03.05 busnec-unpopmaruka (HarnpasieHHOCTh: MHopMaIoHHbIE
CUCTEMBI U OOJIbIINE JaHHBIE)

¢opma o0yuenus

(ak.4ac.)

OYHas
NeNe TpumecTpoB, 6
BbI/ICJICHHBIX 1JIS1 M3Y4YeHUS
AUCHMILINHBI
O0beM AUCIHUILIMHBI (3.€.) 3
O0beM JUCHUILIMHBI (AK.YaC.) 108
KonTakTHasi padora ¢ 42
npenoaaBartesieM (aK.4ac.),
B TOM YHCJIE:
IIpoBenenue JeKIUOHHBIX 14
3aHATHI
IIpoBenenue Jad0paTOPHBIX 28
padoT, 3aHATHI IO
HHOCTPAHHOMY SI3BIKY
CamocrosiTesibHas padoTa 66

@®opMbI TeKyl1ero KOHTPOJIS

Bxonnoe tectupoBanue (1)
3amuiaeMoe KOHTPOJIbHOE MepoIpusTHE (2)
Hrorosoe koHTposnbHOE Meponpustue (1)

DopMbI IPOMEKYTOUHOM
arrecTaumu

Ox3ameH (6 TpumecTp)




5. AHHOTHpOBaHHOC OonmucaHue CoaAcpKanusd pasacjaoB U TEM TUCHUIIJIHHBI

YucsieHHbIe MeTObI (AHAJIU3 IKOHOMUYecKUX nmpoueccoB). Numerical Methoda: Analysis of Economic
Processes

Introduction
Basic concepts of numerical analysis. Exact and approximate solutions. Error evaluation.

1. Approximations and Interpolations
Concepts of interpolation and approximation.
Interpolation polynomial. Method of indefinite coefficients. Interpolation polynomials of Lagrange and Newton.
Error evaluation. Orthogonal Chebyshev polynomials and best approximation polynomial.
Piecewise polynomial interpolation. interpolation splines. Piecewise cubic Hermite interpolation polynomial.
Rational polynomial interpolation.
Approximation of functional dependencies. Least square method.
Interpolation of derivatives.

2.Numerical Integration
The simplest quadrature formulas: rectangles, trapezoids, Simpson. Newton-Cotes formulas. Quadrature
formulas of Chebyshev and Gauss. Runge-Romberg method. Gauss-Kronrod formula.
Estimation of the values of multidimensional integrals. Monte Carlo method.
Improper integral. Indefinite integral.

3. The problems of linear algebra
Matrix and vector norms.
Solution of a system of linear algebraic equations. Gaussian elimination method. LU decomposition. Methods of
rotations and reflections. QR decomposition. Square root method.
Matrix determinant calculation. Matrix inversion. Refinement of the solution.
Right and left Gaussian transform. Redefined systems of equations. Quasi-solution. Singular decomposition.
Iterative methods for solving systems of linear algebraic equations.
Complete and partial eigenvalue problems.

Intermediate test 1

4. Solution of the nonlinear equations
Solution of a scalar nonlinear equation. fixed point method. Bisection method. Methods of chords, Newton
(tangent), secant.
Solution of systems of nonlinear equations.

5. Solutions of the differential equations
One-step methods for solving the Cauchy problem. Euler methods (explicit and implicit), Hun's method,
Runge-Kutta methods. Runge-Kutta-Felberg method.
Multi-step methods for solving the Cauchy problem. Adams-Bashforth methods. Adams-Moulton methods.
Method of forecast and correction. Start problem.
Solution of a two-point boundary value problem for a second-order ordinary differential equation. Shooting
method. Method of finite differences. collocation method. Galerkin method.
Solution of differential equations with deviating argument.

Intermediate test 2

6. Numerical optimizations
Numerical optimization of a function of one argument. Zero, first and second order methods. Methods of three



points and the golden section. Methods based on polynomial interpolation. Cauchy method. Newton-Raphson
method.

Multivariate unconditional optimization. Simplex search method and Nelder-Mead modification. Method of

coordinate descent. The steepest descent method. Newton's method. Quasi-Newtonian methods. Gauss-Newton
method.

Conditional optimization. Gradient projection method. Methods of penalty and barrier functions.
Annealing simulation method. Genetic and evolutionary algorithms.

Final control activity



6. MeToanueckue YKa3aHus /151 00yYaIOUIMXCH 10 OCBOCHHIO JUCIHUIIIHHBI

OcBoeHme JUCIUIUIMHBI TPeOYeT CUCTEMATHYECKOT0 U3YUEHHUs BCEX TEM B TOM IOCIIE0BATEIBHOCTH, B
KaKoW OHM yKa3aHbl B paboueil mporpamme.

OcCHOBHBIMU BUAAMH y4€OHOU pabOTHI ABJISIOTCS ay IUTOpPHBIE 3aHATUA. VX 1ensb - pacmmputh 6a3oBbie
3HaHUA 00yYaIOIIKXCs 10 OCBAMBAEMOM AUCLHUIIIIMHE U CUCTEMY TEOPETHUECKUX OPUEHTHPOB IS
HOCJIEAYIOIEro 6osee riry00Koro OCBOSHHUs IIPOrpaMMHOT0 MaTepualia B X0/1€ CaMOCTOSATEIbHOM PaboOTHI.
OOyuaronieMycst BAXKHO IOMHHUTb, YTO KOHTaKTHas1 paboTa ¢ mpernoaBaTeneM 3(h(HEeKTUBHO TOMOTAET eMy
OBJIa/IETh MMPOTPaMMHBIM MaTepUaioM Ojarogaps pacCTaHOBKE HEOOXOIUMBIX aKLIEHTOB U yAECPIKaHUIO
BHUMAaHMS MHTOHAIIMOHHBIMH MOJTYJISIIIUSIMH TOJIOCA, A TAKXKE MOAKIIIOUYCHUEM ayAHO-BH3YalbHOTO MEXaHU3Ma
BOCIIPUATHS HHPOPMALIUY.

CamocrodTenbHas paboTa MpecienryeT ClIeAyIoHe Heu:

— 3aKpEeIUIEHNE U COBEPIIEHCTBOBAHUE TEOPETUUECKUX 3HAHHUM, TIOTYYEHHBIX Ha JIGKLIMOHHBIX 3aHATHAX;

- (hopMupoBaHKE HaBBIKOB MOATOTOBKU TEKCTOBOW COCTABIIAOLIEH HHpOpMALUK y4eOHOTO U HAy4YHOTO
Ha3HAYEHUs JUIsl pa3sMELCHHs] B PA3JINYHBIX MH(POPMALMOHHBIX CUCTEMAX;

- COBEPIIIEHCTBOBAHUE HABBIKOB [TOMCKA HAYYHBIX MyOIMKaluil 1 00pa30BaTENIbHBIX PECYPCOB,
pa3MeleHHbIX B cetn HTepHeT;

- CAMOKOHTPOJIb OCBOEHUS IIPOrPaMMHOI0 MaTepHaa.

Ooyuatomiemycst HEOOXOAUMO MOMHUTB, YTO PE3YJIbTAaThl CAMOCTOSTENIFHON paOOThl KOHTPOIUPYIOTCS
MIPEeroIaBaTeNIeM BO BPEMSI IIPOBEICHHSI MEPOTIPUSATHIA TEKYIIETO KOHTPOJIS M YUUTHIBAIOTCS TIPH
IIPOMEKYTOYHON aTTECTaLUN.

Ooyuatonmmces ¢ OB3 1 nHBaNMMI0B MPEIOCTaBIAETCS BO3MOXKHOCTh BbIOOpa (popM nmpoBeeHust
MEPONPUATHIA TEKYIIIETO KOHTPOJIS, aTbTEPHATUBHBIX (OpMaM, MPEAyCMOTPEHHBIM pabodel MporpaMMoii
aucuuIuinHel. [IpegycmarpuBaeTcss BO3SMOXKHOCTD YBEJTMUEHUS B Ipejienax | akaJeMHUuecKoro yaca BpeMeHH,
OTBOJIMMOTO Ha BBIIIOJIHEHUE KOHTPOJIBHBIX MEPOIIPUATHI.

ITponetypa onieHMBaHUS Pe3yJIbTATOB 00YUEHHS MHBAJIUAOB U JIUI C OTPaHUYEHHBIMU BO3MOXKHOCTSAMU
3JI0POBbsI [0 JUCLUIUIMHE MPEeIyCMaTPUBAET MPeA0CTaBIeHUE HHPOpMaLH B (popMax, aTanTHPOBAHHBIX K
OIPaHUYEHUSM UX 310pPOBbS U BOCIIPUATHSA HHPOPMALIUY.

ITpu npoBeieHNH TEKYyIEro KOHTPOJI IPUMEHSIOTCS OLIEHOUHBIE CPEACTBA, 00eCIeUnBaroLIe nepeaavy
nH(popMalnu, OT 00yyaroLIerocs K IpernoaaBaTesio, C y4eToM ICUX0(PU3N0IOTHYECKUX 0COOEHHOCTEN
3I0POBBST O0YJAFOIITIXCS.

7. llepedyeHb y4eOHO-MeTOAMYECKOT0 00ecTiedeH s AJIsl CAMOCTOSAITEIbHOM PadoThI
o0y4aromuxcs o JUCIUIINHE

[Ipu camocTosTeNbHON paboTe 00yUaIOMIUMCS CIETYET UCIOIB30BaTh!

— KOHCIIEKTHI JIEKITHIL,

— JINTEPATypy U3 MEePEYHSI OCHOBHOU U JOTOJTHUTEIHHOM Y4eOHOH TUTEpaTyphl, HEOOXOIUMOMN ISt
OCBOCHMS TUCIUIUIUHBI (MOJTYJIST);

— TEKCT JIEKIUN Ha SJIEKTPOHHBIX HOCUTEISX;

— pecypchl HH()OPMAITMOHHO-TEIIEKOMMYHHUKAITMOHHOH ceTn "MHTepHeT", HEOOXOAMMBIE JIIST OCBOCHUS
JTUCIUTUIUHBL,

— JIMIIEH3UOHHOE U CBOOOIHO pacpOCTpaHIEMOE MPOrpaMMHOE 00eCTIeUeHNEe U3 TIEPEUHSs
MH(OPMALIMOHHBIX TEXHOJIOTHH, UCIIOJIb3YEMbIX IIPHU OCYIIECTBICEHUH 00pa30BaTeIbHOrO MpoIecca mno
JUCIUIUINHE;

— METOAMYECKHE yKa3aHUs i1 00y4arOIIUXCs 0 OCBOSHUIO AUCIUILTUHBIL.



8. [lepeyeHb OCHOBHOM M IONOJHUTEIbHON YUeOHOM JIUTEPATYPbI
OcHoBHas:

1. Michael Felderer. Contemporary Empirical Methods in Software Engineering / Michael Felderer, Guilherme
Horta Travassos // Publisher Name: Springer, Cham. — 2020. — 525 p. — ISBN 978-3-030-32489-6.
[DnexTponHsIit pecypc]. https://link.springer.com/book/10.1007/978-3-030-32489-6

JdomosHuTebHAA:

1. [Terpynun FO. FO. MHpopManmoHHbIe TEXHOJIOTHH aHAMM3a JaHHBIX. Data analysis : yaueOHoe nocobue / FO.
1O. Tlerpynun. — 2-e uzn. — M.: KJ1Y, 2010. — 292 c. : nin., Tabn. —ISBN 978-5-98227-701-5. — Tekcr :
AJIEKTPOHHBIN // DIIeKTpOHHO-O0nbMoTeuHas cucrema bubnmoTex : [caiT].
https://bibliotech.psu.ru/Reader/Book/7107



9. Ilepeuenn pecypcoB cetu UHTEpHET, HEOOXOAUMBIX /IJII OCBOCHHUSA TUCIUILINHBI

https://ocw.mit.edu/courses/18-330-introduction-to-numerical-analysis-spring-2012/ Introduction to
Numerical Analysis
10. Ilepeuenb uH(POPMAITUOHHBIX TEXHOJIOT Ui, HCIOJIb3yeMbIX IIPH OCYIIE€CTBJICHUMN
00pa30BaTeJIbHOIO MpoIecca Mo IAMCHUIINHE

O6pazoBatenbHbIi nporiece mo nuciuuinae Numerical Methods: Analysis of Economic Processes
MpeJIoiaraeT UCMOob30BaHUE CIEAYIOIIEro MPOrPaMMHOTO o0ecTieueHus: 1 HHPOPMAIIMOHHBIX CIPABOYHBIX
CHCTEM:

- MPE3EHTAI[MOHHBIC MaTePHAJIbI (CITAM/IBI ITO TEMaM JICKITMOHHBIX U MPAKTHYSCKUX 3aHATHH);

- IOCTYT B pexxuMe on-line B DiekTpoHHyto 6ubimortednyto cuctemy (9bC);

- IOCTYI B 3JICKTPOHHYIO HH(POPMAIITMOHHO-00pa30BaTEIbHYIO CPEly YHUBEPCHUTETA,

- MPOrpaMMHOE O00ECIICUCHUE, HCITOIb3yeMOe TPU PEIICHUH 3a/1a4 C IIOMOIIBIO0 YUCIICHHBIX METOJIOB.

- presentation materials (slides on the topics of lectures and practical classes);

- on-line access to the Electronic Library System (ELS);

- access to the electronic information and educational environment of the university;
- software which is used to solve problems using numerical methods.

[Tpu ocBOeHHMM MaTepHalia U BHIMOJHEHHS 3aITaHH TT0 JUCIUIUINHE PEKOMEHIYETCS HCTIOJIh30BaHNE
MaTepuasoB, pa3MelIeHHbIX B JImunbix kabuHeTax ooyuaromuxcss ETUC [ITHUY (student.psu.ru).

[Ipu opranuzanuu TUCTaHIIMOHHON paOOTHI U TPOBEJACHHUH 3aHATHUN B PEKUME OHJIAWH MOTYT
HCIOJIb30BAThCA:

cucteMa BuseokoHpepeHIicBs3u Ha ocHoBe miatdopmer BigBlueButton (https://bigbluebutton.org/).

cuctema LMS Moodle (http://e-learn.psu.ru/), koTopas moanepKuBaeT BO3MOKHOCTh UCIIOJIb30BaAHUS
TCKCTOBBIX MAaTCPUAJIOB U Hp€3€HTaHHﬁ, ayJIuo- U BUJCOKOHTCHT, a TaK K€ TCCThI, IPOBCPACMBIC 3a/IaHN,
3aJJaHus JJ11 COBMECTHOM paboThI.

cuctema tectupoBanus Indigo (https://indigotech.ru/).

11. Onucanue MaTepHAJIBLHO-TEXHUYECKOM 0a3bl, HEOOX0AMMOM AJIs1 OCYLIeCTBJICHHUS
00pa30BaTEJBLHOIO NPoOLecca M0 AUCHHUILIHHE

B yueOHOM nponecce A U3y4eHus AUCUUILUINHBL «UHCIeHHbIe METOABI (aHAIN3 YKOHOMHUYECKUX IPOLIECCOB)»
11l IPOBEJICHUSI JIEKIIMOHHBIX 3aHATHH TpeOyeTcs ay IMTOpHsl, OCHAIEHHAas! TPE3EeHTAMOHHON TEXHUKON
(mpoexTop, 3KpaH, KOMIbIOTEP/HOYTOYK) C COOTBETCTBYIOIIUM IIPOrPaMMHBIM 0O€cTieYeHHEM, MEIOBOH (1) WK
MapKEepHOH JOCKOM.

Jli1g mpoBeieHus J1abOpaTOPHBIX 3aHATHI TpeOyeTCsl KOMIBbIOTEPHBIN KJIacc, OCHAIIEHHBIN IepCOHAIbHBIMU
3BM 1 cOOTBETCTBYIOIIKM MPOrpaMMHBIM obecriedenneM. CoctaB 0b6opynoBanus onpeneneH B [lacmopre
KOMITBIOTEPHOTO Kiacca./[Jis caMoCcTosATeNbHOM paboThl TpeOyeTCs ay IMTOPHSI, OCHAIIEHHAs! KOMIIBIOTEPHOU
TEXHUKOH ¢ BO3MOXHOCTBIO MOJAKIIOYEHHUS K ceTh «IHTepHEeT», 00ecnieueHHbI T0CTYIIOM B 3JIEKTPOHHYIO
MH(POPMALIMOHHO-00pa30BaTENbHYIO CpEly YHUBEPCUTETA, a TakK ke nmomenieHust HayuHoi 6ubnuorexku
[Ir'HNY.

JUist TeKyIIero KOHTpoJIst TpeOyeTcsi KOMITBIOTEPHBIN Kilacc, OCHAILIEHHbIH nepcoHaabHbIMU DBM n
COOTBETCTBYIOLIMM ITpOrpaMMHBIM obecnieueHneM. CoctaB ob6opyaoBaHus onpezaesneH B [lacnopre
KOMITbIOTEPHOTI'0 KJ1acca.

WuavBryanbHbIe U TPYNIIOBbIE KOHCYJIBTALUY - Ay AUTOPUS, OCHALLIEHHAS IPE3EHTALlMOHHON TEXHUKOM
(TpoekTop, 3KpaH, KOMIBIOTEP/HOYTOYK) C COOTBETCTBYIOIIMM MPOTPAMMHBIM 00€CTICUCHHEM, MEJIOBOH (1) WU
MapKepHOH JT0CKOH UK ay JUTOPHS], OCHAILIEHHAs! MEJIOBOM (1) WJIM MapKEepHOM TOCKOM.



In the educational process for studying the discipline "Numerical methods (analysis of economic processes)" for
lectures, an audience is required, equipped with presentation equipment (projector, screen, computer / laptop)
with appropriate software, chalk (s) or marker board.
For laboratory studies, a computer class equipped with personal computers and appropriate software is required.
The composition of the equipment is defined in the Passport of the computer class. For independent work, an
audience is required, equipped with computer equipment with the ability to connect to the Internet, provided
with access to the electronic information and educational environment of the university, as well as the premises
of the Scientific Library of Perm State National Research University.
Current control requires a computer class equipped with personal computers and appropriate software. The
composition of the equipment is defined in the Passport of the computer class.
Individual and group consultations - an audience equipped with presentation equipment (projector, screen,
computer/laptop) with appropriate software, chalk(s) or whiteboard or an audience equipped with chalk(s) or
whiteboard.

[Tomemenus Hayanoi 6uomuorexku [ITHUY mist oGecnieueHust caMoCTOSITEIbHON PaboThl 00yYarOIIMXCS:

1. Hayuno-6ubnuorpadudeckuii otaen, kop.l, aya. 142. O6opynoBaH 3 nepcoHaIbHBIMH KOMIIBIOTEPA C
JOCTYTIOM K JIOKaJIbHOM U T7100abHONW KOMIIBIOTEPHBIM CETSIM.

2. UnTanpHbIN 3aJ1 TYMaHUTAPHOMW JIUTEPATyphl, KOpIL. 2, aya. 418. O6opyaoBaH 7 nepcoOHAIbHBIMU
KOMITBIOTEPAMH € JOCTYIOM K JIOKaJbHOW U T7100a1bHONH KOMIBIOTEPHBIM CETSIM.

3. YuTanbHbIN 3a11 €CTECTBEHHON IUTEpaTyphl, Kopi.6, aya. 107a. O6opyaoBaH 5 nepcoHaIbHbIMU
KOMITBIOTEPAMH C IOCTYTIOM K JIOKaJIBHOHN H TJT00AIBHOW KOMIIBIOTEPHBIM CETSIM.

4. Otnen MHOCTPAHHOM JHUTEpaTyphl, Kopm.2 aya. 207. O6opynoBan 1 nepcoHaIbHBIM KOMIIBIOTEPOM C
JIOCTYTIOM K JIOKQJIbHOM U T7100aIbHONW KOMIIBIOTEPHBIM CETSIM.

5. bubnmoreka ropuanyeckoro ¢akynpTera, Kopn.9, ayn. 4. O6opyaosana 11 nepcoHambHBIMU
KOMITBIOTEPAMH C JOCTYTIOM K JIOKaJTbHOU U TTI00aThHONH KOMIBIOTEPHBIM CETSIM.

6. UuranbHblii 3a1 reorpaduyeckoro gaxyiabTera, Kopi.8, aya. 419. O6opyaoBaH 6 nepcoHaIbHBIMU
KOMITBIOTEPAMH C JOCTYTOM K JIOKaJbHOW U TTI00aTbHONH KOMIBIOTEPHBIM CETSIM.

Bce koMmbloTephl, yCTAaHOBIICHHBIE B IOMEIICHUAX HAYYHONH OMOIMOTEKH, OCHAIICHBI CIIETYIOIIUM
MIPOrPaMMHBIM 0OecTIeYeHHEM:

Omneparmonnas cuctema ALT Linux;

Odwucnpiii maket Libreoffice.

CnpasouHo-npaBoBas cucteMa «Koncynprantllmocy



@oH/IBI OIIEHOYHBIX CPEICTB JIsl ATTECTANMH MO JUCHHUIIJIHHE
Numerical Methods: Analysis of Economic Processes

I[lnannpyemble pe3yabTaThl 00y4eHHsl 0 TUCHUILIHHE IS GOPMUPOBAHUS KOMIIETEHIIUM.
NuaukaTopbl M KPpUTEPUU UX OLleHMBAHUS

IIK.2

Cnoco0eH K aHaJIn3y, 000CHOBAHHMIO M BHIOOPY pellieHHs HA OCHOBe OM3Hec-aHaAJIn3a
HH(GOPMALUY C HCII0JIb30BAHHEM MH(POPMALIMOHHBIX TEXHOJIOT M

Komnerenuus IInanupyemsle pe3yJibTaThl Kpurtepun oneHnBanus pe3yjbTaToB
(MHAUKATOP) o0y4eHust o0y4eHust
IIK.2.2 Knows methods for determining HeynosiierBopuren

Onpenensier CBSI3U U
3aBUCHMOCTH MEXTy
JIEMEHTAMU
uHpopManuu OuzHec-
aHaJIM3a B COOTBETCTBUU
C BBIOpaHHBIMHU
ITOIXOIaMH C
NPUMEHCHUEM
UH(POPMAIIMOHHBIX
TEXHOJIOTHII B 00BEME,
HEOOXOIMMOM IS IIeNei
CHCTEMHOTO aHaJIN3a

relationships and dependencies
between elements of business
analysis information in
accordance with the chosen
approaches using information
technology to the extent necessary
for the purposes of system
analysis.

Able to identify relationships and
dependencies between elements of]
business analysis information.
Has the skills to determine
relationships and dependencies
between elements of business
analysis information.

Does not know the methods for determining
relationships and dependencies between
elements of business analysis information in
accordance with the chosen approaches using
information technology to the extent necessary
for the purposes of system analysis.

Does not know how to determine the
relationships and dependencies between the
elements of business analysis information.
Does not have the skills to determine
relationships and dependencies between
elements of business analysis information.

YnoBj1eTBOPUTEIbH
Poor knowledge of methods for determining
relationships and dependencies between
elements of business analysis information in
accordance with the chosen approaches using
information technology to the extent necessary
for the purposes of system analysis.
Makes gross mistakes in determining
relationships and dependencies between
elements of business analysis information.
Possesses at a satisfactory level the skills of
determining relationships and dependencies
between elements of business analysis
information.

Xopouo
Knows methods for determining relationships
and dependencies between elements of business
analysis information in accordance with the
chosen approaches using information
technology to the extent necessary for the
purposes of system analysis.




KoMnerennus
(MHAUKATOP)

IInanupyemble pe3y/bTaThl
o0y4eHust

Kpurepun oneHuBanus pe3yibTaToB
o0y4eHust

Xopomuo
Allows minor errors in determining
relationships and dependencies between
elements of business intelligence information.
Has the skills to determine relationships and
dependencies between elements of business
analysis information.

OTtim4yHoO
Knows at a high level methods for determining
relationships and dependencies between
elements of business analysis information in
accordance with the chosen approaches using
information technology to the extent necessary
for the purposes of system analysis.
Able to identify relationships and dependencies
between elements of business analysis
information.
He has excellent skills in determining
relationships and dependencies between
elements of business analysis information.




OueHoYHbBIE CPEACTBA TEKYIIEr0 KOHTPOJISI M IPOMEKYTOUYHOM aTTecTanun

Cxema nocTaBku ;. ba3zoBas

Bupa MeponpusiTusi NPOMeKYTOYHOM aTTeCTAINH ¢ DK3aMEH
Cnoco6 npoBeieHNsI MEPONIPUATHS MPOMEKYTOYHOM aTTecTanum : OlLieHKa M0 JUCLUIIMHE B paMKax
POMEKYTOUHOM aTTEeCTAIlK ONPELNIeTCS Ha OCHOBE 0aioB, HAOpaHHBIX 00YYArOIIMMCS Ha KOHTPOJIbHBIX
MEPONPUITUSIX, TPOBOJIUMBIX B T€UEHUE YUYEOHOTO NIEpUOIa.
MaxkcuMajibHOEe KoJIH4YecTBo 0aioB : 100

KonBepranusi 60a/U10B B 0TMETKH

«o1ianyHo» - ot 81 mo 100
«xopowo» - ot 61 1o 80

«YOBJIETBOPUTEJbHO» - OT 43 10 60
«HEeYI0BJIETBOPUTEIbHO» / «He3a4TeHo» MeHee 43 Oaia

KoMmnerenuus
(uHaAMKATOP)

Meponpusitue
TeKYILero KOHTPoJIs

Kountposmpyemblie 3jieMeHTbI
pe3yJibTAaTOB 00y4eHHs

BxoaHoii KOHTPOJIb

Introduction
BxoaHoe TectupoBaHue

Knowledge of mathematics, probability
theory and mathematical statistics is tested.

IK.2.2

OmnpeessieT CBA3M M 3aBUCUMOCTH
MEXY DIIEMEHTaMu HH(OpMaIiu
Ou3Hec-aHaan3a B COOTBETCTBUU C
BBIOPAHHBIMHU TIOJIXO/IAMHU C
NpUMEHCHHEM HH()OPMAITHOHHBIX
TEXHOJIOTHI B 00bEME,
HEOOXOIMMOM IS HeNei
CHUCTEMHOT'0 aHaJIN3a

Intermediate test 1
3amumaeMoe KOHTPOJIbHOE
MeponpusiTue

Knowledge and skills in interpolation and
approximation of functional dependencies
are tested. Knowledge of numerical
integration methods.

K.2.2

OmnpenensieT CBS3M U 3aBUCHMOCTH
MEXTy dJIeMEeHTaMH HH(DOpMaIiu
OM3HEC-aHaIM3a B COOTBETCTBHH C
BBIOpaHHBIMHU TIOJIXOJIAMH C
IIPUMEHEHHEM UH(POPMAIIMOHHBIX
TEXHOJIOTHI B 00BbEME,
HEOOXOIMMOM I 1eJIeH
CHUCTEMHOTO aHaJIn3a

Intermediate test 2
3amumaeMoe KOHTPOJIbHOE
MeponpusiTue

Knowledge and ability to use methods for
solving linear and non-linear equations and
systems of equations, as well as differential
equations are tested.

IK.2.2

OHpeI[CJISIeT CBA3HU U 3aBUCUMOCTU
MEXY 3JIeMEHTaMu HH(OpMaIiu
OHM3HEeC-aHaIN3a B COOTBETCTBHUU C
BBIOpaHHBIMU TIOJIXOJIAMH C
IPUMEHEHUEM UH(POPMAITHOHHBIX
TEXHOJIOTHIl B 00BbEME,
HEO0OXOUMOM JUIS LeIei
CHCTEMHOTO aHaJIn3a

Final control activity
HNTorosoe KOHTPOJIbHOE
MeponpusiTue

The level of knowledge on all studied
material is checked.




Crnenudukanuss MeponpMATHI TeKylIero KOHTPOJIA

Introduction

[TpoaomKUTeTsHOCTD TPOBECHUS MEPOTIPUATHS IPOMEXKYTOUHOM arTecTanuu: 1 yaca
YcoBUs TPOBEICHUS MEPOTIPUATHSA: B YACHI aAYIMTOPHOMH padoThI

MaxkcuMaibHBIN 0aJl1, BRICTABIIIEMBIH 32 MEPOTIPUATHE TPOMEKYTOUHOM aTTecTanuu: )
[TpoxoxHoii 6amt: 0

IToxa3zarTenn oeHUBaAHUA

Bajaabl

There are basic knowledges of linear algebra, mathematical analysis, optimization theory.

Basic knowledge of the course of mathematical statistics.

There are basic knowledges of the course of probability theory.

Intermediate test 1

[IponomKUTENBHOCTD TPOBEACHUS MEPOIIPUATHUS TPOMEKYTOUHOM aTTecTanuu: 1 yaca
VY cnoBust poBeICHHSI MEPOIIPUATHUS: B 4aChl AyAUTOPHOH PadoThI

MakcumanbHBIH 0ajll, BRICTABISEMBIN 32 MEPOTIPUITHE MMPOMEKYTOUHOM arTectanun: 30
[Tpoxoxnoii 6amr: 13

IToxa3zarTenn oeHUBAHUA

Bajaasl

Knows and can use methods of function interpolation.

10

Knows and is able to use methods of approximation of functional dependencies.

10

Knows and can use methods of numerical differentiation.

Knows and can use numerical integration methods.

Intermediate test 2

[IponomKUTENBHOCTD TPOBEACHUS MEPOIIPUATHUS IPOMEKYTOUHOM aTTecTanuu: 1 yaca
VY cnoBust poBeIEHHSI MEPOIIPUATHUS: B 4aChl AyAUTOPHOH PadoThI

MakcumanbHbIH 0ajul, BRICTABISEMBIN 32 MEPOTIPUATHE MMPOMEKYTOUHOM arTecTanuu: 30
[Tpoxoxnoii 6amr: 13

IToxa3zarTen oeHNBaAHUA

Bajaasl

Knows and can use methods for solving linear algebra problems.

Knows and can use methods for solving nonlinear equations.

Knows and can use methods for solving the Cauchy problem.

Knows and can use methods for solving boundary value problems for ordinary differential
equations.

8
8
8
6

Final control activity

[TpoaomKUTensHOCTD TPOBECHUS MEPOTIPUATHS IPOMEXKYTOUHOM aTtTecTanuu: 1 yaca
YcnoBus mpoBeaeHUS MEPOTIPUATHUS: B YAChI ayIMTOPHOI padoThI

MaxkcuManbHbI{ 0aJ1, BEICTABIISIEMBIH 32 MEPOTIPUSATUE POMEKYTOUHOU aTTecTauuu: 40
[Tpoxoxnoii 6amr: 17

IToxa3zarTen oeHNBAHUA

Bajaasl




Knows and is able to use methods of approximation of functions. Able to solve linear and 10
non-linear equations. Able to solve differential equations.

Knows optimization methods from the theory of weak artificial intelligence. 10
Knows and can use methods of unconditional and conditional optimization for a function of 10
several arguments.

Knows and can use optimization methods for scalar functions. 10




