BBIYUCJ/IMTEJIbBHAS TEXHUKA U KOMIIBIOTEPHOE MOJAEJIMPOBAHUE B
OU3UKE
COMPUTERS AND COMPUTER MODELING IN PHYSICS

1.Ha3zBanue: BoruncianureabHast TEXHUKA U KOMIIBIOTCPHOC
MOJICIIMPOBaHKE B (PU3HKE
Course title: Computers and computer modeling in physics

2. JlexTop: Anekcanap 3UHYHK
Lecturer: Alexander Zinchik

3. Kparkas annoranus (500-700 cuMB0JIOB, HA MPOCTOM H

JAOCTYITHOM SI3bIKe): p g t h O n ™

YucneHnHoe MOACIINPOBAHUC COCTABIIACT HCOTHEMIICMYIO YaCTh

COBPEMEHHOW (YHIAMEHTALHOM W TPHUKIAIHON HAYKH,

OpUYeM TI0 BaXKHOCTU OHO MPHOMIKAEeTCs K TPAAULIMOHHBIM JKCHEPUMEHTAIbHBIM U
TeopeThudeckuM MeroaaM. [losromy Oynymipie HaydHble pPaOOTHUKH, WHXKEHEPH U
npenojaBaTenu 0053aTelbHO AOKHBI BIAJETh TEXHOJIOTHEH KOMITBIOTEPHOTO MOJISTHUPOBAHUS,
YMETh HCCIIeIOBATh PAa3INYHbIe (DU3NUYECKHE SBJICHHUS U MPOLIECCHI C MOMOIIBIO KOMIIBIOTEPA.
Ilenpto maHHOTO Kypca sBiseTcs (QOpMHpOBAHHME U Pa3BUTHE HABBIKOB CIylIaTelNeH,
HEOOXOMMBIX ISl IPUMEHEHHs s3bIKa porpamMupoBanus Python 3 ¢ 6ubimorexkamu NumPy,
SymPy u Matplotlib mist mpoBeneHuss Hay4HBIX BBIYHUCICHHM, 0O0paOOTKH M BU3YallW3alMU
JAHHBIX.

SI3pik mporpamMupoBanus Python oGnagaeT sSCHBIM U MOHATHBIM CHHTAKCHCOM M XOPOII IS
POrPaMMHUPOBAHUS MATEMATHUECKUX BBIYUCIICHUN.

OcHoBHOE BHUMaHHE OyJET YJEJIEHO PACCMOTPEHHUIO MAaKETOB, MCIOJB3YEMBIX B HAaYy4HBIX
BerauciieHusix — NumPy, SciPy, Matplotlib u SymPy. B Hux peann3oBaHbl KIacCHYECKHE
YHUCIIEHHBIE AQITOPUTMBl PpEUICHHS YpaBHEHWH, 3adad JWHEHHOW anreOpbl, BHIUYMCICHHUS
OTIpE/ICIICHHBIX WHTETPAJIOB, aNMIPOKCUMAIINH, pelieHus auddepeHmanbHbIX YpaBHCHHH U UX
cuctem. Ilaker Matplotlib ob6namaer xopoiro pa3BUTHIMH BO3MOXHOCTSAMH BH3YyaTH3alldH
JIBYMEPHBIX U TPEXMEPHBIX JIAHHBIX.

Short annotation (500-700 characters, in plain and simple language):

Numerical modeling is an integral part of modern fundamental and applied science, and in
importance it approaches the traditional experimental and theoretical methods. Therefore, future
scientists, engineers and teachers must possess the technology of computer simulation, be able to
explore various physical phenomena and processes using a computer.

The goal of this course is to develop the skills of students required to use the Python 3
programming language with the NumPy, SymPy and Matplotlib libraries for scientific
computing, processing and visualization of data. The Python programming language has a clear
and understandable syntax and is good for programming mathematical calculations..

Main attention will be devoted to the packages used in scientific calculations - NumPy, SciPy,
Matplotlib and SymPy. They implement the classical numerical algorithms for solving
equations, problems of linear algebra, calculating certain integrals, approximations, solving
differential equations and their systems. The Matplotlib package has well-developed
visualization capabilities for 2D and 3D data.

5. HazpaHue nporpamMMsl U ceMecTp:
Maructparypa «Paano4acTOTHBIE CUCTEMBI U YCTPOMCTBAY, 1-bIil
ceMecTp



Study program and semester:
master program “RF systems and devices”, 1st semester

6. JleranpHoe onucaHue Kypca ¢ pa30MeHUEM M0 JIEKIUsIM/CeMIHapaM/TpakTHKaM:

Tema Tun 3ansaTHs

1 OcHOBBI TporpaMmMupoBanus Ha si3bike Python. Cpena JICKLIHS
IPOrpaMMHUPOBaHUS

2 IIpocreiimue onepauuu. BBoa u BeIBOI [IpaKTUKA
dbopMaTUPOBAHHBIX JAHHBIX.

3 Tunsl JaHHBIX, IEPEMEHHBIE U OIIEPATOPBL. Y CIIOBUS U JeKIUs
L[UKJIBI

4 PaszserBirAronuecs anropurMsl. MHOKECTBEHHBIE [IpaKTUKA
ycioBus. Lluknudyeckre BBIYMCIUTEIbHBIE POLECCHI.
ITozcyer cymMMBbl WIEHOB psiJia € 3alaHHON TOYHOCTHIO.

5 bubnunorexa NUMPY. Brruncienus Hag MaccCuBaMu JIEKIIUSA
o6ubmorekn NUMPyY

6 @aiinbl. BBoa-BRIBO/ TAOIMYHO 33 JAaHHBIX JaHHBIX. [IPAaKTUKA

7 bub6muorexka Matplotlib. TTpocteie nuneiinbie rpaduku JIEKIIHS

8 Uucnennoe quddepeHInpOBaHNE U HHTETPUPOBAHNE MpaKkTHUKa
TaOJIMYHO 3aJaHHOU (DYHKITUU.

9 bu6mmorexa NUMPY. /TuckpeTHoe mpeoOpazoBaHue JCKITUS
®Dypwe. Ocobennoctu peanusanuu. Cnpurosoe AI1D.

10 | [pumenenne AIID s penrenus 3anaq mudpaximum. MPaKTUKA

11 | bubnuoreka SymPy. CHMBOJIBHOE pEIICHUE JICKIIHS
QG epeHIaIbHbIX YpaBHEHUH

12 | CoBMecTHOE HCITIOJIb30BAHUE CUMBOJIBHOMN U MpaKkTHUKa
YUCJICHHOW MaTEMATHKH

13 | bubaunoreka Matplotlib. Tpexmeprsie rpadukw. JCKITUS
AHnManus.

14 | MonennpoBaHue TMHAMUYECKUX MTPOLIECCOB. ITPaKTHKA

15 | Mcnonp3oBaHue OGMOIMOTEK Ul YCKOPEHUS IPOTrpaMM JEKIUS
Ha Python

16 | MonenupoBanue nupakivy B OJMKHEH 30HE. ITPAKTHKA

Detailed content and structure with sectioning of lectures/seminars:
Topic Classes type

1 Basics of programming in Python. Integrated lecture
Development Environment

2 The simplest operations. Input and output of formatted seminar
data.

3 Data types, variables and operators. Conditions and lecture
cycles

4 Branching algorithms. Multiple conditions. Cyclic seminar
computing processes. Counting the sum of the series
with a given accuracy.

5 NumPy package. Computing on arrays of the NumPy lecture
library

6 Files. I/O tabulated data. seminar

7 Matplotlib library. Simple plots. lecture

8 Numerical differentiation and integration of a table- seminar

specific function.




9 NumPy package. Discrete Fourier transform. Features lecture
of implementation. Shift DFT.

10 | The use of the DFT for solving diffraction problems. seminar

11 | SymPy package. Symbolic solution of differential lecture
equations.

12 | The combined use of symbolic and numerical seminar
mathematics.

13 | Matplotlib package. 3D - plots. Animation. lecture

14 | Simulation of dynamic processes. seminar

15 | Using packages to accelerate Python programs. lecture

16 | Modeling diffraction in the near-field zone. seminar

7. PekoMeH0BaHHAs JINTEPATYpA:
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. JoxymenTanus mo NumPy and Scipy [Dnekrponnsiii pecypc]. URL:
https://docs.scipy.org/doc/

2. la6anos I1.A. "Hayunas rpaduka B python" [Dnexrponnsiii pecypc]. URL:
https://github.com/whitehorn/Scientific_graphics_in_python (31.08.2015).

. Yac MakKunuu Python u ananus gannsix M.: JIMK Ilpecc, 482 ¢, 2015

. PykoBojcTBo nons3oBareast MathPlotLib [Dnexrponnsiit pecype]. URL:
https://matplotlib.org/users/index.html
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Textbooks:

1. Numpy and Scipy Documentation [e-book]. URL.: https://docs.scipy.org/doc/ [e-book]. URL:
https://docs.scipy.org/doc/numpy-1.3.x/numpy-ref.pdf

2. Shabanov P. A., "Scientific graphics in Python" [e-book]. URL:
https://github.com/whitehorn/Scientific_graphics_in_python (31.08.2015).

3. Wes McKinney, "Python for Data Analysis: Data Wrangling with Pandas, NumPy, and
IPython"

4. MathPlotLib User's Guide [e-book]. URL: https://matplotlib.org/users/index.html

8. HpeuBapuTenbﬂo HpOﬁ)IeHHble KYPChbI, HeoﬁXOJII/[MbIe AJIA U3y4YeHUud npeamMera:
MareMaTH4eCcKuit aHaJIn3, IporpaMMHUpOBaAHUC

Course prerequisites:

Mathematical analysis, programming

9. Tun camocToATEJLHBIX 32JaHUI (TTOXKaNylicTa, IPUIIOKUTE TAKXKe HECKOJIBKO MPUMEPOB):
- B xypce 3amuianupoBaH UK JJA0OPAaTOPHBIX paOOT JIsl MIUTFOCTPAIIMH M JTyUYIIIEero MOHUMaHUS
OCHOBHOTI'O MaTepuajia Kypca, KOTOPbIC CTYACHTEI CAMOCTOSATCIIbHO BBIIIOJIHAIOT B ayAUTOPUH.
Assignments (please, attach a couple of examples):

- The course is scheduled for a cycle of laboratory work to illustrate and better understand the
basic material of the course, which students independently perform in the classroom.

10. Kak oneHnBaeTcsi ycreBaeMocCTh M0 Kypcy:

MakcumanbHOE KoarmdecTBo 0amnoB 3a kype 100.

MakcumanbHOE KOJIMYECTBO 0aIoB 3a jabopatopHbie padoThl 80.

[TpakTH4eckuii Kypc COCTOUT U3 BOCHMH JTA0OPATOPHBIX paboT. MakcuManbHas OIIeHKa 3a
Kaxyro paboty 10 6amnoB. OmieHKa CKIIaIbIBAETCS U3 OLIEHKH 3a MPABUIBHOCTH TPOTPAMMHOTO
Ko/1a (MakcUMyM 5 0aJlJIOB) M OIICHKH IO Pe3y/ibTaTaM coOeceI0BaHMsI IO MPOICIaHHON padboTe
(MakcumMyM 5 6asIoB).

MakcumanbHOE KOJIHMYeCTBO 0aioB 3a GUHANBHEIN 3k3ameH 20.

Grading policy:



https://github.com/whitehorn/Scientific_graphics_in_python
https://docs.scipy.org/doc/numpy-1.3.x/numpy-ref.pdf
https://github.com/whitehorn/Scientific_graphics_in_python

The maximum number of points for the course 100.

The practical course consists of eight lab works. The maximum grade for each lab work is 10
points. The grade for the each lab work consists of the assessment for the correctness of the
program code (maximum 5 points) and the assessment of the results of the interview on the work
done (maximum 5 points).

The maximum number of points for the laboratory work 80.

The maximum number of points for the final exam 20.

11 I[OHOJIHHTGJILHLIe KOMMeHTapI/II/I:
Additional notes:



