Python

— [appwn, Tbl OTZIMYHO rOBOPULLbL HA 3MEUNHOM.
— Cnc.




[TporpammmpoBaHne B HayYHbIX LLenax

He NPorpamMmMUCTLI!

Ho mbl neHuBbl!
Mbl ntoam n penaem owmnbku!

N mbl HEe ntobum aenatb ogHoobpa3Hble aena! OcobeHHO, ecnun Takoe
aeno Hago caenatb 10000+ pas.

BbiBOA:
Hy»eH (npocToi) cnocob aBTOMATU3UPOBATL PYTUHY



meme OKOJIO LLEPKBUA
TeopoxHukoB MUBaH UBaHOBUY (1848-1919)

HaHATb paboTHMKOB i
3a eqy




KaKkmne BapmaHTbl Yy HacC ecTb?

A3bIKM 0b6LEero Ha3Ha4YeHums [lpeAMeTHO-OpPUEeHTUPOBaAHHbIE
A3bIKU

e C

e C++ e Julia

e Python * R

e D « Matlab

* Rust



YTo Takoe Python?

Python (M®A: [ pA1B(8)n]; B pycckoM SA3blke BCTpeYalTca Ha3BaHus nUTOH nnn
nanToH!8l) — BLICOKOYPOBHEBLIN A3bIK NPOrpamMMmnpoBaHNSA oOLLLEr0 Ha3HAYEeHUsI C
OMHaMUYeCKOW CTPOrom Tunnusaunen u asToMmaTu4yecknum yrnpasneHnem

namaTbio 2120 opneHTUpoBaHHbIN Ha NOBbILLEHME NPON3BOAUTENBHOCTH ﬁ
pa3paboTymka, YNTaeMOCTU KOJa M ero Ka4yecTBa, a Takke Ha obecneyeHne
NepeHOCUMOCTU HanMcaHHbIX Ha HEM nporpaMmmi2ll, A3bIk ABNSETCA NONMHOCTLIO

00 BLEKTHO-OPUEHTUPOBAHHLIM B TOM MaHe, YTo BcE aBnaeTca obbektamul'®l
HeobbluHOM 0COBEHHOCTLIO A3blKa ABMSETCA BblaeneHne 610koB koaa oTcTynammi22l,
CuHTakcmc ssiapa si3blka MMHUMAaNUCTUYEH, 3a CYET Yero Ha nNpakTuke peako
BO3HMKaeT HeobxoaMMOoCTb obpaulatbes Kk AokyMeHTaunn2ll, Cam xe s3blk N3BECTEH
KaK MHTEPNPETUPYEMbIA U UCNOMNb3YEeTCHA B TOM Yncne ans Hanncannsa ckpuntos!!dl,
HepocTtaTkamu sa3bika SIBMSAOTCA 3a4acTyto bonee HMu3kas CKopocTb paboTbl 1 boree
BbICOKOE NMOoTpebrieHne namsTm HannmcaHHbIX Ha HEM NporpamMm No CPaBHEHWUIO C

dHalnormM4yHbiMm KOAom, HarmmCaHHbIM Ha KOMIMUJTUPYEMbIX A3blKAdX, TAKNX KAK Q NI
C++0191121],

https://ru.wikipedia.org/wiki/Python



https://ru.wikipedia.org/wiki/%D0%9C%D0%A4%D0%90
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B6%D0%B4%D1%83%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D1%8B%D0%B9_%D1%84%D0%BE%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B0%D0%BB%D1%84%D0%B0%D0%B2%D0%B8%D1%82
https://ru.wikipedia.org/wiki/Python#cite_note-17
https://ru.wikipedia.org/wiki/Python#cite_note-18
https://ru.wikipedia.org/wiki/%D0%92%D1%8B%D1%81%D0%BE%D0%BA%D0%BE%D1%83%D1%80%D0%BE%D0%B2%D0%BD%D0%B5%D0%B2%D1%8B%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%82%D0%B8%D0%BF%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%BE%D0%B3%D0%B0%D1%8F_%D1%82%D0%B8%D0%BF%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/Python#cite_note-:2-19
https://ru.wikipedia.org/wiki/Python#cite_note-20
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D1%85%D0%BE%D0%B4%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/Python#cite_note-:1-21
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82%D0%BD%D0%BE-%D0%BE%D1%80%D0%B8%D0%B5%D0%BD%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D1%8B%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)
https://ru.wikipedia.org/wiki/Python#cite_note-:2-19
https://ru.wikipedia.org/wiki/%D0%91%D0%BB%D0%BE%D0%BA_%D0%BA%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/Python#cite_note-22
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D1%82%D0%B0%D0%BA%D1%81%D0%B8%D1%81_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)
https://ru.wikipedia.org/wiki/Python#cite_note-:1-21
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D1%80%D0%BF%D1%80%D0%B5%D1%82%D0%B8%D1%80%D1%83%D0%B5%D0%BC%D1%8B%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D1%80%D0%B8%D0%BF%D1%82
https://ru.wikipedia.org/wiki/Python#cite_note-:2-19
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%B8%D0%BB%D0%B8%D1%80%D1%83%D0%B5%D0%BC%D1%8B%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8_(%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/C%2B%2B
https://ru.wikipedia.org/wiki/Python#cite_note-:2-19
https://ru.wikipedia.org/wiki/Python#cite_note-:1-21
https://ru.wikipedia.org/wiki/Python

YTo Takoe Python?

Python

ONHAMUYECKON CTPOron TMNmM3aumnen n aBToMaTn4eCckum yrpaBneHnem

— BbICOKOYPOBHEBbLIN S3bIK MPOrpaMmmMmnpoBaHns obLlero HazHa4yeHus ¢

namMaThblo,

A

NHTEPNPETUPYEMbIN U NCMOJIb3yeTCA B TOM HNCIe ON1A HarmimcaHnA CKpUrnToB.

HepocTtaTkamu si3blka ABNSAOTCSA 3a4acTyo bonee HM3Kas CKopoCcTb paboThl _‘

https://ru.wikipedia.org/wiki/Python



https://ru.wikipedia.org/wiki/%D0%9C%D0%A4%D0%90
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B6%D0%B4%D1%83%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D1%8B%D0%B9_%D1%84%D0%BE%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B0%D0%BB%D1%84%D0%B0%D0%B2%D0%B8%D1%82
https://ru.wikipedia.org/wiki/Python#cite_note-17
https://ru.wikipedia.org/wiki/Python#cite_note-18
https://ru.wikipedia.org/wiki/%D0%92%D1%8B%D1%81%D0%BE%D0%BA%D0%BE%D1%83%D1%80%D0%BE%D0%B2%D0%BD%D0%B5%D0%B2%D1%8B%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%82%D0%B8%D0%BF%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%BE%D0%B3%D0%B0%D1%8F_%D1%82%D0%B8%D0%BF%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/Python#cite_note-:2-19
https://ru.wikipedia.org/wiki/Python#cite_note-20
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D1%85%D0%BE%D0%B4%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/Python#cite_note-:1-21
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82%D0%BD%D0%BE-%D0%BE%D1%80%D0%B8%D0%B5%D0%BD%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D1%8B%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)
https://ru.wikipedia.org/wiki/Python#cite_note-:2-19
https://ru.wikipedia.org/wiki/%D0%91%D0%BB%D0%BE%D0%BA_%D0%BA%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/Python#cite_note-22
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D1%82%D0%B0%D0%BA%D1%81%D0%B8%D1%81_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)
https://ru.wikipedia.org/wiki/Python#cite_note-:1-21
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D1%80%D0%BF%D1%80%D0%B5%D1%82%D0%B8%D1%80%D1%83%D0%B5%D0%BC%D1%8B%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D1%80%D0%B8%D0%BF%D1%82
https://ru.wikipedia.org/wiki/Python#cite_note-:2-19
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%B8%D0%BB%D0%B8%D1%80%D1%83%D0%B5%D0%BC%D1%8B%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8_(%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/C%2B%2B
https://ru.wikipedia.org/wiki/Python#cite_note-:2-19
https://ru.wikipedia.org/wiki/Python#cite_note-:1-21
https://ru.wikipedia.org/wiki/Python
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A BblYHHMA EIO
EHEPA BEHEPOM!
BCE TAK MPOCTO!

!

HELLO WOELD —
3TO NPOCTO

print "Hello, world!"

HY HE 3HAKD...

AMHAMMWHECK A4S

TUNU3AUMAT
TPOBEALIT

MPUCOE AMHINCH!
MUCATb
MPOTrPAMMBI
CHOBA CTAAO
MPUKOABHO.
TAM UEABIA
HOBEIM MHP!

.

HO KAK Tbl
AETAEWbB?

/
9 MPOCTO HAMHUCAA
import antigravity

W BCE? f

... H¥Y EWLE 9
PAAM CPABHEHMA
MEPENPOECBAA
BCE, UTO BBIAC B

AMNTEYKE.

|"

HO & AYMARD,
HTO 3TO PYTHOM.




[Toyemy Python?

CKOpOCTb pa3paboTKu

CKOpOCTb BbINONHEHUA

Today, | completed a
chore | have been
putting off for
7 months.
It took 12
:, minutes.
| will learn

nothing from this.

y

“




[Mpumepbl NPUMEHEHNA B COBPEMEHHON PU3NKe

e (O6paboTKa (B TOM YMC/ie CTaTUCTUYECKAA) AaHHbIX, UX BU3yaM3aLUua

* YucneHHoe moaenmpoBaHMe — B 3a4a4axX, MeEHee MaclWwTabHbIX, Yem
high performance computing

* W paxe TyT Python xopow Ana npoToTMNNMPOBAHMUA
* CumBONbHbIE BblYMCIEHUA (HO HE AOTATMBAET A0 INAEPOB OTPAC/IN)

 ABTOMATM3aUUA SKCNEPMUMEHTA — Hanpumep, paboTa ¢ USB
YCTPOMCTBaMM (AaTYMKK etc)

* MicroPython ectb gaxke ana Arduino




Cpeabl pa3paboTKu

i) ANACONDA °

jupyter

’0 Visual Studio Code

A

b
PyCharm

\’l

Kepyder =




Cuyem byaem paboTtaTb?

Anaconda — 6osiblwoe cobpaHue nNone3HbIX NakeToB
https://www.anaconda.com/download/success

Anaconda Distribution Miniconda

B H yTp M : Created and published by Anaconda Yes Yes

° Python 3. 13+ Has conda Yes Yes
Has Anaconda Navigator Yes No

¢ Numpy, SCIpy, MathOtllb, Sympy, Y # of packages 300+ <70
Install space required ~4.4 GB ~480 MB

Cpepa: Jupyter Notebook BHyTpu VS Code
HeT AauwwHero mecrta Ha »kectkom aucke? Miniconda / Miniforge



https://www.anaconda.com/download/success

Ccbinkn Ha npuknaaHoe MO

Anaconda https://www.anaconda.com/download/success
Git https://git-scm.com/
VS Code https://code.visualstudio.com/Download

LAMMPS https://github.com/lammps/lammps/releases
OVITO https://www.ovito.org/#download
VESTA https://ip-minerals.org/vesta/en/download.html



https://www.anaconda.com/download/success
https://git-scm.com/
https://code.visualstudio.com/Download
https://github.com/lammps/lammps/releases
https://www.ovito.org/#download
https://jp-minerals.org/vesta/en/download.html

3ayem?
« Dependency hell
) ANACONDA © ALB22.0]
C[B<2.0]

conda/mamba + pip

e PaboTa B KOMaHAge

« bopbba C nomoumkom B base



B TepmuHane

conda list cpermp mitex als o
conda install ...
conda update ...

pip list
pip install ...

pip install =U ...

o =

lcms2

lerc
libarchive

Nl as




HacTponka okpyKeHna ¢anaom

conda: environment.yml

conda env create -f environment.yml
conda activate ... L frame: s

channels:
conda-forge

dependencies:
python=3.8
numpy=1.21
matplotlib=3.4.2
scipy=1.7
pandas=1.3.8
pyarrow=4.0.1
pytables=3.6.1

tqdm
pyyaml
colorama
cmaps
rich

pip
pip:
plotille

https://docs.conda.io/projects/conda/en/latest/user-guide/tasks/manage-environments.html#

pip: requirements.txt

pip install —r r...txt

pyzmg>=20.0.0
numpy>=1.19.4
pillow>=8.1.0
gym

gym[atari]
netaddr>=0.8.0
oauthlib>=3.1.0


https://docs.conda.io/projects/conda/en/latest/user-guide/tasks/manage-environments.html

Anaconda Navigator

) Anaconda Navigator - X

File Help

(") ANACONDA NAVIGATOR © e

ﬁ Home

Search Environments Q Installed ‘v Channels Update index... Search Packages Q

base (root) Mame v T Description Wersion
° Environments
. b - 202
Fourier . abseil-cpp \) Abseil common libraries (c+4) A 202
. .
I Learning
res . arrow-cpp o C++ libraries For apache arrow A 404
(1] .
an Community aws-c-cal Aws crypto abstraction layer A o5
kmc4 °
latgh aws-c-common 0 Core c99 package For aws sdk For c. includes cross-platform primitives, configuration, data structures, and error handling. A 062
= = .
ERSE z::esa;even O 99 implementation of the vnd.amazen.eventstream content-type. A o271
mkmezd aws-c-io 0 This is a module For the aws sdk For c. it handles all ic and tls work For application protocols. A 0105
nanowebsite aws-checksums Cross-platform hw accelerated crc32c and cre32 with Fallback to efficient sw implementations. ¢ interface with language bindings For each of our sdks. A o
<
ofp105 . aws-sdk-cpp o C++ library that makes it easy to integrate c++ applications with aws services A 18186
Eeq Emds blosc Ablocking, shuffling and loss-less compression library that can be Faster than "memcpy()” A 1214
Anaconda 5 N .
o -
et . bzip2 O High-quality data compressor 108
” £ e .
wire . c-ares O This is c-ares, an asynchronous reselver library A 2.0
. ca-certificates 0 Certificates For use with other packages. A 20235,
certifi Python package For providing mozilla's ca bundle. A 20235

Documentation

. cmaps O z 1.05

Anaconda Blog

colorama

X Oomn o ® 5 £ & :

126 packages available

Cross-platform colored terminal text 046

Create Clone Impeort Backup Remowve



ba3oBble BeLu

Python 2 (yctapen 8 2012) vs. Python 3
# KOMMEHTapuu
OTcTynbl

Het “;

REPL: read, eval, print, loop



I1oKymeHTaumA

https://docs.python.org/3/

dir()

help()
print()

Python 3.13.2 documentation

Welcome! This is the official documentation for Python 3.13.2.

Documentation sections:

What's new in Python 3.13?

Or all "What's new" documents since Python 2.0

Tutorial
Start here: a tour of Python's syntax and features

Library reference
Standard library and builtins

Language reference

Syntax and language elements

Python setup and usage
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Tnnbl AQHHbIX

‘//'|\~L (class NoneType)
Integral Real Complex
A (class float) (class complex)

Integer Booleans

(class int) (class hool)

4//\

Sets Frozen sets
(class set) (class frozenset)
Immutable Mutable = Other Built-in Types
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[naBHble KUPMNYUKUN. HNCJ1a U CTPOKHU

Bcé — 3TO 06beKT

PyObject

type float
value 20.125
refcount 1

»>»>> isinstance(20.125, float)
True

>>> type(20.125)
<class 'float'>

>»> 20.125.real
20.125

>>> 20.125.1imag
0.0

>»> 20.125.as_integer ratio()
(161, 8)

>>> 20.125.hex()
'Ox1.4200000000000p+4

>»> 20.125.1is _integer()
False

>»> 20.125. sizeof ()
24

# y3HaGem mun OGHHbIX

# none (ampubym)

# memod (BeizviBaemca)

# 16-puyHoe npedcmabneHue

# pazmep obvexkma 6 balimax



[TfpocmoTp BCEX aTPMOYTOB

>>> dir(20.125)

[" abs ', ' add ', ' bool ', ' ceil ', ' «class ', ' delattr ', '

_dir_ ', ' divmod ', ' doc ', ' eq ', ' float ', ' floor °*,
_ floordiv__ ', ' format ', ' ge ', ' getattribute °,
__petformat ', ' pgetnewargs ', ' pgetstate ', ' gt ', ' hash °,
' ipnit ', ' init subclass ', ' int ', ' le ', " 1t ', ' mod
'y ' mul ', " pe ', " npneg ', ' new ', ' pos ', ' pow ",
~radd ', ' rdivmod ', ' reduce ', ' reduceex ', ' repr_ ', '
__rfloordiv._", " rmod ', " rmul ', ' round ', ' rpow ", °
_rsub ', ' rtruediv._ ', ' setattr ', ' sizeof ', ' str °,

_sub ', ' subclasshook ‘', ' truediv_ ', ' trunc_ ',

as_integer ratio’', 'conjugate’, 'fromhex', ‘hex', 'imag', "is integer’,
‘real’]

Cioga nonanw:

* Mertogbl/aTpnbyTbl Knacca fLoat
* MeToabl/aTpnbyTbl Knacca object —pogutena float



Dunder meToabl

>>> dir(20.125)

[" abs ', " add ', ' bool ', ' ceil ', ' «¢lass ', ' delattr ',
_dir_ ', ' divmod ‘', ' doc ', ' eq ', ' float ', ' floor °,
__floordiv_ ', ' format ', ' ge ', ' pgetattribute ', °
__petformat ', ' pgetnewargs ', ' pgetstate ', ' gt ', ' hash ',
' init ', ' init subclass ', ' int ', ' 1le ', " 1t ', ' mod
'y ' mul ", " ne ', ' neg ', "' new ‘', " pos ', ' pow °,
_radd ', ' rdivmod ', ' reduce ', ' reduce ex ', ' repr_ ', '
__rfloordiv._", " rmod ‘', " rmul ', ' round ', ' rpow ", °
_rsub ', ' rtruediv_ ', ' setattr ', ' sizeof ', ' str ', °
_sub ', ' subclasshook ', ' truediv ', ' trunc_ ',
as_integer ratio’', 'conjugate’, 'fromhex', ‘hex', 'imag', "is integer’,
‘real’]

>»> -20.125. abs ()

-20.125

2> (Cheom), o [ OnepaTtopbl — 3TO TOXKe PYHKLNY

>>; abs(20.125)

20.125 Hago y4nTbiBaTb MPUOPUTET ONMEepaTopoOB
>>»>> 15. mul_ (8)

120

>>> 15 * 8

120



Llenble yncna 1nt

>>> 15%%*125
10266144715765749474109597622615111533630688210188001861145930871028588075174128408005174426271364292008263750799468 2

«ANMHHAA» apnPMeETUKA «13 KOPOOKN»
¥ - * / /] k% % << >> & | " ~

KomnneKkcHbie yncna comp Lex

>>> 17%**2
(-1+07)

>>> 12.4+43.5j.conjugate()
(12.4-3.57)



Nornyeckum Tmn boo L

True / False

>»> 1 > 2
False

Onepaumun cpaBHEHUA BCeraa Bo3BPaLLatoT byneBo 3HaYeHue

1 a = (0.3 *
Henb3Aa CpaBHUBATb HAMPAMYIO YNC/a C MNJ1aBalOLWEN 3anAaTou! 2 print(a ==
Last executed at
False
, rel_tol=1e-09, abs_tol=6.0)

Return True if the values a and b are close to each other and False otherwise.

math.isclose(a, b, *

3) + 0.1
1.9)

20825-82-16



CTpoKkun STr

"string’ >>> "this long string'.count('t")
"also string” 2
"''yet another string'"'’
>>> "this long string'.replace('t', "a')
>>> 'a' + 'b' 'ahis long saring'
ab

>>> 'abe' * 3
‘abcabcabc’

>>> len("string")

6 cDOpMaTl/IpOBaHHbIl‘/lI BbIBOA.:
>>> "A" in 'ABC' # 'ABC'.__contains__("A") ° C-style
True

 Metog format()
>>> "ourstring'[@] # uHOekcayus c @

‘o' * F-CTPOKM



dopmaTnpoBaHHbIN BbIBOA,

print('%d %s ate %f mice' % (1, 'cat', 2.5))
print('%3d %s ate %.2f mice' % (1, 'cat’, 2.5))
print() .
1 cat ate 2.560000 mice
print('{} {} ate {} mice'.format(1, 'cat', 2.5)) 1 cat ate 2.50 mice
print('{:3d} {} ate {:.2f} mice’.format(1, 'cat’, 2.5))
print('{e} {1} ate {2} mice'.format(1, 'cat', 2.5))

orint('{2} {0} ate {1} {1} {1} mice'.format(1, 'cat’', 2.5)) 1 cat ate 2.5 mice

1 cat ate 2.56 mice

print() i
1 cat ate 2.5 mlce
data = (1, 'cat", 2.5) 2.5 1 ate cat cat cat mice
print('{} {} ate {} mice’.format(*data))
print() 1 cat ate 2.5 mice
a=1 ;
b = "cat’ 1 cat ate 2.5 mice
c = 2.5 a=1 b="cat' ate c=2.5 mice

print(f'{a} {b} ate {c} mice')
print(f'{a=} {b=} ate {c=} mice")



[lepemeHHble

Ba)KHO: MMA NnepemMeHHOM — 3TO TO/IbKO CCbI/IKa Ha 0O BbEKT AaHHbIX!
[MpucBanBaHMe He co3aaeT 0ObEKT, a TONbKO Ha3HAYaEeT CCbINKy!

Ectb «cbopmnk mycopa» — garbage collector. Yoanset te o6beKTbl,
CYETYMK CCbIJIOK HA KOTOPbIe PaBEH HYAIO.

a = 20.125 PyObject

Cnownnep: del a type float
dClMaKOBKaA
P c=b = a value 20.125

refcount 1



Ronnekunn. Cnncku

>>> a = [1, 2.8, '3", ©-4j, [5, '5']1]

>>> a[2]
T3T

>»> 2 1n a

False

>>> b = list()
>>> b = []

>>> b.append(1)
[1]

>>> a.reverse()
>>> print(a)

[[5, 's'], -4j, '3', 2.0, 1]

>>> a.pop(2)
'3° # ocmanoce [[5,

>>> del a[2]
[[5_, TST]J' '4j.1 1]

'5'], -43, 2.8, 1]

Python Data Types

Numeric |Dictionary| Boolean | Set | Sequence Type

I I ' !
Integer Float | String | | Tuple |

Complex Number | List |

CnMCKN: KBagpaTHble CKOOKM
N3meHAaemble



BeTtBneHue

if a == @:
dol()
elif a == 1:
do2()
else:
do3()

@, "', [], None # False

and or not # Jloeu4eckue onepamopesi

>>> bool([@, @, ©])
True

>>> bool(any([6, @, ©]))
False

# Kpamkaa 3anuce
X = a if condition else b

X = condition? a : b # C, C++

3aKoHbl e MopraHa

He (a n b) = (He a) nau (He b)
He (a nan b) = (He a) u (He b)



LInKAbl

a=1[1, 2, 3] 1 a=28

1 .
2 for x in a: 2 while a: 2 COpTa: Whl-l'e 4 for
3 print(x) 3 if a % 2:
4 else: 4 a -= 1
5 print('End") 5 continue BHyTpM BO3MOXHbl.
B print(a) COﬂtane
1 7 a-=1
: . break
3 S print('End") e-LSe
End

(R = A = ¢

End



range n slice. Cpesbl nocnegosaTe/ibHOCTEN

1 b = list(range(1, 30, 3))
2 s = slice(2, 4)

3 print(s)
a

[1nanasoHbl Cpesbl print(b{s1)

1 a = range(5) 1 b = list(range(1, 30, 3)) slice(2, 4, None)
2 print(a) 2 print(b) [7, 10]

3 print(list(a)) 3 print(b[2:])

4 4 print(b[:-3])

5 print(list(range(1, 18, 2))) 5 print(b[2:4])

6 print(list(range(10@, 1, -2))) 6 print(b[::-11)

1 b = list(range(1, 30, 3))
2 print(b[8:180])

1, 4, 7, 1e, 13, 16, 19, 22, 25, 28
[ 3 E ¥ k-l » E ¥ El » ] 3 pr‘j_nt(b[]_BB])

range(@, 5)

[e, 1, 2, 3, 4] [7, 18, 13, 16, 19, 22, 25, 28]
[1, 3, 5, 7, 9] [1, 4, 7, 1@, 13, 16, 19]
[1e, 8, 6, 4, 2] [7, 18] [25, 28]

[28, 25, 22, 19, 16, 13, 10, 7, 4, 2]

IndexError

Cell In[92], line 3
1 b = list(range(1, 30, 3))
2 print(b[8:108])

----> 3 pr'int(-)

IndexError: list index out of range



OyHKUNK

1 def f(x): 1 def g(x, p=2):
2 if isinstance(x, (int, float, complex)): 2 return x*#p ApryN\eHTb':
’ return X2 | * [lo3MUMNOHHbIE
4 else: 4 print(g(2, 4))
5 return None 5 print(g(2)) * [lo ymonyaHutio
6
7 print(f(2)) 16
8 print(f(2+43)) A
9 print(f('str'))
Fil
(-12+1673)
- Be3bIMAHHbIE GYHKLUMU
1 h = lambda x,a: x*a 1 a=[(3,7), (6,9), (0,1), (2,8)]
2 print(h) 2
3 print(h(4,5)) 3 print(sorted(a, key=lambda x:x[1]))
<function <lambda> at 0x2000023A8BCOSEGO> [(e, 1), (3, 7), (2, 8), (6, 9)]

20



[..

Ronnekumnn. KopTtexn, MHOXeCTBa, C10Bapwu

1 a = tuple((1, 2, 31) KopTeX (tuple): HemameHsem cam, HO He ero coaep*kumoe!

2 a=(1, 2, 3)

3 a[1] = 4
________________________ MHoxKecTtBo (Set): HeynopsaaoYEeHHbIN
TypeError HabOP YHMKANbHbIX 31IEMEHTOB | . - cet((1.2,3.61)
2 b = set([3,4,5])
1 a = set([1,2,3,4,4,4,4,5,1,2,3]) 3 print(a & b) # a.intersection(b)
2 print(a) 4 print(a | b) # a.union(b)
3 print(dir(a)) 5 print(a * b) # a.symmetric_difference(b)
6 print(a - b) # a.difference(b)
{1, 2, 3, 4, 5} 7 print(len(a))
., 'add', 'clear', 'copy', 'difference’', 'difference_update’,
"discard', 'intersection', 'intersection_update’, {3}
"isdisjoint', 'issubset', 'issuperset', 'pop’, {1, 2, 3, 4, 5, 6}
'remove’', 'symmetric_difference’, {1’ 2’ 4’ 5’ Ei
"symmetric_difference_update', 'union', ‘'update’] {1’ 2’ Ei ’



CnoBapwu

d = dict(key="value')
d {'key': 'value', "k2': 'v2', "kkk': "wwv'}
print(d['k2'])

print(d.keys()) # umeem cBoiicmBa set
print(d.values())
print(d.items())

(e = I I T L T

Ma
Na

('sodium', 11, 22, +1)

{'nmame': 'Sodium', "num': 11, 'mass': 22, "ion': +1}

[
(R T

print('name’' in Na)

= e
B

for k,v in Na.items():

print(f'{k=} {v=}")

[y
%]

v

dict keys(['key', 'k2"', 'kkk'])

dict_values(['value', "v2', 'wwv'])

dict _items([('key', 'value'), ('k2', "v2'), ('kkk', "wwv')])
True

k="name' v="5odium’

k="num" v=11

k="mass' v=22

k="ion" w=1

Cnosapu (d1Ct)— oHM e x3Lw-
TabunLUbl, KONNEKUUU AN XPaHEHUS
NaHHbIX C AOCTYNOM MO KAO4YYy BMECTO
NHAEKCca.

N3meHAaembl.

a-= dict(EI:l, b=2, C=3} 3HaquMe

d

1
2
3 print(a.get('d', 99))
4 print(a['d']) no

YMOTYAHUIO

KeyError
Cell In[54], line 4

2 a

3 print(a.get('d", 99))
-===> 4 print( )

KeyError: 'd’



HYem ns1oxo, YTO nepemeHHble — 3TO CCbI/IKA

a=[1,2,3]
b = a

3 print(a, b)
4 a[l] = 4

5 print(a, b)

1
2

[1, 2, 3] [1, 2, 3]
[1, 4, 3] [1, 4, 3]

1 a=[1,2,3]
2 b = a.copy()
3 print(a, b)
4 a[1l] = 4

5 print(a, b)

[1, 2, 3] [1, 2, 3]
[1, 4, 3] [1, 2, 3]

Kak obonTtn?

CkonupoBaTb 06 bEKT
(4159 BNOMKEHHbIX KOJINEKLUM
HY»XHa rnyboKoe KonnpoBaHMe)

1 import copy

2 b = copy.deepcopy(a)

Bopbba:

KonnpoBaHue
Ncnonb3oBaHWe onepaumni,
cO34aloLWmnX HOBble 0ObEKTbI

HexxkenatenbHble 3dpdeKThbl:

1 def f(x, y):

2 X 4=y

3 return x

4 L = [1, 2]

5 M= [3, 4]

6

7 print(f(L, M), ';', L, M)
8 print(f(L, M) is L)

[1, 2, 3, 4] ; [1, 2, 3, 4] [3, 4]
True

1 def f(x, y):

2 return x + y
3 L=1[1, 2]

4 M= [3, 4]

5

6 print(f(L, M), ";", L, M)
7 print(f(L, M) is L)

[1, 2, 3, 4] ; [1, 2] [3, 4]
False



PacnakoBKa

1 a, b, ¢ = range(5), range(5,18), range(7,7+5)

1a,b,c=1,2,3 H 2 for x in zip(a,b,c):
2 print(f'{a=} {b=} {c=}") d CaMOM gene Ccnpasa 3 print(x)
? (I)OpMVIpyeTCFI KOpTe)'K! Last executed at 2825-82-15 23:26:42 in 4ms
4 a, *b, ¢ = 1,2,3,4,5
5 print(f'{a=} (b=} {c=}') 0 7)
6 (1, 6, 8) 1 a, b, ¢ = range(5), range(5,10), range(7,7+5)
7 a, *b, ¢ = 1,2 E;J ;J i;} 2 for x,y,z in zip(a,b,c):
8 print(f'{a=} (b=} (c=}") a, 9, 11y  °  Prant(froek dy=p 2=
r Last executed at 2825-82-15 23:27:37 in Sms
a=1 b=2 c=3 x=8 y=5 z=7
a=1 b=[2, 3, 4] c=5 x=1 y=6 z=8 L
a=1 b=[] c=2 x=2 y=7 z=9 1 s = "string
x=3 y=8 z=18 2 for i,v in enumerate(s):
PaboTaeT n ¢ pyHKUMAMMU x4 y=9 211 3 print(f{id) {v2})
Last executed at 2825-82-15 23:28:38
1 def f(x, y): o
i=1 v=
2 return x+y, xX-y 122 y='p!
3 i=3 v="1"
4 a,b = f(1,2) i=4 v="n'
S
5 print(a) e



PacnakoBKa aprymeHToB

PacnakoBKa KopTema/cn NUCKa

1
2
3
A
5

12

def f1(x, v):
return x*y

a= (3, 4)

# print(fi{a))

print(fi1(*a))

# TypeError

PacnaKoBKa c/1oBapA

1
2
3
A

def f1(x, vy):
return x#*y

d = dict(x=3, y=4)

print(f1(*%d))

PaboTtaeT 1 B 06paTHYIO CTOPOHY

1 def f2(*args, **kwargs):

2 print(f'{args=} {kwargs=}")

3
4 £2(1, 2, x=3, y=4)

args=(1, 2) kwargs={'x": 3,

Iyl:

4}

OpHa 3Be3404Ka
nepeaacT TO/IbKO
KNHOUn.,

[lBe — 3HayeHnA B
apPryMeHThl,
COOTBETCTBYOWMNE
Kouy.



NcKknrouyeHns

1 int('a')
Last executed at 2825-82-15 23:37:88 in 15ms

ValueError Traceback (most recent call last)
Cell In[1e4], line 1

——--> 1

ValueError: invalid literal for int() with base 18: 'a'

1 Ial*lbl
Last executed at 2825-82-15 23:37:208 in 15ms

TypeError Traceback {most recent call last)
Cell In[1e5

-—-> 1

line 1

TypeError: can't multiply sequence by non-int of type 'str'

1 print(var)
Last executed at 2825-82-15 23:38:06 in 1G5ms

NameError
Cell In[le7], line 1
---->1 pr‘int(.)

Traceback (most recent call last)

NameError: name 'wvar' is not defined

1 try:

2 'a'#'b’

3 except Exception as e:

4 print(e)

5 print('still normal flow here')
6

raise e
Last executed at 2025-82-15 23:48:49 in 22ms

can't multiply sequence by non-int of type 'str®
still normal flow here

TypeError Traceback (most recent call last)
Cell In[112], line &

4 print(e)

5 print('still normal flow here')
-=-=-=-» b raise e

Cell In[112], line 2
1 try:

-———> 2
3 except Exception as e:
4 print{e)

TypeError: can't multiply sequence by non-int of type 'str'



BaseException

Y
KeyboardInterrupt

BaseExceptionGroup GeneratorExit

ArithmeticError

A

FloatingPointError

ArithmeticError

-
FileNotFoundError

ReferenceError
BuiferError InterruptedError

OSError »> @
ImportError N

IsADirectoryError
NameError

—
ExceptionGroup Stoplteration

https://docs.python.org/3/library/exceptions.html#texception-hierarchy



https://docs.python.org/3/library/exceptions.html#exception-hierarchy

* WTepaunoHHbIN NPOTOKOA. NTepaTopbl U reHepaTopbl

« Ob6nact BUANMMOCTM



BbipaxkeHna-reHepaTopbl

a = range(10) b = [x if x % 3 else 180*x**2 for x in a]
b = list() — print(b)

for x in a:
if not x % 3:
b.append(10@*x**2)

else:

[e, 1, 2, 990e, 4, 5, 36ee, 7, 8, 8lee]

b.append(x)
print(b)

[e, 1, 2, 900, 4, 5, 3600, 7, 8, 8100]
CKOBKM nmetoT 3HauyeHue!

° —
a = {x:str(x)*3 for x in range(5)} () FEHepaTOp

print(a) ¢ [] — -l_ lSt
\° i—-dictuamset

{6: 'eee', 1: "111', 2: '222", 3: '333', 4: '444'}



Knaaccol

[Ina XpaHeHUa CTPYKTYPUPOBAHHbIX AaHHbIX

1
2
3
4
5
B
7
8
9

18
11
12
13
14
15
16
17
18

class Vector:
def init  (self, x, y):
self.x = x

self.y = vy

def str  (self):
return t'<{self.x}, {self.y}>'

def add (self, x):
if isinstance(x, Vector):

return Vector(self.x+x.x, self.y+x.y)

def len(self):
return (self.x*#2 4+ self.y**2)%*%9.5

@property
def len2(self):
return (self.x*%2 4+ self._ y*%2)%%9 5

20
21
22
23
24
25

a = Vector(1,2)
b = Vector(3,4)
print(a, b)

print(a.len())
print(a.len2)
print(a+b)

<1, 2> <3, 4>
2.23606797749979
2.23606797749979
<4, 6>



PaboTta ¢ pannamu

f = open('160224_.csv")

print(f)

f = open('1608224.csv’', encoding="utf8')
print(f)

# print(len(f)) # TypeError: object of type ' io.TextIOWrapper' has no lLen()
bulk = f.read()
print(len(bulk))
lines = f.readlines()
print(len(lines))
f.close()

Lo T B

B BuAe meHeaXKepa KOHTEKCTa

[
= @

1 with open('1608224.csv', encoding="utf8') as f:
2 lines = f.readlines()
3 print(len(lines))

R
W N

f = open('1608224.csv’, encoding="utf8')
lines = f.readlines()

print(len(lines))

f.close() 2

e e
(S R R 8

< _io.TextIOWrapper name='160224.csv’ mode='r' encoding="cpl251'>
<_io.TextIOWrapper name='168224.csv' mode='r' encoding="utf8'>
259998

%)

2



BcTpoeHHble pYHKUNU

Built-in Function

A
abs()
aiter()
all()
anext ()

any ()
ascii()

B
bool()
breakpoint()

bytearray()
bytes()

C

callable()
chr()
classmethod()

compile()
complex()

D
delattr()
dict()
divmod()

E

enumerate()

eval()
exec()

F

filter()
float()
format()
frozenset()

G
getattr()
globals()

H
hasattr()
hash()

help()
hex()

int()
isinstance()

issubclass()

iter()

L o

len() object()

list() oct()

locals() open()
ord()

M

map () P

max () pow()

memoryview() print()

min() property()

N

next()

R
range()

repr()
reversed()

round()

S

set()
setattr()
slice()
sorted()
staticmethod()

str()

sum()
super()

tuple()
type()

vars()

__dmport__ ()




CKy4yHOe 3aaaHune

Hanucatb pyHKUMIO, KOTOpPaAa byaeT 3an0NHATL NPAMOYIO/IbHbIN
MACCUB pasmepa X X y UesbIMU YNCNAMKN 3UT3arOM.

1 2 4 7 11 16 22 29 37
3 5 8 12 17 23 30 38 47
6 9 13 18 24 31 39 48 58
10 14 19 25 32 40 49 59 70

]?(35’31) . 15 20 26 33 41 50 60 71 83
21 27 34 42 51 61 72 84 97
28 35 43 52 62 73 8 98 112
36 44 53 63 74 8 99 113 128
45 54 64 75 87 100 114 129 145




CUHTEeTU4YeCcKne 3aa0a4un

https://projecteuler.net/archives

https://adventofcode.com/



https://projecteuler.net/archives
https://adventofcode.com/

CraHgapTHaa bubnmnoTteka

https://docs.python.org/3/library/index.html

[MonoBWHa caenaHHOro aAena — 3710

3HaHue Toro, KAK ato aeno aenatb.

1mport 4yToO-TO

1mport UTO-TO asS HEeYTOo



https://docs.python.org/3/library/index.html

KpacmBbin BbIBOA Ha 3KpaH

>>> import pprint

>»> stuff = ['spam’', 'eggs’,
>>»> stuff.insert(9, stuff)
>>> pprint.pp(stuff)

"spam’,
‘eggs’,
"lumberjack’,
"knights',
"ni']

[<Recursion on list with id=..

"lumberjack’,

>,

"knights', 'ni']

https://docs.python.org/3/library/pprint.html

“ vy

"spam’,
‘eggs’,

' lumberjack’,
"knights’,
g

bonee HaBopoO4YeHHaA
CTOPOHHAA bubanoTtekKa:



https://docs.python.org/3/library/pprint.html

random

[eHepauma caydYamHbIX Yncen

random.randrange(stop)
random.randrange(start, stop[, step])

random.randint(a, b)

random.choice(seq)

random.shuffle(x)

random.uniform(a, b)

random.random( )

>»> random() # Random float: ©.8 <= x < 1.6 >>>
0.37444887175646646

»>>> uniform(2.5, 10.8) # Random float: 2.5 <= x <= 16.6
3.1800146073117523

>>> expovariate(l / 5) # Interval between arrivals averaging 5 seconds
5.1489575718650831

>>> randrange(10) # Integer from @ to 9 inclusive

7

»>>> randrange(e, 101, 2) # Even integer from @ to 166 inclusive
26

»>>> choice(['win', 'lose', 'draw']) # Single random element from a sequence

"draw’

>»> deck = 'ace two three four'.split()

»>>> shuffle(deck) # Shuffle a list
>>> deck

["four', "two', 'ace', 'three']

»>> sample([1e, 20, 3@, 4@, 5], k=4) # Four samples without replacement
[4e, 1@, 5@, 38]

random.choices(population, weights=None, *, cum_weights=None, k=1)

https://docs.python.org/3/library/random.html
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<module 'math' (built-in)>
This module provides access to the mathematical functions
defined by the C standard.

e = 2.718281828459045
inf = inf
nan = nan
pi = 3.141592653589793
tau = 6.283185307179586
acos = def acos(x, /): Return the arc cosine (measured in radians) of x.
acosh = def acosh(x, /): Return the inverse hyperbolic cosine of x.

1 import math asin = def asin(x, /): Return the arc sine (measured in radians) of x.
2 asinh = def asinh(x, /): Return the inverse hyperbolic sine of x.
atan = def atan(x, /): Return the arc tangent (measured in radians) of x.
3 a = math.sin(3.141592653589793) atan2 = def atan2(y, x, /): Return the arc tangent (measured in radians) of y/x.
. atanh = def atanh(x, /): Return the inverse hyperbolic tangent of x.
4 print(a) ceil = def ceil(x, /): Return the ceiling of x as an Integral.
5 comb = def comb(n, k, /): Number of ways to choose k items from n items without repetition and without order.
. copysign = def copysign(x, y, /): Return a float with the magnitude (absolute value) of x but the sign of y.
6 b= math.tan{math.pl} cos = def cos(x, /): Return the cosine of x (measured in radians).
7 pr‘ini:(b) cosh = def cosh(x, /): Return the hyperbolic cosine of x.
degrees = def degrees(x, /): Convert angle x from radians to degrees.
8 dist = def dist(p, q, /): Return the Euclidean distance between two points p and q.
9 print(math.hypot(3, 4)) erf = def erf(x, /): Error function at x.
erfc = def erfc(x, /): Complementary error function at x.
Last executed at 20825-82-16 ©8:21:21 in Sms exp = def exp(x, /): Return e raised to the power of x.
expml = def expml(x, /): Return exp(x)-1.
1.2246467991473532e-16 fabs = def fabs(x, /): Return the absolute value of the float x.
-1.2246467991473532e-16 factorial = def factorial(x, /): Find x!.
floor = def floor(x, /): Return the floor of x as an Integral.
>.0 fmod = def fmod(x, y, /): Return fmod(x, y), according to platform C.

frexp = def frexp(x, /): Return the mantissa and exponent of x, as pair (m, e).
fsum = def fsum(seq, /): Return an accurate floating point sum of values in the iterable seq.
gamma = def gamma(x, /): Gamma function at x.
gced = def gcd(*integers): Greatest Common Divisor.
hypot = def hypot(...) hypot(*coordinates) -> value
isclose = def isclose(a, b, *, rel_tol=1e-09, abs_tol=0.0): Determine whether two floating point numbers are close in value.
isfinite = def isfinite(x, /): Return True if x is neither an infinity nor a NaN, and False otherwise.
isinf = def isinf(x, /): Return True if x is a positive or negative infinity, and False otherwise.
dJenan = def Tecnanfy. /Y Return True 1€ ¥ 1€ a NaM fnot a niimbherY and Ealee atherwice




statistics

OyHKUMM ana paboTbl CO CTaTUCTUYECKMMU AaHHbIMM

mean() Arithmetic mean (“average”) of data. covariance() Sample covariance for two variables.

fmean() Fast, floating-point arithmetic mean, with optional weighting. _ )
correlation() Pearson and Spearman'’s correlation coefficients.

geometric_mean() Geometric mean of data.

linear_regression() Slope and intercept for simple linear regression.

harmonic_mean()  Harmonic mean of data.

kde () Estimate the probability density distribution of the data.

kde_random() Random sampling from the PDF generated by kde(). w PDPUIatlon standard deviation of data.
median() Median (middle value) of data. pvariance() Population variance of data.
median_low() Low median of data. stdev() Sample standard deviation of data.
median_high() High median of data.

variance()  Sample variance of data.
median_grouped() Median (50th percentile) of grouped data.

mode () Single mode (most common value) of discrete or nominal data.

multimode() List of modes (most common values) of discrete or nominal data.

quantiles() Divide data into intervals with equal probability.
https://docs.python.org/3/library/statistics.html _
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PerynapHble BbiparKeHus

Wisywig: https://regex101.com/

https://docs.python.org/3/howto/regex.html

https://docs.python.org/3/library/re.html

IF YOURE HAVIN' PERL
PROBLEMS T FEEL
BAD FOR YOU, SON—

5

T GoT 99

i

SO T LSED

EXPRESSIONS,

i

NowW T HAVE
100 PROBLEMS.

K



https://regex101.com/
https://docs.python.org/3/howto/regex.html
https://docs.python.org/3/library/re.html

Regular Expression Character Classes

Regular Expression Basics q TO aTO Ta KO e ?

Any character except newline

One characterof. a, b, c, d

[*ab-d] One character except: a, b, c, d

The character a

[\b] Backspace character

The string ab

\d One digit

aorb

Regular Expression Assertions \D One non.digit

0 or more a's

Start of string \s One whitespace

Escapes a special character

Start of string, ignores m flag One non-whilespace

Regular Expression Quantifiers End of string One word character

0 or more End of string, ignores m flag

One non-word character

1 or more Word boundary

0or1 Non-word boundary Regular Expression Special Characters

Exactly 2 Positive lookahead Newline

Between 2 and 5 Negative lookahead Carriage return

2 or more (?==_) Positive lookbehind Tab

Upto5 (?<l..)  Negative lookbehind Octal character YYY

(?01) Conditional Hexadecimal character YY

Default is greedy. Append ? for reluctant.

https://www.debuggex.com/cheatsheet/regex/python



https://www.debuggex.com/cheatsheet/regex/python

Mpu nokputum 2D = ~MC pocT cTpykTyp kobaneTa Ha MeAHOl NMOANOXKE NPOMCXOAMT rnaeHuM obpazom y cTyneHeii. llenouku, ofpazoBaHHmie Takum nNyTeM, He pacnpeAefieHs PaBHOMEPHO, B CUY HEOAHOPOAHOIO PaCMpeAcfeHMA CaMHX
CTyneHell Ha NOBEPXHOCTH~\ {Figuera1995} (cm. puc.~\ref{fig:CoRTdeposition}e)

Mpu sHa4eHwun 70 = ~MC Ha Teppacax HauuHawT (GOPMUPOBATLCA OTAENbHBe OCTpoBa Oonbuux pasmepos. OCTpPOBa y KpaesB Teppac pacTyT M YBENWYWBEWTCA B CTOPOHY Teppachi~\ {JApplPhys.180.084304} (cmM. puc.~\
fig:CoRTdeposition}x). K]

llanee, npw 3nauennax nokputua 20D \le 2¢~MC geyxcnoinme ocTpoBa kobanbTa NpojcAXalwT pacTh, W OHW He KOAnNecuupywT --- NOANOKKA Bce ewe Buawma. lpw nokputum 207, pasHom 2~MC, ceepxy AByXCNOWHLX KPUCTannuToB HapacTaeTt HTDB I'ID Dcame““m aﬂaTD
TpeTwii cnoii. MpeMMyllecTBEHHO OH BLpacTaeT Ha OCTPOBaXx, AEKOPMPYOWMX Kpai Teppacs, 4TO AenaeT ero NONAOXeHWe BCe euje pasnuumMsm. C APYroil CTOPOHB, TpeTwii cnoi, obpasyoumiica Ha ABYXCNOMHWX ocTpoBax, Gonee e
AEMOHCTPUPYET TPeyronbHoi Popmel; OH NOKASLEAET TEHASHUMK K POCTY B (OpMe WeCTUYrONbHWKOE, MNOKPHE3KWMX HEKOTOPYKW YacThk ABYXCAOWHHIX KPUCTaNNUTOE, KOTOPHE, MPeANONOXHTENbHO, CPOCAMCHE~Y {Figueral994,PhysRevB.62.212

(cm. puc.~\ref{fig:CoRTdeposition}z). Dﬁ"“\ { ped ers En']_g‘;j? }. -

CTOMT OTMETUTB, “TO W Mpw romosnuTakcnanskom pocte CufCu(111) {Giesen2 obpazylumecn ocTposa MMeT KoMNakTHyw dopmy .

Ananuzs CTM usobpaxenwit nokasan, 4To pocT ocTpoBkoB CU HE WMPOKNX Teppacax CTyNeHd4aToll BMUMHANLHOW nosepxHocTw Cu(111) waumwaerca B [MY-ysnax, B TO BPEMA Kak Ha y3KWX OHW Bo3nukawT B [UK-y3nax. 3w pasauana 8
Npouecce HyK/IEaUMM BO BPEMA TOMO3MMTAKCHANbLHOTO POCTa MPUNMCHBANTCA BAMAHMIG Aefopmaumii, cosgasaemux Habopamn yskux Teppac Mexay wnpokumn. [PEANoNaraeTcA, 4T SHEPruA CBASWM B UEHTPax PocTa W3MeHAeTCA Takum obpasom,
4To [MY-y3nel CTEHOBATCA MpeAnoMTUTENbHuMu. Hab/OACHNA ACHO AEMOHCTPMPYIT, YTO SKCMEPMMEHTANbHWE PesyNbTaTsl B MCCACAOBaHMAX TOMO- W FeTEPO3MMTAKCMANnLHOrO POCTa MOTYT CYWeCTBEHHO 3aBMCETh OT KpWCTannorpapu-eckodn
npupoms cyBCTpaTa, M MTO MHTEPNPETAUNA SKCMEPUMEHTA/bHLX Pe3yNbTaTOB AOMKHA BHIONHATECA C WIBECTHOR AONEd OCTOPOXHOCTH. Takum 06PazOM AEMOHCTPUPYETCA BAXHOCTbL BWCOKOTOMHON OpWeHTauum oBpasuos B MIOCKOCTM KpucTanna.

Mpu sHauennax noxpurua 50 \ ~MC mopdoNIOrMA pOCTa OCTPOBOB COXPAaHAETCA: HaBMOAENTCA MHOTOCNOWHME OCTPOBA. [NEHKa COCTOMT W3 MAOCKMX KPMCTANIMTOB, “ell Pasmep NPaKTMHECKW He OTAWYEeTCH OT pasMepa OCTPOBOB Mpw
sHauenn D\ ~MC. POCT OCTPOBOB HE MPOMCXOAMT CNOH 3a Cnoem: (aKTMMECKW, NepBui C/IOA HE MOKPHBAET BCH MOBEPXHOCTL. OCTPOBAa PacTyT B BHCOTY M (OPMMPYIOT CHawana ABYXCAOHHWE, @ MOTOM M MHOTOC/ICHHsE OCTpoBa,
T.e. XOTA 3nNMTaKkcuanbuas mienka u ofpasyeTcn, OHa He POBHaA W OAHOPOAHAA, @ TPaHynMpoBawwWan, sepuuctas~\c:ic{PhysRevB.62.2126,PhysRevB.47.13043} (cm. puc.~\rei{fig:CoRTdeposition}n

OTAENLHO CTOMT PaccMOTpeTh 3aBMCMMOCTL MOPPONOrMM NOBEPXHOCTM OT TeMnepaTyps 00pazuya B MOMEHT HANUAEHWA.
B cnyuyae Hu3Kkoii TeMnepaType pocT CTPYKTyp NpoMcxogun npu TemnepaType 150~K, ¢ Bennumuoii noToka agaTomoB IF = ~MC/MMH; B pesynnTaTe Ha noBepxHocTW 00pazoBwBaTMCh BETBMCTHE OCTPOBa CnyuaiHoi Qopms co cpepHed
wMpuHoi BeTBM oxono 3@~\/4\ u BHCOTOR ~\/A/. AHanMz 3KCNepUMEHTOB No ocaxaeHwo agaTomoe koGannTa npw TemnepaTypax 176, 225 u 300~K nokazan, 4TG Npu yBennueHWM TeMNepaTyphi OCaxJeHWA AeHApuTHaA hopma
OCTPOBOB yTpadueanack, YCTYNaa MecTO TPeyronbHOm~\ {Pedersen1997}.

MopapobHuii aHanWs TemnepaTypHO 3aBMCMMOCTH MOP(PONOrMM MOBEpXHOCTM Bun npoeegeH B paboTe~\ {PhysRevB.95.125423}.

PocT HaHOCTPYKTYp Co Ha BWMUMHaNLHOW nosepxHocTW Cu(11l) Bein MccnefoBaH NMPW HECKONBKMX TemnepaTypax Mexay 128~K n 300~K c nomowsio CTM npu nepemeHHOW TeMnepaType W MOKPHTHW MeHEE OHOFO MOHOCMOA.
Mpu 3ToM Ha Kpasx CTyneHedl NPOMCXOANT reTEPOTreHHaA Hykneauua, a Ha Teppacax roMoreHHan .

PazHuua B pacnpeseneHuM BHCOT W Nnowaped Mexay 3TMMW ABYMA TMNaMW OCTPOEKOB C paz/M4HbM MeXaHuzMoMm oOpazoBanua oDwAcHAeTcA obpazoBawuem cnnaea Ha Kpaw CTyneHu.

Ha puc.~\re{fig:physrevb-95-125423} npoBognTcA KayecTBEHHOE CpaBHEHMe POCTa CTPYKTYpP MPW OAHOM W TOM K€ 3HAYEHWN NOKPHTHA.

MoAroTOENEHHAA NOEEPXHOCTE NpeacTaenAeT uz ceba Halop wupokux Teppac, pazAeneHHeX HECKONEKWMM YZKHMM Teppacamu (cM. puc.~\ {fig:physrevb-95-125423}a), wupnHa camoil Gonbwoil Teppacel COCTABNAET OKONG 170~HM.
NnoTHOCTL cTyneweit ncnonbsyemorc ofpasuya cocTaenaeT npubausuTensHo l~cTyneHs Ha 2@~eM. OpMEHTAaUMA MAOTHO YNAaKOBaHHLX PAAOB ONPEAENAeTCA No u3obpaxeHnam c aTomuwm paspewenmem (cm. puc.~\ref{fig:physrevb-95-125423}b).
Mpu Bcex TemnepaTypax o0pasywTcA ABHO pasAeneHHble OCTpoBa Ha Teppacax (cMm. puc.~\ {fig:physrevb-95-125423}c, e u g), a kpail cTyneHeli noeepxHocTW aexopupyeTca (CM. puc.~\ {fig:physrevb-95-125423}d, f wn h).
Octpoea Co Ha Teppacax MMeNT pazeeTEneHHyw Qopmy npu 120~K u 150~K (puc.~\ {fig:physrevb-95-125423}c u e). Mpn 150~K ocTpoEKM pPacTyT ¢ TPeMA TOACTEHMU BETEAMM, Pa3AeNeHHEMM NPUMEpHO Ha 12074\ » OT KOTOpHIX
oTxopaT BGonee ToHkme, pacTymme uz ToncTwx (puc.~\ref{fig:physrevb-95-125423}e). Takme yrne yKaswBalwT Ha BAMAHWE HA NPOLECC POCTA HaNpaBNeHWA aTOMHLIX PAAGE NOBEPXHOCTM NOANOXKM~Y {PhysRevlLett.70
PhysRevLett.74.3217,5urfSciRep.31.125,PhysRevB.71.115414}. Mpu 300~K oCTPOEKM pacTyT KOMNakTHuMM (cM. puc.~\ {fig:physrevb-95-125423}g).

{PhysRevB.95.125423}
{PhysRevlLett.70.3943,PhysRevlLett.74.3217,SurfSciRep.31.125,PhysRevB.71.115414}
{PhysRevB.95.125423}

{PhysRevB.47.13043,PhysRevB.62.2126,PhysRevB.56.2340}

{PhysRevB.95.125423}

{PhysRevB.77.125437}

{PhysRevB.73.193485}

{PhysRevB.80.155419}

- e e e




1tertools

p0, pO+p1, p0+pl+p2. accumulate([1,2,3,4,5]) = 1 3 6

accumulate() p Lfunc] s
batched() p.n (PO, p1, v pn-1), o ;::c:Ed( e I H a B O p OL'I e H H bl e MTe p aTO p bl
i oo p0, p1, ... plast, g0, 1, chain('aBc’, 'peF’) » a8 cp e  Infinite iterators:

F

p0. p1. .. plast. q0. g1, chain.from_iterable(['ABC", Iterator Arguments Results Example

chain.from_iterable() iterable
'‘DEF']) * ABCDEF

. . ) . [start],
compress() data selec-  (dO]if s[O]). (d[1] if s[1]). ~compress("ABCDEF", count() start, start+step, start+2*step, ... count(18) -» 1@ 11 12 13 14 ...
tors [1.8,1,0,1,1]) > ACE F step]]
. . seq[n], seq[n+1], start- dropwhile(lambda x: x<5, - -
p QO cycle('ABCD') > ABCDABCD
dropuhile predicate. seq ing when predicate fails  [1,4,6,3,8]) = 6 3 8 cycle() p pO, p']] plast, pO, p']' y ( )
Filterfal redicate. elements of seq where filterfalse(lambda x: x<5, ot
ilterfalse() predicate, seq . .
red | fails 24,6,3, =
predicate(elem) fai [1.4,6,3,81) = & 8 elem, elem, elem, ... endlessly or up to n
b iterabl sub-iterators grouped groupby(['A',"'B","DEF'], len) = M EIEIT'I [;n] times r‘epeat(le: 3) - 10 16 1e
groupey{) fterable], key] by value of key(v) (1, A B) (3, DEF)
Lo seq, [start] elements from islice(*ABCDEFG', 2, Mone) + C D
isliee() stop [, step] seq[start:stop:step] EFG
pairwise() iterable (pIOL p[D. (pL1]. pI2D ;:i;:i::{'ABCDEFG') AR Ee® Examples Results
starmap() func, seq func(*seq[0]). starmap(pow, [(2,5), (3.2), product('ABCD', repeat=2) AA AB AC AD BA BB BC BD CA CB CC CD DA DB DC DD
func(*seqg[1]), ... (18,33]) = 32 9 1080
takewhile predicate, seq SEGI[(?]-SEGI[‘I_]- until takewhile(lambda x: x<5, per‘mutatlons( ABCD', 2) AB AC AD BA BC BD CA CB CD DA DB DC
takewhile() predicate fails [1,4,6,3,8]) = 1 4
e tn it1, it2, ... itn splits one combinations('ABCD', 2) AB AC AD BC BD CD
tee) iterator into n
i oneeet ba. (pl0], aO]). (p[1]. 1]}, =zip_longest("ABCD", “xy’, combinations_with_replacement('ABCD', 2) AA AB AC AD BB BC BD CC CD DD

fillvalue="-") » Ax By C- D-

https://docs.python.org/3/library/itertools.html
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import itertools

paramsl = list('AB")
params2 = list('cd")
params3 = list('123")

for p1 in params1:
for p2 1n params2:
for p3 in params3:

print(pl, p2, p3)
# NI

for p in itertools.product(paramsl, params2, params3):
print(p)




functools

OyHKUMM BbICcLIEro nopsaka (3aaBKa Ha PYHKLMOHANbHOE NPOrpaMmmMmnUpPOBaHne)

functools.partial(func, /, *args, **keywords) >>> from functools import partial

>>> basetwo = partial(int, base=2)

>>> basetwo('10010")

>>> basetwo. doc = 'Convert base 2 string to an int.’

18 KappupoBaHue

@functools.cache(user_function)

@functools.lru_cache (user_function) 9
@functools.lru_cache(maxsize=128, typed=False)

@cache
def factorial(n):
return n * factorial(n-1) if n else 1

>>> factorial(1e) # no previously cached result, makes 11 recursive calls

3628800

>>> factorial(5) # just lLooks up cached value result

120

>>> factorial(12) # makes two new recursive calls, the other 10 are cached
479001600

https://docs.python.org/3/library/functools.html

functools.reduce(function, iterable, [initial, ]/)

reduce(lambda x, y: x+y, [1, 2, 3, 4, 5])

((((1+2)+3)+4)+5).


https://docs.python.org/3/library/functools.html

pathlib / os.path

from pathlib import Path

g;ni‘(’z’)‘l"-"-"eml"e“ Pabota c damnosomn cucrtemomn
p2 = p.parent.parent
print(p2)

p3 = p2 / "Mon guck' / "Lammps' / 'References’
print(list(p3.glob('*.pdf')))

Last executed at 2025-02-09 21:38:44 in 14ms

G:\Moit anck\CneunpakTUKyMm

G:\

[

WindowsPath('G:/Moit auck/Lammps/References/Insight_into_induced_charges_at metal_surfaces_and.pdf'),
WindowsPath('G: /Mol auck/Lammps/References/CoAulll.pdf’)

https://docs.python.org/3/library/pathlib.html
https://docs.python.org/3/library/os.path.html
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shutil

BbicokoypoBHeBble GYHKLUMUM Ansa paboTbl ¢ parnnamm

MHoroe moXXHo caenatb
shutil.copy(src, dst, *, follow_symlinks=True) npu NOMoLLMU path11b|

shutil.copy2(src, dst, *, follow_symlLinks=True)

shutil.copytree(src, dst, symlinks=False, ignore=None, copy_function=copy2,
ignore_dangling_symlinks=False, dirs_exist_ok=False) ¢

shutil.move(src, dst, copy_function=copy2)

shutil.rmtree(path, ignore_errors=False, onerror=None, *, onexc=None, dir_fd=None)

https://docs.python.org/3/library/shutil.html
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PaboTta ¢ apxnBamu

« zL1b

* 871p Pa3Hble a/iropuTMbl NOAXOAAT
* Dbz2 ANA XpaHeHUA PasHbIX AAaHHbIX
« Llzma no-pasHomy!

« zipfile

« tarfile

https://docs.python.org/3/library/archiving.html
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Cepunanmnsauma/xpaHeHume

* Json

« pilckle
e sglite3

e shelve

https://docs.python.org/3/library/persistence.html
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XpaHeHune AaHHbIX (B Yes10BEeKoYMTaeMoM BUAE)

XpaHeHme AdHHbIX B oAHOBpPeMeHHO MalLlNHO- U HeNoBEKOYUTAEMOM BUAE

name: example run # will be used jor output toos
* J S O n - Cpr KTpr po Ba H H ble |ﬂ|a H H ble ter‘r‘ace_ll:::gtil-: 50 # Llength of te{:race )
terrace_width: 9 # (997)
initial_atoms_count: 10 # atoms
® CS V - Ta6n MLlele IﬂlaHHble defects_count: 0 # atoms
barriers: barriers_adaptive4
total_time, total_steps,current_phase,phase_steps,phase_time,current_temp,atoms,defects,rng_seed,lens,gaps,noc barriers_heights: # eV ---- Ag/Pt
0.0228034,100,0,0,0.0228034,130,"[68, 145]",[1,11638946771510751024,[1 1],[ 76 122],2 El: 0.2 ,)‘[)
0.0324315,146,0,0,0.0324315,130,"[68, 149]",[],11638946771510751024,1 1],[ 80 118],2 E2: 0.295
0.0456919,215,0,0,0.0456919,130,"[71, 147]",[1,11638946771510751024,[1 1],[ 75 123],2 E3: D.),/H
0.0667131,316,0,0,0.0667131,130,"[72, 147]",[1,11638946771510751024,[1 1],[ 74 124],2 £ 8340

0.0968543,464,0,0,0.0968543,130,"[69, 144]",[1,11638946771510751024,[1 1],[ 74 124],2
0.140543,681,0,0,0.140543,130,"[64, 146]",[],11638946771510751024,[1 1],[ 81 117],2
0.204465,999,0,0,0.204465,130,"[ 73, 147]",[1,11638946771510751024,[1 1],[ 73 125],2
0.296198,1467,0,0,0.296198,130,"[71, 147]",[1,11638946771510751024,[1 1],[ 75 123],2
0.436191,2154,0,0,0.436191,130,"[49, 160]",[],11638946771510751024,[1 1],[110 88],2
0.631982,3162,0,0,0.631982,130,"[70, 187]",[1,11638946771510751024,[1 1],[116 82],2
0.926893,4641,0,0,0.926893,130,"[60, 182]",[],11638946771510751024,[1 1],[121 77],2
1.34828,6812,0,0,1.34828,130,"[22, 79, 97]",[1,11638946771510751024,[1 1 1],[ 56 17 124],3
2.64889,9999,0,0,2.64889,130,"[84, 87, 88]",[],11638946771510751024,[1 2],[ 2 195],2
5.50574,14677,0,0,5.50574,130,"[50, 51, 52, 142]",[1,11638946771510751024,[3 1],[ 89 107],2
7.55576,21544,0,0,7.55576,130,"[ 10, 57, 64, 65]",[1,11638946771510751024,[1 1 2],[ 46 6 144],3
14.2927.31622.0.0.14.2927.130."I59. 60. 61. 65. 1561".11.11638946771510751024.13 1 11.I 3 90 1021.3

https://docs.python.org/3/library/csv.html
https://docs.python.org/3/library/json.html
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OcTanbHoe

* COpYy

« time, datetime _

 enum
* 0S, SVYS
e 10
 logging
« ctypes

e argparse
« urllib

« tkinter
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