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ObuLee onucaHne matemaTnyeckon 6ubanoTekn scipy

MaTtemaTtnyeckasa 6MbanoTeka scipy ABAAETCA WMPOKO UCNOAb3yemMon BMbanoTekou

ANA BbINONHEHUA YUCAEHHbIX PACYETOB C WUCMNOJIb30BAHMEM fA3blKa MPOrpaMmMMpPOBaAHUA
Python. B pgaHHOW 6ubAnoTeKe coaeprKUTcA OBLWMPHOE KOoNmn4vecTBo QYHKUMW AONA

BbIMO/IHEHMUS YUC/IEHHOFO WHTErpupoBaHua, aAndpdepeHUMpPOoBaHMA, pPeLleHnAa 3aaad
ONTUMM3ALMM N UHTEPNONAUMU, NPAMOro U obpaTtHoro npeobpasoBaHuit dypbe U pas
NPYrux.

Install  Documentation Download Community AboutUs  Contribute

® @ Fundamental algorithms for scientific computing in Python
SciPy
SciPy 1.9.3 released! 2022-10-19

https://scipy.org/

FUNDAMENTAL ALGORITHMS BROADLY APPLICABLE FOUNDATIONAL

SciPy provides algorithms for optimization, The algorithms and data structures provided by Extends NumPy providing additional tools for
integration, interpolation, eigenvalue problems, SciPy are broadly applicable across domains. array computing and provides specialized data
algebraic equations, differential equations, structures, such as sparse matrices and k-

statistics and many other classes of problems. dimensional trees.




Obuwee onucaHne bmbnmoteku matplotlib
BU3yanm3aummn gaHHbIX

bubnmnorteka Bu3yanusaumm pAaHHbiXx matplotlib wwupoko AanA
BU3YaZbHOIrO OTOOpaXKeHUsA Pas3NMYHbIX YUCAEHHbIX [AaHHbIX B BuAe
rpadpmnkos. [laHHaA 6ubnnoTeka nmeeT pas/indyHble BUAbl rTPadUKOB, a TaKKe
NO3BO/ISIET HACTPaMBaATb Pa3/INYHbIe NapamMeTpbl rPadUKoB (TONLLMHA IMHUN,
LBET, BUZ MAPKEPOB M TUMNOB IMHUA U AP.).

Plot types Examples Tutorials Reference User guide Develop Release notes Q O I||| D O ’

atplotlib: Visualization with Python

Python. Matplotlib makes easy things easy and hard things possible.

o Create publication quality plots.

« Make interactive figures that can zoom, pan, update.

« Customize visual style and layout.

« Export to many file formats.

« Embed in JupyterLab and Graphical User Interfaces.

« Use arich array of third-party packages built on Matplotlib.

Try Matplotlib (on Binder) >

m L

Getting Started Reference Cheat Sheets

https://matplotlib.org/

Basic plots

plot((X],Y, [fmt] ..
Y, fmt,

scatter(X,Y,..
XY

bar[h](x,height,..
x, height

Matplotlib is a comprehensive library for creating static, animated, and interactive visualizations in

Advan




YncneHHoe MHTerpupoBaHue

CyLuiecTByeT HECKOMbKO GYHKUMN UHTErpupoBaHma B bubanoteke scipy.integrate. 31n
GYHKLUMN MHTETPUPOBAHNA MOXKHO Pa3aennTb Ha TPU KaTEropumn.

DOyHKUUM
MHTErpupoBaHus

noay4atolime B Kayectse noay4atolLue B Kayectse AnddepeHunanbHbIX
BXOZHOMO aprymeHTa BXOZHOrO aprymeHTa YPaBHEHMWiA
06beKT PyHKUMIO duKcuposaHHbIN Habop
YMCNEeHHbIX AaHHbIX




MHTerpnpoBaHune GpyHKLUN

x3 |2

1 _ 1 1 _ _
|:f02x2dx:— :%(23_03):§z2’67 szoe de:__lfoe xdx:_ex|

310

NMPOBJIEMbDI BbIXOOHbIE OAHHbIE KOHCOIJ1b OT/TAOKHA MPOBJIEMbI BbIXOOHbIE OAHHbIE KOHCO/b OTNALKU

(venv) vitalybykador@Air-Vitaly test % /Users/vital

(venv) vitalybykador@Air-Vitaly test % /Users/vital
or/PROJECTS/test/for_lectures2.py or/PROJECTS/)t/e)slt/for@lecture52)./py ’

(2.6666666666666665, 2.9605947323337504e-14) (0.6321205588285577, 7.017947987503855e-15)

Pe3ynbTaT MHTErpMpPOBaHUA  OueHKa OWUOBKU MHTErpupPoBaHMUA




MHTerpmpoBaHme GyHKLMUIN C NapamMeTpom

2
I:fos(a-x)dx:a-% g:a-12,5

a=3= 37,5

[MPOBJIEMbI BbIXOOHbIE OAHHbIE KOHCOJ1b OTITAOKWA NMPOBJIEMbI BbIXOOHbIE OAHHbIE KOHCOJ1b OTNTAOKWA

(venv) vitalybykador@Air-Vitaly test % /Users/vits (venv) vitalybykador@Air-Vitaly test % /Users/vital
or/PROJECTS/test/for_lectures2.py or/PROJECTS/test/for_lectures2.py

(25.0, 2.7755575615628914e-13) (37.49999999999999, 4.163336342344336e-13)




MHTerpupoBaHmne GpyHKLUN C MapaMeTpom

| = foz(a - xP) dx

NMPOBJIEMbI BbIXOOHbIE OAHHbIE KOHCOJ1b OT/TIAOKU

(venv) vitalybykador@Air-Vitaly test % /Users/vita
or/PROJECTS/test/for_lectures2.py

(12.8, 1.4210854715202004e-13)




UHTerpnposBaHne PyHKUMN C NapaMeTpoMm
(BOMHOW NUHTErpan)

5
0= JF [2a-x-y) dy dx

[MPOBJIEMDbI BbIXOOHbIE OAHHDbIE KOHCOJIb OTNNAOKHA TEPMU

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykadc
or/PROJECTS/test/for_lectures2.py

(160.0, 1.7763568394002505e-12)




MHTerpnpoBaHmne puKcMpoBaHHOIro Habopa AaHHbIX

[MTPOBJ1IEMDI BbIXOOHbIE OAHHDbIE KOHCOJIb OT/IAOKWA TEPMU

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykado
or/PROJECTS/test/for_lectures2.py

10.9




MHTerpnpoBaHmne puKcMpoBaHHOIro Habopa AaHHbIX

y(x) 4.4
"\

1 dx=1 dx=1 dx=1

< ¥

¥ "
\\3// MPOBMEMbI  BbIXOAHbIE AAHHBIE ~ KOHC

(venv) vitalybykador@Air-Vitaly test
or/PROJECTS/test/for_lectures2.py

X 10.9

NMPOBJIEMbI BbIXOOHbIE OAHHbIE KOHCOJ1b OTNTAOKU TEP

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybyka
or/PROJECTS/test/for_lectures2.py

5.45




MHTerpnpoBaHmne puKcMpoBaHHOIro Habopa AaHHbIX

[MPOBJIEMbI BbIXOOHbIE OAHHDIE KOHCO/Ib (

(venv) vitalybykador@Air-Vitaly test % /U nPoBnEMbl  BbIXOOHbIE JAHHBIE  KOHCOSb OTNAOKW  TEPM
or/PROJECTS/test/for_lectures2.py

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykad
21.8 or/PROJECTS/test/for_lectures2.py

21.8




NHTerpnpoBaHne PUKCUpPOBAHHOINro Habopa AaHHbIX
(3anNnCb NPOMEIKYTOUYHbIX pe3y1bTaTOB MHTErPUPOBAHUA)

[MPOBJIEMbI BbIXOOHbIE OAHHbIE KOHCOJ1b OT/IAOKW TEPMWUHAN JUPYTER

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PROJECTS/test/venv/bin/p
or/PROJECTS/test/for_lectures2.py

trapezoid = 10.9

cumulative_trapezoid = [ 0. 3. 7.1 10.9]




MHTerpnposaHue andpdpepeHumanbHbiX ypaBHEHUN

solve_ivp(fun, t_span, yO[, method, t_eval, ...

Solve an initial value problem for a system of ODEs.

RK23(fun, t0, y0, t_bound[, max_step, rtol, ...])

Explicit Runge-Kutta method of order 3(2).

RK45(fun, t0, y0, t_bound[, max_step, rtol, ...])

Explicit Runge-Kutta method of order 5(4).

DOP853(fun, t0, y0, t_bound[, max_step, ...])

Explicit Runge-Kutta method of order 8.

Radau(fun, t0, yO, t_bound[, max_step, ...])

Implicit Runge-Kutta method of Radau IIA family of order
5.

BDF(fun, t0, y0, t_bound[, max_step, rtol, ...])

Implicit method based on backward-differentiation
formulas.

SODA(fun, t0, yO, t_bound], first_step, ...])

Adams/BDF method with automatic stiffness detection
and switching.

olver(fun, t0, y0, t_bound, vectorized)

Base class for ODE solvers.

DenseOutput(t_old, t)

Base class for local interpolant over step made by an
ODE solver.

OdeSolution(ts, interpolants)

Continuous ODE solution.




MHTerpuposaHue anddpepeHumanbHbIX ypaBHEHUN

Ana npoepammuposarusa Y Heobxooumo nepesecmu 8 HOpmanvHyro chopmy Kowu!

[MapameTpbl MaTeMaTUYECKON Moaenn
(AMHammnuyeckom cnctemol)

[Mpon3BOAHbIE NCKOMBIX /
bYHKUMN
(a — By)z
dt

’% Nckomble pyHKL MM
dy

— = (—y+ dz)y,

A

[MapameTpbl MaTeMaTUYECKOM moaenmu
(AMHammnuyeckom cnctemol)

Moaesb JloTku — BoJsibsTepphl



MHTerpnposaHue andpdpepeHumanbHbiX ypaBHEHUN

MporpammupoBaHue cucrembl Y.




MHTerpnposaHue andpdpepeHumanbHbiX ypaBHEHUN

NUHTerpupoBaHue cuctemsol Y.

T

MeTtop
MHTErpMpoBaHuA

]

Pa3spewuTtb
) BblAaTb pe3ynbrar

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PROJECTS/test/venv/bin/python /Users/vitalybykad
or/PROJECTS/test/for_lectures2.py

[o], [1]

2.75970251 0.70269139 0.32203922 0.23120222 0.21767237
- 0.23954521 0.28808585 0.3642988 0.47387076 0.62635057 0.83551814
1.12039896 1.50689067 2.03009 2.73708363 3.69148672 4.97617311
6.6930621  8.93258477 11.49986376 11.69850223 4.39400723 0.98463034
0.37827259 0.24223728 0.21335045 0.22608759 0.26614501 0.33253271
0.42967497 0.56580163 ©0.75314091 1.00874759 1.35588715 1.82610477
2.46193037 3.32071155 4.47835815 6.03117538 8.08402105 10.62706757
12.44380726 7.29208155 1.61304313 0.49232755 0.26753084 0.21369959
0.21415913 0.24427089 0.29983554 0.38359837 0.50232183 0.66654332
0.89117975 1.19669657 1.61088841 2.1713611 2.92868037 3.95075377
5.32567311 7.15949119 9.52890372 12.0539818 10.77443738 3.15073783
0.74818016 0.32245775 0.22321259 0.20593356 0.22412058 0.26794575
0.3377638  0.43863625 0.57932861 0.77253816 1.03582122 1.39320691
1.87724549 2.53172714 3.41576699 4.60738734 6.20569665 8.31667464
10.91132131 12.54139997 6.66920477 1.4184618 0.44847702 0.25148827
0.20495158 0.20785467 0.23877253 0.29429964 0.37743435 0.4949956
0.65742599 0.87950324 1.18150854 1.59099596]
[5 9.31079875 6.80213776 4.07749343 2.34677052 1.3373918

0.76212415 0.4371223 0.25403402 0.15042479 0.09145567 0.05769003




MHTerpnposaHue andpdpepeHumanbHbiX ypaBHEHUN

NUHTerpnposaHue cuctemb! Y.

(t, g, alpha, betta, gamma, delta):
q

(alpha betta
(-gamma + delta

, method ), dense_output




[padunKu peweHmna gudpdepeHumanbHbiX YpaBHEHNM

12 A

10 A

L/

0.0 2.5 5.0 7.5 10.0 125 15.0 17.5 20.0
t, c.



[padunKu peweHmna gudpdepeHumanbHbiX YpaBHEHNM

®a30BbIN NOPTPET




[padunKu peweHmna gudpdepeHumanbHbiX YpaBHEHNM

(o))
y(t)
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[padunKu peweHmna gudpdepeHumanbHbiX YpaBHEHNM
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[padunKu peweHmna gudpdepeHumanbHbiX YpaBHEHNM

JInHuAa cnnowHaa MapKep B BUAE Kpy»*KKa 12 -

LiBeT YEPHbIN 101 @

S
+

0.0 2.5 5.0 7.5 10.0 12,5 15.0 17.5 20.0



[paduKu peweHna anpdepeHLmnanbHbIX YypaBHEHNI

JINHMA cnnoLHan, MapKep B BUAe POMbBUKa, BCE 3eN1EHOrO LBETA.
ms=10 — 370 pa3mep mapKepa (marker size), To ecTb «pomMbUKa».

lw=4 - 310 TonwmHa nnHum (line width).

12 A

10 A ‘

0.0 2.5 5.0 7.5 10.0 125 15.0 17.5 20.0



[padunKu peweHmna gudpdepeHumanbHbiX YpaBHEHNM

; v

0.0 2.5 5.0 7.5 10.0 125 15.0 17.5 20.0
t



PeweHue 1Y 6e3
YNCIEHHOTO
NHTErPMPOBaHUA
(Tonbko gna AY 2-ro
nopaakKa)

)




BbicTpoe npeobpasoBaHmne Pypbe




BbicTpoe npeobpasoBaHmne Pypbe

0.25 0.25
0.20 0.20 1
0.15 - 0.15 4
= =
<C <C
0.10 4 0.10 -
0.05 - 0.05 -
40 60 80 100 120 140 160 25 50 75 100 125 150 175

f f




/S, Optimization and root finding Linear algebra (scipy.linalg)
( scipy.optimize )

Linear algebra functions.

Cython optimize zeros API 0 See also
‘ Q, Search the docs ... , . Lo
numpy.linalg for more linear algebra functions. Note that although scipy.linalg imports most of
S|gna| processn‘]g ( Scipy . Signal ) them, identically named functions from scipy.linalg may offer more or slightly differing functionality.
Clustering package ( scipy.cluster ) Sparse matrices ( scipy.sparse )
K-means clustering and vector quantization .
( scipy cluster. vq ) Sparse ||near algebra inv(al, overwrite_a, check_finite]) Compute the inverse of a matrix.
1 . - 1 solve(a, b[, sym_pos, lower, overwrite_a, ...]) Solves the linear tion set X = b for th
Hierarchical clustering ( SClpy.sparse 11!181.9 ) o Sy e erenes u:kniswnifo:qjgf:aom::i: ’ o

(s cipy. cluster.hiera rchy ) Compressed Sparse g raph l’outines solve_banded(l_and_u, ab, b[, overwrite_ab, ...])  Solve the equation a x = b for x, assuming a is banded

matrix.

Constants ( scipy.constants )

( scipy.sparse.csgraph )

solveh_banded(ab, b[, overwrite_ab, ...]) Solve equation ax =b.

Discrete Fourier transforms ( scipy.fft )

Spatlal algorlthms and data StrUCtu res solve_circulant(c, bl, singular, tol, ...]) Solve C x = b for x, where C is a circulant matrix.

Legacy discrete Fourier transforms ( S cipy = Spat ial ) solve_triangular(a, b], trans, lower, ...]) Solve the equation a x = b for x, assuming a is a

triangular matrix.

( scipy.fftpack )

DlStance Computatlons solve_toeplitz(c_or_cr, b[, check_finite]) Solve a Toeplitz system using Levinson Recursion

Integration and ODEs

. . SC ipy .S pat ial.distance ) matmul_toeplitz(c_or_cr, x|, check finite, .])  Efficient Toeplitz Matrix-Matrix Multiplication using FFT
( scipy.integrate ) (

det(a[, overwrite_a, check_finite]) Compute the determinant of a matrix

Interpolation ( scipy.interpolate ) Special functions ( scipy.special )

norm(a[, ord, axis, keepdims, check_finite]) Matrix or vector norm.

Input and output ipy. i it i i
LT U (e ), Statistical functions ( scipy.stats )

Lstsq(a, b[, cond, overwrite_a, ...]) Compute least-squares solution to equation Ax = b.

Linear algebra ( scipy.linalg )

Resu It Classes pinv(al, atol, rtol, return_rank, ...]) Compute the (Moore-Penrose) pseudo-inverse of a

matrix.

Low-level BLAS functions
( scipy.linalg.blas )

Contl ngency table fu nCt|OnS pinvh(al, atol, rtol, lower, return_rank, ...]) Compute the (Moore-Penrose) pseudo-inverse of a
Hermitian matrix.

Low-level LAPACK functions

( scipy.stats.contingency )

( Scipy . 1inalg . 1apack ) kron(a, b) Kronecker product.
BLAS Functions for Cython Statistical functions for masked arrays e Khairhteo prodit

L tril(mi, k) Mak f a matrix with elements above the kth
LAPACK functions for Cython ( scipy.stats.mstats ) ke copy o i clements above e
Interpolatlve matrix deCOmpOSlthn QUaSI'MOnte Cal’|0 Sumedu|e triu(ml, K]) zl::;::arzzrozz-a matrix with elements below the kth
( scipy.linalg.interpolative ) .

( S C 1py . S tat S . qu ) orthogonal_procrustes(A, B[, check_finite]) Compute the matrix solution of the orthogonal

Miscellaneous routines ( scipy.misc ) Procrustes problem.

Multidimensional image processing Random N u mber Generato rS matrix_balance(A[, permute, scale, ...]) Compute a diagonal similarity transformation for

row/column balancing.
scipy.ndimage 1 i
( py g ) ( s C1py - Stats - sampllng ) subspace_angles(A, B) Compute the subspace angles between two matrices. M pl py r M e d)y H K LI| M M *
Orthogonal distance regression
( scipy.odr )

Low_level Ca”back functlons bandwidth(a) Return the lower and upper bandwidth of a 2D numeric

array.




