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fI OqC HIITE JIb HA-fl 3ATII{ C KA

Ile"rru r 3aAaqu yue6Hofi ArcqurJrlrHbl
I-{enr yue6Hofi AlrcrlunJrr4Hbr csopvrupoBarb yuy6leHHble rloHtrl4q o

Bo3MoxHocrf,x racrroJrb3oBaHr4r MeroAoB reopuu QyHrIIufi KoMnnercnofi ilepeMeusofi

u r4HrefpaJrbHbrx npeo6p a3oBaHLrA p.nfl MoAenr4poBaHllt npoqeccoB B MexaHI4Ke

crrJrorrrHofi cpe4br 14 perxeHnr coorBercrBylolrlkIx MareMarLIrIecKZX 3aAar{.

3a1aqu yue6no fi luctl I4ITJII4HrI :

1. Vlzyuurlo ocHoBHbre rroHrrrafl 14 MeroAbI, rlpl,rMeHfleMble B yKa3aHHbIX

pa3Aenax MareMarrIKI4.

2.Vlzyuvrrb MeroAbr MoAenvpoBaHr4q [poqeccoB B MexaHI{Ke crrJlolrlHofi cpe4sl,

ocHoBaHHbre Ha r4cnoJrb3oB aHr4r4 csoficre Syurqufi KoMrrJIeKcHoro rlepeMeHHoro vr

ocHoBHbrx l4HrerpanbHblx npeo6pagosaHzfi .

Mecro yue6nofi lncqnrrJrtrHbr B crrcreMe noAforoBKLI crrelll4aJrr|cra c BbIcIxI,IM

o6pasoBaHrreM.

V.{e6Haq Ar,rcqun rvHa orHocr4Tcf, K MoAynIo <O6uue MareMarLIrrecKI,Ie Kypcbl)

KoMrroHeHTa yqpe)KA enr4fl, o6paso Bale.r4fl,.

Vqe6naq [porpaMMa cocraBJreHa c yrreroM MexlpeAMerHbIX cnqgefi v
rrpofpaMM rro plzc\urrJrlrHaM: ALr$$epeHIII,IiubHbIe ypaBHeHnfl, B r{acrHblx

npou3BoAHbrx, MexaHr4Ka crrJroruuofi cpeAbl, MexaHI4 Ka rBepAoro reJla.

Tpe6on anntrfl K KoMrIereHIluqM

SopvrupoBaHI4e

OcsoeHr4e yqe6nofi Ar4crlr4rrJrr4Hbr <<Zurerp€urbHbre upeo6pa3oBaH krfl, 14 T eopvrfl

Syurqvfi KoMrrJreKcHoro rrepeMeHHoro) AonlKHo o6ecnerrl4Tb

cneAyroullx KoMlreresqzfi :

flpzvreHqrb MareMarurrecKl,Ie MeroAbI [nfl MoAenupoBaHplfl IvrHaMVr{ecKI'IX

c14cTeM.

BlaAerb ocHoBaMrr r4ccneAoBareJmcrofi AetrenbHocrt4, ocyqecrBJlflTb rIoHcK,

aHaJrvr3, cI4HTes IanS opMaIIZZ.
Bum cnoco6HbrM K caMopul3Br4Tzro v caMocoBeplxeHcrBoBaHulo B

npo $ ecc I4oH €Llrsofi .Aefl TenbHocrl4.

B pe:ylbrare ocBoeHur. yte6sofi Ar4cuI4rIJII4HbI cryAeHT AoDtreH:

3Harb: crpyKTypy u atte6pawrecKlre csoficrBa MHoxecrBa KoMTIJIeKcHIIX r{I4ceJI,

ceoficrea SyurUufi KoMrrJreKcHoro [epeMeHHoro, BKrrorlaf, TorIoJIorI4rrecKI4e,

A700epeHrlr,r€r[bHbre, r,rHTelpa-rrbHbre, ocHoBHbre KoHcrpyKIII,II4 TeoprII4 I4HTerpalIbHbIX

ypaBHeuuir;
yMerb: perxarb 3a1aq4 r4crronb3yroque MeroAbI SyHxIIufi KoMllnercuofi

rrepeMeHHofi, r4cnoJrb3oBarb MeroAbr r4HTelpaJrbHbrx upeo6pa3oBaHufl, Anfl pelxeHl4t

MareMarr4qecKux3aglaq u MoAenrrpoBaHr4r rrpoqeccoB MexaHLrKvI clJlolxHofi cpe4rt;

nMerb HaBbrK: rrpr4MeH.f,Tb aHuwrrl4qecKl4e MeroAbI TeopHI4 SyHrcqrail

KoMrrJrercuofi [epeMeuuofi, MeroAaMH Bbrrrr4 cJreHr4s. KoMTIJIOKCHbIX I4HTerpa"lIoB,

MeroAaMr4 Bbrrrr4cJr envrfl, ?rHTefpaJIbHbIX npeo6p asosaHuir vr peureHz.f, HeKoropblx

Ar4$OepeHrlt4€urbHbrx r.r r4HrelpaJrbHbrx ypaBHertuit c rloMolrlbro orl{x upeo6pasoeauufi.

a
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Crpyrcrypa y.re6Hofi lucurrrJruHbr
.{ucqnn lruna u3yqaercr B 1 ceruecrpe. Bcero Ha u3freHrre yue6nofi

rI4crIIarIJIuHbI <<I4urerparlbHble upeo6ptBoBaHvrfl. kr reopufl, Synrqufi KoMrrneKcHoro
rlepeMeHHoro) orBeAeHo 36 qacoB, Lr3 HLrx KoJrurrecrBo ay4vrropHbrx qacoB 36 .racon,

B ToM trl4cre leruzfi - 18 qacoB, rrpaKTr,rqecKux 3aHATun - 18 .racos.

Tpy4oeMKocrb yve6uoft AucqurlJlrrHbr cocraBnrer 3 sa.rerHbre eAr,rHt4rlbr.
(D oprr,ra np o Me )KyrorrH ofi ame c r arlvrtt - s K3 aMeH.
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EXPLANATORYNOTE
Aim and tasks of the discipline
Aim of the discipline - to create advanced concepts on possibilities of use the

methods of the complex variable functions and integral transforms for modelling of
processes in continuum mechanics and in solving coffesponding mathematical
problems.

Tasks of the discipline:
1. To study basic notions and methods in the mentioned branches of

mathematics.
2.To study the methods of modelling of processes in continuum mechanics based

on the use of the properties of the complex variable functions and main integral
transforms.

Place of the academic discipline in the system of training a specialist with
higher education.

The academic discipline is part of the module <<General mathematical courses>>

of the educational institution component.
Academic discipline is completed accounting interdisciplinary relations and is

onnected with the following academic discipline: "partial differential equatiors",
"continuum mechanics", "solid mechanics".

Requirements for competences
Mastering of the academic discipline <Integral transforrns and complex variable

functions>> should provide the formation of the following universal, advanced
professional and special competences :

apply mathematrcal methods for modeling dynamic systems;

advanced professional competences.' vaster the basics of research activities, to
be able to search, analyze, and synthesize information.

universal competences: be capable of self-development and self-improvement tn
profe ssional activities.

As a result of mastering the academic discipline, the student is expected to:
know: the structure and algebraic properties of complex numbers, the properties

of the complex variable functions, including topological, differential and integral
properties, the basic construction of the theory of integraltransforms;

be able to: solve problems applying the methods of complex variable functions,
use the methods of integral transforms for the solution of mathematical problems and
modelling the processes of continuum mechanics;

have skills in: the analyic methods of complex variable functions, the methods of
calculation of complex integrals, the methods of calculation of integral transforrns and

solution of certain differential and integral equations using integral transforrns.
Structure of the academic discipline
The discipline is studied in the 1't semester. In total for the study of the discipline

Integral transforms and complex variable functions is allocated 36 hours, including 36
in-class hours, of them: lectures - 18 hours, seminar classes - 18 hours.

The labour intensity of the discipline is 4 credit units. Form of certification -
exam.
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CONTENT OF THE STUDY MATERIAL 

 

Section 1 Complex variable functions 

 

Topic 1.1 Complex numbers. Planar sets. Riemann sphere. 

 

Topic 1.2 Functions of complex variables. Analyticity. Examples of functions. 

Topic 1.3 Integration on complex plane. Cauchy’s theorem and formula. 

 

Topic 1.4 Power series. Singularities. Residue theorem. 

Number series. Taylor series. Cauchy-Hadamard formulas. Taylor series for 

elementary functions. Isolated singularities and their classification. Meromorphic 

functions. Residue theorem. 

Topic 1.5 Harmonic functions. Poisson equation. 

Harmonic functions. Laplace operator. Relations between harmonic and 

analytic functions. Uniqueness theorem. Green’s formula. Dirichlet problem. Poisson 

formula. 

 

Section 2 Integral transforms 

 

Topic 2.1 Fourier transform. 

Topic 2.2 Laplace transform. 

Topic 2.3 Mellin transform. 

 

Section 3 Basic special functions 

Topic 3.1 Special functions 

 



7 

TEACHING AND METHODOLOGICAL MAP OF THE DISCIPLINE 

Full-time form of higher education 
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1 2 3 4 5 6 7 8 9 

1 Complex variable functions  
 

    
  

1.1 Complex numbers. Planar sets. 

Riemann sphere. 

2 2     interview at the 

lecture, check of the 

solutions to exercises 

1.2 Analytic functions of the 

complex variable. 

2 2     interview at the 

lecture, check of the 

solutions to exercises 

1.3 Integration on the complex 

plane. 

2 2     interview at the 

lecture, check of the 

solutions to exercises 

1.4 Power series. 2 2     interview at the 

lecture, check of the 

solutions to exercises 

1.5 Harmonic functions. 2 2     interview at the 

lecture, check of the 

solutions to exercises 
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2 Integral transforms.   
 

    
 

2.1 Fourier integral transform.  2 2     interview at the 

lecture, check of the 

solutions to exercises 

2.2 Laplace integral transform.  2 2     interview at the 

lecture, check of the 

solutions to exercises 

2.3 Mellin integral transform.  2 2     interview at the 

lecture, check of the 

solutions to exercises 

3 Special functions. 2 2     interview at the 

lecture, check of the 

solutions to exercises 

 Total 18 18      

  



INFORMATION AND METHODOLOGICAL PART

List of basic literature

1. Asmar, Nakhle H. Complex Analysis with Applications / Nakhle H. Asmar,
Loukas Grafakos. - Cham : Springer,2018. - viii, 494 c.

2. Garlitg, D. J. H. A Course in Mathematical Analysis : [in 3 vol.] I D. J. H.
Garling. - Cambridge : Cambridge University Press,2014. - Vol. 3 : Complex Analysis,
Measure and Integration. - 2014. - X c., C. 625-945.

List of additional literature

1. Debnath,L.Integral Transforms and their Applications /L.Debnath, D. Bhatta.
Boca Raton, Fl: CRC Press, 3'd ed. -2015. - 778 p.

2. Iy"q, f. JI. @yHr<qzz KoMrIJreKcHoro rrepeMeHHoro c oJreMeHTaMu
orepalll4oHHoro t4crlkIcneHklt: [yue6HzK Anf, ny:on] lf . JL Jlynq, JI. 3. Sl5polsrl. - 2-e
r43A. - Caurr-llerep6ypr: JIaHr, 2002. - 299 c.

List of recommended diagnostic tools and methodology for final mark formation

List of recommended diagnostic tools:
. interview at the lecture
e check ofthe solutions to exercises
The form of interim certification in the discipline "Inteeml transforms and com

variable functions" in accordance with the curriculum is exam.
A rating system of the student knowledge is used for the final mark formation,

which makes it possible to trace and evaluate the dynamics within the process of achieving
leaming objectives. The rating system stipulates the use of weighting coefficients for
current and interim certification of students in the academic discipline.

The final mark formation in the course of control measures for current certification
(approximate weighting coefficients determining the contribution of current certification
to the mark for passing interim certification) includes:

- answers at seminar classes - 50 0/o.

- solving ofproblems - 50Yo
The final mark for the discipline is calculated on the basis of the mark of current

certification (rating system of knowledge) - 50 % and exam mark - 50 yo.



Approximate topics of practical classes

l Complex numbers. Sets.
2. Complex variable functions. Differentiability.
3. Integration. Cauchy integral theorem. Cauchy integral formula.
4. Power series. Isolated singularities. Residue theorem and its application.
5. Harmonic functions.
6. Fourier transform. Calculation and application to the solution of problems.
7.Laplace transform. Calculation and application to the solution of problems.
8. Mellin transform. Calculation and application to the solution of problems.
9. Special functions. Check ofthe properties.

Description of innovative approaches and methods
for teaching the discipline

When conducting classes on the discipline "Integral Transformations and Theory
of Functions of a Complex Variable", a practice-oriented approach is used, which
involves:

- mastering the content of education through solving practical problems;
- acquiring skills for effectively performing various types ofprofessional activity;
- focusing on generating ideas, implementing group student projects, developing an

entrepreneurial culture;
- using procedures and assessment methods that record the formation of

professional competencies.

Methodological recommendations for the organization of independent work

Modem information technologies are actively used to organize independent work of
students; exam questions, exam assignment samples, and methodological recommendations
are available to master's students in electronic form. The effectiveness of independent work
of master's students is checked during current and hnal knowledge assessment. A rating
system is used for the overall assessment of the quality of master's students' assimilation of
educational material.
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Approximate list of questions for the exam
Theoretical questions.

1. Complex numbers and operations with complex numbers.
2. Domains and curves on the complex plane and an extended complex plane.

Riemann sphere.
3.

4.
5.

6.
7.

8.

9.

10.

11.

12.

13.

14.
15.

1. Calculate:

a) (1 + 2i,){3(2 +

2. Calculate all

a) trf1; b)

3. Determine what

a)lz-21 +lz+21 _

d)Im'4: O.

4. Determine what
the pictures.

Complex variable functions. Continuity.
Analyic functions of complex variable. Cauchy-Riemann equations.
Integration on the complex plane. Properties of the complex integrals.
Cauchy integral theorem.
Cauchy integral formula. Application to the calculation of integrals.
Power series.
Laurent series. Isolated singularities.
Residue Theorem. Calculation of integrals.
Harmonic functions. Connection with analyic functions.
Dirichlet problem for the Laplace equation.
Green's function for the Laplace equation. Poisson formula.
Fourier transform. Existence and other properties.
Calculation of the Fourier transform. Application to the solution of

differential and integral equations.
16. Laplace transform. Existence and other properties.
17. Calculation of the Laplace transform. Application to the solution of

differential and integral equations.
18. Mellin transform. Existence and other properties.
19. Calculation of the Mellin transform. Application to the solution of

differential and integral equations.
20. Basic special functions and their differential equations.

Practical tasks

i) - 2(6 + zi)j;b) # * #, q (#)' ; ol ffi
values of the roots of complex numbers

,( Tt n\'/n.) (-cos5* tstn- /
lines are described by the following relations

5; b) lz - zrl : lz - zzl; c) Re :: :(a > 0);

sets on the plane satisfied the following inequalities. Draw

10



a)

"l:
5.

a)

6.

a)
7.

a)

#> 1;b) lz-21 -lz+zl<2;c)1 < lz+i.la2;d)0 :-Re(tz) ar;
lzl

larsQ+)<|.
Find the roots of the equations

z3 + B - 0; b) e' : -'1,; c) cos z :I, il shz:;.
Calculate the values of the functions at the point zs

f (t) - z * \lZ, Zo: -1.;
Calculate the limits:

r. z2-4i.2-3 ,\ r. sini.z \limT i b) lim : c);;i z-i. ' - '' ;:+ch z*i" sh z t - '/

8. Prove that the following functions satisfy Cauchy-Riemann equation:
sin z, ch z , €' , zn ,log z,
and prove the identities

(sin z)' : cos z, (ch z)' : sh z,(e')' : e',(zn)' : nzn-', (log )' -!.Z
9 . Calculate integrals 11 : I, x dz, I, = Iy y dz

a) along radius-vector of the point z -- 2 I t ;

6) alongsemi-circle lzl - 1.,0 < argz 3n (initialpoint isz - 1);
n) along the circle lz - a.l : R.
10. Calculate integrals using Cauchy integral theorem (all curves are positively

oriented):
/ \ r d ./r \ r COSzdz / \ r dZ\a)fppzi ; (b) Ip1=nffi; (c) [pnt=g6
I 1 . Determine the radius of convergence of the following power series

T (-1)nzn
/-t ?t' + 

"'3

,s

s
t\t{. L 311.* n3

R=t
Investigate convergence of power ,.J* on the boundary of the disc of

convergence

\.\
C*r
)\ .. 4

'x{,

TL
fr
:

* 1}ffi

tr n * rrr}

I 3. Represent following function in form of the Laurent series in the
corresponding domains

il h in neighbourhood of points l) z - 0, 2) z - I, 3)z_oo.
| \ z2 -zz+rb) 

- 

1) by powers of (z - 2);' (z-2)(I+2,) 2)inthe ring {z:1 < lzl < 2}.

14. Calculate integrals using Residue Theorem
dzi

ft, where l, is the circle x2 + y' = 2x.a) h
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b) In ffi, where y isthe circre lz - 2l -:.
.rdzc) J, ffi, where f is the circle lzl : 2.

f\ I 7 27 r rd) 
^J, 

sinz )dr, where y is the circle lzl - r, r ) 0.

15. Find harmonic function u(z) itt the disc ltl < R for which
tiryu(ren) -{rl'.'# } i 3 i *

16. Solve the Dirichlet problem for the Laplace equation
Lu-0, -@<x 41oo, y)0,

With boundary conditions u(x,O) = 0, lxl > 1, and u(x,0) = 1, x e (-1,1).
17 . Calculate Fourier transform of the function e -ot'. D"du"" from the obtained

'+oolonnula the relatron J-* x2e-o" d* - i 11 .2d\a

18. Prove the following relationFfe-lOu - hh, a ) 0.

19. Solve the following integral equation (Elechic current in a simplest chain).
Find the current 1(t) in a simplest chain for given npr 3a,qanrroM resistance R and

induction I, satisfying equation
dtLE+ RI = E(t).

t-
Hint. i(k) - 2!!. l? 1 rz,r aEo r+6 exp(ikt)dk Eo€ot

u li@$1x+a' t\t) = A,J-- = u*'
20. Determine solution of the integral equation

+co

I rr*-ilflcldq= -j -,J J(2 + q2'

21. Calculate I.aplac? transform of the following functions
a)t, b) e"') c) sin(at).
22. Find solution to the first order differential equation

fr+p* - q, t > 0, satisfring initial condition x(0) - a, where a, p, q- are

constants.
23. Find solution to partial differential equation xut + ux = x, x > 0, t > 0,

satisffing initial and boundary conditions u(x,0):0 for x) 0, and u(0,t)-
0 fort>0.

24. Calculate Mellin transform of the following functions

a) e-n*, b) ,.r, c) e-ikx, d) cos kr.
25. Find solution to the following boundury problem

x2LL*r + xux + uyy - 0, 0

u(x,o) _ 0, u(x,l) :{*, i: ::2}
T2



where A is a constant.
26. Legendre polynomials P" (x) are defined by the Rodriges

P,(x)-hffif.,-\).
Define P= (x), Ps @).

27.Representthefunction#informoftheTaylorseriesintand
determine the Chebyshev polynomial Ts(x).
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AOIIOJTHE H Vrfl II II3ME HEH VIfl K yTIEEHOfr IPOIPAMME yO

Ha I _yre6nufi roA

JS

nln ,^{onorH el;lufl. LI kT3MeH eHufl OcnosaHple

Vqe6nas nporpaMMa rrepecMorpeHa z o4o6peHa Ha 3ace qanuvr rca$e4pu
(upororcon J\b _ or 202-r.)

3 an e4yro u\uir r a$ e4po fi

YTBEPXAAIO
,{eran Sar<yrrrera
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