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1. Description of the course

Indicators

Branch of knowledge, di-
rection of studying educa-
tional and qualification
level

Characteristics of the
course

full-time education

Branch of knowledge
13 Mechanical engineer-

ing
27 Transport servic€s

(code ard tide)
NormativeDhections of studying

134 - Aerospace Engi-
. neering

272 - Aviation transport
(code and title)

Content modules - L2
Speqalty, (p, rgfessional
direCtion):

Years of studvins:
Topics - 16 2021/2022
Individual
scientific-research
tasks NeNel-18

(tide)

Semester

Total hours - 300 ., ^
I-ectures

Weekly rate for firll-time
education (hours):
auditoria - 5
self-studying (including
individual home prob-
lems solutions) - 5.
Total number of credits
ECTS _ 10

Bachelor

32 hrc 32 hrs
Practical, seminar classes

32 hrc 32 hrs
Laboratorv classes
8 hrs 8 hrs

Self-learning, including
individual home oroblems

60 brs 96 hrs
Individual home

problems:

34 hrs 64 hrs
Control type:

rroduli con-
trol, exam

moduli con-
trol, exam

Notes.
Ratio between auditoria classes to self:studying and individual studying (hours):

for tull-time education - 144/t52.



2. Introduction
2.1 Learning Objectives

The course aims are to equip students with general principles and methods of
strength, rigidity and stability analysis of basic engineering structures. Students are
encouraged to design high-performance structures under mechanical and therno-
mechanical loadings. Structural elements studied include rods and rod systems in ten-
sion-compression; shafts in torsion; beams in bending; rod structures under combined
loading. The laws and hypotheses in nechanics of deformable solids are proposed as
basis for engineering analysis of stresses and shains. Various types of stress and
sfiain state in engineering structwes are covered due to wide presence of rod-shaped
structural elements in civil and mechanical (aerospace) engineering.
2.2 Integral Competencies

Ability for complex and practical problem solutions in field of design, manu-
factudng, maintenance, repair and certification of aerospace flight vehicles gounding
on application of advanced theories and methods of higher mathematics, physics, ma-
terial science at high level of data.indolerminacy.
2.3 General Competencies
GC 1. Ability for Ukainian langpage oral and writing communications.
GC 2. Ability for English language commudcation.
GC 3. Skill of safe human activity and envionmental protection.
GC 4. Skin in IT application to flight vehicles design, manufacturing, maintenance,
repair and certification.
GC 5. Ability to support team spixil, ffeativity, analyticity.
GC 6. Skill in search of informatiop, its.apa,lysis and application.
GC 7. Ability to maintain high level of professional activity quality.
GC 8. Ability to provide high ethiq.guidelines in engineering.
2.4 Special Competencies qld Learning Outcomes
SC 1. Skill in application of fundamental laws of physics in nechanics, electremag-
netism, heat transfer with applicalion to,qachine design.
SC 2. Skill in application of general laws of deformable solid analysis.
SC 3. Skill in implementation of engineerin. g hypotheses in solution of the problems
of strength, dgidity and stability.
SC 4. Skill in shess-strain state analysis of deformable solid, its limiting stess state
and classic strength theories.
SC 5. Skill in applicafion of classical and contemporary methods for experirnental
study of shess-strain state of defotmable solid.
SC 6. High skill in practical use of engineering methods and algorithms for analytical
study of rod shaped structuml elements forshength, rigidity and stability.
SC 7. Ability in adequate design model selecting and application to structural element
analysis.
SC 8. Ability of typical structural elgm€lts analysis for sfength, rigidity and stability
applying engineering analytical methods which provide required accuracy of results.
SC 9. SkiX in providing of experimental investigations of stress-strain state of struc-
tuml elements.
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SC 10. High skill in experimental investigation of basic mechanical properties of
structural matedals in result of their mechanical tests.
2.5 Interdisciplinary Relations (prerequisites/posfequisites)

The course "Mechalics of Materials" is based on the prerequisite disciplines
that have been studied eadier. The prerequisites are: "Essentials of Higher Mathemat-
ics", "General Physics", 'Materials Science and Engineering,,, ..Classical Mechan-
ics", "General Chemistry". The'Mechanics of Materials" is considering as the foun-
dation of education in "Aerospace Engineering". Within the frameworks of given
couse the attention is focusing on the aspects which could be used in solving the
problens of design a flying vehicles, power plants and weaponry.

3. Svllabus content

,Contcnt imodule 1
Topic 1 - Geometrical P ioperties ofPlane Areas,
Intoduction. Area of cross-section. Static moment (first moment) of area in or-

thogonal system of coordinates. Concepts of plane area centroid, central axes, cen-
troid of composite areas. Axial moments (second moments) and product of inertia for
the plane area. Parallel-axis theoroms for moments and products of inertia. polar
moment of inertia. Momentsrof ineftia.in rotatlon of axes. Princioal axes of inertia.
Calculation of principal moments of inertia and orientation of principal axes. Invaria-
bility of axial noments of inertia sum in rotation of axes. Sectional modulus of cross-
section. Radii of cross-section gyration.

Content module 2
Topic 2 - Introduction to Meqhrrics of Materials. General Concepts and

Assumptions.
Mechanics of materials - the Scienge of shength, dgidity and stability of struc-

tural elements as deformable solids. Prismatic bar as a general object in Mechanics of
materials. Relations between prollems of mechanics of materials, theoretical me-
chanics and material science. Concept of displacement in a point of deformable solid
under external loading. Deformations at a point of deformable solid. Elastic and plas-
tic deforrnations, ideal elasticity ,and plasficity. Concepts of homogeneous and non-
homogeneous deformation. Conqept of stress. Principal hypotheses in mechanics of
rnaterials: continuity, homogeneily, isotropy. Concept of solid properties anisotropy.
Principle of superposition. Hypoth9ses of initid non-shessed state. Structue and its
idealized design model. Problen of adequate design model. The concept of prismatic
bar as a typical structural element in.Ivlgqhanics of materials. Hypothesis of plane
sections as the basis for designing the..cgndilions of compatibility in analysis of shess
distribution in the bar cross sections. General engineering problems in Mechanics of
matedals: analysis of strength, rigidity and stability for prismatic bar, design prob-
lem, problem of allowable external loading.

Cont€nt module 3
Topic 3 - Internal Forces.in Pdsmatic Bar.
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Classification of extemal forces. Resultant of distributed load. Reactions of
supports. Saint-Venant's principle. Principle of superposition. The work of the exter-
nal force applied to defomable solid. Concepts of generalized force and generalized
displacement. Internal forces as a result of extemal forces application. physical and
analytical grounding of internal forces existence. Method of sections for calculation
of internal forces in an arbitrary cross section of deformable solid. Concept of result-
ant vector and resultant vector moment of internal forces in closs section. ConceDt of
stress at a point of deformable solid. Types of stresses. Relationship betw""n ,"rolt_
anl internal forces and stresses. Static indeterminacy of stress disrribuLion in cross
section. Concepts of stress and strain state at a point of deformable solid. Internal
forces in cross-sections of prismatic bar and theii graphs (diagrams) of distdbution
along the length of a bar. Normal force distribution in tension-compression. Sign
convention. The examples of internal forces diagrams designing. Torque moment dis-
tribution in torsional defomation. Sign convention. The examples of internal forces
diagrams designing. Shear force and bending moment distributions in plane bending.
Sign conventions. Differential relafigns. hips between the bending moment, the sheir
force and the intensity of distributed load. The diagams of internal forces distdbution
in statically determined franes ard bar, systems undet combined loading. General
rules for the diagrans of intemal forces distribu{ion checking.

Cont€nt module 4
Topic 4 - Analysis of Stresses and Strains at a Point of Deformable Solid.
State of stress at a point of deformable solid. Hornogeneous and non-

homogeneous stess states. Signs of normal and shear stesses. Stess tensot. Law of
gquality for shear stresses. Uniaxial stress state. Hooke's law. Lateral shain. pois-
son's ratio. Plane shess state (plate stress). Stresses on inclined sections, tmnsfor-
mation equations for plane stresses, Special cases of plane stress state (uniaxial stress,
pure shear, biaxial stress). Hooke's law in.shear. Graphical method of plane stress
state analysis and circular diagrams of shess state (Mohr's circles: equations of
Mohr's circle, construction of Mohr's,circle, stresses on inclined sections). princioal
planes. Principal shesses. Ext{e,Sity of.principal stesses. Maximal shear stresses.
Examples of analytical and graphical,solutions of plane stress state problems: (a) di-
lect problem of plane stress state (calculation of stresses on inclined planes); (b) in-
verse problem of plane stress state .(determination of principal planes position and
calculation of principal stresses). Hooke's law for plane stress state. Unit volume
change. Strain energy density. Applications of plane stress state. pressure vessels.
Triaxial stress state. Maximal shear str,ess. Hooke's law for triaxial stress state. Unit
volume change (dilatation). Strain energy and strain energy density. Spherical stress-
es. Plane strain state. Plane shain vs. plane shess. Transformation equations for plane
strain. Maximal shear strains. Mohr's circle for plane strain. Strain measurements and
calculation of stresses.

Centent module 5
Topic 5 - Material fesfiFg i4 Tenpion-Conpression. Mechanical proper-

ties of Structural Materials. Assumptions and hypotheses in Mechanics of Mate-
rials.



Mechanical testing of materials as generar method to determine mechanical
properties of structural material and to check the theoretical analysis accuracy. Types
of mechanical testing, equipnent and specimens. Tension test as the marn method of
experimental study of material properties. Tension test diagram. Basic mechanical
characteristics of materials. Material testing in compression. Limiting stress. Allowa-
ble stress_. Influence of temperature and time on material mechJnical properties.
Creep and stress relaxation. Long-term strength. Influence of shain rate on.a matedal
resistance to mechanical loading.

Content module 6

_ Topic 6 - Strength and Rigidtty of Bars and Bar Systems in Tension_
Compression.

Topic 7 - Strength and Rigidi.ty of Bar in Torsion.
Torsional deformation of a circular bar. The torsion formula and condition of

strength in torsion. Angle of twist and condition of rigidity. Torsional stiffness, tor_
form torsion. Statically indeterminate

ility. Strain energy in torsion and pure
. Thin-walled tubes. Shear stess. Shear

Topic 8 - Strength and Rigidity of Bar in plane Bending.
Stresses and deflections in pure and nonuniform (transverse) bendins. Curva_

ture of a beam. I-ongitudinal strains in beams. Normal stresses in beams. Lolation of
neutral axes, moment-curvalwe 4eJptio.uship, flexure formula, maximum shesses in a
qoss-section. Condition of strength.in, prre bending. Design of beams for bending.
shear stresses in beams. Derivation of shea formula. Distribution of shear stresses in
a rectangular beam. Effect of shear strains (warping of qoss_section). Shear sfesses
in beams of circular cross,section. Shear stresses in the webs of beams with flanses.
Maximal and minimal shear stresses. cornparison of normal and shear stresseJ in
bending. Deflection of beams. DiffetentiaL equations of a deflection curve.

ropice-combinedsh.esses:3tjiliEillt"',1ro"o","..
Application of strength theories. Limiting state of stress. Equally dangerous

states of stress. Equivalent shesq. Classic theories of strength: Maximum normal
shess theory, Maximum linear strain theory, Maximum sheadng stress theory, Distor-
tion energy theory.

Topic l0 - Stress Analysil.in COmbined Loading.
Bending, torsion and tension of a rectangular bar. Bending and torsion of a cir_

cular cross section. Bending, torsiop and tension of a circular cross_section. Unsym_
metrical (oblique) bending. Eccentric tension and compression.

Content module 8



Topic 1l - Generalized Displacements. Mohr,s Method for calculation of
Generalized Displacements.

by extemal
rmation. The
Vereshchagin's

_ Topic 12 - Analysis of Statically Indeterminate Bars and Bar Systems by
the Force Method and Three Moments Equation.

Essence of the force method. Singty staticaly indeterminate frame. Two_fold
statically indeterminate ftame. Multispin beams: eiamples of application.

Content module 9
Topic 13 - Buckling of Columns.
Concept ofbuckling ofa rod. The

tions on the critical load.
bility. Yasinsky's formul
neering. Design formula for columns.

: Contetrt.module 10
Topic 14 - Repeated Loading and tratigue Strength.

er's curve and fatigue limit. Effect of
q of a part on fatigue strength. Factor of
cal detemination.

Content module 11
Topic 15 - Stresses in Synpetrical Shells.
Basic features of shells- Calculation of stresses in symnetrical shell. Laplace,s

equation. Cornplementary equation. fo1 calculation of acting stresses. Shength 
'condi_

tion.

Content module 12
Topic 16 - Dynamic Loadilg.
Dynamic factor and its calculation. Strength condition for the impact loading.

Inngitudinal impact. Trarsverse impact.



4. Course content arrangement

Content modules and toDics

Hours
tul -time education

to-
tal

includi
lec pract lab indiv

HP
self-
edu(

1 2 3 4 5 o 7
Content module 1

Topic 1 - Geometrical Properties of plane Ar-
eas. Home Problem 1 - 14 2 2 o
Moduli control (home probJem 1;- 1 1
Total in content nodule 1 15 2 2 6 5

Content .modullez
r oplc z - mnoducxon to Mechamcs of Mate_
rials. General Concepts and Assumotions 2 2

Moduli conhol (home problem)
Total in content module 2 2 2

Content module3
r oprc J - mternal tsorces rn fnsmatic -tsar and
Plane Frarne. Home Problems 2. 3. 4. 5. 6 4l 8 6 22 5
Moduli control (home problems 2, 3, 4, 5, 6) 5 5
Total in content module 3 46 8 o 22 10

Content module 4
Topic 4 - Analysis of Stresses and Strains at a
Point of Deformable Solid 74 6 4 4
Moduli control (home problem)
Total in content module 4 14 o 4 4

Content modu e5

7 2 2 2 1.

Moduli control (hone problem)
Total in content module 5 7 2 2 2 1

Content module 6
Topic 6 - Shenglh and Rigidity of Bars and
Bar Systems in Tens rn-Compressiod. Hone
Problem 7

1.6 4 6 4 2

Topic 7 - Strength and Rigidity of Bar in Tor-
sion. Home Problem 8 t7 3 tl 2 4 2
Topic 8 - Strength and Rigidity of Bar ir
Plane Bendins. Home Problem I 26 5 8 2 8 3

3



10

Total in content module 6 oz 12 20 4 L6 10
Content modu le7

Topic 9 - Combined Stresses. ClassicTtreneth
Theories. 4 2 2
Topic 10 - Sfess Analysis in Com-irEd Inad-
ing. Home Problems 10, 11 or 12 39 ^ I 2 2I 4
Moduli control (home proEems 10, 1l or 14 2 2
Total in content module 7 45 o 8 1 21 o

Content module8
Topic 11 - Generalized Displacements.
Mohr's Method for Calculaiion of General
Displacements. Home Problems 13, 14. 15

JZ o o 2 74 4

44 10 8 2 20 4

Moduli control (home protrlemiif.:r14 Ii_fO,
17\ 5 5
Total in content module 8 81 16 1.4 4 34 13

Content module 9
Topic 13 - Buckling of Columm. Hone prob-

15 4 2 3 2
Moduli mntrol (home problem 18) 'L

1
Total in content rnodule 9 L6 4 2 3 3

Content modul 10

#:l""lo1 
- *"p*,ed I-oading and Fatigue

4 4

Moduli control (hone problem)
Total in content nodule 10 ,1

Topic 15 - Stresses inTnnnetrical S[Ells 5 L 4
Moduli control (home problerg
Total in content module 11 5 1 4

Topic 16 Impact I-oading.
Contont module 12

- 

T-1 ri
Moduli control (home problem.;
Total in content module 12 I 1
Total hours 300 64 64 lo 102 54

Note.
1, Theoretical study of strength analysis of bar in plane bending is included in
first semester term. Its practical study is included in second semester term.
2. Home Problem 11 is alternative to Home problem 12.
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5. Practical class themes

Nb. Topic name

Topic 1 - Geomehical Prooerties of Plane Areas

Hours

1 2
2 loprc 3 - Intemal Forces in Prismatic Bar and plane Frame 6
3 Topic 4 - Analysis of Stresses and Strains in Deformable Sol_

id
4

4 Topic 5 - Material Testing in Tension-C-ompression. Meclan_
ical Properties of Structural Materials. Assumptions and hv-
potheses in Mechanics of Malerials

2

5 6

6 6
7 Topic 8 - Strength and Rigiility of.Bar in plane Bendina 8
8 Topic 10 - Stress Analysis in Combined ha.linA 8
o Topic 11 - Generalized Displacembnts. Mohr's Methodfor

Calculation of Generalized Displacements.
o

10 Topic 12 - Analysis of Statically Indeterminate Bars and Bar
Systems by the Forcs Mgthod.aad,Three Moments Equation.

8

11 Topic 13 - Buckling of Columm. 4
72 4

Total 64

class themes6.

Nb. Topic na4e Hours

1 Topic 2 - Introduction td Mechanics,of Materials. Linearly
Elastic Isotropic Solid: Assumptions and Hypotheses.

2

2 Topic 5 - Material Testing in Tension-Compression. Mechan,
ical Properties of Shuchrrdl:IVlaterials.

2

3 Topic 8 - Strength and Ri,gidity:of'Bar in plane Bending. Ex-
perimental Study of Stress Dishitiution in Cross Section.

2

4 Topic 10 - Stress Analysis in Cornbined Ioading 2
5 Topic 11 - Generalized Displacements. Mohr,s Method for

Calculation of Generalized Displacements.
2

6 Topic 12 - Analysis of Statically Indeterminate Bars and Bar
Systems by tbe Force Method,

2

7 Topic 13 - Buctling of C.olumls. 2
8 Topic 16 - Dynamic Factor and Dynamic Stresses 2

Total 16



. Deu-sluoyrl
Nb. Topics Hours

1 Topic 1 - Geometrical Properties of Plane Areas 5
2 Topic 3 - Internal Forces in Prismatic Bar and plane

Frame 10

J Topic 4 - Analysis of Stresses and Shains in Deformable
Solid 4

4 Topic 5 - Material Testing in Tension-Compression. Me-
chanical Properties of Structural Materials. Assumptions
and hypotheses in Mechanics of Materials

1

5 Topic 6 - Strength and Rigidity of Bars and Bar Systems
in Tension{omoression 3

o Topic 7 - Strength and Rigidi8 of Bar in Torsion 3
7 Topic 8 Strength and Rigftlity,of,Bar,in plane Bendinp 4
8 Topic 9 - Conbined Stresses., Classic Strensth Theories 2
o Topic 10 - Stress Analysis in Combined I-oading 6
10 Topic 11 - Generalized Displacements. Mohr's Method

for Calculation of General Disolacements. 7

11 Topic 12 - Analysis of Statically Indeterminate Bars and
Bar Systems by the Force Method and Three Moments
Equation.

o

t2 3
Total 54

12

7. Self

8. Individual Ilome Problens

J\!
nlfi Hours

1 Horne Problen 1. Geondhical Pfopefties of plane Area.
Principal Central Monents.of trnedia for Composite Area (6
hours)

6

2 Home Problem 2. Normal Force,Disnibution in Tension-
Compression (2 hours)

2

3 Home Problem 3. Tomional Moment Distribution in Tor-
sion (2 hours)

2

4 Home Problem 4. Shear Force and Bending Moment Dis-
tribution in llane Bending (Cantilevers) (3 hours)

2

5 Home Problem 5. Force aad,Bending Moment Distribu-
tion in Plane Bending (Iwo-Supported Beams) (6 hours)

6

o 8

7 Home Problem 7. Stresges and Elongations in Statically 4



8 Home Problem 8. Strength and Rigidity enAysis oi Stati-
cally Determinate Shaft (4 hours)

4

9 Home Problem 9. Stress Analysis of Two Supported Beam
in Plane Bending (8 hours)

8

10 Home Problem 10. Stress Analysis of Rod System in Com-
bined I-oading (14 hours)

74

11 Horne Problem 11. Stress Alalysis of Bearn in Oblique
BendinA (5 hours)

5

12 Home Problem l.2. Stress Analysis in Eccentric Tension-
Compression (5 hours)

5

Home Problem 13. Generalized Displac€ments in Cantile-
ver in Plane Bending (4 hours)

4

74 Home Problem 14. Generalized Displacements in Two sup-
ported Beam in Plane Bending (4 hours)

4

15 Home Problem 15. Genqralized:Displacements in plane
Frame i4 Plane Bending{6 houas)

6

16 Home Problem 16. Intomal Forces in Statically Indetermi-
nate Plane Frame (10 ho.urs)

10

17

hours)
Home Problem 17. Internal Forces in Multispan Beam (10 10

18 Horne Problem 18. Buckling and Stability of Compressed
Rod (3 hours)

3

Total 103 (in fact
98)

9. Methods of studying
Auditoria (online) lectures and,Factiae, laboratory works (auditoria only), in-

dividual consultations, self-studylqg puppofied by teaching aids published by depart_
ment 102 (http://k102.khai.edu/) ,a:rd, exposed in 'Mentor" (course .,Mechanics ofMaterials and Struchrrcs", link in Gooele Drive
https://drive.google.com,/drive/folders/1SxxTG9e -
EFjueFD(u Ki ES3YGXjoXvF8Q?usp=sharbg).

10. Knowledgp aFd com.. petencies €yaluation system
A) Accumulative skill evalustion systen based on semester results (24.12.2021 -
autumn sem€ster, 03.06.2022 - spring semester)
1) Solving, submitting and auditorium defending of home tasks (9 topics pei semester
related to modules 1-8 (autxmn semester) and 9-18 (spring semester)). Total -
60...90 points per semester as ave[age value.
2) Complementary 0...10 points for au{rtorium activity (lecture discussions, practicql
class answers, laboratory work activity),
B) Examination control duritrg. elaminalio.n.period (after 24.12.2021- autumn ;
semester, after 03.06.2022 - spring semester).
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1) Prerequisite: 60+ points of module control in section A.
2) Auditorium solution of 2 practical problems ftom the listing in Mentor and coogle
Drive, and also two theorcticar questions answers (in writteniorm). Results distribu-
tron:
- theoretical questions - 0...10 points for each of two:
- practical problems - 0...40 points for each of two.
3) For the case of unsuccessful module conhol: - written exanination.
Labs passing through nultiple-choice testing, module control, final written exams (in
unsuccessfu I moduli control).

11. Estimotion

12. Basic literature sources

1. Beer, F. P. Mechanics of Materi€ls / F. p. Beer, E. Russell Johnston Jr.,
J. T. DeWolf. - Mc. craw Hill. - 7O5 D2. Beer, F. P. Statics and Me

J. M. Gere. - 6'n ed. - Thomson Learning,

_ prvs publishing company, rgg6.-$;J. 
J' M Gere' S' P Timoshenko' -

7. Ilibbeler, n. C. Uectianili of naterials'/ R. C. Hibbeler. gfr ed. _ pearson,
2011. - 883 n.

8. Pytel, A. Mechanics of Materials / A. pytel, J. Kiusalaas. _ 2"d ed. _

S. Steif. - Pearson,2OL2. - 59f p.
?., Popova O., Sikulskiy V., Taran A,
I principles of structural materials seleo-

ospace university "Kharkiv aviation in-

scale (national scale

Total score by all studying
activities

Mark by nz
for exam, course project

,(paper), intemship

tional scale

for credit

90 - 100 eXcellent

passed

82-89
good74-8r

64-73
60-63
35-59 not passed (repassing is

allowed)
o-34 not passed (repassing is

not allowed)
not passed (repassing is

not allowed)
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stitute". 2004 - 403 D.
11. Karpov.Ya, D_em"ni.o y., 1*nitn" p., popova O., Shevtchuk R., Sikulskiy V.,

Taranetrko I., Yastrcmska T.. Structunl riaterials. _Handbook. _Kharkiv: Naj
iation institute", 2005 - 246 D.
Demenko V.. Kharkiv: National Aero-

versity "Kharkiv Aviation Instihrte',.

13. Recommended literature sources
Asaro, R. J. Mechanics of Solids and Materials / R. J. Asaro, V. A. Lubarda. _

p.

1328 p.
Boresi, A. P. Advanced Materials / A. p. Boresi, R. J. Schmidt,
O. M. Sidebottom-John ;lnc:1993. - 414 p.
Heam, E. J. Mechanics yol. l, Z / E. J.'Hearn. - Butterworth

Design / R. C. Juvinall,
L37 p.
Systems / F. A. Leckie,

iection : Irons, Steels : Vol. 1 /
816 p.
re Metals:
s, 1978. -

1.

2.

1

n

5.

o.

7.

8.

o

eering / R. Parnes. - Jobn Wiley & Sons,

f Mechanics / C. Truesdell. - Springer-

14. Information resources

Depa ment 102 site:
https://drive. google.com/drive/foldBls/lsjctT(
EFjuelD(uKiES3YGXjoXvFSQ ?usp=sharing.


