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1 34. Asiarliir:oa ra paKerno-
Kocrr,riqHa rexnixa
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1. Onnc HaBqafl bHoi ArrcuuturiHu

Ilpurrirra. CniseiluorreHH.fl nimxocri roAr.rH ayAr{ropHr4x 3aHrrb Ao carr,rocrifinoi i
in4uni4ya;rruoi po6ou4 craHoBr,rrb: Anr Aennoi (fopuu HaBqaHHr - 1361134

+Ay,{uropne HaBaHTaxeHHt Mox(e 6yru s6i:mrreHe a6o slaeHmeHe Ha oAHy roAr,rHy B 3anexirocri
ni4 posrna4y 3aHrrb



[. Description of educational discipline

Name of characteristic
Field of knowledge, direction of

training, academic degree

Description of educational
discipline

full-time education

Number of credits -9 (5+4\

Field of knowledge
1 3. Mechanical ensineerins

MandatorySpecialty
134. Aviation and aerospace
technolosy

Modules= 2

Educational program
Design, manufacture and
certifi cation of aircraft

Year of education:
Parts- 4 202312024

Individual research task
- CW (5-thsem.),
- CW (6-thsem.).

Semester

5-th 6-th

Totalnumberofhours-2 70

Lectures*
32hrs. 32hrs.

Practical. seminar*
40hrs. 32 hrs.

Weeklyhoursforful l-time study :

Academic degree
first (bachelor)

Laboratory work

auditorium- 4,3 Independent work
In dependent student work- 4.2 78hrs. 56hrs.

SemesterS lndividual work
auditorium*

72hrs.
Student work

78hrs.
CW CW

Semester6 Final assessment
auditorium*

64 hrs.
Student work

56hrs.
exam exam

Note. The ratio between classroom studies hours to independent and individual work
hours is: for the full-time studv 1361134.
* Classroom load can be itt.t.Lt.d or decreased by one hour depending on the schedule.
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l. Description of educational discipline

Name of characteristic
Field of knowledge, direction of

trainingo academic degree

Description of educational
discinline

full-time education

Number of credits - 9 (5+4)

Field of knowledge
13. Mechanical ensineerins

MandatorySpecialty
134. Aviation and aerospace
technology

Modules- 2 Educational program
Planes and helicopters;
Aircraft production and repair
technologies;
Rocket and space complexes;
Design and manufacture of
composite structures;
Design, manufacture and
certification of aircraft

Year of education:
Parts- 4 202312024

Individual research task
- CW (5-thsem.),
- CW (6-thsem.).

Semester

5-th 6-th

Totalnumberofhours-2 70

Lectures*
32hrs. 32 hrs.
Practical, seminar*

40hrs. 32 hrs.
Weeklyhoursforfull-timestudy :

Academic degree
first (bachelor)

Laboratory work

auditorium- 4,3 lndependent work
In dependent student work- 4,2 78hrs. 56hrs.

Semeste15 Individual work
auditorium*

72brs.
Student work

78hrs. CW CW

Semeste16 Final assessment
auditorium*

64 hrs.
Student work

56hrs. exam exam

Note. The ratio bbtween classroom studies hours to independent and individual work
hours is: for the full-time study 1361134.
* Classroom load can be increased or decreased by one hour depending on the schedule.
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2. Mera ra 3aBAaHHfl HaBqa.nrnoi
AncunuliHn

2. The purpose and objectives of the
discinline

Mera BrrBqenHfl:
OrpznaaHua 3Harrb rrpo Br{Morr,r Ao crpyKTyp
cKJraAHr{x 6araroeleueHTHrrx Hecfrux
KoHcrpyKrlifi n:arali, oco6luno, tonxocriHHux -
ra ocobnrsocri ix 4e(poprrrynanur B yMoBax
pea-nruoi eKcruryaraqii; upo rpanu.rui craHr.r
Taxr{x Koucrpyrrlift ; nanvuu,r Mero.{ulM

Br{3HaqeHHs Hanpyxeur, nepeuirrleHb B

eJreMeHrax cKJra,{eHHx KoHcrpyKrlift nia aii
siAor{rx (saganrx) sonHimHix cvr\ araKo)K
MeTOAaM Br,r3HaqeHHr rpaHr4qHux 3HaqeHb
napa:r,rerpie gonHiuruix 4ifi, rqo [plrBoArrb Ao
rparuunux cranie KoHcrpyKrlifi , a6o enerraenrie.

3anAannq:
@oprrayaanus y cryAenrin yxnreHus rlpo
po3paxynKoni cxeura, rqo saMiHrcrorr pea-nrni
KoHcrpyKrlii, a raxox ua46anur HaBrarroK

po3paxynKie ua ruiqHicrb ra xopctricrr
crpyKTyp cKJraAHr4x 6araroeneueHTHr4x Hecyqr4x
Koucrpyrrlifi asiaqifiHr{x Hecyqux roucrpyrqifi
Kpr.rJra, (frcsenxNy, mrraHroyry, louari Hecfrofo
rBuHTa ra inrurax arperarin niralrnoro a[apary.

Kounerenrnocri, nrci na6ynarorbcfl :

3uauus m posyuiuHr rpeAMeruoi o6nacri ra
posyrraiuna npo$eciftnoi AismHocri, 34aruicrr
npuiwrarn o6lpynronani piruennr, 34atnicrr
[poBoAr{Tr{ po3paxyrlKn elerraenrie aniaqifinoi ra
paKeruo-Kocnaiqnoi,rexnirn na uiqsicm; '.

3AarHicru [pu3Haqaru uarepianr Nrs enervrenris
KoHprpyKrlii aeiaqifi Hoi ra pareruo-rocnaiquifi
rexuixra; 3garnicm [poeKTyBar]r ra rrpoBoAr.rrr{
nanpo6ynaHHs ereMeHrin aniaqifinoi ra
paxerHo-Kocrrai.ruoi rexHirn, if o6na4naxnx,
cucreM ra ni.ucr,rcreu.

O.rirynanni peynrraru HaBrraHHs:
Bwinparu ra 3acroco ByBaru 4lr posn'x3auH.f,
3a4aq [p]rKJraIHoi uexaHirz upu4arHi
MareMarr,rrrni rrlerogu; Bono4irra HaBr{rrKaMr,r

B[3HaqeHHr HaBaHTaxeHb Ha roncrpyxrunni
eJreMeHTr.r asiarlifiHoi Ta paKerHo-rocMi.rHoi
rexniru Ha ycix erarrtx Ii xur:reeoro qr{Kny;
O6qrcnrcearr,r Harrpyxeno-ge(boprraonanrafi cran,
BIa3HaqarH Hecfry sAarHicrr KoHcrpyKTr,rBHr.rx

eneMenris ra na4iftuicrb clrcreM aniaqifinoi ra
paKerHo-Kocilriquoi rexuirr.r ; 3acroconynana
BHMorlr raJry3eBrax HopMarr.rBHrax 4oryueHrin
rrloAo rrporleAyp npoeKTyBaHHr,

purpose of the study:
To obtain knowledge about the requirements for
the structures of complex multi-element load-
bearing structures in general, especially thin-
walled - and the features of their deformation in
real operation; about the limit states of such
structures; teach methods for determining stresses,
displacements in the elements of composite
structures from the action of known (specified)
extemal forces, as well as methods for determining
the limit values of the parameters of external
actions that lead to the limit states of structures or
elements.

Objectives:
To form students'ideas about calculation schemes
that replace real structures, as well as to acquire
skills in calculating the strength and rigidity of
structures of complex multi-element load-bearing
structures of aircraft wing, fuselage, frame,
propeller blades and other airqaft units.

Acquired competencies:
Knowledge and understanding of the subject area
and understanding of professional activity, Ability
to make informed decisioris, Ability to calculate
the elements of aviation and rocket and space
technology for strength; Ability to assign materials
for structural elements of aircraft and rocket and
space technology; Ability to design and test
elements of aerospace and rocketry, its equipment,
systems and subsystems.

Expected learning outcomes:
Apply the requirements of industry regulations on
procedures for design, manufacture, testing and
(or) certification of elements and objects of
aerospace and rocketry at all stages ofits life cycle,
Select and apply suitable mathematical methods to
solve problems of applied mechanics; Have the
skills to determine the loads on the structural
elements of aerospace and rocket technology at all
stages of its life cycle; Calculate the stress-strain
state, determine the bearing capacity of structural
elements and the reliability of aerospace and
rocket-space systems.



Br.rilpo6yBarrHs. ra (a6o) ceprn$iraqii eneuenrin
ra o6'errin aniarlifiuoi Ta paKeruo-nocrui.moi
rexniru ua scix erarrax ii xr,rrresoro rrr{Kirv.

Ilpepernir urrn - Kopr4cryBarrrcr pe3yJrbraraMrr
BLrBqeHH.rr Aucquuin: <Mexanira rraarepiarin ra
KoncrpyKrlifi >, <Teoperprrrua nrexanixa ra
TMM), <@isuro>, <Buua MareMarrrKa> Ta

<Hapuora reouerpie>>

Kopercnirnrrr - BlrKopr,rcroByerbcf, [p]r
sre.ieHHi Aucqunnin: <Miqnicm draris ra
repronnorin>, <<Bnnpo6ynannr na nriqnicm
agiarifi Hoi rexnixra>>.

Prerequisites - uses the results of the study of OP
isciplines: "Mechanics of materials and

", "Theoretical mechanics and TMM",
"Physics", "Higher Mathematics" and "Descriptive

tl

o-requisites - used in the study of disciplines:
"Strength of aircraft and helicopters", "Tests on the
strensth of aircraft".
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3. IlporpaMa HaBrraJnnoi Ancqnn.ninn 3. Program of discipline
3uicronnuft rvro4y.nr l.
Tena 1. Bcryn go 6y4ine;rruoi uexanircn

llpe4yer analiry. 3n'sgox 6y4inenrnoi
naexanixu s MexaHiroro uarepia-nis ra rcopiero
npyNnocri. Icropuvlruft ercxypc fipo po3BHToK

KoHcrpyxrlift n qinouy ra 3oKperraa aniaqiftuoi
rexnixn.
Teua 2. OcnosHi rinorern, TeopeMrr ra MeroArr
6y4ine;rnnoi prexauircll.

Analirvqni ra qucemHi ruero4n 6yainenrnoi
uexaniru. OcHosHi npr.rHrlr.rnu, riuoregu ra
TeopeMr.r 6y4inenrnoi uexauixu. OcuosHi
pinnrunr uexanirx rBepAoro rina (pinnrrrrrr
pinnonarz, Qisrawrufi 3aKoH, 3aKoH cyqfurrnocri,
3arwrc uornoi noreuqifinoi eueprii roqo).

Part 1.

Theme 1. Introduction to Structural Mechanics
The subject of structural analysis. Linking of

Structural Mechanic with the Mechanics of
Materials and Theory of Elasticity. Historical
progress of structures, particularly aircraft
structures.
Theme 2. Main hypotheses, theorems and
methods of Structural Mechanics.

Analytical and numerical methods of
Structural Mechanics. Basic principles,
hypotheses and theorems of structural mechanics.
Basic equations of solid mechanics (the
equilibrium equation, the physical law, the law of
continuity, the formulation of fulI potential
energy, etc.).

3lricrosHnfi uo4y;rr 2.
Tenra 3. PorparyHoK crarr.rrrHo B[3uarreHnx
rconcrpyrcqifi

Tpu rr4nr4 aHa;ri:y xoucrpyrqift:
riueuarn.rHuft, ctpyrrypnufi Ta crarraqHtaft.
Mero,qu po3prxyuKy 3ycr,rnb y crarr{rrHo
Bu3HaqeHilx (peprraax (nrero4 3'e4HaHb, MeroA
nepepisin, MeroA saMiHu crepxuiu).
Br4Kopr,rcraHHr eHeprerr,rqHrrx ueroAin (upnnqnn
aipryamuoi po6oru, eueprix 4e$oprraynannx,
reopeMa KacmnrsHo, (fopnayna Marcsera-Mopa)
rprr. ananisi crepxHeBr.rx roncrpyrqift.
Pospaxynor norDKepoHy Kpr{na Ha ourosi
.{rrcKpernoi nroleni. PospaxynoK Kolr6iHosaHoi
crpr,DKrreBoi cracrenru 3 Br,rKopHcraHHrM Teop€M
curraerpii.

Terua 4. Po:paxyrroK crarrrqrro HeBrr3narreHr{x
CIICTEM

Crarraquo HeBrrcHaqeni roucrpyrqii. Meroa
cr{Jr. Mero4 nepeuiqeur. Pospaxynor
runanroyrin $roaerxxy niraxa 3a AorroMororc
MeroAa czn. PospaxyuoK crarnqHo HeBI,I3Ha.reHoi
npocropoBoi cr,rcrerrara MeroAoM ueperrainlenr.
Tenra 5. 3HafiorvrcrBo 3 Mero,rloM crcinqennx
e.neprenrin

Marenaarr.r.{He o6lpynrynannx Mero,ua
creiH.renrx eneiuenris. Oynrqii (foprvrr,r ra Bkrwr
crinqeuux enervrentin. Pospaxynxra [pocrr{x
CTATI,IqHO BH3HAIIEHI,IX TA HEBI,I3HAIIEHAX CHCTEM

3a AorroMoforo MeroAa crinqeHrax enelaeHris s
rrporpaMHolry uaxeri ANSYS Students

Part2.
Theme 3. Analysis of statically determinate
structures

Three types of structural analysis: kinematic,
structural and static. Methods of forces calculation
in statically determinate trusses (Method of Joints,
Method of Sections, Method of Rods
Substitution). The use of energy methods (Virtual
work concepts, Strain energy, Castiliano's
theorem, Mohr's formula) for the analysis of rod
structures. Wing spar calculation based on discrete
model. Calculation of the combined rod svstem
using symmetry theorems.

Theme 4. Analysis of statically indeterminate
structures

Statically indeterminate strucfures. Force
method. Displacement method. Analyses of
fuselage frames using the force method.
Calculation of statically undetermined spatial
system by displacement method.
Theme 5. Introduction to the method of finite
elements

Mathematical statement of the finite element
method. Form frrnctions and types of finite
elements. Calculations of simple statically
determined and indeterminate systems using the
finite element method in the ANSYS Students
software package

7



3pricronnuft rvrogym 3.
Tepra 5. YqnreHHq rrpo
rourocriHny Koncrpyrcqiro

Ana-niruqna MoAenb ronrocriHnoi 6amu.
PospaxynoK HopMaJrbHr{x Harrpyxenr, nororin
AoTnqHI,Ix 3ycl,Inb Ta AoTIIIIHLIX HanpyxeHb.
Tenra 6. 3run, 3cyB Ta KpfreHrrn nigrcpnrnx ra
3aKprrrrrx ronrcocrinnux 6a;rorc

Bi.lrrne ra crr,rcHeHe Kpf{eHnfl ronrcocriusoi
6zurru. KpyreHnx ra 3r{H o6ononrur s ni,4cpuruu
Ko{rrypoM. KpyrenHr ra 3rurH o6ononrcr 3

Aerlnroua 3aMKrryrlrMr{ KoHTypaM}r. Ilenrp
Nopcrrocri ronrocrinnoi roucrpyrqii. Mero.q
peayxuii i raeroA (fixrunuoi curur (uouenry) 4ra
BI,I3HAqCHH' KOMIIOHEHT HfiupyxeHo-

4e(foprraonanoro cruu{y ronxocrinnoi 6zurcz.

Theme 7. Stress analysis of aircraft components
Pospaxynru aniaqifiuux KoHcrplrrlift: Kpr,rna

Ta nouati BeproJrbory, Srosenxxi nirara ra
Bepronbory, xnocroni 6am<u Bepronbory,
HepBrop[.

nigrcpin;reny
Part 3.
Theme 5. The concept of stiffened thin-walled
structure

Analytical model of thin-walled beam.
Determination of normal stresses. Determination
of shear flow and shear stress.

Theme 6. Bendingo shear and torsion of opened
and closed thin-walled beams

Free and restrained torsion of a thin-walled
beam. Torsion and bending of the shell with open
cross-section. Torsion and bending of the shell
with several closed cross-sections. Bending center
of the thin-walled structure. The reduction method
and the method of fictitious force (moment) to
determine the stress-strain state components of a
thin-walled beam.
Theme 7. Stress analysis of aircraft components

Analysis of aircraft structures: wings and
helicopter blades, airplane and helicopter
fuselages, helicopter tail beams, ribs.

3nricrosHuft no4y"rrr 4.
Ten'ra 8. Teopin rorrxrrx rrJracrrrHoK. Brpara
criftrcocri KoJroH, nJracrrrHon ra aniaqiftnux
nane.nefr

Auanirrawra MoneJrb rorn<oi rrJracruHr4.

Pesyrnryro.ri pinnnurx srr.nry ffiacrr.rHr.r. Bugnaqerurs

HopMarrbHr.D( 3ycr.rJrb. fparuwri yMoBLI y pirnnrrd
Co$i-Xepuen. 3nan ilpffo$rfinD( rrracrr4H.

Pospaxynorc criftcocri ToHKrix rrlmcrlrH. llnocraltl
HarrpyxeHo-aeQopuonarm? gmrr roHKr.D( rrlragrlrH.

Crifucicru upgraorynnm rrJmcrlru. Crifuicrr u.p u
cTplcKarolrr,D( Ta 3cyBHIt( HaBaIITIDKeHITJX.

O.uroqacse HaBarrrrDKeHrur 3frrHoM Ta 3cyBoM.

To.me ra npu6rrrt:ne piruernrx g4la.ri srifuosri ga

Mexero nponopuifarocri. Brpara orifrnocd
ni.qcpirurenoi naneri. Po6ora ui,acpirueuoi o6rurerc.r

nirara ga uelxero BTpurrra crifuocri 3a HaBar{riDreHrnr

crrrcKoM Ta 3cyBoM. Y.flBreHHs npo m,rpr4rry

oOuunror, upue,4ranoi Ao crpr.rHrepy.

Part 4.
Theme 8. The theory of thin plates. Buckling of
columns, plates and aircraft panels

Analytical model of thin plate. Resultant
equations of plate bending. Consideration of
normal forces. Boundary conditions for the
Sophy-Germen equation. Bending of the
rectangular plates. Stability analysis of thin plates.

Plane stress state of thin plate.
Stability of rectangular plates. Stability under

compressive and shear loads. The simultaneous
action of bending and shear. Exact and
approximate solutions for the stability beyond the
proportional limit. Buckling of stiffened panels.
Work of the stiffened skin beyond the buckling
limit under compressive and shear loads. The
concept of skin width attached to stringer.



4. Crpyrcrypa HaBqa.nrHoi Aucqnn.ninn

Hasnu sN,ricrosux rvrogyrie i reN,r

Kirlrricrr ro.rILrH

ycbofo V TOMV IIIICJII

JI fI ta6 c.p.
I 2 a

J 4 5 6

Moav.nr L

3micronnft uoAv.rr'l. Bcryn ao 6yaisemnoi uexaHirra
Tenaa 1. Bcryn lo 6y.qisemHoi uexaniru. 2 2

Teua 2. Ocnonui riuore3u, TeopeMvrra MeroALI

6yAisemHoi uexaniru.
6 6

PasoNa sa svricrosna \aonyrervr 1 8 8

3rvricronnfi ruoAv"rrs 2. Anari: cvcreM cprJroB NX CJIEMEHT1B

Tenaa 3. Po:paxyHoK crarrrquo BLr3HarreHLrx

roHcrpyrcqifi
52 t2 20 20

Teua 4. PoapaxyHoK crarlrrrHo HeBkr3HaqeHux

CIACTEM
50 10 10 30

Teua 5. 3nafiorracrBo 3 Mero,rloM crin.reHnx
ereNaenrie

40 2 10 28

Pa:ovr sa sNaicrosulr N,ro.[yreNd 2 r42 24 40 78

Moay.nr 2

3rvricrosnfi rvro4y.rrr 3. PospaxyHoK roHKocrinHnx asiarlifiHrx KoHcrpyrqifi sa

AorroMororo 6aro.IHoi reopii
Tenaa 5. YsereHHf, rrpo ni4rpiureHy
ron(ocrirury KoHcrpyrcqiro

4 4

Teua 6. 3rnn, 3cyB ra Kpf{eHHr ni4rpnrux ra
3aKDurprx ronrociinnux 6a.norc

48 20 18 10

Teua 7. Ananis asiarliftHlrx KoHcrpyxuifi 28 4 8 T6

Pasovr sa sNaicrosl{Nr ruo.[yreNr 3 80 28 26 26

3rvricronufi *roay.nr 4. EreuenrapHa reopis rrJracrlrH Ta BTpara crifirocri
Tervra 8. Teopix 3rurry roHKLrx rrJracrlrHoK.

Brpara crifirocri KoJroH, rrJracrlrHoK Ta

aeiauifiHlrx nasenefi
40 4 6 30

Pasorvr sa sNaicrosuNa Nao.[yrer\a 4 40 4 6 30
Vcroro ro.rluH: 270 64 72 134
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4. Structure of discipline

Names of parts and themes

Number of hours

total
Includine

L P Lab Indep
I 2 a

J 4 5 6

Module I
Part 1. Introduction to Structural Analvsis

Theme 1. Introduction to Structural Analvsis 2 2

Theme 2. Main hypotheses, theorems and
methods of structural mechanics.

6 6

Total for part 1 8 8

Part 2. Analvsis of systems o structural elements
Theme 3. Analysis of statically determinate
structures

52 T2 20 20

Theme 4. Analysis of statically indeterminate
structures

50 10 10 30

Theme 5. Introduction to the method of finite
elements

40 2 10 28

Total for part2 142 24 40 78

Module 2
Part 3. Analysis of thin-walled elements of aviation structures using beam theory

Theme 5. The concept of stiffened thin-walled
structure

4 4

Theme 6. Bending, shear and torsion of opened
and closed thin-walled beams

48 20' 18 10

Theme 7. Stress analysis of aircraft components 28 4 8 I6
Total for part 3 80 28 26 26

Part 4. Elementary theory of plates and structural instabilitv
Theme 8. The theory of bending thin plates.

Buckline of columns, plates and aircraft panels 40 4 6 30

Total for part 4 40 4 6 30
Total hours: 270 64 72 134
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5. Tervrn ceprinaocbKrrx 3aHflTb 5. Themes of seminar classes
CerrainapcbKlrx 3aH-f, Tb ne uepe,u6aqeHo. Seminar classes are not provided.

6. Teuu rrDaKTrrqHnx 3anflTb 6. Topics of practical classes

Ns

sltr
Hagsa rerdra Name of theme

Kinrricm
roAr{H

Number of
hours

1 ,{ucrperua MoAeJrb JroHxepoHy. Discrete model of the spar. 4

2
Pospaxynor sN{iHroeaHocri crpuxnenoi
CECTEMTI.

Analysis of bar system stability.
4

3

PorpaxyuoK crdJr y crarr{trno
Bu3HaqeHr.rx $epnrax 3a AonoMororc
ueroAin sysrin ra nepepigie.

The determination of the forces in
the statically determinate truss
using ioint and section methods.

4

4

Pospaxynox nepervriqeHb y crarrqHo
sugHa.reHifi rorra6iHoeaHift crpuxnenifi
cprcrerui 3 Br4KoprrcraHHrM TeopeM
cnuemii.

Calculation of the displacement in
the statically determinate
combined rod system using
svmmetrv theorems.

8

5

PospaxynoK HailpyxeHoro craHy
mrrauroyry $rorenxxy 3a AorroMororc
METO.UV C}IJI

Analysis of fuselage frame stress

state using the force method. 4

6

PospaxynoK crarrrrrHo HeBLr3HaqeHr{x

Koncrp)'Krlift sa Aonoruororo rueroAin
curra nepeuirqenr

Calculation of the statically
indeterminate structures using the
force and disolacement methods.

6

7

PoepaxynoK crarrrrrHo nragua.reuoi
rpr.rnoninifinoi upocroponoi 6amr s
ANSYS Workbench (Student)

Calculation of a statically defined
curved spatial beam in ANSYS
Workbench (Student)

4

I
PorpaxynoK crarr.rrno nenlrcnaqeuoi
(feprraonoi KoHcrpyKrrii s ANSYS
Workbench (Student)

Calculation of a statically
indeterminate truss str0cture in
ANSYS Workbench (Student)

2

9

Pospaxy-noK crarr4rrHo Hesr.BHaqeHoi:. .,

parvrHoi KoHcrpyKrlii e ANSYS
Workbench (Student)

Calculation of a statically
indeterminate frame structure in
ANSYS Workbench (Student)

4

L0

PospaxynoK HopMurnbHlrx HarrpyxeHb
npu sruHi tonxocrinnoi 6a.uru.

Determination of normal stresses
under bending of thin-walled
beam.

z

tt flororu Aoruqnux 3ycunb y
eirxouroildv xonrvoi.

Shear flows in the opened contour.
2

t2 Uesry 3rr,rHy ni4xpraroro KoHrypy. Center of bending for an opened
contour.

z

13
floroxra Aorr,rqn[x 3ycr.rJrb ra rIeHTp
3II4Hy 3aKplITOrO KOHTypY

Shear flows and center of bendine
for a closed contour.

4

t4 Kprreuss 62rrua 3 3aKpHTr,rM KoHTypoM Torsion of closed contour beam. 2

15

llororn AoratrHrx 3ycunb ra rIeHTp
3rurHy Ans 3aKp[Toro
OararogaMxHeHofo KoHTvpy

Shear flows and center of bending
for a multiple-closed contour. 6

16 MeroA pe4yrcr1ifiHux roeQiqieHris Method of reduction coefficients. 2

L7 PorpaxynoK HepBrop Kpr,rna. Wing ribs structural analysis. 2

18
PospaxynoK Kpr.rna JnraKa

ABonoHxeponHoi rrroAeli.
Calculation of the two-spar
aircraft wins.

2

11



1_9
Pospaxyuon (froaenxxy firara ra fioro
eneuenrin

Calculation of the aircraft fuselase
and its components.

2

20
3rnn ronrulx rrJracrr,rHox. flnocra
3a,qaqa reopii npyxnocri roHKr{x
TIJIACTI4H.

Bending of thin plates. Plane
elastic problem of thin plates. 6

Pasorvr Total 72

7. Tepru ra6oparopHrrx 3aHqrb 7. Themes of laboratorv classes

Jla6oparopHrrx 3aHrrb He rrepe/I6arreHo. Laboratory classes are not provided.

8. CaprocrifiHa po6ora 8. Independent work

J\b

sln
Hasea reMlr Name of theme

Kinrxicrr
TOAI4H

Number of
hours

1 Aucrperna MoAenb noHx(epoHy. Discrete model of wine spar. 6

2
Korra6iHoeaHa crpr{xHeBa
CI,ICTEMA.

Combined system of
structural members

t4

a
J

BnyrpiurHi czroni @arcroprE y
HenprMrrx 6amax. Llluanroyr
6rogen.gxv.

Internal force factors for
curved beams. Fuselase
frame.

t2

4 MeroA nepeuirqenr. Slope-defl ection method 18
,'J MeroA criH.reHoro eneMeHTy Finite element method 28

6

BrErcopncranHr reopir
rorr ocriHHoro crepx<rrr y
pcpaxyHKax Ha rvriqnicru
drogertsxa ra Kpr,rna rirara

Using the thin-walled beam
theory for strength
calculations of the aircraft
fuselaee and wins.'

10

7
3arpnrnuHa rroBeAiHra nnac run it
o6ononox

Critical behavior of the
Kirchhoff plate 46

Pagovr Total 134

I2



9. IHgnniAyarrni 3aBAaHHfl 9. Individual task

Itb
slil Ha:ea 3aB.rIaHHt Name of task

Kimxicrr
foAI4H

Number
ofhours

I PospaxyHKoBa po6ora <<Ananis
crarklrlHo HeBu3Harlenoi pawrn

MCTO.IIOM CLIII TA METONOM 
.

crin.renHoro eJIeMeHTy

(rraero4ou nepervriqenr)>>

Calculation work <Analysis of
a statically indeterminate
frame by the force method and
by the finite element method
(the displacement method)>

30

2 PospaxynKoBa po6ora
<<3acrocyBaHHr 6anoquoi reopii
ronrcocrinHoro crepxHr Ao
po3paxyHrcy aniaqifinzx
KoHcrpyKrlifi), rlo BKrroqae
nacrynHi TeMLr:

1 . PospaxyHoK HopM€rJrbHr4x

HarlpyxeHb rrpu sruHi
ronrocrinnoi 6anru.
2. Pospaxynor 6amu s

ni4rpraruM KoHrypoM.
3. PospaxyHox 6amu s

3aKpuTr4M KOHrypOM.

4. PorpaxyHoK 6amu s

6ararosaruKHeHuM KoHTvpoM.

Calculation work
<Application of the thin-
walled beam theory to
aviation structures
calculations>> covering
following topics:
1. Determination of normal
stresses under bendins of thin-
walled beam.
2. Structural analysis of
opened contour beam.
3. Structural analvsis of closed
contour beam.
4. Structural analysis of
multiple-closed contour beam.

20

L0. MeroA[ HaBrIaHHfl 10. Methods of education
flpone4en Hfl ay ALrropHrrx nerqifi ,

[paKTlrrrHr{x 3aHsrb, iH4uai4y€lJrbHLIX
KoHcynbraqifi , canaocrifi Ha ra
in4uri4yanrHa po6ora a4o6ynaqis.

Conducting classroom lectures, practical
classes, individual consultations,
independent and individual students works

flpone4eHHr rrorolrHoro KoHTpoJrro,

rrrrcbMoBofo MoAynbHofo KoHTpoJrro,

1H€IIIbHIII{ KO b y BlrfnrAl lcn

13

11. Methods of assessment
Conducting current control, written
modular control, final control in the form
of an exam.



Crna,qoni HaBqaJrbHoi po6orn
Ba-nu ga oAne

3aHtTT.[
(gaelaHHs)

Kinrricm 3aH{Tb
(san4anr)

Cyuapua
rinmicm

6a;rin

t.l

F

F(

a

3uicronnHfi uoaym 1

Bllronanns ra 3axr,rcr
flpaKTr,rrrur,rx (na6oparopuux)

oo6ir
0... 1 0 0

3pricrosHnfi rvroay.nr 2
Br,Ironanng ra 3ilxllcr

npaKrutrHnx (na6oparopnux)
Po6ir

0...10 6 0...60

MoAymnufi ronrponr 0...20 1 0...20
Br.rronauns ra sax[cr PfP 0...20 I 0...20

Ycsoro sa 5-ft ceMecrp 0...100

e{

FI
>.-(

:

3rvricrosHlrfi rvroay.ns 3
Buronanns ra 3axlrcr

rpaKrlrrrur4x (na6oparopHux)
Po6ir

0...10 5 0...s0

3pricronHufi uo,uy.nr 4
BlaronanHs ra 3itxucr

npaKTr,rrrHr,rx (ra6oparopnux)
oo6ir

0...10 I 0...10

Molvmnr,rfi roHroom 0...20 I 0...20
B?rKonanns ra gaxucr PfP 0...20 I 0...20

Ycroro za6-itceMecrp 0...100

12. Kpnrepii oqinroBaHHfl Ta po3rro,qi.rr 6a.nin, qKi orprrMyrorb cryAeHTrl

CervrecrpoBr4fi KoHTponr (icuur) npono4r4Tbcfi. y pa3i ni4uonu 3Ao6yBa.ra BiA 6arin
rroroqHofo recryBaHHr ra 3a HzurBHocri Aonycrcy Ao icunry. IIia qac cKna.4aHHt

ceMecrpoBoro icunry 3Ao6yBarr Mae Mo)KJrraeicTb orpuMaHHt MaKcI4MyN,r 100 6anie.
Einer Anf, iclr,rry cKiraAaerbcr 3 ABox reoperrTrrHr/rx rrLITaHb ra oAHoro npaKTrltlHoro

3aBAaHHr. MarcnMarrbHa rimricru 6aris 3a oAHe reoperllqHe ITLITaHH.f, 30.

MarcuuarbHa KinbKicrr 6anis 3a oAHe [paKTLItIHe 3aBAaHHs.- 40.
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12. Evaluation criteria and distribution of points received by students

The Femester control (exam) is car,ried out in Case the zdobuvach refuses *ls points of the

current testing and in the presence of admission to the exam. During the semester exam

the zdobuvach has the opportunity to receive a maximum of 100 points.
The ticket for the exam consists of two theoretical questions and one practical task.

The maximum number of points for one theoretical question is 30. The maximum
number of points for one practical task is 40.

Components of educational work
Points per lesson

(task)
Number of lessons

(tasks)
The total number

of ooints

r-
o
t

=a

Part I
Execution and protection of
laboratory (practical) works

0...1 0 0

Part 2
Execution and protection of
laboratory (practical) works

0...10 6 0...60

Modular control 0...20 I 0...20
lmplementation and protection

ofCW 0...20 1 0...20

Total for the 5th semester 0...100

N
q)

!z

Part 3
Execution and protection of
laboratorv (practical) works

0...10 5 0...50

Part 4
Execution and protection of
laboratory (practical) works

0...10 I 0...10

Modular control 0...20 I 0...20
Implementation and protection

ofCW 0...20 I 0...20

Total for the 6th semester 0...100
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p w W #ffimfiom:;Cenresryt

3aAoeimno (60 - 74). floxasarn uinirr,ryu 3HaHb ra ynainr. 3Aaru PfP. flpu
HarlucaHHi rrno4yrin znairru eiluoniai Ha reoperu.rHi sannBaHHr{ i norasarnnpvr uorpe6i
xi.u plrueHHt ananisyxlA plrueHHt npuKnaAeHLIX 3aAaq. JHaTLT ocHoBHl noJroxeHH{ rrpoBeAeHHrr aH€rrrl3y Ta

po3paxyHry xou6iHoBaHl4x crprrxHeBlrx clrcrena. Bvrirn 6yaynaru errrcpu nnyrpiurnix
3naru ocnoeHi

cI4JIoBTIX Qarcropin B TaKr{x KoHcrpyKrlirx. 3Harn .rrK BlrKopzcroByBarlr MeroA
nepeuilqeHr p.nfl pospaxynrcin. Brvriru 3HaxoAlrrlr ngaeuni uepeuirqeHnx nepepisin
cTIJIoBLIX ereuenriB KoHcrpyrqifi. Maru yflBy rrpo po3paxyHKoBy MoAeJrb roHxocriHHoro
cTpr{xrHr KecoHy Ta rrnacTlrHoK.

!o6pe (75 - 89). TnepAo 3Haru rrriHivryrra sa nciNra reMaMLr ra nuiru 3acrocoByBaru
fioro. 3Aarn PfP. flpz HanucaHHi n,ro4yrin sHairru ni4uoni4i Ha reoperu.rHi sauuBaHHq 1

noKa3aru rIoBHe piurenHx rrocraBJreHr{x 3a,qaq. Binrno noroAirz MeroAaMLr rrpoBeAeHHrr

ananisy ra po3paxynry ronr6inosaHnx crpLrxHeBlrx cucreu. Bnairu 6y4ynarz errrcpu
nnyrpiurnix czronzx Qaxropia r raKnx KoHcrpyKqixx c BaKoplrcraHHrrM reopeM o
cuuerpii. Brvrirn BLrKopncroByBaru MeroA uepeuirqenr Arrfl po:paxyHrcin. Buiru
oqinrosaru x(opcrKicrr cnroBux eJreMeHrin KoHcrpyKrlifi. Blairu 3HaxoAkrrz reouerpuuHi
xapaKrepvrcrtrKvr rorepeqHrrx nepepisis roHrocriHHoro crplrxur. Bl,rirz po3paxyBaru
naupyxeunfi craH rorepeqHoro uepepiay ronrocriHHoro crprDrHrr rrpu scyai ra
srLrHaHHi. Maru yflBy rrpo Ha[pyxeHufi craH Kecouy, po6ory rrJracrr.rHoK rprr sruHauHi,
crifixicrr rrJracrr4HoK.

Biaprinno (90 - 100). Teep4o 3Haru aci reld ra srrairH 3acrocoByBarlr ix. 3aarn PfP
Ha MaKcuM€urbHy oqinry. Mo4ynrnnfi ronrpoJrb HarucarLr Ha oqinry, 6nusrry Ao
MaKcr.rManrHoi. BinrHo eoroAiru sciNaa MeroAaMu rrpoBeAeHH-f, aHarisy ra po3paxyHKy

Koir,r6inoeanvrx crpux{HeBlrx crrcreM. Brrairu 1ygynarv eruopu nnyrpirunix cHJroBI4x

$ar<ropin B raKHX KoHcrpyKqixx c Br.rKopr4craHHf,M cr{Merpu3aqii naaanraxreHrur ra
reopeM o clrMerpii, Bnairn simno BuKoplrcroByBarr MeroA neperraiqeHb Anr po:paxyHrin.
Brr,rirpr orlinrosaru xopcmicrr cunonr.rxi' ereuenrin roncrpyrqifi c BuKoplrcraHH.f,M

curraerpu:aqii HaBaHTalKeHH-rr. Bnairz 3HaxoALrrrr reouerpn.rHi xapaKTepLrcrkrKkr
nonepeqHrlx repepisie roHrocrinnoro crpuxHr. Brrairn po3paxyBarr{ Harrpyxenufi craH
norrepeqHoro rrepepi:y ronrocrinnoro crprrnuir upn :cyri Ta 3rrrHaHni, :naxoALrrvr fioro
ueHTp 3rprHaHHrr ra )Kopcrrocri. Marn yflBy rrpo Harrpyxennfi craH Kecouy, po6ory
rrnacrr,tHoK rrpu sruHaHHi, crifi ri crb [JracruHoK.

flpn nuronaHni [paKTr.rrrHrrx po6ir rroKa3arlr cal,rocrifisicm i Hacrupnunicrs upu
.{ocrlrraHni uini.

Ilftca"rra oqinrosaHHfl: 6a.rrrna i rpa4nqifina

Cvua 6arin Ouima 3a rpaAuuifinoro rrrKzuroro

Icuur, .qnfiepenqifi onaunfi sarix 3anir
90 -100 Bi.urvrinno

3apaxonano75 -89 Ao6pe
60 -74 3aaonirrrHo
0, s9 HesarosiJrbHo He sapaxoBaHo

T6
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Satisfactory (60 - 7 4). Show a minimum of knowledge and skills. Pass the CW. When
writing modules to find answers to theoretical questions and to show if necessary the
course of the decision of the applied problems. Know the basic principles of analysis and
calculation of combined rod systems. Be able to build diagrams of internal force factors in
such structures. Know how to use the displacement method for calculations. Be able to
find mutual displacements of sections of power elements of structures. Have an idea of the
computational model of a thin-walled caisson rod and plates.

Good (75 - 89). Firmly know the minimum on all topics and be able to apply it. Pass

the CW. When writing modules to find answers to theoretical questions and show the
complete solution of the tasks. Fluent in the methods of analysis and calculation of
combined rod systems. Be able to construct plots of internal force factors in such
constructions using symmetry theorems. Be able to use the method of movements for
calculations. Be able to assess the rigidity of the power elements of structures. Be able to
find the geometric characteristics of the cross sections of a thin-walled rod. Be able to
calculate the stress state of the cross section of a thin-walled rod during shear and bending.
Have an idea of the stress state of the caisson, the work of the plates during bending, the
stability of the plates.

Excellent (90 - 100). Firmly know all the topics and be able to apply them. Pass the
CW for the maximum score. Write the modular control for an estimate close to the
maximum. Fluent in all methods of analysis and calculation of combined rod systems. Be
able to construct plots of internal force factors in such constructions using load symmetry
and symmetry theorems. Be able to freely use the method of movement for calculations.
Be alole to estimate the rigidity of the power elements of structures using load balancing.
Be able to find the geometric characteristics of the cross sections'of a thin-walled rod. Be
able to calculate the stress state of the cross section of a thin-walled rod during shear and
bending, findits' center of bending and Stiffness. Have an idea of the stress state of the
caisson, the work of the plates during bending, the stability of the plates.

When performing practical work to show independence and perseverance in achieving
the goal.

Grading scale: point and traditional

The sum of points
Evaluation on a traditional scale

Exam. differentiated test Test
90 - 100 Excellent

Enrolled75 -89 Good
60 -74 Satisfactorv
0-59 Unsatisfactory Not enrolled
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13. Mero,lrqHe ra6esneqeHHfl 13. Methodical sunport

1. Kassimali, A. Structural Analysis fText] /A. Kassimali.3d ed., 2005.-874p.
2. Hibbeler, R. C-. Structural Analysis fText] / R. C. Hibbeler. 8th ed., 2012. - 698 p.

3. !i6ip f.O. EylisemHa uexanira aeiarlifiHux KoHcrpyrqifi : HaBrr. uoci6. , H. 2 :

PospaxynoK roHKocrinHux KoHcrpyKrlifi; M-no ocsiru i nayrlr VrpaiHu, Haq. aepoKocM.

yH-r irra. M. e. XyroncrKoro "Xaprin. aniaq. iu-r". - Xaprin.- Haq. aepoKocM. yn-r ivr.

M. e. XyroncrKoro "Xaprie. asiarl. iH-r", 2020. - 280 c.

a. [i6ip O.f., KnpuiriH A.O. ,{ocri4xeHna 4ucrperHoi nao.qeri nomKepoHa ra
rorvr6inosaHlrx crpr4xHeBnx crcreM : HaBq. noci6.; M-so oceiru i nayxu Y4paiHn, Haq.

aepoKocM.yH-r irvr. M. e. XyroncbKoro "Xaprcie. asiaq. iu-r". -Xaprin. -Haq.aepoKocM.
yH-r irr,r. M. e. XyrorcrKoro "Xaprin. asiarl. iH-r", 2019. - 88 c.

14. PercorvreHAoBaHa .nireparypa 14. Recommended references

Easona "rrireparypa: Principal references:

5. Megson, T.H.G. An Introduction to Structural Analysis [Text] / T.H.G. Megson. - 4th

ed.,2010. - 649 p.

6. Megson, T.H.G. Structural and Stress Analysis [Text] / T.H.G. Megson. - 2d ed.,

2005. - 756 p.

OIIOMDKHA JITTEDATYDA : Complementary references :

1. Williams, A. Slructural Analysis in Theory and Practice [Text] / A. Williams. - 2009.

- 599 p.

2. 'Gordon, J. Structures Structures: or, Why things don't fall down fText] / J. Gordon. -
1978. - 395 p.

3. Shihua, B. Structural Machanics [Text] / B. Shihu&, G. Yaoqing, 2005. - 627 p.

I5. Indoprvrauifi ui pecypcn 1 5. Informational references

Departme nt | 02 site : http : I kl02.l$ai.edu/
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