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1. Onuc HaBYAABHOT JUCHUNJIIHHA

HaiiMenyBaHHs
NOKA3HHKIB

I'any3s 3HaHB, HAIPAM
MiAroTOBKH, OCBITHHO-
kBagdipikaniiinnii piBeHn

XapakTepucTHKA
HABYAJbHOI M CIUILTIHA

JeHHa (opMa HaBYaHHSI

I'any3b 3HaHB
13. MexaHniuHa iHXeHepis

ChneniajabHicTh
134. Aiariiina Ta pakeTHO-
KOCMIYHa TeXHiKa

Kinpkicts kpenutiB — 9 (5+4) O60B’s13K0Ba

Mopymis — 2 Pik minroropku:
3MiCTOBUX MOAYJIIB — 4 2023/2024
[amuBinyansHe 3aBIaHHS Cemectp
- PI'P (5-i1 cem.), OcaiTHs nporpama 5 6-i
- PI'P (6-# cem.). IIpoexTyBaHHSs, BUPOOHHUIITBO Ta - =
cepTuikaIlis aBianifHOT TEXHIKA Jlexmii*
3arajipHa KUIBKICTh TOAUH — 32 rox. \ 32 rog.
274 i IIpakTHy4Hi, ceminapcbki*
; 40ron. | 32rom
TrxKHEBUX TOAMH IS IEHHOT JlabopaTtopHi

(hopMU HaBYAHHS: 5 | =

ayIuTOpHuX — 4,3 Camocriiina po6ora

MOCTIHHOI poOOTH
s P : 78 rom. 56 rog.
cryaeHTa — 4,2 PiBennb
Cemectp 5 BHIIOY ocBiTH: InmuBinyaanHa podora
ayIUTOPHUX* | caMmocCT. pPoo. nepmuii (6aKaraBpChKIin) PIP PIP
72 TOm, 78 ro.
Cemectp 6 Bua xoHTpoo
ays * | CAMOCT. i w .
YIUTOPHUX CT. po0 s fi
64 ron. 56 ron.

IIpumirka. CriBBiIHOIIEHHS KiIBKOCTI TOJMH Ay AUTOPHUX 3aHATH 0 CAMOCTIHHOT i
1HMBiTyanbHOI POOOTH CTAaHOBHUTE: IJIs IeHHOI (opMH HaBuaHHS — 136/134

* AyauTopHe HaBaHTAXKEHHS MOXe OyTH 36inbIIeHe a00 3MEHIIEHEe HA OJHY TOMHY B 3aJIeKHOCT
BiJl pO3KJIay 3aHATh



1. Description of educational discipline

o Field of knowledge, direction of Descrlptlo.n (.)f t}ducatlonal
Name of characteristic s ; discipline
training, academic degree : :
full-time education
Field of knowledge
13. Mechanical engineering
Number of credits — 9 (5+4) Specialty Mandatory
134. Aviation and aerospace
technology
Modules— 2 Year of education:
Parts— 4 f : 2023/2024
Individual research task : Semester
- CW (5-thsem.), ~ Educational program 5.th 6-th
- CW (6-thsem.). Design, manufacture and
certification of aircraft Lectures®
Totalnumberothours—270 32hrs.. | .32 H.
Practical, seminar*
40hrs. |  32hrs.
Weeklyhoursforfull-timestudy: Laboratc’)ry work
auditorium— 4,3 Independent work
In dependent student work— 4,2 , 78hrs. |  56hrs.
Semesters Academic degree Individual work
auditorium* Student work first (bachelor)
72hs. 78Hs. S -
Semester6 Final assessment
auditorium* Student work
64 hrs. 56hrs. e =

Note. The ratio between classroom studies hours to independent and individual work
hours is: for the full-time study 136/134.
* Classroom load can be increased or decreased by one hour depending on the schedule.



1. 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
13. Mechanical engineering

Specialty
134. Aviation and aerospace
technology

Mandatory

Modules— 2

Parts— 4

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

-  CW (6-thsem.).

Totalnumberothours—270

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:

2023/2024

Semester

5-th 6-th

Lectures®

32hrs. | 32hrs,

Practical, seminar*

40hrs. | 32hs.

Weeklyhoursforfull-timestudy:

auditorium— 4,3

In dependent student work— 4,2

Semesters
auditorium* Student work
72hrs. 78hrs.
Semester6
auditorium* Student work
64 hrs. 56hrs.

Academic degree
first (bachelor)

Laboratory work

’ ‘ 4

Independent work

78hrs. | 56hrs.
Individual work
CW CW

Final assessment

xam

€xam

Note. The ratio between classroom studies hours to independent and individual work
hours is: for the full-time study 136/134.

* Classroom load can be increased or decreased by one hour depending on the schedule.




2. MeTa Ta 3aBJaHHS HABY2JIbHOIT
AUCHHUILIIHHA

2. The purpose and objectives of the
discipline

Mera BuBuUeHHA:

OrpriMaHHs 3HaHb PO BUMOTH JI0 CTPYKTYP
CKJIaIHHMX 0araToeJIeMEHTHUX HECYUHX
KOHCTPYKIIi#l B3araji, 0COGJINBO, TOHKOCTIHHUX —
Ta 0COOIMBOCTI iX HeOpMyBaHHS B yMOBax
peasIbHOI eKCIUTyaTanii; Ipo rpaHuYHi CTaHK
TaKMX KOHCTPYKIIiif; HABYUTH METOIaM
BU3HAYCHHS HAIPYXKEHb, IEPEMIIIEHD B
€JIEMEHTAaX CKIIACHUX KOHCTPYKITIH Big Jii
BiJJOMUX (3a1aHHX ) 30BHIIIHIX CHJI, 4 TAKOX
METO/aM BH3HAUCHHS IPaHHYHHX 3HAYEHD
IapaMeTpiB 30BHIIIHIX Ailf, 10 IPUBOILTE 0
IPaHUYHUX CTaHiB KOHCTPYKIIiif, 00 €IeMEHTIB.

3aBaannsa:

@opMyBaHHS y CTYJEHTIB YSBIICHHS IIPO
PO3paxyHKOBI CXEMH, 110 3aMiHIOIOTh PeabHi
KOHCTPYKIii, a TAKOXK Ha0AHHSI HABHYOK
pO3paxyHKiB Ha MiIIHICTh Ta }OPCTKICTh
CTPYKTYp CKJIaJHUX 0araToeleMeHTHHUX HECYUHX
KOHCTPYKIIi} aBiallifHUX HECYYHX KOHCTPYKILiH
Kpuia, Gro3espKy, IIIMaHToy Ty, JIOHATi HECYYOoro
TBHHTA Ta iHIINX arperaris JITATLHOTO alapary.

KomnereHTHOCTI, IKi HA0yBaIOTHCA:

3HaHHA Ta PO3yMiHHS IpeIMeTHOT 00JacTi Ta
pO3yMiHHS IpodeciiHol AisIEHOCTI, 31aTHICTD
IIpuiiMaTy OOIPYHTOBaHI pilleHHs, 3JaTHICTE
IIPOBOJMTH PO3paxyHKH €JIEMEHTIB aBialiifHoi Ta
PaKEeTHO-KOCMIYHOI TEXHIKH Ha MillHiCTE;
30aTHICTh IPU3HAYATH MaTepialn I €JIEMEHTIB
KOHCTPYKIIii aBialiifHOl Ta paKeTHO-KOCMIvHiH
TEXHIKH; 30aTHICTh IPOEKTYBATH Ta IPOBOUTH
BUIIPOOYBaHHS €IEMEHTIB aBialiiHol Ta
PaKeTHO-KOCMIYHOT TeXHiKH, 1T 00/1aqHaHHS,
CHCTEM Ta ITiICHCTEM.

OuikyBaHHI pe3yJibTaTH HABYAHHA:
Bubupatu Ta 3aCTOCOBYBATH AJIS PO3B’ I3aHHS
3a1a4 IPUKIaIHOI MEXaHiKK PUIATHI
MaTeMaTu4Hi MeToau; Booaity HaBUYKamMu
BU3HAYECHHS HaBAHTa)KCHb Ha KOHCTPYKTHBHI
eJIEMEHTH aBlalliiHO1 Ta paKeTHO-KOCMiUHO1
TEXHIKH Ha yCiX eTanax il JXUTTEBOrO UKILY;
O6uncmoBaTy HanpyXeHO-1e(hOpPMOBaHKH CTaH,
BU3HAYaTH HECYYy 3/IaTHICTh KOHCTPYKTHBHHX
€JIEMEHTIB Ta HaJliHiCTh CHCTEM aBialiiHOI Ta
PaKeTHO-KOCMIYHOI TeXHiKH; 3aCTOCOBYBaTH
BUMOTH TaJly3¢BUX HOPMATUBHUX JIOKYMEHTIB
11010 IIPOLEAYP IPOEKTYBAHHS, BUPOOHMIITBA,

The 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)
external 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 aircraft units.

Acquired competencies:

Knowledge and understanding of the subject area
and understanding of professional activity, Ability
to make informed decisions, 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 of its 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.
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BunpoOyBaHHs Ta (ab0) cepTudikarrii enemMeHTiB
Ta 00’€KTIB aBiaIlifHOI Ta PaKETHO-KOCMIYHOT
TEXHIKH Ha BCiX eTamnax ii )KUTTEBOTO IHKITY,

IIpepexBiznTH — KOPUCTYBATUCH pe3yIbTaTaMu
BHUBYCHHS TUCIMILIIH: «MexaHika MaTepiajiB Ta
KOHCTpPYKIIi#ty, «TeopeTnuna MexaHika Ta
TMMy, «®i3ukay, «Buina MareMaTuka Ta
«HapucHa reomMeTpisy.

KopexBi3nT — BUKOPUCTOBYETHCS IPH
BHMBYEHHI TUCIHUILIIH: « MIiIHICTE JTiTakiB Ta
BEPTOJBOTIBY, «BUIIpoOyBaHHS Ha MIITHICTh
aBiaIifHOI TEXHIKI.

Prerequisites — uses the results of the study of OP
disciplines: "Mechanics of materials and
structures", "Theoretical mechanics and TMM",
"Physics", "Higher Mathematics" and "Descriptive
Geometry".

Co-requisites — used in the study of disciplines:
"Strength of aircraft and helicopters”, "Tests on the
strength of aircraft".




3. IlporpamMa HaBYAJIbLHOL AU CHUILTIHA

3. Program of discipline

3micToBHuUI MoayJs 1.
Tema 1. Beryn 1o OyniBessHoT MexaHikn

Ilpenmer amamisy. 3B’s30k  GyaiBenbHOL
MEXaHIKH 3 MEXaHIKOI MaTepialiB Ta Teopiecro
OPYXKHOCTI. ICTOpHYHME eKCKypc HpO PO3BHTOK
KOHCTPYKIii B IIOMy Ta 30KpeMa aBialiiHOI
TEXHIKH.

Tema 2. OcHOBHI rinoresu, TeoOpeMd Ta METOIH
OyaiBeJIbHOI MeXaHiKH.

AHaiTHYHI Ta YUCeNbHI MeTOau OymiBeIbHOL
MexaHikd. OCHOBHI IpPUHIUIM, TiNOTE3W Ta
TeopeMH  OymiBenmpHOI  MexaHiku. OCHOBHI
PIBHSHHS MEXaHiKM TBepAOro Tila (piBHAHHA
piBHOBary, (Gi3UUHUH 3aKOH, 3aKOH CYLLIBHOCTI,
3aIKc IOBHOI MOTEHIIHHOIT €Heprii TOIO).

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 full potential
energy, etc.).

3MmicToBHHI MOIXYJIb 2.
Tema 3. Po3paxyHOK CTATHYHO BH3HAYEHHX

KOHCTPYKIIiH

Tpu TUIN aHaizy KOHCTPYKITiH:
KiHEeMaTHYHUN, CTPYKTYPHHHA Ta CTaTHYHUI.
Meronu po3paxyHKy 3yCHJIb Yy CTaTH4YHO

BU3HAa4YeHUX (Qepmax (MeTox 3’€aHaHb, METOJ
nepepisis, METOJ 3aMiHU CTEpPXKHIB).
BuxoprcTaHHS €HEPreTHYHUX METOIB (IIPHHIIHII
BipTyanpHOi poOOTH, eHepris nedopMyBaHHI,
teopema Kactunbsaso, popmyna Makcsena-Mopa)
OpH,  aHaji3i  CTep)KHEBHX  KOHCTPYKILH.
Po3paxyHOK JIOHXXEpOHy Kpuia Ha OCHOBI
IUCKpeTHOI Mogzeni. Po3paxyHok koMGiHOBaHOI
CTPHIKHEBOI CHCTEMH 3 BHKOPUCTAHHSIM TEOPEM
CHUMETpii.
Tema 4. Po3paxyHoK cTATHYHO HEBH3HAYEHHX
CHCTEM

CraTv4HO HEBM3HAuYeHi KOHCTPYyKIii. Metox
CHIL. Meton  mepeMilieHs. Po3zpaxynoxk
IIIIAHTOYTiB (IO3Ee/SDKY JITaka 3a JOMOMOTOIO
MeToza CHIl. Po3paxyHOK CTaTHYHO HEBH3HAYEHOL
IIPOCTOPOBOI CHCTEMH METO/IOM TI€PEMIIIIEHb.
Tema S. 3malioMcTBO 3 MeTOAOM CKiHYEHHX
eJIeMEeHTIB

MaremaTruee ~ OOIpYHTYBaHHS  MeTOna
CKiHYeHHX eNeMeHTiB. OyHkuil hopmu Ta BHIM
CKIHYEHHX €JIEMEHTIB. Po3paxyHKH MpOCTHX
CTaTUYHO BHU3HAYEHUX Ta HEBU3HAYEHHX CHCTEM
3a JOIOMOIOI0 METOoAa CKiHYCHHX EJIEMEHTIB B
nporpamMHoMy nakeri ANSYS Students

Part 2.
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 system
using symmetry theorems.

Theme 4. Analysis of statically indeterminate
structures

Statically indeterminate structures. Force
method.  Displacement method. Analyses of
fuselage frames using the force method.

Calculation of statically undetermined spatial
system by displacement method.
Theme S. Introduction to the method of finite
elements

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




3MmicToBHHH MoayJIb 3.
Tema S. VYsaBieHHs
TOHKOCTIHHY KOHCTPYKIIil0

AnaniTHYHa MOJENh TOHKOCTIHHOI OaJKu.
Po3paxyHOK HOpMalbHUX HalpYXeHb, IIOTOKIB
JOTHYHUX 3yCUJIb Ta JOTUYHUX HAIPY)KEHb.
Tema 6. 3ruH, 3cyB Ta Kpy4YeHHsl BIIKpUTHX Ta
3aKPUTHX TOHKOCTIHHHX 0aJIOK

BireHe Ta cTHCHEHE Kpy4YeHHS TOHKOCTIHHOL
Oamkn. Kpydenns Ta 3ruH 0OOJIOHKH 3 BiKPHTHM
koHTypoM. KpydeHHs Ta 3ruH O0OOJOHKH 3
JEKUTbKOMa 3aMKHYTMMH KoHTypamu. LleHTp
’KOPCTKOCTI TOHKOCTIHHOI KOHCTpykuii. Meton
penykiii i MeTon GIiKTHBHOI CHM (MOMEHTY) IUTS
BU3HAYCHHS KOMITOHEHT HAIPY>KEHO-
JeopMOBaHOTO CTaHy TOHKOCTIHHOT OaJTKH.
Theme 7. Stress analysis of aircraft components

Po3paxyHku aBiamifHUX KOHCTpYKIIi#: Kpuia
Ta JIOMATi BEPTONBOTY, (IO3EsDKi JliTaka Ta
BEPTONILOTY, XBOCTOBI Oankm  BEPTOJHOTY,
HEPBIOPH.

npo MmiaKpineHy

Part 3.
Theme S. 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. Bending, 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.

3MmicToBHHI MoayJIb 4.
Tema 8. Teopis ToHkMx miIacTuHOK. BTpaTta
CTIMKOCTI KOJIOH, IUVIACTHHOK Ta aBiamidHMX
naHeJsei

AHamTHYHAa  MONENb  TOHKOI  IUIACTHHM.
PesynbTyrodi piBHSHHS 3TUHY IUTACTUHI. Br3HaueHHS
HOPMAJTbHUX 3YCWIb. |'paHMYHI YMOBH y PpiBHSHHI
Codi-Kepmen. 3ruH NpSIMOKYTHHMX  IUTACTHH.
Po3paxyHOK CTiiKOCTI TOHKHX IUTacTHH. Ilmockmii
Hanpy>keHo-1e(popMOBaHMI CTaH TOHKHX IUTACTHH.

CrilikicTs MpsIMOKYTHUX IU1acTHH. CTIHKICTE IpH
CTUCKAIOUMX Ta  3CYBHUX  HAaBAHTXKCHHSIX.
OmHovyacHE HABAHTKEHHS 3THHOM Ta 3CYBOM.
Toune Ta mpuOIM3HE pilleHHS 3a1adi CTIMKOCTI 3a
MEXEI0  IpomopiiidHocTi.  Brpara  criiikocTi
migKpimieroi mareri. Pobota mimkpirieHol o0mmBKe
JITaKa 32 MEXEIO BTPATH CTIHKOCTI 32 HABAaHTAXKEHHS
CTHCKOM Ta 3CyBOM. YSBICHHS IpO IIHPHUHY
OOIIIMBKH, IPHETHAHOI IO CTPHHTEDY.

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. CTpykTypa HAaBYAJIbLHOI JUCHHUILTIHA

Kinekicts roguu

HazBu 3micToBHX MOAYIIB i TEM

y TOMY YHCIIi

yeporo | I 1ab | c.p.
1 2 3 4 5 6
Moayas 1
3micToBuii MoayJib 1. Betynm o OyiBenbsHOI MEXaHIKU
Tema 1. Betyn o 6yaiBensHOT MeXaHIKH. P 2 — - -
Tewma 2. OcHOBHI TilOTE3M, TEOPEMHU Ta METOIU 6 6 B B B
OyniBeThbHOI MEXaHIKH.
Pasom 3a 3MicToBUM MoayseMm 1 8 8 — — -
3MicToBHii MOayJab 2. AHaJI3 CUCTEM CHJIOBHX €JIEMEHTIB

Tema 3. POE&P&X}’HOK CTaTUYHO BU3HAYCHUX 57 12 20 B 20
KOHCTPYKLIif
Tema 4. Po3paxyHOK CTaTHYHO HEBU3HAUYEHUX 50 10 10 B 30
CHCTEM
Tema 5. .3HaI/IOMCTBO 3 METOZIOM CKiHUEHUX 40 5 10 B 23
eJICMEHTIB
Pa3oM 3a 3MicTOoBUM MoayJeM 2 142 24 40 - 78

Monayas 2

3microBuii Moay.b 3. Po3paxyHOK TOHKOCTIHHUX aBiallifHUX KOHCTPYKIIH 3a

JOTIOMOTOF0 0aJI0YHOiI Teopil

Tema 5. YsBneHHs npo MiIKPiIIeHy

TOHKOCTIHHY KOHCTPYKITiIO X t T B B

Tema 6. 3ruH, 3CYB Ta KpY4eHHS BIIKPUTHX Ta 43 20 18 B 10

3aKpUTHUX TOHKOCTIHHUX 0aJIOK

Tema 7. AHani3 aBiallifHUX KOHCTPYKIIiH 28 4 8 - 16

Pazom 3a 3MicTOBUM MoyseM 3 80 28 26 - 26

3micToBmii Mmoay.b 4. EneMenTapHa Teopisl IIIaCTHH Ta BTpaTa CTIMKOCTI

Tema 8. Teopist 3ruHy TOHKHUX IUTACTHHOK.

Brpara cTi#fkocTi KOJIOH, TJIACTUHOK Ta 40 4 6 - 30

aBlalifHAX MaHeJIen

Pa3oMm 3a 3MicTOBHM Moxysiem 4 40 4 6 - 30
¥Ycboro roauH: 270 64 72 — 134




4. Structure of discipline

Number of hours
Names of parts and themes ol Including
L P | Lab | Indep
1 2 3 4 5 6
Module 1
Part 1. Introduction to Structural Analysis
Theme 1. Introduction to Structural Analysis 2 2 - - —
Theme 2. Main hypotheses, theorems and 6 6 B B B

methods of structural mechanics.

Total for part 1 8 8 — — —

Part 2. Analysis of systems of structural elements

Theme 3. Analysis of statically determinate

52 12 20 - 20
structures
Theme 4. Analysis of statically indeterminate 50 10 10 B 30
structures
Theme 5. Introduction to the method of finite 40 ) 10 B 23
elements
Total for part 2 142 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 4 4 B B B
structure
Therne 6. Bending, shear and torsion of opened .
and closed thin-walled beams R 20 I8 B 10
Theme 7. Stress analysis of aircraft components 28 4 8 - 16
Total for part 3 80 28 26 — 26

Part 4. Elementary theory of plates and structural instability

Theme 8. The theory of bending thin plates.

Buckling 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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S. Temu ceMiHApCbKHX 3aHATH

5. Themes of seminar classes

CeMiHapChKUX 3aHSITH HE HepedadeHo.

Seminar classes are not provided.

6. Temn npaKTHYHHX 3aHATH

6. Topics of practical classes

Kinpkictb
e Hazpa Temu Name of theme oMM
3/m Number of
‘ hours
1 JuckpeTHa Moieh TOHXKEPOHY. Discrete model of the spar. 4
5 Po3paxynox 3MiHIOBaHOCTI cTprkHEBOi | Analysis of bar system stability. 4
CHCTEMH.
Po3paxyHOK cui y cTaTu4HO The determination of the forces in
3 BH3Ha4YeHUX (hepMax 3a JOMOMOTOI0 the statically determinate truss 4
METOJIB BY3JIiB Ta Iepepi3iB. using joint and section methods.
Po3paxyHok mepemirieHs y CTaTHIHO Calculation of the displacement in
4 BU3HauUeHIH KoMOiHOBaHi# cTprkHeBii | the statically determinate 3
CHCTEMI 3 BUKOPHUCTAHHAIM TEOPEM combined rod system using
CHUMETDii. symmetry theorems.
Po3paxyHOk HalpyeHOTO CTaHy Analysis of fuselage frame stress
5 IIMaHTOYTY (IO3EIIKY 3a JOOMOTor0 | state using the force method. 4
METOMY CHJI
Po3paxyHOK cTaTHYHO HEBH3HAYECHUX Calculation of the statically
6 KOHCTPYKIIi#f 3a JOITOMOT'OI0 METOIiB indeterminate structures using the 6
CHJI Ta TIEPEMIIICHb force and displacement methods.
Po3paxyHok cTaTH4HO BU3HAYEHOT Calculation of a statically defined
7 KPUBOJIHIHHOT MPOCTOPOBOI OAIKH B curved spatial beam in ANSYS 4
ANSYS Workbench (Student) Workbench (Student)
: Po3paxyHOk cTaTH4HO HEBU3HAUEHOT Calculation of a statically
8 ¢bepmoBoi koHCTPYKIii B ANSYS indeterminate truss structure in 2
Workbench (Student) ANSYS Workbench (Student)
Po3paxyHok cTaTH4HO HEBU3HAUYEHOT Calculation of a statically
9 pamHoi KoHCTpyKIlii B ANSYS indeterminate frame structure in 4
Workbench (Student) ANSYS Workbench (Student)
Po3paxyHOk HOpMaIBbHUX HaNpyXKeHb Determination of normal stresses
10 IIpY 3THHI TOHKOCTIHHOT OaJTKH. under bending of thin-walled 2
beam.
11 HOTOKH JIOTHIHHX 3yCHITb Y Shear flows in the opened contour. 2
BIZIKPUTOMY KOHTYPI.
12 IlenTp 3rUHY BiIKPUTOTO KOHTYPY. Center of bending for an opened 5
contour.
13 [ToTok¥ MOTHYHKX 3YCHIIb Ta IIEHTP Shear flows and center of bending 4
3THHY 3aKPHTOTO KOHTYPY for a closed contour.
14 Kpyuenns 6anku 3 3akputuM KoHTypoM | Torsion of closed contour beam. 2
[ToToxu JOTUYHUX 3yCUIH Ta HEHTP Shear flows and center of bending
15 3TUHY ISl 3aKPHTOTO for a multiple-closed contour. 6
6araTo3aMKHEHOTO KOHTYPY
16 Merton penykuiiHuxX KoedimieHTiB Method of reduction coefficients. 2
17 Po3paxyHok HepBIOp KpHIa. Wing ribs structural analysis. 2
18 Po3paxyHok kpuna mitaka Calculation of the two-spar ’

JIBOJIOHXKEPOHHOI MOJIEJII.

aircraft wing.
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19 Po3paxynok dro3emsoky mitaka Ta oro | Calculation of the aircraft fuselage )
€JIEMCHTIB and its components.
3ruH TOHKHX MIacTUHOK. [1mocka Bending of thin plates. Plane

20 3a/1a4ya Teopii IPy>KHOCTI TOHKHX elastic problem of thin plates. 6
TUTACTHH.
Pazom Total 72

7. Temu 1a00paTOPHUX 3aHATH

7. Themes of laboratory classes

JlaGopaTopHUX 3aHATh HE NepeadadeHo.

Laboratory classes are not provided.

8. Camocriiina po6orta 8. Independent work
KinpkicTs
Ne Hasga temn Name of theme R
3/m Number of
hours
1 JluckpeTHa Mojens Jormxkeporny. | Discrete model of wing spar. 6
) KoM06iHOBaHa CTpHXHEBA Combined system of 14
CUCTeMa. structural members
BryTpimHi cumoBi dhakTopu y Internal force factors for
3 Henpsmux 6ankax. [lmanroyT curved beams. Fuselage 12
bro3emsKy. frame.
4 Meron nepeMilieHs. Slope-deflection method 18
& Mertox CKiHYEHOTO eJIeMEHTY Finite element method 28
BukopuctaHHs Teopis Using the thin-walled beam
6 TOHKOCTIHHOTO CTEPXHS Y theory for strength 10
- pO3paxyHKax Ha MIIHICTh calculations of the aircraft
Gro3eshka Ta KpuJia JliTaka fuselage and wing.
3akputryuHa nmoBexAinka miactuH i | Critical behavior of the
7 . 46
000JI0HOK Kirchhoff plate
Pazom Total 134
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9. InauBigyaabHi 3aBIaHHSA

9. Individual task

KinpkicTs
Ne TOIWH
Ha3Ba 3aBnanus Name of
3/11 i a AR Number
of hours
1 Po3zpaxynkoBa po6ota «Ananiz | Calculation work «Analysis of
CTaTUYHO HEBU3HAYEHOI paMH a statically indeterminate
METOIOM CHJI Ta METOIOM ' frame by the force method and 30
CKIHYEHHOTO €JIEMEHTY by the finite element method
(MeTonoM nepeMiIeHb )» (the displacement method)»
2 Po3paxyHkoBa po6ota Calculation work

«3acrocyBaHHs 6amo9HOT Teopil
TOHKOCTIHHOTO CTEPXKHS JI0
PO3paxyHKy aBiaIliiHUX
KOHCTPYKIIif», IO BKIIFOYA€E
HACTYITHI TEMH:

1. Po3paxyHOK HOpMaTbHUX
HaIpy>XeHb MPH 3THHI
TOHKOCTIHHOI OaJiKu.

2. Po3paxyHok 6ajku 3
BIIKPUTUM KOHTYPOM.

3. Po3paxyHok Oanku 3
3aKPUTHM KOHTYPOM.

4. Po3paxyHOK OaJku 3
OaraTo3aMKHEHHM KOHTYPOM.

«Application of the thin-
walled beam theory to
aviation structures
calculations» covering
following topics:

1. Determination of normal
stresses under bending of thin- 20
walled beam.

2. Structural analysis of
opened contour beam.

3. Structural analysis of closed
contour beam.

4. Structural analysis of
multiple-closed contour beam.

10. MeToau HaBYaAHHSA

10. Methods of education

[IpoBeneHHS Ay ANTOPHUX JIEKIIiM,
MPaKTUYHUX 3aHATh, iIHIUBIIyATBHUX
KOHCYJbTalllid, CaMOCTiifHa Ta
iHAMBITyanpHa poboTa 3100yBadiB.

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

11. MeToan KOHTPOJIIO

11. Methods of assessment

[IpoBeneHHS MOTOYHOTO KOHTPOJIIO,
MHMCBMOBOT'0 MOIYJIEHOT'O KOHTPOJIIO,
(biHaTbHUN KOHTPOJb Y BUTIISII ICIIHTY.

Conducting current control, written
modular control, final control in the form
of an exam.
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12. KpuTtepii oniHIOBaHHA Ta po3MoAij 0aJiB, sIKi OTPHMYIOTh CTYAE€HTH

bamm 3a ogue .. CymapHa
CkJiazioBi HaBYAJIbHOT po0OTH 3aHATTA KippxicTs sause KUTBKICTh
(3aBaHb) .
(3aBaHHA) OaiiB
3micToBHUI MoayJb 1
BukoHaHHS Ta 3aXHCT
IpPaKTUYHUX (1a00paToOpHUX) Weisl 0 0
: po6iT
=4 3micToBHMI MOTYJIb 2
= BukoHaHHS Ta 3aXUCT
= MpakTUYHUX (J1a00paTopHUX) 0...10 6 0...60
pobiT
MonynsHU KOHTPOIH 0...20 1 0...20
Bukonanus ta 3axuct PI'P 0...20 1 0...20
Ycboro 3a 5-ii cemecTp 0...100
3micToBHUI MOAYJIb 3
BukoHnaHHS Ta 3aXHCT
MPaKTUYHUX (71ab0opaTOpHUX) 0...10 5 0...50
i pobiT
=, 3micToBHUI Moay.b 4
a BukoHaHHS Ta 3aXHCT
= MpakTUYHUX (J1abopaTOpHUX) 0....10 1 0...10
pobiT
MongynpHu#M KOHTPOJIb 0...20 1 0...20
Buxonanns Ta 3axuct PI'P 0...20 i 0...20
Ycboro 3a 6-ii cemecTp 0...100

CemecTpoBuii KOHTPOJIb (ICIIKT) IPOBOIUTHCS y pa3i BimMoBH 3100yBaya Bif 6aniB
IIOTOYHOrO0 TECTYBaHHS Ta 3a HAsIBHOCTI OOMycKy Ao icmuty. Ilig dac ckiamaHHS

CEMECTPOBOTO iCIHUTY 3700yBayd Ma€ MOXKIIUBICTh OTprMaHHs MakcuMyM 100 Ganis.

biner qns icnuTy CKIaga€eThCs 3 ABOX TEOPETUYHHUX MUTaHb Ta OAHOT'O IIPAKTUIHOI'O
3aBlaHHg. MakcuManbHa KiJbKiCTh OajiB 3a omHe TeopernyHe nuTaHHs — 30.

MakcuMainbHa KiTbKICTh OalliB 3a ofHe MpakTuyHe 3aBaaHHs — 40.
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12. Evaluation criteria and distribution of points received by students

D Points per lesson | Number of lessons | The total purnber
(task) (tasks) of points
Part 1
Execution and protection of 0.1 0 0
- laboratory (practical) works
-‘-; Part 2
= Execution and protection of
E laboratory (practical) works 0...10 G G
Modular control 050620 1 0...20
Implementation and protection
of CW -y 1 0...20
Total for the Sth semester 0...100
Part 3
Execution and protection of
~ laboratory (practical) works - > 0-..50
% Part 4
-g Execution and protection of 0...10 1 010
s laboratory (practical) works
Modular control sl 1 0...20
Implementation and protection
of CW 0...20 1 0...20
Total for the 6th semester 0...100

The semester control (exam) is carried out in case the zdobuvach refuses the 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.
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KpuTepii oninioBanus po6oTy 3706yBaua NpOTAIoM CeMeCTpy

3agoBinibHO (60 — 74). Iloka3zatu MiHiIMyM 3HaHb Ta yMiHb. 3xatu PI'P. Ilpwm
HalyCaHHI MOAYJIIB 3HAWTH BiAMOBIAI Ha TEOPETUYHI 3alIMBaHHSA i TOKa3aTh Mpu MOTpedi
Xia pilleHHs NpUKIaJeHuX 3a1ad. 3HATH OCHOBHI IOJIOKEHHS MPOBEICHHS aHAli3y Ta
pO3paxyHKy KOMOIHOBaHHMX CTPHXKHEBHUX CHUCTeM. Bmitu OymyBaTd emopH BHYTPIlIHIX
CIWIOBUX (akTOpiB B TaKWX KOHCTPYKIiSX. 3HATH SK BHKOPHUCTOBYBATH METO
nepeMillleHb A po3paxyHKiB. BMITH 3HaXOAWTH B3a€MHI IEPEMIIEHHS Mepepi3iB
CHJIOBUX €JIEMEHTIB KOHCTPYKIiH. Matu ysiBy Ipo po3paxyHKOBY MOJEIb TOHKOCTIHHOTO
CTPUXHSI KECOHY Ta IUIACTHHOK.

Hobpe (75 — 89). TBepno 3HaTH MiHIMYM 3a BCiMa TeEMaMHt Ta BMITH 3aCTOCOBYBaTH
fioro. 3natu PI'P. Ilpu HanrcanHi MOIYyITiB 3HAWTH BiATOBI/II HA TEOPETHUYHI 3aITUBAHHS 1
IO0Ka3aTH MOBHE PillIEHHS IIOCTAaBJICHUX 3a1a4. BiTbHO BOJIOMITH MeTONaMHU MPOBEICHHSI
aHalli3y Ta pO3paxyHKy KOMOIHOBaHMX CTPFDKHEBUX CHCTeM. BmiTh OymyBaTw emopu
BHYTpIIIHIX CHJIOBUX (aKTOpiB B TaKMX KOHCTPYKIISX C BHKOPHCTAHHSAM TEOpPEM O
cumetpii. BMiTH BHKOpPHCTOBYBaTH MeETOJ IMEpeMillleHb Ui pPO3paxyHKiB. Bmitu
OLIIHIOBATH JKOPCTKICTh CHJIOBHX €JIEMEHTIB KOHCTPYKIIif. BMITH 3HaXOAUTH reOMeTpUYHI
XapaKTePUCTUKH TOMEepPEeYHUX ITepepi3iB TOHKOCTIHHOTO CTPIKHSA. BMiTH po3paxyBatu
HaIpy>XeHWH CTaH IOMEPEeYHOro Iepepidy TOHKOCTIHHOIO CTPWXKHS IIpU 3CyBI Ta
3ruHaHHi. Matu ysiBy IIpO HamlpyXeHHi CTaH KeCOHY, poOOTY IIACTHHOK MPH 3rHHAHHI,
CTIMKICTb IJIACTHHOK.

Bigminno (90 — 100). Tepao 3HaTH BCi TeM Ta BMIiTH 3aCTOCOBYBaTH iX. 3natu PI'P
Ha MaKCHUMAallbHy OLIHKY. MOIyNbHUN KOHTPOJIb HAIKMCaTd Ha OIHKY, ONHM3BKY OO
MaKCHMaJIbHOI. BiJIbHO BOJIOZITH BCiMa METONaMU MPOBEJEHHS aHaji3y Ta PO3PaxyHKY
KOMOIHOBaHMX CTPHUXKHEBHUX CHCTeM. BMiTu OyayBaTé emopu BHYTPIIIHIX CHJIOBHUX
¢dakTopiB B TaKMX KOHCTPYKIIIAX C BHUKOPHUCTAaHHSIM CHMETpHU3allii HaBaHTa)XEHHS Ta
TEOpPEM O CUMETPii. BMiTH BiJIbHO BHKOPHUCTOBYBATH METO]I IIepEMIIIIeHb JIJIsl PO3PaxXyHKIB.
BMiTu OLIHIOBAaTH J>XOPCTKICTH CHJIOBUX €JIEMEHTIB KOHCTPYKLIM € BHUKOPHCTAHHSAM
cUMeTpu3allii HaBaHTAXEHHSA. BMITH 3HAXOOWTH T'EOMETPHYHI XapaKTEPUCTUKU
TIOTIEpEYHUX Iepepi3iB TOHKOCTIHHOTO CTPHXHSI. BMiTH po3paxyBaTu HampyXeHUU cTaH
IOTIEPEYHOr0 Mepepizy TOHKOCTIHHOTO CTPHXKHS IIPHY 3CYBi Ta 3rUHAHHI, 3HAXOIUTH HOro
LEHTp 3TMHAHHS Ta XOPCTKOCTi. MaTW ysBy NMpo HampyXeHHWH cTaH KecoHy, poboTy
TJIACTUHOK TPHU 3THHAHHI, CTIHKICTh IUTACTHHOK.

IIpn BUKOHaHHI NPaKTUYHUX POOIT MMOKa3aTU CAaMOCTIHHICTh 1 HACTUPIUBICTD MPH
OCTUTaHHI IT1Ji.

IlIkana oninBaHHs: 0ajibHA i TpaauIiiiHa

Cyma GariB OniHka 3a TpaJUIiIHOIO HIKAJIOI0
Icniut, nudepeHitifioBanmii 3aTiK 3anik
90 -100 Binminao
75 -89 Jobpe 3apaxoBaHO
60 -74 3a10BiIBHO
0-59 HezanoBisbHO He 3apaxoBaHo
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Criteria for evaluating student work during the semester

Satisfactory (60 — 74). 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 able 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, find its 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 o poiits ].Evaluati.on on a traditional scale
Exam, differentiated test Test
90 - 100 Excellent
75 -89 Good Enrolled
60 — 74 Satisfactory
0-59 Unsatisfactory Not enrolled
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’ 13. MetoanuHe 3a0e3ne4eHHs | 13. Methodical support \

1. Kassimali, A. Structural Analysis [Text] / A. Kassimali. 3d ed., 2005. — 874 p.

2. Hibbeler, R. C. Structural Analysis [Text] / R. C. Hibbeler. 8th ed., 2012. — 698 p.

3. Hi6ip I'.O. byniBenpHa MexaHika aBiallifHUX KOHCTpPYKLid : HaBY. mocib. , Y. 2 :
Po3paxyHOK TOHKOCTIHHUX KOHCTPYKIii; M-Bo OCBITH 1 Hayku Ykpainu, Ham. aepokocwm.
yH-T iM. M. €. XKykoBcrkoro "XapkiB. aBiaml. iH-T". — XapkiB. — Hail. aepokocM. yH-T iM.
M. €. Xykoscrkoro "Xapkis. asiau. iH-T", 2020. — 280 c.

4, Hioip O.J., Kupmikin A.O. JlochimkeHHS IUCKPETHOI MOIei JIOH)XEepoHa Ta
KOMOIHOBaHUX CTPH)KHEBHX CHCTEM : HaB4. 1oci0.; M-Bo ocBiTH i Hayku Ykpainu, Hail.
aepokocM. yH-T iM. M. €. XKykoBcekoro "Xapkis. aBiail. iH-T". — XapkiB. — Hair. aepokocm.
yH-T iM. M. €. XXykoBcrkoro "Xapkis. asiail. iH-T", 2019. - 88 c.

14. PexomeHnaoBaHa JjiTepaTypa 14. Recommended references

ba3zoBa aiTtepartypa: 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.

\ JlonomiskHa JiTepaTypa: } Complementary references: J

1. Williams, A. Structural Analysis in Theory and Practice [Text] / A. Williams. — 2009.
— 599 p.

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

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

r 15. Indopmaniiini pecypcu ‘ 15. Informational references |

Department 102 site: http://k102.khai.edu/
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