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1. Onuc HaBYAJILHOI AUCHHUILTIHA

. I'any3b 3HaHb, HAIPAM Xapakrepucruka
HajimenyBaHHsI . . . .
. MiArT0TOBKH, OCBITHBO- HABYAJIbHOI THCIUILTiHH
NMOKA3HUKIB RV
kBaJidikauiiinuii piBeHb JeHHa opma HaBUaHHS
I'amy3b 3HaHB
. : 13. MexaHi4Ha iHXEHEPis
KinpkicTh kpeauTiB — 8 . . )
CrneuiajbHicTh BubipkoBa
(3,5+4,5) .
134. AgiawiiiHa Ta pakeTHO-
KOCMIYHA TeXHiKa
MOI[yJIiB -2 OcBiTHS nporpama Pix HiI[FOTOBKI/IZ
3MiCTOBHX MOJYJIB — 4 Jlitaku i BepronboTu; TexHonorii 2020/2021
[HauBiMyanbHE 3aBOAHHS | BUPOOHMIITBA T4 PEMOHTY Cemectp
- PP (5-i1 cem.), JiTanbHUX amapaTiB; PakeTHi Ta 53 6-if
- PP (6-i1 cem.). KOCMIiYHI KOMITJICKCH;
[TpoexTyBaHHS Ta BUPOOHUIITBO Jlekmii*
3arajibHa KiUIbKICTh TOAWH — | KOMIO3UTHUX KOHCTPYKIIIH; 24 ron. ‘ 32 rog.
240 IIpoexTyBaHHs, BAPOOHUIITBO Ta IIpakTH4Hi, ceMiHApCHKI*
ceprudikaris aBiariiHol TEXHIKA - ‘ -
TwxHEeBUX rOAUH AJIS TEHHOT JlaboparopHni
dbopmMu HaBYAHHS: 24 rog. ‘ 32 ron.
aynutopaux — 3,0 Cawmocriiina podora
CaMoCTIHHOT poOOTH
p . 57 ron. 71 ron.
crynenrta — 4,0 PiBennb
Cemectp 5 BHIIIOI OCBiTH: InauBinyanabHa pobora
ayIUTOPHUX® | caMOCT. po0. nepuui (0akasaBpCbKuil) PP PP
48 ron. 57 ron.
Cemectp 6 Bua KoHTpOJII0
ayIUTOpHUX* | caMocT. poO. . .
YATOp p icnuT icuT
64 rox. 71 ron.

Ipumitka. CriiBBiTHOIICHHS KIJTBKOCTI TOIWH ayAUTOPHUX 3aHATH JJO CAMOCTIHHOT 1
IHAMBIAYaIbHOI pOOOTH CTAHOBUTH: Ui JeHHOT opmu HaBuaHHs — 112/128

* AyIUTOpHE HaBaHTAXXEHHS MOXe OyTH 301bIIeHe a00 3MEHIIIeHE Ha OJTHY TOAMHY B 3aJIS)KHOCTI
BiJ] pO3KJIay 3aHATh



1. Description of educational discipline

. Field of knowledge, direction of Descrlpthn (.)f e.:ducatlonal
Name of characteristic - . discipline
training, academic degree ; ;
full-time education
Field of knowledge
. 13. Mechanical engineering
Number of credits - 8 Special Custom
3,5+4.5) ~ Specia ty
(3,5+4, 134. Aviation and aerospace
technology
Modules — 2 Educational program Year of education:
Parts — 4 Planes and helicopters; 2020 /2021
Individual research task Aircraft production and repair Semester
- CW (5-th sem.), technologies; 5-th 6-th
- CW (6-th sem.). Rocket and space complexes;
Design and manufacture of Lectures *
Total number of hours — 240 g)mp051te structures; 24 hrs.. | 32 hrs.
esign, manufacture and Practical, seminar *
certification of aircraft - ‘ -
Weekly hours for full-time Laboratory work
study: 24 hrs. ‘ 32 hrs.
auditorium — 3,0 Independent work
independent student work — 4,0 57 hrs. ‘ 71 hrs.
Semester 5 Academic degree Individual work
SRS
auditorium student work first (bachelor) W W
48 ron. 57 ron.
Semester 6 Final assessment
auditorium * | student work
exam exam
64 rox. 71 ron.

Note. The ratio between classroom studies hours to independent and individual work
hours is: for the full-time study 112/128.
* Classroom load can be increased or decreased by one hour depending on the schedule.



2. MeTa Ta 3aBIaHHSA HABYAJILHOI
JTUCHHUILIIHHA

2. The purpose and objectives of the
discipline

MeTa BUBUEHHSA:

OTpuMaHHS 3HaHb PO BUMOTH A0 CTPYKTYp
CKJIaIHAX 0araToeIeMEHTHUX HECYIHX
KOHCTPYKIIii B3araji, 0COOIHBO, TOHKOCTIHHUX —
Ta 0COONMBOCTI iX eOpMyBaHHS B yMOBax
peasbHOT eKCIUTyaTallil; Ipo rPaHuYHI CTaHH
TaKUX KOHCTPYKI[IH; HABYUTH METOJIaM
BU3HAUCHHS HAMPY>KeHb, IEPEMIIIIECHb B
€JIEMEHTaX CKJIAJICHUX KOHCTPYKIIIN BiJ il
B1JIOMUX (3aJ]aHUX ) 30BHIIIHIX CHJI, @ TAKOXK
METOJIaM BU3HAYCHHS TPAaHUYHUX 3HAYCHb
napaMmeTpiB 30BHIMIHIX JiH, 1[0 MPUBOJAATH 10
IpaHUYHUX CTaHIB KOHCTPYKIIii, 00 €JIeMEeHTIB.

3aBaaHHa:

dopmMyBaHHS y CTYJICHTIB YSBJICHHS PO
PO3paxyHKOBI CXEMH, 110 3aMIHIOIOTh peabH1
KOHCTPYKIIIi, @ TAKOXK HaI0AHHS HAaBUUOK
PO3paxyHKIB Ha MIIHICTh Ta )KOPCTKICTh
CTPYKTYp CKJIaIHUX 0AaraToeIEMEHTHUX HECYIHX
KOHCTPYKIIIH aBialliifHUX HECYYnX KOHCTPYKIIIN
Kpuiia, (Pro3essiKy, IMIMaHroyTY, JIOATI HECY40Tro
TBUHTA Ta 1HIIMX arperatiB JITAILHOTO arapary.

KoMnierenTHoOCTI, siKi HAa0yBalOTHCA:

3HaHHS Ta PO3yMiHHA NPEIMETHOI 00acTi Ta
po3yMiHHS PodeciifHOT AISUTBHOCTI, 3AaTHICTh
npuiiMaTi OOIPYHTOBAHI pillleHHs, 3AaTHICTb
IIPOBOAMTH PO3PAXYHKH €JIEMEHTIB aBlaliiiHOI Ta
PaKeTHO-KOCMIYHOI TEXHIKU Ha MIIIHICTh;
31aTHICTh PU3HAYATH MaTEpialii IS €JIeMEHTIB
KOHCTPYKIIIi aBialiifHO1 Ta paKeTHO-KOCMIYHii
TEXHIKH; 31aTHICTh MPOCKTYBATH Ta MPOBOIUTH
BUIIPOOYBAaHHS €IEMEHTIB aBialliifHOl Ta
PaKeTHO-KOCMIYHOI TEXHIKH, 11 00JIa THAHHSI,
CHCTEM Ta MiJACUCTEM.

OuikyBaHHI pe3yJbTaTH HABYAHHSA:
BubupaTu Ta 3acTOCOBYBaTH AJISl pO3B’ SI3aHHS
3a]a4 MPUKJIaIHOT MEXaHIKU PUIaTHI
MaTeMaTH4YHi MeToau; BomomiTi HaBHYKaMu
BU3HAYCHHS HABAHTA)XCHb HA KOHCTPYKTHUBHI
€JIEMEHTH aBialliifHOT Ta PaKEeTHO-KOCMIYHO1
TEXHIKHM Ha YCIX eTamnax ii )KUTTE€BOTO IUKITY;
OOumcnoBaTH HaNpy>XeHO-Ae(POpPMOBaHMIA CTaH,
BU3HAYaTH HECYUy 3/1aTHICTh KOHCTPYKTUBHUX
€JIEMEHTIB Ta HAJIWHICTL CUCTEM aBlaliiiHOI Ta
PaKEeTHO-KOCMIYHO1 TEXHIKH; 3aCTOCOBYBATH
BUMOTH TalTy3€BUX HOPMATHBHUX JOKYMEHTIB
1010 TPOLIEAYP MPOSKTYBAaHHs, BAPOOHUIITBA,

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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BUNIPOoOyBaHHA Ta (a060) cepTudikarii e1eMeHTIB
Ta 00’ €KTIB aBiaIiitHOI Ta PaKeTHO-KOCMIYHOT
TEXHIKM Ha BCIX eTamnax ii )KUTTEBOTO IUKITY,

IIpepekBi3uTH — KOPUCTYBATUCS PE3yTbTaTAMH
BHBYCHHS JUCIUILTIH: «MexaHika MaTepialliB Ta
KOHCTpYKLii», «TeopeTnuHa MexaHika Ta
TMMy, «®Di3ukay, «Buia maTremMaTnka» Ta
«Hapucha reometpist».

KopekBi3uTn — BUKOPUCTOBYETHCS NPU
BHUBYEHHI JUCIUIUTH: « MIHICTE JIITaKiB Ta
BEPTOJIbOTIBY, «BunpoOyBaHHs Ha MILHICTh
aBlaliifHOI TEXHIKW.

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. Ilporpama HaBYAJIbHOI JUCHHUILIIHA

3. Program of discipline

3micToBHUIT MoayJb 1.
Tema 1. Beryn 1o OyniBesibHOI MeXaHIKH

[lpenmer anamizy. 3B’430Kk  OyZIiBesbHOI
MEXaHIKM 3 MEXaHIKOK MaTepialiB Ta TEOPi€ro
NpYyXHOCTL. [cTOpHYHUN €KCKypc MPO PO3BUTOK
KOHCTPYKLIA B LIJIOMY Ta 30KpeMa aBialiiHoi
TEXHIKH.

Tema 2. OcHOBHI rinore3u, TeOpeMu Ta MeTOAU
OyaiBeJIbHOI MEXaHIKH.

AHaJITHYHI Ta YUCENbHI METOAHN OyiBETbHOL
MexaHikiu. OCHOBHI TPHUHIIMIIM, TIMOTE3W Ta
Teopemu  OyxiBenbHOi  MexaHikd. OCHOBHI
PIBHSIHHSI MEXaHIKH TBEpPJOTO Tijga (pIBHSIHHSI
piBHOBar#, (pi3MYHUIN 3aKOH, 3aKOH CYLIJIBHOCTI,
3amuc MOBHOI MOTEHITIHHOT €HEPTii TOIIO).

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.).

3MicTOBHUIT MOAYJIb 2.
Tema 3. Po3paxyHOK CTATUYHO BHU3HAYEHHUX

KOHCTPYKILil

Tpu TUIH aHawizy KOHCTPYKIIIi:
KIHEeMAaTUYHHUH, CTPYKTYpPHHH Ta CTATUYHHIA.
Meronn  po3paxyHKy 3yCWIb y CTaTH4HO
BU3HAaUYeHUX (epmax (MeTon 3’€JHaHb, METOJ
nepepisis, METO]T 3aMiHU CTEpIKHIB).

BukopucTaHHs eHepreTHYHUX METOIB (MPUHIIUIT
BipTyasibHOi poOOTH, eHepris aedopMyBaHHS,
teopema KactuibsiHo, popmyina Makcsena-Mopa)
Opd  aHami3i  CTeP)KHEBUX  KOHCTPYKIIIH.
Po3paxyHOK JIOH)KEpOHY KpHJia Ha OCHOBI
JTUCKpeTHOi Mojeni. Po3paxyHOK KOMOiHOBaHOi
CTEP’KHEBOI CHUCTEMHU 3 BUKOPUCTAHHSIM TEOpEM
cUMeTpii.
Tema 4. Po3paxyHOK CTATHYHO HeBU3HAYEHHUX
cucremM

CratndyHO HEBM3HAYCHI KOHCTpyKIii. Merton
CHUIL Meron NEepeMillIeHb. Po3paxynok
MINAHTOYTIB (PIO3EIBDKY JIiTaka 3a JIOMOMOTOIO
Meroza cwil. PO3paxyHOK CTaTUYHO HEBU3HAYEHOL
IPOCTOPOBOI CUCTEMHU METOAOM NEPEMILIEHb.

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 wusing the force method.

Calculation of statically undetermined spatial
system by displacement method.

3MicToBHUIT MOoayJIb 3.
Tema 5. VYsaBiaeHHsn
TOHKOCTIHHY KOHCTPYKUiIO0

AHamiTAYHA MOJENb TOHKOCTIHHOI OajKu.
Po3paxyHOK HOpMaNbHHX HANpPYXKEeHb, MOTOKIB
JOTUYHUX 3yCWIIb Ta JOTUYHUX HANPYKEHb.
Tema 6. 3ruH, 3cyB Ta KPy4eHHsI BiIKpUTHX Ta
3aKPUTHUX TOHKOCTIHHMX 0AJIOK

BinbHe Ta CTHCHEHE KpPY4YEeHHS TOHKOCTIHHOI
Oanku. KpydeHHs Ta 3ruH 00OJIOHKH 3 BiIKPUTHM
KOHTypoM. KpydeHHs Ta 3ruH OOONOHKH 3
JIeKUIbKOMa  3aMKHYTUMH  KOHTypamu. LleHTp

Npo  MiAKpinJIeHy

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. 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




JKOPCTKOCTI TOHKOCTIHHOT KOHCTPYKIIii. Metox
penykiii i Mmetoa (IKTUBHOI CHIIM (MOMEHTY) st
BU3HAUCHHS KOMITOHEHT Harpy>KeHo-
nehOpMOBAHOTO CTaHY TOHKOCTIHHOT OAJTKH.
Theme 7. Stress analysis of aircraft components

Po3paxyHku aBialliiHUX KOHCTPYKIIHM: Kpuia
Ta JIONMaTi BEPTOJLOTY, (IO3EISDKI JliTaka Ta
BEpPTOJILOTY, XBOCTOBI  OallkKM  BEPTOJIBOTY,
HEPBIOPH.

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.

3micToBHUMIT MOaYJIb 4.
Tema 8. Teopist 3rHHYy TOHKHMX IJIACTHHOK.

Brpara cTiliKoCTi KOJIOH, IJIACTHHOK TAa
aBialifHUX NMaHeIel
AHamiTH4Ha ~ MOZENh  TOHKOI  IUIACTHHM.

Pe3ynbTyroui piBHSHHS 3THHY IUIACTHHH. BH3HAYeHHS
HOPMAJILHHUX 3yCWib. ['paHWuYHI YMOBH Yy PIBHSHHI
Codi-Kepmen. 3ruH  NPSMOKYTHUX  IUIACTHH.
Po3paxyHok cTiiikocTi TOHKHMX TuiacTHH. [lmockuit
Hanpy>kKeHO-7e(OPMOBAHHUI CTaH TOHKHX ILIACTHH.

CTifiKICTh IPSMOKYTHHX TUTaCTHH. CTIHKICTD ITpH
CTUCKAIOUMX  Ta  3CYBHMX  HABAHTAKCHHSIX.
OnmHouacHe HABAaHTAXKEHHS 3TMHOM Ta 3CYBOM.
Toune Ta mpuONIM3HE PIlIEHHS 3a/a4l CTIMKOCTI 3a
MEXEI0  TporopiiiiHocTi.  BTpara  criiikocTi
miKpiruieHoi naneni. Pobora migkpirnieHoi oOmmBKe
JIiTaka 3a MEXKEI0 BTPATH CTIHKOCTI 32 HABAaHTAKCHHS
CTUCKOM Ta 3CyBOM. YSBIEHHA TPO [IUPHHY
OOIIMBKH, MPUETHAHOT IO CTPUHTEDY.

Part 4.
Theme 8. The theory of bending 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 HaBYAJIbHOI JUCHMUILTIHA

KinpkicTs roguu

Ha3Bu 3MicTOBUX MOAYJIIB 1 TEM

y TOMY YHUCJI1

yeporo b 1 1ab | c.p.
1 2 3 4 5 6
Moayas 1
3micToBuii Moayab 1. Betyn 10 OyiBesIbHOI MEXaHIKH
Tema 1. Beryn 10 OyaiBeIbHOT MEXaHIKH. 2 2 - — -
Tema 2. OCHOBHI TinoOTe3M, TEOPEMU Ta METOAN 4 ) B ) B
OyIliBeJIbHOT MEXaHIKH.
Pa3om 3a 3micToBUM MoayJieM 1 6 4 - 2 -
3micToBHiIT MOYJIb 2. AHAJII3 CUCTEM CHJIOBUX €JIEMEHTIB

Tema 3. Po;PaxyHOK CTaTUYHO BU3HAYECHUX 50 10 B 14 26
KOHCTPYKIIIH
Tema 4. Po3paxyHOK CTaTUYHO HEBU3HAYEHUX 48 2 B 12 78
CUCTEM
Pa3om 3a 3MICTOBUM MOJYJIEM 2 98 18 — 26 54

MoayJs 2

3micToBuit MOaYyJIb 3. Po3paxyHOK TOHKOCTIHHUX aBlalllfHUX KOHCTPYKIIiH 3a
JIOTIOMOT 010 0aJI0YHOT Teopli

Tema 5. YsBiIeHHS TIPO MiAKPIIIICHY

) ) 18 8 — 4 6

TOHKOCTIHHY KOHCTPYKLIIO

Tema 6. 3ruH, 3CYB Ta KPY4€HHs BIIKPUTHX Ta 60 14 B 16 30

3aKPUTHX TOHKOCTIHHUX 0aJloK

Tema 7. Anani3 aBialliiHUX KOHCTPYKIIIM 20 6 — 4 10

Pa3om 3a 3MicTOBUM MOyJieM 3 98 28 - 24 46

3micToBuii MoayJb 4. EnemMenTapHa Teopist IJIACTUH Ta BTPATa CTINKOCTI

Tewma 8. Teopist 3ruHY TOHKUX TUIACTUHOK.

Brtpara cTiiikoCTI KOJIOH, MJIACTUHOK Ta 38 6 — 4 28

aBlallHUX ITaHeIeH

Pa3oMm 3a 3MicTOBUM MoAayJieM 4 38 6 — 4 28
Ycboro roguH: 240 56 — 56 128




4. Structure of discipline

Number of hours

Names of parts and themes total 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 4 ) B ) B
methods of structural mechanics.
Total for part 1 6 4 — 2 —
Part 2. Analysis of systems of structural elements

Theme 3. Analysis of statically determinate 50 10 B 14 2%
structures
Theme 4. Analysis of statically indeterminate 48 2 B 12 73
structures
Total for part 2 98 18 — 26 54

Module 2

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

Theme 5. The concept of stiffened thin-walled

18 8 — 4 6
structure
Theme 6. Bending, shear and torsion of opened
and closed thin-walled beams 60 14 B 16 30
Theme 7. Stress analysis of aircraft components 20 6 — 4 10
Total for part 3 98 28 — 24 46
Part 4. Elementary theory of plates and structural instability

Theme 8. The theory of bending thin plates. 33 6 B 4 78
Buckling of columns, plates and aircraft panels
Total for part 4 38 6 — 4 28

Total hours: 240 56 — 56 128

10




5. TeMu ceMiHApCHKHUX 3aHATH

5. Themes of seminar classes

CeMiHapChKUX 3aHITH HE MEpe0adeHo.

Seminar classes are not provided.

6. TeMu NpaKTHYHHUX 3aHATH

6. Topics of practical classes

HpaKTI/I‘IHI/IX 3aHATHb HC Hepeﬂ6aqu0.

Practical classes are not provided.

7. Temu J1alOpATOPHUX 3aHATH

7. Themes of laboratory classes

Kinbkicts
Ne HasBa temn Name of theme TOMUH
3/l Number of
hours
1 JIMCKpeTHa MOJIEIb JIOH)KEPOHY. Discrete model of the spar. 2
) Po3paxyHok 3MiHIOBaHOCTI CTpkHEBOT | Analysis of bar system stability. )
CHCTEMH.
Po3paxyHOK cui y cTaTH4HO The determination of the forces in
3 BH3HA4YEeHUX (pepmax 3a T0IOMOroko the statically determinate truss 4
METO/IIB BY3JIiB Ta MEpePi3iB. using joint and section methods.
Po3paxyHOk mepemilleHp y CTaTugHO Calculation of the displacement in
4 BH3HAYCHIN KOMOiHOBaHIM cTprxHEBii | the statically determinate 4
CHCTEMi 3 BUKOPUCTAHHSIM T€OpEM combined rod system using
CUMETPIi. symmetry theorems.
Po3paxyHOK Hanpy>KeHOro crany Analysis of fuselage frame stress
5 mmnaHroyTy (ro3eispky 3a qonoMoror | state using the force method. 4
METOY CHJI
Po3paxyHOK cTaTHYHO HEBU3HAYEHUX Calculation of the statically
6 KOHCTPYKIIiH 32 JIOTIOMOTOI0 METOTY indeterminate structures using the 4
nepeMilieHb displacement method.
Po3paxyHOK HOpMaJIbHUX HaIlPYyKEHb Determination of normal stresses
7 MIPH 3THHI TOHKOCTIHHOT OaJKu. under bending of thin-walled 2
beam.
3 IToTOKM NOTHYHMX 3yCHIIb Y Shear flows in the opened contour. )
BiITKPUTOMY KOHTYPi.
9 LleHTp 3ruHY BIIKPUTOTO KOHTYPY. Center of bending for an opened )
contour.
10 [ToTOKM TOTUYHMX 3yCUIIb Ta LIEHTP Shear flows and center of bending )
3THHY 3aKPHTOT0 KOHTYPY for a closed contour.
11 [Tepemimenns nns 6anku 3 BigkputuM | Deflection of open section beam. )
KOHTYPOM
12 Kpyuenns 6anku 3 3akputuM KoHTypoM | Torsion of closed contour beam. 2
[ToTokHM MOTUYHUX 3YCWIb Ta IICHTP Shear flows and center of bending
13 3TUHY TS 3aKPUTOTO for a multiple-closed contour. 2
0araTo3aMKHEHOTO KOHTYPY
14 MeTton penyKiiiHuX Koe(ilieHTiB Method of reduction coefficients. 2
15 Po3paxyHOK HEpBIOp KpHJIa. Wing ribs structural analysis. 3
16 Po3paxyHok kpuia jiTaka Calculation of the two-spar 3
JIBOJIOHYKEPOHHOI MOJIEITI. aircraft wing.
17 Po3paxynok ¢rozensoky mitaka Ta oro | Calculation of the aircraft fuselage 4

€JIEMEHTIB

and its components.
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3ruH TOHKMX I1acTHHOK. Iimocka

Bending of thin plates. Plane

18 3a/1aua Teopii Mpy>XKHOCTI TOHKUX elastic problem of thin plates. 8
IIJIaCTHUH.
Brpara cTiiKOCT1 B Ta 3a MEXEr0 Stability in and beyond the
npornopuiiHocTi. Po3paxyHok proportional limit. Determination
19 HaNpyXeHb BTpaTH cTiiikocTi o0muBku | of buckling stresses of the skin 2
Ta CTIHKH JIOH)KEPOHY and spar web.
Pazom Total 56
8. Camocriiina pobdora 8. Independent work
KinpkicTh
Ne Hazga temu Name of theme roH
3/ Number of
hours
1 JluckpeTHa MOJCIb JIOHKEPOHY. Discrete model of wing spar. 8
5 KomG6inoBaHa cTprxHeBa Combined system of 16
CUCTEMA. structural members
BuyTpimHi cunosi ¢pakropu y Internal force factors for
3 Henpsamux Oankax. [lImanroyt curved beams. Fuselage 10
bro3eIsKY. frame.
4 MeTon nepemilieHb. Slope-deflection method 10
5 MeToj CKIHUEHOTO €JIEMEHTY Finite element method 40
Buxopucranns teopis Using the thin-walled beam
6 TOHKOCTIHHOTO CTEPXKHS y theory for strength 24
pO3paxyHKax Ha MIIHICTh calculations of the aircraft
dbro3enshka Ta Kpujia JliTaka fuselage and wing.
3akputnyHa noBezinka riactul i | Critical behavior of the
7 . 20
000JIOHOK Kirchhoff plate
Pazom Total 128
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9. InauBiayanbHi 3aBJaHHSA

9. Individual task

KingpkicTh
No TOAWH
H N f task
o/ a3Ba 3aBJlaHHS ame of tas Number
of hours
1 PospaxynkoBa po6ota «Ananiz | Calculation work «Analysis of

CTaTUYHO HEBU3HAYCHOI paMu
METOJIOM CHJI Ta METOJOM
CKIHUCHHOT'O EJICMEHTY
(METO/IOM MEPEMIITICHB )»

a statically indeterminate
frame by the force method and 50
by the finite element method
(the displacement method)»

2 Po3paxyHkoBa pobota
«3acrocyBaHHs OAJIOYHOI TEOPii
TOHKOCTIHHOTO CTEP>KHSA J10
PO3paxyHKy aBialliiHUX
KOHCTPYKIIi», 110 BKIIOYAE
HACTYTHI TEMHU:

1. Po3paxyHOK HOpMaJIbHUX
HaNPY>KEHb MIPH 3TrUH1
TOHKOCTIHHOT OaJIKH.

2. Po3paxyHnok Oanku 3
BIJIKPUTUM KOHTYPOM.

3. Po3paxyHoxk O6anku 3
3aKpPUTUM KOHTYPOM.

4. Po3paxyHOK OaJiku 3
0araro3aMKHEHUM KOHTYPOM.

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

1. Determination of normal
stresses under bending of thin- 24
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. MeToan HAaBYAHHSA

10. Methods of education

[IpoBeneHHs ayTMTOPHUX JICKITIH,
MPAKTUYHUX 3aHATh, IHAUBITyaTIbHUX
KOHCYJIbTalllil, caMOCTiliHa Ta
1HAMBIAyallbHa poOoTa 3100yBayiB.

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

11. MeToau KOHTPOJIIO

11. Methods of assessment

[TpoBeaeHHS MOTOYHOTO KOHTPOJIIO,
MUCBMOBOTO MOAYJILHOTO KOHTPOJIIO,
(biHaTPHUN KOHTPOJb Y BUTIISI ICTIUTY.

Conducting current control, written
modular control, final control in the form
of an exam.
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12. KpuTepii oniHIOBaHHS Ta PO3M0ija 0adiB, IKi OTPUMYIOTh CTYI€HTH

banu 3a ogHe o Cymapna
CkIazi0Bi HaBUAIBHOI POOOTH 3aHATTSI KimbxicTs saHATh KUIBKICTH
(3aB/1aHb) .
(3aBaHHs) OaiB
3micToBHUI MoayJb 1
PoOota Ha nmekIisx 0...0,5 4 0...2
BukonaHHs Ta 3aXUCT
nabopaTopHUX (MPAKTUYHUX ) 0...1 4 0...4
: pooiIT
=3 3MicTOBHHMI MOAYJIb 2
= Po6orTa Ha nexmisax 0...0,5 8 0...4
> BukoHaHHS Ta 3aXKCT
nabopaTopHUX (TIPAKTUIHUX ) 0...1 8 0...8
pobiT
MoaynbHUNA KOHTPOJIb 0...22 1 0...22
Buxonanns ta 3axuct PP 0...60 1 0...60
Ycboro 3a 5-ii cemectp 0...100
3MicTOBHUI MOaYJIb 3
PoOota Ha nmekiisx 0...0,5 12 0...6
BukonaHHs Ta 3aXUCT
nabopaTopHUX (MPAKTUYHUX ) 0...1 12 0...12
2 pooiIT
=3 3micToBHUMITI MoaYyJIb 4
= Po6oTa Ha JIeKIisIX 0...0,5 4 0...2
> BukoHaHHS Ta 3aXKCT
nabopaTopHUX (TIPAKTUIHUX ) 0...1 4 0...4
pobiT
MoyibHUH KOHTPOJIb 0...16 1 0...16
Buxonanns ta 3axuct PP 0...60 1 0...60
Ycboro 3a 6-ii cemecTp 0...100

CemecTpoBui KOHTPOJIb (1ICIIUT) IPOBOAUTHCS Y pasl BIIMOBH 3700yBaua Bij OaiB
MOTOYHOTO TECTYBaHHS Ta 3a HASBHOCTI JOMycKy no0 icmuty. Ilig dac cknamaHHs

CEMECTPOBOIO ICTIUTY 3/100yBad Ma€ MOKIIMBICTh OTpUMaHHs MakcumyMm 100 Gais.

MakcumaiibHa KUIBKICTh OaiiB 3a OJiHE MpakTHYHE 3aBAaHHs — 40.

14

biner nys icnuTy cKiIagaeThes 3 IBOX TCOPETHYHHUX ITUTAHb Ta OJTHOTO MTPAKTHYHOTO
3aBJaHHA. MakcumaiabHa KUIBKICTh OalliB 3a ojAHE TeopeTuuHe nutanHs — 30.




12. Evaluation criteria and distribution of points received by students

) The total
Components of educational work Points per Number of number of
lesson (task) lessons (tasks) .
points
Part 1
Work on lectures 0...0,5 4 0...2
Execution and protection of 0.1 4 0. 4
~— | laboratory (practical) works
i; Part 2
= Work on lectures 0...0,5 8 0...4
E Execution and protection of 0.1 g 0.3
laboratory (practical) works o
Modular control 0...22 1 0...22
Implementation and
protection of CW 0...60 1 0...60
Total for the Sth semester 0...100
Part 3
Work on lectures 0...0,5 12 0...6
Execution and protection of
~ | laboratory (practical) works 0...1 12 0...12
i.; Part 4
"g Work on lectures 0...0,5 4 0...2
s Execution and protection of 0.1 4 0. 4
laboratory (practical) works
Modular control 0...16 1 0...16
Implementation and
protection of CW 0...60 ! 0...60
In total
Total for the 6th semester 0...100 for the
6th
semester

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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Kpurepii oninroBanHs po6oTH 3100yBa4a NpoTAroM ceMecTpy

3agoBiiibHO (60 — 74). Iloka3zatu MiHIMyM 3HaHb Ta yMiHb. 3natu PI'P. Ilpu
HAIMCaHHI MOJYJIIB 3HAWTH BIJANOBIAl HA TEOPETUYHI 3alIMBAaHHS 1 TOKa3aTH IpH NOTpeodl
X1 plIIEHHS NPHUKIAJCHUX 3a]ad. 3HATH OCHOBHI IOJIOKEHHS IPOBEICHHS aHaI3y Ta
pO3paxyHKy KOMOIHOBaHUX CTPHKHEBUX cHCTeM. BMiTH OyayBaTu emopu BHYTPILIHIX
CWIOBHX (DAaKTOpPIB B TAaKUX KOHCTPYKULIAX. 3HATU SIK BUKOPUCTOBYBAaTH METOJ
nepeMillleHb Uil pO3paxyHKiB. BMITH 3HaXOOuWTH B3a€EMHI NEPEMIIICHHS IepepisiB
CUJIOBHX €JI€MEHTIB KOHCTPYKLIA. MaTu ysiBy Npo pO3paxyHKOBY MOJI€Ib TOHKOCTIHHOTO
CTPHIKHS KECOHY Ta TUIACTHHOK.

Joope (75 — 89). TBep0 3HaTH MIHIMYM 3a BCiMa TEMaMH Ta BMITH 3aCTOCOBYBaTH
rioro. 3gatu PT'P. Ilpu nanucanHi MOy TiB 3HAWTH BIJIOBIII HA TEOPETUYHI 3alTUBAHHS 1
MOKa3aTH MOBHE PILIEHHS MMOCTABJIEHUX 3aJa4. BiIbHO BOJIOAITH METOJaMU MPOBEICHHS
aHai3y Ta po3paxyHKy KOMOIHOBaHHMX CTPMKHEBUX cuUcTeM. Bmitu OyayBatu emopu
BHYTPIIIHIX CHUJIOBUX (DAaKTOPIB B TaKMX KOHCTPYKIISIX C BUKOPUCTAHHSM TEOPEM O
cuMmeTpli. BMITH BHKOpHCTOBYBaTM METOJ NEpPEMINIEHb s pPO3paxyHKIB. Bwitu
OLIIHIOBATH KOPCTKICTh CUJIOBUX €JIEMEHTIB KOHCTPYKIIM. BMITH 3HAXOAUTH T€OMETPUYHI1
XapaKTEPUCTHKU MOMNEPEYHUX MEePepi3iB TOHKOCTIHHOTO CTpHWKHA. BMiTH po3paxyBaTu
HAIpYy>KEHUH CTaH MOMNEPEYHOro Nepepi3y TOHKOCTIHHOIO CTPMXKHS NpH 3CYBl Ta
3rMHaHHI. MaTu ysBY NpO HaNpyXEHUH CTaH KECOHY, pOOOTY IJIACTUHOK NMpHU 3rUHAHHI,
CTIAKICTb IJIACTUHOK.

Biaminno (90 — 100). TBepao 3HaTH BC1 TEM Ta BMITH 3aCTOCOBYBaTH iX. 3matu PI'P
HAa MaKCUMaJbHYy OIIIHKY. MOAyJIbHUN KOHTpOJIb HANUCaTH Ha OLIHKY, OJM3BKY [0
MaKCHUMaJIbHOi. BiJIbHO BOJIOAITH BCiMa METOJAaMH IPOBENICHHS aHai3y Ta PO3PaAXyHKY
KOMOIHOBaHUX CTPW)KHEBHX CHCTeM. BMiTH OyayBaTH emiopu BHYTPIIIHIX CHIOBHX
¢dakTopiB B TaKUX KOHCTPYKIISAX C BUKOPHCTAHHSIM CHMETPHU3AIlli HABAHTAKEHHS Ta
TEOpeM O CUMeTpii. BMiTH BiIbHO BUKOPUCTOBYBATH METO/I IEPEMIIIIEHB JIJIsl PO3PaXyHKIB.
BwmiTu oImiHIOBaTH JKOPCTKICTh CHJIOBUX €JIEMEHTIB KOHCTPYKIIA C BUKOPHCTAHHSIM
CUMeTpu3allli HaBaHTaXEHHsS. BMITH 3HAXOAUTH TEOMETPUYHI XapaKTECPUCTUKH
MONEPEYHUX MEepPepi3iB TOHKOCTIHHOTO CTPYOKHS. BMITH po3paxyBaTh HaNpyEHUM CTaH
MONEPEYHOTO Mepepi3zy TOHKOCTIHHOTO CTPUIKHS MIPU 3CYB1 Ta 3rUHAHHI, 3HAXOAUTH HOT0
LEHTP 3TMHAHHA Ta YKOPCTKOCTI. MaTu ysiBy NpoO HaIlpy>KEHHW CTaH KECOHY, poOOTYy
IUTACTHUHOK MPY 3TMHAHHI, CTIAKICTh TUIACTUHOK.

[Ipy BUKOHaHHI MPAKTUYHUX POOIT MOKA3aTU CaMOCTIMHICTh 1 HACTUPJIMUBICTh TIPH
JIOCTUTaHH] IJI1.

Ikana ouiHOBaHHA: 0aJIbHA | TPAAUIIIITHA

Cyma 6aiiB OrriHKa 3a TPaIUIIIHHOIO IKAJIOI0
[ciuT, mudepeHItiioBaHmiA 3aTIK 3anik
90 -100 BingminHo
75 -89 Jobpe 3apaxoBaHO
60 -74 3a10BUIBHO
0-59 He3anosiipHO He 3apaxoBano
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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 of points ]'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. MeronuuHe 3a0e3neyeHHA \ 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. byniBenbHa MexaHika aBialifHUX KOHCTPYKIM : HaBY. moci6. , Y. 2 :
Po3paxyHOK TOHKOCTIHHUX KOHCTPYKIIiii; M-Bo ocBiTH 1 Hayku YKpainu, Haril. aepoxocwm.
yH-T iM. M. €. XXykoBcbkoro "Xapkis. aBiail. 1H-T". — XapkiB. — Hai. aepokocM. yH-T 1M.
M. €. XKyxoscekoro "Xapkis. aBian. iH-1", 2020. — 280 c.

4. Hioip O.I'., Kupnikin A.O. JlochikeHHS ITUCKPETHOI MOJEl JIOHXKEepOHa Ta
KOMOIHOBaHUX CTPMIXKHEBUX CHCTEM : HaB4. 1oci0.; M-Bo ocBiTH 1 Hayku Ykpainu, Haii.
aepokocM. yH-T iM. M. €. XKykoBcrkoro "XapkiB. aBiail. iH-T". — XapkiB. — Hail. aepokocM.
yH-T iM. M. €. XKykoBcbkoro "Xapkis. aBiai. iH-T", 2019. - 88 c.

14. PexoMeH10BaHa JiiTeparypa 14. Recommended references

ba3oBa aiteparypa: 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.

\ JlomomixkHa jJiTteparypa: \ Complementary references: \

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

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.

\ 15. Indopmauniiibi pecypcu | 15. Informational references \

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