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Introduction. Whichever areas of human society life considering, the scientific and technologi-
cal progress does require continuous improvement of instructional methods and learning strategies
implemented at higher technical education. A modern engineer should not only have extensive
knowledge, but also be able to think individually, consciously determining his search in special field
and respective solutions found. This implies mastering a creative approach to researcher activity, non-
conventional techniques’ using, as well as having the ability both to analyze and predict the results,
and to select between thinking paths for finding optimal algorithms to solve problems. Therefore, the
development of students’ research skills should begin as early as possible, prior to reaching the nar-
rower specialization stage, i.e. already at the early undergraduate stage, and even at the previous one,
the secondary school pre-graduation and final years running. However, one of widely known imper-
fections in the first and second university years education, - in particular, speaking about the mechani-
cal engineering specialties, — is due to insufficient attention to the formation of the initial skills re-
quired for independent study and research.

Analysis of recent researches and publications. A comprehensive analysis of approaches to
teaching the natural sciences together with new solutions’ search represent the subject of major interna-
tional researches, in particular, in the framework of TIMSS program (Trends in International Mathemat-
ics and Science Study), aimed onto studying trends in the mathematics and natural sciences field interna-
tional programs. So, the report presented at the Forum on International Physics (Washington, February
2010) by Dr. Jozefina Turlo (Poland) specializing in Central Europe region studies, got a high esti-
mate, even exceeding this one the USA studies report obtained; the Dr. J.Turlo study being devoted to
an analysis of European educational reforms in the natural sciences field contained several subsequent
recommendations [1]. Generalizing study issues, although the natural sciences field shall never be-
come a program for the majority of school graduates, every educational reform should be directed to
perform its main task: fostering an assured path to researcher activity for future scientists. Structuring
the fundamental sciences’ subjects that provide a cornerstone component of future engineers’ and re-
searcher’ education, we should be aware that the best involvement and interest will be achieved by
providing students with opportunities for advanced research and participation in the experimental se-
ries; learning activities should never be limited to simple presence at the theoretical lectures.
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Therefore the actual requirements to contemporary higher engineering education system do in-
volve developing new flexible methodology for practical training in basic subjects, including theoreti-
cal mechanics. Such techniques, as noted by Veretilnyk [2] in the analysis of the national high school
system current situation, must satisfy the general requirements, they should rely onto specific real
conditions of trainer’s work (teaching time amount, students’ readiness level, taught subject specifici-
ty); still at that necessary is to change the objectives, thus, practical lessons’ dedicated purpose. This is
especially important for the basic disciplines, i.e. passage from the usual scheme “to determine — to
calculate the result following a known algorithm” to the formation of ability “to understand — to com-
pare — to analyze — to make a choice”. According to Pomogayev [3], the student needs to be reposi-
tioned from a knowledge passive consumer into knowledge active creator who knows how to formu-
late the problem, to analyze its resolving ways, to find the optimal result and to prove its correctness.
This approach components’ complete absence or vanishingly small presence represent the apparent
lack of any basic subject teaching practical aspects.

However, it can be argued that the theoretical mechanics, like no other subject taught in a tech-
nical HEI, provides an opportunity to eliminate this disadvantage, whichever special field considering.
The reasons can be summarized as follows:

— The theoretical mechanics science represents a conglomerate of the original, well-organized
knowledge of the physical world principles; its basic nature and content embodied with classical me-
chanics makes background of every natural science;

— In the education system the theoretical mechanics embraces the fundamentals of physics and
mathematics cycle, basic for all technical specialties; its subject (mechanical motion and interaction) is
inherent to any material body in every technical realization: mechanical structures, machinery, equip-
ment, any constructions. This explains the need for this subject presence at all curricula: not only me-
chanical specialties’ ones, but also non-mechanical specialties of technical HEIs;

— The lectures part of theoretical mechanics course provides a well-structured theoretical mate-
rial, based on a set of defining provisions (axioms, laws, theorems, principles) seconded with the ap-
propriate mathematical and graphical forms for future practical use. From the point of view of the re-
search skills development, especially important is the course’s final part, containing main provisions
and principles of classical dynamics (including analytical mechanics), which equations do determine
the entire methodology of educational research in this area;

— The practical part of theoretical mechanics course provides a unique variety of techniques and
methods for solving mechanical problems, which in the final stage of the course, are usually associat-
ed with studying dynamic models of typical mechanisms under some particular embodiment.

Namely these points as above, specific to a theoretical mechanics course taught t a technical insti-
tution, make possible the use of an integrated systematic approach to the mechanical systems dynam-
ics study.

Aim of the Research is suggesting and substantiating a new approach to teaching the theoretical
mechanics at a technical higher educational institution. This approach will provide in-depth study of
theoretical material offered by the curriculum, promoting the development of students’ creative abili-
ties to conduct independent research of mechanical systems already at the initial stages of learning. In
quality of this approach basis considered is a set of classical dynamics methods, representing a con-
sistent and complete view of theoretical mechanics course.

Main Body. Developing an integrated system approach to the mechanical systems dynamics
study in addition to the basic (standard) learning objectives, usually limiting the practical lessons’ con-
tent, the authors concurrently resolved other problems. The theoretical part of the course allows reach-
ing some additional objectives that enhance the practical lessons’ assigned tasks translating them into
research tasks domain. Standard options’ set is following:

— Practicing skills in the use of classical dynamics’ basic equations, including equations conver-
sion to determine the desired result;

— Forming skills in carrying out the algorithmization procedure for obtaining result in solving a
particular problem.
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Additional possibilities here include the following:

— Multiple changes in approaches to solve the problem using
different assumptions (theories, principles) for results checking and
double-checking;

— Comparative analysis of various methods to problem solving
with further selection of the optimal variance in accordance with
problem setting;

— Purposed control of the mechanical system’s (mechanism’s)
parameters and dynamic characteristics varying the initial data, that
allows the studied system modification possibility.

The educational research organization taking into account all
those options allows offering to the student an assignment of per-
forming series of various tasks for the same mechanism’s standard
model. Completing such an assignment, the student not only uses the
opportunity to learn and understand the classical dynamics’ funda-
mentals and techniques, but also assimilates the initial research skills
directly in the ongoing educational process.
+4 The proposed educational research structure and content are
clearly illustrated with the following example. For didactic reasons
Fig. 1. Typical mechanism scheme the process is scheduled as a sequence of steps forming separate

tasks. Each assignment, in turn, contains further detailed list of indi-
vidual tasks, each specific task involving the traditional scheme: “Given [ ] — Find [ ]— Decision| ]—
Answer [ ]”. This approach is convenient as we can choose almost any typical model used for stand-
ard computational and graphics tasks in the theoretical mechanics. Also possible is to prefer more
complex models, corresponding to real existing mechanisms: for each selected model the assignment
properly and its content of particular tasks may vary depending on the scale of the planned research
and students’ capacities. Thus the whole executed research can represent the content of a complex
computational and graphical assignment either course work or be part of the students’ research work.

Let consider an example of such assignment formulation. To show the elaborated methodology
one of typical mechanisms (Fig. 1.) has been selected. The mechanism includes four loaded inter-
linked bodies. Bodies 1 and 4 represents weights suspended correspondingly to a fixed hoist 2 and a
movable hoist 3. The hoist 2, hinge-anchored at point O, represents a bistage pulley with: 7, — inner
and R, — outer radii. The hoist 3, suspended to the support, represents an uniform cylinder of 7; radi-
us. The whole mechanism can be sought as a one-DOF (degree of freedom) mechanical system with
ideal bilateral constraint. The system motion is initiated with load 1.

At study results quantitative processing we depart from such data:

— bodies’ masses

M1=M4=8m, M2=4m, M3=16m,
where m — fixed amount of mass units;
— relation between radii of hoist 2 stages
Rz/r2=2;
— radius of hoists’ 2 inertia respectively to the Oz axis, orthogonal to the drawn view plane

Iy, =r/2.

Table 1 contains a list of theoretical principles (with corresponding equation), suggested for use
at the sought examples, these ones making part of standard theoretical mechanics material taught at the
technical universities. The illustrating expressions consider the mechanical system as a whole of single
mass points {m,},, where k — every k-th point’s index, n — all points number. The system’s single
mass points implement some real or virtual displacements when external either internal forces influ-
encing. Every position and corresponding equation together with order number found at the first col-
umn are defining the solution method applied to one or another of tasks proposed. The selected solu-
tion method serves in basis to apply the standards methodical approaches, taught when in-class practi-
cums, therefore a convenient algorithms is built and the problem solving procedure is implemented.
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The proposed training research content for a given typical mechanism appears below as a list of

assignments. Each assignment includes a set of individual tasks.

Table 1

Newtonian dynamics’ general theorems and analytical mechanics variation principles

Ne, Abstract theorem Symbolic expression notes
_ Q = Z m, v, — main impulse of mass points system;
1 Theorem on Impulse dQ Fe =
Changes dar S & .
& dt Fe= Z F¢ — system’s external forces main vector
k=1
Ly =Y (% xm,¥, ) — system’s angular momentum
k=1
Th Angul Ji respectively to the fixed center O;
2 corem on Anguiar- 9 — Mg 7, — radius-vector of k-th point;
Momentum Changes dt
Mg = ZM o(F¢) — system’s external forces main
k=1
momentum respectively to the center O
T —T,— system’s kinetic energy change;
Theorem on Kinetic o |4 = Z A(F¢) — system’s resulting external forces work;
3 T-Ty=A+ 4 =
Energy Changes
A = Z A(F}) — system’s resulting internal forces work
k=1
Fe= Z F¢ — system’s external forces main vector
k=1
O = Zﬁ) « — Inertia forces main vector;
d’Ale;nbert’s principle Ferd, =0 B k:ln o
4 4.1. 1* vector equation - e Mg = ZM o(F¢) — system’s external forces main
4.2. 2" vector equation ME+M3 =0 k=1
momentum respectively to the center O;
Mg = ZMO (®,) — system’s inertia forces main
k=1
momentum respectively to the center O
Principle of virtual dis- n Fa .
Fu os= @ — active force,
5 placements (Lagrange £ -85, =0 - ) ) )
variational principle) k=l 87 — virtual displacement for system’s k-th point
Dynamics general equation . ¢ Or + -
6 | (Lagrange — d’Alembert . @, — inertia force for system’s k-th point
principle) +) D, -8, =
k=1
q — generalized coordinate;
7 Lagral:igli.e?iu(ations cf)fthe J(orY or g — generalized velocity;
second kind (case ofone | —| — |[-—=
dt\ 04 ) 0q !

DOF system)

0,= SLZ F¢ .87, — generalized force,

k=1
where 0g — generalized coordinate variation

entire mechanism’s system:

Assignment 1. Determine the acceleration of load 1, using different solutions ways applied to the

BHIIIA OCBITA



214 . . . . ISSN 2076-2429 (print)
[Ipaui Ozxecpkoro mosyiTexHiYHOTO YHIBepcHuTeTyY, 2015. Bum. 1(45) ISSN 2223-3814 (online)

Task 1.1. Solve, using the theorem on the change of mechanical system kinetic energy (Table 1,
No. 3). The theorem enables to obtain an expression for load’s 1 velocity v,(%), where & — its dis-
placement height. Differentiating this expression, the student can get the searched acceleration value.

Task 1.2. Solve, using the Lagrange — d’ Alembert principle (Table 1, No. 6).

Task 1.3. Solve, using the Lagrange equations of the second kind (Table 1, No. 7).

Comparing the obtained results the student can conduct their checking and rechecking, and some
discrepancy detected, has the possibility to find and fix errors. Students are also encouraged to make a
comparative analysis of methods applied and to draw conclusions about their value, convenience and
ease of use. The obtained verified result is used at further tasks fulfillment.

Assignment 2. Define the tension force of mechanism’s flexible links connecting its member
bodies (Fig. 1). Considering the mechanism as a whole, we identify these connections’ tension force as
internal, so when tasks resolving the member bodies should be considered separately as independent
ones, applying to each of them a particular position of the theory (Table 1). When calculations as-
signed value is: m = 2 kg.

Task 2.1. Determine the flexible link’s tension strength between bodies 1 and 2 using the
d’Alembert’s principle (Table 1, No. 4.1 — first vector equation).

Task 2.2. Determine the flexible link’s tension strength between hoists 2 and 3, applying the the-
orem of the mechanical system’s angular momentum change to the hoist 2 (Table 1, No. 2).

Task 2.3. Check the obtained result, applying the d’Alembert’s principle (Table 1, No. 4.2 —
second vector equation).

Task 2.4. Determine the flexible link’s tension strength between hoist 3 and the load 4 applying
the d’Alembert’s principle (Table 1, No. 4.1).

When performing tasks 2.1...2.4 students are encouraged to compare and analyze the effective-
ness of different methods and solutions, comparing the results and drawing conclusions.

Assignment 3. Determine the tension force of a flexible connection between the mechanism’s
hoist 3 and the support in four different ways.

Task 3.1. Solve, applying the d’Alembert’s principle to hoist 3 (Table 1, No. 4.2).

Task 3.2. Solve, applying the mechanical system angular momentum change theorem to hoist 3
(Table 1, No. 2).

Task 3.3. Solve, using the d’ Alembert’s principle (Table 1, No. 4.1).

Task 3.4. Solve considering the impulse changes theorem applied to a mechanical system com-
posed of bodies 3 and 4 (Table 1, No. 1).

This problem complexity relates to that due to the lack of experience a student can face difficulties to
get correctly all four decisions with results aligned, so the error is almost inevitable. It is necessary to find
and fix those errors, establishing their cause. It is advisable to provide comparative analysis of algorithms
and techniques for solving these problems, identifying their peculiarities, as well as to determine the most
efficient way of resolving task in terms of this particular study (for the proposed mechanism).

Assignment 4. Using the Lagrange variational principle (Principle of virtual displacements, Ta-
ble 1, No. 5) consider the conditions of mechanism’s forces balance created following two independ-
ent methods: increasing the load’s 4 mass; applying the braking torque to hoist 2 ) When calculations
assigned value is: m = 2 kg).

Task 4.1. Determine how many times the load 4 weight should be increased for equalizing to zero
acceleration of the load /.

Task 4.2. Determine what braking torque should be applied to the hoist 2 for equalizing to zero
acceleration of the load 1.

Students are also encouraged to propose and analyze different ways to achieve the mechanism’s
forces balance having formulated and independently resolved some additional tasks.

Results. Numerical results obtained on the full range of tasks in the framework of proposed edu-
cational research are given in Table 2. Solutions of particular problems do not represent fundamental
novelty, and therefore are not shown. In addition, techniques of each method individual application to
solve independent tasks are deeply worked out while practical classes in theoretical mechanics [1, 3].

The developed comprehensive approach to the training research has been tested with second-year
students of the Institute of Machine-Building Engineering and Institute of Industrial Technology, De-
sign and Management of Odessa National Polytechnic University. The study issues are used in elabo-
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ration of calculation- and-graphic work “Use of comparative techniques for solving classical dynamics
problems in the study of motion of a holonomic one-DOF mechanical system”. That research results
obtained by second-year students were presented at the 47" Conference of ONPU Students and Young
Researchers (May 2013).

Table 2
Results of assigned tasks calculation
Value found Units Obtained value

Acceleration of load 1 m/s 1,64

Tension of flexible link between load 1 and hoist 2 N 131

Tension of flexible link between hoists 2 and 3 N 249

Tension of flexible link between hoist 3 and support N 164
Ratio between initial and final load mass 4 — 2
Breaking torque applied to hoist 2 N-'m 20

Such an approach being universal in terms of educational research can serve as a reliable basis
for the students’ independent work and self-learning, at that the study arrangement principles can be
applied not only in theoretical mechanics, but also are relevant for other mechanical engineering field
subjects at universities and institutes.

Conclusions. The possibility of complex use of theoretical mechanics’ course standard terms al-
lows developing and strengthening the future professionals’ researcher function already at junior under-
graduate stage, and that is crucial not only the most advanced students are involved in such training
when extracurricular time, e.g., as part of the students research work, but such improvement also availa-
ble immediately when practical classes and self-learning activities to the entire study groups cohort.

The proposed approach tasks structure is that for each student the content of study can be selected
individually, narrowed or, on the contrary, extending its scope, depending on the tasks, personal capa-
bilities of the student, as well as curriculum. The specificity and possibilities provided by theoretical
mechanics as a fundamental subject of physics and mathematics cycle allow virtually unlimited devel-
opment of the field, improving the elaborated methodology and its application forms.
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AHOTAIISL / AHHOTALIUSA / ABSTRACT

T'.B. Maxaposa, A.B. 2Kykosa. PO3BUTOK HABHYOK JOCJI/IGKEHHS Y CTY/ICHTIB MOJIOAIINX KYPCiB iHKeHePHHX cHewi-
aJBbHOCTeH MeTOAaMH TeopeTHYHOI MexaHiku. Po3pobiieHo HOBHI MiAXiJ 10 OpraHi3allii MPaKTHYHUX 3aHATh U CTYJEHTIB
MOJIOJIIINX KypCiB IH)KEHEPHUX CIIELiaIbHOCTEH TeXHIYHHX BY3IB, 10 CrIpusie GOPMYBaHHIO Y HUX NOYaTKOBHX HABMYOK CaMOC-
TiifHOTO mOCHiLKeHHS. ISl IPOBEAEHHS! KOMIUIEKCHOTO HaBYAIIBHOTO JIOCHIKEHHs Oe3rocepe/JHb0 B paMKax IOTOYHOrO Ha-
BYAJILHOT'O TIPOLIECY 3aCTOCOBAHO MOPIBHSUIbHI METOANKH PO3B’si3aHHs 3284 KacuuHol AuHaMiky. HaBeneno npukian peaiisa-
il HoiOHOTO MiIX0/y Ha OCHOBI OTHOTO 3 THIOBHMX MEXaHi3MiB, XapaKTePHHUX [JIsl HABYAJIBHOI MPAKTUKK 0a30BUX iHKECHEPHUX
IUCHHIUTIH. PO3rOpHYTO MOCIIIOBHICTh B3a€MOTIOB'SI3aHUX 3aBJaHb — €TalliB JOCIIHKEHHS, JIe KO)KHE HACTYITHE 3aBJaHHA JIO-
TiyHO 0a3yeThesl Ha MONEPEAHBOMY 1 MICTHTh MOAANBITY ACTANI3aIlii0 Y BATIIAI OKpeMuXx 3agad. Crocid po3B’si3aHHS KOKHOL
3aaui 6araTopa3oBo 3MIHIOETHCS 32 PAXyHOK 3aCTOCYBAHHS PI3HUX TEOPETUYHHX IOJIOXKEHB (TeopeM, mpuHIUMiB). CTpyKTypa
3aBJIaHb JI03BOJISIE 3MIHIOBATH OOCAT 1 3MICT JOCHIPKCHHSI BIIMOBIIHO O HABYAIBHOI MporpamMu AuciuiniiHu. KirrouoBum Mo-
MEHTOM METOJIOJIOTI] JOCIKEHHS € POBECHHS MOPIBHUILHOTO aHAIII3y OTPUMAHUX PillleHb 1| BAKOPUCTAaHUX METOAUK. [IpnH-
LIMITK OpraHizanii JOCiIKEHHs J03BOJISIOTh 3aCTOCOBYBATH PO3POOJICHHH MiXi HE TUIBKH B Ialy3i TEOPETHYHOI MEXaHIKH, a i
JULSE IHIIMX TEXHIYHUX JUCLHUILTIH MEXaHIYHUX (aKyJIbTeTiB yHIBEPCHTETIB Ta IHCTUTYTIB.

Kniouosi crnosa: xiacuvHa AuHaMiKa, JOCHIAHULIBKI HABUYKH, TOPIBHSUIbHI METOANKH.

T.B. Maxaposa, A.B. JKykoea. Pa3BuTue HABBIKOB UCCJIEJOBAHUA Y CTYAEHTOB MJIAJLIUX KypPCOB HH:KE€HEPHBIX
CHeUAJIBLHOCTEl MeTOJaMH TeopeTH4ecKoii MexaHuKH. Pa3paboTaH HOBBIN MOAXOM K OpPTaHU3AINH MPAKTUIECKUX 3aHA-
THH IJIS1 CTYAGHTOB MIIQJIINX KYPCOB MHXXEHEPHBIX CHEIUAIbHOCTEH TEXHHYECKHX BY30B, CHOCOOCTBYIONMI (OpMHPOBa-
HUIO Y HUX HadaJbHBIX HABBIKOB CAaMOCTOSTEIBHOTO HCcleoBaHus. Jjist mpoBeaeHnsT KOMIUICKCHOTO y4eOHOTO HCCIIenoBa-
HUSI HETIOCPEICTBEHHO B PaMKaxX TEKYIIEro y4eOHOro Iporecca NMPUMEHEHBI CPaBHHUTENILHBIE METOAMKH PEIICHUS 3ajad
KJIacCH4YecKol uHaMuKy. [IpuBeneH npumep peaiusaniy Nog00HOro M0AX01a Ha OCHOBE OJHOTO U3 THIOBBIX MEXaHH3MOB,
XapaKTEPHBIX JUIS y4eOHOM MPAaKTHKK 0a30BbIX MHXKEHEPHBIX AUCLUILIMH. Pa3BepHyTa Mocaen0BaTeIbHOCTh B3aHMOCBSI3aH-
HBIX 33JJAHUH — 3TAIOB UCCIEA0BAHMS, TJe KaXJ[0e MOoCIeIyIolee 3aJaHie JJOTHUeCKH 0a3upyeTcs Ha MpeabIayLlieM U CO-
JEpKUT JaNbHEHIIYI0 AeTaTu3alkio B BUJE YacTHHIX 3a1ad. Crioco pemieHus Kaxao0i 3aJadi MHOTOKPATHO M3MEHSAeTCS 3a
CYeT MPUMEHEHUSI Pa3INYHbIX TEOPETHUECKUX MOJIOKEHHH (TeopeM, mpuHIUNoB). CTpyKTypa 3aJaHui M03BOJSIET U3MEHSTh
00beM 1 colieprkaHne UCCIEIO0BAHMS B COOTBETCTBHH C y4eOHOH IIPOrpaMMOi AUCIUILIMHEL. KiTIo4eBEIM MOMEHTOM METOJ0-
JIOTHH HCCIICAO0BAHUS ABISACTCS [IPOBEJCHUE CPABHUTEIBHOIO aHAIN3a MOIYYCHHBIX PCIICHUN U UCIONb30BAHHBIX METOIUK.
[IpuHIMITEl OpraHU3alUy UCCIIEIOBAHUs O3BOJISIOT MPUMEHSTh Pa3pabOTaHHBIN MOAXOA HE TOJIBKO B 00JIACTH TEOpeTHYe-
CKOM MEXaHUKH, HO ¥ JUIsl IPYTUX TEXHHYECKUX JUCLMIUIMH MEXaHHYECKHX (PaKyJIbTeTOB YHHBEPCUTETOB U HHCTUTYTOB.

Kniouesvie cnoea: xnaccnueckas JMHAMUKA, HABBIKU UCCIIEI0BAHHS, CPABHUTEIBHBIE METOUKH.

T.V. Makarova, A.V. Zhukova. Development of engineering specialties students’ research skills using the theoreti-
cal mechanics methods. Developed is a new approach to the organization of practical training for undergraduate students of
technical universities’ engineering specialties which contributes to forming their initial independent research skills. Compara-
tive methods of solving the classical dynamic’s problems are used for complex educational research ongoing immediately in
the learning process. The considered example is given on the basis of one of the type mechanisms used in teaching basic
engineering subjects. Presented is the series of interrelated problems where each subsequent one is logically built on the pre-
vious and contains further details in the form of individual tasks. The way to solve each task is repeatedly changed through
applying different theoretical bases (theories, principles). The tasks structure allows changes into volume and content of the
research in accordance with the curriculum. The research methodology key point refers to a comparative analysis of solutions
obtained and techniques applied. The research organisation principles allow using the developed methodology not only in
theoretical mechanics, but also other engineering subjects taught at the mechanical engineering faculties of universities
and institutes.

Keywords: classical dynamics, study skills, comparative methods.
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