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Modern realities confront the system of higher professional education with the problem of providing the re-
gions with qualified builders who are able to independently master professional activities and have multidiscipli-
nary systems thinking. The training of future builders is carried out in the process of studying the natural sciences
and disciplines of the general professional cycle, including theoretical mechanics, the teaching of which in a mod-
ern university is associated with certain difficulties: 1) this discipline is quite difficult for the first-year students
to perceive; 2) in the conditions of a sharp reduction in the number of classroom hours, it is necessary to look for
ways to optimize the learning process even in a full-time education. This situation leads to the creation of effective
interactive distance teaching tools, aimed at organizing students’ independent work. Most existing interactive
distance teaching tools in theoretical mechanics partially or completely lack for the capacity to: 1) adapt material
according to specified criteria to provide the required level of complexity and volume; 2) develop and implement
fundamentally new design tasks that are oriented not only toward the formation of basic theoretical knowledge,
but also toward the skills acquisition to solve problems closely related to future professional activity. Distinctive
features of the interactive distance teaching tools were the use of specialized mathematical packages, as well as
the orientation of the presented material toward the future professional activity of students and toward strength-
ening interdisciplinary connections in mechanical sphere. The authors developed a methodology for performing
static and strengthening parameters of mechanical systems (solids, composite structures, trusses) calculations in
Maple and MathCAD systems. There worked out the software package used as generators of unique multi-choice,
design, prof-oriented problems, ranked according to the degree of complexity. Some ideas of the proposed meth-
odology are found in research works of Russian scientists, but at present the analogue that realizes in full the
interactive distance teaching tools capable of solving educational and scientific-practical problems, generating
tasks of a given complexity with automatic verification the results obtained, forming a bank for unique multi-
choice prof-oriented computational tasks, doesn’t exist.
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CoBpeMeHHbIE peaiiy CTABAT Nlepesi CUCTEMOH BhIcIIero NpodeccHoHaIbHOI0 06pa3oBaHusI IpobieMy obecre-
YeHHS PErMOHOB KBaJMQUIIMPOBAHHBIMHU CTPOUTEJSAMH, CIIOCOGHBIMH CAMOCTOSITE/IbHO OBJIaJleBaTh MPodeccruo-
HaJIbHBIMU BUJAMH e TEJbHOCTH, 00/1a1aTh MYJIbTHAUCIUIIMHAPHBIM CUCTEMHBIM MbllJIeHHeM. [loaroToBka 6y-
AYUIUX CIEeNHUATUCTOB OCYIECTBJISETCS B MPOIeCCe U3YYE€HHsI eCTEeCTBEHHOHAYYHbIX UCUUIIJINH U AUCIUIJIMH 06-
enpodeccuoHaIbHOIO IIMKJ/IA, B TOM YHCJIe TEOPETUYECKON MeXaHHKH, TpenojaBaHue KOTOPO B COBpeMEeHHOM
By3€ CONMPSXKEHO C OTMpPeeJIEHHbIMU TPYAHOCTAMU: 1) AUCHHUIIMHA SBJSETCS JOCTAaTOUYHO CJI0XHOM /Jis1 BOCHIPHs-
TUs CTyAEHTaMHU HavyaJbHbIX KYPCOB; 2) pe3Koe COKpallleHHe YK CJIa ayJUTOPHBIX YaCOB BbI3bIBAET HEOGX0JUMOCTh
ONTUMH3ALUH yUeGHOrO0 MpolLecca Aaxe MpU OYHOM 06ydyeHHU. TaKkoe MOJIOKeHHUE Bellleld 00yCcIaBaAUBaeT NOTPeo-
HOCTb B CO3/1aHUU 3P EKTUBHBIX HHTEPAKTUBHBIX CPEACTB AUCTAHLIMOHHOTO 00y4eHHs, HapaBJeHHbIX Ha Oopra-
HU3AIMI0 CAMOCTOSITENbHON paGoThl CTYyAEHTOB. B GOJIbIIMHCTBE Cy4aeBIPHU HCIOJIb30BAaHUU UHTEPAKTUBHBIX
Cpe/ICTB N0 TEOPETHYECKON MEXaHUKe OTCYTCTBYIOT BO3MOXHOCTH: 1) alanTanMy MaTepHrasa o 3alaHHbIM KpUTe-
pUsM AJ1s1 o6ecriedeHUs1 TPeGyeMoro YPOBHS CJI0KHOCTH U 06'beMa U3ydeHHUs; 2) pa3paboTKU U BHEIPEHUS IPUH-
LUIHAIbHO HOBBIX pacueTHBIX 33/laHUM, OpUEHTUPOBAHHBIX HEe TOJbKO Ha popMHUpOBaHUE 6GA30BBIX TEOpPETHYE-
CKMX 3HAaHUH, HO U Ha NpUoGpeTeHNe HaBLIKOB pellleHHs 3a/jay, TeCHO CBSI3aHHBIX ¢ 6yAyiieil npodeccuel. ABTo-
paMu NMpejJioKeHO MpUMeHEeHHE CIelMaJM3UPOBAHHBIX MaTeMaTUUECKHUX NAKETOB, a TAK)XKe OPUEHTAaLUs U3Jjiarae-
MOr0 MaTepvasa Ha 6yAylyo MpodpecCHOHANbHYIO JeATeNbHOCTb CTYIeHTOB U YKpelJeHue CBs3ed AUCHUILINH
MexaHHU4YecKoro npodusi. Pazpa6oTaHa MeTO/0JIOTHS NIPOBeleHHs PACUeTOB CTATUYECKUX U MPOYHOCTHBIX Napa-
MeTpPOB MeXaHMYeCKHX CHCTeM (TBepABIX TeJ, COCTAaBHBIX KOHCTPYKLUH, ¢epM) B cucremax Maple u MathCAD.
CdopMHUpoOBaH KOMIJIEKC MPOTPaMM, UCIOJIb3YyeMbIA KaK reHepaTop YHUKAJbHbIX MHOTOBAPUAHTHBIX PAacyeTHbBIX
npodoprUeHTUPOBAHHbIX 33/IaHUH, paHKHUPYEMBbIX M0 CTEIIEHH CJI0KHOCTU. OT/e/IbHbIE OJI0KEeHUS PeJ10KEHHON
METO/JUKH BCTPEYAITCS B paboTaxX 0TeYeCTBEHHBIX aBTOPOB, OZJHAKO B HACTOsLIee BpEMS aHAJIOTa, peau3yoLero
B IOJIHOM 06'beMe HHTEPAKTUBHOE CPEACTBO AUCTAHLMOHHOI'0 06yUeHHUs], CIOCOGHOE peliaTh 06pa3oBaTebHbIE U
Hay4YHO-NMPaKTHYEeCKUe 33/1a4ul, TeHEPUPOBATh 3a/JaHUs1 ONpeieJIeHHON CJI0XKHOCTU C aBTOMaTHUYeCKOU MPOBEPKOH
MoJIy4aeMbIX pe3ybTaToB, QOPMUPOBATh 6AHK YHUKAIbHBIX MHOOBApPUAHTHBIX TPOGOPHUEHTHPOBAHHBIX PacyeT-
HBIX 33/JaHUH, He CYIeCTBYeT.

Kaioueswle c108a: komnslomepHoe ModeaupogaHue, UMnopmosameujeHue, UHMepaKmuseHvle cpedcmeaa o6yye-
HUsl, meopemuy4eckas MexaHukd, 2eHepamop npogopueHmMupo8aHHbIX MHO208APUAHMHbBIX 3a0AHUT.

1. Introduction Modern reality put before the system of higher

Currently, the Russian construction industryis  professional education the problem of providing
in need of a radical modernization. To a large ex- regions with qualified engineers who can study
tent, this is due to the critical dependence of some independently and master professional activities,
branches of the national economy on foreign sup- understand fundamental engineering sciences,
pliers and technologies. To solve such priority work in a team, who have multidisciplinary sys-
tasks as import substitution, energy efficiency tem thinking, have high communicative qualities,
and resource saving, development of nuclear, the ability to creative, critical and independent
space, medical and information technologies, thinking.

highly skilled engineers are needed to ensure the The training of future engineers is the process
competitiveness of Russian products and technol-  of studying natural science and disciplines of the
ogies in domestic and international markets. general professional cycle, including theoretical

mechanics, which is the basis for studying other
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related technical disciplines (technical mechan-
ics, applied mechanics, strength of materials, the
theory of mechanisms and machines, machine
parts, structural mechanics, principles of machine
design, etc). Knowledge of the laws and principles
of theoretical mechanics is necessary for solving
many professional problems (calculation, con-
struction and operation of tall buildings, bridges,
tunnels, dams, irrigation and drainage facilities,
pipeline transport of oil and gas, etc). The study
of theoretical mechanics provides trainees the
ability to build and use mathematical and physical
models of objects and phenomena of the real
world independently, to link the world of abstract
math concepts with world of real objects - ma-
chines, structures, and devices. In addition, the
study of theoretical mechanics helps to expand
the scientific horizon, develop the abilities for an-
alytical and logical thinking. Within the frame-
work of this discipline, the practical application of
general concepts of mathematics and physics to
the study of real systems and their models forms
the fundamental knowledge necessary for the in-
dependent solution of the problems arising in the
course of training students and in their future
professional activity.

Thus, theoretical mechanics as a science is a sci-
entific basis for most fields of modern technology,
and as an academic discipline, along with mathe-
matics and physics, is of great educational value,
and an engineer of any level of proficiency, direction
and specialty must know its fundamentals.

At the same time, teaching of theoretical me-
chanics in a modern university is a challenge. It is
connected with the fact that this discipline is
quite difficult for the first-year students to per-
ceive and its understanding is possible only if stu-
dents have good physical and mathematical edu-
cation. Technical universities professors note the
first-year students have a low level of the neces-
sary physical and mathematical knowledge, insuf-
ficient motivation and interest in studying me-
chanics, weak awareness of its role in future ca-
reer. This points to the lack of continuity between
the courses of mathematics, physics, mechanics
and further profiling disciplines and the lack of
professional orientation in teaching. Moreover,
classroom hours to study disciplines related to
mechanics, especially theoretical mechanics are
cut down dramatically. The negative trends of the
last two or three decades have led to a decrease
in the number of classroom hours for theoretical
mechanics. With the transition to State Educa-
tional Standards (SES), the previous two-, three-
semester courses of theoretical mechanics, pro-
vided for students of construction, transporta-
tion, engineering specialties, were reduced to one
term in technical universities. The number of

class hours as a whole has decreased by two-three
times in recent years. So, at present the typical
course of theoretical mechanics is 54 classroom
hours (18 lecture hours and 36 practical hours) in
one term in Astrakhan State Technical University,
it is quite little for good mastery of the discipline.
In the conditions of a sharp reduction in the num-
ber of classroom hours, leading lecturers are
forced to look for ways to optimize the learning
process of theoretical mechanics, since, even a
full-time student is engaged in independent work
for a substantial part of the time. This situation
leads to the search and creation of effective inter-
active distance teaching tools (IDTT), aimed at or-
ganizing students’ independent work, mastering
the knowledge of the subjects and developing the
ability to apply this knowledge in their future ca-
reer. That is why the use of technology and dis-
tance learning tools in educational process in
technical universities is reflected not only in the
works of scholars but also in practical activity of
universities.

1.1. The Use of Computer Technologies in
the Educational Process

The IDTT are one of the perspective directions
used for the formulation and solution of educa-
tional, research and engineering problems in the
field of mechanics. Such systems are successfully
used to create and develop electronic forms of ed-
ucation in the field of higher professional and
postgraduate education. The effectiveness of us-
ing the IDTT has been confirmed by more than 20
years of implementation.

In the 90s of the last century attempts were
made to create multimedia systems aimed at
studying technical sciences, in particular, theoret-
ical mechanics (the work of Y. F. Golubev,
V. E. Pavlovsky, A. V. Koretsky, N. V. Osadchenko
and etc.). Further development was connected
with the use of interactive capabilities of personal
computers and the Internet (the works
of G. . Melnikov, V. V. Glagolev, V. I. Latyshev, and
others). The preferred form of submitting materi-
als was hypertext, www-technologies, online
electronic textbooks (the works of A. I. Kobrin, V.
G. Kuzmenko, V. E. Pavlovsky, T. 0. Ne-
venchannya, E. V. Ponomareva [2-5, 8, 9]). Re-
cently, more and more work began to appear
based on combining traditional approaches to
creating information-learning systems and the
capabilities of specialized mathematical packages
Maple and  MathCAD  (the works
of M. N. Kirsanov [6], A. V. Matrosov [7],
E. G. Makarov, V. D. Bertyaev, V. P. Dyakonov),
which not only increased the scientific and prac-
tical level, but also opened new ways for increas-
ing the interactivity of such systems.
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Despite there are many existing IDTT in theo-
retical mechanics, most of them have partially or
completely lacked the capacity to: 1) adapt ac-
cording to specified criteria theoretical and infor-
mational material, exercises and tasks to provide
the required level of complexity and volume; 2)
increase the interactivity of IDTT and their
presentation in the form of virtual stands (2D and
3D-laboratories) to study the mechanical sys-
tems; 3) use homogeneous tools in creating IDTT,
ensuring uniformity of the appearanceand style of
the system; 4) develop and implement fundamen-
tally new design tasks that are oriented not only
toward the formation of basic theoretical
knowledge in theoretical mechanics, but also to-
ward the skills acquisition to solve problems
closely related to future professional activity, to-
ward strengthen interdisciplinary connections of
mechanical profile, development the capacity for
creative thinking, allowing them to build and use
mathematical and physical models of objects and
phenomena of the real world [1].

1.2. Material Orientation toward the Stu-
dents’ Professional Activity

The authors are currently developing the IDTT
in the form of an electronic textbook on theoretical
mechanics [2], developed in 2003 in the Depart-
ment of Theoretical and Applied Mechanics of As-
trakhan State Technical University. The section
'Oscillations' was added to the electronic textbook,
the lecture material was expanded, and quantity of
the test tasks was significantly enlarged.

Distinctive features of this IDTT were the ori-
entation of the presented material toward the fu-
ture professional activity of students, as well as
the use of specialized mathematical packages in
the study of mechanics. Let us consider these fea-
tures in detail.

In order to motivate students to study the sub-
ject, to encourage in them the desire to acquire
new knowledge, to search for a solution to the set
tasks, to develop the capacity for independent
thinking and creativity, the authors tried to

accompany the presentation of the lecture course
in the electronic textbook with enough examples
of practical application from the field of the future
professional activity, drawn up in an understand-
able for students form (fig. 1).

Thus, in the ‘Statics’ section, there given exam-
ples of determining the pressure of a bridge crane
on rails, the tasks for calculating the forces in the
rods of bridge trusses and overlapping of real build-
ings, wind pressure effect [10], determining the
slings’ load-carrying capacity according to a given
type of loading; the problems for determining the
maximum weight of the counterweight and the pay-
load lifted by a balance crane.

b c

Fig. 1. (a, b, c) examples of applying a force couple to a rigid
body

Let us consider some examples.

Example 1. A construction crane with weight P
rests on rails A and B (fig. 2). Wide gauge is I. The
crane center of gravity C is located at equal dis-
tances from the supports A and B. The counter-
weight center of gravity, G, is separated from the
vertical line passing through point C at a distance /1.
Determine 1) the maximum weight value G of the
counterweight for an unloaded crane; 2) the maxi-
mum weight Q of the payload lifted by a balance
crane. Example 2. Determine the pressure force of
the bridge double-girder crane AB on the rails, de-
pending on the position of the trolley C with the at-
tached winch (fig. 3). The position of the trolley is
determined by the distance of its center from the left
rail in fractions of the total bridge length. The
weight of the bridge is P, the weight of the trolley
with lifted load is P1.

? LN .

—
Ql
|

Fig. 2. lllustration for example 3: (a) photograph of the crane, (b) calculation scheme
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P,
Fig. 3. Bridge double-girder crane: (a) photograph; (b) structural model of bridge crane:

1 - metal construction; 2 - freight trolley; 3 - running wheels of the crane; 4 - buffer; 5 - buffer stop; 6 - sub-rail tracks;
7 - crane rail tracks; 8 —- useful cargo on a flexible pendant; (c) a design scheme for example

In each problem the main emphasis is placed
on understanding the physical meaning of the ap-
plied law, after which the mathematical formula-
tion of the solution is made. Some problems are
solved in several ways, an analysis of the mechan-
ics’ laws used during the solution is made, as well
as the analysis of the obtained results verifying
the correctness of the solution, and the conclu-
sions are drawn.

The application of such professionally-ori-
ented tasks is the main means of implementing
the applied orientation of teaching theoretical
mechanics in technical and civil engineering uni-
versities.

1.3. Statement and Solution of the Task: the
Development of a Generator of Multi-choice
Tasks of Different Complexity Levels

The authors developed a methodology for per-
forming static calculations in MathCAD and Maple
systems, and a set of mws-programs written in
mathematically oriented Maple programming
language was formed. The complex of programs is
intended for computer modeling and automatic
calculation of mechanical systems’ static parame-
ters (solids, composite structures, trusses) with
visualized results (by displaying two- and three-
dimensional design schemes with marking all
sizes, applied loads, and also, if necessary, with
graphical dependencies of the calculated parame-
ters from the structure size). This approach to
studying the behavior of building structures un-
der the action of external loading is not new [10].

The developed programs allow not only to
solve the tasks, but also are used as generators of
unique multi-choice, prof-oriented, design prob-
lems, ranked according to the degree of

complexity. Each program is related to the solu-
tion of a specific standard problem and is struc-
turally included in the IDTT topic on theoretical
mechanics [11, 12]. Work with the program pre-
cedes the study of theoretical material on the rel-
evant topic, an analysis of the general problem,
including a plan for its solution with the neces-
sary theoretical explanations and examples, as
well as a mode of operation the program itself. Ex-
amples of schemes of multi-choice different com-
plexity level tasks are given in the table. In the
problems of the first four types, a rigid body can
be fixed by the following combinations of
connections: 1) a rigid embedding; 2) hinged-
movable and hinged-fixed supports; 3) the rod
and the hinge-fixed support; 4) a combination of
three rod supports; 5) a combination of three
hinge-moving supports; 6) combination of rods
and pivot-movable supports. In addition to the
straight-line arrangement of the rigid body axis
(see table 1, the minimum complexity level of the
task), it is possible to construct design schemes
consisting of a number of bars located at an angle
to each other (the number of rods is specified by
the program user) (see table 2), as well as
schemes of composite constructions, “Rod - truss -
flat plate” (see table 5-8).

The tasks in table 1 are a special case of the
tasks in 2, if the number of rods is taken equal to
one, and the angle of inclination to the horizon is
zero degrees.

In all assignments to the composite construction,
in addition to determining the reactions in the sup-
ports, the trainee is also asked to calculate the posi-
tion of the center of gravity.
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In tasks (see table 5-8), the correctness of the so-
lution is checked using the principle of possible dis-
placements (section 'Analytical Mechanics').

Some ideas of the proposed methodology are
found in research works [2, 5-8, 12], but at pre-
sent the analogue that realizes in full the infor-
mation and training system capable of solving ed-
ucational and scientific-practical problems, gen-
erates tasks of a given complexity with automatic

verification the results obtained, forms bank for
unique multi-level, multi-choice computational
tasks, ranked according to the degree of complex-
ity, doesn’t exist.

The authors are working on expanding the
number of multi-choice tasks, it is planned to re-
alize calculations of not only static [13], but also
kinematic [14], dynamic and strength character-
istics of mechanical systems.

Table
Examples of the Methodology Implementation: Multi-choice Different Complexity Levels Tasks
Name Design Scheme Notes
A plane F The rigid body AB, whose dimensions
system L1, Lz, L3 are shown in the diagram, is
of forces l l 1 q M/ B | fixed at points A and B. A prescribed
acted F force F is placed at the angle o to the
toward \ horizon, a couple force with a moment
arigid I I. ” | M, a distributed load of intensity q. De-
body « s >l - > termine the reactions in the supports
for a rigid body
A plane The rigid frame ACB is fixed at point A
system by means of a rigid fit. The frame acted
of forces by the given forces F; and F2, as well as
acted force couple with moments M1 and Ma.
toward The lengths of sections Li, Lz, 11, I2, re-
arigid spectively, are the line weights of sec-
body tions q1 and qz. The angles of rods incli-
consist- nation to the horizon, respectively, will
ing of be denoted ¢ ¢, the angles of the
'sevgral force vectors inclination to the rods
inclined o.. . (the positive direction of the
rods' f12 2
rigidly angles is counted against the clockwise
con- direction). Determine the reactions in
nected support 4
to each
other
A plane F A homogeneous plate, whose dimen-
system LI X sions L1, Lz, L3 are shown in the dia-
of forces i o gram, is fixed at points A and B. The
acted b | plate is acted by a given force F, located
tov.va.rd | 4 1 1 1 7 M( BL L at an angle o to the horizop, a. force
arigid %\ couple with a moment M, a distributed
body \t load intensity q. Determine the reac-
made in 13 I L, 7 tion in the plate supports
the form “ > - e - >
of a flat
plate
A plane Determine the reactions in the truss
system supports at given geometric character-
of forces istics (the dimensions of all the rods
acted and the inclination angles to the hori-
toward zon), as well as the loads - the known
a plane force F, the force couple with the mo-
truss ment M, the distributed load intensity g
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Table continuation

Name

Design Scheme

Notes

Plane
compo-
site con-
struc-
tion con-
sisting
of recti-
linear
rods

q M

A;»HWIH [

The composite construction ACB, con-
sisting of two rods AC and CB, is fixed at
points A and B by means of pivot-fixed
supports, at the point C - by a cylindri-
cal hinge. The composite construction
is loaded with the force F, a force cou-
ple with a moment M, a distributed load
intensity q. Determine the reactions in
the supports

Plane
compo-
site con-
struc-
tion con-
sisting
of recti-
linear
rod and
truss

Determine the reactions in the sup-
ports of the composite construction
and the pressure in the hinge C with the
given geometric characteristics (the di-
mensions of all the rods and the angles
of inclination to the horizon) and the
known loads - the force F, the force
couple with the moment M, the distrib-
uted load intensity q

Plane
compo-
site con-
struc-
tion con-
sisting
of recti-
linear
rod and
flat plate

Determine the reactions in the sup-
ports of the composite construction
and the pressure in the hinge C with the
given geometric characteristics (the
sizes of all elements and the angles of
inclination to the horizon) and the
known loads - the force F, the force
couple with the moment M, the distrib-
uted load intensity q

Plane
compo-
site con-
struc-
tion con-
sisting
of flat
truss
and flat
plate

Determine the reactions in the sup-
ports of the composite construction
and the pressure in the hinge C with the
given geometric characteristics (the
sizes of all elements and the angles of
inclination to the horizon) and the
known loads - the force F, the force
couple with the moment M, the distrib-
uted load intensity q

Center
of grav-
ity:
shape of
rods,
plate,
volume,
flat sec-
tion

For a given flat figure (the composite
section of a column or beam), deter-
mine the position of the center of grav-
ity. Section consists of a rectangle 1
with the given size, a corner 2 with the
size 80 x 80 x 7 and channel Ne20
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Table continuation

Name Design Scheme

Notes

Spatial-
statics

A uniform rectangular plate, attached
to the wall by means of a spherical
hinge A and a cylindrical hinge B, is
held in a horizontal position by means
of a cable DE. In addition to the force of

gravity O, the plate acted by force F

and a force couple with the moment M.
Determine the reaction of the hinges
and the tension of the cable

Conclusion

Using the IDTT to solveeducational and scien-
tific-practical problems in the field of mechanics
(in this case - theoretical mechanics, the section
'Statics') increases the interest of students in disci-
pline due to better clarity of the material pre-
sented. The subject area of ‘theoretical mechanics’
is a suitable basis for the use of such information
technology tools as computer modeling, visualiza-
tion, etc., which significantly enriches and intensi-
fies the educational and research process. The joint
application of IDTT and specialized mathematical
packages (for example, Maple or MathCAD) brings
such research works to a new qualitative level,
making them suitable to modern requirements and
information technology capabilities. Forming a

single database of computational algorithms and
applied universal programs in the environment of
the Maple mathematical package or the MathCAD
system allows to make calculations automatic,
graphically display the results, build two- or three-
dimensional animated models, and 'feel' the solu-
tion of the problems in ‘dynamics’. Varying the ini-
tial data, it is possible to solve new tasks and gen-
erate different in complexity versions of assign-
ments for students.

The use of abstract models rather than ab-
stract models to study statics (truss bridges,
cranes, overlaps, etc.) can provide a better under-
standing of the material presented and its role in
future professional activity.
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