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Abstract. Lectures on engineering graphics, for students of architectural specialties,
according to the curriculum, require a significant amount of visual materials. It is advisable to
transfer the theoretical provisions of engineering graphics in the form of a table. This approach
makes it possible to structure the material of lectures in the form of complex tables of theory,
with the main emphasis on images. Theoretical material in the form of complex tables allows
more successful use of heuristic learning, which is appropriate since there is almost no use of
drawings in schools nowadays. Such techniques involve consideration of several approaches to
solving problems and in general the diversity of the entire course of lectures on engineering
graphics, which can be done using generalized tables of theory. For example, the four main
problems of descriptive geometry, which are solved in three ways to convert the plot, are
provided on one sheet. Descriptive Geometry - Engineering Graphics grammar prepares the
student to express their thoughts through drawings and understand each other throughout forms
of drawing.

Keywords: engineering graphics, structure, search-heuristic training, geometry-grammar.

Problem statement . Previously, the main tasks were set before the descriptive geometry:
the image of three-dimensional objects on a plane (surface) and the solution of metric and
projection problems related to three-dimensional objects in projection drawings [1,9]. Now,
thanks to the development of computer graphics and computational experiments, natural
experiments are being successfully replaced [2]. It is possible to use the apparatus of descriptive
geometry as a modeling, engineering apparatus. It is clear that computer graphics can develop
only on the basis of extensive use of the laws of engineering graphics and computational
geometry.

Analysis of recent research . Technologies have appeared, allowing to build a building
with the help of a 3D printer. If you are building it, you need to understand what kind of building
you want to have and whether it is possible to build it with this technology. Whatever the
technology, but in order to build a building, it is desirable to have drawings. Of course, you need
to be able to draw and read drawings. Learning technologies are also not standing still in the city.
We have to part with traditional methods of presenting material when it comes to engineering
graphics for architects, because now we need a very developed spatial thinking. We need to look
for other forms of learning. One of the ways is to provide students with information in compact
blocks and in this useful - complex tables of «theory of engineering graphics».

New technologies are widely introduced in business education - computer simulations.
Significant funds are lost for the implementation of innovative Cisco Tele Presence technologies.
Modern learning requires new methods of interaction with students using new technical
capabilities [6]. Engineering graphics for architects is a specific discipline, where the main
emphasis is on video. The use of laptops and mobile phones in students' classrooms can be useful
in continuing to work both in theory and in practice on the board or on the screen. It is clear that
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this requires a well-thought-out lecture script. Illustrative material is prepared in advance and this
qualification complex tables of theory are very useful. The presence of information material in
various forms allows you to quickly refer to any figure or table on the topic. Technical
capabilities give the teacher more time for live communication with students. And yes, there is a
possibility, what is the purpose of the lecture? If the goal is only specifics such as a point, a line,
etc., it is one thing. It is quite another - if the goal is much broader - to develop students' thinking
and in this case the dialogue with the group is very important. In our view, interactive interaction
should remain at the heart of the learning process, and other approaches can only be ancillary.

The goal. Introduction of complex tables «theory of engineering graphics» and their use
in training in the specialty 191 Architecture and Urban Planning.

The scientific novelty is that the information is structured according to the logic based on
many years of experience with the audience and is presented in the form of tables. The usefulness
is that it was possible to present a large amount of material on engineering graphics quite
concisely and that is why to apply search-heuristic teaching methods.

Research objectives:

- Analyze the generalization of theoretical material using complex tables.
- To recommend complex tables «Theories of engineering graphics» in the educational process in
the discipline of engineering graphics.

The main text. Lectures on the academic discipline of engineering graphics, for students
majoring in 191 architecture and urban planning with a bachelor's degree, according to the
curriculum require a significant amount of visual materials. It is advisable to convey the
theoretical provisions of engineering graphics in the form of a table and visual material. This
approach made it possible to structure the material of the lectures in the form of generalized
tables of theory, with the main emphasis on the images. Theoretical material in the form of
generalized tables allows more successful use of search and heuristic training, which is
appropriate because in schools there are now almost no drawings.

Approbation of the visual manual on engineering graphics made on that principle is
carried out [7]. It does not replace existing textbooks or lecture notes, because it has a slightly
different purpose. It is assumed that it is useful to study the relevant sections of the course with a
textbook, that is to say with a significant depth of theoretical material, and generalized tables are
used as supporting material in lectures, practical classes, in independent work of students in
engineering graphics. Where is the usefulness and novelty of generalized tables on engineering
graphics for future architects? When using these tables, it became clear that not all sections of
descriptive geometry are covered with the required depth, it is advisable to study some topics, so
now this work continues [11,12]. Such techniques involve consideration of several approaches to
solving problems and in general the diversity of the entire course of lectures on engineering
graphics, which can be done using generalized tables of theory. For example, the four main
problems of descriptive geometry, which are solved in three ways to convert the plot, are
provided on one sheet. In other words, the basic methods:

- replacement of the plane of projections,

- rotation around the axes,

- plane parallel movement are provided on one sheet, which facilitates the analysis of the
effectiveness and feasibility of a method in solving a particular problem.

This structuring of educational material not only simplifies the comparison of different methods,
but also gives milestones that facilitate its memorization, makes it more promising to choose the
appropriate method of transforming the plot when solving a particular problem. Comprehensive
tables of the basics of the theory contain concise theoretical provisions from the course of
engineering graphics, examples of solving constructive and applied problems. It should be noted
that their feature is the theoretical material located in the generalized tables, and the table
contains a set of basic knowledge. Sometimes one topic - one complex table (Fig. 1).
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Work with complex tables showed that in the lecture it is advisable to use no more than
two tables per lecture, in contrast to practical classes, where the amount of visual material can be
much greater. The conclusion from the use of generalized tables on engineering graphics is
search-heuristic training, which has received reliable tools [10].

As practice has shown, a visual materials is useful in preparing for exams, when you need
to look at the course of engineering graphics, as if in general, as it allows you to summarize a
large theoretical material. A modern problem in the study of engineering graphics in the first year
is that students have some difficulties, because they need developed spatial thinking. Thus, a
technique is needed to make learning effective. The use of search-heuristic model of learning
allows to some extent to solve this problem [4]. The development of new methods of teaching
engineering graphics is especially important right now, when the transition to distance learning is
envisaged. For this purpose it is necessary to give out information in blocks. The lecture should
take place with the submission of specific materials, as well as with short pauses to switch
students' attention. These pauses can take the form of simple puzzles [5]. It should be noted that
all the theoretical knowledge needed to solve problems, it is better to give in the learning process
as the need arises.

There are topics spread over two or three tables. The practice of working with the
audience with the help of tables now suggests how to better use the material. The goal is to focus
on topics that are more troubling to students. It is advisable to have a certain methodological
novelty in working with complex tables: the student is asked to circle the answers with a red
pencil, and the construction lines with green. This can be done if you understand in detail in this
comprehensive table. From the point of view of psychology, milestones are formed in the mind,
which facilitate the fixation of information in long-term memory (Fig. 2).
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Fig. 2 Planes and level lines

The lecture on engineering graphics should include, in addition to specific information,
elements necessary to enable the mechanisms of perception and thinking. It is necessary to have
an algorithm of actions with the concrete information which is made on the basis of didactic
receptions: dialogue, game situations, and also formation and the decision of problem situations.
For example: the didactic receptions to employment on a theme are resulted: «Replacement of the
plane of projections». A short methodical comment to it: the task is to draw a general view of a
device, where you need to provide a working drawing of the details of this device.

Earlier it was reported that this problem can be solved using the methods of engineering
graphics, and which method is not specified. The solution of the problem in front of the audience
with the account of the positions of problem-based learning may sound like this: «Suppose we
work with you in a factory. The message came that the gutter needs to be replaced». We have to
make this gutter, and there is no gutter drawing, only a general drawing. In the drawing, the
device is provided in two projections, in other words there are no exact dimensions. Two planes
of the general position are drawn on a board. Students are asked to analyze the condition of the
problem in terms of engineering graphics. For example, students formulate the following: «The
device is two planes of general position and are interconnected, as well as the angle between
them. The projections are not projected in full size. How to formulate a problem from the
standpoint of engineering graphics?» The analysis of the condition of the problem led the
students to the formulation of the problem: «It is necessary to determine the natural quantities of
the plane and the angle between them». The teacher addresses the audience: «There are several
solutions. Which one will you and I choose?» Until then, the topic: «Rule of a right triangle» was
practiced, so students often suggest using this rule. The teacher on the board determines the
natural size of the side of the triangle according to the rule of a right triangle, accompanied by a
comment: «We see that hard work is expected. Maybe there is an easier option?» «The root of the
book - the edge, is a straight line of general position. If it was a projecting line, then on one of the
planes of projections the angle would be projected in life size». For example, you can think like
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this: there is a plane on which this angle is projected in real size. Then the line of intersection of
the triangles must be perpendicular to this plane. Then the condition of the problem will be
simpler: «Turn the line of the general position into a projection». The teacher asks the question:
«Is it possible to solve this problem by replacing the plane of projections?» The answer is yes.
Sometimes students mistakenly offer another option, that to say the line of general position can
be designed to a point with one replacement. This figure is a barrier. It is necessary to provide a
block of information (four main tasks on this topic or one of them) [8]. Here it is very useful to
use generalized tables of theory, the result of these actions - the group's decision. As a rule,
students are offered more options for solving the second part of the problem, which are also
analyzed.

The given variant - working off of a theme: «Replacement of the plane of projections» taking into
account search-heuristic model of training is not final. The analysis of conducting classes using
two models: explanatory-informational model of learning and search-heuristic showed that
learning with the help of search-heuristic model of learning is definitely more productive. The
development of new methods of teaching engineering graphics is especially important now, when
the transition to distance learning is envisaged.

Conclusion. From the use of generalized tables in the academic discipline of engineering
graphics - is a search and heuristic training. As practice has shown, the use of generalized tables
of the theory of engineering graphics is useful in preparing for exams, when you need to look at
the course of engineering graphics, as if in general, as it allows you to summarize a large
theoretical material. Due to the introduction of this method, students' spatial thinking develops
faster. The initiated method makes it possible to create a direction for the disclosure of the
following necessary solutions to problems in descriptive geometry.
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KOMILJIEKCHI TABJIAII «TEOPI THOKEHEPHOI I'PA®IKH» I IX
BUKOPUCTAHHA B HABYUAHHI 3A CIIEINAJIBHICTIO 191 APXITEKTYPA TA
MICTOBYAYBAHHA
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'Ooecvra deparcasna axademis Gydienuymea ma apximexmypu, Ypaina

AHoTtamis. Jlexkmii 3 iHeHepHOi rpadikd, U CTYACHTIB  apXiTEKTypHUX
CHeUiaJbHOCTEH, 3TIAHO HAaBYAJBHMX NPOTpaM TNOTPEOYIOTh 3HAYHY KIJIBKICTD HAOYHHX
MmartepianiB. JlomiapHO mepenaTd TEOPEeTHYHI IIOJNIOKEHHS 1HXEeHEepPHOI rpadiku y BHIJIAIL
tabmumi. Takuil miaxig mae 3MOry CTPYKTYPyBaTH Marepian JEKIiH y BUIIAAI KOMIUIEKCHUX
Ta0ULb Teopli, 3pOOUBINM OCHOBHHMI HArojioc Ha 300pakeHHsX. TeopeTHYHHIl maTepial y
BUTJISIAI  KOMIUIEKCHUX TaOJUIb J03BOJISIE OLbIN  BAAJO BHKOPHUCTOBYBATH MOLIYKOBO-
€BPUCTHYHE HABYAHHS, IO JOLLJIBHO, TOMYy INO B INKOJAaX KPECJIEHHs 3apa3 Maike Hema.
IToni6nHi MeTOMUKY NependavaroTh PO3TIISA BIAPA3y AEKIJIBKOX IMiAXO/IB A0 BUPILIEHHS 3aBOaHb 1
B LIJIOMy 0araToBapiaHTHICTh BUKJIALy BChOIO KypCy JIEKLIN 3 1H)KEHEpHOI rpadiky, 10 MOXKHA
3MIACHUTH 3a AOMOMOTOK y3arajdbHEHUX Tabmumb Teopii. Tak HaIpuKIaa, YOTUPU OCHOBHI
3aBIAHHS HAPUCHOI TeoMeTpli, SKI BHUPIIIYIOTBCA TPbOMAa CIOCOOAMH IEPETBOPEHHS €IMopa,
HazaHl Ha ogHOMY apkyun. HapucHa reomerpisi-rpamMaThka 1HXeHepHOI rpadiku rotye CTyaeHTa
BHUCJIOBIIIOBATH CBOI IYMKH 3a IOMOMOIOK) KPECJIEeHb 1 PO3YMITH AYMKH 1HIIUX Y BHUIJISAL
KPECJIEHb.

KarouoBi cioBa: imxeHepHa rpadika, CTPYKTypa, NOLIYKOBO-EBPHUCTUYHE HABYAHHS,
reoMeTpisi-rpaMaTHKA.

KOMILIEKCHBIE TABJIUIBI «TEOPUYU HHXKEHEPHOM I'PA®UKH» U UX
NCIIOJB30OBAHUE B OBYUEHHUU ITO CHENUAJIBHOCTH 191 APXUTEKTYPA "
I'PAJOCTPOUTEJIBCTBO

"AA. Ilepnepn,

A perperi@ukr.net, ORCID: 0000-0001-7112-6864

'A.B. Buxropos,

vorotkiv@gmail.com, ORCID: 0000-0002-7656-5257

'Oveccras ocyoapecmeennas axademus cmpoumenscmea u apxumexmypsi, Yxpauna

AHHoTaums. JleknmM 1O WH)XEHEpPHOH rpaduke, Ay CTYOEHTOB AapXHUTEKTYPHBIX
CHEeLHATBHOCTEH, COrIACHO YUeOHBIX MPOrpaMM TpeOyeT 3HAUUTENBHOE KOJNYECTBO HATJISITHBIX
matepuanos. llenecoo0pa3HO MPEANIOKUTh TEOPETHIECKHE MOJIOKEHHs HHXXEHEPHOH Tpaduku B
Bue TaOimupl. Takoil MOAXON TMO3BONSET CTPYKTYPHPOBATH MaTepHal JIEKLHWH B BHIE
KOMILUIEKCHBIX Ta0JHLl TEOPUH, ClEeJaB OCHOBHOH ymop Ha m3o0paxeHwsx. Teoperuueckuit
MaTepuan B BUAE KOMIUIEKCHBIX TaOJHUI] MO3BOJsieT OoJjiee yIadHO HCIIONb30BAaTh MOHUCKOBO-
9BPUCTUYECKOE OOYyYeHUs], LeecoOo0pasHo, TaK KaK B MIKOJAX YEePTEXH celdac IOUYTH HeT.
[TomoOHBIE METONMKH MPENyCMAaTPUBAIOT PACCMOTPEHHE CpPa3y HECKOJbKUX IOIXOIO0B K
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peLIeHHI0 3371ad W B LEJOM MHOIO BapUAHTHOCTb H3JIOKEHHs BCEro Kypca JEeKUUH o
WH)KEHEpHOHW TpaduK{, MOXKHO OCYLIECTBUTH C MOMOINBKO OOOOINEHHBIX TAaOIHI TEOPHH.
Hanpumep, 4eTbipe OCHOBHbIC 33[a4d HAYePTATEJbHON T€OMETPHH, KOTOPBIE PELIAIOTCS TPeMs
criocobamMu npeoOpa3oBaHUs 3MIOpa, NPENOCTABIEHHbIE HA ONHOM Jicte. HaueprarembHas
reoOMeTpUs-rpaMMaTHKa WH)KEHEPHOH rpadpuKi TOTOBUT CTYAEHTAa BbIpakaTb CBOU MBICIH C
MOMOLIBIO YepTeKeH U MOHUMATh APYTHX B BUAE YePTEKEH.

KawueBbie caoBa: wuHXKeHepHas rpaduka, CTPYKTypa, TMOHCKOBO-3BPHUCTHUECKOE
o0y4eHne, reOMeTpHsI-rpaMMaTHKa.
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