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B ocHoBe cTaTbu — T€3UC

0 LesrecoobpasHocTy 6osee paHHero
Hayana o6y4yeHUIo He TOJIbKO a3aM, HO
Y MHOrMM pyHaaMeHTaslbHbIM acrieKTam
WH)X@HEePHOro KOHCTPYNPOBaHUS,
OyKBasIbHO C AOLUKOJIbHBIX JIEeT, Korga
pebeHok BrnepBble 3HAKOMUTCS

C e TCKUM KOHCTPYKTOPOM,

AeTansaMv MaLluH U MeXaHU3MOB.
OTTanknBasicb OT OrnbITa NPON3BOACTBA
oTe4ecTBeHHOro KOHcTpykropa AVToys,
aBTopbl co3aanu obpasosaresibHble
nporpamMmsi, No3BoJisiIOLNE BECTU
YPOKU KOHCTPYNPOBaHUS AN9 AeTei
pa3Horo Bo3pacTa ¢ NPUMeHeHNeM
MaTeMaTu4ecKoi JIOrMKvu U MEeTo40B8
nporpamMmmnpoBaHnsi MOZEsTbHbIX

U UrPOBbIX MPOLEeCCOB.

Knto4esble cnioBa: MHXeHepHoe
KOHCTpyupoBaHue, oby4eHne, 1eTckoe
Hay4YHO-TEXHNYECKOE TBOPHECTBO, YPOKM,
06pa3oBaTesibHbIe MPorpPamMmel.
|
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O ponun KOHCTPYUpPOBaAHUSA
B HAY4YHO-TEXHUYECKOM
TBOpPYECTBE AeTen — oyaywmx
UH)XEeHepoB

2Kyxoeé Bumaawii Bacu-
AbeGUH — 2eHEPANbHbIIL
dupexmop OO0 «/lecmuno
u Ko», Mockea, Poccus.
JIanuna Ceemaana FOpo-
e6Ha — JOKMOop SKOHOMU-
uecKux HayK, npogheccop
HUY BIIID, Mockea,
Poccus.

Tapacosa Basenmuna
Huxkoaaesna — dokmop
UCMOPUHECKUX HAYK,
npogheccop, 3asedyrouas

Kaghedpoii « MHHOBAUUOH-
Hole mexronoeuu» MI'YIIC
(MHUHUT), Mocksa,
Poccus.

BanentuHa TAPACOBA
Valentina N. TARASOVA

HKEHEPBI, ITOJIyYMBILIME 00pa30BaHUE

B 00JIaCTH TPAHCIIOPTHOTO MAIIMHO-

CTPOEHMSI, CTPOUTEILCTBA U IPYTHX
TEXHUYECKMX HaIlpaBJIeHUN U CIeUaIbHO-
cTeil, u3ydyajand OCHOBBI KOHCTPYUPOBAHMSI
B By3e. OJJHaKO HavyaB IIPOM3BOACTBO OTEUE-
CTBEHHOT0 KOHCTpyKTOopa AVToys 1 pa3padoT-
Ky 00pa30oBaTe/IbHbIX IPOrPaMM Ha €ro OCHO-
BE€, Mbl TBEPAO YOEXACHBI, YTO YUYUTHCS
byHIaMEeHTaIbHBIM OCHOBaM KOHCTPYHPOBa-
HUSI HAJIo C JOILIKOJIBHOTO BO3pacTa.

Korma MBI TOBOpMM O Mpolieccax
KOHCTPYMPOBAaHUSI MOJIEJIM KOHEUHOTO 00b-
€KTa Ha IJIOCKOCTH, TO OIIMPaeMCsl Ha 3aKOHbI
reoMeTpUH, OIpeAeIsIoNIe MOJT0XKeH e
U TepeceyeHre MPSIMbIX U KPUBBIX JIMHUIA,
a Tak>Ke 3aKOHbI 3aMEeLLEHUSI TUTOCKOCTU MHO-
TrOYroJbHUKAMM Pa3HBIX TUIIOB.

Pe3syibraToM KOHCTPYMPOBAaHUSI Ha ILJIO-
CKOI IOBEPXHOCTU CTAHOBUTCSI YEPTEXK, Ha
KOTOPOM M300paxkaroTcsl MpsiMblie, KPUBbIE
JIMHUU ¥ TOYKHU-Y3JIbl UX TIepecedeHusl, 100
MO3auyHasl KapTUHa, COCTaBJIEHHAs U3 IeTa-
Jieil B BUJe MHOTOYIOJIbHUKOB MJIM KYCKOB
JIMCTOBOrO MaTepuaja KPpUBOJIUHEWHOTO
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Puc. 2. Mogenb aekapToBoO¥i CUCTEMbI KOOPANHAT.

KOHTypa. BaxHeiImumM B TpOeKTUPOBaHUN
MoJieJieil Ha TJIOCKOCTU CUMTAETCsl BHIOOD
CHUCTEMBI KOOpAUHAT (puc. 1), KOTOPBIii onpe-
JIeJISIET pa3Mephl IeTajiell TUIla KOHCTPYKTOpa
UM TEOMETPUIO COCIUHEHUS UX B IJIOCKOCTH
Mexay coboii [1].

Camoii pacnpocTpaHEHHOH ITPU ITOCTPOE-
HUM M300pakeHUsI-KapTUHBI-UyepTexka Ha
TUTOCKOCTH SIBJISIETCS IIPSIMOYTOJIbHAS eKap-
TOBas1 cucTeMa KoopauHar (puc. 2) [2].

BcTpeuaoTcs Takke KOHCTPYKTOPBI
1 MO3auKH, CITIPOEKTUPOBaHHbIE Ha achPUH-
HOI (KOCOYTOJIbHOI) cUCTeMe KOOPIUHAT,
IJie UCITOJIb3YIOTCS AeTaIU B BUE KOMOMHA-
[IUIi U3 TPEYTOJbHUKOB 1 IIECTUYTOJIbHUKOB
(puc. 3) [3].

Mojpenb 1eKapTOBOI CMCTEMbI KOOPIWHAT
M KOCOYTOJIbHAsI CUCTEMBbI JIOTIOTHSTIOTCS J1e-
MEHTaMU, ITOCTPOEHHBIMU Ha TTOJISIPHOM CH-
cTeMe KoopauHar (puc. 4) AeTanasiMu, UMero-
IIMMU BUJI 9acTel YT OKPY>KHOCTEI pa3HOTro
pamuyca [1].

Bce TUIbsl KOHCTPYKTOPOB COSTMHSIIOTCS
B COOTBETCTBUM C «T€OPHEil MapKETOB» WU
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Puc. 3. AppunHas (kocoyronbHasi) cuctema.
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Puc. 4. NonspHas cuctema KoopauHar.
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Puc. 6. TpeyrosbHblii napker.

MIPUHIIATIOM 3arojiHeHus. «Teopus mapke-
TOB» (puc. 5—7) HANpsIMYIO CBsI3aHa C U30-
OpakeHMeM MHOTOIPaHHBIX ITOBEPXHOCTEH
M BCEX TUIOB KOHCTPYKIIMI, MOJydyaeMbIX
M3 JIMCTOBBIX MaTePUAJIOB, HAIIPUMED, Kpoit
ONeXJIbI, 000JI0YKa M OOIIMBKA KapKaca
B TPAHCIOPTHBIX CPEACTBAX U CTPOUTEIIHCT-
BE U T.]I.

Xykoe B. B., JIannHa C. 0., Tapacoea B. H. O ponv KOHCTPYMPOBaHUS B HAY4YHO-TEXHNYECKOM TBOPYECTBE
AeTen — 0yayLmnX UHXEHEpPoB




Puc. 7. KeaagpartHbivi napker.
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Puc. 8. NMpsmoyronbHas aekapToBasi cuctema
KoopAauHaT B MPOCTPaHCTBe.

KoncTtpynpoBaHue B TIpoCTpaHCTBE OTJIN-
YaeTcsl OT KOHCTPYMPOBAHUSI HA TUIOCKOCTU
(puc. 8—10) Tem, 4TO TPU ITOM peaTU3yeTCs
JIBa TIPUHITATIA COOPKU «TeJIa» 1 «KOXH» TIPO-
eKTupyeMoit moaenu [4].

B cooTBeTcTBUUM C TIEPBBIM CITOCOOOM —
«METOIOM OOPHMCOBKM ITO BOOOpakaeMoit
TTOBEPXHOCTU» OEpyTCs AeTaTu BHIOPAHHOTO
THTA KOHCTPYKTOPA, KOTOPBIMU «OOKJIenBa-
€TCs1» B TIPOCTPAHCTBE BOOOpaxkaeMoe Teo —

Puc. 11. Mogenb koHCTpykTOpPa Jovo.

foon)

Puc. 10. Cpepnyeckasi cuctema KOopanNHar.

00BEM OyayIIeit MoIer (TEXHOJIOTHUS CO3/1a-
HMs1 OyMarorulaCTUKM, OIICTaHUsI BEPEBKAMMU,
cMouyeHHbIMU B TTBA, BO3AyIIHBIX 1IApOB
U T.I.).

K KoHCTpyKTOpaM KapKacHO-paMOYHOIO
TUIA OTHOCITCS KOHCTPYKTOpPHI Jovo
(puc. 11), Polydron (puc. 12) u oreyecTBeH-
HbII KOHCTpYKTOp AVToys (puc. 13).

B pamkax aToro croco6a akKTUBHO HC-
MOJIb3YeTCsT LUJIMHIAPUYecKas U chepuyde-
CKasl MPOCTPAHCTBEHHbBIE CUCTEMbI KOOPIM -
HaT.

BTopbiM cmocobGoM SABISIETCS «METOI
nepeceyeHus miaockocteli». I[IpencraBum
cebe «ap0y3», KOTOPHIN Mbl Hape3aau Topu-
30HTAJIbHBIMU CJIOSIMU (KaK AUCKU B JET-
CKOIl mUpaMuIKe), a IIOTOM U BEPTUKAIb-

Puc. 12. Mogenu koHcTpykTopa «Polydron».
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Puc. 13. Mogesib oTe4ecTBEHHOro KOHCTPYKTOpa
AVToys.

HBIMU TVIOCKOCTSIMHU, TepeceKaiolmuMucs
noa yriaoM B 90 rpagycoB, KaK OCH «X» U «y»
B IEKapTOBOI cUCTeMe KOOpAUHAT.

Kaxpgast «ma10ckocTb» MOXET ObITh CO-
CTaBJIeHa KaK U3 MHOTOTPAaHHUKOB (Hampu-
Mep, KyOMKOB, TETPas3ApOB U OKTa’JIpPOB),
TaK U U3 IJTIOCKUX MJIaCTUH-MHOTOYTOJIbHU -
KOB (TpeyroJlbHUKU, KBaApaThl U T.1.).
BMecTo KyOMKOB MOXHO B35ITh MPU3MBI
C OCHOBaHMEM B BUJi€ TI000TO MHOTOYTOJIb-
HUKa, ITO3BOJISIIOLIETO 3aMOJHSTh IMI0OCKOCTh
M0 «TEOPUU MaPKETOB».

B pamkax Tpex ob6pa3oBaTeabHBIX MPO-
rpamm i neTeit B Bo3pacte oT 5 no 10 jget
(puc. 14), pazpaboTaHHbBIX Ha OCHOBE KOH-
crpyktopa AVToys, HaMU1 ObLJIU BblJeIEHBI
MOAYJM, 6a30Bble HECYIIME KOHCTPYKIIUU
W 3JIEMEHTHI, JOCTpauBacMble B KapKac-Te-
JIO MOJIeJI, a TaKXe 4acTH, clyXaliue oo-
IIUBKOU WU NeKOPAaTUBHBIM 0(hOpPMIIEHUEM
B COOTBETCTBUM C YHUBEPCATbHOI CUCTEMOM
an(haBUT-MPOESKTUPOBAHUS TUITOBBIX cOO-
POUHBIX Y3JIOB-MOJyeli-yacTeit, mogooHo
andaBUTy PyCCKOTO WJIM MHOCTPAHHOTO
SI3BIKOB.

B xone cozmaHus HaMu YpOKOB 00paso-
BaTeJbHBIX MPOTpaMM OBLIU OMpeaeeHbI
TeMBbI B COOTBETCTBUU C 00JACThIO MPUME-
HEHUs coOMpaeMbIX WJIU MPOEKTUPYEMBIX
Mojeseil, 0003HaueHbl TPEOOBAHUS K UC-
MOJIb3yeMbIM MaTepuajaM U IIBETOBOMY
pellIeHuIo AeTajieil BBIOpaHHOTO TUMa KOH-
CTpyKTOpa, OoTpaboTaHbl MPUEMBI COOPKU
U qu3aitHa (¢ opopMyIeHUEM MHCTPYKIIMIA),
a TakXXe JIOTUYEeCKHe LeTTOYKM MapllIpyTOB
COOPKHM Ha OCHOBE MaTeMaTUYECKOM JTOTUKHU
U OTIbITa MPOrpaMMUPOBAHUS aBTOMATUYE-
CKMX M UTPOBBIX MPOLIECCOB C UCMOJIb30BA-
HueMm metogoB TPU3 [5].

Mo3Haii MUp NNOCKUX
1 06 vemHbiX $opM NpeaMeTos

TocTpo TpexmepHyio
KOHCTPYKUMIO

P —
user, oo, rapuoss s, nepeeca or D30
epTeNcGoposuh epTEN J0-06reK108 A

T Co6epu

7-9 neT |  cBoit 06BEMHBI MUP

Puc. 14. AuHoTaummn obpa3oBaTesibHbIX MPOrpamMm
Ha ocHoBe KOHCTpykTOopa AVToys.

* % %

Yxe nepBasi 5KCIepUMeHTaIbHAS IPOBEP-
Ka MOKAa3bIBa€T OYEBUIHBIA MHTEPEC AETEU
K YPOKaM KOHCTPYMPOBaHUS MO Mpejiarae-
MO MeTonuKe. M 3T0 TONBKO YKPENUIO HALILy
YBEPEHHOCTb B MPABWJIBHOCTU C(HOPMYIUPO-
BAaHHOU B Hayajle CTaTbU MO3ULIMU O TMOJIb3e
0oJiee paHHETO, YeM OOBIYHO MMPUHSTO, CEPb-
€3HOro 00y4eHUs KOHCTPYUPOBAHUIO U TIOU-
CKa UHXEHEPHBbIX TAJIAHTOB.

Het coMHeHus1, 4TO MIpUMEHEHUE B paH-
HEeM HayYHO-TeXHUYECKOM TBOPUYECTBE (hyH-
TaMEHTaJbHBIX OCHOB KOHCTPYUPOBAHUS
MOMOXET Pa3BUTHUIO Yy NETEe HOIIKOJIbHOTO
¥ MJIQJIIETO IKOJBHOTO BO3PACTa CTPYKTY-
PUPOBAHHOTO JIOTUYECKOTO MBILIJIEHUS,
MIPOCTPAHCTBEHHOTO BooOpaxeHus1, 3D-Bu-
JIEHUS 1 MUKPOMOTOPUKU. Tex KauecTB, KO-
TOPBIMU TPU3BAH O0JIAaTh COBPEMEHHBIN
WHXEHEeP-KOHCTPYKTOP.
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ON THE ROLE OF DESIGNING IN SCIENTIFIC AND TECHNICAL CREATIVITY OF

CHILDREN - FUTURE ENGINEERS

Zhukov, Vitaly V., LLC Destino and Co, Moscow, Russia.
Lyapina, Svetlana Yu., National Research University Higher School of Economics, Moscow, Russia.
Tarasova, Valentina N., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

At the heart of the article is the thesis about the
expediency of starting earlier not only the basics,
but also many fundamental aspects of engineering
design, literally from the preschool years, when a
child first gets acquainted with the children’s
construction sets, details of machines and

mechanisms. Based on the experience of
production of the domestic construction set
AVToys, the authors of the journal created
educational programs that allow them to conduct
design lessons for children of different ages using
mathematical logic and methods for programming
model and game processes.

Keywords: engineering design, training, children’s scientific and technical creativity, lessons, educational

programs.

Background. Engineers who received their
education in the field of transport engineering,
construction and other technical areas and specialties,
studied the basics of design in the university. However,
having started the production of the domestic
construction set AVToys and the development of
educational programs based on it, we are firmly
convinced thatitis necessary to study the fundamental
principles of design from the preschool age.

Objective. The objective of the authors is to
consider the role of designing in education of future
engineers from the early childhood.

Methods. The authors use general scientific and
engineering methods, analysis, comparative method,
scientific description.

Results. When we talk about the processes of
constructing a model of a finite object on a plane, we
rely on the laws of geometry that determine the
position and intersection of straight and curved lines,
as well as the laws of replacing the plane with polygons
of different types.

The result of designing on a flat surface is a
drawing on which straight, curved lines and points-
nodes of their intersection are depicted, or a
mosaic pattern composed of details in the form of
polygons or pieces of sheet material of a curvilinear
contour. The most important in the design of
models on the plane is the choice of the coordinate
system (Pic. 1), which determines the dimensions
of the details of the type of the construction set
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Cartesian coordinate
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Pic. 3. The oblique system. Pic. 4. Polar coordinate system.

Pic. 5. The theory of parquets.

and the geometry of their connection in the plane
with each other [1].

The most common when building an image-
picture-drawing on a plane is a rectangular Cartesian
coordinate system (Pic. 2) [2].

There are also construction sets and mosaics
projected on an affine (oblique) coordinate system,
where the details are used in the form of combinations
of triangles and hexagons (Pic. 3) [3].

The model of the Cartesian coordinate system
and the oblique system are supplemented by
elements constructed on the polar coordinate system Pic. 6. Triangular parquet.
(Pic. 4) with details that look like parts of arcs of circles
of different radii [1].

All types of construction sets are connected in
accordance with the «theory of parquet» or the
principle of filling. «The theory of parquet» (Pic. 5-7)
is directly related to the image of polyhedral surfaces
and all types of structures obtained from sheet
materials, for example, the cut of clothing, the shell
and carcass plating in vehicles and construction, etc.

The designing in space differs from the designing
on the plane (Pic. 8-10) in that two principles of
assembling the «body» and the «skin» of the projected
model are realized [4]. Pic. 7. Square parquet.
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Pic. 8. Rectangular Cartesian coordinate system in Pic. 9. Cylindrical coordinate system.
space.

e, @)
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|

Pic. 10. Spherical coordinate system. Pic. 11. Model of the construction set Jovo.

Pic. 12. Models of the construction set «Polydron».

® \WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 14, Iss. 6, pp. 208-215 (2016)

Zhukov, Vitaly V., Lyapina, Svetlana Yu., Tarasova, Valentina N. On the Role of Designing in Scientific and

Technical Creativity of Children — Future Engineers




Pic. 13. Model of the domestic construction set
AVToys.

Inaccordance with the first method, the «method of
rendering on the imaginary surface» the details of the
selected type of construction set are taken, with which
the imaginary body-volume of the future model in space
«is pasted» (the technology of creating paper plastics,
braiding with ropes soaked in PVA, balloons, etc.).

The frame-frame type construction sets include
construction sets Jovo (Pic. 11), Polydron (Pic. 12)
and the domestic construction set AVToys (Pic. 13).

Within the framework of this method, cylindrical
and spherical spatial coordinate systems are actively
used.

The second method is the «method of intersection
of planes». Let’s imagine a «watermelon», which we
cut into horizontal layers (like disks in a children’s
pyramid), and then vertical planes that intersect atan
angle of 90 degrees as the x and y axes in the
Cartesian coordinate system.

Each «plane» can be composed of both polyhedra
(for example, cubes, tetrahedra and octahedra), and
from flat polygon plates (triangles, squares, etc.).
Instead of cubes, we can take prisms with a base in
the form of any polygon that allows filling the plane
according to the «theory of parquets».

Within the framework of three educational
programs for children aged 5-10 years (Pic. 14),
developed on the basis of the AVToys construction
set, we identified the modules, basic load-bearing
structures and elements that are being built into the
framework-body of the model, as well as the parts
that serve as the cladding Or decorative design in
accordance with the universal alphabet-design
system of typical assembly units-modules-parts,
similar to the alphabet of Russian or foreign languages.

During the creation of our lessons in educational
programs, topics were identified in accordance with
the field of application of the models being
assembled or projected, the requirements for the
materials used and the color solution of the details
of the chosen type of the construction set were
specified, the assembly and design techniques
(with instructions), and the logical chains of
assembly routes Based on mathematical logic and
experience in programming automatic and game
processes using TRIZ methods [5].

R locrpoii TpexmepHyo
KOHCTPYKUMIO

Mo3Haii Mup noCKIX

Y 06BeMHLIX GOPM NpeaMeToR 8-10 net

opumpyemsie
user, opua apuons
wepren/copouin

~ Co6epn

CBO/A 06 BeMHBIA MU

Dopuupyemsie Gasossie KoMneTeHM:
T ——
3D-cBvextos, nepcrexs, npoecm

Pic. 14. Annotations of educational programs based
on the AVToys construction set.

* k *

Conclusion. Already the first experimental check
shows the obvious interest of children in the design
lessons according to the proposed method. And this
only strengthened our confidence in the correctness
of the position stated at the beginning of the article
about the benefits of an earlier, than usual, serious
training in the design and search for engineering
talents.

There is no doubt that the application of the
fundamental principles of design in early scientific and
technical creativity will help the development of
structured logical thinking, spatial imagination, 3D
vision and micromotorics in pre-school and early
school children. The qualities thata modern engineer-
designer is called upon to possess.
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