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ITo6enuresnemM UTpsl CTAHOBHUTHCS TOT, KTO 3apa-
60Ta MaKCHUMaJIbHOE KOJIMYECTBO OAJIIOB.

B urpe MoXxer yd4acTBOBaTb HEOTPAHHUCHHOE
YHUCIIO YYacTHHUKOB. [[ms ynoOcTBa 0OydeHus mydiie
¢dopmupoBate rpynmy u3 5-7 yenosek. Jlns anek-
BATHOT'O M NPAaBUJIBHOI'O OLUCHUBAHNA OTBETOB UT'PO-
KOB Ha3HauyaeTcs OeCIpUCTPACTHBIN Cybs, KOTOPBIH
000CHOBBIBAET BBICTABJIICHHBIE OAJUIbI, aHAJM3UPYET
OmMOKY ¥ HETOYHOCTH NpH oTBeTax. Kak mpasmio,
CyIbed JOoIKEeH OBITh Ha3HAUYeH YEIOBEK KOMIIe-
TEHTHOCTh B O0JIACTH CHCTEM MEHEPKMEHTa 3Hauu-
TEJIBHO BBIINIE JPYTMX WIPOKOB, KOTOPBIH, HaIpu-
Mep, SBISETCS HKCIIEPTOM OJHOM M3 CHCTEM Me-
HEJDKMEHTA.

ITpn xemaHWUM Urpy MOXHO CHENaTh HE TOIBKO
HACTOJIBHOW, HO M pa3paboTaTh COOTBETCTBYIOIEE
HECJIOKHOE IIPOrpaMMHOE O0ECIICUEHHE C ILEJIBIO
OOHOBIIEHHS U KOPPEKTHPOBAaHUU UTPOBOTO MO U
KapTO4YeK C y4eTOM HOBBIX TPpeOOBaHHUII K cucTeMam
MEHEIKMEHTA.

Ha npeanpustum MOryT ajganTupoBaTb UIPY
MO/ UMEIOLIYIOCS  CepTU(HULNPOBAHHYIO HHTETPH-
POBaHHOM cCHCTEMY MEHEKMEHTa, BKIIOYaTh BO-
MPOCHI KacaloMXCsl KOHKPETHBIX IeJied opraHu3a-
IIMM B 00JIACTH Ka4ecTBa, IIPOIECCOB, METOIOB KOH-
TPOJIS,, KaK KOHKPETHAsl JESTENILHOCTh 00y4aeMoro
NepcoHaa BIMSET Ha PE3YJIbTATUBHOCTH CHCTEMBI.
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PykoBomutens opraHu3alid MOKET MOTHBHPOBATH
nobequreneii Wrpbl, HAIPUMED, MOMOIHUTEIBHBIM
PEeMHUPOBAaHUEM, MPOABIKEHHEM IO CIykbe, Tpa-
MOTOH H T. II. B yHUBepcuTeTe mperogaBaTesii Mo-
I'yT MOTHBHPOBATh CTYACHTOB, CTAaBIIUX ITOOCAUTE-
JISIMH MTPBI, IOBBILICHAEM OLICHKH Ha SK3aMCHE.

ITo cpaBHEHHIO C M3BECTHBIMH METOHaMH 0Oec-
INEYCHHUS U OUCHKH KOMIICTCHTHOCTHU U OCBECAOM-
JIEHHOCTH TmepcoHana, urpa Oonee 3ddexTuBHa,
TaK Kak KpoMe NpHOOPETCHHUsI 3HAHHUH COOTBET-
CTBYIOIIAX CTAaHIAPTOB CHUCTEM MEHEIKMEHTa H
pasNMYHOIrO THIA 3ajad, ee IpeIHa3HaYeHHE —
UTpaTh, a 3TO MHTEPECHEee, YeM MPOCTO H3ydyaTh
«CKYYHBI» CTaHIApPT M PeIIaTh HAJOCBIIUE 3a/a-
yu. [Ipy 3TOM Urpa CIyXKUT OTIUYHOW MOTHBALHU-
eif, U1 TOr0, KTO XOYET BBIUTPATh, IOSIBILCTCS
IyX COIIEPHUYECTBA MEXIy OO0y4aeMbIMH, OCY-
HIECTBISIETCSI paboTa B KOMaHE, JEMOHCTPUPYET-
Csl TIPUMeEp UTS MOApakKaHHWs B 3HAHUAX, K KOTO-
pPOMY HAJ0 CTPEMHTHCH.

Urpa moMOKeT MOBBICHTH PE3yJIBTATUBHOCTD 00Y-
YCHHA, YCTAHOBUTH COOTBCTCTBYIOUIYIO KOMIIECTCHT-
HOCTb M OCBEJIOMJICHHOCTb NIEPCOHAIIA, CTYICHTOB.

Jlutepatypa
1. CTB ISO 9000-2015 «CucteMnl MEHEIKMEH-
Ta kadecTBa. OCHOBHBIC TIOJIOKECHUS U CIIOBAPHY.
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A new approach and development of special
problem-solving methods and procedures at the
initial design stages of optimized technical systems
is presented The first subject of work is the
development of new functional principles for robots
and similar technical systems with the use of a tree-
like classifications and a transparent morphological
Cube. The second method is based on the principles
of special transformation techniques, transforming
images of a biological object into a technical device
by means of graphical modelling in the form of
computer animation. The third introduced method is
based on the combination of biological and technical
objects. The developed method is based on the well-
known principle known as the combination of
alternative systems.

All methods enable the transfer of characteristics
and structure from biological object (i.e. its
kinematics) to technical object leading to new
desirable characteristics or optimizations of existing
technical objects.

In recent years the research focus has been
shifting more and more towards legless, or appeal,

locomotion systems that are modelled after snakes or
worms, among others. [1]

In the literature several methods of techniques
finding technical solutions, sets of software products
supporting the process of technical systems design
and a selection of technologies to be implemented
are described. Nevertheless, having well developed
tools of the analysis, these methods frequently have
no effective solving tools for problems.

The essential design stage, which is discovering
ideas for new functional principles of technical
systems, is based almost entirely on the know-how
of the engineer and does seldom evolve by means of
the computer.

The subject of our work is the development of
new functional principles for robots with the use of
the biological objects as prototypes. In our paper the
description of the synthesis process of new robots
and their development is presented. [2], [4]

The developed method is based on the morp-
hological box of Zwicky The multivariate interactive
matrix for OLAP technology is used for the design and
development of robots and similar technical systems.
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The functions of robots can be realized in several
essentially different ways. Developer awareness of all
existing possible variants is limited. A morphological
method is used for the selection of the kinematics, the
principles of action, and the prototype. An interactive
computer image is applied for selecting properties of
the robot and for subsequent analysis. By means of
this interactive visualization, a developer receives
hundreds of new wvariants of robots and their
biological prototypes for checking their technical
feasibility and calculations. For the synthesis of new
robots, a user can choose useful functions. After
choosing them he receives some constructive variants
of the robot with various combinations of parameters.

The multivariate interactive matrix is used for the
design and the development of mobile robots and
similar objects. The choice of coordinate axes of a
morphological Cube is the most important and
comprehensive part of the work. Our program allows
speeding up this procedure.

For the synthesis of a new cube, it is possible to
choose the tree-like classification in special
triangular tables. After choosing them he receives
some new morphological boxes with various
combinations of parameters.

These classifications are inserted into special
triangular tables located in a three-dimensional space
and each of them has only one degree of freedom.
By moving these tables along each of axes of 3D
Cube, an engineer-developer generates a new
morphological Cube.

The Morphing method is based on continuous
transformation from the biological prototype into a
technical system. In the intermediate transformation
stages the object being transformed contains both, the
characteristics and kinematics of the technical system
and of the original nature-based prototype. [3]

The developed method enables the transfer of
characteristics and the structure from one object (i.e.
its kinematics) to another leading to new desirable
characteristics or optimizations of existing technical
objects. Thus, computer animation is implemented
with the use of graphical modelling and the ability to
develop new functional principles of technical
systems (i. . new motion principles, new kinematics
etc.) is provided.

A Morphing tool is used to realize the graphical
transition from known to new forms of motion.
Morphing means the process of transformation of
one object into another object. Therefore, a special
software for computer animations is used.

Often, engineers may directly wuse these
intermediate results to initiate new technical
solutions. In the intermediate transformation stages
the object being transformed contains both, the
characteristics and kinematics of the technical
system and of the original nature-based prototype.

For one technical system the process can be
repeated several times by changing the prototypes
only, the process of transformation only, or both
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simultaneously. Furthermore, it is possible to
reprocess the structure gained in one of the
intermediate stages as new prototypes or as a new
technical system for the subsequent Morphing.
Objects can also be recorded by VCR, inserted into
the computer program and morphed thereafter. [2]

In our opinion, there exist only 4-5 main
principles of functioning of biologic objects for
providing the necessary trajectory of the legs or body
movement. In known robots the several actuators for
moving each leg are used. Our robots principle
difference allows to use each actuator for moving
several legs. Thus, we managed to minimize number
of actuators at the robot. [5]

Minimization of number of actuators multi-
legged robots can be reached through:

—use of periodical changing the shape of the
body of the robot in horizontal dimension
(salamander, lizard);

— use of periodical changing the size of the body
of the robot in vertical dimension (flying insects);

— use of anisotropy of friction (snake, worm);

—use of periodical character or feature
of trawling wave (holothouria, worm);

—use of multidimensional resonance swinging
of elastic extremities (mosquito);

—reducing of number of bearing legs (kangaroo,
basilisk, birds).

For micro robots it is possible to use a principle
of movement as at Polichetae. In this biologic object
the legs have no actuators and no degrees of freedom
relative to a body. To create necessary trajectory of a
distal end of a leg, Polichetae and Holothouria uses
deformation of the case as trawling wave.
The number of legs-needles is not limited, but
number of the actuators enabling deformation of the
case, is minimal. It is possible to create tiny robot
with a plenty of legs and with low number of small-
sized actuators. The salamander bends its body in
a horizontal plane and due to this, moves the body
relative to the points of support. By using
deformation of a robot body in a horizontal plane
itis possible to provide it’s moving due to a
minimum number of actuators. The actuators are not
connected to legs and they are necessary only for
deformation of a robot body.

Some flying insects create resonant oscillations
of the wings due to periodic change of the form and
the sizes of the rigid body. These insects’ muscles
are connected not to the wings, but to the walls of a
rigid body and deform it. Deformation of body turns
into swinging of wings. It is possible to create the
moving robot at which the case vibrate, and legs
have no actuators. The necessary trajectory of distal
part of a leg is formed due to excitation of the high-
frequency swinging in proximal part of an elastic
curvilinear leg and due to mechanical transformation
of these swinging in low-frequency.

Applying the techniques described allows us to
create several new devices, including a self-
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propelling catheter for minimally invasive surgery
and other devices for medical applications.

For movement of multi-legged robot through a
pipe we use the trawling wave of the Holothouria for
«Holothouroboty. Merging the kinematics of a
salamander with the kinematics of an octopod allows
us to develop «Eightleggedroboty — a new eight
legged robot with only three actuators. Combining a
flying insect and a piezotransducer with extremities
supplies a new object— the piezomicrorobot
«Minchrobot». Merging the bristle-body with the
cross vibrations of unbalanced motor allows us to
develop a new Vibrobristleworm.

Using our interactive software for the
improvement of «man-computer» dialogue is
proposed to visualize a selection process of
properties and parameters of the robots on a
computer screen. The analyses of biological objects
and alternative technical systems allow us to create
several new biologically inspired robots.

We used the tree-like classifications for
automatic  construction of various transparent
morphological Cubes (boxes) on the screen of a
computer. The analyses of biological objects and
graphical modelling of technical objects by means of
computer animation (Morphing — method) offers
new opportunities for the engineers. Morphing may
support the engineer designing technical system
implementing biological model. The described
technique does not supply convertible constructive
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drawings immediately, however, it provides new
solutions with new ideas. Furthermore, it is possible
to develop essential new robots.
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MOJEPHU3 AN HAIIMOHAJIBHOI'O 3TAJIOHA EAUHUILBI IIVIOCKOI'O YIJIA-TPAJTYCA
Karopa H.A., MakapeBuu B.b., 'opomikoBa A.H., Ansituna H.H, Tananosa T.U., loporonsko A.I'.

Benopyccruii eocyoapcmeennwiii uncmumym memponoeuu, Murnck, Pecnybnuka Benapyco

B MexnynaponHo# cucteme eauuul SI equHu-
el IUIOCKOTO yIiia sIBIseTcs paauad. PagwaH BbI-
paXeH uepe3 METp — OCHOBHYyIO enuHuIy SI kax
OTHOIIEHWE MJWHBI JYTH CErMEHTa OKPYKHOCTH
K paguycy OKpY)XHOCTH. [l HaxoXAEHHs yria
KOCBEHHBIM IyTEM 4epe3 H3MEpPEHHE UIMHBI HC-
MOJIB3YIOTCS, HAIIPUMEp, TaKUe CPEeICTBA U3MEPEHUI
KaK CHHYCHasl JITHEWKa U YTrIIOBOH HHTep(hepOMeTp.

ITockonbKy TakoW MOAXOA 00eCIeunBacT CBSI3b
€/IMHMILIBI TUIOCKOTO YIJla ¢ OCHOBHBIMH €IMHHULIAMHU
SI, cymecTByeT U aJbTepHATUBHBIA MOAXOJ K OIpe-
JICTICHUIO YTJIOB, KOTOPBIM OCHOBAaH Ha JEJIEHHU
OKpYXHOCTH. [leTleHnst OKpY)XXHOCTH 00pas3yloT
3aMKHYTHII OUKI U B CyMM€ paBHBI 21 panuaH. Ta-
KM 00pa3oM, OKPY>KHOCTb SIBJISIETCS] €CTECTBEHHBIM
3TaJIOHOM IUIOCKOTO yTJIa.

B nacrosiee Bpems B benl UM umeerca Hanu-
OHAJIBHBIH 3TaJIOH EIMHHUIIBI IUNIOCKOTO yIila-rpaayca
HD Pb 6-01. Co3nman B mepuon (1999-2000 rr.) u
YTBEpkK/EH B KauecTBE HAllMOHAIBHOTO IOCTAaHOB-
nenuem ['occrangapra ot Ne 38 ot 24.09.2001 1.

OranoH BoctpedoBaH. OCHOBOI 3TajIOHa /10 MO-

JICpHM3AIMN SIBJISUICS aBTOMATH3MPOBAHHBIN Jasep-
He1id rornometp ['C-1J1 (manHBIC TPHOOPHI CEPHITHO
BBINTyCKAINCh Ha 3aBojie ApceHal, YKpauHa B 80-¢
TOJIBI TIPOIILIOTO CTOJICTHS).

Juis obecrnieueHns HAIIMOHATEHON OE30TMaCHOCTH,
MHTEIUICKTYyallbHOH HE3aBUCHMOCTH, BBIITyCKa Kade-
CTBEHHOM W KOHKYPEHTOCIIOCOOHOM  MPOIYKITUH,
Oecriepe0OHOTO OKa3aHUs METPOJIOTHYECKUX YCIIyT
moTpeOuTeNs M, HE MOKUAAACH MOJHOTO OTKa3a
umetomerocst stanona. [loatomy B mepuon ¢ 2016
mo 2018 r. co3maH HOBBIM HammoHaNbHBIN 3TanoH
€IMHMIIBI TITIOCKOTO yIia-rpajyca.

OranoHbl €OUHUIBI  IUIOCKOTO  yIjla-rpajayca
HMMEIOTCSl BO MHOTUX HAIMOHAIBHBIX METPOJIOTHYE-
CKUX MHCTHTYTaX, YTO MOATBEPXKIACTCS O(pHINATb-
HBIMH JJAaHHBIMH, OITyOJIMKOBaHHBIMH Ha Web-caiite
MexnynaponHoro Ormopo mep u BecoB (BIPM)
B [Ipunoxennu C.

HamrydmmMy u3MepUTEIbHBIMA BO3MOYKHOCTSI-
MH B 00J1aCTH M3MEPEHUH TIOCKHUX YTIIOB 001aJaroT
takue cTpanel kak I'epmanms (PTB), Poccust
(VNIIM) u Bemuko6puranus (NPL). B ocHoBe co-
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