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MOBIVIBHI IHTEPHET-HI:I/ICTPOi Y ®OPMYBAHHI KOMHETEHI.[UIi I3
PO3B’J13AHHS HPOPECIMHUX 3AJIAY 3ACOBAMHU TH®OPMAIINHO-
KOMYHIKANIMHUX TEXHOJIOI'TN

Anomayia: 'y CTarTi PO3MIISHYTO CKJIAaJ0BI METOAMKM BUKOPHCTAHHS MOOUIBHUX
IHTEPHET-IPUCTPOIB  SIK  3aco0y  ¢GopMyBaHHS  3arajbHONpPO(EciiHOI  CKJIal0BOi
KOMIIETEHTHOCTI 0akajaBpa €JEeKTPOMEXaHIKM B MOJEIIOBaHHI TEXHIYHUX 00 €KTIB:
3aCTOCYBAHHSI PI3HMX CIHOCOOIB MOJaHHS MOJeNel; po3B’si3aHHsA npodeciiHuX 3aaay
3acobamu IKT; kOMIETEeHTHOCTI B €NEeKTPUYHMX MalllMHAX Ta KPUTUYHOro MucieHHs. Ha
3MICTI HaBYaHHS HABYAJIBHHX JUCHMIUNH “Buma marematuka”, “Teopiss aBTOMaTHYHOTO
ynpaBiiHHA”, “MojientoBaHHs  €JIeKTpOMEXaHIyHUX cucteMm”, “EnekTpuuHi MamImHu»
po3kputo ocobnmuBocti Bukopuctanus Scilab, SageCell, Google Sheets, Xcos on Cloud nmns
(opMyBaHHS 3arajbHONPOQECIHOT CKIIaI0BOi KOMIETEHTHOCTI OaKaaBpa eleKTpOMeXaHIKU
B MOJIEJIIOBaHHI TE€XHIYHUX 00’€KTiB. 3p00JIEHO BUCHOBOK IpPO AOLIIBHICTH BUKOPUCTAHHS
HACTYIIHOTO  NPOTpaMHOro  3a0e3NedyeHHs MOOUIBHUX  IHTEpHEeT-NPHUCTPOiB:  XMapo
OpIEHTOBAaHMX TaOJIMYHUX MPOLECOPIB AK 3ac00IB  MOJETIOBAHHA  (BKJIOYHO 13
HEHpOMEpEeKEBUM); CHCTEM BI3yaJlbHOIO MOJIENIOBaHHS sIK 3ac00iB  CTPYKTYpPHOTO
MOJICJIIOBAHHS TEXHIYHUX 00’€KTIB; MOOUIHPHIX KOMIT FOTEPHUX MAaTEMaTHYHUX CUCTEMH, IO
BUKOPHCTOBYETHCS Ha BCIX €Tanax MOJAETIOBAaHHS, MOOUTbHUX KOMYHIKAIlifHUX 3aco0iB 1Jis
oprasizariii CrijabHOI AISUTBHOCTI 3 MOJICITIOBAHHS.

Kniouosi  cnosa:  MOOUIBHI  IHTEPHET-NIPUCTPOi;  KOMIIETEHTHICTh  OakaiaBpa
€JIEKTPOMEXaHIKM B MOJENIOBaHHI TEXHIYHHUX O00’€KTIB; 3arajbHOMNpodeciiiHa cKiiagoBa
KOMIIETEHTHOCTI 0akajaBpa €JEeKTPOMEXaHIKM B MOJICIIOBAHHI TEXHIYHUX 00 €KTIB;
METOJIMKAa BUKOPUCTAHHS MOOUIBHMX IHTEPHET-IPUCTPOIB Yy Ipolleci HaBYaHHS OakajaBpiB
€JIEKTPOMEXaHIKH MOJICITIOBAHHS TEXHIYHUX 00’ €KTIB; MOJICIIOBAHHS TEXHIYHUX 00’ €KTIB.
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MOBILE INTERNET DEVICES IN THE FORMATION OF COMPETENCE IN
SOLVING PROFESSIONAL PROBLEMS BY MEANS OF INFORMATION
AND COMMUNICATION TECHNOLOGIES

Abstract: the article describes the components of methods of using mobile Internet
devices in the formation of the general professional component of bachelor in
electromechanics competency in modeling of technical objects: using various methods of
representing models; solving professional problems using ICT; competence in electric
machines and critical thinking. On the content of learning academic disciplines “Higher
mathematics”, “Automatic control theory”, “Modeling of electromechanical systems”,
“Electrical machines” features of use are disclosed for Scilab, SageCell, Google Sheets, Xcos
on Cloud to forming the general professional component of bachelor in electromechanics
competency in modeling of technical objects. It is concluded that it is advisable to use the
following software for mobile Internet devices: a cloud oriented table processors as modeling
tools (including neural networks), a visual modeling systems as a means of structural
modeling of technical objects; a mobile computer mathematical system used at all stages of
modeling; a mobile communication tools for organizing joint modeling activities.

Key words: mobile Internet devices; bachelor of electromechanics competency in
modeling of technical objects; general professional component of bachelor in
electromechanics competency in modeling of technical objects; a technique of using mobile
Internet devices in learning bachelors of electromechanics; modeling of technical objects.
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MOBHWJIBHBIE UHTEPHET-YCTPOMCTBA B ®OPMUPOBAHUU
KOMIIETEHIIMH 11O PEHIEHUIO TIPO®ECCHUOHAJIBHBIX 3AJTAY
CPEJCTBAMHU MHO®OPMAIIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOI' Ui

Annomayus: B CTaTb€ PACCMOTPEHBI COCTaBIIIOIIME METOJMKH HCIIOIb30BaHUS
MOOWJIBHBIX HMHTEPHET-YCTPOMCTB Kak cpeacTBa (OpMHUpPOBaHUS 0OmIenpodeccnoHaIbHON
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COCTaBIISIIOILIEH KOMIIETEHTHOCTH OakaiaBpa 3JI€KTPOMEXaHUKU B MOJCIMPOBAHUH TEXHUUECKUX
OObEKTOB: TPUMEHEHHE PpA3NIUYHBIX CIHOCOOOB  TMPENCTABICHUS  MOJENCH;  perIeHus
npoeccuoHanbHbIX 3a1au cpercTBaMu MKT; KOMIETEHTHOCTH B 3JEKTPUYECKUX MAIIMHAX U
KpUTHYeCKoro MblnuieHus. Ha copepkanum oOy4deHus y4eOHBIX JIUCHMIUIMH “Bpicmias
MaTeMaruka’, “Teopus ABTOMAaTHYECKOTO yhpaBjieHus “MojenupoBaHue
ANIEKTPOMEXAHUYECKHX  CHUCTeM™, “DJIGKTPHYECKHE MAaIMHBI PACKpPhITBI  OCOOCHHOCTH
ucnonp3oBanus  Scilab, SageCell, Google Sheets, Xcos on Cloud mis dopmupoBanus
o0menpodeccuoHaIbHOM COCTABISIONIEH KOMIETEHTHOCTH OakajaBpa 3JIEKTPOMEXaHUKU B
MOJICIMPOBAHUM TEXHUYECKHMX 00 o00bekroB. CrhermaH BBIBOJ O  LEJIECOOOPAa3HOCTH
UCTIONIb30BAHUS CJICAYIOIIEr0 MPOTrPaMMHOIO OOeciedeHHsi MOOMJIbHBIX HWHTEPHET-YCTPOMCTB:
00JIaYHO OPUEHTHUPOBAHHBIX TAOJMYHBIX MPOIECCOPOB KaK CPEACTB MOJEIMPOBAHUS (BKIIOYAS
HEMpOCETEBbIM) CHUCTEM  BH3YaJIbHOTO MOJEIHUPOBAaHUS KaK CpEICTBA  CTPYKTYPHOTO
MOJIEIIMPOBAHMS TEXHUIECKHX 00BEKTOB; MOOMIIBHBIX KOMITBIOTEPHBIX MAaTEMAaTHYECKUX CHCTEM,
UCTIONIb3YEMBIX Ha BCEX 3Tarax MOAEIMPOBAHMS; MOOMIBHBIX KOMMYHUKAIIMOHHBIX CPEACTB VIS
OpraHu3aliy COBMECTHOM JESTEIEHOCTH 110 MOJICIMPOBAHHIO.

Knrouesvie cnosa: MOOWIIbHBIE WHTEPHET-YCTPOWCTBA; KOMIIETEHTHOCTh OakanaBpa
DIIEKTPOMEXAaHUKM B MOICITUPOBAHMM TEXHUYECKUX OOBEKTOB; o0OmenpodeccunonanbHas
COCTaBISIONIAs KOMIIETEHTHOCTH OakajaBpa DJIEKTPOMEXaHUKU B  MOJEIHPOBAHUU
TEXHUYECKUX OOBEKTOB, METOAMKA HCIOJIb30BAHUS MOOWIBHBIX HHTEPHET-YCTPOICTB B
nporecce o0yueHus: 0akaaaBpoOB IEKTPOMEXAHUKH MOJICTUPOBAHUS TEXHUYECKUX OOBEKTOB;
MOJICITUPOBAHNE TEXHUIECKUX OOBEKTOB.

Yevhenii Modlo, Serhiy Semerikov, Oksana Markova
An extended abstract of the paper on the subject of:

“Mobile internet devices in the formation of competence in solving professional
problems by means of information and communication technologies”

Problem setting. Modernization of
professional training of mechatronics spe-
cialists in technological universities of
Ukraine on the basis of ensuring a balance
between the fundamental and technological
component of the training process necessi-
tates the search for ICT learning tools that
will not only provide active experimentation
at any time and anywhere, but also support
development professionally important quali-
ties of the future electrical engineer, among
which the leading place is occupied by com-
petence in modeling of technical objects. To-
day, such universal learning tools are mobile
Internet devices.

Recent research and publications
analysis. According to UNESCO, a mobile
device is digital, it is easily portable, usually
owned and controlled by an individual ra-
ther than an institution, can access the Inter-
net, has multimedia capabilities, and can

facilitate many tasks, including communica-
tion [Ommoka! HCTOYHHMK CCHUIKH He
HaiijeH., c. 6].

The authors [Omm6xa! McrouHuk
cchlIKM He Haiinen.] understand the mo-
bility of hardware as the possibility of their
movement in space, provided that the bene-
fits derived from such movement are higher
than the cost of its provision. When focusing
on the result of movement, the hardware is
considered mobile if the one-time costs of its
transfer are overlapped by the benefits of its
constant use in a new place (this approach to
determining the mobility of hardware corre-
sponds to geographical mobility). When fo-
cusing on the process of movement, the
hardware is considered mobile if the cost of
its movement is offset by the benefits of its
use in the process of movement.

The class of Mobile Internet devices
(MID) was first introduced in 2007 in an ar-
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ticle by D.Chieng [Oumo6ka! Hcrounuk
CCHUIKHM He HaiigeH.]. The main requirements
for such devices are defined by the author as a
relatively large screen, a decent battery life
and the ability to connect to the Internet.

A striking example of the use of mo-
bile devices in education in Colombia is the
BlueGénesis project [Ommuoka! UcTouHMK
cchIKH He Haiien.], launched in 2006 and
aimed at students whose mobile devices have
difficulty of access to the Internet. Al-
ternatively, the use of Bluetooth with propri-
etary software is offered, which provides
students and teachers with the ability to rec-
ord attendance, online assessment, peda-
gogical observation, programming and log-
ging of events, consultation notes, assign-
ments for individual and group work, voting
and polls, assessment quality of work of
teachers, administration and staff, mainte-
nance of educational calendar, support of
classroom projects, evaluation of confer-
ences and exhibitions, dissemination of lec-
tures in audio format, mass dissemination of
information, preparation for external inde-
pendent evaluation of freelance graduates.

An example of the organization of the
“flipped classroom” in the process of train-
ing specialists in nanotechnology is given by
Rz ldrus [Omm6ka! UCTOYHHK CCHIJIKHM He
Haiinen.]. The author points out that stu-
dents in the last year of study are most in-
clined to independent research activities in
research laboratories and with advanced
scientific journals. Using mobile learning
tools (in particular, WhatsApp), students
were sent to review links to articles that they
had developed for further discussion in the
classroom or with the teacher. WhatsApp
was also used by students to organize pre-
class discussions.

Paper objective. Selection and sub-
stantiation of means of mobile Internet de-
vices, the use of which contributes to the
formation of a general professional compo-
nent of the specified competence.

Paper main body. Formation of such
general professional component of compe-
tence of a bachelor of electromechanics in

modeling of technical objects, as competence
on the solving of professional problems by
means of information and communication
technologies, assumes acquisition  of
knowledge in the field of computer engi-
neering and programming, ability to create
applied software, possession of skills of work
with IC to solve problems in the field of
electromechanics. The formation of this
competence begins in the discipline "Com-
puter Science and Programming™ and occurs
together with the formation of the general
scientific component of the bachelor's degree
in electromechanics in modeling technical
objects, including competencies in infor-
mation and communication technologies and
applied mathematics. Its further development
takes place in the process of developing
models considered in the disciplines “Theory
of Automatic Control” and “Modeling of
Electromechanical Systems ™.

Further development of competence in
solving professional problems by means of ICT
takes place in the process of course work on
the subject "Theory of Automatic Control".

In the discipline “Electric Machines”
is the formation of both the general scientific
component of the bachelor's degree in elec-
tromechanics in modeling technical objects
(competence in the basic sciences, the lead-
ing means of formation of which were mobile
augmented reality) and such general profes-
sional component as competence in electric
machines , which includes knowledge of the
structure and principles of operation of
electric machines, in particular: energy con-
version processes (electromagnetic and
electromechanical), features of the charac-
teristics of certain types of electric machines,
structure of asynchronous machines, syn-
chronous machines, DC machines, trans-
formers; ability to calculate the parameters
and characteristics of electrical machines.
Mobile mathematical systems are the leading
tool for the formation of the latter.

The last general professional compo-
nent of the bachelor's degree in electrome-
chanics in modeling technical objects is the
competence in critical thinking, the content
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of which consists of knowledge and skills of
problem statement with insufficient input
data, analysis of methods and means of task
performance, self-assessment. search for
missing data and ways to solve the problem;
the ability to control their own activities -
both mental and practical; ability to control
the logic of the development of their own
thoughts; ability to determine the sequence
and hierarchy of stages of activity, etc. As
well as for the competence to use different
ways of presenting models, for the compe-
tence of critical thinking it is impossible to
single out the leading disciplines — the for-
mation of these components occurs through-
out the professional training of a bachelor of
electromechanics.

Neural network modeling is an effec-
tive tool of modeling technical objects with a

IlocTanoBka mpodjeMn B 3arajb-
HOMY BHUIJISIAI Ta i 3B’A30K 13 BaKJIMBUMU
HAyYKOBHUMH YU TMPAKTUYHUMU 3aBJAHHAMU.
MonepHizanis npogeciiiHoi miaroToBku ¢a-
XiBLIB 13 MEXaTpPOHIKH Yy TEXHOJIOTTYHUX
YHIBEpCUTETaX Ykpainu [OmmoOka!
HMcToYyHMK CCHIJIKM He HaliJleH.] Ha OCHOBI
3a0e3neueHHs OanaHcy Mik (yHIaMEHTalb-
HOO [OmuobOka! MWCTOYHMK CCHUIKHM He
HaliJleH.] Ta TEXHOJOTIYHOK CKJIaJ0BOIO
mporecy MIATOTOBKH 3YMOBIIIOE HE0O0X1]I-

HicTb mnomyky 3aco6iB IKT HaBuaHHs
[Ommoka!  HMcToYyHHK  CCHUIKH  He
HaliJleH.], 10 HE JUIIe HaJaBaTUMYTh

MO>KJIUBICTh aKTUBHOTO €KCIIEPUMEHTYBAaHHS
y Oyab-skuii yac Ta OyAb-IKOMy Micli, a i
HIATPUMYBaTUMYTh PO3BUTOK TpodeciiiHO
BaXUIMBHUX SKOCTEH MallOyTHBHOIO 1HXKEHepa-
eJIeKTpOMEXaHiKa, cepell SIKUX YiIbHE MICIe
MOC1/Ia€ KOMIIETEHTHICTh Y MO/JENIIOBaHHI1
TeXHIYHUX 00’ekTiB. ChOTOAHI TaKUMHU
VHIBEpCATbHUMHU 3aco0aMH HaBYaHHS €
MOOUIBbHI  iHTepHET mnpucTpoi [Ommoka!l
HcToyHuK  CCHUIKH  He  HaiiJeH.];
[Ommoka!  MCcTOYHHK  CCBLUIKM  He
Haijaen.]; [Ommoka! MCTOYHHK CCBHLIKH
He HaiieH.].

AHaJii3 OCTaHHIX J0CJTiIKeHb i my-
oJrikaiii, y SIKHX 3al104aTKOBAaHO

hidden or fuzzy structure, the description of
which is complicated by traditional means.
Conclusions of the research. Thus,
in the process of forming the general profes-
sional component of the bachelor's degree in
electromechanics in modeling technical ob-
jects, it is advisable to use the following
software of mobile Internet devices: cloud-
based spreadsheets as modeling tools (in-
cluding neural network); visual modeling
systems as a means of structural modeling of
technical objects; mobile computer mathe-
matical systems used at all stages of model-
ing; mobile communication tools for organ-
izing joint modeling activities. As a prospect
for further research, an experimental test of
the level of formation of the general profes-
sional component of the bachelor's degree in
electromechanics in modeling technical ob-
jects using mobile Internet devices appears.

PO3B’s3aHHA 1Ii€i poOIeMH 1 Ha sIKi Ccrpa-
eTbcsd aBTop. 3a BusHaueHHsM IOHECKO,
MOOUTBHUM MPUCTPIK € HU(PPOBUM, BiH JIETKO
MIEPEHOCUTHCSI, SIK TIPABUIIO, HATEKUTH 1 KOHT-
POJTIOETHCS IHIUBIZIOM, @ HE YCTaHOBOIO, MOYKE
OTpUMATH JIOCTYM 110 IHTepHeT, Mae MyJbTH-
MeiiHI MOKJIMBOCTI 1 MOXKE CHPHUSTH BHKO-
HAHHIO BEJIMKOI KUJIBKOCTI 3aBIaHb, 30KpeMa
NOB’S3aHMX 13 KOMyHiKamiero [Ommoka!l
M CcTOYHNK CCBIJIKH He HalijeH., C. 6].

Artopu [Ommoéka! Hcrounuk
CCBUIKM He HaMeH.] T MobintbHicmIo ana-
pamuux 3aco6ié po3yMilOTh MOXKIIUBICTh iX-
HBOTO PyXy y IPOCTOpi 32 YMOBH, 110 OTPH-
MyBaHi BiJ TAKOT'O pyXy IepeBaru BUIIE, HIK
3aTpaTu Ha oro 3abe3neuyeHHs. [Ipu opien-
Talii Ha pe3ynbmam pyxy anapaTHui 3aci0d
BBKAETHCSI MOOUTBHUM, SKIIO OIHOPa30Bi
BUTpPAaTH Ha HOTO NEpEeHEeCEeHHS NepeKpHBa-
IOThCSl TIepeBaraMu Horo mocTifHOrO BUKO-
PHUCTaHHS Y HOBOMY MicIli (Takui MigxXix 10
BU3HAYEHHS MOOUIBHOCTI anapaTHUX 3aco0iB
BiJINOBiAa€e reorpadiuniii MooinbHOCTI). [pu
Opi€eHTallil Ha npoyec pyxy amnapaTHuil 3acid
BBAXKAETHCSI MOOUIBHMM, SIKIIO BUTpPATH Ha
Horo pyx HepeKpHBalOThCs IepeBaraMu Bij
HOTO BUKOPUCTAHHS Y TIPOLIECI PYXY.
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VYnepiie kiaac MOOUIBHUX IHTEpHET-
npuctpoiB (Mobile Internet devices — MID)
O0yB mpencraBinenuid y 2007 pomi B cTaTTi
M. Yinra (David Chieng) [Omuoxka!
Hcrounuk CCBLIKH He HaiijieH. .
OCHOBHMMH BUMOTaMH JI0 TaKHX MPHUCTPOIB
aBTOP BHM3HAYA€ BiJIHOCHO BEJHMKHUI €KpaH,
MPUCTONHUI TEpMiH pobotu BiJl
aKyMyJsiTOpa Ta MOXJIMBICTH i1 €IHAHHS
1o [atepHer.

SIckpaBUM NPUKIIAI0OM BUKOPHCTAHHS
MOOUTBHUX MPUCTPOIB Y HaBuaHHI B Komym-
6ii € mpoext BlueGén esis [OmmoKka!l
HNcTouHuK CCBLIKHU He HaiieH.],
posnouatuii y 2006 pori Ta cipssMOBaHH Ha
CTYACHTIB, 13 MOOUIBHHX NPUCTPOIB SKUX
yTpyZAHEHUN ab0 HEMOXJIMBUN JOCTYI J10
InTepHer. Y dxocrti aJIbTEPHATUBU
HPOIMOHY€EThCS BUKOpHcTaHHs Bluetooth i3
ABTOPCHKHM MPOTPaMHUM 3a0€3MEUYECHHSM,

IO HaJae CTyAEHTaM Ta BHKJIAJa4yaM
MOYJIMBOCTI 00Ky BiJIBITyBaHOCTI,
OHJIANH-OI[IHFOBAHHS, [1€IarOriYHOro

CIIOCTEPEKEHHS, IPOrpaMyBaHHsI Ta BEJICHHS
JKypHaIIy TOJif, KOHCYJIbTallIiHUX 3ayBa-
JKEHb, IPU3HAYCHHS 3aBJIaHb JJIs 1HAUBIAYya-
JBHOI Ta TPYyNoBOi poOOTH, MPOBEJEHHS TO-
JIOCYBaHb Ta ONUTYBaHb, OLIHIOBAHHS SKOCTI
poboTH BHKIIanayiB, aaMiHICTpaIlli Ta mep-
COHaJy, BEJCHHS HaBYAIBHOTO KalleHAApIo,
HIATPUMKH ayIUTOPHUX HPOEKTIB, OLIHIO-
BaHHS KOH(EpeHIid Ta BUCTaBOK, MOIIU-
peHHsl JeKkuid B ayniodpopmari, MacoBOTO
pO3CUJIaHHS BIJJOMOCTEH, MiJTOTOBKHU 0 30-
BHIIIHHOTO HE3AJIEKHOTO OIIHIOBAHHS BUITY-
ckHukiB 3BO.

[Ipuknan opranizamii  “nepeBepHy-
TOTO KJ1acy” y Mpoleci MiAroTOBKU (haxiBIiB
13 HaAHOTeXHoJOri HaBoauTh P. Impyc
(R. Idrus) [Ommoka! MCTOYHHK CCHLIKH
He HaiileH.]. ABTOp BKa3ye, LI0 CTYAEHTH
OCTaHHBOTO POKY HaBYaHHS € HaWOLIbII
CXHJILHUMU JI0 CAaMOCTIHHO1 HaBYaJIbHO-J0C-
JTAHULBKOT TisSTTBHOCTI Y HAyKOBO-AOCTIA-
HUX JTabopaTopisix Ta 3 MEepeIOBUMH HAyKO-
BHMHU KypHallaMd. BUKOpHCTOBYIOYH 3aCO0U
MoOiTbHOTO HaBuaHHs (30kpema WhatsApp),
CTYJIEHTaM HaIPaBJUIUCE JJIS PO3TIISIAY T0-
CWJIaHHA Ha CTaTTi, IO CaMOCTIHHO HUMHU
OTPaIbOBYBAUCh 3 METOK MOJAAJIBIIOTO

00roBOpeHHsI B ayAUTOPii 200 3 BUKIIATaueM.
WhatsApp Takox BUKOPUCTOBYBABCS CTYJIE-
HTaMHU 3 METOIO Oprasi3auii 0OrOBOpeHHS 110
MOYaTKy 3aHATTS.

Bupinenns He BHMpilIeHWX paHime
YAaCTHH 3arajbHoOi MpodJeMHu, KOTPUM
MPUCBSUYEThCS JlaHa cTarTd. Jlana pobora €
MOJaJIbIIUM PO3BUTKOM JIOCIHIKEHHS, PO3-
noyatoro y crarrsix [OmmumoOka! UcTounuk
CCBIKM He HaiiieH.] Ta [OmmoOka!l
HNcTOYHUK CCHUIKM He HaiijieH.], METO
SAKOTO € PO3poOKa METOJIMKH BUKOPHCTAHHSA
MOOUIPHUX 1HTEPHET-TIPUCTPOIB SIK 3aco0y
dbopMyBaHHS KOMIIETEHTHOCTI OakanaBpa
CJIIGKTPOMEXaHIKH B MOJICTIOBAHHI TEXHId-
HUX 00’ €KTIB.

®opmyawBanHsa uijeid crarri (mo-
CTaHOBKa 3aBlaHHA). J00ip Ta OOIPyHTY-
BaHHS 3aco0iB MOOUTPHHX [HTEpHET mpH-
CTpOiB, BUKOPUCTAHHA SKUX CIIpHsie Gopmy-
BaHHIO  3araJibHONPO(ECiitHOI  CKIIa0BOL
BKa3aHO1 KOMITIETEHTHOCTI.

Bukiaaag ocHoBHOro marepiaay ao-
CJiXKeHHs1 3 TIOBHUM OOIPYHTYBaHHSIM
OTPUMAHUX HAyKOBHUX pe3ynbTariB. Dopmy-
BaHHS TaKoi 3arajbHONPO(dEciiHOI CKIIamo-
BOi KOMIIETEHTHOCTI OakajiaBpa eJleKTpoMe-
XaHIKH B MOJICIIOBAHHI TEXHIYHUX 00’ €KTIB,
K KoMnemeHyisi i3 po3e’s3anus npogheciii-
HUX 3a0a4 3acobamu iHhopmayiiHo-KOMYHi-
KayitiHux mexHonoeil, nependadae HaOyTTs
3HaHb y raixy3l 0OYMCITIOBAIBHOI TEXHIKU Ta
NpOTpaMyBaHHsI, YMIHHS CTBOPIOBATH TPHK-
JajHe TporpaMHe 3a0e3MeUeHHsl, BOJIOAIHHS
HaBUYKaMu pobotu i3 3acobamu IKT st
pO3B’s3aHHS 3aJay y rajiysi eleKkTpomexa-
Hik1. POpMyBaHHS 1i€i KOMIETEHIIIi PO3Mo-
YUHACTHCSA 3 HaBYAJIbHOI aucHuIuiigu “‘O0-
YHUCIIIOBAJIbHA TEXHIKAa Ta MpOrpamMyBaHHA
Ta B110YBa€ThCs pa3oM 13 (POPMYyBaHHAM 3a-
raJbHOHAYKOBOI CKJIaJI0BOi KOMIIETEHTHOCTI
OakanaBpa eNEKTPOMEXaHIKH B MOJEINIO-
BaHHI TEXHIYHUX 00’ €KTIB, 30KpeMa KOMIIEe-
TEHUIH B 1HPOpPMAIHO-KOMYHIKAI[IHHUX
TEXHOJIOTISIX Ta y MPUKIAIHINA MaTeMaTHlli.
[i momanpmmii po3BUTOK BiAOyBaeTbCs Y
mporeci po3poOKu MoJeNel, Mo po3risiia-
IOThCSl Y HaBYAIBHUX aucturiiinax “Teopis
aBTOMATUYHOTO ympaBiiHHS Ta “Mopemnto-
BaHHS €JIEKTPOMEXAHIYHUX CUCTEM .
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Meroro BuBUeHHS aucuuiutiau “Teo-
pisi aBTOMAaTUYHOTO YNPABIIHHA € ONaHy-
BaHHS CIIOCOOIB IMOCTAaHOBKH 3ajay, MpPHUH-
[UIIB TOOYAOBM CHCTEM aBTOMAaTHYHOTO
yIpaBIIiHHS, METOMAIB aHajli3y Ta CHUHTE3y
JHIMHKUX, HETIHIWHUX, IMITYJIbCHUX, ITUPPO-
BUX, a/IalITUBHUX Ta ONTHUMAJIbHUX CUCTEM 13
3aCTOCYBaHHSAM CYYaCHUX MPOTPaAMHUX KOM-
IUIEKCIB U1 MOJIETIOBAHHS JIMHAMIYHHX
CHUCTEM.

VY pe3ynbrari BUBYCHHS TUCIUILTIHA
CTYJEHTH, 30KpeMa, MalOTh HA0YTH yMiHb:

— CKJIajaTu JuQepeHIiiHi piBHIHHA
€JIEMEHTIB CHCTEM aBTOMATHYHOTO YIIpaB-
JIHHS Ta CUCTEMHU B IJIOMY;

— CKJIJIaTH 1 MEepeTBOPIOBATU CTPYK-
TypHI CXEMH CHCTEeM aBTOMAaTHYHOTO
ynpasninas (CAY);

— BU3HAYaTH 4acoBi (yHKIii Ta Ya-
COBl XapakTEpUCTUKHU CUCTEMH aBTOMAaTHY-
HOTO YIIPABIIIHHA Ta i €JICMEHTIB 32 YMOB il
CUTHAJIIB Pi3HOTO POILY;

— BU3HAYaTH 4acTOTHI QyHKIIT Ta Xa-
PaKTEPUCTUKH  CHUCTEM  aBTOMAaTHYHOIO
yIIPaBIiHHS;

— aHaNi3yBaTU CTINKICTh JIIHIMHUX,
IMIYJIBCHUAX Ta HEJIHIMHUX CHCTEM aBTOMa-
TUYHOTO YIPaBIIIHHS;

— PO3paxoBYBaTH YIpPaBISIIOYl TpHU-
CTpoi (perynsaropu), ki 3a0e3meuyroTh He-
OOX17H1 MOKa3HUKH SIKOCTI, y TOMY YHCHI 3
BUKOPUCTAHHSAM METO/y MPOCTOPY CTaHIB;

— CHHTE3yBaTH CUCTEMH aBTOMAaTHY-
HOI'O YHPpaBJIiHHS 32 YMOB Jii BUIAJKOBUX
CHTHAJIIB;

— 3aCTOCOBYBAaTH aJallTUBHI METOJH
JUTS YIIPaBIIIHHS HECTAI[IOHAPHUMH 00’ €KTaMH.

Tak, Ha JeKWiAX JPyroro MoOIyJs
“BnacTUBOCTI Ta XapaKTEPUCTUKU 3aMKHEHUX
CAY. Cuntes niHiiiHuX HenepepBHUX CAY”
PO3IIIAJAI0ThCS TIMTAHHS BIUIMBIB HA CUCTEMY
Ta BUMOT'H JI0 TIPOLIECY YIPaBIIHHS, CTIMKOCTI
3amkHeHux CAY, cranionaphi (ycrayesi)
pexxumu niHIHHIX CAY, OIIHIOBaHHS SIKOCTI
CAY 1npu CXOAWHKOBHX Ta JOBUIBHUX
BIUIMBAaX, 4YAaCTOTHI METOOHM  OI[HIOBAHHS
sakocti CAY, HaOmmkeHi Meronu BUOOpY
3aKOHY  PETYJIOBaHHS  Ta  IapaMeTpiB
PEryIOBaJIbHUKIB, cunre3 CAY  3a

JOrapu(MiYHUMH YaCTOTHHMH XapakTep pUc-
Tukamu. [l 3aKpiuieHHs] JaHOTO Matepiany
HPOIOHYIOThCS JTabOpaTopHi poOdoTH ““AHai3
criikocti Ta sikocti CAY” Tta “CuHte3 Ta
nocmimpkeHass  CAY  gng o0’exTiB 13
3ami3HeHHsAM”.  PO3rsiHEMO  BHKOPHCTaHHS
3aco0iB IKT amst po3B’si3aHHs IpyToOi 13 HUX.

Mema pobomu:. TOCHIIKEHHS BILTUBY
JIAaHKW 3alli3HIOBAaHHS Ha CTIHKICTh Ta SKiCTh
CHUCTEMH aBTOMATHYHOTO YIIPABIIHHS.

3micm pobomu

1. BuB4yeHHs BIUIMBY JIAHKH 3alli3HIO-
BaHHS HAa XapaKTEPUCTHKU CHCTEMHU aBTOMa-
TUYHOTO yIPaBJIiHHS.

2. ExcriepuMmeHTanpHe  OJiepyKaHHS
NEePexiTHUX Ta YaCTOTHUX XapaKTEPUCTHK
CUCTEMH 13 3aIli3HIOBAaHHSM.

Teopemuuni gioomocmi

o ckmamy cuCTEM aBTOMATHYHOTO
VIPaBIiHHSA MOXYTh BXOAWUTU JIAHKU 3ANi3-
HI08aHHS, PIBHSIHHS SKMX MAIOTh BUTJISI;

y(®) = x(t-1).,(1)

JIe T — 4yac 3ami3HIOBaHHS.

[lepenaBanbHa (QyHKISI TAKO1 JIAHKH
BIJIMOBIJIHO JIO TEOPEMHU 3alli3HIOBaHHS (BJia-
CTHBOCTI nepeTBopeHHs Jlarmaca):

W.an(s) = €. (2)

CucreMu aBTOMaTHYHOTO YIpPaBITiHHS,
IO  CKIagy  SKAX  BXOIUTH  JIaHKA
3aIi3HIOBaHHS, HA3WBAIOTBhCA cucmemamu i3
3aNi3HI08AHHAM.

Jlanka 3ami3HIOBaHHS MOXE BKJIIOYa-
TUCS JI0 MPSMOTO JIAHIIOTa CUCTeMH abo 10
JIAHIIOTa 3BOPOTHOTO 3B’s3Ky. [lpuuomy,
HE3aJICXKHO BiJl MICIISI BKJIFOUCHHS JIAHKH 3a-
Mi3HIOBAHHS, XapaKTePUCTUYHE PIBHSHHA
3aMKHYTOI CHCTEMH 13 3ali3HIOBAaHHSM MAa€

BUIJISIL
D(s) = Q(s) + R(s)e™ =0, (3)

ne Q(s) 1 R(s) — BigmosimHO
IOJIHOMH  3HAMEHHMKAa 1  4YMCEJIbHUKA
nepeaaBatbHOI byHKIii PO3IMKHYTOI

cucTeMu 0e3 3ami3HIOBAHHS.

Ile xapakTepUCTHYHE PIBHSHHS HE €
MOJIIHOMOM 1 Ma€ HECKIHYEHHY MHOXHHY
KopeHiB. Tomy Ui MOCHITKeHHSI CTIMKOCTI
CHCTEM 13 3ami3HIOBAHHSIM HEOOXI1IHO BUKO-
PUCTOBYBaTH YacTOTHI KpHUTepii CTIHKOCTI,
Taki sIK KpuTepiil ctiiikocti HaiikBicta. Bu-
CHOBOK IIPO CTIHKICTh CHCTEMH MO>KHA 3pO-

Teopis i npakmuka ynpasninusa coyianohumu cucmemamu 42020

111



IHOOPMAIIHMHI TEXHOJIOII 1 3ACOBH HABYAHHA B ITPODECIHHIN

HIATOTOBIII MAUEYTHIX ®AXIBLIB

OWTH Ha MiACTaBi aHAII3Y aMILTITYIHO-(a30-
BOi 4acTOTHOT XapakTtepuctuku (ADYX) po-
3IMKHYTOi CUCTEMH 13 3aIi3HIOBAaHHSM.

MoskHa T[IOKa3aTH, IO HasIBHICTh
JAHKW 3alli3HIOBAHHS HE 3MIHIOE MOJIYJIsS
A(w) ADYX posimkayToi CAY, a BHOCUTH
JUIIE JTOJATKOBHUMA BiJl'€MHHM (ha30BHA 3CyB
—w7. 3MIHIOIOYH Yac 3amli3HeHHS T B IIHUPO-
KHX MEXax, MOXKHA 3HAWTH Take HOro 3Ha-
YEeHHsI, IPU SKOMY 3aMKHYTa cCUCTeMa Oyne
3HAXOJUTUCS HA MEXi CTiHKOoCcTi. B 1bomy
Bumagky APUYX po3iMKHYTOI CcHCTeMH 13
3aIi3HIOBaHHSAM OyZe MPOXOJUTH 4Yepe3 TO-
uky (—1; 0) = —1+j0.

Yac 3ami3HEHHA 7 1 BIANOBIIHE
HOMyY 3HAYECHHS YaCTOTH Wy, 38 AKUX ADUX
IPOXOIUTh uepe3 Touky (—1; 0), Ha3uBarOTh

Kpumuynumu. JIs KPUTUYHOTO BHUMAJKY
CIpaBeJINBI YMOBH:

Alwxp) = 1; plwp) = 7. (4)

CucreMa aBTOMAaTUYHOTO YIIPABIiHHS
Oyne cmitkoro, SIKIIO 4Yac 3alli3HEHHA 7
MEHIIUH 38 KPUTHYHUM: T < Tp.

Topsook suxonanms pobomu

JloCiHKEHHIO IMIsSIrae CuCTeMa aB-
TOMATHYHOTO YIPABIIHHS, 1O CKIAAy SKOi
BXOJMTH JIAHKA 3ali3HIOBAHHA.

1. IlepenaBanbHa (QyHKLIS pO3IMKHYTOI

CUCTEMH AaBTOMATHYHOTO YIPaBIiHHA 03
3ami3HIOBAHHS MA€ BHUTJIISI:

W(s) = K

s (T15+1)(T25+1)(5)

3HaveHHs KoedimienTta nepenavi K ta
nocTiHuxX vacy T1 1 T, HaBeaeHi y Tabmuii
(tabm. 1).

Tabauys 1
3HaveHHs KoedinieHTa nepenayi K ta nocrifinux yacy T;i T,
Ne papianTy 1 2 3 4 5
K, ¢ 5 3 1 10 8
Ty, ¢ 0,5 0,1 0,05 0,05 0,04
Ty ¢ 0,01 0,05 0,01 0,2 0,1

3a nonomoror nakery Scilab moGy-
JyBaTU TepexinHy xapakrepuctuky h(t) 3a-
MKHYTOi CUCTEMM 3 OJMHUYHUM BiJ €MHUM
3BOPOTHUM 3B’A3KOM. 3pOOWUTH BHUCHOBOK
PO CTIMKICTh CUCTEMH.

2. YBecTH JI0 IPSIMOTO JIAHITIOTa CHCTEMH
JaHKy 3ali3HeHHs 3 YacoM 3alli3HEeHHS
7=0,01 c, noOyayBatu nepexiaHy
XapaKTEPUCTUKy CHUCTEMM 13 3ami3HEHHSM 1
3pOoOUTH BHUCHOBOK, SIK JIaHKA 3alli3HEHHS
BIUTMBAE Ha SIKICTh MEPEXiTHOTO MPOIIECY.

3. 30inbIIyI0un yac 3ami3HeHHs,
INPOCTEXKUTH, SK 3MIHIOEThCS IepexiiHa
XapakTepUCTHKa CHCTEMM; 3pOOUTH Tak,
06 cucrtema BTpaTuia CTIMKICTh
(mepexiaHui mpolec po30iraeTbes).

4. Buznauntu eKCIIePUMEHTAIHHO
3HAUEHHS KPUTHYHOTO 4acy 3ali3HEHHS Typ,
IpU SIKOMY CHCTeMa OyJe 3HaXOAWTHCHh Ha
MeX1 CTifiKoCTi (mepeximHuii mpouec Oyne
HE3aTyXalouuMm).

5. [ToBTOpUTH MyHKTH 2-4 7151 BUMIAJKY,
KOJIM JIaHKy 3alli3HEHHS BKJIIOYEHO [0
JaHLIoTa 3BOPOTHOTO 3B’SI3Ky. 3poOuTH
BHUCHOBKH.

[Tomanpmmii pO3BUTOK KOMITETEHIIIT 13
po3B’si3aHHs TipodeciitHuX 3amayd  3acobammu
IKT BigOyBaeTbcsi y mporeci BHUKOHAHHS
KypCOBOI pOOOTH 3 HaBYAIBHOI JUCIHUILTIHH
“Teopiss aBTOMAaTUYHOIO YNpaBIiHHA . 3
MeTOI0 (OpPMYBaHHS HABHYOK IPOBEICHHS
npodeciiHo  CHpSIMOBaHMX  HaBYAIBHHUX
JOCIT/DKEHh MOYKHA 3aIlpOIIOHYBAaTH CTYJICH-
TaM O3HaHOMUTHUCH 13 HOBUMH pPe3YJIbTaTaMH Y
NpeAMETHIA Taly3l 3a HayKOBUMH ITyOJIi-
KallisMi y (axoBHX BUAAHHAX Ta PO3MOYATH
KypcoBy po0oTy 3 iX BiaTBOpeHHs. Tak, y
poboti “OnTumizawiss CHIIKY4oi CHCTEMH
aBroMatiyHoro  ympamiiaHs® ~— [Ommoka!
HcTouHuk cCbIKHM He HaMeH. | pO3IIISIHYTO
npukiaa caiakyrodoi CAY pobodoro oprany
ac(anpToyKi1a1a4a 3 riIpONPUBOIOM.

[Ipn mepemimieHHl yKJIaJalbHUKA
B3JIOBJK OCHOBH, SIKa TOTOBA JJIsl YKJIQJaHHS
Ha Hel IOPOKHBOTO MOKPHUTTS, HOTO XOJ0BE
obnanHaHHA (TyceHU4HE a00 KOJICHE) 3JIiH-
CHIOE HEKEpPOBaH1 BUIAIKOBI MEPEMIIICHHS Y
BEPTUKAJIHHOMY HANpsIMKY MiJ BIJIABOM He-
piBHOCTEH MIKpopenbedy OCHOBHU JIOPOTH.
I1i nmepemilieHHsI TepelAIOTLCS Yepe3 pamy
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yKJIaJalbHUKA 1 MiJBICKY BHIIA/PKYBAIBHOI
IUTUTH Ha poboue 00JaAHAHHS, BUKIMKAIOUN
HEKEPOBaHI MEPEMIIIICHHS BUTIIAKYBAIBHOT
IUIMTH, SIKI TATHYTH 3a COOOI BHUKOHAHHS
JIOBUTBHOTO 301UIBIIEHHS TOBIIMHH 1 KyTa
MOTEPEYHOr0 YXUIy 1Iapy, M0 YKIaJa€eThCs,
TUM CaMHM TOTIPIIYIOYM MOKA3HUKU SKOCTI
MOKPUTTA.

ImiTamiitna Moienb CHiAKYIOYOi CHC-
TEMU  TIAPONPHUBOAY  BUIVIAKYBaJIbHOI
IUTATH acQalbTOyKJIagada Moxe OyTH peai-
3oBaHa B MATLAB Online, sx me mporo-
HyloTb aBTOpu [Omuobka! HceTouHuk
cCbIKM He HaiaeH.]. Jlo ckiany cxemu
iMiTarifHOl  MoOJem  BXOASTh  HACTYIHI
€JIEeMEHTH: TIAPOLMIIHAP JABOHAIPABICHOTO
Iii; TPHOXMO3UIIHHUN T1APOPO3NOAITHHUK;

TiapaBIIYHAN Hacoc; KEpOBaHUM
TiIp03aMOK; 11eanbHUI riapaBiIiaHAN
JaTYUK THCKY; €JIEMEHT ‘“‘BHUIVIAJDKYIOTh

mTa acarbToykiIaaada”; CeHCOop, M0 J1a€e
iH(popMaIlifo MPo MEPEeMIIIeHHS 1 MBHIKICTh
IITOKA TiAPOUMITIHApPA (JAaTYMK 3BOPOTHOTO
3B’A3KYy Sensor); ieandbHU CEHCOp CHIIH;
eJleMeHT “rigpasiiunHa piguHa” (Macio Oil-

30W); MPOTNOPLIHHUN CepBOKJIaNaH
TiAPOTIPUBOY (ermekTporiapaBIiyHUR
PO3MOIIIBHUK, 10 MIEPETBOPIOE

€JeKTPUYHUIM CHUTHAlI Ha [EpeMIllEeHHs);
eJIEMEHT “‘B’sI3Ke TepTs; 11eaNbHe PKEpeso
CUJIM; 30YypIOIOYMI BIUTUB “MIKpOpENbEd’;
PS-konBepTop; eMmHICTH I poOouoi pi-
TUHYU; 30yprolouuil BIUIMB, OOYMOBJIEHUN
BIUTMBOM pOOOTH 1HILIUX €JIEMEHTIB.

Buxopuctanas MOOIIbHUX 1HTEpPHET-
npucTpoiB y (OpMyBaHHI KOMIETEHII B
€JIEKTPUYHUX MAIIMHAX Ta KPUTUYHOTO MH-
CJICHHS B110yBA€THCS TAKUM YHHOM.

VY waBuaneHil guctmmuiigi  “Enexr-
pUUHI MauHU BiAOYBA€ETHCS POPMYBAHHS K
3araJlbHOHAYKOBOI CKJIaJJOBOi KOMIETEHTHOCTI
OakasaBpa €JIEKTPOMEXaHIKH B MOJICITIOBaHHI
TEXHIYHUX 00’€eKTIB (KoMITeTeHIIii y
byHAaMeHTAIbHUX ~ HayKaX,  [POBLAHUM
3acoboM (opmyBaHHsS sik0i Oynmu MOOLUTBHI
3aco0M JIOTIOBHEHO! PEaTbHOCTI), TaK W TaKoi
3arajgpHOMpo(eciitHol 11 CKIamoBOl,  SIK
KOMNemenyii 6 eleKmpuyHux MauuHax, o
BKJIIOYA€ 3HAHHSA OYyJOBM Ta MPUHIMUIIB

(GYHKIIOHYBaHHA  €IEKTPUYHHMX  MAIlWH,
30KpeMa: TMPOIECiB TEPETBOPEHHS EHEepril
(eMeKTPOMArHITHUX Ta ENEKTPOMEXaHIUHHX),
OCOOJIMBOCTI XapaKTEPUCTHK OKPEMHUX BH/IIB
CNEKTPUYHUX MAINH, OYJI0BY ACHHXPOHHHX

MalliH, CHHXPOHHMX  MallWH,  MAallIuH
NOCTIHHOTO ~ CTpyMy,  TpancgOpMaropis,;
YMIHHS ~ pO3paxOBYBaTd  IapaMeTpu  Ta

XapaKTePUCTUKU EJIEKTPUUHUX MammH. s
(hopMyBaHHSI OCTaHHBOI ITPOBITHUM 3aCO00M €
MOOLITBHI CHCTEMU KOMIT FOTEPHOT
MaTeMaTuKu.

Ocranns 3aranpHONpogeciiiHa
CKJIaZiloBa KOMIIETEHTHOCTI 0OakajaBpa eJek-
TPOMEXaHIKA B MOJCTIOBAaHHI TEXHIYHUX
00’€KTIB — KOMnemenyis i3 KpUMUYHOZO
MUCTIeHHs, 3MICT SIKOi CKJIa[aloTh 3HAHHS Ta
YMIHHS MIOCTAaHOBKH 3aBIaHHS 3
HEIOCTAaTHLOI0 KUIBKICTIO BXIOHHX HJaHHX,
aHajily HasBHOCTI cHoco0iB 1 3aco0iB
BUKOHAHHS 3aBJIaHHS, OIIHIOBAaHHS BIIACHOL
TOTOBHOCTI  JI0  pO3B’SA3yBaHHS  3ajadi,
CaMOCTIMHOTO TOIIYKY BIJICYTHIX JaHHX Ta
CHOCO0IB  pO3B’SI3yBaHHS  33/1adi; YMIiHHS
3MIMCHIOBATH KOHTPOJIb BJIACHOI JTISUTHHOCTI —
K PpO3YMOBOi, TaKk 1 NPaKTUYHOI; YMIHHS
KOHTPOJIOBATH JIOTIKYy PO3rOPTaHHS BIACHHUX
JTYMOK; YMIHHS BHU3HA4aTH TOCIiJIOBHICTh Ta
lepapxito eTamiB JIisUIbHOCTI, Tolo. Tak camo,
K W JUTs1 KOMIIETEHLIT 13 3aCTOCYBaHHS Pi3HUX
CIIoco01B MOJAHH MOJCIEH, JUIS KOMIICTCHITI
13 KPUTHYHOTO MHCJIEHHS HE  MOXKHA
BUOKPEMHUTH TPOBITHI HABYAIbHI JUCIUTUTIHA
— (QopMyBaHHS LUX CKJIQJIOBHX BiIOYBA€ThCS
poTAroM yci€i mnpogeciiHoi MiArOTOBKU
OakaaBpa eIeKTPOMEXAHIKH.

EdexTuBHrM 32CO00M MOJIETIOBAHHSA
TEXHIYHUX 00’€KTIB 3 MPUXOBaHOW abo He-
YiTKOIO CTPYKTYpPOIO, ONHC $IKOI TpaauIiii-
HUMH 3aco0amMH yCKJIaJHEHUH, € HelpoMme-

peKeBe MO/ICJTFOBaHHS ([Ommoka!
HMcTouynnk  cCHUIKH  He  HalijleH.];
[Ommoka!  MCTOYHHK  CCBUIKM  He
Haiigen.]). Sk 3a3HaYalOTh pEIAKTOPH

npyroi kHuru cepii “Helipoxomm’totepu Ta
iX 3acTocyBaHHS, aKTyaJbHICTH HOTO
3aCTOCYBaHHS 00yMOBIIOETHCS
HEOOX1/IHICTIO PO3poOKH METO/IIB
yIpaBIIiHHS CKJIQJHUMHU HENIHIHHUMU CHUC-
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temamu: «[lepmri mpukiaan po3podKu MeTo-
JIiB yTPaBJIiHHS HETIHIHHUMH CUCTEMaMHU ...
NOB’S13aHI  TEpEeBaXHO 3  METOAAMHU
pO3B’s3aHHSI HENIHIMHUX JudepeHIIHHUX

pIBHSIHb, aJ€KBAaTHUX OJHOMPOIIECOPHUM
¢doH-HeliMaHOBCHKUM 00YHCITIOBATBHUM
MaIIHHAM. Po3BuTOK 00UYHKCTIOBATBHHIX

MAalIMH 3 MAaCOBHUM Mapajeli3MOM ... IPUBIB
JI0 CTBOPCHHSI MPUHIIUTIOBO HOBUX JTOPUT-
MIB 1 METO/IIB yNPaBIiHHS HETIHIHHUMU JTU-
HAMIYHAMH cHCTeMaMu. BOHHM mMOB’s3aHi 3
HelpoMepeKeBUMU IrOpUTMaMu
PO3B’sI3aHHS 3BUYAWHUX HENIHIHHUX aude-
PEHIIIMHUX PIBHAHb Ta, SK HACTIJOK, 13
BKIIFOUCHHSIM HEHPOKOMIT'FOTepa B KOHTYP
VIpaBIiHHS HENIHIMHOIO AMHAMIYHOIO CHC-
TEMOIO. ... JlocTaTHRO MIUPOKUIT PO3BUTOK Ta
MOIIMPEHHS MOII0HUX aJITOPUTMIB MPU3BEIH
... IO CTBOPEHHS IJIOTO PO3IiUTYy HAYKH IIiJl
Ha3BOKW  “HeiipoympaBiinHa” [Omuoka!
HcTouHUK cCHUIKH He HailiaeH., ¢. 9—10].

B imkeHepHOMY KOHTEKCTI 1HTeleK-
TyaJlbHE YIPAaBIiHHS MOBUHHO BOJIOIITH Ha-
CTYIHUMU BJIACTUBOCTSIMH: 3[aTHICTh J0 Ha-
BYAHHS Ta aJIalTUBHICTh; JKUBYYICTH, MPOC-
TUW aNTOPUTM YIPABIiHHS Ta JPYKHIH 0
KOPHCTYyBa4a JIFOJWHO-MAITUHHUN  1THTEp-
deiic; 37aTHICTh O BKJIIOYEHHS HOBUX KOM-
MOHEHTIB, 0 3a0e3MeuyroTh Halkpail pi-
IIEHHS B yMOBax OOMEXeHb, L0 HaKjajaa-
IOTBCS TEXHIYHMMH 3acobamu [Ommokal
HcToYHHK CCHUIKH He HaliaeH., ¢. 15].

ITix TIMOMHHEUM MalIUHHUM HaBYaH-
HSIM PO3YMI€ThCS KJIac alrOpUTMIB 1HTEJEK-
TyallbHOTO YTpPaBJIiHHS, SKI BUKOPHUCTOBY-
I0Th OaraTomapoBi HEWPOHHI Mepexi 3 Hei-
HiiHUMU By3namu. PosrisHemo moOymoBy
HelipoMepekeBo1 MoJienl JUIsl anpoKcUMarii
JnaHux, ommcany B 23 miaBi [Ommoka!
HcToyHHK CcCHUIKM He HaiijleH.|, Ta
OTPUMAHUX 3 IHTEIEKTYaITbHOTO JATYUKYy —
omHOro abo  JEeKUIbKOX  CTaHAapTHHUX
MaTYMKiB, SIKI TIOB’s3aHI 3 HEUPOHHOIO
MEpPEkKeI ISl OTPUMAaHHS KaniOpoBaHOTO
BUMIPIOBaHHS OJTHOTO 13 TapaMeTpiB.

[HTENneKTyanbHIIT AaTYMK TIOJOKEHHS
BUKOPHCTOBYE 3HAYEHHS HAMPYTH, IO Haf-
XOJIITh BT TBOX (DOTOEIEMEHTIB, JUIsI OIIHKA
posramryBaHHs 00’ekta. OO’€KT, pyXarOuucCh

B3IOBK OCl Y, BIIKHZa€ TiHb Ha (¢o-
TOEJIEMEHTH, 110 IPU3BOAUTH J0 3MIHH HAIIPYT
Vi Ta Vo. Ilpu 30umbIIeHH] MO3UIli 00’€KTa Y
Harpyra Vi CIIOYaTKy 3MEHIIYETHCS, IOTIM
3MEHIITYEThCS Harmpyra Vo, MOTIM
30UIBLIYETHCA V1 1 HAPEIIT] 30UIBIIYETHCS Vo.

MeTor MOJENOBaHHS € BU3HAUYUTH
MOJIOKEHHA 00’€KTa 3a BHUMIPIOBAaHHIMHU
nBox Harpyr. s toro, mo6 3i0patu maHi
JUIA  alpOKCHMAIlii, MPOBOAATHCS BHUMIpIO-
BaHHS JBOX Hampyr (hOTOECIEMEHTIB B Psi
CTAIOHHUX TIIOJIOKeHb 00’€kTa. ABTOpH
[Oummoka! McTOYHMK CCHIJIKM He HaiIeH. |
BUKOPUCTOBYBAIIM JIJISl IIMX CKCIICPUMEHTIB
M’S9 JIJIT HACTUTBHOTO TEHICY. YChoro € 67
HaOOpiB BHUMIpIOBaHb, NPEACTABICHUX Y
¢aitnax ball p.txt Ta ball t.txt B apxiBi 3a
nocunanHsM  http://hagan.okstate.edu/Case-
StudyData.zip. Koopaunatu BuMmipsHi B
JofMax, a Hampyra — y BoJibTaX. ILimocki
obmacti B 0 BOJBT IS KOXHOI KPHBOI
BUHUKAIOTh TaM, Ji¢ TiHb Kyl IOBHICTIO
MOKPUBAE JaTyuK. SIKIIO TiHb Oylia TOCHTH
BEJIMKOIO, 11100 TMOKPUTH OOMIBA JAaTYUKH
OJHOYACHO, MH HE 3MOXXEMO BIIHOBHUTH
KOOpJMHATY 3a HalpyTaMHu.

Jlns peamizantii Mojeni TITMOMHHOTO
HaBYaHHS 3aCTOCYEMO XMapo 30piEHTOBaHi
enexkTpoHHi Tabmuui Google Tabmuni 13 1o-
noBHeHHs M Solver 3a po3pobreHo Y
[Ommoka! UcToOYHNK CCHUIKU He HaiijleH. |
METOTUKOIO.

st Toro, mo0 BU3HAYUTH KOOPIH-
HaTy 0O0’€KkTa, MOOYAYeEMO YOTHPHUIIAPOBY
HEHPOHHY MEPEXKY 13 apXITEKTYpOIO:

— BXIJHUA 1Iap — JIBOBUMIpPHUI
apuMeTHIHUHA BEKTOP (X1, X2),
KOMIIOHEHTAaMH  SKOTO € BIMMOBIAHI

BHUMIPIOBaHI Hampyru Vi, V2, HOPMOBaHI
3rigHO 3 (PYHKIII€I0 aKTHUBAILlil MEPExKi;

— MepUIMI NPUXOBAHUH IIap MaTHUME
PO3MIpHICTH 5 Ta  ONHCYBaTUMEThCS
sexropoM (h1®, h,®, hs®, h,®, hs);

— IpYrufl IPUXOBAaHMM IIAp MaTUME
pO3MIpHICTH 3 Ta  ONMHCYBAaTHUMETHCS
BEKTOPOM (hl(z), h2(2) , hg(z));

— BUXIAHMH  1mlap —  3Ha4YeHHs
KOOPAUHATH Yyopw, HOPMOBaHA 3TifHO 3
(GyHKIIIEIO aKTUBALIl MEpexKi.
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Jo HEHpOHIB BX1JTHOT'O Ta
NPUXOBAaHUX IIApiB JIOAAIOTHCS HEHWPOHU
3mimeHHs (bias), 3HaYeHHs SKUX 3aBXKIU
nopiBHIOE oauHUIl. OCOOIMBICTIO HEUPOHIB
3MIIIEHHS € T€, [0 BOHU HE MAIOTh BXITHUX
CHHAIICIB, a TOMY HE MOXYTh OyTH
pO3TalIOBaHi Ha BUXiTHOMY HIapi.

CniouaTky BHECEMO JaHI BUMIPSHHUX
HATIPYT J0 €NEeKTPOHHUX Ta0iuilb. OCKiITBKU
JlaHl TIPEJCTaBICHI y TEKCTOBOMY (haiii,
CKOPHCTYEMOCH (DYHKITIEIO IMIOPTY JaHHUX
10 TaOJIHII.

VY pesynpTari IMIOPTY B KOMIpKH
TaOJIMIII 3aHEeCeH1 HACTYITH]1 3HAYCHHS:

B1:BP1BuxinHi naHi Harpyru Vs

B2:BP2 Buxigui nani Hanpyru Vo

B3:BP3 koopnunaTtu y 00’ €KTy.

JlJis 3py4HOCT1 OTpaIfoBaHHs TpaHC-
MOHYEMO OTpPHMaHI JaHi Ta PO3MITHMO iX y
koMipkax A10:A76 mns vy, C10:C76 s Vo,
C10:C76 nns y. s 1bOro BHECEMO y KOMi-
pKU TaOIUIl HACTYIHI 3HAYCHHS:

A8 OaHi;

A9 Vi

B9 Vo:

C vy

A10 =TRANSPOSE(B1:BP3).

Buxopsuu 3 Toro, mo 0yaoBaHa Heii-
POHHAa Mepeka MaTUMe MOJSPHY (YHKIIIO
aKTWBallii, yci 3HAYeHHS Ha BXOMAl Mepexi
NOBUHHI OyTH HOPMOBAaHI (MPUBEIEHI J10 Jii-
anasony [0; 1]). Ha Buxomi mepexi Heo0-
X1JTHO BUKOHATH 00€pHEHY Orepartito.

HopmyBaHHS BHKOHYBaTUMEMO IS
KOKHOTO CTOBIUS OKpemo. [ 1iporo 3Ham-
IEMO JUIL HUX MIHIMQJIBHI Ta MaKCHMAaJIbHI
3HA4YeHHs, YBIBIIM Y KOMIPKH Taki popmymu:

E5 Vi
F5 Vo
G5 ;
D6 max;
D7 min;

E6 =max(A10:A76);
E7 =min(A10:A76);

HOPMOBAHC 3HAYCHHS =
BXigHe 3HAYEHHSA—MiHIMaJIbHE 3HAYEHHS ( 6)

MaKCHMaJIbHE 3Ha‘ICHHﬂ—MiHiMaJ'{LHC 3Ha‘{€HH$I. L.
3a Takoro miAXoAy MiHIMaJlbHE

3HAaYeHHS HOPMYEThCs 10 0, a MakcUMallbHe
— nmo 1. HopmoBaHi 3Ha4YeHHS Hampyr
HEOOXITHO TOJaTH Ha BXIAHUH  1mIap
HEHPOHHOT Mepexi:

E8 6XIOHUL wap;

Fg X2;
E10 =(A10-E$7)/(E$6-E$7).

Kowmipky E10 mommproemo y miamna-
301 E10:G76.

BignoBigno 10 0o0paHoi apXiTeKTypu
HEUPOHHOI Mepeki, JoJamo 10 2 HEHpOHIB
BXIJJHOTO IIapy HEHUpOH 3MiteHHs. [[is 1poro
y xkoMipky G9 BHecemo ioro Ha3By (X3), a y
mianazon G10:G76 — iioro 3nauenns (1). Ha
IbOMY KpOIll BXiHWI mIap cgopmMoBaHO Yy
BHUIJISITI CHTHAJTBHOTO BEKTOPY (X1, X2, X3).

HactynHuii Kpok — mepenaBaHHs Cu-
THAITY 13 BX1THOTO IIapy HEHPOHHOI Mepexki Ha
Nepmmii IpuxoBaHuil. [l BU3HAYEHHS CHIIN
CUTHaTy HEOOX1IHO MaTu BaroBi KoedilieHTH
HEUPOHHOT Me e>1<1 [Toznaunmo vepes:

— W BaroBui koedirieHT
CHHAIICY, IO TIOB’SI3Y€E HeI/IpOH XI (i=1,2, 3)
BX1/IHOTO mIapy i3 HEHPOHOM h Yi=1,2,.

5) mepioro I I/IXOBaHOFO mapys;

— Wp BaroBui Koe(bluleHT
CHHAIICY, HIO nos’s3ye neiipon h' (k= 1, 2,
ey 0) nepmoro IPUXOBAHOIO MIapy 13
HEeWpOHOM h ) (p = 1, 2, 3) mpyroro
MPUXOBAHOTO 1IApY;

— Wyq BaroBUi Koe(ilieHT
CHHAIICY, H10 nos’s3ye Heitpon hy® (d =1, 2,
.., 4) Jpyroro mnpUXOBaHOro wIApy i3
HEHPOHOM Yyopug (0 = 1) BUXimHOTO mmapy.

Toni cunma curHamy, o MPUXOAUTH
0 HEHpOHY h( MEPIIOTO MPUXOBAHOTO
iapy, BU3HAUATUMETHCS SIK CKaSIpHUN
MO00YTOK 3HAYeHb CHTHAITY Ha BXIiTHOMY
Iapi Ta BiJMOBIAHUX BaroBUX Koe(illi€HTIB.
Jlnst BU3HAYEHHS CUTHAITY, SIKAU TT1/1e Jaii Ha

Jani pianason E6:E7 KomiroeThCs y — mpyruii NpuXOBaHMi Iap,  3acTOCYEMO
F6:G7. JIOTICTUYHY GyHKIIIO aKTUBalli
CyrtHicTh HOpMYBaHHS JIeTKO 3po3y-  f(S) = 1/(1+e'5), ae S —  BiANOBIAHUI

MiTH i3 Bupa3sy (6): CKalsipHui  go0yTrok.  DopMynm s
BU3HAYEHHsl CUTHANIB Ha mnepuioMy (7) Ta
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npyromy (8) mpuxoBaHOMY 1 BuXigHOMY (9)
mapax MaTUMYTh BHTJIS:

h

hY = F(ZE X @), @)
h(1)h

h}()z) — f( 5+1 h}({l)wkén (2)), ®)

yHOqu =f( 3iixdwgfll¢§2)y)(9)

BianoBigHO HEOOX1THO CTBOPUTH TPH
MaTpHILi:

— MaTpuisg W po3MipHicTIO 3x5
MICTUTh BaroBi Koe(dillieHTH 3B’S3KiB 3
HEHpOHIB BXimHOro mapy (mepmii /Ba
MICTATh HOPMOBaHI 3HA4YCHHS HaIpyr, a
TPETiii € HEHPOHOM 3MIIIIEHHS) 3 HEWPOHAMH
MEPIIOrO MPUXOBAHOTO MIAPY;

— marpuist W@ posmipaictio 6x3
MICTUTh BaroBi Koe(QillieHTH 3B’S3KiB 6
HEHpOHIB TEpIIOT0 MPHUXOBAaHOTO Imapy (3
HUX II’SITh OOYMCHIOIOTBCS, a IIOCTHH €
HEHPOHOM 3MIIlIEHHS) 3 HEHPOHAMH JPYTOTo
MIPUXOBAHOTO APy,

— MaTpUIls wh@®y po3MipHicTIO 4x1
MICTUTh BaroBi KOe(illieHTH 3B’s3KiB 4
HEHPOHIB JAPYroro MNpPHUXOBAaHOrO IIapy (3
HUX TpH OOYHCIIOIOTHCS, a YCTBEPTHHA €

xh(1)

HEHPOHOM  3MIIICHHA) 3  HEWpoHAMU
BUX1IHOTO TIapy.

Hns “HeHaBuY€HO1” HEUPOHHOIL
MEpeXi  IMOYaTKOBI  3HAYEHHsS  BaroBUX

KOoeQilli€HTIB MOXHAa BCTAaHOBUTHU abo 'y
BUIIAQJKOBUH  crocio, abo  3ajMIIATH
HEBU3HAYEHUMH, ab0 piBHUMHU Hymo. s
peainizalii OCTaHHBOTO CHOCO0Y 3allOBHUMO
KOMIPKH TAKUMU 3HAYCHHSIMHU:

18 wh@:

19 6XIOHULL Wap;

J8 nepuiuLl nPUXo8aHull wap,
J9 1;

K9  =J9+1;

110 1;

111 =110+1;

J10

114 WhOhe:
115  nepwui npuxosanuii wap;
J14  opyeuti npuxosanuil wap;

J15 1;
K15 =J15+1;
116 1
117 =]16+1;

J16  0;

123 w'e

124 opyeuti npuxosanuil wap;
J23  euxionuii wap;

J10 1;
125 1
126 =125+1;
J25 0.

JlJiss CTBOpPEHHsSI MaTpHUIlb HEOOXiTHO
BUKOHATH KOITifoBaHHS KoMipku K9 y niama-
3o L9:N9, 111 — y 112, J10 — y J10:N12,
K15 — y L15, 117 — y 118:121, J16 — y
J16:L21, 126 — y 127:128, J25 — y J26:J28.

Jlnst oOuMCIIeHHsT CKaJsIpHOTO J00Y-
TKY BEKTOP-pSAJKAa 3HAYCHb BXIJHOTO IIApy
Ha BEKTOP-CTOBIICIP MATPHIII BaroBUX KoOe-
dinierrie W'Y ominero ckoprcrarucs dy-
HKIII€0 MHOKCHHSI MAaTPHIIb:

P8 nepuuil nNPUXo8anull wap;

P9 hl(g;

Q9 hy'™”

R9 h3(1);

) h4(1);

T9 h5(1);

U9 h6(1):

P10  =1/(1+exp(-
mmult($E10:$G10,J$10:J$12)));

Ui 1.

Hani komitoemo xomipky P10 y mia-
nazon P10:T76,a Ul0—y Ul1:U76.

VYpaxoByrouu, 110 BCi €IEMEHTH Mat-
pHIll BaroBUX KoeQili€HTIB wh® CIIOYATKy
JIOPIBHIOIOTh HYIIIO, MICJI KOMitoBaHHS (o-
pMyJ BCl OOYMCIIIOBAHI €J1€MEHTH IpPUXOBa-
HOTO LIapy J0piBHIOBaTUMYTSH 0,5.

AHaJIOTIYHO BUKOHAEMO OOYMCIICHHS
€JIEMEHTIB JPYroro MpUXOBAaHOTO Ta BUXIJ-

HOTO IIapiB:

w8 ()p(yeuﬁ NpUXo8anull wap,

w9 h @

X9 h 2(2);

Y9 h3(2);

79 h 4(2);

W10 =1/(1+exp(-
mmult($P10:3U10,J$16:1$21)));

Z10 1;

AB8  suxionuii wap,

AB9  Viopu:
AB10 =1/(1+exp(-
mmult($W10:$210,J$25:1$28)));

116

Teopis i npakmuxa ynpasninns coyiarpbHumu cucmemamu 4 ‘2020



IHOOPMAIIHMHI TEXHOJIOIII 1 3ACO5H HABYAHHA B ITIPODECIHHIN

HIITOTOBILII MAUEYTHIX ®AXIBLIB

Hani xomitoemo komipky W10 y
niarmazon W10:Y76, 210 —y Z11:276, AB10
—y AB11:AB76.

st oTpuMaHHS Pe3yiabTaTy Yogq 13
HOPMOBAHOTO 3HAUEHHS BUXIJHOTO IIApy
HEOOXITHO OOYHCIUTH HOTO 3a (OPMYIIOH0,
00€pHEHOIO0 JI0 MTOYaTKOBOI:

BUXIIHE 3HAYEHHS = MIHIMAJIbHE 3HAYEHHS +
HOPMOBaHE 3HAa4YeHHS *-(MakcMMalbHE 3HA-
YEHHS — MiHIMaJIbHE 3HAUYCHHS )

JlJis IbOTO BBOJUM TaKi 3HAUCHHS Y
KOMIpPKH TaOJIHUIII:

ADS8 pesynbrart;

AD9  You:

AD10 =3$G$7+AB10*($G$6-$G$7);

Hani komiroemo koMmipky ADI10 y
miamaszon AD11:AD76.

HaBuanus nelipoHHO1 Mepexi BiaOy-
BA€THCS IIIITXOM BapirOBaHHS BaroBUX KOE-
diieHTiB y Takui croci0, mob 13 KOXHUM
KPOKOM HaBUYaHHS PI3HUI MDK oOumcie-
HUMHU 3HAYEHHAMH Yooq Ta OakaHMMM (€Ta-
JIOHHMMH) 3HAYCHHSMH Y 3MEHIIYBalach.
Jlns BU3HA4YEHHS PI3HUIII MDK O0OYHCIECHUM
Ta CTAIOHHUM BHXITHUMH BEKTOpaMHU O0YH-
CIIMMO KBaJ[paTH BIIXUJIEHb Ta IXHIO CyMY:

AF8  keadpam sioxunenns;
AH8 cyma,

AF9  (Y-Yoi)”

AH9 S;

AF10 =(C10-AD10)"2;

AH10 =sum(AF10:AF76);

Hamni xonitoemo xkomipky AF10 y nia-
nazoH AF11:AF76. Komipka AH10 wmicTu-
TUME CyMY KBaJpaTiB BiJIXWJIEHb.

3a Takoi MOCTAaHOBKM HaBYaHHS HeM-
POHHOI Mepeki MOXKe pO3riiggaThcs Sk 3a-
Jlaya ONTUMI3alli, y IKii HiIb0Ba QYHKIIS —
cyMa KBajpaTiB BiaxwieHb y komipii AH10
— MiaIsraTUEMe MiHIMI3alli IUIIXOM Bapiio-
BaHHS BaroBUX Koe(iIllieHTiB MaTpUIlh wh@

Jis  3MCHINIEHHST CyMH KBaJpaTiB
BIOXWIEHb Solver MoOXe  BHUHKIHKATHUCS
OararopazoBo: JOLIJIBHO TMOEKCIEPUMEH-
TyBaTH 13 KOMOIHOBAaHWM BHKOPHCTAHHSIM
pI3HUX METOAIB ONTHMI3alii, 3MIHIOIOYH
MEX1 BapilOBaHHS BaroBUX KOe(DIIIEHTIB.
[Ipu 1boMy HEOOOB’SI3KOBO HaMaraTUCh
JIOBECTH 3HAUEHHSI CyMU BiJCTaHEH J0 HYJs
— 1me Moxe Oyru ¥ Oinmpine (I0CTaTHBO
HEBEJIMKE) 3HAYCHHS.

JJis yHAaOYHEHHSI pEe3yJIbTaTiB MOJC-
JIOBaHHS JIOIIIBHO ToOOyayBatu Tpadik
CHIBBIJHOIIEHHS! EKCIIEPHUMEHTAIILHO OTpH-
MaHUX (BHUMIPSHUX) 3HAYCHb Y Ta OOUYMCIIC-
HUX (aIPOKCUMOBAHUX) Yooy, SIKICTH ampoK-
cuMallii BU3HAYA€TbCA CTYNEHEM BiAXU-
JICHHS TOYOK Tpadiky BiJ MPOMEHIO, IO [i-
JUTH TEepPUINil KBaJIpaHT HAaBMiJI. 3a PUCYH-
KOM Ta 332 OTPUMAHOK TICIs ONTHMI3allii
CYMOIO KBaJpaTiB BIAXWJICHb MOXHa 3pO-
OWTH BHCHOBOK TIPO JOCTaTHHO BHCOKY aJie-
KBAaTHICTb MOOYAOBAaHOI HeHpoMepekeBol
MOJIEIT.

BucHoBKM 3 JaHOTr0 JOCJiI:KeHHSI
Ta MEPCNEKTHBH MOJAJIBIINX PO3BIIOK Y
JAaHOMY HampsMKy. TakuM 4iHOM, Yy mpoleci
dbopMyBaHHS 3arajJbHOIPOQECIitHOT CKIIano-
BOT KOMIIETEHTHOCTiI OakanmaBpa eleKTpoMe-
XaHIKM B MOJICITIOBAHHI TEXHIYHUX 00’ €KTIB
JOLIIEHO BUKOPHUCTOBYBATH HACTYIIHE IPO-
rpaMHe 3a0e3nedyeHHs MOOLIbHUX 1HTEpHET-

IIPUCTPOIB:
— XMapo  Opi€HTOBaHI  TaOJIWYHI
nporecopu K 3acC00M  MOJEIIOBaHHS

(BKJIFOYHO 13 HEHPOMEPEIKEBUM);

— CUCTEMH Bi3yaJIbHOTO MO/ICTTFOBAHHS
K 3aCO0M CTPYKTYpHOTO  MOJIEJIFOBaHHS
TEXHIYHUX 00’ €KTIB,;

— MOOUITBHI KOMIT IOTEpHI MaTeMaTH4Hi
CHCTEMH, IO BHKOPHCTOBYETBCS Ha BCIX
eTarax MOJICJIIOBaHHS;

(miamason  J10:N12), w'"®"@  (rianason — MOGLIBHI  KOMyHiKawiliHi 3aco6m
J16:L.21) Ta wh@ (miamazon J25:J28). Jlns  ang  opradizaiii CcoiipHOi JisSUTBHOCTI 3
pO3B’sI3aHHS M€l 3aavi CTaHJAAPTHUX 3aCO-  MOJICTIOBAHHS.
0iB Google Tabnuib HETOCTATHHO, TOMY HE- B sdKocTi MepCcmeKTHBH MOJANBIITNX
0OXIJTHUM € BCTAaHOBJICHHS JIOMOBHEHHS SOl-  JOCHIUKEHh  IOCTAa€  eKCIepHUMEHTaTbHA
ver BUOOpoM NyHKTy MeHI0 Add-ons — Get mepeBipka piBHS (OpMyBaHHS 3arajibHO-
add-ons... . npodeciiiHol  CKJIaJoBOT  KOMIIETEHTHOCTI
OakanaBpa eNEeKTPOMEXaHIKM B MOJEIIO-
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BaHHI TEXHIYHUX 00 €KTIB 3 BUKOPUCTAHHAM
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