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MOBLIBHI IHTEPHET-IIPUCTPOI Y ®OPMYBAHHI KOMIIETEHIIII 13
PO3B’SI3AHHS TIPO®ECIMHUX 3AJIAY 3ACOBAMHU IHOOPMALIIHO-
KOMYHIKAUIHHUX TEXHOJIOT' T

Anomayin: Y CTaTTi pO3MISIHYTO CKIIAJAOBI METOIWKH BHUKOPHCTAaHHA MOOUIBHUX IHTEpHET-
NpUCTPOiB SIK 3aco0y (opMyBaHHS 3aranbHONPOQECiifHOl CKIagoBOi KOMIIETEHTHOCTI OakajaBpa
EJIeKTPOMEXaHIKH B MOJEITIOBAaHHI TeXHIYHMX OO0 €KTIB: 3aCTOCYBaHHS Pi3HHX CHOCOOIB MOJaHHA
Mojieseit; po3B’si3aHHs nmpodeciitHux 3amay 3acobamu IKT; KOMIETEHTHOCTI B €EKTPUIHUX MaIInHAX
Ta KPUTHUYHOTO MuCiIeHHS. Ha 3MicTi HaBYaHHS HaBYaIbHMX IUCHUIUTIH «Buima marematukay,
«Teopiss aBTOMaTHYHOTO YIIPABIIHHAY», «MOJICIIIOBAHHS €JICKTPOMEXaHIYHUX CUCTeM», «EjekTpuyuHi
MalllMHI» PO3KpUTO ocobmuBocTi BukopucTtanns Scilab, SageCell, Google Sheets, Xcos on Cloud mnst
(dbopMyBaHHs 3arajibHONPOQECiiHOI CKIIaJ0BOI KOMIICTEHTHOCTI OakanaBpa eJIeKTPOMEXaHIKH B
MO/JICITIOBAaHHI TEXHIYHUX 00’€KTiB. 3p00JIEHO BUCHOBOK MPO JOIUIBHICTh BUKOPUCTAHHS HACTYITHOTO
mporpaMHOro 3abe3rneueHHss MOOUTBHHX I1HTEPHET-IIPUCTPOIB: XMapo OPIEHTOBAHHWX TaOIUIHUX
MPOIECOPIB  SIK 3aCO0IB MOJETIOBAaHHS (BKIIOYHO 13 HEWPOMEPEKEBHUM); CHUCTEM Bi3yaJIIbHOTO
MOJICIIIOBAHHSI K 3acO0iB  CTPYKTYpPHOTO MOJICTIOBAHHS TEXHIYHHX 00’€KTiB; MOOUTBHHX
KOMIT IOTepHHX MaTeMaTHYHUX CHUCTEMH, L0 BUKOPHCTOBYETHCS Ha BCIX e€Tamax MOJIETIOBAHHS;
MOOITPHUX KOMYHIKaIliHHUX 3ac00iB JUIS OpraHi3alii CIijgbHOI AisUTEHOCTI 3 MOJICITFOBAHHS.

Knouosi crosa: MOOUIbHI IHTEPHET-NIPUCTPOT; KOMIIETEHTHICTh OakKaiaBpa €JICKTPOMEXaHiKU
B MOJICJIIOBaHHI TEXHIYHHX OO0’ €KTiB; 3arajbHONpodeciiiHa CKJIaJoBa KOMIIETEHTHOCTI OakajaBpa
EIIeKTPOMEXaHIKH B MOJICIOBaHHI TEXHIYHUX OO0 €KTIB; METOJMKAa BUKOPUCTaHHSI MOOIITBHUX
IHTEpHET-TIPUCTPOIB Yy Mpolleci HaBUAHHs OakalaBpiB €JNEKTPOMEXaHIKM MOJETIOBAHHS TEXHIYHHX
00’ €KTIB; MOJEITIOBAHHS TEXHIYHUX 00’ €KTIB.

EBrennii MoaJio, Cepreii CemepukoB, Oxcana MapkoBa

MOBWJIbHBIE UHTEPHET-YCTPOMCTBA B ®OPMUPOBAHUU KOMITETEHIIMH 11O
PEINEHUIO MPO®PECCUOHAJBHBIX 3AJJAY CPEJACTBAMU NH®OPMALIUOHHO-
KOMMYHUKAIIMOHHBIX TEXHOJIOTUI

Aunomayus: B craTbe pacCMOTpPEHBI COCTABISIONINE METOJUKH HCIOJIH30BAHUS MOOMIIBHBIX
MHTEPHET-YCTPOMCTB KaK cpeAcTBa GOpMUPOBaHHA 001enpodecCHOHaTFHON COCTaBIAIONIEeH

© €sren Moo, Cepriit CemepikoB, Okcana Mapkosa, 2020
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KOMIIETCHTHOCTH OakajliaBpa »JIICKTPOMEXAaHWKA B MOJCTHPOBAHUM TEXHUYECKUX OOBEKTOB:
NPUMEHEHUE Pa3IMYHBIX CIOCOOOB MPENCTABICHUS MOJENEH; pelieHusl mpodecCHOHAIbHBIX 3a7ad
cpenctBamu MKT; KOMIIETEHTHOCTH B 3JICKTPUUYECKUX MalllMHAX M KPUTUYECKOTO MBINIIcHus. Ha
collepkaHuu 0oOydueHUs y4eOHBIX JUCIUIUIMH «Bbicmas Matematuka», «Teopus aBTOMATHUECKOTO
yrpaBieHus», «MOJeTHpOBaHUE 3JICKTPOMEXaHHUUECKUX CUCTEMY», «DICKTPUYCCKUE MAITHHBDY
packpeITel ocobeHHOCTH ucmonb3oBanus Scilab, SageCell, Google Sheets, Xcos on Cloud mis
(dhopMupoBaHus obmienpodeccnoHanbHON COCTaBJISIONICH KOMITETCHTHOCTH OakayiaBpa
AIIEKTPOMEXaHUKH B MOJCITHPOBAHUHT TEXHHIECKHX 00 00bekTOB. CenaH BEIBOJ O IEIeCO00pa3HOCTH
UCTIOJIb30BaHMS  CIEAYIONIETO NPOTrpaMMHOTO OOecreueHuss MOOWIBHBIX HHTEPHET-YCTPOWCTB:
00J1aYHO OpPUCHTHUPOBAHHBIX TAOJUYHBIX MPOIECCOPOB KaK CPEJACTB MOJCIHPOBAHUS (BKIHOYAS
HEHPOCETEBBIM) CUCTEM BU3yalbHOTO MOJCIHPOBAHMS KaK CPEICTBA CTPYKTYPHOTO MOJCTHPOBAHUS
TEXHUYECKUX OOBEKTOB; MOOMJIHHBIX KOMITBIOTEPHBIX MATEMATHUECKUX CHCTEM, HCIONB3YeMbBIX Ha
BCEX OJTamax MOJISIUPOBAaHUs; MOOWIBHBIX KOMMYHUKAIMOHHBIX CPEICTB JUIsl OpraHU3alliu
COBMECTHOM JICATEILHOCTHU 110 MO/JISIIMPOBAHUIO.

Kniouesvie  cnosa: MOOWIBHBIE WHTEPHET-YCTPOMCTBA; KOMIIETEHTHOCTh —OakanaBpa
JJICKTPOMEXaHUKH B MOJICJIMPOBAHMUA  TEXHUYECKUX  OOBEKTOB;  oOmIenpodeccruoHambHas
COCTaBJISIONIAs] KOMIICTCHTHOCTH OakaiaBpa 3JICKTPOMEXaHHUKH B MOJICIIMPOBAHUU TEXHHYECKUX
00BEKTOB; METOJIUKA HCIIONh30BAHUS MOOMJIBHBIX HWHTEPHET-YCTPONCTB B TMporecce OOY4eHUs
0akamaBpOB  JJEKTPOMEXAaHHKH  MOJICIIUPOBAHUS  TEXHHYECKMX  OOBEKTOB;  MOJCIUPOBAHUE
TEXHHYECKUX OOBEKTOR.

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  provision. When focusing on the result of

professional training of mechatronics specialists
in technological universities of Ukraine on the
basis of ensuring a balance between the
fundamental and technological component of the
training process necessitates the search for ICT
learning tools that will not only provide active
experimentation at any time and anywhere, but
also  support development  professionally
important qualities of the future -electrical
engineer, among which the leading place is
occupied by competence in modeling of technical
objects. Today, 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 rather
than an institution, can access the Internet, has
multimedia capabilities, and can facilitate many

tasks, including communication [Owwu6ka!
MCTOUHMK CCbINKM He HalgeH., c. 6].
The authors [Owwubka! WcTouHuK

ccbinku He HangeH.] understand the mobility of
hardware as the possibility of their movement in
space, provided that the benefits derived from
such movement are higher than the cost of its

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 corresponds to geographical mobility).
When focusing 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 article
by D. Chieng [Owmn6Ka! UCTOYHUK CCbIIKM He
Haiigen.]. 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 mobile
devices in education in Colombia is the
BlueGénesis  project [Owmbkra! UCTOUHMK
CCbINKM He HaiigeH.], launched in 2006 and
aimed at students whose mobile devices have
difficulty of access to the Internet. Alternatively,
the use of Bluetooth with proprietary software is
offered, which provides students and teachers
with the ability to record attendance, online
assessment, pedagogical observation,
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programming and logging of events, consultation
notes, assignments for individual and group
work, voting and polls, assessment quality of
work of teachers, administration and staff,
maintenance of educational calendar, support of
classroom projects, evaluation of conferences
and exhibitions, dissemination of lectures in
audio format, mass dissemination of information,
preparation for external independent evaluation
of freelance graduates.

An example of the organization of the
"flipped classroom™ in the process of training
specialists in nanotechnology is given by Rz
Idrus [OwunbKa! WCTOYHUK CCbIKM  He
Haiigen.]. The author points out that students in
the last year of study are most inclined 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
substantiation of means of mobile Internet
devices, the use of which contributes to the
formation of a general professional component
of the specified competence.

Paper main body. Formation of such
general professional component of competence
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 engineering 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 "Computer
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 information 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
electromechanics in modeling technical objects
(competence in the basic sciences, the leading
means of formation of which were mobile
augmented  reality) and such  general
professional component as competence in
electric machines , which includes knowledge of
the structure and principles of operation of

electric machines, in particular: energy
conversion processes (electromagnetic and
electromechanical), features of the

characteristics of certain types of electric
machines, structure of asynchronous machines,
synchronous machines, DC machines,
transformers; 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 component
of the bachelor's degree in electromechanics in
modeling technical objects is the competence in
critical thinking, the content 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 competence of critical
thinking it is impossible to single out the leading
disciplines - the formation of these components
occurs throughout the professional training of a
bachelor of electromechanics.

Neural network modeling is an effective
tool of modeling technical objects with a 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 professional
component of the bachelor's degree in
electromechanics in modeling technical objects,
it is advisable to use the following software of
mobile Internet devices: cloud-based
spreadsheets as modeling tools (including neural
network); visual modeling systems as a means of

82 Teopis i npakmuxa ynpaenints coyianrbHumu cucmemamu 4 ‘2020



IHOOPMAIIMHI TEXHOJIOIII 1 3ACO5U HABYAHHA B TIPODECIHHIN

HITOTOBL]I MAUBYTHIX ®AXIBI]IB

structural modeling of technical objects; mobile
computer mathematical systems used at all
stages of modeling; mobile communication tools
for organizing joint modeling activities. As a
prospect for further research, an experimental

IMocTaHoBKa npodiieMu B 3arajibHOMY
BUIJISII Ta 1i 3B'I30K 13 BAXJIMBUMH HAYKOBHMH
Yd TIPaKTHYHUMHU 3aBJaHHAMH. MozepHi3allis
npodeciiHoi MiATOTOBKH ¢axiBLiB i3
MEXaTPOHIKH y TEXHOJIOTIYHHX YHIBEpPCHTETaX
VYxkpainu [OwunbKa! WUCTOUHUK CCbIAKM He
HaliaeH.] Ha OCHOBI 3a0e3medeHHs OanaHCcy MiX

byHAaMEHTaIBHOIO [OwnbKa!l NCTOYHMK
CCbUIKW He HalhpaeH.] Ta TEXHOJOTIYHOIO
CKJIaJOBOIO TpOIECy IMiATOTOBKH 3YMOBIIOE

HeoOXximHicTh mommyky 3aco0iB IKT HaByaHHS
[OwnbKa! UCTOUHUK CCbINKKM He HalAeH.], 1o
HE JIMIIEe HAaJaBaTUMYTh MOXKJIHMBICTH aKTHBHOTO
eKCIIEpUMEHTYBaHHsI y Oynb-sIKHid 4ac Ta Oyib-
SAKOMY Miclli, a W MITPUMYBaTHMYTh PO3BUTOK
mpoeciiHO BaXKIMBUX SIKOCTEH MalOyTHBOTO
IHXeHepa-eJIeKTpoOMeXaHika, cepe/l SIKUX YiIbHe
MICIIe TOCiIa€ KOMIIETEHTHICTh Y MOJICITIOBaHHI
TEXHIYHUX 00’ €KTIB. Croromui TaKUMHU
yHiBepcaJbHIUMH 32c00aMH HaBYaHHS € MOOLTBHI
iHTEpHET MpuCcTPoi [OwmnbKa! UCTOUHUK cCbiNKK
He HaligeH.]; [OwmnbKa! UCTOYHUK CCbIKU He

HaligeH.]; [OwwnbKa! WUCTOUHMK CCbIIKM He
HaligeH.].
AHaJi3  ocraHHIX JocCTigKeHb i

myOJikanii, y SIKMX 3all04aTKOBAaHO PO3B’SA3aHHS
i€l mpobiemMu 1 Ha SIKI CIMpaeThCsl aBTOp. 3a
BusHayeHHsM FOHECKO, moOinbHuii npucTpiit €
(POBUM, BiH JIETKO MEPEHOCHTHCS, SIK MPABHIIO,
HAJIOKUTh 1 KOHTPONIOETHCS IHIWBIIOM, a He
YCTaHOBOIO, MOXKE OTPHMATH JOCTYI JI0 [HTEpHeT,
Ma€e MyJIbTUMEJIIHI MOXITBOCTI 1 MOXKE CHPHSTH
BHKOHAHHIO BEJMKOI KUTBKOCTI 3aBIaHb, 30KpeMa
TIOB’ I3aHUX i3 KOMyHiKariero [OwmnbKal
MCTOUYHMK CCbINKM He HalAeH., C. 6].

Astopu [Owmn6Ka! UCTOUHUK CCbINIKU He
HaWAeH.| T MOOiIbHICIIO anapamuux 3acoois
pPO3YMIIOTH  MOMIIMBICTH  iXHBOTO pYyXy Y
MPOCTOpi 32 YMOBH, IO OTPUMYBAaHI BiJl TAKOT'O
pyXy ImiepeBard BHILE, HDK 3aTpaTH Ha HOTro
3a0e3neueHus. Ilpu opieHraiii Ha pesyivmam
pyXy amapaTHHi 3aci0 BBa)Ka€ThCsl MOOIITBHUM,
SKILO OJHOPa30Bi BUTPATH Ha HOTO NepeHECEHHS
NEPEKPHUBAIOTHCS TIepeBaraMu MOro MOCTIHHOTO
BUKOPHUCTaHHS Y HOBOMY MICIIi (Takuil miaxiz 10
BU3HAUYEHHS MOOITBHOCTI amapaTHuUX 3aco0iB

test of the level of formation of the general
professional component of the bachelor's degree
in electromechanics in modeling technical
objects using mobile Internet devices appears.

BigmoBigae reorpadivyniii MoOGinbHOCTI). [lpm
opieHTamii Ha npoyec pyxy amapaTHHHA 3aciod
BBa)KAETHCS MOOUTHHHUM, SIKIIIO BUTPATH Ha HOTO
pPYX TEpeKpUBAIOTbCA IepeBaraMu Bif HOTo
BUKOPHCTAHHS y TIPOIIEC PyXY.

Ymepme kmac MOOITBHUX 1HTEpHET-
npuctpoiB (Mobile Internet devices — MID) 6yB
npencrasienuit 'y 2007 poui B crarti J[. Yinra
(David Chieng) [Owmn6Ka! UCTOUHUK CCbIKK He
HaiigeH.]. OCHOBHUMH BHMOTaMH JO TaKHX
HPUCTPOIB aBTOP BU3HAYA€ BIIHOCHO BEIHMKHI
€KpaH, TMpPHUCTOWHWHA TEepMiH pPoOOOTH  Bix
aKyMyJIsTOpa Ta MOXJIMBICTB IiJ’€THAHHS JO
InTepHer.

SlckpaBUM TPUKIAJOM BHKOPUCTAHHS
MOOITBHUX TPUCTPOiB y HaBYaHHI B Komymbii €
npoext BlueGén esis [Owmnbka! MUcTouHMK
CCbIZIKM He HaigeH.], posnouaruii y 2006 pori
Ta CIPSMOBAaHWU HA CTYACHTIB, i3 MOOLTBHUX
NPUCTPOIB SAKUX YTPYJHEHUH ab0 HEMOKIMBHHA
noctyn 1o [atepHer. YV SKOCTI anbTepHATHBH
NpPOIOHYEThCST  BUKOpuctanus — Bluetooth i3
ABTOPCHKMM TIPOTPaMHHUM 3a0€3MEeYEeHHSM, M0
HaJa€ CTyIEHTaM Ta BHKJIaJadyaM MOKJIHUBOCTI
00Ky BiZBiAyBaHOCTI, OHJANH-OIIHIOBAHHS,
NEearoriyHoro CIOCTEPEKEHHS, MPOTrpaMyBaHHS
Ta BEJCHHS J>KypHally IMOJil, KOHCYJNbTaIllHHUX

3ayBaKCHb,  INPU3HAYCHHS  3aBJaHb  JUIs
IHIUBIAyanbpHOT Ta rpymnoBoi pobotu,
NPOBEJICHHS  TOJIOCYBaHb Ta  ONUTYBaHb,
OI[IHIOBAHHS  SIKOCTI ~ POOOTH  BHKJIAJIA4iB,
azMiHicTparii Ta TepcoHaly, BEJICHHA
HABYATBHOTO KaJICHapIo, MiATPUMKH
ayIUTOPHUX IIPOEKTIB, OIIHFOBAHHS
KOH()EPEHIIIN Ta BUCTABOK, MOIIUPESHHS JICKIIIN B
ayniopopmari, MacoOBOTO pO3CHUIIaHHS
BIZIOMOCTEH, IMMIATOTOBKH JO  30BHINIHLOTO

HE3aJIeKHOTO OIliHIOBaHHS BUITyCKHUKIB 3BO.
[lpuknan opranizauii «mepeBepHYTOro
Kjacy» y Tpoueci miaArotoBku QaxiBmiB i3
HaHoTexHoJori#t HaBoauTh P. M. Inpyc (Rozhan
M. Idrus) [OwmbKa! WMCTOYHMK CCbINKM He

HahpeH.]. ABTOp BKaszye, IO CTYACHTH
OCTAaHHBOTO POKY HABYaHHSI € HaWOUIbII
CXWIBHUMH  JI0  CaMOCTiHHOi  HaBYaJbHO-

JTOCIIIHMIIBKOT JISUTbHOCTI Y HAYKOBO-IOCIIHUX
nmaboparopisix Ta 3 TMEPEIOBUMH HAYKOBHUMHU
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JKYpHAJIaMHU. BukopucroByoun 3acobu
MobGinpHOoro HaBuaHHs (30kpema \WhatsApp),
CTYACHTaM  HAMNpaBISUIMCh AN PO3TIALY
MOCWJIaHHS Ha CTaTTi, WO CaMOCTIMHO HUMH
OMpanboOBYBAIACH 3  METOK  TOJAJBIIOr0
OOrOBOpPEHHS B ayAuTOpii ab0 3 BUKIIAJayeM.
WhatsApp TaKOoX BUKOPHCTOBYBABCS
CTyJEHTaMH 3 METOIO OpTraHi3amii 0OTOBOpEHHS
JI0 TIOYATKY 3aHSATTS.

Buninennss He BHpilIeHWX paHime
YacTMH  3arajbHOi  MpoOJeMH,  KOTPHM
MPUCBSYYEThCS JaHa cTarts. JlaHa pobota €
MOJANTBIINM PO3BUTKOM JOCITiKEHHS,
po3moyaroro y crarTsx [Owwubka! WUcTouHuk
CCbIIKM He HahgeH.] Ta [Owwnbka! UcTouHUK
CCbIZIKM He HaliAeH.], METO0 SIKOTO € po3polKa
METOJUKHA BUKOPHUCTAHHA MOOLIBHUX IHTEpHET-
TIPUCTPOIB SIK 3aco0y (hopMyBaHHS
KOMIIETEHTHOCTI OakanaBpa eJIeKTPOMEXaHIKH B
MOJEJIIOBAaHH] TEXHIYHUX 00’ €KTIB.

®opMyJIIOBaHHSA nineit cTaTTi
(mocraHoBKa 3aBJIaHHN): n00ip Ta
0oOrpyHTYBaHHs 3ac00iB MOOUTbHUX [HTEpHET
NPUCTPOIB,  BHUKOPHCTaHHS  SIKUX  CIIPUSE
¢dopMyBaHHIO 3arampHOINPOdeciiHOl CKIIagoBOi
BKa3aHOI KOMIIETEHTHOCT.

Buxaan OCHOBHOT'O Marepianay
AOCTiIKeHH 3 TIOBHHM OOTPYHTYBaHHIM
OTPHMaHNX HAYKOBHUX pe3yibTaTiB. GopMyBaHHS
TaKol 3araJibHOTPOdeciitHOT CKJIaJIOBOT
KOMIIETEHTHOCTI 0akaiaBpa eJleKTPOMEXaHIKH B
MOJEJIIOBaHH1 TEXHIYHUX 00’ €KTIB, SIK
KOMNemeHyis i3 po36 s3aHus npoghecitinux 3a0au
3acobamu IHGOPMAYITIHO-KOMYHIKAYTUHUX
mexHonoell, nependadae HAOYTTS 3HAHB y Traimysi
O00YHCITIOBAaTIbHOT TEXHIKW Ta MPOrpaMyBaHHS,
YMiHHS CTBOPIOBaTH TIPUKIAIHE TMPOrpamMHe
3a0e3reyueH s, BOJIOAIHHS HAaBUYKaMHU poOOTH i3
3acobamu IKT mis po3B’si3aHHs 3a/ia4 y ranysi
eJIEKTPOMEXaHIKH. ®opmyBaHHS i€l
KOMIIETEHIIi PO3MNOYMHAETECA 3  HABYAILHOI
mucumunan - «OO4YnCiIIoBaJIbHA TEXHIKA Ta
NpOTrpaMyBaHHS» Ta BiJOyBa€ThCS pazoM i3
GbopMyBaHHSIM  3arajlbHOHAYKOBOI  CKJIaJ0BOT
KOMIIETEHTHOCTI 0akayiaBpa eJeKTPOMEXaHIKH B
MOJICJIFOBAaHHI TEXHIYHUX OO0’€KTIB, 30KpeMa
KOMITeTeHIIiH B iH(popMaIiiHO-KOMYHIKAIIIHHUX
TEXHOJIOTISIX Ta y TPMKIaAHIA MaTemaTwii. Ii
MOJANIBININN PO3BUTOK BiJOyBa€ThCS y TPOIIECI
pO3pOOKK  MoOeJel, IO PO3MNIAJAIOTECA Y
HaBYAIILHUX JUCLUILTIHAX «Teopis
ABTOMATHYHOTO YHPABIiHHI» Ta «MoaeIroBaHHs
EJIEKTPOMEXAHIYHUX CUCTEM.

Mertoro BUBYCHHS TUCIUILTIHH «Teopis
ABTOMAaTHYHOTO YTPABIIHHSI» € ONAHyBaHHS
Croco0iB  TMOCTAaHOBKM  3ajady, [NPUHIIMIIIB
noOyIOBH CHCTEM aBTOMATUYHOTO YIPABIiHHS,

METOJIB  aHali3y Ta CHUHTE3Y JIHIHHHX,
HENiHITHKX, IMITYJIbCHUX, TUPPOBHX,
aJanTHBHUX Ta ONTHUMAalIbHUX CUCTEM 13
3aCTOCYBaHHIM CYJacHHUX HpOrpaMHHUX

KOMIUIEKCIB JUIS MOJEIIOBAHHS JUHAMIYHUX
CHUCTEM.
Y pesynpraTi BHUBYEHHS OUCIUILTIHA
CTYJEHTH, 30KpeMa, MalOTh HA0yTH YMiHb:
—cknagatd  audepeHuiiiHi  piBHSHHS
€JIEMEHTIB CHUCTEM aBTOMAaTHYHOTO YIpPaBIiHHS
Ta CUCTEMH B IILJIOMY;

— CKJIaJlaT! i MepeTBOPIOBATH
CTPYKTYpHI CXEMH CHCTEM aBTOMAaTHYHOTO
ynpasniaas (CAY);

— BU3HAYAaTH YacoBi (hyHKIII Ta 4acoBi
XapaKTCPUCTHUKHU CHUCTEMU ABTOMAaTU4YHOI'O

yHpaBIiHHA Ta ii €JIeMEHTIB 3a yMOB il CUTHAIB
pizHOTO po1y;

— BU3HAYaTu
XapaKTePUCTUKU
YIpaBIiHHS;

— aHaNi3yBaTH  CTIHKICTh
IMITYJIBCHUX Ta HEJHIMHNX
ABTOMATHYHOTO YIPaBIIiHHS;

— pO3paxoByBaTH YIPAaBIsIOYi MPUCTPOT
(perymsitopu), sKi 3a0e3nmedyroTh HEOOXIiJaHI
MOKAa3HUKH  SKOCTi, Yy TOMy 4YHCIi 3
BUKOPUCTAaHHIM METOAY NPOCTOPY CTaHiB;

— CHHTE3YBaTH CHUCTEMH aBTOMATHYHOT'O
YIpaBIIiHHS 32 YMOB [1ii BUITAJJKOBHX CUTHAIIB;

— 3aCTOCOBYBATH aJlallTHBHI METOIU IS
YIpaBIiHHS HECTAI[lOHAPHUMHU 00’ EKTaMH.

Tak, Ha JeKIisX Jpyroro MOAYJs
«BnacTuBoCTi Ta XapaKTEpUCTUKU 3aMKHEHHX
CAY. Cunre3 mniniiinux HenepepBHUX CAVY»
PO3TIISIAIOTECS TUTAHHS BIUIMBIB HAa CUCTEMY Ta
BUMOTH JI0 TIpOILIECY VYNPaBIiHHS, CTIHKOCTI
3amkHeHux CAY, cramionapni (ycraseHi)
pexkumu niHiHEUX CAY, OILIHIOBaHHS SIKOCTI
CAY npu CXOJUHKOBMX Ta JOBUIBHHUX BIUIMBAX,
YacTOTHI MeToau oliHoBaHHA sxocti CAY,
HaOJMKEHI METOAU BUOODPY 3aKOHY
pEryJIOBaHHS Ta MapaMeTpiB PeryTrOBaJbHUKIB,
cunre3 CAY 3a norapuMiyHUMH YaCTOTHHUMHU
XapaxkTepucTukamu. Jisi 3akpilsieHHs AaHoro
MaTepiajay IMPOIOHYIOThCS J1abopaTOpHi poOOTH
«Amnaniz criikocti Ta sikocti CAY» ta «Cunres
ta pociimxenas CAY gua  o0’ekTiB 13

¢byHkuii  Ta
ABTOMATHYHOTO

YaCTOTHI
CUCTEM
JHIHHHX,

cHucTeM
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3ami3HeHHSIM».  PO3IISIHEMO ~ BHKOPHCTaHHS
3aco0iB IKT s po3B’sa3anHs ApyToi i3 HUX.

Mema pobomu. NOCHIIKCHHS BILTUBY
JIAaHKY 3aIli3HIOBaHHSA Ha CTIHKICTH Ta SKICTh
CUCTEMH aBTOMATHYHOTO YIIPaBIIiHHS.

3micm pobomu

1. BuBueHHsa BILTUBY JIAaHKHA
3aMi3HIOBAHHS Ha XapaKTePUCTHKH CHCTEMH
ABTOMATHYHOT'O YIIPaBIiHHSI.

2. ExcniepuMeHTaNIbHE oJiep KaHHs
MEPexXiTHNX Ta YaCTOTHHX XapaKTePUCTHK
CHCTEMH 13 3aITi3HIOBAHHSIM.

Teopemuuni gidomocmi

Ho ckmagy cucteM aBTOMAaTHYHOTO
YHIpaBIiHHSI MOXYTb BXOJUTH JaHKU

3ani3HI08aHHsL, PIBHAHHS SKUX MalOTh BUTJIS;

CHUCTEM i3 3aImi3HIOBaHHAM HeoOXiTHO
BUKOPHCTOBYBAaTH YacCTOTHI KpUTepii CTIHKOCTI,
Taki K KpuTepii crtiiikocti  HaiiksicTa.
BHCHOBOK TIpO  CTIHKICTH CHUCTEMH MOXHA
3poOWTH Ha TMIJACTaBi aHami3y aMIDIITYIHO-
¢azoBoi uyacToTHOI Xapakrepuctuku (ADUX)
PO3IMKHYTOT CHCTEMHU 13 3aITi3HIOBAHHSIM.
MoskHa TOKa3aTd, M0 HAsSBHICTH JIAHKU
3ami3HIOBaHHs He 3MiHI0e Moayisi A(w) ADPUX
po3imkHyToi CAY, a BHOCHTH JIUIIIE JTOJATKOBUH
Bil’eMHAN (a30BHI 3CYB —w7. 3MIHIOIOYM dHac
3aIi3HEHHS 7 B MUPOKUX MeXaX, MOKHA 3HAUTH
Take MOro 3HAYEHHS, NPH SKOMY 3aMKHYTa
cuctema Oyje 3HAXOJTUTHCS Ha MEXi CTIHKOCTI.
B npomy Bumaaky ADOUYX po3iMKHYTOI cucTeMHU
13 3aMi3HIOBaHHAM OyZe MPOXOAMUTH Yepe3 TOUKY

y() = x(t(-1)0) = -1+j0. (1)

Jie T — Yac 3ami3HIOBaHHSI.
[lepenaBanbHa (GYHKIS Takoi JIAHKA
BIMIOBITHO 70  TEOpeMH  3alli3HIOBaHHS

Yac 3ami3HEHHS T, 1 BiANOBiIHE HOMy
3HAYEHHS 4YaCTOTH @, 3a sAkux AQUX
npoxoaute depe3 Touky (—1; 0), Ha3WBarOTH

(BmactuBoCTI neperBopeHHst Jlaruiaca): kpumuyHumu.  JIIsi  KPUTHYHOTO  BHIAIKY
W,.n(S) =c&paBeauBi ymoBu: (2)
CucteMH aBTOMATHYHOTO YIIPABIIHHS, 0 Alwyp) = 1; plg) = .

CKIIAly SKUX BXOOWTh JIAHKA 3alli3HIOBAHH,
HA3UBAIOTBCS CUCHEMAaMU I3 3aNI3HIOSAHHAM.

Jlanka 3amizHFOBaHHS MOXKE BKITFOUATHCS
JI0 TIPSMOTO JIAHIFOra CHCTeMH a00 10 JIAHIFoTa
3BOPOTHOTO 3B’s3Ky. [lpuuomy, He3alexHO Bij
MiClI  BKIIOYCHHS  JIAHKA  3ali3HIOBAHHS,
XapaKTepUCTUYHE PIBHSIHHS 3aMKHYTOI CHCTEMH i3
3aI13HIOBAHHAM MA€ BUTTISL

D.(s) = Q(s) + R(s)e™ =0,

ne Q(s) i R(S) — BimmoBigHO mOTiHOMM
3HAMEHHWKAa 1 4HCEIbHHKA TNepefaBalbHOL
byHKIi PO3IMKHYTOT CHCTEMH oe3
3aImi3HIOBaHHS.

Lle xapakTepucTuuHe pIBHSHHS HE €
MOJIHOMOM 1 Mae€ HECKiHYeHHY MHOXUHY

CucremMa aBTOMAaTHYHOTO YIIPABIiHHS
Oyne cmitikoro, SIKIIO Yac 3alli3HEHHs 7 MEHIIUH
33 KpUTUYHUL: T < T

Topsook sukonanns pobomu

JlocmimKeHHIO miIsirae cucTemMa
ABTOMAaTHYHOTO YNIPABIIHHA, 1O CKIagy SKOI
BXOJIUTH JIAHKA 3aI1i3HIOBAHHSI.

1. [lepenaBanbHa byHKIis
(3) PO3IMKHYTOT CHCTEMH aBTOMAaTHYHOI'O
yHpaBiHHS 03 3aIli3HIOBaHHS Ma€ BUTIISIL:
K
W(s) =

s (Tys+1)(Tys+1)

3HaueHHs koedimieHTa mepenadyi K Ta
nmoctiiHMX vacy T; 1 T, HaBemeHi y TaOiwmi
(tabm. 1).

KopeHiB. Tomy nias JOCHIDKEHHS CTIHKOCTI
Tabauys 1
3navenHs koedimienTa nepenayi K ta nocrifinnx yacy T,i T,

Ne papianTy 1 2 3 4 5

K,c* 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  J0moMororw Scilab ~ 7=0,01 c, noOyayBaTH nepexigHy
noOymyBaTH TepexigHy xapakTepucTuky h(t) — xapakTepucTMKy cHCTeMH 13 3alli3HEHHSAM i
3aMKHYTOi CHCTEMM 3 OJMHUYHMM BiJl'€EMHMM  3pOOMTH BHCHOBOK, SIK JIAHKA 3aIli3HEHHS

3BOPOTHUM 3B’A3KOM. 3pOOMTH BHCHOBOK IIPO  BIUIMBAE Ha SKICTh EPEXiIHOrO MPOIIECY.
CTIMKICTh CHCTEMH. 3. 30i1pLIyI0YM  Yac 3ami3HEeHHS,
2. YBecTH [0 NPSIMOro JAHLIOTAa  OPOCTEKMTH, SK  3MIHIOETbCA  IepexizHa

CUCTCMHU JIAHKY 3ami3HEHHS 3 YacOM 3alli3HECHHS

XapaKTCpUCTHUKA CUCTCMU; 3pO6I/ITI/I Tak, H_[06

(4)

®)
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cUcTeMa  BTpaTWia  CTIMKICTh  (TIepeximHui
TIpoIIeC Po30iraeThes).
4. BusHauutH ekcrepuMeHTaIbHO

3HAYEHHSA KPUTHYHOTO 4acy 3aIi3HEHHS Ty, NPU
SKOMY CHCTeMa OyAe 3HaXOJIUTHUCh Ha MeExi

CTIWKOCTI (mepexigauit Tporiec Oyne
HE3aTyXalo4mM).

5. IloBroputn mnyHkTH 2-4 1018
BUTIAAKY, KOJH JIAHKY 3aIli3HEHHS BKIFOYEHO JI0
JAHIFOTa  3BOPOTHOTO  3B’S3Ky.  3poOuTH
BHUCHOBKHU.

[Momanpmuii pO3BUTOK KOMIETEHINT 13
po3B’s3anHs npodeciitaux 3agad 3acodbamu IKT
BiOyBa€eThCsl y Tpoleci BUKOHAHHS KYypCOBOi
pobotn 3 HaBuanbHOi aucuumiiHu «Teopis
AaBTOMAaTHYHOTO  YOPABIIHHS». 3 METOI0
(¢hopMyBaHHS HaBUYOK MPOBEACHHS MpodeciiiHo
CIPSIMOBAaHUX HABYAJIBHUX JOCITIDKEHb MOXKHA
3alpONOHYBaTH CTYJEHTAaM O3HAHOMUTHCH 13
HOBHMH DPe3yNbTaTaMH y TIPEAMETHIN ramysi 3a
HAYKOBHMH NyOJiKalisiMu y (axoBuUX BUAAHHIX
Ta PO3MOYATH KypCOBY pOOOTY 3 iX BiATBOpPEHHS.

Tak, y pobori «Onrumizamis CcHiaKyr04d0i
CHCTEMH aBTOMAaTUYHOTO YIpaBIiHHS
[Omm6ka! Hcrounuk ccblIkM  He  Haiiged.)
po3rnsHyTO — mpukian  cmigkyrodoi  CAY
pobodoro  oprany  achampTOyKiamada 3
T1IPOTIPUBOIOM.

[pu nepeMillleHHI  YKJaJalbHUKa

B3JIOBXX OCHOBH, sIKa TOTOBA JUIs YKJIaJaHHS Ha
Hei JIOPOKHBOIO IIOKPUTTS, MOro XOJ0BE
oOnamHaHHs (ryceHu4He abo KOJIiCHE) 3MiHCHIOE
HEKEepPOBaHI  BHIIQJKOBI  TEpeMIlIeHHS Yy
BEPTHKAIILHOMY  HAamNpsSMKYy TiJ  BILUTUBOM
HepiBHOCTEH Mikpopenbedy ocHoBu moporu. Lli
MEpeMillieHHs]  TepeNaroThCsl  4epe3  pamy
yKIaladbHUKA 1 MiIBICKY BUTIQ/DKyBaIbHOL
IUIUTH Ha poboue oOJagHAHHS, BUKIUKAIOYH

HEKEPOBaHI  IMEPEeMIIlCHHs]  BUIJIAKyBaJIbHOL
IUIATH, $Ki TATHYTH 32 COOOK BHKOHAHHS
JIOBUIBHOTO  30UIBIICHHS TOBIIMHU 1 KyTa

MOTIEPEYHOr0 YXWIy IIapy, M0 YKJIaJaeThes,
TAM CaMHM TIOTipIIYIOYH TTOKa3HUKH SIKOCTI

TTOKPHTTSI.
ImiTariiiHa MOJEIb CIIAKYIOUO CHCTEMHU
TiAPONPUBOLY BHTJIQDKYyBATHHOL TUTUTHA

acdanbToyKiIazaya Moxe OyTH peanizoBaHa B
MATLAB Online, sik 11¢ NPOIOHYIOTh aBTOPH
[Owmnbka! UcTouHMK ccbinku He HalipeH.]. Jlo
CKJIQJy CXEMH IMITAI[iiHOT MOJeNll BXOSTh
HaCTYIHI €JIEMEHTH: T1IpOoLHIIiHID
JTBOHAIIPABJICHOTO IIiT; TPHOXTIO3UIIIHHU I
TLIPOPO3MOJUILHUK;  TifIpaBIiYHHHA  HACOC;

KepOBaHUI TiIpO3aMOK; IIeaTbHII
TiApaBIIYHUNA  JATIUK  THCKY; €JIeMEHT
«BUTTIQIKYIOTH  MJHMTa  acanbToyKiIagaday;
CEHCOp, IO Ja€ iHQOPMAIIit0 PO TIEPEMIIIICHHS i
MIBUAKICTh INTOKAa TIAPONMIIHApPa (JaTIHK
3BOPOTHOTO 3B’SI3Ky Sensor); ifiealbHUH CEHCOp
CHIIM; ENIEMEHT «TiIpaBiiiuHa piAuHay» (Macio
Oil-30W); TIPOTIOPITiHMI CepBOKJIalaH
TiAPOTIPUBOITY (ermexTporiapaBIiTHII
PO3MONITBHUK, IO MEPETBOPIOE EIEKTPUUHUHA
CHTHaJ Ha TIEPEMIIICHHS); EJIEMEHT «B’SI3Ke
TEPTs»; i/leaNbHE JDKEPEIo CHJIH; 30ypIOIOUnit
BIUIMB «MiKpopensedy»; PS-koHBepTOp; €MHICTDH

Uis  poOoYoi  pinuHK; 30ypIOIOYMH  BIUJIMB,
0oOyMOBIIEHH  BIUIMBOM  pOOOTH  iHIIKX
€JIEMEHTIB.

BukopucrtanHss MOOITBHUX iHTEpHET-
MpUCTPOiB  y (OpPMYBaHHI KOMIIETEHIII B
CNICKTPUYHUX  MalIMHAX Ta  KPUTUIHOTO

MUCJICHHS BiJOYBA€ThCS TAKUM YHHOM.

VY HaBuanpHId muCHUILIiHI «EnexTpuyHi
MalimHW»  BimOyBaeThcs  (OPMyBaHHA  SIK
3araJJbHOHAYKOBOI CKJIaJJ0OBOi KOMIIETEHTHOCTI
OakanaBpa €JCKTPOMEXaHIKM B MOJICITIOBaHHI
TEXHIYHUX 00’€exTiB (koMmmeTeHTI 1 y
(dbyHAaMEHTaIbHUX HAyKax, MPOBIIHUM 3aCO00M

dbopMyBaHHS sAKOi OyauM MOOUIBHI  3aco0u
JIOTIOBHEHOI ~ pealbHOCTi), Tak ¥  Takoi
3aranpHOMpodeciitHoi 11 CcKkImamoBoi, 5K

KOMnemenyii 6 eleKmpuyHux Mawunax, 1o
BKIIIOYAa€ 3HaHHS OyJOBM Ta TNPUHIUIIB
(GyHKIIOHYBaHHS SNEKTPUYHUX MalIlVH,
30KpeMa: TMpPOIECiB  NEepeTBOPEHHs  eHeprii
(ETEeKTpOMArHITHUX Ta  elNeKTPOMEXaHIYHUX),
OCOOJIMBOCTI XapaKTEPUCTUK OKPEMHX BHIIB
SIICKTPUYHUX MaluH, OyJOBY aCHHXPOHHHX
MalllvH, CUHXPOHHHUX  MaIlWH, MalluH
MOCTIHHOTO CTPyMy, TpaHC(hOpPMATOPiB; yMIHHS
PO3paxoByBaTH IMapaMeTpH Ta XapaKTEPHCTHKH
enekTpuyHux  MammH. Jns  GopmyBaHHS
OCTaHHBOI TIPOBIAHMM 3acO000M € MOOLIBHI
CHCTEMH KOMIT IOTEPHOI MaTEeMaTHKH.

OcranHs 3aranbHONpOQeciiiHa CKiiagoBa
KOMITETEHTHOCTI OakanaBpa eleKTPOMEXaHiKH B
MO/JIEJIIOBAaHHI TEXHIYHUX 00’€eKTiB —
KOMNEemeHyis i3 KpumuyHo20 MUCTEHHs, 3MICT
SKOT CKIIQJIAlOTh 3HAHHS Ta YMIiHHS ITOCTaHOBKH
3aBJlaHHA 3 HEJOCTATHBOIO KIJIBKICTIO BXiAHHX
JIAHUX, aHali3y HasSBHOCTI croco0iB i 3aco0iB
BUKOHAHHS 3aBJIaHHS, OIIHIOBaHHS BJIACHOI
TOTOBHOCTI o pO3B’sI3yBaHHS 3aza4i,
CaMOCTIMHOTO TIOIIYKY BIACYTHIX MJaHUX Ta
CrocoOiB  pO3B’s3yBaHHS — 3aaayi;  yMIHHA
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3MIHCHIOBATH KOHTPOJIb BIIACHOI MisUTBHOCTI — SIK
pO3YMOBOi, TaK 1 TPaKTUYHOI,  YMIHHSI
KOHTPOJIIOBATH JIOTIKY PO3TOPTaHHS BJIACHUX
JIYMOK; YMIiHHS BHW3HAYaTH TMOCTIJOBHICTh Ta
iepapxito eTamB OisUIbHOCTI, TOIMO. Tak camo, K
W A7 KOMIIETeHWil 13 3acTOCYBaHHS pPi3HUX
CI0CcO01B MOJaHHSI MOJEIEH, I KOMIIETEHMIT 13
KPUTUYHOTO MHCJICHHS HE MOXHAa BHOKPEMUTH
MPOBIHI HABYAIBbHI TUCIHUIUIIHN — (OPMYyBaHHS
UX CKJIaJOBUX BiJOYBAa€ThCS MPOTATOM YCi€i
npodeciitaoi T ITOTOBKH OakanaBpa
€JIEKTPOMEXaHIKH.

EdextuBHUM 3ac000M  MOAEITIOBaHHS
TEXHIYHUX OO0 €KTIB 3 TPHUXOBaHOW abo
HEYITKOFO CTPYKTYpPOIO, oruc SKOT
TPaAUIiMHUMHK  3acOo0aMHM  YCKJIaJHEHUH, €
HelipomepexxeBe  MonenmioBanHs  ([OwwnbKa!
MCTOUHMK cCcbinKM He HalgeH.]; [Owwnbka!l
MUCTOYHMK CCbIIKU He HalgeH.]). STk 3a3Ha4aoTh
penakropu apyroi KHUTH cepii
«HeilpokoMm’roTepu  Ta iX  3aCTOCYBaHH,
aKTYyaJNbHICTh fioro 3aCTOCYBaHHS
OOyMOBITIOETBCSL ~ HEOOXITHICTIO  pO3pOOKH
METOJIB YIIPaBNiHHA CKJIAJHAMHU HEIIHIHHUMHI
cuctemamu: «llepmi  mpuknmagm  po3poOkm
METO/IiB YIPABIiHHS HEMIHIHHUMH CHCTEMaMH ...
OB’ sSI3aH1 MEPEeBaKHO 3 METOJAMH PO3B’S3aHHS

HENiHIHHUX TudepeHIiitHmX PiBHSHB,
aJICKBaTHUX OJTHOTIPOIIECOPHUM thon-
HeiliManoBCbKMM OOYMCIIIOBAJILHUM MAaIlIMHAM.

Po3BuTOK OOYMCIIOBAJILHMX MAaIIUH 3

MacCOBUM TIapaJieNli3MOM ... IPUBIB JIO CTBOPESHHS

NPUHIMIIOBO HOBHX QJITOPUTMIB 1 METOJIB
YIpaBIiHHS HETHIHHIMHA JTUHAMI9HUMU
CHUCTEMAMHU. Bonn OB’ s13aHi1 3

HEHPOMEPEIKEBUMHU aJTOPUTMAMH  PO3B’sI3aHHS
3BUYAHHUX HENiHIHHUX AU(EpPEeHIIHHNX PIBHIHb
Ta, SIK HACII0K, 3 BKJIFOUEHHSIM
HEHpOKOMIT'IOTEpa B  KOHTYp  YIpaBIiHHS
HENHIMHOI0 ~ JMHAMIYHOIO  CHCTEMOIO.
JloCTaTHRO WIMPOKUI PO3BUTOK Ta MOIIMPEHHS
NOJIOHUX  aNrOPUTMIB  TPU3BENU ... JO
CTBOPEHHS IIJIOTO PO3JAITY HAyKH IIiJ] Ha3BOIO
«HelpoynpasmiHHs [OwmnbKa!l NcTouHMK
CCbINIKM He HalaeH., ¢. 9-10].

B 1H)KEHEPHOMY KOHTEKCT1
IHTENIeKTyallbHEe YIPABIiHHS MOBUHHO BOJOJITH
HACTYIIHUMH  BJIACTHBOCTSMH: 3JIaTHICTH  JIO
HaBYAHHS Ta aJalTHUBHICTB; )KUBYYICTh; MPOCTHH
QITOPUTM  yNpaBliHHSA Ta  JOPYXHIH OO
KOpUCTYyBaua JIIOJMHO-MAIIMHHKAN iHTEepdeiic;
3MAaTHICTE 0 BKIIIOYEHHS HOBHMX KOMIIOHEHTIB,
o 3a0e3neuyroTh HalKpalli pillleHHs B yMOBax

HaKJIagarOTbCA TEXHIYHHUMHU
MUCTOYHUK CCbINKKN He

0OMEXEHb, IO
3acobamu  [OwmbKa!
HaligeH., c. 15].

[lig rTMOMHHMM MaIIMHHUM HaBYaHHIM
PO3YMIETHCS KJIac aJiTOPUTMIB IHTEICKTYaIBHOTO
YHOpaBIiHHS, SIKI BAKOPUCTOBYIOTh OaraTomnraposi
HEHPOHHI MepeXi 3 HeNiHIHHUMH BY3JaMH.
Posrasinemo moOynoBy HelipomepeskeBoi Mozeni
Ul amlpoKcHMalii JaHuX, omucany B 23
riaBi [OwnbKa! UCTOUHUK CCbIIKMU He HalaeH.],
Ta OTPUMAHUX 3 IHTEJEKTYaIFHOTO IAaTYUKy —
OTHOTO a00 NEeKiTbKOX CTaHAAPTHUX AaTYUKIB,
AKi TIOB’s3aHI 3 HEWPOHHOIO MEPEKEI0 IS
OTPUMAaHHS KaJ1iOpoBaHOTO BHUMIipPIOBaHHS
OJTHOTO 13 TTapaMeTpiB.

IHTENeKTyanbHUN  NaTUUK  IIOJIOKECHHS
BUKOPDHCTOBYE  3HA4YCHHS  HANpPYyTH,  II0
HAJXOMATH BiJl ABOX (DOTOENIEMEHTIB, JIS OLIHKH
posramryBanHs 00’€kta. OO’€KT, pyXarOuuCh
B3JIOBXK OCI Y, BIIKUIA€ TiHb Ha (POTOCICMCHTH,
II0 MPU3BOJUTH 0 3MiHU HAmpyr Vi Ta V. [Ipm
30iMbIIeHH] Mmo3umii 00’€kTa Y Hampyra Vi
CIOYAaTKy B3MEHINYEThCS, IOTIM 3MEHIIYETHCS
HampyTra V,, MOTiM 30LIBITYEThCS Vi 1 HapemTi
30UTBIIYETHCS Vs.

MeTror0o MOJENIOBaHHA € BU3HAYUTHU
MOJIOKEHHST 00’€KTa 3a BHUMIPIOBAHHAMHU JIBOX
Hanpyr. Jus Toro, mo6 3i0patm mamHi I
anpOKCHMAIIii, TPOBOJISATHCS BUMIPIOBaHHS JABOX

Hanpyr (oOTOeIeMEeHTIB B psdl  CTAJIOHHUX
MOJIOKEHb 00’€eKTa. Astopu [OwmnbKa!
MUCcToUuHUK CCbINKM He HaligeH.]

BUKOPHCTOBYBAJIH ISl IUX €KCHEPHMEHTIB M54
JUIL HACTIJIBHOTO TeHicy. Ychoro € 67 HabopiB
BUMIpIOBaHb,  MpEJCTaBICHUX Yy  (Qaiimax
ball p.txt ta ball t.txt B apxiBi 3a MOCHIAHHIM
http://hagan.okstate.edu/CaseStudyData.zip.

KoopnuHatu BuMipsiHi B I10iiMax, a Harpyra — y
BosbTaXx. [mocki obiacti B 0 BOJNBT IUIS KOXKHOL
KpUBOI BUHUKAIOTh TaM, Jie TiHb KyJi MOBHICTIO
MOKpPHUBAa€ JaT4MK. SIKimo TiHb Oyna JOCHTH

BEIIUKOIO, 100 TOKPUTH OOWIBA JaTYUKH
OJTHOYaCHO, MH HE 3MOKEMO  BiJHOBHTH
KOOpAUHATY 3a HaIpyraMHu.

Hus  peamizamii  Mojeni TIMOUHHOTO
HaBYaHHS 3aCTOCYEMO XMapo 30pi€HTOBaHI
enektpoHHi  tabmuii  Google Tabmumi i3
JIOTIOBHEHHSIM ~ Solver 3a  po3polJicHOO Yy
[OwnbKa! WUCTOUHMK CCbINKM He HalaeH.]
METOJIUKOIO.

Hnst Toro, mod BU3HAUYUTH KOOPAWHATY
00’exTa, MOOYyAyEMO HYOTHPHUIIAPOBY HEUPOHHY
MEPEKY 13 apXiTEeKTYpOIO:
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— BXITHHUH ImMap — JIBOBHUMIpHHUI
apuMeTHIHUN BEKTOP (X1, X2), KOMIIOHEHTaMH
SIKOTO € BIJIOBiZHI BUMIpPIOBaHI HAMpyTH Vi, Vy,
HOpPMOBaHi 3rifHO 3 (QyHKIi€l0 akTUBamii
MEpExi;

— NepliMi  IPUXOBAaHUM  Iap
MaTHME PO3MIPHICTh 5 Ta ONHCYBaTUMETHCS
BEKTOPOM (hl(l), hz(l), h3(1), h4(1), h5(1));

— Ipyrui MPUXOBaHUMN map
MaTHME pPO3MIpHICTh 3 Ta ONHCYBaTUMETHCS
BEKTOPOM (hl(z), h,@ h3(2));

— BUXITHUH Tmap —
KOOPJIUHATU  Yyuopy, HOPMOBAHA
(GYHKLIEIO aKTUBALT MEpexi.

Jlo HeHpoOHIB BXITHOTO Ta MPHUXOBAHUX
nrapiB  A0AaloThCs HelipoHH 3mimeHHs (bias),
3HAYCHHS SIKUX 3aBXKIW JOPIBHIOE OJIUHMIII.
Oco0HBICTIO HEHPOHIB 3MIIIEHHS € Te, 0 BOHH
HE MaloTh BXiJHUX CHHAIICIB, & TOMY HE MOXYTh
OyTH po3TalIoBaHi Ha BUXiJTHOMY Iapi.

CrioyaTky BHECeMO JaHi BUMIPSIHUX
Hampyr 10 eNeKTPOHHUX Taomuip. OCKiTBKH
JaHi TIPENCTaBICHI Yy TEKCTOBOMY  (aiini,
CKOPHCTYEMOCHh (PYHKITIEIO IMIOPTY HaHUX 0
TaOIUL.

Y pesymprati iMmopry B
TaOJMIII 3aHECeH] HACTYITHI 3HAYEeHHS:

B1:BP1lBuxinHi maHi HanmpyTH Vi,

B2:BP2Buxinni naHi HanpyTH Vs,

B3:BP3xoopaunatu y 00’ €kTy.

Jus 3pyYHOCTI OTIpaITfOBaHHS
TPAHCIOHYEMO OTPUMAaHI JIaHi Ta PO3MITHMO iX Yy
koMmipkax Al10:A76 mnsa v;, C10:C76 mus vy,
C10:C76 nns y. yisg 1bOTO BHECEMO y KOMIPKH
TaOJUIII HACTYITHI 3HAYCHHS:

3HAYCHHS
3riHO 3

KOMIpKH

A8 OaHI;
A9 Vi
B9 Vo
C9

Yy,

A10 =TRANSPOSE(B1:BP3).

Buxonmsun 3 Toro, 1mo OynoBaHa
HEHpOHHA Mepeka MaTuMe TMONAPHY (GYHKIIIO
aKTUBalii, yci 3HA4YeHHsS Ha BXOJAlI MepexKi
MOBMHHI OyTM HOPMOBaHI (NIPUBEACHI [0
nmianmazony [0; 1]). Ha Buxomi mepexi HeoOXimHO
BUKOHATH O0CPHEHY OIEpPallito.

HopMmyBaHHS  BUKOHYyBaTUMEMO  JUIS
KOKHOI'O CTOBIILSL OKpeMo. 715 1iboro 3Haiinemo
IS HAX MIHIMaJIbHI Ta MaKCHMaJIbHI 3HAYEHHS,
VBIBIIIK Y KOMIPKH Taki GOpMYIIH:

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

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

Hani pianazon E6:E7 xomitoeTbes 'y
F6:G7.

CyTHiCTh HOPMYBaHHS JIETKO 3PO3YMITH
i3 Bupasy (6):

BXI1/IHE 3HAYEHHS—MiHI

HOPMOBAHEC 3HAYCHHA =

3a Takoro miaxogy — MiHIManbHE
3Ha4YeHHsI HOpMyeThes A0 0, a MakcUMalbHE — J10
1. HopmoBaHi 3HaYeHHS Hampyr HEOOXiIHO
MOJAaTH Ha BXiIHUH 1Iap HEHPOHHOT Mepexi:

MaKCUMAJIbHC 3HAUCHHA —N

E8 BXIOHULL wap,
E9 X1:
F9 Xs-

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

Komipky E10 mommproemo y aiamazoni
E10:G76.

BimnosigHo g0 00paHOi apXiTeKTypH
HEHPOHHOI Mepexi, JomaaMo A0 2 HEHWpOHIB
BXiJIHOTO IIapy HeHpoH 3MmimeHHs. s uporo y
koMipky (G9 BHecemo Horo Ha3By (X3), a y
nmianazon G10:G76 — ioro 3mauenHs (1). Ha
OBOMY Kpoli BXiHUH map cpopMOBaHO Y
BUIJISA CUTHAJIBHOTO BEKTOPY (X1, X2, X3).

Hactynauii  xpok —  nepegaBaHHs
CUTHAITY i3 BXiJHOTO IIapy HEHPOHHOI Mepexi Ha
NepIvi NpuxoBaHUW. [[ns1 BU3HAYECHHS CUIHU
CHUTHaNy HEOOXiTHO MaTH BaroBi Koe(ilmieHTH
HelpoHHoi Mepexi. [lozHaunmo uepes:

— W.JXh Y Barosmit  KkoedimieHT
CHHAIICY, WO IOB’s3y€ HerOH xI i=1273)
BX1JIHOTO mIapy i3 HEWPOHOM h Y(§=1,2 ..5)

MepIIOro NPHXOBAHOTo MApy;
- Wip BaFOBI/II/I KoedilieHT
cuHancy, mo nos’s3ye nmeiipon h (k= 1, 2,
6) Hepmoro MPUXOBAHOTO IHapy i3 HeI/Ip0HOM
@@pP=1,2,3) JIPYTOro MPUXOBAHOTO 1apy;
— quh2 BaFOBI/II/I KoeirieHT
cuHarcy, mo mos’s3ye Heiipon hy® (d=1, 2, .
4) npyroro NPHXOBaHOTO Imapy i3 HeI/IpOHOM
Yiopwg (4 = 1) BUXiJHOTO IIApY.
Tozu fwia CHTHAIY, IO NPUXOZUTE 1O

HEHPOHY h MEPIIOr0 TMPUXOBAHOIO IIapy,
BU3HAYATHUMEThCS  SK  CKASIPHUA  JOO0YTOK
3HAYeHb CHUTHAy Ha BXiJHOMY IIapi Ta
BIAIIOBIAHUX  BaroBHX Ker)iuieHTiB )IJI;I

BH3HAYCHHs CUTHAIl, SIKUH I1ie Jaii Ha Apyruii
NPUXOBAHUH  1ap, 3aCTOCYEMO _JIOTICTHYHY
dyHKLiIO  aKTHBALT f(S) =1/(1+e®), ne S -
BIIMOBITHUH CKaIApHUiT 100yTOK. DOpMyH [ist
BU3HAYEHHs] CHUTHaNiB Ha mepmomy (7) Ta
npyromy (8) mpuxoBaHoMy i1 BuxigHOMYy (9)
apax MaTUMYTh BUTJISII

mY = £ (22 xw )0
(2) f(25+1 A4S h(1)h(2)) 8)

h
Yuopwa = £ (2324 xdwdf”) ©

BiamoBigHO HEOOXiTHO CTBOPUTH TpHU
MaTpHIIi:
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— matpuns W'Y posmipricTio 3x5 R9 hs'
MICTHTE Barosi KoeQillieHTH 3B’ 3KiB 3 HEHPOHIB S9 h4(1)‘_
BXiHOTO mapy (Tmepii aBa MIiCTSITh HOPMOBaHI T9 hs(l)"
3HAYCHHS Hampyr, a TpeTii € HelpoHoM U9 he'®"

3MIIICHHS) 3 HEWPOHAMU MEPILOrO MPHUXOBAHOTO

miapys;
h(DHh(2) R
— MaTpuns W PO3MIipHICTIO
6x3 MicTUTh