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AHoTauis. Y JOCIIDKEHH]I aHali3yeThCsl BIUIMB F€OMAarHiTHUX Oyp, MICSYHHUX IMKJIIB i JHIB THXKHS Ha aBTOMOOLIBHI aBapil 3 TpaBMamu
nrofieil 3 TOYKH 30py IX MOTEHLIHHOrO BIUIMBY Ha YYaCHHKIB JOPOXKHBOTO pyXy. JlOCIipKeHHs MpoBOgMiIOCsS Ha OCHOBI ganux 3 2015 mo
2020 pik y M. Binnauns ta obnacti, Ykpaina. Brumue reomarsitHux Oyp OLiHIOBaBCs 3a 3HadeHHsMH iHaekcy Kr i OyB crabkum Ha piBHI
MmeHme 0,05. AHaii3 3a MiCSIYHUMU OUKJIAMH BifOyBaBcs 32 YOTHPMa MicsaHMMHM (azamu. 30UIbIIECHHS KUIBKOCTI aBapiil crocTepiranocs
JHIIEe B TEPIOA MOJOIHKA — MEPIIy YBEPTh LUKIY. Y YeTBep Ta I STHHULIO KUTbKICTh aBapiil 3pocia Mo BiJHOIICHHIO IO AHIB THXKHA, a 3
MOHE/IINIKA MO BIBTOPOK 32 OCTAaHHI 1B POKH CIIOCTEPEIKECHHS — 3MEHIIIMIAC.

KarouoBi ciioBa: aBToM00i/bHI aBapii, reoMaruiTHi 0ypi, MicsiyHi HMKIM, THI THAKHSA.

Abstract. The study analyzes the impact of geomagnetic storms, lunar cycles and days of the week on car accidents with injuries to people in
terms of their potential impact on road users. The study was conducted on the basis of data from 2015 to 2020 in the city of Vinnytsia and
region, Ukraine. The effect of geomagnetic storms was estimated according to the values of the Kr index and was weak at a level less than
0.05. The analysis by lunar cycles took place in four lunar phases. An increase in the number of accidents was observed only in the period of
the new moon - the first quarter of the cycle. The number of accidents increased on Thursday and Friday relative to the days of the week, and
the number of accidents decreased from Monday to Tuesday during the last two years of observation.
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Introduction

Man is an important component of the road transport system. Along with transport factors, traffic factors,
the external environment, the human factor is a priority. It was found that human error was a definite or probable
cause in more than 90% of the accidents studied [1, 2]. Thus, most accidents and related injuries and deaths are
the result of dangerous driving due to human factors [2, 3].

On the other hand, man, as a biological system, is under the influence of various rhythms of the external, in
particular, the natural environment, which affects its physiological parameters [4, 5, 6]. An increase in blood
pressure with an increase in the level of geomagnetic activity was estimated, and systolic and diastolic bp
increased significantly on the first day of the geomagnetic storm [4, 6]. These effects were present regardless of
gender and medication [4, 6, 7]. The average increase in systolic and diastolic blood pressure in the study group
reached 9% [7, 11]. The percentage of people who reported subjective psychophysiological complaints was also
significantly increased with increasing geomagnetic activity and the highest sensitivity was found in women with
hypertension [7, 11]. Sensitivity to magnetic storms increases in patients with hypertension and increases
significantly from moderate to severe hypertension [7, 8, 11]. The state of human habitat is dependent on solar
activity due to variations in the parameters of the lower ionosphere, changing its resonant frequencies that
correlate with brain rhythms: alpha, beta, gamma, delta and theta [8, 9]. The electrical conductivity of the human
body reflects the biophysical state of man, and this can be used as an indicator of human response to
perturbations of various origins. A strong relationship between conductivity, geomagnetic perturbations and
atmospheric characteristics was found [9, 10]. Biochemical studies reveal inhibition of melatonin secreted by the
pineal gland, possibly due to desynchronized biological rhythms, which links geomagnetic activity and human
health [10, 11]. There are indications that calcium ions in cells may play a role in one or more mechanisms [10,
11].

Lunar rhythms have become one of the most studied issues in modern chronobiology. A number of obvious
lunar influences on the animal world have been proven, but there is no solid evidence that human biology is
regulated in any way by the moon [12, 13]. The belief that stars and planets can affect human health and
behavior is not only seen in ordinary people [18], but a high proportion of health professionals continue to hold
this belief: a survey of 325 people in New Orleans found that 140 individuals (43%) believe that the lunar phases
affect the behavior of the individual [14]. In a study [15], the number of patients with injuries did not increase
during the full month compared to other days of the menstrual cycle. Also, the relationship between the attack
and the suicide attempt was not observed on the days of the full moon [15]. The full menstrual cycle phase did
not cause a higher number of patients in a psychiatric hospital and was only 0.007% of the deviation [20], but
there was a significant grouping of seizures during the full moon [21]. Another analysis showed that in non-
epileptic seizures there was an increase in their number in the full moon, and in epileptic seizures — an increase
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in the last quarter [16]. There was an increase in the number of patients during the full month of hospitalization
for gastrointestinal bleeding, although the authors express the feasibility of further research [17]. The depend-
ence of the state of the cardiovascular system on the four phases of the moon in men has been noted [19].

The influence of weekly rhythms is reflected in the change in human mood, which amounted to 40% of the
variance in the sample of 74 students [22]. One subject rated his mood daily for 1,500 consecutive days. A series
of mood swings demonstrated a clear and dominant 7-day period [23].

The aim of this study was to assess the human impact of geomagnetic storms, phases of the moon and days
of the week on car accidents with injuries in Vinnytsia and the region, Ukraine.

Methods
Study design and setting

The study was conducted in the city of Vinnitsia and Vinnitsia region, Ukraine for the period 2015-2020.
The data were obtained from the municipal administration “TMO Vinnytsia Regional Center for Emergency
Medical Aid and Disaster Medicine”. The original data structure, reflecting the date of the emergency call,
diagnosis, situation, hospitalization, was transformed into a table with two columns: date and number of
accidents. For the study, all days of the period February 2015 - December 2020 were taken into account.

Study population

Accidents involving drivers and passengers of cars, cyclists and pedestrians were selected for the study.
Given that an ambulance was called before each accident, there were injuries ranging from mild to severe, as
well as fatalities.

Ethical considerations

The study did not use data concerning personal information about the victims of the accident: name,
surname, date of birth, place of residence and more.

Statistical analysis

Statistical analysis was performed separately for the effects of days of the week, solar storms and phases of
the moon. STATISTICA (Dell, USA) and MS Excel were used to automate the processing. The normality of the
distribution of the original data was checked and not confirmed [24].

For the days of the week for each of the studied years, the number of accidents was determined separately
for each of the days of the week. Given that the number of Mondays, Tuesdays, etc. in a year can be various,
calculated average value of road accident on days of week. Next, we calculated the differences between the
average values of accidents for each day of the week and determined the dynamics accordingly.

Regarding magnetic storms for each day of the studied years from open sources, the value of the Kp index
was obtained [25, 26]. Scattering diagrams are constructed in order to visually determine the data distribution.
Given the non-normal distribution of the input data, the Spearman correlation coefficient is calculated to
determine the correlation.

From the full lunar cycle, 4 of its phases were chosen for consideration - observation points: new moon,
first quarter, full moon and third quarter. Similarly to the research on the days of the week, the number of
accidents for each phase of the lunar cycle was determined and averaged over the years. The duration of
menstrual cycles, and, accordingly, its quarters vary within +1 day, so they were also averaged. The final result
of the dependence of the number of accidents on the phases of the moon was obtained by averaging data for 6
years from 2015 to 2020.

Results
Influence of days of the week on the number of accidents

Table 1 presents the average number of accidents in the city of Vinnytsia and Vinnytsia region, Ukraine for
6 years of observation (2015-2020). The need for averaging, as mentioned above, is due to the different number
of days of the week, such as Mondays, within a year. The average number of accidents in 2015 is lower than in
other years, due to the availability of data obtained not from the beginning of the year, but from February.
Graphs Figure 1 for better analysis are spaced by years, and for the latter, they are averaged. As you can see, the
data does not have anomalous values, which allows us to speak about their adequacy.

Influence of magnetic storms on the number of accidents

The values of the studied parameters (the number of accidents and Kp) are quantitative values, so we can
calculate the correlation coefficient. But first you need to do a visual analysis of the data, building scatter charts
over the years. As can be seen from Fig. 2 points on the graphs are evenly distributed without separate
accumulations or emissions.
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Table 1 — The average number of accidents

Days of week

Days of week

Years Monday | Tuesday | Wednesday | Thursday | Friday Saturday | Sunday
2015 2.3 2.7 2.0 2.3 2.7 2.6 2.9
2016 2.8 3.0 3.1 3.1 3.6 3.2 2.9
2017 3.3 2.9 3.4 3.5 4.0 3.0 3.9
2018 3.1 3.1 2.8 3.3 3.7 3.2 2.9
2019 3.9 2.7 3.1 3.7 3.8 4.3 4.0
2020 3.1 2.9 3.2 3.4 3.9 38 3.0
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Figure 1 — Dependence of the average number of accidents on the days of the week in the context of 2015 —

2020

Table 2 — The value of the Spearman correlation coefficient

Communication

Years r p
type
2015 0.031 <0.05 direct
2016 0,025 <0.05 direct
2017 0,076 <0.05 direct
2018 0,014 <0.05 direct
2019 -0,042 <0.05 inverse
2020 -0,086 <0.05 inverse

To calculate the correlation coefficient, it was taken into account that the data distribution is not normal.
Spearman's correlation coefficient (Table 2) at a level statistical significance less than 0.05 showed that the
relationship is, but weak. In addition, its type in the last two years (2019, 2020) becomes inverse.
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Figure 2 — Scattering diagrams of the average number of accidents from the Kp index of magnetic storms in the
context of 2015 — 2020

Number of accidents

2015

Influence of lunar phases on the number of accidents

On the graphs of the number of accidents from the days of the month Figure 3 also shows the days of the
lunar phases from left to right: new moon, first quarter, full moon and third quarter.
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Figure 3 — Dependence of the average number of accidents on the lunar phases in the context of 2015 — 2020

The curves are quite variable, so the averaging of data over the years (the last graph in Figure 3) allowed to
smooth out fluctuations and determine changes in the number of accidents relative to the lunar phases.

Discussion

The paper examines the impact of geomagnetic storms, phases of the moon and days of the week on car
accidents with injuries in Vinnytsia and the region, Ukraine due to the human factor. The choice of these impacts
is due to the lack of their direct effect on the technical condition of vehicles and road infrastructure.

As for the effect of days of the week on the number of accidents, the average graph (Figure 1) illustrates
the increase in the number of accidents on Thursday and Friday. This nature of the curves can be explained by
the desire to complete the work by the weekend, which leads to an increase in traffic. Moreover, this trend is
observed in almost all years of observation. Over the last two years of observation, there has been a slight
decrease in the number of accidents from Monday to Tuesday. This can be explained by the increase in traffic on
Monday due to the rest of the weekend. The nature of the dependence of the number of accidents on the days of
the week, of course, can not be explained by purely weekly mood swings [22,23]. There are also weekly rhythms
associated with work and rest, which in turn affect mood.

Geomagnetic storms affect human physiological parameters, for example, by increasing blood pressure [4-
8], especially in women with hypertension [5, 7]. Such parameters as brain rhythms [8, 9], electrical conductivity
of the human body [9, 10], desynchronization of biological rhythms [10, 11] also undergo changes due to
geomagnetic activity. It was logical to expect the impact of magnetic storms on the number of accidents. As a
result of research, the depth of connection was weak (Table 2). This nature of the connection can be explained by
the fact that drivers, as road users, are mostly middle-aged people who are weakly affected by magnetic storms.
The change in the type of communication in the last two years (2019, 2020) requires additional research.

The question of the influence of lunar rhythms on human biology is quite controversial and is studied both
at the level of faith of ordinary people and health professionals, and in applied research. There are studies that
confirm the influence of the lunar phases on certain, including mental, diseases and cause their exacerbation. In
our observation there is an increase in the number of accidents from the new moon to the first quarter of the
lunar phase (the last graph in Figure 3). Although this dependence could have been more pronounced without
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2018, in which the curve in this interval is inverse. Further from the first quarter to the third quarter inclusive, the
dependence is not observed.

Conclusion

In this study, based on data from 2015 to 2020, the role of geomagnetic storms, lunar cycles and days of
the week in car accidents with injuries to people in terms of their potential impact on road users was studied. The
influence of these factors was proved. The impact of geomagnetic storms has been weak and even inverse in the
last two years of the study. The lunar cycle was influential only in the period from the new moon to the first
quarter of its phase. The days of the week had a negative effect on car accidents with injuries on Thursday and
Friday, and the number of accidents decreased from Monday to Tuesday during the last two years of observation.
The results of research can be used when planning road and walking trips to reduce the risk of injury as a result
of an accident. Although the research was conducted on the basis of 6-year data, the reasons for the inversion of
the effects of geomagnetic storms, as well as the reduction in the number of accidents from Monday to Tuesday
in the last two years, should be further studied. Given that the analysis of impact factors was conducted within
the city of Vinnytsia and Vinnytsia region, additional research is needed in other regions of Ukraine to determine
the validity of the above results throughout the country.
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Binomocti npo aBTopiB

Kymmnk Anatouniii SIpociaBoBuY — JOKTOp TEXHIYHMX HayK, mpodecop, 3aBiayBad kadenpu Oiomoriqaoi (hizu-
K, MEIMYHOT anapaTypH Ta iHpopMaTHKH.

PeBenok BikTop IBaHOBUY — KaHAUIAT TEXHIYHUX HAYK, HOICHT, AOICHT Kadeapu O6ionorigHoi (i3uku, Mean-
YHOI armapatrypu Ta iHpOpMaTHKH.

Hikoancbkuii Onexcanap IBAHOBHY — KaHIUIAT TEXHIYHUX HAYK, JOICHT, MOUEHT Kadeapu Oiojoriuxoi ¢i-
3MKH, MEJINYHOT anaparypu Ta iHpopMaTHKH.

Jooposoabcbka Katepuna B’sideciaBiBHA — KaHIUAAT MEIaroriyHMX HAyK, MOLEHT, MOLUEHT Kadeapu 0ioJo-
riyHoi (i3uKu, MEINYHOI anaparypu Ta iHQOpMaTHKH.

A. 5. Kynuk, B. 1. Pesenok, O. 1. Hikonbcbkuii, K. B. [JoOpoBoibchka

BIIVIUB TEOMATHITHUX BYP, MICAYHUX HUKJIIB TA

JIHIB TUKHS HA ABTOMOBLJIBHI ABAPII 3

TPABMYBAHHSIM JIIOJEH OO IX HOTEHIIHHOI'O
BIIJINBY HA YYACHHKIB JOPOXHBI'O PYXY YV MICTI

BIHHUIII TA OBJIACTI, YKPATHA

BinHMIIbKHI HAIlIOHATBHUN MeAMYHHUE yHiBepcuTeT iM. M. L. [Tuporosa, Binuuis
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CUCTEMA HIATPUMKU HPHFIHS[TT?{ PIIIEHD OO0
IHNIABULHIEHHSA PIBHS ITHOOPMAIINHOI BE3IIEKA
HIATIPUEMCTBA

BiHHMIIEKMIT HAITIOHATBHYIN TEXHIYHUHA yHIBEpCUTET, BiHHUIISA

AHoTanist. YV CTaTTi 3alpONOHOBAHO CUCTEMY MiATPHUMKH mpuidHATTs pimiedb (CIIIIP) moxo mixBuinenHs piBHA iHdOpMariiHOi Ge3nexu
BITYM3HSIHHX MiIPHEMCTB, K& YMOXJIMBIIIOE 1HAUBIAyalbHUH MiA0ip METOMIB Ta 3ac00iB Takol MOJITHKHA Ha OCHOBI €KCIIEPTHHX JaHHX, a
TaKOX 3 ypaxyBaHHSIM I00aXxaHb Cy0’ €KTa FOCHOapioBaHH. Byno Bu3HaueHO Ta 0OIPYHTOBAHO I CTPYKTYpY; 3AiHCHEHO IPOrpaMHy peai-
3aniro Takoi CIIIIP mns agantuBHOro migdopy MeToniB Ta 3acobiB momituku iHdopmaniiioi 6e3nekn. OcHoBHuME (yHKLisiMu CIITIP mono
iIBHINEHHS PiBHA iHOPMAIiiHOT Ge3MeKH MiANPHEMCTBA €: aBTeHTH(IKAIlisi KOPUCTYBAYiB, OLIHIOBAHHS HE3AIGKHUM EKCIEepPTOM 3 iHdop-
MaliifHO1 Oe3IeKH NPiOPUTETHOCTI 3aXKCTy BiJ MOMKIIMBHX a00 NMOTEHLIHHUX 3arpo3; MOXIIMBICTh KOPHCTYBady CaMOCTIiIfHO oOHpaTH Haii-
OLIbII MOLIMPEH] I HiJNPUEMCTBA 3arpO3d LIOAO0 SKUX HEOOXiTHO BXKHUTH CreHU(IYHHI 3aXUCT; MPOIMO3HILIs KOPHCTYBAaueBl HAHOLIBIIT
BIMOBITHUX METO/IB MOMITHKH iH(pOpPMAILiiHOI Oe3MeKH 3 ypaxyBaHHIM yCiX HOro moOakaHb; IWHAMIYHE OHOBJICHHS JAHUX 13 METOIO 3a-
Oe3IeyeH s CIIOCTEPEIKCHHSA 3a HOBITHIMH METOJaMH 3aXHCTY. HayKOBa HOBHU3HA OTPUMaHUX pe3yHI)TaTiB Tojiara€ B TOMy, M0 BIIEpHIC
PO3pOOIIEHO CHCTEMY MIATPHMKH OPHAHATTS PillIeHb, LIO JO3BOJISIE 3aC00aMU CHCTEMHOTO Mmiaxoay Ta ER-MomenoBaHHs CYyTTEBO ITiIBHILH-
TH piBeHb iH(pOpMALiiHOI Ge3MeKn MiANPUEMCTBA, 3AIHCHIOIYHN IHANBIAyanbHIN miabip MeTomiB Ta 3aco6iB MOMiTHKY iHGOpMALiiHOT 6e3-
MIEKH Ha MiIIPUEMCTBI Ha OCHOBI MMOOaXKaHb MIANPUEMIIS Ta SKCIIEPTHUX OL[IHOK.

Kuarouosi ciioBa: indopmaniiina 6e3nexa mixnpuemcrs, 3arposu ingopmaniiiniii 6e3neni, moiTnka indopmaniiinoi 6e3nexn, cucrema
NiATPUMKH NpHitHATTA pimens, ER-MoxeaoBanns.

Abstract. The article proposes a decision support system (DSS) to increase the level of information security of domestic enterprises, which
allows individual selection of methods and tools of such a policy based on expert data, as well as taking into account the wishes of the busi-
ness entity. Its structure was determined and substantiated; program implementation of such DSS for adaptive selection of methods and
means of information security policy was carried out. The main functions of such DSS to increase the level of information security of the
enterprise are: user authentication; assessment by an independent information security expert of the priority of protection against possible or
potential threats; the ability of the user to choose the most common threats to the company for which it is necessary to take specific protec-
tion; offer the user the most appropriate methods of information security policy, taking into account all his wishes; dynamic data update to
monitor the latest security methods. The scientific novelty of the obtained results is that it was developed for the first the DSS which allows
to increase the level of information security of the enterprise by means of system technique and ER-modelling and to select individual meth-
ods and tools of information security policy of enterprise based on the wishes of the entrepreneur and expert assessments text.

Key words: information security of enterprises, threats to information security, information security policy, decision support system,
ER-modelling.
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Beryn

[ponecn rmobamizamii iHpopMmamiiiHoi chepu Ta mudpoBoi TpaHchopmarlrii, po3BUTOK iHPOPMALIHHOTO
CYCITUTBCTBA, BIPOBAKCHHS MEPEJOBUX 1HPOPMALIHHO-KOMYHIKAIIIITHIX TEXHOJOTiH, HOBUX BHIIB MPOMYKIIi
Ta IOCIYT (POPMYIOTH HOBITHI CYCITiJIbHI BITHOCHHH Y Pi3HUX cepax KUTTEMISUTHHOCTI JIFOJIMHA B MEXax CYCIIi-
JBCTBA, JIEPKAaBH Ta CBiTy. BOHU MOPOKYIOTH HOBI BHKITHKH 1 3arpo3u y cdepi iHpopmamiitHoi Ta KibepHeTHY-
HOi Oe3leKH Ha HalliOHAaJhbHOMY Ta MiKHApOIHOMY piBHAX. Hapasi, 3 po3BUTKOM iH(OpPMAIIHHOTO CYCHiThCTBA
Ha TOPSAIKY JICHHOMY PO3BHTOK IM(poBoi exkoHOMIkH [1], mo mepenbayae HasBHICTH PUHKOBHX CTUMYIIB, MO-
TUBAIIi#, TOMUTY Ta HEOOXITHOCTI BUKOPUCTAHHS IU(DPOBUX TEXHOJIOTIH, MPOAYKTIB 1 MOCIYr CEKTOPaMH IpO-
MHCIIOBOCTI, OI3HECY Ta CYCHNUILCTBA ISl 3a0€3MEUYCHHS, HacaMIIepe/, IX KOHKYPEHTO3IaTHOCTI Ta €(PeKTUBHOC-
Ti, peastizaiiii 3poCTaHHs 00CSATIB BUPOOHHUIITBA 3 METOIO 301IbIICHHS MPUOYTKOBOCTI [2].

HapomyBanus macmrady i Temny udpoBux Tpanchopmarliii Bi0yBaeThCs MapaieabHO 31 3pOCTaHHIM
KIJIBKOCTI Ta HOMEHKJIATypu Kkibepatak. OcobmamBO MOpyIIeHHS iH(pOpMaIiifHOi Oe3MeKn CIoCcTepiraeTbes Ha
MIKpOpiBHi, a came Ha piBHI mignpuemMcTB. OCHOBHI iHTEpeCH OpraHizaliii Ha CbOTOAHI 3HAYHOIO MipOIO BU3HA-
YalOThCS caMe CTaHOM HaBKOJIMIIHBOTO iH(popMariiHoro cepenopua. LlinecnpsiMmoBani abo HEeHaBMUCHI BIUIH-
BU Ha iH(opMaliiiHy chepy 3 00Ky 30BHILIHIX a00 BHYTPILIHIX JPKEPEN MOXKYTh 3aBJAaBaTH CEPHO3HOT IIKOIH
MM IHTE€pecaM 1 CTaHOBIATH 3arpO3M Ta PH3MKM s Oe3neku 3araioMm. Came Tomy iHdopmaiiina Gesrexa €
HeoOXiTHOIO Ta HEBiI'€MHOIO YMOBOIO JUIs IIPABHIILHOTO 1 Oe3mepepBHOr0 (QYHKIIOHYBaHHS ITiIIPHEMCTBA.

AKTyaJlbHicTh

3aranoM mpoOIeMaTHKOIO 3aXUCTy iH(QOpMAITil 3aiMaIOThCS IPOBiIHI 3aKOPJIOHHI Ta BITYM3HSAHI HAYKOBIII,
cepen sikux ciif Bim3HauuTH k. Yincona, lomonosa O. I'., Kapminns B. B., Jlange /1. B., JIyxxeupkoro B. A.,
Hogikoa O. M., Topokina O. O., Xopesa O. O., Xopomka B. O., [llenecra M. €., fpemuyka 0. €. Ta iH.

[Ipobnemu dopmyBaHHs nomiTuku iHGopmaniitHoi Oesnexn (I1Ib) Ha migmpHeMcTBaX BHCBITIIOIOTHCS y
poboTax GaraThox 3apyOiKHUX Ta YKpaiHCHKHUX BUeHHX, TakuxX sk B. M. borym, O. K. IOniH, O. JI. 'ony6enko,
Jlenkos C. B., ITeperymnos /. A., ITetpos A. A., Cokonos A. B. Ta in [3-6]. ¥ Hux o6rpyHTOBaHO KpHTEpii OIIi-
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HIOBaHHS PU3MKIB iH(pOpMaIiiiHiil Ge3meni manpueMCTB 3aJISKHO Bij Kateropii iHdopmauii, sika IUPKYJIIOE B
HUX, IPOIOHYIOTBCS CTPYKTYpH Ta iepapxii I1Ib, po3risiatoTbesi BHYTPIlIHI Ta 30BHIIIHI 3arpO3H, ONHUCYIOThCS
BUTIAJIKH 3JIOBMHCHHX JIiHf 1 TPOMIOHYIOTHCS MOXKITUBI BapiaHTH 3a100iraHb Ta CaHKIIiH TPOTH HUX.

He 3Ba)xaroun Ha 3HAUYHUI HAYKOBHH TOPOOOK Y Iiif mapuHi 3HAHb, JOCUTH MAJIO YBard NPUAUISETHCS camMe
iHAUBITyaIpHOMY Timoopy 3aco0iB Ta MeToxiB I1Ib cy0’ekTiB rocrmoaproBaHHs Pi3HHUX ramyseii, GopM BIacHOC-
Ti Ta BEIMYNHU.

HeoOxignicte amantyBatu I1Ib mix KOHKpeTHE MiANPHEMCTBO 3YMOBIIOETHCS HHU3KOIO YHMHHHUKIB, Cepel
SKHUX TOTpeda y JOBOJI BHCOKil OIUIaTi MOCIHYT Oe3MeKH, sSIKi HalalOThCS CTOPOHHIMU BHKOHABIIIMH a00 BHYT-
PILIHIMU cIielianicTaMu; HU3bKUIl PIBEHb KOMIIETEHTHOCTI IIEPECIYHUX MpaliBHUKIB y cepi Oe3neku 3araiom
Ta PO3yMiHHI ICHYIOYHMX MeTOIiB i miaxoniB 10 GopmyBanns [11b, 30kpema; Bpa3nuBOCTI BiIOMHX METOJIB, SIKi
JIMIIE B 3arajIbHOMY BiJIIIOBIIAIOTH 3a7a4aM iH(GOPMALIITHOTO 3aXNUCTy KOHKPETHUX ITiJIPHEMCTB.

3acTOCYBaHHS CHCTEM HIATPUMKH MPUHHATTS PIlIEeHb YMOJKIIMBIIIOE IPYHTOBHUI Ta 00’ €KTHBHUI aHai3
cdepu iHpOpMaIiiHOT Oe3neKH it (OpMyBaHHs ONTUMAIBHOT MONITHKH 3aXHUCTY iH(OpManii Ha MiANPHEMCTBI.
TakuM 4MHOM, aKTyaJbHUM € PO3pOOJICHHS BiAMOBITHOI aJanToBaHol 0 BUMOT cy0’ekxTa rocrnioaaproBanss [11b
3 BUKOPHUCTAHHSAM CYYaCHUX IPOTPaMHHUX 3aco0iB, 30kpema, CIIIIP.

Merta

Mertoto crarTi € ynockonanenHs [11b Ha mignpueMcTBi musixoM po3podierHs Biamosigaoi CIIIIP, ska mo-
3BOJISIE 3MIMCHUTH 1HIUBIAyaIbHO OPIEHTOBAaHWI MiAOip METOMIB Ta 3aCO0IB 3aXHCTy Ha OCHOBI €KCIIEPTHHX Ha-
HUX, a TAKOXK 3 YpaxyBaHHAM MoOakaHb Cy0’€KTa TOCTIONapIOBAaHHS (T ATIPUEMIIS).

3angaui

1. Busnauutu ctpykrypy CIIIP mono migsuiueHHs piBHs iHGopMauiiiHOT Oe3neky Ha i JIPHEMCTBI.
2. IIporpamuo peanizyBaru CIIIIP mis agantuBHOTO Minbopy MeroniB Ta 3acobiB I1Ib Ha 6a3i ekcriepTHUX na-
HHUX, SIKI BpaXOBYIOTbh TIOTPEOH MIANPUEMCTBA LIUIIXOM BUOODY.

CrpykrypHe Ta opranizauiiine moaetopanusi CIIIIP mono nixpumenns piBHA indopmaniiiHoi Oe3nexku
HA NiANpHeEMCTBI

VY 3aranpHOMY Bl BuMoru a0 CIIIIP mis BusBiIeHHS O3HAK 3arpo3 iHdopMariiiaii Oe3meni miampu-
€MCTB Ta OLIHIOBaHHS iX piBHS cHOPMYIBOBAHO, HacamIiepen, v MixkHapogaux ctanmaprax ISO cepiit 9000,
14000, 27000 [7-9].

Crangapt 1SO 27001 [10] dhopmyitoe BUMOTH y raiy3i iHhopmaiiiiHol 6e3MmeKH 1010 CTBOPEHHS, BIPO-
BaJDKEHHS, IMTPUMKH Ta MOCTIHHOTO BJOCKOHAJICHHS CHCTEMH YIPaBIiHHA iHpOpMaIiiiHOO Oe3nekoro. Y cra-
H/IapTi HATrOJIOIIYEThCS HAa CTPATETIYHOCTI PIICHHS OpTaHi3allii mMo0 NPUHHATTSA CHCTEMH YIPaBIiHHS iH(OP-
MalifHOI 0e3MEeKOI0 Ta NepepaxoBYIOThC (PaKTOPH BIUIMBY Ha CTBOPEHHS Ta BIPOBA/KEHHS TAaKOi CUCTEMU:
MOTpeOu Ta LI opraHizaiil; BAMOTH 10 0e3NeKH; NpoLecH, SKi MPOTIKAITh Y MeXax OopraHisaiii; apxiTekrypa
(po3mip, cTpyKTypa) opraizariii.

Cranpaptu [7-10] neMOHCTPYIOTh Y3TOIKEHICTh MiX COOOI0 1 I'PYHTYIOThCS Ha MPOLECHOMY MiAXO/i 10
noOyoBu cucteM yrpasiiHHS. CyTh IPOLECHOTO MiJIXOMy 3BOJAUTHCS JI0 ONUCY (YHKIIOHYBaHHS CUCTEMH SIK
HabOpy B3a€MO3alIe)KHUX HENEPEPBHUX .

B ocHOBY maHMX MKHapOAHUX cTaHAapTiB moxiangeHo mMoaens PDCA (muki Lllyxapra-/leminra) — cTpyk-
TYpY KUTTEBOTO IIMKILY ycixX mpoieciB cuctemu [11]. CyTHICTh MOJIeNi 3BOJUTHCS 10 HEMIEPEPBHOTO MOKPAIICH-
HS TIPOLIECiB, IO 3a0e3neuye epeKTuBHE KepyBaHHS (PYHKIIOHYBAaHHSM Ha CHCTEMHI OCHOBI.

Tomy mo CIIIIP mis BusBICHHS O3HAK 3arpo3 iHpopMaiiHii Oe3meri miAIpHeMCTBa Ta OLIHIOBaHHS X
PiBHS BHCYBaIOThCS BHMOTH HIOJIO BIAMOBIAHOCTI cepii MikHapoauux cranaaptiB 1SO, momeni PDCA [11] i
nporiecHoMy migxoxay [7-10].

IMpouec po3podienns ta peanizauii CIIIITP nmioxo migBumeHHs piBHs iHGOpMaliiiHOT Oe3neku Ha MiANpu-
€MCTBI CKJINA€ThCS 3 TAKUX MOCHIMOBHUX eramiB [12]: mocraHoBKka 3amadi, GOPMYIIOBaHHS BHMOT JO CTBO-
perns npoekty CIIIIP, ommc nmporpaMHuoi peamizarii Ta IporpaMyBaHHS MOIYJIIB CHCTEMH, TECTyBaHHS CHCTe-
MU, MATOTOBKA iHCTAIAIIMHOT Bepcii 1 eKCIuTyaTaiiHol JOKyMEHTAIlii, BIPOBADKEHHS CHCTEMU Ha TEXHIYHHX
3acobax 3amoBHUKA, cynposix CIIIIP (momnsrae, Hacammepen, y 3aKIIOYHOMY BHIIPABIICHHI ITOMHIJIOK Ha eTami
eKCIUTyaTalil CHCTeMH, aJianTaniiHoMy po3IIMpeHHi Ta Moaudikamii GpyHkuii).

o cxnany CIIIP mono migsuiieHHs piBHs iHGopManiiHOT Oe3MeKy Ha MiANPUEMCTBI BXOJIATh TPH rOJIO0-
BHI KoMnoHeHTH: 0a3a nanux (B/I), 6a3a Moneneil Ta mporpamHa miJicCTeMa, sIKa CKIJIAIAEThCS 3 TPHOX MiACHC-
TEM: CUCTEMHM YIPaBJiHHS 0a3010 JaHMX, CHCTEMH YIpPaBIiHHS 0a3010 Mojelnel i CHCTeMU yNpaBIiHHS 1HTEp-
(ericoM MixK KOPHUCTYBaYeM i KOMIT'IOTEPOM.

Ho cxnany B/l, siki BUKOPHUCTOBYIOTBCS ISl aHANII3Y 1 3BEPHEHHS JI0 JJAHUX, HAJISKUTh MOBa OIUCY JaHUX
(MOJI) i moBa maninymoBanns ganumu (MM/I) [13]. MO/] nae MOXIMBICTh BU3HAUUTH CTPYKTYpy B/, ne
ONKC JMaHWX 3a7JaHoi MpobjaeMHOI 007acTi MOXKEe BHKOHYBATHCS Ha KIJTBKOX PIBHAX aOcTparyBaHHS, JUIS SIKHX
xapaktepHa BiacHa MM/, sika 3a0e3meuye JOCTyI 0 JaHUX Ta 1O CYTi pealli3ye 3amuTH.

CIIIIP, mo mpOMOHYETHCA, Ma€ TPUPIBHEBY CHUCTEMY: KOHIENTYaJbHHH ((POPMYETbCS KOHIENTyalbHA
cxeMa i3 3a3Ha4eHHSAM B3a€MO3B'SI3KiB MK CHCTEMaMH JaHUX, SKi BiIIIOBIIAIOTh PEAIbHO TII0YHM 3aJISKHOCTSIM
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MK (akTopamu i mapamerpamu IpoOJEMHOTO CEpEeIOBHINA), JIOTIUHUN (B3a€MO3B'SI3KH, MPECTaBIICH] Y CTPYK-
Typi 3anuciB BJ]) i ¢pizuunmii piBeHb (PO3MIIIEHHS CTPYKTYpPH 3anuciB Ha Gi3MYHNX HOCISIX 1H(pOpMALiD).

Konnenryansry cxemy CIIIP monxo migBuinenHs piBHA iHGoOpMariitHoi Oe3nmekd Ha MiIpHEMCTBI TIpe -
craBneHo y Burisini ER-monerni, sika m03BOJIsiE€ OMICYBaTH NaHi 3a JOMOMOTOIO y3arajdbHEHHX KOHCTPYKIIN
omokiB. Y Bumaaxy CIIIP, mo npononyeTbes (puc. 1), MaeMo CYyTHOCTI KOpHCTyBada (KepiBHHUK abo BiATOBima-
JTpHA ocola Ha mignpueMcTBi) Ta komiuiekcy panux (BJ] mrs peamizamii 3abe3medeHHs iHGOpMAaIiitHOT Oe3meKn
Ha I JIIPHEMCTBI).

User | Data Base 2
User integer| —> Data Base integer|
Email string Treats string
Password string Method of protection|string
Selected threats|string SE— Priority string
3 Add field 3 Add field

Pucynox 1 — ER-mozens CIIIIP mono nigsumieHHs piBHs iHpopManiiHOT Ge3nekn Ha miIIpHeMCTBI

CyTHOCTI MalOTh pi3Hi BIACTUBOCTI (aTpuOyTH), AKi POPMYIOTH MPUTAMaHHI iM XapakTepu3ytouuii Ta ¢GyH-
KIioHaNpbHHUN makeTH. KopucryBady, KpiM IepcoHaIbHOI iH(OpMaIlii, 0 BUKOPUCTOBYETHCS ITiJ] YaC aBTOPU3a-
il Ta aBTeHTH]IKAIil, HaaHA MOXKJIMBICTh BHOOPY 3 MEpENiKy 3arpo3 akTyaJlbHUX Ha JaHWH MOMEHT dacy.
KoMmieke naHUX BiINOBiTae MeToaM 3aXHCTy, OOpaHHM KOPHCTYBaueM 3arpo3aM i MiCTHTh COPTYIOUHIl Ipio-
pUTETHHIA cIHCOK (pHc. 1).

Jloriunuii piBeHb MpeCTaBICHO OJIOK-CXEMOIO AITOPUTMY IIPOTPAMHOTO MPOAYKTY (puc. 2).

POST /g

You have not
passed the
authorization
procedure.

Does the user
exist?

Is the user
authorized?

Access
not granted.

Is the user
authorized?

Assigning an
authentication
token and granting
access.

as the user

The server returns Choose
selected

a list of threats. a list of threats.

Returns from the
database a list of
protection
methods
according to the
selected list of
threats in
descending order
of priority.

PucyHok 2 — Biok-cxema aaroputMmy nporpamHoro npoaykry st CITITP

CIIITP otpumytoTh iH(OpMAIIiIO 3 YIPaBIIiHCHKUX 1 omepamiiHux iHpopMamiiftaux cucteM. JlaHi, ski aky-
MynboBaHi B BJI, MOXKyTh BUKOPHCTOBYBATHCSI OE3M0CEPEIHBO KOPUCTYBaUYEM JUIsl PO3PAXyHKIB 32 JIOIOMOT0I0
MaTeMaTUYHUX MOJIENEH.

3B's130K KiHIeBUX KopucTyBadiB i3 b/l BinOyBaeThcs 3a nomomoroto CYB/]. BoHa mpezcraBieHa sk cucte-
Ma MpOTpamMHOro 3a0e3nedeHHsl, M0 MICTUTh 3acobu 06pobiennst moBamu bJI. CYB]] peanizye ctBopenns B/I,
BiJINIOBifIa€ 3a 11 HITICHICTH, MIATPUMKY B aKTHBHOMY CTaHi, A€ MOKIIMBICTH MaHIITyIIOBATH JTaHUMU, OOPOOIIATH
3BepHeHHs 10 b/l, siKi HaIXOAATh BiJ] NPHUKJIAIHUX IPOrpaM i KiHIEBHX KOPHUCTYBAYiB i3 3aCTOCOBAHHAM TEXHO-
norii oOpoonenns iHpopmanii. 3aranom CYB/I, mo po3pobisieTsest, 3ade3neuye: GopMyBaHHs KOMOIHAIIH aa-
HUX 13 pI3HHX JDKEpes 3a JOTIOMOTO0 TPOLEeyp arperyBaHHs 1 (iIbTpalii; MBHAKE 10JaBaHHs ad0 BHITyUSHHS
JUKepelia 1aHuX; o0y I0BY JIOTIYHOT CTPYKTYPH JaHUX y TEPMiHaX KOPHCTyBaya,; BAKOPUCTAHHS I MaHIIyJIAIIiI0
Heo(iniHHUMHU JaHUMH JJIsI eKCIIEPUMEHTAILHOTO 00pOOIIeHHs aJIbTEpHATHB KOPHCTYBada; MOBHY JIOTIUHY He-
sanexHicTh manoi bJI Bix iHmux omepamiitaux BJI [14], sxi pyHKIIOHYIOTh Ha JaHOMY ITiAIPHEMCTBI.
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BapTto 3ayBaxutu, 1o, HOPIBHSIHO 31 3BUYAHHUMH Miaxogamu 10 peamizanii b/I, s BUpIMICHHS ACSKUX
3aBaaHb mono Gpynkuii ta iHctpymentiB B/l i CYB/l y konrekcti po3pobmroBanoi CIIIIP BucyBaetses psia no-
IATKOBHX 1 CIIEIIATI30BAHUX BUMOT.

Ymogoto Bukopuctanssa CIIIIP, mo po3pobiseTses, € HeoOXiqHICTh TOCTyIy iH(popMarii 3i 3HAYHO IIHp-
IIOTO [Jiarma3oHy JDKepell, HiXk Ie mependadeHo y 3BUYaiHuX iHpopMariiiHux cucreMax. Lle IOosSCHIOEThCS THM,
o iHpOpMaLis OTPAMYETHCS Bill 30BHIITHHOTO CEPEIOBHINA i BHYTPIIIHIX JKeper; KpiM TOro, 3BU4aiiHi, opieH-
TOBaHI Ha OyXxranTepcekuit o0k, nai. Tomy, 3anpornoroBany CIIIIP Gyno nqonmoBHEHO HETpaAWLiIHHIMH THIIA-
MU JTaHHX, 30KpeMa, TEKCTOBOIO iH(pOPMAIIi€Io Ta iH.

3aciyroBye Takox Ha yBary oco0imBicTh npornecy «llomyky i 3axorueHus» nanux y CIIIP mono minsu-
eHHs piBHs iH(opMauiiiHoi Oe3nexu Ha mignpueMctsi. [Iponec nomyky, Biache, sik i cama CYB/], sika kepye
IIUM TPOLIECOM, € JOCUTh T'HYYKHMH, 00 HMIBHIKO OOCIYroBYBaTH JOIIOBHEHHS 1 3MIHM BIAINOBIZHO JIO0 Herle-
pendaveHux 3amuTiB, SKi HAAXOIATh Bil KopucTyBadiB. Tomy, s npornecy «Ilomryky i 30UIbIICHHS» AaHUX Y
CIIIIP, 110 po3po0IIsiETHCsI, 32CTOCOBYIOTHCS IPOTPaMHi areHTH.

Jani GepyThbcs 3 Pi3HOMaHITHUX JDKEPEN ONEpaTHBHUX JaHMX. [licis iX mepeminieHHs BiJOUparoThCs JIHIIE
CYTTEBI JaHi, Mo € 6e3mepepBHAMH 1 TOYHUMHE. [10TiM 1aHi 3aBaHTaKyIOTBCS IO PEALiHOI TaOJHIi, SKa 34aT-
Ha MiATPUMYBATH PI3HOMaHITHI BHIM aHAI3Y Ta 3aIUTIB, i ONTUMI3YIOTBCS JJIS TUX TaONHIb, SKi HaidacTimie
BHUKOPHCTOBYBAaTHUMYThCSL. |, BpeIITi-peInT, nani 30epiraroThest 171 nogansinoro Bukopucranas y CIITIP.

Bnactusuit CIIIIP momo minBumeHHs piBHA iHQOpMaIiitHOi Oe3nekn Ha MiANMPUEMCTBI aKIIEHT Ha 00po6-
JICHHS HECTPYKTYpPOBaHUX 1 cIabOCTPYKTYpOBaHUX 3afad, MO SKUX 1 HaJIeKUTh (HOPMYBaHHS iHIMBIIYaTbHOI
TIOJIITHKH 3aXHCTy Ha MANPUEMCTBI (3 ypaXyBaHHA yII0100aHb 3aMOBHHKA Ta HU3KH €KCIIEPTHHX OIIHOK), 3yMO-
BJIIOE JIesIKi crienn(iuHi BUMOTH JIO [IUX €JIEMEHTIB KOMII'FOTEPHOI CUCTEMH, 1110 MIPOIOHYETHCS Y CTATTI.

Iep 3a Bce, MOBa ¥jie PO HEOOXIAHICTH BUKOHYBATH 3HAYHUN OOCST onepaiiil nepecTpyKTypyBaHHs fa-
Hux. Tomy, npornonosana CIIITP Mae MOXIIHBICTh 3aBaHTa)KEHHS 1 HACTYITHOTO OOPOOJICHHS TaHUX 13 30BHIIIHIX
JOKeped, [0 BUMAara€e NMpoKoro Habopy gpyukitii mis Gpyukiionysanus CYB/I.

Y CIIIIP urono migBUICHHS PiBHS iHpOpMaNiiHOi Oe3neku nepeabdadeHo 3acid, 3a JOMOMOTOI SKOTo KO-
pHCTYBad MO’KE HallaropKyBaTH 0a3y JaHWX BIAIIOBIJHO Z0 CBOIX OCOOHMCTHX BUMOT. 3 OIVIAY Ha Iie, BHKOPH-
CTOBYIOTBCS IIPOLIEAYPH 1 KOMAHIU THYYKOTO MEPECTPYKTYPYBaHHS cxeM i cxeMHuX miaMHoxuH CYB/. 3aysa-
JKUMO, IO CydYacHi mporpamHi 3acobm mns ympaBmiHHA naHuMu i1 CYBJl xapakTepu3yrOTbCsS BiTHOCHOIO
THYYKICTIO 1 MPOCTOTOI0 BHKOPHCTaHHS KOJEKTHBOM KopuctysadiB. Ilpore, 3ramani 3aco0u HE MOKHA IpH-
CTOCYBATH O KOHKPETHOTO KOPHCTyBada abo0 10 BHPIMICHHS KOHKPETHOTO 3aBJaHHS 3 0a)XaHOIO THYYKICTIO 3a
YMOBH MaJlX BUTpPAT Ha TaKHH IPOIEC.

Hporpamua peauizauis CIIIP mwono ninBuienHst piBus indopmauniiinoi 6e3nexky Ha MiANPUEMCTBI

Jlyis iporpaMyBaHHsT aBTOPCHKOTO 3ac00y Oyii0 00paHO ONTHMAIbHY MOBY, SIKOHO (Ui BUPINICHHS TaKOl
3amaui) € PHP, Ta ¢peiimBopk Laravel. Cepen apryMeHTiB Ha KOPHCTh TAKOTO BUOOPY, CJIiJ] 3a3HAYUTH: MOXKIIH-
BicTh 3acobamu PHP renepysat HTML-cTopinku Ha 0oIli BeO-cepBepa; iHTepIpETyBaHHs i BeO-CEpBEPOM Y
HTML-kon, sikuii nmepenaeTbesi KIIEHTY, IPHUOMY KopHucTyBad He 6aunth PHP-koz, mo € mepearoro 3 Touku
30py Oe3leKH; MOXJIMBICTh IIIKIIOYEHHS JI0 BCiX 0a3 NaHMX, JI0 SIKMX ICHYE ApalBep, 3aBISKH CTAaHIApPTY BiJ-
KpHuTOTO iHTepdericy 383Ky 3 0azamu qanux (Open Database Connectivity Standard, ODBC); BOymoBa#i 06i06i-
oreku st pobotr 3 MySQL, PostgreSQL, mSQL, Oracle, dbm, Hyperware, Informix, InterBase, Sybase; Tex-
HIYHI ITIepeBaru: BUCOKA MPOIyKTHBHICTh, (YHKIIOHATHHICTH IIOCHIIAHb, BHKOPUCTOBYETHCS METOJ IUHAMITHUX
aprymMmenTiB Tommo. Cepes IpiopuTeTHIX 0coOIMBOCTeH oOpaHoro PHP-(dpeliMBopka 3 BIAKpUTHM KOJOM, TIPU3-
HAYEHOTO JIIsl pOo3pOo0IIeHHsT BeO-101aTKiB BiAMOBiHO 10 mabiony model-view-controller (MVC), crix Buainu-
TH: MOJIYJIbHY CUCTEMY NaKyBaHHS 3 BUIUICHUM MeHeKepoM 3anexxHoctedr Composer, pi3Hi criocoOu Iuist Joc-
Tymy 10 pemsuiiiHnX 0a3 JaHuX, YTWIITH, $Ki JOINOMAaraloTh Yy pPO3rOpTaHHI JOJAaTKiB 1 TEXHIYHOTO
00CITyroByBaHHS.

@OyHKLIOHYBaHHS JAHOTO MPOJYKTY MOYaTKOBO Iependadae apTeHTUdIKalio KOprcTyBadiB. Bukopucrano
MO/IeTIb KOPUCTYBa4a, 10 HAJaEThCs 32 3aMOBUYBaHHAM OOpaHUM (peilBOPKOM, sika JO3BOJISE: Mij Yac CTBO-
PEHHS KOpHCTyBaya 3allOBHUTH 1H(OPMAIIiI0 MO0 iMEHi, eIeKTPOHHOI aipecH, MapoiIio0 BXOIY, IPUXOBATH 1H-
(hopmartiro mo/10 Maporo Ta TOKEHY B pe3ynbTarax 3anuTis 10 B/

Jnst BUOOpy NpiopHUTETIB 3aXUCTy 00’€KTaM, 110 MOXKYTh IOTPAIUTH il BIUIUB 3arpo3, aBTOPaMH CTaTTi
Bukopuctano ¢pynkuito PROTECTED. ®yHkuis BUKOHYETHCS JHIIE B pa3i aBTOpH3allii KOpUCTyBaya.

[Tix wac poGoTH aHOTO BEO-3aCTOCYHKY KOPHUCTYBau (KepiBHUK ab0 BiIOBianbHa 0coba Ha MiANPUEMCT-
Bi) 0Oupae 3arpo3u iHpopMauiiHii Oe3meri, ki Bxke 0yso 3adikcoBaHO B IolepeHix nepiogax GyHKIiOHyBaH-
HS IIATIPUEMCTBA, a0o0 Ti, SIKI BBAXKAIOTHCS NPIOPUTETHUMH JUIS 3aXUCTY.

Ha puc. 3 naBeaeHo ¢gparMeHT mporpamHoOro Koy, mo onucye 3Bepaenns CIIIP momo migBuieHHs piB-
Hs iH(popMaIiifHOT O€3MeKH Ha MiIPUEMCTBI, 10 MOJIEINI 3arpo3, sika GpyHkionye B BJI.
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namespace App;
use Illuminate\Database\Eloquent\Model;

class Threat extends Model
public function event
return $this->hasMany('App\Event', 'threat id', 'id'
public function events
return $this->belongsToMany('App\Event'

;

Pucynok 3 — ®dparMeHT Koy 3BEpHEHHS JI0 MOJEII 3arpo3 y CHCTEMi BeO

[NapanenbHO mpalfoe 0a3a JaHUX 3 SKCIICPTHUM OI[IHFOBAHHSAM MPiOPUTETHOC

B

-3actocyHky CIIITP

Ti BCix 3arpo3. [licis Bubopy

HaliHeOe3meUHIIIIX 3arpos, KOpI/ICTyBa‘IeBi HaBOJATHCA MOpaau 1040 BIIPOBAIKCHHA Ta BUKOPHUCTAHHS MCBHUX

metozis I1IB, siki 3a10BONBHSIOTH OTPEOM KOHKPETHOTO i IMPUEMCTBA.

Hwxue npencraBieHo GpparMeHT MPOrpaMHOro KOXy, B SIKOMY 31HCHIOETBCS JOCTYI A0 KOHTpoJepa Io-
TEHIIIWHKUX 3arpo3, CYTTEBUX IS TTiAMPHEMCTBA, IO I03BOJIsI€ po3pobuth pamionanshy 116 (puc. 4).

namespace App\Http\Controllers;
use App\Threat;

use Illuminate\Http\Request;

use Illuminate\Support\Facades\DB;

class ThreatController extends Controller
/**
* @return \Illuminate\Http\Response
i 1
public function index()
/**
* @return \Illuminate\Http\Response
e 4
public function create
/**
* @param \Illuminate\Http\Request $request
* @return \Illuminate\Http\Response
- §
public function store(Request $request)
/**
* @param \App\Threat $threat
* @return \Illuminate\Http\Response
=l
public function show(Threat $threat
/**
* @param \App\Threat $threat
* @return \Illuminate\Http\Response
4
public function edit(Threat $threat

PucyHok 4 — @parMeHT KOy IOCTYITYy 0 KOHTpOJepa MOTSHIIHUX 3arpo3 y cuctemi Bed-3actocynky CIIIIP

VY 3reHepoBaHOMY KOHTPOJIEP] BU3HAUYCHO HU3KY METOMIB [UIsl 3a0€3MeUeHHs IMHAMIYHOTO (DYHKI[IOHYBaH-

Hi1. Ha puc. 5 mposeMOHCTpOBaHO MpoIiec OHOBJIEHHS MiCIIs IPOLEAYPH 3aITUTY.

public function update(Request $request)

$ids = $request->alll);
foreach ($ids as $key => $value
$threat = Threat::find( $key

$threat->priority = $value;
$threat->save ;
DB::table('event_threat'
$threats Threat::all();
foreach ($threats as $threat

$count_events 9 - $threat->priority;

$possible _events $threat->event ) ->inRandomOrder

->limit $count_events ->get () ->pluck'id'
$threat->events ->sync $possible events ;

->delete

return response()->json(!'status' => 'OK'/, 200);
/**

* @param \App\Threat $threat

* @return \Illuminate\Http\Response

*/

public function destroy(Threat $threat)

Pucynok 5 — @parMeHT Koy mporecy OHOBIICHHS ITICIIA MPOIETyPH 3aIIUTY B CHC

16

Temi BeO-3actocynky CIITIP



ISSN 1999-9941, “TH®OPMALIIMHI TEXHOJIOI'Ti TA KOMIT'FOTEPHA TH)XKEHEPIA”, 2022, Ne 1

Po3po6neny CIIIIP Oyno nporecroBano. 1le 703BONMIO HOBECTH, 110 BOHA YMOMJIUBIIIOE CITPOIICHHS P O-
LeIypH aJleKBaTHOTO 1 00’ ekTuBHOTO BUOOPY MeToaiB [1IB kepiBHUKOM BITYM3HSHOTO MiANPHEMCTBA.

BucnoBku

[Nobymosana CIIITP momo migBUIeHAS piBHS iH(QOpMAIiifHOT Oe3MeKH i IIPUEMCTBA Ma€ TaKi MOKITHBOC-
Ti: aBTeHTU(]IKaIlisl KOPUCTYBAYiB; OI[IHIOBAaHHA HE3aJIC)KHUM EKCIIEPTOM 3 iH(popMamiiHOi Oe3meKn mpiopuTeT-
HOCTI 3aXHCTy BiJl MOXIJIMBUX a00 MOTEHIIHHIX 3arpo3; KOPUCTyBad MOXKE CaMOCTIHHO 0OMpaTH MOMIMpEeHi s
MATIPEEMCTBA 3aTPO3H MO0 KX HEOOXiTHO BXKUTH CTICIU(IUHUI 3aXHUCT; HaTaHHS MEPETKy MPOIO3MIIiHi KO-
puctyBaueBi BiamoBiganx MetoniB I1Ib 3 ypaxyBaHHsIM ycixX oro moOakaHp, TWHAMIYHE OHOBJICHHS HaHUX i3
METOI0 3a0€3IeUeHHs CIIOCTEPEIKEHHS 38 HOBITHIMU METOIaMH 3aXHCTY.

OCHOBHUI1 HAyKOBHH pe3yJbTaT MOJISTae B TOMY, IO BIEPILE PO3POOJIEHO CUCTEMY MiATPUMKH IPUHHATTS
pillieHb, 10 J03BOJISAE 3aC00aMHU CHCTEMHOTrO miaxony Ta ER-MoienroBaHHS CYTTEBO MiJABHIIUTU PiBEHB iH(OP-
ManiiHo1 Oe3NeKH MigIPUEMCTBA, 3IHCHIOIYH IHANBIAYaIbHUI MiA0ip METOAIB Ta 3ac00iB MOMITHKY iH(OpMa-
iifHOT Oe3MeKH Ha MiANPUEMCTBI Ha OCHOBI MOOAXKaHb MiANPHEMIIS Ta €KCIIEPTHUX OLIHOK.

[IpakTryHe 3Ha4YEHHS pe3yJIbTaTiB POOOTH TOJISITAE Y PO3POOICHHI IPOrPaMHOTO MPOAYKTY, L0 JO3BOJISE
3MIHCHIOBATH iHAWBiOyanbHUH migdip meroniB Ta 3acobiB I1Ib Ha mignpueMcTBI Ha OCHOBI 1HIUBIAYyaIbHOTO
BHOOPY cy0’€KTa TOCHOAApIOBAHHS Ta 3aCTOCYBAaHHS 3HAHBb CKCIIEPTIB.
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Binomocri npo aBTOpiB

AzapoBa An:kenika OJjekciiBHa — KaHAWIAT TEXHIYHUX HAYK, podecop, mpodecop kadenprn MEHEDKMEHTY Ta
Oe3nexn iHpOpPMAIIHHIX CHCTEM.

JporreBa Ipuna OxkceHTiiBHA — acHCTEHT KadeIpu MEHEKMEHTY Ta Oe3neKH iHQOpMAIifHAX CUCTEM.

lusin AHaToJiiii AHTOHOBHY — KaHIUIAT (Di3MKO-MAaTEeMAaTHIHHX HAYK, IOIEHT, HOICHT KaeIpu MEHEIK-
MEHTY Ta 0e3neKkH iHpopMaiiHUX CUCTEM.

A. O. Azarova, |. O. Dohtieva, A. A. Shyian

DECISION SUPPORT SYSTEM FOR INCREASING THE
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VJIK 004.4

T. A. Bakamok, P. B. I1asnos, O. B. Umwxmotps, O. I'. UnxmoTps, FO. 1. JIucorop

TEOPETHUYHI ACIIEKTHU PO3POBKU BEB-IOJJATKY
IHPOI'HO3YBAHHS KYPCY KPUIITOBAJIIOT

HepxxaBuuii yHiBepcuteT « KuToMHUpchKa moiiTexHikay, JKutomup

AHOTal.liﬂ. V crarTi PO3TIIAHYTO BUAW KPUIITOBAJIIOT, HABEACHO METOOU ix TIPOTHO3YBaHHS. HpOBeﬂeHO o1 MporpaMHu3 3aco0iB TIIPpOTrHO-
3yBaHHs KpUITOBATIOT. OOpaHO METO/ NPOrHO3YBAaHHS KPHIITOBAIIOT IS IIOCTABJICHOI 3a/1a4i. 3apoMOHOBAaHO Ta OMMCAHO KOHIIECHITYallb-
Hy MOZeNb BeO-10AaTKy, IPOBEACHO AEKOMIIO3HUIII0 KOHIIENTyaIbHOI MoJieni BeO-nonatky B HoTanil IDEFO, a Takox nekoMIo3umist KoHIe-
nTyansHOi Mozeni BeO-noaaTky B Hotanii IDEF3 ta nexoMnosuiiro koHnentyansHoi Mozeni y Hotanii DFD. HaBenena cTpykTypHa cxema
BUOOpY MapaMeTpiB Uil MPOrHO3YBAHHS KypCy KPHTOBATIOTH (BapiHATH BUOOPY KOPHCTyBada), Ta 3alpOIOHOBaHA jAiarpama poboTu BeO-
JA0JAaTKy IIPOTrHO3yBaHHSA KYpPCY KPUIITOBAIIOT.

Knro4oBi c10Ba: KpUNTOBAIIOTA, IPOTHO3YBAHHS, PO3P0O0Ka, TEOPETHYHI ACTIEKTH.

Abstract. The article considers the types of cryptocurrencies, methods of their forecasting. A review of cryptocurrency forecasting software
was conducted. The method of cryptocurrency forecasting for the task is chosen. The diagram of user choice is given, the structural, logical
and physical models are described. The concentrative model of the web application is proposed and described, the conceptual model of the
web application in IDEFO notation is decomposed, as well as the decomposition of the conceptual model of the web application in IDEF3
notation and the decomposition of the conceptual model in DFD notation. The block diagram of the choice of parameters for forecasting the
cryptocurrency rate (user choice options) is presented, and the diagram of the cryptocurrency forecasting web application is proposed.

Key words: cryptocurrency, forecasting, development, theoretical aspects.
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Beryn

IT-TexHOMNOTIi My’Xe CTPIMKO PO3BMBAIOTHCSI Ta BCE yacTille HaOyBalOTh IIMPOKOTO BXXKHUTKY Ta YIOCKO-
HaIOIOTE cepu Hamoro *UtTs. e He 00XoauTs 1 pi3Hi (iHaHCOBI iHCTHTYTH. UyZOBHUM MMOE€JHAHHSAM TEXHO-
Jorit Ta (iHAHCIB B Cy4acHOMY CBITi € MOHATTS KPUOTOBATIOT, SIKI 3 KOKHUM POKOM PO3BHBAIOTHCS BCE
mBuane. B eqkux KpaiHax, Ti M iHII BN KPHITOBATIOT BXKe MOYMHAIOTH 3aMilllyBaTH MarepoBi rpomr. Ix
BU3HAIOTh Ha 3arajbHOJIEP)KaBHOMY PiBHI, BCTAHOBIIOIOTH CIELiabHI TEPMiHAIHU Uil pOOOTH 3 JaHUMHU Ballto-
TaMH.

B cyuacHOMYy CBITI (hiHAHCOBI YCTAaHOBH IMPOTPECYIOTh 3a qoroMororo IT-Texuonorii. Lle mae BimmoBiqHuiA
(yHAaMEHT O PO3BUTKY HOBHX (hiHAHCOBHMX Ta €KOHOMIYHUX MOMIJIMBOCTEH, IHCTpYMEHTIB Ta opM B3aemouii
nronieit Mixk coboto. Tak, «3’sIBUBCSI aHAJIOT TPaIULIHHUX BaJIOT — KPUOTOBAJIOTA Ta ii HAWMOMIKMpPEHila TpoIo-
Ba oquHUI OiTKOiH» [1].

KpunroBamora — «BUA MUPPOBHUX TPOIIEH, B SKOMY BHKOPHCTOBYIOThCS PO3IMOIUICHI MEepexi 1 myOmiaHO
JIOCTYITHI KypHAJIM PEeeCTpallil yroJ, a KIIFOUOBi iiei kpunrorpadii moeqHaHi B HAX 3 TPOIIOBOI CHCTEMOIO 3a-
payi MOXKITHBOCTI CTBOPHUTH OE3MEUHY, aHOHIMHY Ta MOTEHIIHHO cTablIbHY BipTyalbHy BagioTy» [2].

Buainstots Taki OCHOBHI KPUIITOBATIOTH:

Bitcoin (BTC) — HaiiBimomima kpunroBamora. PHHKOBa KariTamizamis CTaHOBUTH NoHax 1.1 TpiH. mo-
napiB, KpiM TOTo, OITKOIH € HAWIOPOKUOKO BAIFOTOIO 3 YCiX IHCYHOUMX Ha JaHUi Jac. BiTKOiH BU3HAIOTH Ha Jep-
JKaBHOMY PiBHI B 0arathb0X pO3BUHEHHX KpaiHax, «BCTAHOBIIIOIOTHCS CIEIialibHI TEPMIHAIH JIIsi pOOOTH 3 BaJltO-
TO¥0, SIKi BUKOPUCTOBYIOTh JJIsl IPOBEICHHS HAbopy omepartii» [3].

Ethereum (ETH) — «xpunroBamtora, sika 3acHOBaHa po3poOHUKOM Bitanikom Byrepunum, Ha novartky
2015 poky. Ethereum BHKOpHCTOBYE CBiii BIAaCHMI MMIiAXiJ Ta BUXITHHI KOJ, SIKH CTAaB OCHOBOIO JUIS 1HIIHX,
MEHII PO3IMOBCIOMKEHNX, KpunToBamoT. Ha nanuii yac Ethereum mae kamitanizauito 6iusbko 348 mipa. mo-
napiB. ['ooBHa BiIMIHHICTH Bij OiTKOTHa mossirae y Tomy, mo Ethereum BUKOpHCTOBYE cremianbHI cMapT-
KOHTpakTH» [4].

Litecoin (LTC) — kpunroBaiiora, sika 3amyiieHa B 2011 potii, ii rOJIOBHOO MepeBaro € MIBUAKE IiATBEp-
JOKEHHS BCiX BHJIIB TPAaH3aKIIiH.

AKTyaJlbHicTh

3a ocranHi poku HaykoBLi Ta |T-axiBii NpUALIAIOTH BETUKY yBary AOCIHIDKEHHSIM 3 IPOTHO3YBaHHS Ky-
pcy kpunToBantoT. OCHOBHOIO 3a7a4€t0 JOCIiJHUKIB € BU3HAYCHHS CUCTEMH KPUTEPiiB Ta MOKA3HUKIB, SKi Yh-
HSTh BIUIMB Ha KypCI, @ TAKOXK BU3HAYUTHU Ta OKPECIUTH METO/M TAKOTO MPOTHO3YBAaHHSL.

CocnoBcpknii B. I'., mpornoHye BUKOPHUCTOBYBATH CUCTEMHHH MiIX1 y IPOTHO3YBaHHI KPUIITOBATIOTH. BiH
BH3HAYAE, 1[0 PUHOK KPUIITOBATIOTH — «II€ CHCTEMA, KA BIIMBA€ HA PO3BHTOK IHIIUX Cy0’€KTiB €eKOHOMIKH, SK
yacTHHA (PiHAHCOBOT CHCTEMH. YUEHHIl TaKOX 3a3HA4ya€ Te, 10 PUHOK KPUIITOBAJIIOT € BIAKPHUTO, CKIIAIHOIO,
CTOXaCTUYHOIO, TMHAMIYHOIO Ta KEPOBAHOIO CHCTEMOIO, SIKa 3HaXOAUTHCS Hapasl akTUBHO (OPMYETHCS Ta PoO-
3BHUBAETBhCS. Y 1€l CHCTEMHU € Cy0’eKT 1 00’€KT KepyBaHHS, a PO3BUTOK CHCTEMH Ha yMOBaxX JeleHTpaji3amii
3IIMCHIOETBCS CYKYITHICTIO €JIEMEHTIB, II0 YTBOPIOIOTH CyO’€KT KEpyBaHHS y BUIVIAJI CaMOpEryiIbOBaHOI Op-
ranizanii (CPO). CykyIHICTb €leMEeHTIB, 10 3a0e3MeuyioTh BUITYCK Ta 00Ir KpUITOBAIIOT W KOPUCTYBaHHS HHU-
MH, YTBOPIOE 00’ €KT KepYBaHHs — BJIaCHE i PUHOK KPUITOBATIOTY [5].

T. A. Baxkaniok, P. B. ITaBnos, O. B. Umkmorps, O. I'. Umxmotps, FO. 1. JTucorop, 2022 19
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[Moranenko b. I1. 5 mponoHye NporHo3yBaHHS KPUIITOBAIIOT 32 JONOMOT0I0 HeHpoHHHMX Mepexk. LITyuni
HeliponHi Mepexi (LIHM) — «ue maTtemMaTH4Hi MOJIeN, @ TaKOX 1X MporpamHi abo amapartHi peanizanii, siki Ho-
OyzoBaHi 3a MPUHIUIIOM 0i0JOTIYHIX HEHPOHHUX MEPEX — HEPBOBHUX KIIITOK KUBOTO opraHizmy. [licist po3po0d-
K{ aJNTOPUTMIB HABYAHHS, MOJICTI BUKOPUCTOBYETHCS B MPAKTHIHUX IUIIX: TPOTHO3YBaHHS, PO3IIi3HABAHHS 00-
pasis, Ta im» [6].

AMepuKaHCHKUI HayKoBels Ta piHaHcucT MeTt Kpann Buninge ¢pyHIaMeHTaIBHUH aHANI3 K OJUH 13 Me-
TOJIIB MIPOTHO3YBaHH: KypCY KPHUIITOBATIOT. BiH 3a3Hauae, 110 1€ OmiHKa PU3HKY iHBECTHIII1, CIpo0a BUMIPSITH 1i
[iHHICTh, BUBYAIOYN €KOHOMI4Hi, (piHAHCOBI Ta iHIII Moka3HUKH. KiHIIEBOIO METOI0 (DYHIAMEHTAIFHOTO aHAJIi3y
€ BUCBITJICHHSI KiJIbKICHOTO 3HAUCHHS, [0 BKa3ye HAa HEJOOI[HEHI YU MepeoLiiHeHi BapTocTi pecypey [7].

Taxox, IT-¢axiBui Ta BUeHI 3aCTOCOBYIOTH iHIII METOJIH IIPOTHO3YBaHHS Kypcy KpunToBaIOT. OCh, nesKi
3 HUX:

- Mertoauka aHaji3y i mporHo3yBaHHs BamoTHOTO puHKY [8], [9] BKiIIOYaE B cebe reHepanito CUTHaMIB TO-
proBoi cucteMu (KyHHTH, NMPOAATH, YyTPUMYBATH, 3aKpUTH T03uLi0). [{ns renepanii Ta igenTudikamnii Takoro
POy CHUTHAIIIB BUKOPHUCTOBYETHCSI aHANI3 MEPETUHY AEKIIbKOX EKCIIOHEHIIHHMX KOB3HUX CEpEelHIX 3 PI3HUMHU
nepionamMu ycepeqHeHHs . KpuTepieM BIIKpHTTS MO3HIINA HA KYIBIIO YU MPOAAXK € EMIIIPUIHO 3HANUICHI TTOpo-
TOBi 3HAYCHHS BEIMYMHH CEPEAHBOI KUTBKOCTI BCIX MOAAHMX CUTHANIB. Kpurepiem 3akpUTTs mo3umii — piBeHb
npuOyTKy 4M 30UTKY, III0 BBOJUTHCS eKcriepToM. IlepeBaroro 11i€i METOIUKH € IPOCTOTa BUKOPUCTAHHS, a HEIO-
JIKOM — JIesTka HETOYHICTh CUTHAIIB OMICY CHTYaIlii Ha pUHKY, a TAKOK HU3bKa €)EKTHBHICTH IIPH OITHOMY Tpe-
HII.

- MapkoBChKi BUITIaIKOBI IponecH Ta JlaHmorn MapkoBa — 4aCTKOBHI BHITaI0K BUIIAJKOBUX IPOIIECIB, IO
HIMPOKO Ta e(EeKTUBHO 3aCTOCOBYIOTBHCS JJIsl CTBOPEHHSI IMOBIPDHHX 3a CBOIM POJIOM MOJIEINeH, SKi ONMHCYIOTh
npouecH (YHKIIFOBaHHs MEBHUX CHCTEM TEXHIYHOI0, €KOJIOTTYHOTO Ta EKOHOMIYHOTO XapakTepy.

Bumnazkoeuit mporec X(t) HazuBaroTh MapkoBchbKHM [10], sKIII0 32 GYAb-SIKOTO MOKIUBOTO 3HAUCHHS Yacy
t = t1 3HaueHHs BUIAJKOBOI BeM4YMHU X(t1) He 3a1eXuTh BiJ TOTO, IKUX 3HAUCHb LI BENWYMHA HAOyBaa Juis t
<'tl, a 1e, B CBOIO YEPry, 3HAYMTH, 110 MPOIIEC Y MOMEHT 4acy t = t1 He 3aJIC)KUTh Bijl Or0 MOBEIIHKH B OLIBII
paHHI MOMeHTH 4acy t < t]. OCHOBHOIO BIAaCTHBICTIO JIAHIIOTiB MapKkoBa € mam'sTh IpO MUHYJI TIEPEX0AH, TOO-
TO PO3IOALT HMOBIpHOCTEH (i, j) XapaKTepu3ye HMOBIPHICTH TOTO, 1[0 KOTHPYBAHHS BAJIIOTH MIpUIMe 3HAYCHH j,
3a YMOBH, LIO MICJIsA t KPOKIB (HAPHUKIIAJ, t TOAMH) KOTHPOBKA piBHa i [10].

MeToayKa €KCHOHEHIIaJbHOTO 3IJIAKYBaHHS — METOA, SKHH OOYMCIIIOE 3HAYECHHS 3TIIaIPKCHOTO Psity
IIJSIXOM OHOBIICHHS 3Ha4€Hb, BU3HAUCHNX Ha TONEPEIHBOMY KPOIll Ha OCHOBI iH(opMalii 3 MOTOYHOTO KPOKY
[11]. Tadopmarlis momepeaHLOTO i MOTOYHOIO KPOKIiB OEpeThes 3 PI3HUMH Baramu, SKHMMH MOXHA KEpyBaTH.
[pocruii, epekTUBHUI METOJ, ajie HETOUYHUH NMPH KOPOTKOTPHBAIOMY IPOTHO3YBaHHI i 30BCIM HE MiIXOIUThH
JUISl BUKOPHUCTAHHS Ha JOBrOTPHBAJIOMY IPOMDKKY uacy. [lepeBarn MeToly €KCHOHEHIIIHOIO 3IJIaJKyBaHHS:
JIOCUTh TOYHI IIPOTHO3M Ha CEPEIHBOCTPOKOBI TEPMiHHU; BUCOKa €(DEKTHBHICTh HAJAXOKEHHS HOBUX JIAHMX JJIs
00pOOKH; MPOCTOTA BUKOPUCTAHHS; MPOMIKHI Pe3ysIbTaTH JOCTYIHI Ui KopucTyBada [11].

J1o HeoiKIB [[LOTO METO/LY MOKHA BIJIHECTH Mally TOYHICTh IPOTHO3IB ISl HEBEJIEKUX Ta JOBrOTPHBAIINX
4acOBUX MPOMIDXKKIB. BapTicTh BipTyaJbHUX MOHET BCTAHOBIIIOETHCSI PHHKOM, TOMY YMM OiJIbIIIE TIONUT HA MEBHY
KPUITOBAIOTY, TUM BuLIe Oyzae i kypc [11]. Tlomut ke, B CBOIO 4epry, 3aJIeKUTh BiJ HepeBar, siKi MpOIOHYeE
BiNOBiTHA KpunroBamoTa. [lomuT GopMyeTscss Ha OCHOBI HOBHH IIPO HOBI PO3POOKH Ta JOCSITHEHHSA B il
cdepi. [lomynapHiCTs KPUNTOBAIIOT, peKiaMa Ta CIPUATINBI HOBUHH TaKOX € O3HAKOIO IIBUJIKOTO 3POCTAHHS
KypCy HEBHOI KPHUNTOBATIOTH. Tak sIK Kypc KPHITOBAIIOT 3aJISKUTh BUKIIOYHO BiJ MOMHTY, TO OJHHUM i3 Me-
TOJIB ITPOTHO3YBAHHS KypCY € KUIbKICHA OILiHKAa TaKoro IOMUTY Ta aHaJli3 BIIMBY MOIUTY Ha Kypc KPHIITOBA-
JIOTH.

B migcyMKy 3po3yMijMM € Te 110, JlaHa TeMa € JJOCTaTHbO HOBOIO, TOMY TYT € I, IO JIOCII/KYBAaTH.
3po0uBIIM aHaNI3 yciX CKIaf0BHUX OyJIO 3a3Ha4Y€HO, IO BIUIMB COLyMY Ha Kypc KPHITOBANIOT € CYTTEBHUM, aje
¢1ab0 MPOaHaTiI30BaHUM MaTEeMaTHYHO.

Merta
MeTor0 CTaTTi € ONUCATH TEOPETUYHI ACTIETKTH PO3pOOKH BEO-I0JaTKy MIPTHO3YBAHHS KPUITO-BAIOT.
3agaui

1. [IpoananizyBaTi HasiBHI IPOrpaMHi 3aCOOM MPOTHO3YBAaHHS KypCy KPUIITOBAJIOT.
2. IlpoananizyBaTyu icHyI04l METO/IU Ta MPAKTHUKH NPOTHO3yBaHHS KypPCiB KPUIITOBAIIOT.
3. IlpoBectn aHaini3 0OpaHUX METO/IB IPOTHO3YBAHHS Ta BUOPATH JEKUIbKa ISl TOOYJOBH MOJIEII.
4. Ha ocHOBI 00paHnX METOy pO3pOOHTH MPOTHO3HY MOJIEINb.
Po3B’s13aHHd 3a0a4

Ha croromminHii 1eHp iCHye YnMao MporpaMHHX 3ac00iB MPOTHO3YBAaHHS KypCy KPHUITOBAIOT, KOJKEH 3
SIKMX BUKOPHCTOBYE Pi3HI METOIM MPOTHO3YBaHHA. Po3rissHeMO AesKi 3 HuX:

Walletinvestor — BeG-101aTOK, SKHii Ja€ MOXIMBOCTI BUOOPY OJHIET KOHKPETHOT KPUITOBAIIOTH, a00 K
CIIOCTepiraTy JaHi Mpo BCi HasBHI 3 HUX Y BUTILAAL 3py4yHOi Tabmmi. [IporpaMy MokKHa IepersiiyTH 3a MOCHIIaH-
msim https://walletinvestor.com.
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Beb-nonaTok nponoHye KOpUCTyBady, OKpiM ITPOTHO3IB Ha AESKUI Mepio] yacy, HOTOYHUH Kypc Haio-
MYJSIPHIIIAX KPUOTOBAJIIOT 1 yci monepeani nani. MeTonu, siki BUKOPHCTOBYIOTECS JJIsl IPOTHO3IB HE PO3TroJIo-
IIYIOTBCS 3 MPUIMHA KOMEPIIIHHOI TAEMHUII.

NeuroShell — e moBHOIIHHWIA HAGIp HEHPOHHUX MEPEXK, Ki CTBOPEHI Ta CIICHiabHO HABYCHI IS TIepe-
OadeHHA KypCy KOTHPYBaHb BaJIOT. 3a JOMOMOTOIO 3py4YHOTO iHTepdelicy moanHa 3 Oyap-SKAM TOCBIIOM Y
(hinanoCBi# chepi 3MOke BUKOPHCTOBYBATH ITf0 Mporpamy. Takoxk CHIBHOIO CTOPOHOIO IIi€i IporpaMu € BUKO-
pHUCTaHHS METOZIB HAa OCHOBI T€HETHYHHX anropuTMmiB. CaMma K TOproBa CHCTEMa MOYKE BHKOPHUCTOBYBATH B
CBOIX METOMAaX SK iIHAMKATOPH, TaK i COPOTHO30BaHi JaHi, OTPUMaHi 3a JOMTOMOTOI0 HeHpOoHHNX Mepex. [Iporec
no0y/I0BH HEHPOHHHUX MEPEX JOCUTh MPOCTHUH, OTHAK KJIOYOBI €TaIry o0y I0BH 3aIMIIAEThCS B TaeMHULI. Oc-
HOBHa apXiTeKTypa, sika BAKOPUCTOBYETHCS — Iie 0araToIapoBHil EPCENTPOH.

Belinvestor  [12] —  BeG-opieHTOBaHa  cucTema, sKa  MOXHA  3HalTH 32  aAPECOI0
https://belinvestor.com/cryptocurrencies/. TyT € nporHo3u Ha HaOIKYI AaTH y Gopmarti cTpiuku HOBHH. Oc-
HOBHHMM MiHYCOM € Te, III0 Ha CaiTi MOCTH, SIKi MOOYJIM Ha caiTi Ouiblne 3 MICALIB — BUAAISIOTHCS, 110 HE JIa€
3MOTY NOAMBUTHCS OB CTapi HPOTHO3M, TA OLIHUTH iX TOUHICTH. [I0 HOBUM MpPOrHO3aM MOKHA CKa3aTH, L0
BOHHM CKJIAJAIOTHCA JIFOIBMH 31 3HAYHUM JOCBiIOM Ta 3HAHHAM ITi€i cepn.

Ainet —mporpaMma I TIPOTHO3YBaHHS KYPCiB KPHIITOBAIIOT HA OCHOBI HEHPOHHHX Mepex. B skocti
BUXIZHUX JTAaHWX BHCTYIA€ MPSMOKYTHA MaTPHIS 3 HOBHICTIO 3aIIOBHCHUMH JAHUMH i MAaTPULS 3 TUM XK€ KiJIb-
KiCTIO CTOBIIIIIB, aJie¢ B AKii BiICYTHI MeBHi faHi. [IporpamMa HamaraeTsCs mepen0adnuTH 3HAYCHHS IHX IPOITyIIe-
HUX naHuX. Cepen MiHyCiB cepBiCy BU3HAYAIOTH T€, [0 BOHA TPAIIOE 32 METOIOM «HOPHOI CKpHHBKI», Lle mpu-
3BOANTD JI0 CKJIATHOILIB PO3yMiHHS 3BHYAHUM KOPHCTYBaueM HEHPOHHHX MEPEXK, [0 BUKOPHUCTOBYIOTHCS IS
no0y/10BH IIPOTHO3IB.

Jnis peamizariii Mojielli, Ha OCHOBI siKOi OyneMO po3poOIOBaTH BEO-I0aTOK JJs MPOTHO3YBAHHS KypCY
KPHUITOBAIIOT HEOOXITHO OMMCATH BUMOTH JI0 MOJEJI Ta BXIJHI 3MiHHI, sIKi BAKOPUCTOBYIOThCS s 11 mo0y10-
Bu. LinicHa MoJenb MPOTHO3YBaHHs KPUIITOBAIIOT IIOBMHHA BiIOBIIaTH TAKMM BUMOTaM: CBOEYACHICTh, aKTya-
JIBHICTb, 8J€KBaTHICTh, TOYHICTb. B SKOCTI BXiJHUX 3MIHHUX OYAYTh BUKOPHUCTOYBATHChH JIaHi IPO MEBHY KPHII-
TOBAIIOTY, a caMe: HaliMEeHyBaHHs, IIOTOYHUH KypC Ta YaCOBUH PSR KypCy y MUHYJIOMY, YaCOBHH P KUTBKOCTI
Ta TUIy (TTpoAax / KymiBJs) YKIaACHUX YToJl, YACOBUH PSAJ 3arajbHOi CYMH YroJ B OJUHUIIIX KPHITOBAIOTH,
YacOBHUH psAl MaKCUMYMIB Ta MiHIMYMIB 00’eMy yroa. BuximgHuMu 3MiHHAUMH MOJEII €: KypcC IEBHOI KPHUIITOBa-
JIOTH Yy MalOyTHROMY (TIpOTHO3). BXimHMMHN maHWMHU OyZyTh CIIyryBaTH Kypc NEBHOI KPWUITOBATIOTH B MUHY-
JIOMY 3a 33JaHuH Iepiox Jacy.

3rifHo i3 3a3HAYCHWMH BHINE BHMOTAMHU 10 MOJENI Ta BXIAHMX AaHHHX, JOKEPEIOM CaMHX JaHHUX Oyio
obpano miarpopmy Yahoo Finance, sika Hagae cBoedacHi, akTyaJbHI Ta TOYHI JaHi HE TUIBKU LIOAO KypCy
KPHIITOBAIIOT, @ TAKOXK II0JI0 KypCY aKIiil pi3HUX KOMIaHiH.

MokHa BUAUTUTH 2 OCHOBHI MPOOJIEMH HAsIBHUX METOIIB:

1. BigbIIiCTh 13 HUX HE JA0Th JOCTATHLO TOYHHIA MPOTHO3 (Takwuid, 1m0 Oiibire 50%)

2. HasiBHI METOUKH HE JIOCHUTH J00OpE ONTUMI30BaHI CaMe ITiJ] PHHOK KPHUIITOBAJIIOT.

3 oy Ha 3a3Ha4yeHi BHIIE NMPOOJIEMH JOLIBHO Oysio 6 00paTtu MeTo. i3 3aCTOBYHHSM HEHPOHHHX Me-
PEX, Tak sIK BiH € HAWOUTBIT TOYHUM. AJIe € YIMAJIO BB HEHPOHHUX MEPEXK, IKi 3aCTOCOBYIOTHCS IS Pi3HUX
notped. Y BUNAIKy MPOTHO3YBaHHSA KYpCIB KPHIITOBATIOT HAWOUNBIN BOANIMM BapiaHTOM Oyne 3acTOCYBaHHSI
peKypeHTHOI HeiipoHHOT Mepexi (aHri. RNN).

PexypeHnTHa HelipoHHa Mepexa — Iie Mepexka, sKa NoOy/0BaHa 32 MPUHIMIIOM 0araTomapoBOro Hepien-
TPOHA, aJie KOXKeH «HeHpoH» (OJ0K, IUKIT) sKOi 30epirae indopmarito (3anamsrosye ii) [13]. MoxHa BUALTHTH
JieKisibka GpakTopiB, 4OMy caMe Iisl HeiipOHHA Mepe)ka HalOIIbII MiXOJUTh JJIsl TPOTHO3YBaHHS KYPCIB KPHIITO-
BAJIIOT, a came:

1. Lle#t Bua HEHPOHHUX MEPEXK TyXKe T0OPE CIPABISIETHCS 3 MOCIIIOBHOCTIMH PI3HOT JOBKHHU;

2. [TinTpuMye NOTPIOHMIA TOPSAOK MOCIIIOBHOCTI;

3. Citizkye 3a IOBrOCTPOKOBHMH 3aJIE)KHOCTSIMHM, & HE TIPOCTO CKOPOUYE BXiJHI JaHi;

4. OOMiHIOETBCS MTapaMeTpaMH IO BCiif IMOCIiOBHOCTI (a0H TOBTOPHO HE BHBYATH PEdi)

Ha puc.1 Ta 2 300paxena cxema RNN. [I{o pobuts RNN, Tak 1e Te, 0 BOHA MEPEeBOAUTH HA/IaHi BXiIHI
(yHKIIT B MaIIMHO34YKUTYBaHi BeKTOpH. [10TiM crcTemMa 00po0IIsie KOXKHY 3 L€l MOCIIJOBHOCTI BEKTOPIB OJIUH 32
IHIITMM, TIEpeXOsTYM BiJl CAMOTO IIEPIIOT0 BEKTOpA JI0 HACTYITHOTO B MOCHIJOBHOMY MOpsiAKy. [1in uac o6poOku
cucreMa repenae iHhpopMaIliro Yepe3 IPUXOBaHE CTaH (CTaH MMaM'sITi) Ha HACTYIHHUN KPOK i€l OCITiTOBHOCTI.

SIK TUTBKM NIPUXOBaHWI cTaH 310paB BCIO HAsBHY iH(OpMAIil0 B CHCTEMI 3 MONEPEAHIX KPOKiB, BiH rOTO-
BUIl NEPEHTH 10 HACTYIHOrO KPOKy i 00'eqHATH 10 iH(GOPMAIIO 3 BXITHUMH JaHUMH MOTOYHOTO Kpoky (Xt),
06 chopMyBaTH HOBHH iHGOPMAIHHUIT BEKTOD.

Icuye nexinpka BuaiB apxitektyp RNN, Ta 11 nporao3yBaHHs KypCy KpUOTOBANIOT HAHOIIBII TiAXOIUTh
apxitekrypa LSTM (apxiTekTypa 3 JOBro0 KOPOTKOYACHOIO IMAMSTIO), TOMY IO Takoro poxay modyzosa RNN
nobpe miaxoauTh At 00poOku abo mepedadeHHs YaCOBUX PAIB B YMOBaX, KOJIHM MiX MOMISIMH iCHYIOTh YacOBi
3aTpUMKH HeBigomoi TpuBanocti. baokn LSTM MicTaTh Tpu a00 YOTHPH «BEHTHII», IKi BUKOPUCTOBYIOTHCS IS
KepyBaHHs IUTMHOM iH(popmamii. Taki BeHTHIII peami3yIoTh i3 3aCTOCYBaHHAM JIOTicTHUHOI QyHKIIT 11 oOGunc-
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neHHst 3HaueHb Mix 0 Ta 1. J[nst yacTkoBOro 03BoJIeHHS a00 3a00pOHU IIMHY iHpOpMalii 10 abo 3 miel mam'sti
3aCTOCOBYETHCSI MHOXKEHHSI Ha Iie 3HadeHHs. Hampukiaza, «BXiJHUH BEHTWIb» KEepye MIpOIo, 10 SIKOi HOBE 3Ha-
YeHHS BXOIHTH JI0 MaM'sITi. «3a0yBaJIbHII BEHTHIIb» KEPYy€e MipOIo, 10 SKOi 3HAYCHHS 3aJIMIIAE€THCS B aM'aTi. A
«BUXITHUH BEHTWIb» KEPyE Miporo, 0 SAKOI 3HAYCHHS B ITaM'iTi BUKOPHUCTOBYETHCS I OOUMCIICHHS aKTH-
ByBaHHS BUXOZY OJIOKY.

O ® ©® @

Pucynox 1 — PexypeHTHa HeiipoHHa Mepexa Pucynoxk 2 — Cxema nociinoBaocti RNN

Ha puc. 3 300paxena apxitektypa LSTM i3 BXigHuM, 3a0yBaJIbHUM Ta BUXIJHUM BEHTHISIMH

Xt

3abysansHuii
cenmune

Pucynok 3 — Apxirekrypa LSTM i3 TppOMa OCHOBHUMH BEHTHIISIMU

B nincymky 3aransHuii anroputM Oyze po3AijeHH Ha Taki eTaru:

1. 30ip maHux mpo meBHy KpunToBamoTy 3 mardopmu Yahoo Finance, sikuii Bkiroyae B cebe Haiime-
HYBaHHSI KPUIITOBAJIOTH, IOTOYHI Ta I[IHK KPUIITOBAIIOTH 33 IEBHUI NEPio B MUHYJIOMY.

2. O4nIeHHs AaHUX BiJ (POHOBOTO HIyMY, HOPOXKHIX JaHHUX Ta HaJaHHS iM HaJEXHOTO BUIIILY Ta (hOpMH
JUTSL TIOAITBIIOT 0OPOOKH HEHPOHOIO MEPEXKOIO.

3. [Tomaya ouMIEHOTO Ta MiATOTOBICHOT0 HA0OPY JaHWX HA BXIAHWH mrap HelipoHHOT Mepexi Ty RNN
(LSTM).

4. Bungaua QiHaIpHOTO MPOTHO3Y HA 3aIaHUH MEepioJT 4acy B MaHOYTHEOMY.

Jlnst 3a06e3redeH s BUIIe3a3HaueHUX BUMOT Ta OMKCY CTBOPEHOIO METOy OyJIO BUPIIIEHO 00paTH MOAEN,
MOKa3aHi Ha pUC.4, K ONMUC OCHOBHUX MEXaHI3MIiB poOOTH IPOTrPaMHOTo 3aco0y.

KoHuenryanbHa MOJIelTb, OMTUCAHA BUILE, MA€ TaKi JaHi:

BXiaHi AaHi: Ha3Ba KPUMITOBATIOTH Ta MEPiOJ MPOTHO3Y Ha Mail0yTHE

MexaHi3MHU pOOOTH MOIIIEHHUH Ha IBI OCHOBHI YaCTHHU:

1. API Yahoo Finance — Hamae 3anutaHi JaHHI BiTHOCHO OOpaHOi KPUITOBAIIOTH Y 3aJaHOMY YaCOBOMY
Jiiana3oHi, Ha KIITANT 3HaYeHHs Kypcy [14].

2. AnroputMm TporHO3yBaHHA — € HelpoMmepeketo Tty RNN(LSTM) i € He mpocTo MporpaMHO0 9acTH-
HOIO, aJie CaMOCTIHHMM MOJyJIeM, TakK SIK Mepe]l pealbHUM BUKOPHUCTAHHSM ii MOpiOHO HABYMTH Ha BiJIIOBIAHUX
¢inancoBux naHux ganux [15], [16], micis 4oro BOHM MigKITIOYAKOTHCS O MPOrPaMH B SIKOCTI 3200y 0OpoOKH
0ip»KOBUX JaHUX JJIs BUIAYi IPOTHO3Y.

API Yahoo Finance

LaHi i, kKopucTysa4a

AMNrOpUTM NPOrHO3YBAHHA MporHos Ha sagaHuil nepio,
- Ha3Ba KPUNTOBAMIOTH P p 3y p hit piod

- Nepion NporHo3y

Pucynok 4 — KoHneHnryaabHa MOJIENb BeO-101aTKy
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Buxinni 1aHi: mporao3 Kypcy BUOpaHOi KPHIITOBANIOTH, SKMH HAA€ThCSl y BUIVISAL YaCOBOTO PsIy Ha 3a-
JIaHW# BXIJTHAMH JaHUMH iHTEpBaJ, a rpadiyHuM iHTepdeiicoM mporpamMu BiToOpaXaeTbCs y BUIIIAL Tpadiky.
T'onoBHI npormiecH, sSKi BUKOHYIOTBCS TIPH POOOTI MIPOrpaMHOTO 3ac00y MOKHA MTOOAYNTH HA PHC. 5.

— API Yahoo Finance

@OpMYBaHHA 3anuTy Jani O6pobneni gaHi
3aMUT NOTOYHMX ABHHUX O0poCka AaHux Buaada nportosy

Ao Yahoo Finance

OGpaHa KpUNTOBANKTa YacTHHa anropuTMy,

_ Helipomepesxa
Ta 4acoBuMi ianasoH AKa 0Opobntoe aawi

Pucynok 5 — Jlekomno3uisi KOHIIENTYaJIbHOT MoJiesti BeO-noaatky B Hotanii IDEFO

KoHnrenTyasabpHa MOJICITb, MPEICTABICHA HA PUC. 5, Ma€ HACTYIHI CTPYKTYPHI €JICMCHTH:

3amur 1o Yahoo Finance — y 1boMy Npolieci CTBOPIOETHCS 3alUT HAa OCHOBI HAaJaHUX AAaHUX IPO Ha3BY
KPHUIITOBAIIOTH Ta YaCOBUH Jialla30H IMPOTHO3Y, IMicisl 4oro BiampasiseTbes 10 API 6ipixi.

3amuT NOTOYHMX IAaHUX — 3aIUT, SIKUH € TTOYaTKOM OCHOBHOTO IMKIY MPOTPaMH Ui MiATPHUMKH BUAAUi
MPOTHO3Y B PEXHMMi PEAIFHOTO 4acy — TOOTO PEXHM NPOTPaMH, B SKOMY JaHI aBTOMaTHYHO OHOBIIOIOTHCS 3
MICBHUM iHTEPBAJIOM Ta BHBEIICHHIM iH(pOpMaIii KOpUCTYBadY.

O0poOka maHWX — MpPOIEC OYHUINEHHS, MiATOTOBKH Ta MPUBEACHHS, OTPUMAHUX Bin ruatdgopmu Yahoo
Finance, (hiHaHCOBMX HaHWX 0 HAJICKHOTO, st 0OPOOKH iX HeHpoMepeKoIo, BUTIIY.

Bupaua ¢inangpHOro nporuo3y — oOpoOIieHi monepeaHiM eTarnoM JaHi HaJXoIsITh 10 HEHpOMEpexXi THITY
RNN(LSTM) ta BuaeTbes (piHaNbHUA TPOTHO3.

OcHogHi etanu pobotn Mojaeni: @opmyBanns 3anuty, Otpumanns aaHux, O0poOka nanux, Bumaua pe-
3ynbTatry. Bei 1i eTanu BinOyBaroThCs 3 JaHUMH, TOMY HOTPIOHO PO3MIISTHYTH JleKkomno3uliito y Hortawil IDEF3,
Ky MOXXKHA TIOOauUTH Ha pHC. 6.

3anuT go Yahoo Finance 3annT NOTOYHUX A3HMX

O0posKa AaHHX BUaa4a NporHosy

A2 | A2 |

Pucyrok 6 — JlekoMITo3uIlisi KOHIENITyaabHOT Moeni BeO-nonatky B Hotanii IDEF3

YiTke BU3HAUEHHS PaMOK, MPOIECIB 1 MOTOKIB JAHUX B CHCTEMI MOKHA NMOOAYHUTH Ha pHC. 7 Yy JIEKOMIIO-
3unii koHuentyanbHoi Mozerni B HoTauii DFD. Llentpansuum npouecom € «IIporHo3yBaHHs Kypcy KpHIITOBa-
moT». Ha BXim mocTymaroTh oOpaHWii Aiama3oH MPOTHO3Y Ta oOpaHa KpUMNTOBaloTa. Buxomom Oyzae dacoBuit
PSA 3 IPOTHO30M KypCy KPHUITOBAIIOTH, KUK OyJle BUBEJCHUH KOPUCTYBady y BUTIIAL Tpadiky, Ha SKOMY II0
oci X OynyTh gatd, a o oci Y IiiHM BHOpaHOi KpUNTOBATIOTH. SIKIII0 KOpHCTyBad o0epe MporHo3 Ha 1 neHb, TO
Oyze moka3aHO MUHYII IiHU B TIDKHEBOMY Jlialia3oHi, SKIIo obepe Ha 7 AHIB, TO Oy/Ie MOKa3aHO MHUHYJII IiHA 3a
2 TWXHI, K10 o0epe MporHo3 Ha 1 Micsip, To Oy/1e TOKa3aHO MUHYJII IIHH 32 2 MiCSIIi.
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| FonoeHuii npouec

OGpana kpunTosaniora \ / ~
TA YacoBMit AlanasoH Gnm o nna1qmpD Coépoﬁka ,anuxj @)oﬁwa )—{quaua nporkosy

OGposneH aani

Dasi

APl Yahoo Finance

Pucynox 7 — Jlekomno3uuisi KOHIENTyaiabHOI Mojeni y Hortauii DFD.

CXOBHUIIAMY JaHHUX BHCTYIAIOTH!

— API Yahoo Finance — ocHOBHI jukepena JaHHX, SKi HATAKOTh JOCTYII TI0 3alIUTY 0 CTATUCTHKH TTOTOY-
HHX Ta MUHYJIUX 3Ha4eHb KypCcy BUOPAaHOI KPUIITOBAIIIOTH.

— ITam'siTe TIporpamu — 30epirae JuIIe OJHY MOPIiI0 KOHBEPTOBAHUX JaHUX OTPUMAHHX BiJ eTamy iX o0-
poOKu.

Takox Ha miarpami 300paXeHO TOYipHI IPOLECH, SKi BifOOpakaroTh MOTOKH JaHUX MiXK HUMH, a caMe:

— CxIaiaHHs 3aIUTy — BIAMOBITHO JI0 3aJJaHUX KOPUCTYBa4yeM IapaMeTpiB CKIIQJAETHCS 3alUT 33 JOIOMO-
TOI0 BiJIIOBIIHOT Oi0IIOTEKH.

— OOpoOka naHux — OTpUMaHi JIaHi MPOXOJATh MPOLEAYPY OYUCTKH, (POPMaTyBaHHS Ta MiJATOTOBIIOIOTHCS
JUTSL TIOJJAITBIIIOT 0OPOOKH HEHPOMEPEKOIO.

— O0OpoOKa HEMPOHHOI MEPEKO0— 00POOIICHI TaHi MOAA0THCA HA BXOIU HEHPOMEPExKi, MiC/sI 4Oro BUa-
€ThCS IIPOTHO3 (YaCOBHH PA) HA 3aJaHUN KOPHCTYBa4eM Mepiox yacy.

OcHOBHI (YHKITIOHANBbHI BUMOTH, IIIO CTaBIATHCS 10 CEPBEPHOI Ta KIIEHTCHKOI YaCTHH BeO-T0AaTKy, Ha-
BelleHO B TaOn. 1 ta 2. /lns BU3HAYEHHS KOPEKTHOCTI BUMOT HEOOXiIHO BCTAHOBHTH YM HE CyIepedaTb BOHH
OIlHAa OJHIM Ta YW HE MEePEKPHUBAIOTHCS MiXK c000r0. MaTpuIli 3aJeKHOCTI BUMOT JI0 IMPOTPaMHOTO 3aco0y Ipo-
THO3YBaHHS KypCY KPHIITOBAJIIOT HaBeAeH] B Tabu. 3 Ta 4.

Tabnus 1 — @yHKIiOHANEHI BUMOTH CEpBEPHOI YaCTHHU, IO CTABITHCS 0 CHCTEMH

Komgosuit Bumora

HOMep

Al MOXJIMBICTE OTpUMaHHsI (POPMH 3 Ha3BOIO KPUIITOBAIIOTH Ta YaCOBHM Jliala30HOM

A2 MosknuBicTh cTBopeHHs 3anuty st APl 1o meBHOi KpHUNITOBaMIOTHOI OipiKi

A3 MokIuBiCTh IpUifOMY BianoBizi Ha 3amuT y ¢popmari CSV

Ad MoskmuBicTs mapcuaTy qanux 3 CSV ¢gopmary B 00’ ekt

A5 MOoXITHBICT 0OPOOKH JaHUX, X OUHIIEHHS Ta MiATOTOBKHU 1X JJIsi 00pOOKH HEHPOMEPEIKOIO

A6 MosxnuBicTh BHIa4i HEHPOMEPEKOIO BUXITHUX JAaHHUX MPOTHO3IB Y €IUHOMY BHIJIA[IL, 1O €K3EMIUIPY 3 KOXK-
HOTr'0 00pOOHMKA

A7 MoskmuBicTb 00poOKkH ek3meruripis mporHo3iB IHHM miist rerepartii €1mHOTO IPOTHO3Y

Tabmuis 2 — OyHKI[IOHAIBHI BUMOTH KJIIEHTCHKOI YaCTHHH, 1[0 CTABJIATHCS 10 CHCTEMHU

Konosuit | Bumora

HOMeEp

A8 Mo>kIMBICTh 331aHHS HA3BH KPUITOBAIIOTH Ta YACOBOTO MPOMIXKKY ISl OTPHMAaHHS IPOTHO3Y

A9 MosxnuBicTh 3a1aHHs1 0a)KaHOTO BUTJISAY ITPOTHO3Y: CTOBIYMKOBOIO JliarpaMolo, TabIiIero 4u rpadikom

Tabnuus 3 — MaTpuis 3aJIe)KHOCTI 10 CEpPBEPHOI YaCTUHH BeO-101aTKy

Al A2 A3 A4 A5 A6 A7
Al X X X X X X X
A2 X X X X X X
A3 X X X X X
A4 X X X X
AS X X X
A6 X X
A7 X

Tabmug 4 — Tabmuis 3a1eKHOCTI KITIEHTChKOT YaCTUHU Be0-101aTKY

A8 A9
A8 X X
A9 X X

Sk BUIHO 3 MATpPHIb 3AJICKHOCTI, SKi HaBeJCHI y Tabn. 3 Ta 4 BUMOT XOIHHX MPOTUPIY ab0 HAKIaJIaHb
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BUMOT Hemae. JIJ1s 1eMoHCTpalii CTpyKTypH Ta MOXJIMBOCTEH MO/ BUKOPUCTAHO YHIBepcajlbHy MOBY MOje-
moBauns (Unified Modeling Language, UML).

TakuM 9YHMHOM, MOXXJIMBOCTI BiZOOpa)kalOThCS IiarpaMor0 MOJIIMBHX BapiaHTIB BHOOPY KOPHUCTyBadueM
BXiIHUX MapaMeTpiB il BeO-I0JaTKy, Ky MO)KHA MoOadnTH Ha puc. 7. Hero BU3HAYAIOTHCS 3arajibHI MEXi i
KOHTEKCT BeO-0/1aTKy MPOTHO3YBAHHS KypPCY KPHIITOBAIIOT, (POPMYIIOIOTHCS 3arajbHi BUMOTH 110 (DYHKIIiO-
HaJIBHOI TTOBEAIHKH MPOTPaAMHOTO 3aco0y. B miIcyMKy CTBOPIOIOTBCS MOTPiOHI IMEepeayMOBH ISl TOAAJBIIOTO
HOT0 TpeACTaBICHHS JIOTIYHOIO 1 (HI3HIHOI0 MOICIISIMH.

Ockinbku BeO-101aTOK MPOTHO3YBAaHHS KypCy KPHUIITOBATIOT CTABUTH HA METi JaTH MOJIMBICTH KOPHUCTY-
BaueBi BUOMPATH Ha3BY KPUIITOBAIIOTH Ta YACOBHM Jialla30H MPOTHO3Y, a TAKOK OTPUMYBATH pe3yJIbTaT y OJHIN
3 TPhOX MOXKJIMBUX (OPM BioOpaxkeHHs: rpadiky, CTOBIIUMKOBIN AiarpaMi 4y TaOJIuLi — Yy IpPOrpaMHOMY 3aco0i
€IMHAM YYaCHUKOM CHCTEMH € KOPHUCTYBay (AMB. pHC. 7).

E|I1f)ip CTHIIO Bi) 0 Taf)nw_w

KopucTysad BuGip Yacosro AianasoHy ( thens )

1 TxASHD

BUGIp HA3BHM KPUNTOBANMKTH

Pucynok 7 — CtpykTypHa cxema BUOOpY IapamMeTpiB JJisl IPOrHO3YBAaHHS KypCy KpUTOBAIIIOTH (BapiHATH BUOO-
Py KOpHCTyBaua)

Jloriuna Mozens HaHUX Ta BeO-IOAATKY BUpaKeHA HE3aJICH)KHO BiJI peali3ylounX MpOrpaMHHMA 3acid TEXHO-
JIOTi#, I HaJlaHHA BiJOMOCTEH PO OCHOBHI IPOTPaMHi CYTHOCTI, y HAaIlIOMY BUIAAKy 00’€KTHO-OPiEHTOBAHOL
MoJieli — Iie Kiacu Ta QyHKiii(Meronn). s peamnizarii mporpaMHoOro 3aco0y moTpiOHO Oyito po30uTH HaHi, sAKi
MH MOXEMO HiCTaTH 3 KPUIITOBAIIOTHOI OipKi Ha caMOIOCTATHI OJAMHUIN, a TAKOK BHIAIUTH 3aifBi JaHi i B miJI-
CYMKY 3 HUX MOXKHa CKJIACTH BiIIOBIJHUI1 4acoBHil psij, KW Oyae BUKOPHUCTAHHUI A POTHO3YBaHHS KypCy
BUOPaHOi KPUNITOBAJIIOTH.

Takox ciin Oyno o0paT KOHKPETHY KPUITOBATIOTHY OipKYy, OCKUIbKH APl KO)KHOT 3 HUX BiJIPi3HSETHCSL.
VY pa3si BiIMOBH cepBepy OJHOI'O 3 MOCTAYaJIbHUKIB JaHHMX, a TAKOX JJIs TOETHAHHSI OTPUMAHUX JAHMUX JJIs 3a-
MOBHEHHS MPOOITIB iHpOpMAaIil, SKi MOXJIMBI 4epe3 yTacHHS abo MPOCTO BIJICYTHICTh NESIKUX KPHUTEpIiiB Ha
neBHii 0ipxi. Tomy Oyno oOpaHo 2 KpUNTOBaNIOTHI Oipaki 1u1st 300py hiHaHCODHUX AaHMX 0OpaHOT KPUIIOBAIIO-
TH.

CTBOpPHUMO Hiarpamy HisTTBHOCTI, IKa JEMOHCTPYE KOHKPETHY JIOT19HY MOCHTiTOBHICTE OCHOBHOTO POOOYOT0
LUKy TIporpamu (IuB. puc. 8).

ARNropuTM NPOrHO3yBaHHA
fl

Dopmysarha sanuTy A0 BipAd

I

3anuT o Bipwi

I

OTpumaHHA BiAnNoBiAi Bia Gipxi

I

OBpobka OTPUMEHHUX AaHNX

I

Mepeaaya AaHmx 40 HERPOMEPEXxi

Bubip napameTpig kopucTyBauem

- BuSip Ha3su KpMNTOBaNIOTH

- BuSip

- BuGip BapianTy NPeACTABNEHHS MPOTHosy

O6poba aanux|Helpomepesor

Bwuaa4a fiporHosy

SYOYATAYTATATS
WAVAVAWAWVAWAWY.

Pucynok 8 — Jliarpama po6oTu Be6-10AaTKy IPOTHO3YBAaHHS KYPCY KPUITOBAIIOT
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BucHoBkH

Bymno mpoBeneHo aHami3 akTyalbHOCTI 3a/avi MPOTHO3YBAaHHS KypCY KPHUIITOBAIIOT, SKA ITiITBEpPIIIa BH-

COKY HOMYJSPHICTb 3 OOKYy KOPHCTYBauiB KpPHUIITOBAIIOT, Ta TpeiaepiB. Po3risHyTo HasBHI MeTOIM IS
BUPIIICHHS 33/1a4 NPOTHO3YBAaHHS KYpCy BaJIOT Ta KPUITOBAJIOT, sIKi ChOTOJIHI BUKOPHUCTOBYIOTH TpEeHIepH Ta
criewiagizoBaHi MporpaMu JJisl aHali3y PUHKY; MPOBEICHO iX JEeTaJbHUW aHali3 MO0 3pYYHOCTI, 4aco3aTpar,
THUITY JJaHUX Ta e()eKTUBHOCTI NPOTHO3Y. 3alpolOHOBaHUI ONTUMI30BaHUH METOJ MPOTHO3YBaHHS 1 PO3TIITHYTO
CTPYKTYPHY MOJIeNIb BeO-10/]aTKy IMPOTHO3YBaHHS KypCy KPHUITOBAIIOT. 3allpOIIOHOBAHO MOJIENb BeO-10aTKy
MPOTHO3YBaHHS KypCy KPHIITOBAIIOT 3 OIIMCOM JiarpaMH BapiaHTiB MmapameTpu3alii Be0-101aTKy.
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Abstract. One of the strategically important processes of the higher education institution activity is the enroliment campaign. In the infor-
mation and knowledge society, the effectiveness of its implementation depends on many factors, one of which is the use of information tech-
nology. Therefore, the purpose of this paper is to examine current researches and determine the existing trends aims to support the decision-
making of HEI's and major from entrants perspective. This literature review uses Scopus and Web of Science databases and Google Scholar
web search engine. Major findings include three lines of research that generate contributions on this topic: predicting the success of admis-
sion, recommendation of the major or education institution, and investigation of factors influencing the entrant’s choice. The review indicates
that the most common is the use of data mining to solve researches tasks. The results of this study allow us to identify key points that are
critical at the initial stage of solving decision support issues and to detect the main future directions of research.

Key words: entrants, higher educational institution (HEI), major, decision support, literature review.

Awnotanis. OJHIM i3 CTpaTErivHO BaXIIMBHUX IPOILECIB AiSUILHOCTI BHILOTO HABYAIBLHOTO 3aK/Ialy € BCTYIIHA KaMIlaHis. B cycninbsctsi iHdo-
pMaii Ta 3HaHb e()eKTHBHICTB {foro peaizamii 3aJIeXHUTh Bif 6araTbox (HakTopiB, OXHHUM i3 SKHX € BUKOPUCTAHHS iH(QOPMaNiiHIX TEXHOIO-
riit. Tomy, MeTOIO i€l pOOOTH € BUBYECHHS MOTOYHMX JOCIIDKCHb Ta BH3HAYCHHS IX TCHACHIIH, CIIPIMOBAHHMX HA MiATPHMKY PUAHSITTS
pillleHb 100 3aKJIaTy BUIIOI OCBITH Ta CIIELiaJIbHOCTI 3 TOUKH 30pYy abiTypieHTIiB. Y IIbOMY JiTepaTypHOMY OIS BHKOPHCTAHO HAyKOMET-
puuni 6azu manux Scopus ta Web of Science, a Takox nourykoy cucremy Google Scholar. OCHOBHI BHCHOBKH IOJISITAIOTH y BHALICHHS
TPHOX HAMPSMIB JOCIIIKEHB, SKi CTBOPIOIOTH BHECOK Y Il TeMi: MPOrHO3yBaHHs YCHIIIHOCTI BCTYILY, PeKOMEHAAIliS CleliatbHOCTI abo
HaBYAJILHOTO 3aKJIa/ly Ta JOCIIDKeHHs (haKTopiB, IO BIUIMBAIOTH HA BUOIp abiTypieHTa. OIS CBIXYNTS, IO HANNOMMPEHIIINM € BUKOPYC-
TaHHSA I[O6yBaHH$I Ta aHani3y JaHUX I BI/lpiIHeHHﬂ 3aBJaHb HOCJ’IiI[)KeHHL. Pe3yJ'IBTaTI/I ObOTro Z[OCJIiL[)KeHHﬂ JO3BOJIIFOTh BU3HAYUTH KIIFO-
YOBi MOMEHTH, SIKi € KDHTHYHHUMH HA TIOYaTKOBOMY €TaIll BHPIIICHHS 3a4a4 MiATPUMKH MPUHHATTS PilICHb, Ta BUSBUTH OCHOBHI MailOyTHI
HamnpsMKH I[OCJ'[iI[)KeHB.

KuiouoBi ciioBa: BCTynHHUKH, 3aKiaj BuLIoi ocsitu (3BO), cieniaibHicTh, NiATpUMKa NPUAHATTS pillleHb, OIS JiTepaTypu.
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Introduction

Information technology (IT) has become an essential part of education institution activity and certainly
their competitive advantage. IT has to be an enabler for various efforts of managers to enhance the quality,
effectiveness, and accountability of higher education institution (HEI). All implemented technologies must meet
the strategic goals such as improving competitive ranking, improving brand image, improving quality of learning
and teaching, increasing student satisfaction, increasing revenues, expanding student base, improving quality of
service, etc. In addition to its essential role, it is necessary to provide sustainability and continuous improvement
processes. Therefore, the implementation of technology requires a detailed analysis of existing modern methods
and tools capable of solving current problems facing HEIs

This study examines the application of IT in the scope enrollment campaign to a HEI. Admission into HEI
is a complex decision-making task that is more than just passing tests and admission requirements. The way the
student chooses the HEI to take admission and alternately the HEI selects, a student to admit has a significant
impact on both sides' success [1], [2]. The need to support the decision-making of HEI entrants is currently due
to several objective reasons, including:

+ increasing the amount of information coming from different educational institutions and generated at
the level of government (some criteria for admitting students with many details, including educational
institutions; a large number of educational institutions and educational offers); besides, it could also occur data
unavailability and its evaluation problems;

» a complication of the tasks facing the entrant (annual change of admission rules and their difference in
different institutions);

» the need to take into account a large number of interrelated factors and rapidly changing requirements
(factors that affect the popularity of a particular specialty and lead to unpredictable competition for a place
among entrants, etc.);

 the desire of applicants to get rid of the uncertainty associated with the inability to assess their chances
of admission clearly;

« the importance of the consequences of decisions made (decision could negatively affect both the student
and his self-realization - student success, employment, and ranking of the university).

Because of the influence of the factors mentioned above, decisions on admission to a particular major
could be made intuitively and be unsuccessful. In addition, since making the right decisions is of utmost
importance for entrants and HEIs, there is a need to use methods and techniques that reduce the applicant's risk
of making the wrong decision. Such technologies should summarize, analyze information, adapt to changes, and
make decisions at the user's request.
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A lot of existing research towards supporting decision-making on a course or program selection is designed
for existing students. Today universities have flexible curricula that offer a wide range of elective courses.
Therefore, the student often cannot choose the appropriate course for his/her curriculum [3]. In this context, HEI
usually employs guidance counselors to help students determine steps to make their educational experience
personally relevant and valuable. However, even in those cases, recognizing, planning, and applying approaches
for academic success do not always yield a good outcome [4]-[7]. In addition, there is a lot of research on
decision-making towards practical major selection, but they aim to support HEIs managers. When used for
student enrollment, prediction primarily aids understanding for enrollment trend analysis and could influence
future strategy and resource decisions [8]-[10]. However, there is no consolidated overview of the systems and
technologies that support decision-making exactly from the entrant’s perspective. Therefore, in this study, we
aim to describe current trends and specific approaches that support decision-making for HEIs applicants

This paper aims to answer the research question:

1. What are the main concepts of modern research that applies to information systems and technologies of HEIs
entrants decision support process.

2. What current methods, techniques, and approaches are used in previous studies to solve the tasks.

3. What are the important factors that are critical at the initial stage of building information systems for the
support of HEIs entrants’.

Backgrounds

The enrollment process to HEI varies widely in different countries and sometimes in education institutions.
However, in any case, the entrant has to choose an educational institution and major apply to. Each HEI sets its
own requirements, deadlines, and restrictions that must be met by applicants.

The government in different countries and the HEIs pay a lot of attention to the admission process itself. In
many cases, entrants involve a possibility to use apply to university online. This kind of system includes all stag-
es, including payment. They are easy to use and must be paid for. Katholieke Universiteit Leuven in Belgium
(www.kuleuven.be), Ecole Polytechnique Fédérale de Lausanne in Switzerland (www.epfl.ch), University of
Groningen in Netherlands (www.rug.nl), University of Oslo in Norway (www.uio.no) have its web portal for
applications and admission. Because of the peculiarity of the organization of the educational process of a coun-
try, for example, in the UK, there is a Certified Bachelor's Degree Program and Universities and Colleges Ad-
missions Service, UCAS (www.ucas.com).

Guided by various factors, entrants choose the educational institution and major for admission. Given the
difficulty, a natural solution is to apply to a large number of universities. However, a large number of applica-
tions occurs high investment of time and energy. In some countries, applications are pay. In some, such as
Ukraine, the number of applications that can be submitted to HEIs is limited. The University of Edinburgh
(www.ed.ac.uk), Oxford (www.ox.ac.uk), Cambridge (www.cam.ac.uk), and London Universities have intro-
duced online consultations conducted to coordinate candidates in the rational choice of course of study or college
for entrants. However, the disadvantage is the impact of the human factor. Therefore, there is a necessity to im-
plement an approach that allows applicants to make knowledgeable decisions by assessing their chances of ad-
mission.

One of the most effective computer-based information systems are decision support systems (DSS), that by
collecting and analyzing large amounts of relevant information in the educational domain focuses on providing
appropriate support to improve decision quality. DSS emerged in the early '70s of the last century due to the de-
velopment of management information systems and are a category of IT that includes any tools that accurately
predict the effects of possible decisions. In most cases, this means providing decision-makers with meaningful
information that is relevant to a given decision. Due to the current pace of development of IT, DSS is constantly
improving in increasing the level of intellectualization and is increasingly used in education. Various modern
approaches and methods are used in DSS development today, including expert assessments, neural networks,
optimization methods, regression analysis, etc. In addition, DSS can be used to select solutions unstructured and
poorly structured tasks, including those with many criteria. This makes it possible to implement DSS at different
levels of management of the educational institution, particularly during the enrollment campaign. However, giv-
en the wide range of possible approaches to building a system, developers are constantly faced with finding the
most effective in each task. As well there is an increasing number of research toward the impact of recommender
systems in education domains [11]. Nowadays, the recommender system is more reliable in various areas by
applying algorithms concentrating on user-centric and real-time relevance feedback. It provides a solid and accu-
rate result of recommendation [12]. The output of a recommender system is usually a list of prioritized content.
In contrast, the production of a decision-making support system attempts to reach a single conclusion with an
accurate confidence level.

Search strategy

We conducted a review of research using Scopus (https://www.scopus.com) and Web of Science
(https://lwww.webofscience.com) online literature database, and Google Scholar web search engine. This study
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present the PRISMA scheme, which demonstrates the identification and screening of potentially acceptable stud-
ies, and determines the number of studies included in the analysis. The workflow diagram for the systematic
identification of scientific literature is shown in Figure 1. Search terms included different combinations of key-

EREEEE) 99 9 LEINT3 LRI

words related to “university”, “higher educational institutions”, “college”, “enrolment”, “admission”, “predic-
tion”, “decision-making”, “decision support”, “decision support systems”, “major” joined by operators “OR” and
“AND” and different word endings. Search queries were used including the above term for retrieval of primary
studies. The search was performed in January 2022. It was targeted to retrieve recent studies from the last five
years. The identification process was made using such a database queries and its modification:

» Scopus: TITLE ((hei OR univer* OR colleg*) AND (support OR decision OR prediction OR
"decision-making" ) AND (enroll* OR admiss* OR entrant*)) - 98 results

* WoC - (TI=((hei OR univer* OR colleg*) AND (support OR decision OR prediction OR "de-

cision-making”) AND (enroll* OR admiss* OR entrant*))) - 81 results

Records identified through databases Additional records identified through
searching, other sources,
n=179 n=16

Records excluded with
reason, n=115:

¥ h 4

publication year
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language

full text

Records after applying exclusion and N
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I
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'
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eligibility, n =71
Records after title/abstract
> screening, n=>51
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v

Studies included in quantitative
synthesis (meta-analysis), n = 30

‘ Included H Eligibility

Figurel — PRISMA workflow for systematic identification of scientific literature

Identified documents was screening in accordance with a set of inclusion and exclusion criteria. Inclusion
criteria means that: articles should apply to technologies, systems or methods designed to support HEIs entrants
decision making; published in English; published between January 2022 and January 2017; full text available.
Exclusion criteria: repeated articles; the study is not available on the web. To apply these criteria in addition to
search query we use databases filter tools.

The resulting set allowed us to identify the main studies to which the majority refers. Literature references
and related documents based on references (proposed by the system on the documents page) that meet the
criteria we also included to results set. To get the set of eligible studies we applied additional inclusion-exclusion
criteria. The analysis of full-text studies allowed us to reject works not related to the desired context that were
selected.

Data extraction and results

In this work, 30 studies meeting the inclusion criteria were analyzed. Data extraction and its analysis
according to current research trends is provided in this section. We group selected studies based on main tasks
mentioned by authors of reviewed studies that aimed to support decision making exactly from students’
perspective. It should be noted that a significant part of the considered works focused on approaches to assist
universities in admissions decision-making or predicting future students' academic performance. Such research
plays an essential role in the management and helps the administration reform the marketing models for the
institution's overall development.
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The main goals identified in studies considered in this paper can be grouped into several concept:
predicting the success of admission, recommendation of the major or education institution defining factors
influencing the choice of entrant. A few research combine several other goals like defining the number of
students ready to join the college, elucidating the predictors that affect the individuals’ preparations for
university entrance exams, etc. [13].

Major concepts identified: assessment admission chances

This section aims to emphasize and analyze the existing methods for predicting students' admission to a
particular university. We will describe some of them in more detail.

S. Sridhar and other authors proposed a stacked ensemble model built to define probabilities to enroll in
HEI [14]. The study includes different factors associated with the entrant, particularly their research and industry
experience etc. An advantage, in this case, is that the authors assessed several ML algorithms, including other
deep learning methods. As the proposed model easily outperforms all other models and provides high accuracy.
The authors recommended using the most extensive dataset and Natural Language Processing methods to
evaluate the essays and letters as new details regarding the applicants to increase the prediction accuracy.

In another study, researchers deployed the gradient boosting regressor model considering a student’s
academic successes and university rating. They proposed the probability of admission to that university as an
output result [16].

Using different types of artificial intelligence (Al) algorithms, other authors proposed Graduate
Admissions Prediction framework [19]. Besides that, a user interface to interact with scholars to see the result
was proposed. But from the proposed work users are able to identify chances to get a seat without possibility to
get a list of universities in which they can obtain admission.

M. A. Khan, M. Dixit and A. Dixit emphasize the need to save entrants' time and increase their chances of
admission to particular graduate programs [20]. They have pitted various ML algorithms against each other to
get the best of them. Formed clusters of similar applicants was labeled if they are a correct fit for admission.

Researchers in another study highlighted a task that the entrants do not always clearly understand to which
education institution they might get admission to, so they could spend a lot of money and time [21]. Therefore,
authors proposed a model that provides the future student with information about their chances to enter the
particular university. To make the program available to users, authors developed GUI.

Major concepts identified: recommendation systems

Recommendation system, presented in overviewed study as usual, presents like a subclass of information
filtering system, which builds a rating list of objects that the prospective student may prefer. This kind of system
is considered an essential tool that can predict and give recommendations, intended to meet users' interests and
expectations and solve information overload about HEIs and their majors. User's profile data (set of preferences
and interests) and all possible datasets are used to provide recommendation's process results. According to the
research objectives (goals) of recent studies, they usually are divided in certain groups such as: choosing
programs/majors, selecting courses, long-term academic planning. Therefore, some of the studies we have
considered are recommendation systems, several of which we will consider in more detail.

One of paper presents a Personalized Career-path Recommender System (PCRS) based on fuzzy
intelligence of N-layered architecture. It uses students' academic achievement, personality type, and extra-
curricular skills [37]. The main objective of PCRS is to simulate admission expert roles and support future
engineering students to make the best decision. The advantage of the system is a scalable design with the
possibility to be extended in the future to consider other academic majors of HEI.

The objective of other work is to assess students and, at the same time to help lead the student to the
relevant major [31]. Question Answering (QA) technique was used to analyze textual data (questions) and find
the correct answer. The proposed framework includes three modules: data mapping module, rules extraction
module and QA module. Authors defined two main challenges: data availability and system validation to check
if future students' performance goes in line with the system recommendations.

Other authors propose an Intelligent Decision Support System designed using Fuzzy Expert System [32]. A
cluster-based preferences technique is performed to obtain the student's favored majors, applying distance
measurement. Results showed that 66% were intensely pleased with the system, and 54% were pleased with
suggested majors. However, the accuracy and performance of such a system have not been verified enough.

A part of search results includes research that has been done in the field of Educational data mining
(EDM). They are based on data generated by various educational systems that are integrated into the educational
process. Most of the developed methods and models are intended to investigate the profiles and behaviors of
students or entrants and, accordingly, to predict their success. Only a small part of those studies use educational
data to contribute to applicants' effective decision making. Unlike most studies, which address the issue of
predicting students’ achievement at one stage of their study, some study aims to assist students in their decisions
throughout their study years. At enrollment, this work predicts a student’s GPA in different majors using
enrollment data such as high school average, placement test results, and IELTS score [35]. Researchers
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emphasize that discovering knowledge from the academic profile of successful graduate applicants and applying
it properly for providing or achieving guidelines could be beneficial for the prospective graduate applicants.

Major concepts identified: factors influencing the choice of entrant

Another direction is determining and analyzing affecting factors for the admission to HEI and its results.
The central purpose of those research works is to analyze enrollment patterns in HEI and the factors affecting
these patterns to enhance the overall performance of the education area [39]-[41]. Authors have discovered
knowledge from previous year successful applicants' academic profile with aim to use this data for prospective
graduate applicants. Tuition fees, location, institution ranking, institution facilities, employment opportunities,
and social media application thus could have a significant relationship with decision-making results. The
obtained key factors that are analyzed for various case studies provide a set of trends that influence enroliments.
So the results of the influence of external or internal factors on entrant’s decision-making can also be used in the
development of DSS.

Analysis of researches” methods and techniques

Most of those studies that aim predicting the success of admission or recommendation of the major or
education institution bases on data mining. Table 1 presents distribution of studies by task.

Table 1 — Distribution of studies by task

Main Task Main Research Results

Classification « predictive model that determine the chances of a student getting accepted by a
college [13], university [18];

eclassificated value whether a student can be admitted by his or her target university
or not [25];

edefined variables that have high impact on entrants decision making [13], [14];
evariables pattern which can predict the future happenings on (re-)entering
university [38];

erecommendations in the selection of departments.

Prediction « prediction of the chances of admit of a student to a particular college or university
program [14], [16], [19]-[22], [30];

ecollege admission score prediction [15];

*best regression models for prediction of graduate admissions [17];

erecognizing and targeting the universities which are best suitable for their profile
and prediction of the future applicant's university chance of admission [32];
eprediction the probability of getting fund[12].

Clustering ecluster similar universities [18], factors affecting the trend of enrollments [34],
[39].

The tasks that were set, the researchers explained the ultimate goal, such as: saving entrants™ time and
money (each application is paid), avoiding their unsuccessful future study performance, avoiding early exclusion
and exclusion in general, increasing satisfaction with the chosen field of study, increasing the level of
employment. To extrapolate patterns and new knowledge from the data that researchers have collected, different
data mining techniques were used (Figure 2).

The considered studies were provided according to the needs of the first-year entrants [13], [21]-[23], [27],
[29], re-admission [38], masters level [12], [16], [17], [25], [33], [40], postgraduate students [14], [18]-[20],
[28], [32], [36], for students who apply for the admissions of abroad universities [25].

The researchers used data sets that contained:

» past enrollment dada: for example, past data of college-wise allotment based [13], data present on
Edulix (https://www.edulix.com) [14], [18], [29];

» previous year entrants dataset from similarly graduate programs [12], [17], [20], [21], [30], [39];

» survey results: [22], [34], [38], [41];

» students data: the dataset of graduated students’ [16], academic data of successful students who have
already got an opportunity to study [28], [29], the academic background information of previous undergraduate
students and the application results of their target universities [25], some personal and academic information of a
particular student [36];

 universities advisers [25];

 current user data [19], [27], [29], [31], [33].
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Discussion and future research

Current research highlights that choosing HEI and specific majors is a complex and challenging process
with long-term consequences. Future students usually choose HEI and majors considering the advices of their
tutors, family and their entrance exam results [38]. Some online resources support these matters, but they could
be not precise enough and do not examine all the affecting results data. Furthermore, some existing experts
offices could make entrants spend much time and money, without a guarantee of giving fully true information.
As a result, many students spend months and years of preparation focusing on things that, unfortunately, will not
improve their chances of getting into the desired institution [20]. Due to unconscious choice, the chosen program
is often not as expected, which causes low motivation during the study process [19], [38]. To make a appropriate
decision, a student needs an expert opinion, time, and effort. So the need to create a system that would help
entrants make effective choices is obvious.

In this study, we define three main research concept in order to support HEIs entrants, such as predicting
the success of admission, recommendation of the major or education institution and investigation factors
influencing the choice of entrant.

Because of high competition in applying to HEI and the payment of every application, entrants in most
cases choose a few of HEI only. Therefore, it could be helpful to entrants to use a prediction system to determine
their possibilities of becoming a student of particular HEI based on their educational achievements. This
prediction system could help entrants reduce the list of possible HEI or majors and determine their chances of
getting into the desired HEI. Therefore, researches in overviewed studies emphasize the usefulness of university
admission prediction systems to determine their chances of acceptance to a specific HEI. From the latest studies,
it is obvious that using historical, current, and continuance data relationships from an educational context is
really useful in terms of providing prediction in the HEIs admission process. Most papers evaluate these models
to select the best effective model with the highest accuracy rate and the least error.

A large part of the studies proposes a solution to implement the most accurate method to recommend
major considering entrants' preference, skills, and abilities. Also, because of the appearance of flexible
curriculum policies, many HEI proposes a broader list of courses and majors. So entrants have to make the best
use of available information to make more informed decisions. This contributed to the emergence of a particular
research direction investigating information systems called Academic Advising System (AAS). This kind of
software solution could provide support and motivation to the student's study plan building process, and assisting
in the achievement of their educational goal. This, in turn, could increase the effectiveness of the HEI managers'
strategy and, accordingly education process in general. Mostly these are recommendation systems. However,
AAS requires dealing with a significant decision space, many factors influencing the choice, and many
constraints (e.g., course prerequisites, maximum credit hour load, course priorities, etc.). However, AAS requires
a significant decision range, many factors influencing the choice, and many restrictions (e.g., course
prerequisites, maximum credit hour load, course priorities, etc.).

However, existing studies have some disadvantages:

« insufficiently dedicated to the Graphical User Interface, there are only in a few studies [19], [21], [27],
(28], [33];
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» in most cases there is no comparison with other machine learning methods;

« insufficient factors are taken into account that may affect the outcome of the system;

« some uncontrollable factors such as significant political and economic changes are not put into our
consideration. Family financial conditions and parental education levels will affect student admissions, but it
could be impossible to obtain these data in some cases. Therefore, most studies ignore them;

« all works concern a specific country, HEI and even the level of education. DSS is in essence such that it
can be very specific, focused only on a certain type of problem. Hence, in each of the studies we see a focus on a
specific country, institution, and the direction and level of education.

The results of the analysis of existing research show that the implementation of methods and techniques of
machine learning give high accuracy results when used to support applicants. The obtained results are quite
accurate and allow the implemented research methods in the construction of the system, which assess the
chances of entry and recommend the most appropriate areas for users. However, in addition, there may be other
tasks included in the system. We assume that the effectiveness of support for entrants can be increased by
combining in one system the functionality of predicting the success of entry and the offer of an alternative of
specialty for the user.

We assume that future research should be directed towards data collection and preprocessing. Discovering
the hidden knowledge from those students' academic records and applying it properly for decision-making will
be very much helpful. Other data sources can be past enrollment data, survey results, user profile data (set of
preferences and interests). In addition, it is necessary to explore a variety of independent traits that will affect the
outcome of prediction and recommendation. Since the limited number of indicators considered in the
calculations has a negative impact on the results, there is a need for further research of the target audience, taking
into account the behavior of the modern generation; determining the interests of the university, trends, and
current state of the market for educational services, the economy of the country as a whole.

Searching for a set of the most effective data methods and models to solve the problem of forecasting the
success of the application by the applicant. It is needed to use different methods, individually and in
combination, which could show a sufficiently high accuracy to assess the applicant's chances of admission to the
most appropriate HEI. Given the objectives and results showing the developed methods, it is important to
determine the most effective in every specific task.

Conclusion

We conducted a systematic literature review and identified relevant research concepts that aim to support
entrants' choice of HEI or major for obtaining an educational level. We found that current researches consider
enrollment at different levels - the first year, re-enrollment, and master’s level. The considered researches
concerned different HEI, majors and even countries. Nevertheless, all the studies summaries that the presence of
a decision support system will positively affect both the life trajectory of the future student and the activities of
the HELI.

The majority of studies used the ML methods and techniques to solve decision-support research dilemmas
through technology. This study allows us to assume that the more effective solution could be the implementation
of system that provide predicting the success of entry and the offer of an alternative choice of specialty for the
user. The results of this study allow us to identify key points that are critical at the initial stage of building IT
solution to solve this task.
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3ABAJJOCTIMKICTH OJJMHUYHOT'O KOJAYBAHHS 151
MPUCTPOIB KEPYBAHHSI

BinHMIIbKMIT HAITIOHATBHUN TEXHIYHUIA yHIBEpCUTET, BiHHUISA

Amnotanis. Crioci6 xogyBaHHS 4nciI0BOi iH(pOpMaNii Biirpae 3Ha4Hy PoJb IPU CHHTE31 MIPUCTPOIO KEPYBAaHHS B MPOLECi KOAyBaHHS HOro
craHiB. Lle MOB’s3aHO HE TIMBKU 31 CKIAIHICTIO KOMOiIHALIHOI YaCTHHU MPUCTPOIB KepyBaHHI, aje i 3 HEOOXIMHICTIO KOHTPOJIOBATH iX
3aBaJIOCTIMKICTh. Y OULIBIIOCTI BUMAAKIB KOHTPONIE3JaTHICTh KOZOBUX KOMOIHAMIH JOCATAEThCS 32 PAXyHOK BBEACHHS JONATKOBUX (KOHTPO-
IBHUX) OITiB, TOOTO 32 paxyHOK 301IbIICHHS PO3MIPHOCTI KOJIB Ta BBEJCHHS 3ac00iB ()OpMyBaHHS KOHTPOJIBHUX OiTiB. Pa3zoM 3 THM, icHY-
IOTh CIIOCOOM KOIYBaHHS, sIKI MarOTh «BOYIOBaHY» Yy CTPYKTYPY KOIIB 3[JaTHICTh 10 3aBaJOCTIHKOCTI. J|0 TaKMX KOIIB HAJEKUTh OIHH 3
PI3HOBHUJIIB OAMHUYHUX KOJIB, a caMe OAMHUYHMII MO3UIINHUH (MapKyBaabHUI) KOA. B maHilf cTaTTi po3risgacThes BIACTUBICTH 3aBajoC-
TIHKOCTI OIMHUYHOTO MO3UIIIIHOTO KOy 3 OPIEHTALIIEI0 10 3aCTOCYBAaHHS JUIsl KOAYBAaHHS CTaHIB MPUCTPOIO KepyBaHHs Ha 0a3i R-aBTomara.
36inbLieHHs 6iTiB Takoro Koy ta crelubiuHuii crnocid hopMyBaHHS CyCiTHIX KOJOBHX KOMOIHALiN 3a0e31e4yi0Th TaKy HOro BJIaCTHBICTB,
SK eKBIIUCTAHTHICTb. A IIe, Y CBOIO 4epTy, JO3BOJISIE OPTaHi3yBaTH NPOCTi KOMOIHAIIHHI CXeMU BY3JIiB BUSBICHHS Ta BUIIPABICHHS IIOMIIKH
THUITy «TOHUTBI» CHTHAJIB.Y CTAaTTi HaBEJEHO y3araJbHEHy cXeMy Uil (yHKIiOHAJIbHOTO KOHTPOJIIO 3aBaJOCTIHKOTO CIParboByBaHHS MPH-
CTPOIO KEPYBAaHHS i3 3aCTOCYBAHHSAM OJUHHYHOIO MO3HIIHOrO KOMYBaHHS HOro craiB. Takox mokazaHo (yHKLIIOHAJBHI CXEMH BY3IiB
BUSBJICHHS Ta BUIIPABJICHHS IIOMHUJIKUA Ta iX 3B S3KH i3 3CYBHUM peFiCTpOM, SIKUH € SaHaM’ﬂTOBy}O‘Jo}O YaCTUHOIO IPUCTPOIO KEPYBAHHS Ha
6a3i R-aBromara.

Kuarouosi ciioBa: 3aBafocTiiikicTb, OIMHHYHE KOAYBaHHS, IPUCTPiii kepyBanHs, R-aBToMar.

Abstract. The method of encoding numerical information plays a significant role in the synthesis of the control device in the process of
encoding its states. This is due not only to the complexity of the combination of control devices, but also to the need to control their noise
stability. In most cases, the controllability of code combinations is achieved by introducing additional (control) bits, i.e. by increasing the
dimension of codes and the introduction of means of generating control bits. However, there are coding methods that have a "built-in" in the
structure of codes the ability to noise stability. Such codes include one of the types of unit codes, namely the unit position (marking) code.
This article considers the property of noise stability of a unit position code with an orientation to the applying the control device based on the
R-automaton for coding its states. Increasing the bits of such code and a specific way of forming neighboring code combinations provide
such a property as equidistance. And this, in turn, allows you to organize simple combinational schemes of nodes for detection and correction
of errors such as "race" signals. Also, the functional schemes for error detection and correction units and their connection to the shift register,
which is a storage part of the control device based on the R-automaton, are shown.

Key words: noise stability, unit encoding, control device, R- automaton.
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Beryn

KonyBanHs uucioBoi iHpopMarii — 1ie 0J1H i3 BaXJIMBUX (HaKTOPiB 3a0e3MeueHHs rOJOBHUX XapaKTepHc-
THK OOYMCIIIOBAJILHUX 3aC00iB, TAKMX SIK IIBHIKOJIS, 3aBaJ0CTIHKICTh, BAPTICTh, HAMIWHICTh, KOHTPOJIE3IAT-
HicTh [1-3]. OcobimBa yBara i yac IPaKTUYHOTO 3aCTOCYBAHHS KOJOBAHWX YHUCIOBHX MAHUX MPHUAUISIETHCS X
3aBaI0CTIHKOCTI, 1110 3a0e3Meuye TOCTOBIPHICTh NepeaaBatHs Ta 30epirants 3HauHux o0csriB indopmaii [4, 5],
a TaKoK OE3MOMIIKOBICTh CIIPAIFOBAHHS TEXHIYHUX 3ac00iB, 30KpeMa MpHUCTPoiB kepyBanus [6-8]. V crarri [8]
[PY [[OMY CIYIIHO BU3HAUCHO MPAKTUYHY 3a/1a4y 3aBaJ0CTIHKOr0 KOJAyBaHHS — 1€ BUCOKA €(DEKTUBHICTH BHSIB-
JICHHSI IOMUJIOK TIPU HE3HAYHIH HaJUTHITKOBOCTI KOJAOBUX KOMOIHAIIIH.

AKTyalbHiCTh TeMaTUKH

VY niteparypi [1-3, 9, 10] BusHaueHo 6a30Bi GpakTopH, 110 BILIMBAIOTH HA €(DEKTHBHICTH KOAYBAHHS YUCIIO-
BUX JIAaHHX:

— TIOKa3HHK CKJIATHOCTI aJrOPUTMIB MIEPETBOPEHHS B IPOIIECi MPUHOMY, 00poOKH Ta mepenadi na-
HUX;

—  IIOKa3HUK MOXKJIMBOCTI Bi3yastizallii pe3yabTaTiB 00poOKH, 3pyIHOT [JIsl JIFOIUHH;

—  TIOKa3HWK CKJIQJIHOCTI MOJIAaHHS YMCEN B 3aJISKHOCTI BiJj CHCTEMH €JIEMEHTIB, 110 BUKOPHUCTOBY-
I0ThCS;

—  IOKa3HHK CKJIAJAHOCTI Ta MIBUAKOMII OOYMCITIOBAJILHHX 3acO0IB ITi Yyac BHUKOHAHHS MAIIMHHHUX
oneparliii Ha/l YUCIIaMu;

—  IIOKa3HUWK 3aB3/IOCTIMKOCTI Ta KOHTPOJIE3/1aTHOCTI KOJOBUX KOMOIHAIIiH, 10 BIUIMBA€E Ha eEKTH-
BHICTh BUKOHAHHSI OTIepalliii HaJ| HUMH.

Merta po6oTu

MeToro poOOTH € 3aCTOCYBaHHSI BJIACTHBOCTI 3aBaIOCTIHKOCTI Pi3HOBUIY OJUHIYHHUX KOJIB (OJUHHYHOTO
MO3UIIHHOTO KOAY) A7t 3a0e31eueHHs] KOHTPOJIE3IaTHOCTI MPUCTPOIB KEPYBAHHS.
IlocTanoBka 3agaui
Oco6mmBO TOCTPO HEOOXITHICTD HE TINBKH BUSBIICHHS, ajie i BUIIPABICHHS IMOMIJIOK y KOJJOBHX KOMOiHa-
IisAX ICHY€ B MPOIIEC] CIIPAIIOBaHHS MPUCTPOiB KepyBaHH. L{e OB’ s13aH0 3 BUHMKHEHHSIM TaK 3BaHO1 «TOHUTBU
curnaiis (signal race) [11,12], uo npu3BoauTh 10 30050 i HABITH 0 MPUIMHEHHS POOOTH MPHCTPOIO KEPYBAHHS
Ta CUCTeMH B3araii. ToMy akTyaJbHOIO € 3aJlada Po3poOKH 3ac0o0iB, O 3a0e3MedyI0Th BUSBJICHHS (aKTiB «ro-
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HUTBW» CUTHAIIIB B MPOLEC] CIPalIOBAaHHS NPHUCTPOIB KEpyBaHHsS 3 OJHOYACHUM YCYHEHHSIM iX HOMMIKOBHX
CTaHiB.

V pob6ori [13] HaBeneHO y3araabHEHY CXeMY JUTs (YHKIIOHATBHOTO KOHTPOJIO (pUC. 1) 3a BUABICHHIM Ta
BUTIPABJICHHSAM IIOMIUIOK Y KOJOBil KoMOiHamii, 30kpeMa y komax @ibonaudi. Cxema MicTUTh iHpOpMAaiHHIHA
PETICTp, BMICT SKOTO MiJUIATa€ KOHTPOIIO, KOHTPOIBHIH PEricTp, sSIKUil BUABIAE OMUIKY 3 YCYHEHHSM ii Tpu-
YUHA B iHGOPMALiHHOMY PETiCTpi, Ta JIOTIYHY CXEMY «IIPHYHHA» i JIOTIYHY CXeMy «HAcIiJIoK». BumpaBnennit
KOJI 3HIMA€ETHCS 3 BUXOMY iH(POPMAIHHOTO pericTpa, a CUTHAN «IIOMIJIKa»— 3 BiIMOBITHOTO BUXOTY KOHTPOJb-
Horo perictpa. [IpuHIMI QYHKIIOHAIFHOTO KOHTPOJIIO B IEOMY BHIIAJKY HOJISTAE B TOMY, IO Y KOHTPOJIEHOMY
pericTpi GOpMYEThCS CHTHAI ITOMIJIKa» TOJIi, KOJIH Y HbOMY 3’SIBIISIEThCS IPUHANMHI ofHa oauHuIs [13].

Tlommxka
Konutpomsuuii perictp
Iy Y
Jloriuna cxema Jloriuna cxema
«ITPHUYHHA» «HACIITIOK»
[y [y Brxix

l—h

Tadopmaniiiamii perictp

A ?

Bxig

Pucynok 1 — Y3aranpHena cxema ajist GyHKIIOHATBHOTO KOHTPOIio [13]

B naniit po0oTi neit miaxiz 1o BUABICHHS Ta BUIPABJICHHS IIOMUIIOK Y KOJIOBii KOMOIHAIII{ B34TO 3a 3pa30K
JUIS TIPUKJIaNy 3 OAMHMYHHUM KOJYBaHHSIM iHpopMalii y IpucTpoi KepyBaHHS.

BaacTuBocTi 0OIMHUYHOIO NO3MLIHHOI0 KOXYBAHHS

OnuHnyHM mo3uiiiHuil (MapkyBasipauil) kox V [14] MoxHa mogaTH K MHOXHHY (TIOCIITOBHICTB) KOO~
BHX CIIiB &@; Burmsimy [15]:

@, = (100 ...0),
@, = (010 ...0),
@y = (660 1), (1)

Jie KUIBKICTB PO3psIIiB KOKHOTO KOJIOBOTO CJIOBA @; JIOPIBHIOE M, a KOXKHE HACTYIHE CJIOBO Yy ITOCIIJOBHOCTI
(hopmyeThes B MpoIieci 3CYyBY OJJMHUYHOIO MapKepa Ha OJIMH po3psia y Oik crapumx po3psiais [16].

VY crarrsax [17,18] po3risiHyTO Taki BIACTHBOCTI I[LOTO KOJY, SIK TEOPETHYHA KOHTPOJIE3IaTHICTh T4 KOHT-
poJe31aTHICTh 32 MOTU(IKOBAHOIO TEPEBIPOYHOI0 MATPHUIICIO, €KBiIUCTAHTHICTD, HAAIUINKOBICTE Ta iHImI. Pe-
3yIBTaTH JOCIIHKCHHS IMOKA3aJIH, IO el KO/l HANCKHUTh 0 HEeJTIHIHHUX KOJIB 1 Ma€ HaJIMIITKOBICTh iH(QOpMa-
iftHuX po3psaiB  (mo3uuii). OcraHHS o03HaKa CBIIYMTH MPO MIJABHLICHHS pIiBHA HOro peanbHOi
KOHTPOJIE3IATHOCTI Y MOPiBHSHHI 3 TeopeTryHoto [19].

OT1xe, OMUHWYHANA TO3UIIHNN Koz BUTIAAY (1) € eKBiIMCTAaHTHUM KOJIOM, OCKUTBKH BiICTaHb XEeMMiHTa
Mix OyIb-SIKUMH ABOMA HOro KOJOBUMH CIIOBaMH &; , ae | =1,...,m, nopieuroe d(V) = 2.

Kpim TOr0, 0COGIHBICTIO €KBiIMCTAHTHUX KOJIIB € HE TITBKH PiBHICTH BCiX MomapHuUX Bifcraneit d(V), ame
fl ipencTaBIeHHs iX mapHuM yrciiom [15].

Pa3zom 3 TuM, 3 Teopii KOJAyBaHHS BiIOMO, 110 Ko V BUSBISE £ MOMWIOK TOJI 1 TIJIBKU TO, SIKIIO BiJICTAHb
XeMmMiHTa MiX JJBOMa HOTO KOJOBHMH clioBamMHu ; He MeHma, HiK (t+1) [15, 20]. Omxe, OMMHAYHAHN TTO3HITiH-

HUH Kox (1) Moxe BUSBUTH t = 1 TOMMIIOK, TOOTO OJMHOYHI NOMMWJIKH. Lle CBITYNTH PO MPUPOIHY KOHTpOJIE-
3[aTHICTB IHOTO KoY. Taka MOXIIMBICTh MOXe OyTH peajli3oBaHa PU KOAYBaHHI CTaHIB IIPUCTPOIB KEPyBaHHS.

ExBigucTaHTHe KOAYBaHHS CTaHIB MPUCTPOIO KEPYBAHHSA

Haii6inp1 IpuUHHATHAM NPUCTPOEM KEPYBAaHHS Ul BUKOPHCTaHHS PO3IJIIHYTOTO OJMHUYHOIO IO3MIiH-
Horo koxy (1) € mikponporpamuuii aBTomMatr (MITA) Ha 6a3i R-aBromara (RA) [21, 22]. B upomy BUnaixy 3a-
nam’sitoBytoda yactiuHa MITA peanizyerbes Ha 3cyBHOMY perictpi (R) Ha Biaminy Big Binomux MITA nHa mapa-
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aenbHuX perictpax (TA) i va mivunehukax (CTA) [23]. Meroauky cuntesy MIIA Ha RA y 3aranbHOMY BT
Ta Ha KOHKPETHHUX MPHKIaIaX 3aCTOCYBAHHs PO3IIITHYTO y cTaTTsx [24-26].

Ha puc. 2 mHaBeneHo y3aranbHeHY (QYHKIIIOHATBHY CXEMY 3amaM’aToByo4oi yactuHu MIIA, peamizoBaHOi
sk RA, mo mictuts 3cyBHUI perictp RG i aBa noriuHi By3/u: By3071 BUSBICHHS TIOMIJIKH 1 BY30JI BUIIPABICHHS
TIOMMJIKY.

Set Reset

B\_.-’SOH BHABISHHA IMTOMHIKH

R
RG Ql
Bl — -
sl Q2
Q3 Error
jJl
— D2 —
D3
. Qn-1
— Dn-1 Qn
Din
Byson
EBHIPABISHHA
TIOMHITKH

Pucynok 2 — Y3aranpHeHa (pyHKITIOHANIBEHA cXeMa 3alaM’ ATOByI090i gacTuHn MITA

He3nauHa cKIamHICT JIOTIYHOT cXeMH 000X BY3JiB 00YMOBJICHA, B MEPIIy Yepry, KBIIUCTAHTHICTIO OIH-
HUYHOTO TO3HUIIIITHOTO KOAY, a TaKokK (POPMYBaHHSM IOCTITOBHOCTI KOJOBHX ciiB Burisaay (1) Ha 3cyBHOMY
perictpi RG. Otxe, mosiBa 300f0 (IOMUIIKH) B pe3yJIbTaTi «TOHUTBIY CUTHAIIB MOXKIIUBA B IIbOMY BUTIAJIKY TiJlb-
KA Y BUIUIAII MOSIBH JBOX CYCIAHIX OMUHMYHMX OiTiB. Taki BUNAIKKU BHSIBISIOTHCS y OYAb-IKOMY JIOTIYHOMY
JIBOBXiTHOMY elieMeHT] | By3yia BUSIBIEHHS TIOMWIKH (pHUC. 2), BXOJHM SIKMX 3’€JIHAaHI 3 BUXOJAMHU CYCIZHIX PO3-
psniB 3cyBHoro perictpa RG. KinbkicTh Takux eneMeHTiB | nopiBHIOE 1 — 1, e 1 — KUIBKICTh PO3PSIIiB 3CYBHO-
ro pericrpa RG. B pe3ynbrari Ha BUX0/1 LOTO By31a GOpMYEThCSI OAMHUYHUE curHan Error.

Taxuii miaxiz 10 BUSBICHHS MOMWIKH Y CIIPAlllOBaHHI 3cyBHOTO perictpa RG nae MoxiuBICTb 11 BUIIpaBu-
TH came JJisl BUNIaJKy TOSIBH JJBOX CYCIIHIX OAMHMYHMX 0iTiB. BpaxoByrouu Te, 10 3CyB Y 3CyBHOMY pericTpi
RG moxnuBHi TUTbKH B OiK #0r0 crapiiux po3psais, 301l y HOro crpaioBaHHi Moxxe OyTH BUKIUKaHU 3aTpH-
MKOIO B OOHYJICHHI MOJIOJIIOTO 3 JBOX CIIPAllbOBAaHMUX PO3psfiB. sl MpUMycoBOTO OOHYJIEHHS MOJIOJLIIOTO 3
JIBOX PO3PSIIIB 3a1isTHO BiIIOBITHHUN iHBEPTOP Y BY3JIi BUIIPABICHHS TOMUIIKH.

BpaxoBytoun Te, 10 peXUM MapalieIbHOTO 3alHCy y 3CyBHOMY pericTpi RG BcTaHOBIIOETHCS 32 HAIBHOCTI
Ha #oro Bxonax SO, S1 Bubopy pexuMy 000X BHCOKHX CHTHAIIB, TO JOLUIEHO BUKOPUCTATH OJAWHUIHUIN CHTHAI
noMmitku Error mns Bxomxy S1, ockinmbku Ha BXix SO mogaeThes OAMHUYHUEN CHTHAN 3 HACTAHOBHOTO BXOIy Set
(puc. 2). 3BuuaifHuii pexxuM 3CyBY IIPH CHpanoBaHHi 3cyBHOTo pericrpa RG 3abe3nedyerbes koMOiHaIi€0 cUr-
HaiiB Ha Bxojax SO, S1 a— BHCOKMH, HU3bKUI BigmosiaHo [27]. Bxix Reset BUKOPHUCTOBYETLCS ISt CKHIY peric-
Tpa RG y HynboBuii cTaH. TakiMM YHHOM peasi3yeThesl 3aBafOCTIHKICTh OJJMHUYHOIO MO3HMILIHHOTO KOyBaHHs
CTaHIB y MIPHUCTPOI KEpyBaHHSA KOHKPETHOTO TUIy RA.

[NopiBHIOIOYK CTPYKTYpY, HaBelleHy Ha pHUC.2, 3 NPEICTABICHOI Ha PHUC. | y3arajibHEHOIO CXEMOIO s
(yHKI[IOHAJILHOTO KOHTPOJIIO, MOXKHA 300pa3uTH 3alpONOHOBAHY CTPYKTYPY y BHUIJISiAL, HOAaHOMY Ha puc. 3. 3
pHC. 3 BUIHO, IO HAJUTUIITKOBICTh T4 €KBiAMCTAHTHICTh OJUHUYHOTO MO3UIIHHOTO KOAY JO3BOJISIOTH BiJMOBH-
THUCB BiJ] BAKOPUCTAHHs KOHTPOJIBHOTO pericTpa, a copMOBaHMI CHrHAJI OMWIKK ErrOr BUKopucTaTu He Tijb-
KU SIK TIEBHY O3HaKy, ajle i SIK KepyIOUMi CUTHAJ ISl BUMPABIICHHS 30010 y KOOBii KoMOiHawii B iH(popMarlii-
HOMY (3cyBHOMY) pericTpi. Lle migkpeciatoe BUCOKY MPaKTHYHY KOHTPOJE3AATHICTh OJAMHUYHOTO MO3UIITHOTO
(MapKyBanbHOTO0) KOAY.
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Error
.
L
By3son sBunpaBieHHA By3son BuasaeHHA
MOMHIKH MOMHIKH
'y Yy Buxix

I—P

Iadopmamiiinnii (3cyBHHI) pericTp
t t

Bxix

Pucynok 3 — CxeMa 1yt QyHKI[IOHATEHOTO KOHTPOJIIO OJAUHUYHOTO MO3HIIHHOTO KOTyBaHHS

BucnoBku

3anponoHoBaHO (YHKI[IOHANBHI CXEMH BY3JB BUSBJICHHS Ta BHIIPABICHHS INOMIIKH Y CKIaIi 3a-
naM’ITOBYBaJIbHOI YaCTUHM NMPHUCTPOI0 KEpYBaHHS HA 3CYBHOMY PETiCTpi, SKi 30pi€HTOBAaHO Ha ONpALOBAHHSI
KOJOBUX KOMOiHAMIii 3 BUKOPUCTAHHSIM OJWHUYHOTO TO3HUIIHHOTO (MapKyBaJIbHOTO) KOMY.

Le no3BoIIsIE, BpaXOBYIOUHM HAJJTUIIKOBICTh Ta €KBIAMCTAHTHICTH TAKOTO KOAY, CIIPOCTUTH (DYHKILIOHAIIBHI
CXEMH BY3IIiB, & TAKOX BUKOPHUCTATH C(OPMOBAHUI CUTHAJ MOMMUIIKU SIK KEPYIOUMH CHTHAI JJIsI BUNPABIICHHS
MOMMJIKH Y KOJIOBiH KOMOiHaIii.

TakuM 4MHOM 3a0e3MeuyeThCsl MPOLEC YCYHEHHS! «TOHUTBW» CUTHAJIB y CHpAIIOBaHHI IPUCTPOIO Kepy-
BaHHs 4yepe3 creludivHiCTh MOAaHHS CYCIHIX KOJOBUX KOMOIHALIN OJMHUYHOTO MO3UIIHHOIO KOy, IO CBij-
YHUTH PO BUCOKY KOHTPOJIE3AATHICTH BUKOPHUCTAHHS TaKOTO KOAY JUIS KOAYBaHHACTaHIB NMPUCTPOIB KepyBaHHS
Ha 0a3i R-aBTomara.
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METHODS OF BUILDING MICROSERVICE
ARCHITECTURE OF E-LEARNING SYSTEMS

Vinnytsia National Technical University, Vinnytsia

Abstract. The basic principles of organization of microservice architectures (MSA), their parameters, functioning and application in elec-
tronic learning systems (ELS) are considered. A comparative analysis of MSA construction options, their components and methods was
done. A complex method of building e-learning systems based on MSA is proposed. The microservice architecture of the electronic
educational system of Vinnytsia National Technical University JetlQ has been developed and implemented. The expediency of using a
domain organization for individual subsystems of ELS is substantiated.

Keywords: e-learning system, distance learning, microservice architecture, domain architecture, exchange protocol.

AwnoTanis. Po3risiHyTO OCHOBHI NPUHIMIN OpraHizanii MikpocepBicHux apxitektyp (MCA), ix mapameTpiB, GYHKIIIOHYBaHHS Ta MOKIIHBO-
CTi 3aCTOCYBaHHs y eneKTpoHHuX HaBuanbHUX cuctemax (EHC). IlpoBenenuii mopiBHsIbHHIN aHammi3 BapianTiB modynoBu MCA, ix komIio-
HEHTIB Ta METOJiB. 3allpOIIOHOBAHO KOMIUICKCHHI METOJ NMOOYI0BH eNeKTPOHHUX HaBYAIbHHUX cHcTeM Ha ocHOBi MCA. Po3pobieno i pea-
J30BaHO MIKPOCEpPBICHY apXiTeKTypy €IeKTPOHHOI HaBYaIbHOI CHCTeMH BIiHHHIBKOTO HaIiOHAJBHOTO TEXHIYHOro yHiBepcuTery JetlQ.
OOIpyHTOBAaHO JOLITBHICTh BUKOPUCTAHHS JOMEHHOI opraHi3awii ais okpemux migcucrem EHC.

KarouoBi ci10Ba: eleKTpoOHHAa HaBYAJIbHA CHUCTeMa, AMCTAaHIiliHe HaBYaHHS, MiKpocepBicHa apXiTeKkTypa, J0MeHHAa apXiTeKTypa,
NMPOTOKOJI 00MiHY.

DOI: https://doi.org/10.31649/1999-9941-2022-53-1-43-54.

Introduction

The use of e-learning systems (ELS) allows to solve a number of important problems. The main one is the
possibility of organizing distance learning (DL). DL provides ample opportunities to organize this process
without geographical and temporal reference of participants (students and teachers), to organize asynchronous
learning.

Depending on the set educational tasks, its architecture and software decisions are formed. These tasks also
determine the technical characteristics and requirements for their structure, data types, logic of operation,
computer and network requirements, etc. [1,2].

Most of the existing ENS have a monolithic architecture [3-14]. This limits their ability to make software
changes or enhance functionality without rebuilding the ENS kernel. The consequence of this is the problem of
scaling up and efficient use of cloud technologies and, in particular, the creation of geographically distributed
architectures. However, such systems can be scaled only horizontally. It involves the use of more powerful
machines, or the use of additional servers to maintain the same core system.

Emergencies with a monolithic core do not allow to increase their noise immunity by separating individual
high-load subsystems.

The aim of the study is to develop a comprehensive methodology for building scalable and noise-tolerant
ELS based on microservice architectures.

Features of application of monolithic and MSA architectures in ELS

ELS parameters are determined not only by the functionality and software tools embedded in them, but
also by the architecture. Most ELS s with a relatively developed core use monolithic structures. This gives them
a number of advantages and good dynamics of development and support.

An alternative to monolithic systems is the decomposition of the entire ELS into separate microservices
and thus the creation of a service-oriented architecture (SOA) with distributed resources, where the exchange of
information between its components is carried out according to certain network protocols.

MSA provides a number of advantages, hamely:

e Ease of implementation of microservices. Their programs have relatively small program code and they
are easy to maintain and manage.

e Scalability and flexibility. Microservices can be implemented in different programming languages,
which makes it possible to optimize their implementation.

e Independence of operation provides an opportunity to increase the reliability of the MSA as a whole.

e High quality of individual MSA components. They are easy to develop and test, reminiscent of the
UNIX philosophy [15].

e Focus on business functionality. This means that microservices can be used in several contexts, in more
than one business process [16].

e Flexibility in system load balancing. MSA provides the ability to manage the load of its microservices
and their individual scaling.

Y. A. Palamarchuk, 2022
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Restrictions on the use of microservice architecture

1. Organization of interaction of microservices in the whole system. It correlates with the number of
processes involved. MSA has many more interoperable parts than monolithic architectures. This requires
additional effort in planning, automation, control, monitoring, testing and deployment.

2. Costs. Microservices require the use of a larger total amount of memory than in a monolithic
architecture, due to the need to organize isolated environments, as well as the cost of organizing communications
between them (interfaces, protocols, communication channels, etc.) .

3. Security issues. Microservices require security solutions due to the availability of inter-service
communication over computer networks.

4. Decrease in productivity in comparison with monolithic systems. The reason is the occurrence of
additional delays in the exchange of data between microservices. Therefore, it needs to solve problems with the
correct design of queues, asynchronous processing and balancing.

5. Problems of inconsistency. Unlike monolithic systems, in MSA errors when updating individual
microservices can lead to a violation of desynchronization.

Microservice Architecture

Consider the construction of MSA. In essence, a microservice is a process, function, or set of functions that
accepts incoming requests and performs certain actions. Interaction of microservices with the environment takes
place through API (Application Programming Interface) and computer networks. Microservices are structured in
tiers. The number of their purposes is determined by the architecture of the entire system. The most common are:

e Front-End - Client Application, Static Content
e Back-End - API Gateway, Experience Microservices, Domain Microservices
o Data & Integration - Data Stores, Integration Interfaces / Connectors

Logical tiers

Client program
In the case of web-based ELS, the client is a web browser or mobile application. The client (web browser)
interacts with Backend to render the Ul and call the API (fig. 1,2).

User
Interface Back End
Static
—»| Web Browser | Content M
User <

Generated

Content il
—»| Mobile app
-

Mobile api |«

Figure 1 — General scheme of client-server architecture
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Client Server infrastructure

WEB-browser »| Static content ——=| Microservices

™ Database

Domain ;
. > p > . _ »| Hard Disk
Mobile app api microservices
-— —_— —

Figure 2 — Client-server architecture with static and dynamic content

For efficient operation, the responsibility for static components (Ul) and logical components is usually
divided. The latter also have problems with access control, caching and server-side rendering.

Gateway API

In ELS API Gateway represents a single point of access to Experience APIs (client modules). APl Gateway
is an important component of system management (APl Management). This service sends requests backend
service and is responsible for the following functionality:

e Access control
Security Policies
Request handling
Caching
Upstream / Downstream data transfer
Rate limiting
Throttling

e Analytics

Experience microservices

In ELS with a developed ecosystem, the number of microservices can be quite large, and it is important to
maintain guaranteed control over them. In this case, tiered structuring is used. For ELS, the top tier is the Experi-
ence tier, which houses the micro-services of the web API, mobile-API and API of other external systems.

Experience Domain
Layer Layer
Web ol .
application Microservice 1
S
Mobile Microservice 2
application =
S
TE—E———
—

Microservice n

Figure 3 — Experience Layer
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They focus on client interfaces and data using the low-level granular APIs available to them on the system.
Thus, different products for web and mobile clients (Experience Layer) can use different sets of Experience-API,
represented by independent microservices on the APl gateway.

Domain microservices

Domain microservices in ELS are used to implement the appropriate functionality, such as authentication
subsystems, business logic. storage and access to training materials, testing, etc. Individual subsystems can be
represented by several microservices. Domain microservices organize granular APIs next to the experience tier.
If experience services are focused on users and products, then domain microservices are responsible for the data
and resources under their control. They provide the ability to create different experience services that can reuse
the domain logic available to them.

Databases

Databases in ELS are a well-developed structure. But access to them is usually provided only to one
microservice. All other microservices have access to the database only through the database owner microservice
API. This approach allows you to maintain the consistency and structure of the database. In addition, it allows
the use of the most appropriate types of databases for specific ELS purposes. For example, one microservice may
use a normalized SQL database and another a NoSQL database. It is assumed that one microservice can operate
multiple databases simultaneously (Fig. 4).

Domain
Layer
Fil
Microservice 1 e
— Storage

>
»| Microservice 2 |-«—| Database
A

»| Microservice m |«—»| Database
B

O

—»| Microservice n |-«—| Database
C

Figure 4 — Database Domain Layer

Integration interfaces and connectors

The MSA ELS can use an integration tier with microservice connectors to access other subsystems and
third-party APIs.

Interservice communication

Microservices must process requests and provide the possibility of interaction according to the interprocess
communication protocol. The interaction of microservices during the execution of requests should not affect
their availability during the execution of requests. The solution is asynchronous messaging in MSA. The main
types of inter-service communication of MSA components can be represented by two types: synchronous and
asynchronous. Depending on requirements, the following variants are actual:

e synchronous blocking

e synchronous non blocking
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e asynchronous blocking

¢ asynchronous non blocking

Their implementation is presented as follows:

request / asynchronous response - exchange queries with pending response

publish / asynchronous response - publishing a request to recipients waiting for answers
request / response - exchange queries with pending immediate response

notifications - send a message without waiting for a response.

e publish / subscribe - publishing a message to recipients
Interaction of components in MSA

The implementation of inter-service communication is also based on the use of certain architectural solu-
tions and network protocols, both high and low level.

The basic protocols for the implementation of high-level API of inter-service communications are the
architecture REST [17-19] with HTTP and GraphQL.

REST-approach involves the management of a particular system service resources of other components of
the system. When performing requests, the microservice operates with different instances of this component, for
example, changing its properties and parameters or relaying them for further processing to other microservices.

The HTTP specification [20--22] contains a number of features that cover most of the needs for the
implementation of cross-server communication based on REST. Thus, the HTTP protocol has methods GET,
POST and PUT, which already allow to fully implement the interaction in the system. Typically, MSA data
formats for inter-component exchange depend on the protocols and specific requirements. It can be used in both
simple plain text forms and various representation forms, such as JSON, XML, etc. GraphQL provides an API
implementation approach where microservices can define the structure of the required data in their queries and
thus prevent the transmission of redundant information. GraphQL also provides the ability to build
multifunctional APIs that optimize the MSA infrastructure.

Fault tolerance

Fault tolerance in MSA is determined by parameters such as Latency. It means delays in data exchange and
Exceptions (exception handling):

e Timeout - to to guarantee response time
Retrytime - to automate retries in case of network degradation
Circuit Breaker - to control in case of cascading errors
Deadline- to control long requests that depend on many services
Rate Limiter- to control load according to SLA (Service Layer) Agreement)

Data consistency

For data consistency MSA may be a serious problem because its database can have a structure distributed
between microservices and can have multiple data sources. The latter involves the use of distributed transaction
management mechanisms. Implementing, maintaining, and maintaining distributed transaction processing
systems can be quite complex. Also, the use of existing solutions limits such projects to supported technologies.

Therefore, for microservices it is necessary to use transactions in the event-driven approach (Event-Driven
Architecture) with two logical entities: messages and events [23-25].

Messages are part of systems based on message brokers. In such systems, messages are sent and queued.
At a certain point in time, the consumer receives the message and executes the content without feedback from
the source of the message on the principle of "fire and forget". The message format can be arbitrary (text,
numbers, JSON, XML, etc.), which simplifies coordination between individual agents.

Events, in turn, have logically complete contextual information and a clearly defined structure of the
resulting data. Event bus is used for their management (processing, storage, streaming) [23-25]. Events can be
stored up to a specific time for event replay or audit.

Implementation of event-oriented MSA models

The SAGA pattern [25-27] can be used to ensure global data consistency using a sequence of local transac-
tions. Its essence is based on the principle that the microservice publishes an event for each transaction, and the
next transaction is initiated based on the results of the event. This can be done in two different ways, depending
on the success or failure of the transaction. This approach involves maintaining data consistency between
microservices, managing errors, establishing consistency, and coordinating transactions between them.

Choreography

It is assumed that each microservice performs a transaction and generates a message that similarly triggers
transactions in subsequent microservices. In the event of an error in any link in such a chain, all previous
transactions are canceled (Fig. 5, Fig. 6). Thus the consistency is maintained but the productivity of the system
becomes low [27].
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Event Service

Figure 5 — Transaction scheme

Microservice 1

Microservice 2

Microservice 3

n# ‘

done 1

done 2

done 3 err3

undo 1

undo 2

Event Service

Figure 6 — Multiservice transaction scheme

Orchestration

In this case, an agent is used that sequentially initiates transactions with each microservice [27]. As in the
case of choreography, the occurrence of an error with any microservice cancels all previous transactions.
Orchestration can be used to search for events in their list in the event source. Each time the state of the system
changes, a new one is added to the list of events, which is essentially atomic. Due to this, the orchestrator repro-
duces the current state of the essence, reproducing events (Fig. 7). In MSAs, which have a large number of
events, to optimize the load, the system must periodically store the current state of the entities (Event Sourcing),

which allows it to quickly restore their desired state.

Microservice 1

Microservice 2

Microservice n

Coordinator

Figure 7 — Orchestration scheme
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The advantage of the SAGA pattern is that the application is allowed to maintain data consistency between
microservices without the use of distributed transactions, although the construction model becomes much more
complex than for monolithic systems.

CQRS pattern

Command Query Responsibility Segregation (CQRS) allows MSA to take advantage of read and write pat-
tern sharing. In the MSA, this may be the implementation of requests that receive data from multiple
microservices. The purpose of using CQRS is also to maintain consistency of data and information about the
state of the system. CQRS provides the ability to skip all claims checks in the current system, which improves its
performance. CQRS simplifies the organization of the system by addressing its state and changing its state
separately. The system must update the event replica of the domain to which the data belongs.

Advantages of CQRS:

o Ability to support many denormalized scalable datasets

o Separation of problems of obtaining status and implementation of teams

e The need to organize architecture for all sources of events

Disadvantages:

e Difficulty of implementation

o Delays replication

Patern ESP

For ELS, Event Streaming Processing (ESP) technology is effective for operational analysis of participants'
activities, the results of current data, such as knowledge testing, etc.

ESP - applies an event streaming architecture to ensure that software components run in real time without
communication and scaling. It includes the processing and visualization of events, their storage, processing of
event streams or data in order to identify the necessary information. Search and processing use methods that are
characteristic of streaming systems such as event correlation, event hierarchy, causality, analysis of component
events and time series.

For ELS, ESP technology is effective for operational analysis of participants’ activities, the results of cur-
rent data, such as knowledge testing, etc.

ELS infrastructure

ELS are in the stage of permanent development in the course of their life cycle. Their complex MSA
requires the use of a scalable and high-availability microservice solution. Maintenance and development of such
systems with a large number of microservices is a very complicated and complex task that requires not only the
implementation of the necessary functionality, speed and stability, but also scalability. From this point of view,
ELS must have an appropriate optimized architecture (Fig. 8).

Clients System infrastructure

Domain A Domain Z
WEB-browser |-

\J

Microservice al Microservice z1

System | | Event Microservice a2 Microservice z2

api Bus

Microservice a3 Microservice z3

Mobile app |-=

\

Microservice zn

Figure 8 — Event-driven domain-based decoupling

Microservice an

Y Yy Yy Y
—
Y Yy Yy ey
W W B S ) ==

One way to optimize is to use a domain-oriented architecture based on grouping microservices by func-
tional domains (context). In such systems, domains interact through the event bus. Within each domain
(context), services can interact with each other either through an APl or through their own event bus. The
subsystems built in this way are smaller and get better parameters of controllability and autonomy.
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Organization of microservice architecture in ELS

The ELS microservice architecture depends on the organization of business processes, functionality, load
balancing on system components, building databases, security requirements, reliability requirements and other
parameters.

Given that ELS are multi-user systems, the requirements for their reliability are one of the most important
tasks. From this point of view, the defragmentation of the monolithic ELS core into individual microservices that
are able to perform their tasks autonomously is a rational solution. In addition, this approach can significantly
increase the level of safety by isolating processes, as well as increase the load capacity through balancing and
scaling.

When organizing the general architecture, separate groups of microservices should be combined into do-
mains according to the functional contours of ELS, such as the student's domain, the teacher's domain, the dean's
office domain, etc. Individual microservices can perform common functions between individual domains, such
as the authentication module and the learning resources module between teachers and students.

In Fig.9 presents one of the options for building a student contour domain based on WEB-technologies.
WEB-browsers and mobile applications are communication agents here. The HTTP protocol can be used for
their communications in combination with data packing methods such as JSON, XML [28], etc.

The System API module provides authentication of client parts and the necessary interface for their interac-
tion with the server part of the system, as well as data scheduling via Bus Event between domains and micro-
services of the system.

The Training materials domain provides teachers and students with access to resources of the streaming
type (audio / video) and file type (text, hypertext, images, files...).

The Communications domain operates text and file exchange subsystems such as chats, forums, and social
networks. The peculiarity of building its internal API is that domain resources can be represented by internal and
external resources.

Student ELS infrastructure

Training materials Communications
WEB-browser ||
@[ o) @ o)
sysen | ever|_| p>@r_wx ) @ e )
api Bus
e @ e @)
votie 35 [ @) e @ son e
} A
Securny l
Interactive i
authonzanon Internal services
- @) <r{__meeings |
[authentcation meetings
o @ oo
@) —>{__whiteboars ] learning resuls
learning statistic

Figure 9 — MSA domain of ELS student's contour

Therefore, in addition to data exchange support functions, such API can also provide system authentication
in external services. The interactive communications domain supports streaming services such as audio and
video chats, video conferencing, broadcasts, whiteboards, and more. The Internal services domain operates data
processing products mainly from the entire ELS database. Figure 10 shows the MSA domain contour of the
teaching part of ELS. It has components in common with the student part (WEB-interface, authentication and
authorization subsystems), but differs in the presence of specific services for this task, namely:

o Personal repository of the teacher, which is designed to collect and use data on educational, scientific

and other materials of the teacher.

o An institutional repository that presents official school files and has an API for interacting with teach-

ers' personal repositories.

o Educational materials management subsystem.
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o Student performance journals

o Document management subsystem (ELS), which is used to support the learning process of students,

analysis of the effectiveness of their use by students.
e CV, teacher's portfolio, content for personal pages and teachers' sites.

e Archives of documents and educational materials

Teacher ELS infrastructure

WEB-browser |-
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—-4—-[ personal repository J

[ training journals ]

management of
@] " educationa
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institutional
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[ EDMS

]
[ portfalio, CV ]
]

—F"“‘—"'[ achives

Carrying of common
services
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Common teacher s/student’s
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Figure 10 — MSA domain of ELS teacher's contour

Figure 11 presents the MSA domain of the ELS deanery contour.
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Figure 11 — MSA domain of ELS deanery contour

The proposed ELS architecture and principles of construction are implemented in the support system of the
educational process JetlQ at Vinnytsia National Technical University [29-34]. The main part of JetlQ
subsystems, clusters and microservices is located on virtual machines and containers on university servers. The
project's microservices are implemented on LAMP-technologies using MySQL relational databases. Some
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Results

microservices are located in the Google Cloud Platform cloud services.

Data exchange between microservices is based on RESTful Web API [19]. Data exchange formats - JSON

[28], XML, HTML [20,22]. The orchestration of the system is based on LXC technology [35,36].
By 2021 the system has the following parameters (Table 1).

Table 1 — Results of MSA JetlQ implementation

Category Parameter Value
Users Students 11,348
Student groups 2,483
Staff 1,708
Training and scientific resources | Course Materials 18,765
Publications 32,194
Navigators of educational resources 4,972
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Electronic tests 4,499
Obtained answers to the question of electronic tests 4,463,799
E-dean Lists of exams 40,809
Scores 378,728
Electronic timetable Lessons 49,830
Repositories (publications) Science 31,682
Documentary 2,498
Personal docs. 71,441
Mobile applications (users) JetlQ Student 3,706
JetlQ Teacher 164

During operation from 2016 to 2021, a comparison of the monolithic prototype JetlQ and its microservice
version was conducted. There has been a significant increase in the stability and reactivity of the MSA version
due to load balancing and balancing between its subsystems. The microservice architecture has also increased
the level of security by isolating microservices and using a multi-level authentication system.

Conclusions

The paper analyzes the aspects and technologies of using microservice architecture in e-learning systems. It
is shown that MSA architecture allows to increase the reliability and stability of functioning due to relative
autonomy of its separate microservice components. ELS microservice architecture has high scalability, including
through the use of cloud technologies. The complexity of such systems is maintaining the state, synchronization
and consistency of data.
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O. H. Pomanrok!, M. C. Kypianuiit, O. B. Pomanrok!, C. B. Kotmk?, A. B. Cairyp!

AHTUAJIAM3BUHI 306PAKEHHS TPACKTOPII
T'IIIEPBOJIN

'BinauupKkuii HaioHAIBHUN TEXHIYHMHA yHIBEpCUTET, BiHHUIS

2QnechbKa HaLliOHAJIBHA aKaleMisl XapuoBUX TexHouorii, Oneca

Awnotanis. Ha cygacHoMy eTami po3BUTKY KOMIT FOTEPHOI Ipadiku 0coOIIiBa yBara NIpHALIAETCS MiABUIICHHIO PEAliCTHIHOCTI CHHTE30Ba-
HHX 300pakeHb. OnHUM 3 (GaKTOpiB, IO CYTTEBO BIUIMBAIOTH HA PEATiCTHYHICTH 300pakeHHs, € e(eKT amiaii3uHry, SKuil CIpUYNHEHUH
HEJOCTATHBOK PO3JALTBHOI0 3[ATHICTIO HPHCTPOIB BiZOOPAXKEHHS Ta MPOSBISIETCS y BUIVLIAL YiTKO BHPXEHHX ,,3yOLIB” Ha Kpasx
rpadivHEX 00’ €KTiB.

PosrmsiyTo ocobnuBocTi popMyBaHHS KPOKOBHX HPHPOCTIB IS Pi3HHUX AUITHOK (GopMyBaHHS TpaekTopii rinepbomu. OTpUMaHO peKypeHT-
Hi BUpa3u [Uisi OOYMCIICHHS OLIHIOBaJNbHOI (YHKIIl, 3HAK SKOi BH3HAYAE THUII €JIEMEHTAPHOrO MEePEeMillleHHs. 3almpOlOHOBAHO AITOPUTM
BU3HAUCHHS KOOPJAMHAT TOYOK TPAEKTOPIi rimepOosu. 3almporoHOBaHMII adrOPUTM HE MICTUThH “OBTHX’~ OIeparlii, mo 3abesnedye fHoro
BHCOKY IIBHJIKOJIIIO Ta IPOCTOTY aliapaTHoOl peaizarlii.

PosrasiyTo ocobauBocTi GopMyBaHHS TPAEKTOPIT rinepOoIIH 3 KpaxyBaHHIM IHTEHCHBHOCTEH TOYOK (DOHY Ta MEPEIHBOrO IUIaHy.
Po3pobuennii MeTox Moxe OyTH BHKOPHCTAHHH B CHCTEMaX BHCOKOPEAIICTHYHOI KOMIT'IOTEpPHOI rpadiky, CHCTeMaxX aBTOMAaTH30BaHOIO
MIPOEKTYBaHHS.

KurouoBsi cioBa: anTHANIANH3KHT, 3T/IaKeHHs1, KPalloBUii aHTHATIali3UHT, IHITEHCHBHICTH KOJIbOPY, rinep60.a, KPOKOBa TPAEKTOPis,
OLiHIOBAJIbHA (PYHKIIis.

Abstract. At the present stage of development of computer graphics, special attention is paid to improving the realism of synthesized
images. One of the factors that significantly affects the realism of the image is the aliasing effect, which is caused by insufficient resolution
of display devices and manifests itself in the form of pronounced "teeth" on the edges of graphics.

Peculiarities of step increments formation for different areas of hyperbole trajectory formation are considered. Recurrent expressions are
obtained to calculate the estimating function, the sign of which determines the type of elementary displacement. An algorithm for
determining the coordinates of the points of the hyperbola trajectory is proposed. The proposed algorithm does not contain "long" operations,
which ensures its high speed and ease of hardware implementation.

Peculiarities of hyperbole trajectory formation with cracking of intensities of background and foreground points are considered.

The developed method can be used in systems of highly realistic computer graphics, computer-aided design systems.

Key words: antialiasing, anti-aliasing, marginal antialiasing, color intensity, hyperbola, step trajectory, evaluation function.

DOI: https://doi.org/10.31649/1999-9941-2022-53-1-55-63.

Beryn

Ha cydacHOMY eTami po3BUTKY KOMIT IOTepHOI Ipadiku 0coOnrBa yBara MpUALISETHCS i IBUIICHHIO pearli-
CTHYHOCTI CHHTE30BaHHUX 300paxeHpb [1-3]. OxauM 3 (akTopiB, 10 CYTTEBO BIUIMBAIOTH Ha PEANICTHYHICTH 30-
OpakeHHs1, € epekr amaisunry [4-14], skuil CIpUYMHEHUH HEIOCTATHHOK PO3IIIBLHOIO 3[aTHICTIO MPUCTPOIB
BiZI0Opa)KeHHsI 1 IPOSIBISETHCS y BUIIIAAL YITKO BUPaXKEHHX ,,3yOIiB” Ha Kpasix rpadiunux o0’ekriB. [IpoBeneni
JIOCJTIJDKEHHS TTI0Ka3aJiy, 1110 TPHU BUKOPUCTaHHI 17” MOHITOpa 1 po3MillleHH] criocTepiraya Ha BiJicTaHi 65 cM Bij
eKpaHa Ul [IOBHOTO YCYHEHHs e(eKTy aniali3uHry MoTpiOeH MOHITOP i3 PO3IUIBHOIO 3[aTHICTIO SIK MIiHIMyM
4000x4000 mikcemniB, a st JIFoIeH i3 piBHEM 30py BHIIe cepearporo - B3araii 8000x8000 mikceni. CygacHui
PiBEHb TEXHOJIOTIH MOKH IO HE B 3MO3i1 3a0€3MEUNTH TaKy PO3IUTEHY 3IaTHICTh, TOMY JUIS 3a0e3MeUeHHs peari-
CTHYHOCTI CHHTE30BAaHHUX 300pakeHb y CUCTEMax KOMIT FOTEPHOI rpadiki BUKOPUCTOBYIOTh CHELialbHi METOIH
Ta 3aCO0M YCYHEHHS CTYIIHYACTOTO e(heKTy.

AHaJi3 JiTepaTypHUX JKepeJt

Jst 3aa4 aHTHANTIA3MHTY BUKOPHCTOBYIOTBCS Pi3HI METOIH.

OnHUM i3 HAWTOIIMPEHIIINX € METO HA/UTHIIKOBOI BUOipku [4], sikuii ocHOBaHO Ha 30iTBIICHHI TUCKpE-
tusauii. CyTb METO/y IOJISIra€ B TOMY, L0 300pa)KeHHS CLIEHH OOYUCIIOETHCS 3 PO3UILHOI 3JIATHICTIO O1b-
IO HIXK y TPUCTPOIO BiIOOpakeHHsI, a Mepesl BiJOOpaKEHHSIM Ha €KpaHi 3MEHIIYIOTh HIUISIXOM YCEPEIHEeHHS .
Jlanuii MeTon Mae MpOCTy amapaTHy pealli3aimiio Ta MOXe OyTH JITKO IHTeTPOBAaHMN B iCHYIOYI CHCTEMH
KoMIT 1oTepHO1 Tpadiku. OCHOBHUM HEIOJIIKOM METOAY € HOro HU3bKa IIBUIKOMIS, OCKUIBKH TPH 30UIBIICHH]
JIMCKPETH3ALIi B N pa3iB, KibKiCTh IKCENB, a OTKE, i KUIbKICTh 00YMCIIEHb HA OHH MIiKCeJ, 301IbITyEThCA B n?
pasiB. Meron mepenbauae BHKOPHCTaHHS JOJATKOBOi Mam’sITi Ta IiJBHIICHHS NPOIYCKHOI 34aTHOCTI IIMHU
mam’sITi.

VY OunbmIoCTi iCHYIOUMX METOJIB pacTepu3allii 3HauYeHHs! IHTEHCHBHOCTEH KOJIbOpPY OOYMCIIIOIOTH JIHIIE B
LEHTpax MiKceNiB. Y MEeToJl 10JaTKoBHX BHOIpok [4, 9] po3paxoByIOTh IHTEHCHUBHICTh KOJHOPY B AEKIJIBKOX
JIOTIOMDKHHMX TOYKaX BCEpEeIHI Mikcesa. 3HAYEHHsS LUX MiJBUOIPOK MOTIM yCEPEAHIOIOTH Ul OTPUMAaHHS pe-
3yJIbTYIOUOi IHTEHCHBHOCTI KOJIbOPY BCHOTO MiKcelna. SIKiCTh 3IiIapKyBaHHS 3alIeXKNTh BiJl KUIBKOCTI 10JaTKO-
BUX BHOIPOK Ta BiJ IXHBOTO PO3TAaIIyBaHHSA BCepenuHi mikcena. 301IpIIeHHS KITBKOCTI TOYOK BHOIPKH MTOKpa-
Iye€ SIKiCTh 300pa)Ke€HHSI, aJie OJJHOYACHO MiJBUIIYE TOTPeOy B JOAATKOBIH MaM’sITi Ta MPU3BOJUTH 10 3HUKEHHS
MIBUIKOMIT.

O. H. Pomanmok, M. C. Kypiunwii, O. B. Pomantok, C. B. Kotiuk, A. B. Cuiryp, 2022
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M. Mine ta E. Your [5] 3anporonyBany cTOXacTUYHO PO3TaIIyBaTH JI0JAATKOBI TOUKHM BUOipKH. [lanuii me-
TOJ] OCHOBAaHO Ha TOMY, 1110 BUITQJKOBI MOJIOKEHHS ITIABUOIPOK IJIsl JIIOJCHKOTO OKa BUIJISNAIOTH K "TpUBaIUA
nrym". TakuM 9uHOM, OIHH apTedakT (anialfi3uHT) 3aMiHIOETHCS 1HIIIAM, 10 SKOTO JIIOACEKE OKO MEHII 9y TJINBE.

OCHOBHIM HEJOJIIKOM TaKOTO MiIXO0Jy € BEIHKI OOYHCIIOBAIBHI BUTPATH, 00OYMOBIICHI THM, IIO MOTPiOHO
He MeHIIe 16 BUIagkoBO PO3MOAUICHUX MiABHOIPOK HA IKCEN IS TOCATHEHHS NOTPiOHOTO piBHA "HEllepepBHO-
ro rymy". [Ipu MeHmi# KiNbKOCTI miABHOIPOK METOJ] TAKOXK MPAaLe3JaTHHH, aje IIyM CTa€ OUIbII TOMITHUM UIS
JFOJICBKOTO OKa.

OCHOBHI HEIIOJIIKM JaHUX METOJIB MOJISATAIOTh Y BENMKiH 00YHCIIOBANBHIN CKIAIHOCTI, IO CYTTEBO BILTH-
Ba€ Ha MBHUIKOJI0 GopMyBaHHS 300paKeHHs, a TAKOXK Y BUKOPUCTaHH] BEJIMKUX MacHBIB OIEPaTHBHOI Mam’sTi.
VY 3B’3KYy 3 IUM aKTyaJbHUMH € MUTaHHs 3MEHIIECHHS KUIBKOCTI BUOIPOK 32 paxyHOK aHaji3y 300pakeHHS TiTb-
K1 y Ge3nocepeHiii 01M3bKOCTI Bl MeX rpadiyHuX 00’ €KTIB

XapaxTepHa 0COONIHBICTh aHATIITUYHUX METO/IIB IOJISIra€ B TOMY, 110 ITijl 4ac TUCKpETH3allii HelepepBHOTO
300pa)KCHHSI BPAaXOBYIOTHCSl TEXHIUHI XapaKTEpUCTUKH HPUCTPOIB BioOpa)keHHs. Y 3arajJbHOMY BUIJISAII JUIS
OOYHCIICHHS IHTEHCHBHOCTI KOJIbOPY IMiKCeTa BUKOPUCTOBY€EThCS Bupas [14]:

1,(P,P,) = T T lsear (X%, ¥)-F (x=P,,y =P, )dxdy, (1)

—00 —00

ne |, — inTencuBHiCTH KONBOPY MiKCelNa 3 KOOPAMHATAMH (PX, Py) (y BUMaaKy KOJIHOPOBOTO 300pakKEHHS OK-

PeMO 0GUHCIIOKTE IHTEHCHBHICTb KOKHOI 3 TPhOX CKIIAI0BUX KOMIIOHEHT Kombopy); I, - (X,Y) — amanitimuna

dyHKIis, sKa 3a71a€ IHTEHCHBHICTB KOBbOPY B KOKHiH Touni mpoctopy; F (X, Y) — mozmens mikcena, To670, dy-

HKI[isI, 5IKa ONUCY€E MPOCTOPOBE PO3IOICHHS CBITJIA, 110 BUIPOMIHIOETHCS MIKCEIOM.

Jany ¢yHKIIIO yacTo Ha3UBaIOTh QYHKIIEO QUIbTpa. Y 3araibHOMY BUINAJKY 004YHCiIeHHs Bupasy (1) ams
JIOBLIBHOT aHAITHYHOT QyHKLIT onucy 300pakeHHs Ta JOBUILHOI MOJIENI MiKCeNa € JOCTaTHO CKIIaJHOK MaTe-
MaTHYHOIO 3a/1a4€H0, sika MOTPEOYE BEIMKUX OOYHMCIIOBATBHUAX BUTPAT. TOMY B OUIBIIOCTI pO3POOICHUX Ha Ja-
HU Yac aHaNITHYHHX METOJax aHThaliaii3uHry [6-13] po3risaaeTbesl YaCTKOBUI BUMAIO0K 3HAXOKEHHS iHTe-
rpainy (1) ms oOMexeHoro kiacy rpadiuHuX NPUMITHBIB 1 GYHKIIH QinbTpa.

Jlnst ocHOBHUX TpadivHUX MPUMITHBIB, TAKHX K BiApi30ok mpsamoi [6], 6aratokytauk [7], koo [8, 9], emimc
[10, 11], rinepboJa iCHYIOTh JOCHTH MPOCTi aHANITHYHI BUPA3M, 1[0 OMHCYIOTh TXHI T€OMETPHYHI BJIACTHBOCTI.
BukopucraHHs IEBHUX MaTeMaTHYHUX MOJENEH MiKcena J03BOJIsiE OTPUMATH BiTHOCHO ITPOCTI 3 00UHCITIOBANb-
HOI TOYKH 30pYy METOAM aHTHaliai3uHTy. Taki MeToAN OTpUMalld Ha3By KpPaloBOTO aHTHATial3WHTY, OCKIJIBKH,
SK TPaBWIO, PO3MIIANAIOTH JIMIIEC MIKCENi pO3TalloBaHI Ha Kpasx 00’ekTiB. i1 KOKHOTO BUIY TpadidHHX
NPUMITUBIB BUKOPHCTOBYIOTHCS Pi3HI MIAXOJM, LIO MOPIBHSHO 3 METOJAMM HAJIMIIKOBOI BHUOIPKH € MEBHUM
HenoikoM. [IpoTe aHaITHYHI METOIM XapaKTEPU3YIOThCS 3HAYHO MEHIIOK OOYHCIIIOBAIBLHOIO CKIIAIHICTIO Ta
3a0e3MeuyroTh Kpally sKiCTh 3rJIa/PKyBaHHsI, OCKUIBKH BPaxOBYIOTb OCOOJIMBOCTI Ta OOMEXKEHHS IPHUCTPOIB
BiZIOOpaKeHHSI.

Jlist 33124 aHTHATIAM3MHTY BUKOPUCTOBYIOTH pi3Hi Mozeni [12] mikcena 3amexHO Bix HEOOXiTHO TOYHOCTI
3rJIAKEHHSI.

Mera

Merta cTarTi — po3po0IeHHS METOY aHTHANIAH3UHTY 300paKeHHS TPAEKTOPIi TinepOoIn. SKUH HE MiCTUTh
JIOBTUX OIEpaIliil y IUKIIi iHTepPIIOTIOBAHHS

MeTtoa aHTHANIA3UHTY 300pa:KeHHsI TPAEKTOPII rinepoou

VY nopaipioMy OyAeMO pO3IISIATH TinepOoily, LEHTP SKOi 3HaXOOUThCs B MOYATKy KoopauHaT. Ka-
HOHIYHE PiBHSHHS TillepOOTH Ma€ TaKUi BHUTIIS;

2 2

Xy

B2 A?

ne A, B —miBoci rinep6onu, napanenbHi 10 BiMOBiIHUX KOOPAMHATHUX oceil (puc. 1).
ITpu dhopmyBanHI TpaekTopii pO3rIsIHEMO IB1 JUISTHKH, PO3/UICHI TOUKOIO, B SIKiH dy/ dx =1. V nepmiit
JULTHII IOPU KOXKHIK iTepauil NUKIy iHTepHOIIOBAaHHS BUKOHYETHCS KPOK y HAampsMKy oci Y, a B apyriit — y

Hanpsmky oci X (puc. 1).
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Va

OinsHka 2

Pucynok 1 — I'imepbomna

PosrisHemMo GopMyBaHHS KPOKOBOI TpaekTopii Ha minsHIi 1. ByaeMo BU3HauaTH KOOpAWHAT TOYOK 3a ro-
JMHHUKOBOIO CTpinkoro, modnHatoun 3 Touku (B,0). Pismanns rinep6omu mis ainsnku 1 MokHa 3amucath y

BUTJISII.

Ha ninstaii 1 y K0>KHOMY IHTEPIIOJSIIIHHOMY TaKTi BUKOHYETHCSI KPOK y HapsaMKy oci Y . SIkimo Ha mome-
peEbOMy Kporti 6yio o6pano mikcen (I, j —1), To HacTynmHuit mikcen 06UpaeThCs 3 THX, O MAIOTh KOOPIMHA-
(1, ) i (i+1, j). Kpurepiem m1s BuGopy € MiHiManbHa BiICTaHb Bijl HEHTpa TKceNa 10 TOUKH (f (1), j),
y SIKif iZieanbHa TPAEKTOpis NepeTHHAE KOOPAMHATHY pelliTKy (puc. 2). Jlns mikcena 3 KOOpIUHATAMHU (I, J)

JlaHa BiJICTaHb MOKe OyTH 3HaliieHa 3a GpopMyIToro:
d(i, j)=f(j)-i. 2)
| Vz |

NN

S

\\

B U 4 N —

fo) i+1

Pucynox 2 — BusHaueHHsS KOOPMHAT TOYOK TPAEKTOPIi rinepoosu

J1ns1 3a0€3MeueH sl MAKCUMaTbHOT TOYHOCTI NP (JOPMyBaHHI KPOKOBOT TPA€KTOPii MOBHHHA BUKOHYBATUCH
ymosa: —0,5<d(li, j) <0,5. I3 ypaxypauuam Bupasy (2) orpumyemo nepisuicts: —0,5< f(J)—1<0,5,

sKa TCJIS IEPETBOPEHHS MAa€ BHIJIAL!
i—05< f(j)<i+05 3)

Jlnst BU3HAUCHHS TUITY KPOKOBOTO IIPUPOCTY MOXKHA BUKOPUCTATH OLIHIOBAJIbHY (DYHKIIIIO BUTIISILY:

OF(,j)=(@1+05)—f(})). 4)
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Sxmo OF(i, J) >0, To BuKOHYETBCS KPOK y HANPAMKY OCi Y i obupaerscs mikcen (i, J) , inaxme Bu-
KOHYETBCS iarOHambHuH Kpok i obupaetses mikcen (141, J). Jlna o6uucnenns dynxuii f(]) meobximmo
BUKOHATH TPYAOMICTKY OIepaIlifo 3HaXO/PKEHHS KBagpaTHOTO KOPEHS. 3 METOI0 CIPOIICHHS OOYHCICHb 3Ha-
YeHHs JIONaHKiB y BHpasi (4) mominsHo 3amimuTH ix ksaapatamu. Ockimeku f () >0 Tta (i +0,5)> 0, to
3HaK QyHKUIT He 3MiHUTBCS. B pe3yibraTi oTpuMaeMo Takuii BUpa3 /It OLiHIOBAJIbHOT (YHKIIT:

OF'(i, j) =(i+0,5)* - f2(j). 5)

3HaleMO PEKYpEHTHI BUpA3U JUIsi OOYKCICHHS OI[HIOBAJNBHOI (pyHKII. PosrisHeMo, sK 3MIHIOETHCS
TepIInii 101aHOK y BUpa3i (5) mpu BUKOHAHHI €IEMEHTapHOTO KPOKY y HanpsiMKy oci Y :

f2(j+1)=B%+(j 12'3_2_ A? B 2'—2 B—z—fz' B—22' 1
(J+D)=B"+(j+1) ol RIS YA (I)+A2( j+1).

2

Hexaii L(])= %(2] +l), Toxi

2 2 2 BZ

. B?, . B? .. B .
L(J+1)=F(2(J+1)+1)=?(21+1)+2A—— L(j)+2?.

7 =

[3 ypaxyBaHHSM OCTAaHHBOTO BHPa3y OTPUMYEMO (OPMYIy AJsi PEKYPCHBHOTO BU3HAYEHHS MEPIIOTO J0-
nanka y Bupasi (5)

F2(+D = F2())+L3).
PosrnsiHeMo, K 3MIHIOETHCS IPYTUH 10JaHOK y Bupasi (5) npu BUKOHAHHI J[IarOHAJIBHOTO KPOKY:
((i+1)+0,5) =i* +3i+2,25=(i+05) +2(i +1).

3rigHO 3 OTPUMAHMMH BHUpPa3aMU MOJXKHA 3alpOIOHYBaTH aJrOPUTM BH3HAYCHHA KOOPAMHAT TOYOK
TpaexTopii rinepOou Asst JUITHKH 1, Tpad-cxemy sSIKoro 300pakeHo Ha pHc. 3.

AHAJIOTIYHO MOYKHA OTPUMATH AJITOPUTM BU3HAYECHHS KOOPJAMHAT TOUOK TPAEKTOpil 1 Juis minsHku 2. 3a-
MPOIIOHOBAaHMH aITOPUTM HE MICTUTDH “JOBruX’ onepariii, 1o 3ade3nedyye Horo BUCOKY IIBUIKOJIIO Ta MPOCTO-
Ty anapaTtHol peanizaiii. Po3rissHeMO MOKIIMBICTE BUKOPUCTAHHS BUPa3y

OF'(i, j) = (i+0,5)* - f(}))

JUIA yCYHEHHs e(peKTy aiaifi3uHTy TpaHHIIi TirmepOoiu.

3HaieMo BUpa3u I po3paxyHKY IUIONII, IO BiITHHAETHCS BiJ MIKCeNa TpaHUIero Tinepoomn. JloBeneHo,
10 BCEPEIMHI TiKceNa Iyry MOKHA 3aMIHUTH BiAPi3KOM TpsMoi, MPHYOMY BiTHOCHA rmoxuOka. Ha puc. 4. moka-
3aHO IIEPETHH TPAEKTOPI€I0 rinepOoiIn ANCKPETHOT KOOPJMHATHOI PEIIiTKH.

I3 puc. 4 BugHO, 10 JUIA TTiKcena (Xi ) yi ) TIJI01Ia TIEPETUHY MOKe OyTH 3HakeHa 32 (PopMyITIor0:

S =% +]/2_( f (yi)_T/z)

ne T — ToBmMHA TpaeKTOpii rimep6omm.
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( MouATOK )

A B, Im N, T

-
>

h A
OF =|(B+0.25)27 ] x=By =0
p=|298Y 4w = 1.

|

BinoBpasuTtu nikceni

(.»)

TaK

—y=x
A2

y=y+1
OF = OF - I,
L=L+2F,

TaK

x=x+1

OF = OF +2x-27;

h 4

‘ =

Pucynok 3 — I'pad-cxema anroputMy BU3HAUCHHS KOOPAMHAT TOYOK TPAEKTOPIi TirmepOoIn

)

|
fo)

PucyHnok 4 — BuznaueHHs 101 TOKPUTTS MiKCeJia TinepOoIoro

PosrasiHeMo HaGmmkeHe obuncaenns Gpyukimii f (I) 3 BUKOpUCTaHHAM Gopmynu ['epoHa

sqri:l sqr._, + a ,\/Ezsqri,
2 sqr.

i-1
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ne SQI, — mepme HabmwKeHHS 10 Kopens; SO, — mabmmkeHe 3HaueHHs Bupasy  a@, orpumane Ha | -if ite-

pauii; 1=0,1, 2...N .
2
. _ BZ 2 . .
Jlnst mamoro sunanky: =B +Yy A—, TOMy MOYATKOBE HAOMIDKEHHS JOLITLHO B3STH PIBHHUM KOOP-

nuHati mikcena: SO, =Y, .

[icns neproi iTepamnii HabIIKEHEe 3HAYCHHS KBAAPATHOTO KOPEHS IOPiBHIOE:

1 a® ) 1 B +y,’B?/A?
sqr, =—| sqr, + =—| X +
2 sqr, ) 2 X;

[lepermmemo BWpa3 M1 3HAXOHKEHHS IUIOMII MOKPUTTS MiKcea (Xi ) yi) 13 ypaxyBaHHSAM OCTaHHBOI

¢dhopmynu:

X;°+B>+y, B°/A"
2X

(x, +05)* - f*(y;)-0,25 OF'(x;,y;)—0,25+Tx,
2, - 2X; '

S, =% +Y2+T/2—-sqr, =%, +1/2+T/2-

=T/2+

[HTEeHCHBHICTB KOIBOPY TMiKCENa (Xi ) yi) MOXHA BU3HAYUTH 32 (GopMyII0I0:

OF' -0,25+T -x (
2X

IM - |<1>0H)+ I(DOH =

Ip(x7 y) = Sl(IM - |<1>0H)+ IIDOH Z(

_OF'-0,25+T - x
2X

(IM - I(POH)+ I@OH-

JUi1st 00YMCIIeHHS TIEePIIOro JOJaHKY y NOIepeAHbOMY BHpa3i JOLIIHLHO BUKOPUCTATH aJrOPUTM PO3paxyH-
Ky 1HTEHCUBHOCTEH KOJIbOPY, sikuii 0yio 3ampornonosano [10]. Lle 103BONUTE BUKIIOUUTH JIOBIi omepaitii 3 00-
YHCIIIOBAIILHOT'O MTPOIIECY.

I3 ypaxyBaHHSM HaBe/JICHHX BHIIE BUPa3iB OTPUMYEMO aJITOPUTM aHTHAIal3MHTy IpaHMIb TinepOoH [uis
JIUISHKA 1, SIKUi He MICTHTh JIOBI'MX OMNEpalliii B UK IHTEPIOIIOBAHHS Ta MAa€ MPOCTY alapaTHy peatizallito.
[Mpuknax pobOTH aIropuTMy HaBeleHo Ha puc. 5. ['pad-cxemMy aaroputMmy aHTHaTial3UHTY rinepOoIu HaBeIeHO
Ha pHc. 6.

a)

o

6)

PucyHok 5 — 300pakeHHs TpaekTopii rinepOoinu: a) 6e3 aHTHaTiali3uHTy, 0) 3 aHTHATIal3UHTOM
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C g )
}

}

OF ' = |_(B+0.25').2f;_i wim Biy=0;
topr i at w S nwro s,

—

Y=o -2 T,
M= 329!

)

PospaxysaTi 3Ha4YeHHA
Ip =Ty - Igop X 0L

3 BuKopucTanHam N iTepauin

Bigo6pa3uTw nikceni
I, p)=1,

y=y+L
OF=QF - L,
L=L+2W;

Tak

x=x+L Wi=WI+T,
OF = OF +2x.2%;
A 4

( KIHELb )

Pucynok 6 — I'pad-cxema anroputMy aHTHANIaW3WHTY TPaHUII Tinepoorn

BucHoBok

Po3pobiieHo MeTo[ 10 3ria/KyBaHHS KOHTYPIB rinep0oJ, SKUi BpaxoBye MPH 3rJIaJUKyBaHHI MOXKJIMBICTb
3MiHHM IHTEHCUBHOCTI KOJIbOPY TOYOK (POHOBOTO 300pakeHHs Ta HE MICTUTh JOBIHMX ONeEpaliil B IIMKJI 1HTEpIo-
JIFOBaHHS, 1110 00YMOBJIIOE TPOCTOTY HOT0 amapaTHoi peaisaiii.
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BizomocTi npo aBTOpiB

Pomaniok Ouiexcanap HukndopoBuy — 1OKTOp TEXHIYHUX HAYK, mpodecop, 3aBigyBau kadeapu nporpaMmHo-
ro 3a0e3reueHHs.

Kypinnuii Muxaiigo CeprilioBu4 — KaHAn1aT TEXHIYHUX HayK, nupekTop I1I1 Panioner.
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Pomaniok Okcana BosognmMupiBHA — KaHIUAT TEXHIYHUX HAYK, OLEHT Kadeapu nporpaMHoro 3ade3nedyeH-
HSL.

Koraux Cepriii BaleHTUHOBUY — KaHIUIAT TEXHIYHUX HAYK, JOICHT.

CHiryp Anatoaiii BacuiboBHY — KaHAWIAT TEXHIYHUX HAYK, TOICHT Kadeapu 00IHCIIOBANBHOI TEXHIKH.

O. N. Romaniuk?!, M. S. Kurinnyit, O. V. Romaniuk?, S. V. Kotlyk?, A. V. Snihur?

ANTI-ALIASING IMAGE OF HYPERBOLE
TRACKS
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VK 004.942

N. E. Cutnikos, 0. O. AuapyceHko

MOJIEJIb RESNET JUIA 3AJAYI ITPOI'HO3YBAHHA
MOIIUPEHHS COVID-19 B YKPAIHI

XapKiBCbKHI HalliOHAJILHUN YHIBEPCUTET palioeeKTPOHIKH, XapKiB

AwnoTanis. Y cTaTTi po3risiHyTa MOZIeIb 3aJIMIIKOBOI HelipoHHOI Mepexi ResNet Ta 1i 3acTocyBaHHS 11t 3a/1a4i IPOTHO3YBAaHHS IIOMIUPEHHS
COVID-19 B Ykpaiui. [locmimkenns peanizoBaHo nporpamHo Ha Python. [[ns HaB4aHHS MoIei BUKOPHUCTAHO YacOBI PsOM MOKAa3HHKIB
3aXBOPIOBAHOCTI Ta IIEIUIeHb. Pe3ynbTaT poOOTH MOAENi JOCIIPKEHO Ha TOYHICTh Ta MBUAKOAII0. ITopiBHAIBHHI aHATi3 pe3yabTaTiB Ipo-
JIEMOHCTPYBaB BHCOKY IIBHIKOJi0 Mozeni ResNet BifHOCHO iHIIOI Mozeni 3ropTKOBHX HeHpoHHHX Mepex InceptionTime, axe TouHiCTh
pobotu ResNet moctynaerscs.

Ku1ro4oBi ciioBa: porHo3yBaHHs1, 4acOBi psiii, 3 IMIIKOBA HeiipoHHa Mepesxa, Covid-19, mopiBHAILHUIT aHATI3.

Abstract. The article considers the ResNet residual neural network model and its application to the problem of predicting the spread of
COVID-19 in Ukraine. The study was implemented programmatically in Python. To train the model, time series of morbidity and vaccina-
tion rates were used. The result of the model was investigated for accuracy and speed. A comparative analysis of the results showed the per-
formance of the ResNet model relative to another model of convolutional neural networks InceptionTime, but the accuracy of ResNet is
lower.

Key words: predicting, time series, residual neural network, Covid-19, comparative analysis.

DOI: https://doi.org/10.31649/1999-9941-2022-53-1-64-68.

Beryn

Croronni Ykpaina nonae tperio xBuito nomupeHHs Covid-19. 3 MeToro 3yNMHUTH MOLIMPEHHS KOpPO-
HaBIpyCy ypsil TOCHJIIOE€ KapaHTHHHI 3aXOJH, NMPOBOJMTHCS aKTHBHA KamIaHis 3 BakuuHauii. Ta mompu ue,
CMEpPTHICTh BiJl KOPOHABIPYCY AOCATIIa PEKOPAHOTO PiBHS, a BiJJIIICHHS IHTEHCHBHOI Teparii 3aJIMIIA0ThCs 3a-
BaHTa)XKCHUMH.

Hacrmigkn masgemii HeraTHBHO BIUTHMHYJIX Ha €KOHOMIKY SIK YKpaiHH, Tak i iHIIHX AepkaB. Uepes BIIMOBY
BaKIMHYBaTUCS HaOJIMKAIOTHCS XBIJII CKOPOUYCHH CIIBPOOITHUKIB B KIFOUOBHX cdepax KuTTa. Hapasi meHmie
MIOJIOBMHU HACEJICHHS MAIOTh MIECTUICHHS, TOMY LIJIKOM MOXKJIMBE IIPOJOBKCHHS KapaHTHHHUX 3aXOMiB HA He-
BU3HAYCHUI TEPMiH.

AKTYyaJIbHiCTB

B takux ymoBax 3amaua nmporHo3yBanus mommperHs Covid-19 B Ykpaini He BTpadae CBOET aKTyaabHOCTI.
Yomy monpH BCi KapaHTHHHI 3aX0d YKpaiHa Mae MiKh 3aXBOPIOBAHOCTI Ta sIKi O3HAKU BIUIMBAIOTh HA TOYHICTh
nporuo3y? JInst BiANOBIAI HA 1 MUTAHHS PO3TJLIHYTO 3a/iauy MPOTHO3yBaHHS MMOLIMPEHHS XBOPOOU B HACTYIHIN
MOCTaHOBII].

IMocraHoBKa 3amavi. BXiqHUMU JaHUMHU € 4acOBI PSIU MOKA3HUKIB 3aXBOPIOBAHOCTI: KUIBKICTh IMiATBEp-
JUKEHUX BHIAIKIB, KUTBKICTh CMEPTEH, KIIbKICTh AKTUBHUX BHITAJIKIB, IPUPICT MiATBEPIKCHUX BUIAMKIB 1 MIPH-
pICT aKTHBHUX BUMAJKIB, KUIBKICT MICIUICHD 1 MPUPICT meTuieHb. HeoOXiTHO CIpOTHO3YBaTH MPHUPICT MiATBEp-
JDKEHMX BUMAJKIB 3 MiHIMAJIBHOIO TOXHOKOIO.

Mera

Mertoro ctarti € mocmimkeras monxem ResNet ta oOrpyHTyBaHHS ii 3acTocyBaHHS I 3afadi MPOTHO3Y-
BauHs noumupenns Covid-19 B Ykpaii.

3agavi 1ocaixKeHHs

1. 3actocyBanus mozeri ResNet st 3a1a4i mporHo3yBaHHs 9aCOBHX PSIIIB.
2. JocmimkenHs TouHocTi Ta mBuakoaii mojeai ResNet miust 3amaui mpornosyBanns nmommpensas Covid-19 B
YkpaiHi.
3. IopiBHsiHHs noka3HuKiB podotu moaeni ResNet 3 inmumu CNN MozaessiMu.
Po3p’a3anHd 3a1a4

Meroau NpOTHO3YBaHHS 4YacoBUX pALiB (time series, TS) yMOBHO MOXXHa pPO3IUINTH Ha CTATHCTHYHI,
CTPYKTYpHI 1 komOiHOBaHi [1]. Cepen HUX yBary npuBepTarOTh CTPYKTYPHI METOAM Ha OCHOBI HEHPOHHHMX Me-
pex (artificial neural networks, ANN) Ta KOMOiHAIIIT CTATHCTUYHUX METOMIB Ta METOJIIB Ha OCHOBI ANN.

B cywacHux myOmikamisix 3aCTOCOBYIOTh METO/IM Ha OCHOBI HEHPOHHUX MEPEX JJIs TPOTHO3YBaHHS (hiHaH-
COBHX IMOKa3HHUKIB [2-3], moroguux ymoB [4-5], 3abpyanenHs nositps [6], noumpenns Covid-19 [7-9], Tomo.
Cepen metoniB ANN BapTo BUAUTUTH apXiTEeKTYpH peKyppeHTHOI HeiipoHHOI Mepexi (recurrent neural network,
RNN) i sroptkoBoi HeliporHoi mepexi (convolutional neural network, CNN).

MeTonu Ha OCHOBI 3rOPTKOBOI HEHPOHHOI MEpEXi IMIMPOKO 3aCTOCOBYIOTHCS IS PO3Mi3HaBaHHS 300pa-
xeHb. OnHomipHi CNN edexTrBHI [U1st IPOrHO3yBaHHs YacoBuX psiB. OaHa 3 Takux Mojaene InceptionTime
nociipkera y myomikarii [ 10], 1 moka3ana mBUIKOII0 i BUCOKY TOUHICTh MPOTHO3YBaHHS.

. E. Curnikos, 0. O. Aanpycerko, 2022
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JocnipkeHHsT MO/ieNeii 3rOPTKOBUX HEMPOHHUX MEPEX NEMOHCTPYIOTh HPSIMY 3aJICXKHICTH I'NTMOMHH Me-
pexi, a omke kimbkocTi mapiB B CNN, Bix ii edexruBHOCTI. OHaK iCHYE MOHATTS «HACHYEHHS MEpEKi» — Ta
rMOWHA, TIPH SAKif TOYHICTh HABYAHHS MOYMHAE 3MCHITYBaTHCA. Taki Mepexi CKIagHO onTHMizyBaTH. Tomy
3aMpoIOHOBAaHA APXITEKTypa 3aJHIIKOBOI HeiiporHoi Mepexi (residual network, ResNet). ResNet BukopucToBye
ANTOPHUTM IIBUAKOTO 3’eaHaHHS (shortcut connection), sSIKUil MPOIycKae AEKilbKa MIapiB HABYaHHS, Ta BUKOHYE
3icTaBieHHS ineHTH(]IKATOPIB.

Brok 3Bmuaitnoi CNN Oe3mocepeqHp0 BUBUYAE HiTHOBY (yHKIiI0. ResNet BHBUae 3aimuImok, a He caMy
¢dyskmiro. OTXxKe, 3aIUIOIKOBA apXiTEKTypa BHBYAE CKIATHY 33/ady IUIIXOM 0OXOJy, Ta 3aJMIIOK JOAAETHCS 10
BUXIMHUX JaHUX cKiagHoro mapy [11] (puc. la, 16).

xl -

BaroBUNA Wap
BaroBWi LLa|
P hyHKLIA
F(x) akTusauii
. . v
H(x) hyHKLiA akTUBaLii F—
A 4

BaroBui Lwiap

DyHKUIR
akTusadji

l hyHKUIR akTuBauii Fix)+x

Pucynok 1a — biok 3Bnuaiinoi CNN Pucynok 16 — brok 3amumkoBoi CNN

OCHOBHOIO TEpPEBAror 3aIUIIKOBOI HEHPOHHOI Mepexi € mpocToTa onTuMizamii. TouHicTs HaBYaHHS He
TIOTIPITYETHCS IPU HACHYICHHI MEPEKi, a HAaBIAaKH 301IbITYETHCS TIPH 30UIBIICHHI TTHOWHN HaBYaHHS.

Just 3apaui nporuo3yBanHs nomupenns Covid-19 B Ykpaiui Bukopucrano monens ResNet. [Iposeneso 20
CKCIICPUMCHTIB HABYAHHS MOJIEII HA BUXIAHINA BUOIpI naHux. JlocmimKeHHs peani3oBaHo 3a gonoMorow Python
3 BUKOPUCTaHHAM OiOJiOTEeKH tsai JUIsl CydyacHHMX METOMIB INPOTHO3YBaHHS 4acOBUX psiaiB. BximHi maHi oTpu-
myemo 3a pornomoroto API 3 odiuitinoro caiity PHBO. LinboBuii mapamerp NporHo3yBaHHs — HPUPICT aKTHB-
HHUX BUNAJKIB. BikHO HaBYaHHA — 56 IHIB, TOPM30HT NPOTHO3YyBaHHS — 7 nHIB. TOUYHICTH NMPOTHO3yBaHHS
OIIIHIOETHCS CEPEAHBOI0 abCOMOTHO MOXUOKO0 y BimcoTkax (mean absolute percentage error, MAPE) [12].

Pesynbrat poboTH Mojeini mpejactaBieHo rpadiuno. CepenHe, MiHIMaabHE Ta MaKCHMaJlbHE 3HAYCHHS
MAPE 11t K0)KHOTO eKCIIEpUMEHTY MPEJICTaBICHO Ha PHC. 2.

B Avg B Min Max
50,00

40,00

30,00

MAPE

20,00

10,00

0,00 1 I 1 1 I L 0 a0, ll 1 I I- I. [ NN I. 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Experiments

Pucynox 2 — 3nauennst MAPE s 20 excriepuMeHTiB

Cepen 20 excniepuMeHTIB y 85 % Mozenb AEMOHCTPYE BUCOKY TOYHICTh, MakcuMayibHe 3HaueHHS MAPE
He nepesutrye 9,15%. CepenHe 3HaueHHS MOXUOKH 3a BECh MEPioJl MPOTHO3YBaHHS HE nepeBuinye 8,75%. Jlns
MOJAJBUIOT0 aHaNi3y pe3yJbTaTiB BHIyueHO ekcriepuMeHT Nel§, uepe3 3HauHE MEPEBUILECHHS MOKA3HHKIB
MAPE.

Pe3ynbraTi eKCIIEpUMEHTIB y po3pi3i KOXKHOTO JIHsI IPOTHO3yBaHHS MpPEACTaBIeHI Ha puc. 3.
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Pucynok 3 — 3nauenns MAPE 1 K0XKHOTO JTHSI TPOTHO3YBaHHS

Cepenne 3HaueHHS MAPE cymapHO 1o BCiM eKcIieprMEHTaM 110 KOKHOMY JHIO TIPOTHO3YBaHHS IIPE/ICTa-
BJICHO Ha puc. 4.

MAPE
)

Forecast day

Pucynox 4 — Cepenne 3nauennss MAPE 111 ko>kHOTO HS IPOTHO3YBaHHS

VY pob6ori [10] posrisiayro Mozens InceptionTime. IlopiBHsUIBHMIT aHAJi3 OCHOBHHX MOKA3HUKIB pOOOTH
mozeneit ResNet ta InceptionTime Ha ogHakoBii HaBUanbHIN BUOIpL npencrasBaeHo B Tad. 1.

Tabmmna 1 — Pesynsratn pobotn moneneit ResNet ta InceptionTime

Mogenb Epoch MAPE Train Time

InceptionTime 1749 2.103 00:29:09

ResNet 1149 2.457 00:19:09
BucnoBku

B poborti npecrasieHi pe3yibTaTi 3aCTOCYBaHHS MOJIEN 3aTHIIKOBOT HEHPOHHOT Mepexi AJIst 3aa4l mpo-
rao3yBanHs mormpennst Covid-19 B8 Vkpaini. B pesymnsrati npoBenerno 20 eKCrliepuMEHTIB, MOJIEIb TIPOIEMOH-
CTyBaJjla CTiMKIiCTh Ta BUCOKY TOUHICTh HaBUaHHA. BapTo Big3HAUWTH, IO CepenHE 3HAUYEHHS MOXHOKH HE Iepe-
Bumye 8,75%.

Po3BisiHO MpUITYLIEHHS, 1110 apXITEKTypa 3aJUIIKOBOT HEHPOHHOT MepexKi, sika BUBYAE 3AJIUIIOK, & HE caMy
(yHKIIiI0, OTIPIIY€E CBOIO TOYHICTH 3 KOXKHIUM HACTYITHUM KPOKOM IIPOTHO3yBaHHs. B pe3yibrari pobotn mMoze-
T, y po3pi3i KOXXHOTO JHS MIPOTHO3YBAaHHS, HE BiJ[3HAYEHO MOTIPIIEHHS TOYHOCTI IIPOrHO3YBaHHSI.

[MopiBusinbHMiA ananiz moxeneit ResNet Ta InceptionTime nponemoncTyBaB nepesary moneni ResNet y
mBuakoii. TouynicTs mporuo3yBanus ResNet mocrynunace moneni InceptionTime.

Homanemn mocmimkenass CNN mozeneit mepen6adaroTh MONIYK ONTUMATBHOI MOJIENI YU KOMOIHAIIT Moie-
Jeit mporuosyBanHs noumperns Covid-19 B VkpaiHi.
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KOMIT'IOTEPHI CUCTEMM TA KOMIIOHEHTH
VIIK 621.316

O. . Azapos, C. B. boromouios, O. f. Craxos

BUCOKOJIIHIAHI JIBOTAKTHI BY®EPHI IPUCTPOI
HAIIPYT'U 3 HAPAMETPUYHOIO KOMIIEHCAIIE€IO
3CYBY HVJIA

BinHMIIEKMIT HAIIIOHATBHUN TEXHIYHUHA yHIBEpCUTET, BiHHUISA

AwnoTtanist. Po3riisiHyTo METOA CTPYKTYpHO-()yHKIIIOHATIBHOI OpraHisaiii BUCOKOPOAYKTHBHUX JBOTAKTHHUX Oy(epHUX NPHCTPOIB HAIPYTH
3 MapaMeTPUYHOI0 KOMIICHCALIEI0 3CYBY Hyis1. OOIpyHTOBaHA aKTyalbHICTh 1 MPAKTHYHA AOLUIBHICTh 3aCTOCYBAHHS IT'€HEpaTopa KOMIICHCa-
1ii 3cyBy Hyis y ckiafi Oy(hepHUX OPUCTPOIB HAIPYTH JUIS OTPUMAHHS HU3bKOI HOXHOKH JHIHHOCTI.

Kaio4oBi c10Ba: BUCOKOJIiHilHMIA, Oy(pepHUii npucTpiii, IBOTAKTHA CTPYKTYpPa, 3CyB HYJIsl.

Abstract. The method of structural and functional organization of high-performance two-stroke voltage buffer devices with parametric zero
offset compensation is considered. The relevance and practical feasibility of using a zero offset compensation generator in the buffer voltage
devices to obtain low linearity error are substantiated.

Keywords: high-line, buffer device, push-pull structure, zero offset.

DOI: https://doi.org/10.31649/1999-9941-2022-53-1-69-76.

Beryn

BydepHi npuctpoi € aHaJIOrOBUMH BY3JIaMH, 1110 BUKOPHUCTOBYIOTHCS Y 0araTboX eJeKTPOHHHUX MPUCTPOSIX,
30Kkpema, Oarartopo3psaaux cucteMHEuXx AL i IIAII sKki y cBOO 4epry BXOAATH IO CKJIAAy BHCOKOTOYHHX CH-
CTEeM BHUMIpIOBAHHS, ONPAIIOBAHHS Ta peecTpyBanHs curHamiB [1-4]. BydepHi mpucTpoi mpuszHaueHi is y3ro-
JKEHHSI OIIOPY TeHEpaTopa CUTHATY 3 OIIOPOM HAaBaHTAXXEHHS Ta IO CYTI € MiJICHIIOBadYaMu NOTyxHoCTi [4]. Ilpu
upoMy Oydep manpyru (BH) Buctymae B pom TpaHchopmaropa OIMOpIB 3 BUCOKAM BXiTHHUM Ta HH3BKHM
BuximanM omopamu. KoedimieHT nepenaui mo Hanpysi BH nopisaroe oxmammi. Ctpywm, skuit Bunaerscs BH y
HABaHTaXXCHHs, MOXKe OyTH Habarato OumbmIviA, HiK BXiguui. Taki OydepHi mpucTpoi Ha3MBaIOTH OBTOPIOBA-
yamu Hanpyru [5]. Bydep crpymy (BC), HaBnaku, mMae HU3bKMH BXiTHMH Ta BHCOKHIH BHXIIHHH OIOpH.
KoedimienT nmepenaui no crpymy bC, sik mpaBuiio, TOPIBHIOE OJMHHUIIL | HE 3aJICKUTH BiJl OMOPY HABAHTAKCHHS.

Bigomo ©Oarato pi3HOBHAHOCTEW TNpeuu3idHUX Oy(epHHX MpPUCTPOIB, SK 3a CXEMOTEXHIYHOK Op-
radizaii€ero, Tak i npusHadeHHsM. Halinomupeninioo € noGynoBa OydepHUX MpUCTPOiB Ha 6a3i omepauiitHux
nincumoBauiB [1,2,4]. Ilpore, Takuii miaxin ooMexye ix mBunkoito. [IeBHUI BUrpal mpy bOMy Ma€e 3aCToCy-
BaHHS JJIs TIOOYHOBU siipa Oy(hepHOTo MPHUCTPOIO ABOTAKTHHX CKJIAJICHUX SMITEPHHX IMOBTOPIOBAUiB Ha Oirmo-
JSIPHUX TPAH3UCTOPax abo JBOTAKTHUX CTPYKTYP Ha 0a3i MOJLOBUX TPAH3UCTOPIB [6].

AKTyalbHicTh

VY TemnepimmHii Yac IBOTAaKTHI cXeMH Oy(epHUX MPUCTPOIB MPHUBEPTAIOTH 0COONMBY yBary. BoHnm MOXyTh
3a0e3MEYUTH BUCOKY JIHIHHICTh MEepPEeNaTHOI XapaKTePUCTUKU 1 moTpiOHy mBuakoxito [2, 4]. IIpu mpomy ciix
BiJJ3HAYUTH, IO BiJOMi CXEMOTEXHIUHI pilieHHs OyepHUX MpucTpoiB 3a JBOTAKTHOK CTPYKTYPOIO, IO 3a0e3-
MEeYYITh BUCOKY IIBUIKOMIIO i HE3HAYHY HENIHIIHICTh, € He30aJaHCOBAaHMMH, MalOTh BEJHMKY IIOXHOKY 3CYBY
HyJIs 1 BUCOKHMH TemneparypHuil apeid. BomHouac, marepian, npucBsdeHUil aHanizy Oy(depHHX MPUCTPOIB Ha
0a3i IBOTAKTHUX CUMETPUYHHX CTPYKTYD, Y HayKOBO-TEXHIYHIH JIiTepaTypi NOAAETHCS EMi30ANYHO 1 € HECTPYK-
TypoBaHuM. ToMy TeMa CTaTTi, MPUCBAYCHA TOOYI0BI BUCOKOMIHIHHUX MBUAKOAIIOUMX Oy(hepHUX MPUCTPOIB HA
0a3i ABOTAaKTHUX CUMETPUYHUX CTPYKTYP Ta 3 KOMIICHCALIIEIO 3CYBY HYJIS, € aKTYaJIbHOIO.

Merta

[TixBumeHHs: NiHIHHOCTI NepenaTHOi XapakTepUCTUKH Oy(depHUX NPHCTPOIB HANPYrW 3a PaxyHOK JBO-
TaKTHOI CTPYKTYPHOI OpraHi3aiii, a TAK0K KOMIIEHCALlIl CTpyMy 3CyBY HYJISL.

ITocTanoBka 3aga4

1. TIlpoanamizyBaTu 3ampONOHOBAaHMH MeTOJ| MOOYIOBH sJiep BHCOKONIHIMHMX MIBUAKOAIIOUMX OydepHux
MPUCTPOIB HANPYTH 3 IBOTAKTHOIO OpraHi3ami€ro.

2. TlpoanaiizyBaTu 3anpOIIOHOBAaHHH METOJl CTPYKTYPHO-(YHKIIOHAJIBHOI OpraHizaiii reHeparopa CTpymy
3CyBY HYJISI.

3. BuBecTH aHATITHYHI CIIBBITHOIICHHS, IO JO3BOJISIOTH OMKMCATH XapaKTEPUCTHKH FCHEPATOpa CTPyMy 3Cy-
BY HYJISl 13 ypaxyBaHHSIM MapaMeTpPiB TPaH3UCTOPIB.

O. . Azapos, C. B. boromornos, O. . Craxos, 2022
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Po3B’s13aHHA MOCTABJIEHHX 32724

BydepHi mprucTpoi 3acTOCOBYETHCA IS Y3TOKEHHS BXiHOTO CHTHAITY BiJl BHCOKOOMHOTO JDKEperna 3 HH-
3bKOOMHHMM BXOJIOM IiJICHITIOBaya [4] Ta I1e Ha3uBaloThCsl MOBTOPIOBaYaMH HANpyru. BoHW MaloTh Taki BlacTH-
Bocri [5]:

—  Koe(ilieHT MiJicUIeHHS Ha PiBHI 1;

—  BHUCOKUI BXiJHUH OMIip;

—  HH3BKHI BUXITHUI Omip.

OCHOBHUMH BHIA/IKAMH 3aCTOCYBaHHs Oy(hepHUX MPHUCTPOIB 1€ Y3TOIKEHHS:

—  BxOxy BucokomiHiiHOTO ALIII i3 MKEperoM CUTHAY TI0 CTPYMY;

—  Bxoxy BucokomiHiiHOTO ALIII i3 MKEeperoM CHTrHaTy 1o Hamlpy3i;

— Buxony HAIL

3anexHO BiJf BUKOPHUCTAHHS y BUIIAJKY Y3TO/KCHHS, BXiTHI KOJIa MOXYTh OyTH moOyoBaHi, sk Ha Oiro-
JSIPHUX, TaK i MOJIbOBUX TpaH3ucropax [6]. [Ipote, He3ameKHO Bi KOHKPETHOI CXeMOTEXHIUHOI peaizaltii, y3a-
rajbHEHa CTPYKTYPHO-(YHKI[IOHAJIbHA OpraHi3allis BHCOKOJIHIHHUX HIBHAKOAIIOYMX Oy(hepHHX NPHCTPOiB Ha
0a3i IBOTAKTHHX MiICHIIOBAYiB CTPYMY, MAaTUME BUTJISLI, SIK TI0OKa3aHo Ha puc. 1 [7]. 3anponoHoBaHa CTPyKTypa
mictuts: K i' , K i" — migcwnoBaibHi kKackaau, BC1, BC2 — Binbusaui crpymy, Cb — cxema 6anancysanns. Cra-

THUYHA Nepe/laTHa XapaKTePUCTHKA TAKOTO POy MIPHCTPOIB Ma€ 3arajbHy IOXHOKY:

AU =U -U
8uUx 8ux 6x

Y cBOIO 4epry ii MOKHA PO3KIACTH HA [AEKilbKa CKIA0BHX, a CaMe Ha:
—  moxubky 3cyBy Hyna AU npuuomy AU =AU mpuU =0;
¥ SEYEY Y 3¢0° P 4 3c0 eux’ ¥ 6x

- 6 oy AU , AU =U -U -AU ;
MOXHOKY MacIuTady " TIPUIOMY " Gl ox 3¢0

Yo=Y
o x
2%

Xl, X2, yl, y2 — KOOpJIMHATH TOYOK IPSMOI, sIKa IPOXOAUTH Yepe3 JiHIHY AUISHKY NepeiaTHOI XapaKkTepuc-

—  moxubky ninittnocti AU, mpuuomy AU =AU —K-U , npu womy K = e
J J M 6X

THKH.

UBX — l-JBI/IX
#—— Appo =
Ru
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Pucynox 1 — CtpykrypHO-(yHKIIIOHaJIbHA OpraHi3allisi BUCOKOJIIHIHHOTO MBHIKOF040r0 OythepHoro mnpu-
CTPOIO HAIPYTH 3 JIBOTAKTHOIO OpraHi3ali€ero

OCHOBOIO TIPHCTPOIO € SI/IpO, SIKE TAaKOK MOOymoBaHO Ha 0a3l ABOTAKTHOI CTPYKTypH. BukopucraHHs
JTITIC mo3BoJasie MiABUITNTYA HABAHTAXXYBAIbHY 3[IaTHICTH 13 30€pEKESHHSIM 3aJaHOT JIHIHHOCTI spa.

BapTo Big3HauuTH Te, MO0 caMe SAPO BU3HAYAE MOTCHIIHHI XapaKTepUCTUKH BCiel cxeMu. BogHodac, piBHI
MOXMUOOK OKPEMUX CKJIaJOBHX MOXYTh ICTOTHO 3aJIe)KaTH BiJl KOHKPETHOI CXeMOTEXHIYHOI pearni3amii sapa mpu-

crporo. Tak, Buinesragana nmoxuOka 3cyBy myns AU HaBiTh JIJISl iHTETPAJbHUX TPAH3UCTOPIB CATAE 3HA-

3¢0’
yeHnb 10+50 MB [4]. Lle 00yMoBIeHO He30anaHCOBAHICTIO HANMPYT HepexoniB 0a3za-emitep n-p-n i p-N-p y Bepx-
HbOMY Ta HH)KHBOMY KaHaJIaX IMPOXO/PKCHHS CUTHAITY.
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IMoxubku Macmtady i JIHIHHOCTI iICTOTHO 3aJICKaTh BiJl BIUTUBY 3MIHEHHS HANPYT HEPEXOJiB KOJCKTOP-
eMiTep TPaH3UCTOPIB s/Ipa B Jliana3oHi BUXiJHOTO curHaiy. BomHouac, NiHIHHICTE epeaTHOI XapaKTepUCTUKU
€ CKJIaJIOBOIO 3arajibHOi TOYHOCTI ()yHKIiOHYBaHHS Oy(QepHHX IPHCTPOiB.

Icuye nBa muisxu 3MeHmeHHs Bumesraganux moxu6ok bBH i BC. [Nepmmii — TeXHOJOTIUHUHA, IPH IKOMY
MOKPAIIYeEThCS eNeMeHTHA 0a3a. J[pyruil — CXeMOTEXHIYHHHA, KOJH BHKOPHCTOBYIOTHCS Pi3HOMAHITHI CXeMHU
KOMIICHCAIIi] CTATHYHHUX ITOXUOOK y CTPYKTYpi OydepHOTO MPHCTpPOIO.

OpHUM 3 BapiaHTiB, AT cTabiTi3yBaHHS HANPYT KOJCKTOPHUX MEPEXO0/IiB TPAH3UCTOPIB BUXITHUX KaCKaIiB
Apa y cxeMy BBOJATECS Kackoaw [4]. Lle nocuts edekTuBHO cTabiTizye XapaKTepUCTHKH pOOOUNX TOUOK BUXi-
JHHUX TPaH3UCTOPIB, 30KpeMa CTPYMH KOJIEKTOPIB Ta HAIIPYTH Mepexo/iB 0a3a-emiTep i 3HWKY€E PiBEHb TOXHOOK
macmTaly i siHiiiHOCTI. BogHOUac, He ifeanbHiCTh n-p-n i p-N-p TPaH3UCTOPIB KACKOJIB, a came, 3aIexkHICTs [

BiJl HATIPYTH TEPEXOIiB Oa3a-eMiTep, MPU3BOAUTH 0 3MIiHH iX 0a30BHX CTPYMIB 1 HE TO3BOJISE 3MIMCHATH IO~
JBITY MiHIMI3aIiIo IIX CKIanoBuX. Lle, y cBoio "epry, Npu3BOANTE 0 3MiHH CTPYMIB eMiTEpiB BXITHUX TPaH3U-
CTOpIB Ta, BOAHOYAC, 10 3MiHU HANpyT 06a3a-eMiTep HUX TPAH3HUCTOPIB, IO ABTOMATHYHO ITEPENacThCI Ha BUXI]
CXEMH 1 BUKITUKAE MOSIBY TIOXHOKH 3CYBY HYIIS.

Cri Bim3HaunTH, 10 YMHHAKAMH, SIKI HETATHBHO BIUIMBAIOTH HAa XapaKTEPHCTHKH CXeMH, € [8]:

1. Banexuicte Hampyru nepxoxy Oasa-emitep U 6 TPaH3MCTOpa BiJ HANpyTrd IIEpPeXoay KOoJeK-
e
top-emitep U
P P Ke
2. 3aJeXHICTh KOJEKTOPHOTO CTPyMY |k TPaH3KCTOpa Bil HANPYTH IEPEXOAy KOJIEKTOp-eMiTep, IO

00yMOBJIEHO 0OMEXEHUMHU 3HAUEHHIMHU OIOPY KOJIEKTOPHOTO Mepexoay r*k .
3. Bamexwicts £ TpaH3ECTOpA Bix HAIpPYru Hepexony kKonekrop-emitep U
Ke

Jiis ycyHeHHS IOXHOOK 3CYBY HYIIA, JIHIHHOCTI Ta MacmTaldy, MOKHA 3aMiHUTH IPOCTY KaCKOIHY CXEMY
Ha Ha KacKo.IH, sKi moOymoBaHo Ha 0a3i cxeM Yincona. [loniOHuit BapiaHT 3amporoOHOBaHO y cxeMi OydepHOro
npuctporo [9]. Llg cxema Mae HU3BKY IMOXUOKY JTIHIHHOCTI Ta HU3BKY IMOXUOKY 3CyBY HYJsI, Ha piBHI 100+200
MKB. Taka cxeMoTexHIYHa OpraHi3alis sapa 3MEHIIYe BIUTUB HANPYT IEePeXoIiB Oa3a-eMiTep TPaH3HUCTOPIB, ale
3aJIMIIAETHCS TIPOOJieMa BIUIMBY 0a30BOTO CTPyMY TpaH3UcTopiB Kackos iB.Takox crenudikoro OydepHux npu-
CTPOIB Ha OIMOJISIPHUX TPAH3UCTOPAX € MPHUHIIMIIOBA HASBHICTH HEHYJIHOBOTO BXiJHOTO 6azoBoro crpymy. Heny-

c0
KomrmiekcHIM BHpINIEHHSIM BUINE3raJaHUX MpoOJeM € 3alpoloOHOBaHI BapiaHTH Oy(epHUX NPHUCTPOIB
CTPYKTYpHO-(YHKI[IOHAJIBHY OpraHi3ailito, sk Moka3aHo Ha puc. 2 ta puc. 3 [10, 11].

JILOBHUHU BXIJIHUI CTPYM MPU3BOAMTH JI0 MOSABU MOXUOKH 3cyBy Hyias AU
3

JI1st IbOTO BHKOPHCTOBYEThCS OKpeMmuil reneparop [ 0 1o 3abe3nevye napaMeTpruyHy KOMIICHCAIIiIo
3c
CTpyMy 3CyBY Hynss. OCHOBHUMH BUMOTaMH JI0 TAKOTO TIPHCTPOIO €:

c0

—  BUCOKHHU BUXITHHHU OIIIp.
Jlst 3MeHIIeHHs] TOXUOKH 3CYBY HYJIS sijpa Oy(epHOro MpUCTPOIO 3aMPOMOHOBAHO CXEMOTEXHIUYHY Opra-

c0’
tparsuctopax VTS5, VT6, VT7, VT8, VT9, VT10. I'onoBHa izes monsrae y MOBEepHEHHI Pi3HUII 0a30BUX CTYMIB
CTPYMO3aJal0UNX KOMIUIEeMeHTapHUX Tpar3uctopiB V19, VT10 uepes BizbuBadi ctpymy Ha VTS5, VT7 ta VT6,
VT8 tpan3ucropax BiAmoBimHO, Y poTH(dasi pi3zaALi cTpyMiB VT2, VT3 BXigHHX KOMIUIEMEHTapHUX TPaH3HC-
topiB. [Ipu 1IbOMY HEOOXITHO Bi3HAYWTH, HA MPAKTHIII, SIKIIO HE BKUBATH JOMATKOBHX 3aXOJiB, I 301KHICTH

0

—  cra6inpHicTs [ B Jiana3oHi BXiIHOTO CUTHAIY;
3

Hi3alil0 y MOETHAHHI 3 IPOCTUM T'€HEepaTopoM ctpymy [ SKy TTOKa3aHO Ha pHC. 2, SIKMHA MoOy10BaHO Ha
3

Oyne Ha piBHi 5 % [2], a TakoXx Takuii reHepatop ctpymy [ Ma€ HU3bKWH BHUXITHHUH OHIp i, K HACHIIJOK,
3C

HU3bKY HaBaHTa)XyBaJIbHY 3/[aTHICTb.
Kpammm Bapiantom € OydepHuil npucTpiii Ha puc. 3, MO MICTHTh BJIOCKOHAJIEHHH TE€HEpPaTop CTPyMy

1 . IHCH pO60TI/I 3aJIMIIAETHCS AHAJIOTIYHOK — napaMeTpuiHa KOMHCHC&Hiﬂ 0a30BUX CprMiB KOMIIJICMCH-

3c0

TapHUX BXigHHX TpausucropiB VT2, VT3. Ilpore 6a3m cTpyMo3agarounx KOMILIEMEHTapHHX TPaH3HCTOPIB
VT11, VT12 3acrabinizoBani tpausucropamu V13, VT14 BianoigHo BiJ BIJIMBY BigOWBadiB cTpyMy YiJICOHa,
mo nodyzxosano Ha VTS, VT6, VT9 ta VI7, VT8, VT10 BinnoeigHo. BomHo4ac, mocTaHOBKa BinqOWBaviB Yi-

JICOHA JIa€ 3MOT'Y MiABUIIUTH BUXIJHUHN OIip reHepaTopa ctpymy [ ( T 3MEHIIHTH BILTHE KOMIICMEHTAPHIX
3C
BXiHUX TpaHszuctopiB VT2, VT3. I, sk pe3ynbTaT, 3a0e3meuyeThCs MiJBUILCHHS TOYHOCTI 3aBAaHHA [ 0"
3C

IIpu boMy moxuOKa JiHIHHOCTI JpKepesia 3CyBY HYJISI 3SMEHIITYEThCS.
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Pucynox 2 — I[IpunnunoBa cxema 0y(epHOro MPUCTPOIO 3 ABOTAKTHOIO OPraHi3ali€lo i3 MPOCTUM I'€éHEpaTopoM
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Bucokoniniiini 0ydepHi npucTpoi, HoOynoBaHi 3a po3IIITHYTOI0 CTPYKTYpPHO-(pYHKIIOHAIBHOIO OpraHiza-
1i€to Ha 06a3i ABOTAKTHHUX CTPYKTYP, 320€3MeUyI0Th TaKi XapaKTepPUCTHKH:

—  Jiama3oH BXiIHOTO cCHTHaITY: + 5B;

—  BUXITHHH CTpyM: £ 5 MA;

—  moxubKa 3CyBYy HYJIs AU3 <1 mkB;

c0
—  noxubka Macmrady 5]!4 <0.0001%;

—  moxuOKa JiHIHHOCTI 5}1 =0.000005%.

[MoxmOku mepegaTHUX XapaKTEPHCTUK HaBECHO Ha puc. 4.

A Uu, uB

10*

Ue'gx, B

AUn, mxB
A
480

Us ux, B

0

06 | i | Usux, B
R 25 0 25 5
AU, mxB
4
30
20
10/~
0 | Usux, B
-5 25 5

0)
Pucynox 4 — IToxuOku nepepaTHUX XapakTepUCTUK Oy(hepHHUX MPHUCTPOIB 3 IBOTAKTHOIO OpPraHi3ali€ro i3 TeHe-

patopamu ctymy [ 0 : @) IpOCTHH; 0) BIOCKOHAJICHUH
3C

3anponoHOBaHy TAKOK CXEMOTEXHIYHY peanizallito [ukepena ctpymy [ 0 3 MOKJIMBICTIO PETyIOBaHHS
3c

BHUXITHOTO CTPpyMYy, SIKy TIOKa3aHo Ha puc. 5 [12].
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PoGoui ctpymu cxemu 3anarotbcsi reaeparopamu [1=12=Ip. Bognowac ognorunsi tpansucropu VT1, VT3,
VTS5, VT7, VT9, VT11 nigkiroueHo mapaieibHO MK COOOK0 1 4epe3 X eMiTepH NPOTIiKae CTPYM PIBHHIA:

| =P
°© 6 (1)
ne |, — poGounit ctpym cxemn.
Crpym 6a3u tpanzucropa VT 11 craHoBHTHME:
I
! - P
o VT1l 6-(8 +1)’
nN—-p-n (2)
ne [ — koe(ilieHT nepenadi crpymy 0asu TpaH3UCTOpA N-P-n THIY.

n—p-n

"1
L

VT

|—1I “—Elut

I2

WT12 ya

-yl |
|

PucyHok 5 — CxeMoTeXHiuHa peaizalis reneparopa crpymy / 2¢0 3 MOJKJIMBICTIO PETYJIFOBaHHS BHUX1IHOTO
CTpyMy

Hanuii ctpym Oyze Brikatu B 6a3y Tpansucropa VT11, a Tomy Horo 3Ha4eHHS OepeMo i3 3HAKOM «MIiHYCH.
Amnarorigyeo ogHOTHIHI TpaHsuctopu VT2, VT4, VT6, VTS, VT10, VT12 migkiroueHo mapaierbHo Mixk co00r0
igepe3 1x emiTepu mpoTikae cTpyM piBHUi (1). Y Takomy Bunaaky crpym 6azu VT12 craHoBuTHME:

P
I -
o0VT12 . +1)
By p*D 9
ne [ — koe(ilieHT nepenadi crpymy 6asu TpaH3ucTopa p-N-p THILY.

p-n-p
Hanmii ctpym Oyne Butikaru 3 06a3u TpaHsucropa VT12, a Tomy #oro 3HaueHHs OepeMo i3 3HaAKOM
«TUTIOCH.
I3 BpaxyBanusm (1), (2) i (3), cymapHuii BUXiHHUI CTpyM cxemu Oy/ie piBHUIL:
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I p 1 1

6WM1:7;'U%_n_p+D .u%_p_n+n

Ieux 6VT12_I

[IpoBiBImM MaTeMaTHYHI IIEPETBOPEHHS MO>KHA 3aIHICATH, IIO:

| —
T 'Bp—n—p ﬂn—p—n
6UX 6 ﬂp—n—p'ﬂn—p—n

Ockinekn 3 > BUXITHUHA cTpyMm Oyne BUTiKarouuM. 3MiHIOIOYH Ip 1 KinmbKicTh
n—p-n p—n—p

TPaH3UCTOPIB MOKHA 3a/aBaTH 3HaueHHA [BMX. TakuM 9YWHOM, NaHWA MPUCTPIH TO3BOJSE TOMOTTHCS KOMIICH-
canii cTpyMy 3MILIEHHS HYJIS MTiACHITIOBAILHOT CXEMH, 332 YMOBH, IO IS MiACHIIIOBAIBHOI CXEMH JTaHUH CTPYM €
BTIKarOuMM. 3a pe3ysIbTaTaMH MOAEITIOBAHHS BUXIAHUH OIip IPUCTPOIO CTAHOBUTHME Osn3bKko 12 KOM.

BucHoBkH

1. TlokazaHo, 0 3alpONOHOBaHMU MINXiJ CTPYKTYpHO-(YHKIIOHAIHHOI OpraHizalii BHCOKOJIHIHHUX
MIBUAKOAI0YHMX Oy(epHUX MPUCTPOIB HANPYTH 3 ABOTAKTHOIO OpraHi3alli€o, a came IoeJHaHHA sapa Oydepa 3
JIIIIC, no30Jisi€ MiIBUINUTH HABAHTAXKYBAJIbHY 3/1aTHICTb.

2. IlpoananizoBaHO 3ampONOHOBaHMN METOJ| MOOYJIOBHU sJep BHCOKONIHIHHUX ABOTAaKTHHX Oy(hepHHX
NPHUCTPOIB HANIPYTH 3 NAPaMETPUYHOIO KOMIICHCAILIEk0 3CyBY Hyus. [lokasaHo, O MiAXiJ HapaMeTpUYHO KOM-
TIeHcallii O3BOJISIE 3HAYHO (HAa MOPSIOK i OLTBIIE) 3MEHIINTH MOXUOKY 3CYBY HYJSA 1 JTiHIHHOCTI TipH 30epexeHi
3aJ1aHOTO PiBHS MIBUIKOIII.

3. TlpoaHamizoBaHO 3allPpONOHOBAHWUI METON CTPYKTYPHO-(QYHKI[IOHANBEHOI Oprasizamii reHeparopa
CTPyMy 3CYBY HyJI 3 MOJJIHMBICTIO PETYJIIOBaHHS BHXITHOTO CTPyMY, IO JO3BOJHTH 3aCTOCOBYBATH ioro 3a
YMOBH, IO JJIS i ICHITIOBATBHOT CXEMH JaHUH CTPYM MOTPiOEH BTIKAIOUNM.

4. BuBeleHO aHAIITUYHI CHIBBIAHONICHHS, IO JO3BOJISIIOTH OIMKCATH XapaKTEPUCTHUKU TeHepaTopa
CTPYMY 3CYBY HYJISI 13 ypaXyBaHHIM IIapaMeTpiB TPaH3UCTOPIB.
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AzapoB Ouekciii IMUTpoBHY — JOKTOp TEXHIYHHAX HayK, Ipodecop, 3aBiayBad Kadeapu 00UNCITIOBAIBHOI Te-

XHIKH.

BoromoJios Cepriii BiTanilioBu4 — kaHanaaT TeXHIYHUX HAYK, TOUEHT Kadeapy 00YHCIIIOBAIBLHOT TEXHIKU

CraxoB Ouekciii SIpociaBoBuy — acnipast kadeapyu 00UNCITIOBAILHOT TEXHIKH.
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HIGH-LINE PUSH-PULL VOLTAGE BUFFER DEVICES
WITH PARAMETRIC ZERO SHIFT COMPENSATION
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YK 621.316
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MOJEJI AYX I @YX IBOTAKTHUX HNIJICUJTIOBAYIB
MOCTIMHOI'O CTPYMY

BinHMIIbKMIT HAITIOHATBHUN TEXHIYHUIA yHIBEpCUTET, BiHHUISA

AwnoTtanis. Po3rasHyTo yHiBepcanbHUH MiAXim it 3aranbHoro aHamizy AUX i ®UX aHamoroBux cxeM 3 ypaXyBaHHSM (yHIaMEHTAIbHHUX
CHIBBIHOLIEHh MK MapaMeTpaMH TPAH3UCTOPIB 0e3 MPHB’SI3KU 10 KOHKPETHOI eEeMEHTHOI 0a3, LIO J03BOJUTH JOCTOBIPHO MPOBECTH
OL[IHKY XapaKTePUCTHK 3 ypaxyBaHHSIM HEOOXiMHOI KibKOCTI ITiICHITIOBATEHIX KaCKaIiB.

Karouosi ciioBa: AUX, @YX, 6araTokackaaHuii, BUCOKOJiHIHHUNA, 1BOTAKTHMIA miacuIoBay noctiiiHoro crpymy (AIIIC).

Abstract. A universal approach for the general analysis of frequency response and frequency response of analog circuits is considered, tak-
ing into account the fundamental relationships between the parameters of transistors without reference to a specific element base, which will
reliably assess the characteristics taking into account the required number of amplifier stages.

Keywords: frequency response, phase response, multi-stage, high-line, push-pull amplifier.
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Beryn

IIpu mpoekTyBaHHI  BHCOKONPOAYKTHBHHUX  aHAJIOTO-IM(POBHX  IEPETBOPIOBAYIB  MOPO3PSIHO-
CJIIAKYBaJILHOTO BPIBHOBA)XEHHS 3 BaroBOIO HATUIIIKOBICTIO, OYEBUIHUM € T€, IO iX JOLIBHO PO3IIISNATH, 5K
CYKYIHICTb aHAJIOTOBHX Ta HU(POBHX BY3JIiB, XapaKTEPUCTHKH SKHX 33al0Th IIapaMeTpy CUCTEMH B LiToMy [1,
2]. Boanouac, BapTo BifzHauuTH, 110 Taki AIlIl € ocHOBHUME aHANIOro-1U(pPOBUMH OI0KaMU 6AraTOPO3PSIHUX
aHAIOTO-IIM(POBUX CHCTEM Ta CTPYKTYPHHX CXEM anapaTHOI YaCTWHM BHMIPIOBAIBHHUX KaHAIB. A TOMY, IpyH-
TYIOUHCh Ha Kiacudikauii ananoroBux npuctpois AIII, mo BUKOPUCTOBYIOThCS Ui OOYI0BU Oararopo3psi-
HHUX aHAJIOTO-IU(POBHUX CUCTEM, 32 (YHKIIOHAIBFHOI O3HAKOK, MOXKHA BUAUIMTH Taki aHaJIOro-1uppoBi npu-
CTpOI: MifcKiIIOBadi, BXifHI Oydepu Harpyru, nepeTBoproBaui CTpyM-CTPYM, IIE€PETBOPIOBaYi CTPyM-HArpyra,
MepeTBOpIoBayl Hanpyra-Hanpyra, Buxiani Oydepu mis LIATL

3a3HaueHi NpUCTPOT BIIPI3HAIOTHCS METOAAMH NEPETBOPEHHSI CUTHAIIB, L0 TO3BOJISIE TPOBECTH PO3ALJIb-
HUM aHaNi3 IXHIX MOXUOOK, a TAaKOK PO3POOHTH y3arallbHEHI KpUTEpil ONTUMAILHOTO MPOCKTyBaHHA. TuM ca-
MHUM MO>KHa cpopMyBaTH BUXiJHI JaHi AN CHHTE3Y i JOCHIIHKEHHS CTPYKTYPHHX 1 CXEMHUX PIillICHb aHAJIOTOBHUX
MIPUCTPOIB.

AKTyalbHicTh

VY renepimHIA Yac TPOCKTYBaHHS AaHAJOTOBUX IHTETPAIBHUX CXeM Yy 3HAuHIA Mipi 0a3yeTbcs Ha
KOMIT FOTEPHOMY CXeMOTexHiuHoMy aHami3i [3]. Tpeba 3a3HauuTH, 110 NPUHIUOA CXEMOTEXHIYHOTO aHAJI3y
KpiM Oe33amepevHux nepeBar Takux sK MPOCTOTa BUKOHAHHS, MOXKIIMBICTh BapialllifHOrO aHaji3y, BUCOKA HA0Y-
HICTb Ta yHIBEpCAJIbHICTh, MAIOTh NIEBHI HeJOMIKH. Lle moB’s13aHo 13 crenn@ikoo YUCeTbHUX METO/IB, 1110 BUKO-
PHCTOBYIOTBCS JJIsl BU3HAYCHHS BiJIOBIIHUX mapamerpiB cxeM. [1o0ynoBa MaTeMaTHYHUX MOJEINEH eleKTPOH-
HUX cxeM [4, 5] 6a3yeThcst HA BHKOPHCTAHHI CXEM 3aMIIICHHS OKPEMHX KOMIIOHEHTIB. DyHIaMEHTAILHUMH
KOMIIOHEHTaMH, y Hepiy 4epry, € Tpanzucropu. [Ipu npomy s nodynosun AUX i ®UX norpibHi Tak 3Bai [1-
a00 T-noaiOHI MaJIOCUTHANIBHI CXEMH 3aMillleHHs TPaH3UCTOPiB. BojHOUYAC AJIsi BUKOPUCTAHHS MAKETiB CXEMO-
TexHiuHOro anamizy takux sik MicroCap, OrCAD, MicroSim ta inmux notpibHa neranizoBana 6ibiioTeka ee-
MmeHTiB y popmati SPICE, 1110 MiCTUTh MapaMeTpH eJIEMEHTIB CXEM 3aMillleHHs BiIOBITHUX KOMIIOHEHTIB [5-7].
Jlvme 3a TakuX yMOB MOXKITHBO OTPHMATH OCTOBipHI XapakrepucTiku AUX i UX.

[Ipore yckiagHeHHS cXeM, IUIIXOM HapOIyBaHHS KiTBKOCTI IMiJCHIIOBAJIbHUX KAacKaiiB, 3 METOIO 301Ib-
IIeHHs Koe(ilie€HTIB rmepeaadi cXeM, HalITOBXYEThCS Ha psj mpobiem. Lle Mae miciie, HalpuKIiIam, TP MOZIEITIO-
BaHHI NIEpeIaTHUX XapaKTEePUCTHK OaraToKackaJHUX CXEM ITiJICHIFOBAYiB MMOCTIIHOTO CTPYMY 3 BEIMKUM Koedi-
rieatoM nepenadi (>90 nb) i3 po3ipBaHOIO TETIEI0 3BOPOTHHOTO 3B’SI3KY i 9ac OajaHCyBaHHS HYIA i Horo
MOJANBIIO] KOMIICHCAIli], a TaKOX 3HATTA Takux XapakTepucTuk sk AUX i ®UX Tta xoedimieHTa HETIHIHHNX
CHOTBOpeHb. [IpH 1IbOMY HAsIBHICTh METOJMYHUX MOXMOOK TUCKPETHU3allii, MPUTAMAHHUX YUCEJIBHUM METOJaM,
MIPHU3BOANTE 10 HEAOCTOBIPHUX pe3yibTaTiB. [lomyk MiIXomy BHpIIIEHHS BHIIE3TaJaHOl MPOOIEMH € aKTyallb-
HHM.

ABTOp TpONOHYE YHiBepcalbHHH MeTox Ui 3aranbHoro ananizy AUX i @YX aHanoroBux cxem, He
NPUB’A3YIOUUCH JI0 KOHKPETHOI €JIEeMEHTHOI 0a3H, 3 BUKOPUCTAHHSM aHAJITHYHUX CIIBBiIHOIIEHb, SKi OTPUMY-
I0ThCSl HA OCHOBI HassBHUX (pyHIaMEHTaIbHUX CHIBBIJHOIIEHb MK IapaMeTpaMH TPAaH3HCTOPIB, IO JO3BOJIUTH
nmoctoBipHO omiHOBaTH AUX 1 ®UX 3 ypaxyBaHHIM HEOOXiTHOT KITBKOCTI ITiICHITIOBATBHAX KaCKaIiB.

Mera

CTBOpEHHS yHiIBEpCAIBHOT0 MiXoxy Juis 3arajgpHoro aHanizy AUX 1 @UX ananoroBux cxeM 3 ypaxyBaH-
HIM (PyHIAMEHTAIBHUX CIIBBIIHOIIEHb MK IapaMeTpaMH TPAaH3UCTOPIB 06e3 MPHUB’SI3KU /10 KOHKPETHOI eneme-
HTHO{ 6a3u.

O. . Azapos, O. 4. Craxos, 2022 77
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IlocTanoBKka 3aga4

1. Po3rnsHyTH y3arajbHeHy CTPYKTYPHY CXeMY IBOTAKTHOTO ITiICHIIOBayYa MOCTIHHOTO CTPYMY.

2. IlpoanamizyBaTu 3alpONOHOBaHWM miaXin it 3aranbHoro anamizy AUX 1 ®UX ananoroBux cxem 3
ypaxyBaHHSIM (yHIaMEHTAJIbHUX CIIBBIJIHOIIEHb MK ITapaMeTpaMu TPaH3UCTOPIB 0e3 NMPHUB’I3KK 10 KOHKPET-
HOI eJIeMeHTHOI 0a3H.

3. IlepeBiputu anekBatHicTh 3anponoHoBaHuxX Mojeneid AUX i ®UX y paMkax 3anpOIOHOBAHOTO i BiJIOMOTO
MiIXO/iB.

Po3B’si3aHHS MOCTABJIEHHUX 3124

Bci 6aratopo3psinHi ananoro-ungpoBi cucteMu, a Takok ALl mepeTBoproBadi MiCTATH Y CBOIH CTPYKTYpi Ti
YW {HIII aHAIOTOBI BY3IIH, BiJl XapaKTEPUCTHK SKUX Yy 3HAYHIA Mipi 3ajekaTh BUXIIHI CTaTHYHI i TWHAMIYHI Xa-
PaKTEpUCTUKN CHCTEM Ta MEPEeTBOPIOBAUiB y IIilioMy. BogHOUac BHCOKI MOKa3HUKH TOYHOCTI MOXYTh OYTH I0-
CSITHYTI JIMILIE TIPH HU3BKOMY PiBHI HEKOPHIOBAaHHMX ITOXHMOOK aHAJIOTOBHX HMPHUCTPOIB, IO BXOAATH IO CKIAmy
X CHCTEM, 5IKi, y CBOIO YepTy, MOKYTh OYTH JOCATHYTI CTPYKTYPHHM 1 CXeMOTEXHIYHUM IIUIIXOM.

Bimomo, mo Ha 0a3i mijcmiIroBadiB MOXHA peaji3yBaTH yci HEOOXiJHI aHAJOTOBI BY3JH Taki SK: Oydepun
HaIrpyry, HOpMYyIO4i MiJICHIIIOBayi, NEpEeTBOPIOBaYl CTpyM-HAaNpyra i Hanpyra-cTpyM, MiJCHIIOBadi Pi3HULI Ta
immri [ 1, 2]. Hajikparni moka3HuKy i oOyIOBH BHCOKOJIIHIMHUX aHATOTOBUX mpucTpoiB MaroTh JIIIIC i3 po-
3[[IICHUMU KaHAJIaMH MiJACUIICHHS, SIKi JO3BOJISAIOThH JIOCTATHBO 3MEHIIHUTH PiBEHb HEKOPUTOBaHUX MOXHOOK. Bo-
nHovac, mooymosa takux JIITIC motpedye TOYHOTO 3aBIaHHs CTpyMy poOouoi Touku [8].

V3aranbHeHa ctpykTypHa cxema JIITIC Moxke MaTu BUTIS, SIK oka3aHo Ha puc. 1. [Ipuanunosy HTITIC
HaBE/ICHO Ha pHC. 2, IKUH 3aXHIIEHO maTeHTOM Ykpainu [9].

[MigcunroBad MicTUTh BXigHWH ABoTakTHUU Kackan (BJIK), skuit moOynoBaHo Ha Tpau3uctopax VT4,VTS,
SKi BBIMKHEHO 3a cXeMoro 3aranbHa 6a3a (3b). Poboua Touka 11b0r0 Kackamgy 3aa€Thes KepesraMu cTpyMmiB 11
Ta 12, a Takox Tpamsuctopamu VT1, VT2, VT3, VT6. [Insg 3aBganHs pexxuMy MO IMOCTIHHOMY CTPYMY TpaH3HC-
topiB VT11, VT13 nepmoro miacumroBansHoro kackany (ITIK1) i VT11, VT13 apyroro miacuToBaIbHOTO Kac-
kany (IIK2), Tpan3ucTopu SKUX BBIMKHEHO 3a CXE€MOIO 3aranbHui KoiekTop (3K), BUKOPHUCTOBYETHCS JBOHATI-
paBiieHuit BimomBay crpymy (IBC), skuii moOymoBano Ha Tpansuctopax VT8, VT9, VT15VT16 Ta
komriieHcatopu crpymy (KC), siki nodynosano Ha tpansucropax VI7, VT14 ta VT10, VT17 BignosinHo. Tpan-
suctopu VT19, VT21, VT23, VT24 ta VT20, VT22, VT25, VT26 yTBOpIOIOTH CKIIaJIcHI BigOuBaui YiicoHa i,
BOJIHOYAC, YTBOPIOIOTH IBOTaKTHUI BuXiquui kackax (JIBK).

KC1 BC1
|
MK1
|
+U,u
F
lox - |
> BIOK BC BK 2
= en mec [ | ;ek fex
-Uam RH[ || Ugux
pramm
|
MK2
|
KC2 BC2

Pucynok 1 — V3aransneHa ctpyktypHa cxema JIITIC
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Pucynok 2 — [Ipunnunosa cxema AIIIIC

Icayroui meronu ominkn AUX i ®UX 6a3yroThcst Ha BUKOPUCTaHHI cxeM 3amimeHHs kackaaiB 3b, 3E, 3K

HA OCHOBI SIKUX MOXHA CKJIACTH MaJIOCUTHaNbHY cxemy 3amimiensst jis JIIIC. TIpore, npoBOAUTH aHAI3 BKa-
3aHMX XapaKTePUCTHK B paMKkax marematnuHoi mojerni cxemu JIIIIC 3a 3aransaum Metonom Kipxroda mocuts
CKJIaJTHO, OCKIIbKHA HEOOXiTHO CKIIAJATH CHCTEMY PiBHSIHB OUMbII sIK 3 20-TH piBHSAHB, IPUIOMY, AT OOUHCIICH-
Hsl BU3HAYHUKIB BIJIOBIHAX MATPHIlL HEOOXIIHI 3HAUHI 00YHCITIOBANIBHI pecypcu (BU3HAYHUK CKJIaa€eThes 3 N!
JIOJJAHKIB, JIe N —KiJIBKICTh PIBHIHB, TpU N=20 KUIBKICTH JOIaHKIB ~2,4-10'8 [7]). lominbHIIINM € ormuc MoJeneit
AYX i ®UX JIIIC Ha 3ampOoroHOBAHOMY ITiIXO/, SKHi MOXKHA TOSCHUTHU TaK, IO 3arajlbHUN KoedimieHT mij-

CUJICHHS MOYKHa pO3rjigaaT aK BEKTOP Kl ( f ) , IO BUBHAYAECTHCA SIK CyMa BCKTOpiB KI,( f ), Ki”( f ) BECPXHBO-

TO 1 HIDKHBOT'O KaHANIB IiJCWICHHS BiqNOBiTHO [7]. g 3HAXOMKEHHS CyMapHOTO Ki (f) BUKOPHUCTOBYEMO

TeopeMy KOCHHYCIB!

Ki(f) = K| (f)+K| (f)-2- K| (f)-Ki (f)cos[[lSO Ap]- 1;[0} 1)

[[{o6 BU3HAYNTH KYT (0'( f) meobxinmo 3acTocysatn Teopemy cuHYCIB MpH ITLOMY:

180 Ki, sm[Agp(f)wo}

p'(f)= — )
Kif(f)+Kig(f)—z-Kif(f)-Kij(f)co{(lso Ag(f))- 80}

I'padiuny inTepnperauito koedinientis nepenadi JITIC nokazaHo Ha pucyHky 3.
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K A
(B)

¢
Ki(f)
0

Pucynok 3 — I'padiuna intepnperauis koediuienTis nepeaayi AITC

! 14 .
VY cBoto uepry Ki ) Ki BU3HAYAIOTHCS Y BUITIAAL

[pu boMy KoeilieHTH MiACHICHHS 10 KaHajlaX BU3HAYAIOThCS:

K=K/ .K' _ -K!

i iex IIP ieux’ @3)
14
K- — K-” . K n . K IV
i lex IIP ieux’
! ” L . . . .
e Ki o’ Niex koedirienTy migcunerns no crpymy BJIK BifmOBiIHO 10 BEpXHBOMY i HIDKHBOMY KaHaJax,
X 16X
K’ K" — koedimient migcusienns mo crpymy 1K, K’ K” — Koe(ILI€HT MiACUIEHHS 110 CTPYM
IIP' 'IIP ¢ PYMY 25 PN s i gux ¢ PyMy

BizIOMBaviB Y1JICOHA 10 BEPXHBOMY 1 HIKHBOMY KaHasax BiAMOBIHO.

Jlnst mpoBeeHHs OalbIIoro aHanizy marematndnoi mojeni AUX i @YX ckopucraeMocst CIpOLIEHUMH
bopmynamu koedillieHTIB mepenayi TPaH3UCTOPHUX KacKaiB [6]:

g AUX ta @UX BignmoBigHO:

(1) =

(4)

p(f)=arctg| — |+ ¢

e fpf 4acToTa TOJIOCY Ha piBHI «3 1aby, (DC =arctg| —— |- nonarxoBuit dasoBuii 3CyB;
max

f

8z -C

be b

TpaH3ucTopa Ha piBHi 0 n1b mst kackany 3aransHuii emitep (3E).

— MaKCHMaJbHa 9acTOTa TeHepyBaHHS [4] TpaH3HUCTOPA; f — rpaHUYHAa 4acToTa

max
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BpaxoBytoun cxemu BMukaHHs TpansucropiB 'y BJIK AIIIIC i3 3aranpHoto 6a3010 Ta BpaxoBytoun (4) mis
cxemu 3b 3anumemo:

a
K/ =K. (f)=K! n-p-n
lex i3 35

()

K/ =K. (f)=K' =
6x 4 135

f Ta f — noxrocu Tpau3ucropie VI3 ta VT6.

Pra Pre

BpaxoByroun cxemu kackagHoro BMukanHs TpanzuctopiB y [IIIK ATIIIC i3 3aragpHuM KosektopoM (4)
qa cxemu 3K 3amumemo

e

K, (f)=K! K, (=K' =
T11 3K T13 3K
K (f)=K/ = K. (f)=K/ =
T12 3K T18 3K
ne f , f , f , f — nosrocu Tpausucropis VT11, VT12, VT13, VT18 BiamnosigHo.
Prin Pri2 Priz Prig
[Ipu upomy:

K =K. (f)-K. (f);
ap— iy 713
K' =K. (f)-K. (f)
ap iy 18

(7)

BpaxoBytoun (5), (6), (7) i 1e, mo JIBK mnoOynoBano Ha BimOuBauax VYiicoHa (Ipu Ibo-

My K! ~K” ~ 2) Ta mijgcrapusiny B (3), OTpUMaEMO KoeillieHTH Tepejadi Mo BEPXHbOMY 1 HMKHBO-
L6UX L 6UX

MY KaHaJlaX Hi,HCI/IJ'[CHHSII
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a. B, B
Ki(f)=—n=p-=n__Tp-n-p _Tn-p-n_ ,
i 2 2 2
1+ ff 1+ ff 1+ ff
Pr3 Pr11 Pr13 ©
a. B B. .
K.ﬂ(f): p n p . n p n . p n p .2,
i 2 2 2
1+ ff 1+ ff 1+ ff
Pre Pr12 P18

3a nomomoroto Bupasis (1), (2) Ta (8) Mo)KHA BU3HAYKUTH 3HAYCHHS 3arajbHOro Koe(illie HTa MiICHICHHS Ta
fioro (a3oBy xapakTepucTuky. Jls mepeBipkHu aJeKBaTHOCTI 3anpornonoBanux mojeneit AUX i @YX Bukopuc-
TAEMO MOJICJIIOBAaHHS y mporpamMHoMy cepeaoBuini MicroCap ta MathCAD. J[is 11boro BUKOPUCTOBYEMO OTpPH-
MaHi aHaJIITHYHI CIIBBIJHOIICHHS Ta €JIEKTPUYHY CXEMH, SIKYy HaBeJeHO Ha puc. 2. MOJAENIOI0YH CXeMH 3a J0-
nomorolo nporpamu MicroCap, oOTpuMyeMo 301KHICTh pe3yJbTaTiB aHaNi3y aHAMTHYHUX piBHAHL AUX 1 OUX
Ta eJeKTpU4HOI NprHIUNOBOI cxemu. ['padikn AUX i ®UX HaBesneHo Ha puc. 4.

Ki, ob

I )

100
80|
oS-
40

10° 10* 10° 10° 107 10° 10°
Pucynox 4 — Pesynmeratu MmogemoBanas AUX i @YX JIIIIC

BucnoBku

1. PosmisHyTO y3aragbHEHY CTPYKTYPHY CXeMy ABOTAKTHOTO IiJICHIIIOBa4Ya MOCTIHHOTO CTPYMYy Ta Bi-
NOBiAHY TH €JIEKTPUYHY NPUHIHUIIOBY CXEMY, IO J03BOJMJIIO 3PO3YyMITH OCHOBHMI NPHHIMI (YHKIIOHYBaHHS
AHAJIOTOBHUX CXEM 3a JABOTAKTHOIO CTPYKTYPOIO.

2. IlpoananizoBaHO 3aIpOIIOHOBAaHUI MiJXid AJs 3aransHoro aHanizy AUX i @YX nBorakTHOrO MMijICH-
J0Baya MOCTIHHOTO CTPYMY 3 ypaxyBaHHSIM (yHJAMEHTAJbHUX CITIBBIJHOIICHb MIXK IapaMeTpaMy TPaH3HCTO-
piB Ge3 MpHB’A3KH 0 KOHKPETHOI eIeMEeHTHOI 0a3u. 3amponoHOBaHMHN MiJXiJ JO3BOJSE CIIPOCTUTH aHANTI3 aHa-
JIOTOBUX EJEeKTPOHHHX CXEM 3a [BOTAKTHOIO CTPYKTYPOIO, HE BUKOPHCTOBYIOYHM CKJAJHI PO3paxyHKH 3a
3akoHamu Kiproda.

3. Iepesipeno anexBatHicth Mozeneit AUX 1 ®UX y pamkax 3arpOroHOBAHOTO i BIZIOMOTO MiIXOJiB.
Jogeneno, mo 36ixkHicTE AUX 1 @UX KoedimieHTiB epenadi, OTpIMaHUX IUIIXOM CXEMOTEXHIYHOTO aHaNi3y
Ta CIIPOIICHNX aHAJITHYHUX BUPA3iB, SIKi IX ONMUCYIOTH, HE TIEPEBHUIYE TOIYCTUMOTO piBHA 1%.
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VJIK [621.319.5:538.945](045)

B. M. Kuuak, M. 1. I'y3s, B. I. Makoron, A. A. Konowmiern

I'EHEPATOP TAKTOBUX IMITYJIBCIB HA BA3I
BUCOKOTEMIIEPATYPHOI HAJJIIPOBIJTHOCTI TA
INEPEXOAIB I KO3E®COHA

Binannbkwii HaIiOHATHHIN TEXHIYHUHA YHIBEpCUTET, BiHHUTISA

Awnortanis. CyJacHHI CTaH PO3BUTKY €JICKTPOHHOI TEXHIKH Ta CTPIMKHH PO3BUTOK OE3MPOBITHMX CHCTeM Iepeziadi iH(popmarii BUMarae
MOUIYKY HOBHX TEXHOJIOTIH, SIKi O 33JI0BOJIbHSJIM BUMOTH MO 301JBIICHHIO YacTOTH Iepenadi CHUrHaity. Y poOOTi pO3KpHTO ifet0 poOoTH
reHepaTopiB TaKTOBHUX IMITYJIbCIB SIK MPUCTPOIB LU(pPoBoi 06poOkH iHpopMallii, 30kpeMa moOyJ0BaHO (i3UUHY MOJENIb I'eHepaTopa TaKTo-
BUX IMITyJbciB Ha 6a3i nepexoniB Jxo3edcona. HaifOinbI nepecrieKTHBHIM Ta PO3HOBCIOMKEHNM Yy BUCOKOTEMIIEPATYPHUX HAAIPOBiTHU-
KiB MaTepianioM € 3’eqHanHs Y Ba,CuOy.,, sike 3a0e3medye MOXIUBICTh (hopMyBaHHS mepexoxiB [kosedcona. HaBeneHo cxemy reneparopa
TaKTOBUX IMIyJbCIB Ta 3po0OieHo 1i omuc. 3pobieHo omuc JiHeapu3auil GpyHKIii BIATYKYy HAmpyrd ABOKOHTAKTHOTO HAIIPOBIIHHKOBOIO
KBaHTOBOTO iHTepepeHwuiitHoro ceHcopa (HKIC) 3 mpencTraBneHHsIM po3B 3Ky AuepeHiaTbHOrO PIBHAHHS SIK (QYHKIIT 3aJIeKHOCTI BiATy-
Ky Hampyrd Bix dacy. Ha oCHOBI 3amporoHOBaHOTO po3B’SI3Ky AepeHmiabHOrO PIBHAHHS JOCIIDKEHO 3alIeXKHICTh 3MiHM pisHHII (a3
XBHJIBOBHX (DYHKLH BiJ mapamMeTpiB ekBiBaneHTHOI cxemu 11, pe3yabTaTu JOCIIHKEHb OAAHO Y BUIVISIAI rpadikis.

KarouoBi cioBa: reHepaTop TakToBHX immyJibciB, mepexin /l:ko3edcona, mudposa o6podka iHdopmanii, BUCOKOTeMIepaTypHi
HANPOBIIHUKH, KBAHTOBHI iHTepdhepomerp.

Abstract. The current state of development of electronic technology and the rapid development of wireless information transmission systems
requires the search for new technologies that would meet the requirements of increasing the frequency of signal transmission. The idea of
the idea of generators operation of clock pulse generators as devices of digital information processing is revealed in the work, in particular
the physical model of the clock pulse generator on the basis of Josephson transitions is constructed. The scheme of the clock generator is
given and its description is made. The linearization of the two-contact superconducting quantum interference sensors (SQIS) voltage re-
sponse function is described with the representation of the solution of the differential equation as a function of the voltage response versus
time. Based on the proposed solution of the differential equation, the dependence of the change in the phase difference of the wave functions
on the parameters of the equivalent PD scheme is investigated, the research results are presented in the form of graphs.

Key words: clock generator, Josephson junction, digital information processing, high temperature superconductors, quantum
interferometer.
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Beryn

Berym mo Temu crarrti. [loctiiiHO 3pocTatodi moTpeOr B PO3MIMPEHi CMYTH poOOYNX YacTOT i MiJBUICHHS
MIBUIKOTIT OE3MPOBITHUX CHUCTEM IepelaBaHHs iHPOpMaIii Ta MiIBUAIICHHS YyTIHBOCTI MPUCTPOIB MPUHMaHHS
Ta 00OpOOIICHHS PalioOCHTHAJIB BCe BaXK4Ue 33J0BUTPHATH B PaMKax TPAAHIIHHIX TEXHOJOTIH 3 HECYYUMH 4acTo-
Tamu B nianas3oHi 2 + 5 I'T. Le cpusie mpoBeIeHHIO AOCHTIHKEHb Ta po3po0Ili IPUCTPOiB OE3MPOBITHOTO IEepe-
JlaBaHHs, NpUIMaHHs Ta 0OPOOJICHHSI CHTHANIIB y TepareploBOMY Jiana3oHi, 3aCTOCYBaHHs SIKOTO 1€ MOJXKJIHU-
BiCTh Oy/yBaTH TEIICKOMYHIKAIIHHI CHCTEMH 3 HAIBHCOKOIO TIPOITYCKHOO 3/1aTHicTO [1, 2].

AKTYyaJIbHiCTh

Cepen 0araTboX TEXHOJIOTIH, SIKi BUKOPHUCTOBYIOTBCS B TEIEpIllIHIH 4Yac Juisi pO3B’si3aHHA LMX 3a1ad
HaWOUIbII eDEKTUBHUM € 3aCTOCYBAHHS MaKPOCKOMIUYHMX KBAHTOBUX €(DEKTIB Y HAANPOBITHUKOBHX CTPYKTypax.

Ile m03BOJIsIE CTBOPIOBATH BHCOKOYYTIIMBI, IIBUIKOIIIOYI IPUCTPOI IHPPOBOro oOpOOIICHHS Ta mepe/a-
BaHHS PaJiOCUTHAIIB JUIsi CyYacHUX TEJIEKOMYHIKAI[IfHUX CHCTEM B MUIIMETPOBOMY Ta CyOMiNIMETPOBOMY
niarmasoHi XBuib [3,4].

OxpiM BHCOKO{ UYTIHBOCTI, sika 00yMOBIIEHA HIU3BKUM PiBHEM POOOYHX TeMIIEpaTyp, TaKi MPHUCTPOI Xapa-
KTEPU3YIOThCA BKpail MajoI0 eHEepricro rnepeMuKaHHs, ska cTaHoBuTh 1078IIk/6iT (118 HamiBOpPOBiIHMKOBUX
IPUCTPOIB MiHiMabHe 3HAaueHHs cTaHOBUTH 107°[[:x/6iT) Ta BUCOKOIO IIBUKICTIO. TAKTOBI 4ACTOTH HPUCTPOIB
Ha 0a3l HU3BKOTEMIIEpaTypPHOI HAAIIPOBITHOCTI MOXKYTh CTAHOBHUTH Kijka coTeHb ['T11, a y BUIIagKy BHCOKOTEM-
neparypsoi HaanposinHocti (B BTHIT) — 1TT'w 1 Gusiue [5,6].

OnHMM 13 BOXXJIMBUX €JIEMEHTIB NMPUCTPOIB LU(ppoBoi 00poOKH iHPOpMalii € TeHepaTOpu TAKTOBUX IMITYy-
JIBCIB, K1 MTUPOKO BUKOPHCTOBYIOTHCS MPH MOOYIOBI aHATOTO-IIU(DPOBUX Ta MU(PPO-aHATOTOBUX MEPETBOPIOBA-
4iB CHTHAJIIB 1 B 0araTb0OX iHIINX CHCTEMaX.

3acrocyBaHHsA BHCOKOTemIeparypHux HaampoBimaukiBe (BTHII) 3abe3neuye MOXIUBICTH (hOpMyBaHHS
Jxo3edcoHiBebkuX mepexoaiB (I1/1) 3 61k BACOKMMH 3HAUYCHHSIMHU XapaKTEPHOT YACTOTH, IO € BAXKITUBUM IS
CTBOPEHHS J1K03e()COHIBCHKHX T€HEpaTOpiB B TeparepioBoMy Jiama3oHi. [IpoTe, mpu BUTOTOBJIEHHI BHCOKO-
axicHux I1]] 3 BinTBOproBansHNMHU napamerpamu Ha 6a3i BTHII Bunukae Garato mpobuiem, siki He JTal0Th MOX-
JIMBOCTI BUKOPHCTOBYBATH TPaJIULiiHI TEXHOJIOT], III0 3aCTOCOBYIOThCS Y BUIIAJKY HU3bKoTemrniepaTypHux [1/1.
OnHUM i3 OCHOBHUX METOJIIB, KM 3a0e3neuye MOKIMBICTb hopmyBanHs [1]] 3 TOCUTH BUCOKMM BiATBOPEHHSIM
napametpiB € Bukopuctannsi BTHII miiBok, siki BUPOIIYIOTECS Ha OikpucTaneBux mifknankax [2, 6]. [Ipote i3-
3a HEOJHOPITHOCTI OiKpUCTaneBoi MeXi Takoi CTPYKTYpH, BUKOPHCTaHHS TPaJULiIHHUX 30CEPEKEHUX MOJIeNIeH
TYT HEMOXKIIMBO.

B. M. Kuuak, M. 1. I'y3s, B. I. Makoron, A. A. Konowmiens, 2022
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Merta

Tomy metoro miei cTaTTi € moOymoBa (i3udHOI MOZIENi TeHepaTopa TAKTOBUX IMITYJIbCiB Ha 0a3i mepexomiB
Jxo3ecoHa 3 BUKOPHUCTAHHSM BHCOKOTEMIIEPATYPHOI HAIPOBIAHOCTI Ta AOCIIDKEHHs HOTro mapaMeTpiB Ta
XapaKTepUCTHUK.

3amaui

1. Po3poOuTH €KBIBaJCHTHY CXEMY IeHEepaTopa TaKTOBUX IMITYJIbCIB 3 ypaxXyBaHHSIM PE3UCTUBHOI Mopei
OikpucTaneBoro nepexony xo3edcona Ha 6a3i BUCOKOTEMIIEPATypHOI HAAMIPOBIIHOCTI.

2. JlociiguTy 3aexHicTh pi3HULI (a3 XBUIbOBUX (PYHKIIN Ta HAPYTH HA BUXOJI T'eHepaTopa BiJ| mapamMe-
TpiB pe3UCTUBHOI Mo OGikpucTaneBoro nepexony JIxo3edcona.

Po3B’s13anuda 3aga4

Haiibinpm mepecriekTuBHUM Ta posmoBciokeHuM BTHII wmarepianom € 3’eqnanns  YBaCuOrx.
Emnitakcianpna mriska BTHII, Bupomiena Ha OikpucTaneBiit miAKIaALI € TaKOXK OIKPHCTATIEBOIO 3 TAKOIO K KpH-
cTanorpaiqHO0 OpieHTamielo, a i OiKpHcTanmeBa MeXa XapaKTepU3YEThCS CIabUMH KO3e(COHIBCHKUMH
3B’SI3KaMH.

B mpaui [7] mokazano, mo ¢izmana moxens I1, chpopmoBanoro Ha 6aszi Gikpucramigaoi Mexi qsox BTHII
MOke OyTH MpEeACTaBlICHA Y BUMUIAAI [BOX MapasiebHO BBIMKHEHHUX IHIYKTHBHO 3B S3aHHX JK03€(DCOHIBCHKHX
€JIEMEHTIB, EKBIBaJICHTHY CXEMY SKHX MOKHA 300pa3uTH Yy BUTIIAI POCTOI PE3UCTUBHOI Mojei (puc. 1).

1 & Y T
L1 cl| [R1 I, sing R2 ==c2
ly sing

a) 0)

Pucynok 1 — ®@i3uuna mozesb 6ikpuctanesoro JII1 (a) i #ioro ekeiBasieHTHA cxema (0)

lo — kputnunuii ctpym I1J]; R — nquHamiyHMi omip TyHeNtOBaHHS KBa3iyacTHHOK; C — eNeKkTpocTaThuHa
emHuicts [1J] L — ingykrusHicts [1]; W - pisHUI (a3 XBUIIEOBUX (YHKITIH.

BennunHa KpUTHYHOTO CTPYMY 3aJI€KHTh BiJI TUIY HAJIIPOBIJIHUKA 1 1OT0 BEIMYMHY MOYKHA PO3paxyBaTH
3a BUPa3oM

ne R, —omip mepexony B HOPMAaJbHOMY HEHAANPOBIIHUKOBOMY CTaHi; 2A - IIUPUHA E€HEPreTUYHOI IIIJTMHU
HAAMPOBITHHUKA.

BinMminHicTh HaBeeHOT eKBiBaneHTHOI cxemu [1]] mosrae B TOMy, 10 BOHA BPaXxOBY€E iHIYKTHBHICTH, BE-
JIMYKMHY SIKOT MOXKHA PO3paxyBaru 3a Bupazom [7]

- (1)

2qlocos‘P

BpaxoBytoun, mo HaHOpo3MipHi niepexonu Ha 6a3i BTHIT He moTpeOyioTh 30BHINTHLOTO NIYHTYBAHHS IS
3a0e3nedeHHs qeMI(yBaHHs, IPHUHITIIIOBA CXEMa TeHepaTopa TAKTOBHX IMITYJIbCiB HaBeleHa Ha pucC. 2 [8].
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Pucynox 2 — @parMeHT MPUHIUIIOBOI CXEMH T€HEpaTOpa TAKTOBHUX IMITyIIBCIB

3 ypaxyBaHHSIM BHWIICHAaBEICHOTO (parMeHTy (i3WIHOI eKBIBAJCHTHOI cXxeMa TeHepaTopa HaBeAeHa Ha
puc. 3.

Pucynox 3 — @parMeHT eKBiBaJICHTHOI CXEMH TeHepaTopa TaKTOBUX iMITyIbCiB Ha 6a3i 1]

I'eHepaTop TaKTOBUX IMITYJIbCIB CKIIAJA€THCS i3 HAAMPOBITHUKOBOTO KBaHTOBOTO iHTepdepomerpa (HKI)
(L3, 111, I13) Ta popmyBaua immynecis (L4, [1[14, L5, T1115).

UYepe3 HKI mporyckaeTbest MOCTIHHUI CTpyM, HEHA0AaraTo MEHIINHA KPUTHYHOTO CTPYMY, Ta CTPYM CHH-
xpoHizarii Ic, skuif BU3HAYa€ 4acToTy Ta (a3y MOCHiJJOBHOCTI TAKTOBUX iMIyJbCiB. [Ipu mepenaBaHHi TAKTOBUX
IMIyJIbCIB TI0 HAATIPOBITHUKOBHX INMHAX, aMIUITYAa IMITyJIbCY 3MEHIIYETHCA 1 BiH pO3TATYyeThCs y daci. [is
30epexeHHsT (OpMH IMITyIIbCY BUKOPHUCTOBYETHCS (POpPMyBad iMIYNbCIB, HA SIKHMH MOJAETHCSA CTPYM 3MIIICHHS,
BEIMYMHA SKOTO YyTh MEHINA KPUTUYHOTO CTpyMy. ToMy, SKImIO0 Ha BXiJ (POpPMyBaHHS IMIYJIBCIB IOCTYIIa€
“pO3MUTHI” TaKTOBHUH IMITYJIbC, TO HA BUXOJ1 Ma€ Miclie KOPOTKHH OJJHOKBAHTOBHH IMITyJIbC Hanpyru. B mesxux
BUIIAJIKaX BUHUKA€E HEOOXITHICTh B PO3IIMPEHH] OJIHOKBAHTOBHUX IMITYJIbCIB HAIIPYTH.

Juis po3B’si3aHHS i€l 3a7a9i MOXKYTh BUKOPHUCTOBYBAaTH METOJIH, 3aporioHoBaHi B mpari [9]. Crix Bin3Ha-
YHTH, 10 HAJIIPOBITHUKOBI KBaHTOBI iHTepdepeHiiHi cencopu (HKIC) mocriiiHoro cTpyMy, SIKi SIBISIOTH CO-
0010 HAANPOBITHUKOBE KiNbIle 3 BBIMKHEHUMH B Hboro aBox [1]1 (L3, TI1, I1/13) moOpe BimoMi Ta MIUPOKO BH-
KOPHCTOBYIOTBCS, SIK BHCOKOYYTJIMBI IIEPETBOpIOBAadYl MarHiTHOrO CHrHaily B Hampyry. [Ipore BoHHM
XapaKTEepU3yIThCs TyxkKe 0OMEKECHOIO JiHIHHICTIO BiATBOpeHOT HanpyrH [9]. ¥V BUNaAKy HU3bKOYACTOTHHUX MPH-
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ctpoiB Ha 0a3i HKIC Bucoka JmiHIAHICTG 1 3HAYHUI TMHAMIYHUI Jiala30H MOCATAETHCS 33 PaxXyHOK BBEACHHS
KOJIa CIIIKYFOUOTO 3BOPOTHOTO 3B’SI3KY. Y BHNAQJAKY MUIIMITPOBOTO Jiana3oHy XBHJIb TaKUi 30BHILIHIA 3BOpPO-
THiH 3B’SI30K peari3yBaTH HEMOKINBO, TOMY Ha CXeMi, HaBelleHi Ha puc.2, Ay peanizamii GopMyBadiB iMITyIb-
ciB mpomonyeThest BuKopuctoBysatu 0i-HKIC, 3anmpononoBani B mpari [9].

Huns nineapusanii GyHKIil Bigryky Hanpyru qeokoHTakTHOTo HKIC mapaneinsHO OCHOBHIN iHIYKTHBHOCTI
BMUKaeTbes Tpetiit [1]], sskuit 3amxam nepebyBae y HaAMPOBIZHUKOBOMY CTaHI Ta TPa€ poJib HENTIHIHHOT iHIYK-
tuBHOCTI. JlogatkoBo BBeneHuit [1]/] i TomoBHa iHAYKTUBHICTE yTBOPIOIOTH ogHOKoTakTHII HKIC, sxuit 3miiic-
HIOE HEJIiHIHE epeTBOPEHHS MarHiTHOTO MOTOKY B pi3HHIIO (a3 xBwiboBux Qynkuii I1J], AY = W1 -V, nBo-
koHTakTHOro HKIC 1o HacTynHOro HeIiHIHHOTO MepeTBOpEeHHs pi3HMLI (a3 AQ B MOCTIHHY CKIaI0BY HAIPYTH.
TakuM YMHOM MU OTPUMYEMO pe3yJIbTyIOUE JIiHIHHE IIePEeTBOPEHHS BXITHOTO CUTHAJLY B HAIIPYTY.

Bennuuny Hanpyru Ha I1J] Mo)kHa po3paxyBaTu 3a BUPa3oM

U :i_dl//(t)’ )
29 dt

e Y (t) — pisnuns ¢a3 xBunboBux (yHkuiit Ha [1]], sKy MOKHA BU3HAYUTH BUKOPUCTOBYIOUHW PIBHSHHS JJIS

CTpyMy, o nporTikae gepe3 [1/1 y Bumangky pe3ucTuBHOI Mozeri (puc.10).

t
i(t) = Iosim//(t)+cM+GU(t)+LjU(t)dt 3)
dt 0

Bpaxosytoun (1) 1 (2) Bupa3 (3) MoXHa nepenucaTy Tak

2 2
gy GO, Oh B2 (@)
N 1520 dt 1920 dt 4q 1§ cosy (1)

Jus po3B’s3Ky piBHAHHA (8) OyImeMo BHKOpHCTOBYBaTH MeToll PyHre-Kyra Ta anpokcuMariiro mojJiHOMOM
CHOMOTO TopsAKY. [lomiHOMIaTBHAN P U PO3PaxXyHKY pi3HUII (a3 XBIIFOBUX (PYHKIINA Ma€e BUTIIAI

p(t) =Pt° + Bt' + Bt + Bt* + Pt* + Bt + Pt® + Pt

IIpu po3B’sA3aHHI LOTO PiBHAHHS BUKOpHCTOBYBanuch Taki Buxinui nani C =0, 01-10* @, G=5/7Cwm,
| =2.10734, I, = 1-107°A, t=2-10"c, @ =90" - nouarxosa asa.
Po3B’5130K piBHAHHS Ma€ BUTIIS:
o(t) =—0,007911+ 0,008742 - t +0,053569 - t2 + (—0,013860) - t* +
+(~0,199074) - t* + (~0,606032) - t* + (—0,010983) - t* + 2,323014 - t’

3 BHUKOPHCTAHHSM TaKOTO TMPEACTABIECHHS PO3B’ 3Ky AUGEPEHIATBLHOTO PIBHIHHS JOCTIHKEHO 3aJIeK-
HICTh 3MiHHM pi3HUNI (a3 XBUIBOBUX (YHKIIH Bix mapamerpiB ekBiBasieHTHOI cxemu I1J]. PesympraTé mocmi-
JKeHb HaBelleH] Ha puc. 4, 5 Ta 6.
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Pucynok 5 — 3anexHicts pizHuL (a3 XBHIbOBUX (QYHKIIIH BiJ] €J1€KTPOCTATUYHO EMHOCTI
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PucyHok 6 — 3anexHicTh pi3HULi (a3 XBHIbOBUX (PYHKIIH BiJl KPUTHYHOTO CTPYMY

AHari3 pe3ynbpTaTiB MOKa3ye, M0 3MiHa eMHOCTI niepexoxy 10 0,1 md mpakTU4YHO He BIUIMBAE HA Pi3HUIIO
(a3 xBIIBOBHX (YHKIIN, a 3MiHA THHAMIYHOTO OTIOPY IPHUBOIUTH 10 3HAYHOI 3MiHHM pi3HHII (a3 XBUIEBHX y-
HKI[i{. 3MiHa KPUTUYHOTO CTPYMY TaKOXX MPU3BOIUTH 10 3HAYHOI 3MiHM Pi3HUII (a3 XBUIEBHX (QYHKIIH, 110 1m1e
pa3 miaTBepAKy€e HEOOXiAHICTh BpaXyBaHHS iHAYKTHBHOCTI MIEPEXOAY MPH PO3paxyHKax MPUCTpoiB Ha 6a3i IT/1.

Ha pucynky 7 HaBeneHa 3aJIe)XHICTh HAIIPYTH Ha MEPEeXOJi BiJ HENIHIHHOI MPOBITHOCTI A pi3HUX 3Ha-
YeHb €EMHOCTI Iepexoy. Sk BUIHO i3 rpadikiB, 3MEHIIEHHSI €MHOCTI NEPEX0.ly IIPUBOAUTD 10 301JIbIICHHS Ha-
npyru Ha nepexoi. Lle 3yMoBIIeHO THM, 1110 3MEHIIEHHS! €MHOCTI NPUBOJMTH 0 301JbIICHHS CTPYMY, a, BiJIIO-
BiZIHO, 1 HATIPYTH.
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Pucynox 7 — 3anexxHicTh Halpyru Ha NEPEXO/i BiJ HENIHIMHOT IPOBIAHOCTI MTPH Pi3HUX 3HAYCHHSIX €MHOCTI

Ha pucynky 8 HaBejeHa 3aJe)KHICTh Hapyru Ha mepexoi Jxo3edcoHa Bifi EMHOCTI ISl PI3HUX 3HAYCHD
JudepeHIianbHOT TPOBIIHOCTI.
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PucyHok 8 — 3anexxHiCTh HaNpyry Ha Nepexo/i BiJl EMHOCTI MEpexo.y

BucnoBku

1. 3anponoHOBaHO MaTeMaTHYHY MOJIeib mepexony JxocedcoHa, sika, Ha BIOMIHY BiJl BiIOMHX, BpPaxo-
BY€ 1HIYKTHUBHICTb NEPEX0/ly, IO AAJ0 MOKJIMBICTD OLIHUTH ii BIUIMB Ha Pi3HUIIO (a3 XBWILOBUX (DYHKIIH i
aMIUTITYy BUXiIHOI HanpyTH Ta 3abe3nedye Kpamry 301KHICTh TEOPETHYHUX PEe3yIIbTATIB 1 eKCIePIMEHTATBHIX
JOCIIIIKEHb.

2. 3 BUKOPHCTAHHSM 3aIlpOIIOHOBAHOT MOJIeNTi TIPOBE/ICH] PO3PaxyHKH 3aJIe)KHOCTI 3MIHHOI HAIPYTy Ha Iie-
pexoi BiJ mapaMeTpiB eKBiBaJeHTHOI cxemu niepexony Jxo3edcona, ki mokasaiy, 1o ii BETHIHMHA MA€ TaKUi
XK€ TIOPAJIOK, SIK 1 eKCIIEpUMEHTaJIbHI Pe3yIbTaTH, HaBeICHI Y BIJOMUX Npangx BITYM3HIHUX Ta 3apyOi’KHUX aB-
TOpIB.

3.5k BuzHO i3 rpadikiB, Ipy 30LIBIIEHH]I EMHOCTI Halpyra 3MEHIIYETHCS, 1 TOMY, IIPH BUTOTOBJICHHI TIepe-
xoxiB JI>ozedcoHa, 11t 30UIbIIEHHS HANpyrd HEOOXIHO BUOMPATH JIEJEKTPUKH 31 3HAYHO MEHIIUM 3Ha4yeH-
HSIM BiJTHOCHO{ Ji€JICKTPUIHOT IPOHUKHOCTI & .
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Binomocri npo aBTOpiB

Knuak Bacuap MapTHHOBHY — JIOKTOp TEXHIYHHMX HaykK, npodecop, 3aB. kadenpu iHHOKOMYHIKALIHHUX CHC-
TeM 1 TEXHOJIOT1i.

I'y3sp Makcum JImurpoBuy — imkeHep kadenpu kadeapu iHQOKOMYHIKAIIIHHAX CUCTEM 1 TEXHOJIOTIH.

Maxkoron Biraxiii IBaHoBHY — KaHAMIAT TEXHIYHUX HAayK, aCHCTEHT Kadenpu kadenpu iHGOKOMYHIKaIIHHIX
CHCTEM 1 TEXHOJIOTIH.

Kosomiens ATboHa AHATOIIBHA — KAHUIAT MTEAArOTIYHAX HAYK, JOICHT KadeIpH BUIIOT MATEMATHKH.
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MATEMATHUYHE MOJEJIIOBAHHS TA OBYUCJ/IIOBAJIBHI METOIHN
YIK 37.022.32: 681.3

C. A. Kupunamyk, 3. B. bongapenko, B. 1. Kiouko, I. B. XoM 1ok

3ACTOCYBAHHS 3HAKOBO-CUMBOJIIYHOTI'O ITIAXOY
Y IPOLECI ®OPMYBAHHS MIPO®ECIMHUX
KOMIIETEHTHOCTEM CTYJAEHTIB BULLIUX TEXHIYHUX
HABYAJIBHUX 3AKJIAAIB

BinanIbKW HAITIOHATHHAN TEXHIYHIHA yHIBEepCUTET, BiHHUTISA

AHoTanis. Y cTaTTi po3risIHYTO IPOOIIeMy 3aCTOCYBaHHs 3HAKOBO-CUMBOJIIYHOTO MiAXOAY (MOICIIOBAHHS, KOAYBaHHI, CXeMATU3ALlis, 3aMi-
LICHHS) 10 GOPMYBaHHS y CTY/ICHTIB BUILMX TEXHIYHMX HABYAIBHUX 3aKJIaJiB BUCOKOTO PiBHS MAaTeMAaTHYHOT KOMIIETEHTHOCTI Ha TPHKJIAIi
(hopMyBaHHS TPHOX KOMIIOHEHT: MHCIHTH MATEMATHYHO; TIPEACTABILSITH MaTEeMATHYHI CYyTHOCTI (00 €KTH Ta CHTYyaIil); BOJOIITH MaTEeMaTHY-
HHMH CHUMBOJIaMu Ta (hopmanizMoM. OKpecieHo OKpeMi 3MICTOBI i CeMIOTHYHI acleKTd J0O0pY 3a1ad sl HaBYaHHSI MAaTEMAaTHKU B [IPOLECi
(hopmyBaHHs IpopeciiHUX KOMIETEHTHOCTEH MallOyTHIX GakaiaBpiB TEXHIYHOTO MPOQiIFo.

Kaiwo4oBi cioBa: MaTeMaTHYHA KOMIIETEHTHICTh, 32C00M HABYAHHS, 3HAKOBO-CUMBOJIiYHi 3ac00u, npodeciiiHa KoMNeTeHTHICTH, 0a-
KaJaBp.

Abstract. The article considers the problem of applying the sign-symbolic approach (modeling, coding, schematization, substitution) to the
formation of students of technical specialties of high level of mathematical competence on the example of the formation of three components:
to think mathematically; represent mathematical entities (objects and situations); have mathematical symbols and formalism. Some semantic
and semiotic aspects of the selection of problems for teaching mathematics in the process of formation of professional competencies of future
bachelors of technical profile are outlined.

Key words: mathematical competence, teaching aids, sign-symbolic means, professional competence, bachelor.
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Beryn

CydJacHUIi eTam pO3BUTKY CYCIIIJIbCTBA XapaKTePU3yETHCS OCOOIMBO AUHAMIYHUM OYPXIIMBUM YIOCKOHAIIO-
BaHHJIM TEXHIKH, IO HA CHOTOJIHI JOCSTIIO SKICHO HOBOTO piBH:A. TeXHIYHI 3HaHHSA, IO HOMY BiJIOBITArOTh, Xa-
PaKTEPH3YIOThCS 3POCTAHHAM aOCTPAaKTHO-TEOPETHYHOTO PiBHS, IO, Y CBOIO Yepry, CYIPOBOIKYETHCS YHIBepCa-
Ji3armiero cnoco0y TEXHIYHOTO OMUCY i METOJIB IMEepexoAy BiJ Mpomecy A0 CTPYKTYpH Ta OO MpPEAMETHHX
eneMeHTiB. BinOyBaeThes mportiec Oe3nepepBHOI AudepeHIialii 3HaHb, IKHi 00yMOBITIOETHCSI TIOSBOIO O€3J1i4i HO-
BUX 00'€KTIB y BHIJISII IPUCTPOIB, TEXHOJOTIYHUX ITpoOLeciB. [HTErpamiiiti npoecH, o BiaOyBaoThCs y chepi
TEXHIYHUX HAYK, € BiJI3epPKaJCHHSIM IPOLECY BUKOPUCTAHHS PI3HUX JUCUMIUIIH IJIsl BUPILICHHs Tiel 4K 1HIIOT
TexHiuHOI mpobaemu [7].

JisIBHICTD Cy4acHOT JIIOAWHU yce Olblie OyIyeThesl Ha B3a€EMOJIIT HE 3 KOHKPETHUMH MaTepiajbHUMHU 00'-
€KTaMH 1 IBUII[AMHU, & 3 TXHIMH 3HAKOBO-CHMBOJIIYHIMH BiOOpaKeHHSIMH, 110 TTOB’sI3aHi 31 CTBOPEHHSIM Haiicyda-
CHILIMX 1HXEHEPHHUX 3ac00iB BUPOOHMITBA 1 ynpasiiHHA. OCKUIbKH, CydacHa iH)KEHEpHa JISUIbHICTh (haxiBiliB
MOB'sI3aHa 31 CTBOPCHHSIM HalCyJacHIINX iHKEHEpHUX 3ac00iB BUPOOHHUIITBA 1 YIIPaBITiHHS, BAKOPHCTAHHSIM Ha-
YKOBHX 3HaHb, 3aCTOCYBaHHAM Ha MPAaKTHUII HOBUX HAYKOBUX BiJKPHTTIB, YIPOBAPKCHHSIM HOBHX TEXHOJIOTIH,
TOMY 1 i1 MiATOTOBKH (PaxiBI[iB TOBHHHI BiNOBIiJaTH CyYacHUM 3ac00aM HaBYaHHSI.

1106 BignoBigaTH 00'€KTHBHUM BUMOTaM COIiaJIbHOTO IPOTPECy, TEOpPis i MpaKTHKa BHIIOI OCBITH MOTpE-
OYIOTh HOBHX ITiTXO/IB JIO IiITOTOBKH MallOyTHIX (axiBuiB. OJHUM 3 TaKHUX MIAXO/IB y MEJAroTilli € CEMIOTHIHHN
IMAXIT IO OCBITH.

AKTYyaJIbHiCTh

BuxopucTanHIO i1eii ceMiOTHKH B OCBITHIH cdepi mpucBayeHi gocuimkeHHs A. A. Bepsesa, H. I'. Canminof,
C. A. CmupHoBa, H. A. TapacenkoBoi, B. V1. ®omiHa if iHmux BueHUX. CEMIOTHYHUH MiAXiT 10 HABYAHHS «SIBIISIE
c00010 TaKUi PO3TJIIsL MPOOIEM MeJaroriky, o y TJaBy KyTa CTaBHTh 3B'S30K 3MICTy, IiJieH, 3ac00iB, METOIiB
YTBOPEHHS 31 CTPYKTYPOIO ¥ (PyHKITIOHYBaHHSIM 3HAKOBHX CHCTEM, CIIBBiTHOCHTH CEMHO3HUC i3 OCBITHIM ITIpOIle-
com» [1]. 3acTtocyBaHHSI 3HAKOBO-CHMBOJIIYHOTO MiIXOJ1y 10 HaBYaHHS € 00 €KTOM JOCITI/DKEHHS HayKOBIIIB,
nparli SKuX NpUCBSYeHi mpobiaeMi popMyBaHHS IHIIOMOBHOI KOMYyHiKanii MaiOyTHIX ¢axiBiis. Pazom 3 Tum, Te-
OpPETHUYHHI aHaJli3 HAYKOBHX Mpallb CBIUUTh, 110 Mpo0iieMa 3acTOCYBaHHS 3HAKOBO-CHMBOJIIYHOTO MMIXOAY /10
HaBYaHHS BUIIOT MAaTEMAaTHKH IIe He Oyia IMpeJMETOM CIEIiabHOTO JOCHIHKEHHS y CYy4YacHi BITYM3HSHIN Tie-
JaroriyHii Hayui. Pe3ynbratn aHanizy HayKOBO-TIEaroriYHMX JDKEpPEI CBiM4aTh TaKOX IPO Te, 110 Mpobdiema
3aCTOCYBaHHS 3HAKOBO-CHMBOJIIYHOTO MiX0ay 10 (hopMyBaHHs NPOopeciiHUX KOMIIETEHTHOCTEH CTYIEHTIB BH-
MIMX TEXHIYHUX HABYATbHUX 3aKJIa/1iB 3ac00aM1 MaTeMaTUIHHUX JUCIIUILIIH 11Ie He OyJia MpeaMeToM CIeIiaTbHOTO
JIOCITI/PKEHHS Y CYYaCHI BITYM3HSHIN MeJarorivyHii HayIIi.

C. A. Kupunamyk, 3. B. Bounapenko, B. 1. Kitouko, I. B. Xom’tok, 2022
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VY po6orax Y. Ilipca i @. [le Coccrop [2] 3HaKM pO3MIAAAIOTHCS SIK €IEMEHTapHI YaCTHHKH, Yepe3 sKi
3IIHCHIOETHCSI aHAITI3 TaHWX. 3HAHHS CHHTaKCHUCY 1 CEMaHTHKH Ti€i 3HAKOBO-CUMBOJIBHOT CHCTEMH, 3aC00aMH SIKOT
MOJJAaHO BiIOMOCTI, € 3aII0PYKO0 3UUTYBAaHHS ITOBIIOMIICHb Ta ONICPYBAHHS HIMH.

VY cydacHil ceMiOTHII TOHATTS «3HAK» PO3TIIAAAE€THCS B KOHTEKCTI OUTBII MHUPOKUX TTOHATH «3HAKOBA CH-
CTeMay 1 «3HaKOBa CUTYyaIlisi». 3HaKOBa CHCTEMa TPAKTYEThCS SIK MaTepiallbHIH ITOCEPEIHUK Y B3a€MOJIT iHIINX
cucreM. [Ipocra 3HaKOBa cHUCTEMa € MaTepialbHUM IIOCEPEIHUKOM, IO CIYyTye OOMiHY iHpOpMALieo MiX ABOMa
cucremami [3].

BuxopucTanHs 3HaKOBO-CUMBOJIYHAX 3ac00iB (3C3) BIXHOCHTHCS 10 MEIaroridHUX HOBAIif OCTAHHBOTO
yacy. Sk 3a3nauae TapacenkoBa H. A. «ii Ta nepeTBOPeHHS CUCTEMH 3HAKOBO-CUMBOJIIYHHUX 3aC00iB, 110 CTaHO-
BUTB 3MICT 3HAKOBO-CUMBOJIIYHOI JIISUTBHOCTI, B PI3HUX BUJAAX JISUTBHOCTI (HaBYalbHiM, npodeciiiHiii Ta iH.) Mae
3aranpHy CTPYKTYpY i byHKUioHyBaHHs» [6]. ToMy, mia 3HAKOBO-CHMBOIYHOI TisUTBHICTIO MH PO3yMi€MO Bifo0-
paKeHHsI 1 IEPETBOPCHHS JIMCHOCTI, 11 00'€KTIB Ta iHTEPOO'eKTHHX 3B'A3KIB 3a JIOMOMOTOI0 CICHIATBHUX 3aC00iB,
OCHOBHOIO XapaKTEPUCTHKOIO SKUX € HETOTOKHICTh BiJOOpaKyBaJbHOMY 00'€KTY.

3rigHo 3 Poccom Tepuepom [11], 10 Habopy KOMIIETEHTHOCTEH, sIKi € (yHAaMEeHTAIbHUMH AJIsl 3T albHOKY-
JBTYPHOTO PO3BHUTKY JIFOJMHH, BITHOCUTHCS MaTeMaTH4Ha KOMIIETEHTHICTh — IEPETBOPEHHS peabHOT IPoOIeMu
B MaTeMaTHYHY, IHTEPIIPETaIlisi MAaTeMaTHIHAX 00’€KTiB 9M iH(OpMAIIii 00 TIPEACTaBICHOI CUTYAITi].

ABTOpH crimpaiics, 30KpeMa, Ha pe3yJIbTaTH BUKOHAHHS JOCHTIIKEHb, y IKUX OyJI0 C(OPMOBAHO MEPEIiK,
110 CKIIaJa€THCS 3 BOCBMH KOMIIETEHIII |, 10 BU3HAYAIOTh MaTeMaTHYHY KOMIeTeHTHicTh [9, 10].

Mera

Merta cTaTTi oJsTae B OOTPYHTYBaHHI IIUIAXIB 3aCTOCYBAaHHSA 3HAKOBO-CHMBOJIYHOTO IMiIX0AY Y MaTeMaTH-
YHIl TiATOTOBIII CTYACHTIB BUIIMX TEXHIYHAX HABYATIbHHUX 3aKJIAIIB.

Sagaui

1. Bu3HaueHHs1 3HAKOBO-CUMBOJIIYHHX 3ac001B 17151 pOpMyBaHHSI MaTeMaTHYHOT KOMIIETEHTHOCTI.

2. BusHaveHHst KpUTepiiB Ta MOKa3HHUKIB CPOPMOBAHOCTI PiBHS 3HaHb CHOPMOBAHOCTI MPOPECIHHUX KOMIIETEHT-
HocTel OakanaBpiB ranysi IT-TexHoori.

3. AHaJti3 pe3ybTaTiB KOHTPOIBHOTO EKCIICPUMEHTY, CIIPSIMOBAHOTO Ha BUSBICHHS ¢()EKTUBHOCTI BIUIMBY 3Ha-
KOBO-CHMBOJIIYHOTO MiIxony a0 (HOpMyBaHHS y CTYACHTIB BHIIMX TEXHIYHHX HABYAIBHHX 3aKJIaJiB BHCOKOIO
piBHS MaTeMaTHYHOT KOMIICTCHTHOCTI.

Po3B’s13anHda 3aaa4

CTpiMKH TEXHITHUH PO3BUTOK CYCIIIBCTBA CYIPOBOIKYETHCS 3pOCTAaHHAM TEMITiB iHPOpPMATH3AIIil CycITi-
JbCTBA, 110, Y CBOIO YEpPry, XapaKTepH3yeThCs TIIMOOKMMHU 3MiHAMHU y OCBITHBOMY Hpoleci Bummoi mkonu. Li
3MiHM COPSMOBAHI Ha 3a0€3MEUCHHS IITICHOCTI, CHCTEMHOCTI Ta (POPMYBaHHS y CTYACHTIB BUCOKOTO PIBHS IPO-
(heciliHOT KOMIETEHTHOCTI. MaTeMaTH4Hy KOMIIETEHTHICTb CTY/IEHTIB BHIIMX TEXHIYHMX HaBYaIbHUX 3aKJIaJliB
MOYXHA BU3HAYUTH SIK TEOPETUUHY CKJIAJIOBY Ta BMIHHS 3aCTOCOBYBATH HaOyTi 3HaHHS B MPOQeciiHii isUIbHOCTI.
OTxe, B paMKax IPEAMETHOI KOMIETEHTHOCTI caMe MaTeMaTHYHy PpO3MISAAEMO SIK Sapo NpodeciiHOl KoMIie-
TEHTHOCTI CTYAEHTIB BHUIIMX TEXHIYHMX HABYAIbHHUX 3aKiaiiB. BpaxoBywouu mnporec opranizaiii HaBUYaHHS Ta
0COOJIMBOCTI TEXHIUHOI CreLiaibHOCTI, B MPO(eCciiiHiii KOMIIETEHTHOCTI TaKUX MailOyTHIX (axiBIiB MOYKHA BHO-
KPEMUTH HIKYE HaBeJeHI KOMIOHEHTH.

Jane nociiKeHHs 10B’ 13aHe JIMIIE 3 HaBEICHUMH HIDKYE KOMIIOHEHTAMH MaTeMaTHYHOT KOMIIETEHTHOCTI
CTYACHTIB BUIIUX TEXHIYHUX HABYATHHUX 3aKJIAIIB:

1. Bonodimu mamemamuunumu cumeoramu ma opmanizmom: AeKOLyBaTH Ta IHTEpIPETyBaTH CUMBOJIH 1
(opManbHy MaTeMaTHYHY MOBY, PO3YMITH iX B3a€MO3B’SI30K 3 IIPUPOIHOI0 MOBOIO; ONIEPYBaTH BHpPa3aMH, IO
MICTSITh CHMBOJIH Ta (POpMynu — 0a30BHil KOMITIOHEHT.

2. I[Ipedcmasnsamu mamemamuyni cymuocmi (00’ exmu ma cumyayii). pO3yMiTH Ta BUKOPHUCTOBYBATH Pi3HI
TUIH TPEICTABICHh MATEMAaTHYHUX 00 €KTIB, SIBUII[ Ta CUTYaIlild, HCOOXITHUX y mpodeciiiHiil TisIIbHOCTI; pO3y-
MITH Ta BUKOPHCTOBYBATH B3a€MO3B’I3KH MIXX PI3HIMHU THIIAMH IIPECTABICHb OJJTHAKOBUX 00’ €KTiB, BKIIIOYAIOUN
3HAHHS MPO iX MepeBaru Ta 0OMEXEHHS — ONepaniifHO-TisITbHICHUH KOMITOHEHT.

3. Mucaumu mamemamuyno: BMiTH (HOPMYITIOBATH 3a/adil, sIKi XapaKTEPHI I MATEMAaTHKH Ta 3HATH MOX-
JIMBI TUIH BIAMOBIIEH; pO3YMITH MaTeMaTHYHI KOHIICIIII1, iX 3aBIaHHS Ta OOMEKSHHS, BMITH J0JaTH OOMEKECHHS
HIJISIXOM a0CTparyBaHHs Ta y3araJlbHEHHs pe3yJIbTaTiB Ha IIUPII KJlac 00 €KTIB.

TakuM 4YMHOM, HaBiTH BHIJICHI KOMIOHEHTH MaTeMaTHYHOI KOMIIETEHTHOCTI € CKJIAJHOI0 CTPYKTYpOIO,
CKJIQIHUKH SIKOi MalOTh B3a€MOJIOIIOBHIOIOUMH XapakTep. BoHN € e()eKTHBHUM IHCTPYMEHTOM PO3pOOKH HaBya-
JbHUX TUIaHIB 3 BUIIOT MaTEMaTHKH JUIS Pi3HUX IH)KEHEPHUX CIICI[ialIbHOCTEH, IUITXOM BUKOPHUCTAHHS X BUMIpIB
JUISL IeTaJIbHOT OL[IHKY OTPeO Ta JIOCATHEHb CTY/ICHTIB.

HaiiBaxxnuBinioro 3a7aueto HaBYaHHSI MATEMATHUKHU € 3IIMCHEHHS TIEpEeX0Ty J0 SKiCHOT iHIUBITyalbHOT M-
TOTOBKH (haxiBIiB, 10 00i3HaHI HE NHUIIe 3 IpolIeMaMi CBO€1 By3bKOTIPO(eCiifHOT AisSIBHOCTI, aje i MaloTh IJIH-
60Ki (hyHIaMEHTaIIbHI OCHOBH, OHI€IO 3 IKUX € MaTeMaTHKA.
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ITig yac BUBYCHHS BUILOT MATEMATHUKU CTYACHTH 3YCTPIYatOTHCS 3 HOBUMH I ceOe iHpopManiiHUMu 3Ha-
KaMH, 31 3HaKaMH, TPAUTAMaHHUMH (pOpPMaIbHOMY JJISI HUX CepelOBHUINy. BUBUEHHS THX ab0 iHIINX acIeKTiB Ky-
pCy BHIIOI MaTeMaTUKHd Ha OCHOBI 3HaKOBO-CHMMBOJIIYHOTO MiJXOJy O3HAaya€ BHSBJICHHS 3HAKOBOI MPUPOIU
SIBUIIA, [0 BUBYAETHCS, BUABICHHS IPABWII TOOYIOBH 3HAKIB 1 iX KOMOiHAIii, BCTAHOBJICHHSI 3HAYEHHEBOTO 3Mi-
CTy 3HaKiB, 3HAXOXKCHHSI YMOB, TIPH SIKMX BUHUKAIOTH I1i a00 iHII 3HAKOBi cuTyauii [6].

Bynp-sxuit MaTeMaTndHUH 00’€KT, TIPO BIACTHUBOCTI SKOTO B MAaTEMATHYHIA Teopii GOPMYITIOIOTECS TBEp-
JUKEHHS, TOJJA€ThCS, SIK IIPAaBUIIO, CBOIMH 3HAKOBUMHU MOeNsIMU. KOHCTPYKTUBHUMU OyAyTh Ti 3 HUX, SIKi MOXKHA
300pa3uTH y BUTTIAI CKiIHUEHHOI, TOBHICTIO BI3HAYEHOI! CYKYITHOCTI IMEH JIeIKUX 0a3MCHUX 00’ €KTiB, BITHOMICHD
MK HUMH Ta CKiHUE€HOT CUCTEMH Ollepaliil Haj iMeHaMH.

VY mcuxonoro-nmearoTivHii JiTepaTypi MiAKpecieHa BaXITUBICTh 3aCTOCYBaHHS 3HAKOBO-CHMBOJIIYHUX 3a-
co0iB y Oyab-IKOMY BHII JIFOACHKOI MisuibHOCTI [4, 5]. CeMiOTHYHUI MiAXiA IO HABYAHHS PO3MIIAIAE MPOOIEMHU
TIEIaTOTiKH y B3a€MO3B’ 3Ky 3MICTY, LiJIe, METO/IIB HABYAHHS 31 CTPYKTYPOIO Ta (QYHKIIIOHYBAaHHSIM 3HAKOBHX
CHCTEM, CITIIBBIJHOCHHX 3 OCBITHIM mpouecoM. CyTHICTIO Mpoliecy HaBYaHHS Ma€ CTAaTH HaJlaHHS CTYICHTY iH-
CTPYMEHTApII0 y BUIIIAII OCOOIMBHX 3HAKIB, 32 JONMOMOTOIO SIKUX CTYACHT MII' OM BimoOpaskaT BIACHHN JOCBIT
Ta KOJIyBaTH, NIEPEKOyBaTH HOBUH HAOyTHid TOCBiA. 3HAYYILICTh Ta YHIBEPCAIBHICTH CEMIOTHYHOTO MiAXOIy Y
HaBYAJIbHOMY IIPOIIEC] MOJISTa€e Y TOMY, [0 KOPUCTYBAHHS 3HAKaMH JOTIOMAarae CTyACHTaM OTPHMYBATH BEIUKUH
o0csr iHpopMamii y pizHOMaHITHHX chepax. CydacHe BUPOOHHUITBO BIMarae MPUHIIMIIOBO HOBUX TEXHIYHHX i
TEXHOJIOTTYHUX MIIX0/iB, SIKi MOXKYTh pO3pOOHTH Juie (axiBii, 37aTHI IHTErpyBaTH i€l 3 pi3HUX Taty3eil HayKu,
oTIepyBaTH MIKIUCIUILTIHAPHUMHE KaTeTOPisIMH, KOMIUIEKCHO CIIpuMaTH iHHOBamiiHui npouec [7]. CemioTnd-
HUH MiIXiA A0 Mi3HaHHA Y Oyb-AKil IpeIMeTHIH ranysi, € OJHUM i3 MOXKJIMBUX BapiaHTIB peajizauii pyH1amMeH-
TaNBHOI CKIIAI0BOI poQeciiHOl MATOTOBKH CYy9acHOTO (paxiBIIs.

Cuij 3a3HaYMTH, 110 3 METOO €(h)EKTHBHOTO 3/iHICHEHHSI KOMYHIKallii 3 BAKOPUCTaHHSM BUPa3iB, 10 MICTSITh
CHMBOJIH Ta (JOPMYJIH, CTYJCHTH MAlOTh YCBIIOMJIEHO OIaHYBaTH 3HAaKOBHMH CHCTEMaMH pi3HOro piBHA. OTXe,
ONaHyBaHHS MaTeMaTUKO Oy/e pe3ybTaTHMBHHUM JIMIIE 32 YMOBH, III0 BUBUCHHS TUIAKTHYHUX OAWHHLE (ele-
MEHTIB 3HaHb) K CHMBOJIIB 3A1iCHIOBATUMETRCS IIPH YCBIJOMIICHHI IXHBOT IHHOCTI i 9ac (OpMYyBaHHS TYMKH.
Ilix yac BBeJEHHS HOBOTO NOHATTS, BUKJIALAU MOJAE MEPII 32 BCE HOro rpadiune TiymaueHHs. Moro 3sHaueHHs
MOJKe OyTH 3pO3yMUTHM, SKIIO CTYIECHT Ma€ BiAMOBIIHUI JOCBiI O 10 00’ €KTa, IKUH el TepMiH IIPE3CHTYE.

VY HaBuankHOMY INpOILECi OJHUM i3 3aBJaHb BUKJI3Jauya € MakcHMajbHE HaOJMIKCHHS HaBYAIBHOTO Ma-
Tepiany o peampHOCTI. [IpoTe, pa3oMm 3 THM, CIIiJ PO3yMiTH, IO BiZOOpakeHHS CYTHOCTI Ili€l pealbHOCTI y BU-
TJBII CEMIOTUYHUX CUCTEM (PUCYHKH, Tpadiku, CXEMHU TOIIO) JIESIKOI0 MipoI0 yMOBHI. 300pakeHHs HaBYaIbHOT
iH(popMarii 3AIHCHIOETECS Y BUTIIAL 3HAKIB. 32 TBEpKCHHSIM HAYKOBIIIB, 3HAK SBJIIE COO0I0 MaTepiabHUIMA Ipe-
MeET, MO0 a0o Ji10, 0 YyTTEBO CIPUAMAETHCS Ta CIYTYyE Y Mi3HAHHI B IKOCTI OHAYEHHS, M03HaYeHHs a0o npe-
CTaBJICHHsI IHIIIOTO TPEeaMeTa, MOil, [Iii, Cy0'€KTUBHOTO yTBOpeHHs [4].

Otxe, Ba)KJIMBA SKICTh 3HAKY: BIH caM € TMIEBHHM MarepialibHUM 00'€KTOM, a 3aCTOCOBYETHCS VISl TI03HA-
YEeHHs YOTOCh 1HIIOT0, TOMY, PO3YMIHHS 3HaKy HEMOXJIMBE 0e3 3'ICyBaHHS HOro 3HaYCHHS — SIK MPEAMETHOTO,
TaK i CMHCJIOBOTO.

3rifgHo 3 TeopeTHUHNMH nojiokeHHsIMHU B. B. /laBnioBa, XapakTep 3MIiCTOBHHX HaBaHTA)KCHb Y HaBYaHHI
Mae Oyt 3MiHeHnH. HUMU MoBHHHI cTaTH MO, sKi € 3ac000M (OpMyBaHHS aOCTPAKTHHUX MOHATH. 3 TIOCHUIICH-
HSIM POJIi TEOPETUYHHX 3HAHb 3HAUYCHHS HAOYHOCTI ITiJBHITYETHCS.

3 ypaxyBaHHSIM 11bOT0, €(peKTUBHOMY BHUPILIIEHHIO MPpo0IeMHu (GopMyBaHHS MaTeMaTHYHOT KOMIETEHTHOCTI
CIPHUATHUME 3aCTOCYBAaHHS B HABYAJIbHIN IISUTbHOCTI TAKMX 3HAKOBO-CUMBOJIIYHUX 3acO0iB!

—  MojientoBaHHs ( aHaNi3 MiAIPYHTS Ta BIACTUBOCTEU ICHYIOUMX MOJIEJICH; JeKOAyBaHHs ICHYIOUUX MO-

nenei, ToOTo IHTepIIpeTalis eIeMEeHTIB MOJICIIi B TEPMiHAX peajbHOI 3a/1a4i; OyayBaHHSI MOJENI);

—  KOJyBaHHS (JIeKOJyBaHHs Ta IHTEpIpeTalliss CUMBOJIB Ta ()OPMAaIbHO MaTeMaTHYHOI MOBH, OMEpy-
BaHHS BHpa3aMH, IO MiCTSATh CHMBOIH Ta (POPMYIIH);

—  cxeMaTm3amis (PO3yMiHHS Ta BAKOPHCTOBYBAHHS Pi3HHUX THUITIB PEACTABICHb MATEMATUIHUX 00 €KTIB,
SIBUILL T4 CUTYaIiif; PO3yMIHHS Ta BAKOPUCTOBYBAHHS B32€EMO3B’s13KIB MI)K PI3HUMHU THIIAMH IPE/ICTAB-
JIEHb OJTHAKOBUX 00’ €KTIB);

—  3aMilleHHs (BUKOPUCTOBYBAHHS PI3HUX THIIB MIPEACTABICHb MATEMaTHYHNUX 00’ €KTIB, SIBUII| TA CUTYya-
1iif; BUKOPUCTOBYBAHHS B3a€MO3B’SI3KIB MK PI3HHMMH THIIAMH TPE/ICTABICHb OJHAKOBUX 00 €KTIB,
BKJTIOYAIOYH 3HAHHS TPO iX IepeBaru Ta 0OMeXeHH).

[Mpuknagom peamizamii Takux TBEpXKEHb MOKE OYTH €JIEKTpUYHE KOJIO, 300paXkeHe Ha pHc. 1.
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PI/ICyHOK 1- EHGKTpI/IqHG KOJI0, 4K MOJCJIb NPEACTAaBJICHb MATCMATUIHUX O6’€KT]B
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3rigHo 3 piBHsHHAME Kipxroda dopmyerscst audepenuiansie piBHsHHS. {1 oro po3B’si3aHHS 3aCTOCO-
BYIOTBCSI Pi3HI IpaBi YacTHHU (pi3Ha HAIpyra), a TAKOX Pi3HI METOAM PO3B’I3YBaHHS, 30KpeMa, 3aCTOCYBaHHS
CKM Ta anai3z MozIeni.

[TpakTHyHe 3aHATTA, Ha IKOMY PO3IIINAETHCS HABEICHA 3aJaya MOYKHA BITHECTH JI0 ~IPaKTUYHE 3aHATTS
onHi€l 3a7a4i”, mpoTe, BOHO MOXe OYTH IPOIOBXKEHE 1 B IKOCTI IPOEKTY, JOMOBIIi Ha KOH(EPEHIIil Y1 HAIMCaHH]
CTaTTi.

Biamosinwe niniliHe audepeHianbHe piBHAHHAM APYTOTO MOPSAKY BiAHOCHO cHitk cTpymy |(t):

LE1O A0 1 duh)
dt dt C dt

PiBHsHHS Oyqy€ThCS CTYAEHTaMH Ha OCHOBI 33IaHMX KOMIIOHEHTHUX PiBHSHB JIBOTIOJIIOCHUKIB.
VY HisTBHOCTI CTYAEHTIB MiA Yac po3B’s3aHHA JaHOI 3a/1adi 3HAKOBO-CUMBOJI4HI 3acobu (3C3) BUKOHYIOTH
3aMiCHy, Mi3HaBallbHY ¥ KOMYHIKaTHBHY (QYHKIii. MaTepiamizoBaHi IMeBHUM YHHOM a0CTpPaKTHI MaTeMaTH4Hi
o0'extr (3amicHa QyHKIis 3C3) CTaOTh NIPUIATHUMH TSI IyTTEBOTO CHPUHHSTTS CTYIEHTAMU, IEPETBOPIOIOTHCS
B crienuigHmiA MaTepian i Teopil AudepeHIialbHIX PiBHAHD. Y TpoIleci Mi3HAHHS BiH BUKOPHCTOBYETHCS K
IUTS BUAUICHHS ICTOTHOTO B IJIaHI CIIPUIHATTS (PO3B’I3yBaHHSA Ta TOCIIHKEHHS), TaK i AJIS1 BUILICHHS OCHOBHOTO
B JIiSIX, 1[0 TICPETBOPIOE Y IMIPEIMETHUH a0CTpaKTHUH 00'€KT (PO3B’SA30K), MPOAYKY€E 3HAHHA I CLIOCOOH iX 3aCTOCY-
BaHH (mi3HaBaibHA QyHKIsA 3C3).
3acTocyBaHHS TaKMX MOJIEJICH mependayae pisHi aCleKTH MPOYKTUBHOTO MUCJICHHS, & CAMe: MHUCJICHHS OT-
PUMY€E BIACTHBOCTI CHCTEMHOCTI 3aBISIKH 3alpPOrpaMOBaHiii CHCTEMHIM mepepoodii iHdopmarrii 0e3mocepeiHboO B
IpoLeci NEPBUHHOTO CIPUUAHATTS; MIATPUMYIOTBCS MEXaHI3MHU I1aM’ATi Ta HOKPAIIyeThCsl KOHTPOJIb 3a iH(pOp-
MaIIi€0 3aBSIKH HA0OYHOMY IMOJIAaHHIO 3HAHb Yy 3rOpHYTOMY BHIIIAII (rpadika abo ¢ha3oBoro moprpera); moxpa-
HIYEThCs pOOOTa IHTYITUBHOTO MUCIICHHS; YIOCKOHAIIOETHCS 3AaTHICTh J10 3TrOPTAaHHS Ta pO3ropTaHHs iHpopMarii
(dopma po3p’s3Ky aHANMITHYHA, TpadiuHa a0 YncenbHa); POPMYETHCS OTMIOPHICTH MUCIICHHS TOIIO.
BinnosigHo no HaBemeHux Bume ¢yHkHiit 3C3 y podorax H. I'. Canmunoii [4, c. 58] BuaineHi HaCTymHI
BUM 3HAKOBO-CHMBOJIIYHOI AisUTFHOCTI: 3aMillleHHs, KOJyBaHHS (IEKOIyBaHH:), CXeMaTH3aLlisl 1 MOICTIOBAHHS
—  3aMIIICHHS — BIITBOPCHHS PEajbHOCTI 3a JOMOMOTOK0 OCOOIHMBHX 00'€KTiB-3aMIlyBaviB;
—  KOAYBaHHA — BMiHHS BiITBOPIOBATH IiHCHICTH 32 JOIIOMOTOO TICBHOT MOBH 3i CBOIM andaBiToM Ta mpa-
BUJIAMH;

—  cXeMaTH3allis — BUKOPHCTaHHS 3HaKOBO-CUMBOJIIYHUX 3aCO0IB AJIsl HOOYIOBU Ta AOCIIIKESHHS CXEM SIK
«OpIEHTYBaHb y PeallbHOCTI»;

—  MOJENIOBAaHHS — OTPUMaHHS 00'€KTHBHO HOBOI iH(OpMAIIil mpo 00'eKT ab0 mpoIiec 3a paxyHOK Onepy-
BaHHS 3HAKOBO-CHMBOJIIUHUMH 3ac00aMu.

Li BUOy IisUTBHOCTI € KIIFOYOBMMHU TIiJ] Yac MPOBEICHHS 3aHATh. TaKMM YMHOM, BUKOPUCTaHHS 3HAKOBO-
CHMBOJITYHHX CHCTEM 3HAYHO MOJIETIIYIOTh 3aCBOEHHS HaBYAIBbHOro MaTepiany. 3acrocyBanHs 3C3 B mpolieci Ha-
BYAHHS PO3BHBAE JIOTTYHE MHUCIICHHS CTY/ICHTIB, MOJIETIIYE 3aCBOEHHS MaTepially il 4ac BUBYCHHI CKJIAJHUX Ma-
TEeMaTUYHHX HOHATb, CIIPUSIE 3HIKCHHIO 30pPOBOI0 HABAHTaXKSHHSL.

B HanroMmy BUMaJKy, HAIPUKIIAL, TAKUHA BUJ JiSUTTBHOCTI, K 3aMIIICHHS, MOXe OyTH KOHKPETH30BaHHH Ta-
KAMH JISIMU:

—  cTBOpeHHs (BHOIp) MOJeNei-3aMilllyBaviB U peaTbHUX 00'€KTiB a00 MPOIIeciB;

—  BHM3HAYEHHS YMOB, 3a SIKUX 3aMillleHHs 00'ekTa a00 Mpolecy Ha BiANOBIHY MOJIENIb BUIIPABAAHO;

—  BH3HAYCHHS MEX MOXMOOK, MOXKIIHUBHX IIPH 3aMiHi peajgbHOT0 00'ekTa ab0o mpoIecy Ha HOTro MOIECb.

dopmyBaHHS y CTYZCHTIB BMiHHSI BAKOHYBAaTH KOXHY 3 TIepelliueHuX JIiif, CyKYIHICTh SIKUX 3a0e3neuye Bo-
JIOAIHHS TAKUM MPUHOMOM MisTIBHOCTI, SIK 3aMillleHHs, BiA0OYBaEeThCs MPHU PO3B'sA3yBaHHI BIANOBIAHUX 3aBIaHb
MPUKIJIAJTHOTO XapaKkTepy.

BukopucroByBatn CKM no1inbHO, KOJIM MaeMO CKJIQJHY 3ajady, sika MoTpedye 4acy Uil OOYHCIICHb
BpY4HY (HalpuKiIaj, po3B’si3yBaHHs BEIMKOI KUIBKOCTI CHCTEM PiBHSHB). BaximBo, 00 CTyJeHTH BUBYAIHN HE
TUIBKM KOMaHJM clelianbHOi nporpamu (root, solve...), a BMUIM 3HAXOAUTH MOJJIMBI IIOMMJIKH HMPOTPaMHOTO
3a0e3MCUCHHS, 3yMOBJICH] 1OTO HEJJOCKOHAICTIO.

. —X . . . . . cee
PosrnsHeMoO ¢yHKIIIIO f(X) =X-€ ", mioma mig kpuBoro sikoi nopiBHioe 1. Crenmgika Takoi GyHKIii
MOJISITAE B TOMY, IO 11 3HAYCHHS IIBUIKO 3MEHIIYETHCS 31 30UTBIICHHSM X, IO BiTOOpaXXeHO Ha puC. 2.
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0.4
0.3
f(x) 0.2 '
0.1
0 5 10

X

Pucynok 2 — I'padix pynxuii f(X) =X- e * ma inteprai Bix 0 10 10

Hanpuknan, Ha inTepBani 3miau X Bix 0 7o 10000 kpuBoi (GyHKIIT BXe MPOCTO HE BHIHO HA Tpadiky (ToU-
Hillle BOHA 30iraeThes 3 BiCCIO X), 10 300paskeHO Ha puC. 3.

Pucynok 3 — I'padix dynxuii f (X) = X-€™" ua inrepsani i 0 1o 10000

LlikaBo, 1110 00YKCIICHHSI BU3HAYEHOTO IHTErpally Bijl BUIeBKa3aHoi QpyHKii cuctemoro Mathcad Ha mpowmi-
JKKaX, IO BiJPI3HAIOTHCS BEPXHBOIO MEXKEIO IHTETPYBAaHHS MAIOTh Pi3HI pe3yNIbTaTH, X04a BiJOMO, IO IUIOMIA i
TaKOI0 KPUBOIO TOPIBHIOE OJIMHHIIL.

100 10000 100000 o0
xe Xdx =14 xe Xdx =14 xe Xdx =01 | xe Xdx=1a
0 0 0 0

Cucrema Maple nponornye 00UUCIIOBATH MPAHUIIO HACTYITHUM YHHOM:
> int(x*e”(-x),x=0..infinity);

(=) (=)
lim — € +xe In(e)—1

X —>w© ln(e)z

int(x*e”(-x),x=0..100);

e —1-100In(e)
elOO ln(e)Z

L o6cTaBuHA DOCUTH MiAcTynHA. barato MeToiB iHTETrpyBaHHS 3aCHOBaHI Ha 00pOOIIi CKIHYEHHOT0 YnCIia
BifutikiB ¢yHKmii f (x). [IpoTe, B moxiOHI cuTyarlii Bci BiATIKK MOXKYTh OYTH «HYJIHOBUMIY 3 MO3HIINA 0OMEXEeHOT
TOYHOCTI OOYHCIIEHHS AY>KE MAJIUX YUCEIL.

[ToTyxHiCTh KOMIT'FOTEPIB 3pOCTae, ajie 1 3a7adyi, SKi BUPIIIYIOTh HAYKOBIli, CTAIOTh OUIBII CKIaJHUMHU U
noTPeOYIOTh OLIBII CKIATHAX OOYHCITIOBATLHUX MeTOHIB. [Ipobiemu, siKi MaTeMaTHKH JOCIHIDKYBAIU KiIbKa JIe-
CATWIIITH TOMY, TEHEp 3HaXOASTHCS B MEXaX MOXKIMBOCTEH CTYAEHTA UM iH)KeHepa-TovyaTKiBLsl. 3 0HOTO OOKY,
HeMa CEHCY BUTpayaTy 4ac Ha OIlaHyBaHHS METO.ly IIPSIMOKYTHHUKIB, MeToxy CiMIICOHa UM METO/TYy TparneLii, ToMmy
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110 iX He BUKOPUCTOBYIOTh Ha IPAKTHUIIi, 3 IHIIOTO0 OOKY, BUKOPHCTaHHS KOMEPLIHHHUX NporpaM HiITPUMKH Mate-
MaTUKU HPUXOBYE HebOe3neky, 00 iX 4acTo BHKOPUCTOBYIOTH SIK ‘“‘JOpPHI KOMIpKH: BBIB YMOBY — OTpHMaB
BIIITOBIb.

{06 kparre 3po3yMiTH BUHUKHEHHS JaHOT IOMIJIKH PO3TIITHEMO OOYHCIIEHHS JaHOTO iHTeTrpaja METOIOM
TIPSAMOKYTHHKIB (puC.4).

Pucynox 4 — OGuuCieHHs] BU3HAUEHHOTO 1HTErpajly METOI0M MPSMOKYTHHKIB

f()=x-e" m=30.a=0.

b
b_10. dk=(b_a)\m |, Y(x)dx =0.999501

Pe3ybTaT HeBHOI Miporo Giu3bkuii 10 1. Ase Tenep, Hexaii uncio npsamoxytaukie M =30, a 3minnmo
MexKy iHTerpyBanns b va 100000:

j:’ y(x)dx=5.075958897550 x 10"

3aMicTh O4YiKYBaHOTO HAOJIMKEHHs 10 | MU O/IEPKYEMO «HECIIO/IBAaHUI» Pe3yNbTaT — 3HAYEHHs IHTerpaja
6nm3bke 10 Hyis. [IpuunHa 1BOTO BXKE BKa3yBaslacs — BIJUIIKM IOTPAILUIAIOTh HA JUIBHHULI QyHKUIT y (X), ne ii
3HAYEHH Jy)Ke MaJli. A Mepiini BiUTK noTparwise Ha Hylab ¢yHkIil. Cyma Maibke (a00 piBHHMX) HYJIIO BIJUTIKIB
Jae onuspke 10 0 3HAUCHHS.

3a pe3yspTaTaMHd MaTeMaTHYHOTO MOJENIOBAHHS CTYAEHTH IIEPEKOHYIOThCS B TOMY, IIIO KOXKHE MaTeMa-
THUYHE TOHSTTS, KOXXHAH KOMIIJIEKC MaTeMaTHYHUX /1€ Mae Jiiine oOMexXeHi MOXKIIMBOCTI JIISI MOZICIIOBAHHS pe-
ANBHUX SBUII, a 30UTBIICHAS 3HAHb CIIPHSE BBEJACHHIO HOBUX HOHATH, PO3POOIIi HOBHX METOIIB TOCIiIKESHHS.

CTOCOBHO OCTaHHBOTO TpHKIaNy, cucrema Mathematica Mae yckiIagHEHMH aJTOPUTM OOYMCIICHHS iHTe-
rpaiiB, SKAH, Y Mipy MOXIIUBOCTI, aHANI3Y€E MOBENIHKY ¥ (X) i HAMAaraeThCsl BUKIIFOUUTH OIMCAHY CHTYAIIIIO.

Bcranosieno [3], o y HaB4aHHI MaTEeMaTHKH cepell BepOaTbHIX 3aC00iB CEMIOTHYHO PI3HUMHE Tpeba BBa-
JKaTh: 00’ €KTHI TEKCTH, TEPMIHOJIOT1(0, CAMBOJIIKY, MATEMAaTH4HI PEYCHHS, HABYAIbHI TSKCTH, TEKCTH 3a/1a4, TCK-
CTH 3aIlUTaHb, MKTorpadiro. A cepeq HeBepOaIbHUX 3ac00iB: rpadidHi Ta 3MicToBo-rpadiuHi iHTepnperaiii, Tad-
JIML, liarpaMu, CXeMH, PUCYHKH, aHAIIITHYHI KOHDIrypallii, peajbHi IpeIMeTH, MakeTH, KOHCTPYKIIT, LItocTpartii.
Hanpukian, MaTpuili MOXXYTh BUKOPUCTOBYBATUCH ISl OIIMCY EJIEKTPUYHUX MEPEXK, MOTOKIB Ha HIJIsIXax, BUPOO-
HUYHX MPOLIECIB TOLIO.

Pucynok 5 — Mepeska 3 0lHUM 3a3€MJIEHUM BY3JIOM
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Mepexy, 300paxeHy Ha puc. 5, CKiIanae S rijok abo pedep (3’€mHanb, 3aHyMepoBaHuX 1, 2,..., 5) Ta 4 By31u
(To4oK, e aBi a0o OiIBIIE TIJIKU CIIOIYYaIOTHCS) 3 OJHAM 3a3eMJICHIM BY3JIOM (HA KOXKHIH T CTPIIKOIO BKa-
3aHO HATIPSM).

Mepexy OmHMCYIOTh 3a IOTIOMOTOK «BY3JIOBOi iHIMIEHTHOT MaTpuii» A= (aij)
a, | = +1 , SIKIIIO TLTIKA j BUXOIUTH 3 By37a i,

&, i = —1, sixkmo rinka j BxoaHTH y By301 i,

aij =0 SIKIIIO T1JIKa | He 3B’sI3aHa 3 BY3JIOM |.

A came:

Iinka 112|3]4]|5

Bysoml1| 1 |-1|-1|0 |0

Byzom2 | 0 [ 1|0 |11

Byson3| 0 | 0| 1|0 (-1

Bysom4 |-1] 0 |0 |-1]0

Hamu npoaHaii3oBaHO KOXKHUI BUJ TAKMX 000JIOHOK, PO3KPHUTO iX OyJOBY Ta BIUIMB HA NPOLIEC PO3YMiHHS
CTYZICHTAaMH CYTHOCTI BIATIOBITHUX MAaTEeMaTHYHUX aOCTpaKIIiii.

3acTocyBaHHS PO3MVITHYTUX BHILE MOJCINEH mependadae pi3Hi acIeKTH NPOAYKTUBHOIO MHUCIEHHs [12], a
caMme: MHCJICHHS OTPIMYE BIIaCTHBOCTI CHCTEMHOCTI 3aBISIKH 3aIIpOTrpaMOBaHiif CHCTEMHIN rmepepoO1i iHdopmartii
Oe3nocepeHbO B MPOLECi IEPBUHHOTO CHPUUHATTS; MiATPUMYIOTECS MEXaHI3MH ITaM'sITi Ta HOKPAIYeThCs KOH-
TPOJIb 3a iH(OPMALIEIO 3aBISIKH HAOYHOMY MPEICTABICHHIO 3HAHb NPHPOIHOI MOBOIO y 3TOPHYTOMY BHIJISLI;
HOKpAIYeThCs poOOTa IHTYITHBHOIO MHCIICHHS; YIOCKOHATIOETHCS 30aTHICTh IO 3TOPTAaHHS Ta PO3TOPTaHHS iH-
tdopmarii. Y npodeciiiHiif miarorosui OakamaBpis ramysi IT-TexHOoNOTH HaMK BH3HAYEHO TPH piBHI chopMoBa-
HOCTI npoeciifHuX KOMIETEHTHOCTEH:

—  CTYJCHT BOJIOJII€ OCHOBHUMH MAaTEeMaTHYHUMHU MOHSATTAMHU Ta JSSIKMMU METOAaMH PO3B’SI3yBaHHS Ma-

TEMaTHYHHX 3aBJIaHb;

—  CTYJCHT BOJIOJIi€ METOJIaMH PO3B’s3yBaHHs MaTeMaTHYHUX 3aBJaHb, BMi€ PO3B’I3yBaTH MareMaTH4Hi

3ajia4i 3a JIOIIOMOTO0 OJIHIET 13 cucTeM KoMl otepHoi matemaTuku (CKM);

—  CTYICHT BOJIOZi€ METOJAaMHU PO3B’s3yBaHHA MaTeMaTHYHUX 3aBJaHb, BMi€ PO3B’s3yBaTH MaTeMaTH4Hi

3amadi 3a gonoMororo CKM, BMi€e po3B’si3yBaTi OCHOBHI 3ajadi CIIEIiaIbHUX TUCIHILTIH, IO IOTPe-
OyIoTh 0a30BHX 3HaHb 3 MATEMaTHYHUX OCHOB iH(OPMATHKH.

JU1st OUIHKY piBHS JOCSATHEHHS Pe3yJIbTATIB HABYaHHS MaTeMAaTHYHO! AUCLHUILTIHA MO KO)KHOMY MOJIYIIIO
po3po0bIieHNd GaHK KOMIIETEHTHICHO-OPIEHTOBAaHHMX TECTOBUX 3aBAaHb, IO J03BOJISIE BECTH MOHITOPHHT c(hOpMO-
BaHOCTI MpoQeciiHuX i CIeIiaTbHIX KOMIIETEHINH OakamaBpiB raiysi iHQopMamiitHuX TexHoiorid. Y Ttadm. 1
«Kpwurepii Ta moka3HUKK cPOPMOBAHOCTI PiBHS 3HaHB» HABEJCHO KPUTEPIi Ta MOKa3HUKK C(HOPMOBAHOCTI PiBHS
3HaHb LHUISIXOM YCBIJIOMJICHHS CTYZICHTOM CIIBBiIHONICHHS (POPMH 1 3MICTy MaTeMaTHYHHX MOHSTh, BMIHHS MO-
JIeIIFOBATH HaBYaJIbHI CUTYallii.

Tabmuus 1— Kpurepii Ta nokazHuku c)opMOBaHOCTI piBHSI 3HaHb

Kpumepii cghopmosarnocmi piens ..
pumepii cpop p ToxasHuxu cghopmosarocmi pigHs 3HAH

3HAHb
3miOHOCTI 0 3HAKOBOTO Ta MPOC- BMiHHS BUKOHYBATH Jii Ha MiIBEICHHSI i/l IOHATTS | BUBEICHHSI HACTIKIB B IIPO-
TOPOBOTO MHCIICHHSI 11eci po3B’sI3yBaHHS 3a/1a4 Ha TOTOBHX PUCYHKaX.
BMiHHS IPOBOINTH:
1) aHaui3 i cuHTE3;
31i6HOCTI 10 CHMBOJIIYHOTO MHC- 2) y3arajgbpHEHHS i KOHKPETH3AIIII0;
JICHHS 3) aHaNoriI0;

4) mopiBHAHHS;

5) 3acTOCYBaHHS BiIOMHX QJITOPUTMIB JI0 KOHKPETHHX 3aBJaHb.

1. BukopucroByBat hopmyJn;

2.BukoHyBatH omnepaii Hal MaTEMaTHYHUMH BHPa3aMH;

3. OnepyBaty rpad)ivHUMHU 00’ €KTaMH, 1X XapaKTEePUCTHKAMH.

1.31i6HicTE MOOYI0BM MOJIENi KOHKPETHOT 3a1a4i;

2.YMiHHS migiOpaTH 3aBAaHHS 3 IHIIMX AUCIHILTIH, SKe O 3a10BOJBHSIIO
3aaHy MaTeMaTHIHy MOJEIb.

3ni6HOCTI 10 ONepyBaHHS MaTeMa-
THYHUMH 00’ €KTaMH

3110HOCTI 10 MATEMATUYHOTO MO-
JIETFOBAHHS
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VY mociipkeHHI 3aCTOCOBYBAJIMCS METOJI TEOPETHYHOTO aHalli3y, CHCTEeMaTH3alil 1 y3araJbHEHHs; METOA
CIIOCTEPEXKEHHS Ta TECTYBaHHSI.

PesynbTaTH KOHTPOJBHOTO EKCIIEPUMEHTY, CIIPSIMOBAHOTO Ha BHSBJICHHS €(EKTHBHOCTI BIUIMBY 3HAKOBO-
CHUMBOJIYHOTO HiAXOAy A0 GOpPMYBaHHA y CTYICHTIB BHUIIUX TEXHIYHUX HAaBYAJHHHUX 3aKJIATIB BHCOKOTO PiBHA
MaTeMaTHYHOI KOMIIETEHTHOCTI, IIPOAEMOHCTPYBAJIH, IO CTYACHTH KCIIEPUMEHTAILHOT IPyITH MAlOTh 3HAYHi I1e-
peBaru 3a IOKa3HUKaMH, IO XapaKTepHU3YIOTh KpUTepii c(OPMOBAHOCTI 3HAKOBO-CHMBOJIYHOI AiSIIBHOCTI 3a
YMOB 3aCTOCYBaHHS 3aIpOIIOHOBAHOTO IiIXOMy. AHAI3 Pe3yIbTaTiB MiarHOCTUKHA KOTHITHBHOTO KPHUTEpilO Jie-
MOHCTPY€ IO3UTHBHY AWHAMIKY PiBHS CEMIOTHYHHUX 3HAHb B eKcIiepuMeHTabHil Tpyti (0,52 — 0,78). CratucTtu-
uHuii x2-KpuTepiil BUABMB 3HAYHY BiIMiHHICTh IIOKa3HUKIB JAHOTO KPUTEPIiIO B eKCIEpUMEHTabH i rpymi Ta Ko-
HTPONbHIH TpPymi 10 i Micas eKcrmepuMeHTanbHoro BmBY: X2 (35,2) Gimbme X2 (19,2). Amnaniz maHux
MPOIIECYaTFHOTO KPUTEPIF0 TIOKA3ye, 0 B eKCIIEPUMEHTANBHIN TPpyIi 3HAYHO OibIe CTYACHTIB MEePIIoro Kypcey,
SKi 10 KiHII HABYAHHS HA TEPIIOMY KypcCi, BUAIIUTA Ha BUCOKHUI PiIBEHb OBOJIOAIHHS 3HAKOBO-CHMBOJIYHOIO Jisi-
JpHicTIO (Y eKcrepuMeHTanbHii rpymi — 30,3%, y KOHTpombHil rpymi —22,5%).

BucHoBkH

BucHoBok nepmmii. BusHaueHO 3HaKOBO-CUMBOJIIUHI 3ac00U 11t )OPMYBaHHS MaTeMaTHYHOT KOMIIETEHT-
HOCTi OakanaBpiB ramy3i [T-TexXHONOTIH, K HEBiJ’ €MHOT YaCTHHH X mpodeciiiHol KoMmeTeHTHOCTI. [l mporo
HEOOXIHUM € pOo3pO0Ka Ta BIPOBAHKCHHS HA 3aHATTSIX 3 BUIIOT MATEMATUKU 3MICTOBHOTO Ta (DYHKIIIOHATIBHOTO
HABaHTa)KCHHS; BUKOPHCTAHHS ONTHMAJbHUX MEJaroriYHUX CEMIOTHYHUX CHCTEM, aalTOBaHUX 0 Mi3HAaBAJIb-
HHX MOXKJIMBOCTEH CTYACHTIB, 1110 3a0€3MeYyI0Th PO3BUTOK K MaTeMaTHYHOI KOMIIETEHTHOCTI, TaK i podeciitHo
3HAYMMHUX SKOCTEH CTYICHTIB Ta HOPMYJIIOIOTH IIOBHOLIHHI 00pa3y THX MaTeMaTHYHHX MOHSTh, IO BUBYAKOTHCS,
MOCHJICHHS TMPOAYKTUBHOCTI HAOYHOCTI Ta Bi3yauisallii MaTeMaTHYHOI iHpopMaii.

BucHoBok npyruii. BusnadeHo KpuTepil Ta MOKa3HUKH c(OPMOBAHOCTI PiBHS 3HaHB C(POPMOBAHOCTI TIPO-
(eciitHux KoMmeTeHTHOCTEH OakamaBpiB ramysi IT-texHomorid. HeoOXimHO 3ayBa)KUTH TaKOX, IO CaMe IisIb-
HICTB (haxiBI MiJ Yac HaBUYAHHS MaTEMaTHKH J103BOJIsIE chopMmymtoBaTH npodeciiiii 3aBJaHHs, a pI3HOBH]] 3Ha-
KOBUX CHCTEM HAJla€ MOXJIMBICTh ix (hopmanmizyBaTu. Came Takuii MiAXilx, HA HAII OIS, J03BOJIUTH OMKUCATH
KOMITOHEHTH NpodeciiiHOi KOMIETEeHTHOCTI (axiBLs Yepe3 MaTeMaTHYHy KOMIIETEHTHICTh IUITXOM OBOJIO/AIHHS
YMIHHSIMU ONIEPYBaTH Pi3HUMHU 3HAKOBUMH CUCTEMaMH B KOHTEKCTI 3aB/IaHb 3 BUIIOI MATEMaTHKH.

BucHoBoKk TpeTiii. Pe3ynbraT KOHTPOJIBHOTO €KCIEPUMEHTY, CIIPSMOBAHOTO Ha BUSIBICHHS €()EKTUBHOCTI
BILUIMBY 3HaKOBO-CUMBOJIIYHOTO MiJXOLy 10 GOPMYBaHHS Y CTYACHTIB BUIIMX TEXHIYHUX HaBYaJbHUX 3aKJIaJIiB
BHCOKOTO PiBHS MaTeMaTHYHO! KOMIIETEHTHOCTI, MPOJAEMOHCTPYBAIIH, IO CTYICHTH €KCIICPHMEHTAIBHOI IPYIH
MalOTh 3HAYHI IIepeBary 3a MOKa3HHKAMH, 10 XapaKTepU3yITh KPUTEPii CHOPMOBAHOCTI 3HAKOBO-CUMBOJIIYHOT
JisTTBHOCTI 38 YMOB 3aCTOCYBaHHS 3alPOIIOHOBAHOTO MiIXOIY.
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Bigomocri npo aBTopiB

Kupnnamyk Ceitinana AHaTosiiBHAa — KaHIUIAT NEJarorivHuX HayK, JOIEHT, IeKaH (aKynbTeTy iHpopMarii-
HUX TEXHOJOTiH Ta KOMI IOTEPHOI iHXKEHepii.

Bonpapenko 31ata BacuiaiBHa — KaHAWIAT NeIarOTIYHUX HAYK, TOLEHT, AOICHT KadeapH BUIIOi MAaTEMAaTHKH.
Knouko Biradiii IBanoBHY — TOKTOp IearorigHux Hayk, npodecop, npodecop kadenpu BUIIO] MaTeMATHKH.

Xom’iok Ipuna BosiotumMupiBHa — TOKTOp MeIarorivHUX Hayk, mpodecop, mpodecop kadeapu BUIIol MmaTemMa-
THKH.

S. A. Kyrylashchuk, Z. V. Bondarenko, V. 1. Klochko, I. V. Khomuyk
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YK 004.8:796

O. I0. MenpaukoB, M. A. Kagaupkwuit

JOCJIIKEHHA METOAIB PO3PAXYHKY IOKA3HHUKIB
CHOPTCMEHA-METAJ/IbBHUKA SAPA

Honbackka nepxapHa MamHOOy1iBHa akagemis, Kpamartopcbk

AwnoTanis. Po3riasHyTO MOHSTTS MITOBXaHHS sApa, OyJOBY CEKTOpa ITOBXaHHS sApa, TOCHIIKEHHS Pe3ylbTaTiB MITOBXadiB AApa YKpaiHu
Ta CBITOBOI apeHM, OIKUC TEXHIKM s/pa «3i CTPHOKa», BAKOPUCTAHHS KOHLEHLIT KOMIT'IOTEPHOTro 30py y cropTi. [IpoananizoBaHo Mozeni Ta
METOAU JIs1 PO3PaxXyHKY HOK&SHI/IKiB CIIOpTCMEHA-IITOBXa4a sapa, MO[IeHi JUI PO3PaxyHKY IITOBXAaHHS s/ipa «3 MiCI.I}I» Ta ((3i CTpI/I6Kﬁ>),
OCHOBHI 3a/ja4i anapaTy HeHpOHHUX MEpeX Ta BUKOPHUCTAHHS KOHIENI{ KOMIT'IOTEPHOTO 30py UL CTBOPEHHS CHCTEMH BineoaHamisy. Iloc-
TaBJICHO OCHOBHE 3aBJIaHHs Ta MeTy pobotu. HaBeneHo dopmarizaliito Ta alropuT™ MOZEIN HEHPOHHOT MEpEexi ISl OLIHKH (ha3 ITOBXaHHS.
Onucano CTBOpeHy iH(opMalliiiHy MOJIelTb TPOEKTOBAHOT CHCTEMH MOBOIO BizyasibHOro MozentoBanHs UML — HaBe/ieHO JliarpaMu BapiaHTiB
BUKOPHCTaHHS, KJIaciB, KOOMepallii, MOCIiJIOBHOCTI, CTaHIB Ta KOMHOHEHTIB. ONUCAHO MOXXJIMBOCTI CUCTEMH IS TOCHIZIPKEHHS OCHOBHHX
MOKa3HHUKIB CIIOPTCMEHA LITOBXAaya sAPa, MOXKIIMBICTh BUKOPUCTAHHS BiICOCHCTEMH IS MOKPALICHHs TeXHIKU 1ToBXaHHs. HaBeneHo npu-
KJ1ax yHKIIOHYBaHHS Li€i CHCTEMH Ta IIPOBEJICHO aHAaNi3 pe3yIbTaTiB PO3PaXyHKIB.

Ku1i04oBi cjioBa: ITOBXaHHA AApa, MAaKCUMAJIbHO e(l)eKTHBHa TeXHiKa IITOBXAHHS Aapa, (l)i3l/lK0-MaTeMaTM‘{Ha MoOJeJIb IITOBXAHHA
sApa, HeiipoHi Mepe:xi mpsimoro nommpeHHsi, python, Lazarus, mediapipy, neurolab.

Abstract. The concept of shot put, the structure of the shot put sector, the study of the results of the shot putters of Ukraine and the world
arena, the description of the shooting technique "from the jump", the use of the concept of computer vision in sports are considered. The
models and methods for calculating the performance of a shot putter athlete, models for calculating the shot put "from the spot” and "from
the jump", the main tasks for the apparatus of neural networks and the use of the concept of computer vision to create a video analysis system
are analyzed. The main task and purpose of the work is set. The formalization and algorithm of the neural network model for evaluating the
pushing phases is presented. The created information model of the designed system is described in the language of visual modeling UML -
diagrams of use cases, classes, cooperation, sequence, states and components are given. The possibilities of the system for studying the main
indicators of a shot putter athlete, the possibility of using a video system to improve the technique of pushing are described. An example of
the operation of this system is given and an analysis of the calculation results is carried out.

Key words: shot put, the most effective shot put technique, physic-mathematical model of shot put, direct neural networks, python,
Lazarus, mediapipy, neurolab.

DOI: https://doi.org/10.31649/1999-9941-2022-53-1-101-110.

Beryn
Cy4acHuii piBeHb PO3BHUTKY JIETKOI aTJIETUKH, 30KpeMa ITOBXaHHS 5/pa, CTABUTh 3a7ady 10 po3poOlli Ho-
BUX, OUTBII paIlioOHAJIBHUX 3aCO0IB 1 METOJIB CIIOPTHBHOI MIATOTOBKH, SIKi CIPHUSIIOTH IBUIAKOMY 1 HaaiHOMY
JIOCSITHEHHIO BUCOKHX CIIOPTUBHHX Pe3yJbTaTiB. Alle crily 0e3MeXHO 301IbIIyBaTH HE MOXKHA, 1 MOZAJIbLIE 3pO-

CTaHHs Pe3yJbTaTIB MOXIIMBE HE CTIJIbKH HIISIXOM YIOCKOHAJIECHHS TEXHIKM METaHb, /Uil YOTrO JOLIBHO BHKO-
pHCTOBYBaTH iHpOpPMaIiliHi TEXHOJIOTII.

AKTYyaJIbHiCTBh Ta MeTa

MeTtoto poOOTH € 3HAXODKEHHS KpalluX MOKa3HUKIB U1 MAKCHMaJIbHO e()eKTUBHOIO BUKOPHCTAHHS CHIIH
Ta IBUIKOCTI CHOPTCMEHA NPH BUKOHAHHI CIIPOOH, BUKOPUCTOBYHOYH MaTeMaTHYHY MOJETIb METaHHS (TeXHika
IITOBXaHHs 0e3 MONEePEeAHBOr0 PO3rOHY CHapsAy) Ta MPOrpaMHOrO 3a0e3NedYeHHs Ui PO3paxyHKiB HU3KH elie-
MEHTIB (KyTa, MOYAaTKOBOI CHJIM, OYATKOBOT HIBUAKOCTi). Takox MOIEIIOBAaHHS KyTa INTOBXaHHS Ta KyTa BH-
IITOBXYBAHHS Apa [UII MAKCHMAIIEHOTO PE3yIbTaTy TEXHIKOO 3 MOMEPEIHIM pO3TOHOM(TEXHIKA «31 CTPHOKaY).
JocmiaguTi MOXIHMBICTH BUKOPHCTAHHS anapary WITyYHHX HEHPOHHHX MEPEX NPH PO3PaxyHKY ITOKAa3HUKIB
CIIOpTCMEHa-MeTalIbHUKA s/[pa 32 HassBHUMHU JIAHMMH NPO BiK, 3pOCTaHHs, Macy Tija arjera, a TaKoX XapakTe-
PHCTHKaM MOJBOTY SIIpa BU3HAYUTHU AAJBHICTh LHOTO MOJIBOTY T4 MOXIIMBICTh BUKOPUCTAHHS MOJIEINI “KOMII'I0-
TEPHOTO 30pY” JIs BifIeOo aHai3y CIpod COPTCMEHA i3 MOJaIbIINM HOTO KOPUTYBaHHIM. MOKIIUBICTh MPAKTH-
YHOTO BHMKOPHCTOBYBATH pPO3pOOJIEHOr0 MpPOrpaMHOro 3ale3nedeHHs sl TpPeHyBaHHS CIIOPTCMEHIB-
METaIbHHKIB.

OO0’ekT mocmiypkeHHs — (i3MKO-MaTeMaTHdHa MOJIEJNb IITOBXAaHHS S/Ipa, sSIKa Ma€ BU3HAYUTH PaIlioHalb-
HICTh BUKOPUCTAHHS Ti€l Y 1HIIOT TEXHIKM METaHHS JUIsl IOCSATHEHHSI MAaKCUMAJIbHOI JJaJIbHOCTI TIOJIBOTY CHapsi-
na. IlpeaMer nocmipkeHHS — MOXKJIMBOCTI IPOrpaMyBaHHsI CKJIaJHUX MaTeMaTHYHMX (QyHKILIH, IO ONMUCYIOTH
IUKJIIYHY TEXHIKY IITOBXaHHS spa.

3angaui

1. [IpoananizyBaTi HasiBHI MOZIEJi Ta METOIH ISl pO3paxyHKy IMOKa3HHUKIB CIIOPTCMEHA-IITOBXava Spa.
2. CTBOpHUTH CUCTEMY MiATPUMKH NPUAHATTS PIillIeHb JUIS PO3PAXyHKY MTOKa3HHUKIB CIIOPTCMEHA-IITOBXaua siIpa,
HaBeCTHU MPHUKIA] QYHKIIOHYBaHHS Ili€1 CHCTEMH.

Po3B’s13annga 3aga4

IlIToBXaHHA sAApa BiIAHOCUTHCS 0 NUKIIYHUX IIBHIKICHO-CHIIOBHX BIPAaB, Y SKHX PO30Ir BHKOHYETHCS
JIBOMa Croco0amu: «CTpHOKOM» a00 «IOBOPOTOMY, a (piHaIbHA YaCTWHA — IIIJITXOM BHINTOBXYBaHHS CHapsaa
onHi€er0 pyKoro Bix ruieda. IIIToBXaHHS fapa, IO MOJATAE B «IITOBXaHHI» (KUIAHHI IITOBXAE PYXOM PYKH) CIIe-
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L[iaJIbHOTO CIIOPTUBHOTO CHApsija — siipa Ha JajbHICTh. [IMCIMILTIHA HAJISKUTh JI0 METaHb, BXOIUTH B TEXHIYHI
BUJIM JICTKOATJIIETHYHOI NMPOTpaMy Ta BHUMAarae BiJi CIIOPTCMEHIB BUOYXOBOi CHJIM Ta KoopAuHauii. Bara snpa B
YOJIOBIYMX 3MaraHusx — 7,257 kr. B o¢iniiiHux 3MaraHHsSX YYaCHHKHA BUKOHYIOTH IIICTH CIIPOO B CEKTOPi I
IITOBXaHHS. 32 pPe3ysbTaTaMH TPHOX IMEPIINX CIPoO BiAOWPAIOTHCS BiCIM KpaluX, i y HACTYIIHUX TPHOX CIIPO-
0ax BOHH PO3IrpyIOTh KPaIIoro 3a MaKCHMAJIFHOTO pe3yibTaTy B IIeCTH crpobax. Uepes 1e i BUHUKAae HEOOXia-
HICTh NPaBUJIBHOCTI BUKOHAHHS TEXHIKH, HOYMHAIOYM 3 CAMOTO II0YaTKy, 100 JOCATTH MaKCUMAIILHUI pe3yJib-
TaT 1 BUHTH y (iHaIbHE KOJ0 3Maranb. CIociO MTOBXaHHSA «CTPHOKOMY € OLTBII MPOCTHM 32 KOOPAWHALIHHOO
CTPYKTYpOIO, 1 Ha HOTO OIMaHyBaHHS MOTPiOHO MEHIIE Yacy, HiXK «IIOBOPOTOM». TOMY NP ITOYaTKOBOMY HaB-
JaHHI PeKOMEHIYEThCS PO3YyUyBaTH JaHuii cnoci6 metanns [1-2].

VYBech mpoliec METaHHs YMOBHO MOXKHA PO3JUIMTH Ha (a3H, SKi B3a€MOIIOB'S3aHi Ta MOCIIIOBHO II€PeXo-
JUITh OJTHA B iHIIY. Y morepeaHiil yacTuHI po30iry me: TpUMaHHs CHapsi/ia, BUXi/HE ITOJIOKESHHS, MOTIepe/iHi py-
X4 (3aMax «yrpyIyBaHHs»), pO3TiH-cTpUOOK. Y QiHanbHIl YacThHI: (hiHaIbHE 3yCHIUIS Ta yTPUMaHHS piBHOBaru
TICIIsl BUITYCKY CHapsima. Y croco0l ITOBXaHHS sipa «CTPUOKOM» € JIBa CTHIIIO BUKOHaHHS (a3u (hiHaJIBHOTO
PYXY, SIKI BU3HAYAIOTHCS CITIOCOOOM 1 HANPsIMKOM PyXy HPaBoi HOTH IIiJ] Yac (hiHaIbHOTO 3YCHILIS.

st Toro, mo0 kpare po3idpaTucs 3 TEXHIKOI0 «CTpHUOKay, MOMUTIMO ii Ha 2 OCHOBHHX CKJIAJIOBHX: IITOB-
XaHHA sapa 0e3 posroHy, aile 3 ypaxyBaHHSM PO3TOHY sIpa, TaK 3BaHA «TEXHIKAa 3 MICI», 1 caMa TexHiKa
«cTpuOKOMY (Taka KOHIIETIIiI BHKOPUCTOBYETHCS 1 B cCaMOMY TPEHYBaJIbHOMY TIPOIIEC).

Sk Bxe 3a3Hayayocs, ePEKTHBHOIO CIOPTHBHOI TEXHIKOK HA3MBAETHCS TaKa CUCTEMa CIEMEHTIB pyXy,
sKa 3a0e3redye CIOPTCMEHY JOCSATHEHHS MaKCHMAIIBHOTO pe3yibTaTy. OCHOBOI MaKCHMAIIBHOTO Pe3yJbTaTy €
MPaBUJIBHICTh BUKOHAHHS (piHANBHOI (3aBeprmaibHOl) (a3u mroBxaHHS sAapa. ToMy nominpHO Oynme ITOCTiAUTH
110 00JIaCTh CIIOPTHBHOI TEXHIKH 31 CTATHYHOTO OOKY. Po3risiHemMo, Bijl SIKMX BEJMYMH BOHA 3aJI€KHUTh B MEPILY
uepry. 3 piBHSHHS MEXaHIKH JaJbHICTh MONBOTY SApa BU3HAYAEThCS Tak [1]:

Vg sin 2w,
g

L (1)

IS V0 — II0YaTKOBa H.IBI/I,I[KiCTB BWJIbOTY CHapsaa B M/C, sgKa HOBi,Z[OMJ'IH€TLC$I CHapsay CIIOPpTCMCHOM B MOMCHT

BUITYCKY HOTO 3 PYKH, (U,— MOYATKOBUH KYT BUJILOTY CHaps/Ia B TPALycax, g — NPUCKOPEHHS CHIIU TSKIHHS.

Ha siapo, sike JISTUTB y MOBITPI 3 SIKOIOCH MOYATKOBOIO MIBUIKICTIO, JIFOTh TUTHKHU J[BI CHIIM: CHJIA TSKIHHS
3emJti Ta cHIIa OTIOPY MOBITPS, BIUTHB SKOi Oy/1e OLiHEHO HIKYe. TpaeKkTopis sapa BUZHAYUTHCS PIBHIHHSIIM:
2

Y : : 2gh
L= —cosw,(sinw, + sm2w0+%)
g Vo

()

nie ho — BHCOTA, Ha sIKii CHAPsII 3aJIMIIIae PYKy CIIOPTCMEHA.

PipasiHHS (1-2) MOKa3yrOTh, BiJ 9OTO 3aJEKUTH AAJbHICTh MOJBOTY SApa: MIOYATKOBOI MIBUAKOCTI, 3 SIKOIO
AP0 BHUIITOBXYETHCS; KyTa JI0 TOPU3OHTY, MiJl SKUM SIpO BHIITOBXYETHCS; BUCOTH HaJ| 3e€MJICIO, HA SKIH sIpO
3anuiae pyKy. Tak camo Oyno OTpMMAaHO PIBHSHHS, [0 BU3HAYAIOTh MOJIOKCHHS HAWBHIOI TOYKU TPAEKTOPIi
cHapsaa. Lli BimoMocTi MOXKYTh OyTH KOPUCHI TAaKOK JAJIS IPOEKTYBAHHS JICTKOATICTHYHIX MAaHEXKIB.

KoskeH ciopTcMeH Mae BU3HAYUTH TaKWil KyT BHIBOTY SIIpa, SIKMH 111 1OTO aHTPOIIOMETPHYHUX XapaKTe-
pHCTHK (Bara, 3picT) 3a0€3MeYnTh MAKCUMAaJIbHY JAIBHICTh HONBOTY. AJle OYEBHIHO, III0 ONUC CIIOPTHUBHOI TEX-
HIKM BHHSATKOBO PiBHSHHSIMU MEXaHIKH MOXX€ HE BPaXOBYBATH Psii (aKTOPIB, SKi € MaTO3HAYYIIMMHU I abco-
JIFOTHUX 3HA4Y€Hb PE3YJIbTATIB, aJie MOXKYTh MAaTH CEPHO3HHIA BILUTMB HA BIIHOCHI MOKa3HUKH.

VY ¢iznuHil KyTpTypi Ta CIOPTI HEHPOHHI Mepeki BUKOPUCTOBYIOTHCS JUIS aHAJII3Y 1 MPOTHO3YBAHHS MOKa-
3HHKIB ()i3UYHOI MiArOTOBIEHOCTI CHOPTCMEHIB, a TAaKOXK PE3y/IbTaTiB CIOPTUBHUX 3Marasb [3]. [lna HasBHUX
naHux 3 [4] 6ymno chopMyIbOBaHO 3a7avy MPOTHO3YBAHHS: 332 HaBHUMM JTaHMMH IIPO BiK, PiCT, Macy Tina aTie-
Ta, a TAKOX XapaKTePHCTHKAX IOJILOTY SJpa BU3HAYUTH AAIBHICTH LOTO NMONbOTY. L0 3agady Oyno BupimeHo
METOJIOM IITYYHHX HEHPOHHHUX MepeX B [5], 0THaK TaM He OyJI0 BpaXxOBaHO HU3KY BasKIMBUX (AKTOPIB.

VY Tabn. 1 HaBeneHo nepenik (HakTopiB, SAKI BIUIMBAIOTH HA PE3YJITAT IITOBXaHHA sapa. Mu maemo 14 BXi-
JTHHUX 3HAa4Y€Hb, sIKI HaJeXaTh J0 5 KJaciB — IPyN 3aJIe)KHOCTEH, sIKi Mo/1iIeH] Ha (i3W4HI BEIWYHMHM Ta MO Kiacy
i

102



ISSN 1999-9941, “TH®OPMALIIMHI TEXHOJIOI'Ti TA KOMIT'FOTEPHA IH)XKEHEPIA”, 2022, Ne 1

Tabmuua 1 — Ilepenik dakTopis

MHUII
No I'pyna ®daktop OTH H
BUMIPIOBaHHS
1 h, - Bucora Bunycky spa M
3pocTy Ta BHCO- 0 YOKY 1P

2 TH BHITYCKY Dr — noBxwuHa pyk (po3Max) M

3 ZT — 3picT criopTcMeHa M

4 . . LJ — pe3ynpTar B cTpHOKax y NOBXHHY 3 MicIs M

[ligpuBHi pesy. 12 Uy A Y &

5 TJ — pe3ynbrar y noTpiiiHOMy CTpHOKY M

6 LT — pe3yneTat y ®uMi Jexadn KT

7 LS — pe3ynpTaT y mpuciaHHi 31 NITAHTOI0 HA TUIeYax KT

8 Cunosi VG — pe3ynbTar y B3ATTI Ha Tpyau KT

9 TK — ToBYOK mITaHTH KT
10 WS — Bara ciopTcmeHa KT
11 \Y b (iHaTPHA MIBUIKICTH BUITYCKY CHapsaa M/c

HIBunxicHi
12 V, — ropusonTanbHa MBHAKICTE PO3TOHY CHAPSTY m/c
13 a)o — KyT IITOBXaHHS (BiJ HAATLITITY) rpanyc
Kyrosi
14 490 — KYT BUIITOBXYBaHHS (KYT JIOJIOHI) rpagyc

[Micnsa mpoBeneHHS PO3paXyHKIB MOKHA OTPUMATH BiIOBII Ha TUTAHHS:

— HACKIJbKH €()eKTHBHO BHKOPHCTOBYIOTHCS TIOKa3HUKH CHOPTCMEHA IS JTOCATHEHHS HaWKpamioro pe-
3YJIBTATY;

— SIK MOXKHA MOKPALIUTH TEXHIKY ITOBXaHHS SIIPa;

— SIKi TIOKa3HMUKH JUI KOHKPETHOTO CIIOPTCMEHA BBXKATH 01161 a00 MEHII BaXKJIMBUMH;

— HACKIJBbKM TEXHiKa LITOBXaHHS BUIEPEIKYE CUIIOBI IIOKa3HUKH, a00 CHIIOBI MOKAa3HUKH BHUIIEPEIKAIOTH
TEXHIKY.

L1i 3amaui Bupirtiero B [6]. Ane mie Tpeba BU3HAYHTH, SKa TEXHiKa METaHHS OLIbIIE MiIXOIUTh CIIOPTCMEHY
3rijiHo 3 Horo ¢i3uuHUMHU NapaMeTpamu. Maemo JaHi npo CIIOPTCMEHIB, SIKI MOXHA BBA)XKaTH BXIJTHUMHU (haKTo-
pamut (y KiIBKOCTI JIECSITH OMHHHIIG): BUCOTa BHUITYCKY Spa 3a PI3HUMH TEXHIKAMH; 3DPICT CIOPTCMEHa; CTaTh
CIIOPTCMEHA; BIK CIIOPTCMEHA; JIOBXKMHA PYK; JOBXKHHA HIr; THUII BOJIOKOH M’s31B; IIMpOTa Tuieueit; Tect Abana-
KOBa Ha PYXOBY SKICTb — IIBHJKICTB; JIOBXHHA PO3TOHY.

KoskeH cnopTcMeH MOXe BUKOPHCTOBYBATH Pi3HY TEXHIKY MeTaHHS (OIHY 3 4 pI3HOBHIIB): CTPUOOK; KPY-
roBHi Max (HU3bKi HOTH); KpYTOBUI MaX (BUCOKI HOTH, HU3bKI IIedi); KPYTOBHUIT Max (BHCOKI HOTH, BUCOKI TUIe-
4i). [Ipu BUKOpUCTAaHHI KOKHOI TEXHIKH BiH OTPUMYE Pi3Hi pe3ynbTaTH. TakuM YMHOM, MH JOJA€EMO HOBUH (ak-
TOp — «TEXHIKa, [0 BUKOPUCTOBYETHCS JUIl METaHHSM» — K PE3yJbTIBHUN. 3HAXOIUMO Kpallli pe3yiIbTaTh s
KOXKHOTO CIIOPTCMEHA M0 KOXXHOMY 3 (PakTopiB i mpoBoaumo kiacu@ikamito. I[ToTiM BBOIUMO JaHi HOBOTO
CIIOPTCMEHA, i MOJIENb Pa/INTh, SIKY TEXHIKY Kpallle BUKOPHCTOBYBATH CaMe IIbOMY CIIOPTCMEHY JJIsl OTPUMAaHHS
HalKkpauux pe3yibraTiB. LLnsxoM npoBeeHHS HU3KH YHCENIBHUX EKCIIEpUMEHTIB OyJI0 miiibpaHo apXiTeKTypy
HEeWpOHHOT MepeXi 3 OTHMM HPUXOBAaHUM IIAPOM, SIKUI MICTUTh TpU HEWpoHH. Pe3yabpraT po3paxyHKiB B cepe-
nosuil Deductor HaBeZieHO Ha puUC. 2, MOPIBHAHHS PE3y/IbTATIB HA pHC. 3.

Bucota . Hoesxenna | Doeskwa [ Tun eonokod | Wepota Tect JoesuHa Tun
3pict | Crame Bik . ; - -
BHMYCKY pyK Hir W'Asie nnevel | ABanakosa | posrody | TexHikM
220 190 2 16 o0 70 2 50 27 120 1
184 160 1 18 78 B 2 B5 21 134 2
150 150 2 23 a7 B7 1 5] 15 100 2
178 165 1 23 B7 56 1 57 23 123 1
196 170 2 21 65 65 2 67 25 130 3
22 166 2 21 55 45 2 47 34 130 1
223 205 1 19 92 70 2 75 2 1458 2
162 2117 2 25 74 g2 2 24 2 142 4
208 186 2 32 02 5] 2 &1 25 127 4
208 150 2 23 £5 a5 1 24 35 125 4
197 225 1 26 =] 54 2 75 35 139 3
22 225 1 25 105 G4 2 40 20 123 2
150 188 1 28 23] a0 2 53 27 114 2
192 185 2 25 g2 J=i1] 1 =] 27 143 1
209 187 2 23 54 =] 1 il 19 121 1
198 178 1 I 72 78 1 41 23 135 3
171 227 2 15 100 a4 2 64 24 134 4
167 160 1 32 100 a7 1 65 26 1258 4
170 165 2 30 B3 63 1 53 15 119 2

Pucynok 1 — Bxigni nani

103


https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D1%81%D1%96%D0%B4%D0%B0%D0%BD%D0%BD%D1%8F

ISSN 1999-9941, “IHOOPMALIIIHI TEXHOJIOI'Li TA KOMIT'YOTEPHA IHXEHEPIS”, 2022, Ne 1

Bucora eunycky

3pict

Crare

JNoBskuHa pyk

Tun TexHiku

DoBsuHa Hir

Tun BONOKOH M'ASIE

Wupara naeveit

Tecr AGanakosa

ToBuHa posroHy

Pucynok 2 — Cxema HelipoHHOT Mepexi

Tun
TexHikH

1 1,0265| 1,0258
19963 2
1.9993| 1,9998
10007 | 1,0069
2.3988| 29997
101894] 1,3062
159987 2
35783] 3996
3.3910( 3.2818
3.9803| 3.9825
24982 2,9333
1.9975| 1,9995
25026 2001
1,0259| 1,0122
1,0152| 1,0027
2,9991| 3,0007
39572 399
39929 3.9882
2 15985 2,0002

Pucynox 3 — ITopiBHSIHHS pe3ynbTaTiB ABOX PO3pPaxyHKIiB Ta pealbHAX JAHUX

1021 | 10x3x1

E ST B (11 FPCY S PN N Y P PO B TN TN

3acTocyBaHHS I1i€l MOZENI JONOMOXKE 3MEHIINTH Yac 3HAXOJUKEHHS TEXHIKM Maiike y /1Ba pasu, [0 CBOEFO
Yeproro JO0TIOMOKE palioHAIFHO 3aCTOCYBATH Yac JUIs IiArOTOBKH CIIOPTCMEHA y HOTo BIKOBIH KaTeropii.

Komn'rorepre 6adenns (CV) — me miamoiie MITyYHOT'O iHTENIEKTY Ta MAalIMHHOTO HABYAaHHS, SKUH poO-
3po0Jisie METOJM TiJrOTOBKM KOMIT'OTEpIB /Il iHTephpeTaiii Ta po3yMiHHS BMICTY BCEpEIMHI 300pa)KeHb.
Komm'torepHe OaueHHs1 Ma€ Ha METI MOBTOPEHHSI YaCTHH CKIIQJIHOCTI B CHCTEMI 30pYy Ta Bi3yaJlbHOTO CHPUITHATTS
HIJISIXOM 3aCTOCYBaHHS MIMOOKMX HaBYAIBHUX MOJeJel, 100 TOYHO BHSBUTH Ta Kiacu(iKyBaTH 00'€KTH 3 JIH-
HaMIYHOTO Ta Pi3HOTO (i3uuHOrO CBiTY [7].

OueBuaHO, MO Oya0 O MOIIBHO 3aCTOCYBATH KOHIICTIIIIO KOMIT'IOTEPHOTO 30pYy Ui aHalidy Bifeo
CIIOPTCMEHA-IITOBXaIbHHUKA SApa.

[epma 3agava: MOXIHBICTh MOOaunTH 3D MOJIENE MO3UIIT MITOBXaHHS HA KOXHINA (a3l cpodu, mob Je-
TaJIbHINIE 3pO3YMITH MomNepeaHi Aii croprcMeHa. JlociiDKeHHS MOKa3ayd, M0 TOPH30HTAIBHE ITOJIOXKEHHS
BUBUIBHEHHS BIZIHOCHO CETMEHTY € BUPIIIAILHUM (DAaKTOPOM ycmixy Kujaka. OnTuMaibHe TOPU30HTAIBHE II0JI0-
JKEHHSI BUBUIbHEHHs ToBMHHO OyTtH Bix 0,2 mo 0,5 M mepen HOCKOM, NPUUOMY ISl BiJICTaHb 3HAYHOIO MipOFO
BU3HAYAETHCS aHTPOIIOMETPIEO Ta TEXHIKOIO CIIOPTCMEHA.

[Ipobremoro € TakoX aHATOMIUHI OCOOMMBOCTI cITOpTCMEHiB. PaHimie BBakanocs, 10 B ieani TpaeKkTopis
SK IIEHTPY Mac CIIOPTCMEHA, TaK i IITOBXaHHSA MOBHMHHA MPOXOIWTH IO JIHIHHINA TpaekTopii, MpH mboMy Haii-
HIDKYA TOYKA 3HAXOJAMTHCS HA MOYATKY KHIKA, a HAiBUIA TOYKA — B MOMEHT BUBIIbHEHHs. OJIHAK OCTaHHI J0-
CIIIDKEHHS TIOKa3aJId, 110 1€ MOKe OyTH He Tak. 3 I[bOro U MOCTa€E APYre MUTAHHS: MOXKIUBICTh JOCITIKEHHS
TPaEKTOPIi CHAps/y MPOTSATOM YChOTO HIISXY BiJl MOYATKY PO3rOHY Z0 BWJIBOTY. 3 IIMMH HMUTAHHSIMH MOXKJIHBO
BITOPATHCS, BAKOPHCTOBYIOYH KOHIICIII[II0 KOMIT IOTEpHOTO 30py (puc. 4).
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Pucynox 4 — IITOBXaHHs sapa 3 moBopoty (aza BXxoay) y pi3HUX HPOEKIIISX

B 3anpornoHoBaHoMy miaxoi, o 3a0e3nedye BiACTEKEHHS MO3H JIIOIMHU 3 BUKOPUCTAHHIM MAaIIMHHOTO
HaBuaHHA (ML) i Bu3Havae 33-2D opieHTHpH Tina 3 oxHOTO Kaapy. Ha BiaMiHy B cydacHHX Mojeie mo3, 3ac-
HOBaHMX Ha ctaHmaptHiil Tomosorii COCO, BlazePose TouHO mokanizye OibIle KIFOYOBHX TOUYOK, IO POOUTH
fioro yHikamsHUM A8 ¢QiTHeC-ToAaTKiB. [IOTOYHNM CTaHIApTOM [UIS MO3M JIFOJCHKOTO Tina € Tonojoris COCO,
sKa CKJIamaeThes 3 17 opieHTHpiB depe3 TyiyO, pyku, Horu Ta obmmydsa. OmHak kmodoBi Touku COCO mo-
KaJi3yIOThCS JIMIIEC Ha TOMITKOBOCTOIIHHX Ta 3aIl sICTHHX TOYKaxX, iM He BHCTadae iH(opmarii mpo macmrad i
OpIEHTALII0 Ul PYK 1 HITr, 10 BaXJIWBO JUIA NMPAaKTUYHUX 3aCTOCYBaHb, TaKUX sK (itHec 1 TaHui. BlazePose
MpEJICTaBJIsIE HOBY TOIOJIOTIIO 3 33 KIIFOYOBUX TOYOK JIFOJCHKOIO TijNa, sika € cymepHabopom tomodoriiit COCO,
BlazeFace i BlazePalm. Ile n103BoJIsIe HaM BU3HAYATH CEMAHTHKY Tijla JIMIIIC HA OCHOBI MepeI0aucHHs MO3H, IO
Y3TOMKYETHCS 3 MOACISAME 00IMYYs Ta pyK (puc. 5).

nose 17. right pinky knuckle #1
right eye inner 18. left pinky knuckle #1

. right eye 19. right index knuclke #1
. right eye outer 20. leftindex knuckle #1

. left eye inner 21, right thumb knuckle #2
left eye 22. left thumb knuckle #2
. left eye outer 23. right hip

. right ear 24, lefthip

. left ear 25, rightknee

. mouth right 26. leftknee

. mouth left 27. right ankle

. right shoulder 28. leftankle

. left shoulder 29. right heel

. right elbow 30. left heel

14. left elbow 31. right foot index

. right wrist 32. left foot index

. left wrist

VBN OB WN O

ap=20

> o

Pucynok 5 — Tomomnoriuni mo3u

TakuM YMHOM MOXHA JIOMYCTHTH BUKOPUCTAHHS KOMITIOTEPHOTO 30py Y MiATOTOBIN HITOBXAYiB s/pa.
[punycTumo, 1110 OKpiM 3BUYAHHOTO Bi3yalbHOTO aHaji3y, TPEHEPY CKJIQJHO JATH OLIHKY SIKOCTI Ti€l 4M iHIIOT
(ha3u nomrroBxy (ix OyBae Bix 4 10 5). 3 MoxIUBOCTAME TeXHOJIOTIT BlazePose Ta HelpoHHOT Mepexi, omucaHol
B [8], MOXHa OpraHi3yBaTH MOBHHUU «3aMKHEHHHA I[UKID) MIATOTOBKU CIIOPTCMEHA, OUIBII PAI[iOHAIIEHO BUKOPH-
CTOBYIOUH 3aco0u (Biamagae morpeda y 1oporoMy o0OIaIHaHHI Ta JATYHKIB).

3HAXOKEHHS TUITY TEXHIKU [TigGip cX0XHUX 32 AaHTOIPO-

3a JIOIIOMOI' 01O HeﬁPOMepe)}(i MCTPI1€I0 CIIOPTCMCHIB 3 OB
BHUCOKHM PE3YJIHTATOM

BizyanbHuit anamni3 ¢a3u

Ominka ¢asu 3a JOIOMOT o0 <
HEHPOHHOT Mepexi

PucyHOK 6 — «3aMKHYTHI UKD MiATOTOBKH
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CrnoyaTKy NMpONOHYBaJIOCS BUKOPHCTOBYBATH 3HAHHS BCIX KOOPJMHAT HA NMPOMIXKH 3HAXOKEHHS 03U
JIFOJIMHY Ta HOALTY Ha 5 0CHOBHUX (a3 (po3riH, BXif, 3aXOIUICHHS, IOCTAHOBKA JIIBOT Ta BUITYCK SApa JJIsl KPYTro-
Boro maxy). OmHak mpu po3paxyHKy Oyio 3’sCOBaHO, IO UL peaji3allil JaHOi CHCTeMH IS KOXXHOTO eTaIry
3HAXOKEHHS ToBeNocs O peamizoByBaTu Mepexy Buay 99x33x1 (it oxHiel das3m), a KO U BCIX II'ATH — TO
395x33x5x1, mo 3HagHO 30impmmIo 6 wac HaByaHHA. Llfo mpoOieMy MOXKHA BHPIIIUTH 3HAXOMKEHHIM BiIXH-
JICHHS BiJl HOPMH. SIKIIIO B34TH 32 HOPMY ITOKa3HUKH TOIIOBOTO CIIOPTCMEHA (31 CXOKOI0 aHTPOIIOMETPI€0) y Hil
(hazi Ta MOPIBHATH 31 CHOPTCMEHOM, SIKOTO MU aHANII3yEMO, TOCTAaTHRO Oyne 3HAXODKEHHS JIMIIE BiACTaHI MiX
KOOpAWHATAMH TOIIOJIOTIYHUX TOYOK. UMM BHUINE BiIXWJICHHS, BiICTaHb BiJl TOYKH 0 TOYKH, THM TipIe BHIIPO-
OyBaHMiT clopTcMeH BUKOHYE cripo0y. Tomi Mepexa matume Burisia 33x1. Bxigni qani — me BificTaHb Bill TOYOK,
a BUXIJIHE 3HAYCHHS — BiJICOTOK SIKOCTI BUKOHaHHs (ha3u. HeliponHa Mepexa Oyia MpoTeCTOBaHA 3TiHO 3 Ha-
SIBHUMU JJAHUMH, pe3ynbTatd (puc. 7 1 8) cBim4aTh, 110 TECTyBaHHs MPOWILIO B MEXaX MPHITYCTUMOI ITOMHIIKH
10%, 1 ue 103BoJIsiE 3pOOUTH BUCHOBOK IIPO JOLLIBHICTE BUKOPUCTAHHS 11i€] HEHPOHHOI Mepexi.

Pucynox 7 — Jliarpama po3ciroBaHHs

R 06_0UT 06_ERR A
06 0547870329515857  (00424533338386745
04 0513450317321 0.0163613530270721
04 0AS7E70316767673  (.00513877263606RES
04 0AD9501721033641  0,000141088724535833

035 0351055201184667 (0,000130364301927303
035 0313735643319 000205488033530533
035 0268819185482433  (.0102973822509604
02 0227327246708763  (,00116684126391504
02 0189943338274343  (.00015783530474629
01 0157032101788431  (00S08228224126818
0 0,12861655452186  0,00127354252436806
005  0104S07IS00Z0611  000464223345383216
0 00843433076278454  0.0111168839020264

0 00B77011248235424  0,00716162855745762
05  0S00I03203218634 1 66439731615315E-6
08 0,78172133018105 0,000522048516172183

PucyHok 8 — Pe3ynbTaTu TECTYyBaHHS

Jaii 6yJio CIPOEKTOBAHO Ta BUKOHAHO MPOTPaMHY peai3allilo CUCTEMH HMiATPUMKH NPUHHATTS pillleHHS
JUTSL IOCTIDKeHHST TeXHIKH [ToBXanHs sapa [9-10] (puc. 9).

Po3pobiiena cucrema moniIsg€eThesl Ha 5 OCHOBHMX YacTuH. [lepina yacTuHa — e MEHIO JUIsl OpieHTamii 1Mo
nporpami. Jlpyra ta Tpers 4YacTMHM — II€ OCHOBHI BIKHa IPOTpaMy, JUIS MOJEJIIOBAHHS IOKa3HHWKIB TEXHIKH
IITOBXaHHS s1pa «3 Micus» Ta «31 cTpuOkay. YerBepra yacTMHa — 1€ PO3PaXyHOK HEHpPOHHOT Mepexi Ui
3HAXO/KEHHS BIJICOTKA KOPEKIl TEXHIKH, 3aJIE)KHOCTI CHJIOBUX Ta aHTPOIOTEHHUX JIAaHUX CIIOPTCMEHA Bij MO-
Ka3HUKIB TEXHIKH I TOBXaHHSI.

106



ISSN 1999-9941, “TH®OPMALIIMHI TEXHOJIOI'Ti TA KOMIT'FOTEPHA IH)XKEHEPIA”, 2022, Ne 1

wicue

SpHo

Bwo

&y Peanuhwi pesy nuTaT
SpBara aapa

@ KinexicTe pospaxy wris

e —— &
menio *Pgspaxy Hok() &z
Bs wicun / $OTpimasHA i praLil
&¥si crputka $Hananis amn dasy [}
Kopeawy nau cnne &= inecananis

*35eperil)
*[1caati Touk()
{om Use Geeae View) 2 nSipg

“aanycrl)
Saaepur() 3any ck s peo
— Spsineo

. _ *sany ok s aeol)
Cucreus sinecananity - .
CTE BiRenAna oTpumanta TouoK()
[rT——. — *oTpumanna daani)
Manios arHA rpadiky ()

3D orpumana desn

“a wowp & neol
[ ———— Ao nineol
& KinuricTe cnoie

& KinexicTs Helipokkis cnos

Srpodix mmxy ()
Epdlle HaKiCT HEE uaHHA - ( )

o 3i cTpuSka Otpumanna wnRxy Aaps
sz uanna()

%3anuc peay netatis ) Hei - g:rﬂ BKoopaunamn T uac

Saped v *Hamamos au()
L3 *35eperma()
S3anccersm mas)] &co
cren il SpBore naps
*Hanjasn(

#Poepaxy Hokl)

34 8XCOH EHHA NOKBZHMKIE ()

$BiakpuTra HefponHoT Mepe
Heiipon

EyBarn cncie

[ e

®Pesy nutathl)

*H as uanna() BuropucTaHHA Heil wepexi
Bp-AnTponcressi aakki
Sl anni 2mmipie

4C unos | nokesHI K
&Ky Tosi nokssHmm
e inpuws Hi nokas s
&Barn cnoie

#3aHecennn AaHHIE])

Pucynok 9 — Jliarpama ki1aciB CUCTEMHU

Ormuc po6GOTH IEepLINX YaCTHH Bke HaBeleHO y [9]. s TecTyBaHHS 3HAXODKCHHS BiCOTKA KOPEKLIl TeX-
HIKH po30epeMo MPHUKIAIN IBOX CIIOPTCMEHIB 3 pisHUMU naHuMH (puc. 10):

MokazHuKK HO | Dr | ZT | LJ | TJ | LT | LS | VG | TK |WS| Vr Vip Wo Go
CnoptcmeH A 1,8/ 1.9 19| 29 87| 130/ 2000 120[ 120 120 2,76] 899 394 334
Cnoptcmen B 22 19 18 29 8| 120[ 160[ 120] 120] 95 14 95 45 396

Pucynok 10 — ITogaTkoBi naHi ciopTcMeHiB A ta b s ekcriepumenty

|® | @ Tonkarne aapa co craura @ Pesynsar koppexsum _ o x| o x
MpoueHT koppekunmn: 89.4% ; .
‘Aw“ Pesynstar Koppexuyn rexmuncn e Kepperuna rexmn Xopowas Koppekuusi!

WcenepoBatue TEXHUKM € MOMOLLBIO HEMPOHHDIX ceTe WUccnepoBaHne TeXHUKW € MOMOLILbIO HeMPOHHbIX ceTel

orrbie cropremena

Mokasarenn Jarie cnoprcmena Moxasarenu
Poc o Tomox pocr D -
Pasniax pyx: PR Mpncaa
120 Tpoiioii npwkok Tpoiinoii npukok
Sec Basmne e Bamme 120 P P
Hannsie saviepos:

Yron suinycx Cpearsn swicors smmyces: [22 | Vronssmye 5 ]

YronTonuca B TopusoHTa/Han CkopocTs: YronTonuka ’—M
Cropocts mnycce: 599 § Peprorar xoppectm ~ 0 x Cropocrs smyeka: 95

MpoueHT koppekunn: 80.5% M
Xopowas koppekuns!

Mpowzzecrw pacy

Mpowseecth paccseret

OByuns cers O6yuums cems

Pucynoxk 11 — Pe3ynbratn po3paxyHKiB JuIs criopTcMeHiB A 1a b

Pesynbratn po3paxyHkis (puc. 11) cBiuaTh, 1110 CHOPTCMEH A € CHJIBHIIINM, HiX criopTcMeH b, y HacTyn-
HHUX [MOKa3HHKaxX: UM Jiekaun — 130 kr, npucsy 3i mrranroro — 200 kr, noTpiiHuii ctpudok — 8,7 M, 3pict - 1,9
M, OJIHaK BiICOTOK KOpeKmii BuIme y copTcMeHa b, 060 BiH parioHanbpHime BHKOHYe cripoOy. 3i 3poctom 1,9 M
CIIOPTCMEH A 1ITOBXa€ sapo Ha Bucoti 1,8, komu cnoptemen b 3i 3poctom 1,8 M Ha BHUCOTI 2,2 M, mif OibII
3HAYYIIUM KyToM (45 Tpamxycis).

HactynauMm eramoM € cucteMa aHaii3y Bifeo momToBxy. Cucrema J03BOJISIE OaUUTH CKENeT, IKui mooy-
JIOBaHO 3a gornomororo cucremu MediaPypi Ta 33 TomosoriuHux TOYOK, HaBeJleHMX paHime. [Tpuknan aHamizy
JociipKeHHs (a3n BXOIy Bi3yallbHO MOXKEMO 1To0auuTh Ha puc. 12.
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Pucynox 12 — IopiBHSHHS «cpa:sﬁ Bx6)1y>>

3 puc. 12 BuaHO, 1110 00’ €KT paBopyy (ocobuctuii pexopa 15 m 81 cMm) Ta 00’ekT niBopyY (0coOHCTHIT pe-
kopa 23 M 37 cM) no-pizHOMY poOJisiTh a3y, CIOPTCMEH JIIBOPYY HaJTO BHCOKO MiAidMae JIIKOTbh, HIiCIs 4OTO
Ma€ BUCOKY WMOBIPHICTb 3aryOUTH IOTIEpe/IHiil pO3TiH fpa, THM CaMHM CKOPOTHTH LUISX PO3rOHY, IO BIUIMHE
Ha pe3yJIbTar.

Hacrymauii kpok — e 3amyck omiHku ¢a3u. HelipoHa Meperxa Bke HaBYEHA, OILiHKA JOPiBHIOE TPUOIU3HO
25% Big eTanoHa, IO TOBOJNI Majo. 3TiAHO 3 TyMKaMHU €KCIEPTiB, ¢ BUKJINKAHO ITiTHOMOM JIiBOTO JIKTS Ta Te-
PEKpyYyBaHHSM JIIBOI CTOIIH MiJ 9ac (a3u.

BucHoBku

Byno po3risiHyTO METOAM 3HAXOIDKSHHS KpallMX MOKa3HHKIB AJISI MAKCHMAJbHO €(EeKTHBHOTO BUKOPHUC-
TaHHs CHJIM Ta IIBHJIKOCTI CIIOPTCMEHA PH BUKOHAHHI CIPOOH, BHKOPHCTOBYIOYH MaTeMaTHYHy MOJCIb METaH-
Hs (TeXHiKa IITOBXaHHA 0e3 IONepeIHbOr0 PO3TOHY CHApsAY) Ta MPOrPaMHOTo 3a0e3NeUeHHS Ul PO3PaxyHKIB
HU3KH €JIEMEHTIB (KyTa, TI04aTKOBOI CHJIM, II0YaTKOBOI MBUAKOCTI). Tako MOJEIIOBaHHs KyTa INTOBXaHHS Ta
KyTa BUINTOBXYBAaHHS siApa JUI MaKCUMAaJbHOTO Pe3yNbTaTy TEXHIKOIO 3 MOMEpEeJHIM PO3roHOM (TeXHika «3i
CTpUOKay).

[TpoBeneHo MOCIHIIKEHHS] MOXKIMBOCTI BUKOPUCTAHHS anapary ITyYHUX HEHPOHHUX MEPEX IPH po3paxy-
HKY TOKa3HHKIB CIIOPTCMEHA-MEeTaJlbHUKA s/Ipa 32 HAsIBHUMH JaHUMH PO BIK, 3piCT, Bary aTiiera, a TaKoX Xa-
PAKTEPHCTHKAM TOJBOTY SIpa BH3HAYMTH JNANbHICTh I[OTO MOJBOTY T4 MOXIJIMBICTH BUKOPHUCTAHHS MOJIENI
«KOMI'IOTEPHOTO 30py» JUIs aHAJTi3y Bifeo crnpob CHOPTCMEHA i3 MOAANBINNM HOro KOPUTYBaHHIM. € MOXIIH-
BICTh NPAaKTHYHOI'O BHKOPHCTOBYBATH PO3POOJICHOTO MPOrPaMHOr0O 3a0e3MedeHHs Ul TPEHYBaHHS CIIOPTCMe-
HiB-METaIbHUKIB.

Ha erami iHpopmaniiiHOTO MpoekTyBaHHS iH(pOopMamiiHOi cructeMu Oynu modynoBani UML-miarpamu, mo
300pakal0Th OCHOBHI MOKJIMBOCTI CHCTEMH, B3a€EMO/IiI0 1I OCHOBHHX KIIAciB, 11 MOBEMIHKY H apXiTeKTypy: miar-
paMa BapiaHTIB BUKOPHUCTaHHsI, Jiarpama KJaciB, AiarpaMa Koorepaiii, Jiarpama nocliIoBHOCTI, Jiarpama Jisi-
JIBHOCTI, JiiarpaMa KOMITOHEHTIB. JIICTHHT TIPOTrpaMu HaBEJCHO y A0JaTKaX.

BukopucroByroun ¢i3nko-MareMaTHyHy MOJIENb INTOBXaHHS s/pa, sKa Ma€ BH3HAUYUTH PalliOHAJBbHICTh
BUKOPUCTAHHS Ti€l YW IHIIOI TEXHIKH METAHHS IS JOCSTHEHHS MaKCHMaJbHOI JAlIbHOCTI MOJBOTY CHaps/a,
OyJiu IOCATHEH1 MOXKIIMBOCTI IIPOrpaMyBaHHsI CKJIQJIHMX MaTeMaTUYHUX (YHKIIH, 110 OMUCYIOTh [UKIIYHY TeX-
HIKY IITOBXaHHS s/Ipa, a caMe pO3pOoOJICHO CHCTEMY NMPUHHATTI pillleHb Ha OCHOBI MOB IporpamyBaHHsi Free
Pascal ta Python, ji1s mocmimkeHHs HallKpauX MOKa3HUKIB CIIOPTCMEHA-IITOBXaJIbHUKA spa.
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YK 681.327.11

H. B. Cauantok-Kageunka, O. I1. [Ipo3op

EJJEMEHTU MATEMATHUYHOT' O OIIUCY JIOT'IKO-
YACOBHUX ®YHKIIN BAFATOUBHA‘{HOT JIOT'IKHA TA
OKPEMUX ONNEPALIIA HAJI HUMU

Binannbkwii HaIiOHATHHIN TEXHIYHUHA YHIBEpCUTET, BiHHUTISA

AHOTal.liﬂ. B crarti 3a3HA4YCHO, 10 MaTCMAaTHYHC Ta KOMH’IOTepHC MOJCIHOBAHHA € OCHOBHUM iHCprMeHTOM HOCHiI[)KCHHH CKJIIaTHUX TH-
HaMIYHUX IpoIeciB Ta cucTeM. Ha piBHI 00UHCIIOBaNBbHUX HNPHUCTPOIB Yac € KPUTEPieM AN BIOPSIKYBAHHS MOCTIJOBHOCTI ONepariii i Ho-
CHTb HESIBHUII XapaKTep, a Ul KOHKPETHHX BY3JIiB 4ac 3abe3reuye iX npaBuiibHy poOOTY 1 IPEACTaBICHHI HA PIBHI TAKTIB UM CHHXPOIMITY-
nbciB. B poOoTi moka3zaHO JONINBHICTH i€l 3aMiHU HOBLILHOTO MU(POBOTO CHrHAIY (3MIHHOI), [0 3MIHIOETECS B Yaci, 4aCOBOIO JIOTTYHOIO
(yHKLi€I0, SIKA A€ MOMXKIHMBICT IOJETIIUTH IONEPEIHIO aHANTHIHY 00pOOKY IM(POBUX CUTHANIB Ta 3MiHHHUX, BUKOPHCTOBYIOUHU BIIACTH-
BOCTI Takux (yHKUii. B cTaTTi mpeacraBieHo HOBUIT MAaTeMaTHYHHMIA amapaT OMKCY JOTiKO-4acOBHX (yHKIIH OaraTo3Ha4HOI JIOTIKH Ta OK-
peMHX oIepariiif Hax HUMH 3 BUKOPHUCTaHHAM MOJEIIIOBAHHS BIJOMHUX CXeM peali3alii. 3anponoHoBaHa iHaekcHa GopMa momaHHs QyHKIiH,
sIKa JOCHUTB JIETKa JUIS CIPUHHATTS 1 Ja€ 3MOTY PO3IIIIAaTH OyIb-sKi JIOTiKO-4acoBi (DYHKIII SIK YHCIIOBY MOCIIOBHICTB. B sikocTi 06a3oBHX
orepariii po3risIHYTO onepaniio 3anepedeHHs JlykaceBida Ta Omeparito 3CyBY, sKi J03BOJISITh, B OAAIBLUIOMY, BBECTH OLIbII CKIIAHI Ome-
pawii HaJ{ JIOTiKO-9acOBHMH (DYHKIIsSIMU OaraTo3Ha4HOI JIOTiKH, TaKi K HePIBHO3HAYHICTH, TU(EPEHIIIFOBAHHS Ta IHTErPyBaHHS 1 JOCIIJUTH
X BJIACTHBOCTI.

Kurouosi ciioBa: joriko-4acoBa (yHKIIisi 6araTo3HaYHOI JIOTiKH, MPOAYKYI0Ye CJI0BO, iHgeKkcHa ¢opMa, omepaTop BHOPSAKYBAHHS
3a yacom.

Abstract. The article states that mathematical and computer modeling are the main tools for studying complex dynamic processes and
systems. At the level of computing devices, time is a criterion for streamlining the sequence of operations and is implicit, and for specific
nodes, time ensures their proper operation and is represented at the level of clocks or clock pulses. The paper shows the expediency of the
idea of replacing an arbitrary digital signal (variable) that changes over time with a time logic function, which allows to facilitate the
preliminary analytical processing of digital signals and variables using the properties of such functions. The article presents a new
mathematical apparatus for describing logic-time functions of multivalued logic and individual operations on them using modeling of known
implementation schemes. An index form of representation of functions is proposed, which is quite easy to understand and allows to consider
any logical-temporal functions as a numerical sequence. Lukasevich's negation operation and the shift operation are considered as basic
operations, which will allow to introduce more complex operations on logical-temporal functions of multivalued logic, such as inequality,
differentiation and integration, and to investigate their properties.

Keywords: logical-temporal function of multiple-valued logic, productive word, index form, time-ordering operator.

DOI: https://doi.org/10.31649/1999-9941-2022-53-1-111-118.

Beryn

IcTopis 0OumCIIOBANIEHUX MPUCTPOIB JOBOIUTS, III0 X PO3BUTOK 0a3yeThCs Ha HEOOXiTHOCTI MPUCKOPECHHS
004YHnCIIeHb Ta Ha PO3IIMPEHI (PYHKIIOHANBHUX BIACTHBOCTEH IIMX MPHUCTPOiB. biybiie Toro, oAHUM 3 TOJIOBHUX
HAINPSIMKIB HAyKOBO-TEXHIYHOTO MPOTPECY € PO3BUTOK METOJIB Ta 3ac00iB 00UYNCIIOBAILHOI TEXHIKH. Bukopuc-
TaHHSA METOJIB MaTeMaTHYHOTO MOJICTIOBAHHS Ta KOMII'IOTEPHOTO PO3B’SI3YBaHHS IHXXKCHEPHHX Ta HAYKOBUX
3ajJa4 JI03BOJISIE 3HAYHO T1IBUIUTH e(pEeKTUBHICTH NMPOILIECIB MPOEKTYBaHHs, PO3ITi3HaBaHHs, 0OPOOKH Ta ynpas-
JiHHA. MaTeMaTHuHe KOMII I0TepHE MOJICJIIOBAHHS CTaJI0 TOJIOBHUM 3ac000M JOCIiIKEHHS CKJIQIHUX AWHAMIY-
HUX IIPOLIECIB 1 CUCTEM.

CpOro/iHIIIHI KOMIT'IOTepH 10 CBOT# CyTI YHIBEpCalbHi, 32 BUHATKOM THX, 1110 PU3HAYEHI JJIs1 YIIPaBIiHHS
SKAMKCh TEXHOJIOTTYHMMH IpOIiecaMH B IIUPOKOMY PO3YyMiHHI 1boro cnosa. Lls yHiBepcasibHiCTh moTpedye
CHeLiaJIbHAX aJTOPUTMIB JUIS BUPILICHHS] KOHKPETHHX 3a1a4. YacTo alnropuTMu He MOBHICTIO BPaXOBYIOTh 0CO-
OIMBOCTI 3MiHHU TIPOIIECIB Y Yaci, MO MPUBOAUTE JO MIOMHJIOK B MIPOTHO3YBaHHI iX MaOYTHROTO PO3BHUTKY. Jlist
YCYHEHHSI TIOZIOHUX HEIOJIKIB MOTPiOCH MaTeMaTHYHUI amapaT, 0 ONKCY€E TOBEAIHKY B3a€MO3B’SI3aHHUX IIPO-
eciB y 4aci.

ICHye BeIMKHii KJ1ac MPOIECiB, IO 3MiHIOIOTECS B Yaci i ki MOKHA omucaty GiHapHUMH un K -3HauHHMH
noriuaumu ¢pyHKisiMA. Cripobu BBECTH YacoBy 3MiHHY B OiHapHi JoriuHi ¢pyHkuii [1, 2, 3]. Giiblne cTocyroThes
MPOEKTYBaHHS MU(PPOBUX MPHUCTPOIB 1 HE JAIOTh BiAMOBIAI HA CIOCOOM JOCHTIKEHHSI CAMHUX YaCOBHX JIOTIYHUX
nporueciB. B po0oTi mpornoHyeThes BapiaHT MaTEMaTHYHOTO OITHCY JIOTIKO-4aCOBHX MPOLECIB.

OrJsja Ta MOCTAHOBKA 3aaavi

Ha piBHi 004HCTIOBaNBHUX MPHUCTPOIB Yac, sIK MPABUIIO, € KPUTEPIEM IS BIOPSIKYBaHHS IOCIIITOBHOCTI
orepartiiii (mporpam) HaJ JaHHUMH 1 HOCUTh HEeIBHUH Xxapaktep. HaBmaku, Ha piBHI KOHKPETHHUX BY3JIiB, Yyac Bpa-
XOBYETBCS Y SIBHOMY BHTJISI, 3a0€3MeUyrouy MpaBWIbHY poOoTy 1M(pPOBOro By3na i MpeacTaBleHNi Ha piBHI
TaKTiB YN CUHXPOIMIYJNECIB. [ KoM 10TepHOT 00pOOKH B peabHOMY 4yaci aHAJIOTOBUI CHTHAJI Mae OyTH Iie-
peTBoperHuii B UMPpoBy (hopMy MLIIXOM HOTo AMCKpeTH3allii o yacy Ha omguHM4HiI A -iHTepBamy i KBaHTYBaH-
HsiM K piBHsiMu o amrutityzi. ['padivse nmpeacTaBieHHs MHPPOBOTO CUTHATY € TOCHTh HAOYHHM, J03BOJISIE BH-
KOHYBaTH IIOTIEpEeJHI0 OOpoOKy CHTHalmy, aje He Ja€ MOXIMBOCTI pOOWMTH TIHOOKY #HOoro oOpoOKy
KOMIT FOTepHUMH MeTonamu. Ciii BIAMITHTH, IO IPOTHO3yBaHHs 3MiHU CUTHAJLY, NpeAcTaBlIeHoro rpadid=o,
i/l BIUINBOM IIEBHMX IapaMeTpiB € NMPAaKTUYHO HEMOXJIMBUM. [IJI1 yCyHEHHs BKa3aHHX HEJOJNIKIB JIOCTaTHBHO

H. B. Cauanrok-Kagenrka, O. I1. IIpo3op, 2022 111
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BiZIWTH BiJ Qi3MYHMX NapaMeTpiB HOCISI CUTHAITY Ta MPEACTaBUTH CUTHAJI, IO Ma€e (iKCOBaHE YUCIIO PIBHIB KBa-
HTYBaHHS, Y BUIJISLA1 HA0OpY JIOTIYHHUX 3HAYEHb y BIJIOBIIHI IUCKPETHI 3HAUeHHs Yacy. B Takomy BapiaHTi Ha-
OYHICTh 3HWKA€, aje 3 SBIIETHCS MOXKIMBICTH BUKOPHUCTAHHS KOMIT FOTEPHOI 0O0poOKHM, 3a3BHMYail 3a Harepen
3amaHIMHy anropuTMaMu. CTBOPEHHS K HOBHX allTOPUTMIB € Pe3yIbTaTOM aHANITHUYHOT 0OPOOKH JFOAWHOIO BH-
XIIHUX CUTHAIIB i JaHUX, OTPUMAaHHX B PE3yJIbTaTi KOMIT FOTEPHOTO aHATI3Y.

AmnarnitnaHa 00poOKa II(POBHUX CHTHANIB B TpadivHOMY Y B YHCTO IH(PPOBOMY NpENCTABICHI MPaKTH-
HO Jemo oOMekeHa. YSBISIEThCA NOIUIBHOO ifes 3aMiHM JOBUIBHOTO IU(PPOBOTO CHTHANY (3MiHHOI), IO 3Mi-
HIOETBCS B Yaci, SKOIOCh YaCOBOIO JIOTIYHOIO (DYHKIII€I0, III0 MOKE OYTH IpeICTaBIIeHa, HAPUKIIAl, TIOJTIHOMOM.
Le 1ae MOKXJIMBICTH MOJIETIIMTH MONIEPEAHIO aHATITUYHY 00pOOKY M(PPOBHUX CUTHAIIIB Ta 3MiHHHUX, BUKOPHCTO-
BYIOYH BJIAcTHUBOCTI Takux (yHkUiil. ToMy akryanbHOI Oyne po3poOka MaTeMaTHYHOTO anapary, sSIKUil B Mpo-
CTiH 1 tocTynHil GopMi TO3BOJIUTH 3IHCHIOBATH aHANITUYHY 00pOOKY IIM(POBUX CHTHAJIB, IO 3MIHIOIOTHCS B
yaci Ta 3/1iCHIOBAaTH IPOTHO3YBaHHS 3MiH IIapaMeTPiB CUTHAJIIB CyTO 3aCO0aMHU MaTEMaTHKH.

Jloriko-yacoBumu ¢yukuismu (JTUD) Gynemo Ha3uBaTH Taki joriuHi K-3nauni (k 2> 2) byHKUil, K1 3Mi-
HIOIOTHCS B IMCKPETHOMY 4aci i MOXyTh HaOyBaTH ojHe i3 3HaueHsb Big 0 10 k-1 Ha kosxkHoMy A -iHTepBani, 1m0
BXOJIUTH JI0 SIKOTOCh (DIKCOBAHOTO KIHIIEBOTO YacOBOTO IHTEpBaNly iCHYBaHHS 3MiHHHUX, 32 MEKaMH IIbOTO 1HTEp-
Bany ¢GyHkuUis gopiBHioe Hymio [4]. [lpu K > 2 — k-3HauHy (yHKIII0 OyneMo Ha3MBATH JIOTIKO-4aCOBOO (YHKIIi-
€0 OararozHauHOi JioHiku (BJIY®D). MoMeHTH mouyaTky 4acoBHX iHTEpBaJiB iCHyBaHHs i Ta X TpuBamicTh ;.
JuckpeTHi. 3HaueHHs ti Ta Tj Ha3MBalOTh YaCOBMMH KOOpIMHATaMu 3MiHHuMX. Hanpuknan, enementapua JIY®
(puc.1), obmacTh BU3HAYCHHS SIKOi CKIIAAETHCA JIUIIE 3 OJHOTO Bifpi3Ka iCHYBaHHS, B 3aTaJJbHOMY BHTIIIII Ma€e
BUJI:

&, sAxuot <t<t+1,
f(t,tl,Tl,al): 1 W ! ! 1
0, akuo H+1; <t<t

Ie t — noToune aUCKpeTHE 3HAYEHHS MApPaMeETpYy;
T1 - inTepsan icuyBanus QyHKILii;
a1 — oawe i3 k 3HaueHb GyHKIT
t1 — mowatok yacosoro inTepBany
t1+T1 — xinens wacosoro inTeppany

Ty

ap
t

—— tl Cr——

t1+T

Pucynox 1 — Jloriko-yacoBa QyHKIis

Merto10 JaHOI CTATTI € MPECTaBICHHS HOBOTO MAaTEMaTHYHOTO allapaTy ONHCY JIOTiKO-4acOBUX (PyHK-
1iif 6araTo3Ha4HOT JIOTIKK Ta OKPEMHUX OIEpalliif HaJl HUIMHU 3 BUKOPUCTAHHSM MOJEIIOBAHHS BIZIOMHX CXEM pea-
Ji3aii.

OCHOBHI MOJIOJKEHHS

B 3aramesHOMy Burisami BJITU® 3 N BigpizkaMu icCHyBaHHS MOJKHA 3aIUCATH TaK:

ftt,... T, T, a,..,a,) 1)

3aysaxumo, mo 3anuc (1) JTUD He BUKOPHCTOBYE 3HAYeHHS @) < 0 i Taka dopma TIOAHHS € TOCHTH TPO-

MI3JIKOIO Ta HEe3py4YHO uist 00pobku. B poborti [4] 6yno noBeneHo, 1m0 icHye TpH (HYHKIIOHATBHO NOBHI KJIaCH
JIY®:
1. JIY®, mo Mix JBOMA HYJSIMH NpUIMaE cTajie 3Ha4eHHA. MOXXIMBUIA BUTILSI Takol QyHKIIT HaBeJeHO
Ha puc. 1.
2. JIY®, w0 Mae M 4acoBUX KOOPIHMHAT, BiPi3KH iCHYBaHHS SIKUX He MEPETHHAOTHCA (qUB. puC. 2).
3. Mounotonsi JTHY®.
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b o1, B t+T> tm  tnt+Tm

Pucynox 2 — MoxnuBuii Bapiant JIU®, 1o Mae M 4acoBUX KOOPAMHAT BiIPI3KH iICHYBaHHS SIKMX HE IIepeTHHA-
I0TBCS

b TS

hobo T

a) 0)
Pucynok 3 — MosxJuBi Bapiantu moHoTOHHOT JIU®D: a) 3pocratoua JIYD, 6) cnanua JTUD

MoskHa 1okaszarty, mo (GyHKLIT APYroro Ta TPEThOro KIIaciB MOXHA TOJATH y BUIVIAAI HaKIaaaHHs (Cyme-
prio3uuii, joriunoro nopasanus) JIY®D nepmoro kiacy. Toai, 1t mo3HAUEHHS TaKUX (QYHKLIH AOLIIBHO BHKO-
pucratn MomubikoBarmii mmoc: « & ». KpiM Toro, Iuckpernsaliis yacy 103B0JIse KOOPIMHATH I0YATKY YaCOBO-
ro IiHTEepBally 1 IHTepBaJl ICHyBaHHS KOHKpeTHOi (yHKUIi 3amaBatu umciioM A-iHTepBaniB (TakTiB) [4].
IIpomoHyeThCS BKa3yBaTH 1Ii 3HAYCHHS BIIMOBITHO SK HIDKHINM Ta BepxHilt inaekcu 3minHoi. st BJTUD, 300pa-
JKEHHUX Ha puc. 4, 3aNMCYIOYH BCl iHTEpBaJIM iCHYBaHHS B NMOPSAKY 3pOCTaHHS MOYATKOBOTO YaCOBOT'O iHTEPBAIY,
OTPUMYEMO:

X(t) = %5 X0,

y(t) = yi#2yp e yZery2,

| A-inmepsan ouckpemuzayii
. ; i \ ‘

1 ' ~pieni KeQHMYSAHHA NPU 3-;:3

Ryl

14

Tpupisnesuil yugposuii cusnan

Pucynox 4 — Onepxanns JIU® curnaiy, nuisixoM KBaHTYBaHHS Ta JUCKpeTH3aLlii
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T. .y .
Bupas tumy Zy% (abo ay Zt' ) TpanuLiiiHO CHIPUMMAEThCA SIK MHOXKEHHS 2 Ha y% , Xo4a 2 — I1e 3Ha4eHHS
i
3MiHHOI aMIULTY . [l BUKIIIOYEHHS IIOABIHHOrO TPaKTyBaHHS JIOTiYHi 3HAYECHHA & 3aIUCYEMO Y BEPXHBOMY
nonepennsomy ingekci: Y(t) = 1y% {2 y% H}lyg Eﬁ}lyg
B 3araipHOMy BUIJISII IS iHEKCiB BUKOPUCTOBYEMO MPUHHATI paHille MO3HAYEHHA | i TOZi MaeMo:
T, T Y T
z(t) =% 2t T2 g % 2% 2T
Yy t 4 t, )
3ammc (2) Ha3BeMO iHAeKCHUM. DaKTUYIHO iHACKCHUN 3aIMC TPHBAJIOCTI aMILLTYR &;, K -3sHaunnx ¢$yHK-

11iif, pa3oM 3 oYaTKoM iHTepBaiis icHyBanHs {, , moBHicTIO xapakTepusyioTs JTUD.

JUis MoJaNbIIoro CHpOILIEHHS CUMBOJIBHOTO No3HaueHHd JIYD BBeneMO MOHATTSA NMPOAYKYIOUOrO CIIOBA.
OJHOMIpHUM MPOAYKYIOUHMM cloBoM A Joriko-4acoBoi (yHKIi Ha3MBAEThCS CYKYMHICTh YHOPSAKOBAHOI 32

4acoM MHOXHHM OJHOMICHHX apryMeHTiB TpuBaiicTio A Tumy {ao, &,a,..., aT_l} JIOBXKUHOIO | :
T,-1
— Al W g
A=A =W g
i=0 (3)
ne W — omeparop BropsiKyBaHHS 3a 4acoM Ta po30MTTS 3HaveHb aprymentis JIU® mHa omunmuni A -
IHTEepBaIH, Tz =T0 +T1 +T2 +-- 'TN - | — mopsmxoBuii Homep inTepBaiy. [IpaBuii HUKHIN Ta BepXHiii iH-

mexen t, i T, , mo samncyerscst y pasi ycyHeHHsS HEOJXHO3HaYHOTO TPAKTyBaHHS, BKa3ye HA MOYATOK Ta 0B~
JKUHY CIOBa, | -TIOKa3ye MONOKEHHS apryMeHTy B CJI0Bi Ta pobirae Bei snauenns 0,1, 2,...,(T —1).

Tenep B HaltGiNBII 3araTLHOMY BUITIAI, MAEMO TTOBHY (popmy 3amucy JTUD K -3maunoi norikn

T Tl T
kZ(t) =« Z’ ) =|Wa |« 2"
i=0
(4)
ne 1j , sx yacoBa koopauHaTa dj, BH3HAYA€ThCA criBBigHOmEeHHsM {j =1, +i

ti e {tz +0,t, +1L,t, +i,---,t, +T, —l}, a; € {0, 1---k —l} ,innexc K Bxasye 3maunicts JTUD.

Jast koHkpeTHOT 4-3Ha4H0i JIYD (puc. 5) BukopucTaHHS oneparopa BIOPSAKYBaHHS OZHOMICHHX apryMme-
HTIB Ma€ TaKuil BUTIISL;

(0= o =W (1,22 11,34)‘ X =(12213333)[ ;¢

i i 1 i 1 LG 1 1 ' ;
1 1 1 1 ! !
| | 1 | 1 [ ! ! !
oo axl P i
| i — i i i ]
| | | [ I I !
Ly b fasx A :
! i | | | ]
— [ ! | i 1 i i - i
i i i ] ! ! .
| éTI,\' L T_.\ 4:,T3.\' I TJ\ Il i
te

Pucynox 5 — Moxnusuii Bapiant 4-3nauHoi JIUD

B minomy, 3HaueHHs @; — 1€ JIOTiYHi 3MiHHi, @ YUCIIOB] 3MiHHI — Il 3HAYEHHS TPHBAJIOCTI iIHTEPBaIy iCHY-

BaHHJ 1 Yac HOro MOYaTKy. 3 bOT0 MOXHA 3pOONTH BUCHOBOK, 110 BJIU® nomyckaroTs sk joriuHi, Tak i apud-
MeTn4Hi (anrebpaiyni) oneparii.

114



ISSN 1999-9941, “TH®OPMALIIMHI TEXHOJIOI'Ti TA KOMIT'FOTEPHA IH)XKEHEPIA”, 2022, Ne 1

PosrnsneMo, Hampukiaz, GpyHKIio 3anepeuenns Jlykacesuua (imBepcii), mo s 3uuaiinoi K -3maunoi
3MiHHOT BU3HAYAEThCA GOPMyNoN0: X = (k —1) — X. st BJIY® B inTepBaii icHyBaHHS (tx t + Ty ) , IIe OTIH-

CYETHCH B 3araJilbHOMY BI/IFJ'IH}_'[i TaKUM BHPaA30M:

X=((k-2)-ag’, (k-1)-al',..., (k1) -yt ) ix" o
a6o B MOBHI# hopmi
Tt T
ﬂ0=§j=VV«k—D—%Nkﬁz
=0 . (6)

B pa3i moTpebu BpaxyBaHHs 3Ha4eHHS (YHKIII 32 MEKaMH iHTepBaIly iCHyBaHHS MOTPiOHO BKa3aTH 3Ha-
uennst BJIU® B inrepanax 0—1;y ta (tn +Tn) — 00

k XtTX :
" @)

(-5 ) (k2o (kD) (-1 )

[Mpuknaau rpadikiB 3anepedens JlykaceBuya i yotupuznauHoi JIU®D HaBeneHo Ha puc. 6.

aX(t) =

2hlolgln? )‘ 8

(%2
=(2

X(t) = (322 2'0'2%8 )‘ X
(

YO =(37012%3" ), y5

Pucynox 6 — [pukiaau peanizanii 3anepeyenns JlykaceBnua

Jlns K -3Haunnx dyHKIiH 9acTO BHKOPHCTOBYETHCS IUKITiUHE 3amepedenHs abo 3amepedenHs ITocTa, mo
BU3HAYAETHCS (POPMYJIOHO:

T,-1
2(t)=2" =|\W (g +1)modk |, Z"
Z i:O Z
a TakoX QyHKIig MiHyC X !
=(k—x)modk

(®)

I[J'IH IMO3HAYCHHSA 3CYBY BIIIBO YU BIPaBO (BI/IHepeIDKeHHSI abo SanI/IMKa) BHUKOPUCTAEMO OlIEpaTop
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T
D s T, ST T X T,
t'D X = vt:D X =X s ™ V\{)ai kX +s [ ©)
i=

1€ S BKasye Ha BeJMUYMHY 3CyBY B A -inTepBanax. SIkmo S 3i 3HAKOM «+», TO MAEMO 3CYB BIIPaBO, & 3i 3HAKOM

«-» - 3cyB BIiBO. JlaHuii orepaTop MOXKe MaTH MapaMeTpH, 110 BKa3yIOThCs Y BiINOBIAHMX iHAekcax. HasBHiCTD
. . S

HIKHBOTO iHzekcy  Bkasye Ha gac, BiI sKOro moumHaethes 3cys. B Takomy Bunazky, cumson Dy oneparopa

3CYBy MOKE 3HAXOMUTHCH B OyIOb-KOMY Micii Bupasy BJIU®, ane panime 3a 1. SIkmo mwkwHil iHgeKc BigcyT-

.o . . S .
HiM, TO 3CYB IOYMHAETLCA B1J 3HAYCHHSA (byHKHll, oo Ciaiaye 3a OIepaTropomM D B1J IIOYaTKOBOI'O A-

intepsany. Jlis oneparopa Dy’ nmommproerscst Ha Bech iHTEpBal icHYBaHHS (yHKUT, IO 3HAXOAUTBCSA I 3HA-

koM omepatopa cnpasa Bix { go t+S. IIpocto D 6e3 innexcis BKa3ye Ha OJMHMYHMN 3CyB. fIK mpaBuio,
3Ha4YeHHAMH (yHKLIi, 0 TIPH 3CYBI ONMHUIIKCH 32 MEXaMH IHTEpBaJly iCHyBaHHs abo iHTEpBaly 3CYBY, irHO-

pytots. SIkimio 3cyB nounHaeThes 3 1 , Tomi orpuMaemo:

-R “RT _ T T, T,
D z(t)=Dti Zy =ztllﬁ*}zt;H}---fﬁzti_Rfﬁ---fﬂztn_R. 10)

Hanpuxoan, ms dysxmii  Y(t) = y% 2 y%{&yg f&yg , ipu S=—2 BJIU® ¢ynkiis 3cyBy Taka:
D7,y =y fyg oy Yy

CxeMo-TexHIYHA peai3allisi eJIeMEHTIB Ta BY3JiB 0araTo3HAYHOI JIOTIKH, SIK MPABHUJIO, OyIye€ThCSI HA 3BH-
YaifHUX JBIKOBHX €JIEeMEHTaxX 3 BIAMOBITHUM KOQyBaHHSIM. Hampukiman, s TpifikoBoi toriku, npo aky J. Kayt
CKa3aB, L0 «3aMiHa JBIKOBOIO TpUrepa Ha TPiHKOBHH 00OB’SI3KOBO CTaHETHCS», MOXKHA BUKOPUCTATH TaKe KO-
nyBaHHs: «O»—00, «1» — 01 Ta «2» — 10. TpiliKOBI CIEMEHTH Ta BY3JIH MOXYTh OyyBaTUCh, SIK 3 BUKOPHUC-
TaHHSAM Pi3HUX KOJOBHMX CHUCTEM, TaK i 3 BUKOPHCTAHHSIM Pi3HHX (hi3MYHHMX HPUHLUIIB poOOoTH eneMeHTiB. Hac
LIKaBISATh TPIHKOBI BY3JH, 110 BUKOPUCTOBYIOTh 3BUYAMHUI NBIHKOBUI KOA. [ MO#eniOBaHHS PO3IISIHYTHX
orepariiii BAKOPUCTaEMO TPIHKOBHH Tpurep Ha 0a3i ABIHKOBHX JIOTIYHUX €JIEMEHTIB 1 KOAY, L0 3raJaHuii BUIIE.

TpiiikoBuii Tpurep, Mo MNpaioe mo GpoHTy IMIYNIbCY, HANPUKIAA ISl PETICTPIB 3CYBY abo0 JIHUMIbHUNA
TpiilikoBuii T-Tpirep, Moxna nobymyBatu mo cxemi M-S (Master-Slave), cuHTe3yBaBIIN BiAMOBIAHY BXiJHY JO-

riKy Ha CUTHAJIH Sl Ta 52 quist Tpurepa M. Ha puc. 7 nokasane yMOBHe [TO3HAUYEHHsI TpUrepa JUis pericTpa 3cy-

BY.

=" | RST

141

— R

Pucynoxwm 7— TpilikoBuit MS-tpurep

Tyt oguHUI HA BXOI P nossomse poboty BxomiB S1 ta S2, a BiamoBigHo PA — S1A ta S2A. Kom0ina-
mis curHaniB 10 Ha S1S2 Ta S1AS2A BcTaHoBimIOE B Tpurepi «1» i HaBmaku, koMOiHamis Ha Bxomax 01 —
BCTaHOBIIOE «2». 11 Ha Bxomax SIAS2A 3anucye B Tpurep «0», a 00 30epirae cran tpurepa. HaBnaku, BxigHui
curnain 00 Ha Bxogax S1S2 — 30epirae iHpopmallito B TpilikoBOMy Tpurepi puc. 7.

Ha puc. 8 npezncrasiiena cxema pericTpa 3cyBy Ha YOTHPH TPIiTH, po3po0iieHa 3 BAKOPUCTAHHSIM MIPOrpam-
Horo makery NI Multisim 14.0 Ha BipTyaJpHHX KOMITIOHEHTaxX. B pericTp, mo KomaHIax TeHepaTopa CIiB
(XWG1), 3anmucyetnes indopmartist (1201) 3 nepemukaua S3, a va cxemax U109 ta U110 peanizoBana ¢pyHKITis
3anepeuerHs Jlykacesmua. Ha puc. 9 maemo miarpamu pobGotu cxemu mpu rereparii bJIU® npaBumu tpitamu
(po3psimamu) BIiepe .
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Pucynox 8 — I'enepauis BJIU® perictpom 3cyBy i 3anepedenns JlykaceBuya
T e, NN S e TN S o NN S o BN oy
HE4,/131 . . : . X
HE4/Q2 : : : N :
L1 IR e B ; a—T
L2 N E S : : : [
Teprunan B : : : : :
HE1/PA : - : : : : :
HE1/P ; [ . ; . ; A

Pucynok 9 — [iarpamu renepauii bJTU®D

BucnoBku

1. 3ampomoHoBana iHaekcHa (popMa mogaHHs BJIY®, sxa qocuTh Nerka Il CIPUHHSTTS 1 1a€ 3MOTy po-
srsnaty Oyap-ski JIYD sk 9ucIioBy MOCTIJOBHICTb.

2. Jns moJanbIIoro CIpOIISHHS aHAIITHYHOTO mpeacTtaBieHHs JIU®D po3ristHyTo MOHATTS HPOIAYKYIO-
YOro C/I0BA Ta BBEJIEHO ONMEPATOP BHOPSIKYBAHHS 3a 4aCOM Ta PO30OMTTS 3HaYeHb apryMEHTIB Ha OMHKMYHI A -
iHTEpBaH.

3. B skocti 6a30BHX Omepalliii po3risTHyTO OIeparliro 3anepeueHus JlykaceBuda Ta omepailiro 3CyBy, sKi
JI03BOJISITh, B IOAAJIBLIOMY, BBECTH OULIbII cKiIaaHi oneparil Hag BJIUY®d, Taki sk HepiBHO3HAYHICTb, AU(EpEHIIi-
IOBaHHS Ta IHTETPYBaHHS 1 JOCIIINTH IX BIIACTUBOCTI.

4. 3monenpoBaHo reHeparito BJIY® perictpom 3cyBy i 3anepedenns JlykaceBuya.

5. 3ampomnoHoBaHe MaTeMaTnyiHe npezcraBieHHs BJIY® no3BoauTh BUKOPUCTOBYBATH X JUIsSi CTBOPCHHS
MapoJIiB, MOOY/J0BU KPHUIITO-KJIFOUIB, MPOTHO3yBAHHS PO3BUTKY B Yaci JESIKHUX MPOLECIB 1 T. iH. [5].
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