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CEKIIIA 1.

IHdopManinHi TEXHOJIOTIT B TEXHIYHUX
Ta CUCTEMAX CHEeHiaJIbHOI0 MPU3HAYEHHS

SECTION 1.

Information technologies in technical
and special purpose systems
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Abstract—The method of transformation of the form of
information for the detection of similarity of polylines given by a
set of coordinates is discussed. It is proposed to convert the
numeric coordinates to character lines that can be processed
without database management systems.
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I. Bcryn

Omnmc nepeMinieHHs 00’ €KTa y BUTIISAAL TTOCIIJOBHOCTI Map
JIOBrOTa-IIMPOTa y AESAKIH CHCTEMI KOOpJHMHAT OMHCYIOThH 3a
JIOTIOMOTOI0 JIAMaHHX, KOTP1 Ha3UBAIOTh TPEKaMH. 3a3BUYail 1ie
- Xml-caitmu. HaGynu mmpokoro mormmpensst popmaru kml
(Google), gpx (Garmin) Ta iHIi.

AKTYyaJNbHOIO € 3a7a4a 3HaXO/PKCHHS TIOJiIOHNX JTaMaHUX 3
MIOMIDXK JIeSIKOT MHOJKHHH TPEKIB.

VY nanoMy BUNAAKOBI IiJl MOAIOHICTIO MAlOTh Ha yBa3i HE
TIIBKH (QOPMY TpPEKy, a 1 MPOCTOPOBE PO3TallyBaHHS HOTO
BY3JIiB.

VY [1] po3riastHyTO METO/ 3HAXOKEHHS MOAI0HOCTI TPEKIB,
1o 0a3yeThesl Ha TOMepeaHii 00poOIli TaHUX 1 BUKOPHUCTaHHI
CYB/.

Il. TIOCTAHOBKA 3AJIAUI

Sk i B [1], Buxigmi mani mo 3amaui: HaGip i3 n TpeKis,
OTpUMaHUX NONEpenHbo, Ta n +1 -i HoBuUMl Tpek. Tpeku
3a1ar0Th Habopamu map koopaunar {lat;, loni}, orpumanumu i3
JIeSKOI0 TIEPIOIMYHICTIO Y Yaci, MPOTe CepeHbOKBAIPATHIHE
BIIXMJICHHSI IHTEpBay Yyacy MiX JBOMa TOYKaMH — He HYJIbOBE.
[HTepBasin  wacy MK CYMDKHUMH TOYKAaMH  MOXYTb
BIZIPI3HATHUCS OJUH BiJ OMHOTO y JACKiJIbKa Pa3iB.

KoopauHnati TO4WOK HajekaTh MHOXHHI R 1 He

BiAINIOBIIAOTH JKOIHIN CITLI.

3aBnaHHs: IPOaHATi3yBaTH MHOXKHUHY 13 N HASBHUX TPEKIB i
3HAMTH cepel HUX Taki, 1o moxioHi g0 N+1 -ro. IIpu upomy
TEOPETUYHO MOKIIMBA SIK MOBHA 301)KHICTh 3HAYEHb KOOPIMHAT
BY3JIB JJAaMaHOI, KOTpa 3aJa€ TPEK, TaK 1 4acTKoBa 301KHICTh
(By3mH TpekiB MOXYTh OyTH OiMBII UM MEHIN BifgaleHUMH
OJIH Bijl OJTHOTO B JiesikoMy Okouii). Ha mpaktuili icHyBaHHS
MepIIOr0 BUMAJKY HaBpsI YM MOXIIMBE 1 BiH € YaCTHHHHM
BUIAJKOM OIUIBII 3arajbHOro - Apyroro. ToMy poO3riITHEMO
BHITaJIOK 9aCTKOBOT MOIOHOCTI TPEKiB.

Hwxkuye Bu3HauMMO, 1m0 y poOOTI MalTh Ha yBasi X
OMU3BKICTIO TPEKiB HA KOOPAMHATHIN TUTOIINHI.

[pakTryna peamizamis METOAY BHU3HAYCHHS IOJIOHOCTI
TpeKiB TOBMHHA OyTH SKOMOTa IIBHALIOI i NMPHIATHOIO IO
peainizamii y pexuMi pearbHOTO 4acy 3a HasBHOCTI BEIUKOL
KUTBKOCTI TpeKiB (THCSAYi) Ta BEIMKOI KINBKOCTI BY3JTIB Yy
KOX)KHOMY 3 TpekiB (moTeHwiiiHO — mo 10 Tucsy By3miB y
KOXKHOMY 3 TPEKiB).

Takox 3aBOaHHAM € PO3POOHTH peanizalmiro MeTtomy Oe3
Bukopuctanas CYB/I.
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Puc. 1. Merox mos0BUHHOTO AiICHHSI, 3aCTOCOBAHHI 10 MPOCKIIl MOBEPXHI 3¢MHOT KyJIi.

I1l. METO/J BUBHAUYEHHS IIOJIBHOCTI TPEKIB

VY Google Bukopucranu ans ceppicy Google maps migxin,
[0 TMOJIATa€ Yy MOAUII MPOCKI[I 3eMHOI KyJli Ha HEBEIHKI
300paxkeHHss po3Mipom 256 x 256 px [2] (puc. 1). 3apas
CHUCTEMy HyMepallil 3MiHEHO, III0 HE BIUIMBAE Ha PO3B’SI30K
naHoi 3amadi. 3a UM IAXO0AOM KOXKEH Taiil Mae CBi HOMep
(0-3) y Merxax Taiina, 1110 3HAXOUTHCS BHUIIE B iepapxil. To#, —
Y CBOIO UEpry, — TAKOXK. TaKuM YMHOM, TOBHE iM’5 CKJIAIA€THCS
3 mochioBHOCTI cuMmBouiB. Hexait na O piBHI iM’s Taiina,
KOTpOMY HaJeXUTh Touka — «0». [Tomimmmo Ha piBHi 1 Taiin
piBHs 0 Ha 4 yacTHHM (JBI 32 LIMPOTOIO Ta /Bl — 3a JOBTOTOIO).
YTBOpeHi Taimu OTpUMAarOTh iMeHa «0», «1», «2» Ta «3».
Jlonamo 10 KOXKHOro 3 HUX mpedikc — iM’sl Tailia, KOTpuii
3HAXOJMTHCS BUILE B iepapxii. Toxi iMmeHa TaitniB Ha piBHI 1
oynyTth: «00», «01», «02» Ta «03». [lami BCTaHOBIIOKOTH
HAJIC)KHICTh TOYKH IO OJHOTO i3 4 TaiiyiB piBHA | i aHAJIOTI9HO
IUTATH HOTO Ha 4 CKiIafoBuX. [Ipoliec MOBTOPIOIOTE, MOKH Oy ie
IOCATHYTO HEOOXiTHOI TMHOWHU aHamizy. TakuM YHHOM,
3aCTOCYBABIIM TaKe MEPETBOPEHHS N0 YCIX BY3JIB TpEKy,
3MIACHIMO TepeTBOpeHHs (opMu iH(OpMAIii 3 «IOBroTa-
LIMPOTa» JO CrHoco0y 3aJaHHs KOOPAMHAT Yy BHIJISII
CUMBOJILHUX psaAkiB. Ha puc. 2 HaBegeHO NpHKIAR ABOX
YacTKOBO TOAIOHMX TpekiB (y psIoBi TaillliB OJHOYACHO
3HaXOMSTHCS BY3IH SK OJHOTO, TaK 1 JPYroro TPEKiB).
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Puc. 2. Tlpuknaj 4acTkoBOI MOJIOHOCTI TpeKiB.

Tpeku mornepeJHbO OYHUIIEH] Bifl HEeTeIb.
B [1] 3anporoHoBaHo Mmiaxia, B AKOMY BHKOPHCTOBYIOTH
CVYB/l, koTpa MicTUTh iHQOpPMALiIO NPO PSIUM CHUMBOJIBHUX

KOOP/IMHAT, IO OITHCYIOTh TPEKH. Hapn KOOP/IMHAT «OBrOTa-
[IMPOTay» TEPETBOPEHI Y CHMBOJIbHI PSsAKH 1 3amucaHi 10
TaOIUIE 0a3y TaHUX.

Oo6epHene TEPETBOPEHHS BE/E 110 BTPATH TOYHOCTI, TIPOTE
JUTS TaHOi 3a7adi Ie He BasKJIHBO.

Y  Bumagkax, koiau 3actocyBanHsi  SQL-cepBepa
HEMOXJIMBE, 3a/1a4y MOKHa BHPIimIATH 6€3 HhOTO. Po3ristHeMo
(dparment xofy (Java):

HashSet<String> set = new HashSet<>();
set.add("0000");

set.add(""0001");

set.add("0002");

HashSet<String> newSet = new HashSet<>();
newSet.add("0000");

newSet.add("0001");

newSet.add("0002");

newSet.add("0003");

HashSet<String> difference = new HashSet<>(set);
difference.addAll(newSet);
difference.removeAll(set);
System.out.printin(difference);

Pesyneratom € pisuuis: [0003].

IV. BUCHOBKU

TakuM 94MHOM, JIETKO NPOITEpyBaTH 32 HassBHUM HaOOpoOM
TpPEKiB, MOMEpPEeIHbO MEPETBOPUBIIN KOOPIUHATH 3 YUCIOBOI
($opMH y CUMBOJIBbHY, 1 3HAHTH BiJICOTOK KOOPJHMHAT 3 HabOpy
JAaHUX, IO CIIBMANaloTh 3 KOOpAWHATAMH BY3JiB Tpeka, II0
JIOCIKYIOTh Ha MOZiI0HICTh 0e3 BUKOPHCTaHHS cepBepa 0a3
JIaHUX.
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Abstract—This article reveals the concept of communication to
the team and reflects the current state of the team in the conditions
of remote work. Also in this article the ways of effective
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l. INTRODUCTION

Communication is one of the key moments of social
existence in today's world.

Currently, the implementation of complex projects requires
the participation of many specialists with different work
experience and, sometimes, from different countries. Any
difficulties of the project can be solved with established
communication between the project participants.

Now there are many ways to communicate between team
members. The most common and effective methods are
outlined in the article.

Il. COMMUNICATION IN THE PROJECT

Communication in a team implies a constant exchange of
information on the project between all team members.

Project communications management includes the
processes necessary to meet the information needs of the project
and its stakeholders through the creation of artifacts and
operations designed to ensure the effective exchange of
information, as well as to ensure timely and proper planning,
collection,  creation,  distribution,  storage, retrieval,
management,  control,  monitoring and  ultimately

Bomnoguvmup Ko63eB

kagenpa [IpuknagHoi MaTeMaTuKu
XapKiBChbKUIl HAI[IOHAIBHUH YHIBEPCUTET
pamioeNeKTPOHIKI
XapkiB, Ykpaina
volodymyr.kobziev@nure.ua

archiving/disposal of project information. The project
communications management consists of two parts.

The first part is the development of a strategy to ensure the
effectiveness of communications for stakeholders. The second
part includes the implementation of the operations necessary to
implement the information support strategy.

The project communications management includes the
following processes:

e Communication management planning is the process of
developing an appropriate approach and plan for project
communication operations based on the information
needs of each interested party or group, the available
assets of the organization and the needs of the project.

e Communications management is the process of ensuring
timely and proper collection, creation, distribution,
storage, retrieval, management, monitoring and
ultimately archiving / disposal of project information.

e Monitoring communications is the process of ensuring
the satisfaction of the needs of the project and its
stakeholders in information [1].

When planning communications management, the manager
agrees with the team and the customer on the communication
methods and their frequency. Based on the planning, a
Communications Management Plan is created.

To manage communications, chats, instant messengers,
accesses, file storages are set up, meetings are planned, which
will further help communication in a team.
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Project manager is responsible for all processes.

All communication activities in the project are carried out
within the framework of the approved project budget and
schedule.

The project manager provides effective communication in
the project.

The main types of communication:
o formal (mail, letters, rallies);
e informal (instant messengers, rallies).

Effective communication is based on 3 main principles:
openness, transparency and simplicity.

Openness and transparency — it is necessary that all
participants are open to dialogue and honest with each other.

Simplicity — it should be convenient and easy for all team
members to get in touch, get the necessary information
regarding the project, task, documentation, etc.

Communication within the team usually occurs using the
selected communication system.

11l. REMOTE WORK COMMUNICATION

Today, basically everyone has switched to remote work and,
accordingly, only to a remote communication format.

The most common form of communication in remote work
is textual. But the text does not convey emotions well. The same
phrase can be interpreted in dozens of ways.
Misunderstandings, numerous edits, and even conflicts are
possible only because one of the employees did not read the
letter or understood it wrong. Therefore, it is more efficient to
hold small rallies.

The same rules apply to the remote rally as to the usual one:
the purpose of the rally, the schedule, the tasks of the
participants are clearly defined, the results of the rally must be
documented, and the facilitator must have the appropriate skills,
etc.

When holding remote meetings, there are some rules:

e At the beginning of the rally, you should ask the remote
participants whether they can hear you well, and also
check whether you can hear them yourself. Similarly,
you need to ask them if they see the material you are
demonstrating.

e When discussing a topic, priority should be given to the
remote participants, involving them in every possible
way in the conversation, as it is often more difficult for
them to integrate into the dialogue and ask a question /
speak in time.

e Make sure that the discussion does not turn into a
“conversation by the board” of only one or two
colleagues - in this case you lose both the remote
participants and those in the room. In addition, with this
development of events, the discussion can easily block
the view of the camera aimed at the board.

e Forvisualization of textual information, it is better to use
means of collective editing of documents (for example,
Google Docs) and a screen demonstration: the picture is
clearer than on the board, and in addition, participants
can edit the document together.

e Those who do not speak at the moment should turn off
the microphone in order to avoid getting background
noise (keyboard sound, colleagues' voices) on the air.

e Not all participants will be ready to turn on the camera -
someone is dressed in home clothes, someone in the
apartment is a mess, someone just does not like the
camera. In this case, do not force people to turn on the
video - the rally should be comfortable for everyone.

Ways of effective communication in a remote work
environment:

e Attract team members regularly

e Engage remote team members every day with some kind
of communication. Use multiple channels for
communication. If your forced distribution will be
delayed, schedule a regular scheduled face-to-face
meeting. Give remote people as much access as possible
to you.

e Schedule video calls

e Now it’s especially important for you not to lose eye
contact. If we do not plan time or talk with each other,
hope, face to face, silence becomes very loud and
dangerous, since remote workers may ultimately wonder
what to do.

o Be careful about overloading chat and email

e This is difficult because, on the one hand, you need to
make sure that everyone communicates enough, but on
the other, it can be distracting and annoying. Make sure
that the team members are not involved in too many
channels, and in return receive only those messages that
are important to them [2, 3].

IV. CONCLUSIONS

The project manager is responsible for building effective
communication in a team in any conditions.

It is necessary to create comfortable communication
conditions for the entire team and then the effectiveness of the
team will increase regardless of the working conditions.

REFERENCES
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Anomauyis—B  poboTi  po3rasaETHCT  METOAMKH  UIA
BHU3HAYEHHSI SIKOCTiI MPOrpamMHOro 3ade3nevyeHHsi BiANOBiAHO 10
moxei sikocti miskaapoanoro craugapry ISO/IEC cepii 25000.
Po3rasinyTo cyyacHmii ctan B 1aHoMy HanpsiMi. 3anponoHoBaHo
aJbTePHATHBHA METOAMKA /IJIsl OHiHIOBAHHS SIKOCTi IPOrPaMHOro
3a0e3meyeHHsl, a caMe MeTOAMKA O0araTOKpUTepiaJLHOIO
OI[IHIOBAHHSI SIKOCTI MPOrpamMHOro 3a0e3nmeYyeHHS Ha OCHOBI
MoJeieil siKocTeidi BiIMOBiTHO MIKHAPOAHUM CTaHAApTaM
ISO/IEC.

Abstract—The paper examines the techniques for determining
the quality of software according to the quality model of the
international standard I1SO / IEC 25000 series. The current state
of affairs in this area was considered. An alternative methodology
for evaluating software quality was proposed, namely, a
multicriteria software quality assessment method based on quality
models by international ISO/IEC standards.
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I.  Bcrvn

CporojiHi HeMae Takoi JIIOJMHU, sSKa O HE KOPHCTyBajacs
CydacHUMH 1HQOpMAIliiHUMU TexHoJorisMu. [l  1mporo

KOXKEH JICHb PO3POOHHMKH BUIIYCKAIOTh HOBE IMPOrPaMHE
3abe3neueHns (I13) sk mis crBopenss inmoro 13, Tak i s
MepPECiuHUX KOPUCTYBAUIB; BOHO MOYKE PI3HUTHUCS SIK 33 TUIIOM,
Tak 1 3a mpu3HaueHHsM. Haiimpocrime [13 moxe po3pooutn
HaBiTh WIKOJISIp abo JitoaKrHa O6e3 BenuKoro goceiny i take I13
Oyne mpamroBaty meBHUE 4dac. [IpoTe s momamsmoro oro
«PO3BUTKY» - BOHO TIOBHHHO BIAMOBIZaTH TEBHUM
xapakTepucTukaM sikocti. SIkmo I3 He Oyme po3BuBarHCs
BIJITIOBIZIHO /10 TOTPeO CBOIX KOPUCTYBadiB Ta MaTH Ae(eKTH,
To Take [13 my’ke MBUAKO IPUIIMHATE CBOE iCHYBAaHHSI.

Busnaunty sxicHe I13 um HI — M0BOJI HE TpoCTa 3ajada.
MMuranno sikocti 13 posrisuyTi B pobotax B. Kymsmin, [1],
0. Tpumoxk [2] Ta immi. HaykoBumi BCECTOPOHHBO
JOCHIJDKYIOTh MPOOJEMH Ta HAMararThCsS PO3POOUTH HOBI
METOJMKH 3aCO0H IS MiATPUMKH Ta Bepudikarii sskocti I13.
Hapasi He icHye cTanMx Ta €IMHMX METOAIB Bepudikamii
apredaxTi 13, ToMy 11e¥i HANpPsSM JOCIHTIKEHD 3aTUIIAETHCS
BiJIKPUTHUM.

B pobori [1] po3raspatoTecst MeTOAM BepUdiKallii SKOCTi Ta
apredaktie [13, nHaBeneno kmacudikamiro wmetomiB. B
3aJIeXHOCTI BiJl eTamy po3poOku [13 apredakT BeprudikyeTbes
pI3HMMH METOJAaMH, HaNpHKiaJ, Ha eTami IPOEKTyBaHHSI
3aCTOCOBYIOTH (POpPMabHI METOAN IJISI IEPEBiPKH KOPEKTHOCTI
MoJieNield 1 JUIs Takoi IepeBipKH po3po0IieHi BiAMOBIIHI 3aco00n
Ta iIHCTPYMEHTH; a00 Ha eTalli HallMCaHHS KOAY 3aCTOCOBYIOTh


mailto:yuliia.bezkorovaina@nau.edu.ua
mailto:yuliia.bezkorovaina@nau.edu.ua

CTaTUYHHHI aHAJi3 Ta ChOT'OJIHI HE ICHYE CepeIOBUILA PO3POOKU
6e3 BOyI0BaHMX IHCTPYMEHTIB aHANi3y BUXiTHOTO KOIY.

B inwiit po6oTi [2] 3anpornoHoBaHo 3aci0 111 BUSHAYEHHS
sikocTi 13 3a 1ormoMoro METpHUYHOTO aHAJi3Y, IO A€ 3MOTY
3a JIONIOMOrOI0 TOKAa3HWKIB SIKOCTI pO3paxyBaTd BiINOBiAHI
METPUKHM 1 BH3HAYUTH 3HAYCHHS KOMIUICKCHOTO IOKa3HUKa
SIKOCTI TIPOrPaMHOTO MTPOIYKTY.

Il. MOJEJb AKOCTI TTPOTPAMHOT'O 3ABE3ITEYEHHS

B namiii poOoti B3siTa 3a OCHOBY Mojenb sikocti 113
BiAmoBinHO MixHaporHuM cranaapram ISO/IEC cepii 25000
SQuaRE [3-6]. B crammaprax po3rismarOTh HACTYITHI MOIE
skocti [13 [3]: sikicTe miguac Bukopuctanus 13 [4], skicts I13
[5] Ta mamux [6]. Koxna Momenb BH3HAYae XapaKTEPUCTHKH
SIKOCTI Ta IX IMiJXapaKTePUCTHKH.

IMix skicTio miguac BHKOpUCTaHHA [4] pO3risIIaOTh
BJIACTHBOCTI BayJIMBI Ui kopucryBadiB [13 abo ix 1me
Ha3uBalOTh 30BHImHIMU. Skicte I3 [5] abo mnpomykry
PO3TIISIAI0TH BIACTHBOCTI BaXKJIMBI JU1sl po3poOHuKiB [13, ix mie
HAa3MBAOTh BHYTPILIHIMH XapaKTePHCTUKaMH. A BXKe Mif
SKICTIO JaHuX [6] po3rismaroTh BIACTUBOCTI JaHUX 3 SKMMH
mpamroe I13. Beporo Hamiuyro Oumpme 60 XapaKTEpHCTHK
SIKOCTI, SIKi HEOOXiTHO BHUMIPSTH Ta OLIHUTH, IO 30iIbIIye
00’emMu poOOTH PO3POOHHUKAM.

I1l. METOIMKA BATATOKPUTEPIAJIBHOI'O OLIIHIOBAHHS

B naniii poOOTI MNpPONOHYETHCS BUKOPUCTOBYBATH SIK
IHCTPYMEHT METOAMKY OaraTOKpUTEpialbHOTO OILIHIOBAaHHSI
SIKOCTI, sika Oynma posrimsinyta B pobotax [7-10]. Lls meromuka
SKHalKpalle MiIXOAWTh JUIA OIMCAaHOI MOAeNi SKOCTi 3a
cranpapramu [3-6].

Jist  po3paxyHKIB BHKOPHUCTOBYIOTh TI'PYIYyBaHHS 3a
BU3HAUYCHUMH (HaKTOpaMy, B HALLIOMY BHIIAAKY Lie OyAyTh THITH
MoJIeJiell SIKOCTI — SIKICTb MiJiyac BUKOPUCTaHHs, sKICTh [13 Ta
naHux. [lani B METOIHII BUKOPUCTOBYIOTB OHSTTS KpUTEPii Ta
ix 3Ha4yeHHs. B skocTi KpuTepiii OynyTh XapaKTEPUCTHKH YH
HiIXapakTepUCTH, iX 3HAYCHHSAMH — 3HAYCHHS METPUK LHX
XapaKTEePUCTHK, AKi Oyi oTpuMani MeToamu Bepudikarii [1].
Tox B TaKOMY BUIMAJKy MOXKHA BUKOPHCTATH 3alPOINOHOBAHY
METOJUKY Ul OTPUMaHHS OIIIHKH 1 MOPIBHSIBLIM 11 3 LIKAJIOK
OIIiHIOBAaHHS MO’KHA 3pOOHUTH BUCHOBOK ITpO SKicTh [13.

BUCHOBKU

3anponoHoBaHO BHUKOPHCTOBYBATH METOJTUKY
0araToKpHUTEepiaIbHOTO OLIHIOBAHHS, 100 MPUHHATH PILICHHS

Hackibku sikicHe I3 pospobiieno. [lana meromuka Oyna
anpoOoBaHa Ha Pi3HUX 00’€KTax MOCTIHKEHHS 1 moOpe cebe
3apeKOMEeH/lyBaja, TOMY OYIyTb HPOBOAUTHCS IIOJAJIBIII
JIocmpKeHHs B obmacti sikocti 13 3 1i BHKOpHCTaHHAM.
HactymauM ~ etamom  jgociijukeHHS — Oyae  HpakTHYHE
3aCTOCYBaHHS BHOpAaHOI METOIWKH Ta PO3poOKa 3acoly Ui
Bepudikauii sikocri [13.
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Anomauyia— B po0OTIi BHKOHAHO MOOYAOBY CHMYJISLIT
HaBirauiiinoi cucreMH aBTOHOMHOIO MOOITHHOrO podoTa Ha
ocHOBi ajaroputMy A* (crap), iKWl 31aTeH BUPILIMTH 3aBJAHHS
MOKJIMBOI HaBiramii y BipryanbHomy cepenoBumi. Onucani
0c00IMBOCTI aIropuT™My A* (cTap), BipTyasnbHoi iHppacTpyKkTypH
CoppeliaSIM  (VREP), posrasiayti oco6auBocTi inTerpamii
3aNPONOHOBAHOI0 AJTOPUTMY B 3arajbHy CHCTeMY KepyBaHHS
MOOITbHOI0 POOOTOTEXHIYHOIO CHCTeMOI0. 3ailicHeHa ampobaiis
Ta pealizalia aaroputMy y BipTyajdbHOMY cepeIoBHILi
Coppelissim (VREP), npoTrecToBaHo pyx po60TH30BaHOI0 Bi3Ka y
BipTyansHiii iHQpacTpykTypi Ha npukiaagi JekiIbKOX KapT
BipTyaJbHOT0 HABKOJIMIIHHOTO CePel0BHINA.

Abstract— In this work, we constructed a simulation of the
navigation system of an autonomous mobile robot based on the
A* (star) algorithm, which can solve the problem of possible
navigation in a virtual environment. The features of the A* (star)
algorithm, the virtual infrastructure of CoppeliaSIM (VREP) are
described, the features of integrating the proposed algorithm into
the overall control system of a mobile robotic system are
considered. The algorithm was tested and implemented in the
Coppelissim virtual environment (VREP), the movement of a
robotic trolley in a virtual infrastructure was tested using several
virtual environment maps as an example.

Kniouogi cnosa — Anzopumm A*(cmap), CoppeliaSIM (VREP),
ABMOHOMHUIL MOOINbHUL pobom, hi3uunuil azenm, Hagizayiiina
cucmema, ipmyasnvHe cepeooguuye.

Keywords—A* (star)  Algorithm,  CoppeliaSIM  (VREP),
autonomous mobile robot, physical agent, navigation system, virtual
middleware.

l. Bcerynn

ABTOHOMHUN MOOITEHUN POOOT, SKW Ma€ 3IaTHICTH J0
paliOHAIFHOTO MEPEeCyBaHHs 13 MIHIMAJIBHUM BTpYYaHHSIM
JIFOIMHY 1I€ CKJIa/IaHa 3a/1a4a CbOTOJCHHS.

OmHpM 13 HaWCKIAOHIMIAX THTaHh Yy 3a0e3ledeHHI
ABTOHOMHOTO KepyBaHHs (hi3UUHOTO areHTy € HaBiraris.

Hus 3abe3nedeHHs pyxy (i3MYHOTO areHTy HaBirariifHa
cHCTeMa MOBMHHA CKJIAJaTUCS i3 HACTYMHHMX TEXHOJIOTIYHHX
CKJIQJIOBHX: TIO-TIepIle, BOHA IOBHHHA BMITH CIpHUHAMATH
HaBKOJIMIIIHE Cepe/IOBUILE, TOOTO 3YMTYBATH JIaHi 3 CEHCOPIB,
SIKUMH OONamHaHWi (Qi3MYHUIA areHT, mo-apyre, (Qi3mgHMA
areHT MOBMHEH BMITH BU3HAYMTH MiCIlE pO3TAlllyBaHHS -
IHIIMMU CJIOBaMU TIPOBECTH BJAacHY Jiokaiizamio. [To-Tpere, 3
METOI0 TEpeMIllleHHs] [0 LiJTbOBOr0 00’€KTY MOOUIBHOMY
po0oTy OTPiOHO MpUUMATH PIMIEHHS U TOTO, 00 BiH 3MIiT
HEePEMICTHTHCS 10 EBHOI LIIbOBOT TOUKH ab0 00’€KTY 3a1st
BUKOHAHHS MOCTABIEHOI 3ajayi, TOOTO IHIIMMHU CIIOBaMH,
BIATBOPUTH IITYy4YHE TMi3HAHHA 1 Ha OCTaHOK, 3 METOI0
BIITBOPECHHS PalioHaIbHOI a00 ONTUMAIBHOI TPAEKTOPIi PyXY
¢i3uuHOMY areHTy TOTpPIOHO (OpPMYyBaTH CHUTHAIH IS
KepYIOUNX MEXaHi3MiB, TOOTO 3HiACHIOBAaTH VYIIPaBIiHHS
pYyXoM.

Ha chorofHinmHii JeHp aKTyali3yIThCs Ta HOMIHPIOIOTHCS
JOCTTi/DKEHHST 3aJ1s pealtizaiii HaBiramiiiHoi cuctemu. Jleski
mpobiemMu B 1iK cdepi Bke BUPIIIEH], a AedKi Ie HoTpi0yroTh
HAyKOBUX pilreHb. Hampuknaza, icHyrodi 3a3falierigp BigoMi
opieHTHpH ab0 KapTa MPOCTOPY MPH HASBHOCTI TOCUTHh TOYHUX
CCHCOpPIB HE TPEACTABISIFOTh BEIUKHX CKJIaMHOMIIB. A
mo0y10Ba KapTH IPH MOCTIHHO BiIOMOMY ITOJIOKEHHI poboTa
TaKoX B 3HAYHIM Mipi BHpimleHa mpoOieMa, aje B LBOMY
MiIXoAl IiCHYIOTh Ime OaraTo MporajiuH, sKi MTOTPiOHO
JIOCJTiTHUM IUISTXOM BHSBHTH Ta HaJaTH SKiCHI PIlIICHHS.

ToMmy B HamioMy BHUMAJIKy, KOJM HaM BiJJOMO TOCTiliHE
TIOJIOKEHHS po0O0Ta HaM IOTPIOHO 3IIMCHUTH peaizalliio y
BIpTyaJIbHOMY cepeIoBHII HapiramiiHoi cuctemu. OTxe, 3
METOI0 TOOYIOBHM CHUMYJIALII HaBiraliiHoi CHCTEMH HaM
MOTPiOHO BUKOHATH HACTYITHI HAYKOBO-TOCII THI 3aBIaHH:

e  3aificHUTH OnKC 0cOONMUBOCTE#H anroputmy A* (Ctap).

10



e Ornucaru 0co0nMBOCTI pobo-cumynsTopa
CoppeliaSim.
e  3pilicHUTH OTJISA ocobnuBoCTER iHTerpanii

3aIIPOIIOHOBAHOT'O AJITOPUTMY.

e [lpoBecTH mpakTUYHE TECTYBaHHS alTOPUTIMY Y
BipTYaJIbHOMY CEPEIOBHIIII.

Ilepen TuMm, K MU TmepeIeMo A0 OMUCY OCOOIMBOCTEH
anroput™My A* (cTap) HaMm CJIiI BBECTH y KOHTEKCT JCSAKY
TEPMIHOJIOTIIO:

Anroputm A* (ctap) — mumeTsCst A 13 3ipOUKOI0 «A*)»
BUMOBIISIETBCS, K «A-star» 1e anroputM obxoxy rpada i
MOITYKY HUISXY, SIKAH 9aCTO BUKOPHUCTOBYETHCS B iHHOPMATHII
[1].

CoppeliaSIM (VREP) — Pobo-cumyinsatop, paHiiie Mas
Ha3By VREP 3 iHTerpoBaHuM cepeloBHINEM pPO3POOKH
3aCHOBAaHMH Ha PO3MOAUICHIH apXITEKTypi YIpaBITiHHS:
KOKHUM 00'€KTOM / MOJICJIITFO MOKHA 1H/IMBIIyaJbHO KEpyBaTh
3a TOTMIOMOT0F0 BOY/TOBAHOTO CKPHUIITA, IIariHa, By3aa ROS abo
BlueZero, sBigmanenoro xmienra API abo crmemiaasHOro
pimenns. Ile poours CoppeliaSim nyxe yHiBepcalbHUM Ta
iIeaTbHAM JUTS JOJATKIB 3 IeKiapkoMa podoTamu. KoHTponepu
MOXyTh OyTr Hanmucani Ha C/ C ++, Python, Java, Lua, Matlab
abo Octave [2].

ATreHT, IHTENEKTyaJlbHMH areHt, (Ii3MYHMH  areHr,
aBTOHOMHUH MOOITBHHUN poOOT — I1e IPUCTPIH, IKUH pearye Ha
MOJIPa3HUKK 13 30BHILIHBOTO CEPeNOBHUIIA. ATCHTH MOXYTb
npuiiMaTH pi3HI BUAM Ta Qopmu. Hampukian, aBTOHOMHHI
po0OT, aBTOHOMHHUII JTiTaK, IEPCOHAXK B Bimeorpi, abo mporiec,
KUl B3a€EMOJI€ 3 JIPYTMMH IpoOLECaMH 4Yepe3 iHTepHeT abo
JIOKaNBHO [3, c. 776].

1. OCOBJIMBOCTI A* (CTAP)

Busnauena TtepMmiHOJIOTISL JO3BOJISIE TEPEHTH HaM 10
ornsiy ocobnuBocreit AnroputMmy A* (crap). Lei anroputm
Oyll0o BUHAHAEHO JOCTIJHWKAMH, IO TMpaIfOBaIM HaJ
IUlaHyBaHHSIM HUBIXy poborta lllexi. Bin OyB crBOpeHuii B
pamkax mpoekTy Shakey 3 METOI0 CTBOPEHHS MOOIIBHOTO
poboTa (¢pi3uuHOrO areHry), KOTpUH MIr OW IUIaHyBaTu CBOT
BnacHi aii. [litep Xapt, Hinsc Himbccon Ta beptpam Padaens
31 Crendopacekoro jgociigHoro iHcTutyTy (3apa3  SRI
International) Bnepmie omyOuikyBanu anroput™ B 1968 porii.
Jamnii anroput™M OyB pO3pOOJICHHH U TOIIYKY HUIAXY 3
HaliMeHII010 BapricTio. Takox Oyino mokaszano, mo A* (crap)
MOXIIMBO BHKOPHUCTOBYBaTH [JIsl TOLIYKY ONTHUMAaJIbHUX
LUIIXIB JUIA PI3HUX 3a/1a4, 110 33/J0BOJIGHSIE yMOBaM aireOpu
Butpat [1].

Hapasi mu 3ocepenumoch Ha anroputmi A* (crap). Bin
OJIMH 13 HAWNOIYJIAPHIIINX AJITOPUTMIB I BUPIIIEHHS 3a7a4
MOUIYKY HUISIXYy TOMY, IO BiH JOCHUTb THYYKHH 1 MOxe
BHKOPHCTOBYBATHCS B IIUPOKOMY Jliama3oHi KOHTEKCTiB. Lleit
NTOpUTM NOAIOHMH anroputMmy JleHKcTpu B TOMY CEHCi, 10
HOro MO)KHa BHKOPHCTOBYBATH VISl MOIIYKY HAaWKOPOTILIOTO
nusixy. Kpim 1poro BiH CXOXHH Ha ajlrOpUTMH IOIIYKY Ha
rpadi «Greedy Best-First-Search» B ToMy ceHci, 10 BiH MOXe
BHKOPHCTOBYBATH €BPUCTUKY JIJISl YIIPaBIiHHS co00t0 [4].

CexpeT ycnixy LbOro ajJrOpUTMY IOJArae B TOMY, IO BiH
o0'emHye iH(pOpPMAaIifo, IKY BHKOPHCTOBYE alrOpuUTM JlelKcTpu
(BBaXKaro4H 3a Kpalle BepIIUHN OJU3bKI 10 TOYATKOBOT TOUKH),
i iHpopmamiro, Ky BUKOpUCTOBYe anroputMm «Greedy Best-
First-Search» (BBaxkarouum 3a Kpallle BEpIIHHH OJIHM3BKI 10
MeTH). Y CTaHAapTHIH TepMiHOIOTii BHKOPHCTOBYBaHOI IpH
po3MoBi npo anroputM A* (crap), g(n) siBise co0OI0 TOYHY
BapTICTh NUIAXY BiJl IOYATKOBOI TOUKH 10 OYAb-SIKO1 BEPIINHH.
KosxeH pa3 nmpoxoasdyu 4epe3 OCHOBHUI IIMKII, BiH IepeBipsie
BEPIIUHY N, 0 Mae HaitHmk4Iy f(n)=g(n)+h(n).

OTke, IPOBIBIIIH OTJISA iICTOPUYHKX BiZIOMOCTEHl Ta IESIKHUX
ocobnmBocTel anroputMy A* (cTap) My 30cepeInMoch Ha Horo
peanizarii — Oyne 3ampONOHOBAHO JIICTHHT IIOTO aJITOPUTMY

[5].

function A*(start, goal, f)
# MHOXMHA npoiimeHux BepuuH
var closed := the empty set
% MHOXMHA YaCTHUX piueHs
var open := make_queue (£)
enqueue (open, path (start))
while open is not empty
var p := remove first (open)
var x := the last node of p
if x in closed
continue
if x = goal
return p
add(closed, x)
#momaemMo cymixni Bepummy
foreach y in successors (x)
enqueue (open, add_to_path(p, y))
return failure

Puc. 1. Jlictunr 1 Anroput™ A* (ctap)

I1l.  OCOBJIMBOCTI POBO-CUMVIJISATOPA
COPPELIASIM

Tenep MM MOXEMO pO3IJISIHYTH OCOOJIMBOCTI pobo-
cumyisatopa CoppeliaSim. Pobot-cumymsarop CoppeliaSim
IHTErpoBaHe  CepeloBHIIEe pO3pOOKM  3aCHOBaHUHA  Ha
PO3TOAIICHOT apXITEKTypi yIPaBIiHHSI: KOXKEH 00'€KT / MOJEIb
MOXe OyTH IHIUBINyaJbHO KEPOBAaHUM 3a JONOMOTOI0
BOyIOBaHOTO CKpwWIITa, Iuiarina, By3na ROS abo BlueZero,
Bigmanenoro kimienta API abo cnoemiangpHOoro pimenss. Lle
pobuts CoppeliaSim myxe yHiBepcaIbHHM Ta iIeaTbHUM UIS
JIOAATKIB 3 JieKiibkoMa poboramu. KoHTponepu MOXyTh OyTH
Hanmcani Ha C / C ++, Python, Java, Lua, Matlab a6o Octave.
CoppeliaSim BHKOPUCTOBYETBCSI Ul HIBUAKOI PO3POOKH
QITOPUTMIB, MOJEIOBAHHS aBTOMAaTH3allil BHUPOOHMIITBA,
HIBUJIKOTO CTBOPEHHS NPOTOTHIMIB 1 BepHikallil, HaBUaHHS B
raiay3i  poOOTOTEXHIKHM, JWCTAHLIIHHOTO  MOHITOPHHTIY,
OIBIHHOT nepeBipku 6e3nexu [2].

Binpanennii API

Bignanennii APl € wuactunoro indpactpykrypu API
CoppeliaSim. Bin 3a6e3neuye 3B's30k Mik CoppeliaSim i
30BHINIHIM jgozxaTkoM (/logaTkoM — 3aIyIlieHUM B iHIIOMY
mporeci abo Ha IHIIOMY KOMIT'TOTEpi), € KPOCIUTaTHOPMHHM,
MATPUMYE BUKIMKH CIOyX0 1 3abe3nedye JBOCTOPOHHIO
MOTOKOBY Tiepeauy AaHuX. BiH NOCTaBiIse€ThCS B ABOX PI3HUX
Bepcisnx / ppeMBOpKamMu:

Bignanennii APl Ha ocHoBi BO: 1e sBisie coboro npyry
Bepcito BimmaneHoro API. Bin 3acHoBaHuii Ha TpOMiKHOMY
mporpamMHOMY 3abe3mnedeHHi BlueZero i fioro inTepdeiicHomy
riarini gt CoppeliaSim. Bin npocrinie 1 Outbin rHydkuit y
BHKOPHUCTAaHHI, HDK ycmaakoBaHwi BimmaneHuit API, i, mio
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HaWOUIBII BaXIIMBO, HOTO JIETKO pO3IIMpIoBaTH. B nanwmii yac
BiH miaTpumye Taki moBu: C ++, Java, Python, Matlab i Lua.

3acrapinuii Bigmanennid APl (abo mpocrto Bimmanenumit
API): me mepma Bepcis Bigmamnenoro API. Bin mopiBHSIHO
JIETKU# 1 Ma€ MEHIIIe 3aJeKHOCTEH, Hik Bigmamenuii API Ha
ocHoBi BO. OmHak BiH MeHII iHTYiTUBHHIA, MEHII THYYKHH i
CKJIaAHiIIe B po3mpenHi. Bin nintpumye HactymHi moBu: C /
C ++, Java, Python, Matlab, Octave i Lua [6].

OTxe, 3a gonomoror pobo-cumysstopa CoppeliSIM Hamu
Oyzme CTBOpeHO BipTyalnbHY iH(paAcTpyKTypy A peamizarii
anroputMy A* (crap). 3’emHaHHA Oyne 3ailCHEHO 3a
nmornoMororo BigmaiimeHoro API.

IV. OCOBJMBOCTEW IHTET'PALIIL AJITOPUTMY.

Tenep HaM CTae MOXKXJIMBO 3JIHCHUTH OTJISLT OCOOIMBOCTEH
iHTerpamii 3amporoOHOBAHOTO AaNTOPUTMY 3 BIPTYAJIbHUM
cepenosuiieM CoppeliaSIM.

B mpomeci iHTerpamii 3ampONOHOBAHOTO AaITOPHTMY 3
BIpTyaJlbHUM CEpEJOBHIIEM 3 METOI0 3a0e3leUeHHs pyXy
¢i3MYHOTO areHTy HaBiramiiiHa cucTeMa CKIaJaeThes 3
HACTYITHUX OJIOKIB:

e CropuiiMaHHS HaBKOJHMIIHBOTO CEPENOBHUINA — BOHA
[OBUHHA BMITH CHPUIMATH HABKOJMIIHE CEPEOBUIIE
TOOTO 3UMTYBATH JIaHi 3 CEHCOPIB, AKUMH 00JIaHAHUK
(i3U9HUH areHT.

e Jloxamizauwis — (I3UYHUHA areHT TOBHHEH BMITH
BU3HAYHUTH MICIE PO3TAIIYBaHHS.

e BiarBopuTH Mi3HAHHS 30BHINIHBOTO CEPEIAOBHUINA — B
poIieci mepeMilieHHs] MOOUTFHOMY POOOTY MOTPiOHO
npuiiMaTH  PIlIEHHS U1 TOro mo0 BIH 3Mir
MIEPEMICTHTECS 10 MIEBHOI [UTBOBOT TOYKH 200 00’ €KTY
3a/JI1 BUKOHAHHS [TOCTaBJIEHOT 3a/1ayi.

e VYhopaBmiHHI pPyXOM — 3 METOK BiJATBOPCHHS
pauioHaibHOT 200 ONTHMANBHOI TpaeKTOpil pyxy
(Gi3MIHOMY areHTy NOTPiOHO (hOpMYyBaTH CHTHAIH IS
KepYIOUYHX  MEXaHi3MiB, TOOTO  3IifiCHIOBATH
YIPaBIIiHHS PYXOM.

OTmxe, iHTErpallis Bi0yBaeTHCs 3a JJOMOMOTOK HACTYITHOTO
ITOPUTMY Ta i3 ypaxyBaHHSM MEPEPAXOBAHUX BHIIE OJIOKIB,
SIKi MICTHTh HaBirariiina cucrema [7, 8]:

1. Peamizarist maroToB4oro eTamy:

1.1. Immopryemo ¢peiiMBopku Ta 6i0Ii0TEKH, SKi
moTpiOHI 1St peaizaliii mporo npoexty — OpenCV,
Numpy, Matplotlib,

1.2. ImmoptyeMo crieniani3oBaHi TaKeTH JJIs1 KITi€HT-
CEPBEPHOTO 3’ €JHAHHS 32 IOTIOMOTOI0 BiIJTAJICHOTO
API.

2. CnpuiiMaHHS HaBKOJIMIITHBOTO CEPEIOBHILA!

2.1. 3aBanTaxxyemo 30epexxeHe 300paKeHHsI Hallol
KapTu a00 BipTyaJIbHOTO CEpeIOBHINA, B IKOMY MU
3MIIHCHIOEMO TECTYBaHHS PEaTi30BaHOTO AITOPHUTMY.

2.2. BiATBOpPIOETHCS CITKA MEPEUIKO/I.

3. Jlokamizamisi:

3.1. BinOyBaeThcs MO3MIIIFOBAHHS Ta Opi€HTALisI poOoTa
y BipTyaJIbHOMY CEpEIOBHIII.
3.2. Peani3yeTncs Ta BinOYBa€ThCS MO3HIIIFOBAHHS IIiJIi.
4. Tli3HaHHS 30BHINIHHOTO CEPEIOBHIIA:
4.1. BinOyBaeTbes MIaHyBaHHS IIUBIXY 33 JOTIOMOTOFO
anroputmy A* (ctap).
5. VYmpapniHHS pyxoMm:
5.1. 3rmamKyBaHHS TPAEKTOPII,
5.2. IHTEerpyemo BCi aJITOPUTMH,
5.3. BiarBoproemo gonomixHi QyHKIIIT,
5.4. MopnemoBaHHS BipTyaJbHOTO areHTy.
6. 3amyckaeMo CHMYISIIIO — BiATBOPIOEMO PyX
BIpTYyaJIbHOTO areHTa.

V. TECTYBAHHS HABITALIIMHOI CUCTEMHM.

[icns mpoBeACHHS BCIX MiArOTOBYMX POOIT Ta OIIISAIY
TEOPETHUYHOI CKIIAI0BOI FOTO MPOEKTY MU MOXKEMO HEpEeHTH
camMe JI0 IPaKTUYHOI YaCTHHHU HalIol poOOTH — 3aITyCKy HAIIOTO
BIPTyaJIbHOTO areHTy Ta TECTYBaHHS HaBIraliifHOI cucTeMu y
BIpTyaJIbHOMY CEPEJOBHILI.

[Mo-mep1ue, 3amycTHM TECTYBaHHS aIrOPUTMY Ha iCHYIOUii
kaprti nuB. Puc. 1.

FoEeg

Puc. 2. BipTyanbHe HaBKOJIMIIHE CEpENOBHIIE, B SKOMY BiOyBaeTbCs
TECTYBaHHS alTOPHTMY.

BipTyanpHuii areHT y CTBOPEHOMY 3a JOIOMOIOO
CHUMYJIALIi  BIPTyaJbHOTO CEPElOBUINA BHKOPHCTOBYHOUH
AITOPUTM YITKO 3MIT MEPEeMIiCTHUTHCH Y IIUIHOBY TOUYKY, SKa
3aj1aHa 3eJIeHUM KBaJPaTOM.

[o-ngpyre, Ha iHmIKA KapTi, fka MOOyIOBaHa y BHUTIAMI
nabipuHTy Ta 300pakeHa Ha Puc. 2. BipTyaibHuUil areHT Tex
3MIT JICTaTUCh IO IUTBOBOi TOYKH, alleé Tepel THM, SK
JIropuT™ OyyBaB TPAEKTOPIIO BiH (AITOPUTM) JIEKiIbKa pa3iB
3pi3aB KyTH JIaGipHHTY, IO B CBOKO Yepry HE AaBaJlo PyXaTHCh
BIpTyaJlbHOMY areHTy. AJie JaHuil HEJIOoJiK MICTHUCS He B
CaMOMy AlITOPUTMi, a y BIPTYaJbHOMY CEpEIOBHINI Ta THX
cUcTeMax, 10 peasli3yoTh JIOKANi3alliio Ta 3YUTYBaHHS KapTH
HaBKOJIMIIHBOTO cepefoBrIa. ToOTO qaHi CHCTEMH HE 3aBXKAN
BipHO PO3MI3HAIOTH MEPEIIKOIH.
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Puc. 3. BipTyanbHe HaBKOIMIIHE CEPEIOBHILE,
TECTYBaHHs aITOPHTMY.

B SKOMYy BinOyBa€ThCs

VI. BUCHOBKU.

Orxe, B mporueci MoOyZOBH CUMYJALIl HaBiranidHol
CHCTEMH MH 3MOIJIM BHKOHATH BCi HAyKOBO-IOCIiIHI
3aBIaHHs. 3AIHCHIOIOYM ONKMC OCOOJMBOCTEH ajlropuTMy
A* (crap) — HaM BaNOCh JMi3HATHCH, WO BiH OJWH i3
HaAWIOMYJISIPHILIMX aNTOPUTMIB ISl BUPIIIEHHS 33124 HOLIYKY
OUIAXy, TOMY, IO BiH JOCHTh THYYKHH 1 MOXe
BUKOPHCTOBYBATHCS B IIMPOKOMY Jiana3oHi KOHTeKCTiB. Lle
ANTOPUTM oIiOHMH anroputMy  JlefikcTpu. Mn
MO3HAWOMMJINCh Ta JI3HAIUCh TIPO OCOONMBOCTI PoOO-
cumymsaropa CoppeliaSim. Ham Bpamock 3poOuTH KITi€HT-
cepBepHE 3’€IHAHHS JUIl peajii3allii Hamoro BipTyaJbHOTO
cepenoBuma. TakoX MH 3MOTJIH BIiATBOPUTH pealizarlio
ITOPUTMY Ta MPOBECTH OMNIAJ OCOOIMBOCTEH iHTerpariii
3aIIPOIIOHOBAHOr0 AITOPUTMY. KpiM IBOro y mNpakTHYHIHA
YaCTHHI AOCIIIHOI pOOOTH HaM BJAJIOCS IPOBECTH NMPAKTHYHE
TECTYBaHHS aJITOPUTMY y BipTyansHOMY cepemoBuini. Hamomy
BIpTyaJIbHOMY areHTy BJajocs MOJOJaTH MaplIpyT Ha JBOX
3aIPOIIOHOBAaHMX KapTaX. BUABWIM esiKi He3HAYHI HEIOMIKU Y
BipTyaJlbHOMY CepeloBHII Ta Jokamizaumii. Takox Ham
BIAJOCS  [i3HATUCh, 1m0 amroput™ A¥* (crap) wacrto
BUKOPHCTOBYETBCSL Ul BUPIIICHHS 3arajbHOI MpobiiemMu
MOUIYKY LUISAXY B PI3HUX NMPAaKTUYHUX peani3alisiX, TaKhX, K

BiZleoirpu, HaBiramis MoOiTbHHMX po6otiB. Kpim mporo nei
AITOPUTM BiJ] CaMOTO TOYaTKy OylIo po3pobieHo, sk
3arajbHUI AIrOpUTM 00X01y rpada.

[1]

[2
31

(41

(5]
(6]

[71

(8l

JOTEPATYPA REFERENCES
A* search algorithm [Enexrponnnii pecypc] // Wikipedia URL:

https://en.wikipedia.org/wiki/A*_search_algorithm (mara 3BeprenHs
03.05.2020).
Odpiuiiinuit BeO-TopTa Coppelirobotics URL:

https://www.coppeliarobotics.com/ (nara 3Bepuenns 03.05.2020).

Bpykmup, Jx. I'nmenn, Bpunos, [JlenHuc. KoMmproTepHblE HayKd .
Basosblii kype, 13-e uzn.: Ilep. ¢ anrn. — CII6.: OOO “/luanextuxa”,
2019. — 1104c. : un. — Iapin. Tur. anrm.

Amit’s A* Pages From Red Blob Games URL:
http://theory.stanford.edu/~amitp/GameProgramming/AStarComparison.
html (gara 3BepHenns 03.05.2020).

A* [Dnekrponnuii pecypc] / Wikipedia URL:
https://ru.wikipedia.org/wiki/A* (nara 3Bepuennst 03.05.2020).
Odiritiauii  BeG-moptann  Coppelirobotics // Remote APl URL:

https://www.coppeliarobotics.com/helpFiles/en/remote ApiOverview.htm
(nara 3BepHeHHs 03.05.2020).

Ahmed Essam El Fakharany Path tracking tutorial for pioneer robot in
vrep [Enextponnuit pecypc] URL:
https://medium.com/@afakharany93/path-tracking-tutorial-for-pioneer-
robot-in-vrep-acffcf76875b (nara 3seprenns 03.05.2020).

Github Path_tracking_vrep URL:
https://github.com/afakharany93/path_tracking_vrep (mara 3BepHeHHs
03.05.2020).

13



Yuacts be3ninoraux JlitaneHuX AnapatiB Ta
['eoindopmamiitnux Cucrem npu [IpopaxyHky
Tpancnoptaux CucreM Benuknx Mict
(na IIpukmami Micra Kuesa)

IOpiit Hleneryxa
MixHapoaHH HAYKOBO-
HaBYaJIbHUN LEHTP
iHpOpMAaLiHHIX TEXHOIOTIN Ta
cucreM HAH 1a MOH VYxkpaian
Kuis, Ykpaina
depl85@irtc.org.ua

Cepriit borgap
MixxHapoHII HAyKOBO-
HaBYaJIbHUN LEHTP
iH(pOpMamiHHUX TEXHOJIOTIH Ta
cucreM HAH Ta MOH VYxkpaiaun
Kui, Ykpaina
orangearrows@bigmir.net

Poman Tumuniunx
MixxHapoaHUI HAYKOBO-
HaBYaJIbHUNA LEHTP
iH(pOpManifHIX TEXHOIOTIN Ta
cucreM HAH 1a MOH VYxkpaian
Kui, Ykpaina
romantymchyshyn.rt@gmail.co

Participation of Unmanned Aerial Vehicles
and Geoinformation Systems in the Large City
Transport Systems Determination
(on the Example of Kyiv)

Yury Schepetukha

International Research and
Training Center for Information
Technologies and Systems of the

National Academy of Sciences
(NAS) of Ukraine and Ministry of
Education and Science (MES) of
Ukraine
depl85@irtc.org.ua

AnHoTanmisi. B pofori  po3asiHYyTO  BHKOPUCTAHHS
reoinopmaniiiHux cucrem IJ1s MOAEJIOBAHHA (PyHKLIIOHYBAHHSA
MicT, iH(pacTPpykTYypHHUX 00’€KTiB, cHCTeMH TPOMAaJChKOI0
TPaHCHOPTY TA eKCTPEeHHHUX cJayk0. CyTHiCTH podoTH MoJisirae B
OOIPYHTYBAaHHI BHUKOPHCTAHHSI reoiHGopMauUiliHMX cHcTeM SK
0a30BOro ejJeMeHTY MiChbKOro IUIAHYBaHHSI, 1I0 3ade3me4uThb
0inbI eeKTHUBHHUI PO3BUTOK MicTa, AK Y KOPOTKOYACHIM, Tak i y
JMOBroTpUBAaJiii MepPCHeKTHBi.

3okpema, 1 3a0e3nme4eHHs ¢ynkuionyBanus
reoinopmMamiiiHUX cHCTeM MPONMOHYETHCSI BHKOPUCTAHHS
0e3MiJIOTHHX JIiTANBLHUX aANaPaTiB, IO CIYTYBATUMYTh KII0Y0BHM
eJ1eMeHTOM 300py AAHHUX i, IK HACTITIOK, JOMIOMOKYTh PeryJsipHO
OHOB.IIOBATH iH(opMalilo 111010 NOTOYHOI cuTyauii B MicTi.

Annotation. Usage of the geoinformation systems for modelling
of city infrastructure objects, public transport system and
emergency services functioning is considered in the development.
The essence of the development is in the justification of the
geoinformational systems usage, as the basic element of the city

Serhii Bondar,

International Research and
Training Center for Information
Technologies and Systems of the

National Academy of Sciences
(NAS) of Ukraine and Ministry of
Education and Science (MES) of
Ukraine
orangearrows@bigmir.net

Roman Tymchishin,

International Research and
Training Center for Information
Technologies and Systems of the

National Academy of Sciences
(NAS) of Ukraine and Ministry of
Education and Science (MES) of
Ukraine
romantymchyshyn.rt@gmail.com

planning processes, that would make possible much more effective
city development in short-run perspective, as in long-run one.

Particularly, for the geoinformation system functioning
support, the usage of unmanned aerial vehicles as the key element
of data gathering is proposed. Utilization of such vehicles would
help to update information about current situation in the city
regularly.

Knwuosi crosa:. mpancnopmna cmpamezis micma; ounamiuna
mpancnopmua mooeinv; 2eoinghopmayiiina cucmema; de3ninomuuil
AimanbHui anapam; oucnemuepusauisn; MoOHImopune;
inghopmauiiina niompumka cneympancnopmy

Keywords: city transport strategy; dynamic transport model;
geoinformation system; unmanned aerial vehicle; dispatching;
monitoring; information support of special vehicles
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I. Bcrv

Peauizanis npyHLMIIB CTBOPEHHS TPAHCIIOPTHOI cTpaTerii
CBOTOJHI CTajla HaraJlbHOIO HEOOXIAHICTIO IJI BEJIMKHUX MICT.
Cnpo0a peanizamii MPUHIMIIB CTPATETYHOTO IUIAHYBaHHS JUIs
CTBOPEHHS TPAHCIIOPTHOI cTparerii Oyma 3mailficHeHa i B
VYxkpaiHi.

[epen momemoBaHHAM MOTPIOHO BUIUIMTH Wil i TEPMiH
peanizariii MallOyTHROTO TPOEKTY, BiJ 4Oro Oyae 3aJie:KaTh
BUKOPUCTAHHSA BIPHOTO THIy TPAHCIIOPTHOI Momem —
cTatMyHoi, abo  nguHamiuHOi.  [lepeBarm  craTtmuHOi
TPaHCIIOPTHOI MOJET 3BOAATHCA JO MEHIIMX BHTpPaT Ha
oprasizamito 300py JaHHX Ta CTUCIICTh IMOJAaYi 3i0paHUX
nmannx. Taka Mozens BimoOpaXkae TaHi CTAHOM Ha TIEBHY ATy
Ta POOUTH MOMIJIMBHM MO/ICTIOBaHHS MIEPCIIEKTUBHUX DillIeHb,
o Oy O epeKTHBHUMU Ha AaTy 300py naHuX. BukopucTanas
CTaTUYHOI MOJENI JOIOMarae y ImepepoOlli reHepaabHOrO
IUIAaHy MICTa; JO3BOJS€ BH3HAUNTH IIIAXH IS HaHOLIbII
KoM(pOpTaOEeILHOTO PO3BUTKY HOTO PaliOHIB; 1a€ MOXKJIHMBICTh

NO3HAYMATH pAHOHW, 10 NOTPeOYIOTH BBOLY  HOBHX
TPaHCIIOPTHUX  MApUIPYTiB;  JONOMAara€  BIOPSJIKYBaTH
3a0yIOBY B MEXax MicTa.

JuHamiyHa TPaHCIIOPTHA MO/JIETIb MicTa
XapaKTEepU3YETbCS  PErysipHAM ~ 300pOM  JaHUX  IOAO

3aBaHTAKEHOCTI ABTONUIAXIB, HAMPAMKIB Iaca)XHPOIIOTOKIB,
KIJIBKOCTI MacakKUpiB PyXOMOTO CKIIaJly Ha TEBHY OJMHUIIIO
yacy. J[uHamiuHa MOJENb JO3BOJHUThH IIBUIKO pearyBaTd Ha
MOSIBy HOBUX MPOOJIeM, & TAKOX ONEPATHBHO MPOrHO3YBATH
cUTyalii y MiICTI y KOpPOTKOYACHiil NepcrneKkTHBi (AeKijgbka
TOJIUH).

II.  OCHOBHA YACTHHA
Baximsoro IepeayMOBOIO JOLIIBHOCTI CTBOPCHHS
KOMH’mTepHo—KOMyHiKauiI‘/'IHo'l' CUCTEMH I BHUKOHAHHSA

BUIICHABEACHUX (YHKLII € Te, M0 Taka CHCTeMa MOXe OyTH
peaiizoBaHa B SIKOCTI JIOTMOBHEHHS O OJHI€] 3 ICHYIOYHX
IaT(GopM CIOCTEPEIKEHHS 32 TPOMAJICBKMM TPAHCIIOPTOM.

[TpoekTyBaHHS TPAHCIIOPTHUX CHCTEM 3a JIOIIOMOTOIO
MOMEPeIHhO MpOopaxoBaHoi Mojeiai Ta 0a30BOi cTparerii
HEOJ/IHOPA30BO JIOBEIIM CBOIO MepeBary Inepej TpaHCIIOPTHUMHU
cUCTEMaMH, 1110 He BUKOPHCTOBYBAJIM MOBHOIIHHI TPAHCIIOPTHI
MOJIeli Ta PO3BUBANIUCS, PEarytodd Ha po30yaIoBy MicTa.

TpaHcopTHa MOJENs — Le NPOrpaMHO-alapaTHUH
KOMIUIEKC, 10 iHTerpye 0a3u JTaHMWX i pO3paxyHKOBI OJIOKH Y
€/IMHY CHUCTEMY, NPHU3HAUCHY Ul OOYMCIICHHS TPAHCIIOPTHUX
noTokiB. CTBOpPEeHHs e(EeKTHBHOI MOJIENi IPYHTYEThCS Ha
HaJIe)KHOMY BpaxyBaHHI SIK TPAHCIIOPTHOTO IIOMHTY, TaK 1
TpaHCIOPTHOI mpomo3uiiii [1].

TpaHcriopTHa MoOJeNb MOXE OyTH BHKOPHUCTaHA ISt
BUKOHAHHS 3aJay JucHeTdepHu3allil, MOHITOPHHTY BHXOAY 3
JaJly pyXOMOIO CKIIay, pO3paxyHKy pO3TallyBaHHs 3YIHHOK
IPOMAaJICHKOTO TPAHCIIOPTY, a TAKOXK 3aBJaHb, 110 HE 3B’A3aHI 3
CHCTEMOIO MICBKOT'O MTACA)KUPCHKOTO TPAHCIIOPTY, HAPUKIIAJ,
B sIKOCTI 3ac0o0y iH(opMaliiiHOT MIATPUMKH CIIELTPAHCIIOPTY
ciry>k0 MIBUJIKOTO pearyBaHHsS abo ciyx0 nocraBku. B sxocti
NPUKIaay, TpEACTaBlIeHAa TPAHCIOPTHA  CTpareris Ta
TpaHCropTHI Mojieni komnaHii «A+C Ykpaina», 3po0ieHi s
micra Kuesa nporsirom 2015-2020 poxkis [2].

BuxopuctanHs  O€3MiIOTHUX  JITAIGHUX — amapariB
MiABUIUTG (YHKIIOHATBHICTE TEOiH(QOPMAIiHUX CHCTEM,
30UTPIIUTE KIUTBKICTh OIIIHIOBAHWX MapaMeTpiB, a TaKOXK
peryJspHicTb 300py JaHMX, IO IO3UTHBHO IOCIpHUSE
PO3BUTKY MicTa.

JIO1iNIbHICTh BUKOPHUCTAHHSI TAKOT HOBOI TPaHCIOPTHOT
MOJIeNl MIATBEPIUKYEThCS TUM (aKTOM, IO CTapa CTaTHYHA
MOJIENIb MOXKE CIIyTyBaTH 0a30l0 JUIsi IPOPaxyHKY CTpaTerii
PO3BUTKY MiCTa, ajle He BPaxOBY€ IMOBCSAKICHHI 3MiHH B HOTO
KHUTTEAISIIBHOCTI, 110, Ha ChOTOJIHI, MOXE CEpPHO3HO BIUIHBATH
Ha KiHIIEBUH PE3yNbTaT MOACITIOBAHHS.

Ha ocHOBi oTpuMaHOi 3a IOIMOMOTOI0 OE3MiIOTHUX
JMTaNBPHUX amapaTiB iHpopMmarmii Moxe OyTH 3mifCHEHHHA
TPYHTOBHHI aHaji3 Ta 3HANICHI NUIIXH BHPIMICHHS iCHYIOUNX
mpobrmem wmicta. OcHOBHI (yHKIiI, SKi MOXyTh OyTH
peasti3oBaHi Ha IbOMY €TaIi:

- aHaJIi3 TPAHCIOPTHOTO HABAHTAXKCHHS Ta IUIAHYBaHHS
HaMOUIBII TOUITBHUX MapLIPYTIB;

- ©OaszoBa mucreTdyepu3alis pyxy (BKIIOYArOUH
Y3TO/DKEHHSI PO3KJany IIEBHOIO BHAY PYXOMOrO CKIamy 3
PO3KJIaJIOM IHIIMX HOTO BHJIIB, OpPraHi3allis nepecaok);

- IOTOYHA TUCTIETYSPHU3AIIis 3 YpaXyBaHHIM iH(popMartii
PO HasiBHI YMOBH JIOPOXKHBOTO PYyXy (TIOIEPEKCHHS IIPO
YTBOPEHHS MEPEIIKO, OpraHi3amis 00 131iB, KOPEKIis JaHuX
TIPO Yac BiAMpPaBICHHSA Ta MPUOYTTS);

- BHU3HAYEHHS HEOOXiTHOCTI IPOBEACHHS OTOYHOTO Ta
KalliTalbHOI'O PEMOHTY PYXOMOT'O CKIIay;

- EKOJIOTIYHA OI[iHKa POOOTH CHUCTEMH I'POMAJICHKOTO
TPAHCIOPTY B LIJIOMY Ta MEBHUX HOTO BUIIB;

- MArOTOBKa Ta CHUCTEMAaTru3alis 3BITHOCTI IIOJ0
3aTPUMOK PYXY, AOPOKHBO-TPAHCIIOPTHUX MPHUTOJl, BUXOAY 3
JIaly PyXOMOTO CKJIay Ta iHIIE.

I1l.  BUCHOBKHU

Bukopucranns reoindopmaniiiHux cucrem st 300py
JaHWX, W00 (YHKI[IOHYBaHHS MICTa Ta [OAAJIBIIOrO
CTBOPEHHSI TPAHCIOPTHUX MOJIENIEil BXKEe JTAaBHO JIOBEJIO CBOIO
HEOoOXiHICTh Uil e(pEeKTUBHOr0 pO3BHTKY Micra. Yacrora
OHOBJICHHSI JaHMX L€l CHCTEeMH NO3UTHBHO BIUIMHE Ha
TOYHICTh  pO3paxyHKy  JOIIBHOCTI  BBOAY  HOBOTO
TPAHCHIOPTHOTO MapHIpyTy abo iHPpacTpyKTypHOrO 00’ €KTY.
BesminoTHi miTanpHI amapaTd MOXYTh SKICHO IIiIBHIIHTH
TOYHICTH TaKMX MoJeliell Ta 3a0e3NneunTH perysspHe
OHOBJIEHHs iH(popMalii, yHiBepcani3yBaTH HUISIX 30epiraHHs
JaHUX Ta e(eKTHBHIM poOOTI TPAHCIIOPTHOI CHCTEMH MicTa, a
TaKOX MiIBUIMTH LIBUIKICTh pearyBaHHs eKCTPEHHHX CITYKO.
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Abstract — In this article the architecture of the
recommendation engine is briefly described. That is part of
audiobook streaming service. Today mobile app users expect
services to deliver personalized content just for them and with
minimum waiting time. However while multiple major
companies implement such recommendation engines there’s still
a lack of resources that would make it easier to setup simple but
efficient recommendation service for small-to-medium size
projects.

Anomauyia — Y uiii cTaTTi KOPOTKO ONMMCAHA apXiTeKTypa
cucreMu pexkomenaauniii. Ile yacTuHa cepBicy ayaioKHuUr.
Cporoani kopucryBadi MOOINTBHHX [J0JATKIiB O4iKYIOTh, IO
MOCJIYTH HAJaBATHMYTh NIePCOHATI30BaHUI BMICT caMe /1 HUX
Ta 3 MiHiMaJbLHMM 4YacoMm odvikyBanHsl. OnHak, xo4ya 6araro
BeIMKHX  KOMIAHIii  BHOPOBAIXKYHThL Taki MexaHiZMu
peKoMeHaliii, Bce IIe He BUCTAYA€ pecypciB, IO MOJIermuTh
HAJIAIITYBAHHS  NPOCTOro, aje e(QeKTHBHOIO  cepBicy
peKoOMeHaNiii 115 MPOEeKTiB MaJIOro Ta cepeIHbOr0 po3Mipy.

Keywords — recommendation engine, audiobook, mobile app,
association rules, backend.

Knwuoei cnosa — cucmema pexomenoauii, aydiokunuza,
MOOINbHUIL 3aCMOCYHOK, acoyiamueHi npasua, cepeep.

l. INTRODUCTION

Today personalized recommendations are not only a nice
to have feature for any app but also an expectation from the
end user. On the other hand, users want mobile apps to load
fast enough. Current maximum acceptable latency considered
to be equal 3 seconds with recommended latency 300ms [1].

Data mining differs from traditional statistics in that
formal statistical inference is assumption-driven in the sense
that hypothesis is formed and validated against data. Data
mining, in contrast, is discovery-driven in the sense that
patterns and hypotheses are automatically extracted from data

[1].

The processing of various data types was carried out by
researchers starting from the 70s of the XX century. Since
then models and metalanguages for handling different types
of data have been developed. However, existing models and
methods today relate only to pre-known data types (mostly

relational databases or XML data), or solve only partial tasks
of processing different types of data - for example, indexing
to improve search speed. But NoSQL databases and
availability of mostly semistructural information require
different approaches and tools for data processing [1].

Collaborative filtering (CF) is the most successful and
most applied technique in the design of recommendation
systems where some items to an active user are recommended
based on the past records from like-minded users.
Unfortunately, CF may lead to the poor recommendation
when user ratings on items are very sparse in comparison with
the huge number of users and items in the user-item matrix.

To overcome this problem, this research applies the users’
implicit interaction records with items to efficiently process
massive data by employing association rules mining. It
captures the multiple purchases per transaction in association
rules, rather than just counting total purchases made. To do
this, a modified preprocessing is implemented to discover
similar interest patterns among users based on multiple
purchases done. Currently there are both proprietary as well
as open source ones. Some of them are intended for self-
hosting and tweaks while others require minimum integration
serving on software as a service basis (SaaS). The problem
with the latter is usually referred to as “Vendor Lock-In”.

Il.  Comparison of available solutions

A First, if a developer makes a decision to
choose a particular solution it could be difficult to switch to
another one. Second, this approach often requires
compromises on data security. Often developers have to
either handle their data to third parties or give other systems
access to request data on demand from the data source on
premises. Here’s a list of several available solutions.

B. The Universal Recommender is built on the
modern Correlated Cross-Occurrence Algorithm that uses
many indicators of the user's taste, and so can target most use
cases. Source is available on GitHub repository which is
active and commercially supported. In order to be integrated
this solution requires to be self-hosted.
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C. Seldon is a Java based prediction engine
built on Apache Spark technology. For demonstration
purposes it provides an example of movie recommendation
service. In order to be integrated this solution requires to be
self-hosted.

D. Raccoon Recommendation Engine is an
open source Node.js implementation based on collaborative
filtering that uses Redis as a store for latency optimization.

I1l.  PROPOSED SYSTEM ARCHITECTURE

A. Data acquisition

In order to develop a recommendation system we would need
to have the following data in place.

e Books along with their metadata. Structure of data
may vary depending on publisher. In common every
book is expected to have a title, an author and a
collection of contents which should be in a standard
format. Dynamic of this dataset is very low as a
book once written almost never can be changed.

e Users. Dataset that contains personal genre
preferences of users. Every user is asked to select his
or her preferences before using the service so we can
be sure that this dataset is structured enough for our
purposes. As genre preferences rarely change for
any individual user we also can be sure this part does
not need a high speed optimization.

e Activity. History of all users’ activity against a set
of books. This dataset is the biggest in volume
compared to the previous two. Activity data has the
highest dynamic of these three datasets, because
user behavior is very dynamic by its nature.

IV. COMPONENTS OF THE SYSTEM

When displayed on the diagrams the system structure looks
like the following (Fig. 1)..

= . Application Database BigQuery Data
e v Warehouse

Admin Panel

App API Server

[!J: Engine Server

Mobile App

Event Logging
Server

Fig. 1. Components of the system

If we would decide to show it as a deployment diagram
implementation could be as follows (Fig. 2).

Database Server MLab

MongoDB 3.6 2]

Androld Devics Web Server AppEngine

Bbook Application E Bbook Backend {l

Algolia Server

Algolia Saas 2]

‘ Web Server AppEngine

Bbook Control {l
Panel

Mobile Application User

X

Control Panel User

Fig. 2. Implementation, UML deployment diagram

1. PROPOSED METHOD

A. Association Rules

Many existing data analysis methods are not suitable for
Big data because

e the data volume is extremely large,

e we don’t know type of data,

e according to its structure and because of to various
data sources, the data are uncleaned, there are many
deviations and outliers,

e itisrequired to use parallel processing of data [2].

The Association Rules (AR) is proposed to use for frequent
data pattern finding. Association rule learning is a rule-based
machine learning method for discovering interesting relations
between variables in large databases. Itis intended to identify
strong rules discovered in databases using some measures of
interestingness. In contrast with sequence mining, association
rule learning typically does not consider the order of items
either within a transaction or across transactions. Association
rules are set of special rules that allow you to find and
describe conformities in large sets of data [3].

Basic concepts of associative rules are called subject set
and transaction. A subject set is a non-empty set of elements
that can be part of a transaction:

I={il, i2, ..., i, ..., in},

where ik is elements included in the subject sets, k =1..n, n is
the number of elements of the set I. The transaction represents
a certain set that has some elements of the set | that occur
together. The transaction also has a unique identifier
(Transaction ID) [4]. There is a certain set of transactions in
the dataset:

T={t1,t2, .., ti ..., tm},
where ti is relevant transaction, m is the total number of
transactions made. Between the elements of transactions, you
can set the patterns in the form of associative rules, consisting
of two sets of objects:
X = {jxi jx €1}, that is named a condition while
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Y = {jii jr €1} that is called a consequence. An
associative rule describes the relationship between sets of
objects that are conditional and consequential and recorded X

— Y. In this case, the sets X and Y must not intersect: XNY =
). The main indicators of the relevance of the associative rule
are support and confidence [5].

Let have a set X and an associative rule X — Y. The setup
support for X will be:

| X(®)]
7]

Supp (X)=

5

where

XW)={teT| X et}

The concepts of set support and associative rule is
closely related to another characteristic of an associative rule,
the confidence, which is calculated as the ratio of the support
of the set, which has both a condition and a consequence (in
other words, it is the support of the associative rule), to
support the set which has only a condition [6].

conf(X — ¥y = SWPX>T) _
Supp(X)
| XY@
|7 _|XO Y@
| X ()| | XD
|7

To determine the significance of the rules, there are used
threshold values of minimum support and authenticity of
MinSupp and MinConf, that is usually determined by the
users of the system or experts, being base on own experience:

Supp(X — Y) = MinSupp;
Conf (X — Y)= MinConf.

AR are usually required to satisfy a user-specified
minimum support and a user-specified minimum confidence
at the same time [7]. Association rules are usually generated
in two separate steps:

1. Minimum support threshold is used to find frequent
itemsets in a dataset of items.
2. Minimum confidence is used against generated
frequent itemsets in order to form rules.
While the second step is straightforward, the first step
requires more attention [8]. Generation of all frequent
itemsets of a database is difficult as it involves searching all
possible itemsets (combinations of items). The set of possible
item sets is the power set and has size of 2™ (excluding the
empty set which is not a valid item set) [9].

Although the size of the power-set grows exponentially in
the number of items n in I, efficient search is possible using
the downward-closure property of support which guarantees
that for a frequent itemset, all its subsets are also frequent and
so no infrequent itemset can be a subset of a frequent itemset

[10]. Using this property, efficient algorithms (e.g., Apriori
and Eclat) can find all frequent itemsets [11].

The Apriori algorithm has major problems with large
volumes of big data, since it scans the entire database several
times [12]. This means that the execution time is increased
according to the number of transactions. Spark and
hierarchical method can be used for formulating rules to
improve the Apriori algorithm [13].

B. Latency optimization

Second problem that arises is to ensure low latency and
high availability of the service. The first is easily solved with
precomputation of results. Precomputation method allows to
generate recommendation sets for each of users or group of
users in advance. The clustering, particularly k-means
algorithms, is proposed to be used for precomputing. Then
generated results are stored in an optimized for read
operations database. This brings us to comparison of
available databases that work well for our purposes.

Redis is one of well known databases that could be
optimized for fast read operations. It’s achieved with the help
of in-memory storage [14]. But on the other hand it's a very
expensive resource and each hour of Redis running instance
would cost a considerable amount of money.

Second, the widely used MongoDB database. This one is
much more affordable and still could be very fast if properly
designed [15]. Because it’s a mnon-relational database
considerable fford is needed for developers who worked only
with SQL-style queries.

Third, one of modern cloud-based database solutions
from Google — BigQuery [16]. This approach benefits from
using standard SQL while organizing datasets in a NoSQL
way. It supports date based sharing of the dataset as well as
batched and streamed inserts. First type is more optimized for
big data batches that should be loaded atomically. Latter is
more expensive in terms of resources but can be used for
critical data updates. This drastically improves capabilities of
storing large volumes of data while offering an acceptable
response time to the end user.

This allows for very fast response times from the server.
High availability is usually achieved with the help of resource
reservation. This means a certain redundancy level of
hardware resources to ensure that the system continues to
function if outage happens.

Ill.  RESULTS

So as result we do get the data from a dataset that was
populated for the past year and has 10000 data entries.
Activity dataset is stored as a BigQuery table and uses
sharding. This helps to improve high availability and failure
tolerance as sharded tables are not coupled to each other.
Tables store at least 10000 records each and thanks to
sharding read operations are processed within seconds, even
on large volumes of data. Over this data set the
recommendation system is run on defined intervals. Using
association rules method we can generate personalized
recommendations.

Latency optimization allows us to handle big amounts of
users while saving computing resources. It’s intended to be
deployed to cloud-based infrastructure able to handle at least
1000 requests per second under load balancing. Availability
is provided by major market players such as Google should
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be enough to ensure at least 99.99% percent of the uptime.
Despite further research will be needed to ensure capabilities
during high load, on small and medium size datasets the
system should work within a defined time frame of 300
milliseconds.

CONCLUSIONS

Let’s summarize what was achieved at the end of the
research. While there are available solutions for
recommendation systems that are easy to integrate some of
them require compromises on functionality and security.
Proposed method helps us implement such a recommendation
system without making mentioned compromises. It allows
for both personalized recommendations and acceptable
performance. Mentioned cloud resources needed for
development, are free for personal use or often offer a trial
period, so it should suffice for individual developers
implementing  described  system. The  resulting
recommendation system is a solution that could be easily
integrated or modified thanks to its modular architecture.

JIITEPATYPA REFERENCES

[1]. Najafabadi, M. K., Mahrin, M. N. R., Chuprat, S., & Sarkan, H. M.
(2017). Improving the accuracy of collaborative filtering
recommendations using clustering and association rules mining on
implicit data. Computers in Human Behavior, 67, 113-128.

[2]. N. Schahovska, "Datawarehouse and dataspace — information base of
decision support system," in Proceedings of the IEEE 11th
International Conference on CAD Systems in Microelectronics
(CADSM’2011), 2011.

[3]. Shakhovska, N., Kaminskyy, R., Zasoba, E., & Tsiutsiura, M. (2018).
Association rules mining in big data. International Journal of
Computing, 17(1), 25-32.

(4]

(5]

(6]

(71

8.

[al.

[10].

[11].

[12].

[13].

[14].

[15].

[16].

N. Shakhovska, M. Medykovsky, P. Stakhiv, “Application of
algorithms of classification for uncertainty reduction,” Przeglad
Elektrotechniczny, vol. 89, no. 4, pp. 284-286, 2013.

Khurana, K., & Sharma, S. (2013). A comparative analysis of
association rule mining algorithms. International Journal of Scientific
and Research Publications, 3(5), 0.

Hunyadi D. (2011) Performance comparison of Apriori and FP-
Growth algorithms in generating association rules. European
Computing Conference, 376-381.

K. Khurana, and S. Sharma, “A comparative analysis of association
rule mining algorithms,” International Journal of Scientific and
Research Publications, vol. 3, issue 5, May 2013.

E. Hiillermeier, “Association rules for expressing gradual
dependencies,” in Principles of Data Mining and Knowledge
Discovery, Springer, Berlin: Heidelberg, pp. 200-211, 2002.

M. J. Zaki, “Scalable algorithms for association mining,” IEEE
Transactions on Knowledge and Data Engineering, vol. 12, issue 3,
pp. 372-390, 2000.

R. Porkodi, B.L Shivakumar, “An improved association rule mining
technique for xml data using Xquery and Apriori algorithm,”
pp. 1510-1514, March 2009.

S. Rao, P. Gupta, “Implementing improved algorithm over Apriori
data mining association rule algorithm”, IJCST, vol. 3, pp. 489-493,
2012.

J. Woo, “Apriori-Map/Reduce algorithm,” in Proceedings of the
International Conference on Parallel and Distributed Processing
Techniques and Applications (PDPTA), 2012, pp. 1.

D. Hunyadi, “Performance comparison of Apriori and FP-Growth
algorithms in generating association rules,” in Proceedings of the
European Computing Conference, 2011, pp. 376-381.

Liu, Q., & Yuan, H. (2019). A High Performance Memory Key-Value
Database Based on Redis. JCP, 14(3), 170-183.

Bradshaw, S., Brazil, E., & Chodorow, K. (2019). MongoDB: The
Definitive Guide: Powerful and Scalable Data Storage. O'Reilly
Media.

Lopez, G., Seaton, D. T., Ang, A,, Tingley, D., & Chuang, I. (2017,
April). Google BigQuery for education: Framework for parsing and
analyzing edX MOOC data. In Proceedings of the Fourth (2017) ACM
Conference on Learning@ Scale (pp. 181-184).

19



IIpo Komn'rorepH1 Meroau [iarHoctuku, BeneHnas
1 Ilintpumkn [loBTOopHOTO JIiIKyBaHHS
3anexxHux (AnukTuBHUX) IlamieHTIB

IBan Bapasa

kag. AIIEIIC, TennoenepreTnyHuii GpakyabTeT
HanioHaneHuii TeXHIYHUI yHIBEpCUTET YKpaiHH
«KuiBchKuii ONiTeXHIYHUN 1HCTHTYT iM. Iropst CikopchKoro»
KuiB, Ykpaina
ivan.varava@ukr.net

HOmis Iucapenko

nmabopatopist Ne 236 cucteM BipTyaJIbHOTO OTOUYCHHS JJIS
oprasisailii HAyKOBHX JOCIIIKEHb
IncturyT KibepHetuku iM. B.M. I'mymikoBa HAH Ykpainu
KuiB, Ykpaina
pisarenkojv@gmail.com

Banepiit [Tucapenko
Bimmis Ne 265 MareMaTHIHHUX MPOOIIEM MIPUKIIATHOT
iHpOpMaTHKH
IctuTyT KibepreTnky iMm. B.M.I'mymkoa HAH Ykpainu
KuiB, Ykpaina
olga-gulchak@ukr.net

Muxona decenko

Bimmin Ne 265 MaTeMaTHIHHUX TIPOOIIEM TIPUKIATHOT
iHpOpMaTHKH
IactutyT kibepHetnku iM. B.M. I'mymkoBa HAH Ykpainu
Kuis, Ykpaina
oollyy55@ukr.net

About Computer Methods of Diagnostics,
Maintenance and Use of Repeated Operations
of the Remaining (Addictive) Users

lvan Varava

cat. Automation of Design of Energy Processes and Systems
Heat Power Engineer Faculty
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”
Kyiv, Ukraine
ivan.varava@ukr.net

Julia Pisarenko

lab. Ne236 of Virtual Environment Systems for
Organization of Scientific Research
V.M.Glushkov Institute of Cybernetics of the National
Academy of Sciences of Ukraine
Kyiv, Ukraine
pisarenkojv@gmail.com

Anomayia—Po3rnsAa€TbCsl MUTAHHS PO3POOKH CTPYKTYpH
0a3 3HaHb HelipoMopesell 0a30BHX KOTHITUBHUX (QyHKUii
rOJI0BHOT0 MO3KY JIIOAMHH Ta BHSIBJIEHH 3aKoHOMipHocTeit
¢GyHKUIOHYBAaHHAA CTPYKTYPHHX eJeMEHTIiB HeiipocucTeMH.
JocaimxyBaBes Giosoriunuii 3opoTHiii 38'a30k (biofeedback) i
Helpo-3BOPOTHIii 3B’A30K y NAali€HTiB NeBHUX THUIIB.

Abstract—The paper deals with the development of the
knowledge bases structure of the human brain basic cognitive

Valeriy Pysarenko

dept. Ne265 of Mathematical Problems of Applied
Informatics
V.M.Glushkov Institute of Cybernetics of the National
Academy of Sciences of Ukraine
Kyiv, Ukraine
olga-gulchak@ukr.net

Mykola Fesenko

dept. Ne265 of Mathematical Problems of Applied
Informatics
V.M.Glushkov Institute of Cybernetics of the National
Academy of Sciences of Ukraine
Kyiv, Ukraine
oollyy55@ukr.net
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I. Bcrv

[pwu 30i7bIICHAI YUCIIA 3aIEKHUX JIFOJICH Y BChOMY CBITI €
aKTyaJbHUMHU MPOIIOHOBaHI B POOOTI CcydacHI KOMITIOTEpHI
METOJIM JIarHOCTHKH, JIKYBaHHS 1 MIATPUMKH HOBTOPHOIO
JMKyBaHHSA 3aJeKHUX (aTIUKTUBHHUX) TMAI[I€HTIB, a TaKOX
MAI€HTIB, AKi CTPaXXIAIOTh 3aXBOPIOBAHHIMH IICHTPATBHOT
HepBoBoi cuctemu (LTHC).

KomektnBoM  aBTOpiB  MPOBOAWNHCS  TOCTIIKCHHS
010JI0TIYHOTO 3BOPOTHOT'O 3B'SI3KY 1 HEHPO-3BOPOTHOTO 3B SI3KY
Y 3aJIe)KHUX TAII€HTIB 3 METOIO:

1) mosninmeHHs SKOCTi Teparii;

2) 30UNBIIEHHS 4Yacy CTaOUTBHOTO 3IOPOBOTO CTaHY
MAI€HTY;

3) 3MEHIIEHHS KiJTbKOCTI 3aJIC)KHUX JTFOICH;

4) 301IBLICHHS YHCIIa 3JI0POBUX JIIOJCH.

Il.  Onuc EKCHHEPMMEHTIB

JlocaimkeHHS 3a BKA3aHOI TEMOK JOCUThL 00’€MHI Ta
HaJIYyI0Th JeKinbKa craii. [Ipu npomMy nmapaneiabHO BeIyThCs
pobOTH SIK TEOPETHYHOTO, TaK 1  EKCIEPHMEHTAIHHOTO
xapakrtepy. Bigmin Ne 265 Inucturyty kidepHeTrku iMeHi B.M.
I'mymxoBa HamionanpHoi akageMii Hayk Ykpainu (IK HAHY)
Ma€ 3HauyHHUH JOPOOOK B 00JACTI TEOPETHYHHUX NOCIHIIKEHD 3
MaTeMaTHYHOTO MOJICIIOBaHHA POOOTH MO3Ky mtoxuHH [1].
30KkpemMa, OTpuUMana pO3BHTKY aBTOPCbKA MaTeMaTH4YHa
MOJIeNb HeHPOHHOI aKTHBHOCTI XHBOi Hefipomepexi [2], [3].
Takox Ha OCHOBI 00pPOOKH JTaHKX, OTPUMAaHHX J[IarHOCTUYHOIO
amapatypol0 1 BHUBUCHHSAM CTaHy 370pOB'S TAIi€HTIB,
MIPOBOUTHCS PO3POOKA BiIIOBITHOT MATEMATHYHOT IPOIEAYPH
«Procedure Brain Similarity», 1m0 CcTOCyeThCS BHUSBICHHS
KOpeJsillii ~ CTymeHro  3B’s3Kky  0a30BMX  MapamerpiB
KUTTENISUTBHOCTI JoAuHU. lle  mo3BONMTEH imeHTH(IKyBaTH
O3HAKM TMICBHOI MMOMIOHOCTI CHMIITOMIB OOCTEXKYBAaHOTO
aJIMKTUBHOTO TAIi€HTa 10 OfHie] 3 6a30BUX IPyT aANKTHBHUX
MAli€HTIB, SKI OIJISHYTO Ta JiKyBajucs pasime. Jlns
30epiraHHs TaKUX JaHUX KOJIEKTHBOM aBTOPIB PO3POOISIETHCS
cneujanbHa Gaza gaHux «Addict BCC», sk indopmariitna
OCHOBa /s  CTPYKTypH3alii BHABICHHUX B3a€EMO3B’S3KIB.
[MonepenHro, 3rigHO 3 IDIAHOM POOIT 3a TeMolo, OyJo
MIPOBEJICHO JOCII/DKEHHsI ICHYIOUMX 3aJIe)KHOCTEH Uil 3a/1ad
CTPYKTypH3allii Ta  BUSBJICHHS  HaWONBII  TUIOBHX
3aJeKHOCTEH Ta BIANOBIAHMX 0a30BUX TPyN aJUKTHBHUX
MAaIi€HTIB.

3 MeTOr0 HalOBHEHHs BKa3aHOI CreLiaJbHOI 0a3u JaHUX
BUKOPHCTOBYEThCSl 3Ha4HMi nocein crmiBnpaui IK HAHY 3
Kminikoro Ttepamii ocoOmuBux crtaHiB «ATOC», M. Kwuis
(naykoBuii kepiBuk [lakin [O.B., excnepr BcecBiTHBOT
opranizanii oxoponu 3aopos's (BOO3), n.m.H., mpod.) Ta
HanionansHNM yHIBEpCcUTETOM (hi3MUHOTO BUXOBAHHS 1 CHOPTY
VYxpaian (M. KuiB). 3oxpema va obnagnansi Kniniku «ATOC»
aBTOpU TPOBOAMIM POOOTH MO peecTpauii QizionorivHux
napaMmeTpiB akTUBHOCTI enekTpoeHnedanorpadpiuanx (EEID)
¢yHkuii ronosroro mo3ky (PII-EEI") nocBiguenoro maiictpa
10.B. cxinHnx €qmHOO0PCTB B Pi3HUX CTaHAX (YUTAHHS TEKCTY,

YUTaHHS TEKCTY B PO3yMi, peslakcauisi, Harpis cepu, MaHTpa,
IuxaHHg). B excmepmMeHTax OyJ0 BHKOPHCTAHO amapar
«Nexus-10 Mark II» (BupoOHuurBo kammanii Mindmedia,
Hinepmanmm). Lle mpwrag mis 10-kaHAIEHOTO MOHITOPHHTY
pi3HUX (DI3I0NOTIYHUX IAapaMeTpiB OpraHi3My JIIOJUHHU 1
Giomoriusoro  3BopotrHoro  3Bs3Ky  (biofeedback), 3
BUKOpHCTaHHSIM Oe31poToBoi TexHousorii Bluetooth (10-15
METpiB JAWCTAHISA BiJ JaTYWKIB Ha MAII€EHTI 0 KOMITIOTEPY
nikapsi (puc.1) Ta kaptu nam'siti Memory Flash (24-ropnnuanit
MOHITOPHMHI  BU3HAUEHHX  MapaMeTpiB  oOpra”isamy) 3
ABTOHOMHHM JKHMBJICHHSAM BiJl aKyMyJATOPDHHX OGarapeif).
AmapaT  [03BOJs€  3IOIHCHIOBATH HE  TINBKH  IOBHY
(YHKIIOHAJIBHY JIarHOCTHKY OpraHi3My, aje i KOMITIOTepHY
Oiloperyismiro pi3HUX (YHKIIOHATHHAX CHCTEM OpTaHi3My Ha
OCHOBI Bi3yaJIbHOI'O Ta 3BYKOBOT'O 010JIOT'IYHOTO 3BOPOTHOTO
3B'SI3KY 3a CTaHAAPTHUMH napameTpamu
enextpoennedanorpam (EET), enexkrpomiorpadis (EMI),
enekrpokapaiorpam (EKT), crmiporpadis (CIIT), mymscoBoro
KPOBOHAIIOBHEHHSI CYIHMH, TEPMOMETpIi IIKIpH 1 IIKipHOTO
omopy.

Puc. 1. PoGounii MOMEHT mOCIiKeHb — 3HATTS Noka3HUKiB EEI" y manieHTkn
Kuiniku ATOC.

TpuBanicTe BUMIpIOBaHHsS IMapaMeTpiB B PI3HUX CTaHAX
NIPU TPOBEIEHOMY B JOCIHIPKEHHI TECTYBaHHI IOKAa3HUKIB
MOKa3aHo Ha pHC.2.

Cran "IMTaHHA TEKCT

Cran *Unrarest TekcTy B posymi’, 82

Cran "Tiymsma’, 696 y
4
\ y

A

Crant "Penaxcauia’, 88

Cran "Harpis cepit, 511

Cran "Mantpa®, 669.

Puc. 2. TpuBainicTs BUMipIOBaHHS apaMeTpiB B pi3HUX cTaHax Maiictpa FO.B.
(Ha3Ba cTaHy, TPUBAJICTh Y CEK.)

B Tabmuui 1 HaBeneno TumoBI mapamerpu peanizarii

JnocmipkeHHs, a came BumiptoBanHs @II-EET maiicrpa 10.B.
TIpH 3HAXO/KEHHI HOTO B OHOMY 31 CTaHiB.
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TABJIMLA L. 3ATAJIBHI TAPAMETPUY [IPOLIECY BUMIPIOBAHHS DIT-EEI

MAHCTPA FO.B. JUIs TECTY “UUTAHHS TEKCTY”

/lama nposedenns : 15-02
Yac nposedenns : 12:08:09
Tpusanicmo eumiprosanns: 160 cek.

HlIsuokicmo 6u60dy 3amipie: 256 3pa3kiB/cek.

1. TIEPCIIEKTUBU MOJAJBIINX JOCJIKEHb

B Mipy HamoBHeHHs 0a3u JaHWX HOBHMH PE3yJIbTaTaMH
EKCIIEPUMEHTIB IUIAaHYEThCS IPOBENICHHS HACTYIHHX €TalliB
PO3pOOJICHHS TEMU:

1. 3acrocyBaHHs  po3poOJICHOrO  MaTreMaTHYHOTO
amapaty AJIsl BUSBJICHHS KOPEJSLIHHUX 3B'S3KIB MiXK
npwianosumu nanumu: EEI, EKT, ampda-, Gera-
TETa-PUTMU AKTUBHOCTI TOJIOBHOTO MO3KY, PHTMiKa
IVXaHHA, TEMIEPATYpH KIHYUKIB MMaNbIliB, YyTIUBICTh
mKipy 1 iHme. ToOTO THX MOKa3HUKIB, SKi HECYTh
iHpOpMaLilo PO XapakTep i TIMOWHY aTUKTHBHOCTI
marieHTa.

2. Komn'rorepHa 00poOKa TaHUX MOHITOPHUHTY 3 IT. 1 115t
YTOYHCHOI JIarHOCTMKH Ta BHOOpPY HaWOLIBII
e(eKTUBHUX METOIUK JIKYBaHHS 3aJIS)KHOCTI Yy
JIAaHOTO MAalli€HTa.

3. BukopucranHs MeToAiB, 3amisHUX y IM.I.l, 2 s
JNOCTIDKeHb, IO CTOCYIOTBCA JKUTTEIISUTBHOCTI
3JI0pOBOI JIFOAMHU B Pi3HHUX cepax, 30Kpema:

e DBuBYCHHS EKCTpEMalbHUX CTAaHIB JIFOJUHH,
SAKI CYIPOBOIKYIOTHCS CTATUCTUYHO
MTOMITHOIO 3MiHOIO0 00’€KTUBHUX (KUTbKICHHX
Ta AKICHUX ) MMOKA3HHKIB 11 >KHTTEAISUTBHOCTI,

e JlocmimxeHHs NpOsIBIB 301IbIICHHS
KOTHITUBHUX (DYHKITIH JIFOAUHU;
e JlocmipKeHHS HUIAXIB 301IBIIEHHS

EHEePreTUYHUX XapaKTEePUCTHK JisUIbHOCTI
opranizMy (30kpeMa 3a paxyHOK BOJBOBHUX Ta

«HATIOACHKHX) CTaHiB MICUXIKH B
CTAaTUIHOMY Ta EKCTPEMAIEHOMY
JUHAMIYHOMY CTaHy JIOAWHH), — HAIIPUKIIAJ,
B 0OMOBHX MHUCTELTBAX (TexHika

«OE3KOHTAKTHOTO yIIapy»);

o JlocwiKeHHS peakcaliifHAX CTaHiB JIFOIHHA
3 METOI0 OINTHMi3amii TeXHIK e(pEKTHBHOTO
BiJIHOBJICHHS E€HEPreTUIHOTO CTaHy

CHOpTCMEHa s eKCTpEMAaITbHIX
HaBaHTaXXCHb, (Tax 3BaHUHN «IoCT
SKCTpEMAIIbHUIN CTaH OPraHi3My).

TemaTuka 1.3 3amIaHOBaHUX JOCIHIKEHb CHPSIMOBaHA
Ha 3aBJIaHHS PO3POOKH METOAIB 30epekeHHs 310pOB’S Ta
rapMoOHi3alii CTaHy JIFOIWHH 332 PAaxXyHOK BBEJCHHA
TEXHOJIOTI1 «0aaHcy OOMeKeHb 1 HaBaHTAXXEHbY. 30KpeMa,
Ile BAYUIMBO U 3aCTOCYBaHHA y cepi CHOPTY BEIHUKUX
JOCATHEHb, KOJIM TPEHYBAJIbHHH IIPOLEC CYNPOBOIKYETHCS
3HAQUHMMH  HaBaHTQXCHHAMHU. [Ilpy  mpOMy  TUIBKH
HA/IBUCOKHMH TMpogecioHalmizM TpeHepa MOXe 3armodirtu
Maiike HEeMUHYYUM B Ll 001acTi Gi3MYHUM Ta NCUXIYHUM
TpaBMaM.

Cepex HayKOBHUX IUIAHIB € TIMTaHHS BHSBJICHHA
MEXaHi3My 3alaM'siTOBYBaHHsS 1 BIATBOPEHHS YMOBHHUX
peduiekciB. Bike po3poOiieHi Ta 3alIaHOBaHI O PO3POOKH
HOBI TEXHOJIOTI] Ta METOAWMKM BUBYEHHS (DYHKLIOHYBaHHS
MO3KY JFOAWHH OyIYyTh CIIPUSATH BUPIMICHHIO IIMX MaOYTHIX
3aBJIaHb.
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Anomayia— B poGoTi HaxaHa eBoJIIOLIsT BIPOBAIMKEHHS
KOMII'IOTEPHO-IHTErPOBAHUX  TeXHOJOrili Ak  rjodajbHa
TeHJAEeHIiA PO3BUTKY Oe3MeKH CYIHOBOIIHHS iHHOBaULiliHOIO
cycniiibeTBa.  BigzHaueHo BIVIMB KOMI'IOTEPHO-iHTerpoBaHi
TEXHOJIOrii Ha  PO3BHTOK  KOMHI'IOTEPHOTO  iHTEJEKTY,
JeTePMiHOBAHOTO MAPAAUIMOK iHGOpPMALIHHNX TEXHOJIOTii, 1m0
HAJa€ MiATPYHTS 1JIsl HOBUX TeHIeHLil eBoOLil KOMII'IOTEPHO-
iHTerpoBanux Hapirauiiinux cucrem. IIpoBegeHo ananis
rJ106aJIbHOT0 KOMYHIKATHBHOIO SIBHINA, 0 OpraHi3yeThbes 3a
NPUHUUIOM iHTerpamiiiHoi cucTeMHu, NOPOIKYIOYH (PeHOMEeH
cHCTeMHM YNpaBiiHH#A. Bu3HauyeHo mnepeayMoBH BHHHKHEHHS
HOBOTO TIJ100aJdbHOT0 pilleHHs 0e3MeKH CYIHONJIABCTBA --
KOMI'I0TepHO-iHTerpoBaHoi HaBiramiiiHoi cucremu. Ha migcrasi
IHOro pilleHHs] MOKa3aHO, LI0 HOBa HaBiramiiiHa cucremMa €
3al0pPYKOI0 0e3MeYHOro CyTHOBOMIHHSI Ta MAaIOTh NMepPCHeKTHBH
NMOJAJILIIOI0 BUKOPUCTAHHSA A1 00poTHLOM 3 aBapiiiHicTIo.

Abstract— The evolution of computer-integrated technologies
introduction as a global tendency of development of navigation
safety of innovative society is presented in the work. The influence
of computer-integrated technologies on the development of
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computer intelligence, determined by the paradigm of information
technologies, provides the basis for new trends in the evolution of
computer-integrated navigation systems. The analysis of the
global communicative phenomenon, organized according to the
principle of integration system, giving rise to the phenomenon of
the control system. The prerequisites for the emergence of a new
global navigation safety solution - a computer-integrated
navigation system - have been identified. Based on this decision, it
is shown that the new navigation system is the key to safe
navigation and has the potential for further use in the fight against
accidents.
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l. INTRODUCTION

A high percentage of ship accidents at sea is an objective
reality, that cannot be denied, and is due, initially, to the
characteristics of external and internal factors, accompanying
navigation, which will always be present regardless of the human
factor. The level of state and reliability of navigation in modern
conditions, the real accuracy of navigation and the quality of
solving navigation problems are about half as bad as provided by
the norms. [1]. It follows that the complete elimination of the
accident rate of ships has no chance. But it is quite possible to
influence the number of accidents with the help of various
measures and try to achieve its maximum relative reduction for a
period that is limited. Such a fall in accident rate can be reached
to a certain level, after which the accident rate will inevitably
grow again or temporarily stabilize.

A favorable outcome for dealing with accidents can only
suggest that this is a step forward to an acceptable level (with
limited and permissible material damage), withholding
accidents for a short period.

Not to be forgotten that the accident rate and the material
damage caused by the accident rate are not compatible and not
interdependent. Based on the annual analogy of indicators of
absolute growth or reduction of material damage, will receive
an exclusively conditional idea of the existing accident rate.
True bias may allow a relative accident rate to be observed. It’s
not a secret for anyone that the value of the indicator is
numerically equal to the ratio of all emergency situations, over
the period being processed, to the total number of ships that
were operated.

The accident of ships very often leads to the loss of human
lives. It follows that, not looking at the lack of any guarantee to
achieve positive results in reducing accidents in general, the
transport company (in water transport) is obliged to look for ways
to deal with the causes of accidents. If it was possible to see the
trend after the management system for the safe operation of ships
in the company was used to reduce not even the number of
accidents, but the severity of the consequences of these situations,
then the management system for safe operation can be recognized
as meeting the global aspiration of the society of skippers. All the
above pedals the relevance of solving the problem of safe
operation of water transport and the need to continue research on
the problem, both theoretical and practical.

Il.  SITUATIONAL APPROACH TO SAFETY NAVIGATION

The massive use of computer integrated technologies,
which is carried out based on their application in marine control
systems that ensure navigation safety, is the main content of the
phenomenon that today is called navigation integration. It can
be seen, the dilemma of safe navigation is in a more rational use
of computer integrated technologies, considering the properties
of interaction and mutual understanding of the skipper with the
intellectual product of navigation. It is the computer integrated
technologies included in the control systems that significantly
affect and give reason to think about such a task as replacing
the organizational system for ensuring safe navigation with its
analogue - the computer intelligence.

To date, scientific and technological progress, the
improvement of all types of human activities is associated with

information technology, and their use both for independent
operations in production and management of the whole
production process. It is cyberization of management that has
become a mass phenomenon and a necessary condition for the
existence of any business. In the process of its development, in
this sphere began to raise the issue of developing optimal
management decisions in a multilevel information management
system. One of the cornerstone questions is the question of a
control system in the form of a cognitive structure of distributed
knowledge, which demonstrated the possibility of combining
professional knowledge of specialists and the intellectual
capabilities of modern computers [2]. It follows that
informatization and computerization at this stage of modern
navigation should be considered, not only as a strategic
direction of scientific and technological progress, which should
and solves problems to ensure safe navigation.

Such a theory studies and develops the logical and
organizational forms of the integration of the skipper with the
complexes of intellectual activity tools containing scientific
methods for processing information and making decisions,
computer and information technology.

A user of a computer integrated control system (skipper)
and a set of intellectual activity tools that could be combined
into a single whole on the basis that they should get a solution
to a common problem, namely: a guarantee of safe operation of
ships, which forms a single and complex ergatic system (ergatic
organism) in one case, and in another case, positioned as an
intelligent system. Of course, if a ship uses a certain ergatic and
at the same time intelligent system, then it has its own specific
properties, characteristics that can be provided by the
developers of the system and depend on intrasystem integration.
But at the same time, with whatever options the system is
purchased - this system involves minimizing production risks,
as a result, a non-threatening level of navigation should be
provided, which is set initially.

I1l.  ACTION MECHANISM OF A SHIP COMPUTER-INTEGRATED
NAVIGATION SYSTEM

A qualitatively new stage of navigation is computer
integrated navigation systems that combine navigation
directions: on electronic maps, according to sonar data, where
information is transmitted in real time, satellite navigation
systems, etc. At the same time, a fundamentally new level of
safety and navigation efficiency is achieved.

The work of the hydroacoustic system in an integrated
system, where one of the subunits of the multi-beam echo
sounder, working in real time, brings it closer to solving the
problem. The work of a multi-beam echo sounder: the
collection of bathymetric data, forward and backward scattering
data simultaneously in a wide field of view, the synergetics of
signal processing in the framework of computer integrated
navigation systems was considered in [3 — 5].

Management in such systems is implemented based on a
mathematical model that describes the dynamics of behavior,
which considers all the specifics of water navigation technic. A
typified view of the principle of the computer integrated
navigation system of the vessel can be characterized as follows:
a combination of computer intelligence with individual
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knowledge of the navigational staff; a priori information about
the characteristics of a particular area of the terrain that is on
the ship is compared with information received in real time.
Next, information is compared, and the true location is
determined, which enters the control system, where influences
for actuators are formed.

Computer-based information technology control systems,
which are part of integrated systems, provide a selection of
performance indicators and optimization of such critical system
properties as reliability, security, manageability, and are a key
vector in the development of the economy of the water transport
industry. The development of computer integrated technologies
in the ship’s control systems involves developers of a wide range
of software systems, they show their signs in the following areas:
firstly, this is the analysis and synthesis of complex,
autonomously independent automated control systems, including
such complex computer systems, like neural networks that are
built on the most complex computing resources; secondly,
intelligent systems that perform the function of monitoring and
controlling objects and processes around the globe through
dedicated communication channels, and also anticipate the risks
associated with equipment involved in these networks; thirdly,
diagnostics of the performance of these devices and control
systems. The development and operation of such systems with
software administration of technical means is closely related to
the need for the highest level of scientific and engineering staff.

When constructing such an independent information
system, special attention should be paid to the fact that these
systems belong to the dynamic class and their functional
dependence is directly related to the standardization of the
hardware and technological design of processes, which will
fully reflect the direct purpose and implementation conditions,
as well as, structuring the features of automatic control, which
is directly related to the nature of the processes in the system.

In developing modern computer integrated technologies for
water transport, like any other technological systems, need pay
significant attention to the experiment. The main purpose of the
experiment is to directly study a specific object. Therefore, by
changing to input processes and measuring processes at its
output, it is possible to identify dependencies, which are an
adequate display of the connections between the input and output
of the system. This concept in systems engineering is associated
with the concept of “state” of a system.

IV. CONCLUSION

Work makes it possible to see that the rapid development of
information technology has led society to new horizons for
modeling complex systems, namely computer integrated
navigation systems, for which the main criterion is to ensure the
safe movement of a moving object in certain coordinates. The
analysis showed that with the proliferation of innovative means
in the daily activities of shipping, for which one of the
characteristics is the possession of scientific methods of data
processing and decision making, a problem has arisen that can
be associated with properties such as the "human factor". It
cannot be denied that the promotion of high technology, namely

the cognitive structure, where ensuring navigation safety, to a
greater extent, rests on the options of intelligent systems, will
lead to the conventional disqualification of maritime experts.
The procedure for disqualification of personnel on fleet ships
will primarily entail the fact that water transport experts put
computer intelligence in the first place, that is, they rely more
often in making decisions to ensure safe navigation for
intelligent technical means.

But not everything is so sad, and the available computer
integrated navigation systems and software were able to
simulate safe navigation according to the set motion
parameters. Moreover, the use of the cognitive structure of
distributed knowledge allows the most efficient use of available
resources and in the shortest possible time to achieve the
desired result. An invariant approach to the structure of
computer integrated navigation systems and the organization of
submodules enabled the user to focus on the model using the
basic principles and terminology of a specific subject area.
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Anomauyia—Ha CbOTOIHi npodiaema BipTyanbHOro
MO/JEeJIOBAHHSA i TeCTyBaHH MOOUIbLHUX POOOTIB AisA wijiedi ix
0e3mocepeaHbOI peatizamii «B MeTali» € JOCHTh aKTyaJabHOW. B
CTATTi PO3IVISIAAETbCH MiAXiA 10 CTBOpEHHs cHeHiaji3oBaHHX
NMPOrpaMHUX KOMIUIEKCIiB, CNPAAMOBAHMX HAa BHPileHHS i€l
npodaemMu.

Abstract—Today, the problem of virtual modeling and testing of
mobile robots prior to their direct implementation in metal is quite
urgent. The article discusses the approach to creating specialized
software packages aimed at solving this problem.

Knwuosi cnosa—  mooeniosanna  mobinbHux  pooomis,
3D- sizyanizayin; naguanns; wumyunuii inmenexm (L)

Keywords— modeling of mobile robots, 3D-visualization,
education; artificial intelligence (Al)

I. BcTynn

[nsx, IKUM pyXaeTbesi CydacHe CYCHUIBCTBO, - 1€ HUISAX
aBToMarm3alii, podoTh3alii, iHTeIeKTyai3amii IpoIeciB, Ki
BHKOHYIOTBCS JIFOJIbMH, IUISX IOCTYIIOBOi  MiHiMi3aIii
Oe3nmocepelHbOT  ydacTi  JIIONMHA Y HeOe3NevyHHX,
TPYJIOMICTKHX, HEKOM(OPTHHX /ISl OIlepaTropa MpoIeciB, 110
BHMAaraloTb ~ BHCOKOTO  PiBHSA KOHIIEHTpaIlii  yBaru
kBaniikoBaHoro omneparopa. B mpomy HampsiMi BXX€ JOCHTBH
JaBHO 1 TIPYHTOBHO B HAyKOBO-TEXHIYHIH JiTeparypi
OIUCYIOTBCSl MIJXOMW JUIA IIPOEKTYBAaHHS PI3HOTHITHHX
MOOITBHHX  poOOTIB i mited  iXx  edeKTHBHOrO,
OesnepeOifHOr0  (QyHKIIOHYBaHHS B  PI3HHX, 4YacoM
HeOe3NMeYHNX eKCTpeMaIbHUX cepemoBumax [1, 2]. 3 mocsixy
MOIX KOJIET, 10 IOCUTh CEPHO3HO 3aiMarOTHCs UM IUTaHHSM,
MOXXHa CKa3aTH, IO po3pobka MoOiTpHOTO poboTa i3
eneMeHTamMu 1mryqHoro inrenekry (II) — me TpymomicTkui i
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BKpall HeTpuBiaJbHMII mpounec. Takuii mpolec BuUMarae
BUKOPUCTaHHSA 0araTOKOMIIOHCHTHHX IHHOBAIliifi B pi3HUX
cepax, HAIBHOCTI iH)KEHEPHUX, KOHCTPYKTOPCHKUX HAaBHYOK,
3HaHb B raxy3i po3poOKH TEXHOJIOTIH ITYYHOTO IHTENEKTY IpH
3a0e3reueHHi BUIBPHOTO  OpIEHTYBaHHS PO3POOHHUKIB Y
TEeXHIYHUX HOBWHKaX. PO3pOOHWK Ma€ BOJOMITH TITHOOKHMU
3HAQHHSAMHM  IOJO  TOJIOBHUX  pE3yJbTaTiB  YUCICHHUX
eKCIICpUMEHTIB, MaTeMaTHIHIX MOJeNe B Ha3BaHIN Tamysi,
MaTy TAMO0KI 3HAHHS YUCICHHUX NPOO 1 MEBHUX MOMUIIOK Ha
IUIIXYy 70 BHUPIMIEHHA TOJOBHOTO 3aBJAHHS — CTBOPEHHA
po6ortis i3 LI s 3anay 30epeskeHHs XKUTTA 1 370pOB's JIFoAEH,
SIKi TIPAIIOIOTh y CKIaJHUX HeOe3MeUHUX CepeTOBUINAX.

OpHak 3aJHUIIAETHCS HE3PO3YMIIMM, — YOMY IOTelep He
CIpPOIIEHO 1 HE AaBTOMATH30BAaHO caM TMpoIec po3poOKH
MoOiTBHUX pobotie 13 I, mpomec camMoBimIaroKEHHS
nporecy (pyHKIIOHYBAaHHS CHCTEM TaKUX poOOTiB (Xoua O ass
CHpOLICHNX HAaBYAIBHUX 3aBJaHb Ta JJIs aBTOMAaTH3alii
MPOCTHX TIPOLECIB), — 3 METOK 3amo0iraHHsd MOBTOPCHHS
THUIIOBUX TMOMMIIOK, II0 HEMHHydYe BHHHUKAIOTH B MOMiOHIM
TISUTBHOCTI. AHammi3y MOMKIHBOCTI JJIs Takol aBTOMATH3aIlii
NPHUCBAYCHO JaHE JAOCIIIKSHHS.

Il.  TEXHOJOTII JOCIKEHHS

Ines MonemoBaTH TpoIeCH MPOCKTYBAHHSI, IEPEBIPATH
poOOTy anropuTMiB, TECTYBAaTH pPOOOTH30BaHI KOMILICKCU
BIpTYaJIbHO 3a JIOTIOMOIOI0 CTBOPCHHS 1X MaTeMaTHYHHX
MOJeei 30BCIM HE HOBAa 1 BHBYAETHCSA JAOCHTH JIaBHO.
JlocTaTHbO ~ 3rajaTM = TakMd ~ TPEKpacHU  MeXaHi3M
MonemoBaHH (izuuHuX npoueciB sk MATLAB. TloTyxHuM,
TOYHUH, alie, Ha Kajb, TPOMI3IKHHA, — BiH BCE K YCIIIIHO
3aCTOCOBYETBCA A POOOTH 3 (Pi3MIHUMHU MOJEISIMHU LiJIOTO
PAAY aKTyaJIbHUX MPOIIECiB Ta cucTeM. JIJisi TEXHIYHO TOYHOTO
MOJICIIOBAHHS, CTBOPEHHS Ta TECTYBaHHA MpPEHU3iHHIX
MeXaHi3MiB pOOOTY TaKOX PO3POOIICHO HIJIHIA PsiJl IPOTPAMHUX
KOMIUIEKCiB (e, #AK MiHiMyM, mnponyktn AutoCAD,
SolidWorks, CATIA, Kommac). JIiast MOJCTIOBAHHS — TiJIbKH
reoMeTpii Ta BCTAHOBICHHS 3B’S3KIiB MPSIMOI Ta iHBEpCHBHOI
KiHEMATHKH MK 00’ €KTaMU CIIEHH BUKOPUCTOBYFOTHCS 1 MEHIII
HAI[lJIEHI Ha POOOTY 3 TEXHIYHUM MPOCKTYBAHHIM CHCTEMH, —
3Ds Max, Maya, Cinema 4D, Blender, Sketchup, K-3D,
MODO, Art of Illusion i 1. m. [dust TecTyBaHHS MOBEIiHKH
pOOOTIB MOKHAa MPUCTOCYBATH TaKOX HACTYIHI IMPOTpamMHi
3acobu: Webots, Gazebo, ARGoS, OpenRave, MuJoCo, Toro.

[Ipobnema mossirae B iHIIOMY, JKOJIEH IpPOrpaMHUMN
KOMIUIEKC HE MICTHTh y 0Ol IIOBHOTO IEpeNiKy 3aco0iB Juist
TOTO, MO0 MOXKHA OyJI0 CIPOEKTYyBaTH MOOLIBHOTO poboTa,
MIPOTECTYBATH y BIPTyaJIbHOMY CepeloBHIII (YHKIIOHYBAHHS
HOTrO eJeKTPOCXEM, BUSIBUTH y HHX MOXJIHMBI TOMMJIKH, HE
3MIiHIOIOYH 0a30BHX 3aCO0IB HAIMUCATH IITYYHHHA IHTEICKT IJIs
poboTa Ta MNPOBECTH WOrO TECTyBaHHS Y BIipTyaJbHOMY
cepeloBUIi. bBimbIl TOro, YMM CHJIBHINIE —CIICI(iami3alis
MIPOTPAMHOTO KOMILIEKCY i OJU3BKICTh JI0 3a71a9 MOJICTIOBAHHS
po0OOTIB, THM MEHII iHTYITUBHMM 1 3pO3yMIINM BHSIBIISIETHCS
foro iHTepdeiic. A SAKIOIO0 MPOTpamMH TECTYBaHHA POOOTIB
3po0JieHi JIOCHTh CKJIQJHO, TO BOHH BHKJIMKAIOTH MIBHALIC
O6axxamHa  0OifTHCH 06e3 HHX, HDK eHTy3ia3M Ta
KOHCTPYKTOpChKUI TBOpumii 3aman. Ha Te, mo mpouec
MOJICTIIOBaHHSI MOKe OyTH IHAKIIUM Ta SCKPaBUM BKa3yIOTb
JIOTiKa 1 CydacHi KOMII IOTepHi irpH.

I1l.  KOHLEILIS IIPOTPAMU MOJEJIIOBAHHS POBOTIB 3 1111

BesymoBHO, sKmo MH OymeMo MaTé IESKy BipTyallbHY
nabopaTopiro, IO BOJIONIE 0o0Jail MIHIMATBHOI KUTBKICTIO
3aco0iB A7 MONENIOBAHHSA CINEKTPUYHHX  CXeM, IJIs
MO/IEITFOBAaHHS 1, 10 O1IIBII BaXKJIMBO, KOHCTPYIOBAHHSI BIIACHUX
MoOJeNel CKIagHUX EINEKTPHYHHX KOMIIOHEHTIB Ta IUIaT y
(GI3UYHOMY HPOCTOPi, MU OTPUMAEMO NOTYKHHH 3acid, sk
MiHIMYM, AJIs HaBYaHHSI pOOOTOTEXHimi. SIKIIO MH CTBOPHMO
JOOpO3NYINBUI, TIPOCTUH, pO3pOOJICHHI 3a «IrPOBUMM»
MIPUHITUIIAMH T IHOMY BiJl IIPOCTOTO 0 CKIIAIHOTO iHTEepdeiic,
JOAaMO YiTKHH ONMUC KOMIIOHEHTIB, YHUCJIEHHI IPUKIAJIH,
raiiu, TyTopiaiy, HaBYaJIbHI Bifeo, TO MH 100’€eMOCh BKpait
BaYXJIMBOTO TTapaMeTpy, — MPOCTOTH peaizarii. Ko 10 1s0ro
MH J0/aMO TeCTyBaHHA Ha BipTyaidbHOoMYy 3D-momironi i
3poOMMO HOTO JIETKWM, JOAaMO KOHIEHINIO MOIUTy yciel
pO3po0KHM Ha JBa piBHI — NPOCTHH JOTIYHUH (piBeHb, IO
peaiizye HeCKIaTHWHA, NPUOIM3HUNA, HAOMMKEHHH OO TpH,
JOCTYNIHUI 3a 3MOBYAaHHAM (YHKIIOHAT) Ta CKJIAJHHH
¢isnmyanil (piBeHBb, IO MICTUTH OUIBII TOYHY peaji3alliio
HEOOXITHOrO (YHKI[IOHATY), TO MH MOXEMO OTPUMATU
pe3ynbpTaT, MONIOHUN 10 TOTO, IO MAIOTh KOMIT FOTEpHI irpH,
KOJIM JIIO/IMHI 1IKaBO, KOJM MPOKHIAETHCS TBOPYICTH Ta
OaxaHHS YCKJIQIHIOBATH OTPHMaHY peai3allifo, NpamoBaTH 3
OTPUMaHUM PE3YJIbTATOM 3 METOIO IMOKPAICHHS Pe3yNbTary.

B 3B’3Ky 3 BHIUCBKAa3aHHUM € JIOTIYHUM CIIOYaTKY
MIPOITYCTUTHU CKJIaJHE, 8 CKOHLIEHTPYBATUCS CIIEPLIYy HA TOMY,
mo Ounbmme 1ikaBe. SKIIO K MpHW OBOMY HAIl MPOTPaMHHN
KOMILUTEKC 00/aif 4acTKOBO Oy/e BOJIOJITH TaKOK Ba)KIMBOIO
XapaKTePUCTUKOI0 SK «KBa3iBCEOCSDKHICTB», TO 3a HOro
JIOTTIOMOTOI0 MOXHA OyJjio O crepriy po3poOHMTH KOHIICIIIIO
MaHOyTHEOTO MOOLITEHOTO pOOOTY, 3a0€3IEYUTH HOTO TPSMO 3i
CTapTy IITYYHAM IHTEJIEKTOM (IO 3aJa€ThC TOTOBHUMH
nrabJIoOHaMU YM TPOTPAMHUM KOJOM, SIKMH TYT XKe MOXXHA i
HalMcaTH Ta MOTIM JIETKO TEPEHECTH [yl BUKOPHCTAHHS
peansHIM poOoTOM). A sIKIIo OyJe KOpUCHUM (HE 3MIHIOIOYA
3aJ]aHUX MapaMeTpiB) MepeUTH o0/pa3y A0 KOHCTPYIOBaHHS
eNEKTPUYHOT CXeMH MOOITBHOIO poOOTY Ta 10 ONTUMAIBHOTO
ni100py TakuX HOro XapaKTepHCTHK, SIK MOTYKHICTh JIBUTYHIB,
€EMHICTh OaTaped, MOXJIHBICTb KOpET'yBaHHS WOTO Barw,
KOHCTPYKIIIHHOT MIIHOCTi, Tomo. Takuil miaxix y miacyMmKy
3HAYHO CIIPOCTHUTH MPOLIEC PO3POOKH.

Posrisnatoun mpoliec HaBYAHHS, BHIHO, IO BUBUYCHHS
pOOOTOTEXHIKH — II¢ MEWHCTpIM Ha ChOronHi. JlWIuromHi
poboTH GaraThbOX CTYJEHTIB BHIIMX HABYAIBHHUX 3aKJIaJiB TaKk
YH HaKIIIe 3a4iMaloTh poOOTy 3 OOUYHMCITIOBAHUMH IIJIaTaMH Ta
MiHI-KOMIT FOTepaMH, 3 IHTEPHETOM pedel 1 NPHITyCKaIOTh
CTBOPEHHS BCUIIKHX POOOTH30BAaHMX TEXHIYHHUX MPHUCTPOIB. 3
YOro BUILIMBAE, 1100 po3poOKa BiANOBIAaIa IEBHUM KPUTEPisIM
aZieKBaTHOCTI MoOyaoBaHUX (i3muHUX Mojened. [lis Toro,
mo0 MOJENIOBaHHSA Mayio O jocTaTHiil piBeHb HaOJIVDKEHHS
OTPUMaHUX Pe3yIbTATIB A0 MPAKTHIHHUX IMOTPEeO peasbHOro
CBITY 1 17151 HAYKOBHUX IIIJIEH.

TobTo iige MoBa Mpo PO3pOoOKYy TEXHIYHOTO 3aBIaHHS Ha
BipTyasibHy, OIJbII MEHII BCEOXONHY Jiaboparopito JuIs
MPOEKTYBaHHS  MOOUIBHUX  POOOTIB, cCepedoBHIIE IO
JI03BOJINTH HE TUIBKM TecTyBaTH y 3D-cepenoBuini cBOIO
KOHIIEMIit0 MoOiIbHOTO poboTty Ta LI, ane i kKoHCTpyrOBaTH
MOOUIBHOTO pO0OTa TYT K€ BIPTyaJbHO, NMEPEBOJUTH HOTro B
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LUIOMYy, a TakoX HOro OKpeMi YacTHHM 31 CTaHy YOPHOTO
SIITAKY Y KOHKPETHI eJIeKTPHYHI CXeMH, Y TIeperiK 3amdacTiH
0 KYHIBI, JO TECTYBaHHA HH3KOPIBHEBOI YaCTHHU
BIpTyaJIbHO, 1O BHXOJy Ha BHCOKY CTaJif0 3aBEpIICHHS
MIPOEKTY, HE TIEPEXO0/IT4H BiJl BIpTYaJIbHOTO PiBHS PO3pOOKHU 10
peanbHOro. Me MoBa NpO NLIAXH CYTTEBOTO CIIPONICHHS
poIiecy po3poOKKu MOOUTEHUX POOOTIB Ta 3MEHIIICHHS TIOPOTY
BXO/DKEHHS PpIBHA IATOTOBKA KOPHCTYBAa4diB y JOCHTH
CKJIaJTHUI MPOIEC MOJICITFOBAHHSA MOOUTHHUX POOOTIB.

Crhigyoun TakoMy MigXoXIy, MOXHA TiHTH BHCHOBKY, IO
MPOTrPaMHHUI KOMIUICKC JIJIsl MOJICITFOBAHHS MOOITBHUX POOOTIB
000B’3K0BO TIOBUHEH OYTH:

® [POCTHM Yy B OCBOEHHI i po0OOTi;
®  IIiKaBHM;

®  IHTYITUBHO 3PO3yMIJINM;

e  MakKCHMaJbHO YHIBEpCaJIbHHUM;

®  MOTHBYIOUHUM JIO IIOJIAJIBIIOTO PO3BUTKY OAEPKYBaHHX
pe3yIbTaTIB;

¢ 3 MIMPOKAMH MOXIHMBOCTSIMH TI0 MOJIETIOBAHHIO
pobora;

e poOoTa MOBWHHA BINMOBIZaTH PyXy BiJ MPOCTOTO IO
CKJIJTHOTO;

e iHTepdelic i ycs JOTiKa MPOTPaAMHOTO KOMILICKCY
MOBHUHHA M TOBXYBAaTH KOpHUCTYyBaya 10
eKCIIEPHMEHTYBaHHS 1 HAYKOBOTO MOILIYKY.

[IporpamMuMii KOMIIIEKC MOBUHEH CKJIAJAaTUCh 3 HACTYITHUX
piBHIB:
e piBeHb TECTYBaHHS INPOTrpaMHO i Oe3mocepenHbo y
TPUBUMIPHOMY CEpEIOBHILI;

e  piBeHb MOJICIIIOBAHHSI TPUBUMIPHUX O0'€KTIB (B TOMY
gucni mig MaiOyTHiH apyk Ha 3J] mpuHTepi) i iX
penaryBaHHS;

e piBeHb KOHCTPYIOBaHHsS Ta HANANITYBAaHHSA CBOIX
JIOTIYHUX KOMITOHEHTIB;

e piBeHb CTBOPEHHS CBOIX TPHBHMIPHHX CIEH 1

JOKJIATHOTO HAJIAIITYBAaHHS TECTyBaHHS;
®  piBEeHb KOHCTPYIOBaHHS KOHKPETHHX MIKPOCXEM;
e  piBeHb YIPaBIIHHA IPOEKTOM;
e  piBEeHb HANMCAHHS MTPOTPaM;

e piBeHp poGotu i3 LI i HeWpoHHUMH MepexaMu
(moTpiOHI KOHCTPYKTOPH HEHPOHHUX MEPEX, HeXal 1y
MiHIMAJTbHOMY BHIJISII 3 OTJSAKOI Ha MpoOsieMu
HaBYaHHJA 1 TecTyBaHHA [3]);

e  piBeHb 0OPMIICHHS JOKYMEHTAIII] Ta i1ei;

e piBeHb pobotm 3 Pi3uKol0 1  MaTepiagamu
(HanamTyBaHHS TapaMeTPiB TECTyBaHHS Ta MaTepiaiB

JUISL CTBOPEHHS poOOTiB, B3aeMOJIisl Mojeel 00'eKTiB
Ta (i3UKH MPOIIECiB, 3a0e3MeUeHHS Ty TIMBOI B3a€EMOII1
KOMITOHEHTIB ycel KOHCTPYKIIi;

e  piBeHb MOJICTIOBAHHS pOOOTH MEXaHI3MiB;

piBEHBb MOJICTIOBAHHS POOOTH 3 IHBEPCHBHOIO KiHEMaTHKOIO.

IV. BHCHOBKU

[Ipobmema  BipTyalbHOTO  MOJCTIOBAHHS  MOOLIBHUX
poOOTIB € CKIaTHOIO i TOCHUTH aKTyalbHOIO. YHCIeHHI cripoon
CTBOPHTH J0/IATOK JUIsl IPOEKTYBAHHS 1 TECTYyBaHHS MOOLITEHUX
poOOTiB paHille HOCHIN XaOTHYHIH, HEBCEOCSHIKHHUN XapaKTep.
Tomy po3po0iieHi mporpamHi 3aco0u 3apa3 HEB3MO31 MTOBHICTIO
3aKpUTH MOTPeOy y IPOTPaMHOMY KOMIUICKCI, IPU3HAYCHOMY
caMe JUIi MOJICNIOBAaHHSA pOOOTIB, A 33ha4 HaBYaHHS
poOoTOTEXHIl. 3aBASKM IOMY, MPOLEC KOHCTPYIOBaHHS
MOOUTBHHX POOOTIB 3a/MINAETHCS CKJIAJAHUM 1 3aTpaTHUM Yy
IUTaHI 9acy Ta 3yCHIIb, MOTpeOy€e BUBUCHHS BEIMKOI KiTbKOCTI
TEXHOJIOTI Ta rajxy3eil 3HaHb.

CyuacHi irpoBi HiAXOAW SK Yy HAaNPsIMKy MOJCIIOBAHHS
(I3UYHKUX TIPOLECIB, TaK 1 y HANpsIMKy CTBOPEHHS JIPYXKHIX
iHTepQeiciB MOXKYTh MiAKa3aTH BIpHUH NDIAX y HAIPSIMKY
CTBOPEHHSI IIPOrPaMHOTO KOMIUIEKCY JUISi MOJICIIOBAHHS
MOOLTHHHAX pOOOTIB T4 MOXKYTh JOITOMOTTH PO3POOHUTH JiHCHO
aKTyaJIbHUH 1 1ikaBuH iHCTpyMeHT. B poOoTi npoBeieHo aHai3
MOXJIMBOCTI  JIJIs Takol aBTOMaTH3alii IPOCKTYBaHHS.
3ampornoHOBaHO  KOHLEMIII  NporpaMu  Juisi  3a1ad
MOJICITIOBAHHS CTPYKTYPH 1 «ITOBEIIHKI» MOOUTHFHHUX POOOTIB 13
LI, nmpu3Ha4eHUX Al CYNPOBOIY MOUIYKOBO-PSTYBaJIbHUX
orepaniii B KOMOiHAIii cepemoBHIN (MOBITPSHE, Ha3EMHE,
MiABOJHE) Ta HABYaHHS KOPHCTYBadiB pI3HOTO piBHA
iITOTOBKHU.
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Anomayia—ABTOpaMH NPONOHYETHCHA YAOCKOHAJICHHS
HASIBHOI cHCTeMH 00MiHY JaHMMH B arpolpoOMHUC/IOBii cdepi Mixk

BiggajJleHUMH N0JIHLOBHMHA OCTITHUMH TJIAHKAMH Ta
LeHTpatizoBaHow  iHpopmaniiiHoOl  cucTeMol0  00poOKH
indopmauii.

Abstract—The authors propose to improve the existing system
of data exchange in the agro-industrial sphere between remote
field experimental sites and a centralized information system of
information processing.

Knwuoei cnoea—excnepmu3sa; copmu pociun; 00min oanumu;
asmomamusauisn

Keywords—expertise; plant varieties; data exchange;
automation
I.  Bcrvm
OCOOJMBICTIO  JIOCHIAHUX YCT@HOB  arporpoOMHCIIOBOT

cepy € BrCOKa HMOBIPHICTh BifIaleHOCTi BUPOOHHYHX 200
JOCHIHUX [JUISHOK OJHA BiJA OJHOI Ta BiJA LEHTPaJbHOI
ycranosu. [Ipuaomy neHTp 360py iHopMarii Ta ii 00poOkw,
SIK MIPABUJIO 30CEPEIKEHO B OJJHOMY KOMITAaKTHOMY Micli. Sk
NPUKIAJ, TaKa arpONpOMHCIIOBA YCTaHOBA, K YKpaiHCHKUiA
iHCTUTYT ekcniepTu3u copTiB pociuH (YIECP) mae kinbkicTh
¢umiit 3a kimpkicTI0o obmacteit Ykpaimm [1]. Lls ycrtanoBa
BIJINIOBiZ]a€ 3a NPOBEICHHS JCPKABHOI HAYyKOBO-TEXHIYHOI
EKCIIEPTHU3U COPTIB POCIMH 3 METOK BH3HAYCHHS CTYICHIO
MPUAATHOCTI iX IO MOMWMpPEeHHs B YKpaiHi Ta HaOyTTs npaB Ha
COPTH POCIHH SIK 00’ €KTIB iHTEIEKTYyaIbHOI BIACHOCTI.

IToni6Hi ycTaHOBH BHKOPHCTOBYIOTE B CBOIN HpaKTI/IHi JUISL
lH(I)OpMaI_III/IHOFO 0OMiHY MIX BIIUICHUMH JOCIiTHAMHA
MIISHKAMU Ta €IMHAM CXOBHUIIEM JaHUX TEXHOIOTIIO, SKOO
nependavaeTbcs 3alOBHEHHS IONBOBUX JKYPHANTIB, KapTOK
JIOCTIKSHD Ta 1HIIKMX JOKYMEHTIB CIICI[ialiCTaAMU Ha MICISIX B
mariepoBoMy BUTILAi. [loTiM X HajgCHIAarOTh 10 BIAILTY
HEHTPAJIIbHOI yCTaHOBU (faimi YcTaHOBa), 3 TMEPBUHHHUM
HAJIXO/DKEHHSAM 0 KaHIENSpii 3 PeecTparicro JTOKyMEHTY.
IHoxi  mpakTHKYyeThCcst — (POPMyBaHHS  JOKYMEHTY B
CIeKTPOHHOMY BHTIISAI Ta  BIANPABICHHA JOKYMCHTIB
eJIEKTPOHHOI0 TomTolo. [lpu mpomy cremianmict y Mmicusx
JOCTITHUX BUTIPOOYBaHb HE Ma€ JIOCTYITY JI0 HEOOX1AHOT HOMY
moBHOT ©0a3W JOBIZKOBHUX [JaHHMX, HE Ma€ MOXKJIMBOCTI
mepefaBaTd  ONEPATHBHO  BCIO  OTPUMAaHy  JOCIIIHY
iH(pOpMaIlifo 10 YCTaHOBH Ta MaTH HasiBHUI 3BOPOTHIH 3B'SI30K
3 11 ¢daxiBusgmu. Excnept YcTaHOBH, IO 3HAXOAWTHCS Ha
aBTOMATH30BAHOMY po6ouomy Micui (APM), otpumye nanHi y
BUTJISII TTANIEPOBHUX (DOPM-BHUITMCOK 3 MOJBOBHX JKYPHAJIB, Ta
BBOAWUTH iX depe3 BIANOBIOHI (QOPMH MPOrPaMHOIO
3abe3neuenas (I13). Ha ocHOBI mux maHWX TeHEpyeTbCs 3a
BiJINIOBITHOI0 MAaTEMaTHYHOIO MOJICIUTIO 3BiTHA iH(OpMAIIis.
[2]. Hemomniku 1iei cucremu iHpopmaniiHOro oOMiHY JOCHTH
OYEBU/IHI.

Il.  TIOCTAHOBKA 3AJIAUI TA KOHLEILIA if BUPIIIEHHS

[Ipomo3urtiss aBTOpiB 1O [0 YAOCKOHAJIEHHS HAasSBHOI
cucTeMy OOMiHY JIaHMUMH peaji3ye JOKOpIHHY 3MiHY MiJXOIy
JI0 peajizamii 3aJaHuX METOIMK KBadidikamiifHoi ekcriepTuin
Ha BOC [2]: ue BUKOPUCTaHHS B MOJbOBUX YMOBAaX 3pYy4HOTO
MOOUTEHOTO TIPUCTPOIO iH(hOpMAaTHKH, porpaMHe
3a0e3NeueH sl SIKOro BKJIIOYAa€E MOOUIBHMHA JOAATOK JUIst

wiatgopmu  Android. Ilpudomy ekpanum (CKpiHM) IOAATKY
BIANOBiNatOTh  (hopMaM BBEICHHSA MaHWX 3TAHO 3aJaHol
Y CcTaHOBOO METOJIMKH, € IOCTYII 10 TOBIIKOBUX 0a3 Ta OHIalH
KOMyHiKamis 3 (¢axiBOsMu YCTaHOBH, € MOJIJIHBOCTI
OMEPAaTUBHOI'O BHECCHHS JaHWX Oe3mocepeqHbo y 0asy
aBToMaTu30BaHoi iHdopmaiiiaoi cucremu (AIC), monaBaHHs
KOMEHTapiB Ta LIIOCTpalii.

daxiBelp B MOJHOBHX YMOBaX BUKOPHCTOBYE CIY>KOOBHH
IUIAHIIET YM HaBITh BCTAHOBIIIOE JIOJATOK HA CBill MOOIIBHUIH
tenedon. Ilicns #ioro peecrpamii B CHCTeMi BiH MOXE BXKe
BUKOPHCTOBYBATH JOJATOK SIK JIOBIJHHK Ta OpraHaisep, BiH
0aunTh TEpeNmik 3alIaHOBaHMX poOOIT, TOCHTIJOBHICTh
IpoLeaAyp MO KOHKPETHOMY OOTaHIYHOMY TaKCOHY 3TiJHO 3
METOJMKOI0, MOXE OIEepaTHBHO MeperisaaTd HeoOXimHi
JIOKYMEHTH, 110 3arpy’KeHO y 0a3u JaHHUX Ta 3HaHb, IUIAHYBATH
CBiif poOounii yac. ONMHUBIIKCE Ha 11011, (axiBelp Bene 30ip
JaHUX MPSMO 110 HEOOXITHNUM IyHKTaM HNPUHHATOT METOIUKH,
aKTyaJIbHAM JIIsi KOHKPETHOTO COPTY POCIWH, CTBOPIOE 1
30epirae yci HeoOXimHi (oTO Ta Bimeo Matepianu (3Bipse 3
etanoHamu, Touo). CyTh TEXHOJIOTIi Ha IIbOMY €Talli B TOMY,
100 3pOOHTH eNeKTPOHHHUU CIoci0d 300py DaHWUX 3PYUHIIIAM
HDK TanepoBHH Ta NPUHTH 10 CUTyaulii, KOJM HaBiTh 3a
HEOOXITHOCTI BECTH IMAaNepoBy JOKYMEHTAI0 JIoAWHA Oyne
MepenucyBaTH MaHi 31 C(POPMOBAHOI Ha TOJI EICKTPOHHOI,
MOBHICTIO IJCHTUYHOI MamepoBiii TaOmuUIl, a HE HaBIIaKH.
BHeceni nmani Oe3ne4Ho 30epiraloThcsi Ha MOOLIBHOMY
MIPUCTPOI 1 MOXKYTh OyTH BiTHOBJICHI Y BHIIQAKY HOTO 300}0.
Komu MoOinbHMIT TNpUCTpiH 3 BCTAHOBJIEHHM JI0JaTKOM
ONMHUTECS O Kepelia IIBUAKICHOTO iHTEPHETY BiH 3MOXKE
aBTOMAaTH4YHO miepenatu 3i0pani nani no 6asu AIC, ne micns
mepeBipku (paxiBISIMH, HANPUKIA, YKPalHCHKOTO iHCTHTYTY
eKCIIEPTU3H COPTIB POCIWH, BOHH OYyAyTb 30epexeHi
ocratouHo. [lim gac 300py HaHWX Ta miciusd Uit (axiBIiB
BEJIETHCS 3pYYHA CTATHCTHKA, CIIPOLIYETHCS KOMYHIKAIsl MK
HUMH. TakoX CITPOILYETHCSI KOHTPOJIb KEPIBHUITBA 3a JisIMU
MIJUIETIINX, aJKe MOJKJIMBO BIACTIAMTH TOYHI 4yac Ta Micle
MIPOBEACHHS 3aMipiB.

AJIMiHICTpaTOpChbKA  YacTHMHA  MOOUIBHOTO  JTOJATKY
(dbopMyeThCs TAKMM YHHOM, 100 HE 3aJIeKaTH Bifl TOTO, SIK
KOHKPETHO 30epiratorhcest Ti uM iHui gaHi y AIC, cTBOpIO€eThCS
CreliabHAN KOHCTPYKTOP, IO J03BOJHTH MOEAHATH 3 OY/b-
SKUMU TaOJIUISIMA Ta CTBOPUTH aBTOMATHYHO yCI HEOOXimHI
3aIUTH.

I1l.  AKITTPOBJIEMU BUPIIITY € BITPOBAJPKEHHA
TEXHOJIOI'TT

BrpoBamkeHHsT TEXHOJIOTII 103BOJISIE BUPIIIMTH HACTYIHI
poOIeMH:

- mpoOJieMy CHPOIIEHHSI Ta ONTHUMI3allii caMOTO MPoIecy
300py HEOOXiTHUX JaHWUX MPSMO Ha IOJIi, CTBOPESHHS JOAATKY
BelleHHs 00JIiKy, Ha s;IKoMY OyJI0 0 3py4Hilie BecT 00K, HiXK
HA IarepoOBUX HOCISAX Ta HA ICHYIOUHX JOJATKAX;

- TpoOieMy ONEpaTHBHOTO 30€pEeXeHHS, COPTYBaHHI,
BiZIIPaBKH JI0 6a3H, B3arani poboTu 3 HeoOXiHMMH (HOTO-BiIEO
MaTepianamuy,

- npo0JieMy KOHTPOJIIO 32 poOOTOIO0 (paxiBLiB-arpOHOMIB;

- T ABMINIEHHS ONIEPAaTUBHOCTI Nepeadi HeoOXiTHUX TaHuX;
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- npoOJieMy 3axucTy 0a3u JaHWX YCTaHOBM BiJl BHECEHHS
HETIepeBipEeHUX TaHUX;

- TpoOJieMy CTBOPEHHS 3PYYHOIO Ta aBTOMATH30BaHOTO
MexaHi3My (OpMyBaHHS HEOOXiTHWX AJIi BHECEHHS NaHUX

- 3a0e3MeveHHs] OMEepaTUBHOTO JOCTYITy MO TOBiIKOBHX
MaTepialiiB 3 MPUBOJY TOCIIIKSHb (METOAUKH, O3HAKH POCIIHH,
TOIO) B 3py4HiH popmi Ta Ge3mocepeHbO i/l Yac MPOLeaypr
OTPUMAHHS TaHUX Ha MOJHOBUX JUISHKAX;

- mpoOieMy CHpOIICHHS KOMYHIKalii  BiAMOBIIHUX
(axiBIIiB 32 paXyHOK BUKOPHCTaHHS Cy4acHUX TEXHOJIOTIH;

- mpoOiieMy 3pYy4YHOCTI Ta AOCTYHmy OO MAOBIAHHKIB Ta
TUNOBKX (QyHKLIN pododoro opranaiizepy.

AJropuT™M (DYHKITIOHYBaHHS TPOTPAMHOTO 3a0€3IICUEHHS
MOOITBHOTO JOJATKY LIFOCTPYETHCS 3a JTOMOMOIOI0 3arajbHOT
0JI0K-CXeMH Ha puc. 1.

Bubip gocrynHoi Ha
CHOTOHI 3a1a9i

Bubip nous ta KyIbTypH
A6 TeCTYBAHNSA

Baenenns ganux

Iixrsepraenns
Bignpaskn a0 bBJ1

>|
>

?

€ inrepuer

Bianpas.ienns 10
npomizxkuoi bJ|

I l

Tlepepipka nannux
MOJepaTopom

Bianpapaenna x1anux 1o
ocnosnoi BT

Puc. 1. 3aranpHa Onok-cxema anroput™My (QYHKIIOHYBaHHS IPOTPAMHOTO
3a0e3neyeHHs] MOOUTLHOTO I0JaTKY.

OuikyBanus

TakuM 4YHHOM, TEXHOJIOTiS TPH ii BIPOBADKCHHI Jae
OUYEBUIHUI TEXHIKO-CKOHOMIUYHUI €(eKT, KU ITOCATaeThCS
32 PaxyHOK 3MCHIIICHHS BUTpPAT Ha JIOJATKOBY NEPEBIPKY Ta
JIKBiJAIif0 BUSIBIICHUX IIOMIUJIOK i/ 9ac MPOIeIypH Iepeaadi
iHpopmarii 3 mocainHux AistHOK 10 AIC BHACIIZIOK CYTTEBOTO
3MEHIIIEHHS KUTPKOCTI KPOKIB ITiJ] 9ac BKa3aHOI MMPOIEXypH Ta
BUKIIOYEHHS mamnepoBoi cranii. KpiMm Toro MoOineHUIA
MPUCTPiA, TPOTPAMHO HANAIITOBAaHWUH JiIsi pobOTH 3
METOJIMKOI0  KOHKPETHOTO  OOTaHIYHOTO TAaKCOHy, Ja€
MOJUJIMBICTP BHOCHTH JaHI Oe3mocepenHso (axiBmeM 3
moJIbOBOT AinsaHKU 70 6a3u AIC 3 3a0e3meYeHHIM 3BOPOTHOTO
3B’SI3Ky B peaNlbHOMY 4aci 3 (paxiBIsiMHA Y CTAaHOBH.
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Anomauyias—B poodori 3aMpoNnoHOBaAHO miaxin o
reoNnpocTOPoOBOl OLiIHKH TPAHCHOPTHOI OCBOEHOCTI TepUTOpiil Ha
ocHOBi Teopii ¢paxraniB. Jdanuii miaxin mo3BoJsie oTpuMaTH
KUIbKiCHI  3HaYeHHs  po3BHHEHOCTI (piBHA  IPOCTOPOBOL
CKJIATHOCTI) 1151 OyAb-S1KOI JOPO:KHBOI Mepe:ki Ta Ha BigMiny Bin
KJIACHYHUX MOKA3HUKIB TpaHcmopTHoi ocBoeHocTi (Boruepa,
Xenkens, Enrens-FOn3ypy, YcneHcbKoro Ta in.) BpaxoBye Jinie
PiBeHb CKJIATHOCTI caMoi TPAHCIOPTHOI Mepe:Ki, He3ale;KHO Bil
mwiomi  Teputopii.  Po3po0sieHO  aAropuTM = pO3paxXyHKY
¢pakTanbHoi po3MipHoCTi Jopir Ha ocHOBi boxcounting meToxy.
CTBOpEHO CKPUNITOBHIi IHCTPYMEHT re000po0KH 1J1s1 cepeloBHIIA
ESRI ArcGIS 10.7. IlpoBeneHO OOCJiMKEeHHSI TPAHCHOPTHOL
OCBO€EHOCTi TepuTOpii YKpaiHu.

Abstract—The paper proposes an approach to geospatial
estimation of transport development of territories on the basis of
fractal theory. This approach allows to obtain quantitative values
of development (level of spatial complexity) for any road network
and unlike the classic indicators of transport development
(Botcher, Henkel, Engel-Yuzuru, Uspensky, etc.) take into account
only the level of complexity of the transport network itself,
regardless of the area territory. An algorithm for calculating the
fractal dimension of roads based on the boxcounting method has
been developed. Geoprocessing scripting tool for ESRI ArcGIS
10.7 has been created. The study of transport development of the
territory of Ukraine is carried out.

Knwuosi cnoea: zeoinghopmauiini mexnonocii, ¢ppakmanvha
po3mipuicme, mpancnopmua oceéocnicms, boxcounting memoo,
ckpunm, ArcGIS
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l. Bctyn

Ha choropmHimHiii  JeHb  PO3BUTOK  TPAaHCHOPTHOT
IHPPACTPYKTYPH € OIHI€I0 3 HAHOUIBII aKTyalbHUX MPOOIIEM
st Beiel TepuTopii Ykpainu. TpaHcropTHa cucrema Mae
JOCUTh BHCOKY IHHAMIKY PpO3BHUTKY, 1 €(QEKTHBHICTh ii
(GYHKI[IOHYBaHHSI 3aJIeKUTh BiJI SKICHOT oprasizamii i
ynpaBimiHHSA. HasBHICTH BeNMWKOi KUTBKOCTI PI3HOMAaHITHHX
BJIACTHBOCTEH 1 XapaKTEPHUCTHK, SIKI BXKE CTAI0 HEMOXKIMBUM
aHami3yBaTd 1 OOpOOIATH BpYy4YHY, POOHUTH aKTyaTbHUMHU
po3po0Ky Ta BIpPOBa/HPKEHHS AaBTOMATH30BaHUX MIiAXOMIB i
3ac00iB IO YIIPaBIiHHIO TPAHCIIOPTHOIO CHCTEMOIO.

B pmanmit wac moOymoBa e(eKTHBHOI TpaHCIOPTHOI
CHCTEMH, IIO BIANOBiaE morpedaM CyCHiJIbCTBA, BUMAarae
3aCTOCYBAaHHS BIAIIOBIHOTO IHCTPYMEHTapito U1 poboTH 3
IIPOCTOPOBUMH JaHMMHU. Halkpammm cydacHIM 3aco00M JuIst
aHaizy TPOCTOpPoBOi  iHQopmMmalii € reoiHpopmaIiiiHi
TEXHOJIOT1], SIKi MOETHYIOTh (QYHKIIOHAIBHI MOXIIMBOCTI
TpaauuiiHoi kapTorpadii Ta iHTENIEKTya IbHOI 0OPOOKHU JaHUX
y reorpadiunux inpopmaniitaux cucremax (I'TC) [1].

OmHMM 3 BaXIMBHX TNOKa3HHKIB, IO XapaKTepH3ye
TPAHCIIOPTHY CUCTEMY KpaiHU, € II0Ka3HUK TPaHCIOPTHOI
OCBO€HOCTI. BiNbIIicTh aBTOpIB, JOCIHIIKYIOUH TPAHCIOPTHY
OCBOEHICTB, 31CTaBIISIOTh MPOTSHKHICTD TPAHCIIOPTHUX MEPEXK 3
wromero Tepuropii (Hanpuknax, xoediuientn botuepa,
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Xenkenst, Enrens-lOn3ypy Karto 1 Ycmencekoro, dopmyia
KomocoBcrkoro Ta iH.), 0 He 3aBXIHU aIeKBaTHO BimoOpaxae
peanpHy  kapTuHy. Ilpm  IulomagKOBOMy — HOpIBHSHHI
TPAHCIOPTHOI OCBOEHOCTI KITBKOX TEPUTOPIH HE0OXixHO
BPaxOBYBAaTH JIMILE TUIOLLY TPAHCIIOPTHO OCBOEHHX TEPUTOPIH.
s toro, mo6 BpaxoByBaTH JIMIIE PiBEHb CKIAIHOCTI camoi
TPaHCIIOPTHOI Mepexi, Ta He MpHUB’SI3yBaTH MOKa3HHUK
TPAHCIOPTHOI OCBOEHOCTI JI0 IDIOIII TEPUTOPIii, IPOIIOHYETHCS
BUKOHYBaTH PO3PaxyHOK IIbOTO MOKa3HMKAa Ha OCHOBI Teopii
¢dpakramis.

Meroto naHoi poborn € pospobka ['IC-opieHTOBaHOTO
MPOTPaMHOTO  3a0e3nedeHHs  (CKpUITOBOTO iHCTPYMEHTY
reooOpoOKH) A JOCHIDKEHHS  TPAaHCIIOPTHOI OCBOEHOCTI
TepuTOpiit Ha OCHOBI (PPAKTAIBHOI PO3MIPHOCTI IOPIT.

Il. OCHOBHUII MATEPIAJI JJOCJIJKEHHS

A. Knacuyni
mepumopiti

NOKA3HUKU — MPAHCNOPMHOI  0C80EHOCH

[ToHATTS TPaHCTIOPTHOT OCBOEHOCTI TEPUTOPIi MOB’SI3aHO 3
TaKUMH TOHATTAMH SK TPaHCIOPTHA 3a0e3NeYeHiCTh Ta
JOCTYIHICTh,  SIKI  BIIOOpaXkalOTh  SIKICHMH  piBEHb
TPAHCHOPTHOTO OOCITyTOBYBaHHSI TOCIIONAPCHKUX OO'€KTIB 1
HaceneHHs. O4eBHMIHO, IO 1Ii MOKAa3HUKK THUM BHILE, YUM
Olnple PO3BHHEHA MEpeka LUIAXIiB CIIONYYCHHS B TOMY YH
iHIIOMY perioHi. J[ns OIHKM TPaHCHOPTHOI OCBOEHOCTI
3a3BHYall BHKOPHCTOBYIOTBCS KIiJIBKICHI MOKa3HUKH, IO
BHUPAXKAIOTh BIIHOUICHHS JOBXHHU [UIAXIB 10 OAMHUII TUTOLT
Tepuropii abo 10 TEBHOI KUTBKOCTI JKHUTENB, OOCSTIB
BupoOHuLTBa TomO. Hampuknan, koedinientn Enrens (KE),
VYcnencwskoro (KY) it Bacunescekoro (KB) [2]:

L
NGTR (1)
L

ky =5—- 2

L
ky = SISHQ (3)

ne L — 3arajpHa MpOTSHKHICTD HNUISIXIB CHOJIYYeHHS; S — ruiona
teputopii; H — vuncenbHicTh HaceneHHs; t — o0cAr
BaHTa)X0000poTy; Q — 3arampHa Bara BHPOOJIEHOI B paifoHi
TIPOJTYKIIii.

Jocaiukyoun TpaHCTIOPTHY OCBO€EHICTD TEPHUTOPIi, HA HAIII
MOTJISI, HE BIPHO 3ICTABIATH MNPOTSKHICTH TPAaHCIIOPTHUX
Mepex 3 IuIomero TepuTopii. binpm panionansHnM Oyno Ou
BIIUTH BiJ «IUTOMIAJHOT» CKIAIOBOI i PO3TISHYTH PiBEHb
CKJIaJHOCTI caMoOi  TPaHCIOPTHOI  Mepexi. XOopommMm
NPUKIIAJAOM € JOCHIDKEHHS 3 PO3PaxyHKY TpPaHCHOPTHOI
OCBOEHOCTI TepuTopii Ha ocHOBI Teopii ¢pakrani [3]. Ha
BiqMiHy Bixg moka3HHUKIB (1)—(3), mOKa3HUK 3aCHOBAaHHMH Ha
Teopii (pakTadiB BUKIIOYAE IUIONLY TEPUTOPii 1 BpaxoBye
0COOJIMBOCTI CTPYKTYypH caMoOi TpPaHCHOPTHOI Mepexi, e
¢dpakTagbHa  PO3MIPHICTE  KOXKHOi ~ KOMIPKH  TepUTOpil
BioOpakae EBHUH PiBEHB il TPAHCTIOPTHOT OCBOEHOCT!.

B. Pospaxynox mpancnopmnoi oceocHocmi mepumopii Ha
ocHosi meopii ppaxmanie

Bimomo, mo p03M1pH1CTL Faycz[op(ba — 16 OpUPOIHUN
Croci0 BH3HAYUTH p03M1pH1CTB MiAMHOXKMHH B METPHIHOMY
npocTopi. B TpuBHMIpHOMY  €BKIIZOBOMY  HPOCTOpi
po3MipHicTh ["aycnopda KiHIeBoi MHOKHHH JOPIBHIOE HYIIIO,
PO3MIpHICTh TJIaIKOT KPUBOI — OIUHMII, PO3MIPHICTH TJIAAKO]
TIOBEPXHI — IBOM 1 PO3MipHICTh MHO)KHUHH HEHYJILOBOTO 00’ €My
— TphoM. [l Oimpmr cxmagHuX ((QpaKTaIbHUX) MHOXHH
po3MipHicTh ["aycnopda Moxe He OyTH HijauM guciom [4].

Posmipricte [aycmopda nesikoro o06'ekta mOBUTBHOL
reoMeTpii MOKHa BH3HAQYUTH 32 HOro JBOBHUMIpHMM abo
TPUBUMIPHAM 300paK€HHAM 3a JOIOMOTOI0 CEKIiHHOTO
(boxcounting) MeTomy, CyTh SKOTO IOJSTa€ B IOKPUTTI
300pakeHHs 00'e€KTa CITKOIO 3 po3MipoM Komipku £>0 (puc. 1).

Posmipnicts [aycnopda 3HaxoaumThes 3a  JIOMOMOIOIO
CHiBBiTHOIICHHS [4]:

g, —timmMN()

g0 | n ; (4)

€

ne N(eg) MiHIMaJbHE YHCIIO KIITHUH, CYKYIHICTH SKUX

MTOKPUBAE 00 €KT.

Puc 1. Busnauenns po3mipHocTi 'aycnopda MeToioM mokpurTTs

Opakran — 1e reoMmerpuyHa ¢irypa, 110 BOJOI€E
BJIACTHBICTIO CaMOIIOAI0HOCTI, TOOTO CKJIaJeHa 3 HECKIHYEHHOT
KIJIBKOCTI YacTHH, KOXXKHA 3 SIKMX TOAiOHa 110 Bciel (irypu
mikoM [5]. YV wMaremarwmi mig  (paktamaMu  po3yMilOTh
MHOKHHY TOYOK B €BKJIIZIOBOMY IIPOCTOPI, III0 MAIOTh APOOOBY
MeTpuyHy  posMmipHicts  (aycmopda), abo  merpuuny
PO3MIpHICTbh, BIIMIHHY BiJl TOTIOJIOTIYHO].

SIKIIo mizg reonpocTopoM po3yMiTH ABOBUMIPHUH MPOCTIp,
TO MiJi MAKCHMAJIbHOIO TPAHCIIOPTHOIO OCBOEHICTIO TEPUTOPIT
OyzneMo po3yMIiTH MOXKJIMBICTH IIOTaAaHHS 3 KOXKHOI TOYKH
TepuTOopii B OyIb-SKY 1HITY TOYKY TEPUTOPIi M0 HAMKOPOTIIiN
BiZictaHi. bynemo po3ymiTH Mg TOYKaMHM IpHU3HAYCHHS
(myHKTaMHM) TUIOIMATHUN 00’€KT, po3MipHu sKOoro (Iioma) B
JaHOMY MacmTabi  JOCHi[DKeHHS He3HauHi. bBynp-axy
TEPUTOPII0 MOXKHA MPEJCTAaBUTH Y BUIIIAI KIHIIEBOI KiJTbKOCTI
TaKuX IJIOMAJAHUX 00’€KTIB B MEeBHOMY MacmTadi. OCKibKu
TUTOIIAaJHUH 00'€KT MOBUHEH 3alIOBHIOBATH BCIO TEPUTOPIIO, TO
JOLTBHO o0paTw JUII [BOTO BiATOBiZHY dirypy —
LIECTUKYTHUK. TakuM YWHOM, TPAHCIIOPTHA OCBOEHICTH
TepuTOopii OyJe MaKCUMAaJIbHOIO TOMi 1 TINBKU TOJIi, KOJU BCi
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LEHTPHU MECTUKYTHHKIB OyyTh 3'€JHAHI MiX COOO0I0 JITHIHHUM
06’extoMm (puc. 2) [3].

Puc.2. [pukian MakCHMaabHOT TPAHCIIOPTHOI OCBOEHOCTI TEPHTOPIit

Tak sk Oynme-sKa JIiHIA M03a E€BKIIIJOBOTO IPOCTOPY IO
MeBHOro Macmrady € ¢QpakraioM, TO Mill TPaHCHOPTHOIO
OCBOEHICTIO TEPUTOPil MOXKHA PO3YMITH MparHeHHS OOPIT
3aiHATH BCO mionly (1o i BimoOpaxkae Gopmyina (4)), Ha sKii
BOHHM 3HAXOIATHCS (B IeBHOMY MacITabi). OTke, TpaHCIIOPTHY
OCBOEHICTh TEPUTOPii MOXKHA MPEACTAaBUTH Y BHIILII
BiTHOMICHHS (PpaKTaIHHOT PO3MIPHOCTI TOCIIIKYyBaHOI JOPOTH
IO PO3MIPHOCTI IO (TOOTO pO3MipHOCTI, IO AOPIBHIOE 2).
3eincu: df=d/2 abo

T 1
20 )

ne d — po3MmipHICTB JOpIr, € — JOBXHHA KPOKY (IOBXKHHA
CTOPOHH ILECTHKYTHHKA).

C. Cmeopenns incmpymenmy 2eo00pobKu

®opmyia (5) Moxe OyTH BUKOPHCTAHA ISl FEOIIPOCTOPOBOT
OLIIHKHU PIBHS TPAHCHOPTHOI OCBOEHOCTI TepuTopii. B poboti
PO3paxyHOK TPaHCIOPTHOI OCBOEHOCTI OyB peasli3oBaHUi y
BUTJISIII OKPEMOTO IHCTPYMEHTY re000po0Oku — ckpunta Python
B I'IC ESRI ArcGIS 10.7.

Juist  po3paxyHKy —(pakTaibHOT  PO3MIPHOCTI  JIOpIr
BUKOPHCTAaHO  METOJl TOKPHUTTA. BuKOHaHO  po30HTTA
IUIOLagHOTO 00’ekTy (LIECTUKYTHHKA) Ha KBajpaTh 3i
CTOPOHOI0 € Ta PO3PaxOBaHO KUIBKICTh KBampaTiB N(g), sKi
MTOKPUBAIOTh BCi JiHIHHI 00’€KTH (IOpOTM) HA IiH IUTOII.
OO6uncienus N(g) MpoBeAeHO VIS Pi3HUX JIOBXKHH CTOPIH €
(3nauenHns cl, €2= ¢l/2, €3=¢l/4). 3a oTpUMaHUMH NAHUMHU
noOynoBano 3anexHicTb log N(e) Bin logl/e. OGuncnenns
(hpakTasbHOT PO3MIPHOCTI 3BOJUTHCS 10 MONIYKY «HAHOLTBIIT
JiHIHHODY nAingHKK 3anexHocti log N(e) Big logl/e Ta
BUKOHAaHHIO Ha Ili€l JUISHKA JIHIHHOT ampokcuMariii 3a
MeTojoM HaliMeHmux kBanapartiB (MHK). B skocti ominku
¢pakTanbHOI PO3MIPHOCTI BHKOPHCTOBYETHCS  3HAUYEHHS
TaHTeHCy KyTa Haxuiy npsimoi MHK.

B I'IC nmoposxHst Mepeka MpeAcTaBiieHa MIapoM JIHIHHUX
00’€KTiB, a TEPUTOPIs, IO IOCTIIKYETHCS, MOIIrOHAIBHUM
00’ektoM. OO’€KTH IOKPHBAIOTHCS IIapOM  MPABHIBHHX
IIECTUKYTHUKIB 3a/1aHol TLTOII], SKUN Oyne
BUKOPHUCTOBYBATHCS Y CKPUITY JUISL pO3paxyHKy (paxTanbHOT
po3mipHOCTI mopir mix HazBorw hexfield. ArtpubyruBHa

tTabnuust 1pboro mapy — MictuTh KoioHKy UniquelD 3
YHIKaJIbHUM KOAOM KOXKHOTO IIIECTUKYTHHKAa 1 KOJIOHKY
Hex Area, 1110 MiCTUTb HOTO IIIOILY.

3a [momomoror iHCTpyMeHTY Intersect BHKOHYETHCA
MEepeTHH BEKTOPHOTO IMIapy JAOPOXKHBOI MEpexi 3 IIapoM
mectukyTHUKIB hexfield, 3a pe3yiapTaToM BHKOHAHHS SKOTO
KOXHIM  JinsgHOi  goporu  npusnacHioeTrbess  UniquelD
IIECTUKYTHHUKA B sIKiii BOHA 3HaX0auThCsA. OO0’ € THAHHS TUTTHOK
JIOpIr, 110 HaJle)KaTh OJHOMY HMIECTUKYTHHUKY B €IMHUNA 00 €KT,
skt Mae 1D, mo cmiBmagae 3 UniquelD mrecTukyTHHKA,
BUKOHYETbCS 33  JIONOMOTOr  iHCcTpyMeHTy  Dessolve.
OTtpumaHnii BEKTOpHUH map aani Oyae BUKOPUCTOBYBATHCS Y
ckpurti mig Ha3Boro filelines (puc. 3).
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Hesagons 7 Clptersect 0 x

= uoigue 10 | Shape Lenatn |
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Puc.3. Ilpukmax o0’emHaHHSA JOpir B JIHIHHUA 00’€KT 3a IUIOIIMHOIO
[IECTHKYTHHKIB

AJTopuT™M poOOTH CKPHIITa, IO PO3PAXOBYE (PpakTaabHY
PO3MIpHICTB IOpir, HaBeACHO Ha pucC. 4.

Bcboro Oyno BukoHaHo 5 kpokiB. KoxHHI MIECTUKYTHHK
MTOKPUBABCH CiTKOM 3 1, 4, 16, 64 Ta 256 KBagpariB, BiIIOBiTHO
JIOBXKMHA CTOPOHM KBajpaTa 3MeHmIyBamacst y 1, 2, 4, 8, 16
pa3iB. ®pakranbHa PO3MIPHICTE  po3paxoByBajiacs 3a
noromororo MHK.

PesynpTaroM BUKOHAHHS CKPUIITY € BEKTOPHHUH IIap
OICCTUKYTHUKIB B aTpUOYTHBHIA TaONUIN SIKOTO B CTOIIII
FracDim 3HaxonsTbcsi po3paxoBaHi 3Ha4YeHHsS (paKTanbHOI
po3mipHOCTI s KokHOrO 00°ekty. Ill06 oTpumarm came
TPaHCIIOPTHY OCBOEHICTh TepUTOpil Tpeba 1€ 3HAuYeHHs
pozainuty Ha 2 BianosigHo 10 (5). Byne orpumano 3HaYeHHS B
niamazoni Bim 0 mo 1, ske moka3zye CTYIiHB TPaHCIOPTHOI
OCBO€HOCTI TEPUTOPIi, 1[0 HAJIEKUTh IEBHOMY LIECTUKYTHUKY.

I11. PE3VJIBTATU JOCIIKEHHA

Ha pwuc.5 mpezncraBneHa xapra TPaHCIOPTHOT OCBOEHOCTI
VYkpaiHu, sika € pe3yabTaToM poOoTH ckpunra. Ilmomra
IIeCTMKYTHUKa  jopiBHioe 1000 kM2  Ha  Tepuropii
CIIOCTEPIraloThesl HU3bKi 3Ha4eHHs (PpakTalbHOT PO3MIPHOCTI
3a BiZICYTHICTIO HACEJIEHUX IyHKTIB 1 301IbIIIEHHS 11 3HaYeHb B
OKOJIMIAX MicT. [Ipn IbOMY YiTKO IPOCTEKYETHCS 3aJIEKHICTh
MK BEIUYHMHOIO JIOJHOCTI MicTa 1 3pOCTaHHIM IUIONI 3
BHUCOKMM TOKa3HHUKOM (pakTaibHOI PO3MIPHOCTI HABKOJIO
HBOTO.
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Puc.5. Anroputm po6GOTH CKpHITTa

B mponentHoMmy crhiBBimHOmeHHI: Ha 11% Tepuropii
TPaHCIOPTHA OCBOEHICTH MeHIe 0,5 (TPaHCIOPTHO HEOCBOEHA
TepuTopis); Ha 14% — piBeHb TpaHCIIOPTHOI 0cBO€HOCTI Bix 0,5
mo 0,625 (TpaHCIOPTHO HiI3bKOOCBOEHA TEPUTOPIs, TOOTO €
€IMHIYHI JIOPOTH, IO MEepPeTHHAIOTh TEPHUTOpiI0); Ha 63% —
3Ha4YeHHs MoKasHuka Bix 0,625 10 0,8 (TpaHCIOPTHO CEPEIHBO
OCBO€HA TEPUTOPIs, iICHYIOTh HEPO3BHHEHI MEPEXi JOpIr MiXK
HaCeJeHUMH IMyHKTaMu); 1 jume Ha 12% — BHUCOKHIA piBEeHb
TPaHCTIOPTHOI 0CBOEHOCTI B ntiana3oHi Bix 0,8 no 0,855.

SIKIO0 TOpIBHIOBaTH TPAHCIOPTHY OCBOEHICTh PI3HUX
KpaiH CBITY, TO TPOCTEHKYEThCS 3aIEKHICTh MIXK BEIUYHHOIO
LIIJIBHOCTI HACEJICHHS 1 3pPOCTaHHAM IUIOII TepUTOpil 3
BHCOKHM ITOKa3HUKOM (ppaKTaIbHOT pO3MIpHOCTI.

FracDim
[10,000000 - 0,500000
{3 0,500001 - 0,625000
I 0,625001 - 0,800000
W 0,800001 - 0,854880

Puc.5. PiBeHb TpaHCIIOPTHOI OCBOEHOCTI aBTOJOPOXKHBOI Mepexi YKpaiHu

IV. BUCHOBKU

B poOoTi 3ampornoHOBaHO TEONMPOCTOPOBUHA MigXiA a0
JNOCTIDKEHHS ~ TPAHCIIOPTHOI ~ OCBOEHOCTI Ha  OCHOBI
(dpakTaibHOT PO3MIPHOCTI JOPIr, KU TO3BOJSIE OTPHUMATH
KUTBKICHI 3HaYeHHA PO3BHHEHOCTI (piBHA MPOCTOPOBOI
CKJIaZAHOCTI) AUl JOPOXKHBOI Mepexi Oyab-skoi TepHuTopii.
Po3pobneHo anroputM po3paxyHKy (QpakTaibHOI po3MipHOCTI
JIopir Ha ocHOBI boxcounting Metoxy. CTBOPEHO CKPUITOBHIA
iHCTpyMeHT reoo0podku s cepenosuina ESRI ArcGIS 10.7.

BpaxoByloun  BHCOKYy  OOYHMCIIOBaJbHY  CKJIQIHICTh
QITOPUTMY, BEKTOPOM HACTYIHUX JIOCTI[DKEHb B I[bOMY
HanpsiIMKy MO)Xe OyTH po3poOKa MapayielbHUX aJlTOpPUTMIB
oOunciieHHs: (QpakTadbHOI PO3MIPHOCTI, HaNpUKiIaa, Ha
rpadiuaux npouecopax GPU.
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Anomauyis— Po3rasigalotbesi  cuTyamii, KoOJM JIeKijJbka
0e3MJIOTHUX aBiamiifHUX KOMILIEKCIB OJHOr0 4M Pi3HUX THUINIB
MOXKYTh OyTH BHKOPHCTaHi 151 BHKOHAHHS TOCTaBJIEHHX
3aBAaHb. B mnboMy BHmaaky aas BHOOPY CKJagy TIpynu
oe3nisiorHux gitanpHux anapatiB (BIIJIA), mo € onTUMAILHUM
IJ1s1 BUKOHAHHA i€l 3aga4i, indopmauii Ha ocHoBi dopmamizamii
xapakTtepuctuk nux BIIJIA Gyne He nocTaTHbO. B naniii podori Ha
OCHOBi MATeMATHYHOr0 amapaty Teopii HeYiTKMX MHOMHH Ta
Teopii CTATHCTHYHOrO aHaJi3y 3ampomoHOBaHO Wiaxix 10
po3B’I3yBaHHS 3a1a4i BU3HAYEHHS ONTUMAJIBHOIO CKJIAAy IPyNnu
BILJIA i po3po0/1eHO MaTeMaTHYHHUII anapaTt, 10 A03BOJIMTH IO
copmoBanux gpopmanbuux oninkax BIIJIA Ta 3 BUKopucTaHHIM
3ac00iB aBTOMaTH3aNii BUPiLIyBaTH MOCTABJIEHY NMPO0JIeMYy.

Abstract— Often situations appear when several unmanned
aviation complexes of one or different types could be used to
accomplish certain task. In this case, to select the UAV group
composition that is optimal for such task, it would be not enough
to have only information based on these UAVs characteristics
formalization. Therefore, in this work on the basis of the
mathematical apparatus of fuzzy sets theory and the theory of
statistical analysis, we propose an approach to solving optimal
composition of UAV group determQination problem, and
developed mathematical apparatus that allowing to use formal
UAVs assessments and automation tools to solve the described
problem.

Knrouoei cnosa—bBILIA; bnAK, neuwimka nocika, neuimki
MHOMCUHU; KOMOIHAMOPpHA onmumizayisn
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l. Bcryn

B Oaratbox BuUmaakax Juisi BH3HAYEHHS TOTO, YH
OJIMH/JEKiTbKa Oe3MIIOTHUX aBiamiiHux koMminiekciB (BnAK)
MOKHa 3aCTOCOBYBATH JUIs BHKOHAHHS II€BHOTO 3aBIaHH,
JOCTAaTHRO BHUKOHATH OI[IHIOBAaHHA OC3MUIOTHHX IITAIBHUX
amapatie (BIIJIA), mo BxomaTh 1m0 ckiaay 1mx bnAK, 3a
TIEBHIM HabopoM (dopmarizoBaHHX  XapaKTePHCTUK
(mampuxiazn, Ha 06a3i ix kmacuikaiiil), Ta BH3HAYWUTH, UU
3aJI0BOJIBHSIOTh XapaKTepUCTHKHW THX 4 iHmmX bBIIJIA
yMmoBaM 3agaui [1-3]. OaHak y BUNaAKax CKJIAIHUX 3aBlaHb
a0o 3a HaAsSBHOCTI JOCTaTHBOI KUTBKOCTI JocTymHuX BnAK
pi3HUX THUMIB, iHQOpPMAIIii, OTPUMAHO] 32 Ii€I0 METOANKOIO, HE
Oyze OCUTH /sl BU3HAYECHHS ONTUMAIBHOTO JUIsl BUKOHAHHS
nporo 3apnaHHs ckiany rpynmu bnAK. MoximBi curyamii,
KOJIM ISl BUKOHAHHSI 3aBJAHHS MOXYTh OyTH BHMKOPHCTaHi
nekinbka BnAK pisHmx TtumiB. B mpomy Bumanky s
¢dopmatizarii mpobiemMu onTHMi3amnii BHOOPY CKIamy Tpynu
BriAK 1 BUKOHAHHS NIOCTABJIEHOTO 3aBJAHHS HE BJIAETHCS
O0OMEXUTHCS nuie BUKOPUCTAHHSAM po3pobienoi
knacudikanii  bnAK. Tomy mouinbHo chopmyBatn 3
BUKOPHCTAHHSIM MAaTeMaTHYHOIO arapary Teopii He4iTKHX
MHOXXKMH Ta Teopii CTaTHCTHYHOrO aHali3y yHi(pikoBaHY
cuctemy ormiHok BIUJIA, mo Bxomares nmo ckiamy BmAK, i
MIPOBECTH PO3POOKY MaTEMaTHYHOTO arapary, KU 103BOJINTh
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Ha OCHOBI BHUKOpUCTaHHS X (opmanbHux ouinok BITUJIA Ta
3aco0iB aBTOMATW3allii BHUPIMINUTH TOCTAaBIEHY IIpoOIEMYy.
Pesynbpratn poOOTH MOXYTh 3aCTOCOBYBAaTHCh HE JIMILE JUIS
BuOopy BnAK 3 psmy HasBHUX Al BUKOHAHHS KOHKPETHOI
3azadi, aje it gt Budbopy biAK (nabopy pisuux tumis biAK),
SIKI CHIJ 3aKyHNUTH UISI HAWOUTBII e(EeKTHBHOTO BUKOHAHHS
yci€l CYKyNHOCTI 3ajady, 10 MOXXYTb BHUHHMKATH JJISI HUX Yy
MaiGyTHROMY [2].

Il. PO3POBKA VHI®IKOBAHOI CUCTEMU BUBOPY BITAK

BAK mpenctaBisioTh cOOOK CKIIAJHI TEXHIUHI CHCTECMH.
CximagHicTh TpH  (QOpPMYBaHHI METONOJOTII OWIHKHA iX
e(EeKTUBHOCTI INpPH BHKOHAHHI TOCTAaBJIEHUX 3aBIaHb
MOPOJIKeHA TakuMu (paktopamu [3]:

e HeoOxinHicTIo  BpaxyBaHHS  BEJMKOi  KUIBKOCTI
MOKAa3HWKIB  (BMMOT) TpH  OLIHIOBaHHI Ta  BHOOpI
pauioHansHOro Bapianty briAK 3 yciei MHOKHHN HasiBHHX.

o SIKicHIM XapakTepoM YacTHHH MOKAa3HHKIB (BEMOT), IO
BPaxOBYIOThCS MpH OmiHOBaHHI BAK.

e [CTOTHNM B3a€MO3B’SI3KOM Ta B3a€EMO3AIEKHICTIO IMX
MOKa3HUKIB (BMMOT), IO MalOTh CYIEPEWIMBHU XapakTep
(manpuknan, mermui BITJIA € Oinpm CKIagHUM 1 CIIOKHBaE
MEHIIIe TaJbHOTO 32 OJMHUIIO Yacy, ajie MOXKE HECTH MEHIIe
KOPHCHOTO HABaHTa)KEHHS 1 Ma€ MEHIIWH paniyc mii).

i nepepaxoBaHi 0COOIIBOCTI MIPAKTUIHO
YHEMOXKJIMBIIOIOTh 3aCTOCYBaHHS TpaaMLiiTHIX
MaTeMaTHYHUX METOMIB (METOXIB MaTeMaTW4HOi CTATHCTHKH
Ta Teopii WMOBIpHOCTEW) NpH BUSBICHHI MoJeni, ska Oyne
HaiOUTPII e()EeKTUBHO BIITOBIAATH IIOCTABICHOMY IIEPEIiKY
BUMOT..

ToMmy icHye HarajdpHa HEOOXiZHICTE B  PO3poOIi
yHi(IKOBaHOI CHCTEMHU OLHIOBaHHs xapakrepuctuk bnAK, B
SIKifi KopuCTyBad4 Oyne CaMOCTIHHO OOWpaTH BaKIHMBI IS
HbOro Kpurepii Bubopy BnAK (Bkazyroum iX mpioputerH,
HATPUKJIA[l, Y YUCIIOBOMY UM BiJICOTKOBOMY BimHOMICHH1). [ist
il peaunizanii HeoOXinHO:

e Bci nocrymHi ais 3actocyBanHs biiAK ¢opmarnizyBatu

32 PENeBaHTHOI CYKYMHICTIO iX TMapaMerpiB Ta
GyHKIOiA, sSKi MaroTh OyTH 3BEICHI B  €IHHY
iHdopmauiiiny 6a3y.

e CdopmyBarn Ha OCHOBI MaTEMaTHYHOTO alapary Teopii
HEYiTKMX MHOXHH Ta Teopii CTATUCTUYHOIrO aHai3y
yHi(ikoBaHy cucTemy omiHok brtAK.

e [IpoBect poO3pOOKY MaTreMaTHYHOIO afapary, IIo
JI03BOJIMTH 1O LMX (GopMayibHUX ouiHkax bnAK Ta 3
BUKOPHUCTaHHAM 3ac0o0iB aBTOMaTH3amii BHUPIMIATH
TIOCTABJIEHY IPOOJIeMY.

CKJIaAHICTh TIPOIeCY NPHUHHATTS pilleHb 1 BiJICYTHICTH
HEOoOXiTHOTO MaTeMaTHYHOIO anapaTry NPH3BOAUTH IO TOTO,
110 Ipu  OIIHIOBaHHI HEOOXI1IHO o0pobmsiT  Ta
BUKOPUCTOBYBATU AKICHY €KCIEPTHY iHpopMariiro,
chopmoBany Ha 6asi Teopil HeuiTkux wmHOXuH [4-7].
MaremaTiyHa  CTaTHCTHKAa Ta  Teopis  HWMoBipHOCTEH
BHKOPHCTOBYIOTh €KCIIEPUMEHTAJIbHI JaHi, Ki MalOTh CTPOTO
BU3HA4YCHI NMOKa3HUKM TOYHOCTI Ta aocToBipHOCTi. Teopis
HEYITKMX MHOKHH TIPALIOE 3 AKICHUMH XapaKTepPUCTUKAMH, SIKi
TAKOX HA3MBAIOTh EKCIEPTHOIO iH(opMariero [3].

I1l. METO/11 PO3B’ I3YBAHHS 3AJ1AUI

[ing edextuBricTio BmAK po3ymioTs cTymiHE HOTO
MIPUAATHOCTI 10 BUKOHAHHS OCTABJICHUX Nepel HUM 3aBJaHb
Yy KOHKpeTHHX yMoBax poOotu. EdextuBricts BnAK e
y3arajJbHEHOI XapaKTepUCTHUKOI 1 MOXe OyTH BHUpakeHa
(GYHKIiEI0  Big BENMKOI  KUTBKOCTI  PI3HHX  OKPEMHX
XapaKTepUCTUK (TEXHIYHHMX, YACOBHMX, BapTICHUX TOLIO) 1
MoJlaHa y BHUIIIAAI 0araTOBUMIpHOTO BEKTOpPY. [0 KOMIIOHEHT
BEKTOPY  C(CKTHBHOCTI  BCTAaHOBJIIOKOTHCS  Pi3HOMAaHITHI
BHUMOTH, JeSKi 3 SKAX MOXYTh CyNepednTH ojaHa oxHii [8].
Hexaii X — yHiBepcaabHa MHOXKHMHA, TOOTO NOBHA MHOXHHA,
sIKa OXOIUTIOE YCIO MpoOieMHy o6nacte BuOopy BmAK mis
BUKOHAaHHA 3ajadi. HewiTka MHOXHMHaA A — X — me HaOip
ynopsakosanux nap {(X,u’(X)), me X € X i pAX—[0,1] -
(YHKIIS HANEXKHOCTI, sfKa SABISE cOOOI0 NEsSKy CyO €KTHBHY
Mipy BilOBigHOCTI eneMenTa HewiTKill MHOXKUHI; uA(X) MOKe
NpuiiMaTH 3HAYeHHS BiA Hyns, SKUH O3Hadae aOCOIIOTHY
HEHAJICKHICTb, 10 OJTUHMIII, K4, HABIIAKH, 03HAYa€ a0COTIOTHY
HaJIeKHICTh €JeMEHTa X J0 HEeJiTKOi MHOXHHH A. SIKmo
HeuiTKa MHOXXHHA 4 BU3Ha4YeHa Ha CKiHYEHHIW yHiBepCallbHIN
MHOXUHI X={x1,...,Xn}, TO Tl MOXHa MMOJATH TaK:

A:ﬂA(X1)/X1 +/UA(X2)/X2 oot
M 00) % = D i 06) %,
i-1

ne pA(X)/xi — mapa ,,pyHKIiS HanexKHOCTI/eqeMeHT’, 110
HA3MBAETHCS CUHIJITOHOM, a ,,+”° — BH3HAYA€ CYKYIHICTD Map.
Ha HeuiTKMX MHOXXHHAX BH3HAYAIOTHCS HEYITKI YUClia — 1€
HeuiTKa MHOXXHHA A, BU3HAUY€HAa Ha MHOXHHI JIHCHUX YHUCE,
KO 11 (DYHKILISI HAJIEKHOCTI HOPMaJlbHa Ta OIyKJia

sup 1 (x) =1, x <y <z = u*(y) 2 min(u" (x), 1 (2))

xeR
Lo ye 3a popmyna, wo supasicae?

ApudmernyHi omeparii Haa HEYITKHMH 4YHCIAMH B
3araJlbHOMYy BHIIAJKy IOCHTh CKJIaJHi, TOMY iX HEepeBa)KHO
nozxatoTh B LR-bopmi, mo Biamoinae omucy niBoi Ta npasoi
gactuH (yHKii. Tomi HediTkoMy 4ucTy A BiAMOBigae QYHKITiSA
HaJIeYKHOCTI!

LA™=X) o >0, vx<m,
a

R(%), £>0,vVx<m,

ut(x) =

Tyt L i R — dyHkuii, mo mMarTe Taki Bnactusocti: L(-x)=
R(x); L(0)=1; R moHOTOHHO criajiae Ha mpoMixKy [0, o], a m —
cepeJlHe 3HaYeHHsI HEYITKOTO Yncia A, o — BIIXWICHHS 3J1iBa,
— BIOXWIEHHs clpaBa. BHUKOPUCTaHHS HEYITKUX YHUCET Ta
MHOXXUH JIa€ 3MOT'y 3aCTOCOBYBATH HEUITKY JIOTIKY.

SIk BiOMO, HEYITKMM JIOTiYHHM BHpPa30M Ha3UBAIOThH
¢dopMyny, B CKIam SIKOI BXOAATh HEWITKI TpeIuKaTH —
Bino6paxenns PF:X"—[0,1], ne N — Gyab-fike HaTypajbHE
YHCIO, WO HaixexuTh Biapisky [0,1]. Ywucno, sike mpemukat
CTaBUTH Y BIAMOBIAHICTh KOHKPETHOMY Ha0OPy X;, HA3UBAIOTh
piBHEM iICTUHHOCTI JaHOTO BHpasy. Hax cCkiIafHUMU HEUiTKUMH
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JIOTIYHUMH ~ BUpA3aMU TPOBOJATBCS  JOMyCTUMI miil  —
KOH FOHKIIIA, T3 IOHKIA Ta iHBepcis. HediTkoro Ha3uBaeThCs
JIOTiKa, 7€ pIBeHb ICTHMHHOCTI BHpa3y OOYHUCIIOEThCA 3a
JIOTIOMOTOI0 ~ ONepaliif HaJ HEYITKUMH MHOXXHHAMH Ta
guciaamd. Lle  BUKOHYETBCS  BCTAaHOBJICHHSAM  HOPOTY
noTpi6HOTO piBHIO icTHHHOCTI Y0€(0,1), MpUIOMY B 3araJbHOMY
BUIIAJIKy PIBCHb ICTUHHOCTI TaKOX BHSIBHTHCS HE YHUCIIOM 3
Biapizky [0,1], a HewiTKUM gmCcITOM.

Y CHpoleHOMY BHIAAKYy PO3PAXYHOK KOMIUIEKCHOTO
mokasHuka omiHku BignoBigHocTi BIIJIA mocraBieHOMYy
3aBIaHHIO MOJKHA 3[iMCHIOBaTH 0€3 BUKOPHUCTAHHS HEUiTKOi
JIOTIiKH, 32 JIOTIOMOT0I0 0€3pO3MipHHX BiHOCHUX ITOKa3HUKIB
[9]. Hopmysanus mokasHuka Pj — pospaxyHOK iforo
BIZITHOCHOT'O 3HAUEHHS (jj — TOZ1 BAKOHYETHCSI 3 BHKOPUCTAHHSIM
nokaszHuKiB 6azoBoro BITJIA nanoro tumy Pjj, B sIkOCTi sSIKOTO
BUKOPHUCTOBYEeThCsl ineanbuuii BIIJIA, mo 06’eqnye B coOi
HalKpaIn 3Ha4eHHs 10 BCiX, 0e3 BHHATKY, MOKa3HUKaX, SKi
aHai3yloThess Ui BignoBiaHoi rpynu BITJIA (mampukian,
ineanpanit BIIJIA s mocnmimpkeHHs TepUTOpii, imeanbHUI
BIUTA s petpaHciAiii curaany i T.1.).

Y BHmagKky mOpOCTUX  KpPHUTEpiiB  mei
BiJINIOBITHOCTI BUMOTaM BH3HAYA€THCS BUPA30M:

N; = lg(ay),
i=1

Iie N — KIIBKICTb IMOKa3HUKIB.

Jnsa cxragHUX 3amad, e MOXKYTh 3aCTOCOBYBAaTHCH OiNBIIT
CKJIamHI KpHUTEpil, KOMIUIGKCHHN TMOKa3HUK BIIMOBIMHOCTI
BIIJIA mocTaBiaeHMM BHMOTaM BH3HAYA€ThCS TaK:

N; = Z(l—q“)z-
=

YuMm MeHma aOCOMIOTHA BeJIWYMHA KOMIIJIEKCHOIO
MOKa3HHUKa BIIMOBIAHOCTI BUMOTaM, TUM BHIIMH BJIaCHE PiBEHb
BiamoBigHOCTI Wi gaHoro BITJIA.

Aute, sk Bxke OYJI0 CKa3aHO BHUIIIE, IIEH MiXi]] HE MOXE JaTH
TOYHUX pE3yJbTaTiB dYepe3 Te, OO HEe BPaxOBYE iCHYIOUI
B3a€MO3B’SI3KM MK MMOKasHHKamu. KpiM TOro, ineanbHUi
BITJTA — abcTpakuis, 60 K0)KHa peanbHa 3a/1a4a Mae CBiid Hadip
BUMOT JI0 iteasibHOTO ist 11 BukoHaHHs BITJIA (uu ix Habopy)
TOTO YH IHIIOTO KJIAacy, IPUIOMY IIi BUMOTH YacTO CyIlepevarhb
onHa ofHii. ToMy 3a JOTIOMOTOIO IFOTO METOY OIiHKA PiBHS
BignosigHocTi BITJIA mocraBieHUM BUMOTaM MOKe Oy TH JTUIIIE
HAOJIKEHOI0 — TOYHOTO PE3YJNIbTaTy BiH HAJAaTH HE B 3MO31.

Jlst ominku edpektuBHOCTI BITJIA, 1o miansrae po3risy,
CIiJ BUMIIMTH HAWOUIBII BaKIMBI IMOKA3HUKH, IO MAalOTh
CHUCTEMHHMI XapakTep 1 BH3HauYaloTh BiAMOBigHICTH BITJIA
MOCTaBJICHUM TIiepel HUM 3aBJaHHsM. Ha3Bemo HaiOinbin
YHiBepcaJlbHi cepell IUX MOKa3HUKIB:

ITOKa3HUK

tun BIUJIA 3a npusnadenicrio (K1) — tabmuugs [

THIT CHCTEMH KepyBaHHs moboToM (K3) — tabumus IT;
macirrab 3asaanb (My) — tabmurs 111,

MaKCHMallbHa BUCOTa MOJb0TY (M2) — Tabuums 1V
MaKcUMallbHa MBUAKICTH M070TY (M3) — Tabmuis V;
MaKCHMaIbHUI Yac noyboty (Ms) — tabmuns VI.

TABJIMLIA 1. Turt BITJIA 3A IPU3HAYEHICTIO

=1 =2 =3 =4

CroctepexHi | MOHITOPHHTOBI JlucTanmiizo- Indopmamniitao-
30HAYIOUI PpO3BinyBajbHI

=5 =6 = =8

OxopoHHi 3B’513Ky TpaHcropTHi 3abe3neuyBajb

Hi
=9 j=10 =11 =12
PobGoui Jlormomi>kHi Komepuiitni Bararorinsosi

TABJIMLA 1. Tur BITJIA 3A CUCTEMOIO KEPYBAHHS TTIOJILOTOM

=1 =2 i=3

ApronomHi | TenexepyBainbHi (a — komanzHi, b — | Kom6inoBaHi
pamioHaBirariisi)

TABJIMLIS IV. Tun BITJIA 3A MACIITABOM 3ABIAHb

=1 j=2 j=3 =4

1o 0,025 kr 1o 1 xr 1-10 kr 10-100 kr
j=5 j=6 =7 j=8

100-1 Tuc. xr 1-5 Tuc. xr 5-10 tuc. kr >10 tuc. kr

TABJIMIA V. Tur BITJIA 3A MAKCUMAJIBHOIO BUCOTOIO TTOJILOTY

=1 =2 =3 =4 =5

110 200 M 200-1000 m 1-4 xm 4-12 xm 12-50 xm

TABJILA VI. Tur BITJTA 3A MAKCUMAJIBHOIO IIBUJIKICTIO
]:1 J:2 J:3

1o 100 km/Tox 100-300 xM/rox 300-600 km/Tox,

= =5 i=6

Bix 600 Km/rong [0 |> HIBHAKOCTI 3BYKY | > HIBUAKOCTI 3BYKY B 5
IIBHAKOCTI 3BYKY 70 5 pasiB) pasiB i Ginbmre

TABJIULIA VIL Twurt BITJTA 3A MAKCUMAJIBHUM YACOM MOJIBOTY

= =2 i=3

10 1 roquun Bix 1 10 3 rogun BiJ 3 10 6 roguH

=4 =5 =6

Big 6 10 12 roguu Big 12 10 24 roguu | monaz 24 roauHu

[Ipu mpomy mokazHukn K SBISIOTH COOOI0 TOKAa3HHUKH
B3a€MOBHKITIOYHOTO THUIY, TOOTO sKio BITJIA Hanexuts 10
[IEBHOTO BapiaHTy 3a MMPUHIIUIIOM CTBOPEHHS ITiIHOMHOI CHIIH,
BiH HE MOXXE OJHOYACHO HAJEXaTH 10 IHIIUX BapiaHTIB.
IlokazHuku M -- e TOKa3HMKM TaKOro THUITy, IO KOXKEH
HAacTyITHMH BapiaHT BKJIOYae B cebe BCi IOIepenHi.
Hampuxnan, sixmo BITJIA Mae MakCUMaJIbHY BHCOTY TOJIBOTY
10 12 KM, TO BiH TaKOK BKIIIOYA€ B ceO€ 1 MOKJIMBI BUCOTH 10
4 xm, 10 1 KM 1 T.1.

AuJre icHYIOTh ¥ iHII NTOKAa3HUKH, IPUYOMY BOHH MOXYTb
3MIHIOBATUCH B 3aJIEKHOCTI BiJ THIY Ta kiacy BITJIA, a Takox
Bi OCOOJMBOCTEH IOCTABJIEHOrO0 3aBJaHHS. SIKIIO XK
posrasiaatu BignoBinHicTs BITJIA B mocTaBieHUM Tiepes] HUM
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BUMOI'aM JIMIIC IO WM IIOKa3HHKaM, TO IO BiﬂHOBiHHiCTL
MOYKHA TPEJCTABUTH Y BUTIIS/II BEKTOPY HOTO XapaKTEePUCTHUK.
B:{Kl.Ml,---,Km.Mn},

e M Ta N — MaKCUMAaJIbHI KIJBKOCTI IMOKa3HUKIB BIAIIOBIIHO
tunis K Ta M.

Habip BuMor KonmMBa€eThCs B 3ayIeKHOCTI Big Tumry BITJIA —
Hanpukian, ans perpaHcisiuiiHux BITJIA He Mae ceHcy
PO3TISIIATH THIT HaBaHTaXeHHA. T00TO KoxeH kiac BITJIA mae
CBiil BeKTOp NMOKa3HUKIB (PyHKUiN). 3HAYEHHS IIUX OKPEMHUX
MMOKa3HUKIB sl KOHKpeTHOro BITJIA Ta BUMOTH, BUCYHYTI 10O
LBOTr0 IOKAa3HUKA, HaMKpalle NeMOHCTPYIOTh BiJIOBIIHICTH
nmanoro BIIJIA mnocraBneniéi 3amaui. J[ag BHU3HAYECHHS
BignoBigHocTi BIIJIA BuUMOram st KOXHOTO TPYMOBOIO
MOKa3HUKA BU3HAYAIOTHCS AOCSTHYTI MOKA3HUKHU JAHOI TPYIIH,
Ta IX BIANOBIAHICTH IMOTPIOHOMY pIBHIO LUX HOKA3HHKIB.
CyMapHi 3Ha4eHHs YCiX MOKa3HMKIB IPYIH XapaKTepU3yIOTh
METy 1 JOCATHYTE 3HAUeHHA II0 KOXXHOMY TIPYIOBOMY
MOKa3HUKY. HampukiHii — po3paxoByeThcs — iHTErpajibHE
OIIIHOYHE 3HAYCHHS (/17151 BU3HAYCHHS CTYIICHS CIiBIaNiHHA). B
pe3ynbTaTi AaHUX OOYMCIEHb MU OTPUMAEMO 3HAYEHHS, IO
xapakTepusye cTymninp HaOmmkeHHs BIIJIA no BucyHyTmx mo
HBOT'O BHMOT 110 y3araJbHEHOMY MOKa3HHKY. [lo oTpumaHum
pe3ynIpTaTaM MOXKHA OIIHIOBATH, UM BinmoBinae manuit BITJIA
MOCTABJICHUM TIepe]l HUM BUMOTaM B JOCTATHIN Mipi.

Haii0inpm edextuBHEM Oyne BHKOPUCTAHHS —I[HOTO
miXoAy TpH HOro peamizauii y BHIJBIII HPOrPaMHOTO
MPOXYKTy AJISl aBTOMATH3allii BUIICONHCAHUX OOYNCIICHb, IO
Oyne BukopuctoByBath s Bubopy BIIJIA, HaiiGLIbII
3aCTOCOBHOTO [UIi BHWKOHAaHHS IIOCTABJICHOTO  3aBJAHS,
norniepeHbo  copMoBaHi  yHidikoBaHi HaOOpH IOKAa3HHUKIB
ycix HasBHUX BIUJIA. Ilpy mboMy KOpPHCTYBady CHCTEMH CIIiJ
HaJaTH MOXKJIMBICTH OOMpaTH SK NOTPIOHI HOMY MOKa3HUKU
(pynxkii), Tak i BaroBi kKoeili€eHTH KOXHOTO MOKa3HHUKA 3
00paHOTO BEKTOpPY TMOKAa3HUKIB. B sKOCTI J10AaTKOBOTO
MMOKa3HUKa MOYKHA TaKOK JOJaTH 3py4YHicTh kepyBaHHs BITJIA.
[Ticnst  1BOro  BHKOHYEThCS MOMIYK 3  ypaxyBaHHIM
BCTaHOBJIEHUX BUMOT 110 ychoMy crincky BtAK manoro kiacy
(mexkinmpKOX KiaciB) y BiAmoBigHOCTI A0 (GOpPMYIH, IO

BUKOPHCTOBYE  BHIICHABEJCHUI  MaTeMaTHYHHMN  amapar
HEYiTKOI JIOTIKH:
n k n m
2= > Aday X+, > Aday u(x;),
i=1 j-1 i=1 j=k+1

Lo ye 3a senuyuna i Ik GUKOPUCMOBYEMBCSL NPU NOULYKY?

JIe Xj — MIOTOYHE 3HAYEHHs j- BUMOTH, ¢j — CTYMiHb BIUIUBY
BHMOTH Ha 3araJIbHUHN pe3ynbTaT (11 koedimieHT, BCTAaHOBICHHUIN
KopuctyBadeM), AQi — o00JacTe JOIMYCTUMHUX BiIXWUJICHB
BiamoBigHocTi BmAK BuMoram. VY 3araibHOMY BHMAIKy
OIIIHIOBAHHS TPOBOJHUTHCSA SK MO KUIBKICHUM IapaMeTrpam
(mepii K BUMoOT 13 3aranpHOro Habopy M), Tak i Mo SKiCHUM
(ocrauni M—K), Ui OLIHKK SIKMX 1 3aCTOCOBYETHCS HEYITKA
JIOTiKa.

et momryk nae 3mory BusHaunt brAK, 1o BifmoBiiaoTh
NepCOHAJIBHUM BHMOraM IoTo4HOi 3anmaui. Takox y
BIANOBITHOCTI 10 KIIBKOCTI  OTPHUMAaHUX  PE3yJIbTaTiB
oOupaeTbcs A-30Ha MOXJIMBUX pillleHb, IO BCTAHOBUTH

JOIYCTUMHH PiBEHb BIJXWICHHS OTPUMAaHUX PE3yJbTaTIB BiX
3alaHUX BUMOT [nocunamms na mepmin A-30nal. Posmip miei
30HM (piBEHb BIAXWJICHHS) TaKo)X [OBHHEH OOHMpaTucs
KOPHCTYBa4eM CHCTEeMH. MOXIMBE TaKOX BHKOPHUCTaHHS
JICKITBKOX Tpajaliii BUOIpKH — MPOBEICHHS BUOIPKHU 13 BXKE
chopMoBaHOi BHOIPKH IO IPYTOPSAHAM TapameTrpam st
3MEHIIECHHS KUIbKOCT] BapiaHTiB Ta OOpaHHs KpaIluX 3 HUX.
TakuM dYMHOM, TIPOTOHOBAaHUM MiAXiy MJa€ 3MOTY
kopuctyBauy obupatn BnAK um HaGip BnAK, ski mortpiOHi
caMe Ui BUKOHAHHS ITOTOYHOTO 3aBIaHHS, HE BUTPAvaIOUH
KOXKHOTO pa3y 4Yac Ha IOLIYK Ta IepeBipKy MapamerpiB Ta
xapaktepuctuk BIIJIA y ckmami BnAK. IlomiGHmM uymHOM
MOKHa Bu3HauuTH, ki bnAK € ontumanbHuM BHOOpOM UTs
BUKOHAHHS CYKYIIHOCTi 3ajady, IO MOXYTb BHUHUKHYTH B
MaioyTHbOMY, Ipu BuOopi nux briAK st 3akynku.
HanpsiMoMm mopanbmnx JOCTIDKEHb IMiCis BHU3HAUCHHS

ontuManbHoro ckiaay rpynu BIIJIA i BHKOHaHHS
MOCTAaBJICHOTO 3aBJaHHSA € PpO3B’s3aHHs 1HIIOI 3aj;adi
omTuMmizamii - 3amadi TOOYOOBH ONTHMAaJIbHOTO HAOOpy

MapUIPYTiB JUI BUKOHAHHS 3aBJaHHS B HAHKOPOTLIMH TEPMiH
i 3 MiHIMaJIbHUM BUKOpHCTaHHIM pecypcis [10].
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Anomayia—Po3rAsiHYTO 3aCTOCYBaHHS mNaayOHOI aBiamii — Knwuosi cnoea—oesninomui nimanvui anapamu (BILIA);
rpynu BIIJIA. Ile na€e 3HayHe MiABHINEHHS ONEPATHBHOCTI nioguuienna 6e3nexku; UKUOU Memany; nanyoa cyona

BUSBJICHHS 3arpo3JIMBHX MicIlb BUKH/IB MeTaHy. . R . R
P ! " y Keywords—unmanned aerial vehicle (UAV); increased security;

Abstract—Application of ship deck aviation — UAV group is methane emissions; ship deck

considered. This gives a significant increase in the speed of
detection of methane emissions.
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l. BceTyn

[lin 9ac TPOXOMKCHHS OKECAHIYHUMH ab0 MOPCHKUMH
LIUIXaMd ~ MOPCBKI  CyJHAa  CTHKalOThess 3 OaratbMa
HepeIKoJaMy, HeypaxyBaHHS SKUX MOXKE KOIITYBATH BEJIUKHX
BTpaT, — EKOHOMIYHHX Ta HaBITh JIIOJCHKUX.

OpmHa 3 TakWX 3arpo3 — SIBHINE PAITOBOTO ITiJBUICHHS
KOHLIEHTpalil MeTaHy HajJ TIOBEPXHEI0 MEBHUX [IISTHOK
MOPCBHKOi akBaTOpil MiJ Yac MPOXOMKEHHS TaM MOPCHKHX
cyneH. J{ns MOpCBHKHMX TPaHCIOPTHHX 3aco0iB Iie € BKpai
HeOesmeynnM. Hampukman, mnpm  «3aamoBoMy» BHUIIICHHI
BEJIMKOI KUTPKOCTI MeTaHy (O10JIOTIYHOTO Ta BYJIKAHIYHOTO
MMOXO/PKEHHS) B MOPCBKY BOAY 3 TOpPiI MOPCHKOTO JHA
IITBHICTD BOOW B 30HI METAHOBHALICHHS 3MEHIIYETHCS IO
Takol MipH, 1110 0arato 00'eKTiB B IIii 30Hi, Ta KOpadIi B TOMY
YHCIT, HE MOKYTh BTPUMATHCS Ha IOBEPXHi i TOHYTH [1, 2].

Il.  OrJyisgg METOJIB BUPILLIEHHS ITMTAHHS TA
IIOCTAHOBKA 3AJIAUI

3arpo3y METaHOBHJAUICHHS [UISl TMPOXOJDKEHHS BOJHHX
CyIeH poOJiATh HEOOXiTHMM NOCTIHHMHA MOHITOPUHI CTaHy
KOHIICHTpaLil MeTaHy B IPHIOBEPXHEBHUX MIapax aTMochepH 3
«METaHO-HEOE3MEeUHNX»  00JacTeil  y3J0BXK  OCHOBHHX
MOPCBKMX OUIsIXiB. Ha 1mell wac Bke TPOBOAUTHCS
BUMIPIOBaHHS KOHIICHTpamii MeTaHy B armocdepi Hax
MOPCBHKOIO aKBATOPi€I0 METOAAMHU TUCTAHLIHHOIO 30HIYBaHHS
3emii (/[133) 3 BHKOpHCTaHHAM IITYYHUX CYIMyTHUKIB 3eMIli
(ILIC3), 30kpemMa 3rifHO 3 MDKHAPOAHOIO  HAYKOBOIO
MIPOTPaMOIO IS I[iIeHf MOHITOPUHTY 3MiHH. Bimowmi Tak
3BaHI KOHTAKTHI METOJU BUMIPIOBAHHS KOHIICHTpAIll METaHy
[2] 3 nonomororo OyHKOBHX CTAaHILIN 3 JaTYNKAMH BHSBICHHS
MeTaHy. AJie po3TramlyBaHHs IX Ha BChOMY 3allJIAHOBaHOMY
LUIAXY TPOXO/DKCHHS CyJHA HEMOXJIMBO 3a0€3NEeYHTH
¢bizuuHo.

IMocraHoBKa 3amadyi — po3poOKa KOHIEMIlii Ta BapiaHTIB
TEXHIYHHUX PILICHb YIS MiIBUINCHHS OE3MCKH MPOXOIKCHHS
MOPCBKHX CyJEH B yMOBax MOXJHMBOTO  panTOBOTO
MeTaHOBI/I[[iJ'IeHHSI Ha I[iJ'IHHKaX MPOXO/PKEHHSA MOPCBKUX
CyJIeH, a caMe METOJaMH OIepaTHBHOro (Oe3rmocepe/IHbO B
MPOIIECi PYXY Cy/HA) BUSABJICHHS PH3UKY METAaHOBUAUICHHS Ta
MOMEePeKEHHsT KOMaHIyBaHHs Cy[HAa [P0 HAasBHICTh Ili€l
3arpo3u B 00J1aCTi 3aIJIAHOBAHOTO MApIIPYTY CITiAyBaHHS.

I1l.  KOHLEMNLIA HOBYAOBH ITIPUHIIUIIIB TEXHOJIOI'Ii
MIABUILEHHS BE3IEKU ITPOXOKEHH I MOPCBKUX CYEH
OKEAHIYHMM TA MOPCbKHUMU IIISIXAMU

ABTOpaMH TIPOTIOHYETHCS B SAKOCTI 3a0e3neueHHs Oe3neKkn
CyIHONJIABCTBA  BIA  3arpo3d  MOJIMBOTO  PanTOBOTO
METaHOBHUIIIEHHS Ha JIITHKAaX IPOXO/DKEHHSI MOPCHKUX CYyJICH
nepeadaunTy Wi Yac TPOKIAAAHHS MapUIPyTy KOXKHOTO
OKPEMOro CyJHa MPOBEACHHS TPbOX MPOLEAYP:

1) ypaxyBaHHs CTATHCTHYHUX HaHWX (Ha TpoTs3i 2-3
POKiB) TIPO HAasBHICTb Ta KOOPIMHATH Micub
3arpo3JIMBOTO METAHOBU/IIICHHST;

2) ypaxyBaHHs Pe3yJbTaTiB BUMIPIOBaHHS KOHIIEHTpALii
razy MeraHy (K WMOBIpHOTO TepeABICHMKA Ta30BHX
BUKH/IiB) METOZAMH JIMCTAHIIHHOTO 30HAyBaHHS 3eMJIi
3 BUKOPUCTAHHIM Tpymu cremianizoBanux 1IC3;

3) ypaxyBaHHS pe3yNbTaTiB BHMIPIOBAHHS KOHIICHTpALl
rasy MeTaHy B pEeXHMI peajJpHOro dacy 3
BUKOPUCTAHHIM PO3BIIHUKIB, — OC3MIIOTHUX
nitanpaux amapatiB (BIIJIA), ocHamernx G0pTOBOIO
arnapaTtyporo Uil ONEepaTUBHOIO BHMIPIOBAaHHS HUMH
PIBHS KOHLIGHTpALii METaHy Y 4YeproBOMY IIPUBOTHOMY
1Iapi y3/10BX MapIIpyTy CJIilyBaHHS Cy/IHa.

Ilepmi agBi mpouexaypd  BHUKOPHCTOBYIOTBCS — IPH
TIOTIepeTHbOMY Y3TO/DKEHHI MapLIpyTy; TPeTs Ipouenypa —
Oe3rmocepeIHkO i 9ac pyxy CyIHa.

Tinpku cum0i03 nuX mpoueayp Aae eGeKTHBHE BUPIILICHHS
3ajadi:

1) 3 mapupyTy MOBHHHI OYTH BUKITIOUCHUMH ALTSHKH, [
MOCTIHHO, HA TIPOTA3I POKIB, CIIOCTEPEIKYIOTHCS
HeOe3MeYHi BUKHIN METaHy;

2) aHami3yroThes Oinbin omepartuBHi fani J[33 BomHHX
nursxiB 3 goromororo 1IIC3. CywgacHuit ctad po3BHTKY
KOCMIYHOI TEXHIKH J03BOJISI€ 3a0€3MeYUTH MOCTIIHUIHA
MOHITOPHHT KOHIIGHTpAIlii MeTaHy B IPHUBOJTHOMY
mapi CeitoBoro OkeaHy 3 OTPUMaHHSIM KOXHOTO JTHS
(1 pa3 B 24 ronuHM) MaHWUX 1O ONHIH 1 TiH caMiit oOmacTi
Y3I0BX OCHOBHHX MOPCHKHX HUTAXIB [3].

3) 3aszpmanerine Ha OOpPTY CyAHA PO3MIIIYIOTH TPYILY
crenianizoBanux BIIJIA (BapianT nanyOHoi aBiamii),
SKi OCHAIICHI amapaTypol JUIi  OIEPaTHBHOTO
BUMIPDIOBaHHS  PIBHA  KOHIEHTpamii MeTaHy B
MIPUITOBEPXHEBOMY BOJHOMY IIapi Ha HAWOMMXKUid
3arpo3JMBil JUISHII MapupyTy CJiJyBaHHs JaHOTO
CyZHa Ta Iepejadi UX JaHuX Ha CYJIHO B peaJbHOMY
qaci.

Ha ocHOBi OTpHMaHMX HaHHMX KalliTaH CygHa HpUAMae
PIlLIEHHS PO 3MiIHY MapIlIpyTy CliyBaHHS Cy/HA.

3acrocyBanHs manyOHOI aBiamii, — rpymu BIIJIA, nae
3HAYHE IIiJIBUILECHHS ONEPAaTHBHOCTI BHSBICHHS 3arpO3JIMBUX
MiCllb METaHOBHUX BHKHUIIB, aJDKE Y TPAKTHLI CIIOCTEPEKSHHS
32 BHUKMJaMH METaHy BaXIIMBHM € XapaKTepHa Uil HHUX
CTIIOHTAHHICTh 1 HemepenOadyBaHicTh. HaBiTh OHOBIIOBaHA 3
YaCTOTOIO OJIM3BKO 2 FOJJMHU KapTa MiCllb METaHOBHU/IIJICHHSI HE
MOJKe OyTH HaJiiiHOIO iH(pOopMalielo (BUKUAN METaHY MOXKYTh
OyTH PanTOBUMH i IIOTPOKYBATH TPAHCIIOPTY OE3MOCEPEIHBO B
MoMeHT pyxy). Kinbkicts BITJIA Ha 60opTy cyqHa BU3HaYa€eThCA
3 ypaxyBaHHSM OI[IHKH BEJIWYMHH PU3HMKY MOTPAMUTH B 30HY
He0e3MeYHOTo JUIs CyJHa METAHOBUAIJICHHS Ta PU3HKY BUXOJY
3i crporo BITITA.

1V. TIOCJIIOBHICTG A1 BUKOPUCTAHHS BITJIA

1) Biampaska rpynu BIUJIA mnomepeny Kypcy cyaHa
Y3JI0BXK obpaHoro (HamiveHoro) KaIrmiTaHoM
MapIpyry.

2) BumMiproBaHHS KOHIICHTPAIlil METAHY CIIEIiaTi30BaHO0

arnapaTyporo Ha NpoTs3i BChOro pyxy KoskHoro BITJIA
B3/I0BXK OOCTE)KYBaHOT HUM JiISTHKH MapIIpyTy.

3) Ilepemaua Ha CyAHO B pealibHOMY dYaci 3 KOKHOTO
BIIJIA indopmauii npo piBeHb 3apeecTpoOBaHOI
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KOHLEHTpALil METaHy Y3[0BX MaplIPyTy IOIEpeny
CHiyBaHHS JaHOTO CyAHA.

4) TIpuiHATTSA ONTUMANBHOTO PILICHHS PO MOMANbLINIL
PYX CyIHa B3I0BK IOTOYHOI JIISTHKY MapLIPyTy CyAHA
Ha OCHOBI OOpPOOKM OTPMMaHMX AaHHX NP0 PUUKHU
METaHOBUBEPIKECHHS.
BucHOBKU
Komruiekc ~ 3acTOCOBYBaHMX  3aXOJiB  MOHITOPHHIY
iHpopmamii  Tpo  HAABHICTH  MiCIhb  HEOE3NEYHOTO

METaHOBU/IIICHHS BUKOPUCTOBYE HACTYITHI BXiIHI JIaHi:

CKIIalcHy  TOMEepeqHbO  KapTy  HMOBipHOCTEH
METaHOBUKHIIB B3I0BXK IUIXY ITPOXOJKEHHS Cy/IHa;

iHpopMamito, 10  ONMEepPaTHBHO  HAIXOAWUTH 3
BUMIpIOBAJILHOT amapaTypH, sika 0a3yeTbcsi Ha TpyIi
0e3MUTOTHUX HOCIIB amapatypu (K BapiaHTy MaixyOHOT
aBiarii).

Besrnieka nmpoxopKeHHS! CyIHa MiJIBUIIYETHCS 38 PaXxyHOK
CBOEYAaCHOTO KODHUTYBaHHA MapuIpyTy, 3BaKaloud Ha
OIIEpaTHBHO BHUSBJICHY METaHOHEOE3IEKY.
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Anomauyia— B 1iii podoTi po3ryIsiHyTO 321a4y NPOTHO3YBAHHS
YacoBHX PAiB JaHUX 3a JONOMOIoN MojJeleil KepoBaHOro
HABYAHHA HEHPOHHUX Mepex. 3anponoHoBaHO  miaXix
PO3B'sI3aHHS IOCTaBJIEHOI 3afayi NMPOrHO3YBaHHS Ha NpHUKJIAIi
MPOTrHO3YBaHHA LiH (piHAHCOBUX iHCTPYMEHTIB, 110 00epPTAIOTHCS
Ha Oip:KaxX, a TaKo)K ONMHCAHA CHCTeMa 300py, MiIATOTOBKH Ta
00po0KM [JaHMX Ta NOJAJBUION0 AaHATIZy 3a [10MOMOIOI0
HePOHHUX MepexX, fika 0yJjia CTBOPpeHA Ha MPOTA3i BUKOHAHHA
podoTu.

Abstract— Prediction and analysis system based on historical
data structured as time series and processed with neural networks
models is subject of this paper. The approach of solution of the
task of prediction of shares quotes for financial instruments listed
on stock exchanges described along with particular system of data
collection, structuring, classification, processing and following
analysis with neural networks model that was developed.

Knwuoei cnoea— wmyunuit inmenekm; 2iopuoni HeuponHi
Mepedci; Keposane HAGUAHHA; RPOZHO3Y8AHHA YiH aKUiil.
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Keywords— artificial intelligence; hybrid neural networks;
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l. INTRODUCTION

Forecasting based on big data is an important task in many
industries, especially in financial services and investment. One
of the key goals in investment process is definition of profitable
assets to add to investment portfolio. Current volatile
investment markets, especially following the COVID-19
pandemic situation, affected local and global markets, made
stock market more attractive for retail and professional
investors due to moderate risk, comparing to derivatives, Forex,
etc. Efficient investments on stock market normally based on
prediction of stocks quotation. Such prediction based on the
theory that historical data contains the necessary information to
predict future trends, this process involves the tasks of sorting,
classifying, structuring, various processing and forecasting
methodologies [1]. About 10 years ago, corporations such as
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Yahoo, Google, FT, Refinitiv, and others released API products
to open up access to an increasing amount of data from financial
institutions that allow them to get data directly from financial
markets, including benchmarks, news, analytical articles and
forecasts. In general, only a small part of this information is
structured, most of it is incomplete, fragmented. With proper
data acquisition and structuring this data used in the research.
The architecture and sources specified in the paper.

The forecasting and modelling in this work focuses on
heterogeneity of the process of stocks prices forming [2]. The
set of factors that affects stock price of individual company
listed on the stock market is information generated daily: news,
press releases, announcement (News) and information about
company economics (revenue, stability of leadership team,
EBITDA, etc.), that is why time series analysis used. As it is
not easy to predict crisis in the industry (e.g. COVID-19 effect
on Qil industry), local and global market shifts, unexpected
situations in one single company the prediction models will be
focused on several layers: company level stock price, valuation
of portfolios, common market Indexes (NYSE, S&P). To
accomplish the goal, following steps are to be completed: create
a structured sample of test data structured for time series
processing, identify effective mathematical models, create a
system for automated design of hybrid neural networks and
auxiliary systems, perform a series of simulations and perform
validation of results in comparison to common methodologies.

Il. NEURAL NETWORK MODEL OVERVIEW

The heterogeneity of the stocks prices forming process was
put in center of the research, it is understood as the situation
when the probability characteristics of the process, the sample
of which is observed, "significantly" changes in the observed
period, or when the patterns from the sample belong to several
“clusters” that differ significantly in characteristics.

Most of the existing predicting problem statements assume
that the nature of the predicted process does not change in the
observed period, and thus, the problem can be solved by finding
the desired model and estimation of its parameters using all
available data [3]. However, often the behavior of the predicted
process can change significantly several times during the
observed period, which makes such problem statement
incorrect - a one single model will not be able to describe
several different states of the process. Consider the statement of
the predictive problem, which explicitly takes into account the
problem of the inconsistent nature of the forecasted process.

Let there be:
S={(X,y;):i=1.n

every pattern is (Xi> Y1) consists of a vector of values
of inputs and the corresponding output value;

e sample of patterns } , Where

e model f, which depends on some vector parameter
0 = [9,...,c9m]T and in the most general way it

describes the predicted process — keep in mind that,
depending on the parameter values, the model is able
to describe all the possible states of the projected
object.

e Need to find:

eset of parameter vectors © 2{91,...,9k}, such that the

vector @ j

subset of  the

is optimal according to the criterion L, on

some output  data S,:

G«):{@j 1, :argymin(Lj[f,é,Sj]), S, =S.j :1...k}‘

Each parameter vector will thus describe one state of the
predicted process on some subset of the initial sample.
This problem statement assumes that the available data
describe several different states of the process, and a
specific vector of parameters can describe each such
state. However, the number of such states is unknown —
this is the task of an appropriating method of prediction;

o the function of determining the finite vector of
parameters @_ for new input x_ based on the found

set of parameters vectors ® and the initial data itself:
0: =F(X,,0,S), such that minimize some
estimation of the prediction error € =e(F,®,S).

For further consideration of approaches for the solution of
formally given problem, firstly it is necessary to consider
certain typical classes of heterogeneous samples — since certain
approaches are oriented towards specific types of
heterogeneous samples.

This algorithm consists of the following steps:

1.  Adirect propagation neural network is trained using
the full set of available examples S ={(x,,y,):i =1...n}-

The standard error of the network is the standard root mean
square error:

n

E= Z[net(x)— Y, ]2.

The weights &° of this network are information about the
global nature of the forecast process. The issues of choosing the
optimal neural network structure and the optimal learning
algorithm are not considered in this thesis — the usual multilayer
perceptron with one hidden layer of 10 neurons, with
hyperbolic tangent as the activation function of the hidden
layer, and the linear function as an output function; Rprop
algorithm was used for training [4].

2. Clustering of the sample is performed S. Ideally,
each cluster C; should contain examples that are best described

by some single set of network weights éi ,J=1..k, where k

is the number of clusters, that is, performing clustering,
assumes that similar examples should be described by similar
model weights. Naturally, the quality of the forecasting in this
case will strongly depend on the clustering method used.

3. Neural networks k are trained — one per cluster. The
training is as follows:

a) the weights of each network are initialized by

the previously found weights g9
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b) network net, learns only from cluster

examples Cj using the following error function:

E; =72 (net;(X)—y)*+ > (6-6°)

% €Cj 6 €6;

where 7 is the regularization parameter.

Thus, when learning network weights will strive to reduce
the network error in the examples from their cluster, and not be
too far from the original weights 69 — that is, no loss of
information about the global nature of the process.

4.  After learning local networks, the prediction for new
examples is as follows: for the input vector, the cluster
corresponding to it Cj, is found by finding the closest center of
the cluster, and the network trained in the examples of this
cluster is used for prediction.

I1l. SYSTEM IMPLEMENTATION OVERVIEW

High level plan of the system implementation and
necessary steps:
e Create modules for acquisition and creation of a
structured samples of data based on processing and time
series models and databased to store results;

e Determine effective mathematical models for
classification, evaluation and processing of data for the
further creation of a neural network;

e Create module for time series data sets, with different
time periods, data clustering and statistical averages
calculation;

o Create a system for automated generation of hybrid
neural networks, neural network, system for storing
intermediate and final prediction data;

e Perform modelling of processes, systems of factors and
metrics to determine company metrics and change these
metrics in time series using the neural network created,
create a reporting system to facilitate the processing of
the results of the forecasting system;

o Validate and verify the results obtained based on test
data samples, evaluate the effectiveness of the results of
the technical and fundamental analysis models.

Approaching to modeling and finding optimum data sets,
minimum requirements were set for valid data sets: historical
data of stock prices expected to have at least 1000 historical
entries per company stock: 750 entries as input for prediction
and 250 for comparison and validation. On Pic. 1 you can find
the high level diagram of data acquisition modules and
technologies used. The model of neural network training
defined in previous chapter. Module for data sets generation
depicted on Pic 2.

REST controller CronExecutor

doUpdate() doUpdate()

—

External Data Providers

(& Service

—
| le—!

updateData() EOD HISTO DATA
SEC API
@ IExCloud

.. STOCK NEWS

Repository

PostgreSQlL

S, Java HisernaTe (G Sl

Fig. 1. High level Data Acquisition System

Fig. 2. Data Sets generation

Application of data set generation creates input files, with
750 training parameters of stock price and several more
features. 3-layer Neural Network created, with 100 nodes on 3
layers. Optimization of the training network executed with
Gradient Descent optimization algorithm. Gradient descent is a
way to minimize an objective function J(0) parameterized by a
model’s parameters 6€ERd by updating the parameters in the
opposite direction of the gradient of the objective function
V6J(0) to the parameters. The learning rate n determines the size
of the steps we take to reach a local minimum. In other words,
we follow the direction of the slope of the surface created by
the objective function downhill until we reach a valley. [5].
Despite this method can lose efficiency close to local optimum
[6], results optimization is done with multiple models run and
following approximation.

Generation of the Neural Network model done using Java
programming language and deeplearning4j library and Python
Long-Short Term Memory (LSTM) neural network set of
libraries. Validation of system outputs quality is executed by
calculation of mean errors, as provided on example, see Pic. 3,
of prediction evaluation, comparing to control set of data for
following inputs and outputs:
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Output results
Predicted stock prices samples (raw data and visualization)

Input Data o E— b \
Stock Prices, Avg () 12081 11967 156.19 N f L v \
News - volume 0 2 1 $
News - negative 0 1 - 0
News-positve o 0 1

0 0

Metrics and efficiency
News -neutral

Fig. 3. Input and Output data

During the work execution, multiple sets and types of data
were used during modelling, to the moment LTSM with 2 layers
of optimization: Gradient descent and multiple execution
approximation provided the best results.

IV. CONCLUSIONS

Prediction using neural networks and related optimization
algorithms in predictive analysis of processes is a useful tool,
giving better results, resources required to obtain first results
are similar to preparation to simple regression analysis, but the

tools built are providing multifactor predictive analysis with
simple tools set. The area of research is promising, as artificial
intelligence is developing fast, and already existent approaches
providing good level of prediction for analysis of risks for
stocks portfolio.
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Abstract— This paper proposes the use of neural networks to
process musical works in order to detect plagiarism and to
determine the authorship of many anonymous works based on the
pre-decomposition of music tracks into sequences of data related
to rhythm, melody and harmony. The result is a corresponding
matrix, which is a formalized representation of a piece of music.
Structural-parametric synthesis of convolutional neural networks
(CNNs) for plagiarism or authorship determination based on the
use of a genetic algorithm is considered. An approach is proposed
for the formation of a database of music works with definite data
on rhythm, melody and harmony. Database information is the
basis for constructing appropriate sampling for CNNSs training. In
this work, a mel-spectrogram is used as a representation of an
audio signal.

Keywords—artificial intelligence; convolution neural networks;
plagiarism.

According to analysts of an international consulting
company Frost & Sullivan, in the next five years, the total
volume of the artificial intelligence (Al) technology market will
increase fourfold. Compound Annual Growth Rate will be
maintained at 31% over the forecast period. It can be concluded
that artificial intelligence will become an integral part of
people's personal and professional activity in the nearest future.

Due to the modern availability of information, the need for
a music examination is as important as ever. Examination of
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musical works may be conducted for the following reasons: in
order to identify the author of the work, to determine whether
or not the work is plagiarized.

Plagiarism in music has always been very common. Not
every "independent" examination is truly such, so artificial
intelligence (Al) systems have a great potential for analyzing
musical works.

At the same time, the main limitations of the known
methods and technologies Al due to the lack of effectiveness of
their training, the difficulty of adjusting and adapting to the
problem area in the context of incomplete and inaccurate
background information, the difficulty of accumulating expert
knowledge and other features.

Thus, one of the pressing problems in the development of
modern Al systems is the development of systems based on
deep learning..

For the task of analyzing music, it is very important to
choose a way of presenting information, it must describe the
sound signal quite accurately and at the same time have a
structure that facilitates the selection of signal patterns. A
conventional representation of sound as a set of signal
amplitude values with maximum accuracy describes the sound
signal. In this work, a mel-spectrogram is used as a
representation of an audio signal.
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Mel - psychophysical value measurement pitch,
measurement of height, which is based on a statistical analysis
of a large number of data on the subjective perception of height
sound tones. This submission has excessive resolution in the
treble area.

Data submitted to the network input is presented in the form
of melspectrograms. Mel spectrograms can be interpreted as a
two-dimensional image, where along one axis the frequency
changes, at another time, and more precisely the sequential
frames of the spectrogram. Convolution neural networks
(CNNs) are known to work well with images. The use of chalk
spectrograms also allows to preserve the accuracy of the signal
compared, for example, with the chalk spectral coefficients, but
allows to reduce the amount of information compared to the
spectrogram obtained by applying to the signal of the discrete
Fourier transform. The choice of such representation is due to
the fact that it allows to reach a compromise between the
amount of input data, the accuracy of signal description and
their suitability for processing by the neural network. The Mel
Spectrogram turns out to consistently perform the following
operations: converting an MP3 piece of music in which it is
stored, to WAV format - a container for storing a digitized audio
stream. From the WAV file, you can extract a discrete
representation of the signal in the form of pulse code
modulation, to which you can apply a discrete Fourier
transform and obtain a frequency spectrogram. In turn, to the
obtained spectrogram, apply some transformation, to obtain
from it a melspectrogram, which will be the input data for CNN.
If we have a CNN in which the input is a mel-spectrogram, and
the output belongs to a space of not very high dimension, then
the hidden layers of this network will form features that
describe the track less accurately than the original data, but
already more high-level than the signal at the network entrance.
The solution will be to build a neural network whose input is a
chalk spectrogram and the output a small, low-dimensional
vector such that it is possible to make a marked base suitable
for training. To teach this network, then to "cut off" some last
layers, and to use as the preprocessor of its first layers. Since
the input of this network is formed in just 8 seconds of the track,
it is obvious that there is not enough to describe it completely.
Itis logical to take several 8-second fragments from each track,
for a more accurate description of each. There are two ways to
do this. The first is to take several fragments in a row and group
the results of processing these fragments into one vector for
training. The second is to take a few random sections of the
track for 8 seconds and study them separately. To calculate the
output of the network in the first case is required from the track
fragment, duration as in training. The second is to divide the
whole track into many 8-second fragments and calculate the
track estimate as the average of the score of each of these parts.
In this paper, a second approach was implemented;
computational cost was the main selection criterion. The first
method has a much higher computational complexity due to the
large amount of input, and the second method requires much
less computational resources and, consequently, learning time.

Based on the analysis of the results of the combined CNN
test on the test sample presented in Table. 3.6 - 3.9 You can
define meaningful parameters for CNN:

1. Number of convolution layers.

2. Number of aggregation layers.

3. Mutual arrangement of convolution
aggregating layers.

4. Convolution layers (each layer separately):size of the
convolution kernel (on each layer separately), the number of
feature maps (on each layer separately), offset value (on each
layer separately), edge effect parameter.

5. Aggregation layers (each layer separately):the size of the
aggregation kernel,aggregation kernel function.

6. Fully interconnected layers (each layer separately):

number of interconnected layers,the size of each
layer,classifier type: autoencoder.

7 Removal operation for each layer: percent removal and
random function.

A genetic algorithm was used to optimize the structure and
parameters of the CNN.

layers and
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Anomauyia— B cTaTTi 3a11PONIOHOBAHO ONITUMI3aliliHy MoJeIb
00YHCIeHHS YYTIMBOCTI TOYKH 0e330MTKOBOCTI 3 ypaXyBaHHAM
MOKJIMBMX 3MiH IiHM, 3MiHHUX i mocTiliHux BuTpaT. Ha npuxaani
MiponpruemMcTBa 'y cdepi MOCayr MOKa3aHo 3aCTOCYBaHHS MO
JJI5 ONepPATUBHOI OiHKH (P iHAHCOBOI MPUBAGJIMBOCTI.

Abstract— The article proposes an optimization model for
calculating the break-even point sensitivity, taking into account
possible changes in price, variables and fixed costs. The example
of a service event demonstrates the application of a model to
promptly evaluate financial attractiveness.
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I.  BcTyn
Touka 0€330MTKOBOCTI € OJHUM 3  ITOKa3HHUKIB,
3aCTOCOBYBAaHUX IS OIIIHKKM €(EeKTUBHOCTI Oi3HECOBUX

npoekTiB[1]. Po3paxyHOK ToukH 6€330UTKOBOCTI ITPOBOAUTHCS
3a popmyroro:

Q = FC/(P — AVC), @)

nme Q — touka Ge330uTKOBOCTI (00CAT mpomaxis); FC- cyma
MOCTIMHKUX BHJIATKiB; P- 1iHa 32 OJUHUIIIO MTPOAYKIIii, OCIYTY;
AVC- Cyma 3MiHHUX BHJIAaTKiB Ha OJJMHUINO poayKiii. [1].

OcoOmuBiCTIO  3acTOCYBaHHA  HaHOI  opmymu s
MOJICJTFOBAHHS ii YyTJIMBOCTI JI0 3MIiH apryMeHTIB € 3ajadi, Je
KiJIbKicTh aprymeHTiB - BuaatkiB FC i AVC moxe OyTu
Habarato Ouremmoro Bij oxumHMui. Lle cyTTeBo yckilamHIOE
OoOYMCIIeHHA  4yTAuBOCTi.  [IpomoHyeThCs — miaXim A0
MOJICJIIOBAHHSL ~TaKMX 3aJad Ha OCHOBI  ONTHMIi3alii.

Oksana Shaida

dept. of Entrepreneurship and Environmental Expertise
Lviv Polytechnic National University
Lviv, Ukraine
shaidaoks@ukr.net

PosrnsiHeMo mpukian 3amadi OO0YHCICHHS 0€330MTKOBOCTI
MipornpuemcTBa, B3stuii 3 [2]. Koncantunrosa ¢ipma mnanye
NPOBEACHHS CeMiHapy. Oinancuct ¢QipMM  TOBUHEH
po3paxyBaTH MiHIMaJdbHY KUIBKICTh YYacHHKIB ceMiHapy,
MOYMHAIOYM 3 SIKOI MOXKHAa OTpUMAaTH MPUOYTOK Bia HOro
mpoBefeHHA. B posmopsmkeHHi  (iHaHcHCTa €  Taka
iHopMmarris:

1. cepennst miHa omaté yvacTi JUIsi OJHOTO cCilyXada
CTaHOBUTH 625 I'pH ;

2. mocriiiHi BMTpaTH -omjara mpaui eKCHepTiB, SKi
BenyTh ceMiHap, 4800 rpH ;

3. mocriiiHi BUTpaTH Ha BHTOTOBICHHS pPO3AATKOBUX
MaTtepianiB — 1 THC. TPH;

4. wocridni  TpsaMi aJMiHICTPaTHBHI BUTpPATH
KOHCaJITHHTOBO1 (pipMHU Ha TPOBEIEHHS CEMiHApy —
5 Tuc. rpH;

5. mocriiiHi BUTpaTH BUTpAaTH Ha peKIaMy CeMiHapy —
4 Tuc. rpH;

6. mocriitHi BUTpaTH Ha OopeHIy— 2 THUC. TDH.

7. 3miHHi BUTpaTH - po3narkoBi marepianu — 20 rpH
Ha OJJHOTO YYacCHHKA;

8. 3miHHi mpeacTaBHMIBKI BHTPAaTH HAa OJHOTO

yuyacHuKa ceMinapy — 80 rpH;

Jis  BHpimIEHHS TIOCTAaBICHOTO 3aBHaHHA (iHAHCUCT
MOBUHEH 3AIMCHUTH TpPyNyBaHHS 3a3HAUYEHHX 3aTparT Ha
MOCTiHI Ta  3MiHHI. 3MiHHI BHTpPAaTH Ha BHUTOTOBJICHHS
PO3JIaTKOBHMX MaTepialliB i IPeICTaBHUIIBKI BUTPATH Ha OJTHOTO
yyacHUKa CkiaaaroTh 3MminHi Butpatu: 20 + 80 == 100 rpH.
Cyma YMOBHO MOCTIHHUX BUTpAT
4800 + 1000 ++ 5000 + 4000 + 2000 = 16 800 rpH. Skmo Hina
yyacti B ceMiHapi CTaHOBHUTH 625 IpH, TO, IiJCTaBHBLIH
BiAMOBiAHI 3Ha4YeHHS y dopmyny (1), oTpUMaeMo KiJIbKiCTh
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y4YacHUKIB, sKi 3abe3nedaTh 0e330MTKOBE

ceMiHapy:

MIPOBCACHHSA

16 800 /( 625 — 100) = 32 ocobmn.

Takum dYmHOM, OTpUMaTH TPHOYTOK Bil TPOBEICHHSA
ceMiHapy MOJKJIMBO B TOMY BHHAJKy, SKIIO (ipMa 3aIydyuTh
moHax 32 ciryxadi.

3a HE3MIHHOI BENMYMHHM IHIIMX [apaMeTpiB 3ajadi
MaKCHMaJIbHa BEJIMYMHA INPSIMHX BHTPAT, KA JO3BOJHTbH
0€330MTKOBO MPOBECTH CeMiHap IPH KUIBKOCTI y4acHHKiB 30
oci6, cranosuth 15 750 = (30 x (625 — 100)).

Il. MOJEJIb UISI AHAJII3Y UYTJIMBOCTI

AHai3 9yTIMBOCTI I GOPMYITH IPHOYTKOBOCTI TO3BOJISE
OOYNCITIOBATH MOXJIMBI  KOMOIHAmii 3MIHHMX 3HA4YeHb
aprymenTiB  ¢opmymu (1), sAKi MOXyTh 3a0e3medyBaTd
mpuOYTKOBICTE. {7l BHpIIIEHHS 3a1adi OWIHKH YYTIHUBOCTI
OpU  BEJIMKHX  KUIBKOCTSAX ~ 3MIHHHUX  HPOIOHYETHCS
onrtuMizariina Momens [3]. B Momenmi B posii  KpHTEpiro
JIOCSDKHOCTI 0€330MTKOBOCTI BUKOpHCTaHO 3HaueHHs Ncon—
KUTBKICTh yyacHMKIB. J[ys 11iei Mojeni BHUpIIIyeThCs 3agada
MiHIMi3amil - 3HalTH

Mind= (i X /(C_i yk)_ Nconj (2)

i=1 1
TYyT !
X — MOCTIilHI BUTpaTH : N=5;
v -3MiHHI BUTpaTH : M=2;
¢ - 3aJ1aHa BapTICTh YYaCTi JUIs OJJHOTO YYaCHHKA;
Ncon - 3aJ1aHa KiJTBKICTh YUYACHHKIB,;
OoOMexeHHs 3a1a4di. OOMeXeHHS Ha IMOCTiIHHI BUTPATH:

Xi,min <= Xi <= Xi,max '
OOMeXeHHS Ha 3MiHHI BUTPATH:

yk,min <= yi <= yk,max :

YMoBa JUIs TNPaBUIIBHOCTI OOYHCIICHb: BapTICTh
MOBUHHA OyTH OLIBIIOI0 32 3MiHHI BUTpATH.

m
c=>>"vV,
k=1 k

I1l. PE3YJILTATU MOJETIOBAHHS quﬂI/IBOCT]j

ydacTi

Jlnst po3B’si3yBaHHST ONTHUMI3AIIHOI 3a/1a4i BUKOPHCTAIH
cepenoBuie cucremu Excel i B miii mpouemypy ITOLIYK
PIIIEHHS, npu3HadeHy Juis BHpILIEHHS EKCTpEeMaJbHUX
3a71a4 3 IPSIMUMH OOMEKEHHIMH.

Pesynpratn  oOumciaeHb 4YyTIMBOCTI  Ans  (opMyIH
6e330utkoBocTi (1) momano Ha pwuc.l.a,6. OOuucieHHs
MIPOBEJIeH] JUIsl 2-X 3HaYeHb KUIBKOCTI ydacHHKIB - 50 1 60 voi.

MocTinHI BUTpPaTH

BapTiCTb, FPH

] o I I o i

x1 x2 x3 x4 x5 |cyma x
N Paal|4999,9(1999,9/5499,9/4499,91999,9718999,6

Pap2| 5000 | 2000 | 6000 | 6000 | 3000 | 22000
- /
a)

/ . . . . \
3miHHI BMTpaTK, BapTiCTb yyacTi,
KiNbKiCTb Yy4aCHUKIB

T
g
)
S
8
e — || N i
cvma BapT. | KinbK
yl y2 4 Yuacr
y i yuac.
mPapl| 25,0 | 95,0 | 120,0 | 500 50
\_ Pap2| 30,0 | 100,0 | 130,0 | 500 60 Y,
0)

Puc. 2. Pesynbratn oOuMCIIEHb UYYyTIMBOCTI 0€330MTKOBOCTI mpH  pi3HIi
KUTBKOCTI  YYaCHHKIB Ui  3a/adi TMPOBEACHHS KOHCAJITHHTOBOTO
ceMiHapy.

IV. BUCHOBKU

Mopenb (2) no3BoJIs€ MWBHAKO OGYUCITIOBATH YyTIUBICTH
dbopmynu 06e330MTKOBOCTI I PI3HUX BapiaHTIB BXITHHX
JAHWUX 1 00MpaTH ONTUMAIBHI BapiaHTH 3aTpaT Ha MPOBEACHHS
MiponpueMcTB y cepi nocayr. Mojienb € MaciTaboBaHOO J10
30UTBIICHHA KUTBKOCTI TOCTIHHMX Ta 3MIHHHUX BHTpaT.
IocnioBHMIA aHai3 YYTJIMBOCTI JO3BOJSIE  OOYHMCIUTH
KJIaCTepH JaHHX, cepell SKUX MO)KHAa OOMpaTH ONTHUMAaJbHI
pileHHs.
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Anomauyia—B uiii cTaTTi ONMMCYIOTHCS MOMKJIMBI BapiaHTH
peanizauii cucTeMH CUHXpOHi3aumii TekcTy 3 aymio Ta ix
pesyabTaTu. L{s1 cucTeMa po3pod isieThest 111 cepBicy aymaiokHur,
B fIKMX KOPHCTYBaY MO’Ke YHTATH TEKCTOBY Bepcil0 KHHTH i
cjayxaTu ii ayaioBepciio. Lle 103Bo1s€ MPOAOBKYBATH YHTAHHS 3
TOro Micuss y KHH3i, Ha $IKOMY KOPHCTYBa4 3yNHHHUBCS
nonepeaHboro pasy. Forced alignment - mpomec cTBOpenHs
TEKCTOBOI TPAHCKPHUILII 3 ay1io Ta BU3HAYEHHS Miclsi B TEKCTi,
Je TPAIJISIIOTHCSI KOHKPETHI CJI0Ba, BUCJIOBH, Pe4eHHS.

Abstract—This article describes the possible options for
implementing a text-to-audio sync system and their results. This
system is designed for audiobooks service, where the user can read
the text version of the book and listen to its audio version. This
allows the user to continue reading from the place he finished at.
Forced alignment - the process of taking text transcription from
audio and identifying where specific words, expressions occur in
the text.

Kniouosi cnosa—eumyuiene BGUPIGHIOBAHHA, xmapue
PO3NI3HAGAHHA MO8U, CUHIME3 MOGU, AYOIOKHUZU, MOOIILHUIL
3ACMOCYHOK.

Keywords—forced alignment, cloud Speech-to-Text, speech
Recognition, Text-to-Speech, audiobook, mobile app.

l. INTRODUCTION

There are now many tools for decoding audio to text and
synthesizing voice from the text. But unfortunately, when
decoding audio to text, there are many errors and inaccuracies
in punctuation, and the synthesized text does not sound smooth
to the listener, so no one wants to listen to the audiobook [1].
Audiobooks are also often followed by music or sound that

enriches the atmosphere and gives you better listening
experience. There are a few issues with pre-processing, such as
numbers, abbreviations, quotation marks, acronyms etc. The
written text contains no obvious emotions, and the
pronunciation of foreign names is often incorrect [2].
Therefore, the proposed method will uset the original text from
the book and a professional voice tag that should be combined
to resolve this issue. To do this, on the first stage a timed text
from the audio should be discovered and merged with the text
of the book, since they may not match with the text. For this
task, the ultimate solution is to create a simple interface where
the administrator can download the text file and audio file, and
then generate a file with a start and end time for audio and a
consecutive number of the words.

Il.  RESEARCH OF AVAILABLE SOLUTIONS

A. STT ( Speech-To-Text)

The first obvious solution is to retrieve the text from the
audio file, and then combine the text with the original, assuming
that there might be errors. There are a few methods for
extracting audio from text [3].

CMUSphinx is an open-source set of libraries in Python that
provides all necessary tools for speech recognition. The cons of
these libraries are that they take more time for set up and don’t
have Ukrainian [4].

Google Speech-to-Text service is faster than any other. It
recognizes Ukrainian and 120 different languages, can
automatically recognize the language of audio, and has a great
accuracy [5]. But this service does not provide the accurate time
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when the word was spoken, and this option is paid. It may work
a bit better if you split the audio file into smaller pieces.

Create a new model - You can create your own data set to
teach the model to recognize Ukrainian. Also, this method is
time-consuming, since it takes a lot of data to learn and to study
the model for a long time, and most likely this model will not
perform better than Google Speech-To-Text.

B. TTS (Text-To-Speech)

However, it is possible to solve this problem as STT to
synthesize audio from the text, and then look for a similar
sound. The good news is that the speech synthesis is available
in more than 30 languages (including Ukrainian, which is
important for our audiobook service) [6].

TTS + Dynamic Time Warping - for this method the first
stage is synthesizing audio using any Text-to-Speech Engine
technology that supports the languages we need. The second
stage is to calculate the matrix representation using Mel-
frequency cepstral coefficients for two audio files. The last step
is Dynamic time warping for audio files calculating [7].

C. TTS-STT (A combination of the two previous methods)

AeGoMix - A new method that combines best practices with
TTS and STT. TTS + Dynamic Time Warping and Google
Speech-to-Text will be used for this method. First, we use TTS
to find time segments for short sentences on the separate text
sections. The next step is finding specific words on the
extracted segments using STT.

I1l. DATACOLLECTION

One audiobook in English and Ukrainian and their text
versions were used to demonstrate the results. The book "Alice
in Wonderland" was picked because it is available in the
required languages and its text and audio versions are free.
Bbook — audiobooks service contains many audiobooks in
English and Ukrainian. In the future, it’s intended to add audio
books in other languages, that will allow the user to have one
book in different translations and voices. This system makes it
easy to switch audio and text versions of the book, as well as
different voice and language versions in the future. The
description of the dataset is given in Fig. 1.

= Bbook Creator Panel

Fig. 1. Collection of books in Bbook service

IV. THEPROPOSED METHOD

Combining a better solution with STT and TTS, it is
possible to get a quite impressive result. The proposed method
is built as an ensemble TTS + Dynamic Time Warping. It
allows us to synchronize text that is different from the
audiobook. This is relevant for audio books that have been

translated, as each publishing house can do it his own way. As
a result, this method finds snippets of text, even if they differ a
lot. Then, using Google Speech-to-Text, we can find specific
words for this segment with great precision.

The use-case diagram of the developed system is given in
Fig. 2.

f i —
I Listen or read & book
User

Upioax

Admin

Edit time siots

Fig. 2. Use-case diagram for system users

V. RESULTS

For this system, it was decided to use the Google Cloud
Platform, which makes it easy to plug and open Google Speech-
to-Text and Cloud Text-to-Speech. Just as important is that this
solution is developed for an existing audiobook service that also
uses the Google Cloud Platform.

The diagram of activity is given in Fig. 3.

. .
B I L N pe—
([ T e :l(—

\ [

Dynamic Time. Goagle Cloud Servies Database
Warping (DTW) module

(—
L

9[ Update JSON file

Fig. 3. UML-diagram of activity

Using the admin panel (Fig. 4) the administrator can correct
any inaccuracies in this file. He or she can listen to the audio
file and change the time limits for each phrase or word as
needed

52



e 1 AT A M NS 3 TR TS 3 A AR 7 A e o w
nosiku), NiTy 4n He — ue x 60 Taka 3 HUX BIHONOK...
2160 @ C
AXTYT o83 Hei Kponuk — Ginui, . [IMBO, 3BICHO, HEBENVKE, FIK He 2300 @O0
# nodyTh, i ni Hic:
53920 @ |
— OFi /MWEHLKO, NMLWEHLKO, AK A 326aPHBCA! 390 @O O
s7.120 @ -
(3rany wo mana 6 Taku ane Tiei muti sce s7120 @ OO
BWABANOCA LINKOM 3BW4aiHM) Ta Konu Kponuik panTom 406y i3 HarpyaHOT KLIBHbKA
FOAMHHIKA i, 3MPKHYBLIM HA HEOrO, NOCTILLIME AN, ANiCa CXONMNACA HA HOMV: 3POAY-BIKY WL He 83520 @ (
TpannnBeA i Kponuk ia Har Tawe i npi
AKTP BOHa KUHYNacA 3a i# — i, Ha WACTR, e BCTUIA NOMITHTH, 83520 @O O
AK BIH rY/IbKHYB Y BENUKY KPONAYY HOPY N KUBONNIOTOM,
95440 @ (
nipHyna crinow sa Kponkon, A Gyne asiaTn 540 @O O
subupatuca[11]
104160 @ (
FlKyCh YaCUHY KPONAYA HOPA fiLliNa PIBHEHLKO, HOMOB TyHenb, a TOA| JHeHaLbKa YPBanach — Tak 1041600 @ O O
3HeHaUbKa, aX Anica i He 34yNack, AK XYXHYNa HABCTOPY Y AKWIACH FIMBO4EHHIIA KONOAAS®.
117960 @
n 6y i, HAnARAIane, " u7z @O O
y PO33UpHY wo x Gyae Aani.
132320 @ (
Haiinepiue Anica rAHyNa BH3, LOG Ga4ATH, KyAY BOHA NAAAE, — 716 Taw 670 TEMHO, X04 B OKO 13230 @O O
cpent. Tonl B0Ha ornAKyna Ha HitX 6y, i
T8 KHIKKOBMX NOMMLLL; NOAEKYAM Ha KIfIOMKaX BUCINY MaNK i KapTHHM, 3 OIHOrO MMCHUKA BOHA 171800 @ C
npuXonUna 6aHouKy 3 Haninkoio “IOMAPAHUEBE BAPEHHA'" — Ta 6a! — BUABUNOCA, LU0 BoHa
NOPOXHA. BUKUAATH Tl 6yN0 NAYHO yHu3y), ToX Anic: THUBHYTM TT
Ha OAHY 3 NONWYOK, NOB3 AKY NponiTana.
—Ossa! — Anica. — MicnA 7 oro 171800 @ O O
8A0Ma AMBYBATUMYTHCA, AKA A XOPOGPA! Ta o Taw cxoau! Tenep A i He nUCHYNa 6, AKGM Bnana
wasiTs i3 aaxy! (| ue, MabyTs, 6yno npaeaoio.) 1918490 @ (
Y3, yHu3, yHi3... OT 61 nanatv Tak Ao 6eskineuHocTi! 191.840 ° ( o
195840 @ -
— LlikaBo, cKinbky Mvnb A BXe nponeTina? — mipkysana Anica sronoc. MaGyTs, yxe i 40 LeHTpY 195800 @O O
Bewmni veanexo. Ay : no-Moemy, Py TR MUNb.
211000 @ (

Fig. 4. Editor interface to adjust the results of the system

After the administrator uploads the audio book files and its
text version to the server, the system finds the sentences from
the audio using TTS + Dynamic Time Warping. As a result we
will get a JSON file with sentences and the time when they were
said. Then we use Google Speech-to-Text to find the specific
words in the sentence we received in the previous step. Add the
results to the previous file.

As a result, the system generates a JSON file that contains
text strings, start and end time when a specific word was
spoken. This file will be sent to the client along with the text
and audio version of the book.

{
"begin": "3.240",
"children": [],
"end": "19.320",
"id": "f0ee003",
"language": "en",
"lines": [

"Alice was beginning to get very tired of sitting
by her sister on the bank, and of having nothing to
do: once or twice she had peeped into the book her
sister was reading, but it had no pictures or
conversations in it, 'and what is the use of a book,'
thought Alice 'without pictures or conversation?'"

1,
"words": [
{
"startTime": "3.240s",
"endTime": "3.710s",
"word": "Alice"
¥
{
"startTime": "3.770s",
"endTime": "3.970s",
"word": "was"
¥
{

"startTime": "4.050s",
"endTime": "4.490s",

"word": "beginning"

3

"startTime": "4.540s",
"endTime": "4.870s",
"word": "to"

3
y

The interface of the mobile app is given in Fig. 5.

V408 1230

uA [
Anici He AVBHO LLO KPONNK FOBOPUB SINLLEHBKO
NMLWEHbKO £ 3ani3HIOCh CepeaoBuLle NpoTu
nisHiwe BoHa Bigbysanacs ane Tenep in
3pasanocs Lo ue Tpeba Konv Kponuk Aictas
i3 XKENEenHo KULeHi roavHHWK MornsHys Ha
Hboro | (IEIRas no6ir aani Anica sippanucs
Ha piBHI HOrM Ayl Taki BOHa 3pofy He 6aunnu
KPpOJNnKa B XXUNeTui Ta e i Npyu roguHHUKY
BOHa > 3aTpeMTinu 3 LikaBocTi i nobirna cnigom
3a Kponmkom Yepes none i He BCTUria NoMiTuT
SIK TOW LLO iCHYE Y BenuKy Kponsiyy Hopy nig
XKMBONOTY Anica NPOXXOroM KMHynacs 3a HUM y
HOpY He NoAyMaBLUN HaBiTb SK novyann 6patn
ity cnoyaTky Kponsya Hopa nwna pigHy
MOBY TyHeNb a ToAi panToBOi KPyTO
06puBaETbLCA Ta Tak panToBo Anicai He yyna sik
nonetina Kyaucb Have Bubopye 3Han Konopssb
Konogsasb 6yB Takvi Ay>ke rMnbokuin 4v nagano
BOHa Aiy>XKe NoBiNbHO ane B Hei 6yno ocutb yacy
o6 po3aMBUTMCA HABKPYrv MOMipKyBaTn LLUO

The Martian

Chapter 3
Some cool title of chapter

S P ¢

- ]

Fig. 5. Interface of mobile application

As a result we get a JSON file that can be transformed into
RDF (Resource Description Framework), and it can already be
used as input in the ontology in protege and form,
supplementing the kernel of the language [8].

CONCLUSION

Let’s summarize the achievements described in this
article. Awvailable options for text-to-audio transformations
were described. Then a new method, based on a combination of
the previous two, was offered. It consists both high speed and
accuracy while compensating weaknesses of each method (Fig.
6). The new method enables audio and text synchronization
even if they differ. The resulting files can help to develop the
language kernel in the future, and to improve the recognition of
it.
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Google
Speech-to-Text

TTS +
Dynamic Time Warping

AeGoMix

English without Ukrainian without Text with
inaccuracies inaccuracies inaccuracies
L] 78 32
al 65 61
93 83 76

Fig. 6. Accuracy of methods
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Anomauyis—po3podka Ta BUNPOOYBaHHS J1a3epHOI ONTHKO-
€JIeKTPOHHOI CTAHLIi MOHITOPUHIY NOBITPSIHOIO, HA3eMHOIO i
HaJABOIHOTO TMpOCTOpPY B BHIAUMOMY i iH(ppadepBoHOMY
aiamazoHax 4yactoT. MeToaHKa po3paxyHKy IPaHUYHUX 3HAYeHb
JadbHOCTI BMSIBJIEHHS i cymposoay aus 3agisiHoro B JJOECM
TeJeBi3iliHOro i TemoBi3iliHOro oO0JagHAHHS TIPH Pi3HHUX
MeTeopoIoriYHuX ymoBax. TeopeTuuHa omiHka i MiAToTOBKA 10
eKClepUMeHTAJbHAX  BHUMIPIOBaHBL  TPaAaHUYHHUX  3HAYeHb
JAJLHOCTI BUSIBJIEHHS Ta CYNMPOBOAY 00’ €KTIB.

Abstract— development and testing of laser optical-electronic
station for monitoring air, ground and surface space in the visible
and infrared frequency bands. meteorological conditions were
carried out. Methods of calculation of limit values of detection
range and maintenance for television and thermal imaging
equipment involved in LOEMS under different meteorological
conditions. Theoretical evaluation and preparation for
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im. B.B. ITonoBcbkoro, NprKIagHOT MaTeMaTHKH 1 JOCIITHOTO 3aBOJY
XapKiBCHKOTO HalliOHAIBHOTO YHIBEPCUTETY PaliOeNeKTPOHIKH.
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Engineering V.V. Popovsky
Kharkiv National University
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Kharkiv, Ukraine
yuliia.kulia@nure.ua

experimental measurements of limit values for the detection and
tracking of objects.

Kniouosi cnosa—nasepna onmuko-eleKmMpoHHA cUcHeMa,
uugposa o006podKka 6i0eonomoKy, OanbHICMb GUAGNEHHA ma
CYynpo8oody pyxomux 06’ekmis.

Keywords— laser optical-electronic system, digital processing of
video stream, range of detection and tracking of moving objects.

l. Bcrvi.

P03BUTOK BHCOKOTEXHOJIOTIYHHX 3pa3KiB TEXHIKH 31aTHOI
nepeMiniaTtiucs B IIOBITPSIHOMY, Ha3eMHOMY 1 HaJBOJIHOMY
MIPOCTOPi 3 BEJIMKHMH IIBUJIKOCTSIMH HpEa'SBIS€ BCE OLIBII
3pOCTal04i BUMOTH JI0 CHCTEM iX BUSBICHHS, CYNpPOBOAY i
00poOKY TpaeKkTOpHOI iHpOpMallii B peasibHOMY MaciuTali yacy
[1-4]. 3 aHANMITUYHOTO OIJIAAY AHAIOTIB ONTHUKO-SICKTPOHHUX
CUCTEM MOXHa 3pOOWTH BUCHOBOK: iCHYE JAyXe 0araTo CUCTeM
JUTSL CTTIOCTEPEKECHHS 1 BUSBIICHHS 00'€KTIB, aJle BOHM HE MaIOTh
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amapaTtHOl YaCTWHHU JUIA TPA€EKTOPHUX BHMIPIOBAHb pYyXY
00'€eXTiB B aBTOMaTHYHOMY PEXHMIi i B peaTbHOMY MacmTadi
gacy. Tomy B JaHUi 9ac aKTyalbHOIO € 3a7a4a pO3pOOKH HOBOI
aBTOMAaTU30BaHOI  ONTHKO-EIEKTPOHHOI  BHMIpIOBaJIbHOL
CHCTEMH 1 CIIeIiaJIbHUX AJITOPUTMIB 11 poOOTH, CIIPSIMOBaHUX
Ha poOOTy B aBTOMaTHYHOMY PEXHMI 1 B peaJbHOMY MaciuTadi
qacy.

Jlns BupitieHHs i€l 3a1a4i po3poOJICHO TOCTIIHUI 3pa3ok
Majiora0apuTHOI  Ja3epHOi  ONTHUKO-CJICKTPOHHOI  CTaHI|
voritopuary  (JIOECM) moBiTpsHOrOo, Ha3eMHOTO i
HA/JIBOAHOTO TIPOCTOPY B BHANMOMY 1 iH(ppadepBOHOMY
nmiamazoHax gactor, Pumc. 1. JIOECM mnpusnadeHa mis
aBTOMATHYHOTO BUSIBIICHHS, pO3Mi3HaBaHHSA, KiacHuikarii,
BHCOKOTOYHOTO  CYIPOBOAY 1 BHOadi BUMIpPIOBaJIbHOI
iHpopMamii Tpo TapamMeTpH TpaekTopii pyxXy Mmined B
peanpHOMY MaciITadi Jacy.

Puc. 1. BUroToBneHHs ONTHKO-EIEKTPOHHOT CUCTEMHU

Ob6mnacti moxmBoro 3acrocyBanas JIOECM:

a) MOHITOPUHT TOBITPSIHOTO, HA3€MHOTO i HAJIBOJHOTO
MPOCTOPY B BUAAMMOMY 1 iH(ppauepBOHOMY Jliana3oHax.

©0) 30BHIIIHI TPAEKTOPHI BUMIpIOBaHHS TIPH MOJITOHHUX
BUIIPOOYBaHHSX TOBITPSIHUX 00'€KTIB.

B) CucTeMu HaBeJIeHHs 3aC00iB ypaKeHHs PyXOMHUX
00'€KTIB B MOBITPSHOMY, HA3eMHOMY i HaJIBOJHOMY
MPOCTOpPAX.

Cxkirag JIOECM:

- ONITHKO-EJIEKTPOHHUI MOJYIIb;

- MOJyJIb KOHTPOJIIO 1 YIIPaBIIiHHS;

- KOMIUIEKT arapaTypy JJsl TONOTe01e3UYHOI IPHB'SI3KH 1
TOPU30HTYBaHHS IJIaTHOPMH;

- 610K 30epiraHus i 0OpoOKH NaHUX;

- CHCTEeMa eJICKTPOIKUBIICHHS.
XapakTepUCTHKU ONTHUKO-EIEKTPOHHOTO MOJTYJISL:
Jlazepnwmii nanexomip (Puc. 2a):

a) Jiarma3oH BEMiprOBaJIbHOI qansHOCTI 10 17 000
METpIB;

0) MaKCHUMallbHa 9acToTa BUMIpIOBaHb 110 5 [

B) TIPU TEMIIEpaTypi HABKOJIMIIHBOTO 1oBiTps 10 40 C
JTaNieKoMip He BUMAarae JJ0AaTKOBOTO OXOJIOJDKEHHS;

r) cepenHs KBaJpaTHiHa MOXHOKa BUMIpIOBaHHS
AJIBHOCTI:

- o TUQY3HIN i — 2 M;
- 110 KyTOBOMY BinOuBauy — 0,5 M.

Puc. 2.

Puc. 3.

Tenesiziitna kamepa FCB-EV7520 nokasana Ha Puc. 26.

e

00’extuBOoM Kamepa FCB-EV7520

B Tabmmmi 1.
TABJIMISI .  TEXHIUHI XAPAKTEPUCTUKU KAMEPU FCB-EV7520

Po3mip cencopa (onTu4HmMit) 1/2.8"

Tun ceHcopa CMOS
Bignomenns C/11I 501b

Po3mip matpumi 5,64 mmx3,18 mm
Po3wmip giaronarmi 6,46 MM
VYesoro nikcenis (I'xB) 1920x1080 px

Poswmip mikcens (I'xB)

2.90 umx2.90 pm

TopH30HTaIIBHE T0JIE 30pY

YacroTa Kaapis 30, 60 fps
UyTiuBicTh 0,01 JIx
MoOHOXpOMHa/KOIbOPOBA Colour
O06’exTHB 30x
3ym 4,3 MmmM—129,0 MM
Doxye, f FL6-F4,7
63.7°-2.3°

TABJIMLS 1. TEXHIUHI XAPAKTEPUCTUKY KAMEPH XTM 640

Tenmosizop XTM 640 GigE (Xenics) (Puc. 3):

i

EneKTpOHHﬁﬁ MOJTyJTh Tenn03i36pa XTM 640

Texniuni xapakrepuctuku kamepu XTM 640 M HaBeseHO B
Tabnumi 2.

Parameter Specification
# pixels 640 (W) x 480 (H)
Pixel pitch 17 pm
Spectral Band 8-14 um
NETD 50 mK @ 30°C

OcHoBHI 3aBJaHHs, sKi BUpimyooTscst JOECM:

a) Jlazepuwuii nanexomip; 6) MoxynpHa iHTeTpoBaHa 3

Texuiuni xapakrepuctiku kamepu FCB-EV7520 naBeneno
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- BHABIICHHS PYXOMHX OO'€KTIB B HOBITPSHOMY, Ha3eMHOMY i
HAJIBOAHOMY TIIPOCTOpi B BHANMOMY 1 iHppadepBOHOMY
nmiama3oHax 4acToT;
- po3mi3HaBaHHS, Kilacu(ikalis pYXJIUBHX OO'€KTIB B
MOBITPSTHOMY, Ha3eMHOMY 1 HaJIBOJIHOMY TIPOCTODI;
- BIOpSIKYBaHHS OO0'€KTIB 1O  3aJaHOMY
NIPUBJIACHEHHS 11eHTH(IKALIHOTO HOMEDIB;
- aBTOMaTH4YHMI 3axBaT 00'€KTa 3 BUIIUM IPIOPUTETOM Ha
cynpoBin abo HamiBaBTOMAaTHYHHMH (py4YHHMI) 3aXOIUICHHS
Oymp-gKoro 00'€KTa 32 BHOOPOM OIIepaTopa;
- BUCOKOTOYHE CYIIPOBiZl 00paHOTO 00'€KTa;
- 0OYNCIICHHS MTapaMeTpiB TPAEKTOPII pyXy 00'€KTa B MiCIIEeBiit
i rimobanbHil cucTeMi KOOpAWHAT B pealbHOMY MacIITadi yacy;
- peecTparis pe3ynbTaTiB MOHITOPHHTY LiIeH B HOBITPSIHOMY,
Ha3eMHOMY 1 HaJIBOJHOMY IpocTopi i BimeoiHdopmarii Ha
U(pPOBOMY HOCIT;
- Tepejaya pe3yJbTaTiB MOHITOPUHIY LJICH B MOBITPSIHOMY,
Ha3eMHOMY 1 Ha/IBOJTHOMY MPOCTOPI B LICHTP YIIPaBIIiHHSL.
Anroput™mu A peanizamlii WX 3aBAaHb 1 iX mporpamHa
peaizais 00'eqHaHi B iHpopManiiHO-aHATI THYHY
texHomorito (IAT) [5]. Ommak wMoxkimuBocti IAT TicHO
MOB’S3aHO 3 alapaTHAMHU MOXIHUBOCTSAMH TEJCBI3ifiHOI Ta
TEIUIOBI3iHHOI KaMep, MmO BHKOPUCTOBYIOThca B JIOECM.
ToMy BaXIMBO I0AaTH OO AalNTOPUTMIB OOMEXEHHS, IO
MOB’sI3aHI 3 I'PaHWYHOI JANBHICTIO BHSABICHHS 1 CYNPOBOIY
JIOECM.

KpHTEpilo,

Il.  META JOCIIJUKEHHS

OO0’eKT  JOCHIDKEHHS —  Tpolec  BHUABJICHHS  Ta
BHUCOKOTOYHOT'O CYIPOBOJIY PYXOMHUX 00’€KTIB B IOBITPSHOMY,
HA3eMHOMY 1 HaJIBOJTHOMY ITPOCTOPI.

Meta pobGoTH — pPO3POOJCHHS METOAUKH PO3PaXyHKY
IanpHOCTI BUsBIEeHHA i cympooxy JIOECM B Bumumomy i
iH(paYepBOHOMY Jiara30Hax 4acToT.

1l METO}II/IKA PO3PAXVYHKY JAJIbHOCTI BUABJIEHHA I
CYTIPOBOJIY JIJ1 TEJIEBI3IMHOI KAMEPH

BimnmoBigHO 1m0 kputepiro J>koHCOHa [6] ms BUSBICHHS
00'exTa B TOJIC 30py BijeokamMepH, HEOOXiMTHO MO0 MPOEKIis

BHUCOTH HOTO 300paXkeHHs OyJjia HE MEHIe HiX N bg MIKCEJTiB
(Puc. 4). ¥V Bumagky xoau N, JAOpPIBHIOE JIBOM MiKCENSIM

HMOBIpHICTH BIpHOTO MPHHHATTS PILICHHS PO HASBHICTDH I
onepatopoM cTaHOBUTH 50%. JIyis migBUIIEHHS WMOBIPHOCTI
BUABIIEHHs HEOOXi/IHO NIPH THX K€ YMOBaxX MiJIBULIYBaTH N

10 10

Puc.4.  3ajexHICTD BiTOOpaXXCHHS 00’exTy Bix

PO3pIlIyBaIBbHOT 3MATHOCTI B MIKCEIAX

. 3HaYeHHS MHOKHHKA 1T N b B 3aJIEKHOCTI Bl HEOOX1THOT

HMOBIpHOCTI BUABIICHHS 00'€KTa HaBECHI B TaOIHII 3.

B ymoBax HepiBHOMipHOTO ()OHY 1 HAasSBHOCTI IIyMiB IUIS
BCTaHOBJICHHS (DaKTy BHUSBJICHHSA 00'€KTa HEOOXITHO OiNbII
BHCOKE 3HAYEHHS N ,_, HiK IPH piBHOMipHOMY (oHi (TabmuIs

4) [7, 8]. Hans TPBOX piBHIB BiJTHOILICHHS
curHan/HepiBHoMipHocTi pony (SCR - signal to clutter ratio):
piBHomipauii  (SCR>10), cepeauboi  HEpiBHOMIpHOCTI
(1<SCR<10), Bucokot HepiBHoMipHOCTI (SCR<1) i pi3Hux
3HAa4YCHb UMOBIPHOCTI BUSABJICHHS 00'€KTa HEOOXiIHI 3HAUCHHS
MHOXHHKA UL N, MpeCcTaBIeHi B Tabwi 5.

MakcrMajbHa JajdbHICTh BUSBIICHHS:
fH 100
h A

ne f - QokycHa BijgcTaHb 00'€KTHBA B MM;

H - Bucora o6'exra B M;
h - BucoTa MillleHi MaTpHIL BifeOKaMepU B MM;

K,Np, , .
A=—P D9 4100% - BHcCOTa O0O0'€KTa y BIICOTKax B

ctr
nepepaxyHKy Ha BUCOTY pacTpa GoTonpHuiiMaua;
N, - KpHTepiii JkoHCOHa;
K, - KoeIlieHT nepepaxyHKy it N, ;
N, - YChOTO MiKCENiB 10 BEPTUKAI.
Toni mma xamepu FCB-EV7520 3 N, =1080,

CepeIHBOT0 3HAYCHHS HEPIBHOMIPHOCTI (OHY, WMOBIPHICTIO
BIpHOTO MPHUWHATTS PIICHHS MPO HASBHICTH IUTi OMEPaTOPOM
He HIk4e 0,95, mapamerp A cranoButh: 2%3,8 / 1080 x 100 =
0,704%. 3amaemo rabapuru o6'ekra piBHEMHU 1x1 M (H = 1m).
Iz kamepa mae matpuiio popmaty 1/2.8", Bucora mimieni h =
3,18MM. JlanmbHICTH BHSBJIEHHS O00'€KTiB, BH3HAYAETHCS
3aJ]aHOK0  BEJIMYHMHOI0 MIHIMQJIIBHOTO KyTa IOJsL  30py
TenesisiitHoi kamepu 2.3 °, hokycHa Bincrans f= 129 mm. T.u.
MaKCHMaJlbHa JJAJIbHICTh BUsiBIIeHHs Juis kamepu FCB-EV7520
31 IITATHUM 00'€KTHBOM:

o129 ) 100 e
318 0.185

Jost posnisHaBanHs Ta ineHTndikauii 00’exty norpibna N,

3a yMOB

3poctae. Ha Puc. 4 HaBeneHo MpUKIA TOTO, SIK OJHE 1 T€ X
300paXeHHsI MOXeE BiJIOOpakaTHCSl NPU PI3HUX 3HAYCHHSIX
PO3MLIBHOT 3IaATHOCTI B MIKCEISX.

2001 20 30 x50 100 x 100

_| [®RIRIR[R
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JlanpHICTh TOYATKy CYNMpoBOAY i it kamepu FCB-
EV7520 31 mrraTHAM 00'€KTHBOM BiAIOBIIHO:
L, =900M.
Pesympratn  po3paxyHKy  MaKCHMaJbHOi  JaJbHOCTI
BHSBJICHHS Ta IMOYATKy CYNpPOBOXIY INi MpPHW BUKOPUCTAHHI

pizaux 00’extHBiB mua kamepu FCB-EV7520 naBeneni B
Tabumi 3.

TABJIMLIA 1. KPUTEPIA JIKOHCOHA

PiBenn

o Onuc NDg IS NDg IS
BH3HAYEHHS it . .
BiTeokamepn | TemioBizopa
BusiBnenns. O06'ext mpucyTHiit | 2,0+£0,5 15
Bupinenns 3
3aBaj
Crnoctepexenns i | OpieHrarist: 2,8+0,7
aHaui3 O3HAK | PO3PI3HIETHCS
o0'exTa CHUMETPUYHICTh
abo
ACHMETPHYHICTh
ob'ekra 1  #oro
opieHTawis -
BEpTUKaJbHA a00
TOPH30HTAIBHA.
Koumip. ®opma.
PosnizHaBanHs, BusHauaetscs 8,0+1,6 6,0
BHOIp anroputMmy | kimac of'ekta -
CYIIPOBOJIKEHHS JITaK,
KBaJIPOKOIITEP,
aBTOMOOLIIB 1 T.JI.
Inentudikaris O0'exT Moxe Oyt | 12,8+3 12,0
OMHCaHUI B
pamKax 3HAHb

crocrepirada -
TUI  aBTOMOO1ISA
(BaHTaXIBKa,
JIETKOBHI, TiKa) i
JluckpumiHanis. T.JI.

PeanbHa 11i)16

Moxe OyTH
po3mi3HaHa Bij
VxBaneHus iMiTarfii,
pitrenHs Ha | (anpIIKBOI 1.
CYNPOBIJ L.
TTouaTox
CynpoBOJY I

TABJIMLA IV. MHOXHUK K : JUI TIEPEPAXYHKY KPUTEPIIO J[DKOHCOHA
T1PY PI3HUX 3HAUEHHSX UMOBIPHOCTI TA [1IPY PIBHOMIPHOMY ®OHI

ﬂMOBipHicrb 1,0 0,95 0,8 0,5

K, 34 2,0 15 1,0

TABJINLA V. MHOXHUK Kp JUIS TIEPEPAXYHKY KPUTEPIIO J[PDKOHCOHA

JUIS PI3HUX 3HAYEHb MMOBIPHOCTI B PI3HUX YMOBAX HEPIBHOMIPHOCTI
OOHY

HNmosipuicTs HepiBHoMmipHicTh oy
BHUSIBJIEHHSI
Hu3sbka Cepeonsn Bucoka
(SCR>10) (1<SCR<10), (SCR<1)
1.0 3.4 5.6 -

0.95 2.0 3.8 -

0.9 1.8 3.4 14.0
0.8 15 2.6 10.0
0.5 1.0 2.0 5.0

TABJINLA VI. MAKCUMAJIBHA JIAJIBHICTb BUSIBJIEHHS I CYIIPOBO/Y LILJII B
YMOBAX CEPEJIHBOI HEPIBHOMIPHOCTI ®OHY ITPU «KPUTUYHOMY PO3MIPI»
aun-1m

Kamepa + O6'exTun BusiBiennsi, m | Cynposia, M
Kamepa:

FCB-EV7520

00'ckmug:

129 mm 5770 900

150Mm 5700 1050

750Mm 33520 5240
1000MMm 44690 6980
1250MMm 55860 8730
1600MM 71500 11170

IV. METOJNKA PO3PAXYHKY JTAJTBHOCTI BUABJIEHHA I
CYITPOBOAY JUIS TEIUIOBI3IMHOT KAMEPU

Cnig  BpaxoByBaTd  MPHUHIMIIOBO  IHIIMHA  XapakTep
BUITPOMIHIOBAHHS LiJI1i B IOBTOXBHJIBOBOI 00JIACTI B OPIBHIHHI
3 BHIMMHUM Jiana3oHOM. Y BHAUMOMY 1 OJNHKHBOMY
iHppadepBOHOMY  Jiama3oHi  3acO0M  CHOCTEPEKEHHS
PEECTPYIOTh BTOPUHHE BHIIPOMIHIOBAHHS, IO PO3CIFOETHCS
MoBepxHEl 00'ekTa, a B TEIUIOBOMY [iama3oHi - BJacHe
BUNpOMiHIOBaHHST 00'ektiB. Ha Puc. 5 BumnHa crpykrypa
Harpitoro o6'ekra (YaiHHK) Ha (;b?H OJIOJTHOT CTiHK

o

Puc. 5. Crpykrypa Harpitoro o6'ekra Ha )OHi XOIOJHOI CTIHKH

VY BuaMMOMY Iiana3oHi BiJHOCHA BEJIMYMHA CHUTHAIY, sKa
BU3HAYAEThCSA PI3HULEIO KOE(III€HTIB BIIOUTTSA/NOTIMHAHHS
i i GoHy, MOXKe MpUAMAaTH SK MO3UTHBHI, TaK 1 HETATUBHI
BEJTMYHMHH 1 3a3BHUYAl anpiopi € HEBIJOMOIO.
BiacHe BumnpomiHIOBaHHS 00'€KTiB B  JIOBIOXBHJIbOBIH
iHppadepBoHili oOmacTi, migKopsounch 3akoHy Credana-
Bonermana (1), 3a5eXuTh BiJ BIacHOI TeMIlepaTypH 00'ekTa

P =SecT?, €))
Jae P - moTyXHICTh BUIPOMIHIOBAaHHS, S - IUIOIIA MOBEPXHI
00'ekTa, ¢ - KOe(imi€eHT BHUNPOMIHIOBAaHHS IOBEPXHIi, o
noctifina bBompumana, pisEa 5,67x10%, T - abGcomoTHa
TeMIieparypa o0'ekra.
Ockinpkur B OinpmiocTi BHUOAAKIB TeMmmepaTypa Mgl B
aKTUBHOMY CTaHI - BHIIE TeMmepaTypu (OHy, TO MOXKHA
BIICBHEHO CKa3aTd, IO LNk OyAe BOJOMITH IO3UTHBHHM
KOHTPACTOM III0JI0 (OHY.
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VY pasi piBHOMipHOTO (OHY, JJIS YOTO Ha TMPAKTHIN IOCUTH
BiJICYTHOCTI IPSIMOTO COHSYHOTO BHUIPOMIiHIOBAaHHS, TOOTO B
MOXMYpY moroay abo B TEeMHHH 9ac 100H, 3aBIaHHS BUSBICHHS
LT 3BOJUTBCA JIO BHUSABJICHHA Ha 300pa)KCHHI 30HU 3
MO3UTHBHUM KOHTPAcTOM. SIKIIO TemrepaTypa 00'eKTa 3Ha4HO
BUILlE TeMneparypu (oHy, TO MOXJIMBICTb HOTO BHUSBIICHHS
30epiracThCst TAaKOX 32 YMOBH, L0 PO3Mip 300pakeHHsI MEHIIIe
OJTHOTO €JIeMEHTa CEHCOpa, OCKUIBKM IHTErpajbHUI MOTIK
BUIIPOMIHIOBAaHHS, L0 MOTPAIUISiE HA EJIEMEHT Ja€ CUTHAI
JOCTaTHIN IS IOTO BUAUICHHS HA T MiACTHIBHOI IIOBEPXHI.
Take TOYKOBE BHSBICHHS CHJIBHO HArpiTHX NMPEIMETIB MOXKe
BUXOAWTH 3a MeXi MHUCTaHIli, po3paxoBaHOi Ha OCHOBI
KpuTepito /[>KOHCOHA [0 YUCTO TEOMETPUYHIM ITapaMeTpaM.

B ymoBax piBHOMiIpHOTO (OHY 1 BHCOKOIO pPi3HHUIIO
TEMIIEpaTyp MOXIIMBICTh BHSIBICHHS OyJe BH3HAYaTHCS HE
TIIBKA T€OMETPUYHHUMH, a i 3HAYHOIO MIPOI0 €HePreTHYHUMHU
XapaKTePUCTUKAMHU 1T, 110 J03BOJISIE BHUSBISATH OO'€KTH Ha
OinpLIi nucTaHLii, HDK nepeabavyaeThes 3a Kputepiem. B
yMOBax HepiBHOMIpHOro (OHYy 3 YypaxyBaHHSIM 3HA4YHOI
BiIMIHHOCTI TEIJIOBOT CUTHATYPH I[Ti BiJi BUJUMOTO CHIIYETY
JUCTAHIIS BUSIBJICHHS Ta ieHTH]iKalii Oy/ie HaBIIaKW MEHIIIE,
HiX miepeadavaeThest 32 KPUTEPIieEM.

I'pannyHi manpHOCTI BW3HAYEHHS Il U TEIUIOBI3IHHUX
mpuitMadiB, po3paxoBaHi 3a kpuTepiem J[PKOHCOHA HaBeICHI B
Tabmumi 5. Po3paxyHOK mpoBemeHO s HAHOLIBII MIMPOKO
MOMIMPEHNX B TAaHHU Yac po3MipiB MPUHMaNbHOTO eleMeHTa 38
MKM (IUI1 HEOXOJIOJDKYBaHUX JaTuukiB) i 15 MkMm (s
OXOJIOJKYBAaHMUX IATYUKIB) 1 psAy CTaHAAPTHUX (POKYCHUX
Bizictaneil 00'exTuBiB. Kpuruunuii po3mip wini gopiBHIOE 1M.
PospaxyHnox BJIACHOTO BHUIIPOMiHIOBAaHHS 00'eKTIB
MPOBOJIMTHCS 33 HaBeCHOO Buiie hopmyroro (1).

TABJINLA VIIL MAKCHUMAJIBHA JTAJIBHICTD BUSIBJIEHHS I CYIIPOBOY
LI JUIS TEIUIOBIBIAHOI CUCTEMU B YMOBAX CEPEJIHBOI HEPIBHOMIPHOCTI
®OHY ITPU «KKPUTUYHOMY PO3MIPI» LIUII - 1 M

Kamepa + O6'ekTuB BusiBiieHHs1, M CynpoBig, M

Kawmepa:

Indium Antimonide (InSb):

- 640 x 480 pixels;

-3.51t0 5.0um;

-15.0pm

O0'exTHB:

275 vy (1,5°)

490mm (0,84°) 2410 380

735mm (0,56°) 4300 670

1100mm (0,38°) 6450 1000
9650 1500

Kawmepa:

- 320 x 240 pixels;

-3.51t0 5.0um;

-38.0pm

O0'exTHB:

275 mm (1,5°) 950 150

490mm (0,84°) 1700 265

735mm (0,56°) 2545 380

1100mm (0,38°) 3810 595

Jnst 301IbIIICHHS JTATbHOCTI TEIIOBi3iHHOTO

CITOCTEPESKEHHS Kpallle 3aCTOCOBYBATH iHPpauepBOHI KAMEPH 3
OXOJIOPKYBAaHUMHU JAeTekTopamu. lle HaWOimpII MOMIILHO B

CepEeTHLOXBUILOBOMY JIialla30HI y BOJIOTHUX aTMOCQEpHUX
YMOBaX.
Pesynbrat OIHKHK BifcCTaHi, Ha SKe «OAaYUTH» TEIIOBI30P,
MIPOBEJICHO JUIsl TUIIOBUX TIOTOHUX YMOB. Tak, Harpukia, 1uis
noMipHoro gouy koediieHT ocnabnenns Oyne 3-4 nb/km, a
U1 crlabkoro cHiromaay - 2-3 ab/km. MeToauka OLIHKA
NoJisrae B MOPIBHSHHI BUIPOMIHIOBAHHS MOBEPXHI 00'eKTa 1
¢dony (Hampukian, Ha (HoHi 3emiti). SIK TIABKH KOHTPACT I 1
(oHy cTaHe HM)KYE MEXI UyTIMBOCTI TEIJIOBI30pa - BUSBICHHS
Oyme HemoxnuBo. Jms mOYaTKy NOTPIOHO po3paxyBaTH
IHTETpaJbHY MOTYXHICTh BUIPOMIiHIOBaHHS 00'ekTa i PoHy 3a
¢dopmynoro 1, mOTIM CHIBBiIHOMIEHHS «CUTHAI/(OH» IO
dbopmymi:

S =10Lg Lg(Pc/Pd). (2)
Jnst oOuMcieHHs TPaHUYHOTO CHIBBIIHOIIEHHS HEOOXiIHO
po3paxyBaTH 3HauyeHHs moOTykHocti Pc Tta Pd, mo
BiZpi3HsroThesl Ha BennmunHy NETD, HaBeneny B macmopTi
teryioBizopa. IIpoBiBim HEoOXiHI OOYUCICHHS, OTPUMAEMO
HacTynHi 3HaueHHs (Tabmuis 8) mna ob6'ekra (T = 300 K) na
¢oni 3emui, Harpitoi 70 20 °© C (U1 TITHIX YMOB).

TABHI/IH}I VIIIL T'PAHUYHA JIAJIBHICTH BUSBJIEHHS JIJ11 JIITHIX YMOB
Beanuuna IMapamerp
TaT JIbHA [TOTY)KHICTh
CTPAIBEHA HIOTYHICTD | 517 Br
BUIPOMIHIOBaHHS 11Tl (Ha M%)
TaT JIbHA [TOTY)KHICTh
CTPATIEHA HIOTYXHICTS 418 Br
BUIPOMiHIOBaHHs (PoHY (Ha M?)
CriBBiIHOIICHHS «CUTHAN / OH» 0,92 16
I'pannuno HomycTUMO
CHiBBIIHOLIEHHS «CHTHAI / POH» 0,003 /16

(NETD = 50 Mk)

I'paHHYHA NANBHICTb BUSBJICHHS

- B ICHY TIOTOJy binbmre 2 xm
- B cllaOKuid TyMaH Brusbko 1 km
bnnspko 500 m

Bausbko 300 m

- B IOMipHUH J0I1]
- B CWJIBHUH JIOIIL

AHasoriyHy TabJIMII0 MOKHA CKJIACTH 1 AJIsl 3SMMOBUX YMOB
(Tabmunsg 9) - remneparypa ¢ony nopisHroe -20 © C.

TABJINLA IX. TPAHUYHA JAJIBHICTD BUSIBJIEHHS JUUISI 3MMOBUX YMOB

Besnuuna ITapamerp
InTerpanbHa MOTYXHICTD
P YK . 517 Br
BHUIPOMiHIOBaHHS 11i1i (Ha M)
IHTerpanbHa MOTYXHICTD
. 2 232 Br
BUNpOMiHIOBaHHs GoHy (Ha M?)
CriiBBiTHOIIEHHS «CHUTHAT / HOH» 3,5 n1b
I'pannuno momycTUMO
CTIIBBITHONICHHS «CHTHAN / (hOH» 0,003 nb

(NETD = 50 mx)

I'paHn4Ha JaIbHICTH BUSIBJICHHS:
- B ICHY HIOTOY Binbme 2 km
Binbme 2 kM

Bruzeko 1500 m

- TIpu cIabKiii ceprnaHky
- B IOMipHUii CHironaz

- B CWJIBHHIA CHIromasg Bauseko 600 M

HageneHi nani He € iCTHHOIO JUIs Oy Ib-SIKUX 00'€KTIB - BOHH
JIO3BOJISIFOTH MPHUOIM3HO OLIHUTH BILUTUB aTMOC(EPHUX OIMaJIiB
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Ha JAJIBHICTh BUSABICHHS. TOMy AJS MEpeBipKH PO3paxyHKIB
HEOOXiTHO TeCTyBaTH LiJIi B peanbHUX yMoBax (Puc. 6).

Puc. 6. JlabopaTopHuii CTEHI BUMIPIOBAaHHS JaJbHOCTI BHSBJICHHS 1
CYMPOBOAY TEIUIOBI3IHHOI KaMepH, Ja3epHOro OajieKoMipa (JOBKHHA
Tpacu 30 M)

B mnanax mopanmbIIux AOCIIIKEHb MPOBEICHHS BUNPOOYBAHb
JIOECM B nomiroHHUX yMOBaXx.

BUCHOBKU

1. Po3pobneHo nocmimHuii 3pa3ok MajorabapuTHOI Ja3zepHOI
OINTHKO-EJIEKTPOHHOI ~ CTaHIii MOHITOPUHTY HOBITPSHOTO,
HA3eMHOTO 1 HAJABOJHOTO IIPOCTOPY B BHAMMOMY 1
iHppauepBoHOMY Jiana3zoHax 4acTtoT. Po3pooka JIOECM Ta
creLiaibHUX ajropuTMiB 11 poOOTH, CIPSIMOBaHO Ha poOOTY B
aBTOMAaTHYHOMY PEXKHMI Ta B peabHOMY MaciuTabl 4acy, ToMy
MPOTrpaMHy peaizailito 0J0Ka BHUABICHHS Ta CYMPOBOIY LI
peKOMeHIyeEMO BUKOpHCTOBYBaTH Ha tuiatdopmi Xilinx Zyng-
7000 1 ZU + MPSoC, sxmrouaroun matu ZCU102, ZCU104.

2. Po3pobmeno iHpOpMaNifHO-aHANITHYHY TEXHOJIOTIIO
0OpOOKHM BiICONIOTOKY B BHIUMOMY 1 iH(QpadepBOHOMY

Jiama3oHax 4YacTOT [UIi AaBTOMATHYHOTO BHABICHHS Ta
BHCOKOTOYHOTO CYIPOBOAY ITOBITPSHUX 00’ €KTIB B pEaIbHOMY
Macmtabi gacy. Bu3HaueHO OCHOBHI CKIIaOBi OJOK-cXeMH
AITOPUTMIB BUSIBJICHHS, 3aXOIUICHHS Ta CYNPOBOKEHHS
Litei.

3. Po3po0iieHO MeTOaMKY PO3paxyHKY AalbHOCTI BUSBICHHS 1
cynposony uimi JJOECM B Buaumomy i iH(ppadepBoHOMY
Jiarma3zoHax 4actoT. IIpoBeneHO KOpEeKLilo po3pobiIeHoro
AITOPUTMY 3 ypaxyBaHHSAM OOMEKEHb JaIbHOCTI BUSIBICHHS 1
CYIIPOBOJTY ITiTI AJIS TEJIeBi3iiHOI 1 TeIUIOBI3iHHOI KamepH.
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Abstract— At the present stage of the development of science
education and information technology, their integration,
complementarity and implementation are extremely important.
Therefore, the search of methods of teaching natural sciences,
based on the principles of self-organization and computer
modeling, corresponds to the immediate tasks of the present.

In the present paper the iterations of a fractal
structure on the example of studying physics sections,
“Geometric optics” and “Wave optic” elaborated. It is shown
that each iteration is characterized by a synergy - adding new
iteration provides a qualitative perception of the new
information. The possibility of using this approach in other
sections of natural sciences, and research fields related to
physics has been demonstrated. It manifests the formation of a
fractal structure and the corresponding iterations, reflecting the
integrity and spontaneity of information perception. Based on
the proposed synergetic approach to the use of subject areas of
knowledge and computer modeling, the fractal structure is
formed on an intuitive level. The functioning of this structure
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manifests itself in a qualitative transition to self-sufficiency of
students, which involves the use of a creative approach and the
desire to apply the received information in radically new fields.
Possibilities of realization of results on studying of physical
processes both in different branches of education and science,
and at research of synergetic principles of functioning of
information systems are presented. The proposed approach can
also be used in the development of systems for processing and
transmission of information, intelligent information materials,
artificial intelligence.

Anomauyia— Ha cydyacHomy erami pO3BHTKY OCBiTH Ta
indopmaniitHux TeXHOJIOT it ix iHTerpamis,
B3a€MOJIONMOBHIOBAHICT, Ta peaii3alis € HaI3BH4YAliHO
BaxIHBUMH. ToMy mouryk MeToiB BHK/IAJAHHS MPUPOAHHINX
HayK, 3aCHOBAaHMX Ha NPHHOUNAX camoopraHizamii Ta
KOMIT'IOTEPHOT0 MOJeJIOBAHHA, BiANOBiZae HaGJIMKIUM
3aBJAaHHSIM CbOTrO/leHHs. Y 1iii cTaTTi npeacrasiieHi po3pod.eni
itepanii ¢pakTanbHOI CTPYKTYpH Ha NpUKJIAAl BHUBYEHHS
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po3niiaiB  disukn, “I'eomerpuuna onruka” Ta “XBHIbLOBA
ontuka”. Iloka3aHo, o A1 KOXKHOI iTepauii xapakTepHa
CHHEprif - JojaBaHHA HOBOI iTepanmii 3a0e3neuye sKicHe Ta
noryundJieHe CHPUITHATTS HOBOI ingopmauii.
IIponeMoHCTpOBaHA  MOMIMBICTD BHKOPHCTAHHSI  LbOIO
nigxoay B iHINMX PO3/iJIaX NMPUPOJAHMYMX HAYK Ta HAYKOBHX
rangyssix, nop'si3anux 3 ¢izukoro. Bona BusiBisie gopmyBaHHS
iHTerpoBanoi (QpakTanbHOi CTPYKTYpH Ta BiamoBigHux
iTepaniii, mo BigoOpakawTh UiTiCHICTL Ta CHOHTAHHICTHL
cnpuiinarra  ingopmanii. Ha ocHoBi 3anpononoBaHoro
CHHEPreTHYHOI0 MiAX0Qy /10 BHKOPHCTAHHS MIKIIPEeAMETHUX

obsacTeli 3HaAHb TAa  KOMI'OTEPHOTO  MOJEJIOBAHHS
¢pakranpHa  cTpykTypa  QopmyeThesi Ha  iHTYITHBHO
3po3ymiiomy piBHi. @DyHKUiOHYBaHH ULi€i CTPYKTypH

MPOSIBJSIETHCA Y SIKICHOMY Mepexo/ii 10 caM0A0CTATHOCTI Y4HiB,
mo nepegdayac BHKOPHCTAHHS TBOPYOro miaxoay Ta
NParHeHHs 3aCTOCYBaTH OTPHUMAaHy iHopMaNilo B PaJUKaIbLHO
HoBux c¢epax. IIpeacraBieni MoxauBOCTI peanizamii
pe3yJbTATiB NPU BHBYEHHI (i3MYHMX npoueciB sk y pi3HHX
rajy3six 0cBiTH i HAyKH, TaK i IpH A0CTiIKeHHI CHHEPreTHYHUX
npuHUUNiB  (QyHkuioHyBanHsi  iHpopMauiiHHX  cucTeM.
3anponoHoBaHUIi MiAXi TaK0XK MOKe OyTH BUKOPHCTAHMIT mpH

po3pobui cucteM 00podkm Ta mepenaui indopmauii,
iHTeJekTyaJbHUX iHQoOpManiiiHMX MaTepianiB, IITY4YHOrO
iHTe1eKTY.

Keywords—computer modeling, fractal approach, self-
organizing processes, synergetics, teaching natural sciences,
information processing and transmission systems, artificial
Intelligence.

Knrouosi coea—komn'lomephe MO0enI06ann,
¢paxkmansuuil nioxio, npoyecu camoopzauizayii, cunepzemuka,
GUKIIAOAHHA RPUPOOHUYUX HAYK, CUCHeMU 00POOKU ma nepedaui
inghopmauii, wumyunuii inmenexkm.

. INTRODUCTION

Innovative teaching of natural sciences and
computer modeling of natural phenomena, as well as the
application of these methods by teachers, are the focus of
special attention in scientific literature [1]. However, special
training of future teachers on numerical modeling of natural
phenomena, bibliographic data in the pedagogical literature,
as well as in educational practice are encountered less. For
example, the curriculum of training future teachers of physics
in all five Slovakian universities does not contain this subject.
Students and future teachers can get acquainted with the
problem of computer modeling of natural phenomena while
studying special subjects such as “Digital Technologies in
Teaching Physics”, “Computer Information Technologies in
Physics”, “Computing in Physics”. A similar situation with
mastering these methods is observed in other universities [2,
3]

In the process of teaching natural sciences, attention is
focused on a significant amount of material and its
unstructured  character, insufficient relationship and
correlation with other disciplines and practical application. It
points to the need for information perception in higher
educational establishments, especially in teaching natural
sciences at an intuitive level, using visualization means,
modern advances in programming - object-oriented
programming [2, 4]. The aim of the investigation was the
implementation of the educational experiment based on the
positive impact of the applied measures aimed at creating the
optimal object of professional competence of future natural
sciences teachers. The study objective was to determine the
impact of implementing innovative approaches on the

willingness and interest of future teachers to independently
conduct computer simulations of natural phenomena [5, 7].

Il.  MATERIALS AND METHODS RESEARCH

At the present stage in the process of mastering the
sciences and technologies in the higher education
establishments, considerable attention is mainly focused on a
significant amount of material and its unstructured nature,
insufficient interconnection and correlation with other
disciplines and their practical application [3, 4]. This
indicates to the need for the presentation and perception of
information on an intuitive level, using visualization tools,
modern advances in information technology, especially
computer modeling and object-oriented programming. There
is a relationship between the different branches of education,
science, technology and their very sections that can be
demonstrated using a fractal approach [2, 3]. This means that
in teaching one of the sections (subsections), an algorithm can
be determined that is produced and realized in the following
sections and, thus, a complex structure is formed while
maintaining the integrity of material perception using
computer modeling. It is important to note that the formation
of this and subsequent iterations retain the “algorithm” of the
fractal structure incorporated for the previous iteration that
ensures the self-sufficiency and localization of perception.
Use is essential of the computer modeling, which determines
the cross-cutting nature and the spontaneity of the material
presentation, the features of object-oriented programming
languages developed on the principles of encapsulation,
inheritance and polymorphism. Because of this, each iteration
makes use of the properties of the previous one, and, at the
same time, it must contain new information (property,
method) [2-4].

A fractal is a informational branched or dispersed
structure, whose dimension is different from that of an integer
[4, 5]. There are geometric, algebraic and stochastic fractals
(Fig.1). One of the properties of fractals is self-similarity on
spatial and temporal scales, which predetermines the usage of
one algorithm in the formation of complex structures with a
minimum dissipation of energy [3, 4]. This testifies to the
expediency of their application in the teaching of educational
sciences, which is not sufficiently developed and argued at
the present stage.
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geometric fractal
stochastic fractal

Fig.1. The example of fractal structures (geometrical fractal — Koch’s
snowflake, algebraic fractal — Mandelbrot’s set, stochastic fractal — flow
of bubbles) [5]

It applies the environment of the visual programming,
Delphi, and the algorithmic programming language, Object
Pascal, which is built on the principles of object-oriented
programming and the latest information technologies [3, 4].
In computer modeling, along with the use of Object Pascal
other object-oriented languages such as C++, Java, and Ruby,
can be used. The educational experiment involved students of
two universities: Uzhhorod National University (Uzhhorod,
Ukraine) and the University of Presov (Presov, Slovakia).
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Control groups consisted of 10-18 students. Upon the
completion of the students’ studies, the test control was
conducted, which aimed to find out changes in the knowledge
and skills of students after the implementation of the offered
approach. A part of the test questions were aimed at
ascertaining the interest of students towards the further study
of computer modeling of natural phenomena.

I1l.  RESULTS OF RESEARCH

The iterations of the fractal structure on the example of
studying physics sections, “Geometric optics” and “Wave
optic” with integrated use of features geometric, algebraic
and stochastic fractals we have elaborated. Develepment of
the fractal structure is shown on Figs. 2-4.

m——
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Fig. 2. An example of a branch fractal structure: computer model simulation
of the Snell’s laws

An example of the laws of reflection and refraction of
light, the Law of Snell’s is shown in Fig.2. The branch
contains numerical calculations and computing of optical
parameters (Fig.2, a), 2-5 steps of computer modeling with
the visual interface in the environment Delphi (Fig.2, b-c),
testing of perception of information (Fig.2, d). The algorithm
includes the features of computer modeling of the light
propagation process at the interface of two environments, and
is further used for the following phenomena (steps), forming
a more complex but internally self-sufficient fractal structure.
In the course of the lecture students consider the basic laws
of geometrical optics and types of light reflection: mirror
(parallel light rays remain parallel after reflection (smooth
even surfaces) and diffuse (parallel rays after reflection are
scattered in all directions (rough uneven surfaces) with the
immediate transition to computer modeling. After
consideration of these laws in the environment of visual
programming Delphi, the students create the interface
(Fig.2): students have the opportunity to directly modify the
parameters of the optical system (angle of incidence,
refractive index, the factors of reflectivity and diffuseness),
means of visualization of the rays in Delphi environment
(colors of the incident and reflected rays, types of lines) and
become active self-sufficient participants in conducting
computer experiment. It is important to develop the algorithm
of information perception by students on the intuitive level
that will be used and developed further in later iterations
(lectures).

Similarly, the following branches of the physics section
"Geometric optics" are considered:

o The total internal light reflection. It is important to note
that the formation of this and subsequent iterations retain the
“algorithm” of the fractal structure incorporated for the
previous iteration that ensures the integrity, self-sufficiency
and localization of perception. It is important to use computer
modeling, which determines the cross-cutting nature and the

spontaneity of the material presentation, the features of
object-oriented programming languages developed on the
principles of encapsulation, inheritance and polymorphism.
Because of this, each iteration makes use of the properties of
the previous one, and, at the same time, it must contain new
information (property, method)—in this case, the possibility
of directional light propagation.

e Determination of light transmittance of a thin film taking
into account multiple reflections and using the methods of
approximation and computing (Figs.3, 4).

e Wave Optics.

e Using the Internet, developing Web pages.

e Other next branches.
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Fig.3.The branch of a fractal structure: visual interface of the modeling
optical power and focal distance of a thick lens (a is numerical calculations
of optical parameters, b-c are the modeling of optical parameters, d is testing
of perception of information)
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Fig.4. The visual interface of modeling optical parameters and iteration
procedure

Each iteration (section of physics) is characterized by a
synergy - adding new iteration provides a qualitative
perception of the information (without a mechanical outside
introduction of the division according to themes), the
formation of the integrity in which the student becomes an
active participant. This synergy creates a unique fractal
structure, capable of development and functioning. The
iteration discussed above can be complemented and
developed, in particular by involvement of learning using the
testing tools, the exchange of information using the Internet,
that is, the process generates and allows an infinite number of
steps, which is essential for fractal structures [5,6].

Based on the presented approach of the joint synergetic
usage of lectures on physics and computer modeling, the
fractal structure is formed on an intuitive level. Functioning
of this structure is manifested in the transition to the presence
of students' self-sufficiency, involving the use of creative
approach and the desire to apply the obtained information in
radically new areas and the hyper sensibility. For example,
the phenomenon of total internal reflection along with the
classical perception of physics as a process of dissemination
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of information are transistor and diode effects, cloud
technologies (Informational and Technological Sciences),
preparing a hamburger, croissant, cupcake (Technological
Science), the Belousov-Zhabotinsky reaction with the
formation of dancing rhythms Latin Dance, Greek Syrtaki,
Slovakian Folk Chardash, German Folk Dances (Humanities
Science).

IVV. DISCUSSION

Thus, a fractal structure in teaching one of the sections of
physics, “geometrical optics,” is formed (it can be easily
spread to other branches of physics). The advantages of this
approach are obvious: the corresponding physics section is
perceived as a single unit without the mechanical separation
into its component parts; and the possibility of forming
branched structures according to a single algorithm that can
be extended to other branches of physics, while maintaining
the integrity (fractality) at the level of several sections. It
should be noted that unlike the classical approach, which is
based on the assimilation of a certain amount of material, the
fractal connections reflect the internal structure of the
sections that are assigned spontaneously.

The offered fractal approach was tested in Uzhgorod
National University (Ukraine) for students at the Faculty of
Physics and the University of Preshov (Slovakia) for students
of humanities and natural sciences at the Department of
Physics, Mathematics and Technology. The study carried
out the evaluation of the quality of training the discipline
“Programming and mathematical modeling” for students
according to the specializations “physics teacher”, “applied
physics” (Fig. 5, 6). That is, the obtained dependence in Figs.
5, 6 is not accidental; it is naturally manifested owing to the
fractal approach of teaching physics processes.

WS0-100 A
m32-89B
s I BN =N = = 74-81¢C

s

lesson lesson lessan lesson lesson lesson lesson lessan lesson lesson lesson lesson
10 11 12

number of ratings

mE5-73D
®60-64 E

Fig. 5. The diagram of the dependence of assessment ratings of the students
in 2015/2016 academic year

The research in Preshov University was conducted in
2015-2016, 2016-2017 academic years. The experiment
involved 10-12 students in the study subject “Methods of
teaching physics” including computer modeling of physics
sections “Geometrical optics”, “Wave optics”. The
conducted rating control indicates the students’ interest in
computer simulation used in teaching physics in 88-93% of
future physics teachers and the increase in their level of
mastering material by 9-11%.
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Fig.6. The diagram of academic performance in the study discipline
“Programming and mathematical modeling” for 2015 / 2016 - 2018 / 2019
academic years

During these classes, the activation of students, and in-
depth perception of the material have been noted [6-8].

CONCLUSIONS

The fractal approach to teaching natural sciences using
computer modeling in object-oriented programming, Delphi,
Java has been substantiated. The formation of a fractal
structure has been established and the iteration has been
determined, which reflect the integrity and spontaneity of
presenting information.  The involvement of students of
related majors in two universities - Uzhhorod and Presov -
demonstrates the feasibility of using fractal approach in
preparing future teachers of natural sciences in higher
educational establishments.
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CEKIIIsA 2.
IH(dopmaniiiHi TeXHOJI0TII B cOLIyMi, OCBITI,
MeAULUHI, EKOHOMIIi, YIIPaBJIIHHI, €eKOJIOTII
TA WPUCHPYACHITII

SECTION 2.

Information technologies in society, education,
medicine, economics, management, ecology
and low
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of Indicator Characteristics of Social Networks
Participants Profiles
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Anomauyis—Po3po6ieHo Ta anpo0oBaHO Ha PpeaTbHUX
TEeKCTOBMX NPHKJIAAAX i JaHUX MigXia, mo pealidye mpouec
aBTOMAaTH30BAHOT0 BU3HA4YeHHsI iHIWKATOPHHUX XapaKTEPHCTHK
npodiniB yyacHHMKIB comiajJbHOI Mepe:ki, a TaKkoK BHU3HAYEHHSI
peakuii HMX y4YacHUKIiB couiajbHoi Mepexi Ha meBHi moaii. B
OCHOBY MiIX01y 3aKJIaJeH0 aJredpaiuny Mojej b KOHCTPYIOBAHHS
o0pa3y po3B’sizdaHHs mnpoGJjeMHoi cuTyauii sk  imiTtauiio
¢enomeHiB aHcamMO.110 00pa3iB, BeKTOpa eMoliii, pokycy yBaru Ta
opieHTYBaJbHOrO peduiexcy goauHu. Po3pobdiennii nporpamMHuii
J0AATOK IOKA3aB, 110 3alIPONOHOBAHUI MiIXi/l 3HAYHO MOKPAILMB
TOYHICT Ta O00CAr XapaKTepUCTHK NpodiniB y4yacHUKIB
nonyJsipHoi couiasbHoi Mepexki Twitter Ta Mmoxke OyTH
MOKPpAaLeHnii MIJISIX0M KOMOiHaNii pi3HUX Mojeseil Ta TeXHOIoTiil
00pOOKH NPUPOTHUX MOB.

Abstract—The approach that implements the process of
automated determination of indicator characteristics of social
network profiles, as well as determining the response of social
network participants to certain events has been developed and
tested on the real text examples and data. The approach is based
on an algebraic model of constructing an image of solving a
problem situation as an imitation of the phenomena of the
ensemble of images, the vector of emotions, the focus of attention
and the orienting reflex of a human. The developed software
application showed that proposed approach has substantially

Anton Kontsevoi

Department of automation and intelligent information
technologies
Vinnytsia National technical university
Vinnytsia, Ukraine
anton.96k@gmail.com

improved the accuracy and the amount of the characteristics of
user profiles inside the Twitter popular social network and can be
improved by combining different models and technologies of
natural language processing.

Knwuosi cnosa— couianvna mepedxca, npogini yuacnuxis,
noKazHuKu, Kaacughikayia Kopucmyeauie, nioxio, Mooesb,
acouyiamugne 00pazne MUcienns, anopoio, MooiIbHUI 000amox

Keywords—social network, participants profiles, indicators,
users classification, approach, model, associative imaginative
thinking, android, mobile application

l. Bcrynn

CouiasibHi Mepexi BBaXalOTh 0OE3yMOBHO aKTyaJbHUM
HAmIpsSMKOM JIOCH{/DKEHb B Taly3i KOMII'IOTEPHHX HayK,
OCKIUTBKHU NIHCHO BaXKJIHMBA 1H(pOpMALis s OLTBIIOCTI JFoaen
HAa IUTaHeTi BXKe icHye B LudpoBiii ¢popmi. Posristaemo migxisn
J0 BHM3HAYEHHS IHIMKAaTOPHUX XapaKTEPUCTHK NpodiiiB
Y4acHUKIB coriasibHuX Mepex (CM) Ha OCHOBI MOJIETTIOBaHHS
JEeSIKUX y3arallbHeHHX o0pa3iB. 3a3Buyail 30ip JaHUX JUIS
PO3B’A3Ky Takoi Ta MOMIOHMX 3amay IIyKAalOTh HOUIIXOM 1)
BU3HAYCHHS MHOXHHH 3HAYUMHX (iHaMKaTOPHUX)
XapaKTePUCTHK CIIOPiMHEHUX 00’€KTiB (TpodiNiB yIacHHKIB

66



CM), 2) oTpuMaHHsI 3Ha4€Hb TAKUX XapAKTEPUCTHUK ISl OZHOTO
00’ekTy, 3) HaAKONMMYEHHS CTAaTHCTHUKM 3HAYCHb IS BCIX
00’exTiB, mO nocmipKytoTecs. Hacrynuuii, 4-ii eran Mae
3a0e3MeUnTH OTPUMAHHS KOPHCHHX 3HaHb 31 CTATUCTUYHHUX
JaHUX TUMH 4YHM IHIIAMH METOJaMH — HalpHKJaf,
CTaTUCTUYHOTO aHaji3y, MAaIlWHHOTO HAaBYaHHS, 30KpeMa
rIMOOKOro HaBYaHHSA TOIIO. Y PE3yNbTaTi OTPUMYIOTH
pO30OUTTSA TEPBUHHOI MHOKHHHU 00’€KTIB Ha IEBHI KJacH abo
kateropii [1]. Bubip Ta eeKTHBHICTh TOTO YH IHIIOTO METOY
3aJeXKNUTh, SK NPABHIO, BiJ CKIAagy Ta THMIB JaHWX, IO
aHaJI3YIOThCA.

CKopHCTyeMOCS THM, IO 3HAYHA YaCTHHA IHIMKATOPHUX
XapakTepucTuk  npo¢iniB  yyacuukis CM  3amaerbcs
BepOanbHO, TOOTO HAJEKUTh IO MHOXHHH CIIiB JesSKOl
PUPOTHOT MOBH. [est migxoy, 0 MPOTIOHYETHCS, HONSTaE y
3aCTOCYBaHHI JIHI'BICTUYHHX METOJIB aHai3y MHOXHUHH CIIiB,
SKI XapaKTepU3yITh OKpeMuil mpodiip yuacHuka CM 3 MeToro
OTPMMaHHS JIAKOHIYHOTO IPUPOJHO-MOBHOTO OIUCY LBOTO
y4acHHKa, 3po3yMmizoro Juii JoamHH.  DopmanizyemMo
MOCTABJICHY 3aj7[ayy 3a JOMOMOIOK0 MOJEi acOI[iaTUBHOIO
00pa3HOro MUCIICHHS JIFOJJMHH, YIIEpIIe 3alpOIOHOBaHO1 y [2],
30KpeMa IMITYIOUH MPOLECH PO3B’A3YBaHHS JIFOUHOIO JEAKOT
poOIeMHOT cHTYyaITil.

1. ®OPMAJIBHA MOJIEJIb

IMpeamerom  ¢opmamizanii OynemMo BBaXaTH —IIEBHI
MHEMOHIYHI IIPOLIECH, BIACTHBI JIfoauHi. Y pobori [3] 3 MeTor0
(opManbHOTO PO3B’SI3KY TAKOTO KJIacy 3a/ad 3alpONOHOBaHO
3acTocyBaTH anreOpaiuyHi Moxemi 00pa3HOTO MEXaHI3MY
onepaTHBHOI Mam’sTi IUTYYHOi JHHIBICTUYHOI —CHCTEMH
(ILIUIC). AxTyanpHOIO 3aJadero y po3BUTOK Mojeni [3] €
BU3HAYCHHS Ta JeTali3alis o0pa3y-pilleHHs npoOIeMHOT
CHUTYyalii NIJITXOM BUKOPHUCTAHHS TPy (OpPMalIbHUX OIepariii
0 aHcaMOmo 00pa3iB Ta MOJENIOBaHHS OpPIEHTYBAJIHHOTO
peduekcy mronuHu. Bmepmie anreOpaiuHmii po3B’sA30K i€l
3amadi Oyno otpumaHo y [4], nme posrasgaiucs MpolecH
y3arajgbHEeHHs BepOanbHOI iHpOpMaLii B €1UHE IIiTe.

B tepminax Moen 00pa3HOro MHUCICHHS 6a30Ba omepartis
cuHTe3y 3a0e3neuye 3a Burorcekum [5] BIUIHB (BIUATTS) CEHCY
neBHol mnojii 4M curyanii B oauH o0pa3. Taka onepauis
BiOyBa€ThCS B OINEPATUBHIM maMm’sTi JIOAWHH, 30KpeMa Ha
OCHOBI BepOaJIbHUX O3HaK 00pasiB, SIKIIO TOAis (CHTyaris)
CTaJIM BIJOMHMHU Yepe3 TeKcToBHH omnuc. Hampukian, penakrop
ra3eTd 9YHTAa€E HOBHHY MpO fAKYyCh NOZII0 1 Mae HagaTu
MOBIZIOMJICHHIO BJIACHY Ha3By — CTHCIy, ajie SCKpaBy Ta
NpUBaOIMBY ISl YMTAYA.

[TokaxkeMO TNPHUHIMIOBY MOXIIMBICTh KOHCTPYIOBaHHS
o0pazy pO3B’S3yBaHHSI Yy MeEXax MOJIeNi MeXaHi3My
oneparuBHOi mam’siti [4]. Bynemo BBaxkaTw, 1o momepeapo N
BepOanbHUX 00pa3iB-TIPETeHIEHTIB BXKE BiAiOpaHO y CTeK
mam’ari Check—Set. Toxi HEOOXiZHO OCTATOYHO BU3HAYUTHU
CKJIa10B1 BekTOpY emortiii Vector—Set (inakiie — taki BepOasibHi
0o0pasu, SKi BiINOBIIAIOTh MO3UTUBHUM O3HAKAM CHTYaIlil) Ta
BUOpaTy oauH 06pa3 3 N 3 HalibinbIIo Barowo. PopMaIbHOO
ITOCTAHOBKOIO 3a]adi KOHCTPYIOBaHHSA 00pa3y po3B’s3yBaHHS
po0JIeMHO] cUTyallii BBaKaTHMEMO

Check — Set Vector — Set — Focus — Bi |
Focus —Weight = M%x(Weighti ), (1)

ne Focus—Bi — Ginapuuii kox 06pasy y dokyci yBarn; Focus—
Weight — Bara aconiatnBHuX 3B’513KiB 06pasy y $hokyci yBaru 3
obpa3zamu-CcKIagoBUMH BekTopa emorriin Vector—Set; Weight —
Bara acomiaTUBHHUX 3B’S3KiB i-ro 00pa3y aHcamOmo obOpasiB
(AO) 3 obpazamu Vector—Set.

Q®opmanbHO CHHTe3 a0 KOHCTPYIOBaHHSA  00pasy
poO3B’si3yBaHHA OynemMo LIyKaTH y BHTIsiAi omeparopa INsZX
BimmoBimHO N0 HoTarii 3 [6, 7]. TomoBHMUME IKepemamu
iHopMmanii st MoJeri € KOPOTKi TeKCTH KopucTyBadiB CM,
MIPUYIOMY 3TiTHO 3 [4] BUKOPUCTAEMO TaKi MO3HAYCHHS:

e Bi-Vector;— 6inapHuii ko1 i-r0 06pa3y BEKTOpY eMoiit
Vector—Set;

¢ Bi-OM — 6inapuuii ko AO orniepaTUBHOI aM’ATi.

3pemroro  omeparop InsZX  (pucynok 1)  3amyckae
Bi/IIIOBITHUIA MEXaHi3M KOHCTpPYIOBaHHS o0Opasy
po3’si3yBanus OM—Change—Vector ta mozae ioro pe3ynbTatu
Ha BXin mojeni opientyBansHOro peduekcy Orient—Reflect 3

[4]:

InsertZX ::= OM —Change —Vector* Orient — Re flect
2)

InsZX

OM-Change-Vector Orient-Reflect

Puc. 7. T'pad-cxema omepatopa KOHCTPYIOBaHHS 00pa3y pO3B’A3yBaHHS
npobnemHoi cutyanii INSZX.

Otrxe, Ha OCHOBI (popManbHOrO MHOIJSIY Ha (EHOMEHH
aHcaMOmo 00pa3iB, BEKTOpa €MOIii, (QOKyCcy yBarm Ta
OpiEHTYBAIILHOTO pedraekcy MOKa3aHO MO>KITUBICTh
KOHCTpPYIOBaHHS 00pa3y pO3B’s3aHHS NPOOJEeMHOI cuTyamii
3acobamu anrebpaiunoi cuctemu 3 [4]. OCHOBHUM JKepesioMm
iH(opManii 111 MOAEIN CITYKUTh TEKCTOBHI OIHC MPOOIEMHOT
cUTyallii, 3a SIKAM  BH3HA4YalOTh 1i  OCOOJIMBOCTI.
3arpornoHoBaHUi MiaXiJ A0 moOyxoBu omeparopa INSZX, Ha
BiAMiHY Bix poOiT [8, 9], BUKOPUCTOBYE K OCHOBHE JKEPETIO
iHpopManii JauiIe TeKCTOBUH ONMUC MPOOIEMHOI CHUTYaIli, 1o
BH3HAYae 11 0COONMMBOCTI. 3alIPONIOHOBAHUH MMiIXiJ 0a3yeThes
Ha BXe BimoMux Monemsax [3, 4] ta 3abe3neduye iHBapiaHTHE
TIOJIaHHSI 3MICTy KOPOTKOT'O OIIMCY CUTYaIlil, 110 TIOBOJUTHCS Ha
OCHOBI HACKPI3HOTO TeCTOBOTO MpuKiamy 3 [10].
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I1l. PO3POBKA ITPOIPAMHOI'O JOJATKY TA AIIPOBALIIS
MIIXOnyY

[IponoHyeThCsI HOBHII MPOTpaMHHUN TONATOK Ha OCHOBI
MoJenl s BH3HAUYEHHS Ta Jeranmizaiii o0pa3y-pillleHHs
mpobnemHoi cutyarii. IIporpamMa BHKOHYe 3aBIaHHS aHAITI3Y
peakIiiii KopHCTyBadiB corjianpHOi Mepexi Twitter Ha
aKTyaJdbHI HOBMHH, a TaKOX BH3HAUCHHS IHIMUKATOPHUX
XapaKTepUCTHUK NMPodiniB yyacHUKIB i€l nomynsipaoi CM.

OTpuMaHy pO3pOOKY IIaHYETHCS BHKOPHCTOBYBATH IS
300py CTaTUCTUYHOI iH(pOpMAIl PO peaxiil0 KOPHCTyBadiB
Ha TIOIi10, 110 BiIOYBAETHCA B pEXKHUMi PEaJbHOTO Yacy, a TAKOK
JUIl  aHaji3y  IHAMKAaTOPDHUX  XapaKTepUCTUK  mnpodiiis
KOPHCTYBauiB Mepexi. Mera — MpoaHaTi3yBaTH HOCTYIHY
CTaTHUCTUYHY iHQOpMaIil0 Ta BigoOpa3uTH I y BHITIALI
ricrorpaMm Ta Tabmume. 30ip, aHami3 Ta 00pOOKa maHMX
BiZIOYBa€ThCS Ha CaMOMy HPHUCTPOI, IO MiABHLIYE Oe3MeKy
JIaHUX, 3 SKUMH KOpUCTYBay nparttoe [11].

Sk 1 mepeBaxkHa Oinpwiicte nporpam s Android,
MPOTrpaMHUI TOMATOK CKIANAEThCs 3 TpadiuHoro iHTepdeicy
Ta IHIMX TPHUKIAJHUX pecypciB (TpadivyHUX, TEKCTOBUX Ta
3BYKOBUX PECYpCIiB), a TaKOX JJIOBOT JIOTiKH nporpamu. J{is
HAJIAIITYBaHHA TapameTpiB goctymy minsi APl comiampHOI
Mepexxi Twitter OyJio BHUKOPHUCTaHO Taki KIIIOUOBI IapH
3HAYCHb!

e consumer key;

e consumer Secret;
e access token;

e access secret.

L1i 3HaueHHs1 BUKOPHCTOBYIOTHCS TIPH HAJICHUIIAHHI 3aIUTiB
Ha CepBEpH COIiaTbHOI MepeKi, BOHH HeOOXiTHI IS Iporecy
30upaHHs iHpOpMaIii i TOCTYMHI MPH HASBHOCTI OOJIKOBOTO
3aMKrcy KOPUCTyBava 3 mpaBamu po3podOHmka Ha Twitter. 11i
rapaMeTpu € YHIKaJIbHHUMH JUIi KOXKHOTO KOpUCTyBada Ta
JTO3BOJISIOTH IICHTU(IKYBATH HOTO MpOrpamy MpH AOCTYII 0
JaHuXx Ha cepsepi [12].

B3aemopniss kopucTyBaya 3 INPOTPaMo0 TOYMHAETHCS 3
TOJIOBHOTO €KpaHy. Y LEHTpi eKpaHy € HoJjie BBEICHHS, Kyau
KOpHCTYBa4 MO>K€ BBECTH ICEBJOHIM KOPHCTyBaua, Mpodisib
SKOTO BIH XO04Ye IpoaHamizyBaTtd, abo XemTer, 1O SKOTo
JIOJTAETHCSL JesiKe OOroBOpeHHS B Mepexi. IlceBmoHIM crin
BBOJUTH 13 BHUKOPHCTaHHAM CHUMBONY "@" mepen HUM 0e3
npoOuTiB MiX ciioBamMH. SIKIIO HEOOXiZHO NpoaHaTi3yBaTH
peaxIiro Ha HOBHWHH, KOPHCTYBad BBOJHTH BiIIOBIIHHI
XeIlTer, MOYNHAIOYHU 3 CUMBOJY BBeIeHHs "#".

VY BiAmNOBiAb Ha BBEJIEHHS M’ KOPHCTyBada abo XemTery,
cucreMa crodaTky Bukimkae APl Twitter. Binmosigauit
MOIyJb  MPOrpaMH  HaJACWIa€  OJOKA Ha  CepBep,
BHKOPHCTOBYIOUH TOIEPEIHHO BKa3aHi MapaMeTpu JOCTYIY, a
TaKOX 3anuT KopuctyBada. CepBep moBepTae JaHi y dopmari
JSON. Ha eramni po360py KOKHOT peakilii KOpUCTyBaya TEKCT
BiJINIOBiJTHOTO TIOBIJJOMJICHHS (TBIT) BUTATYETHCS 1 JUTUTHCS HA
JIEKCEMH, TICIs YOTro Il JIGKCEMH JOJAIOThCS JO CIHCKY
nekcem. Jlami  mporpama  BH3HA4ae  iMeHa  JIIOJICH,
MICIIETIOJIO)KEHHS Ta JATH, SIKI MICTSITBCS B TEKCTI TBITIB,

BUKOpHCTOBYIouM 0i0iioreky APl Bu3HaueHHs iMEHOBaHMX
o0'extiB Apache OpenNLP.

Iotim 3a momomororo API Chunker mporpama BuOupae
KIIOYOBi cioBa Ta ¢pasu (Habopw CIiB, TOETHAHUX 32
3HAYEHHSIM Ta 'PaMaTHYHO) Yy TekcTax TBIiTiB. [1100 1 GpyHKIis
MpamioBaia, Mporpami MOTPiIOCH TEpewiKk JEeKceM, a TaKOXK
pe3ynsTar API POS Tagger, 3aBiaHHAM SIKOTO € BU3HAYECHHS
YaCTHH MOBM JUIi KOXKHOTO CJIOBa BXiZHOro TekcTy. lLle
JI03BOJIsIE BU3HAYMTH CJIOBA Ta (pasu, MOB's3aHi 32 3HAUCHHSIM
Yy TEKCTi, 0 B KIiHIICBOMY pe3yJbTaTi JOIMOMOKE BH3HAYHTU
peakiilo KOHKPETHOrO KOPUCTyBaya Ha MOJII0 B Mepexi, a
TaKOX 3arajibHy peakililo KOpUCTYBadiB.

Jus ampoOariii 1omaTKy, BXiIHUMH JaHUMU JJIsL aHATI3y
Oymo obpano Biaryku kopuctysadiB y CM Twitter mozmo momiit
y Mepexi, 00’eqHanux terom “#ukraine”. J{ns mpoBeneHHS
JociipkeHHs Oyno 3i0pano 1500 BigmoBine#d KOpHCTyBauiB
AHIJIHCBKOI0 MOBOIO, OCKIJIBKM MOZENb PO3Mi3HABaHHA
HaJIallITOBaHa Ha aHTJIHChKY MOBY Ta iCHYIOTh 0OMexxeHHs APl
Twitter. Ha pucyHKy 2 mokazaHO pe3ynbTaTH aHAI3y peakiii
KOpHUCTYBayviB Ha BiZliOpaHi mosii B Mepexi.

REREERE LR
HERERE S
H

Puc. 1. PesynpraTn aHanizy peakuiii KopucTyBadiB Ha BiniOpani nozii B CM.

KopucryBau Moxe B3aeMoisTH 3 rpadikamu, 30i1b11yI041
MacmTad i MpOKPYyUyoUH ixX, mo6 nodauutu Bei qaxi. [lig gac
OIIpaIfOBaHHS pE3yJbTaTIB aHaNi3y peakiiii KOpUCTyBauiB
nporpaMa BH3HAYMNIA I1’SITh HAHIIOIIMPEHINIMX IMEH y TEeKCTi
TBIiTIB, stkumu BusiBrHcs "Donald Trump”, "Joe Biden", "Rudy
Giuliani", "Vladimir Putin", "Volodymyr Zelensky" (pucyHok
3).

dunsyg prevog

N A
sapaz il

Puc. 2. Jliarpama HaiOLIBII NOMMPEHUX IMEH, IO 3yCTPIiYaloThCs y TEKCTax
TBITIB.
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3acrocysannst Named Entity Recognition APl mo3Bommio
BHIIUTATH HA3BH MICIb y TEKCTi TBIiTiB, y JaHOMY BHIIAJKy —
Ha3BM HaOUIBIN 3rajgyBaHuX KpaiH. BapTo martu Ha yBa3i, 1o,
HE3Ba)KalOUM HA BHCOKY TOYHICTh OTPHMAHHX PE3YNbTATiB,
MOJIeNIb MOXKE HE BH3HAUaTH HA3BU MaJOBIIOMHX MICT, IO
MOXXe OyTH mpoONeMOr0 TpH aHajii3i OUTBIIOI KiTBKOCTI
"nokanpHUX" TIOAIH y Mepexi. Ha pucyHky 4 nmokaszaHa kpyrosa
niarpama i3 3a3Ha4eHUMH MICI[IMH.

Mentioned locations

W Russia

B USA
us

W Ukraine

China

Puc. 3. Kpyrosa giarpama i3 Ha3BaMu HalOIbLI 3rayBaHUX KpaiH.

[otpiOHO BiA3HAYMTH, MO MiAXiJ i3 BHKOPHCTAHHIM
tokeHizanii, POS teriB Ta intepdeiicie APl nae Habarato
OUTBIly TOYHICTH Ta OUIBOIy CEMaHTHYHY 3HAYYIIIiCTh
pe3yabTATIB MOPIBHAHO 3 BIIOMHM METOJOM TOKEHi3alii Ta
3aCTOCYBaHHS KOPTEXIB 3 MapaMy KIIOYOBHX CJIB TEKCTIB.
3anpornoHOBaHM MiAXIJ 0 aHANI3y JaHUX J00pe Mpairoe 3
AHITIACHKOI0 MOBOIO, SIKa MiJATPUMYE CTPOTHH IMOPSIIOK CIIB Y
peueHHi, TOMY ICHy€ BellMKa HMOBIPHICTb 3HaXO/KECHH:
3B’sI3KIB MiXK 3HAHICHIMH CJIOBaMH Ta (ppa3amu.

Jlyist BUBYEHHS Ta aHalizy npodijro ydyacHHUKa COLIaIbHOT
Mepexi Oyno obpano mpodine mirodoro mpesmmenta CILIA
Jonanpaa Tpamia, a TaK0XX HOro TBITH 3arajibHOO KiJIBKICTIO
2500 mtyk. e moka3HUK € HE TOCUTDH MPEICTABHUIIBKUM JJIs
peaNbHOro aHaNi3y, OCKUJIBKA OXOIUIFOE JIMIIE HEBEIUKY
KUIbKiCTh  OcTaHHiX TBIiTIB Tpammna, 1mo 00yMOBJIEHO
obmexennsimu APl Twitter. Ha pucyHky 5 moka3aHo npuKIiaj
pe3ynbTaTiB aHamizy aqaHux npodiaro yuacauka CM Twitter,

Puc. 4. Tlpuxman ananisy ganux npodimo girogoro npesuaenta CIIIA.

1V. 3AKJIIOYEHHS

Y crarri 3ampomoHOBaHO (GOPMANBPHHH TIOXiX Ta
MPOTrpaMHUN JONATOK Uil AaBTOMATH30BAaHOTO BH3HAYCHHS
IHAWKaTOPHUX XapaKTEPHCTHUK NPO(iTiB comiaabHOT MEpexi, a
TaKOX BU3HAUYCHHS peakilii yYaCHHUKIB COIialbHOI Mepexi Ha
neBHi moxii. Ha ocHOBI popmanpHOTO morisany Ha peHOMEHU
ancamOmo o0pasiB, BekTopa eMmolii, Qokycy ysarum Ta
OpIEHTYBAIBHOTO pe(IIeKCy MoKa3aHa MOXIHBICTh TOOYZOBH
00pa3y po3B’si3aHHS TPOOIEMHOI CHTyaIlii 3a JOIMOMOTOIO
anreOpaiTHol CHCTEMH.

J1s po3poOKU IPOrpaMHOro 3a0e3NeUeHHs Ta JOCATHEHHS]
METH JTOCIIKEeHHS 0yi1o 00paHo MOBY mporpamyBaHHsa Kotlin
Yepe3 NPOCTOTY 1 BUKOPHUCTAHHS IIiJl YaC CTBOPEHHS JOAATKIB
st Android, a takox 0i0miotexky Apache OpenNLP s
MApCHHTY JaHWX TIPO HOBHHH Ta KopucTyBadiB CM.
ApXIiTeKTypa Ta OCHOBHI MOJYJi 3alpONOHOBAHOTO JIOJATKy
Oynmu po3poOieHi Ta MPOTECTOBaHI HAa PEAbHUX TEKCTOBHX
npukinagax. OTpumaHi pe3yiabTaTH 3acBIAYMIM IIOMITHE
MTOKpAIIeHHS! TOYHOCTI Ta OOCATY XapaKTepPHCTHK MHpodiniB
KOpPHUCTYBaviB MOMYJISIPHOT colialibHOT Mepexki Twitter.

Ha nymKy aBTOpiB, MOJANBIINM pPO3BHTKOM TEMAaTHKU
JOCII/DKEHHSI € BHUBYEHHS PI3HUX Mojeneil  oOpoOku
MPUPOJHUX MOB, SKi MOXYTh OYTH BHKOPHCTaHI fK 0a3a
3anporionoBaHoi IIJIC pnst Bu3HAayeHHS IHAMKATOPHHX
XapaKTePUCTHK MPOQiTiB YIACHHUKIB COIIaAIbHAX MEPEK.
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Anomauyia— Po3podieHo Ta peanizoBaHO NepcoHATi30BaHi
MeAuYHi Be0- cepBicu 3i CKpiHiHIYy XBOp00 Me4yiHKH, 3arajbHOL
MiarHOCTHKH CTaHy 310poB’st Ta Jemo inme. B ocHoBi
PO3po0/IeHNX TeXHOJOTIH Je:kaTh HAPOOKHU BITUM3HIHHUX BUEHHX-
menukiB. Bukopucrano meroan Data Mining, nepesa pimens, Jic
JepeB, 10 A03BOJISIE OTPUMATH e(eKTHBHI AJrOPHUTMH OLIHKH

CTaHY 3/10POB’sl JTIOAMHU.

Abstract— Personalized medical web services for liver disease
screening, general health diagnostics and more have been
developed and implemented. Developed technologies are based on
the achievements of national medical scientists. Data Mining
methods, decision trees, and forest trees are used to obtain efficient
algorithms for assessing human health.

Knrwuoei cnoea—meouuni  eeb-cepesicu,
neuinku, depeea pimens, Data Mining.

CKpiHinz  x60pod

Keywords— medical web services, liver disease screening,
decision trees, Data Mining.

l. Bctyn

YV nmaHuii yac B CyCHiJIbHIN CBIJOMOCTI #ijie 371aM ysIBJICHb
10 10 poJii cydacHoi MeauuuHu. Llei mpoiec mpuCKOpIOEThCsS
MaHAEMI€I0 KOPOHOBIPYCY, IO MPOXOIUThH HA HAIITUX OYaX.

OpHi€l0 3 TOJOBHMX NPUYMH 3J1aMy HasBHOI IapajurMy,
KJIACUYHHUM 3pPa3KoM K0T, HAPUKIIAJ, € CTPaXxoBa MeIUIIMHA, €
BUSIBJICHA HEC(EKTHUBHICTh CHUCTEM OXOPOHHM  370pOB's

MPaKTUYHO BCIX JEprKaB, sKi MOMaNK T ma"aeMiro. B ocHOBI
Hee(heKTHBHOCTI JIEXKUTh OPIEHTALIIS] CHCTEM OXOPOHH 310pOB's
Ha BHSBICHHA BXXE XBOpUX JIIOJEH, MiarHOCTHKY IX
3aXBOPIOBaHb 1 JIKYBaHHS XBOpPOOM, a HE Ha MIATPUMKY
3mopoB's mroxedl. HoBa mapaamrma, mo ¥#ae Ha 3MiHY
TPaIUIIHOT, OYeBUIHUM YMHOM IOBHHHA OyTH OpI€HTOBaHA
HE Ha XBOPOOY JIIOAMHHY, a Ha 11 30poB's. BinmoiHO, MOBUHHI
OyTH CTBOpEHI 1 BIPOBAPKEHI B IIUPOKY NMPAKTHUKY, 0COOIMBO
3 ypaxyBaHHAM HasBHUX B JaHWA MOMEHT BEIMYC3HHUX
moxuBocteit Inteprery Ta IKT, cydacHi cucteMu HE TiJIbKH
JIarHOCTUKH, ajie TaKoX 1 "CHCTeMH BU3HAYCHHS Ta OOIIKY
CTaHy 30POB'S HACEJCHHS HAa OCHOBI OILIHKK aJanTamiiHuX
MoxJuBOCTel opranizmy" [1].

1. OrJI4 /1 PO3POBJIEHMX ITEPCOHAJII30BAHUX MEJJUYHUX
CUCTEM

Ha wamomy caitri (https://www.sciencehunter.net) B
po3nim «MeaunpHaY MPENCTABICHI MEKUTbKa TaKUX CHCTEM.
Onna 3 HUX HazuBaeTbes «[IpoTHO3» 1 GaKTUIHO pearizye Ha
Cy4acHOMY piBHI y BHIUIsII BeO-cepBiCy NPOTHOCTHYHUH
koMIuieke «Bita-87», po3pobnenunii me 8 CPCP i odimitino
BBeZieHH HakasoM MO3 VYkpaiHM B MNpPakTUKy MacOBHX
npodinakTnaHUX oOCTexkeHb HaceneHHs [2]. Lleit BeOG-cepBic
MPU3HAYCHUH IS OLIHKHA CTaHy 3J0POB'Ss KOPHUCTYBaya i €,
Hexaii 1 30BCIM HEBEJIMKUM, MPHUKIIAJOM HapajurMi OXOPOHH
3JI0pOB'sI, IO OPIEHTYETHCS HE TaK Ha XBOPOOyY, a Ha 370POB's
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aIpecoro

Ha mpomy 3k pecypci po3ramoBaHuil i iHIMIHKA CepBic -
KOMIT'FOTEpPHA CHCTEMa PaHHBOI NUGEPEHINIHHOT iarHOCTUKU
HAWOUTBIN MOMMUPEHUX XPOHIYHUX 3aXBOPIOBAHb MEUiHKH. L5
cucrteMa po3po0iieHa B paMKax MapagurMu MepcoHai30BaHOT
MEIWIIMHA - HOBOi MOJEJi OpraHi3amii MEeIWYHOI TOTIOMOTH,
10 3aCHOBaHa Ha BUOOpI AIarHOCTHYHMX, JIKYBAJIBHHX Ta
npopiIakTHIHNX  3ac0o0iB, SKi € ONTHMAaJbHUMH IS
KOHKPETHOTO TMAaIli€HTa, 3 ypaXyBaHHAIM HOTO TI'CHETUYHHUX,
¢izionoriyanx, OiOXIMIYHHX, TIOBENIHKOBMX Ta IHIINX
ocobnuBocTeit [3]. PO3BUTOK MEIUYHKMX aHATITHYHHUX CHCTEM B
paMKax IBOTO IIXOAY HOB'A3aHUHN 3 YITKOIO MOCIHITOBHICTIO
BUKOHAHHS TICBHUX CTAIIB HA [[bOMY IILISIXY.

OO00B'SI3K0BOI0 BUXITHOT YaCTUHOIO € OIMCOBA aHANTHKA. Y
HalloOMy BHIIQJIKy Lie BHOIpKa JOCHUTh BEJIHKOT0 oO0csry,
BepHu(iKOBaHA JOCBITYCHUMH 1 KBami()iKOBAaHUMH JIIKApSIMH,
IO MiATBEPIKEHO aKTOM MpO BepUdiKalilo JaHUX. 30Kpema,
HaMm#u Oyita oTpuMaHa BHOipKa po3mipoM n = 12, m = 1509, k =
10, ne n - KUIbKICTh 03HAK, M - KUIbKICTh 00'eKTIB (paaxiB), k -
KIJIBKICTD JTiarHO31B.

Jl1st 1iarHOCTHKY 3aXBOPIOBAHb MEYIHKH HAHBaYINBIIIUMUA
1 HaiOUThII iHQOPMATHBHHMH € TOKa3HUKH O0i0XiMigHOTO
aHaIi3y KpoBi (IeUiHKOBHUIA KOMIUIEKC), 3aTaIbHOTO KIIHITHOTO
aHamizy kpoBi (3AK) 1 0cOOJMMBOCTI KJIIHIYHHX IPOSBIB
KOYKHOTO 3aXBOPIOBaHHSI.

bioximiuHuii aHami3 KpoBI - MeToj J1abopaTOpHOI
MIarHOCTUKH, IO [O3BOJSIE OINHHUTH pPOOOTY BHYTPINITHIX
opraHiB (TeuiHKa, HUPKH, MIANUTYHKOBA 3aj103a, KOBYHUH
Mixyp i iH.), OTpuMmaTi iHQOpMAIo PO MeTaboTi3M (0OMIH
mimigiB, OUIKIB, BYIJIEBOMIB), 3'ICyBaTH TOTpedy B
MikpoeneMeHTax. OCHOBHI IOKa3HUKH OiOXIMIYHOTO aHAIi3y
KpoBi (TIE4iHKOBMH KOMIUIEKC), SIKi OI[HIOIOThCS: pPIBEHb
Oinmipy0iny, acmapTaraMiHOTpaHC(epasza (ACT),
ana”iHaminotpancdepasza (AJIT), nyxna dosdorasza, ramma-
riryraMinTpaadepasa i anpOyMiH. 3arampHuA KIIHIYHIH aHai3
kpoBi (3AK) - nabGopaTopHe J0CIiDKEHHS, SKe BKIIIOYaE B cede
MiIpaXyHOK BCiX BHIIB KIITHH KpOBi (€pUTPOIMTIB,
JIEWKOLMTIB, TPOMOOLMTIB), BHM3HAUEHHS IX MapaMeTpiB
(po3mipr  KImTHH Ta iH), JeHKOIUTapHY (HopMymy,
BUMIpIOBaHHS piBHA reMoryo0iny, BHU3HAYCHHS
CHIBBIHOIIICHHS KIIITHHHOI MacH 10 Tu1a3Mi (TEMaTOKpPHT).

OcuosHi nokazaukn 3AK, sSKki OLIHIOIOTHCS: MIBHIKICTE
ocimanas eputrpouuTiB (ILIOE), KiTBKICTHP EPUTPOIMTIB,
KITBKICTh  JIGHKOLMUTIB, KUIBKICTh TPOMOOLMTIB, pPIBEHb
TeMOTIIO0IHY.

Komn'torepHa cuctema Oyna po3poOiieHa Ha OCHOBI
MoJieliel, OTpHMaHUX 3a JOIMOMOTOK METOJIB MAIIMHHOTO
HaBuaHHI (Machine Learning) 1 aHamisy 3Ha4eHb
MepepaxoBaHUX BHIIE IMOKA3HUKIB, OTPUMAHUX Y OLIBII, HiX
1500 marieHTiB, SKi CTPaXAAOTh TUMH YH IHIIAMHU
3axBOpIOBaHHsIMH TediHkd. CKiIa] IMMOKa3HUKIB BU3HAYABCS

MPOBITHUMU JIIKapsSIMH Ha OCHOBI 1X JOCBimy i KBamidikarii.
Bcroro B cucremi Bumiproerscsi 10 moka3HuKiB i poOuthes
BHCHOBOK NP0 HAasBHICTH OZHOTO 3 9 BHAIB 3aXBOPIOBaHb:
AJIKOTOJIbHUH renaTuT, anbda-1 AHTUTPHUIICUHOBA
HEIOCTaTHICTh, ayTOIMYHHUI renaTut, XBopobda Konosanosa-
Binbcona, BipyCHHH renaTur, reMOXpoMaTo3,
TeraToeNoIipHa KapIUHOMA, TIEPBUHHMHN OUTiapHUI IHpPO3,
NEepBUHHUIA  ckiiepo3yloumii  xomanrit. Cuctema Oyna
MepeBipeHa Ha He3aleXHoi TecToBoi BUOipmi (Oimbme 500
00'exTIB) Ta mokaszana Onu3bke 10 98% 3HAYEHHS TOYHOCTI
Kkacugikamii 3aXBOPIOBAHHS.

Bimomo, 1o B caMiii euiHKKM HEMa€e HEPBOBUX 3aKiHYCHB i
BoHa He Oosmuth. lle yckimamHIOE mpoLec BHABJICHHS
3aXBOPIOBaHb Ha MOYATKOBHX CTafisx. ToMy Qyxke BajKIMBO
caMe Ha PaHHIX CTamisfX BHABITH O3HAaKH, IO BKAa3ylOTh Ha
MaTOJIOTIYHI MPOLECH B IMEYiHIl. 3BUYAWHUM € NPHU3HAYCHHS
3aragpHOTO 1 OioximigHOro aHamiziB KpoBi. Came Ha mbOMY
eTarr, erami aHamizy pe3yJIbTaTiB MEPBUHHOIO OOCTEKEHHS,
BKpail OakaHMM € JOCHTh YiTKC BHSBJICHHSA HANPSIMKH
MOJTAJIBIIIOTO X0y 00OCTEIKEHHS XBOPOTO, TONEPEAHIN A1arHo3,
KOHCYNbTAIlisl IocBim4eHoro koiern. OTpuMmaHa BHOIpKa i
SBIISIE COOOI0 TaKHil KOHIIEHTPOBAHWH JOCBIJ JIiKapiB 3
BHCOKOIO KBali(iKaIli€ro, o BIIUBCS B Bepuikamii Ta ommci
3aXBOPIOBaHHS.

HactynHuii etam - qiarHOCTHYHA aHAJITHKA - MOB'I3aHUIA
BXKe OUIBIIe i3 3aCTOCYBaHHSAM MAaTEMAaTHIHHX KOHCTPYKIIii,
3HaXO/KCHHSM IMPaBHJI, 10 MAKCHMAaIbHO TOYHO BU3HAYAIOTh
1 BIIOKPEMJIOIOTH OJWH BHUJA 3aXBOPIOBAHHSA BiX iHIIOTO.
®DaKkTUYHO, IIe eTaIl MAIIIMHHOT IIarTHOCTUKH, 1110 BUKOPUCTOBYE
3Hal[ieHi JIOTiYHI 3aKOHOMIpPHOCTi, B SsKili BimoOpakeHO
BEJINUE3HHI TOCBI] JTiKapiB.

I1l.  TIPUKJIAJIU 3BACTOCYBAHHS

Jlis epeBipKu SKOCTI BUOIPKH, 11 CTPYKTYpH 1 30iru mmiei
CTPYKTYPH 3 JIOCIIJPKYBaHUMH 3aXBOPIOBAHHIMH, ITOTIEPETHBO
BCsl BUOIpKa ITepeBipsacs 3a JOMOMOTOI0 METO/IIB Bi3yaizaiii,
30KpeMa, BHUKOPHCTOBYBaBCSI ~ METOJ]  0araTOBUMIipHOTO
IIKAIOBAaHHS, TMpH  SKOMYy  OaraToBUMipHa  TaONHIsA
«3rOPTAETHCS» B ABOBUMIPHY a00 TPUBUMIpHY KapTUHKY. [lyst
miei METH BHKOPHCTOBYBaBCS CEpBiC Ha TIOpTami, IO
PO3TaIIOBaHHIA 3a aJIpecoro: https:/
www.sciencehunter.net/Services/Clustering#/visualization.

Ha puc.l HaBeneHa KiacTepHa CTPYKTypa BHOIPKH IO
MPUMITHA 3 ABOX IIPUYHH:

1.Bi3yamizamist TOKa3ye XOpOIIy pPO3IUIBHICTh KJAciB
MOYaTKOBOI BUOIPKH, IO Aa€ HAMIF0O Ha MOOYIOBY (YHKIIT 3
XOPOIIMMH BJIACTUBOCTSIMH PO3MOALTY.

2.IloniOHa KapTUHKA TaKOX ITOOIYHO CBIIYUTH PO BIATHIA
BHUOIp TMPOCTOPY O3HAK - II€ TOBOPHUTH, B CBOIO HYEPTy, ITPO
BUCOKY IHTYIIIFO 1 JOCBiJ JIiKaps, MiJl KePiBHUIITBOM SIKOTO
30upanacs gaHa BHOipka. Xo4a TPUYMHH OynM IHIIMMH -
BUKOPUCTOBYBATH JlaHI PE3y/IbTaTiB aHAN3iB SK Ha OLIbII
pPaHHBOMY €Tari.
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MepBrHHMIA CKNEPO3UPYIOUMIA XONAHIMT

ANKOToNBHWIA renaTmMTt 10
Anbda-1 aHTMTPUNCUHOBE

HEﬁDCTaTHiCTb 8
Xsopoba KoHosanosa-BinbcoHa 6
BipycHMI renaTtmMT 9
lemoxpomaros 7
lenarouenn0napHa KapunMHoma 5
300poBi 4

6)

Puc. 1. JliarHOoCTHYHA KapTa 3aXBOPIOBaHb NEYiHKY 32 JaHUMH HAsBHOI HaBUYaJIbHOI BHOIpKH (KOXKHA TOYKa € OaraTOBUMIpHHM HaOOpOM 3Ha4yeHb Pe3yiIbTaTiB
aHaJi3y OJHOTO MALIEHTA - 3araIbHOTO aHAITI3Y KPOBi Ta Gi0XiMIYHOTO aHAaJi3y KPOBI).

Jami, BINMOBIMHO 3 BHUXITHUMH IMOJIOKCHHAMH aHATI3y
nanux (Data Mining), npoBoaniocst po30HUTTs BCi€i BUOIpKHU Ha
IBi yactuHH: HapuanbHy BHOiIpKy (HB) i ex3amenamiiiny
BuOipky (EB). IIpu usomy B HB motpamnuo 2/3 ciocrepexeHsp,

a B EB 1/3 crioctepexeHs.

OyHKIis po3mi3HaBaHHA OymyBamacs 3rigHo 3 HB, a
nepeBipsutacst Ha EB. 3naiinena ¢yHkuis po3nisHaBaHHs Oyiia
Oyia moOyzoBaHa Ha OCHOBI Jicy fepeB. s npukiamy omHe 3
JIEpEeB MPEACTaBIEHO Ha pUC.2.

PesynbraTn TectyBaHHA JicoM nepeB EB HaBeneni Hmkue,

B 1a01.1,2:
TABJIMLIS 1. PE3VJIBTATU TECTYBAHHS JIICY IEPEB HA EB
g};"“m’ 500 | 500 | 500 500 500 500 | 500 500 500 500
Kinpkicth
HeoOpobie | 6 1 3 7 6 6 1 0 3 0(1)
HHX
Kinpkicth
BIpHHX 463 491 487 472 474 464 465 492 486 496
MPOTHO3IB!
TouHiCTE
mporuo3y( | 92,6 | 98,2 | 974 94,4 94,8 92,8 93 98,4 97,2 99,2
%):
HepeBa DT1 | DT2 | DT3 DT4 DT5 DT6 DT7 DT8 DT9 Bci nepeBa
TABJIALIA II.  PE3VJIbTATH TECTYBAHHS JIEPEBA Ne2 (DT2) HA EB:
Kiac: 1 2 3 4 4 6 7 8 9 10
KinbkicTh 00’ €KTIB: 50 50 50 50 50 50 50 50 50 50
To4YHICTh MPOTHO3Yy B 100%
%: 92% ° | 94% 100% | 100% 100% 100% 96% 100% 100%

e 1. IlepBuHHu# OiniapHUH MPO3
e 2. AyTOIMyHHHH T€IaTHT

e 3. IlepBUHHMI CKIIEPO3YIOUUH XOJIAHTIT

e 4. 310poBi
e 5. T'emaronemitonspHa KapLuHOMa

e 6. XBopobOa KonosaoBa-Binscona
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e 7. T'emoxpomaro3

e 8. Anb(da-1 aHTHTPUIICHHOBA HEJJOCTATHICTh

"

—

. . s e s T - - o B s v D -

9. Bipycuwmii renatur

e 10.ANKOroJbHUN rernaTuT

|
|

Puc. 2. Otpumane fepeBo pilieHb.

Ha nanuii MOMEHT paHHS JiarHOCTHKa OQOpMIICHA Y
BUTTISIAI BeO-IOJATKy 1 BiOKpHUTa [UIS BUTBHOTO IOCTYITY,
a7pecoro;
http://sciencehunter.net/Services/apps/liver. 1ls niarHOcTHKa
JIOTTIOBHEHA MPOTOKOJAMHU, a TAKOXK IHIIUMH HCOOXiTHHUMH B

po3TamioBaHa 3a

JKapChKil MPaKTHUIl aTpUOyTaMH, SK-TO:
a) ypaxyBaHHS CKapr;
0) pe3ynbTaTaMu 00'€KTHBHOTO OTJIILY;
B) TabopaTOPHUM OOCTEKECHHSIM;
T) IHCTpyMEHTaIbHUM 00CTEKEHHSIM;
J1) CIIUCKOM CUMIITOMIB,

€) IOBiTHMKAMH - XBOPOO, JTIKIB, MEMYHUX IICHTPIB.

VYce pazoMm y3sate opopMIIEHO TaM ke, Ha BeO-IOAATKY Y
BUIJISAJI OKPEMOTO KaOiHeTy JIiKapsi, SIKUH MOKHA TIeperisiHy TH

3a IIOCHUJIaHHAM:

https://www.sciencehunter.net/Medicine#/Patients

Hanani nepenbauaeTbcss CTBOPEHHS OKPEMOTO CalTy ISt

JIarHOCTUKU HE TITBKH 3aXBOPIOBaHb IMEYIHKH, a ¥ I1HIIHX
oprawis jroaunu ([4]).

(1]

(2]

(3]
(4]
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AHotanis. Hayka 0e3 komyHikauniii Hemoxiaupa. BiabHa
HMPKYJIALIA 3HAHB i JOCTYN 0 HUX € BAXKJIMBOI CKJIAJOBOIO il
po3BUTKY. Po3risiHyTo HaykoBi KoOMyHikamii sk K/IIOYOBHIi
MeXaHi3M B3aeMoAii BcepeHHi HAYKOBOI0 CiBTOBApUCTBA, TAK i
MexaHi3M B3aeModii Hayku i3 Oi3HecoMm, [ep:KaBo Ta
CyCHniJIbCTBOM.

Abstract. Science without communications is impossible. Free
circulation of knowledge and access to it is an important
component of its development. Scientific communications are
considered as the key mechanism of interaction within the
scientific community, as well as the mechanism of interaction of
science with business, the state and society.

Knruoei cnosa: naykoea komynixayis, Komynikauiiuni éap'epu,
seb-cepeicu, aopecam, kananu nepeoaui ingpopmauii, euou i hopmu
KoMyHiKayii, Hoocgepa, eipmyanvhi KOMyHIKayii

Keywords scientific communication, communication barriers,
web services, addressee, communication channels, types and forms
of communication, noosphere, virtual communications

l. Bctyn

Hayka 6e3 komyHikauiii HeMOXMBa. BijbHa IUPKYISILIis
3HaHb 1 JOCTYI JI0 HUX € BaXKJIMBOIO CKJIAIOBOIO 11 PO3BUTKY, 1
HaBiTh MOsiIBA caMoro TepmiHa "HaykoBi komyHikauii" (HK)
TOBOPHTH MPO iX 3HaYHy pOJb B PO3BHTKY HAayKH. 3 METOIO
MOJAJBLIOTO BUKJIAy BAXJIMBO yTOYHUTH Bu3HaueHHss HK: min
HAyKOBOIO KOMYHIKAILlief0 OyAeMO pO3YMITH Ti IpOLECcH
KOMYHIKaIlil, B IKHX a/{peCaHTOM (BIANPaBHIUKOM) BHKIIOUHO €
MPEeICTaBHUK HAYKOBOTO CITIBTOBApPHCTBA 1 TINBKU BiH.
[ToTpiOHO BiA3HAYMTH, WO IOMIOHI KOMYyHiKamii, B SKHX

NPEICTaBHUK HAayKH €  aJpecaHToM (BiATIPaBHHUKOM),
BiOyBalOTHCS HE TITBKA BCepenHi HayKOBOTO
CIIIBTOBApHWCTBa, a ¥ 3 ajapecatamMu (oAep KyBadamm),

IHCTUTYIIIH, 110 TIPEJICTABIAIOTH Pi3HI BEPCTBH CYCIIIbCTRA. | B
koxaHoMmy Bumnaaxky HK HocaTh CBiif Xapaxtep, po3pi3HSIIOTHCS
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3JICXKHO BiJl THITY BiMOBiAHOT iHCTHTYMII. [le cBiquuTh mpo Te,
mo icHytoth pi3Hi Tunu HK i nedt ¢axr cyrreBo BmimBae Ha
PO3BHTOK HAyKH i CyCHUIBCTBa B mitoMy. Ha HHUX, B CBOIO
4yepry, HakIaJaloThcs pi3HI ¢GopMmu (KaHAJIM Tepenadi)
3MIHCHEHHS TaKOro poAy KoMyHikamiid. [Ipum mpomy moTpiGHO
3a3HAYUTH, W0 TOPSAA 3 YCTAJCHUMH, BHHUKIN 1 IOYalH
3acrocoByBaTHucs HOBI popmu HK, 3acHOBaHI Ha BUKOpHCTaHHI
iHpopMmaniliHo-KoMyHiKauiiHux TexHoorii (IKT), ocobmmBo
InTepHeTy.

I'mobanizamisi, B TOMY YHCII 1 HAyKH, @ TAaKOX 3POCTaHHS 1
Bcebiune BukopucTanHs IKT Timekn mocwmunm iHTEpec 10 miel
TEMATUKH 1 BUKJIMKAIU P TUTaHb [2, 3]. 3HAYHOIO Mipoto, IIi
MUTaHHSA BUCBITIIEHI B myOmikamisx [1, 2, 5]. B pobori [5]
3a3HaueHo, 10 KIoUoBMMH ydacHukamu HK moxHa HazBatu
YOTHPHW TOJIOBHI TPYIH COLIyMy: HayKa, AepikaBa, Oi3Hec i
CYCHIJIbCTBO.

IIpupogHo, B mpoMy BHMangKy, Mixk ydacHukamu HK 3
pI3HMX  [PUYMH  HEMHUHyYe  BHHHUKAIOTh  HpoOJIEeMH
B32€EMOPO3YMIHHSI, 1[0 HEPEHIKOPKAIOTh HE TiJIbKH BEICHHIO
mianmory, mo mpenctaBise camy cytb HK [7], ame, B psmi
BUIIAJKIB, HaBiTb HOro IIOABH, 1 SKIi MOJKHAa Ha3BaTH
KOMYHIKaIliifHuMu po3puBamMu abo Oap'epamu. Came i
pPO3pHBH HE Jal0Th CYYaCHOMY CYCILIBCTBY CKOPHCTATHCS
BCiMa repeBaraMu HayKOBOTO 3HAHHSI.

Il.  TIOCTAHOBKA 3AJAUI

Bumeckasane BH3HAYMIO MOJANbIIMKA XiX aHami3y, B
pe3ynbTati SKoro OyJjo BHAIIEHO 2 OCHOBHI IPYIU HampsMy
nposeneHHs nocmimpkens B HK. Ilepma rpyma crocyerses
aapecaris HK, npyra rpyma crtocyethcst Gopmu pearmizarrii
(xananiB nepenaui) HK, B skiii mpeacTaBieHa 15 cama CyTHICTh
HK i sika Hepo3pHBHO MOB'sA3aHA 3 apPecaToM.

VY mepuriii rpyni MOXXHa BHIUIUTH HACTYIHI HaNpsIMKH
anpecariB HK [5]: Science to science (S2Sci), Science to
government (S2Gov), Science to business (SZB) Science to
society (S2Soc). o crocyerbest hopmu peaizarii (KaHaJ‘IlB
nepexaui) HK, To, BuxOmsum 3 TPOBEIEHOTO aHajizy, MH
MPOTIOHYEMO BHIUTHTH CTaHIApTHI, ycTaneHi popmu HK [6] no
nosiBu  cydacHux IKT i, B 3B'WI3ky 3 IIMPOKUM
PO3TOBCIOKCHHAM 1 30imbimeHHsiM «Barw» IKT, BipTyambHi
HK, 10610 TI, I¢ 1TKIPOKO BUKOPUCTOBYIOTHCS IKT [4].

3 ypaxyBaHHAM CKa3aHOTO HPENCTAaBISETHCS IOLIIBHUM
y3araJbHUTH Ha OCHOBI NPHHIMITY CXOMKEHHS  BiA
abcTpakTHOTO 0 KOHKpeTHoro IIi i rpymu HK Tabmmmero 1,
y SIKIf TakoX NpuBeAeHa OlliHOYHa xapakrepuctuka HK 3a
CTYIICHEM PO3BHHEHOCTI 3 PO3OMBKOIO 110 TAKMM I'pajamisx: "He
po3BuHeHa", "moraHo pos3BuHeHa", '"po3BuHeHa", "moOpe
po3BuHeHa", "BimMiHHO posBuHeHa". Ili omiHKE nMaHi Ha
mifcTaBi BHBYEHHS pisHMX MarepianiB mo HK, dwacTkoBo
HaBeIEHUX y BUIIE3a3HAUCHUX MyOITiKaIlisiX.

TABJIMLA L .CTAH PO3BUTKY HK.
Cranpaptauii Bun HK | Bipryansnuii Bun HK
S2Sci BiIMIHHO pO3BHHEHA MOTaHO PO3BUHEHA
S2Gov | mobpe po3BUHEHA HE pO3BUHEHA
S2B MOTaHO PO3BUHEHA HE PO3BHHEHA
S2S0C | po3BHHEHA NOTraHO PO3BHHEHA

Otpumana Tabmuis y3arampHIOE 3a3HadeHi rpymu HK i
MOKa3ye HasBHICTh KOMYHIKAaliHHUX PO3PHBIB Ti€l YM IHIIO]
rIuOMHE TIpH B3aeMonii axpecanta 3 aapecaramu HK mpu
BUKOPHCTaHHI pi3HUX (HopM (KaHaTiB) TaKoi B3a€EMOII.

1. IIJ19X¥ PO3B’SI3AHHS [TPOBJIEMU

CTpyKTypOBaHHUi aHaJIi3 pO3PUBIB 1 MEXaHI3MIB ITOI0JIAHHS
IIUX PO3PHUBIB HaBelleHi B Tabimii 2. AHaii3 BUIIEHABEICHOTO
Marepiany NPHU3BOAUTH 10 BHUCHOBKY WIO, 3aJHIIAIOYHCh B
pamkax HK pisHEX Tpym, s mMoxojaHHS KOMYHIKAIiHOTO
po3puBYy HeoOximHe (GOpMyBaHHS ISl HHUX  €IWHOTO
komyHikariitnoro npocropy (KII). Crpykrypa Ttakoro KII
oOroBoproBanacs i Oyma mokmagHo omucaHa B [7]. YV mepion
IDKiTami3arii Kpail, JIOTIYHO MPHITYCTUTH, 0 KOMYHIKaIliiHi
MPOIIECH, OCOOJIMBO IO CTOCYIOTHCS HAYKH, 3HAYHOK MIPOIO
MOBHHHI OyTH peani3OBaHi B BipTyaJ‘ILHOMy cepenoButi. Jist
ICTOTHOT'O TOJIIIIIEHHS unpxynﬂun HayKOBOi inpopmarii i
3HATTA Oap'epiB y nomnpeHm 3HaHb 1 NPUCKOPEHHSA iX
3aCTOCYBaHHS Ha NPaKTHI, B paMKax KOMYHIKaliiiHOro
mpolecy  MOXKHa  3alpONOHYBaTH  BHUKOPHUCTOBYBATH
crewianizoBani BeO-cepBicu. SIK NpHKIIAA JTOPEYHO HABECTH
nopran https://www.sciencehunter.net.

TABJIULIA 1I.  CTPYKTYPOBAHHIT AHAJII3 PO3PHBIB I MEXAHI3MIB TTOZOJIAHHS PO3PUBIB HAYKOBUX KOMYHIKAILII

Po3puBnu: Po3pus IMomomannsn - 1o | IlogosanHs - SIK 70J1a€EMO, MeXaHi3M

Hpuunnm i J0JIAEMO

MeXaHi3Mu

. . "MicTeuKoBiCcTE", . . L. ..

3aKpgT1CT§ BCEPENMHI TPyl "XyTopAHCTBO"  1MX CHCI_lla?'IBI{l KaHaIu nepvem'lm 1 BUIbHOT LIUPKYJIALI]
JIOCJII THHMKIB 3HaHb, i7Iel, TEXHOJIOTIH MiX KllacTepaMu

Science to - = - pyn

science HeBlnnagmeHnn Mexan',M Mexanizm - mianor. [ToBuHHa OyTH oOpraHizalis
B3aeMOIi1 Mk | Monosor 3BOPOTHOTO  3B'I3KYy  BiJl  JOCTIHUKIB  J0
aZMiHICTpaIli€ro Ta | amMmiHicTparii agMiHicTparii, sKa BpPaxOBYETHCS
KOMaHIaMH PO3POOHHUKIB aJIMiHICTPATUBHOIO CTOPOHOIO.

- o Hecraua HagminenHs HaykoBUX opraHi3aui1?1 geHHKI/IMg
Science to | 3aiiBe aaMiHICTpYBaHHSI canocTiiHocT] MMOBHOBaKEHHSIMH, JleleHTpai3ais 1
government JIeOrOpOKpaTH3allis IHCTUTYTIB HAYKH.

BincytHicT raydknx | Cucrema ympasninHs CTBOpEHHS HOBHX IHCTHUTYTIB B Haymi -
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MEXaHi3MIB pearyBaHHs Ha
MIHJIMBI 30BHIIIHI YMOBH, B
TOMY YHMCJIi 1 pUHKOBI

OyTH THYYKOIO

po3poOKaMu  TOBUHHA

IHKMHIPUHTOBUX LEHTPIB abo IIKLN, B SIKUX HIe
MO/ICTIFOBaHHs a00 JOBEJICHHS! HAYKOBHX PO3p000K
JO MpOTOTUIy, JOHECEHHS IHX pPO3po0OK 3a

[IpoTupiyust MK CHCTEMOIO
VIOpaBIiHHA, HAIJIeHOT Ha

KoMepIliaTizaIiero iHHOBamii

. BiacytHicTb
HAayYKOBY i OCBITHIO L
. . . . KoMepuianizamii
JOSUTBHICTh, 1 HEOOXITHUMH

X HayKOBHUX PO3pOOOK
PUHKOBHMH  MEXaHi3MaMH
YTIpaBIiHHSA

norroMororo [HTepHeTy (cnemianbHi CepBicH 1 T.II.)
i sIKi TIOBWHHI IATPUMYBATHUCS, MAaTPOHYBaTHCA
JIEep)KaBOO, MOXJIHMBO 33 II€BHOI MiITPUMKH
Oi3Hecy, sIK IIe poOUTHCS, HampHKIad, B Immepian
Komemx B BenmnkoOpuranii

3 O0oKy HayKd - HEBMiHHI
«MEPEeBOJUTH» 3 HAYKOBOI

cu MDXK
MOBHW Ha KOMCPUIMHY

BincyrtHicte  3BIBKY
i BEHUYPHUM

BincyTHiCTh iHCTHTYIIH, IO
3a0e3MeuyTh 3BOPOTHHIA
3B'SI30K BiJl CYCITUILCTBA

CYyCITUTBCTBOM
HayKOI0

Science to - — Oi3HecOoM, HAYKOH i
- 3 Ooky Oi3Hecy - BHCOKI
business . . PHHKOM
OYiKyBaHi pH3UKH BTpaTH N
. . .. | BHCOKOTEXHOJIOTTYHOT
IHBECTHLIH TNpH  BUCOKIi
. . MPOJYKIIT
BapTOCTI NPOEKTIB.
BincyTHicTh HanaroIykeHOTro JlepxaBHa HiATPUMKA Mac-meia, SAKi
MexaHi3My JIoHeceHHs 1o | [Hdopmauiiiauii BUCBITIIIOIOTh JJOCATHCHHS HAYKH.
IIHPOKAX Mac pi3HHX | pO3pHB MiX Haykoio i | IlifTOTOBKM  Ta  CTBOpEHHS  BiAMOBiTHOTO
ACIIeKTIB HAayKOBOI | CYCHIIBCTBOM KaJpOBOr0 MOTEHIialy, BKIIOYAIOYH BiIKPHTTA
Science to | misuTkHOCTI Ta ii pe3yNbTATIB creniaizoBaHuX Kadep i crermiansHOCTeH
society CTBOpCHHS IHTEpHET MaiJaHYHKIB, 1€ TPOMaSTHU

Hemae pgiamory wmix

1

(sIK 9acTWHA CYCIUTBCTBA) MOXKYTh OpaTH y4acTh B
JHMCKYCisIX, IOKa30BHX EKCIIEPUMEHTaX, HaBYaHHi
Ta CaMOHABYaHHI 1 T.II., 1 TAKUM YHMHOM CTHKATHUCS
3 HAYKOBUM CITIBTOBAPHCTBOM

BUCHOBOK

Bupineno tumm i ¢opmu (kananu) HK. IlpoBexeHo ix
y3arajJbHEHHs JUIs BUSIBICHHS po3puBiB B pi3HHX Tunax HK,
aHal3 JaHUX PO3PHBIB, IX CTPYKTYpPHU3AIlisA i CHCTEMAaTH3AIis.
3'1COBaHO IPUYMHH iX BHHUKHEHHS1. 3aIIPOMOHOBAHO 1 OITHCAHO
MEXaHi3MH TOJIOJIAaHHS PO3PHBIB, IO JO3BOJISIOTH NEPEHTH JI0
KOHCTPYKTHBHOI cTanii mporo mpouecy. OZHUM 3 OCHOBHHX
MeXaHi3MiB € (QOpMyBaHHS €IMHOTO KOMYHIKaIiHOTO
mpoCTOpYy, SIKE CJiJ peami30ByBaTH B  BIPTyaJbHOMY
CepellOBHUIN 3 METOI MOJIMIIeHHs UUPKYISuii 3HaHb. Sk
HAOYHUU TPHUKJIAJ, MPOIMOHYETHCS MOJCIb CIEIiali30BaHUuX
Be0-CepBicCiB, MOKIMKAHUX TOJIETHIIMTH MPOLIEC KOMYHIKaIIil.
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AHoTanist. Y cTaTTi migiliMaeTbcsl NUTAHHS OHOBJIEHHS OCBIiTH
3 fe3neKH y 3B’f3KY 3 EPEX0I0M CYYaCHOI0 CyCHiTLCTBA HA HOBY
napagurMy ynpapJiiHHs 0e3MeK010, iKa MoTpedye 3HaAHb CyJaCHUX
METOiB MOJIEJTIOBAHHSI TpomeciB i cHcTeM Ta IIMPOKOro
BIIPOBA’KeHHs1 iHopMaliiHMX TeXHO/Orili. ABTOpPH IiIATHCSA
J0CBiIOM BHKJaJaHHS iMOBIpHiCHHX MeTOAiB MOJEJIOBAHHS Y
KuiBcbkoMy HanionanbHomy yHiBepcuteri imeni Tapaca
IlleByenka.

Abstract. In the article the problem of the necessity of the
renovation of the education in the field of safety is raised due to
the transformation processes in the modern society which are
related to the implementation of the new paradigm of safety
management. This new paradigm requires knowledge of the
modern methods of modeling of processes and systems and
requires the wide introduction of the information technologies.
The authors of the article share their experience in the teaching of
the probabilistic methods of modeling at the Taras Shevchenko
National University of Kyiv.

Knrouosi cnosa: pusuk, npoyec, 6e3neka, imogipHicna mooeins,
nOOIisA, HABUAHHAL..

Key words: risk, process, safety, probabilistic model, event,
teaching.

OnHOIO 3 TOJIOBHUX YMOB BXO/DKEHHSI YKpaiHu B €BPOCOI03
€ TIepexiJl CyCHiJbCTBa HAa Cy4acHI MDXHAPOIHI CTaHIApPTH B
ycix cdepax KUTTEISUIBHOCTI. Bei cranmapTy 3 MeHEKMEHTY
0e3rnexu ycix raimy3eil BApoOHUITBA i cdep XKUTTS B €BPOCOIO31
3aCHOBaHI Ha MapagurMi pusuk-opieaToBanoro miaxoxy (POIT)
Ta TaK 3BaHOMY IpouecHoMmy miaxoxi. lle o3Havae, 1o
yIpaBIiHHSA 0€3MeKoi0 (pU3UK-MEHEKMEHT) I B HaIIii KpaiHi
Mae OyTHM Ha OCHOBI OLIHOK pPH3MKYy B YCIX Ipolecax
JISUTBHOCTI.

Iepexin nHa mapagurmy POIl y cBiTi BinOyBaeTbes
MOCTYNOBO 3 KIHISI MHHYJIOTO CTOJITTS, YoMy, O€3yMOBHO,

Oleksi Voloshin

Department of Modeling of Complex Systems
KNU them. Taras Shevchenko
Kiev, Ukraine
olvoloshyn@ukr.net

COpUsUIO0  PO3BHUTOK iHpopMmamiiaux Ttexnomorin (IT). B
KpaiHaX MOCTPalIsSHCHKOrO MPOCTOPY I MPOLEeCcH MOYaIHCs 3
moyatky 2000-X pokiB y smepHid ramy3i MiJ BIDIHBOM
MDKHapOZHOI TpOManchkocTi — €Bpoma Oyma crtypOoBaHa
BeJHMKOIO KibKicTi0O AEC 011 CBOiX TpaHUIb, IX MOTEHIITHO0
HeOe3neKkor. 3apa3 €BpOINeichbKi CTaHIAPTH MEHEIDKMEHTY
6e3nexu Ha ocHoBi POII 3anpoBakeHi maiixke B ycix chepax
Oe3MeKn BiJ OXOPOHHM Tpall, AaTOMHI EHEPreTHKH IO
BIMICHKOBOT'O ITAHYBaHHS, 1 HEIOJABHO y Xap4yoBoi raiysi [1-
7], HaBiTh, HA 3aKOHOIaBUOMY piBHI [8].

Bei ni crangaptm 3acHoBaHi Ha mnapagurmi POIT 3
3actocyBaHHsaM IT. 3a BciMa craHgapramu MaeThesl Ha yBasi
KOMIIT FOTEPHHUI CYIIPOBI, a BCI MPOIIECH MAlOTh OyTH OIiHEHI
3a CTyNIEHEM PH3HKY SKICHUMHU a0o0/i (JacTime) KidbKiCHUMH
MeTonamu. SIKiCHI OLHKM 3BHUYAHHO TPONOHYETHCS POOUTH
metogom FMEA [9]. Lleit Meron € IIHPOKO BiTOMHM
YHIBEPCAIILHUM METOJIOM SIKICHOT OLIHKK PH3HUKY OyIb SKHX
npoueciB. Ilponenypa sKiCHOI OLIHKM PH3HMKY 33 METOJIOM
FMEA BUKOPHCTOBYETHCS TaKOXK K MOMEPEIHs Mpoleaypa
KUTBKICHUX OIIHOK. AJie KiTBKICHI OI[IHKH BX€ MOTPeOyIOTh
MO/ICTIFOBaHHSI IPOLIECIB 1 CUCTEM.

OnuauM 3 camMux e(eKTHBHHUX METOJIB MOJEIIOBAHHS €
IMOBIpHICHI METOJY, CaMeé TOMY BOHHM BHKOPHUCTOBYIOTHCS
CBITOBHM CyCHiNbCTBOM 3 70-X pOKiB B Tepmry dYepry B
HaWOUIBIT MOTEHIIHO Hebe3newHoi saepHid ramysi [10], me
Oyuni BuKOHaHI mepmii iMoBipHicHI aHani3u Oe3neku (IAB) 3a
JornoMoror koMt rorepHoro koay SAPHIRE. M Bxe 3 Kinms
70-x BuBueHHs IAb Oyino BkitoueHo B ycix TexHiyHnx BH3
[11]. B nmamiii xpaini Bmepmie me BinOyiocs y 1996 pori Ha
kagenpi ekcruryaranii AEC KIII. Bbymu po3pobneni Bci
METOAMYHI MaTepiand, a 3roJJoM i HaBYaIbHUN NOCiOHMK [12].
AJe, Ha ’XaJb, TAaKOTO TOIIMPEHHS OHOBJEHOTO HaBYAHHS 3
Oe3rexy, SIK y pO3BUHEHNX KpaiHax, He BigOyocs.
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Mu noci 36epiraemo mpocTinty, Ik HaM 3Ja€ThCS, CUCTEMY
MEHE/DKMEHTY O€3IeKH Ha OCHOBI JICpP)KaBHUX IHCIICKIIHN, i B
HaBYAJIBHOMY TIpOIleci, Ha BiOMIHYy Bim Maibke BCHOTO
CBITOBOTO CYCHIJIbCTBA. AJle MNEPEXOJUTH Ha MIKHApOIHI
CTaHIapTH MOTPiOHO, ¥, Ha HAII MOTJIS, 3apa3, 3 ypaxXyBaHHIM
mupokoro BrpoBapkeHHs 1T, He ckilaHe OHOBUTH OE3IIEKOBH
TUCHIWIUTIHN B YCiX HaBYaNbHUX 3aknanax. CydacHi CTyJeHTH
Habarato JieTIe 3aCBOIOIOTH TEOPIiI0 i BIANOBIAHI MPaKTUYHI
HaBUKH pobotn (mMOOyZOBH IMOBIpHICHHX Monenel) 3a
KoMl forepHIMHU Komamu [AB. OTxxe HaBeneMo NpPUKIAAH 3
BJIACHOTO TOCBiny opranizamii HaBuanHi B KHY (xadenpa
MCC) Ta HaliOHAIBFHOTO YHIBEPCUTETY XapYOBUX TEXHOJIOTIH
(HYXT).

[ix yac NpoxomKeHHs BHUPOOHWYOI NPAKTHKU CTYACHTH
HYXT npuBHOCATH B iIHCTHTYT TEXHOJOTIUHI CXeMH H ommc
NPOLECIB  CY4aCHOTO BUPOOHMITBA JIESKHUX IPOJIYKTIB:
OopomHa, Horypry, compTy # T.iH. ToOTO, Takum mporecu
BUpOOHMITBA (Ha BiaMiHy Bix mpoueciB AEC [12]) 3po3ymiini
st OunemocTi. [IpocTto BH3HAUaIOThCS ¥ (YHKIIT Oe3meKu —
e, 3amoOiraHHs aBapiii (moxexx abo BuOyxXiB) Ta
HOTIEPEKESHHS MOXKIIMBOTO OTPYEHHS HACENCHHS BUPOOJICHUM
MPOJYKTOM BHACIIIOK MOXIIUBHX MOPYIIEHb TEXHOJOTIYHUX
nponeciB. s MOJaNbIIOr0o HAaBeNeMO [JBa  OCHOBHI
BusHavyeHHs napaaurmu POII 3a cranmaptom 1SO [3]:

Pu3uk BUpakaeThCs y BUMIIAAI KOMOIHAIT HACIIIKIB MMOIT
— U (Brimouaroun 3MiHH OOCTaBHH) 1 TMOB'I3aHOI 3 HUM
«HAMOBIPHOCTI» - P BUHUKHEHHS.

Ipouwec -  CyKymHiCTh  B3a€MONOB'SI3aHHX  abo
B32€EMOJIIIOYNX BH[IB AiSTIBHOCTI JUISl IEPETBOPEHHS «BXOJIBY
B «BHXOJIH».

Jlo peun, B yCixX iHITUX CTaHIApTaX i BUSHAYCHHS TOTOXKHI.
OTxe Tmmicias [BOTO  CTAaHOBITBCS — 3pO3YMUIAM  IIITh
MOJICTIFOBaHHSI — BHM3HAY€HHsS KMOBIPDHOCTI BHHHMKHEHHS
HeOaxaHoi moxil BKJIFOYAIOYM 3MIiHM OOCTaBMH. 3arajbHa
Teopis MoOYAOBI JIOTIYHMX HMOBIPHICHUX MOJENEH BiJJHOCHO
MPOCTO CIPUHMAETBCS CTYACHTAMH, MPUIOMY HA TOYATKY
KypCy KOXCH Ma€e 00paTd TEXHOJIOTiIO (BUPOOHUYI MPOIECH)
abo cucreMy, SKy BiH Oy[e MOJEIIOBATH ITiJl YaC BUKOHAHHS
MPaKTUYHOI POOOTH — TaKMM YHHOM Maibke 3 T0YaTKy Kypc
HOCUTh O3HAK{ IHIUBIAyaJILHOTO HaBYaHHSI. BuOupaetbcs
3aJja4a MOJICJIIOBaHHs HeOe3IIeKH Ha PiBHI 00’ €KTY, pErioHy U,
HAaBITb, ACPIKABH.

OcHoBHa 3agada MO/ICITIOBAHHS MOXKe Oyt
chopMybOBaHa HACTYITHUM YHHOM: BU3HAYUTH iH(POpMAIiiHI
NpOLIECH Ta CTBOPUTH MareMaTWUuHI Mojeni iHpopMauiiHoi
TEXHOJIOTI1 yIIpaBIIiHHS OE3IEKOI0 Ha PiBHI 00’ €KTY, perioHy Ta
JepaBu Ui 3a0C3ICUCHHsSI BCTAHOBJICHUX IOKA3HHUKIB
0e3NeKy, TOJIOBHUI 3 SKHX € HENEPEeBHIIECHHS TI'PaHHIHOTO
sHadeHHs pU3HKY (Ripaw). LIS 3ama9a poO3ZiisS€ThCS Ha Taki
mia3agayi:

e OIHKM HMOBipHOCTI  Heba)kaHMX

00’ekTOBOMY (TIPOIIECHOMY) PiBHI;

e OIIIHKM HEBH3HAYCHOCTI pPe3yJbTaTy PpO3PaXyHKY

PH3HKY;
®  O3HAMOMJICHHS 3 METOJOJIOTI€I0 MOOYJOBH THUIIOBHX
MOJIENIEN MOTEHIIMHO HeOe3MeYHNX 00’ €KTIB;

nogii  Ha

OTITUMI3AIli] YIIPaBIiHHSA TEXHOTCHHOIO OE3TEKOI0;
BU3HAYECHHSl  IEpeNliKy  O3HaK  CIOCTEPEKEHHS
HeOe3IEeYHHX MPOIIECiB;

e omnTuMizamii iHTepBaly MDK CIOCTEPEXKEHHSIMH 32
€IIEMEHTAaMH CHCTEM 00’ €KTY;
BU3HAYECHHS TOTOYHOTO PHU3UKY;
BU3HAUCHHS  pHU3HKY HA
JIep’)KaBHOMY PiBHI.

Bci  maremarmuHi  3amadi  y  pamMKax — METOHOJOTIi
iHpopMaliiHOi TexHoJorii Oe3nekn 0a3yroTbCs Ha PHU3MK-
OpIEHTOBAaHOMY IIIXOAl SIK HaHOUThII eeKTHBHOMY crioco0i
YIPaBIiHHS TEXHOT€HHOIO Oe3nexot0. OCHOBHUM €leMEHTOM
PH3HK-OPIEHTOBAHOTO TIXOMY € OIliHKa BeJInunHn pu3uky (R)
Ha 00’€KTOBOMY, PETIOHAJILHOMY Ta JIepKaBHOMY PIiBHSIX, SIKUH
3aJISKUTPH BiJ IMOBIpHOCTI HeOaKaHHMX MOJiH Ta IX HACIHIIKIB.
Jlnist et po3paxyHKiB KOPUCTYEMCS IPOCTOXO (HOPMYJIIOH0:

R=P x U, R < Rpu

perioHanbHOMY  Ta

B3zaraini, MoxHa 00iiiTrcs 6e3 ckianHux Gopmyi, hopMyu
byneBoi anreOpu, 3a [OCBiOOM, CHPHAMAIOTBCS  Ha
IHTYITUBHOMY piBHI (0€3 HUX HEMOXIIMBO OyIyBaTH JepeBa
BimMoB — JIB), iHII 3amavi MOYKHA ITOSICHIOBATH Ha OCHOBI
3araJbHUX QJITOPUTMIB IMOBIPHICHOTO KOAY Ta 3arajbHUX
MOHSTH Teopil HmoBipHOCTI [12].

MaremaTiyHa 3a/1a4a HMOBIPHICHOTO aHalli3y Oe3leKku Ha
00’€KTOBOMY piBHI TOJISATAE, y TEPIIy Yepry, Y BH3HAUYCHHI
BeNMYMHK ¥#iMoBipHOCTI aBapii (Pi) Ha i-My nOTeHUiiHO
HeOe3MeYHOMY 00’€KTi Ha OCHOBI BXIJHHMX MaHHUX Y BHIJISII
MHOXXMHH 3HAa4eHb BEJIMYMHM IapaMeTpa iHTCHCHBHOCTI
BiIMOB A eJIEMEHTIB Ta CHCTEM OO0’€KTy Ta/du MHOXHHHU
3HaYCHb BEIIMYMHU WMOBIPHOCTI BIiIMOB Ha BHUMOTY P
€JIEMEHTIB Ta CHCTEM. 3a JOIOMOIOI0 MOJENi OTPUMYEMO
¢yukuito P; = f (4, p), mpu mboMy IepcoHaN pO3TIIAAETHCS K
€JIEMEHT CUCTeM Oe3neku 00’ €KTy.

Y mpomy pomi marictpu HYXT mig gac mpoxomKeHHS
muruioMuol mpaktukd B ITIMMC po3pobunu mozeni 3
BU3HAYCHHS PU3UKY TaKUX HEOE3MEUHUX MiJANPUEMCTB Ta
nporeciB: BUOyX razy Ha xJi0o03aBoji, HeOe3neKy OTpYyEHHs
HaCEJICHHA XJIiOOM, HeOe3IeKy BUOYXY CYIIapKH 3epHa, BHOYX
Ta TMOXKEeXa Ha CIIMPTOBOMY 3aBOJi, MOXJIMBICTH OTPYEHHS
fioryprom. i momeni Oymi BimHOCHO mpocTmMmH, puc.l — Ha
OCHOBI OJHOTO JepeBa BIAMOB. SIK pe3ysbTaT aHamizy
BU3HAYCHI HecnpusITiuBi 30iru noxii (Min Cut), siki 3 neBHOO
HMOBIPHICTIO MPHU3BOMAATH A0 HebakaHol moxii — Tabn.l Ta
BaxkuBicTh (Importance) — tabm.2 mjis pU3UKY WX MOJiH.
Came 11i pe3ysibTaTi i HaJIAl0Th MOXKIJIMBICTh PO3POOKHM 3aX0/1iB
3amobiranHs, mo ¥ motpiObHO 3a TexHomoriero POIT [12].
JlpyruM BaKJIMBUM PE3yJIbTATOM € Te, 10 Oe3leKa OIliHCHA
YKCJIOM, III0 BIAMOBIJa€ Cy4aCHOMY TPEHIY Ha «IH(PPOBY»
E€KOHOMIKY.

Marictpu kadeapu MonenoBaHHs ckianHux cuctem KHY
3MOTJIM  yJOCKOHAJIUTH IIi MOJEN 3a paxyHOK OuIbmIoi
Jetaizanii eJIeMeHTIB W CHCTeM, OKpEeMHX pPO3PaxyHKiB
WMOBIPHOT TOMWJIKH JIIOAWHH T 9ac BUKOHAHHS oOTeparlii
TexHoJoriyHmX npoiieciB 3a Mmetoaukoro THERP (CIIA) Tomio
[12].
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OTR;Y,0G

0_PPYA

GATE-7-2
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; 0_NKWL
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[ ]
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; 0_NKW2

—
0_NKW3
GAT?‘! 18
0_PSR-MZ 0_UWP-MZ 0_7ZWOo-MZ O_NW-PNP o, PNMDPNP

Puc. 1. Ilpuknan nepesa BigMoB, 1o nodynoBano konom SAPHIRE

TABJIMLIA 1.  TaGmums 1. Minimansi nepepisu cucremu (Min Cut)
Cut 5 % Cut
Ne otal Set Frequency ut Sets
1..33.0 35.0 2.800E-007 O_WEWZ, 0_PPYA, O UT-ZIW
2..861.3 26.3 2.100E-007 O0_NEW1l, 0O_PPYR, O_NW-PNP
38,3 15.0 1.200E-007 O _WEWl, 0_FP¥A, O PSP-FNP
4 _58.5 12.5 1.000E-007 0 _NEW3, 0_FPYR, O_PSR-MI
5 ..596.4 7.5 €.000E-008 O _NEW3, 0_PPYR, O UWP-MZ
6..533.4 3.0 2.400E-008 O_WEWZ, 0_PPYA, O RWP-ZIW
1..59.86 0.3 2.100E-008 O0_NEW1l, 0_PPYR, O_PNMO-PNP
§..5%.9 0.2 1.500E-008 O _MEW3, 0_PPY¥A, O ZWO-MZ
3 100.0 0.2 1.500E-002 0 NWEWl, O_FPPYR, O_PWR-FNP
TABJIALA 1. TABJIALA 2. BAXJIMBICTh BASUCHUX [TOJIII1 CUCTEMU
(IMPORTANCE)
Num. Ercbability Fussell- Risk Bisk
of Vesely Reduction Increase
Failure Importance Ratio Ratio

0_PEYR k) L000E-004 1.000E+000 -------—-—- 9.%70E+003
0_NEW1 ) L000E-002 4.173E-001 1.716E+000 1.449E+001
0_NEWZ 2 L000E-002 3.803E-001 1.614E+000 1.013E+001
O _UT-ZW 1..7.000E-002 3.503E-001 1.539E+000 5.653E+000
O_NW-ENF 1..7.000E-002 2.627E-001 1.356E+000 4.4%0E+000
0_NEW3 3 L000E-002 2.024E-001 1.254E+000 1.082E+001
O_PSP-ENP 1 LO00E-002 1.501E-001 1.177E+000 4.&03E+000
O_PSR-MZ 1 LO00E-002 1.251E-001 1.143E+000 3.377E+000
0 UWP-MZ 1 LO00E-002  7.506E-002 1.081E+000 3.427E+000
O_RWP-ZW 1 LO00E-003  3.002E-002 1.031E+000 5.874E+000
O_PNMO-ENF 1..7.000E-004 2.627E-003 1.003E+000 4.750E+000
O_ZWO-MZ 1..5.000E-004 2.252E-003 1.002E+000 3.500E+000
0 PWR-FNP 1.5.000E-004 1.876E-003 1.002E+000 4.751E+000

Moygeni yooCKOHaNeHI CKIagajucs 3 JAeKibKa Mojenel
cucteM -/IB Ta nepeB moxii BiIIOBIAHO 10 KUTBKOCTI (DyHKIIIN
oesmeku (2-4), MmO MOIEIIOOThCI. T00TO, MPAKTHYHO
MPOTSTOM CEMECTPYy MAariCTpH MPOBEIH MOBHUI iMOBIpHICHHN
aHaii3 Oe3neky BHUPOOHHUIITBA XapuOBHX TEXHOJOTIH 3a

MDKHapOIHUMHM  CTaHJapTaMH  Ha  OCHOBI  Cy4acHOi
iHpopMmamiiHOi  TexHOJOrii B  paMKaXx  BiABEIEHOTO
HaBYaJIbHOTIO Yacy.

BUCHOBKMU.

TeXHOJIOTis YMCIIOBO1 OIIHKU OE3MEeKHU CTa€ JOCTYIHIIIOO,
BIAITIOBiTHE IIpOrpaMHe 3a0€3MEeYEHHSI € Y BIIKPUTOMY JOCTYTIi
B inTepHeTi. BH3 motpibHo HaByaTth MaiOyTHIX (haxiBILiB yCix
raiy3eil BUpOOHMITBA MPOILEypaM YHCIIOBOT OLIHKH PU3UKY,

o _PSP-PNP

00 OO0

O_PWR-PNP O_RWP-ZW O_UT-ZW

110 HAOJIVKa€e KpaiHy 10 €BPONEHCHKUX cTaHAapTiB. MOXKIIHBO,
Ta JOBEICHO IOCBiIOM, BapifOBaTH CKIAIHICTh (TJHOWHY,
MOBHOTY) MOJICIIOBAHHS BIMOBIIHO J0 BHMOI MOTPIOHHX
KOMIIETeHIIIi MaifOyTHIX (paxiBIiB.

[1].
[21.
[3].

(4]

[5].

[6].
[7].

(8l

[9].

[10].
[11].

[12].
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Advantages of Using Fuzzy Logic Methods
In Classification Problems
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dept. of Computer Control Systems
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Anomayia—Po3rasiHyTO TepeBarn BHKOPUCTAHHS HEYiTKHX
kiaacudikaropiB. HeuiTki kiacudikaTtopu po3podasiioTbes 3a
JIHrBiCTHYHMMH NpaBWIaMu <SIK1Io — TOXI>.

Abstract— The advantages of using fuzzy classifiers are
considered. Fuzzy classifiers are developed according to the <if -
then> linguistic rules.

Knruoei cnosa—xnacugpikayisn, neuimkuii knacughixamop

Keywords—classification, fuzzy classifier

l. Bceryn

Knacudikamis € onHiero 3 HAHOLIBII PO3MOBCIOMKCHUX
3aj]a4 aHanizy JaHuX. JIIOAM 3 JIErKICTIO CIPaBISIOTBCS 3
3aja4aMy, 110 MIe He IMOBHICTIO JAOCTYNHI KoMIl forepam. [lo
3a1a4 kiacudikarii 38014 THCS AiarHOCTYBaHHS 3aXBOPIOBAHb B
MEIUYHIA Tanxy3i, po3Ii3HaBaHHS 3BYKIB Ta 300pakKeHHS,
Kiacu(ikamis JOKYMEHTIB, BHSABJICHHS cllaMy, Kiacugikaiis
HOBITPSHUX Mac Uil TPOTHO3YBaHHS aTMOC(EPHUX SBHII,
KJacu(ikamis TUIB IPYHTIB 0 300pakeHHIM JUCTAHIITHOTO
30HyBaHHs 3emJIi Ta 6araTo iHIINX.

Kiac — 1ie ocHOBHe MOHATTS B 3aj1a4yax Kiacudikaiii, BiH
XapaKTepu3ye rpymmy 00’€KTiB 3 CHUIFHOIO XapaKTEPUCTHKOIO
abo cripHAM 3HaYeHHsM [1].

ATpuOYyTH BUKOPHCTOBYIOTHCS [UISl YUCEIBHOTO OIMHMCAHHS
00’exTiB. B Oinpmocti 3amau kinacudikanii BUKOPUCTOBYIOTH
SIK SIKICHI TaK 1 KibKicHi arpubytu [1].

II. OCHOBHA YACTHHA

B 3aranpHOMYy BUNaAKy 3a1a4a kiacudikaiii 3B0IUTHCS 10
BU3HAYCHHS Kiacy 00’€kTa 3a meBHUMHU aTpuOytamu. Bapro
3a3HAYATH, MO0 Yy 3aJadax KiIachuQikamil KiJbKiCTh KIJACIB
Bimoma Hamneper [2].

PosrmsHemo 3amauy kimacudikamii  web-CTOpiHOK Ha
NPUHAIEKHICTh 10 (QIIIMHIOBUX CTOpiHOK. DimmHT — 1e
HAWOUIBII TOMYIAPHUNA METOX BHUKpPAICHHS KOHQIICHIIHHOT
inpopmamii. B  OimbIrocTi BHIAAKIB, BIAMIHHOCTI MiX
cTopiakamu 3aknazeHi B anpeci (URL). BinnosigHo Bu3HaYCHO
2 KJlacu CTOPIHOK: JIOCTOBIpHA Ta (ilIMHIOBa. 3aa4a MnoJjsirae
B TOMY, 00 BU3HAYMTH JI0 SKOTO KJIAaCy HAJEKHUTh CTOPIHKA
BIZIMIOBIZIHO 70 TMEBHUX aTpuOyTiB. [IpHHAIEKHICTH 10
¢GIlMHrOBOI CTOPIHKM MOKHAa pO3MI3HAaTH 33 TaKUMH
arpubyramn: nosxkuaa URL- agpecu; Bik URL-ampecu; IP;
HasiBHICTBh Tpe(ikciB-cy(]iKciB; HasBHICTh HEXapaKTEepHHUX
CHUMBOJTIB.

Bupinryrorscs 3anadi knacudikanii y 2 eranu. Ha nepuiomy
eTari po3pobiseTbes BiAmoBiAHa Moaens. Ha npyromy erarmi,
OTpUMaHy MOJENb  3acCTOCOBYIOTH 1O  O0’€KTiB, MIO
AHAIBYIOTHCS 1 BXOAATH IO TECTOBOI BUOIPKH.

Jnst movaTky Habip BHXITHHX JAQHMX pPO30MBarOTh Ha 2
BHOIpKM: HaB4YagbHy Ta TecroBy. HapuampHa BuOipka
MIpU3HaYeHa JyIsl pO3pOOKH Ta HaBYaHHS MOJIENIi, B CBOIO Uepry,
TECTOBa — JJIS TMEPEeBIpKH IOCTOBIPHOCTI Ta €(PEKTHBHOCTI
3aIpOIIOHOBAHOT MOJIEIII.

80



[epeBipka JOCTOBIPHOCTI 3aITPOIIOHOBAHOT MOJIEII ITOJISATaE
B Kiacu(ikaIlii HOBUX HCBIJIOMUX 3HAUYCHb.

SAxicte  kmacudikatopa  OIHIOIOTH 32
CKJIagHOCTI, BapTOCTi, IHTEpIpeTadeIbHOCTI,
HMIBUAKOCTI Ta HagiiHoCTi [2].

KpUTEpisMH
TOYHOCTI,

CrpiMkmii  picT KimbKOCTI 3amad  kimacudikamii Ta
HEOOXiOHICTP  €(QEeKTHBHOTO iX  BHpIIICHHS  CIPISUIA
BUHUKHCHHIO PI3HOMAaHITHUX METOJIB 1 MiAXO/IB, 30KpeMa:
OaifecoBuil KiacudikaTop, AEpPeBO pillleHb, HEHPOHHI Mepexi,
CTaTUCTHYHI KJIacH(piKaToOpu, METO]] OTIOPHUX BEKTOPIB, METOT
HAMOMIKYIOTro Cycifa, HeUiTKi Kiacu(ikaTopu.

KoxxeH i3 mux migxonmiB Mae cBOi SIK HepeBard, Tak i
obOMexeHHsI. 30KpeMa, y TpaJuLiiHIi CTaTHCTHYHIH TpoLeaypi
Ki1acudikanii, 1o IPYHTYEThCS Ha Teopil NPUIHATTA pillleHb
Baiieca, rojoBHHM OOMEXKCHHSAM € 3alICKHICTH METOIY Bil
BEJIMKOI KiJIKOCTI YMOB Ta CTaHIB, 3TiTHO 3 SKUMU I MOJEIb
¢yakmionye. omo nepeB NPHIAHATTS pilieHb, OCOOIHBO 3
BEJINKOIO KIUIBKICTIO TUIOK, TO BOHM XapaKTEpU3YIOThCS
CKIAMHICTIO JUIi peami3amii Ta pPO3YMIHHA, YacOBHM
BUTpAvYaHHSIM y TpeHyBanbHiN ¢a3zi. Kmacudikarmis meTomom
HaWOIIKIOro cycifa DOCHTh YacTO € HETOYHOI 33 YMOBH
HAJUJTMIITKOBOCTI a00 HEBIAMOBIIHOCTI XapaKTEPHUX O3HAK.
IeneTnyHMii anroputM He e(EKTHUBHHMA I 3HAXOKCHHS
ONTHMAJILHOTO 3HAY€HHs, PO3PaXOBaHMH Ha BiJIIyKaHH
3abHOTO pe3ynbTaty [3].

HeuiTkuii xnacudikatop npeacrasise coO0OK IHCTPYMEHT
IHTENIEKTyaIbHOTO aHali3y NaHUX, L0 JO03BOJISIE OJHOYACHO
MPOBOIUTH KIacH(IKAIiI0 Ta OTPUMYBATH €KCIIEPTHI 3HAHHS,
OB’ s13aHi 3 TIpoIIecOM Kiracugikariii.

[IpoekTyBaHHsS HEYITKOrO Kiacudikaropa 3BOIAMTHCS [0
3amadi onTuMizamii — BHOOpY HaWkpamoi 0a3wm HEUJiTKHX
MpPaBIJI 3 MHOXXHHH ICHYIOYHX.

KoxxHe mpaBMio B HEYITKOMY Kiacu]ikatopi MiCTHUTh
3HAYEHHs JIHIBICTUYHMX TEPMIB Ui yCixX 1H()OPMAaTUBHUX
03HaK, HOMep KJIacy, SKOMY BiAIIOBiJjae JaHe MPaBHJIO, a TAKOX
piBeHb 3HAUMMOCTI, LIO BKa3ye Ha CTYMiHb JOCTOBIPHOCTI
npaBua.

HeuiTki knacugikaropu — ne kiacudikaropy, siki IaroTh
MOXJIMBICTh ONHMCAaTH 3 MaKCUMAaJIBbHOIO TOYHICTIO (PaKTOPH,
JUISL IKMX HEMa€ BiJJOMHUX TOYHUX 3aKOHOMIPHOCTEH 1 JUIS SIKMX
HEOOXITHO TPOBECTH ACOIliaIlif0 MiXK SKICHOI Ta KiUIBKICHOIO
oLiHKaMHu (haKTOPiB, sIKi BINIMBAIOTH HAa 0COOY IPH MPUHHSTTI
pimenHs. Benmuka poss  y  HewiTKOMy  Kiacudikaropi
NPUIUISETBCS ~ BIACTHBOCTI  IHTEpIpeTabenbHICTh,  sIKa
3abe3neuye «Ipo30picTh» BUBEIEHHS MPO MPHHATIECKHICTH 10
KJIacy.

Heuitkuii knmacudikatop siBise co0010 BimoOpakeHHS
X:(Xl,XZ,...,Xn) - y S {Il’ |2, eay Im}

HewiTkux  npaBwi.  Omxe, 6asy
Kiacudikaropa 3amumemo Tax [4]:

Ha OCHOBI 0a3m
MpaBWJI  HEYITKOTO

Ao (X, =8;; Ta X, =8,; Ta... Ta X, =a

n nj
R 1)
3Baror0 W;, tomi y=d;, J=1,
Ac w; €[0,1], i=1k; dje{llvlzi'“'lm}'
Knacudikanis 0o6’exra 3 aTpudyTamMu X* = (xl*, X5, e x;)

3MIACHIOETBCS TakuM YuHOM. CIOYaTKy pO3paxOBYETHCS
CTYITiHb BUKOHAHHS j-T0 TIpaBuia 3 6azu (1):

ﬂj(X*):Wj '(,uj (xf)/\yj(xz)/\.../\ ,uj(x:)) j=1k
@)
CrymiHe HalexXHOCTi BXimHOro BexkTopy X* 10 Kiacis

|1, |2, e Im PO3paxoBYETHCS TaK:

,U|S(y*):v?'3;51>:(|S (,Llj(X*)), S:l,m (3)

HeuitkuM pitneHHsM 3amadi kiacudikaiii Oyme HediTka
MHOYKHHA

[ YF) (V) w, (Y%)
= , e 4)

Il I2 m

KiHIeBUM pe3ylbTaTOM BUBEICHHS 00EpeMO PO HEHiTKOT
MHOXHUHH (4), TOOTO KiIac 3 MAaKCHUMaJbHAM CTYICHEM
HAJICKHOCTI:

— 3
y*= arg  max (4 (y¥).
,m

Ly lylyy  sLm

I1l. BUCHOBKU

Heuitki xiacudikaTtopu € MOTY)KHMM I1HCTPYMEHTOM
aHamizy JaHuX. B OCHOBI HewiTKUX Ki1acu]ikaTtopiB Jiexarh
npaBuia Tuny SKmo — TOAl, SKi € TPO30PHUMH Ta
intepnperabenbuuMu. OCHOBHUMH TiepeBaraMM HEYiTKUX
Kiaacu(ikaTopiB mepes IHIMUME AIrOpUTMaMH Kiacudikaii €
Te, MO0 0a3a HEYITKUX MpaBHJI NPEICTABIAETHCS Y BHIJISII
JMIHTBICTUYHUX 3HaHb, SKi € JOCTYIMHHMH IJISI PO3YMiHHS Ta
iHTEepHpeTanii excrepraMu B mpoOieMHill ramy3i. OCHOBHOIO
CKJIaJHICTIO B TPOEKTYBAaHHI HEUITKUX Kiacu(]ikatopiB €
po3poOka epeKTHBHOI Oa3u 3HAHE.
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Anomauyia—YycnillHe I[HPOKe 3aCTOCYBAHHS  CYYaCHHX
XMapHHUX TeXHOJOriii mepeadavae raub0oke po3yMiHHSI 3acal
PO3BUTKY LIMX Te€XHOJIOTiif HA JIOKAJBHUX i IJ100aJbHUX MepexKax.
Takuii po3BUTOK (epe MOYATOK BiJl MepUIMX onepauniiiHuX cucTemM
i cucreM 3 MOAiJIOM Yacy Ha OCHOBI peKYPCUBHHMX 004YHMCJIEHb.

Abstract—The successful broad application of modern cloud
technologies assumes the profound understanding of principles for
development of these technologies on local and global networks.
That development originates from the first operating systems and
time-sharing systems on the basis of recursive computing.

Knrouoei cnosa—enobdanvui mepedci; cucmemu 3 nooinom uacy;
PEKypcueHi o0uuciIenns

Keywords—global networks; time-sharing systems; recursive
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I. BcCTyn

Oco0muBicTIO cydacHOT U(GPOBOI epH € TOMHUPEHHS TaK
3BaHMX XMapHuUX TexHoiorid. Y 2020 p. B KOXHOTO
KOPHCTYBa4a iHTEpHETY € IMUPOKUI BHOIp XMapHUX PillICHb Ta
onmii, skux He Oyno y 2010 p. Taxi nmocmyry, SIK 3aBaHTaXESHHS
3aCTOCYHKIB, 30epiranHs Qotorpadiii 1 BigeodinbMiB,
6a3yloThCsl Ha XMapHUX XocTwHrax. Y 2000 p. mapiaMeHT
EcroHii BU3HAB JOCTYN 1O iHTEPHETY HEBiJ’€MHUM IPaBOM
moauay, no3ask y 2003 p. B Ykpaini 306epiranacs miara 3a
BXiJIHI J3BIHKM Ha MOOiIBHI TenedoHu. JlepkaBHa IMONITHKA
Ecronii chopusma ycHimHOMY —COLIaTbHO-EKOHOMIYHOMY
PO3BHTKY: 32 JaHMMH MIXHApOJIHOTO BaJOTHOTO (OHIY, Y
2019 p. HOMIHAIBHUI BaJIOBUI BHYTPIIIHIA IPOIYKT HA YLy
HaceneHHs Ectonii (25523 non.) y monax 7 pasiB nepeBuIyBaB
ned mokasHuk Ykpainm (3592 mon.); skmo y 1991 p. uei
nokazHuk B EcToHii Ta Ykpainu OyB 0IHAaKOBUM, TO IIPOTSITOM
HAaCTYyHHHX 28 pPOKIB CepeAHBOPIYHMI TEMI EKOHOMIYHOTO
3poctanHs B Ectonii OyB Ha monax 7% Oinpmmi, HIK B
VYkpainu.

Il. TIEPEYMOBU PO3BUTKY XMAPHUX TEXHOJIOI'TA

XMapHY TEXHOJIOTIF0O BH3HAYAIOTh TPH (yHIaMEHTaJbHI
MOHATTS: HAJaHHS TIOCHYr oO4HCcieHHS 4 30epiraHHs
iHpopMamii K rpoManchKkuX ab0 CHUTPHUX; MOAUT OTHOTO i
TOT'O CaMOT'0 KOMIT'IOTEPHOTO pecypcy Mix Oararbma JIHoAbMH
Yyepe3 TEXHOJIOTII0 BipTyawi3alii; AOCTYH JO TOCIYT dYepe3
CTBOPEHHST MEPEK.

YV 1960 p. aMepuKaHCHKUH KOMII'IOTEPHUI HayKOBELb
Makkapti (McCarthy, 1927-2011) omy6iikyBaB MOBY
nporpamyBanns LISP (LISt Processor; pexypcuBHi (QyHKILT
CHMBOJIIUHMX BUPA3iB Ta X 00UMCIICHHS MaIlIMHOIO), KA CTasa
MIOMTMPEHOI0 B 3aCTOCYBaHHAX MITYYHOTO iHTeNeKTy (artificial
intelligence, Al). LISP 6a3yerbcst Ha Tak 3BaHOMY JIsIMOa-
YHCIICHHI — (POpMANBHIN CHCTeMi B MaTeMaTHYHIH JOTIMi Ui
BUPQ)XEHHsI 00YHCIIeHb HA OCHOBI (QYHKIIN J1siMO1a-abcTpaKii
Ta arutikarii, BAKOpUCTOBYIOUH 3B’ s13yBanHs (binding) 3aminuoi
ta 3aminy (Substitution). Take uucienus y 1930-x pokax
3alpOIIOHYBaB aMEpPHKAHCHKUA MaremaTHk 1 Jsorik Yapu
(Church, 1903-1995), mo6 yHHKaTH MapamoOKCiB TeOpii
MHOHH (CKaxximMo, napagokcy Paccemna (Russell, 1872—-1970),
HoGemiBcpkoro maypeara 1950 p. 3 miteparypm). Take
YHUCIIEHHA Ja€ YHIBepcaJbHy MOJENb OOYHCIIEHb, 31aTHY
imityBatn Oymb-siky MamuHy Tropinra (Turing, 1912-1954).
Makkapti OyB UJICHOM CIEHiaTBHOTO KOMITETY Acormiamii
obumcmoBanpHoi  Texmikn  (Association for  Computing
Machinery, ACM) 3 MoB nporpamMmyBaHHs, SKUil B3SB y4acTb y
npoektyBaHHi MoBu ALGOL 60 (ALGOrithmic Language). ¥
1959 p. MakkapTi 3ampONOHYBaB PEKypcil0 3 yMOBHHMH
Bupasamu it ALGOL i metonu 30upanHs cMmitts (garbage
collection) msst cripotieHHsT PYyYHOTO YIPABIIHHS MaM’STTIO B
LISP.

MaxkxkapTi TaKOXX CITPHSIB CTBOPEHHIO IpoekTy «Komm’rotep
MHOXHHHOTO noctymy» (Multiple Access Computer, MAC) B
MaccauyceTchbKoMy TEXHOJIOTIYHOMY THCTUTYTI
(Massachusetts Institute of Technology, MIT), na6opatopii Al
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B Crendopai (Stanford), Haitmepiunx ciucTeM 3 NOALIOM Yacy —
cymicHoI cuctemu 3 mozinom vacy (Compatible Time-Sharing
System, CTSS), po3po06iieHOT aMEpHUKAHCHKIM KOMIT FOTEPHUM
Haykoiem KopbGaro (Corbato, 1926-2019) i sBmepiue
nponemoncTposaHoi Ha MIT IBM 709 y 1961 p., cucremu 3
noxiom wacy BBN (BBN (Bolt, Beranek, Newman) Time-
Sharing System) [1], Bmepuie npoaemoncTpoBanoi va PDP-1 'y
1962 p., cucremu 3 mozinoM vacy JapTMyTCBKOTO KOJEIKY
(Dartmouth ~ Time-Sharing  System, DTSS), pmepiie
npoaeMoncTpoBanoi Ha GE-225 ta DATANET-30y 1964 p.

[losiBa cucTteM 3 NOAUIOM 4Yacy CIpUsUIa PO3BUTKY
inTepHeTy. [lonmiOHI cHCTEeMH CTanu HAa3WBaTHCS cepBepaMy i
MpoBaiiiepaMu XMapHHUX MOCIYT. Y CBOI IOMOBIJIi HA THYKHEBIN
koHpepenmii 1961 p., mpucesueriit 100-pigato MIT, Maxkkapri
BHCYHYB i7iet0 obumcrieHs sk cepsiciB (Utility computing) na
OCHOBI KOMIT FOTEPHOI TEXHOJIOTI 3 MOAIJIOM yacy Ta Oi3Hec-
MO TPOMAJCEKUX MOCIYT MOAIOHO 0 OCTa4aHHs BOAU YU
eNneKTpuKH [2]: criokuBayaM MOXKHA MPOJABATH TaKi CEPBICH,
K HaJaHHA OOYMCIIOBAJBHUX IOTYXKHOCTEH 1 KOHKPETHHX
KOMIT'FOTEPHUX 3acTOCYHKiB. Ll ines xomm’totepHoi uu
iHdopMauiitHOl TpOMaIChKOI MOCIYTH CTaja MOMYJApPHOK. 3
PO3BUTKOM MEPCOHATIBHUX KOMII'IOTEPIB Ta IHIWBIAYyaJIbHUX
3ac00iB  TEJICKOMYHIKalmid M0 170 BHKOPHCTOBYIOTE:
npoBaiiiepy mociayr 3actocyHkiB  (application  service
providers, ASPsS) — mignpuemcTBa, siKi HaJAIOTh MMOCIYTd Ha
0a3i KOMI'IOTEpiB uepe3 Mepexy (HAmpHUKiIan, TOCTYI M0
KOHKPETHOTO  3aCTOCYBaHHS IPOTPaMHOrO  3a0e3leyeHHs
(ckaximo, MEHEKMEHT 3B’SI3KIB 3 KJIIEHTaMH),
BUKOPUCTOBYIOYM CTaHAPTHHUI MPOTOKON (A TPHKIALy,
TMPOTOKOM HTTP (HyperText Transfer Protocol) JUIsL Tiepeayi
TiePTEKCTOBUX JIOKYMEHTIB y KOMIT'IOTEPHHX Mepexax —
371e01IBIIOr0 BeO-CTOPIHOK (TEKCTOBUX (ailiIiB 3 pO3MITKOIO Ha
moBi HTML (HyperText Markup Language))); mepesxesi (grid)
KOMH’}OTepHi CHCTEMH, 10 BHUKOPHUCTOBYIOTH  IIHPOKO
p03r10z[1neH1 KOMII FOTEpHI PecypeH JUisl I0CATHCHHS CIITBHUX
uiieil i Ii0Th SK PO3MOJUIEHI CHCTEMH HEIHTEPaKTHBHUX
3aBaHTakeHocTel (non-interactive workloads) 3 6ararsox
(aiinis; mpoBaiiiepy XMapHUX CEPBICIB — HETaHHOTO HAJTAaHHS
pecypciB KOMIT IOTEPHUX CHCTEM (K MPABHIIO, U 30epiranHs
JlaHuX Ta 3a0e3leueHHsT OOYMCITIOBAIBHOI TMOTYXKHOCTI) 3a
3anMTaMu  0e3 MpsAMOI aKTHBHOI y4acTi KOPHCTYBaYiB y
MEHE/DKMEHTI IUX CcepBiciB 1 pecypciB. OjHI€I0 3 HepIIux
KOMIT'IOTEPHHUX ONEpallifHUX CHUCTeM 3 IOIUIOM 4Yacy Oyna
MiunraHcbka cHUCTEMa TepMiHaIB (Michigan Terminal
System, MTS), sky po3pobunu 8 yﬂlBepCHTeTlB CIIIA,
Kananu, Benukoi BpI/ITaHll y CKJIaJli KOHCOpLiyMy Ha 4ol 3
Miunrancekum yriBepcuretoMm (University of Michigan) y m.
Enn-Ap6op (Ann Arbor). MTS nparoBana y 1967-1999 pp.
Ha IBM S/360-67, S/370 Ta cymicHux MeHHPPEHMOBHX
KOMIT'IOT€paX 3  BJACTHMBICTIO  BIPTyaJIbHOI  IIaM sITi.
Meitappeiima ~ (mainframes)  BukopucroByBamucs, B
OCHOBHOMY, JUIS BOXIIMBHUX MHUTaHb Y BEJIHMKUX OpraHi3awisx,
s 00poOkm 00’eMHHX JaHUX (Nepenucy HaceJeHH:,
CTaTUCTUKH ITJIPHUEMCTB 1 JIOMOTI'OCIOAAPCTB, IUIaHYBAHHS
pecypciB), 00poOKkH TpaHCaKIlil (HAPHUKIIA], y TOPTOBEIHHUX

Mepexax); MeHH(ppeiHMH MOTYXKHilm, HiXK MIHIKOMII IOTEpH,
cepBepu 4 pobodi cTaHmii. 3aBagku monxiry dacy B MTS
0arato KOpUCTYBa4iB MOIJIA KOPUCTYBAaTHCS CIUIBHUM
pecypcom.

1. TJIOBAJILHI MEPEXI

VY 1969 p. MinicrepctBo o6oponn CLIA (US Department
of Defense) BBeno B Ait0 KOMIT'IOTEpHY MEpexy ATreHTCTBa
nepenoBux Aociianunbkux npoektie ARPANET (Advanced
Research Projects Agency NETwork) ma 6a3i mpotokoiry
TCP/IP (Transmission Control Protocol / Internet Protocol) [1].
HocmimkeHHs  BipTyamizamii — pecypciB,  3aCTOCYyBaHHS
olepaliiHuX cucTeM, 30epiraHHs iH(popMalii, BIaCTUBOCTEH
Mepex y 1970-x pokax Maiy NpakTUYHUM pe3yabTaTr AJs
(biHAHCOBUX YCTAHOB — CNEKTPOHHI TPOLIOBI mepeka3u (Wire
transfers, bank transfers, credit transfers) uepe3 xomm’oTepHi
Mepexi 3aMicTh TenerpagHux (MeplHid TPOIOBHH Iepekas
yepes TenerpadHy Mepexy 3aiiicHuB y 1872 p. 3acHOBaHUH y
1851 p. amepukancekuit 6ank Western Union).

Y 1973 p. Oymo 3acHOBaHO TOBapHUCTBO CBIiTOBOI
dbinancosoi TenekomyHikarii (Society for Worldwide Financial
Telecommunication, SWIFT) wna 6a3i Mepexi, sKy
MpoeKTyBaia 3acHoBaHa y 1969 p. OpuraHchka KOHCAITHHTOBA
¢ipma Logica i peamizyBama 3acHoBaHa y 1886 p.
aMepuKaHCcbka Kopropauis Burroughs. IMowanocs BUBYECHHS
MUTaHHS [epefavi  JaHux depe3 Hesaimsati  (unused)
TeJIeBi3iiHI curHam. 26 6epe3ns 1976 p. aHrIifichbKa KOpoJieBa
€nuzasera || Hagicana MOBIIOMIICHHS €JIEKTPOHHOIO ITOIITOIO
gyepe3  ARPANET 3a  momomororo  OpHTaHCHKOTO
KoMII 1oTepHOTo HaykoBIst Kipmraitna (Kirstein, 1933-2020).
VY 1978 p. anminictparis npesunenra CIIA Kaprepa (Carter),
naypeara HoGenicbkoi mupy 2002 p., BctaHoBMIa y Bitomy
nomi komm’rorep Hewlett Packard 3000, 3’exnanuii 3
TepMiHanamu ciyx0oBuiB binoro gomy. Y 1980-x pokax
CTBOPIOBAITUCS JIOKATBHI Mepeski Mixk KoMt totepamu. Ha 1985
P. KOMI'IOTEpHI CTpiuKHU AJist 30epiranHs iHpopMarii MiCTHIH
omu3pko 200 Mera0aifTiB maHuWX (3BUYAHHHNA CyYacHUH
cMapT(OH Mae 3HA4YHO OUIbINY MamsTh), a 6mu3bko 100 THC.
KOMII'FOTEpiB OYyJH MO€qHAHI TII00aTHFHOI0 MEPEXEIO.

Ha 2020 p. rio0anbHOI MEPEKEr MOETHAHI MIiTbspPAH
IHAUBITyaTbHAX 3aC00IB 3B’ 3Ky 1 KOMII IOTEPIB, CTBOPIOIOYN

HOBI coLiaJbHI Mepexi Ta HOBI (QOpMH oprasizauil
CyCHiJbCTBa,  mepeadadeHi  3aCHOBHUKOM  [HCTHUTYTY
kibepHetnkn  Akazmemii Hayk ~ YKpaiHM — akaJgeMikoMm

B.M.I'nymikosum [3].
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Abstract — the relevance of the use of information
technologies in mathematics lessons is shown, the advantages of
using a virtual mathematical laboratory in the educational process
are explored, its possibilities for both teachers and students are
noted.

Knrouosi cnoea — Bipmyansna mamemamuuna nadopamopis,
Kuea mamemamuxa.

Keywords —  Virtual Mathematics
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Laboratory, Live

. BceTyn

Tpagumiiawii  WAXiZ A0  BHUKIAJAHHI  TeoMeTpii
NPU3BOANTL 10 HHU3LKOI MOMYJSIPHOCTI JAHOTO MPEAMETY,
0coOJIMBO cepell Y4YHIB, SIKIi HE pPO3YMIIOTh MaTeMaTHKy.
Haii6inpm odeBMaHA TNPUYMHA TIONSATAE B TOMY, IO
(dhopMyIrOBaHHA 1 JOBEJCHHS TEOPEM 3ay4yIOThCs, ajic He
nepeBipsaroThes. Takwii CTHIbL HaBYaHHS HAIUIGHWH Ha
PO3BUTOK HEKPUTUYHOTO, HETBOPYOTO MUCIICHHS 1 BiAIOBITHO
JUTSL CyYaCHUX IIKOJISIPIB € 3aCTapiIvM.

Buknaganus reoMeTpii He Moxe 00IWTHCS 0€3 HA0YHOCTI.
Y TicHOMy 3BSI3Ky 3 HAOYHICTIO HaBYaHHI € HOro
HPaKTHYHICTB. AJDKE, caMe 3 XKHUTTSI MU YepIIaeMO KOHKPETHHH
marepian Juis GOpMyBaHHs HAOYHHX F€OMETPUYHUX YSBIICHb.
[Ipomec  HaBYAHHS  CIPOLIYETBCS  NIPH  PO3YMHOMY
BUKOPHUCTAaHHI MPUHLHKIY HAao4yHOCTi. HaBuaHHS HE MOBHHHO
OyTH mepeHacHueHe UTIOCTpalisiMU, CXeMaMH, TaOJIUIIMH Ta
iHIMMHU (POpMaMH HAOYHOCTI, ajie B AEIKHX BaXKKOIOCTYITHHX

Maria Semankiv

Department of Computer Sciences and Information
Systems
Precarpathian National University lvano-Frankovsk,
Ukraine
dlyamarii@gmail.com
MUTAHHAX 3aCTOCYBaHHS HAO4YHOCTI HeoOxigHo. [ came
BUKOPDHUCTaHHS 3ac00iB MyJIbTHMeia JO3BOJISIE BUHUTEIIO
YPI3HOMaHITHUTH YPOK HOBUMH BUIAMH JiSUTBHOCTI, HACUTHTH
HOro HaOYHOK iH(QOPMAIIIEIO, MiABUIIMNTA MOTHBAIIO YYHIB,
IHTEpeC 10 TPEIMETY.

1. BIPTYAJIbHA MATEMATUYHA JIABOGPATOPIS

Just  po3ymiHHA noOymoBM 1 BHpIIIEHHS 0aratbox
TeOMETPUYHHX 33J1a4 HeoOXiJJHO HABYUTH YYHIB MPOCTOPOBO
MHUCIUTH 1 O0auntn o0'ektu. Lle € oamHiero 3 mpobiiem mpu
BHUBYCHHI reoMeTpii. BipTyanpHa mMaTemaTwdHa J1abopartopis
BUPIIIYyE 110 IPOOJIEMY i, BApTO BiJI3HAYNTH, IO NPU PoOOTI B
nmabopaTopii MPOSBIAETHCSA 1 TBOPYA MISUIBHICTh YUHIB, TOOTO
BiZI0YBAETHCS MPOLIEC JOCIHIIIKEHHS 3 €lIEMEHTaMU TBOPYOCTI.

Ha ypokax mMareMaTuK¥ SK HIKOJIHM Ba)XKJIHMBA LITIOCTpaLlis
YMOBHM 1 BUpIIIEHHS 3aJa4l AJsl PO3BHTKY IPOCTOPOBOTO
MUCJEHHS y4Hs 1 JUI1 10Oporo 3acBO€HHS Matepiaimy. Tomy
nepes yuYuTesleM CTaBUTHCS cepiio3Ha 3aJada 3HAXOJUTH HOBI
TEXHOJIOT1, 3a)TyJaTH CY4acHi eJIeKTPOHHI TeXHIUHI 3ac00u It
MiJBUIICHAS TPOAYKTHBHOCTI 3aHATh. TakuMu 3acobamu €
BUKOPHUCTAaHHS IPE3EHTAllii, 3aJy4eHHs y4HIB J0 MPOEKTHOI
JSTBHOCTI, po0OTa B BIpTya IbHUX CEPEAOBUINAX 1 T.JI.

Ilepen movaTKOM BHUKOPUCTAHHS B CBOIH NpaKTHYHIN
JUSITBHOCTI PI3HUX IHTEPAKTHBHUX 1 AMHAMIYHHX CEPETOBHII
YUUTENb OIUHSAETHCS IEepes BUOOPOM NEBHOTO CEPENOBHIIA.
ITix 03HaYeHHSAM AWHAMIYHOTO CEepeIOBHINA OyaeMO PO3yMITH
nporpamy, 10 J03BOJIS€ CTBOPIOBATH AWMHAMIYHI KOMIT'IOTEPHI
KpECJIeHHS 1 MOJIeJTi, BUX1/IHI JIaHi IKUX MOJKHA 3MiHIOBAaTH, HE
BIUIMBAIOYM HAa BECh QITOPUTM TOOYIOBH, a TaKOX
nepersigati iX i mpamoBatd 3 HUMH. ChOTOAHI HaWOLIBII
MOMYJIIPHAMH 1 TIOIIUPEHUMH Cepe]] BUKJIAIadiB IIPOTrpaMaMu
nuHamigHOi reometpii € JKua MartemaTtnka, MaTemMaTuaHuit
koHcTpyktop (MK) i GeoGebra.
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KuBa MaremMaTHKa € CEpelOBHILEM MOJCIIOBAaHHS Ta
JMHAMIYHOTO MEPETBOPEHHS KpecieHb, rpadikiB 1 I1HIIMX
00'€KTiB, 10 T03BOJISIE€ BUPILTYBATH MIUPOKE KOJIO 3aBJaHb MPU
BUBUCHHI F€OMETpii, areOpu, TPUrOHOMETPIi i MATEMAaTHYHOTO
aHamizy. JXua MaremaTrka chopMOBaHa Ha OCHOBI IPOTpaMu
«Geometry's Sketchpad», ska po3pobnena dipmoro Key
Currculum Press (USA), mepekianeHa Ha pOoCiiiCEKy MOBY Ta
ajantoBaHa [HCTUTYTOM HOBHMX TexHoJOrid. lle BuUKITIOUHO
IpOCTa B OCBOEHHI IIporpama, IO JO3BOJISIE CTBOPIOBaTH
KpacHuBi KpPECJIEHHS, SIKi JETKO pelaryBaTH i MOJKHA MOJATH B
pi3HHX BapiamisgX, BHKOHYBATH ONepamii Hax HUMH |
OTpUMYBaTH BCl HeoOximHi 3amipu. B cBowo uepry me
3a0e3meduye po3BUTOK TisSUTBHOCTI YIHS 38 TAKIMHA HaIIPSIMKaMU
SK aHaii3, JOCIIKCHHS, Mo0yI0Ba, JOBCIACHHS, BUPIIICHHS
3aj1a4 Ta rOJIOBOJIOMOK.

Maremarnuni  naGoparopii 3acHoBaHi Ha 1OOyJOBi
KOMIT'IOTEpHOI ~ MOJeNi  KOHCTPYIOBaHHS  QJTOPHUTMIB
BUDILICHHS  3aBIaHb  OyAb-iKOr0  TUmy. BipTyanbHe

CEepeIOBHILE IIPOIIOHYE YYHEBI PsJ HAOUHHX 30pOBUX 00pasiB
iHpopManiiHUX 00'eKTiB (BUKOHABIIB KOMaH[) 1 3aHypIO€E HOTO
B mpoOieMHy cutyarito. [Iporpamna peamizamis Momeneit
ABJIE COOOI0 TPEHAXKEPH, 3a JAONOMOIOI SKHX 3acobaMu
KOMaH/I yIPaBIiHHI MOXe 3iHCHIOBaTHCS:

- HaBYAaHHAM B ayAWTODIi,

- caMmocrTiiiHa po0OTa Y4HIB SK B ayJquTOopii, Tak 1 mosa
ayTUTOPIEIO.

«KuBa Marematuka» — e BipTyallbHAa MaTeMaTH4HA
nmabopaTopis Iyl HaBYANBHUX JOCHIKCHb IIPH BUBYCHHI
IIa”iMeTpii, cTepeomerpii, aireOpu, TPUTOHOMETPIi Ta
MaTeMaTHYHOTO aHajii3y. BipTyampHy mabopaTopito MOKHA
BUKOPDHCTOBYBAaTH NpPaKTHYHO MpU  Oyab-SKHX  BUAAX
HaBYAIBHOI [iSUTBHOCTI, B TOMY YHCII 1 TpW BUKOHAHHI
JIOMAIIHBOTO 3aBAaHHs Ta TBOPYMX NPOEKTiB. Pobora y
BipTyam,Hiﬁ MaTeMaTHIHIN na60paT0pi'1' 3a0e3neuye
Hl}:[TpI/IMKy POOOTH MPOCKTHOTO THITY, B PO3yMiHHI TOTO, LIO L&
He3aMiHHMH 1 IUTaBHUI mepexin Bil HeCKJIaJHUX OOCHimiB i
MPOCTHX 3aBJIaHb JI0 TOTIIMOIICHOT0 BUBYESHHS TOTO SIBUIIA, SKE
BUKIIMKAIO wLikaBicTh. KpiM TOro, mporpamse cepemoBHILe
HIATPUMYE TaKOXK TpamuLiiHy «3anadny» ¢opmy. OcoOiuBo
BAAJIO peaji3yeTbcss B Hill IIMPOKUI CIEKTp 3ajad «Ha
moOymoBY».

Il.  MOXIMBOCTI « KUBOI MATEMATUKI»

3 monomororo JKuBoi MaTeMaTHKi MOYKHA:

- BUSBIISITH 3aKOHOMIPDHOCTI B I'€OMETPUYHHX SIBHIIAX,
SKi CIIOCTEpIraroThCs, (OPMYITIOBATH TEOPEMH JUIS
MOAAJBUIOTO  JIOBEACHHS,  MIATBEPKYBaTH  BXKeE
JIOBEJICH] TeOpeMH;

- 3aJaBaTH CHCTEeMH KOOPIWHAT 1 KPEecHuTH Trpadiku
bynkuiii;

- nudepeHIioBaTH (IK TOYHO, Tak 1 HaOIIKEHO),
penaryBaTH QYHKIIT i 0OUMCIEHHS B peXXnuMi poboTH;

- BIOPOBAJKYBaTH MEPEIKEBI PECYPCH NPSMO B KPECICHHS
i myOiKyBaTH XXHMBE KpecieHHs B [HTepHeTI y BUTIII
JAVA- amnery.

Buxopucranns nabopaTtopii 103BOJIIE PO3BUHYTH B YUHIB
HaBUKHM CIPUHMHATTS  MareMaTHyHHX o0’ektiB  (diryp,
TOB’A3aHAX 3 HUMH BEIMYMHAMH, (OPMYIIOBAHHS TBEPIKCHD
1 3amuTaHb, JIOBE/ICHb) 1 MPOBENCHHS PI3HUX AKTUBHUX il
(3amipm, TIOPiBHSAHHSA, mo0yoBa, CIIOCTEepEKEeHHS,
GopMyIOBaHHS ~ NpPUOYIIEHb, I1X  MIATBEPDKEHHA 1
CIIPOCTYBaHHS Ta JOBEACHHS ).

[pamroroun 3 BipTyaJIbHOK MaTeMaTHYHOIO J1a00OpaTopiero
«KuBa MaTemaTrnka BUHTEIb MOXKE:

- TPOLTIOCTPYBATH IMOSCHEHHS €()EKTMBHUMHU 1 TOUHHUMHU

KPECIICHHIMH;

- OpraHi3yBaTd  EKCIEPHUMEHTAIbHY  JOCIHIAHUIBKY
ISUTBHICTh Y BIAMOBIMHOCTI 3 PIBHAMH i MoTpebamu
YYHIB;

- MiIBUIIUTH PI3HOMAHITHICTE (GOpM poOOTH Y4HIB,
3HAYHO 30IJIBLIMTH YaCTHHY TBOpYOi poOOTH B iX
HaBYAJIBHIN TISUTBHOCTI.

3HaXOJUUCh B CEPEAOBHIIl BIPTyaJbHOI MaTeMaTHYHOI
naboparopii «KmBa MaremaTnka» YYCHb OTPHUMYE
MOXKITUBICTB!

- 0auuTH piBHICTH 1 MOAIOHICTE Qiryp;

- BIAPI3HATH TOYHI npo ¢irypu Big

HCTOYHHX;

TBEPJIYKEHHS

- PO3YMITH, IO TBEPKCHHSA PO QIrypH MOAUISIOTHCS Ha
ICTHHHI Ta XHOHI;

(I)irypI/I
CaMOCTIHHO

- po3ymitH, MmO XWOHI TBEPIKCHHA TIPO
CIPOCTOBYIOTbCSL KOHTPIPHUKIAAaMu 1
OynmyBaTH ix;

- pO3YMITH  BIiJHOIICHHS MK
TBEP/DKCHHSIMH, HOTO y3aralbHEHHSIM
BUIIAIKAMU;

MaTeMaTUYHUMU
1 YaCTHHHUMU

- BIJpI3HATH NpaBWIbHI JOBEICHHS Bill HEIIPABUJIBHUX, B
OKpEeMHUX BUIIAJKAX CaMOCTIHHO JIOBOIUTHU
MIPaBIOIOi0HI TBEPPKESHHS.

ITpu poboti y maTemaTHuHiil J1abopaTopii KoxkHa dirypa,
s;ka OOTOBOPIOETBCS 300paKyeThCS HA €KpaHi MOHITOpA.
[Tporpama 103BoJIsIE CTBOPIOBATH YK€ CKJIaHI KOHCTPYKIIIT 32
KOPOTKHI MPOMIXOK 4acy, pOOUTH aKypaTHi, YiTKi i rpaMOTHi
KPECJICHHS, a TAKOX JIETKO BUIPABJISITH HOMUJIKH.

Y4HI TOBUHHI CYNIPOBOXKYBAaTH BHPIIICHHS KOXKHOI 3a/1a4i
aHaJi30M TOr0, HACKIJIbKH C(HOPMYJIbOBaHI HUMH IMOJOXKEHHS
BUTPUMYIOTh Bapiallii BHUXiTHHX €JIEMEHTIB KpecleHb. Bci
TIOJIOKEHHSI, SIKI JIONMYCKAalOTh IpPsIMy NepeBipKy (piBHICTh
JIOBXHH 1 KYTiB, 3HaXO/PKEHHSI TOUKH Ha JIiHii, IepeTHH JiHil B
OJIHIH TO4Ili), IOBUHHI O00OB’SI3KOBO TepeBipsTHCA. Byab-saki
TBEP/PKEHHSI NPO KUIBKICHI BJIACTUBOCTI KPECIEHb MOXYTh
MEepeBIpSATHCS 3 JONOMOTOI0 BOYZOBAaHOTO amapara BHUMIpIB i
apu(pMeTHYHHX OTepalii HaJ| HUMH.

MaremaTnyHi KpuTepii OI[iHKM YCIIIIHOCTI Y4YHIB IpH
poboTi 3 BIpTyaNbHOIO J1a0OpATOpiEl0 B OCHOBHOMY
cmiBmamaroTeh 3 TpaaunidHmMu. Kowmm'itorepHi Kputepii
NoB’si3aHi 31 crnenudikol CTPYKTypH KpecieHb (B3aeMHa
3aJIEKHICTh €JIEMEHTIB KpecieHb). EcTeTuKo-CTHIiCTHYHI
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KpuTepii TOB’s3aHi i3 CTEleHEeM BHKOPUCTAHHS YYHSIMHU
MOXJIMBOCTSIMM ~IIPOTpaMM: BHIUICHHS 1  IIJKPECICHHS
TOJIOBHUX, SICHUMH i TPaMOTHHUMH TOSICHEHHAMH. Bin ydHiB
yCiX piBHIB MO’KHa BUMaraTH LIJIKOBUTOI BiJIIOBIAILHOCTI 3a
ix moOymoBy, BIEBHEHOCTI B poOoTi 3 HuMmH. Cmalmi ydHi
MaroTh MOXKJIMBICTh OaYHTH 1 CIIOCTEPIraTh Te came, 1o 1 y4Hi
3 cepelHiM piBHEM 3HaHb, TUIBKH PiBEHb PO3YMIHHS HHUMH
JOTIYHUX 3B’S3KIB MOKe OyTH HIDKYUM. MOXKHA MPUITYCTHTH,
0 BOHH MOXYTh 3pOOHMTH MEHIIE HiXK CepelHi y4Hi, aie
MOBHICTIO MOXYTh BIT4yTH aTMocdepy TOro, 1o Big0yBaIocs.
VY4Hi 3 cepeHiM piBHEM 3HaHb, SK IPABHUIIO, MOXKYTh IIOBHICTIO
BUKOHATH 000B’S3KOBI 3aBJIaHHS Ta JIEKOJIHM MONPOoOyBaTH CBOT
CHJIM B JOJATKOBUX 3aBHaHHAX. [Nl CHIBHHUX yYHIB BUHHKAE
MOJJIMBICTh IIBUIKO BHKOHATH HEOOXIMHWUH MiHIMYyM 1
3BUIBHUTH Yac JJIsI 334 3 TiABUIIIEHUM piBHEM CKJIaIHOCTI Ta
0COOHMCTHX JIOCIIPKEHb.

Juis BumTens, SKWH MOYMHAE TMPALIOBATH y BipTyaJbHIH

MaTeMaTHYHII nabopaTopii, JIOCTAaTHLO BOJIOLITH
KOMIT’ FOTEPOM Ha PiBHI MOYaTKOBOI'O KOPUCTYBaYa.
B JKupiii Maremaruni peaji3oBaHi CydacHi MeETOIU

00’€KTHOTO KOHCTPYIOBaHHS, IO ONHPAEThCS HA IHTYITUBHO
SICHI Ta TEOMETPUYHO TOYHI MPHUHIIMITY, ITPOIOBKEHHS B chepi
OUHAMIYHUX KOHCTPYKIiH, mo 3a0e3neunTh I BHKIIOYHY
THYYKICTb, KEPOBaHICTh Ta MPO30PICTh.

JUis CTBOpEHHS KOMII'IOTEPHHUX KpeceHb B Kupi
Maremaruni BHKOPHUCTOBYIOTHCS CTaH,I[apTHl FeOMeTpI/I‘IHi
omepartiii — nodynoBa NpsMoi, TPOMEHS, Bmp131<a gepes JBi
TOYKH, T00y0Ba Kpyra 10 LEHTPY 1 TOUIl Ha Kpy3i, a TaKOX
1o LEHTPY 1 paaiycy, (dikcalis nepeTuHy NpsIMHUX i KPYTiB,
NPOBEACHHS MapajelbHUX NPSMHX Ta OiceKTpuc.

Cucrema nepeTBOPEeHb BCeE IO BiX Hel MOXKHA OYiKyBaTH, a
caMe KEpOBaHI TOBOPOTH, TIEPEHOCH 1 BiqOOpaKCHHS.
InTepdeiic nyxe NPOCTHiA Ta 3pYUHUI, KPECIECHHS BUPa3Hi 1 X
MO>KHA JIETKO pellaryBaTH.

Kusa Maremaruka — 11e IOCUTb 'HYYKHI IHCTPYMEHT, SIKHi
JIO3BOJISIE peari3yBaTu Oarato QaHTasidl, siKi 0OMEXYIOThCS
TIJIBKH BJIACHOIO YSBOIO.

[MigpygHuKy reoMeTpii BMIIIa0Th B cO01 6arato 4rcembHi
BU3HAYCHHSI, MIOCTYJIATH, TEOPEMH, JIEMH, sIKi OyBa€e He JIETKO
3pO3yMITH 4H BiATBOPUTH. 3a gonomoror JKueoi MatemaTHku
3pY4YHO BHKJIAJAaTH CKJAIHI TEMH, CTBOPIOIOYM KOHCTPYKIII,
SIKI MOJEIIOIOTh YMOBH TEOPEM Ta EKCIICPHUMEHTYIOUH 3 HUMH.

OTtpumaBmiy BigmoBigHi HaBuku B JKuBiii MaTeMaTwili,
HEBAXXKO 3pO3YMITH, IO MPOCTIIIe 1 IIBHAINIE BiITBOPHTH

MAaJTIOHOK 13 TiIpyYHHKa HAa KOMIT IOTepi HIK MaJtoBaTH HOTo
Ha mnarepi. [Ipy 1BbOMYy CTalOTh JOCTYNHUMH TaKOX BCI
JTUHAMIYHI MOJJIMBOCTI MPOTPaMH i IepeBard MaHIMyIsmii 3
KPECJIEHHSM, IPO SIKi CKa3aHO BUILE.

JocmimkeHo mpoOnemMu, 3 SKAMH CTHKAIOTHCS BYHTEINI
Ta Y4YHI NPH BUBYCHHI MaTEeMaTHKH, 30KpeMa IUIaHIMeTpil,
BIZI3BHAYCHO  IEPCHEKTHBHM  BHUKOPHUCTAHHSI  IPOIPaMHHX
NPOJIYKTIB Ha YypOKaXx MaTeMaTHUKH, JOCIHIIKEHO HasBHI
HPOTrpaMHi NPOXYKTH, BU3HAYEHO IepeBaru Ta HeNoJiku. | Ha
OCHOBI OTPMMaHMX pe3yJbTaTiB JIOCTIDKEHb JIOBEJCHO
e(exTHBHICTH BUKOpUCcTaHHS JKrBoi MaTeMaTHKy.

Jnis 3100yTTs HABUKIB pOOOTH B JaHOMY CEPEIOBHII
po3pobieHe  METOOWYHHMK  MaTepialx:  3HAHOMCTBO 3
iHTepdeiicom mporpamu 3 OMUCOM BCiX IHCTPYMEHTIB JJaHOTO
CepelOBUINA Ta 3aHATTS 3 IUIaHiMeTpii. HapuanbHMit KOHTEHT
UX 3aHATh MICTHTh: HaBYajbHY IIpE3EHTallil0 3 YyciMa
MOSICHEHHSAMHU  SIK HO6y,ZLYBaTI/I cblrypn TaKOX po3poOlieHi
MUTaHHS JJIsI CaMOIEpeBIpKH, 1 HaBeleHI NPUKIAAU JUIs
HAa0YHOCTI.

IV. BHCHOBKU

Jlerko mepexonarucs, mo JKuBa Martemaruka —
HE3aMiHHAH IHCTPYMEHT JJIS BHBYCHHS HE TUIBKH TeoMeTpil
ane i BCiX MaTeMaTn4HuX KypciB. Hanpukinan, B Kypci anredpu
KOPHCHO 3BEpHYTHCS IO L€l Iporpamu Iis pO3yMiHHS
Tre€OMETPUYHOTO 3MiCTy HOXiJHOT, SIK XapaKTEPUCTUKU HAXHITy
KpHUBOi a00 TpH JOCIIHKEHHI 1 r[06yz[0B1 rpadikiB (I)yHKLuI/I Ta
BUBUCHHS BJIACTHBOCTEH Mapaboiu i, 110 HaHBaXXIUBILIE JUIs
BUSCHEHHS TEPMIHY «DYHKIUIs», K TOHATTS.

Jnst crapuroknacHukiB Ta cryneHTiB JKuBa Martemaruka
Oy/ie KOpUCHA TIPH JOCIIKECHHI IHTETPaIiB, I 3HAXOIKCHHS
IUTOINI T KPUBUMH 3a JomnoMororo komaumu «lloximaay. Ti,
XTO TMOTJIMOJICHO BHBYAIOTh MAaTeMaTHKy Ta (i3UKY, MOXKYTh
MEepeKOHATUCS, M0 I MOporpamMa JIOOMAarae 3po3yMiTu
HEEBKJIIIOBY F€OMETPIIO Ta 1HII CKJIaJHI MaTeMaTH4YHI Teopii.
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Anomauina — TIOKA3aHO AKTYAJIBHICTb BHKOPHCTAHHS
MaTeMAaTHYHUX NAKeTiB HA YPOKaX MATEMaTHKH, 3alIPONIOHOBAHO
11 BUKOPHCTAaHHSI CHeniaJi3oBaHMii MaTeMaTH4HMH NaKer
Maxima Ta Big3HaueHo ii nepeBaru i AJs1 BUUTEIA i 1151 YUHiB.

Abstract — the relevance of the use of mathematical packages
in mathematics lessons is shown, the specialized Maxima
mathematical package is proposed and its advantages are
presented for both the teacher and the students
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l. Bctyn

[IpoBeneHHsT YpOKiB 3 BHKOPHCTAaHHAM iH(OpPMAIIHHIX
TEXHOJIOTIH — 16 TOTYXHHH CTUMYJI Yy HaBYaHHI. 3a
JIOTIOMOTOI0 TAaKHX YPOKIB aKTHUBI3YIOTBCS ICHXOIOTIUHI
NpOLIECH YYHIB: CHPUHUHSATTS, yBary, Nam'sitb, MHCIICHHS;
Ha0arato axkTHBHINIE 1 MIBHAIIC BiIOYBaeThCs 30YyIHKCHHS
mi3HABAIGHOTO iHTepecy. B  mammii wac po3poOieHa
KOMIT'FOTEepHA MiATPUMKA OyIb-SIKOTO HABYAJIBHOTO MPEIMETa,
B TOMY 9HCJI i MaTeMaTHKH. He3miHrO09H mipyYHHK a0 iHII
HaBYaJIbHI MOCIOHMKH, €JEKTPOHHI BHJAHHS MAalOTh BIACHI
TUIAKTHYHI QYHKIIT. BoHM He mpuB'sS3aH1 )KOPCTKO 10 IKOTOCH
KOHKPETHOTO MiJIpyYHUKA, B HHUX IPEICTaBIIeHI HaWOUIbII
3HAYYIII THTAaHHA 3MICTY OCBITH JUII OCHOBHOi i1 cTaprmioi
IKOJIH.

[IporpamHe MatemaTH4He 3a0e3lE€UeHHs BKIIOYAE B cede
HaBYaJIbHI Ta  KOHTPOJIIOIOYl  TPOTpaMH,  EJIEKTPOHHI
HiIpYYHUKH 3 IUIaHIMETpii, crepeomeTpii, JiHiiHOI anredpw,
anreOpy 1 MOYATKIiB aHaTi3y. 3a IOMOMOTOI0 IMX IIPOrpam
yUYeHb CaMOCTIifHO MOKe IIPOBIPUTH CBil piBEHB 3HAHB 3 TEOPil,
BUKOHATH TEOPETHKO-NPAKTUYHI 3aBAaHHS;, BOHH MICTATh
TEOPETHYHI BIIPaBH, 3pa3KH BUKOHAHHS 3aBJaHb, 3aBAaHHS JIJIs
camorepeBipku. [Iporpamu 3py4Hi CBOEIO YHIBEPCAJbHICTIO.
BoHr MOXXyTh OyTH BUKOPHCTaHI 1 JUIsi CAMOKOHTPOJIIO, 1 JUTS
KOHTPOJTIO 3 OOKY BUHTEISI.

1. MATEMATHYHI [TAKETU

Komn'torepHa migTpuMKa y BHUKIAJaHHI 3 JOMOMOTOO
MaTeMaTHYHUX TIAKETiB TOKIWKaHA 3BUIBHUTH YYHS Bif

Maria Semankiv

Department of Computer Sciences and Information
Systems
Precarpathian National University lvano-Frankovsk,
Ukraine
dlyamarii@gmail.com

PYTHHHOI pOOOTH, JO3BOJHMTH HOMY 30CEpEIUTHCS Ha CYTI
JIOCIIKYBAHOTO B IaHMH MOMEHT MaTepiany i CTUMYIIOBATH
Mi3HABaIbHY AiSUIBHICTH YYHSI.

JlocBin BUKOPUCTAHHS MaTeMaTHYHHX IAKETIB SIK HOBHUX
TEXHOJIOTil B OCBITI CBIIYHUTH PO TOCATHEHHS HACTYITHHX
LiJIei:

- 30LIBIIYEThCS KUTBKICTH 3aBHaHb IS CaMOCTiHHOTO
BUPIIICHHS (3aBISKH CKOPOUYCHHIO PYTHHHUX [IEPETBOPEHB);

- IOCHIKYIOThCS OUITBII CKIIaTHI MATEMAaTUIHI MOJEIT, TaK
SK TPOMI3JKI OOYMCIICHHS NepeaHi BiANOBIIHUM CHCTEMam
KOMIT'FOTEPHOT MaTeMaTHKH;

- YJOCKOHAJIOEThCS HaBUAIBHUHA Marepiai, OCKUIbKH

OiNpIIIe yBaru MPUIUIAETHCS IKICHAM acIlieKTaM;

- y4HI 030aBJISIFOTECS BiJl CTpaxy IpH poOoTi 3 00'eMHUMHU
BUKJIAIKaMHd 1 HaOyBarOTh BIIEBHEHICTP B  YHCIIOBHX
OOYMCIICHHSIX

- BHPOOJITIOTHCS CTIMKI MPAaKTHYHI HABUYKH TPOBEACHHS
MaTeMaTUYHHUX MipKyBaHb.

[Tpy BUKOPUCTAHHI CHCTEM YHCEIBHUX OOYHCIICHb B YYHIB
3'IBJISIETHCS. MOXKIIMBICTh OTPUMAHHS HE TIbKU YHCIOBUX, a i
AaHANITAYHUX  pe3ynpTariB.  Tomy  ocoOmMBa  poJb
KOMIT'IOTEPHUX MpOrpaM IoJjisira€ B 3akpiluIeHHI 1 mepesipii
(GOpMYITBHHAX PO3paxyHKIB, a HE TUIBKH B OTPUMAaHHI JESKOl
4rc0B01 iH(GOopMaIrii.

OcobnuBe Micle B MmporpaMax 3aiiMaroTb  3acoOu
Bizyamizarii, To0TO, BUXiHI JaHI MOYXHA TMOJATH Yy BHIJISI
rpadikiB i giarpaM. HaouHicTh € OJJHUM 3 TOJIOBHHX 3HApPS/b B
poOOTi BuMTENsA, KOMM YYeHb OadUTh PO3PaxXyHKH 1 XiX
PO3B'I3aHHS, a TOJIOBHE - Pe3yJIbTaT CBOET JisITLHOCTI.

3apa3 mporpaMHi 3aco0M OpIEHTOBAaHI Ha BHPINICHHS
MaTeMaTUYHUX 337a4 (Ie MiJ MaTeMaTHYHOIO PO3YMIEThCS
Oynb-sike 3aBIaHHs, YU aJrOPUTM MOXKe OyTH ONHCAHUI B
TEpPMiHAX TOTO YH IHIIOTO PO3JAUTY MaTeMaTWKH) 1 JOCHUTH
OOIIMpHI Ta YMOBHO iX MOYKHa PO3JIUINTH HA I’ ATh PiBHIB!

1. BOynoBaHi 3aco0m PI3HOTO CTYNEHS PO3BUTKY Ti€li abo
IHIIIOT CHCTEMU TPOTPaMyBaHHS;
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CreIiaibHi MOBH TIPOTPaMyBaHHSI,
By3bKO-CIIeIliali30BaHi IporpaMHi 3acoou;

Ccremniaxi3oBaHi IporpaMHi 3aco0w;

a b

MpOTpaMHi 3aCO0H 3araJibHOTO MPU3HAYCHHS.

Maxima - me cucrema st poGOTH 3 CHMBOJBHUMH Ta
YHUCIOBUMHM  BHpa3aMM, BKJIIOYAIOYM JU(EpEHIIFOBaHHS,
iHTerpartito, psaau Teitnopa, meperBopenns Jlamnaca, 3Bu4aniHi
qudepeHianbHi  piBHSHHSA, CHUCTEMM JIHIHHUX DIBHSHbD,
MOJIIHOMH, MHOXHMHH, BEKTOPH, MaTPHIIl Ta TeH30pH. Maxima
Jla€ JOCUTh TOYHI YHCENbHI Pe3yJbTaTH, BUKOPHCTOBYIOUH
IpoOu, 1Tl 9Uciia Ta YMCIIa 3 TUIABAI0Y0I0 KPATKOIO 13 3MiHHOIO
TOYHICTIO. Maxima Moxe OyayBatu QyHKUii Ta aHi y ABOX- Ta
TPHOXBHUMIPHHX MIPOCTOPAX.

Buxinauii xoq Maxima Moxe OyTH CKOMIUILOBaHUN Y
OaraTbox cucremax, Bkarodaroun Windows, Linux ta MacOS
X.

Makcuma - Hamanok — Macsyma,  JIeTeHZapHOI
KOMIT'FOTEpHOT aJire0pu, po3pobiieHoT HanpuKiHI 1960-X pokiB
B MaccauyceTcbkOMy TEXHOJOTTYHOMY iHCTUTYTI. Lle enuna
cucTeMa, o 0a3yeThCsl HA TUX CaMUX MPHUHIIMIAX, sIKi BCE IIe
€ 3araJIbHONOCTYIHUMH Ta 3 aKTUBHOK CILUIEHOTOO
KOpPHCTYBayiB, 3aBISKH CBOEMY BIIKpUTOMY Koay. Macsyma
OyIa peBOIIOIIITHOIO 32 CBOIX YaciB, i 0araTo mi3HIIIi CHCTEMH,
Taki sk Maple Ta Mathematica, 6ynn MOTHBOBaHI HErO.

1. TIEPEBATH MAXIMA

CyrreBuMHE TiepeBaraMu Maxima B MOPIBHSAHHI 3 iHITUMH
CHCTEeMaMH KOMIT I0TEpPHOT MaTEeMaTHKH €:

1. MOXITHBICTD BITBHOTO BHKOPHCTaHHS (NOIIMPIOETHCS HA
ocHoBi uinen3ii GNU). bBimbm Toro, Maxima
MOMIMPIOETHCS 3 BUXIJHUM KOJIOM, HAIIMCAHOMY Ha MOBI
Lisp, ToMy KOpHUCTyBad MOXKE BIIKPUTH OYyIb-sIKHI 3
¢aiinip 6i0mioTekn (BOHHW, SK TNPaBWIO, TEKCTOBI) i
BUBYHTH aJITOPUTM, 32 SKUM IIPALIOE TA YH 1HIIA HYHKIIS,
a B pa3l mnorpebu cTBOproBaTH CBOI  (YHKII,
BUKOPUCTOBYIOUH, B TOMY YHCJIi, BUXiTHHIH KO (PYHKIIIH,
1110 BXOJUTH B KOMIUIEKT MOCTaBKHU CHCTEMH,

2. MoxuBicTh ()YHKIIOHYBaHHS ITiJ KepyBaHHIM pizHEX OC
(3okpema Linux i Windows). 30kpemMa, BoHa MOXxe OyTH
JIETKO BCTAHOBJICHA Ha IDIaHIIETi a00 cMapThOHi.

3. IlpocToTa iHCTAmsAUil Ta HEBEIMKHUH pPO3MIp
(6ma3pko 80 MO).

IporpaMu

4, Illupokuii Kimac po3B’s3yBaHHS 3ajav, B IbOMY MOXHA
NepeKOHATHUCS, TEepPerisigaloyd JOBIIIKOBY IiICUCTEMY,
Halimmpmmi  Habip  3acobiB  mma  rpadidHOTO
BioOpaxxeHHs iHpopMarlii,

5. MoxJuBICTh poOOTH SIK Y KOHCOJIBHIHM Bepcii mporpamu,
Tax i 3 BUKOPUCTAHHIM OHOTO 13 TpadivHuX iHTepdeiciB
(TeXmacs, wxMaxima, imaxima).

6. Posmmmpennss wxMaxima (110 BXOIUTH Y KOMIIIEKC
MpoTpaMu) Hagae KOPHUCTYBAUEBi 3pyUHHA 1 3pO3yMinmit
iHTepdeiic, psATye Big NOTpeOH y BUBUCHHI OCOOIMBOCTEH
BBEJICHHS KOMaHA I PO3B’SI3aHHS THIOBHX 33/1a4.

7. Maxima moeqHye B coOil
MaTeMaTHYHHX 3aa4 1 MOBY IIpOIpaMyBaHHS, IO
JI03BOJISIE  CaMOCTIHHO  MHCaTH  I[porpamu 3
PO3TANTYKEHHSM 1 MUKITIYHAMH alTOPUTMaMH.

3acid Ul BUpILICHHS

8. HasBHICTB TOBIAKH Ta IHCTPYKIIi# O pOOOTI 3 MPOrpaMoro.

9. InTepdeiic mporpamu yKpaiHCEKOIO MOBOIO.

V. BUCHOBKU

CreuianizoBaHuil MaTeMaTHYHUI TakeT Maxima Ha ypokax
anreOpu 1 MOYATKIB aHaNi3y MOXKHAa BHKOPHCTOBYBaTH HE
TUIBKK SIK 3aci0 CynpoBOAY BHBYEHHS MHTaHb MHIKUIBHOT
NpOrpaMH Y HaBYaIBHOro Kypcy. IlakeT no3Boisie BHajio
3MIACHUTH JesIKi €Tali POOOTH 3 TECOPEMOIO, 3aBIaHHIM, MOXKE
cratd 3acoboM, moO (opMye aHANITHIHE MUCICHHSA, IO
PO3BHBAETHCS B MPOLIEC] BUPIIICHHS 3aBJjaHb 3 BUKOPUCTAHHS
naHoro nakety. Taki 3aco0M MOXYTh CTaTH 3aCO00M PO3BHTKY
Mi3HABAILHUX IHTEPECIB B YYHIB Ta CTYICHTIB, (haKTOPOM
MOTHBALIi JUI BUBYCHHS MaTEMaTHKH, Ta BHKOPHCTOBYBATHCh
NpU opraxi3auii caMoCTiifHOT Ta IHIUBINyanbHOI pOOOTH.
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Anomauia— Y cTarTi HaBeIeHO MiAXil 10 NMPOeKTyBaHHS
OHTOJIOTiYHOI Mofendi [Js  mpeacTaBjJeHHsa  iHopmauii
HAKONMH4YeHOI HAYKOBHMH YycTaHoBamH. OHToOJIOTISI 103BOJIsIE
CTPYKTYpPYBaTH Ta CHCTeMATH3yBaTH Taky iHdopmaniio aas it
NMOJAJILIIOr0 BUKOPHCTAHHA B Ipoueci OHiHKM e(eKTHBHOCTI
(yHKIiOHYBaHHA yCTaHOBH. 3arajbHy OHTOJIOTII0 MPEACTABICHO
CHCTEMOIO B3a€EMO3B’SI3aHNX KOMIIOHEHT, KOKHA 3 SIKHX 103BOJIsIE
onucaTH BiANOBiAHMII mixmpouec B paMKax sik JisVILHOCTI camoi
YCTaHOBH, TaK i mpouecy ii oumiHKu 30BHIiIIHIMK opraHizamisiMu Ta
MminicrepctBamu. [IpoBegeHo omHc ejleMeHTIB ycCiX KOMIOHEHT
cucTeMd OHTOJOriii. IIpakTHYHy pO3poOKY 3ampoNOHOBAHOL
OHTOJIOTiYHOI MOJe/li BHKOHAHO 3 BHKOPHCTAHHAM ILIaTGOpPMH
po3pobku oHToNOriYHUX pimens TOJAOC.

Abstract— The article presents an approach to designing an
ontological model for presenting information accumulated by
scientific institutions. An ontology allows you to structure and
organize such information for later use in the process of evaluating
the performance of an institution. The general ontology is
represented by a system of interconnected components, each of
which allows us to describe the relevant sub-process within both
the activity of the institution itself and the process of its evaluation
by external organizations and ministries. The elements of all the
components of the ontology system are described. The practical
development of the proposed ontological model was performed
using the TODAQOS Ontology Solutions Development Platform.

Kntouoei cnosa— mnaykoea ycmanosa,
iHgpopmauin; dianvuicme, OHmMONO2IA.

oyinka axkocmi,

Keywords—  scientific  institution;

information; activity, ontology.
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l. Bcryn

Ha chorozHiuIHiii 1eHb iCHY€e BeJIMKa KUIBKICTh I€PKaBHUX
Ta MIPUBATHUX YCTAHOB SIKi HAJAIOTh MOCIYTH Y Pi3HUX chepax
KHUTTEAISIIBHOCTI CYCITbCTBA. 3aTpeOyBaHICTh TAKUX YCTAHOB
HaIpsMy 3aJeXHTh BiJl ePEKTUBHOCTI iX (DYHKIIOHYBaHHS.
Oco0n1MBO  BaXKJIMBOIO  XapaKTEPUCTUKOIO  €(EKTUBHICTh
(YHKI[IOHYBaHHS € JJIsl OpraHizaiii 3axissHux B cepi HayKu Ta
OCBITH, OCKUTBKH caMe BiJl SIKOCTi TOCIYT, SIKi BOHH HaJalOTh
3aJ@KUTh MaiOyTHIH piBEHb PO3BUTKY JAEp)KaBH Ta
KUTTENSIBHOCTI 1I rpomansH. Came TOMYy Ha CHOTOJHI
ICHYIOTh TI€BHI 3arajJbHONPHUIHATI NPUHLUIIN OLIHKK TaKWX
opranizauiil. IIporec Takoi eKCIepTHOI OIIHKKM HaBEIEHO Ta
3aTBEP/PKEHO Y BiJMOBITHUX HOPMATHBHUX MOKyMeHTax [1].

B nporieci cBoro ¢pyHKIIIOHYBaHHS yCTaHOBH HAaKOITUYYIOTh
BEJMKY KUTBKICTH iHpOpMarii (KoJi MOBa iie mpo HaAyKOBi Ta
OCBITHI OpraHizamii Takow iH(pOpMaIli€l0 € — HAYKOBI CTaTTi,
3BIiTH, PEUTHHTU NPaliBHUKIB, EKOHOMIYHI ITOKa3HUKH Ta iH.),
sKka Moxe OyTH BHKOpHCTaHa JuIi 1IX OIIHKA 3a
3araJibHOJICPKABHUMH KpuTepiaMu. st oiHKY e(heKTHBHOCTI
poboTH opranizalii BUKOPUCTOBY€EThCS iHpOpMallis, sika BXKe €
HAaKONMYCHOI0 Ha piBHI opraxizamii. Cucremaruszamis Ta
CTPYKTypH3alliss Takoi iH(opMarii He JUIIe IOJICTIIUTh Il
BUKOPHCTaHHA Ha pIiBHI yCTaHOBH, ajJeé 1 MOXe HaJaTu
MOJKJIMBICTh BHKOPUCTOBYBAaTH Ii BIINOBIAHUM OpraHaM B
mporieci OIiHKM  SKOCTi (PYHKI[IOHYBaHHS YCTAHOBH. Y
JIOCITIJKEHHI IPOTIOHY€ETHCS BUKOPUCTATH OHTOJIOTIIO, SIK OTHY
3 MoJened TPEICTAaBICHHS 3HaHb, M0 3a0e3MeYuTh
opratizauito iHdopmaiii HayKOBUX YCTaHOB 3 METOIO il
CTPYKTypH3allii Ta CHCTEMaTH3allisd, a TaKOoX MOJaIbIIOT
00pOOKH Ta BUKOPHCTaHHSI.
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Il.  OrJjsj OCHOBHMX JOCJIJKEHB 3A HAIIPSIMKOM TA
BA3OBI [TOHATTS

B ocranHi poKHM, 3aBISIKH CTPIMKOMY pO3BHTKY Ta
3aCTOCYBAHHIO TEXHOJIOTIi IITYYHOTO IHTEJNEKTY JAJIsl pO3pOOKH
iHpOpMaLifHIX CHCTEeM IOCTala HEOOXiTHICTh CTBOPEHHS
MIXOMy OpIEHTOBAHOTO Ha 3py4YHEe Ui KOpHCTyBaya
NPENCTaBICHHS OINCY 3HaHb, AKI aKyMYJIOIOTBCS B TaKUX
cucremax. Cepes iCHyIOUNX Ha CHOTOJHIIIHIN JIeHb MoJeen
MIPEICTaBICHHS 3HAHb HAHOUIBIIOTO BUKOPHCTAaHHS Halyna
OHTOJIOTiYHA MOJieNib. OHTOJIOTIYHE MOAETIOBAHHS € OJTHUM 3
MiAXoniB M0 imeHTH(iKaNii mpenMeTHOI 001acTi, 3aCHOBAaHMX
Ha i71e KOHIenTyaabHOro MojientoBanHs. KoHuenryanbpHa abo
MOHATIfHA MOJENb TIpenIMeTHOI o0yacti ommcye i sk
CYKYITHICTD TIOHATH (KOHLEMNTIB, TEPMIHIB) 1 BiIHOIIEHb MiX
HUMH, SKAM BIiIIIOBiZAaIOTH CYTHOCTI 3 peajbHOro cBiTy [2].
LlpoMy BiAmOBiNA€e KIIACHYHE MPEACTAaBICHHS OHTOJIOTIYHOI
MOZeNi, B SKOMY OHTOJIOTiS 3aa€ThCS TPhOMA KiHIICBHMH
iIMHO)KWHAMU: KOHIIENTIB, 3B'13KiB 1 QpyHKLIH iHTepnpeTarii.
[Tpu MozeroBaHHI MpeaMeTHOT 00acTi K cepH IisUIbHOCTI,
BIJHOIIICHHS MIXK TOHSTTAMH TAKOX € IIOHATTSIM, IO OITHCYIOTh
BigHomeHHs [3]. TIoHSATTS, BimHECEHI MO KJIacy BiJHOUICHb,
BUKOPUCTOBYIOTBCS [UIsl ONUCY MPOLECIB 1 SIBUIL PEajbHOro
CBITY. 3MICTOBHA MOJIeJIb PEAMETHOT 00JIaCTi JJIsl MOHSATIHHOT
MOJeNi 3aJa€ThCi OPIEHTOBAaHMM TOMIYeHHM  Tpadom,
BEPLIMHH SIKOTO IHTEPIPETYIOTHCS K iHPOPMAIiiHI eJIEeMEHTH,
IO BiMOBIJAIOTh PEATBHUM 00'€KTaM MpPEeAMETHOi O0JacTi.
Buningrorbcss ABa TUIM BIIHOLIEHb B O0'€QHAHHI MOJIEIEH:
3MICTOBHI, 110 BU3HAYAIOTh BITHOIIIEHHS OJIHOTO
iHpOpMaIiiHOTO eJeMeHTa [0 IHIIOro, i MOHATIiHI, MO0
BU3HAYAIOTh BiJHOIICHHS eJIEMEHTA 10 KOHLENTY 3 IIOHATIHHOT
10 [4].

CDOpMaJ'ILHO OHTOJ‘IOFi‘IHa MOAECIb MOXKE 6YTI/I 3alaHa sK:
O=<C R F>,

nme C — KiHIleBa MHOXKMHA KOHIIENTIB (ITOHATH) MpPEAMETHOI
o0Ouacri, R — kiHIleBa MHOKHMHA BiJHOLIEHL MK KOHIIEIITAMM,
F — xiHneBa MHOXWHA (QYHKLIH iHTepHpeTamii, 3aJaHUX Ha
KOHIIENTaX 1/a00 BiJHOLIECHHX.

OHTONOTIYHUHA MIOXiJ JO3BOIISIE TPOBOMUTH TOCTiiHE
yIOCKOHAJICHHS MO/JIEJTi Ha OCHOBI 0a30BUX OHTOJIOTIH HUISIXOM
ix moOymoBu Ta po3BUTKY [S5]. OHTONOTIS BKIIOYAE SIK OIIHC
npeAMEeTHOI 00J1acTi, TaKk i ONUC peJIEeBaHTHHUX I pecypciB.
YacTrHa OHTOJIOTI], IO ONWCYE KOHKPETHY NpEAMETHY
obmacTh, BKIIIOYae B ceOe CyKYIHICTH TEPMiHIB i BiTHOIIEHB
CEeMaHTUYHO 3HAYYMIMX /s JaHOi NpeaMeTHoi oOmacti, a
TAKOX TPaBUJ, 3TITHO 3 SKUMH MOKHA OYZyBaTH TBEPIKECHHS
PO eJIEMEHTH MPeIMEeTHOT 00acTi [6].

CaMe OHTOJIOTiYHI MOZENi MOXXHa BUKOPHUCTOBYBATH SIK
yHiBepcaJIbHUI 3aci® ans iHTerpamii IaHuX Ta 3HaHb i3
pi3HOpigHUX JpKepes iHpopManii. BukopuctanHs oHTOJNOTIH
JIO3BOJISIE CTPYKTYPH3YBaTH, CHCTeMaTH3yBaTh Ta
kinacudikyBaTn iHpopMmamnio. BakiImBO0O XapaKTepHUCTHKOIO
OHTOJIOTIYHUX MOJEJIeH IPEICTaBICHHS 3HaHb € Te, IO
CTPYKTYpa OHTOJIOTIYHOI MOJENi ampiopi BIUCYETbCS B
napajurMy CEeMaHTHYHOI MaByTHHM, IO POOHTH MOXIHBHM
aBTOMaTHU30BaHE HaJlalITyBaHHS Ta BUKOPHCTAHHS
po3pobisieHoi oHTOJoTii B IHTEepHeT cepemoBumm. Taka
XapaKTepUCTHUKa € 3aTpe0yBaHOI0 3 TOYKH 30pY PO3pOOKH

Cy4acHHMX iH(pOpMaUiHHUX CHUCTEM, OCHOBHOIO BHUMOTIOIO JIO
SKUX € HaJaHHS OH-JIAHH JOCTYIy KOPHCTyBauyaM y PEeXHMi
peapHOro uacy.

I1l.  CHUCTEMA OHTOJIOI'TI 1151 IPEACTABJIEHHS
[HOOPMAIIII HAYKOBUX YCTAHOB

OyHKIIIOHYBaHHS HAayKOBHX OpTraHizaliii moB's3aHe 3
MEBHUMH  CIElM(IYHUMH  OCOOJMBOCTSAMH  SIKI HE €
XapaKTepHUMH Ui {HIIOTO TUIy yCTaHOB. Tak, Hampukiazm,
Ba)XXJIMBUMH IIOKa3HUKaMH HAyKOBOTO MPOLECY € KUIbKICTh
myOmiKkamid, OUTYBaHHS, Pi3HOMAaHITHI HAyKOBi iHIEKCH Ta
PEHTHHIH, Y4acThb y MDKHAPOAHUX INPOEKTaX Ta Mporpamax,
BHKOHAHI HAayKOBI TEMH, HiATOTOBICHI CHELIaTiCTH Pi3HUX
kBanmiikalifiHUX pIiBHIB 3a pI3HUMH CHELIAIBHOCTAMH 1
cnemiamizamissmu Ta inme. Came ToMy i iHpopMmamisf, ska
MPOJNYKYEThCST B Ipoleci ()YHKUIOHYBAaHHS TaKUX YCTaHOB
TaKoX  BimoOpaxkae  yci  piBHI  (aCHEKTH)  TaKOro
¢yHkiionyBanHs. Taky ocoOMMBiCTH HEOOXiHO BpaxyBaTH i
mpu po3podui oHTONOTIYHOT Moxmeni. Takoxk, B Tmporeci
oprasizaifii HayKoBOi JisJIbHOCTI, 3aJisIHI JCKiJIbKa OCHOBHHX
MPOIIECiB: OpraHi3amis AisUTFPHOCTI YCTaHOBH; BH3HAYCHHS
MOKa3HUKIB, 32 SKAMH MOJXHa BUSBUTH PIBEHb BHUKOHAHHS
MEBHOTO BHUIY IisUTHOCTI B yCTaHOBI; HAsSBHICTh KPUTEPIiB
OLIHKM TaKWUX MOKa3HHUKIB, 3a JOMNOMOIOI0 SKHX MOXKHA
BUKOHATH OLIHKY NOCATHEHb OpraHi3amii Ta BCTAHOBUTH YU
BIZNOBIiIa€ ii AisUTbHICTH 3aTpeOyBaHUM BUMOTaM; OpraHi3allis
Oe3nocepeHbO MPOLECY OLIHIOBAaHHS yCTaHOBH.

Buxonsuu 3 1poro, MpoIOHYEThCS y 3arajibHid OHTOJOTIT
UL TpefcTaBleHHs iH(GoOpMalii HaKONMYEHOT HAayKOBHMH
YCTaHOBaMH BHIUIATH JAEKiTbKa OHTONIOTiH. B pesymbrarti
TAKOTO BHIIJICHHS 3arajibHa OHTOJIOTISI Oyjae SBISATH CO0O0I0
CHCTEMY OHTOJIOTif, KOXXHa 3 SKHX OylIe ONUCYBaTH
BIJIMIOBIAHUN MIANPOIIEC B paMKax SK MiSJIBHOCTI caMol
YCTAaHOBH, TaK i mpouecy ii oninku. Cama X cucTeMa BLIJIOMY
JIO3BOJIUTh  SIK  CTPYKTYpU3yBaTH Ta CHCTEMaTH3yBaTH
iHpOopMalito, HAKONMHYCHY HAYKOBUMH YCTaHOBaMH, TaK i
OpraHi3yBaTh KOHTEKCTHO-HE3aJIeKHI CTPYKTYypH aist i
NOAANBINOT 0OPOOKH Ta BAKOPHCTAHHS.

aYd s . . N
= OHTOJIOTisI OiHIOBAHHSA TiSVILHOCTI HAYKOBHX YCTaHOB
=
ES
& OHTONIOTisl KPUTEPIiB OIiHIOBAHHS OnrTororist opraHizaii
JSUIBHOCTI YCTaHOBH OILiHIOBaHHS MisUVIBHOCTI yCTaHOBH
s - : MBI
OuToJI0Tif TiIIBHOCTI HAyKOBHX YCTAHOB E
E: 3
OnrTororis opranizarii OHTOJIOTisl MOKA3HUKIB [ q;;-
JSTBHOCTI yCTAHOBH AiATBHOCTI yCTaHOBH o<
o||=
& =]
S
( OnroJorist npexMeTHOI 00aacTi 5
( Cucremua knacudikais HayKOBUX 3HaHb )
E Indopmauniiinnii 6aHk JaHHX
= ‘ Ex3emmuispy noHATH Ta BIAHOLIEHD ‘
\/ LI
Puc. 1. Cucrema OHTOIOTIH AisIIBHOCTI HAYKOBHX YCTaHOB

CucrtemMa OHTOJIOTIH SBJIsIE COOOI0 CYKYIHICTH AEKITBKOX
komroneHTiB (Puc. 1). Po3pobnena cucrema BKIIOYAE Taki
OHTOJIOTIT SIK:
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OHTOJIOTis IiSUIBHOCTI HAYKOBHUX YCTaHOB — BiloOpaxae yci
MOJJIMBI TIPOIECH fAKi BifOyBalOTBCS B paMKax HayKOBOTO
NPOLIECY B MEXax MisUIbHOCTI HAYKOBUX yCTaHOB.

OHTONOTIA OpraHizamii MiIBHOCTI YCTAaHOBH — OIHCYE
3arajpHi TOHSATTS, $IKIi CTOCYIOTBCS Oprasizaiii HayKoOBOI
IiSUTBHOCTI B IIUTOMY.

OHTOJIOTiS MOKA3HUKIB MisJIBHOCTI YCTAaHOBH — JIO3BOJISIE
JIETaJTbHO OIHCATH IOKA3HWUKH IO YCIM acmeKTaM [isUTbHOCTI
YCTaHOBH.

OHTONOTiA OIHIOBaHHA MiSJIBHOCTI HAYKOBHX YCTAaHOB
BBOJIUTH TOHATTS, SIKi JIO3BOJISIIOTH IIPOBECTH  OLHKY
e(heKTHBHOCTI HAYKOBOI JisTIHHOCTI IEBHOT HAYKOBOI yCTaHOBU
B paMKax II Jep)kaBHOI INepeBipkH ab0 BCTaHOBIECHHS i
HAyKOBOTO PiBHA.

OHTOJIOTiS KPUTEPIIB OLIHIOBAHHS JiSUILHOCTI YCTaHOBH —
3ama€  KpuTepii JUIs  OIHKK e(EeKTHBHOCTI  JisUTHOCTI
YCTaHOBH.

OHroJI0Tis OpraHi3alii OliHIOBaHHS JIISUIbHOCTI YCTAaHOBH —
OIICYE caM TpOIeC MPOBEACHHSA OLIHKK BiJNOBITHUMH
OpraHaMu.

OHTOIIOTIA IPeaMEeTHOT 0071acTi — 6a3y€ThCS HA CHCTEMHIN
Kiacudikanii HayKoBoOi AisIIBHOCTI.

Ex3eMIutspu kiiaciB i BiZHOIIEHb, BU3HAYEHUX Y OHTOJIOTII,
YTBOPIOIOTH iH(OpMaliliHe HanoBHEHHS OaHKy IaHUX, SKHA
MICTHTh TEPMiHH, IO MPEACTABISIOTh HMOHATTSA MPEAMETHOI
obnacti. BuxigHUMM NaHUMH Ui MOZENI TpPEICTaBIICHHS
3HaHb, IO XapaKTepH3yIOTh NPEIMETHY O00JacTh, €
PI3HOMaHITHI HOPMATHBHI JOKYMEHTH, a TaKOX IiAPYYHUKH,
MOCiOHMKH, TIepioIUKa, 3BiTH, iHpOpMAIIiiitHi pecypcH Ta iHIIe.

Taka cucTemMa OHTOJIOTIH TO3BOJIMTH HE JIMIIIE peali3yBaTh
MpeACTaBICHHA  iH(poOpMalii, HAKONMUYCHOI HAYKOBHMU
yCTaHOBaMH B TIpOLECi MAisUIBHOCTI, ajie 1 OopraHizyBaTé
CTPYKTYpPH IJIs 11 TOATBIIOr0 BUKOPUCTAHHS Ta 00pOOKH.

IV.  EJIEMEHTH OHTOJIOT'I JUIS ITIPEJCTABJIEHHS
IHOOPMALII HAYKOBUX YCTAHOB

B mpormeci moOynoBH OHTOJNOTIYHOI MOJENi BHHHKAE
HEOOXimHiCTh omucy ii ememeHTiB. OHTOJOTIYHA MOJIENb
BKJIFOYAE HACTYIHI eleMeHTH [7]:

Onmonociuna moodenv = <knacu, ampudymu, iOHOUIeHHS,
munu 3HaveHb ampuoymie, 0OMedceHHs HA 3HAYEHHS
ampubymie, eK3eMnaaApu Kiacie™>,

e Kiacu — €JEeMEHT OHTOJIOTIYHOI MOJIeNi, SKHH OIHUCYe
TIOHSATTS JISSIKOT IIpeIMeTHOT a0o pobIeMHOi 06JacTi;

ampubymu — €JIeMEHTH OHTOJIOTIYHOI MOJem, sIKi

ONHCYIOTh BIACTUBOCTI IMOHATH 1 BiIHONICHB;

6IOHOUIeHH sl — 33/TAI0THCS Ha KJIacaX, Ta BioOpaxarTs abo
3B 30K KJIACiB MIXK C00010 a00 3B’SI30K KiaciB 3 JaHUMH YU
aTpuOyTaMHu. [CHYIOTh BiHOIIICHHS HACTYITHHUX BHIIB:

acoIliaTMBHE BIIHONICHHS — 3a PAaxXyHOK YOTO J[03BOJISIE
3MIMCHIOBATH 3MICTOBHHMH TNOIIYK 1O iHpopMamiiHOMY
MIPOCTOPY OHTOJIOTI1,

BIJIHOILICHHS «4YaCTHHA-LIIe» — JJO3BOJISIE BCTAHOBIIIOBATH
3B'SI3KM MIX KJTacaMH Ha piBHI iepapxii,

BIJIHOILICHHSI HACJTiJyBaHHSI — BHUKOPHCTOBYETHCS JUIS
nepenadi aTpuOyTiB i BiIHOUICHD Bifl 0aTHKIBCHKOTO KJacy IO
JOYIPHBOTO,

BIIHOIIEHHSA «KJIac-IaHi» —
€K3EMIUISAPH MOHSATH 3 KIIaCOM;

JIO3BOJISIE  TIOB'SI3YBAaTH

Munuy 3HaveHb ampubymie — 3aJal0Tb CTAHAAPTHI TUIIN UL
3HaueHb aTpUOYTIB KiaciB (Hampukian: string, integer, real,
date);

obMmedicents  Ha  3HAYeHHA — ampubymié  TOHATh 1
BiTHOIIEHF — BUKOPUCTOBYETHCS HE UL BCIX aTpUOYTIB, a
JIMIIE Ui THUX, 3HAYEHHs SKUX THOBUHHI JISKaTH B JESIKIH
o0macTi, He MOXYTh OyTH MeHIIe/OUTbIIe 3a1aHOI BETUINHU
a00 BHM3HAUYAIOTHCS TNEBHUM INpPaBWIOM. Tak, HampuKiIajl, Ha
3HaueHHs aTpuOyra «marta moyatrky» kinacy C; onronorii O;
HaKJIaIa€ThCs1 oOMexeHHs T (0ama) = date F (T) > (0.)

eK3eMNIAPU KIACié — €IIEMEHT OHTOJIOTII SIKHii BioOpakae
KOHKpETHI JJaHi MpeIMeTHOI 00IacTi, AKi IMiIIOPSIIKOBYIOTHCS
CTPYKTYpi OHTOJIOTIYHOT MOJIEIII.

B mporeci nocmimKkeHHS OMICaHi €IIEMEHTH OHTOJOTIYHOL
MoJielti OyJu BU3HAUEHI JJIsl BCIX OHTOJIOTiH 3aIpOIIOHOBAaHOI B
po3miimi 3 cucremu onrosorid. Ilpomec neraspHOTO OmMUCY
€JIEMEHTIB OHTOJIOTII € BaKJIMBUM €TalioM IIPOEKTYBaHHS
3araJlbHOi OHTOJIOTIYHOT MOZENI, SKUHA [O3BOJUTH 3aIaTH
CTPYKTYpPH Ui  TOAAJBLIOrO  HAIOBHEHHS  OHTOJOTIi
iH(pOpMaLi€I0 IPeIMETHOT 00JIACTi (€K3eMILTIpaMu KIIaciB).

V. TTITAT®OPMA PO3POBKHM OHTOJIOT'TYHUX PIIIIEHB
TOJAOC

IIpakTryna peami3aiiss OHTOJOTIYHOI Mojem Ta i
HallOBHEHHS BHKOHYBAJIOCh BHKOPHCTOBYIOUH IUIAT(GOPMY
«Tpaucauciumutinapui  Oceitai  [liamorn  ArutikaridiHUX
Onromnorivanx Cuctem» (TOAAOC). [Tnardpopma TOJAOC
HAIA€ MHOXHHY MPOrpaMHO-iHGOpPMAIHHUX 3ac00iB st
30epexxeHHs Ta OOpOOKM 3HaHb 3a PaXyYHOK MOXKIHUBOCTI
po3podku onrooriit. [Tnarpopma TOJAOC 3abesneuye [8]:
MEpEXKEeBY B3a€EMOIII0 3 HECTPYKTYpOBaHOK 1  ci1abo
CTPYKTYPOBaHOIO iH(opMaIriero BEJTUKUX 00csriB,;
JIHTBICTUYHO-CEMaHTUYHHUN aHAJi3 KOHTEHTY, arperyBaHHS Ta
peiiTuHTryBaHHA iHGOPMANiHHUX pecypciB, IHTErpamio 3
IHIIMMHU MepekeBUMH iH(opMmaniiinnmu cucremamu ta WEB-
OpIEHTOBAaHUMH  JIOJaTKaMH, CTBOPEHHS  OHTOJIOTIYHUX
IHTEpaKTUBHUX JIOKYMEHTIB, BUSIBIIEHHS JIATEHTHOI iH(opMarii
B iHpOpMamiHHUX pecypcax, IO aHaJi3yloThcs Ta iHme. Ha
Puc. 2 mnHaBemeHo ¢QparMeHT OHTOJOTIYHOI MOJAET st
MpeaCcTaBIeHHS iH(QOpMaIlil HAYyKOBHUX YCTaHOB PO3POOIICHHH Y
TOJAOC.
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1.1. CTpyKTYPa, OCHOBHE 33B0aHHA Ta OpraklzaLlliiHo-NPaBoBa thopma YeTaos!

1.2. Haykomi pay YcTanom

1.3. HayxoBa cninkHoTa YcTaHosu

|.4. 3aransHa koHUENUIA | po3BMTOK YCTaHoBH Ta Hcbopmaulis wono T aiAnsHocTl 3a nonepeaHi pork
1.5 PegynsTaTh QiRNGHOCTI YCTAHOBN & LiNOMy 38 5 poKiE

1.8. HayKoei 3ax0M Ta 38'A3KH 3 FPOMaAChKIcTIC

1.7. GTPATEriHHE NNaHYBaHHS AIRNGHOCT YCTAHORH HA HACTYMHI AEKINbKa POKIE - NOTEHLIAN POTBKTI
3 Arianis ecpexTiBHoCT] QiANbHOCT! Haykosol YCTaHOBM B inoky

18, BinosiHicT YCTaTkyBaHHs, DANANHAHHR T2 KAAPOBOID SABESNEUEHHR 17 BHKOHaHHR PoDouMt:
1.9. Crienpaus | cncTema HayKoBiX 38'A3KI8 YCTaHOBM

L10.1 plaxn cpikalli cniep 1 Kap'€pHe 3pOCTaHHA MONONKX HaYKoaUIB

141, 3abesnedex rekepHOi PIBHOCTI Ta FApMOKIFHDIO posnaziny uacy Mix POBOTOR Ta PoaVHOID

112, Fapantis skocTi YcTanoasio
1.13. Peanisauia A P 3a

114, Haoxo/peRHA Ta BHAATHH YeTanosm
@)eT004Ka OLHIOBAHHS SEKTHEHOCTI AiANEHOCT HAYKOBIX YCTaHOR

4. AHaNI3 EhEKTUBHOCTI AIRMBHOCT] HAYKOBUX NROIINIE
@ !I.N. Nigposain (Hasea)

Puc. 2. ®parMeHT OHTONOriYHOI MOAeN IS HpeAcTaBleHHS iH(opmaril
HAayKOBHX YCTAaHOB pO3POOJIEHOI 3 BHUKOPHCTAHHAM ILIATGOPMHU
TOJAOC

BUCHOBKU

Y poboTi HaBeieHO MiAXix 10 NpenacTaBieHHs iHdopmaii
sIKa HAaKOIIMYY€EThCS B PI3HOMAHITHUX HAYKOBHX YCTaHOBax 3a

JIONIOMOT 010 OHTOJIOTIYHOT MOJIeIT. OnronoriyHe
NPEACTAaBICHHS  JI03BOJIMUTh  INPOBOAMTH  OLIHKY  SKOCTI
(bYHKIIOHYBaHHS HaYKOBHX YCTaHOB Ha 6asi

3aralbHOJICPKABHAX TNPHUHIMIIB Takoi omiHKW. [HQopmarris
PO OpTraHi3allifo MPOIEeCy OIHKH, a TAKOX 3araJbHOTPHHHSATI
KpHUTEpii OI[iHIOBAaHHA TaKOX 30epiraTUMyThCs B OHTOJIOTIUHIH
mozeini. BusHadeHi B MoOZel acoIliaTHBHI BiTHOIIEHHS MIiX
00’€KTaMu, SKi MPENCTABIIOTH TEPMIHH TIpeaMeTHOI 001acTi
JTO3BOJISIT TIOB’SI3aTH MOKAa3HHWKH isUTbHOCTI Oprasizaiii 3
KPHUTEPISIMH 32 SIKUMH ITPOBOAMUTHCS OL[IHKA

MaiiOyTHi TocipkeHHsS OyAyTh HalpaBJIeHI Ha MOIaJIbIIe
HanoBHeHHS po3pobiernoi y TOJAOC orromorii iHpopMarieto
mpeaMeTHOi 00aacTi.
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Anomauyias—Yy poo6oTi po3risinyTo dopmaiizaniio eramiB Ta
MOJEJIIOBAHHA Mpoueaypu MamorpagidyHux o0cTeKeHb IpH
NMPOEKTYBAaHHI MeIWYHHX KOMI'IOTEPHHX CHCTeM MiITPHMKH
NPUIAHATTA pileHb. Po3podiaeno pyHkuioHaNbHY, CTPYKTYpPHY Ta
MaTeMaTH4YHY MojeJb MamorpadiuyHux odcrexens. Po3pod.eni
MozieJi 103BOISIIOTH CHHTE3YBATH CTPYKTYPY CHCTEMH MiATPHMKH
NMPUIAHATTA pillieHs TPU MPOBedeHHI MaMorpadiuHnx 006cTeKeHb,
indopmaniiine, MaTreMaTMyHe Ta  NPOrpaMMHO-anapaTHe
3a0e3mevyeHHs] 3 MeTOI0 MiIBHINEHHsI epeKTUBHOCTI HaTaHHS
MEIMYHHUX TOCITYT.

Abstract— The paper considers the formalization of stages
and modeling of mammographic examinations for designing of
medical computer decision support systems. A functional,
structural and mathematical model of mammographic
examinations has been developed. The developed models allow us
to synthesize the structure of the decision support system for
carrying out mammographic examinations, information and
mathematical support, software and hardware in order to improve
the efficiency of medical services.

Knrwuosi cnosa—mamozpagpiune oocmedsicennsn; mooenioeanns;
dyuxuionanvna, cmpykmyphna, mamemamuuna mMooenb; cucmema
RIOMPUMKU RPUTIHAMMSA PiUieHHb.

Keywords—mammogram examination; modeling; functional,
structural, mathematical model; decision support system.

I. BcTynn

CyvacHa MeMIIMHA XapaKTePU3YETHCS PI3KHM 3POCTaHHIM
KiTpKOCTI iH(OpMamii, mo mepepoOsIeETbCS NpH BUPIMICHHI
TPaOUIIMHUX  JIKAPCHKUX  3aBIaHb:  BiJ  peecTpamii
Oiomenuunoi  iHdopMmalii 10 OCTAHOBKH  JiarHo3y,
BU3HAYECHHS POTHO3Y, BUOOPY 1 KOPEKIii TAKTHKN JIKYBaHHS
3a pe3yJbTaTaMu JIiarHo3y.

biomenuuni 300paxkennss (BM3) Taki sk peHreHorpamm,
mamorpamu, Y3Jl Ta iH. € OJHMM 3 BaXJIMBUX 3ac00iB
OTpUMaHHS Bi3yalbHOI iHpOpMaLii Mpo BHYTPIlIHI CTPYKTYpH
i QyHKIOIi JTIOACBKOrO Tila, fKa HE CHPUIAMAETHCS
6e3mocepenHbo 30pom. [1].

94


mailto:ai.povoroznjuk@gmail.com
mailto:ai.povoroznjuk@gmail.com

Icayroui MeToau nmdppoBoi 00pOOKU 300paKCHb MArOTh
obMmexxeHy cdepy 3actocyBaHHA mpH 00podui BM3, Tak sx
BM3 € MaJOKOHTPaCTHUMHM, MICTATh 3HA4YHy ULIYMOBY
CKJIAJIOBY, a IIarHOCTUYHI €JIEMEHTH — 3HAUYHy BapiaOeNbHICTb.

Mertot0 po0OTH € MOJENIOBaHHS eTamiB MaMorpadidHoro
00CTEe)KEHHS TIPH MPOEKTYBaHHI MEIUYHAX CHCTEM ITiITPUMKH
NPUIHATTA pillleHb, Ta PO3pOOKa CIEiali30BaHUX METO/IB
00poOKM  MamorpaMm, 3acHOBaHMX  Ha  BpaxyBaHHI
0co0MMBOCTEH PO3IISIHYTUX 300pa)KeHb y BHIVINI MoJeer
KOPDHCHHX CHTHAJiB, 30KpeMa Mojeield  (pakTansbHOI
PO3MIpHOCTI.

Il.  MOJEJIOBAHHS ITPOIIECY MAMOT PAGIYHOT O
OBCTEXXEHHA

[porec MamorpadiqHOTO 00CTe)KEHHS MO)
MPECTABISIETHCSA Y BUIJLSIAL y3araibHeHOi mozeni Mg Buny:
Me ={MFr, Ms, Mwm}, 1e MF, Ms, Mm — dyHKIiOHaTbHA,
CTPYKTYpHa Ta MaTreMaTH4Ha Mojeni poIecy
MaMmorpadiqHOTO 00CTEKEHHS BiIMOBITHO.

®dyHkiionagbHa Mozaeab Mr, B SIKifi BHIUICHO YOTHPH
OCHOBHHX (YHKITIOHAIFHUX OJOKa: peecTpalis MaIlieHTa;
MopQoIOTiuHII aHai3 MaMorpam; 1iarHoCTHKa; GopMyBaHHS
MIPOTOKOITY 0OCTEeKEHH, HaBeIeHa B [2].

B skocti crpyktypHOi Momeni Ms  TIpOIOHYETHCS
opieHTOBaHHH Tpad, Mo BimoOpakac OCHOBHI CTAaHU IIPOLECY
MO i ix B3aemomii (BU3HAYAIOTHCS (HYHKIIOHATHHOIO
Mmozemmo). [lpu mpomy mnepenbadaeTscs, MO BeCh MPOLEC
HaBYaHHS CUCTEMH BUKOHAHMH, TOOTO C(OPMOBaHI BigMideHi
panime B (YHKIIOHANEHOI MOJENi i€papXidyHi CTPYKTYypH
MIaTHOCTUYHUX O3HaK Sy 1 JIarHOCTyeEMHX CTaHIB Sp i
BU3HAYCHA  CTPYKTypa JAiarHOCTHYHOTO  BHPILIAJIBHOTO
npaBmwia. 3a gonomoror Ms Bu3Ha4aroeThes €(hEeKTHBHICTD
nposeaeHHs: MO, HMOBIPHICTD Ta MPUYMHY TOSBH JIIKAPCHKOT
MTOMIJIKH 3 METOI0 PO3POOKH METOIB 11 MiHIMi3aIIii.

Pospooxa mamemamuunoi mooeni. Ha 0CHOB1 pO3TIAHYTHX
MOJIENeH MPOMOHYEThCS HACTYITHA MaTeMaTH4Ha Moneiab Mm
npouecy MO:

M, =(SP,SP*X,X*,D,D" 5;,8,.T.Q),
e SP = {sp,[]i e{€L,...,ngx}} — MHOXHHA ITUBPOBUX MAMOTPaM;

SPP = {Spip []|I e{l... ,nsp}} —  MHOXHHA  1UdPOBHX

MaMmorpawm, sKi BUMIpsHi y MaIli€HTa;

X={eXDUXPliefl..nY -
X(SP)

MHOX>XHHaA

MarHOCTUYHUX O3HAK; X ) , — TiAMHOXWHH MTEPBUHHUX
(BuMipsHEX Oe3mocepeqHbO Yy TAlli€HTa) 1 BTOPHUHHHUX
(oTprMaHMX npu 0OpoOIIi MaMorpam) HiarHOCTUYHUX O3HAK;

P _ {y Pl . .
X" = {Xi || E{l,--.,nx}} — MHOXKMHA JIIarHOCTUYHHX O3HAK, SIKi
BUMIpSIHI y Nalli€HTa;

D=1{d, k eqt... Np}} — MHOXKHHA MOMUIMBHX JATHOCTHUHUX

CTaHiB, TOOTO anQasiT qiarHo3is;

DP = {Dip|i e{l,... ,nD}} —  MHOXHHA  JIarHOCTUYHHUX
BHCHOBKIB, 5IKI BCTAHOBJICHI IALlIEHTaM;

Sx+ Sp
JiarHOCTYye€MUX CTaHIiB BiAIIOBIIHO;

iepapXiyHi CTPYKTypH JiarHOCTUYHHMX O3HAK 1

T= itspx ,tsppxp ,tXpri MHOXHHA BiOOpakeHb MiX
BIAITOBITHUMH MHOKHHAMU;

Q — MHO)XHHA KpUTEPIiB BiZIOOpaXkeHb t;
Ny ,Ng,Ny €N - TOTYXHOCTI  BiJNMOBITHUX MHOXUH;

N - MHOXMHA HAaTYpaJIbHUX YHCEIL.

BinoOpaxeHHs tg,, 3aXac alropuTM, a tsppxp peaiizye
nporeaypy Mopdosoriunoro aHanizy mamorpam [3] i Gpopmye

BEKTOp BTOPHHHUX JIaTHOCTUYHHUX O3HAK.
BinoOpaxenus tX ppp PCAITI3YE MArHOCTHYHE BHPIMIATBHE
TPaBHIIO TIiJ KEPYBaHHAM i€papXivHuX CTpYKTyp Sy i Sp [4].

Takum guHOM, po3poOiieHa MaremMatnyHa Moaens MO
Tali€eHTa, 3a JIOMOMOTOI0 sSIKOi BUKOHaHa (opMaitizalisi 3HaHb,
10 GOPMYIOTECS B Pe3YyJIbTaTI BCIX €TariB 00pOOKH.

I1l.  BUCHOBKU
Po3pobnero  iHpOpMamidHy TEXHOJOTIK  MiATPUMKH
MPUHHATTA  pIllIeHs TpH TPOBEACHHI MaMorpadigHux

00CTeXeHb Ha OCHOBI pO3p00KH (hyHKIIOHAIBHOT, CTPYKTYpHOT
Ta MaTeMaTUYHO! MoJelNi, SKi JO03BOJISIOTH ITiJABUIIUTH
JIOCTOBIPHICTH 1 OOrpYHTOBAHICTh JIKAPCBKHUX pIIIEHb Ta
MiHIMI3yBaTH PU3HUKH JTIKaAPCHKUX TOMHUJIOK.

3anpomoHoBaHI MOJAENl € OCHOBOIO M PO3POOKH
y3arajbHEHOI CTPYKTYPHOI CXEMH CHCTEMH IIiATPUMKHU
MPUHAHATTS PINICHb TMPOIEeCYy MaMorpadidHHX OOCTEKEHb 3
METOI0 IMIJABHMIICHHSA e(QEKTUBHOCTI HAJaHHA MEIMIHHUX
TIOCITYT.
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Abstract— The choice of an information platform for studying
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VY mnporeci riobanmizarii CBITOBOI €KOHOMIKH Bce OLIBII
BOXJIMBUM  (DAKTOPOM  EKOHOMIYHOTO, COI[aJbHOTO Ta
JIeMorpagiqvHOro  PO3BHTKY  0araThox KpaiH  cTae
iHTeNeKTyanbHa Mirpamis. lle oOymoBieHO THM, IO
BUKOPHUCTaHHS HOBHX TIIEPEIOBHX TEXHOJIOTIH mependadae
HasIBHICTh BHCOKOKBaJlipikoBaHux ¢axiBuiB. Ilpu mpomy
CyyacHa IHHOBalifHA MiAJBHICTE BCe OUIBIIOID MIipOIO
CIMPAETBbCS Ha pe3yibTaTH (YHIAMEHTAJIbHUX HayKOBUX
JOCTIDKeHb 1 BHMAara€ MPUCKOPEHHSA iX BIPOBAKEHHSI B
NPaKTHKy, IO IiJBHIIYE POJb <JIIOJICBKOTO KamiTamy» B
€KOHOMIYHOMY Ta COI[IaJTbHOMY PO3BUTKY.
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Analysis
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Polytechnic Institute
Kyiv, Ukraine
olga_moreva@ukr.net

Amnna ITatioxa
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3apa3 nepkaBHi KOPAOHU MEPECTAIOTh OYTH MEPEIIKOA0K0
JUIsL TIepeMillleHb yYacHHUKIB CBITOBOTO DHUHKY HayKOBO-
TEXHIYHHUX KaJIpiB, BUCHUX, BHCOKOKBaITi(hiKOBaHUX (PaxiBIliB i
CTylneHTiB.  BimnoBizHo 3poctae  poib  e(EKTHBHOIO
YIPABIIiHHSA IUMH POLIECAMHU.

OCHOBHa MpHYMHA «BIIIUIMBY YMIB» - TJHOOKa Kpu3a
BITYM3HIHOI HAYKH B 3B'A3KY 3 IMEPEXOIOM KpaiHM JI0 PHHKY 1
BIIKPHUTTS KOPJOHIB, IO CYHPOBOKYBaJlaCh CKOPOYCHHSIM
BHYTPIIIHIX BUTPAT HA AOCIIIKEHHS Ta po3poOkwu. [l BueHuX
1 BHCOKOKBaJlipikOBaHMX (haxiBI[iB BEJHbMH 3HAYYIIUM €
HE3aJ0BOJICHICTh MOXIIMBOCTSAMH peajli3allii CBoro TBOPYOTo
Ta HAyKOBOT'O MOTEHIialy 3 HACTYITHUX IIPHYHH:

. HEIOCTAaTHHOTO (piHAHCYBAaHHS HAYKH, | MaTepiaJIbHO -
TEXHIYHOTO 3a0e3Me4eHHs TOCIITHUIIBKOTO MPOIIECy;

. HU3BKOI MaTepianbHOI Ta MOpPAJbHOI OI[IHKH Ipari
BYEHHX;

. HU3BKOTO pIBHI HAyKoBO - iH(opMmariifHoro
3a0e3MeueHHs] TEOPETUYHHUX JOCHIIPKEHb 1 pOo3po0oK,
BiJICYTHOCTI Cy4acHOTO HAyYKOBOTO 00JIaTHAHHS;

° H€3aXI/IIIIeHOCTi InpaB BJIACHOCTI Ha

IHTEEeKTYaJIbHOI Tpalli;

IPOAYKT
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. HNOJITUYHUX (KpU3a MOJITUYHOI BiaJy Ta HEBIpa B
MOJKJIMBICTh IIBHIKOI JOeMOKpaTh3amii i mporpec
PUHKOBHX pedopM, TOJNITHYHA HeCcTaOlIbHICTS,
HOPYIICHHSA npas JIOJIVHH, 3arOCTPEHHS
MIXKHAI[IOHATBHUX BiTHOCHH).

Bimpmricte  wmirpamiii = BimOyBaeThcst 3 KpaiH, IO
PO3BHBAIOTECS a0 HE MAalOTh MOJJIMBOCTI IJATPUMYBATH
HayKy Ha BiInmoBigHOMY piBHIi. Lli KpaiHu iHBECTYBaNH B OCBITY
Ta HaBYaHHS (DaxiBIIiB, 1 KOJH IIi JIFOJU MITPYIOTh, 11 O3HAYAE
BTpaTy 3HAa4HMX pECypciB, NpH LbOMY MpsAMa BHTOIA
HAKOMHMYYETHCS JIepiKaBaMU-0/IepKyBadaMu, SIKi He BIIKIaIn
BHTpAT Ha HaBUaHHA. [HTENreHmis Oyap-1K0i KpaiHu € OTHUM
3 HalJIOPOXKYMX PECypciB yepes iXHIO MiATOTOBKY 3 TOYKH 30pY
MaTepialbHUX BUTpAT Ta 4acy, a TOJOBHE - depe3 BTpadeHi
MOYKJTUBOCTI.

3 MeTOl0 MiHIMi3alii BTpaT Bifl «BIAIUINBY YMiB» HEOOXiTHO
aZIcKBaTHO pearyBaTH Ha MOCTIHHO MIHJIMBY CHUTYAIIIO B CBITi i
MaTy CBOIO CTPATETilO 1 TAKTHKY B 1[bOMY IHTaHHI, 3aCHOBaHY
Ha HAYKOBHX JOCIIDKCHHAX. [lepIniM KpoKoM B IOCHIIKSHHI
npoOiemu € BUOIp IHCTPYMEHTY JuIs poOOTH 3 iH(popMaLi€to Ta
NpaBHIIbHA TIOCTAHOBKA 3aBIaHb 1 LJICH.

Jlns Toro, 1mo0 OLIHUTH BIUIMB (PAaKTOPIiB Ha MIirpariiio,
HEOOXITHO 3aIisTH BeNMYe3HI MAaCHBH JaHHX 3 PI3HUX
obnacteii 3HaHb. OCOONMBY yBary CiijJi NPHIUIUTH BIAcHE
IaHUM. Sk TIpaBWIIO, YHCJICHHI COINOJOTIYHI NlaHI ITOTaHO
CTPYKTYpOBaHi, 30epiraloThCsl Ha PI3HUX CXOBHINAX, HA PI3HUX
MOBax 1 B pi3HEX Qopmarax i s iXx oOpoOKM HEoOXimHO
3aCTOCOBYBATH clielianbHi Meronu. HaiOinbmr npuaarHuMH
dbopmMaTaMu HaHWUX 3 TOYKH 30py CYMICHOCTI € IHCTPYKIII
INSPIRE. BignoBigHo g0 I[MX CTaHAAPTIB  MOXKJIHBO
KOMOiIHyBaTH [JaHi 3 PI3HHX JDKepeld, TOBTOPHO iX
BUKOPHCTOBYBATH, 3aCTOCOBYIOYM  PO3IMOJIEHY CEpBiCHOI
apxitextypu (SOA).

3 oruisily Ha pO3MOJIEHICTh JaHUX B POCTOPI 1 yaci st ix
aHalizy  3pyYHO  BUKOPHUCTOBYBATH  reoiH(pOpMaIiiHi
TEXHOJIOTIl, a caMe MeTOoAW pessiuiiiHol kaprorpadii, ski
BU3HAYAIOTHCSA SIK Y3TOJKEHHS MUCTELTBA, HAYKH 1 TEXHOJIOT 1],
BUTOTOBJICHHS Ta BUKOPUCTaHHS TOBTOPIOBAHUX BiJHOLICHb B
KapTorpadiuHuX crucTeMax.

Jly)ke BaXKJIMBUM MOMEHTOM € YsIBJICHHS, MyOikaiis Ta
PO3MOBCIOKCHHS PE3yIbTaTiB POOOTH, sIKi TOBUHHI OYyTH
JIOCTYTHI K (axiBIfO, TaK i 3BUYalHIA moAuHi. HaiOinbr
iHPOPMATHBHHM € TIPEJCTABICHHS PE3yJIbTaTiB JOCITIKEHb Yy
BHUIJISIII  CHEIiali30BaHUX aTjaciB, fKi MiICTATh TEKCTOBY
iHpopMarlifo, TaOJUIi i KapTH Ta NPalIOlOTh B €IHHOMY
CEPEIOBHIIIL.

JocnikeHHs aTiacHuX iHGOPMaLIfHIX CHCTEM ITOKa3allo,
1110 JIOCTTI/DKEHHS IMHAMIKH METOIaMH pesIsiiiiHo1 kKapTorpadii
MAalOTh CTIHKO MOBTOPIOBaHI KOHCTPYKIii. Taki KOHCTPyKIil
peanizoBaHi B Kapkaci arminacHux pimens AtlasSF, skuit
CKJIaJIA€THCS 3 TAKHUX MATEPHIB SIK:

*  iHTepdelic KopucryBaya,

*  ZIepeBo 3MicTy,

*  0Oa3oBa Kapra,

*  TEeMaTHYHi KapTH,

e KaprorpagiuHUi KOMIIOHEHT,

*  IIOWYK,

e  HekapTorpaiyHuil KOHTEHT,

*  TPEICTaBICHHS, & TAKOX 3 KapKacy apXiTeKTypH.

PeamizoBana TakuM UYMHOM CHCTeMa BiIMIHHO cebe
3apeKOMEHAyBaJla B BHKOHAaHHI TakKWX TIPOEKTIiB, SK
Enextponna Bepcis HamionanpHoro atnacy Ykpainu, atiac
PamioaKTHBHOTO 3a0pyAHEHHS, Ta 0araTbOX 1HIINX.

Sk iHTepHeT peamizauii mpoueciB 300py, 30epiraHHs Ta
00poOku  iH(opMalii 3pyuyHo BHKOpUcTOBYBaTH Giscuit
(http://giscuit.com) cuctemy, SIKY OOYIOBaHO HA BiIKPUTOMY
KOl 1 siKa JIO3BOJISIE OIHOYACHO IPAIIOBATH HEOOMEKCHIN
KUTPKOCTI KOPHCTYBadiB 1 (YHKIIOHye Ha KOMHI'IOTEepax i
MOOUIBHHUX MPUCTPOSIX.

11106 BriopaTHCs 3 BETMYE3HOIO KUIBKICTIO CTPYKTYPOBaHUX
1 HECTPYKTYpOBaHMX JaHUX, HEOOXIHO BHKOPHCTOBYBAaTH
CepBiCH MeTaJlaHuX. 3a3HA4eHi PIlICHHS MiATPUMYIOTh TaKUi
cepBep Meramanux, sk GeoNetwork. Ils mporpama s
Karanorizamii 3 BimkputuM BuxigHuMm komoMm (FOSS) mms
MIPOCTOPOBO MOB'SI3aHUX PECYPCIB.

Peamnizauito crinbHoro Bukopuctanus AtlasSF, Giscuit i
GeoNetwork 6yno BukoHaHo mpu pearmizarii JlyHaiicpkoro
TIPOEKTY.

BucHOBOK: Uil JIOCHI/DKEHHS MirpauiiHix IpoleciB
HAYKOBHX KaJpiB PEKOMEHAYEThCS BHUKOPHUCTOBYBATH TaKi
npoxykru: AtlasSF, Giscuit i GeoNetwork, a B skocTi Momeni
naanx BukopuctoByBatn BuUMoru INSPIRE mns cymicHocti
poGoTH 3 eBponeicbkuMu (GaxiBLsIMH B rajly3i BHKOPHCTaHHS,
300py i 0OpOOKM HaHWX, a TaKOK BUKOPUCTAHHS ICHYIOUHX
MoOZIeJIel JIOCHIJDKEHb 1 CTBOPEHHS HOBHX 1HCTPYMEHTIB
aHami3zy.
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Anomauyia—Yy cTATTi OKpeCJIeHO epeBaru Cy4acHUX XMapHUX
TEeXHOJIOTiH y miATpUMUi HABYAJbHOI TiSIIBHOCTI Ta HAYKOBHX
aociirkenb. [IpoaHasizoBaHo MOKINBOCTI BUKOPHCTAHHS Pi3HUX
InTepHer-pecypciB, Be0d-3acTOCYHKIB i OH/aliH-pegakToOpiB, sIKi
MOKYTh OyTH KOPUCHHUMH [IJIsl CAMOCTiiiHOT0 3100yBaHHSA 3HAHD i
BMiHb, JUIl opraHizauii qucranuiiinoro napuyanus. HaBoasiTecst
pi3HOMaHiTHI Be0-cepBicM, IO MOKHAa pPEKOMEHIyBATH sl
3aCTOCYBaHHS Yy MiAroToBUi CTYIEHTIB, 30KpeMa MeAaroriyHux
cneniajJbHOCTeN. Tako:x nepetivyyrThes nomupexi
indgopmauiiini cepmicu, MmO MOXYTb 3HAZOOUTHCH MOJOIHM
HAYKOBIISIM y MOYATKOBUX TEOPEeTHYHHUX A0CTiTKEHHSX.

Abstract—The article outlines the benefits of modern cloud
technologies in support of learning and research. The author
analyzes the possibilities of using various Internet resources, web
applications and online editors, which can be useful for self-
acquisition of knowledge and skills, for the organization of
distance learning. The work provides various web services that it
is desirable to use in student learning, including those who acquire
pedagogical specialties. The author also lists common information
services young scientists may need in their initial theoretical
studies.

Knruoei cnosa—xmapni mexnonozii; xmapui cepsicu; oHaiin-
3aCMOCYNKU; 6€0-3ACMOCYHKU; ONNAUH-HAGYUANHA

Keywords—cloud technologies; cloud services; online

applications; web applications; online learning

l. Bcryn

OcTraHHIM YacoM Bce akTHBHilIE [HTepHET-KOpHCTyBaui
MOCITYTOBYIOTHCSI XMapHUMH TEXHOJIOTISIMH, SIKi JOIOMararTh
PO3LIMPIOBATH MOXKJIMBOCTI OTPUMAaHHS HOBHX 3HaHb, yMiHb Ta
HaBMYOK. Ha ycix OCBITHIX pIiBHAX Yy HaBUAJIBHHUX IUJIAX
BHKJIa/1a4i BUKOPHCTOBYIOTH XMapHi cepBicH, poboTa 3 SKUMHU
crpusie 3HaYHOMY YpPi3HOMaHITHEHHIO HAaBYaJIBLHOTO IIPOIECY,
30aradeHHIO HOro JOAaTKOBUMHM iH(GOPMAIIHHUMHU BILUTUBAMH,
HAOYHUMH 3ac00amMu Ta epEeKTUBHUMH iIHCTPYMEHTaMHU.

HeocsbxHi MOXIMBOCTI Hajae IHTepHET U1 caMOOCBITH Ta
PO3IIUPEHHS] KPYro30py CBOiX KOPUCTyBadiB. Pi3HI momivHi
iHpopManiiiHi BeO-pecypcH, eNeKTpoHHI 610T10TeKH, KOISKITiT
HAYKOBO-TIOMYJIAPHUX 1 Ti3HABAJbHUX (IIBEMIB, OHJIANH-
mw1athopMH Ta OCBITHI MOpPTald 3 MYJIbTUMEIIHHUMHA
HABYAJHHUMHU MaTepiajaMy, MAacOBi BIIKPHUTI OHJIAWH-KYpCH,
TeMaTH4Hi BeOiHApHW, OHJAWH-TPEHIHTH ¥ KOHCYJNBTAIil
npoBiHUX (DaxiBIiB — BCE 1€ OPTaHi30BYETHCS 1 PYHKIIIOHYE
IUIsL 3aJI0BOJICHHS MOTPeO 3aifHATHX CaMOHABYAHHIM JIFOJICH.

Slkicha 1mbpoBa rpadika, TOTYXKHUI IHCTpyMeHTapii
KOMI'FOTEPHOTO MOJICNIIOBAHHS, CydacHi TexHoJiorii BeO-
NporpamMyBaHHs, a TakoX BOyJOBaHi Yy Be0-3aCTOCYHKH

(GyHKIIT, OO0 IOIMOMAararoTh CTBOPHUTH €(PEKT MPUCYTHOCTI
KOpHCTYBada B Till 4M iHIIH TOYII, MaKCUMaJbHO CIpHIE
(GOpMyBaHHIO  HaI3BHYalHO  KOM(OPTHHUX  yMOB s
3100yBaHHs J10JJATKOBOT OCBITH yciMa OakatounMH.

Ji1 HAYKOBIIA-TIOYATKIBI ¥ TSI BUCHOTO 3 BEIHKHM
JOCBiZIOM po0oTH B IHTEpHETI 3HAAETHCS OaraTo MiKaBUX BeO-
CaWTIB 3 KOPHCHUMH IYOITIKAIlIIMH, TOTIHCAMH BiIOMHX KOJIET-
HAayKOBI[IB, 3HAaBI[B y Till 4K IHIIIM LApUHI HAyKH, rany3i
KUTTEMISIIBHOCTI, SIKI MOXKYTh 3HQJOOUTHCS B IOMABIINX
TEOPCTUYHUX HAYKOBHX po3Bimkax. Takox BenuvesHa
KUIBKICTB OHJIAKH-TUTATHOPM HaJae MO-pi3HOMY
OpraHi3oBaHWI JOCTYIl 1O YHCIEHHHMX CEpBiciB, uepe3 sKi
MOJKHA MIATPUMYBATH JESIKi €Taly eMITiPUIHUX JTOCTIIKEHb.

Meroro my6uikanii € aHai3 MOXJIMBOCTEH BUKOPHCTaHHS
CYyJacHHX XMapHHX TEXHOJOTIH y MiATPUMII HAaBYAIBHOI Ta
HAYKOBOI JisUTEHOCTI.

Il. TIOIIMPEHI BEB-ITPOEKTH JIJ14 3JIOBYBAHHS 1
CUCTEMATU3ALII 3HAHb

Crymentn Ta yci, B koro € morpeba edeKTUBHO
BUKOPHUCTOBYBaTH XMapHI TEXHONOTii B  OCBITHIX 1
JOCTITHUMNBKUX HUIIX, MAIOTh CHOYAaTKy MO3HAHOMHTHCH 3
OCHOBaMHU (PYHKI[IOHYBaHHS [UX TEXHOJOTIH, 3 TCHACHIISIMU
Ta MIEPCIIEKTUBAMH PO3POOKH "XMapHUX" TIPOEKTIB I MOTPEO
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OCBiTH 1 HaykH. BapTo npoaHanizyBaTu NpUHLIUIH YTBOPSHHS
€BpOIEHCHKOTO HAYKOBOTO MIPOCTOPY, B IKOMY iHTETPYIOTHCS
BCl HAyKOBO-IOCTiNHI pecypcu €pomnerickkoro Coro3y,
03HAMOMHTHUCH 3 OUIIMH 3aCHYBaHHS IPOEKTY €BPONEHCHKOT
XMapu BIIKPUTOI HayKH, B sIKiil popmyeTscs iHDpacTpyKTypa,
IO HaJaBaTHME KOPHCTyBadaM IIOCIYTH JJsI CHpPUSHHA
PO3BUTKY BIIKDUTUX HAyKOBUX TIPaKTHK, a TaKoX 3
MIPU3HAYCHHSAM 1 OCOOMMBOCTSAMH €Bpomeicbkol [HTEpHET-
mepexsi GEANT, 3 moTounmm eramom ii po3BHTKY Ta 3
KOPHCHUMH IHCTPYMEHTaMH YKpaiHCBKOI HayKOBO-OCBITHBOI
TeseKoMyHikauiiHoi mepexi URAN.

3anexHO Binm cremiamizamii, 3amikaBlIeHI OCOOM MOXYTb
MPOBOJIUTH JTOCTIXKCHHS BMICTY BEO-CTOPIHOK BiJMOBITHIX
BigmiiiB abo cekuiit HamionansHOI akagemii Hayk YKpaiHu, Ha
sKi, 30KpeMa, € TOCWIaHHI Ha BeO-calfTi nas.gov.ua.
CryneHTaM, HalpHKial, MOXKHA JaTH 3aBAaHHs 3HAWTH TEBHI
omudpoBaHi Marepiany Hamepel BH3HAYCHOI TEMAaTHKH,
BUKOPHCTOBYIOYH MOYKJIMBOCTI ITOIIYKOBHX IHCTPYMEHTIB Ha
TakuX [HTepHeT-mopTamax, gK: B YKpalHChKiH mudpoBii
6i6moTeni (elib.org.ua), y CsitoBiit nupposiii 6idmioTerr
(wdl.org), y Binpriit 6i6mioreni (openlibrary.org), vy
€BponenchKii udpoBiit 6i0mioTewi "€BponiaHa"
(europeana.cu), B InTepHeT-apxiBi (archive.org), B OHJaiH-
Gibmioreri "Tammika" (gallica.bnf.fr), mwa caliTi mnpoexTy
"I'yrenbepr" (gutenberg.org) tompo. Yepes cepic "Google
Kuuru" (books.google.com.ua) 3HaliTH NOCHIaHHS HA KHHTH,
IO CHiB3BYYHI 3 TEMaTHKOI KypCOBOI'O/IUITIOMHOIO
JOCIIZKeHHs. BapTo Takoxk cripoOyBaTH HOIIYKaTH HOTPIOHY
JiTeparypy udepes InrepHer-nopran EnekrporHoi 0ibmioTeKH
HamionaneHoi  akazemii mejaroriyHMX Hayk — YKpaiHu
(lib.iitta.gov.ua) Ta BUKOPHCTOBYIOYH BIIbHY IIOITYKOBY
cucremy "Google Akanemist" (scholar.google.com).

320X04yIOUd  CTYJCHTIB 1O HAyKOBHX JIOCIIKCHb,
BUKJIA/Ia4i MMOBHHHI MOSICHUTH 1M MPU3HAYEHHS MIKHAPOTHUX
HAYKOMETPHUUYHHUX Ta pedeparuBHux 0a3 MaHUX, a TAKOXK
0COOJIMBOCTI 1X BUKOPUCTAHHS, 1100 y MOJANBIINX HAYKOBHX
3BEpPIICHHSAX MOJIOJI  BYCHI-AOCIHITHUKA BMITH  HHUMHU
MOCIYTOBYBATHUCh.

I11. KOPUCHI BEB-PECYPCU TA OHJIAMH-3ACTOCYHKU

CrynmeHTH, ski 3700yBalOTh IEAArOTiUHI CIIEIIabHOCTI,
MaroTh HaBYMTUCS €(EKTHBHO 3aCTOCOBYBAaTH PI3HOMAaHITHI
CepBicH IS MATPUMKH HaBYAIBHOI JisITHHOCTI.

3amns OTpUMaHHS JOCBiAYy CTBOpeHHS OJOTiB 1 caiTiB
CIOYaTKy BapTO JOCTIJUTH CTPYKTYpPY IEKUJIBKOX HaiOUIbII

iKaBUX iH(OpPMAaTUBHUX BeO-pecypcis, HaIpuKJIaI,
chOpMOBaHUX MPOBIJHMMH BYEHHMH 4YH 3HAHOMHUMH
BHKJIAla4aMHi, a TIOTIM NpoaHaii3yBaTH (PyHKI[IOHAIBHI

MOJKJIMBOCTI Be0-3aCTOCYHKIB, 3a JOIMOMOTOI SKHX MOIiOHI
caiiTi MOYKHa CTBOPIOBATH CaMOMY, 30KpeMa 0e3 3HaHHsI MOBU
PO3MITKH TiIEPTEeKCTOBHX JOKyMEHTiB. J[is 1poro y mpuroai
PO3pOOHUKAM-TIOYATKIBISIM MOXYTh CTaTH Taki CEpBiCH, 5K
blogger.com, sites.google.com, webnode.com.ua, nethouse.ua,
hostinger.com.ua/sozdat-sait, ucoz.ua Tomo.

BuBuaroun KOpHCHI U1 HABUYAHHS XMapHi CepBicH, BapTO
3HAUHy YBary MpPUAUIMTH O3HAHOMIIEHHIO 3 TEXHOJIOTIEI0
JMUCTAHITITHOTO HABYaHHS 1 3 KOHKPETHUMH OHJIaH-3aco0amu,

3a JIOIIOMOTOI0 SIKUX MO>KHa Horo opranizoBysaru. [Ipu npomy
BapTO  PO3IIIANATH i TIOBHOWIHHI CHCTEMH YIIPaBIIiHHS
HaBYaHHAM, 1 3aCTOCYHKH, IIO € JIOCHTH MNOMIYHUMHU /IS
3a6e3nequH;1 KOMYHIKaLil cy0'eKTiB HABYAILHOI HisTBHOCTI, 1
BEO-TIOCIYTH, OpPIEHTOBaHI HA CTBOPCHHS BI3yalbHOIO
KOHTeHTY (Y TOMYy YHCII 3 €JeMEHTaMH IHTepaKTHBHOI
B3a€EMOJIIT).

I[Ipu opramizamii oOHIAH-HABYaHHI PEKOMEHIYETHCS
BHKOPHCTOBYBATH Be0-3aCTOCYHKH, IPU3HAYCHI T pO3POOKH
TeMaTHYHUX  OHJIAMH-7Iomok  (Hampukiax,  padlet.com,
scribblar.com, popplet.com, mural.co To110), XMapHi cepBicH
JUIs CTBOPEHHs TPE3CHTALliid, y TOMY 9HCIi MAGIOHHHX,
IHTEPaKTHBHUX i CKpaiOinr-npesenTaniii. [Ipukiaam oxpemux
CepBICiB I PO3pOOKH IMpEe3eHTALIH 1 CHaliA-IIoy, 3 SKUMH
BapTO HABYMTH NPAIFOBATH CTYAEHTIB: prezi.com, slides.com,
knovio.com, vcasmo.com. SIkicHI JeMOHCTpauiliHI MaTepiaiu
MOKHa CTBOPIOBATH TAaKOX 32 JOIOMOIOK IHCTPYMEHTIB
MPUCKOPEHOI PO3POOKH, 10 TMPOMOHYIOTHCS, HAMPUKIAL,
TaKMMH OHJIalH-peIaKTopaMHy, sk canva.com i crello.com.

Bapra yBaru i TexXHOJOTISl 3aXOIUICHHs BiieO0 3 €KpaHy
KoMn'rorepa (CKpiHKacTwHTY). [IpHKiaj XMapHOTO cepBicy,
SKMA MOXXHa BHUKOPHCTOBYBaTM Yy  pO3pOOLI  TakMxX
BiICOPONIMKIB 3 TapaJieIbHUM KOMEHTYBaHHAM i Yy XOmi
3amnucy, — screencast-o-matic.com.

KopucHuMmu 11 memarorivyHoi [IisUTBHOCTI € OHJalH-
penakTopu A poOOTH 3 rpad)iYHUMU 300paKECHHIMHU, B SKHX
peaiizoBaHO (YHKIi OMpPANIOBaHHS PACTPOBHX 1 BEKTOPHUX
imocTpanii (nesKi npuKiIaan Takux penakropis: editor.pho.to,
editor.method.ac, pixlr.com/web, galacticmilk.com/sketchpad,
sumopaint.com, photoshop-online.biz), a Takox BeG-cepBicH,
110 IONIOMAraroTh CTBOPIOBATH (POTOKOIAKI.

VY poboti mo HopMyBaHHIO MYJIBTHMEIIHOIO KOHTEHTY
neJarory 3HaJo0 AThCsl OH-JIAIH pelaKTOPH IS pelaryBaHHs
Bineodainie  (nanpuknax, life2film.com, wevideo.com,
kizoa.com, animoto.com, magisto.com) i pi3HOMaHITHiI BeO-
3aCTOCYHKH, OpDIEHTOBaHI Ha OIpAlLllOBaHHS ayJiomMarepiaiiB
(pemaryBaHHs, OOpi3aHHS, CKICIOBaHHS 3BYKOBUX (pparMeHTiB
TOlIO). 3BICHO, TIONMYJSIPHUMK Cepell MenaroriB € BeO-
3aCTOCYHKH, KOPHUCTYBAaTUCh SKUMH MOXKHA Oe3IIIaTHO.

IcHytoTh Taki IHTEepHET-TIIaTGOPMH, 110 HAJAIOTH MTOCIYTH
opraHizarii OHIAifH-HABYaHHS Ta IPOBEJCHHA BeOiHApiB Ha
Oe3omaTHii ocHOBI. [I{onpaBna, sik MpaBUIIO, TaKi MOCIYTH €
BEJIbMH OOMEKEHUMH, 30KpeMa, 110 KUIBKOCTI YYacHHUKIB, IO
OepyTh ydYacTh y TakMx OHJIAWH-3ycTpivaX. Ilpuxmamn
noAiOHux  mmardopm:  meet.google.com, proficonf.com,
myownconference.com.ua.

IV. BUCHOBKU

ACOPTUMEHT OHJIAHH-TIOCHYT MOCTIHHO 30aradyerscs i
BJOCKOHAJIIOETBCSI HA BHMOTY 4Yacy Ta 3aBISIKH IOSBI
MIPOTPECUBHUX TEXHOJIOTiH BeO-po3poOKu. JlaHe MOCHiIKEeHHS
MOXKHa TIPOJOBXYBATH OE3YNHHHO, JIOMOBHIOIYU HOTO
HOBHMH Ta KOPHCHIUMH XMapHHMH cepBicaMu, 110 3 ycn1x0M
JUIL CBO€T HAYKOBO-JIOCHIZHOI 1 HaBYAIBHOI JiSUIBHOCTI
3MOXKYTh BHKOPUCTOBYBAaTH (haxiBIli Pi3HOMaHITHUX Tajy3eil
HayKH Ta c(hep KUTTS JIIOANHH.
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Anomayia—EnexkTponHa yu uudpoBa 1eMOKpaTis 0azyeTbes
Ha BHKOPHCTaHHI cy4yacHHMX uUuppoBux Ta iHdopmaniiinux
TeXHOJIOTii [Jisl NOoCH/IeHHs Yy4YacTi TpoMaasiH 'y po3pooui
JePKABHOI MOJITHKM, MiABUIIEHHS MPo30opocTi Ta mia3BiTHOCTI
ypsiAy, 3MillHeHHs] HABHYOK IPOMA/ISTH Ta YCBiIOMJIEHHSI epeBar
pukopuctanna IT aas cycminbHoro :kuttsa. B ocTanni pokm
Ykpaina 3Ha4YHO MPoCcyHyJdacs B raay3i e-qemokpartii. Hemongasni
nonpaBku 10 3akoHy Ykpainum «IIpo 3BepHeHHSI rpoMaisH»
3aMpoBaANJId MeXaHi3M MNOJaHHS TMeTHIiii Ta 3BepHEHb B
eJIeKTPOHHIH  ¢opmi. Po3poOiieHO 3aKOHOMPOEKTH  1I0/10
eJeKTPOHHMX NeTHNili Ta migpaxyHKy eVote Ha BuOoOpax 0
opraHiB MicueBoro camoBpsinyBaHHs. OJHAK, He3Ba)KAl04YM Ha
BiIHOCHO BHCOKMii PO3BMTOK iHCTPYMEHTIB e-y4yacTi Ha
HANIOHAJILHOMY 200 perioHajJbHOMY JAep:KABHOMY PiBHi, y4acTb
rpoMajsiH Ha MiclleBOMY PiBHi Bce 1€ 3T IIAETHCS HETOCSIKHOI0
Mmpiero. Hanpukian, iHCTpyMeHTIB eJIeKTPOHHOI yyacTi Opakye Ha
PiBHI CTYICHTCHLKOI'0 CAMOBPS1YBAHHS, 10 MA€ CTATH PYLIiiHOI0
CHJIOI0 Y CTBOPEHHi JeMOKPATHYHHMX MpoueciB Ta mnpouexyp.

Ivan Kopychenko

E-Governance for Accountability
and Participation Program
Odesa, Ukraine
iukopichenko@gmail.com

Buxoasum 3  HamiOHAJBLHOTO  JOCBi1y  BHPOBAIKEHHS
IHCTpyMeHTIB e-neMokpatii B YkpaiHi, MOkHA 3a3HAYUTH, 11O
BHKOPHCTAHHSI TAKHMX iHCTPYMEHTIB HAa HHKYOMY MicleBOMY
piBHi, a came B [ep:KABHHX YHiBepcHTeTaX, Mo:xKe 3HAYHO
30iMBIIATH 3aTy4YeHHs] CTY/EHTIB Ta cHiBpoOiTHUKIB 10 Aiasory,
Jep:KaBHOI MOJITHKH, NPUHHATTA PpillleHb, MOHITOPHHI Ta
KOHTPOJIb.

Abstract—Electronic or digital democracy is based on the use
of modern digital and information technologies to enhance citizen
participation in public policy-making, increase government
transparency and accountability, and strengthen citizen skills and
awareness of the benefits of using IT for public life. In recent years,
Ukraine has advanced significantly in the field of eDemocracy.
Recent amendments to the Law of Ukraine «About Citizens'
Appeals» introduced a mechanism for submitting petitions and
appeals in electronic form, developing bills on eVoting and eVote
counting at local government elections. However, despite the
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relatively high development of eParticipation instruments at
national or regional state level, citizen participation at the local
level still remains an unattainable dream. For example,
eParticipation tools are lacking at the level of student self-
government, which should be a driving force in creating
democratic processes and procedures. Based on national
experience in implementing eDemocracy tools in Ukraine, it can
be noted that the use of such tools at a lower local level, namely in
public universities, could significantly increase the involvement of
students and staff in dialogue, public policy, decision-making,
monitoring and control.

Knrouosi cnosa— eDemocracy, eParticipation,
Iumepunem,  ynigepcumem, cmyoenmu,  yuacmo
inghopmauinni mexnonozii, nonimuka.

eVoting,
MON00I,

Keywords— eDemocracy, eParticipation, eVoting, internet,
university, students, youth participation, information technologies,
digital, politics.

I INTRODUCTION

Various IT technologies have become an integral part not
only in the environment around us, but also actively developing
as a component of our socio-political life. Global experience
shows that effective use of modern digital technologies can
have a positive impact on democratic processes, such as
increasing transparency and promoting accountability.
eDemocracy tools help fight corruption, provide citizens with
all the information they need, and actively engage them into
decision-making process at the state level. Despite its rapid
development, eDemocracy in Ukraine remains a relatively new
concept.

The Decree of the Cabinet of Ministers of Ukraine No. 797-
r of November 8, 2017 approved the Concept of e-democracy
development in Ukraine (hereinafter - the National concept of
eDemocracy) and approved the plan of measures for its
implementation. The main purpose of this Concept is to create
political, organizational, technological and ideological
conditions for the development of eDemocracy in Ukraine,
characterized by an increase in citizens' involvement in
communication, cooperation, control, participation in policy
making, development of self-organization and self-
government, as well as the level of trust in the authorities.

The concept of development of eDemocracy in Ukraine
defines the term eDemocracy such as: «eDemocracy is a form
of social relations in which citizens and organizations are
involved in government and public administration, and local
self-government through the widespread use of information and
communication technologies in democratic processes,
enabling: to increase participation, initiative and citizen
engagement at the national, regional and local level to public
life; improve the transparency of decision-making and
accountability of democratic institutions; improve the response
of public authorities to citizens' appeals; to facilitate public
discussions and to draw citizens' attention to the decision-
making process»[1]. eDemocracy (also known as «digital
democracy») is based on the use of modern accessible digital
technologies and aims at developing civil rights and freedoms,
engaging new ways of citizen participation in decision-making
processes, developing social policy and government processes,

and engaging citizens in the social, political, and economic
development of their community. It aims to reinforce basic
concepts of good governance, such as:

e transparency;

e accountability;
e participation;

e  civic education.

eDemocracy is not intended to replace ordinary democracy.
Its* tools should be created and implemented as a way to
strengthen democracy in the country by digitizing existing
democratic mechanisms (eg electronic appeals, as a digital
analogue of citizen appeals in paper form). With the effective
use of information technology, they can help the government to
introduce new tools for civil society participation in
government, and for citizens to engage in political life in
alternative and more convenient ways. By enhancing citizens'
involvement in political and social processes, eDemocracy can
directly influence the level of social integration, reciprocity,
and empowerment that underpins a modern democratic state. It
should be noted that the new approach to quality governance
identifies citizens as the main actors through the use of
electronic services. That is why state processes must now be
formed to provide bottom-up participation opportunities.

\ Formulation of the Agenda for Legislation and Public ‘

E-petitions, Open Data Analytlcs Online Lobbying
Campaigns agj PubLllc Awareness

\ Formation of state policy ‘

E-polls, e-consultations, e-referendums, analytics on
social media

N4
\ Approval of public policy ‘

E-voting, open online broadcasting mechanisms,
participation bui%]et ([\ﬁ)te for projects)

\ Embodiment ‘

Citizens' satisfaction surveys, public decisions,
crowdsourcing, crowd-ﬂIJndilr_l-g, open data platforms

Monitoring and control l

Problem maps, dashboards for accountability, efficiency,
government spending.

Fig.1. The process of public policy making and the use of appropriate online
tools
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Il. MAINPART
Instruments of eDemocracy at national and local levels

Recommendations of the European Union on the
development of eDemocracy can be considered as one of the
most successful regulatory bases for consolidating the plan and
principle of development of eDemocracy instruments [2].
These recommendations were adopted in 2009 and included six
guidance documents. Indicative Guide No.1 «Generic tools and
policies for an electronic democracy» [3] provides an extensive
list of possible eDemocracy tools, namely:

e eCampaigning;

eCitizen Relationship Management (eCiRM);
e eComplaints;

e eConsultation;

o eConsulate / eEmbassy;

e eDemocracy Games;

o eDemocracy Webcasts;

e eDiscussion;

e elnitiative;

e eJournalism;

e eJustice;

o el egislation;

e eOmbudsman and Audit Institutions;
e eParliament;

o eParty (external);

e  ePetition;

o ePolitician;

e eSpatial Planning (eNeighbourhood);
e eVoting.

In 2019, ePetitions, eAppeals, public budgets (also known
as «participation budgets») and eConsultations have become
most prevalent at the national level in Ukraine. It should also be
noted that over last 3 years, resources have been developing
rapidly to publish public data sets in the form of open data and
aggregation tools, which may also combine several
eParticipation tools.

Electronic petitions. The Law of Ukraine «About Citizens'
Appeals» defines an electronic petition as a special form of
collective petition of citizens to the President of Ukraine, the
Verkhovna Rada of Ukraine, the Cabinet of Ministers of
Ukraine or a local government body [4]. Electronic petitions
draw attention to the problems of the citizens, whose solution is
impossible without the intervention of the authorities. Any
citizen can initiate and register a petition and vote for it.
Information about the problem raised by the petition, the
number of votes and the results of real-time voting should be
made available to the public.

The public budget. The main purpose of the public budget
is to empower citizens and NGOs to propose their own local
development projects and influence the allocation of a certain
share of the budget funds by voting for certain projects.

Consultation with the public. This tool is aimed at building
a direct dialogue between the authorities and the community.
Through public consultation, LGs have the opportunity to take
into account residents' proposals on urban and community
development, to discuss draft documents prior to their review
and approval, and to conduct polls to explore the views of the
active community.

It is also important that community surveys can also be
initiated. Further details on the types of public consultation [5]
that underlie the e-consultation tool are provided in Table 1

Table 1. Types of public consultations

Individual Collective
Poll Consultative / ad\_/isory
groups or committees
Questionnaire Public councils
Interview Public hearings

Expert assessments
Individual counseling (or
meeting for advice)
Open hours
Written consultations

Focus groups
Research

Reconciliation conferences
Public jury
Tripartite commissions and
joint working groups
Public Forums

Based on the current global experience in implementing e-
democracy tools, it can be concluded that these instruments are
generally developing in four main areas:

1) Transparency: 24/7 online public access to public
information through convenient and up-to-date government
websites, online video feeds of government meetings, open
budgets and open data sets, e-Parliament (voting information
and roll-call lists).

2) Electronic participation: electronic petitions, appeals,
public consultations, referendums, voting and polls;
development of community participation budgets and
interactive tools that enable community involvement in urban
planning.

3) Accountability: the response of the authorities to
electronic appeals and requests from citizens, online coverage
of the activities of public figures (information about
parliamentary activities), provision of administrative services
in electronic form, monitoring of political parties.

4) Civic education: using government, civil society or the
media with modern digital technologies to bring to the public
information about their rights or opportunities, and to cover
pressing political issues.

The use of modern digital technologies in the interaction
with human resources is important for better interaction with
society in the management process. IT provides modern,
accessible channels of communication that are important for
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collaboration and discussion among different actors in the
process of wusing services and providing information.
Innovations in IT open up greater opportunities for interaction
between actors and governments, and in our case, students,
staff, and senior management. Drawing on the experience of
national instruments of eDemocracy, we can say that in higher
education they can be used to expand areas such as:

Transparency and accountability. Monitoring remains a
core principle of governance, ensuring a high level of
transparency and accountability to the community. All entities
involved in the formation and execution of internal processes
are entitled to receive up-to-date and comprehensive
information. Tools that can be used to achieve transparency and
accountability can be information websites, chatbots, or open
data sources.

eParticipation. In the traditional sense, citizens'
participation is limited to their participation in electoral votes.
But in recent years, citizens have become increasingly regarded
as partners of government and directly involved in public policy
making and decision-making by voting for projects or changes.
This experience of using modern electronic voting tools can
help higher education institutions conduct more transparent and
democratic voting processes, not only during student council
elections or the election of the rector, but also when important
changes or initiatives are discussed.

eDialog and elnteraction. Governance best practices are
based on building relationships between government and
society. Reciprocity is an integral part of governance, and
communication is important for building interactive
relationships in society and for creating centers of active civil
society. For higher education institutions, building successful
practices of dialogue between management, staff, and students
can be crucial in the process of reforming and finding new
vectors of development. Dialogue is a key element in creating
a supportive environment and not only helps you hear the
bottom line, but also helps streamline your proposals in a
bottom-up format. These tools include not only e-Polls and e-
Discussion, but also a variety of interactive hit tools, such as
online maps or whiteboards.

I1l. CONCLUSION

On June 12, 2019, the Decree of the Cabinet of Ministers of
Ukraine No. 405-p approved the Action Plan for the
Implementation of the Concept of eDemocracy Development in
Ukraine for 2019-2020. Paragraph 2 of this Plan defines
measures for the introduction of e-democracy in higher
education institutions, in particular the introduction of
electronic voting tools in the activities of student self-
government bodies. This task should be carried out by
representatives of the Ministry of Education and Science of
Ukraine, the Ministry of Justice of Ukraine and the Ministry of
Digital Transformation of Ukraine with the involvement of
NGOs, such as the «eGovernment Accountability and
Community Involvement Program» (EGAP). As a result of
these measures, at least five higher education institutions are
expected to be able to use e-democracy tools. All this tells us
that in 2020 Ukraine should take the first step towards meeting
the introduction of eParticipation tools in higher education.
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Anomauyis—B po06oTi BUKJIANEHi OCHOBU 3arajibHOI Teopii
CHCTEM YHCJEHHs, fKa 0a3yerbcss Ha (QyHIAMEHTAIbHUX
MOJIOKEeHHAX AK Teopii KoOAyBaHHsA, TaK i Teopii uncesn. Hagani Ta
NMpoBeieHUii aHaJi3 NPUHUUNIB, SIKUM TNOBHHHI BigmoBizaTu
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Abstract—The rudiments of general number system theory are
stated in the paper. It is founded on fundamental propositions both
coding theory and number theory. Principles for contemporary
number systems to be matched are given and analysed.
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l. Bcryn

Ha croromni € 6arato marepiaidy mpo CHCTEMH YHCICHHS i
iCTOpito T PO3BHUTKY, aje BiACYTHS CHCTEMAaTHYHa Teopis iX
mobynoBu, ska O BKIOYana B cebe K TIO3WINHHI Tak i
HETIO3HUIIIHI CHCTEMH YUCIICHHS 1 CepeJi OCTaHHIX 3aBaIOCTiHKI
cUCTeMH, Taki sk (piboHaumena i it moxibHi. OgHAK 10 IHOTO
yacy HEMae€ YiTKOTO YsIBICHHS, /IO SIKOi MareMaTHYHOI HayKH
BiTHOCUTBCS TEOPisl CHCTEM YMCIICHHS 1 SIKi IPUHIIMITH JIeXKAaTh
B 11 OcHOBI. [HKOJIM BBaXXa€THCS, 110 TEOPisi CHCTEM YHCIICHHS €
PO3iIOM Teopii uuce, aje e He 30BCIiM Tak.

[Tix cucremMoro YMCIEHHS PO3YMI€TbCS MHOXKMHA 3HAKIB,
KOXEH 3 SKAX 300paxkae OgHE 1 TUTbKH OJHE YHCIO, a B
CYKYIIHOCTI JIeKy KIHIEBY KiibkicTe umcen. Ilim e
BU3HAUCHHS MiAnajgae Oynb-sKa CHCTEMa YHCIEHHSA SK

Sumy State University
Sumy, Ukraine
i.kulyk@ekt.sumdu.edu.ua

Sumy State University
Sumy, Ukraine
m.shevchenko@ekt.sumdu.edu.ua

Mo3WIliiHA, TaK 1 HEMO3MIliHA 3 TIEHO PI3HHUICIO, [0 B
MO3UILIHHII CUCTEMI YHCIICHHS 3HAKaM# Oy Iy Th TOCIIiJOBHOCTI
udp, skl Hewo reHepyroTbes. [103uilHI CHCTEMU YHCIIEHHS
3’sIBUTacs 3HAYHO Ti3HIIIE HiXK HEMO3WIIiNHI, YK€ B HaIl Jac.
Bonu Oynu BiZomi JaBHO, HalpuKiIaZ pUMCbKa HyMeparllis,
X04Ya B Hill yxe OyJIH eIeMEeHTH MO3UIIIHOTo paxyHKy. OmHaK
no 12 cromitta Xxoya O ojHiel MOBHOILIHHOI MO3HUIIHHOL
CHCTEMH YHCIIEHHS B CydacHOMY ii po3yMiHHi He OyIo, i ToMy
paxyBaTu Oyio dyXe CKIAIHO. AJle i MCIIS MOSIBH AECATKOBOT
MO3MIIMHOT CHCTEMH YHCIEHHS, fKa BIJIOBigaga BCIM
BAMOTaM [0 TO3UIIIIHAX CUCTEM YUCIICHHS 3aKiHYeHOI Teopil
MO3UIIHHUX CHCTEM YHUCICHHS HE OyJO CTBOPEHO, TOMY IO
Oyna BioOMa JIHINE JECATKOBA CHCTEMa YHUCICHHS, SKa BCIX
BJIAIIITOBYBAJIA.

JloCTOTHCTBOM IeCATKOBOI MO3UIIIHHOT CHCTEMH YHCIICHHS
OyI10 Te, 110 BOHA MOTJIA 32 IPOCTHMH NPABHIIAMH OTPUMYBATH
HEOOMEXEHY KUIBKICTh 4YMCEN, YIOpS/AKOBYBaTH 1X 1
BUKOHYBaTH HaJ HUMH apudmeTrndHi omepauii. Tomy mepmri
KOMIT FOTEpHY CTBOpIOBaJINCS Ha 11 ocHOBI. OjiHaK 3’CyBanocs,
mo Ui 1€l MeTH OBl TPHUIATHOIO € JBifiKOBa cucTeMa
yMCleHHs. Ii JIOCTOTHCTBAa - Ile MNPOCTOTa BMKOHAHHS
apu(METHIHO-JIOTIYHAX OIeparii i MOXJIMBICTH OyayBaTn
npocTi 1 Hafi#HI THppPoBi IPUCTPOI.

I1. OCHOBU 3AT'AJIbHOI TEOPIi CUCTEM YUCJIEHHS

HasiBHiCTE ABIMKOBOI CHCTEMHM YHCIEHHS 1 IHIIMX ITO10HUX
CHCTEM IMOCTABWIIO 33J]a9y PO3POOKH 3arajibHOI TEOpil cUcTeM
YUCJICHHsA, ska O 11X cucreMarusyBaja, 1 JO3BOJIWIIA
CHUHTE3YBaTH HOBI CHCTEMH 4YHCICHHA 3 3aJlaHUMHU
BIIACTUBOCTSAMU. Taka HEOOXIAHICTh JUKTYETHCS TOIATBIIAM
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PO3BHUTKOM KOMIT'IOTEPHOI TEXHIKH, sKa MNOoTpedye Oinbin
e(exTHBHUX MeTOoAiB 00poOku iHpopmamii. Tomy mocrae
3aaua po3poOKU y3araabHEHOT Teopil CUCTEM YHCIICHHS, sKa O
JO3BOJSUIa CHHTE3YyBAaTH CHCTEMH 4YHCIICHHS 3 3aJaHUMH
BJIACTHBOCTSIMH 1 ITOPIBHIOBATH X MK CO00I0.

OcoOmuBICTIO TEOpil CHCTEM YHCICHHSA € Te, IO BOHA
NOBUHHA 3aliMaThCs 33Ja4aMi KOJIYBaHHSM 4YHCENl, a He
BUBYCHHSM IX BJIACTUBOCTEH, SK 16 POOHUTH TEOpis UHCEll.
ToOTo Teopist cucTeM YHMCIEHHS 1€ PO3/LT Teopii KOayBaHH:,
sIKa B CBOIO UEPTy BiTHOCHUTHCS 10 Teopii iHpopmamii. OxHak i
TEOpis YUCeN BHBYAE CIOCOOM MOJAHHS 4ucesl. ToMmy Takox
MOJKHA BBaXKaTH, IO TEOPis CHCTEM YHCICHHS € TaKOX 1 po3-
nitoM Teopii ymces. ToMy aist po3poOKH ITOBHOLIHHOT Teopii
CHCTEM YHCIICHHS Tpeda BUKOPHCTOBYBATH OOMABI TeOpii.

[Tpu npoMy B IIUX TEOPIsIX PO3PI3HAETHCS KUIBKICTh 1 YUCIIO,
sKe 10 KiJbKicTh BHpaxkae. KinbkicTh Le iH(poOpMaris, a oT
9grcao 300pakae M0 KUTbKicTh 1 KomyBaHHAM. KinbkicTh
3aB)KAM OJ{HA, a YUCEN sIKi 300paxkaroTh 1i B PI3HUX CHCTEMaX
YHCIIeHHS Moxxe OyTH HeoOMexeHOo Oarato. Tak aecsTKOBe
YHCIIO 5 300pakae KiIbKIiCTh, siKa I0piBHIOE 5 00’ ektam. OqHaK
12 B TpHUpivHill CHCTEMI YUCICHHS TEX 300parka€ Ifo KiJIbKICTb,
sk 1 uncio 101 B 1BilKOBINM CUCTEMI YUCIEHHS. TOOTO KiIbKICTh
SIBIIsIE CO0OI0 pid B co0i, Ky HIKOJIH HE MOXKHA peabHO
ocsarHyTd. A ot uumcma 5, 12 i 101 ume d¢eHomenu, ski
300pakaroTh YHCIO 5, TOOTO IIe pedi A Hac, 1 iX Moxke OyTh
CTIUILKH, CKIJIBKM € CUCTEM YUCICHHS

CucteMH YNCIICHHS — 1€ CHCTEMH KOIYBaHHS, IKHX MOXE
OyTH sIK 3aBroJjHO 0araro, i3 iX JOMOMOTr0I0 MOXKHa 300pakaTn
ONIHY W Ty K KiNbKicTh. [IUTaHHS nHIe B TOMY, SIK BUOpaTu
HaiiOLIbI  e(QEeKTUBHY CHUCTEMY YHCIEHHS Ui  IBOTO.
Hampuknan, neciatkoBa cucTeMa 4YHCIEHHS icHye Oararto
CTOJIITh 1 HE BUXOJUTH 3 Y)KUTKY 1 cborojiHi. OiHaK B KOMII 10-
TEepHId TexXHIili i Ha 3aMiHy NpwWlIa IBifKOBa CHCTeMa
YHUCIIEHHS, K HaWOUIbII MpHUCTOCOBaHA 10 11 3ajay. Ane i
JIECATKOBA CHCTEMA YHCIICHHS B BUTIIS/ ABIHKOBO-/IECATKOBOT
CHUCTEMH BUKOPUCTOBYETHCS B KOMH’}OTepHiﬁ TeXHill, TOMY
o Mae JuId psay il 3a7ad 3HauHI NepeBard B MOPIBHSHHI 3
JIBIFIKOBOIO CHCTEMOIO, 1 B MEpIly 4epry Ie OuIbI KOPOTKHIA
3ammc 11 yrcedn. | i mepeBaru 1ecATKOBOI CUCTEMH, SIK 1 IHIINX
CHCTEM YHCIICHHS1, BUSIBIISIE 3arajibHa 1X TEOpis.

B ocHoBi 1i€i Teopii NexaTh MPUHINIM, SKHM ITOBHHHI
BIJINIOBIZIATH CYYaCHI CHCTEMH YHCIICHHS.

1. 3ArAJBHI IPUHLIUIINA CUCTEM YUCJIEHHS

Iepuunii 3 HUX — 1Ie TPUHIMI yHiMmapruocmi. ToOTO KOXKHE
YHCI0, CHCTEMHM YHCICHHS BifoOpa)kae CBOIO TiNBKH HOMY
MPUTAMaHHY KUTBKIiCTh. J{iHCHO, KOXKHA KITBbKiCTh, HATTPHUKIIA,
B JIECATKOBIH YW MBIWKOBIM CHCTEMI YHCICHHS 300payeThCs
omHuM yrciioM. OHaK iICHYIOTh TaK 3BaHi 3BaXKEHI YHCIa, SKi
KOJYIOTh IECATKOBI UMCIIa, JIe e MPUHIINAI TOpyIIeHnd. BoHn
TEX 3HAXOIATh 3aCTOCYBAaHHS HAa IPAKTHUIl, alleé BXKE HE 5K
YHpCiIa, a IK KOJ0BI KOMOiHaIii.

Jpyruii npuHINT — 1I€ IPUHIAI npeghikcHocmi, TKuii Mae
3HAUEHHS, KOJM YHCJIa MaloTh DI3HY NOBXHMHY. BoHHM Tex
e(eKTUBHO BHKOPHCTOBYIOTHCSI Ha IIPAKTHIl, aje BOHHU
CKJIJHIII, YMM 4YHCJIA OJHAKOBOi NOBXMHM. Lleil mpuHimn
CTBEPIKYE, IO HisIKE YUCIIO B OJHIH 1 TiH k€ CHCTEM1 YUCIICHHS

HE MOXe OyTH IMOYaTKOM OyAb-KOTO IHIIOTO 4YHCTa, SKE
BIZIHOCHTBCS 10 i€l CUCTeMH 4HucieHHs. Hanpukmnaa, ducio
12, He Moke OyTH B JCCATKOBIN CHCTEMi YHCIICHHS, B SIKiil €
gucno 123, romy mo 12 € npedikcom uncna 123. Sxmo ne ve
TaK, TO OJHIN 1 Til e KIIBKOCTI OYAyTh BIAMOBIAATH 2 YKCIa
12 i 123, mo nopymurye IpHHINAN OTHO3HAYHOCTI i IPU3BOAHUTH
JIO JIOTIYHOTO MPOTUPIYYSL.

Tpertiii puHIUT — TIe TPUHINI YHiGEPCcANbHOCMI, KON
YHUCJIaM ~ CHUCTEMHM  YHCJIEHHS  HAQJA€ThCsl  MOJKIIMBICTB
BUpIIITYBaTH 5K 3a/1a9y BU3HAUYEHHS KUTBKOCTI, TaK 1 3amady ix
VIOPSAIKYBaHHS B CTOPOHY 30UJBLICHHS, YM 3MEHIICHHS.
Hanpukan, 9ucio m’siTb TOBOPHUTSH PO KiTBKICTh 00’ €KTIB B iX
MHOXXHHI, 8 I’ ATHH 00’ €KT OKa3ye Micle 00’ €KTa 3a MOPSIIKOM
ceper iHIMX 00’€KTiB, TOOTO, IO BiH € HACTYIMHHH ITiCIISA YUCIIa
4. BianosigHo n0 1mmx 3anad KaHTOpoM CTBOpeHa Teopis
KijbkicHUX, a [leano mopsiakoBux uucen. Teopis cuctem
YUCIICHHS TaKOX BUPIMIYE i 1Bi 3a/1a4i, alle y>ke B MPaKTUIHIN
IJIOIIMHI. BiAmoBigHO BHMMaraerncs, 100 KOKHE YHCIIO
CHCTEMH YHCJICHHS OJHOYACHO BHKOHYBAIO SK (YHKIIIO
MOPSIIKY, TaK 1 QYHKIIIO KUIBKOCTI.

YerpepTuii NpuHIUN — 1€ NPUHLUUN HROPIGHAHHA, KOIU
cHCTeMa YUCIICHHS Ha/Ia€ MOXIIMBICTh MOPIBHIOBATH KiJIbKOCTI
MiX co0OK0 3a iX 300pakeHHSAM Ha OiNmbIIe, MEHIIE, i THM
caMHUM YHOPSIKOBYBaTH ix mo BeiauuuHi. Jlameko He Bci
CHCTEMH UHCIICHHS MOXYTh BHKOHaTH IEeH MPUHIHIL.
Hanpuknan, el NpuHIKN HE TPAIfOE B CUCTEMI 3aIHITKOBUX
KiaciB. Ane 0e3 IbOro MPUHIOWIY HEMOMJIMBO BHUKOHATH
NporpaMHe KEepyBaHHS, Ha SIKOMY TPHMA€ThCS BCSI CydacHa
KOMIT FOTEepHA TEXHiKa.

IPsiTiii mpuHIMO — [ie NPUHLUI onepauiiinocmi, T00TO
MOXITHBOCTI 3 JOITIOMOTOO CHCTEMH YHCIICHHS! BUKOHYBATH HAJl
il yncnamu apumMeTHYHI 1 JOTI4YHI onepariii, 10 BaXJIHBO JJIs
MoOyIOBH KOMIT IOTEPHOI TEXHIKH, JIe HEOOXiTHI 00UHCICHHS
manux. OmHaK B SOl BHIIAAKIB JOCTaTHHO, 100 cCHUCTeMa
YHCJIEHHsI MOTJIa BHKOHYBAaTH OMeparii JoJaBaHHs i
BiJTHIMAHHS OJTMHHMIIb 1 TIOPIBHSHHS YHCE] MiXK C00010. B 11boMy
BUTIAJIKy BCi apu(METHYHI 1 JIOTIYHI omeparii, K MOKa3aiu
marematuuHi MammHu T'ropinra i1 [locra, MoxyTrs OyTH
BUKOHAHI 3 J0NOMOro Iux omepaiiid. Lle mo3Bosse 3HAYHO
CIOPOCTUTH arapaTHy peai3ailiio KOMI' FOTEPHUX MPHUCTPOIB 1
MTHATH iX HAAIHHICTB, aJle IPH IIbOMY 3HIKYETHCS IIBUAKICTH
BUKOHAHHS OIepaIliii.

IMlocTHii NpyUHLUO — LEe NPUHLIUN egeKmusHocmi, sIKUi
TOBOPHTb, 110 OY/Ib-SKE YHCIO B CUCTEMI YUCIEHHS MOXe OyTH
noOyIoBaHO 3a peanbHHU 4Yac. J[Is MO3MIIHHUX CUCTEM
YHCJICHHS BiH, SIK MPABHJIO, MPAIIOE, aje s HEHO3HI[IHHIX
CHCTEM TIpH BEJIMKIA KiNbKOCTI umcen OyBae Tak, 1o Horo
BUKOHAaTH HEMOXJIHMBO. SKkpa3 Iied HEAOJNIIK HEeNO3MIIIHNX
CHCTEM B JIaBHI 9acH i CTPEMYBaB PO3BUTOK HAYKH, 1 TLIBKH 3
MOSIBOIO TTO3MILIHHOT JECATKOBOI CHCTEMHM YHCIICHHS BOHA
moyaja CTPiMKO po3BHUBATHCS. be3 1iei cucTeMu ChOTOAHIMIHS
Hayka Oyma O HemoxiuBa. [losBa MO3UIIIHOT IBIHKOBOT
CHCTEMM WYMCIICHHS 1 Jaiai OLIbII CKJIaJHMX, TaKuX K
(ibonauieBa, (akTOpianbHa 1 IHIOMX TIOKa3ye, IO €
TMEPCTIEKTHBA MOJAIBIION0 PO3BUTKY CHCTEM YHCIICHHS yike
JU1sl BUPILIIEHHS CTeliadbHUX 3a/1a4. X KilbKiCTh Jy’ke BeInKa
13 PO3BUTKOM Cy9YacHO{ HAyKH TiNbKH 301MbITYETHCS.
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Anomauyin— Hageneno BH3HAYEHHS 3BAKEHOI
nceB1000epHEeHoT MaTpuui 3 HEeBHPOIKEHUMU
3HAKOHEBH3HAYEHHMH BaraMy Ta TPOBeNeHO ii JOCIizKeHHs.
IIpuBeneHo Teopemy mnpo iCHyBaHHA Ta €AMHICTH 3a3HAYEHOI
MaTpui. IIpeacraBieno 300paKeHHs 3BayKeHUX
TceB1000epHEHUX MATPHIb 3 iHaeiHITHUME BaraMu y TepMiHax
KoedilieHTIB XapaKTepUCTHYHUX MHOrOWIEHIB MATpHIb, SAKi
CHMeTPH3YIOThCS ; OTpPHMAaHO PO3BHHEHHS 3BaKeHHX
TCceBI000epPHEHUX MATPHIIL Y MATPHYHI cTeneHeBi psiau i 100yTKH
Ta TrpaHu4Hi 300paxkeHHs wmux Marpuub. I[loGynoBaHo
peryJsipu3oBaHi iTepauiiini MeToau s iX 004YHCIeHHS.

Abstract—A  weighted  pseudoinverse  matrices  with
nonsingular indefinite weights is defined and investigated.
Theorems of the existence and unigueness of these matrices are
provided. Weighted pseudoinverses with indefinite weights are
represented in terms of coefficients of characteristic polynomials
of symmetrizable matrices. The decompositions of weighted
pseudoinverse matrices into matrix power series and products
and their limit representations are obtained. Regularized
iterative methods are constructed for their calculation.

Knwuoei cnosea—searceni nceedoodepneni mampuui 3
Hesupooycenumu iHOeinimuuMu eazamu, mampuyHi cmenenesi
pAou i 000ymKu, 2pAHUYHI  NPEOCMAG/IEHHA  38ANCEHUX
nCeso00dpamnuUx Mampuyb, pezyaapu3oeani imepayiiini memoou.

Keywords—waited pseudoinverse matrices with indefinit waight;
matrix power series and products component; limit representations
of waited pseudoinverse matrices; style; regularized iterative
methods.

l. Bcryn

BusHayeHHs 3BaXEHOi TMCEBAOOOEPHEHOI MaTpuIl i3
JOJJATHO-BU3HAYCHUMH BaraMy BIIepIie OyJ0 HaBEIACHO B
pobori [1]. B [2] BBemeHO MOHATTS KOCOI MCEBAOOOEPHEHOT
Matpuri. B [3] moOkazaHO, IO MHOXHHA 3BaKCHHX
TICEBI000CPHEHNX MaTpHIlb, BU3HAaYeHUX y [1], 30iraeThcs 3
MHOXXKHHOIO KOCHX IICEBJIOOOCPHEHNX MaTPHIlb, BU3HAUCHHUX Y
[2]. BusHaueHHS 3Ba)k€HOi IICEBIOOOEPHEHOI MaTpHWIl 3
BUPOJUKEHHMMH  BaraMM 3  JI0JIaTHO-HalliBBU3HAYCHUMHU
BaroBUMHM MatrpuIsiIMU HaBeleHo B [4]. Tam ke BuU3HaueHO
HEOOXi/IHi 1 JOCTaTHI YMOBH iCHYBaHHS PO3TIITHYTOTO BapiaHTY
NICEBJOOOEPHEHNX MaTpUIb 3 BHPOKEHUMH Baramu. Y
pobotax [5—7] mociipkeHO iHIN BapiaHTH IICEBIO0OEPHEHUX
MaTpHlb 3 BUPOPKEHUMH BaraMy Ta BU3HAYEHO HEOOXiTHI Ta
JOCTaTHI YMOBH iX iCHYBaHHS, BU3HAYE€HO 3BaK€HI HOPMAaJIbHI
TICEBJIOPO3B’SI3KM 3 BUPO/PKEHUMH BaraMu 1 BCTaHOBJIEHO iX
3B’SI30K 31 3BaKEHUMHU TICEBI000CPHEHUMH MaTpHIsiMu. B [8]
BBelIeHO TOHATTS ML-3BakeHOl IceB000epHEHOI MaTpuIli.
Bim3naunmo pobotu [9, 10], B sikux mpu moOyI0Bi iTepamitHux
METOJIB AJIsl pO3B’SI3aHHS JIIHIMHUX 33/1a4 BUKOPHCTOBYETHCS
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3Ba)KEHA TICEBIIOIHBEPCisl 3 BUPOJKCHUMH BaraMmu, Ji¢ Barosi
MAaTpHIIi € TiarOHAJIEHUMH.

VY naHiii poOOTI BU3HAYAETHCS 1 JOCIHIIKYETHCS 3BaXKEHA
nceBoo0epHeHa MaTPHUL 3 HEBUPOIKEHHMH 3HaKOHEBH3HA-
YeHMMHU Baramu. HaBeneHo TeopeMy IIpo ICHYBaHHS Ta
€IMHICTD 3aIpOMIOHOBAHOTO BapiaHTa 3BaKEHOI
TICEBJOOOEPHEHOI MaTpHIll 3 HEBUPOIKEHUMH 1HAeDiHITHUMU
Baramu. OtpumaHo HpeNCTaBICHHS 3BaKEHOT
TICeBJO00EPHEHOT MaTpHLli 3 iHAC(HIHITHUIMU HEBUPOIKEHUMH
BaraMH B TepMiHax KOeQIIlieHTIB  XapaKTepUCTHIHHIX
MHOTOWIEHIB MaTpullb, 10 CHUMETPU3YIOThca. OTpUMaHO Ta
IOCTIIDKCHO  PO3BHHEHHS 3BAXECHHX  IICEBIOOOCPHEHUX
MaTpHLpb 31 3MIlIAHUMHU BaraMi B MaTpU4HI CTENCHEBI psaM i
noOyTKM Ta OAep)KaHO IX TpaHWYHI IMpeACTaBICHHS.
[ToOynoBano peryisipu3oBaHi iTepamiiHi MeToAM  JUIA
OOYMCIIEHHSI 3BaXGHUX ICEBJOOOEPHEHUX MAaTpHLb 31
3MIIIAHUMH BaraMu.

Il.  TIO3HAYEHHS, BUSHAUEHHS

ITosHauumo vepe3 1" N-BUMIPHMI BEKTOPHUIA IPOCTIp Hax
MOJIeM ITICHUX YHCEel, Ie BEeKTOPH CYTh MaTpHIli po3Mipy nx1.
Hexait H — cumerpudyHa ponmaTHO-O3HA4eHa, MJOAATHO-

HaliBBU3HAa4YeHa, a00 K 3HAKOHEBHM3HaueHa marpuua. B [
BBEJICMO CKaJLSIPHUIA J00YTOK 3a dhopmyroro
(u,v), =(Hu,v)., me (u,v) =u"v, E — onunHuyna
Marpuii. Skio merpudyna Matpuis H 1oaatHo-o3HaueHa abo

JOJaTHO-HAMIBBU3HAYEHA, TO HOpMyemo mpoctip [,

HOKJIABIIA "U"H =(u ,U)az. B mepuiomy Bumaaxky QyHKIis

u]l,, OyAe BU3HAYaTH HOPMY, @ B APYTrOMY — HAIlIBHOPMY.

BigmiTiMO, 1[I0 MOCHIPKCHHIO N-BUMIPHUX BEKTOPHHUX
NpOCTOPiB i3 ~ 3HAKOHEBHM3HAYEHOK  MeTpukorw (i3
3HAKOHEBM3HAYEHHM  CKaJSPHUM JOOYTKOM)  MPHALJIEHO
3HaYHO MCHIIE YyBard, HDK i3 JOJaTHO-O3HAYCHOI i
HEBII’€MHOIO METPHUKOIO. JIOCIHKEHHS IUX MPOCTOPIB MOXKHA
sHaiiti B [11-13], a muTaHHs 1X 3aCTOCYBaHHS PO3TISIHYTO B
[14-16].

BusnaunMo 3BakeHy HOpPMY NPSMOKYTHOI MaTpuii i3
CUMETPUYHHMH HEBUPO/DKEHHMMH BAaroBUMH MAaTPHLISIMHU.
Hexait Ael™, a H=H"el™ i v=vTeo™ -
HEBUPOKEHI Marpuii. s MHOXMHHM Matpuis A HOpMy
BBEAEMO CITiBIIHOIIIEHHAM

I
(VATH? AVx, X)ZZ
=sip————, 1)
0 ¥l

ne xel", a HIKHIN 1HIEKC IPH OAMHUYHIA MaTpHIli 03HA4YaE
i{ pO3MipHICTB.

I3 (1) mpu X#0 wmaemo (VAT H2AVX, x) =
En

3BIIKH BUILINBAE

= ((HAV )" HAVX,X) = [HAVX]; >0,

HEBiI €EMHICTh BIACHHUX 3HaueHb Matpumi VATHZAV i TaM
caMUM ICHYBaHHS HEBiJ’€MHUX KBaJpaTHUX KOpEHIB i3
BJIACHUX 3HAa4YeHb Hi€i MaTpuii. Toxai 3BakeHa CIIEKTpajbHA
HopMa (1) Matpuii A BU3Ha4a€eThCs 32 (GOpMYIIOr0

|ALy, = [ (VATH?AV )] @)

1€ A, (L) — MakcuManbHE BIAaCHE 3HAYECHHS MaTpuui L.

I3 (2) BUIUIMBaE BUKOHAHHS TIEPIIO] aKCIOMH MATPHIHHX
HOpM (HomatHicTh), a mpu H=E , V =E, oynkuia (1)
BU3HAYa€ 3BUYalHY CHEKTpAIbHY HOpMY Matpuii A.

Jlema 1. Hexaiti Ael™", a H=H"el™™ i
V =VT e0™" — nesupomkeni marpuii. Toxi ¢pynkuis (1) €
aIUTHUBHOIO (y3araJIbHEI0) MaTPHYHOIO HOPMOIO.

Jlema 2. Hexai Ael ™P, BelP", g mm

Vel™, MelPP — cumerpuuni HEBUPOKEHI MaTpHIIi,

a He

l

i i criiBpi <[ All, [B]
TOJIi CTIpaBEIJINBI CITiBBiTHOIIICHHS ||AB||HV <) Al B "

[ABly <Ay 1Bl -

Jlema 3. Hexail ana xBagpatHux wmatpuuns K, L, M
BukoHyIOTEC yMoBu KM = MK, LM=ML. Togxi i3 piBHOCTI

KM? = LM ? sunnusae piBaicts KM = LM.

iy

Jlema 4. Hexait Ael™", a B=B'el™ j

C'=(C")Y el™ - HeBupomKkeHi 3HaKOHeBH3HAUCHI
p

Matpuii 1 BHKOHYETBCS  yMOBa rank( A'BA) =

=rank(AC'A" )=rank(A). Toxi pamru wmarpuup A i
ATBACA" criBnasaots.

Jlema 5. Jlnsa posineaux marpuus Pe0™, W eO ™ i
JUHCHOTO YMciIa —o0 < O <00 Mae€ MiCIle TOTOXHICTh

n-1
[I{E+8" (P+8E)* }(P+5E)*W =
k=0

3)

.
=Y Y P+SE)'W, n=1.2,.

k=1

Jema 6. JInsa goeinpHuX Matpuups Lel ™™, M el ™™ i
pit puLn )
JIHCHOTO YMciaa —o0 < O < 00 Ma€ MECIE TOTOXKHICTh

n-1
M(L+8E) [ [{E+8" (L+8E)* }=
k=0

, “4)
=MY 8HL+8E)™, n=12,.

k=1

108



Oznavenns 1. [lificny marpumto U Oynemo HasuBaTh
TaKOI0, [0 CHMETPU3YETHCS 3JTiBa UM CIPaBa, SKIIO iCHYE Taka
CUMETpUYHA HEBHPOKEHA Marpulld H, 1m0 BUKOHYIOTHCS

BigmosinHo pisgocti HU =UTH , UH =HU".

Osznavenns 2. KBangpatHy nilicHy marpumo Q Oynemo
Ha3uBaTH H-3Ba)KEHOI0 OPTOTOHANBHOIO (OPTOTOHANBHOIO 3
aroro H), sikmo Bukonyetbes ymoa Q HQ=E, ne H —
CHMETpHYHA TOJaTHO-O3HAUCHA MATPHUIISL.

Mae micie HacTyIHa Jiema.

Jlema 7. Matpuns U, mo cuMeTpu3yeThCs 37TiBa T0AaTHO-
O3Ha4YeHNM cuMeTpu3atopoM H, moxe OyTum 3BeneHa o
nmiaroHampbHOI  ¢GopMH 32 gomomororo  H-3BaxkeHoro
OpPTOTOHAIILHOT'O NIEPETBOPEHHS, TOOTO icHye Taka H-3BaxkeHa

oproronansha Marpus Q, mo Q'HUQ=A i marpumo U
moskna 3amucatu y sursai U =QAQ'H | ne A =diag(, ),
A

YTBOPIOIOTH MOBHY CHCTEMY BIIACHHX BEeKTOpiB MaTpuii U.

. — BIacHi 3HayeHHsA Mmartpuii U, a croBmii matpumi Q

IIl.  TEOPEMMU ICHYBAHHS TA € JUHOCTI

Hexait Aell™", XelO™,a Bel™™ i1 Cel™ —
CUMCTPHYHI  3HAKOHCBU3HAYCHI HEBHPOJDKCHI  MAaTpHIIL.
3BaXkeHY TCEBA00OEPHEHY MATPHIIO 10 MATPHUII A BU3HAYMMO
SIK MATPHITIO, IO 337[0BOJILHIE CUCTEMY MAaTPUYHUX PIBHIHb

AXA = A, XAX =X, (BAX )" =BAX , (CXA)" =CXA (5)

IIPY BUKOHAHHI YMOB

rank( A"BA) =rk(A), rank(AC"A")=rank(A).

JlaJti BCTaHOBIICHO iICHYBaHHS €TUHOTO PO3B 3Ky 3a1adi (5),
(6), a TakoX OTPUMAHO MPEICTABJICHHS  3BAXKCHOI
NCeBJOOOCPHEHOI MaTpulli 3 iHAe(IHITHUMU BaraMd B
TepMiHAX KOCQII[ieHTIB XapaKTCePUCTHIHUX MHOTOUWICHIB
MaTpHIb, 10 CAMETPU3YIOTBCS.

Teopema 1. Cucrema wMarpuuHuX piBHSIHE (5) mpH

. . , +
BHKOHaHHI yMOB (6) Mae eunuii po3s’s30k X = Aj. , mpudomy

MaTpHULIO Agc MOXKHA IIPEACTABUTH Y BUTJIIAIL
Al =C7'SA'B, @)

ne S=f(ATBAC™) — muorousnen Big marpuui A’ BAC™

BUITISITY S — _a;1 [( AT BAC—l )k—l +a1( AT BAC—l )k—Z bt
+o, ,E]. o,, p= 1,...,n — KoedillieHTH XapaKTEePUCTUIHOTO
fM)=A"+a, A"+ ta, =

=det[AE — A"BAC ], a a, — ocraumiii, BimisHui Bix Hy/1s

MHOIo4JI€cHa

KOE(QIIIEHT IOr0 MHOTOWICHA, E — oMHNYHA MaTpHIIs.

3 mpencTaBiICHHS 3BR)XKEHOI IICEBIOOOEpPHEHOT MaTpuii 3
igme¢iniTHIMH Baramu 32 (Qopmyinolo (7) BHIUIHBAE
BIJINIOBIHE  TPEJCTABICHHS 3BAXEHOI ICeBI00OEpHEHOT
MaTpHIli 3 TOTAHO-O3HAYCHUMHY Baramu, sike orpumano B [20],
i mceBnoobepreHoi marpuiii Mypa-Tlenpoysa [21]. B [21]
OIIMCAaHO OOYNCIIOBATIFHY IPOLEAYPY, IO JO3BOJISIE HA OCHOBI
IIpeCTaBIeHHS NiceBoo0epHeHoi MaTpuui Mypa-Ilenpoysa B
TepMiHaX KOeQII[ieHTIB XapakTepUCTUYHUX MHOTOUICHIB

CHMETpHYHEX MaTpuilb A’ A 0GUMCTIOBATH IF0 MATPHIIO 32
MPUHHATHY KiJIBKICTb onepauiﬁ [IpencraBnenns 3Ba)keHOI
HceBILOOGepHeHm Marpuui 3 iHgediHiTHUMH Baramu (7) y
TepMiHaX KOe(iI[iEHTIB XapaKTepUCTUYHUX MHOTOYJICHIB
MaTpHllb, II0 CHMETPHU3YIOTHCS, BHKODHCTOBYETHCA B
HACTYITHOMY TIIyHKTI TpH OOIPDYHTYBaHHI PO3BUHEHHS
3BKEHHUX TICEBIO0OCPHEHNX MATPHI(h Y MAaTPUYHI CTETICHEBI
pany i 10Oy TKU.

I\VV. PO3BUHEHHS 3BAXXEHUX ITCEBJIOOBEPHEHIX
MATPULIb Y MATPUYHI CTEIIEHEBI PSJIU i1 IOBY TKU

Ha ocHOBI mnpencraBieHHs 3BaKeHOI IICEBIOOOEpPHEHOT
MaTtpuli 31 3HAKOHEBMU3HAUYCHUMM BaraMH B TepMiHax
koediLieHTiB XapaKTePHCTHIHHX MHOTOYJICHIB MaTpHIlb, L0
CHMETPU3YIOTECS, 1 TBEpIXKEHb JieM i3 M. 2 06rpyHTyeMo
PO3BHHEHHSI  3Ba)KEHHX HCGB}IOO6epHeHI/IX MaTpuub  3i
3MillIaHUMHU BaraMM B MaTpU4HI CTEMEHEBl psAAM W MaTpU4HI
CTeTIeHeBl TOOYTKH, KON OOMIBI BaroBi MaTPHIli CHMETPHYHI,
NPUYOMY OJHAa 3 HHUX J0JaTHO-O3HAaueHa, a Japyra —
HEBHPOJKCHA 3HAKOHEBH3HAYeHA. Bin3zHaunmo, mo i 3axadi €
JacTHHHUM BumagkoMm 3amadi (5), (6). Tomy TBepIKeHHS
Teopemu 1 a1 HUX BHKOHYIOTHCS. CIOYaTKy pO3IIISIHEMO
BUMAAO0K, komu Mmatpuiis C — J0AaTHO-O3HAa4YeHa, a B —
3HAaKOHEBM3HAYeHa, TOOTO  OOIPYHTYEMO  PO3BHHCHHS
3BaKEHUX TMCEBJOO0OCPHEHNX MATpHIlb, L0 3aJ0BOJIBHSIOTH
CHCTEMY MaTPUYHHX PIiBHSHB (5) IPU BUKOHAHHI YMOBH

rank( A"BA) = rank( A). (8)

marpui A=0el ™",
HEBUPOJDKEHOT MAaTpHIl

Teopema 2. Jlns KOBUIBHOT
CUMETPHYHOI 3HAKOHCBH3HAUYCHOI
mxm
Bel ,

C D nxn =3 b 8
(S n JIMCHOI'O0 4YHClia , 10 3aJ0BOJIbHAE YMOBY

CUMETPUYHOI  JOJAaTHO-O3HAYEHOI  MAaTpPHIIli

0 <| 8 | < %;,L(C’lAT BA), MaroTh Micue criBBiHONIEHHS

e =2 8 H(CTATBA+JE)*CAB, 9)

k=1

ne Ay — 3BaXKeHa IICEBI000EPHEHA MATPHIISA, 110 33/10BOJIBHSIE
ymoeu (5), (8), V=V' e0™™ — joBineHa HeBHpOIKeHA
MaTpHld, u(L):min{|k|:k¢0€G(L)}, A, — BIacHi

<|3° (,u(c AT BA)—|8|) |

e (10)

cl¥ay —
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3HAYEHHS C*A'BA,

P
A, =D 8 (CATBA+SE)“CATB,

k=1

MaTpUIl

p=12,..

Ipu BukoHanHi npunyiens Teopemu 2 y cuiy (3) i (9)
MAaEeMO HACTYHNHUIl pPO3KIaj 3BaKEHOi ICeBAOO0OEpHEHOI
MaTpUIl 31 3HAKOHEBU3HAYCHOIO CHMETPUYHOIO HEBHUPOJDKE-

HOIO BaroBoro Mmatpuieto B el ™™ i mogaTHO-03HAYEHOKO
matpunero C e[l ™" B MaTpuuHUii CTENeHEBUI T00YTOK

Ase = [{E+5* (CATBA+BE ) ) }x
k-0 (11)

x(C'ATBA+3E)'C'AB.

n-1
A, =] [{E+3* (CATBA+BE ) * ) }x

k=0

x(C*ATBA+SE)'C*A'B,n=1,2...

ITo3naunmo

Toni B ey TotoxHOCTI (3) 1 HepiBHOCTI (10) omepxumMo

<" (w(CATBA)-[3]) |

Agc - Ag,n Agc cvay (12)

cYzy

3 ominku (10) BumimBae, mo mis V. p = 1,2,... MaeMo
rpaHUYHe MPEICTABICHHS 3Ba)KEHOT ICEB000SPHEHOT MATPHIL

p
Agc:!_)irrgZSk’l(C’lATBA+8E)’kC’lATB, (13)
k=1
a3 ominku (12) mis V n=1,2,... maemo

n-1
Aic =lim[ [{E +5" (CATBA+8E ) ) }x
80 k=0 (14)
x(C'ATBA+SE)"'C'A'B.

Crig BIIMITHTH, 1[0 Ha OCHOBI 3Ba)KEHOT'O CHHIYJISIPHOTO
PO3BHHEHHS MaTpulp [22] 3 10JaTHO-O3HAUYCHUMH BaraMu B
[17] orpumanO pO3BHHEHHS 3BAKCHUX IICEBIOOOEPHEHMX
MaTpHlb y MaTPU4Hi CTENEHEBl psau i 10OYTKH 3 JOAATHO-
03HA4YCHHMHU BaraMH, a Ha OCHOBI 3BQXEHOTO CHHIYJISIPHOTO
PO3BHHEHHSI MaTpHUIb i3 BUPOIDKCHUMH Baramu B [23, 24]
OTPUMaHO PO3BUHEHHS 3BaXKEHHX ICEBI0O0OEPHEHNX MAaTPHUIb
Yy MaTpWuHi cTemeHeBi psia W J00yTKHM 3 BHPOIKEHUMH
Baramu.

Tenep po3rissHEMO BUNAAOK, KON MaTpULsd B — 101aTHO-
o3HaueHa, a C — HEBHPOIKCHA 3HAKOHEBU3HA4YCHA, TOOTO
OOIpYHTYEMO PO3BHHEHHS 3B@KEHUX IICEBIOOOEPHEHMX
MAaTpHIIb, IO 33J0BOJIBHIIOTH CHCTEMY MaTPUIHHX PIBHSIHB (5)
IIpY BUKOHAHHI YMOBH

rank( AC A" ) =rank(A). (15)

A=0e0™",

CHUMETPHYHOT  JIOJATHO-O3HAYEHOI  MAaTpHII Beo ™™,
CHUMETPUYHOT 3HAKOHEBU3HAYEHOT HEBUPOJKEHOI MAaTpHIl

Teopema 3. Jlna noBimbHOI MaTpuIl

Cel™" i pilicHoro umciaa &, WO 3aIOBONIBHSE YMOBY

0< | 5 | < % u( ACA"B), MaroTh MicIie CIIiBBi{HOLICHHS

AL =§;6k-lc-lAT B(AC'ATB+38E)™, (16)
k=1
|Ac = Ao e <18 (m(ACTATB)-[8]) " A e - (D)

e Agc — 3BayKeHa IICeBIO000EpPHEHA MATPHIIA, IO 32I0BOJIBHSE
(15), w(L)

P
A=Y 8 'CTATB(ACTATB+SE) ™, p = 1.2,..., & -
k=1

ymoBu  (5), Bu3HaueHo B Teopemi 2,

BracHi 3Hauenns matpuii ACA'B, H=H" ¢[0 ™ —Gynp-
sIKa HEBUPOKEHA MATPHULIA.

[Ipu BukonanHi npunymens Teopemu 3 y cuiny (4) i (16)
MaEMO HACTYIIHE DO3BHHEHHS 3Ba)KEHOI MCEBI00OEpHEHOT
MaTpulli 3 JOJAaTHO-O3HAYEHOI CHUMETPHYHOIO BaroBOIO

Mmarpuuero Bell ™"

W 3HAKOHEBU3HAYCHOIO CUMCTPUYIHOIO

HEBUPOKEHOW BaroBoro marpuiero Cell™ B marpuusumii
CTENEeHEBUH 100yTOK

Al =C'ATB(AC'ATB+8E) ™" x
- k k (18)
x[ [EE+8" (ACTATB+3E ) ?)}.

k=0
TMosnaunmo A, =C"ATB(AC"ATB+3E )™ x

n-1

x[ [{E+5* (AC'ATB+8E)*’}, n=1,2,... Toni B cuty (4)
k=0

i cmiBBimHOMmMEHHS (17) ogepxumMo

| <& (W(ACTATB)+3) Ak (19)

Agc _Ag,n HE-Y2 HgY2

3 ouinku (17) BumimBae, mo mig V. p = 1,2,... MaeMo

HACTYITHE TPaHHYHE MPEJICTABJICHHS 3Ba)KEHOI MceB1000epHe-
HOI MaTpuIi

p
A =limCTATBY 8 H(ACTATB+SE) Y, (20)
- k=1

a3 ominku (19) ms vV n=1,2,... maemo
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=lmC" B + X
oc |6 0C 1ATB(AC ATB SE)1

n-1 . « (21)
x[ [{E+8* (ACATB+3E ) *)}.

k=0

I3 rpammunmx mnpexncraBiens (13), (14), (20), (21) i
3BOKCHHUX TICEBIOOOCPHEHUX MATPHUIb BUILUIUBAE, IO MpHU
JIOCUTh MajoMy mapamerpi & wmarpumi Age, A;p i A
MOXKYTh K 3aBFOJTHO MAJIO BiApi3HATHCS OaHA Bix omnoi. Ha
OCHOBI 3alpOMOHOBAaHUX TIPAHUYHUX MPEACTABICHb MOXKHA
00YHCITIOBATH HAOJIMKCHHS N0 3BAXKCHUX IICEBIO0OCPHECHUX
MaTpuils. OIiHKE OJM3BKOCTI 3Ba)KEHUX IICEBIOO0OEPHEHIX

MaTpuIb 1 I1X HAONMMKEHWX 3HAUYCHb 3alHCYIOThCA 32
dopmynamu (10), (12), (17), (19).

V. TTOBYIOBA ITEPALIMHKX ITPOLIECIB /1 OBYUCJIEHHS
3BAKEHHNX IICEBJOOBEPHEHUX MATPUIIb

OnumemMo  METOIMKY  MHMOOYIOBH  peryispU30BaHUX
iTepaliifHAX ~ TpomeciB  IUII  OOYMCIEHHS  3BAXKCHHUX
NICEBJOOOCPHEHUX MATpHIb, 10 O0a3yeThcsi HAa PO3BHHEHHI
3BaKEHHUX IICEBJOOOEPHEHNX MAaTPHIb Y MaTPUYHI CTETICHEBI
psinu i 1oOYTKH, OTPUMAaHUX Y II. 4.

CrouaTky moOyayeMo  iTepamiifHMii — mporec Ui
oOunClieHHs1  3BaKEHOT — ICEeBIOOOEpHEHOT  Marpuii  3i
3MIIIaHUMHU Baramu, Koy Matpuns C — J0JaTHO-O3HAYeHa, a
B — 3HakoHeBW3HaueHa, TOOTO IiTepamiHWI mpolec A
OoOYHCIIEHHSI 3BAKEHHX IICEBJOOOEPHEHNX MATpHLb, IIO0
3a[JOBOJIGHSIOTH CHUCTEMY MATpPHUYHUX piBHAHBb (5) npu
BHKOHaHHI yMOBH (8).

Posrsnemo posBuHeHHS (9) 3BakKEHHUX MCEBJO0OEPHEHUX

MaTpullb y MarpudHuii creneHeBud psa.  Ilokmagemo
k

X, =Y 8 (C*ATBA+3E)'C*A'B.
i1
Toxi st oGumcieHns Ag: OJEPKMMO PETYJIAPH3OBAHUI
iTepamiiftHui mporec

X, =0, X, =8(C'ATBA+SE) "X, ,+
+HCT'ATBA+SE)'C'A'B=

=(C'ATBA+3E)*(8X, , +CATB), k=172,.
(22)
Ouinka OmusbkocTi k-0 HaGmwkenns jgo Ag:. 3a

¢dopmynamu (22) BusHaudaeThes 3a Qopmynoro (10), me ciuin
nokmact p = K.

Buxopucraemo PO3BUHEHHS an 3BaKECHOI
TICeBJ000EPHEHOT MaTPHIli B MATPUYHHH CTelIeHeBUH 10OYyTOK,
Ha OCHOBI SKOTO MOKJIAAEMO

k-1 .
X, = [{E+" (C'ATBA+3E ) ) }x
i=0

x(CATBA+SE)'C*A'B.

Toxi st oGumcienns Ag: OJEPKUMO PETYIAPU3OBAHUN
iTepariiftHuii mporec

X, =(C'ATBA+5E)C*ATB,
X, ={E+8% (C*ATBA+SE) * ) }IX, , = (23)
=X, ,+8° (CTATBA+SE)Y* X, ,, k=1.2,.

Ouinka 6mu3bkocTi K-co HabmmKeHHs 3a popmynamu (23)
+ .
no Ag. Bu3Hauaethes 3a Gopmynoro (12), ne crmig mokmactu
n=k.

Tenep mobymyemo iTepamiiHuid Tponec A OOYNCICHHS
3Ba)KEHOI ICEBJOOOCPHEHOI MaTpuii 31 3MIMIAHUMH Baramw,
Komu MaTtpuns B —  pojatHo-o3HaueHa, a C  —
3HAKOHEBHM3HaueHa, TOOTO  iTepaumiHuii  mpomec  Juis
OOYHCIICHHSI 3BaKCHHUX IICEBJOOOCPHEHUX MAaTpHUIlb, MIO0
3aJI0BOJIBHSIIOTH CUCTEMY MAaTpu4yHHMX piBHAHb (5) mpu
BUKOHaHHI ymoBH (15).

PosrisHemo po3BrHeHHs (16) 3Ba)KEHUX MCEBJO0OEPHEHUX
MaTpullb y MaTpuUuHuUd cTeneHeBuid psa. Ilokmagemo

k . .
X, =CATBY 8 *(ACATB+3E)" .

i-1
Toxi st oGumcieHns Ag: OJEPKUMO PETYIAPH3OBAHUI
iTepatiifHui mporec
X, =0, X, =X, ,(ACATB+8E)™"+
+CIAT B( ACA"B+5E )’1 = (24)
=(6X, 4 +C*A'B ) ACA'B +8E )’1, k=12,.

Omuinka 6u3bKocTi k-0 HabmmKeHHs 3a popmynamu (24)
no Agc Bu3HaYaeThes 3a hopmyoro (17), ae ciig noknactu P
=k.

BuxopucroByemo PO3BUHEHHS (18) 3BaXEHOT
NICeBA000EPHEHOT MaTPHIIi B MATPUYHHI CTEIIEHEBUiT T00YTOK,
Ha OCHOBI SIKOTO TTOKJIQIEMO

X, =CATB(AC'ATB+8E ) x

k-1
[I{E+" (AC*ATB+5E)*}.

i=0

Toxi st oGumcienns Ag: OJEpPKUMO PETYIAPU30BAHUI
iTepaniiHui porec
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X, =CATB(AC'A'B+8E)™,
X, =X, {E+87 (ACTATB+8E) ¥ )}=

=X, +87 X (ACTATB+8E)* ), k=12,.
(25)

Orrinka 61u3bKocTi K-ro HaGmmwKeHHs 32 popmyaamu (25)

N
10 Pec BU3HAUAETHCs 32 hopmyioro (19), me cimix npuiHATH N
=k.

VI. BHCHOBKM

TakuM dYHHOM, OTPHUMAHO pETYJIAPU30BaHI IiTepariiiHi
npouecH Uil OOYMCIICHHS 3BaXXCHUX ICEBJIOOOEPHEHUX
MAaTpULb 3i 3MILIaHUMH BarOBUMH MaTPHUIIMHU. [3 OTpEMaHUX
OI[IHOK BMIUIMBA€E, IO NOXMOKA HAOIMKEHHS 3aJIEKUTH Bis
KITBKOCTI iTepartiii i mapamerpa & . OueBHIHO, IO MapaMeTp
O HEoOXimHO BHOWpATH, MO MOMKIJIMBOCTI, HAWMECHITUM. Ale
Horo BenmYMHA OOMEXKYEThCS y OiK 3MEHIICHHS HEOOXiTHOIO

TOuHiCTIO 06uncrenns obepuennx mMatpumps CATBA+SE i

AC'A'B+8E. 106 oTpumMatH HEOOXiTHy TOYHICTH
HaONMKEHOTO  PO3B’3KY MNOTPIOHO BHPIMIMTH IHUTaHHS
Y3rOJUKEHHS Tapamerpa O i3 KigpkicTio itepamiid. Ilpu
PO3B’sA3aHHI NPUKIATHUX 3aJad BUXIJHI AaHi, SIK TIPaBHUIIO,
3a7al0Thcsl 3 MOXHOKOW0. Kpim Toro, moxuOky y po3B’s3KH
BHOCATh TMOMWIIKH 3a0KpyriieHHs. Otmxe, HeoOXiIHO
y3rOJDKYBaTH mNapaMeTp O, KiJbKICTh iTepalliid, BEIMYHHY
MOXUOKM BHUXITHHX JaHUX 1 MOXHOOK 3a0KPYIJICHHS ISt
OTpUMAaHHS HEOOXiTHOI TOYHOCTI HAaOIMKEHOTO pPO3B’S3KY
peryjisipu3oBaHUMH  iTepaliiiHuMu  Metogamu.  OcTaHHE
0COOJIMBO Ba)KJIMBE, OCKIJIBKM OOYMCIICHHS TICEBI000EPHEHNX
MaTpHlb HAJIEXKUTh 0 KIAacy HEKOPEeKTHHX 3ajad (Hemae
HETIepEePBHOI 3aJIC)KHOCTI PO3B’SI3KY 33424l BiJ] 3MIHU BUXiTHIX
manux). Y [17, 23, 25, 26, 27] nobymoBaHo i JOCIHIHKEHO
perynspu3oBaHi  iTepamiiiHi TpomecH AiusA  OOYHCICHHS
3BaXEHUX  ICEBJOOOEPHEHUX  MaTpHlb 13  J0JaTHO-
HalliBBU3HAYCHHUMHU BaroBUMH MATpPUISIMH, IO 0a3yeTbcs Ha
PO3BHMHEHHI LMX MaTpulb y MaTpU4HI CTENeHeBi piau M
OOy TKH.
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®da30B1 XapaKTepPUCTUKHU 300paKeHHSI
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Abstract— The paper presents the results of a study on the
allocation of features of individual objects in a matrix image. The
image was passed through a set of Gabor filters with a change in
both the rotation angle and spatial frequencies determined by the
frequency of the complex sinusoidal carrier. The spatial frequency
varied from two image elements to eight image elements. The
study of the phase characteristics of the image was carried out in
the Matlab environment. The initial grayscale source image was
processed by a Gabor filter, in which the spatial frequency was
changed from the highest, corresponding to two image elements,
to a lower frequency, corresponding to eight image elements. From
the two-dimensional Fourier transform, the amplitude-frequency
characteristic of the image at different spatial frequencies is
obtained, as well as the phase-frequency characteristic. For high
spatial frequencies, too many contours are obtained for the phase
characteristic, which makes it difficult to isolate features, and for
medium spatial frequencies, the phase frequency characteristic is
more informative in terms of distinguishing the contours of objects
at different locations and rotations. Thus, according to the phase-
frequency characteristic of the image, it becomes possible to type
a feature vector with different orientations of the object, which
makes it possible to classify the textures that form the image.

AHoTanisi— Y po0oTi HaBeleHi pe3yIbTaTH AOCTI:KeHHS MO
BU/IIJIEHHIO 03HAK OKPEeMHX 00'€KTiB B MATPHYHOMY 300paKeHHi.
3o6paxkenHnsi mpomyckajiocsi depe3 Hadip ¢ineTpiB I'aGopa 3i
3MiHOI0 SIK KyTa NOBOPOTY, TaK i NPOCTOPOBUX 4YACTOT, WIO
BH3HAYAIOTHCS YACTOTOI0 KOMILIEKCHOI CHHYCOIZaJbHOI Hecy4oi.
IlpocTopoBa 4actoTa 3MiHIOBajacsi Bill /JIBOX eJeMEHTIB
300paskeHHs] /10 BOCbMH eJIeMeHTIB 300pa:keHHs. [loc/igxkeHHs
(azoBuX xapakTepuCTHK 300paskeHHs NMPOBeJeHO B CepelOBHIL|
Martna6. IlouaTkoBe mniBTOHOBe BHXiIHe 300pazkeHHs OY.J10
nignaso o6podui ¢inbrpom I'aGopa, B sikomy 3MiHIOBaJjacs
MPOCTOPOBA YACTOTA BiJl HAIBUI01, BiINOBiZIHOI IBOM ejleMeHTaM

Onexcannp Buzniok

kadezpa TernebaueHHs Ta paJaiOMOBICHHS
Opnecbka HalllOHAJIbHA aKaJieMis 3B’ SI3KY
Oneca, Ykpaina
sm.vuznjyk@gmail.com

300paskeHHs 10 OiabII HU3BKOI YaCTOTH, IO BiNOBiIa€ BoCbMHU
eJleMeHTiB 300paxkeHHs. 3 NBOBMMipHOro nepersopenHss dyp'e
OTPUMAHO AMILTITYAHO-YACTOTHY XapaKTEePHUCTUKY 300pakeHHS
NpH Pi3HUX MPOCTOPOBHMX YACTOTAX, 4 TaKOXK ()a30-4ACTOTHY
XapakTepucTHKY. JJIsi BUCOKHX NPOCTOPOBHX YACTOT BHXOAMTH
3aHAaATO Oarato KOHTYpiB ¢a30Boi XapakTepucTuUi, IO
YCKJIAHIOE BHMIIJICHHSl O3HAK, a JJs CepeAHiX NPOCTOPOBHX
4acToT (pa30Ba YACTOTHA XapaKTepUCTUKA OlIbII iHpopMaTHBHA
3 TOYKH 30py BHIiJIeHHS KOHTYpPiB 00'e€KTiB mnpH Ppi3HHUX
po3Milennsix i mosoportiB. Takum uuHOM, MO ¢a3o-yacToTHOI
XapaKTePUCTUKHU 300pakeHHs 3'ABJISETHCS MOKJIMBICTh HAGpaTH
BEKTOP 03HAK MpH Pi3Hiii opieHTanii 06'eKkTa, 110 103BOISIE Taoee
KJacudiKyBaTH TeKCTYPH, 1110 (POPMYIOTH 300pasKeHHS.

Keywords— image, Gabor filter, spatial frequency, phase
response, texture

Knrwuosi croea—rxonvoposo 300paxcennsn, ¢inomp ILabopa,
npocmopoea uacmoma, pazosa xapaKmepucmuka, mexkcmypa

I.  INTRODUCTION

When processing images very often there is a need to select
one of the objects and carry out its recognition [1]. This
operation is preceded by pre-processing, which consists in
filtering, anti-noise correction, emphasizing boundaries, color
correction gamma correction. Most of these operations today
have several implementations [2,3]. However, the
identification of the objects themselves is associated with a
sufficiently large amount of computing resources and takes
time for statistical processing. Complicating this identification
procedure is changing the size and location of objects. Studies
of the optimality of object identification methods come down
to the creation of a feature vector. Such signs include the shape
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of the object, borders, color, characteristic points, the area of
the object and other statistical moments calculated by the
primary signs [4]. Image processing to highlight features of an
object can be carried out directly above the matrix image, or its
gradation equivalent, as well as for each of the component color
signals. In this case, the object itself is most often selected using
the Sobel operator. This method is very sensitive to image
contrast. Respectively, its reliability is low. In this work, we
study the amplitude-frequency and phase-frequency
characteristics of the test image obtained for different spatial
frequencies at the output of the Gabor filter.

Il.  THE TWO-DIMENSIONAL GABOR TRANSFORM

Results that are more interesting were obtained when
objects were selected in the spectral region. Fourier transform
or, more recently, a discrete wavelet transform are used as
spectral transformations [5, 6]. The two-dimensional Gabor
function g (x.y) can be represented as a complex sinusoidal
function s (x,y) multiplied by the envelope of Gauss wi(x,y) (1).

g (x. y)=s(x, y) we(x, ). ()
Complex sinusoidal carrier is represented as (2)
s (x, y)=exp [j (2 (o X+voy) + P)], )

where (wo and vo) are the spatial frequencies of the sinusoidal
carrier and can be matched with the number of pixels per period,
and P is the phase of the carrier. Gaussian envelope represented
by function (3)

wr (x, Y)=K exp [-7 (a® (X—X0)*+b* (y-y0)*)], ®)

where (X, y) is the coordinate of the displacement of the Gaussian curve
from the central peak located at the point (o, Yo) (4, 5)

(X —Xo)r=(X —Xo) cos &+ (y —Yo) sin & @)
(Y —Yo)r=— (X —Xo) sin &+ (y —Yo) cos & (®)

I1l.  EXPERIMENT RESULTS

The study of the phase characteristics of the image was
carried out in the Matlab environment [7]. Fig. 1 shows the
grayscale source image. It contains textures of water, sunbeam,
grass and others. The image was processed by the Gabor filter,
in which the spatial frequency was changed from the highest to
a lower frequency corresponding to eight pels.

Original Image

Fig. 1. The Halftone Test Image

The output signal of the Gabor filter is subjected to Fourier
conversion. For a spatial frequency of two image elements, the
phase characteristic is shown in Fig. 2

Gabor phase

Fig. 2. The phase response for spatial frequency in two image elements

If we reduce the spatial frequency of the sinusoidal carrier
so that its resolution corresponds to a frequency of eight pixels

(Fig. 3), then you can see the appearance of the contours of sun rays.
Gabor phase

Fig. 3. The phase response for a spatial frequency of eight pixels

If we reduce the spatial frequency of the sinusoidal carrier
so that its resolution corresponds to a frequency of eight pixels,
then you can see the appearance of the contours of sunrays.
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Anomayin—Po3rasAa€ThCs 1eKOAYBAHHS CTUPAHB B CHCTEMAX
3B’AI3KY HAa OCHOBI Teopii JiniiiHux nociainoBuicaux cxem (JIIIC).
IIponoHy€eTbCst METOJ ITEPATHBHOIO JEKOAYBAHHS LMKJIIYHHMX
KO/IiB 3 BHKOPUCTAHHAM HUKJIiYHHUX NePEeCTAHOBOK.

Abstract—The decoding the erasures in transmission systems
based on the theory of linear finite-state machine (LFSM) is
considered. The method of iterative decoding of the cyclic codes
with the help of cyclic permutation is suggested.

Knrouoei cnoea—uyuxniuni koou; niniina nociiooénicna cxema;
imepamuene 0eKo0y8ants; CMUPanHs

Keywords—cyclic codes; linear finite-state machine (LFSM);
iterative decoding; erasure errors

l. BcTyn

OpnHi€lo 3 KIFOYOBUX MPoOJeM B Teopil 3aBajoCTIHKOTO
KOJYBaHHS € BIAMOBIMHICTH KOJIB XapaKTEPUCTHKAM KaHaJIB
nepenavi 1aHux.

Bimomi 3aBafocCTiiiki KOAW OpIi€EHTOBaHI Ha Hamepesn
BHU3HAYEHI 0COOMMBOCTI (PYHKI[IOHYBaHHS CHUCTEM 3B SI3KY.
MaremaTiyHa CTPYKTypa KOAY >KOPCTKO BH3HAYa€ alrOPHTM
MOITYKY TIOMHJIOK 1 BiH He MOXe OyTH 3MiHEHMH, iHaKIIe Ie
Oyze Bxe IHIIAH KOJI.

3 iHmoro 60Ky, peanbHi KaHaJIH 3B 53Ky (QYHKIIOHYIOTH B
JUHAMIYHOMY pPEeXHMi 1 iX XapakTepUCTHKH HOCTiHHO
3MIHIOIOTBCA. JIJIT  MiICTpOIOBaHHS TMapaMeTpiB  KaHaTy
CTPYKTYpi KOAYy HaWJacTillle BHKOPHCTOBYIOTH OIICPAIlii0
MEPEMEKYBAHHS, KA IMOJSTa€ B 3MiHI MMOYATKOBOIO MOPSAKY
HAJIXOJDKEHHsI CHUMBOJIIB B KaHal. ICHYIOTh 0arato crmoco0iB
MePEMEKYBAHHS, OJTHAK MPAKTHYHO BC1 BOHU BUKOPHCTOBYIOTh
JUIIE ONWH TOMIIOK (iHBEpPCHI TOMIJIKH) 1 OIWH THII
nepeMexxyBaHHA  (TIEPETBOPEHHS  MAKETiB MOMHJIOK Y
BUIIAJIKOBI MOOAMHOKI TOMIIKH) [1].

AJle Ha TIPaKTHUIl MOXKYTh OyTH He nuire 3aMina 0 Ha 1 4n
HaBIIaKH, ajie i CTUPaHHs OKPEMHX CHMBOJIIB, 110 XapaKTEepHO,
HAMpPUKIA/, 1 MOOLILHOTO 3B 53Ky [2].

B Teopii 3aBamoCTIHKOTrO KOMYBaHHS CKJIAJOCh HEBIpHE
MPEACTABICHHS 1[0JI0 TPYAOMICTKOCTI OTeparii AeKOyBaHHS:
BBAXKAETHLCS, 1[0 IMAKETH TOMHIOK 3aBXIU Ba)Xye BUSBHTH,
aHK OKpeMi IOMWJIKH B iHTEpBaJi KOJIOBOTO CIIOBa. B meskux
BUIAJIKAX I Te3a MIHCHO CIpaBesIMBa, KOJM JIOBII MaKETH
IHBEPCHUX MMOMHIIOK 3aMiHIOIOTh Ha MOOAUHOKI MOMHIIKU Y
MOCITITOBHOCTI KOJAOBUX CJiB. [Ipy bOMY NPHUITYyCKAIOTh, 110
CYCIIHI KOJOBi CJIOBa MAalOTh OyTH OE3[MOMHJIKOBHMH, HE
NOBUHHI OJIHOYACHO 3yCTPIYaTHCh Pi3HI THITU IOMHUJIOK 1 T.1I.

B pesynprari TpaaumiiiHi crmocodW TepeMeKyBaHHS
MOXYTh Ille Oijblie YCKIaJHUTH IOLIYK NOMHJIOK. Tomy
aKTyaJbHUM € po3p0o0Ka METOIB MOMEPETHFOT 00POOKH JTaHUX
3 MIHIMAJIbHUMH OOMEXKEHHSIMH Ha THO 1 KOH]Irypariro
TIOMIJIOK Ta IIapaMeTpH KaHalry 3B’S3KYy.

Merta mi€ei po6oTH — po3poOka ehEKTHBHUX AJITOPHUTMIB
JICKO/lyBaHHsI CTHpPaHb Ta IHBEPCHHX IIOMWJIOK Ha OCHOBI
MaTeMaTHYHOTO anapary JiHIHHUX TOCIiOBHICHHX cxeM [3].

Il. AJITOPUTM ITEPATUBHOI'O JIEKOJYBAHHS CTUPAHb

Jlinitina mocnimoBHicHua cxema (JIIIC) — ne miHIAHUK
aBTOMAaT HaJ 3aJlaHHUM mojeM [anmya, SKUA B JUCKpETHI
MOMEHTH yacy t 3amaeThcs QpyHKLI€ nepexomiB

S(t+1)=AxS(t)+BxU(t), 1)
Ta QYHKIIIE€I0 BUXOIB
Y(t)=CxS(t)+DxU(t), 2

ne A,B,C,D — xapakrepuctuuni marpuii JIIIC,

S,U,Y —cloBa cTaHy, BXiJHE, BUXITHE.
3a3BUYail  €leMEHTH  MaTpPHIIb

3HAYECHHA 3 MHOXXKUHU M ={0,1}.

[IPUNMAIOTh
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Ipy HasABHOCTI CTUPAHb B PO3PAAAX KOMOBOIO CIOBA Zgpy
UUKITi9HOTO (N, K )-KOMy eleMEHTH CIiB S mpuiiMarTh CBOI

snauenns i3 maoxkuan M, ={0,1,X,x}. lle Bumarae nepexomy
Bix monst [amya GF(2) mo xomyratuBHOTOo Kimbusg R 3
BiJITIOBITHUMU OTICPAIlisIMH JJOJJABAHHS 1 MHOJKCHHSI.

BBenemMo MOHATTS — MepeBipsuibHOrO  BikHa X sIK
Oe3mepepBHOI IMKIIIYHOT MOCHITOBHOCTI I po3psmiB N -
po3psiaHOro cnoBa  Zg .(r =n—k) Take BikHo X MOXXHa
IUKJIIYHO TIePeCcyBaTH B3/IOBX BCHOTO CIOBA Zgy -

SIKuro Bci iHBEpCHI HOMMJIKH Ta CTUPaHHS PO30CEPEIKeHi
B3JI0BXK BChOTO CIOBA Zg, LUKIIYHOTO (N, K )-KOZMY, TOMI AMIst
ix BumIpaBlieHHs MOTPIOHO OaraTo yacy Ta pecypciB. A mpu
HOIIKOJXKEHHI pO3psAdiB  ciloBa Zg, JHMIIE B MeXax

3a3HAYEHOT0 BiKHa X , TOII Taki PO3PSIM IIBHIKO 1 JIETKO
BUIIPABIISIOTHCSL.

TakuMm dYWHOM, 3aJada TONATaE y TNEpEeMilleHHI BCiX
CTEPTUX PO3PSAIIB KOJOBOIO C1I0Ba Zgr, Yy BikHO X . IHmuMu
CJIOBaMH, HEOOXiJHO SIKOMOT'a TiCHIIlIe 3rPyITyBaTH MOMUJIKOBI
PO3psiIM y MakeT IIOMUIOK JIOBXHHOI He Oinbme I. B [4]
cxoa 3amada Oyna po3B’s3aHa IJIsl IHBEPCHHUX IIOMMIIOK 3
BUKOPHCTAHHIM METOJY IIMKJIIYHHUX [IEPECTaHOBOK.

PosrnssHeMo ocoOnmBOCTI pO3B’s3aHHS i€l 3amadi IS
MOMUJIOK  THUIly  CTHPaHb.  Y3arajbHEHUW  aIrOpUTM
ITEpaTHBHOTO  aBTOMATHOTO  JEKOIYBaHHA CTHpPaHb B
LUKIIYHAX KOJAaX TAKUM.

Ji1s 3aaHOr0 KOJOBOIO C10BAa Zgy, OOYUCIMTH CUHIPOM
crtupanb Sgpr (N)Ha ocHoBi Gynkuil (1) 3rigHo [5].

Sxmo Bci cTepTi po3psAAM IMOMAarOTh y BIKHO X , TO
nepeiitu g0 1. 4.

BukoHaTH HUKIIIYHY IEPECTAHOBKY PO3PSAIB CIOBA Zgpy
3rigHo [4] 1 mepeiitn 1o m.1.

1 & 9 13 2 6 0]

Puc. 1. — llukstiuni nepecTaHOBKY PO3pSIiB KOJOBOTO ¢ T) 3i CTHPAHHAMH: a) — MOYATKOBE CIOBO,
0) — mepIra mepecTaHoBKa, B) — APyra MepecTaHOBKa, I') — CYIUIbHUNA MaKeT CTUPAHb

Ilepeiitu mo cnoBa Z,, B sIKOMY BCi po3pamu BikHa X
TIOMiY€Hi, SIK CTEpTi Ta 3aMiHEH] HYJISIMH.

BinHOBUTH CTEPTI pO3PAIN Yy CIIOBI Z .

Bukonatu oOepHEHI MEPETBOPEHHS 1 OTPUMATH KOJOBE
cI0BO Z 6€3 MOMUIIOK.

Ha puc.]l mokazanuii mo4aTKOBWil Hpolec IEKOTyBaHHS
ctupanb B mwKIigHOMY (15,11)-k0mi. Jlmmre micms aBOX
LUKJIIYHUX TIEPECTaHOBOK KOJOBOTO CJIOBA J[Ba MOTO CTEPTHX
PpO3psAIM TonanaroTh y 4-po3psane BikHo X . [lami Bci po3psan
BikHa X TIO3HAYA€ThCA SIK CTEPTI, 3aMIHSIOTbCS HYJSIMH 1
JEeKOYIOTBCSL.

I1l.  BHUCHOBKHU
OCHOBHOIO ~ TCHICHI[IEI0O  CYy4yaCHOTO  pO3BHUTKY B
3aBaJIOCTIMKMX  KOJaX € BHUKOPUCTAHHS  iTEPATHBHOIO
(OaratokpokoBOro) AekoAyBaHHS. [IpOMOHYETbCS METO

ITEPaTUBHOTO TEPEMEXyBaHHSA IMKIIYHUX KOZIB, SKHH

miBUIYy€e epeKTHBHICTD AEKOAyBaHHs NAKETiB CTUPAHb.
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CrepTi po3paay MOKa3aHi CBITINM (KOBTHM) KOJIBOPOM.
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Anomayia — 3anponoHOBaHO MeToJ WHUQPYBaHHS, KU
Bipi3HA€ThCA Big BiZOMHMX THM, 1[I0 BHKOPHUCTOBYIOTHCS
nepecTaHOBKM  OaliTiB  ychoro ¢aiiry, a mincTraHoBKu
peanizyloThbesl HUISIXOM BHKOHAHHS NepeTBOPeHb Y ouIlIa 3MiHHOT
po3MipHoCTi 1Is1 JaHuX 3MiHHOI po3psigHocTi. Bee e 3a0e3nmeuye
MiABHIEHHS IBUAKOCTI G pPyBaHHA B NOHAJ 3 pa3u NOPiBHAHO
3 HalimommpeHimmm mmdgpom AES.

Abstract — An encryption method is proposed, which differs
from the known ones in that byte permutations of the entire file
are used, and substitutions are implemented by performing Walsh
transformations of variable dimension for variable bit data. All
this provides an increase in encryption speed by more than 3 times
compared to the most common AES cipher.

Kntouoei cnosa — wugp; nepecmanogku; niocmanoexu;
nepemeopennsa Yonua.

Keywords — cipher; substitutions; Walsh

transformation.

permutations;

l. Bcerynn

OmHMM i3 OCHOBHHX METOJIB KPHUNTOTpadivHOTO 3aXHCTy
iHpopmanii € mudpysanusa. B poboti [1] K. [llernon mokasas,
mo Oynp-Akuii mudp MOXKHA TMPEACTaBUTH Y BHUIIIII
KOMOiHaIlil JBOX OCHOBHHX oOIllepalii — IEepEecTaHOBKH Ta
iICTAHOBKH. 3aMiHa 31HCHIOETbCS IMIJISIXOM IEPETBOPEHHS
CHUMBOJIIB BIJIKPUTOTO TEKCTy B CHMBOJIM TOTO X ajdaBiTy
3ammM(ppPOBaHOTO TEKCTy a00 3 BUKOPHUCTAHHSIM TaOIHIb
MiICTAHOBOK, ab0 3a JOMOMOror MeBHUX obuuciens [2]. V
MOTOKOBUX IH(pax BUKOPHUCTOBYETHCS JIMILE OMepamis
MiJICTAHOBKM MIISIXOM HAaKIaJaHHI TaMH Ha BIIKpUTE
TTOB1OMJICHHSI. Bioxose muQpyBaHHSI nependavae

Anatoly Biletsky

department of Electronics, Robotics,
Monitoring and IoT Technologies
National Aviation University
Kiev, Ukraine

MTOCTIiTOBHE BUKOHAHHS 000X orepaniii. Bapto Big3HaunTH, oo
MUTaHHAM peaii3amii omepariif IiICTAHOBKH MPUIIICHO
3HAYHO OLIBIIE YBard HiXK peaizamii ormepariii mepecTaHOBOK.

CyuacHi 010koBi mudpu, TOOYZOBaHI Ha OCHOBI Mepex
Ociictensi, SP-mepexx 1 meperBopeHs THIy "KBampart',
nepen0avaoTh 31IHCHEHHS MEPECTaHOBKH YaCTUH OKPEMOTo
070Ky ab0 HepecTaHOBKH OJIOKIB B MeXaxX HEBEJIHMKOI TPYIH.
Biomo, 1110 4uM OisTbIle eJIeMEHTIB HiIJSIraloTh IePECTaHOBIII,
THM O1JIbIlIE ICHY€E MOXKJIMBHUX BapiaHTiB IEPECTaHOBOK. 3 IIbOTO
BUIUIMBAE, IO B CydYacHUX OJOKOBHX IMH(]pax HEMOBHOIO
Miporo BHUKOPHUCTOBYIOTHCS MOXITHBOCTI omepauii
MIEPEeCTAaHOBKU i 3a0e3ledeHHs CTikocTi mudpy. Kpim
TOTO, CyJacHi OJIOKOBI MIUQPH IepeadavaroTh BHKOHAHHS Bif 8
no 32 i Oumblme payHZIIB IEPEeTBOPEHb, MO0 3a0e3medYnTH
3aJISKHICTh KOXKHOTO 0iTa 3amm(poBaHOTO OJIOKY NAaHHUX Bif
ycix OiTiB BigkpuToro Oyoky naHux. lle meBHOIO Miporo
00MeXye MIBUAKICTh MH(PYBaHHS.

MeTor0 JOCIiIKEeHHS, PE3YJIbTaTH SIKOTO PO3MIISIAI0THCS B
JIOTIOBi/i, € TIPUIIBUALICHHA TIpolecy MMHUppyBaHHA i3
3a0e3neueHHsIM MOTPiIOHOTO PiBHSA KpUOTOTrpadigHoi CTIHKOCTI.

Il.  METOJ LIM®PYBAHHS

OckilbkM HaW4JacTile BiAKPHUTI AaHi, M0 MiJIATAIOTh
3amu(pyBaHHIO, 1 pe3yibTaT 3amm(pyBaHHS IMOMAIOTHCA B
BHTIIAAL (ailly, TO aBTOPH MPOIOHYIOTH CXEMYy IMpOIeCy
3amuQpyBaHHs, Ky HaBEJICHO Ha puc. 1.
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Daiin BiIKPUTUX JTaHUX

v

IIpouenypa 3unTyBaHH: 3
BUKOPHCTAHHSIM IIpaBHIIa
HIePECTaHOBKH

v

MacwuB BiIKPUTHX JaHUX

v

CekperHuit TIpouenypa migcTaHOBKH
KJIHOY (IepeTBOpEeHHS)

v

Macus 3aIlII/IdJDOBaHI/IX JaHUX

v

IIpouenypa 3anucyBanHs 3
BHUKOPHCTAHHSM IpaBUIia
[ePECTaHOBKU

v

| daii 3ammbpoBaHUX JaHUX

A 4

\ 4

Puc.1. Cxema mporecy 3amudpyBaHHs

[Tpouexypy 34uTyBaHHS 1 3aMCYBAaHHS 3 BUKOPUCTAHHAM
MIPaBWJI TIEPECTAHOBKU Peajli3yloTh 3alpONOHOBAHI B poboTax
[3,4] ™mertomm (<¢opmyBaHHS TIpaBHJ IMEPECTAHOBOK, SIKi
JIO3BOJISIIOTH  3IHCHIOBATH IICEBIOBHUIAAKOBY (3aJI€XKHY Bij
CEKPETHOTO KIII04a) MEepPEeCTaHOBKY OaiTiB y Mekax yChbOro
MOBIZIOMJICHHS TOBUIbHOT NOBXkUHH. [Iponenypa mijicTaHOBKH
peanizyeTbCcsl SIK IUBUJKI ITEPETBOPEHHs Youma 3MiHHOT
PO3MIpHOCTI ISl JaHWUX 3MIHHOI PO3PSAHOCTI, OCOOJIUBOCTI
SIKMX OMUCaHO B poOoTi [5].

Po3mipaicTs meperBopeHs N i pO3psSAHICTh JaHWUX N IS
KOXKHOTO OJIOKY JaHMX 3alie’kaTh BiJ] 3HAYCHHS CEKPETHOTO
kmova K i, sk Hacmigok, nosxwHa 01oky L = N - n € Takox
3MIHHOK. Y i 00YHCICHHS BUKOHYIOTBCS 32 MOIyJieM 2.

ABTOpaMH TIPONOHYIOTBCS Taki BapiaHTH PO3PSIHOCTI
nmanux: 8, 16, 32, 64, i po3MipHOCTI IepeTBOpeHs: 8, 16, 32, 64,
128,256,512, 1024. O1xe, 10BKUHA OJIOKY JaHUX 3MIHIOETHCS
BiZ 64 10 65536 Oir.

OCKITBKH KOKHa CKIJIaZoBa pPe3ylbTaTy IE€PEeTBOPEHHS
VYonma 3aJeXuTh Bif ycix OiTiB MepeTBOPIOBAHMX NAHHUX, TO
JIOCTATHBO OJIHOTO payH[y MEePETBOPEHHS.

I1l.  OLIHKA BUIKOCTI IIU®PYBAHHA

VY pa3i piBHOMIpHOTO pO3MOJTY 3HAYeHb PO3PSIHOCTI
IaHUX MaTeMaTH4YHE CIOAIBaHHA KIIbKOCTI OairiB — 3,75, a
po3psiaHocTi gaHuX - 30.

3uuTyBaHHS 1 3allMCYBaHHS 3a IPAaBUIOM IEPECTAHOBOK
notpedye BUKOHaHHS 8 omepauiid aist oxHoro Oaiiry i 30
omnepaniid uisi OJUHUIN JAHWUX, M0 MiJJIATAIOTh MIBUIAKOMY
[IEPETBOPEHHIO Y OJILIIA.

Kimpkicte  omepamiii  must  peamizarmii
MIEPETBOPECHHS Y OJIIIa BU3HAYAETHCA 32 (POpMyInoro:

S;=N-log, N.

IMIBHJKOTO

MareMaTH4YHe CIIOiBaHHs po3psaaHocTi 010Ky Ln=30N.

Hani pmns OTpUMaHHSA OIIHOK CEepeAHbOI IMIBHIKOCTI
mmdpyBaHHS HaBeJCHO B TaOM. 1.

Tapmga 1. - OIHKA  CEPEJHBOI  IIBHUAKOCTI
HIKDPYBAHHA V (011./01T)

N St Sis Sm L V

8 24 240 264 240 1,10

16 64 480 544 480 1,13

32 160 960 1120 960 1,16

64 384 1920 2304 1920 1,20

128 896 3840 4736 3840 1,23

256 2048 7680 9728 7680 1,27

512 4608 15360 19968 15360 1,3

1024 10240 30720 40960 30720 1,33

Tyrt: Sis - MaTeMaTHUHE CHOMIBAHHS KiIBKOCTI ormepariii
JUIs  3YATYBaHHA OaWTiB, 10 CKIagal0Th JaHi Uit
NepeTBOPEHHs, 1  3aluCyBaHHS  OalTIB  pe3ylbTary
IepPETBOPEHHS; Sm — CyMapHa KilbKiCTh Onepatiii.

Cepemas mBHIKICTs MUPpyBaHHA ckiagae 1,21 omeparriit
Ha Oit. J{ns mopiBHsAHHA, B mmdpi AES Bukonyethes 3,7 - 4
omeparii Ha 1 OIT (3aJeKHO BiJ PO3PATHOCTI Kioua) [6], a B
ummpi Serpent — 4,1 oneparii [7].

IV. BHCHOBKU

3anpornoHoBaHuii MeTo MM(PYBaHHS BiIPI3HAETHCS Bij
BIZIOMHX THM, IO BHKOPHCTOBYIOTHCSI NEPECTAHOBKU OailTiB
ycboro (aiiay, a IMiJACTAaHOBKH pEai3ylOThCS MUISXOM
BUKOHAHHS NEPEeTBOPEHb YOIIa 3MiHHOI PO3MIPHOCTI IS
JAHUX 3MiHHOI po3psaHOCTi. Bee e 3abe3nedye mminBHIICHHS
OIBUAKOCTI IMU(PpPYBaHHA B TOHAA 3 pa3d IMOPIBHAHO 3
HaltnommperimmM mudpom AES.
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CumerpuuHoro Berisier-IlepeTBopeHHs

Aptem I3maitnoB

Kagenpa KOMI'IOTEPHUX HayK Ta iHQOpMaLitHUX cHCTEM
[MpukapnarchbKuii HAIIOHAILHUN YHIBEPCUTET
IBano-®pankiBChK, YKpaiHa
artem.v.izmailov@gmail.com

Digital Information Processing Based on the Discrete
Symmetric Ternary Wavelet Transform
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Anomauyia—3pilicHeHo OUiHKY eQeKTHBHOCTI 3aCTOCYBaHHS
JUCKPETHOr0 TPiiKOBOI0 CUMETPUYHOIO BeliBJeT-NepeTBOPEHHs
IJ1s yiiaibHeHHs1 1anux. Ha ocHoBi kpuTepiro Mminimymy eHTpomii
AeTATI3YI0YHX KoediuieHTiB JHCKPETHOr 0 BeiiBJIeT-
MepeTBOPeHHsI Ta TecToBOi mociigoBHocti Matlab leleccum
J0BeleHa IepeBara  3alpONOHOBAHOTO  MEPeTBOPEHHA Y
NOPiBHSIHHI 3 ICHYIOUHMH.

Abstract—Application efficiency of the discrete symmetric
ternary wavelet transform for data compaction is estimated.
The advantage of the proposed transform over the existing ones is
proved based on the criterion of entropy minimum of the detail
coefficients of the discrete wavelet transform and the Matlab
leleccum test sequence.

Knwuosi cnosa—uugposa obpoodka ingpopmauii; ouckpemue
eeiigiiem-nepemeopenns; mpiikoei cumempuuni QynKuyii

Keywords—digital information processing; discrete wavelet
transform; symmetric ternary functions

l. Bcerynn

Po3BuTOK pi3HMX ramy3eil BAPOOHUIITBA CIIPHYHHUB TIOSIBY
HOBUX 3aJad, Ui pO3B’si3aHHS  SKUX  3aCTOCOBYIOThH
KOMIT OTepU30BaHi BUPOOHMYI cHcTeMH. IX (yHKIIOHYBaHHSA
oB’si3aHe 3 00poOKOI0 MUGPOBHX NaHUX, sKa 3a0e3ledcHa
3aCTOCYBaHHSIM METOZIB Ta 3aco0iB 1udpoBoi 00poOKM
indopmanii (L{OI), 30KpeMa, TIUCKPETHUX BEUBIIET-
neperBopens (JIBIT) [1-4].

AxrtyanpauM 3aaaHHsM [[Ol e ymiineHeHHS maHUX UIS
3MEHIIEeHHS 00cATy maM’siTi HeoOXimHOro st ix 30epiraHHs,
0co0NMBO, y BUMAOKy BUPOOHWYOTO OONagHAHHS, SKE 3a
XapaKTepUCTHKaMK OJiM3bKe 10 MOOUTBHHUX TpHucTpois [1, 3].
[Ipu po3B’s3aHHI IHOTO 3aBHaHHA 3a momomororo [IBII
30epiraloTb He cami AaHi, a KOe(il[leHTH IIepEeTBOPEHHS,
YacTHHA 3 SKAX pIiBHI HYmI0 abo Omm3bki g0 Hyms. Taxi
KOe(illieHTH BiJKUAAIOTh, a MPH BiJHOBJICHHI JTaHUX —
3aMiHIOIOTh HyJsiMu [1-4].

AmHai3 ocTaHHIX JOCIHiKeHb BKazye Ha Te, mo JIBII Ha
OCHOBI TpilikoBUX cuMeTpudHuX QyHKIiH (TCD) panime He
3aCTOCOBYBAJIMCH JJIsl PO3B’SI3aHHsI 33/1a4 YIIIJIbHEHHS JaHHX,
He3Bakarouu Ha psij BiactuBocted TC®, ski BKasyloTh Ha
MEPCIICKTUBHICTE PO3BIMOK y 1bOMY Hampsmi [2, 4, 5]. Lum
3YMOBJICHA aKTyaJIbHICTh aHaJIi3y epEeKTUBHOCTI 3aCTOCYBaHHS
JIUCKPETHOTO TPIHKOBOTO CHUMETPUYHOTO BEUBIIET-
neperBoperras (JTCBII) ams po3p’si3aHHS 3aaHOTO KIIACY
3azad.

Merol0  JOCHIDKEHHST €  OLiHKa  e(eKTHBHOCTI
3acrocyBanHs JJTCBII s yniineHeHHS JaHUX, OTPUMAaHHUX Ha
OCHOBI aHaJli3y MMOKa3HUKIB BHPOOHUYMX IPOIIECIB.

HaykoBa HOBH3HA OTPUMAaHHMX pPE3yJbTATIB IMOJSITaE B
yeminmHii oniHmi edextuBHOcTi 3actocyBanHs JTCBIT s
YIIUTBHEHHS JaHWX, OTPUMaHHUX Ha OCHOBI aHaIIi3y MMOKa3HUKIB
BUPOOHMYMX TIPOLIECIB, IO BKA3aJI0 HA MCPCHCKTHBHICTH
pO3poOKK Ta BIPOBaLKEHHs BimnmoBimHumx 3aco6iB 11Ol y
BUPOOHUYHX TIPOIIECaX.
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Il. OCHOBHA YACTHMHA

VYeci IBII moGynoBaHi TAKMM YHHOM, III0 BOHH YTBOPIOIOTH
JB1 rpynu Koe]iLi€eHTIB: aNpPOKCUMYIOUi Ta
neramisyroudi [2, 3,6]. YV ampokcumyroumx  KoedirieHTax
30epiraeThbcs 3arajibHa iHGopMallis Ipo MOCHiJOBHICTh TaHHX,
HampUKJIan, TpPEHA, TOMY, BOHH 31eOiTpIIOTO HE €
HyJbOBUMH [2, 3, 6].  [eramizyroui KoedillieHTH MiCTATh
iH(pOpMaLio PO HIOAHCH OKPEMHUX 00JacTeil MOCIiTOBHOCTI
JIaHUX, HATIPHUKJIAJ], BEIMUYUHN BIIXWICHb Bil TPEHAY, a TOMY,
cepell HHX YacTo 3yCTpidaroTbcsd ONM3BKI 70  HYINA
3HaueHHs [2, 3, 6]. BigmoBimHo, I8 yHIUIBHEHHS JaHUX,
31e01IBIIoro, BinOyBa€eThCS BIIKAIAHHS CaMe AETaNi3yIOUHX
koedimientiB JABII, mo He mpU3BOINTH IO ICTOTHUX 3HAYEHBb
MOXHOKY BiIHOBJIEHHS nanHux [3, 6].

Jns ouminku epextuBHOCTI 3actocyBanus [IBII y 3amauax
YIIUIBHEHHs JaHUX Ta OIiHKK 3aaTHocTi JIBII koHIeHTpyBaTH
iHpOpMarito y ATPOKCUMYIOUIHX KoedimieHTax
BUKOPHCTOBYIOTh KPUTEPiil MiHIMyMY €HTPOMIi JIeTani3yrounx
koedimientis ABII [3, 7]

_2 d_Z
—log, (), M
Y

j=1

H=—

(

N
=1

™Mz o

Il
5N

ne N — 3aranpHa KUTBKICTB IeTali3yIounX Koe]imieHTiB Mo BCiX
piBasx BII, di — i-uif ujgeH MOCTIJOBHOCTI AETATI3YIOYHX
koediuieHTiB Beix piBHIB BII.

Jani Bubipku Matlab leleccum BrimrouaroTs B cebe peaibHi
JlaHi  TpO  CIOKUBAHHS  €JIEKTPUYHOTO  CTPyMy,  SKi
BUMIpIOBAIIKCA OpOTAroM Tpbox jaHiB [6]. LliHHicTh 1BOTO
Ha0Opy JaHUX TMOJSra€ y HasBHOMY IIyMi, SKUH BHHHK
BHACIHIZIOK TIPOsBY AedekTy OONaJHAHHS IJISI MOHITOPHHTY
y mporieci BuMiproBans [6]. Ha pucynky | HaBemeno rpadik
bOr0 HAOOPY JAaHUX.
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Puc. 1. T'padik tecroBoro Habopy nanmx Matlab leleccum

BigmoBinHO,  pe3ysnbTaTH, ~ OTpUMaHi Ha  OCHOBI
kpurepito (1) s BeiiBner-koediuientis JIBII, obuncnennx
I TeCTOBOI MOCIiZoBHOCTI leleccum, mo3BONAIOTE OLHUTH
smatHicts JIBI1 1o ymiiibHEHHS NaHWX, JDKEPEIOM SKUX €
o0naiHaHHs y peajbHUX YMOBaxX BUPOOHHUIITBA, SIKUM BJIACTHBA
HasIBHICTb ITyMiB. Ha pucyHky 2 HaBeneHi rpadiky 3aesKHOCTI
3HAYCHHS €HTPOMIi AETaNi3yl0unX KOe(iIlieHTiB Bi KiTBKOCTI
pieuiB ATCBII (ST), ABII Xaapa (Haar), ABII Jo6emi 2-ro,
3-ro ta 4-ro mopsukis (db2, db3, db4) ra GioproroHambHHX
JBII 3 mapamerpamu 1.3, 2.2 ta 3.7 (biorl.3, bior2.2, bior3.7).

10
=
-
s 8 i ST
g A++ Haar
S 6
= ees(es db2
= s
z «s¥s+ db3
5 4
c db4
B 3
g 5 biorl.3
=
5 1 bior2.2
2 :
o 0 bior3.7

1 2 3 4 5 6 7 8 9 10
KinbKicTb pigHiBE NepeTEOPEHHA

Puc. 2. T'paciku 3aneKHOCTI 3HAUSHHS EHTPOMIi JeTai3ylounx KoedimieHTiB
BiJ KinbKoCTi piBHiB JIBII

I3 orpumanmx rpadikiB (puc.2) BHUIDIHBaE, IO
MiHIMAJILHOIO CHTPOMIE0 ACTANI3YI0YNX KOC(DILIEHTIB cepen
nocmimrennx JIBII Bomoxie JTCBII. Lle Bkasye Ha Te, mo0 y
AIPOKCHMYIOUMX  KoedillieHTaX  I[bOr0  MEePETBOPEHHS
MICTHTBCS OlnbIne iHpopMaIlii mpo MOCTIIOBHICTE JaHUX, HIXK
y Bumaaky iHmmx JIBII, y 3B’sa3ky 3 ummMm, JAeTanisyroui
koedimientn JJTCBII gacrime OyayTs HaOyBaTH ONH3BKHUX IO
HYJIS 3Ha4YCHb (SKI MOXKHA BIIKUHYTH), HIX y BHNAJKY 1HIIUX

JIBIL.

BuUCHOBKU

PesynbraT  MPOBEACHUX  JOCHTIHKEHb CPEKTHBHOCTI
(puc. 2) 3acrocyBanus JIBII s yImimeHEHHS JaHWUX BKa3ald
Ha Bumy edekruBHicTh 3actocyBanHs JTCBIT s
pO3B’S3aHHSA TaKWX 3aj4a4, y MOpiBHAHHI 3 iHmmMu JIBII
y Mexax y 1,77-2,23 pasis. Lle migrBeppKye nepcreKTHBHICTh
MONANBIIAX TOCTIKeHb IoA0 cTBopeHHsa 3acobiB JTCBII
st LHOI y BupoOHUYMX mpoliecax.
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Anomauia. Y npaui po3risiHyTo MOKJIHBOCTI 3aCTOCYBaHHS
iHHOBAUIHUX CMapT-TeXHOJOrii 1J1s1 MiABUIIEHHS epeKTUBHOCTI
KpUMiHAJBHOIO  cygouMHcTBa.  JlocainkeHo  ocol/uBocTi
BIPOBAI)KEHHS] MPOTHO3HUX AJTOPHUTMIB IITYYHOrO iHTEJEKTY,
MeTO/JiB BHpPillleHHs cUTyauiii Ta NiITPMMKHU NPUIAHATTS pilieHb
B iH(opmaniiiHo-aHANITHYHY AiAIBHICTH OPraHiB KpUMiHAJIbHOT
ocruiii. [IpoBeseHo aHai3 OCHOBHUX ACHEKTiB BUKOPHCTAHHSA
iHCTpPYMeHTIB BeJMKHMX [JaHUX /Il po3Mi3HABaHHsA o00pa3iB.,

nependayeHHss  PU3MKIB  Ta  iHTeJEKTYaJbHOro0  aHAJi3y
indopmauii.
Abstract. Possibilities of application of information

technologies of artificial intelligence and big data for the increase
of efficiency of the criminal justice are considered in article. The
basic aspects of the use of artificial intelligence algorithms in
predictive policing, in particular risk-assessment algorithms based
on machine learning systems that estimate the likelihood of
recidivism for criminals, algorithms to definition of the convict
criminals and decide jail time, algorithm to predict where crime
will happen, artificial neural networks for distinguish criminals
from non-criminals, algorithmic assistance in judicial decision-
making in criminal justice are investigated. The analysis of
possibility of application of instruments of big data policing for
recognition of patterns, forecszting of risks and intellectual
analysis of information, in particular technology assisted review in
smart policing is conducted.

Knouogi cnosa: cmapm-mexnonozii; wmyunuit inmenexm; big
data; inmenexmyanvna disanvnicmos nPaeoOXOPOHHUX OP2aHiE.

Keywords: smart technology; artificial Intelligence; big data;
smart policing.

l. BCTYII

CyuacHi iHpopMauiiiHi TexHoJorii Ta jaaHi, CTBOpEHi
CMapT-TIPUCTPOSIMU, TIOCTYIOBO TMEPETBOPIOIOTH HAIl CBIT Ha
posymuuii. ltyunuii intenexr (1), Benuxi nani (big data),
InTepner Peueii, CMapT-MicTa, JUJKUTATI3alis,
aBTOMaTHu3alis, poOOTH3aLlisl Ta HAHOTEXHOJIOTI CTBOPIOIOTH
HOBl1 3arpo3u, fKi OyIyThb IIOCHJIIOBAaTHCS B CY4aCHOMY
uuppoBoMy cycminbcTBi. Y Haiibmmkui poku LI ta big data
NPOJOBXKATh CIPUATH EKOHOMIYHOMY 3POCTAaHHIO i CTaHYTh

BOXJIMBHM IHCTPYMEHTOM Y TaKHX Tally3siX, SK OXOpOHA
HaBKOJIMIIHBOTO  CEPEIOBHINA, EKOHOMiKa,  TPaHCIIOPT,
HaJaHHSA IOCIYT, MEIUIUHA, BilficbKoBa cdepa, HaliOHaJIbHA
Oesreka Ta KpUMiHaIbHE NpaBOCYAs. Po3yMHI mpucTpoi €
Bpa3MBUMH 10 Kibeparak, TOMY ChOTOJHI CIIOCTEPIraeThCs
TEHJEHLIs 10 30UIbIIEHHS 3J0YHMHIB, IIOB’S3aHHX 3
KiOepnpocTopoM, 110 CYTTEBO BIUIMBAaE Ha Oesmeky. Jlis
TIOIEPEIKEHHS Ta PO3KPUTTS TAKUX 3JI0YMHIB MPABOOXOPOHHI
OpraHd MalOyTHBOTO TIOBHHHI OyTH OpIEHTOBaHUMHU Ha
indopmariiiHi TexHoJOTIT Ta HAayKy 1po AaHi (data science), o
HaJaloTh  IHHOBAaliifHI  MOXJMBOCTI  JJs  aHaJITUYHO-
iHpOpManiHOT AisTEHOCTI OpraHiB MPaBOMOPSAKY.

Il. IITYYHWIT IHTEJIEKT TA BEJIVKI JAHI B IHTEJIEKTY AJIbHI
JIIBHOCTI OPT AHIB KPUMIHAJIBHOT FOCTULIIT

HITygsuii iHTEIEKT MPOHH3aB MaiKe KOXXEH acleKkT
HAIIOIO JKUTTA. BiH MOXe CTaTH €IUHOI HaWOUIbII
PYHHIBHOIO TEXHOJIOTi€I0, sKy IM00ayuB CBIT 3 YaciB
TIPOMHCIIOBOT peBoIMIOLii. MaIIMHHI TIPOTHO3M HE 3aBXIH € Ha
100% TouHMMHU. AJie BapTICTh MOMMIIOK Pi3KO 3pOCTAE, KON
LI peanizoBaHWi y 3aBAAHHAX 3 HaJTO BUCOKUMH CTAaBKaMH,
TaKUMH SIK )KUTTS Ta cBOOoma mroaei. OMHAaK MPOTHOCTUYHE
npaBocy/isl icHye Bxe cborofui. Anropurmu LI Bee wacrinre
3aCTOCOBYIOTH Y  KPUMIHQIBHOMY  CYJOYMHCTBI  JUIs
MIPOTHO3YBaHHS ~ MOJMJIMBUX  3JI0YMHIB Ta  OI[IHIOBAaHHA
HMOBIPHOCTI IX PeUNANBIB, Y CyAax MpH IPU3HAUCHHI 3aCTaBU
YM TIOKapaHHS 3a BUPOKOM, BCTaHOBJICHHI BHHHM 4YH
HeBUHYBATOCTIi. [I[paBOOXOpOHHI OpraHu PO3BUHEHHX KpaiH Bce
YacTille BUKOPUCTOBYIOTh Y CBOIH aHaJIiTUKO-IIPOIHOCTHYHIN
JOiSUTBHOCTI  METOJIM TIPOCIIEKTHBHOTO  KapTorpadyBaHHS
3JI0YMHIB, TepeadadeHHss HMOBIPHUX HPaBOMNOPYIIHMKIB 1
JKEPTB 3J0YHMHY, NMPOTHO3YBAHHS IJEHTUYHOCTI BHHYBATIIiB.
BukopucranHs anropuTMiB  MalmIMHHOTO HAaBYaHHS  JUIs
MATPAMKH IPURHATTS PIlIeHb Y KPUMiHAJIBHOMY CYJOYHHCTBI
MOXe OyTH HaJI3BHYalHO KOPHUCHUM Uil CyJIOBOi CHCTEMH
sarasioM. OnHicro 3 HanOUIpI BaxkimBuX Moxkiausocrei LI e
Te, 10 HOTO AJITOPUTMHU MOXKHa €(pEKTUBHO BUKOPUCTOBYBATH
JUISL OL[IHIOBAaHHSA Ta 3MEHINEHHS KiJTBKOCTI HECIPaBEIIMBUX
BUpOKiB [1].
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IHTenekTyanbHa [isJIbHICTP HPABOOXOPOHHHX OpraHiB
(smart policing) — me cTpareriunmit maXin, KW MOJIATAE B
e(pCKTHBHOMY BUKOPHCTaHHI JAHUX Ta aHATITHKH, ITiJBUIICHHI
e(heKTHBHOCTI, BIPOBAKEHHI iHHOBAIIH 3 METOIO 3MCHIIICHHS
PiBHS 3JIOYMHHOCTI Ta BJOCKOHAJICHHS JOKa30BOi 6asu [2].
[IpaBoOXOpOHHI BiOMCTBAa BCE YAaCTillle BUKOPHCTOBYIOTH
mepenoBi TEXHOJOrii it OopoThOM 31 3JIIOYMHHICTIO,
BKITIOYAalOYN OIOMETPHUKY, aymiONPOCIyXOBYBAaHHS 1 HaBiTh
BipTyaibHy peanbHicTh. OZHUM 13 HaHOLIBII CynepewInBUX
iHctpymenrtie  IIII € BHKOpPHCTaHHI  NPOTHOCTHYHHUX
NIrOpuTMIB Y  AisuTbHOCTI  mpaBooxopoHuiB  (predictive
policing). Ie iHCTpyMEHT iHTEIEKTYaIBHOT TisSUTBHOCTI OpraHiB
KpUMiHaJIbHO! IOCTUIII, SIKUH 3aCTOCOBYE aurOPUTM JUIs
nepenOavdeHHsT Miclsi MaiOyTHROTO 3J0YHHY. AJNTOPHTM
(opMye TPOrHO3HI KapTu “rapsuux Toyok” (“hot spot”), 3a
SIKUMH TIPOBOJIATH MaTpyiMoBaHHA. EQEeKTUBHICTH anropurmy
OLIIHIOIOTH 3a pe3yJibTaTaMu 3/iiCHeHUX apemTis [3].

OpHuM i3 oOCTaHHIX ycmimHMX 3actocyBans I 'y
KpPHUMiHAJILHOMY CYIOYHMHCTBI € INTYYHa HEHWPOHHa Mepeixa,
sKa MOXe 1meHTH(IKyBaTH 3JI0YMHINB 32 crenudiyHuMU
pucamMu oOIMYYs (KyTOM MK KIHUMKOM HOCAa Ta KyTOYKAMHU
poTa, KpPUBHM3HOKI BEpXHbOi TyOM Ta BIJCTAaHHIO MiX
BHYTPILIHIMH KYyTOYKaMH 04Yeil). ANTOPUTM MPOJIEMOHCTPYBaB
90-BiICOTKYBY TO4YHICTh pe3yibTariB. CHcrema 37aTHa
imeHTH]iKyBaTH 0CO0Y Ha NBOX CBITIHMHAX, 3HATHX 3 Pi3HHUX
paKypciB Ta 3 pi3HUM OCBITICHHM. SIK 132 IHTOHAIIi€I0 roNocy,
IOl moke 3HAWTH TPUXOBaHI €MOLII Ha CBITIMHAX 3
HEWTpaJbHUM BUPa30M OOJINYYS, HAPHUKIIAJ JIETKY HOCMILIKY
Ha (ororpadisix ocib, He MOB’sA3aHUX 13 KpuMiHaioMm [4].

IIpaBOOXOpPOHHI OpraHM BCE YACTIIIE 3aCTOCOBYHOTH
AQHATITUKY BEJIMKUX JaHWX [UI CTEXEHHS, DPO3IMi3HaBaHHS
00paziB Ta momyky iHpopmamii y comianbHux Mepexax. Lli
TEXHOJIOTIi BUKOPHUCTOBYIOTh SIK 1HCTPYMEHT, IO HAJIa€
JIOTIOMOT'Y TIPaBOOXOPOHISIM MPH BU3HAYEHHI 3aCY/XKEHUX 3
HU3BKMM DPH3MKOM pPELUIMBI3MY 3 METOI0 BCTaHOBJICHHS
MOXJIMBOCTI 1X TOCTPOKOBOTO 3BiJIbHEHHs. Ajropurmu big
data rpyHTyioThCS Ha mepeabayeHHi HMOBIPHOCTI BUMHEHHS
MiICYITHAM  3JI0YMHY y MaiiOyTHhOMY 1 NpU3HA4YeHi [uIst
iHpOpPMYBaHHS CyIMiB MpPO PEKOMEHIOBAaHY TPHUBAIICTh
BHUpoKy. OOunciroBasibHA CHCTEMa BHUKOPUCTOBYE CTaTHYHI
(dakTOpH PU3UKY, TaKi K BiK IIPH MEPIIOMY apelTi, CTaTh abo
paca y NO€IHaHHI 3 IMHAMIYHUMH (AaKTOpaMHU PU3HUKY, TAKUMHU
SIK CIMEWHUI CTaH, CTaTyc 3aiHATOCTI Ta PiBeHb OCBITH, AJIS
BU3HAYCHHS TMOPIBHJIBHOTO MOKa3HMKA PU3UKY Ha OCHOBI
JTAaHUX ~TIOTIEpEeIHIX TpaBoMopymHUKIB. Taki mporpamu
CIOYaTKy MaJIi Ha METi Ha/laBaTu iH)OPMAIIO JUISl YXBaJICHHS
MICJIACYIOBUX PIllIeHb, HAPUKIAA MiJCTaBU U MOXKIHBOTO
YMOBHO-JIOCTPOKOBOTO  3BiIbHCHHA. [li3HimIe anropuTMu
BEJNIMKUX JaHUX MOYalyd 3aCTOCOBYBATH 1 ISl HIATPUMKH
NPUHHATTS PilIeHb JOCYAOBOTO DO3IISAY, HAPUKIAA IPU
BH3HAYEHHI CYMU 3aCTaBH Y¥ TPUBAIOCTI BUPOKY. OHAK iCHYE
BeJlMKa HeOe3neka OTPUMAaHHS HEKOPEKTHHX pe3yJbTaTiB
BUKOPHCTAaHHS QITOPUTMIB BEJHMKHAX JIAHUX Yy CHCTEMI
KpUMIHAJBHOT FOCTHIII Yepe3 BiJCYTHICTh  IUIKOBHUTOI

00’€KTMBHOCTI ~ Ha0oOpiB  JaHUX Ta  YHEpeIKEHICTh
KOIIMIOTEPHOI CHCTEMH [0 IIEBHHX BEPCTB HACEJCHHS,
30KpeMa TeMHOIIKIpux [5].

[[Iupokoro 3acToCyBaHHS Y KpPUMIHAJIHHOMY CYIOYMHCTBI
HaOyJIM CTAaTUCTHYHI IiAX0AH Ta iHpOpMaLiiiHI TEXHOJIOTI 115
aHaJi3y JOKa3iB Ta OIiHKHY iX BiIMOBITHOCTI IO PO3CIIiTyBaHHS,
CYJIOBOTO TPOIIECY, JOTPUMAHHS HOPM TOINO. TEeXHONIOTIYHHUI
ormsin (Technology assisted review, TAR) — 1ie TepMiH, sKuit
OXOIUTIOE 0araTo pi3HMX acHeKTiB MAalIMHHOTO YWTaHHS,
BKJIIOYAIOYN aHAIITHKY Ta MPOTHO3HEe KoxyBauHs (predictive
coding) mns knacudikamii TOKyMEHTiB. 3a  OLIHKaMH
aHamiTHKIB 3acTocyBaHHA TAR Moxe 3a6e3neuntn 50-kpaTHy
€KOHOMII0 BHUTpaT MOPIBHAHO 3 TpaJULiIHHUM aHaJi30M
nokymentiB  [6]. Il TexHomoTiA € e(QEKTUBHOI MpH
(opMyBaHHI 10Ka30BOi 0a3u Il OOIPYHTOBAHOTO BHPIIICHHS
KPUMIHaJIbHOTO TPOBA/PKEHHS Ta TIPOBEACHHI aHAIITHKA
JOCYIOBHX PillICHB.

I1l. BUCHOBKH

CydJacHI aJTOPHTMHU IUTYYHOTO IHTENCKTY BXKE CHOTOIHI
BUKOHYIOTh OCHOBHI IOpDHJHMYHI 3aBJaHHS e(EeKTHBHIIE Ta
IIBHIIE, HiXK BHCOKOKBaIi(pikoBaHiI MpaBHUKK. BoHm 31aTHi
HAJaTH HAAiIHYy WIATPUMKY TPH TPUHHATTI pIOICHb Y
KpUMiHaJIbHOMY cyno4uHCTBi. Texnoiorii big data narote
MOJJIMBICTB CIIIYNM, €KCIIepTaM-KpUMIHAJIICTaM Ta OpraHaM
CyI0BOI Biamu e(PEKTHBHO aHAi3yBaTH CKIIAJAHI MAaCHUBHU
iHpopMamii BETUKUX 0OCATIB y MIBUAKO MIHJIMBOMY OHJIAITH-
cepeloBHILli. 3aCTOCYBaHHS HAYKOBHX JIOCSITHEHb Y JisUTbHOCTI
NPaBOOXOPOHUX OPraHiB € HEOOXiTHUM y Cy4acHOMY cCMapT-
cBiTi. 3abe3meunTH Oe3MeKy Ta 3aXUCT MpaB 1 CBOOOIX
OU(pPOBOTO  CYCHIIBCTBA, IO JKHBE Y CMapT-MicTax,
KOPHCTYETBCSL ~ PO3yMHHMH  OYAMHKaMH,  aBTOHOMHHM
TPAHCIIOPTOM 1 aBTOMATH30BaHOIO C(HEpOI0 MOCIYT, MOXKYTh
JIMIIE TPaBOOXOPOHHI OpraHu, I10 BUKOPHUCTOBYIOTH CY4YacHi
CMapT-TEXHOJIOTII.
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Abstract—A synergetic model of the non-crystalline solids is
proposed and substantiated, which takes into account the
formation of a spectrum of possible spatial-temporal levels of
structuring at different stages of obtaining, the influence of
external factors (electromagnetic radiation, change velocity of
temperature, bio-exchange with the environment). It has been
shown that the integrity of the formation of a non-crystalline
state can be taken into account by applying a synergetic
approach within the theory of self-organized structures and
allows one to determine directly the method of formation in
combination with the conditions of obtaining. The dependence
of the lifetime and period of self-organized structures on the
cooling velocity and synthesis temperature is investigated. In
particular, it was found that the period of structuring for self-
organized systems of non-crystalline materials correlates with
micro-, nanosizes of medium order. The nature of the
bifurcation transition to a non-crystalline state in the
framework of the theory of neural networks with Hebb’s and
Kohonen’s algorithms is revealed. The following issues also
analyzed: forecasting of materials for artificial intelligence and
synergetic approach to their development; study of the ordered
levels (scales of spatial ordering, spatial-temporal ordering, and
time intervals of instabilities) and their application in cyber
systems. The fractality of the lifetime for self-organized
structures is established and investigated, which is essential for
the implementation of hypersensibility in information
processing systems on their basis. Shown is the possibility of the
implementation obtained results on the study of physical
processes in the non-crystalline solids also at investigation of
structuring and integrity of the information systems.

Vxkropon, Ykpaina
nataliya.yurkovych@uzhnu.edu.ua

Anomauyia—3anponoHoBaHa Ta 00IrpyHTOBaHA
CHHepreTHYHa MoJedb HEKPUCTAJIYHHX TBepAHUX TiJ, sfKa
BpaxoBy€ (opMyBaHHsI CNEKTPY MOKJIUBHX HPOCTOPOBO-
4YyacoBMX PpiBHIB CTPYKTypyBaHHfI Ha Pi3HHX cCTajisx
oJep:KaHHS, BIUINB 30BHIlIHIX (paKTOPIiB (eJeKTPOMATHITHOIO
BHUIPOMiHIOBAHHSA, IIBUAKOCTI 3MiHM TeMnepaTypu, 06i000miH 3
HaBKOJMIIHIM cepenoBuieM). Iloka3ano, mo uijgicHicTbh
YTBOpPEHHSI HEKPHCTAJIIYHOIO CTaHy MOKe OyTH BpaxoBaHa i3
3aCTOCYBAHHSAIM CHHEPreTHYHOIO MiAX0Ay B paMKax Teopii
CaMOOPraHi3oBaHUX CTPYKTYp i Aae 3mory Oe3mocepeaHbo
BH3HAYUTH cnocid ¢(opMyBaHHSI y NO€IHAHHI 3 yMoOBaMH
onep:xaHHs. JlocainkeHna 3ajeKHICTh dacy KATTS Ta Mepioxy
€aMOOPraHi30BaHNX CTPYKTYP BiJ IIBHIKOCTI OXOJIOIKEHHS Ta
TeMIepaTypu CHHTe3y. 30KpeMa BCTAHOBJIEHO, L0 Hepiox
CTPYKTYPYBaHHSI CAMOOPTaHI30BAHHX CHCTEM HEKPHCTATIYHHX
MartepiajiB Kopeyloe 3 MiKpo-, HAaHOPO3MipaMH cepeaHbOro
nopsiaky. Po3kpurto xapakrtep 6idypkamiiiHoro mepexony B
HEKPUCTATIYHUN CTAaH B paMKax Teopii HeH{POHHHX Mepex 3
anroputMamu Xe066a Ta Koxonena. IIpoanamizoBano Takox
HACTYIHI MUTAHHS: MPOrHO3YBAHHS MaTepiagiB AJs IITYYHOT0
iHTeJIeKTy Ta CHHepreTUYHMIA MiAXIA 10 IX po3po0KU; BUBYEHHS
PiBHIB ynopsiAkoBaHHs (IIKAJH NPOCTOPOBOI0 Ta IPOCTOPOBO-
4acoBoro BIOPSIAKYBaHHSI, YacoBHUX iHTepBamiB
HecTalinbHOCTI) Ta X 3acrocyBaHHs B Ki0epchucTemax.
BceraHoBieHO Ta JocTiTKkeHO (PAKTANBHICTE Yacy MKHTTS
€aMOOPraHi30BaHUX CTPYKTYP, II0 MA€ BAsKJIUBe 3HAUCHHS ISl
BIOPOBAIKEeHHs1 TilMepUyTJHBOCTI B CHCTeMax OOpPoOOKH
indgopmauii Ha ix ocHoBi. [loka3zana MoxkIMBicTH peanizamii
OTPUMAHHX Pe3yJIbTATIB 1010 BUBYeHHS (i3HYHUX MPoIeciB B
HEKPUCTATIYHMX  TijJax TakokK i mpm  JoCiaiKeHHi
CTPYKTYPYBaHHs Ta WinicHocTi iHdopmaniiinux cucrem.
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. INTRODUCTION

The non-crystalline materials and the self-organized
structures that formed in them have much in common with
information systems and technologies, complementing and
developing single shared information nature [1-3]. The
transition to micro-, nanodimensional levels cardinally
changes the structure of non-crystalline materials, the
processes of transfer and processing of information (this
refers primarily to the presence of self-organization processes
[2-4]), the fractality of the perception of information [5,6].
This indicates that information processes in non-crystalline
materials at the micro-, nano-, and subsequent spatial-
temporal levels contain new information that can cardinally
rebuild the wvery approach to information technology,
determine the nature of compatible, complementary
development through pathways without dissipative
functioning [3]. That is, what is available for self-organized
structures in non-crystalline and intelligent materials can not
only be practically used in smart things, in the development
of artificial intelligence, but also directly affect the perception
and awareness of information reality: the possibilities
development of new integrated programming environments,
processing and transmission systems of information. In this
article the following issues analyzed: forecasting of materials
for artificial intelligence and synergetic approach to their
development; study of the ordered levels (scales of spatial
ordering, spatial-temporal ordering, and time intervals of
instabilities) and their application in cyber systems.

Il. SELF-ORGANIZED STRUCTURES IN THE NON-
CRYSTALLINE SOLIDS AND THEIR MODELING

Existing model approaches to describing the structure of
non-crystalline solids and the transition to a non-crystalline
state consider either individual characteristic time scales of
their formation, or a separate group of properties and features
of the structure. With significant deviations of the system
from equilibrium and in external fields more than critical,
synergistic effects and the mechanism of transformation of
energy and information play a decisive role [5-8]. The
integrity of the formation of a non-crystalline state can be
taken into account with the use of a synergetic approach
within the framework of the theory of self-organized
structures, which makes it possible to determine the mode of
formation in conjunction with the technological conditions of
obtaining and to predict the possibilities of using information
technologies (Fig. 1).

The investigations of the influence of soft atomic
configurations ¢ on the dynamic stability of crystalline and
non-crystalline solids, the processes of self-organization and
branching of solutions for a self-consistent system of
equations in the transition to a non-crystalline state are
presented. The synergetic model of temperature behavior of
microscopic characteristics (mean square displacements
y, (D), Yy, (D), frequency of oscillations of atoms @,

force constant f) at small and significant deviations from the

state of equilibrium is developed, taking into account
branching solutions of self-consistent system of equations:

* Integrity of formation for a non-
crystalline state

+ Use synergetic approach

crystalline

state

* Within the framework of the theory of
self-organized structures

* The transformation mechanism of
energy and information

organized
structures

+ The method of formation in conjunction with
the technological conditions of obtaining

* Determine the directions of
information technology development

technology

Fig.1. Integrity of the non-crystalline state formation
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the parameters of model, 7y and T, are the relaxation times

2].

[ ]Gives an opportunity to investigate its stability under
various external control parameters  [6, 7]. Fig. 2, 3 shows
the results of calculating the temperature dependence of the
fraction of atoms in soft atomic configurations o and
reduced mean square displacements y,,y, :
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Fig.2. Temperature dependence of the fraction for atoms in soft
configurations O at different cooling velocity q (A - =0,

*-q=5-q,.=-9=21-q,).

Here are reduced to the interatomic distance a, in harmonic
approximation, the mean square displacements of atoms
along the bond D and perpendicular to it Df;

7=kgT /V, isareduced temperature ( Vis the energy of

bond dissociation); p+ _ Pay

Vav,
the region of dynamic stability of the crystalline state, ef is
the region of the loss of the dynamic stability of the
crystalline state, bc and de are the metastable states). As a
parameter of the order of the system, a fraction of atoms in
soft atomic configurations can be used, in combination with
the sizes of self-organized regions on the micro-, nanolevels
n, =o(r<<r,) It has been shown for the first time that

is the reduced pressure; ab is

configurations exist in a wide temperature region and can
play an essential role not only near the temperature of loss of

dynamic stability 7 and have a significant effect on the
behavior of the system at significant deviations from
equilibrium (Fig. 2, q >0, g, is a limit cooling velocity).

In the temperature range of the loss of dynamic stability, there
is a jump of reduced mean square displacements of atoms (in
the ab region we have y, ~0.3+0.5, y, ~0.2+0.3 and the

relative amplitudes of neighboring atoms displacements
’/Dlyzs-lo’%lo’z)' which is the result of a strong
a’ '

anharmonicity of atomic oscillations, the formation of the
configurations areas and the growth of their fraction at

T 7T, o(r,)~007) (Fig. 2, 3). At the same time, the
change is interatomic distance (r—ay ~102 Atz —>7, i
aO

insignificant, which indicates the preservation of the near-
order in the loss of dynamic stability. The transition

temperature 7,, is depends on pressure, increasing with
growth P" according to the ratio

7, (P") ~052(1+0.34P") ®)

Yi

15 71

0,5

Vi
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05 1

T T T T T T T

00 01 03 05 07 T
Fig. 3. Temperature dependence of the reduced mean square
Y, m - g=0.° - gq=05-q,.
*-q=0.°-q=54q, 4-qg=21q,)

displacements of atoms

and approximated to the melting curve of the real crystal.
Model ideas are presented on the formation of the self-
organized structure for non-crystalline solids as a method of
self-organization of the system, which is carried out in
accordance with the technological conditions of obtaining
and under the influence of external fields. Above the point of
loss of stability of a thermodynamically equilibrium state is
shown the existence of cooling velocities above the limiting

velocity . of a self-organized structure. It is established
that in a system which, when ¢ < g, it was uniformly stable,
with a cooling rate =, spontaneously generates own

scale of ordering L . The dependence of the lifetime 7,

and the period of self-organized structures LC on the cooling
velocity are studied. In particular, for non-crystalline
materials systems As-—S(Se) with characteristic values
q.=5-10°K/s, q=@15-10% =K /s period
L, ~ (1+10)nm and correlates with the size of the middle

order [3, 8]. The synergetic approach analyzes the common
features of the transition to non-crystalline state for
chalcogenide, oxide, metallic, and organic glasses, namely
the presence of self-organizing processes and the formation
of self-organized structures [2].
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I1l. FRACTALITY OF THE NON-CRYSTALLINE STATE AND
INFORMATION TECHNOLOGIES

The nature of the bifurcation process of transition to a
non-crystalline state in the framework of the theory of neural
networks with Hebb’s and Kohonen’s algorithms is revealed.
Considerable attention is paid to the study of self-organizing
models that model themselves, the algorithmic complexity of
the self-organized structure. It is shown that the self-
organization processes in non-crystalline materials, as well as
self-consistent allocation through the self-organizing
processes of order parameters, can be investigated using the
theory of neural networks with Hebb’s and Kohonen’s
algorithms (Fig. 4).

10° =g, 0.5
107 7,205
051527, 50.76
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{
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Fig. 4. Classes of fractal structuring for the non-crystalline solids

Structure of states according to experimental structural-
sensitive data of non-crystalline solids As,S, was revealed,

depending on the cooling rate, which allows determining the
spectrum of self-organized structures in the form of a fractal
structure. The fractal structure of the bifurcation process of
transition to the non-crystalline state and the functional
dependence of the structural-sensitive parameters f(g,) On

the reduced cooling rate g  inthe form f(§,)=q" where the
fractal dimension 4,6 =0631 Is established. This is

considered as one of the possible variants of the formation of
a fractal structure (Fig. 4, 5).
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Fig. 5. Self-organized structures in the non-crystalline solids

The performed studies and computer modeling show and
confirm the formation of the fractal structure for the non-
crystalline state. The paradox and peculiarity is that the
versatility of the structure and properties of non-crystalline
materials is given not statistically, randomly or partially, but,
conversely, account is taken of the totality and multiplicity of
the fractal structure itself [7-9]. This is a fundamentally
excellent approach to the formation of intelligent non-
crystalline materials: the features of structure and parameters
are not limite introduced from the outside, but are manifested
and determined through the formation of a fractal structure.
That is, these unique properties are self-sufficiently
discovered and provided by the fractal structure itself [3, 8].

CONCLUSIONS
Self-organized structures of the non-crystalline materials
have a hypersensitive that is related to their informational
nature and can be applied to the development of sensory
devices for information technology based on them [2-4]. The
results of the research of the information component of self-
organized structure show that the lifetime 7, owns a fractal

structure [10]. This indicated phenomenon defines and forms
an extremely unique feature of self-organized structures - is
the hypersensitivity. This is extremely important in the
development of nano- and intelligent materials of the
artificial intelligence [4, 7]. It is also relevant to apply the
principles of functioning of self-organized structures in the
development of software algorithms for cybersecurity
systems, artificial intelligence.
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Anomauia—Po3podjieH0 AJIrOpuTM NMOOYAOBH MACIITAOHHX
dyHKuiii 105 BeiiBieriB Ha ocHoBi Gynkuii [anya, mo gexars B
OCHOBi 0araroMacIITA0HOT0 aHadi3y i BHKOHAHHS BeWBJIET
nepersopeHb B nudposiii o6podui indonoroxis. Hapegeno
BJIACTHBOCTI OOy 10BaHOI0 (6a3ucy.

Abstract—An algorithm for constructing scaling functions for
wavelets based on the Galois functions is developed. These scaling
functions are the base of multiresolutional analysis and calculation
of wavelet transforms in digital signal processing. The properties
of the constructed orthogonal basis are given. Filters for the filter
form of wavelet transform are calculated.

Knrouoei cnoea—eeitenem, macwmadbna Qynxyin, cucmema
¢ynxyiic  Tanya, Oazamomacwmabnuuii  ananis,  eeieiem-
nepemeopenns, ginompu.

Keywords—wavelet, scaling function, Galois functions system,
multiresolutional analysis, wavelet transform, filters.

l. Bcerynn

BeiiBner-ananiz € ogHUM i3 PO3IUTIB MAaTEMAaTUKH, SIKUIA
aKTHBHO PO3BUBAETHCS 1 IIMPOKO BUKOPHUCTOBYETHCS B rajy3i
mudpoBoi  00poOkM Ta  3MEHIIEHHS  HAJUIMIIKOBOCTI
indopmaniiiaux notokis [1-3]. ligBuIeHHss BUMOT 10 SKOCTI
00poOKkM iH(OIOTOKIB 3yMOBIIIOE HEOOXiTHICTH CHHTE3Y
6asuciB eheKTHBHUX BEHBIIET-TIepeTBOPEHH [1-3].

Basucu BeiipneriB [1] OyayroThcs Ha OCHOBI BiANOBIAHHX
iM cucremM MacmrtabHuMX GYyHKIIA Ta OGiIeTpiB. OmHMM i3
IHCTPYMEHTIB 115 TOOYA0BH 0a3MCiB MacITaOHUX (YHKIIIH Ta
0a3uciB BelBIETIB € amapaT OararomacimrabHoro aHaimisy [1].
BaratomacmTabHuii aHanmi3 BKIIOYaE IMOOYAOBY CHCTEMH
IPOCTOPIB, B SIKMX O3HAYarOThCS MaciiTaOHI QyHKUii, 5K

ocHOBa aHamizy. Jlami BU3HAYaeThCs MATEPUHCHKHH a0o
HOPOJUKYIOUMI  BeiiBier dYepe3 MacmrTabHi ¢(yHKUii Ta
po3kianaeTscs (PyHKIA-MOAENb iHGOPMAIIHHOTO MOTOKY B
6asuci BeiiBieriB. KoedilieHTH po3kiagaHHs Ha3WBAOTHCS
¢ineTpamu. Ha  ocHOBI  OaraTomacmTaOHOTO — aHAII3y
peaiizyerscs GinbTpoBa GopMa BEHBICT-IIEPETBOPCHHS.

VY poborti [4] moOya0BaHO CHCTEMH BEUBJIETIB HA OCHOBI
¢ynxuiii [anya B anamituaniint Gopmi, BOXHOUAC HE TOCTATHLO
JOCIIKEHO OCHOBH (iBTPOBOI (hOPMHU MEepeTBOPEHHS. ToMmy
METOI0 JOCHI/DKeHb € T00yAOoBa CHCTEMH MacIITaOHHX
GyHKUIH BelBIETIB Ha OCHOBI NOPOKyIounX GyHKuii [anya

Ta oOYMciAeHHSA (UIBTPIB [UIsI MOXIMBOCTI  peai3ariil
OararoMacmTaOHOTO aHATi3Yy.
Il. OCHOBHA YACTHMHA

Cuctema BeliBner-pyHKuii Ha ocHoBi (Qynkuii Iamya
YTBOPIOETBCS MEPEHECEHHSIMU Ta MACIITAOHHUMH 3MiHAMH
onHiel (QYHKIIT — MaTepUHCHKOro BeiWBieTta. B sKocTi
MOPOJKYIOUOTr0 BeilBeTa BUKOPHCTOBYEThCS Mepiia (yHKIIsL
Tanya n-ro mopsnky Gal o(0), sxy Moxna yTBOpHTH i3
cucteMu (QyHKIiH Youma 3 peKypCHBHHM BIOPSIKYBAHHAM
[2], BusHauenux na intepani [0,M ), M =27, pe N

M
Galn(e):GalnD(G)=WaIEm(9)(2—n) ,

ae Ent(6)—byHKuis BUIUICHHS 1i101 YaCTHHH, HOMep (QyHKLIT

Youia B peKypCHUBHO BIOPSIKOBaHi cuctemi, N=2,34,....
Jnst oOumcneHHs BeWBJICT-IEPETBOPEHHST Y (UIBTPOBIH

dbopmi Ta  BUKOHaHHA OararoMacImTabOHOTO  aHAJI3Y
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BUKOPHCTOBYIOTbCS MacmTabHi QyHkuii. @yskuis ¢(0)

HAa3MBAETHCS MACIITa0HOKO [3], KO BOHA TOJAETHCS

®(0)=v2>g,¢(26-5),

seZ

2
aec gS 3a10BOJIBHAOTE YMOBY Z|gs| <00,
seZ

MacmrabHa (yHKOiSE A0S MaTepUHCHKOTO — BEHBIIETa

Gal,(0) [4]

(0)= 1, 0<t<l1,
"0, 1<t<m.

B ocHOBy GaraToMacmTaGHOrO aHamidy IIOKJIaJaeThCsl
no0yJoBa MHO>KHHH BKIIaJeHux npoctopis V, [1, 3].

[IponoHOBaHU#E  anropuT™m MacIITabHUX

(YHKIIIH MICTUTh HACTYIIHI €TaIlH.
1. I3 o¢yukuii ¢@(60)3a [AOMOMOro0 MITOYHCENBHUX

nepeHeceHs Ha b € Z yTBOproeThes cucteMa (QyHKIii

o0y 1oBH

Pop(0)=0(0-b).

IIpocTip, MOpPOMKECHUN  JHIHHUMH  KOMOIHAIISIMH

nepeHeceHuX QyHKIiH, mo3HauuMo V.
2. Bynyersca cuctema (yHkuii ¢,,(0), sxa yrsoproe

OpPTOHOpMOBaHUii 06asuc npocropy V,

¢15(8)=v2¢(20-b).
Dynxuis ¢(0) eV, € ninifiHOIO KOMOiHaIi€0 QYHKIIH i3 V,

1 1
0)=— 20)+—
(p( ) \/E(pLO( )+\/§

3. Tlpouec mnoOymoBu cucteM (yHKLIH, yTBOpEHUX
MaciiTadyBaHHsM 1 3cyBaMu QyHKIIH @(0), IPOTOBKYETHCS

¢1,(260-1).

Jutst 1oBUIBHOTO K € Z 1 GyayeThest OpTOHOPMOBaHA CHCTEMA

¢ (0)= V2“o(2"0-D).
4. MaroTh Miclle HACTYTHI BKJIaJI€HHS MHOKHUHH IIPOCTOPIiB
V, <V, cV, c..cV,.

5. Cuctema ¢,,(0) yTBOpIOE OpTOHOpMOBaHMIA Gasuc, i

MaTtepuHChKUH BedBier Gal (0) poskimamaeTses B TaHOMY
6asuci [4]:

2"*171

Gal,(8)=v2 > h,p(20-5), ()

ae h, — bineTpy cuctemu BeiBIIETIB.

3nmiicHeHO  pO3KJIamaHHS  MAaTePHHCHKUX  BEUBIICTIB
Gal, (@) B cucremax macmTabHMX (QyHKIiH Ta 004HCIEHO

3HadeHHs QinbTpiB N, g, . Hanpukmnan, HeHOpMOBaHi BeHBIeT-
oyuknii Gal,(0) i Gal,(0) poskmamatotses 3rizHo (1) B
cucteMi @(20) HaCTYIMHHM YHHOM

Gal,(0)=@(20)+p(20 —1)+ (26 —2) + (26 —3) —
~@(20—4)—(20-5)—(20-6)—p(20-7),
o(0)=(20)+¢(20-1).
Galy(0)=@(20)+ (20 —1)+ (26 —2) +p(20—3) —
+@(20-4)+p(20-5)— (206 )~ (207 )+
+@(20-8)+p(20—9)— (26 -10) — (26 —11) —
~@(20-12)—(20—-13)— (20 -14)— (20 -15).

Koedimientn h,,g, BiamoBigHux QineTpiB i GyHKIHT
Gal,(0) mopimrotots h, =1, h, =1, h,=1, h;=1,
h,=-1, h,=-1, hy=-1, h,=-1, g, =19, =1.

Koedimientn dinprpiB mus gpynknii Gal,(0) mopiBHIOIOTH
hy=1,h =1 h,=1 hy;=1, h,=1, h,=1 h, =-1,
h,=-1, hy=1, hy=1, h,=-1 h,=-1, h,=-1
h,=-1,h,=-1, h,=-1.

I1l. BUCHOBKU

TakuM uuHOM, mOOYZOBAaHO OPTOHOPMOBaHI Oa3ucu
MaciuTabHnX (QYHKINH BeliBieTiB Ha ocHOBI QyHKI# [anya,
obuucneno koeodiuientn ¢inprpis. [IpoBeneHi HoCiimKeHHS
O3BOJIIOTh 3MiMCHIOBATH OararoMacimiTaOHMM aHam3 Ta
BEIBIIET-TIEPETBOPEHHS iHpOpMaIIHHIX MOTOKIB B
PO3TIIHYTHX 6a3ucax B (UIBTPOBIiK (popMi, a TAKOK € OCHOBOIO
CHHTE3Y HOBHX CHUCTEM BEHBIIETIB.
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AHoTauis — podorta NPHCBSIYEHA JOOCJTiI2KEeHHI0
iMmIeMeHTamii MeTOoIiB TceB/oOHeAeTePMIHOBAHUX
KpunrorpadgiyHuX mepeTBOpPeHs AJs Te€XHOJIOTiii po3moaineHoro
peectpy. OcHOBHA yBara 3ocepe/keHa Ha NOKpalleHi 3aXHCTy
JaHUX, 10 30epiralThes B MeKaX CMapT-KOHTPAKTIB.

Abstract — This work is devoted to the research of of
pseudonendeterministic cryptographic transformation methods
implementation for distributed ledger technologies. The focus of
the research is set on security improving for data stored in a smart
contracts.

Knwuoei cnosa — Kpunmozpaghin, cmapm-Konmpaxm;
0710KYeliH, NCe8OOHe0em epMIHOBANH UL, ANZOPUMMIYHA CKIAOHICIMb

Keywords— cryptography; smart contracts; blockchain;

pseudonondeterministic; algorithm complexity.

l. Bcryn

Ines BUKOpHCTaHHA MPOTPAMHOTO KOIy SK apbiTpa mpu
yKJIaIaHHI yroj 3apouiiacs Harpukidmi XX cronitra. OaHoro
i3 3HaKoBUX pobiT € pobota H. Cabo [1], me BiH 3anmpomnonyBas
YKJIQIaTH €JIEKTPOHHI CaMOKepOBaHi KOHTPAKTH.
ITpuBabimBicTh AaHOI i€l TosATaE B TOMY, IO KEPYBAHHS 32
BUKOHAHHSAM KOHTPAKTIB Ta BHUPIMICHHAM KOHQJIKTHHUX
curyamii 3a0e3medyBaTHME Mepeka KOMITIOTEpiB, fAKa
NpaIOBATHME  BIMOBIAHO 10  IOTO/DKEHOTO  PaHIIIe
CTOpOHAMH aNropuTMy. Taka oprasizarisi yroj JI03BOJIUTH
3MEHIINTH BIUIMB JIIOJCHKOTO (hakTopy Ha BHpILICHHS
KOH(QIIKTHUX CHUTYyallild, 3amoOirTH 3JIOBXKMBAHHIM Ha T

Alina Ostapenko-Bozhenova

dept. of Information Protection
Vinnytsia National Technical University,
Vinnytsia, Ukraine
ostapenko-bozhenova_a_v@vntu.edu.ua

Pi3HOYNTAHbL TOJIOXKEHb YrOAi Ta JEMOTHUBYBATH CTOPOHH,
TIOPYIIYBaTH paHillie MOroKeHi yMoBH. OIHaK HA Yac BUXOIY
poGotu [1] Gy BifcyTHI TEXHIYHI MOKIIMBOCTI peaizarii iael
CMapT-KOHTPAKTIB.

Y 2008 pori Oyio MOKa3aHO SIK HA MPAKTHUI[ MOMKIHBO
peamizyBaTd  ieF0  CMapT-KOHTPAKTiB, 3aBISJKHA  MOSBi
TexHouorii OyiokueitH [2], a y 2013 poui miciisi CTBOpEHHs
npoekty Ethereum (Edipiym) [3, 4] cMapT-KOHTpaKkTH, X0ua i
3 JIeIKUMU OOMEKESHHSIMHU 11010 MAKCUMAaJIbHOT CKIIaTHOCTI TX
ANTOPUTMIB, 3MOTIIA OYTH peani30BaHUMH Ha TPAKTHIIL.

Haii0inpmuii  HOTEHI[an M0J0 MOLWIMPEHHS CcMapT-
KOHTPAaKTiB MarOTh YPSAOBI oOpraHizaiii, ki MOTpPeOYIOThH
MPO30POCTi CBOro PyHKIIIOHYBAHHS UM IIOB’sI3aHI 13 CEKTOPOM

KpUTHYHHX  iHbpacTpykTyp [5], a  Takok  cdepa
miAOpUEMHUIBKOT  gismbHOCTI  [6, 7], nme mepenbavaroTbes
po3paxyHKHM Ta Jii, 3yMmoBieHi IulaTtexxamu. [Ipore

BUKOPHUCTAaHHS ITyOJiYHOrO OJIOKYEHHY, A0 SIKOrO MaloTh
JIOCTYI BCi KOPHCTYBadi Mepexi, YHEMOKIIUBIIIOE 30epiraHHs
TaM KOH(IICHLIHHNX TaHUX, 1 K HACJTIJIOK, CYTTEBO OOMEKYE
HOro BUKOPHUCTaHHsI JUIS TNPHUBAaTHUX MIANPUEMCTB Ta
(binaHCOBOTO CcekTOpy. BomHOYac BHUKOPHCTaHHS NPHBATHUX
OokueiiHiB Mae 0arato 3acTepeXeHb, IIOB’S3aHHX 3 IX
npo3sopictio [7].

OcobOnuBicTh peaiizamii GYHKIIH y cMapT-KOHTpaKTax
6nokueiiny Ethereum naknagae s>xopcTki 0OMexKeHHs Ha 00csr
IaHUX Ta MBUIKICTH 1X MepemaBaHHs, [0 POOUTH TPaIMIIiIiHI
KpunrorpadiyHi aqropuTMH HEaICKBATHUMH  JIOCTYITHUM
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pecypcaMm.  BigmoBimHO,  BaXJIMBO  pO3pOOMTH  HOBI
kpunrorpadiydi MMepeTBOPEHHS, SKi BHMAaraTUMyTh MEHIIOT
KIIBKOCTI  BHKOPMCTOBYBAaHHX PECYpCiB  IpH  3aJaHHUX
MmokasHukax crifikocti. Came TOMy METOI  JaHOTO
IIOCIIIDKEHHS € MTOKPAIeHHs 3aXUCTy KOH(DIAEHIINHNX JaHHX,
o 30epiraroThcss B CMapT-KOHTPAKTaX, IUISIXOM PO3POOKH
HOBHX KPHUNITOTPa(idHIX IIEPETBOPEHE.

JIJis HOCSITHEHHST METH HEOOXIIHO PO3B’A3aTH TaKi 3a/1a4i:

e ananraris KOHIEII T
KpUNTOrpaivHUX  TEpPETBOPEHBb
OJIOKYEHH;

TICEBAOHEICTEPMIHOBAHIX
UId  TEXHOJIOTIT

e JoCHi/DKeHHsT 0a30BHX IEPETBOPEHb [UIS peaizamil
KOHIICTIIII] TICeBJOHEACTEPMIHOBAHNX IEPETBOPEHH HA
wiatdopmi Giokueiiny Ethereum;

e po3poOka METOIIB TICEBAOHEIETCPMIHOBAHIX
KpunTorpadidvHuX NepeTBOpeHb Uil MHU(pyBaHHS Ta
relIyBaHHs TaHHX;

e  JIOCIIIKEHHS BJIIACTHBOCTEHN IMIIIEMEHTA LT
PO3pOOICHUX METOMIB y CMapT-KOHTPAKTAX.

Il. AHAJII3 BA3OBUX OITEPALIII IS PEAJIIBALLII
IICEBJIOHEJIETEPMIHOBAHHNX KPUIITOI'PAG®IYHUX ITPUMITHBIB
YV CMAPT-KOHTPAKTAX

Bigmomi kpunrorpadiu"i  aaropurMu  nependadaroTh
BUKOPHMCTAHHS TEBHOI IOCIIZOBHOCTI OIepalliii, Mpu IEOMY
CTIHMKICTE 3a0€31e9y€eThCs THM, 110 3JJOBMHUCHHMKY HEBIIOMI BCi
a0o JeKUIbKa OIepaHdiB, AKI Ha3UBAIOTh KIIFOYeM. SKIIO
3JI0BMHUCHUKY He OyIyTh BifoMi ¥ cami omepaiiii, To BiH He
3MOJKE 3JIaMaTH aJrOPUTM METOJIOM, BIAMIHHHM Bijg rpy0oi
CHJIM TIOBHOTO Iepebopy, OCKIIBKH BHKOHATH KPHUIITOAHATI3

AITOPUTMY JUIA MOIIYKY BpaBHHBOCTCﬁ CTaHEC HEMOXXJIMBUM.

Oco0auBOCTI  Oprasizaifii TEXHOJOTIH PO3MOIIIEHOrO
PEECTPY YHEMOYKIIMBIIIOIOTE "3aKpUTTS" aJrOPUTMIB, OCKUIBKHA
0aiT-KOJ KOHTPAKTY € BIAKPHUTUM IS BCi€l TPOMAaaCHKOCTI i
IOPIBHSHO JIEFKO MOKE OYTH IEPETBOPEHHMII y CBIM OIHMC
MOBOIO BHCOKOro piBHs, Takoi sk Solidity [8], ska €
aJIcKBaTHOIO JJIS PO3YMIHHS Ta aHaji3y nporpamictamu. OTxe,
3po0OuTH  KpunTorpadiuyHe IMEPETBOPEHHS 3aKpUTHM Ha
TEXHOJIOTIT ~ CMapT-KOHTPAKTy —  HEMOXJIHUBO. ToMmy
aKTyaJIbHOIO 3aJauel0 € CTBOPEHHS TaKMX MaTeMaTHYHHX
MoJenel kpunTorpadiyHuX IEPETBOPEHD, SIKI 0 3aIUIIAI0YNCh
BIIKPUTHUMH JIJII TPOMAACHKOCTI, JO3BOJISIIA YHEMOXKIIMBHTH
nomryk "na3iBok" B co0i 3 00Ky KpUNTOaHAIITHKIB.

Jlns 1bOro MPOIOHYETHCS BHUKOPUCTOBYBATH KIIKOY, SIK
OCHOBY JUISl TEHEPYBAHHS aJIFOPUTMY KPHUITOTpadiuHOIrO
nepeTBOpeHHs. TakuM YMHOM, KOHKPETHE 3HAYCHHS KIIFO4a
BU3HAYATHUME peaizalfito KpuInTorpadiyHoro nepeTBOPEHHS, a
JUIL  PEINTH CTOPIH BHUKOHAHHS I[bOTO IIEPETBOPCHHS
BiZIOyBaTHMETHCS HegeTeEpMiHOBaHO [9].

Tomy HeoOXiZHO IoIepeIHbO BUKOHATH aHaIli3 BUMOT 10
0a30BHX omepariii, Ha OCHOBI SKHUX OyIyTh po3poOieHi
€JIEMEHTH KpUNTOrpadiqHUX MEPETBOPEHb.

Jus Toro, 100 BIAMNOBIZATH CyYacHUM BHMOTaM
MPUKIATHOTO 3aCTOCYBaHHS, Kpunrorpadidydi IPUMITHUBH,
MMOBUHHI IIBUJIKO BHKOHYBAaTHUCh Ha Cy4aCHOMY amapaTHOMY

3a0e3neyeHHi, To0T0O OyTH IMPUPOSHUMHM IS YHIBEPCAIBLHUX
mikpompouecopis [3, 8]. IlpupogHumMu omepamissMu s
VHIBEpCAJIBHUX MIKPOIPOIIECOPIB € Taki: [JOoJaBaHHS 3a
moayneM 2" (+); nomaBaHHA 3a MoxyleM 2 (XOr);
iHBepTyBaHHsA (~); Joriyde MHOXEHHS (A); JIOTi4HE
noxasanHg (Vv ); MUKIIYHUK 3CYB Ha u 0IiT mpaBopy4 (>>> u);
OpOCTHi 3CYB Ha u OiT mpaBopyd/diBopyd (>> u/ << u).
[Mpuaomy +, >>>u, >> 1/ << U € PericTpOBUMH OIIepaLliIMH.

I3 Bu3HaueHMX BHIIE OIEpamiii, Oa3yr4yuch Ha
ocobnmuBOCTAX peanmizamii Onoxueiiny Ethereum [3], moBu

mporpamyBanHs  Solidity [8] Tta amamisy BumMor o
KkpunrorpadGiyHux IEPETBOPECHD [10] IS
TICEBIOHEICTCPMIHOBAHUX  KPUNTOTpadidHAX  NPUMITHUBIB

Oyro oOpaHo Taki: XOr, ~, A, V Ta>>>u.

I1l. METOAU KPUIITOI' PA®IYHUX [TEPETBOPEHD

OCHOBHMMH HampsMaMH 3axucty 1Hdopwmarii mnpu
BHKOPHMCTAaHHI CMapT-KOHTPAaKTIB BU3HAYCHO
KOH(IIEHIIIHHICTh, aBTEHTHUYHICTh JaHUX 1 KOPHUCTYBadiB, a
TakoX JOBIpy crTopid. IIpu 1mbOMYy OCTaHHS BHMOTra
3a0e31eYy€eThCd  OCOOMMBOCTAMH  peaji3amii  IIPOTOKOJIB
KOHCEHCYCY Ta Ipouenyp Bepudikalil y TEXHOJIOrIT OJI0KUeitH
[2-4]. Bigblie Toro gaHa BJIACTHBICTE MOXKE OYTH IiICHIIEHA
BUKOPUCTAHHAM 1HIIUX MoJenel 3abe3neuenss nosipu [11] Ha
PIBHI BY3JIIB IIPH IIOJAIBIIOMY PO3BUTKY TEXHOJOTI OJOKYEHH.
Bignmosigno mepen kpunrorpad@idHUMH —IEPETBOPEHHIMM
MEPIIOYEPTOBO CTOITh 3amaya 3a0e3meueHHs
KOH(]iIEeHIIITHOCTI Ta aBTCHTHYHOCTI JJAHUX CMapT-KOHTPAKTY.

Jst  3abe3nedeHHs  TEPIIOi  MPOTOHYETHCS  METO
[ICEBJIOHECTEPMIHOBAHOIO MU(MPYBAaHHA, a IS OPYyroi —
METOI TICEBIOHEICTEPMIHOBAHOTO TEIIyBaHHS, MOOYAOBaHI Ha
OCHOBI omepariii, BU3HAYEHUX Yy IONEPEIHHOMY IIAPO3IIIL.
Meton mmbpyBaHHS NPEACTABICHUN Yy BHIJIAIAI BUKOHAHHS
TpbOX etamis [12]:

e cran (opMyBaHHS KIFOYOBOI iH(pOpMAIIT;

e cran (GOpMyBaHHS CTPYKTYpH OJIOKY;

e erar BUOOpPY BUY CTPYKTYPH NIEPETBOPEHHSI.
ETam ¢popmyBaHHs KIIt090BO1 iHQOpMAIIT:

® PpO3TOPTaHHA CEKPETHOTO BU/TIJICHHS

payHIOBUX KIIIOYiB;

KJIF04a Ta

e BHIUICHHS 3 PayHJOBOIO KITI0Ya BiIMOBITHOTO HaOOpy
03HaK (KUIBKICTH TMiNOJIOKIB; PO3PSOHICTH MiJ0JIOKY;
BHUJI CTPYKTYPH [IEPETBOPECHHS).

Etan ¢opmyBaHHS CTpyKTypH OJIOKY MOJISIra€ y po3OWTTi
BXizHOTO MoBigoMieHHs (M) Ha Giroku (Mj...M;), PO3MIp SKHUX
BU3HAYAETHCS O3HAKAMHU.

Etan Bubopy BHIY CTPYKTYpH IEPETBOPEHHS:

e repenoOYMCICHHS: MOOymoBa 0asW  aJIrOpHUTMIB
mmdpyBaHHA BiANOBITHO JO KIUTBKOCTI ITiIOJIOKIB:
¢dopmyBaHHs Habopy 0a30BHX omnepauiil; GOpMyBaHHS

MeXaHi3My KOMOiHyBaHHS 0a30BUX omepamii y
ITOPUTMU  IHU(PYBaHHS; TECTYBaHHS aJTrOPUTMIB
mudpyBaHHsa;  GopMmyBaHHA  0a3d  aIrOPUTMIB
nmdpyBaHHs;
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e BuUOip anroput™My mMUGPYBAHHS 32 03HAKOIO 13 0a3w.

MeTo nIceBIOHEACTEPMiIHOBAHOTO TEIIYBAaHHS Iepedayae
BHKOHAHHS TaKUX IIi:

e po30uTTa moBimOMICHHS M Ha OJIOKM OJHAKOBOI
JOBXHHH. SIKIO MOBXKHMHA TIOBIJIOMJICHHS HE KpaTHa

JIOBXKHUHI 10):9% JaHUX, TO IIOB1JOMIIEHHS
JIOTIOBHIOETLECSI  TICEBAOBUITIAIKOBOIO  ITOCIIJIOBHICTIO
OiTiB;

e BM3HAUCHHS BEKTOpA iHimiamizamii h, Ha OCHOBI KiIfoua

a00 TMCEBIOBUMANKOBUM YHHOM (3aJICKHO BiJ BUAY
TeITyBaHHS — KIIIOUOBE a00 O€3KIIF0Y0BE, BiAMOBIIHO);

e iteparuBHa 00OpoOKka OJOKIB HaHUX BiIOyBaeThca 3
BUKOPUCTAHHSAM OaraTOKaHAJIBHOTO TeuryBaHHS (3 (

KaHaJIaMH) 3a (GOPMYIIOIO:

hii) = (mi >>>ulmy) 4 p(litmeda) ui(j)(hl))@a
® (~ m, >>> um) gzl ahmoda) oo ui(j)(hz))@
® (mi S>> u(Im2)  pl(isa-2larahmeda) oy i(J)(hs))@

® (~ m, >>>u(m2) |, p(i+42ashmoda) oo ui“)(““)).

)

e (opMyBaHHA Tell-3HAYCHHSA HOBIJOMICHHS LULIXOM
KOHKaTeHallll BUXIJHUX Trell-3Ha4eHb, OTPUMAHUX Yy

h=h®1h |1 1o
3aBepICHHIO OCTaHHbOI |- iTeparil.

KO)KHOMY 3 KaHaJiB

BararokaHaipHICTH Yy  3aIpPOIIOHOBAaHOMY  METO.I
relyBaHHS HeoOXiZHA He CTUTBKH 3apaayd po3mapajielieHHs
o0uHCcIeHb, CKUIBKM 3apaad 3a0e3leyeHHs KpaTHOCTI
MPOMDKHHX 3MIHHHX KOMIpKaM IaM’siTi, 10 €KBiBaJeHTHI
CKJIQJIHOCTI anroputmy cmapT-kontpakty Ethereum — Tax
3BaHoro rasy [3, 8].

OCKITEKM  KOHCTPYKIlii 0ararokaHaJbHOTO TellyBaHHS
mependavaroTh HAsSBHICTH 3aTPUMKH V TIOIIMPEHHI BIUIMBY
KaHamiB oxuH Ha ogHoro [10, 13], 10 y MeTomax
IICEBOHEETEPMIHOBAHOTO HEOOXiTHO nependoavYnTu
JMOJATKOBI iTeparfii mas peaiizamii TOIIMPEHHS BILIHBY
MIPOMDKHHX Trell-3Ha4eHb, OTPHUMAaHHX IIciIsI O0OpOOKHM
OCTaHHBOT'O OJIOKY MOBiOMIICHHS M, Ha BCI 1HIII KaHAIH.

Ha mommpenHs BIIMBY KaHaliB OJWMH HAa OJHOTO
OTHOYACHO BIUTMBAIOTh IapaMeTPH KITBKOCTI 3aB’S3aHUX
KaHaJiB TelyBaHHS uepe3 (yHKUiIO ymiuibHeHHS K Ta
KIJTBKOCTI KaHaJliB TEIIyBaHHs, 3aB’s3aHUX dYepe3 (YHKIIO
¢opmyBaHHS BekTopa KepyBaHHI ¢. OTxe, KUIbKiCTh
iTepalii, Ha SIKy BiIOyBa€eThCs 3aTPHMKa Y ITOLIMPEHH] BIUIUBY
KaHaIiB OJWH Ha OAHOro BiamoBigHo (1), BU3HAYA€THCA 3a
TaKolo GopMyIIoI0:

g=t @)

V poborax [10, 13] oOrpyHTOBaHO, IO 30UILIIEHHS
HIBUKOCTI TeIyBAHHS TOCATAETHCS 3aB’SI3yBAaHHSIM KaHAJIIB 33
nmorioMororo  GyHKIii  GopMyBaHHS BEKTOpa KepyBaHHS.

BianoBigHo HaliBHUILY MBUAKICTE MpH (PIKCOBAHOMY 3HAYEHHI
3aTPMMKU B IOLIMPEHHI BIUIMBY KaHAB OJAHMH Ha OJIHOIO
MOJKHAQ JOCSITH, SKIIO 3BECTH [0 MIHIMyMYy 3Ha4Ye€HHS

napamMeTpa relnyBaHHA k 3a PaxyHOK 301/IbIIEHHS
napamerpa ¢ :
k—min ; 3)
(k-+¢)=const .

VmoBa (3) mopomKye 3MEHIIEHHS KiIbKOCTI BapiaHTIB
0araTokaHaJbHOIO KEPOBAHOIO I'ElIyBaHHS, SIKI MOXYTh OyTH
peani3oBaHi Ha TPAaKTHI, HE KaXydd IPO MOXKIUBICTH
ONTUMI3aIli]l IHUX MapaMeTpiB.

CaMe TOMy Ul TEIIYBaHHS B MEXKaX CMapT-KOHTPAaKTY,
napamMeTpH SIKOro He 3aJI0BOJILHAIOTH PO3TJISHYTY BUILE YMOBY
IIPOTIOHYETLCS OTPUMYBATH BEKTOP KEPYBAaHHS 00’ €qHAHHIM
3a JOIMOMOI'0K0 KOHKATeHAIlii IPOMIXKHHX I'eIll-3HAYCHb B OJIOKH
JIOBXHHOIO BEKTOpa KEpYBaHHA N, Ta iX Mo6GiTOBe M0JaBaHHS.

Taxum YHWHOM, SIKIIO BUKOHYETHCA YMOBA JUIA ACAKUX a, b eN

na_ ..
- ;
HCJl(a, ¢)=a; 4)
oy
=0

BinnoBigHo npononyeThest hyHKIisS GOPMYBaHHS BEKTOPa
KEPYBaHHSI, SIKE MOJISIra€ Y BAKOHAHHI TAKMX JTifi:

e 00’enHaHHs B OJIOKK apryMmeHTiB QyHKuil hopMyBaHHs
BEKTOpa KepyBaHHSA (IIPOMDKHUX TemI-3HAYCHb) 3a
JIOTIOMOTOI0 (a—l)- b xoukarenamiii;

® BUKOHaHHS XOI JUIsl OTPUMAaHHX OJIOKIB.

OCKUIBKM 3aIlpOIIOHOBaHI METOIM He IependadaroTh
HEMPUPOMHUX JJIsI OJIOKYeiHa ormepamidd, iX mnoporpamHa
peaiizalis MIOBMHHAA OYTH aJITOPUTMIYHO IIPOCTOIO.

IV. TEOPETHUYHI OLIIHKU LIBUAKOCTI PEAII3ALIII

omepamii €
aJTOPUTMIYHOT
OJIOKYEHHI

MEPETIKY
3MEHIIICHHS
MEPETBOPEHh B

BukopucrtanHs BHU3HAYEHOTO
HEOOXIJHOK YMOBOK IS
CKIagHOCTI TpH peaiizarii
Ethereum.

BuMiproBaHHs KIUJIBKOCTI Omepariii, sfKi BHKOHYIOTHCS
Ethereum Virtual Machine (EVM) [8] s peanizanii meronis
TellyBaHHs, TPOMOHYETHCS  BHKOHYBAaTH 3a  PaxyHOK
JMYUIbHUKA OIepaliii BHKOHAHUX IporecopoM. KoHkpeTHa
peami3aiisi CyTTEBO 3aJIEKHTh BiJ OCOOJIMBOCTEHN peasizalii
Ethereum Virtual Machine (EVM), sika 3MIiHIOETBECS pa3oM 3
po3BUTKOM OJiokueiina Ethereum, a ToMy oTpHMaHi OIlIHKH
OyayTh 3MiHIOBaTHCH. IcTOpis pemarysanus mokymenty [3],
3adikcoBana B cepsici github.io miaTeepmxye o tesy. Came
TOMY €KCIIEpUMEHT BHKOHYBABCS HE3aJCXKHO Bif peaiizarii
EVM 3a 1omomMororm o0YMCIIOBANBHOI IIATPOPMHU 3 OJHHM
SIpoM. Y [bOMY BHIAIKY BCi KaHAIM PEaji30BYBATHMYThCS
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OJHUM OOYMCIIIOBAYEM, & TOMY PI3HHII Y OLIIHKAaX CTAHE MEHIII
3aJI€5KHOIO0 Bij peaiizalilii KOHKPETHOrO Bys3ja OJIoKueiHa. Y
Tabn. 1 HaBemeHO  pe3ymBTaTH  EKCIIEPUMEHTY  JUIA
3aMpoNOHOBAHOTO METOY TCIITYBaHHS.

TABJIVLIA 1. — KUIBKICTh EJIEMEHTAPHUX OIEPAL[IA, HEOBXIJIHUX JIJIA
PEAJIIBALII METO/(IB T'ELITYBAHHSA

JloB:KkMHA MeToau 6araTokaHaJILHOT0 KepPOBAaHOIO
NOBiIOMJICHHS, relyBaHHS

OaiiTiB oe3 i3 3ampumxoro i3 3ampumxoro
3ampumku na 1 imepayino Ha 2 imepayii

1 7680 8962 10417

5 7838 9240 10612

10 8153 9495 10845

20 8670 9953 11295

30 9038 10320 11745

50 9720 11010 12450

OkpiM TmapaMeTpiB IIBHUIAKOCTI, HaBeIeHUX y Tabi.l,
HEOOXIZHO IPH peaji3aifii 3BepTaTH yBary Ha CTIiHKICTh Ta
KOPEKTHICTh IPOrpaMHOI peaiisarii cMapT-KoHTpakTy [7, 14].
Tomy aBTOpaMu 3alpoONOHOBAHO HHM3KY PEKOMEHALIN IIOH0
MPaKTUYHOI pealizallii CcMapT-KOHTPAKTiB, OOIPYHTYBaHHS
JIOIIIBHOCTI, IKUX HaBeZeHO y poborax [6, 7, 14]:

¢ BHKOPDHCTaHHA INAOJIOHIB  NIPOTpaMyBaHHS,  SIKi
3a0e3MeuyroTh MacIiiTaboOBaHICTh CMapT-KOHTPAKTY

e BU3HAYCHHS  MEXK  MAaKCHMAlbHO  JOIYCTHMOIO
MaciiTaOyBaHHS CMapT-KOHTPAKTIB JUIsl 3armoOiraHHs
IMAMIHA TX OCHOBHHX IOJIOKEHE,

® BHKOPHCTaHHSA 0e3neYHnx 1a0JIoOH1B

IIPOEKTYBaHHS.

JIIeC

BuinesazHayeHi BUMOTH MPOMOHYETHCS BUKOPUCTOBYBATH
NpU  TPOEKTYBaHHS apXiTEKTYpH CMapT-KOHTPAKTiB  Ta
MPOTPaMHUX iHTEepQEHCciB 10 HUX.

BuUcHOBKU

AHalli3 cTaHy PO3BUTKY TEXHOJIOTil OJOKYEiH 103BOJIMB
BUSIBUTH 3ajadl IIOKpallleHHs mapaMerpiB KiOepOesleku Ta
BOJHOYAC MEPCIEKTUBHICTL I1I BHUKOPUCTAHHS IS HU3KH
CYCIIUIBHO BayKJIMBUX 3a1a4. Ha ocHOBI aHami3y 0COOIUBOCTEN
opraizaiii mpoiecy 0oOpoOKH JaHUX HAa CMapT-KOHTPAKTaX
aJIalITOBaHO KOHIIEIIII IO [ICEBIOHEACTEPMIHOBAHUX
KpunTorpadigHuX MEepeTBOPEHD JJIsI TEXHOJIOTiH OJOoKUYelHYy,
30kpeMa Ethereum ta ananoriunux fiomy.

TIpoBeaeHi MOCHIIKEHHS TO3BOJMINA BHU3HAYUTH IIEPEIIIK
KpunrorpadiyHmx MIPUMITHBIB, SIKI MOXYTh
BMKOPHCTOBYBATHCh IS CHUHTE3Y METO/IB
TMICEBIOHEICTEPMIHOBAHOTO KPUIITOTPa(igHOTO IEPETBOPEHHS.

Bynmu po3pobiieHi MeTOad IICEBIOHENETEPMIHOBAHOIO
mudpyBaHHS, a TaKOX [ICEBIOHEIETEPMIHOBAHOIO
TeIIyBaHHS, AKi MOXYTh BHUKOPHUCTOBYBATHCH I 3aXHCTY

KOH(IIEHIIIHHOCTI, IITICHOCTI Ta aBTEHTUYHOCTI JAaHMX, SIKI
30epiraloTbCs 3a JOINOMOIOI0 TEXHOJOTII PO3IOAIIEHOTO
peectpy. HaBeneni OmiHKM CKIagHOCTI aJITOPUTMIB ITO3BOJIMB
OOIPYHTYBATH JOLIILHICTE IX BUKOPUCTAHHA B Oiokueiini. Ha
OCHOBI aHami3y IIa0JIOHIB NPOEKTYBaHHSA Ta MPHUKIATHUX
3ama4, JUIsl PO3B’SI3KY SKHMX 3alpOIIOHOBAHO JaHi METOMIM,
po3po0IeHO TPaKTHYHI pEeKOMEHJamii IIoA0 peaji3amii mux
METO/IB
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Abstract — The analysis of cyber security -curricula
development at USA's universities using one implemented at
Purdue University as an instance is performed. Techniques of
outcomes and objectives determination as exemplified by cyber
security monitoring and audit curriculum are presented. The
discipline structure and methodology of current and final
assessments development implementation are presented.

Anomauis — IlpeacraBieHo aHaji3 Ta 0co0JTUBOCTI MOOYI0BU
nporpamMu kidepde3neku B yHiBepcuTeTax CILHA Ha npukaaai
Purdue University. Po3risinyTo MeToauKn (popMyBaHHSI METH Ta
3a7a4 JUCHMILUIIH HA NPUKJIAAI IHCHMILIIH 3 MOHITOPHHIY Ta
aynuty Kki0epOe3nexku. HaBeaeHO CTPYKTYpy IMCHMILTIHM Ta
MeToAMKY 10 ¢OopMyBaHHS 3aBIaHb JUI TOTOYHOIO Ta
MiZICYMKOBOT0 KOHTPOJTIO 3HAHB.

Keywords — cyber security, 1T audit, course outcome, course
objectives, assessments, Bloom's taxonomy.

Kniouosei cnoea — kioepoesnexa, IT-ayoum, mema oucyunninu,
3a0aui oucyuninu, KOHMPOaL 3HaAHb, Knacugikayia bayma.

l. INTRODUCTION

Teaching cyber security usually means delivering
techniques of threats counteraction in fields of networking,
software, hardware, social interaction etc while also focusing on
best practices and verified methodologies for conducting
information processing activity securely. The latter is caused by
increased responsibility which is to be faced by cyber security
specialists. However, pure striving for the best practices
implementation doesn't obviously means actual implementation
of them. Moreover people tend to turn a blind eye to their

Onecsa BoitoBnu
kadenpa 3axucty iHpopmarii
BiHHUIIBKU HAIlIOHAEHUH TEXHIYHUN YHIBEPCHUTET
Binauts, Ykpaina
voytovych.olesya@vntu.edu.ua

mistakes even though trying hard not to mention the opposite
case. That's why fresh perspective is essential for a cyber
security state assessment process. Therefore auditing is to be
performed. And in the case of the cyber security field a proper
audit can be performed only by cyber security specialists due to
vast amount of technical knowledge needed saying nothing of a
special mindset that can be gained only by perpetual studying
and/or performing job duty in this field. Therefore performing
auditing activity is an essential skill for cyber security
specialists and it should be taught at the higher education
establishments.

One of the most successful and developed educational
models according to number of Nobel prizes winners [1] is
USA's educational system. Consequently, it should be carefully
analyzed and the most impacting factors are to be integrated to
Ukrainian educational establishments. Purdue University's
cyber security program is considered as one of the USA's most
advanced [2]. Therefore its experience should be used at the
cyber security course development.

The goal of this research is to improve cyber security
curricula by absorbing and adapting the methodology used at
Purdue University for the cyber security curricula at Vinnytsia
National Technical University starting from cyber security audit
course.

To reach the goal the following tasks are to be solved:

o analyze methodology and general view of an educational

process comparatively to one used in Ukraine;

o develop and integrate cyber security audit curriculum
according to the methodology;
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o share the experience among colleagues from other higher
education institution.

This work is focused on former three tasks in order to solve
the latter one.

Il. USA'S METHODOLOGY ANALYSIS

According to the performed analysis of USA's and
Ukrainian curricula it was determined, that the major
differences in courses designing approach is that USA's
approach is more outcome-oriented [3]. It is considered more
preferable for student to be competent in tasks solving, than
have knowledge of theory, that has no particular application.
Therefore the theory is preferable, but not crucial for further
materials comprehending, that is why USA's lecturer in case,
when the choice must be made between teaching the applied
techniques used in practice and a theoretic knowledge allowing
students better catch the picture of the field, but not applicable
in practice, is more likely to choose the former one, while most
of the Ukrainian lecturers would prefer the latter option.

Purdue University applies more student-driven approach for
teaching cybersecurity [4] comparatively to the Ukrainian
common practice. This provides students ability for practical
tasks solving even if they appeared to be not the most
determined ones.

Another difference bounded with systematic approach is
usage of the following chain at the curriculum development
process:

Outcomes — Objectives — Assessments — Activities

The approach provides assessments development straight
after objectives, so each and every objective is to be evaluated.
Moreover, assessments should be developed bearing in mind
Bloom's taxonomy or its modern revised variant [5]. This aids
teacher to make more accurate evaluation of student's abilities
as well as to design activities, which provide students with
complete skill set after their implementation.

I1l. COURSE STRUCTURE

The developed course according to the methodology is
called "Monitoring and audit of cyber security”. It is taught as a
part of master's training curricula for cyber security students.
The course consists of 27 lectures and 27 laboratory classes. The
following outcomes of the course were determined:

o justify the need for cyber security audits to stakeholders;
e conduct testing, threat and risk assessments periodically;

e make decisions based on audit standards to counteract
cyber security incidents;

e construct or reconstruct information security policy
according to audit results, taking into consideration
standards and threats.

The outcomes are to be reached through 2 content modules
studying. The assessment of students' progress is to be
performed through oral colloquiums and laboratory projects
review.

The scope of the first content module covers legal and ethics
regulation of audit activity, techniques of interaction with
stakeholders and the most fundamental cyber security standards.
The standards cover the following cyber security related series:
COBIT, 1SO27k, NIST, PCI DSS, national standards. The
second content module focused on reaching the latter two
outcomes.

Laboratory classes cover practical aspects of audit
performing. They are to be conducted in the groups of 2 of 3
students to help them gain professional interaction and task
decomposition skills. At the first class each group chooses
object of auditing, cybersecurity of which should be improved
according to the NIST's methodology, an audit goal and
available budget amount. The scope of laboratory classes covers
the following stages: identify, protect, detect, respond and
recover. The salt of these classes is that students are to choose
(with proper reasoning) the auditing standards by themselves for
each of stages according to the object and given audit goals. To
aid students each laboratory task includes list of standards with
corresponding sections those cover COBIT, 1SO27k, NIST,
ISA, CCS CSC standards series. After the audit having been
finished the improvements of cyber security projects are to be
proposed matching available budget limitations.

IVV.  CONCLUSIONS

Due to globalisation trends higher education establishments
should compete far beyond borders of certain country. An
integration of the best methodologies is crucial for this process.
Presented analysis of USA's methodology allowed to develop
course for cybersecurity curricula, which fits Ukrainian legal
regulations. Therefore other courses of the curricula are to be
improved through this experience.
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of signs is carried out. The effect of the growth of the said
imbalance on the decrease of information security is shown and
the dependence of the respective indicators is established. The
problem of information protection with a large imbalance of
source signs is formulated and the ways of its solution are
indicated..
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l. Bcrvn

[ndopmanis Ta iHpopManiiHi pecypeu, o nependavarTh
BUKOPUCTaHHA Kibepmpoctopy B  YKpaiHi, 3rimHo 3
BCTaHOBJICHUM B Y KpaiHi YUHHUM 3aKOHOJABCTBOM HOAIISIOTH
Ha BIIKpHUTY iHpopMamito Ta iHpOpMaLil0o 3 OOMEKCHHM
JIOCTYIIOM, sIKa B CBOIO 4YEpry pO3PI3HAETHCS Ha TAEMHY
(mep>xaBHa, OaHKIBCHKa, TOCYHZOBOTO CIIIZICTBA Ta ImpodeciiiHa
TAEMHUIN), CIyKO0By Ta KoH(pimeHmiiHy iHpopmamii. Le
PO3pi3HEHHSI 3/IMICHIOETHCS B 3aJISKHOCTI BiJl BXKJIMBOCTI Ta
HAJIC)KHOCTI BIIOMOCTEH, 4acy CTapiHHA Ta iHIIMX (DaKTOpiB.
Tomy akTyanpHICTH i yOe3neueHHs MMOBHICTIO BU3HAYAETHCS
BJIACHUKOM iH(opMarii, Horo iHTepecaMu, Ta NPUHHATHX IO
yBaru 3arpo3 [1 - 3].

OxkpeMuM pi3HOBHIOM iH(pOpMAIlii, yOe3medeHHs SKOi
Ha0yBa€ Ha CHOTONHIIIHIK JIeHb OCOONMBOI yBarW, €
nepcoHanbHi gaHi [4]. Llpomy crpuse, mo-mepiie, BUCOKHIA
PiBEHb PO3BHUTKY KOMEPLIHHOT MisTIBHOCTI JIFOJICTBA Ta CYTTEBE
30aradeHHs oKpemux oci0. Ilo-apyre, me CTBepIKCHHSA
[IPpaBOBOI'O IIOJI JIFOAMHU Ta TrapaHTyBaHHSA 11 IIpas, IO
nependayvae i rapaHTyBaHHS KOH(QIICHIIHHOCTI IIepCOHATBHIX
nanux. [lo-Tperte, 11e 3pocTaHHsl MOTEHUIHHUX MOXKIMBOCTEH
MIepeXOIUIeHHs iH(popMarii, 0 MOCHIIOE 3arpo3y I BHTOKY,
TOLIO.

KiGeprpocTip € BipTyadbHHMM @POCTOPOM, SIKHH Hamae
MOKIIUBICTh JJIs 3JiHCHEHHS KOMYHIKaliii Ta/abo peamiszarii
CYCIIUIBHUX BigHOCHMH. BiH yTBOpPIOETBCI B pe3yibTaTi
(YHKIIOHYBaHHSA CyMICHHX (3’€IHAHHUX) KOMYHIKAIIHHUX
CHCTEM Ta 3a0e3MeUeHHs CIICKTPOHHUX KOMYHIKalid 3
BHKOPHCTaHHAM Mepexi [HTepHeT Ta/abo iHmuX Tao0aabHUX
Mepexx nepenaui manux [5]. Le — cyuacui iHdopmamniiiHo-
tenekomyHikauiiHi cuctemu (ITC), siki Ha paHUl Yac MaroTh
IOCUTh BHCOKHI pPIBEHb PO3BHTKY, XapaKTePU3YIOTHCS
6araTo()yHKIIOHAIBHICTIO, BHCOKOIO MIBUIKOIIETO,
aBTOMAaTH30BaHOK CAMOKEPOBAHICTIO TOIIO.

Sk 1 Oyab-sKi enekTpoHHi 3acodu ta cuctemu, ITC mix yac
pOOOTH CYMIPOBOIKYIOTHCS PAIOM IMOOIYHHX €QEeKTiB, SKi €
NapasUTHUMHU Ta LIKIAJIMBUMH 3 TOYKH 30py Oesneku. L{umu
epexramMu € TMOoOIYHI eJEKTPOMAarHiTHI BHIIPOMIHIOBAaHHS Ta
HaBEJICHHS, TPOCOYYBAHHs HEOE3NCUHNX CUI'HANIB B JIAHIIOTH
EJIEKTPOXKHMBIICHHSI Ta 3a3€MJICHHS, TOIIO, SIKi YTBOPIOIOThH
texHiuHi kaHanu BUTOKY (TKB) indopmarmii. [6, 7]. Burox
iHpopMamii € 3arpo3or0, SKi BHMara€ BiJIOBIIHOTO
yOe3nedeHHs, 00IPYHTYBaHHS 3aXHUIIEHOCTI Ta 3aX0iB MO0 ii
3a0e3neueHHs.

CyuacHi ITC, sx npasuio, € mudpoBumu, a Tomy B TKB
BOHHM NPEACTaBIAIOTE COOOI0 JAHCKPETHI JOKepena BHTKY
iHpopmarii. Hociem xe inpopmariii € koMOiHaIT TUCKPETHUX
3HAKiB, IO BUKOPHCTOBYE andaBiT mkepena. Jlias Ttakux
JoKepen MOCTiJOBHOCTI 3HAKIB, SIK [IpaBuIIO,
XapaKTepU3yIOThCS HEPEeTryIApHICTIO Ta HEPiBHOMIPHICTIO
pO3MOALTY, TPYIyBaHHAIM B MAaYKH OJHOWMEHHHX 3HAKiB
MOCITITOBHOCTEH, HAsBHOCTI B HUX JEAKOI TMEpPioJTUIHOCTI,
tomo. Bee 1e i B meBHUX (PparMeHTax MOCHTiJOBHOCTI JaHUX 1
B IIJIOMY Ha BHUXOJi JDKEpela BUTOKY MOXE MPHBOIUTH JO
MIEPEBHUIIICHHS OJTHIX 3HAKIB HAJ| IHITUMHU — TUCOAIAHCY 3HAKIB,

SKMH MOke OyTHM pI3HMM Ta IO pPI3HOMY BIUIMBAaTH Ha
3axHIIEeHICT iHpOopMAITii.

TakuM 4YHMHOM, Ma€ MiClle akTyaJlbHe 3aBIaHHS I0J0
OOTpYHTYBaHHSA 3axHWIICHOCTI iHQoOpMamii BiJ BHTOKY
TEXHIYHUMH KaHAJIAMH JUIsl JDKEpes 3 BEJMKUM AHCOanIaHcoM
3HaKiB

Il.  OCHOBHA YACTHUHA

Sk Oyno nokazano B po6oTi [8], yoesneuenns indopmarii
Bil BUTOKY TEXHIYHHMH KaHaJaMH MOXeE 3IiHCHIOBaTHCH
LIJISIXOM TTIOBHOTO Ta/ab0 YacTKOBO-JOCTaTHHOTO JIIKBITyBaHHS
npuuuH yrBopeHHs TKB.

IloBHe mikBimyBaHHSA TMOB’si3aHE 13 3a0e3MEUCHHIM
BIICYTHOCTI HEOE3NMeYHUX CHTHANIB B MICIAX MOXKIHBOTO
MepEeXOIUICHHS Ta HAJa€ MOXJIMBICTD JIOCSATHEHHS IOBHOI
rapadrtii Oesmekn iH(oOpMAaIi BiI BHUTOKY TEXHIYHHMHU
kaHajiamMu. Pa3oM 3 1uM 3a3HaYeHUH MiAXiA € CKAagHUM IS
peamizarnii 3axumeHux o0’ekTiB. Ha mpaktuii BiH BHMarae
3aCTOCYBaHHS ~ BEJIMKHX  TEPUTOpIH  MicHeBoCTI — —
KOHTPOJIbOBAHHUX 30H, 3a0e3Me4eHHs X MOBHOI aBTOHOMIi B
TOMY YHCIIi 1 TI0 €JICKTPOKUBIICHHIO, 0OME)KEHHSI KOMYHIKaIlil
i3 30BHIIIHIM CBITOM Ta iH.

YacrtroBo-noctatHe nikBinyBaHHs TKB cyTTeBuM 4mHOM
CIIpOIIy€e 3aBJaHHS 3aXUCTy, @K€ BOHO HE BHUMAarae
BUKOHAHHSA YMOBH IIOBHOI BIJICYTHOCTI CHUTHaJly Ha BHXOJI
kaHaiy. [Ipu 11bOMY CYTTE€BO MEHILIMH CTalOTh KOHTPOJIHOBaHI
30HU 00’ €KTIiB, MOXIIMBOCTI iX 30BHIITHHOTO SIIEKTPOKUBIICHHS
3 TOTPIOHUM  (iITBTPYBaHHAM HeOE3NEYHUX CHIHANIB,
KOMYHIKalii 3 I1HIUMH 00’€KTaMH depe3 KOMIUICKCH
cren3B’si3Ky. Pa3oM 3 MM BUMOTH LIOAO 3aCO0IB 3aXHCTY
BU3HAYAIOTBCS  TPAaHUYHO  JIOMYCTUMHMH  3HAYCHHSIMH
mokasHuKiB 3axuiieHocti B8 TKB, siki BUMararoTh HaJIE€KHOTO
OOTpyHTYBaHHS.

BinmoBigHO 70 MIKHAPOIHOTO JOCBIAY Ta MIKHAPOIHUX
CTaHHApTIB 3 iHQoOpMaIiiiHOi Oe3meKu, HampuKIam, cepii
ISO/IEC 2700X roa0oBHHM ITOKa3HUKOM O€3IIEKH, SIK BiJJOMO, €
pusuk [9 - 11]. Pu3uk xapakTepu3ye MOTSHIIHHY MOKIHBICTD
HeOe3IeKH Ta € MOEAHAHHIM IMOBIPHOCTI peatizaii 3arpo3u Ta
HACIIJKIB Bif Hel. A TOMY Ui OOTpYHTYBaHHS 3aXHIICHOCTI
iHpopmanii  BiZ  BUTOKY TEXHIYHMMH  KaHajlaMd B
TEXHOJIOTIUHI YacTWHI peamizamii 3arpo3u el MTOKa3HUK
MOX€ pO3IIIAJATHCh SK IMOBIPHICTH TOTO, IO 4YacTHHA
BIJOMOCTEH BCE TAaKM BHUTIKATUME TEXHIYHUMH KaHaJaMH.
IcHyBaHHS TPaHMYHO JOMYCTHUMOi IMOBIPHOCTI PHU3UKY Pr
BH3HAYaTUME Ty 4YacTKy BIIOMOCTEH, IO JOIyCTHMO
BHUTIKaTHMe, Ta 3a0e3ledyBaTUMe JTOCTATHICTh 3aXUCTy, SKa
rapanTyBaruMe Oesmeky. Lls IMOBIpHICTE € BHUXIIHUM
MMOKA3HMKOM JIJISi CYKYITHOTO YHOPMYBaHHS BCiX YHMHHHKIB
3axXHCTy Ta IX MOKa3HUKIB.

Hexait 3amaHo TpaHIYHO JIOMMyCTUMY IMOBIPHICTh PH3HKY
pr. Buxozsiau i3 BHKIAJIEHOTO BUIIE, il iIMOBIPHOCTI MOXHA
ITOCTAaBUTH Y BiAMIOBiIHICTH MPOITYCKHY 3AATHICTh KaHAIY, sKa
XapaKTepu3ye MaKCHMyM pO3paxOBaHOI Ha OAMH CHUMBOJI
iHpopmanii, mo Moxe OyTH INepefaHo0 KaHalnoM. SIKIio
npunyctutH, 1o TKB € nuckpeTHUM CUMETpUYHUM KaHaJIoOM
0e3 maM’sTi, TO IMOBIPHICTh PU3UKY Pr 3a0€31euyBaTUMETHCS
IMOBIPHICTIO IIOMWJIKH B KaHATI P 32 GOPMYJIOF0:
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p. =1-h(p), (1)
ne h(p) — earpormiitHa hyHKIis:
1 1 1 1
h(p) = —log, — +———log, ——— )
R I )

Cri 3a3HaYUTH, IO peanbHi KaHamu, TuM Outbiie TKB He
€ JIUCKPETHUMH CHMETPHYHHM KaHajaMu Ta Oe3 mmam’srTi.
Oco0JMBO 1LIe CTOCYETHCS BUIAAKIB Ul JIKEPEN BHUTOKY 3
nucOaaHCcOM 3HAKIB, IO PO3TILINAETHCA B il poboTi. OHaK,
npolLec Iepeiadi B KaHali € BHIAJKOBUM IIPOIIECOM, a
IMOBIpHICTh TIOMUJIKH — ITOKa3HUKOM, SIKHH XapaKTepu3ye et
npotiec B cepesHboMy. OCKUIBKH KaHAJIOM € KaHaJl BUTOKY, IO
PO3TILIIAETECS Ta KU MOTPiOHO 3HEKOIUTH (IMOBIpHICTH
OMUIKY P Oyzne Oim3bkoro 1o 0,5), To Taka anmpokcumais €
LUIKOM JOITycTUMOR0. B pasi mucbanaHcy 3HaKiB Xo Ta X1 Ha
BUXOII JOKepena, TOOTO KOMM iX IMOBIPHOCTI OynyTh
uwepiBauMu  (P(Xo) # P(X1)), 1MOBipHICTBH ITOMHJIKH
BU3HAYAETHCS B CEPEAHBLOMY IO BCIM 3HAaKaM Xr:

P = P(%) P(Y: /%) + POG)P(Yo /%) - )
ne p(Yi/Xo) Ta p(Yo/X1) mepexiaHi AMOBIPHOCTI B KaHaJ;
Y1 Ta Yo — 3HAKH HA BHXOJIi KaHAIY.

[Mepexoruienns iHdopmanii TEXHIYHUMH KaHalaMU MOXKE
3MIACHIOBATACH B PI3HHHA CIOCIO 3 BHKOPHCTaHHAM pi3HOT
ehexTUBHOCTI mpuitmayi. OueBUAHO, MO0 YHM Kpaliui
mpuiiMad, THM Tipmoro Oyne 3aXuIleHICTh iHpopMarii.
OCKIUIbKM 3JI0BMHUCHUK HE 3alliKaBJICHUI PO3KPHBAaTH CBOL
HaMIpH, a TUM OLUIbIIIE CHOCOOH MO0 MEPEXOIUICHHS, TO, SIK
3a3BMYall, 3aXUINCHICTh MOLIJIBHO OOIPYHTOBYBAaTH SIK JUIS
HaWripmoro  BHUMaAKy, TOOTO  mepexdayaroyu, IO
nepexoruleHHss (MpUiHoM) 3A1HCHIOBATUMETHCS HaWKpaliuM
yuHOM. B 3B’A3ky 3 1MM  mepexifiHi  IMOBIpHOCTI
criBBigHOMIEHHS (3) MOXXHAa BUpPA3UTH (QOpPMYyIaMU SK IS
ONTHMAJIBHOTO IpHWiiMada, MOOYIOBaHOrO 3a KpHUTEpiEM

KorenpHuukoBa:
Py, /%) =F B L &In p(x,) 4)
2 NO 2 PAT p(xo)
Ta
p(yo /1) =F| = (BT L (Mo g PO 1 gs)
2 NO 2 PAT p(xo)
ne Pa — MOTyXHICTb Pi3HHIIEBOTO CHHTAIY:
1 T
Py =2 [sidt (6)
0

Sa(t) — pi3HHIIEBHIT CUTHAIT:

sa(t) = s1(t) — so(t), (7)

F(x) — inrerpan Jlariaca. 3HaXOAUTHCS 3 JIOBIHUKA:

L fexpl M ®)
F(X)=—= [exp{— "1 tdn -
72 1P
Y ¢dopmynax (4) Ta (5) ckuagosa E ﬂzﬁ €
NO
BIIHOIIEHHSM CHIHajJ/3aBaZa Ha BXOII OITHUMAaJILHOIO

(Haiikpairoro) mpuiiMada nepexomieHHs. Tak s KOXHOI
BEIMYMHK & Ta 3HaUeHb MMoBipHOCTEH P(Xo) Ta P(X1), 1m0
XapaKTepU3yIOTh AUcOaNaHc 3HAKiB HA BUXOMI JDKepera, 3a
¢dopmynoro (3) y cykynHocTi 3 (4) Ta (5) MOXKHa po3paxyBaTu
IMOBIpHICTH TOMMJIKH P Ta 32 hopmyiioro (1) y cykymnHocTi 3 (2)
— IMOBIpHICTh pU3HKY OC3MEKH.

Cnin 3a3HaYyuTH, IO BHUKOPHCTAHI CIIBBIIHOIICHHS
BCTAHOBJIIOIOTh TOYHHH 3B'S30K IIOMDK ITIOKa3HUKaMH, IO
XapaKTepU3yIOTh 3aXHIIEHICT iH(opManii:

d—>p—>C-opr. 9)

A TOMY BOHHM MOXYTh OyTH BUKOPHCTAaHUMH 1 JUIs
PO3paxyHKy IX TPaHHYHO JOIYCTHUMHUX 3HAUCHb.

OnHak, MpH IIbOMY BUHHMKae mpoOiema, CyTHICTh SKOI
TIOJIATa€ B HACTYITHOMY:

1)  npu eenuxomy oOucbananci 3naKig 3i 30LNbUICHHAM
3a68a0u  HAO  CUCHANOM pU3UK be3nexu  3MEHULYEMbCA
(3axuwenicmo 3pocmac) 00 neenoi eenuuunu pro> 0, a nomim
30ibUYEMBCA (3aXUWEHICb CNAdAcE);

2) npu Oysice enuKOMy OUCOANAHCI 3HAKIE 3 AGNIAEMbCSA
ehexm «nOCUNEHHAY» PUBUKY 3A8a0010, MOOMO 3i 30LIbUEHHAM
3a6a0u HAO CUSHANOM PUBUK Oe3neKu 83a2ali 30iNbuyemscs a
3axuwjeHicms cnaoae.

I'pacdiyno 3a3HaueHe BUIIISAAE SIK TOKa3aHO Ha puc.l:

—— a
>

0 5t 6I~-1

JlucbanaHcu 3HaKIB:

1) myxe Benmukuii gucbananc: P(Xo) >> p(X1);
2) BenuKwmii qucOananc: p(xo) > p(x);
3) momipHwuii qucOananc: p(Xo) = p(x);
4) BifcyTHiN qucOananc p(xo) = p(X).

Puc. 1. T'padix 3amexHocTeil iIMOBIPHOCTI PH3MKY BiJ BiJHOUICHHS
3aBaJia/CHTHAJ IS Pi3HUX JrcOaaHCiB 3HAKIB

Sk BuzHO 3 Tpadiky Ha puc.] Ui HeBeIMKoro aucbanancy
3HaKiB (2) MiHIMYM JOCSHOI IMOBIPHOCTI PHU3UKY Pro MOXeE
3HAQYHO TMEPEeBHIIYBATH Ta HE JOCSITHYTH T'PaHUYHO
JIOITyCTUMOTO 3Ha4eHHA p r. [Ipn Benmkomy x nucbananci (1)
meid MiHIMyM JIOCSDKHOCTI PH3WKY B3araji MpakTHIHO
BiICYTHIH. A Ile 0o3Hayae, MO TpH 30UTBIIEHHI AUCOaIaHCy
3HAaKIB 3a Oy/Ib-5IKOTO BiHOIICHHS CUTHAJ/3aBajia iHPpopmaIis
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HE MOKe OyTH 3aXHIIICHOI0 Ha OCHOBI TPEJCTABICHOTO B IIil
poOoTi OOTPYHTYBAaHHS 3aXUIICHOCTI.
[nsrxamu 00 BUPIMIEHHS 3a3HA4Y€HOI IpoOJIeMH €:

3)  euxopucmanns memooie 30aNAHCY8aANHA 3HAKIE npu
0b6pobyi ingopmayii 6 ITC,

4)  sukopucmanna iHwUX NIOX00i8 3  0OPYHIMYEAHHS.
saxuwenocmi:  noenozo  nikeioysamna TKB  abo  ix
3HEUKOOIHCEHHS] 3 NpaKmudHuUM 00IPYHMYBAHHAM
3axXuweHoCmi BIOHOCHO ICHYIOYUX 3aco0ié nepexonieHHs,
mouo.

I1l.  BUCHOBKU

Takum 9HHOM, IPOBEICHO aHATI3 3aXUIIEHOCT] iHGopMarIii
BiJl BUTOKY TEXHIYHMMH KaHaJaMH JJIS JDKEPET 3 BEIUKHUM
mucbamaHcoM 3HakiB. BiH 0a3yeThbcsi Ha BHKOPHCTaHHI
IMOBIPHOCTI PHU3HUKY SIK TOJIOBHOTO MMOKa3HUKA iHPOpMaliiHOi
0e3meKH BIAMOBITHO IO CYyYacHHMX MDKHAPOIHHUX CTAHIAPTIB.
BukopucraHo aHamiTH4YHI 3B’S3KM IMOBIPHOCTI PH3HKY 3
KUTbKICHUMH TIOKa3HUKAMHU, 110 XapaKTePU3YIOTh 3aXHIICHICTh
iH(pOopMaii BiZl BUTOKY.

IToka3aHo eeKT BIUIMBY 3pOCTAHHS AUCOATAHCY 3HAKIB Ha
BHUXOZl JDKepena Ha 3HIDKCHHS 3aXWIICHOCTI iH(opmamii Ta
BCTaHOBJICHO 3aJICKHICTh BiJIIOBITHUX MOKA3HHMKIB.
CdopmynsoBaHo mpobiemMy 3axucTy iH(opmamii 3a i€l
yMOBH. Ii CyTHiCTH HONArac B TOMY, IO HPU BEITHKOMY
mucOananci 3HaKIB 31 30UIBIIEHHAM 3aBagd HAJ CHUTHAJIOM
pU3UK OE3MeKU 3MEHINYEThCS (3aXHUIICHICTh 3pPOCTa€) 0
MEBHOI BEJIMYMHH, a IIOTIM 30UIBIIYEThCS (3aXHIICHICTH
Crajiac); mpu AyXe BEIUKOMY AUCOATaHCi 3HAKIB 3 SIBISETHCS
e(heKT «IIOCUIICHHS» PU3UKY 3aBaJI00, TOOTO 31 30LTBIICHHIM
3aBa/IM HaJl CUTHAJIOM PU3UK Oe3reKy B3araii 30UIbIIyeThes a
3aXHUIIEHICTh CIAJIAE.

BkazaHo nuisixu oOrpyHTYBaHHS 3aXWIeHOCTI iHdopmartii
BiJl BUTOKY TEXHIYHMMH KaHAJAMHU JUIA JDKEpel 3 BEIHKUM
nucbanancoM 3HakiB. Humu e Bukopucrtanus B ITC meromis
30anaHcyBaHHS 3HaKiB mpu o0poOmi iHpopmamii B ITC abo
IHIIUX TiIXOMIB 3 OOTPYHTYBaHHsS 3aXMIIEHOCTi: ITOBHOTO
nikBigyBaHHs TKB a0o iX 3HEMIKOIKEHHS 3 MPAKTHIHUM
OOIPYHTYBaHHSM 3aXHIICHOCTI BiHOCHO ICHYIOUHX 3aco0iB
MEePEXOIICHHS, TOLLIO.

3acTocyBaHHS IIMX MIiAXOAIB ISl JDKEpeNl 3 BEIMKHM
IUcOalaHCOM 3HAKiB HAIacTh MOJIIMBICTH OOTPYHTYBAaHHS
3axMIIeHoCTi iH(opMalii Bil BATOKY TEXHIYHUMH KaHAJIAMH 3
JIOBEIICHOIO TapaHTI€I0 JOCTOBIPHOCTI.

JITEPATYPA REFERENCES
[1] 3axon Yxpainu «IIpo indopmariiro» (1992p.)

[2] 3akon Yxpainu «IIpo gepxasHy TaemuuiiEo» (1994p.)
[3] 3axon Ypainu «IIpo gocryn mo my6maivuHoi inpopmarii» (2011p.)
[4] 3axon Ykpainu «IIpo 3axuct nepcoHanbunx ganux» (2010p.)

[5] 3akon Vkpainm «IIpo ocHOBHI 3acamu 3abesnedcHHs KibepOesmekn
VYxpainm» (2018p.)
[6] JlenkoB C.B. Meromsl u cpencrBa 3aummthl uHpopmaunun. Tom L

HecankiuonuposanHoe nonydenue uadopmamyu / C.B. Jlenkos, [I.A.
Ieperynos, B.A. Xopomxo — K.:Apuii, 2008. — 464 c.

[7] Kuhn G. Compromising emanations: eavesdropping risks of computer
displays. This technical report is based on a dissertation submitted June
2002 by the author for the degree of Doctor of Philosophy to the
University of Cambridge, Wolfson College. [DnekTpoHHsIii pecypc]. —
Pexxum nocrtyna: http://www. cl. cam. ac. uk/techreports.

[8] IBanuenko C. O. OGrpyHTyBaHHs 3aXMILEHOCTI iHpOpPMALi BiJ BUTOKY
TEXHIYHUMHU KaHaJaMu JUTSE Cy4acHUX iH(popMamiiHo-
TenekomyHikauiitaux cucrem/ Cepriit Onekcanaposud IBanuenko, Oxer
AnppiiioBny Pymak, Onekcannp Onekcanaposnd IIyuxoB, AHnartomiit
BacunpoBuu  [omimeBcbkuit  //  MikHapogHa HayKOBO-IPAKTHYHA
koHpepeHwis “IHpopManiiiHi TEXHOIOTIT Ta KOMIT FOTEpHE MOJICTTFOBAHHS
—2019”, m. IBaHO-DpankiBcbk, 20 — 25 tpaBus 2019 p., Te3u nomnosineit
(Marepianu crareit -366 c.). — IBano-@®pankiscsk: n. T'omineir O.M.,
2019. - C 179 — 185. ISBN 978-617-7468-37-9

[9] Information technology. Security techniques. Information security
management systems. Requirements [ISO/IEC 27001:2013].

[10] IBanuenko C. O. OcHOBHI [pKepena TEXHIYHMX KaHAIB BUTOKY
iHdopMmamnii Ta oOIPYHTYBaHHS PH3HKY IIOHO iX yOesmeuenHs / Cepriii
Onexcanaposuy IBanuenko, Onexcanap Onekcannposuy [ly4kos, €Bren
Bonomumuposud Ilenemok, Bacuis Cepriitona Hekos / MixkaapoxHa
HAyKOBO-TIpaKTH4YHA KOH(epeHlis “IHTenekTyanbHi CUCTEMH Ta
iHopmaniini TexHonorii — 20197, m. Oneca, 19 — 24 cepmaa 2019 p.,
Tesu momosineii (Marepianu crareii -260 c.). — Omeca: TEC, 2019. — C
71-76. ISBN 978-617-7711-43-7

[11] IBanuenko C.O. OGrpyHTYyBaHHS pH3HKY Oesneku iHpopmauil mono ii
3aXMIIEHOCTI Bl BHUTOKY TeXHIYHMMHM KaHamamu /  Ceprii
Onekcannposuy Ianuyenko // HaykoBo-Texniunmii 36ipank "IIpaBose,
HOPMAaTHBHE Ta METPOJIOTiYHE 3a0€3MeUeHHs CHCTEM 3aXUCTY iHbopMarii
B Yxpaini". — Kuis, HTYY "KIII" HALI "Te3uc", 2016. —Ne 1 (31) - C. 9
-13.

140



3BeaeHHs AHanzy CimeiictBa TBIKOBUX blloKOBHX
[IudpiB 1o OouucieHus JAudepeHiianbHux
BnactuBocteit Buytpimnasoro biaokosoro [Hudpy

Irop Jlomauenko

Di3uKO-TeXHIYHNN IHCTUTYT
HarmionansHuit TeXHIYHAN YHIBEpCUTET YKpaiHu
"KuiBcpkuit momitexHiYHUN iHCTUTYT iMeHi Iropst Cikopcpkoro"
KuiB, Ykpaina
hvndhvn@gmail.com

Reducing the Analysis of Family of Tweakable Block
Ciphers to Computing Differential Properties of Inner
Block Cipher
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Anomauyis — Jlei Ban Ta I3aup I'yo mnpeacraBuam
napaMeTpU30BaHy cXeMy TBikoBOro mmudpyBaHHs, sIKa J0CATAE
J0KA30BOi OMIHKM CTiifKoCTi 10 aTak po3mi3HaBaHHA y 2" 3anuTiB
A0 muQpy, WO NepeBUINye T'PAHUIIO OMIHKY cTilikoeTi 2"2, mo
OTPUMYEThCA 3 NApaJoKCy AHIB HapolxkeHHs. Taki ouinku OyJi
oTpuMaHi B MoJedi igeaqbHOro BHYTPIMIHBOTO OJOKOBOIO
mwudpy. B nawiii podori Mu posrusineMo AudepeHUiaIbLHMIA
KPUMNTOAHATI3 Ta ii0oro 3acTocyBaHHsl 10 JaHOI TBiKOBOi cxeMu
mudpyBanns 0e3  ¢ikcauii i mapamerpiB. TosoBHHM
pe3yJbTaToM po0OTH € CHiBBiTHOIIEHHS, sIKe TMOKa3ye, IO
po3noain nudepenniaabHUX HMOBIpHOCTEI ycix peanizaniii cxemu
cniBnagae 3 po3noaiyioM audepeHuiaJbHuUX HMoBipHOCTeH
BHYTpilIHBOro 6siokoBoro mm¢py. Takum YuHOM, 0GUMCIEHHS
nudepenniansHux HMoBipHOCTeli BHYTpimHBOro mudpy aae
OIIHKH CTilKOCTI 10 Au(epeHUiaNBLHOI0 KPUNTOAHATIZY Ycix
peaizauiii cxemu 3 pi3HHMU 3HA4YeHHSAIMU MapaMeTpiB.

Abstract — Lei Wang and Jian Guo have introduced
parameterized tweakable encryption scheme. They demonstrated
their scheme to achieve a provable security against distinguishing
attacks up to 2" adversarial queries, bypassing the birthday-bound
barrier of 2"2 security. These estimations are obtained in the ideal
block cipher model. In this work we consider differential
cryptanalysis and its application to mentioned tweakable scheme
with unspecified parameters. The main result of this works is the
final equation, from which we can conclude that distribution of
differential probabilities for all instances of the scheme matches
the distribution of differential probabilities of internal block
cipher. Therefore, calculation of differential probabilities of

internal cipher gives the estimation of security against differential
cryptanalysis for all instances of the scheme.

Knruoei cnosa — ougpepenuyianvnuii Kpunmoananiz, 610K06uii
wughp; cxema meikosozo wugpysanns

Keywords — differential cryptanalysis; block cipher; tweakable
cipher scheme

l. 3ATAJTbHI BZIOMOCTI ITPO KITACUYHHUIA
JIMDEPEHILIIAJIBHUI KPUTITOAHAJII3

Sk Bimomo, qudepeHiianbHui kpunToananis [1] € oguum 3
HaWIOTYXHINIMHA Cy4acHUX METOJiB NOOYIOBH aTak Ha
0JIOKOBI MU(PH Ta BIAMOBIAHOTO MOCTiPKEHHS 1X CTIMKOCTI,
JidepeHiatbHUX BIACTUBOCTEH, TOIIO.

MeTor10 3JI0BMHCHHUKA € OTPUMAaHHS IIEBHO] iH(popMarii Ipo
CEKpEeTHUH (HEBiOMUI HoMy) Kitod, SIKMI HE 3MIHIOETHCS Ha
mpoTs3i Beiei araku. Takoro iHopmariero MOXyTe OyTH
okpeMi OiTH Kitoua (OKpeMOro payHJOBOro abo Maicrep-
KIII0Ya) YW TEBHI 3aleKHOCTI Mik Oitamm. AJe 3a3Buuaid
METOI0 aTaky € TIOBHE BiJHOBJICHHS KJII0Ya OCTAHHBOTO
payHIy, 0 B CBOIO Yepry MACTh 3MOTY BiTHOBUTH KJIFOUi BCiX
TIOTIepe/IHIX payHIiB Ha OCHOBI CXEMH KJIIOYOBOTO PO3KJIary
a00 iITepaTUBHOTO MPOBEICHHS AaHAJIOTIYHOI aTAKU HAa OCTaHHIH
HEBIJIOMHI KIIIOY.
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OcCKUTbKH  TUQepeHIlialbHI KPUNTOAHATI3 B CBOEMY
KIaCHYHOMY  BHIJIAOl €  Hag3BUYallHO  HOTY)KHUM
IHCTPYMEHTOM JOCIiIKEHHs OJOKOBUX MIH(]PIB, IEpEHECEHHS
NoAIOHUX MIAXOAIB Ta METOJAMK Ha OUIbII 3arajbHUil Kiac
mndpiB, a came, TBIKOBMX HIMQPIB, € JOCUTh aKTyalbHOIO
3agadero. OHaK repexij BiJl KINacCHYHHUX MIH(PIB 10 TBIKOBUX
3MyILIye TEPerisiHyTH MiAXOAW JO 3aCTOCYBAaHHS METO/IB
JudepeHIiaJbHOr0 KPUIITOAHATI3Y Ta MiJHATH IX Ha Oiibn
3arajJbHUi piBeHb. TakUM YHHOM, HEOOXIZHO PO3IIISHYTH
3araJbHONMPHUHAHATI BHUMOTH Ta JIOMOBJCHOCTI CTOCOBHO
KJIACHYHOTO AU(EpeHIIialbHOTO KPHUIITOAHANI3Yy, a TaKoX
chopmymroBat  TOHiOHI UIA Iu(EpeHIiabFHOTO aHATi3y
TBiKOBUX muUdpiB (mami TBikoBoro JIKA), mo ¢opmaizye
YMOBH HOJAJIBIIOI PpOOOTH.

Il. ®OPMAJIBLHE ITPEJJCTABJIEHHS LLINDPY

Knacuuni 6510K0Bi mU(pH MOKHA MPEICTABUTH Y BUTILAII
MxK —>C, ne M — MHOXHHa BIIKPUTHX TekcTiB, K —
MHOKHHA KJIt04iB, C — MHOXHHA ITHPPTEKCTIB.

TBikoBHIl (P BUKOPUCTOBYE NONATKOBE MapaMETPHYHE
3HaueHHs (TBIK), II0 BHOCHTh PI3HOMAHITTS B MpOIEC
mmdpysanHs. [IpeacraBieHHss TBIKOBOrO MUGPY, B TAKOMY
pasi, Oyme Burmsimatn sk M xKxT —->C, ne M, K, C —
aHaJIOTIYHI, a T — MHO)KHMHA TBIKIB.

Bapro 3ayBakuTH, 110 HE 3BaKAIOYM HA BUKOPHCTaHHS
TBIKy MUIIXOM, NOXIOHUM JO BHKOPHUCTAaHHS KIIOYa, B
3araJbHOMY BHIIQJIKy MHOXXMHAa T MOXE HE CIIBIagaTd 3
xkomHoro 3 MHOXMH M, K, C. OmHak B OUIBIIOCTI CXEM
TBIKOBOTO INIH(PYBaHHs, 10 HE BUKOPHCTOBYIOTh JNOAATKOBI
¢peliMBopkr ans OOpoOKM KIIFOUIB Ta TBIKIB (Taki sK
TWEAKEY [2] Ta fiomy moziOHi), cama KOHCTPYKIIisi CXeMH
3yMOBIIIO€ piBHICTE MHOXHH K Ta T.

I1l. MOJEJIb 3JIOBMUCHUKA

Mogenb 3JI0BMUCHHUKA B I epeHniabHOMY
KpHUIITOAHATi3l Tepeadadyac MOMIIMBICTh KPHUIITOAHATITHKA
JIOBUIBHUM YHHOM 00MpaTH Ta mu(pyBaTH BiIAKPUTI TEKCTH y
Oynp-IKHX KUIbKOCTSIX. B Toii ke uac, mporec mmudpyBaHHS
BCIX IMX TEKCTIB BiZOYyBAa€THCS HA OCHOBI OJHOTO U TOTO XK
CaMor0 CEKPEeTHOTo KI04a, SIKUA He 3MIHIOETHCS HPOTATOM
aTakd. BcTaHOBIEHHS LHOTO KIIOYA, B 3arajlbHOMY BHUIAJKY, 1

€ T'OJIOBHOXO METOKO 3JIOBMHCHHKA.

Ilpu mepexomi 10 TBIKOBHUX IMU(PIB HABEIACHIA MOJIEINI
BiJINIOBIJJAIOTH 0JIpa3y JAEKUIbKa TBIKOBHX MOJICIICH.

1) 30BMUCHUK 3HA€E TBIiK, KU € KOHCTAHTHUM Ha TIPOTSA3i
Bci€l aTaky.

2) TBiK TOCTIiHO 3MIHIOETHCS BHUMAIKOBAM YHHOM Ha
MIPOTsI3i aTaky. Y ci 3HAUYEHHS TBIKiB BiIOMi 3TOBMHCHHKY.

3) 31M0BMHCHHK OTIEpy€ TBIKAMH TaK CaMo, sIK 1 BiIKPUTHMH
TEKCTaMH, 3MIHIOIYH 200 3aJIMIIAaI0YH iX 32 CBOIM OaXKaHHSIM.

B ycix mmx Mozensx 3a 3JI0BMHCHHUKOM 30epiraerbcst
3MaTHICTh MAaHINYJIOBATH BIJKPUTHMH TEKCTaMH 3a CBOIM
OaxanHaM. Haramaemo TakoX, IO TBIKOBE 3HAYCHHS €
BIIKpUTOIO 1H(pOpMAIliEI0 B pamMKax MUGPYBaHHA Ta BioMe
yCiM.

3 Toukn 30py nudepeHITIATLHOTO KPUTITOAHATI3Y, IIIKaBiCTh
BHKITMKAOTh Mozeni 1 ta 3. Moaens 3 BUKOPHCTOBYETHCS IUIS
nmobymoBu Tak 3Banux Tweak-related atak, mo 6a3yroThcs Ha
MaHInysmisx TBikamu. Mojens 1 OLibII cxoka Ha Ty, IO
BUKOPUCTOBYETHCS B  KIAaCHYHOMY  AudepeHIlialbHOMY
KpunToanamizi. JIOCTaTHO JHIE PO3IJSIATH 3aMilllyBaHHs
TBIKY SIK JI€SKE MapaMETPU30BaHE MEPETBOPCHHS 3 BIOMUM
3HAYCHHAM MapaMeTpa.

Mogens 1 € 3py4HOI0O y BHUKOPHUCTAaHHI TakKoX 3 Ti€l
MPUYNHA, IO Maibke Bcid Teopis AugepeHIiaTbHOro
KpHUIITOAHAJi3y MepeHOCUThca Ha TBikoBuH JIKA 3 meskumu
HEBEJIIMYKUMHU (POPMAIbHUMH YTOYHEHHSAMH.

V. JIOCIIIKEHHS 3AT AJIbHOT CXEMH TBIKOBOI'O
LIINOPYBAHHS, 3AITPOIIOHOBAHOI BAHEM TA I'VO

Haii0inpim mpuUHHATHUM CIIOCOOOM TIOOYIOBH CXEMH
TBIKOBOrO IIM(pyBaHHS € MOOYyIOBa Ha OCHOBI HAasBHOTO
mrpy 3 BUKOPUCTAHHSAM IEBHOTIO ICHYHOUYOTO (peiMBOpPKY
a00 IPOEKTYBaHHAM HOBOTrO. Buxo/s1uu 3 11b0T0, Ipu po3pooii
CXEeMH TBIKOBOTO INHU(pYBaHHS OJHUM 3 IEPUIOUEPTOBHX
3aBJIaHb € JIOCII/KEHHsI HOBOYTBOPEHOI cXeMH y Mojeni 1 Ha

npeameT 30epeKeHHs Bpa3IMBOCTEH, NpUTaMaHHUX
«YTBOPIOIOUOMY» MHDPY.
as - k‘ t (J.2=3 . 'y1
A 4 A
a11-k ( ) J

=)
boa- Y1) 22 % Yo

bi1-k E

{)2.1 -k @ bS,l -k @ C

D 5)3__4 i

Puc. 1. Y3aranpHeHa cxema TBiKOBOTO IH(PYBaHHs, 3aPOMOHOBaHa Bamem
Ta I'yo [3]

Ha puc. 1 300pakeHO y3arajibHEHy CXeMY TBIKOBOIO
mwudpyBands, mwo Oyna 3amponoHoBaHa Bamem Ta I'yo.
3unavenns a..,b.. {01} —mapamerpu, @ — onepanuis XOR,

E — Buximk BHyTpimHbOro mumdpy. s maHoi cxemn Oyio
OTPUMAHO JI0Ka30BY OLIHKY CTIMKOCTI 10 aTak po3Ii3HaBaHHS
y 2" 3anutiB 3m0oBMHUCHMKA 10 mm¢ppy [3], 3a ymMoBH, IO
BHYTpimHi# mmdp € ineansauM. Cxema CKIIaTaeThCsl yMOBHO 3
JIBOX YaCTHH:

1) OGuucieHHs 3HA4CHB Y1 Ta Xo;

2) OGuuCIIeHHs 3HA4YCHB Y2 Ta C.

PosrisiHeMo naHy cxeMy 3 TOYKH 30py AudepeHIliaTbHOTO
KPHUIITOAHAJI3y Ta 3JI0BMUCHHKA, KU BifmoBigae moxemi 1.
3Ha4yeHHs TBIKY € BiTOMIM Ta KOHCTAaHTHUM. 3HAYEHHS KIII04a
€ HeBiZIOMHUM, aje KOHCTaHTHHMM. [logaMo Ha BXiJ CXeMH JBa
BIIKPUTUX TeKCTH P 1 P'= p @ o. Buxonsum 3 TBEepIKECHHS

’

NpO KOHCTaHTHICTh KJIIOYa Ta TBIKY, 3HAYCHHS Y1 Ta Y1
MOBHICTIO CHiBMamarTh, D21*K Ta by1*k' ciBnamarots, p Ta p

’
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BIIPI3HAIOTECS HA BioMy (QikcoBaHy BeJWYHHY. Takum
YHHOM, 3HAYCHHS X2 Ta X2’ TaKOXK BIIPI3HAIOTHCA HA Ty camy
BEJIUYUHY.

Bupas z», mo mpezncrasisie coboro a2,l*k @t@azs*y €B

3araJlbHOMY BUTAIKy HEBITOMIM, ajie (hikcOBaHUM, TOOTO, Zo =

’

22

Iudporekct C obuucmoeThes Ak Y, @by, *k @by, >y,

Ta Oe3mocepeHbO 3aICKHUTE Bijl 3HAUEHHS X2, IO TIH(PYETHCS
Ha KITIodi 2.

OnumemMo IUIIX TePEeTBOPCHHS MApH BIIKPUTHX TEKCTIB P
Ta p'y mapy 3aKpHTHX TEKCTiB C Ta C’3a JOIOMOTOIO PiBHSHB:

Yy =By (b, k).
X, =b,,*y, ®b,,*k® p,
Z,=2,,*k®t@a,;*y,,
Y, =E, (%),
cC=Y,®b;,*k®b;, *y,.

Toni napa tekctiB (p,p' )=(p,pDa)nicns oGuncIeHHs
X2 IEPEXOAUTDH B

(0,,*y, @b, *k®p,b,,*y, ®b,;* kO p' )=
:(b2,4* Y1 @)bz,l* k® p’bz,4* Y1 ®b2,1*k® pOa).

IMepenozHaunmo 1e sk (P, P, D).

[Ticns mpoxomkeHHs yepes mm¢pp E nmapa neperBoproeTsest
Ha

(¥2.¥," ) =(E,(p).E, (P @)=
=(E,(p,).E,(p,®)).
OcraToyHe 3Ha4YeHHS IUPPOTEKCTIB OTPUMYETBCS SIK
(c.c)=(E,(p,)®by;*k®by,*y,,E, (p, @)D

@b, , *K'®by, >y, ).

TakuM YrHOM, B TIpOIeCi MUMQPpPyBaHHS Mapa BiIKPUTHX
TEKCTIB 3 pi3HHIEI0 PD® P D o =0 MepexoquTh B mapy mudp

TEKCTIB 3 Pi3HHULIECIO

E, (p,)®by;*k®by,*y, ®E, (p,®a)®by, * kDb, ,*
*ylezz( pl)@Ezz(plc_Ba)

3 HBOr0 BHILIMBAE, 110

vX,ody :
Ej‘(xe,wu( X ) ® El(xawu( X® (X) = E:rlt.mud)py( X ) ® Eekllt.mud)py( X®o )

ne k' oGuncioerses 3 Kiroda K.

Buxonsun 3 1poro, MoXHa 3pOOMTH BHCHOBOK, IIO
po3noxin audepeHnianbHIX IMOBIPHOCTEH IS YCiX YaCTKOBUX
BHIIA/IKIB CXEMH CIIBIAga€ 3 PO3IOAUIOM An(epeHIiaTbHIX
iMOBipHOCTEH  BHyTpimHBOTO MmHppPYy. Takum  YHHOM,
obuncieHHs: AudepeHIialbHuX IMOBIPHOCTEH BHYTPIITHEOTO
omdpy Hae  OWIHKKM  CTIHKOCTI  yciel  cxemMH 10
JudepeHIianbHOr0 KPUITOAHAIlI3Y, HE3aJe)KHO Bil OOpaHuX
rapamerTpis.

BUCHOBKU

Y naHiii poOOTi Oyl0 pO3IJISIHYTO CXEMY TBIKOBOTO
mmpyBaHHs, 3anponoHoBaHy Banem Ta I'yo, 3 Touku 30py
nudepeHIianbHOro KpHIITOQHAI3Y, OTPHMAHO
CHIBBIIHOIICHHS MDK PI3HUIAMH ITHPPOTEKCTIB CXEMH Ta
pi3HUIIMH IIH(POTEKCTIB BHYTPIIIHEOTO MIH(PY.

Byno mokazaHo, 1[I0, HE3aIEKHO BiJ MapaMEeTPHYHUX
3Ha4YCHb, YCi peaji3alii cXeMH MaloTh OJHAKOBI IMOBIPHOCTI
mudepeHmiaiiB, SKi He 3ajJekaTh BiJ MapaMeTpiB CXeMH, a
BHU3HAYAIOTHCS JIUIIC BHYTPIOTHIM MIH(POM.

Orinka cTifikocTi yciei cxemu a0 auepeHIliaIbHOrO
KPHUITOAHATI3Y 3BOJUTHCSA 0 OOYHCICHHS TU(epeHIiaTbHUX
IMOBIpHOCTEW BHYTPILIHBOTO UMDY .
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Anomauis — Po3rjsiHyTO BUKOPHCTAHHS CHCTEMHOI0 MiAXO0AY
10 T0CTIi/IKeHHS CHCTeM YIpaBJliHHA iHdopMauiiiHoIo 0e3neKoro B
opraHizaumisx sik HijticHux 00’ektiB. @opMaJIi3oBaHO MOKJIUBOCTI
03HAYEHHMX CHCTeM Ta NpeAcTaBJeHO iX iepapxiero QyHkmiii.
3aBasgku nboMy cnenugpikoBaHO BUMOIH 10 CHCTeM YNpaBJiHHSA
indpopmauiiinoro 0Oe3nexow. BinmoBizHo 10 cnenupikoBanmx
BHMOI BHOKPEMJIEHO CTPYKTYPHi eJleMeHTH SIK MOAYJbHi
onqununi. KoxkHuM 3 HHMX BinoOpaskeHO sIK CTPYKTypHi, Tak i
NMOBeAiHKOBI 0CO0JMBOCTI NMpeacTaBJeHHS CHCTeM YHpPaBJiHHSA
indopmaniiinoro Gesnexoro. Ix Ha6ip, pisHoBMAN cHiBBiTHOMEHD
Mi’K HMMHM i CcmocoOM NOECIHAHHSA BHU3HAYEHO BiIMOBiAHO 10
KOHKpPeTHOI opradizauii. BoaHoyac nmuMH 0CO0JIMBOCTAMHU
BpaxoBaHO iHTepecnm 3 00Ky BHYTpilmIHiIX i 30BHimIHIX
3aliKaBJEHHX CTOPiH.

Abstract — The use of a system approach to the research of
information security management systems as a holistic object is
considered. The possibilities of the specified systems are

formalized and represented by their hierarchy of functions. Due to
this, the requirements for the information security management
systems are specified. According to the specified requirements,
structural elements are distinguished as modular units. Each of
them reflects both structural and behavioral features of the
information security management systems. Their set, the types of
relationships between them and ways of combining are determined
by the specific organization. At the same time, these features take
into account the interests of internal and external stakeholders.

Knrouosi cnosa — Cucmemnuii nioxio; cucmemui 00cniodncenms;
cucmema ynpaeninna ingpopmauiiinoro 6e3nekoro; Kidepoesnexka

Keywords — Systematic approach, systems research;

information security management system; cybersecurity
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l. BceTyn

OpranizamissMid ~ BHKOPHUCTOBYETHCS  KiOepmpocTip — sIK
CepeIOBUINE OTPUMAHHS 1 PO3MOBCIOKeHHS iH(popMarrii. Tox
s (QopMyBaHHS  TO3HTHBHOTO  IMIIKy Tmpo  cebe
po3mupseThes chepa BiIMOBITATLHOCTI, @ TAKOXK FapaHTYEThCS
0e3pM3MKOBICTE  mismbHOCTI B Kibepmpoctopi.  Tomy
NPOAKTUBHUM (hakTopoM 3abe3neueHHss KibepOesneku €
pO3pOOISIHHS 1 BOPOBADKYBAaHHS CHCTEM  YIPaBITiHHS
iHpopMaIiiHOIO 0e3MeKol0 i, SK HACliJOK, rapaHTOBaHICTh
aHaNII3yBaHHSA, aTeCTyBaHHS, OOpOONSHHA i KOHTPONIOBAHHS
pusukis [1], [2].

3a CHCTEeMHMM  IMOXOJOM  CHCTEMH  YIPaBIiHHA
iHpOpManiifHOIO0 OE3MEKOI0 PO3TIAAAETHCA K IUTICHI 00’ €KTH.
Ie no3Bosnse 3 omHOTO OOKY BpaXyBaTh 0araTOacHeKTHICTh 1X
CHUCTEMHHUX JOCHiIKeHb. Tomi sSK 3 1iHIOIOTO BHOKPEMHTH
€JIEMEHTH CHCTEM YNpaBiliHHA iH(opMauiiiHOo Oe3rnekoro Ta,
SK HACNIJOK, BCTAHOBHUTH MK HHMH CTPYKTYpHI Ta
¢byHKIIOHaBHI 3B’ s13KH [3], [4].

Il. CUCTEMHI JOCTIDKEHHS CUCTEM VITPABJITHHS
[HOOPMALIIMHOIO BE3IIEKOIO

TepMiHOJIOTIYHOI0 OCHOBOIO PO3POOJICHHS 1 BIIPOBA/IKEHHS
CHCTEM YTIpaBIiHHA iH(pOpMaIiitHOI0 0e3leKo € TepMiHU i
BU3HAYCHHs BiAmoBiaHo mo cranmapty ACTY ISO/IEC 27000.
Moro monosKeHHs JOTOBHIOETHCS TEPMiHAMH CTOCOBHO PH3HKY
Ta YIpaBIiHHA pU3UKaMHU 3arajioM 3a monoxkeHHsMu JICTY
ISO Guide 73. ChiBBimHOWmICHHS MiX TepMiHAMH Ha OCHOBI
cepii ctargaptiB ISO/IEC 27k BimoOpaxaroTbCsi OHTOJIOTIEI0.

JlisUTbHICTD 13 yIpaBIIiHHS in)opMauiﬁHOIo 6e31exoro
PO3IIISIAETRCA K (YHKIIS BEPXHBOTO pPIiBHA Y rpaan{Hm
worarii IDEF0. CtocoBHO Hel BHOKPEMIIIOIOTHCS BXIAHI Ta
BUXiZHI JAaHl. YmpaBiiHHA iHQOpMAIiiHOI Oe3neKolo
0OMEXYEThCSl 30BHIIIHIMU Ta BHYTPIIIHIMH OOCTaBMHAMU
OpraHisamii; BHMOTaMH 3aIliKaBJICHUX CTOPiH, a TaKOX
iHTepdeiicaMu Ta 3aJEKHOCTSIMH MIX AiSMH B Oprasizari.

MexaHi3MaM#i ~ PO3TIIAAAOTECS BHYTPIIIHI Ta  30BHIMIHI
3aliKaBJieHI ~ CTOPOHHM,  METOJ  OI[HIOBaHHA  PHU3UKY
iHpopMamniiiHOi Oe3mekw; BUKIMK (HANPHUKIAL, CHCTEMa

YIpaBIiHHS PUBATHOIO iHPOPMAIIEI0).

Ha ocHoBi 1epapx11 ¢byHKIIN cnenndikyoTbcs BUMOTH JI0
CHUCTEM YNpaBJIiHHS 1H¢)opMau1nHom 6e3nexoro. s 1poro
BUKOPHCTOBYETHCS BiAMOBIAHA jAiarpaMa y rpadidHii HoTamii
SysML [2], [4], [5]. Heto BimoGpaxaroThCsl IK BUMOTH, Tak i
CHIBBITHOIIEHHS M)XK HUMH. 3aBJSIKH IIbOMY BCTaHOBIIFOETHCS
BIIMOBIAHICTD 3 €JIEMEHTaMU OMHCAHHS ApXiTEKTYPH CHUCTEM
yhpasiiHHsA iHpopMmauiitHoo Oesmexoro [4]. Sk Hacmimok,
BPaxOBYIOTBCS IHTEpECH 3alliKaBIEHHX CTOPiH, 30Kpema,
CTOCOBHO HAJISKHOCTI 0OpOOIISIHHS PU3HKIB B oprasizauii [2].

BuHOKpeMJICHHsST CTPYKTYPHHX EJIEMEHTIB SIK MOJYJbHHX
OJIMHHUIIb OpPIEHTOBAaHE HA OINMCAHHSI CHCTEM YIPaBIiHHSA
1H(1)opmau11/moro 6e31eKoro. JiepeBoM MOJIy TbHUX
KOMITOHEHTiB. [X Ha6ip, Pi3HOBUIM CMTiBBiIHOIIEHD MiK HUMH i
crocoou HO€THAHHS BU3HAYAIOTHCS KOHKPETHOIO
oprasizari€ro, iHTepecaMy 3allikaBjIeHuX cTopiH. OcobIMBOCTI
MPEJCTaBICHHS OJOKIB 1 CHIBBIJHOIIEH MK HHMH
BiIOOpaKarOThCS TiarpaMoro CTPYKTYpPH — BU3HAYCHHSI OJIOKIB

[2], [5]. Lie mo3Bouisie po3risiaaTi KOXKEH 3 OJI0KiB, HAPUKIIAJ,
yepe3 BIACTHBOCTI, oreparii, cmiBBimHOmeHHA. CTpyKTypa
OJIOKIB CHCTEM YNpaBIiHHS iHQOpMaUiiHOIO Oe3neKoro
BHU3HAYAETHCS iarpaMoro CTPYKTYPH — BHYTPIIIHIX 67I0KiB [2],
[5]. Hero BimoOpaxaroThest iX BIACTHBOCTI Ta 3’€THAHHSI MiX
HUMH.  PO3riasHyTO  4OTHpH  3arajbHUX  Pi3HOBHIM
BJIACTHBOCTEH: YaCTHHH, NOCHJIAHHSI, BIACTUBOCTI 3HAYCHHS,
BIIACTUBOCTI OOMEXEHHS. SIK OKpeMUii pi3HOBH]I BIACTHBOCTEH
BHOKPEMJIEHO TIOPTH, SKUMH BiJOOpaKaroThCs 3’€qHAHHSA 1
B3a€EMOJISI CHCTEM 31 30BHIIIHIMU 00’ €KTaMH.

Bapiantamu BUKOPHCTaHHS MOKa3aHo MEXKI1
(YHKIIOHATBHOCTI,  (YHKIIOHANBFHA  IOBENIHKA  CHCTEM
ynpaBJiHHS iHpopMaliiiHoto 6e3nekoro [2], [4]. Okpema yBara
NPUIUISETBCA SKTOPaM, a TaKOX BCTAHOBJICHHIO BiJHOLICHD
MK HUMH 1 Bapiantamu BuKopuctaHHs [5]. OcoGmuBocTi
MOBEIIHKK CUCTEM YIIPaBIIHHA 1H)OPMAIIHHOK OE3MEeKOI0 Y
Yaci HpecTaBIAIOTHCS MOCHiTOBHICTIO. L[MM BpaxoByeThbCs
nepeiaBaH sl i MpUIMAaHHS TOBITOMIICHB MiX il eflemeHTamu [5].
[NoBimomiteHHsT TIepenatoThest (TIPUHMAIOTHCS) CTOCOBHO JTiHIN
KHUTTS 1 NPEACTAaBISIIOTH OKPEMY B3a€MOJII0 MK HUMH. 3
OTJIALy HA IIe, OCHOBOIO IiSUTHOCTI € TOCHIAOBHICTH Mil 3
yIpaBiiHHS 1HGOPMAIifHOI 0e3NeKoI0 1 YMOB 1X BUKOHAHHS
[2]. Hist posrasimaeThes SIK eNEMEHTapHA OJUHULIS AiSUTHHOCTI.
Hero KOOpAMHYETHCS BUKOPHCTAHHS BY3JIB  YIPaBIiHHS.
30kpema, pIlIeHHS CTOCOBHO HEOOXiIHOCTI OOpOOISIHHSA Ta
31CTaBJICHHS 3aJMIIKOBOIO PU3UKY 31 3a/laHOI0 MPUHHATHOIO
ouikoro. KiHIEBMM aBTOMAaTroM MOJEIIOETbCSA ITOBEIIHKA
CHCTEM YOpaBIiHHA IH(QOpMAIiHHOW OC3MEeKO0  IIIIXOM
TOCITiIOBHOTO TIpoXo keHHs ii cranamu [2], [5]. Ix inBapianTom
BU3HAYAETHCSl ICTUHHICTH YMOB JJIsl IOTOYHOTO CTaHy. 3MiHa
OJHOTO CTaHy Ha IHIOMHA MOJEIIOEThCA MEPEXOAOM, SKHUil
CIIpalbOBYE MPH HACTaHHI BU3HAUeHMX mojiid. Toi sk mozmieto
crieruGikyoThCsl YMOBH 3MiH CcTaHiB [5].

BUCHOBOK

OT1xe, BUKOPHUCTAHHS CHUCTEMHOTO [MIJIXOAY JO3BOJISIE
JIOCTI/DKYBAaTH CHCTEMH YIPABIHHS iHPOPMAIIHHO Oe3MeKOr0
sk witicHi 00’exktu. [ToOyayBaru iepapxito iX GyHKii i
crienuikyBaTH BUMOTH IO HUX. 3aBSIKK IIbOMY BHOKPEMHUTH
€JIEMEHTH JIAaHUX CUCTEM i1 BCTAHOBHUTH 3B’3KH MK HUMH.
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Anomauyia - JlocJdilzkeHHSI TNPUCBSIYeHe AaHAJI3Y
OCHOBHUX MeToAiB 3axucty Big XSS arak. HaBegeno Ta
OXapaKkTepu30BaHO OCHOBHi THIIN MiKaliTOBOTO
CKPMIITUHTY, SIKi BHKOPHUCTOBYIOTHCSI HA ChHOTOJHINIHIM
neHb. Tako:k po3rJsIHYTO Ta HaBeleHO JeTAJbHUIl omuc
OCHOBHHUX METOJMK Ta MPaBHJ 3aXUCTy BeO-10JaTKy Bil
XSS arak, a TakoK BKa3aHi OCHOBHi Bpa3JIMBOCTi Bed-
caiiTiB /10 aTak 1aHOT0 THUILY.

Abstract - This research is dedicated to analysis of main
security management methods against XSS attacks. Most
used types of cross-site scripting are given and
characterized. Main methods and rules of security of web-
application against XSS attacks were described in details as
well as most noticeable vulnerabilities are considered.
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Keywords: tags, web-application, JavaScript, Cross Site
Scripting, HTML, CSS.
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l. Bcryn

CroronHi Bce Oinblne HaOmpae momyspHICTH JavaScript,
sKa € OJTHMM 3 OCHOBHMX IHCTPYMEHTIB Juisi pO3pOOKH BeO-
nonatkiB.  IllompaBma  pO3MOBCIODKEHHS — Iiel  MOBHU
NpOrpaMyBaHHs TaKOX BUKJIMKAE MMPoOJIeMy BPa3IMBOCTI BEO-
caiftiB 1o atak Tumy XSS. YV 2019 pomi ataka ZaHOTO THITY
Oyma BH3HAHA HAWNOIIMPEHINIOK Yy CBiTi, BOHa Oyna
Bukopuctana y 39% xibepatak [1]. Tomy Oe3mepedHo
BUBYEHHS Ta aHaJIi3 METOJIIB 3aXMCTY BiJl JAHOTO THITy aTak €
HaJI3BUYAHHO aKTyaJbHUM Ha JaHUH MOMEHT.

OpnHi€l0 3 OCHOBHHX LJIEH aTak JaHOTO THUITYy € KpajikKa
cookie KopucTyBaua pi3HOM@HITHUMH crocobamu Uit
OTpPUMaHHS  KJIIOYOBOi  JUIi  aTakyrodoro  iHgopmarii.
3II0BMHCHUK 3MIHCHIOE aTaKy He HampsMy, a 3a JIOTIOMOTOIO
Bpa3NMBOCTEH BeO-CaliTy BHPOBAUKYIOUM CBIiM crHemiadbHUN
JavaScript xog.

AHani3yloud METOAM NPOBEJCHHS arak JaHoro THUILY
MOJKHA BHM3HAYHTH MEpIIi KPOKH y CHpoOi 3aXHCTHTH Beb-
JIOAIaTOK BiJ/l 1aHOT 3arpo3H.
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Il.  Twurmm XSS

Jlns aHaAMi3y OCHOBHHX METOMIB 3axucTy Biag XSS arak €
HEOOXITHUM pO3IJISIHYTH THIM BUKOHAHHS MIDKCaWTOBOTO
CKPUNTHHTY. X04a 3 IVIMHOM 4acy MOXYTb OyTH 3HaliieHI HOBI
BU/IM aTaK Ha JaHWH MOMEHT B 3arajJbHOMY BUJAUISIOTH TPH
OCHOBHHX Kateropii XSS 3a Hanpsmkom aii [2]:

- Bin6wuri (Reflected Cross-Site Scripting);

- 36epexeni (Stored Cross-Site Scripting);

- ma ocHoBi DOM-mogeni (DOM based Cross-Site

Scripting).

Reflected XSS — HaiimomupeHimmii T MiKCaWTOBOTO
CKpPUNTUHTY. JIaHW# TUII aTak OPIEHTYETHCS HA BPA3JIMBOCTI,
SKi BHMHHKAalOTh Ha JesKHX BeO-caiiTax, KOJM JaHi, MI0
MOJIAI0ThCS KIIIEHTOM, HETaliHO 0OpOOJISIOTHCST CEPBEPOM ISt
OTPUMaHHSl Pe3yJbTaTiB TOTIM BiJNPaBISAIOTBCS Hazaj Y
Opay3sep kiienra [3]. HaitnommpeHiriuii criocio BUKOPUCTAHHS
uiei BpaziauBocTi ne Bukopucranus HeBipuoi URL anpecn, sika
Oyzne MICTHTH 3MiHHI 3 IOKi[UTHBHM KOJOM, a OTXC HaBiTh
BUKOPHUCTAaHHS iM’sl KOPHCTyBaya CEpPBEPOM Ul NPHUBITAHHS
MOXKE CTAaTH BPAa3JIMBICTIO, SKY MOXYTh BHKOPUCTaTH IUIS
JAHOTO THITYy MI>KCaHTOBOTO CKPUIITHHTY.

Stored XSS Ttakox Bimomuii sk HTML-id’exmist, sxa
TOJIOBHUM YHHOM BHUKOPHCTOBYE 30€peKeHHS NaHUX, sKi Oynu
BiZMpaBieHI Ha cepBep (3a3Buuail y ©0a3i gaHuXx) Juis
3aCTOCYBaHHS IIKIIJIMBOIO KOAY Ha CTOPIHIN, SKUE Oyme
BuKopucTaHuit mizHime. s popma XSS Moxe Bpaxatu Oyb-
SKOTO BinBimyBaya caiity. Kiacnunuii mnpukiang 1poro
pizHOBUIY aTaku € (OpPYMH, A€ KOPUCTyBayaM J03BOJIEHO
BHKOpUCTOBYBatH HeoOpoOmenumit HTML ta XHTML s
(dopMaTyBaHHS IXHIX ITOCTIB.

DOM-based XSS ne miasun Reflected XSS, ne momunku B
yorimi  JavaScript Ta HeoOepekHE BHKOPHCTAHHS JaHUX
NPU3BOJATE IO CTBOPEHHS BPA3JMBOCTEH, SKi JaxyTh 3MOTY
3JIOBMHUCHHKAaM BHKOHATH aTaky. Lleil BUI aTak € 0coOIMBO
HeOe3MeYHNM aJpKe, SIKIO NPU TeCTyBaHHI Ha 3BU4YaiiHui XSS
Bpa3NUBOCTEN BHUSBICHO He OyJO0, T0JAaTOK MOXKe BCe Iie OyTH
He3axuuieHuM Big DOM-based XSS arak.

I1l. OCHOBHI METOJU BOPOThBU 3 XSS

IepuiM YHHOM HEOOXIMHO MAKCHUMAIbHO OOMEKHUTH
MOXIIMBICTh KOPHCTYBaua BBOJIUTH JaHi Ha caiTi [4].
3a00pOHMBIIA  BBEACHHS JIaHUX  KOpPHUCTyBadeM, abo
0OME)KHBIITH TICBHI CUMBOJIH IIPY BBOJIi MOKHA 3aXHCTUTH BeO-
JIOATOK BiJ 3JIOBMHCHUKIB. SIK TpHKIaa, MOXXHA HABECTH
3a00pOHY BBEJACHHS CUMBOJIIB «<», «>» (eixeMeHTiB html-

TEriB), MO JOMOMOXXE YHUKHYTH BHHCKHEHHs XSS
BPa3IMBOCTI.
Skmo Kk TOBHICTIO 3a00pOHUTH BBEACHHS JIaHUX

KOPHCTYBa4eM HEMOYKIIMBO JJIsl BEO-CaiiTy, BAPTO BUKOPHUCTATH
TIepeBipKy BBEJICHHS. Takwuit METOJ qacTime
BHKOPUCTOBYETHCS JUIA 3alO0IraHHIO IHIIOMY THITy aTak, a
came SQL in’exiit [5], mpore Moxke GyTH BUKOPHUCTaHHUIHA 1 1715t
3axucty Bix XSS atak. [lanuit MeTox nepeabadae BHECEHHS Y
YOPHHUH CIIACOK YCiX KOMaH/I sIKi MOXYTh HAHECTH IIKOJY Ta Y
OUTMII CHHCOK YCiX JO3BOJICHUX KoMaHA. JlaHuil meTom €
0COOJIMBO KOPHCHUM MPU 3aXHUCTi BiJ aTak BeO-IOAATKIB SKi
BHUCTYNAOTh (popMaMu, Tak sK BiH 3amo0irae JoJaBaHHIO

CIEIIJIbHAX CUMBOJIIB Yy TTOJISA, 3a00pOHSIOYH JAHHH 3aITHT.

[epetizemo 10 OLTBII AETATBHOTO PO3MIIALY OCHOBHUX
METOJIIB Ta MpaBmII 3aXucTy Bix XSS arak [6].

1) 3abopona BBenenns manux B Tio HTML nokymenra,
Hanpukian ycepenuny teriB div, p, b, td, Tomo. YHukaiire
BUKOPHCTaHHS  HACTYIHHUX CHMBOJIB 3a  JIOIIOMOTOIO
konyBaHHs cytHocred HTML pns 3anobiranHs mepexomy
3JI0BMHUCHHKA y Oy[b-sIKMI 1HIIMH KOHTEKCT, TaKUH SK SCript,
style, handlers [7]. VYV 1aHoMy BUNAAKy JOLIJIBHO
BUKOPHCTAHHS LIICTHAJIATKOBHX CYTHOCTEH !

& ===y &amp;

< &l

> &

" = &Quot;

b e &HX2T;

| — &H#X2F.
binpuricte  MepexxeBUX — (peiiMBOPKIB  MarOTh  METOJ
YHUKHEHHS] BUKOPHCTAaHHS CUMBOJIIB HABEACHHUX BUILE, OAHAK
LBOTO HEJOCTaTHBO sl iHImMX KoHTekcriB HTML, Ttomy
JOTPUMAHHS yCiX IHIIAX MPaBWI HAaBEICHUX HIKYEC €
HEOOXITHUM JJ1s1 O€3MeKU BeO-10AaTKY.

2) 3abopoHa BBEOCHHS HEIOBIPEHUX JAHHX B TOJS
atpubyTiB mupunau (width), im’s (name), 3nadenus (value),
tomo. [IpoTe e He CTOCY€eThCSI KOMIUICKCHUX aTpUOYTIB TAKHUX
sk href, src, style, abo Oyap-ikux OOpPOOHHKIB TMOMIA 5K
onmouseover. OxpiM OYKBEHHO-ITU(PPOBUX CHMBOJIK CIIiJ
3a00pOHUTH yci cuMBOIH 13 3HaYeHHAM ASCII MeHInM 3a 256
[8] mns 3amobiranus Buxomay 3 arpubyra. Buxim 3 arpubyra
MOXe OyTH 3IIHCHEHHUIl 3a JOMOMOrOK 0araThbOX CHMBOJIIB,
30kpema: %, *, +, -, /,;, <, =, >,

3) 3abopoHa BBeleHHs HeOBipeHMX gaHux y momis CSS
ab6o term crmmo. Sk He auBHO CSS Takoxk Moxe OyTH
BUKOpUCTaHUN i arakd Tumy XSS. Crhixg 3amobiratu
BHKOPHCTAHHIO YCiX OYKBEHHO-IIM(POBHX Ta CHMBOIIB 3
kogoM ASCII menmre 256. OxpiMm Toro Ter <style> 3akpue 0110k
CTHITIO HaBiTh, SKIIO BiH 3HAXOAMTHCS B CEPEIUHI CTPIUKH B
Jmankax, Ockuibku aHamizatop HTML 3amyckaerscs mepen
CHMHTaKCHYHUM  aHamizatopom JavaScript [9]. Tomy
PEKOMEH/IOBAaHO BHKOPUCTaHHS arpecMBHOTO KOJyBaHHS Ta
nepeBipku CSS s 3anobirannto XSS st arpulOyTiB y j1ankax
Ta €3 JaIoK.

4) Binmoga Bix JavaScript URL. Henaniitni URL-aapecu,
0 BKJIIOYAIOTh MPOTOKOJI javascript: BHKOHYBATUMYTH KOJ
JavaScript npu Buxopucranui B URL-agpecax DOM URL-
azpecw, Takux sk arpudytn rera HREF abo posranryBanHs src
iFrame. IToTpi6bHo mepeBipuT Bci HeHamiHi URL-aapecw,
1100 BOHM MICTWIIM JIMIIE AOBipeHi mpoTokomu, Taki sk HTTPS.

5) 3ampoBamkeHHs MOJITHKK Oe3neku kKoHTeHTy (Content
Security Policy) [7]. Lle mexani3m i3 Ooky BeO-meperisaaya,
SKAP JTO3BOJISIE CTBOPIOBATH BUIXIJHI CIUCKH JDKEpeN JUist
KITIEHTCHKHAX PeCypciB BeO-mporpamu, Hampukian, Javascript,
CSS, 306paxkenns Tomo. CSP 3a momoMororo crheriaibHOTO
3arosioBka HTTP Bkasye BeO-mepernsgady BUKOHYBaTH a0o
BU/IaBaTH PECYPCH JIMIIIE 3 LIUX JKEePell.

6) JlomaTkoBO MOKHA BUKOpHCTOBYBaTH X-XSS Protection
Response Header - 3aronosoky HT TP- BignoBizi, sikuit BMUKaE
GbinbTp MikcaiiToBoro ckpuntunry (XSS) [9]. Bin BOynoBanuit
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y Ieski cydacHi BeO-Opaysepu. Lleli 3arosioBok, sk TpaBHIIO,
YBIMKHEHO 3a 3aMOBUYBAaHHSM, TOMY HOTO pOJb IOJATaE y
ITOBTOPHOMY BKIIFOYCHHI (PiNTbTpa ISt KOHKPETHOTO BeO-CalTy,
SKIIO #oro Oyno BimkmoueHo kopuctyBaueM. [Ipote Firefox
HiKonM He miaTpumyBaB X-XSS-zaxuct, a Chrome i Edge
OTOJIOCHJIH, IO IIPUITUHSIOTH MIATPUMKY.

BusBnsatu pi3sHOMaHITHI aTakd MOXHA TaKOX 3a
JIOTIOMOTOI0 1HTEJIEKTYyaJIbHUX TEXHOJIOT1H, a camMe HeHpOHHHUX
Mmepex [10]. Ipore y Bumaaky XSS mkigmuBuii Kom, KU
Mepexxa Mae BUSIBUTH, € KojgoM JavaSript, skuii Mae
HecTaHHapTHe  KomyBaHHiA.  Kpim  Toro  JavaScript
BUKOPHCTOBYE TaKi ONMil SK IHKANCYJIsLis, IepecTaHOBKa
KOZy, Ta abTEpPHATHBHI NMPHHOMH, a OTXKe y BUIAaIKy 3 XSS
BUKOPHCTAaHHS HEHPOMEPEXK Lie TPYAOMICTKHH BHUNAIOK, aie
BCE JK TAaKM MOKJIMBHU BapiaHT BUPIIICHHS i€l POOIIEMIL.

BUCHOBKU

Po3rsnyTi Meroam opranizauii 3axucty Bim XSS xou €
YyIOBUMH TEXHIKAMH 3aro0iraHHs OUTBIIOCTI, MPOTE BOHHU
JIMIIE JO3BOJISIIOTBCS 3MEHIIMTH WMOBIPHICTH BHHHKHEHHS
aTakid. ToMy JOUIIGHMM Oyie BHUKOPUCTaHHS HOEIHAHHS
aHaJizy Koay JI0aTKy, aBTOMATH30BaHOTO CTAaTHYHOTO
TECTYBaHHS HiJ 4ac po3poOKH Ta IMHAMIYHOTO TECTYyBaHHS,
KOJIH JIOJIATOK 3’SBJISIEThCS B peajlbHOMY CBiTi. Bukopucranus
0e3MeYHNX TEXHIK IPOIECY PO3POOKH TONATKIB TOTIOMOXYTh Y
MepIry 4epry 3amo0irTd BHHUKHCHHIO BPa3JIMBOCTI, Ta, 5K
MOXJIMBHI HACJIITOK, HAHECCHHS 3HAYHUX 30UTKIB.
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IJISIXOM NOpiBHAHHA ¢a30Boro mnoprTpery ioro moTO4YHOL
eJeKTpoOKapaiorpaMu 3 3a3gajieriib  BiIOMHM  KJIacoM.
3anponoHoBaHAa NMpoLEAYPAa BU3HAYEHHS BificTaHi Mixk ¢aszoBumu
MOPTPETaMH, HA OCHOBI AIKOI MpoBe/ieHa KJacTepu3alis (pa3oBux
nopTpeTiB HaBuadbHOi BHOipku. IlpeacTaBiieHO pe3yJbTaTH
NMPOBeJeHNX eKCIePUMEHTAIbHUX J0CTiTKeHb.

Abstract — The method of user verifying by comparing a
phase portrait of his current electrocardiogram with a known class
is developed. A procedure for determining the distance between
phase portraits is proposed. Clustering of phase portraits from a
training set on the basis of this procedure is carried out. The
results of the experimental studies are presented.
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I. Bcrynn

IIpobnema OiomerpuuHOi imeHTH]iKamii TFOAWHH, SKa
TPYHTYETBCSA Ha aHajii3l iHAWBIAyalTbHHX XapaKTEPHUCTHKAX
ocobuncTocTi, HabyBae Bce OimbImIOi akryampHOCTI. OguH 3i
CHoco0iB BHUpImIEHHA Takoi mNpoOieMH, 3acCHOBaHMH Ha
THIUBITyaTbHIX XapaKTepUCTUKaX OJTHOKaHaJIbHOT
enextpokapaiorpamu (EKI'), Brepmie OyB 3amnponoHOBaHMI
ykpaincekumu (axiBusmu B podori [1] me B 1995 pomi. I
TUIBKM dYepe3 IICTh POKiB, K II€ 4YacTo OyBae B Hayli,
3'IBUJIAcs 3aKOpJIOHHA IyOutikarist [2], npucBSIYeHa KHOBOMY»
Merony inentudikanii ocobucrocti 3a EKI'. 3rogom neit meron
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aKTUBHO pO3BMBABCS B YHCICHHHX MyONiKamisxX 1HIIHX
aBTOpiB, 30KpeMa, B poboTax [3-14].

Hocmimkenns, mnpencraBieni B Monorpadii  [15],
JIEMOHCTPYIOTb, 1110 iHANBIAYanbHI ocoonuBocti EKI -curnamy
z(t) OLTBII BHPA3HO MPOSBIAIOTHECA Ha (PAa30Bil IUIONUHI B
koopauHatax Z(t),Z(t), me Z(t) — IUBUIKICTD €IEKTPUYHOI

aKTUBHOCTI cepia. Mera poOOTH — OaIbIINI PO3BUTOK CaMe
TaKOTO IMiIXOIY.

Il.  TIOCTAHOBKA 3AJIAUI

Hexait z(t,) — mmdpoBa MOCTITOBHICTE JHCKPETHUX
3HAYeHb CKAIPHOTrO cUrHaiy Z(t), o peecTpyloTh B OHOMY

31 cranmpaptaux EKI'-BiBeZieHb Ta CIIOCTEPIratoTh B MOMEHTH
gacy t, =kA, k=1,..,K, 1e A —KpOK KBaHTYBaHHS.

IMicns  momepenHboro  obpoGneHHs MacuBy  Z(t,)
(BumameHHs npelidy  130€NEKTPUYHOI  JIiHIi, YacCTOTHO-
BHOIpKOBOi (inbTpamii Ta aaNTHBHOTO 3TJIa KyBaHHSI)

BIIA€THCS Ha OCHOBI CHemialbHOI mporenypH [15] ancensHOTO
IuQepeHIliIOBaHH OTPUMATH TPUHHATHY OIIHKY MHOXiTHUX
Z(t,) curmamy z(t) B OuCKpeTHI MOMeHTH dacy t . B
pe3ynbTati popmyeTbes pazosuii noptper EKIT™ (OI1 EKT)

(2(t),2(1)), (2(t).2(1)). - (2(t). 2(t))

KW, TONIOHO 10 BIZOWTKA Tmaipld, Mae XapaKTepHi
OCOOIMBOCTI, IO BIACTHBI KOHKPETHIUM 0co0aM (puc. 1).

Puc.1. Ipuknagu daszosux noprperis EKI" 24 oci6

3 puc. 1 Buano, mo PII EKI omgHumx momedl icTOTHO
PO3PI3HAIOTECA, @ B IHIIMX — € JIMIIe HE3HAYHI BiIMIHHOCTI.

3po3ymino, He BukmoueHi curyamnii, komu ®II EKT pizamx
JOAEH B3aralyli OHAKOBI Ta MPAKTHIHO HE PO3PI3HAIOTHCS. 3
IFOTO BHILIMBAE, III0 HE MMPOCTO PO3POOHUTH CHCTEMY HaIIHHOT
inenTudikarii koukpetHoi monunn 3a OI1 EKT. IIpunaiimai
TaKe 3aBJaHHs MOXKHA BBa)KAaTH JIMIIE JaJEKOI0 METOIO.

BonHouac, B sIKOCTi 6J1M3bK0T METH MOXKHA C(OPMYJTIOBATH
6inpm mpocty 3amady: BimHocutu PII EKI koHkperHOT
JIFOJIMHH JI0 TIEBHOTO KJIacy (YMCIIO TaKUX KJIaciB MOXHA 3a7aTH
HE JyXe BEIMKUM) 1 TPOBOJUTH TUIBKH BepUdiKalio
OCOOHMCTOCTI  IIUIIXOM  31CTaBJICHHS ®I1 EKI, mo
cnoctepiraerbes, 3 HomepoM kinacy @II EKT, skuit moxioHo
TpyIi KpoBi BignoBigae maHiit ocobi. [Ipu po30OixHOCTI KI1aciB
3 BHCOKOK WMOBIDHICTIO MOXHA CTBEpUKYBaTH IIPO
HETaTUBHHUH pe3ynbTar Bepudikamii i mpuiiMaTtu BiAMOBimHI
pimIeHHs.

I1l. KJIACTEPIBALIISI ®A30BUX IIOPTPETIB EKT
Hexaii maemo HaBuanpHy BuOipky Q EKI' pisHux
KOpPHUCTYBayiB:

S =15,,S,,50 - (1)
Bynemo oriHroBaTH OHM3bKICTh Mi’K KOKHOFO TIAPOIO0 S“ eS rta
S, €S aOcomoTHOIO BeauuuHOi pi3HULI MK QyHKIiAMH
Y, (X,y) i W,(XY), AKi XapakTepusylOTh YHCIO YOPHUX
nikceniB B 1oyt 300pakenb dasoBux moprperis S, i S, Ta
HaJle)kaTh KBaJpaTHAM KOMipKaM 31 CTOpOHaMH € B
KoopAnHATax X Ta Y (a30Bol momwuHu (puc. 2):

Ly = 2%, 06 y) =P (x,y)|. 0

z [ Z

J
2 il
‘ ‘ s e 7 \T{%‘ 7

Puc. 2. TlosicHeHHs 10 METOTy ONiHIOBAaHHS BifcTaHi Mix qBoma OIT EKTT

Hus crpormenHs mpouenypu mopiBHioBaHHS OI1 EKT
nepesl BU3HAYCGHHsIM BiicTaHi (2) MpOBOAWTHCS HOPMYBaHHS
(ha30BHX KOOPIUHAT 3a (hopMyIamu

z [t ]- minz[t]

zTt]= — , k=1..K, (3)
< maxz [t ]-min z 4]

. 2 [t,]-Minz [t,]

2 [t = thax; e k=1..,K. (4).
< max7 [t J-min Z Tt ]

ExcriepuMeHTanbHO BCTaHOBJICHO, IO 3 TOYKH 30pY
KPUTEPII0 MaKCHMyMYy BIiJHONIEHHS MIDXKKJIAaCOBOTO Ta
BHYTPIIIHBOKIIACOBOTO  BiJICTaHEH ONTHUMANBHUHA  PO3MIp
KOMIpOK Ma€ JOPiBHIOBATH

£ =0,125A,
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ne A — po3Mip oo 300paxens @IT EKT. B Takomy Bunaaky
moje 300paxeHb mNokpuBaloTh N =8-8=64 xBagpaTHHX
KOMIpOK.

CdopmyeMo KBaIpaTHy MaTPHUIIO

Luv Ly Lig

L. L, ..L
A= 2

21 2Q

Lou Loz Loy

BiACTaHell MK mapaMu (a30BHX TIOPTPETIiB HaBYAIHHOI
BHOIpKH, 3a SKOIO TPOBEIEMO KackamHy Kiactepuzarito OIT
EKT. Ilepmy mapy knactepiB ®II EKI' Bu3Hauae enemeHt
MaTpuIl A, II0 BiAMIOBia€ MaKCUMYyMY 3 BiJICTaHEH LHV .
JUi BU3HAUEHHS IHIIMX KJIACTEPiB BIOPSAAKYEMO DSIOK
MaTpuii A, mo BiAmoBimae mepmomy Kiactepy. HasBHiCTH
«cTpubKay Ha MOCIiTOBHOCTI SRq , 4=1,...,Q BmopsaKoBaHUX

BifcTaHel (puc. 3) BU3HAUAE IOPOrOBE 3HAUEHHS (], 3 SIKUM

MIPOBOIUTHCA MoAanbIna kKiactepusaris OI1 1 T.1.

Puc. 3. I'padix BoopsigkoBaHuX Bigctaneit Mixk kiaacrepamu OIT EKT

Ha ocHnoBi ananizy 300 DOKI' 3amuciB 115 pisHux ocib
Bu3HaueHo J =5 xapakrepaux kinacu OII EKT (puc. 4).
. — ’._’__.,-.—,-—7_., \. I =n ] S

Puc. 4. I’ate xapaktepuux knacis @I1 EKI’

O06poOeHHST PETPOCTIEKTUBHUX CIIOCTEPEKEHDb MOKA3aIH,
10 y KOHKpeTHO1 ocoou xapaxtepauit Tun @IT EKI npakTuaHO
HE 3MIHIOIOTBCS IPOTATOM TPUBAIOTO TepMiHy (Tadi. 1), sKio,
3po3yMiNo, y Ued Tmepiox He cTamucs Tpydi opraHidHi
YPpa)keHHs CepIs.

TABJIMLA 1. Junamika 3min OIT EKT y Tphox BoJOHTEpIiB
Pix  Bomnonrep ®. Bomnontep /K. Bosonrep T.

DI1 Knac 1 Knac 2 Kiac 3

2005

2013

2018

Bynemo npoBoauTH noaibnry Bepudikaiiro KOpUCTyBadiB
3a eraonmamu (asoBux moptperis PITY ... dI1), saxi

BH3HAYMMO 32 MiHIMAJBHOIO CYMOIO BiJCTaHEH IO IHIIHX
(ha30BUX MOPTPETIB KOKHOTO | -ro knacy, j=1,...,J , T00TO

Q
®I1Y =argmin > L) (6)

(a
1<v<Q i op=l

ne Q; — xinpkicts @II j -ro Knacy B HaB4anbHii BUOIpL.

1V. [HOOPMAIIITHA TEXHOJIOT'LS

Ha puc. 5 npencrasiena ctpykrypy IT, sxa 3abesmedye
Bepuikariro moaunu 3a OIT EKT'.

BBenenHst kiaacy (pa30BoOro noprpery
KopucTtyBaua (Jiorin or7{)

!

Moayab mo0ya0BHM MOTOYHOIO
®PII EKT' (mapossb xocrymy)

PeecTpaTtop
EKI'

Mopayas Bepudikanii

Erasonn IHoTouHuM
DI dI1 EKI'
on? | 7 &
o1 o -

Pimenns:

JAOCTYH BiIKPUTHI/3aKPUTHIH

Puc. 5. Ctpykrypa IT Bepudikanii momunu 3a OIT EKI’

Bepudikauisa npoBoautbcs 3a BimomMuM Kiacom Pl

($a30BOro MOPTPETY, XapaKTePHUM IS KOHKPETHOI 0COOH.
Taka iHpopmaris (JIOTIH Z -r0 KOPHCTyBaya) OTPUMYKOThH
[UIIXOM  CKaHyBaHHS  MIKPOIPOIIECOPHOTO  yumy  1oco
biomempuuno20 TIACTIOPTY, KPEOUTHOI KapTKH abo IHIIOTro
JOKYMEHTA.

B sxocti mapomro jmoctynmy Bu3HaudaeTbes  (pazoBuid
notounoi EKI" Z -ro xopuctyBaua. J{is 1p0ro 3aCTOCOBYIOTH
MIKpOTIPOILIECOPHHUI CEHCOP 3 MaJIbILOBIUMH €JIEKTPOAAMH, 32
JIOTIOMOTOIO SIKOTO PEECTPYIOTh Ta IEepenaroTh y HHU(POBii
¢opmi mo xomm'iorepa motouHy EKI' kopmcryBaua SZ(‘).
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Binnosinuuit  dasosuit noprper @I  nopisHIOETBCS 3

etanonamu @ITY ..., @IS, mo 36epiratotbes B B cuctemu.
[opiBHSAHHS 301HCHIOETHCS MIJISIXOM 00paxyHKY BiICTaHeH

L(@r®, @) =Y [¥O ) - (xy) ()
X,y

@I1" norounoi  EKT

KOpucTyBaya i Beima etanonamu @I | j=1,..,J .

MDK (pa30BUM HOPTPETOM Z -T0

CucTeMa aBTOMATHYHO BU3Ha4ae HoMep etanony @I1,
SIKMHA 3HAXOIUTHCA Ha MiHIMaJbHIN BiacTadi (7) Big da3zoBoro
noptpery ®@I1" norounoi EKT, To6T0

@11 = argmin L(@I11°,@11$7) . (8)

1<j<d
PitenHs npo no3utuBHy BepuQikailito IpHHMaeThCs NI
B TOMY BHINAAKYy, KOJIM BH3HAUYECHUU @Hé‘) crmiBmazae 3
BBBEJECHUM JIoTiHOM @], , T06TO
@IV = oI, . ©)
Ha ex3amenauiiiniii Bubopui i3 204 3anuci EKI" 62 pizHux
ocib Oymo gomymeno nunie | nomunky Bepudukanii (0,5 %).

BUCHOBKU
[IpoBeneHi mOCHiKCHHA MIATBEPOMIN, IO  ICHA
HOpPMYBaHHS  ()a30BHX KOOPJMHAT MOXHA  CIPOCTUTHU

nporenypy BusHadeHHs Onm3pkocti Mk @II EKT mursxom
oOumciIeHHs  aOCONMIOTHOIO  BEIMYMHOIO  PI3HUINI  MiX
GYHKIISIME , 110 XapaKTePU3YIOTh YHCJIO YOPHHUX IIKCETiB B
noji  300paxkeHb  (azoBMX MOPTPETIB Ta  HaJEXaTb
€JIEMEHTapHUM KBaJ[paTHUM KOMipkaM ()a30BOl IUIOLIMHH.
ExcriepuMeHTaIbHAM [UITXOM BCTaHOBJICHO, 1110 3 TOYKH 30pY
KPUTEpIl0 MaKCHUMyMy BIJJHOLIGHHS MIDKKJIACOBOTO  Ta
BHYTPIIIHBOKJIACOBOTO  BIJICTAaHEW ONTHMAIbHUH  PO3MIp
KOMipoK Mae popiBHIoBaTH 12,5 % Bing po3Mipy KBapaTHOTO
nostto 30py OII.

Kackagna mponenypa xmactepusarii 3a 300 3amucamu EKT
115 pi3HEX 0ci0 3 HABYaNHHOI BHOIPKH JTO3BOJUIIA BU3HAYHTH
' sTh XapaktepHux kiaciB ®OII. bararopiuni croctepexeHHs
miaTBepanny, mo xapakrepHud Tun PIT EKIT xoHKpeTHOT
0cOOM TIPaKTUYHO HE 3MIHIOIOTHCS TPOTATOM TPUBAJIOTO
TEePMiHYy.

Po3pobnena inrenexktyamsHa [T m03BOJSIE TPOBOIUTH
Bepu(ikamito JTIOAWMHA HA OCHOBI TOPIBHAHHS (a30BOTO
moptpery #oro mortouHoi EKI' 3i Bcima erajmoHamwu, mI0
30epiraloTbcsi B 0a3bl JaHuX. PilleHHS NHpO HO3WUTHBHY
Bepudikamilo NPUIMAETHCS JHMIIE B TOMY BHUIAIKY, KOJIH
norounnit @I cniBnagae 3 3a3nanerigb BiIOMUM €TATOHHUM
@II, xapaKTepHOTO JUIA Ii€T TFOAUHU.

3anpornoHoBaHN MeTox 3abe3nedyye JOCTaTHBO BHCOKY
HaJliiHICcTh Bepidikauii: mpu TectyBanHi 204 3anucis EKT 62

pi3HHX 0cCi0 3 He3aNeXHOi eK3aMeHaliifHoi BHOIpKH Oyio
JIOMYIIEHO JIHIIe | TOMIIIKY.
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Cuctemnauii Anani3 [Iponecy 3ade3neueHHs
besnexku npu Opraxizaiii [TloBiTpsitHoro Pyxy
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THCIIEeKIis 3 Oe3IEKH MMOJIBOTIB Ta IKOCTI
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System Analysis of Air Traffic Management Security

Vladyslav Chernysh
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Kyiv, Ukraine
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Anomauia—Cdepa indopmauniinux TeXHOJIOriii
PO3BMBAaEThCH [y:Ke MBHIKO B MIKHAPOAHOMY aBiamiiiHomy
CyCHniJIbCTBi, BIPOBAIKYIOTHCSI HOBi aBTOMaTH30BaHi cHCTeMH
YHOpaBJiHHA OCHOBHMMH IIpouecaMu cy0’ekTiB aBianiiiHol
aisnbHocTi. IludpoBa Tpanchopmanis nposaiinepiB HagaHHs
MOCJIYT 3 aepOHaBiraniiiHoro 00c;IyroByBaHHs BUMAra€ CyTTEBOIO
MiABUIEHHS piBHS 3aXHIIEHOCTi indopmauiiino-
TeJleKOMYHIKaUiiHUX cucTeM, iHdopmamiiiHux pecypciB Ta
00J1agHAHHA 3B’A3KY, HaBiramii Ta cnocrepexeHHs.

Abstract—The field of information technology in an
international aviation society is developing very rapidly, new
automated systems for managing the core processes of aviation
entities are being introduced. The digital transformation of air
navigation service providers requires a significant increase in the
security of information and telecommunication systems,
information resources, and communications, navigation and
surveillance equipment.

Knwuosi cnosa — ingpopmauiitna ébesnexa; aeponasizauiiine
00CN20y8y8aHHA;, 00CY208Y8AHHA NOGIMPAHO20 PYXY,

Keywords— information security; air navigation service; air
traffic service.

l. Bcerynn

Besneka Ha MOBITPSIHOMY TPaHCHOPTI — I€ KOMIUIEKCHA
BJIACTUBICTH aBialliifHOI TPAHCIOPTHOI CHCTEMHM BHKOHYBATH
cBoi (yHKIil 6e3 HaHECEHHsS WIKOJM caMoOi CHCTeMH abo
HAaCEeJeHHI0, B IHTepecax SKUX BOHA PO3BHUBAETHCS.
3abe3neuenns iHpopmauiitnoi Oesnekn (Ib) nposaiinepis
aepoHagirariitHoro ob6cmyrosyBanHs (AHO), sBuse coboro
KOMIUIEKCHY MpobiieMy, sika Bkiroyae [1]:

® TIpaBOBE PErYNIOBaHHS 3aCTOCYBaHHs iH(opMamiiHuX
texHounoriit (IT);

® BJOCKOHAJEHHS TEXHOJOTiH po3poOkum IT i 3axmcTy
iHpopmanii B iHpOpMaLiiHO-TENEKOMYHIKaLIHHUX
cuctemax (ITC);

® PO3BUTOK CHCTEMH cepTH(iKallii;

e 3a0e3MeYCHHS BIAMOBIAHUX OpraHi3aliiHO-TEXHITHUX
ymoB ekcrutyatauii [T mizposzainis nposaiinepis AHO.

Hemonymenns  aBiamiffHMX TOAiH Ta  IHIMICHTIB,
NOB'A3aHUX 3 ONIEpaLlifHIMH JiIMH IPH HagaHHi nocayr 3 AHO
€ OaXaHUM pe3yJIbTaTOM IisJIBHOCTI Tally3i Ta NpoBaijepiB
AHO.

3axuct IHQPACTPYKTYpH B YaCTHHI, L0 CTOCYETHCS
3abe3nedenHs 1b migpo3ninis nposaiinepa AHO HeoOxinHa uis
TOro, mod B yMOBax BHHHMKHEHHs 3arpo3 3abe3redyBaiacs
Oesrieka rpu opranizauii nositpsiHoro pyxy (OpIIP).

Indpactpykrypa cucremu OplIIP mnpoaiinepa AHO
OXOILTIOE TIepcoHaI, iHdopMarito, pecypeu, 3aco0u Ta cIyxou,
B TOMY YHCJi OpraHH OOCIyTOBYBAaHHS MOBITPSIHOTO PYXY
(OITP), obnagHaHHS, BKIFOYAFOYM CHCTEMH 3B'S3KY, HaBirarii
ta cnoctepexenHs (3HC) Ta ITC.

Il. AHAJII3 JSIJIBHOCTI IPOBAMJIEPIB AHO

AepoHaBirauiiiHe 00CIyroByBaHHS— OOCIIyTOBYBaHHS, sIKE
3MIIACHIOETHCS poBaiiiepamu aepoHaBIramifHOTo
00CITyroBYBaHHSI Ha BCiX €Talax MOJIbOTY MOBITPSHHUX CYJICH,
o0 BKIIOYAE OpraHizalilo MOBITPSHOTO pyXy, 3B'SI30K,
HaBiramito, CIIOCTEpPEXCHHS (pagioTexHIYHE 3a0e3NeyeHHS),
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MOMIYK 1 PATYBaHHS, METCOPOJIOTiyHE OOCIYroBYyBaHHS Ta
HaJaHHs aepoHaBiramiinoi inpopmarii [1,2].

BpaxoByloun rno0angbpHy —eKCIUTyaTallifiHy —KOHIIETIIIIO

opramizanii mosiTpsHOrO pyxy ICAO [3,4] Ta cydJacHi
TeHaeHUil nudpoBoi TpaHchopmauii aBiamiiHOI Traysi,
nocarHeHHS Tnpoadigepamu  AHO  crpareriunmx — minen

HEMOXIIUBE 0€3 BIOPOBAJKCHHS Takux ocHoBHuX IT -
KOMIIOHEHTIB (yHKIiOHAIBHOI cucteMu (o0magHanas 3HC)

e 1eHTpu 00podku nanux (L1OM) indpopmanii AHO;

e  ABTOMATH30BaHI
pyxom (AC KIIP);

CHCTEMH KEpYBaHHA IIOBITPSIHUM

e cucremu KomyTanii MoBHOI iH(popmarii (CKM3);

®  aBTOMATH30BaHI CUCTEMH MEHEIKMEHTY MOBITPSHOTO
mpoctopy (AC MIIID);

e  MaricTpajbHi TelnekoMyHikaiitai mepexi (MTM);

e  KOMIUIEKCcH 00poOKkH maHuX 3 6e3nexu momboTiB (KO
BID);

e cucremu o0poOku noBigomiens OIIP;
®  CHCTEMH CJIICKTPOHHOI'O JIOKYMEHTOOOITy.

Pozsuroxk Hanpsmy IT mnposaiinepa AHO npusBonuts
TaKOX JI0 BAHUKHEHHS HOBUX YPa3JIMBHUX MICIIb.

[Monii, nmos'sizani 3 1B, MOXyThb MaTH BIUIMB Ha SKICTbh
HamaHHs mocayr AHO i cTBoproBaTH 3arpo3y IOBHOI a0o
yacTkoBoi BigMoBH [T KOMIOHEHTIB — (QYHKIIOHAIBHOT
CHCTEMH.

OynkiionansHa cuctema (cucrema OplIP) mpexacrasisie
co0OI0 TIOEJHAHHS MpPOLEAYp, JIOACBKHX pecypciB Ta
obnannanHs (IT — KOMIOHEHTIB), BKJIIOYAIOYM arapaTHe Ta
nporpamuae 3abesmeuenHs (I13), mo opranizoBane s
BUKOHAaHHS 3aBJaHb B KOHTekcTi AHO Ta iHmmMX ¢yHKIiNH
OplIIP.

VY nosuictio IT — 3anexxHomy cepenosuii AHO, criiikicth
mo kibepaTtak CTae KPUTHYHO BKIUBAM  (HaKTOPOM
3a0e3nedeHHs Oe3nexu AisnpHocTi 06°exTiB AHO.

Ha renepimmniii dac, oO'ekrom AHO € omnepariiiai
¢byHKIloOHaNBHI Tinpo3aiau nposaizepa AHO, nmo ckmamy
SKOr0O MOXE BXOAWTH OJuH a0bo KiNbKa  OprasiB
obciyroByBaHHs moBiTpsiHOro pyxy (OIIP), a takox iHmI
oprasu, 1o HajgarTs nocayru 3 AHO.

Jna ominkm BrmmBy 3arpo3 Ib mHa cucremy OplIP
nposaiinepa AHO HeoOxinHO cdopMmymnoBaTH 3aBAaHHSA, IO
BHKOHYIOTH OTepariifti miaposainu - 06'ektu AHO [6-7].

Hexai:

ANS 01, ANS 02, ANS n - o6'ektu AHO, 1110 BUKOHYIOTb
Takli 3aBIaHHS:

1. OO6cmyroByBaHHS HOBITPSIHOTO PYXY:
e  JucHeT4YepchKe 0OCIyroByBaHHs MOBITPSHOTO PYXY;

® [OJBOTHO  —
HIOBITPSTHOTO PYXY;

iHhpopMarniine  0OCIYroByBaHHS

e apapiiiHe  00CITyroByBaHHS
(aBapiitHe CHIOBIIIICHHS).

HOBITPSHOTO  PYXYy

2. YrpaBiiHHS BUKOPHUCTAHHSM MOBITPSHOTO IIPOCTOPY.
3. Opranizaiis MoTOKiB HOBITPSTHOTO PYXY.

4.  MereoposoriuHe 0OCIIyrOByBaHHs aepoHaBiraii Ha
MapuIpyTax/y paiiloHaX HOJBOTIB.

5. Opranizanis Ta 3a0e3Ne4eHHS KOHTPOIIO 32
JOTPUMAHHSAM HOPSAIKY Ta IPaBHI BUKOPHCTAHHS HOBITPSHOTO
MIPOCTOPY MiJ Yac KOOpJHMHALIi, yIpaBIiHHSI BUKOPUCTAHHIM
(MeHemKMeHTy) TOBiTpsHOTO TpocTopy Ta OIIP vy
BCTaHOBJICHUX MEXaXx BiqNoBigaibHOCTI 00'ekTy AHO.

6. Opranizamis poOOTH CEKTOPiB IHUCIETYEPCHKOTO
oprany miaxoxny ta AJIB, 6pudinr-ogicy.

7. Opranizanmis Ta 3a0e3MeYeHAS BAKOHAHHS TOTOBIPHUX
3000B’s13aHb npoBaiinepa AHO B Mekax CBOiX MOBHOBa)KEHb.

CNS 01, CNS 02, CNS 03, CNS 04, CNS n - 06’extn 3HC,
110 BUKOHYIOTh TaKi 3aBJaHHS:

1. 3alesneuyeHHs mpane3gatHoCTI Ta Oe3nepebiiHoT
pobotn 3akpimieHoro 3a o0’ektrom obOmamHanHs 3HC Ta
BCTaHOBJICHOTO Ha HbOMY [I3 3 MeToro 3MiliCHEHHs Oe3reKu
MIOBITPSHOTO pyXYy B 30Hi 00'ekTy AHO.

2. Oprani3zauis Ta 371iCHEHHs eKCIUTyaTallii, TeXHIYHOTO
obciyrosyBanHs oonanaanHs 3HC, cynposoxy [13, ctBopeHHS
YMOB JuUId iX HaJiiHOrO Ta SIKICHOrO (YHKIIOHYBaHHS Y
BIIMIOBITHOCTI IO [HilOYMX HOPMATHBHO-TIPABOBHX AaKTIB Ta
OpraHi3aliitHo-po3nopsauuX JOKyMeHTiB nposaiaepa AHO.

3. VYuacts y po3sutky IT, ITC Ta ix I13.

4. Opranizalis, IUIaHyBaHHS Ta BHKOHaHHS poOOIT 3
JMBOTHUX TepeBipok obmagnanas 3HC.

Ha puc. 1 300paxena 3aragpbHa CTPYKTypHa MOJEIH

nposaiinepa AHO, ne:
=

ATS02 unit ims 7ATS02 unit
01 (APP) _ 03 (TWR)
- 602 unit —

02 (AFIS)

ANSP 01
i ans

CNS 01 —

s — i
ATSO1 unit ians / ATSOL unit
01 (ACC) i 03 (FIS)
— ATSO1 unit —
02 (TWR)

T A

ians

ians

@ unit 01

ATSn unit n
Puc. 1. 3aranbHa cTpykTypHa MoJeib nposaiinepa AHO

ANSP 01 — nposaiinep AHO;

i ans — indopmariis AHO;

ANS 01, ANS 02, ANS n — 06’exktt AHO;

CNS 01, CNS 02, CNS 03, CNS 04, CNS n — 06’extu 3HC;
ATS01, ATS02, ATSn — oprauu OIIP;

ATS01 unit 01 (ACC) — paitonHwmii TUCIIETYCPCHKHUIT TIEHT;

ATSO1 unit 02 (TWR) — aepoapomHa aucHeT4EpChbKa
BHIIIKA,;
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ATSO01 unit 03 (FIS) — uenTp nonpoTHOI iHbOpMALii;
ATSO02 unit 01 (APP) — nucrieTuepchKHii OpraH MmiIxomy;

ATSO02 unit 02 (AFIS) — opran aepoapOMHOTO MONBOTHO-
iHpOpManifHOTO 0OCITyTOBYBaHHS;

ATS02 unit 03 (TWR)
BUIIIKA.

aepoJpoMHa JAMUCHETYEPChKa

Texniyna exkcrutyaranis o6naguands 3HC (HazeMHHX
3ac00iB pamioTeXHIYHOTO 3a0e3neUeHHs), IKi MPU3HAYCHI IS
3abe3nedeHHs noJiboTiB noBiTpssHUX cyzaeH (I1C), BukoHaHHs
neBHUX ¢(yHkniii OIIP Ta € mkepemom inpopmanii AHO,
3MIACHIOETHCS 1HXKEHEpHO-TexHIuHUM mnepcoHamom 3HC 3a
MOPSIAKOM, IO BCTAHOBJICHWH UYMHHUMH HOPMAaTHBHO-
NIPaBOBUMHU aKTaMH Y KpaiHHU Ta OpraHizauiiiHO-po3nopsIuuMu
nokymeHTamu nposaiinaepa AHO [5].

Ha TenepimHiii MOMEHT, OPSAOK TEXHIYHOT EKCILTyaTalil
obmannanHs 3HC (HazeMHHX 3aco0iB  PajiOTEXHIYHOIO
3a0e3neueHHs), 0 BCTAaHOBJICHUH Ha AEp)KaBHOMY DiBHi, HE
nependayvac:

® BI3HAYCHHA CTYICHSA BiINOBIMANLHOCTI OpraHizamii
nepconanom 3HC 3axoniB i3 3abe3ncucHHs Ib;

® pO3MOAIN poyiell Ta MeXi BigNOBITATBHOCTI MiXK
nepcoHaiom 3HC Ta mepcoHansoM mifpo3aiiiB
O6esnexkn, IT BimmoBimHo mIomo0 3abesneuends 1b
oOmaguannas 3HC.

BumesazHaueHi YMHHUKA MalOTh HETAaTHBHHI e(QeKT Ha
CHUCTEMHICTb (KOMIUIEKCHICTb) Miaxoay 10 3abe3nedenns Ib, sk
OCHOBHOI'O MpUHIMITY 3ab6e3nedeHHs 1b.

[TpoBeneMo aHai3 HUISAXiB PO3POOJICHHS Ta BIPOBAIXKEHHS
cucremu ympasiiHHsA 1B mposaiinepa AHO, sk ocHOBH st
3abe3neueHHs Oesmexku npu OplIP Ta Oe3neku MOJBLOTIB.
Posrisnemo npunnuny 3abe3neyenns 1b npu HanauHi nocityr
AHO, 3aranbny nomituky 1b nposaiinepa AHO Ta pouns 16 B
3aranpHiil iepapxXiuHiii CcTpykTypi 3a0e3meueHHS Oe3MeKn
asiarii.

I11. AHAJII3 IPOLIECY 3ABE3IIEYEHHS BE3IEKU [IPOBAMIEPA
AEPOHABITAIIITHOT'O OBCJIVTOBYBAHHS

EdexTuBHiCT, MiTBHOCTI LWBLTBHOI aBiamii, Oe3rmeka
noJpoTiB Ta Oe3neka npu OplIP B 3HauHIN Mipi 3anexaTh Bij
HasBHOCTI ITC Ta 3aco0iB aBromatusamii opranie OIIP
(aBToMatu3arii PM), a Tako BiJf TOUHOCTI 1 KOH(1ACHIIIHHOCTI
iHpopmanii AHO.

B koHTekcTi aBiariitHoi ramy3i, 6e3mneka sBise coboro cTaH,
TIPY SIKOMY MO>KJIMBICTb 3aIIO/{ISTHHS IIKOJM 0c00aMm abo MaliHy
3HMKEHA JI0 MPUHHATHOTO PIiBHA 1 MIATPUMYETHCS HA LBOMY
ab0 HIKYOMY PpiBHI 32 JOIOMOIOI0 IIOCTIHHOrO IIpoIecy
BHSIBJICHHSI HeOe3MeuHnx (HaKkToOpiB Ta YIpaBIiHHS QaKkTopaMu
PH3HKY JuIs O€3MeKH HOJIbOTIB.

Cuctema NUMBUIBHOI aBiamil BKJIIOYAE€ ITOCTAYaJbHHUKIB
TIOCITYT Ta 00CIYTOBYBaHHS, a TAKOX JiepKaBHi opranizauii. Lle
CKJIaJIHA CHCTEMa, IO BUMAarae OI[HKHU JIIOJICBKOrO (akTopy
1110710 3a0e31eYeHHs OE3IeKH TTOJILOTIB 1 PO3yMiHHS MEXaHI3My
BIUIUBY YHCJICHHHX 1 B3a€MO3QJI)KHMX KOMIIOHEHTIB TaKoOi
cucTeMy Ha epeKTUBHICTD JIIOJICHKOT ISUIBHOCTI.

Besneka mnpu OplIIP xapakTepusyeTbcsi KOMILIEKCOM
3axX0iB Ta TOB’SA3aHa i3 3arpo3aMy, HAIpaBICHUMH Ha
¢yHnkuioHansHy cucremy (cucremy OplIP) mposaiinepa AHO,
TaKUMHU SK Hamajx Ha Oyab-sAki akTWBU (MaWHO, MEpPCOHAN,
oonannanns 3HC, ITC, Ttomo) abo komm cucrema OplIP
BiZlirpae KIIOYOBY poiib B 3amoOiranHi abo pearyBaHHI Ha
3arpo3u, sKi HaIliJICH]I Ha 1HIII YaCTHHH aBialliifHOT CHCTEMHU Ta
MaloTh 0OMEXEHUH BILUTHB Ha Mepexy cuctemu OpIIP.

Besneka mpu OpIIP BkiIrouae B cebc JBa OCHOBHUX
HaIpsIMU:

1. Besneka iH¢ppacTpyktypu cucremu OpllP —
3abe3neueHHs (i3nIHO1 Oe3neKH iHPPACTPYKTYPH, IIEPCOHAITY,
iHdopmaniiinoi 6e3nexu odxanuanus 3HC ta ITC BianosigHo
O BU3HAYEHOTO TMEPeNiKy KPUTHYHO BAXKIMBHX 00 €KTIB
iHppacTpykTypu npoaiinepa AHO.

2. IlinTpumka HaI[lOHAJIBHUX 1HTEPECiB: aBiallidHOI
0e3mekd, MUBUIFHUX Ta BIICHKOBUX OPraHiB, BiIIOBIJaTBHUX
3a  HallloHaJbHy Oe3nmeky Ta O00OpOHY, a  TaKOX
MIPaBOOXOPOHHUX OPTaHiB.

dizuyna Oe3meka mnependavae NPUHHATTA — (PI3UUHHX
3ax0[iB UL 3aXUCTy TIEPCOHAIY, 3armo0iranHs
HECAHKIIIOHOBAHOT'O TOCTYITY 70 00J1a{HaAHHS, 3aCO0IB 1 CITykKO,
MaTepialiB i TOKYMEHTIB, 1 3a0e3MeYeHHs rapaHTiid B TOMY, IO
CHCTEMa 3aXHCTy He Oy/e nopyiiena [3].

Besneka nepconany nepeabaiae BHKOPHCTaHHS TPOLCID,
IO JI03BOJISIIOTH OLIHUTH MOXIIMBICTh HaJaHHA OyIb-sKii
0co0i, BPAaxOBYIOYH IPH LBOMY HOro JIOSUTBHICTB, CTyrIle
JIOBIpU 10 HBOTO 1 HaiiHICTh, MOYATKOBOTO 1 MOCTIHHOTO
JI0oCTyny A0 KoH(}iaeHUidHol iHpopMauii Ta IOCTymy B
KOHTPOJIbOBaHI 30HH 0€3 CTBOPEHHS HENPUHHSITHOTO PH3HKY
oesmeku [3]. Ha puc. 2 mpencraBieHa CTpPYKTypHa MOICIThb
npouecy 3a0e3meueHHs 6e3mnexn iHppacTpyKTypu
¢yHKIioHanpHOI cuctemu (cuctemu OplIP) mposaiinepa AHO
(opranis OIIP), ne:

(7 N — —
AL 77N N
(LSS — { PhSEC ) [ HrseC |
N 2N \ /
1/4&? ) N

ians

ms

—ims

' ANS /7 ATS02 unit
03 (TWR)

ATS02 unit —

02 (AFIS)

B ANSP o1
s

o (_As0L
ATSO01 unit I ATSOlunlt ATS02 unit
01 (AcC) 03 (Fis) 0L (APP)
Puc. 2. CrpykrypHa Mopens Oesneku iHppactpyktypu opraris OITP

ATSO1 unit
02 (TWR)
npoBaiinepa AHO

INfSEC — nponec 3a6e3neyenns Oe3nexu obnannanus 3HC
ta ITC npoaiinepa AHO, mo BkiIto4ae rapaHTyBaHHSA 0a30BUX

mocnyr Ib — mimicrocti (l), xondpinenmiitnocti (C) Ta
nocrymaocTi (A) indopmariii AHO (i ans);
PhSEC - npouec 3abesneueHHs ¢isuynoi Oe3neku

migposainiB nposaiigepa AHO (06’extiB 3HC, 06’ektiB AHO,
oprauis OIIP Tomo);

HrSEC - mnpomec 3abe3nedyeHHs Oe3leku IepcoOHATY

nposaiinepa AHO;
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ANSP 01 — npogaiinep AHO;

ANS 01, ANS 02 — 06’exktu AHO;

CNS 01, CNS 02, CNS 03, CNS 04 — 06’extun 3HC;
ATS01, ATS02 — opranu OIIP.

[MignpuemMcTBa aBiaIiifHOI Taly3i CHIBHO PO3PI3HAIOTHCS 3
TOYKM 30py Macimitaly 1 ckiagHocti ix pobdoru. KoxHe
MATIPHEMCTBO Ma€ 0araTOpiBHEBY CHCTEMY YIIPaBIIHHSI, IO
BKJIFOYA€E YUCIICHHI MiAPO3IIITH, YK TiSTIbHICTD CIPSMOBYETHCS
yepe3 IeBHY BHOYIyBaHy CHCTeMYy ylpaBiiHHs. [IpoBaiimepn
AHO noBuHHI IHTErpyBaTd  yYNpPaBIIHCBKI ~ CHCTEMH,
MIPU3HAYCHI IS JOCSTHEHHS IMEBHUX OPTaHi3aIlifHUX Mijei,
T00TO HamaHHia nociyr 3 AHO. YmpaBmiHCBKY cHCTeMY
npoBaiinepa AHO B minoMy 4acTo Ha3WBalOTh KOMILICKCHOIO
CHCTEMOIO YNpaBIIiHHA 200 MPOCTO IHTEIPOBAaHOIO CHCTEMOIO
ynpasminns nposaiigepa AHO [8].

[lepenymoBaMK BIPOBAaKEHHS IHTEIPOBAHHX CHUCTEM
yopaBiiHHA mnpoBaiimepa AHO € mpomecHui miaxim 1o
TISUTBHOCTI Ta PU3MK-OPIEHTOBAHHMA MiAXiA 70 3a0e3MmeuYeHHs
6e3nexr. OCHOBHHMU CHCTEMa YIIPABIiHHS, CIIPSIMOBAHUMU Ha
HEJIOMYIICHHs aBiamidHux nofii ta iHnuaeHTtiB € CYBII ta
cucreMa ympaBiiHHA Oe3mexoro mpu OplIP  BimmosigHO.
Po3risHemo Bu3HaueHHs Ta QyHKIIT [IUX CUCTEM yIPaBIiHHS.

CHCTeMHHH TiIXil [0 YHPaBIiHHSA OE3MEKOI0 ITONBOTIB,
SIKMIA BKJTFOYA€ HEOOXIHI OpraHi3alliifiHi CTPYKTYpH, PO3IMOILT
BIZINOBIAJIHOCTI, MOJIITHKY 1 mpoueaypu HazuBatoth CYBII.
CYBIl 3agimae Ti BHOM eKCIDIyaTamilHOI  JisSUTBHOCTI
nposaitnepa AHO, siki BiTHOCATHCSI 10 O€3MeYHOT eKCIuTyaTarril
IIC.

CucteMHHU MiaXix 10 3a0e3nedeH s CTIHKOCTI, IITICHOCTI
iHppacTpykTypu cucremu OplIIP  mposaiimepa AHO
HAa3UBAETHCA CHCTEMOIO ynpaBiiHHA 6e3nexoro mpu OplIP. o
cucreMn ynpasiiHHa 6esmnekoto npu OplIIP BxoanTh cucrema
ynpaBiiHHs Oe3nekoro iHppactpyktypu OpIIP Ta cucrema
YOpaBJIiHHS TiATPUMKH HalliOHATHHUX 1HTEPECIB.

bazoBa mMozenp 3arpo3 Gesneku iHOPACTPYKTYPH CHCTEMHU
OpIIP nposatinepa AHO noBuHHA MiCTUTH CHCTEMAaTH30BaHUN
nepenik 3arpo3 Oesmeku 3a Hampsimkamu INfSEC, PhSEC,
HrSEC Tta po3pobka mmany 3axoxiB Oesmeku 00'ektiB AHO,
3HC Ha Bunmajox HenepeabaueHNX 00CTaBUH.

VYupaBninHsA pusukamu Oe3neku mnpoBaiinepa AHO e
CKIQAHUM 1 OaraTorpaHHMM TIPOIECOM, IO BHUMAarae
BUKOPHCTAaHHS KOMIUIEKCHOTO ITiIXxoy. BiH oBMHEH B TOBHIN
Mipi BpaxoByBaTH BCi aCIEeKTH AismbHOCTI mpoBaiinepa AHO i
ocobmmBocTi  QyHKIioHyBaHHS opranis OIIP B wacTuHi
iHpopMaTH3alii.

Amnani3 6e3neku cucremu OpIIP citix mpoBoaUTH Ha OCHOBI
KITIOYOBHUX €JIeMEHTIB AisutbHOCTI poBaiiaepa AHO (ocHOBHIX
NPOLECiB), BKIIOYAIOYH TEPCOHAN, MPOLEAYPH, OOiaaHaHHSI
3HC ta ITC, mnoB's3aHMx i3 mpouecamMH YHPaBIiHHA 1
MiATPUMKH.

He3Baxkarouun Ha Te, 110 3aX011 O€3MeKH, nepeadadeHi as
IUX E€JEMEHTIB, BUMAaraloTh 3aJy4eHHsS (axiBLiB pI3HOTO

npodiiro, 3aranbHi YHpaBJiHCHKI pilleHHs B cdepi Oe3nekn
MOBWHHI B TEPINy Yepry NpUHMaTHCA Ha OpraHi3amiifHOMY
piBHi. Li eneMeHTH He € He3aIe)KHUMHE, OCKUTBKH 3 TOYKHU 30PY
BKmaxy B 3abesmeueHHs mocayr 3 AHO ix  Qymkmii
B3a€MOIIOB'SI3aHi.

BUCHOBKM

[IpoBexenuit cucTeMHUil aHayi3 MOKa3aB, IO B yMOBaxX
3pOCTaHHs OOCATIB  MOBITPSHOTO pyxXy Ta Iu(poBOi
TpaHchopmMarii apiamiiHOiI Tamy3i yBara 1m0 3a0e3led4eHHS
oesneku npu OplIP ictotHO 3pocna. 3abe3meueHHs Oe3neku
iHppacTpykTYypH $yHKIiIOHATHHOI cucTemu (cuctemu OpIIP) e
OJJHAM 3 TIPIOPUTETHHX HANPSMIB AiSUIGHOCTI B YaCTHHI, IO
CTOCYEThCA MPOIIECiB yrpaBmiHHS npoBaiinepa AHO.

BbazoBa Mozenb 3arpo3 Ge3neku iHOPACTPYKTYPH CHCTEMHU
OpIIP mposaiinepa AHO nmoBHUHHA MiCTHTH CHCTEMaTH30BaHUN
Hepeik 3arpo3 0e3NeKy 3a HalpsSMKaMHU:

e irdopmarniitaa 6e3neka obnmagHanas 3HC ta ITC;
e  (izuuHa Oe3reka;
e  (e3reka nepcoHany.

[onii, nos'sizani 3 1B, MOXyTb CTBOpIOBAaTH MOTEHLINHHY
3arpo3y IoBHOI abo yacTkoBoi BimMoBu obnanxaHHs 3HC Tta
ITC. Peanizanis 3arpo3 Ib Mo)ke BIUIMHYTH Ha SIKICTh HaJaHHS
Takux nocayr 3 AHO:

e 00CIyroBYBaHHS HOBITPSHOTO PYyXY;

e  3B'SI30K, HAaBIrallisi ClIOCTEPEIKEHHS;

e  00CIYroBYBaHHS acpOHABITaIiHHOO iH(OPMAIII€IO;
®  METeOpOJIOriuyHe 00CITyrOByBaHHS aBiallii.
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Anomauia — Y nauiii podoTi 10BoAATHCS cHiBBiTHOIIEHHS
MeTrpukun OSD gjs umcea 3a moayjiem umcia MepceHHa Ta
onucyeTbest Moandikamis NOCTKBAHTOBOI KpunrocucremMu AJPS-
1 3 Buxopucranuam merpuku OSD.

Abstract — In this paper we prove inequalities of OSD metric
for numbers modulo Mersenne number and describe the
modification of the quantum-resistant AJPS-1 cryptosystem using
the OSD metric.

Knrouosi crosa — ROCMKEAHMO06a  KPURMOCUCHIEMA,
kpunmocucmema AIPS; moodynvna apugpmemuxa; uucno Mepcenna

Keywords — quantum-resistant cryptosystem; the AJPS

cryptosystem; modular arithmetic; Mersenne number

l. Bcryn

B ocranni poku 3miiiCHEHO 3HAYHWK OOCST JOCHiIKEHb

moOyOBH  MAacIITa0OBaHMX  KBAHTOBHX  KOMII IOTEPIB.
VY pa3i ycnimHoi mo0yI0BH, BETUKOMACIITAOHWA KBAaHTOBUI
KOMIT IOTEP 3MOKE 3J1aMaTu OLIBIIICTH Cy4acHUX

ACHUMETPUYHHUX KPUITOCHUCTEM, SIKi 3apa3 BUKOPHCTOBYIOTHCS
HA MPAKTHUI(, IO TOCTABUTh MiJI CYMHIB KOH(IICHIIIHICTh Ta
LUTICHICT IUQPPOBUX KOMyHiKamid. ToMy € MoTuBaIis
CTBOPIOBATH ITOCTKBAHTOBI KPUIITOCHCTEMH, AKi OyIyTh CTiHKi
JI0 aTaK 3 BUKOPHCTaHHIM SK KBAaHTOBOTO, TaK i KIACHIHOTO,
KOMIT'IOTEPiB, @ TaKOXX 3MOXYTh OYTH IHTETPOBAaHUMH 3
HAsSBHUMH IIPOTOKOJIAMH Ta MEPEIKAMHU 3B’ SI3KY.

HamionaneHuit iHCTUTYT craHmapTiB 1 TexHonorid CIIIA
(NIST) mwampukiami 2017 poky po3mo4aB  KOHKYPC
ITOCTKBAHTOBHUX KPHIITOTIPUMITHBIB, SIKHiA TpuBatuMme 10 2024
poky [1]. OnHuM 3 y4acHHKIB MEpIIOro payHLy KOHKypey [2] €
MexXaHi3M iHKamcymsmii  krrodiB - Mersenne-756839,  saxwuit
ocHoBaHu# Ha Kpunrocuctemi AJPS [3].

Kpunrocucrema AJPS  po3pobneHa Tpynow BiIOMHUX
kpunroJoriB y cknazi [[. Arrapsana, A. XKy, A. Ilpakama ta
M. Canra. Kpunrocucrema AJPS mae nmBi Bepcii — s
mudpyBanus Oity moBimomienns (AJPS-1) Tta  mus
mmgpyBands 6noxky nosigomieHus (AJPS-2). OcobiuBicTiO
kpurntocuctemu AJPS € BukopuctaHHs apupMETHKH 32
MoayneM uuciaa MepceHHa, sika Moke OyTH e(eKTHBHO
peamizoBaHa 3a paxyHOK iCHYBaHHS alTOPHUTMIB IIBHIKOTO
OOYHMCIICHHS. TPYAOMICTKMX oOllepamiidi 3a MOJIyJeM 4HcIia
MepceHHa, TakuX SK  PEAYKIs, MHOXEHHS, IOUIYK
00epHEHOro, IOKOMIIOHEHTHI ormepauii  JojaBaHHS — Ta
MHOKEHHs To1Io [4, 5].

Il. Omnmc KPUIITOCUCTEMU AJPS-1

Kpunrocuctema AJPS-1 [3] no3Bonsie 3ammbpyBaT OQUH
6iT TOBIJOMJICHHS, BiIIIOBITHO BiIKPHUTHM TEKCTOM € 94HCIIO b
e{0,1}. TIlpu mnoOymAOBi KpPUNTOCHCTEMH BHU3HAYAETHCS
rnapamerp 3axuIleHocTi A . BiakpuTumu mnapameTpamu

cucremu € uncna M, =2" -1 Ta h, ne h — dikcosane uuncno,

siKe 3a710BoIbHsE yMoBaM C!' > 2" ta 4h? <n <16h?.
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Cuiz 3ayBaXKMTH, IO TYT 1 HaJaJi JJIs CIPOIIEHHS 3a1ucy
OTOTOKHIOEMO YMCJIa 32 MOJAyJeM uucia MepcenHa M, Ta

0iToBi psgku goBxkuHU N. Ile MOXIMBO, OCKUIBKH MikK
MHOXKHHAMH, SIKi 3aJal0Th JaHI 3HAYCHHS, ICHYe B3a€MHO
OJTHO3HAYHE BiZI0OpakKEeHHS.

[To3HaunMo MHOXHHY N-O0iTOBHX YHCEN, SKi 32 MOIYyJeM
gucia MepcenHa M | = 2" —1 Mmaroth Bary Xemminra N, six

HM,, ={x €{0,1}" : Ham(xmod M, ) = h}.

e T'eHepauis KJIIOYiB BiZOYBAETHCS TaK:

1. Yucma F ta G o0OHMparoThCSI BHIAIKOBO Ta
He3aleKHO 3 MHOXHHE HM .

2. Ocobuctum kitoueMm € yuciao G, a BiAKpUTUM

xmoueM —uucno H =F -G mod M.
o Iludpporerct C 00UNCTIOETECS 32 POPMYIIOIO
C=(-1)(A-H+B)mod M,,

ne A, B — HesamexxHO 1 piBHOHMOBiIpHO O0O0paHi
3HayeHHd 3 MHOKUHU HM, .

o Jlnst po3tindpyBaHHsI 00UNUCITIOETHCS 3HAYCHHS
d =Ham(C-G mod M,),
miciist 4oro GiT b BU3HAYaeThCS HACTYITHUM YMHOM:
0, saxwo d <2h?;
b=41, d >n-2h?;

1, inaxwe (nomunka poswumppysanns ).

AKWO

KopexTHicTb po3iudpyBaHHs BUILIMBAE 3 TeMu 1.

Jema 1. JIng gosinpHux umcen A,B 6{0,1}” Ta Yucia

Mepcenna M, = 2" —1 BMKOHYIOTBCS TaKi CITIBBIIHOIIEHHS:
1) Ham(A+B modM,)<Ham(A)+Ham(B);
2) Ham(A-B modM,)<Ham(A)-Ham(B);
3) Ham(-AmodM,)=n-Ham(A), skmo A=0".
1. OIMC MOJU®IKAL KPUTITOCUCTEMHU AJPS-1 3

BHUKOPUCTAHHSIM METPUKU OSD

Just moxomBoi  Momudikanii  kpunrocucremu AJPS-1
OUITXOM 3MIHH METPHUKH HEOOXiTHO BHUKOPUCTOBYBATH
CIBBIJHOIICHHS  JUII  Bardk  XeMMIiHra,  aHaJoTiuHi
CHIBBIJTHOIICHHSM, 1[0 OICAaHI B JieMi 1, ajie 3 BUKOPUCTaHHAM
1HITO] METPUKH.

Busnaunmo metpuky OSD (3 anrn. One-side disbalance)
TaKUM YHHOM:

OSD (X)=#1(X)-#0(X),

ne #1 (X) nosnavae kinpkicts 1y GiHapHOMY 3amuci umcia

X, a, Binnosiguo, #0 ( X ) — xinekicTs HymiB B X.

Jdns ducen 3a mMoayieM yucia MepceHHa BHKOHYIOTHCS
CHIBBiIHOIICHHS, ONMCAHI y HACTYIHIN JIeMi.

Jema 2. Jlns nmosinpHuX umcen A,Be {0,1}n Ta 4Yucla

Mepcenna M, =2" —1 BUKOHYIOTBCS TaKi CITiBBiTHOIIEHHSL:

1) OSD(A+B mod M, )<OSD(A)+OSD(B)+n;

OSD(A)-0SD(B)
2

Jrr,'.[OSD(A)+(2)SD(B)+n _1j;

3) OSD(—Amod M, ) <—OSD(A).

2) OSD(A-Bmod M, )<

Jlosedenns. IlotpibHO momiTuTH, o Metpuka OSD moxe
OyTH TpeCcTaBieHa Yepe3 MeTpUKy Ham Takum auHOM:

OSD (X)=Ham (X )-(n—Ham (X))=2-Ham (X )-n,
ne X — n-6GitoBe umcIo.

1) Moxemo mnpencrasutat OSD(A+B mod M, ) uepes
Bary XeMMiHra TAaKMM YHHOM:

OSD(A+B mod M, )=2-Ham(A+B mod M, ),
ITICJISA 9OT0 3acTOCOBYeMO TyHKT 1 temu 1. Tomi
OSD(A+B mod M )<2-Ham(A)+2-Ham(B)—n.
Tobto Maemo:
OSD(A+B mod M, )<2-Ham(A)+OSD(B) =
=2Ham(A)-n+n+0SD(B)=0SD(A)+0OSD(B)+n.
2) BUKOPHCTOBYIOUYH MYHKT 2 eMu 1, MaeMO:
OSD(A-Bmod M, )=2-Ham(A-B mod M, )-n <
<2-Ham(A)-Ham(B)-n.
Bukonyemo 3aminy metpukn Ham nHa metpuky OSD:
OSD(A)+n OSD(B)+n _
2 2
_ OSD(A)-OSD(B)+n-(OSD(A)+0SD( B))+n? n
2

3) 3acTocoByroun MyHKT 3 jieMu 1 Ta 3aJI€XKHICTh 3HAYEHHS
OSD pesikoro yucna Bix Horo Baru XeMMiHTa, OTPUMYEMO:

OSD(—Amod M )=2-Ham(-Amod M )—-n=
=2-(n—Ham (A))-n=n-Ham (A)=-0SD (A).

OSD(A-B mod M,)<2-

Jlemy doseoero.

BHKOPHCTOBYIOUH OMUCaHI y jJeMi 2 Pe3yibTaTH, MOYKHA
noOyxaysaru Moaudikariro kpunrocucremu AJPS-1, sika Oyne
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BUKOPHUCTOBYBaTH Bl MeTprku — Ham ta OSD. Posrisnemo ii
mani.

e Jlponenypa reHepamii KIIOYIB Ta alrOPUTM
mmdpyBaHHA Taki X Ak y Kpunrocuctemi AJPS-1,
no3Haunmo ( = 2h —n, To6TO

OSD (A)=0SD (B)=0SD (F)=0SD (G)=q.
e [Ipu po3nmdppyBaHHi 00UNCITIOETHCS 3HAUCHHS
s=0SD(C-G mod M, ),

01T b BU3HAaYaeTHCA BiAMOBIAHO 1O 3HAYEHHS S:

s<(n+q)*-n;
s>n-(n+q)?;

0, saxwo
b=<1,

1, inaxwe (nomunxa poswuppysanns).

AKWO

KopekrtHicTp po3mmppyBaHHs ommcaHoi Moamdikamii
cmigye 3 semu 2. IlepeBaroro Takoi  Moaudikarii
kpunrocuctemu AJPS-1 € 30iMbIICHAS MHOXIHA 3HAYCHb, SKi
npuitMae mapamerp S, BIAMOBIAHO 70 SIKOTO BU3HAYAETHCS OIT

moBimomiieHHA. JlaHWii pe3ynbTaT MPOJEMOHCTPOBAHO B
HACTYIIHIH TaOHII.
TABJIMUS 1. TopiBusuus kpuntocuctemu AJPS-1  ta  momudikamii

kpunrocucremu AJPS-1, sika BukopuctoBye Merpuky OSD, mpu cepii 3
1000000 3acTocyBaHb HpoleRypH IMU(PYBaHHA Ta PO3MH(PPYBAHHA HPU
(hikcoBaHMX 3HAYCHHSAX KIIIOYIB

Mertpuka, 1o JloB:kuHA JoB:xkuna
n h 32CTOCOBYETHCS B inTepBay iHTepBaIy
KPHUNTOCHCTEMi npub =0 mpub=1
Ham 105 112
1219 1 17 0SD 212 194
Ham 147 141
2203 | 23 0OsD 292 286
Ham 171 170
3217 | 28 0OsD 370 352
Ham 201 204
4253 | 32 0OsD 390 418
Ham 294 319
9689 | 49 0OsD 656 620

3aysascennsn. JloBxuHa IHTEpBaJNly OOYHMCIIIOBATIACH SIK
PI3HHIT MAaKCUMAJIbHOIO Ta MIHIMAIBHOTO 3HAYEHb Cepe[
OTPUMaHUX Pe3yJIbTaTIB.

Ha Puc. 1 Ta Puc. 2 300paxeHo po3monin 3Ha4yeHHs d
kpuntocuctemMu AJPS-1 Ta po3noain 3HadeHHs S Moaubikarii
kpuntocucteMn AJPS-1 3 Bukopucranusm Metpuku OSD.
JlaHi pe3ynbTaTH OTPUMaHO EKCIEPHUMEHTAIBLHO NpH cepii 3
1000000 3actocyBaHp  mponenypyd — IIUPpPYBaHHI  Ta
po3ummppyBaHH KOXXHOT 3 KDUIITOCHUCTEM.

Takum umHOM, ommMcaHa MoAMGIKaIisl KPUITOCHCTEMH
AJPS-1 mae nepeBary y nopiBHsHHI 3 AJPS-1, amxke uepe3
HEBEJIMKY KiIBKICTh 3HAUeHb mapamerpy 0 MOKIHMBI yCHiIlIHi
aTakd Ha OCHOBI BIJOMHUX IIH(POTEKCTIB, SIKI HAIIPaBJICHI Ha
BU3HAYCHHS 0coOHcTOro Kimoda G.

/ . —— AIPS-13Hom npab=0
o - — AIP5-1205Dnpub=0

T T T T
400 200 a 200 400

Puc. 3. Posnozinu 3Hauens d i S npu mapamerpax N =1279,h =17 tab =0.

35000
30000+
25000
20000
15000
10000+

— AIPS1sHemnpubs=1
AIPS-130S0 npu b= 1

sto 400 sl 600 760 a0 900

Puc. 4. Posnoninu 3Hauens d i S npu mapamerpax N =1279, h=17tab =1,

BUCHOBKU

V naHiit poGOTi pO3MIITHYTO HOCTKBAHTOBY KPHIITOCUCTEMY
AJPS-1. Oco0nuBicTIO TaHOT KPUITOCUCTEMH € 3aCTOCYBaHHS
apudmMeTHKH 3a MOAyJeM 4YHucia MepceHHa, 30KpemMa B
KPUITOCHCTEMI BUKOPUCTOBYIOTHCS CIIBBIIHOIICHHS /ISl Bard
XemMmiHra yrces 3a MoIyJieM dncia Mepcenna. J[ist mo0yaosu
Moaudikarii 1aHOT KPUIITOCHCTEMHU HIISXOM 3MiHH METPHKU
oTpuMaHO criBBiHOUmEHHs Merpuku OSD s umcen 3a
MoayiaeM yuciaa MepceHna. Y poOOTI ONMMCaHO MOOYIOBaHY
MOIUQIKaIilo KPUITOCUCTEMHU AJPS-1 31 3MiHeHOIO
METPUKOIO Ta MPOaHaJi30BaHO Ii IepeBarn y IOPIBHSHHI 3
kpunrocuctemoro AJPS-1.
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Evolutionary Method of Reengineering Topological
Structures of Corporate Computer Networks

Volodymyr Beskorovainyi
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Anomayia—Po3r1ssHyTO 3agaqy peiHKUHIpUHTY
TOMOJIOTIYHHX  CTPYKTYP  TPHPiBHEBHX  IEHTPATi30BAaHHX
KOPNMOPATHBHHX KOMII'IOTEPHUX  MepeiK. 3anponoHoBaHo

eBoOJIIOLIITHII MeTOa onTHMIi3alil, AKUii Ha BiAMiHY Bin icHyrounx
30iliCHIOE TOLIYK BapiaHTIB OJHOYACHO y BCHOMY JAiama3oHi
MOKJIMBHX 3HA4YeHb KiTbKOCTI BY3JIiB Mepe:ki.

Abstract— The problem of reengineering topological
structures of three-tier centralized corporate computer networks
is considered. An evolutionary optimization method is proposed
which, unlike the existing ones, searches for variants
simultaneously over the entire range of possible values of the
number of network nodes.

Knrouosi cnosa—kopnopamusna Komn’iomepna mepedica,
mononoziuna  cmMpyKmypa,  RPOEKMYGAHHA,  PEiHICUHIPUHZ,
onmumizayis.

Keywords— corporate computer network, topological structure,
design, re-engineering, optimization.

|.BCcTynn

3MiHM EKOHOMIYHHMX 1 TEXHOJOTIYHHX YMOB, B SKHX
(YHKIIOHYIOTh BUPOOHMYI, TpaHCHIOpPTHI, oOciyrosytodi, IT-
KOMIIaHii, BUMararTh BIAMOBIIHUX 3MiH B IXHIX CTPYKTypax i
cucteMax KepyBaHHS HuMH. DyHKIIT  aBTOMaTu3aIii
KEepyBaHHS  pEaNli3yloTbCSi Ha OCHOBI  KOPHOPaTHBHUX
komm'iorepanx Mepex (KKM). Ilpomecn — peimxuHipuHTY
(ontumizanii) KKM nepenbavarors iTepariiiHe po3B’si3aHHS
KOMIUIEKCY  3aJad  iX  CTPYKTYpHOi,  TOIOJOTi9HOI,
MapaMeTpuvHOl Ta TEXHOJOTiYHOi omrmMisarii. Taki 3amadi
MaroTh KOMOIHAaTOpHHMH XapakTep Ta pO3B’S3YIOThCS 32

Anna Bezuglaya

Department of System Engineering
Kharkiv National University of Radio Electronics
Kharkiv, Ukraine
anna.bezuglaya@nure.ua

MHOXHHOI (YHKIIOHANBHMX i BapTiCHHX IIOKA3HHUKIiB. IX
CIIPHE pO3B’S3aHHSA JO3BOJSIE CYTTEBO  ITOKPAILIyBaTH
NPOEKTHI  pIllleHHA, MpOTe MPHU3BOAUTE A0 MpodiemM
00YHCITFOBATFHOTO XapaKTepy.

11.01J151]1 CYYACHOI'O CTAHY ITPOBJIEMU

VY pamkax KapAMHAIICTHYHOTO MIAXOJy 3arajibHa 3amada
BHOOpPY Haiikpamoro Bapianty mooymoBu KKM moxe Oytu
NOJ]aHa y BUTTIAL:

s =arg max P(N,T,.R,G,A), (1)
Se

Je S - MHOKHHA JIOMYyCTUMHUX BapiaHTiB;, P - ckaispHa oIfiHKa
edexTuBHOCTI BapiaHnTa;, N - KiIBKICTh €JIEMEHTIB Mepexi; T
- TMnH eneMeHTiB; R - apxitektypa mepexi; G - Tomosoris
(po3MilieHHs ~ eleMeHTIB) Mepexi; A - TexHoJoris
(yHKIIOHYBaHHS MEpexi.

Hdnst pos3’szanHs 3amad Buay (1) pospoOusieni TouHi
(xombinatopHi) Ta Habmmwxeni meroau [1-2]. Touni metomu
JI03BOJISIFOTH 3HAXOIUTH ONTUMAJIbHI IPOEKTHI PIlICHHS, OJTHAK
yepe3 IXHIO OOYMCIIIOBANbHY CKJIAIHICTE MOXYTh OyTH
3aCTOCOBaHI TUIBKH JJII MEpPEX 3 HEBEIUKOK KIIBKIiCTIO

enmemenTiB. HabOmmwkeHi MeTOOWM BUKOPHCTOBYIOTH  ifel
CIIPSIMOBAHOTO Iepebopy, MOKOOPJMHATHOI ONTHUMi3alii,
MOJICTIOBaHHS eBOJoNii [3-4]. [lns 3HWKEHHS 4YacoBOi

CKJIQJHOCTI 1 IIJBUINEHHS TOYHOCTI HAOIMKEHHX METOIB
3aCTOCOBYIOTh [4]: BiJCiKaHHS MHOXHWH Hee(hEKTHBHHUX
pillIeHb; TONEepe/Hi OLIHKK ONTHMAJIBHOI KIJBKOCTI BY3IiB
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Mepexi; MpOLEAypH BHXOAY 3 JIOKAJIbHUX EKCTPEMYMIB.
HeoOxinHicTh miABHIIEHHS (YHKIIOHATHHUX XapaKTEPHUCTHUK
ICHYIOUMX MEpeX, €KOHOMIl BUTpaT Ha IX PEIHKHUHIPUHT H
eKCIUTyaTallifo 00YMOBIIOIOTh aKTYaIbHICTh 3aBIaHb PO3pOOKH
OUThII CEKTHBHUX METOMIB ONTUMI3aIll X TOMOJIOTIYHUX

CTPYKTYP.
1. PE3YJIbTATU JOCIKEHHSI

3a pesyiabpTaTaMU CHUCTEMOJIOTIYHOTO aHamizy 3agadi (1)
BHSBJICHO, IO apXiTeKTypa Mepexxi R BH3HadaeThcst Ha
MHOXXUHI JOIIYCTUMHX BapiaHTiB S 3a 00paHHM MOKa3HUKOM
eexTuBHOCTI P 3 ypaxyBaHHSM KUIBKOCTI €IEMEHTIB MEpexi
N, ix tumiB T, micup posramryBanus G 1 TexHOJOTIi
¢yakumionyBanas A. Lle mo3Boisie y3araibHEHO PO3TIIAAATH
MOKa3HUK e(eKTUBHOCTI Mepexi y 3ajexHocti Bix i
TOMOJIOTIYHOT CTPYKTYpPH.

I[Tpu 3a6e3nedeHHi BUMOT 10 (QYHKI[IOHAJIbHUX NOKA3HHKIB
BUTPATH Ha CTBOPEHHS Il KCIUTyaTalilo Mepexi CKIaJdaroThCs
3 BUTpAT Ha 11 eJIEMEHTH, BY3JIH, LIEHTP 1 3B'I3KK MK HUMHU. Y
BUIIAJIKy, KOJHM BY3JIM CHCTEMH (BKJIIOYAIOYH LCHTPaJIbHUM)
YTBOPIOIOTBCSL Ha 0a3i 11 elleMeHTIB KpuTepii onTumizarii
BUTpAT Y 3aJIS)KHOCTI TOIOJIOTIYHOI CTPYKTYPH MEPEkKi MaTHMe
BUTJIAL;

N N
C:zci(rij)"'zcijrij_)mrina @)
i=1 i=1 ij

Ie C; - BUTPATH Ha |- €IeMEeHT Mepexi, C; - BUTPATH Ha

ij
opraHisallito B3aeMojii i-ro # j-ro enemeHTiB Mepexi; F; -
eneMenT Matpui R, Oysnesa sminna (1; =1, saxmo i-ii j-if
eNIEMEHTH Mepexi MaroTh GesnocepenHiit 38'130k; I; =0 — B
iHIIOMY BUNaJKy; K, =1 — s By3itiB Mepexi).

Cucrema oOMeXeHb Ul MEpeX 3 LEeHTpali30BaHUMHU
TPUPIBHEBHUMHU TOIIOJIOTIYHMUMHU CTPYKTYpaMH 3aJa€ThCs Yy
BUTJISAIL:

®  IICHTPOM € MEpUINi eTeMeHT Mepexi I, =1;
® KOXEH EIIEMCHT Ma€ OyTH 3B’s3aHAM 3 OIHHM i3

BY3JIIB MEpexi

™M=

=1 vi=1,_N;

e  3arajibHa KIJIBKICTD

N N N
=N+ L
i o io

3B’SI3KiIB y Mepexi

®  KOXCH 3 BY3JIiB Mae OyTu Oe3rmocepeiHb0 3B’ I3aHUM 3
neatpom I, =1—r, =1 Vi=1N;

e  CIEMEHT MiJIK/II0YaEThes 0 By3/a 3a MOKa3HUKOM
MiHIMYMY BHTpPAT

=1Ar;=1—ij=arg Qigrrl{c” =1},
VY 3anponoHOBaHOMY €BOJIIOIIHHOMY METOAi (Ha BiAMIiHY

BiZl METOXiB, IO peali3yloTh CIpSIMOBaHUH mepebip 3a
KUIBKICTIO BY3JiB y Mepexi [4]) peamizyeTbcsl TOCTIHHUR

TIOLIYK Ha BCiif MHOXKMHI MOXKJIMBUX 3HaY€Hb KUJIBKOCTI BY3JIIB.
Buxonsun 3 HeoOXigHOCTI 3B’A3Ky By3ia xo4da O 3 mBOMa
eNeMEHTaMH MEpeXi, 3a Miama3oH ii MOXJIMBHX 3HA4YCHb
obparno [1, N/2]. Ilpu upoMy /it KOIyBaHHS pillICHb
BHUKOPHCTOBYEThCSI OiHAPHUII BEKTOp, CIEMEHTaMH SIKOTO €
niaroHanbHi enemenTd Matpuni R=[r;].

Meron  peanidye THIIOBI  NpPOLEAYpPH T'€HETUYHOTO
AITOPUTMY: PAaHAOMHOI TeHepallii IOYaTKOBOI MOIYJIALIl,
MPOTOPIIIHHOTO ~ BinOOpPY,  OXHOTOYKOBOTO  KPOCOBEpY,
HMOBIpHICHOT MyTaIii Ta HacligyBaHHs. Peamizaris THIIOBHX
mpoueaAyp y 3a3HaueHHX YMOBaxX JO3BOJISIE MapaJiebHO
3MIACHIOBATH TOIIYK MO KUJIBKOCTI BY3JIiB MEpEXi Ta MicIsX 1xX
HaWKpamoro po3MilieHHs. 3a paxyHOK IIbOr0 MeTo]| HaOyBae
mepeBar 3a IMOKa3HMKaMH Yacy po3B’sI3aHHA 33/1adi i TOUHOCTI
HaJl METOJaMH KJlacTepu3arlii Ha oCHOBI K-means i momryky 3

3apoponamu (Tabu Search) [4]. 3pocranns  sxocti
OTPUMYBaHHMX BapiaHTiB TomoJoriyHux cTpyktyp KKM
CIIOBUIBHIOETHCS 31  30IIBIIEHHAM  KUIBKOCTI  ITUKIIB

TCHETUYHOTO aNropuTMy. PalfioHaJibHA KIJBKICTh IIMKIIIB
BH3HAYAETHCSI PO3MIPHICTIO PO3B’A3yBaHOI 33134l 1 HASBHUMUA
00YHUCIIOBAJIBHUMH PECepPCaMHu.

BUCHOBKU

Hdus  3amadi peimKUHIPHHTY TOMOJOTIYHUX CTPYKTYP
ueHrpamizoBanux  TpupiBHeBux KKM  3anpomnoHoBaHO
EBOJIIOIIIHAN MeTox po3B’s3aHHA. Ha BimMmiHy Bin Bimommx
METO/IIB, 110 peaji3yloTh MOBHUI abo crpsMOBaHMN nepedip
BapiaHTIB 3a KUTBKICTIO 1 MiCI[IMHU PO3MIIIICHHS BY3JIiB MEpPEXKi,
3alpONOHOBAHUI METOJ| 3JIHCHIOE TMOUIYK OJHOYACHO Y
BCHOMY Jlialla30HI MOXKIIMBOI KUTBKOCTI By3miB. Lle nmo3Bosse
CYTTEBO 3MEHILIUTH YacOBY CKJIQJHICTh MPOLEAYpPH MOIIYKY
pilieHb, MO 0COOIMBO BaXKIUBO IS 33/1a4 BiTHOCHO BEJIMKO]
PO3MipHOCTI. 3anponoHoBaHUI METO]T JIOTIJIBHO
BUKOPUCTOBYBATH INIPH PO3B’sI3aHHI 3a/1a4 NPOCKTYBaHHS YH
peimXHUHIPUHTY iHGOPMALIIHUX, TPAHCIIOPTHHX, JIOTICTHYHUX
CHCTEM, TEpUTOPIAIbHO PO3MOIiIEHNX cucTeM
o0CIIyroByBaHHs B IpoLecaX IXHbOrO HPOCKTyBaHH,
IUIAaHYBaHHS PO3BUTKY YU PEIHKHUHIPUHTY.
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Abstract— In this paper we have analyzed algorithms for
squaring binary numbers and determined their advantages and
disadvantages. Investigated temporal
and hardware characteristics of circuits for squaring binary
numbers that use improved single digit full and partial adders.
Developed algorithmic and pipeline structures of devices for
squaring binary numbers by using flow graph theory. Received
analytical formulas for complexity of developed squarers.
Determined that algorithmic and pipeline structures of squarers
have  higher  performance but also have higher
hardware requirements in comparison to proposed multi-cycle
structures. Synthesized structures of developed squarers on FPGA
of Xilinx company and received convergence of theoretical and
practical results.
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Anomauyias— TlpoBeneHo aHaJi3 aNrOPUTMIB MiTHECEHHS
IBIHKOBHX 4mceJ 10 KBajJpaTy Ta BH3HA4YeHO iX mepeBaru i
Henomiku. JlocaimkeHo amapaTHi Ta 4YacoBi XapaKTepHCTHKH
CXeMOTeXHIYHMX CTPYKTYpP KBaJApaTopiB ABilikoBHUX 4muces i3
BHKOPHCTAHHSIM  BJOCKOHAJIEHHX CTPYKTYP OTHOPO3PSIAHHX
NOBHMUX i HemoBHUX cymartopiB. Po3podieHo aaropurmiuni Ta
KOHBEEPHi CTPYKTYPHU NPHUCTPOIB MiiHecCeHHs ABIKOBUX YHces 10
KBaJpaTy i3 3acTocyBaHHs Teopii morokoBux rpagis. Orpumano
aHATITHYHI BUPa3W I OLIHKH XapaKTePHCTHK CKJATHOCTI
po3pobieHnx  CTPYKTYp KBaapatopiB. Busnaueno, 1o
aNropuTMiuyHi i KOHBe€pHi CTPYKTYpH KBaapaTopiB MalwTh
BHCOKY IIBUIKOIIO i MOTPefyI0OTh 3HAYHUX aapaTHHUX 3aTPaT Ha
BiIMiHy Big 3anmpomoHOBaHMX 0araToTAKTOBMX CTPYKTYp, fAKi
MaKlTh 3HAYHO HIZKYY IIBHAKO/II0, POTe aNapaTHA CKJIATHICTS i
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BiINOBiIHO 3aliMaHa IJIOINA HA KpHCTAdi € MiHIMAJTbHHUMH.
Bukonano cuHTe3  poO3po0JICHHX  CTPYKTYp  /ABiliKOBHX
kBagparopie Ha IIJIIC ¢ipmu Xilinx Ta moka3zano 36ixkHicTb
TeOPeTHYHHUX Ta NPAKTHYHHUX Pe3yJabTaTiB J0CTiIKeHb.

Keywords — binary squaring; algorithm; multi-cycle square;
data flow and spatial-temporal graph; FPGA.

Knwuoei cnosa—  0gilikosuil  keadpamop;  anzopumam,
0azamomaxkmoguii Keaopamop; ROMOKOSUIL i RPOCMOPOBO-YACOBUIL
epad; IVIIC

l. INTRODUCTION

Widespread use of algorithms and methods of performing
mathematical operations, including arithmetic operations,
logical operations and elementary functions, in computer
technology and their improvement allows to find new solutions
that need implementation and research on modern element base
using FPGA [1].

An important operation that is often used in many
algorithms for signal and image processing, compression, and
data encryption is the operation of raising a binary number to a
square [2-5].

It is known that the implementation of algorithms for raising
numbers to a square is carried out in different theoretical and
numerical bases [3] One of the most famous and widespread
bases for this operation is a binary or Rademacher basis. In
addition to the software methods for implementing of a
squaring operation in binary system, there are hardware
methods that can be divided into three groups: analytical
methods implemented by matrix or multilayered combination
schemes of single-digit adders [3] table based, implementation
of which is based on permanent memory devices [4] and table-
algorithmic methods which, in addition to the permanent
storage devices, contain adders, registers, and other
microelectronic components [5].

The high performance of the operation of raising binary
numbers to the square in algorithmic and conveyor circuits is
achieved due to the approximation of their flow graphs of
algorithms to the hardware structure of the device using spatial
parallelism [4]. Developed algorithmic and conveyor devices
for raising the numbers to the square have high performance,
but the hardware costs, low hardware utilization in a single flow
of data and the occupied area of the chip are quite significant
[1-4].

Therefore, in some cases, from the point of view of
hardware resources (area of the chip), increasing the utilization
of equipment and non-critical time parameters, it is advisable to
perform the squaring using one or more synthesized computing
elements. This is possible when applying the methodology of
spatio-temporal graphs, which allows to combine same
algorithm operations in hardware execution. This will allow to
optimize structure of the binary algorithm for squaring number,
which contains a large number of similar operations of full and
partial single-digit summation and operations of logical
multiplication.

Therefore, it is important to develop and study hardware
structures of algorithms for raising the numbers to the square,
using flow and space-time graphs, and their modeling and

synthesis on the FPGA for the implementation of an effective
structure with the optimal ratio of hardware cost and
performance.

Il. ANALYSIS OF ALGORITHM FOR SQUARING BINARY
NUMBERS

There is an analytical method of raising a binary number to
a square [4]. The method is based on decomposing a binary
number according to the formula:

A=a 2"'+a ,2"*+.+a2 +.+a,2° 1)

where, a e{O;l} 1 i=0;n-1; 2'-the weight of the bit.

Give the number A the sum of two parts
A=a 2" +A , where A, =a ,2"%+..+a,2°.
After  squaring the sum  we  will get:

A =a? 2" P? 1 2a 2"'A +A’. Next step of raising
binary number to the square A, and as a result we get
A>=a 2" y2a 2" A + A2, where

n-3 0 . .
A, =a, ,2"" +..+a,2 . Next of raising binary number to the

square A3
2 2 2[n—(n-1)]
A= a, (n1 2 +2a

and so on. Finally,

n—(n-1)
n—(n-1) 2

we get the value,
2
A + A, moreover

A, =a,.So,as a itcan value take only O or 1, then a’ = a. .

Let's write down the general expression for a AZ by taking
into account expressions for A?, AZ,... A?, and grouping in the
first part the terms that do not contain A, , A, , ... A :

2 2(n-1) 2(n-2)
A =[a ,2 +a, ,2 +ot+a ]+

+[a 2"A+a 2" A4+, 2 A ]
The first term of formula (2) is the expression (1), in which
the weight of each bit is increased in 2' times. The second term
may be expanded by replacing A,, A, , ... A, with their values.

As result we will obtain the matrix of terms. Matrix for 4-bit
number is shown in table 1.

)

TABLE I. ALGORITHM FOR RAISING A 4-BIT NUMBER TO A SQUARE

row weight of the bit
multiplier o7 26 25 o 28 22 ol
a3 0 a2 0 al 0 aO
a3 a2 al a0
a, 8 | 9
a EN)

~ The columns in the table correspond to the values of the
weight of the numbers a, . The first row of numbers describe
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first part of formula (2). The rest of the table corresponds to the
second part of formula (2). Table 1 illustrates the algorithm for
raising a 4-bit number to a square.

I11. RESEARCH OF ALGORITHMIC AND CONVEYOR STRUCTURES
OF BINARY SQUARING

On Fig. 1 shown the algorithmic structure 4-bit of the
squaring binary numbers device, which is built according to the
algorithm presented in table 1.

The squaring contains the logical elements "AND" for the
realization of partial products of type (a;a;) and the full (FA)

and half adders (HA) for summing the results of logical
multiplication and intermediate carries.

T4 DT TL T
—HA | [ HA | [ FA FA |« FHA]
o] HAI|—|—| FA «{FA{HA]
Y

Fig. 1. The structure of devices for squaring 4-bit binary numbers.

Binary squaring consists of n(Iog2 n+1)—6 operations of

the logical product and [(n2+n)/log2 n]-1 - operations of one-
bit binary adding. For full binary adding n operations are
needed, and for not full adding - n+1 operations, where n - the
bit-capacity of the input number to be squared.

The input number of the square is 4-bit (ao,...,as) and the
output result is 8-bit (Ro,...R7).

On Fig. 2 shown internal structures of single-digit adders
that are built using "XOR" elements.

Fig. 2. The internal structure of single-digit adders: a) half adders, b) full
adders.

The hardware complexity of an single-digit half adder will
be equal: A,=5 (gates).

The time complexity of an single-digit half adder for the
sum will be equal LI = 3 (micro-cycles) and for output

transfer Ton =1 (micro-cycles).

On Fig. 3 shown the microelectronics implementation of a
half single-digit adder according to the scheme in Fig. 2a and
functional diagram their of work.

Signal name Value [

=3 1

b (I e N

oP 1

©5 o1
a) b)

Fig. 3. Microelectronic implementation and result modeling of half single-
digit adder: a) logical scheme, 6) functional diagram of work.

As we can see on the functional diagram, the inputs a and b
can take 4 different binary sets and at the outputs carry (P) and
sum (S) signals are formed.

The hardware complexity of an single-digit full adder will
be equal: A, =11 (gates).

The time complexity of an single-digit full adder for the sum
will be equal T o™ 6 (micro-cycles) and for output transfer
Ten p = 5 (micro-cycles).

On Fig. 4 shown the microelectronics implementation of a
full single-digit adder according to the scheme in Fig. 2b.

Fig. 4. Microelectronic implementation of full single-digit adder.

On Fig. 5 shown a functional diagram of the work of full
single-digit binary adder.

Signal name Value ' T R A

o-a

o b
o~ Cin
oP
-3

ala|alala

Fig. 5. Functional diagram of the full single-digit adder.

As we can see on the functional diagram, the inputs a, b and
the carry input cin can take 8 different binary sets and at the
outputs carry (P) and sum (S) signals are formed.

The hardware complexity of the binary squaring will be
equal for n=4:

ABS = ALE ><n(|og2 n+1) -6+ AFAxn+AHAx(n+1) =

=6+11x4+5x5=75(gates)

The time complexity of the binary squaring will be equal for
n=4:
Tos =Ten s % (2n-5) + Tn s (2n-5) =

=6x3+3x3=27(micro —cycles)
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In works [6] advanced structures of single-digit full and half
adder have been proposed (Fig.6).

; L b:

Cin

P+

b)

a)

Fig. 6. The internal structure of the improved single-digit adders: a) half
adders, 6) full adders.

The hardware complexity of improved single-digit half
adder will be equal A, =3 (gates).

The time complexity of improved single-digit half adder for
the sum and for the output transfer will be equal:

T =7 =1 (micro-cycles).

+HA_P +HA_S

The hardware complexity of a single-digit full adder will be
equal A = 8 (gates).

The time complexity of a single-digit full adder for the sum

will be equal T o™ 2 (micro-cycles) and for output transfer

T p = 3 (micro-cycles).

The hardware complexity of the binary squaring, taking into
account the improved structures of the adder, will be equal for
n=4:

A = ALE xn(log2 n+1)—6+AFAxn+AHA><(n+1) =

BSM

=6+8x4+3x5=>53(gates)

The time complexity of the binary squaring, taking into
account the improved structures of the adder, will be equal for
n=4:

=T s ><(2n—5)+z'HA_S x(2n-5) =

TBSM
=2x3+1x3=9(micro - cycles)

In the analysis of system characteristics, binary squaring
built on the basis of improved single-digit adders has a 1.4 times
smaller hardware complexity and 3 times higher performance
compared to classic adder. Throughput of the algorithmic
binary squaring is 9 micro-cycles.

On Fig. 7 shown the conveyor structure of the binary
squaring for 4-bit numbers.

aa; "0 e, @

T T O r il

Conveyor trigger 1 |

Conveyor trigger 2

(5B g i

Conveyor trigger 3

Conveyor trigger 4

Conveyor trigger 5
1 -

[ Conveyor trigger 6

[ Conveyor trigger 7 |

R

& & & R, &

]

Fig. 7. The conveyor structure of 4-bit squaring.

The conveyor structure of a binary squaring device contains
conveyor triggers that separate the independent adders of the
binary squaring device, which are placed in the form of steps
on different tiers [7].

The hardware complexity of the binary squaring will be
equal for n=4:
A =AL xn(log2 n+1) -6+ A xn+A x(n+1)+

CBS

+ A XM =6+11x4+5x5+2x67 = 209(gates)

where m - is the number of conveyor triggers, A - hardware

complexity of the trigger, ATrig =2 (gates).

The time complexity of the binary squaring will be equal for
n=4:

T =T
CBS FA_

. ><(2n—5)+z'HA7S x(2n-5)+k _x7_ =

trig

=6x3+3x3+7x2=41(micro—cycles)

where Ko - the number of tiers flow graph algorithm of the b

binary squaring; T time complexity of the trigger, T = 2

(micro-cycles).

In comparison with the algorithmic structure, the conveyor
binary squaring has 2.8 times greater hardware complexity and
1.5 times greater time complexity. The throughput of the binary
squaring is 5 micro- cycles.

IV. SPATIAL-TEMPORAL TRANSFORMATION OF BINARY
SQUARING

When combining similar operations of a stream graph of a
binary squaring with using spatial-temporal graphs you can get
different types of multistep structures of the binary squaring.

Fig. 8 shows multistep binary squaring 8-bit recursive type.

166



4 q 4 G & GEGaa a gy
T
W2 M4 M5 M6
2 2 2 3 2
sm2 sm3 smé sm5 smb sm7
sel_m1—s| OPERATING
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Fig. 8. Multistep recursive type 8-bit binary squaring.

Multiplexers (M1, M2, M3, M4, M5, M6) form the input
interface and demultiplexers (Dm1, Dm2) output interface of
multistep device. To control the operating unit, input and output
interface it is required to build a control device.

Fig. 9 shows the internal structure of the multistep binary
squaring.

sel_m1
sel_m2

FULL
ADDER

A

Operating Unit

_______________________

Fig. 9. Internal structure of the operating unit multistep recursive binary
squaring.

The internal structure of the operation unit of the binary
squaring consists of 3 logical elements 2AND, one full single-
digit adder and two multiplexers that at the appropriate times
depending on the values of the control signals (cml_op,
cm2_op) pass to the input of a one-digit adder results of the
logical product and the interim sums and transfers.

The hardware complexity of recursive binary squaring will
be equal for n=4:

ARBS =X Avux + 2ADmux tmx ATrig + AOp_U =

=23+8+12+ 22 = 65(gates)

where A hardware complexity of the binary squaring,

A" hardware complexity of the demultiplexers, AopiU -

hardware complexity of the operating unit.

A =A_ +3A +A +A
Op_U +FA LE Mux3 Mux2

=8+3+6+5=22(gates)

The time complexity of recursive binary squaring will be
equal for n=8:

Tons = [(n2+n)/logz nl-1x(z, +7, )=

+7T +7_.
p_U Dmux Trig

=9x(3+5+2+2) =108(micro — cycles)
where T time complexity of the multiplexers, T time

complexity of the demultiplexers, Top " time complexity of

the operating unit.

In comparison with the conveyor structure, recursive binary
squaring has 3.2 times less hardware complexity and 2.6 times
less time complexity. The throughput of the recursive binary
squaring is 108 cycles.

V.  SYNTHESIS OF DEVELOPED BINARY SQUARING ON THE
FPGA

Structures of the algorithmic, conveyor and recursive binary
squaring are described in the language of hardware description
- VHDL. The simulation of the developed structures of binary
squaring devices at the functional level was carried out, their
RTL schemes were obtained and the Xilinx FPGA synthesis
was performed.

On Fig. 10 shown the microelectronics implementation of a
4-bit binary squaring, which consists of single-digit adders and
logical elements “AND”.

(75 9B $RReRYE B EES @ §
0| O DDFD J
1 1 9 o

Fig. 10. Microelectronic implementation of the 4-bit binary squaring.

On Fig. 11 shows a functional diagram of the algorithmic 8-
bit binary squaring device.
Spdrane Vale - o R R m o cE oW C1
Bsain D B v ¥ F 0w ¥ w X o r ® ¥ m
HaResit I - - . T A G

Fig. 11. Functional diagram of the 8-bit binary squaring.

On this diagram we can see that 8-bit integers numbers are
send on inputs A, at the output of the RES, a 16-bit result of the
raising a 8-bit number to a square is generated.

Table 2 presents the results of the synthesis of realized
structures of binary squaring on the Xilinx FPGA (Artix7).

TABLE Il. RESULTS OF SYNTHESIS OF DEVELOPED BINARY SQUARINGS ON

THE FPGA
Type of Number of
Ne | Squaring Device | FPGA blocks CIOCTJE'C;[;E”W
(SD) (CLB)
1. Algorithmic SD 3250 183
2. Conveyor SD 10456 235
3. Recursive SD 2745 88
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Binary squaring recursive type has 3.2 times less hardware
complexity than conveyor SD and 1.2 times less hardware
complexity than algorithmic SD. The speed of the recursive SD
is 2.6 times less than in the conveyor SD.

CONCLUSION

The characteristics of the complexity of binary squaring
with the use of improved structures of single-digit adders are
investigated.

When comparing the recursive structure of a squaring
device implemented on the basis of spatial-temporal graphs
with algorithmic and conveyor squaring devices structure, the
hardware complexity reduction was reduced by 3.2 times with
a 2.6 times decrease of the speed, which is confirmed by the
results of practical realization on the FPGA.

The results of theoretical and practical calculations can be
used in the implementation of squaring devices of binary

numbers with a minimum number of hardware with non-critical
time parameters.
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Anomauis — 3a 10NIOMOTr0I0 MAaTEMATHYHOTO MO/EJTIOBAHHS
BHU3HAYCHO OCHOBHI 0CO0JMBOCTI 0e3Me4HOr0 mnpu3eMJIeHHS
aBapiiiHoro kBaapoxonTepa y pasi Buxopuctanns ITIJI-
KoHTposiepa. HaBeneni pe3y1bTaT Moe/1I0BaHHS NMPU3eMIeHHS
KBaJpOKONTepa NpH BHUXOAi 3 Jaay oaHi€i 3 4YOTHPHLOX map
eJ1eKTpoABUIYH-TBHHT. HaBeneHi 3HaueHHs BepTHKAIbHUX |
TOPU3OHTAILHUX IIBUAKOCTeli B MOMEHT MpH3eMJEHHS B
3asIe’KHOCTi Bi 4acy 3amisHenHsi komanau ITII/[-koHTpoJiepa Ha
TpU3eMJIeHHSI.

Abstract — Basic features of a safe landing of an emergency
quadrocopter when using a PID controller are determined using
mathematical modeling. The results of the simulation of
quadrocopter landing in case of failure of one of four pairs of an
electric motor with screw are shown. The vertical and horizontal
velocity values at the time of landing are presented, depending on
the delay time of the PID controller command for landing.

Kniwouosi cnosa— keadpoxonmep; eucomomip; 3-ocbosuil
zipockon; 3-ocvosuii akxcenepomemp; 3-0Cbosuil MazHimomemp;
II/] konmponep

Keywords— quadrocopter; altimeter; 3-axis gyroscope; 3-axis
accelerometer; 3-axis magnetometer; PID controller
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l. INTRODUCTION

Preferably in articles dealing with quadrocopter flight
problems, it is assumed a priori that all four pairs of electric
screw propellers and their control circuit are functional [1-3].
In practice, these or other faults in the sequence of links often
occur: the control circuit is an electric motor-screw. When a
malfunction suddenly occurs during a quadrocopter flight, an
emergency occurs.

The results of mathematical modeling of quadrocopter
emergency landings after the failure of one of the four pairs of
motor-screw are presented in the following work [6]. A method
of safely landing a quadrocopter, in which one of four pairs of
electric motor-screw unexpectedly was refused, was proposed
[6, 71.

The implementation of the proposed method has significant
drawbacks that make it impossible. After all, it is necessary to
recognize the malfunctioning motor screw and to disconnect the
motor power to the opposite end of the console motor
malfunctioning pair. It all takes some time, which causes the
team to be late. Besides, this method is modeled for PD
controller use only.
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The PID controller is most commonly used in real-time
because of the advantages of this controller over PD controllers.
This article discusses the main features of the impact of a team
delay on the safe landing of an emergency quadrocopter when
using a PID controller.

Il. SIMULATION OF THE QUADROCOPTER LANDING PROCESS IN
THE CASE OF FAILURE OF ONE OF THE FOUR PAIRS OF
ELECTRIC MOTOR-SCREW

The mathematical model of a quadrocopter in flight, if all
four pairs of electric motors - the screw and the control scheme
are good, are considering as two, but fundamentally different
mathematical models. The mathematical model of the
quadrocopter is a UAV, the inputs of which are supplied by the
voltage of the motors, and the outputs are the height and angles
of the roll, pitch, and yaw. The input vector is calculated by the
microcontroller based on the state variables obtained at time t;.
The computation results are obtained with a delay of 7, that is,
at time ti+t. The mathematical model of the PID controller is a
system in which the measured values from the altimeter
sensors, heel angles, pitch, and yaw are entered, and the
microcontroller implements the PID controller algorithm and
outputs the voltage values of the motors.

The mathematical model of a quadrocopter in flight, when
all four pairs of motor-screw and control circuits are working,
is described by a system of differential equations of the 16th
order in the form of Cauchy [6].

In the event of failure of one of the four pairs of
quadrocopter motor-screw, the following cases are possible:
failure of the nose-pair of the motor-screw; failure of the tail
pair of the motor-screw; failure of the right pair of motor-screw;
failure of the left pair of motor-screw. The fault simulation was
performed by turning off the power of the faulty engine.

The implicit Runge-Kutta TR-BDF2 method was used to
solve the differential equations of the mathematical model of
the quadrocopter (in the first stage of the equation they integrate
by the trapezoid method, and in the second stage the formula of
the second-order backward differentiation is used). The landing
of the quadrocopter occurs after it is at a height of 50m above
the point with coordinates X = 0, Y = 0. The quadrocopter at
this time "hangs" motionless (the angles pitch and roll equal
zero). The main parameters of the quadrocopter: weight - 468g,
distance from the center of mass to the motor - 22.5 cm, battery
EMF-11.1V.

The "nose" of the quadrocopter is directed in the plus
direction along the X-axis. In this case, the initial values of the
pitch and roll angles are zero and the yaw angle is 90°.
Simulation of failure of a specific pair of screw motor-screw is
carried out by assigning a supply voltage of the corresponding
motor value of 0.0V for all time points t => ta, where ta is the
moment of failure of a specific pair of motor-screw
quadrocopter.

I11. RESULTS OF THE SIMULATION OF THE QUADROCOPTER
LANDING PROCESS IN THE EVENT OF ONE OF THE FOUR PAIRS
OF THE ELECTRIC MOTOR-SCREW

Fig. 1 (a) presents a graph of a sudden change in the height
of a quadrocopter from 50m to 5m when using a PD controller.
Fig. 1 (b) presents a graph of a sudden change in the height of
a quadrocopter from 50m to 5m when using a PID controller.
The following are the results of studies of the application of the
proposed method [6, 7] when using only the PID controller.

Kp=10 Kp=6.25

e te

a) b)

Fig. 1 Schedule of free fall of the quadrocopter with PD controller (a) and
with PID controller (b).

If by following the proposed method [6, 7], simultaneously
with the failure of a particular engine, the power of the motor
located at the opposite end of the same beam as the defective
motor is turned off, then the fall time is 11.7s. The vertical
landing speed in all cases of malfunctions is 5.6m/s.

The horizontal velocity components will be zero at all times,
i.e. the quadrocopter falls vertically downwards. The pitch and
roll during the fall are zero, that is, the quadrocopter always
lands on the chassis. Because in this case the forces of the two
running motors are not compensated for, the speed of rotation
about the vertical axis at the moment of landing is 4.4 rad/s.
Such an angular velocity will create an angular acceleration of
4.4m/s? at a distance of 22.5 cm from the center of mass.

As mentioned above, there is some delay in the team for
detecting faults, deciding and turning off the power to the
engine located at the opposite end of the same console as the
faulty motor. As mentioned above, there is some delay in the
team for detecting faults, deciding and turning off the power to
the engine located at the opposite end of the same console as
the faulty motor. In this case, it is necessary to enter the
mathematical model of flight of the quadrocopter a new
variable lag [s]. In mathematical modeling, it will display the
numerical value of the delay of the command to cut off the
power of the engine, which is located on the opposite end of the
same console, as the faulty motor.

The range of change of values of delay lag [s] of the
command of the shutdown of the electric motor is chosen on
values of the vertical component of speed at the moment of
landing, the schedule of which is shown in Fig. 2. There are two
extreme values of vertical velocity. The first case corresponds
to a situation where no method is used to reduce the vertical
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velocity. The other is consistent with the application of the
proposed method.

Vz, mis

ob2  obs  os  oos o1 of ol o
Delayed team lag, s

Fig. 2. The dependence of the vertical component of the speed at the time of
landing of the quadrocopter from the delay of the power cut command of the
motor.

From table 1 it follows that in the event of a malfunction of
the nose or tail motor, the quadrocopter falls to the ground with
the screws down (pitch angle is 180°, respectively). In this case,
the vertical component of the landing speed is 12.7m/s. Non-
zero values of the horizontal components of the landing speed
cause additional danger. Depending on the coefficient of
friction up the ground, the quadrocopter will move for a while
after landing.

TABLE 1. RESULTS OF THE SIMULATION OF THE PROCESS OF LANDING OF AN
EMERGENCY QUADROCOPTER AT THE EXIT OF ONE OF THE FOUR MOTOR-

SCREW COUPLES

Fail motor one v v v

of the four Pitch Roll Yaw X v :
Motors m/s m/s m/s

Nose motor 180° 40° 10° 0 1.47 -12.7
Right motor -47° 180 ° 160° -1.05 0.59 -12.7
Tail motor 180° -33° 5° 0.03 -1.44 -12.7
Left motor 28° -170° -180° 11 -0.6 -12.7

Table 1 also shows that in the event of a right or left engine
failure, the quadrocopter falls with the screws down (roll angle
is -180°, respectively). In this case, the vertical component of
the landing speed is also 12.7m/s. As in the previous case, the
non-zero values of the horizontal components of the landing
speed cause additional danger. Depending on the coefficient of
friction up the ground, the quadrocopter will move on earth for
a while after landing and will break the screws.

The results of mathematical modeling of the process of
landing a quadrocopter in the event of failure of one of the four
pairs of quadrocopter electric motor and the application of the
proposed method of the safe landing of an emergency
quadrocopter are shown in Table Il. If by following the
proposed method, simultaneously with the faulty engine, the
power of the motor located at the opposite end of the same beam
as the defective motor is switched off, and then the fall time is
11.7s. The vertical landing speed in all cases of failure is 5.6
m/s. The horizontal components of the landing speed will be
zero at all times, that is, the quadrocopter falls vertically
downwards. The pitch and roll during the fall are zero, that is,
the quadrocopter always lands on the chassis.

TABLE Il. RESULTS OF SIMULATION OF THE PROCESS OF LANDING OF AN
EMERGENCY QUADROCOPTER AT THE EXIT OF ONE OF THE FOUR MOTOR-

SCREW COUPLES
Fail motor one ) Vy v vV,
ofnt]r:)eiofrc;ur Pitch Roll Yaw mis mis mis
Nose motor 0° 0° 175° 0 0 -5.6
Right motor 0° 0° 5° 0 0 -5.6
Tail motor 0° 0° 175° 0 0 -5.6
Left motor 0° 0° 5° 0 0 -5.6

Between these extreme values of the vertical landing speed
is the intermediate range of values, which is due to the amount
of delay of the command to land the quadrocopter.

In all articles [1-5] of quadrocopter flight simulation,
motions are considered as motions of a material point of mass
m. To see not only the movement of the quadrocopter's mass
center but also its rotation during an emergency landing, the
movement of two quadrocopter points, the center of mass and
the nasal engine were added here.

Fig. 3 presents graphs of the trajectories of the quadrocopter
landing process. Trajectories 2-4 reflect the case of a faulty left
motor and off with a delayed right motor. Trajectories 5-7
reflect the case of a faulty right motor and off with a delayed
left motor. Trajectory 1 reflects the process of landing a
quadrocopter in the event of any one of the motors failing and
instantly shutting down the corresponding motor, that is, if the
command lag = 0.0s is delayed. Trajectories 2 and 5 reflect the
process of landing a quadrocopter when the commands lag =
0.05s is delayed. Trajectories 3 and 6 reflect the process of
landing a quadrocopter when the commands lag = 0.10s is
delayed. Trajectories 4 and 7 reflect the process of landing a
quadrocopter when the commands lag = 0.15s is delayed. The
dotted line shows the trajectory of the center of mass of the
quadrocopter, and the line with markers shows the trajectory of
the motion of the nasal engine.

Fig. 4 presents graphs of the trajectories of the quadrocopter
landing process. Trajectories 8-10 reflect the case of a faulty
nasal motor and off with a delayed tail motor. Trajectories 11-
13 reflect the case of a faulty tail motor and off with a delayed
nasal motor. Trajectory 1 reflects the process of landing a
quadrocopter in the event of any one of the motors failing and
instantly shutting down the corresponding motor, that is, if the
command lag = 0.0s is delayed. Trajectories 8 and 11 reflect the
process of landing a quadrocopter when the commands lag =
0.05s is delayed. Trajectories 9 and 12 reflect the process of
landing a quadrocopter when the commands lag = 0.10s is
delayed. Trajectories 10 and 13 reflect the process of landing a
quadrocopter when the commands lag = 0.15s is delayed. The
dotted line shows the trajectory of the center of mass of the
quadrocopter, and the line with markers shows the trajectory of
the motion of the nasal engine.
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Fig. 3. Quadrocopter motion paths with PID controller: 2-4 in case of failure of
the left engine-screw pair; 3-7 - in case of failure of the right pair of engine-
screw.

Fig. 4. Quadrocopter motion paths with PID controller: 8-10 in case of failure
of the nasal engine-screw pair; 11-13 - in case of failure of the tail pair of
engine-screw.

IV. RESULTS OF THE SIMULATION OF THE QUADROCOPTER
LANDING WITH THE DELAY OF THE PID CONTROLLER

The results of mathematical modeling of the process of
landing a quadrocopter in the event of failure of one of the four
pairs of quadrocopter electric propeller and the application of
the proposed method for safe landing of an emergency
quadrocopter when the command to land lag = 0.05s are shown
in table I11.

TABLE Ill. RESULTS OF MATHEMATICAL MODELING OF A SAFETY LANDING
OF AN EMERGENCY QUADROCOPTER AT LAG = 0.05sS.

Fail motor one

. Vx Vy V;
of the four Pitch Roll Yaw
motars m/s m/s m/s
Nose motor -10° -18° -175° -0.1 -0.15 -6.37

Right motor 19.5° 10° -6° 0.17 0.11 -6.37
Tail motor 9.5° 19.5° -174° 0.1 0.17 -6.37
Left motor -19° -8.2° 15° -023 -0.038 | -6.37

The results of mathematical modeling of the process of
landing a quadrocopter in the event of failure of one of the four
pairs of quadrocopter electric screw and the application of the
proposed method of the safe landing of an emergency
quadrocopter when the command to land lag = 0.15c are
delayed are shown in table V.

TABLE V. RESULTS OF MATHEMATICAL MODELING OF A SAFETY LANDING
OF AN EMERGENCY QUADROCOPTER AT.LAG = 0.15s.

Fail motor one
. Vx Vy V:
of the four Pitch Roll Yaw
motars m/s m/s m/s
Nose motor 4° -51° 30° -0.5 0.4 -10.2
Right motor -48.5° -5.6° 118° -1.08 -038 -10.4
Tail motor -4° 51° 30° 0.3 -0.4 10.23
Left motor -51.6° 76° 67.4° 0.75 0.46 -10.7
CONCLUSION

If the delay of the command of the PID-regulator on landing
does not exceed 0.05s, the safe landing of the emergency
quadrocopter is guaranteed. If more than 0.05s is delayed, the
quadrocopter will crash. The same results were obtained
previously for the case of the regulator PD [7]. Therefore, the
use of the PID controller in the event of failure of one pair of
motor-screw does not give any advantage over the use of the
regulator PD.
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l. BcTvin
vy IaHli po6oTi MIPOaHaIi30BaHO 3aBJaHHs,
BHCOKOAKTYaJbHi IS I IBULIIEHHS Oe3nexku B

BYTJICBHJIO0YBHIN Taly3i YKpaiHH 3 TOYKH 30py MHiATPUMKH
TIpHUYOPSATYBAIBHUX POOIT 3aco0aMH  IHTEJIEKTyalli30BaHOI
poGoToTexHiku. Po3rissHyTO JesKi THTaHHS CTBOPEHHS
MIpOrpaMHO-anapaTHoi YaCTHHU MOJIETIOBAHHS Ta
($yHKIiOHYBaHHS pOOOTIB A1 00CTE)KEHHS 3aBaJiB 1 aBapiifHO-
HeOe3NeyHuX [UITHOK B IMIaxTax. PO3MISIHYTO 3aBAaHHS
pPO3pOOKH  «TIpHHYOPSATYBAILHOTO  IHTEJIEKTYalli30BaHOTO
pobota-possigauka (TOCIP)» [1].
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II.  OcHOBHiI BUMOTH JI0 CTBOPIOBAHOT pOOOTOTEXHIKH JIJISt
BYTUIBHOT MIAXTH

A. BukimoueHHS eneKTpooOnagHaHHA, SKe
SNIEKTPOICKPIHHS, IO MOXE  BH3BaTH
METaHONMJIOBYTUIBHINA aTMOc(epi MaxTy.

Hece PH3UK
BHOYX Y

B. Habip OopTOBUX CEHCOpPIB /sl KOHTPOJIIO IIAXTHOT
atMocepr (MeTaH, BYIJIEKUCIMH Ta3, BYTUIBHUH I,
KHCEHb, YaJHUH ra3, BOJIOTICTb).

C. Komruiekc nanekomipiB 1uist 00CTexXeHHs 1 cTBOpeHHs 3D-
MoJieNti 00CTEeKYBaHOTO MIAXTHOTO 3aBay.

D. Boproswuii HaBiramiifHuit KOMIUIEKC, IO 3a0e3medye podoTy
MOJJIMBICT PYXaTHCS AaBTOHOMHO Ta BIIIOBIAHO [0
MOCTaBJICHOTO IIPOrPaMOI0 MAapLIPYTHOTO 3aBAAHHS IPU
BUKOpPHUCTaHHI JaHHX 3D —MOHITOpHHTY.

E. BoproBmif pamioTeXHIYHMHA KOMIUIEKC 3B'SI3Ky, IO
3abe3neuye pajio3B's30K 3 BiIANCHHM ONEPATOPOM IS
KOHCYJIbTAIlii B HECTaHIAPTHUX CUTYaIlisIX.

F. bopToBuii MaHIMyIsATOp A7l BUKOHAHHS B HEOOXITHHX
BUIAJKaX poOOIT 31 CTBOPEHHS BY3bKHX TEXHOJIOTIYHHX
MPOXOiB a00 «OTBOPIB» (HaJaHHsS JIONOMOTH TipHHKaM,
130/IbOBaHMM OOBAJIOM, Tepeaaya MEAMKAMEHTIB, 3ac00iB
3B'I3Ky, NPOAYKTIB  XapuyyBaHHs, BOIH, [AaKeTiB
IHAMBIqyaTbHOTO 200 KOJEKTHBHOTO MOPATYHKY Ta iHIIOI
eKCTPEHOI JOIIOMOTH), 3a0e3IIeYeHHs] BHKOHAHHSI Ollepariit
0 BXOIUICHHIO 00'€KTiB OOMEXEHOTo Baru (Ipodw Imopi,
KOMIOHEHTH 3pYHHOBaHOT0 OOJNaIHAHHS Ta iHILIE).

I1l.  OCHOBHI ®YHKIIIi BOPTOBOI'O I[IPOI'PAMHO-
ATTAPATHOI'O KOMITJIEKCY

e Konrpons maxtHoi atMoctepu.

e Posni3HaBaHHS  BHUXIIHOI  OTpUMaHOi  OGOPTOBHMH
CEHCOpaMH MOHITOPHHTOBOI iH(pOpMaIIii.
e VYXBaleHHs JOUUIBHUX pilleHb B aBTOHOMHOMY

pexumi.
e ®opmysanHs 3D-noBepxHi 00CTEKYBaHOT 30HH.

e HanecenHs Ha 3D-moBepxHIO O0O0CTE)XKYBaHOI 30HH
MIEPEIIKO]I, BY3bKHX Ta HEIIPOXiTHUX pOOOTOM 30H.

e @opmyBaHHs (ailny craHy mIaxTHOI atMmocdepu 3
KOOPJIWHATHOIO TIPUB'SA3KOI0 JI0 CTAPTOBOI HEPYXOMOIL
CHCTEMU KOOPUHAT.

[ToOymoBy MartematnuyHoi Moxem 3a JgaEuMu 3D-
MOHITOPUHTY IpPOINOHY€EThCS 3IIMCHUTH 3a JOIOMOTron 4-
MIPOMEHEBOTO JIa3ePHOTO JaJIeKOMIpy, OMHMCAHOTO B POOOTI
HayKOBIIB Binainy [2].

IV. METOJ MOHITOPUHT'Y CTAHY BYT'UILHOI IIAXTU

Buxinnuii ¢aitn nanux (Dot _3D), oTpumanuii B pe3ynbrarti
BUMIPIOBaHHS BiJICTAaHEH JIO TEpemKoJ] JaJIeKOMipaMH,
3aIUCYEThCA B TaM'ATh O0pTOBOTO KOMIT'T0oTepy. @aiin Dot 3D
Jani BUKOPHCTOBYETHCS CreLiabHOIO HpOrpamoro
PRIZM 3D, sixa anpokcuMye THM YH iHITAM MaTeMaTHIHUM
arperaToM TOYKOBO 3aJlaHy IMOBepxHIO i (opmye 3D-o6pa3

obcrexxyBaHoro mpumimenHs. IIporpama OPTIM TRAJ
¢opmye cmimeHO 3 mporpamoio PRIZM 3D BapianTH
ONITUMAJILHOTO MapuIpyTy po0OTa 3 ypaxyBaHHSM HasBHOCTI
MEPeIKo]] 1 BY3bKHX MiCIlb. BapiaHTH CIUIafHIB IS PYyXy
caMoro po00OTa MO>KHa OTPUMATH, BUKOPUCTOBYIOUH MPOTpamy
PRIZM 3D, mo Mopemoe 00CTexXyBaHy IIOBEPXHIO KiHIIEBIMHU
eJleMeHTaMHu. Y OUIbIIOCTI BHNAJKIB JOCTaTHHO OTPUMATH
aTIpOKCHUMAIIiI0 B pOPMi KYCOUHOIIIOCKOT IIOBEPXHi, CKIAACHOT
3 MHOXXKHHHU JIOTUYHHMX NPU3M abo sK MEPEeTHH MPOCTOPOBUX
TUTOIIHH.

VY Guibll CKIIAAHOMY BUNAAKY (HANPHKIIA, TpY BUKOHAHHI
OTBOPIB B MOPOJi CHeuiaJbHUM OOpTOBHM OypoM 3 TmyHKTY F
BuMmor posainy |l) HeoOXimHO ckopHCTaTHCS IPOTrPaMoI0
3D _SPLINE, mo 3a6e3mnedye mo0yaoBy Oe3mepepBHOI pa3oM 3
MIEpIIOI0 IOXIHOK MOBEPXHi, 3aCHOBAHOI Ha TPUBUMIPHIH
CITaH-1HTEePIIOJISLIIT.

Jiist po3poOKHM THIOBUX IHTENEKTYalTi30BaHUX POOOTIB-
PO3BIJHUKIB PO3IJISIHYTO METOAUM TOOYIOBH  TpaekTopii
MOOUTBHOTO  poO0oTa 3  MeXaHIYHUM  OaraToJIaHKOBHM
MaHIITyJISITOPOM JUIsl MiA0OPY ONTUMAJIBHUX MapaMeTpiB JAHOK
Ha piBHI KOMITIOTEPHOTO IMITaIlifHOTO MOJCTIOBAHHS IS
3a71a4 (QyHKLUIOHYBaHHS B OOMEXKEHHX MPOCTOPOBUX YMOBaX
mraxtd. TumoBmil mpukian oOCTeXEHHS: PO3BiIKa iHTEep'epy
IH)KEHEpHOI CHIOpYAM Micist aBapii, KOJM BHHUKA€E J0/AaTKOBA
mpobiemMa 0OCTe)XEHHsI TNPHHIWANOBOI 3MiHH iHTEp'epy (SIK
pe3yapTaT aBapii) CTHUCIOro poOOYOro MPUMIIICHHS MpH
HEBiZOMiil HOBi#l KOH}ITYpaIlii MOKINBIX IPOXOJIIB.

Buxomsun 3  Bumeckaszanoro, komiuiekcy ['OCIP
MOCTaBleHa 6araTOKOMIOHEHTHA 3aBAaHHS, 1110 CKIAJA€ThCS 3
B3a€MO3B'SI3aHUX YAaCTKOBUX 3aB/JIaHb;

- IPOWTH BCEpEINHY IIaXTH;
- moOyxyBatu 3D-KapTy «OHOBJICHO» MiCIIEBOCTI;
noTpiOHUMH

- TIPaBHJIBHO HIapHipaMu

MaHINyJIAaTopYy;

BUTHYTHUCS

- 3HaiiTm 1 3axomuTd (ab0 BBIMKHYTH / BUMKHYTH)
noTpiOHUit penmer (abo TymOIep / KHOIIKY / BaXKisib / KpaH).

Merto10 IMITallITHOrO MOJENIOBAHHS € PO3PAXYHOK PAIY
TUNIOBUX TPHKIAAIB, — CHTyalid i BUOOPY KUIBKOCTI,
JOBXWHHA JIAHOK 1 KYTiB OpIi€HTAIil CHCTEMH VIIPABIiHHS
MaHIMyIATOpY Ta UL MpodeciiiHOTO HaBYaHHS KOPHCTYBadiB
po0OTi 3 IPUCTPOEM.

Imitamiiine mMonenroBaHHS Tiependadae BUPIMICHHS TaKHX
3aBJIaHb:

- MONIYK ONTHMAJILHOT TOBXXWHH CETMEHTY MaHINyJIsATOpY;

- BU3HAYCHHS TPAEKTOPil BXOIUICHHS MaHIMYJIATOPY JUIS
BizoMoi 3a31aleriab KoHQIryparii TyHemo;

- peamizamis pyxy BXOIUIHHS MAaHINyJIATOpY 3a
moOyIOBAHOK ~ TPAEKTOPIEI0 TPU  3a34ajeriib  BiIOMid
KOH(iryparii TyHero;

- peamizalisi pyXxy BXOIUIEHHS MaHIMYJIATOPY METOJOM
MIepEeBIPKH 3ITKHEHD cepr OE3MEKN 3 MOBEPXHAMHU TYHEIIO Ha
KO>KHOMY Kpoli. SIKIIO 3ITKHEHHS CTaJIOCs, TOAI 3A1HCHIOETHCS
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MMOBOPOT JIAHKH MaHimysaTopa. Lleit MeTox BUKOPHCTOBYETBCS,
SIKIIO KOH(QITypaIis TyHeIo 3a31aJeriab HeBiToMa;

- BU3HAYCHHS KYTIB MIAPHIPiB HA KOKHOMY KpOLI.

V. METOJY MTOBYJIOBU IIIJIAXY PYXY MAHITYJIATOPY
KPI3b TYHEJIb, 1110 BUKOPUCTOBYIOTh KYBIUHI CIJTAMHIA

B po0orTi po3risimaeTbes KiTacHIHA (00YHCICHHS MAaTPHIIi
i moOynoBu crutaiiHy) 1 BpockoHaieHuii wmeron. CyTtb

OCTaHHBOTO METOAY NOoArae B e(eKTHBHOMY OOYHCIICHHI
N

MOMEHTIB i 33 nomomororo KOMITIOTEPY METOA0M
nporonku. [locimigoBHE 3acTOCYBaHHS LLOIO METOIY KijIbKa
pa3iB  IO3BOJSIE  3BECTH  3aJady PO  3BEPHCHHSA
TPbOX/iaroHaNbHOI MaTpuili A BHCOKOI pPO3MIPHOCTI 10
MIPOCTOTO 3aBJAaHHS PO 0OepHEHHS onHiel a0 ABOX MaTpHIb
MaJioi po3mipHocri [1].

Jns anmpokcumanii OTpUMaHUX CIDIAWH-QYHKIIA 3 METOIO
NMOOYZOBH TPAEKTOPIi MaHIMYJISATOPY IHTEJIEKTYali30BaHOTO
pOOOTY CITii BAKOPUCTOBYBATH IPYTHil BIOCKOHAJICHHI METO.
Bin Mae 3MeHIIEHY KUIBKICTh Omepalfiii po3paxyHKy 0e3
3HIKCHHS TOYHOCTI 32 paXyHOK CKOPOUYEHHS KiJIbKOCTi KPOKIB
MPOTOHKM MaTpHLi B JBa pa3u. MeToja [103BOJISIE 3alHCaTH
QNTOPUTM YHIPABIIHHA KyTaMH IHapHIPiB MAaHIMyIATOPY Ha
OOpTOBMIA KOMI'IOTEP CHCTEMH YIPABIIHHS 1HTENEKTYalbHUM
poboTom.

BUCHOBOK

B po6oTti mpoanani3oBaHO peaybHI 3aBIAHHS, aKTyaJbHi
JUIS T ABUIICHHS O€3IeKH y BYrIIeBUI00YBHiH ramy3i Ykpainu
OUITXOM ~ 3aCTOCYBaHHS  3aco0iB  iHTEJIEKTyalli30BaHOi
POOOTOTEXHIKN Ul MIATPUMKU TIpHUYOPSATYBAIBHHX POOIT.
Po3rnsHyTO HEesKi MUTaHHS CTBOPEHHS IPOTrPaMHO-anapaTHol
YaCTHHU MOJEJIOBaHHS Ta (YHKIIOHYBaHHS pPOOOTIB JuIst
OOCTEe)KCHHS 3aBalliB 1 aBapiifHO-HEOE3MEeYHHX MUITHOK B
maxrax (Ha MPUKJIazl ByTUIbHUX).

HageneHo NOpiBHSHHS IBOX METOIB IS TOOYIOBH IIISAXY
0araTtojaHKOBOTO  MaHIMyJISATOPY  Kpi3b  TyHENb,  IIO
BHKOPHCTOBYIOTh KyOi4uHI CIUTaiiHH. MeToau € eJIeMEHTOM
CAIIP pgns  crBopeHHS  0ararolaHKOBHX  poOOTIB -
MaHIITyJISTOPIB, 3AaTHUX 32 PaXyHOK KOMOIHOBaHOI B3a€MOJII1
JAHOK y dYaci 1 TpocTopi pyxaTHUCS Y3IOBXK TPAEKTOPii,
3a0e3Meuyroun  MiHIMAJIbHE BIIXWICHHS Bl ONTHMalIbHOT
ieaTpHO TIaIKO1 KPUBOI.
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Anomauyia — 3 BUKOPHCTAHHSIM CHiBBiIHOIIEHb JIOKAJILHO
rpafiiEHTHOI eJ1eKTPOMeXaHiKi MOJISIPU30BHUX HedepoMarHiTHHX
CepeloBHUIL 3HAl/ICHO AaHAJITHYHUI PoO3B’A30K 3amadi s
TMOPOKHUCTOIO M'€30€JeKTPHYHOr0 i30TPONMHOr0 LMJIIHApPa mix
aiero THCKy. Po3B’S130K KinbKiCHO Ta sKicHO Biapi3HsieTbesl Bin
TaKOro, OTPUMAHOr0 B Mexkax kKjacu4yHoi teopii. [lokaszano, o,
HaBiTh 3a BiICYTHOCTi 30BHIIIHLOIO eJEKTPHYHOrO /Kepena,
IITHAP MOKe MOJSPU3YBATHCH BHACTIIOK iOr0 HEOTHOPIIHOTO
nedopMyBaHHS.

Abstract — Based on relations of local gradient electro-
mechanics of polarized non-ferromagnetic media, the problem of
a pressurized hollow dielectric isotropic cylinder is analytically
solved. The solution is quantitatively and qualitatively different
from the ones obtained within the classical theory. It is shown that
in the absence of an outside electric source, the hollow cylinder can
polarize due to its non-homogeneous deformation.

Knwuosi  cnosa —  nokanvmo  2padichmuma  meopis;
eNIeKMPOMeXaniuna  63aEmodis;  OieeKmpUYHUil  i30mponHuil
Mmamepian; prexkcoenekmpuunuii egpexm.

Keywords — local gradient theory; electromechanical coupling,
isotropic dielectric media, flexoelectric effect.

l. Bcryn

Knacumuna Teopis eIeKTPONPYXKHOCTI He Tependadae
3B’S13Ky MEXaHIYHUX IMOJIB Ta €JIeKTPOCTATUYHOI'O IOJs Y
LEHTPOCHUMETPUYHNX KPHCTallax Ta I30TPONHMX MaTepianax.
OnHopigHa nedopmarnisi JiENEKTPUKIB [IEHTPOCUMETPUUHOT
CTPYKTYPH HE CIIpHYMHSE iX mossipu3anito. OHaK, SKI0 Taki
KpUCTaJIM TWiAgaTH HEOAHOPiAHiIH apedopmarii, TO BOHHU
nojspusytotees. lLle sBume orpumano HasBy  ¢aekco-
eNeKTpUIHOTO eekTy i1 Brepiie Oyiio JOCTiKEHEe y Tparsx
Marukesuva i Tonruro [1]. st omucy (GraekcoeneKTpu4HOro
epexTy y Mexax KOHTHHYalbHOI MEXaHIKH po3poOIIsuTn
y3arajgbHeH1 (Tpaji€eHTHOrO THIy) Teopii, y TOMY 4HCII
rpagieHTHy Teopito nedopmarii [2, 3].

[Moxaxxemo, 110 HA BiIMiHY Bijl KJIACHYHOT TEOPil, TIOKAITEHO
TpaJi€eHTHA TEOPis MieNEeKTPHUKIB ONHCYeE (IIEKCOCIEKTPUIHUN
epeKT y JieNeKTPUYHUX I30TPOHHMX Tinax. JlokaibHO
TpaZi€eHTHA TEOpPis IPYHTYETHCSA Ha BPaxXyBaHHI B3a€EMO3B 3Ky
MEXaHIYHUX Ta eJeKTPOMArHiTHHX TMPOIECIB i3 MPOIECOM
JIOKaIbHOTO 3MimmeHHss Macu [4, 5]. ¥V wmexax wiei teopii
JIOKaJbHE  3MINIEHHA Mach  IMOB’sA3aHO 31 3MIiHOIO
MIKpPOCTPYKTYpH MaTepiaiy (Gi3udHO MaJIoro eJeMeHTa Tija.
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Il.  BUXIOHI CHIBBIIHOIIEHHA MOJIEJIBHOT' O OITUCY

Cucrema piBHSAHB JIOKQJIbHO TPATI€HTHOI €IEKTPOTEPMO-
MeXaHiKi HeepOMarHiTHUX AieNEeKTPUKIB CPOpPMyIbOBaHa B
[4, 5]. [ns niHifiHOTO CTaIiOHAPHOTO 130TEPMIYHOTO HAGIH-
MKEHHSI 5l CUCTEMa OXOILTIOE:

e OaraHCOBi PiBHSIHHSA

V'6'+p0F:O, (1)
VxE=0, V-.-D=0, @)
V'nm""pm:Os (3)

® TPagi€HTHOTO THITY BH3HAYAJBHI CITiBBiTHOIICHHS

; ou ou
G =Py —; » E=— ; “
68 ﬂ:e'nm'pm € é, T Pm
, _ Ou , ou
T - IO
Pm £, e, Ty Tm €T, Py
D =¢g,E+pyme, (6)
® KiHETHWYHI PiBHIHHS
.1 T
a:E[V®u+(V®u) ] )
E=-Vo. ®)

Tyr 6 i € — TeH30pu HanpyXeHb 1 Aedopmaliii; U — BEKTOP
nepeMilieHHs; F — MacoBa cuia; p, — FYCTHHA MacH; Py, —
nUTOMa TyCTHHa HaBeaeHoi Macu; E T1a D — BekTopu
HamnpyKEHOCTi Ta iIHAYKIiT eIeKTPHIHOTO MOJIS; T, — MTUTOMUH
BEKTOp MOJSIPH3alii; ¢ — ENeKTPHYHHH HOTeHIUaN; T, —
MHUTOMHI BEKTOD JTOKAIBHOTO 3MIIEHHS MacH; L = —l; [
— XIMIYHMH NOTeHWjan; W, SHEepreTUYHa Mipa BIUIUBY
JIOKJILHOT'O 3MIlIEHHSI MaCH Ha BHYTPIIIHIO EHEPTil0 CUCTEMH;
U(& Mg, Py, Ty ) — y3araibHeHa BHYTDILIHS EHEPris; €, —
eJIEKTPUYHA CTaJa; KPAIKOK MO3HAYEHO CKAISIPHUN TO0YTOK;
X 1 ® — BEKTOpHUH i miagHWi AOOYTKH, BiIMOBigHO; V —
omneparop ['amMinbTOHA.

Il.  ®OPMVIIIOBAHHA 3AJIAUI

PosrissHeMo  Oe3MeXHE TOPOKHHCTE OCECUMETPUYHE
LWJIHJPUYHE TiJIO, SKe Y LMIIHAPUYHINA CHCTEMI KOOpAWHAT
(r,9,z) 3aiimae obmacte R; <r <R,. Hexaii Bich Z cmiBmasae
3 Bicclo nwitiHApa. Beaxaemo, 110 TijI0 KOHTAKTYE 3 30BHIIIHIM
CepeOBHUINEM, SKE OMHCYBATHMEMO Yy HaOIIDKEHHI BaKkyyMy.
30BHIIIHA MOBEpXHS [=R, I130TPONHOrO Mi€NEeKTPUYHOIO
IITiHApA nepeOyBae i Ai€l0 piIBHOMIPHOTO THCKY G, TOAI SIK
foro BHYTpIllIHA OBEpXHA I' = R, — BiNbHA BiJl HABAHTaKEHHSI.
BuBunMo HanpyXeHHH cTaH Ta 30ypeHHS €JIeKTPOCTAaTHIHOTO

moJyisi, sKEe BHUHUKAE y [WIHAPI BHACIIIOK TaKOrO
HEOJHOPITHOTO JIe(hOpMyBaHHSI.

3 orysiy Ha THH 30BHIIIHBOTO HaBaHTa)KEHHS, 32 KIIIOYOBI
(GYHKIIIT 3py9HO B3STH TEH30p HANPY)XEHb G , MOAU(DIKOBaHUH
XiMiYHHH TOTeHIian [i’,, a TaKOX BEKTOPH HAmpyxKeHocTeil
enekTpuuHoro mons y Tini E Ta Bakyymi E, . BBaxkaemo, mo

3a/adya XapaKTepPU3yeThCS OCHOBOI CHMETPI€I0 1 3rajaHi
¢yHKIIT, a TAKOX BEKTOp MEpeMilmleHb U 3aiie)kaTh JIUIIE BiJl

={o(N},
E=(E(r),0,0),

pamianbHOT TOOTO 6=

u=(u,(r),0,0),
E, =(En(r), 0,0).

KOOpAUHATH,

B = (1),

HenynboBi KOMIIOHEHTH TeH30pa nedopmanii € BH3HA-
YaloThCs (HOpMyIaMu:

srr:%, g, =0 9)
dr "
Jist 130TpOITHOTO MaTepiady BU3HAYAIBHI CITiBBITHOIICHHS
(4) i (B) mms KOMIIOHEHT TEH30pa HANpPYKEeHb, BEKTOpa
NOJIIpU3aLil, BEKTOPA JIOKAIFHOTO 3MILIEHHS MacH Ta I'yCTHHH
HAaBEJEHOI Macu 3alluiieMo TaK

O (1) =(A+2u) & + e, — 0 i, (10)
o (N) = (A +21) 84 +Aey —0 fir (11)
652 (1) =1 (8 + 80 ) — 041 (12)
d ~1
ne(r):XEEr_XEm :n ) (13)
r
d ~r
Ttm(l’) ="XAm %"'XEmEr ' (14)
a, iy
pm(r):—(srr +8(p(p)+du“'n' (15)
Po
Tyr G, Oy, Ta G, — HEHyIbOBi KOMIIOHEHTH TEH30pa
HanpyxeHb; 7,(r) Ta 7 (r) — pamiagbHi KOMIIOHEHTH

BEKTOPIB JIOKAJIBHOTO 3MIILIEHHS MacU T, Ta eIEeKTPUYHOTO
sapsany (momspusauii) m,; A i p — koediumientn Jlame;

o, — KoedilieHT 006’€MHOr0 PO3UIMPEHHS, CNPUIMHEHOTO

JIOKaJbHUM 3MILIEHHAM MAacH; Y, KOCQIIieHT, sSKHUA
3MILLEHHS

— i30xopH4HHUIl Koe(ilieHT

XapaKTepU3ye
rpajiieHTOM HoTeHUiany [i, ; d

JIOKAJIBHE Macu, 3YMOBIJICHE

n
3JIE)KHOCTI TTUTOMOI TYCTHHHM HaBEIEHOI MacH Bil MOJH-
(ikoBaHOro XiMiYHOro HOTEHWIaNy W, ; Ygn — KoedimieHT,
AKAN XapaKTepH3ye MOIPU3ALIIO TijIa, 3yMOBJICHY IPali€HTOM
noTeHmiany fi; .

Jst omHOMIpHOT 3a7adi, Ky pO3TIIATAEMO TYT, CUCTEMa
GanancoBux piBHsaHb (1)-(3) HaOyBae BUTIIALY:

dG Oy —O d(rG )
d—;r+fw =0 abo G(P‘P :Trr ) (16)
1d(rm,,)
2080 m) 17
Pt T g an
4D, d0D) )
dr dr
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Tyt
D, =g4E, +pomes D,y =€pEqy - (19)
Otpumaemo piBHsHHS benbrpami-Miruenna. 3 miero
METOI0, IpyHTYI0uKCh Ha piBHsHEsAX (10) 1 (11), 3amumemo

& = E(Grr ~ V104 ) + aulﬁ;r ' (20)
1
1 o
gq)gu = E_l(ctpq) —ViOyr ) + apl“n : (21)
Tyt
A Au(h+ o
vy = El:u, Uy =t
A+20 A+2u 2(L+u)
Hacinkom dopmyi (9) € piBHAHHS
d(re
€ = M . (22)

dr
Sk y cpopMyny (22) mipcraButu Bupazu (20) i (21),
BpaxyBaTH piBHsHHS piBHOBaru (16), To oTprMaemo
d|1d(r’c,,) -
—| =———=+E0,0i; |=0. 23
dr{r dr 1%Hn (23)

Dopmynu (20) i (21) 3a BpaxyBaHHs PiBHSHHS PiBHOBAaru
(16) no3BosSIFOTH BU3HAYMTH 00 €MHY Je(opMaliito

e _-wd(ey)

€
T T g, dr

3 ornmsny Ha Bupas (24), piBusuus crany (15) st rycTHHE
HaBeJIeHOT Mac MOIU(IKy€EThCS TAK

2
_ o, (@-vy) d(r’oy) +d, |1+ Oy
rpoEs dr Pody, (A +p)

MMigcraBusim popmynu (14) i (25) y piBusHHS OanaHCy
nasenenoi macu (17), ogep:xumo

2
ld( da j 7% E P [,
rdr dr Pod,, (A +1)

_ 9, (-v1) d(r?o,,) . Xen d(E))
rooEm  Or rg, dro
Tyt kg :du/xm .

ul“r: (24)

m

1&;. (25)

(26)

[[{o0 BM3HAYNTH ENEKTPOCTATHYHE II0JIE, SIKE BHHHUKAE Yy
JIeNIeKTPUYHOMY TiJli, MU TIOBHHHI 3HalTH PO3B’S3K1 PIBHIHB

d dii!
“rlE = n
dr{r( TTRE

H:O (R <r<Ry); (27)

d(reQ) d(rEQD)
———~=0(0<r<R), ———==0(r>R 28
=0 (0=r<R), =<0 (r>R,).  (28)
AKi OTpMMaHI NUIAXOM  TMiACTABIISIHHS  BHU3HAYaJIbHHUX

cmiBBigHowens (19), (13) y piBusuns (18). YV piBsHHI (27)
BHKOPHCTAHO TI03HAUCHHS

PoXEm
€ TPoXE
Orxe, s BU3HAUYEHHs PIBHOBAKHOTO PO3NOIiTY QyHKIIH G,
. E;\ En, , Ex) Ta fi;, Maemo piBHAHHA (23), (26)-(28). s
3a6e3nequH;1 OHO3HAYHOCTI PO3B’S3KY MO IIi€l crcTeMu

PIBHSHB CII JOJNYyYUTH KpaloBi yMOBH Ha IOBEPXHI
OUTIHIPUIHOT 000IOHKH:

r=Ry: o, =0, 8 E —EJ |+pome =0, fir=—po, (29)
0w, 8| B, —ES) [+ pome =0, fir =—pily. (30)

3a3naunmo, 1o ocranHi cmiBBigHomeHHs B (29) i (30)
BiINIOBIiAIOTh YMOBi PIBHOCTI HYINIIO aOCOJIOTHOTO 3HAYCHHS
noTeHIiany W, =f_ +U o (OCKINbKH LHUIIHAP KOHTAKTye 3

KE:

r=R,. o, =

BaKyyMoM, a [, =0).

CdhopMynboBaHy BHINE CHUCTEMY pIBHSHb  BIAETHCS
po3mimuT 1 po3B’s3ath  mocmigoBHO. I[lpm mBOMY It
3HAXOJDKCHHS HAMPYXEeHb Ta MOAU(DIKOBAHOTO XIMIYHOIO
MOTEHIAly OTPUMAEMO KpPaloBYy 3aj1aduy, a JJsl 3HAXOPKSHHS
BEKTOPIB HANPY)KEHOCTI eIEKTPUYHOTO IOJIsL y TUTi Ta BaKyyMi
— KOHTaKTHY.

IV. PO3B’S130K 3AJJAUI TA IOT'O AHAJII3
Slkmo 3 piBusHHg (23) 3a momomoror (26) i (27)
BUKITIOUNTH paJialdbHi HANpPyXKEHHI G, 1 HaIpyXCHICTh
eNIeKTPUYHOro monis E,, To 1 3HaxomxeHHS GyHKINT {17
OTPUMAEMO OIHOpigHE Au(epeHIliabHe PIBHSHHSI TPETHOTO

HOPSAIKY
d(d%n, 1di. .,-
— | T "1=0. 31
dr[ dr? r dr S (31)
Tyt
2 2( ) 2 7‘3
E=r(1+M), rg=——""——,
: 1-®eXem/%m
2
M=_P _ p= %
A+2u Pod,,

3aranbHuit po3B’si30k piBHsHHS (31) Mae Bursg
Az (r) = Ao (&r) + A Ko (Er) — Ay, (32)
ze l;(r), Ki(r) (i=0,1) — moxudixosani dpyuxuii beccens
Mepmoro Ta TPETbOTO pONiB i-ro  mopsaky (pyHkmii

MaknoHansa).
BignosinHo mns 3HaxomkeHHs ¢yHkuid o, E, 1 E
MaeMO QOpMYITH
o =2 A t) -2 -
a, r
B e i 2] (33)
€, =%+aKE [ALED-AKE)], G
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1 2
EQ -0, E@ :-%. (35)
Tyt A, i= 0,5 — neizomi CcTaul, sSIKi BU3HAYa€MO 3 TPAHUIHUX

i kouraktHEX yMOB (29) 1 (30).

KoMmrioHeHTy TeH30pa HampyXeHb G, OOYHCIIOEMO Ha

op
ocHoBi dopmyn (16) i (33). HampyxeHHs ©,, 3HaXOAUMO 3
piBustHES cTany (12), Bupasy mist 06’emuol medopmarrii (24) i
dopmynu (32) i (33). KommoHneHTy 7, BeKTOpa HOIApHU3amil
3HAXOJNUMO 3 BUKOpHCTaHHAM dhopmyi (13), (32) i (34).

I3 piBHsIHB enekTpocTaTike (27) i (28) i yMOB KOHTaKTy
(292), (30,) orpumMaeMo HyIBOBHMH  BEKTOp  IHAYKIIi
EJIEKTPUYHOrO Moy y Tl 1 Bakyymi. BogHouwac y Timi
IHIYKy€eThCsI 30yPeHHSI BEKTOpa HAIPYKEHOCTI SIEKTPUIHOTO
nois  (34). BuHacmigoxk HEOAHOPIZHOTO  aeopMyBaHHS
HOPOXKHUCTOTO LAIHAPA, HOr0 CTIHKH MOJSIPU3YIOTHCS

ne(r) =

_ _FolemS [p ) (er) - AK (D] (36)
€y TPoXE
Tyt

Ai = A [Ko(iRz) - Ko(Ele)] )
Az = A*[lo(aRl)— |o(§R2)] )

3 1 cs,kOLHRZ2
e pod, (?»+u+b)(Rl2 —R?

Q=15(ER)Ko(ERy) — 1(ER) Ko (ERy) +
+o {[RiKa (&R — Ry Ky (ER,) ][ 10 (ER1) — o (ER,) |+
+[R1|1(§R1) -R, |1(§R2)][Ko (ER) - Ky @Rz)]} )
b(1-v;)
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Awnaniz gopmyin (36) i (37) nokasye, 1110 MOJSIPU3ALIA CTIHOK

MITIHAPUYHOTO Tijla 3YMOBJIICHAa 30BHIINTHIM THCKOM Ha
MMOBEPXHIO NWIIHApPa (IOAAHKH, MPOMOPHIHHI Gk ), a TaKOXK

) —Hgo | (37)

HOBEPXHEBUMH eeKTaMH (T0TaHKH, IPOTOPLiiHi 1 g ).

VY pesynpTari moJspu3alii CTIHOK MWTIHApPAa Ha HOTro
nosepxHax =R, Ta =R, BuHuUKac HaBeneHHH
enextpuunuii 3apsaa w,(R)) Ta 1, (R,) . Omxe, dopmynu (34)
i (36) omucyrTh (IeKcoeneKTpuuHUN edekT. Y paMkax
JIOKAaJbHO TPami€eHTHOI Teopil ¢aexcoenekTpuaHuid edeKT
3YMOBJICHUH B3a€MO3B’SI3KOM MK IpoIecaMHd MEXaHI4HOTO
nedopMyBaHHs, JIOKAJIBHOTO 3MIILIEHHS! MAaCH Ta €JIeKTPUYHOT
nosspuzanii. Ciig 3a3HauuTH, MO (HIEKCOENEKTPUIHUNA eeKT
y 3araJlkHOMY HEXTOBHO MaJIMii Y MaKPOCKOMIYHUX CUCTEMaX.
OpHak y MaJIOPO3MIpHHX Tijlax (IpoTax, BOJOKHAX TOIIO)
rpamieHT aedopMariii Moxe BaromMo BIITMBATH HA 3B s3aHI MMOJIS
Y HHX, a BIiJITaK, BIUIUB ()JICKCOCIEKTPUYHOTO €PEKTy Y TaKUX
Timax 3pocrtae. [lokaxkeMo e Ha mpukiaami GopMmymnd JUist
HaBE/ICHOTO eJIeKTPHYHOTO 3apsny T, (R,) . 3 BUKOpHCTaHHAM

po3knamiB GyHKIIH MakaoHabaa Ui BEIMKUX 3HAYEHb iX
apryMeHTy, A JOCTaTHbO BEIMKUX 3HAaueHb paaiyca Ry ta

MaJIiX BIJHOCHMX TOBIIMH CTIHOK O, I€ 6=81/R1, a

8, =R, —R;, Ha ocHoBi (36) onepxumo Taky dopmyiry s
HABE/ICHOTO ITOBEPXHEBOTO 3apsAy Ha 30BHIMIHIA MOBEPXHi
munigpa r=R,

EXEmS e —u
0
2(gg +PoxXe) 2p0dp(7u+u+b)6
Amnamiz miei QopMynu moka3ye, MmO SAKIIO BiJHOCHA
TOBIIWHA CTIHKM O Ta XapakTepHa Bigmamne & € CyMipHi

71:e(RZ) ==

BEJIMYMHK, TO BEJIMYMHA HABEACHOIO EJICKTPHYHOTO 3apsmy
3pOCTaTHMe, y Mipy 3MEHIICHHS TOBIIMHMA CTiHKH. Takum
YHHOM, JIOKQJIGHO TpaJi€eHTHAa TEOpis OMUCYE IiICHICHHS
(irekcoeneKTHYHOro eeKTy (30UIbIIEHHS MoJIIpU3alii CTIHOK
LOUTIHAPA) Y TOHKOCTIHHAX TiCNEKTPUIHHX Tijlax.

BuUCHOBKU

3 BHKOPHCTAHHAC CIIBBIIHONICHb JOKAIBHO TPai€THOT
EIIEKTPOIPYIKHOCTI TOKA3aHO, 110"

e MexaHiyHi mois (HanpyxkenHs 1 Jedopmanis) y
MOPOKHUCTOMY  i30TPOMHOMY  OCECHMETPUYHOMY
0e3MeXHOMY LMIIIH/PI, BHYTPIIIHS HOBEPXHS SKOTO
BUJIbHA BiJ] 30BHIIIHBOTO HABAHTAXKCHHS, a 30BHIIIHSA -
nepeOyBae MiJl TUCKOM, MOXYTb CYTTEBO BiJIPi3HSATHCS
BiJl TaKWX, fAKi mepemdadae KIACHYHA TEOPis, SKIIO
BpaxyBaTH (PICKCOCNEKTPUYHUM eeKT. Y TakoMy Tii

yacTWHA MeXaHiuyHoi eHeprii (iHIyKoBaHOi Ji€ro
30BHIIIHIX CHII) 3aTPAva€cThCs Ha TOJSIPHU3AIII0 CTIHOK
IWITIHApA,;

® HaBITh 3a BiICYyTHOCTI 30BHIIIIHIX SJICKTPHIHHX JKEPET,
HOBEPXHI 1 CTIHKM Ji€NEeKTPUYHOTO ITOPOKHUCTOTO
LUTiHAPa OyAyTh TOJSPH3YBATHCS B Pe3yJbTaTi HOro
HEOJIHOPIJHOTO JleOpPMYyBaHHS, 3yMOBJICHOTO Iiepe-
majoM THCKY Ha WOTO0 BHYTPIIIHIA 1 30BHIMIHIN
noBepxHi. TakuM YHMHOM, JIOKaJbHO Tpaji€eHTHA
SNIEKTPOIIPYKHICTh OMUCYE (PICKCOSISKTPUIHUN eheKT
(30ypeHHsI eeKTPUYHOTO TOJIsl, 3yMOBJIEHE HEOJHOPI -
HOIO JIepOopMaIIi€o Tijla — TpagieHToM Aaedopmariii);

e 3ragaHuil (PIICKCOCTCKTPUYHUN e(EKT IMiICHUITIOEThCS,
SIKIIO TOBIIMHA CTIHKH IHJIIHIpa CTa€ CYMIpHOKO 3
XapaKTepHOIO BiaII0 MaTepiaiy.
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Anomauia—Yy podoTi posrisiacTbes 3aaaya Kiaacugikamii
3BYKY. 3alpomoOHOBAHO MiAXig 10 BHKOPHUCTAHHS 3TOPTKOBHUX
ABTOKOAYBAIBHHKIB /UISl OTPHMAHHSI a6CTPAKTHOIO MPOCTOPY
03HAK, KU Aaji Moske BUKOPHCTOBYBaTHCS /s KJaacupikamii.
Ha Bxix aBTOKOZYBaJbHHMKA TOCTYNAIOTh CHEKTPOrpaMu Ta
XpoMoOrpaMu  TOYAaTKOBOro  3BYKOBoro  curHaimy. Sk
KJacH(pikaTop BHKOPHCTOBYEThCSI 3rOPTKOBA HelipOHHA Mepeixka
3 1aBoMa BXigHMUMHM mToTokamu. J[lami BHKOpHCTOBYETHCS
aHcam0JieBe HABYAHHSA /JUIsl OTPHMAHHS KPAIOro y3arajibHeHHS
HA HeBiIOMUX JaHMX.

Abstract—Sound classification problem is considered in this
paper. The abstract set of features is obtained using convolutional
autoencoders. Further, the set is used as an input to the classifier.
Spectrograms and chromograms are feeded to the autoencoder.
Convolutional neural net with two branches is used as the
classifier. Ensemble learning is used further for better
generalization on the unknown data.

Knrouoei cnosa—xnacugpicayia 36yKy;
320pMK06a HEPOHHA Mepedica

aemokodysaﬂbuuk;

Keywords—sound classification; autoencoder; convolutional
neural network

I. BcCTvn

ABTOMaTn30BaHi cucTeMun Kiacudikamii 3ByKy 3HaXOITh
Pi3HOMaHITHI 3aCTOCYBaHHA y MEAMIIMHI (ayKCYIbTaIlisl CepII,
JIeTeHb), IHTEpHETI pedyed Ta ypOaHHCTHLI (BHSABICHHS
MPaBOIOPYIIEHb y «PO3YMHHX MicTaxy») Tomo. Ilpm mpomy,
3a7a4a knacuikarii 3ByKiB 0TOUYIOYOTO CEpEIOBHILA € OLIbII
3arajgbHOIO0 Ta CKIIATHOIO TOPIBHSAHO 3 PO3Mi3HABAHHSAM MOBH

ab0 My3u4yHHUX KaHPiB. lle MOSCHIOEThCS HEPErySIPHOIO
CTPYKTYPOIO 3aIHKCIB 3BYKIB Pi3HOTO MOXO/KEHHS, HAsBHICTIO
Tay3, 3MIIIeHHS AEKUTBKOX JKEPEIN y OHIH CITyXOBiH cIieHi.

Mertoro poboTu € po3pobka riGpumHOi HeHpoMepeKeBoi

Mozei Kiacuikarii 3BYKY i3 3aCTOCYBaHHIM
ABTOKOJYBJIbHUKIB Ta 3rOPTKOBUX HEUPOHHUX Mepex. s
MOKpAICHHS y3arajlbHEeHHS Mozeni NPONIOHYETHCS

BUKOPUCTAHHA aHcaMOJIEeBOTrO HaBYaHHA, a caM€ METOoay
Snapshot [1].

Il. OrJisag NOHEPEIHIX IYBJIIKALIN

BukopucranHss y 3amadax po3Ii3HaBaHHS — amapary
3rOPTKOBUX HEUPOHHHUX MepeX [2] € AOCUTh MNOLIMPEHUM
3aBISIKM 3JIATHOCTI IIMX MOJENeH BUIUISITH CYTTEBI O3HAKH Y
1apax 3ropTKH Ta BUKOHYBaTH Oe3rocepeHio Kiacupikariiro.
Ha BXiZ Takux Mepex MOXYTh MOAABaTHCS 0e3MocepeHbo
3BYKOBI 3allFiCH y BHIUIAI 3aJIe)KHOCTI Yac-aMIUTITYZAa, aie
YacTile BUKOPUCTOBYIOTHCS IIPEACTABICHHS y CIIEKTPaJIbHIN
obnacri. Tak, B po6otax [3, 4] 3acTocoByeThesi 1D 3ropTroBa
Mepexa, M0 CchHpHuiiMae 3BYKOBHi 3amuc 0e3 00poOKH.
IlepeBara BHUKOPUCTAHHS OIHOMIPHUX 3TOPTKOBHX IIapiB
ToJIATa€e Yy MEHIIIH KIBKOCTI ITapaMeTpiB HaBYaHHS MOPIBHSHO
i3 2D Ta 3D mapamu. OgHak GLIBII MOIMUPEHUM € JTBOMipHE
MIPE/ICTAaBIICHHS 3BYKOBOTO CHUTHANly y BUIJIAII CIEKTpOTrpam,
IO JI03BOJISIE 3aCTOCOBYBATH MOJIEN IMOTepeIHbO HABYCHI JUIs
3aja4 kiacugikanii 300paxens [5, 6].

ITim aBTOKOMYBAJIHHHUKOM pPO3YyMIIOTh HEHPOHHY MEpExKYy,
sIKa 371aTHA TEHEPYBATH HA BUXOJI CHT'HAJ CXOXKHUIl Ta TOM, 10
MOJAEThCS HA BXiJA Mepexki y CeHCi 3amaHoi METPHUKH.
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MeTpukol0  MOXE  BHCTYNAaTH  CEepelHE  KBaJpaTHYHE
BIIXWJICHHS, cepeqHe aOCONIOTHE BiOXWICHHS, BiJHOCHA
noxubka Ttomo. ToOTO, mijg yac HaBYaHHS Taka HEWPOHHA
MepeXxa MiUIAIITOBYE CBOI HapaMeTpH TaKAM UYHWHOM, 00
iMiTyBaTM BXigHI pgaHi. [lommMpeHUMH 3acTOCYBaHHSIMHU
ABTOKOIYBAJIBHUKIB € pPO3IIMPEHHA HA00OpY HaHUX UL
HaBYaHHS HEWPOHHUX MEPEX Ta 3MEHIIEHHS IIPOCTOPY O3HAK.
Taki HeHpoHHI Mepeki MalTh CHUMETPHYHY CTIPYKTYpy i
KiJIbKICTh HEHPOHIB Ha BUXOJIi JIOPIBHIOE KUIBKOCTI HEHPOHIB
Ha BXoxi. CepenmHiii map aBTOKOAYBaJbHHKIB dacCTille 3a
BCHOT'O Ma€ MEHIIy KUIBKICTb HEHPOHIB Ta MPECTABIISII0 CO00I0
a0CTpaKTHI O3HAKH BXiTHOTO CHUTHAIY.

OpHOYacHE BHKOPUCTAHHS  aBTOKOMYBaJbHUKIB  JJIS
BIUIYYCHHSI O3HaK Ta\abo i pO3IIMPEHHS OaHUX Ha eTami
HaBYaHHS PeatizoBaHo B cTarTsx [3, 7]

Jus  BunpineHHs  iHQOPMATUBHHUX  O3HAK  MOXYTh
3aCTOCOBYBAaTHUCS Maibke BCi TUNH aBTOKOIYBaJIbHHUKIB
(3BMYaliHi, peKypeHTHI, Bapiauiiiti Too). [TopiBHAHHS pi3HUX
TUMIB IIAX MEPeX B 3a7adi Kiracu(pikarii My3UKd BUKOHAHO Y
pobori [7].

VY naniit poOOTI MPOMOHYETHCS BUKOPUCTAHHS CEPEIHBOTO
[1apy aBTOKOyBaJbHHUKA Y SKOCTI BXiMHUX JAaHUX 3rOPTKOBOT
Mepexi, 0 Mae NeKiTbKa BXiTHUX MOTOKIiB. BiAMiHHICTH Bif
poboru [8] momsrac 'y OMATKOBOMY  BHKOPHUCTaHHI
aBTOKOJYBaJIbHHUKA TMEpei Iapamu 3ropTkd. Ilicias 4oro
BHKOPHCTOBYETHCS aHCAMOJIIOBaHHS MeToioM Snapshot [1].

I1l. METOJ JOCHKEHHSI

3aranbHy cxeMy pOOOTH CHCTEMH, L0 MPOMOHYETHCS,
HaBeJIeHO Ha puc. 1.

AemokodyeanbHUK

BxioHuti Ipuxoeanuii Buxiouutl
Basa wap X
38yKi@ ©
v ; ~"\.,.‘
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Puc. 1. Tlorik nanux y cuctemi st onHoro tumy 2D o3Hak

Taka apXiTekTypa MOKE€ 3aCTOCOBYBAaTHUCH JI0 JEKUIBKOX
TUMIB  JOBOMIPHHX O3HaK (pi3HI THIH CIEKTPOTpam,
XpOMOTIpaMH) TOAI 3TOPTKOBY MEpPEXYy CIiJ BH3HA4YaTH 3
NEKUTBKOMA BX1JIHUMH IIOTOKAMH.

BucHoOBKU

3ampornoHoBaHa ~ apXiTeKTypa  TiOpUIHOI  CHCTEMH
knmacudikamii 3BYKiB MPHPOTHOTO TOXOKEHHS IO3BOJISIE
BUKOHYBATH SIK PO3LIMPEHHS [T0YaTKOBOTO HA0Opy 3BYKIB, TaK
i oOumcieHHs abcTpakTHOrO HAOOpPy O3HAK 3a JOMOMOTOIO
3TOPTKOBHX aBTOKOJYBAJIBHHKIB. 3aCTOCYBAaHHS I10JAJIBIIOTO
aHcaMOJIFOBaHHS HEWPOHHHX MepexX [| M03BOJsIE€ OTPUMATH
OLUTBIII CTIMKY TOYHICTH, 3 TOYKH 30py T'€HEepai3ailii.

Tounicte kmacudikamii 3amporOHOBaHOI CHUCTEMH Ha
nabopi nanux ESC-50 [9] cknanae 86%, 110 He € HAWOIIBIITHM
MOKa3HUKOM,  OJHAK  ONTHUMI3ylO4d  Tileprnapamerpu
HCUPOHHHUX MEPEeX, HI0O 3aCTOCOBYIOTHCS MOXHA CYTTEBO
BIUIMBATU Ha PE3yIbTaTH IPOTHO3yBaHHS.

[lepciekTBM MONANBIIUX JOCHIIKEHb IOB’SI3aHi 3
BU3HAYCHHSM ONITHMAIILHOTO HA0OPY 03HAK, IO MOJAI0THCS Ha
BXIiJI CHCTEMH Ta TOHKUM HAJIAIITYBaHHSM TilleprapaMeTpiB.
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Anomayia — HaBeneHo po3noais nocTpiay Ha ¢ga3u Ta HagaHi
YHCJI0Bi pe3yJbTaTH. BeTaHOB/IEHO 10 PoO3MOAiN MOCTpidy Ha
ha3nm «npuniTIOBaHHS», «BHKOHAHHS TOCTPITy — AaKTHBHMIA
MOCTPil», «HAJAIUTYBAHHS Ha MOCTPiT» € iHQOpMATHBHHUMU
MOKAa3HMKAMHM  TEeXHIiKO-TAKTHYHHMX  Jili  kBagidikoBaHUX
CIOpPTCMEHIB y KyJAbOBiii cTpIbOi.

Abstract — The distribution of the shot and the
numerical results. The shot phases “Aiming”, “Shot
execution — active shot”, “Preparation for the shot” are
informative indicators of technical and tactical actions of
qualified rifle shooting athletes.

Kniwouosi cnosa — Kynvoea cmpinvba, nnesmamuina

26UHMIBKA, MEXHIKaA | maKkmuka, nocmpi.

Keywords — bullet shooting, air rifle, technique and tactics, shot.
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I.  BCTVII

B KympoBiii cTpinbbi JOCATHEHHS BHCOKMX CHOPTHBHUX
pe3yNbTaTiB CIIOPTCMEHAMHM 3aJISKUThH BiJl PIBHS OBOJOMIHHS
TEXHIKO-TAKTUYHMMH [isIMH, Ta B OIJIBIIOCTI BHUIIAJIKIB Ma€
BUpINIaJIbHE 3HAYCHHS.

Posmozin mporiecy BHKOHAHHA TMOCTpiMy Ha ¢asu
(emeMeHTH)  NO3BOJMTH  JAETAJbHO  IpOAHANi3yBaTh 1
BCTAaHOBUTH OCOOJNMBOCTI BHKOHAaHHS TEXHIKH Ta TaKTHKU
CTpiIbON KBaJlipiKOBAaHUMH CHOPTCMEHAMHU.

Ha TrenmepimHii MOMEHT B TpakTHYHIN HiSTTBHOCTI 3
MATOTOBKM CIIOPTCMEHIB B JIOCTaTHIM Mipi HE ONMCAaHO
BHKOPHCTAHHS METOJIB JUIA I€TAIFHOTO aHANi3y IMOCTPLTY, SIK
€JIEMEHTY 3MarajbHOi [JisUIBHOCTI, IO HEBHOIO MipOI0
JNEMOHCTPYE HEBIAMOBIAHICTH MIX IMiATOTOBIEHICTIO Ta
Cy4YacHMMH IIPpaBWJIAMH 3MaraHb B KyJIbOBiH CTpPibOi.
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®daxiBIli 3 KyJb0BOi CTPIILOM HATOJOIIYIOTH HA TOMY, IIIO
aHaJIi3 MOCTPLTY HAACTh MOXKIIMBICTh BUSBUTU Ta BCTAHOBUTHU
MOMWJIKH SIKi CIIOPTCMEHH pOOJSATh TiI Yac BHUKOHAHHS
noctpiny (texHiuni abo TaktuyHi). Baano minibpanuit meton
aHaJi3y Ha/Ia€ 3MOTY OTPHMAaTH MAaKCUMAJIbHY KiNBbKICTh TAaHMX
JUTSL TIOJJAITBIIIOT aHANITUYHOT 00poOKu [1].

TexHika Ta TakTHKa CTPUIHOW 3 TTHEBMATHYHOI TBHHTIBKH
3a3HaJa s 3MiH BHACHIZOK HOBOBBEJICHB JI0 NTPABUJI 3MaraHb
[0 CIPHYMHIIIO 3POCTAHHS 3MAarajlbHOTO HAaBaHTa)KCHHS B
3HA4Hil Mipi (30LIBIIEHO KUIBKICTh (DiHAJIBHUX IIOCTPIJIB,
3ampoBa/pKEeHHST HOBHX cTpinenpkux nporpam AIR-MIX
(4OTMOBIKM Ta JKIHKHM), BHOKPEMJIEHO KOMAHAHUWH 3alliK, 5K
OKpeMy IpoTpamy).

HasBHa crierianizoBaHa HayKoBa Ta HABYAIbHO-METOJUYHA
JiTeparypa HE BpPaxOBYE CYYacCHOTO XapakTepy CTpLIbOH.
3a3HaueHi 3MIHM He BpaxoBaHi B TpOLECi MiATOTOBKU
CTPUIBLIB, BIACYTHI METOAWYHI PEKOMEHIAIl  [I0J0
oprasizailii HaBYaJbHO-TPEHYBAJILHOIO MPOIECY B CYYaCHUX
ymoBax [2, 3].

[TiAroToBI CTPUIBIIB 3 MHEBMATHYHOI T'BHHTIBKU i Yac
3MarajbHOi JiSUTBHOCTI PsIi HAYKOBLIB IPHUCBSIYYBaIM CBOL
npai M.A. Irtkic, A.S. Kopx, JL.M. Baiinmreiin, A.O.
JlomateeB, A.B. Ilyraues, T.[A. IlomskoBa, A.IL
JleMigYKOBCHKHIA, ajle OCTaHHI 3MiHU TPaBIJI B HUX HE Oyin
BpaxoBaHi. TakuM 4YWMHOM, BpPaxOBYIOUM YCi IpOaHali30BaHi
JoKepesla  TeMaTHKa € aKTyaJbHOK Ul IOAAJBIIOTO
JOCIIIOKEHHS.

Metoro poGotu Oyno oOXapaKTepH3yBaTH TPHUBAJICTh
OCHOBHHX (ha3 BUKOHAHHSI IIOCTPLIY y CTPLIb01 3 THEBMATHYHOT
TBUHTIBKHM KBali()iKOBaHMX CIOPTCMEHIB Ta IMpOaHali3yBaTh
B32€EMO3B’S30K MIXK HHMMH 3a JIOIOMOrok Oarapei TecTiB
MaTeMaTHYHOI CTATUCTUKH.

Meroau  JOCHIJDKEHHS:  TEOPETUUHMH  aHami3 i
y3araJbHEHHS JOKYMEHTaJbHMX MarepialiB Ta JIaHHX
IHTEPHETY, METO/IN MaTeMaTHYHOI CTATUCTHKH, KOPEISILiHHUIA
Ta TUCKPUMIHAHTHUH aHANI3H.

II. PE3VJIbTATU JOCHIJDKEHH A
KynsoBa crpinbba Ha erami CBOro pO3BUTKY 3a3Haja
MEBHUX 3MiH, SKi TMPU3BENH A0 30UIbIICHHS 3MarajibHOTO Ta
HABYATbHO-TPCHYBAJILHOTO HABAHTAXKCHHS HA CIOPTCMEHA.
Bracmiok 1FOTO  MIATOTOBKA CIOPTCMEHIB  MOTpedye
MOMIMOJICHOTO  aHali3y BHKOHAHHS 3MarajbHOI BIPaBU
CTPLIBLIA Ha BCIX eTamax 0araTopivHoOl mirOTOBKH.

Ha Hamy ayMKy HUISX MOJAIBIIOTO PO3BUTKY KYJIbOBOT
CTpibOM € mornubiieHa I1HIMBITyanlizalis, 30CepeIDKEeHHS
yBard Ha iHIUBIAyaIbHUX OCOOIMBOCTSIX KOXKHOTO CIIOPTCMEHA
B YCIX acmekTax HposiBy iHoro ocobucrocti. B monpansmomy
pe3ysNbTaTH aHalidy MaTUMYyTh TEpexia 0 METOANYHUX
peKOMeHJaliii 3 YAOCKOHAJIEHHS TMpOIeCy MiATOTOBKH
CIIOPTCMEHIB.

Byno po3risHyTO SK NpUKIaN CTPUIEOY 3 MHEBMATHYHOL
TBUHTIBKH, a caMe cTpiserbky Brpasy ['TI — 6.

Kosken noctpin OyzaeMo YMOBHO pO3IOIUISATH HA TpH (azu:
«HAJAIITYBaHHS Ha IOCTPLI», «IPULIIIOBAHHA», «BUKOHAHHSI
HOCTpiNly — akTUBHUK mocTpina» (Tadi.l). Came Taki ckiagoBi

OyZnoBM TIOCTPUTy B TIPaKTHUYHIA isSTIBHOCTI  JTO3BOJISIE
TIOBHOL[IHHO XapaKTepU3yBaTH MisUTbHICTh CIIOPTCMEHA il uac
BHKOHAHHS IIOCTPLIY Ta BIIPaBH B LIJIOMY, II[O0 CBOEIO YEPTOI0
HA/Ia€MO KHMBICTh OIUCATU B YaCOBOMY Jiala30Hi TPHBATICTh
KokHOI (pasu. BoHM miamopsakoBaHi NMEBHIH MOCTiTOBHOCTI,
KOTpa € HE3MIHHOI0 a TaKOX MAa€ BIUIMB Ha IONEPEaHIO 1
HACTYIIHY YacTHHH («HAJAINTYBaHHAM Ha  HACTYNHHH
MOCTPUI», «HPUIIIIOBAHHSI» Ta «BUKOHAHHSA MOCTPUTy —
aKTUBHHNA TOCTpim»). KoxkeH crmopTcMmeH moBToproe ioro 60
pasiB. DikcyeTbcsi 3arajJbHUl Yac BUKOHAHHS IOCTPLTY, a
TaKOXX Yyac BUKOHAHHS HOTO YaCTHH.

BpaxoByloun iHTEHCHBHICTh Ta HaBaHTAXKCHHS sKe
BUHHKAE y CIIOPTCMEHA ITiJ] YaC BUKOHAHHA 3MarajibHOI BIIPaBU
XapaKTEepHOIO 03HAKOI0 BUKOHAHHS POOOTH € IosiBa BTOMH.
MoskHa  CTBEpAKyBaTH, IO MOABa BTOMHU IIOYHHAE
MIPOSIBIISITUCS OZIpa3y MicCiisi BUKOHAHHS MEPIIOro moctpiay. B

3aJICKHOCTI Bil CIOPTHBHOI (OpMH TIposBa BTOMH Yy
CIIOPTCMCHIB  BIIPI3HSAETBCA Ta  Mae€  IHAMBIAyalbHI
0COOJIHBOCTI.

Y mporpaMmy JOCHIIKCHHS YBIHIIOB 3arajbHOBIIOMUIA
METOJ MAaTEeMaTHYHOI CTATUCTHKH: HOPMAJIBHICTh PO3MOIITY 32
kpurepiem lamipo-Yinka, KOTpHil 3aCTOCOBYETHCS IPU MATHX
BHOIpKax JaHuX (KiTBKICTh ciopTcMeHiB n>10).

Otpumani pe3ynpTaTH aHajizy cBimyath mo y MCY
BIIXWICHHS OTPUMAaHUX OYOK (pe3yabTarTy CTPLILOH)
CIOPTCMCHIB Bi HIKHBOI TPaHUYHOI MEXi HOPMAIBHOCTI
posmoxiny cranoButh W=0,883808 (kpuTH4YHI 3HAYECHHS
W(0,05;n)=0,842; W(0,01;n)=0,781), y KMCY BoHn
CTaHOBJIATh W=0,858039 (kpuTHYHI 3HAYCHHS
W(0,05;n)=0,842; W(0,01;n)=0,781). Takum dYHHOM 3a
kputepiem Illamipo-Yinku emmipu4Hi JAaHl BiJOBIIAIOTH
HOpPMAaJILHOMY PO3MOJUTY Ha piBHI 3HauUMOocTi o(n)=0,05, TaK i
npu o(n)=0,01.

YMOBHI TIO3HAYEHHS: (0 — JOTIOMIKHHUA KOEQIIi€HT st
HEepPeBIpKH HOPMaJIbHOCTI po3mnoaily 3a kputepiem lamipo-
Vinkn.

3a J0MOMOTO0 METO/IIB MaTeMaTUYHOI CTATHCTHKU OYII0
3MIHCHEHO 00paxyHOK IIEBHHUX MapaMeTpiB (CepeiHi 3HAUCHHS
TPUBAJIOCTI €JEMEHTIB MHOCTpily, Koe(illieHT KOopeJsil,
JMCKPUMIHAHTHUE aHasi3 mo nojaaxi B Tabnui 1, 2, 3) [2].

Ha puc. 1, MoxkemMo criocTepiraTé po3mojisl MOCTPiTy Ta
HaJaHI BIAMOBIAHI YHUCIIOBI pe3ynbratd. JlaHi MarTh
3arajbHUI XapakTep Ta I03BOJITIOTh MaTH ySIBY MPO JAWHAMIKY
MpoIecy CTPUTBOM 3 MHEBMATUYHOI TBHHTIBKH. 300paskeHO
3pOCTaHHA 3arajibHOTO Yacy AESIKUX HOCTpiTiB (Hampukmazn 11,
21, 31, 41, 51), mo, HameBHO, BUKIUKAHO CTaHIAPTOM
(mpoTOKOJIOM TMiApaxyHKY) CTPUIBOM B TAamepoBi MilleHi 3
ITHEBMaTH4YHOI T'BHHTIBKM, a caMe: IIClIi BHKOHAaHHS
3MarajpHOi cepii BpaBH 3 JecaTd NocTpiniB (5 mimeneit mo 2
TIOCTPLJIN) CTIOPTCMEH 30Mpae MillleHi Ta Knaje iX mpaBopyd Bif
cebe Ha CTimPYMK, IIOO CyAas BOTHEBOro pybOexy MaB
MOXIJIMBICTh HepeaTH iX CyIJsIM 3 HiIpaXxyHKY pe3yJbTaTiB.
OcTaHHE MOXHA IHTEPIPETYBaTH, SK 30BHIIIHIA (axkTop, I
3aBayka€ BUKOHAHHIO CTPiIbOH.

B Tabn. 1 nHaBemeHo cepenni 3HaueHHs (a3 mocTpimy
CIIOPTCMEHA B3ATHUX IIOCTHIJOBHO [UII KOXHHX JECSITH
mocTpinis, a came 1-10, 11-20, 21-30, 31-40, 41-50, 51-60.
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AHani3 gaHux Ha puc. 2, 3 CBIMYUTH, IO € 3POCTAHHS
3aranpHOro yacy (52,23-65,01-66-66,58 c) mis nepioi, 1pyroi,
TpeTeoi, dYeTrBepTroi cepii MOCTPUMB i3  MOJANBIINM
3MEHILIEHHSIM 3araibHoOro vacy (63,47-56,07 c¢) nis m’aroi Ta
I0CTOI cepil.

IIpu upomy cepemHiii pesynabrar 3poctaB (9,5-9,9 o4ok),
rmotiM magas (9,6-9,5 o4ok) Ta B 3aBepIIeHHI cTabini3yBaBcs
(9,7-9,7 0uoK) Mo HECATKAX MOCTPITIB.

«HamamryBaHHs Ha mnoCTpur» Oyna HaMEHIIOK Ha
MOYaTKy Ta B KiHI cTpinsou: 16,76 ¢ npu 1-10 moctpini, 19,15
¢ mpu 51-60 moctpini Ta KommuBaeThes Bin 24,13 ¢ no 21,53 ¢ B
JpYTii — I’ATIH cepisx.

VY «IpHIUTIOBaHHI» CIIOCTEpiragacs TEHACHIIS 10 CKPUTHX
nepionis [4].

B «BHKOHAHHS TMOCTPITY — AKTHBHHUH MOCTPLN» HAsSBHE
3pOCTaHHs 3aTpar 4acy B IepiIii nosjoBuHi cepii (19,6-21,23-
23,23 ¢) 3 moganpmumM criaaom (22,46-21,99-20,57 ¢) no kiHIms
cepii.

[opiBHSHHS <IPHUIITIOBAHHS» T4 «BUKOHAHHS IOCTPLIY -

AKTUBHHI MMOCTPLI» BHSIBIJIO HACTYITHI TEHACHINI: 3arajbHUN
yac JaHuX (a3 TMOCTPLTIB JOCTATHRO ONU3BKUH, MPUIOMY dac
«BHUKOHAHHS AKTUBHHUN IHKOJIH

nocTpiny - HOCTpiN»

MEePEeBUIIYE Yac «IPHUUTIOBaHHA». OCTaHHE B 3arajJbHOMY
MOX€ BKa3yBaTH Ha BiZICYTHICTb KOPEJsLii MixK

2 3 4

1-10 | 16,76 18,59 19,6 58,23 9,5
11-20 | 23,15 21,74 21,23 65,01 9,9
21-30 | 22,13 20,88 23,23 66 9,6
31-40 | 24,13 18,46 22,46 66,58 9,5
41-50 | 21,53 21,83 21,99 63,47 9,7
51-60 | 19,15 17,21 20,57 56,07 9,7

7 21,14 19,78 21,51 62,56 9,65

120 |
100 ,l
T

80 r
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1 11 21 31 41 51
MocTpisin, KinbKicTh
=== «HaamryBaHHs Ha mocTpii (c)
IpuminroBarHs (c)
= ° *BuKOHaHHS NOCTPLIY - aKTUBHUH NOCTPiN (C)
= 3aragpHuii 9ac (c)

Hpumirka: 1 — Ioctpimm; 2 — HamamtyBaHHS Ha TOCTPIT
(c);3 — IlpumimoBanns (c); 4 — BukoHaHHS mOCTpiTy —
aKTUBHHUA TOCTpina (c); 5 — 3arameHUit 9ac (c); 6 — Pesynprar
(oukn); 7 — cepesiHi 3HAYCHHS.

OUMH ABOMa (ha3aM¥ MOCTPLITY Ta BUMAraT OiTbII TOHKOTO
iIX0/1y 710 BU3HAYEHHS (a3.

KoedimieHT Kopemsamii BHKOPHCTaHO M BU3HAYCHHS

3B'A3KYy MiX (pazaMy BUKOHAHHS TOCTPLTY («HaJalITyBaHHs Ha

MOCTPUI»,  «IPUITIOBAaHHSI», «BUKOHAHHSA MOCTpLTY —

aKTMBHHUH IOCTpUI»)Ta JOJATKOBMMHM  (3arajibHMH  dac,

pe3ynbrar) Tabur.2. AHANI3YIOTHCS € B3aEMOIIOB’ I3aHUMH,

Puc. 1. Butpatn wacy Ha BHKOHaHHS (a3 y CTpinpOi 3 HHEBMATHYHOI
TBUHTIBKH

TABJIMLISA 1.  CEPEIHI 3HAYEHHSI BUTPAT YACY HA BUKOHAHHSI ®A3
MO CEPISIM V CTPLIbBI 3 THEBMATUYHOI TBUHTIBKA

Cepenni 3HaueHHsI

2500
2400
2300 s

2200 DY
2100 q T ~—
#
,‘
/

2000
1900
o 18,00
1700
16,00
15,00
1400
13,00
12,00
11,00
10,m M T T N
900
800 . . . . .
110 1120 21-30 3140 4150
Tocrpim, Kibikersb
= HanamyBansst Ha noctpi1(c)
= == [lpuropaHHs(c)
BrKOHAHHS TIOCTPITY - AKTVBHIH TIOCTPLT (C)

A1

5160

ccccoe PCS}U']BTHI'(OQK[/I)

®da3u nocrpiny 5 6

Puc. 2. . Cepenniii yac Ha BAKOHAHHS CTPiIbOM 3 THEBMATUYHOI I'BUHTIBKY IO
cepisim
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Puc. 3. 3aranpHuii yac Ha BAKOHAHHS CTPIIbOM 3 THEBMATHYHOI TBUHTIBKH 10
cepisam

Ta MalOTh CTATUCTUYHY 3aJICKHICTh, TOOTO 3MiHA OJHIET
BEJIMYMHY BUKJIMKAE 3MIHY 1HIIOI.

ITin gac aHamizy 3’sCOBaHO, MO B CEPIsIX KOPEISLIHHIIHA
3B'I30K MDK BEJIMYMHAMH MOXE OyTH, SK JOJATHUM
(“nmpsimmiA”), Tak 1 Bin’emHui (“3BOpOTHHIL”).

BcTaHOBNICHO, IO MiXK 4acoM «IPHLIIFOBaHHS» 1 9acoM
«BUKOHAHHS MOCTPLTYy — aKTUBHHU NOCTPiI» ICHYE NOAaTHA
Kopensmis (ClaOKWi  3B'A30K), MDK YacoM «BHUKOHAHHS
HOCTPUTY — AKTHBHHI IOCTPUD» 1 4acoM HaJalTyBaHHS Ha
NOCTpiN iCHYE Bif’eMHa Kopessiiis (TOMIpHHH 3B'S30K), MiX
YacoM «BHKOHAHHA IOCTPUTy — AaKTUBHHM HOCTpim» 1
pe3yabpTaToOM iCHYE Bil €MHA KOPEIsIis (ClnabKuii 38'130K), MixK
YacoM 3arallbHOro 4acy i 4acoM pe3yJibTaTy iCHye Bia’eMHa
Kopesitlis (CHIBHUIM 3B'I30K), Ta MiXK YaCOM «ITPUILITIOBAHHSD
1 YacoM pe3ympTaTy IiCHye BiJI'€MHa Kopemsmis (Maibke
cepenHiit 3B'130K) mpu o>0,01.

Y tabin. 3 HaBeAeHI 3araibHI BUTpATH 9acy Ha 60 TOCTpiTiB
criopTcMeHaMu pi3HOi crnopTuBHOI KkBajidikauii (MCY i
KMCY). AmnanizyBaBcs 4yac Ha BHUKOHAHHS (a3 IMoOCTpiry
(«IpULITIOBaHHS», «BUKOHAHHA TOCTPUIy — aKTHBHUM
MOCTPI», «HAJAIITYBaHHS Ha IOCTPLI», «3arajlbHUM 4acy») y
CTPiTBO1 3 THEBMATUYHOT TBUHTIBKH.

TABJIMLA II.  B3AEMOBIUIMBY YACTHH MOCTPLIY IO CEPISIM B TTPOLIECI

BUKOHAHHS 3MAT AJIbHOI BITPABU

51-60 | -,209 | -,061 | ,212 ,265 -,116 -,165

8 234 | -262 | 221 | -014 -,008 ,166

Mpumirka: 1 —[Moctpiny; 2 — [IpuminoBanns / Bukonauss
MOCTPUTy — aKTHUBHHUU mocTpis; 3 — BukoHaHHS mOCTpimy —
akTuBHUII moctpin / HamamryBawns Ha mnoctpin, 4 -
HamamryBanas Ha moctpin / Pesynprar; 5 — BukonanHs
MIOCTPLITy — aKTUBHUH mocTpin / Pe3ynbrat; 6 — 3aranpHuii yac
/ PesymbraT; 7 — IlpumimroBanas/ PesymeraT; 8 — cepenHi
3HAYCHHSI.

TABJIULIA 1II. BUTPATH YACY HA BUKOHAHHS TIOCTPUIIB ¥ BITPABI I'TI-6
CTPUIBLIAMU PI3HOT KBAJIIDIKALILT

5

Z

z

2 Pospanx N X S pizHust t

g

=
MCY 10 593,95 23,4

1 26,69 1,98 0,064
KMCY 9 567,25 3483
MCY 10 95056 197,93

2 -67,34  -0,76 0,46
KMCY 9 1017,9 189,08
MCY 10 96445 283,92

3 12,09 0,11 0,912
KMCY 9 952,36 160,93
MCY 10 1678,7 226,14

4 -176,53  -1,88 0,077
KMCY 9 18552 176,74
MCY 10 35937 332,61

-231,78  -1,35 0,194

KMCY 9 38255 413,82

[pumirka: 1 —Pe3ynprar (oukn); 2 — [IpumnimoBanns (c);3
— Bukonanus mocTpiny - akTHBHMHA nocTpin (¢);4 -
HamamryBanns Ha moctpin (¢); 5 — 3arampHuii ac (c).

OtpuMaHi pe3yJibTaTH JO3BOJMIN BCTAHOBUTH, 1110 ITi/l 4ac
CTpUTBOM CHOPTCMEHH HaWOiNbIIe yBaru MPHIULIIOTE Ha
«HAJIAIITYBaHHS Ha nocTpin», Tak y MCY BiH TpuBae 1678,66
cexyHn, a y KMCY — 1855,19 cekynn BinmoBinHo. Pi3Huns B
176,53 cexyHa MiXK COPTCMEHAMH CTATUCTHYHO TOCTOBIpHA (P

. - - =0,77).
KoedinienTn kopensinii nokasHukiB TpUBaJIOCTI
(1133 TABJINLISA IV. PE3VIBTATH JUCKPUMIHAHTHOI'O AHAJII3Y
1
2 3 4 5 6 7 S CrpykTypHi KoedirieHTn
S
5 MCY KMCY
. _ ] ¥
1-10 | ,910 ,555 | ,007 ,144 ,145 ,298 2 1 5 3 1 ) 3
11-20 | ,079 | -,138 | ,296 ,126 ,133 ,213
1 0001 ,981* 0,194 0,629 -778* -0,012
2130 ] 481 | -576 | 355 [ -273 | -113 | -014 2 0017 0012 1000 0603 0148 784
31-40 | ,175 | -,190 | ,172 -,023 ,025 ,408 3 958* 0245 0151 ,619* 0,526 -0,583
41-50 | -,035 | -,049 | ,281 | -,324 ,164 ,258
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Mpumirka: 1 — IlpumimoBanHs (c); 2 — BukoHaHHS
NOCTpily - akTUBHMH moctpin (c); 3 — HanamryBaHHS Ha
mocTpin (c).

BUCHOBKH

Byro 3anporoHoBaHO 3a IOMTOMOTOI0 TECTIB MaTeMaTHYHOT
CTATUCTUKH OXapaKTEepU3yBaTH TPHUBAIICTH OCHOBHHX (a3
(«mpHULiTIOBaHHS, «BUKOHAHHS MOCTPLTY - AKTUBHUI MOCTPII»,
«HAJANITYBaHHS HA TOCTPLI)) BUKOHAHHA MOCTPUTY y CTPiiB0i
3 ITHEBMAaTHYHOI TBUHTIBKM KBaJi(iKOBAaHMX CIIOPTCMEHIB Ta
MPOaHaIi3yBaTH B3a€EMO3B 130K MK HAMHU.

AHami3 eKCIepUMEHTAIbHUX JaHUX II0Ka3ye BILIMB
KBaJidikarmii CIOpPTCMEHIB Ha Yac BHWKOHAHHA pIi3HUX (a3
MOCTpiTy Ta OTpUMaHMH KiHIEBUI pe3ynbrar. JleranbHuii
aHali3 CTpUThOM 3 THEBMAaTHYHOI TBUHTIBKH JO3BOJINB
BCTAHOBUTH PI3HUII0 B TEXHIKO-TAKTUYHIN IMiJrOTOBJICHOCTI
MK CIIOPTCMEHaMH pi3HOi CIOPTHUBHOI KBamiikamii piBHA
MCYVY ta KMCYVY.
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Anomayia — Cyuacui CJI nisi 3MeHIIeHHS IIKiIIMBHX
BUKHAIB ra3iB B  [JOBKiJLUISI  oCHalleHi  KOMII’HOTEpPHO-
iHTerpoBaHMMH cCHCTEMaMH YNPABJIiHHS Moavero naauBa. OnuH
3 papiaHTiB ynpasiaiHHa po3BuBae MAN & B. Ognak B padoTi
CHCTEeMHU MoAavi NaJIMBa CNOCTePiralnThesi BiTMOBH, siKi MOB’si3aHi
3  ¢(yHKUiOHYyBaHHAM  KJamaHy  MNpomopuiiHoi  momaui
ra3opiIkiCHOro eHeproHocis 10 NAJHBHOIO HACOCY BHCOKOIO
THCKY IUTYH:KEPHOT0 THITY.

3a ocTanHi poku 0y/IH BIPOBA/:KeHi Pe3yIbTATH T0CTi/ZKeHHS
no 3aMiHi KJ1anmaHy mogadi rasy 3 eJeKTPHYHMM MPHBOAOM Ha
rigpaBiuHuii. 3ailicHIOETbCS OLiHKA MOKJIMBOCTI BIPOBAIKEHHSI
nuppoBux ki1anaHi 3 riapaBanyauM nuiainapom. CTeopeni Ta
JocaizkeHi MaTteMaTH4yHa Ta ¢ismyHa wMogeai nmdgposoi
rintpaBiiuHoi cucremn 3 aBoma DFCU i  Ttapimuactumu
KJaNaHaMHu 3 TigpaBJaiYHUM NPHBOAOM. 3aNPOIIOHOBAHO ier0
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BHKOPHCTAHHS M'€30€JIGKTPUYHOr0 NPHBOAY s 3aMiHM §IK
€J1eKTPOMATrHITHOI0, TAK i riApo nmpuBoay.

Abstract —The modern system for the reduction of harmful
emissions of gas in the environment are equipped with computer-
integrated systems of fuel supply control. One of the management
options is developed by MAN & B. However, in the fuel supply
system is observed failure, which are associated with the
functioning of the valve proportional supply of the gasiids to the
high-pressure fuel pump plunger type.

In recent years, the results of the research on replacing the gas
valve with an electrically powered hydraulic drive were
introduced. The possibility of implementation of digital valves
with a hydrat cylinder is implemented. The mathematical and
physical models of the digital hydraulic system with two DFCU
and a plate-valves with hydraulic drive are created and
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investigated. The idea of using a piezoelectric drive to replace both
the electromagnetic and hydraulic drive is suggested.

Knrouosi cnosa: FIVA-valve, cyonosi ouseni, SiminTech.

Keywords— FIVA-valve, Marine DIESEL, SimInTech.

I. Bcrv

[Mounnarouu 3 2005 poxy BiIOyBa€eThCs CyTTEBE KOIMBAHHS
OiH Ha pPHHKY Ha(TONPOAYKTIB Ta BAapTOCTI IaJHBa.
IocuieHHs: BUMOT JIO €KOJIOTIYHOT OE3MEeKH CYHOBUX JIHU3EIIB
y BUTIAAL 3HIKeHHS HOpMHU Bukuaie NOX mocraBmio mepen
po3poOHukamu JIB3 KOMIUIEKC MpoOOJeM MO0 3HHKCHHS
eMicii BimmpanpOBaHMX Ta3iB i BUTpAT MaJWBa, SKi CTaIH
MOXJIMBI 32 paxyHOK 3a0e3leueHHs THYYKOCTI TpHU
MOJIepHi3aIlii pob0odoro Mmporecy Ju3es.

Tpaaumiliai TPUBOIN MATUBHUX HACOCIB BUCOKOTO THCKY 1
BHITyCKHUX KJIamaHiB 3acTapiigi. ToMy pO3pOOHHKH IH3eliB
OyJM 3MYIICHI CTBOPIOBATA HOBI THUIH MAJMBHUX CHCTEM I
CHCTEM ra30po3Mo/ily, B SKMX 3aKOH 110/1a4i aJuBa, 3MiHa a3
o/1a4i TMaJIFBa i ra30PO3MOALTY THYYKO TIOB’sI3aHi 3 peKIMaMu
pobotu amsens. Po3BUTKOM Teopil 1 MpPakTHKH MaTUBHUX
cucteM 3aiimaroTeest Taki dipmu, sik Wartsila, MAN-B&W,
Caterpillar Tormo.

OCHOBHUH 3aKOPIOHHUN HAINpPSIMOK MOJEpHI3amii — 1e
aKyMyJSITOpHa CHCTeMa 1 cucTeMa Oe3mocepequbol mii 3
TiIPONIPHUBOJIOM IAJIMBHOTO HACOCY, fAKi JUIA TIEPEMIICHHS
BUKOHABUMX MEXaHI3MIB BHKOPHUCTOBYIOTH TiJpOIPHBIT,
BiZIKa3W SKOTO HEOJHOPA30BO IPHBOAWIN JIO BUHHKHCHHS
aBapiiiHUX cuTyalliii 1 aBapii.

Taxk, pipma MAN-B & W cTBOpHNa enekTpo-TigpaBiIiuHy
aBTOMATU30BaHy CHCTEMY YIIPaBJIiHHS MajJMBHUM HAcOCOM
BHCOKOI'O THCKY, sIKy HaBegeHo Ha puc.l [1-3]. s
NpUBEJIEHHS B [0 MNAJMBHOTO HAacoca 3acTOCOBaHA
aKyMyJISITOpHAa CHCTEMa CepBOMAcia, 10 BHKOPHCTOBYE
OXOJIO/DKEHE 1 OYHIIICHE MACTIO0 B SKOCTI IPOMIKHOTO IIPHUBO/TY.
lppaBnmidauil  MOOYNMB KOXHOTO IIIIHApPA OCHAIICHHUN
aKyMyJSITOPOM Maciia Juis 3a0e3le4eHHs JOCUTh IIBHJKOTO
HarHITAHHS MacJia BilIIOBIJHO BUMOT J0 MAJIMBHOI CUCTEMH, a
TAKOX J|JIs1 3a100IraHHsl IMITyJIbCHUX KOJHMBaHb THCKY.

‘ High pressure pipe Slide fuel
ﬂ:‘tion valve ‘/valveﬁl
— i T [ v

Fuel oil inlet

7-8 bar v
Hydraulic
piston
Accumulator

FIVA valve

To
drain High pressure

hydraulic oil — inlet

Puc. 1. Cxema majMBHOTO HaCOCY BUCOKOTO TUCKY Ta (pOPCYHOK

[lepeminmieHHssM  IUTyHXKepa  NTaIMBHOTO  Hacoca 1
BUITYCKHOTO KJIanaHa yIpaBisie IIBU KO FOYH I
NIPOTIOPLIIHIIN KJIalaH, SIKUi HaBeIeHO Ha puc. 2 (B JTepaTypi

3ycTpiyaeThcss  #Woro mo3HauenHs sk FIVA-valve —
FuellnjectionValveActivation), Ta skuif, B CBOIO depry,
YIPaBISIETHCSL JIIHIHHUM  €IEKTPOMOTOPOM, SIKMH OTPHMYE
KEepYIOUMid CHTHANI BiJ KOMII IOTEPHO-IHTETPOBAHOI CHUCTEMHU
ympasininas. [Ipu nepemituenni 3onotHuka BiiBo, FIVA-valve
MPALIOE SIK JBOTO3WINIMHUN KJamaH, IO MPHUBOAUTH B IO
BUIIYCKHMH KiamaH. Y pasi NepeMilleHHs BIPaBO — i€, K
MPONOPIIHHUE  KJama", IO  JJO3BOJIIE  YIPABIATH
XapaKTEePUCTUKOIO T10J1aui ManBa, IPOCETIOIYH CEPBOMACIIO,
110 TOAETHCS i TUIYHXKep NaJUBHOTO Hacoca.

OcHOBHI 3070THIK

Vapannsiosiii
sonoTHIK

Puc. 2. IlIBuakoniroumnii mpornopuidHuii kiamaH: P — BXix MacTwia mix
tuckoM; CFl — momaya mo manuBHOTO Hacocy; TF| — 35HB 3 majauBHOrO
Hacocy; CVA — mmofada o IpUBOAY BUITYCKHOTO KilanaHa; TVA — 31HB 3
MPUBOJLY BUITYCKHOTO KJIaIlaHa.

Ame mpu poboti FIVA-valve, uepes nesikuit wuac,
crocTepiratlotecsi 3001 B po0OTI, IO MiATBEPIKYETHCS
rpadikamu, sKi OyJd OTpUMaHi 3a JOMOMOTrOK BOYIOBaHOI
CHCTEMH MOHITOPIHTY MPOIIECIB Ta BIATBOPEHI 3a JOMOMOTOI0
yrumita LDEPlot. Ha puc. 2 HaBeaeHO CKpPHHIIOT poOOTH
TUTYHO)KepY LWIHAPY 7, sIKa BUXOIUTBH 338 MEXI JOITyCTHMHX
npunymieHb. Lle NpU3BOAMTE 10 HENOBHOTO 3aKpHTTS abo
BiZKpHTTS mryHxkepy Ch31.

o atper 16 7015 - 0603152476 UTG

IV Foschich 050

~EwA Gk Ov0
7a00
Bophar Curard 333
P Rostion CHL
Eshuustvabe Fcion Chisd

~ Tache frgle Cul. 1

7500

270 2790
Time [ms] Sampleinterval: 500 [microseconds]

Puc. 3. T'padik momoxennst miymxepy Ch31 cucremn momadi manuBa B

amisap Ne 7
B [4] 3ampomoHOBaHO BWKOPHCTAHHS —TiApPaBIMYHUX
KJIamaHiB 3 IU(GPOBUM ypaBIiHHAM JUIS  IIiABUIICHHS

POOOTO3IATHOCTI KIIanaHy Hojadi ra3y B ABOXHanuBHUNA (B3,
JIe TIPOBEJICHO JIOCIIIKEHHS LUPPOBOT TiIpaBIiqHOi CUCTEMH 3
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TiJpaBIiYHAM LIJIIHAPOM 3 BHKOPHCTaHHAM JIBOX (puc.4) i
gotuppox DFCUs i mm¢poBoi NHEBMaTHYHOI CHUCTEMH
KJIalaHiB ISl TPhOX BapiaHTIB YHPaBIJiHHS LIUMH KiIallaHAMH,
o0 JOBENM iX BHCOKI TOKAa3HWKA TIpH Moxaudikarii
MPOTIOPIIHHOTO KJIATIaHy.

Hydraulic cylinder

Spring Poppet valves

- -
DFCU AT DFCU PA
t . .
A
Tank line Pressure line

Puc. 4. udposa rinpasmiuna cucrema 3 aBoma DFCU i Tapimgactiumu
KJIAIIaHAMH 3 T1PaBIiYHAM [IPHBOJIOM

Il. OCHOBHA YACTHUHA

CrouaTky OyJa BHCHHYTa TilOTE3a MPO MOXKIHBICTH
3aMiHM MPOMOPIIHOrO KIIaaHy Ha CEPBOMOTOP 3 HU(PPOBUM
ynpaBiiHHsAM. J[1s  1mporo Oylo CTBOpPEHO MOJCTh B
CepeNlOBHUIII  EJIeKTPOHHOro  MojenmoBanHs  Simlintech
(BesmimitHa ninensis. Opranizamis: HY «OMAy. Cepiiinuit
nomep: D63B30FDAT0) [5].

Ha pwuc.5 wHaBemeHo po3poOiieHYy Mojeab IUPPOBOT
rigpaBmiuaoi cuctemu 3 gBoma DFCU i Tapimgactumu
KJIaraHaMu 3 TiJpaBJiUHUM IIPUBOJOM, SIKYy HaBEIEHO Ha
puc. 4.

Tnomage Tapean k1anana,

Ha KOTOPYI0 AeficTeyeT
JABNEHNE B KAMEPE CTOPAHHA

abc. Aasnenme B
xamepe cropanns, lla

abe. gasaenne 8

s wToK rHApoLRINHADPS
suinycxoi xanepe, Ila

€ TApE/BIaATEINM
KAanaHoM

M70maas Tapean KAanana,
Ha KOTOpYR AeficTayeT
ARBACHHE B SENyCKEOi

Karepe

FHAPOLHINEADP

—=—d
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HermoaBHbIM KopryC
[ —
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or0acl
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cHrHEATa

TpeoGpasyer ynpasaswouuit
CHTHA B NepeMentexne
3P3 ynpasasiowero KAanana

B
B/

saTsop
ympasaammero
Knamana N2l

o/ =
ofipaTHE

B/
sarvap

yhpasaammers
®Aanaxa Ne2

HCTOIHHE
AaBAEHHA

Puc. 5. Mopens umdpoBoi rimpaemiynoi cuctemu 3 1gBoma DFCU i
TapiT4acTUMH KJIAIIaHAMU 3 TiJPaBIiYHUM IPUBOJOM

Ha puc. 6 HaBeieHO YacoBi AiarpaMu CUIHaJIB YIIPaBIIiHHS,
SAKi HAaIXONATh Ha 3aTBOPH KJIANaHIB, IO YNPAaBIAIOTH
T1IPOLMITIHAPOM, BPaXOBYIOUH PEAbHUI Yac CIpalibOBYBaHHS
FIVA-valve.
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Puc. 6. Yacosi miarpamu poO0oTH GIJIOKIB, SIKi (HOPMYIOTH CHTHAIH YIIPABIIiHHS
KJIalaHaMH

Ha puc.7 HaBemeHi pe3ysnpTaTH MOJCTIOBAHHS I
BUIAJKy, KOJM 4YaCc HaJXODKEHHS IMITYJIbCIB YIpaBIiHHS
craHoBuTb 0.5 c. AHaJi3 pe3ysbTaTiB MOACITIOBaHHS Ha puUC. 7,
0 JOBIB, IO KJalaH IOBHICTIO BCTHra€ BIIKPUTHCS, Ta
3aKPUTHUCA.

Tuck B MOPOXKHUHAX TAPOLMITIHAPY (pHUC. 7, a) 3MIHIOETHCS
CTpuOKOM Oe3 3aTATyBaHHS (POHTIB.

Marow. kaenetue, ar
g
g8

WMarom gaanztve, a7
P
S

o 2 4 © a w0 12 14
Bpemn, ¢

0)

Puc. 7. Pe3yibraTi MOJENIOBAHHS: @ — MAHOMETPHYHHUH THCK B [OPOXKHHHAX
TiapOLMITIHAPY, 6 — pyX TapiyacToro KjianaHy
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AJe ipy 3MiHI XapaKTEPUCTUK TiIPOLMIIHAPY Ta IUTOKY 3
TapilpyacTUM KJIAIlaHOM BigmoBigHo 10 po3mipis FIVA-valve
Ta 4acy IMITyJIbCIB YIPABIIHHS CIIOCTEpIraloThes MepexiaHi
mporiecd, SKi CBig4aTh, IMO IS BIAKPUTTA KIANaHy
notpebyeThest OinbIe yacy (puc. 8, 0), Hixk Ha HOTO 3aKPUTTSL.

Wau. [3BneHe,
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Marou, Jasnenie, a1
I
Q
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0011 001
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Puc. 8. Pe3ynbraT MOAENIOBAHHS: @ — MAHOMETPUYHUI THCK B MMOPOXXKHUHAX
rizpounninapy, 6 — pyx TapiiuacToro Kiamnaty

Cnig 3a3HAUUTH, IO JUIL HPOBEICHHS JOCIHiJIKEHHS,
pe3yNbTaTH SKOrO0 HaBEACGHO Ha pHC. 7, OyJlM 3acTOCOBaHi
XapaKTepUCTHKH EIIEMEHTIB, sKi 3ampomoHoBaHi TOB "3B
Cepgic". A i IPOBEIEHHS TOCIIPKEHHS, PE3YJIbTATH SIKOTO
HaBeJICHO Ha puUC. 8, OynM BUKOPUCTAaHI XapaKTEPHCTHKH
FIVA-valve cyanoBoro mumszens MAN-B&W 12K98ME, a
caMme: XiJl OCHOBHOro 30J0THMKa — +/- 30 MM; J0OBXHHA
3omoTHrka — 310 MM; miamMeTp TapeipyacToro KiamaHa —
52 mm.

OTpuMaHi pe3yibTaTH CBiAYaTh MPO Te, MO TiAPOTIPHBIA
KJIanaHy TMPOTOPIIIHHOT Jii Mpairoe Maike Ha MeXi CBOIX
TEXHIYHUX MOKJINBOCTEH.

BUCHOBOK

TakuM 4MHOM, pe3yNIbTATH MAaTEeMaTHYHOro Ta (Gi3HYHOTO
MO/IEIIFOBaHHS JIOBEJIU, 110 IAPOIPUBIJ CIIPOMOXKHHUH YCYHUTH
mynbcanii. OqHaK, B TaKOMy BHUIIAOKy MOTpiOHE 3aTydaHHS
JIOAAaTKOBOI TiApaBIMYHOI CHUCTEMHM, SKa MpH3BEIE [0
30UTBIICHHS TA0APUTHUX PO3MIpIB.

BpaxoByroun m0cBin Ta 10pobOK aBTOpiB [6, 7] MoxKIHBa
samina mpuBoxy FIVA-valve Ha me€30enexTpuunuii, sSKuit
iHOAI BHCTYNa€ aJbTEPHATHUBOIO EJIEKTPOMArHITHOMY Ta
eIIEKTPOMEXaHITHOMY npu HEBEJTNKUX BIJICTaHAX
MepeMillieHHs] Ta BEJNUKUX 3YCWUIIX. ToMy TOAabIIi
JOCIIKeHHS OyyTh aKTyaJlbHBI Ta HallPaBJICHI Ha BUPIIICHHS
MMUTaHb MOJEpHi3alil KOMII IOTePHO-IHTETPOBAHOI CHUCTEMH
mojavi TMajguBa B CYOHOBI JAW3eldl B YacTUHI 3aMiHU
CIIEKTPOMArHiTHOTO  TPWUBONY  Ha  TiApaBIiYHMA  Ta
1’ €30€NEKTPUIHUH.

TTOJISIKA

KonekTrB aBTOpIB BHCIOBIIOIOTH MOASKY KOMEPLIHHOMY
mupekropy TOB "3B Cepsic" In'1 KojoTupkiny 3a HanaHe
mporpaMHe 3a0e3medeHHI Ta I KOHCymbTaHTy IOpito
TumodeeBy npu crBopeHHi Mojeni 1H(PPOBOI TiPaBINIHOL
CHCTEMH.
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Anomauyia — TIponmycKkHa CIPOMOKHICTH MAaricTpajbHOro
amiakonposony (MA) nocriiiHo 3miHI0€ThCs1 B yaci. Ile 3ymoB1eHo
3MiHOI0 3aBaHTa)KeHHs  aMiaKonmpoBoay, IUIAHOBUMHM YU
aBapiliiHMMH 3yNMHKAMM HACOCHHUX arperartiB, CHpallOBaHHAM
aBapiiiHoro 3axucrty Towmo. /ljs Toro mod 3MiHN pe:kumMy podoTH
MA He npusBe/H 10 3HAYHOI0 HiIBUIIICHHS THCKY Ha JUISHKAX
MOTPiOHO peryJIl0BaTH riIpOANHAMIYHUI PE:KMM aMiaKONPOBOIY.
OpHni MeToau peryJjaroBaHHsA 3MiHIOOTH napamMeTpu

Myroslav Prytula,

Head of department,
Research and Design Institute of Gas Transport,
Center of Mathematical Modeling
of Pidstryhach Institute for Applied Problems of Mechanics
and Mathematics, National Academy of Sciences of
Ukraine,
Lviv, Ukraine
Myroslav.prytula@gmail.com

aMiakomepekauyBajJbHOI CcTaHmii (peryJioBaHHA - 3MiHOIO
po3MipiB KoJjic Hacoca, cxeM 3’€¢IHAHHSI HACOCiB Ta 3MiHOI0
YacTOTH 00epTaHHS POTOpa Hacoca), a iHIIi, MEHII eKOHOMIiYHi,
3MiHIOIOTH MapamMeTpH AilsiHok MA — mepemyck NMOTOKY amiaky,
pery/ioBaHHsi THCKY HIUISIXOM ApocenioBanHs. st modymoBu
e(eKTHBHOI CHCTEeMH KepyBaHHSI Pe;KHMAaMH TPAaHCHOPTYBaHHS
amiaky HeoOXigHO BHBYMTH ii0ro TepMorigpoaMHamMivHi
BJIACTUBOCTI.
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Abstract — The throughput of the main ammonia pipeline
(MA) is constantly changing over time. These changes are caused
by changes in loading of ammonia pipeline, planned or emergency
stops of pumping units, triggering of emergency protection, etc. In
order to change the mode of operation of the MA did not lead to a
significant increase in pressure on the sections, it is necessary to
adjust the hydrodynamic mode of the ammonia pipeline. Some
control methods change the parameters of the ammonia pumping
station (control by changing the size of the pump wheels, pump
connection schemes and changing the rotor speed of the pump),
while others, less economical, change the parameters of sections
MA - ammonia flow bypass, pressure control by throttling. To
build an effective system for managing the modes of
transportation of ammonia, it is necessary to study its
thermohydrodynamic properties.

Knwuoei cnoea— Amiakonposia, HecTaunioHapHa Moje/b
PYyXy amiaky, nepexiiHuii pe;xum pyxy, riapaBiaiuHuii yaap.

Keywords — ammonia pipeline, non-stationary model of
ammonia movement, transient mode of movement, hydraulic
shock.

.  BCTVII
HenpaBuneHe KepyBaHHS TEPeXiTHUMH  PEXHMaMH
aMIiakoIpoBOJLy MOXE  3aBJaTH  HEMONPaBHOI  HIKOAM

SIK €KOJIOTIi TaK i 310poB'fo Moeit. | ToMy exomoriuHii 6e3meni
Ta HAaOIHHOCTI eKCIUTyaTallii MariCTpalbHOTO aMiaKOMpPOBOIY
NPUALIAIOTs 3HAUHY yBary. Y AaHW{ 4ac, A7l 3MiHH PeXHUMY,
aMiaKoIpOBOJI OCHAILIICHUH HacocaMu (IKCOBAHOI MOTY>KHOCTI
i, BiAMOBIAHO, (hiKCOBAHOI 00’€MHOI MPOJYKTHBHOCTI. 3MiHa
00’€MiB TpPaHCIOPTYBaHHS aMmiaKy JOCSTA€ThCS 3MIHOIO
KIJIBKOCTI HACOCIB y MapaJieNibHii cxemi poOOTH Ha HACOCHUX
cTaHmisgx (a1 HacociB i3 (DIKCOBAHOI KUIBKICTIO 00epTiB
poGouoro koseca). s Toro, mo6O OTpUMATH iHITY pobOUy
TOYKYy, HEOOXimHO 3MIHHUTH a00 CTYyMmiHb  BiJKPHUTTS
PETYIIOI0Y0ro MPHUCTPOIO (KpaHa, Ipoceis, BEHTHIS), TOOTO
3MIHUTH KPUBY HOTPiOHOTO HAmopy abo 4acToTy OOepTaHHS
Baxy Hacoca [1-3]. MoximBa MOCTIIOBHa Ta TapalielibHa
pobora HacociB. IlocmigoBHa poOOTa 3aCTOCOBYETHCS B THX
BHUITA/IKAX, KOJIU OJJUH HACOC HE MOXKE 3a0€3MeUnTH MOTPiOHOrO
Harmopy. Y TakMX BHIaJKax I10/laua HACOCIB OJIHAKOBAa, a
3arajbHUI HaIlp JOPIBHIOE CyMi HamopiB 000X HacociB 3a
omHiei 1 TOi ok momaui. Taka poboTa € EeKOHOMIYHO
HemominbHO, Tak Ak KKJ[  mocimigoBux — HacociB
nepeMHOXYyIOThCS. [li gac ekcruryartarii amMiakonmpoBOIY B
HBOMY YacTO BUHHMKAIOTh CTPHOKH THCKY, SIK IUIAHOBI - IIiJ] Yac
3MIHM ~ PEXHMIB  IIepeKadyyBaHHS  aMmiaky, TaKi
HerepenOauyBaHi, SKi BHHUKAOTh IIiJ] dYac aBapilHUX
BUMKHEHb HACOCHMX arperaTtiB 4M CIIPAlOBaHHI 3alipHUX
3acyBok. [lyis1 3a0e3neueH s HelepepBHOi Ta HaiiHOI poboTH
MaricTpajbHOr0 aMiakonpoBOy HEOOXIJHO PEeryJIroBaTH THCK
Ha BXO/Ii Ta HA BUXO/i MepeKavyyBaIbHIX HACOCIB.

II.  TIJPABJIYHHMI PO3PAXYHOK
AMIAKOITPOBOY

JloB)KMHA aMiaKOIPOBOMY, SIKUH MPOXOJUTH IO TEPUTOPIi
Vipainu ckmagae 1031,189 km. Moro mpoekTHa MOTYKHICTH
cKianae 1o 2,52 MuH. TOH Ha piK. AMiaK 3HaXOIUTHCS Y
piakomy ctaHi mig THckoM o 3,5 Mmna i3 Temmeparyporo
6mu3pkoro 10 4°C. [l 3amoOiraHHs Kopo3il B aMmiak J0JaHO
0,4% Bomm. Hdiamerp TpyOu - 355 mm, ToBIOMHA 8 MM i BOHa
nposisirae Ha TauOuHI 1,4 M. AMiakOmpoBOJ pO3AUICHHNA Ha
CeKIIii 3ampHOI0 apMaTypor0 - TIOCTaMH CEKI[IOHYBaHHS Y
cepeHbOMY KOXHI 5,2 KM, sIKi y pa3i HE0OXiZHOCTI MOXYTh

OyTH IIBUAKO MEpEeKpHTi. Y CKiIaj aMiaKompoBOAY BXOISTh
ISITh TPOMDKHUX HACOCHHX CTaHHmid 1 12 po3maBaisHUX
CTaHIII{ pO3TAIIOBAHKX B3JIOBXK TPACH aMiaKOIIPOBOY.

VY pe3ynpTaTi mepexadyBaHHA aMiaKy IO TPYOOIpPOBOIY
Harip, 10 PO3BHBAETHCS HACOCAMM, BUTPAYAETHCA HA TEPTA
TMOTOKY aMiaKy 210 CTiHOK TPYOH, TIOZI0IaHHs MICLIEBHX OIIOPiB,
CTaTHYHOTO OIOPY 4epe3 PI3HUIIO0 T€0JC3MYHUX BIAMITOK, a
TaKOXX CTBOPEHHsS HEOOXIIHOTO 3aJHIIKOBOrO HAIopy B KiHII
ninsHky  TpyOonpoBoxy. Ilin wac 3akpuTTs 3acyBKM Ha
IUITHKAaX aMiakoIlpoBOXMy, HEJiHiIWHA 3MiHA TiIpaBIiYHOTO
OIIOPY NPU3BOAMTH JI0 TOTO, 1110 38 KOPOTKUI{ yac TifApaBiIiuyHHUI
OITip IIBUIKO 301TBITYETHCS 1 MOKE TIPU3BECTHU 10 BUHHUKHEHHS
ripoyiapy — PpO3IOBCIOJDKEHHS XBHJIb MiJIBUILIEHOTO Ta
MIOHMKEHOT'O THCKIB B3IOBX TpyOompoBoxy. I ToMy BHHHKae
npo0ieMa MOCTIHHOTO PETYIIIOBAHHS THCKY.

ITepepaxyHOK XapaKTEpUCTHK HAcoCy 3HIHCHIOETbCA 3a
BioMUMH (popMymamu:

Q_b m_(ajz m(gj
Q D' H D) ' N D)’
QyHaNyD : : T
i — BHUTpaTa, Hamp, MNOTYXXHICTb Ta J1aMETpP

. Q.,H,,N,, D,
poboyoro Komeca — 3aBOJACHKI mapamerpu, a i’ i i Ti—
mapaMeTpH, sIKi BiATIOBIAIOTH IHIIOMY diaMeTpy poOOYOoro

KoJjeca D .

Ockinpku Hamip Hacoca € (YHKIE KBampary
4acTOTH 00EPTaHHS, TO 3MiHAa YaCTOTH 00OEPTaHHS NTPU3BOIUTH
JI0 IIBUKOI 3MiHH THCKY.

Pyx amiaky B TpyOONIpOBOJI B HECTalliOHAPHOMY
i30TepMIYHOMY BHIAJKy ONHCYETHCS HACTYIHOI CHCTEMOIO
nudepeHiiagbHUX PIBHIHD B YACTHHHUX HOXiJlHI/IX

_P_ 6_(0 4 —— o +,ogsmo:+i (1+/:’)
ox ot 8po X
@
1 oo
2ot ox
B  ocramHiii  ¢opmyni @ = pv-MacoBa  IIBHAKICTS.

Cucrema (1) € HeniHIHOIO 32 MacoBOO MIBHAKICTIO. MoXkHa
BBQXKaTH, 110 MacoBa LIBHIKICTh y MPOLECI TPAHCIIOPTYBAHHS
amiaky 3MIHIOETbCS He3HayHo. Toxui cucTeMy MOXKHA
JiHeapu3yBaTH - Rayw,  Je

HaCTyITHUM YHUHOM

@, - 3HAUEHHs MAcOBOI IUBHMJKOCTI Ha IONEPETHLOMY KpOLI

gacoBoro iHtepBanmy. OTpHMaeMo JIiHEApH30BaHY CHCTEMY
JudepeHtiatbHUX PIBHAHD Y YaCTUHHUX ITOX1THUX

_% aa)+ﬁo +h, +w18a)
ox ot OX @)
1 __ow ’
¢ ot oX
i€ TTO3HAYEHO
ﬂﬂ—/lwo = pgsina, a)1=(1+,8)&
Yol

SIkmo nepexu{Hl YacH € 3HAYHUMH, TOJI1 IOCTATHBO PO3TISAATH
cTallioHapHUH BUNAJIOK - p@ = M, = const

op_ A
- @ + S|na+— 1+ o) 3
~ a5 P PY [ Bps’].  (3)
Jlst pigpiHE Mae Micrie 3B’ 130K MiXK THCKOM Ta T'yCTHHOTO

p=p0[1+(p—p0)/Kr:|, 4)
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ae K, - koedilieHT 00’€MHOro PO3IUMPEHHS, O,- T'yCTHHH

piauMHM Opy TUCKY [, . OcKinbkn

izi[l_m]
p pO Kr

TO piBHAHHA (3) 3aNMIIEThCS Y BUTIISAI

2 - ) - 1+ 8)m?
P _ Mg (1 PP, osing|1soPo)| (+A)M op
ox  89p, K K K.p, ©Ox
Hdnst  piguH  KoedimieHT 00’€MHOTO  PO3IIUPEHHS
JIOCTaTHHO BEJNMKUHA. ToMy 3 JOCTaTHBOIO Uil IPaKTHKH
TOYHICTIO MOYXHA BBa)kKaTH, 10

2
—@=%+pgsina. (7)
ox 8dp

P03B’5130k OCTaHHBOT'O PIBHSHHS MAa€ BUIJIST

2 (MY .
p:po{@(?) +pgsma:|x, M=p0S. (8)

Tyt S - mioma nonepevHoro nepepizy TpyoomnpoBoIy.
['yctmHa pigkoro amiaky 3aJeXHUTh Bil THCKY Ta
TeMIIepaTypu. 3a eKCIICpUMEHTAIbHUMH JaHUMH pPoOOTH B
Mexax TemrepaTypu Big Hyis no 50 rpamycis Llemscis Ta
tucky Big 0.5 mo 6 Mma moOymoBaHa mapaMeTpHdHa

3aIIEKHICTD P = P (t, p)

2
P =Pt +pt+pg, )
ajus p, MOKHA IOOYTyBaTH BiANOBIJHI 3aJIEKHOCTI BiJ] THCKY

r r

p2=-0,01932p° +0,18769p" + 0,14682p + 638, 74E+02,
p1=-0,01932p° +0,18769p + 0,14682p + 638,74E+02,

p0=0,00792p" + 0,57738p + 638,55.
EkcriepuMeHTanbHe  BHU3HAYEHHS  MapaMeTpiB, M0
XapaKTepU3yIOTh PyX aMiaky, OB’ si3aHe 3 TIEBHOK MOXHOKOIO,
SKa BIUIMBAE HA PO3PAXYHOK pO3MOMITY THCKY B3I0BXK
TpybompoBoxy. Beenemo neski 30ypeHHs BXiIHUX JaHUX &,

, & Ta ¢, BignoBigHux BenuuuH. Toxai 3 piBHAHHA

P
YCTaJCHOro pyxy amiaky (8) moxuOka OOYHCICHHS 3HAYCHHS
TUCKY  PO3MOiIIEHOTO B370BX TpybompoBomy  Ap

BH3HAYAETHCS POPMYJIIOIO

2
Ap:i(Mj 8_14_8_’34_2& X.
8op\ S A p M

PosrisHeMo  HecTamioHapHUHM  130TEPMIYHUNA  BUMAAKY
peXUM PyXy amiaky. 3HalIeMO pO3B’ 30K HACTYITHOI KpaioBOi
3amadi: 3HAHTH pPO3B’A30K cucteMu (2) 3a HACTYITHHX
MOYaTKOBHUX YMOB

p(x,0)=p,— L[Mj:pgsina X a)(X,O)=a)0=c0nst.
® 188\ S

Tomi

o (_1\k
h(r,t)=|5+§z (kl) sin"lﬂwk(t),
k=1

v v
245 6" | 2+s, [€7 |,
Vl Vl

OcraTo4HO po3B 530K cHOPMYIHLOBAHOT 3aJa4l Mae BUTIISA]

p(1.1)- pl(x,t)+p2<x,t>+po{ ’ Mngsma}x

S =S,

@[s

e
0, t<—xv,,
. (xt) = d |
a.[[p(oi—u)—pcl]h(l—x,u)du, t<—xv,.
0, t<(|—X)V0,
p,(x,t)=<d ¢
2( ) a![p(l,t—u)_pcl_pczl]h(x,u)du,t>(|—X)V0.
p(o't) = Psno +( Psso — psno)eﬁlOt ,
p(l’t) = P +(p55| - psm)eﬂl't ,
2 2
s, == Yoy [[Vo _i(,(_ﬂj
lVZk 2 Vl_ Vl V1 I l
2.& (=D* . k
h(r,t)=f+;; (k) 5'”%%0),
1 Vv v s
S
1) R 1
VO:(Hﬁ)sz:z' v+ A) 4 §C4 3 Vz:j'_é,

= P, =— L(MJZ+ gsina
pcl_pO’ c2 85,0 S P '

B ocranHio ¢opMmyny TpaHWYHI YMOBH BXOIATH Yy
3arajpbHOMY BUIJISIIL. [XHE 3a/aHHs 3a1€KUTh Bl 3aj1adi, Ky
HOTPIOHO PO3B’s3aTH.

Jnst xepyBaHHS TNEPEeXiJHUMH peXUMaMu poboTH MA
Ba)KJIMBO 3HATH MEPEX1IHI YaCH.

Jnst BU3HAUEHHS MEPEeXiHUX YaciB IPaHUYHI YMOBHU
3aJ[a€MO Y BUTJISI A

p (O’t) = psnO +( psso - psnO)e_mOt

Ta
p(l,t) = P +(pssl - psl‘ll)e_wIt

iy gynkmii h (T, '[) o0Ma)keMocsl IEpIIUMH TBOMA JOAAHKaAMHU

h(z,t) = I£+h1(r)es“t +h, ()e,

e
25in$ v
SRR (P
77(511_521) Vi "
25in$ v
h(r)=———| 2%+s,, |.
z() 72'(511_521)(V1 21]

BayBa)KI/IMO, 10 nmapamMeTpu rpaHUuYHUX YMOB BU3HAYAIOTHCA

Ha CKCIICPUMCHTAJILHO. TO,Hi
2
M .
— | +pgsina |x

A
p(x.t)=p (xt)+p,(x.t)+ po{@(s ’
i (&

0, t<—xv,,

P (X,t), t<—xv,

pl(x7t)={
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0, t<(I-x)vy,

P, (x.t)= Py, (X,1), t>(1=X)v,.

Tyt
Pu(xt) [p (0,0)- pm]{l_Tx+hl(l—x)eS“‘+h2(l—x)eszﬁ}_

ao(psso_psno){ll_x(l —at) 1(|

Bul2%) (g g )+
20 o+ Sy
+ h1 (I B X) (esﬂt _ e—aot)
a, +S,,
Ta

P (x,8) =[ P(1,0) = puy = Pl ][ X+ (x)e* +h (x)e™* ] -

o (P - psn.){ o (1-e)+
h, (x)

a, +S, (eSZﬂ _e_alt)},

1 1
Sut= E[_V3 —1/1/32 —vMJt , Syut= E[—v3 +1/v32 —vMJt .

3 oTpuMaHuX (GOPMYII CIIIYeE, IO MEPEXiMHUI Yac 3aIeKUTh
BiJl CIiBBITHOIIEGHHS MapaMeTpiB ¢, ¢, Ta v,. Jl1d BeInKux

hl (X) esut _e—a|t)+
o+,

+

qaciB MHOKHHKH € “', e ' e%' | e™' nocTaTHBO MaIUMHU.

ToMy mpu BENIMKHMX 3HAYCHHSX 4YacCiB JOJAHKH, B SKHX
npucytHi MHOXKHEKH D, (X) OpSIMYIOTH 70 HYJsL TpH
3pocraHHs yaciB. IlepexiqHux yac B 3HAUHIN Mipi 3aJICXKHUTH BiJl
TOYHOCTI BIIXHMJICHHS HECTAI[IOHAPHOTO MPOIIECY BiJl HOBOTO
CTAIliOHAPHOTO PyXy aMiaky.

[lo3HaueHHs, sKi BBEICHI B OCTaHHIX (OpMyIIax,
HACTYIIHI:
Aa, . 10
=—2  h =pgsina, o =(1+p)—"2,
=80 Py o, =(1+ ) ,

2
o(x,0)=a, =const, v,, :i(zj ,
v, UL

1
4“c_2

V=L p)g 2 =L pY

A
1 (1+ﬁ)
4p’c

Vy =

I1l.  BU3HAYEHHA I'TAPABJIIYHOI'O YIAPY

ligpaBniyHUM ynapoM Ha3MBA€ETHCS Pi3Ka 3MiHAa THCKY B
HamipHOMy TpyOOINpOBOAI  BHACTIJOK panToBOi  3MiHH
MBUAKOCTI PiMHA B  daci. 3HWKEHHS THCKY, SKe
PO3IMOBCIOKYETHCS 32 HAMPSIMKOM JI0 3aMipHOr0 MPHUCTPOIO,
Ha3WBAETHCS 3BOPOTHOIO YAApHOIO XBuWIEK. Yac mpoliry
psIMO1 1 3BOPOTHOI yAAapHOI XBHJIb CKIIAJa€ TPUBAJICTH (azu
rigpaBiiuHoro ymapy. OmnucaHuii Tporiec  BigOyBaeThCs
HaJ3BUYANHO IIBHIKO, TaK SK IIBUAKOCTI PO3IOBCIOKCHHS
yIApHOI XBUIIi € 3HAYHUMU.

dopmMyrna Uil LIBHAKOCTI PO3IOBCIOPKEHHS yaapHOT
XBUJII Ma€ BUTIIST

C:\/E/ l+Ed
P Es '

Je O — TOBIIMHA CTiHOK Tpyowm; E — Momyns mpyskHOCTI
marepianmy, i3 sikoro 3pobGueHnit TpyGomposix; /E,/p —

LIBUJKICTh PO3MOBCIOKECHHS MPYKHUX JeopMaliil y piguHi
3 TYCTHHOIO O 1 MOJyJeM npyxHocTi E;. Jlns Boau

C,=+E,/p =1425m/c.

Ko o Tpy6onpoBoy aiamerpom d pyxaeTscst Boaa, TO

C=1425/[ Eod.
Eo

[ligBUIIEHHS THCKY MIPH TiAPaBIiYHOMY YAapi BU3HAYAETHCA 32
(bopmyoro

Ap=p-p, :_pC(U_Uo) )
ae p, iou, - MIBUAKICTD, SIKI
MOYaTKOBOMY MOMEHTY TIepel] TiJpaBIiYHUM YAapoM.
MaxcuManbHe MiJBUIIEHHS THCKY P, MaeMo komu v =0.

TUCK 1 BIAIOBiAAIOTH

BHUCHOBKU

[IpoBeneHi YHUCIIOBI €KCIEPUMEHTH Ha peajbHHUX JAHUX,
SKI  MOKa3aiu  3aJaBiibHy 30DKHICTH  3aMipsSHUX  Ta
pO3paxoBaHMX TiAPABIYHHX IapaMeTpiB y  peKHMax
ONM3BKHX JI0 CTalliOHAPHUX

OcCHOBHUI1 BIUIMB Ha TOYHICTH MAapaMeTpiB pyXy amiaky Mae
rigpaBniyauil omip. [igpaBniuHuii omip MOXXHa 00YMCITIOBATH
3a BIIOMHMH eMITIipUIHIMH (QopMyldamMu ab0 3HAXOIUTH SK
PO3B’s130K 00epHEHOT KoedimieHTHOI 3amadi. OYeBHIHO, IO
OUTBII TOUIIBHIIITNM € IPYTUH BapiaHT, OCKUTBKH T1IpaBIiqHAN
orip Oylie BUCTYNaTH MapaMeTpoM aJianTaril.

TloxmOka  BXiZHMX JAHUX  3aJIEKHWTH  BII  JOBXWHH
pr60npOBoz[y i € MakCHMaJlbHOIO B KiHIl. ToMy mapamerp
ajanTamii JOUITBHO BW3HAYATH 3a 3aMipsTHUIMHU NaHHUMH Ha
KIHIISX TPyOOIpOBOMY.

ITix yac moOyIOBU NapaMETPUIHOTO 3B’ 3Ky MiXK I'yCTHHOIO Ta
THCKOM 32 CTaJIOi TeMIIepaTypH Ta TYCTHHHU Bijl TeMIepaTypu
3a CTaJOTO THCKY KOeQIIiEHTH KOpeNsmili € ONM3BKUMH [0
onuuuni. OJHAaK BHUKOPHCTaHHS OTPUMAHUX EMIIPUYHUX
bopmy IUISE  pO3paxyHKY pO3IOALI THCKY B3IIOBXK
TpyOompoBoay HE 3a0e3MeUyI0Th HEOOXIAHY TOUHICTb.

Otpumani pe3ynbTaTé 3a0e3nedyloTh MOOYJIOBY KEpyBaHHS
nepexiTHUMH 0€3 yAapHUMHU peXuMaMH 32 MiHIMaIbHUH Jac.
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Abstract — There are leaks along the pipeline in the process of
gas transportation. A mathematical model of gas flow in a pipeline
is developed in this work. This model allows to determine the
leakages presence and their coordinates depending upon the
accuracy of the measured input data and the gas volumetric flow
rate.
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l. Bcryir

Jlo BHBYEHHS BHTOKIB Ta3zy i3 TpyOONIpPOBOIIB MOXHa
IiIXOAUTH ABOMA IILISIXaMH:
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A) Bech ra3omnpoBiJ po30UTH Ha JUITHKH MDK ITyHKTaMH
BUTOKIB 1 Ha HHUX HPOBOJUTH MAOCI/DKEHHS pyXy rasy,
Y3TOKYIOUYH II0YaTKOBI Ta TPAHUYHI YMOBH B TOUYKAX CTHKY;

b) wHasBHI B3HOBX TpacH Ta30MPOBOLY BHUTOKH
MO/ICITIOBATH y3araJbHEHUMH (DYHKITISIMH.

Jpyruit noisx 61TeII 3pydHUA, OCKUTEKH TPaHNYHI YMOBH
B TOYKaX BHUTOKIB BXOIATh B caMi pIBHAHHS, a TaKOX
CKOpOYY€eThCs 4ac OOYMCIICHHS. Bu3HaueHHS BUTOKIB rasy
0a3yeThbcs Ha MOPIBHAHHI 00 €MHHUX BUTPAT TPAHCIIOPTOBAHOTO
ra3y Ta 00’eMiB HOTO BUTOKIB.

OueBHHO, 1110 BUTOKH I'a3y € HE3HAYHUMU B IIOPiBHSHHI 3
TPaHCIOPTOBAaHMM  Tra3oM. 3HAa4YHAa  KUIBKICTH  pOOIT,
MPUCBSYEHUX JOCIIUKEHHIO HE3BOPOTHUX BTpaT, 0a3yloThCs
Ha MpUIYIICHHI 0pPO pPO3PHB IOTOKY rasy. PosaxyHku
MOKa3yloTh [2,3], IO HasSBHICTE BHUTOKIB MPHUBOAUTH IO
He3Ha4yHO{ 3MIHM OIEpaTHBHUX MapaMeTpiB pyxy razy. Tomy
IUIsL BU3HAYCHHS BHTOKIB rasy HEOOXiJHO MaTd JOCTaTHBO
TOYHY MOJIENb PYXy Ta3y B TpyOOHpOBOII Ta HEOOXiTHY
KUTBKICTh TIapaMeTpiB 1 BXIMHUX OaHWX IS ideHTUQIKamii
BEJIMUMHM 1 Micld 3HAaXOMKEHHS BHUTOKY. TO4YHICTB
Oo04YMCIIeHHS] TlapaMeTpiB BUTOKIB ra3y IOBUHHa OYyTH He
MEHIIIOK 3a moxubky moxenm [1,5,6]. BpaxoByrouu ckaszane,
JUISL TOCIIIJKEHHsI OI[IHKM BHUTOKIB HEOOXI/JIHO 3aCTOCOBYBATH
aHAIIITHYHI MOJICT PyXY Ta3y.

Il.  BU3HAYEHHS PI3HULII MDK OB’ €MHUMU BUTPATAMU
T'A3Y HA BXO/I1 1 BUXO/I TPYBOITPOBOAY

VY BumazKy BUTOKIB Tra3zy i3 TpyOOHpOBOAY OIHHUM i3
KpHUTEpiiB MOke OyTH PI3HHISM MK 00 €MHHMH BUTpaTaMu
BXOJy Ta BHXOHy rasy. [[ns 1BOro crovaTky HEOOXiTHO
BU3HAYUTH L0 PI3HULIO JUIS BUIIAJIKY, KOJHA HEMAE BUTOKY.

Bynemo BBaxaTu, 110 IPY BU3HAYCHHI PO3MOINY THCKY B
TpyOOIPOBO/Ii TPaHUYHI YMOBH 3a/IaI0THCSI HA (DYHKIIIO THCKY.
3HaiiIeMO PI3HUII0 MK O0’€MHUMH BHTPAaTaMH BXOHLy Ta
BUXOJIy rasy.

3 piBusHHA craHy rasy P=mzRT/q [2,3] o0 emmui
BUTPATH BXOJly Ta BUXOJly ra3y BU3HAYAIOTHCS 32 (HOpMysamMu
O = M2 RT /Py T2 Gy = M2 RTyy /Py Biammosimmo.
Tyr M ta q MacoBa Ta 00’€MHa BUTpATH BignoBigHO. Toxmi

m m
qux —Ox = Zvyx RTvyx - Zyy RTvx :
VyX VX

Sxmo ans oOuyucieHHs KoeQillieHTa CTHCKY BHKOPHCTATH
dopmyry z=1/(1+ fp), To

m_ 1 m_1
pvyx 1+ fpvyx b Pux 1+ fpvx
3 piBHSHHS HENEPEpPBHOCTI BHIUIMBAE, IO MAcOBa BHUTpaTa B
TpyOOIIPOBOAI € BEIMYMHOIO cTaior. byaemMo BBakaTw, M0

HOCTIi{HOI0 BEIUYMHO € 1 yncio PeliHonbaca R . B po6ounx
pexnMax TpyOOIpoBoxy BelIWuMHa fP € IOCTaTHBO Majoro.

Owx —Owx =

VX *

Tomy Mae Mmicue HabmkeHa piBHicth Z~1— fp . Toxi

Ty T
AQ =Gy — Gy * MR ey T — f‘Tvyx
Puyx  Pwx

3a 33/1aHUX TPAaHNYHUX YMOB Ha TUCK PI3HMIL MiXK 00’ €MHUMHU
BUTpaTaMH MK BXOJOM 1 BHUXOIOM HE 3aJIC)KHTh BiJ
mapaMeTpiB TpyOOIPOBOAY, a TUTBKH BiJl TPAaHHYHHUX yMOB. 3
O0YHCITIOBATFHIX EKCIEPUMEHTIB BiIOMO, IO IS PI3HULA €
MOPIBHAHO HEBENWKOIO 13 00’€MHOI0 BHTPATOK B3IOBXK
TpyOOIIPOBOY.

SIKImo mpH 3aJaHaHUX TPaHMYHUX YMOBAaX Pi3HULS
MDK 00’€MHMMM BUTpPaTaMH MDK BXOJOM i1 BUXOJIOM A(, He

cniBna,uae 3 BHU3HAUCHOIO BUIIC Aq, TO B3JOBX Tpacu €

HassBHUMH BUTOKU abo mputoku rasy. [Ipuuomy ix BenuuuHa
BU3HAYAEThCA Pi3HULEI0 MiX AQ Ta A(Q,, TOOTO BeIMYMHA

BUTOKY 0y Oyne
Owt = Ag, —Aq .

I1l.  BUABJIEHHS BUTOKIB I'A3Y HA BA3I AHAJII3Y
HECTALIOHAPHOI'O PYXY I'A3Y B TPYBOITPOBOJIAX

Po3rissHeMo MaTeMaTH4YHY MOJIENb TPAHCIIOPTYBAHHS
rasy 3a HasiBHOCTI B3/I0BXK Tpacu kommnpecopuux craniiii (KC)
Ta BiZI0OPIB, ONMUCYIOUHU iX y3arajJbHEHHMH (QYHKIISIMHU. Mix
KC Ta Bimbopamu 1 BHUTOKaMH Ta3y MOXXHa BCTaHOBUTH
HACTYIHY BIIMOBIMHICT — B TOYKAaX BUTOKY MAa€ MICIC 5K
30ypeHHs THCKY, TaK i 3MiHa MacH TPaHCIIOPTOBAHOTO Ta3y.

B izoTepmiuHOMYy peXHMi 3 HEXTYBaHHSIM CHIIA
Kopiomica mpu  mocrifHOMy  3HadeHHI  KoedimieHTa
CTHCIIMBOCTI Z TIPOIEC PyXy OMHUCYETHCS CHCTEMOIO [2,3,6]

a—a)+a—p+aa)—bp:(a(x,t),
ot ox 1)
ow 1 0p
—+—— =Y(X1).
ox c? ot (9
OyHKIIT
|
O )= Py; S(x—%)[n(t—ty) —7(t—t)]
i=1
Ta

J (t
LICRIEEDY q’T()a(x—xj) [7(t—t;)-n(t-t5)) ]
j=1

MOJIEIIIOIOTh HAsBHICTH TI0 Tpaci KOMIPECOPHHX CTaHIIH B

Toukax X=X, =11 Ta myHKTiB BiZBOJY B TOYKax

X=Xj, j=1J, 34acamu BKIOueHHs t;, t; 1 BUKIIOYEHHs

j
thi, 1j Bimmosiawo, F — moma monepeuHoro mepepisy
TpybonpoBoay, 3HaK (+) BKazye Ha BigBing rasy, a () — Ha
TIOCTYIUICHHSI.

Hocmimxyerses Tporiec pyxy razy B
TOPU30HTAILHOMY TpyOompoBoai MOBKHHM | 3a 3amaHmx
TpaHNYHUX YMOB Ha QYHKIIIO THCKY

P(0.8) = Pok (1), P(l,1) = Py (1),

abo MacoBOi BUTpaTH
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CO(O, t) = Wy (t)a a)(lat) = Wy (t)
3a MOYaTKOBY YMOBY INpHUHMA€EThCS BIOMUI CTalliOHapHHUN
posmomin THCKYy P(X,0) = p,n(X) abo MacoBoi BHTpaTH
@(X,0) = @y (X).
B 300paxkennsx Jlammaca-Kapcona [4] cucrema (1) Oyme

(s+a)w+(:j——b p—Sa)om-i-@

)
do s— s =
P =—Pon+ T,
dx ¢ c
Je S — mapamerp meperBopenns Jlammaca, p=p(X,s),
w=w(x,s), ©O©=0(xs) B W=wW(xs) — 300paxeHH]
Jlarmaca-Kapcona BiAnmoBigHWMX —opuriHamiB. 3a  cTanmx

IPaHMYHO-TIOYATKOBUX YMOB 3aMiCTh (DyHKILiH p i o BBETEMO
p=p+xh, /1-py Ta

@k, A€ Ny = Pox — Prs

B po3IIIsa ¢byHKuil

w=w+xh,/l - h,, = @y — @ » K

3aJJ0BOJIGHSIOTh ~ HYJIBOBI T'paHW4Hi yMOBH. B  HOBHX
MO3HAYCHHAX cUcTeMa (2) Oyze

(s+a)a)+—p—b p=o,

- ®3)
do s 5_
dx C2 @
ae
1 —_
P1 =8 Qo — (S +a) ey +Thp +bpg +O(x,s) +

X

T[(s+a)hw-bhp},
Ta

S 1
(02:(:_2 Pon T7h, —

S = XS
— Pon +P(X,8)+—
I c I

C_gpom hp-

Cucrtema (3) po3B’sI3y€ThCsl 3 BUKOPHCTaHHAM psiiiB Dyp’e 3a
curycamu [2,4,6], To6TO

p9)| & [P L nx
{;(x,s)}‘nz_l {z)n(s)} e

Po3B’s30k cucremu (3) B 300pakenHnsx Jlammaca-Kapcona mae
BUTIISA]

Bs)= Vo[ 2 +D 5, (9)~(5+2)3n(5)
o= o= 5 5,09

SIkmo noznaunTu Kj =(1—b| Vi )/(Vn | /C)z, TO

2
=og__[C 1 _
pn(S)— [VnIJ an (S—Sl)(S—SZ) [(pln an(s+a)(p2n]’

ac

slzé[—a—,/az Y ] szzé[—ah/az — 4, j

Hna oOuncneHHs KoedillieHTIB ¢, Ta ¢, MalTh Micle
bopmymm:

Fr) S

502n :ljn_

Pn=p, [(s+a)h ~bhy |+

—(s+a)wy ++ I h +bp0k}+®n(s)

hy +0{C%(pom - pon)+%h4+¥n(s) :
BBenemo no3HaueHHs:

aa)ok]—avn vnhg,
— o)~

—Vh I[lonhw + 2 (801 + P Pom — Pos ))},

P Pom = Pok ).

Toni

b (s)=—[if—””'
P os)Gosy)
{o|l +5d, +52d5 + @, (s)~ vy I(s+a)‘Pn(s)}. @)
300pakeHHIM

E()-— S =123

(s—s1)(s—5,)

_ 14 e

§4n(S)—T§ Pati {(5—51)(5_52)
(5—31)(5_32) ’

s+a 1 G [ty

_—_— §)== &7 ¢ J *
G T [

x (Ezn(s) + aEln(s)) _e s (&n (s)+ agln(s))}

BiJINIOBiJAIOTh OPUTiHAIH

&5 (8)=

1 esit st
— + .
1S Si1(S2—51)  Sx(Sp— 1)

gln (t) =
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eS2t _ oSt 2t_g et

o sy O

XI

§2n (t)

§4n (t) - z pst i

{0, t<t; _lo, t<ty
Gn(t=ty) oty [ G, (tt) oty |

t<ty;

J _J :‘JI { 0, _
SOT2 T |y a o,

0, t<ty;
§2n (t—t2 i )+a§ln (t—t2 i ), t>t, j ’

TakuMm 9MHOM OpHUTiHAIOM 300paxeHHs (4) € pyHKIisA

pr()=

2
_Gj VLn[dlfln () + & (£) +da&g, ()] -

2
2] Lanre st
Vn

OcCKinbKH OpuriHamu Koe(ilieHTIB psiny po3kiIany (QyHKIT

THCKY B psn Dyp’e 3HalIEHO, TO MOXKHA BBaXKaTH, IO

3HalIEHO PO3B 30K CPOPMYIHOBAHOI 33721l CTOCOBHO THCKY.
IV. 3MIHA MACOBOI BUTPATHU I'A3Y

B kiHIIeBOMY pe3ynbTaTi pO3MOIiT THCKY B TPYOOIIPOBO/Ii 32
NPUAHATHX KPaHOBHX YMOB BH3HAYAETHCS (HOPMYIIOK0

p(x,t)= pok—Th —ZZIm{p (t)}smnﬁx (5)

Maca ra3dy, SKMi MicTHTBCS B TpYyOi,

BH3HAYAETHCS 32
| S |

dopmynoro M = SJ.de =—J. p(X,t)dX . SIkio B ocraHHii
0 ZRT o

(hopmyJ1i BUKOpUCTATH CIiBBIHOLIECHHS (5), TO OTPUMAEMO

Mzsz%i{pk—Th —ﬂnZ‘il (-1 Im{r)n(r)}}dr:
el 25 ]

SIxmio
U, (t)=|p,()dz.

o'—w—*

TO

2
U, (t)= _(Igj VI_|:d1Uln (t)+dU,, (1) +dUs, (t]—

2 t
(7] a0+ 0a0, V)= artexe

BukopucTOBYIOUM BU3HAYECHHs QYHKLIH &, (t) , OTPUMYIOTE-

cst popmyu:
t e -1 e%' -1

Unn (1) = 58, ) 5i2(52 -$) 55(52 -s;)’
Uan (8)=[ (€% ~1) /5 ~(e* -1) 51 ] (52 =51).
Uy, (t) = (es’2t eslt)/(sz—sl),
—affo, t<ty [0, <ty
U4n(t)—*2 Psiie H _{ y

Upina (1), Bt Uy, (1), 11,

159
Us, ()= TZFG

0, t<t; 0, t<ty ,
Uy jra(t= 48U oy () 054 Uy o, (4 ) 48U o (),

Jc
t-t; eht_g¥h g%l g
Uy jni (1) = 2 T2 ’
$182 Si(S2-%) S3(S,—s1)

_ 1 i st Szti')_l st a8
U)o 2o Lew-et)|

TakuM YHHOM Maca ra3y B TpyOOIpoBOIi 00UNCITIOETECS 32
(bopmyoro

sl X 2 &1-(-1)"
My =—— —=hy [t==Y == 1mU, (t) | .
s ZRT{(pOk I pj ﬂ'nzﬂ n m n()

[lepeTBoprMO OCTaHHI# BUpa3 TAKUM YHHOM, 1100 MOXKHA
Oy10 HOro BUKOPUCTOBYBATH JJIS1 BUSIBIICHHS BUTOKIB ra3y.

Sl X
My = JRT |:( Pok — hpjt:|+

2sc? &1-(-1)" (1
+7zZRTn§ (n ) m{v_n[dluln (t)+d2U2n(t)+d3U3n(t:|}—
25c2 &1-(-1)"

 ZZRT 2

n=1
AHali3 0CTaHHBOI (POPMYIH TOKA3ye, IO 32 BUTOKU
rasy BIIOBINAIOTE JBa IOJAHKH Uy, (t) Ta Ug, (t)

O4eBUAHO, IO IS BUSBJICHHS BHTOKIB ra3y HE0OXiTHO, MO0
BKIIQJ IHMX JBOX JOJAHKIB OyB OUIBIIUM 3a MOXUOKY
obumcieHHs1, a e Oyne 3ayexaTd BiJ 00’€My BHUTOKIB a;

|m{iu4n(t)+c2u5n (t)}.
VI'I

3MIHH TUCKY B OKOJIax BHUTOKIB Pst i Ta 4Yacy t

BBenemo no3naueHHs:

Sl X
M 751 = ZRT |:( Pok — p)t:| +

+28c Z1 ( 1) {Vi[dlum(t)+d2u2n(t)+d3u3n(t]},

7ZRT

2sc? &1-(-1)" (1 )
M., =— Im<s—U, (t)+cU:, () +.
252 TIRT nZ:‘I n v, 4n( ) 5n( )
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Jlyiss BU3HAYEHHS BUTOKIB a3y HEOOXIIHO BU3HAYUTH
HACTYIHI TapaMeTPU: MiCls BHTOKIB, OO0 €MH BHTOKIB;
3HAYCHHS TUCKIB B OKOJIaX TOUYOK BUTOKIB; 9aCH IOSIBU BUTOKIB.

V. AJITOPUTM BU3HAUYEHHS BKA3BAHUX IIAPAMETPIB.

1. 3a 3agaHMMM BXiTHUMH JAHUMHA OOUYMCITIOIOTHCS
BEIMYUHA M,y Ta M, 174 pi3HUX 3Ha4YEHb YaCiB.

2. Jlns THX 3HAYEHb YaciB t, , g akux M, <M,
BU3HAYUTH TIapaMEeTPH BHUTOKIB HeMOXuMBo. s  iX
BU3HAYCHHS HEOOXIIHO 30UIBLIMTH Yac JOCHIKCHHS JOTH,
MOKHM He OyJie BUKOHYBAaTUCh HEPIBHICTE Mo, > M, .

3. Jlnsd BHU3HAuUCHHS NapaMeTpiB BHUTOKIB OyayeThbCs
cucTeMa anreOpaidyHuX piBHAHD (JIIHIMHUX YU HENHIHHUX).
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Abstract—A simulation method of numerical modeling for
heterogeneous fluid dynamics processes with take of phase
transitions will be presented. The method is based on
homogenization on cells and discretization of conservation laws
for masses, momentums, and energies in integral and
differential forms. The combination of Harlow's particle-in-cell
method, Belotserkovskii's large particles method and
Bakhvalov's homogenization method is used for computing by
the method simulation.

Anomauyia—MeTon 4YMCEJbHOTO MOJEJIOBAHHS MNPOLECiB
JUHAMIKH HeOTHOpPiaHOI piguHM 3 ypaxyBaHHAM ¢a3oBHuX
nepexofiB Oyae mpe3eHTOBaHO. MeTox TIpPYHTYETbCSI Ha
ycepeaHeHHI Ha KoOMipkax Ta JAuckperu3aunii 3aKoHiB
30epeskeHHS] MacH, MOMeHTIB i eHeprii B iHTerpaabHiii i
audepennianbhiii popmax. KomOiHanis MeTodiB YacTHMHOK y
KoMipkax Xapuaoy, MeToxy BEJIMKHX YaCTHHOK
BinouepkiBcbkoro Ta Meron ycepeaHennsi baxBajioBa
BHKOPHCTOBYETHCS IPU YHCeIBbHIl peaizauii Hboro meToay.

Keywords—modeling, hydrodynamics processes,
transitions, conservation laws, homogenization method.

phase

Knwuoei cnosa — moodentosanns, npoyecu 2iopoouHamixu,
¢hazoei nepexoou, 3axonu 30epeceHns, memoo ycepeoneHH.

l. INTRODUCTION

A mathematical and numerical method of simulations for
processes of heterogeneous hydrodynamics with take of
phase transitions will be discussed. Heterogeneities of the
fluids are considered as small drops or particles of one fluid
within other fluid. Total number of the drops may be large
enough and the drops may have phase transitions. Thus
simulations of the main fluid with small transited drops
dynamics are considered. Presented method is based on
homogenization on cells and relevant approximation of
conservation laws for masses, momentums, and energies in
integral and differential forms. The approximation is natural
and numerical simulations are realized as direct computer

experiments. The method seems to be much more adequate
to the physical and mathematical essence of the dynamics
because conservation laws are correct on the discrete level.

Il. THE SIMULATION METHOD

The method is a combination of the Harlow's particle-in-
cell method, Belotserkovskii's large particles method and
Bakhvalov's homogenization method (see [1] and [2]), where
Euler's and Lagrange's approaches are used simultaneously.
Some backgrounds of the combination were presented in [3].

The time approximation in the particle-in-cell method is
natural. Simulations are conducted step by step with small
enough time interval starting from an initial configuration.
The space approximation in the method is more complicated
and dynamics are taking into consideration. Fluid region is
divided into cells with small size and the fluid filling every
such cell is considered as a collection of a few particles or
drops. Every such particle have own mass, volume, energy,
and coordinates by homogenization that are specified at an
initial moment. In addition the density, velocity, and full
energy are specified by homogenization also for every such
cell at the moment. Corresponding time step of the simulation
is split up to three stages so the discrete conservation laws are
faithful. For example, total mass of the particles is saved at
every time step of such approximation.

On first stage of the time step, intermediate velocities of
particles by pressure forces are calculated. This is the Euler's
stage for approximations of transport free momentums
equations for every sell. On the second stage, motions of the
particles by the velocities are taking into account. This is the
Lagrange's stage for an approximation of masses equation
that is modeling of mass transports from a sell to surrounding
sells. On the third stage, moving of the momentums and
energy are calculated. This is the concluding stage for
approximations of pressure free momentums and energies
equations that is modeling of the momentums and energy
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transports by the dynamics from a sell to surrounding cells,
where the homogenization method is used.

The approximations are rationale from physical and
mathematical point of view since conservation laws are
correct on the discrete levels during the courses of
corresponding numerical simulations. Therefore the particle-
in-cell method is effective enough for numerical evaluations
of homogeneous fluid dynamics by boundary conditions and
external forces. Concrete types of fluid are defined here by a
form of state equation. Essential problem is only that total
number of particles may be very large. Indeed total number
of cells must be large enough for best approximations and the
number of particles at every cell must be large enough also.
Moreover every such particle must have own mass, volume,
energy, and coordinates. Thus there is massive data and the
data is recalculated from step to step.

In order to avoid the problem it is possibly to use the large
particles method. The time approximation in the method is
similar to the one in the particles in cells method. The space
approximation in the method is following. Fluid region is
divided into cells with small size and the fluid filling every
such cell is considered as a large particle or drop. Every such
particle have own mass, volume and energy that are specified
at an initial moment. In addition the density, velocity, and
energy are specified for every such cell at the moment. But
the volume of particle is coincided with the volume of cell
now by homogenization. Therefore the mass and energy of
particle are defined by the ones.

The simulation time step is split up to three stages also
and so the discrete conservation laws are faithful. The stages
are similar to the stages of the particles in cells method.
Modifications are need only for modeling of the mass and
momentums transports by the dynamics. For example, the
mass transports are calculated as moving of corresponding
share of large particle mass from the cell to corresponding
surrounding sell. Thus total mass of the fluid under
consideration is saved at every time step of such
approximation if there are no external mass sources under the
simulation of course. For example, the mass sources may be
induced by boundary conditions and external forces that lead
to corresponding modifications of conservation laws and on
the discrete level also. The momentums and energy transports
are modeling in similar manners. The approximations are
rationale also. Thus the large particles method is effective for
simulations of fluid dynamics.

The presented method is designed to numerical modeling
of the main fluid with small transited drops dynamics. The
time approximation in the method is as in above methods.
The space approximation in the method is following.
Heterogeneous fluid region is divided into cells with small
size. The main fluid filling every such cell is considered as a
large particle while the transited drops are considered as the
collection of a few "small" particles in the cell. Every large
particle have own mass, volume and energy that are specified
at an initial moment. Every small particle have own mass,
volume, energy, and coordinates that are specified at the
moment. In addition the density, velocity, and full energy are
specified for every such cell also. This is a combination of
above methods at the initial moment.

The simulation time step is split up to three stages with
additional preliminary stage. On the preliminary stage,
energies of large particle and small particles in every cell are
distributed between the particles so that a pressure in the cell
is uniform. Indeed the large particle induce some pressure by
own state equation and the small particles induce some

pressure by own state equation and it is natural to distribute
energies of the particles so that the first pressure coincides
with second pressure. Moreover on the stage, it is possible to
observe phase transitions of the small particles by the
pressure, for example. The phase transitions are realized if the
pressure is more than critical pressure by the corresponding
phase diagram. In the case the small particles may change
own volume, energy, and state equation. Thus the
heterogeneous fluid may have three or more phases. The rest
stages are similar to stages of the particle-in-cell method.

I1l. NUMERICAL MODELING

The presented method is designed and developed to
numerical modeling of following physical processes [3]. Let
consider graphite drops distributing uniformly in some fluid.
More exactly, there is heterogeneous medium with graphite
particles and the medium may be considered under high
pressure as "fluid" with corresponding state equation. For
example, we consider a cylinder of the medium that consist
of copper with graphite particles. Let the cylinder be in an
outside explosive tube device. Inducing shock waves in the
outside explosive tube device, we can observe dynamics of
such shock waves in computer experiments by the method.
Results of some computer experiments may be found in [4].

The results were in agreement with known results of
physical experiments. More details of the presented method
and other modifications may be found in papers [5, 6]. The
presented method was applicable also to numerical
simulations of plasma dynamics according to [7]. Alternative
methods and corresponding references for the problem may
be found in [8], where smoothed particles are used for
simulations of hydrodynamics processes.
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Anomauyia — 3 BHKOPMCTAHHAM 3HAKOBHX KOMOIHATOPHMX
NPOCTOPiB oNMCAaHO YTBOpPeHHs dpakTaniB y komoOinaTopuui. Iis
BJIACTUBICTh XapakTepHa [JIsl BIOPSAKOBAHHMX 32 CTPOrUMHM
npaBwiaMu  KOMOiHaTOpHMX MHOxkHH. Omnucani o3Haku
XapakTepu3ylOTh IiXHI0 ¢pakTanbHy cTpykTypy. Ha ocHoBi
BHOPSIAKYBAHHSA 32 CTPOTMMH NPAaBUJIAMHU HUX MHOKHH YBeJeHO
ixHI0 ppaKkTaNABLHY PO3MIiPHICTB.

Abstract — The article is devoted to the formation of fractal
structures in a combinatorics from a convolute combinatorial
space. The formation of these structures is carried out according
to strict rules of ordering combinatorial sets, respectively and sign
combinatorial spaces, which exist in two states: tranquility
(convolute)) and dynamics (deployed). The point of these spaces is the
combinatorial configurations of different types. In the set of
combinatorial configurations, which are ordered by strict rules, it
is possible to distinguish the smallest subset, combinatorial
configurations in which are formed by the same rules and which is
called the zero-rank interval. A certain number of zero-rank
intervals form the first-rank interval, the latter form the second-
rank interval, etc. An interval of the (c—1) rank is formed from
the intervals of the o rank. As a result, we obtain sets that can be
submitted in geometric forms, the largest of which contains
reduced copies, and such identical copies in the combinatorial set
can be many. Therefore, it is characterized by self-similarity. The
combinatorial set for a fixed n is finite and for an arbitrary set is
infinite, that is, it is both finite and infinite. This property is
characteristic of fractals. It follows that a certain ordering of
combinatorial configurations using the periodicity property forms
a combinatorial set that is fractal in nature. We consider
combinatorial sets to be self-similar if their elements are formed
by the same recurrent combinatorial operator, and their ordering
is carried out according to the same rules. They are both finite and
infinite, and inherent in their self-similarity, which is
characteristic of fractal structures.

Fractals are characterized by fractional dimension or dimension
of similarity. The fractal dimension of sign combinatorial spaces
follows from the way they are expanded from convolute. This
space, respectively the fractals in the combinatorics, is filled by
combinatorial configurations of a certain type. Therefore, for
them the fractal dimension is the number of combinatorial
configurations in a combinatorial set formed by certain rules.

Knrwuoei cnosa — kombinamopuka, ¢ppakmanu, komoinamopni
Konghizypauii, 3nakoeuii Komoinamopruii npocmip, ¢ppaxmanvna
PO3MIpHICIb 3HAKOGUX KOMOIHAMOPHUX RPOCMOPI6

Keywords —  combinatorics, fractals, combinatorial
configurations, sign combinatorial space, fractal dimension of sign
combinatorial spaces

I. BcTyn

OmnucaHo yTBOpeHHs (PpaKTAILHUX CTPYKTYP 13 3rOPHYTOTO
KOMOIHATOPHOTO MPOCTOPY B KOMOIHATOPHIII. Y TBOPEHHS X
CTPYKTYp TpPOBOAUTHCS 3a CTPOTMMH IPaBWIIAMH, B SIKUX
BUKOPHCTAHO BJIACTHMBICTh  IMEPIOJUYHOCTI YIOPSIKYBaHHS
KOMOIHATOPHUX MHOHH, BIZITOBITHO 1 3HAKOBHUX
KOMOIHAaTOPHUX TIPOCTOPIB, SIKi ICHYIOTH B JIBOX CTaHax:
3ropayroMy (crmokoi) Ta posropHyroMy (muHamimi) [1].
TouKoI0 OrOBOpEHHX MPOCTOPIB € KOMOIHATOPHI KOH(Irypamii
pizaux tumiB. [TokazaHo, 0 BOHU OJTHOYACHO € CKIHYCHHUMH
Ta HECKIHYEHHHMMH 1 Ui HUX BJIACTHBA CaMONOMIOHICTB, IO
XapakTepHO IS (pakTalmbHUX CTPYKTyp. ToOTo, ommcaHi
MIPOCTOPH yTBOPIOIOTHCSI PEKYPCHUBHUMH IIPOLEAYpaMH Ta
MicTATh iHIN moniOHI ¢pakTamu BcepenmHi cebe. s HEX
yBeICHO (PpakTadbHy PO3MIpHICTH, SIKa BiAMOBITAE KUTHKOCTI
KOMOIHATOpHUX KOHOQIrypamnidi, sKi 3alOBHIOIOTH 3HAKOBHH
KOMOIHATOPHHI MPOCTIp.

OCKUIBKH TOYKOIO 3HAKOBHX KOMOIHATOPHUX MPOCTOPIB €
KOMOiHATOpHI KoH(]iryparii, HWKYE PO3MIITHEMO IUHAMIKY
IXHBOTO YTBOPCHHS Ta BIIOPSIKYBaHHS.
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Il. KOMBIHATOPHI KOH®IT'YPAILII TA IX YTBOPEHHS

KombinaTopHoto  KkoH(Qirypamielo Ha3BeMO Oyab-sKy
CYKYITHICTD €JIEMEHTIB, SIKa YTBOPIOETHCA 3 YCiX a00 3 ACSIKIX
eneMeHTiB 3aganoi MHOkuEE A={a, ,...,a,} [2]. ITo3HauMMO

il BIOPSAAKOBAHOK MHOKMHOK WX = (Wlk,...,WT':k). Bepxuiit
innexc kK (kefl...,q}) B W* — nopsaxosuii Homep W B W ,
q — ixHA Kimekicte. Muoxmny A={a ,..,a,} Ha3zBeMO
6azoBoro. Ilin cumBoIOM W,k € A posymiemMo 5K OKpemi
eneMeHTH, Tak i migvHOxuHE (6nokm), N° e{l..,n} —
KiNbKicTh enemMenTiB y W €W . 3anesHo Bix yMoBH 3aadi n)
Mo3HaYaTHMEMO 0e3 iHIeKCy a0 3 BEpXHIM 1HIEKCOM nk . dBi
HETOTOXKHI KOMOGIHATOpHI KoHGirypamii W* Ta W' HasBemo
i30MOp(HHUMHU, SKIIIO nk = ni .

KombinaTopsi KoHpiryparmii Oyab-IKOTO TUITY
(bOpMYIOTBCS 3 €JIEMEHTIB 6a30BOT MHOYKHHH XapaKTEPHOIO IS
KOXKHOTO 3 HUX ormepanieo. OfHi 3 IUX omepariii 3MiHIOIOTh

MOPSAOK PO3MILICHHS B HUX €JICMEHTIB, 1HIII 3MIHIOIOTh IXHIN
CKJIa.

Jist  koMOiHATOPHUX KOHQIrypamiii He BHKOHYIOThCS
aKCIOMH, L0 XapaKTepHi sl BEKTOPIB, TOMY 11i KOHCTPYKIIiT He
€ BEKTOpaMH.

PexypeHTHUM KOMOIHATOPHUM OIEPaTOpPOM  Ha3BEMO
CYKYITHICTB MPaBHJI, 3a JOMOMOTOI0 SIKMX 3 €JIeMEHTIB 0a30B01

MHOKHHH A yTBOPIOETHCS KOMGiHATOpHA KOH(Irypartis W .

PisHomaniTHI THOM  KOMOIHATOPHHX  KOH(]Irypamii
YTBOPIOIOTBCS 32 JIOIOMOTOK  TPbOX  PEKYPEHTHHUX
KOMOIHATOPHHX OMNepaTopiB: BHOUpPaHHS, TPAHCIO3HIILSA,
apuMeTHIHUIA.

KomGinatopri koudirypaunii WX 3 emementiB Ga3oBoi

MHOXXUHH A YTBODIOIOTbCS PEKYPEHTHUM KOMOIHATOPHHM
oTepaTopoM BUOUpaHHSI.

KombinaTopaa g

KoH(irypamis W'y wMHOXuHI W
ytBOproeThest 3 W €W, k <i, pekypeHTHUM KOMOIHATOPHUM
orepaTopoM TpaHcmo3uuii ado apudmernynum. Ilowarkosa
W' yTBOPIOETBCA 3 €NEMEHTIB MHOXHMHH A  OIepaicio

BHOWpPaHHS.

Sxmo komGiHaTopHi KoHpirypanii y MHOxuHI W yTBOpeHi
KUJTbPKOMa PeKypeHTHUMH KOMOIHATOPHHMH OII€paToOpaMH, TO
ne — abo omnepauis BuOMpaHHs abo apudmerndyna. Bonwm

k
w'eW .,
PexypeHTHi KOMOiHaTOpHI omepaTopu BHOWMpaHHI Ta
apupMEeTHYHUH TaKOXX MOPOUKYIOTH SIK 130MOpQHi, Tak i

YTBOPIOIOTH SIK 130MOpHI Tak 1 HeizoMop¢Hi

Hei3oMopdHi KoMOiHaTOpHI KOHDIryparii W eW

[TigMHOXKUHY Wn W Ha3BEMO T AMHOKHUHOIO

i30MOp(hHUX KOMOIHATOPHUX KOH(DIrypawii, akuio ii eneMeHTH

— 1i3omopdHi KoMOiHaTOpHI KoHQiryparii. MuHoxuna W
CKJIQIAETBCSL 3 TMIJMHOXHUH 130MOpGHHX KOMOIHATOPHHUX
koupirypauii W, , eneMeHTH SKHMX YTBOPEHI KiTbKoMa

PEKYPCHTHUMU KOM6iHaTOpHI/IMI/I OorepaTropamMmu.

Omneparist TpaHCIO3UIIIT 3MIHIOE JIUIIE TIOPSAOK CIIiTyBaHHS
. k
enementiB y W' €W |, tomy mHoxwuHa nepecraHoBok W €
MHOXKHHOIO 130MOP(HUX KOMOIHATOPHUX KOH(DIryparii.

I1l. BIIOPSIAKYBAHHS KOMBIHATOPHUX KOH®IT'YPALIIA

Y  mpupomi  iCHye  CKiHYEHHE  YHCIO  MHOXHH
KOMOIHATOPHHUX KOH(QITYpalliif OJHOTO 1 TOTO X THITY, KOXKHA 3
SIKHX MOXe OYyTH BIOpPSIKOBaHA pIi3HUMH crocobammu. Sk
NOKa3aB  aHalmi3  OMX  MHOXHWH, BOHH  MOXYTb
YIOPSIAKOBYBaTUCS OJHMMH 1 TUMH CaMHMHU IIPOLEIYPaMH,
TOOTO ICHYIOTh 3aKOHOMIPHOCTI IXHBOTO TeHepyBaHHs. OHi€0
3 TaKUX 3aKOHOMIPHOCTEH € BIIACTUBICTH MEPIOAMYHOCTI, SIKa
BUIUIUBAE 3  PEKYPEHTHOro crnoco0y YTBOpPEHHS Ta
BIIOPSIIKYBaHHS KOMOIHATOPHUX KOHQIrypariii.

I'enepyBaHHs1 KOMOIHATOpHUX KOH(]Irypariil BKIrovae:

a) TmpaBwia, 3a SKUMH (OPMYIOThCS KOMOIHATOpHI
KOH(}iryparii, ToOTO BU3HAYAIOTECS PEKYyPEHTHI KOMOIHATOPHI
oreparopu;

0) mpaBmia, 3a SKAMH YHOPSAKOBYIOThCS KOMOIHATOpHI
oO0'extn. Ili mTpaBmia BH3HAYAIOTHECS Ha OCHOBI aHAII3Y
CTPYKTYPH IIEBHOT MHOXHHH.

Ynopsankyemo MmHOXHHY W KOMOIHATOpHIX KOH(Iryparii

W, kefl..q}, Tak, mo HacrymHa KomGiHaTOpHa

koHdirypaumis W' Qopmyerhes 3 momepennboi WS a6o 3
6a30BOi MHOXHMHH A XapakTepHUM Ui 3aJ@aHOTO IXHBOTO

THITY PEKYPEHTHUM KOMOiIHaTOPHUM orepaTopoM
(Tpancmo3uIIi€to, BHOMpaHHIM abo apuGMeTHIHIM
OIIepaTopoOM).

OCKilbKH B yTOpPSIKOBaHiil KOMGiHATOPHIH MHOMKHHI W
pO3MillleHi B ITEBHOMY HOPSIKY, TO MPH pO3poOIi Mpoueayp
{XHBOTO T€HepyBaHHS MHOXHHY A, 3 eJeMeHTIB sKOi
OIIepaToOpoM BHOMPAHHS yTBOPIOKOTHCS W', PO3IIAHEMO sIK
yHopsiIKoBaHy i mosHaunmMo ii A=(a, ,..., a,) . KombinaTtopHy

koHpirypamito W = (W) ,...,W'T:) eW  Takox  BBaXaeEMoO

BIIOPSIKOBAHOIO.

VY Oymp-AKiii BHOPSIKOBaHIM MHOXHHI KOMOIHATOPHHX
koH(piryparmiit Buxinmumo inrepsan L, . (b < c) — nigMuOXHHY

BHOPSIKOBAHUX W* 3 moyaTkoBMM HoMepoM b 1 kiHieBum C.
Moro JOBKHHOIO HAa3BEMO  KiTbKICTh ~ KOMGIHATOPHHX
KOH(irypariif, ki MICTATbCA B I[bOMY IHTEPBaJIi BKIIOYAIOUN
b rac.

Y MHOXHMHI KOMOIHATOpPHUX KOH(QIrypauii BHUIUIMMO
HaliMEHITy ITiAMHOXWHY, KOMOIHaTOpHI KOH(pIrypamii B kil
YTBOPIOIOTHCS 32 OJHUM 1 TUM e mpaBwioM. Hanpuxiax y
MHO>XHHI TIEpECTAaHOBOK HACTYITHA MEPECTAHOBKA (POPMYETHCS
3 TONEepPeNHBhOi ONHIEI0 TPAHCIIO3UINEID JBOX CYCIIHIX
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(mepmmoro i apyroro, abo APYroro i TPeThOTO) EIEMEHTIB.
HazBemMo 1m0 MiIMHOXHHY IHTEPBAJIOM HYJIBOBOTO paHTy.
[leBHa KUTBKICTH IHTEpBaJiB HYJIHOBOTO PAHTY YTBOPIOE
IHTEpBaJ MEpIIOr0 pPaHry, OCTaHHI YTBOPIOIOTH IHTEpBa
npyroro panry i T. a. 3 iHTepBamiB (o —1)-ro paHry
YTBOPIOETBCS IHTEpPBaJl G -TO paHTy. BiamoBinHO iHTepBaiu
OUTBIIOTO PaHTY pO30MBAIOTHCS HA IHTEPBAIN MEHILIOTO PAHTY.

OTxe, mHOXkMHa W 1151 mepecTaHOBOK (200 IiIMHOKHHA
W, cW Oynp-sxoro Tumy KoMmMOiHAaTOpHMX KoHQiryparii)

BIIOPSIIKOBYEThCS IHTEPBAaJaMU HYJILOBOTO PaHTy 1 Ipolec
TXHBOTO BIIOPSIIKYBaHHS € NIEPioJMYHUN. [HTEpBan G -ro paHry
BIOPSIIKOBAaHOT ~ MHOXXMHM  BCUISIKMX  KOMOIHAaTOpPHHX
KOoH(pirypariii ckmagaetscs 3 iHTepBaniB (o —1)-ro pasry.
3BiJICH BUILIMBAE TaKa BIaCTHBICTb.

Baacrusictb nepioguYHOCTI BIIOPSIIKYBaHHS
KOMOIHAaTOPHUX MHOXXMH BHIUIUBA€E 3 PEKyPEHTHOTO CIIOCO0Y
YTBOPCHHSI KOMOIHATOPHHUX KOH(IrypaIliif Ta moisIrae B TOMY,
IO IIi MHOXKMHH BIIOPSIIKOBAHI iHTEPBaJlaMH, B KOXKHOMY 3
SIKX KOMOIHaTOpHI KOH(DIrypamii yTBOPIOIOTECS 338 OJHUMH i
TUMH CaMUMH TIPABUIIAMH.

Jlyist reHepyBaHHS MHOXXHH KOMOIHaTOpHHUX KOH(iryparii
3 ypaxyBaHHSIM BJACTUBOCTI MEPIOJUYHOCTI HEOOXITHO
c(hOopMyJIIOBaTH TPU NPaBUJIA, 32 SKUMH YTBOPIOIOTHCS:

a) IHTepBaJ HYJIbOBOT'O PaHry,

0) oOMexyBalbHa KOMOIHaTOpHA KOH(Qirypauis (nepma B
iHTepBai HyJIbOBOTO PaHTy),

B) IHTEpBaJ © -TO PaHTYy.

Ili npaBuna po3poOIAIOTECS IS NEBHOI MHOXHHH,
NPUYOMY BOHM BIPI3HSIOTbCS SIK JUIS  PI3HUX  THIIB
KOMOIHATOpPHUX KOH(QIrypaiiil Tak i Juist pi3HUX BIOPS/IKYBaHb
0IHOTO i Toro * Thmy W*. Ajie B HHX CHINBHHM € Te, IIO
orpumana Muoxkuna W (a6o migmuoxuna W, <W ) mictuts

B c001 oAi0HI MiAMHOXKUHH.
IV. ®OPAKTAIU

TouHOro o3HayeHHs (QpakramiB e He cHOpMyILOBaHO,
TOMy HaBeJIeMO IXHE eMIipHyHe O3Ha4deHHs. PpakTanm ne —
¢irypu, sKi € pe3yJbTaToM MaTeMaTHYHHX IPOIECiB, sKi
MTOBTOPIOIOTHCS, BOJIOJIIOTH CAMOIOIOHICTIO B OyIb-IKOMY
BUMIipi Ta MawTh (pakTanbHy po3miphicte [3]. Ilig uumu
00’eKTaMu 1€ PO3YMIIOTh CTPYKTYpY, SIKa CKJIAQIAETHCS 3
YacTHH, SIKI B JAesAKii Mipi moniOHi mimomy. 3 JOHNOMOroIO
(pakTamiB BCTAHOBIIOETHCS 3B'A30K MIX T€OMETPIIMH Pi3HHX
MacmTabiB Ta JAafOTh BiIMOBiIb HA MUTAHHS: SIK MiKPOCKOIIIYHA
MOBEiHKa CHCTEMH 3B’S3aHa 3 THM, IO CIIOCTEPIraeTsCcs B
MaKpOCKOIYHOMY MacmTaOi.

®pakTanu po3aAUISIOTh Ha TaKi TUITH: CAMOTIOBTOPHI, JIiHiHHI,
caMoImoAi0OHI, KBa3icaMOITOAiOHI, CTATUCTUYHO CaMOIIOIiOHI.
CamonoziOHi (pakTany MIiCTATH 3MEHIIEHI Korii ¢irypH, siki
3MiHEHI 3 JI0IIOMOTo10 HenmiHiHHMX QyHKuii. KBazicamomnonioHi
MICTATh 3MeHIIeHI Ta aedopmoBani komii yciei ¢irypu Tta
YTBOPEHI 32 JONOMOT'0I0 PEKYPCUBHHX MPOLIEAYP.

3rimHo 3 Ii€r0 Kiacudikamieo, KOMOIHATOPHI MHOXXHHH,
BiJMIOBiTHO i 3HAKOBI KOMOIHATOPHI MIPOCTOPH MOYKHA BiTHECTH
SIK 10 CaMOTIOIIOHMX TaK i KBazicaMoroniOHuX (pakraiiB. Born
YTBOPIOIOTHCS PEKypCUBHUMU npoLeypamy,
XapaKTePU3YIOThCS CaMOIOiOHICTIO, OJTHOYACHO CKIHYCHHI Ta
HECKIHYeHHI, MIcTATh iHImI (pakranu BcepeauHi cede. [Ipu
iXHbOMY BIOPSAKYBaHHI Yy MHOXHHI MOXXHAa BHIUIUTH
BHYTPIIIHI (3aKPHTi) TOUKH 1 30BHIIIHI, OpOiTa IKUX BUXOAUTH B
0E€3KIHEUHICTb.

V. ®OPAKTAJILHI BJACTUBOCTI KOMBIHATOPHUX MHOXWH

B miteparypi ommcaHO reoMeTpuuHi Qirypu, sSKi MarmTh
(bpakTaabHy CTPYKTYpPY, ajle He OIHCAHO, SK Ii CTPYKTypH
YTBOPIOIOTBCA. 3a JIOTIOMOTOI0 3HAKOBHX KOMOIHAaTOPHHX
MPOCTOPiB, SKi ICHYIOTHP B JBOX CTaHaX: 3TOPHYTOMY Ta
PO3rOpHYTOMY, MOKHa MPOCIHIAKYBaTH. SIK YTBOPIOIOTHCS i3
3rOpHYTOr0 (pakTajbHI CTPYKTYpH B HPUPOII, 30KpeMa B
6iosorii [1. 4]. HaBeaemo akciomu mUX MPOCTOPIB.

1. 3HakoBi KOMOIHATOPHI MPOCTOPH ICHYIOTH B JBOX
CTaHax: CIOKOI (3ropHyTHI) Ta JUHAMILI (PO3TOPHYTHH).

2. 3ropHytHil mpocTip 3amaeTbcs iH(opManiiHUM
3gakoM  R=<A T,R,E>, sKkuii MICTUTh BJIACTUBOCTI

PO3rOPHYTOTrO MPOCTOPY IIEBHOrO THIy, e A — omaHa abo
KiTbka 0a30BHX MHOXHH, 3 CJIEMCHTIB a € A c A, sakux

YTBOPIOIOTBCS ~ PO3TOPHYTI ~ KOMOIHAaTOpHI  TPOCTOPH,
jefl...n}, lefl,....q}, § — KitbKicTs 6a30BHX MHOXKHUH; T
— THI 3HAKOBOTO KOMOIHATOPHOTO MpocTopy; R — mpaBuia
pO3TOpPTaHHA 3HAKOBOTO KOMOIHATOPHOTO MpocTopy; = —
NpaBUIIa 3rOPTaHHS 3HAKOBOTO KOMOIHATOPHOT'O MPOCTOPY.

3. YTBOpeHHs i3 3rOPHYTOTO0 PO3TOPHYTHUX 3HAKOBHX
KOMOIHATOPHUX MPOCTOPIB TPOBOJUTHCS 32 PEKYPEHTHHUMH
npaBmwiaMy. TOYKOI pO3rOpHYTOro NPOCTOPY € KOMOIHATOpHA
KOH(}iryparisi meBHOro THIy. Po3ropTaHHI0O KOMOIHATOPHOTO
NPOCTOPY XapakTepHa BIACTHBICTb IEPIOAMYHOCTI, sKa
BUIUIMBAE€ 3 PEKYPEeHTHOro cmoco0y YTBOpPEHHA Ta
BITOPSAKYBaHHS KOMOIHATOPHUX KOHQITYpaIiii.

4. 3ropTaHHS 3HAKOBOI'O KOMOIHATOPHOTO TPOCTOPY
MEBHOTO TUITY MPOBOAUTHCS 3 TOYOK SIK OJHOTO TakK i KiTBKOX
MIPOCTOPIB. 3TOPHYTHH MPOCTiIp Ma€e BIACTUBOCTI MPOCTOPIB, 3
SIKMX BiH 3TOPHYBCSI.

B npoueci BopsaKyBaHHSI KOMOIHATOPHUX KOHDIrypamii 3
BHKOPHCTAHHSAM BIACTHBOCTI MEPIOJUYHOCTI YTBOPIOETHCS
KOMOIHATOpPHAa MHOXWHA, sIKa MIiCTUTh B CO01 MEHII, MOi0HI
MZIMHOKMHY, TOOTO BOHa Mae (paKkTaIbHY IPHPOAY.
BBaxkaemo, mo KOMOIHATOPHI MHOXXHHU CaMONOOIOHI, SKIIO
IXHI €JIeMEHTH YTBOPIOIOTHCS OJHHMM i THM € PEKYPEHTHUM
KOMOIHATOPHUM  ONEpaTopoM, a IXHE  BIOPSIKYyBaHHS
MIPOBOANTHCS 32 OJHUMH 1 THMH K TTPABUIIAMH.

3rifHO0 3 BJIACTUBICTIO CaMOTOIIOHOCTI iHTEpBal1 G -TO
panry ynopsakoBanoi MHOKUHE W CKIIaaeThes 3 iHTEpBaliB
(0-1)-ro panry. Ockiibku 4YmCIO N MOXe HaOyBaTH

JOBUTHHHX 3Ha4YeHb, T0 W Juis N (pikCOBaHOTO — CKIHYCHHA,
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a g N JOBUIBHOIO — HECKIHYEHHA, TOOTO BOHA OJHOYACHO —
CKIHYE€HHA Ta HeCKiH4YeHHa, [limMHOXHMHA Wn PO3MIIICHD 3

MOBTOPEHHSIMU (200 CIIOJIy4eHb 3 TOBTOPEHHSIMHU, PO3OUTTS N
-€JIEMEHTHOI MHOXXMHH Ha IIJMHOXXHHH) — CKiHYeHHa, a
MHOXkHHA W IHX jke KOMOIHaTOpHHUX KOHQITypamiil Uit TOTO

K caMoro N — HecKiH4YeHHa. Taki BIaCTHBOCTI XapaKTepHi JUIs
¢pakramiB. Tobro, KOMOIHAaTOpHI MHOXHHH  MAalOTh
(dpakTaabHy IPHPOLTY.

OCKIJBKH iHTEpBAJI G -TO PaHTY CKIAJA€ThCA 3 IHTEPBAiB
(0—1)-ro panry, a iHrepBan 1-ro paHry — 3 iHTepBaliB
HYJIBOBOTO paHTy, HECKJIAJHO, 3HAIOYM IIPaBHIa [XHHOTO
BIIOPSAAKYBHHS,  BH3HA4aTH  KIJIBKICTH  KOMOIHATOpPHHX
KoH(irypariil y ixHiii MHOXWHI. 3a EBHUMH NPAaBHIAMH, SKi
pi3HI ansg  pi3HHX TUIIB KOMOIHATOPHUX KOH(Iryparii,
YTBOPIOEMO CKIHYEHHY IIOCIIIOBHICTh, KOXKHE 3HAYEHHsI SIKOT
3aja€ KUIBKICTH W B iHTepBasax G -ro panry. Dopmyiy

KoMOiHaTOpHOTO uncha (Kubkicth W y MHOXHHI W ) mogamo

G -3HAYHOIO CYMOIO

> f(---(i(i(h)))---)). 1)

Jo=l joa=1 2=l =1

ne H, — kimbkicTe iHTepBamiB o -ro pamry, ted{l..,c},
ce{2,...,n}, h — xinpkicTh KOMOIHATOPHHX KOH(QIrypaiiii B

iHTepBaJi HyJIbOBOrO paHry. lleil Bupa3 HarnsaHO MoKasye, 1o
KOMOiHATOpPHA MHOXXHHA Ma€ (ppaKkTalbHy CTPYKTYDY.

VI. ®PAKTAJIbHA PO3MIPHICTh 3HAKOBUX
KOMBIHATOPHUX ITPOCTOPIB

dpakrany, AK  TpaBUIIO, OTOTOKHIOIOTBCS 3
reoMeTpuaHUMH (hopmMamMu. OCHOBHA IXHS XapaKTepUCTHKA — —
camoroioHicTh. DpakTadbHy PO3MIPHICTH PO3TIAIAIOTH 3
TOYKH 30Dy Toroorii. BoHa sBiste coboro ApoOHY pO3MipHICTH
a0o po3MipHiCTF TOHIOHOCTI. 3BiCH ITOXOIKCHHS CJIOBA
¢pakran. Tobto, ¢QpakrambHa pPO3MIPHICTE — MOHSATTS
(dpakTanbHOT reOMETpii, 10 03HAYAE CTATHCTUYHY BEIHUYHHY,
sIKa TOBOPHUTBH PO T€ HACKIJIBKHM IMOBHO (hpakTan 3aroBHIOE

MPOCTIp, KOMHM 30iMbIIyBaTH HOTO 10 APIOHIMMX JeTayIeH.
HpobHa po3mipHicTs Xaycnopda-besnkoBnda MHOXHHH €
KPUTHYHA PO3MIPHICTE, IPH SIKiii Mipa 3MIiHIOE€ CBO€ 3HAUCHHS
3 HyJs Ha Oe3KiHeYHiCTh. BoHa mOoCHTh NPUPOJTHO BHU3HAUAE
PO3MIPHICTh MHOXXHHHU y METPUYHOMY IPOCTOPi Ta CIYXKHUTh
MIpOIO JJOKJILHOTO po3Mipy Habopy 4uceln (TOOTO «IIpocTipy),
Oepyud 10 yBaru BiJICTAHb MK KOXKHHM 3 Ti eleMeHTIB. Sk
(pakTanbHy PO3MIpHICTb TAaKOX BUKOPUCTOBYIOTH PO3MIpHICTB
MiHKOBCBKOT0, 5IKa Ma€ Miclie B 3aMKHYTHX MHOXHHaX.

3HaKOBi KOMOIHATOPHI MPOCTOPH HE € METPHYHHMH. IXHS
(dpakTarpHa PO3MIPHICTh BHUIUIMBAE i3 COCO0y PO3rOpPTaHHS
OUX TPOCTOpiB i3 3ropHyTtoro. Lleit mpoctip, BigHOBigHO i
¢pakrax B KOMOIHATOPHIN 3aIIOBHIOETHECS KOMOIHATOPHUMH
KOH(}IrypamissMu IeBHOTO THITY. ToMy s HUX (HpaKTaIbHOIO
PO3MIpHICTIO HA3BEMO KUTBKICTP KOMOiHATOPHHUX
KoH(irypamii B yYTBOpEHiil 3a TIEBHUMH IpaBUIAMU
KOMOIHAaTOPHIN MHOXHHI, 5IKi 33/1a10Tbcsi BUpazoM (1).

BucHoOBKU

Ot1xe, pO3ropHYTHH 3HAKOBMH KOMOIHATOPHHI IMPOCTIip
Mae (pakTajgbHy CTPYKTYpy. BoHM — camMonoziOHi, 0ogHOYacHO
CKIHYCHHI 1 HECKIHYCHHI, MarOTh (PpakTaibHy PO3MIPHICTb.
BuBUeHHS Ta JOCTIIDKCHHS 3HAKOBHX KOMOIHATOPHHX
NPOCTOPIB T03BOJISIE IOSCHIOBATH JesKi IPHUPONHI SBHIIA,
OB ’s13aHi 3 (hpaKTamaMu, OCOOIMBO Y KUBIH mpupoxi. 3a ix
JIOIIOMOTOI0  MOXKHA IPOCHIAKYBaTH, SIK yTBOPIOIOTHCH
¢GpakTamy i3 3rOpHYTOro IPOCTOPY Ta BU3HAYUTH IXHIO
(dpakTanbHy pO3MIpHICTS.
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Modeling of Convective Diffusion of Pollution
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Abstract— On the basis of mathematical model of convective
diffusion in a two-layered filter it is formulated a contact-initial-
boundary value problem for description of mass transfer of
pollution accompanying by the sorption processes. It is proposed
the algorithm for establishing the estimation of values of sought
function (concentration of pollution) at the lower boundary of the
filter on the basis of the approximation of experimental data. It is
taken into account that the right end of the approximation segment
is unknown. It is determined the exact solutions of contact-initial-
boundary value problems of mass transfer on the basis of integral
transformations over space variables in the contacting regions
separately.

Yurii Bilushchak

Department of mathematical modeling of nonequilibrium
processes
Centre of Mathematical Modelling of Y. S. Pidstryhach
Institute of Applied Problems of Mechanics and Mathematics
of the National Academy of Sciences of Ukraine

Department of Computational Mathematics and Programming

Lviv Polytechnic National University
Lviv, Ukraine
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Anoranis- Ha ocHoBi MareMaTHYHOI Moje/i KOHBEKTHBHOI
audysii y nsomaposomy ¢iabTpi chopmMyboBaHA KOHTAKTHO-
KpaiioBa 3agauya /1 ONHCY MacolepeHeceHHs1 3a0pylHeHHs, 1110
CYNPOBOIKYETbCSI  copOmiiiHMMHI  mponecaMu. 3anponoHOBaHO
aJITOPUTM BCTAHOBJIEHHSI 3HAYeHb IIYKAHOI QYyHKUII (KOHLEHT-
pauii 3a6pyaHeHHs1) Ha HUKHilE Mexi pinbTpa Ha ocHOBI anpok-
cuMalii ekcnepuMeHTAIBLHUX JaHUX. BpaxoByeThes, 0 NpaBHii
KiHenb iHTepBajy anpokcumamii HeBizommii. Buznaueno touHi
PO3B’SI3KM KOHTAKTHO-KPaiioBOI 3a1adi MacomepeHeceHHsI Ha
OCHOBi iHTerpajibHHUX IepeTBOPeHb 3a NMPOCTOPOBHUMH 3MiHHHX
OKpPeMO B KOHTAKTYIOYHX 00J1aCTAX.
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KiiouoBi c1oBa— MaTeMaTH4yHa MoOjeIb; KOHBEKTHBHA
audysis; nBomapoBuii GiILTP BOAM; ANPOKCHMALis; TPAHUYHA
YMOBa; HeBigoMuii yacoBuii iHTepBaJ.

I.BCcTynl

YV IpOMHCIIOBUX MacIlTadax Uil OYUIICHHS BOAU 10 CTaHy
MIUTHOI, @ TAaKOX MPOMHCIOBUX 1 MOOYTOBHX KaHaNi3aIliifHUX
CTOKIB JUISI BTOPHHHOTO BUKOPUCTAHHS 3aCTOCOBYIOTHCS Pi3HI
crocoOu O4YMIIEHHS BOXW: MeXaHiuHi, ¢i3nuni, ¢isuko-
MexaHiuHi, pi3uko-ximiuHi, XimiuHi abo Gionoriuni. Ha erarmi
TorepeIHboT OYUCTKHA BOAM HalyacTille BHKOPUCTOBYIOTHCS
MexXaHi4Hi (inbTpH, MpU3HAYEH] UII BHUAAJICHHSA HEPO3YHHE-
HUX YaCTOK po3MipoM moHa 5-50 MiKpoH, OJJHIM 3 Pi3HOBHIIB
SKUX € HacumHi QinpTpu [1, 2], 10 CKIanarThCs i3 3epPHUCTUX
3aCHNOK Pi3HUX (ITBTpAIifHUX BIACTHBOCTEH 1 BOJOMIIOTH
PI3HOIO MOPHCTICTIO.

Jns po3paxyHKy e(eKTHBHOI pOOOTH (PiNbTpiB, iXHIX OII-
TUMaJbHUX T€OMETPHUYHHX MapaMeTpiB, COPOLIHHOT 30aTHOCTI
KOHCTPYKIIHHUX €JIeMEHTIB, 4acy poOotu (inmbTpa, SK MpaBH-
JI0, BUKOPUCTOBYIOTh KOMIT IOTEpHE MOJEIIOBAHHS, PO3B’S3Y-
I0YM YHCIOBHMH METOJAMH HENiHIWHI 3amadi QimpTparmii
MUTHUX a00 CTIYHUX BOJ. Pa3oM 3 TUM i aHAi3y BIUIMBY
MOPUCTOCTI, COPOLIHHMUX BIIACTUBOCTEH Ta T'EOMETPHYHHUX
napameTpiB QiIbTPY HA JOBrOBIYHICTH HOT'O POOOTH JOILIHHO
OTPUMATH aHAJITHYHI PO3B’S3KHM aHAJIOTIYHHX 3a/ad y JiHea-
PH30BaHOMY BapiaHTi ONUCY MporeciB copbuii. 3 iHIoro 60Ky
3aJIMIIAETHCS] HEBUPIIICHO NPOo0ieMa BCTAHOBJICHHS MPaHUy-
HOi YMOBH «Ha BUX0Zi» dinpTpa Boau. [Ipore MoxiuBe mpo-
BEJICHHsI eKCIICPUMEHTIB 3 BU3HAYCHHSI KOHLCHTpaLil 3a0py-
HEeHHsI 00 MOTOKIB JIOMIIIKY Yepe3 HUKHIO IPaHHUIIO Tina.

Tomy nana poborta HpHCBsSYE€HA MOJAEIIOBaHHIO (yHKIIIO-
HYBaHHsI [JBOIIAPOBHX (UIBTPIB BOJM HA OCHOBI (i3HKO-
MaTeMAaTHYHOI MOJeNli KOHBEKTHUBHOI au(y3ii ITOMIIIKOBOT
PEUOBHHHM 3 ypaxyBaHHsSIM COpOLIii YaCTUHOK Ha CKEJEeT, KOJIH
BOJHUI PO3YHMH € JBOKOMIIOHEHTHHM, @ TiJI0O — JBOIIAPOBUM.
Ilpy mpOMY 3ampoNOHOBaHA CXeMa BH3HAYCHHS TIPaHUYHOL
YMOBH Ha HIDKHIH TOBepxHi (ibTpa Ha OCHOBI alpoKCcHUMa-
LIHHUX NPOLENyp eKCIePHMEHTAJIbHUX IaHUX KOHLEHTPALil
3a0pyIHEHHS Ha [iil TPaHUIll 3 ypaXyBaHHAM HEBiIOMOTO Yacy
BUXOIy (QYHKII{ KOHLIEHTpALl Ha YCTAJICHUH PEKHM.

Il. MATEMATHUYHA MOJEJIb KOHBEKTUBHOI JU®DY3Ii 3
YPAXYBAHHSIM COPBLIMHUX TTPOLIECIB TA BIJIOMI KPAMOBI I
KOHTAKTHI YMOBU

IMpn ¢dopmymoBaHHI BHXIJHHX CIIiBBIZHOLIEHb MOJENI
MIEPEHECEHHS YaCTHHOK 3a0pyTHEHHS B IBOIIApOBOMY (DisbTpi
BBa)XKAEMO, 110 JIOBUIbHA 00JIACTH KOKHOTO IIapy CKIAIAa€ThCs
31 CKeleTy Ta BOJHOTO DPO3YHHY, SKHH 3aIOBHIOE MOPOBHI
npocrip. IpuiiMaemo, mo B mponeci QiapTpamii ckener He
nehOpMY€EThCsI, 1 TIOPUCTICTh 3ATUIIAETHCS CTANIO0K, TOOTO HE
BPaxOBYIOTbCS 3MiHM, IOB’si3aHI 13 COpPOII€I0 JIOMINIKOBOI
peuoBUHH. BogHMI PO3UUH € JIBOKOMIIOHEHTHHUM 1 CKJIA/IA€Th-
cs1 3 YaCTWHOK BOJM Ta 3a0pyaHIolouoi cyoctanuii. YacTHHKN
3a0pyIQHEHHS 3HAaXOIATHCS y ABOX CTaHaX — KOHBEKTHBHO
PYXOMOMY PO34HHI 1 Ha IOBEPXHi CKEIIETY.

PosrasHemo map 0€3po3MipHOI TOBIIMHHE Xg, IO CKJIaja-
€Tbest 3 ABOX mimumrapiB toBmmH X Ta 60X (8E=X;—X')
BianoBinHo (puc. 1). Cucrema nekapToBUX KOOpAMHAT BUOpa-
Ha Tak, mo6 Bice OX Oyna mepneHAMKYJSpPHA 10 HOBEPXOHb
mrapy 3 IMOYaTKOM Ha BepXHIM TPAaHWIN 1 CIOpsMOBaHa BIIIHO
Tia. BBaskaemo, 1110 B TOYaTKOBHUI MOMEHT 4acy B 000X MIapax
¢inpTpa BiICYTHS AOMIIIKOBA PEUYOBHHA, TOOTO KOHIIEHTpAIIi]

Cg')(t,x) € HyJTbOBHMH (HIDKHIH 1HIEKC MO3HA4Ya€ CTaH

yacTMHOK - 1=1 BignOBiZae BOAHOMY pO3YMHY, |=2
TIOBEPXHI CKEJIETy; BEpXHil iHAEKC IM03HA4Ya€e HOMEp Mifmapy
¢inerpa: j=1-mus O =]0;xT, j=2 - m Q, =]X’; %[ ):

o (g  =ct’(zg)  =0. (1)

N\
F(1)

Puc. 1. CxemaTH4Ha MOJENb JBOIIAPOBOrO 3aCHITHOTO (BilbTpa BOAU

Takox npuiiMaeMo, 10 Ha BEPXHii MOBEPXHI Tija BiIOMO

cTalie 3HaYeHHs KOHIEHTPAIlii JOMIIIKH Cl(l) (t,x):
cW(t,x)| =c,=const )
"lx=0 0= .

Y  BuUmamKy BepTUKAJIbHOI KOHBEKTHBHOI  nudys3ii
MacOIePEHECEHHS JIOMILIOK OIMCYIOTh CUCTEMH PiBHSHB [3]:

ac (t, x) 4 % (t,x) . ac (t, x)

(1)
ot J GXZ J ox _ajcl (t,X),
acih (t, x - .
%:ajcl“)(t,x), xeQ; (j=12), ®))
e dj iV i- KoedimienTrn auy3ii TOMINIKK 1 IIBUAKOCTI

KOHBEKTHBHOTO TNEPEHECEHHs B wapi j, &; - koediuientn

IHTEHCUBHOCTI COpOIIii.

Ha rpanuii koHTakTy mapie X=X BHKOHYETHCS YMOBa
piBHOCTEH XIMIYHHX TIOTCHIATiB 1 CyMapHHX MAacOBHUX
IIOTOKIB, SIKI 3aIIHIIIEMO BUIJISII

1 2 .
AP x)  =cPax)|
X=X X=X

’

ac®

d
Lox

D (2)
-vel|  =d, % —vc?| (4)

' '

X=X X=X

e >L=}L1/ A, - BiJHOLIEHHS KOEQIlI€HTIB KOHIEHTpaliiHOI
3aJIEKHOCTI XIMIYHUX HOTEHINamB B ctaHax 1 1 2, ski BU3HA-
4alOTh BEJIMYUHY CTPHOKA HA TPAHUIlI KOHTAKTY.
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Ha nHwxHill rpannni ¢inbTpa, B3arayii Kaxkydd, HEBiJOMi
3HA4YCHHS SIK KOHIICHTpawii 3a0pyJHEHHS, TaK 1 BiINOBiTHIX
MOTOKIB MacH. J[yisl BU3HaueHHs 3HaYEeHHS IIyKaHOi QpyHKii Ha
IpaHuLi X =X, MH IPOIOHYEMO HACTYIIHUH aJTOPUTM.

I11. BCTAHOBJIEHHSI TPAHUYHOI YMOBU HA HIDKHIN
[IOBEPXHI TIJIA 3A EKCIIEPUMEHTAJIBHUMU JAHUMU

DyHKILIsA KOHIEHTpalii YacTHHOK F(t) Ha rpaHMI X =X,

€ HeTIepepBHOIO 200 KyCKOBO-HETIEPEPBHOIO (PYHKITIEFO aCOBOT
3MiHHOI, TOOTO Hanexuth mpoctopy PC[0;T], t<T <oo.
Pa3zom 3 TuM, UI1 MaMX 4aciB BOHA JOPIBHIOE HYIIIO, SIKIIO
PO3TILIIAIOTECS  TPOLIECH TPOTIKaHHA 3a0pyAHEHOi piaWHU
yepe3 (GUIbTP 32 HYJIbOBHX MOYaTKOBUX yMOB. Tosi moTpiOHui
gac, 3a SKWH PEYOBHHA JOCATHE HIDKHBOI TPAaHHWIN Tinma, i
BiJINIOBITHO 11 KOHIICHTpAIiS Ha I[ifl MEXI MOYHE BiIPI3HATHCS
Bin Hym1. Po3rmsgHeMo BHIAMOK, KONH IIyKaHa (QYHKILSA
KOHLIEHTpALlil Ha TPaHULl BUXOJUTh Ha CTAlliOHAPHUI PEXUM
(m1st QimeTpiB 3aBXKOM ICHY€ 4Yac HACHYCHHS, MICISA SKOTO
BTPA4alOThCsl COPOYIOUi BIACTUBOCTI (ilIbTpa).

Hexait BimoMo (a00 MO>KHA BHMIpATH) 3HAUYCHHS (YHKII
KOHIIEHTpAIlii Ha TPAaHHUII X = X, B IIEBHi MOMEHTH Jacy

t tl t2 t3 t4 t5 e tn
F() | 0 | 0 | 0 | F(t,) | F(ts) F(t,)

3a3HauMMo, M0 Y BUMAJAKY MPOBEICHHS NEKITbKOX Cepilf eKc-
MIEPUMEHTIB MIPUHMAEMO

K.
1< g _
F(ti):?ZF(I)(tj)a i=1..n,
Ji=1

ne i - Homep cepii excniepumenty, 1=1...,K;, K; - kinp-

KicTh BUMIpiB B Toui { ji-

Matoun Habip eKCIEepUMEHTAIbHUX (BUMIPSHUX) JaHUX
MOXEMO TMOOYAyBaTH anpoKcHMaliiHy (yHKIi0. 3HaiaeMo
anpOKCUMAIIfHUH TOJIHOM 3 BHUKOPDHCTaHHSIM  METOMIY
HaMEHIIMX KBaJApaTiB Uil ONTHUMAJbHOTO BH3HAYCHHS
rmapaMeTpiB anpoKCUMAITHOT QyHKIIIT.

Hexait 3agaHi ekcriepuMeHTa bHI qadi (N=9 - KiIBKICTH
BHMIipiB)

t 0.02 (0.06 |01 [0.14 |0.18 |0.22 {0.26 |0.3 |0.34

F(t)x10*° 10.014 |0.015 [0.02 |0.033 |0.65 |0.98 |1.24 [1.29 |1.3

VY rpagiuHOMY BHUIIISAI MaeMO

F@

b
/
— 1 7

of1 0j2 0f3 ! 04

-0,2
Puc. 2. 3anani ekcriepiMeHTaNIbHI AaH1

Pesynbrar ampokcumarnii IUX JaHWX TMOJIHOMOM I SITOT
CTenexi

F(t) = apt® +at? +a,t’ +a,t’ +a,t +as, (5)
ne koedimieHTH 3HaiineHi 3a mpaBunoM Kpamepa ag=

14279,09655; @& =-13097,26244; a, =4130,984575; a;=-
507,1611396; a, =23,52842174; a; =-0,286711311.

ATpOKCUMYIOUHil OJIHOM OTPUMAaHHI METOJIOM HaiMeH-
[IMX KBAJAPATiB

n 2
f(a,....a5) = Z{F(ti)—iakts‘k} —ERmin.
i=1 k=0

Hani, mo oO0uuciieHI 3a pe3yJibTaTaMh arnpoKCHUMAIlii
MHOTOYJIEHOM I1’SITOI CTEIEH], HaBeAeHI B TaOJIHII

t F(t) x10*%°
0,02 0,011991
0,04 0,075284
0,06 0,032869
0,08 -0,02488

0,1 -0,04143
0,12 0,011382
0,14 0,138851
0,16 0,328874
0,18 0,557436

0,2 0,794095
0,22 1,007464
0,24 1,170693
0,26 1,266956
0,28 1,294928

0,3 1,274275
0,32 1,251132
0,34 1,30359

i rpagiuHO
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Puc. 3. Anpokcumaiiisi MHOTOYICHOM I1’SITOI CTeTeHi

3ayBaXMMO, 110 XOYa BBAXKAETHCS, IO MOJIHOMOM IT’ATOI
CTETeHI a/IeKBaTHO alpOKCHUMYETHCSI HETepepBHA (QYHKIIS B
piBHOMIipHi# Metpumi [4], I OTPHMaHHS TOYHIIIIOTO
pe3yapTaTy — ampOKCHMAlii  MOXHA  IIJHATH  CTCIMiHb
MHoOrowieHa n0 7 abo 9, abo BuOpaTHm HemiHIIHY
anpokcuMaliitny GpyHkuito (JUiss JaHOTO BUMAAKY, HAPUKIIAJ,
arctg ) i 3acrocyBatu metoj BupiBHIOBaHHs [5]. [Ipu mpomy

HEOOXiJTHO BPaxOBYBaTH, IO alpoOKCHMAIliifHa (YHKIIS Mae
OyTH 3pyYyHOI0 NPH MOAAIBIIOMY 3aCTOCYBaHHI METOLY
iHTerpaJbHUX MIEPETBOPEHB, Y T.4. HEKJIACHYHUX.

IIpaBuii kiHewb BiApi3Ky amnpokcumanii (Touxa t),
HACTIpaB/i, € HEBIOMUM. BifITOBiTHO HEBIIOMII MOMEHT Yacy
NIPUIMHEHHS] eKCIIepUMeHTalbHOI cepil. BpaxoByrounm mery
IOCTIKCHHSI, TOOTO BCTAaHOBJICHHS TIapaMmeTpiB pobotu
(biTbTpa, BUKOPUCTAEMO ICHYBaHHS Yacy HacHUeHHS (PimbTpa,

TOOTO BTpaTy copOwiiinoi 3narnocTi. [Ticns yacy nacuuenns t,

, IKUA TEX € HEBIJOMHUM, B T BiIOYBa€ThCS JIMIIE MPOIEC
KOHBEKTHBHOI IuU(y3il YaCTHHOK 3a0pyTHEHHS, a MpOIIEC
OYHIIEHHS 3a0pyTHCHOTO PO3YHHY NMPHUITAHAETHCA. BimoBigHO
MOTPIOHO TNPUNMHUTH EKCIIEPUMEHTANIbHI BUMIPIOBAHHS Ta
3aBEPIIUTH POOOTY (iIbTpa.

Jnst oriHku 3BepXy (YHKINT KOHIIEHTpAIl JOMIIIKH Ha
HIDKHIH TPaHMII Tijla Ta BU3HAYCHHS OMIHOYHOTO Yacy HaCH-
,

uenns t, poss’skemo cnpomeny (6e3 ypaxysauHs copOuii)

3aaqy KOHBEKTHBHOI AH(Y3ii y JBOIIApPOBOMY TiNi 3a KOH-
TaKTHUX Ta KpaioBux ymoB (1)-(4) i rpaHnYHOi yMOBH Ha
MOTIK, 3a[POIMOHOBAHOI0 B poboTi [6]. A came

B obmacti () (xey) O =[0;xT:

1 2.(1 1
](.egt (t,x) —d 0 Cl(egt (tx) 1(egt (t, X) ©)
ot o ox
B obmacti Q, (XxeQ,) Q, =X X[:
2 2.(2 2
](.es)t (t,x) —d 0 C:I(.es)t (t,x) v 1(es)t (t,x) )
ot 2 2 X

3a KOHTAaKTHUX yMOB (4), moyatkoBux ymoB (1) Ta rpann4HOi
yMOBH (2) Ha BEpXHiil MoBepxHi QinbTpa.

Ha HwmkHIN rpaHuLi Tina MiATPUMYETHCS CTaJle 3HAYCHHS
Iudy31HHOTO TOTOKY (HEXTYEThCS KOHBEKTHBHOIO CKJIaJI0BOIO
[6]), ToOTO

(2) (t, x)

est

by -0. ®)

X=Xg

Po3B’s13yeMo KOHTaKTHO-KpaiioBy 3axaqy (1), (2), (4), (7)-
(8) MeromoM iHTErpaJbHUX TIEPETBOPEHb OKPEMO B
KOHTaKTytouux obmnactsx [7]. I nuist Busnadenns ty, 10610 Hac

BUXOOY Ha CTaI.IlOHapHI/IH PEKUM (BI/I3Ha‘{eHH$I KOHI_IeHTpaIlll 3
IICBHOKO TO‘IHICT}O) HpI/II/IMeMO o p13HI/IIHI MiK

KOHHCHTpaHlﬂMI/I B 61)Ky‘II/II/I MOMCHT 4Hacy i Jacy HaCUYCHHA tp

, MEHIIIe Harepes 3a1aHoro yucia g >0

o2 (t, %) — 2 (t,, %) <.

est est

Jani 6ynyemo anpokcuManiiny ¢yHKiro (5) Ha BiIpi3Ky
[0,t,], T06TO OTPEMaEMO HaGmKEHY pyHKIIO F(t).

Tonmi TpannyHa yMoBa Ha HIDKHIM mMOBepxHi (imbTpa
HaOyBa€ BUTJIALY.

c1(2>(t,x)X:X =F(tt,), te[0t,]. 9)

IV. PO3B’SI3AHHS C®OPMYJIbOBAHOT KOHTAKTHO-KPAHOBOT
3AIAUI

Jnst 3acTocyBaHHs IHTETpaJbHUX MEPETBOPEHb B KOHTAK-

Tyrouux obmactsax (Y i Q, HOTpiGHO MOO3HAYUTH ITyKaHi

¢GyHKIii cl(”(t,x) Ha TpaHHWIl KOHTakTy. [lepmia ymoBa He-

iZIeaJbHOTO MAacOBOTO KOHTAakTy (4) o3Haudae, mo QyHKIIT

kcl(l) (t,x) i Clz) (t,x) piBmi Ha rpaEuIi X = X', iy CBOIO Uepry

JOpiBHIOIOTh NeBHIH QyHknii wacy g(t). Todro Mmoxkemo

3aImcaTH
@ 1 (2)
P =290, x| =90.
X=X A X=X
Tomi MOXeMO 3acTOCYBaTH CKiHYEHHI iHTerpampHi Sin-

nepetBoperHs Pyp’e (kmacuuHe — B 06macTi € 131 3cyBoM —
B obmacti Q, [7]).
B 300paxxeHHAX OTpUMAa€EMO B 061acTi ()
4 ( ) X
T ayira iy -dy S o@e 2, (o)

(nv),_, =0, (12)

e G(n,t) = jcl(l’(x t)exp{ }sm(yn x)dx , Y, =nm/Xg .

Po3B’s130k 3agaui (10), (11) sHaxoqumo y Bursi [8]

" ., _wx
n g(t)exp{ 2dl}

X

t
G(nt) =e @ @t [dy2 o
0
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Xe(dly’% ‘*'al)t'dt’ .

B obnacti Q, kpaiioBa 3ajadya B 300pa)keHHsAX HaOyBae

BUTIIAAY
d&:_(dﬂr%“Laz)fzﬁ“
dt
Vp(xx)
d _(_1\M 2d, 12
+ oy 9O - (DT F(tty)e , (12)
& (), =0, (13)
_ 0 ) Vo (X=X) | '
e cz(m,t):J‘c1 (t,x)exp ST sm(ym(x—x))dx,
¥ 2

Ym = mn/(XO -X).

Po3B’s30k 3anaui (12), (13) 3anumemo y dopwmi [8]

t
Ca(m,t) = e_(dzyr2"+a2)t_|.d2yr%1 X
0

x| g(t) - (D" F(t.t,) exp{— %} a(dayn+ag)t ger
2

B oTpuMaHuX po3B’s3Kax 3aJUIIAETHCS HEBIZOMOIO (DyHK-

st 9(t ). IlykaeMo 1i 3 Apyroi KOHTAKTHOI YMOBH PiBHOCTI

MIOTOKIB MacH Ha TpaHuLi po3niry obnacreii (4). Ilicns Buko-
HaHHS BIIMOBITHMX OOEPHEHHWX IEPETBOPEHB IIiJICTABIIEMO
OTpHUMaHi BUPA3H JIJIsl KOHIICHTPAIIii Ta IXHIX MOXiJHUX B TOYIl

! - . .
X=X p ymoBy (4). Tomi omepXuMO iHTETpaJIbHE PIBHAHHS,
SIKE PO3B’SA3YEMO BITHOCHO (YHKIIi g(t). 3ayBaxxuMo, IO

PO3B’SI3KU B 00JIacTsIX Qi D yaiors OJTHAKOBY CTPYKTYpY,
JBa JOJAHKHM SKUX 3aJIe)KaTh TUIBKH BiJ] XapaKTEPHUCTHK
BiINIOBITHOTO IIapy, a OAHA IHTETpajbHA CKIAIOBA BPAaXOBYE
BIUIMB ITapaMeTpiB KOHTaKTYI040i 00J1acTi Ta YMOB KOHTAKTY.
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Modeling the Evolution of Solitary Waves in the
Engineering Materials. First Three Approximations

Vasyl Yurchuk
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Kyiv, Ukraine
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Anomauia — TeopeTHYHO i YHMCEJBbHO IOCTIIUKYETHCH He-
JiHifiHA MO3I0B:KHA MPY’KHA XBWJIA 3MillleHHS B paMKax Mogesi
MypHarana Aasi JIBOX THOIB MOYAaTKOBOro mpogi g0 -—
TapMOHIYHOro Ta A3BiHONOAIOHOr0. OCHOBHA HOBM3 Ha MOJISITAE B
TOMY, IO €BOJIOLIS XBWJIb AHANI3Y€TbC HAOJIMKEHHMMHU
MeTOJaMH 3 ypPaxXyBaHHSAM MepPUINX TPbOX anpoKcuMauii. AHanis
TapMOHIYHOI XBMJ PO3IJSIHYTHI JiMIIe JJs TOPiBHAHHA 3
HOBMMHU pe3yJIbTaTaMM JJI51 A3BiHOMOAIOHOT XBUJIi.

Abstract — The nonlinear plane longitudinal elastic wave of
displacement is studied theoretically and numerically within the
framework of the Murnaghan model for two forms of initial
profile — harmonic and bell-shaped ones. The basic novelty consists
in that the evolution of waves is analyzed by the approximate
methods with taking into account the first three approximations.
The analysis of harmonic wave is considered for only comparison
with the new results for the bell-shaped wave.

Knwuoei cnosea — mneninitina npyycna P-xeuns; nomenuyian
Mypnazana; nadnuxicenuil memoo; 2apmMoHiuni ma 036iHONOOIOHI
nouamkosi npoghini xeunv; e6onIOUis; CHOMEOPEHHA.

Keywords — nonlinear elastic P-wave; Murnaghan potential;
approximate method; harmonic and bell-shaped initial wave
profiles; evolution; distortion.

| BcTyn

Teopist HeMHIMHNX XBWIb B NMPY)KHUX MaTepianax sBise
00010 BEJNIMKHWI PO3MAUT HENiHIAHOI Teopil MPYKHOCTI, KU
4yepe3 BIACTHBI Teopii HENIHIHHMX XBWJIb MaTeMaTH4HI
TPYIHOIII HE € 3aKiHYCHUM O IbOTO Yacy i pO3BUBAETHCS Y

Jeremiah Rushchitsky

Department of Rheology, S.P.Timoshenko Institute of
Mechanics, National Academy of Sciences of Ukraine
Kyiv, Ukraine
rushch@inmech.kiev.ua

0araTb0X HaYKOBUX IEHTPAaX CBITOBOI MEXaHIKH. 3 iHIIOTO
00Ky, cydacHa MPOMHUCIIOBICTE BUPOOJISIE€ HE3TIUSHY KUIbKICTh
MAaIlliH, KOHCTPYKIIH, MpWUIafgiB, yCTaTKyBaHHS, sKi a0o
MOCTIMHO MPALIOIOTh Y TUHAMIYHUX pEXHUMax, abo y poboTi
SIKAX BUKOPHCTOBYIOTHCS MEXaHI3MH MOMIMPEHHS XBUIIb, 200 B
SIKAX 1HOJII CIIOCTEPIraroThCs XBIIIbOBI Tporiecu. Tomy 3HaH-Hs
PO XBWII € 3aTrpe0yBaHWM IMPOAYKTOM ISl Cy4acHOI Impo-
MUCJIOBOCTI. 3mocepe; MacH Pi3HOMaHITHUX XBWJIb BUAUISIO-
TBHCS TIEBHI THUITH, 3aTPeOYBaHICTh SIKUX € 0co0muBOt0. Came 1o
TaKUX BIHOCSTHCS TOOJMHOKI XBWIII, 3HAHHS IIPO SIKi € TIOTPi
OHMM (PaKTHIHO Y BCiX TATY35X MPAKTUIHOI TISUTEHOCTI IO IHHA
— BIJ MEIUIMHHA JIO apXiTEKTypH, Bil MAIIMHO3HABCTBA JIO
ictopii. ITigTBepIKEHHS IBHOTO MOXXKHA 3HAWTH Y IOIIYKOBil
cuctemi Google 3a kmrogoBuMu croBamu Solitary waves in
materials.

11.OCHOBHA MOJIEJIb HEJIIHIMHUX XBWJIb B [IPYXKHUX
MATEPIAJIAX

Jlare nocCiKeHHS TPOBEICHE B paMKaX HENiHIHHOI Teopil
NPY>KHOCTI AJIs1 KOHKPETHOTO MoTeHIiany MypHaraHa. BiH €
KyOlYHUM 100 TeH3o0pa Aedopmaliil i 3amicyeTbes depes
KOM- TOHEHTH HeNiHifiHoro Tensopa nedopmaniit Ipina

&Y 2)x
W (&, )=(1/2) Ale) + 1l )’
+(1/3) Ay it B(&i) Enm+ (1/3)C(&,)° , 260 uepes mep-

i anrebpaivsi iHBapianTu |, 1poro reHzopa

X(ui,k+ Ui+ Up U ) y BUTJIA I

m,iYm,k
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wW(l,, 1,, |3)=%ﬂ|12+,u|2 +%AI3+ BI1I2+%CI13

(I =tr(&), 1, :tr[(gik )2], I :tr[(gik )3], ae A,u € npyx-
uumu nocriitnumu Jlsme, A, B, C - nocriitnumu MypHaraHa.

Bubnpaethcs BapiaHT, B IKOMY IIPH MIPEICTAaBICHHI MOTe-
Hijary MypHaraHa dYepe3 TpaJi€eHTH 3MIIEHHS BPaxOBaHI
JIUIIE KBAJAPATHYHI 1 KyOidHI HeNiHIWHI CKIIAIOBI

W = (]/2)/1(umvm)2 +(:I/4),u(ui'k +U,, )2 +(u+(Y4)A)u,u, U, +
W= (1/2)/1(um,m )2 +(1/4):u(ui,k + Uy )2 +(ﬂ+(1/4) A)ui,kum,ium.k +
+(1/2)(ﬂ’+ B)um,m (ui,k )2 +(:I'/:I'Z) Aui,kuk,mum,i + (l)

+(1/2) Bu, Uy Uy, +(1/3)C (U, )3.
Posrnsnaerbes pyx, B IKOMY 3MILLIEHHS 3aJIe)KaTh JIUIIE Bij O/1-
Hiel mpocTopoBOi KoopauHATH 1 vacy U, =U, (Xl,t) (3mimen-
HA B HanpsMmKy oci OX, B JeKapTOBiif cucTeMi KOOpPAMHAT
Ox,x,X;). Y 1npoMy BHNaaKy BuA moTeHmiamy (1) cmpormrye-

ThCA
W= (1/2)[(& + 2#)(“1,1)2 +/1|:(u2,1)2+(u3,1)2:|] +

[+ (y/2) 2+ (Y3) A+ B+ (13)C ] () + (¥2) (24 Bty () + (1) |

)

3 (2) oTpUMYIOTh HEiHIMHI XBUJILOBI PIBHSIHHS AJISI TPHOX

TUMIB MOJSPU30BAHMUX IUIOCKKX XBWIb (P-, SH-, SV- xBumi).

Haiimpocrimi HemnmiHiliHI XBHIBOBI PIBHAHHS € KBaJApaTHIHO
HeNniHIHHIMHA. 30KpeMa, pyX P-XBHIIi onmucyeThesl piBHIHHAM

Py — (/1 + 2/”) Uy = Nl UpgqUyy + N2 (u2,11u2.1 + u3.11u3,1); (3)
N, =[3(2+2u)+2(A+3B+C)], N, =A+2u+(1/2)A+B.

Jani aHami3 OOMEKYeThCsI 3alaueio, KOJH CIOYaTKy B
Marepiani 30yKyeTbest e P-xBuist [2] 1 OCHOBHUM Heni
HIAHUM SIBUIIEM € sIBHIIEC camoreHepailii xpwii. Tomi Hemi-
HiitHe piBHsHHA (3) HaOyBa€e BUIIISAY

Pl — (}L +2u ) Uy =N, Uyl = Uy — (VL )2 U = (N1/ P )u1,11u1,1
(4)
ne -V, = J(l + 2,u)/p (hazoBa MWBHAKICTH P-XBWIII B JiHIHHO-

My HaOJIVDKEHHI.

I1. HABJIVKEHI ITIIIXOJIN IO AHAJII3Y EBOJIIOLII
TTOYATKOBOTI'O [MTPODUITHO XBUJII
3a;aya mpo eBOJIOIiF0 TAPMOHIYHOT XBIJIi JOCHIKyBaJIa-
¢ paHille METOJOM MOCIiOBHUX HabmmkeHs [2,11]. 3rignHo 3
METOJIOM, JIUIsl 3HAXO/KEHHS OYIb-sIKOTO HAOIM)KEHHS BUKO-

. . 2
pHCTOBYeThCs peKypentHe criBigHomenns U} —(v, ) ul}) =

= (N1 / p) uﬂf’uﬂ’” 1 pO3B’SI30K NPE/ICTABISIETHCS Y BUIIISAI

0

ul()q,t):ZUl(”)(xl,t) =uf (%, 1) +ul® (x, 1) +ul® (%, 1)+

n=1
Po3B’s130K U1 nepnIoro HaAOJMWKEHHS € JIHIHHUM 1 I 3a1a-
HUX TOYaTKOBOI MaKCUMAIbHOI aMILTITYIH Uyq) » XBHIIBOBOTO

ggcna K, iuacrotu @ Mmae Burian [10,11]

u® (x,t) =u, cos(k x—ot)  ((a/k.)=V,). (5)
BianosigHuil po3B‘ 30K AJI JPYTOro HaOIMKEHHS € TAKUM

[8.9]
u® (x,t) =[ N, /8(4+24) (o)) kix, cos2(k, %, —at) . (6)

Jlaii 3pyqHO MPEeaCTaBUTH PO3B’ 30K B PAMKAX TBOX IIEPIIUX
HaGmkens y B, U (X, t) =U, Coso +U, M X cos2c

N 2 1 21 ®°
M:—lulo(kL) :_Nlulo_;:_ 1Yo 7 -
8(/1+2,u) 8p v, 8 v
Tperte HabmmxeHHs Mae BUrLx [9,10]
@)_ M Y(x ) 8 13 . 4 429 1o ()
U=ty (M) () 3 +72k|_xl sin4o + 3+8(kL)2(X1)2 cosdo

Otxe, TpeTe HAONMKCHHS BBOJUTH B PO3B’ 30K YETBEPTY Tap-
MOHIKy. BinnosigHo, derBepre HaOMKeHHS OyJe BBOIUTH
BOCbMY TapMOHIKY (Ha KOKHOMY KpOILIl TapMOHIKH I10/IBOIO-
IOTBCS).

Po3B’30k y BUINISAAI NEpIIMX TPhOX HaONMKEHb Mae
Hactymaui Burisia [9,10]

ug"* ™ (%, 1) = U (%, 1) + U (%, 1)+ u(x,1) =
= Uy, C0S & + UM, X, 0820+, (M, )’ (%) (8)

sindo + —i+ 1 cosdo |.

2|(|_X1 3 8(|(L X1)2

Sk Bimomo [8,9], aHaii3 eBoIMOLii MOOAMHOKHX XBUIIb METO

JIOM TIOCJIIOBHUX HaOJIM>KEHb MPUBOJMTH 10 ICTOTHUX Mare-

MaTHYHUX YCKJIaJHEHb 1 TOMY Jaii 0 aHaji3y N3BIiHOIOiO0-

HHX XBUIII OyJle 3aCTOCOBaHUI METOJ] OOMEXEHHS Ha TPaIi€HT

3MilieHHs. {18 1bOro 3py4HO NpeCcTaBUTH PiBHSHHS (4) y
BUIIIAL

Uy — {(VL )2 +( N1/:0)U1,1} Uy =0- Uy — {1+ aum} (VL )2 Upgy =0, (9)

3riiHO 3 METOJIOM, MOYATKOBHI PO XBUIII ONUCYETh-

8
x| —=+

sl 1OCUTb IMaaKoro (QyHKIieo U (Xl,t :0) =F (X1) 1 XBUJIA 1O-
HIMPIOETBCSL Y BUMIIsAl xBwini Janambepa U (Xl,t) =F (X1 - vt)
Jie 3MiHHA IIBUIKICTh XBIJII BU3HAYAETHCA V = [1+ au, C.

Jlani KOpiHb 3aIUCY€eThCS Y BULTBLAL psigy ,/1+ au, =

=(1+au, )1/2 =1+(Y2)eu,, —(1/8)(ozulyl)2 +ee

JKEHHI |cxum| 1.

npu obme-

MarticTe BeMYMHH QU ; JI03BOJISE NPEICTABUTH HAOIMIKY
HO pO3B’s30K (4) y BUTJISIII IEPIIHMX TPHOX alpOKCHMalii
U (x,t)=F {a(x1 —vit) = (Y2)tav, uy, [1-(1/4) avu, ]}
(10)  Crig 3a3HauyMTH, 1O paHinie HAOIMIKEHUN PO3B’SI30K
3ari-CyBaBCsl y BHIUISII MEPUIMX JBOX anpokcumaiiit. Tomy

HaOau-keHHs (10) BHOCHTH €JI€MEHT HOBHM3HU B IMOJAIIBIIHN
aHai3.
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[To3znaummo a3y XBuIIi 3 MOCTIHHOIO (Pa30BOIO MIBUAKIC-TIO
yepes o = a(X1 — CLt) Ta BBEJEM JOAATKOBUHA Manui mnapa-

metp uepes |d] :|—(],/2)tochuL1 [1-(Y4)av,u,, ]|E| 1.
Tenep po3s’s30k (10) MoXkHA PEICTABUTH Y BUTIISIII PSITY
Teitnopa U(X,t)~F(c+8)~F(c)+F'(c)5+(1/2)F" (c)5" +--
OOMexuMO Jaii aHaji3 HeplIMMH TPbOMa WICHAMH depe3
MamicTe & . OCKIIbKH MalicTh |auu| BXKE NPHIIYLIEHA, TO 1€

(axTnuno ymosa Ha av, t. Toxi Bupas i po3s’si3Ky mpuiime
HACTYIHUU BUTIISAT
um(xl,t) ~F/ (J+5)-0‘i1 =F/ (J+5)><
(a—(Y2)tav,u,,[1- 1/ 2tav,]) ~ aF (o).
Lleit Bupa3 mo3BoJise 3anucati po3s’s30k (10) y Burmsi

u(x,t)~F (O')—Fyll (0')6.Z {(l/Z)IaVLFyll (0')[1—(]/4)aaF‘l’ (o) J} =
=F(o)-(Y2)aav t[F',(0)] [1-(1/4)aav,F/ (o) ] (12)

Habmmxene npencraBineHHs po3B’sa3ky (11) Mae 3aranpHUI
XapakTep i Ui pisHHX KOHKPETHO BHOpannx dyHkmiii F 6y-
Jie ONMCYBaTH HENIHIHHI XBUIIbOBI €(eKTHU,IKI MOJSTaloTh y
BUHHMKHEHHI Ipyroi 1 TpeThOi rapMOHIK.

1. Y1CIOBUI AHAJII3 XBWII 3 TAPMOHIYHUM [TPODIIEM

3a ¢opmynoro (8) mobOymoBaHi JBOBHMIpHI Tpadikk 3 KO-

OopJMHATAMH "3MillCHHS U MpoiiicHa XBUJICIO BiJCTaHb %
Bceboro posrmsayTo 8 HabOpiB (2 Mmatepiamu, 2 BapiaHTH
JIOBXHMHU XBWI, 2 BapiaHTH MaKCHMaJIbHOI IOYaTKOBOL
ammutityau). KoskeHn HaOip Bktodae rpadiku 3 TpodiuisamMu ki
HaKJIaJeHI OMWH Ha IHIIMHA B paMKax IOpIBHSHHS HaOJH-
xeHHs. ['padiku Bipi3HAIOTECS (POPMOIO MPOGLITIO XBHITI IS
PI3HUX BifCTaHEW - BiJ MOYAaTKOBOTO TIOJOKEHHS XBHII IO
MOJIOXKCHHS Ha BiZIcTaHI B 0araTo JAECATKIB TOBTOPEHD JOBXKH-
HU XBWJIi, I BIUTUB HEJIIHIHHOCTI BJKE MPOSIBISETHCS ICTOTHO 1
CHOTBOPEHHSI TAPMOHIYHOTO MPOQUIIO IIIJIKOM CIIOCTEPEIKHE.

Ha puc.1 HaBeneHi rpadiku siki, BiZNOBIIAIOTh TAKUM 3Ha-
YEeHHSIM IapaMeTpiB: KOMIIO3UTHUI Marepian (Matpuus -
aNOMIiHIN, HAMOBHIOBaY - Bosb(hpam) M52 [5], L=0,018,
®=1510° a, =1-10"°.

Puc.1a BinnoBijae Ho4aTKOBOMY €TaIly pyXy XBHJII JJIsl BCiX
TpbOX HabmKeHb. Puc. 10 BiNOBiIae TOMyY eTamy pyxy XBHII,
KOJIM HENIHIMHICTh TINBKM NMOYHMHAE NPOSBISIEThCS, PUC.1B -
OipII TPHBAIOMY pyXy XBWII 1 HEpIIOMYy HaOIM-)XEHHIO
(BepxHs JIiHis VIS JOJATHIX 3HAYEHb aMILTITYIH), IIepiiomMy +
JIpyroMy (HWDKHS JIiHIS U1 AOAATHIX 3HAYCHb aMIUTITYIH) a
TaKOX MEPHIOMY + JpyroMy + TpeTboMy (JIiHIS IJIS TOAATHIX
3Ha4eHb AMIUNTYAM siKa 30iraeTsCs 3 APYro0 Ha JaHOMY
inTepBaii). Puc.Ir BigmoBizae B JBa pa3u OUBII TPHUBAIOMY
pyxy xBwii (mpubmu3zHo 30 TOBTOpPEHb TOBXKMHH XBHII) i
nepiioMy (BEpXHs JIiHIS JUIS JOJATHIX 3HAYeHb aMIUTITYAH),
nepmoMy + npyromy (cepemHs JiHis A7 JOAATHIX 3HAYEHb
aMILITY M) 1 HepimoMy + IpyroMy + TpeTboMy (HYXKHS JIiHIs
JUTS TOAATHIX 3HAYCHb aMILTITY/IH).
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Puc. 1. T'padixu eBomromnii rapMOHi9HOT XBHITI

3 rpadikiB BHIUIMBAE, IO EBOJIOLS MOYATKOBOTO MPO-
(o XBUITI BiIOYBAETHCSI CUMETPHUYHO 1110JI0 BEPIINH KPU-BHX.
Ha puc. 16 moka3aHo 1o mpu pyci XBHJII Ha BiJICTaHi B I'ATh
MOBTOPEHB JIOBKMHY XBHJII HENiHIITHICTE MaTepiady MOKHA HE
BpaxoByBaTH. Ha puc. 1B,IT HamsaHO BUAHO, SIK
CIIOTBOPIOETHCS TIOYATKOBUI PO IB XBUII B 3aJIE)KHOCTI BiX
JIPYroro YW TPEeThOro HaOJMKEHHsS. XapaKTepHHUM ISl BCIX
THITIIB HAOJVMKEHb, € Te, IO TeBHE HaOJIMKEHHS BiIMOBIIAE
KIJIBKOCTI YTBOPEHHX ropOiB.

V. YHCJIOBUIA AHAJII3 XBUWJII 3 [IPO®IJIEM V BUTJISIII ®@YHKIIT
rayvcca

B oMy BHIIaIKy 104aTKOBUA podinb xeuai F (X1) =

= e_((axl) ) Mae 13BiHONOniOHyY dopmy i popmymna (11) Haby-

Ba€ OLTBII KOHKPETHUH BHT
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u(x,t)= A’ —(12)av, a’t(A° )2 o
—(1/8)a’v,a’ (A° )3 o3
3a gopmymnoro (12) nobyxoBaHi ABOBUMIpHi Tpadiku 3 Ko-
OopIMHATaMH "3MIIIeHHS - IPOHAeHA XBUJICIO BifcTaHs'". Bepo-
ro 8 HabopiB (2 matepiany, 2 BapiaHTH JOBKHUHU XBHII, 2 Ba-
plaHTH MakKcHMaJbHOI MOYaTKoBOi amruiiTyau). Ha puc. 2a i
puc. 26 HaknaaeHo aABa npodiii, SKi BiAMOBIAIOTh: NEPIINHA —
«TIepIIid rapMoHiLi», OPYrHid — «epIuid 1 Apyrid rapmoi
kam». TyT moka3aHo, 1110 TPOSIB HETIHIHHOCTI BXXe Mae Micie
mpu Bixctani 50 moBTOpeHP HOBXWHU XBHIi. Ha pmec. 2B i
pHC.2T HaKIIAAeHi ABa Mpodii, SKi BiAIOBIAal0Th, BiAIOBIIHO,
«TepmIiit 1 Apyrii rapMOHIKaM» Ta «IIepImid, APYTid i1 Tpertid
rapMOHIKaM», sSKi HaKIaJeHi OJMH Ha OJHOTO B paMKax
MTOPiBHSIHHS.
Ha puc. 2 HaBeneHi rpadiku Ans BapiaHTY, BiAIIOBITHOTO
TaKUM 3HA4eHHSIM mapaMmeTpiB: marepian M52, L =0,0375,
a,=5,0-10".

A

1)

0.005

0.004
0.003
0.002
0.001
1.97 1.98 1.99

9

0.005
0.004
0.003
0.002
0.001
9.97 9.98 9.99 -

m
2.00

= m
10.00
A
0.010
0.008 //\ \ /-\
r/ /
0.006
0.004
0.002
m
39.97 39.98 39.99 40.00
A
04
/\\ | /\
0.3 / \ /
02
01
m
2559.97 2550.98 2559.99 2560.00

Puc. 2. T'padiku eBomtonii A3BiHOMOAIOHOT XBHITI

3 npexacTaBieHuX TrpadikiB BUIIMBAE, 110 €BOJIOLIS IT0Ya
TKOBOTO CHMETPHYHOTO MPOQiIF0 XBIJII BiZOyBa€eThCA CIIOUaT-
Ky cumeTpudHo. [Ipn oMy MakcHuMalbHe 3Ha4eHHS aMILTITy
TV TIOBUTBHO 301IBITY€ETHCS 3 TCHACHIIEIO TIEPETBOPEHHS OTHO
ro rop6a B iBa (1110 MO>kHa 6aunTH Ha puc.2a i puc.20). Ha puc.
2B i puc.2r HaBeneHi rpadiku “apyroi i TpeThOi rap MOHIK”,
BIZIMIHHICTb HOJISITA€ B TOMY, IIO BIUIUB «TPETHOI TAPMOHIKH»
IOA0 «OPYroi» TOKa3ye TEHACHIII0 HecHMeTpil KON JiiBa
yacTMHa rop0a OIyCKaeTbCs, a MpaBa ITiTHIMAETHC.
IenTpanpHa YacTHHA OIYCKAETHCS 10 OCi 1 HE IepeTHuHae ii.

TakuM 4MHOM, BpaxyBaHHS HENIHIHHOCTI B aHaJIi31 MOLIN-
PEHHS OOMHOYHOI XBHJI 3 MOYATKOBHUM IMPO(MIIEeM y BHITIAII
¢ynkuii aycca 103BoJIsIE OMUCATH Take XBHILOBE SIBHIIE SIK
HECHMETPHUYIHA AUCTOPCISI MPOopiITIO.

BucHOBOK
[IpoBeneHo yrcnoBHil aHaNi3 HENMiHIIHOT IPYKHOI MMO3/10-
BXHBOI IUIOCKOT XBWII 3MileHHs U (Xl,'[) IUISL IBOX BUIB CH-

METPUYHOTO TTOYAaTKOBOTO MPOQLII0: TAPMOHIYHOTO i 13BiHO-
nofioHoro. BinmoBinHO, mpodini OMUCYIOTHCS JBOMA Pi3HAMHA
(YHKIISIMU: TPUTOHOMETPUYHOIO (DYHKIIIEIO (eixl) i ¢pyHKLI€E0

l'aycca e %2,

3aranbHUM JUIsl HUX MPOQLIIB € CIOTBOPEHHS T0YaTKOBOT'O
npodidaro mpu pyci XBWIII BHACHIJOK HENiHIHHOI B3aemomii
XBII caMoi 3 cob6or0. OHAK CIIOTBOPEHHS BiOYBa€ThCS IS
KO>KHOTO BUJy MIO-CBOEMY.
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I. BcTvI

VYrpaBniHHA ~ CKIQIHAMH  CHCTEMaMH B yMOBax
MIDKCEKTOPOBOT Kooneparii BHMarae 3aCTOCYBaHHA
iH(pOpMAaIIHHUX TEXHOJIOTiH, IO 320e3MMeyI0Th BiT0OpaKeHHS
CTaHy 1 IO3BOJISIIOTh KEPYBATH CUCTEMOIO B PEXKHMI peajibHOTO
qacy. Y poOOTi npe/iCcTaBIeHO METY, aHalli3 pyHKIIOHAILHOCTI
Ta po3pobieHi BizyanbHi Mozeii kopropaiii "CURSEA", sika
crewianizyeTbesl Ha podeciiHOMY HaBYaHHI Ta cepThdikarii
¢axiBuiB raxysi IT. OcHOBHI npumymeHHs Ta QyHKIIOHATBHI
moxnBocTi "CURSEA"6a3yoThCs Ha iICHYIOUNX PIilIEHHSX, Y
tomy uncii miardopm pluralsight.com ta udemy.com, sixi 6ysm
OCHOBOIO JUIi CTBOPEHHS OUIBII e(EeKTHBHOTO pilIeHHS
Oprasizallii CHCTEMH yTIPaBIIiHHS.

Mertot0 po3poOKM € MpeACTaBICHHS Bi3yallbHUX METOJIB
MO/ICTIOBAHHS TPOLIECIB YIPABIIIHHS CKJIAIHIMHU CHCTEMAMH B
yYMOBax MDKCEKTOpOBOI Koomepamii, a TakoX po3poOka
CIPOUICHOTO MPHUKIAAy MOJENed CHUCTEMH YIpaBIIiHHSI
NpoLeCaMy HaBYaHHS Ta cepThdikalii KypcaHTiB.
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HoBusna poboTu mossirae y po3poOIii Ta TpeacTaBIeHHI
METOAIB TpadiuHOrO MOJCIIOBAHHS, IO 3a0e3MEeYylOTh
Bi3yauTi3allifo MPOIIECiB YIPABIIHHS Ta CIIPOLIYIOTh PO3yMiHHS
ix mepebiry. IlpakTHYHMM acHEKTOM € MOXKJIMBICTb
BiOOpakeHHS CTPYKTYPH Ta Iepediry mporeciB ympaBIiHH,
YHUKHEHHSI HEMOPO3yMiHb NpH (OPMYJIIOBaHHI 3aBJaHHS Ta
3a0e3neYeHHs] BUMOT 3aMOBHHUKA, a TAKOXK 3HIDKCHHS 3aTpaT Ha
CTBOPEHHSI Ta EKCILTyaTallil0 CHCTEMH YIIPaBIIiHHS.

OcHOBH Bi3yalli3allifHOTO MOJETIOBAHHS OIYOJIIKOBaHO B
pobotri  [1]. TlpoaHamizyeMo  CHOpOLICHHM  MPUKIA]
MOJICITIOBaHHS PO3MOJICHOI CHCTEMH YTIPABIIHHSI MEPEXKEI0
HaJaHHS HaBYaJbHUX MOCIYr Ta ceprudikauii ¢axisuis. Ha
OCHOBI TIPOIECHOTO aHaNi3y Ta [IEKOMITO3MIN{ CHCTeMH
YIpaBJiHHSA 31iHCHUMO 1H(OpMaLiiiHe MOJICITIOBaHHS CUCTEMH
YIpaBITiHHS.

ExoHOMIUHI acmekTH po3pOOKH MOJSTIOTH y CTBOPEHHI
cucremMn ynpaBmiHHA kommadiero "CURSEA", miHoBa
MPOTIO3HUILis SIKOi Oy/ie TOBIBHSHHA 0 I[IH PUHKOBHX TiraHTIB
(pluralsight, udemy, egghead), ane 3abe3meunTh SKICTH
HaJaHHS MOCJIYr Ha OUIbII BHCOKOMY piBHI. BukopucraHHs
edekTy MaciTabyBaHHSI Ta BCECTOPOHHBOTO OOCIYTrOBYBaHHS
JIO3BOJINTH JOCSTHYTH 3MEHILIECHHS OpraHi3aliifHX 3aTpar Ta
30UIBIICHAS IPUOYTKIB.

Il. MOJEJIIOBAHHS ITPOLIECIB YIIPABJIIHHSAI

Kommnanis "CURSEA" mpomnoHye NOCIyrd HaBYaHHS Ta
ceprudikaii ¢axiBmiB ramy3i HOBITHIX I1HQOTEXHOJOTIH,
30KpeMa:

e  Frontend TexHoJIOrII:
Javascript;
HTML;

CSS;

Web APIs;

e  PeseprHi TexHOIOTII:
CH;

Ruby;

Python;

Java;

PHP;

e DevOps:

AWS;

Microsoft Azure;
Cloud Cloud Platform;
Docker;
Kubernetes;

e  BiacHuK / MEHEDKEP MIPOAYKTY:

O O O OO O O O O

O O O O O

o Agile software development;
o Scrum;

o Kanban;

o Managerial competencies.

Opranizaniiina crpykrypa kopropaunii "CURSEA" wmae
iepapxiyHu# yKiaz, 300paxenuii Ha puc. 1.

IT-cucrema ympaBmiiHHS, CTBOPEHA JJIs OTPeO Kopropamii
"CURSEA", mnoBuHHAa 3IifiCHIOBATH CHHXpPOHI3aI[il0 Ta
aBTOMaTH3alilo Oi3Hec-mporeciB. OCHOBHUMHE MiAPO3IiTaMu
CHCTEMH € BHKOHABYMU Ta HaBuanbHUil Bigminu. EdexTnBHa
B3AaEMOJISl Ta IIBUAKMA 3B’S30K MDK HUMH 3a0e3redarhb

ONTHMAaJIbHE OOCITYyTOBYBaHHS KIII€HTIB Ta JOBIOTEPMiHOBY
(biHaHCOBY JIIKBIHICTb.

| YupaBiiHaA |
I""."'JL_"U"'. = —— "L.':":"' ) e ‘L"_"V"'.
1| Pinancosuit |1 1 Onepauiiinnii |} || HaBuanbHuii |,
! B1JLILIT | : BT L BIALT |
1 1
| Vo o |
] " T T 1 N
1| Byxranrepis |1 i| Perionambmi |1 i Habip |
i 1| miopo3aiam L '
! . . 1 1
'\ Peamisamis |i ! - '1| Hapuamms |i
' v Amnanis P !
' ! 1| perioHambHH |, | !
! 1l ta 1
I | [

Puc. 1. Opranizauiiina ctpykrypa xopnopauii "CURSEA".

OyHKITIOHATBHI BHUMOTH 3aMOBHHKA IT-cucremu
ynpagiinns komnaniero "CURSEA" taki:
e Peectpariis Ta BXiZ y CHCTEMY:
= JIpu3HaueHHs KOHKPETHOI pOJi KOPUCTYBayeBi
B CHCTEMI:
*  Kypcanr;
*  Buxkimanau;
e AnwminictpaTop (perioHajJbHUH  JITUPEKTOD,

Oyxranrep, MapKeTOJIOT, aHAIIITHK);
= AyreHTudiKalis KOPHCTYBadiB 3a JONOMOTOIO
HapoJisi Ta JIOTIHA,;
e MOXIUBICTh  3aBaHT@XEHHs,  peJaryBaHHi  Ta
BHUIAJICHHS JTOKYMEHTIB, 3BiTiB Ta pe3yIbTaTiB aHATI3y,
MiATOTOBJICHUX BiIIIIAMH KOPIOPALIIi:
= KypcaHnT mOBHHEH MaTH 3MOTY BHUpIlyBaTh
3aBJIaHHS Ta PO3MIII[YBaTH KOMEHTApI 10 JICKIIiif;

= Bukigamad B 3M03i MyOmiKyBaTH Mpe3eHTamii Ta
HaBYallbHI Martepiany;

= ChiBpoOiTHHK aaMiHicTparii (Hampukam,
perioHaNbHUN  aHANITHK) MOXE pPO3MIlyBaTH
pe3ynbTaTH aHaji3y Ta 3BITH 3a NEBHUN Mepiof
(Hanpukiaa, Micsb, KBapTaj, MiBpiyus) JUIs
JOKambHUX (PiTiit Koproparii;
e  MOKIHBICTh OLIHKA YCIITHOCTI HABYAHHS KypCaHTIB
HIISXOM TIPOBE/ICHHS OHJIallH KOHTPOJBHUX TECTIB
(MpOOBXEHHSI KypCy HaBYaHHA YM BWIYYCHHS 31
CITUCKY KYPCAHTIB):
= CucrteMa iHTErpoBaHa i3 30BHINIHIMH CITyKOaMHu,
M0  MICTSITh  Hablp  TecTiB Uil KOXHOT
3anponoHoBaHoi ramy3i ocsitu. Cmyxba codility
interpoBana B cuctemy "CURSEA";

=  MOXIHUBICT iH(OpMyBaHHS KypCaHTIB
BUKJIaIa4eM PO HU3bKI pe3yJIbTaT TECTYBaHHS,

* MOoKIMBICTh HaJIAIITYBaHHS BHKJIAJadeM JaTH Ta
TPHUBAJIOCTI TECTIB,;

e  MOXIHUBICTE OLIHIOBAHHS piBHS BHUKJIa1a4iB
(BimcTOpOHEHHS 200 TPOJIOBKEHHS POOOTH):
= KypcaHT B CTaHi OIIIHUTH KYpCH, SKi BiIBiAye, 3a

JIOIIOMOTOXO arlIiKariii;

e OTpuUMaHHs crnoBimeHb yepe3 SMS abo eneKTpoHHY
TOLITY:
= MosIuBIiCTh HajamTyBaHHS po3cwikn SMS Ta

MOBiIOMJICHD €JIEKTPOHHOIO MOUITOI0
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aJIMIHICTPATOPOM cuCTeMu 3a pomomororo CMS
(Content Management System);
e [IpoBeneHHS MapKETHHTOBOI KaMIIaHil yepe3 CHCTEMY
ympasiinasa koutenTom (CMS):
= BingmpasieHHs OroJeTeHIB Ta KOHQITYpyBaHHA
HOBHH BIJTIJIOM MapKETHHTY;,
e Ceptudikamis y eBHil ramy3i po3poOKu IporpaMHOTro
3abe3neueHHs y Bubpanomy ¢popmari (PDF, .doc, JPG).
He¢yHKmionansHi BUMOTH 3aMOBHHKA!

e Cucrema mpailtoe 3a 3axHIIEHUM MPOTOKoIoM https,

3abe3neqye Oe3mexy OIS 3apeecTpOBaHUX
KOpPHUCTYBaiB;

e Cucrema TmpamiO€ BiANOBIZHO JO MOJBCEKOTO
3akoHomaBctBa, mnpaBwil GDPR Ta MiKHapomHuX

cranmapris [2-10];

e 3ale3neyeHHs] KOHTPOIIO (PYHKIIOHAIBHOCTI CUCTEMH
TECTOBUMH IIPHUCTPOSIMH Ta TecTaMmu iHTerpamii (i3
3oBHIHIMU APl Ta 0azamu JaHUX), rapaHTyBaHHS
6e3mepebiiioi poboTH;

e JlocTynHicTh cUcTeMH Ha muardopmax: BeO-I0JaTKy
Ta MOOUTPHOMY JOAaTKy (HATPUMYIOTBECS CHCTEMH
iOS, Android ta Windows Phone).

A. Mampuuna mooens

MarpudyHa MoOJeNb 3arajbHOTO IPOLECY YHpaBIiHHSA
CHCTEMOI0 BKIIIOYa€ ONHY BITKYy (pHC.2) Ta I0O3BOJISIE
3MIMCHUTH Bi3yasi3allilo BHKOHAHHS OKPEMHX CHCTEMHHX
omepaniii y BIAMOBIAHAX MiAPO3AIaX 3a IIKAIOK dYacy
[2-10].
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Puc. 4. MaTtpuyHa MOJeIb CUCTEMH YIPABITiHHS.

B. Mooenv "mepescesuii epag”

Mopens "mepexeBuid rpad" (puc. 3) € 06a3oBoro, sKa
no3BoJsie mepeiita 1o UML-MonemoBaHHS 1 MpeaCcTaBIIsie Taki
OCHOBHI CHUCTEMHI MapaMeTpH, K YacH MOYATKY i 3aKiHYCHHS
CHCTEMHHUX Omepaliii, a TakoX YyKIax CHCTeMH 1
KOMyHiKalifHux kaHaiis [2-10].

Puc. 5. Mogens "mepexesuii rpad" (tumy ['anrra).

C. Cymiwena uacosa mooens

JIIst OIHKK TMOBHOTO OOYHCIIIOBAJIbHOTO HABaHTAXCHHS
iHpopMamiHHOI  CHCTEeMH  VIPaBIIHHA  3aCTOCOBYETHCS
cymiiena yacosa Mojeib (puc. 4) [2-10]. Oanak, ueit rpad He
BimoOpakae TMIiAPO3MIIN, B SKHX BHKOHYIOTBCS OKpeMi
CHUCTEMHI omepariil.

o -,

0 - n = »

Puc. 6. CymileHa 4acoBa MOZIENIb BUKOHAHHS CHCTEMHHUX OIepariii.

D. Bnok-cxema aneopummy 8UKOHAHHA CUCTIEMHUX Onepayiu

Ha ocHOBi pgiarpamMu cymimeHoi 4YacoBoi Mojeni
noOynOBaHO ONOK-CXEMY alrOpUTMy HpPOrpaMd BHKOHAHHS
CHUCTEMHHUX omepamniii (puc.5), sika Ha OCHOBI 00'€KTHO-
OpI€HTOBAaHOIO  MPOrPaMyBaHHS  YMOJXIIMBIIOE  LIBHAKY
IMIUIEMEHTAITI0 Ta BIPOBAPKECHHS MPUKIIATHOTO POTrPaMHOTO
3abe3neueHHs cucTeMu ynpasiinas [2-10].

Puc. 7. Brnok-cxema anropuTMy BUKOHAHHS CHCTEMHHX OIEpAalliil.

Il.  CuMVYIIALIA ITPOLIECIB MOJIEJIbOBAHOI CUCTEMU

CuMyAIio Tporecy 3MIMCHEHO 3a JOTOMOTOI0 OHJIAiH-
nporpamu  BPSimulator, posramoBanoi 3a  axpecoro
http://www.bpsimulator.com [11]. Hiwkue HaBeaeHO MOJIENb,
BUKOPHUCTaHy Juisi cumyisiii  (puc. 6), Ta 3reHepoBaHUi
CHUMYIIITOpOM panopt (puc. 7). CUMyJIsIList JO3BOJIKIIA OL[IHUTH
3aTpaTd CHCTEMH 1 BU3HAYUTH CEpeIHI Yac BHKOHAHHS
mporecy.
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Puc. 8. . Mozens cumyrsinii QyHKIIOHYBaHHS CHCTEMHU YIIPABIIHHSL.

M Created W Completed Throughput Time
[ Processing
5 .
M Transportation
T e
2 4 6 8 10 12 14 16 18 20 22
40 60
20 a0
100
M Quevue Length 6% Summary
50 Performance
Tasks created 48
Tasks completed 0
25
Total Costs $0.00
Takt time 00:28:48
I S Cycle time 00:00:00
2 4 6 8 10 12 14 16 18 20 22
www.bpsimulator.com

Puc. 9. Panopt cumymsmii HaBaHTaXeHHS Ha iH(OpMaIiiiHy cucTeMy
YIpaBIiHHS.

IV. BUCHOBKU

Ha ocHoBi po3pobieHux MeToJiB Bi3yauizalii mepediry
mporieciB Ipu (HYHKIIIOHYBAaHHI CKIIaJHIX CUCTEM YIPaBITiHHS
B YMOBaxX MIXKCEKTOPOBOi KooIepalii BU3HAYEHO OCHOBH Ta
METOJI MOJICIIOBAaHHS, 110 JA03BOJMJIM BigoOpasuTu nepeOir
MPOIIECIB 1 3MIMCHATH YIPaBIiHHS iHQOPMAIIIHOIO CHCTEMOIO
B peasbHOMY uaci. Bisyamizaumis npoueciB yrnpaBiiHHS
JIO3BOJIMJIA 3HIBENIOBATH TICUXOJOTIYHUI Oap'ep i YHHKHYTH
B3a€MHOTO HETTOPO3YMiHHS MiX KIIIEHTaMH Ta PO3POOHHKAMU
iHpopMamiHHUX CHUCTEM, a TaKo)XX 3HU3UTH 3aTpaTh Ha
PO3poOKy, BOPOBAKEHHS 1 00CITYTOBYBaHHS PO30CEPEHKEHUX
CHCTEM YIPABJIIHHS.

JIOCSATHYTO METy MPOEKTYy — 3MIHNCHUTH MOJICIIOBAHHS
CHCTEMH YINpPaBIiHHS CKJIAQJAHUMU CHCTEMaMH B yMOBax
MIXKCEKTOpPOBOI KooIeparii, a TakoX PO3pOOUTH CHPOILICHHUN
TIPUKJIAJ] MOJIEJICH CHCTEMH YIpaBIIiHHS MIPOLECaMy HaBYaHHS
Ta cepTh(iKamii KypcaHTiB.

MopnenioBaHHS CHCTEMH BHKOHAHO Ha OCHOBI TPOIIECiB
peaJbHUX CHUCTEM YNpaBiiHHSA. BIpoBa/keHHS CHCTEMH
JO3BOJIWJIO ONTHMI3YBaTH 3aTPaTH, IIOKPALIUTH SKICTh IOCITYT
Ta aBTOMaTU3yBaTH MPOLIECH YIPABIIHHS, & TAKOXK MOJIIIIHTH
00MiH iH(opMaIi€ro MiXK OKPEMUMH TiAPO3ILTaMHU Ta TIepeiTn
JI0 €JIEKTPOHHOI CHCTEMH yINpaBJIiHHA. BrpoBamKeHHS 3MiH y
CHCTEMY IPHU3BEJIO A0 IiBUIICHHS KOHKYPEHTOCIIPOMOXKHOCTI
Kopnopariii, a QyHKIIOHAIBHICTH CHCTEMH OyJia ajanToBaHa J1o
PUHKOBHX CTaHAApTiB. BipoBamkeHHs po3po0IeHNX MOAeTeH
MOKJIMKaHa CTBOPHUTH peajlbHy KOHKYPEHII0 Koproparii
OUITXOM  BHUPIMICHHS ICHYIOUMX HEJONIKIB aHaJOTi9HUX
CHCTEM.

3aBIAKkd TPSAMOMY KOHTaKTy 3 KII€HTOM (HaBYaHHA
3IOIMCHIOETBCS y IITA0-KBapTHpi Kopropauii, a He depes
[HTEpHET), WANPHEMCTBO CTa€ KOHKYPEHTOCIPOMOXXHUM Y
TaKMX pillIeHHsIX, sK ,,pluralsight” a6o ,,egghead” y nopiBHsHHI
3 iHOmWMMH (ipMaMu, SIKi IPOIOHYIOTH CBOI IOCITYTH JIMIIIE
JqucTaHliitHo. OcoOMCTHH KOHTAKT 3 KypCaHTOM ITiJ] 4ac 3aHATh
- e mepesara, sKa CTaBUTh BHUKJIMK HaHOLIBIINM
MOCTa4YaJbHUKAM aHAJOTIYHUX TIOCHYr Ha pPHHKY. I[HIIOO
€KOHOMIYHOIO IIepeBarol0 MOCIHyT, AKi mporoHye «Curseay, €
edext macmtabyBaHHa. YuMm Oinbllia KiJIbKICTh KITIEHTIB Oepe
y49acTh B Kypci, THM OuIbIIa KUIBKICTh BHUKJIAJadiB
3a0e3MeuyroTh HaBYaHHsI, 32011aJPKyI0YH KOIITH HAa HaBYaJIbHI
MaTepiaii Ta omiary poOOTH BHUKJIAmadiB. 3aBIAKU
MOTIEpEeTHOMY 3aIliCy Ha KYpCH PEriOHaJbHUI aHATITHK B
CTaHl OLIIHUTH peajbHUIl MONHUT Ha JAaHWH KypC Ta HAHHATH
(hakTHIHO HEOOXiAHY KUTBKICTh BHUKJIAgadiB, 3MIHCHUBIIN
OILIaTy y BIANOBIAHUX pO3Mipax.
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Determining the Parameters of the Hanging Drop
at the Time of Separation
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Abstract—Auropurm i nporpamy MO/ICJIIOBAHHS
KBa3iIUIACTHKHM KamiJIAPHUX MOBEPXOHb BHMCA4Y0i Kpamii. The
program of the model of the capillary surfaces for the method of
pendant drop has been developed.

Keywords—sucsiua kpamisi, pagiyc Kamispa, KanijspHa
crana, nudepeHuianbHe piBHAHHS, AMCKpeTH3awis, pendant drop,
radius of the capillary, capillary constant, differential equation,
discretization.

Knrouosi cnosa — pinMHHUIA MeHiCK, KanJIsSipHA MOBEPXHS, ,
nyjbcamisi, MNOBepXHEBUH HaTAr, iHdopMauilinuii KaHam,
aJIrOPUTM, CHCTeMA

Keywords— liquid meniscus, capillary surface, , pulsation,
surface tension, information channel, algorithm, system

l. Bctyn

[ToBepXHEBO-aKTUBHI  BIACTHBOCTI MAarOTh  OLIBIIICTH
OpPraHiYHUX CIONYK (ITOBEPXHEBO-aKTUBHI pedoBUHHU - I1AP):
CIMPTH, KACIIOTH, aMiHHU, THAPOIICPEKUCH, KETOHH, edipHu, coi
KapOOHOBUX KUCIOT Ta iH [1]. Takum unHOM, iH(OpMaris po
BMicT y Bomi ITAP Moxe TakoXX CIIy)XUTH I1HTETpalbHOI
OLIHKOIO CTyMeHs I YWUCTOTH Ha TMpEeAMET OpraHIiYHUX
BKIItOUeHb. OJTHUM 3 MOMUPEHUX HA TETEPINTHii Yac € MeTOH,
3acHOBaHI Ha aHami3i Gpopmu Kparuti abo OyIbOAIIKH, a TAKOX
CTAJOrOMETPUYHHUN METOJ, SIKUi 0a3yeThCsi Ha 3Ba)KyBaHHI
BUCSYHX Kpareib Yy MOMEHT BiJIpUBY.

O0’€XTOM JOCIHIKEHHS B JaHiii poOOTi € METOH BUCIYOL
Kparii.

Yaroslav Susak

Department of computer sciences and information systems
Vasyl Stefanyk Precarpathian National University
Ivano-Frankivsk, Ukraine
susak.slava@gmail.com

AKTyanmpHICTE  poOOTH  TOSICHIOETBCS ~ HEOOXITHICTIO
BUKOHYBaTH CKJIaJHI pO3paxyHKH CTaHy BHCSYOI Kparul, IO
BUMarae MaTeMaTHYHOTO MOJETIOBaHHS.

Byne onucano mpoiec CTBOPEHHsI IPOrpaMH B CEPeIOBHUIILI
MATLAB i MOAETIOBaHHS KBa3iIUIACTHKH KaIIIPHUX
MOBEPXOHb BUCSYOT KparuIi.

Merow pobOTH € JOCHIAUTH TEOPETHYHI OCHOBM JUIs
MoOJIeNIOBaHHs  (qudepeHIiaibHe PpIBHSAHHS) Ta CTBOPUTH
mporpamy ©Ha MoBi MATLAB mms  MonemroBaHHS
KBa3iIUIACTUKH KaIUIIPHUX TIOBEPXOHB BUCAYOT KparLi.

1. OI'JIsA] TEOPETUYHOI OCHOBY MOJIEJTIOBAHHS

PosrnstHeMo Bucsdy kpario (puc. 1) 3 mapamerpamu sk
300pakeHHi (TYT @ — IIe KyT MiX BIiCCIO Z 1 TOUKOIO JTiHi{
KpaIui, X | Z— ropu3oHTalbHA i BEPTUKAJIbHA KOOPAUHATH
TOYOK JIHIT Kparuii).

Puc. 1. Tlapamerpu Bicsdoi kparui
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Y  npaHiii poOOTI PpO3INIANAIOTBCS MEHICKH, 11O
YTBOPIOIOTBCS Ha TOPIi HOXOBOTO Kaminspa. IX ¢opma
BU3HAYAETHCS: OBEPXHEBUM HATATOM PIIMHH - G ; PI3HULCIO
TYCTHH KOHTAaKTyo4HX $a3 - Ap; HPHCKOPCHHSM BiILHOTO

Jst

y3araJbHEHHS  pe3yNbTaTiB  JOCII/DKEHHS B Hpoleci

MaTeMaTUYHOTO MOJEJIOBAHHS IIyKaHUX MTapaMeTpiB MeHicKa

JOLUTBHO iX MOJaTH y BUTIAAL Oe3po3MipHii popmi, mumsxom

MIPUBEICHHS 10 KaIJIPHOI cTaloi y 6e3po3mipHiit Gpopwmi [4]:
2 O

" Apgr?

Ipoyec ymeopenus menicka eucsauoi kpanii Ha TOPI
BEPTHKAJIBHO 3aHYPEHOTO Y PiJMHY HO’KOBOTO KaIliIsipa MOXKHA
NPE/ICTaBUTH MOCITIJOBHICTIO KalUIIPHUX IIOBEPXOHB, IO
ONUCYIOTHCSl PIBHSHHAIM KamiysipHocti lOnra-Jlamaca, sike
MPE/ICTABICHO TAKOIO CUCTEMOIO T(epeHIIHHIX PIBHSIHB:

najiHHg - (; pamiycom Topus Kamimspa - .

a

do _ _sing
., * x, ¥ o
dx, _ cos & =3in
dL, ? ) ?
av, . s,
= 7x; sin @, =27X,,
dL, dL,

Je ¢ — KyT MK HOPMaJUIIO JI0 KamniIsIpHOT MOBEpXHi 1 BicClo
cuUMeTpii, La1 — JIOBXXKMHA JYyTd OChOBOTO mepepizy, K, —

laycoBa kpuBM3HA y OMOUTIYHIA TOYIl, X, — TOPU3OHTAIbHA
KOOpIWHATa, Za — BEPTHKalIbHAa KOOPIWHATA, Sp — IUIOHIA
MoBepxHiI MeHicka, Va — 00’em MeHicka. [logaTkoBi yMOBHU B
OMOUTIYHIH ToYTIi ( L, = 0) HacTyIHi:

0=0, x,=0, 2, =0, S, =0, V, =0, lim 99 _Ka_

L, >0 dl_‘,:1 2

Jns ommcy mpouecy 3pOCTaHHS MEHICKa Yy SKOCTI
He3aJIe)KHOT 3MIHHOI OyJio B3SITO HOrO XapaKTEepUCTHKH, II0
MOHOTOHHO 3MIHIOIOThCS 13 3POCTaHHSIM 00’€My MeHicka i
MOXYTh NpUAMAaTH Hamnepe] 3a/aHi TUCKPEeTHI 3HayeHHs. Y
SKOCTI TaKUX XapaKTEPUCTUK AOLIJIBHO B3SITH JOBXKHHY TYT'H

CIYeHHsS MEHiCKa MeHicka 2. J[yis BU3HAYEHHS 0COOIMBOCTEH

3MIHM  XapakTepUCTHK  MEHICKa  TaKoXX  BH3HA4aBCs
0€3p0o3MIipHUIi THCK Y MEHICKY:
P
P=—=Ka-z/a=K, -z, )
Apga

I1l.  PO3POBKA nPOI'PAMMHOI'O ITPOJIYKTA

Hwx4e onmcani rooBHi GyHKIII1, SKi BUKOPHUCTaHI IS
MOJICITIOBaHHS.
OyHKIis ArepeHIiaTsHOTO PIBHIHHS!
function dYdl = Differential_Equation(l, Y, ka)
ifl ==
dydl = [ka/2;
cos(Y(1));
sin(Y (1)),
2% pi * Y(2);

pi * Y(2)"2 * sin(Y(1)];

else
dYdl = [ka - sin(Y(2))/Y(2) - Y(3);

cos(Y(1));
sin(Y(1));
2*pi*Y(2);
pi * Y (2)"2 * sin(Y(1))];

end

end

OyHKIis po3B’s3yBaHHS JU(EpeHIIaIbHOTO PIBHIHHS 3

JIOTIOMOT'0I0 po3B’si3HuKa odel13:
function [L,Y] = Solve_Equation(ka, ra, L_end)
options = odeset('RelTol', 1e-013, ‘AbsTol', ra*1e-13);
Lspan = [0, L_end];
YO0 = [0; 0; 0; 0; 0];

[L,Y] = ode113(@Differential_Equation, Lspan, YO0, options, ka);

end

OyHKIIISA TapaMeTpiB KparuTi:
function [L,Y,X,Z,Par] = Get_Parameters(Ka, ra, L_end)
[L,Y] = Solve_Equation(Ka, ra, L_end);

N = length(L);
R = ones(N, 1);
Z=(Y(,3)-R*Y(N,3))/ra;
X=Y(:2)lra;
Par =[Y(end,1) * 180/pi,
Y(end,3)/ra,
Ka * ra,
2* L(end)/ra,
Y(end,4)/ra”2,

Y (end,5)/ra"3];
end

OyHKIIIS 3HAXOHKCHHS KPUBU3HH TSI 33JaHOTO a:
function Ka = Find_Ka(ka, ra, L_end)
function dxa = Integration(x)
[~,Y] = Solve_Equation(x, ra, L_end);
dxa=Y(end,2) - ra;
end

Ka = fzero(@ Integration, ka);
end

OYHKIIiS TOCTYIOBOTO OTPUMAHHS KPUBH3HH JIJIS
3ajaHoro ra (3 nukiivauM Bukopuctansst Find_Ka):
function [Kr, Table] = Generate_Kr(loopArray, Table, dL)
if max(loopArray) < 1
loopArray = flip(loopArray);
end
for a2r = loopArray
ra = sqrt(1/a2r);
[~,idx] = min(abs(Table(1,:)-a2r));
if Table(1,idx) == a2r
Ka = Table(2,idx);
Kr = Table(3,idx);

continue
end
Ka = Find_Ka(Table(2,idx), ra, dL + ra);
Kr=Ka * ra;
Table(:,end+1) = [a2r; Ka; Kr];
end
end

OyHKIIis TOOYAOBU OCTAHHBOT JIHIT:
function Parameters = Draw_Last_Line(Ka, ra, L_right, L_wrong,
Parameters, type)
Ka_Condition = Ka;
function forceMinusVolume = Condition_Function_Volume(L)
Ka_Condition = Find_Ka(Ka_Condition, ra, L);
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[~ Y] = Solve_Equation(Ka_Condition, ra, L); VY pe3ynbpTari MOJCIIOBaHHS KBa3iCTATUKU 3POCTAHHS
forceMinusVolume = 2 * pi * (end,2) * cos(Y(end.1)) - Y(end.5); BUCSYOT KPAILI IS PI3HUX 3HAYCHb IOBEPXHEBOrO HATATY (Y

end
function angle = Condition_Function_Angle(L) 6e3posmipHiit popmi mapamerpa g°).
Ka_Condition = Find_Ka(Ka_Condition, ra, L); ) r
[~,Y] = Solve_Equation(Ka_Condition, ra, L); Kpamns 3 a, = 0.1.,dL=0.01:
angle = Y(end,1); 3
end TN :
if stremp(“volume", type)
func = @Condition_Function_Volume;
else
func = @Condition_Function_Angle;
end
L_final = fzero(func, [L_right,L_wrong]);
~~X,Z,Par] = Get_Parameters(Ka_Condition, ra, L_final); Kparuis 3 az =0.2.,dL =0.01:
Parameters(end+1,:) = Par; r
Draw_Line(X,Z,'r"); °
end
0.2
TonoBHa yHKITS I MOZICIOBAHHS BICAYOI KpaIwi: )
function Parameters = Pendant_Drop(a2r, dL)
Table(1,1) = 1; o
Table(2,1) = Find_Ka(0.25, 1, dL + 1); =
Table(3,1) = Table(2,1); 08 . - .
Ifa2r>1 -15 -1 _"iﬁ 0 05 1 15
loopArray = My_Vector(1, 0.1, a2r);
else 2_ —
loopArray = My_Vector(a2r, 0.1, 1); Kparus 3 ar =10,dL=001
end o
if a2r == ol
Kr = Table(2,1); ol
else oo
[Kr,~] = Generate_Kr(loopArray, Table, dL); |
end 0.5 |
ra = sqrt(1/a2r); 06| ¢ 7
Ka0 = Kr * sqrt(a2r); o)
L _end =rg; 08
i= 1; 0.9 |
Draw_Line([-1,1],0*[-1,1],'r"); 1 . i
ho|d on L -1.5 1 0.5 o 0. 1 15
while true
ﬁ‘iigd =L end +dL; Kpams 3 ar2 =10.,dL =0.01
Ka(i) = Ka0 * i; o ’
else 80
Ka(i) = interp1(1:i-1, Ka ,i, 'spline', 'extrap"); -0.2
end 0.3
Ka(i) = Find_Ka(Ka(i), ra, L_end); 0.4
[L,Y,X,Z,Par] = Get_Parameters(Ka(i), ra, L_end); -0.5
if 2 * pi * Y(end,2) * cos(Y(end,1)) >= Y(end,5) 06
if Y(end,1) <0 o
L_wrong = L(end); 5
type = "angle"; oo
break = ) )
end s a1 05 o 0.5 1 1.5

Draw_Line(X, Z, 'b";
Parameters(i,:) = Par;
L_right = L(end);
else
L_wrong = L(end);
type = "volume";
break
end
i=i+1;
end
Parameters = Draw_Last_Line(Ka(end-1), ra, L_right, L_wrong,
Parameters, type);
save Parameters.mat Parameters
end
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Po3paxoBaHi 3HaYeHHS MapaMeTpiB MEHICKa NPUBEICHUX
JI0 pajiyca Kamijisipa y MOMEHT BIIpUBY JUISl PI3HUX 3Ha4CHb
TIOBEPXHEBOTO HATATY HaBeleHi y Tabmuti 1.

TABJIULIA L.

arz 0] Zr Kr Lr Sr Ve

0.2 |36.133 | 0.7437 | 3.2825 | 2.5699 | 4.3166 | 1.0149

0.3 |49.421 | 0.8012 | 2.8888 | 2.6710 | 4.6501 | 1.2262

0.4 |57.161 | 0.8371 | 2.6886 | 2.7422 | 4.8858 | 1.3629

0.5 | 62.308 | 0.8614 | 2.5644 | 2.7941 | 5.0599 | 1.4599

0.6 |66.007 | 0.8791 | 2.4792 | 2.8336 | 5.1941 | 1.5330

0.7 |68.804 | 0.8927 | 2.4168 | 2.8648 | 5.3008 | 1.5902

0.8 |71.001 | 0.9033 | 2.3691 | 2.8901 | 5.3879 | 1.6364

0.9 [72.774]0.9120 | 2.3314 | 2.9110 | 5.4605 | 1.6746

1.0 |74.238 | 0.9192 | 2.3008 | 2.9287 | 5.5219 | 1.7068

1.5 | 78.908 | 0.9425 | 2.2062 | 2.9872 | 5.7276 | 1.8132

2.0 | 81.427|0.9553 | 2.1571 | 3.0203 | 5.8451 | 1.8734

2.5 | 83.008|0.9634 | 2.1270 | 3.0417 | 5.9213 | 1.9122

3.0 [84.095|0.9690 | 2.1066 | 3.0566 | 5.9749 | 1.9393

3.5 |84.888 | 0.9731 | 2.0919 | 3.0676 | 6.0146 | 1.9594

4.0 |85.493|0.9762 | 2.0807 | 3.0761 | 6.0452 | 1.9749

4.5 |85.970 | 0.9787 | 2.0720 | 3.0828 | 6.0695 | 1.9871

5.0 |86.355|0.9807 | 2.0650 | 3.0883 | 6.0893 | 1.9971

6.0 |86.940 | 0.9838 | 2.0544 | 3.0967 | 6.1197 | 2.0124

7.0 | 87.363 | 0.9860 | 2.0467 | 3.1028 | 6.1418 | 2.0235

8.0 [ 87.683|0.9877 | 2.0410 | 3.1074 | 6.1586 | 2.0320

9.0 [87.934|0.9890 | 2.0365 | 3.1111 | 6.1719 | 2.0386

10.0 | 88.135 | 0.9901 | 2.0329 | 3.1140 | 6.1826 | 2.0440

15.0 | 88.747 | 0.9933 | 2.0220 | 3.1230 | 6.2152 | 2.0604

20.0 | 89.057 | 0.9950 | 2.0166 | 3.1276 | 6.2319 | 2.0687

25.0 | 89.244 | 0.9960 | 2.0133 | 3.1303 | 6.2420 | 2.0738

30.0 [ 89.368 | 0.9966 | 2.0111 | 3.1322 | 6.2487 | 2.0772

35.0 [ 89.458 | 0.9971 | 2.0095 | 3.1335| 6.2536 | 2.0796

40.0 | 89.526 | 0.9975 | 2.0083 | 3.1345 | 6.2573 | 2.0814

45.0 | 89.578 | 0.9977 | 2.0074 | 3.1353 | 6.2601 | 2.0829

50.0 | 89.620 | 0.9980 | 2.0066 | 3.1359 | 6.2624 | 2.0840

60.0 | 89.683 | 0.9983 | 2.0055 | 3.1369 | 6.2659 | 2.0857

a2 (1] Zr Kr Lr Sr Vr

70.0 | 89.728 | 0.9985 | 2.0048 | 3.1375 | 6.2683 | 2.0870

80.0 | 89.762 | 0.9987 | 2.0042 | 3.1380 | 6.2702 | 2.0879

90.0 | 89.788 | 0.9989 | 2.0037 | 3.1384 | 6.2716 | 2.0886

100.0{ 89.810 | 0.9990 | 2.0033 | 3.1387 | 6.2728 | 2.0892

BucHOBKU

B naniii po6oti Oyo mpoBeIeHO OIS TEOPETHIHUX OCHOB
MOJCIIIOBaHHS KBa3iIUIACTUKY KallIIPHUX OBEPXOHb BUCTIOT
Kparuti i po3po0ieHo nporpamy Juist MojeaoBanHs. [Iporpama
JI03BOJISIE MastoBaTu rpadikd BHCSYOI Kparuli i BHUBOAUTH
napaMeTpH Kparui, IpUBeeHi 10 pajiyca Kamijspa r.

JlaHi pe3ynbraTh  MOXYTh OyTH  BHKOPHUCTaHI B
JOCHI/DKEHHSIX ~METOAy BHCsuoi Kpamni B Mibk(asHii
TEH310MeTPil.

AKTyanmpHICTE  poOOTH  TOSICHIOETBCS ~ HEOOXITHICTIO
BUKOHYBATH CKJIAJHI pPO3PAaXyHKH CTaHy BHCSYOI KpaIlii, LI0
BUMAara€e MaTeMaTHYHOI'O MOJCIIOBAHHS.

JIITEPATYPA REFERENCES

[1] Poymuucon dx., Yumom B. MoiekysspHasi Teopusi KalMUIIPHOCTH.:
Ilep. ¢ anrn.—M.: Mup, 1986. — 376 c.

[2] ®wunn, P. PaBHOBeCHbIE KaNMIUISIPHBIE TOBEPXHOCTH. Martemaruyeckas
Teopus :mep. ¢ auriL. /P. ®unn ; Mocksa : Mup, 1989. 312 c.

[3] ®wusnueckas XxuMus rpaHMIl paszdeia KOHTAKTHPYOLIUX
HayxoBa nymka, 1976. — 220 c.

da3. — K.:

[4] Pycanos AWM., IIpoxopoB B.A. Mexdasnas rteusuomerpus.: CII6.:
Xumus, 1994. — 400 c.

[5] Mak-Kpaken 1., lopu V. UnucneHHbIe METOBI M IPOTPAMMHPOBAHKE HA
tdoptpane.— M.: «Mupy, 1977, 583 c.

[6] Bao6ekmit B.I'., Komauesckuii H.JI., Mpmukue A.Jl., Croboxanun JI.A.,
Teronmos A.Jl. I'mapomexannka HeBecomocTH. — M.:Hayka, 1976.

223



CEKILIIA 8.

IpukaaaHi MeToau A0CTIIKEHHSA
AMCKPETHO-HeIlepePBHUX
MATEMATHYHUX MOJeJ1ed

SECTION 8.

Applied methods for continuous and discrete
mathematical models research
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Anomauia — IlpencraBieHo aHaxi3 myOuaikauiid ocTaHHix
POKiB 11010 BHKOPHCTAHHS MaTeMAaTHYHHUX MeETOIiB Ta
Mozaeneil nisa aHanisy IarepHery pedeii. IIpoBenenuii anauis
nokasaB, M0 Mmia 4ac MoaedoBaHHs InTepHery peueit
BHKOPHMCTOBYIOTh Taki po31iiu mMaTeMaTHKH, IK Teopia irop,
Teopis iMoBipHOCTeii, Teopisi BUNAKOBHUX Npouecis, 6y/1eBa Ta
MaTpu4yHa aiaredpa, Teopiss rpa¢is, Teopis umcen, Teopis
¢ynknii kommiaexkcHoi 3MiHHOI, Teopisn Mipu, Teopis
onTuMizanii, imiTamiiine Mome/l0OBaHHS, KJIacTepHuii aHami3,
ynceJbLHUI aHAII3, MAaTeMaTHYHUIT aHAJTi3.

Abstract— The analysis of recent years' publications on the
use of mathematical methods and models for 10T analysis is
presented. The analysis showed that the authors use such
sections of mathematics as mathematics such as game theory,
probability theory, theory of random processes, Boolean and
matrix algebra, graph theory, number theory, theory of function
of complex variable, theory of measure, theory of optimization,

theory of optimization analysis, numerical analysis,
mathematical analysis.
Knwuosi cnosa — Inmepnem peueit, memoou, mooei,

MOOentoeanns, mexHoaozii, CmpyKmypa, cucmema.

Key words — Internet of Things, methods, models, modeling
(simulation), technology, structure, system.

I. Bcrvynn

Ocrannim gacom tepmin «IuTeprer peueit» (Internet of
Things, I0oT) myXe NOIMPOKO BHKOPHUCTOBYIOTH HE JIHIIE
¢axiBui 3 iHGOpPMamiHHMX TEXHONOTiIH, a TakoX Yy
MOBCSIKJIGHHOMY JKHTTI.

Huni num tepminom IoT mo3HadaoTh Mepexy, IO
CKIIAJIA€ThCS 13 B3a€MO3B’s3aHUX (i3MYHUX 00’€KTiB abo
NPUCTPOIB, $Ki MAaloTh BOYZOBaHI CEHCOPH, a TaKOX
OB SI3yI0Th 3 TPOTPaMHHUM 3a0e3NeUeHHsIM, 10 J03BOJISIE
3MIHCHIOBATH Mepenady i OoOMiH JaHUMH MK (i3HuHUM

Nadiia Maidaniuk

International Research and Training Centre of Information
Technologies and Systems of the NAS and MES of
Ukraine
Kyiv, Ukraine
n.maydanyuk@ukr.net

CBITOM Ta KOMIT'FOTEPHUMH CHCTEMaMH, L0 Pealli3yeThes 3
BUKOPHCTaHHSIM CTaHIAPTHHUX IPOTOKOJIB 3B’si3Ky. Kpim
CeHCOpIB, Mepeka MOXKE MaTH BHKOHaBYl MPHCTPOT,
BOyzmoBaHi y ¢i3uuHi 00’€KTH 1 3’€1HaHI MK CO0O0I0 Yyepe3
IpoToBi Ta Oe3apoToBi Mepexi. LI B3aeMo3’eqHaHi 00’ €KTH
MaroTh MOJXKJIMBICTh 34YMTYBaHHS Ta IPHUBEACHHS B IO,
(GyHKIiIO TIporpaMyBaHHSA Ta ineHTH(IKaii, a TaKoX
YHEMOXJIMBIIIOIOTh ~ y4acTh JIIOAWHH, BUKOPHCTOBYIOUH
IHTENEKTyabHi iHTepeiicH.

be3 BukopHCcTaHHS MaTeMaTHYHHX METOZIB 1 Mopeneit
MporpaMyBaHHs MpOaHaIi3yBaTu 0COOMHUBOCTI
MOJIETIIOBaHHA Ta peamizamii TexHonoriii [oT, a Takox
OCHOBHI ~ TEXHIYHI XapakTePUCTHKH INPHUCTPOIB,  SIKi
3aCTOCOBYIOTh, HEMOJKIIUBO.

Y HaykoBUX AOpoOKax BITUYM3HSIHUX Ta 3apyODKHHX
HAYKOBIIIB, TEOPETHKIB Ta MPAKTHKIB, 110 AOCTiLKYIOTh 10T,
BUKODUCTOBYIOTh I€BHUHM MaTeMaTHYHHUN amapar. Y
myOmikamisx (axiBIli JIMIIE B OCTAHHBOMY JECATHIITTI
MoYyajgd  aKTUBHO  aHamizyBarm  pobory IoT Ta
BUKOPDHCTOBYBAaTH  JUIA  [bOTO  IIMPOKHI  CIIEKTP
MaTeMaTUYHUX METOJIB Ta MojeJel. 3aciayroBye Ha yBary
CHUCTeMaTH3allisl BKa3aHUX METOJIB Ta MOJENEH /Il aHaIli3y
MaTeMaTUYHOrO  amaparty, [0 BHKOPUCTOBYIOTH  JUIsi
MOJIETIIOBaHHS POOOTH TexHOoorii 10T.

Il. BUKOPUCTAHHS MATEMATUYHUX METO/IIB B POBOTAX

PosrmsiayBmm podortu [2, 8-11, 13, 15, 17, 19] moxHa
3ayBaKUTH, [0 BHUKOPUCTAHHS MATCMAaTHYHHX METOJIB
3MeOUIBIIOT0 AHOHCYETHCS, ale KOHKPETHI MaTeMaTHYHi
(dbopMynH Ta pO3paxyHKH y TEKCTi cTaTel HE HABEICHO.

B Tabn. 1 po3smimieHo cucreMaTH30BaHy iH(OpMaIiio
OO0 MaTeMaTHYHHX TEOpiid, METOMIB Ta MOJCIEH,
BUKOPUCTAHUX B TPOAHATI30BAHUX POOOTAaX, BKA3aHO METY
Ta OCHOBHI 3aBIIaHHs, SKi CTABWJIM Iepell cOOO aBTOPH
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3rajlaHux poOiT, Ta 3a3HAYCHO IMEPCHEKTUBU TOATBIITNX

OCHIIKEHD.
TABJIMLS 1. THOOPMAIIIA TTIPO MATEMATHYHI TOPIT, METOIU TA
MOJEJII
Ne . Meta IepcnekTuBH
MaTtemaTHuHHIT
TKepe anapar MO/IeJTIOBAHHS TOAAJIBIINX
J1a (OCHOBHe 3aB/IaHHs) JOCJIiIIKeHb
Po3pobxa Mogens onucye
CTPYKTYpHOL Ta | CTaTHYHY CHUTYawifo.
(yHKIIOHATBHOT Jst mocimKkeHHs
JIEKOMITO3UIL T IMHAMIYHOT MOJei
cucteMu  (isuaHOL 3aIPOINIOHOBAHO
6e3meKHu; 03[JISIHYTH
bysesa our ’n MKJIATHUX cnIT) allifo ;/Tam
anreodpa, OmIyK  TIp A b :
pireHb TUISt
MaTpHUYHa S
peairizanii
[1] arebpa, CTPYKTYpHHX
cKeriepTHe (dyHKIIH mincucTeMm
OLIIHIOBaHHS, YHKI . y
.y cHCTeMI (isnunoi
Teopiit
o . . Oe3MeKH;
nMoBipHOCTI .
aHaNi3  TEOPEeTHKO-
MHOKMHHOI ~ Mozeni
KOMITOHCHTIB,
cepeaoBuINa i
cucteMd  (izugHOL
0e3IeKH.
Teopis MopentoBanus JucraHiiiine
WMOBIPHOCTEH, | CHOXXHMBaHHS €Hepril | KepyBaHHs B OymiBii

(3]

Teopis rpadis

B cucremax I0T Ta B
MPUCTPOSIX, IO €
IXHIMH  CKJIaJIOBUMH,
Uit

Ta HOro BIUIMB Ha
3arajbHe
CIOJKHBAHHS €HEPTil.

eHeproe)eKTHBHOCTI
(Monens
MPOITIOCTPOBAHO  Ha
NpHKIafi  CHCTEMH
YIIpaBIiHHS
OyiBIIMH)

[4] Teopist uncer, ToGynoBa AHamiz  3MilleHHs
Teopis AITOPUTMIB Hecy4oi YacTOTH
dyHKIii ouintoBannst kanamiB | (CFO) i posneceHHs
KOMILIEKCHOT 3 MITPUMKOO | TpHiiMada TUTSt
3MIHHOT, NDMRS Ta | MOKpAIICHHS
Teopis nepeBipka iXHBOI | TIPOIXYKTUBHOCTI
iiMOBipHOCTEH | epeKTHBHOCTI IIONO | CHCTEMH B CHCTEMax
Ta mBuakocti  OitoBux | NB-IoT.

MaTeMaTHYHa TIOMIJIOK, TIOB'SI3aHOT
CTaTHCTHKA, 31 CIIiBBIIHOIICHHAM
MaTpuYHa CHTHAI-IITYM..
anrebpa

[5] Teopist MipH, Po3pobka Mozeni | Emyssimis
Teopis CHOXKMBAHHS €Hepril | JAWHAMIYHOI MEpexHu
onTHMi3arii IIMPOKOMOBHOL MOBJICHHS 3 ITHKIIOM

MepexKi. Jlns | 3BOPOTHOTO  3B'A3KY
BpaxyBaHHS IoT B peanbuuit
CTIOXKMBAHHSA €Heprii | cienapii
paziocTaHmil

PO3TIISAAETHCS

YOTHPH OCHOBHI

KOMITOHEHTH

€HEPrOCIIOKUBAHHS!

ONTHYHMI TpuiiMay,

MOJIYJIATOD,

MMiICWIIIOBaY BHCOKOI

HOTYKHOCTI i

OXOJIOKEHHSI.

[6] Teopis rpadis, | [Tobymosa IBOX | 3ampOmoHOBaHMIA
Teopist AITOPUTMIB AITOPUTM  MOXKHA
MHOYHH, KJlacTepu3arii Ha | PO3LIMPUTH
KJIaCTepHUit OCHOBI €BPUCTUYHOTO | MIIKIIOYEHHAM 70
aHai3 MeToxy Ta Teopii | Xmapm IoT.

rpadis. 301IbIICHHS
3anpornoHoBaHi KUTBKOCTI

T IXO1 rmapaMeTpiB - Mozeni
KJacTepu3aii Ta BU3HAYCHHS

Ne . Meta MepcnexkTuBu
JKepe MaT::::T::H"" MO/Ie/IIOBAHHS MOAAJIBIINX
J1a P (OCHOBHE 3aB/IaHHs) J0CIIiIKeHb
OL[HIOIOTH Ha | XapaKTePUCTUK
miarpopmi  [oT 3a | eBpHCTHYHHX qu
JIOTIOMOT' 00 rpadHuX pebep mis
CTaHAApPTHUX KiacTepu3anii
napamerpis i | 3aieKHO Bi
MOPiBHIOIOTH 3 | 3aCTOCYHKIB.
PI3HUMH HiJXOJaMH.
[7] Imitauiiine ToGynoBa IMornubnenuii aHani3
MOJICIIOBAHH, | HPaBAONOAIOHOT OTPUMAaHHX JaHHX,
Teopist iMiTamiHOl  Mozem | HEeoOXimHUi ISt
WMOBIpHOCTEIH JUIi  [IPOTHO3YBaHHS | MOOYI0BU
CKa4KiB Tpagiky. imiTauiitnoi mozeni
Mepexi IPHCTPOIB
IoT 3 HactynHumu
YCKJIaTHEHHAMU i
301IbIICHHSIM
KIJIBKOCTI BY3JIIB.
[12] Teopis rpadis | B pamkax | IlomomanHs
OIEPaTHBHO- MOHOJIITHHX
omepauiifHuX CiIyx0 | MmiAXomiB,
po3po0diieHa MIKpOCEpBICIB, 110
CEMaHTHYHA MOJENb | MOXKYTh CaMOCTIiiHO
OHTOJIOTII. OuiHKa | CTBOPIOBATH HOBI
CHUCTEMU wono | QyHkumii
MUTaHb 00CIIyroByBaHHsI
MPOAYKTUBHOCTI.
[14] Teopis MiHimizanis ITomomanHs  BKpai
onTHMi3arii HETaTUBHHUX HeOaXaHUX
HACJIIKIB KibepaTak. MOKJIMBOCTEN
CaMOOpraHi30ByBaTH
ci B MeEpexi s
3a0e3neueHHs
BIpTyaJIi30BaHOTIO,
06araToCTOpOHHBOTO
loT-tpadixy Ha
ocHOBI 5G
[16] Teopist Ouinka yacoBuxX | Po3paxyHOK BHUpa3iB,
WMOBIPHOCTEH, | XapaKTEepHCTUK ANrOpUTMIB i
MaTeMaTH4YHA iHdopmamniitHOT MojIeIeH,
CTaTHCTHUKA, B3a€EMOZii B Mepexi | HeoOXimHHX Ha
Teopis IoT. paHHIX eramax
BHUIAIKOBUX TMomryk  3aeXKHOCTI | NPOEKTYBaHHS
MIPOLIECIB, YaCOBUX Mepexi  IHTepHeTy
imiTariiine XapaKTEepUCTUK  BiJ | pedeil.
MOJIEIIOBAHHS, | MapaMeTpiB  Mepexi
YHCENIbHUI IoT.
aHai3
[18] Teopist Po3spobka CTBOpeHHS
BHUIAIKOBUX METO0JIOTiT €Heproe()eKTHBHOT,
MPOIIECIB, MPOEKTYBaHHA, SKY | HaJiiHOI Ta
Teopist BHUKOPHCTOBYIOTh JUISI | iHTErpoBaHOI
onTHMi3aii bysKIii B | cucremu loT.
apToHOMHOMY [oT.
[20] Teopis Bupimenns npobnem | Pesynmpratn
HMOBIpHOCTEH, | po3moimy Ta | MOKa3yloTh, 1o
Teopis JIEKITBKOX BaXJIMBUX | 3alpONOHOBaHMI
BHUIAIKOBUX (byHKIIOHATBHIX AITOPUTM
MIPOLIECIB, ocoOimBoCTeH Ta | raobGanbpHOI
Teopist oomexens s [oT 3 | onmTuMmizauii mparroe
onTHMi3arii 00MeKEHUMHU HapiBHI 3
pecypcami. KOMepLiHHUMHI
pIllICHHSIMH, ane He
TaKHH IIBUIKAHA, SK
EBPUCTHYHHI MiAXIM.
[21] Teopist Po3pobka anroputmy | Bcranosienms

HMOBIpHOCTEH,
Teopist rpadis,
Teopist
onTHMi3aii

3MIiHHM TIOBIIOMIIEHHS
JUTSE HaJiHOCTI
30epeIKESHHS
iHdopmanii.

KpUnTorpagpiqHo
3aXUIICHUX 3B’s3KiB
Mix npuctposimu [oT
BUMAarae

TIOTIEPETHBOTO
KOHCEHCYCY 3
CEKPETHUM  KITIOUEM
mudpyBaHHs
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Ne . Meta IepcnexkTnBn
JKepe MaT:r:T::H"" MO/IeJIIOBAHHS OB IINX
Ja P (ocHOBHE 3aBIaAHH) JIOCTiIKeHb
[22] Marematnunn | Po3poOxa Pozpobxa
¥ aHamis, AITOPUTMIB UL | TOPaKTHYHUX Ta
Teopist ananituku Big Data. e(eKTHBHHUX
onTuMi3amii AJITOPUTMIB TS
KOHKPETHHX
nomarkis 10T, s
3a0e3meucHHs
PO3yMHOT0O
posnoziny pecypcis,
AQBTOMATHYHOTO
(bYHKLIIOHYBaHHS
Mepexi Ta
IHTEJIEKTyaIbHOTO
HaJIaHHs [OCIyT
[23] Teopist irop, Anaii3 MMowmyk GanaHcy
Teopis rpadis MaTeMaTHYHUX mpoOleM TeXHIYHHUX
MeTOdiB 1 Mojened | i HETEeXHIYHUX
IoT. JIOCITIIKEHD.
BUCHOBKU

Y poboTi mpencTaBacHUN aHami3 MyOJiKaliid OCTaHHIX
POKIB 100 BHUKOPHCTAHHS MAaTEeMaTHYHHUX METOIIB Ta
Moneneit as ananizy loT. [IpoBeneHwmii aHai3 MoKa3as, IO
mix yac MozpemoBaHHA 10T BHKOPHCTOBYIOTH TakKi po3ainu
MaTeMaTHKH, K TEOpis irop, Teopis HAMOBIPHOCTEH, Teopis
BHITIAIKOBUX MPOIIECiB, OylieBa Ta MaTpuyHa anredpa, Teopis
rpadis, Teopist uncen, Teopist QyHKIIT KOMIIEKCHOT 3MIHHOT,
TEOopis MipH, TEOPist ONTUMI3AIli], IMITaIlIiiHE MOJICITIOBAHHS,
KJIACTCpPHUN aHai3, YHCEIbHUN aHali3, MaTeMaTHYHHMA
aHai3.
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Modeling of Oscillatory Processes in a Four-Layer
Rod of a Piecewise Constant Section

R.M. Tatsij

Department of Applied Mathematics and Mechanics
Lviv State University of life safety
Lviv, Ukraine

Anomayia — Po3riasHyTO mepumly KpaioBy 3amady IJs
PiBHSIHHS rinep0o/IiYHOro THNY KOJUBHUX MpoLeciB B CTPHIKHI 3
YOTHPHOX KYCKiB KYCKOBO —  CTaJoro mepepisy Ta
HABAHTAKeHHSAM B Npasiif yacTuni. 3HalileHO PO3B’SI3KH TaKol
3a1a4i 32 J0MOMOro0 KOHIeNIii KBa3imoXiTHNX, cy4acHoi Teopii
cucTeM JiHidHNX OudepeHmiaTbHUX PiBHAHb, KJIACHYHOIO
Metony @yp’e Ta MeTOAY peayKilii.

Abstract — The first boundary value problem for equation of
hyperbolic type of oscillatory processes in a four-layer rod of
piecewise-constant section and force in right parts was considered.
The solutions of a such problem were found by using a concept of
quasi-derivatives, a modern theory of systems of linear differential
equations, the classical Fourier method and a reduction method.
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l. Bcryn

OnmHUM i3 MeTOAIB PpO3B’SI3yBaHHS HECTAlliOHAPHHUX
KpaloBHX 33/1a4 € NPSMHUH METOJI, 3arajlbHa cXema peajizaii
SIKOTO TOJIATAE B 3BEICHHI BUXIIHOI 3a/1a4i O pO3B’I3yBaHHS
JIBOX TPOCTIMINX, B3a€EMO3B’S3aHUX 3aJad Ta 3aCTOCYBaHHI
cxemu ®Pyp’e. BaxiumBy poiap B IbOMY METOAI Bilirpae
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KOHIIETIIisl KBa3iMOXiJHUX, KA JO3BOJISIE€ YHUKHYTH TPOOIeMHU
MHOKCHHS y3araibHeHUX (QYHKIIH.

B miit poboti posrimsgaemo rimepOosidHe PiBHSIHHS
KOJIMBHUX TIPOLECIB B CTPHIKHI IO CKJIAJAE€ThCS 3 YOTHPHOX
KYCKIB KyCKOBO - CTaJIOTO INEpepi3y Ta HaBaHTaKEHHSM, IO
3a7a€Thesl PYHKIIEIO B paBii 4yacTuHI piBHAHHS. [[1s1 piBHSIHB
rinepOosiyHOrO0  THMMNy, BHepmie, MOXIOHI imel  Oynm
BOpOBakeHi B podoTax [1-3].

Il.  OCHOBHIIIO3HAYEHHS, ®OPMVJIIOBAHHS 3AJIAUI,

ITOBYIOBA PO3B’I3KY
Hexati L — Bigkputuii i"tepBan midicHoi oci R,
[Xg: x4l L - BiIpi3oK JificHoi oci;
0=Xy <X <Xy <X3<X4 =l — noBinbHE pO3OUTTA BinpisKa
[Xg:X4] miticHoi oci OX Ha woTHpH YacTuHy; F, i = @, E, p
— cram, gj(X), i:@, — JOAaTHRO BW3HAYeHI (yHKIi Ha

3 3
[X5%is1) . Hoknanemo F(X)=> F-6, 9(x)=>.9i(0)-6 ,
i=0 i=0
e 6 — XapaKTepuCTH4YHAa (YHKIIA HPOMIKKY [Xi;xi +1);

ult = F(x)-u, — kBasimoxigHa.

PosrnsHemMo mepmry KpaioBy 3ajmady Uil piBHSHHS
rinepOoNiYHOro THITY

0

P U _ 2.
2R - 2 F0- 8 Jrato, (B

X € (Xg: %), te(0;+0),

u(x,t) =y 1), .
{U(X4,t) _ (/Il(t), te [O, +OO) , (39)
u(x,0) = g (x),
X e[Xoi %], (40)

20 = a1,

e o), va)eC?(0+), @(x), @(X) — Kycxoso-
HerepepBHi Ha (Xg;X4) -

Mertox pemykiii BiANIykaHHS PO3B’S3KY 3a]adi JETaIbHO
omnHCcaHWii, Hampukiag, B [4, 5]. 3rigHo 3 UM METOJIOM
po3B’si30k 3amaui (38) - (40) mrykaemo y BHUIJISIII CYMH JBOX
GbyHKIIN

u(x,t) = w(x,t) +v(xt). (41)

Busnaunmo ¢yHkuito W(X,t) cremiansHuM CrocoOoM, sk
pO3B’s30K KpaloBoi 3a1adi

(F(X)'Wx’)x’ =-g(x), (42)

{W(Xovt) =yo(b), t €[0;+0) . (43)

W(Xg,t) = w1 (1),

B ocHoBi MeToy po3B’si3yBanHs 3a1adi (42), (43) nexutsh
KOHIIEIILIis KBasimoxiguux [6].

3amumemo Mimany 3amady it QysHkmii - v(X,t),
BpaxoByroun, o GyHKuist W(X,t) 3agoBoibHse (42)
0 ) p v p o%w
—|FX)— |-&-F(X)—==-F(x)—, (44
[Fo0d - Lrmty-2-r0 T,
X € (Xo;%4), te(0;+0),
u(xg,t) =0,
t[0; ) 45
{u(x4,t):0, & [0;+<0) (45)
v(x,0) = Do (x),
X iXq], (46
& oy, *EPOR (0
ot
def def oW

ze @o(x) = g () ~W(x,0), ©100) = 1 (x) ~—-(x.0).

Hust pos3s’sizanns 3amavi (47) - (48) 3actocoBaHo MeTOx
BracHux (yHkuii [5].

BuUCHOBKU

Otpumano siBHI (opMysn Juisi OOYMCIIEHHS PO3B’S3KY Ta
HOro KBa3imoXigHOI I OYAb-IKOTO IiJiHTepBala OCHOBHOTO
NPOMIXKKY, sIKi € CIIPaBEUIMBUMH IS JOBUIBHOT CKIHUCHHOT
KUTBKOCTI TOYOK PpO3PUBY TMEPIIOTO POAY 3TaJlaHUX BHIIE
Koe(ilieHTIB. 3ayBaXuMo, 110 OTPUMaHi pe3yJbTaTH MalOTh
Oe3rmocepeIHE TPAKTHYHE 3aCTOCYBAHHSA B TEOpii KOJIWBaHBb
CTPHIKHIB 3 KyCKOBO-3MIHHHM PO3IIO/ILIOM MTapaMeTpiB.
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