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ROMANYUK S. O.,, ROMANYUK O. N., PAVLOV S. V., PYVOVAR M. A.
Vinnytsia National Technical University (Ukraine)

USAGE OF 3D IMAGES FOR GENETIC DISEASES DIAGNOSIS

The prevalence of genetic diseases [1] necessitates the development of operational methods of rapid
diagnostics using 3D modeling [2-6]. This will speed up the diagnostic process and reduce the dependence
on expensive DNA research.

According to statistics [1, 2], about 8% of the population have genetic disorders and 30-40% of these
disorders leading to changes in the person's face and skull.

Today, with the use of three-dimensional images of the face and skull of a person, it’s possible to
diagnose more than 700 different diseases [3], which have genetic basis. Depending on the accuracy of the
model and the number of control points, it’s possible to achieve 90% of veracity in establishing the presence
of the disease.

For example, Down syndrome [1] can be initially diagnosed by the following measures: flattened plane
face; the inner corner of the eyes placed lower than the outer one; nasal bridge is flat and wide, the auricles
are small, underdeveloped and located quite low.

L)
In‘l*“

_;/4 |

Figure 1 — Important distances on human face

Brachycephalic disease [1] can be initially diagnosed by the cranial index, which in pathology have
value higher than 81.

The cranial index is an anthropological indicator of the shape of the skull, which can be obtained by
dividing the transverse diameter of the head to the longitudinal (Fig. 2, a). This index is expressed as a
percentage, for receiving which the resulting ratio is multiplied by 100. Fig. 2, b and 2, c represent,
respectively, the head of a sick and healthy baby.

The cranial index is easily determined by the three-dimensional model of the head.

a) b) c)
Figure 2 — The shape of the head in Brachycephalic disease

The following symptoms are typical for Martin's syndrome: large head with high and wide forehead,
long face with enlarged chin, slightly flattened middle part of face, blunt and slightly bent tip of nose.
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Similar symptoms are characteristic of a number of diseases, which allows the initial rapid diagnosis of
various syndromes [1], in particular, Smith-Magenis, Fragile, Gruber, Dzerzhinsky, Aper, Sotos, Dubovits,
and many others.

It should be noted that it’s important to implement the analysis of flattened areas of the face using
photometric methods, since full-scale measurements of the surface curvature are not performed. This
disadvantage can be easily eliminated with the use of three-dimensional models.

Recent large-scale studies [6], conducted by scientists from universities in England and several Latin
American countries, established the dependence of facial forms from 6 genes: PAX3, EDAR, DCHS2,
RUNX?2, GLI3 i PAX1, each of which has an effect on certain morphological features. Genes DCHS2,
RUNX2, GLI3 and PAX1 has an effect on the development of the facial part of the skull,

It’s proved that children with a high chance inherit the shape of their faces from their parents. From
this, we can conclude that it’s necessary to create an archive of three-dimensional models of face and head
for different generations.

Based on the analysis, the following measures should be implemented:

1. Development of a common and affordable system for obtaining 3D images of human faces, for
example, based on a mobile phone camera, capable of transmitting the image to the server.

2. Analysis of diagnostic features of people in order to develop a typical 3D model of the face (head).
It’s important to identify and use a sufficient number of control points for further analysis.

The selection of characteristic features must be developed for different races, since they can differ
significantly. For example, children with Down syndrome are characterized by a flat nasal bridge. However,
for African children, this is a natural feature.

3. Development of software for the allocation of pathological areas of the face in order to attract the
attention of a doctor. It’s rational to form a representative image of a particular syndrome.

4. Development of a database of three-dimensional images in order to store them and analyze the
course of changes in dynamics.

5. Since the genetic inheritance of close relatives have been established, it’s advisable to create 3D
metric archives for person’s generations.

6. Development of a group reading system for correlated images, for example, based on inheritance.

7. Development of image search system using multivariate analysis (on many grounds).

8. Development of image processing systems with deep learning.

9. Development of plugins for 3D modeling software packages for accurate measurements of
curvilinear profiles, required angles of anatomical elements, comparison of selected areas of the image of the
left and right parts of the face.

10. To perform reconstructive interventions, it’s important to perform measurements with spatial
transformations.

11. By analogy with photo documentation, used by surgical dermatologists, it’s necessary to form
three-dimensional images before and after plastic surgery in order to evaluate the healing status of wounds,
detect neoplasms and their location.

REFERENCES:
[1] E.H. CycnuublH u ap. lfeHemuueckue 3a6onesaHus. CaHkT- MNeTepbypr, Poccua: CN6MANO, 2015.
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KUPRIYANOV A.B., XU SHANSHAN

Belarusian national technical university (Belarus)

CONVOLUTIONAL NEURAL NETWORK AND LIDAR IMAGES IN FOREST INVENTORY

Lidar images are widely used in solving problems of forest inventory, the main of which are:

e  Detection of foci of pests, diseases and other damages requiring sanitary felling.

o  Determination of the characteristics of forests by types and sizes of trees.

o Assessment of stocks and quality of wood.

e Detection and recognition of objects that are not forest areas (glades, lakes, buildings, etc.)

To solve these problems, the processing of lidar images on a time scale close to real is required. Such
processing can be implemented in a convolutional neural network, the main advantages of which are:

o Reducing the number of parameters for deep learning and increasing the speed of learning compared
to a fully connected neural network.

e Possibility of parallelization of computations and implementation of network learning algorithms on
graphics processors (GPU).

e  Stability to shift the position of the object in the input data.
To build the convolutional neural network, the following tasks are required.
e Creating a database of recognized objects for deep learning the convolutional neural network.

e  Determination of optimal sizes of convolution kernels for the implementation of a convolutional
network layer

o Evaluation of the performance of the SNS for a given recognition quality of objects on lidar images.

References

Chen, Q. 2007. Airborne LiDAR data processing and information extraction. Photogrammetric Engineering
& Remote Sensing. 73: 109-112.

Elias Ayrey, Daniel J. Hayes. LiDAR for Forest Inventory, the Use of Three-Dimensional Convolutional
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VK 004.67
CEMEHIOK B.O.
BHTY (Ykpaina)

MATEMATHWYHI MOAEJII ITPOTHO3YBAHHA PE3VJIBTATIB ®YTBOJIbBHUX MATYIB

AHoTanis

Poszenadaromvca mamemamuuni mooeni NpocHO3V8aAHHA pe3yibmamie QymoOOoabHUX Mamuie, ixXHi
ocobausocmi, npuHYUnU pobomu ma OCHOBHI HeOOIKU.

KurouoBi ciioBa: MaTemMaTi4Hi MO, IPOTHO3YBAaHHS, KBaJIiMETpisA, 00poOKa JaHUX, CTATUCTHIHHUMA
aHami3.

[MapanensHO 3 po3BUTKOM MpodeciiiHoro (GyTdody ymockoHamoBamacsi i mpodeciiiHa ¢yTOoIbHA
CTaTHCTHKA, a TAKOXK METOJIU 11 peecTpallii Ta aHaTiTHKA Ha ii OCHOBI. B maHWit 9ac mpoCTHii MiAPaXyHOK THX
YM IHIIMX IFPOBHX TOKAa3HHUKIB (QyTOONBHOrO MaTdy, HI0 BHUKOHYIOTH TPYIOIO CTAaTUCTIB, MOCTYIOBO
BIJIXOJUTh Ha APYTUH 11aH. MeTO 1bOT0 TOCIIIPKEHHS € aHaIi3 MATEMaTHYHUX MOJICIICH, JJIs TIOJaJIBIIOrO
BUKOPHCTaHHS OJJHOTO 3 HUX B JOCIIDKEHHAX 3 TIPOTHO3YBAaHHS Pe3ybTaTiB ()yTOOIBHUX MATHiB.

Jo MeTomiB i anropuTMIB aHaNi3y JAaHWX HaJIEXaTh Taki: MITYy4YHI HEHPOHI Mepexi, IepeBa pillieHb,
CHUMBOJIbHI MpaBWJIa, METOAW HAHOIMKYOro cycia i K-HaHOMMKYOro cycijia, METOJ OMOPHHX BEKTOPIB,
OaifecoBi Mepexi, JiHIIHA perpecis, KOpeIsiiHO-perpeciiHnil aHaji3; i€epapXidHi METOAHM KJIacTepPHOTO
aHaIizy, HeiepapXidHi METOU KIIACTEPHOTO aHaJli3y, 30KpeMa 1 allrOpUTMHU K-CEPEIHIX 1 K- MeiaHw;, METOIN
MOIIYKY acolliaTUBHUX TpaBHJ, 30KpeMa airoputMm Apriori; MeTon 0OMEKEHOTro mepedopy, eBONOLilHE
MPOTpPaMyBaHHs 1 TCHETHUYHI alrOPUTMH, PI3HOMAaHITHI METO/IM Bi3zyami3alii JaHuX 1 0e31iY iHIIUX METOIB

[1].
IITy4yHi HeilipoHHI Mepexi

IlTyuni HEWPOHHI MepeXi — MaTeMaTH9HI MOJIENi, a TAKOXK IX MporpaMHi abo amaparHi peaisarii,
noOyaoBaHi 3a MPUHIMIIOM OpraHizanii ¥ GyHKUiOHYyBaHHS OiOJIOTIYHMX HEHPOHHUX MEpeX — Mepex
HEPBOBHX KJITOK HBOIO OpraHiaMy. B ojHIf 3 HaWNONMIUPEHINIMX apXiTeKTyp — OararoliapoBoMy
MEPIENTPOHI 31 3BOPOTHUM IMOIIUPEHHAM MOMMJIKK — IMITYe€ThCS poOOTa HEHPOHIB y CKIIaMi i€papXigHOi
MEPEexKi, JIe KOXKESH HeHPOH BUIIIOTO PiBHSI 3'€IHAHUI CBOIMHU BXOJaMH 3 BUXOJaMH HEHPOHIB HIDKYOTO IIapy.
Ha HelipoHM HaliHMXKYOTO mIapy MOJAIOTHCS 3HAYEHHS BXIJHUX IMapaMeTpiB, HA OCHOBI SKHX MOTPiOHO
NpUAMATH SIKICh PIlIEHHS, MPOTHO3YBATH PO3BUTOK CUTYALIl TOLIO.

OCHOBHMM HEIONIKOM HEHpOMepeKeBOol MapaiurMh € HEOOXiAHICTh y JAyKe BEIMKOMY 00cs3i
HaBYaJIbHOT BUOIpKH [2].

EBouroniiine nporpamyBaHHs

EBosromiiiHe mporpamyBaHHsI - CHemiajdbHUH MOayss cuctemu PolyAnalyst mepeBoguTh 3HaiineHi
3aJIe)KHOCT] 13 BHYTPIIIHBOT MOBH CHCTEMH Ha 3pO3yMilly KOPHUCTyBadeBi MOBY (MareMaTH4Hi (popmyim,
TabNUIi Tomo). [HIIMI HANPSIMOK EBOJIOLIHHOTO MPOrpaMyBaHHs TMOB'SA3aHE 3 TOIIYKOM 3aJIe)KHOCTI
[ITBOBUX 3MIHHUX BiJl iHIIUX y opMi QyHKIIi# sKOroch IeBHOTO BUAY [3].

I'eneTnuni anropuT™Mu

l'eneTnyHi anropuT™Mu — 1€ KOAYBaHHS BUXIAHHUX JIOIYHHX 3aKOHOMIpHOCTEH y 0asi maHuX, sKi
Ha3UBAIOTHCS XPOMOCOMaMH, a yBech Hallp TaKMX 3aKOHOMIpHOCTEH HA3WUBAIOTH MOMYJISLIEI0 XPOMOCOM.
Haimi s peanmizaiiii KOHIEMIIT BigOOPY BBOAMUTHCSA CIOCIO 3ICTaBJIEHHS Pi3HUX XpomocoM. [lomyssitis
00pOOJIIETHCS 32 AOMOMOIOI0 MPOLEAYP PENPOAYKIlil, MIHIMBOCTI (MyTalliii), TeHeTHUHOI Kommo3uii. 11i
MpoLeAypH iMiTYIOTH OionoriuHi mnpouecu. HaiiBaknuBinn cepesl HUX: BUMAQAKOBI MyTalii JaHUX B
IHAMBITyalbHUX XPOMOCOMaxX, Mepexoau (KpOCHHroBep) i pekomOiHallis TeHEeTMYHOTO Marepiaily, IIo
MICTUTBCS B IHIUBIAYaIbHUX 0AThKIBCHKMX XPOMOCOMAaX, 1 Mirpariii reHis [4].

I'enernuni anroput™Mu MaroTh Oarato HenodikiB. Kputepiii BizOopy XpoMOCcoM i BUKOPHUCTOBYBAaHHX
MPOLEIYP € EBPUCTUYHUMH M 1AJIEKO HE FapaHTYIOTh 3HAXOKEHHSA “Kpalioro” pimenHs [5].
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Kpanimerpis - e Hayka Mmpo METOAM KiIbKiCHOTO OIiHIOBaHHS SKOCTI. CyTHICTh KBaJiMETPHYHOTO
MIAXOAY TOJISAra€ B TOMY, IO Oylb-sKe SKICHE SBHUINE MOYKHA PO3KIACTH Ha (hakTOpH 1 KpHUTepii, sKi
JIOTIOMAraroTh Kpalle PO3KPHUTHU Iie sBUIe. YUM BUIIMN PiBEHb PO3BUTKY TOTO YU IHIIOTO KPUTEPIKO, TUM
BHIIA Iioro ominka[10].

OCHOBHI TTPUHITAIHN KBAJTIMETPII:

- BUMIPHOCTI BJJACTUBOCTEH 1 OITIHIOBaHHS SIKOCTI 00'€KTa;

- IOPIBHSIHHOCTI SIKOCTi 00'€KTa 1 IKOCTi €TaIOHHOTO 3pa3Ka;

- MOPIBHAHHOCTI SKOCTI KOHKYPYIOUHX BapiaHTIB PI3HUX BUKOHAHB 00'€KTa OJTHOTO 1 TOTO X BHIY [6].

OpHuM 3 3aBIaHb, 10 BUHHUKAIOTH NMPH BHUPIIIEHHI HBOTO 3aBAaHHS € 3HAXOKEHHS KIIOYOBHX,
OCHOBOTIOJIOKHUX (DaKTOPiB, IO 00YMOBIIIOIOTE peabHy cuity GyTO0IbHOI KoManan. Jleski 3 ux GaxkTopiB
BCE K OLIBIT 3HAYMMI, a MIeAKi BIUTMBAIOTh HAa peasIbHy CHITY KOMaHIU He HampsMy, ado K He TaK CYTTEBO, K
KITo4oBi ¢akTopu. Came TOMY BaXKJIMBO TaKOX ifeanbHO MigiOpaTh BaroBi Koe(ili€HTH A0 KOXKHOTO 3
(dhaxTopis[9].

B nanoMmy BUMagKy NpOBOAWTHCS PEHTHHTOBA OLIHKA ABOX (yTOONIBHUX KiYOiB, IO OEpPYTh y4acTb
y Mardi.

[MporHo3yBaHHs BiOyBa€eThCS HACTYITHUM YHHOM:

- CHCTeMa OTPUMYE TIEBHI YMCIIOBI 3HAYCHHS (BaroBi KoeimieHTn);

- PO3PaXOBYETHCS BITHOCHUHN PEHTHHT KOMaH]I.

[Ipu ormiHIOBaHHI SKOCTI KOMaHAM BaXKIMBO TaM’ STaTH MPO XAPAKTEPUCTHKH BiJl SKUX 3aJEKUTh
OLIIHKA.

st po3paxyHKy HEOOXiTHO BUKOHYBATH P JTIH:

1. PospaxyBaTu BIJHOCHY Bary IIOKa3HUKa JMJisi KOXHOI kKoMadau. /i 1mporo Tpeba BHKOPHUCTATH
dopmyny(1.1) a1 HOKa3HUKIB-CTUMYIIATOPIB 1 popmyity (1.2) a1t HOKa3HKUKIB-AECTUMYIIATOPIB [7]
B;
Brel; = 55—

"5, (1.1)

J

e B — BuxigHe 3HaueHHS MMOKA3HMKa, 1 — KOMaHa, Brel — BigHOCHE 3HaYeHHS ITOKa3HUKA.

B;
—57 5 (1.2)

j=1%]J

Brel; =1

2. Po3paxyeaTu peitunr koManz 3a Gopmyoro [7] (1.3).

Ra; = Mrell * W (1.3)

ne W — wmarpuns BaroBux KoeridienrtiB, Mrel — wmaTpuis, mo MICTUTh BiJHOCHI 3Ha4eHHS
noka3HuKiB Brel uist K0)kHOT KOMaH/IM, 1 — KOMaH/1a, Ra - peWTHHT KOMaH/IH.
3. J171st 3py4YHOCTI OPIBHSIHHS HOPMYETBCSI PEUTHHT KOMaH/[ Ha OJJMHUITIO 32 Gopmyroto [7] (1.4).

Rrel Ra;
rel; = ———
]2.=1Raj (1.4)

ne Ra - aGcomtoTHuiT pedTHHT KOMaHAH, i — KoMaHzAa, Rrel — peliTHHr KOMaHIM, HOPMOBaHMI Ha
OJMHHILIIO.
Jnst  iHTepmperalii OTPUMAaHOTO PEUTHHIY KOMaHJ HEOOXiJIHO BBECTH TaK 3BaHy
JHTBICTHYHY iHTEpBaJIbHY IIKATy. Y KBaJIIMETpil IIKana BUMIpIOBaHb € 3aCO00M a/IeKBaTHOTO 3iCTaBICHHS 1
BHU3HAYCHHSI YHCEIILHUX 3HAYEHbh OKPEMHUX BIIACTUBOCTEH 1 sIKOCTEH BiIMIHHOCTI 00'€KTiB[§].
VY naniii MoJieNli BUKOPHCTOBYETHCS 11’ SITUPIBHEBA JIIHI'BICTUYHA IIIKaja, HaBeJCHa B TaOl

1.1
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Tabmurs 1.1 — PiBHI mIkanu BUBECHHS PE3yJIbTATIB

Pesynprar Peiitunr komanau
[Tepemora X>75%
[Tepemora\niuus 55% < X <=75%
Hiuns 45% <= X < 55%
IMopaska\miumns 25% <= X < 45%
Ilopazka X< 25%

Onuparouuch Ha pe3yJbTaTH EKCIEPUMEHTIB OyJo 3po0JIEHO BHCHOBOK, MIO CamMe OCHOBH

KBaJIIMETpii Ta CTATHCTUYHOTO AaHAJi3y HaWKpalle MiIXOASTh Ui BHPIIICHHS 3aJadi MPOTHO3YBaHHS
(hyTOONPHUX 3MaraHp y 3B’A3Ky 3 BUCOKOIO TOUYHICTIO MPOTHO3YBAaHHS TMOPIBHSIHO 3 1HITUMH PO3TISTHYTUMH
MOJIEIISIMH.

o oA~
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MATHEMATICAL AND COMPUTER MODELS OF INFORMATION WARFARE

ABSTRACT - NEW MATHEMATICAL AND COMPUTER MODELS OF INFORMATION WARFARE ARE
BUILT AND RESEARCHED IN THE GIVEN WORK. ONE OF THE FORMS OF INFORMATION
WARFARE IS CONSIDERED: DISSEMINATION OF FALSE INFORMATION. GROUPS ARE DEFINED -
RISKS PRONE TO THE PERCEPTION OF MISINFORMATION; ADEPTS - WHO HAVE RECEIVED
FALSE INFORMATION AND WITH IMMUNITY - REJECT FALSE INFORMATION FROM THE
BEGINNING OR FUTURE ADEPTORS. MODELS OF NUMERICAL CHANGE IN THE COMPOSITION
OF THESE GROUPS ARE CONSIDERED.

Formulation of the problem. Among the various forms of introducing the Information Warfare, of
particular interest is the type of information warfare, the purpose of which is to influence the psyche of
people, manipulating the consciousness of the masses, disorienting individuals, imposing strange stereotypes
of behavior on them, etc. Such an effect is sometimes achieved by specific information flows that intensively
fall on members of society. A feature of such information flows is the dissemination of false information,
misinformation, etc. More details about the goals and means of introducing the Information Warfare through
the "word" can be found in [1], [2]. The relevance and significance of the problem associated with organized
campaigns for the dissemination of knowingly false information is adequately evaluated in the modern world
and certain steps have been taken in this direction. For example, by the decision of the Heads of State and
Government of the Council of Europe, a special group “Strategic Communication with the East” was
established - EastStratCom Task Force, https://euvsdisinfo.cu, for the informational “counteraction to
Russian disinformation campaigns” aimed at discrediting the EU’s Eastern Neighborhood Policy. As stated
in the report of the special group - quote: “in four years of its existence, the EU campaign against
disinformation has issued more than 140 "Review of Disinformation" newsletters containing more than 5,000
cases of reports of disinformation in 18 different languages. The product is regularly used and cited by
various governments, ministries, government agencies, secret services, researchers, analytic centers and
journalists across Europe and beyond” — end of quote [3].

It is logical that a campaign against disinformation can be planned and carried out more effectively if
there is a clear idea and quantitative characteristics of the false information dissemination. Naturally, the
study of false information dissemination using mathematical and computer modeling, conducting computer
experiments along with other methods of researching the task, allows us to effectively describe the process
under study and plan actions against the disinformation campaign. When modeling the dissemination of false
information, we will assume that false information negatively affects the health of human psyche and
nervous system. Then we have the right to identify false information with an infection, a virus causing
painful changes in a person and the right to apply the achievements of modeling the spread of epidemics by
modifying them for the task.

Task formulation. Suppose that in a society with a number of people N at each time t there is a so-

called Risk Group (RG) in the number of people G(t) who are exposed to false information. From the RG
people who received false information and believed in it move to the Group of Adepts (GA). Let us say, that

at the moment of time t the number of people in GA is A(t). Suppose that a person from the GA is aware
for a time # that false information has been imposed on him, after which he leaves this group and
replenishes the Group with Immunity (GI). Let us denote the number of people in the Gl at time point !

through ! (t) Noting that the GI member is already insured against repeated exposure to false information,
i.e. gains certain immunity. The transition of an individual from one group to another can be represented by
the following scheme: RG>GA->GI. If we assume that false information can be disseminated by directly
contacting members from the Risk and Adept groups, then we can mathematically describe the process of
transition from RG to GA. It is also not difficult to describe the transition from GA to Gl. As a result, we
obtain, as a first approximation, the following mathematical model for the dissemination of false
information:
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— -G A),
déTEt) =aG(t)A(t)-rA(t),
dld—(tt)=yA(t)

(1)

Wherea,y >0, y= %x , « - is the false information dissemination coefficient, y is the false

information release coefficient. To the ODE system (1) we add the initial conditions:
G(O)zGO>O, A(O)=Ab>0, I(O):IO:O, 2

We obtain a mathematical model RAI of false information dissemination, which is analogous to the well-
known classical Kermak-Mackendrick SIR model [4]. Note that from (1) it follows

G(t)+A(t)+1(t)=N.

From the second equation of system (1), the conditions are determined under which the number of
adherents will increase or not. Meanwhile, the number of adherents is indicators in general, how much the
society is exposed to false information i.e. how misinformed it is. It is advisable to introduce a threshold
effect, in which it is determined whether the society is massively affected by false information or not. At

Gy >/, 3

the number of adherents is increasing and the risk of complete misinformation of society is high. SIR models
offer vaccination for susceptible people to prevent epidemic growth. For the model (1), (2) if there is an
inverse inequality in (3) then the epidemic is prevented.

The solution of the problem. In order to prevent complete disinformation of society in the RAI
model, one should introduce control parameters, for which it is necessary to supplement model (1), (2) with
new parameters. We will assume that in society a certain source disseminates false information in volume

F(t) at any given time!. Similarly, at every moment in time!, the opposite false information in volume
N (1) s distributed in society. In fact, with the help of " (1) there is a disavowal of false information F (t).
The flows of information F(t) are N (t) aimed at transferring members of the RG to the GA and Gl,

respectively, while the flow of information N (t) is also aimed at the transfer of members of the GA to the
Gl. Thus, in the new RAI model, the spread of false information will occur not only through interpersonal

contacts of RG and GA group members, but also through the impact of the flow of false information F(t)
on RG. On the other hand, the disavowal of false information will occur through the influence of the

information flow N (t) on RG and GA, and also through interpersonal contacts between RG and GA with

GI. Note, that N (t)zo, F(t) > Qare distributed using IT. When compiling a new RAI model, we used the
ideas of constructing the Samarskiy-Mikhailov model [5]. Let us say, that the reduction rate of risk group

members depends on AN (t)G(t), which means the impact of the flow N(t) on the Risk Group with A
coefficient. Similarly, the reduction rate of risk group members also depends onxF (t)G(t), which means

the impact of the flow F(t) on the Risk Group with « coefficient. The reduction rate of risk group

members also depends on interpersonal contacts with groups of adherents and immunity and are accordingly
equal to - aG(t)A(t), BG(t)I(t). Where «, B are the effectiveness coefficients of interpersonal
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contacts of the marked groups. Similarly, the rate of change in the number of other groups can be described.
Thus, the new mathematical model has the following form:

de—ft) =—AN(t)G(t)-xF (t)G(t)—aG(t)A(t)- BG(t)I(t),
dA‘TEt) =aG(t)A(t)+xF (1)G(t)+ 4N (t)G(t) - ¥A(t) - BA(L)1 (1),
d'd_(tt) —yA(t)+ AG(O)1(1)+ BAD) (1) + LN (1)G(1), @

In system (4) all coefficients are positive, A =4, +4,, M; and M, mean the levels of those Internet

Technologies with the help of which information flows, respectively, are distributed. Thus, a combined
mathematical model is constructed (4), (2) for the dissemination of false information with restrictions on
flows and the number of group members. Such combined mathematical models of the Information Warfare
were first proposed in [6].

Conclusion. A computational experiment conducted in the MATLAB environment on a computer
model, based on the mathematical model (4), (2), makes it possible to conclude that by selecting the value of

the control parameters o, and M, it is possible to select such N(t) value in which the disavowing of false

information is sufficient to prevent complete or significant misinformation of the society.
This work was supported by Shota Rustaveli National Science Foundation of Georgia (SRNSFG)
[YS17_78].
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WEB SERVICE FOR AUTOMATED BUILDING OF THE SEMANTIC CORE OF A SITE

THE PAPER CONSIDERS THE TASKS ASSOCIATED WITH THE CONSTRUCTION OF THE SEMANTIC
CORE OF THE SITE - A TOOL THAT IS REQUIRED TO PROMOTE THE SITE. IT IS PROPOSED TO
SIMPLIFY THE DEVELOPMENT OF THE SEMANTIC CORE BY AUTOMATING SOME TIME-
CONSUMING STEPS. ACHIEVED DESIGNING WEB SERVICE THAT IDENTIFIES KEYWORDS AS THE
BASIS OF REQUESTS FROM THE VISION DOCUMENT - A TEXT DESCRIPTION OF THE PRODUCT
OR SERVICE TO PROMOTE THAT SITE IS DEVELOPED.

Introduction. Semantic core is a set of words and phrases that reflect the subject and structure of the
site. Composing the semantic core, it is necessary to answer the question of what information can be found
on the site. Since customer focus is considered one of the main principles of business and marketing, when
creating a semantic core it is important to determine with what search queries users search for information
that will be published on the site [1].

When planning the structure of the site, it is necessary to decide the distribution of search phrases
across the pages of the resource. Building a semantic core solves this problem by defining queries by which
users can find a particular page. In addition, each page responds to a specific search query or group of
gueries. In this case, you remain proactive, that is, you choose what you want to tell your potential
customers. If you adjust the structure of the resource to the keys, then you remain an object and react to the
environment, rather than actively changing it. This option is less preferred [2].

There are a number of services for forming the semantic core: Key Collector, Google Keyword
Planner, Serpstat, SemRush, Keyword Tool, Rush Analytics, SEMparser, JustMagic and others, each of
which has its own working features [3]. A large number of works in this direction shows the relevance of
developing appropriate software.

The aim of work. The aim of the work is to increase the productivity of the developer of the semantic
core of the site by developing a software tool that allows you to automate a number of processes and extract
information about your product from the Vision document.

Research methods. The expected result of building a semantic core is a list of key queries distributed
across all pages of the site. It contains the URL of the site’s pages, search queries and an indication of their
frequency.

Key searches are words or phrases that potential customers use to find the information they need.

They are classified according to several criteria. By popularity, high-, medium- and low-frequency
queries are distinguished. According to various sources, search phrases combine three groups.

Low-frequency queries are those with a frequency of impressions of up to 100 per month. Some
experts include queries in the group with a frequency of up to 1,000 shows.

Midrange queries are up to 1,000 shows. Sometimes experts increase the threshold to 5,000 shows.

High-frequency queries include phrases with a frequency of over 1,000 shows. Some authors consider
high-frequency keys having from 5,000 or even 10,000 requests.

In this paper, it is proposed to compose low-, medium- and high-frequency queries based on the Vision
document, in which the description of the system’s capabilities is a formulation of high-level requirements.
The Vision document template, according to the RUP (Rational Unified Process) methodology, contains the
following main sections: product positioning, descriptions of co-owners and users, a brief overview and
product features, limitations, quality indicators, etc. Traditionally, the following steps should be taken to
form the Vision document: formulation of problems, co-owner identification, defining system boundaries,
restriction identification, statement of the problem, identify system capabilities, evaluation of the results.
Despite the fact that the Vision document was originally created for software development, it can be used as
a tool to describe and present to the consumer any other products.

Consider the sequence of actions that you must perform to form a set of queries that form the basis of
the semantic core of the site. The preparatory phase includes a description of the subject area (the product
offered to the user), identification of user categories for this product, formalization of the functional for each
category of users, and dictionaries of special words used for the subject area (Fig. 1).

The stage of creating a description of a product offered to a user includes the selection and description
of sets of functions oriented to user categories and the use of subject area dictionaries (Fig. 2).
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Figure 1 — Constituents of preparatory phase
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Description
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Determination of Description of the Using
functional parts functionalities with subject
focused on actors which the actors interact dictionaries

Figure 2 — Constituents of phase of creating a product description

Results and discussion. Let us consider in more detail all the steps of a web service (Fig. 3). After
formalizing the initial requirements and generating a product description, the text is parsed with the
description. All highlighted words are further translated into the canonical (normal, initial) form — infinitives
for verbs, singular for nouns, singular and masculine for adjectives, etc. A product description is
automatically compiled using only canonical words. Next, a frequency analysis of the words in canonical
form is performed, with each word the number of its repetitions in the product description is compared.

Using standard services, parts of speech for each word are determined. From a set of nouns, adjectives,
participles and verbs with the most frequent repetitions in the product description, a set of keywords is
formed. The number of keywords is determined by the scale of the site, the total number of characters on the
pages of the site, sections, subsections, related sites. It should be noted that at all stages of the formation of
the semantic core, manual data correction is possible, since a number of tasks to be solved in this case
(including morphological analysis of words) are difficult to formalize and fully automate.

\/ / Start / R l

) Conversion of .
words into Definition of
canonical keywords
Preparatory
form
phase |
Counting word Forming queries
Creating a frequencies in
Product text |
Description
Manual query
correction
Defining query
B requirements /,4|7,
{ End

Figure 3 — Flow chart of the web service

At the stage of generating queries, it is necessary to enter the required number of low-, medium- and
high-frequency queries (Fig. 4). High-frequency queries are made up of pairs of keywords that appear
sequentially in a document describing the product (in canonical form). If there are not enough such pairs,
high-frequency queries are supplemented with single keywords with the highest repetition rates.
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Figure 4 — Flow chart of forming queries process

Mid-frequency queries are defined as text fragments of a certain length (shingle) taken from the
product description, which include high-frequency queries. Similarly, low-frequency ones are constructed
according to mid-frequency queries. The size of the shingle is set by the user of the service.

Conclusion. The paper provides an overview of the principles of the formation of the semantic core of
a site. The design of a web service designed to automate a number of functions in the construction of a
semantic core has been completed. The technology for constructing high-, medium- and low-frequency
queries is described.
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V]IK 004.056.5(043.2)
KYJIBYULIBKUNA O.C., JIAJIUTTHA O.A.
(IHTY, Ykpaina)
OCOBJIMBOCTI HAJIIMHOCTI TA 3AXHCTY IHOOPMALIIL B KOMIT'FOTEPHUX
CUCTEMAX I MEPEXXAX

Posensoaromuvces ocobrusocmi HaditiHocmi Komn 1OMePHUX cucmem 3 8i0MOBOCMILIKICMIO, HA8eOeHUl
NPUHYUN opeauizayii 83aemooii mooenell 6e3nexu 3axucmy pooomu KoMn 10mepHux cucmem ma mepexic.
3anpononosano eupiuieHHs NUMAHHA POSWUPEHO20 3AXUCIY Mepedci Ma NiO8UWeHHs epheKmueHocmi
pobomu Komn 1omepu308aHoi cucmemu.

[lix TenekOMyHIKA[IMHUMH TEXHOJIOTISIMH pO3YMIIOTh Hepenady iHpoOpmalii, II0 3acHOBaHa Ha
BUKOPHCTAaHHI TEIIEKOMYHIKAIIIMHUX MepeX, B CKIIAJ SIKUX BXOAATH O0'€KTH, SAKi 3IMCHIOIOTH (PYHKIIi
MEPETBOPEHHsT Ta 30epekeHHS TpoAykTy. Jlo Takux 00'€KTIB MiAXOnIATh: TenedoHHI, Tenemi3iiHI Ta
KOMIT'tOTepHI Mepexi. Komm'rorepHa mepexa 3a0esnedye oOMiH iH(popMaIii Ha BUCOKIM IIBUAKOCTI Mix
nBoMa abo OiNTbIIe IEPCOHATHFHIMH KOMITIOTepaMH depe3 kabenbHe abo 0e3poTOBE CepeOBHIIIE.

MOXJIHBOCTI KOMIT IOTEPHHX MEPEX MOXKHA IMepemiunTd 0e3lnid, aje HaWroJIOBHIINI — I€ MIBUIKICTH
(mepenaua indopmallii Ha BelMKI BifcTaHi, MOMIYK Oyab-sikoi iHpopmarii i oOMiH 1HhopMmarieo B offline
pexumi) [1].

BuxopucToBYIOTECS KOMYHIKAIiliHI MEpPEXi B TAKUX CIEI[iali3amisix sK:

1. Curnamnizaist (KOPOTKi ITOB1IOMIICHHS).

2. BukopuctanHs TeXHIYHUX pecypciB (mepudepiiiHi MpUCTpoi Ta CXOBHUILA JAHHX).

3. BinnaneHe kepyBaHHs (MOHITOPHUHT Ta BUKOHAHHS MPOIIECIB).

4. 3abe3neueHHs HaIIHHOCTI (pe3epByBaHH).

Kpim siBHUX mepeBar icHyBaHHsI KOMIT FOTEPHUX MEPEeX Mae€ 1 3BOPOTHY CTOpoHY. BimmoBa 3B*s13ky abo
il mesdKMX YacTMH MOXXK€ MaTH CHJIbHI HETaTWBHI HACHiAKWA. Y 3B’S3Ky 3 UM MpoOieMa OIlHKH i
3a0e3redeHHs HaiHHOCTI Mepe, a TaKoXK 3axucTy iHdopManii B Hi € aktyampHOM0. Lle miaTBepmKye
aHaJli3 3aCTOCYBaHHS CYYaCHUX TEJICKOMYHIKAI[IHUX TEXHOJOIIH, SKHHA CBIAYUTH MPO HEOOXIIHICTh
3a0e3MeUeHHs] THYYKOCTI Ta HaAIHHOCTI CHCTEM 3aXHCTy, a TaKOX ix OaraToBapiaHTHOCTI Ta MOCTiHHOTO
YIOCKOHAJICHHS.

Jyxe BaXIMBOIO XapaKTEPUCTHKOIO KOMII'IOTEPHOI MepeXi € HaAilHICTh - 3[aTHICTh NpaIfoBaTd
MPOTSTOM YChOTO Yacy i Mae Taki CKJIaJ(OBi: BJIaCHA HAiHHICTh, 3py4YHICTh 1 TOTOBHICTh OOCIYTOBYBaHHS
MepexKi.

o6 migBuIUTH HAMIWHICTH B 3aM00ITaHHI TEXHIYHUX HECTIPABHOCTEH Ta BUMIPIOBATH IHTEHCHBHICTD
BiIMOB, TpeOa 3a0e3MeYNTH ONTUYHY 3B'SI3HICTH BY3JIiB MiXK COOOIO Ta 3HU3UTHU Yac MPOCTOK CUCTEMHU, SKa
BKITIOUAE B ce0€ BENMKY KUIBKICTE PI3HOMaHITHUX €JIEMEHTIB.

OcCHOBHMM 3ac000M MiABHUIIEHHS TOTOBHOCTI € HaAMIpHICTh. UMM BHINE TOTOBHICTH CHUCTEMH, TUM
BHUIIIE BiJIMOBOCTIiHKicTh. Ha OCHOBI HaJMIpHOCTI peai3yloThCsl Pi3HOMAaHITHI BapiaHTH BiAMOBOCTIMKHX
apxitektyp. st 3abe3neyeHHs: BiIMOBOCTIHKOCTI HEOOX1IHA HAJAMIPHICTH 110 KIIFOUOBUM €JIEMEHTaM MEPEKi
(cepBepa 6a3 nmanmx, Web-cepsepa, iHIN cepBepa), sKi MOBHHHI OyTH 3ape3epBoBaHi. SIKIIO Mepexa
BUCTYIAE K TPAHCIIOPTHA CUCTEMA, TO JUIS BCIX MaplIpyTiB Tpeda CTBOPUTH HAIMIPHICTB.

[MepexiroueHHss 3 OCHOBHOTO TPHCTPOI0 HAa pE3epPBHHN MOXe BigOyBaTucsi BpydYyHY Ta B
ABTOMAaTUYHOMY PEeKUMi (B HbOMY KOE(II[iEHT TOTOBHOCTI CHCTEMH BHIIIE).

OCHOBHI BH/IM KOMIT'FOTEPHHX CHCTEM 3 BiJIMOBOCTI#iKicTIO [2]:

- high availability — cucremu, mo moOynoBaHi MO KOMITOTEPHIH TEXHOJIOTII 3 3aCTOCYBaHHSAM
amapaTHuX 1 mporpaMHux 3aco0iB. ['OTOBHICTb MOJNIMIIYETHCS LUIIXOM BBEACHHS HAJMIPHOCTI B CTPYKTYpPY
cucreMu. BucokoHaniiiHa wMepeka Mae€ BHCOKY TOTOBHICTh Ta MiATPUMYE Y3TOMKEHICTh JaHHX
(3abe3meuyeThCst 30eperKeHHsI 1 3aXHUCT JaHHUX BiJl CIIOTBOPEHB);

- fault tolerance — cucremu, siki MalOTh B pe3epBi amapatypy [Uis BCix OJIOKIB 3 mpoiiecopamu, OJI0KaMu
KHUBJICHHS, IPUCTPOIB BBOLY/BUBOY Ta IaM’SITTIO. MaroTh 31aTHICTh IPUXOBATH BiJl KOPUCTYBaya BiIMOBY
OKpEeMHUX X eJIeMEHTIB, TOOTO BiJIMOBa OJHOIO 3 IX €JIEMEHTIB IMPU3BEEe A0 3HWKEHHS SKOCTI po0doTH, aJie
CHUCTEMH 3aJTUIIAIOTHCS TIPAIIOBATH B MEXaX CBOiX (DyHKITIH;

- Security — 3aTHICTh CUCTEMH 3aXHCTHTH CBOI JIaHi BiJl HECAHKIIIOHOBAHOTO JIOCTYITY.

BincyTHicTs aerpazanii € 701aTKOBOIO BUMOTOIO JO KOMIT'FOTEPHUX CHCTEM 3 BiIMOBOCTiHKiCTIO. Tomy
cucreMa IMOBHHHA TIJITPUMYBATH IMOCTIHHHNA pPiBeHb (YHKIIOHATBHUX MOMIJIMBOCTEH 1 MPOJYKTUBHOCTI
HE3aJISKHO BiJI ICHYIOUHX BiJIMOB.

PiBeHp HamiHOCTI BU3HAa4Ya€eThCs OaraTbMa (PaKTOPaMu: CTPYKTypa MEpeX 3B’SI3KY, 1X NMpU3HAUYEHHS,
BapTiCTh, YMOBH €KCIUTyaTallii, alrOpUTMH YIIPABIiHHS Ta PIBEHb IX HaIHHOCTI.
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Jliis OCSITHEHHSI HaIIHHOCTI BUKOPUCTOBYIOTh PI3HOMAHITHI METOIU Ta 3aco0H. Y KOXKHOI CHCTEMH
CBiif piBeHb MOCTYITHOI HAMIMHOCTI, TaK SK HACHIIKH BiIMOB PI3HMX CHCTEM MOXXYTh 3HAYHO BiAPI3HATHCS.
HapiliHicTh eneMeHTIB 3aJa€ThCsl YacOM Ha BiIMOBY a00 HMOBIpHICTIO BiIMOBM 3a BU3HAUCHHH MPOMIKOK
qacy [3].

3anaui 3abe3meueHHsT HAAIHHOCTI BUPIMIYIOTHCS TIPU CHHTE31 Ta B X0/l YHPABIIHHS iICHYIOUHX MEpExX
3B s3Ky. [lpum cuHTe31 Mepex 3B’s3Ky 3a0e3rneueHHs HAAIHOCTI 3BOMWTHCS O BU3HAYEHHS MPU3HAYCHHS
TUMIB €NEeMEeHTIB, 0 3abe3neuye HeoOXiqHUN piBeHb HAIIMHOCTI MpU MiHIMaNBHIM BapTocTi. JlaHa 3amada
SIBIISTE COOOI0 BENIMKY PO3MIPHICTh, TOMY IO BCi€i Mepexi 3B’A3Ky JaHe PIlIeHHS HEMOXXJIHBE. A TaKOX
pO3paxoByBaTH TOYHI 3HAYEHHS TIIOKA3HWKIB HAIIMHOCTI CKIAJHOI CHUCTEMH, SK 1 MATBEPIUTH iX
BUNPOOYBAHHSMH, MPAKTUYHO HEMOXIMBO Yepe3 HEaJeKBaTHOCTI MaTeMaTHYHHX Mojened ¢i3udyHuM i
CKJIQJIHOCTI PO3paxyHKiB Yepe3 BEIUKY PO3MIPHICTh PiBHSAHB. TOI € CEHC OOYMCIINTHU MOKa3HUKHU HAIHHOCTI
CUCTEMH OI[iIHOYHIMH METOJaMH B TPOIIEC MOAETIOBAaHHS, a Ha (DI3MYHOMY PiBHI CIIOYATKY PO3TISTHYTH IBi
miaMepexi, o 3B'SI3yI0Th Napy aOOHEHTIB 3 BUILUM npiopureToM. [IoTiM mepelT 10 HACTYIHOI Mapy i Tak
JOTH, TIOKH He Oyzae ompaiboBaHa Bcsi Mmepexa. [lpm mpomy, BUMOTH MO HagidHOCTI 3B’SI3KYy IMTOBHHHI
3aIOBOJIGHATH BCi 3amaHi mapu. Ha erami ympaBiiHHA ICHYFOUMX MEpeX 3B A3Ky 3amada 3a0e3rmeueHHs
HAJIMHOCTI BUPINIYETHCS 3 BHKOPHUCTAHHAM BHYTPIIIHIX PEeCcypciB Mepexk Ta 3BOAUTHCA 10 (OpMyBaHHS
MapUIpyTiB Il KOKHOI Mapu 1 po3paxyHKy WMOBIpHOCTI YCHIIIIHOI peaizalii ceaHcy Ha KOKHOMY KpOILIi.
[Ipomec € 3aBepmieHWM, SKIOIO WMOBIPHICTE cTae MeHIIe 3amaHoi. lle 3a0esmedye HEOOXigHWIA piBEHB
HagiitHOCTI. KpiM 11p0T0 BUpIlIEHHS TIOCTAaBIEHOI 3aBAadi YCKIAJIHIOETHCS THM, IIO TMEPioN eKCIuTyaTarii
CKJIaHUX O0'€KTIB 3aJ€KHUTh BiJl TEXHIYHHX, EKOHOMIYHHUX 1 MOPANbHUX YMHHUKIB, PHUOMY OCTaHHIN IS
KOMIT'IOTEPHUX CHCTEM SBISIETHCS] BU3HAYATIBHIM.

MeTomoM MiABUIIEHHS HAAIMHOCTI B POOOTI CHUCTEM 3B’S3KYy € TaKOX OTPUMaHHS 00 €KTHBHOL
iHpopmanii moao ampoOarii o01agHaHHS B €KCTPEMATbHUX YMOBAX AJIsi MIPHUHATTS SKICHOTO DILICHHS y
Hioro BUOOpI /7S 3aCTOCYBaHHS Ha BIACHUX TEXHOJOTTYHUX 00’ €KTax.

Komn'toreprzoBana cucrema 3a0esmnedye 30ip AaHUX y pealbHOMY dYaci Ta BiJICHIIKOBYE PEAKIIio
cUCTeMH Ha 1o iHdopmariro. CUTHAIH JaTYWKIB HAIXOAATH HA TPUCTPIA 300py MaHUX, 3B'A30K 3 SIKUM
3IIACHIOETHCS 32 JIOTIOMOTOI0 Bi/IITOBITHOTO TIPOTPAaMHOT0 3a0e3neueHHs Ta TesieoHHoi Mepexi GSM.

PexxuM peanbHOTO Yacy nepenadi iHpopmaliii 1a€ MOKIUBICTh €(hEKTHBHO CIIOCTEPIraTH 3a CTBOPEHOIO
CHCTEMOIO B MEXax 3aJaHuX IMapameTpiB. AJjie B L€l Jac CUcTeMa ypas3inBa, TOMY PO3IIIAJAIOThH HMIISIXH
CTBOPEHHS JOBIpYOT0 MiKPOIPOTPaMHOT0 CEpPEI0OBHUIIIA.

Yepe3 KOMITIOTEPHY MepeKy KOMITIOTEpHA CHCTEMa Ma€ MOXKIIHMBICTH PO3IIUPIOBATH M CTBOPIOBATH
€IMHE CEPEIOBHMIIIE JUTS KepyBaHHs 1 yHI(IKaI[il KoMIT'FOTEpHOTO ycTaTKyBaHHs [4].

VY mpouecax po3poOKM 1 JOCTIDKEHHS KOMI'IOTEPHUX CHUCTEM BaXIIMBY POJb BiJIrparoTh MOAEM
0e3reKH, sIKi BUPIIIYIOTh TaKi 3aBJIaHHS:

- BUOip 1 0OTpyHTYBaHHS 0230BUX MPUHITUIIB apXiTEKTypHd KOMITIOTEPHHUX CHUCTEM, SIKi BU3HAYAIOTH
MEXaHi3MH peatizailii 3aco0iB i METO/TiB 3aXUCTy 1H(OpMaIIii;

- ckiaganHs GopmanbHOI cnerudikaii HodiTHKH Oe3NeKy, K HaHBaKIIUBIIIOI CKIaJI0BOI YaCTHHU
OpTaHi3alliifHOro Ta MOKYMEHTAIIHHOTO 3a0e3MeYeHHs PO3pOOIIOBAHUX KOMITIOTEPHHX CUCTEM;

- T ITBEPDKEHHS BIIACTUBOCTEH CUCTEM IIIAXOM (POPMAIBEHOTO JOTPUMAHHS HOJMITHKY OS3IEKH.

CucTeMn 3axucTy, 0 BUKOPUCTOBYIOTECSI B KOMIT FOTEPHUX CHUCTEMaX, OPI€HTOBaHI Ha 3a0e3MeueHHs
KOH(ICHIIHOCTI a00 Ha 3a0e3Me4YeHHs LITICHOCTI iH(opMarlii. Ajie s OBHOTO 3aXMCTy JlaHa CHCTEeMa
MMOBMHHA TMOE€MHYBaTH 00MABa MexaHi3Mu. [Ipum moOymoBi Ta aHami3y CHCTEMH CIIIJIbHO BUKOPHCTOBYIOTH
neKinpka ¢GopManbHUX Mozened Oesmeku. lli Momeni MOXyTh TepeciimyBaTH pi3HI 3aBIaHHA, ae
000B’513KOBO Tpeba OLIIHIOBATH CTIHKICTh apXiTEKTYPH peallbHIUX CUCTEM JIJIS iX 3a0e31eueHHS.

PiBeHp 3axucTy KOMIT'IOTEPHOI Mepexi 3alexuTb Bix i po3mipy Ta iHpopmanii, Ky HOTpiOHO
Oe3neuno nepenasarty. [Ipy 4oMy BUKOPHCTOBYIOTH (hi3MuHUI Ta/ab0 JOriyHMN 3aXUCT iHpopMarii.

IcHye aexinbka mMojened O€3MEeKH 3aXKMCTy POOOTH KOMITIOTEPHHMX CHCTEM Ta MEPEkK, KOXKHA 3 SKHX
Mae CBOi iHAMBIAyaabHI MOXIHBOCTI [5]. JIBi Mojeni MOXyTh OyTH peasti3oBaHi B CUCTEMI HE3aJeKHO OJHA
BiJl OJTHOI 31 CBOIMHM PiBHSIMH CEKPETHOCTI Ta WiJiCHOCTI. 3a paXyHOK BUAUICHHS 3arajlbHUX KOMIIOHEHTIB
MOJKJIMBO JIOTiYHE 00'eIHAHHS MOJEINeH, HANPHKIAJI, MOPSI0K PO3MEXKYBAaHHS JIOCTYIy Ha OJHOMY piBHI
CEKPETHOCTi, 200 BUKOPUCTAHHS OJHIET 1 Ti€T % PEmITKH PiBHIB JUIS IUTICHOCTI i cekpeTHOCTI. [Ipn oMy
cy0'ekTn Ta 00'€KTH MOJEIell 3 BUCOKMM piBHEM LTICHOCTI OyIyTh PO3TAILIOBYBATUCS Ha HU3BKUX PIBHAX
CEKPETHOCTI, a 3 HU3bKUM PiBHEM L1TICHOCTI - HA BUCOKUX PIBHSIX CEKPETHOCTI.

3 orsAa0M Ha BUIICBHKIIAJCHE, 3aXHMCT iH(OpMaIii 3aBXId € 3aBAaHHAM, "TIPHUB’ sI3aHUM" [0
KOHKPETHOT KOMIT IOTepHOI cucTeMu. JIsi JOoCIipKeHHS podiieMu 3aXucTy iHdopmailii Tpeba BU3HAYUTH il
gepe3 00’eKT 3axucTy. SKIIO 3aXuCTy Miaisrae MoBHa iHpopmalis, TO 00’€KTOM 3aXUCTy € 3aco0u
BIITBOPEHHS 3BYKy 1 cepefioBullle Horo mommpeHHs. Komum 3axuinaerbcs iHQopMariss B KaHaiax
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€IEKTPO3B’ 3Ky, 00’€KTOM 3axHCTy € JHii 3B’SA3Ky Ta amaparypa mepeTBopeHHs. Komu 3axurmaerbes

iHpopMallis B KOMIT'IOTEPHUX CHCTEMax 1 Mepexkax, TO 00’€KTOM 3aXHCTy € MaIluHHI HOCil iH(opmalii,

3ac00M OOYHUCITIOBAIBLHOI TEXHIKH Ta KaHAIHU 3B’ 513Ky MK KOMIT FOTEPHUMH CUCTEMaMHU.

Sxmo iHpopMmaniiiHuii poIiec € MOCIIJOBHICTIO 300py, HAKONMMYCHHS, 00pOOKH, Tiepeadi, Buaadi ta
CHOKUBaHHS iH(pOpMaIii, To Tiporiec 3aXUCTy iHpopMaIlii MO)KHa YMOBHO MTOJUTUTH Ha JIBa ETAIIH:

- 3axucT iHopMartii I Jac ii 30upaHHs, HAKOMYEeHHS, 00pOoOKH Ta BHIadi;

- 3aXUCT iH(OpMAaIii i Yac CIIOKUBaHHS.

Omxe, 00’ekT 3axucty iH(popMaIlii Mae CKIaIHy CTPYKTYpY, IO BiZoOpa)ka€ TEeXHOJOTiI0 0OpOOKH i
CIIOKMBaHHA iH(oOpMaIii, Ta ii BIACTHBOCTI K 00’€KTa TpaBa, XapaKTEPHCTHKHU IPOIECIB OOpOOKH i
CTHOKMBaHHSI, K1 3yMOBIIOIOTh iCHYBaHHs 3arpo3. Bu3HadeHHs Ta oliHKa 3arpo3 iHdopmarii, mepeaymMoB ix
BUHHUKHEHHS Ta IUIAXIB MPOTHIIi iM € mpeaMeToM 3axucty iHdopmaii. Taka cTpykTypa 00’ekTa i mpeamera
3axuCTy iHGopMarii sBige cO0O0I0 PIZHOMAHITHICTP METOMIB, SKi 3aCTOCOBYIOTHCS ISl OpraHizamii ii
3aXHCTY.

Ouinka iH(popMaIliiHOi Oe3MeKn KOMIT FOTEPU30BAHOI CUCTEMH ITOBHHHA IPOBOJMTUCS 3 METOIO
MIEPEeBIPKH BiJIMOBIMHOCTI JOCATHYTOTO PiBHSA iH(OpMAIliitHOI O€3MeKH 33JaHOMY PIBHIO IPH MPOEKTYBaHHI
KOMIT IOTEpU30BaHOI CHUCTeMH. LI OIliHKa TakoX € BaXKJIWBHM 3acO00M 3a0e3leueHHS TapaHTOBAHOCTI
peadizanii BUOpaHHX MeXaHi3MiB, METO/IIB 1 3ac00iB iHPOpMaIiitHOT Ge3MeKH.

Bubip meToniB 3aieXHuTh BiJ] HASBHOCTI HOCISIX, Ha SIKUX iCHY€ iH(pOpMAITis, BiJl TEXHIYHUX 3aCO0IB s
00pOOKM JaHWX, B SKOMY BHWIJISA/II BOHA IOMAEThCS crokuBadeBi. [lms 3axucty iHpopMarii MOXyTh
BUKOPUCTOBYBAaTHCH Ti K caMi METOIH, 10 ¥ MPU CTBOPEHHI 1H(OpMaliiiHuX TEXHOJOTIH, KOMIT I0TePHUX
CHCTEM TOIIIO.

Oxpemo ciin Bim3HauuTH 3a0e3redeHHs Oe3NeKH B TeTePOreHHHX BIPTYATbHUX OOYHCIIOBATBHHUX
Cepe/IoBHINAX, KyOW pi3HI KOMIaHII MepeBOAATh OOYMCIIOBaNbHI 1 iHGOpMamiiiHi pecypcu. Y Takux
BIpTyaJIbHUX 1H(PACTPYKTYp BHHUKAIOTH HOBi 3arposu. Ilepmn 3a Bce me araku Ha 3acoOW ympaBIliHHS
BIpTyaJbHUMH MAaIllMHAMH, XMapHi KOHTPOJEPH, CXOBHINA JIaHWUX, HEABTOPHU30BAHWU IOCTYN IO BY3JiB
BipTyasti3allii, BAKOPUCTAHHS BipTYaJbHOTO CEpPEIOBHINA ISl HECAHKIIIOHOBAHOI epeaadi qanux [6].

VYupapiiHHA puckamMu 1HGOpPMAIiitHOI O€3MeKy ToB'I3aHE 13 BXKUTTAM 3aXOJiB 3a0e3NeueHHS
iHpopMaliitHOT Oe3MeKkH, CIpsSMOBaHUX Ha 3HKCHHS YaCTOTH peaizalii 3arpo3 i po3Mipy 30UTKy y pasi ix
peamizamii. ns Toro, mo0® MOBHOIO MIpOI0 BHKOPHCTATH TOCIYTH Oe3nmekd HeoOXiTHa BiAMOBigHA
JIOKYMEHTAIIiS 3 JCTaIbHUM OIMHKCOM ITOCIYT, TUIAHOM BKAa3iBOK HIOJ0 1X BUKOpHcTaHHs. [LmaH BijgoOpaxae
cepe/ioBHINlE BUNPOOYBaHb, OyAb-fiKi OCOOJMBI YMOBM JUIS TIPOBEJCHHS BHIIPOOYyBaHb, 1 3aco0H
BUNIPOOYBaHb. Meronuka BuUNPOOyBaHh BH3HAYAE€ TPOIENypH TECTYBaHHS KOXKHOTO  eIIeMEHTa
KOMIT FOTEpPHU30BaHOI CHCTEMH, a TaKOX I KOXHOTO OKPEMOro TECTy ONKCY€E BUKOPHUCTaHHS 3aco0iB
BUTNIPOOYBaHb, HEOOXiTHE OTOUECHHS i 0COOJIMBI YMOBH.

ToMy mpOMOHYETHCS i BUPIMIEHHS MUTAHHA PO3IIMPEHOTO 3aXHCTy MEpeXi Ta IIiIBHIEHHS
e(eKTUBHOCTI POOOTH KOMIT FOTEpH30BaHOI CHCTEMH KOMOIHYBaTH HaWMOIIMpeHinn i moBoii cnemudivHi
CHOCOOM 3aXUCTy JIOKAJIBHUX KOMIT IOTEPHUX MEPEX i3 3aCTOCYBAaHHSM CyYacHHUX TEXHOIIOTIH 3a yMOBH
BUKOPHUCTAHHS BXKE€ ICHYHOUOIO OOJIaJHaHHS Ta JAETAJbHOI JOKYMEHTallli, B sIKid BHM3Ha4YeHI BCi cTamil
KUTTEBOTO UKITY poOOOTH KOMIT FOTEPU30BAHOI CUCTEMH Ta iX TpaHUYHI BUMOTH.
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IHOOPMAILIMHA EHTPOIILSA I CBOBOJIA BUBOPY

Y cmammi 3anpononosana gopmyna oyinku ce0600u eubopy moOUHU, AHANOIYHA POPMYTL Ons
enmponii y cmamucmuyHit Qisuyi i inghopmayitinii enmponii y meopii inghopmayii. Popmyna 3acmocosana
07151 NOPIBHAHHA C80000U BUOOPIE HA NPE3UOEHMCLKUX | NapIamMeHmMCcbKux eubopax 6 Yrpaiuni, Cnonyuenux
wmamax i Pociticokiii gpedepayii.

I'mnboke Ta 31aBanoch OM HEOCSIKHE, ippalioHalIbHE CIOBO cBOOOAa. Un MOKHA BUMIPATH CYTHICTh
IIbOTO HparHeHHs, HOro peaji3amilo y MOBCSAKACHHOMY JKUTTI. JlyMar0 MOXHA, SKIIO 3BY3HTH HOHSATTS
cBOOOJM A0 TakWX ii MpOsBiB, 5IKi, X04a 1 HE BUUEPIYIOTHh BCiX Ii imocTacei, mpoTe mepenarTh i ayxe
XapakTepHi 1 BuU3HauaubHi pucu. JlronuHa y umcToMy moji: y ii Bonmi pyxaTuch B ogHOMY 3 Oe3miui
MOKIIMBHX HAmpsMKiB. 1i cBoGoma BuOOpY Heckindena. JIrommHa y By3bKOMYy KOPUAOpI: y Hei € nmire
MiHiManbHMI BUGIp HaMpSAMKy pyXy: abo BHepen, abo Hasaz. Ii cBo6oaa MiHIMambEHO MoXkHuBa. JlroauHa y
B’SI3HUII, y MaleHbKid TicHIH kamepi. Y Hei BiacyTHs cBoOoga. OTke Ha [UTaHHS, YU MOXKHA
(opMaizyBaT Taky CyTHICTh SK CBOOOMa, MOSI BiANOBiIb cTBepIHA. MOXHa, SIKIIO CBOOOIY pO3TIsSAaTH
JUIIe SIK MOXIIHBICTh BHOOpYy. Hemae Bubopy — Hemae cBoboau. € Bubip — € cBoOoma. Ynm OunbIimii BUOIp,
TUM Oinbla cBoOOMa. B pi3HMX cHTyallisiXx MOXKIUBICTH BUOOPY, a OTiKe i cBoOOo/ma BHOOpY, y Hac pi3Ha.
Pi3Ha g pisHUX JMIOJEH, pi3HA A Pi3HUX HAPOJIB, pi3HA AJIs pi3HUX KpaiH. byab-skuii BUOip 6a3yeThes Ha
MTOPiBHSHHI.

Martematuka CTBEpPJUKYE, IO TOPIBHIOBATH MOXKHA JIMIIE JIHCHI 4yucia. TiMbKU JUIsl apu JAIHCHUX
YKUCeJl MalTh CEHC OIepallii MOpiBHSHHS «Oinbime» abo «MeHmey». [Ipo Bel iHINI 00’€KTH MaTeMaTHKU
3BHYAfHO MOXKHA CKa3aTH, 10 BOHU abo piBHI, a0 He piBHi. CKa3zaHe CTOCYEThCS KOJOCATBHOI KITBKOCTI
PI3HOMaHITHHX MaTeMaTUYHAX 00’ €KTiB, IHKOIW HAA3BUYAHHO CKJIAMHOI cTpyKTypu. HacmpaBmi i s Takux
00’€KTiB iCHye MeXaHi3M MOBHOLIIHHOTO MOPIBHSHHS, ajle HE CTOCOBHO 00’€KTIB y LIOMY, & CTOCOBHO iX
PI3HOMaHITHUX YHCIOBUX (MAIOThCSI HA yBa3i AifiCHI Yncia) XapaKTePUCTHK.

Ha name rmmboke mepekoHaHHS BCE B CBITI MOXKHA OXapaKTEPU3yBAaTU MIACHUMH YUCIAMHU. T1TBKH
3aBISIKM ICHYBaHHIO TaKUX XapaKTEPHCTHK 1 MOXKHA IIOCh BUMipiaTH. Mu abo me Bxke 3pobunu, abo 1e
pobumMo, abo 1ie 060B’s3k0BO 3podbuMo. Ternep MU BMiEMO BUMIPIOBATH HE TUIBKA I€OMETPUYHI MapaMeTpu
PI3HHX KOHKpPETHHX O0’€KTiB, ajme W Taki aOcTpakTHI 00’€KTH, SK iHoOpMaIlis, TOUHIme i KiIbKICTh Y
MOBIIOMJICHHI, 200 y CYKYITHOCTI ITOBiZJOMJIEHb, II HEBH3HA4eHiCTh. J[OCl MU He BMIIM BUMIpIOBATH iHIII
abCTpakTHI XapaKTepUCTUKU THUIy CBOOOJM, aBTOPUTApU3MY, JAeMokpatii tomo. Ilpore mpuxiax Teopii
iHdopMmarii Hanuxae Ha Taki crpobu. [lpu mpomy cimij 3a3Ha4nTH, MO caMa Teopis iHopmamii y cBOiX
3acagHUYMX (POpMyJlax HE € OpHriHAIBHOI. BoHa, (akTH4yHO, 0a3yeTbcsi HA JIOCATHEHHSX CTATHCTHYHOI
(i3MKH, HA KIFOYOBOMY JIJisl Hel MOHATTI «eHTpomis». Tak caMo BOHa BUKOPHCTOBYE BCi 0a30Bi KOHIEMIIIT i
MOHATTS Teopii HMoBipHOCTel. 3HaMeHuTa B Teopii iHdopmarii popmyna Kinona lllennona s o64urciaeHHs
KibKOCTI iH(popMmarii — 1e, pakTHIHO, OJUH 13 BapiaHTIB BiIOMOi (OPMYIH JUIsi 3HAXOPKEHHS SHTPOIIii B
CTaTUCTUYHIN (i3UIIi.

Haiinpocrima curyaiiisi, e MOXXHa OLIHUTHA PiBEeHb CBOOOIU CYCHIILCTBa — Ii¢ BUOOpW B KpaiHi.
Bynemo BBaxkaru, mo BHOOpH BimOynmcs decHo ¥ 3 ycix N BuOOpIiB 3a mepmioro KaHauaarta

nporojocyBaau [, BubOopuis, 3a apyroro — N,BuOOpHiB, ..., a 33 ocTaHHBOro N BUOOPUIB (
N =n, +n, +...4+N,). SIKIO B34TH TOBUIBHOTO BUOOPIIS OO SKOTO MH HE 3HAEMO SIK BiH IPOr0JIOCYBaB,
TO L{JIKOM MOXHA 3pOOHMTH NPUITyIIEHHs, 1o 3 WMosipuictio P, =N, /N Bin mporosocye 3a nepuoro
KaHauzaTa, 3 iMosipuictio P, =N, /N - 3a apyroro, ..., a 3 iimosipuictio P, =N, /N - 3a ocranHboro.

CBoOoJly MPUUHATTS pIllIEHHS, SKY BIiH peali3oByBaB O NPH KOXHOMY MOMJIMBOMY aKTi TOJOCYBaHHS,
JOLTBHO BUPA3UTHU 32 JOMIOMOTOI0 Jiorapu(My BiJl HMOBIPHOCTI, SIK 1I€ pOOUTHCS B CTaTUCTUYHIN (i3uLi Ta
Teopii iHdopmarii. Jlorapudm — e equHa enemeHTapHa GyHKIIis, 10 3a0e3Medy€e BIACTUBICTh aUTUBHOCTI
JAHOI XapaKTePUCTHUKU. AJMTHBHICTh O3HAYa€, IO SKIIO TOJIOCYBAaHHS BiJOYBAa€eThCS Biapasy 3 IBOX
HE3JIC)KHUX MUTaHb, TO CBOOOJA MPHUUHATTSA PILLIEHHS O CYKYNMHOCTI IIMX IBOX NHUTaHb JOPIBHIOE CyMi
cB00OJ 3 KOXKHOTO OKpeMoro nutanHs. OTxe y HallloMy BUMAJAKY B KOXKHOMY MOXKJIMBOMY aKTi FOJIOCYBaHHS

cBoGoza BusHawatumerses tak: —log,(p,), —log,(p,), ..., —10g,(p,). Minyc mepex 3HaKom

sorapudmy OepeTbcsi s TOro, 100 cB0OOOAAa BHUMIPIOBANACh JOJAATHAM YHCIIOM, OCKIIBKH KOXHA 3
HMOBIPHOCTEH € YUCIIOM MEHIITUM 32 OJHMHUIN0, a JorapudmMu Takux uncen Bia emanid. Jlorapugpm depersest
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3a OCHOBOIO 2 JHWIIE JJIA TOro, o0 MIiHIMAaTbHUN aKT CBOOOIM BHOOPY XapaKTepHU3yBaBCS YHUCIOM 1.
TakoMy MiHIMaTBRHOMY akKTy BIATIOBiZa€ CHUTyamis, KOJA MH OOpaEMo OJHY 3 JBOX PIBHOIPABHHUX
kanmuparyp. Tomi p=1/2, a —log,(p)=-log,(1/2)=1. V reopii inpopmauii Taka omMHHII
iHpopmalii Ha3uBaeTbcs OITOM. Y HalIOMy BHUMAAKYy AOLUIBHIIINM Oyno O y3iTH 3a OCHOBY CIIOBO
«cBOOOma», a00 «freedom» anrmiiicekoro MoBOr0. IloyaTok ocTaHHBOro ciioBa «freed» minkom mir Ou maru
Ha3By oAwHHMI cBoOOoaU. KiTbKiCHO OIIHWTH BCe TOJOCYBAaHHS B IJIOMY, 32 BCIMa KaHAWJATYPaMH, MOXKHA
Oys0 O B3SBIIM MaTeMaTUYHE OYiKyBaHHS CBOOOIHM, TOOTO BCIX OKPEMHX aKTiB CBOOOJU, BHUSBICHUX NPHU
TOJIOCYBaHHI 32 KO’KHOIO OKPEMOIO KaHTUIATYPOIO

S :_Zm: Pi IOgZ(pi)-

Taka BeNMYMHA B CTATHCTUYHINA (i3MIi HA3MBAeThCS eHTpoIiiero. Ii 6a3oBa Ha3Ba B Teopil iHopmamii —
iH(dopMariiina eHTporis. 3pemToro 1e i € 3HameHuTa Gopmyna Kiona lllennona. B nepeknani Ha moOyToBY
MOBY 1Ieil TepMiH B Teopii iHpopMalii iHTepIpeTyoTh K KiIbKICTh iHPOpMaIlii, a yacTo sIK HEBU3HAYCHICTD
iHpopmarii. Jlo pedi, 3ragka mpo CTATHCTUYHY (DI3WKY TYT IUIKOM OPEYHA, OCKLIEKH €HTPOIIS € MipOro
HEBIOPSIAKOBAHOCTI 200 XaOTHYHOCTI (i3n4HOI cucTeMH, (PaKTHYHO, B3AaEMHOI HE3aJEKHOCTI pyXiB ii
OKPEMHUX CTPYKTYpHUX CKJIaoBUX SIKy 0a30By Ha3By ciij Oysio O 3ampomOHYBaTH JIIs i€l BETUYUHU Y
3amayvi mpo BubOopu. Jlymaro, 1o — eHTporrisi BHOOpiB. A B mepekiaji Ha moOyTOBY MOBY, sIK piBeHb CBOOOIH
BruOOpiB. Jlam My mobGadnmo, 110 YUCIIOBI 3HAYEHHS PiBHA CBOOOMM BHOOPIB IIIJTKOM BiJIMTOBiNAlOTh HAITUM
ySIBICHHSAM TPO pI3HOMAaHITHI BapiaHTH pe3ynbTaTiB BHOOpiB. Lle cBigunTHME Ha KOPUCTH HAIIOTO
TIyMadeHHS CTPOTOTO TEPMiHY «EHTPOIIisl BUOOPIBY.

OpHOYacHO, SIK BimoMo 3 Teopii iHdopmarii, iHQopMariiiHa eHTpoITist € MipOK HEBH3HAYEHOCTI a0
HEOYIKYBaHOCTI, (aKTHYHO, MIpOI0 HemepeAdadyBaHOCTI CTaHy CHUCTEMHU UM [OAii. Y HAIIOMy BHIAIKy
BUOOPIB B KpaiHi, eHTporis cBoOoan (PpakTHUHO BU3HAYAE CBOOONY TPUHHSTTS PIILICHHS, SKY NOBUIbHHH,
3HEOCOOIeHNH BUOOpEIh peanti3yBaB OU MPH KOKHOMY MOXIIMBOMY aKTi HOr0 0COOMCTOTO TOJIOCYBaHHS.

A Ttenep cnpoOyeMO 3aCTOCYBaTH 3alpOIIOHOBaHY (HOpMYILy 0 OCTaHHIX MPE3UICHTCHKUX BUOOPIB B
Vipaini. Tyr My Manu 39 KaHAMIATiB HA MOCajy NPE3WIAEHTA. VIMOBIPHOCTI rONOCYBaHB 33 KOXKHOTO 3
KaHJUAATIB € JOJSIMU TOJIOCIB, TIOJAHWX 3a HUX. 3arajoM IPOrojoCyBalld, He 3iMCYBaBIIN OIOJIETEHBb
18670254 BubopiiB. 3a OKpeMHX KaHIWIATIB TOJOCYBalla HACTYITHA KINBKiCTh BHOOpHIB (TIpi3BHINA
KaHIWJATIB HE MAaroTh >KOMHOTO ceHcy): 38872; 27182; 33968; 2206216; 22564; 5503; 784274; 5433;
1306450; 4648; 19542; 8453; 5714034; 15965; 14532; 5869; 4494; 307244, 9243; 4508; 20014; 1036002,
13139; 43239; 2579; 5587; 3114; 15589; 3014609; 5230; 15118; 1141332; 5331; 2532452; 117693; 18918,
18667; 109078; 18482. CkaxivMo WMOBIPHICTh TOJIOCYBaHHS 3a IIEPIIOTO KaHAMIATa OyJie TaKOM:

p, =38872/18670254. CsoGoma rosocyBaHHs, OOYMCIeHa 3a [OAAHOK BHUIE  (HOPMYJIOH,
nopisutoBatume: S = 3.045¢pioa . J{ns nopiBHAHHS MigpaxyeMo cBo0OOay BHOOPY BHOOpIS Ha OCTAHHIX

Mpe3nICHTChKUX BuOOpax y Pocitickkiii geneparii. Tam kanaumatiB Oymo BiciM. BoHn oTpuManu HacTymHi
BijgcoTku ronociB: 0.65%; 11.77%; 5.65%; 1.68%; 0.68%; 0.76%; 1.05%; 76.59%. 11lo6 mepeiitu Big
BIJICOTKIB 10 HIMOBIpHOCTEM, BiZICOTKH IIPOCTO CIIi/I MOJUIATH Ha CTO. BUKOpHCTaHHS TonepeHboi GopmMyin
y upOMy pasi nae HactyiHuit pesynbrar: S =1.210¢pioa . Tenep Mu MoxkeMo HOPIBHATH CBOOOTY BUOOPY
Ha Mpe3nJICHTCHKUX BUOOpax B YKpaini i Pociiickkiii genepanii. Buano, mo cBo6oaa BuOOpiB B YKpaini y
JBa 3 TIOJIOBMHOIO pa3u Buile, HiK y Pociicekiii ¢enepanii. Llei pe3ynbTaT MiIKOM OYiKyBaHHH.
HeouikyBanum Oyzae pe3ynbTaT MOPIBHSHHS CBOOOAM NMPE3UAECHTCHKUX BHOOpPiB B YkpaiHi i CromyueHHux
mrarax. Ha ocranHix BuOopax Tam, sik 1 Maixe 3aBxu, Oyio Jimiie aBa kKaHaunatu. Koseris BUOOPIIUKIB
ckimananack 3 306 ocid0 Ha KOPHCTh OJHOTO KaHaunara i 232 oci6 Ha KopucTh iHImOro. TyT KOXHY 3
HMOBIpHOCTEH MOYKHA BHU3HAYMTH, TOAUIMBILY BiAMOBIIHY KUIBKICTh BUOOPIIMKIB Ha X 3arajbHy KiIbKIiCTb.
V upomy pasi S =0.986 gpioa , 10610 cBOOOAA BUOOPiB Y CrONMydYeHHX INTATaX 3/1A€ThCS HABITH JEIIO

MeHII010, HK y Pocii. Skmo BpaxysaTtu, mo B CrojydeHHX IITatax BHOOpaM IEepeAyloTh IpaiMepi3 B
KOXKHIM 3 MPOBIAHMX MapTiil 1 B KOXKHOMY 3 MPOBIAHUX INTATiB, TO OCTaHHIN PE3yJNbTar, SIK MU I0OaYHMO
nani, 3MiHUTBCS MpH MOPiBHSHHI 3 Pociiicbkoro ¢eaepaunieto Ha Kopucth CHoNMydeHHX LITATiB, ajie TOYHI
PO3paxyHKH TYT BUKOHATH Ba)KKO depe3 Opak JeTanbHoi iHpopmallii.

CripobyemMo 3p03yMiTH OTpUMaHi pe3yJIbTaTH 3 TOUKU 30py MareMaTtuku. [lpuirycTumo, 1o Mu MaeMo
M piBHONpaBHUX KaHAWAATiB. PiBHONpaBHICTH O3Ha4Yae, M0 WMOBIPHICTh JOBUIBHOIO BHOOPUSA
MPOTOJIOCYBATH 32 JOBUILHOTO KaHIWAATA Ta caMa JUIsd KOXXKHOTO KaHaunata. Toji Bci HMOBIpHOCTI piBHI i
KOXHa 3 HUX JiopiBHIOE 1/ M. Y 1pomy pasi Gpopmyia cBOGOIM MATUME BUTIISI

S =log ,(m).
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s dhopmyna takoxx nobpe Bimoma B Teopii iHdopmarllii 1 Ha3uBaeThest Gopmysioro Xaptiai. TooTo
cB00OIa BHOOPY TIPSAMYE IO HECKIHYEHOCTI, SKIIO KUTBKICTh PIBHONPABHUX KaHAHMIATIB TaKOX MPSIMYE IO
HECKIHUEHOCTi. SICHO, 110 3a IHMIMX PiBHUX YMOB, HA TUX BHOOpax Oiibmie cBoOomu, e Oinblia KiTbKiCTh
MPETEH/ICHTIB OJIHi€T MOMITHYHOT BaroBoi KaTeropii. YkpaiHa TyT 1mo3a KOHKYpPEHIII€I0 B IO3UTHBHOMY CEHCI.
CrioirydeHi TaTH 1032 KOHKYPEHITI€I0 B HETAaTHBHOMY CEHCI.

Hpyruii daxTop, SKuil Ciig B3SATH 10 yBard, ¢ HEPIBHOMIPHICTH TOJIOCIB, TMOJAHHWX 33 PI3HUX
KaHAauaatiB. YuM OiNbLIOIO € 1 HEpiBHOMIPHICTh, TUM MEHIIOIO €, peallbHO, CBOOOAa Bubopy. B Ykpaini Ha
OCTaHHIX BHOOpax HEPIBHOMIPHICTh TMOJAHHS ToJjiociB Oyna MeHmior, HiX B Pocii, i Oiapmoro, HiK B
Cromrydenux mrarax. B CroigydeHnx mTatax HepiBHOMIpPHICTH Oyia HaliMEHIIIO0, TaM Maike 3aBXKIH BCE
BiOyBaeThCs y BapiaHTI I'sATAECAT Ha Isitaecar. [Ipore octanHs oOCTaBHHA HE 3/aTHa KOMIIEHCYBaTH
edexT Big Manoi KinbkocTi mpeTeHAeHTiB. Y Pociiicbkiil ¢eaepamii x HEpiBHOMIpHICTh MPUCYTHS B
HaWOUTBIIIN Mipi 1 € HACTIIBKM BEIUKOIO, IO B)KE HE 37aTHa KOMIIGHCYBATH JIOBOJII 3HAYHY KIJBKICTh
MPETEH/ICHTIB.

MaxkcuManbHa MOYKIJIMBA HEPiBHOMIPHICTh BHOOpY — Lie, KOJMH OJHA 3 HMOBIpHOCTEH mopiBHIOE 1, a
inmn wHymo. Lle BimnoBimae curyamii B konumHEboMy Pamsacekomy Coroszi. Tam 3aBxknn Ha BuOOpax OyB
JMIIe OJMH KaHAuaT. Y IbOMY pa3i KOJKHa 3 IBOX HAaBEICHHUX BHIIE GOPMYI Ja€ OJMH €ANHUNA pe3yabTaT —
HyJb. ToOTO cBOOOa BHOOpPIB y PansHcrkomy Coro3i 3aBK/1U TOPIBHIOBAJIA HYJIFO. AJie KpaiHH, 1¢ KUIbKICTh
KaHIUAATiB Ha BUOOpax JOPIBHIOE JBOM, B INPHUHIHWII HE MOXYTh MaTH piBEHb CBOOOMM BHOOpIB, IO
TIEPEBHUIIY€E OJMHUINO, 1 HABPSI MOXKYThb BBaXKATHCSA e€TaIOHOM cBoOou. [lomiOHuit anami3 BUOOPIB MOXKHA
MpoBecTH B OyAb-sKid KpaiHi, IO J03BOJUTH BCi KpaiHM pPO3TAallyBaTH y IICBHIH IMOCHiZOBHOCTI HIOAO
cBOOOM BUOOPY B HUX.

Jia mepeBipku, HACKIIPKM BUIMAJAKOBUMH € OTPHMaHI pe3ynbTaTH Uil YKpainu i Pociiicbkoi
deneparii, mMpoaHami3yeMO TaKOX OCTaHHI MNapiaMeHTChKi BHOOpHM B IMX KpaiHaxX. 3a METOAUKOIO,
BHUKJIAJICHOIO BHINE, CBOOOJA IMapJaMEHTChKUX BHOOpiB B YkpaiHi mopisHioe S =2.922@pioa . CBoboaa

napyiaMeHTChKuX BHOODIB y Pociiicekiit hemepartii - S =1.180 ¢hpioa . 3Beprae Ha cebe yBary AHBOBH)KHA

ONMU3BKICTh PE3YNbTATiB MapIaMEHTCBKUX 1 Mpe3uJeHTChKUX BHOOpiB B YkpaiHi. Lle cBimuuth mpo
HEBUITAJKOBICTh OTPUMaHUX pe3ynbTaTiB. Tak caMo Maibke 30iraroTbesi pe3yiabTaTH MapiIaMEeHTChKHX 1
MPEe3nICHTCHKUX BHOOPIB y Pocilicekiit dpenepariii.

LikaBo TakOX MOPIBHATHU Pe3yIbTaTH TPE3UAECHTCHKUX 1 ApJIaMEHTCHKUX BHOOPIB B Ykpaini 'y 2019 i
2014 pokax. Y 1914 poui piBeHb cBOGOIM Tpe3ugeHTCHKUX BUOOpPiB craHoBuB S = 2.408¢hpioa , To6TO

nemo Hwkue, HK y 2019 pomi. Ilpn mpomy KkimpkicTe KaHAMIATIB Oyjia 3HaYHO MeHIIO — nuire 20.
[omitnyna curtyarlisi B KpaiHi Toji Oyina BKpali HarpyxeHow. Bubopu y aa Typu Oynu HENPUIHITHOIO
poskimmno. Ha Ykpainy HacyBanacek BiitHa 3 Pocilicekoro deaepamiero. Bubopii 1ie po3yMinu i mepeMoxeis
BHOOpIB TOJI HaOpaB TOJIOCIB CYyTTERO OuibIle, HiX MepeMoxkenb BUOOpiB y 2019 pomi y mepmomy Typi.
ToOTo i dakTOp HEPIBHOMIPHOCTI PO3IIOAITY TOJIOCIB CIPAIIOBaB HAa 3MEHIIIEHHS PiBHSA CBOOOAM BHOOPIB.
AJle HaBiTh MOMPH JIit0 [KX JBOX (PaKTOPiB piBeHb cBOOOAM BHOOpPIB y 2014 pomi OyB 3HAYHO BHIUM, HIiX,
Hanpukiaj. Ha Bubopax 2004 poky. Tam BiH ckiaB npubimu3Ho 2 ¢pina. PiBenb cBoOoM MapaaMeHTCHKHUX
BuOOpiB y 2014 poui craHoBuB S =3.286¢pioa . lle memo 6Ginbiue, Hix y 2019 pori. ITicns ycminHux
MPE3UJICHTCHKUX BUOOPIB HANPYXKEHHsI B KpaiHi 3MEHIIWIOCh. BuOOpI 3MOriu A03BOJIMTA COO1 OLIbIIY
cBOOOJIy 1 I1e MaTepiallizyBajoch y HAWBUIIOMY PiBHI CBOOOJIM MapIaMeHTChKUX BUOOPIB Y HOBITHIH icTOpIi
VYkpainu. PiBens jxe cBoOou BHOOpiB npe3uaeHTa Oys HaiiBumM came y 2019 pori.

B3arani Bumaerses, 1110 came Ui yKPaiHIliB, XapaKTepHU Oe3MpereIEcHTHO BUCOKUH PiBEHb CBOOOIU
BrUOOpiB. TakuM € iX HaI[lOHAJIBHUN XapaKTep.

Pazom 3 Tum, pe3yibTaTH mpoaHaizoBaHuX BuOOpiB B YkpaiHi 1 Pociiicekiil (eaepauii pagukanbHO
BiJpi3HAIOTECA. Sl O cKka3aB, 10 BOHM MOJISIpHI. Taka MONSAPHICTH Pe3yJbTaTiB TOJNOCYBaHb € SICKPaBUM
CBITYCHHSIM TIIMOMHHOT BI]MiHHOCTI MEHTAIIITETY YKPATHIIB 1 POCISIH.

[onsipHicTh pe3ynbTaTiB Npe3UAEHTCHKUX BUOOpiB B YKpaiHi i Pociiicekiil ¢enepauii crae 1me
OYEBHIHIILION, SKIIO BPaxyBaTH, 110 B YKpaiHi OCTaHHI MPe3UJCHTCHKI BHOOPH BiIOYBAINCH Yy ABa TypH (L€
JIOBOJIi 4acTo TPAIUIsUIOCh 1 y TomepenHiil icTopii HezanexHoi YkpaiHu. Y pasi IBOX TypiB Ui piBHS
cB00OIM BUOOPIB MATUMEMO TaKy QOpMYyIIy

S=§+5S,,
ne S, - piBeHb cBoOOaM BHOOpIB y mepmiomy Typi, S, - piBeHb cBOGOAM BHOOPIB y Apyromy Typi. Bue

BXKe HaBeseHa hopMysa cBOOO M BUOOPIB AJIsl IEPIIOTO TYPYy. AHAJIOTIYHO
2

S, = Plog,(R).

i=1
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Cyma piBHIB CBOOOIM BHOOpPIB BHUHHUKAE SK HACIIIOK AIWTUBHOCTI CHTPOIIT JUIsI IBOX HE3aJICHKHUX
NiICHCTEM, SKMMHM MOXHA BBXKaTd IepMN i Apyruid Typ BHOOpiB, ab0 sK HACIiZOK BIACTUBOCTI
norapudmy i BiAMOBITHOT BIACTHBOCTI MAaTEMaTUYHOTO O4iKyBaHHs. Tak st APYroro Typy Npe3uaeHTCHKUX
BrbopiB B Vkpaini y 2019 poui P, =0.7322, P, =0.2445. Toxi S, =0.826. Bianosigxo, Mu orpumaemo
Oe3mpereICHTHO BUCOKHIA pe3ynbTaT st cBoOoau Bubopis B Yipaiui S =3.871 ¢hpioa .

ko mpaiimepi3 y CriolydeHuX MITaTaXx BBRXATH 3a MEPIIUI Typ MPE3UIeHTCHKUX BUOOPIB, HABITH Y
pasi ABOX PIBHOIPABHHUX KaHIWJIATIB HA HUX, HACTPABAl iX 3aBXIU OLIbIIE, MU MaTUMEMO TaM B SIKOCTI
HWKHBOI MeXi npubiau3Ho 2 ¢pixa, mo 3HayHO Oinbiie, HiX y Pociticekili genepamnii. Haragaemo, mo y
Pocilicekiii deneparii piBeHh cBOOOAM BHOOPIB HAa OCTAHHIX MPE3HUIACHTCHKUX BHOOpPAX CTAHOBHB JIHIIIE
1.210 ¢pina.

3anponoHOBaHUN MiAXiJ A0 BU3HAYCHHS CBOOOMM BHOOPIB € YHIBEPCATHHHM. Moro Mmoxua
3acTocyBaT y 0OaraTthox OKpemux cepax >KWUTTS CyCHibCcTBa. Ha Hamry QyMKy, med miaxil MOKHa
3aCTOCYBATH 1 TSI OI[IHKU CBOOOIM CYCIIJIBCTBA B IIJIOMY.
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A NUMERICAL METHOD FOR ANIMATING THREE-DIMENSIONAL OBJECTS
A numerical method for 3D object animation is proposed. Numerical algorithms are universal in
terms of the ability to solve the inverse kinematics problem for any number of degrees of freedom. It is also
important to move from the problem of finding a solution without restrictions on variables (i.e. rotation
angles) to the problem of finding a solution with restrictions on variables.

Inverse kinematics is a widely used method of model animation. It is used to create motion in both
simple and complex hierarchical models. When using inverse kinematics, it is not necessary to animate each
individual node of a hierarchically connected chain to obtain its motion as a whole. To do this, you can set
the necessary parameters, and the calculation of the chain motion taking into account the connectivity will be
performed automatically on each frame.

The inverse kinematics chain is a hierarchy where the interaction between objects is carried out "from
the bottom up", from the child object to the parent object. For example, take the classic model of a man - a
bipod. If you move the body (parent object) in space, the arms, legs, and head (child objects) will move with
it as if they were rigidly fixed. This is a chain of direct kinematics, where the impact on the parent object
affects its child objects. If the reverse kinematics chain is implemented in this bipod, the movement in the
space of a child object, for example, a hand, will lead to the movement of the parent objects: forearm,
shoulder, trunk.

For the algebraic solution of the inverse kinematics problem, it is required to solve the equation for 2N
independent variables [1, 2]. Since the dimension of the matrices is an element, it is possible to obtain four
linearly independent equations, which makes it possible to find four variables. In fact, | would like to have a
solution for an arbitrary number of variables, because the greater the number of degrees of freedom involved,
the more objects can be in the chain, the more universal the manipulator. The algebraic method gives
solutions for manipulators with no more than six degrees of freedom. The ability to find six variables at four
linearly independent equations appears because the local matrices of objects in the chain as a whole are
strongly sparse. This allows you to get a small number of solutions, and then choose from them using a
certain criterion the most acceptable and reasonable. In General, six degrees of freedom allow you to create a
full-fledged three-wheeled (manipulator of three objects in the chain) manipulator that meets most of the
tasks of robotics, where manipulators are usually used. The disadvantages are a small number of degrees of
freedom (no more than six) and difficulties with the control of restrictions on the degree of freedom.

In the geometric method, the solution in the analytical form is obtained using the geometry of the
chain. In work [3], the coordinate methods described in [4] are used to obtain the analytical solution of the
manipulator with seven degrees of freedom. This method is applicable to any manipulator with known
geometry. The disadvantages of the method are that for its operation it is necessary to know the analytical
solution for the first three objects of the chain, as well as the fact that the geometric approach is applicable
only for the previously known geometry of the manipulator [5]. Algebraic and geometric methods are used
together to obtain an analytical solution in [6] for a manipulator with seven degrees of freedom.

The essence of iterative methods is that the solution is achieved in the course of iterative
approximation. The main problems that arise in this case are the convergence of such methods. Most
iterative methods are based on algorithms for numerical minimization of a nonlinear function, but there are
also algorithms that use a geometric approach.

Numerical algorithms are universal in terms of the ability to solve the inverse kinematics problem for
any number of degrees of freedom. Also important is the transition from the problem of finding solutions
without restrictions on variables (i.e., the angles of rotation) to the problem of finding solutions with
restrictions on variables. Restrictions on the degree of freedom are essential, since the simulated objects, for
which the problem of inverse kinematics appeared; usually in nature have physical restrictions on the
possibility of rotation. For example, the algebraic method does not take these restrictions into account, and it
is difficult to implement the restrictions using the algebraic solution. The iterative method, because the
iterative approximation to the solution, which naturally gives the solution with constraints on the variables
[7]. The disadvantages of the method are the complexity of calculation and convergence control.

In work [1] the iterative method using geometrical approach is described, it is a method of cyclic
coordinate descent. The cyclic coordinate descent method minimizes the distance from the final effector to
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the target by adjusting each joint angle in turn. The method starts with the last node in the chain and works
backwards, adjusting each hinge on the way. The action continues up the chain reaches the root of the chain.
Then the process is repeated, starting again with the last hinge in the chain. In the end, two cases are
possible: end of chain reached the goal or the cycle was repeated a number of times and was broken, when it
is impossible to make the regular rotation of the end joint. This means that the distance from the base node
to the target is greater than the sum of all links.

The chain may contain restrictions on the degrees of freedom for the individual hinge, which keeps it
from rotating, which is physically unacceptable for the model. In other methods of inverse kinematics, this
can complicate the solution sufficiently, but in the method of cyclic coordinate descent, such restrictions are
easily introduced. Each step is a turn of the hinge, which makes it easy to include restrictions on these turns.
It is enough to check whether the angle of rotation is beyond the permissible limits. If yes, the hinge rotates
only to the limit. The use of restrictions of degrees of freedom allows more flexible manipulation of the
dynamic chain. This method is simple to understand and easier to implement than numerical iterative
methods. In addition, it is significantly faster than numerical algorithms, but there are some requirements of
inverse kinematics, which it cannot provide or their implementation for such an algorithm is difficult.
However, part of the parameters (joint friction, joint priority, etc.) to adjust the dynamics of the chain cannot
be implemented, or their implementation is difficult.

Mixed methods can complement each other. In particular, in [1] used two algorithms of minimization:
the method of cyclic coordinate descent (CCD) and Broyden-Fletcher-Shanno (BFS). The CCD method was
used to find the initial value for the BFS algorithm. The problem with such combinations of algorithms is
that such a tool as inverse kinematics requires not only control of the connected chain, but also many other
adjustable parameters. Different algorithms provide tuning parameters to the parameters in different
algorithms vary. Thus, when implementing a combination of algorithms, there is a problem of correct
settings and transmission of such parameters within a single process of finding a solution.

Analysis [1, 8, 9, 10] of the current state of Affairs in the field of minimization of nonlinear functions
showed that there are several competing algorithms that solve such problems.

The numerical algorithm is universal in terms of the ability to solve the inverse kinematics problem for
any number of degrees of freedom (DOF). In the problem of inverse kinematics (1K), it is also important to
move from the problem of finding a solution without restrictions on variables (i.e. on rotation angles) to the
problem of finding a solution with restrictions on variables. The limitations of DOF are significant, since
modeled objects, for which the IK task has appeared, usually have physical limitations on the possibility of
rotation in nature. For example, the algebraic method does not take these restrictions into account, and it is
difficult to implement the restrictions using the algebraic solution. The iterative method, by virtue of iterative
approximation to the solution, naturally yields a solution with constraints on variables. As mentioned above,
when solving the problem, we aim to get as close as possible gm,, togm , however, we are satisfied

goal
with the equality of the extreme right columns of matrices that characterize the position in the space of the
final effector and the goal behind which the chain moves. From these considerations, we define our target
function as:

K@= > (g—e)

As you can see, it characterizes the square of the distance between the desired position of the final

object and its current position. Of the variable degrees of freedom are 2n variables, that is
—
q= (Ch' Q2’Q3"""Q2n)‘ The initial value of this vector is the current values of the involved angles

in the entire IK-chain. Using the algorithm of minimization of the nonlinear function of many variables, we
minimize the function IK(q)on the vector q.

If the object characterized by the matrix gm lies within reach of the chain of objects. You can

gaol

"straighten” the chain of objects by varying the components of the vectora . In fact, by varying the rotation

angles of local object matrices. As a result, the matrix values of the right columns gm EE and gm will

goal

be very close.
Such a task of minimization of a nonlinear function is solved iteratively and within the framework of

this approach, several algorithms competing with each other in efficiency are known. Summarize:
gm_.——gm

goal
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goal function: IK (Q) = > (gi_ei)

i=x,y.,z

—

vector: q= (ql, g2:q3z:- q2n)

The solution of the problem is to find the vector g, which is the minimum of the objective function.

The accuracy of calculations of the IK function is the accuracy with which the float type is calculated,
but in fact, this question requires a detailed consideration and application of the Hamming algorithm for
these purposes. It is important to be able to correctly calculate the derivative of finite differences, as in the
Wood function. For example, it was experimentally shown that the variation of such a parameter as the
characteristic value of the type variables used in the calculation of derivatives leads to a 25% increase in the
performance of the algorithm over time. In particular, when typx = 1, the algorithm works 74 ms, and in the
case of typx = 0.6, the algorithm produces a more accurate solution for 55 ms. Note that this performance
improvement can be crucial in real time. This example shows that the IK-function, after its implementation,
also requires significant research for the selection of optimal parameters for the algorithm.
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YAIUUTIHCBKUU 1O.I1., CYBBOTIHA O.B.
Incruryt kibepHetuku imeHi B.M. ['mymkoBa HAH Ykpainu (Ykpaina)

BUKOPHUCTAHHS OHTOJIOI'O-KEPOBAHOI TEXHOJIOI'TI CUCTEMHOI OITTUMI3ALIIL B
CHUCTEMI VIIPABJIIHHS BEITEYHICTIO ITPOJIYKTIB XAPYUYBAHHS

B pobomi poszensnymi cumyayii 6uHUKHEHHA HeOOXIOHOCMI 6 3aCMOCYS8AHHI MEXHON02I CUCeMHOl
onmumizayii nio uac po3pobKu, 8npoeadNHCeHHs ma (QYHKYIOHYBAHHA CUCMeMU YAPABIIHHA Oe3neuHicmio
npodykmie xapuysauus. Ilpedcmagneno KoHyenmyaibHuii OnUC NpUHAMMA pileHb HA OCHO8I CUCTNEMHOT
onmumizayii npu po36 s3aHHi 3a0ay 6e3nexu nPoOyKmie XapyyeaHHs..

CyuacHi TEXHOJIOTii XapuoBOi MPOMHCIOBOCTI, BHUMOTH O€3MEKH Xap4OBUX MPOAYKTIB JAHIOTa
MOCTaBOK MPOAYKTIB XapuyBaHHS Bia GepMH 10 CTOTY, BAMOTH J0 XapyoBi JIOTICTUKHU, IPOJAXKiB MPOAYKTIB
Xap4dyBaHHS, 30epiraHHs TPOTYKTIB XapdyBaHHA, BHUMOTH MIOJ0 3HWKEHHS PU3HUKIB BUKOPHUCTAHHSA
MPOAYKTIB XapuyBaHHSI Ta BHHUKHEHHS XBOpPOO Xap4doBOTO MOXO/KEHHSA, HEOOXiIHICTh MiATPUMAHHS
TpPOMaJICEKOT TOBIpH 10 OE3MEYHOCTI XapuOBHX MPOAYKTIB 1 T.A. BU3HAYAIOTH HEOOX1/IHICTH KOHTPOIIOBATH
BECh JIAHIIOI BUPOOHMIITBA XapuoBOTO MPOAYKTY. Lle MOXIMBO peanizyBaTH Ha OCHOBI BHKOPHCTaHHSI
CUCTEMH YIPaBIiHHS OCTEYHICTIO MPOMYKTIB Xap4yyBaHHs, o Oa3yerscs Ha mpuHimnax HACCP (Hazard
Analysis and Critical Control Point, anamiz HeGe3nek Ta KPUTHYHI KOHTPOJBHI TOYKH) Ta 3abe3medye
CTPYKTYpPOBaHUH MiAXia A0 igeHTUdIKalil Ta KOHTPOII BU3HAUYEHUX HEOE3MEeUHUX YMHHUKIB 1 ()aKTOpiB, y
MOPIBHAHHI 3 TPAAHMIIMHAMHU METOJIaMH, TAKUMH SIK 1HCTIEKTYBaHHS a00 KOHTPOIb SIKOCTI. |'apaHTyBaHHA
0e3MeYHoCTi MPOAYKTIB XapuyBaHHs € OCHOBHOIO MeToro 3actocyBaHHs koienuii HACCP mo mpouecy
BUpoOHHUITBA [1].

B mporieci cTBopeHHSs, BIPOBa/KEHHS Ta BUKOPUCTAHHS CUCTEMH YIPABIiHHS OE3MEeYHICTIO TPOTyKTiB
Xap4YyBaHHS MOXKE€ BHHHKHYTH HEOOXITHICTh y 3MiHI TEXHOJIOTIYHHX IPOIECiB a0 METOMiB TaKyBaHHS,
Meperisyl BUMOT 0 IOCTAa4yalbHUKIB CHPOBMHH Ta MaTepiamiB, abo HaBiThb 1 B 3aMiHi BHPOOHHYOTO
oOmagHaHHs a0o 3MiHI TexHosorid. Taka HeoOXiJHICTb B KOpEryBaJbHHX JiX B CHUCTEMi YINpPaBIiHHS
0E3MeYHICTI0O MPOAYKTIB Xap4UyBaHHS BUHHUKAE TPU CHUTYAIlisiX, KOJIW 3HAYCHHS MapaMeTpiB B KPUTUIHHUX
toukax KoHTpoJto (KTK) (Touok, e HaliBuIla HMOBIPHICTh BAHUKHEHHS ITOTCHIIIHHOT HEOS3IEeKN) BUXOAATh
32 MEXH I'pDaHUYHUX 3HAuYCHb, 1110 BU3HaueHi Ui ux KTK. B npomy Bunaaky mns koxxkHoi KTK B pamkax
YIOpaBIiHHSA OE3MEeYHICTIO HPOMYKTIB XapuyBaHHs, o 0Oa3yerbcs Ha mnpunHiunax HACCP, nHeoOxigHo
PO3pOOUTH KOHKPETHI KOPUTYBalbHI [ii, 32 JOMOMOTOI0 SIKHX YCYBaTHMYThCS BIJIXWIICHHS, 110 BUHUKIIH.
KopuryBanbHi aii MatoTh OBi CKiIafoBi: |) BUSBIIEHHS Ta YCyHEHHS MPUYUHM BiJXWICHHS Ta BiJHOBJICHHS
KOHTPOJIFO HaJl TEXHOJOTIYHUM IIPOLECOM, Ta 2) BHSABJICHHS HPOIYKTY, IO OyB BHPOOJEHHI 3a yMOB
BIAXHMJICHHS TEXHOJIOTIYHOT'O MPOLIECY BiJl KPUTUYHOT MEXi, Ta BU3HAUCHHS HOTO TIOAJIBIIOTO TIPU3HAYCHHSI.

B Bumaaxky HeoOX1IHOCTI NPOBE/ICHHS KOPHUTYBaJbHUX il OyJIeMO BHKOPHCTOBYBATH TEXHOJIOTIIO
cucteMHoi ontumizaiii [2]. CyTe SKo1 moJjsirae B IiIECIPSIMOBaHii 3MiHI MOJeNeil NPUIAHATTS pillleHb JJIst
JOCSITHEHHsI TPUITYCTUMOCTI Ta B BHOOpPI HaWOLIBII NPUHHATHOTO pIlIEHHS TMOCTaBieHol 3amadi [3].
ObMmexyrounmu  (pakropamu, Tak 3BaHHMH «BY3bKHMH MICISIMU», MOXYTh OyTH: BHUMOTH 10
(YHKIIOHYBaHHS CHCTEMH, BHMOTH JIO SKOCTI Ta OE3MeYyHOCTI NpPOAYKIi, HAasBHICTh JOCTAaTHIX
MaTepiaJbHUX PeCcypciB, BUPOOHWUYI MOXKIMBOCTI IiJIPUEMCTB, 00’eMH (hiHAHCYBaHHS, HOPMATHBHI 4YH
3aKOHOJIaBYl BUMOTHW MIO/I0 JKUTTEBOTO IHMKIY BHPOOHHUITBA Ta iH. [ KOXHOI 3 KOpHUTYBaJIbHUX [iif
BU3HAYAIOTHCS BAPIaHTH aJbTEPHATUBHHUX PIllIEHb, SKi MOTIM HEOOXIHO OIIIHUTH 3a OaraTbMa KpPHUTEpisSIMHU
(uac, MOACHKI, MaTepiaibHi, BAPOOHUYI Ta (piHAHCOBI pecypcu TOLI0) Ta BUOpATH BapiaHT AJSl NOAAIIBILIOTO
BTUIEHHS B JKUTTA. ICHYIOYI MOXXJIMBOCTI MiANPHEMCTBA IJIsi HPOBEICHHS BiANOBIIHUX KOPUTYBaJbHHX
BU3HAYAIOTh O00JAcTh pillleHb, [I0 BHU3HAYAETHCS JIOKATBHUMH OOMEKEHHAMH 3anadvi. [Ipu 1mpomy
HEOOXITHUH KOHTPOJb, SIK MIiHIMYM, TPbOX OCHOBHHUX IapaMeTpiB TPUUHATTS pillleHb: 4Yac (pilleHHsS
MOBHHHE OyTH OTpHMaHe i BUKOHAaHE B 3a/laHUi mepioj yacy); BUTpaTu (piBeHb pecypciB i peasizamil
pillleHHsI TOBUHEH OYTH JIOTPUMaHWMIA); SIKICTh (BUMOTH JIO PillIEHHS TOBUHHI OyTH JoTpuMaHi). Jlo BapiaHTiB
KOPUTYBIGHUX [iff BIIHOCATBH: 130JIAIlisI Ta YTPUMaHHS TPOJYKTY JJIsl TPOBEIEHHS OIHKH HOoro
0e3MevYHoCTi; IPOBEACHHS i, 10 HallpaBJeHi Ha 3MiHY 3HAa4Y€Hb MapaMeTPiB KPUTHYHOI TOUKH KOHTPOIIIO
710 MEX TPaHWYHUX 3HAUEHb; MEPEBEJCHHS YPAKEHOr0 MPOAYKTY ab0 IHrpeli€HTIB Ha 1HIIY TEXHOJOTiYHY
JIHIO, JIe BIAXWICHHS, IO BiI0YJI0Ch, He Oy/ie BBa)XAaTHUCSH KPUTHYHHM; MOBTOPHA OOpOOKa; 3HMIICHHS
MPOIYKTY.

IIpouiec npuUHAHATTS pillieHb B Iid CUTYyallil CKJIAJAEThCS 3 IOCIIJOBHOCTI €TalliB, KOXEH 3 SKHX
BKIIIOYAa€ HACTYITHI €JIEMEHTH: BHM3HAYCHHS DPIillleHb JIOKAILHUX 337ad 3 ypaxyBaHHSIM pe3yJbTaTiB,
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OTPUMAaHHX Ha TIOMEPENHIX eTarax; y3TOPKCHHS DIlIeHb MOB'SI3aHUX JOKATBHHUX 3a7ad. bymemMo po3ymiTu
i1 TATPUMKOIO TIPUHHATTS PIICHb 1HTEIEKTYadbHy KOMITIOTEPHY TEXHOJIOTII0 TIOCHUIICHHS MOXKIIHBOCTEH
MOauHY, 1o mnpuiimae pimeHHs (JIIIP) B mporeci croctepe:keHHs 3a CTAaHOM MPEIMETHOI 00JacTi,
JIarHOCTHKHM TPOOJEMHUX CHUTyallii 1 Wijei Aid, TaHyBaHHS Jil 1 TeHepalliro Croco0iB ix peaizaiii,
(hopMyBaHHS palliOHATEHUAX BapiaHTIB PIllIeHb 3 BUKOPUCTAHHSAM €KCIIEPTHUX 3HAHB 1 METO/IIB MOJIETIOBAHHS
Ta ONMTHUMI3aIlii.

s mpencTaBieHHs] TEXHOJOTII CHCTEMHOI oNTUMi3alii OyJAeMO BUKOPHUCTOBYBATH B3a€MOIIOB’SI3aHY
MHOKHHY OHTOJIOTiH, IO TPECTaBIIsie COO0I0 OaraTopiBHEBY aCOIiaTHBHY CTPYKTYPY, IO BKJIIOYA€E MeTa-
OHTOJIOTiII0 a00 OHTOIOTII0 BEPXHBHOTO piBHS, 0a30By OHTOJIOTiIO, KOHTEKCTHY OHTOJIOTIIO, MHOXUHY
OHTOJIOTIA TPEIMETHOI 001acTi, IO BKIOYAE MPEICTABJICHHS 3ajad MPEeIMETHOI 001acTi, OHTOJIOTIH
npeaMeTHO-pOpMaIbHOro Ta (OPMaJLHOTO MPENCTABICHHS, OHTOJOTIIO peaii3amiid, IO BKJIIOYAE OIHUC
MPOTpaMHOTo 3a0e3MeYeH s JUI MATPUMKA TPUWHATTS PillIeHb, OHTOJIOTIIO MPEICTABICHHS KOPUCTyBada Ta
B3a€MOJI1 3 HUM, MOJIeNIb MALIIMHU BUBECHHS, 1110 ACOLIIOETHCS 3 MOOYIOBAHOIO OHTOJIOTTYHOIO MOJEILITIO.

Peanizariiss mporeciB TEXHOJIOTii CHCTEMHOI ONTHUMI3allil Ta IHTETparis BiINOBIIHUX CKIIAIOBUX
MPUHHATTS PillleHh B CBOIO Uepry 0a3yeThcs Ha MPEACTAaBIIEHHI 0araTOpiBHEBOi CHCTEMH YIPaBIiHHS Ta
NPUAHATTS pIMICHHS B HiH dYepe3 MOJENb JCSIKOrO KOHTEKCTY. DByneMo po3risjaTH KOHTEKCT SK
KOHIIENTYallbHy a00 IHTEJICKTyaJIbHy KOHCTPYKIIIO, SIKa CKJIAJA€ThCSA 3 TOHATh B MEXKaxX BiAMOBITHUX
KOHTEKCTHHX O0NlacTell Ta JMOMOMOrae HaM 3pO3yMITH, MpPOAaHANi3yBaTH Ta BUKOPUCTOBYBATH MPHPOY,
3HAa4YeHHs Ta eEeKTH 4Yepe3 eIeMEHTapHI CYTHOCTI Yy BiAMOBITHOMY cepemoBuili abo oOcraBmHaX. Takox
KOHTEKCT TIPENICTABISE Iijle, II0 BH3HAYAETHCA Yepe3 IEBHI CYTHOCTI, SIKi € BaYKIMBUMH IPH IAaHOMY
posrsi 3amauyi [4].

Ha 3aranpHOMY piBHI KOHTKCT OMHUCYETHCS HACTYIMTHHUMHU KOHTEKCTHHMH OONACTAMU: MeTa/pe3ylbTar,
aKTop, Mpolec/mis, 00'€KT, CepelOBHUIIEC, MOKIUBOCTI, 3aCO0M, MPEICTABJICHHS, PO3TAalllyBaHHSI Ta dYac.
Takuii po3risg KOHTEKCTY B paMKax 3ajad Oe3MeKH MPOJYKTIB XapdyBaHHS JIO3BOJISIE, HE BILTUBAIOYU
Oe3mocepeTHhO Ha MPOIEC MPUUHATTS PillieHb, OOMEKUTH HOTO JIHIIEe 3HAYYIIUMHU JUIS JAHOTO KOHTEKCTY
mpaswiamu / npouenaypamu. Lle mo3Bosse: 1) orivHO BUBOAWTH HOBHI KOHTEKCT 3 HasSBHUX; 2) MMOBTOPHO
BUKOPUCTOBYBAaTH KOHTEKCT 3a JOIMOMOTOI0 3aCTOCYBAaHHS KOHTCKCTIB BHINHMX piBHIB aOcTpakmii, ix
iHTerpalii Ta KOHKpeTH3amii Uil JaHUX YMOB 1 3aBJaHb; 3) OTPHUMYBATH KOHTEKCT OLIBII BHCOKOTO PiBHS
abcTpakiii 3 TaHOTO PO3TITHYTOTO KOHTEKCTY; 4) po30MBaTH KOHTEKCT Ha CKJII0BI HOTO JIOTiYHO TMOB'sI3aH1
BHYTPIIIHBO Y3TO/PKEHI KOHTEKCTH.

Peanizariis iHpOpMaILIfHAX TEXHOJOTM, SKi 0a3ylHOThCS Ha BHKOPUCTAHHI TEXHOJIOTII CHCTEMHOL
OITUMI3allii, Bi/IMOBITHUX 3HaHb Y BUIJISI/II OHTOJIOTII Ta KOHTEKCTY, JA€ MOXKIIMBICTH BHECTH JIO OpraHizaiii
nporiecy MPUNHSITTSA PIllieHb PSIJl BKJIMBUX BIIACTHBOCTEH, MEPII 3a BCE Ja€ MOXJIMBICTH MEPEHTH 10
Oe3mepepBHOTo aHaNi3y CHTYallilil Ta IIaHyBaHHI i, 3a0e3medye MpoBeeHHs KOPEKIIii Mpoliecy MPUHHATTS
pilieHp 0e3 TMOpYIIeHHS TEXHOJOTIYHOI IUTICHOCTI Ta B3a€MO3B'S3KiB, JOMYCKae OaraToBapiaHTHICTH
BapiaHTIB pillleHp Ta MOXJIMBICTH X OTPUMaHHA 32 pI3HUMH KPHUTEPIsIMH 1 MOJIENIsIMHU, Oyaye
B33a€MOIIOB'I3aHy CHCTEMY ITiITOTOBKK Ta BHOOPY pillieHb, SIK sl JaHOI MpoOJIeMH, Tak 1 1O B3aeMOIIl 3
THIIUMHM KOMIUIEKCAMH TIpOOJIeM i1 3aBllaHb, JIO3BOJISAE MPHHAMATH PIlIEHHS 3 ypaxyBaHHSM HACHiJIKIB iX
peanizartii.

Pesynbratn poOOTH BUKOPUCTAHO B paMKaX HAyKOBO-AOCHIIHOI poOotu “ Po3po0OMTH KOHTEKCTHO-
OpIEHTOBaHI OHTOJIOTOKEPOBaHI AITOPUTMH CHUCTEMHOI ONTHMi3allii HAa MNpPUKIadi Oe3NneKH NPOIYKTIB
XapuyBaHHS .

CIIMCOK JIITEPATYPU

[1] T.M. umans, T.I'. Ma3yp, Besnexa npooogonvuoi cuposunu i xapuosux npodykmis. K.: Akagemis,
2011.

[2] BM. T'nymkoB, “O cucremuoi ontuMusaiun,” Kubepnemuka, Ne 5, ¢. 89-90, 1980.

[3] HO.I1.YamniHchkuit, “ANTOPUTMH CHCTEMHOI ONTHUMI3alii JUIs PI3HUX OPUIYCTHMHUX Bapiamiit
napametpiB,” IIpobnemu ingpopmamusayii ma ynpaeninns, Ne 1, ¢. 163—168, 2007.

[4] Yamnincekuii FO.IT., Cy66otina O.B. “OnToOTis Ta KOHTEKCT MTPU PO3B’A3aHHI MPUKIAIHUX 3324
NPUAHATTS pitnens,” [LImyunui inmenexm, Ne 2, ¢. 147—155, 2016.



31

UDC 616.12-07
FAINZILBERG L.S.
IRTC IT&S NAS AND MES (UKRAINE)

INTELLECTUAL INFORMATION TECHNOLOGIES ON SMARTPHONE

THE REPORT DISCUSSES THE ORIGINAL IT FOR SIGNAL ANALYSIS AND INTERPRETATION
IMPLEMENTED ON A SMARTPHONE UNDER THE ANDROID OPERATING SYSTEM. A DISTINCTIVE
FEATURE OF THE TECHNOLOGIES IS THE PROCESSING OF SIGNALS z(t) ON THE PHASE PLANE

2(t),z'(t), WHERE z/(t) IS CHANGE RATE OF THE SIGNAL z(t) .

The rapid development of smartphone technology has led to the emergence of many applications,
including medical applications [1,2]. And this is no accident because the approach of medical information
technologies (MIS) directly to the patient is one of the main tasks of modern digital medicine and a
smartphone is more convenient for use by the patient than desktop or laptop computers.

It is known that heart rate (HR) is one of the most important indicators of the vital activity of the
human body. The diagnostic value of assessing heart rhythm was known in ancient Greek medicine, and
pulse diagnosis is one of the main elements of Tibetan medicine. Therefore, smartphones have long been
used to solve both fairly simple tasks (determining the average heart rate over a certain period of time) and to
evaluate the regulatory systems of the body based on a mathematical analysis of heart rate variability (HRV).

The International Research and Training Center for Information Technologies and Systems of NAS
and MES of Ukraine (IRTC IT&S) conducts basic and applied research in the field of a new class of
information technologies - intellectual IT with elements of human thinking. Unlike traditional IT intellectual
IT operate with generalized concepts (images) that provide more complete information about the
environment, and the analysis of such images generates a holistic picture of the phenomena being studied.

The report discusses examples of the successful implementation of intelligent information technology
on the smartphone, which are focused on solving urgent applied problems.

It is known that cardiovascular diseases are still leading in the structure of morbidity in industrially
developed countries. However, the chronic forms of such diseases often occur asymptomatically, and the
patients consider themselves healthy, first encountering a cardiologist already in the intensive care unit for an
acute coronary syndrome. Therefore, scientists are constantly looking for new approaches to the detection of
the risk of cardiac disease in the early stages.

Within this area an innovative cardiac electrocardiogram (ECG) processing method called
FASEGRAPHY is a clear example of using of intelligent IT in digital medicine. The distinguishing feature
of FASEGRAPHY is the analysis and interpretation of the electrocardiogram on the phase plane z(t),z'(t),

where z'(t) is change rate of the ECG z(t) [3].

Based on the FASEGRAPHY the domestic microprocessor software and technical complex
FASEGRAPH® was created, which received Certificate of State Registration No. 14006/2014 of medical
products with unlimited validity, Methodological Recommendations of the Ministry of Health of Ukraine
No. 163.16/13.17, is issued serially and is used in clinical trials establishments and diagnostic centers,
technogenic enterprises, sports organizations and ordinary citizens at home.

FASEGRAPH® software is adapted to a modern smartphone (Fig 1).

Fig. 1. FASEGRAPH® complex: on left — sensor of ECG, on right - smartphone

FASEGRAPH® was initially oriented to screening examinations for the detection of cardiovascular
pathologies in the early stages. However, it turned out that the scope of the application of the
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FASEGRAPHY is much wider. The intellectual capabilities of the method allowed to obtain new scientific
and practical results not only in prophylactic, but also in clinical medicine.

New diagnostic features of ECG in the phase space, which had not previously been used in traditional
ECG diagnostics, proved effective in pediatric cardiology and sports medicine.

FASEGRAPH® has also proved to be useful in carrying out scientific research in various fields,
including studying the effect on man of external fields in the process of solar activity, the harmful effect of
smoking on the human body, assessment of the effectiveness of drug and surgical treatment of cardiac
patients and also in others application.

The intellectual capabilities of FASEGRAPHY are continuously being developed due to the inclusion
of additional software modules in the technology that realize the analysis of subtle changes in the ECG
signal, which are underestimated by cardiologists when analyzing ECG in the time domain.

So, for example, the technology includes a module for evaluating the randomness of ECG signal
parameters, in which traditional and modified entropy estimates are implemented. The diagnostic value of
these improvements has been demonstrated on the task of detecting the effect of electrical alternation of the
heart, which has recently been considered by cardiologists as a predictor of sudden cardiac death.

A new method for assessing the tolerance of an organism to physical activity is implemented in
FASEGRAPHY. This method based on a qualitative assessment of regulatory patterns and cognitive
computer graphics. The main advantage of the method is the speed and convenience of testing in the field.

For the first time, FASEGRAPHY on a compact device demonstrated the practical feasibility and
effectiveness of the basic principle of personalized diagnostics — to treat a patient, not a disease. To this end,
FASEGRAPH® ensures the accumulation of individual data of a particular patient and automatically
calculates its “personalized norm”, which makes it possible to make diagnostic decisions not only by
comparing current indicators with the population norm but also to comparing current indicators from
personal norms.

It is such integral information that interests the patient when using the FASEGRAPH® complex
independently in home conditions to correct lifestyle, rational distribution of labor and rest, assess the need
for additional intake of prescribed medications or urgent medical attention.

FASEGRAPHY is based on fundamental research of signal processing of complex shapes and
implements high technology for extracting diagnostic information from real signals distorted by internal and
external disturbances. At the same time, the user of the FASEGRAPH® complex does not need to know the
mathematical subtleties of the algorithms used: the interaction with the complex is accessible not only to the
doctor, but also to the average medical worker and even to a person who does not have a special medical
education, who are provided with a convenient form the final results of computer processing in the form of
detailed text and graphic information, as well as duplicated by corresponding voice messages.

FASEGRAPH® is targeted not only at health care professionals but also at users without special
medical training who wish to monitor their health. Its constant use at home allows you to reasonably
distribute the regime of loads and rest, to determine the need for additional administration of prescribed
medicines, to evaluate possible dangerous deviations in the heart from the personal norm and to
independently accumulate data over a large period of time for further consultation with a doctor.

FASEGRAPHY is useful not only in medical diagnostic systems, but also opens the way to the
development of new methods of biometric identification of an individual by ECG [3].

Currently the International Center has begun promising studies aimed at creating a new generation of
smartphone intellectual application, in particular, for analyzing and interpreting a pulse wave — a
photoplethysmograph on a smartphone that does not require an additional external signal source (the pulse
wave will be obtained using the camera built into the smartphone) .

Figure 2 shows the main screen forms of the developed software modules, which provide:

- automatic analysis of the sequence of functions Y _.(x,y), ¥,.(XVy), ¥,:(xYy), ...,
characterizing the brightness of the pixels from user's finger phalanx images on the plane at fixed points in
time t=212,...,N according to which a special computational procedure is used to form a sequence of
discrete values of the pulse wave q,,q,,...,0, (Fig.1,a);

- allocation of local maxima of q,,q,,...,q, under the background of possible interference;

- adaptive filtering providing increased accuracy in determining cardio intervals by selected extreme
values of the pulse wave;

- definition and graphic display of standard statistical and spectral characteristics of HRV (Fig. 2, b);

- display of the results of the analysis of the integral characteristics of HRV and notification of their
deviations from the norm;
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- selection of unreliable cardio intervals based on a original algorithm;

- building a standard pulse wave by averaging selected cardio cycles;

- assessment of the first and second derivatives of the reference pulse wave using special
computational procedures;

- determination of the characteristic points of the reference pulse wave and its derivatives, by which
avector s=(s;,s,,...,s,,) of diagnostic features is formed,

- accumulation of experimental data in the training sample of observations for constructing the rules

of the diagnostic solution (Fig. 2, c).
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Fig 2. Photoplethysmograph on a smartphone
a: pulse wave graph; b: interpretation of HRV analysis results;
c: raining sample generation module interface

The experiments confirmed the reproducibility of the values of diagnostic signs of reference pulse
waves, built for specific users with fixed indicators of the functional states of their body. This result opens
the possibility of building a competitive MIS, which is implemented on a smartphone without additional
external signal sources.

Conclusions: The implementation of intelligent IT on modern smartphones allows you to solve high-
tech tasks and provide the user with integrated results in a convenient form.
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B. A. BOJIOIIINHA, C. O. XXYKOB
BiHHUIBKMI HAlliOHATTbHUN TEXHIYHUN YHIBEPCUTET

BIOMETPHUYHA [JIEHTU®IKALILSA KOPUCTYBAUIB IHOOPMAIIMHO-KOMIT'FOTEPHUX
CUCTEM

Anomauisn

Ozn0 ma auaniz cyyacHux memooie, Wo BUKOPUCIOBYIOMbCA 014 [0enmugikayii Kopucmyseauie
iHGhopMmayitinux cucmem, GadXCIUBUL 6 36 S13KY 3 AKMYATbHICIIO NpoOaeMu 3axucmy yugposoi ingopmayii
ma obmedncento 0ocmyny 00 iHoOpMayitiHux ma MexHiYHUX pecypcié Komn tomepa.

KurouoBi cjioBa: 3aXucT KOMIT T0TepHOI iHGopMaIii, ineHThdikarisa, 6ioMeTprudHa ineHTH IKAITis.

Abstract

Reviewing and analyzing current methods used to identify users of information systems is important
because of the urgency of protecting digital information and limiting access to computer information and
technical resources.

Keywords: protection of computer information, identification, biometric identification.

Beryn

[MutanHs 3axucty iHGOpMalii B KOMIT'IOTEPHHUX CHUCTEMax B TEpioj] aKTUBHOTO PO3BHTKY CHUCTEM
€JIEKTPOHHOTO JOKYMEHTOOOITY Ta OaHKIBCHKHX OIepariii, CHCTeM IWCTAHIITHOTO HAaBYAHHS Ta BEIUKHUX
KOPIIOPaTUBHUX MEPEK, JIe IUPKYIIIOE KOoH(piNCHIIIiHA iHhopMaIlisi, Ha0yBae 0COOIHBOI aKTyaJIbHOCTI.

106 i3omroBatu iH(oOpMaliifiHy cuUCTeMy BiJ HECAHKIIOHOBAaHMX [ 1 JOCTYIY CTOPOHHIX 0cCi0 10
KOMIT FOTEpHUX JaHHX, [0 3aXUIIAIOTHCS, HEOOX1THO MPaBUIIBHO 1MeHTU(IKyBaTH KOPUCTYBaYa.

Biomerpruni TexHOJOTIT imeHTHdIKAIil, aBTeHTHbIKAIl € YyIO0BOI aJbTCPHATHBOIO 3acTapilioMy
MapoJIbHOMY 3aXHCTY, 1 3HAXOATh BCe OLIbIIE 3aCTOCYBaHHS B KOMI'FOTepHUX cuctemax|[1].

OcHOBHA YacTHHA

VYrpaBmiHHS JOCTYNOM — e(eKTHBHHH METOJ 3aXWCTy iH(opMarlii, peryiounii BUKOPUCTOBYBaHHS
pecypciB iHpoOpMarIiiftHOT cucTeMu, JUTsl SKOi po3po0Iisiiacs KoHIenis iHdopMaliiiHoi 6e3neku|[2]. MeTtoau i
CUCTeMH 3aXHCTy iH(hOpMaIlii, 0 CHUPAIOTHECS HA YIIPABIIHHS JOCTYIIOM, BKJFOYAIOTh HACTYIHI (QyHKIT
3axuCTy iHpopMaIlii B iHpopMaIliiHUX CHCTeMaX:

— imeHTH(IKAIS KOPHCTYBAYiB, PECYPCIB 1 IEpCOHAITY CHCTEMH iH(pOpMaIliifHOT Oe3MeKy;

— BHI3HAHHS 1 BCTAHOBIIEHHS JOCTOBIPHOCTI KOPHCTyBada 3a OOJIIKOBUMH JTaHUMH, 11O BBOIATHCS (HA
JAaHOMY TIPUHIIHITI TIPAIIOE OUTBIICTD MOIeNel iHhopMaIliitHoi 6e31eKn);

— JIOTYCK JI0 TIEBHUX YMOB POOOTH 3TiIHO PEriamMeHTy, HaKa3aHOMY KOKHOMY OKpEMOMY KOpHCTyBauy,
110 BU3HAYAETHCA 3ac00aMM 3aXKCTy iH(pOpMaIlii i € OCHOBOO 1H(POPMAIIiHOT Oe3eKkn OUIBIIOCTI TUIIOBUX

Mojienel iHhopMaIliiHIX CHCTEM;

— TPOTOKOJIIOBAHHS 3BEPTaHb KOPUCTYBAYiB JI0 PeCypciB, iHpopMalliiiHa Oe3reKa sIKMX 3aXUIIae Pecypcu
BiJ] HECAHKIIIOHOBAHOTO JIOCTYITY 1 BiZICTEXKY€E HEKOPEKTHY MOBEJIHKY KOPHCTYBaUiB CUCTEMHU.

VY 3axWIeHNX CHCTeMax aBTOPH3allisl KOPUCTYBada MOXKE 3IHCHIOEThCS JIHIIE Ticis igeHTudikamii i
ayrenTudikamii. [nerTndikamist monsirac B MPUCBOEHHI IKOMY-HEOYIb 00'€eKTy ab0 CyO0'€KTy YHIKaIbHOTO
o0pa3y, iMeHi abo uucna. AyTeHTUdIKaIls MoJsTae B epeBiplli, ui € 00'ekT (Cy0'eKT), MO MepeBipsAeThes,
cipaBai TEM, 3a Koro cebe Bujae. KinmeBa meta ineHtudikamii monsrae y JOIycKy jno0 iHpopMarii 3
OOMEKEHUM JOCTYIIOM y BHUIAJKy IMO3WTHBHOTO pe3yJbTaTy, ad0 y BiAMOBIICHHI Y BHUIAJKy HETaTHMBHOTO
pe3yabTaTy NepeBipKH.

VY nporpaMHUX MPOIYKTax ieHTH]IKAIlIS CKIaJa€ThCs 3 JBOX MPOIEAYP CTOCOBHO KOPHUCTYBaYiB Tepiia
npoleaypa TMOJIrae y CTBOPEHHI OOJIIKOBOIO 3allMCy KOPUCTyBauya — 1[I0 TPOLEAYPY BHKOHYE
aamMiHicTparop. Jlpyra npolieypa noJjsirae y BBeJIeHHI KOPUCTyBaueM CBOTO iieHTH(iKaTopa y BiIOBiIb Ha
3aIlUT CUCTEMU. [IeHTH(IKATOPOM MOXKe OyTH 1eBHe Yuciio abo yMoBHE iM's. J1Jist TiATBEp/PKEHHSI TOTO, IO
KOPHCTYyBa4 HACTpaBIi € THM, 3a KOro ce0e BUIa€, NMPOBOJUTHCH aBTEHTH]IKAIlis, sSKa BHMarae BiJ
KOPHCTYBaua BBEIEHHS JOAATKOBOI iHPOpMAIIii.

Oco6nuBicTh ieHTHdiKaIlii 32 610MeTpHYHUMH TTapaMeTpaMu 0a3yeThesl Ha iX BUHATKOBOCTI. lyke Maina
HMOBIPHICTh TOT'O, IO 3HAWIYTHCS ABI JIIOJUHH 3 OJHAKOBUMH O3HAKaMHM, J0 NPUKIAAY 110 B JBOX PI3HUX
JIIOJIEH Ha OJTHAKOBUX MAIBIIX OJIHIET PYKU 30iraTUMYThHCS BiJOMTKH MANbIIIB.
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MeTtoau 6GioMeTpHUHOT 11eHTH(IKAIIT AIIATHCS Ha AB1 BEJIUKI TPYIIH:

— CTaTUYHI METOIH, SIKi IPYHTYIOTHCS Ha (i310J0TIIHUX XapaKTEPUCTUKAX JFOIUHHY;

— IUHAMIYHI METOJH, SKi IPYHTYIOTHCS HAa OCOOJUBOCTSX IMOBEHIHKH JIFOJMHU - MiJACBIIOMHUX pyXax B
MPOLIeCi BUKOHAHHS AKOI-HEOY b ii.

Ha croromni icaye Omm3pko 20-Tm GioMeTpUYHHX 1MeHTH(IKATOPiB, SIKI MOXKHA BHUKOPHUCTOBYBATH, JO
HaWOIIBII PO3MOBCIOKCHUX METOIIB BITHOCATHCS CIOCOOHM, 3aCHOBAaHI Ha BHKOPHCTAHHI HACTYITHHX
OiomeTpuuHHX ineHTH(iKaTOpiB [3]:

— BIIOUTKH MaJIbLIB;

— paiimyxHa 000JIOHKA OKa;

— CITKIBKA OKa;

— TeoMeTpist 00JINYUs;

— TeOMETpis JOJIOHI,

— mouepk (abo miamuc);

— imeHTH(IKaIlisg 32 TOJIOCOM.

Jani MeToau A03BOJSAIOTH iMeHTH(IKYBaTH 0CO0Yy 3 BHCOKOI WMOBIpHiCTIO. ICHYIOTH ieHTH(IKATOPH,
SIK1 TO3BOJISIFOTH 3a0€3MEUNTH TOYHICTD iMeHTH (KAl ocoon y Mexax Omm3pkux mo 100 BimcoTkis. o Takux
METOMIB BITHOCATHCA — ileHTU(iIKallis Ha OCHOBI TepMOTpaMu OOJIMYYS, TEPMOIpaMil JIOJIOHI Ta reoMeTpil
ByXa.

OCHOBHUM HEIONIKOM OioMeTpH4yHOI imeHTH(IKAIil € BapTicTh yCTAaTKyBaHHI. AKE IS KOXKHOTO
KOMIT'FOT€pa, IO BXOAMTH JO IIi€i CHCTEMH, HEOOXiHO mpuadatu BIACHUN cKaHep. BapTo Takox
BiJI3HAYMUTH, 1110 TIOAIOHI JCIICBI CKAHEPH HEJIOBIOBIYHI.

BucnoBku

TakuM 4YMHOM, pO3MVISIHYBUIM O1OMETPHYHI METOAM MOXKHa 3pOOUTH BHUCHOBOK, IO BOHH €
HaWTEpCIEKTUBHIIIAMA 1 aKTUBHO DPO3BHBAIOThCA OCTaHHIM dYacom. llepeBara OGiOMETpUYHHMX CHCTEM
imeHTHdIKAMil, B MOPIBHAHHI 3 TPAJAWIIHHUMH, IIOJSITA€ B TOMY, IO 1ACHTH(IKYETHCS HE 30BHIIIHIM
MpeMET, 10 HAJISKUTH JIOJNHI, a BIacHe JIoauHa. XapaKTeprucTUKa HEPO3PHBHO 3B'sI3aHa 3 JIOAWHOIO, 1l
HEMOXKIIUBO BTPATUTH, Nepeaarty, 3a0ytu. I[linpodka Oyap-sikoi 6ioMeTpUYHOT XapaKTEPUCTHKH JTOCTATHHO
CKJIaJHa 1 KOLITOBHA.
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V]IK 004.272.2:519.63
HA3APOBA LA.
JoHTY (Ykpaina)

MOJIEJIFOBAHHA ITAPAJIEJIBHUX ITPOLECIB ITP1 PO3B’ AI3AHHI BATATOBUMIPHIX
KOPCTKHUX 3AIAY KOIII

B ooknadi npedcmaseneni pezyrbmamu  00CAONHCEHb, WO CMOCYIOMbCA NAPATEIbHO20 MOOEN08AHHSA
aicopemiux 3a0ay Kowi ona cucmem 3euuaiinux ougpepenyivinux piensans (C3/[P) senuxoi posmiprnocmi na
0CcHO8I bnokosux/bazamomouxosux memoois. llposedena oyinka epexmusHocmi ma macumabosanocmi
aneopummié 3 PO3PAXYHKOM 3A2ANbHUX HAKAAOHUX eumpam. Busnaueno cmynens macwmabosanocmi
aneopummie ma OMpUMAaHo NPIOPUMeEmHi 001aACmi 3aCMOCY8AHHS ANICOPUNMMIB 3ANEHCHO 8i0 POIMIPHOCHI
3a0ayi ma KilbKoCmi npoyecopis.

MopenroBaHHST METOAIB pO3B'si3aHHA AuHaMivHUX 3anad st C3/IP meprmoro mopsaxy 3 BiZOMHMH

MOYaTKOBUMH YMOBAMHU:

B = F(x,57(x)), 7() = 3o, F:R™ X R > R™, (1)
3aCHOBAHMX Ha KIHIICBO-PI3HUIICBHX CXEMaX, IMOKa3ajo, IO BJIACTHBOCTI BIAMOBITHMX M MapalelbHUX
ANITOPUTMIB 0araTo B 9OMY BH3HAUYAIOTHCS BHIOM YHCENBHOI CXEMH, IO JIeXHTh B X OCHOBI. Sk Bimomo,
HalMEHIII TPYAOMICTKUMH € SIBHI METOJTH, aJie BOHA HE MOXYTh OYTH 3aCTOCOBAHI [JIsl BUPIIIIEHHS dKOPCTKUX
3aja4d 3aBASKH CBOIM BJIACTHBOCTSIM (HAIPHKIAN, YMOBHA CTiHKICTB). Y 3B'S3Ky 3 IIMM 3HAYHUI iHTepec
NPEICTABISIIOTh HESBHI CXEMHM, SIKi, HE3Ba)KAalOUM Ha BEJIMKY OOYMCIIOBAILHY CKJIAIHICTh, HE MAIOTh
ANBTEPHATHBU Cepel] OJHOKPOKOBHX METOIIB MPH BUPIMIEHHI JKOPCTKUX NMHAMIYHUX 3amad4 [1-4]. brokosi
a00 0araTOTOYKOBI METOIM PO3B's3aHHsI 3aaa4i Kol 3afiMaroTh cepeji HesIBHUX METOJIIB 0COOIMBE Miciie, 00
MO CBOIH CTPYKTYpi € mMapajelbHHUMH 1 TOMY JI00pe Y3TO/DKYIOTBCS 3 apXiTEKTYpOIO MapajelbHHX
KOMIT FoTepiB. JlaHi MeTOIM MaloTh BHUCOKY CTIiHKICTH i JO3BOJSIOTH OTPUMYBATH PillleHHS OAHOYACHO B
JEKIJIbKOX TOYKAX CITKH IHTETPYBaHHS.

Inest 6I0KOBUX METO/IB MOJATAE B pO30UTTI MHOYKMHHW TOYOK CITKH iHTETpYBaHHS (1 : {xj}, j=1,MHna

) . . . k
N onokiB, N < M, ne koxeH OJOK MICTHTH k pPIBHOBIIaJICHUX TOYOK, TTE ) _ MHOYKHHA TOYOK OJIOKY
n. biokoBuit 0THOKPOKOBUIT k-TOYKOBUI MeTo/1 y 3acTocyBanHi 10 C3/IP Mae HacTymHuUI BUTIISI:
- = . k . T T
Yni = Yno 2 lh[biFn,O + Zj:l ai,j Fn,j]ﬁ i=1, k,Tl =1,N,
e n — Homep OIoKy, | — Homep ToukM y 65101, b, @; j — yHiKaJbHi KoedillieHTH METOLy.
Posknanannsam y psag Tetinopa (yHKIIH, 0 BXOMATE Y HEB 3Ky, MOYKHA MTOKA3aTH, 110 OJTHOKPOKOBUI
k-TOuKOBHI OJIOKOBHIM METOJ Ma€ HAWBUIIUN MOPSAJAOK amnpokcumariii piBHui k + 1, oTKe, JIOKaJIbHA
NOMHIIKA y By3nmax O7oky mae mopsiok O(h¥*2). BrnokoBi mapanenbHi MeTOaM BigHOCATBHCA 0 KIacy
HESBHUX, TOMY JUIsi OOYHMCIIEHHS HaOJNKEHHWX 3HAYeHb pilleHHa 3aBaaHHsA Komni HeoOXiHO BHpIIHATH

cucreMy HemiHiHHUX anreOpaiunux piBHAHb (CHAP). OnHuMm i3 crioco0iB OTpuMaHHS PO3B’S3KY € METOJ
npocToi QYyHKITIOHAIKHOI iTepaltii, sikuii motpedye Bupimenns CHAP posmipy m X k:
Yn,q,i;0 = Yn,q,0 + ihfq(xn,o;yn,o)»i =1Lkn= I'_N' q= m
Ynqii+1 = Yngo T ih[bifq(xn,o;yn,o) + Z?:l aij fq(xn,j;yn,j;l)] ,1=0,L-1,

ne Fngj = fg [xn V1 (xn j), V1 (xn j)], q = 1,m — g-Ta KOMIIOHEHTa BeKTopy npasoi yacTuru C3JIP,
| — HOMep moToyHoi iTepauii, L — MakcuManbHa KUIBKICTh iTepariil.

[ToTeHmitHO OOYMCIIEHHS JJisi OJIOKOBMX 0araTOTOYKOBHX METOMIB MICTATh TpPU JDKEpesia
BHYTPIIIHBOTO MapajieNli3My: CHCTEMHHI mapanenisam (oomexxeHnd posmiphicTio C3JIP), OmoxoBwmii
napainenizM (0OMEeKeHHI KUIBKICTIO TOYOK B OJIOI) Ta mapainenizM MeroJy (B TOMY YHCII BHPILICHHS
CHAP). 3ayBaxxumo, 110 Ha BiJIMiHY BiJ SBHMX MeTOJiB po3B’s3anHs C3/IP, peanizallis ajbTepHATUBHHX
CHOCOOIB OIIHKHM aroCcTepiOpHOT JIOKANBHOT MOXWUOKH JUIsi KEepPyBaHHS KPOKOM IHTETPYBaHHS Ha OCHOBI
OJIOKOBMX METOIB TOB's3aHA 3 PSAJOM OCOOJMBOCTEH: HEMa€e BiIIOBIIHUX IOCIIJOBHUX aHAJOTIB, OTXKE,
MOTPIOHO PO3pPOOHUTH 1 OOIPYHTYBaTH METOJI OLIHKH JIOKAJbHOI MOXUOKH; BapilOBaTH KPOK IHTErPYBaHHS
MOJJIMBO TiJIBKH TICIISi OOYKMCIICHHST BCiX 3HAY€Hb Y BY3J1aX IOTOYHOIO OJIOKY; 32 YMOBHU HE3aJ0BITBHOI
OLIIHKU JIOKAJIbHOI MOXUOKM 1 HEOOXIAHOCTI 3MiHM KPOKY iHTErpyBaHHS, NPAaKTUYHO BCi OOYMCIEHHS IS
TOYOK TOMNEPEAHBOTO OJIOKY BHABIATHCA MapHUMH ([€siKi 3BEpPHEHHs 10 NMPaBOi YAaCTUHH MOXYTb OyTH
BUKOPHUCTaHI 3HOBY).
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Sk BimoMo, HaWOLIBII €PEKTHBHUM 3 ICHYIOUHX CIIOCOO0IB OI[IHKH JIOKAJIBHOI alloCTePiOpHOT MOXUOKH €
BKIIaJieHI MeToau. Inmes BKiajgeHWX (GoOpM, 3alporoHOBaHA JIIS OLIHKK JIOKAIGHOI MOXHOKH YHCENHLHOTO
pilieHHs 3BHUaiHUX OUQepeHiialbHuX piBHAHb MeTonamu tuny Pynre-KyTra, Moxke OyTH BHKOpHCTaHa i
JUIST OJHOKPOKOBUX OJIOKOBHMX 0araTOTOYKOBMX METOMIB Ha OCHOBI JIBOX PI3HUX IMiJXOMiB: KOMOiIHAIis
He3aJeXXHUX (OpMyN PI3HUX TMOPAIKIB TOYHOCTI; KOMOIHAIlS CHemianbHO mimiOpaHux ¢GopMyn pi3HHX
MOPsAKiB TouHOCTI. [leprmwii mifgXia mojsrae B 3aCTOCYBaHHI TBOX PI3HUX HE3AIEKHUX OJIOKOBHX METOIIB
CYMDKHHUX MOpPsAKiB TouHOCTI 7(#),7 — r + 1 Ha oawiit i Tiii ke ciTui iHTerpyBanHs. [lpu upoMy mepimit
METOJI BU3HAYAE ANPOKCUMAIIII0 PIIICHHS HA OCHOBI K-TOYKOBOTO OJTHOKPOKOBOI'O MeTony, a apyruidi — (k +
1)-TOYKOBOTO, TAKOXK OJHOKPOKOBOTO MeTOAy. J{pyre HaOIkeHe pillleHHs B CIIBMNAJIAI0YHUX By3JaX OJOKIB
Trg? 1 Trg? CITKHA BUKOPHCTOBYETHCS JUIS OI[IHKH aIloCTEPiOpHOI JIOKaTHHOI TOXUOKH.

Hpyruii miaxing mo po3poOKku OJOKOBHX BKJIAIEHMX METOJIB MPHUITYCKAE BHKOPUCTAHHA iel
MOCITIZIOBHOTO TiABUINEHHS MOPSAAKY TOYHOCTI [5-6] 1 Mae Ha METI CKOpOYEHHS 00YHMCITIOBAILHUX BUTPAT HA
OocHOBiI KoMOiHamii cnemianbHO MiAiOpaHUX (GOpMyN pisHUX NopsakiB. Ha ocHOBI aHamizy JUHAMIYHHX
XapaKTepUCTUK BUKOHAHHS Ta YHCEILHOIO EKCIEPHUMEHTY MOXKHAa 3pOOHTH BHCHOBOK, MIO 3 JBOX
PO3TISTHYTHUX METO/IB BKJIaIeHUX (GOpPM ISl OIIOKOBUX OJHOKPOKOBUX CIIOCOOIB PIillICHHS HENIHIHHOT 3a1adi
Komni gnst C3/IP, npyruii Meton Mae 6e3cyMHiBHI nepeBaru (puc. 1). [lapanensHi alropuTMu peaiizoBaHoO y
cepenoBumii Microsoft Visual Studio 3a momomoroto C++ Ta 6i0Omiorexkn mepemadi nosimomieHs MPI.
Bu3HaveHHs TUHAMIYHHUX XapaKTePUCTUK BUKOHAHHSI MapajiedbHUX aJrOPUTMIB MPOBOAMIOCH aHATITUYHO, &
TaKOX €KCIIEPUMEHTAIBHO 13 BUKOPUCTAHHIM 3ac00iB iHTEepdeiicy MPI.

Puc. 1 — KoedirieHT e()eKTUBHOCTI BKJIJICHUX OJTHOKPOKOBUX OJIOKOBHX METOJIIB
BiJ] yMclia TOYOK OJIOKY 1 ckilagiHoCTi mpaBoi yactunu 3P

B pamkax maHOro MOKNIaay TPHUBEICHO JESKI pe3yldbTaTH JOCITI/PKEHHS Cy4acHHX HapajelbHUX
METO/1iB pO3B’si3aHHs 3aaa4i Ko sk Jij1s 0HOTO, TaK 1 JJIsi CUCTEMH 3BHYAHHUX TU(PEPEHIIIHHUX PiBHSHb.
Po3pobieni MeToam BigoOpakeHO Ha MapaielbHi apXiTEeKTypd 3 PO3MOMAUICHOI0 MaM’SITTI0O U Pi3HUMH
TOTOJIOTIAIMH  MDKIIPOIIECOPHOTO  3’€THAHHS: TimepkyO, ciTka Ta kinbne. [IpoBeneHo aHamiTH4YHE
JOCITIDKEHHST OTPUMAHOI0 IapaJielli3aMy Ta YMCesbHI eKCIICPUMEHTH Ha TeCTOBHX 3ajiavax [4]. PosrmsHyTo
3aJIOKHOCTI JUHAMIYHHUX XapaKTEPHCTHK SIKOCTI Mapaieii3My TaKHX, SK TPUCKOPEHHS, e(EeKTHBHICTB,
3arayibHI HaKJIaJHI BUTPATH Ta CTYIHG Mapaleni3My BiJl po3Mipy BXiJHOI 3a1ad4i, JTOBXHHH MPOIECOPHOTO
TOJIS, MAIIMHO-3aJIeKHIX KOHCTAHT, YaCOBHX MapaMeTPiB MIXKITPOIIECOPHOTO OOMIHY Ta IapaMeTpiB METOY.
J1J1s OLIIHIOBaHHS MACIITA00BAHOCTI PO3POOJICHHUX JIOJATKIB 3aCTOCOBAHO 3aCajH 130€(DEKTUBHOTO aHAI3y.
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YK 004.38
CUPEHKO A.U.
OHAIIT(Ykpauna)

AHAJIN3 ITPOU3BOJUTEJIBHOCTU BUPTY AJIBHBIX MAIINH B CUCTEME
BUPTYAJIM3AIINU CITRIX XENSERVER
IIpu ucnonvzosanuu cucmem upmyanuzayuy 0OHOU U3 3a0ay A6JAemcs onpeodeneHue ONMUMAaiIbHO20
KOUYecmea 3anywjeHHbIX BUPMYanbHbIX MAWuH. /{51 onpedenenus 9mo2o Koauiecmea npednacaemcs
noOuEepPeoHo 3anyCcKamy GUPMYalbHble MAWUHBL, KOMOPbIe CO30al0M HASPY3KY HA NPOYECcop U U3Mepsms
8peMsl 3a2py3Ku GUPMYAIbHOU MAWUHBL U 8DEMS 8bINOJIHEHUS MECn08020 3a0aHUs 6 GUPMYATbHOU MAULUHE.

B Hacrosimee BpeMs CyIiecTByeT TEHACHIMS K IEPEBOY CEPBEPOB B BUPTYAIN3UPOBAHHbIE
OKpyXeHHs. BupTyanuzaiust mo3BoiseT pemnTb MpodIeMbl ONTUMATBLHOTO HCIOIb30BAHUS
BBIYHCIUTEIBHBIX PECYPCOB, 3KOHOMHH AIEKTPOIHEPTHH, CKOPOCTH YCTAHOBKH M HACTPOMKH HOBBIX
CEepBEPOB, MaCIITAOMPYEMOCTH U OTKa30ycToiuuBocTH [1]. BMecTe ¢ 3THM, BO3HHKAET 3a7aya ONpeneneHus!
MaKCHUMAaJIbHOTO KOJIMYECTBA BUPTYyaJIbHBIX MAIlIMH, KOTOPBIE MOT'YT paboTaTh Ha 0HOM (PU3UIECKOM
cepBepe 0e3 CyIIeCTBEHHOW MOTEPH MPONU3BOAUTENEHOCTH.

3agaueil JaHHOTO UCCIIEIOBAHUS SBISIETCS ONPEENICHNE MAKCHUMAIBHOTO KOJIMYECTBA BUPTYAJIBHBIX
MaIlliH, KOTOPbIE MOT'YT BBIIOJIHATHCS 0€3 3HAYMTENbHON OTEPH IPOU3BOIUTEIBHOCTH.

Bcerpoennsie Metpuku nponsBoautensHocTH Citrix XenServer [2] 03BOJISIIOT OLEHUTH MOTPeOICHNE
CPU kaxmoii n3 BUPTYaIbHBIX MalIHH, & TAK)KE YCPEAHEHHYIO Harpy3Ky Ha BCE MPOLECCOPHI B almapaTHOM
cepBepe. OHAKO 3T MOKA3aTeIN HE BO BCEX CIIydasX TOBOPST O TOM, HACKOJIBKO OBICTPO OyIyT BBIITOJTHEHBI
BBIYHCIICHHUS.

B uccrnenopanuu npeanonaraeTcs, 4To B cucreMe Bupryanusaimu Citrix XenServer 3amyieHo
MHOECTBO OJTHOTHUITHBIX BUPTYaJIbHBIX MaIllMH, KOTOPBIE BBIIIOTHSIOT CXOXKHUE BhIYUCIeHUs. [Ipu co3nanun
BUPTyaJbHAs MAIllHA IOIy4aeT ONpeeIeHHOE 3aJaHle, BBIMOJIHSACT €0 U OTCHUIAET Pe3yIbTaTh
BbINOIHEeHU. [locie BRIMOIHEeHN 3aJaHus] BUPTyajibHas MallMHA OCTaHABINBAETCS.

st onipesieneHnst ONTUMATBHO YHciIa paboTaroImuX BUPTYANbHBIX MAIIUH MpeIaraeTcs 3aycKaTh
BHUPTYAJIBHYIO MAIIMHY U CO3/1aBaTh Harpy3ky Ha CPU ¢ moMoinbio crienuanu3npoBanHOro makera [3].
Kpome BeTpoeHHBIX MeTpHK npou3BoauTenbHocTr Citrix XenServer, mpeayiaraercsi i3MepsTh BpeMs
3arpy3KH BUPTYaIbHON MaIlIMHBI M BPEMs BBITIOJIHEHUS TECTOBOU 3aJ1ayuu.

AJNTOpUTM AEUCTBUI:

1. 3anmycTUTh BUPTYaIbHYIO MAIIMHY C cOo3/aHreM Harpy3ku Ha CPU

2. I3amepsTh BpeMs 3arpy3KH BUPTYaTbHON MAIIMHBI M BPEMs BBIITOJTHEHUS TECTOBOM 331a4H

3. Bo3Bpamatscs K 1.1 10 Tex 1op, MOKa BpeMsl BBIIIOJIHEHHS TECTOBOM 3aJaul HE BBIXOAMT 3a
YCTaHOBJICHHBIE PAMKH.

Wzmenstist Harpysky Ha CPU, coziaBaeMoe Kax 101 BUPTYAIbHOW MAITMHOM, MBI MOKEM TIOCTPOUTH
rpad UK 3aBHCUMOCTEN BpEMEHHU 3arpy3KH BUPTYaIbHOW MAIIMHBI M BPEMEHH BBITOIHEHUST TECTOBOM
3aJauy OT YKcia padoTAIOIMX BUPTYaIbHBIX MAIIMH U HArpy3KH, CO34aBaeMO KaKI0H BUPTyalbHON
MaIlUHOM.

B xoze uccneioBanusi HEOOXOIUMO PEIIUTH CIEAYIONINE 3a/IaUH:

1. Bei6op nakera ans cozganus Harpy3ku Ha CPU.

2. ABTOMaTH3aIys 3ammycKa BUPTYajJbHBIX MALIMH U NTOJy4YeHHsI HH)OpMALUU O BPEMEHH 3arPy3KH U
BBIIIOJIHEHUSI TECTOBOU 3aIaUH.

3. AHajM3 MOJYYEHHBIX JAaHHBIX M OCTPOEHHUE IPaUKOB.

B pesynbraTe uccneoBaHus CTaHOBUTCS BO3MOXKHBIM IOJIYYUTh CIEAYIOUIYI0 HH)OPMAIIHIO:

1. Ouenka 3¢ dexruBHocTH TexHONMOTMU Hyperthreading [4]

2. OneHKa KOppessiuy BpeMEHH BBITIOTHEHHS TECTOBOM 3a/1auHl OT creneHn yrunuzanuu CPU.

3. OmpeneneHye Yncina BUPTYANbHBIX MAIIKH, BBIIE KOTOPOTO BPeMsI BBIITOJHEHNE TECTOBBIX 3a1a4
BBIXOJ/INT 33 YCTAaHOBJIEHHBIE 3HAYEHUSI.
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VJIK 004.312 .
IIYUAEHKO B.O.
XPTK (Vkpaina)

CUHTE3 MOAYJIA JOCTOBIPHOCTI/LRU
KEII-ITAM’ATI TA ACOUIATUBHOI'O KEII - BY®EPY CTOPIHKOBOI'O IIEPETBOPEHH

MMPOLECOPHOTI'O AA/IPA APXITEKTYPU IA-32

B HaykoBO-mOCHiAHWIBKIM Tparii aBTOPOM CTaBUTHCS 1 BUPINIYETHCA 3amada CHHTE3y MiHiMizarii
MOBHICTIO Ta HEMOBHICTIO BU3HAYCHUX TepeMukanbHux QyHKiin: L=f(R) oOpaHHs psAaKiB MHOXKXHHH CEpejl
nocroBipuux Ta QyHkuii R*=f(L, R) ¢opmyBanns 3nauenn 6iTiB R3'R>'Ri*Ro* Omoky mocroipHocTi 3
ypaxyBaHHSM TONEpeaHboro crany nux 0iTiB RsR2RiRo, dynkuii L=f(B) ta ¢ynkuii B*'=f(L,B) oO6panus
PSIIKIB MHOXHHH Cepell TOCTOBIpHHUX Ta (hOPMyBaHHs OHOBJIECHHX 3HaueHb OiTiB B2"B1"Bo" 3a anropurmom
pseudo — LRU 6moky LRU. B pesynbrari cuHTe3y OTpHMaHi MiHIMalIbHi JIOTIUHI PIBHSHHS, SIKI ONHUCYIOTh
poboty moayns goctoBipHocTi/LRU, sik koMImoHeHTH TipouiecopHOro sapa apxitektypu 1A-32.

BryTpimmHs kemr-nmam’aTh 30epirae Kormii OCTaHHIX 3YMTaHHUX KOMAaHJ, OTEPAH[IB Ta IHIMNX JaHUX
(puc. 1). B mpucTpiii CTOpiHKOBOrO MEPETBOPEHHS BXOAWTH ACOLIAaTHBHUI Keml — Oydep CTOPIHKOBOTO
neperBopeHHss LB, xotpuit 30epirac emementn Tabmuie cTopiHoK (puc. 2). Ciijg 3a3HA4YMATH, IO

apXiTeKTypa KOKHOTO MPUCTPOIO MICTUTh MOIYJIb JocToBipHOCTI/LRU.
[TocranoBka 3agaui cuHTE3y U1t 000X OJIOKIB POPMYITIOETHCS HACTYITHIM YHHOM: SIKIIO Y MHOXHHI

ONOKY IaHMX € HelocToBipHHH psaaok Li ( B 61omi mocToBipHOCTI Horo 6it goctoBipHOCTI Ri mopisHioe 0), To
JUISL 3QTIOBHEHHST OOMPA€EThCs caMe el PSI0K 3 HACTYITHUM BCTaHOBJIEHHSIM IbOTO OiTy JocTOBipHOCTI Ri* B
1 micnst 3anucy y BiANOBigHUHN eneMeHT L meBHOT MHOXHMHHU OJIOKY JaHuX.
Anroputm pseudo-LRU gie HaCTYmHHM YMHOM: SIKIIIO OCTaHHE 3BEPTAHHS y MHOXHHI OJIOKY TaHHX
Oyino mo psaka Lo abo Li, To 6it Bo=1, a mpu 3BepranHi no psaaka L, abo Lz 6it Be=0; sxmo octanne
3BepTaHHs y mapi Lo-L: Oymo mo psimka Lo , To 6it B1=1, a npu 3BepranHi no psaka Li 6it B1=0; skmo
OCTaHHE 3BepTaHHs y napi Lo-L3 Oyno mo psaka Ly , To 6iT Bo=1, a ipu 3BepTanHi 10 psiaka Lz 6iT B2=0;
MaremaTiyHa MOJIeNb OJI0KY AOCTOBiIpHOCTI [2] nmpeicTaBieHa MiHIMAIbHUMU JIOTTYHUMH PiBHSIHHAMH

(1) Ta (2): _ _ _
Lo= Ry, 1,=R;&Ry. L;=Ra&Ri&Ry, La=RolRok&Ri&Ry, (1)
(2)

Ro'=Lo@ Ry, Ry’ =L;® Ry, Ry =1;® Ry, R3' =L3® Rg;
Direction
Reliability block / LRU Tag’s block Mulli'itude Data’s block —
0 1 2 L0 L1 L2 L3
0
1
2
i 13
N, i
126 %
\ | i
\‘ 127 ! \\
‘\‘ 4 “\
Tag 21 bit l Index=N Data 16 bytes
F 3
4 0
select byte

comparing

XIXX _,| Tag's field |

string is reliability
Line address

31 11
Index’s field |XX XX|—

Puc. 1. ApxitekTypa aconiaTuBHOI 4-X CpsIMOBaHOI Kew-iam’sTi piBHsA L1 npouecopHoro siapa
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Direction
Block LRU Reliability’s, attribute’s and tag’s block Multitude Data’s block -
1] 2 L2 1.3
0
1
2
3
# Y 5 i ™
pa *, 6 7 .
ya A ; aT
X 7 7
S S : h
i ttribute Y H o
; i
I?I 3 bits Tag 17 bits | | SETSEL Data 20 bits
:‘, ,_, o
I -~
31 15 5,-' 12 e 31 12
I | Physical address
Line address

Reliability 1 bit
Puc. 2. Apxitektypa acomniaTuBHOT0 Oydepy cTopiHKOBOTO TIepeTBopeHHs 1LB
Marematnyna moxens Onoky LRU [1] npencraBienHa MiHIMaJIbHUMY JIOTIYHUMH PiBHSHHAMH
(3)

)

Ly=B;&By; L;=Ba&By Ls=Bak-By
(5)

(3),(4),(5) Ta (6): o
Lo=B;& By,
By =I& L& Bwlvig= La& L& Bpk I &Ly,
By'=Li&ByLe= L&B&Ly
Bit=[3%Bwls= [atBI;; 6)
CuHTe30BaHI MaTeMaTH4YHI Mojeni OJIoKiB gocToBipHOCTI Ta LRU mo3Bonmim 3aBepiiuTi 0CTaTOUHUI
cunTe3 Moyt AocToBipHOCTI/LRU v BUIIAAI MOEAHYIOUOTO CXEMOTEXHIUHOTO pireHHs (puc. 3):
jry iy L jry
1 hs
-0s
Bl 2
T
—c
EH
b——C[)E
‘S5
s S|
I
o —C
E K
D——(??
-&s
EH—{5]
—C
2 K
r-—Cl)?
~3] 5]
15 I I
*—tC C
o P i
— QR| oo+ “QR|ppa
Puc. 3. CxemoTexHi4yHe pimeHHs MoayIis goctoBipHOCTI/LRU
3a CXEMOTEXHIYHMM pilleHHsM Moxyis JjoctoBipHOcTi/LRU 'y cepemoBumii KoM toTepHOTO

MOJIeIFOBaHHs OyJia CTBOPEHA Ta JOCII)KEeHA BIAMOBIIHA KOMIT FOTEpHA MOJIEIb (puc. 4):
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Fiw B Cacust  Anehpes

Dl &)

Hu# 6ok }

- - L

_-_.-i AxTuBHUE Bro

e LRU

Puc. 4. Komm’totepaa Moiesib MOIyJtst joctoBipaocTi/LRU

| ZHOCTOBIPHOCTI :

B mporieci MoientoBaHHS CIIOCTEPIra€ThCs MOCIiTOBHA IMKJIIYHICTh aKTUBHOCTI OJIOKIB, a JOCIiIKEeH]
JliarpaMu 4acy KOMIT FOTepHOI MOJIENi TIOBHICTIO BiAMMOBIIA0Th MOCTABIIEHIH 1 BUpIIIeHIH 3a7a4di CHHTE3Y.

CyuacHi pKepena KOMITIOTEpHOI JiTeparypu Ta iH(opMamiiHi iHTepHeT — pecypcu ¢ipmM —
BUPOOHUKIB JOCUTh CTPHMAHO BHUCBITJIOIOTH amaparHi pilIeHHS KOMIIOHEHT MPOLECOPHUX siAep Ha piBHI
KOMIT IOTEpPHUX CXEMOTEXHIKH Ta JIOTiKu. Lleii GakT TopkaeThes 1 Takoi KOMIIOHEHTH MPOLIECOPHOTO SPa, SIK
MoayJib qocToBipHOCTI/LRU BHYTpIlIHBOI Kelll — mam’sTi Ta acoliaTHBHOIO Keml — Oydepa CTOPiHKOBOTO
NEepeTBOPEHHS. 3a3BUUail, y BHIIEC HABEIECHHUX [DKEPEIAxX Ll KOMIIOHEHTa OMHUCYETHCS Ha PIBHI apXiTEKTypH
(puc.1, puc.2). Lls obctaBuHA Ha/IMXHYJa aBTOpa, BUKOPUCTOBYIOYH MaTeMaTHYHHUHN amapar KOMIT FOTepHOI
JIOTiKH, cuHTe3yBaTH 070K nocroipHocTi [2], 6ok LRU [1] 3 anroputmom pseudo — LRU ta Ha migcrasi
OTPUMaHUX MiHIMaJbHHUX JIOTYHUX PIBHAHL CTBOPHUTH IIEBHE MOEAHYIOUE CXEMOTEXHIUHE DILIEHHS BCHOTO
MOJTYJISI.

IIpencraBieHe CHHTE30BaHE CXEMOTEXHIYHE pirreHHs Moxyiast jgoctoBipHocTi/LRU  cTBOproe
KOHKPETHY amapaTHy YsABY [IPO JOCHTb aOCTpPaKTHY apXiTEeKTypy HpPHCTPOIO Ta, MOXIHMBO, CKIIAJaE
anpTepHATUBY Osiokam jgoctoBipHocTi/LRU BHYTpimHbOI Kemi-maM’siTi Ta acoliaTUBHOTO Keml — Oydepa
CTOPIHKOBOTO TIEPETBOPEHHSI PeaIbHUX MPOIIECOPHHUX sijiep apXiTekTypu [A-32.

CIIUCOK JITEPATYPHU
[1] Bamuwm Iyiinenko «Komm’torepHa moespb 6:10ky LRU ke — mam’sti mpoLecopHOro siipa apXiTeKTypH
IA - 32» ¢363 1— 74 T «landopmariiiHi TEXHOJIOTIT Ta KOMIT IOTEPHE MOJICIIOBaHHS» MaTepiaid cTaTtei
MixHaponHOi HAYKOBO — MPAaKTU4HOI KoH(epeHuii, M. IBano — ®pankisebk, 14 — 19 tpaBusa 2018 poky. -
IBano — ®pankisesk: Cynpys B.I1., 2018. — 406 c. ISBN 978-617-7468-26-3
[2] Bagum Ilyiinenko «MaTemaTHyHa Ta KOMIT FOTEPHA MOJENb OJOKY JOCTOBIPHOCTI Keml — Iam’siTi
apxitektypu [A — 32». Matepianu IV MixHapoaHoi HaykKoBO — TexHiYHOI koHbepeHmii «TeopeTruHi Ta
MPUKJIaHI ACTICKTH PaIiOTEXHIKH, MPUIAI00yIyBaHHS 1 KOMII FOTEPHHUX TeXHOJOTii», 20 — 21 yepBHs 2019
poky: 30ipHUK Te3 fmomnoBiaei. - Tepromninb: OOII [Mansaunsg B.A., 2019. — 351 ¢. ISBN 978-617-7331-85-7
[3] B.JI. T'puropeeB Mukpomporeccop i486. Apxurekrypa u mnporpammupoBanue. Kuura 2,3.4.
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[4] Bpeit b. Mukpomnporieccopsr Intel: 8086/8088, 80186/80188, 80286, 80386, i486, Pentium, Pentium
Pro, Pentium 2, Pentium 3, Pentium 4. Apxurextypa, nporpammuposanue u uarepdeiicel. Illectoe n3manwe:
ITep. ¢ anrn. - CII6.: BXB-Ilerepoypr, 2005. — 1328 c.: wi.

[5] Intel® 64 and 1A-32 Architectures Software Developer’s Manual http://www.intel.com
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AUTOMATIC CONTROL SYSTEMS STEADY STATE PROCESSES
ANALYSIS IMPLEMENTATIONS IN MATLAB

In this report examples of using applications such as SPTool, System Identification, Curve Fitting for
analyzing control systems at steady states of functioning during impact of stochastic disturbances are
analyzed.

Problem statement

Many independent from each other external disturbances which act upon control object (CO) reveal
themselves in automatic control system (ACS) as stochastic changes of controlled variables. Because of that
when designing CO models these changes are often presented as quasi-stationary stochastic processes [1], for
which it is necessary to determine structure and parameters of their stochastic characteristics. Active and
passive experiments results processing allow to obtain CO transmission channels’ mathematical models [2].
List of tasks

Using passive experiment results, determine average, dispersion and power spectrum density of controlled
variable or controlled disturbance, as well as CO model for the respective channel. Using active experiment
results, determine CO static model.

Essence of the study

In this report the example of using SPTool graphical application is shown, which allows to view time plots
and spectrums of the variables, carry out filtration of the variables if necessary, obtain evaluations of their
parameters [3].

System Identification application allows to carry out identification of continuous and discrete transfer
functions utilizing experimental data of input and output variables in time or/and frequency domain, obtain
necessary structure and the order of the model, find necessary model parameters, validate the model [4]. Sta-
tic second order with time delay CO’s model controlled disturbances channel identification example is
described in the report. Obtained models trustworthiness was checked by comparing the model’s and CO
response for the same input signal.

Curve Fitting Toolbox is an application for applied tasks of data approximation and interpolation [5]. An
examples of active experiment data polynomial approximation and obtaining CO static characteristic models
by two channels are shown in the report.

Conclusions

CO models channels and stochastic processes parameters identification results correspond to the parameters
of the test models. The precision of the identification is sufficient for engineering and study tasks. Graphical
interfaces of the abovementioned MATLAB applications allow quickly and effectively carry out a lot of
virtual experiments.
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[1] R. Isermann and M. Munchhof, Identification of Dynamic Systems. Berlin: Springer, 2011.
[2] V. Khobyn, Systemi harantyruiushcheho upravlenyia tekhnolohycheskymy ahrehatamy: osnovi teorii,
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[3] Signal Processing Toolbox User’s Guide. Natick: MathWorks Inc., 2001
[4] L. Ljung, System Identification Toolbox™ Getting Started Guide. Natick: MathWorks Inc., 2015.
[5] Curve Fitting Toolbox User’s Guide. Natick: MathWorks Inc., 2004.
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V]IK 004.043
MOPO30B /1.0.,3IHOBATHA C.JI.
OHITY (Ykpaina)
ABTOMATHU3ALIA PO3PAXYHKY 3AJIMIIKIB TOBAPIB 3 YPAXYBAHHSIM ITEPETBOPEHH
OCHOBHOI'O ITPOAYKTY Y HOBUI BUJI TIPOAYKTY

B pobomi naoano modenv 001Ky pyxy RpoOyKmy y 2panuysx mopeo8envbHoi mepedxci y 8uenadi
nepemiwens mosapy, ni0 uac AKUX mogap Moodice Hadysamu Hoeux eracmusocmeu. Haoawi npasuna
PO3PAXYHKY 3AMUWIKIE MOBAPIE K OCHOBHO20 GUOY, MAK i HOBOYMBOPEHO20, 3 BUKOPUCTHAHHAM ONUCAHOT
mooeni. Tlokazano, Kk maki npaguna 000aHi 8 ICHYIOUY IHOPMAYItIHY cucmemy, HA HPUKIadi npozpamu
001IKYy Mmopeieii MKAHUHAMU.

CyuacHi Mara3mHU Ta TOPTOBI Mepexki SBISIOTH COOOI0 CKJIagHy CHCTEMY CKIaJiB, IO BHUMArae
OTIEPaTHBHOTO OOJIIKY TIPOAaXiB 1 mepeMimens ToBapiB. be3 aBToMaTu3arii 00Ky pyXy TOBapiB i rpomiei
JIOCATTH YCHiXy Yy I[boMy Oi3Heci qocuTh ckiamHo [1]. 3 Touku 30py aBTOMATH3aIlil TOPTOBEIbHOI MEpexi,
KO)KHA TOPTOBa TOYKa — II€¢ aBTOHOMHHUH LIEHTpP peecTpallii pyXy TOBapy i rpoleil 3 MOKIMBICTIO Niepeaadi
JAaHMX Ha IEHTPAILHUN CepBEpP TOPTrOBEIBHOT MEPEXKi.

VY TenepimHiif yac Ha puHKY 13 € IpHUCYTHBOIO AyXe BEMMKa KUTBKICTH IPOTpaM Jijisi aBTOMaTH3AaIlii
pPOOOTH TOProOBENFHUX KOMIAaHii. Pe3yipTaT MoIIyKy 1Mo HaHmpOCTIIOMY 3aluTy NporpaM JAjis Mara3uHa
W aBroMaru3alii Ui TOPriBlli HaJarOTh MITGHOHU BapiaHTIB BIAMOBiJEH 3 MPONO3UIISIMA TPOTPAMHHX
MpoayKTiB. B [2] onmcaHi 0OCHOBHI BUTOJM ¥ TIepeBary BiJl BIIPOBA/HKEHHS Ha TOPTOBEIFHOMY TiAPHUEMCTBI
ABTOMAaTH30BaHOI CHCTEMHU KEPYBAHHS, a TaKOX HAHOUTBIN Ba)kIMBI KpuTepii BUOOPY CHCTEMH KepyBaHHSI
MIIPUEMCTBOM, IIO JO3BOJUTH YK€ Ha CTail JOCTIDKEHHS PUHKY BU3HAYUTHCS 13 MPOMO3MIISIMH, SKi
TiCHO MaKCUMAITbHO TTOBHO 33JJOBOJIBHSIFOTH MMOTPEOH KOHKPETHOT KOMITaHii.

Anle KOHKpETHa TOPTOBENbHA OpraHi3amis MOXKe MaTh TaKky crenudiky poOOTH, SKa HE MOXe OyTH
3aJJ0BiJIbHEHA ICHYIOUMMH MPOAYKTaMU. B poOoTi posrispactbesi opraisaiis, sika TOPrye MpPOIYKTOM, IO
CTa€ OCHOBOIO J|JIsl BATOTOBIICHHSI HOBOTO MTPOAYKTY, 1 TOBMHHA BECTH OOJIK SIK TOBapiB /10 MEPETBOPEHHS, Ta
1 TIicIst, oKpemo.

Mertoro poOOTH € 3MEHIICHHS KiJTBKOCTI MOMHJIOK TPH PO3PaxXyHKY 3alMIIKIB TOBapiB B JIOKAIIisX
TOPTOBENILHOI MEPEXki 3a paxyHOK aBTOMAaTH3allii OOJNiKy MEepeTBOPEHHS TOBApiB y IMpPOIEeCi MepeMillleHHS
MIX JIOKAIisIMH MEPExKi.

Hani Hagano mMozenb 00Ky CTaHy MPOAYKTY Y TPaHULSAX TOProBesbHOI Mepexi. CtanmapTHUil GakT
nepeMillieHHst MoXKe OYTH OIMMCAHUN Y BUTTISII KOPTEKY:

m=<d, pr, q, f, w>,

ne d — naTa nepeMitieHHs; Pr — MPOAYKT, KU OyB HepeMilleHn; (| — rmepeMilineHa KibKicTs; f - jokartis, 3
SIKOT BiIOYJIOCSI TIepeMIlCHHST; W - JIOKarlis, Ha Ky BimOymocs nepemimenns; feT, weT, f #w, T — MHOXHHA
MO>XKJIMBHX JIOKAIIi, TOAaTKOBO 10 7 HaleXuTh 3Ha4eHHs N, BUKOPHCTaHHs SIKOro y sikocTi f abo W o3Hauae,
10 MPOJYKT HAJIMIIOB B MEPEKY 30BHI, a00 BUHIIOB 3 MEPEXKi, BIAIOBITHO.
AJe, SIKIIO M 4Yac 3HAXOJUKEHHS MPOAYKTY Y JIOKalii BUKOHAHO HOro NEPETBOPEHHSA, TAKUW ONHUC HE €
JOCTAaTHIM Ta IIOBUHEH OyTH TOMOBHEHUH 1€ OTHUM KOMIIOHEHTOM:

m=<d, pr’, g, f, w, fI>,
ne fle{0, 1}, sxmo fl=1, To 1e € o3HaKor0 TOrO, 110 BiMOYyNIOCS MepeTBopeHHs. [Ipu 11bOMY MOBHHHI OyTH
BH3HAYEHI mapu <pr, pr'*>, gxe pr' — roBap, mepeTBopeHuit 3 ocHoBH Pr; pr’e{pr, pr'}.

Bcest MHOXKHHA TTepeMillleHb ONICYETHCSI MHOKHHOIO M.

Ilpu TakoMy MpeACTAaBICHHI BXiMHUX [TaHUX MpaBHIa PO3PaXyHKY 3aJHIIKIB TOBapy p o0st(p)
BUTJISIAI0Th HACTYITHUM YHHOM:

T|-1
ost(p) = Tyl " osti(p),
ne 6ostae osty (p) — 3anuiok ToBapy P y K-i jokaiiii, skuif, B CBOIO 4epry, BU3HAYAETHCSA 3a (HOpMyYII0t0

osti(p) = ST kf; g - R
ne MpkcM — mHokMHA (aKTiB MepeMillleHHs, SKi CTOCYIOThCS MPOAYKTY P BiHOCHO K-i jtokartii, TOOTO jJist
SKUX BUKOHYEThCS ymoBa pPr'=p, f =k abow =k; kf; = —1, sxmo f = k, ta kf; = 1, ssxkimo W = k; mpu yomy p
MO3Ke TIpUiiMaTH 3HAYCHHS K Pr, Tak i pr'.

R — 3HaveHHsI, SIKe KOPETYE 3aUIIOK, SKIIO BiJI0YBAIOCS MEPETBOPECHHSI.

Mpkfl
R=Z|j=1;f|qj’
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ne Mpkfl — muoxwuna dakris nepemimenns, wis sxux fl=1, f =k, pr’= pr", p=pr, sxuo icuye mapa <pr,
pr>.

R=0, sixuo He icHye eneMeHTiB MHOXHHN MpK , st sikux fl=1.

[ani npaBuia 3actocoBaHi B 0a3i JaHMX, sika 30epirae iH(GOpMAIIi0 MPo MPOoJaX TKAHWH. 3 4acoM B
oprasizamii Oy0 01aHO MOXKIIUBICTh HAaHECEHHS Ha OCHOBHY TKaHHWHY JEAKOTO PHCYHKY, 1 MICIS IBOTO
MOTPIOHO OyNIH PO3paxOBYBATH 3AHINKH K OCHOBHOI TKAHWHH, TaK ii PI3HOBHIIB 3 PI3HUM PUCYHKOM.

B opranizariii cnoyatky OyiM MOXIIMBI JIOKAIlii JBOX BUJIIB: CKJIJ] Ta Mara3uH, JOKaIliil KOXKHOTO BUIY
MOXke OyTh OyIb-siKa KiTbKiCTh. JlaHi Tpo mepeMilieHHsT MPOAYKTY 30epiraivcs B OKPeMHX TaONIHIISIX s
KOJKHOTO Buy mepemimnienss: 3akynka Ha ckimaa (f=N, w=k;), nepemimenns mix ckiaagamu (f=ki, w=Kkj),
HepeMillIeHHs MXK CKJIaZIoM Ta Mara3uHoM B 000x Hanpsimkax (f=k;, w= k;), npomax (f=ki, w=N).

Muoxwnaa M BusHauaeThes 3anutom MoveAll

SELECT [ID Call], date, kol, rul, mag,"send",idorder FROM send

union all

SELECT [ID Call] , date, -kol, -send.rul, skl,"send",idorder FROM send

union all

SELECT tovarp, data, -kol,-rul,mag,"prodaja",idorder FROM prodaja

union all

SELECT tovarT, dataT, -Kol, -Total.rul, mag,"total",idorder FROM Total

union all

SELECT [ID Call] ,date, -kol, -rul, mag,"vozvrat",idorder FROM vozvrat

union all

SELECT [ID Call] ,date, kol, rul, skl,"vozvrat",idorder FROM vozvrat

union all

SELECT [ID Call], date, -kol, -rul, magfrom,"peredacha from", idorder FROM peredacha
UNION ALL

SELECT [ID Call], date, kol, rul, magTo,"peredacha to",idorder FROM peredacha
UNION ALL

SELECT tovar, data, kol, rul, skl, "zakupka™",0 FROM zakupka

union all

SELECT [ID Call], date, - kol, - rul, skifrom,"peremeshenie from", idorder FROM Peremeshenie
union all

SELECT [ID Call], date, kol, rul, sklTo,"peremeshenie To", idorder FROM Peremeshenie

Busnauenns xoedirienty kf BinOyBaeTbcs Ha piBHI 3anuTy. Take mpeicTaBiIeHHS 3allUTy HA/Ia€ 3MOTY
PO3paxOBYBaTH 3JIMIIKH Ha OKPEMHUX JIOKAIlisIX, TOOTO CKJIaJax Ta MarasMHax opraHi3allii BUKOPHUCTaHHSIM
MpOCTOT BUOIPKH 32 3HAYCHHSIM KOHKPETHOI HA3BH Mara3uHy abo CKIiamy.

3 wacoM B opranizamii 3’sBuiacs (QYHKIS BHPOOHUIITBA, TOOTO MJIsSi OJHOTO i3 CKJIAiB CTallo
MOJKJIMBUM BHXI1JI IPOJIYKTY 3 IHIIMMH XapaKTePUCTUKAMK MOPIBHIHO 3 MPOAYKTOM, SKHI 3aiIIIOB HA HBOTO.

J11s1 KOPEKTHOTO PO3paxyHKy 3aJIHIIKIB TOBapy B Tadiuio Send momaHo mosie iSprint, sike € aHamorom
fl. 3anutr MoveAll tieperBopenuii 3 ypaxyBaHHSAM I[bOT0 10Jst. O3HAKOIO BHHUKHEHHS HOBOTO TOBapy €
JIOJIAHHS 1O BU3HAUCHHI TOBAPY HOMEPY OpAepy.

[Mepmri ckiranoBi 3aNUTy 3MiHEHI HACTYITHUM YHHOM:

SELECT [ID Call], date, kol, send.rul, send.mag,"send",idorder FROM send

union all

SELECTIID Call] , date, -kol, -rul, skl,"send", idorder FROM send where isprint=0
union all

SELECTIID Call], date, -kol, -rul, skl,"send",0 FROM send where isprint=1

union all

BHecena 3MiHa JJO3BOJISIE TIPH PO3PAXYHKY 3JTHIIKIB PO3ALTUTH OCHOBHHI Ta MEPETBOPSHUI MPOIYKT.
SELECT Hasganue, Kox, Round(Sum(kol),2), Sum(rul), IdT, [idorder], Homep, designname

FROM (MoveAll LEFT JOIN Orders ON MoveAll.idorder = Orders./)

LEFT JOIN Design ON Orders.Koa/luzaiina = Design.ld

GROUP BY Hasganue, Kon, I1dT, idorder, Homep, designname

V SKOCTI NPHUKIIAy PO3TIISIHEMO PO3PaxyHOK 3aJIMIIKY TOBapy 3 Ha3BOK OCHOBa Ta kojaoM B-001.
B 0a3y maHux BHECEHI HACTYIHI AaHi: 3akyruieHo i ckiany factory 100 m tkanmHm (puc.l) Ta
nepenaHo B MarasuH 50 M ToBapy, OB’ s13aHOTO 3 opAepoM, Ta 10 M 0CHOBHOI TKaHUHH (pHC. 2).
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HobasuTe | HEMEeHHTD | Mevare

HaTta loBap UseT Kon-so Pynouw Cwxnapg KoMMeHTapui
| 30.09.2019|B-001 Ocriosa [=]] | 100} 20 [NewStore [ |

Pucynok 1 — Jlani po 3aKynKy TOBapy Ha CKJIa[

Hara Tosap User Kom-go PyRods Mar-u Crnag Opgep
| 30.09.2015 |B-001 Ccrosa [=][a38 [ 25 7| 5  |Milana [=] [Factory [+ ]||MD-001 (=l
| 30.09.2015 ' |B-001 Ocrosa [=]]1 [ 10 | 2z [|Miano [=] [Factory [+]] =l

Pucynoxk 2 — Jlani po BiAmpaBKy TOBapy y MarasuH

Ha puc.3 noka3Huii po3paxyHOK 3aJIMIIKIB IIbOTO TOBapy. Pe3ynbraTu BuBeaeHi B kKuury Excel.

B C D E F G k | ] k L M lj o] P
DESCRIPTION ORDER ARTICLE WAREHOUSE Newstore Lira TOTAL
OcHoBa B-001 65 14 10 1 75 15
OcHoea MD-001 B-001 25 3 25 3

Pucynok 3 — Po3paxyHOK 3aJIMIIKIB TOBApY

Jns mepeBipKd KOPEKTHOCTI PO3paxyHKIB J0JaHO (akTH Mpomaxy Tosapy 3 Maraszuny Lira: 10 m
OCHOBHOI TKaHWHHU Ta 15 M nmepeTBOpeHoi TKaHWHH, 3 BKa3iBKOIO opaepy (puc. 4).

Toeap Lara Koneo KoneoM Pynodes  Uenalm Prirt Kpacka Cyrrta Fypc MarazuH Opoep
DOorosalB-001] [=] [30.09.2019 5 i 1 5 o ol 25| 253 |La [=]
OcrosaB-001) [+ [30.09.2019 15 a 3 10 ol o 150 253 |Lira [=]|MD-001

Pucynok 4 — Jlani npo mpojax ToBapy 3 MarasuHy

Ha pwuc.5 mokasumii po3paxyHOK 3anuimkiB ToBapy. [loka3zaHo, mo He Oynb-fKkWii TOBap Mae
nepetBopenHsi, Topapu GABARDIN ta ATLAS He MaloTh ps/IKiB 3 3alIOBHEHUM 3HAYEHHSIM OpAEPY.

A B c D [ F ¢ W T M i o P
N_|DESCRIPTION ORDER __ |ARTICLE WAREHOUSE Newstora || Lira | TOTAL
14 |Octosa B-001 65 13 [ s 1 I 14
15 |Octoea MD-001  |B-001 1 ©» 2 1 v 2
17 [GABARDIN F- 10381 I I 50 1 | I 1
18 [aTLAC £-10052 6.6 1 I 55

Pucynok 5 — Po3paxyHOK 3aJIMIIKIB TOBAPY MICIIS MIPOAAKY

B pob6oti HamaHo ommc MOENi OONIKY pyXy MPOAYKTY y TPaHUIX TOProBENLHOI Mepexi 3
MOJU}IKAII€I0 CTAHAAPTHOTO MPEICTABICHHS MEPEMIIIEHHS TOBApY MiXK TOUKAMH MEPEXi 3 ypaxyBaHHSIM
Toro (hakTy, IIO IMi/I Yac 3HAXO/DKEHHS TOBapy Ha OKPEMHUX TOYKaX MOr0 4acTHHA MOYKe HAaOyBaTH HOBHX
BJIACTMBOCTEW, 1 TMONAIbIINKA OOJIIK MOBHHEH BECTHCS /IS BXIJHOIO Ta HOBO OTPHUMAHOTO HPOIYKTIB.
[Nokazano, sik ommcaHi MpaBuiia BKIOYEHI B iICHYIOUYy iH(pOpMaliiHy CUCTEMY JJIsl KOPEKTHOTO PO3PaxyHKY
3aJIMIIKIB TOBAPIB SIK B OKPEMUX JIOKAIisX, TAaK 1 B OpraHizallii B HijoMy.
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2. Tyumk, T. ABTOMaTH3amus ymnpaBieHHS TOProBBIMH mpeanpusTusMu. [EmektponHuit pecypc].
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YJIK681.335:004.891
Maszypok T.JI.
ITHITY im. K. Ymmachkoro (Ykpaina)

HEUYITKA MOJIEJIb IHTETPOBAHOI'O HABYUAHHA

3anpononosano  cmpyKmypHO-napamempuyny Mooenb HAGYANbHOI OUCYUNIIHU Ma  cucmemu
MIJICNpeOMemHUXx 36 513Ki6, o CGOpMOBaAHO HA OCHOGI 3ACMOCY8AHHA MeOpii HeuimKux MHOJICUH.
Ompumana mooens 00380JA€ AGMOMAMUIYEAMU NPOYEC ceHepayii HAGUAbHO20 KOHMEHMY 3 YPAXYE8AHHAM
HaUuOibW OOYIIbHUX B3AEMO38 A3KI6 MINC HABUANHUMU eIeMEHMAMU 6 YCIX (hopmax THmMe2posanoco
HABUAHHS 8 YMOBAX peanizayii iHougioyanizoeanoco nioxooy.

CTBOpeHHS YMOB /ISl iHAWBIAYyaTi30BaHOTO HABYAHHA € OJHHUM 3 HAIPSMKIB peOpMyBaHHS OCBITH,
0 BIANIOBiae mepexoay N0 iHGOPMAIHHOTO CyCHuILCTBA. PO3BUTOK 1H(QOPMAIIIHOTO CYCIiIbCTBA,
nepexij 4O CyCHiJbcTBa 3HaHb Pa3oM 3 MOTTUOJICHHSAM TioOamizalii, 3pocTaHHsIM KOHKYpPEHII Ha PUHKY
Tpaili BUMararoTh CTBOPEHHS YMOB JIJISi OTPHMAaHHS BUCOKOSAKICHOT TPOQeciifHOT OCBITH Ha MPOT3i BCHOTO
KUTTS ISl KOKHOI JIIOMWHU. 3HaHHS Ta iH(oOpMamis B iH(GOpMAIifHOMY CYCHiIECTBI CTalOTh TOJOBHUM
IHTEJICKTyalIbHUM PECypcoM, BTIM sSK 00’€M Ta TEeMIH HAaKONMYCHHs 3HaHb OE3MEepepBHO Ta Pi3KO
3pocTaloTh. |HTEHCHBHE BIPOBaKeHHA 3ac00iB iH(opMariiiHo-KoMyHiKamiianX Texaonorii (IKT) B
HaBYAILHUI TPOIlEC TOBENIO0 3HAYHI MepeBard KOMII IOTEPHOTO HaBYAaHHA. Pi3HI aclekTh KoMI IoTepHu3arlii
ocBity BHCcBiTIEeH! B mpausix ['punenka B.1., Joersumo O.M., Xanmaka M.I., Ko3nakoBoi I'.O., Manako
A.®., Mam6uns €.1., Pooept 1.B., Ta in. OnHak, BiqoMi HalpSIMKH KOMIT FOTEpU3allli OCBITH I'PYHTYIOThCS
MEPEeBaKHO Ha 1HPOPMAIIHOMY TiAXO/Ii 0 HaBUAHHS, 3aJUIIA0YHN 32 CYTTIO «PYYHHN» 3aci0 YIpaBIIiHHS
HaBYAHHSIM, KU HE J03BOJISIE OBHOIO MIpOI0 i1HIMBiAyaizyBaTy 1IeW IPOIEC, IO CYNEePeUUTh Cy4YacHUM
JTUJIaKTHYHUM BUMOTaM 11010 audepeHiianii HaB4yaHHs

Brim cTBOpeHHS yMOB i e(DEKTHBHOTO 1HIWBIAyaTi30BAaHOTO HAaBYaHHS MOJIMBO HAa OCHOBI
PO3BUTKY KiOEPHETHYHOTO MiAXOAY A0 CTBOPEHHS CHCTEM YIpaBIiHHS HAaBYaHHAM. Po3rnsa HaB4aHHS, SIK
MpoLIeCy, IO YIPABISETHCS, € TUIITHO 1/Ie€r0, Ky OyJio posmouato B npansx Binepa H., Ckinepa b.®.,
IMacka I'. Ta iH., qUIAKTHYHO OOTpyHTOBaHO B mparsix Tammzinoi H.®., becnanpka B.I1., Atanosa I'. A.
[lomanpire BIOCKOHANEHHS KiOEPHETHYHOTO IOTJISAY HA YIPABIiHHS HABYAHHSIM ITOB’S3aHO 13 TpalsIMU
Pactpurina JI.O., Epenmireitna M.Y., Conososa O.I1., Tomopuesa FO.K. ta in. OnmHak, npoTHpIvYs Mix
MOCTIHO 3pPOCTAlOYMMK BHMOTaMH JIO BJIOCKOHAJICHHS! aJalTHBHUX 3aco0iB yMpaBIiHHS 00 €KTaMH i3
CJTa0KOI0 CTPYKTYPOBAHICTIO 1 BUCOKHUM CTYIIEHEM HEBH3HAYEHOCTI Ta BiJICYTHICTIO 3arajbHOI METOHOMIOTII
ix aBTOMaTH3aIii MOTpeOye CYTTEBOrO MEPErNIAy OCHOB TeOpii Ta MPaKTHKH KiOEPHETHYHOTO TiIXOITy
CTOCOBHO OpraHi3alliiHO-TeXHIYHUX CHCTEM Ha OCHOBI 3aCTOCYBaHHsI Cy4acHOI METOJOJIOTII CHCTEMHOTO
aHaIi3y 1010 Teopii yIpaBITiHHSL.

OpHi€lo 3 HEBUPILICHUX NpoOisieM, pO3B’s3aHHA SKOI € HeoOXimHuM s (opMyBaHHS MOAE
1H/IMBiyaJli30BaHOTO HAaBYaHHS, € PO3pOOKa MOJeNi 3MICTy HaBYaHHS 3 BpaxyBaHHSM MIXKIPEIMETHUX
3B’s3KiB. BpaxyBaHHS CHCTEMH MDKIPEIMETHUX 3B’A3KIB — BIiJ] €Mi30JJHYHOTO 3aCTOCYBaHHS JIO
IHTErPOBAHOTO0 HABYAHHS JO3BOJISIE€ EBHUM YMHOM iHAMBIAYyali3yBaTH 3MICTOBHY CKJIaJOBY yNPaBIiHCHKHX
JH 100 HABYAHHSA.

OcHoBy 1H(hopMaIifHIX OCBITHIX CHCTEM CKIIQJIal0Th MOJIEI IPEAMETHHX Tady3el. AHami3 iCHYI0YHX
MiIXOMiB BioOpakae 3araibHy TEHJAEHIII0O J0 CTBOPEHHS I€papXidyHUX MOJeJel, elleMEeHTaMH SKOI €
BinnoBigHi HaBuanbHi enemeHTd (HE). Ilin HE po3ymieThes eneMeHTapHa mopitis iHpopMarlii, o siBIsie
co00r0 00’€eKT (TIpeamer), siBuiiie (Ipolec), MeTo I isuibHOCTI [1].

IIpu mnoOynoBi iHpopMaLiiiHOT MOAENi CTPYKTYpH MOHONPEAMETHOTO Kypcy 3acTOCOBaHO
CTPYKTYpHO-TIapaMeTpU4Hy Mojeib. CTPYKTYpHUH OIHC — 1€ i€papXiyHa cHCcTeMa «HaBYaJlbHA JUCLUILTIHA
— po3ain (migpo3ain, TeMa, Moayis) - HE». Ane cTpyKTypHUIl omuic He € BUYEPITHUM, TaK SK MapaMeTpu
HaBYAJIbHUX €JIEMEHTIB € PI3HUMH. TOMY BUHUKAE HEOOXIIHICTh MOPS 13 CTPYKTYPHHM Yy MapaMeTpUIHOMY
orucy Mojeni. [lpyu mapamerpudHOMy HAIOBHEHHI MOjeliell HeOOXiHO BiIOOpa3UTH MOMJIIMBI 1 JOULUIBHI
B3aeM03B’s13k1 Mk HE, 1110 yTBOPIOIOTH 3MICT HAaBUAHHS.

Posrnsaemo ¢opmanbHuii onuc mapamerpudHoi  ckiamoBoi mozeni HJI. Hexait 3agana ckiHueHHa

muoxxuna HE LE ={|i},i =1,Nja , HediTKe BiIHOLICHHS MR :LExLE > M, ske BigoOpaxae
Cy0’eKTHBHY MIpy eKcCIlepTa-BHUKJajada IM0A0 B3aeMo3B’si3ky Mik aBoma HE Ta 3amaerscs (yHKIiEO

HaJe)KHOCTI. M - JIIHTBICTUYHA 3MiHHA, 32 JIOTIOMOTOO SIKOT €KCIIEPTH MalOTh MOXKIIMBICThH OLIHUTH CTYIHB
B3aeMo3B 513Ky Mk HE 3acobamu mpuponnoi moBu. HeditTki MHOXMHU A, Ay, A3, Ay, A5 BiANOBi#AIOTH

HEUITKUM 3MIHHUM o4= «BIACYTHII», Q)= «CHaOKWID», 3= «CEpemHily, o, = «BUCOKHI», 5= «IyXkKe
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BHCOKHIY. DOYHKIII HAIEKHOCTI HEYITKUX MHOXHWH, IO BIANOBIMAIOTH HEYITKAM 3MIHHAM IS
JIHTBICTHYHOT 3MIHHOT T - «CTYIiHb B3a€EMO3B’3KY», BU3HAYAIOTHCS HA OCHOBI aHAJITHYHOTO OMuCy S-, Z-
ta [[-o6pa3uux crnaitn-¢ynkuii. [lapamerpyn uux GyHKIiH OTpUMaHO HA OCHOBI €BPUCTUYHUX MipKyBaHb.
OkpiM HEYITKO 3aJaHOro CTYMEHS B3a€EMO3B’S3KiB HEOOXiTHO BpaxyBaTH HampsM 3B’SI3Ky 3a
JOTIOMOTOI0  BIZITIOBITHOTO 3HAaKy. TakuM dYHHOM, eNeMEHTH MAaTpHUIl IHIJCHIIA HeYiTKoro Trpada
G(LE,RLE) YTBOPIOIOTHCS 32 BiJIMOBIAHOIO (hOpMyIToI0, IO BigoOpaxae mepeayBaHHs, piBHOZHAYHICTh ab0

HACTYTHICTh JIOT1YHOTO 3B’s13Ky Mixk HE.
VYci BepImuHU HEYITKOTO Tpada G(LE,RLE) PO3IOAUIIIOTECS HAa YOTHPH THIIA BEPIIMH B 3aJICKHOCTI

Bil iX pOJIi B CTBOPEHHI CTPYKTYpH HaBYalIbHOI OUCHMIUIIHK: 0a30Bi, TpaH3UTHI, KiHIEBl (IiJIOBI),
aBTOHOMHI. YTBOpeHHs mochinoBHocteli HE Takum umHOM 3BoguThes 10 mpouenypu (opMyBaHHS
HaBUYAJIBHUX JIOTIYHUX OJIOKIB, ITOYATOK SKUX € MHOXHHOIO 0a30BUX BEPIITHH, KIHEIb ITOCITITIOBHOCTI MiCTHTh
KIHIIEBI BEpIIMHHW, MK HHUMH, B 3arallbHOMY BHITQJKy, MOXXe OyTH MHOXXHMHA TPaH3UTHUX BEPIIHH,
MPUITYCTUMO JT0JIaBaHHS aBTOHOMHHX BEPIIWH MPH HASBHOCTI JOJATKOBOI'O HaBYaJILHOTO Yacy. HaBuanbHi
moriuai 6moxu (HJIB) € macmigkom 3acTocyBaHHS JIOTiYHOTO BHWBEACHHS, MOBHHHI XapaKTePU3yBaTHCS
MIOBHOIO BUBOJAUMICTIO.

L1 mpobiema oOyMOBIIOE HEOOXiTHICTH BU3HAYEHHSI METOJY BH3HAYEHHs iCTUHHOCTI BHCHOBKY B
HEYiTKOMY MpaBWIi NpoAyKuid. BigomMumu €, Hanpukiaj, HACTYNHI METOAM BU3HAYeHHS (QyHKIIT
HAJIGKHOCTI pe3y/IbTaTy KOMITO3MIIT HEYITKMX BiTHOIICHB: MaX-MiN-KOMIIO3uIlis a00 HediTka 3ropTKa, max-
prod-koMmosuiiist, MiN-Max-KoMMo3uIlis, Max-max-kommosuitiss Ta iH. OpgHak, HaHOLIBII YacTirne
BUKOPHUCTOBYIOTbCS METOAM Max-Min-koMmo3uiiii. 3a aHaJori€ro 13 3BUYAMHIMH MPOAYKIIHHUMH
CHUCTEMaM{ Ba)KIMBUM KOMIIOHEHTOM CHCTEMH HEYITKHX IPOAYKIi € cxema BUBEIEHHS BUCHOBKY. Tak,
MPSIMAA METOJl BHUBEIEHHSI pEeaNi3yeThCs NUIIXOM IMEPETBOPEHBb OKpeMux (akTiB mpoOnIeMHOl Tamy3i y
KOHKpPETHI 3Ha4eHHS (PYHKIII HAJIE)KHOCTI YMOB HEUITKUX HPOTYKIIIH.

OTxe, 3acCTOCYBaHHS MPSMOTO JIOTIYHOTO BUBEACHHS B CHCTEMi HEUITKHUX MPOIYKIIiH, 32 JTOTIOMOTOO
SIKUX TIPEJICTAaBUMO (DaKTH PO JOUUTBHICTH 3B’ SI3KiB, JO3BOJIATH OTPUMATH JIOTIYHO BUBEICHY ITOCIIIOBHICTH
HE i3 3a3naduenHsM ¢yHKII] HaleXHOCTI B3a€MO3B’s3Ky MK 0a3oBuM i kiHneBuMm HE, abo y pasi
BIJICYTHOCTI JIOTiYHOTO BHMBEJCHHS — MpPUIHHEHHS mpoiecy, 3BepTanHs no OIIP (ocobu, mo mnpuiimae
.pIIIIeHHs) 7St pO3B’ I3aHHS MPOTHPITUSL.

BusHaueHHst cTynHs B3aeMo3B’si3ky HB MoXHa BH3HAYMTH Ha OCHOBI 3aCTOCYBaHHS Omeparii
KOMITO3HUIIiT HEUITKUX BiIHOLICHb. SIKIIO aHaii3 HEYiTKOTO rpady G(LE, R,_E) Ha OCHOBi ()OPMYJI TIPUBIB 10

po30uTTs MHOXKHMHU LE Takum umHOM, 110
LE =LE; ULE; ULEg ULE,,

ne LEj; - MHOX#HA 0a30BUX BEpIINH;

LE; - MHOXXMHa TpPaH3UTHUX BEPIINH,

LEg - MHOXMHA KIHIIEBUX BEPIINH;

LE 5 - MHOXMHA aBTOHOMHHX BEPILIUH,

TO PO3IISHEMO HediTKi BimHomeHHA Rjp:LEszxLEr — [O ,1] MK 0a30BUMH Ta TpPaH3UTHUMH
BepmnHamMH, Rye : LEyxLEg — [0,1] - MK TPaH3UTHHMH Ta KiHIIEBUMH BepinuHamu. Tomi Ha OCHOBI [2]
3aCTOCYBaHHs (Max-Min)-KOMIO3UIii OTPUMYEMO BHpa3 Ui 3HAXO/KECHHS HEYITKOTO BiIHOIICHHS
Rag : LEgz xLEg — [O ,1] - Mk 0a30BUMHU Ta KiHIIEBUMH BEPIIUHAMHU:

HRyporoe (A 1E )= max min{ug, (L.l ) g, (o 1e ), @

N
ae la, ly, lg - BiInoBiaHI BepIIMHY 3 MHOKUH 0a30BHX, TPAH3UTHHUX Ta KiHIEBHX.

3 ornsay Ha Te, 110 MHOKMHA TPaH3UTHHUX BeplinH LEy, B cBOIO uepry, mMae monaiOHy CTPYKTYypy 3
TPHOX IAPIB, YTBOPIOKOYW HACTYIHI MIMHOXUHU: LE |, - MiJMHOXXWHA TPAaH3UTHUX BEPIINH, SIKi 3’€JHAHI
Oe3nocepenHbo i3 6azoBuMu; LEg, - MiIMHOXHMHA TPaH3UTHUX BEPIUMH, IO MAlOTh BXiAHI Ta BUXIiJHI
3B’S3KM TIIBKM 13 TpaH3UTHUMH;, LEg; - MiAMHOXWHA TpPaH3UTHUX BEpLIMH, IO MAlOTh 3B'SI30K
0e3nocepeIHbO 13 KiHIEBUMHU. TaKUM YHHOM:

LE;=LEjULE{,ULE 5.

Toni, Ha OCHOBI BIAMOBIMHUX HEYITKAX BIJHONICHh MiX BEepIIMHAMH TPAaH3UTHHUX IIApiB

Riy i LE1ixLE1,; Ryg: LEoxLET3; Ryg: LE4xLE3, oTpumyemo:

HRy,0Ry, (1, lr3)= fTRaX min {#Rlz (Ir1lo2) Hg,, (I OZfITS)}' @
T2
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Bisyamizamis KOMITO3MIIHHUX IepeTBOPeHb Ha ocHOBi ¢opmyn (1), (2) maBemeno Ha pmc.l, me
MMOKAa3aHO CYyTHICTh «CKJICIOBAHHS BEPIIHMH TPAH3UTHUX IIAPIiB.

Ha ocHOBI mocHTiIOBHOTO 3/1iiiCHEHHS OIEpalliii HeYiTKOT KOMIIO3HINIi HaJl YTBOPEHUMH ITiIMHOKUHAMHU
Heuitkoro rpady HE, oTpuMaemMo CcTpyKTypHO-IapaMeTpUYHy MOZCIh MOHONPEIMETHOI HaBYaJIbHOI
JUCIIAIUIIHH.

T
Tig

Puc. 1- Cxema HEUITKMX KOMIIO3UIIIHHIX IIEPETBOPCHD

OpHak, B yMOBax NOTTMOJICHHS iHTErpalliiHuX TeHIeHUid HeoOXiaHo npu GopmysanHi ['H BpaxyBaTu
nouinsHi MII3. ToMy pO3rIIsTHEMO TakKOX CTPYKTYypHO-TIAPAMETPHUYHY MOJENIb CHCTEMH MIKIPEAMETHUX
3B’SI3KIB.

st BU3HAYEHHS BXIAHMX 3MIHHHUX, SIKi BHCJIOBJIIOIOTH AYMKY BHKJIAjadya IIOAO0 MIXKIPEIMETHUX
3B’s13KiB, BBEZIEMO HACTYIIHI JIIHTBiCTUYHI 3MiHHI:

«CTyTiHb TIEPEeKPUTTS», M0 MICTUTH Tpu TepMmu: {«Hm3bkui» (H), «cepenniity (C), «Bucokuit» (B)}.
Jnsi BH3HAYEHHS NOHATTA «CTYHIHb IEPEKPUTTS» PO3IISTHEMO ¢ -NIEPETUH HEYiTKOrO BiIHOIIEHHS

R1IR2, = {<I1i ,|2j> : :uRlR2<|1i 12 > > a}, Jie Ha OCHOBI €BPUCTUYHMX MipKyBaHb npuitMeMo « =0.5. Takum
YHHOM, TIPH BU3HAUEHHI «IIEPEKPUTTS» OyIyTh BpaXxOBaHi TUILKU TaKi B3a€EMO3B’SI3KH, CTYIIHb HaJISKHOCTI

SKUX He MeHmI Hix 0.5.
«CTymiHp pIBHOMIPHOCTI»: MICTHUTh Ti k cami Tpu Tepmu: {«Hm3pkui» (H), «cepemniit» (C),

. o . . 120
«Bucokui» (B)}. CTyniHb piBHOMIPHOCTI BU3HAYAEMO 32 HACTYIIHUM BHPA30M S, = — >"|ligir2 — HUR1R2| -
m =
j=L

«Crymiep y3romkeHocTi». TepMu, mo #Horo Bu3HA4awTh Tex: {«Hm3bkuit» (H), «cepemniit» (C),
«sucokuid» (B)}. Ilpu BU3HAYeHHI ILOTO IIOKa3HMKAa MAaeEMO Ha YBa3i, IO HaWKpallMM BapiaHTOM
pO3TallyBaHHSI B3a€MOIIOB’SI3aHUX ECJIEMEHTIB 3 TOYKH 30pYy Y3TOJPKEHOCTI 32 4acoM, € TOJIOBHA JiaroHallb
MaTpULl MDKIPEIMETHUX 3B’SI3KiB. B 1bOMy BHIAAKy BHBUEHHS B3a€MOIIOB’SI3aHMX €JIEMEHTIB B
3araJbHOMY BHIAJIKy € CHHXPOHI30BaHUM. UMM OLIbII BiACTAHb MiXK €JIEMEHTAMHU, IS IKUX LRiro # 0, THM
BUIIE CTYMIHb HEY3rO/KEHOCTI, SKHH YIOBUIBHIOE 3IIHCHEHHS 1HTErpoBaHOr0 HaBuaHHS. OTxe,
cardiug | gij > 0.1 = |

Card{/JRij |i= j}

Buxigna mninrsictmuHa 3MmiHHa «KoedimieHnT iHTerpamii» € aumaktuyHo 3HauymmM. OfHaK, B
MEJaroriYHuX JOCTIJIKEHHIX BiJICYTHI KUIBKICHI TOKa3HMKH HOTO rpajallii, BTIM PO3PI3HSIOTH MEPEBAXKHO
TpH PiBHI, 3MICTOBHA CYTHICTh SKMX IEBHUM YMHOM HE CHiBmajgae. 31e0iIbpII0r0 NPUIHATUM € BapiaHT
BUJAIUICHHS HACTyNHUX DPiBHIB iHTerpauii: emizogumuni MII3 — inTerpoBane HaB4YaHHS (Ha OCHOBI
crucreMaTnyHoro Bukopuctanus MII3) — iHTerpatuBHi Kypcu.

Ha ocHOBI 3anpornoHOBaHOT MOJIeIi TIPOBEJICHO KOMIT FOTEPHI €KCIIEPUMEHTH 3 BUKOPHCTAHHSM TaKeTy
HeuiTKoro BuBeneHHs Fuzzy Logic Toolbox cucremu Matlab, B pesynprari sikKMX Ha OCHOBI MaTpuIli
MDKIPEIMETHUX 3B S3KiB, MOKHA BHM3HAYMTH 3HAYEHHA BHXIIHOI 3MiHHOI — Koe(iLi€eHTy iHTerparii.
3HavyeHHs, 10 OTPUMAaHE, CKJIaJae OCHOBY JIIsl YIPaBIiHHA TpoiiecoM (GopMyBaHHS KomrereHmin. OTxke,
BUOIp IHTETPOBAHOTO KOHTEHTY € CKJIAJOBOIO YIPABIiHCHKUX BILTUBIB 3 OOKY BHKIIaJIaua, sSIKi OTPUMYIOThCSI
B aBTOMATH30BaHOMY PEXHMMi Ha OCHOBI 3aIIPOIIOHOBAHOT MOAEMI.

CIIMCOK JIITEPATYPU

[1] B.IL. bBeciansko Obpazosaniue u obyuenue ¢ yuacmuem KOMNbIOmepos (neda2o2uka mpemse20
muicauenemust). M.: MIICH, 2002.

[2] Y¥O.I1. 3aituenko Heuémxkue moodenu u memoosi 8 uHmenieKmyanivhoix cucmemax . K.:
Hznarensckuii 1oM «CiaoBoy, 2008.

OOYMCIICHHS CTYIEHS y3T0/UKEHOCTI 3/11IMCHIOEMO 332 HACTYITHUM BHpa3oM S, =
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OHAXT, OTK OHAXT (Yxkpaina)

KOMITTOTEPHA PEAJIIBALIISL ATPAKTOPHUX CUCTEM
Y BATATOBUMIPHUX ®A30BUX ITPOCTOPAX

3anpononosano  komn'tomepHy Mmooenb  OUHAMIYHOI  AaMpaKmopHoi cucmemu I OMPUMAHI
Xapakxmepucmuxy MoOeibHO20 ampaxKmopy 3 i3yanizayicto OUHAMIKU MOYKU-DIULEHHSL.

Bigomo, 1m0 pi3Hi THIA KOMIT'IOTEPHUX TOCHIKEHBb MTO3BOJIIOTH CTBOPIOBATH iH(GOpPMAMiHI Momei
nporeciB 1 SBUII. Take MOJENIOBaHHS — 3PYYHHH 1 MOTYXHHMH 1HCTPYMEHT, LIO J03BOJISIE €KOHOMHTH
pecypcH, peryaoBaTH Yac JOCHIDKEHHS, YTOYHIOBATH €KCIIEPHMEHT 1 06araTopa3oBo MOBTOPIOBATH B Mipy
HeoOXimHocTi. KpiM Toro, iMiTamiifHi Ta aHAIITHYHI MOZEII MO3BOJSIOTH BCTAaHOBIIOBATH IOCIITOBHICTH
MPUYUHHO-HACIIIKOBUX TOJIN, BiJl SKUX 3aJIE)KUTH XapakTep (YHKIIOHYBaHHS, CTPYKTypa Ta BIACTHBOCTI
JOCTIDKYBaHHUX 00'EKTIB.

OpHa 3 ICTOTHUX MOXJIMBOCTEH TaKMX TEXHOJOTIH — Bidyamizamis AOCTiIHUX Mojenei. JlificHo, Ha
MIPOTSI3i, MPUOJIM3HO, CTA OCTAHHIX POKIB MPUPOTHUYI HAYKH, B TIEPITy Yepry 0ioioris, MaTeMaTnka, ¢isuka
1 XiMisl, TOCTIKYIOTh ()EHOMEHH, SIKi HEMOKJIMBO HAOYHO YSBUTH. MOJKIIMBOCTI Bizyauizallii npeIMeTHUX
obmacTeld pi3HUX HAyK, LI0 pPeai3oBYIOTbcA 1H(QOPMAIIHHUMH TEXHOJIOTISIMH, HANIIUPIIMM YHHOM
BHUKOPUCTOBYIOTHCS B MpoOIecax HaBYaHHS. Bce 1ie 0COOMMBO aKTyabHO MPU MOJETIOBAHHI CTOXaCTHYHHX
MpoIIeciB, TOMY po3po0OKa KOMI'TOTEPHHUX MOJIENIEH Pi3HUX TUIIIB TAKHUX MIPOIIECIB — aKTyalbHa Ipodiiema.

Jns gocnimkeHHS cUcTeM B 0araToBUMIpHUX (ha30BHX MPOCTOPAX, 3aJaHUX CHCTEMOI0 PEKYPEHTHHX
PIBHSHB, PO3pPOOJICHO MPOTPAMHUA KOMIUIEKC MOJICNIOBAHHS JIUHAMIYHUX AaTPaKTOPHUX CHUCTEM
(IIKMJJAC). MaremMaTu4Ha MOJIENh TAKUX CHCTEM PO3TIISIAE€THCS K YOTUPhOXPIBHEBA BIIKPUTA TWHAMIYHA
crcTeMa 3 B3a€MOJIFOUUMH PiBHSAMU:

’xn+1 =X, k;qypxng +kquyn2 + X,

Fo1 = Fn +f-:)wpx: - (E:N +kyz)qy: +kﬂrzn2
D,y 2w =1 2 ) 2
Zyy) = Zp T k}qun - ('kxy +kx'w ) =z, + kwaWn

2 2
\_w?z+1 = Wn + kx'w .an - {kwx +kom )Swn (1)

1€ X, ¥, z, W — JIMHAMIYHI 3MIHHI, [0 BH3HAYAIOTh KiJIbKICTh YaCTHHOK Ha piBHsX, Kij — mepeximHi
Koe(illieHTH, M0 XapaKTepH3YIOTh CTATWYHY 1 JAMHAMIYHY B3a€MOJII0 PIBHIB BiAMOBimHO; P, (, I, S —
PO3MOIIIBHI KOSMII[IEHTH, Xin — KIJIBKICTh YaCTHHOK, 110 BXOJSTh HA MEPIIMHA piBeHb. HasBHICTH B cHUCTEMI
ABOX Tpym KoedimieHTis Kjj i P, (], I MOSCHIOETHCS 11 IHKEHEPHUM MOXOHKEHHSM 1 Ma€ KOHKPETHY (i3udHy
iHTepIpeTaliio: Koe(imenTd Kj — OMUCYIOTh BiIHOCHE IMONMEpPEYHe 3MIIlIEHHS IOCIiIOBHHX KaHAaJiB
IH)KEHEpHOi KOHCTPYKIi 1 3aJal0Th YacTKy MOTOKY, HIO TEPEeXOJWTh 3 OJHOTO KaHaly B IHIIMH, a
KoeilieHTH P, ¢, I — ONHUCYIOTh PO3IMO/iJ YaCTHHOK 110 MIMPHHI KaHATy KOHCTPYKII, TaK IO MepeXiJl Mix
KaHaJlaMH BU3HAYAE€THCSA JOOYTKOM Koe(ilieHTiB 000X rpyn. TakuM YWHOM, KOXKHE 3 iTepallifHuX piBHSHB
cuCTeMH € OUTiHIHHIM 10 (PXn)-(Kxy Xn). Boke 3ramana cucrema (1) He iHTETrpy€eThCS B 3arajlbHOMY BUTIISII, i
pimeHHsT Moke OyTH 3HAWACHO JIHMILIE YUCEIbHO y BHUIJIAAI aTPaKTOPiB Pi3HUX THUIIB Y YOTUPHUBUMIPHUX
(hazoBuX MpocTopax.

IIporpamuuii kommneke [TIKMJIAC no3BoJisie BUpIllyBaTH HACTYITHI 33/1a4i:

— MOJIEJIIOBATH CHCTEMH PEKYPEHTHHX PIBHSAHB, IO CKJIQAAIOTHCS 3 TPHOX 1 HOTUPHOX PiBHsHG (1) 3 iX
iTepauiiinum pineHHsM B Mexax Tounocti 1076,

— Bi3yami3yBaTH JUHAMIKY TOYKH-PIIIEHHS TMICJIS KOXXHOI'O 3BEPHEHHsSI 1O PIBHSHHA y TpH 1
YOTHPUBUMIPHOMY HPOCTOPi BiIOBIHO;

— BU3HAYaTU MEXI1 ICHyBaHHS PEXUMIB: TOUKa, IPAHUYHUNA [UKJI, aTPAKTOP, TUBHUN aTpaKTop;

— aHaNi3yBaTH aTPaKTOpu 3 IMOOYJ0BOIO 1 Bi3yamizalli€lo mnepeTuHiB [lyaHkape Mo 3aaHHX OCSIX
KOOp/MHAT.
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YV GararoBuMipHOMY (a30BOMY MPOCTOPI Bi3zyasizarlisi MHOKMHH TOYOK, IIIO TEHEPYIOTHCS CHCTEMOIO
PEKYpPEHTHHUX PIiBHSIHB, 3a JOMOMOTo0 meperuHy Ilyankape m03BOJSE€ BHSBHTH OCOOIMBOCTI €BOJIOIT
JUHAMIYHOI CUCTEMH.

[IporpamMuuii IpoyKT HAJA€ JOCITIIHUKY HACTYITHUN CIICKTP MOYKJIMBOCTEH:

— PpIIEHHS CUCTEMH 3 TPHOX 1 YOTHPHOX PEKYPEHTHUX PIBHSIHB, SKE BU3HAYAETHCS 3HAYCHHIMU
JIMHAMIYHUAX 3MIHHHX X, ), Z, W, IO BBOAATHCA, mepeximHuMu koedirientamu Kij, Kout, po3momiibHHMHU
koedimienTamu P, J, I, S, KUIBKICTIO YaCTHHOK, IO BXOJATh HA MEPIIUN PiBEHb Xin, KIUIBKICTIO TOYOK
(po3mipom) hopmoBanoro arpaktopy Npeinss (fractal size);

— moOy/1oBa Ta Bizyastizaiis aTpaKTOPiB JJIs CHCTEMH 3 TPHOX PEKYPEHTHUX PiBHSHB B OKPEMOMY BiKHI
13 3a0€e3MeYCHHSIM MOXKJIMBOCTI X 00epTaHHs, MacIITa0yBaHHS, 3CYBY;

— noOyoBa Ta Bizyamizauis nepetuHiB [lyankape y Burisani KyOy Uit aTpakTopa B YOTHPHUBHMIPHOMY
MPOCTOpPl B OKPEMOMY BiKHI 13 3a0e3MeUeHHsIM MOXIIMBOCTI BHOOPY Ocei, oO0epTaHHSA, MacIITa0yBaHHS,
3CYyBY;

— Bi3yaJli3allifo CErMEHTa aTPaKToOpa 3 KOJIbOPOBUM MAPKyBaHHSIM MOPSIKY HOTO TOYOK;

— pO3paxyHOK TapameTpiB aTpaktopa: ¢pakranbHOi Dy, iH(MopMariitHoi Diy 1 xopemamiiaoi Deorr
PO3MIpHOCTEH AJIs aTPaKTOPiB y TPH 1 YOTUPUBUMIPHOMY TIPOCTOPi, B TOMY 4rcHi Jijis mepeTuHiB [lyankape.

Ha puc. 1 mnokazanuii intepdeiic [IKMJIAC nns TpuBHMipHOT MOzeli Y MOMEHT (opMyBaHHS
aTpakTopy (B peKHMMi aBTOMaTHYHOTO BUBEICHH:) 3 mapameTpamu: Ky = 0,9; k= 1,2; ky, = 0,95; ky = 0,15;
Koue =0,8; p=10,6; q=0,4; r =0,25; x = 0,025; y = 0,025; z = 0,025; Xin = 0,35; Npoins = 5000. ITpu 1isomy
PO3paxoBaHi XapaKTEPUCTUKHU aTpakTopy ckianu: Dy = 2,44; Dins = 2,61; Deorr = 2,58.

N Calculate Fractal

Calaulation parameter :1.01 | [ one point
o P
|0.0000000000001 I S .'D.é
Dim calc points number - Q
18 ] = ju.-:
x1 Open w g
0.1 Save webd [o.25
- [ comute fronfie ]
[11 Number of points
: Close E
¥l |2
:D.L Reproduce semes of Ire ~ Auto Option
¥2 [ severaly Auto_parameter 1
[ [ Liapunov indices [
Kout fra i Auto_par_1_value
T 3000 T
0.8 - 'lo.z
X - Pallet size
New caiculation .G = . Auto_parameter2
B r
[ Lorentz attractor : ' 2
Puancare :
[] Change color = Auto_par_2_value
r 0.2
0.35 7
.‘SXY _ Shift coords along x axis
lo.s m .
Kyx : ¥ X
: shift coords along y axis g
|12 l0.0 |0.0025
Kyz ¥
[o.95 [0.0025
Kzy Divide coords Z
0.1 | [w.0 | |b.0025

Puc. 1. Inrepdeiic [IKMIAAC mjist TpUBUMIpHOT MOz
y npoiieci (JOpMyBaHHsI aTPAKTOPY 1 BUBSACHHS PO3PaXOBAHUX XapPaKTEPUCTHK
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2. 51.I'. Cunaii. CtpanHble arTpakTopsl. COopHUK cTateil. — M.: Mup, 1981 r. — 251c.
3. boxokun C.A., [Tapmmn J[.A. ®paxranst u mynstudpakrans — M.: PX], 2001 r. -129 c.
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KO3AK L.P.
BHTY (Ykpaina)

KOMIT'IOTEPU30BAHA CUCTEMA 3b0PY BIOMEJIMYHMX ITOKA3HUMKIB JIIOAMHU

Jocnioocenns nokasHukie cmauy 300po8’s noouHu, euxopucmannsi 1T-mexnonoeii 6 meduyuni ma ix
PO36UMOK 8 YKpaini, HOGIMHI pO3pOOKU 8 2aNY3i MeOUYUHU ) C8imi, BUMIDIOBAHHS NYIbCY MA MeMnepamypu
mina 3a O0NOMO20H0 CMAPMPOHY, KOMN T0OMepu308ana cucmema 360py 6iomeOUdHUX NOKAZHUKIG TIOOUHU HA
6a3i Arduino Nano.

JocmimkeHHs TOKa3HUKIB CTaHy 3/I0POB’ S JIIOJMHH — I€ TeMa sika Ma€ OypXITUBUI PO3BUTOK B 3B’ A3KY
3 CTPIMKHUM PO3BUTKOM iH(poOpMamiiiHuX TexHomorii. CydyacHi ColliabHi Ta €KOHOMIYHI YMOBH, MOTIipIICHHS
CTaHy HaBKOJHWIIHBOTO CEPEJOBHUINA i MOB’A3aHi 3 MM 3pOCTAar04i HABAaHTAXKEHHS Pi3HOTO XapakTepy, IO
TIIOTH Ha OpraHi3M, CTBOPIOIOTH MEPEeAYyMOBH 1 MOTpedy CBOEYACHOTO AaKIEHTYBAaHHS yBard Ha OIIHII
3I0pOB’sl JIOAWHH. bymo po3po0JIeHO KOMIT'IOTEPHU30BaHy CHCTeMy 300py OioMeIWYHHX TOKa3HHKIB
nronuHA Ha 6a3i Arduino Nano, 3a J0moMOror sKOi JIF0JJMHA JISTKO MOXE CIIiJIKYBaTé 3a CBOIM IMYJIbCOM,
TEMITEPaTypOoIO.

Po3BuToK iH(OpMAIiTHIX TEXHOJOTIH BIAKPUB HOBHUH MiIXiJ 1O KOMIT FOTEpU3aIlii OMiHKH 3I0POB’S:
aBTOMaTu3allis 300py IHIUBIAYaIbHHUX JaHUX, OOYUCICHHS Ta aHali3 Pe3yJbTaTiB O0CTEKEHb 1 T.I., alie
HE3BKAIOYM Ha Te, MO0 CydacHi iH(pOpMaIliiiHi TEXHOJOril BCE MIUPIIC BHUKOPUCTOBYIOTHCS, MpoOiieMa
KOHTPOJIIO 32 CTAHOM 37I0POB’SI 3aJIMIIAETHCS HEBUPIMIEHOIO 1 MOTPedye MOAANBIIOrO BIOCKOHAICHHS.

OnHUM 3 TEPCIEKTUBHUX Ta aKTyaJbHUX HANPSMKIB BUKOPUCTAHHS TPOrPaMHO-IHCTPYMEHTAbHUX
KOMILJICKCIB Ha OCHOBI KOMIT IOTEPHUX TEXHOJOTiH, € CTBOPEHHSI KOMIT FOTEPHOI MOHITOPUHTOBOI CUCTEMH
OIIIHKY 37I0POB’s, KA BKJIIOUATUME B ceOe Cy0 €KTMBHY 1 00’€KTHBHY OIIHKH, HAYKOBWH aHAI3 JaHUX
KOMIT FOTepHOI 00pOOKH, MATOTOBKY HAyKOBOT'O 3BITY Ta MAKETIB IIUTHOBOI iH(GOpMAIIil U1 CIIOKUBadiB. 3a
JIOTIOMOTOI0 TIPUJIA/IiB MM MOKEMO BiJICTEXKUTH Pi3HI XapaKTEPUCTHKH OPraHi3My, HallpPHUKIIaJA, CTaH MyJbCy
JIIOJUHY, OIOCTpYMH, TEMIIEpaTypy Tiia, OIOTOTEeHINANy Ccepis, MO3Ky, M's3iB, iHImmxX oprasiB. [licis
OTPUMAaHHS JIKyBaHHS Ta pEKOMEHAAllil Jikaps Oy[e MOKIWBICTh IOCHIIKYBaTH 3MIHH B OTpaHi3Mi i
PO3YMITH YH ¥ijie Ha KOPUCTh HOBUU PeXUM a00 5K TOTPIOHO BHECTH KOPEKTUBH. Bce 11e 3acTOCOBY€EThCS HE
TIBKH JJISl JTIKYBaHHS, ajie i Juis pO3BUTKY (i3MYHHUX, PO3YMOBHX 3li0HOcTed Tomo. Hampuxan,
CHOPTCMEHH, BIJICTEXYIOUH 0iOCTpYyMHU M'A3iB, poOISATh BUCHOBKH PO KOPUCTH PI3HUX BIPaB UIS JaHUX
M's31B.

OnHuM 3i croco0iB peanizamii crcteMu 300py OlOMEIMYHUX MOKA3HHUKIB CTaHy 3J0POB’S JIIOJAWHU €
MikpokoHTpoiep Arduino Nano.

VY nanuii yac hakTUHHO B yC1 raiy3i OXOpOHH 30pOB’s BIIpoBakeHi iHpopmaniitai TexHonorii (IT).
3aBIsKM 1MBOMY MeAMIMHa HalOyna ChLOroJHI abCOMOTHO HOBHX pHC. Llel mpolec cynpoBOIKYETHCS
CYTTEBUMH 3MiHAMU B MEIUYHIN TeOpii Ta MPaKTHIIi, TIOB’I3aHUMHU 3 BHECEHHSIM KOPEKTHB JIO HiJATOTOBKU
MenuuHUX TpaniBHHKIB. IT moromararoTe JiKapo NPOBOAMTH OO0 €KTUBHY MiarHOCTHKY 3aXBOPIOBAHb,
HAKOMUYyBaTH W e(pEeKTHMBHO BUKOPHCTOBYBATH OTpPHMaHy iH(GOpMAIil0 Ha BCIX CTalisfiX JKYBaJbHOTO
npoIiecy i, M0 HAWBAXKIIUBIIIE JJIs1 MEAUYHOT HAYKH, € HEOI[IHEHHUMH y HAYKOBOMY ITi3HAHHI.

OCHOBHI HalPsSIMH 3aCTOCYBaHHS Cy4acHHUX 1H(OpMaLiHUX TEXHOJIOT1i HACTyIHI:

Menuuna iHQOpMaliiiHa cucTeMa — Ie¢ IUIMA TPOTPAMHO-TEXHIYHMH KOMIUIEKC, W0 TOTye i
3abe3neuye npoiecy 30upanHsi, 30epiranHs it 00poOKku iH(opMaIii B MeJUIIKHI i raimy3i OXOPOHH 3I0pOB’sI.
e inpopmaniiHO-IOBIIKOBI CHUCTEMH, €JIEKTPOHHI MEIWYHI KapTKH, anapaTHO-KOMII'IOTEPHI CHCTEMH,
aBTOMaru3oBaHi poOoui Micusd ¢axiBUiB, MpHU3HAYEHI [UIi aBTOMAaTru3alii BCHOTO JIKYBalbHO-
JIarHOCTHYHOTO TIpoliecy Ta 3a0e3neueHHs iHpopManiiHOT TATPUMKA IPUNHSTTS JIIKapeM JIarHOCTHYHHX 1
TaKTUYHUX (JIIKyBaJbHUX, OPraHi3amiiHuX Ta iH.) pillleHb, MepexkeBi 01011 0TeKH.

TenemenuurHa — HAPSIMOK MEIULIMHY, 0a30BaHUI HA BUKOPUCTAaHHI TEJIEKOMYHIKALil U1 aApeCHOTO
OOMIHY MEIUYHOIO IH(OPMAIEI0 MK CHEMiaJicTaAMU 3 METOH IJBMIICHHS SKOCTI 1 JOCTYIHOCTI
JMIarHOCTHKM # JiikyBaHHS. OOOB’SI3KOBOIO YMOBOIO aJ€KBATHOIO OOMIHY MEIWYHOIO iH(OpMAIIE €
y3ro/KeHa MiAr0TOBKAa MEIUYHUX JaHUX 1 3HaHb AJI epenadi X kaHanamu 3B’ s13Ky. HanzBuyaiiHo BaxiuBa
(YHKIS TeneMeIuIUHN - HaJaHHS MEIUYHOI JIOTIOMOTH B MicCIli HEOOXiIHOCTI 3a JOMOMOTOK CYYacHHX
TEJIEKOMYHIKAI[I y THX BHUIAJKaX, KOJU BIJICTAHb 1 4ac € KPUTHYHUMU (PaKTOpaMH.

Menuuna aiarHoctuka. CKaaaHI CydacHI JOCIHIDKEHHS B MEAMIIMHI HEMHUCIMMI 0€3 3aCTOCYyBaHHS
o0YHCIIOBaNbHOI TexHiKW. Jlo TakWx JOCHI/KEHh MOXHA BIJTHECTH KOMIT IOTEPHY TOMOrpadito,
Mar”iTope3oHaHCHY ToMorpadiro, yibTpacoHorpadiro, JOCHIIHKEHHS 13 3aCTOCyBaHHIM 130TomiB. KijibKiCTh
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iH(popMallii, ika OTPUMYETHCS MPU TAKUX JOCIIKESHHIX, JIFOAUHA 0€3 KOMIT I0Tepa CIIPUMHATH Ta 00pOOUTH
HE3/aTHa.

Tomorpagist — e MEeToA BUBYCHHS CTaHy OpTaHi3My JIOIWHH, TIPU SIKOMY OTPHUMYETHCS 300pakeHHs
OKpeMHX TOHKHMX HIapiB (Iepepi3iB) JIOACHKOrO OpraHi3My i Ha iX OCHOBI KOHCTPYIOETHCSI TIOBHE 00 €MHE
300pakeHHs. Tomorpadis € OIHMM i3 OCHOBHHX IPHKIAMIB BIPOBAKCHHSI HOBHX 1H(MOPMAIIHHHX
TEXHOJOTIH y MemunwHi. B ocTaHHI poKH CTBOpeHI HOBI KOMIT'IOTEPHI NHpPOTpaMu, MO TO3BOISAIOTH
OTPUMYBATH JIiarHOCTUYHI 300pakeHHsI B TPUBUMIpHii rpadimi Ta B peskuMi aHimMaii.

ExcriepTtHi cmcreMun € OJHMM 3 HAWMNOMIMPEHIIMX THIIB CHCTEM IITYYHOIO IHTENeKTy. BoHH
pO3poOIsIIHCS K HAYKOBO-IOCTIHI IHCTPYMEHTANbHI 3acOo0M 1 po3riganvcs SK INTYYHUH 1HTEIEKT
CHELiabHOTO THITY, NPU3HAUYCHHUN JAJIsl YCIIIIHOTO BUPILICHHS CKJIAAHUX 3aBAaHb Y BY3bKiH HpeAMETHiH
ranmysi, Takiii K MeJUYHa JiarHOCTHKa 3aXBOPIOBaHb. EXCIIEPTHI CHCTEMHU aKyMyIOIOTh 3HaHHS (aXiBLiB y
KOHKPETHHX TMPEIMETHUX Taly3iX 1 THPAXYIOTh [eHd eMITIPUYHUN [OCBIX IS KOHCYJBTAIli MEHII
KBaJiikoBaHMX KOpHUCTyBauiB. EKcHepTHI cucTeMH MaloTh pPsii MO3WTHBHUX SKOCTEH 1 mepeBar Haj
JIIOAMHOIO-EKCIIEPTOM, a caMe: CTalliCTbh, JIETKICTh TNepenaBaHHs abo BiATBOpeHHs iH(opMalii, cTiHKICTh i
BiJITBOPIOBAHICTh PE3YNIbTATiB, BapTICTh EKCIUTyaTallii. 3aCTOCYBaHHS EKCIEPTHHX CHCTEM y MeIWInHI
HalleeKTUBHIIIE TPH BHPINICHHI 3a]a4 TIarHOCTHKH, IHTEpIIpeTamii IJaHWX, MPOTHO3YBaHHI mepediry
3aXBOPIOBAHb 1 YCKJIAJAHEHb, MOHITOPUMHTY TIepe0iry 3aXxBOpIOBaHb 1 IUIAaHYBaHHS JIiKyBaJbHO-
JiarHOCTHYHOTO TIPOIIECy.

MenuuHi amapaTHO-KOMIT FOTEPHI CHUCTEMH BHIUISIOTH SIK OKPEeMHH BHJl €KCIIEpPTHHUX cucTeM. Lle
MEJMYHI CUCTEMH MOHITOPHHTY 3a CTaHOM XBOPHX HA OCHOBI JOBTOTPHBAJIOTO 1 HEMEPEPBHOIO aHAIII3Y
BEJIMKOTO 00CSTY JaHuX, IO XapaKTepusyroTh cTtaH (izionoriyaux cucreM opranismy (EKI, Tuck xposi,
4acToTa IUXaHHs, TEMIIEpaTypHa KPHUBA, BMICT ra3iB y KpOBi Ta B IOBITPi, IO BUANXAETHCA, TOIIO); CUCTEMHU
KOMIT FOTEpHOTO aHajizy aaHux Tomorpadii, Y3]l, pamiorpadii; aBTOMaTH30BaHI CHUCTEMH IHTEHCUBHOI
Teparii, 0i0JOriYHOTO 3BOPOTHOTO 3B’S3KY, MPOTE3W Ta INTYYHI OpraHd, IO CTBOPIOIOTHCS Ha OCHOBI
MIKpPOTIPOIIECOPHOI TEXHOJOTil; CHUCTEeMH aBTOMAaTH30BAaHOTO aHaNi3y MaHUX MIKpOOIONIOTIYHUX Ta
BipYCOJIOTIYHUX JOCIIKEHb, aHATI3Y KIITHH i TKAHUH JIIOJUHIL.

CIIMCOK JIITEPATYPU
1. [HHOBamiiiHI TeXHONOTIi B MeAunuHI [ EnexTponnii pecypc]. Pexxum moctymy:
https://www.bsmu.edu.ua/.../1033-innovatsiyni-tehnologii-u-medits
2. Iudopmariitai Texnoorii B MmeaunuHi [ Enextponuii pecype]. Pexxum noctymy:
https://www.bsmu.edu.ua/.../1033-innovatsiyni-tehnologii-u-medits
3. IT Ykpainceka Acomiauisi. [ Enextponuii pecypc]. Pexxum noctymy: http://itukraine.org.ua/news
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OHITY (Ykpaina)

AJIT'OPUTM KOHTPOJIIO OIUIATH 3 YPAXYBAHHAM ®IKCOBAHOI'O ITAKETY CEPBICIB

B pobomi Hadano @opmanvhe npedcmasnenHs 3anuUCy HA BUKOHAHHSL CEPBICI8, SKI HAOAIOMbCS
nayicHmam y MeOuyHili YCMAHO8I, 3 BUKOPUCMAHHAM (DiKco8aHo2o naxema cepgicie. Po3pobnenul
aneopumm, AKUll 3a6e3nevye KOPeKmHy onaamy cepsicie ma cKopouye 4ac Ha 00C1y208Y8aHHA NAYICHMIE ma
KIIbKICMb NOMUNIOK NPU peecmpayii.

310pOB’s IIOJMHYU € HAHBaKIMBIIIMM (PaKTOPOM CyUaCHOTO JKUTTS. IcHye 6arato ycTaHoB, IepKaBHUX
Ta KOMEpIiHHNX, SIKI HaJaloTh Pi3HI MMOCIYTH B Taly3i OXOPOHH 370pOB’s. Maibke HisKa OopraHi3aris He
Mpaiioe B TenepilHiid yac 6e3 BukopuctaHasa iHndopmauniiHux cucteM (IC), omHiero 3 oCHOBHUX (PYHKIIH
SAKHX € peecTpalisl Mamie€HTiB Ta HaJaHUX M Hocuyr. s KOMepUiiHUX YCTaHOB Ba)KIMBHM € KOPEKTHHI
00ik BHeceHHX mamnieHTamu komTiB. Ha puHKy [T-mpoaykTiB icHye nyke BelaWKa MHOXKHHA MPOTPAMHHX
CHCTEM ISl MEAWYHUX ycTaHoB. B [1-2] HamaHuii aHAMITHYHUA OTJISII Cy4acHHX iHGOPMAIIHHUX CHUCTEM,
SIKI BUKOPHUCTOBYIOTHCSI B YNPABIiHCBKUX CTPYKTypax MEJUYHHX YCTaHOB. B Ykpainm icHye OaraTo Bke
(YHKIIIOHYIOUMX y PI3HUX YCTaHOBaX MPOTpaMHHUX IPOIYKTIB, KOXKEH 3 SKHX 3a0e3redye BHKOHAHHSI
BenmnKoi KifmpkocTi pynkuii. [lpuknanom e cuctemu MenladoCepsgic [3], eHealth [4] Ta 6araTo inmmx. Ame
BEJIMKA KiNBKICTh MPOMO3HIIN CBIAYUTH TPO T€, IO HE BCi OpraHi3amii 3Haxo/s1Th Ha PUHKY HpOrpamy, sika
BIJIMIOBi/Ta€ BCIM MOTpebaM yCTaHOBH.

Metoro poOOTH € CKOpPOYEHHsI Yacy Ha 3amic MAaIlieHTa HAa TPUHAOM CHIBPOOITHHKOM METUYHOL
YCTAaHOBH, SIKUH BKIIFOUAE CKIAJHO CTPYKTYPOBaHI CEPBiCH, 32 paXyHOK aBTOMAaTH3allii KOHTPOJIIO BHECEHHS
KOILITIiB ITiJT Yac omiaTu ikCOBaHOTO MaKeTa CEePBiCiB.

HaiiBaxuBimor0 YacTHHOI POOOTH KOMEPIIIHOI MEJIMYHOI YCTaHOBH 3 TOYKH 30py OOIIKY €
peecTpallis manieHTiB Ha BiJ[Bi{yBaHHS OpraHizamii. BinBiqgyBaHHs MOXKe MaTH Pi3HUN BHI;

1) 3amuc Ha TMPOBEJCHHS AOCIHiIKEHHS, OiomMarepian OepeThbesi B Jadoparopii, MOXKe BKIIIOUATH OJHY
a0 JeKiTbKa MO3HUIIiH:

- TOCTIJDKEHHS, SIKe BKIIIOYAE TUTBKY OJUH MOKA3HHK;

- IIOCHIJKEHHsI, siIke € HAaOOpOM pI3HUK TOKA3HHKIB, TIOKa3HUKW MOXYTh TPYIyBaTHUCS, OJIUH
MOKa3HUK MOXKE BXOJHMTH J0 PI3HUX TPYI OJHOTO JOCIIKEHHS, JesKi MIOKa3HUKH MOXYTh OyTH BUKJIFOUEHI
13 3amuCy Ul OKPEMOTO Talli€HTa;

- KOMIUIEKC JIOCHI/KeHb, SKUH MOKE BKJIIOYATH MHOKHHY OKPEMHUX IMOKa3HHWKIB Ta MHOXHHY
JIOCTIIJDKEHb, 110 € HA0OPOM TOKA3HUKIB, JIeSKi MO3HUIIT MOKYTh OyTH BUKJIFOUCHI 13 3alUCY JUIS NAIli€EHTa,;

2) 3amuc Ha MPUHOM JI0 JIKaps, MO>Ke BKITFOYATH OJIHY a00 JeKiIbKa IMO3UIIIH:

- OKpeMy HOCITyTY;

- ocHyry, sika O0OOB’SI3KOBO Iependadae MPOBEACHHS JOCIIPKEHHs, OioMarepian Oeperbes
JIKapeM.

Taka ckiagHa CTPYKTypa BIMAarae BiJl peecTpaTopa 3HAYHOTO 4acy Ta yBaru IpHu opOpMIICHHI 3aIucy,
OCKIUIbKM KO)KHA TTO3UIIisl MAa€ OKpeMY BapTiCTh, a 00JiK (hiHAHCIB Mae HaHBaXKIMBIlle 3HAYEHHS. 3 1HIIOTO
00Ky, 3MEHIIICHHS Yacy Ha PEECTPALIII0 JIO3BOJISE IIIBUIUTH KUIbKICTh 00CITyTrOBaHUX MAIli€HTIB.

B MennyHMX ycTaHOBAaX, SIKi HAJAIOTH CIICIiaTi30BaHi MOCITYTH, HAIPUKJIIA/l, BEACHHS BariTHOCTI, ICHY€E
(hikcoBaHuii HAOOP MOCITYT Ta JOCTIKEHb, SAKi MAI[IEHT MA€ MMPOUTH 000B’SI3KOBO, 3 BUBHAYEHHSM KLITBKOCTI
KokHOT mo3utii. [Ipy 11bOMy BHKOHaHHS OKPEMHX TO3HUIIiHl TaKOTO MakKeTy MOXe BiJI0yBaTHCS Ha MPOTsI3i
JesIKOT0 Tiepioly yacy. BapTicth Takoro makery € ikcoBaHOO. SIKIIO Mali€HT OIUIATUTH KOO0 OAHOPA30BO,
LiHa MO>Ke OyTH MEHILIOIO 33 CyMY ILIiH KO>KHOI ITO3MILIH, TAKOXX Ha BapTICTh HE BIUIMHE MOJAJbILE MOXKIIUBE
MIBUIICHHS I[IHM HA OTPUMAaHHS OKPEMOI IMOCITyTH ad0 MPOBEICHHS JTOCIIKESHHS.

st peectparopa CKIaIHO BiICTEKYBATH, K1 MTOCIYTH Ta JOCTIKEHHS BXKe OIiaueHi uepe3 (GikcoBaHi
MaKeTH, TOMY BaKJIMBOIO 3a/1a4€l0 € aBTOMATH3aLlisl KOHTPOJIIO OTUIATH.

IpescTaBUMO €JeMEHT MHOXHHH (DIKCOBAaHHMX MAKETIB cepBiciB Sf HACTYMTHUM YHHOM:

<S, prs>,
ne S — MHOXHMHA TO3UINH MakeTy, eleMeHTaMHd MHOXXHHHU € KOpTexi <S, s>, S — cepBic (mociyra abo
JOCHIDKEHHS) OJHOTO 3 TepepaxoBaHMX BHIIE BUAIB; (S — KIJBKICTb OKpEMOl MO3Mllii, sika Mae OyTh
BUKOHAHOIO B PaMKax MakeTy; PIS — IOTOYHA BAPTICTh MAKETY.

Enement muoxkuna FP odopmiennx (hikcoBaHHX MakeTiB Mae BUTIISAI KOpTexKy <pcp, PSf>, ne  pcp
— TAli€eHT, JIsg SKoro odopmieHnid naker; PSf — MHOXMHa mnakeriB, O(OpPMICHHX IS 3a3HAYEHOTO
namieHra, enemMeHToM MHOXuHH PSf € xoprex Bumy <psf, dst, dend, dopl, psp>, ne psfeSf, dst — nara
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moyatky Aii makeTy ais mamienta; dend — mata 3aBepuieHHs fil makety; dopl — nara omiaru; psp — cyma
OTLJIaTH.
Enement mHOmHHM PL 3anmciB maiieHTiB Ha BiIBIAyBaHHS YCTAHOBH MAa€ TaKWH BUTIIS!
pls=<pcpl, d, t, dc, spl, pr, dopl, fc, fp>,
ne pcpl — martient; d — nata, Ha Ky BUKOHAHO 3aImuc; t — Jac, Ha sIKMii BUKOHAHO 3armuc; dC — criBpOOiTHHK
YCTaHOBH, SIKMi BUKOHY€E cepBic; Spl — BiacHe cepsic; pr — iiHa BUKOHaHHS cepBicy; dopl — aara omary; fc
— U € cepBic PaKTUIHO BUKOHAHUM, fp — B paMKax sSKOro makeTy OruiaueHHH, MOXKE OyTH TyCTHM.

ANTOpUTM TIEPEBIPKH, UM € BXKE OIUIAYeHHM CEpBIC, PU CTBOPEHHI HOBOTO 3alHCy Ha BiABiTyBaHHSI
CKJIQIAETHCSI 3 HACTYITHUX KPOKIB.

1. Buectu pcpln — mamienra, A/t SKOTO BHKOHYETHCS 3ammc, SPIN — cepBic, Ha KU BUKOHYETHCS
3amnmc, Ta N — 1aTy, Ha SIKy BUKOHY€ETHCS 3aITHC.

2. Busnauutu nigmuoxuny FP’'c FP, fpeFP’, skmo pcp= pcpln, dend>dn. Sxmio |FP’|=0, To kiHenn
AITOPHUTMY.

3. SIkmio ue 3 s= spln B PSf’, To Busmauntu dopl=null, fp=null. Kizemus aaropurmy.

4. Busnauut |PL’| < PL, ne plsePL’, sxmo pcpln=pcpl, spl=spin, fpeFP".

5. Axuo |PL’[> gs, To Buznauntu dopl=null, fp=null. Kizenp anropurmy.

6. Busnauurtu it Hooro 3anucy dopl ta fp 3a enemenramu PSf.

Po3pobnennit anroputm BBeaenuii B iHdopmauiiiHy cuctemy (IC) KoMepLiiHOro MeJIMYHOTO LEHTPY.
Pesynbratn excmyaranii IC Ha mpoTs3i 2 TwkHIB A0 Moaudikanii Ta 2 TwkHIB micis mogudikamii (10
pobounx THIB) MoKa3aHi B Ta0. 1.

Tabnuis 1 — Pe3ynbTaTu eKCepuMEHTAIBHOTO JOCIIPKEHHSI POOOTH AJITOPUTMY

JleHb Jlo momudikarii Micis moaudikarii
JoCTi- Kinmbkicts | Cepenniii vac | Cepenmiii Kinbkicth Kinpkicte | Cepenniit | Cepenniii yac | KinbkicTb
JUKEHHS | 3amucaHuX | peecTpailii, yac MOMHJIOK | 3aIHCaHHX yac OUIKYyBaHHS B | MOMHJIOK
MAIli€HTIB CceK OYiKyBaHHS NAMIEHTIB | peecTpalii, | dep3si, cex
B 4ep3i, ceK ceK
1 98 140 120 1 112 140 160
2 78 150 300 88 145 150
3 111 135 180 94 135 120 1
4 89 160 150 2 134 110 170
5 78 120 120 83 115 200
6 120 180 450 1 115 120 180
7 103 175 360 123 135 150
8 116 160 250 91 140 100
9 94 170 300 3 99 140 150 2
10 109 160 500 1 84 115 130
[Tigcymok 996 155 273 4 1023 129.5 151 2

ExcrniepuMeHT mokazaB, IO CepelHiil yac peecTpalii marieHta cKopoTHBcs Ha 14%, cepenHiii yac
OYiKyBaHHS Mali€HTa B 4ep3i 10 peectpaTypu — Ha 45%, KiTbKicTh NOMUIIOK — Ha 50%.

B poboti Hamano (dopmanizoBaHe MPEICTABICHHS 3allMCy Ha BIJBIAYBaHHS MaIli€eHTa MEIUYHOL
YCTaHOBH 3 YpaxyBaHHIM BUKOPHCTaHHS (DIKCOBAaHMX MAKETiB CEPBICiB Ta HA OCHOBI TAKOTO MPEJICTABICHHS
OIMCAaHO AITOPUTM KOHTPOJIIO OIUIATH BUKOHAHHS CEPBICY B paMKax ITaKeTiB, ITOB’S3aHUX 3 KOHKPETHUM
MMaLi€CHTOM.
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APXITEKTYPA HAIIIBITAPAJIEJIbLHOI I'JTMBOKOI HEIPOHHOI MEPEXI

O0'eOnani wapu 2nubOKUX HEUPOHHUX MepedC BUKOHYIOMb pPOdb eKCNepmié OJsi NONEpeoHbo
00pobnenux 6xo0is. Pesynbmamu pobomu 00'cOnanux wapie ycepeOHwowms. [ CKOpoueHHs uacy
HABYAHHS GUKOPUCTAHI BI0OKApMU.

Tpaguuiiini MeToAM KOMO'IOTEPHOTO 30py 1 MAIIMHHOTO HaBYaHHA HE MOXYTb BiJIIOBiAaTH
MPOAYKTHBHOCTI JIFOJWHU TP BUKOHAHHI TaKWX 3aBlIaHb, SK PO3Mi3HABAaHHS PYyKONHMCHUX CHMBOIIB abo
JOPOXKHIX 3HaKiB. JlOCTiKeHHSI OCTaHHIX POKIiB MOKa3ajH, 0 rMuOoki HeipoHHi Mepexi (DNN) 3HauHO
MepeBepUIYIOTh ICHYI0Y1 METOM MAIIMHHOTO HAaBYaHHS B 0araTbox 3ajJayax po3Mi3HaBaHHsS 00pas3iB.

DNN - me cydacHi mojemi, IO BHKOPHCTOBYBaHI B JOAAaTKax MJIs PO3Ii3HABAHHSA 300pa)keHb,
BHSIBJICHHS 00'€KTiB, Kimacudikariii, a Takox a1 o0podku MoBHu. Haitbimemmum Hempomikom DNN € gac, mo
BUTpAYa€ThCS HA HABYAHHS MapaMeTpiB Mepek. Yac HaB4aHHS MOXe 30UIBIIYBATUCS B JECSTKH pa3iB IO
BITHOIIEHHIO /O TPagWIifHUX TexHomorii. Taki BuTpaTm 4yacy Ha HaBYaHHA MOXYTh OyTH 3MeEHIIEHi
MUITXOM 3aCTOCYBaHHsI aITOPUTMIB 1 apXiTEKTyp MmapaienbHuX oO0uucieHb. Tak, B [1] omucaHe mapaneipHe
HaBYaHHS TIMOOKMX HEHpPOHHHMX Mepexk y komm'rorepHiid cucremi IBM Blue Gene / Q (BG / Q) 3
BUKOPUCTAHHSIM allTOPUTMY OMNTHMIi3allii APYroro MOpsaKy, MO HE 3aleXHUTh BiJ AaHUX. Takuil alroputMm
0CcOONMBO JTOOpEe MIAXOMUTH MMl PO3MApajieNfOBaHHS BEITUKOr0 HaOOpy ciabo TOB'S3aHHX IMPOIECOPIB.
Komm'torepna cucrema BG / Q 3 uynoBHMHU MiX MpPOLECOPHUMHU XapaKTEPUCTHKAMHU 3B'SI3KY i7€ajbHO
MiAXOJUTH ISl TAKOTO TUMY anropuTmiB. OnucaHe MHUTaHHS, IO CTOCYIOTBCS MO MpOrpaMyBaHHS Ta
nmucOanancy, Mo 3aleXuTh BiJl 00CsATYy MaHuX. Pe3ynbpraTé MOIENIOBaHHS MOKA3yIOTh, IO MPOTyKTHBHICT
BG / Q miniitHO Macmtabyethes 1o 4096 mporieciB 6e3 BTpaTe TOYHOCTI, 11O TO3BOJISIE HABUATH HEHPOHHI
MepeKi, BUKOPUCTOBYIOUH MiJIbSIPIU HaBYAIBHUX MPUKJIAJTIB 32 KiJIbKa TOJIUH.

Cnenianmizaiist obnagnanns y surisiai GPGPU (General Purpose Computing on Graphics Processing
Units), FPGA (Field Programmable Gate Arrays) i ASIC (Application Specific Integrated Circuits)
nepenoavae 0araTooOIISOUMNA UIAX JUIsl TOCSTHEHHS BUCOKOI npoaykTtuBHocTi. Kommanis Microsoft Bene
poOOTY IIOJ0 MPHUCKOPEHHS POOOTH TIHOOKKX 3ropTanbHUX HelpoHHUX Mepex (CNN) 3 BUKOPHUCTaHHSM
cepBepiB 3 FPGA [2]. O0'ennanns nexinbkox FPGA uepes koMmyHiKamiiHy MaTpHIiO 3 MaJlOl0 3aTPUMKOIO
MIPOTIOHYE MOXKIIUBICTh HABYATH MOJIETI BEIMYE3HUX PO3MIpiB.

B poGorti [3] npejacraBieHuid airoput™ moctToopoOku BucokoeekTuBHOTo koayBanHs Bijneo (HEVC)
Ha ocHOBI CNN. IIpononyetscs moudikaiis CNN (VRCNN) s HaByanHs GinbTpa 3MiHHOTO pO3MIpy 3
METOIO IOJIMILIEHHS MPOAYKTUBHOCTI 1 NPUCKOPEHHS! HaBYaHHS Mepexi. ExcrepuMeHTanbHI pe3yiabTaTé
MOKa3yrTh, 1m0 BUKOpucTaHHd VRCNN st mOCTOOpOOKM JaHUX MPHU3BOJIUTH JIO 3HUKCHHS IIBUIKOCTI
nepeaayi B cepeqHsomMy Ha 4,6% B mopiBHsHHI 3 6azoBuM piBHeM HEVC. Anroputm VRCNN nepesepinye
ICHYFOUI alTOPUTMHU OiNbIl BUCOKOIO IIBHUJKICTIO Tepenadi MaHwuX, 30iIbIIeHHSM MIBUIKOCTI OOYHCIIEHb i
OUTBIII HU3BKOIO BAPTICTIO TTAM'STi.

TakuM 4nHOM, iCHY€E TI0Tpeba B e)eKTHBHOMY METO/Ii MAIIMHHOT'O HABYAaHHS 3a MPUUHATHUN Yac JuIs
BUpIIICHHS 3aBJaHb po3Mi3HaBaHHS oOpasie. [lapanensHa peamizaimiss HeWpPOHHOI Mepexi Ha TpadidyHHX
kaprax (GPU) no3ponmuthe kimacudixyBaTu 300pa)KeHHS Ha IMOPSANOK INBUALIE, HDK Ha IEHTPaIbHOMY
MPOLIECopi.

Y po6oTi BUKOPHUCTOBYIOTbCA MOAM(IKALis TIMOOKMX 3rOpTaJbHUX HEHpoHHHX Mepex [4]. VY
3arabHOMY BUTIIsiAi apxitektypa DNN [5] moka3ana Ha pucyHKy 1.

Pucynok 1 — DNN apxutekTtypa
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Cnouatky BumankoBi Barn DNN iTepaTHBHO HaBUalOThCSI Ha HaOOplI MapKOBaHMX HABYAIBHUX
300pakeHb 3 METOK MiHIMI3alii HOMUJIKH KIACH(IKaIlii; MOTIM TECTYIOThCS Ha OKPEMOMY HaOOpi TECTOBUX
300paxcHb.

PeanizoBana HacTymHa apxiTeKTypa HaliBIapalelbHOI TIMO0Ko1 HeliponHoi Mepexi (SPDNN) (puc.
2). Ilepmwmii piBeHb BKJIIOYAE BiCIM MOCTIOBHUX IIapiB HEJIHIMHUX HEHPOHIB.
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Pucynok 2 — ApxiTekTypa HamiBnapasielsHoOl IIMO0KOT HEHPOHHOT Mepexi

Bararomaposi DNN Bakko HaBuaTu CTaHAAPTHUM METOJOM Tpali€eHTHOro cmycky. llpore cywacHi
BHUCOKONPOXYKTHBHI KOMITIOTEPH, 30KpeMa MapajeibHi rpadiuHi mpouecopu, A03BOJSIOTH NPUCKOPUTH
HaB4aHHd DNN Ha O/IMH MOPSIOK B MOPIBHSAHHI 3 MOCJIOBHUM KOJOM JIJISi CTaHJIApTHUX KOMII'FOTEPIB.
Heiiponna wmepeka Mae JBOBUMIpHHW INap HEHpPOHIB-TIEPEMOXKIIIB, BarW SIKMX € 3arajJbHUMHU. [Ipocra
METOAMKA MaKCUMAaJIbHOTO ITyJly [6] BU3HAa4Yae HEHPOHU-TIEPEMOXKII LUISTXOM HOALTY IIapiB HAa KBaJIpaTHUHI
00JIaCTi JIOKANBHOTO 1HriOyBaHHS, BUOMpAIOY HaWOUIBI aKTHUBHUKM HEHPOH 3 KOXHOIT obnacti. [lepemoxi
MPEJCTaBISIIOTh TMEPIIUi Mmap 3i 3HWKEHOI JUCKPETH3aliclo i OLIbII HU3BKUM JIO3BOJIOM, SIKWH Tepenae
JlaHi HACTYIIHOTO I1apy.

VY gKHHCh MOMEHT 3HWXXYBaJlbHa BHOIpKa aBTOMATHYHO MPHU3BOAWUTH 1O IMEPLIOTO OAHOBHUMIPHOTO
mapy. 3 mMbOro MOMEHTY MOXKJIMBI TUIBKH TPUBIAIbHI OJHOMIpHI 00NaCTi «IIepeMOXKelb OTPUMYE BCE»,
TOOTO CepeAHs 4YacTUHA CTPYKTYpPH CTa€ CTaHIapTHUM OararomapoBum mnepcentpoHom (MLP). Uytnusi
00J1acTi, e mepeMokellb OTPUMYE BCE, € MiHIMAIBHUMH, HAIIPUKJIIa/, TUTBKH 10 2X2 a00 3x3 HelpoHiB.

HaBuaroTbcsi TiNbKU HEHPOHH-TIEPEMOXKII, TIPH IIBOMY MOXe OyTH BILTHB repudepiiHuX miapiB Ha
pelmTy BXKE HaBYCHUX HeipoHiB. OHOBJIEHHS Bar BiAOYBAaIOTHCS TiCS KOXHOTO KpPOKY OOYHCIEHHS
rpajieHTa.

Hami rpynu mapu DNN 00'enHYyOThCS, 3HAUCHHS SIKUX YCEPEIHIOITh. BXigHe 300paXkeHHS MOXKe
nonepenHbo 00podisieTsest Oimokamu Pre(1)-Pre(p). Ilepen HaB4aHHSM Bard BCiX INapiB iHIIIaTi3yrOTh
BUMNAJKOBUM YHHOM. Pi3Hi IIapy MoO)KHa HaBYaTH, SK Ha OJHAKOBHX JaHUX, TaK 1 Ha MOMNEPEeIHBbO
00po0JIeHNX pI3HUMHU crioco0amMu BXofax. Takui MiAXia JoroMarae CKOPOTHUTH MOMKJIKH Ta 3MEHLIMTH
KUIBKICTB I1apiB, HEOOXIAHUX JIJIS TOCSITHEHHS 3a/1aH01 TOUYHOCTI.
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Jlns TpoBeNeHHsT eKCIepuMeHTIiB Bukopuctana Oasa manmx MNIST (Modified National Institute of
Standards and Technology) - o6'emna 6a3a maHux 3pasKiB PyKONMCHOTO HamwcaHHs mudp. basza maHux €
CTaHJIApPTOM, IO 3ampornoHOBaHMK HallioHaTbHUM IHCTUTYTOM CTaHAapTiB i TexHojorii CHIA 3 meroro
KaJiOparlii Ta 3iCTaBJICHHS METOJMIB PO3IMi3HABaHHS 300pakKCHb 3a JIOTIOMOTOK) MAIIMHHOTO HaBYaHHS B
MEpIIy Yepry Ha OCHOBI HEHPOHHHX MEPEK.

Hagueni ogamnm i TiMm ke npernporiecopoM SPDNN 3 8 Mepesk JocATaroTh Kpallux pe3yibTaTiB, HiX iX
ckinagoBi DNN. Koediuienr nomuiok nopisHioe 0,21%, mokpamrylodn piBeHb TEXHIKH MIOHAMMEHIIE Ha
32%.
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Or'JiAJ] 3ACTOCOBYBAHS ITPOT'PAMHOTI'O 3ABE3ITEYEHHS J15 3D MOAEJIFOBAHHSA

Poszsumox indoycmpii 3D-npunmepie micno nog'sizane 3 po3pobkoio komn'tomeprux 3D-mooenetl, 6i0
AKOCMI AKUX 3anexcumy i aKicms Kinyesoeo eupoby. Po3pobxa 3D-moodeneli 30iiCHIOEMbCA 3a 0ONOMO2010
CReyianbHO20 NPOSPAMHO20 300e3nedentss, pPO3PIZHACMbCS K CKIAOHICIO  6UKOPUCMANHS, MAK i
obnacmsamMu 3aCcmocysants. Y cmammi npoeooumsCs ananiz Xapakmepucmux Haubiibul Yacmo 6iCUBAHUX
Komn'tomepHux npozpam 011 3D modeniosanns, xazaui ix CuIbHi CMOPOHU, 8UPOOIEeHT pekoMeHOayii wooo
BUKOPUCTHAHHS.

IocranoBka mpo6aemu. 3D-Apyk (aguTUBHa BHPOOHMITBO) - 1€ MPOLEC CTBOPEHHS TBEPAHMX
TPUBHUMIpHUX 00'€KTiB Oyab-sK0i popMu 3 HNPPOBOI KOMITIOTEPHOI MOAETI.

3D TexHOMOTIi TO3BOJISAIOTH MOBHICTIO BHKIIOYUTH Py4YHY TPAIfo 1 HEOOXiTHICTh POOWTH TOTepeaHi
PO3paxyHKH i KpECIeHHs Ha Tarepi - ajpke ImporpamMa J03BOJIsi€ MO0aYuTH MOMENb 3 yCiX OOKiB Ha eKpaHi
KOMIT'IOTEpa, YCYHYTH HEJONIKM HE B TPOLECi CTBOpEHHs, sK ¢ OyBa€ MpH pYYHOMY BHUTOTOBJICHHI, a
0e3nocepeTHF0 TIPH PO3POOIIi i CTBOPUTH OCTATOYHHMN BapiaHT MoOjelNi OyKBaNbHO 3a Kinmbka roxuH. [lpm
HOMY IIIe O/1Ha TiepeBara 3D TexHoJoriil B TOMY, 110 Bech Iel IpoIiec BUpOoOIIsie Habarato MEHIIE BiIXOIiB,
HIK TpaJHLidHI BUPOOHUITBA, JIe BEJIMKA KiJIbKICTh MaTepiany o0pi3aeThbCsl BiJl BAKOPUCTOBYBAHOI YACTHUHH.

Hns crBopenHss komm'rorepHux 3D Moneneli MoXXHa BHKOPHCTOBYBATH JIOCHUTH Pi3HOMaHITHO
mporpaMHe 3a0e3MeUeHHs], Pa3InJaroIIeecss 00MACTIO0 3aCTOCYBaHHS, CKJIATHICTIO, TOYHICTIO, BapTicTIO. Y
naHid craTTi 3poOiieHa cmpoba TOPIBHAHHSA BHKOPHUCTOBYBAHMX KOMITIOTEpHUX Tporpam mist 3D
MO/IEJIIOBaHHsI, BUPOOJICHI peKOMEHAALIIT 1010 IX BUOOPY B 3aJI€KHOCTI BijJ MOTPIOHUX XapaKTEPHUCTHK.

OcHoBHuii MaTepiana. OnHi€0 3 HAWOLTBII TOMUPEHUX, a TaK JKe JACMIEBUX TEXHOJIOTIH, € TEXHOIOTiA
FDM (Fused Deposition Modeling - MmozaestoBaHHS METOIOM OCa/PKEHHS PO3ILIABICHOT HUTKH) TOOTO KOJIH
00'eKT OyAy€eThCs map 3a MapoM 3a JIOTIOMOTOI0 BHIABIIOETHCS PO3ILIABICHOTO TUIACTHKY .

ButpatHuM matepianoM ans OinbmocTi cydyacHux 3D mpuHTEpiB CIyXHUTh 010pO3KIaJaHUN TUIACTHK
PLA (Polylactic acid - momimMomo4YHa KUCIOTA), €KOJIOTIYHO YUCTHI MaTepiall, OTPHMAaHH 3 KYKYPYA3SHOTO
Kkpoxmaiio, abo ABS (Acrylonitrile butadiene styrene - akpisoHiTpizOyTamieH-CTUPOIT) TONIMEp, OTPUMAHUI
3 BUKOITHOTO IaJIMBa, 3 SKOr0 BUPOOJIAIOTHCS, Hanpukia, netani JIET'O.

3a TakuX TEXHOJIOTi MOXKHA CTBOPIOBATH 00'€KTU OYyAb-IKOTO PO3Mipy, BUIY, KOJIBOPY, BOHU MOXYTb
OyTH CTBOpEHI MIBHIIIIE HIXK 32 TOJMHY, MiIlHI, MiIlHi, {y’Ke JIETKi (BaXaTh BChOTO I10 KiJIbKa I'paM) i JJOCUTh
nemeBi, Tak sik 1iHa PLA nmactuka ceoro/Hi 61m3pko 30 nonapiB CLIA 3a kr, a 0JHOTO Kijorpama JJOCUTb
00 CTBOPHUTH AFOKUHY 1 APiOHIIINIX 00'€KTIB.

[Npouec BrizeHHS i71e1 B 0apBHCTOMY IUIACTUKOBOMY 00'€KT, CTBOPEHHIA 3a jornoMororo 3D-npunTepa,
JIOCUTH JIOBIHiA 1 CkiaiHu [ 1]. BiH ckiIalaeThes 3 JEKIIBKOX KPOKIB:

1. CtBopennst 3D-mozeni Oyab-skoi igei, mudpoBoro ABiHUKA 00'€KTa, SIKUA XOUEThCS HaPyKyBaTH
(etart U POBOTO MOICTFOBAHHS ).

2. CrBopenns (aiiry mpaBuibHOTO (QopmaTy (3a3Buuail «STL»), 0 MICTHUTh BCIO T€OMETPUYHY
iHpOpMaIlito, HEOOXIIHY JUIs BiJoOpaskeHHs TUPPOBOT MoIeNi (eTar eKCIIopTYBaHHS).

3. [lepeTBopenHs nudpoBoi MOAENTI B CITUCOK KOMAaH, SKi 3D-puHTEp MOXE 3p03yMITH 1 BUKOHATH.

4. HeoOXigHO 1aTM NpUHTEPY CIHCOK IHCTPYKUid, Hanmpukian, ydepe3 USB 3'egnanns 3 IIK abo
CKOIIiIOBaBIIH (aiisl Ha KapTy nam'saTi, gKa Oyjie MpOYUTaHa MPUHTEPOM CAaMOCTIHHO (eTan 3'€JHaHHS).

5. 3anmyctutu 3D-nipuHTEp, MOYATH APYKYBATHU 1 YEKATH pe3ynabTary (ApyK).

6. 3HATH IOWHO cTBOpeHHH 00'€eKT 3 poOOUOi IIAaTGOpMHU, BHIAIMUTH IOMOMIXKHI Y4aCTHHHU (TOOTO
HiATPUMYIOTH OTIOPH 1 / 200 MIKIIA/IKY - SKIIO BOHU €), OYMCTUTH HOTO MOBEPXHI (eTam KiHIeBoi 00poOKH).

OpnuuM 3 HaWOLIBII TPYJAOMICTKHX 1, B TOW K€ 4yac, HaWI[IKaBillIUM KPOKOM € cTBOpeHHs 3D mMomeni,
JUISL 9OTO CITY>KaTh O€3JIiY Mporpam.

VY TpaaumiiHuxX nakerax Ui ctBopeHHs 3D Moxenei (takux sk 3ds Max, Maya, Blender i in.), B
OCHOBHOMY, BUKOPHUCTOBYEThCS MOJICITIOBAHHS BPYYHY. 32 OCHOBY Mojejiell 0epyThcs MPOCTi TeOMETPUYHI
¢irypu, siKi TOTIM BHIO3MIHIOIOTHCS 32 JONOMOTOIO CHELiaJbHUX 1HCTpYMEHTIB. [Iponec ueit TpynoMicTKuii
1 BUMarae MOCHAIOYOCTI 1 TepHiHHA. [cHyI04l mporpamu A «mBUAKOTo» 3D-MoaentoBaHHA HE NAIOTh Tak
0arato mpocTopy JUIS TBOPYOCTI, SIK OUTBII CKIIAJHI TPUBUMIPHI PElaKTOPH, aje 3aTe BOHH OiIbII JOCTYIIHI
JUISL IIIAPOKOTO KOJIa KOPHCTYBAYiB 1 JIO3BOJISIIOTH IOMYIHTHUCS JI0 CBITY 3D HaBiTh THM, 4usl ipodecist He Mae
710 HBOT'O HISIKOTO BiJHOIICHHS.

PosrnsHeMo nesiki 3 mporpam st 3D-MoeoBaHHs.
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AutoCAD. Oco0nuBOi ysABJACHHS IIsI IporpamMa HE BHMAarae, ajpke BOHA 1 TaK 3HallomMa BCiM,
TTOYMHAIOYH BiJ CTYACHTIB-iHKEeHEPiB (OyIb-AKOi CIIEMiaIbHOCTI) 1 3aKiHIYIOUH (PaxiBISIMHU, SIKI TIPAITIOIOTH Y
BEJIMKUX KOMIaHisAX 3aliMaroTbes NpoekTyBaHHsAM [3]. Lle HOBI MOXIMBOCTI Ui CTBOPEHHS KpECIECHb, a
TaKOXX JIOJATKOBUI iHCTpyMeHTapiid, mo ao3Boiste 3aniatd CAIIP He TinbkH B SKOCTI KpecusapchbKoi
nporpamu. [Iporpama mis Tux, gust mpodecist BIATHOCUTBCA 0 apXiTeKTypHOI, IlKEHEepHOi, MAITMHOOYAiBHOT
abo mpomucioBoi misTbHOCTI. KopucHuM momiuHMKOM yTwiita Oynae 1 A CTYOSHTIB 1 BUKIamadiB
TEXHIYHUX CHELiabHOCTEH, BOHH, 10 Pedi, MOXKYTh CKOPHCTATHCS CIEIiaJIbHOK CTYACHTCHKOIO JIIIEH3I€0,
sIKa JTO3BOJISIE 3aBaHTaXyBaTh (aitmm 0e3 peectparii. 3 yMIIMMH pyKamu i HEBETUKUM OarakeM 3HaHb B
AutoCAD wmoxna ctBoproBati 3D mogeni Oyap-skoi cxmagHocTi. CBOi 3HAHHS OyIb-SIKHH KOPHCTYBad
MOKe TIOCTIHHO MOMOBHIOBATH, aJl)e JIITepaTypH, BiIEOYpOKiB 1 cTaTeil, HaBYaIbHUX POOOTI B Wiil mporpami
Oe3miy.

B ocroBHOMY AutoCAD BHKOPHCTOBYIOTH ISl CTBOPEHHS KpECJIeHb, ajieé OCTaHHI Bepcii mporpamu
po3mmpuiy ii MoxiuBocTi. [Iporpama miaTpumyerbest onepauiiitiumu cucremamu Windows 7, Windows 8 i
Windows 8.1 B pi3Hux ix BapiaHTax, ane BTpaueHa minTpumka Windows XP. Ane Bce x AutoCAD B
OLTBIIii Mipi MpU3HAYEHUH AT TEXHIYHOTO MOJENOBaHHA. Ta i minmeH3is goporysaro. ToMy OiibIIicTh
MTOYATKIBIIIB 1 BXKe mpodecioHaiiB B chepi 3D MoaemtoBaHHS BiAal0Th NIepeBary iHIIMM IporpamMam.

KOMIIAC-3D pekoMeHIOBaHU TS TEpIIoro 3HaioMcTBa 3 3D-MozaesoBaHHsIM 1 KpeclneHHsM [2].
KOMIIAC-3D LT - me mHadmpocTima cucTeMa TPHUBUMIPHOTO MOZEITIOBAHHS JUIL JOMAIIHBOTO
BUKOPHCTaHHS 1 HABUAIBHUX IIUJIEH, ronermeHa Bepcis npodeciitaoi cucremu KOMITAC-3D.

Benuka KinbKiCTh BiZIeOypOKiB OpiEHTOBAHI Ha MIKOJISIPIB CTAPIIUX KJIACIB, CTY/IEHTIB TEXHIYHUX BY3iB,
MPaIiBHUKIB TPOMUCIIOBUX MiIIIPUEMCTB, a TAKOXK BCIX THX, XTO X0Y€ CAMOCTIHHO IOYaTH BUBYCHHS IIi€l
nmporpamu. Bin momomMorke TM, KOMY HEOOXiTHO HABYUTHUCS KPECITUTH i MOJIEITIOBATH, OCOOIUBO:

* HABYUTHUCS ITPOCTOPOBOTO MUCIICHHS,

* BUKOHYBATH 3aBJIaHHS 3 KPECICHHS Ta KOMI'TOTEPHOT rpadiki.

KOMIIAC-3D cknamaerscsi 3 JCEKUIBKOX OCHOBHHMX KOMIIOHEHTIB - BIJIACHE C€aMOi CHUCTEMH
MOJIETIIOBaHHS, YHiBepcalmbHOI cuctemu aBTo mpoekTyBaHHs KOMIIAC-TI'padik, mpoekTyBaTbHOTO MOIYIISA
crienudikaliif i TEKCTOBOro peflakTopa. IX Bce JOCHTh IIPOCTO OCBOITH, Tak K MoBa iHTepdeiicy pociiichbka i
€ BeJIMKa JIOBIIKOBA CHCTeMa. Y Hill MOEAHYIOTECS IPOCTOTA HABYAHHS, JIETKICTh pOOOTH Ta HAMMOTYKHiIIi
(yHKIIIOHATBHI MOXKITUBOCTI SIK TIOBEPXHEBOTO, TaK 1 TBEPJOTUTFHOTO MOJICITFOBAHHS.

[TporpaMa He € KOMEpUIHHOO Bepcieto porpaMHux NpoaykTiB cimerictBa KOMITAC i He npu3HaueHa
JUIs BAKOPUCTaHHS y BUPOOHUUIHN JTisUTBHOCTI, ITOB'SI3aHOT 3 OTPUMAHHSM JIOXO/Y.

IIporpaMa migTpuMyeThesi omepauidHumy cucteMamu MS Windows Vista, MS Windows XP,
Windows 7, Windows 8 1 Windows 8.1.

Blender - noTyxHuii iHCTPYMEHT, IIPU3HAYCHUI JJIsi CTBOPCHHS TPUBHMIPHOT KOMIT'IOTEPHOI rpadiku
Ha OCHOBI 3ac0o0iB MoOpenmoBaHHS, aHiMmaii, o0poOku Bimeo i Tak gam [4]. Ilporpama mOBHIiCTIO
0E3KOITOBHA 1 IIe BUTIAHO BiApi3Hse ii Bif iHMMX MoMiOHMX MpOAyKTiB, Takux sk 3D Studio abo Maya.
Blender mo3Boisie poOHWTH MOJENIOBAHHS, PEHICPHUHT, OCBITICHHS, TEKCTypyBaHHS 1 MOCT-TIPOJAKIIH
BCUISIKMX TPUBUMIPHUX CIeH. Bucokuii piBeHb iHTepdeiic mporpamu JI03BOJISIE MPAIIOBATH 3 BEINYE3HOIO
KiBKicTIO iHCTpyMeHTiB. Blender miarpumye Oinpmricts (opmatiB i craHmapTiB Takux mporpam sk 3D
Studio, Autodesk FBX, Collada, Wavefront i Stl.

MaOlyTh, /10 TOJOBHUX HEAONIKIB MPOTPaMH BapTO BIJHECTH il CKIAJHICTh, IO POOUTH OCBOEHHS
nporpamMH He TakuM BXe W mpocTuM 3aHATTAM. OCBOIOBAaTH NpOrpaMy HEIOCBIIYEHUM KOPHCTyBadam
JIOCHTH CKJIaaHO 1 goBro. I tum He menme, Blender mae BenmuuesHuil mpu3HAYeHUM U KOPUCTyBaya
CIIBTOBapUCTBOM, HECKIHUEHHMM KUIBKICTIO MiIPYYHUKIB Ta NpHKIaaiB B [HTepHeri. DyHKIiOHATBHI
MOJKJIMBOCTI CepBiCy CcHoA00aloThCs 1 MOYATKIBLSM KOPUCTyBadaMm, 1 JocBigueHHMM 3D-mopenbepam.
[Iporpama HeBenmka 3a 0OcsAroMm, IpHU HBOMY B Hill € BCi OCHOBHI (pyHKILIi, TeKCTypH, MozeNi, 00pOOHUKI
nmomi. JlogaTKkoBi MOMKJIMBOCTI 3a0€3MEYyIOThCS MOXIIMBICTIO IIAKIIOYCHHs IuTariHiB. JIo BiAMITHUX
ocobnuBocTel nporpamu Blender BitHOCSTh:

* MiATPUMKA TEOMETPUYHHX [TPUMITHBIB,

* HasIBHICTH BOY/IOBaHUX MEXaHI3MiB,

* HasBHICTh aHIMAIIMHUX IHCTPYMEHTIB (iHBEpCHOT KiHEMAaTHWKH, CKEJETHOI aHiMmarlii, rpar4acTol
nedopmarii),

* OCHaIIEHHS 0a30BUMH (QYHKILIsIMUA HEJIHIMHOTO pearyBaHHs.

[Iporpama Blender B ocHOBHOMY 3arpeOyBaHa XyJIOXHHKaMHu 1 npodeciiiaumu 3D-monensepamu,
OCKUIbKM Ha il OCHOBI MO)KHa CTBOpIOBaTH HeoOXimHi 3D-Bizyaiizaiii, cTaTH4Hi 300pakKeHHs, a TaKOXK
MOTOKOBE BiJIEO BHCOKOi fAKOCTi. B iHTerpoBaHuii maker po3poOKH BXOAWTH JOCHUTHb BEIHUKHUH CHEKTP
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IHCTPYMEHTIB, IO BIAKPHBAE IIHPOKI MOMKIMBOCTI IJIsI CTBOpEHHsI Mojenei. Ilporpama miarpumMyeTbes
onepariiitanmu cucreMamu Windows 7, Windows 8 i Windows 8.1.

Sculptris. Ha Bimminy Bix mporpam, po3rissHyTHX BHIIE, Sculptris He mponoHye rotoBux 3D-Moneneii.
Le 6e3komroBHa mporpama s 3D-MoentoBaHHs B PeXUMIi BipTyanbHOI «iIituieHHs». OCHOBHI nepeBaru
1Ii€1 TPOTpaMHu - JIETKE OCBOEHHS MPOIIECY CTBOPEHHS MOJIeNIe, MPOCTHH iHTep(delic i MOKINBICT POOOTH B
Hilf KOpHCTyBadaM 3 MPAKTUIHO OYAb-IKUM piBHEM miAroToBku. KopucryBaui Sculptris MOXYTh MpamioBaTH
3 IHCTPYMEHTaMHU, sIKi Ha3WBaIOTh «KUCT1» 1 BOHU TO3BOJISIIOTH BUTSTATH, BAABIIOBATH, 3rIaJKyBaTH 1 T.1I.
«JTACTIJIIHOBY» MOJETh CTBOPIOBAHOTO 00pazy

Jlo ocHOBHUX MOXIHBOCTEH Sculptris BiTHOCITHCS:

* MosxnuBicTb 30epeskeHHs Mojieneit B hopmari OBJ, mist poboTu B inmmx 3D-penakropax.

* Pexum cumerpii, A7s aBTOMaTHYHOTO peAaryBaHHS ABOX CTOpiH Mozeni. Jlyke 3py4HO Uist
cTBOpeHHs ocib moneit adbo mopa TBapuH. llo HeHTpy Mojeni MpoXoAuTh YMOBHA IUIONIMHA CUMETPIi, 1 BCi
3MiHH, SIKi KOPUCTYBa4 BHOCUTD 3 OJHOTO OOKY MO, CAMETPUYHO BiI0OOPaKatOTHCS 3 1HIIOTO.

* CKyJBNTYPHI «KUCTI» JUIsl BUTATYBAHHS, BAABJICHHS, CKPYUyBaHHsI, PO3TIaHKeHHS 1 T.JI.

* HanamryBaHHS «KHCTEN» JUIS PEryIIOBaHHS CHIIM HATUCKAHHS, PO3MIpPY 1 T.1.

» CucteMa MacoK I 3aXUCTy o0yacTeil Moaeni mpu poOoTi.

» CUMyJISIIisl LIMPOKOT TraMM Pi3HUX MaTepiasiB sl CTBOPEHHS MOJIENEH.

* MOXITUBICTh pO3MAIIEOBKH MO/IEIEH.

Cwior0 BIUIMBY Ha OO'€KT MOJKHA JIETKO YHPABIATH. TakoXK JIETKO HANAIITOBYIOTHCS pajiyc il
THCTPYMEHTY, JKOPCTKICTh «KHCTi» Ta iHII HEoOXimHi mapamerpu. SKIIO Ui TTOTOYHOTO MPOEKTY Kpaile
BUKOPUCTOBYBAaTH aCUMETPUYHUHN PEKUM, HOTO MOKHA O€3 Mpalli BKIIOYHUTH.

Y Sculptris Hemae iHCTpyMeHTIB aHIMaIlii, a MOXJIHBOCTI O(OpMIIEHHS MOAeneil 3BOMATHCS MO
MAaJIIOBaHHS PI3HUMH KOJBLOPAaMH MO X moBepxHi. sl TEKCTypyBaHHS MOKHA BUKOPUCTOBYBATH 1 MAIIFOHKU
3 rpadiyamux daiaie. Ane B miioMy, Sculptris, sk mpaBuiIO, BapTO 3aCTOCOBYBAaTH B 3B'S3Il 3 IHIIUMH
JoJIaTKaMu I cTBOpeHHs 3D-rpadikn.

[MpuxunpHrkam Sculptris 4ekaT HOBHX MOMIJIMBOCTE B MallOyTHROMY HE IOBOAWTHCA. Komwch
MEPCIICKTUBHUIN MTPOEKT Mapy POKiB Ha3ax OyB mpuadaHuii kommaHieo Pixologic, 1110 po3po0iisie cXoxuit 1o
(yHKIIIOHATBHOCTI KoMepIiitaui npoaykt ZBrush. 3 Tux mip po3putok Sculptris Oyino 3aMOpOKEHO, TOMY
SKIIO XOYEeThCS OiNbIlle MOXXIMBOCTEH MOAENMOBaHHS Ta po3hapOOBYBaHHS NEPCOHAXIB, IMOTPIOHO
nepexoautd Ha ZBrush. IlpoexTtn, ctBOpeni B Sculptris, B komepuiiiHiii mporpami Bim Pixologic
miaTpuMyroThes. [Iporpama miaTpumMyeThes onepaniitanvu cucremamu Windows 7, Windows 8 1 Windows
8.1.

BucnoBkn:

1. Benmka posmaiticts [1O i MojientoBaHHS CTBOPIOE 1IFO31F0 MPOCTOTH CTBOPEHHS KOMIT'FOTEPHUX
3D Mopnenei, 0 KajgeKo He 3aBXK/IM BIPHO.

2. Po3risHyTI porpamy, 1o JI03BOJISIIOTH TpamoBatu 3 3D MopensiMu, X0d i € 4aCTKOBO 3aMiHHUMH,
MPOTe KOXKHA MPHU3HAYEHA JJIsI BAKOPUCTAHHSI B CBOiN 00JIaCTi.

3. [ns kopucTyBauiB 3 XYJI0KHIMH HaxwiaMH B HaWOUTBIIOK MIpoOI0 MiAXOJUTH mporpama Sculptris
(abo ZBrush), 1o 103BOJNSAIOTE «JIIMUTH» MOJAETH B KOMITIOTEP] aHAJIOTIYHO IMOBOKSHHIO 3 IJIACTHIIHOM.

4. Jlns cTBOpeHHsi TOYHUX Mopeiei 3actocoByeTbcs KOMITAC-3D abo Oinpin motyxuuit (i
cknanuimmii) AutoCAD, 1m0 [103BOJISIIOTH OTPUMATH MOJEJb, IOBHICTIO TOTOBY JIO BUPOOHMIITBA
(BKITFOYArOUM 1HO/II KPECIICHHS).

5. JInsg mWUpoOKOro 3acTOCYBAaHHS PEKOMEHAyeThcs mporpama Blender, mo Bifpi3HAETBCS APYKHIM
iHTEepQeicoM 1 pi3HOMaHITHUMH 00JaCTSIMH 3aCTOCYBaHHS.
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DESIGNING THE SOFTWARE SYSTEM FOR RECOGNITION OF A HANDWRITTEN TEXT USING
A NEURAL NETWORK

THE WORK CONSIDERED THE PRINCIPLES OF WORK OF THE METHODS OF MACHINE
RECOGNITION OF HANDWRITTEN SYMBOLS. ONLINE AND OFFLINE RECOGNITION FEATURES
ARE ANALYZED. BASING ON THIS, THE DESIGN OF THE SOFTWARE SYSTEM FOR THE OFFLINE
RECOGNITION OF ENGLISH LANGUAGE SYMBOLS IS PERFORMED. TRAINING AND
CLASSIFICATION SUBSYSTEMS FORMALIZATION USING THE APPROPRIATE DIAGRAMS.

Introduction. Digitization of handwritten text is a problem that appeared several years ago and
remains relevant. The handwriting of different people varies greatly, so it is difficult to create a program that
can recognize any of the existing handwriting. In addition, many people write very illegibly, which is why
part of the letters merges and becomes incomprehensible in software processing. At the moment, the
achieved accuracy of handwriting recognition is lower than for printed text. To date, there is no software that
can recognize handwritten text with a 90-100% probability.

The aim of work. The aim of the work is the analysis and formalization of methods that provide
automatic recognition of handwritten text offline with high probability.

Research methods.

Handwriting recognition can occur offline and online. The offline mode provides for working with a
static image of the text, which can be obtained by one of the following images: 1) is entered by the user in
the software application itself using the graphical input cursor; 2) read from a graphic file; 3) obtained by
taking photos of paper media on which there is an image. Online mode provides for text recognition, which
is carried out in parallel with text input. Online recognition is used in interactive systems, while offline
recognition is used to recognize text, bank checks, recipient addresses on mail, signature confirmation. In
offline mode, there is no way to track the character-drawing process itself, so this task is more difficult than
online recognition.

Consider the following situations that arise when working with handwritten text: 1) the text is written
in a manner as close as possible to the printed text; 2) the text does not look like printed.

In the first case, it is possible to use standard utility programs for recognizing scanned text. A good
example of such programs is ABBYY FineReader Online. ABBYY FineReader has been supplying various
utilities for working with scanned text for over 10 years. The first programs did not work very well, but
modern algorithms make it possible to recognize 95-100% of scanned text in a familiar program language.
The utility works with the most popular languages of the planet.

In the second case, you can use programs that involve entering handwriting using a mouse, tablet, or
moving your finger across the screen, for example, MyScript Stylus. The program recognizes the text by the
technology used in the Personal Digital Assistant, and can be used where it is not possible to use a standard
keyboard or is difficult to use — for example, if the computer is used as a terminal for input/output of
information, such as a payment terminal. MyScript Stylus can be assigned to a specific program, and all
recognized text will be transmitted to it, as if the text was entered in a standard way. MyScript Stylus
supports 26 languages, however, it is chargeable, trial version is valid for 30 days. It is clear that the
development of a free native application that allows you to recognize handwritten text offline, would be
extremely useful.

The scope of handwriting recognition systems is very wide: 1) text identification; 2) recognition of
electronic signatures; 3) search for given graphic elements; 4) adjustment of elements; 5) analysis of the
psychological profile by the nature of the writing of handwritten elements, etc. Consider the main methods to
implement this functionality.

The standard process for offline recognition of handwritten texts is carried out in accordance with the
following scheme: 1) image preprocessing and highlighting areas of interest; 2) segmentation and
normalization of texts of areas of interest; 3) recognition of segmented texts by one or another method.

Many tasks of recognition of graphic objects in images can be reduced to recognition of figures - this is
a special case of pattern recognition. Existing methods for representing figures can be classified as follows:
these are methods based on the contour and methods based on the domain, spatial domain, and
transformation domain; information-preserving and information-non-preserving methods. Depending on the
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image processing method, approaches to the selection and presentation of figures are divided into one-
dimensional function, polygonal approximation, spatial interrelation feature, moments, scale-space methods,
shape transform domains [1]. However, the solution of such problems is not the subject of research in this
article.

Graphic images of symbols at the output of the scanner have the form of shapes (forms), which are
matrices of points that can be edited element by element. Consider the requirements that the image of
handwritten letters must satisfy: 1) the letters are darker relative to the background; 2) there are no other
graphic elements on the image except for the recognizable signature; 3) the letters should have
approximately the same size and orientation, and should also be written in a row.

Formally, the task of recognizing handwritten characters can be formulated as follows. It is required to
find the minimum discrepancy between the standard for each symbol and the current representation of the
image, presented as a set of features. According to the standard of the symbol, having minimum mismatch
with the current image, the recognized image of the symbol should be indexed. For recognition of “doubtful”
shapes, data on the result of recognition of neighboring elements in the text is used. In the simplest cases,
words are the context.

For the analysis and recognition of handwritten characters, whether it be ASCII characters or
characters from other code tables, two processes are required. The first process is to teach the system the
features of each of the characters that you want to recognize. The second process is to use information about
the set of symbols available in the system and compare the determination of whether it is possible to define a
new symbol as a specific element from a given set, or whether it does not belong to it at all. A quantitative
criterion for the successful completion of this stage is the probability value with which the new symbol is
recognized. At both of these stages, it is advisable to use a recurrent neural network. This is a type of neural
network where links between elements form a directed sequence. Thanks to this, it becomes possible to
process a series of events in time or sequential spatial chains. Unlike multi-layer perceptrons, recurrent
networks can use their internal memory to process sequences of arbitrary length. Therefore, RNN networks
are applicable in such tasks where something integral is divided into parts, including handwriting
recognition.

The process of training the system for subsequent recognition of handwritten characters includes: 1) a
training sample for each character received from a particular person or group of people depending on the task
being solved; 2) selection of the correct sets of characteristic features of the image; 3) the formation of global
parameters that provide information about the general case affecting the image structure; 4) the formation of
local parameters, providing general information about the shape of the symbol according to different criteria;
5) neural networks receive at the input sets of normalized input data that are located in arrays. These arrays
are usually called input vectors. The networks are then trained to produce the correct output on specific input
data sequences.

The handwriting character recognition process includes the following steps: 1) registering a new
character; 2) image processing; 3) the allocation of image features (structural features, characteristic features,
a mixed version); 4) image verification; 5) identification of the recognized character.

To increase productivity, neural networks, which include many layers and neurons in each layer with
initial weights, must be correctly designed.

The most commonly used algorithm for training multilayer direct propagation neural networks is the
back propagation algorithm. That is why such a neural network is often called a back-propagation network.
The network with the back propagation of errors is trained in a finite number of standards, i.e. pairs of
patterns that consist of source input value sets and desired output value sets.

As signs describing the shape of the curved lines with which the characters are represented, Bezier
curves can be used. Bezier curves are a particular type of third-order curves that require fewer parameters
(eight instead of eleven) for their description. The basis for constructing Bezier curves is the use of two
tangents drawn to the extreme points of a line segment. The curvature (shape) of the line is affected by the
slope and the length of the tangent line, the values of which can be controlled interactively by dragging their
end points. Thus, the tangents act as virtual levers, allowing you to control the shape of the curve. Bezier
curves are of particular importance for both vector and bitmap graphics. The appearance of Bezier curves
caused a real revolution in three-dimensional graphics. Due to the simplicity of the task and manipulation,
Bezier curves are widely used in computer graphics for modeling smooth lines [2].

Currently, Bezier curves are present in any modern graphics package. Also, most computer fonts
consist of Bezier curves. By segments of such a curve, an arbitrarily complex contour can be approximated.
In this case, it will consist of a set of Bezier curves. The flexibility in constructing and editing Bezier curves
is largely determined by the characteristics of the nodal points.
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Results and discussion. Using the recognition method using neural networks is distinguished by
higher efficiency and productivity, however, it requires either a large number of examples during training, or
the creation of special structures of the neural network that take into account the specifics of these tasks.

Data for the research are taken from the letters of the Latin alphabet, for each of which 8 to 12
characters are highlighted. Character values are quantitative values measured on a continuous scale. For each
character there are examples of inscriptions made by 15 people.

Before making the classification, the algorithm is trained on the training data set - the training sample.
Each row of such a selection contains: in fields designated as input — a set of input parameters; at the output
— the class designation corresponding to this set. The list of classes is set by the training data set during the
training of the neural network and cannot be changed / revised during the classification process.

Technically, training consists in finding weights — the coefficients of connections between neurons. In
the learning process, the neural network is able to identify complex relationships between input and output
parameters, as well as perform generalization. This means that in the case of successful training, the network
will be able to return the correct result based on data that were not in the training sample, as well as
incomplete and/or “noisy”, partially distorted data, which are certainly present in the handwritten text.

At the software design stage, concept class diagrams were created. In Fig. 1 is the diagram for the
learning subsystem. Since some operations for training classifiers were quite long in time, it was advisable to
use multithreaded algorithms. This is why it is advisable to place the parallel process manager on the
conceptual class diagram. In Fig. 2 is the diagram for the classification subsystem. Both diagrams were then
detailed to the program class diagram, after which programming was carried out. The software system is
currently in the testing phase.

Data Preparer Trainer Classification Ensemble

Thread controller Classifierliode

View

Figure 1 — Diagram of conceptual classes of the learning subsystem

Connector ClassifierNode
View Classifier Classification Ensemble

Figure 2 — Diagram of conceptual classes of the classification subsystem

Conclusion. The paper analyzes the methods of handwriting recognition. The problems associated with
recognition, as well as the requirements for the original image of the symbol are considered. The design of a
handwritten English-language text recognition system based on a recurrent neural network has been
designed. System architecture details and programming have been carried out. It is planned to use such a
system as an instrument of analysis of the psychological profile by the nature of the writing of handwritten
elements
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[NEPCIIEKTHBU PO3BUTKY I BUKOPUCTAHHA CUCTEM OOBJ

Mamepianu me3 micmame onuc nepesaz cucmem 00'€Kmig-opicHmMosanux 0a3 OaHux, OesKUx
NOPIGHAHb 3 penayitiHuMU 6a3amu OaHux i po32nsio numants npo euguenns cucmem OOL/] 6 nasuanvromy
Kypci "opeanizayis 6az oanux" 013 cmyoenmis cneyianbHocmi Komn'romepha inocenepis

Po3pobka cucrem 00'ekTHO-OpieHTOBaHUX 0a3 manux (OOBJI) mowamacs B cepemuni 80-x pOKiB y
3B'SI3KY 3 HEOOXIJHICTIO 3a/JI0BOJICHHS BUMOT JOJATKiB, BIAMIHHHMX BiJl THX, fKi OOCIyroByBajaucCs i
00CITyTOBYIOTBCSI CHCTEMAaMH pEJILiHHNX 0a3 naHux. [IpHunHOIO OSBU cUCTEM 00'€KTHO-OpiIEHTOBaHUX 0a3
naHux Oyra morpeda B OUIBIT aIeKBAaTHOMY YSBIICHHI 1 MOJICIIOBaHHI CYTHOCTEH peabHOTO CBITY, OCKIIBKH
OOB/] 3a0e3meuyroTh HabaraTo OUTBII PO3BUHEHY MOJICINb NaHUX, HIXK TPAIUIiNHI - peNsniliHi 0a3u NaHuX.
O06'exTHO-OpieHTOBaHI 0a3u JaHUX - 0a3u, B AKUX 00'€KTHA OpIEHTALlS MOETHYETHCS 3 MOXKIUBOCTIMU 0a3
nmaaux. OO'ekTHa OpieHTAIlisT Ma€ MOMJIMBICTH OUTHII Oe3mocepeaHhO TPEACTABIATH 1 MOICITIOBATH
mpoOJeMH peaahbHOTO CBiTYy, a (YHKIIOHAIRHICTH 0a3 JaHWUX TOTPIOHO IS 3a0e3TmedeHHs CTaOiIbHOCTI
JaHUX 1 6araTo KOPUCTYBadiB MapalieIbHOTO AOCTYITY 10 iHpOpMAaLlii T0IaTKiB.

[Mapamurma OOB/] rpyHTyeThCS Ha psfi 0a30BUX TMOHSATH, TAKUX SIK O0'€KT, iMeHTH(]IKOBaHI, KIac,
YCIaaKyBaHHs, TIEpeBaHTAKCHHS 1 BiIKIaJeHE 3B'SI3yBaHHA. B 00'€KTHO-OpIEHTOBAHOI MOJECI JaHUX OyIIb-
SKa CYTHICTh PEaJbHOTO CBITY IPEACTABISIETBCS BCHOTO OJHUM TMOHSTTAM - 00'€eKTOM. 3 00'€KTOM
ACOIIIIOETRCS CTaH 1 MoBeAiHKYy. CTaH 00'€KTa BU3HAYAETHCS 3HAYCHHSIMH HOTO BJIACTUBOCTEH - aTpUOYTIB.

OOB/l m03BONSIOTE MPEICTABIATH CKJIAJHI O0'€KTH OUTBIN Oe3mocepeHiM YWHOM, HDK PeIIIiiHi
cucremu. Cucremu OOBJl 103BOJISIIOTE KOPUCTYBadaM BH3HA4YaTH aOCTPaKIii; MOJNETIIYIOTh MPOSKTYBAHHS
JesIKMX 3B'S13KiB; YCYBalOTh MOTpeOy B 0OYMOBJIGHUX KOPUCTYyBauamM¥l KIFOYax; MiATPUMYIOTh HOBHH Habip
NpENKaTIB MOPIBHAHHS; B JESIKHX BHIAQAKAX YCYBAIOTh IOTpeOy B 3'€IHAHHIX; B JCIKHX CHTYyalisxX
3a0e3meuyoTh OiNBII BHCOKY MNPOAYKTHBHICTH, HIXK CHCTEMH, 3aCHOBaHI Ha pEIAIIAHOI MOICHI;
3a0e3MeuyoTh MIATPUMKY BEpCili 1 TPUBAIMX TpaH3aKIliid. A TakoX po3po0iieHo 00'ekTHY anreOpa. O0'ekTHA
anreOpa He HACTUIBKY JIETaJIbHO pO3po0IIieHa 1 He € HACTUILKY K 3piJIoi, siK pensiuiiiHa anrebpa. [Ipore, B Hilt
BHU3HAYAIOTHCA II'ATh (pyHIAMEHTAILHHX Omepalliif, mo 30epirarorh ob'extm: union, difference, select,
generate i map. Ha ocHoBi nux pyHIaMEeHTaILHUX Omepaliii MOXKyTh OyTH BU3HAUEHI i 1HIII omneparii.

OOB/] HagaTh MOXKIIMBICTh BU3HAYATH HOBI a0CTPAKIIii 1 YIPABIATH peati3alielo TaKux adCTpakIliii.
Lli HOBi aOcTpakiii MOXYTh BIAMOBIAATA CTPYKTypaM JaHUX, HEOOXiJHUX B CKIIQJHHUX 3aBJIaHHSIX, HOBHM
abctpaktHuM TUnaMu aaHux. CyuacHi naketu OOB/] naroTh KOpUCTyBaueBi MOXKIIMBICTD CTBOPEHHS! HOBOTO
KJlacy 3 aTpuOyTaMd 1 METOJaMH, MaTH KJacH, yCHaJKOBYIOTH aTpuOyTH Ta METOJHM BiJ| CyNepKIaciB,
CTBOPIOBATH EK3EMIUISIPY KJacy, KOXXKEH 3 SKHX BOJIOJI€ YHIKAILHUM OO0'€KTHUM 1IeHTH(IKATOPOM,
BUTATYBATH IIi €K3eMIULSIPHU 110 OJHOMY a00 TPyIaMy, a TAKOK 3aBaHTa)KyBaTH i BUKOHYBaTH MeToH . Kpim
toro, OOBJl 103BONAIOTh BH3HAYATH O0'€KTH SIK CYKYMHOCTI 1HIIMX OO'€KTIB, MPUUOMY JJISI CYKYIHOCTEH
JIOMYCKA€EThCsl KilIbKa PIBHIB BKJIaJCHOCTI. BnacTWBOCTI TeX MOXYTh MaTH CKJIagHy CTPYKTypy 1
BU3HAYATHCSA 32 JONOMOTOK KOHCTPYKTOpPAa KOJEKLii. Bimbmr Toro, BOHHM MOXYTh MaTH B SKOCTI Y
JIOMTYCTUMHX TIPUMITHBHI 00'€KTH, IO JIA€ MOXKIIUBICT ()OPMYBATH TIHMOOKO BKIIAJICHI 00'€KTHI CTPYKTYpH.
VY mozeni OOB/] € noHATTs ineHTU(IKATOPIB 00'€EKTIB, aBTOMATHYHO TEHEPYIOTHCSI CUCTEMOIO 1 TapaHTOBAHO
YHIKaIbHHUX A KOKHOTO 00'ekta. Ll obcraBuHa y moenHanHi 3 TuM, mo B mojaeni OOB/] ycyBaerbes
morpedba B OOYMOBIIEHUX KOPHUCTyBadyaMH KIIOYaX, Ja€ OO0'€KTHO-ODIEHTOBAaHMUM 0a3 MaHWX Ta iHIII
nepesaru. [lo-nepie, inenTudikarop o0'ekra He Moxke OyTH MoauGikoBaHHH gonaTkoM. [1o-1pyre, TOHATTS
iIeHTu(iKOBaHUI 00'€KT TATHE OKpeMe 1 y3TOJKEHE MOHSATTS iJICHTUYHOCTI, HE3aJeXHE BiJl TOro, SIKUM
YMHOM MPOBOJMTHCS TOCTYII 10 00'eKTa ab0 SIK 00'€KT MOJAEITIOETHCS 32 JOIIOMOTOIO OITMCOBUX AaHUX.

Ili ta OaraTo IHIIMX JOCTOIHCTB AalOTh MOXJIHUBICTH po3risgatu cydacHi cucremu OOBJI, sk
BHCOKOTEXHOJIOTIYHI 3ac00U JIJIsl CTPYKTypH3allii, 30epirants i 0OpoOKH JaHUX.

Posrnspatoun nepepaxoBaHi BHILE IepeBart, oueBUaHO, mo cuctemu OOB/l HabupaloTh MOCTYNIOBO
MOMYJISIPHICTh 1 3aBOMOBYIOTh YBary BENUKHX KOMIIaHii i mianmpuemctB. Tomy, Oyno © paiioHanbHUM
BBeJeHHs BuBUeHHS ocHOB OOBJl B HaBuanbHy nporpamy auciuiulind «OpraHizaiis 0a3 JaHHX».
BescymnuiBHo, BuBuUeHHA ocHOB cucteM OOBJ] Bukianue iHTepec y CTYIEHTIB 1 MOsiBa NEPCIEKTUB
MOJAJIBIIOTO BUKOPUCTAHHS OTPUMAaHUX 3HaHb y PoOOTI MOJOANX (axiBIiB.
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OUTSOURCING PLANNING PROGRAM OF TRANSPORTATION PROBLEM SOLVING
METHOD
THE PAPER PROPOSES TO FORMALIZE THE APPROACH TO OUTSOURCING PLANNING. TO
OPTIMIZE SUCH WORK ACCORDING TO THE COST CRITERION, IT IS PROPOSED TO USE
METHODS FOR SOLVING THE TRANSPORTATION PROBLEM. BASED ON THIS APPROACH, A
SOFTWARE TOOL HAS BEEN DEVELOPED. IT ALLOWS OPTIMAL PLANNING OF OUTSOURCING
WORK BY THE NORTHWEST CORNER METHOD AND THE MINIMUM ELEMENT METHOD.

Introduction. Outsourcing refers to the involvement of external specialists in order to carry out any
work or provide services. In modern realities, almost no type of business can do without the involvement of
third-party companies in order to transfer a certain set of functions. Outsourcing is always associated with
the transfer of not primary, but secondary functions to another company. The main principles of outsourcing:
services/work are provided by a third-party company under a contract; for the provision of services you pay
an outsourcing company a fee; you outsource only secondary functions; outsourcing companies perform their
work more efficiently than hired specialists, because have extensive experience in this field.

There are various types of outsourcing, each of which has many directions. For example, outsourcing
in the IT sector, the most common type in practice is the subscription service of computers. With this type of
service, the customer is offered a comprehensive set of services that allows him to do without his own
system administrator or to significantly reduce his load. Subscription service for computers, as a rule,
includes the following types of services: setting up and updating the hardware of the equipment; setting up
and updating software; creation of protection against hacking and penetration into the network; antivirus
prevention; operational repair and replacement of equipment; preventive measures to prevent breakdowns
and wear of equipment; backing up information; staff counseling and training.

There are many outsourcing companies whose use of services leads to the release of additional time,
reduction of tax burden, reduction of staff. Each such company has its own set of services and their cost, and
the cost of services may be varied for different companies. Therefore, the task of optimal planning of
outsourcing work for an enterprise that wants to attract outside specialists is relevant.

The aim of work. The aim of the work is optimization of the distribution of typed outsourcing work
using software based on algorithms for solving the transportation problem.

Research methods. The aim of optimization is to improve a certain indicator of the simulated system
or process by selecting the conditions for the process or selecting some parameters of the system. The
optimality criterion is a certain function F(x), called the target function. The target function analytically
expresses the dependence of the optimized indicator on some parameters X, the values of which can be
changed, called controlled parameters. The controlled parameters are independent of each other and during
the optimization process can vary within certain limits. In general, the mathematical optimization problem
can be formulated as follows: minimize (maximize) the target function, taking into account restrictions on
managed variables. By minimizing (maximizing) the function of n variables F(x) = F(x1, ..., Xn) on a given
set Dx, we mean the definition of the global minimum (maximum) of this function on a given set Dx [1].

A striking example of the problem of finding the optimal result is the transportation problem. The
essence of the transportation problem is to compile a transportation plan for a homogeneous product from a
certain number of production points to a certain number of destinations, if volumes for each production
point, volumes for each consumption point and the cost of transporting a unit of product from each
production point to each destination are known.

Results and discussion. Let there is a company that wants to use outsourcing services. In the typing
process, in most cases it is possible to distinguish certain types of work as a set of functional-applied
categories (Fig. 1). Outsourcing services are provided by different companies, for each such company it is
also possible to formalize the types of services they provide. In the general case, different firms provide
different spectra of services (overlapping of these spectra can be from an empty set to a complete match).
The number of outsourcing services provided by firms is different, the cost of the same services in different
firms can also be different.

We propose an approach in which the optimization of the distribution of outsourcing work is obtained
as a solution to the transportation problem. The company formalizes its needs, forming the types and
volumes of work. Outsourcing companies provide their potential proposals for each type of work. Of all the
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types of work that outsourcing companies provide, we leave only those types that are required by the
enterprise. For each type of work, we present the data in the form of a table. Rows of the table correspond to
the proposed outsourcing services, columns — the needs of the enterprise in these services for various
projects. Cells contain the cost of the corresponding work of certain outsourcing companies (Table 1).

Consolidated volume
enterprise works

[ I
Type of work 1 Type of work 2 Type of work P

Planning of the distribution of works by the method of transport task

Type of work 1| Type of work 2| .. Type of work K| |Type of work 1| Type of work 2 - Type of work T

Outsourcing firm 1 Outsourcing firm L

Figure 1 — Outsourcing Planning Scheme

Table 1 — Outsourcing Planning by the solution of the transportation problem

1 2 3 Potential offers of
outsourcing firms
1 X1 X1 X13 . Offersl
2 Xo1 X2 X3 . Offel'Sz
3 Xa1 X32 X3 ... Offerss
Enterprise needs Needs; Needs; Needs;

A necessary and sufficient condition for the solvability of the problem is the observance of the balance
condition, that is, the volume of all the needs of the enterprise for a certain type of work should be equal to
the volume of outsourcing services for the same type of work. At the same time, the model of the
transportation problem is closed and there is no need to add/remove outsourcing resources.

The transportation problem is a special type of linear programming problem and can be solved by
many methods: the northwest angle method, the minimum element method, the Vogel approximation
method, the potential method, and the differential rent method. The implementation of the developed
scheduler program supports the solution of the transportation problem by the northwest corner method and
the minimum element method. Development methods are based on Java, JavaScript, Spring, AngularJS,
HTML, CSS technologies.

Conclusion. The paper proposes to use the methods of solving the transportation problem as a tool for
optimal planning of the distribution of outsourcing work at the enterprise. It is shown that this requires
preliminary forming the types of works and the proposed approach works only under the condition that
forming the types of works is possible. Using the proposed approach, a scheduler program has been
developed that runs under OS Windows.

REFERENCES

[1] A. M. Vershik “Monge-Kantorovich Transportation Problem”, The Mathematical Intelligencer, 2013.


https://link.springer.com/journal/283

67

004.89:510.635
KYPACOB O.1., JIOTEHKO I.B., CEMAHHK A.O.
HTY «XIIl» (Ykpaina)

PO3TJIAA TPOBJIEMU OLIHIOBAHHA AKOCTI TECTIB ITPOI'PAMHOI'O 3ABE3IIEYEHHA

Bynu posensnymi npobremu mecmysanus npoepammozo 3abesneyenns. Busnaueno ma obrpynmosano
nioxoou 00 oyiHku Axocmi mecmis. bynu 6idiopani ¢hakmopu eghekmugHoCcmi, Mmecmo8o2o OXONIEeHHA Mma
peanizayii, AKi MO}CHA BUKOPUCMOBY8AMU O 8CeOIYHOI OYIHKU AKOCMI Mecmié 8i0N08i0HO 00 CYYACHUX
npaxmux mecmysanus. Copmosano MHOICUHY NOKAZHUKIG AKOCI MeCmié 6i0N0GiOHO 00 BUSHAYUEHUX
gaxmopis. Memod bazamoxpumepianvuoi oyinxu IIAKC 6y6 3anpononoganuii sx piwiernHs npoorem oyiHku
AKocmi.

Benmuka wactuHa cywacHoro I3 mpexacraBisie co0oOr CKIagHi, 0araTOKOMIOHEHTHI CHCTEMH 3i
3HaYHUM 00cAroM mporpamHoro kogy. Jlo caMux mporpaMHHUX CHCTEM BHCYBA€THCS IIEPENiK
(YHKIIIOHATBPHUX Ta HEPYHKIIOHAIBHUX BHUMOT, JUISI BHKOHAHHS SIKHX YacTO pealli3yeTbcs CKIamHa
MporpaMHa JIoTiKa

TecTyBaHHS [0O3BOJIAE TIOMEPETUTH Ta BHUMpaBuTH nedektn [I3 Ta mepeBipuTH BiAMOBITHOCTH
MPOTPaMHOTO MPOAYKTY BUMOTaM, SIKi OYJIM BUCYHYTI 3aMOBHHKOM Ta 3aI[iKaBJICHUMH 0COOaMHU.

IIporiec TecTtyBaHHs € oOMexeHHit 3a pecypcamu. O0’eMHe Ta jetayiibHe TectyBaHHsa yciei TIC e
HEBUTIHUM Ta 3aHAATO CKiIagHuM. HeoOXigHO BpaxoByBaTH MPIOPUTET Ta CKIAAHICTh 00’ €KTY TeCTyBaHHS
(y manomy pasi okpemuii kommoHeHT [IC abo BuMoOra), SIKWi JUKTY€ BIOIOBITHUN OOCSTY TPOTpPaAMHHX
TECTIB.

I'pyna TecriB, sika Oyna yTBopeHa 0e3 ypaxyBaHHsI X XapaKTepUCTHK, HE MOXKE BBAXKATHUCS SIKICHOIO,
TOMY L0 HEMpPaBWJIBLHO BU3HAYeHi BitHOCHO eneMeHTiB IIC mpiopuTeTr TecTyBaHHS MPHU3BOIATH 10 3alBHX
BUTpAT Yacy Ta QiHAHCIB, SKi HE TAPAHTYIOCh JOCTaTHIN piBeHb HamidHOCTI [1C, ska Oyna 0 BUMyIeHa micis
MPOXOJDKCHHS TAKUX TECTIB.

3amayero JOCHIKEHHS € 3HAXO/HKEHHS [OKA3HMUKIB, 3a SAKMMHA MOYXHA BHU3HAUWTH ILIHHICTH Ta
KOPHCHICTh IPOrPaMHMX TECTIB, 1110 MPOMOHYOThCS JIs TECTYBAHHS IPOrPaMHOIo 3a0e3eyeHHs.

[MpakTuka oKasye, IO BiJ SAKOCTI IUIaHYBaHHS Ta peaii3allii TECTiB 3aJeKUTh YCIIIIHICTh TECTYBaHHS
I13. EdpexkTuBHICTD TECTyBaHHS MOIJIMBO OI[IHUTH 32 BiJJHOCHO HEBEJIHUKOIO KUILKICTIO MIOKa3HUKIB.

1 CuiBBigHOIIEHHsS He MepexoIUIieHuX OariB B octaHHiM Bepcii 113 mo kimbkocTi ycix 3HaiIeHUX
(3HaliieHWX Ta BHIIPABJICHUX/HE I[EPEXOIUICHHX) OariB — JaHUH IOKa3sHUK MOXE XapaKTephU3yBaTH
peTeNbHICTh TeCTYBaHHS pi3HKUX BapiaHTiB BukopuctanHs [1C. [ToBHe MOKPUTTA yCiX BapiaHTIB JaHUX, YMOB
Ta i € Maibke HEMOXJIMBOIO 33/1a4€l0, TOMY ICHY€ PH3HMK TOro, L0 KOPHCTYBad MOXE BHKOHATH
HeTepeBipeHy MOCHiA0BHICTh Ail, 10 TPU3BEAE A0 MOPYLIEHH HOpMaiibHOI podotu 113.

2 Yactka 0ariB, 1110 IIOBTOPUJIMCS y penmi3i — qaHi 6aru OyJM BUIPABJICHI y MOMEPEAHIX BEPCiix, aje
CTaJM 3HOB aKTyaJbHHMH IICJISl BHITYCKY Ta MOYAaTKy BHKOpHUCTaHHS HOBoOi Bepcii I13. Jlanwii moka3HUK
BIJIPI3HSAETHCS BiJ MOTEPEAHBOIO THM, IO MOXKE BKa3aTH Ha MpoOieMy BiJICYTHOCTI JOCTaTHHOTO
perpeciiHOro TeCTyBaHHs, Y TOW Yac SIK MEPIIUi MOKa3HHUK € OIbII aKTyallbHUM JJIsi BH3HAYEHHS SKOCTI
TeCTyBaHHs (QYHKIIOHaNy, sskuid OyB yBeJIeHHMU B OCTaHHIM Bepcii. HemomikoM € CKIIaiHICTDh MiApaxyHKY
4epe3 iCHyBaHHs CHCTEMHHUX 3aJIE)KHOCTEH HOBOTO MPOTPaMHOIo KOAy Ta paHilll po3po0IieHOro, o poOuTh
MOJKJIMBUM CHTYaIli{0, KOJH HOBHUI (DYHKITIOHAT HE TIPAIlIOe Yepe3 paHilie He 3HaiineHi nedextn craporo [1].

OO0csr TMOKPUTTSIT BHMOT TIOBUHEH II0KAa3aTH, HACKIIBKH BHYEPITHO BHUKOHYETHCS IEpEBipKa
BignoBigHocTi 113 Bu3HaYeHMM (yHKIIOHATBHUMH BUMOTaM, aTpuOyTaM SKOCTi, CHCTEMHMM BHMOTaMm Ta
O0OMEKEHHSIM.

Buuepnna mepeBipka aTpuOyTiB SIKOCTI € CKJIQJHOIO 33ja4er0 4epe3 iX iIMOBIPHICHY Ta Cy0’ €KTHBHY
MPUPOAY, TOMY HEMOMIJIMBO Ka3aTh TPO JOCTATHICTh ICHYIOUMX TECTIB HaBaHTaKEHHS, 1HQOpMAIliitHOT
3aXHILIEHOCTI, HaIHOCTI a00 3pyYHOCTI BUKOPUCTAHHS.

bepyun mixm dyac aHamizy SKOCTI TECTIB IOKa3HHK IOKPUTTS MPOTPAMHOTO KOJdY, MOXKHA
BUKOPUCTOBYBATH HACTYITHI METPHKH:

1) HOKPHUTTS OnepaTopiB — YacTKa NePeBipeHUX PAAKIB KOAY;

2) IOKPHUTTS YMOB — YacTKa IIePEeBIpEHUX TJIOK BUKOHAHHS (0OYHCICHHS JIOT1YHOI YMOBH);

3) NOKPUTTS MUISXIB — YacTKa MepeBipeHnX IIIIXIB uepe3 JaHui GparMeHT Koy;

4) noKpUTTS PYHKIIIH — YacTKa rmepeBipeHnX QyHKIIIH;

5) MOKPUTTS BXi//BUXiJl — YacTKa MEePEBIpEHNX BUKJIHKIB Ta BUXIHUX PE3yNbTaTiB QyHKLIH.
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Jns 13, mo € KpUTHYHUM y TUTaHl Oe3MeKu poOOTH, YacTO BMHHUKAE MOTpeda y MmepeBipIli TOTo, IO
TECTaMH JIOCSTAETHCS TIOBHE TOKPHUTTS JIJISI OJHOTO i3 MOKa3HHKIB. HeoOXimHO 3ayBa)KUTH, 110 aOCOJIIOTHE
MOKPUTTS HE MA€ YIiTKOTO 3B’SI3KY 3 SIKICTIO TECTYBaHHS, SIKE HE TapaHTye 0e3oranHoi poboTH 3 IPUUHMHH
PI3HOMAHITTS yMOB OTOYCHHS BUKOHAHHS, BX1IHUX JJAHUX Ta IHIINX (akTopis [2].

OO0csr aBTOMaTH3aIll TECTIB MOKE CTATH BAKIIMBUM IMOKA3HUKOM SKOCTI TECTYBaHHS 3aBISKH BIIACHIH
BaXXJIMBOCTI. BOoHa 3MeHIIye BIUIMB JHOACHKOr0 (PaKTOPY HA TECTYBAHHS.

Binbmicte TectiB [13 € mporpamHo peanizoBaHUMH, IO HAJa€ MOXIIMBICTD OLIHIOBATH iX SIK OKPEMY
MPOTpaMHy CHCTEMY i3 BIACHUMH B3a€MOIIOB’SI3aHUMH KOMIIOHEHTaMHU. OT[iHIOIOYHM TECTH SK MPOTPaMHHUI
KOJI MOXXHA BUKOPHCTOBYBAaTH TaKi BIACTUBOCTI KOAY:

1) BiAMOBiAHICTH HOPMAaM MOBM TNporpaMyBaHHs (conventions) — JaHWH TOKa3HWUK BIUIMBAE Ha
MPOCTOTY CIIPUUHSATTS IPOrPaMHOT0 KOAY, L0 € BKIMBUM IPU HOTO CYNPOBOJII KiIbKOMa PO3pOOHUKAMH;

2) 4nucToTa KOy — CTPYKTypHAa MPOCTOTa KOXY, BIACYTHICTh 3alBHX KOHCTPYKIII Ta OIEparopiB, a
TaKOX THX KOHCTPYKLIH, IKi 3aBaKalOTh CYIPOBOAY KOAY Ta HOoro aHamizy (Mariyti 4mcia, 1yOmikarn);

VY pasi, Kony NOPiBHSHHS Ta OIIHKA MPOBOJATHCS 3 YPaxyBaHHAM BEJHKOI KiIbKOCTi KpUTEPiiB (MMOHAA
20), icaye pobiema, 3 AKot0 (popMaTbHe TTOPiIBHIHHS JUIIIE OJHOTO 3HAUYEHHS KPUTEPIiB CTAa€ HEMOKITHBHM,
a 3MEHIIEHHS X KUTBKICTI MOTIpIIye SKICTh pe3ynbTaTy. ToMy Ba)IJIMBO oOpaTw METOH, SKHH CHPOCTHUTH
npobJeMy OIiHIOBaHHS OaraTOKpUTEpiadbHUX O0'€EKTIB Y MPOCTOPI BEIMKHX PO3MIPIB MUIIXOM 3MEHIICHHS
PO3MIPHOCTI, OIMPAOYHCh Ha crieiu(iKy TpeaAMETHOI 00TIacTi.

Jns  BupimieHHs 3ajgadi  OIHIOBAHHSA TecTiB Moxe OyTtm Buxopuctanuii  merox [TAKC
(«I[TocnenoBatenbHoe ArperupoBanue Knaccupuuupyembix CocrosiHuii»), sSKUH 3acHOBaHMHA Ha
BUKOPHUCTaHHI METOJIIB BepOANIbHOIO aHai3y AJIsl 3SMEHIICHHS PO3MIpHOCTI 3aaadi [2].

[Iponexypa omiHOBaHHS B TAKOMY pa3i BKIIIOYAE JEKIIbKa OCHOBHUX €TAIliB:

1. [NoOynoBa iepapxiuHOi CHCTEMHU arperoBaHUX KpUTepiiB MporpaMHux TecTiB. [Ipouec moOymoBu
MOJISITaE Y CTBOPEHHI iHTETPaNbHUX TOKa3HUKIB, SIKI arperyloTh IMOYaTKOBI KpHTepii, siki Oynu BimiOpani
0c00010, 1110 TPUIMAE PillIEHHS], SK KITFOUOBI JITsl OI[IHFOBAHHS SIKOCTI TECTIB.

2. Ha apyromy erari BUKOHY€ETHCS ITOCIIJOBHA ITOOYI0BA MIKATH KOXKHOTO CKIIQJIEHOTO KPUTEPIto, M0
€ HalO1IbII MOKa30BOI0 KOMOIHAIIEIO OLIHOK BUX1THUX KPUTEPIiB.

3. Ha TperboMy eTami BHKOHYETbCA KiHIICBHH BIJ0ip Kpamoro caiTy B OTPUMAHOMY MPOCTOPI
KOMIUIEKCHHX KpUTepiiB 3a monomororo Metoy APAMUC(ArperupoBanne n PamxupoBanue ANbTepHATHB
okoo MHoronpu3HakoBeix Mneansubix Cutyanuii), 3a sSIKUM CalTH YHMOPSIKOBYIOTHCS MO OJIM3BKOCTI JI0
CTAJIOHHOT'0 3pa3Ka, 10 BIIJAJICHOCTI BiJ HAWTIpIIOro 3pa3ka abo 3a 3HAUCHHSIM IMOKAa3HHWKA BiJIHOCHOT
OJIM3BKOCTI JI0 HAWKPAIIOTO 3pa3Ka.

[(Aq) = d(A+,Ag) / [d(A+AG) + d(A., Ag)l,

ne d(A+,Aq) - BiZicTaHb 10 HAKPAIIoOro 3paska As;

d(A., Ag) - BiZicTaHb /10 HAWTIPILOro 3pa3ka A. .

Januii MeTo T 3HWKEHHSI PO3MIPHOCTI € JOBOJI YHIBEpCaJbHUM, TOMY IO JO3BOJISIE OMEPYBATH SIK
BepOambHOIO (SKICHOI), TaK 1 YHCIOBOKW (KiJIBbKICHOW) iHGopMalliero (B 3aralbHOMY BHITAJKY),
MPECTaBISIIOUN KOXKHY [T03HAUKY IIKAIM arperoBaHOr0 KPUTEPIilo y BUTISAI KOMOIHAIT OIIHOK BUXiTHHX
MOKa3HHMKIB, IO 3MEHIIYE Cy0’EKTHBHICTh PE3YJIbTATy OLIHIOBAHHS MTPOTPAMHUX TeCTiB. BibliicTh MeToIiB
paHKyBaHHS albTEPHATUB € NPUIATHUMHU Ui TMOOYIOBU IIKAJ arperoBaHUX IOKa3HHKIB, MIO J03BOJISIE
oOpartu Haitnimmwii Habip Ta ciocodu MoOY/TOBH CKIIAJICHUX KPUTEPIiB.

OTxe, eheKTUBHICTh TECTYBaHHS 3aJI€XKHUTh BiJl GOpMyBaHHs HAOOpPY TECTiB, SIKUH OyJie TOCTATHIM JUIs
BUYEPITHOI MIEPEBIPKH MPaLe3AaTHOCTI JOAATKY Ta HOTO BiANOBIAHOCTI BUCYHYTUM BUMOTaM.

Po3pobka migxony A0 ouiHiOBaHHA sKocTi TecTiB II3 103BOMIMTH y MEpPCHEKTUBI MOJIMIIUTH
pe3ynbTaTH TECTYBaHHS, 3MECHIIIMTH BUTPATH 4Yacy Ta IHIIUX pecypciB Ha MONIYK Je(eKTiB y MporpaMHii
cHCTeMI Ta HaJ]aCTh MOXKJIMBICTh IBUJIKO YCYBATH HEIOJIKH TIOTOYHOTO MiIXOAY /IO TECTYBaHHSI.

[1] Important Software Test Metrics and Measurements — Jlata neperisiny: Bep. 27, 2019
Hoctym: https://www.softwaretestinghelp.com/software-test-metrics-and-measurements/

[2] Prause, Christian & Werner, Jirgen & Hornig, Kay & Bosecker, Sascha & Kuhrmann, Marco.
(2017). Is 100% Test Coverage a Reasonable Requirement? Lessons Learned from a Space
Software Project, 2017 Mara nepernsay: Bep. 26, 2019. [Onmaiin]. Joctym: doi:10.1007/978-
3-319-69926-4_25

[3] ITerpoBckwmii A.b., Teopust npunsTus pemennii, Mocksa: Akagemus. — 2009.
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UDC 004.422:004.514
KOMLEVA 0. O., KOMLEVAH. O.
ONPU, ICS (Odessa)

INFORMATION SYSTEM FOR AUTOMATED MANAGEMENT OF SPORTS DATA

THE ARTICLE IS DEVOTED TO THE DESCRIPTION OF THE APPLICATION SOFTWARE
DEVELOPMENT PROCESS - THE INFORMATION SYSTEM THAT ALLOWS YOU TO AUTOMATE THE
EXECUTION OF FUNCTIONS WHEN TAKING INTO ACCOUNT DATA FOR SOME GROUP SPORTS
GAMES. A DESCRIPTION OF THE DEVELOPMENT STAGES IS GIVEN, A CONCEPTUAL DATA
MODEL IS PRESENTED. CURRENTLY, THE INFORMATION SYSTEM IS AT THE TESTING STAGE.

Introduction. Traditionally, an information system is understood as a hardware-software complex
designed for the automated collection, storage, processing and delivery of information. Typically,
information systems deal with large amounts of information, which has a rather complex structure. Classical
examples of information systems are banking systems, ticketing systems, etc.

The information system always specializes in information from a certain area of the real world:
economics, technology, sports, medicine, etc. The part of the real world displayed in the information system
is called the subject area. The structure of any information system can be represented by a set of supporting
subsystems: information, software, technical, organizational and mathematical.

Designing information systems always begins with defining the purpose of the project. In general
terms, the goal of the project can be defined as the solution of a number of interrelated tasks, including
ensuring at the time the system was launched and during the whole time of its operation: the required system
functionality and its adaptability to changing operating conditions; required system bandwidth; the required
response time of the system to the request; system uptime; the necessary level of security; ease of operation
and system support.

Analysis of the current state of the market for software products shows a steady upward trend in
demand for information systems operating in various subject areas.

The aim of work. The aim of this work is to improve the quality of data management of sports
competitions by creating an information system based on multi-table databases (DB) and a set of functions
and procedures that provide a user interface.

Research methods. The development of this information system includes: analysis of the subject area,
drawing up requirements for the subject area, drawing up a conceptual data model diagram, developing the
structure of a relational database, implementing database queries, developing an interface, programming a
task, and making a test case.

The subject area of this information system is Football League. The target audience of the system is
people who want to attend a sporting event.

The users of this information system will be: Unregistered User, Buyer, Administrator and Head
Coach. For each user, it is necessary to provide a set of functions in accordance with his rights of access to
data and information system functions.

Results and discussion. Consider the distribution of functionality in this information system
depending on the category of user: Unregistered User, Buyer,

The following functions will be available to the Unregistered User in this information system:

1) view the competition schedule: each user will be able to view the time and date of the selected
competition. To do this, he will need to enter the name of the team or the name of the team coach, after
which the schedule of games of this team for the coming week will be displayed on the screen;

2) view team composition: each user will have the opportunity to view the composition of the team by
entering its name or the name of the coach in the search box. After that, a list of all the players of this team
will be displayed on the screen (their name and position);

3) view player information: information on each player of the selected team will also be available to
the user. Among this information will be the name of the player, his date of birth, citizenship, role, photo,
date of entry into the team;

4) view game statistics: at first, the user will need to select a game by entering the desired team name
and game date. After that, the game’s statistics will be displayed on the screen, which will include the
number of goals and a list of players who have scored these goals;

5) view coach information: Unregistered User will need to enter the name of the team, after which
information about his name, date of birth, etc. will be available to him;
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6) view violations: by entering the name of the player, Unregistered User will be able to view all of his
violations for the selected period of time. The type of violation itself and the result of the violation will also
be displayed,

7) view rewards: Unregistered User will be able to view the list of rewards of the selected player and
all information about receiving this award;

8) goal view: by selecting the desired player, Unregistered User will be able to view the time at which
the goal was scored.

The following functions will be available to the Buyer in this information system:

1) registration in the system: each Buyer will need to enter their name, phone number and e-mail for
registration. Only after registration will he be able to proceed with the following actions;

2) choosing a place and row: the Buyer will be presented with a list of all places, both occupied and
free. After which the Buyer will be able to choose from one to several places by clicking on the desired
place. It will also be possible to reserve the necessary seats;

3) ticket purchase: by choosing the right places, the Buyer will be able to make a purchase. A window
will be displayed for entering your data for payment, after which a payment will be made. Each Buyer may
make purchases an unlimited number of times;

4) read safety information: before attending such events, everyone needs to know the safety rules.
Therefore, after making a ticket payment, the Buyer will receive a list of the necessary rules.

The following functions will be available to the Administrator:

1) add/remove trainer: Coaches can leave the team, and new ones come in their place. In order to
constantly update the data on each of the trainers, the Administrator will need to make these data in
accordance with the changes;

2) adding/removing a football player. Many players often move from one team to another. In order to
avoid misunderstandings when viewing the composition of the team, this information must be constantly
updated. Therefore, in accordance with new changes, the Administrator will remove or add a player to the
composition of a certain team;

3) updating the list of matches: in order for users to be able to view the list of matches at any time, the
Administrator will need to update this information in accordance with the changes;

4) setting ticket prices: the price of a ticket for a particular match will depend on many factors. That is
why the cost of a ticket for the game will need to be constantly updated. This work will be performed by the
Administrator, setting a certain price for the corresponding match;

5) adding/editing game schedules: the game schedule changes very often due to various factors. And
also it needs to be constantly updated. The Administrator can add new matches to the schedule, set the time
and location of the match, etc.;

6) editing game statistics: after each game, the Administrator must enter its statistics. After that, the
statistics can be edited in case there are changes.

The following functions will be available to the Head Coach:

1) access to absolutely all the functions that a regular user will have: viewing schedules, viewing team
composition, etc.;

2) removing/adding a trainer: despite the fact that the Administrator also performs this function, the
Head Coach also has access to edit this information. He will be able to add or remove trainers if necessary;

3) deleting/editing information about trainers: Head Coach will also have access to edit information
about himself as well as information about other trainers. He will be able to delete outdated information and
add new data.

In the process of designing an information system, a conceptual data model was developed (Fig. 1). It
includes the following entities:

Team — a team of players (code, full and abbreviated names);

Player — an individual player (code, full name, description, photo, etc.);

GameShedule — schedule of games (date, time, location of the game), used when ordering tickets for
the game;

GameTicket — data on the ticket for the game (place, row, date);

Goal — information about goals scored;

Violations — information about violations (time, type of violation);

Insurance — information on medical insurance for players (date, type of insurance, etc.);

Awards — information about the awards;

Trainer — team coach;

GameStats — game statistics (team names, game results).
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1
1

Team Awards
GameSchedule +TeamCode +TypeOfAward
+GameCode | —+TeamName +TimeOfAward
+RivalTeamMame 1.# 1.* | +CoachFullName 1
+DateAndTime
+Location L Trainer
) +TrainerlD
1 1 +FullNameOfTrainer
+SinceWhatYearWorks
1.# .
1.
Goal Player GameStats
+Minute +PlayerCode +GameCode 1
| 0 1 ———| +FullName +NameOfGame
1 +DateOfBirth +TimeAndDate

+MNationality +TeamCode

+TreatricalCharacter +OpponentTeamCode

+Photo — 1

1+ 1 1
0.*
GameTicket 0.+ Insurance

+TicketCode Violati +InsuranceCode
+SeatNumber iolations +Cost
+RowNumber +TypeOf\Violation +TypeOfinsurance
+DateOfSale +MinuteOfGame +DateFromBeginningOfinsurance
+TicketPrice +Result +InsuranceEndDate

Figure 1 — Conceptual Data Model

This model is generalized and suitable for a number of group sports games (football, volleyball,
basketball). For other sports it needs to be adapted.

The developed information system provides work with different categories of users; each category
must have certain rights and resources. Based on the chosen style, such a design template as MVVC (Model
View Controller) was chosen [1]. This template divides the work of the information system into three
separate functional roles (components): data model (model), user interface (view), and control logic
(controller). This division increases the possibility of reuse.

The model represents knowledge: data and methods of working with this data, responds to requests,
changing its state. It does not contain information on how this knowledge can be visualized. In the
information system, the model will be responsible for the logic of calculations and manipulations with data
on players, games, tickets, etc. The view is responsible for displaying the information (visualization). It is
convenient as a representation to use a form with graphical elements. It will be used in the information
system to organize interaction with different categories of users. The controller provides communication
between users and the system: controls the input of the user and uses the model and views to implement the
required response. The information system will allow you to set the source data and the results obtained
electronically and in the form of reports.

Thus, changes made to one of the components have the least possible impact on the other components.
The model is independent of representation or control logic, making it possible to design the model as an
independent component and, for example, to create multiple views for the same model.

Conclusion. The article describes the principles of designing information systems. The development of
the information system that allows you to work with data on some group sports games has been completed.
During the design, the main entities are identified and a conceptual data model is developed. Development
tools are programming language Java, development environment Eclipse, a platform for creating GUI
JavaFX, database management system MySQL.

REFERENCES
[1] E. Gamma, R. Johnson, R. Helm, J. Vlissides "Design Patterns Elements of Reusable Object-Oriented
Software", Addison-Wesley, 2011.
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YK 004.9
BOJISIHCBKA €.B.
BHTY (Ykpaina)
IHOOPMAIIMHA TEXHOJIOI'LA ITPOYKTHUBHOI
OPTAHIBALIII YACY
Y oaniii pobomi onucyemvca nowamms matim-menedxcmenmy .Busnaueno ocnogui npuuunu deghiyumy
yacy ma 3HudiCeHHs npoodykmuenocmi. Onucana O0oyinbHicmv po3pobKu IHGOpMayitinoi mexHono2ii 0ns
npoOyKmugHoi opeauizayii uacy. Busnaueno ocHosHuil QyHKYioOHaN, AKUM NOBUHEH 60]100IMU OaHULl
npocpamHull 3acio.

VY cydacHOMY CBITi PO3BHUTOK BiIOYBa€ThCsS TAaKMMH TEMIIaMH, IO TMOCTae Mpobiiema Opaky uacy,
BIJICYTHICTh UITKOTO TIJIaHy 3aBJaHb, SKi MOTPIOHO BUKOHATH, IO OCOONHMBO MO3HAYAETHCS Ha
MPOAYKTHBHOCTI JoauHU. [IpomykTHBHA OpraHizamis yacy, Tak 3BaHHW TaM-MEHEKMEHT — TeXHIKa, fKa
CIpSIMOBaHa MPABWJIBHO OPraHi3yBaTH AisUTBHICTH 1 JOCSITTH MaKCHMAaNbHOI MPOAYKTUBHOCTI. OnHiero 3
NPUYMH 3HIDKEHHS MPOAYKTHBHOCTI BUAUIIOTH AedinuT wacy. HalOinpmn XapakTepHHUMH NPHYHHAMHU
nedimuTy Jacy € Oe3IUTaHOBICTh POOOTH SIK Pe3yNbTaT poOOTH; HEaleKBaTHE HABAHTAXEHHS BUKOHABIIB;
HEYITKICTh (hOPMYITIOBaHHS 3aBIJAHHsS 1 KIHIIEBUX PE3yJbTaTiB, HEAOCTATHICTh PECYpCiB IJIsl BHUKOHAHHS
3aBJJaHHS; BIJICYTHICTh HAJIC)KHOI KOOpAWHALIl Jiii CIiBpOOITHUKIB, IO MPHBOAWUTH JO HEY3TOKEHOCTI;
AHTUMOTHBYIOUI (akTopu. TaliM-MeHeIXMEeHT monoMarae OimbIl eEeKTHBHO BHKOPHUCTOBYBATH HE TLIBKH
pobounii wac, a i gac BiamounHky. Tomy mocTae MUTaHHS SK TOJICTIIATH 1 3pOOUTH YIIPABIIHHS YacOM
OUTBII TPOCTUM 1 MEHII TPyHoMicTKUM. OJHUM 13 NUIAXIB BHUPIMICHHS [LOTO TMHUTAaHHSI € PO3poOKa
iHpOpMaLitHOT TEXHOJOTIT I MPOLYKTHBHOI OpraHizaiii yacy.

Tak sk Ham CBIT BCe Jali PO3BUBAETHCA Yy cdepi TEXHOJOTIH i MPaKTHYHO BCi OLMBIIICTH Hacy
HEPO3PUBHO MPOBOSTH 31 CMapTPOHAMH, ISl IPUKIIALY, TO AOIUILHUM Oy/ie pO3pOOHUTH MpOorpaMHUi 3acio,
KU MOXHA OyJI0 O BHKOPUCTOBYBATH KOXEH JICHb, HE OKIIAAI0UH JJIs IbOTO 3aHBUX 3yCHIIb.

OCHOBHOI0O METOI0 € 3a0e3leueHHs SKICHUX IMOKa3HUKIB POOOTH MPOTrpaMH: CTBOPEHHS 3pPYYHOTO
rpadivHoro iHTepdericy KOopHCTyBada, po3poOKa CyNpOBOKYBAIBHOI JOKyMEHTallli, 3aco0iB ams
PO3TOPTaHHS MPOrpaMHOi CUCTEMH B iH(OPMAaLIIHHOMY CEepeIOBHII KOPUCTYBaUiB.

Jana nporpama cnpsiMoBaHa Ha JTOCATHEHH:! OCHOBHMX IiIed KOPHCTYBada 3a paXyHOK MPaBHILHOTO
po3moiy 3ajad, BCTAaHOBJICHHA iX MPIOPUTETIB Ta E(QEKTUBHOTO VIPaBIiHHS YacoM. Po3cTaHOBKa
MPIOPUTETIB € OJHUM 3 KIIOUYOBHX MOMEHTIB €(EKTHBHOTO BHUKOPUCTAHHsS Yacy i BHUKOHAHHS 3aBAaHb.
[Iporpamuuii 3aci6 ocHamieHWi (yHKIIOHAJIOM CHUCTEMH CIOBIlIEHB, JJIS MOCTIMHOTO HaraJyBaHHS MpPO
B)XJIUBICTb BHUKOHAHHS 3aJad, a TaKOX HAsBHICTIO CHCTEMH BiACIIIKOBYBAaHHS CBOTO MpOrpecy i
BUKOHAHHS aHali3y Aiil kopucTyBaua.CTBOPEHHS AAaHOTO MPOTrPaMHOI0 MHPOILYKTY TaKOX Iepeadadae
CTBOPEHHSI THYYKOrO 1 TMPOCTOrO Yy BUKOPHCTaHHI iHTepdelicy KOopUCTyBaya, MO JACTh 3MOTY
BUKOPHUCTOBYBATH Iporpamy 0e3 creriagbHiX BMiHb Ta HABHUYOK.

BuxopucTtanHsa mporpaMu ja€ MOXIIMBICTh pealli3yBaTH HACTYITHI (DyHKINT: 3amuc mijed KopucTyBaya,
pPO3CTaHOBKA MPIOPUTETIB BUKOHAHHS 3aBAaHb; BiJICIIAKOBYBAHHS Ta aHAIi3 Jili KOPUCTYyBaya; apXiByBaHHS
Ta BIJHOBJICHHS JIaHWX KOPHCTYBaya; HasBHICTh OCOOMCTOTO aKKayHTa KOPHCTyBada; CHCTeMa HarajlyBaHb
PO BUKOHAHHS 3aBAaHb; JIETKUHU /IS COPUHHSTTS Ta Y BAKOPUCTaHHI iHTepQeic; 10BiIKa KOpUCTyBaya.

ITpu peaimizariii J1aHoro MporpaMHOro 3aco0y OyJI0 BUKOPHCTAHO MporpaMue cepemoBuine Microsoft
Visual Studio - inTerpoBane cepenoBuiie po3poOKH MporpamMHOro 3adesnedeHHs Bif ¢ipmu Microsoft.
Cepenosuie Visual Studio 1o3BoJsie po3poOisiTH A0AATKH, BUKOPUCTOBYIOUH Pi3HI MOBH NPOrpaMyBaHHS, a
TaKOX 1CHYE MOXKIIUBICTH PO3POOISATH MONATKU He TiIbKH mix Windows, a 1 i iHIIi mommyIspHi maaTgopmu:
Android, 10S. Jlnis po3po0Ku MporpaMHOro 3aco0y 0yii0 BUKOPUCTAaHO MOBY TporpamyBaHHs C#,

B pesynbrarti aHanizy npobiemu OyJi0 BCTAHOBIIEHO MPUYMHU Ae(iIUTy Yacy Ta cOopMOBaHO OCHOBHI
3aBJaHHSA, SKi MOTPiIOHO BWUKOHATH JJsl NPOAYKTUBHOTO YNpaBliHHS YacoM. Bu3HaueHO OCHOBHI
(YyHKIIOHAJIbHI BUMOTH JI0O TPOTPAMHOTO TPOJYKTY, SIKAH JO3BOJISATH MPABHIBHO PO3MOJUIATH 4Yac Ta
MiZBHUIYBAaTH TPOJYKTUBHICTE KopucTyBada. OnucaHo 3aco0W, sKi BUKOPUCTAHO U PO3POOKH JTAHOTO
MIPOTPaMHOTO 3aco0y.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU
1. EdextuBHe BHKOpUCTaHHSA poOodoro wuacy |[Enektponnuit pecypc]l.- Pexum goctymy:
https://kadrhelp.com.ua/efektyvne-vykorystannya-robochogo-chasu
2. TaiiMm-MeHEIUKMEHT — TEXHOJIOTis MiABUIIEHHS e(EeKTUBHOCTI BHKOpHCTaHHS 4acy [EnexTponHuit
pecypc].- Pexxum goctymy: http://market.avianua.com/?p=4069
3. CepenoBuiie po3podku Microsoft Visual Studio [Enexrponuuit pecypc].- Pexum poctymy:
https://informatics.in.ua/programming_csharp/part_01.php
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VJIK 004.412: 004.415.5
KOBAJIEHKO M.C.
OTK OHAXT, (YKPAIHA).

BE3/IPOTOBA IHOPACTPYKTYPA IHTEI'POBAHUX CMCTEM BE3IIEKU Ob’€KTIB
CHUIBCBKOI'OCIIOAAPCBKOI'O ITPU3HAYEHHA

3anpononosana be30pomosa (meieKoOMyHIKAYiliHa) iIHpacmpykmypa inmezposanux cucmem be3nexku
CITbCLKO20COOAPCHKUX NIONPUEMCING, POSMAULOBAHUX HA BETIUKUX NAOWAX 3 YIPYOHEHUM
Ni0B8EOEHHAM JHCUBIIEHHS 00 KOMNOHEHMIE cucmemu Oe3nexu.

IToctanoBka 3amaui. CiTbCHKOTOCTIOAAPCHKI MIAPUEMCTBA, SK MTPABHIIIO, € KPYITHUMH TOCTIOAaPCHKUMHU
00’eKTamMH, 110 TIOB’S3aHO, HAacaMmIlepel, 3 BEIUKHUMHU IUIOLIAMH, Ha SKUX PO3TAIlOBaHI Ii MiAMPUEMCTBA.
[Ipu tpomy, mO ckiamy MIANPHUEMCTBA MOXYTh BXOJUTH: CUIBCBKOTOCHOAAPCHKI yrifns, caiu, GepMmu,
CKJIaI Ta CXOBUINA, agMiHiCTpaTuBHI OyaiBmi Ta iH. Tomy, 3abe3neueHHs Oe3nekn Takux 00’ €KTIB € BKpai
CKJIaJHOIO 3a/1a4€lO0.

3HaYHO CHOPOCTUTH CTBOPEHHsSI ABTOMATH30BaHOI CHUCTEMH O€3MeKH TakKux OO0 €KTiB JI03BOJISIE
BIIPOBA)KCHHS 1IHTETPOBAHUX cucTeM 00’ ekToBoi Oesnekn (ICOB). BkasaHi cucteMu mpe/cTaBIIiOTh COO0I0
ABTOMAaTH30BaHI CHUCTEMH YIIPaBIiHHA 00 €KTOBOIO OE3MEKOI0 i IHTErpyrTh PI3HOMAHITHI MiACHCTEMHU
Oe3nexu:

- TPHBOXKHY, OXOPOHHY Ta OXOPOHHO-IIOKEKHY CUTHAITI3aIiI0;

- CHCTEMY YIPaBJIiHHS Ta KOHTPOJIIO JOCTYIIOM;

- cucteMy 00poOKku Ta Bi3yaizallii iHdopMaIlii mpo 00’ €KTH, 110 OXOPOHSIOTHCS;

- 1HIII CHCTEeMHU.

Opniero i3 3Hauamx mepeBar [COb € 3matHicTe 70 MacmTaOyBaHHA, B TOMY YHCII W TIO
¢dyskmionansHuM mifcucteMaM. lle mo3Bomse inrerpysatu 10 [COb momaTtkoBi migcucTeMu, HANPHUKIA,
CHCTEMY aBTOMAaTH30BAaHOTO KOHTpPOJIO CTaHy IpyHTYy Ha MONsAX Ha 0a3i aBTOMAaTU30BAHOTO
arpomereopodioriyaoro nocty (AAII), po3pooxu YepH/II'MI [1] abo cucTeMy KOHTPOJIIO Ta YIpPaBIiHHS
BHYTPIIIHIM CEpPEeIOBHUINEM Y CXOBHUIIAX.

Bu3znauumMo OCHOBHI TpoOiiemMH, sKI YCKIaAHIOMOTH BrpoBajpkeHHs ICOb Ha 00’ektax, Mo
PO3TIAIAIOTHCS:

- CKJIaJHICTh a00 HEMOXKITUBICTh OpTraHi3allil IpOTIHUX TEJICKOMYHIKAIHHUX KaHATIB 3 BiJIaJeHIMH
xommoneHTamu ICOB;

- CKJIaIHICTH a00 HEMOXKIIMBICTH 3a0€e3IeYeHHs JKUBIIEHHAM BiananeHux kommnoHeHTis ICOB.

Amnani3 myOJikariit 3a TeMor0. Y OUTBIIOCTI IMyOiKaIiil po3rISIal0TECS OCHOBHI IPUHITUIIN TTOOYI0BH
cydacaux ICObB [2], mporoHyroTbCsl pi3HOMaHITHI pimeHHs uia noOynoBu posnoginenux ICOB [2,3].
Haii6inbem moBHo mpobiemu crBopeHHsi posnonineHnx ICOB posrnsHyTi y myOrikamisx, siki OpUCBSYEHI
Oesreri Ha 3aMi3HUYHOMY TpaHcnopti [4]. Ane y Bkazanux myouikaiisx ICOb OyayioThest Ha 6a3i icHyrOUOi
TENEKOMYHIKaliifHO1 iHQPaCTPYKTYypH 3ali3HUYHOTO TPAHCIOPTY, L0 YCKJIAIHIOE BHUKOPHUCTAHHS
3aMpPONIOHOBAHUX PIllIEHb TIPY TOO0YI0BI CUCTEM O€3MEeKH CilIbChbKOIOCOIAPCHKUX IiANPHUEMCTB.

Meta — po3poOka TtenekomyHikamiiHoi iHGpacTpyktypu (TI) iHTerpoBaHmx cucTeM Oe3MeKH
CLIBCBKOrOCIOJAPCHKUX MiANPUEMCTB, PO3TAIIOBAHMX HA BEIMKHX IUIOLIAX 3 YTPYAHEHUM IIiJIBEACHHIM
KHUBJICHHS 10 KOMIIOHEHTIB CUCTEMH O€3MEKH.

Hns pimenns nepuioi npobiemu BrpoBamkeHHs [COB Ha ciTbChKOTOCIIOAAPCHKUX i IPUEMCTBAX
3aJMIIAETHCS €IMHUNA BHXiJ, SKUH IONSTAaE y BUKOPHCTAHHI OE3APOTOBMX TEXHOJOTIH Al moOyaoBU
TeNneKoMyHikaliiHoi iH}ppacTpykTypH, Hanpukian, Mmepex 3a cranaapramu IEEE 802.11x ta [EEE 802.16x,
MPOIyCKHa 3AaTHICTh sAKkuxXx (>10 MO/c) mocratHs mins BukoHaHHsS 3aBianb ICOB. Ajne mnpu oMy Cinij
BpaxoByBatu Apyry npootsiemy, ctannapt IEEE 802.11x y 6a3oBoMy BapiaHTi 3a0e3redy€e MEHIIY BiJCTaHb
(mo 300 m) mix By3namu mepexi Hixk crangapT IEEE 802.16x, skuii 3a0e3neuye BiACTaHb MiX By3JIaMH
pamiomepexi 1o 50 kM. O6magnanas cranaapry IEEE 802.16x He Moxe MpaifoBaTH BiJi aBTOHOMHHUX
JDKepesl KHBIICHHSI Yepe3 BHCOKE CIIOXKHMBAHHS €HEprii, mo 0OMeXy€e BUKOPUCTAHHS JaHOTO CTaHAAPTY y
posnoainenux ICOB 3 Bkazanumu npoGiiemamu. B Toif e dac, cydacHe oOnagHaHHsl, SIKE pealizye cTaHaapT
IEEE802.11x, xapakTepu3yeTbCs AyK€ HHM3bKHUM CIOXHMBAaHHSIM €HEprii, o I03BOJMIO BOYIOBYBaTH
MIATPUMKY IbOTO cTaHaapty y MooOiunsHI mpuctpoi (KIIK, cmaprdonu, mudposi kamepu Ta iHIIe) Ta
MPOMHUCIIOBI KOHTPOJIEPH 3 aBTOHOMHUM XHBIICHHAM. KpiM TOro, y cranmapti nepeadadyeHo mepekIroueHHs
CTaHUill y MacCUBHUHN PEXUM 3 MiHIMAJILHUM CHOKMBaHHSIM €HEPTii.



74

Posrnsaemo crmocoOu mifBHINEHHS BiacTaHi Mk Bysiaamu Mmepexi IEEE 802.11x (0e3 3HadHOro
30UTBIIIEHHS CIIO’KUBAHHS CHEPTii):

- BUKOPHCTaHHS BY3bKOHANpAaBICHUX aHTEH, IO JO3BOJMTH 30UNBLIMTH BiACTaHb 0 KUIBKOX
KUJIOMETpiB;

- BHUKOPHUCTAHHS PETPAHCIATOPIB I 3a0e3medeHHs 3’ €qHaHh MiX IBOMA, HAWOLIBIN BiIdaJICHUMH
BYy3JIaMU;

- moOynoBa CTUILHUKOBOI apXiTEeKTypH MepexKi.

OcranHi JBa CIIOCOOM MOXYTh 3a0€3MEeYNTH NMPAKTUIHO HeoOMekeHe MOKPHUTTA. lIpu cTimpHUKOBIi
apxiTEKTYypi mIe 3a0e3nedyeThes MBHUAKA peKoHDIryparist TeneKkoMyHikariitHoi iHppacTpykrypu [COB.

PosrnsHemo  TumoBy — TenekoMyHikauidHy —iHQpacTtpykTypy ICOB  CimbCBKOrOCHOAapCHKOTO
nianpuemcta (puc. 1). s nporo BBeieMO HACTYIIHI IO3HAYCHHS:

of of on RO

Puc. 1. Tunoa TenexomyHikaniiny iHppactpykrypy ICOB cinbcbkorocmnonapchbKoro mianpueMcTBa

AIK — aBTOHOMHHUH 1HTENEKTyaTbHUH KOHTPOJIEp (3 aBTOHOMHHUM KHBIICHHSIM );

CIK — crariioHapHH# IHTEIEKTyaJIbHUH KOHTPOJIEP;

J1 — naT4uk.

Sk mokazano Ha puc. 1 y 3ampomoHoBaHii TI B skocTi 0a30BOi Mepeki MPONOHYETHCS
BUKOPHUCTOBYBaTH 0e31poTOBY Mepexky 3a cranaaptoM IEEE 802.11x. Ha koxxHOMY 00’€KTI HiANPUEMCTBA
BCTAHOBIIOEThCS | 4YW Ounblie (B 3a€XKHOCTI B TEOMETPUYHHUX HOTO PO3MIPIB) 1HTEIEKTyalbHHX
koHTposepiB (IK), npuzHaueHHS SAKUX MOJATAE Y HACTYIHOMY:

- KepyBaHHS IMiJJKOHTPOJIBHIMH JIaTINKAMH,

- KOHTPOJIb MpaIe31aTHOCTI 00IaHAHHS;

- peTpaHCIAIis JaHUX 3 AaTYHKiB (Bijeokamep) abo OMOBIIIEHHS PO CIIPAIIOBAHHS JaTYHKIB;

- iHIIi, J0AATKOBI (PyHKII{, HATPHUKIIAA, KOHTPOJb po3psaay OaTapei aBTOHOMHUX KOHTPOJIEPIB.

IHTeneKTyanbHi KOHTPOJEPU NPEACTABIAIOTh COOO0K BHCOKOIHTEIPOBAaHI MIKPOKOMIT'IOTEpH a0o
CHCTEMH Ha KpUCTali 3 iHTerpoBaHuM KoHTposiepoM WiFi Ta inTepdeiicoM, HU3bKUM CIIOKMBAaHHSIM €HEeprii
Ta BiacyTHicTIO MexaHiyHuxX yacTuH (HDD, aktuBHE oxonomxeHHs Ta iH.). B sikocTi omepauiifHOi cuctemMu
KoHTpoJepiB ciix BukopuctoByBatn OC Linux, sika 3aBantaxkyetbest 3 Flash-drive. Tak xoudiryparis 1K
JIO3BOJINTH PEai30BYyBATH JOBUIbHY (QyHKIIOHANBHICTE K, B TOMy 4mcCIi, TIEpEHECTH YaCTHHY MPOIEIYp
00poOku nanux natuukis Bif cepBepa ICOb no IK, mo 3am3uTh 3aBanTaxkenns mepexi ICOb ta nogatkoBo
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3MEHIIUTH criokuBaHHs eHeprii AIK 3a paxyHok Toro, mo koHTposep WiFi Oyae Oijibliie 4acy 3HaXOIUTHCh
Yy TaCHBHOMY CTaHi.

BucHoBku. 3anponoHoBaHa TelIEKOMYHIKaIliiiHA 1HPPACTPYyKTypa IHTETPOBAHUX CHUCTEM OC3IECKU
CLIBCBKOTOCMONAPCHKUX MIAMPUEMCTB Ha OcHOBI Mepexi 3a cranmaprom [EEE 802.11x (WiFi) Ta
BHCOKOIHTETPOBAaHUX 1HTEJEKTYaJbHUX KOHTPOJIEPiB. 3amporoHOBaHa iHPPACTPYKTypa M03BOISE BUPIIIIATH
mpo0iieMy po3ropTaHHs TelekoMyHikamiiaol Mepexi I[COb Ha mmomax BeMWKUX po3MipiB, Ha SKUX CKIIaTHA
ab0 He MOXJIHMBa MpPOKIagKa KabeJro. BukopuctanHss B JaHid iHQPacTpyKTypi aBTOHOMHHUX
IHTeNeKTyallbHUX KOHTpoJepiB 3a6e3neunth MOKpUTTS [COb 00’€KTiB Ha SKMX HE MOXKIUBO 3a0€3MeYnTH
JKUBIICHHS 00JIaIHAHHSI.
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YK
ITYHYEHKO H.O.
OJIATPS (YKPAIHA)
DO®OPMYBAHHA JJAHUX 3BOPOTHHOI'O PO3CIFOBAHHA EXOJIOTA IK YMOBA
VHIBEPCAJII3ALIII HABITALIITHOT BE3IIEKU

Obpobka inghopmayii ompumana 6i0 6Oazamo npoOMeHeB8020 exonoma KA peanizyemvci 8
eiopoepadiunux — cucmemax, OCHOBHA YacmuHa AKOi GiOHocumwvcs 00 bamumempis.  Cyuachuil
bazamonpomeHesii exoiom ModHce 00380IUMY OMPUMAMU MAKONC OAHI 360POMHO20 PO3Cil08aHHA. B danuii
yac Hemae CMAaHOAPMHO20 NiOX00y 01 00pobKu ma inmepnpemayii OAHUX 360POMHO20 PO3CIHOBAHHSL
bazamonpomenegux exonomie. Qipmu-po3pooHUKY exoIomie UKOPUCTIOBYIOMb GIACH] MEMOOU NePEUHHOT
00pobKU § NPONOHYIOMb PI3HI Memoou 8i3yanizayii yux Oauux. J{aui 360poOmHO20 pPO3Cil08aHHS, 3I0paHi 3a
donomozoro cucmem 06a2amonpomMeHe8o20 exoiomd, € MNOXIOHUMU 8i0 IHMEHCUBHOCMI 380POMHO20
PO3Citosaniss, abo K8AOPAMHO20 KOPEHs, SIKULL € MUMMEBOIO AMNIIMY 010,

st Toro, mo6 B JgocTaTHIM Mipi 3a0e3meunT Oe3MeKy CyAHOBOJIIHHS, HEOOXITHO BIOCKOHATIOBATH
BHMIpIOBadi TIMOWHH, 1 OCOONMBY yBary NMPUALISATH ITiJBUIICHHIO OCHOBHHX XapaKTEPUCTHUK HaBIiraIiiitHIX
3ac00iB BUMIPIOBaHHS TIMOMHH: TOYHOCTI TOKa3aHb 1 BAUMIPIOBAaHb, CTYIIEHS aBTOMATH3allii, HAJIMHOCTI,
TepMiny ciayx6u [1]. BaraTtompoMmeHeBHI €XONOT € OJHMM 3 HalleeKTUBHIIIUM IHCTPYMEHTOM IS
KapTorpadyBaHHSI MOPCHKOTO 1 PIYKOBOTO JHA. Y HUX € MOXKIIUBICTH 30MpaTH OaTUMETpHUIECKHe NaHi i JaHi
3BOPOTHOTO PO3CIFOBaHHS OJHOYACHO B IIMPOKIHA CMy3i OTJISIAY i 3 BUCOKOK) PO3AUTBHON 3MaTHIiCTIO. Lls
(YHKIIST MOKE JTO3BOJMTH BUPOOJSATH €KOHOMIYHO e(EeKTHBHE KapTorpadyBaHHS MOPCHKOTO i PiYKOBOTO
JTHA, BKJIIOYAI0YX MOXKJIUBICTh TUCTAHIIAHOT KJIacU(iKallii pi3HUX THITIB JTHA.

[epmum mocmigHAKOM, KU 3MIT MMOKa3aTH MOTEHINal JaHUX 3BOPOTHOTO PO3CIFOBAHHS, OTPUMAHUAX
3a JIONIOMOT'O0 0araTOMPOMEHEBOr0 €X0J0Ta 3 METOK Kiacudikaiii qoHHux omafiis, 0yB [le-Myctee [2].
[Hma rpyna mociuigHuKIB [3—5] 3MOIJIM PO3BHHYTH METOAU OOPOOKM JIJaHMX 3BOPOTHOI'O PO3CIFOBAHHS IS
HU3bKOYACTOTHHUX 0araTOmpOMEHEBHX €XOJOTIB.

XapakTeprUCTHUKH MOPCHKOTO 1 PIYKOBOTO JHA 32 TAHUMU 3BOPOTHOTO PO3CIIOBaHHS, 110 HE CIIOTBOPEHI
rnapaMeTpaMH €XO0JIOTa, IPaloTh YK€ BEIUKY POJb Ul BHBCICHHS TeOMOPQOJIOTIYHUX 1 (i3UWIHHX
BJIACTHBOCTEH MOBepXHi AHA. [ Toro, 1mod 3actocyBaty OJWH 3 METOIIB, SIKUHM 3aJI0OBOJIbHSE Ha JaHWMA
MOMEHT OOpOOKH JaHWX, HEOOXiTHO 3HATH BCl MapaMeTPH €XOJIOTIB IO BiTHOIIEHHIO 10 TAaHUX 3BOPOTHOTO
PO3CitOBaHHS 1 METO/IM 3AIHUCY LIUX JaHUX.

BumiproBanHsT 6araTonmpoMeHEBHM €XO0JIOTOM TOKa3aHi Ha puc. 1. 3amTpuxoBaHi 007acTi —MpoeKIil
MepelaHoro 1 MPUHHATOrO MPOMeHiB Ha JHO. [Ipoexiii mepemaHoro i MPUAHATOTO MPOMEHIB — OCHOBHI
MIETFOCTKH JliarpaMu  CIIPSMOBAaHOCTI Ha JHO BKa3aHI y BWIVIAI 3amTpuxoBaHuX obmnacredd. Ilmsama
3aCBIUEHHS €XO0JIOTa CPOPMOBAHO 30HOIO IMEPEKPUTTS JBOX obOusacteil. [lepepuByacti JiiHIT BKa3ylOTh MEXI
JTHa, 03ByYE€HI IPSIMOKYTHAM IMITYJTLCOM €X0JIOTa B TIEBHUI Yac

Pucynok 1. BumiptoBaHHs 3BOPOTHROTO PO3CIIOBAHHS

3 KOXHHMM TPUHHITAM TPOMEHEM €XOJIOT «OTJISIae» TeBHY AUISHKY JTHA, OOMEKEHHH HAKITaJCHHSIM
MPOEKLi BiANpaBICHOrO 1 NPUHHATOrO NPOMEHS, SKE€ HA3WBAIOTh IUIIMOIO 3acBiueHHA. OIHOPa30BO
OCBITJIEHY IUISHKY JHA, IO BifoOpa)kae €XOo-CHTHal €X0JI0Ta Ha3aj Ha MPUUMallbHY aHTeHY, OOMEeXeHUi
TPHUBAJICTIO BIANPABISETHCS IMITYJILCY 1 Ma€ KUTbIENOAIOHY (OpMY 3 30BHIIIHIM 1 BHYTPIIIHIM pajiycaMu
(r11 r2 BiamoBiaHO). Lli pamiycu 3MiHIOIOTBCS 3 4aCOM tr, BUYEPIIaHUM 3 MOMEHTY BiJIITPaBKH.

Mertomu 00poOKM CHTHATIB, 3BOPOTHBOIO pO3CiIOBaHHS 3 BOJHOI TOBII, omucaHi [6]. Komu
0araTonpoMEHEBUM €XOJIOTOM PEECTPYEThCA MOBHHH €XO-CHTHaJl i BHUKOPHUCTOBYETBHCS AJsi OOpOOKH, TO
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HEOOXITHO TO3MITIOHYBAaTH «KOHBEPTH» 3BOPOTHHOTO PO3CIIOBAaHHS 3 BUKOPHUCTAHHSIM OaTiMETpidecKix
BUMIPIOBaHb 1 €KCTPAryBaTH iX JJIsl pO3paxyHKY XapaKTePUCTUK 3BOPOTHHOTO PO3CIIOBAHHS JIHA.

Jns 0OpoOku JaHWX 3BOPOTHHOTO PO3CIIOBAHHS BU3HAYAIOTBHCS X, Y, Z TOJIOKEHHS LEHTPY IUIAMH
3aCBITKM KOXKHOTO TPOMEHS, KOXKHOI TOCHJIKH €XOJIOTa, AKi 3a3BHYail pealli3yloTbCs B MPOrPaMHOMY
3abe3nedeHH] 11 00poOKkH OaTiMeTpideckiXx maHuxX. OmuH 13 crmoco0iB 00pOOKHN MOPCHKOTO JTHA TOJIATAE B
obumncieHHl KoedillieHTa 3BOPOTHOTO PO3CIIOBAHHS TOBEPXHI (CHJIa 3BOPOTHOTO PO3CIFOBAHHS IHA) IS
KOXKHOTO MPOMEHS, 1HIIWI - B CTBOPEHHI TiIPOJIOKATOPOM OiYHOrO OrJISIAY-NOAIOHUX PSAiB AJIST IPOMEHIB
MpaBoi 1 JIBOi YacTHH PO3KPUTTS €XoioTa abo 3 OIYHOTO OrjsiAy - MOmIOHWX JaHWX, CHHTE30BaHUX
€X0J0TOoM, a00 3 KOHBEPTIB 3BOPOTHOTO pO3CifoBaHHA AHA. JIJIT OTpUMaHHA MO3aiK 3BOPOTHHOTO
PO3CilOBaHHS JHA 3 MEPEKPUBAIOTHCS NAHUX €XO0JI0Ta, OepeThcs 10 yBarkM i KOMIEHCYETHCS BIUIMB KyTa
MaJiHHS Ha CHJIY 3BOPOTHBOTO PO3CIFOBAHHSI.

HeobxigHo mpoBoawTtn KamiOpyBaHHS CHCTEMH OaraTOIpOMEHEBOTO €XOJI0Ta, OCOONHMBO IS
BU3HAUYCHHS KOC(II[iEHTa MOCHIICHHS OKPEMUX MPOMEHIB 1 CUCTEMH B IIJIOMY, CMYTH 4acTOT TpaHablocepa i
¢dbopmu puiManbHi i HepeaBalibHOI AiarpaMH CIPSMOBAHOCTI.

st oTprMaHHS TOYHOTO BHUMIPIOBaHHS CHIJIM 3BOPOTHBOTO PO3CIIOBAHHS JHA 1 1X KyTOBI 3aJIEXKHOCTI
HEOOXiTHO 3HATH: SKWHA BUJ aKyCTUYHHX XapaKTEPHCTUK CUTHAIIB 3BOPOTHHOTO DPO3CIIOBAHHS: OTHHAE,
IHTeHCHBHICTh a00 piBeHb B Ab (QakTHYHO 3amHCyeThCS amapaTHUM 3a0e3MeucHHAM €XO0JIOTa; SKHH BUJ
00pOOKHM 3aCTOCOBYETHCS JI0 TOHY 3BOPOTHBOTO PO3CIFOBAHHSA 32 JIOTIOMOTOI0 arapaTHUX 3ac0o0iB €X0JI0Ta 10
peecTparlii 1aHuX.

ANTOPUTM BHMIPIOBaHHS 3BOPOTHBHOTO PO3CIIOBaHHS MOBHHEH OYyTH CKOPUTOBaHUH BIAMOBIAHO IO
XapaKTepUCTUKAaMH 3BOPOTHBOTO PO3CIIOBAHHS, 1[0 PEECTPYETHCS €XOIOTOM.

3. Ilpu 300pi JaHWX 3BOPOTHHOTO PO3CIIOBAaHHS IMOBHHHI OyTH OOpaHi MOTYXHICTh, KOE(IIi€HT
MOCUJICHHS, JOBXKHHA IMITyJIbCY, 00 (DaKTHUHI XapaKTEPUCTUKY CHTHAJTY BiJMOBINANM OYiKYBaHHSM Bij
HAJIAIITYBaHb 1 IapaMeTPiB CUCTEMHU.

BucHoBku . JloBXkHHA 300pakeHh MOPCHKOTO JTHA MO KOYKHOMY TPOMEHIO HEJOCTATHS, 0COOIHMBO IS
BEPTUKAIBHUX TPOMEHIB, Ji¢ CKJIAJA€ThCS BCHOTO JIHMINE 3 JCKITBKOX BHUMIPIOBaHb, TaK IO BOHH HE
BKJIIOUAIOTh B ceO€ MOBHUH €XO-CHUTHAJ 3BOPOTHBOI'O PO3CIIOBaHHA JHA. 3BIJICM BHUIUIUBAE 110, CHEPTis
3BOPOTHBOTO PO3CIFOBaHHS HE 3MIpsTH TO4YHO. J[7si oTpriMaHHs aOCOJIOTHUX 3HAYEHb CHJIM 3BOPOTHOTO
po3citoBaHHS JHA HEOOXITHO 3HATH 3arallbHUU KOE(IICHT IMOCUICHHS CHCTEMH, JJIS BCIX MPOMEHIB 1 A
3MiH MK OKpEMHUMHU MIPOMEHSMH, Ha SIKMI BIUIMBAE T€OMETPIisl TpaHablocepa 1 popMyBaHHS MPOMEHIB.

3BiJICH BUIUIMBAE 10, HEOOXITHO MPOBOIUTH KaIiOpyBaHHS JUI BU3HAUCHHS 3arajbHOTO CUCTEMHOTO
MOCHJIEHHS 1 HWOro 3MiHM MK OKPEMHUMH [POMEHSMH TIPH HEOOXiTHOCTI BHKOHAHHS BHMIPIOBaHb
a0COJIOTHUX 3HAYECHb CHUJIM 3BOPOTHHOTO PO3CIFOBAHHS MOPCHKOTO 1 PIYKOBOTO JTHA.
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[TPUHLIWIIN TTOBY JOBU MOJIEJII ITPOEKTHUX KIBEP3AI'PO3 SIIEPHOI BE3IIEKU

Pegepam. Haspina nacanvna npobaema 3abesneuenns Kibepoesnexku s0epHux o00’ekmie, ska
VCKNAOHIEMbCA 8enukor Kinvkicmio e3aemoolitouux ACY TII, cucmemamu ynpagninHa ma 06a3 OaHUX.
Iumanns ¢opmysanna nepeniky 3azcpo3 s0epHOMY 00’€kmy Ul mooeni Npoekmuux 3azpo3. IlIpunyunu
Gopmyeanns mooeni nPOeKMHUX 3a2po3, AKUX NOMPIOHO OOMPUMYEAMUCL HA 6CIX emanax dHCUMMmeBO20
YUKy 510epHo20 00 ekma.

Hocmanoexa 3adauwi. Y pnomnoBigi Ha BceecBiTHbOMY ekoHOMIuHOMY ¢opymi 2016 poky 1I0a0
KiOepOe3rmekn MUBUTBHUX siAepHUX 00°ekTiB (S10) 3a3HadeHO: «BUKIMKH KiOepOeslneKd CTajad OTHOKI 3
KIIFOYOBHX IMPOOJIeM B ycix cekropax. CTpIMKHWI Tporpec y HApOII[yBaHI IOTEHIIaly MPOAKTHBHHUX
kibepormepalii Ta pi3Kke 3pOCTaHHS KUIBKOCTI IHIUACHTIB KiOepOesnekn Ha 00’€KTaX BHMAararoTh
HEBiAKIAAHUX BiAmoBimHMX 3axofiB. ... Koxen cumoBuit 6mok Ha AEC ocHalieHud JIeKinbKoMma
migcucreMamu ACY TII (ACY TeXHONOTiYHMMH IIpollecaMu), sIKi HEOOXiOHO 1HTerpyBaTH MiX co0oro, a
TaKOX 3a0e3MeuuTy Oe3MneKy i CyMiCHICTh 3 KOPIIOpaTUBHUM NporpaMuuM 3a0e3nedueHnsM (pam — [13), ske
BIJITIOBi/Ia€ 3a MPOIECH YIPaBIiHHSA Ta 300py AaHuX [1]».

B [2] BigmideHo 3 omHOTO 60Ky BaknuBy posib MAI'ATE 3 nutans ¢hopMyBaHHS MEpENiKy MPOSKTHAX
3arpo3 S0, a 3 inmoro 3a3naveno, mo «7o0 2009 poky cepen nokymentis MAI'ATE ne Oyo skomHOTO, SIKUHA
OyJs10 O MPHUCBSIUEHO MUTAHHIM KiOepOe3meKkm».

HayxoBi mpami BiTYM3HSHUX BuYeHHX, cepis mokymeHTiB MAI'ATE Ta iHmmx opranizamiii, o
omy6nikoBaHi micist 2014 poky, TpOBOAATH MIPUHIIAIT KOMIDIEKCYBaHHs KibepOe3neku 3 (pi3uvHOI0 SIIepHOI0
oesnekoro (SIb) [3 — 5]. MAI'ATE mnouano akTHBHE BpaxyBaHHs I[UTaHb KiOepOe3MeKku MpH BU3HAYCHHI
npoekTHUX 3arpo3 (NSS 10). [nmmMu cnoBaMu — rOJOBHA T CUCTEMHU KiOepOesreKku, cepesl iHIIoTo, 1e
3aXUCT BiJl Kibep3arpo3 cuctemu 3abe3neuenss SIb. HeBpaxyBaHHS CHHEPTiHHOTO MiIXOMdy, SIKUM OCTaHHIM
4acoM IMPOSIBUB CBill PO3BUTOK [6, 7], 10 MOJIeNi 3arpo3, aHajli3y PU3UKIB, €UHOI METOJI0JIOTIT OIliHIOBAHHS
0e3MeKkn CHCTEM TEXHOJIOTIYHOTO Ta aJMiHICTPaTUBHOTO YMPABIiHHS Y CTAaHIApTaX SIEPHOTO CEKTOpYy He
JI03BOJISIE TIPOAYKYBATH BiJIIIOBI/IHI TIONITHKH, a/IEKBATHI ITIIXOM Ta 3aX0JH i3 3a0e3MeYeHHs KiDepOe3neKu
Ta (hizuuHOI sepHoi Oe3neku (KibepdiznuHoi saepHoi Oe3nekn). TpynHomIi, 110 BAHUKAIOTH IPYU OTPUMAaHHI
rapMOHI30BaHUX MiX COOOI0 MOJeJieil NMPOEKTHUX 3arpo3, BUMAararoTh TIMOOKOI HAyKOBOI 1 METOAWYHOL
MPOPOOKH.

Haeanvna 3a0aua mnonsrae y po3poOni npuHImIB (GopMyBaHHS MOJENi MPOEKTHHX 3arpo3, SKHX
MoTpiOHO JOTPUMYBATHCH HA BCIX €Tarax >KUTTEBOTO IUKITY SJEPHOTO 00’ €KTa.

OcHosHa yacmuna GUKIAOeHHsT Cymi 00CaiOdcenHs. 3BaXKaloul Ha CIEU(IKy, 0OCOOIUBOCTI 1 BUCOKY
noTeHniiHy HeOesrmeunicth S0, Ha BCIX eTamax <OKUTTEBOTO LHUKITY» HEOOXiHO AOTPUMYBATHUCh TaKUX
MPUHIMITIB, OIBIIICTE 3 SIKUX 3aKPIIJIeHI HOPMAaTUBHO-3aKOHOJIABYNMH aKTAMH:

1. «JloTpuMaHHs TPUHIHMIIB KyJIbTYpH O€3MEKU JOCITAETHCS MUIIXOM BCTaHOBJICHHs Tpiopurery b
HaJ] eKOHOMIYHUMH Ta BHPOOHWYHMMH IIUIAMH ... 1 TIOB’s3aHiI 3 HEOOXIIHICTIO BCEOIYHOI OIIHKH OE3MeKH
[8]». BigmosigHo miii kibepOe3neku MaroTh OyTH TiANOpaAKoBaHi M b, a IpUiHATTS pilieHh TOBUHHO
3MIACHIOBATUCH BUKJIFOYHO B iHTepecax f1b, a Bke MOTiM B iHTEpecax 3a0e3IeueHHs] HENepEePBHOCTI Oi3HeCy
Ta 1HIINX LiJIeH..

2. Npunounu anpoOOBaHOCTI MPOrpaMHUX W iH)XKEHEPHO-TEXHIUYHMX MPAKTHUK, KOHCEPBATHBHOTO
MiAXOMy Ta BpaxyBaHHS HOBHX HAyKOBO-TEXHIYHUX JaHUX. [IpUHIMIY anpoOOBaHOCTI BiIIOBIJAIOTH,
Hanpukiaj, raxyzesi COY mono indopmaniiiHoi Oe3nexkn HarionansHoro 6anky Ykpainu, moOymoBaHi Ha
0asi mibkHaponHux cranaapris cepii ISO/IEC 2700x.

3. TlpuHnmnu akTyanbHOCTI Ta e(heKTUBHOCTI. Mera cHUCTeMH KiOepOe3leKH «rapaHTyBaTH, IO
ABTOMATH30BaHI CUCTEMH Ta KOMYHIKAIIMHI MepeXi, HEOOXIIHI I HaIIHHOrO MOCTa4YaHHs €JICKTPOCHEPril
y KpaiHi, pO3yMHO 3aXHIIEHI BiJ] aTak i3 pi3HOMaHITHUX KMOBIPHHX JKepell 3arpo3, a TAKOXK MiATPUMYETHCS
KHUTTE3AATHICTH Ta €PEKTHBHICTh TAKOTO 3aXHUCTy». Lle JocsraeTbes KOMIUIEKCHUM BIIPOBA/IKEHHSIM Pi3HUX
3aXMCHUX 3aXOJ[iB, OpTaHi3allifHUX 1 TEXHIYHUX, YMPaBIiHCHKUX Ta IOPHIUYHUX, 3aCTOCOBAaHUX ¥
MPaBWIBHUH Yac 1 y IpaBUIILHOMY MICTI 1 JIMIIe Ticis BceOIYHOTO BUBUEHHS 00’ €KTIB 3aXHCTY Ta PU3HKIB

[2].
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4. IpunHuun anTpono-ueHTpuuHocTi. CepenoBuile Oe3MeKy BKIIIOYAE BCI 3aKOHH, MOJIITUKH OC3MEKH
oprasizaiiii, ToCBij, CIieniaabHi HABUKH Ta 3HAHHS, JUIA SIKWX BUPINICHO, III0 BOHW MAlOTh BiTHOIIECHHS 0
Oesmeku Ta 3arpo3 Oesmeku. Jlo yBaru ciii mpuiiMatd BCi PI3HOBUAM 3arpo3, ajie HaWOUIbIly yBary
NPUIIIAIOTh 3arpo3aM, SIKi MOB’sA3aHI 3 HABMHUCHUMH YW HEHABMUCHHMMH AisiMH JroanHU. Came ocTaHHI
3arpo3u HeCyTh HETONpPaBUMi HACTIAKH [7].

5. IlpuHIIATT KOMITICKCHOCTI, IHTErpamii Ta KOHBEPIeHIii BUAIB Oe3mnek 3 smepHoto Oesmexoro AEC.
TpaHcrpaHuuHICTh aTak, cKiIagHicTh BHYTpilmHBOI IT- iH(pacTpykrypum SO Ta BHCOKa IHTEHCHBHICThH
MOTOKIB JAaHUX BUMAaraloTh KOMIUIEKCHOTO Ta BCEOXOIUTIOIOYOTO MIAXOAy MO0 KidepOesmeku, SIKui
NPUHIUIIOBO BUXOAUTH 32 PaMKH TUIBKU JIMIIE pearyBaHHS Ha IHIMICHTH. [lepen yciM BCTAHOBIIOETHCS
B3aeM03B’ 5130k Oe3nexku AEC 3 ¢isnuHoro Oe3nexoro. Bumora 8 3 [9] BcTaHOBIIOE: «3ax0/u 13 3a0€3MCUeHHS
Oesneku, ¢iznunoi b Ta MexaHi3Mu Ui JIepKaBHOI CHCTEMH OOJIiKYy Ta KOHTPOJIIO SAEPHOrO MaTepiany
TIOBUHHI PO3POOJIATHCH Ta 3MIMCHIOBATHCH HA KOMIUICKCHI OCHOBI TakWuM YHHOM, OO OJHI He
3I1HCHIOBAIMCH Ha MIKOAY JPYTHMY.

OpnouacHo nie BuMora 64 3 [9]: «B3aeMOBIIIMB cHUCTeM 3aXHCTy Ta cucTeM ympasiiHHS Ha AEC
MOBMHEH OyTH TONEpeKEHUM 3a IOMOMOTOI0 TOJUTYy, HUISXOM BHUKJIIOYEHHS B3a€EMO3B’S3KiB abo
3a0e3redeHHs BiAMOBIMHOI (YHKITIOHATBHOT He3alneXHOCT». OOroBoproeThes iHTerpamis O6e3nmexu 110 B
cucremy ¢izmunoi b [10], areHTcTBO poO3po0isie noAaTKOBI KepiBHI Martepianu 3 ¢izuunoi Ab, ski
CTOCYIOTBCSI KOMIT ToTepHOi Oe3neku. Y Matepianax koH(pepeHiii MAT'ATE [11, 12] BiamiueHi Tpu HanpsMu
3abe3reyeHHs KibepOesneky, SKi € BaKIMBIMH CKIIaJIOBUMHU 3abe3meueHHs Oesmnexu S0:

- xibepbesneka ACY TII 510.;

- KibepOe3neka iHPOpPMaIiTHAX Ta KEPYIOUNX CHCTEM.;

- kibepbesmeka cuctem (izumanoro 3axucty 0.

6. [TpyHIMT QYHKIIOHANBEHOI MOBHOTH 3aXOJiB 3aXucTy. Tpu HampsMu 3abe3nedeHHs KibepoOesneku,
BaIUBI s 3a0e3neueHHst Oesnexu 0. Ane wi TpW HampsiMH He CKIAAalOTh (DYHKIIOHAJIHHO MOBHOI
cucremu 3abesnedeHHs kiOepOesnekn AEC. O6’ektom 3abe3mnedueHHs KibepOe3meku crae KibepmpocTip.
Moro BaxiMBi CKIAMOBi: Ii¢ JOKaIbHI iHMOPMALiiHO-KOMYHIKALiiHI CHCTEMH Ta TeleKOMyHiKaliiiHa
cucTeMu. TeJIeKOMYHIKAIlIifHEe CEPEIOBUIINC CTBOPIOE IEBHI MpoOJeMH OE3MEeKH 1 € JPKEepPesioM 3arpos.
KiGepaTaku 31iHCHIOIOTECS Yepe3 TeIeKOMYHIKalliiiHi CHCTeMH, MPSIMO, UM OTIOCEpEIKOBaHO uepe3 (e,
abo depe3 MOOULTBHI TenedoHH, MITKIIOYEHI 3 METOI0 MiI3apsAKH 10 alapaTHUX 3aco0iB JIOKAIbHOT
obuncmosanbHoi Mepexi AEC.

Bucnosok. BpaxoByroun Kpaii MpakTHUKH, Pe3yJIbTaTH YUCICHHUX TOCIIIKEHb y cepi 3a0e3nedeHHs
KiOephizndHO1 snepHOi Oe3neKH Ta BIacHOTro aHallizy npobsiem Oesnexd SO, cTBOPEHO Nepeltik NPUHLUIIB
(bopMyBaHHS MOJIEINI TPOSKTHUX 3arpo3, SIKMX MOTPIOHO JOTPHUMYBATHCh HA BCIX €Tarax >KUTTEBOTO LUKITY
SEPHOTO 00’ €KTa 1 SIKi JO3BOJISITh CTBOPIOBATH aJIeKBAaTHI MOJIeNi CHCTeM KiOep(hi3n4HOT sepHoi Oe3MeKy.
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V]IK 004.052.42 5
MAPTOBULBKNU B.O., 3ATIOPOXELIb H.O., BPAKIHA K.II.
XHYVYPE (Ykpaina)

METOUKA MOHITOPUHI'Y CTAHY ®YHKIIOHYBAHHA PO3IIOJAUIEHUX KOMIT'FOTEPHUX
CUCTEM

3anpononosarno memoouxy MOHIMOPUH2ZY OJisk OYIHKU CIAHY PO3NOOLIEHUX KOMA TOMEPHUX CUCEM 34
00nOMO2010  pO3pOOIeHOT  MyabmuaceHmuol  cucmemu  MoHimopuney. Onucamo noemanHo NPUHYUn
yHKYiOHY8AHHS OAHOT MEMOOUKU.

IHocTanoBka npodaemu. CTpiMKHii pO3BUTOK Cy9acHUX iH(OPMAIiHHUX TEXHOJOTIH TMPU3BIB 10 TOTO,
mo iHQPacTPyKTypa KOMIT'IOTEPHHX MEPEeX YCKIaAHWIACSA, a MOTOKM JaHWX y HHUX 30iipmmiucs. B
posnoninennx komm toTepHux cucremax (PKC), sxi 0a3yroTbes Ha KOMITIOTEPHHX Mepexkax, depe3 Le
BHHHWKa€e mpobiema yactux 300iB y ix mpame3garHocti. Came TOMy BHHHKA€ HEOOXIIHICTh 3aCTOCYBaHHA
e(eKTUBHUX CHOCO0IB MOHITOPHHTY 3a (YHKIIIOHYBaHHAM PO3MOAUTEHUX KOMIT IoTepHHX cucteM. CyThb
MOHITOPHHTY ToJisirae B 300pi HeoOXinHOI iH(opMaii Ta 11 perenbHOMY aHami3i. PerynsphHe mpoBeaeHHs
JAHOTO KOHTPOJIIO 3a0€3[eUNTh CBOE€YACHE BUSBICHHS Ta YCYHEHHsI IOMUIIOK, 1110 BUHUKAIOTh B X011 poOOTH
PKC. I xo4a 3apa3 icHye Benmnde3He Pi3HOMAHITTS CHCTEM MOHITOPUHTY, BCE OJIHO BHHHMKAE HEOOXIAHICTH
PO3pOOKH HOBHX METOAWK MOHITOPUHTY CTaHy (YHKIIOHYBaHHS PO3IOJIJICHUX KOMII'IOTEPHUX CHUCTEM,
OCKUIBKH BUMOTH JI0 SIKOCTI 3a0e3mneueHHs iHQopMaIliiHOT O3MEeKH y KOMIT FOTEPHHUX CUCTEMax 3pOCTal0Th.
3 orismy Ha Bce BHINECKa3aHE PO3poOKa METOIMKH MOHITOpHWHTY ans omiaku ctany PKC 3a momomororo
MYJIBTHAr€HTHOI CHCTEMH MOHITOPUHTY € IOCUTh aKTyaJIbHOIO MPOOIIEMOIO.

OcnoBHuii martepian. Hapiiina cucrema MoHITOpUHTY, QYHKIII SIKOI MONSTAIOTh Y 300pi METPUK,
Bi3yamizallii JaHWX Ta TOMEPEHKeHHI OmepaTopiB Mmoo 300TB — Ii¢ OJHA 3 HAWKPAIINX MOXIINBOCTEH
OTpUMaHHA iHGOpMAIIi]l PO Mpare3JaTHICTh Ta IPOAYKTUBHICTh cucTeMu. Lls iHdopMmartis Bimirpae BemuKy
poJib y 3a0e3reueHH] HaaiiHOT poOOTH TOAATKIB 1 MOCIIyT. 3aBIsAKU Iii iHhOpMaIlii KOMaHa MOXKE BYACHO
pearyBaT Ha MpoOJIeMH, 1110 BUHUKAIOTh, a PO3POOHNKH MOXYTh BHOCHTH HEOOXi/IHI 3MiHU B KOH(DIryparii.
Tomy mns ominku crany PKC 3a momomororo po3po0iieHOi MyIbTHAareHTHOI CHCTEMH MOHITOPHHTY Oyia
CTBOpEHA METOJMKAa MOHITOPHHTY. JlaHa METOAMKA MOJISIrac y BU3HAYCHHI YMOBH 1 TIOPSIIKY OIIHKH CTaHy
PKC 3a 101moMoror MyJibTHAreHTHOI CHCTEMH MOHITOPUHTY, JETaJbHO ONMUCaHOi B podoTax [1-4]. OriHkoro
crany PKC 3a nmanoro meroamkor € aHami3 Bijgomocred mpo ctan PKC anms BUSBIEGHHS TMOAIN, IO He
BIANOBiAal0Th HopMainbHOMY (yHkumioHyBanHro PKC — «kiGepHeTnuHuMX BIJHMBIB. MOHITOPHHT
¢yukuionyBanHs PKC npornoHyeThest MPOBOIUTH 32 €TalaMH , SKi peJicTaBieHi Ha puc. 1.

AreHtn Crpykrypa PKC ‘ Crcox ZIOCTYIHHX _
3aIUTY i cepaicip ITonitTuka
Crmcox Oe3nexn
Posmimernns .
; KOMIIOHEHTIB, 1110
areHTiB . L
i UTAralo Th
1 i . -
X MOHITOPHHTY Mopeni OIiHKH HON;HHKH 1-ro
Hapuanbna napamMmeTpiB Ta £7ro poiy
i Bubipka (YHKIIOHYBaHHS
3arpumMka ) - J PKC OuiHka
=3 306ip
P . v Hapuanns CTaHy
Tpadix [—> napameTpis > .
byl (GyHKLiOHYBaH
L
] 2| 3 . nst PKC
omuiku Ham3
TTaHUX
areHTOM
. >
Iozii PKC - 4 ;
—L> O1iHKa
cTaHy
PKC
[ I 5
IMomunku 1-ro Ta 2-ro poxy |
Kopuctysau AreHTH Mozeb OLiHKH
(Anminictpartop) MOHITOPHHTY crany PKC

Pucynok 1 — IDEFO-giarpamMa MeTOMKH OIIHKY CTaHy PO3NOJIIEHHX KOMIT FOTEPHUX CHCTEM
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Ha mincrasi crpykrypu PKC Ta crucky moctymHuX cepBiciB B pamkax PKC areHTH MOHITOPHHTY
po3MinTyoThCs Ha BianoBimHi enxementu PKC. Ilpudomy amMiHICTpaTOp MOBUHEH NMPUHHATH PIIICHHS IIPO
PO3MILICHHSI areHTiB KOMYTaTopa i MEpEeKHOI'0 areHTa Uil KOMYHIKalilfHOTO oOsiafHaHHs, BOHU MOXYTh
OyTH po3MileHi Ha poOoui ctanwii, mo (GyHKIioHYI0Th B pamkax PKC, abo Ha BuiNeH] 11 OTO XOCTH.

Ilicns HanmamTyBaHHA CHCTEMH MOHITOPHMHTY areHTH TOYHHAIOTH 30ip JaHWX 3 PI3HUX JKEpe,
MEpPEeTBOPEHHS iX 70 yHidikoBaHOTO opMary mAaHWX 1 30epiratoTs A0 mpomixHoi bJl. Yepe3 ycraHoBmeHi
1HTEepBaJI Yacy areHTH MepenaroTh AaHi 3 mpomixkHoi B/ 10 nentpansaoi B, B poii ko1 A miABUIIEHHS
HAJIMHOCTI MOXKe BHCTyNaTH pO3MOJiIeHa 0a3a JaHWX 1 HajamToBaHa perutikaimis. Lle B cBoro wepry
N03BOJIsiE 30epiraTe KOmii THX CaMUX JaHWX Ha PI3HUX BYy3JdaX MepeXi Ui TPUCKOPEHHS IOIIyKy i
MiJBUIICHHS CTIMKOCTI J0 BiAMOB. Jlami Momynb HaBYaHHS, pPO3rOpHyTHUH Ha BuaiieHomy xocti PC,
3MIACHIOE HaBUAHHsS MOJENEH OLIHKK MapameTpiB (yHKLiOHyBaHHsS KoMmmoHeHTiB PC Ta mopmeni oUiHKK
crany PC.

[licnst HaBYaHHS BIANOBITHUX MOJENCH BiOYBAIOThCS HAIAIITYBAHHS MOJCICH aHAi3y HaHUX
KOXKHOTO areHTa MOHITOPWHTY, IO JO3BOJISE OILIIHIOBAaTH CTaH OKpeMux KoMmmnoHeHTiB PC Ta reHepyBatu
MOii /TS TTOJANBIIOTO 3aITyCKy MPOIIECY OMIHKY CTaHy (YHKI[IOHYBaHHS CUCTEMH B IILIIOMY.

Slkmo mpw UBOMY areHT MOMYCTHB NOMWIKY 1-ro abo 2-ro pomy, IIi BiZOMOCTI JOIOBHIOIOTH
HaBYaIbHY BHOIpKY. Y pa3i BAHUKHEHHS PSAY TaKHX TOMHJIOK, areHT MPOXOAUTH NPOLIEAYypY MepeHaBYaHHS
Mozeni omiaku ctany kommnoneHTa PC. Taka x cama mpouenypa nepeHaBYaHHS BiAOYBA€ThCA 3 MOIYIIEM
omiaku crany PC.

BucnoBkH. 3arponoHOBaHO METOJUKY MOHITOPHHTY, IIO BU3HAYA€ YMOBH 1 TIOPSIOK OLIHKU CTaHY
PKC 3a momomororw po3po0sIeHOT MyJIbTHAr€HTHOI CUCTEMH MOHITOPUHTY. O0'€KTOM JOCIIKSHHS B JaHil
MeTOouIl € MOHITOpUHT ¢yHKIioHyBaHHS cTany PKC. Meroro orninku crany PKC 3a naHoro METOIMKOIO €
aHayiz Bigomoctedd mnpo cran PKC s BUSBJIGHHS TONIH, IO HE BIANOBINAIOTH HOPMaIbHOMY
¢yukuionyBanHio PKC — kibepHeTnynnx BIummBiB. [Ipu nboMy 3a0e3mnedyeThes:

— HEBTPYYaHHS B POOOTY MEPEKHOTO 00JIaTHAHHS;

— MOCTiHUNA 30ip cTatucTHdHOI iH(OpMAaIii, sIKUH M03BOJISIE CTBOPIOBATH BEIMKOMACIITaOHI 0a3u
JaHUX, HEOOXIHI JUIS MTPOBEACHHS MCEBA0ONCPATUBHOIO 1 CTATUCTUYHOTO aHAI3Yy MEPexi;

— 3a0e3MeUeHHsT BUCOKOI MIBUAKOCTI OOpOOKM 3amnuTiB HAa HagaHHS HEOOXimTHMX iH(OpMamiiHUX
pecypciB i cepBiciB;

— BUKOHaHHS 300py, 0OpoOku, 30epiraHHs MOBHOI iHQOpMamii Mpo cTaH BCIX KOMIIOHECHTIB
TeJeKOMyHIKalliifHoi Ta iHpopMaliiiHol IHQPACTPYKTypH Mepexi B peallbHOMY 4Yaci HE3aJIe)KHO Bif
apXITEeKTYpPH MEPEXi, TUITY KOMYTaTOPIB 1 MOCTaYaIbHUKA;

— CTBOPEHHSl €IMHOIO CTaHJapTH30BAaHOIO iH(GOpPMAaUiiHOrO HEHTpY 30epiraHHs AaHUX PO CTaH
CHCTEMH 1 MEpExKi.
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V]IK 681.324
ITAIITHEB A.A., TOJIKAYOB M.C, HIUITIJIOB FO.M.
HTY «XIIl» (Ykpaina)

AHAJIITUYHA OLIHKA YACY PEAKIII MEPEXI HA 3AITUTHU BIJJIAJIEHMX ABOHEHTIB

Ilpononyemvcsi cnocib6 ananimuuuoi oyiHKu uacy peaxyii po3nooiieHoi KoMn romepHoi mepeici Ha
3anumu 8i00aneHux aOOHeHmi8, AKULl 00360J18€ HAOAMU [HMESPAIbHY OYIHKY NPOOYKMUBHOCMI il OKpemux
eleMenmis.

I'moGanizaniss iHdopmaTu3alii CycHinbCTBA Ta aKTUBHHU NPOLIEC HAYKOBO-TEXHIYHOTO PO3BUTKY B
o0yacTi MepekeBUX KOMIT IOTEPHHX TEXHOJOTiH CTHMYyNIO€ (QOpMyBaHHS €IWHOTO  CBITOBOTO
iHpopmaniitHoro npocropy. OQHOIO i3 OCHOBHHX TECHJCHLINH PO3BUTKY CYyYacHHMX KOMII IOTEPHUX MEpEx
CTa€ PO3MIMPEHHS JOCTYITHOCTI 1H(QOPMAIIHHO-O0UNCITIOBAILHUX PECypCiB Ul OKpeMHX aOOHEeHTiB. B
3B 3Ky 3 IUM OKpeMi aDOHEHTH KOMIT FOTEpPHUX MEPEK CTAHOBISTHCS BCE OLIBIN aKTHUBHUMHY CIIOKHBAYaMHU
iX OOdYHCIIOBANBHHAX pPECypCiB Ta YYacCHHKaMH CTBOPEHHS 0a3 maHuX, sKi Oe3rmocepeqHhO BOJOIIOTH
TEXHOJIOTISIMH JIOCTYITy 0 1HPOPMAIiiHUX pecypciB KOMIT FOTEPHUX MepekK. 3 1HIIOI CTOPOHU MiABHILICHHS
AKTUBHOCTI OKpeMHX aOOHEHTIB KOMIT IOTEPHUX MepeX OOYMOBIIEHO PO3IOAUICHUM XapaKTepoM
po3MmilIeHHs iH(pOpMaIiTHO-00UHCITIOBATBPHUX PECYPCIB CyYaCHUX KOMIT FOTEPHHUX MEPEXK, B 3B SI3KYy 3 UAM y
PO3MOMITICHNX KOMIT IOTEPHHX Mepekax pI3Ko 3pocTae posib KOMYHIKallil, Sk Ha piBHI 0a3 JaHUX 1
MPUKIAIHUX 33/1a4, TaK 1 Ha PiBHI TEXHIYHUX 3aCO0IB.

BypHuii po3BUTOK TEXHIYHMX 3aCO0IB KOMIT IOTEPHHX MEPEK Ta 3pOCTaHHS aKTUBHOCTI JOCTYITy 1O
iHpOpMaLifHO-00YNCTIOBAIFHIX PECYpPCiB  OKpeMHUX a0OHEHTIB, NiJIBUNIMIA IHTEpEC A0 NpodiieMH
e(eKTHBHOTO BHKOPHUCTAHHS MEPEKEBUX PECYpCiB PO3MOMITEHUX KOMII IOTEPHUX MEpPEX Ta 3a0e3MeueHHs
MO>KJIMBOCTI ONEPAaTHUBHOTO AOCTYILY 10 HUX.

Hns  BupimeHHsS TpodneMu eQeKTUBHOTO BUKOPUCTAHHA MEPEXKEBHX PECYpPCIB  PO3MOMITICHHX
KOMIT IOTEpPHUX MEPEXK MOTepeIHh0 HEOOX1THO OLIHUTH MPOJYKTUBHICTD IX OKPEMHX €JIEMEHTIB.

AHaii3 OCTaHHIX JOCTiDKeHb 1 myOmikariii [1-4], siki mpucBsYeHi 3amadi OLIHKK MPOAYKTUBHOCTI
PO3MOAITIEHUX KOMIT FOTEPHUX MEPEK, II0Ka3aB, IO B SKOCTI OCHOBHOI'O IOKa3HHMKA OLIHKH, SIK IPaBHIIO,
BUKOPHUCTOBYEThCS CEPEIHA 3aTPUMKA MakeTa JaHUX B Mepexi. [Ipu npomy mil 3aTpUMKOIO TIaKeTa JaHUX B
MEpPEKi PO3yMIEThCS BIAPI30K Yacy, HEOOXIMHUHU JIsl IEPEMIIIICHHS TTaKeTa JaHuX Bij Jpkepela iHopmartii
70 MyHKTY TPHU3HAYCHHS Yepe3 KOMIT IoTepHy mepexy [5-6]. Lls 3aTprMka sBIsS€ThCS CyMOIO 3aTPHMOK Ha
KO>KHOMY KaHali 3B’ 13Ky MapLIpyTy, SKHH IPOXOAMUTH MMaKeT JaHUX.

Po3rnssHyTHii TIOKa3HHUK OI[IHKU MPOJIYKTHBHOCTI, 3/ICOUIBIIOrO XapakKTepU3ye TUIbKH MEPEKEBl eTanu
00poOKHM naHux, 0e3 BpaxyBaHHs 3aTPUMOK OOpPOOKM KOMIT'IOTEPHOI MEpEXi, IO HE JO3BOJISIE OTPHMATH
IHTETpalIbHY OIIIHKY MPOYKTUBHOCTI i1 OKPEeMHX €IIEMEHTIB.

MerToro JaHOTO JOCIHI/DKEHHS € Po3po0Ka crocoly aHamiTHYHOI OIIHKHM Yacy peakilii po3moaijieHol
KOMIT FOTEpHOI MepeXi Ha 3alluTH BiJIaJICHUX a0OHEHTIB, KWW JTO3BOJIUTh HAJATU IHTErPAJbHY OIHKY
MPOJYKTHBHOCTI il OKpEeMHX €IIEMEHTIB.

B 3aranbHOMY BHITaJIKy Yac peakilii KOMII'IOTEPHOI MEpexXi Ha 3aluTH BijjajieHUX aOOHEHTIB
BH3HAYAETHCA SIK 1HTEpBaJl Yacy Mi)K BUHUKHEHHSIM 3alIUTy KOPHCTYBada JI0 SKOI-HEOYyIlb MepeKeBoi
Cy>XOW 1 OTpUMaHHSM BiJIOBii HA IIeH 3aMuUT.

Ou4eBHIHO, 1[0 3HAYEHHS LHOr'0 MOKA3HHWKA 3aJIeKHUTh BiJl THUIY CIYXOH, 10 SKOi 3BEPTAETHCA
KOpPHUCTYBaY, BiJl TOTO, SIKHA KOPUCTYBad i JI0 SIKOTO CEPBEPY 3BEPTAETHCS, a TAKOXK BiJ MOTOYHOIO
CTaHy €JIEMEHTIB MEpeXki - 3aBaHTAXKEHOCTI CETMEHTIB, KOMYTaTOPiB Ta MapHIpyTU3aTOPiB, Uyepes3 sKi
MPOXOAUTH 3aIUT, 3aBAHTAXKEHOCTI CepBEpPYy Ta T.i.

ToMmy Mae CMHUCI BHKOPHCTOBYBATH TaKOX 1 CEpeJHbO3BAXKEHY OIIHKY 4Yacy peakiii mepexi,
YCEepEeNHIOIYN 16 TOKa3HUK 10 KOPHCTyBadam, cepBepam Ta uacy ao0u (BiJ sSKOro y 3Ha4HIN
CTYTEHi 3aJIeKUTh 3aBAHTAXKECHHS MEPEX1).

Yac peakmii Mepexi 3a3BUYall CKIIAJA€EThCA 13 JIEKITBKOX CKJIQJIOBUX. B 3arallbHOMy BUTAJIKy 4ac
peaxiii KOMII'IOTepHOI Mepeki Ha 3alUTH BiJJajJeHHX aOOHEHTIB MOXKHA MNPEACTABUTH y BHUIJIAMII
HacTyIHOTO BUPa3y:

T,=T

no

+T, +T,_ +T +T

03 oo !

ne T ,- dac mMiATOTOBKH 3aIUTIB HA KII€HTCHKOMY KOMII IOTEi;

T - wac mepexadi 3amuTiB MiX KII€EHTOM i CEpBEPOM dYepe3 CETMEHTH MEpPEXi Ta MPOMiXKHE

ns

KOMYyHiKalliiiHe 00JIaTHaHHS;
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T, - 4yac 0OpoOKH 3amuUTIB Ha cepBepi;
T, - 4ac mepenaui BiANOBinei BiJ cepBepa KII€HTY;
T, - 4ac 0OpoOKHM Ha KIIIEHTCHBKOMY KOMIT IOTEpi OTPUMAaHMX Bij cepBepa BiJIOBiCH.

Yac mepemadi 3amuTiB MiX KIIEHTOM 1 CEpBEpOM dUepe3 CETMEHTH MEpeXi Ta MPOMIKHE
KOMYyHiKalliifHe 001aHaHHS BU3HAYAE€THCS BUPA3OM:
T =Tt T +T,,.,+T

M3 pes !
ne T .- cymapuuii uac Komyramii NakeTiB [aHUX, $Ki CKJIQJAlOTh 3alUT Yy IPOMIKHOMY
KOMYHiKaliifHOMy oOJagHaHHi;
T,,.- CyMapHUil 4ac O4YiKyBaHHS IIAKeTiB JaHUX, SIKi CKIAJalOTh 3alMT Ha Iepefady M0 KaHaIax
3B’A3KY;

T,,, - cymapHuil yac mepenauyi 3anUTy MO KaHanax 3B s3KY;

T,., - cymMapHuii 4ac po3NOBCIO/KEHHS 3Ty B KAHAJIAX 3B’ A3KY.

CymapHuil yac KoMyTallii makeTiB JaHUX, AKi CKJIAIalTh 3alMUT Yy KOMYHIKaIifHOMY 00J1aIHaHHI
— IIe 9ac MK MOMEHTOM, KOJIM TepIIri makeT OyB MpaBWIBHO MPHWHATHN Ha 00JajHAHHI, i MOMEHTOM,
KOJIM OCTaHHIN MakeT OyB MOCTaBIEHHWH y Yepry Ha Iepenady Mo KaHaly 3B s3Ky. Bupas mis BU3Ha4eHHS
CYMapHOTO Yacy KOMYyTallii MakeTiB JaHUX, fAKI CKIAJaloTh 3alHUT y MPOMDKHOMY KOMYHiKaliiHOMY
00JIaIHAHHI Ma€ HACTYIHUIN BUTJISI:
h,
=22

i=1

“t

PR
oonj j KMnl’J

[\4_:r

1

—
I

ne N, - gucno makeTiB faHUX, SAKi CKIAJAIOTH 3aIINUT;
h,. - ducio KaHamiB 383Ky, AKi BXOAATH 0 MapIIPyTy MIXK KIIEHTOM Ta CEPBEPOM;

t . .- Jac OuiKyBaHHS i-TO MaKeTy AaHUX B 4ep3i Ha 0OpOOKYy y KOMyHikaniiHOMYy oOnagHaHHI,

OOni'J
IHIMJIEHTHOMY j-My KaHaly 3B’SI3KY;
- gac KOMyTamii i-ro makeTy JaHWX y KOMYHIKaliifHOMY OONagHaHHi, IHIUISHTHOMY j-MY

Kmn ]
’

KaHaly 3B’A3KY.

CymapHuil yac OYiKyBaHHs TIaKeTiB JaHUX, sIKI CKJIAJAl0Th 3allUT B 4Yep3i Ha Imepejady 1Mo KaHamax
3B’S3Ky — IIe 4yac MK MOMEHTOM, KOJIM NMEPIIUi makeT OyB HMOCTAaBICHUN B Yepry Ha Iepenady Io KaHaly
3B 53Ky, 1 MOMEHTOM, KOJIM OCTaHHI{ IIaKeT [TOYMHAE TIePelaBaTHCh; B IPOJIOBXK [bOT'0 Yacy OCTAHHIHM MakeT
JaHUX OYiKYy€, TIOKK OyyTh Mepeiani iHIIi [TaKeTH 13 YeprH.

CyMapHuii 4ac O4YiKyBaHHS IaKETiB JaHMX B 4Yep3i JO KaHaIIB 3B 43Ky BHU3HAYA€THCS 3a

AOIIOMOTI OO BUPaA3y:
h,.

h,
Zztvnki,j !

i=1l j=1

ne t - 4ac O4iKyBaHHS 1-TO MAKeTy JaHUX B 4ep3i JI0 j-T0 KaHaIy 3B’SI3KY.

OnKi’j
Yac odikyBaHHs MakKeTy JAHUX B Uep3i 0 KaHaly 3B’ 513Ky 3aJIeKUTh Bijl JOBXKHHHU YEPTH MAKETIiB
JIaHMUX, AKI CKJIAA0Th 3alUT 0 KaHATY 3B 43Ky, JOBKHHHU MAKETy, IO MEPEeNacThCs Ta MPOIYCKHOI
CIIPOMOXHOCTI KaHally 3B’ SI3KY.
CymapHHuil Yac mepe/adi 3anuTy 1Mo KaHaiax 3B’ 3Ky — Il 4ac MK MOMEHTaMH, KOJIU OyIyTh Niepe/iaHi
MepIIui 1 OCTaHHIN OITH MAKEeTIB JaHUX, AKi CKIIAIal0Th 3aIlnT.
Bupas s BU3HaUeHHSI CyMapHOTo 4acy Mepejayi 3amuTy 1o KaHallax 3B’ sI3Ky Ma€ BUTIISA!

h, h.
= Zztnpni,; !
i=1 j=1

.. . . .
ac t”pni,j - dac mnepceaaudl 1-ro MmakeTty AaHUX IO J-MYy KaHally 3B A3KYy, IO BXOJAHWUTH Yy MApHIPYT MILXK

KJIIEHTOM Ta CEPBEPOM.

CymapHHil yac pO3MOBCIOKEHHS 3aIUTy B KaHAllaX 3B’sI3Ky — 1€ MPOMDKOK 4Yacy BiJf MOMEHTY, KON
OCTaHHIN OIT OCTAHHLOTO MAKETY JAHMX, SIKUH CKJIaJae 3armuT OyB NepeaHuii Ha KOMIT I0Tepi KIIIEHTOM, JI0
MOMEHTY, KOJIM BiH Oy/ie IpUIHATHI cepBepoM; el Yac nponopuiiiHuii Gi3ndHiil BiAcTaHi MK KIIIEHTOM Ta
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CEepBEPOM 1 3a3BUYAll TOCTATHHO MAJIHH.
Bupas 115 BU3Ha4eHHS CyMapHOTO 4acy pO3MOBCIO/HKEHHS 3alUTY B KaHaJaX 3B’ 513Ky Ma€e HACTYITHUI

BUIJISA;
h, he
Toer =22 2 ten,
i=1 j=1
ne t - Yac pO3MNOBCIOJKEHHS 1-TO TaKeTy MaHUX B j-My KaHall 3B 53Ky, SKHUH BXOAHUTH MO

pcni'j
MapuIpyTy MiXK KIIEHTOM Ta CEPBEPOM.

Yac po3MOBCIOMKEHHS MMaKeTy JAHUX B KaHaJaX 3B’S3KY 3aJ€XKHTh BiJl JTOBXKHUHU MapUIPyTy Mix
KJIIEHTOM 1 CEpBEPOM Ta MIBUAKOCTI CBITOBOTO TIOTOKY.

Yac 06poOKH 3auTy HAa CEPBEPi BU3HAYAETHCS BUPA3OM:

T03 = TOEC + T

ocz !

ne T .- dac O4iKyBaHHS 3alIMTy B 4ep3i Ha 0OpOOKy cepBepoM;

T, ., - 4ac 06poOKHM 3amUTy CEPBEPOM.

Yac ouikyBaHHS 3alUTy B 4ep3i Ha 0OpoOKYy cepBepOM 3aleXUTh BiJl JOBKWHHU YEpPTU 3aIUTIB
BifganeHnx aOOHEHTIB JO CepBepy, HEOOXiTHOro 00’€My pO3paxyHKiB i OOpOOKH 3aluTIB Ta
MPOAYKTHBHOCTI CEpPBEPY.

Yac oOpoOKH 3amuTy cepBEpOM 3aleKHUTh BiJ HEoOXimHOTo 00’eMy OOUYHCIEeHBb I 0OpOOKH
3aMUTy 1 IPOJyKTHUBHOCTI CEpPBEPY.

Po3paxyHok yacy mepemadi BiAMOBiJeH BiA cepBepy KIi€HTY Ta dacy oOpoOKH BiIIMOBinei, siki
OTPUMYIOTHCS BiJl cepBepa Ha KIi€EHTCHKOMY KOMIT IOTEP1 3MiHCHIOETHCS aHATIOTIYHO, 13 BpaXxyBaHHIM
JMOBXHWHM MapHipyTy Iepeiadi BIiAMOBiAi, JIOBXHHM 3BOPOTHOIO IIOBIIOMJICHHS, MPOMYCKHOT
CIIPOMOXHOCTI KaHalliB 3B’SI3Ky, fKi CKJIAJalOTh 3BOPOTHIM MapmpyT Ta iHTEHCUBHOCTEH MOTOKIB
MOBIZOMJICHB, SIKi TPOXOAATH 110 3BOPOTHOMY MapIIpyTy.

TakuM YHHOM, OCHOBHHM, OTPHMAaHUM HAyKOBUM 1 NPAKTHYHUM pPE3yJNbTaTOM JaHOTO
JOCIIIKEHHS € crmoci0 aHamiTHYHOI OI[IHKM Yacy peakmii po3mofiieHol KOMII IOTEpHOI Mepexi Ha
3amuTH 1i BimaleHnX aOOHEHTIB, SIKHI 3 OJTHOTO OOKY JO3BOJWB BHIUINTH i3 3araJbHOTO Yacy peakirii
CKJIQJIOBI, SIKi BIIMOBiJAlOTh eTanaM 0e3mocepeIHbO MepexeBoi 00poOKH AaHUX (Tepeaady JaHHUX Bij
KIIIEHTa JI0 cepBepa 4yepe3 CErMEHTH MEpEeXi i KOMYHiKalliiiHe oOJIaJlHaHHs), a 3 IHIIOT — BpaxyBaB
OesmocepenHi eranmu oOpOOKHM 3aMUTIB Ta 3BOPOTHUX NOBIJOMIICHb Ha CepBEpi 1 KIIEHTCHKOMY
KOMIT'IOTEpi, IO AO03BOJIMIIO JATH IHTETPAlbHY OI[IHKY MPOJYKTHBHOCTI OKPEMHX EIIeMEeHTIB BCiel
KOMIT FOTEPHOT MEpEexi.

3 npakTUYHOI TOYKH 30Dy, 3alpPOIIOHOBAHUN CMOCIO aHAJTITMYHOI OIIHKM MOXE JAOTIOMOITH
MEpEeKeBOMY aJIMIiHICTPATOPy BHABUTH BY3bKi MICI i B pa3i HEOOXIAHOCTI 3iMCHUTH MOJIEpHI3aIlito
KOMIT IOTEPHOI MepexXi JJIst MiBUINECHHS 11 3araibHO1 MPOJyKTUBHOCTI.
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ANALYTICAL MODELS OF GRAPHIC ELEMENTS FOR THE WORKSTATION INTERFACE
OF AUTOMATED CONTROL SYSTEMS

An approach to the construction of a generalized analytical model of the graphical user interface for a
diesel-generator parameters monitoring and control as a part of autonomous electric power plant automated
control system, which brings together a description of the user interface elements to display information in a
graphical form and management functions, is considered. A formalization technique of work process of the
operator with the on-screen controls in systems with human machine interfaces have been proposed. The
models of graphical user interface control elements have been developed.

Introduction. Modern control systems and automation in autonomous power generation are complex
systems, and consist of a large number of interrelated and interacting elements. Increasing the amount of
information transferred between the system elements and the number of operator-controlled parameters of
the system requires the development of new approaches to modelling and analysis of the functioning of such
systems with a view to streamlining and improving efficiency. To solve these problems a method for
analytical description of the user interface must be created. It allows operator to use a variety of
mathematical methods for solving optimization problems and objectives analysis.

Fundamentals of the method of analytical description of the workstation interface considered in [1, 2].
The authors considered the basics of the analytical description of user interface elements. However, this
study is incomplete, since the analytical description of some common graphic elements of the user interface
has not been considered, and a complete mathematical model of the operator’s workstation has not been
obtained. A common approach of using the method of mathematical models synthesis of logic-dynamic
processes of monitoring and control presented in [3, 4]. However, the authors of these studies considered the
description of the individual elements of the monitoring and automation system, and the question of building
a complete model of the operator workstation of autonomous electric power plant still remains. In [4], a
method of analytical description of logical-dynamic processes in electric power systems is described. In this
case, the construction of a model of only the hardware is considered, and the software part of the system and
the principles of constructing a model of an operator’s workstation are not considered at all. An analysis of
works [5] — [7] shows that there remain questions of constructing a complete model of the operator’s
workstation, highlighting the external boundaries of the monitoring and control system, as well as the
boundaries between the individual elements of the system.

The aim of the research is to develop a technique for analytical description of automated control system
software graphical user interface elements and to create a generalized analytical model of the operator
workstation interface for the diesel-generator parameters monitoring and control that allows to determine the
necessary composition of the peripheral nodes of the microcontroller, the types of communication interfaces
to solve the monitoring and control tasks.

Fig. 1 describes the user interface elements — dial indicator and the digital seven-segment display.
Disel speed




87

The source of information for these indicators is the communication interface, which provides a
connection with a microprocessor core that performs the necessary calculations and measurements —
ConnP"cq. Data direction indicated by an arrow. Incoming information flow is indicated by the down arrow
({). Superscript contains information about the options that appear. So, for the frequency of the voltage is a
common symbol f, and for diesel revolutions — ®. Because of the frequency is displayed as a number
(Number), the display method is further indicated by a graphic image. For example, the characters «eessee)
mean that used six-digit digital display. Each element of the user interface is a functional structure that
translates information. Therefore, for the analytical description the expression f(x) is used.

Fig. 2 is a model of user interface element representing a stylized dial device to display the value of the
RMS phase current of the generator (Ienase). Before displaying the controlled parameter, its value is subject to
scale, as informed symbols '%M=", The arrow indicates that the scaled value is passed to the output of the
functional structure. The word «Output» in the description of the functional structures means that this unit is
designed to display information, in contrast to the word «Input», which is an element of the user interface for
data entry by operator.

Phase Current

103

l(C onn Portcore % 8 t (()utputNumb eI.I.nfmIPhase)

Flg 2 The model of the user interface element

Fig. 3 is an analytical description of the user interface element that is the oscilloscope, and allows to
display real-time instantaneous values of monitored parameters, which can act frequency w, voltage U,
amperage |, active power P, reactive power Q. Statement "Scope shows that information is represented
visually, on a graph.

e l(Conn P01’[ ia)&iU &1I&i P&i Q)

e | | (el o)

. S -

B

10

012 01:28 01:30 0132 0134

A T f(TO I\Iflbh o1e$o 1o il 1P $Q)
Fig. 3. Analytical description of the scope element

Fig. 4 is a generalized model of the operator workstation. Analog voltage of generator phase received
at the input ports of microcontroller are connected with the functional structure of an analog-to-digital
converter f3(‘PortM™apc). Reference values of revolutions per minute (RPM) diesel and generator voltage,
which are given in digital form, supplied to the input ports of the functional structures, is a system of
generator excitation control fo(‘*PortV*'%) and a control system of a diesel fi(*Port¥.'-3).

The functional structure f,(CoreMK) is a microprocessor core that performs all the tasks associated with
the measurement, conversion and transmission of information. At the same time, implementation details of
these procedures are hidden from the operator, and all the attention is to directly controlled parameters and
how they are displayed.
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Fig. 4. Analytical model of workstation for the diesel-generator parameters monitoring and control

The proposed approach makes it easy to detect the presence duplication of information. In this
example, it is clear that information on the linear generator voltage and phase voltage (functional structures
fe and f7) represent essentially the same value. It is known that these parameters differ by an amount equal to

V2, and because one of the display elements, without prejudice to the operator, can be eliminated from the
user interface. Using manipulator "mouse” allows the operator to set the reference of the generator voltage
and the diesel engine revolutions. It describes the functional structure fi(Mouse©';,).

Conclusions. The considered approach of the analytical description of graphic interface elements is
invariant to various programming languages. So, existing obsolete control panels with mechanical devices
can be described analytically using the considered approach. At the same time, the composition of the
monitored parameters and the way they are displayed, as well as many parameters that the operator can
change using various technical means, are saved. Based on the obtained analytical description, it becomes
possible to develop software that will meet all modern requirements of reliability, ergonomics, optimality,
reflect the structure of the old monitoring and control system, and perform all its functions by maintaining
the old logic of work. The scientific novelty of the obtained results consists in the development of the
technique for the formal description of elements of the automated workstation of the operator of electric
power systems, the development of new analytical models of user interface elements, as well as the
development of a full high-level analytical model of the automated workplace of the operator as part of the
control system. A distinctive feature of the obtained subdivisions is the increased information content.
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VJIK 378.147
C. A. Punmiy, H. I1. ba0rok
BHTY (Ykpaina)

Po3pobka MeTo1y BUBUEHHS 1HO3EMHOI1 MOBH 1 IIPOrPpaMHOTO 3ac0o0y s
roro peaizariii

AHoTaNisn

YV oaniu pobomi posenanymo memoou usyeHHs IHO3EMHOI MO8U, NPOBOOUMBCA NOPIGHANLHUL AHANI3 AHANOZIS,
ONUCYIOMbCA OCHOBHI NPUHYUNU POOOMU PO3POONI0BANTBLHO20 000AMKY.

KurouoBi ciioBa: MeToau BUBYCHHS, iHO3eMHa MOBa, IPOTPaMHUi 1o1aToK, AR-TexHOMOTII.

Y cydacHOMy CBITI BK€ JaBHO MDKHApOJHOIO MOBOIO CTalla aHImiichka. be3 Hei He o0iTHCh B
MOIOPO’Kax, y HaBYaHHI 32 KOPIOHOM, B TIANKCaHHI IUIOBHX JOTOBOPIB Ta JOKYMEHTiB. BomomiHHA
AHTTIHCHKOIO BiAKpHUBAaE O€311iy IBEpel, JOIoMarae y moiryKy HOBUX ApY3iB Ta poOOTH, MOJIETIIye HaBYaHHS
JIAF0uM JIOMYCK JIO iHIIOMOBHHUX JKEPeT.

BuBueHHs aHTIIACHKOT MOBH - TPYJOMICTKHU TIPOIIEC, iCHye O€3Ilid METOJiB BHBYEHHS 1HO3EMHOI, SIKi
MPOIOHYE CYYacHICTh. BipHO moOymoBaHMI IJIaH YPOKIB, JO3BOJUTh HABUUTHCS HE TLIBKH B KOPOTKI
TEPMiHH, a TOJIOBHE SKICHO.

MeTtoauKka caMOCTIHHOTO BHBUYEHHS iHO36MHOI MOBHU TPYHTYETHCS Ha CaMOIUCIUILIIHI, BMIHHI CKJIacTH
co0i 1utaH 3aHATh. [locTaBuBIIN TIepe]] cOO0I0 KiHIIEBY METY, HEOOX1THO BUAUTUTH Yac ISl YPOKiB, BUILIATH
Yyac HaBYaHHS Ta NepepB, CKIACTH IUIaH HaBuaHHA. JIOMOMOXKYTh y BUBYEHHI MOBU PI3HOMaHITHI JOJAAaTKOBI
pecypcu: meperisig (inbMiB 3 CyOTHUTpamu, BifleO YpOKH, BifleoMarepiald — 1€ BCE A€ MOXKJIHMBICTH
CIPUIMAaTH peueHHs He TINBKH Ha CIIyX, ajie i TAKOXK OJHOYACHO YUTATH IHIIOMOBHUH TEKCT.

IcHye psin MeToziB BUBUCHHS iHO3eMHOT MoBH [1]:

e Meton Jlebona. BuuenHst BinOyBaeTbCs 3 JOMOMOIOI0 MapalelbHOTO YHTAHHS TEKCTIB PiTHOIO, a
HOTIM 1HO3€MHOO MOBOIO.

e Meron 3amsrkina. CyTh MOJSATa€ B MPOCIYXOBYBaHHI TEKCTY Ta MOBTOPHOMY BiATBOPEHHIO TIEBHY
KiJIBKiCh pa3s.

e Meron exTepa. I'pyHTy€eThCS Ha epeliMaHHi MOBHUX HaBUYOK HOCIiB MOBH 3a JIOIIOMOTOI0 ’KHBOTO
CHLTKyBaHHSI.

e Meron HaBunoBoi. BuBueHHs rpamaTuky Ta 30UIBIIEHHS CIIOBHMKOBOI'O 3amacy 3a JIOIOMOTOO
ayJiypoKiB.

BinbmicTs cydacHHX MPOrpaMHUX CHCTEM 3BOAMTH BUBUEHHS 10 OAHOYACHOTO CIIPUNHSTTS, iABUIICHHS
PiBHS CJIOBOBKMBAHHS Ta 30UIBIIEHHS CIOBHUKOBOTO 3a11acy.

JlomoBHeHa pealibHICTh (B mepekiajl 3 aHrimiicbkol augmented reality abo AR) — me TexHosoris sika
J03BOJISIE JTOTIOBHIOBATH PEabHICTh OY/Ab-IKAMH BIpTyaJbHUMH 00’e€kTaMu [2]. 3aBIsKH 1bOMY MOYHA
CTBOPIOBATH TOYHY 3D-MoJesb HpOCTOPY HABKOJO MPUCTPOr0. BBeneHHs Takoi TeXHOJOTii B JOAATOK
JIO3BOJIUTH BiJI0OpakaTH 00 €KTH SIKI BHBYAIOTHCS, TAKUM YHHOM II€ 3alliKaBUTh KOPHUCTYBadiB y BUBUYEHI
CIIiB.

IcHye nekinbka BUIIB TEXHOJOTIH, SIKi BAKOPUCTOBYIOThCS sl podotu AR:

o MapkepHa AR. JlaHHa TEXHOJIOTisI BUKOPUCTOBYE Bi3yalbHUN Mapkep, Hanpukiag QR-kox ta kamepy.
IIpu HaBeneHHI KaMepH Ha MapKep, CEHCOp HOro 34uTye Ta BigoOpaxkae 00’ €KT KOPUCTyBady.

e besmapkepna AR. Inmn i Ha3zBu GPS-opieHToBaHa a00 KOOPAMHATHO-Opi€HTOBaHA. TEXHOJOTiS
BHKOPHCTOBY€E cucTeMy riobansHoro mosuriroBanust (GPS — Global Positioning System), marumx
HIBUAKOCTI, HUGPOBMI KoMmMmac 1100 OTpUMaTH JaHi M[po Micle /A€ 3HaXOIUThCS KOpPUCTyBad.
BukopucTOBYy€eThCS U1 TIOUIYKY PI3HUX MOTPiIOHMX MiCIb, TaKUX SIK Kade un odic, MOKa3yroun HampsIMOK
pyxy. be3 nanoi rexHomnorii He 00XOAThCS JOIATKH SIKI OPIEHTOBaHI Ha MiCIe PO3TalllyBaHHSI.

e [lpoekuiliHa TOMOBHEHA peabHICTh. TEXHOIOTIS MPOEKTY€E CBITIOBI MpoeKUii Ha (i3MYHY MOBEPXHIO.
B monaneiioMy MOKIIMBO 371MCHIOBATH B3a€MOJIIF0 KOPHCTYBada Ta MPOEKIii, 3a JOMOMOTrOK TOPiBHIHHS
O4iKyBaHOI MpOEKLii Ta MPOEKLii 3 MepemKoAaMu, SIKi BUHHUKAIOTh Yepe3 JOTUK PYKO. TakuM 4YMHOM
BU3HAYAETHCS MOMEHT JIOTUKY JIFOJMHU JIO CBITIIA, SIKE TIPOCKTYETHCSL.

e AR, mo 06a3yerscst Ha VIO. BukopucTtoBytoun kaMepy Ta CEHCOPiB TEXHOJIOTiS MOXe cTBoproBatu 3D-
MOJIeJIi TPOCTOPY HABKOJO TPHUCTPOI0 Ta HAKJIAJAaTH TIOBEpX HEl JIOJaTKOBI miapu. TexHosorio aae
MOKJIMBICTb BCTAaBIISITH Pi3HI 00’€KTH B CEpElOBHIIEC Ta B3AEMOMIATH 3 HHUMH, I BXKE BHUKOPHCTOBYE
kommnanis Google B cBoemy Project Tango ta komnanist Apple B ARKit.
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[Tpuksa; BAKOPUCTAHHS TOMOBHEHOT PeaibHOCTI (PUCYHOK 1).

Pucynok 1 — Bukopucranus AR-texHomorii

AR TexHOM0Tii MOXIMBO BUKOPHCTOBYBATH B Oarathox cdepax >KUTTs, OCh AEKiIbKa MPUKIALiB 1X
BUKOPHUCTAHHS:

e  Asianis. AR 10cuTh HaBHO BUKOPUCTOBYETHCS BIMCHKOBUMHM MiNOTaMu. B monomu BOyzoBaHi
IUCIUIET SKI TOKa3ylTh iH(OpMAIliI0 JliTaka Ta JONOMAararoTh HAaBOJAWTUCH Ha Ik, JlaHHA TeXHOJOTIis
MOYMHAE BBOJUTHCH 1 B IMBUIBHY aBialiro. Bike po3poOieHi OKymspw Ui TIOTIB SIKi JIOTIOMAararoTh
JOTPUMYBATUCHh MAapUIPYTy Ta BUBOJATH 1H(OPMALIIIO [111 Yac MONbOTY.

e  Typusm. [lonoBHEHY peanbHICTh MOKIMBO BHKOPUCTOBYBATH JUIsl My3€iB, JUIsl KPaIloi HaBirarii
B PUMIILEHH] Ta IHTEPAaKTUBHOI'O 03HAMOMIIEHHS 3 €KCIIOHATAMHU SIKi TaM MPUCYTHI.

e  MapketuHr. 3aBASKM JOAATKOBIM pearbHOCTI MOXKIMBO CTBOPIOBATH IHTEPAKTHBHI peKJIaMHi
KOMIIaHii, TaKMM YHUHOM TIPUBEpPTAIOYM yBary IOKYIIIB J0 CBOiX TOBapiB. Hampukian, Tak BYMHWIN
npoatocepu cepiany "Xoaaui Mepui", BoHM BCTaHOBWIM Ha aBTOOycHil 3ynuHII AR cucremy, ska
MPOEKTYBAJIA XOIAUNX MEPLIB B PEAbHUM CBIT.

e Menmuuuna. [lomatok Vipaar 3 gomomoror okyisapiB Google Glass pae MOXIHBICTH
MPOEKTYBaTH PYKH Xipypra CBOIM KoJyieraMm, sKi HpPOBOJSATH OIEpallifo, TaKUM YWHOM JIiKapi MaroTh
MOJKJIMBICTD aCUCTYBAaTH OJMH OJHOMY Ha BEJIMKiH BiJICTaHI.

e Illominr. JdoxaTku sKi BUKOPUCTOBYIOTH AR I0OMOMOXYTh OpIEHTYBATHUCH TOMIXK BEIMKOI
KUTBKOCTI pAiB B Mara3uHax, a TAKOXK MOKa3yBaTH iH(POPMALII0 CTOCOBHO 3HIKOK.

e Ocsira. Bxxe pospobienuii gomatok Google Expeditions, 3a m0moMoromo sKoro MOMKIHBO
pO3risiiaTH 00'€KTH SIKi BUBYAIOTHCS, TOKH BUKJIA a4 PO HUX PO3IOBITAE.

e Irpu. YUynosum npukinanom € rpa Pokemon Go. Jlronu Oiraau MiCTOM BHIIYKYIOUH BipTyallbHUX
ITOKEMOHIB CTBOPEHHUX 3a JOMOMOI'0I0 J0JaTKOBOI PEaJIbHOCTI.

e  Jluzaitn. AR-TexHOJIOTIi Jal0Th MOMIJIHMBICTh BIpTyaJbHO 3a JOTOMOTO JIOJATKY ITiJICTaBUTH
NEBHUN 00’ €KT Y KBapTUPY, TAKMM YHHOM MOKJIMBO YSABUTH UM MiAXOIATH MeOIi 10 iHTEp'epy.

€ OaraTo METOIWK MO0 BHUBYEHHIO 1HO3EMHOI MOBH, IIPOTE MOJAHHA MaTepialy B irpoBiili ¢opmi Ta
BUKOPUCTAHHS JIOTIOBHEHOI PEajbHOCTI CIPHUSATAME 30UTBIIEHHIO CIIOBHUKOBOTO 3allacy Ta 3aKpilUICHHIO
OTpUMAaHMX 3HaHb TOMY € TONMUIEHUM PO3pOOKa BiJIITOBITHOTO TOATKY.

OHUMHU 13 HAWMOTYXHIMIMX CHCTEM JJIs BHBYCHHS iHO3eMHHX MOB € mardopmu «LingualLeo» ta
«Duolingo» e BuBYeHHS iHO3eMHOT MOBH ITOOY/I0BaHe Ha irpoBiil MeXaHiIli.

Hapuanus y «Lingualeo» ta «Duolingo» moumHaeTscst 3 TeCTy, SKHM TEpEBipsA€ PiBEHb BOJOMIHHS
1HO3EMHOI0, TICIIsl YOro Jja€ KOpUCTyBauy BUOpaTH cnmcok iHTepeciB. Ha ix ocHOBi Oyzae ckiaaeHHi IUaH
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BUBUCHHS. BUKOPHCTOBYIOTbCS pi3HI METOIM BUBUCHHS: TPEHYBAaHHS TI'paMaTHKH, BHBYEHHA Ha CIYX,
MTOITOBHEHHS CJIOBHHUKOBOTO 3aI1acy 3a JOITOMOTOI0 KapTOK, OCOOMCTHI CIIOBHHK, Ta 30ipHUK mpaswi [3].

OcnoBaux mpobnemoro «Lingualeo» Ta «Duolingo» — HH3BbKHI piBeHb 3alydeHOCTi: Bcboro 4%
KOPHCTYBauiB MaroTh IUIaTHI aKayHTH. 3a OLIHKOIO NOJaTKaMy IMOTHS KOpHCTyBamucsi He Oinmbie 1%
KopucTyBadiB abo Omm3bko 100 Tucsu uosoBik [4]. Ile moB'si3aHo 3 THUM, M0 OUTBIICTH KOPHUCTYBAYiB
IIBU/IKO BTpadae iHTEPEC 0 CAaMOOCBITH, HE3BAYKAIOUH Ha irpOBHIA IpoIiec. 3BaKaloyH Ha Iie, TOIUTFHO 0YyII0
0 po3poOuTH MporpamMHUN MPOIYKT, poOOTa SIKOrO Mpoxoawna O mapaienbHo 3 poOOTOI0 KOpUCTyBaua,
HaNpPUKIIAJ i 9ac CIIKYBaHHS B MECEHDKepax Ta 30UIBIINTH irpOBY CKJIAIOBY BBEIEHHSIM JOMOBHEHOI
peaTbHOCTI.

[le ogauM pecypcoM Ut BUBUEHHsI iHO3eMHOI € «engVidy. Lle caiiT Ha sikoMy po3MillleHi Bieo-ypoKu
JUIs. BUBYCHHS aHTJIMCHKOI, MPUCYTHIN MOJIN HAa TeMaTUKU. TakoX € creniaabHi Bifeo, siki CpsMOBaHi A
MiArOTOBKY 10 MizkHapoauux ek3ameniB IELTS ta TOEFL [5].

Henonikom naHOro momaTKy € BIJICYTHICTh IrpOBOi CKIJIAJOBOI, SK pe3yJbTar Majia 3allikaBICHICTh
pecypcom.

[Ipoanami3yBaBm yci aHaJlOTH, BHU3HAYEHO iXHI MOXIIMBOCTI Ta HEIOINIKH, SKI BPaxOBYBAJIUCH INPHU
CTBOPEHHI BIIACHOTO A0AaTKy 3 Ha3Boio «EnglSpeak» (Tabm. 1).

Tabmuns 1 — [opiBHsIIBHI XapaKTEPUCTUKH MTPOTPaMHIX IPOAYKTIB

Kpurepiit Duolingo Lingualeo engVid EnglSpeak
[TopTaTHBHICTH + + - +
IrpoBa ckiagoBa + - - +
JomnoBHena - - - +
peaNbHICTh
Bineo-ypoku - + + +
HasBHicTh + + + +
KaTeropi
Cyma 3 3 2 5

Tabnuus MOpiBHSIBHUX XapaKTEPHUCTHK TMOKa3aa, 10 po3podka MporpaMHOro MPOAYKTY € JOLUIBHOIO,
ockinbku noaatok «EnglSpeak» noennye gpyHkiionan ycix gogatkis. B pe3ynbrati oTpuMaeMo OpoayKT, 10
MTOKPHBAE HEMIOMIKH iICHYFOUHX PIllICHb.

BucHoBok. Y pe3yibTaTi MPOBEACHOIO aHaji3y aHaJIOTiB OYJI0 BCTAHOBJICHO, IO € HEOOXIIHICTh Y
pO3po0I1i MPOrpaMHOTO MPOAYKTY JJIsi BUBYEHHSI 1HO3EMHHUX CIIiB, SIKMM OW 3allikaBUB OM KOPHCTYBadiB
JOTIOBHEHOIO PEANIbHICTIO, /I03BOJISIOYM MOKA3yBaTH 311 MOJEb 00 €KTIB I/l Yac BUBYCHHS, MaB IIHUPOKY
0a3y ciiB, po30MTHX Ha 3MICTOBI KaTteropii, 3a HOoTpeOH 3a0e31euyBaB 03ByUCHHS CJIiB, HA/IaBaB MOXKIIUBICTh
JIETKOTO PO3LIMPEHHS CIIOBHUKOBOI 0a3H.

CITMCOK BUKOPHUCTAHOI JIITEPATYPU

1. Haiikpami MeToaVKH BHWBYEHHS aHTIIHCHKOI MoBH [EnextponHmMit pecypc| // Pexum moctymy:
https://buki.com.ua/news/naykrashchi-metodyky-vyvchennya-anhliyskoyi-movy/

2. [JlomoBHeHa PCaIbHICTh [EnexTponnmii pecype] // Pexum JIOCTYITY:
https://uk.wikipedia.org/wiki/momnoBHena peanbHiCTh

3. LinguaLeo [Enexrponnwuii pecypc] // Pexxum noctymy: https://ru.wikipedia.org/wiki/Lingualeo

4. Duolingo [Enextponnuii pecypc] // Pexxum noctymy: https://ru.wikipedia.org/wiki/Duolingo

5. engvid [Enextponnuii pecypc] // Pexxum noctymy: https://www.engvid.com/
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V]IK 004.057.4
KOJIYMBA L.B.
OHAXT (Vkpaina)

AHAJII3 BATATOLUVIIXOBUX ITPOTOKOJIIB B AD-HOC MEPEXAX
3 TOUKU 30PY HAJAIMHOCTI IIEPEJJAYI JAHNX

B Oanuii yac 6 6e30pomosux camoopeaHizosanux mepedxcax 36'a3ky (Ad-hoc mepedxcax) axmuseHo
3Acmocosyromscs  6a2amowinaxosi  NPOMOKOAU — Mapuipymuszayii, wo 8IOpI3HAIOMbCA  MidC  c000I0
xapaxmepucmuxamu i areopummamu pooomu. OOHAK 6Ci 80HU NOBUHHI 8i0N0GIOamMU 8UMO2AM 00 pobOmMuU
Mepedici, OOHIEI 3 AKUX € HAOIHICMb nepedayi 0anux. Y pobomi npedcmasieHuil ananiz 6azamouLisixosix
NPOMOKOIII8 3a KIIbKOMA NOKAZHUKAMU, SKI MOXCYMb 8NIUBAMU HA HAOIUHICMb Mapupymusayii. Buseneno
nepegazu ma HeoOiKU KONCHOI epynu npomoxois. Pezynomamu npogedenoco 00CIiONCeHHs MOHCYmb 6ymu
KOPUCHUMU OJi1 BUKOPUCIAHHSA NPOEKMYSANbHUKAMU MePeNC I 0036051mb 8UOpamu 8ion06ioHO 00 8UMO2
NPOEKMOBAHOI  Mepedxci NpomoKoOaU 0a2amowliaxogoi mapuipymusayii 3 HaAUuOb  niOXo0AWUMU
Xapaxkmepucmuxkamu.

BCTVYII

Ad-hoc Mepexi € CydacHUMH JEUEHTPATi30BAHUMH MEPEKaMH, SKi HE MOTPeOYIOTh BUKOPHCTAHHS
Joporoi iHPPACTPyKTypu JUIS YOPaBIiHHSA IOTOKAMH JaHMX, HE MAarTh TOCTIHHOI CTPYKTYpH 1
MAapIIPyTH3aIlis B HUX TPOBOJANUTECS JMHAMIUHO Ha IMiZICTaBl 3B'I3HOCTI MEPeXki B MEBHKUI MOMEHT vacy [1].

VY 3B'I3Ky 3 ypaxyBaHHSM OCOOJHMBOCTEH MapIIpyTH3alii B IMX Mepexax 3aqada HaIiHHOCTI MpH
noOyaoBi WUIIXiB, MO 3'€MHYIOTH BiIAaJCHI BY3JIM BigNpaBHMKAa 1 OJepKyBada, 1 mepeiadi IaHHX
3aJIMIIAETHCS AKTYalIbHOIO Ta CKIaTHOIO JJs HUX. 3a0e3neueHHs HaAiliHOCTI € CKJIaJHUM 3aBIaHHSIM depe3
Te, IO € BelIMKa WMOBIPHICTh BTpaTH ab0 3aTPUMKH MAKETIB B 3B'SI3KYy 3 YAaCTUMH 3MiHAMHU TOIIOJIOTII,
PI3HMMH TEpenIKoAaMy, MOKJIMBHMHU aTakaMu, SKi MOXYTh BIUIMBAaTH Ha KOPEKTHICTh HAaHUX, IO
NepeaaloThesl. AJTOPUTMU MapIIpyTH3amii MOBHHHI YiTKO (DYHKI[IOHYBAaTH B pa3i 3MiHH TOIIOJIOTII MepeKi
abo HemepenOaueHHX OOCTaBHMH, TakMX SIK BiMOBM a00 BHXiA 3 Jady amapaTypd, YMOBH BHCOKOTO
HaBaHTaXKECHHS MEPEXi.

B nanwmii uac B Ad-hOC Mepeskax BUKOPHCTOBYEThCS OJHOIUIAXOBA Ta OAraToLIIXOBa MapLIPyTH3ALLIs.
B noGpe 3B's3aHiil Mepeki MOKe ICHYBaTH KijibKa IIUISIXiB MK Maporo BY3JiB jpkepena i mpu3HadeHHs. CeHe
0araTonUIIXOBOI MapIIpyTH3allii Mojsrae B ToMy, 100 HaJaTH B3Iy JKepea MOXKIIUBICT BHOOPY OJJHOTO
3 JIEKUIBKOX ICHYIOYHMX MapIIpyTiB 10 KOHKPETHOTO By3Jia MPU3HAYECHHS.

BukopucTaHHS TPOTOKOJIB 0ararolusIxoBoi MapiipyTH3alii € KpaluuM i ONTHMaJIbHUM, TOMY IO
KiIbKa TIDISXiB MOXYTh 3a0e3neunTd OallaHCyBaHHS HABaHTAXEHHsS 1 3aXUCT BiJ 3001B MapHIpyTiB,
po3noginsiroun  Tpadik MK HA0OpOM HemepeciyHMX MNUIAXiB. Takwil MiAXiJg A03BOJSIE ONTHMAIBHO
BUKOPUCTOBYBAaTH €MHICTh KaHAIly 3B'SI3KY 1 MIABHINUTH 3arajbHy MPOIYCKHY 31aTHICTH [2]. JlomaTkoBo
3a0e3MeuyeThes BiIMOBOCTIMKICT MEpEXi 1 HAAIMHICTh Nepeaadi.

Benuka KinbkicTe HayKOBHX POOIT B cepi 0araTonuisxoBoi MapmipyTH3allii MoKa3ye aKTyallbHICTh 1
iHTEepec BUEHMX 1 po3poOHUKIB 70 naHoi TemMu. Cnij 3a3HauUTH, M0 B poOoTax [2-8] po3risHyTi okpemi
MPOTOKOITH, 3allPOTIOHOBAHI MiAXO0JH J0 BUPIIIEHHs 3aBJaHb 0araTonuIIX0BOI MapIIpyTH3allii, 3aCHOBAaHHX
Ha BHUKOPUCTAHHI PI3HUX alTOPHUTMIB, TMPEACTABICHI MOMJIHMBOCTI TIPOTOKONIB 3 TOYKH 30Dy
CHepro30epexeHHs, MNPOAYKTUBHOCTI 1 edekTuBHOCTI. OAHAK NHTaHHA HAAIMHOCTI MapuIpyTU3aLii
3aJIMIIITUCS HEIOCTATHBO PO3KPUTHMH.

OCHOBHA YACTHUHA

[IporsiroM ocTaHHIX POKIB OyJIO 3aIPOIOHOBAHO 1 PO3p0o0sICHO Oe3/id 0araTONUIIXOBUX MPOTOKOJIIB i
meromiB Mmapuipytuszaiii s Ad-hoc mepex. IcHyrodi Ha JaHH MOMEHT TMPOTOKOJNM TPHHHSTO
knacuikyBaTH 3a IpUHOUTIOM pobotu [2, 3, 4, 7]. TyT BUAINSAIOTH TPHU TPYIU — MPOAKTHBHI, PEAKTHBHI 1
riOpHUIHI TPOTOKOIH.

KoskeH kiac IpoTOKOJIiB Ma€e CBOI IIepeBaru 1 HEJIOMIKH MPY BUKOPUCTaHHI B yMOBax 0e3apoToBux Ad-
hoc mepex. B npoaktusniii MapmpyTusanii (mporokosim OSPF, OLSR, TBRPF, FSR i in.) axpecanis moxe
OyTH NpPOCTOI0 B peaii3aiii, aje BOHA HE MOXE MAacIITa0yBaTUCS I BEJIMKHUX MeEpekK. PeakTuBHI
mporokoau (AODV-BR, AOMDV, TORA, ROAM, MDSR, SMR) Trakoxx MawoTh mpo0ieMu 3
MacmtaOyBanHsaM. o0 migBMIIMTH MOKa3HUMK MaciuTaOyBaHHS, HEOOXiIHO KOHTPOJIOBATU BHUSBJICHHS 1
o0ciryroByBaHHs Mapwpyty. Lle Moxe OyTH IOCATHYTO LUISXOM JIOKali3alii MOLIMPEHHS KEepyHuoro
MOBIJIOMJICHHS B TICBHOMY CEI'MEHTI, /1€ 3HAXOIUThCS ITyHKT MpH3HA4YeHHS [2].
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TNopuani npotokonu Mmapiupytuzamii (SPREAD, ZRP, NAMP, E-NAMP, H-SPREAD) e npotokoiamMu
HOBOTO TMOKOMiHHA. 1i MpoTOKOMM KOMOIHYIOTH MEXaHI3MH NMPOAKTUBHHUX 1 PEAKTUBHHUX IMPOTOKOIIB. SIK
MPaBUIIO, BOHU PO30MBAIOTh MEpeKy Ha 0e3niu Mepex (30H), BCepeAMHi SIKMX (DYHKIIOHYE MPOAKTUBHUM
MPOTOKOJ, @ B3a€EMOMIS MDK LHUMH MEpeKaMH 3AiHCHIOETHCS PEaKTUBHMMH MeToaaMu. llepeBara mmx
MIPOTOKOJIB TOJIATAaE B TOMY, 1[0 BOHU MIATPUMYIOTh CHIBHUN MEPEXeBUH 3B'S30K (MPOAKTHBHO) B 30HAX
MapuIpyTu3alii Ipu BU3HAYEHHI BiIJAIEHOTO MApHIPYTy (3a MEXaMH 30HW MapLIpyTH3allil) MmBUIIIE, HIK
HIII, @ TakoX BOHU MOXKYTb B3a€EMOJIATH 3 IHIIMMH MPOTOKOIAMH MapLIpyTH3amii U IMiJBUILCHHS
NPOIYKTUBHOCTI 1 HaiitHOCTI [2].

Hemamuii iHTepec BUKIHMKAE TMomaibina Kiacudikaiis mpoTokomiB. Ha mifcTaBi moCHimKEHHS
ICHYIOUMX TPOTOKOJIB y HAYKOBUX jKepenax [4-8)] BusiieHo, 10 B yCiX MPOTOKOJIAX 3HAYHHMM BIUIMB Ha
3a0e3MeyeH s HaJiHHOCTI MapLIpyTH3alii 341 ICHIOIOTh TaKi XapaKTEPUCTHKH SIK:

— MeETOJUKa MOIIYKY MapIupyTy,
— CTYMiHb KOHTPOJIIO 3MiHH TOIOJOTIT
— HasBHICTb pe3epBYBaHH:.

baraTommsxoBi mpOTOKOIM BHKOPHCTOBYIOTH Pi3HI BapiaHTH MONIYKY NUISXY BiJl BiATIpaBHUKA [0
onepkyBaua. Lle momryk MapmpyTy Bif Ikepena, NOKPOKOBHUI i TiIOpUAHNH MOIITYKH.

[IpeacraBHUKOM MeTONy IMOKPOKOBOI MapmpyTu3auii € OaratonuisixoBuid nporoxkon AOMDV, Big
mkepena — nporokonn CHAMP, MSR, SMR i ROAM. Posrnsaaroun XapakTepUCTHKH KOXKHOI 3 MiATPYTI,
MO’KHa BIIMITHTH, IO TPY MapIIPyTH3allii Bi JHKepena MOXINBI BTPATH MAKETIB JaHUX Yepe3 IMOCTIHHO
sMinny Ttomosorito Ad-hoc mepexx. Tomy 3 Touku 30py HafiiHOCTI Maprupytusamii mast Ad-hoc mepex
KpalliMH € TPOTOKOJIH MOKPOKOBOI 1 TiOpWAHOT MapmipyTu3amii. Y oMY BUMAIKy KOXHHHA By307 Oyme
MepeaBaTH MakeT Ha HACTYIHHWW BY30JI MNCIS MEPeBIpKM MOXKIMBOCTI mepenadi mami. Ilpu ribpumaOMy
cnoco0i T0JJAaTKOBOIO IMEPEBarol0 € MOMJIMBICTh BUOOPY KIIOYOBUX (OiIbIN HAIiHWX) BY3IiB, uepe3 sKi
Oyze 3nilicHIOBaTHCA Tiepenadya. 3MEHIIUTH WMOBIPHICTh BTPATH MAKeTIB MPU MapLIpyTH3alii BiJ JuKepena
MOXJTBO ITPH BUKOPUCTAHHI THMYACOBOTO KEIyBaHHS JaHHX (5K 11e nependadero B npotokoixi CHAMP).

BaxnuBuM QakTopoM mpu BHOOPI MPOTOKOTY MapHIPYTH3aIlii € HOTo aNrOpuTM IMOIIYKY HUISXiB. Y
0araToNUIAXOBIM MapIIPyTH3allii MOXKHA BHIUIUTH J[BA KJIaCH QITOPUTMIB: CTaTHYHI 1 JUHAMIYHI
(amanTUBHI) aXTOPUTMHU.

[TpuHIMTIOBa PI3HAULA MK CTATHYHUMM 1 THWHAMIYHAMHU TMPOTOKOJIAMH — y CTYTIEHI KOHTPOJIO 3MiHU
TOMOJIOTiT 1 HaBaHTAXXCHHI MEpEeXi NpW BUpIIICHHI 3aBHaHHA BUOOpy Mapmpyty. OAHaK CTaTU4HI
AITOPUTMHU HE MiIXOMATHh Ui BUKOPUCTAHHs B 3MiHHIM cTpykTypi Ad-hOC Mepex, BOHH HE BOJOMIIOTH
JOCTATHHOIO THYYKICTIO TIPH 3MiHI TOIOJOTii 1 HaBaHTAXEHHI B MEPEeXi B 3B'I3KYy 3 BEIUKOIO
OOYHCITIOBATBHOIO CKJIAMHICTIO. Taki alropuTMH MOXYTh BHKOPHUCTOBYBaTHCS B BHCOKOCTaOiLIBHUX
HQIIHHUX Mepexax, Je 3MiHU BiIOYBAIOThCA JAOCHTH PIKO 1 MOTPIOHO MiATPUMYBATH YKOPCTKO 3aJaHUi
KoeQillieHT TOTOBHOCTI Tepe/iayl IaHuX.

JuHamidHI TMPOTOKOIM 3aCHOBaHI Ha JIABMHHHUX AJITOPUTMAax MapIIpyTH3alii i 37aTHI JTWHAMIYHO
pearyBaTH Ha 3MiHM TONOJOTii Mepexki, a omTxke OymyTh OUIBII HaIiliHI B TakuX yMoBax poOOTH.
[Iporoxonamu miei rpymu € AOMDV, AODV, OLSR, IGRP Ta EIGRP.

Ille onHier0 03HAKOK MPOTOKOJIB OaraTONIISAXOBOI MapIIpyTH3allii, MOB’S3aHOI0 3 HAIINHICTIO
nepejiadi, € HasBHICTL pPe3epPBYBaHHS JIaHUX MPH Tepesadi Bijl BiIIPaBHUKA 0 oJeprKyBauya. HalOibiioro
MOIIMPEHHsT Ha0ynu MeTofu Oe3 BHIUICHOTO pe3epByBaHHS. B TakoMmy BUNaaKy BHOpaHi IIJISIXH
3a0e3Meuy0Th CaMOpPE3ePBYBaHHS 1 HE BUMAraroTh BUAUICHHS JOJATKOBUX pecypciB. [Ipu nbomy BCi musixu
BUKOPUCTOBYIOTHCS 3 ONTUMAIILHIM PO3IO/IIIOM HABAHTAXKEHHSI [TO HUM, 1110 € TePEeBarol0 TAKUX METOJIIB.

VY mpoTokonax, siki nepeadadaroTh HAsSBHICTh BHJIUIGHOTO pe3epBYBAaHHS, (OPMYETHCS JOAATKOBHI
MapuipyT nepenadi. [lpu npoMy maHuil kaHam Moxke OyTH CHIJIbHO BUKOPHUCTOBYBAHHM 3 1HLIOIO T'PYIOIO
NUIAXIiB 200 X MOXE BIJIHOCUTHUCS TLIBKH 10 OJHI€T rpynu. JlaHa yMOBa T03BOJISIE YIIPABISTH KOe(DilieHTOM
TOTOBHOCTI TIISIXY JUisi 3a0e3redeHHs HeOoOXiTHMX TrapaHTii skocti obciyroByBanHs. HSR 1 PRP e
HOBITHIMHM NPOTOKOJIAMH JIaHOi TPYIM, B OCTaHill yac BOHHM OTpUMalil HaWOIbIIY MOIIMPEHHICTH Cepen
MPOTOKOJIIB 3 BUAIIEHUM PE3€PBYBAHHSIM.

3 TOUYKM 30py HQJIIHHOCTI MapmpyTu3anii oOMJBI TPyHH IMPOTOKOIIB, 3 CaMmope3epBYBaHHIM abo
BUJIIJICHHSM [I0JIATKOBOI'O PE3EPBHOIO KaHAIy, BXKE CIHPHUAIOTH MIATPUMII MOKa3HHUKA HAJIMHOCTI TaK SK
pe3epBYBaHHS € yHIBEPCATbHUM IIPUHIUIIOM 3a0€3MeYeHHs HaJilfHOCTI.

BUCHOBKU
[loka3zano, mo B AaHuil yac B 00sacTi GpyHKIiOHYBaHHs O€3pOTOBHX CaMOOPTaHI30BaHMUX MEPEX 31
3MIHHOIO TOIOJIOTIEI0 OJHUM 3 BaXKJIMBUX MUTAaHb € OpraHisamis HaAiiHOi 6araTonuIIXoBOi MapIIpyTH3AaLi.
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Mapmmpyrusamis B Ad-hoc Mepekax HabaraTo CKIAIHIINE, Hi)K B IPOTOBHUX MEpPEKaxX, 3aBIASKH JWHAMIUHIN
Tormoorii i HenepexdauysanocTi Ad-hoc mepexi.

3HayHU{ BIUIMB Ha 3a0e3MeUeHHs HAOIMHOCTI MapIIpyTH3aulii 3AiHCHIOIOTH TaKi XapaKTEPUCTHKH
MPOTOKOJIIB SIK METOJIWKA TOIIYKY MAapIIpyTy, CTYIiHb KOHTPOJIIO 3MiHMA TONOJOrI Ta HAasIBHICTh
pesepByBaHHA. B maHiii po0OOTI BHKOHAHO IOCTIKEHHS MPOTOKOIIB MapmIpyTH3alii 3 OOKy came mux
MOKa3HKKIB. HaBe/IeHO XapaKTepUCTHKH KOXKHOI MIITPYITH, BUSBIICHO iX ITEPEBary Ta HeJIOIKH.

BukoHnane g0CIiPKEHHS JO3BOJIMIIO Y3arajJbHUTH 1 BIIOPSAKYBATH ICHYIOUI QJITOPUTMH MapIIpyTH3amii
st Ad-hoc mepesk. PesynbraTit MpoBEICHOTO JOCTIHKEHHS MOXYTh OyTH KOPHCHHMH JIJIsi BUKOPHCTAHHS
MPOEKTYBAIbHUKAM MepeX 1 JO3BOJSATh BHOPATH BIAIMOBIAHO JO BUMOT MPOEKTOBAHOI MepeXi MPOTOKOIH
0araToNUIIXOBOI MapIIPyTH3AIlil 3 HAWOUIBIIT MiIXOASIIUMU XapaKTSPUCTUKAMHU.
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O.I1. ®EJIIOK, € M. KPYDKAHOBCHKUI
BHTVY(VYkpaina)

BUKOPUCTAHHA AJITOPUTMY KOHTEKCTHOI'O MOAEJIFOBAHHA JIJI1 PO3POBKU
IMPOI'PAMMU JUIA YINUUIBHEHHA JAHUX BE3 BTPAT

Poszenaoaemoca 3adaua ywinvHenusa ¢haiinie 3a 00NOMO2010 AOANMUBHUX MemOoOi8 VUWIIbHEeHHS, 5Ki
00360IA10Mb  BUKOHY8AMU  KOOY8AHHA 3d OOUH NpPOXi0 nouamkogozo ainy. Hatibinew wupoke
3ACMOCYBAHHA OMPUMANLA MEXHIKA Koumekcmuozo mooentosanuss PPM (Prediction by Partial Matching) —
nepedbavenms 3a yacmrosum 30icom ma ii moouixayii. Came yeu nioxio docuioxicyemvcs 6 pobomi, wo
C8IOUUMb NPO iT AKMYATbHICMb.

[TocTanoBka npobaemMu

Y nam yac kopuctyBaui [IK BUKOpHUCTOBYIOTH Ta OTIEpYIOTh BEIMKUMU 0Ocsramu iHopmarii. s
eKOHOMI1 MicIis iHpOpMaIIio HeoOXiTHO 3MEHIITYBAaTH 3a-A0MOMOTOI0 CHEIiallbHUX IPOTpaM — apXiBaTopiB.
ApxiBaTop — Iie creniajgbHe MporpaMHe 3a0e3meueHHs Ui yIliIbHeHHS JaHuX. Po3po0roBanwmii 701aTOK
(apxiBaTop) BUpINIYE JaHy MPOOIEMY, a TAKOXK J03BOJIsIE 00'€IHYBATH B OJIMH apXiB rpymny Qaiiiis, Mo €
TOCHTB 3pY4HO.

MeTtoro po3poOKH € TiABHIICHHAS KOe(iIiEHTY YITUTEHEHHS (aiiiiB.

00’ €eKTOM JTOCIIPKEHHS MOCTAI0Th MPOrPaMHi JIOJATKU JJIs YIIIbHECHHS 1HhopMairii 6e3 BTpar abo
apxiBaTopH.

[IpemMeToM AOCTiKEHHS € aNTOPUTMH YIIUTBEHEHHS iHpopMartii 6e3 BTpar.

I'osoBHOIO 3a1a4€t0 € PO3POOKA MPOTPAMHOTO MPOAYKTY IS YIIUILHEHHS HaHuX Oe3 BTpaT 3
BUKOPHUCTAHHSM aJITOPUTMY KOHTEKCTHOTO MOJICITIOBAaHHS.

PesynbraTtn mocmimKkenHs

Ha panwmii MOMEHT, iCHYIOTh NPOAYKTH, SIKi BUPIIIYIOTH MPOOJIEMY YIIUIbHEHHS iH(OpMarii, cepen
SKUX HalOUTbn monyspHi: 7-Zip, WinRAR, WinZip, PeaZip. Ane y KOXHOTO i3 HUX € CBOi HEJOMIKH, TaKi
SK: He3py4yHa Hapiramis Mmik mnankamu (7-Zip, WinRAR) Ta BigCyTHICTP MOXJIHMBOCTI TMEpEXOmy Bif
apxiBaTopa 10 BikHa mposignuka (WinRAR, WinZip, 7-Zip), crapomoanuii intepdeiic (WinRAR, 7-Zip),
HEMOXIUBICTh mM@pyBanHsa naHux (PeaZip), mpobnemu 3 nokaiizamiero, TOOTO 3 HasBHICTIO MEpeKIamy
iHTepdeiicy Ha ykpaiHcbky Moy (PeaZip), BigcyTHicTh 3abesnedeHHst TexHojorii Drag&Drop
(mepeTsryBaHHS B akTHBHE BikHO) (7-Zip, PeaZip). 3rijHo 3 MU BUMOramu OyJi0 CTBOpEHO iHTepdeiic
SKUHA 3a0e31eYuTh HaleeKTHUBHIlly B3a€EMOJII0 KOPHUCTyBaua 3 H0JaTKoM (puc.l). 3a I10mMOMOrorw Takoro
iHTEepdelicy KOpUCTyBau MOXE CTBOpIOBaTH abo gomaBaTH ¢aiiiim 10 apXiBy, BWIyYaTH iX 3 HbBOTO,

nepernsaaty abo 3amyckary ¢aiiiy, KOmiloBaTH iX y 3aJaHy KOPUCTyBaueM MamKy, BHIAIATH apXiB a0o
okpemi (aiiinm y HboMy.
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J71st OIIHKY SIKOCTI POOOTH apXiBaTOPiB HEOOXITHO Ai3HATHCS MAaKCHMAaJIbHI 3HAYCHHS MPOyKTUBHOCTI
poboTu apxiBaTopa, KOediIli€eHTy CTHCHCHHS Ta 49ac, SIKAU TP IbOMY BUTPAYAETHCS. Y Cl pe3yIbTaTH MOIaH1

y Tabm. 1.
Tabmums 1 — @yHKIiOHATBHI XapaKTEePUCTHKHU apXiBaTOPiB
Teker
Kputepiit 7-Zip WinRAR WinZip PeaZip
Yac (¢) 97,66666667 42,33333333 112,00000000 149,66666667
IIponykTuBHICTH 7,93995029 15,97546547 6,17543388 6,31442614
KedimieHT cTrcHEHHS 4,447023017 3,086418988 3,239885491 18,065926208
300pakeHHs
Kpurepiit 7-Zip WinRAR WinZip PeaZip
Yac (¢) 3,33333333 28,33333333 137,33333333 102,333333
IIpoayKTHBHICTH 287,84590050 0,35517833 1,70074008 9,39526456
Crenidb CTUCHEHHS 24,430829643 1,010161211 1,304574419 25,660541412
Menia
Kpurepiit 7-Zip WinRAR WinZip PeaZip
Yac (c) 98,00000000 73,66666667 43,33333333 190,00000000
[IpoayKTHBHICTH 0,25402940 0,34935131 0,56270332 0,17333575
Cremnidb CTUCHEHHS 1,025519046 1,025790770 1,025376167 1,033854792

[IpoanamizyBaBuIu qaHi MakCHMaiIbHO JIOIYCTUMOTO YIIUTbHEHHS (DaiiliB HASSBHUMHU aHAJIOTaMH 0yJIo
BHU3HAYEHO OCHOBHI XapaKTEPUCTHKH JIJISl HAIIOTO apxXiBaropa. OnTuManbHuid KeillieHT CTUCHEHHS TEKCTY
Ma€ CTaHOBUTH B Mexkax Bija 4 110 18, 300pakerHs — Bin 24 1 Buiie, Meaia — Big 1,025.

Po3poOntoBanuii J0MATOK TPU3HAYEHUH JUI IIBHJKOTO Ta IHTYiTUBHOTO BUKOPHCTAHHS JJIs
yIIibHEHHs iH(opMaIlii 3a JONOMOror KOHTEKCTHOTO MOjemtoBaHHS. JlogaTok po3pobiroeThess Ha Oasi
omnepariiiinoi cucremu Windows 10 moBoto C++ 3 BUKOPUCTaHHSM CEpeOBHIIA IporpaMmyBaHHs Microsoft
Visual Studio 2015, mo 3a0e3meunTh HOro MOOIJIBHICTE Ta HIBUIKOIIIO.

IpuHiun podboTH A0AaTKY

[pornec ymiipHeHHS iHMOpPMAIlii po3pO0JIFOBAHOTO MPOTrPAMHOr0 JOJIATKy Oy/Ie CKIAaTHUCs 3 JBOX
CaMOCTIMHMX 4YacTHH: MOJETIOBAHHSA Ta KOJyBaHHsA. MoJenioBaHHS sIBIsiE CO00H0 MOOYIOBY Mozedi
iH(opMarifHOTO JKepena, M0 TOPOKYE JaHi, SKi MiUISraloTh CTHCHEHHIO, a I KOTYBaHHIM —
BIITBOPEHHST OOpOOJIIOBAHMX JIAHUX Yy CTHCHIH QopMmi mogaHHS Oepydyd BpaxoBYHOUH pe3yJibTaTH
MOJICITFOBaHHS (pric. 2).

Konep mxepena

Hxepeno [ Bxinui naui
JIAaHUX P>

MoaenoBanbHHK

OOHOBUTH
D MOJIENB

Koaysatu cumBOI

BIIMOBIAHO 10 HOro Viinbeni
IMOBIPHOCTI nai
KoaysanbHuk >

Pucynok 2 — Cxema poOOTH MpOrpaMu ISl YIIUIBHEHHS JaHUX 3 BUKOPUCTAHHSAM aJIFOPUTMY
KOHTEKCTHOTO MOJIEITFOBAHHS
«KogyBanbHuk» ¢opMmye BUXIOZHMH MOTIK, II0 € KOMIIAKTHOIO 3aco00M NoAaHHS 00poOiroBaHOl
iH(popMallii, sika MojaHa y MNEBHIM MOCTIIOBHOCTI Ta HAJA€ThCA «MOJCIIOBAILHUKOMY [1]. OliHIOBaHHS
HMOBIPHOCTI CHMBOJIIB Ha eTami MOJEIIOBAaHHI BHUKOHYETHCS Ha IIACTaBI BiJIOMOi CTaTUCTHKH 1/a00
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anpiopHUX NPUIYLNICHb, Yepe3 II0 TaKe 3aBJaHHS 4YacTO HA3UBAIOTh 3aBIAHHAM CTaTHCTHYHOTO
MOJCOBaHHA. MOJKHaA CKa3aTH, 10 MOJETIOBAILHUK Iependadae iMOBIPHICTD MOSBH KOXXHOTO CHMBOIIY B
KOXKHIH TIO3WLIT BXiTHOTO psijiKa, 3BiJCH IIe OJHE HAWMEHYBaHHS [bOT'0 KOMIIOHEHTa — «1epeadauyBauy ado
«mpenukTopy (Big predictor). Kparue yuiineHenHst Oyae ToAi, KOJU Ko OyAyTh BiINOBIiAaTH ONTHMATBHUM,
10 03HAYAE OI[IHKY BHCOKOI TOYHOCTI IMOBIPHOCTI ITOSIBU CHMBOJTIB.

MopenroBaHHs, AKe A€ OIIHKY IMOBIPHOCTI IOSBM CHMBOJY B 3aJ€KHOCTI BiJ TOMEpenHix, abo
KOHTEKCTY, Ha3UBAEThCSI KOHTEKCTHUM MojentoBanHsIM [1]. Konteker — me Habip CHMBOIIIB, SIKi OTOYYIOTh
MMOTOYHUN CHMBOJ. [CHYIOTh TaKOXX BIIMIHHOCTI MiX JIIBOCTOPOHHIM 1 IPaBOCTOPOHHIM KOHTEKCTOM, TOOTO
MOCIIZIOBHICTIO CUMBOJIIB, SIKI MPUMHUKAIOTH 0 IMOTOYHOTO CHMBOJY JIBOPYY a00 MpPaBOpYd, BiAIOBIIHO.
KonrtekcroMm 31e6iibMI0r0 € came JTiBOCTOPOHHIH KOHTEKCT, TOMY IO TaKe MOJICIIOBaHHS MPaKTHYHO
3B/ 3aCTOCOBYEThCsS AK amantuBHe [1]. HaifGimbmn BigoMuM Ta TOMYJSPHUM ANTOPHUTMOM 3 I[OTO
cimeiicta € anroputm PPM (anrn. Prediction by Partial Matching — mporro3 moao gactkoBoro 306iry) [2].
Bin mpencraBnsie co0OI0 aganTUBHHUK CTATHCTUYHUM alTOPUTM CTHCHEHHA JaHMX O0e3 BTpaT, SKUAU
BUKOPUCTOBY€E KOHTEKCTHE MOJEIOBaHHSA 1 mporHo3yBaHHs. Y moxemi PPM koHTekcT siBisie coOoro
HECKIHYEHHY CYKYIHICTb CHMBOJIIB B YIIUTBHEHOMY IIOTOI, SIKI MEPeAyIoTh AaHOMY, 100 MPOTHO3yBAaTH
3HAYCHHS CHMBOJYy Ha OCHOBI CTaTHCTHYHHX JTaHMX. Taka MOJeNb JIMmie mepeadadae 3HAYeHHS CHMBOILY,
caMe VYIIITbHEHHS 3AIMCHIOETBCS aNTOPUTMAMH CHTPOMIKHOTO KOAYBaHHs, Cepel SIKUX HaiOimbI
MIOYJISIPHUM € apumeTnyne kogyBaHHs [1].

Cepen monudikamiii Iporo anroputMy BuainsgeTscs PAQ, sika pozpobnena Merrom Maxoysi y 2002
poui [3]. Bin BuKopucTaB mojimmeny Bepcito anroputMy PPM 3 BUKOpHCTaHHSM TEXHIKH il Ha3BOO
«KOHTEKCTHE 3MillTyBaHHsI». 3arajbHUI alTOPUTM TaKOT'O 3MIIIyBaHHS OMMCAHUI HIDKYE.

PosmakoBaHuii MOTIK TEKOAYETHCS OJWH OIT 32 pa3, YIaKOBYEThCS B OAWTH, a MOTIM MEPETBOPIOETHCS
yepe3 HeoOOB'I3KOBUH MOCTIPOIIECOP, 00 CKacyBaTH MEPETBOPEHHS, SKI MaJIM Ha METi 3pOOUTH JlaHi OLIbIIl
cruciumu. L{ock nexoayeThes 3a JOMOMOTOI0 MOJIENI, siKa repeadatae (BU3Ha4a€ HMOBIPHICTbD), HACTYTHHH
0iT Ha OCHOBI paHime po3mu(poBaHUX OITiB AEKOAYETHCH ApUPMETHUYHUM JIEKOIEPOM, SKHH IMpHiiMae
MPOTHO3 1 CTUCHYTI aHi, 1 BUBOAUTH OiT. BiT moBepTacThes 10 Moieni, o0 BOHA MOTJIa YTOYHUTH MaOyTHI
nmporHo3u. Jleko0BaHi AaHi 1Jis1 KOXKHOT0 OJI0KY MOYMHAThes 3 pamnopy (flag), mo0 Bkazatu, v Citij Horo
BUBOAMTHU 0€3 MoCepeHbo a0o micis 00poOku. B ocTaHHEOMY BUTIAJIKY BiH CKIAQAA€THCS 3 KOAY, a TOTIM 3
BXIJHHX JaHHX. BHX0moM mi€l mporpamMu € pe3yipTaT Tak 3BaHOTO JeKoMIpecopa. Y OyIb-sKOMY BHUITQAKY
BUXIJTHUH MOTIK MOXKe OyTH po3AiJicHHH Ha okpeMi MacuBu abo Qaiiinm, ormucaHi B 3aroJOBKax CerMeHTiB [4].

3perToro, MoIeTb SIBIsiE CO000 Habip KOMIIOHEHTIB, SIKi pOOJIATH He3aJIeKHI MPOTHO3H 32 KOHTEKCTOM
Ta / abo KOMOIHYyIOYM TPOTHO3M IHIIMX KOMIIOHEHTIB. KOXXEH KOMIIOHEHT Ma€ KOHTEKCT, SKHM
00YHCITIOEThCS 3 paHilie po3mubpoBaHUX OITiB 32 AOMOMOTOIO IPOTPAMH, OMUCAHOI B 3arOJIOBKY OJIOKY.
Hanpukiiag, KOHTEKCT MOke Oy TH Xeriom octaHHix 20 OiT.

Taka Mogenb 03BOJIsi€E BUKOPHUCTOBYBATH OLIBIIE OJHIET CTATHCTUYHOI MOJEIN, MIO0 MONIMIIUTH
NPOTHO3 MO YacTOTi IMOSIBM CHMBOJIB. Takok MOXKHa cKa3atu, mo anmroputM PAQ nHaOupae 3Ha4HOI
MOIYJISIPHOCTI 3aBJISIKY JY’KE XOPOIIOMY KoeilieHTy CTHCHEHHS (X04a i MPaIioe BiH AyKe MOBUIBHO). AJie
3aBJISKH 30UIBIIEHHIO MIBUIKO/I1T KOMITIOTEPIB MIBUAKICTH POOOTH CTaHE MEHIII KPUTHYHOIO.,

BucHoBku
TakuM 4uHOM, OYJIO PO3TISHYTO MPOTPaMHi JOJATKH sl yIIUIbHeHHS iH(opMmartii (apxiBaTopu) Ta
00TIpyHTOBaHO HEOOXITHICTh PO3POOKH MPOTPaAMHOTO JOJAATKy. Po3po0ieHo mporpaMHmii 101aTOK BPaxoBye
yci HENONIKM aHaIOTiB Ta € HalkpamuMm (YHKI[IOHAJIBHUM pIllleHHSIM s YIIiTbHEHHS iHQopMarii
BUKOPUCTOBYIOUM aJTOPUTM KOHTEKCTHOTO MOJICTIIOBAHHS, SKHH TIOKa3ye HaWKpalmuid KoedilieHT
YILIIbHEHHS 3-NMOMiX YCiX 1HIIMX aJrOPUTMIB Ta € JOCUTH EPCIEKTHBHUM.
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PILLIEHHS 3AJIAUI BIHAPHOI KJIACU®IKALLT 3A JIOTIOMOT' OO HEMPOHHOI MEPEXI

Pedepar. BimmiueHOo TeHAEHIIO 3pOCTAaHHS IHTEpPECY 10 BHKOPHCTAHHS HEWPOHHUX MEPEX It
BHpIIICHHS pIi3HUX 3aBJaHb 1 3aCTOCYBaHHS iX B pI3HUX cdepax XHUTTA JIOAWHA. 3ampONOHOBAHO
BUKOPHUCTAHHS HEUPOHHOI MEpEeXi IS MOJIIMIICHHS TOKAa3HWKIB JiarHOCTYBaHHS XBOpoOu. OTpumaHO
CHPUNHATHUH Pe3yJIbTaT, OKPECICHO KOHTYPHU TIOJJAJIBIIOI POOOTH.

B ocraHHi pokHM crocTepiraeTbcs CTpiMKE BOPOBAaKEHHS B Yyci cdepw IisSUIBHOCTI JIOAMHM,
BKITIOYAIOYH OXOPOHY 3I0pOB'SA, iHPOpPMAaLiHUX 1HTENIEKTyaJbHUX TEXHOJIOTIH, IO CHpHsE MiABHUILICHHIO
SIKOCTI MEAUYIHOTO 00CcIyroByBaHHs [1-2].

CydJacHi TEXHOJOTIi TOCIiKEHb B Tally3i iHGOPMATHKH, MITyYHOTO IHTEIEKTY Ta CTATUCTHKH BAXKKO
peanizyBatu, 3 TeXHIYHOro OOKy, 0e3 3ac00iB MAIIMHHOTO HaBYaHHS. 3apa3 B LEHTPI yBard - MiJroTOBKa
ANTOPUTMIB TSI BUBYCHHS 3aKOHOMIPHOCTEW i MpOrHO3yBaHHA MaHuX. Oco0iuBa I[IHHICTE B TOMY, IO iX
3aCTOCYBaHHS O3BOJISIE BUKOPUCTOBYBATH KOMI'IOTEPH AJISl aBTOMATH3alii NPOLECiB MPUUHATTS PillleHb, B
TOMY YHCIHI 1 B JTiIKapchKii crpasi [2].

OcTaHHIM Y4acoM CITOCTEpIraeThcs TEHACHIS 3pOCTaHHS iHTepecy 0 BUKOPUCTAHHS came HeHPOHHUX
MEpeXX JUId BHPIMICHHS PI3HWX 3aBIaHb 1 3aCTOCYBaHHA iX B pi3HUX cdepax KUTTS ITOIUHH. 3
BUKOPUCTAHHSIM HEHPOHHHUX MEPEX BIAKPWINCS MOXKIHBOCTI MPOBEACHHS OOYMCIECHb B Taly3sX, AKi JIO
IILOTO BIJIHOCWJIUCH TUTBKHU JI0 C)ePH JIFOJICHKOTO 1HTEICKTY.

BaxxniBor BIACTHBICTIO HEHPOHHUX MEPEXk, IO CBIAYUTH IMPO iX BEMUKHANA TOTEHIAN i MIMPOKI
MIPUKJIaTHI MOXKIIMBOCTI, € TapajelbHa oOpoOka iHhopMarlii OJHOYACHO BEIUKOI KITBKICTIO HEWPOHIB.
3aBIsSKN [IBOMY JIOCATAEThCA 3HAYHE MPUCKOPEHHsI 00poOKH iHPopMalii. [HII0I BaKIMBOIO OCOONUBICTIO
HEHPOHHUX MEpPEX € 3[aTHICTh 0 HABUAHHS 1 y3araibHeHHs iHpopmanii. TakuM 4MHOM JOCSATaEThCS MEBHA
CXO0XICTh 3 POOOTOO TOIOBHOTO MO3KY JIFOJIHHHU.

TumoBMMH 3aBIaHHSAMH, $AKI MOXYThb OYTHM BHUpIIIEHI 3a JOMOMOTOI0 HEHPOHHUX MeEpex 1
HEHPOKOMI'IOTEPIB €. 3aBJaHHsA Kiacudikailii, aBTOMATH3allisl MPOrHO3YBaHHS, aBTOMATH3allisl MPOIECY
MIPUAHATTS PillleHb, YIPABIiHAS, KOAYBaHHS 1 IeKOTyBaHHs iH(pOpMAIIii, po3Ii3HaBaHHS 00pa3iB TOIIO.

Panime Oyna po3risiHyTa iHTENEKTyalbHa CHCTEMa BH3HAUEHHS [ONEPEJHBOTO  JIiarHo3y
3aXBOPIOBAHHS Ha Jia0eT MO KUIBKOM BiJIOMHM JIAOOPAaTOPHHUM 1 JKUTTEBUM O3HAKaMHU (JaHUX BIKY, MacH
Tima, Ja00paTOPHUX JMOCII/DKEHb TOIMIO), IPOBEAeHa Kiacudikaiis XBopoOw, mepeadadeHHil MeXaHi3M
LIBUIKOTO BU3HAUEHHSA IONEPeAHLOro aiarHo3y [3-4]. Y HaOopi eKclepMMEHTAIbHUX JaHHUX, LIO0
CKJIaJIal0ThCSl 3 OKPEMHUX 3alluCiB, € JIeB'SITh mapaMeTpiB. BiciM mapamerpiB MalOTh YHCENbHI 3HAYCHHS.
OcraHHiif 3 HUX, HITBOBHH, BiJIoOpaxae, criocTepiraBes y MaiieHTa IyKpoBui fniabeT 4m Hi (BiAmoBiaHO, |
a6o 0).

Mogens mobynoBaHa 3a JOMOMOTOI0 BOYIOBaHHX B MOBY IporpaMmyBanHs Python ¢yHkii i 610mioTek
METOIOM Kiacudikaropa OINOPHUX BEKTOPiB. B pe3yibraTi TpeHyBaHHS MOJeNi i 0OOpPOOKH TECTOBHUX JAHHX
orpuMmana To4HICTE (Accuracy: 0.7687). BimHOCHO HEBHCOKHI TIOKAa3HWK BUKIWKAHUNA HETOYHICTIO
OCHOBHUX JIIHIHHUX MeTOMiB Kiacu]ikallii i HaBiTh B KpallMX BHIAJKaX IHIINX CIIOPiIHEHUX METOJIB HE
nepesuirye 78-80%.

[IpononyeTbcss MOOYZOBa aHANOTIYHOrO KiacudikaTopa 3a JONOMOIOI0 HEWPOHHOI Mepexi 1
MOPIBHIHHS PE3yJIbTATIB.

Jlnis MoJieNTIoBaHHS 3aCTOCOBAHO MOBY IporpamyBanHsi Python i 6i6mioreky Keras, sika ysBisie codoro
BHUCOKODIBHEBUH 1HTEepdeic IUIsi CTBOPEHHS HEHPOHHMX Mepex. 3a paxyHOK IbOTO MPOTpaMHHN KOJ
BUXOANUTh HE TINBKM TMOTY)KHUM, ajne 1 KOMIIAKTHUM. MOJenoBaHHd BHUKOHAHO Y BUIBHO
PO3MOBCIOKYBaHOMY XMapHOMY cepenoBuiii Colaboratory y BikHi Opay3epa [5].

Crpykrypa mociimoBHoi (Sequental) Mogeni HEWpPOHHOT Mepei BUIJISIIAE HACTYIHAM YHHOM.
Busnaueno BXigHWH, BUXiTHMHA 1 mpuxoBani mapu. Heiiponna mepexa mae mineHy (Dense) cTpyktypy -
KO>KEH HEWpOH MOB'SI3aHUN 3 yciMa HEHpOHaMHu HacTymHoro mapy. CTBOpEeHO TpH MPHUXOBaHI MPOILIAPKH 1
BUXITHHUH (3 CIrMOiHON (YHKIIIEF0 aKTHBAIlii), 10 CKJIAJAEThCS 3 OJHOTO HEHpOHA, BU3HAYA€ HMOBIPHICTh
3aXBOPIOBaHHA Ha aiabeT. Y skocTi (QyHKIT akTUBAIl BUXIJHOrO IIapy 3acTOCOBaHMK curmoim. JlaHi
PO3MOAITEH], aHAIOTIYHO MOMEPEIHIM <«JIIHIHHUM» MeToJaM, Ha MaTpHUII0 O3HaK X 1 BEKTOp LiJIBOBOI
3MiHHOT Y.
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Jlns koMITimiAtiii MoJieNmi 3acTOCOBY€eThCS MeTo compile () 3 TppoMa mapameTpaMu: (PYHKITIEIO BTpaT
(sKy MOTPIOHO MiHIMI3yBaTH), CTOXaCTHUYHUM ONTHMI3aTOPOM, METPHKOIO ONTHMI3alii «accuracy». [Ipoiec
HaBYaHHs HepoMepeski BUIIPOOOBYBaBCs Ha Pi3HY KiIBKICTh enox (iTepauiil 3MiHM mapaMeTpiB Mepexi A
JOCSITHEHHsT BHUCOKOI TouHocTi), Big 100 mo 1500. PesympTar oOuUMCIEHHS OCTaHHIX KPOKiB HaWOLIbII
BJAJIOTO EKCIIEPUMEHTY HAaBEJICHO HAa PUCYHKY.

Epoch 995/1000

768/768 [===================] - 0s 21us/step - loss: 0.2409 - acc: 0.8984
Epoch 996/1000

768/768 [===================] - 0s 19us/step - loss: 0.2406 - acc: 0.8932
Epoch 997/1000

768/768 [===================] - 0s 26us/step - loss: 0.2364 - acc: 0.8984
Epoch 998/1000

768/768 [===================] - 0s 23us/step - loss: 0.2296 - acc: 0.9063
Epoch 999/1000

768/768 [===================] - 0s 19us/step - loss: 0.2350 - acc: 0.8997
Epoch 1000/1000

768/768 [===================] - 0s 19us/step - loss: 0.2276 - acc: 0.9010

<keras.callbacks.History at Ox7eff17827240>

Puc. Kpoku npoueaypu HaB4aHHSI HEHPOHHOT MEpexKi

OTpuMaHo TOYHICTB OUTBIIY 32 90%, 110 NEPEBUIILY€E PE3yILTaTH OOUUCIICHHS «TTHIHHUMI» METOIaMH
[2,3]. Monens Ha HEHWPOHHOI MEpeXi BUMArae MOAAbIINX IOOIPAIOBAHb, OULIBII SKICHOTO PO3MOILTY
JaHWX Ta MONepeaHb0i 00poOKku. OTpruMaHi pe3yIbTaTH, 32 YMOBH JTOOIPAIIOBAHHS MOJIETi, MOXXYTh 3HAYHO
MOJINIIUTH CTaH BU3HAYCHHS JIIarHO3Y XBOPOOU 3 BiJOMUMH O3HAKAMHU.
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ANALYSIS OF MACHINE LEARNING ALGORITHMS FOR EVALUATION OF THE DYNAMICS OF
THE EDUCATIONAL PROCESS ON ELECTRONIC LEARNING COURSES

THE PAPER EXAMINES THE ADVANTAGES AND DISADVANTAGES OF ONLINE COURSES THAT
ARE RELATED TO FEATURES OF LEARNING. THE NECESSITY OF CARRYING OUT THE EARLY
PROGNOSIS OF THE STUDENTS' DISMISSION DEPENDING ON THE CURRENT STATE OF THE
EDUCATIONAL PROCESS IS JUSTIFIED. SELECTED MACHINE TRAINING ALGORITHMS FOR
AUTOMATION OF THE SPECIFIED PROCESSING PROCESS.

Introduction. Online education is becoming increasingly popular. Today, online learning is the most
innovative and entertaining way of organizing the learning process. Learning online is not only popular, but
also convenient: from choosing the educational course that suits you, the time of the class and remotely
paying for the classes. People like the simplicity, financial appeal and curiosity of this method of learning
compared to the traditional way of education. Convenience is a major benefit of learning online, creating the
ideal environment for an active and effective educational process. In addition, by learning online, students
can interact more with teachers by getting a timely assessment of their work. Studying over the Internet has
allowed students to master complex subjects much faster and more effectively. All students are provided
with study materials, recommendations and sample work on various subjects. Online learning allows you to
fill in the gaps of school education without sacrificing the current learning process for students. In this case,
educational material based on the Internet data is carefully checked by qualified teachers and submitted to
the student in a fascinating manner [1].

The traditional set of tools that form the basis of e-courses include mechanisms for submitting material,
securing it and testing knowledge, as well as storing learning outcomes. Also an important aspect of the
developed online learning system is the developed system of controlling the dynamics of learning.

The aim of work. The aim of the work is to analyze and select machine learning methods that allow
you to monitor the success of e-learning and to predict early dropout rates. In order to achieve this goal, it is
necessary to first consider the principles of work and the informational and instrumental composition of e-
courses.

Research methods. Internet allows individuals to study in different directions and optimizes their
work, for example: information retrieval, electronic data recording process, sequential creation and
concurrent problem solving, virtual fees. Distance learning is an important link in today's information age,
and there is no doubt about it. To study with the help of the Internet does not force anyone, it is everyone's
business. On-line learning allows unsure students to open up as they have the opportunity to interact in
absentia with other people and teachers in particular. This creates a learning environment that helps students
respond quickly, have contact with the outside world. Another advantage of distance learning is, in fact,
freedom of action, saving time and money. Students can attend classes based on their own timetable. Not
only does Internet access allow all students to become active learners from a distance, but it also allows
teachers to easily extend learning opportunities for their students. Through access to a wealth of resources on
the Web, web teachers can organize online excursions for students, refine and decipher new classroom
information, and organize students to participate in collaborative projects.

Examples of best known online learning services and resources of interest primarily to programmers:
Codecademy (learning programming on JavaScript, HTML, Python, Ruby), Code School (the service for
teaching programming with elements of gamification), MIT Open Courseware (2100 courses of various
subjects, including Electrical Engineering and Computer Science, free resources include online tutorials,
exams, multimedia content, tasks, projects and examples), Coursera (the online education startup founded by
Stanford University professors that allows you to complete a full online university course), Khanacademy
(free video courses on various subjects), Google Code University (the free resource for people interested in
Android development, distributed systems and web security), LearnStreet (the resource for study Javascript,
Python, Ruby, courses are interactive — the study takes the form of writing code and getting the result
immediately. There are theory, exercises, tips and videos), JavaRush (learning programming in Java in the
form of an online game).

However, distance education, including the use of e-learning courses, has its drawbacks. If there is a
lack of motivation to continue learning, for which there are many reasons, students interrupt the learning
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process for a while or forever. If a teacher can monitor this situation and prevent it in face-to-face teaching,
then there is a need for action in online learning. Typically, eLearning courses are built according to a fixed
training plan that includes the mandatory completion of certain tasks. If it is possible to automate the
determination of the current educational status of a person enrolled in such a course, then it will allow to
carry out an early prediction of dropout of students. Depending on the results of this prediction, different
approaches can be applied to return motivation — from gamification methods to adaptation of the level of
complexity of the training course.

Results and discussion. The main functions of e-courses include: providing work with the system of
the teacher, that is expert in a specific subject area, the learner and the persons providing the process of
organizing and administering the learning process; managing course materials hosted on the web platform:
adding new topics, editing and deleting existing topics, managing their media content; organizing activities
to attract students to the current course, providing them with theoretical material in text and video format;
organizing activities to test student knowledge, predict one-to-many, many-to-many or open-ended tests, the
results of which can be evaluated on a quantitative or qualitative scale; organizing the opportunity for the
student to communicate with the expert and the students chatting with each other; administration of experts,
students and training courses in general — adding, editing, deleting; preserving student learning outcomes.

As auxiliary functions for the work of e-courses are required the following: work with the personal
rooms of the expert and the student; viewing and changing statistical and user settings; issuing certificates to
students, etc.

In general, the above functional can be represented by the UML diagram of use cases (Fig. 1).

From the analysis of the above use cases, it is advisable to distinguish the input variables that will be
forecast. To predict the dynamics of the learning process in e-learning courses, it is possible to use machine
learning methods, which can be described as teaching the target, previously unknown, the function f, which
best correlates the input variables X and the output variable Y: Y = (x).

The most common task in machine learning is to predict Y values for new X values. This is called
predictive modeling, and our goal is to make the prediction as accurate as possible [2].

Let's look at the most well known of the methods of machine learning and choose the ones that are
most appropriate to use to predict early school dropout rates in eLearning courses.

1. Linear Regression is one of the most well-known and understandable algorithms in statistics and
machine learning. Predictive modeling is primarily about minimizing model error or, in other words, making
forecasting as accurate as possible. Linear regression can be represented as an equation describing a straight
line that most accurately shows the relationship between input variables X and output variables Y.

2. Logistic Regression is another algorithm that came into machine learning straight from statistics. It
is good to use for binary classification problems (these are tasks in which we get one of two classes at the
output). Logistic regression is similar to linear in that it also needs to find the values of the coefficients for
the input variables. The difference is that the output value is converted by a nonlinear or logistic function.

3. Linear Discriminant Analysis — used when a sample is to be assigned to one of several classes.
Predictions are made by calculating the discriminant value for each class and selecting the class with the
highest value.

4. Decision Trees can be represented as a binary tree familiar to many algorithms and data structures.
Each node represents an input variable and a dividing point for that variable (provided the variable is a
number).

5. Naive Bayesian Classifier is a simple but very efficient algorithm. This algorithm assumes that each
input variable is independent. This is a strong assumption that does not correspond to real data, but this
algorithm is very effective for a number of complex tasks.

6. K-Neighbors (KNN) is a very simple and very efficient algorithm. The KNN model is represented
by the entire training data set. The idea of nearest neighbors may not work well with multidimensional data
(multiple input variables), which will adversely affect the effectiveness of the algorithm in solving the
problem.

7. Vector Quantization Networks are a set of code vectors. They are selected at the beginning randomly
and are adapted over a certain number of iterations in such a way as to best generalize the entire data set.
After training, these vectors can be used for prediction in the same way as in KNN.

8. The Support Vector Method uses a hyperplane — a line dividing the space of input variables. The
hyperplane is chosen so as to best separate the points in the plane of the input variables by their class: 0 or 1.
During training, the algorithm looks for coefficients that help to better separate classes with the hyperplane.

9. Bagging and Random Forest are a kind of ensemble algorithm. Decision trees are most often used to
evaluate all statistical models. Training data is divided into many samples, for each of which a model is
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created. When a prediction needs to be made, each model makes it, and then the predictions are averaged to
give a better estimate of the output value.

10. Boosting is a family of ensemble algorithms, the essence of which is to create a strong classifier
based on several weak ones. To do this, first create one model, then another model, which tries to correct
errors in the first. Models are added until the training data is perfectly predicted or until the maximum
number of models is exceeded.
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Figure 1 — Use case diagram
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The choice of a specific method of machine learning depends on the size, quality and nature of the
data, the available computing time, the urgency of solving the problem, etc. To solve our problem, it was
decided to use linear regression techniques and decision trees.

Conclusion. ¥V po6oTi po3riasiHyTO NPHHIMIN POOOTH Ta iH(POPMAIIWHO-IHCTPYMEHTAIBHUI CKIIa]
eJIEKTPOHHUX KypciB. OOIpyHTOBaHO HEOOXiJHICTh MPOBEJCHHS PAaHHBOTO MTPOTHO3YBAHHS BiJICIBY YYHIB B
3aJIeKHOCTI BiJl OTOYHOrO cTaHy ydOoBoro mporuecy. IIpoBeneHo aHamni3 METOZAIB MAallMHHOTO HaBYaHHS,
NpUAATHUX AJIS1 IPOTHO3YBaHHs. J{jsi BUPILICHHS MTOCTaBIECHOTO 3aBAaHHI 00OpaHO METO/M JiHIHHOI perpecii
Ta JiepeBa MPUIHSATTS PIllICHb.
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JOCIIPKEHHA 3ACOBIB OLIHKHM TA ITPOI'HO3YBAHHA BAPTOCTI HEPYXOMOCTI

Pegepam. YV pobomi eusnaueno punox HepyxomMocmi, K 8adCIUBY CKIAO08Y 20CH00APU020 KOMNIEKCY
oeparcasu. Ilpoananizoeano memoou OYIHKU 6aAPMOCMI HEPYXOMO20 MAUHA. 3A3HAYEHO BANCIUBICMb
BUKOPUCIMAHHA CYUACHUX [THOOPMAYIUHUX MeXHONO0RI Ol BUKOHAHHA 3a0ayi NPOSHO3VEAHHS 6APMOCMI
HEepyxXomocmi.

PrHOK HEpyXOMOCTi - CEKTOp PHUHKOBOI E€KOHOMIKH, IO MPEACTaBIsiE COOOI0 CYKYIHICTH 00'€KTIiB
HEPYXOMOCTI, EKOHOMIYHHX Cy0'€KTiB, TIPOIECIB CTBOPEHHS, BUKOPUCTAHHS Ta 0OMiHY 00'€KTIB HEPYXOMOCTI
1 MexaHi3MiB, 10 3a0e3MedyIoTh (PYHKIIOHYBaHHSI PUHKY HEPYXOMOCTi. B maHmii 4ac pHHOK HEPyXOMOCTI
MpeACcTaBiIeHUi PI3HOMaHITHUMU O0'€KTaMH, TaKHUMHU SIK KUTIOBI OyAMHKM 1 KBapTHPH, KOTEMXKi, Hadi,
odicui OyxmiBmi, 00'€KTH BUPOOHHYOTO 1 TOProBOTO IpH3HadeHHS. be3 OIiHKM BapTOCTI HE OOXOIUTHCS
JKOJTHA OTmeparlis 3 KyMiBIi-TIPOAaxy, KPEeOUTyBaHHS IIiJl 3acTaBy, CTpaxyBaHHA OO0'€KTa HEPYXOMOCTI,
BUPIIICHHS MafHOBHX CYIIEPEUOK, 3/1a4i HEPYXOMOCTI B opeHy Toio [1,2].

Po3pizHsIOTE ABa THUNHM PHHKY HEPYyXOMOCTi: MEpBHHHHKA 1 BTOpWHHWH. Ha mepBuHHOMY pPHHKY
HEPYXOMOCTI TOBap MPOAAETHCS BIiepie. SIK MpaBuilo, B POJIi MPOJABIM BUCTYTIAE AepxkaBa abo OymiBenmbHi
KOMIaHii. A Ha BTOPUHHOMY PHHKY HEPYXOMOCTi HpPOJAETHCS TOBAp, KU BXKE BHUKOPUCTOBYBABCS 1
HaJIe)KaB BJIACHUKY. Tak SK B PI3HUX perioHax pi3HI €KOHOMIYHI Ta MPHUPOAHO-KIIMaTH4YHI YMOBH 1
perioHanbHa TpaBoBa 0a3a, pUHKH HEPYXOMOCTI MOXKYTh MaTH 3Ha9HI BiqMiHHOCTI. ToMy Tipu mpoBeIeHHI
JOCHIPKEHHsI TOTPIOHO BpaxoBYBaTH PETiOHANBHI OCOONMBOCTI PHHKY HepyxomocTi. OIiHKa pUHKOBOI
BapTOCTi O0'€KTIB HEPYXOMOCTI JOCUTH CKJIAIHHUH 1 yHIKadbHHMH Mpolec, TaK SK Ha PHHKY MPAKTUYHO
BIJICYTHI JIBa OJTHAKOBUX 00'€KTa HEpyxoMocTi. HaBiTh, Ipy HassBHOCTI AEKITFKOX OAHOTHITHUX OO'€KTIB, IO
MarTh Pi3HE PO3TAlIyBaHHs, iX BapTiCTh MOKe 3Ha4HO Binpisustucsa [1,3]. B nanuit yac BUHHKae Bce
Oinpina noTpeda B 00'€eKTUBHIN 1 JOCTOBIPHIHN OL[IHIII HEPYXOMOCTI, B TOMY YHCII 1 IPHU HAsIBHOCTI HE 3aBXKAH
MOBHUX iH(oOpMaliiHuX 0a3 oIliHKU. Takox Jyxe 3arpeOyBaHe IUTaHHA PO3POOKH MOJeNeH i
MPOTHO3YBaHHSA IIiH HepyxomocTi. lle 0OymoOBIIOE 3pocTarody akTyalbHICTh IOCHIPKEHb y 3a3HAYeHId
ranysi. Y mojaneiniid poboTi IPOMOHYEThCS PO3TIISIHYTH OCHOBHI METOJIU OLIHKH HEPYyXOMOTO MaifHa , 110
JI03BOJIUTh y TIOBHOMY OOCSI31 OXONHTH MPOIECH,IIOB s13aHi 13 TPOBEJCHHSM OILIHKH 1 YIpPaBIiHHIM
00’€KTaMH HEPYXOMOCTi. Ta OiIBII AETAThbHO 30CEPEAMTHCH HAa IHCTPYMEHTaX 3iHCHEHHS IMPOTHO3HUX
pO3paxyHKiB, sKi € 0a30BUMHU CKJIQIOBHMH METOJMYHOTO amapary (yHIAMEHTAJIBHOTO —aHali3y
KOH IOHKTYpH PUHKY HEPYXOMOCTI.

AHaJi3 CTaHIapTIB OIIHKK HEPYXOMOCTI MTOKA3ye, 10 B OCHOBI METOJIOJIOTIT OIIHKH BUKOPHUCTOBYETHCS
MTOHSTTS 0A3UCY OILIHKY K CHCTEMU 3aTrajbHUX IMPUHITUIIIB 1 IMiIXOiB 0 OIiHKA 00'eKTiB HepyxomocTi. Tak,
HalioHaIbHUM cTaHgapToM Ne 1 «3arajibHi 3acajiy OIIHKKM MaifHa i MAHOBHX IIPaB» BU3HAYEHO, 110 «BUOIp
0a3u OIIHKUA 3aJIOKUTh BIJ] METH, 3 SKOK IPOBOJMTHCSA OIlIHKA MaiiHa, HMOro OCOOJUBOCTEH, a TaKOX
HOPMaTHBHHUX BUMOT» [4].

BignoBinHo 1o ckiiamy GakTopiB s KOHKPETHHX CUTYaIlild 13 HEPYXOMICTIO BU3HAYAIOTHCS 1 Oa3ucn
X OI[IHKY. B HAI[IOHATBHOMY CTaHJIAPTI i PEKOMEH Ty€ThCSI BUKOPUCTOBYBATH Taki 0a3u OIiHKH:

* PUHKOBA BAPTICTh;

* BapTICTh 3aMIIIICHHS;

* BapTiCTh BiITBOPCHHS;

* 3aJIMILIKOBA BapTICTh 3aMillleHHs (BiATBOPEHHS);

* BapTiCTh Y BUKOPHUCTAHHI;

* CIIOYKMBYA BAPTICTh;

* BapTICTh JIIKBIIAIIIT;

* iHBECTHLIIl{HA BapTiCTh;

* clieliajibHa BapTiCTh;

* yyicTa BapTICTh pealizaliii;

* OI[iIHOYHA BapTICTh Ta iHIIIE.

Jiis mpoBeneHHsT OLiHKK OO'€KTIB HEPYXOMOCTI 3aCTOCOBYIOThCA KiIAacH]ikaiis OCHOBHHUX METOIB
OLIIHKK 00’ €KTIB HEPYXOMOCTI — BUTPATHUM, JTOXIHUHN, MOPIBHITEHHMH.

Burparauii miaxia nependavyae BU3HAUEHHS IOTOYHOI BAPTOCTI BUTPAT Ha BIITBOPEHHS YX 3aMillIeHHS
00'eKTa 3 MOJANBUIMM KOPUTYBaHHSAM Ha CyMy 3HOCY. B paMkax mporo migxoxy 3acTOCOBYIOTHCSI METOIH:
0aaHCOBOT BAPTOCTI, BIITBOPEHHS Ta 3aMiIlICHHS.
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Hoxigumii miAxig mepenbavyae BU3HAYCHHS IOTOYHOI BApTOCTI  OYIKYBaHHUX JOXOMIB  Bif
Halie(peKTUBHIMIOTO BUKOPHUCTAHHSA O0'€KTa OIMHKHA. B paMkax IIhOTO MiTXOMy 3aCTOCOBYIOTHCS METOIIH:
npsaMoi Kamitanizanii npuOyTKy, AUCKOHTYBAaHHS IPOILIOBOTO MOTOKY.

[MopiBHsTbPHUK TiAXin mnependavae aHami3 IiH NPOJAXy Ta NPOIMOHYBaHHS MOAIOHOro MailHa 3
BIJIMOBITHIM KOPUTYBaHHSAM BiIMIHHOCTEH MK 00'€KTaMH TIOpIBHSHHS Ta 00'€eKTOM OIiHKH. B pamkax
IHOTO MiJXOAY 3aCTOCOBYIOTHCS: METOT TIOPIBHIHHS MPOAAXY, METO/ iHBECTHIII, METO/ BiJHOBIIOBAIHHOT
BapTOCTI 32 aHATOTaMH.

TexHOIOTIi OMIHKY MPOTHO3YBAaHHS BapTOCTI HEPYXOMOT'O MaifHa € HEBi €MHOIO CKIIQJIOBOIO CYYaCHUX
3ac00iB ompaltoBaHHA iH(hOpMAIii Tramy3i HepyXOMOCTI.

OniHIOBaHHS HA OCHOBI PErpecrBHOTO MOJENIOBaHHS OCHOBaHE Ha BUKOPHCTaHHI OaraTtoakTOpHHX
MaTeMaTHYHUX Mojenel. Take OIiHIOBaHHS BapTOCTI LIICHOTO MafHOBOTO KOMILIEKCY Ma€ JBa OCHOBHHX
PI3HOBHIIN:

1. OuiHoBaHHS Ha OCHOBI BHYTPIIIHIX YMHHUKIB. JlaHWi BapiaHT OLIHKH Tependadae MporHo3yBaHHs
BapTOCTI LTICHOTO MaHHOBOIO KOMIUIEKCY Ha OCHOBiI OaraTto)akTOpHHMX MoOAeJel perpecii, y SKHX
YUHHAKAMHA BHCTYNAIOTh IMapamMeTpd MaiOyTHBOI TOCHOIApChKOI MisUNTBHOCTI MigHPUEMCTBA. TaKWMHU
YMHHUKaMH MOXYTb OyTH:

- IPOTHO30BaHM 00CST peanizamii MpoayKIIil;

- BapTICTh YNCTHUX aKTHBIB;

- Koe(ili€HT peHTa0eIBHOCTI peaizallii mpoayKITii;

- Koe(iLieHT peHTa0CIBHOCTI BIACHOTO KaIliTaly;

- IPOTHO30BaHU# 00CST aMOPTH3AIIMHOTO TIOTOKY .

2. OuiHIOBaHHA 3 ypaxyBaHHAM 30BHIIIHIX YWMHHWKIB. JlaHwii BapiaHT mepenbadae BKIIOYCHHS B
perpecuBHY MOJIENIb MOPS 13 BHYTPIIIHIMA YMHHUKAMH W OKPEMUX YMHHMKIB 30BHIIIHBOTO CEPEOBHUIIA,
MOB’sI3aHUX 13 MPOrHO30BAHOK 3MIHOK KOH IOHKTYPH TOBApHOIO i (DIHAHCOBOT'O PHHKY, OYiKyBaHOIO
3MIHOIO (OpM JEepKaBHOTO PETYIIOBaHHS TOCHOJAPCHKO! [isSUIBHOCTI MIANPHUEMCTBA, XapaKTePOM
MaiOyTHBOI 3MIHM OKPEMHX MaKpOEKOHOMIYHMX TMOKa3HUKIB Tomo. llepeBaroro perpecuBHOTO
MOJICTIIOBAHHS BAapTOCTI IIJTICHOIO MaiHOBOTO KOMIUIGKCY € H00ip I OLIHKH HAHOUIBII BaXKIIMBHX
YMHHUKIB i3 TO3WIIH OLIHIOBaYa, a BiANOBITHO, 1 OUILII BHCOKAa TOYHICTh OYIKYBaHHUX pE3YJbTaTiB
po3paxyHKy. HemomikoM maHOrO MeTOAy € HOro BHCOKAa TPYIOMICTKICTh i CKJIQIHICTB, IO MOTPeOYIOTh
BIJIMOBIHUX BUMOT 0 KBamiikarii Bukonasiis [1,3].

[TpomoHy€eThCST CTBOPEHHSI MOJIENI MPOTHO3YBaHHs BapTOCTI HEPYXOMOCTI Ha OKPEMOMY CErMEHTi
PHHKY, 13 ypaxyBaHHAM TakuX (DakTopiB, SIK IUIATOCHPOMOXKHICTh HACEJIEHHS Ta KPEAWTHI IOCIyTd
OaHKIBCHKHX yCTaHOB [2].

3 TEXHOJOrild CTBOPEHHs MPOrpaMHOl MOJedi NpOnoHyeThess Python — mommpeHa TeXHOJOTIs
nporpamyBaHHsa. OCHOBHI peaii3alii MOBM IOLIMPIOIOTBCA BUTBHO. Y CYKYIHOCTI 3 apXiTeKTYpHHMH
0COOIMBOCTSIMHA MOBH, SIKi TOOpe MiIXOASTh Il MaTeMaTHYHUX 00YHCIeHb, Iie BuAsie Python, sk oy 3
OCHOBHHX MOB TpOrpaMyBaHHS HayKOBHX po3paxyHKiB. /Ly Python cTBopeHa Benmuka KibKicTh 0i0T10TEK,
mo MicTaTh (GyHKmii aHamiTHYHOTO MojemoBaHHs. Ockinmbku Python — MoBa mporpamyBaHHA, sKa
IHTEPIPETYETHCS, ii HETOJMIKOM € ITOPiBHSIHO HU3bKA MIBUAKICTH po00TH. OIHAK BOHA BUKOPHUCTOBYETHCS IS
CTBOPEHHSI IIMPOKOTO KJIACY MPOTPaMHUX MPOYKTIB, IO CHPOIIYE 1HTErpallito iHTeNeKTyaIbHUX O0UNCIICHb
10 icHyr04HX crcteMm [5].

Criucok mitepatypu
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Kpusor’s3tok. — K: JlepkaBHa akajeMis CTAaTHCTUKU OOJIIKY Ta ayauty, 2008. — 765 c.
2. lllmuakoBchka M., HmuakoBchkuit O.A., CMmenbcbkuit F0. C. AHamiz Ta peKOMEH/AI1 Isl CTBOPEHHS
iH(pOopMaLiHHIX CUCTEM OLIHKM KPEIUTOCIPOMOKHOCTI KimieHTiB Oanky. HaykoBuii Bicuuk XY. Cepis
Exonomiuni Hayku. — Xepcon: XY. - 2017, Bumn.. 27 c. 142-145.
3. IlImmakoBceka M.I., IHnuakoBchka M.O. @akTOpbl TPOSIBIEHUS «IIy3bIpei» B D3KOHOMHKE U
HEIBWXHUMOCTHU. [ oOanbHi Ta HalioHANbHI Mpo0ieMu eKoHOMikH. EjekTpoHHE HaykoBe (paxoBe BUAAHHS
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imeni B.O.CyxomimHcbkoro Bumyck 21, moTuii 2018.
4. Ilocranosa Kabinety MinictpiB Ykpainu «lIpo 3atBepmxenns HamionansHoro crannapry Ne 1 «3aranbhi
CTaHAAPTH 1 3acagy OLIHKM MaiHa Ta MaifHoBHX mpaB» Bix 10.09.2003 p. Ne 1440. // Odiuiiiuii BicHUK
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5. Koaneo JI. I1., [TocTpoeHune cucteM MaiMHHOTO 00y4eHnus Ha si3bike Python / JI. I1. Koanwso, B. Puuapy. —
M.: IMK Ilpecc, 2016. — 302 c.
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VJIK 378.147
B. O. BJIUK
H. I1. BABIOK
BHTY (Ykpaina)

METOJI1 IHTEPAKTUBHOI BI3YAIIBALIII TPUBUMIPHUX OB'€KTIB V
PEAJIBHOMY CEPEJJOBHUIIII

AHoTauis

Y oaniti pobomi pozensinymo chepu SuKOpucmanHa  8i3yanizayii  mpueuMIpHux 00’ €xmis,
NPOAHANI306AHO  MEXHON02TI0  OONOBHEHOI pealbHoCcmi 0N  peanizayii  iHmepakmuenoi eizyanizayii
MPpUBUMIPHUX 00 '€KMIB.

KuaiouoBi ciioBa: Bizyanizaiis, TpPUBUMIpHHA 00’ €KT, JOTTOBHEHA PEABHICTD.

Bizyamizamiss TpuBHMipHHUX OO0'€KTIB Ma€ Ha METi OJIEpXKaHHS BHCOKOSKICHUX 300paXeHb JESIKOTO
o0'exTy. Bizyamizamist MOXXe BUKOHYBATHCS TSI AESIKOTO BHPOOY (IPOEKTOBaHOTO ab0 peasbHO iCHYIOUYOTO),
o0'exTa nu3aiiHy abo MPOCTO TPUBUMIPHOTO €IIEMEHTa, 0 € YaCTUHOK JIESKOT KOMITO3UIil. Y Bizyaumizamii
TPUBUMIpPHUX O0'€KTIB BaXIIMBY pOJIb BiJirpae CBiTJIO, Marepiaiu (BIACTHBOCTI MOBEPXOHb 00 €KTiB),
KOMITO3MIIiS KaJIpy, 110 HAWOLIBII BUTPAITHO TiAKpecToe ocoomuBictb 3D momeni [ 1].

CTBOpeHHSI TPUBHMIPDHUX 300pakeHh B JaHWA MOMEHT — II€ Belnde3Ha iHmgyctpis. 3D-texmomorii
HIMPOKO 3aCTOCOBYIOTHCS B 0araTthbox 00NAcTsX, i CIMCOK MOCTIHHO PO3IIMPIOETHCS: apXiTEeKTypa i Au3aiiH
iHTEp'€piB, MPOMUCIOBUHN AM3aliH, MAITMHOOY IyBaHHS, peKiIaMa, KOMITTIOTEpPHI iTpH i CUMYJISITOPH, MEJUYHA
JiarHOCTHKA, HAYKOBI JOCHI IKSHHS, KIHOIHAYCTpIs, MOy Oi3HeC.

OcTaHHIM 4acOM MapKeTOJIOTH BCE YacCTillle i YacTille BAAIOThCS /10 BUKOPUCTAaHHS 3D-TeXHONOTIH 1ist
MPOCYBaHHA TOTO YH IHIIOTO ToBapy. TakuM UMHOM, Ha HAIIMX €KpaHax '"OKUBAIOTh" MPOAYKTH
Xap4yyBaHHS, PEKIaMyOuH Ky, a0o, Hampukian, OaHepd 3 BIJOMHMH TEepOSIMH KiHO 1 MyJIbT(IIBEMIB,
3a3WBAIOTh BiBiNATH SIKUHCH KIHOTEATP.

Takox, 3D-Bisyamizalisi CbOTOJHI YCHIITHO BHKOPHCTOBYETHCS B PEKIAMHHX POJIMKAX, ITO3BOJISFOUU
TBOPISIM EKOHOMHUTH Ha CHpaBXHIX 3HOMKax 1 NpH IbOMY CTBOPIOIOYM CaMe€ TOW MPOAYKT, SKUH
MaKCHUMaJbHO TOYHO JOHECe N0 IJIsjada MepeBaru Tosapy, o nponaerscs. binbi Toro, mysxke gacto 3D-
00'eKT BUIIIAJAE HABITh Kpalle, HiXK HOro CHpamkHIA MPOTOTHII, IO TaKOXK € JOJATKOBHM 1HCTPYMEHTOM
3ajydeHHs TOKyni(iB. TpaauiiiiHi Mara3uHd OIATY BHUKOPHCTOBYIOTH 3D-TeXHONOrii Ui Tak 3BaHUX
BipTyanpHUX HpuMipoyHux. [lokymeip 6a4uTh CBOE Bi0OOpakeHHS Ha €KpaHi B TMOBHHHA 3pICT 1 MOXKe
CIPUMIPATHY 300paXKeHHSI Ti€T M 1HIIOT OIMHMII 0Ty, Lle icTOTHO CKopouye Yac Ha miadip ToBapy.

[Ipote, ans iHTerpalii TPUBUMIPHUX O00’€KTIB B pealibHE CepeloBHILNE TpaauliiHuMu 3acobamu 3D-
rpadiky, MOTPIOHO PO3POOWTH TPHUBHMIPHY CIEHY, IIO BIATBOPIOE TEPCIEKTHBY CEPEIOBHINA, B SKE
inTerpyethest 00’ekT [2]. Hami 3acobamu pemaktopy BinOyBaeThcs iHTerparlisi 06’exta y ¢oto. Bee me
BUMarae poOOTH crerianicta Ta CYMpPOBOPKYETHCS 3aTpaTaMd 4acy, KOIITIB Ui pO3pOOKH CTATHYHOTO
300paxeHHs (PUCYHOK 1).

JlonoBHEHa peanbHICTh — L€ CEPEAOBHILE, 0 B PeaJbHOMY Yaci JIONOBHIOE (DI3UYHUH CBIT, SKMM MU
fioro 6a4nMo, MU(PPOBUMHU JAHHMHU 33 JAOTIOMOTOK OyIb-SKUX MPUCTPOIB — IUIAHIIETIB, cMapTdoHiB abo
HIINX, 1 TPOTPaMHOI YaCTUHH.

Jnst  CTBOpEeHHSI JOMOBHEHOI peaJbHOCTI BHKOPHCTOBYIOTBHCA: IPOLECOp, MAUCIUICH, Kamepa i
CJIEKTPOHIKa, 110 BU3HAYAE TIOJNOXKEHHs, Taka sk akcesnepomerp, GPS i xommnac. CeHcopHuii cmapTdoH,
HAIPUKIIAZ, BOJOJIE HEOOXIMTHUM KOMIUIEKTOM JIJIi TOro, 100 BJACHHK TIa/pKeTa 3aHypHBCS B CBIT
JOTIOBHEHOI peajibHoCTi [4].
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Pucynoxk 1 — Ilpuknan po3poOku Bizyami3alii st iHTerparii TpUBUMIPHOTO 00’ €KTa

ey,

JlomaTKu TOTIOBHEHOT peaTbHOCTI MPANOI0Th TAKMM YHHOM:

1. BUKOpHUCTOBYETHCS CIICIliaIbHA MIiTKa.

2. MiTka 34uTy€eThCS MOOUTEHAM TPUCTPOEM 200 KOMITTOTEPOM.

3. Ha expani BinTBOpIOETHCS map 101aTKOBOI iH(hopMarii.

4. 3acTtocyBaHHSA [IOTIOBHEHOI pEANBHOCTI 1 BHUKOPHCTaHHS BIPTyalbHOI pPEaTbHOCTI Mae I

KOMILJIEKC TIepeBar:

5. JocrymnHicTs.

6. 3amydeHicTb i IHTEpPaKTUBHICTb.

7. KomdopTHe, nerke, irpoBe oTpuMaHHS iH(OpMAIIii.

AR-moxaTku 103BONISAIOTH nieperyisiaatu 3D-Moferni 3 ycix OOKiB B PeKUMI peaibHOTro Yacy, Mo poOHUTh
ix mocuth pecypcoeMHUMHU. OCHOBHHU OOCST JaHWX, SIKUWA TOTPEeOy€e NOAATOK, MOKHA PO3AUTUTH HA TPHU
OCHOBHI YaCTHHU:

.  MexaHi3M po3ni3HaBaHHS MITOK i TeHEpallii MOJIETi.

Il. Ba3za maHux MITOK.

I1l. Ba3a manux 3D-Mmonenei.

3 TOYKH 30py B3a€EMOZIl 3 KOPUCTyBayeM AOAATKH 3 BUKOPUCTAHHSIM JOIMOBHEHOI PEeajbHOCTI MOXKHA
PO3IIIMTH HA HACTYITHI TPYIIHN:

— aBTOHOMHI (BOHM Iepen0adaioTh B3a€MOJII 3 KOPHCTYyBayeM 1 CIIyKaTh TUIBKH JJISl HaJaHHS
CynpoBiTHUX maHuX 1po 00'ekTi). [loaiOHI [0MaTKU TOTIOBHEHOI pealbHOCTI MOXYTh aHAII3yBaTH 00'€KTH,
0 3HAXOJATHCS B TIOJII 30pY JOAMHM (KaMepH MPHCTPOIO), 1 BUAABATH MPO HUX JOBIAKOBY iH(OpMAIIitO.
Hanpuxman, xoprctyBad po3risjiac KapTHHY B My3ei i 3a JOINOMOIOK MPOrpaMy JIOTIOBHEHOI peaibHOCTI
OTPUMYE JOJATKOBI JaHi MPO XYJI0XKHHUKA, PO JOJIK KapTHUHH, iCTOPIi 300pakeHOT0 CIOKETY 1 T.1. Takoxk
CHCTEMH LIbOTO THUILY 3aCTOCOBYIOThCS B MenuuuHi. Hanpuknan, cucrema Gait Aid BUKOPUCTOBYETBCS ATIS
TOro, MO0 IUTSIXOM BHUKOPUCTAHHS BipTyalNbHHX O0'€KTIB JlaBaTW MO3KY JOJIATKOBY iHQoOpMaIiio, sKa
JIoTIoMarae Koop/IMHyBaTu pyxu. [laHa cucTtemMa 3aCTOCOBYETHCS JIFOIEMU 3 TIOPYIICHHSIMH OTIOPHO-PYXOBOTO
arapary;

— iHTepakTHBHI (NIPUIYCKAIOTh B3AEMOJII0 3 KOPHUCTyBayeM, SIKHH MOXE HaJallTOBYBaTH THII
HaKJIaJaeThCsl TOJATKOBOIO LIapy JaHUX 1 OTPUMYBATH Pi3HI BiAmosini 3 maHoro o6'ekry). O4eBHIHO, 1O
Taki CHCTEMH IPHITYCKalOTh HAsSBHICTh IMPHCTPOIO BBEJCHHS JIaHUX, B POJI SIKOTO MOXE BHUCTYIAaTH
CEHCOPHHUI eKpaH MOOUIBHOrO HpUCTpor0 abo iHII ceHcopHi naTuuku. [IpuknazoMm Takoro monmaTka
JIOTIOBHEHOI PEaNbHOCTI € «IIPUMIPOUHi», 1e KOPHCTYBad B3aeMOJI€ 3 iHTepdericoM, mo0 BUOMpaTH OJr 3
HasBHOTO HA0OPY 1 MIISXOM HAKJIAJCHHS MapiB OTPUMYBATH BIIACHI 300pa)KeHHS B PI3HIX BOPaHHSX.

OnHuM 3 BapiaHTiB BUKOPUCTAHHS JaHOI TEXHOJOTII € Bidyasmisallist mpeaMeTiB MeOITiB B iHTep’epax [5].
3a JOMOMOroK Mapkepa Ha IIJUI031 MOXXHA 3aJaTH IO3UIll0, Jae Oyne BigoOpakeHO O00’eKT i,
BUKOPHCTOBYIOUM BIAMOBIIHUN JOJATOK, MOXXKHA MOOAUUTH SIK BUIVISAE TOW YW IHIIMH TPUBUMIPHUN
00’€KT, IHTErpOBaHUI B CEPENIOBHIIIE, SIKE OXOILTIOE KaMepa PUCTPOIO (PUCYHOK 2).
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Pucynoxk 2 — IIpuknag BUKOpUCTAaHHS JOAATKY JOMOBHEHOI PealbHOCTI

Kpim TOro, € MOXIIHMBICTH IHTEpAKTHBHOI B3a€EMOJIi 3 Takow Bizyamizaiiero. Hampukian, 3MiHUTH
BJIACTUBOCTI 00’€KTa, Taki sIK HOTo po3Mip, MO3MIIis, KOJIp MaTepiaiiB Ta iHIII BIACTUBOCTI IS TOTO, 100
JOCATTH HEOOX1THOTO pe3yIbTarTy.

Otox, Ans BUpILICHHA NOCTaBIEeHOI 3ajadi Bizyamizauwii TpUBHMIpPHUX OO0’€KTIB B peaJbHOMY
cepeloBHIli Oyi0 00paHo caMe 3aco0M TEXHOJIOTIT JOIOBHEHOI PEaIbHOCTI, SKa HaJae HEOOXiTHUU piBEHb
IHTEepaKTHUBHOCTI Ta MPOCTOTY BUKOPUCTAHHS JUISI KOPUCTYBaya.
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V]IK 004.622
BAPAHOB K.A.,3IHOBATHA C.JI.
OHITY (Ykpaina)

AHAJI3 JISJIBHOCTI MEPEXI KBECT-KIMHAT JJ1S HIJIBULLEHHS 1X BIJIBIJTYBAHOCTI

B pobomi naoano gpopmanvie npedcmasienns y3acanvheHoi OisIbHOCII Mepedci KgeCm-KIMHAMm, sKe
Haodae Modcausicms 8 Nooanbuwomy opmysamu Oaui Ol BUKOHAHHA AHANIZY pobomu mepexci 3
BUKOPUCMAHHAM OCHOBHUX MID OYIHKU AKMUBHOCMI 3aKAA0i8 y po3pi3i pisHOMauimHux eumipie. Hadanuii
OnUC CIMPYKMypu 6XiOHOI 6a3u OaHUX ma cmpyKmypu Kyoa 015 GUKOHAHHS AHAI3Y.

VYce Ounplly TOMYJIAPHICTh OTPUMYE HOBHH CHOCIO BIMOYMHKY — KBECTH PI3HOMaHITHUX BuAIB. Ha
TenepilHii yac BOHU cOopMyBail HOBY Hillly B iHAyCTpil po3Bar. Kect € momynsipHOO irpoBoro ¢hopmMoro
cepen ocib6 pisHoro Biky. KBect Moxke OyTH BHKOPHCTaHWH TaKOX 1 JUIsl IHIMUX IUJICH, 30KpeMa, s
HaBYaHHs y pi3HUX Tamy3sax [1-3]. B [2] Hamane Take BH3HAa4YeHHS KBECTy: KBECT — iHHOBAIliiiHA irpoBa
TEXHOJIOTisl HaBYaHHSI, KA BUYNTHh 3HAXOJIUTH HEOOXIAHY iH(OpMAaIIifo, aHaIi3yBaT Ta CUCTEMAaTH3yBaTH ii,
BUPIIIYBaTH TIOCTABJICHI 3aBIAHHS, MPOXOASYH IOCIIAOBHO IEBHHHM MapmpyT (200 BUKOHYIOUM MEBHI
eNeMEHTH €IMHOrO CIoKeTy). KBecTH MaroTh TBOpYHMH MOTEHIad, iX MOXYTh CTBOPIOBATH Ha OCHOBI
ICTOPUYHOTO, TEPOTIHOTO, TPUTOTHUIIBKOTO MUHYJIOTO YH PyTypUCTHIHOTO OadeHHs, Ha 0a31 KOMIT FOTEpPHOT
IpH, JIITEpaTypHOTO TBOPY, a00 BOHM MOXYTh OYTH KJIACHYHUMH, TOOTO 3 BUKOPUCTAHHSIM KapT, JIUCTIB 1
KITIOYiB. YTIPOBa/KEHHS KBECTY CIpHSE aKTUBI3allil 1HTEJEKTyanbHOI iSUIGHOCTI NUISXOM CTBOPEHHS
CIIeIiaJIbHUX YMOB JUISi BUKOHAHHS 3aBJaHb, SIKI MOTPEOYIOTh MaKCUMAIBHUX 3yCHIJIb JUIS 1X BHPILICHHS;
Bizyauizalii Marepiaimy 3aco0amMu HaOYHOCTI; ()OPMYBAaHHIO KOMAHIHHMX SIKOCTEH Ta CTIMKMX CIJIBHHX
iHTepeciB B yMOBaxX HEOOXiTHOCTI MPUUHSTTS MIBUAKKX 1 ajiekBaTHUX pimeHb [3]. Takum 4uHOM, 3aKiany,
SIKi peaji3yroTh KBECTH, € TOMYIIPHAMH B TEMEPINTHIN Jac, OCKITBKM MOXYTh pealli3oByBaTH Pi3HI Iimi, a
111 X poOOTH SIK KOMEPIIIHHOTO 3aKIa1y € BKINBUM OTPUMAHHS TIPHOYTKY.

MeToro poOOTH € MiABUIIECHHS JOXO/iB KOMIIAHI1, SKa HAJa€ PO3BaXKaabHI MOCIYTH Y BUTJISA/I KBECTIB,
3a paxyHOK OTPUMaHHS JOCTOBIpHOI CTpyKTypoBaHoi iH(popMamii mpo i1 TisUIBHICTP Ha TPOTS3i
JOBTOTPUBANOTO Tiepiony. [yis MOCSATHEHHS MeTH MOTPIOHO BUPIIIMTH TaKi 3ajadi: pO3pOOUTH CTPYKTYPY
0a3u naHuxX AJs 30epiraHHs onepaTUBHOI iH(opMallii, pO3poOUTH CTPYKTYpY KyOy Ajst 30epiraHts JaHUX y
BUIJISA/I, SKHH JI03BOJISE BUKOHYBAaTH aHali3 TaKWX JIAHUX Y PI3HUX po3pi3ax, OMHMCATH MPOLECAYPY
MIepEHECEeHHsI JaHUX 3 OIePAaTHBHOI 0a3u JaHUX B CTPYKTYPY, BIAMIOBIHY KyOy.

st BUKOHAHHS aHAII3Y MiSUTBHOCTI MEPEeki KBECT-KIMHAT MOTPiOHA MHOXKWHA 3aITHCIB, KOXKEH 3 SKAX
MOJKe OYTH MPEJICTaBICHUH Y BUIIISI KOPTEXKY HACTYIHOTO BUIY, SIKH OMUCYE KOHKPETHHI CEaHC TPu:

<G, dg, tg, br, Prg, qcl, exp>,
ne G — BuJ rpu, Mepexa MOXKe MICTUTH 0ararto pi3HHX irop;

dg — nara poBeJICHHS TPH;

tg — yac npoBeIeHHS Ipu;

br — cnioci6 6ponroBanHs TpH,

Prg — orpumana cyma;

gcl — KinbKicTh yYaCHHKIB,

eXp — BUTpATH Ha TPy.

Kpim Toro, B onepatuBHili 0a3i JaHUX € BaXIMBUM 30epiratu iH(OpMaIliio Ipo CIiBpOOITHUKIB, SKi
00CITyTOBYIOTh CEaHCH, JaHi MPO KIIEHTIB, SIKi (pOpMYIOTh BaXKIMBWU JUIs 3aCHOBHHKIB Habip AaHUX, IO
JIO3BOJISIE IPOBOAMTHU aJAPECHI PEKIaMHI aKIIii.

CKkJaJiHUM € BH3HAYEHHS BUTPAT Il KOHKPETHOTO CEaHCY, OCKUIBKH € BUTPAaTH, 3arajbHOTO IJIaHy,
AKi € CTOCOBHMMHU OKpemoi (inmil (Hampukiaz, IiaTa 3a OpeHAy NpHUMILIeHHS), abo Mepexi B LiIoMy
(momatkm). CTpykTypa omepaTtvBHOI 0a3u HaHWX Ma€ BUTIAA, Mokaszannd Ha puc.l, ne PK mosnauae
MEPBUHHUHN KITIOY.

3aroBHEeHHs 0a3M JaHMX MOXKE BHKOHYBATHCS 3a JOIOMOTOI0 Pi3HHX CIIOCOOIB: BHECEHHS JaHHUX 3a
JIOTIOMOTOI0 CTEHiaNbHO Po3pobieHoro inTepdeiicy ado mepeBaHTaKeHHs JaHux 3 Qainis hopmary Excel,
SIK1 3aIOBHIOIOTH OKPEMI CITIBPOOITHHUKH.

[I{o0 anamizyBaTH AaHi, opMalibHE MPEACTABICHHS SKUX HAJAaHO BHILE, MOXXHA BHKOPHCTaTH KyO
CTPYKTypa SIKOrO moka3aHa Ha puc.2. Ky0 Mae cTpykTypy «3ipka» 3 Tabiuier (akTiB ycepeauHi Ta
JeKUIbKOMa TaONMUIsIMU-BUMIpaMu. Taka CTPyKTypa J03BOJISIE JIETKO MEPEXOJUTH MiX arperoBaHUMH Ta
JeTalbHUMH JaHUMH.
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Pucynok 1 — Ctpykrypa 6a3u 1aHux
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Pucynok 2 — Ctpykrypa KyOy

Mipamu orpumanoro kyOy € Llina 3a ceanc rpu, Burpatu Ha ceanc, Ta KinbKicTh KITi€HTIB, siki Opain
ydacTtb y ceanci. Bumipamu € I'pa, [lata, Yac ta Bun OponroBanHs. Taka CTpyKTypa Haja€ MOKIJIMBOCTI
aHaNli3yBaTH, HAMPUKIAJ, KIJbKICTh CEaHCIB TPH Yy pO3pi3i MiCsIiB, BHIIB TPH, BUIIB OpOHIOBaHHS,
aHaJi3yBaTH BUTPATH y pO3pi3i OyAb-sSKOro Mepiofy Ta BHIY TPH, aHANI3yBaTH MPUOYTOK MO BCiX BUAAX
BUMIDIB.

st 3amoBHEHHS Ky0a gaHMMK HEOOX1IHO pOo3pOOUTH MpoLenypy HEepeHECEHHS JaHUX 3 OIEPaTUBHOT
0a3m JaHuX 3 TpaHC(HOPMAIlIE0 HUX Y IUTHOBUH BUTIAA. [ IBOTO BUKOPHUCTOBYETHCS 0a3oBa Monenb ETL
(Extract, Transform, Load). Ha 1ieomy eTari BUPIIIyIOTBCS TPOOJIEMH CYMICHOCTI JIaHHX, 1 T€, IKUM YHHOM
OyIyTh 3MiMCHEHI IIi NMPOLEAYpH, 3a JONMOMOTOI0 sKuX 3aco0iB. lle ogmH 3 HaAWOIIBII TPYAOMICTKHX i
BIIMOBIJaJIbHUX €TalliB, @ TAKOK OJUH 3 HAHOLIbII BUTPATHUX 3a 4acoM [4]. Jist po3risiHyTHX CTPYKTYP
MEPEHECEHHS JIaHNX MOYKHA BUKOHYBATH 3a JIOTIOMOTOI0 CIIEI[iaJIbHUX 3auTiB Ha MOBi SQL.

B po6oti HajziaHo GopmanbHUiA ONMKC TaHUX JJIS BUKOHAHHS aHai3y AisJIbHOCTI MEPEXi KBECT-KiIMHAT
Ta HajJlaHa CTPYKTypa JaHHX, OTPUMaHa Ha OCHOBI Takoro mnofgaHHs. BUkopucTaHHs po3poOJeHUX CTPYKTYp
JI03BOJISIE 3aCHOBHUKAM MEpEeXi OTPUMYBATH JIaHi, sIKi € OCHOBOIO JUISl IPUUHSATTS CTPATETIYHUX PIllIeHb, IO
MIIBUIINATE BiZBIAYBaHICTh MEPEXKi, a, BIIMOBIIHO, IPHOYTOK OpraHizarii.
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QUALITY ATTRIBUTES OF FORMAL GRAMMARS AND LANGUAGES IN TRANSLATOR
ENGINEERING

THE PAPER PROPOSES A SYSTEM OF QUALITY ATTRIBUTES FOR FORMAL GRAMMARS AND
LANGUAGES THAT ARE USED TO BUILD THE COMPILER IN ORDER TO TRANSLATE A PROGRAM
OR TRANSLATE SENTENCES FROM A NATURAL LANGUAGE. FOUR CATEGORIES OF QUALITY
ATTRIBUTES ARE PROPOSED: FOR GRAMMAR SYMBOLS, FOR TOKENS, FOR THE INITIAL
SYMBOL, FOR GRAMMAR RULES.

Introduction. A translator is a program that translates a program in a programming language into a
program consisting of machine instructions. The translator usually also performs error diagnostics, generates
identifier tables, etc. The language in which the input program is presented is called the source language, and
the program itself is called the source code. The output language is called the target language or object code.

In the general case, the concept of translation refers not only to programming languages, but also to
other languages — both formal computer and natural (Ukrainian, Russian, English, etc.).

Description of programming languages and natural languages is based on the theory of formal
languages. This theory is the foundation for organizing syntactic parsing. According to the theory of formal
languages, any language is a set of chains of finite length in a given alphabet. The generation mechanism
allows you to describe a language using a system of rules called a grammar. Language chains (sentences) are
built in accordance with these rules. The advantage of defining a language using grammars is that operations
during syntactic parsing can be formalized and simplified [1].

In order to make it possible to define a language using a grammar, the rules of this grammar must
satisfy certain requirements. Failure to comply with these requirements leads to problems during the
operation of certain stages of the translator.

The aim of work. The aim of the work is formation of sets of quality attributes for formal grammars
and languages to translate a program or sentences of a natural language.

Research methods. In order to formally define a language, it is necessary to specify some components
of this language — the alphabet (the set of valid language characters). Individual characters can be combined
into words (tokens). The vocabulary of the language determines the vocabulary of the language. Words can
be combined in a sentence (operators, instructions). The correct construction of sentences is determined by
the syntax of the language. The semantic content of sentences is determined by the semantics of the language
[2].

The compilation process consists of the following steps:

1. Lexical analysis. At this point, the sequence of characters in the source file is converted to a
sequence of tokens (language units).

2. Syntactic parsing. The sequence of tokens is converted to a parse tree.

3. Semantic analysis. The parse tree is processed in order to establish its semantics (meaning).

4. Optimization. Redundant constructions are removed and the code is simplified while retaining its
meaning.

5. Code generation. The code in the target language is generated from the intermediate representation.

To build a compiler, an unambiguous and accurate definition of the input and output languages is
required. Such a task involves determining the rules for constructing permissible constructions (expressions)
of a language. Many of these rules are called language syntax. In addition, the assignment should include a
description of the purpose and meaning of each language construct. Such a description is called semantics of
the language. To construct accurate and unambiguous descriptions, the abstraction method is used, which
provides for the selection of the most significant properties of the object in question and the omission of
properties less significant for the case under consideration. For example, when building a model of input
languages, you can consider the source text as a sequence of characters built according to certain rules,
distracting from the nature of the style of the characters and their location on the sheet. Mathematical models
using representations of texts in the form of chains of characters are called formal languages and grammars.

A finite set of indivisible characters is called a dictionary or alphabet, and the characters included in the
set are called letters of the alphabet. A sequence of letters of an alphabet is called a word or string in that
alphabet. The number of letters in a word is called its length.
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The formal grammar of G, generates a language, is the following set of four objects: G = {VT, VN, S,
P}, where V7 is the terminal alphabet (dictionary) the letters of this alphabet are called terminal symbols;
from which chains of language are generated that are generated by grammar; Vn — non-terminal, auxiliary
alphabet (dictionary) letters of this alphabet are used in the construction of chains; they can be included in
intermediate chains, but should not be included in the result of generation; S is the initial character of the
grammar that belongs to V, S is the most general language construct from which any string of language can
be derived; P is the set of inference rules, or generating rules of the form a->b, where a and b are chains
constructed from the letters of the alphabet V1 and Vy, which is called the complete alphabet (dictionary) of
the grammar G. The set of finite chains of the terminal alphabet V1 of the grammar G derived from the initial
symbol S is called a language, is generated by the grammar G, and is denoted as L (G).

Specifying a programming language, we must at a minimum determine: 1) the set of characters that can
be used to write the correct programs; 2) many correct programs; 3) the "meaning™ of each correct program.

Determining the set of valid characters is required for the first part of the translator — the lexical
analyzer. The block of characters of the defined alphabet is fed to the input of this block. However, some
character combinations are considered as single objects. The job of a lexical analyzer is to group together
some specific language characters into a single syntactic object called a token. Which objects to consider as
tokens depends on the definition of the programming language.

A token is a chain of characters of a language with which we associate a lexical structure consisting of
a pair of the form <type of token, some data>. The first component of the pair is a syntactic category, such as
a "constant™ or "identifier”, and the second is a pointer with a cell address that stores information about that
particular token. The sequence of such pairs is used hereafter to operate the parser.

The task of programming language syntax is a non-trivial task. Although there are no universally
applicable methods, there is a concept of context-free grammar in language theory that can be used to
develop the necessary description. When specifying a programming language, a class of valid programs is
determined using grammatical rules.

Syntax is used to determine and implement transformations of an input program, or, in other words, a
chain of speech. In this case, the designated tree is a syntax tree, which can be conveniently provided to the
input program. The process of finding the syntactic structure of a given sentence is called syntactic parsing.
The syntactic structure of the sentence helps to understand the relationships between different parts of the
sentence. Thus, to be able to describe a new input language, it is necessary to develop grammatical rules that
are executed in accordance with certain rules.

Results and discussion. After the basic principles are set out and the notation is introduced, quality
attributes for formal grammars and languages can be systematized. For quality attributes, it is necessary to
indicate the required values, the observance of which will ensure the correctness of the grammar, and also
describe possible errors and ways to eliminate them.

Quality criteria for grammar symbols.

1. The set of terminal symbols Vr should not be empty. In the case of developing a grammar for
translating a program written in a particular programming language, the V1 set should include all the
characters of the language that any programmer wants to use when writing any program in a given language.
When developing a grammar for translating natural language sentences, the V-t set should include all letters,
punctuation, and special characters.

If the set V7 is given empty, this means that the grammar describes a language containing only one
empty sentence. There is no practical value for such language.

If the V' set does not contain all the required characters of the language, it is necessary to consider the
possibility of its addition.

2. The set of non-terminals Vn characters should not be redundant. It is required to evaluate the need
for the introduction of the next non-terminal symbol. Only when the benefits of ease of use exceed the
inconvenience of increasing the volume of the grammar, is a non-terminal symbol added to the grammar.
The development by a mechanism for evaluating the feasibility of introducing a non-terminal symbol into the
grammar is not included in the scope of this article.

The Vn set cannot be empty. The Vy set can consist of one character (the initial character of a
grammar) only for simple grammars that do not contain a large set of syntactic constructions.

No element of the set Vn can coincide with any element of the set Vy, that is, the result of the
intersection of these two sets is an empty set.

If the set Vn is empty, it means the inability to output any sentence of the language. There is no
practical value for such language.
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If the set V is redundant, then this does not lead to translation errors, but requires additional resources.
Redundant elements of the set Vn can be excluded subject to the equivalence conditions of the original and
resulting grammars.

If any element of the set Vn coincides with any element of the set V1, this corresponds to a fatal
situation. Such errors should be fixed. They do not allow the use of grammar to display any sentence of the
language.

3. Any grammar character must belong to either the set of terminal symbols V+ or the set of non-
terminal symbols V.

If a symbol is found in the grammar that does not belong to any of these sets, such a situation is fatal.

4. In the general case, not all elements of the sets Vr and Vn are involved in the derivation of a
language sentence. In the simplest case, one non-terminal character is involved in the output — the initial
grammar character and one terminal character.

Quality criteria for grammar tokens.

1. All tokens must be denoted by unique sequences of characters.

If two different tokens have the same designation, this leads to semantic errors.

2. It should be possible to distinguish grammar tokens. This can be achieved by introducing special
rules or by separating grammar tokens with special characters.

If two or more unshared tokens are present in any sentence, then two kinds of errors may occur. An
error of the first kind occurs when the sequence of characters of unshared tokens completely coincide with
the sequence of characters of some other token. This may cause an error at the parsing stage. An error of the
second type occurs if the sequence of characters of unshared tokens does not coincide with any other token.
This results in a fatal syntax error.

3. The grammar should contain the rules for the formation of temporary tokens (identifiers). These
rules may include valid character sets based on their relative position, maximum token length, etc.

Violation of the rules for the formation of lexemes leads to lexical errors.

Quality criteria for the initial symbol of a grammar.

1. The initial symbol of the grammar must belong to the set of non-terminal symbols.

If it does not belong to the set, then a fatal error occurs.

2. The initial grammar character must be producing. This means that in the grammar there are one or
more rules by which the sentences of the language are deduced from the initial character.

If the initial character of the grammar is not productive, then the grammar describes an empty
language.

Quality criteria for grammar rules.

1. Grammar should be reversible. This means that two or more rules are not allowed according to
which different non-terminal characters produce the same language sentences.

The presence of irreversible rules does not allow formalizing the parsing algorithm.

2. All non-terminal symbols of the grammar must be generative, that is, one or more conclusions of
sentences from each non-terminal symbol must exist.

If there are non-producing non-terminal symbols in the grammar, then they should be eliminated.

3. All characters of the grammar, except the initial character, must be reachable. This means that in the
process of outputting a sentence, a symbol can become part of this sentence.

If unreachable characters are present in the grammar, they should be eliminated in compliance with the
equivalence rules for the source and resulting grammars.

4. Grammar rules should not have infinite recursions.

Having infinite recursion will result in a syntax error when using this rule.

Strict observance of all these criteria is a prerequisite for building a grammar designed to translate a
program or sentences of a natural language.

Conclusion. The article discusses the principles of the translator, allocated its main stages — lexical,
syntactic and semantic analysis, optimization, code generation. It is shown that for the effective operation of
the translator it is advisable to use formal grammars. The basic requirements for these grammars are
formulated, quality criteria for symbols, tokens, the initial symbol and grammar rules are set and described.
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OLITHIOBAHHSI TIOKA3HUKIB E®@EKTUBHOCTI METO/IIB IJEHTUDIKALIIT
B CUCTEMAX VIIPABJIIHHA TEXHOJIOI'TYHHMMU OB’KTAMU

PO3ITIAJIACTHCA TTPOBJIIEMA OL[IHIOBAHHA IIOXUBFOK IIOKA3HHUKIB EDPEKTHUBHOCTI
METONIB IJEHTU®IKALII CKJIAJHUX TEXHOJIOITYHUX OB '€KTIB. JIJIA I[IPOBEJIEHHA
OLJIHIOBAHHA TIOXUEOK IIPOIIOHYETHCA BUKOPUCTOBYBATH ®YHKIJII YYT/IIMBOCTI.
PO3POBJIEHO METOINUKY TA AJITOPUTM BU3HAYEHHA [IOXUFOK IIOKA3HUKIB
EDEKTUBHOCTI CUCTEMHU IJJEHTUDIKALIII TEXHOJIOTTYHUX OB EKTIB.

[Ipobnema mOOYyAOBM MaTeMaTHYHMX MOZETCH CKIaAHUX TEXHOJOTIYHMX IPOLECIB 3aUIIAETHCS
JOCUTH aKTYaJIbHOIO, OCOOJMBO IS MIFOYMX TEXHOJOTIYHHX 00'€KTiB. 3aCTOCYBaHHS CY4YaCHHX arapaTHO-
MpOTpaMHUX KOMIDIEKCIB Ui aBTOMAaTH3allii TEXHOJOTIYHMX TIPOIECiB BHMAara€ HAasBHOCTI SKICHHX
MaTeMaTHYHUX Mojenieil 00'ekTiB. BincyTHicTh Takumx Monenell oOMexye HaOop (YHKIIH KOIITOBHHX
amapaTHO-TIPOTpaMHHX 3aco0iB (PYHKIISIMHA TIEPBHHHOI OOpOOKH iH(OpMaIii, KOHTPOIIIO, CYIEepBi30PHOTO
YIPaBIiHHS, IIaTHOCTHKH HECIIPABHOCTEH, TOTOYHOTO PEMOHTY Ta T. 1.

Po3p’si3aHHs  3amau  igeHTHdiKallli, ONTUMAILHOTO YIPABJIIHHS HAWJacTilie 3IIHCHIOETHCS
KOPHCTyBa4aMU CHUCTEM 0€3 BHKOPUCTaHHS 3aco0iB aBTomaTH3allii. 3a TakuX YMOB JOLLJIBHO MaTh
KOMIUIEKC IPOTpaM, M0 3a0e3Medye MOXIIUBICTh IPHWHATTS PIMICHHS MO0 BUOOPY METOMIB iAeHTH(iKaIIii,
SK1 HalO1IbII BIIIOBIJAIOTh KOHKPETHOMY TEXHOJIOTIYHOMY 00’ €KTY.

Takuii KOMIUIEKC MpOTrpaM IIOBHHEH BXOJWUTH CKJIQJOBOI0 YaCTHHOI B KOMIUIEKC arapaTHO-
MPOTpaMHUX 3aC00iB i ABISATH COOOI0 CUCTEMY, IO CKIAAAETHCS 3 B3a€EMO3B'I3aHUX MOAYIIB, SIKi BUPILITYIOThH
3a/1a4i CTAaTUCTUYHHUX BUMIPOOYBaHb, OIIHIOBAHHS e(DEKTUBHOCTI METO/IiB iIeHTH(IKAIi, a TAKOXK 3 MOIYIIA
3B'A3KY MOKA3HUKIB €(DEKTUBHOCTI alTOPUTMIB MOOYAOBU MOJIEN 3 XapaKTEPUCTUKAMH 1AeHTH(IKOBAHOTO
00'eKTa Ta 3 MOIYJIsI BiIIyKaHHsI HAUOUTBII €eKTUBHOTO METOMLY IS KOHKPETHOTO 00’ €KTa.

Po3pobka Ko’KHOTO MOAYJISI CTAHOBUTH JIOCUTH CKJIaIHY HAYKOBY 3a1ady.

Ha nanuii yac po3po0sieHa TOCTaTHS KUIBKICTh METOMIB iieHTUdiIKalli Ta iX Momudikamii. Tinbku Ha
0a3i perpeciiHOro aHajizy po3poOJICHO HIIHI Psij METOJIB, TAKUX K y3arajJbHCHUH METOJ| HaWMEHIIHUX
KBajIpaTiB, poOacTHi MeTonu, rpeOHeBuil aHamiz Tomo. KoxkeH 3 1mux Moan(]iKoBaHWX METOJIB Mae CBOI
00OMEXEeHHS 3 BUKOPHUCTaHHS, TOOTO KOXKHUH MeToJa Mae€ e(eKTHBHI OLIHKH TUIBKHM 332 HAsSBHOCTI TIEBHUX
nepenyMoB i npumnyiieHs [ 1-4].

VY 3B's13Ky 3 UM, BUOip HalOiIbI e(EeKTUBHOIO METOAY sl KOHKPETHOTO TE€XHOJIOTTYHOTO MpOLECy,
mo Mae crnenudivyHi 0coOIUBOCTI, IpeacTaBisie NeBHI TpyaHomi. [Ipu QyHKIIOHYBaHHI TEXHOJOTIYHOTO
MPOLIECY MapaMeTpH WOro 3 YaCOM 3MIHIOIOTBCS. BijIbIll TOro, MOJEl MOXYTh IIEPEXOAUTH 3 KJ1acy JIIHIHHUX
B Kiac HenmiHiiHux. CucTeMa ynpaBiiHHS NPHU [IbOMY I[MOBHHHA CTEXKHUTH 3a aJICKBATHICTIO MOJeECH 1 B
HEOOXiHUH MOMEHT 3MiHIOBATH 1X CTPYKTYpY, MapaMeTpu abo MeTo1u No0yAoBH. 3a IMX YMOB JOLIJIBHO B
CY4YacHUX KOMILIEKCaxX arapaTHO-TIPOTrpaMHUX 3acO0iB YIpPaBIiHHS MaTH CUCTEMY aBTOMATHYHOT'O BUOODY
METOJ1y, SIKHi OM BiJIITOBIAB CHeU(IYHUM 0COOTUBOCTAM MPOIIECY HA JaHH MOMEHT 4acy.

VY nmaHiii poOOTi po3rasAaeThCsi MpoOIeMa OIHIOBAHHSA AITOPUTMIB iIEHTH(IKAIil 32 TOTOMOTOIO
BHU3HAYEHHSI MMOXUOOK SKICHUX TIOKAa3HUKIB €()eKTUBHOCTI METOMIB 1IEHTU(IKAI] CKIaJHUX TEXHOIOTIYHIX
MpoIieciB Ta 00’ €KTIB.

[lig edexTuBHIiCTIO anroput™my igeHTH(dikauii OyaeMo po3yMiTH pi3HI BUAM MOMUJIOK OLIIHIOBaHHS
CTPYKTYypH 1 mapameTpiB Mojeni. B po0oTi posrisgaeTbcs Kiac CTaTUYHUX Mojened. Sk TOKa3HUKH
e(eKTHBHOCTI METOMIB MOOYJIOBH CTAaTHYHUX MOJENeH OyjeMo po3misjaTh Taky ix cykymHicTh [1,2]:
CepeIHLOKBA[PATUYHY IMOMIJIKY OI[IHKH; MaKCUMAIIbHY KOOPJAWHATHY TIOMIJIKY OI[IHKH; BIJIHOCHY TIOMUJIKY
OLIIHKU; MaKCUMaJIbHY KOOPJMHATHY BiIHOCHY MMOMMUJIKY OLIIHKH; JUCIIEPCiI0 OLIHKH; 3MIILICHHS OLIHKH.

ANTOPUTM 3HAXOJPKEHHS 3B'SI3KY MK CTATUCTUYHUMH XapaKTEPUCTHKaMU 00'ekTa ineHTU(iKamii ta
SKICHIMU ITOKa3HHUKaMH METO/IiB MO0y IOBH MO/IeNei 3aCHOBaHHI Ha iJ1el CTATUCTHYHOTO MOJICITIOBAHHSI.

[ocninoBHicTh 1iii MPeICTaBUMO B HACTYITHOMY BUTJISII.

3a1aeMocs CTATHCTHYHHMH XapaKTEPUCTHKAMH MATPHII BXiZHHX 3MiHHEX X posmipom (nx p), sxa

CKJIAJIA€ThCSI 3 TAKMX TIOKA3HUKIB, SIK BUJI 3aKOHY PO3IOJIITY Ta HOro nmapaMmerpu (MateMaTu4He O4YiKyBaHHS,
JHCIIEPCis, eKCLEC, aCUMETPisl), KUIbKICTh BXiJHUX 3MIHHUX P, KUIBKICTb BUMIPIOBaHb N, KOPEJSALisl MiX

BUMipaMH, KOPeJALis MK BXiJTHUMH 3MIHHUMH, TOXMOKH BUMIipIOBaHb a00 BiTHOIIEHHS CUTHAI-ILIYM).
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3amaeMocss pI3HMMH CTPYKTypaMHu Mojenmi (JIiHifiHa 0e3 KBaapaTiB 1 4WiIeHIB B3aemomii, JiHIAHA 3
yjJeHaMH B3aemonii Xi, X;, j#| 1 xBagpatamu XJZ, jl =ﬁ, To6TO Y = f(X,B,E)). 3amaeMo TaKOX
BEIMYMHY NOMWIKH E (BIIHOLIEHHS CUTHAI-IIYM), BEKTOp MapaMmeTpiB MOAei B(pxl). 3a MOJEIIIo
Y = f(X,B,E) orpumyemo Bextop Y(nx1).

BukopucTtoByemMo Oyab-sKHii METOJT OIIHIOBaHHS (METO]] HAMMEHIIIMX KBaJpaTiB, y3aralbHCHUH METO
HalMEHINUX KBaJpaTiB, podacTHI MeToAu, rpeOHEeBl MeToau ToIlo). Ha mifcTaBi qaHUX BXiA-BHUXIia (X ,Y)

OTPUMYEMO OIIHKK BeKkTopa B BiamomigHO 10 0Opanoro metoxdy. Jlami omiHIOEMO TOKa3HUKH eEeKTHBHOCTI
METOAY.
Tak, Hampukian, CepeIHbOKBAJpaTHYHA IIOMHIIKA OLIHKH B  o0uHciooeThcs 3a  (OpMYIIOH

~\T ’
E(sz )= E(b j—b j) (b i —bj ) [ToGyayeMO 3aleKHICTh MOKA3HUKIB €)eKTHBHOCTI L (yHKIIT CTATUCTHYHUX

XapaKTEPUCTHK MaTpuIi X .

Jiis 1poro AOUUTFHO BUKOPHCTOBYBAaTH METOAM AKTHUBHOTO IUIAHYBaHHS EKCHEPUMEHTY. Y KOXKHIH
TOYLI MJIaHy OLHIOIOTHCS BEJIMYMHU L Ta owiHIOIOTHCS napameTpu B ¢yHkuii L= Fl(X,B,E).

[IpoBomuThCs  iHTEpHpeTamist pe3yJibTAaTiB Ta OMIHIOETHCA BIUIMB  KOXXHOI  CTaTHCTHYHOL
XapaKTePUCTUKH Ha €(PEKTHBHICTh METOAY. 3MIHIOIOUX MMapaMeTpl MaTpuili X , OTPUMYEMO Pi3HI 3HAYCHHS
¢yHkmii L= Fl(X,B, E). Takum ynHOM (hopMy€eThCsi 0a3a 3HAHB JAJIS1 KOHKPETHOT'O METOTY.

B mpomeci MopnemtoBaHHS OIiHKAa TMOKAa3HUKIB SKOCTI MeTonmiB ifeHTudikamii Mae moXwOKy, sKa
00yMOBJIeHa HETOYHOCTSMH OI[IHIOBAaHHS 3aKOHY PO3MOJiTy, HETOYHOCTSMU 3a/laHHs ITapaMeTpiB MOJE,
MOJyJIbOBaHUX MTOXHOOK, KOPEJISIii TOIIO.

VY naniit poOOTi MPOTIOHYETHCSI METOAMKA OIIHIOBAHHS 3HAYYIIIOCTI ITapaMeTpiB B 1O BiIHOIIEHHIO 10
MOKa3HWKa e()eKTUBHOCTI METOAIB L 3 BUKOpHCTaHHSAM (QYHKIIH Ty TINBOCTI.

Hexaii craTnyna Moaenb TEXHOJIOTIYHOTO 00'ekTa onucyeThest PyHkmieo Y = f (X, B, E).

Bekrop BXigHUX 3MiHHHX X  MOXE MaTH pi3Hy pO3MIpHICTP TOpH pi3HHX | Ta |,
Xi= (Xli Xoi ,...,Xip), i=1,n, j=1,p. Bektop mapametpis moaeni Y = f(X,B,E), 3a SKHMU Tiepe0adaeThes
BU3HAYUTH YyTIWBICTh, Ma€ BUTISAL B= (bl,bz B o ),z[e K — KiIBKIiCTh mapameTpiB, 110 0epyTh y4acTh B
OLIIHIOBAaHHI 4YyTIMBOCTI. BexkTop BuxoaiB Mozeni Mae Buriaany Y; = (yli VYoi ,...,yik), iZR. Buxinni
MTOKA3HWUKH SKOCT1 aJTOPUTMIB TIPEJICTABIICH] SIK L(b): (Ll N IS )

[MpunycTrMo, 1o 3aJIeKHICTh L(b) JOCcuTh rinajka. [Ipy HeBenMKHUX Bapiallisix BeKTopa B HaBKOJO

(IKCOBaHOIO  3HAYCHHS by MMOKa3HUKA L HAOIMIKEHO MPEICTaBIMO  TUIEPIUIONTUHOIO
m oL i . - .

L, = Lno +z£ bZ -bZO , Ie bZO ~ 3Ha4YeHHs mapameTpa B (ikcoBaHiii Toumi; b, — 3HauCHHS
z=1 7

rnapaMerpa B TOYII, SKa BapilOEThCS; Lv0 — 3HAYCHHS NOKa3HHMKA SIKOCTI METOAy B ikcoBaHiii Toury; L

Vv !
v=1,2,..., K — 3HaUEHHsI TOKA3HHUKA STKOCTI B TOUIIi, KA BAPIFOETHCA.

IMoxnbku AL, y Bu3HA4YeHHI MOKa3HHUKIB L,, IO BUKIMKaHI HeTouHicTioO Ab, mapamerpis b, ,

m o
obumcmoThCs 3a (opmynoro AL, = X —VAbZ . Ie mo3Bomsie mpu HEOOXITHOCTI BH3HAYUTH MEXI
7=1 sz

noMuIok AL, .

A

A

Jlnst BUpileHHs 1aHol 3a1a4di HEOOXIAHO OTPUMATH CTATUCTHYHI OIHKH L L4

y 1 Ta 1X JUCIIECPCI1

Z
=\ . 0
o? (LV) i o? A .
ob,
IMoximui 3a mapamerpamu D, Bu3HayaTMMEeMO $K KOE(]ILIEHTH pErpeciiHUX TiNepIUIONINH,
noOyaoBaHuX 3a pesynpTataMu N - KpaTHOTO BUIIPOOyBaHHS MoJeli B Z - nepudepiiHuX TOUYKax MPOCTOpYy

b, , mo cknanaroTh MoaM(IKOBaHWN HACHYEHUH JIBOPIBHEBUH OPTOTOHAIBHUHN TUIAH. 3HAYCHHS LVO Oyne

MICTHTH CUCTEMAaTHYHY IIOXUOKY B pa3i, AKIIO 3aJIeXKHICTh L(v) HeJliHiHHA.
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34

3 wMeToro 30UIBIICHHS TOYHOCTI OTPUMAHHS OIIIHOK HEeOoOXiHA OpraHizamis 3aJeKHUX

z
BHIIPOOYBAaHb 3 OTPUMAHHSIM MTO3UTHBHOT KOPEJISIii MiXK OIlIHKaMHU.

A

YyTnausicTh 3a mapamMeTpaMy OLIHUMO 3a pe3ybTaTaMH €KCIIEPUMEHTY B IeHTpi miady. Ouinku L, ,

oL . 2( oL,
8bv y UZ(LV), (o2 — BU3HAYAKOTHCA HaCTyrIHI/IM ypHoM. [nan eKCHepI/IMCHTy KpaTHO IMOBTOPHOETHCA
2 ab,

NpU HE3aISKHUX peanizalisix BUMAAKOBUX ¢akTopiB X . [Ipu KoXHOMY BHNPOOYBaHHI OOYHMCIIOETHCS
3HAYEHHS BUXOAY MOJENi B JIEKUTBKOX MepudepiifHuX TOukax IuiaHy. 3a 3HaYeHHSAMHU Y; OOUYMCIIIOIOTHCS

A

3HavueHHs L, Ta ix moximHi 3a JaHMMU BUIIPOOYBaHHS MOZAETI Ha | - peamnizanii miany.

v
TakuM YHHOM, OCHOBHHMHM €TarlaMHd B BH3HAYCHHI IOXHOKH OINIHOK €(EKTHBHOCTI alTrOpHUTMIB
inenTudikamii €: 3aBIAHHA CTPYKTYpHM BHUXIJHOI MOJENi; OpraHizamisi eKCHEpUMEHTY 3a 3aJaHuMHU
(akTOopaMu; BU3HAUEHHsI criocoOy reHepatii [uisi BUMPOOYBaHHA TECT-BUOIPOK 3a 331aHOI0 KOPESLiIHHO0
MaTpHIIEIO; TeHepallis KOPeNAiiHOI MaTpHIll 3 3aJlaHUMH BJIACTUBOCTSIMH, BH3HAYEHHS BHXOIY MOJEII;
R S YR W1 (/S I . |
BU3HAYEHH OLIHOK L, , T, o (Lv), o a— ; IHTepIpeTallsd pe3yJbTaTiB.
z z

J1ns BU3HAYCHHS MOXITHUX —

OpraHi30BYEThCS HACHYCHUH TBOPIBHEBHIA OPTOTOHAIHHHN TUTAH.
z

Po3MipHicTh MaTpHIl IUTaHYBaHHS BHU3HAYAETHCS KUIBKICTIO cTOBNLIB K 1 psukiB m. Lli BenudnHu
IOB'A3aHl MK COOOIO CITIIBBIAHOIIEHHSAM mMin (m= 22)> k, ze1,2,.... Kinbkicts BapiiioBaHMX 3MiHHHX K
BU3HAYAETHCS MOJICILIIO, 1110 TOCIIPKYETBCS 1 MOXKe MPUAMAaTH JOBUIbHI 3HaueHHs. [Lnan excnepumenTy N -

KpaTHO MOBTOPIOETHCS TPU HE3ANCKHUX Peati3allisix BUIIaJIKOBUX PaKTopiB X .
ITpy KO’KHOMY NMOBTOPEHHI OOYMCIIIOIOThCS 3HAUYEeHHs Y; BUXOIiB Mozenel. Heszanexuo Bix Toro, sk

TeHEepYIOThCS peati3amii BUMagIKkoBUX (akTopiB X , 00UMCIIOIOTHCS MOKA3HUKH SKOCTI L, iX moximHi —- .
z

s oTpuMaHHS HE3MIIEHUX OL[IHOK MOKa3HUKIB SKOCTi L, 1 OTpUMaHHS OLIHOK YyTJIMBOCTI IIUX

MOKa3HMKIB 3a MMapaMeTpamMy HIUTLHOCTI KMOBIPHOCTI BUTIAIKOBUX (hakTOpiB X HEOOXiJHO MPOBECTH KiJlbKa
BUNIPpOOYBaHb B IICHTPI IUIaHY. B IIbOMY BUNAAKy OIIIHKH MOKAa3HHWKIB B LIEHTPi TJIAaHY MOXYTh MICTHTH
MEHIIIy CUCTEMaTHYHY IMOXMOKY [PV HETIHIMHIN 3aJIe)KHOCTI L(b).

[loxnOkm B TMMOKa3HWKaxX SIKOCTI alTOPUTMIB 3alie)XaTh BiJl KIIBKOCTI (akTOpiB, sKi BBOAATHC,
niama3oHy iX 3MiH, KUIBKOCTI criocTepekeHb. HasiBHICTH MOXHOOK B OIIHKaX €(QEeKTHBHOCTI aJTOPUTMIB
MPU3BOJIUTH JI0 TIOMUJIKOBOI Kiacudikarii MeTomiB ifeHThdikamii. ¥ 1[pboOMy BUNAAKY IOLITBHO IS
KO’KHOTO KPHUTEPIIO OLIHKM BBECTH 3BKCHUI MTapaMeTp, SIKUi O YCYHYB IIOXHOKH.

Januii miaxig BUKOPUCTOBYETHCS MPU PO3POOI CHCTEMH MPHUHHATTS PIllIeHb MOJ0 BHOOPY METOAY
ineHTudikamii B aBTOMaTHYHUX CHCTEMAaX YIPABIiHHS TEXHOJIOTIYHUMH 00’ €KTaMH Pi3HUX KJIACIB.
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YK 550.8.05
[TOITKOB J1.M.
OHAXT (Yxpaina)

[TPOT'PAMHA TIJITPUMKA MOHITOPUHI'Y TA AHAJII3Y CEMCMIYHOI AKTUBHOCTI
bYIIBEJIb

Bimomo, mio ceiicMmiuHi sBHIIA BakKKO IependadyBaHi i HEBH3HA4YeHi, TOMY 3BEACHHS HOBHX,
PEKOHCTPYKIIiS iICHYIHOUMX OyIiBeNb Ta MiATPUMKA iX HOPMAaJIbHOI EKCIUIyaTallii B MeKax MICTa BHMarae
BpaxyBaHH: 0araTb0X YHHHHUKIB, [0 BU3HAYAIOTH OYIiBENbHY MisIIBHICTD.

IIpu omiHII CEHCMIYHOTO PH3HWKY ISl 00’€KTIB, IO MPOEKTYIOTHCA Ta OyIyIOThCS Ha TEPUTOPIii
VYkpainu, HeoOXiJHO BpaXxOBYBaTH BIUIHB 3eMJIETPYCIB 3 CEHCMOAKTHBHUX a00 MOTCHUIHHO CEHCMOAKTUBHUX
30H.

Heo0xinHicTh MpoBeaeHHs iHCTPYMEHTAIBHUX CEHCMOIIOTIYHUX JOCTIKEHb B paiOHaX PO3MIIIEHHS
BUTMBHUX 00’€KTIB Ta MICT Ha TepuTopii YKpaiHU BU3HAYAETHCSA TAKOXK THM, MIO JIOKAJTBHI 3eMIIETPYCH 3
HEBUCOKOI0 MarHiTyI010, Y BUMAKy MaJioi INIMOWHU BOTHMIIA, MOXYTh CTBOPIOBATH B EIIIICHTPaIbHIN 30HI
3HAYHI CTPYIIyBaHHS 1 ABJAIOTH COO0I0 HE MEHITy HeOe3NeKy, HiXK CHIIbHI, ajie OiNbII BiAnaneHi cericMidHi
moii.[1]

HexTtyBaHHS 0COOJUBUX YMOB OYIIBHUIITBA Ta CEHCMOJIOTIYHUX IOCIIKEHB IMij Yac OyMiBHHUIITBA 1
eKCIUTyaTallii Mo)Ke MPHU3BOAMUTH JI0 MOSBU B CTiHAX MOOYAOBaHUX OYyIWHKIB TPIlIMH, IEPEKOCIB MPOPI3iB 1
CXOZOBHX MapIiB, 0 3pYIICHHS IUTUT TEPEeKPUTTIB, pyHHYBaHHS Oy/IIBETRHHX KOHCTPYKIIHA, TOOTO IO
MOPYIIIEHHS HOPMAJILHOI eKCIUTyaTallii Oy 1iBesb, a iHO/I HABITh /10 aBapii.

HeOesneka BUHHMKHEHHS TOAIOHMX SIBUII 30UTBIIYETHCS MpPU TOEAHAHHI IMUTBHOK HABKOJIHMIIHBOL
3a0y/IOBM 3 HASBHICTIO CKJIAJHUX IHKEHEPHO-TEOJOTIYHMX YMOB B MICIAX HOBOTO OymiBHHITBa abo
PEKOHCTPYKIIii OyiBeh i CIOPY/T BHACIIJOK MOXKIMBOIO PO3BHTKY IILIOTO sy HETaTUBHUX NMPUPOTHUX i
TEXHOTEHHUX TPOIECIB, Cepell SIKMX MOKHAa BUALIMTU €po3ii, 3CyBH, OCiIaHHS 3€MHOI MOBEPXHi, 3MiHa
TiIPOTEONOTIYHAX YMOB 1 MOB'sI3aHe 3 HAM MiITOTUICHHS 3a0yJ0BaHUX TEPUTOPIH.

IcToTHI TPOOIEMU BUHUKAIOTh TAKOXK Yy 3B'A3KY 31 30UTBIIIEHHAM B OCTaHHI POKH TIHMOWHU 3aKJIaJeHHS
MiA3eMHUX 1 3arJIMOJICHUX CIIOPY/I, 3 POCTOM HaBaHTa)KEHHS Ha MiJ3€MHI YaCTUHH OYJIiBelb 1 CIIOPYI MPH iX
PEKOHCTPYKIIii, MPUCTPOEM MiABATIB 1 3arTMOJICHNK YaCTHH OyAiBelb Oe3 mepepB B iX eKcIuryararii Too.

Y CBiTI pPO3BUBAIOTBCS CEHCMiuHI cHcTeMH pi3HMX Macmradis. Hanpukian, Koncopuiymom
Hocnigaunpkux [HeTuTyTiB B 06macti CelicMonorii 0yno po3po0ieHo HaiOinbry Ta Halpo3raiyKeHilry
CHUCTEMY celicMoJIoTiyHOro MoHITOpuHry B CcBiTI — GSN. Ile Mepexka, sika aKTMBHO B3a€MOJIIE 3 OLIBIIICTIO
IHTepHAI[IOHABPHUX 1 HAIIOHAIBHUX CelCMONIOTiYHNX cucTeM. Lls cydacHa Mepexka CeHCMOJIOTIYHUX
CIIOCTEPEKEHb BUKOPUCTOBYE HOBITHI 1H(opMmamiiiHi TexHosorii. OgHuM 3 ii OCHOBHUX MJOCSTHEHb €
CTaHJAPTU3ALlis JJaHUX 1 Pe3yJibTaTiB JOCTIKEeHb. JIeCATKH PO3pPi3HEHUX CUCTEM 300Dy 1 30epiraHHs JaHUX
MOXYTh 1HTEIPYBaTHCS B €IMHY MDKHApOAHY CEHCMOJIOTiYHY KOMI'IOTEPHY CHUCTEMY, BUKOPHUCTOBYIOUH iX
OTIpaIlbOBaHy CHCTEMY CTaHIAPTIB i (hopMmaTis.[1]

HactymHuM KpokoM B pPO3BUTKY iH(GOpMamiiHUX TEXHOJOTii B JaHii mpenmerHid oOmacti OyIo
CTBOPEHHS 1 BBEJCHHS B eKcIUTyaraiito ceiicMonoriunoi cuctemu SeisComP B Himewuwni. Bona crana
MIEPIIOI0 JIMCHO aBTOMATHYHOI CHUCTEMOIO 300py 1 30epiraHHs ceiicMOoNIoTiuHOI iH(OpMallii, 0 OXomuiia
BCIO TepUTOpit0 €Bponu. 2]

B Vkpaini x moniOHMX MpOrpaMHHX pillleHh Ha JIaHWH MOMEHT iCHYeE Jy)e Mallo, J0 TOro XK
nepeBakHa iX OULTBLIICTH HampaBiieHa Ha aBTOMAaTH3alil0 MOHITOpHHTY abo KapmaTtcbkoro periony, abo
3eMEIbHUX JAUITHOK Yy KOHKPETHHX MICIMX. Y 3a3HaueHidl poOOTI MPOIMOHYEThCS PIIICHHS MpoOIeMH
MOHITOPHHTY Ta aHaJIi3y CeMCMIYHOT aKTUBHOCTI camMe 0araTonoBepXoBUX OyIWHKIB.

ABTOMaTHYHHMI MOHITOPUHT Ta aHami3 CEHCMIYHOT aKTUBHOCTI 0araTormoBepXOBHX OYJIUHKIB
00yMOBIICHHIA, TIEPII 32 BCE, HEOOXIHICTIO 3a0e3rmeueHHs O0e3MeKy HacelIeHHs 1 TPOMUCIIOBUX 00'ekTiB. Bin
HaJJaCTh MOXKJIMBICTh IHXKCHEpaM-CeHCMOJIoraM OXOIHUTH BCI HEOOXiAHI OYJIiBJI OJHOYACHO Ta POOMTH
CBOEYACHI BUCHOBKH, HA OCHOBI OTPMMAaHHUX JaHUX, 3aBIAKA YOMY MOXHa OyJe Morepe/kaTi HaI3BHUYakiHI
cUTyauii Ta pi3HOMaHITHI aBapii. A pe3yJbTaTH TaKUX IOCIIIKEHb CEHCMIUYHOI aKTUBHOCTI NMPEACTABIISIOTH
CYTTEBUH HAYKOBHH iHTepec AJsl iHKEHEepHOI ceiicMoiorii. A/pke BUBUEHHsS CTaHy Ta 3aKOHOMIpHOCTEH
po0OTH HECYYHX KOHCTPYKIH BIAMOBITAILHUX CIOPYI, JO SKUX BIIHOCITBHCS BHUCOTHI OY[IiBJi, a TaKOX
BUKOPHUCTAHHS OTPUMAHUX 3HAHb B IPAKTULI POEKTYBaHH € 3alI0PYKOI0 HAAIMHOCTI MiJ yac OyIiBHULTBA 1
Oe3neku X GYHKLUIOHYBaHHS MiJ] Yac eKCIUTyaTarlii.
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CEeHCMIYHOT aKTHBHOCTI 0araTrormoBEepXOBHX OVIWHKIB, 3aBASKHM YOMY IiJBUIIYE €(PEKTHUBHICTH ITaHOTO
MPOIIeCy Ta Tpoiiecy Oy IiBHUITBA, 4 TAKOXK MiABHUIILYE PiBEHb O€3MeKH I1iJ] yac OyAiBHHIITBA Ta €KCILTyaTaIii
0araTornoBepxoBUX OyIWHKIB.

CIIMCOK JITEPATYPHU

1. TanieB Onekcan/p. ABTOMATH30BaHa cHCcTeMa 300py 1 30epiranHsi ceHCMONOTIYHMX AaHuX. — KHiB:
HAHY, 2008. - 16 c.

2. Asxgpymenko FOpiii. CyuacHa aKTHBHICTb TEKTOHIYHMX CTPYKTYp IUIATQOPMHOI YACTHHHU TEPUTOPIi
VYkpaiHu 3a ZaHUMH MepexXi CeHCMIYHMX CTaHLIH TOJIOBHOTO LIEHTPY CleLiaJbHOro KOoHTposo. — Kuis:
HAHY, 2010. - 19 c.

3. Kenmzepa O.B. Ceiicmiuna HeOe3neka i ceficmiuaunii 3axuct B Ykpaini. — Kuis: HAHY, 2015. — 110


http://ukrgeojournal.org.ua/sites/default/files/UGJ_2015_3_09-15.pdf

118

VJIK: 004.9
IBAHOBA J1.B., KPACHIEHKO H.B.
OJIECBKMI TEXHIYHMI KOJIEJK OHAXT
(YKPATHA)

BITPOBAJIKEHHS AKAAEMIYHUX [TPOT'PAM CISCO — KPOK
J0O IMABUIIEHHA ®AXOBOI'O JOCBIAY ¥V COEPILIT

Anomayia: Cnispobimnuymeo 3 Mepeocnoi axademii Cisco 3acHo8ano Ha nompedax 6 HAOIUHOMY
Kaopoeomy pesepei, i 6 neputy uepzy OpPIiEHMOBAHO HA NIO20MOBKY MOJIOOUX KOMHEMEHMHUX axieyie y
cghepi IT-mexnonoei. Biokpumms Mepeocnoi axademii Cisco y O0ecoKomy MexHivHOMY KOACONCI CRpUse
dynoamenmanvuiti niocomosky ¢axieyie y eanysi iHOOPMAYIUHUX MEXHON02IU 3a 3A2aAIbHOBUSHAHUMU
MIICHAPOOHUMU CIMAHOAPAMU.

B yMoBax cTpiMKOro ¥ pPi3sHOIDIAHOBOTO PO3BUTKY YKpaiHU BiAOYBa€TbCA HE3BOPOTHIN CHCTEMHUI
Tporec MOJEpHi3allii BCi€l CHCTEMH OCBITH B YKpaiHi, OCHOBHOIO METOI0 SKOI € IIATOTOBKa
KOHKYPEHTOCITPOMOKHOTO KOMITETEHTHOTO (haxiBIIsl BiAMOBITHOTO PiBHS Ta MPOQLIIO, SIKUH BIILHO BOJIOJIE
CBOIM (haXxOM Ta OPIEHTYETHCA B CYMDKHHX Taly3sX TiSUIBHOCTI, 3AaTHUW 10 €(PEeKTHBHOI IisSUIBHOCTI 3a
(haxoM Ha piBHI CBITOBHX CTaHIAPTiB, TOTOBUI A0 MOCTIHHOTO MPOdeciitHOro po3BUTKY.

B Vkpaini nporpama Mepexnux akagemiin Cisco mie 3 oceni 1999 poky i1 3 THX mip jajia BiAMiHHI
pesynbratid. Hapasi mo Mepexnoi akanemii Cisco mpuemHanocs moHax 6 miaH oci0. Akamemis Cisco
MIPOTIOHYE BCE, III0 MOTPIOHO I PO3BUTKY Ipodeciitanx HaBH4IOK B chepi IT 1 modynoBu kap'epu, B paMKkax
enuHoi miardopmu HapuanHs. Ll{omicsus gany miatgopMy BUKOPHUCTOBYIOTH MOHAaA | MIJIH CTyIEHTIB Ta
THCTPYKTOPIB.

OcBiTHI ycTaHOBH 1 HEKOMEPIIiiHI OpraHi3allii Mo BChOMY CBITy cmiBmpaIroTh 3 Cisco B pamkax
NpOrpaMH MEpPEeKHHX aKaaeMii, Ui Toro, mo0 HaIaTH CTYACHTaM MOXJIHMBICTH OTPHMAaTH HPaKTHIHUH
JIOCBiJT pOOOTH 3 CYYaCHHMMH MEPEKECBUMH TEXHOJOTLIMU Ta 3a0€3IEUUTH iX TOTOBHICTH SIK JI0 pOOOTH B
cepi IT, Tak 1 10 MPOTOBKEHHS OCBITHU B I1iii 00JaCTi.

BaxnmBa 0cOONMMBICTH IIMX MPOTpaM y TOMY, LIO BOHH € CHPSIMOBAaHUMH Ha (hOpMyBaHHS CTaIMX
MPaKTUYHUX HABUYOK Ta YMiHb y CTYACHTIB 1 MiATPUMaHi MDKHAPOJHO BH3HAHHUMH, TaK 3BAaHUMHU
npomucnoumu ceprudikatamu Big Cisco (CCNA, CCNA Security, IT Essentials, CCNP) [1]. Koxen
BUITYCKHUK AKaJieMil Ma€ MpaBo i MOKJIMBICTh CKJIAJATH CHEIiaIbHUN CepTU(IKAI[IHINA i1CTIUT Ta OTPUMATH
MTPOMUCIIOBUH BcecBiTHRO Bu3HaHNU Ceprudikar (nuruiom) Cisco, 1o 3acBi4ye BiAMOBIAHY KBami(ikariio
(3HaHHS, HABUYKH, YMIHHA) Y JaHiil ranysi. CucreMa miarotoBku i ceprudikamii Cisco Systems (akTHIHO
CTalla CBITOBHM TaJy3€BHM CTaH/JIAPTOM i €TAJIOHOM B OOJIACTI MiATOTOBKH i ceprudikarii ¢axiBimis. PiBHi
kBamidikamii, ski mpucsore Cisco (axiBusgM 3a pe3ynbTaTaMu ICHHTIB, LIHYIOTBCS KOJIETaMH Ta
poboronmaBusiMi 10 BchboMy cBITY [2]. Takum uYuHOM, THporpaMa IiIBHUIIYE KOHKYPEHTOCIIPOMOXKHICTh
CTYJCHTIB Ha Cy4aCHOMY PHHKY Ipalli Ta HaJ[a€ PI3HOMAHITHI MOJIMBOCTI JUIsI ITPAIICBIIAIITY BAaHHSI.

Kowmicis koMmm’IOTepHHX TEXHOJOTIM Ta mporpamHoi iHxeHepii OmechbKOro TEXHIYHOTO KOJEKY
Opnecpkoi HaIliOHANBHOI akajgeMii Xap4OBUX TEXHOJIOTIH po3modana cIiBpoOITHUITBO 13 kKommaHiero Cisco
Systems y ray3si BIIpOBa/IKEHHSI OCBITHIX akageMidaux nporpam Cisco, cxBaennx MOH VYkpainu, y 2018
poui BigkputTsam JlokansHoi Mepexnoi Akanemii Cisco (Local Networking Academy — LNA), LNA Cisco
MPOBOJUTD 3aHATTS 31 CIlyXadaMH 3a aKaJeMiYHuMHU nporpamamu Cisco y raimysi CTBOPEHHS, pO3rOpTaHHS Ta
MiATPUMKH (YHKIIIOHYBaHHS KOMIT FOTEPHHX MEpPexk pi3HHUX Maciitabis [3].

[Iporpama Kypcy NpPONOHYE KOMIUIEKCHE CEpelOBHILE HaBYaHHS, IO HaXa€ JOOCTYN JI0
MYJbTHMEAIMHUX OHJIaHHOBMX HaBUAIBHUX MOIYJIB Ta 3acC00iB OHJIAHH-TECTYBaHHS, a TAKOK MPOBEICHHS
JabopaTopHUX poOIT Ha 00IaaHaHHI crerianizoBaHol tadoparopii 3aco6is EOT OTK OHAXT, B xoai sikux
cilyxadi MOXKYTh HaOyTH NMPAaKTUYHUX HABHYOK MOOYZOBH Ta 0OCIyrOBYBaHHS NEPCOHAIBLHIX KOMIT IOTEPIB
Ta JIOKANbHUX 1 r100anbHUX Mepex. CTyIeHTH BUKOHYIOTh MPaKTHYHI HaBYaJIbHI 3aBAaHHS 1 3aiiMalOThCs 3
IMITAI[ITHUMHA  MOJEIIAMH MEPEX, PO3BMBAIOYM HABUYKH, $KI JOINOMOXXYTh 3a0BOJIBHHTH IOCTIHHO
3pocrarody norpedy B IT-daxiBipsix.

Hapasi xypc «IT Essentials» Bepcii 6.0 ckinagaeTbcss 3 4OTUPHAIISTH MOJYJIB 1 OXOIUTIOE OCHOBH
porpaMHoro Ta amnapaTtHoro 3abesneueHns [1K, nepenoi konnemnuii, Taki sk 6e3nexa, Mepexi Ta 000B’ sI3KU
IT-paxisiis.

Haguansna nporpama IT Essentials (ITE) 6.0 nomomarae crymenaram migrorysarucs 1o CompTIA A+
ceprudikaniiaux icnutiB 220-901 1 220-902:


http://teacode.com/online/udc/00/004.9.html
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e CompTIA A + 220-901 oxormTioe OCHOBH KOMIT IOTEPHUAX TEXHOJIOTIH, HANANITYBaHHS KOMIT FOTEPIB,
HOYTOYKIB 1 BIJITIOBIIHOTO anapaTHOro 3a0e3nevYcHHs Ta 0a30B1 HANAIITYBaHHS MEPEKI.

e CompTIA A + 220-902 oxomoe HaBHYKH, HEOOXiTHI AJIi YCTAHOBKM 1 HACTPOWKH OMNEpalliiftHuX
cucteM Ha [IK, a TakoX HajamTyBaHHS 3arajbHUX (YHKIH, TaKUX SK MiJAKIIOYSHHS 10 MEpexXi Ta
SNIEKTPOHHOT MOIITH 151 MOOLTbHKX omepariiaux cuctem Android i Apple 10S.

HactymauM KpokoM y MiATOTOBIN 1HCTPYKTOPIB Ta CTYACHTIB € OTpUMaHHSI HOBHX 3HAHb Ta
ceprudikarip 3 kypcy Cisco Packer Tracer, sikmii 0Oararo pOKiB BiJJOMUH SK HaJIHHUN
0araToyHKI[IOHAILHUH 1HCTPYMEHT MOJCTIOBAHHS KOMI'TOTEPHHX MEpeX, SKUi J03BOJIE CTYICHTaM
EKCIIEPUMEHTYBAaTH 3 TOBEIIHKOI MeEpexi 1 OI[iHIOBaTH MOXIUBI cueHapii. BiH nomoBHioe ¢isnyne
o0nagHaHHS B ayAMTOpii, JO3BONAIOYM CTYyJICHTAaM CTBOPIOBATH MEPEXi NPaKTHYHO 3 HEOOMEKECHOIO
KIUTBKICTIO TIPUCTPOIB, 1 BUKOPHCTOBYETHCS AJIS MPAKTHKH, JOCHIHKEHHS 1 PO3BUTKY HABHUYOK YCYHEHHS
Heronmamok. OcTaHHI Bepcii [BOTO CHUMYJNSATOpa, HA SKAW TIpe TaKOX [O3BOJISIOTH IMOOYIyBaTH
BIpTyaJIbHHH cMapT-IiM ( po3yMHHUHl OyAMHOK ab0 Oi3Hec-LIeHTp) Ta MOAEJIOBATH Pi3Hi acnmekTH
InTepHery peueii. Hanpukian, Mo)XHAa BCTAaHOBIIOBATH MAaTYHMKH, BHUKOHABUI MEXaHI3MH, PO3YMHY
noOyTOBY TEXHIKY, PO3yMHi JABepi, BikHa Ta iHme. JIoriky B3aeMofii CKIaJOBHX PO3YMHOTO JOMY MOXKE
PO3pOOHUTH KOPUCTYBaY, 10 Ma€ MOYATKOBI 3HAHHA y IporpaMyBaHHi. [IpuxunbHuKY nmporpaMyBaHHs, TOOTO
MaiOyTHI MPOrpamicTH, 3MOXKYTh 3aJaTH IOBEAIHKY PO3yMHHMX peueit Ha Javascript a6o Python. s
BHKOHAHHS POOIT iHCTPYKTOP OTpHMYye OE3KOIITOBHY JIIICH3iI0 Ha BIPOBa/DKCHHS cumynsaTropa Packet
Tracer 3 METOIO JOJIyYUTH JI0 BUBYCHHS KYpPCY CTYIICHTIB KOJICIKY.

Cisco NEtworking Academy Bui!dingscalable
Curricula Portfolio Intemetworks

Implementing
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Wide-Area Networks

Networking for Network CCNA g .
Home and Small Fundamentals Security Building Multilayer
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Routing Protocols and o
Working at a Concepts Optimizing
Small-to-Medium Converged Networks
Business LAN Switching and _gm—
or ISP Wireless

Network
Professional Introducing Routing Accessing the WAN
and Switching in the
Enterprise

IT Essentials:

PC Hardware
Network and Software

Specialist

Network

Associate v
7 N

Network
Technician
IT

o Essentials
IT Technician Cisco Packet Tracer

Student Networking Knowledge and Skills

Pucynok 1 — Kypcu MepexHoi akanemii Cisco y OJiecbKOMY TEXHIYHOMY KOJIEIKI.
BanydyeHHs CTyIeHTIB 10 KypciB MepexHoi Axamemii Cisco Entrepreneurship, Introduction to
Cybersecurity, Introduction to 10T, PCAP: Programming Essentials In Python, CCNA R&S: Connecting
Networks, CCNP Routing and Switching, 10T Fundamentals: Connecting Things, m03BoquTh BHKOHATH
dyHIaMeHTalbHY MiArOTOBKY (axiBIiB y rainy3i iH(pOpMAaI[iiHMX TEXHOJIOTIH 3a 3arajbHOBH3HAHUMHU
MDKHApOJAHUMH CTaHIapTaAMH.
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[HOAXO/J K OBHAPYXXEHHMIO AIITTAPATHBIX 3AKJIAZIOK C ITOMOILBIO
NHTEJUIEKTYAJIbHBIX ATEHTOB

B pabome npeonosicen nooxoovl K 8vis8NIEHUIO U 00€38PENHCUBAHUIO ANNAPAMHBIX
3aK1A00K U BPEOOHOCHO20 NPOSPAMMHO20 KOOA C NOMOWDBIO UHMEIIeKMYATbHbIX
aceHmos Ha Oaze aceHmMHO-OPUEHMUPOBAHHO20 MoOeaupogarus. IIpednoscenHulil
nOOX00 NO0360Jslem  YNPOCMuUmMb NOUCK — ANNAPAMHLIX  3AKIA00K, A MAKHCe
cnocobcmayem nosviueHuIo 3 HexmusHocmu cyuecmayowux Memooos 3a cuem ux
UHMEIEKMY ATU3AYUL.

Cy1iecTBOBaHHE aIIapaTHBIX BUPYCOB (ammapaTHBEIX TPOSHCKUX IIPOTPaMM,
anmapaTHBIX  3aKJIaJ0K) TMPEACTABISET CEPbE3HYIO  YIpo3y  KOMITBIOTEPHOU
6e3onacHocTH. OTHON M3 CaMBIX JEUCTBEHHBIX MeEp SBJSETCS MPEIOTBPAIICHUE MX
BHEJIPEHUS B MIPOIECCe pa3pabOTKU anmapaTHOro 00ecTieYeHUsI.

B Hacrosmee BpeMs HHTEUIEKTyalbHbIE AareHTbl AKTHUBHO BHEIAPSIOTCS B
KOMIIBIOTEPHBIA MUpP. OHHM BBICTYIIAIOT HE TOJBKO B KAay€CTBE JJIEMEHTOB CHUCTEM
YMHOI'O IOMa, HO U KaK CEPbE3HBIEC CAMOCTOSTEIIbHBIE KOMIIOHEHTHI U COCTABIIAIOLINE
B VYIPAaBJIECHUU CJIOXHBIMUA TEXHOJIOIMYECKUMH IIpoLEecCaMd M CUCTEMaMHu, B
MOCTPOEHUHU U (PYHKITMOHNPOBAHUU CETEH, JJIsl TOMCKA MPOTPAMMHBIX U armapaTHbIX
BUPYCOB. IIporpaMMHbIE MHTEIUIEKTYaIbHbIE areHThl 3a MOCJIECIHUE HECKOJBKO JIET
CTaIM TOMOIIMHUKAMH B  BOMIPOCAaX KOMIBIOTEPHOM U  UHOOPMAIMOHHOU
0€30MacCHOCTH U KOMITbIOTEPHOM BHUPYCOJIOTUM B LIEJIOM, MOCKOJBKY TEXHUYECKU
MPaBUJIbHBIM areHT COCOOEH HE TOJNBKO OOHAPYKUTh BUPYCHl MIIM 3aKJIAJKW, HO U
Jae YCTpaHUTh HUX, €CIIHd 3TO He TpeOyeT MOMOJHUTEIBHOIO YEeI0BEYECKOro
BMEILIATENbCTRA (HAIPUMEpP, pachailki KOHTAaKTOB WJIM KaKUX-TO YacTeu, eciu
anmnapaTHasi 3aKJ1aJIka BO3/IEMCTBYET KOHKPETHO Ha AJIEKTPOMEXAHUYECKYIO CXEMY).

[TocKkONMBKY WHTEIUIEKTyalIbHbIE Ar€HThI, HMCIIOJIb3yEMbICE B MPEACTABICHHON
paboTe, SBISIOTCS MPOTPAMMHBIMU KOMIIOHEHTAMH, BBIIICYTOMSHYTBIM METO/I
oOHapy»eHus He OyaeT nocTatouHo Y PeKTUBHBIM. JJIsl peai3aluy moCTaBIECHHbIX
3a71a4 IpeJIaracTcs UCIOJIb30BaATh TPU B3aWMOIOTIOIHSIOINX METOAA.

[lepBbIii U3 METOAOB — METOJ TEXHHYECKOTO HArPy304YHOTO TECTUPOBAHMS,
MpEeIHA3HAYCHHBIM ISl OOHApYXKEHUs «ammapaTHBIX TPOSIHOB» C  TOMOIIBIO
MIPOrpaMMHBIX VMHTEJUICKTYJIbHBIX arcHTOB. CyTb METOa MOYKHO
MPOAEMOHCTPUPOBATh HA IPUMEPE IKECTKOTO JHUCKA: CMOJCIMPOBAHHBIA aArcHT
BCTPamMBaeTCsl B IMPOrpaMMy, C IOMOIIBIO KOTOPOW IPOBOJAUTCS JAHHBIA BHUJ
TECTUPOBAHMS;, MPOrpaMMa MOKA3bIBAET MPEANOIaraéMble MOBPEKICHHBIE CEKTOpa
Ha KECTKOM JUCKe (MMOCKOJIbKY UMEHHO OH 3a4acTYH0 CTAaHOBUTCS TJIaBHOM >KEPTBOM
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amnmapaTHBIX BHUPYCOB); areHT (3apaHee OOYUYCHHBIM) aHAIM3UPYET IOBEJICHUE
MOBPEXKICHHBIX CEKTOPOB M BBIAAET MPHUMEPHBIN CIMCOK BO3MOYKHBIX HAPYIICHHM
WM K€ HaIW4YUe allllapaTHBIX 3aKJIaJoK, ITOBEJICHHE KOTOPBIX 3aJI0KEHO B
oOyuaroliei mporpaMmme areHra.

Bropoit meron mpeamnosiaraeT NMOBTOPHBIM CHHTE3 annapaTHOTO KOMIIOHEHTA
BHYTpH RTL-koga (RTL — 1361k ypOBHS pEruCTpOBBIX Mepeaad). ITO CBA3AHO C TEM,
YTO €II€ OAHUM CIAa0BIM MECTOM, KOTOPOE€ BCEr/a MOPakaroT allapaTHbIe BUPYCHI,
ABJISIETCS «3apayKEHUE» aNIMAapaTHBIX KOMIIOHEHTOB BO BPEMsI aBTOMAaTU3UPOBAaHHOIO
IPOCKTUPOBAHMs Ha YpPOBHE JTallOB CHUHTE3a. BO BpemMs NOBTOPHOIO CHHTE3a
OTIEIBHO TPOBEPSIOTCS BCE COCTABIAIOIIME AalIAPaTHOTO KOMIIOHEHTAa, a
CHELMAIbHO OOYYEHHbIE HMHTEJUIEKTyaJbHbIE areHThl (Kak M B TEPBOM METOJE)
CBEPSIIOTCS C OINPENEICHHBIMU MOKA3aTEISIMU U CTATUCTUKOMN (YK€ 3aJI0)KEHHBIMHU B
HUX) U IIOCJIe CUHTE3a OOBEKTa BBINAIOT CIHUCKU HAPYLIEHUN WIA TPEBOXKHBIE
CUTHAJIbI O HAJIMYUU AIIapaTHBIX 3aKJIA/I0K.

TpeTuit MeTOJ COCTOUT B TOM, YTOOBI JIJIi HAXOXKACHUS «anmnapaTHOTO TPOSTHA
HCIIOJIL30BaTh OOPATHBIM CUHTE3 U TPOCKTUPOBAHUE (TO €CTh, 10 CYTH, «Pa3PyIIUTh
amnmnapaTHbii KOMIOHEHT). [IoCKOIbKY B OCHOBHOM ariiapaTHbIE 3aKIaK1 HApyIIalOT
paboty yxe Ha RTL-ypoBHe, TO CHHTE3 U MPOEKTUPOBAHKE MOKHO JOBECTH JI0 ATOTO
JTarna, a UHTEJUICKTYyaIbHbIM areHT MPOCTO BBIYMCIUT, B KAKOM MECTE MPOUCXOAST
HapylIeHUsi, OT YEro OHM MOTYT 3aBUCETh, U MOKAXKET HAa MOJICNU ammapaTHoOro
KOMIIOHEHTA, B KAKOM KOHKPETHO YaCTH 3aJI05KE€HA alllapaTHas 3aKJaJKa.

Takum 00pa3oM, KOMOMHUPYSI B KOMILIEKCE JTAHHBIE METOJIbI, MPEACTABISICTCS
BO3MOYKHBIM TTOCTPOEHUE IEJOCTHOM CUCTEMBI, KOTOopasi o0ecreunT 0e30MacHOCTh Ha
TPEX YPOBHSX NPOEKTUPOBAHMS: aNNapaTHOM, NPOrPaMMHO-ANNapaTHOM U
MIPOrPaMMHOM.
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