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JTOJATOK A

Crnaiiau npeseHrariii

XAPKIBCHKHI HAITIOHAJTGHII YHIBEPCATET PAJIIOEJIEKTPOHIKI
ATECTAIIIMHA POEOTA MATICTPA

JlocaizkeHHs MeTOAIB YIPAB/IiHHA JOCTYIIOM 10 CXOBHII JIAHUX 3
BHKOPHCTAHHSAM TYMAHHOI apXiTeKTypH

BukoHaBb: cTyaenT rpymn IT13Cwm-18-1 Kaxrmii L. I

KepiBHHK: noneHT kageapu I11 JlaxoBmii O. ®.

Pucynok A.1 — Cnaiin 1

. Mera pobotn

JlocaiguTu ciocodu 3aCTOCYBaHHS apXITEKTypH
TYMaHHOT'O OOYHCIIEHHS IIPH POOOTI 3 BEJIMKUMH
00'eMaM¥ JJaHUX Ta MMPOBECTH aHaJli3 Ieperar Ta
HEJI0JIIKIB BUKOPHUCTAHHS JIaHO1 apXITEeKTypH Y
MOPIBHAHHI 3 apXITEKTYPOIO XMApHOTO 00YNCICHHSA

Pucynok A.2 — Cnaiig 2



IlocTanoBka 3agaui
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e CTBOpHUTH MOJIENIb CHCTEMHY, IIIO MAE 32 OCHOBY
apXiTeKTypy TYMaHHOTO OOYHCIeHHS;

e JlocmiauTu METOU YIIPABIIHHS JIOCTYIIOM JI0

CXOBMIII JIAaHUX I1€1 CHCTEMHU;

e BuapieHHs KpUTepiiB €¢(PeKTUBHOCTI TAKOI CHCTEMH Y
MOPIBHAHHI 3 KJTACHYHUMH XMapHUMH

OOYHCIICHHSIMH.

Pucynok A.3 — Cnaiin 3

OCHOBHI BH/IH MojIeJIei 00UncJIeHHA

MpaHMyYHa mepexa

......................................................................................................................

g D Rﬁz TyMaHHWA By3on

Se T s aE

XmapHui cepeep

XmapHun cepaep

Pucynok A.4 — Cnaiin 4

XmapHe o6uncneHHs B AKOMY
3afliAHWA NULWE XMapHWii cepeep

TymaHHe o6YnCneHHs NoJlineHe Ha
TPW WIapy: KNIEHTCHKUA, TYMaHHWIA Ta

XMapHUid

I'pannyHe 06YHCNEHHA
BUKOPUCTOBYE CEPBEP OBUMCTIEHHS
NopyY 3 KNIEHTCHKUMU NPUIIaaamMu
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OcHoBHi npod;1eMu XMAPHOIo 00YHC/IeHHSI

Benuka saTpuMka nif yac nepefadi JaHKUX Bif KNiEHTCbKWX NpUNafiB 0 XMapHoro

Cepeepy Yepes BeNMUKY BifCTaHb.

3HayHi HaBaHTaXEeHHA Ha Mepexy XMapu nifl Yac HaJXO[KEHHS BEJIMKOro oﬁ‘emy

iHthopMaUil 0HOYACHO Bifl BENNUKOT KINbKOCTI KNIEHTCHKMX NpUNajiB.

BifcyTHICTE MOBINBHOCTI XMapHUX cepBepiB, L0 He 03BONSAE MOKPUBATH BENUKY

TEPUTOPItO ANS 3MEHLLEHHA Yacy 0BpOBKK 3anuTIiB Bif, rpaHUYHKUX NPUCTPOIB.

Mpu BUHUKHEHHI NPo6NeM 3 [HTEpPHET 3'€IHAHHAM, XMapHHIi CepBic CTae HEJOCAKHUM

NS KNIEHTCbKNUX Npunagis.

Pucynok A.5 — Cnaiin 5

OG6'eKT mocIiIKeHHS - apXiTeKTypa TYMaHHOTO
00" HCIIeHHs

Appo: BeNUKa NPOAYKTHEBHICTE Benuka saTpumka

Xmapa: s6epiraHHsa
Ta aHanis

TymaH: o6pobka

— e *L—$ 2 *%@ .

AN

Pucynok A.6 — Crnaiin 6



BiaMinHOCTI TYMAHHOTO 00YHCJIeHHSI Bill XMAPHOTO

MepBuHHA 06POBKa JaHWX Y XMapHOMY 06YMCIEHHI NTPOBOAATLCA Ha FOJIOBHOMY CepBepi,

a 'y TYMaHHOMy 064YMCEHHI - Ha BiflaneHMX By3nax Mepexi, 6ind Micua noctayaHHA faHuX.

CepBepy TyMaHHOrO 0GYUCNEHHA 3HAXOAATLCA Ha HEBENUKIN BicTaHi Biff MiCLS HaAXOAKEHHSA

AaHu1X, Yepes Lo 3MEHLIYETLCH MEpexeBa 3aTpUMKa nif 4ac ix nepegayi.

KinbkicTb cepBepiB y TyMaHHiii apXiTeKTypi 3Ha4yHO BiNblua, HiX Y XMapHii, a TYMaHHi By3nu

1o NOEAHYIOTL Y COBi AeKinbKa cepBepis, [O3BONAIOTE NOKPUBATH BeNUKY reorpadiyHy Teputopito.

[laHi 3 rpaHUYHKX NPUCTPOIB CNOYATKY 36epiraloTbCA B NOKANbHWUX CXOBMLLAX JaHUX,

AKi pO3TaloBaHi Ha KOXHOMY 3 TYMaHHWUX BY3NiB.

Pucynok A.7 — Cnaiin 7

KopucTysay | XmapHuit cepeep | \ XMapHe CXOBHLLE

Hiarpama mocJIiioBHOCTI IJIsI
. . . . 1) I
HepuIoi J0CIiIKYBAHOI ModeIi gy
2) Bianpaska
3anuTy 3) Baninauia Ta
¢ ) ansTpauis

N
4) 3anuT Ha
30epiranHa

5) OTpumarn naui
4—

6) AHani3
AaHu1X

_—

T 7) 3anuT Ha
30epiraHHA

Pucynok A.8 — Cnaiin 8



PesyabTaTh 10C/1i12KeHHA HIepIIoi MojeJl

Pucynok A.9 — Cnaiin 9

JiarpaMa nmocJiiIoBHOCTI JIJIs1
JIPYToi T0CTIKYBAHOT MojTel

i KinbKicTh 00'¢KTiB Ha - . .
Homep TecTy R Iac cTRopeHHdA 00'€KTiR | Yac BHKOHAHHSA AHATIZY
cepBepi
1 -IUUO 7 CEKYH]T B CEKYHT
2 5000 9 cexymn 16 cexyna
3 10000 13 cexynn 31 cexynna
l' 20000 16 CERYHO 53 CERYHIH
L] L] L]

INokanbHa Mepexa

|TyMaHHMﬂ cepsep‘

l XmapHe cxosuwe

1) MeHepayia
Aanux

2) Bianpaska
3anuTy

3) Baninayia Ta |
ansTpauin

| U

—
4) 3anuT Ha
30epiraHHA

5) OTPHMAHHA
AAHWX

6) AHani3
AaHuX

S E—
7)3anutHa T
30epiraHHs

Pucynok A.10 — Crnaiin 10
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PesyabTaTu fociizkenus 1pyroi moaei

Hiarpama

MOCJIiTOBHOCTI 114

TPeThol

TOCHIZKYBAHOT Mo eIl

Pucynok A.11 — Craiin 11

i KinbKicTh 00'€KTiB Ha - S .
Homep TecTy cepBepi Iac ctBopenHs 00'€KTiB Yac BHKOHAHHSA AHAJIIZY
1 1000 126 CEKYH] 3 CEKYHIH
2 5000 HeMO:XTHBO BH3HAYHTH 7 CeKYHT
3 10000 HeMO:XIHBO BH3HAYATH TI CeKyHI
4 20000 HeMO:XTHBO BH3HAYHTH 14 CEeRYHI
L .
L] L]

1) Mledepauia
NaHKUX

[E—
2) Bianpaeka 3) Banigauia Ta
3anuTy hansTpauia
P
4) 3anuT Ha

TUm4acose
30epiraHHs

lNokanbHa mepexa

lTymaHHmi cepaep|

5) OTpHMaHHA
JaHux

6) AHanis
EETTN L

| TyMaHHe CXOBHI.L(E‘

XMapHe CXOBULLE

7) 3anuT Ha
36epiranHa

Pucynok A.12 — Craiin 12
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PesynbTaTH T0CIIKeHHA TPeThOI MoJIeJIi

Hiarpama
MOCJITOBHOCTI
LISl YeTBepTol
JMOCJIIZKYBAHOT
MoaeJi

Pucynok A.13 — Cnaiig 13

: KinbKicTh 00'¢KTiB HA = B .
Homep TecTy . Jac cTBopeHHs 00'eKTiE | Iac BHKOHAHHA AHAJIIZY
cepBepi
1 1000 5 CEKYHA 5 CEeRYHT
2 5000 4 CEKVHIH ]5 CEKYHI
3 ]0000 4 CEeKVHIH 20 CEKYH]T
II 20000 7 CERYHO ll‘l CERYHIB
L] L

NokankHa Mepexa

| TymaHHe cxosmqel

1) Fesepayin
Laknx

2) Bianpaska
3anuTy

|TyMé1HHME| cepaep|

3) Banigauia Ta
(haneTpayia

4) 3anuT Ha
THMYECcoBE
30epiraHHA

5) OTPUMaHHA
AKX

6) BlanpaeneHHs
[10 XMADHOTO
cepaepy

v 7) Ananis
nanux
«—

8) 3anut Ha
30epiraHHA

Pucynok A.14 — Cnaiin 14
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PesyabTaTn nocaiizkeHHS YeTBepTOI Mo/Iel

KiabKicTh 00'¢KTIB Ha

Homep Tecty ceprepi Yac cTBopeHAs 00'ekTiB | Tac BEKOHAHHA AHATI3Y
1 1000 4 CeKyHIH 8 CeKYHI
2 5000 6 CERYH] 22 CERYHIH
3 ]0000 5 CERYHI 36 CEeRYH
“I 20000 7 CEKYH] 60 CeKyH]
Pucynok A.15 — Cnaiin 15
PesyabTrarn 10C/1i1KeHb
Yac ctaopenHs ob'extis (cekyinu) [l Yac svkoHanss ananisy (cekyHaom)
B HagaHTameHHRA Ha cepeep oG4MCNeHHA (BIOCOTKK)
100
75
50
25
0
1 3 4
MNe Mogeni . C

Pucynok A.16 — Cnaiin 16
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POBOTHU

PesyneraTi po6oTH OMy0ITiKOBaHI ¥
crari «Topical issues of the
development of modern science» Ha
MDKHapPOIHII HayKoBiil KoH(epeHTIil
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Pucynok A.17 — Craiin 17

. BucHoBKH

ApXITeKTYpH TYMAaHHOTO OOYIICIACHHA Ta OYIO 3MIiICHEHO aHali3
IepeBar Ta HeJONIKiB BUKOPUCTAHHS JaHOI apXiTEeKTYPH V IOPiBHIHHL
3 BLIOMIMH apXiTeKTypaMH XMapHIX 00IICICHE.

Ilin wac mnpoBeneHHA

VIPABIIHHS JOCTYIIOM [0 CXOBHII JaHHX OyJI0 BHABICHO, IIO
BHKOPHCTAHHA TEXHOJOTII TyMaHHHX OOUICICHH IO3BONIAE 3HAUHO
TABHIIUTH eQEeKTHBHICT BHKOPHCTAHHSI XMAapHHX CEpBepiB Ta

TOKPAITHTH  piBeHb pOOOTH

KOPHCTYBaUiB.

B poborti Oyn10 mpoBeneHO MOCTIKEHHS METOMIB YIIPABIIHHSI
JIOCTYTIOM JIO CXOBHIII JIAHMX CHCTeM, SKi MOOYI0BaHI 3 3aCTOCYBaHHAM

TOPiBHATEHOTO

CHCTCMH 3

aHamizy MeTOIiB

BEJIHKOI0 KIUIBKICTIO

Pucynok A.18 — Cnaiin 18
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Biakpuri IUTAHHSA TA NOAAJbIIHA PO3BHTOK

OcobnusocTi reorpadiyHoro posmilleHHa TYMaHHUX cepBepiB

MeToan 3axuLLeHHsA AaHuX, Wo nepefaroTbCcA B 10 TYMaHHOTO cepBepy

Cnocobu aBTeHTUdIKaLil KOpUCTyBaya B CUCTEMi TYMaHHOIo 06YMCNEHHA

Cnoco6w NiATPUMKM LiNiCHOCTI laHNX NpyW Nepefjadi Bia TYMaHHOTo cepeepa

A0 XMapH « o o

Pucynok A.19 — Craiin 19
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UDC 004.415.2
COMPARISON OF YOG COMPUTING AND CLOUD COMPUTING
ARCHITECTUREE DESIGN PRINCIPLES

Zhazhkyi Thor Thorovych

Student

Eharkiv National Universitv of FRadioelectronics
Kharkiv. Ukraine

Abstract: Described main principles of Fog computing architecture usage and
it’s advantages and disadvantages in comparison with cloud computing architecture.
Represented ways to improve IoT device data processing speed when fog computing
and cloud computing are used together.

Keyvwords: Fog, Cloud, IoT, virtual container, cluster.

Interest of Internet of things industry is keeps growing today. Internet of things
implies vsage of smart devices which produce a lot of data to store and require a lot
of computing power to process. Because of that, number of architectural patterns and
approaches to solve such data storage and processing problems is rising.

With the increase of IoT (Internet of things) devices architectural, the question
of how to transfer information between these devices and the servers that process it is
becoming more relevant [1]. Another question is whether the current cloud services
architectural approach is suitable for handling critical load when big amount of
processed data enters the server.

The term cloud is no longer new for information technology sphere. It is a group
of devices (servers and databases), gathered in one nefwork and accessible via the
Internet (Fig. 1). There are a number of benefits when cloud services are used to work
directly with IoT devices, such as high server-side speed for data processing and the

ability to store a large amount of collected from devices information [2]. However, a
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number of current problems with this technology i1s forcing to refuse direct

"communication” between "smart” devices and cloud services.

Persocnal
comiputers

Smartphones Smart houses
""u,——\_ -
— — -

_'_'__ﬂ"
?Cluud SEMVICE S
.-’Y\ SR -

,.,_H__q_
All cther 1oT
Smar cars dovices

Fig.1. Usage of cloud service to transfer data from IoT-devices

The main problem is the heavy load on the network and it's influence on the
data transmission speed to the cloud. It is related to the fact that the distance between
data centers and sensors can sometimes be enormons, which means that time wastes
on data transmission over the network exceed the accepted standard. Another issue is
the security and privacy breaches data from sensors when it is transferred through the
network to cloud servers (transfer is done via global network channels and it is easy
to infercept and hack) [3]. Last but not least is problem of nefwork latency and
connection interruption when data is transferred to the server.

Another approach to work with IoT is Fog computing. «Fog» 15 an additional to
the cloud architecture which consists of so-called node servers. They are directly
connected to the IoT devices in local area network [4]. These nodes are physically
closer to the devices in comparison with centralized data centers. This allows them to
process information much faster. Their computing power allows them fo perform
large amounts of data computing on their own without sending them to cloud
services. Main difference between fog and cloud architecture is that first one is
distributed and second is centralized (Fig. 2).
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Fig. 2. Usage of fog service to transfer data from IoT-devices

Fog computing provides additional options for data processing [3]. Some cases
demand to process the data as quickly as possible - for example. in production. when
connected machines must immediately respond to the incident This architectural
approach creates network of automation controllers and some amount of computing
servers that are used as logic-layver between controllers and endpoints. This structure,
in turn, reduces the required bandwidth - this is better than if the data needs to be sent
back to the data center or cloud for processing.

Fog computing architecture also can be used when the bandwidth is not
appropriate for data transmission, so crucial operafions are needed to bhe processed
near the place where they were created [6]. As an added benefit. users can host
security features on a fog network layer, from segmenting network traffic to virtual
firewalls.

In fog computing, transporting data from things to the cloud requires many
steps:

- First the electrical signals from things are traditionally wired to the I'O points
of an automation controller at the device. The automation controller executes a
control system program to automate the things.

- Then the data is sent to the fog laver (fog node) or IoT gateway on the LAN,
which collects the data and performs higher-level processing and analysis.

-This system filters, analyzes, processes, and may even store the data
transmission to the cloud or WAN at a later date.
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The main advantages of fog services over cloud are:

- lower data transmission latency;

- less problems with network bandwidth;

- higher request/response processing speed between modules;

-additional security testing of the connection between services and devices;

But there are problems that make fog architecture more difficult to create and
maintain in comparison with cloud architecture. These include the need for more
servers to speed up computing power. It demands more precise system administration
and management of the big data computing processes. In order to maintain for service
mfrastructure and to collect information about calculation’'s effectiveness and
protection we need a monitoring system.

Amazon Web Services were used to demonstrate the work with cloud
architecture. There 15 a rented m5 large server with & gigabytes of RAM and 2
computing cores available at this platform Docker container can be used to deploy
such infrastructure. Multiple containers will be created to fulfill the role of fog
services with help of this management tool. Virtual container cluster is controlled by
Eubernetes - open source administration svstem for automatic deplovment. scaling
and managing applications in confainers.

Consider the first case - testing and collecting data while fransferring from the
point of receiving directly to the cloud service that will be responsible for calculating
and storing them in it’s local storage. Information blocks that consist of freight
transportation data from one point to another (in .csv format) will be presented as an
input data (it doesn’t matter what kind of data is calculated in this experiment, but
data volume is important). Size of one test block is approximately 300 megabyte of
information that will be processed on the cloud server. The internet connection speed
15 10mb /s, the speed of information processing on the server is 0.2 seconds (the one-
time processing time is selected). Considering the time at which the information gets
to the server, the time of processing the .csv file and finding only valid information,
and the time during which this information will be written to the database of the

cloud server, we have the following formula of caleulation:
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ProcessTime = network Speed/dataSize + networkSpeed * processSpeed

Insert our data and get:

300/10 + 300%0.2 = 90 seconds

Second case - we will use Kubernetes cluster as our fog laver between
information receiving point and the cloud which contains data storage. Input data
remains the same as in previous fest. In this case we are using virtual machine
deployed on cluster for data processing, rather the cloud server. Compared to the first
case. the data transfer speed is increased and the distance to the data processing
location is reduced. Thus, we get 100 megabyte/second of processing speed, and we
do not increase the number of computers.

300/100 + 300%0.2 = 63 seconds
With Fog architecture we get 27 less time spent on the data processing (Table

1).

Table 1

Comparison of Cloud and Fog approaches

Diata amount Connection speed | Time spent
Cloud service 300 mb 10 mbit's 90 seconds
Fog service- 300 mb 100 mbit's 63 seconds
cluster

Keep in mind that the number of virfual machines can be added to the cluster
for significant productivity gains if for example. the amount of data is much larger.
This is an advantage over a cloud service, where we need fo lease addifional
computers that require additional funding.

Based on the results of these tests, vou can see that with usage of fog layer in
our calculating devices data processing architecture. we significantly reduce the data
processing time due to the fact that it doesn’t depend on the additional cost of Internet

connection with cloud services and transmission latency [7]. Also we improve system
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response time because information is computed closer to the edges of receiving.
Additionally amount of data sent to the cloud is reduced with help of fog laver, where
we can place additional logic to filter only crucial data.
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PELLEHSIA
Ha aTCCTALNTHY podoTy saricTpa
ervacHTa rpyni [1304-18-1 iserora Iropa lropoguraa
cnemaneHicTs — [21- [Hmenepin nporpasHioro sademneqe man
oCB THBO-Mpodeciiing nporpasa «[Tporpasiue sabeIneacHHa cHoTe
ﬂﬂﬂCIlL‘l:.‘ﬂﬂ:HHH METOALE Y Mpa B0 HHY STV MON 20 CXOBHLL JAHHY, & BHEGYHCT AR

TV MAHHOT APRITSRTY s

Tema arecTawiiivol poloTH NPHCBMICHD AHANY T2 J0COLTEEHHIO METOE VIPIRTIHHA
ACCTYNOM 30 CXNOBHLL TdMHHX Al‘l'_‘l'il.'lhliiCTI: TEAIT TRUTACRE % CTRMEOMY MO HPEHHIO .‘EHIHFHHK
TexHONOTH. 3804 J0C1LHEHE, WO OPOBOAHANCH B PIMKAY HaNHcaHks atccTawiinol poboru, €
MOISTIOBIHHA CHCTEMH, W0 MAE v MUATIYHT GpXITERTY[Y TYMAHHOMO ofMHCICHHA, 10CTLIKEHHA
METOLIE VAPARTIHHE TOKOWD APXITEKTYPOW AL WC POGOTH 31 CNOBMWAMH AAHHY. BHABIEHHA
KPHTCRIIE. WO BOAMBMOT: HA 11 BHKOPHCTAMHA v NOPIBHAHHL 3 KJACHYHHMH  SAIDHHMH
ofeHC I HHAMH.

Apropos G0 NpPoBCASHD ACTAARHHE AHAMY NOPLWOTKEPEN, MPHCBIYEHHY J0CT IHCHHID
METOOIE BHEOPHCTAHHA apaaresTypi Tvaanmexy ofuncness. Ha nigcraei npoecacHoro aanisy Gvno
BHIHIYMEHD NEPEBATH TA HEAOMKH BHEOPHCTAHHA TYMAHHO! APXITERTVPH v NOPIEHAHEL 3 IHWHMKH
BHANMH  XMADHHX ODMHCASHb, POAPOONCHO BOECHY  MOJENE SOCTVOY A0 CXOBHWL J3HHX O
BHHﬂpmﬁl‘[Haﬂl T:I."HHHJ-]J‘E’{ T:xIID.TCIr.Iﬁ

FAanponoROBINA ABTOPOM M03eTs §vI0 BHKOPUCTAHO B PODOTI 104 J0CTI.THCHHA METO1iB
YOPABMIHES IOCTVIOM 10 CNOBHLL JAHHY 38 TEXHMOAOriEw Tvsmansora ofaucacsss npu podori a
seaHKHME 06 eMaMi AaHE, OTPHMAHT PeiyIbTaTi 10CT0MeHs NATRCPAIAN Anomem, wo Gvan
BHCYVHYTI aBTopos mia uac nobyaoms modeni wolo cflekTHEHOETI BHKOPHCTAHHA TvaaxHol
APXITCRTYPH.

B mx0cTi HEI0NIKIB ATCCTALIAHOT pOGoTH MACICTPI MOKHA JTHAHTH HACTY NI

= B pofoTi BACVTHI ADCTLHCHARA IOAO HIXHWGHDCT] AAHHY, W0 NCPCIA0THCA B TV MAHHIR
APRITCKETY [N

—Mi1 YAC MPOBCACHHA J0CHidAcH He Oymi spaxosani  ocolimsoct reorpadiunoro
POEMILIEHHA TV MAHHHY CCPRCPIE

He seammoun v BkoGaH) Heaomks aTecTawiag podora maricrpanra rpvin [13C0u-18-1
Hamkoro [ sianosiage snuorav 30 sectiwiine podit, Arecawiing podota smome GyvTi

npeaeTaeneHa ana saxnety B EK sa eneniansnierio 121 - [nenepin nporpasnore 1a0esncuetie 1

7

HICIY TOBYE HA QUIHKY «BLIMIHHD — 96 A,

PELLEHIEHT
K. T.H.. JougHT. npotecop kal. CT XHYPE

£

lzarnce B.I
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PELIEH3IA
Ha ATECTAUIHY poBoTy MaricTpa
crvaenra rpvan [13Cu-18-1 Waxwxoro Iropa lroposssa
cncwaabHicTs = 121+ [nacHepis nporpaMMoro 1ade3ncucms
ocsimso-npodeciiing nporpasa «[porpaMie 3adeineucHns cHeTeM»
«JIOCDKCHHA METOALD Y IPABAIHHA TOCTYTIOM A0 CXOBHUL JAHMX 3 BHKOPHCTRHHM
TVMAHHOI APNITSITY PHY

B podoTi, 110 noJana Ha peucHIy BAKHI. POICAINNTI AKTYAbHI MIFTAHHA N BHUCHHS SKOCTI
AOCTYNY A0 BEMIKIN OOCHNIE 2aMN, wo IOCPITAIOTICH Y NAMIPHIN CXOBHWIAX, 38 PAXVHOK
BAOCKOHRICHHN MCTOMIB VNPABAIHHA 10CTYNOM A0 HItX. ABTOP HA NiACTABI MPOBCICHONO amALLY
PeIVARTATIE GAraThoX J0CTIAKCHD. WO BHCBITACHI B nepeticy TICPUIOAACPE NOCHAAHHS, BHKOHAD
n06yA0BY MOICA 20CTYY A0 XMAPHOIO CXOBHUI TA BHCYHYE P FINOTES (OO cieKTHBHOCTI
BHKOPHCTAHHA TYMIHHIN TCXHOTOTHT v NOPIBHAHHI 3 KAACHYHMMH METOAAMI A0CTVOY 30 NMAPHHX
exosuw gasny, OCHOBIY vBary ABTOP 3BEPHYS Ml BIZMOBOCTIIKICTS CHETEM A0CTYIY. nody 10BaHKN
38 TYMAHHOIO aPXITCKTYPOKO, Ta AHBY HICTE CHCTEM AOCTY IV B YMOBAN MEPEHABAHTMKCHH.

ABTOP ATECTAUNIHOI POBOTH NPOACMORCTPVEIB HANCAHNIT PiBCHb BOKOAIHHA TEOPCTHIHHMH
MOAOKCHHAMH 3 OGPAHOT TEMI A0CALDKEHHS, TOKAJAB JAATHICTS HOPMYTIOBATH BIACHY TOYKY 30py
Ta TeopeTHiRy nosuuio. ITix wac aHamIsy BUMOr 10 MOACHI CHCTEAH ABTOPOM WITKO POIMEROBAHI
THIH BHMOT T4 MABCACHO 1N OMMHC.

Mofy 10BAHY B pavkax HANHCAHHA aTeCTAUIiHOI poGoTH MOACAB CXOBHILA. AOCTVIT A0 AKOFO
3a6CINCUN BABCH 3 BHKOPHCTAHHAM TYMAHHIN TEXHOAOTT 0GUHCACHD, 6y70 BHKOpHCTAHO B podoTi
ANH J0CHIDKCHAS METOAIB YNPABAIHHA A0CTYTIOM NPH poBoti 3 BeankuMu 06 emanmn aannx. Yacori
XAPAKTEPHCTHII. WO Gy OTPHMANI B PEIVIBTAT JOCALLKEHb, MIATBEPIUKYVIOTH MNOTEIN npo
eleXTHBHICTH 3ACTOCY BAHHA TYMAHHO APXITEXTYPH APH MOGYA08I XMAPHHX CXOBMIL

Ao meaoakis aTceTauliinol pofoTI MANC T i BIAHCCTIN

— B pobOTl BIACYTHI AOCHLDKCHHA WOJO0 BNPOBADKCHHY  Crnocobis aBTeHTHDIKau
KOPHCTY BA'A. WO KOPHCTYIOTHEA CHETEMOK) 3 TYMAHHOKO APXITCKTYPOIO;

— ML Yac NPOBCACHHA JOCALKEHE HE GYNH BPAXOBaRI CrOCOGH NLITPHMKH TUTICHOCT
AQHNIN. HK] NCPCANOTHCS B CHETEMI

Heasamaoun wa Bkasami menonikn atectauwiiima pobota saricrpanta rpynin [13Cu-18-1
Kaxworo |1, BUKOMAKA CAMOCTIHRO. 3 AOTPHMAHHAM BHMOT 40 aTCCTALIIHMX podiT, Ta manoBLAAC
TCMI JocaizkeHHg. ATecTauiiima pofoTa mome Gyvri npeacrasaeHa aas zaxuery s EK 3a

cneuiabkicTio 121 - hoxeHepin MPOTPasMHOro 3aeIncteH | JCaVrOBYE Ha OLIHKY ¢ BLAMIHHO®

PEUEH3EHT
K.TM.. 30UCcHT, JouenT kap. [11 HazaposO.C.
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Hesen nonvmenne 2019 11 N3CM-18.1 XKaxkui_rop trop " crop

1y 1000757495  HinkklcTw cropinoi: 5§  Kinsxicro onin: 10513 Kiauricr

He sHaRAEHO KOANWX axapen

He 3HaRAeN0 MoaHuX BUTaT

Bunyuenui Texcr slacyTHik

He snaf AeHo 3aNiNeKRuX cuMBonis
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