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3ACTOCYBAHHS TEOPIT XAOCY B IIIM®PYBAHHI

30bPAJKEHDb

Anppycesnu A. B., Coxonosa B. C.

XapKiBCbKUII HalliOHA/IbHNUI YHIBEPCUTET PaJioe/IeKTPOHIKK

Anomauis: [[ns 3axucmy yudposozo 306pacents peanizosano 6azamo memodis,
ceped AKUX HATBANTUBIMUTE — WUPPYBAHHT UUPP0B02o 300parcerHs. 38ajncaruu Ha
0c00UBOCMI XAOMUUH020 8i000pANEHHS Ma CUNLHOI KOpensuii mix cyciOHimu
nikcensimu  306paxcerv, 3ANPONOHOBAHO ANZOPUMM WUPPYBAHHS 300padieHHS,

3ACHOBAHUTE HA Meopii Xaocy.

KinrouoBi cmoBa: xaotuyHe BinoOpakeHH:, IMQPPYBaHHA 300paKeHb, 3aXUCT

300pa’keHDb Ha KOMIT'I0Tepi

Keywords: chaotic mapping, image encryption, computer image security

Hapasi gns mudpysanus 3o6pa-
JK€Hb 3aCTOCOBYIOTbCA YOTUPHU OCHO-
BHMX METOJU, AKi BUKOPUCTOBYIOTb pi3-
Hi npuHyunu. IlumMy Meropamm €: mo-
CNiJOBHA Ie€peCcTAaHOBKAa, Ta€EMHa Cer-
MeHTallis Ta  oOMiH, cydacHa
Kkpunrorpadis Ta XaoTWYHI AMHAMIYHI
cucTeMu. 3a JIOIIOMOTOI0 HMX MOXKHA
JIETKO peajisyBaTy TexHosorioo mudpy-
BaHHA 300pa)keHb Ha OCHOBi 3aMiHU.
OpHak KOH(DiZeHLIHICTh TaKOI TEXHO-
jiorii Hu3bKa. TaKoXK I TEXHOJIOTisA He
BifiIOBiJJae cy4YacHil KPUIITOCUCTEMI,
tobTO crienudikanii Kepxkxodda.

Texnororis mndpyBaHHs 300paXkeHb
Ha OCHOBi XaOTMYHMX [MHAMiYHUX CHC-
TeM [3-4] - ne TexHonOriA MMppPyBaHHA
IaposiB, WO MIBUJKO PO3BMBAETLCA B
ocTaHHi poku. XaoTU4He BifOOpaKeHHs
LO3BOJISIE NTOMI0/IATY HEMO/IKY TpafyLii-
HUX aITOPUTMIB ONTUMIi3allii, AKi CXMb-
Hi MDOTPAIIATY B JIOKAJIBHUI ONTUMYM
IIiJ} Yac ONTMMi3alil Xaocy.

Xaoc - 1e ABUIlE, AKE BUHUKAE B He-
JIHIHUX OUMHAMIiYHUX CUCTeMaxX Ta CXO-

JKe Ha cToxacTuyHumit npouec. Llei npo-
11eC He € Hi IepiofANYHMNM, Hi KOHBEPIEHT-
HUM i Ma€ 4yT/IMBY a/IbTEPHATUBY I10YaT-
KOBOMY 3HaueHHI0. 3 TOYKM 30py Hacy,
MIOC/JOBHICTD, OTPMMAHA LULIAXOM XaO0-
TUYHOTO BifoOpa’keHH:, € BUIIATKOBOIO
MTOCTIIOBHICTIO 31 CMabKOI0 KOpesIIi€eo.
Orxe, 1Lell MpoIiec MO>XKHAa BUKOPUCTOBY-
BaTy JyIs TeHepalii JeAKUX IICEBJJOBU-
[agKoBUX KofiB. [l 1jporo motpi6HO
nuiue 361IBIINTY KiNbKICTh 4epryBaHb.
Taxum unMHOM, 3aBJAKM YyTIMBiil 3aMiHi
ITOYaTKOBMX 3HAYEHb i CTPYKTYPHMX IIa-
paMeTpiB XaOTUYHOI CHCTEMU MOXKe Oy TU
3a0e3neyeHa HeBeNMMKa KiNbKICTb HEKO-
pe/IbOBAHMX, BUIAJKOBUX, ajle BiTBO-
proBaHux curHamiB. OT>ke, Xaoc MOXe
BUKOPUCTOBYBATUCA SIK 3aundpoBaHa
THOC/IITOBHICTb.

€ 6arato (axkTOpiB XaOTUYHOI ONTH-
Misauii, i onepaTop XaoTM4HOroO Bifobpa-
JKeHHs € TakuM (akTopom. Metonu xao-
TUYHOI ONITUMi3allil Ha OCHOBI XaOTUYHO-
ro BiZOOpa’KeHHs MAIOTh BUCOKY edek-
TUBHICTh ONTUMIi3alrii.

6
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XaoTnyHe Bi0Opa’keHHA Ha3UBAIOTH
TAaKOXX BilOOpa’KeHHAM TEHT, a J1oro Mare-
MaTUYHMI BUpa3 HaBefeHo Y ¢popmyi 1.

2x,,0<x, <1/2
2(1-x,),1/2<x, <1

Kest =

(popmymna 1)

BipnoBigHo [0 XaoTu4yHOro Bifobpa-
JKEHHs, 4acTKa i FTeHepy€e XaOTUYHMIA T10-
PSOK TOYOK y IeBHiit o6macTi Bifmosia-
HO /10 HACTYIIHMX KPOKiB aTOpUTMY:

Bigo6pasutu koxxeH BUMIp Xp J =
1,...,n, mo3uii X, nie 3MiHHA pO3TaIlOBa-
Ha Mix 0 Ta 1 srigHo popmymn 1. Y dop-
myni 2 [a, b] npexcrapise 061actp j-oro
BUMIpY X

X. —d.
cx; = ;71
i~ 4;
(dopmymna 2)
BuKOpucTOByI0UN  BHIIEHABELEHE

piBusHHA (popmyna 1) mia M itepauiii,
3TEHePYBaTy IOCIiJOBHICTh XaOTUIHOTO
BioOpa>keHHs cxij’, cxijz,..., cxijM.
300pasuti TOYKM B XAOTMYHIiNl MO-
CJIiJOBHOCTI Ha BUXiJJHOMY IIPOCTOpi 3a
¢dbopmynom 3, 10 HaBeJEeHO HIDKYE.

' r _
X, =a, +ng(bj aj.)

(popmymna 3)

Yepes 1i XaoTU4Hi NOCIiZOBHOCTI
OTPUMATH XAOTUYHY TOCIIJOBHICTD X,
IC/IsT XaOTUYHOTO BioOpaskeHHS:

1
s _ 5 5 5 —
x! - (xr,l’xi,l"-"’xi‘n) 5= l"-"’M
(dopmyna 4)
[lepeiinemo a0 camoro mUQpyBaHHS
300pakeHHs. 300pa)keHHs y BiATIHKAX

ciporo Moxke OyTH BHpa)KCHE y BUIIIAII
Marpuri M X N 3i 3HaYCHHAMH ITIKCETiB
€ [0, 255], a cycimHi miKcei MalOTh CHITb-
HY KOPEJIALII0 Yy IPOCTOPOBIiit o0macri.

Mertoj, 110 BHKOPUCTOBYETHCS B IIii
PpOoOOTI, TOJISIrae y 3aCTOCYBaHHI 1100ajIh-
HOi CKpeMOrorouoi TpaHcdopMmariii s
NEPETBOPEHHS 300paKeHHS, IOAAIBILIO-
MY BHKOPHCTaHHI XaOTHYHOI MOCIIiIOB-
HOCTI Ha BUXIHOMY 300pa’keHHI, BUKO-
HaHHI TIEPECTAHOBKH IIKCEIIB Ta 3MiHY
MOPSIIKY PO3TAlllyBaHHS MIKCEIIB Yy BU-
XiZHOMY 300pa’keHH], TaK 10 OPUTiHAIb-
He 300pa’keHHsI CTa€ XaOTHYHHM 300pa-
HKCHHSIM.

KoHKpeTHHMH KpOKaMH aJIrOpUTMY €:

Hapatu BxigHe kBajpatHe 1udpose
3o6paxenHa XInImage daiiny, ne MaTpu-
Ug mpejicTaBieHa Ak [, a BUCOTa Ta
HmMpuHa 300paXkeHH: JopiBHIOE N.

BBecTn HaTypanbHe 4YUCIO 1 Ta BU-
KOHaT N IIepeTBOpeHb ApHONIbfA Ha
BUXIZHOMY 300pakeHHi, 1j06 OTpuMaTn
ckpeMbboBaHe 306paxkerns YZhImage.

Beectu 3miHHY 4 Ta IOYaTKOBE 3Ha-
4yeHHs X’ Ta 3TeHepyBaTU HOC/IiOBHICTH
3a JIONIOMOTOI0 PiBHAHHA TeHT { h, | k =
1,2,3...,N %} nosxxunoro N°. JInsa 3abesme-
YeHHsI XaoCy Ta 06esIeKM YacTMHY Xao-
TUYHOI TPAEKTOPIii HOTPiIOHO IPUXOBATIH,
TOMY 3HAaYeHHA /1, MOXHA B3ATH 3 iHTep-
BaJIy XaOTUYHOI TPAEKTOPIi.

Haperuri, ckpemiboBaHe 300pa>keHHs
YZhImage 00YMCIIOETBCA 3 XAOTUIHOIO
nocnigosnictio { h | k = 1,23..,N %} mna
OTPUMaHHs OCTaTOYHOTO 3aIIN(PPOBAHO-
ro 3o6paxennsa ZOutImage. Hexait 3Ha-
JeHHA mikcena B YZhImage BupaxkaeTbcs
B zh[i, j]. TuM 4acoM 3HaueHH: IiKCeNiB y
ZOutImage Bupaxaerbes 3 [i, j].
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Insa nemndpyBaHHs 300paXkeHHS IO-
TPiOHO ITPOBECTH Iie 3BOPOTHUIL IPOIeC
anropuTMy MmnQpyBaHHs, AKUI TOJATAE
Y BiTHOBJIEHHI 3006pakeHHs, 3aXUII[EHOTO
mudpysanusM. KopucryBad IOBuMHEH
MaTy O3B/ HA OTPUMaHHs 3anpoBa-
HOI XaoTuuHoi mocmigosrocTi { h | k =
1,2,3...,N ?}. Cro4aTKy 3acTOCOBYETBHCS
HepeTBOpeHHsI ApHO/Mbfia n pasiB. 3Bo-
POTHa omepaljisi BUKOHYEThCSI Ha KPOKax
4 i 2 B anroputMi mudpyBaHHA /I Bif-
HOBJIEHHsI BUXIJHOTO 300paXKeHHSI.

TakuM 4MHOM, XaoTH4He mudpyBaH-
Hs 300pa)keHHs, K BX/IMBa TEXHOJIOTiA
B TaJIysi 3aXMCTy KOMITIOTEPHUX 300pa-
>KeHb, IIPOKO BUBYAETHCS. Y Liit po6oTi
3rajlyeThCS ABA OCHOBHI IIPVMHIINIIN A/ITO-
putMy mmdpyBaHHA 300pa)KeHHA, a
caMe IlepeTBOpPEHHsI APHO/bJA Ta Xao-
THYHe BifoOparkeHHA. Aroput™ mud-
pyBaHHs 300pa>keHHs IMPOCTUIT Ta Jer-
KUl mid peanisanii. BiH Mae Taki nepe-

Bary, K BeMKMIT Habip KII04iB, XOpoIia
Oesneka Ta IIYMOCTIMKicTb. 3aBAAKH
LM KPUTEPiAM aJTOPUTM BifilTOBifjae cy-
YacHil KpMUITOCKUCTeMi, TOOTO rimoresi

Kepkxodda.
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Modern science does not even reveal itself without such an understanding, like
Artificial Intelligence. On the current day of technology, piece neural measures are
often completed and successfully victorious at the folding collapses without a singing
analyzation. On today’s day, it's neural to have all the widest options for the most varied
views, such as: signal processing, optimization, optimal and adaptive control, recogni-
tion of the image, identification, etc.

The main goal is to describe the adaptive training methods for artificial neural
networks. It makes possible to adjust not only the synaptic scales and parameters of the
activation functions, but also the architecture in the on-line mode [1].

Image and sound processing systems have become a very common use of ANN.
This is exactly what we face every day in our daily lives. Also, medical diagnostics has
recently become very popular. Another fairly common field of use is economics. After
all, forecasts are of great importance in this area. Of course, artificial intelligence is not
only used for forecasting in this area. ANNs have gained popularity in planning, man-
agement, market and risk analysis, exchange rate forecasting, technical analysis, infor-
mation retrieval, and credit card identification. It is not possible to describe in general
all the industries where ANNSs are used, because the data list is spreading with extraor-
dinary speed.

Consider regressive neural networks. Due to its high interpolation properties, sim-
plicity and speed of learning on the principle of “neurons at data points’, this type of
neural networks has become widespread. Regressive neural networks are mostly used
to solve problems of prediction and identification [2].

One of the significant advantages of this type of neural networks is: the simplicity
of the architecture, which was formed by R-neurons with two summation blocks and
one distribution block, with a multidimensional input signal:

x(k) = (x;(k), xy(k)s.., x,(k))" €R"
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, where k - is the number of observations in the training sample or the current
discrete time.

With the help of R-neurons, a layer of images is created. Nuclear activation func-
tions are also used [3]:

of (k)= (k) 1=1,2,....k

The layer of images is translated into a space of increased dimension. The forma-
tion of the output signal of the network is carried out using the blocks of summation
and division:

90
The network response to an arbitrary background signal is as follows:
2
i =k
NopC 2 y(k)yexp| ="
R 20" ) NG
=L = ~—= ,
I x—x(k) DG (k)
Z{(/’G(x) %exp _" Py "

Where ¥(I), 1=1,2,...,k - external training signal.

O _ parameter of the receptor field of the nuclear activation function.

It is known that training is carried out instantly. It is carried out by the method of
establishing the centers of activation functions at points with the coordinates of the
vectors of the training sample.

To achieve instant learning, online learning was applied as observations of the
training sample were received:

x(k) (k)

the number of R-neurons in the network is equal k. For a numerical implementa-
tion of the training sample should not use a large enough amount of data, because
because of this the sample becomes quite cumbersome and it complicates the imple-
mentation.

Thus, an adaptive method for training neural networks is described. The parame-
ters and the number of external training signals that provide an architecture that did
not succumb to “great abilities” are also considered.

References:
1. Specht, D.E. A general regression neural network / D.E. Specht // IEEE Trans. on Neural
Networks. - 1991. - 2. - P.568-576.
2.  Bopancknmit, E.B. MoaynbHass pajuanbHO-0asucHas HepOHHAs CeTb M TIMOPUIHBII
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Open-source software development
has already turned the world upside
down. After people began to share their
practices, the solutions to many difficult
tasks became quite real. The GitHub plat-
form plays a large role in disseminating
this approach as it is a powerful commu-
nication tool in the technology world.
The service provides opportunities for
managing one project to different actors
and at the same time controlling various
versions of the program. Thus the success
of the platform is related to its versatility
and user-friendliness, but GitHub is not
one of a kind. Are there any real competi-
tors in the market?

Mainly hosting repositories in GitHub
is implemented through Git, distributed
version-control system for tracking
changes in source code during software
development[5]. Such a method is wide-
spread and therefore some kind of com-
petition among web-services exists,
though “social hub for programmers” is
still in the lead. But times are changing
and companies introduce innovations,
usually successful.

In 2018 GitHub was acquired by one
of the biggest companies in the tech
world Microsoft. Users of the platform
had been discouraged by this state of af-
fairs. The majority of IT specialists had

assumed that the purchase will ruin the
GitHub, mostly due to making it less ac-
cessible. For this reason, many legal enti-
ties and individuals began to transfer
their repositories to GitHub’s direct com-
petitors such as GitLab and BitBucket.
However, suspicions were not confirmed,
moreover, Microsoft started taking great
care of promoting a new branch, which
is quite logical. GitHub thereby has re-
cently allowed the free use of an unlim-
ited number of private repositories and a
lot of features aimed at better integrating
with Microsoft products [3]. For exam-
ple, users can leverage the Azure Active
Directory to access the platform. A new
Visual Studio subscription was also an-
nounced that will give access to GitHub
Enterprise for Microsoft’s Enterprise
Agreement customers. Finally, the Azure
Boards app will be available on GitHub’s
marketplace.

One wonders, therefore, how com-
petitors behave with the constant growth
of the GitHub. Let’s look at another web-
based Git-repository, which has been al-
ready mentioned, GitLab. Unlike GitHub,
it has built-in Continuous Integration/
Delivery. CI is a huge time saver for
many development teams and a great
way of QA (nobody likes pull requests
that break your application). GitLab of-
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fers its very own CI for free. No need to
use an external CI service. So, how does
CI / CD work inside the GitHub uni-
verse? Obviously, GitHub offers various
3rd party integrations - such as Travis
CI, CircleCI or Codeship - for running
and testing your code [1]. Also, there is a
difference in the authentication level
With GitLab, you can set and modify
permissions depending on the role of
participants. On the other hand, using
GitHub you can decide if someone gets a
read or write access to a repository. Also
via GitLab, you have the opportunity to
provide access to the issue tracker with-
out giving admission to the source code,
which is useful for larger teams and en-
terprises with role-based contributors.
You need to consider that GitLab fights
hard for his place in the sun introducing
more and more new features and some-
times using negative publicity against the
GitHub. Thus, on their website, there is
an official article containing advantages
over the competitor. But GitHub is still
better advertised and the chances of
moving it out of the market are small.
Although we have reviewed competi-
tion only in comparison with GitLab, the
approach of other web-based version
control repositories is not much differ-
ent. Bitbucket owned by Atlassian, for
instance, pursues the same policy against
the GitHub. Given that the service boasts
integration with Jira, issue tracking
product, such a feature is used by Bit-
bucket on its website as an advantage
against GitHub among a list of other
pluses of Atlassian’s web-hosting service.
You can complement a number of com-

petitors with companies such as Source-
Forge, Launchpad, AWS CodeCommit
and so on, but they will all be aimed at
being better than the GitHub, which, in
turn, only benefits from such anti-adver-
tising. GitHub itself has such a strong
potential that it does not need to beat
anyone and it forms something like a
monopoly on the market.

As for GitHub’s prospects, it became
clear that it has all chances to be in the
lead for years. Constant changes are al-
ways created in order to most satisfy the
user. Recent innovations are:

By adjusting the conditions for us-
ing free accounts, GitHub also upgrad-
ed the Team’s paid tariff. Only one
change was made - now it can be con-
nected not for $ 9 per month for each
user, but for $ 4.

GitHub makes a mobile service appli-
cation for iOS and Android. With the
phone you can see messages about bugs,
answer questions, assign tasks, do code
reviews, merges. The application will au-
tomatically adapt to the screen resolution
of the phone or tablet.

GitHub announced two new features
meant to bring developer collaboration to
a new level: Codespaces, which provide a
complete, ready-to-use dev environment
within GitHub, and Discussions, aimed to
enable the creation of knowledge bases in
a threaded Q&A format [2].

Code scanning for vulnerabilities is
now integrated within GitHub’s main in-
terface, and secret scanning is extended to
private repositories, too [2].

Thus, GitHub policy is everything for
customer. Furthermore, platform is obvi-
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ously interested in open-source develop-
ment ideas, to facilitate coding with
ready-made instances.

Overall, there are real players in the
market of web-based version control re-
positories. Competition causes growth.
But there is only one leader that will keep
precedence for years to come, and it is
GitHub.
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BU3HAYEHHS KPUTEPIIB BUBOPY METO/IIB AHAJII3Y
JAHUX MAPKETMHTOBUX JOCIIIXEHD

ITerpenxko LIO.

MaricTp XapKiBCbKMII HalliOHA/IbHNI YHIBEPCUTET paJioeneKTPOHIKI

The paper presents a description of methods for analyzing marketing research data.
Their advantages and disadvantages are revealed. Criteria are proposed for the quality of
data analysis methods to automate the selection of the best method in specific situations.

KirouoBi cnoBa: 6araTokpuTepianpHuit aHasIi3, MAPKETUHTOBI TOCTIIKEHHSI, KPU-

Tepii, METOIM aHaMi3y JaHUX
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Bubip mertomy aHamisy pesynbraTiB
MapKeTUHIOBOTO IOCTI/IKEHHA ABJISE CO-
6010 GararomapaMeTpUUHy 3ajady, /LI
BUpIllIeHHA AKOI HeOoOXiTHO BU3HAYUTU
MOJK/IMBI KpUTEPii Ta METOAM ONTUMi3a-
uii B pobori posrnisHemMo mpobemy Bu-
3HaueHHs KpUTepiiB BUOOPYy MeTOHIB
aHasli3y MapKeTUHTOBUX JJOCTi/KEHb.

PosrisiHemMo petasnbHillle JeAKi 3 me-
TOZiB aHa/i3y JaHNX MapKEeTUHIOBUX JIO-
CITi>KeHb.

KonjmkoitHT aHammis (MojenoBaHHAM
BUOOPY) KO3BOJISIE HOPIBHATY aTPUOYTH
HOpPORYKTy ab0 MOCIYTY M/ BUSBICHHS,
¢dakTOpiB sAKi HailBaromilie BIUIMBAIOTH
Ha KymiBesnbHi pimenH:A. KoHmKoT aHa-
/i3 YCHIIHO 3aCTOCOBYETbCS I ONTU-
Misanii koH}irypauii IpogyKTy, BUBYEH-
Hs €IaCTUYHOCTI ITONNTY 32 1[iHOIO, a Ta-
KOXK IIPY MOJIe/TIOBAaHHI IIOBEJiHKI PUHKY
y BifjoBinb Ha HOBi a60 3MiHeHi mpormo-
3UINI Ta /1A JiarHOCTUKM KOHKYPEHTHMX
nepeBaryu i HemomikiB. 3aBOAKU [JOCUTb
00’€MHIUM JOCTII>KEHHAM Liell MeTOx, KO-
Ope MiAXOOUTH [ PO3POOKM HOBMX
IPOAYKTIiB 1 I[iIHOYTBOPEHHA, a TaKOX

BJCTABJII€ 3PO3yMiJli OLIIHOYHI KpUTePil.
3ayBa)KnMo, 110 J10T0 HEMOXK/INBO BUKO-
PUCTOBYBATH, AKILO XapaKTEPUCTUKIU TO-
Bapy ab0 MOCIYIY B3a€EMONOB>sA3aHI MK
c00010, a TaKOX 1€l MeTOJ Mae obme-
JK€HHs LOJO0 KiIBKOCTI JOCIiPKYBaHMUX
IapaMeTpiB Ta MO)Ke He 30BCiM TOYHO
CIIPOTHO3YBATM PUHKOBY YaCTKY TP JI0-
CITiI’KeHHi BUXO/ly Ha PMHOK HOBOTO TO-
Bapy ab0 MOCTyTH.

MopenoBaHHA CTPYKTYPHUMM PiB-
HAHHAMU JJO3BOJLI€ BUABUTY IIPUYNHHO-
HACTigKOBi 3B>A3KM MiXK 3MiHHUMU. 1len
METOJI Ta€ MOXX/TUBICTh BK/TIOUUTH B MO-
Tenb JIaTeHTHI 3MiHHi. 3aCTOCOBYETbCA
I BUMIPIOBaHHS 3aJlOBOJIEHOCTI i J10-
SITIBHOCTI CITOXKMBaYiB Ta AKiCHOTO aHasIi-
3y K/IIOYOBUX YMHHUKIB 3aBJAKN MOX/IN-
BOCTi BMKOPUCTAHHA JAHMX 3 PiSHUMU
OVHULAMM BUMIpPY. AJle i IpOBeNieH-
HsI SIKICHOTO IOCTi/KeHHs MOTpibHi [10-
cuTh 06’ €MHI BUOIpKH.

Kopenauirtauit ananis go3Bosse Busd-
BUTHU i OL[IHUTU HAIIPSMKU 3B’53Ky MDK
rmapamMeTpamMy. Y HaMIIpOCTilIOMY BU-
IajKy DOCTIKYIOTb IBi BUOipKu, y 3a-
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TaJIbHOMY — 6araTOBUMipHi KOMIIIEKCU
(rpynn) mapamerpiB abo o6’ektiB. Ase
CJIi[T 3BaKaTy Ha MOXXJIMBICTh HasIBHOCTI
MY/IbTUKOMIHEAPHOCTI  (B3aEMO3anex-
HOCTi (pakTOpiB) Ta HeOOXifHOCTI yTOY-
HeHHS HabOpy IOKasHUKIB, HaIpUKIIaf,
IIUIAXOM PO3PaXyHKY NMapHMX KoedilieH-
TiB KOpeALii.

QaxTopHMII aHAJ3 — IIe K/Iac MeTO-
IiB, BUKOPUCTOBYBAHMX, TOIOBHUM YM-
HOM, [ CKOpPOY€HHA 4MC/Ia 3MiHHUX i
iX ys3arajbHeHHA Ta  BMBYEHHA
B3a€MO3B>A3KIB MK 3HaY€HHAMM 3MiH-
Hux. CIIpolyeTbcsl BEIMKMIA 91 CKIaf-
HUIT Habip aTpuOyTiB 3aBAAKKM CKOPO-
YEHHIO KiZIbKOCTi 3MIiHHUX HEOOXiIHUX
nnd onmcy paHux. Haitgacrime BuKoO-
PUCTOBYETbCA M1 BUMIpPIOBAaHHA iMi-
Ky 00’€KTa 3aBIAKU PO3YMIHHIO IICH-
xoJorii 3ayBaX!MO Ha
MOX/TMBOCTI Cy6 €KTMBHOI iHTepmpera-

CIIOXXMBava.

1ii pe3y/nbTaTiB Ta HEJOLITbHOCTI CaMo-
CTIIHOTO BUKOPUCTAHHS, TOMY IO BiH
HajiyacTillle pO3TNANAETHCA AK JIOIO-
BHEHHA JIO iHIIMX METOJIB aHaJIi3y.
JVCKpUMiHAHTHMII aHaNi3 BUABIAE
BiZIMiHHI pucu pisHux rpymn. Buxopucro-
BYETHCA JITIA PO3YMIHHA i MOJENMIOBAHHA
BiZIMiHHOCTEI1 MiXK I'pylaMyu Ta IPOrHO-
3yBaHHA KYIBe/JIbHOI IOBEJiHKM, IPYH-
TYIOUMCh Ha JieMorpadivyHuX i Icuxomno-
TiYHMX 0COOMMBOCTSAX. YKy 3 KiacTep-
HUM QaHali30M CIyXUTb e(eKTUBHUM
3acobom
6imbII YiTKO 3pO3yMiTH BifMiHHOCTI MiX

CErMEHTYBaHHA, [03BOJAE
CerMeHTaMl PMHKY Ta € IOTY>KHUM iH-
CTPYMEHTOM JI/Isl BUABJ/ICHHS CETMEHTIB B
6asax faHMX /1 OpraHisauii Ta cTUMY-
JIIOBaHHA NPOfaxiB. Ajle Ipy HeKOpeK-
THOMY BUKOHAHHI JOC/TiJPKEHH:A, PO3PO-

6reni Mozerni He OyRyTb IpalloBaTy Ha
HOBUX JJaHUX.

KnacrepHnii aHasis BUKOPUCTOBYIOUN
OJIHY 3 JIeKi/IbKOX TEXHIK I'PYyIIye JIIOfIelt,
obexTy abo 3MiHHI B 6imbII OmHOpPiAHI
K/IacTepy. 3aCTOCOBYETbCA MJISI CETMEH-
Talil PUHKY, PO3YMIHHA NOBENIHKM IIO-
KYIIiB, BU3SHAYEeHHA MOXX/IMBOCTENl HO-
BOTO TOBApY Ta BUOOPY TECTOBMX PUHKIB,
folomMarae Kpaiie 3pO3yMiTH PUHOK.
Ha ocHOBi maHMX K/IacTEpHOTO aHamisy
MO>XHa BrOMpaTu pisHi crparerii po6oTu
3 KOKHUM i3 cermeHTiB [1]. Ame crmip
maM sATaTH, Lo Ile MaTeMaTUYHa TeXHiKa,
AKa NP PisHUX BBiJHMX MOXKE IaBaTu
pi3Hi pesynbraTy, a TAKOX MOXK/INMBA
Cy0>€KTMBHA iHTepIpeTallisl pe3y/IbTaTiB.

Perpecilinnit aHamis BUKOPUCTOBY-
€TbCA /I BMU3HAUeHHA (aKTOpiB, IO
BIUIMBAIOTh Ha 3aJIEKHY 3MiHHY 1 ycImim-
HO 3aCTOCOBYETbCs [l IIPOTHO3YBAHHA
IPOAXiB, YACTKU PUHKY, peHTabenbHOC-
Ti, @ TAKO)K MOJENIOBAHHIO KYIIiBeNbHOI
MOBEMiHKM Ta OI[iHKM €TaCTUYHOCTI Mo-
muty. e omuH 3 HainoTyXHimuX iH-
CTPYMEHTIB IPOTHO3YBAHHA 3 MOXK/IUBIC-
TIO IIePeBipKM Pe3yNbTaTiB. Ajle Lieil Me-
TOJ, Yy T/IMBMIA O BUKUJIB i JaHUM 3 BU-
COKOIO KOpeJIALI€I0.

PosrisiHeMo 6araToBUMIipHeE KO-
BaHHA, fKe HAOYHO IIOKAa3y€ B3aEMMUHU
MK 00’€KTaMy, pO3MBILIYI04M IX B Oara-
TOBUMIPHOMY IPOCTOPi (KapTi).3aBHAKM
(dbopMyBaHHIO KapT MOXHA BUABUTU
NIPMXOBaHi B3a€EMO3B>A3KiB B JaHuX. ba-
raTOBMMipHEe IIKaJIOBAaHHA OTPUMYE
OCHOBHI JIaHi BiJl Cy[)KeHb PeCIIOH/IEHTIB
IIPO NMOAI6HICTb MPOAYKLIL, 10 € BaX/Iu-
BOIO IIEpEBArol, TOMy IO He 3a/IeXXUTh
Bifl cymKeHDb focnifgHukis [2]. Hait6inbu
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KODUCHMII Llefi MeTOf, I/ BU3HAYEeHHS
iMiZPKy MapKM Ha IiJiCTaBi aHaJIi3y MOJi-
6HOCTI Ta BiZMIHHOCTi MapoK Ta Xapax-
TEPUCTUK, AKi CUIbHillle acOLIIOITHCA 3
Ti€I0 YN iHIIOK MapKoo. B Tol1 ke 4ac, €
OOMe>XeHH:A IIOHO KiIbKOCTI BMMIpiB —
JO3BOJIAETHCSA Nulle 3 BUMIpH.
BusHaumMo BMMOIM [0 IOKa3HMKIB,
SIKI BBaXKaTMMeMO KpuTepiamu. Bonu mno-
BUHHI 6yTM 3arajibHMMK i BUMIPHUMUI
IJIS BCIX JOIYCTUMUX pillleHb, a TaKOX
Bu3Ha10ThcsA OIIP AK MOKasHUK CTyHeH:A
TOCATHEHHA IIOCTABJIEHOI METH i Xapak-
TEPU3YIOTh 3arajibHy LIiHHICTb pillleHb.
i BuMorn, 3BMYaliHO, CyII€pEY/INBi,
ajie 4YiTKe YABJIEHHA IPO HUX JTO3BOJIAE
OymyBaTy IIOBHOLIHHMIT Habip KpuTepiis.
IIpoananisyBaBmy mepeBaru, HeHOMiKU
Ta cepy 3aCTOCYBaHHA Pi3HNMX MeTOMIiB
aHajIi3y, MO>KHA 3aIIPOIOHYBAaT/ HACTYTI-
Hi KpuTepil AKOCTI, 1110 IIOBHICTIO OIUCY-
IOTh METOM aHaMi3y JJaHUX MapKeTUHIO-
BUX JIOC/Ti>)KeHb Ta BifIOBiJal0OTh BUMO-
raM Jio KpurepiiB 6araTaxpurepiaibHOI
3a/iavi:
o KinmpkicTp mapamerpis (Parameters);
o BUKOPMCTAHH:A Pi3HUX TUIIIB JAHUX
(Data Types);
o cerMeHTyBaHHA puHKy (Market
Segmentation);
o HOBi enmemeHTu puHKY (New Ele-
ments);

o YYTTEBICTb H0 BUKMAIB (Sensitivity
to Emissions);

o 06car Bubipok (Sample Size);

o cknagHicte Mogeni (Model com-
plexity);

o piBenb nporHosysanHA (Forecasting
Level);

e MOXX/IMBICTb IIEPEBIpKM pe3y/bTa-
tiB (Check the Results);
pesynbraris

(Completeness);

o 00’exTUBHICTD iHTepmperamii pe-
synbraris (Objectivity of Interpreta-
tion).

3aBAAKM BUKOPUCTAHHIO HaBeIEeHUX

KpUTepilB MO)KHA IIpOaHa/li3yBaTy MOX-
JUBICTb Ta [OLIIBHICTD 3aCTOCYBaHHA
METOMiB aHaji3y MAaHMX Ta MiIBUIIUTI

e JIOBHOTQA aHanisy

edeKTUBHICTD [OCTI)KEHb 3 BUKOPUC-
TaHHAM METOAY MY/IbTUIIIIKaTUBHOI
3TOPTKM /1 PAaH>KYBaHHA NOCIiI>KyBaH-
HIX METO/IiB aHaJIi3Yy.
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Having studied various modern oper-
ating systems, the following main areas of
OS development can be distinguished.

Graphic shell. All modern operating
systems have a graphical user interface.
It is worth noting that the graphical
shells for all OS features are approxi-
mately the same, due to increased com-
petition between firms and developers.
Due to the fact that the shells for differ-
ent OS are the same, it is sometimes even
difficult for the user to determine which
OS they are running on. On the one
hand, this similarity is convenient for
end users, as it simplifies the study of the
working environment. But on the other
hand, using only graphical shells (with-
out learning command languages and
configuration files) is a disadvantage for
system programmers, as it reduces their
level of training.

Key features provided by graphical OS
shells:

» Convenient graphical user interface.

o Ability to perform any system set-

tings using the graphical interface.
Of particular note are the graphical
shells of the Linux OS.

o Support for new trends in the devel-

opment of interfaces-multi-touch,
Tablet PC, etc.

o Unification of graphical shells for
various OS. Different operating sys-
tems use the graphical shells CDE,
KDE, GNOME. Probably in the near
future their list will be replenished.

Support for new network technolo-
gies and Web technologies. Currently,
networks and the Internet are actively
developing, new standards and protocols
are appearing — Ipv6, HTML 5 for cloud
computing), etc. The purpose of modern
operation systems is the ability to support
all new network technologies.

The development of wireless networks.
The development of high-performance wire-
less networks is also reflected in the develop-
ment of operating systems. Let’s highlight the
following advanced network technologies.

WiMAX is a telecommunications
technology designed to provide universal
long-distance wireless connectivity for a
wide range of devices. Maximum perfor-
mance up to 1 Gb /s. WiMAX is based on
Wi-Fi technology, but differs in its range.

Massive MIMO is a technology in
which the number of user terminals is
much less than the number of antennas of
a base station. A feature of Massive MIMO
is the use of multi-element digital antenna
arrays, with the number of antenna ele-
ments 128, 256 or more [1].
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4G - mobile communication tech-
nologies allowing data transmission at
a speed exceeding 100 Mbit / s for mo-
bile and 1 Gbit / s for stationary sub-
scribers.

5G is the generation of mobile com-
munications with advanced requirements.
It includes promising technologies that
allow data transmission at a speed ex-
ceeding 1 Gbit / s for mobile and 20 Gbit
/ s for stationary subscribers.

Increased attention to safety and se-
curity mechanisms. All modern operat-
ing systems pay great attention to security.
This is reflected, for example, in the fact
that browsers when loading web pages
perform their analysis for the absence of
phishing (a type of Internet fraud aimed
at gaining access to confidential user data:
user names and passwords), as well as
when downloading and installing pro-
grams from the network, only the user’s
explicit consent is required. This focus on
security is largely due to Microsofts se-
cure computing initiative (the secure and
secure computing initiative), announced
in 2002 in response to ever-increasing
cybercrime [2].

Support for multithreading and
multi-core processors. To date, multi-
core processors have spread very widely,
in connection with this, all modern oper-
ating systems have libraries of programs
that support this hardware feature. The
parallel execution of threads is made pos-
sible precisely thanks to the multi-core
architecture.

Virtualization of resources and hard-
ware. Modern OS contain virtualization
tools. The virtualization process is the

launch of specialized software under an
operating system called the host (Host
OS), which makes it possible to create
virtual machines (Virtual Machine) that
have the specified characteristics of real
computers and run various guest operat-
ing systems on them independently of
each other (Guest OS) ) Virtualization is
convenient in that resources between op-
erating systems are distributed fairly
quickly [3].

The development of file systems.
This direction is necessary to protect in-
formation and significantly increase the
size of files (for multimedia). Multimedia
information is processed in such a way
that older file systems cannot accommo-
date multimedia files for storage. For ex-
ample, the maximum file size in the FAT
system- 4 gigabytes-can easily be exceed-
ed when transferring a digital videotape
with a duration of 10-15 minutes to the
computer. In this regard, new file systems
are being developed that allow storing
very large files, such as the ZFS system in
Solaris OS.

Support for cloud computing is a
new direction in the development of the
0OS, its founder is the “cloud” Windows
Azure OS from Microsoft.

Prospects for the development of the
OS. Operating systems are a promising,
rapidly developing area. We list the main
prospects for the development of operat-
ing systems.

Development towards OS integration
(at the level of graphical shells, as well as
at the level of the common core); develop-
ment of OS families based on common
code modules.
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A significant increase in the reliability,
security and resiliency of the OS; OS devel-
opment on managed code or its analogues.

Further development of open source
OS projects.

Development of virtualization: neces-
sary to provide the ability to run or emu-
late any application in the environment of
any modern OS.

Further convergence on the capabili-
ties of the OS for desktop computers and
the OS for mobile devices.

Further integration of OS and net-
works.

Transfer OS and basic tools to cloud
computing environments.
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Each operating system has its own life
cycle — a period of technical support, dur-
ing which the developers first modify the
system and then make sure that all the
vulnerabilities found are fixed. End of
support terminates the release of updates.
After the end of the support period, the
operating system continues to work, but
the risk of infection with malicious soft-
ware will increase significantly, which
may lead to the loss or compromise of
personal data.

A good example of the negative conse-
quences of using outdated operating sys-
tems is the epidemic of the WannaCry
ransomware virus. Due to the vulnerabil-
ity of the network protocol SMB of the
Microsoft Windows operating system, in-
formation on several hundred thousand
computers was blocked. A significant pro-
portion of them were computers running
Windows XP, Windows 2003, and Win-
dows 8, for which security updates were
no longer delivered at the time of the epi-
demic. Computers with existing operat-
ing systems and an installed security up-
date that fixes errors in the SMB protocol
and was released shortly before the epi-
demic were not affected by the encryption
virus.

To avoid a recurrence of the epidemic,
Microsoft once released a special security
update for operating systems with an ex-
pired support period.

To understand the danger of using op-
erating systems with discontinued support,
you first need to understand what the life
cycle and types of support for the operat-
ing system consist of. Consider it on the
example of operating systems of the Win-
dows and Linux families.

The life cycle of each operating system
begins when a product is launched on the
market and ends when its support ceases.
Knowing the key dates of the life cycle
helps in making decisions about when to
install the new version or making other
changes to the programs used [1].

A typical life cycle for a Windows OS
is as follows:

o OS release.

o Basic support for approximately

5 years.
« Extended support for approximately
5 years.

 End of extended support.

Basic support. It starts with the release
of the operating system. During the peri-
od of basic support, the user’s appeal on
any issues related to the functioning of
the operating system is considered by the
developers, and errors are eliminated.

Extended support. Unlike basic sup-
port, a developer only releases security
updates for free. Other types of support
are available at an additional cost.

End of the extended support period.
From this moment, the release of security
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Tab. 1.

The period of support for Microsoft operating systems

Operating system End of core support End of Extended Support
Windows XP 14.04.2009 08.04.2014

Windows Vista 10.04.2012 11.04.2017

Windows 7 13.01.2015 14.01.2020

Windows 8 12.01.2016 10.01.2023

Windows 8.1 09.01.2018 10.01.2023

Windows 10 13.10.2020 14.10.2025

updates ceases, as well as other types of
support previously available to the user.
Such an operating system becomes vul-
nerable to new malware. In addition, se-
curity updates issued by the manufacturer
to eliminate vulnerabilities in current ver-
sions of the operating system can indicate
to an attacker about insecure places in
legacy operating systems, and thereby fa-
cilitate unauthorized access to user data
for any reason that has not been updated.
operating system.

According to the official website of
Microsoft, the most well-known operat-
ing systems of the Windows family have
tive-year support periods (Table 1).

After analyzing the life cycle of the
Linux Ubuntu family of operating sys-
tems, we can conclude that only some
versions of Linux Ubuntu have long-term
support. Most operating systems stop re-
ceiving updates after the expiration of the
standard support period, the duration of
which does not exceed 1 year [2].

Since the release of systems with stan-
dard support occurs every six months, the
advantage of such versions is the avail-
ability of modern software solutions and
updated functionality. The disadvantage

is that after the release of a new operating
system, errors in its operation are possi-
ble, which will be eliminated by the devel-
opers [3].

For stable operation of the operating
system and the long-term availability of
support, you must select the LTS version.

Working with outdated operating sys-
tems reduces the level of computer secu-
rity. Modern malware is more likely to
infiltrate a computer with an outdated
operating system and can lead to the fol-
lowing consequences:

o theft of credentials or cash;

o blocking access to files stored on a

PC;

Timely transition to the latest version
of the operating system provides security
from malicious software, as well as sup-
port for modern software.

References
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ABOPIBHEBE ITPMXOBYBAHHA 3AIINM®POBAHOI'O

30bPAJKEHHA

Kmagos [.1., Isamuu C. C.

XapKiBCbKUII HalliOHA/IbHUI YHIBEPCUTET PaJiO€/IeKTPOHIKI

KimouoBi coBa: mudpyBaHHs 300pa>keHHA JBOPiBHEBe; 3aXNCT JaHUX

Key words: data protection; two-level image encryption

Metopu mmppyBaHHA 300pakeHb
HaMaralTbCA IEePEeTBOPUTU BUXiJHE 30-
OparkeHHsI B iHIIe 300pakKeHHS, sIKE BAXK-
KO 3posyMiTu. Bipmosimno, 1e mertonu
TOIOMaraiTh 36eperti 306paskeHHs SIK
KOH(]ifeHLIHe Ccepel KOPUCTYBadyiB,
06 3abesneunty indopmariitny 6esre-
Ky, KOMM 3Ha4HO 4yTnuBa iHdopmarif
36epiraeTbcsi Ha KOMITIOTEpAx Ta HAfICH-
naeTbca 4depes InTepHer. Ham Metop
IIPOIIOHYE BUKOPUCTOBYBATH JIJIsl IIPUXO-
ByBaHHsA pacTPOBOTO KOJIbOPOBOIO 30-
OpakeHHs (OpPUTiHATBHOTO) B IHIIOMY
PacTpoBOMY KOIBOPOBOMY 300pakeHHi
(o6kmanmHKa), 06 3pOOUTH TIPUXOBaHEe
300pakeHH)

300paxxeHHs1 (TaeMHe

Key Gen.

L

Encryption of Orginal Image
using Key & fractal image

‘ Key

Qriginal Image

:{>{ Ecrypted Image :D

6inpn 3axumennM. Ha MepUIOMy eTali
copmoBaHe 0OKITafMHKA BUKOPUCTOBY-
€TbCs WIs MNPYBaHHS OPUTiHAIBHOTO
300paKeHH, CTBOPIOIOYM TaEMHe 300pa-
xeHHs1 (puc.l). dpyruit etan mndpysaH-
HS — Ije IPUXOBYBAHHs CEKPETHOTO 30-
OpakeHH IiC/Is 1100 3aumpyBaHHs B
mBi o6xmapuuku. Ileprie 306pakeHHA
BUKOPUCTOBYETbCA SIK OOKIaAMHKA [O
TAEMHOTO 300paXeHH:, TOAI fAK Apyre
BUKOPUCTOBYETbCS SIK OOKIafMHKA s
IIPUXOBYBAHHs IepIIOl 06KIaanHKN. SIK
HACTfIOK, 3abe3ledyeTncsi ABOPiBHEBa
cucTeMa IMppyBaHHA 300paXKeHHS.
IToriM wmndpyBaHHSA [OCATAETHCS
CIIOYaTKy TeHepali€lo Kimoda mudpy-

‘ Coverl Image

Hide Encrypted Imager in
Coverl (Level-1 stego)

L

Two Level
Enc-stego-image

Hide (Level-1 stego) in
Cover2 (Level-2 stego)

Cover2 Image

PucyHok 1: Kpoku WwindpyBaHHA Ta NpuxoByBaHHSA 300paeHHs
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Secret Image Reshape Secret Image IZD
| (imag) . (img)

Input Rand Keys
(1&2)

Key Image Gen. q:

Compute Mean of i — R
Secrete Image I:D| i g1 ‘
(img) (e |
XOR (img&img2) ] Rotate (img)
img3 img2

PucyHok 2: Kpoku reHepyBaHHsi 306paxeHHs-Kro4a

Extract Cover1 From
(Level-2) Image

Two Level
Enc-stego-image

|:>| Coverl Image }:{>

Extract Encrypted
Image From Coverl
(Lavell)

Original Image |<:

q: Enc-Image

Decryption of Enc-
Image

PucyHok 3: Kpoku gelumndpyBaHHs Ta BigoOpaxeHHs 306paxeHHs

BaHHA 3a [IOIIOMOIOK Pi3HUX METO[iB
obuncnenns ta onepanii XOR [1]. ITorim
mikceni 3ammndpoBaHOrO 306paXKeHHs
XOBalOTbcA [2] B iHmIOMY 300paxkeHHI
(obkmagyuka 1) B LSB mns ctBopeHHA
300paxkeHHs 1 piBus. Ilotim 1e 306pa-
JKEHHsI ITIPMXOBYBA€TbCSI B IHIIOMY 30-
6paxenHi (o6kmagmHIi 2), [06 cTBOPK-
TH 300paXeHHS 2 PIiBHSA IS JOfaBaHHS
IOIaTKOBOro piBHsA Oesmekn (puc.2).
OcCKinbky KOXeH HiKcenb INOTpebye
8 6aitt, 1106 MpKUXOBATH JOTO Ha 300pa-
JKeHH1 0OKIaVHKI, TAEMHE 300paKeHHs
Mmae 6yTu MeHIe, HDK o6KkmaguHKa (06-
KIagMHKa 1) mpuHaiiMui Ha 1/8. Kpim
TOro, 06K/IafHKa 1 MOBMHHA OyTU MeH-
II1a, Hi>XXK OOK/IajMHKa 2 Ha 1/8; K Hacti-
IOK, Iii OOK/IaAVHKM PO3TATYIOTHCS, 11100

OyTu HaJIEeKHOrO poO3Mipy. ANTOpUTM
OCHOBHOTO IIM(PyBaHHA Ta INPUXOBY-
BaHHA y3arajJibHeHUIl y HaCTYIIHUX KPoO-
Kax (puc.1):

Anroput™m reHeparii 300pakeHHS-
K/II0Ya, 3TaflaHNil y BUIIEBKA3aHOMY ajl-
TOPUTMi, 3aCTOCOBYETHCSA 3a JOIIOMOTOI0
HACTYIHMX KPOKiB (puc. 2):

IIJo6 moBepHYyTHM NOYaTKOBe 300pa-
JKEHH:, KPOKM po3uMpyBaHHA Ta PO3-
KPUTTA 3aCTOCOBYIOTbCS Y 3BOPOTHIlI ITO-
CITiJOBHOCTI, K II0Ka3aHO B HACTYIIHOMY
anroputMmi (puc. 3):

BucHoBKM. Y 11iif cTaTTi MM BUKOPHUC-
TOBYBa/IM HOBi aNTOPUTMU CUMETPUIHOI
Kkpunrorpadii s mudpysaHHs Ta Ipu-
XOBYBaHHs OJJHOTO KOTbOPOBOrO 306pa-
JKEHHsI B IHIIOMY KO/IBOPOBOMY 300pa-
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>KeHHi. 3aIIpOIIOHOBaHA TeXHika mudpy-

BaHHA 3a0€3[1€YUTh BICOKE 3AXUIECHHA

3o6pakenHs1. Lle moBuHHO OyTI MTiATBEP-

JOKEHO BMCOKOIO KOpe}IﬂLliGlIO B HaBele-

HYX ricTorpaMax, o 3ano6iraloTb Hama-

TaM Ha TaEMHE 306pa>KeHHH.

1.

Cmicok Bukopucranux [Ixxepen
A. Nag et al., “Image encryption using af-

2.

fine transform and XOR operation,” in
2011 International Conference on Signal
Processing, Communication, Computing
and Networking Technologies, 2011,
C.309-312.

S. K. Abd-El-Hafiz, A. G. Radwan, S. H.
A. Haleem, and M. L. Barakat, “A frac-
tal-based image encryption system,”
IET Image Process., vol. 8, no. 12, 2014,
C. 742-752.
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OIJIA TEXHOJIOTIV BUAB/IEHHS INEPENIKO]T

KBAJIPAKOIITEPAMUI

Ipe6enuyk €.C.
CTYHIEHTKa,

XapkiBCbKII HalliOHAZIbHUI YHIBEPCUTET pafiioeeKTPOHIKM,

Kadenpa nporpamuoi imsxenepii,
rpyma II3II1-18-6

KnrouoBsi croBa: KBaJpOKOIITEP, BUABIEHHS IIEPEUIKOI, 06T TIEpENIKOL, AaT9n-

K11, TexHostorii, SLAM, anroputmu.

Keywords: quadrocopter, detection obstacles, avoiding obstacles, sensors,

technologies, SLAM, algorithms.

CporopHi KBafpoKONTepM - Iie He
IPOCTO pO3Ba)kaJIbHa irpamika Ak papii-
OKepOoBaHMIT aBTOMOOI/Tb a60 puUCTpiii,
3a JOIIOMOTOIO SIKOTO MOXKHA 06aYnTH
HEIMOBIPHi BUIM 3 BUCOTY NTALINHOTO
HOJIBOTY Ta 3pOOUTY He3BUYaliHi GoTo.
3apas KBaJpOKONTEPY MOXKYTb CTaTU Yy
Haroai B 6ararbox obmacTsax. B mepiny
4epry, BOH) [JO3BOJISIOTDH CIIOCTepiraTn
3 BUCOTH 3a TUM, IIO BigOyBa€eTbcs, -
CIIOPTUBHI 3MaraHHs, MacmTabHi 3axo-
IM, MPOBENEHHA JOCTIJHUIBKUX IIPO-
eKTiB, CIIOCTEepeXXEeHHS 3a NIeBHYMU BU-
IaMy TBapMH i pOCINH, KOHTPOMIOBAH-
Hs PyXy aBTOMOOi/TiB Ha ZOPOrax TOIIO.
He MeHIn Ba1uBol0 (YHKIIEI KBa-
IpOKOIITepiB € JocTaBka ToBapis. Tak,
B Kurai 6yn0 3anmpoBaji>keHO BifIpas-
JIEHHS TTOLITOBYX MOCHUJIOK 3@ JJOIIOMO-
rofo kBagpoxomntepiB [1]. Takox, 3a
TOIIOMOTOI0 I[MX IIPUCTPOIB TPAHCIIOP-
TYIOTb KM Yy BaXXKOJOCTYIIHI Micus
abo mif yac kaTacTpod, KO BOHMU II0-
TpibHi siKOMOTa MBU/IIIE.

OnHak, TOTpi6HO cKasaty, IO TIOAMN-
Ha HAMaraerbCs BCe aBTOMATM3YBATH, i
SAKIIO paHile 6y/10 ZOCTATHBO TOTO, IO

YOPaBIiHHA 3[iICHIOETbCA NUCTAHIN-
HO 4Yepe3 IyNAbT, TO Ha JIaHWII MOMEHT
PO3INIANAETbCA IMOBHICTIO aBTOHOMHUII
momT Bif Touku A mo touku B. TobTo
3aJla€TbCA IEBHMII MAapLIPYT I KBa-
IPOKOITEPa, 32 AKUM Oyne 3AiliCHIOBA-
THUCA JIOTO PYyX.

Ha Bipgxputiit micueBocTi Taki mo-
JIBOTY MO>KHA JIETKO 3/Ii1MICHIOBATH, IIPO-
Te B yMOBax Micbkol 3a0ymoBu L 3a-
fladya 3HA4YHO YCK/IaJHIETHCA, OCKIIbKY
MOTPiOHO 3BEpHYTHM yBary Ha BUSBIICH-
Hs Ta OOJIT IepelIKoy Ha IJISXy KBa-
OPOKOIITEpa.

Bsarami, cxema OO0XO[KeHHs TIiepe-
LIKOJ] KBaJIPOKOIITEPaMU BK/IIOYA€E B cebe
JOKaji3aLio B IpOCTOpi Ta MOOYZOBY
KapTy IHepelkof. TakuM 4nHOM, 0 «aB-
TOMIZIOTY» KBaJPOKOIITepa IePefaloThCs
JaHi IIOJO JOro IIOJIOKEHHsS, a TaKOXX
TPAEKTOPIA PyXy 3 YMOBOIO OO/IbOTY Hepe-
mkoy. barato kBajgpoxonTepiB MaloTb
CIlellia/ibHy CHUCTeMY 3amobiraHus 3i-
TKHEHD, sIKa 6a3y€TbCs Ha BUKOPUCTAHHI
OATYMKIB /11 BMABJIEHHSA IIEPEILKO[l Ta
NIpOTPaMHUX AJITOPUTMIB i TeXHOJIOTriN
SLAM, ski [03BONAIOTb INE€PEHECTU 30-
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OpakeHHA B TPUBMMIpHI KapTy, BUABUTU
Ta VHUKHYTI 00’ €KT [2].

JaTuuKy BUABJIEHHA IEPEUIKOJ JO-
3BONAITh CHpUIIMATH [aHi «HaBKO-
JIUITHBOTO CepeflOBMINa», IepefjlaBaTu
70 KOHTpOJiepa MONbOTY, AKUII B CBOIO
yepry o6pobuTh iXx Ta BUABUTDH Iepe-
HIKOAIM B PeXMMi peanbHOro yacy. 3a-
3BUYaN, B TAaKMX CUCTEMaX BUSBJIEHHS
IIEePEIIKOJ BUKOPUCTOBYETHCA JeKilbKa
DATYMKiB, HAIPMKIAJ, TAKUX AK YIIb-
TPasByKOBMIT Ta iHdpadepBOHMIT [aT-
YYIKH, Tifap (TeXHOOris OTPUMaHHA Ta
06po6ku iHdopmanii mpo Bigganeni
06’€KTU Ha OCHOBi ABUIL IOIJIMHAHHI
Ta posciloBaHHs cBiTna [3]), kamepa
Time-of-flight, mo gosBosie 3a 306pa-
JKEHHAM OLIHUTU BiICTaHb Bifl eKpaHy
IO KOHKpPeTHMX 00’€KTiB, Ta iHIIi mat-
IYKY 300paXKeHHs.

Texnonoria SLAM (Simultaneous
Localization And Mapping - opHoOuac-
Ha JIOKaJli3alisa Ta moOymoBa KapTu) —
MeTOJ], SAKUII BUKOPUCTOBYETHCA [IA
noOyRoBM KapTy B HEBiOMOMYy Ipo-
cTopi abo s ii OHOBJIEHHS B 3a3garie-
rib BifloMOMY IPOCTOPi «3 OfHOYAC-
HMM KOHTPOJIEM IIOTOYHOIO MicClie3Ha-
XOJKeHH:A 1 IpoiigeHoro uuiaxy» [4].
3aBmanusa SLAM cknamaeTbcs i3 3Ha-
XOJ)KeHHA OPIEHTUPIB B IPOCTOPI, I10-
IIyK BiATOBIZHOCTEN! MDK HuMH, 06-
YICIEHHs MICIle3HaXOKeHHs pobora,
YTOYHEHHA IIOJIOKEHb OPIi€HTUpPIB Ha
KapTi. 3a 3araJbHOI0 CXEMOIO a/JTOPUT-
MY, OPiEHTUPU 3HAXO[ATHCA 33 JaHUMU
BiJl CeHCOpIB, Aani, BifOyBaeTbcsa IIo-
LYK BiIOBiJHOCTEN B CTPYKTYypi, 10
36epirae Bci Opi€HTHPM, SAKILO Bifmo-
BifiHICTH 6y/I0 3HAII[IEHO, TO 3a HOIO-

MOI'OI0 OPi€EHTUPY OOUUCIIIOITD II0/IO0-
JKeHHSA, AKIIO0 X Hi — OpIEHTHUP HMPOCTO
mojaeTbeA o cTpyKrypu. Ilicna nporo
BUKOHYETbCA YTOUYHEHHS IIOTOXXEHHH
OpIEHTUpIB A OTPUMAHHA MAaKCU-
ManbHO KOPeKTHMX gaHux [5]. IToTpi6-
HO BiIMiTUTH, 1[0 iCHYIOTb Pi3Hi CIIOCO-
6u peanizanii KOXXHOI 3 YacCTMH ajlro-
putmy SLAM, 1m0 1o3BonsAe NOERHYBa-
T IX Ta JOCATAaTM HAaMKpamumx i
Halle(eKTUBHIIINX Pe3yIbTAaTiB.

3agaya MOBHICTIO aBTOHOMHOTO KBa-
IPOKOITEPA JJOCi 3a/IMIIAEThCA aKTyaslb-
HOI0O — IIPOINOHYIOTbCSA HOBi aITOPUTMU
Ta MOKpallleHH:A BXXe iCHYI04MX, IPOBO-
OATbCA TeCTyBaHHA Ta MOCTifI)KeHHA.
Tak, Ten K. ta Yynin M.A B HaykoBiit
CTaTTi «AJITOPUTM HaBeIEeHH: PYXy [/
KBaJIpOKOIITepa 3 MOX/IUBICTIO 0O/ILOTY
TIEPEIIKOf, i BiICTE>XKEHHA 3aI/IAHOBAHO-
o MapIIpyTy Ha OCHOBi yIpaBIiHHA
HOPMaJIbHMM IPUCKOPEHHSAM» OyIo 3a-
IIPOIIOHOBAHO MeTOJ IIAHYBaHHA
MapIIpyTy Ha OCHOBi JUCKPETHOI XMap-
HO-TOYKOBOI KapTu. [0/10BHOIO ifie€o B
PaMKax IIaHYBaHHA LUIAXY KBafpOKOII-
Tepa € CTBOPEHH: MOLTYKOBOI KapTH, 110
PO30MBAETHCS Ha KiNbKa KiNblieBUX 30H,
AKi MOXYTb 6yTu OesnedHumu abo He-
6e3NeYHMI BifTIOBiTHO IO MTOIOXKEHHS
i posmipiB mepemkon. B pesynbrari
OTPUMYETHCA KapTa, WO CKIAJJA€EThCA 3
MHOXXVMHJ TOYOK — IepelIKOf, Oesmed-
HUX 30H, HeOE3MEeYHNX 30H, [T0YATKOBOI
TOYKa KBaJIpOKOITepa, KiHIleBOI (1i/bo-
Bol) Touku [6]. asi, 6ygyeTpcss MOXXIN-
BUJ MaplIPYT 3a JOINOMOIOK Mypallu-
HOTO aJTOPUTMY, IOKpalleHHA AKOTO
Ond OaHOi 3afjadi TaKOXK POS3ITIAHYTO B
1iJt cTaTTi.
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Hexinpka pokis Tomy DARPA (aHr.
Defense Advanced Research Projects
Agency - arentcTBo MinicTepcTBa 060-
pouu CIIA, mo Bigmosifae 3a po3pobxy
HOBUX TE€XHOJIOTIN [i/IA BUKOPUCTAaHHA B
36portanx cumax CIIA [7]) posmouana
nporpamy FLA (aurn. fast lightweight
autonomy — IIBMAIKA, JIeTKA aBTOHOMIs),
MeTOI0 sKOI € po3pobKa Jerkmx Ta
MIBUJKMX, MTOBHICTIO aBTOHOMHMX KBa-
IPOKONTEPiB, 1[0 JO3BOUTD MOTPAIIA-
T B CepefiNHy IpMUMillleHb, YHUKATU
HepeuIkony, inentudikysaru ix. Jocmizg-
HUKM 3MOITIM CTBOPUTHU TaKy CUCTEMY, B
AKIM «y4acTb MIOAMHU NMOTPi6HA TiNbKM
st TOro, 106 BM3HAUMTH MeTy abo
00>€EKT IOLIYKY 32 JOIOMOTOI0 BCTAHOB-
JIEHOI KapTy, CYIYTHMKOBOTO 3HiMKa
abo umdposoro doro. Ilicna Toro, sk
Oy/a faHa KOMaHJa 3aIyCKy, POH Mpo-
KIafla€ LUIAX [0 MeTu 6e3 HOJAaTKOBOI
indopmauii mpo tepuropio abo micue-
BiCTh, CAMOCTi/IHO OTMHAIOYM HEBIIMi-
4yeHi Ha Mami nepemkonn» [8]. Hapasi,
Oyno mpoBefieHO ABi Qasu TeCTyBaHb, B
XOfli AKMX B/Ia7I0Cs SMEHLIUTY PO3Mip Ta
Bary KBaJpOKONTepiB, 30imp1nTy ix Ma-
HEeBPEHICTh Ta MBUAKICTD (o 72 km/
roj), JOCAITY MOXJ/IMBOCTI IOIbOTY MIX
6araTonoBepXOBUMM OyHIiB/IAMU Ta de-
pes3 BY3bKi BYIuILi, CKIaCTV KapTy Ipo-
CTOPY, @ TAKOX «3a JOIOMOIOK0 BOYHO-
BAaHOTO KOMITIOTepa posmisHatu OyniB-
i, MaIIVHY Ta iHII 06>€KTH | HO3HAYM-
T ix Ha Kaprti» [9].

OTxe, IOBHICTIO aBTOHOMHE YIIpaB-
TiHHA KBaJ[pOKONTEPaMM 3 BUABIECHHAM
Ta YHMKHEHHAM II€PEUIKOJ, €, [iJICHO,
MO/IMBUM i peanbHUM. Takum 4mHOM,
KOJIO 3aCTOCYBaHb KBaJJpOKOIITEPiB pO3-

IVPIOETHCA, & MEBHI MOJA/bIII BJOCKO-
HaJIeHHA [JO03BOJIATH 3poOUTM iX Haii-
611 epexTUBHMMMU ab0 HaBiTh Hesa-
MiHHUMM y JeAKMM OO/IacTAX HAIIOro

SKUTTAL.
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Currently, there are known design so-
lutions for affecting the elastic system of
the machine with the adjustment of its
parameters according to the principle of
optimal orientation of the stiffness axes to
increase the vibration resistance of lathes.

First of all, design solutions to ensure
the possibility of changing the parameters
of the elastic system of the machine sup-
port include the development of special
tool holders of such inventors as Kuchma
L.K., Orlikov M.L., Suhoviy B.E, Sunik P.
and Landa L., Shevchenko O.V.. In their
research papers, the authors proposed
original designs of tool holders with the
general possibility of changing the direc-
tion of the oriented stiffness axes of the
elastic system of the tool holder and ex-
perimentally confirmed the influence of
the orientation of the stiffness axes on the
vibration resistance of cutting.

First of all, the original decision by
Kudinova V.A. [1] and Simov V.S. in cre-
ating a polished ovality outer spindle
bearing ring. The output diameter of the
ring is maintained at approximately
1/10 of the circumference. Ovality is 0.02-
0.04 mm. The main zone of maximum
stability is located near the direction of
projection of the cutting force on the
plane perpendicular to the axis of the

spindle. This allowed several times to in-
crease the vibration resistance of the ma-
chine. 1. Tlustiy developed the design
of the rear headstock of the lathe, where
the optimal orientation is achieved by re-
ducing the stiffness of its rear workpiece,
which rests on the guide through the
elastic diaphragm. The famous boring rod
Kuchma L.K. [2], made in the form of a
cylinder with removed leaves, was also
used by the author to confirm the influ-
ence of the orientation of the main axes of
rigidity relative to the direction of the
vector of the cutting force on the level of
vibration resistance of processing.

Only in the work of Orlikov M.L. [3]
for the first time considered recommen-
dations for the design of tooling with an
oriented center of rigidity which allows
machining on machines with a negative
static characteristic of the dynamic sys-
tem “cutting process — cutter — carriage”
Schematically in fig. 1 shows the design of
such tooling, which are formed by means
of oriented elastic elements. An example
of tool holders with an oriented center of
stiffness proposed by Orlikov M.L., cre-
ated to provide the required positive value
of the static characteristics of the elastic
cutter-carriage system, in the case when
turning there is an elastic displacement

30



SCIENCE,RESEARCH,DEVELOPMENT Ne29

@
e
‘wz‘»;H}K 5

Fig. 1 Schemes of tool holders with oriented center of rigidity

from the cutting force of the cutter in the
direction of the workpiece (immersion).
is the cause of aperiodic loss of cutting
stability with possible subsequent explo-
sion of the cutter.

In the proposed tool holder, the posi-
tion of the center of rigidity is oriented so
that the overall center of rigidity of the
elastic system “cutter-tool holder- car-
riage” will change its position so as to
provide conditions for the cutter to leave
the surface of the workpiece under the
force of cutting. The tool holder is con-
structed as follows, a solid groove is made
in the solid body, separates the fixed cut-
ter from the tool holder body, leaving
communication between them only
through elastic hinges whose axes inter-
sect at a point which is the center of rigid-
ity of the elastic system of the tool holder.
Thus, changing the directions of the axes
of the elastic elements in the design of
such a tool holder allows you to adjust the
position of its center of rigidity.

The principle of operation of the de-
scribed structures based on the “theory of
coordinate communication” is explained
by the dependence of the stability of the
system on the direction of relative move-

ment of the tool in the body of the work-
piece. The trajectory of this movement
arises from the addition of interconnected
simple oscillations. If the direction of
movement along the trajectory is such
that with an increase in the thickness of
the cut, it is opposite to the cutting force,
then a change in the latter leads to a
damping effect on the vibrations arising
from the action of an external action. A
change in the design of the elastic system,
namely, a clear identification of the orien-
tation of its stiffness, determines a direc-
tion of movement along the trajectory at
which the damping effect of the cutting
process is established. This allows you to
increase the vibration resistance of the
processing.

For high-performance roughing with
a wide cutter on a lathe, the tool design
with the ability to change stiffness in the
horizontal and vertical directions relative
to the cutting point is known [4]. This
equipment is mounted on a support of a
lathe with a transverse feed movement
and contains elastic fragments of a round
profile with symmetrically made scaf-
folds. The stiffness of such fragments in
bending is not the same because of this, in
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the equipment design the fragments are
installed at different angles with respect
to the directions of the cutting force com-
ponents. The tool holder is mounted on
elastic fragments rigidly connected to the
housing equipment, therefore, the rigidity
of the tool holder is controlled by turning
the fragments.

Performing an experimental study al-
lows us to establish some dependences of
the transverse processing process on a
metal-cutting lathe. With the beginning
of processing, the workpiece is fixed in
the spindle, squeezed out under the ac-
tion of the induced cutting forces. At the
same time, according to the elastically
deformed, the carriage’s occasion is such
that the instantaneous thickness of the
cut-off layer is equal to the feed per revo-
lution, which is carried out by the drive
link, without the values of the elastic de-
formations of the last and the machined
workpiece at the current time. Thus, in
order to realize a given feed, the forces of
elastic deformations of the “support-pro-
cessing workpiece” system must be bal-
anced. The duration of this process is de-
termined by the characteristics of the
elastic system and the cutting process.

In fig. 2 shows a schematic diagram of
the tool holder with adjustments of rigid-
ity. With various installations of elastic
fragments, the rigidity of the cutter
changes due to the reorientation of its
main axes. The main rigidity of the tool
holder according to the author’s experi-
mental studies was of the order of 40 N/
um and 100 N/um. The shape of the dis-
tribution of stiffness is oval, close to an
ellipse. The resulting deformation of the

cutting edge in the general case does not
coincide with the direction of the action
vector of the cutting force.

In fig. 2 shows the results of experi-
mental turning of a tool holder with an
adjustable stiffness ellipse. Turning was
carried out on the MTA1A240 machine
tools with an unfavorable understanding
of vibration resistance of the cutting speed
of 60 m/min of workpiece made of
II1X15 steel with a T14K8 cutter 16 mm
wide with a feed of 0.1 mm/rev.

The first groove was carried out with a
favorable orientation of the ellipse of ri-
gidity of the attachment of the cutter rela-
tive to the direction of action of the cut-
ting force. In this case, the axis of maxi-
mum rigidity of the ellipse was located
near the direction of action of the cutting
force. For subsequent grooves, the main
stiffness axes were reoriented by rotating
the fragments clockwise each time by an
angle of 20°. The last groove was carried
out by an ordinary holder. The treated
surface should be traces of vibration. A
clean smooth surface corresponds to the
case of a stable orientation of the stiffness
of the cutter. The next reorientation of the
fragments led to the appearance of vibra-
tions and the treated surface had clear
traces of crushing, the depth of which in-
creases as we approach the least stable
orientation of the rigidity of the tool
holder. It should also be noted that in the
case of a stable orientation of the tool
holder stiffness, the chips formed a solid,
drain with a smooth shiny surface with a
thickness of about 0.02 mm. When cut-
ting with a conventional holder, the thick-
ness is continuous — 0.06 mm. Its surface
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Fig. 2 The design of toolholder with adjustable stiffness and the results of an experimental

study of vibration level in the cutting process

is more rough and has the appearance of
individual stripes. Therefore, with the
optimal orientation of the axes of rigidity
of the tool holder, the quality of the ma-
chined surface increases.

The results of vibration oscillography
during cutting showed that the amplitude
of oscillations of the cutter and the work-
piece increases as the direction of the
main axis of rigidity of the cutter leaves
the zone of greatest stability. The ampli-
tude of oscillations of the cutter changes
especially tangentially in the direction. It
increases from a few microns to 0.025 mm.
At the same time, the depth of rough-
nesses on the machined surfaces also
reached a value of this order. The oscilla-
tion frequency of the cutter, respectively,
decreases from about 1500 to 500 Hz. In
addition, in the conducted studies, the
influence of the orientation of the axes of
rigidity of the cutter on the direction of
the main vibrations of the workpiece was
observed. However, this is a complex is-
sue the author has considered in detail.

As a result of the studies, it was found
that greater processing stability is ob-

served at a certain ratio of the rigidity of
the cutter along the y and z axes of
400 and 1000 N/pm, respectively. In this
case, the axis of greatest rigidity is the
same in the direction of action of the re-
sulting cutting force.

So, the productivity and accuracy of
the machine are to a greater extent deter-
mined by the quality of the dynamic pro-
cesses that take place in the “support-
workpiece” system during cutting. These
processes are very complex and insuffi-
ciently studied, however, they are not in-
directly related to the general problem of
system stability.

The known method correction of the
dynamic characteristics of the lathe with
minimizing the dynamic error during
cutting due to the specially introduced
elastic element in the elastic system of the
machine, which is implemented in a spe-
cial design of the cutters. This element
redistributes the elastic deformation of
the cutter with compensation for process-
ing errors in the cross section of the work-
piece. Additionally, the cutters are
equipped with a rubber damper for the
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Fig. ;3 Scheme of adjustable rigidity
toolholder

oscillations of the cutter that occur during
processing.

The known design of the tool holder
[5] fig. 3 with the flexible ability to change
the stiffness in the normal direction to the
work surface to provide control of the
level of vibration intensity during unsta-
ble cutting. Using such a tool holder, it
adjusts the elastic system of the machine
in such a way that its maximum stiffness
coincides with the direction of action of
the cutting force, and in the direction of
the Py component, the stiffness is less,
which generally improves the vibration
resistance of the system. The change in
stiffness is carried out by measured indi-
cators of the levels of vibration of the
workpiece and tool during cutting due to
changes in the excess pressure of the
working fluid in the bellows chamber lo-
cated between the surfaces of the elastic
element.

According to the results of experimen-
tal tests using such a tool holder, it was
possible to reduce the amplitude of self-
oscillations several times.

So, studies of the efficiency of using
tool holders with directed stiffness or in a
certain way oriented position of the cen-
ter of stiffness are considered, which con-

firms that the vibration resistance of the
machine can be significantly increased if
the directions of the stiffness axes of the
system are oriented in the corresponding
way with respect to the direction of action
of the cutting force.

In this regard, in lathes, the tool holder
is mounted on an elastic element with a
configured stiffness and oriented in the
direction of action of the cutting force
during cutting, it works as a dynamic
compensator. If the cutter is fixed in such
a way that its different stiffness is provid-
ed in the directions of action of the com-
ponent cutting forces, then the ratio of
these roughnesses will determine the
magnitude and direction of action of the
elastic forces in the vicinity of the cutting
edge. These forces balance the cutting
force. In this case, depending on the ori-
entation of the stiffness axes, the displace-
ment of the cutter from the equilibrium
position is determined by the action of an
alternating cutting force, for example,
during vibrations. In this regard, a new
direction of the elastic forces of the cutter
is created, which encourages the restora-
tion of a balanced state, supports vibra-
tional movements.

The orientation of the axes of rigidity
[6,7] of the cutter relative to the vector of
action of the cutting force affect the tra-
jectory of its movement relative to the
workpiece. However, the stability of the
cutter- workpiece system also depends on
the elastic properties of the subsystem
“workpiece-chuck-spindle” subsystem.
Currently, there are known studies of the
influence of oriented rigidity of the spin-
dle system on machining stability, namely,
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the positive results of using structures
with directional rigidity of elements such
as spindle bearings and boring bars.
Thus, to ensure increased vibration
resistance of turning [8], it is common to
carry out the following measures: 1) in-
crease rigidity with a decrease in the fluc-
tuating mass of the cutter and the work-
piece, increase the natural frequencies of

vibrations of the forming elements; 2)

providing directed and optimally oriented

rigidity of the tool system with respect to
the direction of the action vector of the
cutting force; 3) using dampers and dy-
namic vibration dampers.

References

1. Kymunos B.A. JIlunammka craHkos. — M.:
MammHocTpoenne, 1967. -360c.

2. Kyuma JLK. OkcnepuMeHTanIbHOE MCCTIe-
MOBaHNE BI/[6paLU/H‘/’I Ha TOKapHOM CTaHKe.
Tpyner HHUVTMAII, xu.15, M., Mar-
i3, 1948.

3. Opnukos M.JI. JInHaMuKa CTaHKOB: Y4eb.
noco6ue /i By30B.-2-e 137 mepepad. un
nmorn. — Kues: Boima mkosa, 1989. — 272 c.

4. Opmukos M.JI., Cyxosuit b.®. Pesnenep-
JKaTenb C pETYINPYEMDBIM 3JIJIUIICOM JKECT-
Koctu. — TexHonmormss u opraHmnszanns;a
NpOM3BOACTBA, 1973. Ne 10. - ¢. 35 - 37.

5.

Kapkos VI.I. Bubpauuu mpu obpaborke

NIe3BUITHBIM MHCTpyMeHTOM. — JI.: Ma-
muHOCTpoeHne. JIeHMHTp. OTHA-HUe,
1986. -184c.

Vakulenko S., Yarylchenko O. The orienta-
tion of the carriage dominant system effect
on vibration resistance of cutting process
on a lathe // Zbiér artykutéw naukowych.
Konferencji Miedzynarodowej Naukowo-
Praktycznej “ Inzynieria i technologia.
Badania podstawowe i stosowane: wy-
zwania i wyniki “ Z 40, 2017. - 92 str. - p.
30-34.

Vakulenko §S., Usatiuk I. Determining the
basic form of the oscillations frequency of
a potentially unstable dynamic system
“carriage — tool holder” during cutting
process based on wavelet technology //
Zbior artykuléw naukowych. Konferencji
Miedzynarodowej Naukowo-Praktycznej
Inzynieria i technologia. Badania podsta-
wowe i stosowane: wyzwania i wyniki” Z
40, 2017. - 92 str. — p. 37-40.

Vakulenko S., Vibration study of poten-
tially unstable elastic-system of a lathe
carriage with cutting process influences //
Zbiér artykuléw naukowych recenzow-
anych. Konferencji Miedzynarodowej
Naukowo-Praktycznej “Science, Research,
Development Technics and Technology.
#17 Belgrade (Serbia)” Z 40, 2018. -
84 p. - p. 67-70.

35



MONOGRAFIA POKONFERENCY]JNA

THEORETICAL STUDIES OF THE MACHINE TOOLS DYNAMIC

QUALITY

Vakulenko S.,

senior lecturer of NTUU “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine

Keywords: computer modeling, lathe carriage, elastic system, vibration, dynamic

characteristics.

The analysis of the dynamic processes
in machine tools is based on the closed-
ness of the machine tools dynamic system
[1]. The machine tools closed dynamic
system is a combination of the elastic sys-
tem and working processes (cutting, fric-
tion, vibration processes in electric drive)
during their interaction. The machine
tools elastic system includes a machine
tools elastic system part, accessories part,
cutting tool part, part and is a complex
mechanical object with a large number of
different joints, base units (feed drives,
main movement spindle drives, support,
bed, console, table, etc.), movement
mechanisms, control systems, etc.

Work processes are processes that oc-
cur in the movable connection of two
parts of the machine structure. One of the
main working processes in interaction
with the machine tools elastic system is
the dynamic cutting process, which takes
place in the movable connection of the
tool and the workpiece.

The influence of work processes on
the machine tools elastic system is mainly
forcible, but may be of a different nature,
for example, thermal exposure. It is fair to
say that during processing, the elastic sys-
tem can be affected by constant, periodic

(for example, during milling) and random
force actions.

The effect on the elastic system causes a
structural elements relative displacement,
it changes the relative position of the parts
to form a movable joint (cutter tool and
workpiece) in which one or another work-
ing process takes place. Thus, the influence
of the elastic system on work processes is
expressed through a change in their main
parameters: the intersection of the shear
normal pressure layer on the friction sur-
face, speed, etc. Accordingly, the forces and
other types of effects of work processes on
the machine tools elastic system are func-
tions of the elastic system movement coor-
dinates, that is like internal forces and in-
fluences in a closed machine tools dy-
namic system.

The work processes influence on elas-
tic system and inverse actions of elastic
system on work processes form bonds,
and chains of actions involving elements
and bonds between them and form the
bonds contours.

According to the above, the communi-
cation loop can be closed in case of inter-
action between the elastic system and
work processes and open in case of exter-
nal impact on the system.
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The closedness of a machine tools dy-
namic system, in contrast to an open sys-
tem, entails an uncertainty in the system’s
behavior in terms of stability with the
known behavior of its constituent ele-
ments, and the need to study the behavior
of a closed dynamic system as a whole,
since a closed system consisting of stable
elements can be unstable and, conversely,
a system containing unstable elements
after closure may turn out to be stable. An
important feature of the machine tools
dynamic system is the direct effects of its
elements, namely when the influence of
one element on another is not accompa-
nied by a reverse influence of a different
nature than the one that is taken into ac-
count in this particular communication
circuit.

Given these features, in most practi-
cal tasks it is possible to bring the system
to a relatively simplified form with di-
rected connections between the main
elements of the system. The orientation
of the links allows you to open the sys-
tem and divide it into separate compo-
nents for ease of analysis. Having broken
the ties between the elements of the sys-
tem, it is possible to isolate a specific ele-
ment and study its properties separately
in the form of a relationship between the
input and output coordinates. Depen-
dencies of this kind will be characteris-
tics of an element or an entire subsystem
of elements. With constant input coordi-
nates, these characteristics will be static,
and when they change over time, they
will be dynamic. The characteristic di-
mension is determined by the ratio of
the source coordinate to the input.

Static and dynamic characteristics can
be obtained theoretically or experimen-
tally. In the experimental determination
of dynamic characteristics, it is necessary
using a special device to create a certain
change in the input coordinate and record
the corresponding change in the output
coordinate. In relation to the dynamic
characteristics of cutting process, this
means that during the cutting process it is
necessary to create oscillations in the
movable connection of the cutter and the
workpiece (in the cutting zone) and re-
cord the corresponding changes in the
components of the cutting force.

An important feature of the machine
tools dynamic system is characterized by
the zones distribution where work pro-
cesses occur in interaction with elements
of elastic system. For example, the cutting
process zone is remote from the engine
and from the contact surfaces of the mov-
ing parts of the machine, it allows not to
take into account their mutual influence
in theoretical studies and analysis. So, the
machine tools dynamic system can be
simplified by eliminating from consider-
ation part of the non-essential relation-
ships between its elements. This feature
allows the use of equivalent representa-
tions of the machine tools dynamic sys-
tem with a decrease in the number of
connection loops in each case.

In fig. 1 presents flow chart of the ma-
chine tools equivalent dynamic system
[2], which is convenient for the analysis
and calculation of cutting conditions, as
well as for solving problems associated
with the processing of parts on this ma-
chine tool. The machine tool equivalent
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Fig. 1 The machine tools equivalent
dynamic system flow chart

dynamic system includes, in addition to
the elastic system and the cutting process,
processes in the engine drive and friction
process.

This flow chart of the machine tools
equivalent dynamic system shows the
conventions of concepts about element
and system. Each basic element of a ma-
chine tools dynamic system is a complex
system with its own internal connections
that determine the dynamic properties of
this element. The characteristics calcula-
tion [3,4] of equivalent systems is not
difficult if there are math equations of

entire closed system. If any connection
opens (that is, the relationship between
two generalized coordinates is not taken
into account), then other connections are
preserved by the corresponding equiva-
lent dynamic system and remain unac-
counted for through the equations coeffi-
cients of system.

References

1. Kypunuos B.A. JIlunamuka cTaHkoB. — M.:
MamnHocTtpoenne, 1967. -360c.

2. Opmukos M.JI. [InHaMuKa CTaHKOB: Yue0.
noco6ue I By30B.-2-¢ U3Jl. Iepepab. u
pom. — Kues: Broimia mkosma, 1989. - 272 c.

3. Vakulenko S., Modeling and simulating dy-
namic process of lathe carriage elastic sys-
tems with cutting process influences // Zbiér
artykuléw naukowych recenzowanych. Kon-
ferencji Miedzynarodowej Naukowo-Prak-
tycznej “Science, Research, Development
Technics and Technology. #17 Belgrade (Ser-
bia)” Z 40, 2018. - 84 p. - p. 64-67.

4. Vakulenko S., Vibration study of poten-
tially unstable elastic-system of a lathe
carriage with cutting process influences //
Zbiér artykuléw naukowych recenzow-
anych. Konferencji Miedzynarodowej
Naukowo-Praktycznej “Science, Research,
Development Technics and Technology.
#17 Belgrade (Serbia)” Z 40, 2018. -
84 p. - p. 67-70.

38



SCIENCE,RESEARCH,DEVELOPMENT Ne29

THEORETICAL RESEARCH OF THE CUTTING PROCESS
DYNAMIC CHARACTERISTICS

Vakulenko S.,
senior lecturer of NTUU “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine

Keywords: mathematical modeling, cutting process, elastic system, vibration.

For most dynamic processes, the relationship between the workflow and the elastic
system is characterized by force intention. Other types of effects on elastic system in
many cases can be considered like external. Therefore, the output coordinate of the
working (metal cutting) processes is the forces value and moments of forces (cutting,
friction, etc.) that arise in a locked dynamic system as a result of interaction with the
machine tools elastic system. The cutting force process is determined by the plastic
deformation of the metal layer being cut, which is associated with processes on the
surfaces of the cutters cutting edge when interacting with the chips and the workpiece.

During the cutting process, depending on material parameters being processed,
tool geometry, modes and other cutting conditions, chip formation can occur stable
with the formation of continuous drainage chips or unstable with the formation of
breakage chips, elemental or articular. The cutting force by value in the first case is kept
relatively constant, in the second it changes. The dynamic characteristic of cutting
process as an element of a closed dynamic system is the dependence of change in cut-
ting force on relative displacement of cutting tool and workpiece. Research and de-
scription of the dynamic characteristics of the cutting process is possible when the
cutting process is actually stable, that is, subject to the formation of discharge chips.
Also, due to the fact that in most turning operations take place on an already machined
surface, that is, along the track, the formation of a dynamic cutting force occurs under
conditions of simultaneous chip formation and cutting of the wave left by the cutter on
the surface of the workpiece during its previous revolution. Therefore, it is important
to consider additional dynamic forces with a delay property in the dynamic character-
istics of cutting process.

The mathematical model’s construction of a closed dynamic machine tools system
[1] is one of the most important stages in the calculation of the dynamic characteristics
of a metal cutting machine with the subsequent study of own vibration, forced oscilla-
tions and self-oscillations. This task is divided into the construction of a separate
mathematical model of the machine tools elastic system, and the construction of a
mathematical model of the cutting process.

The mathematical models developed in many scientific studies are used not only to
obtain practical recommendations on improving dynamic quality, first of all, to deter-
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mine the stability of the cutting process and
its maximum permissible characteristics.

To determine the conditions for the im-
plementation of stable self-oscillations
mode during cutting with acceptable ampli-
tudes values in general case, it is necessary
to take into account the non-linearity char-
acteristics of cutting process.

For mathematical modeling of the dy-
namics of metal cutting process, the general
case of non-free oblique angular cutting
during turning is considered [2], and is
shown schematically in fig. 1. During the
Fig. 1 Scheme of non-free oblique angular Cutting process, the deformation force acts
cutting on the cutters front surface, the metal layer

is cut off, and the friction force of the chips
on the front surface of the tool. The reaction force and the friction force on the cutters
back surface act on cutter. The sum of these forces forms the cutting force F, which can
be decomposed into three mutually perpendicular projection components F,, F, and
F_-along the axes X, Y and Z, respectively.

With relative oscillations of cutting tool and workpiece of detail in the direction of the
y axis, changes in the thickness of the shear layer y, occur, which leads to formation of
dynamic chip formation forces on the front surface of cutting tool. At the same time, the
cutting edge with the tip of the cutter penetrate into the elastic-plastic layer of metal,
which leads to the formation of forces on the rear surfaces and tip of cutting tool. The
ratio between these forces is different and depends on the geometry of the cutting tool
and cutting conditions. So, for example, at small cutting depths y, (fine turning), the
main contribution will belong to the forces that counteract the introduction of the
wedge-shaped tip of the cutter into the workpiece. However, at large cutting depths
(rough turning), the cutting force in most cases exerts on the front surface of the cutter.

To simulate the dynamic characteristics of the cutting process, taking into account
the chip formation process itself and the contact processes on the rear surfaces of the
cutting tool that occur during vibrations in the y axis, the mathematical model pro-
posed by V.A. Kudinov [1]:

kpe(1+ (T, — T, )s + T, °s?)

AF.(s) = 1+Ts

v(s),

kpy(14(T, - T,,)s +T,°s?)
1+T.s

AP, (s) = y(s),
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kp(1+ (T, — Ty )s + T, 2s2) )
1+ Ts YA
where: kpx, kpy, kpz - cutting coefficient, a component of the static cutting force and
is defined as k = kb, (k = 0,§, - specific cutting force, b - layer width);
s — Laplace operator;
T - rear angle time constant;

AP, (s) =

T, - front angle time constant;
T, - chip formation time constant;

T zth“.
T 2K’
1/h*H, K,a
T, =T, —T, =——=—=-—-L2);
oy “ ¥ v( 2K &o )J

1 mK,aed, h?H,

Tar =/ TaTr =

v.n 2K

The chip formation time constant is directly related to the chip shrinkage &, and the
inverse depends on the cutting speed 17. The values of time constants were determined
when cutting steel with the following processing conditions: @, = 0,13 Mm, &, = 3,

m
v =10%mm/c.y, = LT, = Lk =2000H/mw, T, = 4107 ¢, T, = 410° ¢, T, = 3-10
°c, T, =-3,710°¢c, T = 3,510 c. The dynamic characteristic takes into account the lag
of the cutting force from the change in the thickness of the layer is cut off, that is, the
cutting force carries out work, contributes to the excitation of self-oscillations.

During processing, the workpiece can oscillate both along the Y axis and along the Z
axis. However, with a rapid change in cutting speed, that is, with vertical vibrations along
the Z axis, the cutting force changes little compared to stationary cutting at the corre-
sponding speeds. This is because the cutting speed does not affect the magnitude of the
force, but the amount of heat generated through influencing the temperature change in
the cutting zone, as well as the properties of the chip material and its contact interaction
with the cutter [3]. Due to the thermal process’s inertia, the effect of the change in speed
on the cutting force is substantially insignificant. Thus, in spite of the fact that the cutting
speed affects the nature of chip formation, its sufficiently rapid change with small vibra-
tions of the elastic system is a secondary factor influencing the cutting process.

Therefore, to study stability during cutting, they are limited to vibrations of the
elastic system only in the horizontal direction of the Y axis and do not take into ac-
count the cutting forces P, during vibrations in the direction of the Y axis.
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The generalized case of the dynamic characteristic of the oblique non-free cutting
process is presented in [2], where the component of the cutting force F is presented as
the sum of the dynamic characteristics of the first F, and second kind F,, dependent
on the coordinate and speed.

Fy () =dyy+d,y+d,yy+ da}’2 + d4},2j,+ ds}'a-

Fao(v) =dgy(t — 1) + d;y(t — 7).

The obtained characteristic of the process of non-free oblique corner cutting in the
form of a differential equation with non-linear elements for the model takes into ac-
count the dynamics of chip formation, the effect of regeneration of vibrations during
cutting along the wake, which is formalized by the dynamic characteristics of cutting
with a delay, non-linear forces preventing immersion of the tip of the cutter in the
elastic-plastic medium of the workpiece. The author presents the calculated values of
the model parameters d, ... d, obtained on the basis of experimental data with a
possible error of no more than 5% for certain values of the frequencies of external vi-
brations. The author also analyzed the influence of these parameters on the stability of
the concluded oblique cutting during interaction with the elastic system of the ma-
chine, presented as a single-mass nonlinear oscillating link of the second kind. It was
revealed that the parameters d, with the quadratic term v and d, with the term yy
"do not effect on character of the system’s motion. The parameters affecting the stabil-
ity of the movement of a dynamic system are reduced mass, stiffness, damping coeffi-
cient and parameters of the linear part of the dynamic characteristics of the first kind
dy,d;. Also, a delay in the dynamic characteristics of the second kind, d,d-, T, has
a significant effect on the stability of the dynamic system.

The magnitude of the amplitude is determined by parameters of the system m,c,h,
the parameters of the linear part of the dynamic cutting characteristic d, d, dg,d-,
and also the dissipative parameter d, of the nonlinear dynamic characteristic of cut-
ting of the first kind at the term 2y, which in physical sense is the product of a coef-
ficient characterizing the surface area that is immersed at the tip of the cutter and the
coefficient of viscous resistance of the material being processed.

Also studied for conditions covering the region of low-frequency self-oscillations, the
role of changing the front and rear angles with vibrational displacements is insignificant.
This means that in the expressions of the dynamic characteristics of cutting, you cannot
take into account the higher terms of the operator polynomial that is written in the nu-
merator. Only when machining with low shrinkage of materials with low ductility, and
also when vibrations occur in the high-frequency region, the influence of the change in
the rake angle is significant. The influence of the change in the rear angle increases with
a blunted tool, therefore, in the equation, the parameters of the time constant T, T,

Summarizing the results of the research, it can be argued that when studying the
vibration resistance of the machine’s dynamic system during cutting in most process-
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ing cases, it is advisable to use a mathematical model of the dynamic characteristics of
cutting, taking into account only the inertia of the chip formation process and the ef-
fect of vibration regeneration during processing along the trace. These factors, accord-
ing to the results of the above studies, are the most influential for the emergence and
development of self-oscillations.

A linear mathematical model of the cutting process in a generalized form, taking
into account the inertia of the process can be represented in the form [4]:

P+T,P = K,w+ h,a,

where P - is the cutting force; T‘D - chip formation time constant; k‘D - the cutting
coefficient; h, - the damping time constant of the cutting process;  — change the
thickness of the slice. When turning steels in the speed range from 50 to 100 m / min,
the time constant T in the x and y coordinates are the same and are experimentally
determined in the range T=3,6 -10"+1,8 -10". The thickness of the shear layer also
affects the chip formation constant when the layer thickness is changed by 2 times, the
time constant changes by 1.5 times.

In the case of secondary excited vibrations, it is characterized by the influence on the po-
tentially unstable dynamic system of the machine tool of external excitation with a self-oscil-
lation frequency; a linear mathematical model of the cutting process can be represented:

P+T,P = K, (C() —w(t — 1) +h,(0() — ot —1),
where 1 - the time lag of the system oscillations relative to the traces of vibration
from pre-processing. It is known that the effect of secondary excitation is noticeably
manifested under conditions of machining by cutting when the average speed in-
creases with a decrease in the frequency of oscillations and uneven movements. On a
lathe, secondary excitation does not occur at low and medium cutting speeds (less than
90-120 m / min) [5]. However, in the high-velocity zone, the effect of regeneration of

self-oscillations can increase the intensity of oscillations by a factor of 2-3.
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BIUIMB BOJTHOTEIUIOBOI OBPOBKY ITPY BUPOBHUIITBI
IUTFIOIIEHOTO A0PA 3 ITIIEHUIII

Con C.M.
K.T.H., JIOL[E€HT,

Opecbka HallioOHa/IbHA aKajeMisa Xap4oBUX TeXHOJIOTii

Kycros 1.0.
K.T.H., JOLIeHT,

OpecpKa HallioHa/IbHA aKa/ieMis XapuOBUX TeXHOJIOTiil

Kyspmenko 10.41.
K.T.H., CTapILnii BUK/Iafad,

Opecbka HallioOHa/IbHA aKajeMis Xap4oBUX TeXHOJIOTii

Cepeq yCbOro acOPTUMEHTY KPYIT SHUX
HPOJAYKTIB B YKpaiHi Hall6i/Ibl1le IOIMIPEeH-
HA MAIOTh IUIACTIBLi Ta IPOJYKTU BUPO-
671eHi Ha IX OCHOBI sAKi € HOBUMU «HEKJIA-
CUYHVMMI» TIPORYKTaMI Ha BiTYM3HAHOMY
puHKY. Kpynu mmoleHi Ta Bci BUAY 71ac-
TiBL|iB 3aBJIAAKI IIPOXOIPKEHHIO B IIPOLIECi iX
BUPOOHUIITBA TOFATKOBOI CIIeliianbHOi 06-
pOOKM MOXKHA BiZHECTH [O IPOAYKTIB
IIBYIKOTO IIPUTOTYBAHHA, IO POONTDH iX
O1/1b1II TPMBAGIMBUMMI IS CIIOKIBAYiB.

AHaJi3 iCHyI0UMX TEXHOJIOTI IIOKa3ye,
110 I 3€PHOBUX KYIBTYp, Ha eTami Iij-
TOTOBKM AKMX JIO IyLIeHHA He BUKOPYCTO-
BYIOTDb IIPONApPIOBAaHHA, IIpU BUPOOHUIITBI
3 HMX IUIACTIiBLIiB, K IIPAaBUJIO, 3aCTOCOBY-
10Tb MeTon, BTO 3a KOM6IHOBaHO CTpPYK-
TYPOIO XOJIOFHOTO Ta rapsi90r0 KOH/MIII0-
BaHHA. 3acrocyBaHHa Mmerogy BTO sa
CTPYKTYPOIO XOJIOJHOTO KOHJMIIFOBaHHA
J03BOJIAAE 30UIBIINTY BOJIOTICTh KPYIIN Ie-
Per IIPOIAPIOBAHHAM Ta BifTIOBIHO Oi/1bIL

180 240

B BomoricTs Sapa Iepe mporaproBaHasaM 20 %

420

B BomoricTs Aapa mepej ponaproBarHaM 24 Yo

Puc. 1 — Bnnue TprBanocTi nponaptoBaHHA LWihoBaHOro sapa MiueHuLi cnensTn Ha Buxig,

nnoweHoro sapa npu tucky napu 0,20 MlMa
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a)
Puc. 2 — 3aranbHuin BUrNag nhoLWeHOro sapa oTpMMaHOro Npu SOCHIIXEHUX peXMMax:
a) BonoricTtb nepeq nponaptoBaHHAM 24 % Ta Tuck napw 0,20 MMMa, TpueanicTb nponapto-
BaHHs 360 c; 6) BonoricTb nepen nponaptoBaHHaM 20 % Ta Tick napu 0,20 MMa, Tpuea-
nictb nponaptoBaHHA 360 ¢

eeKTMBHO TIPOBOAUTY 3MiHV TEXHONOTi4-
HUX BJIACTUBOCTEN Ta XiMiYHOTO CKIafgy
IIPY HETPUBAJIOMY IIPOIAPIOBAHHI KPYIINL.
YmoBu mocminy: nuridoBane ApO MIlie-
HUILIi 3 BO7IOTicTIO 12,4 % 3BONMOXKyBamu 1o
BojtorocTi 18, 20, 24 ta 25 %, BiIBONOXyBa-
/1 riporsAroM 180 XB Ta HaIIpaBJLA/IN Ha IIPO-
napiopaHHA. IIpomaproBaHHA ITPOBOIMIN
mpu Ticky napu 0,17 ta 0,20 MIla, Tpusa-
JicTh mpomaproBaHHa — 180-420 c. ITmo-
IIeHHA KPYIIY IIPOBOAMIIN Ha TAOOpaTOPHO-
My BepCTaTi i3 IJIaIKUMI BaJIKaMI IIPU PO-
6ouomy 3asopi 0,3 MMm. Pesymsratu mocri-
IoKeHb BIUMBY pexumis BTO mpu tucky
mapy 0,20 MlIa ta Bonorocri 20 Ta 24 % Ha
BIIXiJ] IUTIOLLIEHOT'O Sfipa HaBeJleHO Ha puc. 1.
TeXHO/MOTiYHO MOLIIBHUM PEXNMOM
BOJHOTEIJIOBOI 0OpOOKM IIpy Iiepepo-
OrmeHHi 1TihOBAaHOrO sifpa B IUIIOLIEHI
IPOAYKTY € BOJIOTiCTb IIepef MpoIapro-
BaHHAM 24 % Ta TucKy mapu 0,20 MIla.
IIponaproBaHHA Afpa MK TAKOMY PEXU-
Mi [I03BOJII€ OTPUMYBATU BUXiJ| IUIIOIIE-
HOTO sifjpa Ha piBHi 76-88 % (puc. 2).
3MeHIIeHHA BOJOTOCTI Afipa Iepef
nporapioBaHHaM (MeHire 20 %) He 103BO-

6)

JIA€ TIPOBECT HeoOXinHy 3MiHy disnko-
XIMIYHMX Ta TEXHOJOIIYHMX BJIACTUBOC-
Tell Kyl y HOBHOMY 00cs13i, Ha 110 BKa-
3y€ 3HaYHA KiNbKicTh 6opoureHis (35-45
%), sIKa yTBOPIOETDCS IIPY IUIIOLEHHI, 1[0
006YMOBJIEHO HENOCTATHbOIO I/IACTUYHIC-
TIO Ta KpUXKicTIO sAfipa. OKpiM Ijboro mpu
IUIIOLIEeHH] Sfipa i3 TaKol BOJIOTICTIO Bif
TIIACTIiBIIIB BiIKOIOIOTHCSA YaCTUHM 1 KiH-
LIeBUIT IPOAYKT XapaKTepU3yeTbCs HECU-
METPUYHOK0 pO3ipBaHO0 (HopMOI0.
36inbienHs Boorocti (6inbiie 25 %) B
CBOI0 4epry 30UIblilye BUXi IUIOLIEHOTO
A7ipa, OJHAK HaJgMipHA BOJIOTICTD SAfipa Ile-
Ppef MpoNapoBaHHAM NIPU3BOIUTD JIO BTpa-
TU IJIACTUYHUX B/IACTUBOCTEIL. 3a Torepe-
THBOIO OPTaHOJIENITUYHOIO OIiHKOIO, OTpHU-
MaHi ITpM TaKOMy PEXVMi IJIACTIBLi ABJIA-
10Tb COOOI0 He /10 KiHIIsI IUTIOIIEHe SIIPO.
Crincox miteparypu
1. IlpaBmna opranisanii i BemeHHA
TEXHOJIOTTYHOTI'O IIpoLecy Ha prl’I)HHI/IX
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Liutova K.

Student of Kharkiv National University of Radio Electronics

Keywords: digital signature, authentication scheme, public key, private key, proto-

col, random, signature scheme, encryption.

The topic of identification systems is
relevant to this day. Identification means
proving that you are who you say you
are, who (or whatever) you are - a spe-
cific person, employee or representative
of an organization, device, or even a
software process, such as a stock sales
system or a Web-based ordering system.
Identification of an object unknown to
us is carried out standardly based on the
fact that it is, has or knows something
that identifies it.

Feige-Fiat-Shamir
Scheme

The digital signature and authentica-
tion scheme developed by Amos Fiat and
Adi Shamir is considered in [1, 2]. Uriel
Feige, Fiat and Shamir modified algo-
rithm, turning it into a zero-knowledge
proof of authenticity [3, 4]. This is the
best evidence. authenticity with zero
knowledge.

First, the product of two large primes
n is generated. To generate Peggy’s pub-
lic and private keys, k different numbers
are first selected: v1, v2,... vk, where
each vi is a quadratic residue modulo n.
In other words, the numbers vi are cho-
sen so that the equation x2 = vi (mod n)
has a solution and the number vi-1 mod

Identification

n exists. Line

vl, v2,... vk is the public key. Then the
smallest numbers si are calculated for
which s i = sqrt (vi-1 ) (mod n). String s1,
s2,..., sk is the private key.

The following protocol is executed:

(1) Peggy chooses a random r less
than n. Then she calculates the number x
= -r2 mod n and sends x to Victor.

(2) Victor sends Peggy a string of k
random bits: b1, b2,... bk.

(3) Peggy calculates the number y =
r * ((s1bl)*(s2b2)*...*(skbk)) mod n.
(She multiplies the of si corresponding
to bi = 1. If the first bit sent by Victor
is 1, then the number s1 will go into
the product, and if the first bit is 0,
then no, etc.) Peggy sends the number
y to Victor.

(4) Victor checks the condition x = y2
* ((v1b1)*(v2b2)*...*(vkbk)) mod n. (He
multiplies the values of vi based on a ran-
dom binary string. If its first bit is 1, then
v1 will go into the product, and If the first
bit will be 0, then no, etc.)

Peggy and Victor repeat this protocol t
times, until Victor will not be convinced
that Peggy knows the numbers s1, s2,... sk.

The probability that Peggy will be able
to trick Victor t times is 1/2 kt. The au-
thors recommend using the probability of
fraud 1/220 and uggest values of k = 5 and
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t = 5. If you suffer from paranoia, then
increase these values.

Patents

Fiat-Shamir is patented. If you wish to
obtain a license for the algorithm, contact
Yeda Research and Development, The
Weizmann Institute of Science, Rehovot
76100, Israel.

Example

Take a look at the operation of this
protocol in small numbers. If n = 35 two
primes — 5 and 7), then it is possible

The quadratic residues are:

1: x2 = 1 mod 35) has solutions: x = 1,
6, 29, 34.

Peggy and Victor repeat this protocol t
times, each time with a new random
number 1, while Victor will be convinced.

Small numbers like those used in the
example do not provide real security. But
when length n is equal to 512 or more
bits, Victor will not be able to find out
about Peggy’s private key except for the
fact that Peggy really knows him.

Conclusion: The protocol allows one
participant (proving A) to prove to an-
other participant (verifying B) that he has

secret information without revealing a
single bit of this information.

The security of the protocol is based
on the difficulty of extracting the square
root modulo a sufficiently large compos-
ite number n, the factorization of which is
unknown.

There are some improvements to the
main version of the protocol that reduce
the complexity of interactions between
participants or integrate identification
data into the scheme.
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1C: ENTERPRISE

The innovative development of the
economy, which has become Ukraine’s
strategic choice, has created real prerequi-
sites for the renewal of the entire Ukraini-
an education system, which is nowadays
considered as a model of education for the
knowledge-based economy. Currently, the
solution to most economic problems lies
within the realm of the vocational educa-
tion system. The integration of Ukraine
into the world economic and educational
space, the development of nanotechnolo-
gies, the emergence of high-tech industries
and territories of advanced economic de-
velopment dramatically change the profes-
sional qualification structure of personnel
education and the requirements of em-
ployers to the level and quality of training
for specialists.

Fierce competition and globalization
that have spread across the globe, call for
new approaches to the qualitative change
of the whole system of national vocational
education, which should correspond to the
modern development of the economy and
prepare professionals who have the initia-
tive, autonomy, mobility, and readiness for
permanent professionalism. Therefore,
graduates of higher education institutions
(HEI) should be able to integrate into in-
novation processes, have innovative cul-

ture that is formed from the student years.
The transition to a market economy re-
quires the activation of innovative pro-
cesses in the Ukrainian economy. Howev-
er, according to statistics, the innovation
activity of enterprises has been declining
lately. One of the reasons for the low in-
novation activity in Ukraine, together with
the lack of financial and other resources, as
well as the uncertainty and risk of innova-
tion activity, is the lack of adequate experi-
ence in managing innovation activity in
the current market economy, which is at-
tributed to the lack of preparedness of
specialists to exercise activities in the field
of economics and programming.

Willingness to innovate activities, abil-
ity to program in economical automated
systems is a tool that shapes the innovative
position of a professional. Such readiness
by structure is a complex formation that
encompasses a variety of qualities, charac-
teristics, knowledge, abilities and personal
skills.

The method of programming in ac-
counting systems is complex and specific,
involves understanding the purpose, ob-
jectives and qualifications of future profes-
sionals. Therefore, in this study, we com-
prehensively approached the consideration
of this issue, namely: made a description of
the purpose, the tasks of programming in
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1C: Enterprise; outlined the theoretical
and practical knowledge base of program-
ming in an automated accounting system;
described the program interface for pro-
gramming (work in the configurator); pre-
sented a brief description of the creation
and implementation of the database.

The purpose of programming in auto-
mated information systems is to form a
system of theoretical and practical knowl-
edge in the field of construction and opera-
tion of information systems and computer
technologies and the possibilities of pro-
gramming in these systems.

The task of programming in an auto-
mated accounting information system
(AIS) is: the development of logical and

analytical thinking and basic mental ac-
tivities: the ability to use induction, deduc-
tion, analysis, synthesis, draw conclusions,
generalizations; preparation of students for
participation in competitions, contests,
tournaments, scientific and practical con-
ferences, competitions-defenses of re-
search works of different levels and other
intellectual competitions in the field of
programming in AIS, for example, in 1C:
Enterprises; students” vision of the possi-
bilities of using the acquired knowledge in
their future profession; integration of AIS
with other subjects taught in educational
institutions and the possibility of using the
acquired knowledge in the process of pro-
fessional activity.
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ITporsarom Bciei icTopii MoAMHM 710TO
CYIIPOBOKYBAJIM Pi3Hi crrocobu posBari,
MOYMHAIOYM BiJi NepIIuX MYSUYHMX iH-
CTPYMEHTIB i 3aKiHIYI0YM CUMYIATOPaMU
BipTyanbHOI peanbHOCTL. OKpeMoi 3TafiKu
rigui kuyru. Croci6 nepenaui indopmarnii
B TEKCTOBOMY BMIJIAMI, IUIAXOM 3aINCY
OykB i criB icHyBaB BiffaBHa. 3rofOM Ia-
mip BUTICHUB TIVHSHI Tab/mu4Ky i mepra-
MEHT, a B Cy9aCHOMY CBiTi BiH HOCTYIIMBCS
Miciem 1udpoBuM HociaM iHopMaril.
ITpore, cam croci6 mepepadi indopmanii
TEKCTOM He BTPATUB aKTya/lbHOCTI, Yepes
CBOIO TIPOCTOTY Ta e(DeKTUBHICTb.

Ile came cTocyerbest 1 cpepu posBar.
HesBakaouy Ha HasBHICTb KiHeMaToOrpa-
¢da i koMITI0TepiB, KHUTM BCE IIje BBAXKa-
I0TbCS IIONY/IAPHUM 3aCO00M IIPOBECTU
vac.

3 wacoM 3’ABM/IACSA MOfia Ha iHTepaK-
TUBHI PO3Bary, B AKMX OTOYEHHS pearye
Ha fifo rpaBud. Kauru 3 posramyxeHnm
CIOKETOM IIPUITHATO HAa3MBATU iHTEpaK-
TUBHMMU KHUTaMu ab0 KBeCT-KiHraMM.
KBecT-KkHUTa - nTiTepaTypHUIl TBip, AKUIA
TO3BOJISIE YMTAYEB] OpaTH y4acTb y Pop-
MyBaHHi croxeTy. Haltgacrime 4nrayesi
IIPOIIOHYEThCA CTATH TOMOBHUM T'€POEM
KHUTY, i, B 3aJIEKHOCTI Bifi IPUITHATIX
pillleHb, BiH IepeMillaeTbCs MK CTOPiH-
KaMu ab0 I71aBaMu.

Takum 4MHOM y 4YMTaya BYHMKAE JO-
JATKOBE BilYYTTA 3a/y4eHOCTi: BiH He

IIPOCTO YMTA€E ICTOPII0 IEPCOHAXKA, BiH
TBOpUTH ii. Big jioro pii 3ane>Xxuthb poms
reposi, W0 3MYUIYE CIpUIIMATU OIMCaHi
01 Oi/TBII 0COONCTO 1 CIIpUSE 3aHYPeH-
HI0. AlXe unTadeBi HabaraTo mpocriire
acowifoBatn cebe 3 TepoOEM SIKIO IOTO
Bubip BI/IMBA€e HA Xif| CIOKETY.

Y cygacHoMy cBiTi aHi Tesu mifTBEp-
OUINCA: IHTEPAKTUBHICTb OTOYYE Hac
BCIOZM: Bifj BeO-caiiTiB B iHTepHeTI [0 Bi-
fleoirop Ha KOMITIOTepax i IPUCTaBKax.
Cepep Bimeoirop € 0esmiu mpefcTaBHNU-
KiB, 3IaTHUX 3aHYpuTH y cebe rpasust. Ha
TO 6araTo MpUYMH: leTaJTbHUIL CBIT, AKic-
Hi MexaHiku, IikaBuit cioxetT. He meHmr
BAOX/IMBOIO € POIbOBA CUCTEMA: MOXK/IN-
BiCTb CaMOMYy IpUIIMaTU BCEPEeNVHI TpU
pillleHH#A, HACHigKM sAKi BIUIMHYTH Ha
orouyeHH:A Ta MaitbyrHe. Came Tomy 6es-
T4 pOTbOBMX MPUTOJ], JO3BOAITH TPaB-
LeBi NPOXUTU HeBeNUKe BipTyanabHe
JKUTTs BCEPENVHI OfHI€T Ipu.

B Hami gHi undpoBi KHUIK TOCTYIO-
BO BUTICHSAIOTH CBOIX MANEpOBUX MOOpa-
TUMiB. BOHM KoMnakTHinle, spydHinre i
30BCiM He IIcy0Thcs. Te 5k came BinOyBa-
€TbCA i 3 IHTepaKTMBHUMY KHUTaMM: TIe-
pexif mo mpoHyMepoBaHMM ab3alamy B
TEKCTi 3apa3 3/1a€TbCA IEPEKUTKOM MU-
Hymoro. ToMy iHTepaKTMBHI KHMUIM TeX
nepeOupaTbca B LUGPOBUIL BUITIAL.
AJle K peasi3yBaTy HaBiraliro KOpUcTy-
Baya?
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Ha panuit MOMEHT icHye BenuKa Kib-
KICTb pisHMX pillleHb, HAPUK/IAf riOpuz
KHUT 1 Bifieoirop, IKMil Ha3sUBaIOTh TEK-
Le pisHoBUR
KOMIT IOTepHIUX irop, B AKMX B3a€MOJiA 3

CTOBUM  KBECTOM.
IpaBLeM 3JiJICHIOETbCA 3a JIOIIOMOIOI0
TeKCTOBOi iHpopMmalii. Y TekcToBUX
KBeCTaxX I'paBelb TAKOX, fAK i B KHUTIaX-
irpax, mepeMillyeTbcsi MK CTOPiHKaMIU,
oOuparouy OfMH 3 BapiaHTiB Aiil.

AJle IO AKIIO NOJATU B iHTEPaKTUBHI
KHury e 6inpue mmmbuun? 3pobutn i
OINBII CXOXKOI0 Ha IOMY/IAPHI pObOBi
irpu? Hampukian gopaty 3MiHHI, siKi 6Y-
OYTb BifICTeXyBaTu Jil rpaBLsd i Ha iX
OCHOBI ITOKa3yBary ab0 XOBaTH BapiaHTU
pivi. Taki 3MiHHI MOXyTb OyTM BMIHO
rpaBIieBi a00 He IOMITHi, B 3a/IEKHOCTI
Bifi 6a>KaHHs TBOPLISI KHUTHL.

Tako>x MO>KHa JOTATU POTTbOBY CHUCTe-
MYy, TIpH sIKiif IpaBelb He TiIbKY BIUOMpae
IIISIX, @ 1 Ma€ CBOr0 OCOOMCTO CTBOpe-
HOTO IEPCOHaXKa 3i CBOIMM XapaKTepuc-
TUKaMu. Bif nux XapaKTepucTUK OyRyTb
3aJIeXKaTy MOXX/IMBOCTI I'PaBLs, 1O L€
6i1bI1Ie TTOIIMOUTDH B3aEMOJIIO 31 CBiTOM.

[[le Mo>kHA BUTIMNTA €IeMEHT BUITAKO-
BOCTi, BIaCTMBUIT 6AaraTboM HaCTiIbHUM
irpam. SIK IpuKIaj - KMJOK KyOuUKa,
SKUIL B pasi Bieoirpu Moxe 6yTu BipTy-
anbHMM. [Ipy BuKOHaHHI neBHOI fii rpa-
Bellb IIOBMHEH Oy/ie IPONTI TepeBipKYy i
3MOXKe IPOJOBXXUTH, Ti/IbKM AKIIIO BUTIA-
JI0 3HAYEeHHsI He HYDK4Ye HeoOXigHOrO.

Mo>xHa CTBOPUTH CUCTEMY JJIA 4M-
TaHHA i CTBOPEHH: iHTEepaKTUBHUX KHMUT.
Y wiit cucteMi OCHOBHUM 06’eKTOM Oyre
KHMTA, 10 CK/IAJAEThCA 3 IEBHOI Ki/b-
KOCTi CTOPiHOK. Y KOXKHOI CTOpiHKM Oyfe
CBiil TeKCT i Habip ImoCUIaHb, 3a AKUMMU
yuTa4d MoKe neperitu fani. [locunanns, B
CBOIO Y4epry, MOXKYTb BUMaraTy Bifj unra-
Ya IPONTU IepeBipKy KMAKOM KyOuka,
MaTK TeBHi MapaMeTpy IepcoHaxa abo
BUTPATUTH JEAKNI pecypc.

Taxi MexaHiKM HO3BOIATH 3poOUTH
irpoBuit mpolec HabaraTo rMOMMM i KO-
3BOJIATh CTBOPIOBATM IIOBHOL|IHHI IIpu-
TOZIM, 3[JaTHI 3aXOINUTH TPaBIIA. Iy bara-
ThOX JIIOfIeMl Ha IIepIIOMY MICLi CTOITbh
CIOXKeT 1 ToMy BifcyTHicTh rpadiku abo
AVMHAMIKY He CTaHe /I HUX IIPOOIeMOIO.
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BUKOPVCTAHHSA HETPAIUIIIMMTHOI CMPOBUHU ITPU
BUPOBHUIITBI OPTAHIYHOTO XJ/IIBA

bopkoBcbkmii 3. A.
MaricTpaHr,
HarionanbHui yHiBepCUTET Xap4OBUX TEXHOJIOTIN

®anenmim H. O.
KaHJU/IaT TeXHIYHNUX HAYK, IOLIEHT
Hanjionanpauii yHiB€pCUTET Xap4OBUX TEXHOJIOTIN

3invenxko I. M.
KaHIMJAT TeXHiYHUX HayK, JOLIEHT
HarjionanpHuit yHiBepCcUTET Xap4OBUX TEXHOJOTIN

®engoposa T.O.
KaHJU/IaT TeXHIYHNUX HAYK, JIOLLEHT
HanjionanpHuit yHiBEpCUTET Xap4OBUX TEXHOJIOTIN

AHoTanis. Bueomosnents ma cnokusanHs op2anitHux npooyKmis Ha cb0200Hi €
OydHe 8ANCTIUBUM MA AKIMYATLHUM 34 C60IM BNIUBOM HA 300p08 st Hauii. Ak eidomo, ic-
HY€E NPAMULL 36 30K MK 300P08 M TOOUHU, TKICMI0 NPOOYKUiT ma AKicmio 008K

Y Oaniii cmammi 005pyHMOBAHO MONAUBICND BUKOPUCTNAHHS 0P2AHIUHO20 60POLUL-
Ha KiHoa c6imnoz0 ma imoekcmpaxmy poMawiku 0N 6UPOOHUUMEA OpeaHiuHO020
X71i6a 3 nueHU1HO20 COPMo60zo 6opouiHa. Bukopucmarnms 6opouina 3 kinoa ma gimo-
eKCPAaKmy poMaiky 0A€ MONIUBICb NIOBULUUMU NONUBHY MA XAPUOSY UIHHICHDb
X7iba 3a paxyHok ni0uueHHs Kinbkocmi 6inKis, HeHACUMEHUX HUPHUX KUCTOm, 6i-
Maminie ma MiHepanvHux PeuosuH.

Memoto docnincerv 6yn0 8USHAUEHHS PAUIOHATILHO20 003Y8AHHS OOPOUHA 3 KiHOA
c6imn020 ma gimoexcmpaxmy poMawiKu npu 8UPoOHULMEI opeaniurHo2o xn1iba i3 nuie-
HUYH020 COPMO06020 OOPOLUUHA MA 6CHAHOBTIEHHS BNIUBY OOPOUIHA KiHOA C8iMII020 ma
pimoekcmpakmy pomMawmku Ha MexHoI0iMHUTI npoyec, AKicmy micma ma xnioa.

Hns docsienennst nocmaesnenoi memu, 6 x00i 00cniOncerv, OynU BUKOPUCAHI
cmanodapmmi, 3a2anvHONPUTIHAMI MemoOu 00CTiONeHHS HaniePabpukamis, eomosoi
npooyKuii; cneyianvHi memoou O00CHIONEHHS Pi3UKO-XIMIYHUX MA MeEXHON0IYHUX
npouecis.

Bcemanosneno, uyo srecens 10 % 6opowita 3 Kinoa cnpuse inmercugikayii 6podin-
HA micma ma cKopouye mpusanicmy 6UCOBAHHS MICOBUX 302011060K.

Bcmanosneno, wio 6uKopucmans 60pouina 3 KiHoa ceimozo y noeoHaui 3 gimo-
eKCmpaKmom poMAaKy 003607151€ OMPUMANU 6UPOOU He Tiluie 3 BUCOKUMU OP2aHOTIeN-
MuyHUMY | PI3UKO-XIMIUHUMU NOKASHUKAMU AKOCMI, 4 Ti HA0AMU 8UPO6AM NeBHUX
isionoziunux énacmueocmeti.

KnrouoBi cnmoBa: 60poIIHO KiHOa, (iTOEKCTPAaKT pPOMAIIKM, eKCTparyBaHH,
sAKicTh BUPOOIB, x1i600y104HI B1poby, Pi3ionoriyti B1acTUBOCTI.
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ITlocranoBka mpo6nemu. Y cucremi
JIIOZICBKUX L[iHHOCTEN 3[0POB’sI CIIpaBe]-
AUBO TIOCiae 0cobnuBe Miciie, BOHO
YCBiIOMIIIOETBCA AK HeOIiHeHHe Oaro,
He3aMiHHa yMOBa IJaCIMBOrO iCHyBaHHS,
Bo6pobyTy i peanisauii iHAMBifyanmpHOI
nporpammu KutTsA. Tomy iHBecTumii B
IporpamMu O3JOPOBJIEHHA Halii € 3aIo-
PYKOIO PO3SBUTKY Aiep>KaBM, Ii HalliOHa/Ib-
HOI 6e3IeKy i KOHKYpPeHTO3[AaTHOCTI y
cBiTOBIN crinbHOTI [3].

B ymMoBax cporofieHHs /I0f1HA 3a3HAE
HECNIPUATINBOTO BIUIMBY Pi3HMX IIKif-
ymvBuX ¢akTopiB. JJo HUX MOXKHa BifHe-
CTU CK/IafiHy €KOJIOTi4YHy CUTYalilo,
BIUIMB IIeBHMUX IIKiIMBMX (aKkTOpiB mix
Yac BUKOHAHHS IpodeciitHuX 060B’sI3KiB,
HepaljiOHa/IbHe Xap4yyBaHH:A, BelIM4Ye3Hi
ncuxodisionoriuni, eMoIiitHi HaBaHTa-
JKeHH, CTpecoBi cutyanii [2].

Tomy, Ha Temepimmiit 4ac, B CBiTi
3pocTae IOMMUT Ha sAKicHI Ta 6e3mevni
HPORYKTHU XapyyBaHH:A, i ocobmuBoi mo-
HOy/ISPHOCTI HabyBalOTh OpraHidHi Hpo-
IOYKTH.

Oprasiyei OpOAYyKTM XapyyBaHHS €
3Ha4HO Oe3mevyHimmmu, MicTATh Oinb-
IIe MOXMBHUX PEYOBMH, a TAKOX Kpale
CMaKYITb, HDK KOHBEHLIVIHI NPOAYKTH.
Crip TakoXX BiI3HAYMTH, IO OpraHiuHe
BUPOOHMUIITBO € CIPUAT/INBIIINM /IS Ha-
BKO/IMIIHBOTO CEPeNJOBMIA Ta TYMaHHUM
Ans TBapuH. JJOCTiTHUKY 3 yCBOTO CBITY
JOBOJATD, 1[0 OPraHiuyHi IPOJYKTU Ma-
I0Tb BMIIMIT piBeHb BMicTy ¢ocdopy,
LMHKY, MarHilo, Bitaminy C, Kasbliio,
KaJtio, 3amisa [4].

OpraniuHe BUPOOHUIITBO € ONHVM 3
HallMepCNeKTUBHIMINX albTePHATUBHMUX
METOf[iB TOCIOfIJapIOBaHHA, 1[0 CIIPSMO-
BaHNI Ha eKOHOMiuHe 3pocTaHH:A. Opra-
HiYHa IPOAYKIis MAa€ MOX/IMBOCTI IS
3a/I0BOJIEHHS 3pOCTAI0YO01 CYCII/IbHOI 110~
Tpeby Ha eKO/MOTiYHO OesHmevyHMil mpo-
mykt [1].

Bubip 3m0poBOro Ta €KOMOriyHOro
CI10co0y XapuyBaHHS TAKOX BUMArae 30-
cepe/PKEHHA yBarul Ha peTiOHaIbHUX ce-
30HHMX Xap4YOBUX IIPORYKTAX, sIKi 06po-
OMI0I0THCS TaK, 106 36epertu iXHI0 mo-
JKMBHY LIiHHICTD, 1 yIIaKoBaHi Ta JOCTaB-
JIeHi [0 BALIOro CTOMY Y TAaKmii Croci6,
06 He IKOJAUTY SOBKIJUIIO.

Y posB’sa3aHHi po6IeMu MOiNIIeH-
Hs 3[0pOB’Sl HaCe/IeHHA YKpaiHy BaXKIu-
By pO/b MOXYTb BifirpaBaty (QyHKIIO-
HaJIbHI X/1i000y/I04YHI BUPOOHU, OCKINbKM
X716 € OfHMM 13 CaMMX MaCOBUX IIPOAYK-
TiB Xap4YyBaHHS.

X6 MO)XXHa BBaKaTU HePCIEKTUB-
HUM IpPOAYKTOM /i 30araueHHs Ha
€CeHIia/IbHi IHIpeNi€eHTN 3aBIAKM TOMY,
110 BiH € 3arajibHOBXMBAHMM i JIOCTYTI-
HIJM 3a IIiHOIO.

BogHowac ximiuHMiT ckian xmiba He
mockoHamuit i morpebye 36imbIIeHHA
KiJIBKOCTI Ta [JOCATHEHHsA 36a/laHCcOBa-
HOCTI HallBa)K/IMBILIMX HYy TPi€HTIB.

ITomnmmumnTy CHO>XXUBHI BIACTUBOCTI
x1i6a MOXKHa 3 BUKOPUCTAHHSIM HeETpa-
OULIHOI 3€pHOBOI CUPOBMHU Ta IIPO-
RYKTiB 1 nepepo6bxu [7].

IlepcneKTMBHOI CUPOBMHOIO [/ XJTi-
OoreyeHHs € GOPOIIHO 3 HACIHHA KiHOA.
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Ta6bnuus 1
[ToKa3HMKM TEXHOMOriYHOrO NPOLEeCy Ta SKOCTi FOTOBUX BMPOGIB
Moka3Hukun KoHTponb BHeceHo GopoluHa 3 KiHoa cBitnoro, %
Ha 3aMiHy NMWeHU4YHOoro GopoLiHa
5 10 15
1 2 3 4 5
Ticto
Bonorictb TicTa, % 36,0 36,5 37,0 38,0
TuTpoBaHa KUCNOTHICTb,
rpag;
no4aTtkosa 1,8 1,9 2,0 2,1
KiHUeBa
2,2 24 2,5 2,7
TpuBanictb 6pofiHHs, x8 |60 63 65 69
TpuBanicTb BUCTOIOBAHHS,
XB 62 57 54 50
Mutomnin o6’em Ticta, cm® | 3,18 2,71 2,91 2,78
Po3nnuBaHHA kynbku TicTa, | 110 104 102 100
MM
[[a30yTBOpPEHHSA 3a Yac
OpogiHHa TicTa Ta Buctoto- | 1160,0 1172,0 1192,0 1225,0
BaHHS TICTOBMX 3aroTOBOK,
cm3\100 r Ticta
Xni6
Mutomunin o6’em, cm®/r 2,82 2,76 2,70 2,60
MopucTicTb, % 77,0 76,0 74,0 69,0
KucnotHicTtb, rpag, 2,2 2,3 2,5 2,7
dopwmocTinkictb, H/D 0,46 0,44 0,39 0,37
KpuwkyBarticTb, % yepes:
4 rop. 2,9 2,8 2,8 2,7
24 roq. 4,2 3,9 3,8 3,5
48 rop. 6,7 6,2 5,9 5,2
KinbkicTb Bogu, SKy nornum-
Hae M'siKyLUKa, % Jepes:
4 rop. 435 432 442 447
24 roq. 388 370 410 431
48 rop. 339 341 380 401
dopma xnida MpaBunbHa | MNpaBunbHa
CTaH noBepxHi Mmapka, piBHa, 6e3 TpilWwuH i nigpusis
Konip ckopuHku Caitnun Ceitrno — >KoTun 3 XKOBTUI 3
YKOBTUI BKparnmneHHsi- | BKpanmneHHs-
Mu 6/k Mu 6/k

Kinoa - Buj mobopu, 0 IOXOAUTH 3
AHJIiB Ta BUPOIYETbCSA AK 36pHOBA KY/Ib-
typa. Kpyma 6yBae 6inor0, 4opHoi i yep-
BOHOI — B 3aJIXKHOCTI Bijl KOIbOPY KiHOa
TiMUTBCA Ha TPU OCHOBHUX BUAU. B fa-

HUIl Yac I 3epHOBAa Ky/IbTypa 4YacTo
NPUCYTHS B MeHIO BereTapianuis. [i Bifi-
BapIOIOTH i TOAIOTh AK TapHip abo fofa-
I0Th B CyTIL.

Y 3epHax KiHOa CBIiTZIOrO MiCTUTbCA
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MpoaoBxeHHA Tabnuui 1

1 2 3 4 5
Konip M’akywkn | ceitnuim Ceitna 3 CgiTno — xoBTui | CBITNO — XXOBTUN 3
cipyBatum 3 cipyBaTum Big- |cipyBaTuM BigTiH-
BiATIHKOM TiHKOM KOM
Enactuyrictb Enactnyna MeHw enactnyHa
M’ SIKYLLIKW
Cwmak i apomat BnacTtusi Bnactusi BnacTuBi nweHnyHomy xniby 3 npuem-
NWEHNY-HOMY | NLLUEHWUYHOMY | HUM apoMaToM AoAaHOol JobaBKu
xniby xniby 3 npu-
EMHUM apo-
MaTom

Bim: 11,0% mo 14,0 % 6inkis; 60,0% mo
64,0 % BYT/IEBOJiB, B TOMY YMC/Ii Xap4o-
BUX BOJIOKOH; 5,5 % 110 6,1 % >xupiB; 2,38
% 3071bHUX peyoBUH. TakoX 3epHa KiHOa
6arati Ha BitamiHu rpymu B, a takox E,
PP, xomin, KopucHi Makpo- i Mikpoesne-
MEHTU: KaJIbI[ili, KaJIiii, MarHii, MiJb,
LMHK, Maprasenp, ¢pocdop, HaTpiil, ce-
jieH, 3amiso. Kinoa — 1ie 6e3I/Ir0TeHOBuII
IIPOAYKT, caMeé TOMY II 4acTO IpM3Haya-
IOTh JTIOMIAM, 3 IiemiaKiero. AMiHOKICIIOT-
HMII CKIa] OiIKIB KiHOA MaKCHMaabHO
36amaHcoBaHMIT i OMM3BKMIT [O CKIafy
O11KiB MOJIOKA.

OpHyM 3 TIpiOpUTETHMX HAIPAMKIB B
CTBOpPEHH] 36aradeHnx Xmoo0yI04HNX BI-
POO6iB € BUKOPUCTaHHS NTKapChKOI CUPOBH-
HI, 110 MICTUTD LIl psif 6i07orivHO aK-
TUBHMX PE€YOBUH, AKi BOIOMIIIOTD JIiIKyBab-
HNMMM, QHTUMIKPOOHMMI Ta AHTHOKCH-
JAHTHVMMU BJIACTMBOCTAMM i Ma€ MIMPOKY
IIOLIMPEHICTD 1 €eKOHOMIYHY JIOCTYIIHICTb.
Tomy, Hamm 6y/I0 3aIIPOIIOHOBAHO O BM-
KOPYCTaHHs (GiTOEKCTPAKT POMAIIKIL.

KBiTKu pomaiiku MicTATb ofito edip-
Hy (He Menmre 0,3 %), o cxIafgy AKoi
BXOJUTb XaMasyjeH, IpoXaMasyleH, a
TaKoX (IaBOHOIAN, KYMapUHN, KaPOTHUH,
KUCTIOTY acKOpPOiHOBY, XOJiH, KUCIOTU
opraHivHi.

Y nikyBalbHUX LIIAX BUKOPMCTOBY-
I0Th POMAILIKOBMII Yaii, BigBap. Hacriit 3
KBITKOBUX KOIUMKIB BUKOPUCTOBYETHCA
K AHTHUCENTUK, 3aci6 3 >KOBUYOTiHHMM,
3aCHOKI/IMBYM, TPOTUCYHOMHUM. Ha-
CTi/l pOMallKM IPU3HAYAXOTH BHYTPill-
HbO IIPY CIIa3Max KUIIEYHMKa, 3aajeHHi
B II€YiHIli, )XOBYHOMY MiXypi, HMpKaX i
CEYOBOMY TPaKTi, IIPM iCTEPUYIHMUX PeaK-
LiAX, IPK CyJOMax i CTaHi HEBPO3y.

MeTow pmocCmimKeHb € BUBYEHHS
BIUIMBY OOpOIIHa KiHoa cBiTI0ro Ta ¢i-
TOEKCTPAKTy POMalIKM Ha BIACTUBOCTI
TicTa Ta AKICTb OPraHivHOro Xmioba.

Marepianu Ta MeTOmu.
TOCTiJ)KEHHsA BMKOPUCTOBYBaIM Opra-

Y mpoueci

HiuHe OOpOIIHO i3 HaciHHA KiHOA CBIiT/IO-
ro ¢ipmm TM PeruvianONE Superfoods,
Ilepy, sixe ceprudikoBane 3a E€Bpormeii-
CBKOIO CHCTEMOIO cepTudikariil.

ITig yac BUKOHAHHS pobOTH OY/IN BU-
KOPUCTaHi CTaHJAPTHi, 3araabHONpPUI-
HATI METOMY TOCTi>)KEHb.

[ Bu3Ha4YeHHs BIUIMBY OOpOIIHA 3
KiHOa CBIiT/IOTO Ta (ITOEKCTPaKTy po-
MalIKy Ha nepebir TeXHOMoriYHMX Ta 6i0-
XiMiYHMX IIpoLleciB B TiCTi, a TAaKOXX Ha
SIKICTh TOTOBMX BUPOOIB TIPOBOJV/IN
po6Hi mabopaTopHi BumikanHA. B sKoc-
Ti KOHTPOJILHOTO 3pa3Ka [ JOCTiKeH-
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Hs BUKOPYCTOBYBA/IN PELENTypy Xmiba i3
6OpOIIHa MIIEHNYHOTO MIEPILIOrO COPTY.

3amic Ticta s xai6a mpoBOAMIN 3a
6e30mapHOro crocody TiCTONPUrOTYBaH-
Hs 1IIJIAXOM BHECEHHS BCi€l penenTypHol
KiJIbKOCTi CUPOBMHI.

lasoyTBOpeHHsa B HamiBdaOpukaTax
ouinroBanu 3a Kinpkictio CO,, BOMOMO-
METPUIHUM MeTOHOM [5].

I pocnmifpkeHHs 1 HOPIBHAHHA
CTPYKTYPHO-MEXaHiYHMX BIaCTUBOCTEN
ticta B X0fi po60TH BU3HaYa/1U JIOTO ra-
30yTPUMYBaIbHY 3[aTHICTb Ta B S3KO-
MIACTUYHI BIaCTUMBOCTI TicTa 3 JOflaH-
HAM 6opolHa 3 KiHoa cBiT/I0TO Ta (iTo-
eKcTpakry [5].

Yci gocifi>keHHA IPOBOAMINACD B /1a-
60paTOpHUX YMOBax Kadenpyu TeXHOIOrii
X/Ti60IeKapChbKUX 1 KOHAUTEPCHKUX BU-
po6iB HauionampHoro yHiBepcurery
Xap4OBUX TEXHOJIOTIIL.

Pesynpratu. [na
OITUMA/IBHOTO [JO3yBaHHs GOpOIIHA Ki-

BCTAaHOBJICHHA

HOa IPOBOAMWIM YacTKOBY 3aMiHy 60-
pOIlIHa MIIEHMYHOTO BUIIOTO COPTY Ha
6opourHo KiHoa B KiipkocTi 5, 10 Ta 15 %,
17151 GiTOEKCTPAKTy 0Opay ONTHUMabHe
JO3YBaHHs LIUIAXOM ITOBHOI 3aMiHM BOJU
(diToekcTpaKTOM.

KonrtponeM ciyryBaB 3pa3ok 6e3 mo-
IDaBaHHA OopollHa KiHOoa Ta ¢iToek-
CTPaKTy POMaMIKN.

PesynbraTy mpoBefieHUX JOCTiIKeHb
IIpEefCTaB/IeHO B TaoI. 1

Pesynbratu gocnmipkens (tabm.l) mo-
KasaJIy, 10 32 YMOBU BHECEHHI 6OpOIIHA
3 KiHOa y KiibKocTi 5, 10 Ta 15 % mo Macu
60polIHa, IOYAaTKOBa KMUCIOTHICTD TicTa
nigsuiyerbea Ha 0,3-0,4 rpaj 1o BiffHO-
IIEHHIO /10 KOHTponbHOro 3paska. o

MOXKe OyTM HACTiIKOM BMINOI KINCIIOT-
HOCTi camoro 6opolIHa KiHOa, HDK IIiie-
HIYHOTO OOPOIIHA BUIIOTO COPTY, i 00y-
MOBJIEHA MOro XiMiYHMM CKaajgoM. Binm-
MOBIJHO MiBUIYETbCA 1 KiHIEBa KIC-
JIOTHICTb TiCTa.

JocniKeHHa BIIMBY 6opomrHa 3 Ki-
HOa Ha IIpolecu OpOAiHHA TicTa IOKa3a-
T, 1O CIMPTOBe OPOIHHA B TIiCTi 3 JI0T0
HOmaHHAM felo inTeHcudikyerbes. Bymo
BCTAHOBJIEHO, 110 IIPU BHECeHHi 6opou-
Ha 3 KiHOa Ta (iTOEKCTPAKTY Y KilbKOCTI
10 ta 15 % mo macu 6opomrHa CymMapHa
KiJIbKiCTb BUJIIJIEHOTO JIOKCUJY BYTJIEIIO
36inbuIyeThes Ha 2,8 Ta 6,4 % BifnoBiA-
Ho. Ile MOXXHa TTOSACHUTM MOKpAILeHHAM
JKMBUIBHOTO CepefloBUIIA /LA JPLKIKIB
3a PaXyHOK BHECEHHs i3 OOpOIIHOM Ki-
HOA CBIT/IOTO, BiTaMiHiB, 6iTKOBMX i MiHe-
Pa/IbHUX PEYOBUH.

ITpu BHecenHi 6opolHa 3 KiHOa CBIT-
noro y Kinpkocti 10-15 % criocrepiraers-
€1 CKOpPOYEHHS TPUBAJIOCTI BUCTOIOBAH-
Hs TiCTOBUX 3arOTOBOK Ha 8 Ta 12 XB, 1110
Kopenmoe 3 iHTeHcuikaliero Imporecy
OpopiHHs.

AHai3 roToBuX BUpo6iB II0Ka3as, 110
BUKOPUCTAHHSA 60POIIHA KiHOA TO3UTHUB-
HO BIUIMBA€ Ha OPTaHOJIENTUYHI IIOKa3-
HUKHU BUPOOIB, a camMe Ha eTacTUYHICTH
M AKYILIKY, CMaK i 3a11ax, KOIip CKOPMHKA
HaOyB IIPMEMHOIO 3jIeTKa KOPUYHEBOTO
3abapsieHHs. Bupo6u 3 fogaBanHsaM 60-
POILHA KiHOA BifIpi3HAIOTHCA NPUEMHUM
CMaKOM Ta apOMaTOM ajié MAlOTh [ello
HIOPOXYBaTy IIOBEPXHIO.

I3 BHeceHHsIM 6OpoIIHA 3 KiHOA KO-
nip M AKYIIKYM HabyBae CBIiT/IO-KOBTOTO
3 CipyBaTMM BifTIHKOM IIpM [O3yBaHHI
10 ra 15 %.
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YnoBinbHeHHs 4YepCTBiHHA MOXe
Bif6yBaTICA Y pasi BK/IIOYEHHS B peljer-
TYpy CUPOBMHM, KA BOJIOJi€ BUCOKUMU
BOJIONIOI/IMHAIBHUMU Ta BOJOYTPUMY-
BaZlbHUMM BIAaCTUBOCTAMM. MosxHa
CIIPOTHO3yBaTH, 1[0 OOPOIIHO 3 KiHOa,
AKe BUTOTOBJIEHE i3 I[iTbHO3MENIEHOTO
3epHa, Oyfe CIOPUATU YIOBiTbHEHHIO
4epCTBiHHA Xiba.

3 MeTOH BU3HAYEHHs 30epeKeHHs
XJII6OM CBIXOCTI HBOCTIKyBaau KpPUII-
KYyBaTiCTb Ta BOJIOIOITIMHAbHY 3[aT-
HicTh M'KyIIKM depe3 4, 24 Ta 48 rogun
36epiraHHs.

BcraHOB/IEHO, 1O KPUILKYBATiCTh
x71iba, 3 momaHHAM GopoliHa 3 KiHOA y
Kinbkocti 5, 10 Ta 15 %, 4yepes 48 rog
30epiraHHsA MeHIIa IMOPIBHAHO 3 KOHTP-
OJIbHMM 3pa3sKoM Ha 7-23 % BiJoBifHO.

BusHaueHHs TigpodinpHUX BIACTH-
BOCTell MAKyWIKM X1iba MOKasasiy, 1o
npu BHeceHi 10 ta 15 % 6opourna 3 KiHoa
cBiTnoro, vepes 48 ropuH 36epiraHHs,
IIOIZIMHAIOTH Ha 12 Ta 18 % 6inbIue Bomu,
IO BiJHOIIEHHIO 10 KOHTPOJIBLHOTO 3pas-
ka. OTpumaHni faHi cBifyaTh PO 3MeH-
IIeHHsI YepCTBIHHA X/Ii6a 3 HOZaBaHHIM
6opomrHa 3 KiHoa Ta MOXIMBICTb IOKO-
BXKEHH:A TepPMiHY Jioro 36epiraHus.

OTxe, MOXeMO 3pOOUTM BMCHOBOK
PO Te, 10 HAMKpAIMil DUTOMUI 06’ €M
Ta MOPUCTICTh TOTOBUX BUPOOIB crocTe-
piraerbcsa y 3pasky 3 jogaBaHHAM 10 %
6opormrHa 3 HaciHHsA KiHoa Ta (iToek-
cTpakty pomamkn. Kpim Toro, Take fo-
3yBaHHA He IPU3BOAUTL [0 CYTTEBOTO
HOTipII€HHs OPraHONENTUYHUX ITOKa3-
HUKiB. OTpuMaHi TOKa3HMKM TaKOX
CBiJ4aTb INPO 3MEHIUEHHS Y€PCTBiHHA
x71i6a i3 ZogaHHAM 60pOoIIHa 3 KiHOoa.

Opnak, nmopasplne 361IbLUICHHA T03Y-
BaHH: OOpOIIHa 3 KiHOa Ioripuye opra-
HOJeNITHYH] Ta i3MKo-XiMiuHi TOKa3HU-
KM SKOCTI X/iba, TOMy paljiOHaJIbHUM
BU3HAHO JO3YyBaHHs OOpOIIHA KiHOa Y
KinbkocTi 10% 9acTMHM 3aMiHy MIIEHNY-
HOTO 6OPOIITHA MEPIIOTO COPTY.

BucHoBku. Bukoprcranusa 6oporHa
3 KiHOa CBITZIOr0 B TeXHOJOril X1i6006Y-
JIOYHUX BUPOOIB [[03BONMNTH 36araTuTu
rotosi Bupo6u 6inkamu, ITHXKK, xapuo-
BMMM BOJIOKHaMU, MiHEpanbHUMM pedo-
BUHAMU Ta BiTaMiHaMl, TOMY € JOLIi/Ib-
HUM BMKOPUCTAHHSA JIOT0 IIpU BUPOOHU-
urBi x71i6a i3 COPTOBOrO ILIEHMYHOTO
6opourHa. BigcyTHictp y ckaani 6opour-
Ha 3 HaciHHA KiHOA CBIT/JIOTO IIIOTEHY
poOOUTH 10r0 IEPCIeKTUBHOI CHUPOBMU-
HOIO Uil BUPOOHUIITBA 0€3IMI0TEHOBUX
BUPOOGIB.

Bcranosneno, mo mogansaa 10 ta 15 %
6oporrHa 3 KiHoa CBiT/IOTO, iHTeHCHIKYE
Ipolec JO3piBaHHA TiCTa Ta CKOpPOYye
TEXHOJIOTIYHMII HpPOLleC NPUTOTYBAHHA
x1i6a.

3acTocyBaHH:A 60OpOIIHA 3 KiHOA CBIT-
JIOTO IIpY BUPOOHMIITBI OPraHiqHOro XIIi-
6a i3 mIIeHNYHOro OGOPOIIHA IEPLIOTOo
copTy y Kimbkocti 10 % mo macu 6opor-
Ha B TICTO, HO3BOJSIE OTPUMATU BUPIO,
110 332 OPraHONENTUYHNMU Ta (bisymo-xi—
MiYHMMM TIOKa3HMKaMMU HEeCyTTEBO Bif-
PisHAETbCA BiJi KOHTPOIbHOIO 3pasKa.
PazoM 3 TuM, gogaHHA 60poIIHA 3 KiHOA
CBIT/IOTO IifBUIIYE Xap4OBY Ta Oiomoriy-
HY LiHHICTb X/1i0a, 32 paXyHOK XiMi4HOTO
CKJIafy HaciHHA KiHOa cBiTIOrO Ta diro-
€KCTPAKTy POMAIIKI.

B pesynbrari mnpoBemeHUX [OCIi-
IKeHb BIUIMBY OOpOIIHA KiHOA CBITIOTO
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Ta PITOEKCTPAKTy POMALIKY Ha TEXHOJIO-
riYHMII IpolleC BUTOTOB/IEHHS XIi606Y-
JIOYHUX BUPOOIB BCTAHOBJIEHO, 1110 36ara-
4eHHs X/1i600ynouHnx Bupobis 6oporur-
HOM KiHOAa 3HAYHO MiJBMINYE 3arajabHe
ra3oyTBOPEHHA Ta IOIOBXY€E IIpolec
OpopinHs TicTa. BHecenHs diToekcTpak-
Ty mifBuUIYe GOPMOCTINKICTD i TO3UTUB-
HO BIUIMBA€E HA POSIIYIIEHICTh M SAKYILIKIL.
byno BcraHoBI€HO, 10 3aMiHa YaCTMHU
6OpOLIHA MIIEHNYHOIO BUIIOTO COPTY Y
Kinbkocti 10% 3abesmedye ONTMMabHi
HOKa3HVUKY SIKOCTI X/1i000y/IOYHUX BU-
po6iB. BcTaHoBEHO, 110 caMe Take JO-
3yBaHHA He MPU3BOAUTD [0 MOTipIIeHHA
OPTaHOJENTUYHNUX IIOKA3HUKIB SAKOCTI
x1i6a. 3a moganapmIoro 36iMbIIEHHS IO-
3yBaHHA OOpOLIHA KiHOA B KinbKocCTi 15
% criocTepiraerbcsA MOTipIIeHHA K Opra-
HOJMENTUYHYX TaK i Qi3SMIHMX MOKA3HU-
KiB SIKOCTI X71i6A.
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Abstract. Perfusion region of interest for the brain can be detected effectively on DSC
perfusion MR images with CUSUM filter. This detection is based on the filtering of brain
boundary points among accumulated ones at the time of moving on some trajectory. The
filtering of points is provided by the CUSUM decision function. Applying of fast initial
response feature for CUSUM filtering scheme gives a more rapid response to the out-of-
control situation, and, as a result, provides more accurate segmentation results achieved
through reduced processing time. This study aimed to analyze the impact of fast initial
response feature on the results of brain segmentation on DSC perfusion MR images with

CUSUM filter.

Keywords: perfusion; magnetic resonance imaging; region of interest; brain seg-

mentation.

PURPOSE

Nowadays, dynamic susceptibility
contrast (DSC) perfusion magnetic reso-
nance (MR) imaging actively used in the
diagnostic and management of cerebro-
vascular and oncological diseases [1, 2].
In this technique the first pass of a con-
trast bolus through examined brain tissue
is tracked by a dynamic series of
T2-weighted or T2*-weighted MR imag-
es. Each voxel of such images represents
tissue signal attenuated by a susceptibili-
ty-induced signal loss that is proportional
to the amount of contrast agent in the
microvasculature. Signal intensity-time
curves generated from single-voxel or
voxels region are used to calculate various

perfusion parameters (rCBV, rCBE, MTT
etc.) and to create color maps of regional
perfusion.

Poor detection of perfusion region of
interest (ROI) leads to numerous artifacts
on produced color maps and can cause
wrong quantitative assessment of perfu-
sion parameters [3, 4]. The general appli-
cability of CUSUM filter in the scope of
brain segmentation on DSC perfusion
MR images was shown in previous studies
[5, 6]. However, a fast initial response
(FIR) feature for CUSUM filter can per-
mit more rapid response to the out-of-
control situation [7], as a result this fea-
ture for CUSUM filter applicable for brain
segmentation on DSC perfusion MR im-
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ages can decrease processing time. On the
other hand, as the number of analyzed
points on motion trajectory should be
minimized, utilization of the FIR feature
can minimize cases with loops inside one
region, e.g., when motion trajectory
makes a full circle inside one region with-
out returning to the boundary. Removing
such loops can positively impact segmen-
tation results through the detection of
more smoothed boundaries of the brain.

The purpose of this study is to analyze
the influence of turning angle on the be-
havior of motion trajectory base on the
assessment of the results of brain segmen-
tation with CUSUM filter on DSC perfu-
sion MR images.

Therefore, the aim of this study is an
analysis of the impact of fast initial re-
sponse feature on the results of brain
segmentation on DSC perfusion MR im-
ages with CUSUM filter.

MATERIALS AND METHODS

In terms of statistics, the CUSUM fil-
ter is used to detect a change-point [8].
The change-point of a process distur-
bance is considered to be found when the
value of the cumulative sum exceeds the
decision interval. At the time of continu-
ous monitoring of the process cumulative
sum value is reset to zero after change-
point detection and the search process of
new change-points continues.

Usage of CUSUM filter for image seg-
mentation is an iterative process of point
detection that belong to the ROI bound-
aries. In the case of brain segmentation,
boundary detected with CUSUM filter
separates image on Q, and Q, regions,

which correspond to brain region and
background (non-brain tissues and air
pixels) region, respectively. Points for fil-
tering are iteratively accumulated at the
time of moving on a trajectory along the
boundary between these two regions. At
the time of image points accumulation
CUSUM decision function filters them
for belonging to change-points. As a point
is filtered as a change point, it is consid-
ered that a moment of crossing from one
image region into another has arrived and
this point is marked as a boundary point.

The cumulative sum for two-sided
CUSUM filter that adopted to detect
brain boundaries on DSC perfusion MR
images [4] is defined as follows:

SF =max(0,5;, + 1, —,)
S7 =min(0,S_, + 1, —,)

where [ - image intensity at a point i;
u, and y, - mean value of the previous
observations of image point intensities in
brain region and background region, re-
spectively; g+ and ¢- - cumulative sums
for upper-sided CUSUM filter (moving
from background into the brain) and
lower-sided CUSUM filter (moving from
the brain into background region), re-
spectively. Decision function determines
image points as boundary points at steps
when §* >y, —p, for upper-sided CU-
SUM filter and §~ > —(u, —p,) for lower-
sided CUSUM filter.

In the case of applying of FIR feature
for the CUSUM filter, the cumulative sum
value is not reset to zero after change-
point detection. Instead, the cumulative
sum value is set to something other than
zero (called a “head start”) [7]. In this
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Figure 1: Box-and-whisker plot of Dice similarity indices: a — CUSUM statistics based on
points previously obtained in the region; b — CUSUM statistics based on points obtained in
the region from previous steps of algorithm excluding points from the current search

process.

study “head start” value was set as a half
of the cumulative sum value that was ob-
tained in the region from the previous
step of the algorithm.

CUSUM filtering scheme is designed
to use the past information along with the
current information that makes it very
sensitive to shifts in the process parame-
ters [9]. Taking into account that the
CUSUM filter adopted to detect brain
boundaries uses mean as process param-
eter [6], analysis of the FIR feature impact
was done for two cases. In the first case,
mean for CUSUM statistics was estimated
from n previous points obtained in the
region: ), region for ¢- statistics and
Q, region for g+ statistics. In the second
case, mean estimation was done only
from points obtained in the region from
previous steps of algorithm excluding
points obtained during the current search
process. In the current study, the value of
n was set equal to 45.

To estimate the quality of brain seg-
mentation on DSC perfusion MR images
through the applying FIR feature for the
adopted CUSUM filter, DSC head MR
datasets from 3 patients with cerebrovas-
cular disease were used. 17 slices with
40 dynamic images for each slice were
acquired from each patient on a 3.0 T
scanner (Achieva, Philips Healthcare,
Best, the Netherlands); images were col-
lected in 12-bit DICOM (Digital Imaging
and Communication in Medicine) for-
mat. Imaging parameters of MR scanning
were: RT = 1500 ms, ET = 30 ms, FA =
90°, FoV = 23 x 23 cm, image matrix =
256 x 256, slice thickness = 5 mm, and gap
=1 mm.

The results of brain segmentation with
CUSUM filter were compared with a ref-
erence standard that is perfusion ROI
manually marked by an experienced radi-
ologist and confirmed by a second one.
Dice similarity index was used as a valida-
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Figure 2: Impact of FIR feature on the results of brain boundary detection with CUSUM
filter: a — motion trajectory produced by CUSUM filter; b — brain boundary constructed
from points that were produced with CUSUM filter.

tion metric to assess the spatial overlap
accuracy of segmented brain ROI and
reference standard.

RESULTS

In the first analyzed case, average Dice
similarity indices were 0.9739 and
0.9827 for results obtained with and with-
out applying the FIR feature for CUSUM
filter, respectively. In the second analyzed
case, average Dice similarity indices were
0.9736 and 0.9807 for results obtained
with and without applying the FIR feature
for CUSUM filter, respectively. Box-and-
whisker plot of Dice similarity indices
across all analyzed images is given in Fig-
ure 1.

Results of brain segmentation on DSC
perfusion MR image with the usage of
CUSUM filter according to representative
cases are shown in Figure 2, where
zoomed-in samples of the same region
show the impact of FIR feature on the
brain boundary detection.

The total number of processed points
was decreased by 27.01% and by 21.18%
for the first analyzed case and the second
analyzed case, respectively. At the same
time, the total number of boundary points

was increased by 44.49% and by 66.41%
for the first analyzed case and the second
analyzed case, respectively.

The average processing time per im-
age decreased after applying the FIR fea-
ture for the CUSUM filter from 32.2ms to
25.6ms for the first analyzed case and
from 31.8ms to 26.2ms for the second
analyzed case, respectively (Intel Core i5-
460M 2.53 GHz, single-threaded).

CONCLUSION

Analysis of the FIR feature was done
in the scope of its impact on the results of
brain segmentation with CUSUM filter
on DSC perfusion MR images. Applying
“head start” as a half of the cumulative
sum value obtained in the region from the
previous step of the CUSUM filtering al-
gorithm provides more rapid response to
the out-of-control situation, and as a re-
sult, decreases processing time and mini-
mizes cases with loops inside one region
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The work behind the computer, either
with text or any other data, tends to opti-
mization - on average, people spend up to
4 hours each day behind the computer
[1]. Much more if it is their profession:
programmers, copywriters, ordinary stu-
dents.

One of the easiest ways to facilitate,
accelerate, and maintain health when
dealing with texts is to master the skill of
touch typing.

Touch typing is a skill of keyboard us-
age without having to lookup for keys.
The highest skill level is to print using
10 fingers when each of them is responsi-
ble for a certain region of the keyboard.

Advantages of Touch typing are:

It speeds up work on the computer.

It decreases absent-mindedness: the
user does not look for the keys on the
keyboard - only one locus of attention [2]
remains - the work on the monitor.

Reduces the load on user’s neck and
eyes.

The significant advantage of the skill is
the users can learn it themselves. There
are many specialized free and paid cours-
es, sites, and applications for learning on
the Internet.

Gamification is the introduction of
game elements to non-game contexts. It
raises the interest to the process, increases
retention — willing to return to process,

boosts productivity, facilitates transition
to the flow [3]. Unfortunately, those posi-
tive effects are not guaranteed and only
possible with the correct approach.

Most existing solutions for touch typ-
ing learning are devoid of game elements.
And those that contain them are outdated
and do not meet the expectations of mod-
ern users.

This leads to the fact that the person
who learns still needs to motivate them-
selves to continue, quicker loses interest
and not always finishes the course.

What do you need to properly gamify
the touch typing training or almost any
other process?

The first and perhaps most important
step to this will be understanding the sub-
ject area. In case of touch typing, gamifi-
cation specialist should master the skill
themselves. Ideally, learn not only the
skill, but also principles that are used to
teach this skill. For basic understanding,
it is enough to be familiar with several
existing solutions.

Secondly, it is necessary to consider
how the process will be gamified. Typi-
cally, touch typing learning courses are
divided into certain sections, each of
which consists of some typing lessons.
The simple way is the addition of some
achievements in each level - a common
solution in such courses.
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But you can go further - create a vide-
ogame. Game environment encourages
this, because the game is a problem-solv-
ing activity, approached with a playful at-
titude [4]. The problem-solving part can
be replaced by a process that is gamified
- typing can be used as primary way of
control in the game, and the words that
are typed by the player can be connected
to enemies. To begin with, those words
can be taken from same web-courses that
were researched on the subject area study
stage. For commercial use, this solution
may not be appropriate.

If you follow this concept you can al-
ready get a game like the classic Duck
Hunt where player types words on a key-
board instead of shooting ducks with a
physical gun. Even a such simple imple-
mentation can solve the problem of the
player looking at the keyboard - the
movement on screen pulls attention on
itself.

The system of sections and levels from
previously mentioned training courses is
easily rethought in the format of game lo-
cations and levels. Each of them will have
their own types of enemies that have dif-
ferent movement patterns and behaviors.

Modern game engines allow it to be
easily implemented without a deep un-
derstanding of programming. For exam-
ple, in an Unreal Engine levels are created
using tools that are similar to the graphi-
cal editor’s tools.

The entire game logic can be imple-
mented using the Blueprints technology

- a visual constructor which allow de-
signer to connect blocks of actions in re-
quired sequence. The reaction of the en-
emies is recorded in the components
known as Blackboards, and their move-
ment on the level is implemented by plac-
ing the waypoints on the surface of the
level. The spawn of enemies at the level,
player typing and switching of levels is
held by Gamemode component.

If it is planned to add new languages
that can be used to learn touch typing, an
automation of data transfer should be
considered. A common solution in video
game development is the creation of bal-
ance tables in the form of spreadsheets. In
case of touch typing game, the main bal-
ance item will be a list of words that
player needs to enter at a certain level.
These spreadsheets are exported to the
appropriate format and processed when
the project is building to form filling lev-
els. Gamemode automatically assigns
them to the corresponding enemies. This
replaces the manual input on each level
but requires additional configuration.
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HAIIPAMM BOJOCKOHAJIEHHA CUCTEMU OYUITEHHA
BIOJITPAIIbOBAHHMX T'A3IB HA CYJHAX
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IngycTpii MOPCBHKMX IlepeBe3eHb €
OIHMM 3 HalI3HAYHIIINX JKeperl 3a0pyx-
HEHHA JOBKI/UIA i BUKNUJIB BYIJIEKUCIIO-
ro ragy Ha maaHeri. binbme 90% cynen
cBiToBOrO /10Ty 067TaTHAHO AU3EIbHI-
mu pBuryHamyu. OCHOBHUM THUIIOM OYH-
KEpHOTO ManuBa Jisd AKUX € MasyT.
OTpumyroTh J0TO B pe3ynbTaTi Iepe-
rouku cupoi Haptu. Cupa Hadra Mic-
TUTD CipKY, AKa IiC/iA 3STOPAHHA B IBUTY-
Hi IPMBOAUTD [0 IOSABY WIKiJIMBUX BU-
KIJIiB 3 CY/IEH.

32010 p.
JogaTtkoso 3 2012 p.

22015 p /
32020 p.

Haii6inpura yBara ocTaHHIM dYacoM
6y/a mpUKyTa O OCHOBHOTO MDKHApOf-
HOTO {HCTPYMEHTY, IJO0 perlaMeHTY€e BU-
Kupu B atMocdepy 3 cyzieH, — 1o Jomatky
VI Mixnapogaoi konsernii MAPIIOJI
73/78. BifgnmoBifHO O I[bOTO JJOKYMEHTY,
3HAYHO TOCHIMINCA BMMOIM 1O OOMe-
JKEHb IIKiJ/IMBUX BUKNAIB 3 CYJIeH, y TOMY
gy i okenpiis cipku (SO ), mepir 3a Bce B
IIpM3HaYeHNX PailoHaX KOHTPOIO BMKM-
niB SECA (SO, Emission control areas).
SECA, — ue 30HH, Ae [iloThb CTporimri

PucyHok 1 — leorpadiuHe posTallyBaHHsi 30H SECA
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Ta6nuus 1

[OnHamika 3mMiHM obMexeHb 3a 3MICTOM CipKu y CyAHOBUX OYHKEpHUX nanvBax

Pik BCTYNY HusbkocipyaHi 3anmwikoBi AucTunaTtHi nanuea
o0MeXeHb nasuea
B cuiy 3oH1 SECA Mo3a 30Ha- |3oHM |Mo3a 3oHamu SECA
mu SECA SECA
19 TpaBHsa 2006 |He 6inbw 1,5% He GinbLu He 6inbw 1,5%
BanTiicbke mope 4,5% (y noptax i Teputopians-
HMX Bogax kpaiH €C)
21 nuctonaga |He Ginbw 1,5%
2007 BanTiicbke mope
Ta lMiBHiYHE MOpe
1 ciunsa 2008 He 6inbw 1% He 6inbw 0,1%
(y noptax i Teputopians-
HMX Bogax kpaiH €C)
1 ciynsa 2010
1 ciyHa 2012 He GinbLw
3,5%
1 ciyHa 2015 He Ginbw 0,1%
1 ciynsa 2020 He GinbLw
0,5%

IIpaBW/Ia i BUMOTY 110 BUKMJIAX IIPU TPaH-
crnopTyBaHHi BaHTaxiB. JliMiT BMmicTy cip-
KM B HanuBi O cyfeH B 30oHax SECA
ckmanae Ha manuit vac 0,1%. IlocumroBaH-
HA BUMOT 3a 3MictoMm emiciit SO_ mo6pe
Bimobpaxxeno Ha puc. 1 [1,4]. Teorpadis
30H SECA HeCTpMMHO pPO3LIMPIOETHCA.
Ha pganuin gac Bona Bkiouae: banriiicbke
i IliBHiYHe MOpA, Y TOMYy 4MCIIi NPONNB
Jla-Mamni, a Takok 3axigHe i CxigHe 1m0-
6epexxoxst [liBaiunOi AMepukn, Mekcu-
KaHCbKY 3aToKy i Kapubcpknit 6aceiis, 1110
BigHOCATBbCA o CHIA. ¥V nmx paitonax
HOBi €KOJIOTiYHi BMMOIM IIOETAIIHO BBO-
JATbCA B [0 y TIEPLIY Yepry.

Kpim Toro, cif 3a3HauuTH, 110 Y 30HY
SECA moxe 6yt momanuii i 6ygb-sKuii
IHIINMII MOPCBKUI pailoH, BKIIOYal4y
IIOPTOBUIA, IpM3HaYeHMiI MiKHapogHOI0
MOPCBKOIO OPraHi3ali€l0 BiJIIOBiJHO IO
KpUTepiiB i mpouenyp, BUKIAJEHUX Y
momoBHeHHi III o IV JlomaTka KOHBeHIIil
MAPIIOJI 73/78.

VY Tabnuui 1 Hagani BuMoru Ko obMe-
>KE€Hb BMICTY CipKM B aKBaTOpil CBITOBOrO
okeany i 3oHax SECA, a TakoxX IOCTTif0B-
HICTb iX BBeleHHs [4,6].

3 1 ciyaa 2020 poky A BCiX CyfieH,
AKi MaioTh 3axopu y soHax SECA Bmict
SO, y BifipalibOBaHMX ra3ax He IIOBUHEH
nepesnmysaru 0,1 r/(kBt-r).

Bumict SO, y BUKMJAX, 3SHAXONUTBCA B
NPAMII 3a/IEKHOCTI Bifi BMICTY CIpKM B I1a-
JIVBI, 1 OIHI€I0 3 OCHOBHIIX HAIIPAMKIB J10r0
3HIDKEHHS € BUKOPUCTAaHHA B JM3EJAX
HM3bKOCIpYaHUX manys. Y Tabmmui 2 Ha-
BefleHa KUIbKICTD IIKiIMBUX BUKNTIB IIpU
3TOpPaHHI a/IMBA 3a JOCBiJOM CepesHbOO-
60pOTHUX MOPCHKMX [M3€bHIX ABUTYHIB,
sIKi 6y BupoOeHi micst 2010 p. [2].

3 HaBelleHNUX [aHUX BUAHO, IIO IpU
eKCIITyaTalil CyJTHOBMX JVU3€/IiB Ha Tpajiu-
MiTHUX TaMMBaX BUKOHATY BUMOTY KOH-
BEHIJil He ITPEeICTAB/IAETbCA MOK/IVIBYIM.

VY curyanii, mo ckaanacs, CyJHOBIIAC-
HVKY, OIepaTopu CymeH Ta OyHKepHi
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Tabnuus 2

KinbKicTb BUKMAIB NpW 3ropaHHi pisHMX BUAiB nanvea

Tun nanuea SOx, r/(kB1-r) | NOx, r/(kBTr) |CO,, r/(kBT-T) |TBepai
4acTKu

Mas3yT (3,5% cipku) 13,0 9-12 580-630 1,50

Mopcbke amsenbHe 2,0 8-11 580-630 0,25-0,50

nanueo (0,5% cipkw)

OuniieHe ansenbHe | 0,4 8-11 580-630 0,15-0,25

nanueo (0,1% cipku)

KoMmaHil chopMyBamyu TPy OCHOBHI Ha-
IPSMKM BUPILIeHHS TaHOI mpobmemn:

- mepexin Ha 6ibII YKCTiIIe i FOPOX-
Ye NaMBO (EUCTWIATH, Y TOMY HMCI
MOPCBKIIT Ta30¥iIb);

— BUKOPMCTAHHA YCTaTKyBaHHsA IIO
OUMILIEHHIO CYAHOBIMX BUKUIB (CKpybepn);

— BUKOPUCTAHHA 3PiPKEHOTO IIpU-
ponHoro rasy (3I1T).

KokeH 3 BKasaHNX BapiaHTiB Ma€ He-
poniku. Cepes; OCHOBHUX HEJOMIKIiB Iie-
pexofly CyleH Ha MOPCbKIII Ta30ii/Ib He-
00Xif[HO Bifj3HAYMTH, WO AJISA YACTUHU
TOpriBenbHOrO (UIOTY 1€ YCK/IafHEeHO
YHAC/TiJJOK 3HOIIEHOCTI IMaMBHOL CYy/JHO-
Boi amaparypu. Kpim Toro, nina Ha Mop-
CBKUJI Ta30i/Ib Ma€ TEHJIEHIII0 O 3pOcC-
TaHHA, AKa HOCUIIOBATUMEThCA i3 361/b-
IIeHHAM IIONUTY Ha Iieil BUJ, IIa/InBa.

OcHOBHMMY HefloMiKaMy CKpy6epis (rpu-
CTPilf, AKNI BUKOPYUCTOBYETDCA JUIA OUMIIEH-
HsI Ta30I0A{OHIX CEPEOBUILL Bifl JOMIIIIOK B
Pi3HMX XiMIKO-TEXHOIOTTYHIX [IPOLECAX) €:

— BENUKi posMipu i Bara IpucTpoIo,
110 /IO3BOJISIE IX BUKOPUCTOBYBATH JIMIIIE
Ha BE/IMKOTa6apUTHUX CYAHAX;

- BMCOKa BapTicTh npucrpow. Ilo-
TpiOHI TexHiuHi pilleHHA 3a CUCTEMOIO
cemapauii i 3HVDKEHHIO Bary IPUCTPOIO.

OCHOBHUMM YMHHMKaMM, IO 0OMeX-
yioTb Bukopucranusa 3III' sk MoTopHOTO
IajnBa Ha Cy[HaX, €:

- BificyTHIiCTD 6eperoBoi iHppacTpyk-
TypM [y nocTadaHHsA i 36epirannsa 3I1I;

— CIIPOMOXKHICTH [0 po6OTM Ha rasi
TOJIOBHMX JIBUTYHIB i €eHepreTM4YHOI ycTa-
HOBKI;

- JopaTkoBa Kybarypa misd 36epira-
H: Oynkepa 3I1I" Ha cynHi;

— CTBOpEHHS CIelliaJIbHUX Tra3ola-
NMBHUX CUCTEM;

— HeOoOXiHICTD TePEeiArOTOBKY IIpa-
L[iBHMKIB CYJIEH.

3a ouinkamu KnacudikaniinHoi CIIinb-
Hoty Det Norske Veritas i Germanischer
Lloyd (DNV GL), sxurok 3III' gs cBi-
TOBOrO OyHKepyBaHH:A Ko 2030 p. gocsr-
He 16,2 mapn M [3] (puc. 2).

fx monepenHsA IepeBipKa BifIOBiz-
HOCTI CyJieH peIJlaMeHTy Iepef6adaeTbCs
MoHiTopuHT Bukufis SO_3a [0IIOMOromo
OVICTAHIITHUX JATYNKiB [6].

L1i #ii HarrpaBeHi Ha Te, 106 ifeHTH]I-
KyBaTU CyfHa, sIKi MalOTb OyTU IOfajIblIe
iHCIeKTOBaHI CIy’X6000  JIep>KaBHOTO
koHTpomo nopty, — Port State Control
(PSC). Heo6xigHO Big3HAuMTH, 1[0 TaKMUil
MOHITOPUHT He 3aTHMII 3aMiHuTH 60pTO-
BUI Bin6ip mmpo6 mmanmmsa, OCKibKY CIy>Kou
PSC ropumiaHO 30608’ s13aHi TOK/IafaTUCS
JIVIle Ha aHasIi3 Gi3NYHMX 3pa3KiB IIa/IyBa.

BucnoBku

1. Hosi Bumorun IMO Habpamu 4uH-
HocTi 3 1 ciuna 2020 p. i #irOTh y BCiX MIXK-
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16,2
8,1
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2015 2020 2025 2030

PucyHok 2 — porHo3 cBiToBOro nonuty Ha
3MMI a9k ByHKkepHe nanueo,
miH. T. (DNV GL)

HapOJHMX BOJIaX, TOPKal4M iHTepecu
CYIHOBJTACHMKIB OinbIne 70 THC. Cy/eH.

2. Bumoru 10 06MexxeHb BMICTY CipKu
y IanuBi, 1[0 BUKOPUCTOBYEThCA 110 0,5 %
y MDKHapOIHMX BOJAaX € IOINOBHEHHAM
1o ob6MexeHb, 10 Ai0Th, B 0,1 % y miB-
HiYHOAMEPUKAHChKMX i aMepMKaHCHhKUX
paitonax Kapubcpkoro 6aceiiny, IliBHiu-
Horo i banrificbkoro MopiB i iHImMX paito-
Hax SECA.

3. Ckopouenns Bukupis SO _ Bumarae
criennivHNX pillieHb, TOIOBHUMM 3 SIKIX €:

— Iepexifi 3 BUCOKOCIPYaHOrO MasyTy
Ha MOPCBKIII Ta30M/Ib ab0 muCcTUIATH;

- BUKOPUCTAaHHA NanuBa 3 JyXe
HUSBKUM BMICTOM cipkyu abo cymicHMX
manmMBHUX cymimreit (0,5 % cipkm);

- 006IafHAHHS CYAEH [ BUKOPYC-
TaHHA aJbT€DPHATUBHUX BUJIIB IIa/lNBa,
takux Ak 3IIT abo i”Hmi Bumu, 10 He
MICTATD CipKu;

— BCTAHOBJIEHHS YCTaTKYBaHHA I
OYMIIeHH: BifllIpallbOBaHMX TasiB (CKpy-
6epiB), 1110 JO3BOJISE MPALIOBATH i3 3BU-
YAIHMM BUCOKOCIPYaHIM Ma3yTOM.

4. Pesynpratom IMO 2020 6ynyTb He-
TaTVBHI €KOHOMIiYHI HACTigKN fAK JIJIA Te-
PEeBiSHUKIB, TaK i /1A BaHTAKOBIJIIPaB-

HIKIB, ajie eKOJIOTiYHi HACTiJKM CTaHyTh
MO3SUTUBHMM YMHHMKOM. IIpOrHO3yeThb-
ca, mo IMO 2020 ckopoTMUTBb 3araabHi
BUKUJIM OKCUJY Cipky Ha 85%.
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IInTanna pesiTamisanii kpymHoMacui-
TabHUX O0’€KTIB apxiTeKTypy, posmilie-
HIX, B CTPYKTYPi MiCbKOI TKaHVMHU KPYII-
HUX Ta BEIMKUX MICT, OCTaHHIM YacoM
IIOCTAIOTh Ha IOPAAKY JeHHOMY Ipodinb-
HUX JUCKYCill, KPyIZIMX CTOJIB, KOH(be—
PeHLill Ta HayKOBUX JJOCTiKeHb. Ha mif-
CHTIeHHS L€l TeHAeHLil Ipalioe I7100ab-
HIUIT TpeHJ, MOBTOPHOTO BUKOPUCTAHHSA
HasABHUX PeCypCiB. Vnetbcs Ipo LINPO-

MEPLUWA PIBEHL

Kuii CIIeKTp O71ar ta pecypcis, Bif Ipupof-
HIX, KO/ MOBa Jijie IIPO IpOo6IeMN IOBO-
IPKEHHA 3 BilXofaMm, B TOMY YMCTi 3
TBEPAVMI TOOYTOBUMI BiIXOAMI, OFSTY
(IOBTOpHE BUKOPUCTaHHA [OTOBOIO Ofifl-
Iy, i1oro Bupj03MiHa), BifjMOBa Bifj CIIOXKU-
BaHHA IPOJYKTiB TBAPMHHOTO ITOXOPKEH-
Hs, 30KpeMa M’sica, 3a//Is1 3MEHIIEeHHs
BUKOPUCTaHHA BOJHUX PeCypCiB I BU-
POLIeHHs XyHo6M O KPYITHUX HEPYXOMIX

APYIIAA PIBEHL

YETBEPTWM PIBEHL

M’SATAR PIBEHE

Puc.1. ®yHkuioHanbHa opraHisauisa NMpomnpunaa.PeHoBauis.
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00’€KTiB apXiTeKTypu.

ToBopsAYM npo pesiTanisallito, peHoBa-
1ji0 00’€KTIB apXiTeKTypyu, BApTO BiA3HA-
YUTY, WO i[e0/orisi MOBTOPHOIO BUKO-
pucTanHA, pedpyHKIioHaMI3aL{l icHyI0UMX
apXiTeKTypHUX 00’ €KTiB 4uM faji, Haly-
Ba€ He MPOCTO CYTO IMPArMaTUYHOrO CEH-
Cy B IUIOMIMHI OTPMMAaHHS NPUOYTKY 3
HAsBHUX IUIOLI, a Csirae BUCOT dimocod-
CbKO-€TUYHMUX, KONMU IEePEeOCMUCIEHHA
MaTTEPHY CIOXKMBAIIBKOTO IMiIXOAY [0 ap-
XiTeKTypy 3MiHIOE CBiil BeKTOp Ha Oibir
crivikuit (Bim a1 “sustainable”), komu
OHOBJIEHA apXiTEKTypa He JIMIIE IIPAL0E
Ta NPOAYKYe IaCUBHUIA JOXif, a CTae oce-
PELKOM >XUTTS TPOMaJi, €MilleHTPOM Bifi-
HOBJIEHHS JXUTTS MiCTa 4M PAilOHY, AKILO
Oparm MeHumit Macwtab. ITpukianis
YCIIIIHOI peHoBalliil 06’€KTiB apXiTeKTy-
pu moBoi 6araTo, B YKpaiHi B TOMY YMCTI.
Cepen HayOUTBII BilOMMX Ta YCHIIIHKX
BapTo BigMiTMTM TpoeKT IIpommpuap.
PenoBariist — iHHOBawiHMII IIEHTp Ha 6a3i
CTaporo 3aBOfY, 110 Mpalllo€ Ha MepeTHHi
YOTUPHOX HANpPsIMKiB pPO3BUTKY IBaHO-
DpaHKIBCHKOTO PEriOHy: HOBOI €KOHOMi-
KU Ta ypOAHICTHKY, CyJaCHOIO MICTEL[TBa
Ta ocBiTH. I]e IpOEKT iMITaKT-iHBeCTyBaH-
HA, Jie iIHBECTOPY OJJHOYACHO BK/IA/Ial0Th B
COLIia/IbHUI BIUIMB Ha PETiOH Ta OTPUMY-
I0Tb TIOBEPHEHHA IHBECTULi y BUIVIALL
JIUBiEeH/TiB.

Crrerjudika npoexty IIpommpumap.Pe-
HOBallidA MOJIATAE y JIOro MOCTITHOMY CTa-
JIOMY DO3BUTKY, AKUI TapaHTye iMITaKT-
iHBeCTyBaHHA, NPUHINIIN KPYTOBOi €KO-
HOMIKI, Ha OCHOBI AKMX IIPALIIOE OCEPeN-
ok. Tob6to, ITpommpunan.PeHoBaHis y
M.IBaHO-PpaHKiBCHK — Iie He JINIle OHOB-
JIeHa, peBiTa/mi30BaHa OOOTOHKA KOJIMII-

HbBOTO 3aBOJY, PO3TALIOBAaHOTO B CTPYKTY-
pi Micbkoi TkaHuHM MicTa IBaHO-®paH-
KiBCBK, a 000JIOHKa, IIPOCTOPOBA MpOrpa-
Ma fAKOI € CaMOAOCTAaTHbOIO, CTa/lol Ta
CTIJIKO0 /10 BIUIVBY 30BHIIIHIX HECTa6i/Ib-
HUX, HellepefbadyBaHMX BIUIMBIB Ta
asul. e ocepenok, )XUTTA B AKOMY PO3-
BMBAETHCS, BIAMOBIHO 1o pedriekciit Ha
3aIuUT TPOMaJM, fie IIepLl HK peBiTaisy-
BaTy, 6y10 MpOBamKeHO aHasm3 MoTpeb
mictsaH, SWOT-anani3 mokaiii KOauIii-
HbBOTO 3aBOJy, BUK/IMKIU Ta CUJIbHI CTOPO-
HI OCTaHHbOTO.

TakyuM 4MHOM, MOXKHA CTBEPIKYBATH,
110 BJA/NNI, BUBaXKEHUM, aHATITUIHUX
Ii/IXiJ] 1O TIEpEOCMIC/IEHHS ICHY0UOTO He-
pyxoMoro MaitHa, a came O0’€KTiB apxi-
TEKTYPM, BATOMIX CBOIMU 0OCSATaMI, IUIA-
MOI0 B MeXax MicCTa, Ta, Ip! IIbOMY, TIO-
306aB/IeHNX MepLIoYeproBoi QyHKIL, mpu-
POIHDOI, 3aK/IaZleHOI IIpU IPOEKTyBaHHI
- fo3Bojsie TpaHcopMyBaTH He uIle
JKUTTS BCEPEIHI TaKOro 06’ €KTy apxiTek-
TyPHU, ajie ¥ >XUTTA 110l TPOMa JJOBKO-
na. Knurra minmmse, Te, mo 50 pokiB Tomy
Oyn1o Ha dYaci Ta axTyajbHe, BipOrigHO
CbOTOJHI, B TaKUIl HeCTabLIbHMII Yac, I10-
BUHHO 3MiHIOBatycA. Taki 3MiHM HeoOXif-
Hi, B TIepIly Yepry, A/Is TOKPallleHHs XUT-
TA TPOMAJY Ta CTaJIOTO PO3BUTKY Li/IOro
periony.
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