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Problem statement and its relation to
practical-research tasks. Nowadays in IT
industry more and more projects, startups
and variety of products are being developed,
but not all of them are successfully released.
In term of project success, is the product that
is completed on time and on budget, deliver-
ing the expected value. The main reason of
failure projects is poor cost estimation. As
software costs estimation is inherently diffi-
cult, and humans are terribly bad at predict-
ing absolute outcomes. No two projects are
the same: each is unique in what it sets out to
achieve. Often, when appears a simple prob-
lem during development it is much harder or
technically challenging to implement it with-
out cost changing. Undoubtedly, there will be
‘unknowns’ with the project that can only be
identified when they arise.

Moreover, no two people are the same,
whether youre a customer, a developer or a
user. We come preloaded with our own set of
knowledge, experiences, values, expectations,
attitude to risk, and ability to adapt.

Nevertheless, there are some forecasting
techniques that helps to estimate product cost
and in this paper, we are going to find out the
most suitable one for majority Agile projects.

References analysis. In their 2015 Chaos
Report, The Standish Group, in their assess-
ment of more than 50,000 projects, found
that less than 29% of projects were successful
(i.e. on time, on budget and, completed as
planned). More concerning is the finding that
as many as 19% of all projects fail outright
(Pic. 1) [3].

From this, we can see that accurate product
cost estimating is very important. Underesti-
mated budget may convince management to
develop new systems that later over run their
budgets and fail to achieve their expected
payoff. Many worthwhile projects are can-
celled because of cost overruns due to poor
estimates [1]. This way company loses its
profit in both aspects: future cooperation
with client and unreleased product.

On other hand, overestimated costs may
convince management not to develop poten-
tially beneficial systems. When estimators
predict unrealistically high costs beyond the
maximum permitted to justify a new system
with major benefits, management generally
declines to approve it and thus loses those
potential benefits.

In order to plan the budget for a project,
many costs are not known in advance. This
way forecasting is used in order to estimate
what these costs will be. Forecasts can never
be completely accurate, but can provide a
good idea of what to expect if the appropriate
techniques are used. Some forecasting tech-
niques are less accurate than others but are
used to start off planning. When more de-
tailed data becomes available, more accurate
forecasting techniques can be used [2]. This
paper helps to get through forecasting tech-
niques and their benefits and limitations.

Formulation of research objectives. Based
on the previously mentioned, the purpose of
this article is to find out the most suitable fore-
casting method of changes in product’s value
under its modifications in Agile projects.
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MODERN RESOLUTION FOR ALL PROJECTS

SUCCESSFUL

22%

19%

The Modern Resolutlon {OnTime, OnBudgst. with a satisfactory resuit) of ail software projects from FY2G11- 2015 within the new CHAGS
database. Please note that for the rast of this report CHACS Resolution will refer to the Modern Rasolution definition not the Traditional

Razoiution dafinition.
Pic.1 — Modern resolution for all projects

In the forecasting budget process, the cost
of each project activity is estimated. In fore-
casting budget process, the cost of each activ-
ity is determined, including the cost of hu-
man hours, the cost of equipment, and the
cost of materials used as well as the contin-
gency cost (i.e. the cost to cover the identi-
fied risks) [2].

Do not forget about risks, cause due to this
factor project overruns budget and time in
most of cases.

In this paper, we are going to go through
three forecasting techniques to estimate costs
in project:

« Analogous Estimating

« Three Point Estimating

« Bottom up Estimating

These four estimation methods represent a
hierarchical structure where Analogous Esti-
mating is the least accurate method, and
Bottom-up Estimating is the most accurate
method.

Analogous Estimating

This technique is used to estimate the proj-
ect cost when very little detail about the proj-
ect is available. Therefore, this technique does
not provide a very reliable estimation. The
primary benefits of this technique are its
lower cost and quick results.

In Analogous Estimation, the cost of the
project is estimated by comparing it with
similar projects previously completed by your
organization. However, the reality is that

there is no two identical projects: what suits
to one may not fit to another.

Three-Point Estimating

This forecasting technique is used to re-
duce the uncertainties in estimating assump-
tions. Instead of finding one estimate, three
estimates are determined and then their aver-
age is taken to reduce the risks and biases.

PERT (Program Evaluation and Review
Technique) is the most commonly used
method in three-point estimation technique.

Three PERT estimates are as follows:

Most Likely Cost (C_): Considers a nor-
mal case and everything goes as usual.

Pessimistic Cost (CP): Considers the worst
case and assumes that almost everything goes
wrong.

Optimistic Cost (C ): Considers the best
case and assumes that everything goes better
than planned.

PERT Estimate formula is:

Ce = Co+4xCm+Cp
6

Where, C, = Expected Cost

Estimates derived from this technique are
better than the two techniques presented ear-
lier because it reduces the biased view from
the data and provides a more accurate esti-
mate.

Bottom-up Estimating

This forecasting technique is the most ac-
curate, time-consuming, and costly technique

(1
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for estimating the cost. For this forecasting
method, it is better to use WBS project. There
you can obviously realize how much time and
cost should be done by the end of whole proj-
ect. As by WBS the total work is divided into
the smallest work components, where each
component cost is estimated and only then
you get the project cost estimation.

Conclusions. By the results of the research
in this paper it is important to note that the
more accurate a method, the costlier and
time consuming it becomes. This way, it is
not always advisable to use Bottom-up Esti-
mating when you are short on time or re-
sources, even though it might be the most
accurate.

Although, it is need to remember that there is
no metrics that help to predefine correct budget
that will fit to majority of software products.
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ITOVMICK OIYB/JIMKTOB B IPOTPAMMHOM KOJIE KAK
YACTHBIN CITYYAM ITOMCKA YACTUYHBIX KOIINN

B INN®POBbLIX TOKYMEHTAX

Cuxkunnmupa A. 10.

CTYAEHT XapbKOBCKI/II?I Ha].H/IOHaHbeII?[ YHUBEPCUTET PAANO3IEKTPOHMKN

Xomox B. H.

CTYZeHT XapbKOBCKMI1 HALIMOHA/IbHBI YHUMBEPCUTET PATMOTEKTPOHMKI

KrroueBbre cmoBa: mouck Ay6IMKaToB, IPOrpaMMHBIN Kof, anroput™ Kapma-Pabuna,
KOJIbIIeBOJI Xelll, TApaMeTPU30BAHHOE COIIOCTABTIEHNE
Keywords: duplicates detection, program code, Karp-Rabin algorithm, rolling hash,

parametrized pattern matching

LndpoBbie [JOKYMEHTH MOTYT OBITD JI€T-
KO CKOIMPOBAHBI. [IpMYMHbl KOIMPOBAHNUS
MOTyT ObITb pasHbIMM. JIFOAM UMTUPYIOT
ﬂpyl‘ ,‘qpyra B SHeKTpOHHbIX IIMcbMax, MHO-
rUe CTYJAEHTBl YaCTUYHO VIN IOTHOCTBIO
KOMUPYIOT uyxue pabotel. OcobeHHO 3TO
aKTYa/lbHO /ISl CTY/IeHTOB KOMIIBIOTEPHBIX
CHenManbHOCTEN, TaK KaK IPOTPaMMHBIN
KOJ{ TOX€ MOXXeT OBITh CKOIMPOBAH.

Paborarolie IPOrpaMMICTBL TaK JKe KO-
NUPYIOT YacTU KOJQA, YTO B JajbHeNIIeM
YCIIOXKHSIET IOAIePXKKY IIPOrPAMMHBIX IIPO-
AYKTOB, yBeTUIMBACT KOMNIECTBO Ae(PEKTOB
U CKOPOCTb UX UCHpaBaeHus [1].

TakuM 06pasoM, BbIsSIB/IEHIE YACTUIHBIX I
IIO/THBIX LU/ICprBI)IX Konuit HaxXoaguT CBOE
[pUMEHEeHNUE B Pas/IMIHBIX chepax, HadMHasL
OT 3aIUTBHl MHTEIEKTYaNnbHOIl COOCTBEH-

10 De or nol 1o De.

(a) HexoTopsi TEKCT.

0 0
(b) Tercr Gez HeCYINECTEEHHEDS 3HAKDE.

robe obeo Deor eoim ormo Mot Roit oo Mmoo fobe

(c) IocTpoernEe 4-TpaMME]l HA OCHOBE TEKCTA.

HOCTM ¥ 3aKaHYMBAas IOMCKOM IUIaryMara B
paboTax CTYAEHTOB ¥ IIOMOIIM B MOJIEPIKKe
HPOrpaMMHBIX IIPOJYKTOB.

CpaBHeHI/Ie KOHTPOJ/JIbHBIX CYMM IL€JbIX
[IOKYMEHTOB SIB/IAETCS IIPOCTBIM M Haex-
HbIM CII0COOOM BBIAB/IEHNs MOJHbBIX KOIINIA,
OffHAKO MOMCK YaCTUYHBIX KOIMIT IIPefCTaB-
nseT coboit 6oree CIOXKHYIO 3a7ady.

BONbIIMHCTBO TeXHMK I IIOMCKa da-
CTUYHBIX KOIMIl MCIIONB3YIOT CIIEAYIOLIYIO
upeto. JIOKYMEHT [eNMUTCA Ha HECKONbKO
k-rpaMM - IOACTPOK MCXOFHON CTPOKM
mmHHE K (puc.1). [Tapamerp k Boibupaercs
TIO/Tb30BaTeNEM.

Tenepb 1 KaXA0M k-rpaMMbl BbIYMCIIA-
eTcsA 3HaueHMe Xell QYHKIUM 1 BbIOMpaeTcs
HEKOTOpOe IIOMHOXECTBO Xelllel, KOTopoe
OyneM HasbIBaThb OTHEYATKAMM JOKYMEHTA.

7281243549129 428472

(d) I'amoTeTHEe CKAR M0 CIETOBATEMEROCTE XemeH 4-rpanm

224128472

(&) [ToctegoBaTenBHOCTD Xemed [ mod 4

«[onyyeHune 4-rpamMmm U3 UCXOQHOTO TEKCTa» PUCYHOK 1
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Kaxppiil OTIEYaToK Tak)Ke CONEPXKNUT MH-
¢dopmanyio 0 IO3ULKY B JOKyMeHTe (He Io-
Ka3aHO Ha PUCYHKE).

Ecnu Ba foKyMeHTa MMEIOT OfVIH WM He-
CKOJIbKO 0OIIMX OTIIEYaTKOB, TO OYEHb BEpO-
SITHO ITO OHM MMEIOT 0611ye k-TpaMMBbl, Ipu
YCTIOBUY YTO BEPOATHOCTD KO/UIM3MMU 3HaUe-
HIIT Xell-QyHKIMM OCTaTOYHO MajIleHbKasl.

st 9 pexTUBHOCTH TOMBKO Ma/leHbKOE
HOAMHOXECTBO Xellell [JO/DKHO KCIIONb30-
BaTbCs B KadecTBe oTHedaTkoB. OmHNMM U3
HONY/ISPHBIX IIOJXOfOB SIBISETCS BBIGOP
BCeX Xellleil KOTOpbIe Ae/sATcs 6e3 ocTaTKa Ha
HEKOTOPYI0 GUKCHPOBAHHYIO BETUYMHY p.

K HepocTaTkaM TaKOro METOfIa MOXXHO OT-
HeCTn OTCYTCTBI/IC FapaHTI/II/I HaXO0XOEeHMA
IyOIMKaTOB B JOKYMEHTaX, TaK Kak HEKOTO-
pble TeKCTHI He OymyT comepxarp xewn 0
mod p 11 BLIOPaHHOTO p.

Anropnt™ momcka Ay6IMKATOB [O/DKEH
obmaath TpeMs CBOVICTBAaMH [2]:

He4yBCTBUTENIPHOCTD K HE3HAYMMBIM
cuMBOZMaM. 3HAaKM IYHKTyaumu, mpobern, a
TaKOKe PETUCTP CUMBOJIOB He JIOJDKHBI yUM-
TBIBAaTbCS TIPU CPAaBHEHNN JOKYMEHTOB. [1pn
CpaBHEHNM IPOTPAMMHOTO KOfia He [O/DKHBI
YIUTBIBATBCS TAKXKE MMEHA IePEMEHHDIX;

OrcyrcTBre myma. HaxoxieH1e ManeHb-
KUX KOINIT, HALIPYMED OT/E/IbHBIX YaCTO UC-
HO/Ib3yeMBIX C/IOB, He SB/IAETCA PeleBaHT-
HbIM. HaiijjeHHbIe y6/IMKaThl JOIDKHBL OBITH
JOCTATOYHO GOJIBIINMIL, 9TO ObI paccMaTpy-
BAaTb X KaK KOIINN;

HesaBucnmocTs OT mosuumiu. VI3meHeHust
HopsAIKa CTIefOBaHMA Maparpagos He JOHKHO
U3MEHATb MHOXKECTBO HallfleHHBIX AyO/MKa-
T0B. Taxk >Ke Jo6aB/IeHNe WK Ya/leHIe TeKCTa
U3 TOKyMEHTA He JO/DKHO B/IMATD Ha KOJI/de-
CTBO COBIIQ/IEHUII B MICXOHOM TEKCTe.

IlepBoe CBOICTBO FOCTUIAETCA C IIOMO-
[BI0 IIPEIPOXOAA TEKCTA U YAANIEHMs BCeX
He3HAYall[X CHMBOJIOB, TAaKMX KaK 3HAKI
OYHKTyauuu u npobensl. Bce cuMBOIbI Iie-
PEBOAATCS B HIDKHUIL PETUCTP, A BCE MEH-
TU(UKATOPBL B IIPOIPAMMHOM KOfl€ 3aMeHsI-
10TCs Ha cuMBOn “V”. Jletany mepBoro srama
OT/IMYAIOTCA /1A KaXXOTO TUIIA JOKYMEHTOB,
HO pe3y/IbTaTOM BCerfa fB/IACTCS CeMaHTH-
YECKM 3HAYMMBIN TEKCT.

7151 BBILIOTIHEHMSI BTOPOTO YC/IOBMS HEOO-
XOAMMO YTO OBI HapaMeTp k ObLT JOCTATOYHO
607IpILIIM.

OnHMM V3 CaMBIX TTePBBIX a/ITOPUTMOB HC-
HONIB3YIOIMX k-IpaMMBI SIB/ISIETCA a/ITOPUTM
Kapma-Pabuna [3]. VIx 3apjadeit, IpOJUKTO-
BaHHOI1 IPO6/IEMOIT HAXOXK/IEHUSI COMIOCTAB-
JIHUSI CTPOK B T€HETHKe, SB/IANOCh HAXOX-
[eHue CTPOKY § AJIMHHBL K B HAMHOTO 60/Ib-
meit crpoke. OfHAKO XeLIMpOBaHUE CTPOK
[UTMHHBI K SIB/LIETCS TPYZOEMKOIL OTteparmeit
VI JOCTaTOYHO 60sbuIoro k, Tak uto Kapm
u Po6yH mpeioxmmy “KobIieBoit” Xel KO-
TOPBIII IIO3BO/IAET OBICTPO BBIYMCINUTD XeIl
i+1-ro k-rpaMma Ha OCHOBe Xella i-TO
k-rpamma.

ITepBbIil ITOPUTM AJIsI CPAaBHEHVSI MHO-
IMX JOKYMEHTOB ObUT paspaboraH MaHbe-
POM, KOTOPBINI NPUMEHWUI COMOCTaBIeHNS
Kapra-PabuHa 111 momcka moxoxmx aii-
noB B (arinosoit cucteme [4]. HoBoit mpo-
6r1eMoit CTanmo CpaBHeHUE Bcex (aloB co
Bcemu. HamBHBIN NIOAXOM CpaBHEHMA BCeX
Xelllell IIOApasyMeBajl XpaHeHue Xellell, KO-
TOpBIE 110 Pa3Mepy MPeBOCXOANIN ObI MCXO-
mHbIe daribl. Bribop i-ro xea ¢aiina Taxxe
He SIB/SIETCSl NPAaBWIBHBIM, TaK KaK 3TOT
13(0JID.C0)I} HPOTI/IBOPC‘{I/IT TpeTbeMy CBO]‘/’ICTBY
[pUBEEeHHOMY BBIIIIE.

Mawubep moren o IyTH BEIOOpA BCEX Xe-
et 0 mod p. B aToM ciydae OTIIeYaTKM BbI-
OMpaTCca He3aBMCUMO OT WX MOSULNM, U
ecnu fBa JOKyMeHTa copepkat 0 mod p
XelllN, TO OHY 06a OyAyT BHIOpAHBI.

Berikep paccmMaTtpuBaet npobiemy mouc-
Ka YaCTUYHBIX AYOIMKATOB B IIPOrpaMM-
HOM KOJe M IpeAjaraeT MOAXOJ Iapame-
TPU3OBAHHBIX  CONMOCTaBIEHUN, MU
p-comocrasieHuit. PaccMoTpum fBe cTpo-
Knu, HeKOTOpre CUMBOJIbI KOTOPI)IX ABIA-
I0TCsI TapaMeTpaMu. MOXXHO TOBOPUTD YTO
CTPOKM COBIIA/JAI0T, €C/IN IIePerMeHOBaHIe
[IapaMeTpOB JaeT HaM UJEeHTUYHBIE CTPO-
ku. Hampumep, eciu Mbl B KadecTBe Iapa-
MeTpOB OyHeM HCIIONb30BATh MAEHTUPM-
KaTOpBl B MCXOJHOM Kofie (MMeHa Imepe-
MEHHBIX, METOIOB, KJIACCOB U T.Ji.), TO IBe
CeKIMM IPOTPaMMHOTO KOJa MOTYT pac-
CMaTPUBATHCA NAEHTUYHBIMI €C/IN Iepen-

10
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MeHOBaHMe UIeHTU(PUKATOPOB [jaeT UIEH-
TUYHbIE CTPOKM.

belikep npuBOOUT anropuTM A1 BBIYKC-
JIeHWsI p-coImocTaBiennit [5] u paccmarpu-
BaeT UX UCIO/Nb30BAHUA COBMECTHO C
k-rpammamu [6].
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BUKOPUCTAHHA METOY ITVIHAMIYHOTIO
ITPOTPAMYBAHHA 3A HAABHOCTI 3bYPEHD Y CUCTEMI
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acucTeHT, Kadenpa AXB HarjionanpHuil TexHiqHMIT YHIBepcuTeT YKpainn «KniBcokuit
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LIiHHA Ianepy

Keywords: control system, dynamic programming, disturbances level, paper drying

Bypnb-sIKiit TEXHOMOTIYHMIT 00’EKT KepyBaHHs
He Moxe (yHKI[ioHyBaTH 6e3 il Ha HBOTO 30-
BHIIIHIX Ta BHYTpIlHIX 36ypeHb. Ilepesipku
e(heKTMBHOCTI METORY [IMHAMIYHOTO HPOrpaMy-
BaHH y IAHVX YMOBaX 6y/10 [IPOBEMICHO Ha OCHO-
Bi KepyBaHHsA IPOLIECOM IPOrpiBaHHsA Ialepo-
BOTO IIOJIOTHA B CYLIVIBHIN YaCTVHI ITariepopo6-
HOI MaIlVHY 3 BUKOPYICTAHHAM TeHepaTopa 30y-
PIOBA/IbHOTO BIUIMBY 3 HOPMabHMM 3aKOHOM
PO3MOfiTy BUIMAAKOBOI BEMMUYMHN. 3a OHOBY
00’EKTY KepyBaHHA Oy/I0 B3STO MAaTeMaTHYHY
MOJIE/Ib TEMIUIO- Ta MAaCOIIPEHOCY Ha CYLIVIBHO-
My IIHApI i AUTAHIE BibHOTO PyXy [1].

Y nuHaMiYHOMY IpOTpaMyBaHHI IS Ke-
POBaHOTrO IPOIIECY Cepefl MHOXKUHY YCiX f10-
MYCTUMMX YIPAB/IiHb IIYKalOTh ONTHMA/IbHE
3 TOYKM 30py Aesikoro kpurepiro. To6To, Ta-
K1t Habip 3Ha4YeHb, 1[0 IPU3BOIUTD JIO €KC-
TpeManbHOro (Hai6iMpIIOro ab0o HallMEeHIIIO-
ro) 3HaueHHs LinbOBOI QYHKIHI - [AesKol
YJICTIOBOI XapaKTEPUCTUKY TIPOLIECY.

Kpurepiem onTmmanbHOro KepyBaHHA A
JIAHOTO TEXHOJIOTIYHOIO IPOLECy € MiHiMiza-
Iis BiIXMIEHHS TEMIIEPaTypy Ialepy Ha BU-
XO[i 3 KOXHOIO CYIIMIBHOIO LIMIHApa Bif
ONTVMA/IBHOTO 3HAaYeHHS 3 BPaXyBaHHAM 00-
Me>KeHb Ha KepyBa/IbHi BIUIMBY (BUTpaTa Iapu
B CyUIWIbHI UWIHAPY), TapaMeTpu SKOCTi
IIaIIepOBOTO MOJIOTHA (3a71eXKaTh Bif| BUY IIPO-
IYKIII 1[0 BUpOO/IsieThCs). BusHadeHo, 110 3a-
rajibHa QYHKIIOHA/IbHA 3a/IeXKHICTD AKOCTI Ke-
pyBaHHs 6yfie MaTy HACTYIIHIIT BUITIAL;

]i :f(T’?f?l,F;, Tl_zad’ t)

me T’i-lreal - Temmeparypa mamepy Ha
BUXOAi 3 INoOIlepefHbOl [iNAHKM BiTbHOTO
pyxy, °C; Fi - BuTpara mapu B HOTOYHMIL
CYMMIbHUI UUAIHAD, KI/y4; Y4 — IPOMiXK-
OK 4acy mepebyBaHH:A Malepy Ha CyLINIb-
HOMY LMIiHApPi, IO PO3pPaXxOBYETbCA Ha
OCHOBI IIBMJKOCTI Manepopo6HOi MalnHM
Ta T€OMETPUYHUX PO3MIpiB €7IEMEHTIB Cy-
munbHOl yacTuHy; Tizad - 3aBmaHHA 1O
TeMIIepaTypi nanepy Ha BUXO/li 3 IOTOYHO-
ro CymuabHOro numinzapa, °C; t — MOMeHT
CIOCTEpEXEHHH, C;

B xopi micmimkeHHs, piBeHb 36YpeHDb y
CUCTeMi BCTAaHOB/IEHO Ha HAaCTYIHUX piB-
Hax: 1%, 5%, 10%, 20% Bijg BenuuuHM pe-
a7IbHOI TeMIIepaTypy NaImepoBOTO IOOT-
Ha. Pesynmpratu po6oTy cuctemMn y BUITIA-
mi rpadika cymMapHOi IOXMOKM NOKa3aHO
Ha puc. 1:

B xoni aHamisy oTpMMaHMX JaHMX OYy/I0
BCTAHOBJIEHO, 1[0 BMKOPUCTaHHA METOAY
AMHAMIYHOTO IPOrpaMyBaHHA € e(eKTVB-
HIUM JI/Il KepyBaHHSA IIPOLIECOM NpOTrpiBaH-
HA MaIepoBOro MOJIOTHA B CYIIM/IbHIN Yac-
TVHI ITanepopo6HOi MalIMHM 3a piBHA 36y-
peHHA y cucteMi MeHme 10% (puc la, 6).
OpHak, 3a 6inblIMX 3HaYeHb 36ypeHH: (puc
1B, T) KOMMBAaHHS BifXMJIEHHS peanbHOL
TEMIIEPATYPH Bif TeMIeparypHoro rpadika
MPOrpiBaHHA MEPEBUIIYE MOMYCTUMI MEXi
(Ha BUXOAI 3 JEKiIbKOX LWIIHAPIB PO3XO-
IOKeHHs cTaHOBMIO Oinbure 8°C 3a momyc-
TUMOTrO0 3HadeHHs 5°C), Ta MOXKe IPU3BECTU
710 3HAYHOTO 3HVKEHHSA IOKa3HMKIB AKOCTI
TrOTOBOI IPOJYKIii.
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INCREASING THE QUALITY OF OBJECT RECOGNITION

Orlov Y. V.
Student of NURE, Computer science, Software Engineering

Novikov Y. S.

Senior lecturer of Software Engineering, NURE

The given work is devoted to the modern developments in the field of implicit computer vision.
The purpose of the article is to review the creation of the perfect algorithm of detecting objects in
photos, paintings, images etc. A base for describing is alleviated learning classifiers and reduced
amounts of samples of those that are needed in the original. The advantage of this approach is
the possibility of processing any pictures regardless of bad quality and many distracting effects
such as the moiré effect and noise. Eventually, we will need less computer resources, and algorithm
will improve in quality and performance of processing every snippet from camera or other media
devices. Accuracy of detecting will be maximized.

Keywords: object recognition, binarization, Laplace, Otsu, threshold.

Technologies are evolving very quickly and modern society can’t be imagined without
various electronic devices, from watches to laptops that accompany us daily. Their capabilities
grow day-by-day, thus facilitating human life. Nevertheless, the limit of automation has not yet
been achieved and prototypes continue being created more and more similar to man,
inheriting and developing human functions and behavior.

One of the main tasks for today is solving the problem of error-free recognition of any
objects on any painted or photographed surface. There are many solutions and each of them
has its advantages and disadvantages. The main mechanism for object recognition is neural
networks and their training. Solutions that are available today require large computing power,
and the most important the time to learn the mentioned above neural networks. For a good
training quality, there should be large basic training samples. The larger the sample, the greater
the probability of reducing the percentage of recognition errors to the desired value or the least
important for us. Our goal is to try to improve the training samples by pre-processing the
image thereby reducing the number of required
samples and, accordingly, to achieve the
optimal result both in terms of productivity
and in the accuracy of obtaining the result
after training.

Next, let us look at an example of how to
achieve the goal. In addition, we will set
ourselves the additional task of accurately
allocating an object with many contours on
the image, for example, it will be a small ball
with irregularities on the surface (Figure 1).

This object will not necessarily be on a clean
background, as a rule objects for recognition
have a variety of color shades behind them,
but it does not interfere our algorithm. At first,
we need to redo the image into grayscale. It is
Figure 1 - Subject for recognition convenient to present an image in the YUV
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color model. Conversion is performed for:

Y = 0299 * R 4+ 0587 = G + 0.114 = B (Formula 1)
U = —0.14713 * R — 0.28886 = G + 0.436 = B (Formula 2)
V = 0.615 * R — 0.51499 = G — 0.10001 = B (Formula 3)

R, G and B are the intensities of the given colors. Y in the formula is the luminance
component, and U and V are the color difference components, the so-called color signals. The
conversion factors present in the formula are constant and are determined by the peculiarities
of human perception.

Further, we apply to our image the so-called Sobel operators, which calculate the gradients
of the brightness of the image. To do this, gradient components are used based on 3x3
matrices:

Gx = (z7 + 22z + Zg) - (2, + 22, +23) *(Formula 4)

Gx = (z;+2zg + 2z9)- (24 + 22, +23) (Formula 5)

Based on this, we can calculate the magnitude of the gradient, as well as its direction:

G =G+ GZ (Formula 6)

o= arctanc—y (Formula 7)

Operators compute the gradients of the image at each point thereby showing how much the
brightness of the image “sharply” or “smoothly” changing, which increases the probability of
finding the boundary at the point of a strong increase in the vector gradients, in the region of
constant brightness the vector, will be zero. The result of the work is the redesigning of the
image into the boundary contours (Figure 2).

Therefore, we managed to identify the main contours. Now apply threshold classification to
our image. The meaning of this method is to separate the light part (the desired object) and
the dark part (background objects). If the threshold value is denoted as T, then our object will
be a set of pixels where the brightness exceeds the given value (I > T), and the set of remaining
pixels (I < T) will be the background. As a result, two groups of pixels are formed. Since the

Figure 2 - Selection of boundary contours Figure 3 — Binarization

15



Zbiér artykutéw naukowych.

Sobel operators left many noises on the image, it must
be binarized (Figure 3).

The most suitable and productive method is the
Otsu method. The brightness values of the image
pixels can be considered as random values and their
histogram (Figure 4) - as an estimate of the probability
distribution density.

If the probability distribution density is known,
then it is possible to determine the optimal threshold
for segmenting the image into two classes.

The essence of the Otsu method is to expose the
Figure 5 — Seeking subject threshold between classes in such a way that each of

them is as “dense” as possible. If expressed in

mathematical language, then this reduces to
minimizing the interclass variance, which is defined as weighted sum of the variances of two
classes.

af = wy* wy(lty — )2 (formula 8)

ob - interclass dispersion, wl 1 w2 — probability of the first and second classes, respectively,
a pl m p2 — averages for each of the classes.

The cumulative variance is expressed by the formula: af = a3, + aj

Accelerate algorithm by selecting the thresholds of histogram pass. As the minimum
brightness threshold, we take the value of half of the maximum, thereby cutting out half of the
unnecessary values.

Because of these transformations, boundaries are now clearly visible. Subtract the resulting
binarized image from the original. Then we make the final step and on the resulting image
perform Laplace transform for edge detection.

>f Of

Laplace(f) = m-ﬁ- 3y

(formula 9)

The Laplace function is applied to the original image by adding the second x and y
derivatives calculated with the help of the Sobel operator. After that, we get a clearly expressed
object (Figure 5).

To improve the quality of object recognition, this algorithm should be applied to the
training samples. In the application of direct recognition, this algorithm must first be applied
to the image, which we are working.

This algorithm is not ideal. However, it allows us to remove unnecessary color gamut and
accurately highlight the boundaries and contrast of objects. Thus, we increase the overall
performance and quality of recognition, as we process a smaller range of colors. But also we
get additional load due to preliminary image processing.

1. Otsu, N., «A Threshold Selection Method from Gray-Level Histograms,» IEEE Transactions on Systems, Man,
and Cybernetics, Vol. 9, Ne 1,1979., pp. 62- 66

2. Mecrenxnii JI. M., «MareMarydecKie MeTOAbl paclio3HaBaHus 06pa3os», MI'Y, BMuK, Mocksa, 2002-2004., c.
42 - 44

3. PIoncanec, PByxc, «Judposas o6paborka nsobpaxernit», ISBN 5-94836-028-8, usn-so: Texuocdepa, Mocksa,
2005. - 1072 c.

4. P. Viola and M.]. Jones, «Robust real-time face detection», International Journal of Computer Vision, vol. 57, no.
2, 2004., pp.137-154
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Novikov Y.S.
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The given work is devoted to the modern developments in the field of networking in action
games. The purpose of the current article is the selection and optimization of existing internet
communication protocols for maximum performance in an online action games. The advantage
of this approach is that we avoid the need to create a data transfer protocol from scratch, but at
the same time we upgrade the existing protocols for a specific field of application, thereby winning

in performance.

Keywords: protocol, networking, game, TCP, UDP.

As a consequence of the development of
computer networks, currently between the
millions of hosts around the world is a highly
loaded data exchange. Especially acute issue
of data exchange is in the network mode of
gaming applications in the genre “action”As a
rule, in such games, the main source of fun is
the competitive component. What is its es-
sence? The essence is to compare the level of
skills of players, and that the comparison was
correct it is necessary that all were in equal
conditions. To achieve equal conditions for
all players from the gameplay side, the game
must be balanced, and on the technical side,
it is necessary to provide a fast and stable data
exchange between the players and the server,
otherwise the game conditions for the players
will be different - one player instantly reacts
to the input commands, and Second with a
delay, which will give an advantage to the first
player thereby placing players in unequal
conditions.

To exchange data between computers over
a network, network data transfer protocols
are used. To solve these problems, it would be
ideal to implement its data transfer protocol
taking into account all the necessary require-
ments, but this would take too much time
and in the existing realities of the gaming ap-
plication market (the deadline for the project

is very important) is not the best choice.
Therefore, the best option would be to select
one of the existing protocols and optimize it
for specific tasks. Next, consider the popular
data transfer protocols and ways to optimize
them.

For desktop applications, TCP (Transmis-
sion Control Protocol) or UDP (User Data-
gram Protocol) is often used. The main dif-
ferences between these protocols are:

TCP guarantees the delivery and the order
of the data, and UDP does not;

TCP automatically splits the data into
packets, and UDP does not;

TCP controls the data flow (packet trans-
mission rate), and UDP does not.

Based on the comparison, it may seem cor-
rect to use TCP, but for gaming applications
this is a very serious error. TCP is easier to
use, but this protocol does not provide the
necessary flexibility and manageability, be-
sides, some of its advantages become disad-
vantages in the field of gaming applications.
Let’s take a closer look.

In order to achieve the delivery guarantee
and the order of the data, TCP uses the Ac-
knowledgment Number - it is a packet that is
sent back to the sender with confirmation of
the correctly received data, otherwise nothing
is sent. The sender sends the packet to the re-
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cipient and waits for the delivery confirma-
tion. If, after a certain time, there is no confir-
mation - it could mean that the package either
did not reach, or went out of order, or the con-
firmation packet did not reach. In this case, the
sender resends the packet and waits for confir-
mation (these operations are repeated until the
packet is correctly delivered). Because of this
mechanism, the delay between a certain event
on one computer and reaction to it on the
other is greatly increased. But the key problem
is not the delay itself but the irrelevance of the
data. In game applications in the genre “ac-
tion’, the current state of the world and players
(position, rotation, etc.) is very important, and
in TCP in the event of a packet loss, the packet
with the updated state will not be sent, but will
retransmit the packet with already obsolete
data, from Which gives us a situation with the
dissynchronization of states among different
players.

Lets consider an example. The player sees
the opponent, attacks him, and visually gets
on it, but the damage is not counted, and the
opponent in the next instant is completely at
another point. This happened because the
player did not receive the updated status in
time and worked with outdated data in which
the enemy was at a certain point, but in fact
the enemy at this time was already in another
place and the player attacked the empty
space, so the server did not took the damage
to the enemy.

Also, TCP’s advantage in monitoring the
flow of data and automatically dividing data
into packets for gaming applications becomes
a significant drawback. The TCP data transfer
protocol evenly distributes the data stream,
that is, it accumulates data into uniformly
sized packets and then sends it. In action
games, you often need to pass the smallest

changes as often as possible, but TCP will not
transmit too little data as soon as they appear,
but will pack them into larger packets, and
only then will pass several states at a time,
which will lead to data out of order and out of
sync players.

A less significant disadvantage of TCP is
also a larger packet size than in UDP, since
more service information will be stored in the
TCP packet.

The UDP data transfer protocol is less reli-
able than TCP, but for gaming applications,
when there is a need to constantly have up-
to-date information, this protocol wins in
many ways. If it is necessary to implement a
certain functional, UDP is easier to modern-
ize and optimize for a specific task. There are
also variants of simultaneous use of TCP and
UDP for various purposes, but for gaming
applications this should not be done, since
both protocols work on top of the Internet
Protocol (Internet Protocol), they will affect
each other’s work, which can lead to the
manifestation flaws of each of them.

Confirmation of the relevance of the choice
of UDP for gaming applications is one of the
most popular game engines Unreal Engine,
where the module of network interaction is
completely based on UDP, and all the func-
tionality necessary for convenience is imple-
mented independently by the developers of
the engine.

1. Dneizep [I., Magxas C., “MHOrononb3oBarenbcKye
urpsl. Paspaborka cereBbix npunoxennit” - CII6.:
Iutep, 2017. - 368 c.

2. Cupan @., “TCP/IP. ApxurexTypa, HPOTOKOJIBI,
peamusanmsa (Bkmoyasa IPv6 u IP Security)” - M.:
Jlopu, 2009. - 424 c.

3. William Sherif., “Learning C++ by Creating Games
with UE4” - PACKT publishing’, 2015. - 342 c.

4. Kevin R. Fall, W. Richard Stevens “TCP/IP Illustrat-
ed, Volume 1: The Protocols (2nd Edition)” - Addi-
son-Wesley Professional, 2011. - 1056 c.
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Time-managent is a useful, yet quite boring activity, so how do we motivate user to get more

interactive and playful experience?

Keywords: smartphone, software development, time-management, gamification, Android.

Problem statement and its relation to
practical-research tasks.

Nowadays, success and productivity are the
goals most of people aim for. And with
increasing tempo of life it becomes difficult to
keep track of ones time and tasks. Time-
management methods and application utilizing
these methods were created to satisfy this need.
But all of the solutions are quite the same, just a
cheklist of tasks. For those, having serious and
practical approach to own time it's enough, but
commoners would find these solutions boring
and, eventually, give them up. That is where we
may use some gamification practices.

Subject analysis.

Generally, “Time management’[1] is the
process of organizing and planning how to
divide your time between specific activities
through task planning. Good time
management enables you to get more tasks
done in less time, even when time is tight and
pressures are high. That is usually achieved
by creating a dense, well-planned schedule.

To do so user’s activity needs to be divided
into some atomic tasks, then the priority and
majority for these tasks must be set. Some tasks
may require complex completion, so subtasks
must be created to achieve that. After that user
may organize these tasks in time, according to
their complexity,majority and priority.

As said above, time management is useful,
yet boring and somewhat hard practice,
which neeeds gamification. And what exactly
is gamification?

Gamification works[2] by encouraging
users to engage in desired activities, by

showing a path to mastery, and by taking
advantage of our human psychological
predisposition to engage in gaming.

Smart developers use it to increase user
engagement and influence user behavior. In
order to achieve this, users should be rewarded
with virtual items (like points) for specific
behavior (e.g. buying something, signing up,
using the product, filling out their profile),
and those virtual items should offer access to
exclusive privileges and rewards, such as
levels or prizes.

This can be done by implementation of
game-like mechanics[3], which are constructs
of rules intended to produce an enjoyable
gameplay. Think of it as basic building blocks
that can be combined in interesting ways to
drive a (often complex) sequence of actions
in order to achieve desired results.

These typically include items such as
points, badges, levels, challenges, leaderboards
and the possibility to level up. These come
from game like dynamics such as rewards,
urgency, pride, competition, and status-
building.

Formulation of research objectives.

So what we need to do is develop an
application combining time-management
process with gamification mechanics.

An idea of a daily tasks checklist is very
similar to a quest-journal, used in many role-
play games. Even more, an application can
use more of the role-play mechanics, such as:
system of player’s attributes such as strength,
agility, intelligence, etc. and their increase in
level as the player performs tasks; player’s
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growth in the level, as he accomplishes tasks;
system of rewards for the player’s performance
of tasks; system of player’s skills such as
programming, playing the guitar, running,
pulling, tied to the attributes of the player and
growing in level as the player enhances his
attributes; a game map of the locality, with all
currently available tasks, displayed on it; the
ability to add friends and communicate with
them in the application; the ability to complete
group tasks with friends, getting some rare
rewards for such activities; the opportunity to
share their achievements in social networks;
Implementation of all these mechanics
aims to get user involved in time-management
process and get plessure planning own time.

Conclusions.
Thus, we get an application in which
functional time management techniques

are implemented, which, however, the user
can perceive as a game assistant in everyday
life, projecting routine tasks into the game
environment and motivating himself to
engage in self-development. Social
elements should be integrated into the
application to give user a competitive
experience and even further involve him
into process.
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The project investigates the time series for the presence of periodic components. On the basis of
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Numerous applications of the analysis of
time series are in area of science that is ac-
tively develop. Time series describe the ex-
tremely wide range of phenomena. Time se-
ries are the result of measurement of indexes
of both technical systems and the characteris-
tics of economic, social, biological and other
systems. A characteristic feature of the time
series is to conduct observations of some ob-
ject sequentially in time. Discovery of the
structure of time series is needed in order to
build a mathematical model of the phenom-
enon, which is the source of the time series.

There are different methods for detection
of periodic processes and determination of
their spectral component [1]. One of the
common methods is the method of trigono-
metric interpolation based on least squares
method. Any periodic sequence can be ex-
panded in a series Fourier, while in front of
sines and cosines are the regression coeffi-
cients [2, 3]. They show the degree to which
the relevant functions are correlated with the
data. It should be noted that the sines and
cosines so many times at various frequencies
are orthogonal. Will consider no more than
n different sines and cosines. As a result, the
correlation of the sine and cosine functions of
different frequencies with observable data is
determined. If you found a correlation (coef-
ficient of a particular sine or cosine) is great,
you can conclude that there is a strict period-
icity on the appropriate frequency of the
data.

This method gives results only when the
length of the time series (i.e., the 71 option) a
multiple of the seek time. Otherwise we get a
superposition of sines and cosines, which is
quite difficult to interpret. Therefore, we use
the method of trigonometric interpolation
using the method of least squares.

It is required to construct a curve which
would reproduce the diagram of the initial
experimental regularities, that is it would be
closest to the experimental points, but in the
same time it would be insensitive to chance
fluctuations of the measured value.

To estimate the coefficients given continu-
ous function ¢(x) for discrete approxima-
tions of dependence g(x;) , which minimizes
the functional form:

0= (0(x)- g(x))* - min

Decomposition of time sequence of the
Fourier transform allows you to find hidden
periodicity.

Consider the case of linear approximation:

O(x) =copo(x) + 9, (x) +... + ¢,0,,(x),
where @,,--9, - arbitrary basis functions,
Cy»--»C,, - unknown coefficients.

After by means of, for example, method of
Gauss coefficients are found, it is possible to
construct an approximating curve or to cal-
culate coordinates of the given point. Thus,
the task of approximation is solved.

The number of basis functions must be less
than the number of points to their superposi-
tion determined uniquely.
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To solve the problem of linear approxima-
tion in General, you should find the condi-
tions a minimum sum of the squares of the
deviations.

The proposed information technology for
detection of periodic components of time se-
ries using least squares method. Research of
time series for periodic components. The ef-
fectiveness of the method was studied by
means of computational experiments based
on the model of time series and based on the
real-life series of Electrocardiograms of labo-
ratory animals. The result of computational

experiments analysis method and proposed
practical recommendations.
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Modern society is characterized by a rapidly
growing level of communication technologies
when in a matter of seconds information of any
kind and content can be delivered anywhere in
the world. Following the services that allow you
to communicate, exchange various kinds of
messages and receive the necessary informa-
tion, the total amount of data increases. Accord-
ing to approximate calculations, the amount of
information is doubled every 1-2 years. This
leads to difficulties in the collection, storage and
processing of data. The processing of this
amount of data takes an unacceptably long

<
L
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Picture 1 — MapReduce algorithm

Shuffle

In the case where there is a need to search
for specific information about a particular
object, reviewing the accompanying data can
significantly increase the search time reduc-
ing the effect of the achieved result to zero.

One of these tasks is the collection and
analysis of statistics on video content in social
networks and other places of storage. The
purpose of such an analysis can be identify-
ing of potentially dangerous accounts that
violate the policy of this social portal or intel-
lectual property rights.

It is planned that the processing of incom-
ing data will be performed on a cluster con-

Reduce

—lil
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sisting of multiple servers. The number of
servers will be scaled depending on the load.
In order to meet this requirement it was se-
lected Microsoft Azure with HDInsight ser-
vice implemented on the basis of Hadoop as a
platform for deployment. Hive was selected
as the language of working with Hadoop clus-
ters. MapReduce was selected (picture 1) as a
model for distributed computing which is
one of the modules in Hadoop. The essence
of this algorithm is the separation of incom-
ing data into equal parts and the processing
of each component on a separate server ac-
cording to a given algorithm. Results of pro-
cessing from each server will be combined
into a common result and given to the client.

In order to build statistical information
basing upon input data, at the beginning on

each working node of the cluster there is a
selection of meta information from each indi-
vidual image or frame and transferring it in
the form of tags sets. In the analyzed image
simple geometric objects are distinguished,
such as lines using the Hough algorithm. In
the future using artificial multilayer neural
networks with each next layer, recognition of
more complicated graphic objects is per-
formed. Data obtained as a result from output
layers of neural networks in the form of text
tags will be transferred to the master node for
further statistical analysis at the convolution
stage.
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Nowadays one of the fast-
est growing fields of com-
puter science is machine learning. Most of
the recent breakthroughs in this field were
ignited by the so-called “renaissance of neural
networks”. Indeed, a class of machine learn-
ing techniques that exploit many layers of
non-linear information processing for super-
vised or unsupervised feature extraction and
transformation, and for pattern analysis and
classification substantially by the means of
neural networks [1], which is usually referred
to as deep learning, has provided scientists
with an extremely powerful tool of solving
different problems in almost any areas of
studies.

Artificial neural networks are a computa-
tional model used in machine learning and
data science and other research disciplines.
This type of models is represented as a large
collection of connected units called artificial
neurons.

First neural networks were invented in
1950s. These networks consisted of two layers
of neurons (input and output layers) and were
referred to as single-layer perceptrons. As a
linear classifier, the single-layer perceptron is
the simplest feedforward neural network.
Single-layer perceptrons performed well in
the field of classifying linearly separable data,
but their capacity wasn't enough to solve
more complex problems (the famous example
of a helpless behaviour of single-layer percep-
trons in a seemingly simple tasks is XOR
problem [2]).

Since then architectures of artificial neural
networks were becoming more and more so-
phisticated so they could solve more compli-
cated problems which require more non-lin-

Keywords: neural networks, optimization, pruning, regularization, com-

earity. Because of this scientists were inclined
to add more layers to neural networks,.

Adding layers to neural network architec-
ture significantly increases time and memory
which are required for both training and us-
ing already trained network, so the rapid
growth of computational resources was the
only thing which allowed scientists to make
their networks deeper.

During the training of neural network
model, engineer can use anything from pow-
erful CPUs to GPUs, but the usage of de-
ployed model can be strictly limited by hard-
ware. For example, applications which are
intended to be used on smartphones or em-
bedded devices are restricted by the small
capacity of processing units of this devices,
low amount of random access memory and
cache and even limitations on the size of ap-
plication file.

There stands the problem of usage of neu-
ral networks on such devices: neural net-
works are both computationally intensive and
memory intensive. Trained convolutional or
recurrent neural networks are usually too
large to be used in the situation of limited
RAM.

Furthermore, huge networks can be too
large to even store their weights on mobile
devices, because typical convolutional net-
work has millions of connections, which
leads to a big size that can be inappropriate
for mobile application.

There are several ways to solve the problem
of neural network size with an acceptable loss
of accuracy.

One of the ways to reduce a network is
called pruning. Pruning is a process of re-
moving weights from a network using some
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heuristics. For example, Song et al in the ar-
ticle “Learning both Weights and Connec-
tions for Efficient Neural Networks” [3] sug-
gest to prune connections which perform the
least activation during the training, then re-
train network a little and repeat the process,
until a network reaches required size.

Such approach is called iterative pruning. It
reduces size of network significantly, because
after applying it to the model, it becomes pos-
sible to store networKs connections as a
sparse matrix instead of dense. Moreover,
experiments show that this methodology
does not decrease accuracy of network sub-
stantially, until around 80-90% of connec-
tions in a network are pruned. This effect can
be explained by the additional level of regu-
larization that is applied to model during
pruning, since while removing connections,
we start with removing those ones, which
weights are closest to zero. These weights are
usually byproducts of overfitting. Therefore,
they just add some noise to the total activa-
tion, and removing such weights does not
aggravate overall accuracy notably.

Another approach to this problem is called
quantization [4]. This method is based on the
fact that neural networks are typically trained
and stored using floating point computations.
But there is a way to make calculations more
computationally efficient by using numbers
with lower precision.

Algorithm used in this methodology can
be based on the several approaches. For ex-
ample, all weights of the particular layer can
be clustered by an algorithm with fixed
amount of clusters (e.g. k-means) into 255
groups. Each of these groups then can be
mapped to the byte value, which will be used
in the neural network. That will decrease
runtime and required memory eight times.
There are also other ways to transform high-
precision calculations into low-precision.

This method also does not reduce accuracy
of the model notably because of two factors.

At first, you can assume changing float
numerics into byte numerics as a source of
noise in your data. Of course, noisy data
makes your model perform worse, but if the
model is not overfitted (thus it is well-gener-
alized), it should be robust to small fluctua-
tions of the network flow.

Secondly, low-precision deviations of con-
nections’ weights sometimes signalize that
these weights overfitted some of the training
data instead of generalizing it. So quantiza-
tion can be considered as a source of regular-
ization as well.

Quantization and pruning may be com-
bined as well by applying iterative pruning to
the network and then quantizing it. It has to
be said that both of the approaches can be
used to optimize networks trained from
scratch and networks trained by the means of
transfer learning alike.

To sum up, the amount of problems solved
by the means of machine learning in general
and neural networks specifically grows ex-
tremely rapidly at the same time as the num-
ber of mobile and internet-of-things devices
that are capable of running neural networks
increases. Therefore it is very important to
improve scientific toolkit of ANNs and opti-
mize it for usage on embedded platforms.
This problem can be solved by applying to
trained models compressing algorithms such
as quantization and pruning.
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Annotation. Over time, humanity has increasingly complicated and increased the size of its
social, political, economic and other systems. So the question about effective ways of managing
such a structure at the moment is extremely acute. There are a lot of restrictions and conditions
for making the right decision in this or that situation. Fortunately for the solution of this problem

we can turn to mathematics and decision theory.
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With the passage of time, mankind has
consistently merged into larger and more
complex structures. The original tribes of
ancient people united in settlements, which
in turn meld in small proto-states that grew
to full-fledged states. This trend continued
and continued, the states became bigger and
bigger. Even today, this process has not
stopped, as an example, the European Union,
which is increasingly intertwines and merges.
This trend concerns not only politics, but all
spheres of our society. In the economy, from
single artisans, we have come to huge corpo-
rations that include many companies and or-
ganizations in all corners of the world. This
also applies, for example, to education, from
lone teachers we came to structures that unite
tens of thousands of students and thousands
of teachers.

And the question arises, but how to man-
age such huge systems? After all, the most
important decisions that affect the whole

ok b

Figure 1 - Example of the structure of a complex
system

structure are taken by one person or a group
of people. In spite of the fact that in such
systems the management apparatus can be
very effective and enable to estimate the pos-
sible solutions as accurately as possible, the
same responsible persons should be able to
make decisions soberly and accurately, since
the welfare of the whole system depends on
their solution, and this can be tens of thou-
sands or even millions of people. Such a
management model can be superimposed on
a practical structure of any type and size and
can be almost infinitely scaled.

To simplify the perception, we will consid-
er the issue on the example of a complex in
structure and large enterprise. The structure
is a set of cells - companies/departments/en-
terprises, which in themselves can contain
their own structure and represent an inde-
pendent complex system. Each cell can con-
trol any number of cells that are in the hierar-
chy to a rank below, and must obey only one
parent cell. At the very top is one element of
the system to which all the elements of the
system obey. An example of such a structure
is in Figure 1.

Each of the cells of the structure has its
own goals, interests, resources, opportunities
and policies, but the general vector of devel-
opment and policy for the system determines
the main, highest element of the structure.
An example is the parent company in the
holding company. System management deci-
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What will

VAN

not happen

happens

VAN

Successfully

Unsuccessfully

Figure 2 - Options tree

sions are mandatory for all elements of the
system. In addition, management should have
full and comprehensive information about
the entire system and all decisions that can be
or were taken by the elements of the system.
Based on this information, the main cell must
make decisions for the benefit of the whole
system, and not only of individual cells.

Each cell has its own set of decisions that
they can take. From this list of companies
should choose the best for themselves. Prop-
erty from each alternative is assessed by two
main criteria:

1) Profit - in monetary terms, it also in-
cludes all material goods that can be con-
verted into money.

2) Reputation - characterizes not the mate-
rial benefits that an enterprise can receive
from an alternative. This includes such things
as reliability, image, trust and the like. Every-
thing that affects the operation of the enter-
prise, but cannot be obtained for money, and
can be purchased through a set of actions.

In doing so, the company must spend cer-
tain resources to carry out the action:

1) Money - this includes all material benefits
that may be necessary to carry out the action
and which can be obtained from money. For
example, equipment, rooms and the like.

2) Man-hours - the time that employees
need to perform an action.

3) The number of employees who can be
involved in the implementation of the alter-
native.

In addition, the steering cell also has its
own set of tasks from which they can choose.
Among which may be, for example, the solu-

tion of the plan: create or destroy a system
cell, transfer part of its own (that is, common)
system resources to individual elements of
the system.

At the same time, the holding of the event
can depend not only on the organization itself,
but also on the other, external organization or
object, and the event cannot be held without
this external organization. This may be be-
cause they have a unique resource at their dis-
posal, which they only operate, for example,
unique natural resources, patents, legal rights,
and the like. For example, one company wants
to launch production of a new, unique equip-
ment, but the patent for an element that can be
used in this equipment is in the possession of
another company, and the first company is not
able to independently produce or invent the
element necessary to them. As a result, the re-
lease of equipment is dependent on another,
third-party company. Thus, there is a conflict
of interests between companies. Such dis-
agreements are decided by the main company
that decides for the benefit of the entire system
as a whole.

There are also questions, but what if you do
not hold an event? And what will happen if
the event is held and it will not be successful?
As a result of stating these questions, one
must reconsider their view of alternatives and
consider them from the point of view of the
tree of options. An example of such options is
in Figure 2.

The main company should make all deci-
sions related to the formation of lists of each
particular cell of the system, taking into ac-
count factors listed above, so that the total
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profit of the system would be maximum. In
doing so, the following restrictions must be
observed:

1) The profit of each cell must be greater
than a certain value necessary for it to main-
tain its functioning.

2) The reputation of each cell must be
greater than a certain level.

The solution of this problem consists of three
stages. At the first, lists of decisions for each
company are formed. On the second one, you
select the solutions for the main cell, taking into
account the selected solutions, or alternatives

for each cell. On the third, the final lists of solu-
tions for each cell are formed, taking into ac-
count the decisions of the main cell.

In this case, the methods of decision theory
can be applied to the solution of this problem
in different ways, because the problem can be
viewed from different sides. What if the prob-
ability of success and failure of the event is
not set? And what if the company’s reputation
is more important, or on a par with profits or
does not matter at all? In this case, you need
to add weighting factors and consider making
a decision with their consideration.
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Ha ceropgHsAIHMIT AeHb BCE OOMBIIYIO HO-
ny/asipHOCT  Habupalor NoSQL  cucrem
yupasnenus 6asamu ganubix (CYBM). Tak,
3a mocnegHue 4 roga (c mrona 2013) momy-
napaocTb Takux NoSQL CYB]I, kak Mon-
goDB, Cassandra, Hbase u zmp., BeIpocia B
2-3 pasa [1]. OgHako IIpy 9TOM BO3HUKAeT
mpo6meMa OTCYTCTBUSL COOTBETCTBYIOIIUX
Cllenyanu3upOBaHHBIX CPENCTB I IPOEK-
TI/IpOBaHI/IH TaKNUX 63.3 ITaHHBbIX, KOTOpre
Ipu6MOKaIICh 6bI IO YHOOCTBY U 3ddek-
TUBHOCTM K MHCTPYMEHTaM JJI1 IIPOEKTUPO-
BaHUSA PeIALVOHHBIX 623 JaHHBIX.

NoSQL - 310 06uuit TepMuH, 0603HaIaI0-
HVIT PsAf TIOAXOJOB, HAIIPaB/IeHHBIX Ha pea-
JIM3ALVI0 XPaHWINIL 6a3 TaHHbIX, MMEIOIINX
CyH_[eCTBeHHI)Ie OT/INYNUA OT MOHEHCIZ, VICIIO/Ib-
3yeMBIX B TPafUIMOHHBIX PeIALMOHHBIX
CYB]] ¢ mocTymoM K HAaHHBIM CpefcTBaMM
s3pika SQL. OCHOBHBIMU KavyeCTBaMU, OT/IU-
varomymu NoSQL cucremsl, apnsiorca [2]:

1. Cr1oco6HOCTb K TOPM3OHTATBHOMY Mac-
IITaOUPOBAHNIO IO OOJIBIIOMY YUCITY CepBe-
poB.

2. CnocoOHOCTh peIIMIMpOBaTh U pac-
IpefenATb JaHHbIE IT0 60NIBLIIOMY YMCITY Cep-
BepoB.

3. YpoueHHBIIT HHTepdeiic.

4. Ocnmabnennsie mo cpasHenuio ¢ ACID
Tpe6oBaHMs K 6€30I1aCHOCTH.

5. 9¢ddexTUBHOE UCIONB30BAHIIE TTAMSTH
U JIUCKOB.

6. CriocoGHOCTb AMHAMMWYECKN HApaIin-
BaTb anI/I6yTI)I XpaHI/IMhIX ITaHHBIX.

Kpome TOro, OTIM4nNTENbHOM YePTOi MHO-
rmx NoSQL CVYDB]] aBnsgerca OTCyTCTBUe
CTPOTOIl IIpefONpeeieHHON CXeMbl 6a3bl
IaHHBIX, KOTOpas OTHO3HAYHO OBbI OIpefiesi-

J1achb 110 UTOraM MIPOEKTUPOBAHMS 3TOI Ga3bl
HaHHBbIX [2]. BaxkHO, OfHAKO, OTMETUTD, YTO
HECMOTPSI Ha 93TO, NpY IPOEKTMPOBAHNMU
6a3bl JaHHBIX IPOPabaTbIBAaTh €€ CXeMy He-
06X0a1MO B M060M CTydae, TaK Kak 9TO I10-
3BOJISIET 3apaHee OIPefeNNT, KaK MMEHHO
OGyRyT HpemCTaBIATHCS CYLWIHOCTM B 6ase
[aHHBIX ¥ KaK OYAYT 3a[aHbl CBA3U MEXY
HUMIU.

IIpy IpOeKTUPOBAHNM PESLMOHHBIX 6a3
INaHHBIX Hambosee YacTBIMU CpefCTBAMMU
NpoeKTupoBanusa ABnATCA ER-guarpammbl
(myarpaMMbl «CYLIHOCTb — CBS3b») M [ua-
rpaMMmbl 6a3 JaHHBIX. PaccMoTpuMm mpume-
HUMOCTD KaXK/JOTO 13 3TUX CPEAICTB JIA IIPO-
extupoBanusi NoSQL 6a3 panubix. Tak Kak
cyuiecTByeT 6osmblioe KomumdecTBO NoSQL
CYDB]I, koTopble MOTYT MHOTZA IMETDb CYIIe-
CTBEHHbIE pa3NN4MdA, B KauecTBe IIpuMepa
Bo3bMeM MongoDB, koTopas o6mafaeT 3Ha-
YUTEIbHOM IOMYIAPHOCTDIO U B I[€JIOM SB-
nsgeTca TUNMYHBIM npepncTaBureneM NoSQL
CYB]] B KOHTeKCTe 0COOEHHOCTel XpaHEeHUS
[aHHBIX U pabOTHI C HUMIL.

ER-puarpamma sBnsieTcA BBICOKOYpPOBHE-
BBIM CP€JICTBOM ITPE/ICTaBIeHNs CYLIHOCTell
IIpeMeTHOII 0671acTy paspabaTbiBaeMoli Cit-
crembl. Hemanosaxxno, yto ER-pgmarpamma
He 3aBMCUT OT M3OpaHHOI MOREIN JAHHBIX,
TO eCTb II0 OofHOM M Toit xe ER-puarpamme
MOYXXHO C Of[MHAKOBBIM YCIIEXOM CO3JjaBaTb
KaK pe/sMOHHbIe, TAK U 00BEKTHbIE, CeTe-
Bble 1 Apyrue 6assl maHHBIX [3]. Ormmdms
HaYHYTCA MMIIb HA 3Tane mepexopa oT ER-
MOJIENN K cXeMe 0asbl TaHHbIX.

Juarpamma 6a3bl JaHHBIX — 9TO OOIMIL
TepMIH, 0603HavaIMit rpadueckoe 0To-
GpakeHre CxeMbl OINCHIBAeMON 0asbl HaH-
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HbIx. E€ Bup 3aBucut ot konkperHoit CYB]I,
TaK KaK Ha Hell 3a4acTyl OTOOpaKaloTcs
KOHKpEeTHBIE TUIIBI, OTPAaHMYeHUA U T. [.
31ech crefyeT OCTAaHOBUTHCS Ha BOIIpOCe 3a-
TAHUA CBA3EN MeX/Y CYI[HOCTAMMU B PaMKax
b.

B penaumonnsix Bl cymuocTy npesncras-
JIAIOTCA B BUe TAOINII, a IS CO3TAHMSA CBSA-
3eit MeXAY CyLHoCTAMY (Tabminamu) Ipu-
MEHSIOTCS BHEIIHMe K/II4YM. BHemHMIt
KII0Y - 3TO, HeOpManabHO, MHOXECTBO
CTONOLI0B B HEKOTOPOI! Tabuile, 3HAYEHNSI B
SYeVIKaX KOTOPBIX TO/DKHBI COBIIAZIATh C Iep-
BUYHBIMY K/IIOYaMy HEKOTOPOIl TabMUIibI
(xak aroi1 >xe, Tak u Apyroit) [4]. CosmaBas
TaKOJl BHEUIHMI KJIIOY, Mbl TeM CaMbIM 3a-
IaeM CBA3b MeXAy TabIMLjaMu, a B 3aBUCU-
MOCTM OT CTPYKTYpbl B]] maHHas cBA3L MO-
JKET TPeCTaBIATh CO00I CBA3h «OOMH K
OITHOMY», «OIMH KO MHOTMM» VI «MHOTHe
KO MHOTUIM».

Heckonbko MHade OOCTOMT CUTYaLs B
NoSQL BbJl. Hanpumep, B MongoDB sBoizie-
JII0T [Ba crnocoba opraHm3anum CBs3eit
MEXJy CYLUTHOCTAMM: CO3/laHMe CCBUIKM Ha
Apyryro cymHoctb (reference) m BcTpamsa-
He fpyroit cymHocTu (embedded) . Cepinka
[IpefcTaB/IsieT co00i BHEIMIHWIT KII0Y B pe-
nanuonHeIX Bll, a mpu BcTpanBaHuu npomc-
XOZMT IOJIHOE KONVPOBAHNME BCEX aTTpuoy-
TOB [ipyToli CymHOCTH [5]. Ilomo6HBI preM
(Ha3pIBaeMBbIil «JJleHOpManu3alyei») mpume-
HAeTcA U B penAnuoHHbX BJl, ogHako B
ITAHHOM C/IydYae OH MIMeeT OCHOBOIIOJIAralo-
miee 3HayeHMe, Tak kak NoSQL CYDB]] 3aua-
CTYIO He TOAAep>KuBaloT o6beuHeHme (JOIN
B SQL) Tabmuu. B Takumx ycrmoBMAX CCBUIKI
MOTYT NPUBOAUTb K 3HAUUTE/IbHOMY IIajie-
HUIO TpousBopmTenbHOCcTH. Kpome storo,
9TO B KOpHe OIpefesieT, KakKiM CIIoco6oM
OymyT 3aIpalllMBaTbCs JaHHBIE M KaK OymeT
IIPOM3BOAMTHCS X 06paboTKa.

Vcxops U3 3TOTo, 1e/1eco06pasHbIM OyaeT
BK/IIOYaTh MHPOPMAL[MIO O TOM, KaKMM 00-
pa3OM HpOI/ICXO}II/IT CBs3bIBAHNE CyH.[HOCTeI‘/l

B IuarpamMmy 6a3bl JAHHBIX CII€Va/TIbHbIM

obpasoM (HampuMmep, 3afilaHye TOMBKO THUIIA

npyroﬁ[ CYIIHOCT! IIpM BCTpaMBaHUM, a HE

[IO/IHOE IIepediC/ieHNe eé aTTpubyToB), 4TO

TIO3BOINT YIIPOCTUTD aHa/IN3 CO3JIaHHOI7I MO-

memu Ha eé 3¢ QeKTUBHOCTD, OBICTPOZEN-

CTBIE I KOPPEKTHOCTD.

KPOMC TOTrO, e].ue OAHMM CYII€CTBEHHBIM
otnununreM NoSQL B]l siBnsieTcst x guHaMm-
yeckad npupopa. OrcyTcrsue cxemsl Bl mo-
3BOJISIET XPAaHNUTh PaslTnyHble HAGOPHI HaH-
HbIX B CYITHOCTAX OAHOI'O TUIIa, HE CO3[aBasd
[P 9TOM JaXKe MYCTHIX aTTpubytoB. Ecmm
TaKO€ MCIIO/Ib30BaHME IIPENIIONIATaeTCs, Bbl-
HECEHUE I/IHCI)OpMaI.H/H/I 06 OIIIVMIOHA/IbHBIX
arTpubyTax B gurpammy BJI ¢ menbio ympo-
CTUTDb COIIPOBOXAEHE N OéC}Iy)KI/IBaHI/Ie cn-
CTEMBI.

Ha ocHoBe BblIlllecka3aHHOTO MOXXHO che-
JTIaTb HECKOJIBKO BbIBOJIOB. BO-HCPBI)IX, mpu-
MeHeHue ER-muarpamm sBnserca 1enecoo-
6pasHBIM ¥ IIpu IpoeKTypoBaHuu NoSQL
6a3 JaHHBIX, TAK KaK UX BUJ He 3aBUCUT OT
ucnonbzyemoit CYBJI. Bo-BropsIx, pu cos-
IaHVM KOHKpeTHOiT cxeMbl BJl Heob6xommmo
OTTA/IKMBATbCA HE TO/TbKO OT CTPYKTYPbI
CyLHHOCTCI;I HpeﬂMeTHOI}‘I OGIIaCTI/I, HO " OT
TOro, KakK IIpearnosaraeTrca McCI0/Ib30BaTb
IIPOEKTUPYEMYIO BH, TaK KaK 9TO OKa3bIBA€T
CylIeCTBEHHOE BIMsAeHNe Ha e€ CTPYKTYPY.
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K BOIIPOCY TA3OI'MIPOIMHAMMYECKOTO ITIOJOBUA
HU3KOTEMITIEPATYPHOT'O MOJE/IVPOBAHUS
ITPOITECCOB ONIJIAKOBBIBAHUSA ®YTEPOBKH
KOHBEPTEPA BEPXHEN ®YPMOI

|
&

ITanreiikos C.II.
TOLIEHT, KaHJl. TeXH. HayK, JlHEIPOBCKMII rOCY/lapCTBEHHBI
TeXHUYEeCKUN YHI/IBepCI/ITeT, TI. KaMeHCKOC, YKpaI/IHa;

ITanTeiikoBa E.C.
MAarucTp MeTa/nyprun, [JHenpoBCKuii TOCyJapCTBEHHBIN TEXHIMYECKIIA
yHuBepcuTer, I. KameHckoe, YkpanHa.

E
1

IIpusedenvt ycnosust 2a302U0POOUHAMULECKO20 NOOOOUS HUZKOMeMNEPAMYPHO20 MOOENUPO-
8aHUS HA NAOOPAMOPHBIX MOOENAX NPOUECCO8 OULNIAKOBLIBAHUS PymeposKl KoHeepmepa ¢
UCNONIL308aHUEM BePXHeTl PYPMbL ¢ 00HUM U 0BYMS NOMOKAMU OYMbSL.

KmioueBble croBa: mopo6ue, GpyrepoBka, KOHBEPTED, MOJIETUPOBAHIE.
Keywords: similarity, lining-up, converter, design.

Kax moxasan 0630p muTepaTypsl [1], mpu pasgyBke ITaka HeOCTATOUHO U3YIeHHBIMU
OCTAIOTCS BOIIPOCHI paspabOTKM PaljMOHANTbHON KOHCTPYKLUM BepXHell GpypMpl (Kommde-
CTBO COIIeTI, X PacIIONOXeHe B TON0BKe (QYPMBI, YIO/I HAKJIOHA COIeNI I T.A.) X TEXHOMIO-
TUYECKUX PEXUMOB eé JMCIIONb30BaHMsl (MHTEHCUBHOCTD IPOLYBKY, BbICOTa (PypMBI Haf
YpOBHEM BaHHBI I T.II.) C Lenbio 6onee 3pPekTnBHOr0 GOpMUPOBAHNS CIOS LITaKa Ha
paboueil OBepXHOCTU PYTEPOBKY, OCOOEHHO B MeCTax e€ HaubOIbIIero U3HOCa.

Tak Kak B IIPOMBIIUIEHHBIX arperatax sKCIepuMeHTaTbHasK TPOBePKa BIAVAHNSA PA3TNIHBIX
($akTOpOB Ha IpOLECC OLUIAKOBBIBAHMs CBsI3aHa C MHOTOYMCIEHHBIMM  (Kak
IPOM3BOACTBEHHBIMI, TAK M MaTePUA/IbHBIMI) TPYAHOCTSIMI, TO Hanbomee yIOOHBIM MeTO-
IOM M3y4YeHUsI JAaHHOTO BOINpOcCa sIB/sieTCs MeTof ¢uandeckoro (“ropsuero’, T.e. BBICOKO-
TEMIIepaTyPHOrO, WIN “XONTOJHOr0’, T.€. HU3KOTEeMIIePaTyPHOr0) MOAEIMPOBaHuA [2].

OCHOBHBIM TpeOOBaHMEM PV MOAETMPOBAHUM ABISETCS COOMIOfEHNe MAKCHMA/IbHO I10-
JIHOTO HOA00OUSA IIPOLeCCOB, MPOTEKAIOIVX B IPOMBIIIIEHHOM 00pa3lie U Ha TabopaTopHOIl
mopenu [3]. Teopumsi mopmoOusi MO3BOMAET BBHIMOMHATH MOJEMMPOBAHME TaK, 4TO B
OHpeHeHéHHhIX Hpe}le}lax 7 C U3BBECTHBIMI ﬂOHyHleHI/IHMI/I pe3yHI)TaTI)I MO E/IbHBIX NCC/IEN0-
BaHMIT MOXXHO PAacIIPOCTPAHATD Ha IIOJ06HBIE TPOM3BOJCTBEHHBIE YCTAHOBKM [4].

B cBsA3M CO 3HAYUTENbHBIMY TEXHIUIECKIMI I MaTepyaIbHbIMIU TPYIHOCTAMY, BOSHUKAIO-
LVIMIY [IPY IIOCTAHOBKe B TAOOPATOPHBIX YCIIOBYSIX “TOPSIYEro” SKCIIEPUMEHTA IS U3YYeHs
Pa3IMYHBbIX CTOPOH IIPOLiecca OLITAKOBBIBAHNS, O0/Iee MPeAnoYTUTeIbHee IPUMEHATD “XO0-
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JIOfHOE” MOJIeNMPOBaHNe Ha MPO3PAYHBIX MOJE/SIX arperaros, IAe B Ka4eCTBe MOJEIbHON
JKUJKOCTY MOTYT MCIIONb30BATbCsl Pas/MUHbIE XUAKOCTY, MMeloline HU3Kyo (zo 100 °C)
TeMIIepaTypy: BOfia, pasHOOOpa3HbIe /IEKTPOINTHI Ha OCHOBE BOJIBI, BCEBO3MOYKHBIE MACIIa,
KePOCHH, PacIlIaB/IeHHbIII MapadyH I T.IL.

ITpolecc OIINAKOBBIBAHNUS MOXHO IIPEICTABUTh, KaK IPOLecC IPONYBKIU SXMUIKOI BaHHBI
[4] cTpysmy He accumupyeMoro rasa (a30Ta) ¢ MHTEHCHMBHBIM OPBISTOBBIHOCOM, YTO B W3-
BEeCTHOJI Mepe yIIpolljaeT MOfe/IMpPOBaHye ra30IMAPOAMHAMIUKY JAHHOTO TIPOLlecca B CpaBHe-
HUM C TIPOLIeCCOM TIPORYBKU MeTajlIa aCCUMIIMPYEMBIM Ia30M (KICIOPOJOM), Ifie, K TOMY
Ke, IMeeT MeCTO [iBe SKMAKOI (asbl — MITAKOBBII U METa/UIMYECKIIT PacI/IaBBbl.

IToCcKOMBbKY ITy3bIpy U OPBI3IY 0OPa3yIOTCA B pe3y/IbTaTe pa3pbiBa CTPYAMU [y Ths HOBEPX-
HOCTM >KUJKOCTM, CYLIECTBEHHBIM /I MpOLecca pasAyBKM LITAKa JO/DKHO OBITH ITOBEpX-
HOCTHOE HaTsDkeHume xuKoct 6, (H/m). Vis-3a Manbix pasMepoB mysbIpesi i 6pbI3T, a Takxke
607IB1II0}T BA3KOCTH IIIAKA Ha IIPOLIECChI PasOPBISTMBAHNA CYIECTBEHHO BIMAET U BA3KOCTD
SKUJKOCTH, YTO BBI3bIBAE€T HEOOXOAVMMOCTD BK/IIOUATh B UMC/IO MCXONHBIX [TAPAMETPOB [UHA-
Mudeckyto BaskocTb [ (ITa-c). VimenHo moatomy BeI6Op paboueit SKMAKOCTH, MOJIETMPYIO-
1iell [UTaK, HeOOXOAMO MPOM3BOANTD, COTIACHO PaboTHI [2], U3 YCIIOBMA paBeHCTBA KpHUTe-
pust GU3NYIECKUX CBOICTB XXMUAKOCTY M.

TasornppopnHaMmdecKue sBIeHNs, IPOUCXOAALLNE B KOHBEPTEPHOII BaHHe, B IIpeobnaza-
IOII[ell CTETIeHN ONIPefe/IAI0TCA B3aMMOJeICTBIeM VHEPLIOHHBIX CU/I Ta30BbIX CTPYIL U CHIBL
TSDKECTH KUAKOCTU. VIX COOTHOIIEHWS OTpakKaloTcsA 4McIoM HbBIOTOHA, ABIIAIOMIETOCH
000011IéHHBIM MeXaHIIeCKIM KPUTEPYIEM, U3 KOTOPOTO MOTYT OBITh BbIBETIEHBI BCE TMAPOLI-
HaMM4ecKyie KpUTepUM IpY HOJCTAHOBKE B HETO BBIP)KEHNA I/IsI KOHKPETHBIX cu [5]. B o
e BpeMs 9TO YMCTIO YROOHO [/Is XapaKTePUCTUKM THAPOAMHAMMUYECKNX IPOIIECCOB, B TOM
4Kcie U B ABYX(asHbIX cpefax [6].

Ilnst mopo6ust B 06pasiie 1 Ha XOMTOFHOI MO/ TIPOLiecca HaHECEHN s IITAKOBOTO TapHM-
Ca)ka Ha CTEHKM KMC/IOPOGHBIX KOHBEPTEPOB ITYTEM PasfyBKI IIAKOBOTO PAacIiaBa BEPXHI-
MM CTPYAMU HeHMTpPaJbHOTrO rasa ObIIa MOMyYeHa CIIefyIolas KpUTepyanbHas 3aBUCHMOCTD
(mpu 3TOM MOMHOCTBIO COOMIOAAIOTCS HEOOXOAMMBIE, COIIACHO BBIABMHYTHIX B pabore [3]
HOJIO>KEHUIT, YCTIOBUSA T€OMeTPUYECKOTO, JUHAMIYECKOTO M KNHEMaTHYeCKOro MOo06Mil):

f(We,La,M ManNel,Nez,Hq)/dBHX,d(B,/Du)zo, (1)

i (3 HdJ — BBICOTA BepXHeN q)prbI HaJl ypOBHEM CIIOKOVIHOJ BaHHBI, M; dm)IX N

dgy - MaMeTp BHIXONHOTO CedeHus conen BepxHeit bypmsr, M; dg — MameTp OKpyKHOCTH
PACTIONIOKEHNA BBIXO[JHBIX CedeHMmit conen BepxHeit Gypmbl, M; Dy, — muameTp mummempy-
4eCcKoli 4acTy paboyero MpoCTpaHCTBa KoHBepTepa, M; We, La, M, Ma, n, Ne , Ne, - cooTser-
cTBeHHO Kpurepuu (umcima) Bebepa, Jlammaca, ¢usudeckmx CBOVCTB >KupKocTy, Maxa,
HepacyéTHOCTH, HbIoTOHA (IBe pasHOBUAHOCTM), IBa IOC/IEHIE U3 KOTOPBIX IIPEfCTAB/ISIOT
[6] coboil oTHOLIEHVEe MHEPLVOHHBIX CIJI Ta30B K CUJIe TSHKCTY XXUIKOCTY M OTHOLIEHMe
[OTEHLMAJIbHON 9Hepruy (MMIY/IbCa CU/IbI) K KMHETUIECKO (K KOMMYIeCTBY [FBIDKEHIS), CO-
OTBETCTBEHHO:

-B

Nelz%zidem; 2)
P gL

Ne, = F~€2 =idem, 3)
My - Wi
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e ). i? — CyMMapHBIif UMITY/IbC Ta30BBIX CTPYil BepXHelt GpypMBbl, eliCTBYIOIMIT Ha BaH-
Hy, H; / - xapakTepHblif pasMep cucTeMsl, M; & — yckopeHnme ciisl Tspkectn, M/c% F - cua,
meiictByromas Ha BanHy, H; Pk - miotHocts sxupkocty, kr/m% My - macca >KupKoit
BaHHBL, KT; VY XK~ CKOPOCTb TIOTOKOB SKMIIKOCTH, M/C.

CyMMapHbIiT IMITY/TbC CTPYil BEDXHETO TyThsA .1y ONpefenseTcs:

:B__:B
2ip=ip-cos a-ng (4)

rAei} - MMIIY/IbC OJMHOYHOI ra30B0ii cTpyn BepxHeit Gpypmel, H; s 1 o - cOOTBETCTBEH-
HO YICIIO COTIeN B TO/TOBKE BepXHell QypMBI 11 yTO/T HAK/IOHA MX K BePTUKA/IN, TPaf.
TeomeTpudeckoe mopo6ue Mofieny 1 obpasiia 10 OCHOBHBIM ITapaMeTpaM pabodero mpo-
CTpaHCTBa KOHBEPTePa OCYIeCTB/IAETCS CIEAYOMNM 06pasoMm:
) '

HCB
H, H

HP_HH_HK _hB_ _Dr_DH_Di:C/, (5)

H

H, h, D, D

p u

IIpY 9TOM HeOOXORMMBIIT YI€T KOHCTPYKTUBHBIX OCOOEHHOCTelT BepXHUX QypM U MX pac-
HOJIO>KEHNsI B paboyeM MPOCTPaHCTBE KOHBEPTEPHOTO arperata OCyIiecTB/IseTC Iy TéM CO-
OmrofieHIst TOKOONSE {BYX TapaMeTPUYeCKNX KpUTepues (CUMIUIEKCOB), YKa3aHHbIX B KPHUTe-
puanpHoit 3aBucumocty (1):

B
[8)

H
¢ =idem wu d—zidem (6)

B
deIX I

B soipaxeru (5): Hes - cBo6ommas Bricota pabodero mpocTpaHcTBa KOHBepTepa Hafl
YpOBHEM BaHHBI B CIIOKOJIHOM COCTOSIHVM, M (3[1eChb U fjajiee BEMYMHBL CO LITPUXOM OTHO-
carca x mopemn); Hp, Hy, Hy - COOTBETCTBEHHIO BLICOTI pabouero NpoCTPaHCTBA, LVI/IMH-
IPpUYECKOI ¥ KOHMYECKOII JacTell arperara, M; B — IIy6yHa BaHHBI B CIIOKOJIHOM COCTOS-
Huy, M; Dy - guamerp ropnoBuHs! KoHBepTepa, M; Dy - imameTp oKpyXHOCTH pacmonoxe-
HMA JOHHBIX QypM (mpy ux Hammumu), M; C,  — kputepuit (KOHCTaHTa) TeOMETPUIECKOTO
Hofo6KA MMHENHBIX BeMUMYMH (fpyrye HasBaHUA — Oe3pasMepHbIl JTMHENHbIA IapamMeTp
cucTeMBI [2] win MaciiTab reoMeTpUIECKUX pasMepoB [3]), HAXOOMUTCA U3 YCIOBUA paBeH-
cTBa 4rcia Bebepa We Ha mopenu u o6pasue [3].

Opnnaxo, ycnosre We=idem (1, cooTBeTcTBeHHO, ycnosue La=idem , sens xputepnii Jla-
mwraca La nomygaercs mytém fenenns Kputepus Bebepa We ma kpurepuit ®pyna Fr, mpen-
CTaB/IAA c000IT Mepy OTHOIIEHVSI CUJI IOBEPXHOCTHOTO HATSDKEHMS K MHEPLMOHHBIM (A1Ha-
MIYeCKOro JaBjeHus) [6]) MOXHO HapylIaTh, T.K. Kpurepuii Bebepa We He BmmseT Ha
pasMepbl OCHOBHOI1 30HBI IIPOAYBKM M IMAPOSMHAMUKY MaKpOIIPOLIECCOB, HO JKeaTeIbHO,
II0 BO3MOXXHOCTH, Pa3Mepbl MOJe/IM BBIOMpATh O/MoKe K pac4éTHBIM [2].

IvHamMmyecKoe ogobye gocTuraeTcs npu cobmogennn ycnosus Nej =idem , B pesynbrare
Yer0 B CXO[CTBEHHBIX IPOCTPAHCTBEHHO-BPEMEHHBIX TOYKAX BEKTOPHI OOBEMHBIX CUI U
TEeH30Pbl HAIPSDKEHNUIT OTINYAIOTCS IOCTOSHHBIM 1 OfVIHAKOBBIM 110 BCell 3a/JaHHOI CHCTeMe
CKa/ApHBIM MHOXMTeNTeM — MaciuTabom cun Cy [3]. Vicnonssys ypaBHeHue (2), MOXHO Haii-
TY BBIpa)KeHIe JJLA ONpefie/leHNs] Be/IMIMHbI MaciTaba cut Cp :

o o3 !
Yt _ Pl m'y

=CF 7
Zi? p)lc'f3 My @
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OmnpenerneHne YWICTEHHOTO 3HAYEHNA KPUTEPUA AMHAMIIECKOTO TORobusa C; ocyumecT-
BJISIETCSA C UCTIONIb30BaHMEM CTIefyIOIeT0 BhIpasKeHN:
:B
2ip
My - g
[IOJTy9eHHOTO M3 ypaBHeHVs (2) IyTéM HECTOXHBIX [IPpe0OpasoBaHmMil B pe3y/ibrare IOA-
CTAQHOBKI B IOC/IefiHee KOHKPETHBIX (YYaCTBYIOIINX B IIPOLiecce) CHIL
Knnemarndeckoe mopo6ye cobmofaeTcss B IOMHOM Mepe IIpU BBINOTHEHUM YCTIOBVIA
Nez =idem » IIp 3TOM, B CXOACTBE€HHBIX NPOCTPAHCTBEHHO-BPEMEHHDBIX TOYKAX BEKTOPDI
CKOpOCTelt 6YAYT OTINYATHCS FONIBKO IOCTOSHHBIM Y OVIHAKOBBIM BO BCeli 3aJlaHHOII CUCTe-
Me CKaspHBIM MHOXWTe/leM  , KOTOpBIii HOCUT HasBaHue Macuitab ckopocteii [3]. Ero
BE/IMYVHY MOYXHO HAWTU U3 BbIPa’KEHMN, IOTYYE€HHOTO IYTEM UCIIONb30BaHNA YPaBHEHNUA

(3):

=Cy, (8)

=Cy )]

BripaxkeHne [ HaXOXIE€HNUA YMCTIEHHOTO 3HAYE€HMA KPUTEPUA KMHEMATUYECKOTO IOJ0-
6ms1 C, MOXKHO HailTy IIyTéM npeobpasoBaHms ypaBHeHu: (3) B pe3ynprare HOLCTAHOBKY B
HETO CUJI, aKTUBHO Y4acTBYIOHMIMX B ITPOIiecce:

Yip -Hyg

2
My - Wy

=Cy (10)

IIpu MOIeNMMPOBAHUY HECTAIMOHAPHBIX IMPOLECCOB, KAKOBBIM SBIAETCA U IPOLECC
OLTAKOBBIBAHNS, He0OX0aMMO cobmiofars Maciitab Bpemenn C . [3], mpexcraBmstommii co-
6oit oTHoOLIEHNe MaciuTaba reoMeTpudeckux pasmepos C/ k mMaciTay ckopocreii Cy, :

’

c =V Wall_Cp (11)
T wil Cy

rme ' - Bpems, c.

Takum 06pa3oM, OCHOBHBIE YC/IOBMSI MOfIeTMPOBAHMs, IIPU COOMIONEHNY KOTOPBIX, IO MHe-
HUIO aBTOPOB JAHHOI pabOoTHI, MOKHO HOOUTHCS B 06pasiie 1 Ha XOMOHO MO/ Of06vst
rasorufpoAMHAMIYECKO OOCTAaHOBKM B IIPOIlecce Pa3fyBKM IIAKA CTPYSAIMM BepXHeil
¢bypwmsl [7-10], 6yRyT MMeThb BUS:

i i2-H
Cy=idem; C H:L =idem; Cy =Zr7;b =idem;
My - g my - Wi (12)
. Hy dg . .
C, =idem; . =idem; —2=idem; M =idem

BBIX I

ITpu ucnoIb30BaHMY /I Pa3AyBKM LITaKa IBYXBAPYCHOI GpypMel [11] B cuctemy (12) He-
06XOIMIMO IOTIONTHUTENTBHO BBECTI KPUTEPHii OTHOCHTENTBHOTO MMITY/bCA TIOTOKOB AYThA I
n nBa HapaMeTp]/[‘-[eCK]/IX KPI/ITepI/IH (CI/IMHHeKCa), KOTOpre y‘{I/ITbIBaIOT CyMMapHI)IIZ I/IMHyHbC
JOIOIHUTENBHBIX CTPYIl BTOPOTO sipyca Zi; , paccrosiHe Mexpy sipycamu comen (Hy , m)
IBYX'BSIPYCHON (pypMBI 11 fIaMeTp BHIXOZHOTO CEYeHVIsI COIIe]l BTOPOro sIpyca d53, M) [4]:
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iB dB
I = z—; =idem; H—;‘Eidem; —)::idem (13)
2iy dy dg

o o B
CyMMapHblit UMIYJIbC CTPYil YT BTOPOTO Apyca 2. i ;1 HaxozuTCs:
Zizziﬁ cos Beny | (14)

:B o . o
Ifie 1y — MMITY/IbC OFMHOYHOI ra30BOI CTPYM BTOPOro sipyca BepxHeit gypmer, H; Ny u
~ COOTBETCTBEHHO KONUYECTBO COIEN BTOPOTO spyca GypMbl ¥ yro/ HAK/IOHA MX K BEPTHUKA-
:B_:B
nm, tpag. (mpu f=90°, Yig=igong ).
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VIIPAB/IIHHS BUBOPOM CTUIbHMKA BCEPEIVHI MEPEXI
U1 UMTS

Kpagens O. O., Kpasuyk C. O.
Hauionanpumii TexHiuamit yHiBepcuter Ykpainy «KuiBcbKmit OMiTeEXHIYHMIT iHCTUTY T
im. I. Cikopcpkoro», IHCTUTYT TeleKoMyHiKallifiHMX cucTeM

Kiro4oBi cioBa: BuGip crinpHuka, Mo6iIbHICTD, lepefada 06CIyroByBaHHs, 6amaHC Ha-
BaHTaKeHHsI, aKTVBHUIT HabIp.

OCHOBHMM MeXaHi3MOM HiATpMMaHHS MOOIIBHOCTI B CHCTeMax CTiMbHMKOBOTO 3B’H3Ky €
nporenypu nepegadi oo6cnyrosysanus (I106), Ajist sSsKUX ITpy 30iIbIIEHHI IIBYAKOCTI epefadi
B KaHa/IaX aDOHEHTChKOTO IOCTYILY IIpef ABILIETbCSA BYIMOTA O 3MEHIIeHHA 3aTpUMKN [1, 2].

MerTot0 faHOL po6OTH € FOCIIKEHH a/ITOPUTMY LIBUAKOTO BIOOPY CTiNMbHMUKA, Ta BU3HA-
YeHHs 110r0 eeKTUBHUX IepeBar, IOPiBHAHO 3 Tpaguuiitaumu Bugom I106.

Y Mepexxax TPeTbOro IIOKOMIHHS BUKOPHCTOBYIOTD >KOPCTKY Ilepefiady oOCIyroByBaHHS
(T106). IIpote opHieo 3 HOBUX po3pobok € mmBuakmit Bubip crimpamka FCS (Fast Cell
Selection), sik1i MOXe BIMKOPVCTOBYBAaTHUCh 3aMicTb xxopctkol I106 [/ist yHUKHEHHs Iepe-
puBanb Ta migsuinenHs QoS. s koxHOI opmuuiyi aboxentcbkoro obmaguanus UE (User
Equipment) BU3Ha4ai0Th Tak 3BaHMiI AKTMBHUIT Habip AS (Active Set), skuit BKIII04ae B cebe
nekinpka cycignix crinbHukiB UE. CycigHi cTinbHUKM JOfAlOThCA/BUAANAIOTECA /3 AS, B
3aJ/IeXKHOCTI Bifj piBHA curHany, BuMipssHoro UE.

Icuye pBi cxemn FCS: B 30Hi 06cmyroByBanHs opuiei BC ta Mix 3onamu pisauux BC.
Y nepiromy Bunagky s II06 MoxxHa o6patu nuiite ceKTopu, mokputi oguieto BC. Y apy-
roMy — Oymb-sAIKMII CTUIBHUK 3 aKTMBHOTO Habopy aboHeHTta. FCS y mexi opniei BC mpo-
CTIIINIA — Ile HOCATAETHCA IIJIIXOM BU3HAYEHHS ninHa6opy 3 aKTUBHOTO Ha6opy, AKUN
ckmapaerbes i3 cexropis Tiel sk BC. IIpu 1poMy HmifXofi cMHXpOHisalis He 060B’A3KOBa,
TOMY 110 BCst iHdopmanis goctynHa Ha o6cmyrosyrodiit BC.

YmosHO FCS ocHOBaHMIT nuie Ha AKOCTi 0OCTYyroByBaHHA, AKa MoXe OyTu BimMiueHa
aboneHTOM. SIK1I0 GyTN GBI TOYHMMH, KOPVUCTYBAY BMUMIPIOE SIKICTh KaHATY 3 KOXXHOTO
CTi/IbHYMKA aKTMBHOTO HAbGOPY 3TifHO 3 BUMipaMy Ta CUTHa/laMy LIbOTO CTimbHMKamu. Lleit
Hifxin oTpyuMaB HasBy Bubip crinbpHuKa, mo perymoerbesa abonenToM UCCS (user controlled
cell selection). BC mosxe koHTpOmoBary mpouec FCS 6epyun o yBaru sIKicTh KaHamy Ta 3a-
BaHT@XeHHs Mepexi. B I[boMy BUIIa[iKy, a0OHEHT Ma€ OTPYMATH BifIIOBifb Bifi CBOIX CTi/b-
HUKIB.

Bubip crinpHyKa 3pilicHI0eThCs1 Ha BC Ta HalpaB/sETHCA KOPUCTYBAUYY 110 BUCOKOLIBIT-
KiCHOMY HU3XiZHOMY KaHany posnogineHoro konrpomo (HS-SCCH). Panime ue 6ymo B
0060B’s13KaX KOPUCTYBaya Yepes BUCXIAHY curHaisariito. Hipkde mpencraseHi fgesxi 3 mepe-
Bar KOHTPO/IbOBAHOTO Mepexkelo BIOOpy cTinbHMKa y 30Hi Aii opxiei BC NCCS (intra base
station network controlled cell selection) [3]:

BusHayeHHs Kpaljoro CTiTbHMKA OCHOBaHE Ha YMOBaX PO3IMOBCIO/PKEHHS PafioXBUIb Ta
HasABHIMX PeCypcax, TAKMX SAK: IIOTY>KHICTh Ta KOJOBUI IPOCTip A/ CTiNbHUKIB 3 aKTUBHOTO
Habopy;

BC mosxe 3pilicHIOBaTH «balaHC HaBaHTa)XeHHs» IOINlepeK PisHUX CTUIBHMKIB /IS TOTO,
1[06 CTBOPUTH HAKpallle 3aCTOCYBAaHHs pecypciB. banmanc HaBaHTa)XeHHs 0COOMMBO Bax-
nMVBUIL WA Tpadiky 3 pisKMMU IlepenajaMu. BoHO MOXXe CTBOPUTM «IIiKM aKTMBHOCTI» Ta
«IT1epiofi HeAKTMBHOCTI» JI/IA Pi3HUX CTi/IbHUKIB y pisHMII 4ac;
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UE1 (3MGiT/ c) UE4 (300K6iT/ c)
UE2 (6MGiT/ c) UBE5 (600KG6iT/ c)
UE3 (9MGiT/ ¢) UES (900K6iT/ c)
CymapHa LWBMIKICTb
9.9MGiT/ ¢
CrinbHuk-1 CrinbHWK-2

Puc. 1. Mpuknag 3aHeceHHa oo cnucky npu nigxoai UCCS

IIBUJIIA NTpOLieAypa BUOOPY CTiMbHMKA IoArae B ToMmy, o NCCS B 30Hi fii ogniei 5C
MOXXYTb 3aHOCUTM KOPJCTYBa4a y CIMCKYM OYAb-SIKOTO CTUIPHMKA 3 aKTMBHOTO Habopy Ha
IOBiTbHUI Yac.

Iepmnm mapamerpom st NCCS e Iugmkarop sikocti kaHany CQI (channel quality
indication), 110 HeOOXifHMIT AT BCIX CTUIBHUKIB 3 aKTMBHOTO Habopy. IcHylo4a cTpyKTypa
CUTHA/IbHYX KaJpiB MOXKe BUKOPMCTOBYBATHUCD /I TAKOTO MapaMeTpa, AK Yac MY/IbTUIIIEK-
cyBauus inpopmanii CQI Bif 6aratbox crinpuykis. HactymnHoro BuMoroo amst NCCS € mMo-
HiTopuHr aboHeHTOM HS-SCCH 3 KOXXHOTO CTiNbHMKA aKTVBHOTO HabopY.

Jlns Toro, mo6 He 36inbIIyBaTH MaKcuManbHy Kinbkicts HS-SCCH, aboHeHTY mOTpi6HO
mexopysaru nifHa6ip HS-SCCH 3 Ko>XHOTO cTinbHMKa akTuBHOro Habopy. Tomy, ko BC Ha
DAHOMY CTUIPHMKY BHOCUTH KOPMCTyBada O KaTajory, BOHA BIleBHeHa 1o iHdopmartis
yIpaBIiHHA HepefaHa Ha oauH 3 HS-SCCH, siki aboHeHT “uye” 3 Toro crinbpHuka. Ilpukia-
mom UCCS migxogy € puc. 1. Tyr UE1-3 Bubupae crinbumk-1 ta UE4-6 Bubupae
CTiIbHMK-2.

UE MOXyTb YTV 3aHeCeHi y CIIUCKM /uile Ha BMOPaHOMY CTiMbHMKY, 1IO JO3BOJIAE Iiji-
TPUMYBATY HalBUIIY LIBUAKICTH 3 iHTepBanoM yacy nepenadi. UE3 6yne 3aHeceHmit y Cmcox
Ha cTinbHuKy-1 Ta UE6 - Ha CTinbHUK-2.

Mogpenb Tpadiky, Ky BUKOPUCTOBYETbCS Y CUMYIIALII Mepexi, CKIafaeTbes 3 BikcoBaHOI
KiIbKOCTi TepMiHasiB, KOXXeH 3 AKMX I €fHaHMI 0 iHTepHeT-Mepexi. IHTepHeT-ceccisa
MICTUTD JeKi/IbKa IIaKeTHUX 3 €JHaHb (3aBaHTaXXEHb BeO-CTOPIHOK), AKi CYNPOBOKYIOThCA
TeAKUM iHTepBajIOM «IIeperyIAfy» I/ BIacHe Neperany 3aBaHTa)KeHOro KOHTEeHTY. B kiHui
L[bOTO iHTepBa/Iy TepMiHaJI 3aBaHTAXXY€ HACTYIIHY BeO-CTOPIHKY i T.Jj. 3aBepIlleHHs ITaKeTHO-
ro /i3BiHKa (QiKCY€ETHCSI IPY IOBHOMY 3aBaHTa)XKeHHI Be6-CTOPIHKYM Ha TepMiHaL.

Iis cxem FCS, aktuBHmit Habip UE cKIafiaeTbes 3 yCix TPbOX CTiMBHMKIB, IPUHATEXHNX
mo onHiel 6a3oBoi cTaHwiil. [ToKa3HMKM ITPOITYCKHOI 3[aTHOCTI BUKOPUCTOBYIOTBCS MEXaHi3-
mom Over-The-Air (OTA) [4]:

3aransHa KiIeKICTh X0opowlwmHx BiTis

0TA =
{(3aramsna winsxicTs cioTis 3 Tpancmicciero)x T_caoTi
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3aransHa kiaskicTs xopownx GiTis

QGeayroeyrou=a [13 = — -
(3araanua xkizsxicts caotis Jx T_ciaoTn

K=Th N3KJZE. ) .
1 Z 6iTH B MaKeTHOMY A3BIHKY j

3 naxeTHux g3einkis (PCT) =

KlIBKICTS MaKeTis BHEINKY TPHEATCTE NAKETY EHEIHKY j

=t

JarattEa KiAIEHICTE QI0TIE 3 TPEECHIcoiew JaraTeEa KiAeKICTE LI0TIE 3 TPEECHICCED

3acTocyBaHHS = —— - —— -
JararteEa KiIeKICTE LI0TIE JarateEa KiaeKICTE TI0TIE

Jlns1 TOTO, 1106 BUSHAYMTH, UM € epeKTUBHUIT AITOPUTM LIBULKOTO BIOOPY CTIMbHMKA, IO
HDOCIPKYETbCS B JaHill CTATTi, HeOOXifHO MOPiBHATK HOoKa3HUKY [1O6 3 BUKOPUCTaHHAM
NCCS Ta 6e3 Hporo. Ha puc. 2 posrnsanyTo Bumagku 3 50 ta 100 TepMiHanamiu, sSKi pyxaoTb-
cs 3i mBupKicTIo 3 KM/rofi. MoxkHa Bifcninkysary, mo anroputM NCCS B ninomy Ha 33%
IIOKpalllye MPONYCKHY 3IaTHICTb MAKETiB BUK/IMKY, HO3BOAIYM KOPUCTYBadaM YHUKHYTHU
cuTyaLil, KOIU CUTHAN Bifi OCHOBHOTO CTiNIbHVKA 3a3HA€ IMMOOKMX 3aBMUPAHb. 3 MAIOHKY
BUJHO, 11O IIpY Gi/IbIINX 3aBaHTa>KeHHAX Burofa Big FCS MeHIa yepes Te, IO CUCTeMA BXKe
BUTpa€ 3 6araTboX Mif[CUIEHD Bil KOPUCTYBAdiB.

B wiit crarti 6ynu posrsiHyTi nepesaryu anroputmy NCCS MBUAKOTO BUOOPY CTiIbHUKA.
[/ yHUKHEHH:A CKJIaJHOMIB y cnHxpoHisanii HARQ, 6yno posrisaryTo FCS Mix cexTopamu
BC. PesynbraTi MopienoBaHHA 10Ka3any, o 3actocysanua FCS jonomarae ynuxkuy Tt Bu-
HajKM ITIMOOKMX 3aBMYPaHb, TAKUM YMHOM MO>Ke ITokpammnty dpyHkuiroBanHs HSDPA. ITpu
MIBUAKOCTI 3 KM/TOJI , 3a/IeKHO Bifi HaBaHTaxeHHA cuctemy, FCS 3HauHOI0 MipoIo ITOKpalye
IIPOITYCKHY 3/IaTHICTb Ha 33% Ipy LIbOMY 3a/IMIIAI0YM Ha TOMY X piBHi QoS.
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Puc.2 — MopiBHsHHSA M3 nakeTHUX BUKNUKIB Ans weuakocTi 3 km/rog ans MO6 3 NCCS Ta 6e3 FCS
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COHAYHA BATAPEA IJI1A BE3IIUVIOTHOTO
JIITAIBHOT'O AITAPATY

Ilerpos B.O.
Crygent kadenpu MikpoenekrpoHiky, HarjionampHuit TexHiYHMII yHIBepcuTeT YKpaiHu
«KuiBcpkuit nonitexnivamit inctutyt im. I. Cikopcbkoro»

Mosuan A.IO.

CrynenT kadenpy MikpoenekTpoHiky HanioHanbHMiT TeXHIYHMIT YHiBepcuTeT YKpaiHu
«KniBcpkuit nomitexnivyamit inctutyT im. I. Cikopcbkoro»

Konecnix M.M.
CrygentT kadenpu MikpoenekrpoHiky, HarjionampHuit TexHiYHMI yHIBepcuTeT YKpainu
«KuiBcpkuit nonitexnivamit inctutyt im. I. Cikopcbkoro»

Hepusenmens O.I.
Crynent kadenpu MikpoenekTpoHiky, HarioHampHMit TeXHIYHWIT YHIBepcUTeT YKpalHu
«KniBcpkuit nomitexnivynmit inctutyT im. I. Cikopcbkoro»

B daniii cmammi npedcmasnena po3pobxa consuroi 6amapei ons 6esninomnuxa. IToxasano
sapianmu posMilleHHs COHA4HOT naneni Ha npodini kpuna nimaxa. [Jocsenymi napamempu: 6u-
XiOHA MAKCUMATIDHA NOMYHCHICMY COHTuHUX 6amapeti y 110 Bm npu cmpymi 10A i nanpysi 11B.

KimrouoBi cmoBa: 6e3minoTHNI JiTaIbHWI anapat, pOTOeNIeKTPUYHMIT IepeTBOPIOBaY, CO-

HsAYHA Oarapes

Keywords: unmanned aerial vehicle, photoelectric converter, solar panel

Brmspko 40 pokiB ToMy B aBiariii 3’ 1BMBCA
HOBMI HAIPAMOK - JIiTaKy, IO BUKOPUCTO-
BYIOTb COHAYHY €HEpTilo I MiTPUMKM Ta
3abe3nedeHHs MomboTy. e cBOepimHmMit THIT
mitanpHuX amapatiB (JIA), 6inpuicte ropu-
30HTA/IPHUX ITOBEPXOHDb AKUX BKPUTO q)OTO—
e/leMEeHTaMy, 1[0 TIEpeTBOPIOIOTh EHEPTilo
COHAYHOTO BUIIPOMiHIOBAaHHA B €IEKTPUYHY.
3aBAAKM HASABHOCTI COHAYHMX €IE€MEHTIB,
vyac mepebyBaHHSA Oe3IIOTHMX JITalbHUX
amapatiB (BITJIA) y moBiTpi cyTTeBO 36ib-
HIMBCA.

KinbkicTb eHeprii, 110 OTPUMYETHCS Tepe-
TBOPEHHAM COHAYHOI €HEpril B eIeKTPUYHY,
IIPsIMO MPOIIOPLIIIHO 3a7I€XKUTD Bif| TOTO, AKa
JI0/14 BiJ 3aTra/IbHOI IIJIOLi BKpUTA (bOToeneK-
TPUYHUMM TIepeTBoproBadamy. Ockinbkn
KOHCTPYKIIist 6e3IIi/TOTHMX JliTa/IbHMX anapa-
TiB BifjpisHA€TbCA Bif II0CKOi KOHGirypanii,
HOCTA€ MUTAHHA e()eKTUBHOTO BUKOPVCTAH-
Hs IUIOMIi, AKa Ma€ IeBHy KpuBusHy. IIpn
IbOMY BMHUKAE HeOOXiHICTh MOCTiIpKeHHA

3a/Ie)KHOCTI BIUIMBY Ha (OTOENEKTPUIHMI
nepetBopioBad (OEII) nedbopmarii, sika Bu-
HMKAa€ TIpM JIOr0 MOHTaXi Ha HepiBHy IIO-
BEPXHIO.

OpHa 3 OCHOBHMX CHCTEM JITaKiB Ha CO-
HAYHMX GaTapesx - CUCTEMa eHepromocra-
JaHHA. [I0TY>XHICTb, 110 BUPOOIAETBCA CHC-
TEMOI0 €HepPrornoCTayaHHs;, oOMexeHa IIo-
IIel0 COHAYHMX OaTapeli, pO3TalllOBaHNUX Ha
[IOBepXHi JriTaka, TOOTO 3a/MeXNUTh Biff 110TO
TeOMETPUYHMUX PO3MIpIB.

IToTy>xHiCTh CHCTEMM €HEPronoCTa4aHHA
3pOCTa€ 3 BUCOTOIO MONIbOTY, Ha BifIMiHY Bif
TpaJiULIi/iHUX JBUTYHIB BHYTPILIHHOIO 3IrO-
PAHHA, Y AKUX HOTYXKHICTh 3 BUCOTOIO IIO-
TBbOTY icTOTHO Mazae. Ile nonomarae mitakam
Ha COHAYHMX Oarapesx mocsraru OiIbIIMX
BJCOT IIO/IbOTY, HDX JIiTakaM 3 JBUTYHaMU
BHYTPIllIHbOTO 3TOPSHHA. [1]

ConsayHa bGarapes CKmTafaeTbca  3i
3’€HAaHUX MDK C00010 (OTOeNeKTPUIHUX
enemMeHTiB. PoTOENTEKTPUYHI MOAYIi 3a3BU-
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Puc.1 Mpodinb 3i BcTaHOBNEHNMU naHensmy 156*156 mm Ta gogatkoBuMM naHensimu 2wt. 10*156

MM, 30*156 MM

Jail pOOTATbCA 3 KPUCTANTIYHIX KPEMHIEBUX
COHAYHUX eneMeHTiB. 111 enemMeHTH pO6IATDH-
51 3 Ha/I3BMYAlTHO TOHKMX KPeMHIi€BUX TI/Iac-
TH (pn61msHo 300pum), a OT)Ke BOHM Hajl-
3ByYaliHo KpyxKi. lIl06 saxycTuTy macTuHm
BiJ MOUIKO>XEHHS, iX repMEeTUYHO 3areva-
TYIOTb HIAPOM €Ti/JIeHBiHiNIalleTaTHOI IUTiBKK
(EVA). MoxHa BURIMTH 3 TUIM KpeMHie-
BUX COHSAYHMUX e€JeMEHTIiB BifIIOBigHO MO
TUITYy KpMCTaa:

» MOHOKPMCTaTi4yHi, /I AKMX BUKOPMUCTO-
BYEThCSI AOCOMIOTHO YNMCTMII HAIIBIIPOBIZ-
HMKOBUII MaTepiajl, U0 Ia€ BUCOKUI piBeHb
eeKTMBHOCTI, a7e py BUCOKIil BapTOCTi;

e MOMIKPUCTAIi4Hi, 1O CKIaJa€TbCA 3
KPUCTAIiYHMX CTPYKTYp pisHUMX pO3MipiB.
Bupo6umunmit mporgec

€ EeKOHOMIYHO OinpIl epeKTMBHUM, aje
HPM3BOAUTD [0 MeHII eeKTVBHMX COHSY-
HUX baTapeit;

o aMop¢Hi, a60 TOHKOLIAPOBi elTeMeHTH,
Jie KpeMHieBa IUIiIBKa HaHOCUTBHCA Ha CKJIO
a6o iHIy MaTepia/ MigK/IagKy, HaBiTh THYY-
kyM. TOBILMHA IIbOTO LIAPY CKIafla€ MeHuIe 1
MKM, TaKUM 4YMHOM, BUTPATU BUPOOHMI[TBA
IyXXe HM3bKi, ame epeKTMBHICTb 3anmiuae
6axxaty Kpamoro. [2]

Hait6inpu edheKTMBHUM € BUKOPUCTAHHSA
IUTIBKOBUX COHSAYHUX e/IeMeHTIB, ajie B IaHil
PO3poOILi BUKOPUCTOBYIOTbCA MOHOKPMCTA-
JIYHi COHAYHI eIEMEHTI.

Jns nigBUIeHHS AKOCTI Kpula, 3alpoIo-
HOBaHUII BapiaHT 3 BUKOPUCTAHHAM COHAY-
Hol maHeri 36ipHoro ¢opmary (Puc.1). Jana
HaHe/b JO3BOJIA€ OiIBII pallioHa/IBHO BUKO-
PUCTOBYBaTM piBHY Ta KPUBY IIOBEPXHIO
Kpuia it orpuMmaru Ipodinp 6IM3bKUIL 1O
6a30B0ro. Po3MilljeHHs YaCTMHOK CTaHAAPT-

Horo ®EII Ha HOCKy Kpuia 3abesmedye ra-
PaHTOBaHUII pe3epB y MOTYXHOCTI eHepro-
ycTaHOBKM. Po3Mipym cKmafioBUX eneMeHTiB
06Mpanncs 3 ypaXyBaHHAM 3MiHM KPUBM3HU
BepXHbOI TBipHOI IPOQINI0 Ta TEXHONOTid-
HJIX OCOOMMBOCTeI! COHAYHNX €IeMEHTIB.

ConsyHa Garapes i1 6e3IiIOTHMKA IIO-
BUHHA Oy T MaKCHMAJIbHO JIETKOIO, TOMY 110
Bara Jiy>Ke CM/JIbHO BIUIMBA€E Ha XapaKTep I10-
TbOTY JliTaKa.

Ha conayHy 6aTapero BCTaHOB/IOIOTD 3a-
xucHi giogu. BoHn Heo6XifHi mid 3amo6iran-
HA IIeperpiBy i BUXOMY 3 aly YacCTKOBO 3a-
TiHEHMX €JIeMEHTIiB COHAYHOI maHem. bes
HIUX BCA TaHeTb MOXKe BUITU 3 Mafy uepes
BUTOPsAHHA OfHOTO 3 eneMeHTiB. Haitvacri-
e B AKOCTi TaKuX JiOfiB BUKOPUCTOBYIOThH
miopy HIoTTKi, AKi falOTh MEHIIy BTPaTy B
enekTpoeHepril. [3]

BpaxoByroun Haxul Kpuna fiTaka, IorofgHi
YMOBH Ta 4ac foOuM mpu HonboTi, Mae OyTn
3amac IOTY>XKHOCTI COHAYHMX €JIEMEHTIB.
Yum 6iblla OTYXXHICTD, TUM OLIbIIMIL Oye
Jac mepeOyBaHHA 6e3NMUTOTHMKA B IIOBITPI.
ExcnepumeHTanbHa MOTYXXHICTh COHAYHMX
Garapeit oBMHHA 6yTy He 6inbiIoi0 3a 70%
BiJj pO3PaxXyHKOBOI IIOTY>XHOCTI, IKY MO>XHa
TOCATTH B JIiTHIO TIODY.

CxeMa CKIaJa€Tbca 3 22 COHAYHMX ITaHe-
Jelt, 1o 3’€[HYITbCA MocaifoBHO (Puc.2).
Ockinpku fai maneni 36ipHoro ¢popmary, To
BOHM CK/IAJJAI0ThCA 3 YOTUPHOX MapajenbHO
3’egnanux OEIL. BeepXy cxeMu pos3TalloBa-
HO 22 Benmukux (156%156mm) ®EII, go Hux
HmapajelbHO i €NHYIOTbCA 22 Maaux
(30*156mMM), e mapanenpHo 22 PEIT pos-
Mipom 10*156MM i IIe TaK caMO IapajnenbHO
22 OEII posmipom 10*156mMm. OTxe B 3a-
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TaJIbHOMY MAa€EMO CX€MY, fAKa CK/IaJJa€EThbCA 3
88 mocnigosrno-napanenbuux OEIL. Ha mro-
COBOMY BVBOJI 1O KOXKHOI Ti/IKV HiX €gHaHi
3aXMCHI Jioan.

TecToBi BUMipOBaHHA [ja/n 3arajbHy IHO-
TY)XXHICTh COHSYHMX Gatapeit y 110 Br. 3a-
MIPOIIOHOBAHA CXeMa 3 €HAHHA IIIXOOUTD
JUIsl BUKOPVCTaHHS B Ge3Ii/IOTHOMY JIiTajb-
HOMY aIapari.

Cmicok BUKOPUCTAHOI TiTepaTypu:

1. AIL Tpodumenko. YKpaiHCbKMIT aHTapKTUYHMIL
>KypHai. 2012, Ne10-11. C.390-398.
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Test of the Propulsion System of a Solar UAV.
Instituto Superior Tecnico, Lisboa, 2013. C.4-5

3. ®apen6pyx A., bpio6 P. Conneunble snmeMeHTsI: Teo-
pus M 9KCIepuMeHT. Mocksa. J3gaTenbcTBo

Puc. 2 Cxema 3'6QHaHHS COHSIYHUX ENeMEHTIB “Oueproaromuspatr’, 1987. .- 135¢
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IMPMMEHEHVE MHTETPAJIbHOTI'O ICUMCTEHS
OYHKIIMM OTHOVI IEPEMEHHON B 9KOHOMMUKE

Bakuesa [Jappsa CepreeBHa

Crypentka 1 xypca rpynnsl ®K-11 skoHOMIYecKoro GpakynbTeTa

Creprmramakcknit puman bamknpckoro TocymapcrBeHHOro YHUBEpCHTETA

HayuHblit pykoBoanTeNb: K.(.-M.H., JOLIEHT Kadepbl MaTeMaTH4eCKOro aHa/IN3a
¢akynbTeTa MaTeMaTUKM ¥ MHPOPMALIOHHBIX TeXHomoruit CrepImTaMakcKuil Gpuinan
bamkupckoro IocynapcTBenHoro YauBepcutera Cabumosa IOnus Kamuneena

Kntoueevie cnoea: wHTerpan, IpPOU3BOLUTENBHOCTh TPYAA, OOBEM MHPOXYKINH,
IUCKOHTMPOBAHHBII JOXOJ], KATIUTA/IOBIOXKEHUS.

Keywords: integral, labor productivity, output, discounted income, investments

Ilycte QyHkuusa Z = JC(f:l OIUCHIBAET M3MEHEHNUE TPOU3BOAUTENBHOCTY HEKOTOPOTO
[POM3BOJCTBA C TedeHyeM BpeMenu. Haitnem o6bem npopykuun U, mpousseeHHO 3a Ipo-
MEXYTOK BpEMEHN [0,T]. Ecnm HPOM3BOANTENBHOCTD HE U3MEHSAETCS C TeIeHeM BpEMeEHT,
§(t) — mocrosiHHas yHKIMA, To 06bem mpoxyKimu AU, TPOUSBEIEHHOI 32 HEKOTOPHIIT
npomexyTok Bpemern [£,t + At] sagaerca popmynoit Au = f(t)AL. B o6ujem crydae cripa-
BEIIMBO TPUGIVDKeHHOEe paBeHCTBO AU = f®Ae, rne & € [t,t + At]l. 910 pasenctso
OKasIBaeTCs TeM Gonee TOUHbIM, yeM Menbie At.Paso6pem orpesox [0, T] ma mpomex-
yrku Bpemern toukamm: 0 =ty < £y <€y <..< €, =T. [lna semuunun o6vema
npogykuuu  AU;, npoussemeHHONi 3a IPOMEXYTOK BpeMeHN [I‘l-_ 1, I‘l-], uMeem

Au; = JE@;':’-M; e d € [tig, )AL = t;— t,y,i = 1,2, ..., M Torpa

IIpu crpemnenuy max Af; K Hy/II0 KaX/10€ U3 UCIIO/Ib30BAHHBIX IPUO/IVIKEHHDIX PABEHCTB
CTaHOBUTCSA BCe 6onee TOYHBIM, TO3TOMY

u= lim Z f(&EDAL,.

max.ﬂt;—»ﬂ
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YuureiBas OITPENETIEHNIE OIPENETIEHHOI0 MHTETPajIa, OKOHYATEIbHO IIOTyIaeM

u= j:f(t)dt,

T.e. €CIn jE(t:l — IIPOV3BOJUTENBHOCTD TPY/a B MOMEHT t, TO f f(®dt
0
06'beM BBIITYCKAEMOII IIPOAYKLMY 32 IPOMEXYTOK [0, T].
PaccMoTpuM npyuMep MCIIONB30BAHMS MHTeTpana B 9koHoMuKke. Ecmu B ¢pynkunn Ko66a -
Jlyrmaca cuurarh, 9TO 3aTPaThl TPY/AA €CTb IMHENHAs 3aBUCUMOCTD OT BPEMEHM, a 3aTparThl

KamnTasa HEM3MEHHDBI, TO OHa IIPMMET BUJ,

g &) = (at + ﬁ )6’ Ft. Torga 06beM BBIITyCKaeMOL IIPOYKIUM 3a T ner cocrasur

T

u= f(at + Berdt. (bopmysa 1)

4]

ITpumep 1. Haiitu 06peM IpoRyKuuy, MpoK3BefeHHOI! 3a 4 rofa, ect ¢yHkius Ko66a —
Jlyrnaca umeet BUR g(t) = (1+ t]egt,

Pewenue. TTo popmyne (popmyra 1) 06beM Ipon3BefeHHON IPOFYKINI

4
u= f(l + t)e3t dt.
]

VcnonbayeM MeTON MHTerpupoBanus no yactam. Iycrs U = £ + l,dv=e 3tdt.

1
u=rt+1,dv=e3dt. Toma du=dt,v=[e¥dt= Set.

du=dt,v = [ e’ dt = iegt.

4
1 4 1 1 1 4
— _ a3t _ L3t _ 12 _ a3t —
u—(t+1)3€ |O fse dt—S(Se 1) ge 0=

3

1 .
=3 (14e*2—2) ~ 2,53- 103(ycn.en.).
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ITpumep 2. Oripenenuthb AMCKOHTVPOBAHHBII JOXOJ, 3a TPY IOfia IPY CTaBKe IpoleHTa 8%,
€CJIV TIepBOHaYa/IbHble KallMTaIOBIOKEHNA cOCTaBMI 10 MITH py6., 1 eXXerofHo HaMe4aeTcs
YBeIMYMBATh KallUTAIOB/IOXKeHUA Ha 1 MJIH pyo.

Pemenne. OueBUMAHO, UTO KaNMTAJNOBAOXKEHUs 3ajalTrcsa  QyHKUMeN

f(£)=10+1 -t =10+t Toraa no GopMye BEIIMCIIM:

K= T (t) e *dt.
[E;

3 -
JluckonTpoOBaHHas cymMa Kamuranopnoxenuit K = jo (10+ t)e %% dt.  na

BbIYMC/IEHNA IIPYMEHAEM METOM MHTEIPUPOBAHNA 110 YaCTAM.

f u=10+1t dv = e 084¢
(10+t)e 0% gt = 1 oose=
du—dt, ve——" e
5 u=at v="508°
3
1 3 1 1
_ 10 + t —0,08% + f —0,0Stdt - — 13 —0,24
0.08" Je 0" 008)° 008 ¢
0
1 1 3 13 10 1

e =

—0,09:| _

+—10-—— -
0,08 (0,08) 0 0,08¢92* " 0,08 (0,08)2e%2*

+———==30,5 .pyo.
(0,087 ,5 MJIH.py

K = 30,5 mH. py6. 310 03HAYaET, 9TO /IS TIOMyIeHNs ONMHAKOBOI HAPAIEHHOI CyMMBI
Yepes TPU TOfa eXKerofHble KalNUTaIoBAOKeHNUs oT 10 MiaH o 13 MiH py6. PaBHOCU/IBHEI
OffHOBPEMEHHBIM IIePBOHAYAIbHBIM BIOKeHMAM 30,5 MIH pPy6. IIpy TOI >Ke IPOLIEHTHOI
CTaBKe, HAUMC/I1eMOJ HeIIPEPhIBHO.

Cmicok nureparypnl
1. Bpicmias MaTeMaTuKa /i 9KOHOMIYECKMX CIlellaabHOCTeN! : yue6uuk u nmpaktukym / H. III. Kpemep, B. A. ITyt-
ko, VI. M. Tpuums, M. H. ®pupman ; nog pep. H. III. Kpemepa. — 3-e usp., nepepa6. Y gom. — M. : V3garenscTBo
IOpaiir; VIJT FOpaitt, 2010. - 909 c. - (OcHOBBI Hayk).
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