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YK 004.415
Koctiouko C.M., Cxnsinuyk O.M., Imtomuk P.C.
Jlyupkuit HanioHABHUK TEXHIYHUHA YHIBEPCHUTET

MATEMATHUYHI OCHOBHU TA TPOIT'PAMYBAHHSA MIKPOKOHTPOJIEPA
ATMEGA328 3 BUKOPUCTAHHSAM POLOLU 3PI ROBOT

Koctiouko C.M., Ckasinuyk O.M., Lmoumk P.C. MateMaTH4Hi OCHOBH Ta NMPOrpaMyBaHHsS MiKpPOKOHTpoJiepa
ATMEGA328 3 Bukopucrannsam POLOLU 3Pl ROBOT. V pawiii crarti 1OCTiIPKEHO MaTeMaTH4HI aCleKTH Ta MOYKJIMBOCTI
nporpamyBanHs MikpokoHTposiepa ATMEGA328 mis mapanesbHOr0 BUKOHAHHS HHMM IIOCTaBJCHHX 3anad. HaBeneHO JicTHHT
KOJly BUKOHAHHS KOMaHJ poOOTOM Ta HOro CTPYKTYpHY CXeMYy.

Kuarouosi cioBa: ATMEGA328, 3pi robot, C++, MikpokoHTpoIIep, MOIYJIb.

Koctiouko C.H., Ckasnuyk A.H., HWmommk P.C. MaremaTHueckue OCHOBbI H NpPOrpaMMHpOBaHHe
MukpokonTposiiepa  ATMEGA328 ¢ wucnoab3oBanumem POLOLU 3PlI ROBOT. B pjaHHO# cTaThe HCCIIEIOBAaHbBI
MaTeMaTHYeCKUe acCleKThl M BO3MOXKHOCTH IPOrpaMMHpPOBaHUs MHKpokoHTpoiuiepa ATMEGA328 nnst mapanensHoro
BBIMIOJIHCHUH MM IIOCTaBJICHHBIX 3a/1a4. [[pUBEICHO JIMCTHHT KO BHIIIOIHEHUS! KOMaH]I pOOOTOM M €r0 CTPYKTYPHYIO CXEMY.

Kuarouesbie ciiosa: ATMEGAS328, 3pi robot, C ++, MUKpOKOHTPOJLIIED, MOALY/Ib.

Kostiuchko S.M., Sklyanchuk O.M., llyushik R.S. Mathematical bases and programming of microcontroller
ATMEGA328 using POLOLU 3P1 ROBOT. In this article the mathematical aspects and possibilities of programming the
microcontroller ATMEGAS328 for parallel execution of the set tasks are given. Listing the command code execution robot and its
block diagram.

Keywords: ATMEGA328, 3pi robot, C ++, microcontroller, module.

Bertymn. JlronctBo 3 caMoro noyaTtky CBOro iCHyBaHHS MOCTIHHO pO3BHBAJIOCH i TEIEP MU KUBEMO B
YyacH, KOJIM TEXHiKa CTaja HEeBiJl'EMHOIO YaCTUHOI HAIIOTO XUTTS, 1 IPAKTHYHO “BIIUIAaCh” B KOXHY cepy
JOJICHKOT ISUTBHOCTI. 3aBISKKA TEXHOJIOTisIM, HaWCMITUBIII (aHTa3ii IOJCHKOTO PO3yMYy CTarOTh
peanbHicTIO. BOHM momomaraloTh HaM CHIIKyBaTHCh, MEPECYBaTHCh, a Ui JEKOro 1 B3araml CTaloTh
YacTUHOIO Tia. | B Wac mporpecy TEXHOJIOTiH, KOIMM MAaIIMHHU MOKJIMKAaHI MOJETIIUTH Halle KUTTS, Ha
JOIOMOTY TPHUXOAWUTH POOOTOTEXHiKa, MO3BOJSIOUM HaM JOCSATHYTH THUX BHCOT, SIKUX HE MOXJIHMBO
JOCSTHYTH JIOACBKMMH CHJIAMH. Temep WIKOM 3po3yMino, 0[O0 NOAANbIIWH PO3BUTOK JIIOJCTBA
HEMOXXJIMBHH 0€3 PO3BUTKY TeXHOJIOTiH. ToMy Oe3nepedHo mpobieMu poOOTOTEXHIKH € aKTyaJbHUMU.

Po6or Pololu 3pi po3pobnenuii, 1mod MOCATTH YCIiXy B 3MaraHHsAX MO CIiTyBaHHI JIHIAMH 1
NPOXODKEHHS J1abipuHTy. Bin Mae HeBemukmii po3mip (9,5 cm / 3,7 mioiima, Bary 83 1 / 2,9 yHmii 6e3
Oatapeit) i yotupu Oarapeiiku Ty AAA, B TOI Yac K CHCTEMa XUBIICHHS JBUT'YHIB MPAIFO€ Ha MTOCTIHHI
9.25 B Hampy3i He3aJeKHO Bix 3apsay akymyssTtopa. PeryiapoBana Hampyra no3Boisie 3Pi gocsraté
HIBHJIKOCTI 10 1 M/c Ipy BUKOHAHH1 TOUHUX IIOBOPOTIB, SIKi HE 3aJIeKAaTh BiJ] HAIPYTH aKyMyJIATOpa.

Pololu 3pi Hamae uynoBy muatdopmy [Uis JIIOAEH 3 HEBEIMKHM JOCBIJOM IPOrpaMyBaHHS, LI00
BHUBYHMTH POOOTOTEXHIKY, 1 MOKPALIUTHA CBOI HABUYKHU MporpamyBaHHa Ha MoBi C. B ocHOBI Horo JnexuTh
mikpokontponep Atmel ATmega328P, mo npartoe Ha wactori 20 MI'1y i mae 32 Kb mporpamuoi nam’siti, 2
Kb O3V i 1 Kb nocriitnoi nam'sti EEPROM. Atmel Studio 3a6e3neuye 3py4yne cepenoBuiie po3pooku, a
BenmMKHid HaOip 0i0iioTek, mo HazarTbes Pololu, poduTk #oro 3po3yMiTuM Ta MPOCTHM IS B3a€MOJIT 3
ycim amapaTHuUM 3a0e3nedeHHsM. [Tpuctpiii 3pi Takok CyMiCHHIA 3 TOMYJISPHOIO TIAT(GOPMOI0 pO3poOKU
Arduino. Apxirextypy podora Pololu 3pi npoaeMoHCTpOBaHO HIDKYE.

CriTacaiomn

KoHekTop 3apiaHoro - 3
NPHCTPOH <A 4 I'ynox (Buzzer) PB2

4 AAA
Garapeiicn

Critnonion
AHERCHHA
Knonka #aienenns

Knonka
NepEIABANTARENT

LCD mucnneii 8x2
KHomen sudopy
PBO - PB4

Pucynok 1 — 3oBHimHii Burisa ta komiiekramis Pololu 3pi ( BepxHs cropona )

© Kocrrouko C.M., Cxissaayk O.M., Imormk P.C.
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Lisdposi QTR-RC cencopn
PCOPCY

Zenenndi cotaomon
T Yeprosii
sitnomion PO

MorenuiomesTy
MixporosTponsp
ATmega32d
{20MHz)

Perynarop
ackpasocti LCD
ERpana

Cepaitandi nomep

Crmifi cBITAOLIO.
THAE A 3 9.
‘VBoost

Cuentift caitnonion
mpiE"asaEnt 3 3V
VBat

Jerka macTHROR2 KYTEES

Pucynok 2 — Komrmiekranis Pololu 3pi ( HwkHs cTopoHa )

MosxuBocTi pobota 3pi MOXKYTh OyTH MOJMIMIIEHI 32 paXyHOK BCTAHOBJIICHHS IUIATH PO3LIMPCHHS
3pi Expansion Kit, mo MOHTyeTbCcsS Ha «IpYrHid MOBEpX» poOOTa Ta Ja€ MOXIIHUBICTH KOPHCTYBaueBi
3aCTOCYBaTH Dsifl amapaTHUX MOAYIiB. KITlOuoBOH OCOONMHMBICTIO TUIATH PO3MIMpPEHHS 3Pi € Te, 0 BOHA
JIO3BOJIIE BUKOPHCTOBYBATH OJIMH 3 MOTYXKHUX 32-OiTHMX KoHTpojiepiB ARM, sk BHCOKOpPiBHEBOTO
KOHTpoOJepa Uit poOOTOTEXHIKU, MPONOHYIOYH 3HAYHO OUTBILTY OOYHMCIIOBANBbHY MOTYKHICTE 1 BUTBHI JiHIT
BBCJICHHSI-BUBE/ICHHS, HDK BOynoBaHuil B podot 3pi 8-6itHuit AVR-mikpokoHTpoiep. ba3zosi podoru 3pi,
MONEPEIHRO 3alporpamMoBaHi Juis pPOOOTH B SKOCTI IOCHIOBHOrO mijyiersiioro mpuctporo Mbed
HIIKITI0YaeThesi 0e3MocepeJHbO 10 PO3'eMy Ha IUIATI PO3LIMPEHHS 1 MOCHIZOBHHMX JiHIA 0a3zu 3pi.
[TinTprmka GiOmioTekH i MpUKIagu Tporpam Juis 3Pi JOCTymHI Ha caiiti Mbed.org, mo mo3BoJIsIE JErKO
3aIycKaTy 1 kepyBaTh Baium mbed-po6orom 3pi.

Takox € poz’em gt Wixel Programmable USB Wireless Module. Jlanuii Momynb m03BOIISIE
BHKOPUCTOBYBATH 0€3pOTOB1 MOXKJIMBOCTI JUIsl YIIPaBIiHHs Ta OOMiHY iH(POPMALIEI0 MiX BallUM poOOTOM
3pi, Hamaroum cokeru st moayinie XBee a6o Wixel. Ilnata po3mmpeHHs 3'€qHye i MOAYII 3 OAHUM 3
MOCIIZIOBHUX TOPTiB Mbed, a TepeMHYKd MOXKYTh BUKOPHCTOBYBATHCS JUIsl O€3MOCEPEAHBOTO
MIAKITIOYEHHS 10 MOCTIAOBHUX JiHii 0asu 3pi, ToMy pobOT MOXe MiATPUMYBaTH OE3POTOBUI 3B'I30K
HaBiTh 0e3 Mbed B SIKOCTI KOHTpOJIepa BUCOKOTO PIBHSL.

s
2
3
&

El
|
1
5
2

Pucynok 3 — Pololu 3pi cxemaTnyHa enekTpoHHa cxema

© Kocrrouko C.M., Cxissrayk O.M., Imommk P.C.
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MaTteMaTH4YHi OCHOBH Ta IPOrpaMyBaHHS.

st anexBaTHOi poO0TH poOOTa Ta BUKOHAHHS HUM IOCTaBJICHHUX 3a/a4 HEOOXilIHO OyJio mpoBeCcTH
HU3KY MaTeMaTHYHUX OOpaxyHKiB TaKMX $IK, BU3HAYCHHS I[IBUAKOCTI PyXy, MIBHUAKOCTI IIOBOPOTY,
3a0e3MeYNTH NPaBIIIbHY pOOOTY CEHCOpIB Ta CBITJIONIOAIB, CBOEYacCHE MpOorpaBaHHs Menofii. Pesynbratn
00paxyHKiB MPOJEMOHCTPYEMO B KOMEHTAPSIX A0 MPOrPaMHOr0 KOy .

[Tnanom nependavanocsi NpoBeACHHS 3aBAaHHs y 3 €Taru:

1. BinTBopenns menoaii Buzzer-om.

Hacammepen ciii oromocuTy MacuB HOT, OTOJIOCHTH (PYHKIIIO BiATBOPEHHS MENOii Ta HamucaTh
HEOOXiTHY MEIOII0:

const char starwars[] PROGMEM =

"I'VI505L4MSgggL8e-. L16 b-L4gL8e-. L16 b- L2 g O6 L4 ddd L8 e-. O5 L16 b- O5 L4
f+ L8 e-. 116 b- L2 g"

"O6L49g05L80g-.L169g06L4gL8f+. L16fL16ee-LBeRO5L8a-06 L4d-L8c. O5L16
bll

"O5L16balL8bRL8eL4f+L8e L16fL4A4bL8g.L16 b O6 12 d"

"O6L4gO5L8¢g-.L16g06 L4gL8f+. L16fL16ee- LBe RO5L8a- 06 L4d-L8c. O5L16
bll

"O5L16balL8bRL8eL4f+L8e L16bL4gL8e L1I6bL2gRR"

play_from_program_space(starwars);

ne «cdefgab» - Hotu , BiAMOBiAHO «J10 , pe, Mi, da , conb , Jis , ¢i», V15 — ryunicts Buzzer-a (Makcumym
15), O( i uudpa Big 4 no 6 ) — ue my3uuni oktaBu, L(i uudppu 4, 8, 16) — uini, MOJOBUHHI i YESTBEPTHHHI
HOTH.

2. HanucanHs Kooy mporpamMu st pyxy pobota mo 4opHiit abo Oiniit miHii.

[TepmiM KpOKOM Ha JaHOMY €Tall € OrOJIONICHHS MAacHBY JUIsi 30€piraHHs 3HA4eHb CEHCOpa Ta
3amyck iHimiamizanii. [licns goro mMu moBHHHI 3a0e3rneunTn aprymeHT «Sensors» mis read_line(). Kpim
BH3HAYEHHS ITOJIOKEHHS JIiHII apaeabHO 3aCBIYyeEMO CBITIOMIOAM.

int main()
{
unsigned int sensors[5];
initialize();
while(1)
{

unsigned int position = read_line(sensors,IR_EMITTERS_ON);
if(position < 1000)

set_motors(0,100);

left_led(1);
right_led(0);
else if(position < 3000)
{
set_motors(100,100);
left_led(1);
right_led(1);
}
else
{
set_motors(100,0);
left_led(0);
right_led(1);
}
}

© Kocrrouko C.M., Cxissaayk O.M., Imormk P.C.
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3. 31MTTA IBOX MpOrpaM B OJHY 1 ONTUMI3ALis KOAY U OTPUMAaHHs 0a)KaHOTO PE3yJIbTaTy.

B ¢ynkmii inimiamizamii BUKIMKaEMO HANKCaHy HAMHU MEOJIil0, BBOJMMO MAacHB JUIs 30epiraHHs
3HAauCHb CEHCOpa, HA3HAYA€MO ABTOKATIOpYBaHHS JATYHKIB, a TAKOXX BUKIMKAEMO (PYHKIIiFO, IO 3aIHUCYE
Ha0lp MOKa3iB JATYMKIB Ta CTSKUTH 32 iX TPAHUYHUMHU 3HAYCHHSIMU.

for(counter=0;counter<80;counter++)

{
if(counter < 20 || counter >= 60)
set_motors(40,-40);
else
set_motors(-40,40);
calibrate_line_sensors(IR_EMITTERS_ON);
delay_ms(20);

set_motors(0,0);
unsigned char button = wait_for_button(ANY_BUTTON);
if(button == BUTTON_B)
{
unsigned int position = read_line(sensors,IR_EMITTERS_ON);
clear();
print_long(position);
lcd_goto_xy(0,1);
display_readings(sensors);
delay_ms(100);
play_from_program_space(go);
while(is_playing());
play_from_program_space(starwars);

¥

[Tin gac po6oru Pololu 3pi peanizye nBi ¢asu: mepma — iHimiamizamis i ¢asza kamiOpyBaHHS 3a
nonomoroto 1udpoBux OTR-RC ceHcopiB, sika BHKOHYETBCS OAWH pa3, HA TOYaTKy 1 i1 Meroio €
BiZICTiIKOBYBaHHS HACTYITHHUX JAHUX !

- 3mina 3HaueHb Big 0 (abcomoTHO Oina moBepxHs) 10 2000 (aGcoar0THO YOpHA OBEPXHSI) AaTUUKIB
JiHii.

- IokasHuk Hampyru Oartapei, ampke 3aBXKIM HEOOXiTHO 3HATH CKUIBKH 4acy poOOT IIe MOXKe
MPONpPAIIOBATH.

- KanibpyBanus nmatuumkis. Lle BigOyBaeThcsl HACTYNHMM YHHOM: pOOOT MOBEPTAETHCA HAMPABO 1
HaJIiBO, 3aJIMIIAI0YHCH HA JIiHii (OTpUMye MiHIMaJIbHI | MAKCHMAJIbHI 3HAUYCHHS Bill TaTYMKIB). MiHIMaJbHI i
MakCHMallbHI 3HaueHHs 30epiratotecsi B RAM-mam'sti. Lle mo3Bonsie MOBEpHYTHCS A0 TOYAaTKOBHX
3HaUYCHb, MO MOXKYTh 3MiHtoBaTHCs Bij O 10 1000 115t KOXKHOTO IaTyYHKa.

- 3HaueHHS BigKaTiOPOBaHWX JATYMKIB BiOOpaKarOThCA B TICTOrpami, MO0 TOYHO 3HATH, UM
MPALIOIOTh TATYMKH JIiHIl HAIGKHUM YUHOM IIepesl IOYaTKOM poOOoTH podoTa.

VY npyriii ¢a3i, 3pi BCTAHOBUTH 4acTOTy OOepTaHHs ABUTYHA (B 3aJICKHOCTI AKi JaHi HaIXOISTh 3
nat4yukiB). LI KpOKH, KOHTPOIIOIOTH PyX poOOTa, 1100 TOM 3MIr MOCTIHHO 3aJIMIIATUCS HA JIiHIT.

BucHoBKH Ta nepcrneKTHBYU MOAATBIIOL po6oTH. 3aBIsSKH 6araToQyHKIIOHATEHUM MOXKITUBOCTSM
Pololu 3pi, y cepemnoBumii Atmel Studio, Oymo po3poGiieHO TporpamHe 3a0e3ledeHHs, SKe peajizye
OITHOYACHE BIATBOPCHHS YHIKAJIBHUX MeNonid Buzzer-om, B 3aieXHOCTI Bii HATHCHYTOI KHOIKU
KOpHCTYBaua, i pyx po0oTa 1o 4opHiii ado Oiniii niHil. OTpuMaHuii pe3yabTaT GYHKIIOHYBaHHS 3PI MOXKeE
OyTM TIPOTOTHUIIOM [UIsi PO3POOKM OUIBII I[iKABUX 1 CKIAJHINIUX CHCTeM. T100TO, BHUKOHAHHS
MIKPOKOHTPOJIEPHOIO TEXHIKOIO MapajielbHO EKUIbKOX 3aBaHb, K OyJI0 MOKa3aHo Ha MPUKIIaAi podoTa.
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VJIK 004.05(075.8)

'JTynpKuii HaliOHANBHUI TEXHIYHMIT YHIBEpCHTET
zyHiBepCI/ITCT Benbceko-bsamu, TToabma

'1.€. Annpymak, *B.I1. Maprieniox

INNOVATIVE FEATURES OF USE CLOUD TECHNOLOGY.

Anapymak L€., Mapueniok B.II. InHoBaniiini oco0JuBOCTIi BHKOPHCTAHHA XMAapHHUX TeXHoJoriii. Y crarti
PO3IISTHYTO MOKJIMBOCTI BUKOPHCTAHHS XMapHHUX TEXHONOTIH, OKpecieHi MepCIeKTUBH Mepexony y MaOyTHbOMY 0 XMapHOI
Mepesxi Ta MOKa3aHi OCHOBHI ITEepeBary i HeJOMIKH iX BIPOBAIKCHHS.

KiiouoBi cioBa: xmapHi TexHomorii; xmapHe oOumcnenss, IT — iHdpacTpykrypa; mporpamHe 3a0e3IedeHHS,
iH(poOpMarLiiiHa cucTeMa; poBaiep.

Anapymak H.E., Mapueniok B.Il. IHHoBanuoHHbIe 0CO0EHHOCTH MCHOJbL30BAHUA 00JAa4YHBIX TexHoJoruii. B
CTaThE PACCMOTPEHBI BO3MOXKHOCTH HMCIIONB30BAHMS O0JIAYHBIX TEXHOIOTHH, 0003HaYEeHBI MEPCIEKTUBEI IIepexoaa B OyayImeM K
00JIaYHOM CEeTH U ITOKA3aHbI OCHOBHBIE IPEHUMYIIECTBA M HEAOCTATKH NX IMPUMEHCHHSI.

KuaroueBsble c10Ba: o0navyHbIe TEXHONOTHH; oOnMadHoe BeruncieHue; IT-undpactpykrypa; mporpaMMHoe 0o0ecIieUcHNE,
nH(popMaIMOHHAs CHCTEMA,; TIpoBaiiaep.

l.Ye.Andrushchak, Martsenyuk V.P. Innovative features of use cloud technology. The article discusses the
possibilities of using cloud technologies, outlines the prospects for the future transition to a cloud network and shows the main
advantages and disadvantages of their implementation.
Key words: cloud technology; cloud technology; IT-infrastructure; software; information system; provider.

Formulation of the problem. In recent years, so-called cloud computing (cloud computing) is
gaining in popularity. This term has been used in the world of information technology since 2008. Eric
Schmidt, General Manager of Google, was the first person to pronounce the word cloud computing.

Almost all modern features of cloud computing, their comparison with electricity and the use of
private, public and public models were presented by Douglas Parkhill in the book The Challenge of the
Computer Utility, in 1966. According to other sources, cloud computing dates back to the 1950s, when
scientist Herb Grosch argued that the whole world would work at terminals controlled by about 15 large
data centers [1].

Setting up tasks. The term "cloud" itself comes from telephony, because telecommunication
companies, which until the 1990s offered mainly dedicated point-to-point transmission schemes, began to
offer virtual private networks (VPNs) with comparable quality of service, but with much less costs By
switching traffic to optimal use of channels, they were able to use the network more efficiently. The cloud
symbol was used to indicate the delineation between the user and the supplier.

Amazon has played a key role in the development of cloud computing, by upgrading its data
centers, which, like most other computer networks, use only 10% of their power at a time, in order to
ensure the reliability of a load jump. Upon learning that the new cloud architecture provides significant
internal efficiency improvements, Amazon has launched new cloud computing research for external
customers and launched Amazon Web Service (AWS) based on distributed computing in 2006. In early
2008, Eucalyptus became the first open-source API to deploy a private cloud. At the beginning of 2008,
OpenNebula was the first open source project to deploy private and hybrid clouds.

The following models provide services with the help of a cloud:

- Software as a Service (SaaS) Examples of software as a cloud-based service are Gmail and
Googledacs.

- platform as a service (PaaS) For example, GoogleApps provides online business applications that
access through an Internet browser while software and data are stored on Google's servers.

- infrastructure as a service (laaS) The largest players in the infrastructure market are Amazon,
Microsoft, VMWare, Rackspace and RedHat. While some offer more than just an infrastructure, they
combine the goal of selling basic computing resources.

A general characteristic of companies that build their cloud-based products is the certainty that the
Internet is able to meet the needs of users in data processing.

And today there is confidence that the best way to prepare for the latest IT-technologies is to put
these same technologies into the educational process.

Many works of domestic, Russian and foreign authors are devoted to network technologies and the
use of social services in the Internet. Unlike the above-discussed works of network services, cloud
computing allows you to use both the service and software, data, and even computers.

© Annpymak I.€., Mapnentok B.I1.
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Analysis of recent researches and publications. Recent studies have shown that the use of cloud
computing to organize work in Ukraine more than 30% of Ukrainian companies will use cloud
technologies after 3 years. Such a forecast was made by partners of Microsoft Ukraine during a survey
conducted at the company's partnership conference on October 17. Moreover, more than half of them
believe that by 2015 the share of companies in Ukraine that will use cloud solutions will be even higher -
40% or more. At the same time, partners point out that customers are most concerned about data security
in the cloud - this is underlined by almost 90% of the respondents [2].

According to the estimates of global companies, cloud technologies determine the development of
the IT industry in the next 5-8 years and 80% growth of the global IT market will fall on the share of
"clouds".

According to the research, the cloud market of Ukraine is at the stage of the formation of demand
and accumulation of the primary experience of consumption of cloud decisions. This suggests the
minimum level of knowledge of end users about cloud computing and low level of technology
penetration.

Thus, 47% of IT-surveyed respondents consider their knowledge of cloud-based solutions to be
superficial, and 88% of surveyed managers are completely unaware of cloud-based services. The research
was focused on medium and large enterprises of financial, telecommunication, retail, logistics and
manufacturing industries, since these are the main consumers of IT services in Ukraine.

Plans for using cloud solutions by Ukrainian enterprises, as well as intensive technology
development by IT companies, create a market potential that will provide an exponential growth
characteristic of the cloud markets of developed countries by 2015-2016. More than a third of surveyed
IT services are planning to use cloud solutions, and 75% of them are going to begin to use in 2014.

Basic material presentation. The experience of using modern cloud technologies in business
applications opens up a perspective way to use them in the educational and social spheres. In particular,
the development of cloud services for the study of information systems and technologies is realized by
well-known companies "1C", "Parus”, "BuchSoft", etc., which remain the leaders in the market of
information systems. At the same time, it is necessary to provide not only cloud services for companies,
but also to create and develop free cloud services for obtaining skills of work with information systems
for students of different specialties.

Providers of cloud-based solutions allow you to rent computing power and disk space through the
Inter-net. The benefits of this approach are accessibility (the user pays only for the resources that he
needs) and the ability to flexibly scale. Customers are relieved of the need to create and maintain their
own computing infrastructure.

Experts estimate that the use of cloud technologies in many cases can reduce costs by two to three
times compared with maintaining its own developed IT-structure.

"Cloud" opens up a new approach to computing, in which neither equipment nor software is owned
by the company. Instead, the provider provides the customer with a ready service.

Young "Startups”, which require large computational resources to serve users, often can not afford
to create and operate their own data center, often resort to “"clouds".

One of the first widely available cloud Internet services was e-mail with a web interface. In this
case, all data is stored on remote servers, and the user accesses their emails through a browser from any
computer or a sufficiently powerful mobile device.

The market for cloud technologies is growing rapidly. It actively offers services for both
individuals and corporations. According to IDC, the average annual growth rate of the global cloud
services market from 2013 to 2016 will be 26.4%, which is five times higher than the growth rate of the
IT industry as a whole.Today, 70% of organizations in the world are already either using cloud
technologies or are exploring this issue. According to the survey, 25% of respondents are ready to go to
the clouds in order to reduce IT costs. But this is in the future. Today there is still a lot of questions and
uncertainty among customers, which requires developers and their partners new solutions, concerted
action and serious communication on the market.

The use of cloud technologies gives a number of advantages over traditional IT technologies:

- An organization can more effectively manage its use;

- computing resources;

- increased IT-infrastructure management;

- simplifies the management of the continuity of the organization, thanks

The concept of virtual machine back-up and migration systems reduces the cost of IT
infrastructure, such as the computing resource park, electricity, and staff serving this infrastructure.

© Annpymak I.€., Mapnentok B.I1.
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- do not need powerful computers;

- Less cost of software purchases and its systematic upgrade;

- unlimited amount of data storage;

- availability from different devices and no binding to the workplace;

- ensuring data loss protection and performing many types of training activities, monitoring and
evaluation, online testing, openness of the educational environment;

- saving of funds for the maintenance of technical specialists (Dr.1).

The general advantage for all users of cloud technologies is that access to the cloud can be not only
from a PC or a laptop, but also from a netbook, a smartphone, a tablet, as the main requirement for access
is the availability of the Internet, and for the software " clouds "uses the power of the remote server.
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Dr. 1. Cloud technology

Experts estimate that the use of cloud technologies in many cases can reduce costs by two to three
times compared with maintaining its own developed IT-structure. Also, the main advantage of the use of
these technologies is the ability to quickly adapt to changes in the environment of any institution, which
is now very relevant in the context of the rapid development of all branches of science and technology

[3].

Thanks to the growing popularity of cloud technologies for educational institutions, there are new
opportunities for managing the learning process.

It is evident that there are important arguments for translating computer infrastructure into
educational institutions into the cloud. For example, standard applications that are widely used in
education (word processor, spreadsheet editor, graphic editor, email, etc.) will always be relevant,
especially when using clouds.

The vast majority of educational institutions are just beginning to introduce cloud technologies into
the learning process and include relevant disciplines for their study. If we analyze pedagogical works, we
can conclude that there is a lack of research on the use of cloud computing in the educational process [4].

In addition to the obvious advantages in favor of using cloud technologies, it is also worthwhile to
note some disadvantages. The main disadvantage is their small distribution, but these technologies are
only beginning to spread in Ukraine. One of the major drawbacks is sometimes the need to access the
high-speed Internet. The rapid increase in the number of Internet service providers and the continuous
improvement of the quality of Internet services would have to solve this problem, but there may be
shortages in service or problems with providers, which may lead to the suspension of the work of
departments or entire enterprises in a short time. Also, the disadvantages of cloud computing can be
attributed to the limited functionality of software when working with them over the Internet.

However, there are some security issues that cloud providers can store important information for
years on their servers, and cyber-criminals - to intercept information. Of course, large cloud providers use
all possible means to provide maximum security of information and invest in developing new, even more
effective means of protection, but still it is not necessary to store or transfer sensitive documents to the
cloud. An interesting fact is that US companies are not often concerned about the security of their own
information, while enterprises in Ukraine, Russia, and a number of other countries with a high share of
the shadow market identify this as a major issue in the spread of cloud technologies.

© Annpymak I.€., Mapnentok B.I1.
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Recent studies have shown that the use of cloud computing to organize work in Ukraine more than
30% of Ukrainian companies will use cloud technologies after 3 years. Such a forecast was made by
partners of Microsoft Ukraine during a survey conducted at the company's partnership conference on
October 17. Moreover, more than half of them believe that by 2015 the share of companies in Ukraine
that will use cloud solutions will be even higher - 40% or more. At the same time, partners point out that
customers are most concerned about data security in the cloud - this is underlined by almost 90% of the
respondents.

According to the estimates of global companies, cloud technologies determine the development of
the IT industry in the next 5-8 years and 80% growth of the global IT market will fall on the share of
"clouds".

According to the research, the cloud market of Ukraine is at the stage of the formation of demand
and accumulation of the primary experience of consumption of cloud decisions. This suggests the
minimum level of knowledge of end users about cloud computing and low level of technology
penetration.

Cloud technology is the ability to access data without installing special applications on the device.
All the necessary support is provided by the servers to the users. But whether you have to pay for this
remote access to the data or not, it depends directly on the queries.

Cloud technology is a technology that provides Internet users with access to computer resources of
the server and the use of software as an online service, that is, if there is an Internet connection then it is
possible to perform complex calculations, to process data using the power of the remote server [5].

What services can we get?

1. Use of software.

2. Software as a Service (SaaS) - provides access to an integrated platform for developing, testing,
and supporting various projects.

3. Infrastructure as a Service (laaS) - Represents a virtualization computer infrastructure that
includes operating systems and system software, as well as the hardware part of the server.

4. Desktop (a Desktop (as a Service) (DaaS)) - A user can personalize his workplace and thereby
create a set of software for his work.

In general, this technology has both pros and cons. It is quite economical and expedient for
organizations, corporations, firms. It does not require significant resources on your device (such as a
PDA, tablet, smartphone, netbook or computer), but it is demanding about Internet access.

This means that you must have an uninterrupted high-speed Internet.

Another disadvantage is that although service providers try to work online for an entire time, there
are always cases when the server can be offline and then access to your services will be inaccessible.

The technology of cloud computing and the educational platform implemented on its basis allow
the most efficient use of available software and hardware resources of the school, gymnasium, and
students get the opportunity to apply in practice the most advanced computer technologies.

It is very beneficial for young enterprises to use cloud-based servers. They will not have to worry
about buying their server hardware, spend on building a local network, hiring sysadmins. Simply select
one of the cloud servers, which is ideal for the size of the memory, number of clients and other
characteristics, and pay once a month a subscription fee.

Cloud technology is the ability to access the necessary information through a regular browser from
anywhere on the planet. Workability will no longer worry the client, since it is followed by those who are
paid by the user for cloud storage. Such systems are in demand from corporate users who need to set up a
document flow in the enterprise network.

For ordinary users who simply do not want to clog the computer with superfluous information,
there are free cloud servers, which will be quite enough [6].

This type of service enables users to quickly deploy, products that allow the safe use of web
technologies, email security, and the security of a local system, which allows users of this service to save
on deploying and maintaining their own security system.

Classification of cloud services.

Currently, there are three categories of "clouds""

- public;

- private;

- hybrid.

The public cloud is an IT infrastructure used by many companies and services at the same time.
Users of these clouds do not have the ability to manage and serve this cloud, all responsibility for these
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issues lies with the owner of this cloud. A subscriber of the offered services can become any company
and the individual user. They offer an easy and affordable way to deploy web sites or business systems
with large scalability, which in other solutions would not be available. Examples: Online Services
Amazon EC2 and Simple Storage Service (S3), Google Apps / Docs, Salesforce.com, Microsoft Office
Web. A private cloud is a secure IT infrastructure that is controlled and exploited in the interests of a
single organization. An organization can manage a private cloud on its own or entrust this task to an
external contractor. The infrastructure may be located either in the premises of the customer, or from the
external operator, or partially in the customer and in part from the operator. The ideal variant of a private
cloud, this cloud is deployed on the territory of the organization, serviced and controlled by its
employees.

A hybrid cloud is an IT infrastructure that uses the best quality of a public and private cloud when
it comes to solving a given task. Often such a type of cloud is used when an organization has seasonal
activity periods, in other words, once the internal IT infrastructure fails to cope with the current tasks, part
of the capacity is transferred to a public cloud (for example, large volumes of statistical information that
in the raw form do not represent values for the enterprise), as well as to give users access to enterprise
resources (to the private cloud) through a public cloud.

First, confidential data transmitted through cloud storage can be intercepted by hackers. The quality
of the Internet connection should be very high. In case of interruptions to the Internet, it will be
impossible to access data in "clouds”. At the same time, large enterprises still need a system administrator
to set up data transfer.

If a customer wants to save and prefer a cheaper server, then he will have to deal with disability
issues. Cheap cloud storage facilities are not very good hardware infrastructure, which regularly
encounter problems, and their fixes take a lot of time.

Cloud technology is a paradigm that involves remote processing and storage of data. This
technology provides users of the Internet, access to computer resources of the server and use of software
as an online service. That is, if there is a connection to the Internet then you can perform complex
calculations, process data using the power of the remote server.

In addition, some analysts predicted the appearance of cloud computing problems in 2010. For
example, Mark Anderson, head of the industry-specific IT publication StrategicNewsService, believed
that because of the significant influx of users of services using cloud computing (for example, Flickr or
Amazon), the cost of errors and leakage of information from such resources increases, and in 2010 they
had big "catastrophes of type of failure, or safety-related disasters” occur [7].

Conclusion. The Ukrainian cloud market, unlike the US or EU markets, is currently in the "latent
phase™ of development - the formation of demand and accumulation of the primary experience of cloud
consumption consumption - but according to unanimous expert forecasts already in 2015-2016, it will
show the exponential growth characteristic for cloud markets in developed countries. The repeated
increase in the market in the coming years will lead to the emergence of a new specific and significant
sector of the Ukrainian economy and infrastructure.

Nowadays there is a gradual migration of educational services with the help of modern
information and communication technologies and information resources in the cloud, which will lead to
the rapid introduction of these services in education and social sphere.

The introduction of cloud technologies is a new trend in emerging computer technology and
needs further research.
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YK 514.18
Bypuak I.H
Jlyupkuii HanioHaIBHUK TEXHIYHUH YHIBEPCHUTET

JOCIIIZKEHHA MOKJINBOCTI BITPOBAIZKEHHA BEKTOPHUX PUCYHKIB JIJIA
IIU®PYBAHHS B PACTPOBI HOCII ITIJT YAC BUKOHAHHS JIABOPATOPHOI POBOTH
3 JUCIUIIVIIHUA "CTETAHOT'PA®ISA".

Bypuax I.H. [loc/tiizkeHHSI MOKJIMBOCTI BIPOBA/:KeHHs] BEKTOPHUX PHCYHKIB 17151 IN(PYBaHHS B PacTpoBi Hocii
mig 4Yac BHKOHAHHA JiaGopaTopHoi poGoru 3 aucuuniainn ""CreraHorpagis’. B crarti po3risiHyTa MOXIHBICTH
BUKOPHCTaHHS BEKTOPHHX 300pakeHb, orpuManux B CAD-cucremax, misi mudpyBaHHS 3 JOMOMOrow creraHorpadii.
CreraHoKOHTEHHEpaMH IIPH [[bOMY SIBIISIFOTHCS PACTPOBI 300paskKeHHs, HAPUKIIAJ, pisHOMaHITHI (oTorpadii.

KuirouoBi csioBa: creranorpadis, creranokonreiiHep, CAD-cucremu, pacTpoBi Ta BEKTOpHI 300pakeHHs, CKPHUTI
TIOB1TOMJICHHS, IU(PYBaHHSL.

Bypuaxk U.H. UcciegoBanue BO3MOKHOCTH BHeIpPeHHs BEKTOPHBIX PUCYHKOB /s IIH(POBAHUA B PaCTPOBbIE
HOCHUTEJH BO BpeMsl BBINOJHEHHs! JAa00opaTOpHBIX pafoT mo AucuMIUIMHe '‘creraHorpagus’. B craree paccMmorpena
BO3MOXKHOCTh NMPHMCHEHHUs BEKTOPHBIX M300pakeHuid, nomydeHHbix B CAD—cucremax, s muppoBaHUs ¢ UCHOIb30BAaHUEM
MeTonoB creraHorpagun. Ilpm 3ToM B KadyecTBe CTEraHOKOHTEHHEPOB MCIIONB3YIOTCS PACTPOBBIC M300paKEHMS, HAIpHUMEp
pasnuunsle Gororpadum.

KuroueBbie cioBa: creranorpadus, creraHokonreiiHep, CAD-cucTeMbl, pacTpoBble M BEKTOPHBIC H300pa)KCHH,
CKPBITHIE YBEIOMJICHNS, MIA(POBAHNE.

Burchak I.N. Investigation of the possibility of implementation a vector figures in the bitmap images during the
laboratory work from the discipline *'Steganography"'. The article considers the possibility of using vector images obtained in
CAD systems for encryption using steganography. Carriers are bitmap images, for example, various photographs.

Key words: steganography, steganocontainer, CAD systems, raster and vector images, hidden messages, encryption.

IMocranoBka mpodaemu. B naHumii yac 3Ha4YHO 3pOCTa€ POJb BUKOPUCTAHHS PI3SHOMAaHITHHX
Croco0iB 3aXUCTy mepenadi KoHpigeHUiHHNX AaHuX. [[puxoByBaHHS OTHOTO 300paXKeHHS y iHIIOMY — I1€
OpUHIUN cTeranorpadii, IKuii OCTaHHIM 4aCOM BUKOPHCTOBYETHCS JYKE MIMPOKO:

- I 3aXMCTY aBTOPCHKHX IpaB, Jie BOpoBaKytoThes LIB3 (undpoBi BoasHi 3HAKN);

- s 3aXucTy nepenadi gaHux y mepexxax VPN (BipTyalbHHX NPUBATHHX MEpeXkax), /e
BiZIOyBa€eThCs iHKANCYIIALis (BOYyJOByBaHHS) AKETIB IaHHX;

- Ul 3aXHCTy Iepenadi JaHuX, OUIIXOM MPHUXOBYBAaHHS caMoro (akTy mepenadi JaHHX,
KOJIM TIepEeaeThCsl 3BUYAMHUIA (aili-KOHTeHHep (CTEraHOKOHTEWHEp), Y SKOMY
BOymoBaHM (aiis 3 KOHQIASHIIHHUME TaHUMHU.

Komm'torepHa creranorpadisi BAKOPHCTOBYE /1Ba (aiiiu:

-  IOBIOOMJICHHS — NPU3HAYCHHUN IJI51 IPUXOBYBAHHS,

- KOHTeiHep ab0 CTeraHOKOHTEHHEp — JJIsl IPUXOBYBaHHS B HHOMY ITOBiTOMJICHHSI.

[Tix xmI0YeM PO3YMI€ThCS CEKPETHUHN €EMEHT, 1110 BU3HAYAE MOPSAOK 3aHECEHHS MOBIIOMIICHHS B
KoHTeifHep. (OCHOBHMMH 3aBJaHHAMH CY4YacHOi KOMH'IOTepHOI creranorpadii € 3abe3nedeHHs
ABTEHTUYHOCTI Ta WiTicHOCTI aitmy. besneka rpyHTyeTbcss Ha 30epexeHHi creraHorpagiuHuM
MEPETBOPEHHSIM OCHOBHUX BIJIACTUBOCTEH TepenaHoro (aiiny Ipu BHECEHHI B HBOTO CEKPETHOTO
NOBiTOMIICHHS 1 KiTro4al[3].

AHani3 ocTtaHHIX JocjaigKeHb Ta nyOJikauiii. B ocHOBI 0araThoX MiOXOMiB A0 BUPILICHHS
3aBJaHb cTeranorpadii JIeXuTs criibHa 3 Kpunrorpadicro MeToguyHa 0as3a, Ky 3aKjaB IIe B CEpeauHi
munyioro cronitts K. lennon (C.E. Shannon) [1,4]. Omnak i 1oci TeopeTHyHi OCHOBU cTeraHorpadii
3aJIMIIAIOTHCS MPAKTUYHO HenoompanboBaHUMU. Ha chborofHimHii IeHb icHye OaraTo mporpam, sk
NIOYaTKOBOr'O, TakK i nmpodeciiiHoro piBus (Steganos Security Suite, S-Tools, bmpPacker, OpenPuff Ta in.),
aje BIJACYTHICTh JICTMHTY LUX MpOrpaM HE [O3BOJISIE aHali3yBaTH METOOW creranorpadii, ski
3aCTOCOBaHi B IUX IpOrpamMax.

Tomy, mig yac BUKOHaHHS JabopaTopHOi podoTH 3 aucuurutiny "CreraHorpadis Ta KOMI'IOTeEpHa
rpadika”, sSKy BUBYAIOTH CTyJeHTH creniaabHocTi "KiGepOesmeka' mocramo MHTAaHHS JOCITIIKEHHS
LUTICHOCT] Ta aBTEHTHYHOCTI (ailiry BeKTOpHOT rpadiku, micis creranorpadiqHux nepeTBOpeHb.

Bukaax ocHOBHOro martepiajy i oOrpyHTyBaHHA OTPHMMAHHX pe3yJbTaTiB. /[l BUKOHaHHS
naboparopHoi pobotu 3 "Creranorpadii Ta kKomm'rorepHoi rpadiku” CTYIOeHTH CIeliaJbHOCTI —
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KibepOesneka kopucrtytoThesi mporpamoro OpenPuff. Bona mae psin mepeBar, siki OOTpYHTOBYIOTBH 11
BHUKOPHUCTaHHS Y HABYaJILHOMY IPOLIECi:

- He moTpedye MmomnepeHbO1 IHCTANSAIIIT;

- po3mip manku 3 nporpamoro cknazgae 8,75 Mb (9 179 136 Gaiit);

- € OE3KOIITOBHOIO, TOOTO BUTBHOO BifI JTILIEH3YBaHHS (3 BIAKPUTHM BUXITHUM KOJIOM).

Ha puc.1 npencrasieHo intepdeiic ronoBHoro BikHa (31iBa) Ta BikHa nporpamu OpenPuff mis

creraHorpadigyHoro BOynoByBaHHs (cmpaBa) rpadidyHMX — (ailTiB-IOBIIOMJICHh Y  JIAHIIOXKOK
CTEraHOKOHTEHHEPIB.

B, 0penPulf v4.00 - Data Hiding x|
=
B, DpenPuff ¥4.00 - Steganography & Marking | — (1] Insert 2 uncorrelated data passwords (Min: 8, Max 32) ———————— [2] Data (Max: 256Mb]
- Steganogiaphy Coptomraphy (4] | 8] Taiget | Browse
E = (<. Scrambling (L] Enable (8] ¥ (€] ¥ Sie | Obytes
i Unhide
N
Passwords check

[ (41 Bit selscton options

H (%% ] = Hamming distancs [ (¥ ] >= 25

i “olstile marking & Carier clean up

Y & ] v
Setbark e CheckhMark | CleanUp

i~ Help & Options

/ CpuTak 2
@ L | @; Bl I Threads: 2

= 3gpp (Stream)

=B Aiff (Audio)
Bitmap (Image)
Flv [Stream)
Jpeg (Image)

1B Mp3 (Audio)
Mp# (Stream)
Mpg 1411 (Stream)

— (3 Carrer sslection [Oder sensitive]

[Name) Sort by nams / (Bytes] St by bytes Shufle Clear |

KEWES Bytes Chain Drder

B3 Next/Sun [Audio)

/% Pex (Image)
Pdi (File)
Png (Image)
Swl (Stream)
Tga (Image]
Vob (Stream)

B Wave [Audio)

[ Move up selected / [+] Move down selected / [Del] Delete selected

Selected / Total ResetOpfions | AddDecoyl | HideDatal |

Pucynok 1. I'onoBHe BikHO (371iBa) mporpamu OpenPuff Ta BikHO u1s1 creranorpagiqHoro
BOynoBYBaHHs rpadiuynux ¢aiiiis (crpasa).

B mepexi InTepHeT onmcaHo, 110 BOHA A0OpE Mpauroe 3 TaAKUMHU (aillaMu y SIKOCT1 ITOBiOMIICHHb
Ta CTEraHOKOHTEHHEpIB — 300pakeHHsMH, aymio, Bimeo, Ta ¢aitmamu flash i adobe. Oxnak Bci BoHM
MalOTh BeIMKHA po3Mmip. | mpu 30inbmieHHI po3mipy (aimy-moBiTOMIIEHHS, PI3KO NPOMOPLIHHO
301TBIIYBAaTUCh MYCHUTH 1 (paiijl, 4 JIAHIIOKOK (hailniB-cTeraHOKOHTEHHEpiB. Anle y KadeapaibHOMY
JOMEH1 KO)KHa Tpyla CTYICHTIB, Sika Mae OONIKOBH 3amiuc oOMeXeHa TPYIOBOI0 KBOTOIO Ha PO3MIp
nanku /**Home/Server, ne cryneHTH 30epiraloTh Bci CBOI J1labopaTopHi poOoTH. | 3 MU0 3MEHIICHHS
0o0csry TPYMOBHX MAmoOK MH MPOBETH IOCHIIKEHHS MOXKIMBOCTI BUKOPUCTaHHS, B SKOCTI (paiiiis
MOBiJOMIIEHb — BeKTOpHHUX 3D TBepmoTinbHUX Moneneill, crBopennx B CAD — cucremax KoMm'roTepHOT

rpadikw.

[P TekcTobbiid gokyredT.E =10 =|
Parn [paeka Topmar Buwa Cnpaeka
fqazlz2z45 &
1234 Swsx "J
edcl2345678edc

Pucynok 2. I1aponi mmdpyBanHs.

Sk GaumMmo, y JTiIBOMY BEpXHbOMY KyTi BikHa BOymoByBaHHs nporpamu OpenPuff mpomonyeTbes
BBECTH BiJ OIOHOTO A0 Tphox maponeil. Lle nae MOXIUBICTE BBOLY IOJATKOBUX IHAPIB 3aXHCTY
noBigomieHHs. Ilepen po3MilleHHSIM MOBIIOMJIEHHS B KOHTeWHepi Oyle MpoBeAECHO IIM(pPYBaHHS Ta
nepeMilryBaHHs JaHUX. | Xoua mpolecc BUTATHEHHS (aily-1oBiqOMIICHHS 3 KOHTEHHEpa Mae CTaHOBUTH
CKIaTHUIA Tpolecc OOYMCIEHHS — BCE X OCHOBHOIO XapaKTEPHCTHUKOIO WIiCHs LBOrO Mae OyTH
ABTEHTUYHICTh (aily-moBiOMIICHHsT 3 mepiiomkepenoM. [lepemaya kioda poOHMTHCS OKpeMoO i
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3a3/ajeriap, aje y HamoMmy (HaBYAJIbHOMY) BHIIQJKy MM 3allUCYEMO Iapoili OKPEeMHUM TEKCTOBUM
¢aiinom, sk Ha puc 2.

VY mpaBiii yactuHi BikHa BOymoByBaHHs (puc.l crmpaBa) MOXXEMO TaKOX 3aIaTd CTYIiHb
BIIPOBAJKEHHS (3aMiHM OpUTIHAIBHUX IIKCeeld Ha BOymoBaHi 3 (haitia-moBinoMieHHs). 3a1a€Thcsi BOHA
Bix MiHiMyMy (12% - 3aMiHIO€TBCS TUIBKH OMH HE 3HAYyHmMi OiT 3 BockMH) i MakcumyMm (50% ), mo
3aMOBUYBaHHIO CTOITh 3HaueHHs 20%. BuOupaerscst tum ¢ailniB cTreraHOKOHTEHHEpa 1 BKa3yeThCA
LIUTBHICTh BOPOBAKEHHS JaHUX, SIKA MOTIM BimoOpaxkaeThcs y pe3ynabTari 00poOku aiiniB — pamopTi
BHUKOHAHHS 3aBJaHHs pHC).

Ha puc.3 mpuBeneHo airoputM B3aeMOZil KOpPHCTyBada Ta MPOrPaMHOro 3a0e3redeHHS.
CrmoyaTKky BBOAMMO Mapoli, MOTIM MONMEPEIHbO MiArOTOBICHUH (paiiin moBinOMIIEHHS, 1 MporpaMa Bipasy
BKasye po3Mmip Qaiiny, sikuii HeoOXigHO Oyae 3axoBaTH y creraHokoHTeiiHep. [lomepeaHbo Takox
roryemo psj ¢dororpadiil, TaHIIOKOK SKUX i ZOy[e CIyKMTH CTEraHOKOHTEHHEPOM. IX TOBMHHO OyTH
JIOCTATHBO, 00 BMICTUTH MPH 3a/IaHil MILTLHOCTI (Qaiiyi-lOBiJOMICHHSI.

.

Lemans 3

Cnden ACTY 26512005 |

po3MimaemMo Daiin-moBiIOMIICHHS  PO3MIIIAEMO

TyT

Ddailnu-KOHTEHHEPU
TyT

B, OpenPuff ¥4.00 - Data Hiding
[1] Inzert 3 uncorelated data passwords [Min: 8, Max: 32) [2] Data [Max: 256Mb]

(B] Ixxxxxxxx

iR

Cryptagiaphy (4] | Target [DMoTarrs 201753440

m
=}
=
&
i
T

10 + namelE] +

Scrambling  [C) Enatlz(B) W [C) W Size

Paszwords check

[4] Bit selection options
H¥.Y] = Hamming distance [= ][] »= 25%

3agpp [Stream]

|
Clear |

3] Carmier selection [Order sensitive]

[Marne] Sart by name £ [Byutes] Saort by butes Shuffle

iE Bytes

5

Chain Order

[-] Move up zelected / [+] Move down selected / [Del] Delete selected

Add Selected / Total

Aiff (Audio)
Bitmap [Image]
Flv [Stream]

2170

Mp3 [Audio]

Mp4 [Stream)
Mpg 171l [Stream)
Hext/Sun [Audio]

Reset Options | Add Decoyl

Pucynok 3. Bikno OpenPuff nis BOynoByBaHHS (aiiinis.
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Sxmo ¢ainiB Oyne HaUIMIIKOBA KUIBKICTB, TO MporpamMa BKaKe B pamopTi, CKUIbKH (paiiiis

BUKOpHCTaHO (pric4d) y BiKHI 3aBEpIICHHS MPOLIECY.

HeaOusike 3HaueHHs Mae TMOpPaJoOK JAHIIOKKA cTeraHokoHTeiHepiB. [Ipu BugoOyBaHHi Qaiina-
MOBIJOMJIEHHS BiH Mae OyTM HE3MiHHHMM, 5K i mapomi. Bes us iHdopmarist 30epiraeTbCs y MpOTOKOIMI
3aBEpILCHHS 3aBJaHHA SK 1 CTYMiHb 3aMiHU. [lodaTok MpOTOKOIY MpUBEAECHUH Ha pHC.5, 3aKiHUEHHS — Ha

puc.6.

Task completed - nfc

\'5) 5/5 carriers processed

X

Pucynok 4. BikHO 3aBepuieHHS

3aBJaHHA.

OpenPuff ¥4.00 - Task Report

Bit Selection;
lpeqg [Image] <- 142 [50%]

Carriers:

o000

- DSC_4083.0PG
#O00M <- DSC_4124.0P0G
HODOOZ <- DSC 4127 JPG

Dlone

Pucynok 5. [IpoTokoin 3aBepIiieHHs 3aBIaHHS —

OpenPuff v4.00 - Task Repork

IIOYaTOK.

HOOO07 -
HOOO0
HOOO0
HO0004 <

-
Dane

PI/ICYHOK 6. HpOTOKOH 3aBCPIICHHA 3aBAAHHA — 3aKiHYECHHS.
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BunoOyBanus ¢aiina- mMoBiIOMIICHHS 13 JaHLIOXKKA CTEraHOKOHTEWHEPIB BiIOYBa€ThCA y TaKii
JKe caMiil TTOCTIOBHOCTI, K 1 B mporeci BOynoByBaHHA ¢aiini. [lonepeaHbo cTBOPIOETHCS Mamka, KyIu
Mae OyTH MPOBENEHO BUTATYBaHHA (ailny-noBimomieHHs. [IpoTokon 3aBepiieHHs 3aBOaHHSA MOKa3aHUH
Ha puc.7. Tenep MOKeMO MOPIBHATH PO3MIp Ta BIACTUBOCTI BUAOOYTOro (ailiry 3 creraHoKOHTeHHepa i
¢aiiny nepmomkepena. Takox nepesipsemo toro B AUtOCAD, ne BiH OyB MOYaTKOBO CTBOPEHHM

OpenPuff v4.00 - Task Repork

PucvyHok 7. ITporokon BunoOyBanHs dbaiy.

BucHoBKkH Ta mepcneKTHBH NOJAJIBLIONO AOCTiIxeHHsl. bepyunm mo yBarm BHILECKa3aHe,
MOXHa 3pOOMTH BHUCHOBOK MO T€, IO HAa CHOTOAHILIHIA JI€Hb 3ajJMIIA€THCS aKTYaJIbHOI HAaYyKOBO-
TexHiYHa mpobieMa yIOCKOHAJEHHS alrOpUTMIB 1 METOAIB TPOBEACHHS CTeraHorpadiyHoro
MPUXOBYBaHHS KOH(DiOeHUIHHMX JaHuX abo 3aXUCTy aBTOPCBKMX MpaB Ha IMEBHY iHQOpMAIilo.
Creranorpadist y komOiHamii 3 kpunrorpadieio oTpuMaia HOBUH MOIMITOBX I PO3BUTKY HOBUX Tajy3eit
MepexeBoi, (aitnoBoi 1 [P-renedomnii.
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V]IK 004.451
V. Melnyk
Lutsk National Technical University

MODELING OF THE MESSAGES SEARCH MECHANISM IN THE MESSAGING PROCESS
ON BASIS OF TCP PROTOCOLS

Meabauk B.M. Moje/iioBaHHsI MeXaHi3My NOIIYKY MOBiZIoMJIeHb B npoleci ix 00MiHy Ha 6a3i nporokoais TCP. B
nMaHiii poOOTi 3MOIENBOBAHO PO3IMIMPEHHS TPAMUIINHOTO COKeTHOro imTepdeiicy mus 3mivicuenns TCP/IP-komymikamii 3
3aTydeHHSIM HOBOTO MEXaHI3My IIONIYKY JAHHX 3aMiCTh TPaAWIIHHOIO iX OTPUMYBaHHS 3a HOPSIKOM BCTAaHOBJICHOI YEpPrH.
IMouryk mnoBimomieHHs 4epe3 TCP-cokeT na€ MOXIMBICTH MpOrpaMi KOPHCTyBaua OTPHMYBATH OYiKYBaHHH MaKeT JaHHX
OOMHUHAI0YM 4Yepry IIONEpefHBOr0 IMPOXOMKEHHS BCiX HEOOXITHHMX MakeTiB I IX OTPUMAHHSA B IOPAAKY 3’ €mHAHHS. 3
3aTydeHHSIM Mpole ypy 6araTopa3oBoro MOIIYKY ITijJ 9ac 0OMiHy MOBiZOMJICHHSIMH IIPUKJIAJHA TIporpama uu 6i0mioTexa Moxke
posrisiiati TCP-CoKeT SIK THITOBHI CITHCOK ITaKETiB-MOBiJOMIICHB, SKI MOXYTh OYTH OTPHUMaHi YM BHAAJCHI pa3oM i3 IXHIMHU
TAaHUMHU SIK 3 BEPIIUHH Oydepa cokera, Tak 1 3 Oyap-AKOi JOBUIGHOI HOrO TMO3MUINI B CTEKY ITOBIJIOMIICHB. 3MOJEIBOBAHHUI
MEXaHi3M IIONIYKY IIOBiJJOMJICHb IOJNETIINTh IPOLEAypy KOMIOBaHHSI HAaHUX MiXK Oi0/IIOTEKOI0 TOBIJOMIICHb Ta KOZOM
KOPHCTYBada, 0OXOISIYM CHOYaTKy HEOOXiJHICTH B omeparii HeGaXxaHOTO KOIIIOBaHHS maHWX B Oydep Oibmiorekm mepen ix
OTPUMAHHSM 1 MOAAJIBIINM Bi0OpaXKEHHAM MPUIHATHX HOBiIOMICHB B Oydepi cokera.

Kiio4oBi ci10Ba: MepeskeBuii iHTepdeiic, COKeTH, MOIMIYK ITOBiJOMICHB, POIeypa KOMiIOBaHHS, IPOXYKTUBHICTb.

Melnyk V.M. Modeling of the messages search mechanism in the messaging process on the basis of TCP protocols.
In this paper a traditional socket interface expansion for the implementation of TCP/IP communication with the involvement of a
new mechanism is modeled for data retrieval instead of their traditional receipt in the established queue order. A message finding
approach through a TCP socket allows the user program to receive the expected data packet by skipping the queue for the
previous passage of all required packages to receive them in connection order. With the use of the reciprocal search procedure for
messaging, the application or library can consider the TCP socket as a typical list of message packets that can be received or
deleted along with their data from both: the top of the socket buffer and any arbitrary position of the socket in the message stack.
The simulated message search approach facilitates the data copying process between the message library and the user code,
bypassing first the need for unwanted data copying operations in the library buffer before they are received and subsequent
displaying of the received messages in the socket buffer.

Keywords: network interface, socket, message search, procedure of copying, performance.

MeasHuk B.M. MoneiupoBaHue MeXaHM3Ma MOHCKA COOOIIEHHI B mpoiecce UX o0MeHa Ha 0a3e MPOTOKOJIOB
TCP. B ngaumoii paGoTe CMOIETMPOBAHO PACHIMPEHHE TPAIAUIMOHHOTO COKETHOro mHTepdeiica mst ocymecrsierus TCP/IP-
KOMMYHUKAIIMM C TIPUBJICYCHHEM HOBOTO MEXaHHM3Ma IOMCKAa JAHHBIX BMECTO TPAAWIMOHHOTO WX MONYyYEHHS B IIOPSIKE
ycTaHOBJIEHHO# ouepenu. Ilouck coobiuenuii yepe3 TCP-cokeT MO3BOJUT MPOrpaMMe IOJIb30BATENS IOIYy4aTh OXKUIAEMbIH
MaKeT JaHHBIX MUHYS OYepeAb NPEIbIAYIIETO NPOXOKICHHWS BCEX HEOOXOAWMBIX IAKETOB ST MX IONYYCHHUS B IIOPSIKE
coequueHns. C NpHBIEYEHHEM TMPOIEYPHl MHOTOKPAaTHOTO MOKMCKA IPH 0OMEHEe COOOMICHMSIMH MPIIOKEHHE Win OHOIoTeKa
MoxeT paccmarpuBath TCP-cokeT Kak OOBIYHBIH CIHMCOK MaKeTOB-COOOIICHHUH, KOTOPhIE MOTYT OBITh IOJIYYEHBI WIH YIaJICHbI
BMECTE C MX IAHHBIMH KaK C BEpIIMHBEI Oydepa CokeTa, Tak M C 000 IMPOU3BONBHOI €ro MO3WIUH B CTEKE COOOIICHHH.
CMozmennpoBaH MEXaHU3M IIOMCKA COOOIIEHUH OONErYnT NMpoIeypy KOMUPOBAHUS JAaHHBIX MEXTy OMOIMOTEKoi coolmennii n
KOJIOM TIONb30BaTelsl, OOXOAs CHadasa HEOOXOJMMOCTh B ONEpalUH HEXKEIATeIFHOTO KOMMPOBAHUS MAAHHBIX B Oydep
OuOIMOTEKH Mepe]] NX MOIydeHHEM U MOCIIEAYIONIMM 0TOOpaskeHueM MPHHATHIX cooOmmenuii B Oydepe cokera.

KiioueBble cji0Ba: ceTeBoi HHTEpQENC, COKETHI, MONCK COOOIIEHNH, MPoLeypa KOMUPOBaHNS, IPOU3BOAUTEIHHOCTS.

1 Introduction. High-performance cluster computing are mainly used to perform long-term
cumbersome calculations of a scientific or applied nature. Such calculations can be divided into separate
computational parts and assign each of them to run on one or even several computers. Computers with the
appropriate frequency are sending the data and messages to each other in order to update the information
integrity related to the computing distribution, or to provide other computers with the data required as
parameters or additions for the subsequent parts to make calculation. The leading structures based on cluster
components [1-3] can provide a flexible and efficient environment for applications with intensive data processing
on distributed platforms [4]. For such structures, the applications are specifically developed from a set of selected
interacting software components, which, along with the computing resources, are important in terms of flexibility
and optimization of the program performance.

The publication [4] also describes that in many applications with intensive data processing, the volume
of data can be divided into user-defined sub-blocks that can be computed like pipelined one. If the organization of
work processing and communication may overlap, then the productivity improvement also depends on the
computing blocking and the size of messages, named data sub-blocks. There is noted that small blocks of data
lead to improve the loading balance and piping, and in the communication practice many messages for this matter
are generated with blocks of small sizes. However, the larger blocks reduce the number of messages and reach
the higher bandwidth in the communication channel, but probably make a load imbalance and reduce the
conveyance.
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Along with the demands of performance and data processing intensity, the applications written using
kernel and TCP/IP socket interfaces also have other requirements, such as performance guarantee, scalability of
these guarantees and adaptability to heterogeneous networks. To allow such applications to get an advantage of
high-performance protocols usage, the researchers have used a several approaches, including performance of
high-performance socket levels through the user-level protocols. To these approaches are included: the virtual
interface architecture implementation and InfiniBand technology architecture [5]. The applications used them
should be written in taking into account the saving of the connection performance in TCP/IP.

The literature results show that because of the individual components reorganization in such applications
there are achieving the significant improvements in application performance, which leads to an increase of the
performance guaranty scalability and balancing with the small blocks loading. This approach in turn makes these
applications more adapted to heterogeneous networks. The different socket characteristics worked on the virtual
interface architecture allow for more effective data division at the output nodes, which increases the performance
up to one order. In union with high performance the sockets with low overhead allow the applications to achieve
quality results in many measurement areas that can be used in designing, developing and implementation of
applications with intensive computing on modern clusters.

Despite the cluster structure allows many computers to be used as fully as possible to reduce the
time spent on computing, yet clustered computer systems suffer overhead during the required high-
performance computer communications. The overheads to perform such calculations also depend on the
number of computers in the cluster, the libraries used to facilitate communication, and the choice of the
interface between computers and other component units within the computing cluster. Despite the wide
experimental results for cluster interactions, some studies have demonstrated the interdependence of
efficient library design for messaging in clusters that use TCP/IP and Ethernet components to achieve the
performance comparable to proprietary interconnects [6, 7].

Socket buffer

<

expected

Un expetted mvssag message

\\\\\

The pqol for luneypectefd messjages

Fig. 1. The dependence of the expected message receiving effectiveness from the previous messages
in the queues and unexpected messages

The overheads dependence that appeared when using messages based on TCP/IP protocols depends
not only on the message sizes and their receipt frequency, but also on whether the message is expected or
unexpected. A message may occur as an unexpected one if its data is received by the receiver before a
system call to the library in order to receive such message in the memory buffer on the user program
level. It is known [7, 8] that unexpected data is first copied to a temporary library buffer. For sending
messages through TCP/IP protocols, the message can be considered as received when its data appears on
the network, and the TCP stack places it in the connection socket buffer between the two communicated
hosts. Fig. 1 shows us a situation where host expects the appointed message along with unexpected
messages in the socket buffer that were arrived to the system at the same time or before. For example, the
system expects a message with the interface of its transmission with a specified type of tag [9]. The
message passing interface (MPI) is a standardized and portable messaging system. It was developed by a
group of scientific and industrial researchers and appointed for implementation on a variety of parallel
architectures to make a data computing. In cluster communication practice, there is present several quite
effective interface implementations, many of which are free-license available and open to use. These
raised an approach that pushed for parallel software development and large-scale and portable
applications creation that are designed to perform parallel computing. In case of the network
communication, the operating system socket interface for TCP protocols receives certain bytes from the
formed connection in the established order, using one of the system calls: recv() or read().To count this it
first need to release the socket from the previous unexpected messages in order to access the expected
message in next step. In the general process of message receiving by applications, these data most likely
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are to be needed later, then each of them should be copied to the reception pool of unexpected messages.
Such operations of unexpected messages copying cause significant overheads. In the next step, before to
receive the expected message on application level, it need to check first the pool of unexpected messages
receiving, and only then to call for the message to receive it at the socket level.

The purpose of this work is to simulate the usual socket interface of the operating system for its
extension through which it can be possible to access the random expected message, i.e. to its location in
the socket buffer, bypassing the receiving queue of all previous incoming messages that were arrived
before expected one. The new advanced interface should perform the search for the required information
(message) in the socket buffer and allow the user to receive the expected message from any stack position
bypassing the operation of copying the previous messages into the pool of unexpected messages that
arrived before the specified expected message (fig. 1). From the side of the development requires
implementation it need to involve the multiple search process. The messaging program or the usage
library should consider the TCP socket as a list of messages that can be received by the user application,
and during the receiving procedure it need immediately to delete the received data not only from the top
but from the arbitrary point of the socket buffer, where expected message was set.

An interface for sockets that search for messages in the stack by the method described above is
complementary to those works that aim to increase the performance of the messaging process by using
TCP protocols. Among them can be selected those works, that are focused to use a re-constructed
libraries with a more efficient design. These libraries can be managed by events from the side of its own
complementary architecture [10] and/or can use a special support from the side of hardware
reconfiguration, other than the generally accepted, or the network card interface. The second type of re-
constructed libraries can be those that are based on TCP-level splitting [7, 11]. However, this work is
based on the efficiency of using the operating system interface on the socket level. Therefore, the model
described in this paper should collaborate with ideas that focus on supporting the network card interface
or on usage a well-designed library to enhance the performance of other system components for TCP
messaging.

The interface to perform a search procedure of the expected message on the socket can be
developed and implemented on the basis of the Linux kernel and verified by using the method of a simple
microbenchmark, the data for which is obtained outside the query, implemented for this socket. The
results of some qualitative calculations reveal that reducing of the processing time with using sockets that
directly search the message in the stack should reach more than on a third part. The performance growth
of such system will depend on the receipt of expected messages with large volume or the number of
messages that are to be bypassed in the receiving queue.

: recv(),
recvirom() tcp_recvmsg()
or recvimsg()

got
number of
bytes or
error

true true | copy message
—>{data into user

space

process verify
prequeue and | requested
backlog amount
A\ 4
. la

Fig. 2. The algorithm of the recvmsg() function for the Linux-based TCP messaging

2 Basics of the functions work on Linux TCP. The TCP stack under control of the Linux kernel
works with socket buffers that are mentioned in literary sources as sk_buff's, sock_buf's or simply skb's.
The data packets in the receiving process are received by the network device, they are placed in a ring
buffer, and sk_buff is assigned to the data and associated to them. The buffer sk_buff saves the metadata
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for each package, and the stack of the Linux operating system for TCP/IP, interacting with sk_buff to
process the data packet. For each particular connection sk_buff is placed in the socket buffer queue.

To facilitate the procedure for receiving them in the correct order and managing the packages, for
each of them is assigned a serial number in the queue, which specifies the number of bytes sent for each
packet particularly during the connection. The implementation like this allows to recover packets on the
reception side during retry at the network level and remove data from socket buffers. The user application
does not know or should know the ordering of the data in the packets or the timeliness of their receipt in
the network. Tasks that are solely associated with a user's application are considering in that, how data
elements are sent from a source and their real fixed lengths.

When the user proggram makes a call any of recv(), recvfrom() or recvmsg() functions on the TCP
socket, then tcp_recvmsg() function is used in the kernel (e.g., net/ipvé/icp.c). Fig. 2 shows a working
algorithm chart for these functions. The tcp_recvmsg() function begins the data copying from sock_buff’s
buffers in the socket queue which point to the actual data placed in the ring buffer. The function checks
the first skb in the socket buffer, and then copies the data to the user's space buffer. If skb has more data
than is requested, the tcp_recvmsg() function leaves a "reminder” in the socket buffer queue. If the user
requests more data than the data amount placed on the first skb, it is selecting along with the
corresponding data in the ring buffer, and the specified steps described above continue with the next
going skb in the queue. By default, the function tcp_recvmsg() returns all query data from the socket
buffer after the full read procedure in full volume, removing all the skb's buffers that contained their data,
and updates the sequence number of the first byte to perform the next socket reading operation.

TCP usually uses sequence numbers to track the way that was read from the socket buffer, and
determines the continuation order of the readout procedure. At each step, the copied_seq variable, which
records the order of the duplication, receives the sequence number for which the data will be read. In
other words, this variable will contain an ordered sequence of what has already been copied and that will
be read further from the reception queue. In this case, if the sequence of numbers copied_seq was greater
than the number of the first basic skb sequence, and the part has already been read from it, then the full
length of the data request will be copied starting from the sequence number specified in the copied_seq.
Thus, using the sequence numbers will be used to determine the data that the reception request should
read from the socket.

3 Implementation of additional socket search procedure. The main purpose of using sockets
that are directly seeking for a message in a queue is to receive data placed on the socket receiving buffer
in any order. When the data is copied from the socket, the corresponding skb with the copied data must be
removed from the buffer, and the current list of skb’s should also be corrected. As data that was read in
the sequence numbers is no longer present and available, then the subsequent requests for their receipt on
the socket should "know™ and take into account that these data are missing in the buffer. This can be
implemented through a connection list that contains the initial and final sequence numbers for each "hole"
in the socket reception buffer. Creating a hole frees up memory space in the socket buffer and allows to
normalize the behavior of the TCP stream independently from the location place in the buffer from which
the data was deleted. When the reception request begins the process of data copying to the user, it avoids
any met hole on the path and continues normally to receive the data from the ordinal number that follows
after the hole. In the process of the data receiving the list of holes increases with their integrity, and at the
same time takes place the dynamic reduction associated with their removal.

The model developed in this paper proposes to create a new streaming protocol
SOCK_FIND_STREAM. It should use the same stack as the TCP and ordinary SOCK_STREAM
sockets. However, the basic functions should be modified so that it could be possible to make search of
the sockets with SOCK_FIND_STREAM type. If a socket request is performed to a socket that does not
make the search procedure, or if the call does not find the package that is expected to receive, then the
way through the TCP stack with its functions is almost identical to the code used by the normal Linux
kernel. But when the search request is performed on the socket that makes the search procedure, then the
way through the TCP stack remains the same, only may change the code way through separate functions.
Basically, the changes are related to the tcp_recvmsg() function code that is introduced into this function.
All the introduced modifications are required for managing the list of holes, their sequence numbers and
skb 's, which have already been read yet.

Another major change should be made in the function tcp_recvmsg() that relates to the procedure
for socket obtaining on which the search procedure has to be made. It includes a disabling of the TCP
queue pre-loading mechanism. Although the TCP queue pre-loading mechanism allows some better
manage with the stream resources in the exchange process, however it causes a slight decrease in
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performance. Also in the general messaging procedure, it is not possible to easily change the downloading
queue to allow further searches. In connection with the foregoing, the pre-loading mechanism was turned
off at the receiving moment on the socket that makes the search.

After the SOCK_FIND_STREAM socket has been created, the known above functions recv() and
recvmsg() can be used as ordinary functions. The new search function find_recv() should be realized like
a system call, that needs to get the following arguments:

size_t find_recv(int s, void *buf, size_t len, int flags, size_t offset);

The arguments to call find_recv() are identical to the function recv(), with the change added to indicate
the number of bytes to be transmitted to the stream. This offset always points to the first byte that must be
obtained through the use of recv() system call.

Since the call find_recv() changes structure msghdr, and then calls the general function
sock_recv(), then the standard library function recvmsg() can also be used to search for recipients. The
variable msg_find has been added to the msghdr to indicate a search offset. By modifying the msghdr
structure taken to the function recvmsg() it is easier to search for the package that is expected to be
received without the new special function involvement. In order to be able to search previous messages of
a large size, it need to increase the maximum message reception buffer size. This parameter adjusts the
system variable net.core.rmem_max(sysctl). It allows to set the maximum buffer size for each received
message. The maximum buffer size can be reset by using the known function setsockopt(). Consequently,
the parameter sysctl should be set to a sufficiently large number of bytes, and the reception buffer should
be increased, if necessary, over the entire interval of the user program work. In the case where the buffer
is fully filled, then the usual TCP actions are executed, and the call to receive the result in the course of
the search implementation should return an error. Then the program should clearly respond to the error of
the socket buffer overflow and delete some data remaining in the buffer to release more space in the
kernel.

5 Conclusion. In this paper the model for a new socket level extension is proposed, which allows
to get an irregular access to expected message from a single TCP connection. The interface for sockets
with searching procedure for expected message and obtaining data outside the query is proposed, which
in the opinion of the authors can be implemented in Linux system. The model shows that for developing
start of an application code are required only small changes to implement message exchange.
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HAPAMETPHUYHA MIOBYJIOBA MOJIEJIEM, PEAJII3OBAHUX HA MOBI OBJECT PASCAL,
3 BUKOPUCTAHHSM CEPEJOBHUIIA T-FLEX CAD 3D

Peabko P.I'., Penbko O.I. ITapamerpuuyna moOynoBa mopesneii, peanizoBanux Ha moBi OBJECT PASCAL, 3
Bukopuctanusm cepeaopuma T-FLEX CAD 3D. V crarti A0CTiPKEHO MOXIIMBICTh TTAPAMETPUIHOI MOOYIOBH MOJENEH, SIKi
JIOTIOMO>KYTh KOHCTPYKTOPY LIBHAIIE, IPABIIIBHIIIE IIepepaxyBaTH F€OMETPHIHI MapaMeTpPH PO3KATHHUKA BiJIEHTPOBOTO THUILY,
CTBOPHTH pPOOOUI KPECHeHHs Uil KOHCTPYKTOPCHKOI JOKYMEHTallil, IO 3MEHIIyE BipOTiTHICTH JIFOJCHKOIO YHHHHKA IIPU
MIPOEKTYBAHHI IHCTPYMEHTY 1 MiABHUIIY€ SKICTh 1 KOHKYPEHTOCTIPOMOXKHICTb, TIOJJOBXKYE TEPMIH CIIY>KOHU, a TAKOX € €KOHOMITHO
BUT1IHHM.

KitouoBi cnoBa: 1mudpoBi Monemni, IHTEpPaKTHBHI METOAM, PO3KATHHUK, OaraTOpPOJIMKOBI PO3KaTHUKH, PO3KATHUKH
0e3cernapaTopHOro THILY, PO3KATHUKHU CEMapaTOpHOro THILY, IPYKUHHI PO3KATHUKH, POTALiiHI PO3KATHHUKH.

Penbko P.I'.Pennbko O.U. Ilapamerpuueckoe mocrpoenme Mmopesieii, peajm3oBaHHbIX Ha sizbike OBJECT
PASCAL, ¢ ucnoan3oanuem cpeant T-FLEX CAD 3D. B crathe uccieqoBaHa BO3MOKHOCTh TAPAMETPUYECKOr0 MOCTPOCHHUSE
Mojiesiel, KOTOpbIE MOMOTYT KOHCTPYKTOPY CKOpee, NpaBHJIbHEE MEPEYHUCIUTh TEOMETPUYECKHE IapaMeTpbl pacKaTHHKA
LEHTPOOEKHOTO THIIA, C€O34aTh pabodhe YEpTeKH Uil KOHCTPYKTOPCKOM JOKYMEHTAaLlMM, YMEHBIIAET BEPOSTHOCTH
YeJIOBEYEeCKOro (hakropa Ipu MPOCKTHPOBAHHKM MHCTPYMEHTA M IMOBBIIIACT KaYECTBO M KOHKYPEHTOCIIOCOOHOCTH, TPOJJICBACT
CPOK CITyOBI, a TaKKe SBISIETCS SKOHOMUYECKH BBITOIHBIM.

KuroueBbie cioBa: 1upoBble MOJETH, HHTCPAKTHUBHBIC METOABI, PACKaTHHK, MHOTOPOJIMKOBBIC PACKATHUKH,
pacKaTHUKH OeccenapaTopHOro TUIA, PACKATHUKH CEapaTOPHOTO THIIA, MPY)KMHHBIC PACKATHUKHU, POTALOHHBIC PACKATHHKH.

Redko R. G., Redko O.l. Parametric construction of models implemented in the language OBJECT PASCAL,
using the environment T-FLEX CAD 3D. In the article the possibility of parametric building models that help the designer
quickly, accurately enumerate geometrical parameters rozkatnyka centrifugal type, create working drawings for design
documentation, which reduces the likelihood of human factors in the design tool and improves the quality and competitiveness,
prolongs the life, and are economically viable.

Keywords: digital models, interactive methods rozkatnyk, multiroll rozkatnyky, rozkatnyky bezseparatornoho type
rozkatnyky separator type pruzhnni rozkatnyky, rotary rozkatnyky.

IMocranoBka mpodaemu. CyyacHi METOIM KOMIT IOTEPHOTO OINpaloBaHHs iHpopMaLii 6a3yloThCs
Ha cTBOpeHHI nugpoBux moaeinei penvedy (LIMP), siki cIyryroTh OCHOBOIO JIJIsl BUPIIICHHS IJI01 HU3KU
HAyKOBHX Ta HapOAHO-TOCIONAPCHKUX 3aBdaHb. Hampukian, iHTEPaKTHBHI METOAM NPOEKTYBaHHS
IHKEHEpHUX CHOPYA, aHali3 NPOCTOPOBMX [MAaHWX, YNPABIIHHSA TEPUTOPIIMH BUMAaraloTh IOAAHHS
iHpopMalii mpo MicHeBicTh B HU(POBIH Gopmi.

Hudposa moxmenb penbedy BH3HAYeHA SK HUGPOBE i MaTeMaTHYHE MNPEACTABICHHS penbedy
MoZIeTli Ha OCHOB1 JUCKPETHOI CYKYIHOCTi BHXIZHHUX TOYOK, SKi JTO3BOJSIIOTH 3 3aJaHOI0 TOUYHICTIO
BITBOPUTH peabHy MOBEPXHIO Ta Ii CTPYKTYPY.

[Tapamerpu sikocTi mig 4ac OOpOOKM BUIJIa)KyBaJbHUM IHCTPYMEHTOM IMPYKHOI Ail 3HAYHOIO
MIpOIO 3aIeXaTh Bifl TUCKY B TO4LI KOHTAKTy. LIlopcTKicTh 00p06IeHOT MOBEPXHI, CTYMIHb i1 3MIITHEHHS,
BEIMYMHA 1 3HAK 3QJMIIKOBUX HAmpyXeHb 3aleXaTb BiJl TEXHONOTIYHHX PEKUMIB, 3yCHIIISL
nepopMyBaHHS, BHXIJHOIO WIOPCTKOCTI 3aroTOoBKH, ()i3MKO-MEXaHIYHHX BJACTUBOCTEH Marepiaiy
3arOTOBKM, THUILy 3aCTOCOBYBAHOIO IiHCTPyMEHTa 1 MOro KOHCTPYKTHBHUX mapameTpiB. [Ipu poOori
IHCTpyMEHTaMH TpPYXHOT il (pOJMKOBI ¥ KyJNBKOBI pPO3KATHHKM) 3 JAC(POPMYIOUYHMH €IEMEHTaMHU
(pONUKH, KyJIbKH), IO MPYXKHO KOHTAKTYIOTh 3 OOpOOJIOBAHOI TOBEPXHEIO, 3/IHCHIOETHCS pO3MipHA
00po0Ka, Tak sIK TPAEKTOPiA PYXy POJHKIB i KyJIbOK MOBHICTIO BH3HAYAETHCA (HOPMOIO 3arOTOBKH. Y
BOMY BHUIAJIKy (OpMa 3aroTOBKH HMPAaKTUYHO HE 3MIHIOETHCS, a 3MEHIIEHHA i po3Mmipy BinOyBaeThCs
BIZTHOCHO PiIBHOMIpHO 1O BCiif 00po0iIoBaHii HOBEPXHI.

AHani3 aocaiKkeHb. ABTOMaTH3alis pooiT IO CTBOPEHHIO HOBOI TEXHIKH - KOHCTPYKTOPCHKOI Ta
TEXHOJIOTTYHOI MIATOTOBKKA BUPOOHHILITBA, AO3BOJSE MIANMPHEMCTBY LIBUAKO PEaryBaTd Ha 3MiHY HOMHTY Y
BUp00ax, y MaJli CTpOKM TOTYBaTH O BUPOOHHUIITBA HOBI a00 MOnepHi30BaHi BUpoOu. [linmpuemcTBo, sike
MparHe boro, IOBMHHO BOJIOAITH KOMIUIEKCOM MPOrPaMHUX 3ac00iB, 31aTHUX aBTOMATU3yBaTH MPOBEACHHS
TaKuX PoOiT:

1. YrpaBniHHS MPOEKTaMH Ta TEXHIYHUM JOKYMEHTOOOITOM.

2. CTBOpeHHS KOHCTPYKTOPCHKOT IOKYMEHTaIlii Ha BUpIO (KpecieHHs, crieruikartii).

3. CTBOpEHHS TPUBUMIPHOI MOJEI1 BUPOOY.

4. BceOiunmii aHai3 BUpOOy (pO3paxyHKH Ha MIIHICTh, JUHAMIYHUIA aHai3, aHaJIi3 HAIPYKECHb B
eJIeMEeHTax BUPOOY).
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5. CTBOpEHHS TEXHOJIOTTYHOI TOKYMEHTAIlil Ha BUTOTOBJICHHS BUPOOY.

6. OOpoOKy Ha BepcTaTax Pi3HOTO TEXHOJIOTIYHOTO MPU3HAYCHHS JCTajlel OCHAIICHHS BUPOOHHUIITBA
B TPOILIEC iX BUTOTOBJICHHSI.

7. Ilporpamue 3a0e3Me4eHHsT KOHCTPYKTOPCHKOT ITiArOTOBKY BUpOOHHUIITBA [1].

JIns cTBOpEHHSI KOHCTPYKTOPCHKOI AoKyMeHTauii ¢ipma "Ton Cucremu" mpomnoHye CHCTEMH, IO
JO3BOJISIIOTE  OXOMHUTH Pi3HI piBHI aBTOMAaTH3allii KOHCTPYKTOPCHKMX pOOIT B PI3HUX MiApO3.iiax
MIPUEMCTB, a came:

-T - FLEX CAD LT - aBTOMaTH3aI1isSI KPECIICHHS;

- T- FLEX CAD 2D - aBroMaTH3alisi pOeKTyBaHHS,

- T-FLEX CAD 3D - 3 -X MipHE MOJICITIOBaHHSI.

Bubip HeoOXigHOi cuCTeMHU 3aISKHUThH Bifl 00'€MIB KOHCTPYKTOPCHKUX POOIT, iX PiBHS 1 KUIBKOCTI
pO0OYUX MiCITb.

CAD-cucremu (Computer-aided design - komm'toTepHa MiATpUMKa MPOCKTYBAaHHS) MPH3HAYCHI
IUIsl BUPIIICHHS KOHCTPYKTOPCBHKHX 3aBIaHb Ta O(QOPMIICHHS KOHCTPYKTOPCHKOI HOKyMeHTali (OuTbin
3BHYHO BOHHM IMEHYIOTBCSI CHCTEMaMH aBToMaTH30BaHoro npoekryBanHs CAIIP). Sk npaBuio, B cydacHi
CAD-cucremu BXOIATh MOJAYJIl MOJICIIOBaHHS TPUBUMIPHOI 00'€éMHOI KOHCTpyKii (merami) i
0(OpMIICHHSI KPECIICHb 1 TEKCTOBOT KOHCTPYKTOPCHKOT JoKyMeHTalil (cnenungikaiii, BITOMOCTEH TOIIO).
[posiani TpuBumipHi CAD-cuctemMu I03BOJSIOTH peanizyBaTH iflel0 HACKPI3HOT'O UKy MiATOTOBKU Ta
BUPOOHWITBA CKIAQAHUX IMPOMHUCIIOBHX BUPOOiB. Bci BOHM B Till 4K iHIIINA Mipi MIATPUMYIOTh IPUHIMITA
napamerpusauii 2D i 3D-moneneii [2].

B npanmii wac B cBiTi po3pobOneHa Benmuye3Ha KimbKicThb pisHuX CAD-makeriB. Opniero 3
MEPCIEKTUBHUX CHUCTEM MapaMeTPHYHOro MPOEKTYBaHH: B TexHiuHOMY yHiBepcuTeTi € T-FLEX CAD.

Cucrema napamerpuuHoro npoektyBanHs i kpecieHHs1 T-FLEX CAD e po3poOkoro pociiicbkoi
¢ipmu "Ton Cucremu". Cucrema BONOIi€ HACTYIHHMH OCHOBHHUMH MOMIJIMBOCTSIMH. MapaMeTpHyHE
MPOEKTYBaHHs Ta MOJETIOBaHHS; MPOEKTYBAHHS CKIAZaHHS 1 BUKOHAHHS CKIAJaJbHUX KpPECJICHb;
NMOBHUHN HaOIp QYHKIH CTBOpPEHHS 1 pefaryBaHHs KpecieHb, IPOCTOPOBE MOJIEIIOBAHHS, IO 0a3yeThCs
Ha rtexnonorii ACIS; mnapamerpuyHe TPHUBHMIPHE TBEPIOTIIbHE MOJICIIOBAHHS, YIPAaBIIHHS
KPECIICHHSIMH; TIIroToBKa AaHux uist cucteM 3 UITY; imitanis pyxy koHCTpyKii.[3]

Buknaxg ocHOBHOro marepiajy i OOIpyHTYBaHHSI OTPMMAaHHMX pe3yJabTaTiB. BinpizHsiounch
MPOCTOTOI0 MPUCTPOIO, PO3KATHUK JO3BOJISIE OTPUMYBATH MOBEpXHI 9-ro Kiacy mopcrkocTi. Pobounm
€JIEMEHTOM B IAHOMY PO3KaTHHUKY € POJIHK, BCTAHOBIIIOBAHHH MMil KyTOM JI0 OCi ONIPaBJICHHs Y BTYLi ab0
Ha romyacTux minmmnHukax. llItynep ciayxuTh mis migBeneHHs B 30HY oOpoOku macna. CreniaabHui
TBUHT YTPUMYE POJIUK BiJ OCHOBOI0 IepeMilleHHs. K0 onpaBIi HaaTH 00epTalbHUH 1 MOCTyNaIbHUN
PYX, TO POJIMK 32 PaXyHOK TEPTs HOro podoYnx KpoMOK 06 0OpoOIroBaHy MOBEPXHIO MIOYHE 00EPTATHUCS .
Te x came Oyne cnocrepiraTucs, sIKIIO 00epTaHHS OTPUMAE 3ar0TOBKa, a PO3KATHUK OyJe 3IifiCHIOBaTH
TINBKH OCbOBE NepemimieHHs. [liaMeTp i IOBXXWHA POJMKA BUKOHYIOTBCS CTPOrO BH3HAUCHHUMH, 1100
3a0e3neunTd HeoOXigHuii HaTAT. [Ipu 1bOMy BpaxoBYIOThCS pagiyc IeopMyrodoi KpOMKH POJIHKA, KYT
YCTAHOBKHM POJIHKA ILOAO OCi 1 liaMeTp OTBOPY.

KoHCTpYKTHBHO IHCTpYMEHT i OOpPOOKM TOJUISIOTH HAa IBA THIA: IHCTPYMEHT
Oe3cenapaToOpHOro THITY Ta IHCTPYMEHT CemapaTOpHOro THITY.

Bynu npoBezneHi nociimkeHHs KOHCTPYKTHBHUX MapaMeTpiB iCHYIOUHMX IHCTPYMEHTIB pa3KaTHOTIO
TUMY. 0araTOPOIMKOBI PO3KATHUKH, PO3KATHUKH O€3CEnapaTopHOro THILY, PO3KaTHUKH CEmnapaTopHOro
TUMy, TPYXWHHI PO3KATHWUKH, POTALidHI pPO3KATHWKH, PO3KATHUKH BIiILEHTPOBOrO THUIY. bimbm
PO3IIOBCIODKEHUMH, TTOPIBHSIHO 3 PO3TIISIHYTHMH, € BiALEHTPOBI PO3KATHUKK. Tak camo OyB MpoBeIeHUI
aHaJli3 MPOrpaMHUX KOMIUIEKCIB, HIO JO3BOJISIOTH PEali30BYBaTH €IEMEHT MapameTpu3alil, mpo SKHi
MOBA ITijie Aajl.

OnHUM 3 TONOBHUX 3aBAaHb JOCHIIKEHHs Oyna po3poOKa MaTeMaTHYHOro 3a0e3ledeHHs Ta
CTBOpEHHS MporpaMHoro 3abesmneueHHs, pearizoBanoro Ha MoBi OBJECT PASCAL. Brismwm norpiOHui
JiaMeTp 3aroTOBKM, MaTtepial 3aroTOBKHM 1 TMTMOMHY HAaKJIEMaHOro LIapy, SIKy MH XO4eMO OTpUMATH,
mporpaMa po3paxoBye TEOMETPHYHI MapaMeTpy PO3KATHOrO IHCTPYMEHTY, HEOOXimHi [yis oOpoOKH i
4acToTy o0epTaHHs IHCTPYMEHTY, TaKOX Mminoupae BinnoBigHui Bepcrat. Ha puc. 1 HaBeneHo 3araibHU
BUTJIS] TPOTPAMHU.
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Puc. 1. 3aranpHuil BUTIISLI TOJIOBHOTO BIKHA MTPOTPaMu

EdexTuBHICTD BilIEHTPOBOrO PO3KATHOTO IHCTPYMEHTY 3aJISKHUTh Bifl HOr0 KOHCTPYKIil 1 cXeMu
00poOkn neranmi. OpHOYacHO HEOOXiAHO BUPIMIMTH TNHTaHHS 3a0€3MEUEHHS TEXHOJIOTIYHOCTI IPH
BUT'OTOBJICHHI, HaJIHHOCTI B eKCIUTyaTamii # 0OCIyroByBaHHI, CTaOUIBHOCTI MpOIecy pO3KOYYBaHHS i
SAKOCTi 00po0IIeHO01 MOBEPXHi IeTali.

Byna ctBopena mapameTpu3oBaHa MOJENb PO3KATHOrO iHCTpyMeHTY B mporpami T-FLEX CAD 3
METOI0 OTPHMAaHHSI KOHCTPYKTOPCHKOI JOKYMEHTAIll 3a1eKHO BiJ BUXIOHHMX JaHUX AJISl MPOEKTYBaHHS
IHCTPYMEHTY B HAlKOPOTILi TEPMiHH.

T-FLEX CAD - cucrema mapaMeTpU4YHOr0 aBTOMAaTH30BaHOTO MPOCKTYBaHHS 1 KpecieHHs. Bona
3a0e3meuye BHCOKHH CTYMiHb THYYKOCTI 1 MOXKIHUBICTH 3MiHHM 300pakeHHs T1pH 30epeskeHHi
CHIBBiIHOILIEHb MK €IEMEHTaMH, Mepen0adyeHuX po3pOOHUKOM. Y HIKAJIbHUI MEXaHi3M IapamMeTpu3alii i
noBHUH Hallp mpodeciiHMX I1HCTPYMEHTIB KOMIT'IOTEPHOIO0 MPOEKTYBaHHsS IO3BOJISIOTH iCTOTHO
CHPOCTUTH MPOLIEC KOHCTPYIOBaHHS Ta 0OpMIICHHS TpadiuyHOl TOKYMEHTAI1.

[TapamerpruHe MPOEKTYBaHHs, MOXJIMBICTh IPHU3HAYEHHS TEOMETPHUYHMX IapaMeTpiB depe3
3MiHHI 1 3MIHM LUX MapaMeTpiB — e MaiOyTHE BCIX CHCTEM aBTOMAaTH30BAaHOIO MNPOEKTYBaHHS i
kpecienns. Edexrusnicts cuctemn T-FLEX CAD 6a3zyeTscs, B mepily 4epry, Ha HOBili reoMeTpHuHii
mozeni. Ll Mmonens n03BoIIsi€ HATOBHUTH TMOHSATTS «IIapaMeTpu3alisi» iCTOTHO OimbLI TTMOOKUM, HIX 1€
OPUAHATO B IHIIMX CHCTeMaX, 3MicTOM. Inest mapamerpu3amii Bxe MIIIHO 3aBOIOBajia CBOE MicLe B
KOMI'FOTEpHOMY MPOEKTyBaHHi [4].

[Tin mapamerpu3aiielo Ma€Tbcsl Ha yBasi, MepIU 3a Bce, OaraTopa3oBe BUKOPUCTAHHS KPECICHHS 3
MOXJIUBICTIO 3MiHM Horo mapamerpiB. TyT mapamerpuyHa MOJENb JISKUTh B OCHOBI KpECJECHHs, NpHU
poboti B cuctemi T-FLEX CAD sikicHO pO3IIHPIOIOTE MOMKIMBOCTI APAMETPUYHOTO MIPOSKTYBAHHSI.

T-FLEX CAD BUKOpPUCTOBYE 3BHYHI AJISi KOHCTPYKTOpa €IEMEHTU 1 mapaMerpu MpPOEKTYBaHHS.
[Tpu npomy abCOMIOTHO HE 0OOB'SI3KOBO CTABUTHU €JIEMEHTH KPECJICHHS Ha TOYHI MO3HIii. MOXKIMBOCTI MO
Moaudikanii po3MipiB eIeMEHTIB 1 1X MMOJNIOKEHHsI Ha KpecieHHI He MaioTh aHanoriB B iHmmx CAD-
cucremax [5].

T-FLEX CAD no3Boisie OTpUMYBAaTH CKJIAJHI KPECICHHS, B SKUX HOrO OKpeMi YaCTHHH MOXYTb
OyTu B3aeMOMOB'sI3aHi. 3B'I30K MOXHA 33JaTH SIK Yepe3 reOMETPHYHY 3aJISKHICTh, TaK 1 yepe3 3HaUYCHHS
napamerpi. [Ipu npomy 3abe3medyeThCsl BUIATCHHS HEBUANMUX JiHIN y BUNAJKY, SKIIO OKPEMi YacTHUHI
KpECJICHHS IEPEKPUBAIOTH OJIHA OJIHY.
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OpmnuM i3 3BUuaiiHuX aTtpuOyTiB mapamerpuuHux CAD-cucteM € MoBa NporpaMyBaHHS, SKa
BUKOPUCTOBYETHCS ISl 3aJjaHHS MapaMEeTPUYHHMX 3B'S3KiB. Y LBOMY 3BSI3KY BHSBISIETHCSA LIE OTHA
icrotHa nepeBara nporpamu T-FLEX CAD. Bin imkeHepa He MOTpiOHO HISIKUX CIELiaIbHUX 3HAHb B
obsiacti mporpamyBaHHA. [lapameTpamu KpecieHHS MOXYTh MpH3HAYaTHCA 3MiHHI. 3a JOMOMOTOIO
OPOCTHX MaTeMaTHYHHX (opMya 3MiHHI MOKHa MOB'si3yBaTH MiK coboto [6]. Ilpu pobGoti 3 3D
eJIeMEHTaMH BUKOPUCTOBYETHCS Bech Ha0ip 3aco0iB mapaMerpusatii, SK i IPU CTBOPEHHI IBOBUMIPHOTO
KpeclieHHs (3aBIaHHS TEOMETPHYHHUX PO3MIPIB 1 MapaMeTpiB €IEMEHTIB 3a JOMOMOIOK 3MIHHHX 1 T.I.).
[Tapamerpusanis HeoOXiAHA AT aBTOMAaTU30BAHOTO MEpepaxyHKy MOJEINi IpH 3MiHi 3HaUYeHb PO3MIpiB,
OTPUMAaHUX B XOJi aHATi3Yy.

Ha puc. 2 nokazani mapaMeTpuyHi MOJeli iIHCTpYMEHTY AJ1s1 OOpOOKH OTBOPIB Pi3HOTO JiaMeTpy .
TpuBuMipHa Mozaenb He0OXiqHA JUI CTBOPEHHS Ha il OCHOB1 KpeclieHb AeTalleil 3 HACTYITHUM IOALIOM iX
Ha TPYNH i CTBOPEHHS TEXHOJIOTIYHUX MPOLIECIB IX BUTOTOBIICHHS.
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Puc. 2. BinueHTpoBuil po3KaTHUK A7l 0OpOOKH MOPOXKHIX OTBOPIB JiaMeTpaMHu:
a - 400 mm; 6 - 1500 am

Jnst cTBOpEHHS TPUBUMIPHOI MOJIENi, LIO SBJIsSIE COOOI0 PO3KATHUK BiALIEHTPOBOTO TUILY, CLIOYATKY
Oynu CIpOEKTOBaH1 MOJIETi OKPEMUX JieTajield: KOpIyC PO3KaTHHUKA, KATKH, POJTUKHU a TAKOK BUKOPHCTaH1
CTaHIAapTHI MOJEINi KyJIbKOBHUX MiAIIMITHUKIB, YIOPHUX KiJlelb, a0 Ta OONTIB, SKi BXOIATH A0 CKIaLy
oi6miotek cucremu T-Flex [7].

[Ticnst Toro, SIK CTBOPEHi BC1 €IEMEHTH BY3J1a, HEOOXITHO 3IIHCHUTH iX CKIIaJaHHSL.

Ha ocHOBi cTBOpeHOT TpUBUMIpHOI MOAEINi Ta 3a JornoMoroto BOynoBanoi ¢gynkuii «Cteoputu 2D-
MPOEKIiI0», aBBTOMATHYHO OTPUMYEMO KPECIECHHS JETall PO3KATHHK.

Y mporeci mporpamHOI peamizailii METOJIB MOJCIIOBAHHS peabe]y BCTAHOBICHO, IO 3ajnadya
3HAXO/KEHHS! HEBIJOMUX € HecTilkowo. lle yHeMOXIJIMBIIOBalO MOIIYK OOEpHEHOI MAaTpHLi PiBHSHB
KJIACHYHUM ILUISIXOM.

udposi Moaeni peabediB MOOYAO0BaHO 3 KPOKOM 3 MM JIJISl BCIX METOJIIB MOJIEITIOBAHHS, BUXiTHI
TOYKH BH3HAYAIUCHh OAHOTUIHO. OLIHKY TOYHOCTI MOOYJOBHM BHKOHAHO: 33 PO3XOMKEHHSMH BiIMITOK
BHUXIJIHUX TOYOK i30JIiHi; 32 KOHTPOJBHHMH TOYKAMH; BI3yallbHO — 3a PO3XO/PKCHHSMH BHXITHHX
130MiHiIH.

I3 anamizy cepeHIX KBapaTUYHUX IIOMUJIOK BCTAHOBJICHO, IO AUQEPEHITiHI CIIIaiiHu TBOX BUJIIB
JAr0Th TiOpUAHI 1301iHI] B MicISIX pO3pimKeHOi iHpopMarii, MOMUJIKa BiATBOPEHHS penbedy Ha Takux
ninsHKax npocsrae 3/4 mepepizy penbedy. B mimomy x MoaudikoBaHMH Au(EpEHIIHHUI CIUIaitH
IHTEPIIONIOE TIOBEPXHIO 3 MEHII Pi3KUMH BimxuieHHsMH. Jlorapudmiuna OasucHa (QyHKLIsS Ja€ TOYHI
pE3yNbTaTH MOJEIIOBAHHS, 32 BUHITKOM IUISTHOK 3 PI3KMM IEpernagoM HaxWiiB, e 3MiHa mapamerpy A
MOKpaIllye MOJCTIOBAHHS.

Jns moBHoro ogopmieHHsi kpecieHHsa BinnmoBigHo no Bumor ECKJI, kKoHCTpyKTOpy HOTpPiOHO
MPOCTABUTH PO3MIpHI 1 BUHOCHI JiHii, HAMTKUCH, BKa3aTH TEXHIYHI BUMOTH. OCKIIbKY TPUBUMIpHA MOAEND
MOBHICTIO TNapaMeTpu30BaHa 1 Ma€ aJanTUBHUK 3B'SI30K 3 OTPUMAaHMM Ha I OCHOBI JBOMIpHHM
KpECJICHHSAM, TO MpH 3MiHI OyIb-IKHX MapaMerpiB Mofedi poOodi KpecleHHs AeTalieli aBTOMAaTHYHO
NepepaxoByIOThCA.

BucnoBku. Bumeonucanuii miaxin gomomarae KOHCTPYKTOPY —IIBHJAIIE, NPaBUIIBHIIIE
nepepaxyBaTH F€OMETPUYHI MapaMeTpy PO3KaTHUKA BIALIEHTPOBOrO THITY, CTBOPUTH POOOUi KpecleHHs
JUII KOHCTPYKTOPCHKOI JOKyMEHTallii. 3MeHIIye BipOTiAHICTh JIOJCHKOrO0 YMHHUKA MPHU IMPOEKTYBaHHI
IHCTPYMEHTY, IO MiABHUILYE SKICTh i KOHKYPEHTOCIPOMOXKHICTD, TIOJJOBXYE TEPMIH CIyKOHU, a TaKOXK €
€KOHOMIYHO BUTIIHHUM.
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YK 31.311.2

Xauiu® O.I'., JTorunr® B.B., FYMCHIOKZ I1.0.

'CxinHoeBpomeiichKuil HalioHanbHII yHiBepcuTeT iMeni Jleci Yipainku
zﬂyuLKI/Iﬁ HaI[iOHATbHHUIA TEXHIYHUIA YHIBEPCHUTET,

IJEHTU®IKAIISI CUCTEM MACOBOTI'O OBCJIYT'OBYBAHHA 3 KOHTPOJIbOBAHOIO
MMOBIPHICTIO IIOXUBKH TA ii IPOT'PAMHA PEAJIIBALLS

Xawnin O.I'., Jlotumt B.B., I'ymentok I1.O. InenTudikanis cucreM MacoBoro o46cIyroByBaHHs 3 KOHTPOJILOBAHOK)
iiMoBipHicTI0O moxu0ku Ta il mporpaMHa peani3anisi. 3ampomOHOBAaHO METOJ KJIACTEPHOIO AaHANI3y JaHUX, IO MAloTh
JIOBLTBHUH AWCKPETHHH pO3IMOAIN, SIKMH JO3BOMSIE Ha IIEBHOMY piBHI 3HAYYHNIOCTI HMPUHMAaTH CTATHCTUYHO OOIPYHTOBaHI
piIIeHHS PO HAJEXKHICTh 00'€KTa O MEBHOrO KiacTepa. MeTon 103Boise y 6araTboX MPaKTUYHUX 3a7adax, 30KpeMa 3agadax
igeHTHGiKamii CUCTEM MAacOBOTO OOCIYTOBYBAaHHS IIBHIKO IIPOBOJUTH CTATUCTHYHO OOTPYHTOBAaHMM KJIACTEPHMH aHAi3
JIOBLIFHO PO3MOIUICHNX JAHUX i3 3a3/aJIerib BU3HAYEHOI0 HMOBIPHICTIO MOXHOKH KiIacTepu3arii

KirouoBi cyioBa: KiacTepHWil aHami3, CHUCTEMH MAacOBOTO OOCIYroByBaHHs, ¥2-pO3MOALT, MOBipuMil iHTEepBai
HAJIIWHHOCTI, pOrpaMHa peaizallisi, IporpaMHHI TOJAaTOK.

Khanin O.G., Lotysh V.V., Gumeniuk P.O. Identification of mass-service systems with controlled capacity and its
program realization. The method of cluster analysis of data with arbitrary discrete distribution, which allows at a certain level
of significance to make statistically substantiated decisions about the belonging of an object to a particular cluster, is proposed.
The method allows many practical tasks, in particular, the problems of mass service identification, to quickly carry out a
statistically valid cluster analysis of randomly distributed data with a predetermined probability of clustering error

Key words: cluster analysis, mass maintenance systems, y2-distribution, confidence interval of reliability, software
implementation, software application.

Xanun A, Joreim B.B., TI'ymeniok IL.LA. HnenTnduxammss cHcCTeM MaccoBOro O0OCHY:KHBAHHSI C
KOHTPOJIMPYEMOil BepOATHOCTD NOIPEIIHOCTH H ee NporpaMMHas peanusanus. IIpemioxeH MeTon KIacTEpHOTO aHalu3a
JIaHHBIX, MMEIOIUX [IPOU3BONBHOE JUCKPETHOE PACHpPEAEICHUE, KOTOPBII MO3BOMACT HAa ONPEACICHHOM YPOBHE 3HAUYUMOCTHU
MPUHAMATh CTAaTUCTHYECKH OOOCHOBAaHHBIE DPEHICHUS O IPHUHAUICKHOCTH OOBEKTa K ONpeAeleHHOMY Kiactepy. Merox
MO3BOJISIET BO MHOIHX MPaKTHYECKHX 3a7adaX, B YAaCTHOCTH 3aJadyax HACHTH(UKAIUM CHCTEM MAacCOBOTO OOCITY>KHBaHHS,
OBICTPO TPOBOIUTH CTATHCTHIECKH OOOCHOBAHHBIM KJIACTEPHBIM aHAINM3 NPOU3BOIBHO PACIPEAEICHHBIX IAHHBIX C 3apaHee
OIPE/ICIICHHON BEPOSITHOCTBIO OMIMOKY KJIACTEPH3ALHN.

KiiroueBble cj10Ba: KIIaCTEpHBII aHAIM3, CHCTEMBI MAacCOBOIO OOCITYXXKHBaHHS, )2-pacrpeneiieHHe, JOBEPUTEIBHBIN
HHTEpBAJl HAJCKHOCTH, IPOrpaMMHasl pealu3alys, IPOrpaMMHOE MIPUIOKEHHE.

V 3amayax aBTOMATH30BAHOTO YIPABIIiHHS YAaCTO BUHMKA€E HEOOXIMHICTD KiIacTepHu3amii JaHUX s
HaIpalloBaHHA OJHOTHITHUX QJTOPUTMIB YIPABIIHHS, HaNpUKIaa, 3amada igeHTUdikamii KiTbKOX
OaraTokaHaJbHUX CHCTEM MacoBOro 0OCiIyroByBaHHs. IcCHye unmano meroniB kiacrepusanii [1, 2], neski
3 HHUX peajli30BaHi B mporpamMax OOpOOKH CTaTUCTUYHUX JaHMX, Takux, sk SPSS Statistics a6o
STATISTICA. Li Meroqu Oar0Th MOXKIUBICTb BUBUMTH CTPYKTYPY HaHHX, ajie He POOJATH HIiSIKUX
CTaTUCTHYHHUX BHCHOBKIB.

Hamu mpomoHyeTbesi METOX KJIAacTEepHOro aHajily AaHWX, IO MaloTh JOBUIBHHNA JHUCKPETHUI
PO3IIONI, SIKWH HO3BOJISIE HA MIEBHOMY PiBHI 3HAYYIIOCTI MPUAMATH CTATUCTHUYHO OOTPYHTOBAHI pillleHHS
PO HaJeXHICTh 00'€KTa 10 MEBHOIO KiacTepa.

B xoni peanizamii Oynp-KOro meromy ©OaraTOBHMIpPHOI KiacTepu3allii BUHUKA€ HEOOXIAHICTbH
JESIKOr0 HOPMYBaHHS JaHUX. 3allpOMOHOBAaHUK METOJ Iependayae mornepeqHe HOPMYBaHHs JaHUX Tak,
o0 KOXKeH 3amip 3HaxoauBcs B Mexax Big 0 mo 1, a ix cyma mopiBHtoBanma 1. Takum umHOM, Oyme
BinOyBaTHCs KilacTepu3alis 00'€KTiB 32 CTATUCTUYHUM PO3MOIIIOM NEBHUX O3HAK.

Hanpukian, po3risHeMO pe3yibTaTd JOCHTIDKEHHS 3aBaHTaKEHOCTI (32 KUIBKICTIO 3asBOK Ha
00CITyroByBaHHSI 3a OJMHUILIO Yacy) CYKYIHOCTI M-KaHAJIbHHX CHUCTEM MacOBOI'O OOCIYTrOBYBaHHSI.
Hexaii, nng Bu3HaueHocti, m = 4.

Tabnuysa 1. Po3moaia 3aBaHTAaKeHOCTi KaHATIB cucTeM MacoBoro oociayrosyBannsi (CMO).

CMO Paszom | Kamanl | Kanan?2 | Kanan3 | Kanand
CMO1 319 69 95 8 147
CMO?2 169 12 75 6 76
CMOk ................. 284 ......... 33 ........... 5117 ......... 53
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Jiis KOXHOI CHCTEMH MacoBOTrO OOCIYrOBYBaHHS OTPUMAEMO BiTHOCHY YacCTOTY, ITOALTHBIIN
KUTBKICTh 3asiBOK Ha 00CITyrOBYBaHHS, 110 HAAIWIIUIA B MIEBHUW KaHAJ, HA 3arajibHY KUIBKICTh 3aSBOK, 1110

HAJINIUIA B CUCTEMY.

Tabauys 2. Po3moaisi BITHOCHHX YacTOT 3aBaHTa:KkeHOCTi kaHaixie CMO

CMO Kananl | Kanan?2 | Kaman3 | Kanan4
CMO1 0,22 0,30 0,02 0,46
CMO?2 0,07 0,44 0,04 0,45
CMOk ................... 011042 ......... 006 ......... 041

B ocHOBY Merony kiactepu3aiii HOKIaIeMo et MOPIBHSHHS eMITipuYHuX y2-posnoainis [3]. Ha
nepmomy erami BuOepeMo Oynb-siky CMO B skocTi eranoHHoi, Hampukiaan, CMO2 (B tabamisx
BUjIeHa JkupHEUM mpudrom). [loOyayemo s eTamoHHOI CUCTEMH IO KOKHOMY KaHaly OKpPEeMO
JoBipunii iHTepBan HaxilHocTi 95% ms TeopeTnyHOi HMOBIPHOCTI, IO 3asBKa, sIKa BHIAJKOBO
HaAilIIIa B CHCTeMY, HaJiiae Ha 0OCIyroByBaHHs caMe B AaHUWi ii kaHaI.

OOcsar Bubipku no eranonHii CMO (3aranbpHa KUTBKICTh 3asBOK, IO HAIIANLIH) 1Mo Tabmumi 1
craHoBUTh N=169. Po3rnsHeMO HaXO/PKEHHS BUMAKOBOI 3asBKH B 1-if kanan CMO sk «ycix», a iHii -
K «HeBIady». [loBTOprMO mo-4ep3i el mporec A iHIIUX KaHamiB. Tomi Mu OyneMo MaTH CIpaBy 3
OiHOMiaJbHUM PO3MOALIOM JJISl TEOPETUYHUX MMOBIPHOCTEH, AJIS SIKMX JIETKO OOYAyBaTH IBOCTOPOHHIN
ACHMITOTUYHHHI JTOBIpYMH iHTEpBas Oyab-sKOi HaiiHOCTI [4].

Tak, BuOipkOBa OLIHKAa HEBIJOMOT0 CTaHJAPTHOTO BIOXWJICHHS TEOPETUYHOI KHMOBIpHOCTi
«yCHiXy»

"
— | Wyell=wry
Sn= |

=) <0 002,
J

ne W,.,~0,07 - BinHOCHa yacToTa «ycHixy» (auB. Tabmuio 2).
Tomi mpaBa rpaHuIlsl TOBIPYOTO IHTEPBAITY CTAHOBUTH

Wycn+t0,95'3n ~ 0, 108,

ne tpes~1,96 — BIAMOBIAHMIA KBAaHTWIH IBOCTOPOHHBOrO posmoaury CrerofeHTa 3 N-1=168
CTYIEHSIMU CBOOO/IH, a JTiBa —

Wycn' tO,95'Sn ~ 0,032

Tobto 3 HamifiHicTio 95% KWMOBIpHICTH P TOrO, IO BHITAJIKOBA 3asBKa, ska Hamiinoia B CMO2
MOTPAnuTh Ha 00cyroByBaHHs B «Kananl», 3HaxoauTthes B inTepsati (0,032; 0,108).

Tak camo moOyayemo noBipui iHTepBanu HaxiiHocTi 95% s TeopeTHYHHX HMOBIPHOCTEH, SIKi
BIJIIOBIIAIOTH 1HIINM KaHAJIAM.

X2 - BiICTaHb MDXK EMITIPUYHUM i TEOPETHYHHUM PO3IOALIOM, 3HAXOIUThCA 3a popmyiioro [5]

2 _ 1 {vi—np)®
X - ?:11,;,—[_1! (1)

1€ I' — KUTBKICTB TpyII, Ha SIKI po30UTi AaHi (B HallIOMy BUIMAJKY - KUIBKICTh KaHaIiB, TOOTO I=4);

Pi — TEOpETUYHI MMOBIPHOCTI. Y HAIIOMY BUMAJKY Il¢ HMOBIPHICTh TOTO, IIO BUITAJKOBA 3asBKa,
sika Hajiinuia B eraionny CMO, Haziline Ha oOciyroByBanHs B i-uu kaHan (1=1,2,3,4). Lli iimoBipHOCTI
HaM HEBIJIOMi, ajie¢ MM BCTAHOBWJIH JIOBIPYi IHTEPBAJIH, B IKHX BOHU 3HAXOAATHCS (AMB. TAOIHUIO 3);

Vi — BUOIPKOBI 4acTOTH KOXHOI rpynu (B HalIOMy BHUIAJKy - KUIBKICTh 3asBOK, IO HATIWILIH B
Heeranonny CMO, siki HamidLIH B i i-ui kaHam - Tabnui 1);
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N — obcsr Bubipku (B HAIIOMY BUIAJKY N JOPIBHIOE 3arajbHiil KUTBKOCTI 3asBOK, IO HATIHILIH B
HeetanoHHy CMO - tabmumns 1).

Tabnuya 3. I'panuui 1oBipyuX iHTepBaIiB /1 TEOPeTHYHUX IMOBIPHOCTeli MOCTYNJIEHHSI HA
00CcJIyrOByBaHHS 10 BiINOBiAHMX KaHAXIB eTaioHHOI CMO.

Kananu erasonnoi JliBa rpaHnns 70Bip40ro IIpaBa rpanuuns
CMO iHTepBay HAOBIp4YOro iHTEpBATY
Kanainl 0,032 0,108
Kanan2 0,365 0,515
Kagan3 0,010 0,070
Kanan4 0,375 0,525

TakuM 4uHOM, MU OyIy€EMO JIOBipYi TpaHMIIl 3alaHOi HAAIHHOCTI ISl TEOPETHYHOTO (€TaJIOHHOTO)
pOo3IoIiTy, 32 AOMOMOIOI0 SIKUX Ha MEpIIOMY eTami OyAeMo MOpIBHIOBATH 3a KpUTEpieM y2 eMmiphuHi
posnoninu no iHmux CMO 3 po3MmoAiIoM MO eTaTOHHIH.

B ogun xmactep 3 eranmoHHO0 00'egHaemMo CMO, eMmipuy4Hi pO3MOALTY MOCTYIUICHHS 3asBOK B
KaHaJIM SKUX 3HAYylle HE BIIPI3HAIOTHCS 3a KPUTEPIEM y2 Bi TEOPETHYHOIO PO3MOALTY IS €TalOHHOL
CMO. Ockinbku HaM HEBIIOMI TOYHI 3HAYEHHS TEOPETHYHMX IMOBipHOCTel pPi eramoHHoi CMO,
3aMIHMMO X Ha TaKi 3HaYCHHsI 3 JIOBIPUMX BiIPi3KiB (TOOTO 3 JOBIpUMX IHTEPBAIIB, BKIIIOYAIOYH X KiHIII),
SKi 3po0NIATh 3HAUEHHA y2 y BHpasi (1) HaliMEeHIIMM 3 MOXJIMBUX, TUM CaMUM IIPH TEPEBIpIl TilloTe3n
Ipo 3rogy PO3MOAUIIB MM MiHIMi3yeMO MOMMIKY l-ro pomy. 3ayBakuMo, IIO JOBipYi BiIpi3ku He
MOBHHHI MICTHTH HYJIbOBI 3HA4eHHs. SIKIIO L€ TPamuiaoch, TOOTO 3HA4YEHHS BITHOCHHUX YacTOT JUIS
NeTKUX KaTeropii 3aHajaTo Malli, BApTO 00'€THATH Il KaTeropii 3 iHMMMU. SIKIO0 OTpUMaHUN MIHIMYyM €
OUIBIIMM, HDK KpUTHYHE 3HaYeHHs, TO po3risiHyTa CMO He BXOIUTH B OAWH KJacTep 3 €TaJIOHHOIO, B
iHmomMy Bunagky CMO ob'ennyrotbess B oguH knactep. Ilicas mopiBHSHHS KoxHOI 3 iHmmx CMO 3
€TaJOHHOIO, 3aKiHUYEThCs (POPMYBaHHS MIEPIIOTO KacTepa.

Ha nactrynHomy erarti B sIKOCTi eTajoHHO1 Oepetbcas CMO, sika He moTpanuiia B MepIIHid KiacTtep, i
aHAJIOTYHUM YMHOM (opMyeThbest Apyruit knactep. [Ipomec knacrepuzanii MOBTOPIOETHCS, TIOKH KOXKHA
CMO He noTpanuTh B IEBHUH KIAacTep.

[IporpaMHua peanizamis BHIIEONMUCAHOTO MiIXOAYy BUKOHAHA B cepeloBHII mporpamyBaHHs RAD
Studio XE6. Otpumanuii mporpaMHuil T0JaTOK Ma€ MEHIO, IO CKIAJAEThCA i3 30HU PoOOTH 3 (haiinamu,
30HM KJIaCTEpU3allii i 30HH HAJAIITyBaHHS MOBH iHTep(dercy.

Jani qis kmactepusariii MOXXyTh OyTH MiAroToByieHi sik B EXcel, Tak i BBemeHi 6e3mocepeiHbO B
JIOJaTKy.

[Tepen mowyatkoM Kiactepu3ailii HEOOXiHO B IiaIOTOBOMY PEXKHMMI 3aaTH MacmTad (koedilieHT
MHOKEHHS), HOMEp €TaJIOHHOi Karteropii (B Hamomy BHmaaky - Homep CMO) i p-piBeHb 3HAUYYIIOCTi
(Puc.1).

Pesynbrar pospaxyHky (kiactepu3allis) BABOIUTHCS Ha €KpaH y BUTJISI CTBIUMKOBOI Jiarpamu,
Jie o oci abcuuc mpeJcTaBlieHi HOMEPH KIIacTepiB, a MO OCi OpIMHAT - HOMEPU KaTeropiii (B Hamomy
BUNaaKy - Homepu CMO), 1m0 BXoaaTh B nanuii kiactep (Puc.2).

OtpuMaHi pe3ynabTaTH MOKHa ekcroptryBaTh B EXcel i / aGo 30epiratm y Bursiai rpadigHoro
¢aiiny.
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TakuM YMHOM, 3allpONOHOBAaHMK METOX A03BOJSiE y OaraThOoX MPAaKTUYHUX 3ajadax, 30Kpema
3agadax imeHTH(ikalii cucTeM MacoBOro OOCITyrOBYBaHHS, 33 JOIIOMOTOI0 KPUTEPIO 3roAu y2 MIBHIKO
MPOBOAUTH CTAaTUCTUYHO OOTPYHTOBAHMH KIACTEPHHWH aHaNi3 MJOBUTRHO PO3MONUIEHUX JAaHHUX 13
3a3/aNeriab BU3HAYCHOI0 HMOBIPHICTIO MOXMOKH KilacTepu3allii.
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YJIK 004.428.4
Amyk A.A., Caapun [1.B. Kopniituyk H.I.
Jlyupkuit HanioHaBHUK TEXHIYHUHA YHIBEPCHUTET

CUCTEMA BI3YAJI3AIII I TEPETJISIAY 3D MOAEJIEM HA OCHOBI BIBJIIOTEK HELIX
TOOLKITIEMGU CV

Sumyk A.A., CaBapun ILB., Kopniiiuyk H.I. Cucrema BisyaJizauii i neperasay 3D moneseii Ha ocHOBi 6i0sioTex
Helix Toolkit i Emgu CV. VY crarti po3risHyro CTBOPEHHsS Ta IOCTIKEHHS e(EKTHBHOCTI CHCTEMH, IO JO3BOJSE 3a
noromororo 6ibmiorekn Helix Toolkit BizyamizyBatu TpuBuMipHI Mozmeni 00’€KTiB, 3a HONOMOroio BeO-kamepw i Gibmiorekn
Emgu CV posmizHaBaté o06nudysi KOPUCTYBaya i agantyBaT BinoOpaxeHHs 3D Mmopmerni Ha ekpaHi KOMIT'IOTEpa 3aleKHO Bij
TIOJIOXKEHHS OOHYISI B PEXKUMI PEaIbHOTO 4acy.

Kuarouosi ciioBa: 3D monens, posmiznaBanss odpasis, Helix Toolkit, Emgu CV, C#, .NET Framework, web-kamepa.

Suyk A.A., Caapun IL.B., Kopumiiuyk H.A. Cucrema Busyaiamszanuu u npocmorpa 3D mopneneii Ha ocHoBe
oudmuorex Helix Toolkit u Emgu CV. B cratbe paccMOTpPEHO CO3MaHHEe W HCClieoBaHMe d(P(EKTHBHOCTH CHCTEMB,
no3Bomsitomei ¢ momomnpio oubmrorekn Helix Toolkit BusyanusupoBaTh TpexMepHble MOIETH OOBEKTOB, C IIOMOMLIBIO BeO-
Kamepsl 1 Oubimorekn Emgu CV pacrno3HaBaTh JIMIO IMOJb30BATENs M aJalTHPOBaTh oToOpaxkeHus 3D Monenn Ha skpaHe
KOMITBIOTEPa B 3aBUCHMOCTH OT TIOJIOKEHHS JIUIIA B PEKMME PEaTBbHOTO BPEMEHH.

Kumrouessie ciioBa: 3D momens, pacrio3nasanue oopasos, Helix Toolkit, Emgu CV, C#, .NET Framework, web-kamepa.

Yashchuk A.A., Savaryn P.V., Korniychuk N.I. The system for visualization and viewing of 3D models based on
the Helix Toolkit and Emgu CV libraries. The development and research of efficiency of the computer system, which allows
visualizing 3D object models using the Helix Toolkit library, recognizing the user's face using the webcam and library Emgu CV
and adapt the display of 3D models on the computer screen depending on the position of the person in real time mode.

Key words: 3D model, pattern recognition, Helix Toolkit, Emgu CV, C#, .NET Framework, webcam.

IMocranoBka mpodaemu. TexHonorii Bizyamizamii TpUBUMIpHHX O0’€KTIB 3HaXOIITH IIHUPOKE
3aCTOCYBaHHS B PI3HHUX Taly3fX, 30KpeMa B CHCTEMax  KOMII'IOTEPHOTO TPOCKTYBAaHHS, IIpH
MOZIETIOBaHHI TpoleciB, B iHZycTpii Bimeoirop. MoxkmmBocti BigoOpaxenHss 3D mopeneit Ha
JBOBHMIDHUX €KpaHax oOMexeHi. 30KpeMa 3MiHa TOJIOKEHHs CIIocTepiraua He BIUIMBA€ HA PaKypc
300paxkenHs 3D mozneni Ha ekpani, Ha BiaMiHy Big 00’eMHUX 00’€KTiB peajbHOro cBiTy. CyuwacHi
TEXHOJIOTI{ po3Mi3HaBaHHS 00pa3iB JO3BOJSIOTH BUSBISATH OOJIHYYS Y BiJI€O MOTOIli 3 BUCOKOK TOYHICTIO.
B pesymbrari anamizy iHdopmamii 3 Web-kamepu, MO)XKHa BH3HAUMTH PO3TAIIyBaHHA OOIHYYS
KOpHUCTyBaua BiIHOCHO €KpaHy, Ha sKoMy BigoOpaxaerbcsi 3D mozenb, Ha OCHOBI 4Oro B peXHMI
peanpHOro 4Yacy OHOBIIOBaTH pakypc 3D moneni momiOHO 10 Toro, K 1€ BinOYBa€ThCS 3 00 €KTaMU
peanbHOro cBiTy. lle 103BOMUTH 3pOOHTH TeEperisy TPUBUMIPHUX O0’€KTiB HAa JBOBHMIPHHMX EKpaHax
OB MPUPOIHIM 1 PEATICTHYHHM.

AHani3 octaHHix xociaimxedb i myOaikauiii. /[ posnizHaBaHHS 00pa3iB B peXxHMi peaqbHOro
Yacy MIMPOKOro 3acrocyBaHHs HaOyB meron Biomm-/[xonca (Viola and Jones) [1] Ha ocHOBiI 03HaK
Xaapa. ¥ poboti Pobepra Kyima (Robert Kooima) [2] ommcyerbcst monenb y3arajabHEHOT MpPOEKIiT
MEPCIIEKTUBH, 1[0 MOXKe OyTH BUKOPUCTaHA MPH BiZOOpa’keHHI TPUBUMIPHUX 00’ €KTIB Ha eKpaHi.

Merta. Meroio € po3poOka Ta AOCTIKEHHS ePEeKTHBHOCTI POOOTH CHUCTeMH Bi3yamizamii i
nepersiny 3D Moneneit Ha ekpaHi 3 MOXIIMBICTIO BiACTEXYBAaHHS MOJOKEHHSI 00MMYYSl KOPUCTYBaya B
PEXHUMI peanbHOro 4yacy 1 BiIIOBIAHO 10 BOT'O 3MiHU paKypcy TPHUBHUMIPHOI MOJENI i3 3aCTOCYBaHHSAM
o6i6miorex Helix Toolkit i Emgu CV.

Bukiag ocHOBHOro marepiaay i oOrpyHTyBaHHsI pe3yJbTaTiB gociaimkenb. [[ms peamizamii
CHCTEMH BUKOPHCTOBYBAJIOCH IHTEIPOBAaHE CEPEIOBHIIEC PO3pOOKH MporpamHoro cepenosuina Visual
Studio 2013 i moBa nporpamyBanns C#. Binoopakenns 3D 00’exTiB B po3po0JicHIH CHCTEMI peali3oBaHO
3 3actocyBanHsaM Oi0mioTexu Helix Toolkit.

[TintpumyBanumu opmaramu daiinie 3D mopeneit €: .stl i .0bj, mo 3abe3nedyersest 3acobamu
oiomiorexkn Helix Toolkit. ITpu 3aBaHTakeHHI MOJenb MacmITaOyeThCS OO PO3MIPY BiKHAa HpoOrpamu
3agonomororo meroxay FitSize():

void FitSize(int k)

{
double maxBound = Math._.Max(Math.Max(

device3D.Transform.TransformBounds(device3D.Content.Bounds) .SizeX
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device3D.Transform.TransformBounds(device3D.Content.Bounds) .SizeY

)

device3D.Transform.TransformBounds(device3D.Content.Bounds).SizeZ

double scaleCoefficient = 100 / maxBound;
var size = new Vector3D(scaleCoefficient, scaleCoefficient,

scaleCoefficient);

}

var matrix = device3D.Transform.Value;

matrix.Scale(size);

device3D.Transform = new MatrixTransform3D(matrix);
device3D.Transform.TransformBounds(device3D.Content.Bounds);
viewPort3d.Camera.Position = new Point3D(k, 0, 0);
viewPort3d.Camera.LookDirection = new Vector3D(-k, 0, 0);
viewPort3d.Camera.UpDirection = new Vector3D(0, 0, 1);
viewPort3d.CameraController.CameraTarget = new Point3D(0, 0, 0);

PosniznaBanHs 00y peanizoBaHo 3 3acTocyBaHHAM 0i0miorekn Emgu CV Ha ocHOBi 03Hak Xaapa
[1]. Merox anst BUSIBJIGHHS OOJIMYYS BUTJISIAE€ HACTYITHUM YHHOM:

public static void Detect(lInputArray image, String faceFileName,
List<Rectangle> faces, out long detectTime)

{

Stopwatch watch;
using (InputArray talmage = image.GetlnputArray())

//TNpounTtatn 06’ €KTU Kackaay Xaapa
using (CascadeClassifier face = new

CascadeClassifTier(faceFileName))

{
watch = Stopwatch.StartNew();

using (UMat ugray = new UMat())
{

Cvinvoke.CvtColor(image, ugray,

Emgu.CV.CvEnum.ColorConversion.Bgr2Gray);
//Hopmanizsauia AckpaBocTi i 36inblieHHA KOHTpacTy 306paxeHHA

Cvinvoke.EqualizeHist(ugray, ugray);

//BnsBUTU 06MYYA Ha cipoMmy 306paxeHHi i1 36eperTM KOOpAMHATM AK MPAMOKYTHUK

Rectangle[] detectedFaces =

face.DetectMultiScale(

}

ugray,1.1,10,new Size(100, 100));
faces.AddRange(detectedFaces);

watch.Stop();
}

detectTime = watch.ElapsedMilliseconds;

[TouaTkOBUMH HapaMeTpaMu Ul BU3HA4YCHHs pakypcy 3D ciieHH € KOOpAMHATH X i Y HEHTpY
BUSIBJICHOTO OOJHYYsI, & TAKOK TEOMETPHYHI PO3MIPH KOHTYPY BHSBICHOrO OONUYYS B MIiKCEIIX ZOOM
(ycepenHeHe 3Ha4YeHHS MUpPUHH 1 BUcOTH). i1st 3MiHU pakypey 3D ClieHH BUKOPHCTOBYBAIHCS METOAU
FitView() i LookAt() 3 6i6mioreku Helix Toolkit:
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public void FitView(Vector3D newDirection, Vector3D newUpDirection,
double animationTime = 0);

public static void LookAt(this ProjectionCamera camera, Point3D target,
Vector3D newLookDirection, Vector3D newUpDirection, double animationTime);

Toni metox, mpu3HadeHUi 1 3MiHU pakypcey 3D cienw, 3 BiOBiIHO 10 3HAYEHHSI 3MiHHUX X, Y 1
ZOOM B TaHWH MOMEHT 4Yacy Oy/ie MaTH HaCTYIHHUN BUTIISL!

private void Look(double x, double y, double zoom, double k1, double k2)
{

// obepTtaHHa 3D mogeni

viewPort3d.FitView(new
Vector3D(viewPort3d.Camera.LookDirection.X, -x + k1, y — k2),
viewPort3d.Camera.UpDirection);

// 3miweHHa 3D mopgeni
it (RotateOnlyCheckBox.lsChecked == false)

{
viewPort3d.Camera.LookAt(new
Point3D(viewPort3d.CameraController.CameraTarget.X, x — k1, -y + k2),
viewPort3d.Camera.LookDirection, viewPort3d.Camera.UpDirection, 0);

}

// 36nunxeHHa/BipnaneHHA mogeni

viewPort3d.Camera.LookAt(new
Point3D(viewPort3d.CameraController_CameraTarget.X - zoom,
viewPort3d.CameraController_CameraTarget.Y,
viewPort3d.CameraController_CameraTarget.Z), viewPort3d.Camera.LookDirection,
viewPort3d.Camera.UpDirection, 0);

}

[MonpaBouni koedimientn k1 i k2 npusHaueni s kamiOpyBanHs 1 umentpyBanHs 3D mopeni
3aJIeXHO BiJl TOYATKOBOTO MOJIOKEHHS BUSBICHOTO OOIHYYS.

st 3011bIIeHHS epeKTy TITMOMHH 300pakeHHs CLEHH Peali30BaHo 3MIIIEHHs KapTUHKH 3aAHBOTO
(OHY CIICHM TIpU 3MiHI TIOJOXEHHS OONWYYs crocTepiraya. MeToj ais 3MIlIeHHS Ma€ HACTYIMHUH
BUTJISI

Matrix m;
// meTon pnA 3MilWeHHs 3a4HbOro QoHy
void shiftBackground(double x1, double yl, double zooml)

{

m = new Matrix(Q);

m.Translate(x1, yl);

m.Scale(zooml, zooml);

viewPort3d.Background.RelativeTransform = new MatrixTransform(m);
}

3minHi X1, y1 i zooml € QyHKUiIMU Big KOOpAMHAT X, Y 1 ZOOM, IO BHU3HAYAIOTH MapaMeTrpH
KOHTYPY BUSBIICHOTO Ha 300paKeHH1 00IHIYsl.

Meroau look() Ta shiftBackground() BukimmkaroThcst KOXKHOTO pasy MpH OHOBIICHHI 300paKeHHS 3
web-kaMepH 1 BUSBICHHS OOJINTYS.

Jns ycyHenHst edexty TpeMmTiHHSA 300pakeHHs 3D cueHun 3acTocoBaHO 3riaKyBaHHS KOOPIHHAT
BUSIBIICHOT'O OOJIMYYSI METOJIOM MPOCTOi KOB3HOI cepeHboi [3]:
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_len Il -4 S Sl - T Nl e
SMA, =220 Pe-y = - : 1)

ne SM A, — 3HaYeHHs IPOCTOro KOB3HOT CEPEHBOTO B T. {;

N — KUIBKICTh 3HAYeHb BUXITHOI (QYHKILIT U1 po3paxyHKy 3MIHHOTO CEpeIHBOro (3riauKyroduid
iHTEpBaN);

Dy—1 — 3HAUCHHS BUXIMHOI (DYHKIIT B TOYIII.

OTpumaHe 3HaYEHHSI IPOCTHI KOB3HOI CEPEAHBOI BiIHOCUTHCS A0 CEPEANHU OOPaHOrO iHTEpPBAILY,
OJIHAK, TPAJULIAHO HOro BiTHOCSTH A0 OCTAHHBOI TOUKH iHTEPBAIY.

OnTrManbHUM iHTEPBAJIOM JUIS 3T UKyBaHHsS BU3HAUCHO N=5 OCTaHHIX MOKa3HUKIB KOOPIAMHATH
BUSIBIICHOTO 00IMYYs B YacoBoMYy psiai (puc.l).

B pesynbrati TecTyBaHHS CHCTEMH Ha KOMIT'toTepi 3 rpadiunum amantepom Intel HD Graphics
4600, mpu po3auTbHIN 3aaTHOCTI Bigeo 300paxenHs 1280x720pX miHiManbHa yacToTa OHOBJIEHHS 3D
creHu ckiaia 29 kajapiB 3a CeKyHIy, CepeaHs JacToTa — 62 KaJIpH 3a CEKyHIy IUIs TPUBUMIPHUX 00 €KTiB
3 BUCOKOIO JeTaji3ali€to. 3arajJbHUi BUTJISA] CUCTEMH MTOKAa3aHO HA PUC.2.

240
230 —Yacosuii pag 6e3 ) i
3rnafyBaHHA 7= S -
220
—UYacoswii pag nicna
<210 3rNaiKyBaHHA /\
200
190
180 )

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45

Puc.1. 3rmamkyBaHHS 9acOBOTO sy KOOpAWHATH X METOJIOM ITPOCTOI KOB3HOI CEPEeIHBOT OCTaHHIX 5
IIOKAa3HUKIB

] 3D

KepyeaHHA
23 AONOMOTOR> KaMepu

] OBetparu
HaBKONO UeHTpa

Po3nisHaBaHHSA
BnactmeocTi 3D

D Kepyeawna kypropom
677,72
D Iubopualia Npo kamepy
[ Uine kamepa
Cwcrema koopaumar
[ Keapis za cerymay
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Puc. 2. Pobora cucremu Bizyamizaiii i nepernsaay 3D moneneit 3i 3miHOI0 pakypey 3D ciieHu, 3a1exHO
BiJ] pO3TaIllyBaHHA O0JUYYs CIIOCTepiraua

[Ipu ¢pyHKUIOHYBaHHI JaHOI CUCTEMHU MOTPIOHO BPaXOBYBATH PsiJ OOMEKEHb:

— CHCTeMa HE MOXe ananTyBatu BimoOpakeHHs 3D mopeni jist Oinmblne, HiK OTHOTO KOPUCTYBaua
OJHOYAaCHO. BUKOpHCTOBYIOUN TEXHOJOTiIO PO3Mi3HABaHHS OOJIMY MOXXHA BCTAHOBHUTH IPIOPUTETHE
o0ymyust ocodu, Ui SIKOi cucTeMa ajanTyBaTuMe mpoekuio 3D moaeni, irHopyioun iHII 00aMYYs B
KaJpi;

— SKiCTh 300pa’keHHS 3 WeD-kaMepHu 3HMKYEThCS TPU HEIOCTATHHOMY OCBITJICHHI, IO HETaTUBHO
BIUIMBA€ Ha BUSBIICHHS OOJIMY, a BIANMOBIIHO i Ha (DyHKIIOHYBaHHs cucTeMu. Bukopucranus web-
KaMepH 3 BUILOIO CBITJIOYYTJIUBICTIO JO3BOJISIE 3MEHIIMTH HETaTUBHUM BIUIMB IIOTO (hakTopa.

— (PYHKIIOHANBHICTH CUCTEMU OOMEXYETHCS 00JIACTIO BUIUMOCTI KamepH. Bukopucranns Web-kamepu
3 OLTBLIOI0 PO3ILUIBHOIO 3[ATHICTIO 1 KyTOM OIJISiAy AO3BOJISE 3MEHIINTH HETaTUBHHUH BIUIMB I[LOTO
¢akropa.

— Ppakypc 300paxkeHHsS Ui 000X O4Yed — OJHAKOBHUIl, HA BIIMIHY BiJ Meperiasay o0’€KTiB peanbHOro
CBITY, 110 HETATHBHO BIUIMBAE HA COPUUHATTS MMUOWHM 300pakeHHs. J1sl BUpIlIeHHS TaHOI CHCTEMH
HEOOXiTHI JIOMAaTKOBI TEXHIYHI 3aCO0M, IO JO3BOJISIOTH MEPErIAIaTH CTEPEO300paKEeHHS, a TaKOX
ajzanTanis po3poOneHoi cucTeMu it poOOTH 3 HUMH.

BucnoBku. Po3pobneno cucremy Bizyanizamii i neperasay 3D mozeneit Ha ekpaHi, sika IpaLioe HA
0a3i miardopmu .NET framework. [{ns BimoOpaskeHHSI TPUBUMIPHHUX 00’ €KTIB BUKOPUCTAHO 0i0NioTeKy
Helix Toolkit. OcobmuBicTIO po3pOONEHOI CUCTEMHU € BIJCTEXKYBaHHS B PEKHMI pPEalbHOrO dYacy
MOJIOKEHHS 00IMYYs KOPUCTYBada BiJTHOCHO €KpaHy, Ha AKOMY BimoOpaxaeTbcst 3D monens 31 3MiHOO
pakypcy 3D choenm BigmoBimHO n0 mporo. BusBnenHs oOnu4usi KopucTyBada BifgOyBaeThcs 3a
nmoromoroto 6ibmiorekn Emgu CV 'y Bigeomororii, 1Mo HamxomuTh 3 Web-kamepu. B pesymibrati
TECTYBaHHS PO3POOJIEHOI CUCTEMH MiATBEPIKEHO ii e(eKTHBHICTh, 30KpeMa BHUCOKY HPOIYKTUBHICTD i
cTaOUIBbHICTD cucTeMH, Ounbin peanicTuuHe cnpuiHATTS 3D 00’€KkTiB KOpHcTyBadeM B TODIBHSIHHI 3
MEPErisA0oM 31 CTATHYHUM PaKypCOM.
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TI'amait A. B., k.T.H.
Jlyupkuit HarioHaBHUKA TEXHIYHUH YHIBEPCHUTET

BU3HAUYEHHS HEAKTUBHOI ITYJIbCYIOUOI MOTYKHOCTI B EJIEKTPUUHIN
MEPEXI 3A HECUMETPUYHOI'O HECUHYCOIJTHOI'O PEXKUMY

I'apaii A.B. BuzHaueHHsl HeaKTHBHOI MYJIbCYIOUOI NMOTY)KHOCTI B eJeKTPH4YHili Mepexi 3a HeCHMeTPHYHOIO
HEeCHMHYCOITHOro pexkuMy. B craTTi mpoaHami3oBaHO MOXIIMBICT BU3HAYEHHS HEAKTHBHOI MyJIbCyIO4Oi IOTYXHOCTI B
HECUMETPUYHHX HECHHYCOIMHIX PeKMMaxX TpH(pa3sHUX MEpex i3 3a3eMIIeHOI0 HelTpamto. [Toka3aHo, o HeaKTUBHA IyJIbCYI0da
MOTY)KHICT MICTUTH CKJIAJHUKH, IO 3yMOBJICHI HECHMETPI€I0 Ta HECHHYCOIOHICTIO, SIKI XapaKTepH3YIOThCS BiAIOBIIHO
YMOBHOIO IOTYKHICTIO 3BOPOTHOI ITOCIIIIOBHOCTI Ta MOTYKHICTIO CITOTBOpeHHS. OTPHMaHO BHPA3U MOTYXHOCTI CIIOTBOPEHHS B
IHTETrpasbHil Ta KOMIDIEKCHIN opMax 3ammucCy.

KoniouoBi ciioBa: exexkTpuuHi Mepexi, HECHMETPHYIHI HECHHYCOIMHI PEXUMH, BH3HAUCHHS HEAKTHBHOI IYJIbCYIOUOI
MOTYXXHOCTI.

I'apaii A.B. Onpene/ienne HeaKTUBHOI My IbCHPYIOLIEH MOIIHOCTH B 3JIEKTPHYECKOif CeTH MPH HeCHMMETPHYHOM
HECHHYCOH/IAJIbHOM pe:kuMe. B crarbe mNpoaHanM3MpoOBaHa BO3MOXKHOCTb OINpPEICICHHUsA HEAKTUBHOM IyJIbCHPYIOLICH
MOIIHOCTH B HECHMMETPHUYHBIX HECHHYCOMAAIBHBIX PeXHMMax Tpex(a3HBIX ceTed C 3a3eMIeHHOH HelTpaisio. [lokasano, 4To
HEaKTUBHAs ITyJIbCHPYIOIIAs MOIIHOCTh COICPIKUT COCTABIISIONINE, OOYCIOBICHHBIC HECHMMETPHEH M HECHHYCOHIATBHOCTS,
XapaKTepHU3yIOIUecss COOTBETCTBEHHO YCIOBHOW MOIIHOCTBIO OOpPAaTHON MOCIENOBATEIFHOCTH M MOIHOCTBIO HCKa)KEHHS.
INory4ens! BeIpa>keHUsI MOITHOCTH NCK)KEHHSI B MHTETPAIBHOM M KOMIDIEKCHOH (hopMax 3aIvcy.

KiioueBble cj10Ba: JIEKTPHIECKHE CETH, HECHMMETPHIHBIE HECHHYCOUJAIBHBIE PEXXUMEI, ONpeelIeHIe HEaKTHBHOH
IIyIbCUPYIOLIEH MOLTHOCTU

Hadaj A.V. Determination of inactive pulsating power in an electrical network in asymmetric non-sinusoidal
mode. The article analyzes the possibility of determining the inactive pulsating power in asymmetrical non-sinusoidal modes of
three-phase systems with earthed neutral. It is shown that includes the inactive pulsating power components due to the
asymmetry and non-sinusoidal, respectively, characterized by conventional reverse power sequencing and power distortion.
Expressions power distortion by the complex and integrated forms of recording.

Keywords: electrical networks, asymmetric sinusoidal mode, the definition of the inactive pulsating power.

IMocTanoBka HaykoBoOi nmpodjemu. BukopucranHs Ha MPOMHUCIOBUX MiANPHUEMCTBAX Ta B MOOYTi
HaBaHTa)XEHb 3 HEJIIHINHUMU Ta HECUMETPHYHUMH NapaMeTpaMH IMOTIpIIye eNeKTPOMAarHiTHy CYyMiCHICTb
CHOXXKMBAYiB, 3MEHIIYE TOYHICTH OOINIKY EJIEKTPOEHEpTii, KOMIIEHCALI€I0 PeaKTUBHOI moTyxkHocTi. Lle
MOB’S13aHO 3 THM, IO TakKi CIIOKMBaYi € JUKepelaMy KOJIMBaHHs, HECHHYCOITHOCI Ta HECUMETPil Hanpyru
[5]. IlpaBunbHe BH3HAUYEHHS HEAKTUBHOI IYJILCYIOUOi MOTYXHOCTI 3a0€3MEUUTh YCIIIIHE BUPIIICHHS
BKa3aHUX MpoOIeM.

AHami3 J0CTaiIKeHb. AKTHBHA Ta pPEAKTHBHA IOTYKHOCTI BH3HAYarOTHCS 3a JOMOMOTOI0
IHTErpyBaHHs BiAMOBITHIUX MUTTEBUX MOTYXHOCTEH Ha Mepiofi T HANPYrH >KUBJICHHS

T

P:ijp(t)dt- Q:i}q(t)dt (1)
T T Ty '

Jnsi BU3HA4YeHHS MHUTTEBI AKTUBHI W PEAaKTUBHI MOTYXHOCTEH MPHHHATO BHUKOPUCTOBYBATH
CKaJISIpHHUH TOOYTOK BEKTOPIB TPU(PA3HUX MUTTEBHUX HANPYT 1 cTpyMiB [4]:

p=(U-1])=(unia +ugis +ucic); )
q=(u])=(uaia+upis +ucic), 3)
ne U, | — Bekropu Hampyr i cTpyMiB B (pa3HHX KOOpAMHATAX [UA, Ug, Uc ]T, [iA, ig, iC]T : U' - Bextop

HaNpyrd MUTTEBUX BENWYMH 3cyHyTHi Ha —90 en. rpamyciB [u' AUB, U ]T . Y BUNaAKy HECHHYCOIAHOIO

pexuMy (azoBHil 3CYB YCiX TapMOHIK Hampyrn MOXXKHAa OTPHUMAaTd 3a JONOMOTOI MEpeTBOPCHHS
I'nasbepra.

SIKIIo mKepernno KUBJIEHHS, Mepeka Ta HaBaHTaKEHHSI TpU(a3HOi CHCTEMU CUMETPUYHI, TO MUTTEBI
MOTYXHOCTI HEe 3MiHHI B d4aci. Y BHIAAKy HECHMETPHUYHOCTI JDKepella >KUBIEHHs, Mepexi abo
HABaHT)KEHHS BUHHUKAIOTh KOJIMBAaHHSA MHTTEBUX IOTYXHOcTel. [li KomMBaHHS XapaKTepusylOTbh
HEaKTHBHOIO MyJIbCYIOUOIO MOTYKHICTIO, SIKA 3MIHIOETHCA 3 MOJBIHOIO YaCTOTOIO HAIIPYTH MEPEXI.

3a Bu3HaueHHSAM [3] HeaKkTHBHA TWyJIbCyIOYa TIOTYXKHICTH TpH(A3HOrO HECHMETPHYHOrO
HABaHT)XEHHS CKIAJA€ThCS 3 MUTTEBUX aKTUBHOI Ta PEaKTHBHOI MOTYXHOcTell. BoHa BU3HAa4YaeThCs K
PI3HHIT MUTTEBOI aKTUBHOI OTYXHOCTI P(t) i akTHBHOI MOTYXHOCTI P Tpr(a3HOro HaBaHTAKCHHS:

N(t) =—(p(t)- P); 4)
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Ta MHTTEBOT PEaKTUBHOI MOTYKHOCTI ((t) i peakTUBHOI MOTY)HOCTI Q :

N'(t) =—(a(®) - Q). (5)
B HecHMETpUYHUX CHHYCOIMHHUX PEKHUMAax CKIaIHUKH myibcyrouoi motyxHocti N(t) ta N'(t)
3MIHIOIOTBCS 32 CHHYCOiJHMM 3aKOHOM, MAalOTh OJHAKOBY aMILTITyay i 3cyHyTi Ha 90 en. rpamgyciB mo

¢asi.

HeakTnBHa mysibcyroua MOTY)KHICTH BHKOPHCTOBYETHCS K (YHKLIS KEpyBaHHS CTaTHYHUMU
CHHXPOHHHUMH KOMIIEHCATOPaMHM, aKTUBHUMH (PIIbTpaMu B KOJaX JKUBJICHHS HECUMETPUYHUX HENHIHHUX
npuiiMaviB enexTpoeHeprii [6-9]. YV Bumanky 3acrocyBaHHSI TEOpil MHTTEBUX IMOTY)KHOCTEH BEIHYMHA
myJbcallii peakTHBHOI MUTTEBOI MOTYKHOCTI Bifpi3HAEThCA 3a amIntiTynor0 i dasoro Bim N'(t) [2]. Ha

ChOrOIHI HE BCTAHOBJICHA 3aKOHOMIPHICTh SIK (DOPMYIOTbCS HEAaKTHUBHI MYJNbCYIOYi TOTYKHOCTI B
HECUMETPHYHUX HECHHYCOIIHUX PEKUMaX.

Bukiax ocHOBHOro marepiajy Ta OOIDYHTYBaHHSI OTPHMaHHMX pe3yJbTariB. PosrisHemo
poboty mMepexi 3 meperBoproBadeM I1 (puc.1). Hecumerpist orpumana 3meHmenHs Hanpyru gasu C Uc 1o
90 % BenmuunHM Hanpyr iHIWMX (a3. HecuHycoinHicTh 3yMOBIIeHA HASIBHICTIO BUIIMX TAPMOHIK Y CTPyMi
HaBaHTaXeHHs (1’siTa rapmoHika Mictuth 20 % Bix mepiioi rapMoHikd. choma rapmonik — 14,3 % Big
OCHOBHOI rapMOHIKH). SIKIIIO BiTHOLICHHSI MOBHOI IOTY)KHOCT1 HAaBaHTa)KEHHS JI0 TIOTYKHOCT1 KOPOTKOT'0
3amukanHs ctaHoBuTh 0,02, To B Hampysi XuBJIEHHS OyIyTh HPUCYTHI II’SiITa Ta CbOMa TapMOHIKH
HampyrH, SIKi CTaHOBJIATH 2 % Bil MEpILOi TapPMOHIKH.

fl §1 SJ §7 I—H

17
Ua E
Ug J Ru
Uc

Puc. 1. Cxema gociimkyBanbpHOT MepexKi

3a  Takux ~ yYMOB  MOTYXHICTH  HABaHT&XKEHHSA  [EPIIOi  TAPMOHIKM  CTAHOBHTH
S, =1405 e1¥ =1217 + j702,5 xB-A, m’stoi rapmoniku - Sg=-5,6 ej3O° =-49-j28 kB-A,

CbOMOi TapMOHIKU — S, = —4,OeJ300 =-35—- j2,0kB-A. 3 ypaxyBaHHSM BMICTy BKa3aHHUX TapMOHIK,
aKTHBHA Ta PEaKTUBHA MOTY)XHOCTI HaBaHTAXXEHH: BiAmoBinHO OyayTh: P ~1208 kBT, Q =~ 697,7 xBap.

Ha puc. 2 HaBemeHO 3alle)KHOCTI MHUTTEBUX BEIMYMH P, (. 3a paxyHOK HeCHMeTpii Ta
HECHHYCOITHOCTI, BKa3aHi MOTYXKHOCTI 3MIHIOIOTBCSl MPOTATOM KOXKHOTo miBmepioay. s mpuiHATHX
YMOB aMILTITy[a KOJUBaHb PEAKTHUBHOI MOTYXHOCTI [ OuIbla, HDK aMIUITyJa KOJUBaHb aKTHUBHOI
MOTYXXHOCTI ( .

[Ipunmyctumo, 110 B HECUMETPUYHOMY HECUHYCOITHOMY pe)KI/IMi €IEKTPUYHOI Mepexci HEaKTUBHA
ynbCcyro4a HOTy)KHiCTI: CKJIaJa€ThCH 3 HOTy)KHOCTi He6aJ1chy Ta HOTy)KHOCTi CIIOTBOPECHHS (pI/IC. 3).
p, kBt

q, KBap

1500

1000

500

0 0,01 0,02 0,03 tc
Puc. 2. 3aJ‘Ie>KHOCTi MUTTEBUX BEJIMYMH aKTUBHOI Ta pCaKTI/IBHO'l' HOTy)KHOCTi B HCCUMCTPUYHOMY
HeCHHyCOIZ[HOMy pe)KI/IMi JKUBJICHHS HepeTBOpIOBa‘liB
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P, xBr Py P2
g, xBap
1000
q
500
P2
TR TR RO TR
4z
-500
0 0,01 0,02 0,03 tc

Puc. 3. 3a1exHOCTI MUTTEBUX BETMYMH aKTUBHOI Ta PEAKTUBHOI MMOTY>KHOCT1 Y BUITa Ky HECUMETPIl Ta
HECHHYCOITHOCT1 HaIpyT 1 CTPyMiB

CKITaJHUKN TIOTY>KHOCTI HeOaJaHCy, 3YMOBJICHI HECHMETPIEI HANpyT 1 CTPyMiB, MPEICTaBUMO
MUTTEBUMH YMOBHHMH MOTY)KHOCTSIMU 3BOPOTHOI TTOCHiToBHOCTI [1, 2]:
P2 =Ugle —U'gi'g; Up=U'g iy +Upi'g, (6)

B

ae Ug,Ug, lg,ig — MATTEBI Hampyru Ta CTPyMH B CHCTeMi ap-xoopauHat; U’ , U I’y — MHTTEBI
Hanpyry Ta crpymu 3cyHyti Ha —90 en. rpagycis.
Hecunycoinuuii xapaktep moryxHocteil P,, 0, (auB. puc. 3) cBiT4UTh NPO HASBHICTh CKJIATHUX
KoMOiHaIii, SKi 3yMOBJIEHI B3a€MHIM BIUIMBOM OCHOBHOI Ta BHILMX FAPMOHIK Pi3HUX MOCIIiJOBHOCTEH.
YMOBHI aKkTHBHa Ta pEaKTHBHA IMOTYXHOCTI 3BOPOTHOI IOCHiJOBHOCTI BH3HAYalOThCA 3a
JOTIOMOTOI0 IHTETPyBaHHS BilMOBITHUX MUTTEBUX MOTYXHOCTEH Ha nepiofl T HApyrH >KUBJICHHS

17 17
P, =;I P, (t)dt; Qp =;IOI2(t)dt : (7)
0 0

VYcepeaHEHH] BETMYMHU aKTUBHOI Ta PEAKTUBHOI TTOTYKHOCTE# 3a hopmyinamu (1) i HaBeneHOTo
npuknany craHoBisTe P =1207 kBr, Q=697 kBap, a ycepeaHEHHI yMOBHI HOTYXHOCTi 3BOpPOTHOI
nociigoBHoOcTi 3a popmynamu (7) — P, =42 xBap, Q, = 24 xBap.

HeaktnBHa mysnbcyroua MOTYXHICT €, IO CYTi, HOTYXHICTIO CHIOTBOpeHHs. Ilymbcyrouy
MOTYXHICTh MO)KHA BU3HAUUTH SIK CyMY ITOTY>KHOCTEH HECHUMETpii Ta HECHHYCOiJHOCT:

sp=(p-P)-(p2 =P 54 =(a-Q)- (a2 -Q2). ®

Ha puc. 3 mokasaHi 3alexHOCTI P— Py, (—(p, KOIMBAHHA SKMX BUKIUKAaHI JIKIIE
HecuHycoigHicTio. KonmuBaHHA CKIaloBHX TOTY)XKHOCTEH, y HAaHOMY BHIAJAKY, MICTSTH MEpEBaXHO
TapMOHIKY MOTY>KHOCTI YacToTa AKOi B IIICTh pa3iB Oinblla, HDK YacToTa HAmpyrd mepexi. Lle moxkHa
MOSICHUTH B3a€MHHUM BIUIMBOM TIPSIMOi TaPMOHIKH 3 I’ ITOIO Ta CbOMOIO TapMoHikamu [7, 9].

CkaioBi KOMIUIEKCHOI MOTYKHOCT1 CIIOTBOPEHHS! BU3HAYAIOTHCS 3a JOMOMOIOI0 IHTETPYBaHHS
LIOCTOI FApMOHIKM MUTTEBHX MOTYXKHOCTEH CIIOTBOPEHHS Ha Tepioai T Hanmpyru )KUBJIEHHS

T T
ReSp6 =%J'sp(t)sin 6otdt; ImSp6 =%jsp(t)cosﬁwtdt ; 9)
0 0
T T
1 . ] 1
ReSq6 =?jsq (t)sin 6wtdt; ImSq6 =?jsq (t)cosbmtdt . (10)
0 0

i Bupa3u MOkHA pEKOMEHYBaTH sl BUMIpIOBaHHS MOTYXHOCTi CIIOTBOPEHHSI.
KommnekcHi 3HaueHHS MOTYKHOCTI CHOTBOPEHHs, AKI BHU3HAYEHI 32 MUTTEBUMH 3HAYCHHIMHU
LIOCTOI TApPMOHIKM HANPYTH, CTAHOBJIATE: S 0.6 = 260 — J68kB-A, §q.6 =-450- j39kB-A.

3 iHIOi CTOPOHM, KOMIUIEKCHI 3HA4YEeHHS TOTYKHOCTI CIOTBOPEHHA MOXKHA BHU3HAYUTU SIK
BEKTOPHHUN NOOYTOK BEKTOPIiB KOMIUIEKCHHX HANpPYT 1 CTPYMiB OKPEMHUX IOCIiZOBHOCTEH, PO3MIPHICTD
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SKHUX 3aJICKHUTDb Bi,Z[ KIIBKOCTI BpaxOBaHUX I‘apMOHiK. 3a JOIIOMOT' OO KOMH’IOTCpHOFO MOACIHOBAHHSA
BCTAHOBJICHO, IO Y BUTIAAKY BpaXyBaHHA KOM6iHaI_IiI>’IHI/IX CKIIagOBHX, 110 3yMOBJ'I€Hi nepuioro, II’SITOIO Ta
CbOMOIO I‘apMOHiKaMI/I HpiIMOI HOCJ'Ii,Z[OBHOCTi, KOMIIJICKCHI 3HA4YCHHS HOTy)KHOCTi CIIOTBOPCHHHA
BU3HA4YaIOTHCA 3 TAKHUX BI/IpaBiB:

§p6z3|m U11|15—U15|11 + U11|17—U17|11 +
(11)

+j3Re - U11|15+U15|11 + U11|17+U17|11 ,

§q.6 ~—-3Re U11|15—U15|11 + U11|17—U17|11 +

(12)

* * * *

+13|m — U11|15+U15|11 + U11|17+U17|11 ,

ne U, — xommneke nanpyru; lij — cpsokennit KOMIuieKke cTpymy; i — HOMep HOCTiIOBHOCTI (A1 IPAMOT
MOCHITOBHOCTI | = 1); | — HOMEp TrapMOHIKH.

PospaxoBani 3a ¢opmyrnamu (11) — (12) xoMIUIEKCHI 3HA4YCHHS WOTYKHOCTiI CIIOTBOPEHHS
BiAIMOBiAHO OYAYyTh: S 0.6~ 268 — J69kB-A, S 0.6 = —465 — j40xB-A. BigMiHHICTD BETHYHH MOTYXHOCTI
CIIOTBOPEHHS, $IKI BHM3HAYCHI 3a MHTTEBMMH 3HAUYCHHSMH Ta PO3PAXOBAaHMMH 33 KOMIUIEKCHUMH

3HAYCHHSMH MOSICHIOETHCS HEXTYBAaHHAM HAIPyraMu Ta CTPYMaMH 3BOPOTHOI IOCIIIOBHOCTI. Y BUIAAKY
ix BpaxyBanHs, Bupasu (11), (12) naOynyTs BUIIALY

(Un i15—U15 inj{uﬂ i17—U17 ill)—(ull izs—Uzs illJ—

S, =3Im
_(un iU, inj—(u'ﬂ 1s-U,, iﬂj_(uﬂ U .j
(13)
_(Un i15+U15 in}{Un i17+U17 illj-i-(U.ll i25+U25 illj—
+]J3Re ;
_(U.ll i27+U27 illj'i‘(uﬂ i15+U15 iﬂj—(ljﬂ i17-|-U.17 izlj
(Un i15—U15 inj{Un i17—U17 illj—(ull i25—U25 illj—
S,6 *—3Re * * * * * *
_(Ull |27—U'27 |11j—(U21 |15—U.15 |21j—(U.21 |17—U'17 |21j
(14)

_(Un |15+U15 |11j +(U.11 l17 +U17 |11j +(U11 | 25+U25 |11j -
+j3Im
_(U.n l27+U,, |11j +(U21 li5+U | 21) —(U.ﬂ li7+U, | 21)
Busnaueni 3a ¢popmynamu (13) i (14) kOMILIEKCHI 3HaYEHHS OTY>KHOCT1 CIIOTBOPEHHST CTaHOBJISATD
S 0.6~ 259 - j67 xB-A, S 9.6 © —449 — j39kB-A. OtpuMaHi pe3yabTaTH NPaKTHUYHO CIIBHANAIOTh 3

pesynbratamu iHTerpyBanHs 3a popmynamu (9) Ta (10) MUTTEBUX TOTY)KHOCTEH.

st BUMaaKy, IO PO3TIISAAETHCS, KOJTMBAHHS CKIaJHUKIB AKTUBHOI Ta PEAKTUBHOI IMOTY>KHOCTEH
Bil HECMHYCOIOHOCTi, MalOTh HE3HaUYHMH BMICT JABaHAALATOI TapMOHIKH. KOMIUIEKCHI 3Ha4YeHHS
MOTYXXHOCT1 CHOTBOPEHHS, BU3HAYCHI 32 MUTTEBMMHM 3HAUCHHSMH HA YacTOTi ABAHAUATOI TapMOHIKH
HaIpyTH, CTAHOBIIATD: §p.12 =-0,8+ j7,5kB-A, §q.12 =14+ j4,3xB-A.
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L1i >k KOMILIEKCHI 3HaYEHHS MOTY>KHOCTI CIIOTBOPEHHS, SIKi BU3HAYAIOTHCS SIK BEKTOPHHIA JTOOYTOK
BEKTOPIB KOMILUIEKCHUX HAMpyT i CTPYMIB, IIIO 3YMOBIICHI IT’SITOI0 Ta CHOMOIO TapMOHIKaMH TIPSIMOI Ta
3BOPOTHOI MOCITiIOBHOCTEHA:

* * * *

§p.12z3|m U17|15—U15|]_7 — U27|25—U25|27 +
(15)

+j3Re— U17|15+U15|]_7 + U27|25+U25|27 ,

§q.12z—3Re U17|15—U15|]_7 — U27|25—U25|27 +
(16)

+13|m — U17|15+U15|]_7 + U27|25+U25|27 ,

OynyTh: §p.12 =-0,8+ j83kB-A, §q.12 =14+ j48xB-A. OtpumMaHi pe3ylbTaTd MPAKTUIHO

301raroThCs.

TakuM dYMHOM, JI1 BU3HAYCHHS TIOTY>KHOCTI CIIOTBOPEHHS MOXHAa BHUKOPUCTOBYBATH OJIHY
TapMOHIYHY CKJIaJIOBY IyJIbCAIlill aKTUBHOI Ta PEAKTHBHOI MHTTEBUX TOTYXHOCTeH. J[ns BHImanmKy, 1o
PO3TIANAETHCS, BUMIPIOBAHHS JOCTATHHO BUKOHYBATH Ha IIIOCTiH TAPMOHIIlI HATIPYTH KUBIICHHSI.

BucHoBkHu. BcraHoBiieHO, 10 B HECUMETPUYHUX HECHHYCOITHUX PEKHUMAX EICKTPUYHHX MEpPeK
MyJbCYOUa TIOTYXKHICTh CKIQJAa€ThC 3 TIOTYXKHOCTI HeDOamaHCy Ta TOTYKHOCTI CIIOTBOPEHHS.
CKIIaHUKHM, W0 3YMOBJICHI HECHUMETPI€I0, MPEACTABICHO MHUTTEBUMH YMOBHUMH MOTYKHOCTSIMH
3BOPOTHOI MOCHiAOBHOCTI. MHUTTEBI MOTYKHOCTI, IIO 3yMOBJIEHI HECHHYCOIOHICTIO, BHU3HAYECHO SIK
PI3HUII0 HEAKTUBHOI MYyJIbCYIOUOI TIOTY)KHOCTI Ta MHUTTEBOI YMOBHOI TIOTYXKHOCTI 3BOPOTHOI
mocHigoBHOCTI. OTpUMAaHO BUpPa3W JIsS BU3HAYCHHS KOMIUIEKCHUX 3HA4YCHb ITOTY)KHOCTI CIIOTBOPCHHS
PEKOMEHTy€THCSI BUKOPUCTOBYBATH ISl BUMiptoBaHHS. OTpUMaHO BUPA3U ISl BU3HAUCHHS KOMITJICKCHHIX
3HAUYeHb IMOTYKHOCTI CIIOTBOPEHHS SIK BEKTOPHOTO JOOYTKY BEKTOPIB KOMILIEKCHUX HAMNpyT i CTPYyMiB
OKpEMUX TOCIIIOBHOCTEH 3 ypaxyBaHHSIM KOMOIHAIIHMX CKJIaJHUKIB, 3yMOBIICHI TIEPIIO0, T SITOKO Ta
ChOMOIO TApPMOHIKaMU TIPSIMOI Ta 3BOPOTHOI TIOCTiIOBHOCTEH .
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YK 621.311.031
10.B. I'pumiok, 1.B. I'pumiok, A.B. T'agait
Jlyupkuit HanioHaIBHUK TEXHIYHUHA YHIBEPCHUTET

PO BUSHAYEHHS BTPAT I KOMIIEHCAIIIIO PEAKTUBHOI IOTYKHOCTI B
HIMHOIMMPOBOJAX (CTPYMOITPOBO/IAX)

I'pumiok 10.B., I'pumiok LB., Tagaii A.B. BuzHayeHHs BTpaT i KOMIIeHcalisl peaKkTHBHOI IOTY:KHOCTi B
HIMHOMPOBOAaX (cTpymMompoBoaax). B crarri mpenacraBieHi mareMaTH9Hi MOIENI PO3PaxyHKY KOMIICHCAIlli PEaKTHBHUX
HaBaHTAXXEHb B IIMHONPOBOAAX Ta cTpymMonpoBogax jao 1000 B myist pi3HuX BUMajKiB iX 3aCTOCYBaHb.

I'pumiok 10.B., I'pumiok WU.B., T'agaii A.B. OnpenesieHne NoTepsr M KOMIIEHCALUS PeaKTHBHON MOIIHOCTH B
HIMHOMPOBOAAaX (TOKOMPOBOAax). B crarbe MpeACTaBICHO MaTeMaTHYECKHE MOJCIN pacdéra KOMIICHCAIMH PEaKTHBHBIX
Harpy3oK B IIMHOMPOBOAaX 1 TokonpoBonax 1o 1000 B myist pasHbIX ciiydaeB X MPUMCHCHHUSL.

Hrytsiuk H.V., Hrytsiuk 1.V., Haday A.V. Determination of losses and compensation of reactive power in busbars
(current cables). In article mathematical models of calculation of compensation of reactive power in busbars and current cables
to 1000 V for different cases of they use are represented.

IMocranoBka mpodaemu. OCHOBHUMU HETAaTUBHUMHU (AKTOPaMH, IO BUKIMKAIOTHCS IEpeAadcio
PEaKTUBHOI MOTY>KHOCTI €JIEeMEHTaMU €JIEKTPUYHOI MEPEXi € 30UIbIIEHHS CTPYMY B EIEKTPUUHIA Mepexi,
MiABUIIEHHS BIUIUBY CIIOKMBa4iB Ha CTIMKICTh BY3/iB HaBaHTAXXCHHS, 3OUIbILCHHS BTPAaT aKTUBHOI
MOTYXXHOCTI, 30UIbIIEHHS] BUTPAT €HEPropecypciB, 30UIbLIEHHST BTpaT Hampyru Ta iH. OTxe, mepeTiKaHHsS
PEaKTHBHOI €HEprii eNeKTPHYHUMH MEpEeKaMu CYINPOBOMKYETHCS 3POCTAHHSIM BTpPAT aKTHUBHOI eHeprii i
MOTIPIICHHSM SKOCTI €JIeKTPOIIOCTAYaHHs CIIOKMBAYiB. BTpaTn elekTpuyHOi eHeprii y CTpyMONPOBIAHIX
YacTHHAX 1 MarHITHUX CHCTEMax eJIeKTPHUYHOT MEPEXi, 10 3yMOBJIEH] MEPETIKaHHAM PEaKTUBHUX CTPYMIB,
HETaTUBHO BIUIMBAIOTH HAa TEXHIKO-CKOHOMIYHI MTOKa3HUKU POOOTH eNeKTporepeaaBaIbHIX OpraHizalii ta
CIOKMBAYIB ENEKTpOeHeprii, i B KIHIEBOMY pe3yJbTaTi BEAyTb A0 HEpaliOHAJIBHOTO BHUKOPUCTAHHS
CHEPreTHYHMX 1 MaTepialbHUX PECYPCIB.

Cepen (akTopiB HEraTHBHOI'O BIUIMBY IEPETIKAHHS PEAKTHBHOI MOTYKHOCTI €IEKTpOMEpEKaMu
ocobnuBe Miclle 3aiiMae 30UIbIIEHHS BTpAT eneKkTpoeHeprii. [1oscHIoeThes 11e BITHOCHOIO TPOCTOTOIO HOro
OLIIHIOBAHHS B TPOIIOBOMY BUIJISII.

Ha mnepepoOnux miampuemctBax AIIK 1exoBi po3moaisibui Mepeki MOXYTb BHUKOHYBAaTHCH
LIMHOIIPOBOAAMHU ab0 CTPYMOIIPOBOJAMH.

AHamiz ocraHHix gocaikens Ta myOaikamiii. I[IpoOGmemi KkommeHcamii peakTHUBHHUX
HaBaHTaxeHb (KPH) mpucesiueno Garato mpaup, ane Tutbkd B [1] posrismaerscs BHIAAOK, KOIH 3a
YMOBOIO PEryJIOBaHHs Hamnpyru Oatapeto koHaeHcaropiB (BK) HeoOXimHO mimkimo4aTd B OAHIN TOYI
CTPYMOIIPOBO/Ia 3 PIBHOMIPHO PO3MOIUICHUM HaBaHTA)KCHHSIM. B HOBOMY HOPMaTHBHOMY JTOKyMEHTi [2]
OpOMY MNHUTAHHIO B3araji HE MNPUAUIEHO yBaru, B TOM Yac, KOMHM PO3MOIUI eNeKTpOoeHeprii Ha
MPOMHCIIOBUX MIANPHUEMCTBAX € OXHUM 13 0cHOBHHUX. Llle O1bII MOMMPEHNM BUIIAIKOM € IIMHOMPOBOIH
3 PIBHOMIPHO PO3MOIIJICHUM HABaHTa)KCHHSM HE3HAYHOI IMOTY)KHOCTI (HampWKiIaa, LeXd 3 0OpOOKH
MIAPUKIB Ha MiAMIMITHAKOBHX 3aBolax i T. iH.). He3HayHa MOTYKHICTh €IEKTPONpPHUHMAYIB 3yMOBIIIOE
3aCTOCYBaHHS JJIsl IIMHOMPOBOIB IpynoBoi kKommeHcamnii. CroIy Xk MOXKHa BiTHECTH CTPYMOIPOBOAHM 3
PIBHOMIPHO 1 HEPIBHOMIPHO PO3MOALICHUM HABaHTAXEHHSIM 3 BiIraly)KeHHSIMH 10 €IeKTpONpUiiMadiB,
OIIOpaMH SIKHX MOKHA 3HEXTYBAaTH.

@opMyJI0BaHHSA [T cTarTi. 3BaXKar04W Ha T€, IO Yy JFOYUX HOPMATHUBHUX JIOKYMEHTAaX
HEIOCTAaTHBO PO3IJISHYTe NHUTAHHS KOMIICHCAlll pEeakTUBHUX HaBaHTaXEHb B CTPYMONPOBOAAX
(mMHONPOBOJAX), IO CTBOPIOE TIEBHI TPYAHOINI HpPH NPOCKTYBaHHI KOMIICHCALil B EINEKTPHYHHUX
Mepekax CIIOKHBadiB, JOLIBHO PO3POOMTH MaTeMaTH4HI MOZETi A BU3HAYEHHS BTPaT aKTHBHOI
HOTY)KHOCTI B CTpyMomnpoBoaax (IIMHONPOBOJAX) B 3aJ@KHOCTI Big TOYku mnpueaHanHs BK Ta
noOyIyBaTH aJTOPUTMH PO3PaxyHKy BTpPAaT B CTPYMONPOBOJAxX (IIMHOMPOBOIAX) i BU3HAYCHHS TOYKU
npuenHanss bK.

Buknaa ocHoBHOro Matepianay nociimkenHs. Jns Bu3HaueHHS Toukd miakmodeHHs BK mo
IIMHOIIPOBOAY 3alPOIIOHOBaHI Irpado-aHATITHIHI MOJENI, AKi Peani3yloThCs MPOrPaMHUM CIIOCOOOM.

Jns BUMagky IIMHONPOBOAY 3 PIBHOMIPHO pPO3MOMUICHMM HABAaHTAXEHHSIM 1 OIHAaKOBOIO
JOBKMHOIO JUISTHOK MariCTpajibHOI 1 pO3MOAUIFYOT YaCTHH IIMHONPOBOAY (HANPHUKIAJ, TPH NPHEIHAHHI
mHONpoBoay Oe3znocepenubo 1o nexoBoi TII, a He yepe3 kabenpHy miHito TII (pucynokl) ) cymaphi
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BTPaTH aKTHBHOI IOTY)KHOCTI B HIMHOMIPOBOJI 3 BpaxyBaHHSIM KOMIICHCALIl B 3aJIGKHOCTI BiJl TOYKH
ninktodeHHs (pucyHok 1), B kBT, Bu3HauaeThes 3a Bupazom (1).

10-3 n+1 )
APHI:_Z'RILH' Z(QI-QK) 'KIL’ (1)
UH i=0

€ U, — HOMiHa/bHa a00 cepenHs (hakTH4HA HAIpyra LEX0Boi Mepexi, KB;
R~ aKTHBHUH OMIp AUTSIHKY mMHONpoBoaa( Mibk Toukamu npueananus EIT); i =0,1,2,...n;

N — KUIBKICTh TUISHOK IIMHOIIPOBO/IA, BKJIIOYAIOYH 3aralbHy AUIIHKY (MaricTpajibHy YacTHHY
HIMHOMPOBOA); N+1 — KiNbKiCTh TOYOK mifKIoueHHs BK J10 mmHonporoa;
Q,— PCaKTHBHE HABAHTAXCHH I-1 IUISIHKK IMHONPOBO/A;

Q,— moryxHictb BK, kBAp;
k, — KOe(hiUieHT NOAATKOBUX BTPAT B IIMHOIPOBOAIL, 3yMOBICHHX IOBEPXHEBUM C(EKTOM I

eexkToM OJIM3BKOCTI, @ TAKOXK BTpaTaMH B KOHCTPYKIIiT IIHHONpoBORy [3].

apa
SERRRREEEE

10
= Qx

Puc. 1. Moxinui niakmoueras BK 1o mmHonpoBopa:
(i=0,1,......n); 1-10 — enexrponpuiimaui; Q, - 6arapes konaeHcaropis; LITIT — nexoBa Tpancdopmaropua
migcTaHmis; L,, -MaricTpaibHa YacTHHA HIMHONPOBOAA, M

PeakTuBHE HaBaHTa)XKEHHS i-1 TUITHKH MIWHONPOBOJIA (CTPyMOIIPOBOa) MOKHA PO3pPaxyBaTH 3a
¢dopmyiomw:

n+1
Qi= . Qj-Q. (2)
j=itl

ne Qj - peaKTHBHE HaBaHTAKCHHS i-1 JUISTHKH MIMHOMPOBOAY (CTPYMOIPOBOY), BETUUUHY SKOT'O
HEoOXiTHO BU3HA4UTH, KBAD;

n+1
Qj - PeaKkTHBHE HABAHT@KECHH |-rO BIAraIy)KeHH, (z Qj=Q), kBAp;
=1
N — KiNBKIiCTh IUISHOK HIMHOMPOBOLY (CTPYMOIPOBOY);
i=0,1,2,3...n;
N+l — xineKicTh BimramyxeHb (HaBaHTa)KeHb) LIMHOMNPOBOAY (CTPYMONpPOBOLY) B HOro
PO3MOAUTEHII YacTuHi;
J71,2,3...n+1;

Qx - peakTHBHa MOTYKHICTH OaTapei KOHIEHCaTOpiB, SKa BH3HAUEHA ILISIXOM MONEpEenHiX

PO3paxyHKiB sl JAaHOTO HIMHONPoBOAY (cTpyMorpoBoay), KBAp.
BBaxkaeTbcsl, 10 peakTHBHE HABAHTAXKEHHA CTPYMONPOBOJA, UM IIMHONpPOBOAa Q Bimome
(oxkpemoro  enekrponpuiiMadis  Qj). OnTMManbHi 3HAYEHHs BXiJHOI PEAKTMBHOI MOTYXKHOCTI st

LIMHOMIPOBOIB BU3HAUEHI 33 KPUTEPiEM MiHIMaJbHX BTpAT i3 BUPA3y:

Qex. "Rpu.
Qei:u, ?3)

Rm.i
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Je Qg - ONTHMAJIbHE 3HAYEHHsI BX1JHOI peaKTUBHOI IIOTYKHOCTI Ha BBOJI i-r0 CTPyMOIIPOBOAA
(umHONpoBoOna), KBAD;
Qe - BXiJIHa peaKTHBHA MOTYKHICTh Ha BXOJIi IIEXOBOI MijicTaHIii, KBAp;

Rp.. - CKBIBaJICHTHUW aKTUBHUH OIip MEpexX, MPUETHAHNX JI0 IeX0BOi mijcTaHiii, Om;

Ryyi - aKTHBHMH OIIp i-ro MMHONPOBOAA (10 11eX0BO1 MiACTaHIii MOXYTh OyTH IpHeAHAH] i
panianbHi Mepexi), OM.

CyMapHa NOTYXHICTb OaTapei KOHAEHCATOPIB, Ky HEOOXiAHO MiJKIIOYUTH A0 IIMHOMPOBO/A,
BHU3HAYAETHCSA 13 yMOBHU OajlaHCy PeaKTHBHHX MOTY>KHOCTEW Ha HOro BBOJI:

Qui = Qui — Qei » (4)

1€ Qu;i - PeaKTHBHE CyMapHe HaBaHTa)XEHHS i-T'0 IIMHONPOBoAa, KBAp;
Qki - cymapHa notyxHictb BK, siky HeoOXiaHO mpueAHATH 10 MHUHONPOBoAa, KBAp;
Qej - BXiZHA peaKTHBHA MOTYKHICTh HA BBOJI 1-T'0 MIMHOIPOBOAa, KBAp.

120
100
80
60
40
20
o+ "7
01 2 3 4 5 6 7 8 9 10

——2
——1

Touku npuennanss BK

Puc. 2. I'padix 3MiHU BTpaT eNeKTpOeHeprii y IIMHOMPOBOII B 3AJIGKHOCTI Bill TOUKH
npuemnanss bK (y % no makcumanbHoOro 3HadeHHs AP,,):
1- mpu Q=500 kBap i Q=400 kBap;
2- mpu Q=700 kBap i Q=400 xBap.

3 puUCYHKY 2 BHIHO, IO 3i 30UIBIICHHAM pPEAKTUBHOTO HABAaHTaXXCHHS MIMHOMPOBOJA IIPHU
OJTHAKOBUX MOr0 Mapamerpax Touyka minkitodeHHs BK 3MilyeTbes B CTOPOHY 1IEXO0BOT MiICTaHITI.

Po3risiHeMO BHMAMOK, KOJNU JOBKHWHA MaricTpaabHOI YaCTUHH CTPyMONpoBAa (IIIMHOMPOBO/IA)
MOXK€ 3MIHIOBaTUCh, a OINOPH JUISHOK MAariCTpaJbHOI YacTUHHW 3aJMIIAIOThCS  OJHAKOBHMH,
HaBaHTAXXEHHS Birady>XeHb OHAKOBE 1 PO3MIOALIECHE PIBHOMIPHO.

MaremMaTyHa MOJENb IS BU3HAUYCHHS BTPAT aKTUBHOI TOTYXKHOCTI B IIMHOIPOBOML IS
JTAHHOT'O BUMAJKY, B KBT:

107 2 s 2
Py =20 @40 Ry +Run 2 (Q-Q)? Ky, ©)
H i=0

€ Q, -~ PEaKTHBHA MOTYXHICTb, AKa NEePETiKae Yyepe3 MaricTpanbHy yactuny 1P, kBAp;

R,, - AKTUBHHH OIp MaricTpalbHOI YaCTUHH IIMHONPoBoAa, OM,;

N- KUTBKICTh JUISHOK B PO3MOJUIBYIN YaCTHUHI IIMHOIIPOBOIA

n+1 — kiabKicTh TOUOK pueaHanHs BK B po3moineyiit yacTUHI ITUHOMIPOBO/IA,;

R, - AKTHBHUIT OMIP i-i AUISHKK PO3HOALIBYOT YaCTHHY IIMHONPOBOAa, OM.

Ha pucynky 3 mokasaHi KpHBi 3MiHH BTpaT €IEKTPOCHEPrii B LIMHOMPOBOJI B 3aJIEKHOCTI BiX
3MiHU TOYOK NPUEJHAHHS 1 JOBKUHHU MaricTpaibHOI YaCTHHH IIWHOMPOBOAA.

Baunmo, 1mo 3MiHa JOBXMHU MaricTpaibHOi YACTMHU LIMHONPOBOJA HE MPHU3BOAUTH O 3MiHU
TOYKH ONTHUMAJBHOTO MpHUETHAHHS OaTapel KOHIEHCATOpiB, TOOTO NpH AKid MaloTh Micle HalMeHIIi
BTpaTH. 3MIHIOETHCS JIMILIE MATOMA Bara BTPAT B MaricTpajibHid 1 PO3MNOAUIBYIN YaCTHHI MIMHOMPOBOIA
(cTpymonpoBosa).
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OcHOBHa YacTKa BTpaT y BCIX BHIAJKax MPUIAAa€ HA MaricTpajibHy YacTHHY IIMHOIPOBOJAA,
BoHa ckiamae 60-85%. BimnmosimHo, Ha po3mominbuy yactuHy mnpumnanae 15 - 40%. Onrtumizaris
po3mimenHs: BK y mmHONpoBoi 103BOMsIE 3MEHIIUTH BTpaTy 10 5,5 - 8,5% Bin BTpaT, KOMM BiICYTHS
KOMIIEHCAllisl PEaKTHBHOI MOTYXHOCTi.30UIbIIEHHS! JOBXHHHM MaricTpajibHOI YaCTHHH HPU3BOOUTH 110
3MEHIIICHHS PIBHS MiHIMaJIbHUX BTpat (i3-3a 3MEHIICHHS BTpAaT B PO3MOALIBYINM YaCTHUHI HIIMHOIPOBOJA B
3arajbHUX BTPATaXx).

MoxyTh OyTH BHIIQJKH, KOJIU JIOBXKHHA IUISHOK (CEKI[il) MMHOMPOBOIA OJAHAKOBA TPH PI3HUX
PIBHOMIPHO PO3IOIUICHHX I10 JOBKMHI HABAHTAKEHHAX (AKTUBHUX 1 pEaKTHBHHUX),

MPH FOMY JIOBXKMHA MariCTpaJbHOI YaCTHHH MOXKe OYTH PiBHOIO 200 BiAPI3HATHCS B JOBXKUHU
JUISTHKY PO3IOAIBFY0i YacTUHHU. B mepimoMy BuMaaKy MaTeMaTHdHa MOXAENb JUIsl BU3HAUYEHHS BTpaT B
IIMHOMPOBOAI B 3aJISKHOCTI Bin Touku npuenHanHs BK Oyne ananoriuxoro Bupasy (1), B mpyromy —

Bupasy (5).

——:
—.—

0 s “_"‘LJ'J‘

0 1 2 3 4 5 6 7 8 9 10

Touku npuennanus bBK

Puc. 3. I'padix 3MiHK BTpaT eNeKTpoeHeprii y IIMHOMPOBOII B 3AJIGKHOCTI Bill TOUKH
npuennanss bK (y % 1o MmakcumanbpHOro 3HaYeHHs BTpat AP,,) 1 TOBXHHH MaricTpaibHOI YaCTHHU
muHONpoBoa L,

1-1L1,=200m; 2 - L,~=100m; 3 — L,=50m.

Ha pucynky 4 nokasaHi KpuBi, sIKi XapaKTepU3YIOTh 3aJISKHOCTI BTpaT MOTYKHOCTI, Y BiICOTKaX
BiJl HaHOUIBIINX BTpaT, BiA Touku npueaHanHsa BK mpu pisHUX HaBaHTa)KEHHSX BiATralyKEHb.

Touxa npueauanus bBK 1o mmHompoBoga 3 HAKMEHIIMMU BTpaTaMu 1 piBeHb BTPaT 3aJI€KUTh Bif
pO3MONTy HaBaHTAXXEHb IO HOro AOBXKHHI. SIKIIO OiTblll HaBaHTaXEHHS 30CEpEIDKEHI B IEPILii
MOJIOBUHI PO3MOALIBYO] YaCTHHI IIMHOMPOBOJA, TO TOUKA MPHUEIHAHHS 3 HAWMEHIIMMHU BTpaTamMu Oyre
3MimryBaTchk B cropony TII Big ioro cepeldHM 1 HABMAKH.

100

80 -

60 -

Pi/ Pm, %

40

20 A

0

01 2 3 456 7 8 9101

Touxn npuegnanns BK

Puc. 4. 3anexHiCTh BTpaT aKTUBHOI MOTY>KHOCTI B IIHOIIPOBO/I (CTPYMOIIPOBO/I) Bl TOYKH
npueananss BK npu pisHHX peakTHBHUX HaBaHTaXEHHSX Horo Binramyxens: 1 — 60% naBaHTaXXeHb
MpUeENHAHO 10 Touok 1-5; 2 — 60% HaBaHTa)KEeHb NPUETHAHO O TOYOK 7-11.

MOXIUBI TaKOXK BHIIAIKH, KOJIH J0 MIMHOMPOBOJA NMPHETHAHI Pi3HI 32 BETUYMHOIO PEaKTHBHI
HaBaHTAXXCHHS, PO3IOIUICHI MO HOro JOBXKUHI HepiBHOMIpHO (Omip IIISHOK IIHHONPOBOAA DPIi3HUI).
MaremaTnyHa MOIENb Uil BUSHAYEHHS BTpaT 1 Toukd npuenHanHs BK 3 HaliMeHImIMMU BTpaTamMu Mae
BUTJISI;
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10-3 ) n+1 )
APy, =F' (Qm-Qx)™ ‘R +Rﬂﬂi'Z(Qi-QK) ~Kn,[KBT], (6)
H 1=0

ae u, - HoMiHabHa abo cepeniHs GakTHYHA HANpyra LEeXoBoi Mepexi, KB;
R, “AKTUBHHUH OMIp i-i JIVISHKM PO3MOMLNBYOi YACTMHU CTPYMONPOBOAa (LIMHOMPOBO/A); i

=0,1,2,...n;

N- KUTBKICTh AUISHOK NIMHONPOBO/IA, BKIFOYAIOYH 3arajibHy JUITHKY (MaricTpaibHy YacTUHY
HIMHOMPOBOA); N+1 — KiNbKiCTh TOYOK migKIoueHHs BK J10 mmHonporosa;

Q, - PeaKTUBHE HABAHTKEHHA I-1 UISIHKH PO3MOALIBHOT YaCTHHH CTPYMOIIPOBO/JA

(mmHOIPOBOIA);
Q, - moryxHicts BK, kBAp;

Q,, - PeaKTHBHA MOTYXKHICTb, sKa NepeTikae yepes MaricrpanbHy yactuny HIP, kBAp;
K, - KOCDILIEHT NOAATKOBMX BTPAT B IIMHONPOBOAI, 3YMOBJCHHX IIOBEPXHEBUM €(PEKTOM I

edeKkToM ONM3BKOCTI, a TAKOXK BTpaTaMH B KOHCTPYKLII IIMHOMPOBOA.

B nanomy Bumanky Ttouka npueaHanHs BK no mmHompoBoma (cTpymompoBoaa), TpH SKiH
3a0e3MmeuyloTbCsl HallMeHII BTpaTH, OyAe 3alekaTdh BiJ PO3MOAUTY PEaKTHBHHX HAaBaHTAKEHb II0
IiISHKaX IIMHOMPOBOJAA 1 iX omopiB. BapiaHTIiB CHiBBiTZHOIIEHb IIMX MapaMerpiB Moke OyTH Oe3miy,
BiINOBITHO OYIyTh 3MiHIOBATHCh i TOYKHU TPUETHAHHS.

OTxke, 3amponoOHOBaHI MOAEN PO3paxyHKYy BTpaT AaKTHBHOI MOTYXHOCTI B IIMHONPOBOAAX
JO3BOJIAIOTE TOYHO BHM3HAYMTH TOUKY ONTHManbHOro npueaHanHs BK, mpu skiii 3abe3neuyroTbest
HaMEHIi BTpaTH aKTUBHOI MMOTYKHOCTI.

[loOynoBaHna cCTpyKTypHa cXeMma ajJrOpUTMy pO3paxyHKy BTpaT B CTPyMOIPOBOAAX
(mmHONpPOBOAxX) 1 BU3HAUCHHS ToUkU npueaHanHs BK, ska 3a0e3neuye Haiimenmni Brpatu, Ha [IEOM 3
BUKOPHCTAHHSM CHCTEMH mporpamyBanHs “Turbo Pascal 7.0” s pisHUX 3acTOCYBaHb CTPYMOIPOBO/IIB
1 IIMHOMPOBO/IB 32 HaBeAeHUMH MateMaTnaHuMu MonessiMu (1), (4), (5), (11) mokaszana Ha pUCYHKY 5.

3a HasBHOCTI IporpamMu po3paxyHKy (momatok A) Ha [IEOM 3anaya BH3HAYEHHS ONTHUMAJBHOI
Toukn migkmoueHHs BK no mmHOmpoBoaa (ctpyMornpoBoaa) BUPINIYEThCS 0€3 TpyTHOLIB. Ae s
3HAXO/KEHHS! ONTHMAIbHOI, 32 KPUTEPiEM MiHIMAIBbHUX BTPAT aKTUBHOI MOTYKHOCTI, TOYKH MPUETHAHHS
HeoOXiaHO 00paxyBaTH BCi MOMKJIMBI TOUKHM MPHEAHAHHS a00 MPHHANMHI, A0 TOYKH, B SIKiil MPOSBUIACH
TEHJIeHIis A0 30iMbIIEHHS] BTpAT MIiCHs TOYKU eKcTpeMyma. JIns mporo OaskaHO MaTd ONTHMIi3aliiiHy
MOJeTb TPSAMOrO BU3HAYEHHS TOYKM MPUEAHAHHS, $Ka JO3BOJSIE CYTTEBO 3MEHIIUTH OOCST
004HCITIOBaTILHOT POOOTH.

OCKiTbKH BTpaTH AaKTHBHOI MOTYXHOCTI MHPOMOPLIiHHI OMOpy CTPYMONpOBOAa 1 KBaapaTy
PEaKTUBHOI IOTYKHOCTI, SIKa MEePEAAaEThCS Yepe3 HbOr0, TO CIIPABEIINBE

CITIBBITHOIIIEHHS:
ﬂ: APpin . @)
Lp AP hax
3BigKu
L, AP .
p min
Lo=—7, @)
APax

ne Lo - BimCTaHb MK TOYKAMH PO3MOALIBHOI YaCTHHU CTPYMONPOBOIY (IIMHOMPOBOAY) IO

TOYKH TpUETHAHHS OaTapel KOHJIEHCaTOpiB, AKa 3a0e3meuye HalMeHII BTPAaTH y PO3MOAUIBHIN YacThHi
CTPYMOITPOBOJIA, M,
Lp - AOBXKMHA PO3MOAUILHOT YaCTHHH CTPYMONPOBOAA (IUMHONPOBOAR), M;

APpin - HalMEHII BTpPaTH aKTHBHOI MOTY)XHOCTI B CTpyMONpoBOXi (IIMHONPOBOII), sIKi
BIMOBINAIOTH BificTaHi Ly 10 Touku npueananns BK (3a kpurepiem MiHiManbHUX BTpaT), KBT;
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APpax -HalOUIbIII BTpaTH aKTHBHOI MOTYKHOCTI B PO3MOAUIbHIN YacTHHI CTPYMOIPOBOAA

(mmHONpoBOMa) y BUMAAKy npuenHaHHs BK 3 Hu3bKkoi cropoHHM TpaHchopmaropa abo BKiHII
MaricTpajbHOi, Ha TOYaTKy PpO3MOIUILHOI YAaCTHHU CTpyMOIpoBojaa (IIMHONPOBOAA), TOOTO NpHU
BIZICYTHOCTI KOMITEHCALlii B pO3MOALIBHIN YaCTHHI CTPYMOIPOBOAa, KBT.

ITouaTok

|

QEI_[’ REI_[’
il

v

-

’ <D
a=(R M:const?)

A

o Hi Qi=Qii-Q |Qi=Qi+ Qi
Tax e Y

Puc. 5. CtpykrypHa cxema aaropuTMmy po3paxyHKy BTpaT B CTPYMOINpPOBOAaX (IIMHOMPOBOAAX) 1
BHU3HAYEHHS ONTHMAIBHOI TOUKK Npueanansa bK
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Tak
e
Tak
>\ i=1.n
v
_ .= o AP
APH_Ii = O APH.Il APH_%l
+(Q; - Q- RJ:[JIi

]
G —

APmi=KH~(APLHi+

AP - AP +(Qy- 0P/ (Uy - 109)
+ (Qii - QK)2
1 v
AP, =K AP Ry (U, 10°) =
APy = APy
AP\ yux = APy

APy =0 232
v

v J
APy = AP, + APy =Ky (AP - Ry, +
v (Qii - QK)2 + (QM - QK)Z) / (UH ’ 103) 2.3 1

Puc. 5 (mponossxeHHs)
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AP /AP

I i T MAX

A

Puc. 5 (3akiHueHHS1)

Cnig 3a3HauuTH, U0 BEIUYUHA AP, BKJIIOYAE IB1 CKJIAJ0BI:
APmin = APH.):[. + APH.C. ' (9)

APy, - BTPaTH aKTUBHOI MNOTYKHOCTi B PO3MOALIbHIM 4YacTHHI CTPyMONPOBOAA Bil Horo

MOYaTKy 70 Touku npuenHanas BK, 3yMoBIieHI mepeTikaHHAM HETOKOMITEHCOBAHOI, TOOTO, 3aJIUIIKOBOT
PEaKTHBHOI OTYKHOCTI 0 JUISTHKaX CTPYMOIIPOBO/A JI0 eIeKTpoIpuiiMadis, KBAp;

AP, . - BTPaTH PEaKTUBHOI MOTY>KHOCTI BiJl IepeTikaHb PEaKTUBHOI MOTYXKHOCTI Ha JUISHKaX

CTPYMOIIpOBOAA Iicisl Touku mpuenHanHs BK, ToOTo, Ha IUISHKAaX CTPyMOIPOBOJA, B AKUX PEaKTHBHE
HaBaHTAXXECHHS HE KOMIIEHCY€EThC, KBT.
Bennunna AP, 3a€XKUTh BiJl EKOHOMIYHO 1 TEXHIYHO OOIPYHTOBAHOIO CTYIIEHS KOMIIEHCALil

PC€AKTUBHOI'O HaBAaHTAXXCHHS CTPYMONPOBOAY

- (10)

aOI'IT !
Qu

ne Q - motyxHicts BK, Bu3HaueHa mist ctpymonpoBonay, KBAp;
Qy - P€aKTUBHE HaBaHTAXXEHHS CTPyMOIPOBONY, KBAp.

Ilpu mpuemnanni BK BkiHII cTpyMompoBoay Ha BCiX #oro AinsHKax Oyne 3AiHCHIOBATHCH
9yacTKoBa a00 MOBHA KOMIIEHCALlisl pEaKTHBHUX HaBaHTa)keHb. [Ipr oMy CymapHi BTpaTu B HE3HAYHIiH
Mipi MiIBUIIYIOTBCS 32 PaXyHOK 3BOPOTHHUX IEPETOKIB PEaKTHBHOI MOTYXHOCTI (PUCYHOK 2). OCKUTBKU
BEIMYMHA APp,j, MOXe OyTH BH3HAau€Ha TUIBKH IIiCIs 3HAXO/KEHHS BiZICTaHi 40 TOYKU npueaHaHHs BK,

TO 32 BETUUUHY AP, NpHAMEMO BTpaTH B cTpyMorpoBoni npu npueaHaHHi bK B #oro kinmi. Tomi

BIJICTaHb BiJl IOYATKy PO3MOIUIFHOT YaCTHHU CTPYMONPOBOAY 10 Touku npueaHanHs BK (3a xpurtepiem
MiHIMQJIbHUX BTpaT) BH3HAYMMO i3 CIIIBBIJHOWICHHS BTPAT B CTPYMONpPOBOJII Npu mpueaHanHi BK Ha
MOYaTKy 1 BKiHII #Horo po3noaiabHoi 4actuHu. @Dopmyna (2.8) micias BIOMOBITHMX TEPETBOPEHb
3aIUIIEThCS TaK:

n
> (Qi-Qy)°

Lo=Lp- = , (11)
> Q?
i=1
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ne Qj - peakTHBHE HAaBaHTa)KEHHS i-1 JUITHKH PO3MOAUIbHOT YaCTUHH CTPyMOIIPOBOaY, KBAD.
Q - moryxHicts BK, Bu3HaueHa a1 crpymonposony, KBAp;

VY Bumazky HEpIBHOMIpDHOTO PO3MOAiTy HaBaHTaKEHb IO JOBXKWHI PO3MOAUIBHOI YaCTHHH
crpymoripoBoay popmyna (1.9) nepenuiersbcs Tax:

n
> (Qi-Q)? R

LO — Lp . i=1 .
ZQiZ‘Ri
i=1

, (12)

ne Rj - akTMBHUH omip i-i AUISTHKH PO3MOAITEHOI YaCTHHH CTPYMOITPOBOIYy, OM.

3 BpaxyBaHHSIM MaricTpajibHOi yacTuHH cTpymonpoBoga dopmymu (11), (12) zanumryTees y
BUTJISIAL:

n
> (Qi-Qx)°
Lo=Ly+Lp-=— , (13)
>.Qf
i=1
n
> (Qi-Q)? R
Lo =Ly +Lp 451 , (14)

n
ZQiZ‘Ri
i=1

3a ¢opmynamu  (13), (14) Bu3HaAuaeThCs BIACTaHb BiJl CHJIOBOIO TpaHC(oOpMaTropa LEXOBOi
tpancdopmaroproi nincraniii (TIT) no Toukn npueananns BK B po3noiibHii 4acTHHI CTPYMOIPOBOY.
Jns Toro YW IHIIOrO CTPYMONPOBOAY MpH 3MiHI Touku mnpueaHanHs BK mo crpymomnpoBomy
(umHONpOBONY) 3a hopmynamu (13) — (14) npencrasieni B Tadmumi 1.

Tabmuus 1. Pesynpratu po3paxyHKy TOUKM NpUEAHAHHS OaTapei KOHIEHCATOPIB 10 CTPYMOITPOBOAYa
(mmMHONPOBOIA) 32 KPUTEPIEM MiHIMAJIBHUX BTpPaT

3anani napaMmerpu HaBaHTaxeHHsT BK PesvibTar AXVEHK
Ne CTPYMOIIPOBOAY (IIMHOIPOBOY) ey POSpaxyHKy
n/m Q, Qu Ly Ly, | Lo | Lox, JlinsgHKa cTpymMonpoBoay
kBAp kBAp M M M M 1 Touka mpuegHaHas BK
1 500 400 10 100 | 50 | 60 5 pinsnka, 6 Touka (puc.2)
2 500 400 200 100 | 50 | 250 5 ninsnuka, 6 Touka (puc.3)
3 500 400 50 100 | 56 | 106 6 minsHka, 7 Touka (puc.3)

I3 pucynkis 2, 3 i Tabnuii 1 BuaHO, 110 3MiHA TOBXKHHU MaricTPaibHOT YACTHHH CTPYMOITPOBOIY
(mMHONPOBOY) HE BIUIMBAE€ Ha BH3HAYCHHS TOYKM NpHeaHaHHs bBK, aje mae BIUIMB Ha piBEHb
HaiimMeHIIuX BTpaT. [Ipu 30iMbIICHH]I peaKTHBHOTO HABaHTa)KEHHsI IIMHOMPOBOAY MPH OAHUX 1 THUX XKe
3Ha4YeHHSX MOTYKHOCTI BK 1 piBHOMIpHO pO3MOAINIEHNX HABAHTAKEHHSX TOYKA TPUETHAHHS 3MIIIy€E€THCS
BIIPABO BiJl H10T0 MOYaTKy 1 HABMAaKH — MPH 3MEHILEHH] — BIIIBO, 10 IOYATKy CTPYMOIIPOBOIY.

CrpykrypHa cxema anroputMmy pospaxyHky Ha I[IEOM BigcraHi 10 ONTHManbHOI TOYKU
npuennanss BK 1o ctpymonpoBoa (IIMHOMPOBOAA) 3 BUKOPHCTAHHSIM CHCTEMH ITporpamyBanHs “Turbo
Pascal 7.0” 3a naBenenumu MatematnaHumu monessiMu (13), (14) mokasaHa Ha pUCYHKY 6.
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Sum1=0

Suml= Suml+R.(Q, - Q)

Sum2= Sum2+ R. - Q.2

Y

L=L,* Lp- Sum1/ Sum?2

Puc. 6. CTpykTypHa cxema aliropuTMy po3paxyHKy Biactasi Big TII 1o onTUManbHOT TOYKM TpUETHAHHS
BK

BucnoBok

1. 3anporoHoBaHi MaTeMaTW4yHi MoOZEN Uil BU3HAYEHHS BTpaT AKTUBHOI IOTYXHOCTI B
CTPyMOIpOBOAaxX (IIMHONMPOBOJAX) B 3aleXHOCTI Bix Touku npuenHanHs BK. Ile mae MoxiauBicTh
BHU3HAYHUTH TOYKY NPUEIHAHHS, SIKA € ONTHMAIBHOIO.

2. IloOynmoBaHi CTPYKTYpHI CXeMH aJrOpHUTMIB PO3PaxyHKy BTpaT B CTPYMOIPOBOAAX
(mmHONpOBO/AX) 1 BH3HAYEHHs TOYKM npueqHaHHs BK, ska 3a0e3medye HaiiMeHIN BTpaTH, a TaKOXK
PO3paxyHKy BijacTaHi Bia TpaHcdopMmaTopHoi miactaHmii mo niei tTouku, Ha [IEOM 3 BuKOpHCTaHHAM
cuctemu nporpamyBanHs “Turbo Pascal 7.0” mist pi3HHX 3acTOCYBaHB CTPYMOIPOBOJIIB 1 IIMHOIPOBOIIB.

1. Meronuka OOUMCIIEHHS IUIATH 3a TEPETIKAHHs PEaKTUBHOI eNIEKTPOSHEPrii MDK EIeKTporepelaBajIbHOI0 OpTaHi3aliero Ta il
criokuBadamu [Enexrponnnii pecypc] / HopmatuBeumii mokyment MiHicTepcTBa MaimMBa Ta €HEPreTHKH YKpaiHH. —
(3arBepmieHo Haka3 Minicrepersa nasmBa ta exepretuku Ykpainu 17 ciumst 2002 p. Ne 19).

2. EKOHOMIYHO JIOLIJIbHI 00CSATH PEaKTUBHOI HEpril, sika TepeTiae MiXk eNEKTPHYHUMHU MEpEKaMH eJIeKTpOoIepeaBaIbHOL
Ta criokuBaya (OCHOBHOTO CIIOKMBaya Ta cyOcroxnBaua). Meroaunka BusHaueHns. — K.: ”YkpcinbeHeprompoekr” . —
IHdopmaniiinumii 36ipHuK: "Po3noainkdi enekrpomepexi®. — 2003. - Ned. — ¢.12 - 16.
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YK 518
Humosa I".O.
XepcOoHCHKUH HaLlIOHANBHUM TEXHIYHUH YHIBEPCUTET

JOCJIIXKEHHS YYTJIUBOCTI TA CTIHKOCTI MOJEJIEM JUHAMIYHAX CUCTEM

Jumosa I'.O. [lociaigkeHHs 4YyTauBOCTi Ta cTilikocTi Mopeseii aunamiuaux cucrem. Ilpm pimenni 3amadqi
¢axropm3arii KopemsmiiiHOl (QyHKII BHXiZHMX NpOLECIB CHCTEMH BH3HA4YeHA MaTpHUIs KoedimieHTIB MOJeml MpoueciB, 0
MIPOTIKAIOTh B CHCTEMI, €JIEMEHTH SIKO] MalOTh TIOMIJIKH, TaK SIK OTPHMaHi eKCIIEpIMEHTAIbHO. ToMy peabHa MaTpUIS CHCTEMHI
BKJIIOYa€ B ceOe pO3paxyHKOBY MATPHIIO, TOYHICHI XapaKTEPUCTHKM CHCTEMH Ta PiB€Hb IIyMiB. 3amada CTiHKOCTI Mopmeni
JMHAMIYHO CHCTEMH BH3HAYAETHCS CTPYKTYPOIO i€l MaTpuil, ii paHroM, THUIIOM Ta KPaTHICTIO KOPEHIB XapaKTEPHCTHIHOTO
MOJMiHOMY. PO3risimaroTecst Tpy MiAXOAM BUPIMICHHS 3a/1adi CTIHKOCTI MOJENi JUHAMIYHIX CHCTEM Ta MHUTAHHS YyTIMBOCTI IUX
CHCTEM IIpH 30ypeHsIX OCHOBHUX HapaMeTpiB.

KiiouoBi ciioBa: Moje/b, BeKTOp, ONIHKA, YNPaBJiHHA, YyTJIMBiCcTh, CTilikicTb, 30ypeHHs, MaTpHuus, BJacHe
3HAYeHHs, He3aJIeXKHICTh, HOPMYBaHHSI.

G.0. Dymova. Investigation of the sensitivity and stability of models of dynamic systems. In solving the problem of
factorization of the correlation function of the output processes of a system, was determined a matrix of coefficients of the model
of processes occurring in the system whose elements have errors because as obtained experimentally. Therefore, the real matrix
of the system includes a calculation matrix, accurate system characteristics and noise level. The stability problem of a dynamic
system model is determined by the structure of this matrix, its rank, type and multiplicity of the roots of the characteristic
polynomial. Three approaches to solving the problem of stability of the dynamic systems model and the question of the
sensitivity of these systems with perturbations of the basic parameters are considered.

Keywords: model, vector, estimation, control, sensitivity, stability, perturbation, matrix, eigenvalue,
independence, normalization.

A.O. [IpimoBa. HccnenoBanne 4YyBCTBHTEJIBHOCTH M YCTOHYMBOCTH Mojesell JuHaMu4yeckux cucreMm. Ilpm
pemieHnH 3amadr  (AKTOPU3AIMU KOPPEIAMOHHOW (DYHKIMM BBIXOMHBIX MPOIECCOB CHUCTEMBI ONpefeieHa MaTpHia
KO (GUIIHEHTOB MOJEIH IPOIECCOB, MPOTEKAIONINX B CHCTEME, 3JIEMEHTHI KOTOPOW MMEIOT OMMOKH, TaK KaK ITOIy4eHHBI
JKcrepuMeHTanbHo. IlosToMy peanpHas MaTpuiia CHCTEMBl BKJIIOYAeT B ce0s pPacyeTHYI0 MAaTpHIly, TOYHOCTHEIE
XapaKTepUCTHKH CHCTEMBI W YPOBEHb IIYMOB. 3ajada YCTOMYMBOCTH MOJEIM AWHAMUYECKOH CHCTEMBI OIPEAENISeTCs
CTPYKTYPOH 3TOM MaTpHUILbI, €€ PAHTOM, THUIIOM U KPAaTHOCTBIO KOPHEH XapaKTepUCTUYECKOro IMOIMHOMA. PaccmarpuBaroTcs Tpu
MOAXO0JA PEIIEHHs 3aJa4d YCTOMYUBOCTH MOJENIU AWHAMMYECKHX CHUCTEM U BOIPOCHI YyBCTBUTEIBHOCTH 3THUX CUCTEM IIpU
BO3MYILEHUAX OCHOBHBIX IIaPAMETPOB.

KnioueBble cioBa: Mojeslb, BEKTOp, OLEHKA, yINpaBJjeHHe, YYBCTBUTEJIbHOCTh, YCTOHYHMBOCTH, BO3MYLIEHHeE,
MAaTpHIA, cOOCTBEHHOE 3HAYeHHe, He3aBMCUMOCTh, HOPMHPOBKA.

IMocranoBka npodsemu. [Ipu pimenni 3agavi igenTudikamii 6araToMipHOi AMHAMIYHOI CHCTEMH
BUXOAWIH 3 TOTO, IIO MOJENb ii JUHAMIKM MOXe OyTH 3a/JaHa BEKTOPHOMATPUYHUM Au(epeHLiiHIM
piBHstHHEM [1, 2]:

X = A(t)X(t) + D()M (t) + (1), (1)

ne A(t) — maTpuis koedillieHTiB MOIENI MPOIIECIB, 10 MPOTIKAIOTh B CHCTEMI;
D(t) — matpuIs ynpaBtiHHS;
X(t) —Bekrop crany;
M(t) — BEKTOp yNpaBiIsl04nX BIUIUBIB;
A (t) — BekTop 30yKYIOUNX BILIMBIB.
Ouinka Mmatpuui A(t) BH3Havamach Ha OCHOBI (hakTOpHM3allii KOPENAiHOI MaTpHIli BUXITHUX
CUTHAJIB CcHCTeMH [2], a oIiHKa BeKTOpa ympaBiiHHA M(t) 3Haxoamnach MpoekUiiHUM MeTonoM [3] B
IPUITYLIEHH], 10 CUCTEMA Ma€ ONTUMANIbHE yIpaBiIiHHA 1 N (t) — GaraToMipHUH OLIMI ITyM, IOTYKHICTb

SIKOTO 3JISKUTH BiJl pSKUMIB POOOTH JUHAMIYHOI CHCTEMH.
3aKIII0OYHAM €TaoM € AOCTIHKEHHS YyTIMBOCTI OTPUMAHOI MOAENI 10 30YIKeHb i 1 CTIHKICTB.

Bupimenns 3agaui. Bupimenns 3agadi nporo eramy mnorpe0ye BpaxyBaHHs TOTO, IO €IEMEHTH
marpuii A(t) BU3HAYAIOTBCS 3 EKCIIEPUMEHTY i TOMY BOHH MOXYTh MaTd MOMHJIKH. B 1[bOMy BHIaaKy
matpui A(t), OIIHKY SKOi OTPMMaHO TPW BHPINICHHI 3a1adi (akropu3alil KopersiiHol (yHKIil
BUXIJHUX TPOLIECIB CUCTEMH, € HAOIWIKSHHSIM MaTPHUL, BIAMOBIIHOI TOYHUM BUMipaM [2].

BpaxoByroun TOYHICHI XapaKTEPUCTHKH BUMIPIOBAJIBHOI CHCTEMH Ta PIiBEHb IIYMIB, BEIUYHHA
HOMMIIKH & eneMeHTiB a;; MaTtpuui A(t), mo nopisHioe ¢ < J. Lle MokHa BinoOpa3suTH y BUTIISIL peabHOT
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MaTpHIli CUCTEMH SK CyMmy JABOX matpulb. A(f) — peanbHa po3paxyHKOBa MaTpullsi 0e3 BpaxyBaHHS
mryMiB i matpun E — takoro sk mopsaky sik i Mmatpuns A ta posrisaata Matpuiio (A(t) + E). Enementn
Matpuii E:

lei| < & (2)

[ToBHE BUpIlICHHS MTOCTaBJICHOT 3a7a4i MOXe OyTH 3BEICHO 10 anreOpaidHoi mpoOiieMy BIIACHUX
3naveHb MaTpuib A(t) Ta (A(t) + E) i ckagaeTbes He TUIBKM y BU3HAYCHHI BJACHUX 3HAYCHB 1 BIIACHUX
BekTopiB Matpuilb A(t) Ta (A(t) + E), ane Takok B OIHIII MOXJIMBUX Bapialiil BIIACHUX 3HAYCHb BCIX
marpuip kinacy (A + E), mo 3amoBonbHsie ymoBi (2). Ilpm mpomy QyHmameHTanbHa anreOpaidHa
npobieMa BlIacHUX 3HaYCHb 3aKII0UAEThCS Y BU3HAUCHHI 3HAUEHb A B PIBHSAHHI

Ax = AX 3
CHCTEMU N OTHOPIIHUX JIHIHHUX PIBHSIHB 3 N HEeBiMOMUMU. PiBHsHHS (3) MOXHA MPEACTABUTH Y BUTIISLII
(A-2x=0, (4)

ne I — (N x n) omuHUYHA MATPHIIS.
[Tpu noBinbHOMY A cucTeMa piBHSHB (4) Mae Tinbku pimeHHs X = 0. HerpuBianbHe pilieHHs iCHY€
tomi, konu matpuis (A — Al) ocobnuBa, TOOTO KOH 11 BU3HAYHUK

det (A- A1) =0, (5)
Po3kpuBaroun BU3HAYHUK B JTiBOi YacTuHi piBHsAHHS (5) 3a cTeneHsAMH A, OTpEMAEMO
atadt ... +a A"+ (-1)"A"=0 (6)

— XapaKTEepUCTUYHE PIBHAHHS 1 XapaKTEpUCTUYHHUH TOJIHOM. B Mo KOMIUIEKCHUX YWCel L€ PiBHSIHHS
3aBXKJH Ma€ N KOpPEHiB, AKi MOXKYTh OyTH KOMIUICKCHUMHU HaBiTh NMPH IiliCHIA MaTpumi A Ta Oyap-sKoi
KpatHocTi, ax 10 N [3, 4, 5]. BoHH Ha3WBAarOTHCS BIIACHUMH 3HAYCHHSAMH a00 XapaKTePUCTUYHHUMHU
gyrciamMu. Ko)kHOMY 3HaueHHIO A BiANOBigae MpUHANMHI OJHE HETpHBiajbHE pimleHHs X. SIKmo paHr
marputi (A — Al) menme Hik (N-1), To Oyae He MEHII ABOX JIHIMHO HE3aJEKHUX BEKTOPIB, IO
3a710BOJIbHSIE piBHAHHIO (4). SIKio x — pimeHHs piBHsAHHSA (4), TO KX — Tex pileHHs npu Oyab-skomy K.
HagiTb, sxio panr (A — Al) nopiBHIO€ N-1, BIacHUI BEKTOD, IO BiAMOBIAae A, BU3HAUCHUH 3 TOUHICTIO
IO JOBUIBHOTO MHOXKHHKA, TOMY 3IIHCHIOETbCS HOpMyBaHHS. HalOinpmn 3pyyHUMH criocoGamu
HOPMYBaHHS €:
a) Ccyma KBaJpaTiB MOJIYJIIiB KOMIIOHEHT BEKTOpa X JIOPIBHIOE OJIMHHIL;
0) HaibiIbIIA 32 MOYJIEM KOMITOHEHTA BEKTOPA X JOPiBHIOE OAMHUIL;
B) CyMa MOJYJIiB KOMIIOHEHT BEKTOpa X JIOPiBHIOE OJMHUIII.

Cnoco0u a) Ta B) — HOpMyBaHHS, 1110 PiIKO 3yCTPIYarOThCH.

®opmynu (1-6) chpaBemmusi i 1A TpaHcIoHoBaHOi Matpuii A’ mpH IBOMy MaroTh Micie
CIIIBBIIHOIIEHHS !

Aly=2y;  det(A" -Al)=0;
Ay =Ay; VA=Y (7)
XiTyj =0 (saxmo; # 4;).

3ayBaxuMO, 110, TAK SIK X; Ta yj MOKYTb OyIU KOMIUIEKCHUMH BEKTOpPaMHU, (xiTyj) HE € CKaJIIPHUM

IOOYTKOM B 3BUYaiiHOMY ceHci. [lilicHo, MaeMo

XY =YX, (8)

a HEC
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T T
XiYi=Y;X- )
SIKIIO X — KOMIUIEKCHHH, TO MOXKE CTATHUCS, 110
x"'x=0, (10)

B TOHM Yac AK JaHWH CKaJSPHUIA JOOYTOK 3aBXKIU MO3UTUBHUI [UIS BCIX HEHYIBOBHUX X.

Pimenns 3anmaui criiikocti Mozeni auHamivHoi cucteMu (1) B 3aranbHOMY BHUIIAJIKy BH3HAYAETHCS
CTPYKTYPOIO MaTpuLi A, il paHrOM, TUIIOM Ta KPaTHICTIO KOPEHIB XapaKTePUCTUYHOTO MOJIHOMY 1 MOXKe
OyTH BHPIIIEHO METOJIOM Teopii 30ypeHb pi3HOTO MOPSIAKY BIACHHX 3HA4YEHb 1 BIACHUX BeKTOpiB [1, 4, 5,
6, 7].

€ TpH miaXoau 10 BUPILIGHHS 3aadi cTiiikocTi mozeni (1):

1) Ha ocHOBI anreOpaiuHuX QYHKIIH 1 TeOpil BEKTOPHUX Ta MATPHYHUX HOPM [5];

2) Ha OCHOBI (D)YHKIIiif KOMIUIEKCHOTO apryMEHTY, CiIiicTBa TeopeMu Komm — npuHIumy aprymeHty [8,
9

3) Ha ocHOBI TeopeM ['epmropina [4].

[epmnii Ta Ipyruil migxoau B TEpMiHAX XapaKTEPUCTUYHOTO MOJTIHOMY AJIS KpaTHUX 3HaueHb A
3aHanTO TpyOi, Tak SK MOJIHOM HENOCTaTHhO BimoOpaxye OymoBy wmartpuni (A + ¢E). Tomy
BHUKOPUCTOBYEMO TPETiil MiXix — Ha OCHOBI TeopeM [ 'epiuiropina; BiH Mae OUTbIIY NPaKTUYHY LIHHICTD 1
BpaxoBye cTpykTypy Matpuib A i (A + ¢ E), mo BummBae 3 teopemu 1:

Bynp-sike BnacHe 3HaueHHS MaTpHULl A JEKUTh NPUHAKNMHI B OXHOMY 3 KT 3 LIEHTPOM a; 1
paxaiycamu

fi =Z| a; | (11)

j#
Ha KOMIUIEKCHIN IUIOIIUHI.
3 1pOro BUTIKAE, MO Y OyAb-SKOT0 BIACHOTO 3HAYEHHS A € Xxo4ua O OIWH HEHYJIBbOBHH X, IO AX =
Ax. B oOpaHOoMy X mpoBeneMo HopMyBaHHs (0) 3a r-iif HaiOUIBIIINA 32 MOIYJIEM KOMIIOHEHTI BEKTOpa X:

T
X = (lexzv--: Xeod Xppg e Xn)’

ne x| <1,i#r.
3BIJICH BUTIKAE:

1)
n
Dax =, =1 (12)
j=L
2)
A-ag|<Dlagx [<Yaylx <Y al (13)
j#r J=r j=r

i A JIGKUTH B OTHOMY 3 ITMX KiJ.

Teopema 2 [4]. SIkmio ¢ xin Teopemu 1 yTBOPIOIOTH 3B’sA3HY 00JIaCTh, TO B Mid 3B’sA3Hiil 0OmacTi
3HAaXOAUTHCS PIBHO () BIACHHUX 3HAa4eHb MaTpulli A. 3 10Ka3y TeopeMu Ta Teopii anreOpaidyHux QyHKIiH
BUTIKAE, IO KOPEHI XapaKTepUCTUYHOrO mojiHoMy [uist Matpuli (A + & E) sBisitoThest 6e3nepepBHIMU
¢yHKUisME Big 30ypeHHs & Ta pagiycamu € I ans € Big 0 1o 1 i npu ¢ = 1. AHanoriuxi BUCHOBKH 1
Pe3yNbTaTH MOXKHA OTPMMATH, SKIIO PO3IIIAAATH TPAHCIOHOBaHy MaTpuiio A’ 3amicTs MaTpuIi A.

Jlns BU3HAYEHHs CTIKOCTI MOAENi HEoOXiJHO MpOaHali3yBaTH BIacHI 3HaYeHHs Marpuli (A + &
E), BukopucroByrou ii xoplaHOBY KaHOHIUHY (opmy. /Iy MpOCTUX BIACHUX 3HAYCHb A; MATPHII, L0
Mae eneMeHTapHi autbHuKH [3, 4, 6, 10] matpuus A ta (A + ¢ E) niaronanshi. OTxe icHye matpuns H
Taka, mo (H'AH) = diag (1), npuuomy croBmui H cki1anaioTs OBHY CHCTEMy IIPaBHX BIACHHX BEKTODIB

- . . T
Xj, a psAaKua H ! CKIIaJat0Th MMOBHY CUCTEMY JIIBUX BJIACHUX BCKTOPIB yj .
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[Tpu HopmyBawnHi |X||2 = |ly|l = 1 [4, 11] (||| — eBxuizoBa HOpMa) MOKHA B3STH B SIKOCTI i-TO
croBrii Matpuni H BrnacHuii Bektop X; i ToAi i-uit psagok marpuui H™ Oyzae

yi /s, (14)

nes, =y, x, mpui=(1,2,...,n).
Toni

ﬁll/sl ﬁlZ /Sl ﬁln /Sl

ﬁZl/SZ ﬁZZ/SZ ﬁZn/SZ .

H™*(A+¢E)H =diagl + ¢ (15)

ﬁnl/sn ﬁnz/sn ﬁnn/sn

3rigHo Teopemu 1 [epmropiHa oTpumaeMo, IO BIaCHI 3HAUEHHS JISKATh B KOJAX 3 IICHTPaMH
A; + €B, | s, Ta pagiycamn Z | B;!s; |, ne B, =y[EX;, Tax six [E|, < n, o
j=i
B3] =V TEX | <Ivill [Exi|, <IEl, <[EL Iyl [, <n (16)
U] i J|— 1 ifl2 il = 2 = 2000021 il = 700
3a BU3HAUEHHSIM

(A +eE)X;(g) = A ()X () (17)

1 Tak Kk A(€) Ta BCi KOMIOHEHTH X&) MPEACTABISIOTHCS PSIAMHM, IO CXOIATHCS, MPHPIBHAEMO WICHU
IPY OTHAKOBHX cTerneHsx ¢ B piBHsHHI (17) [5]. [IpupiBHIOWOYM KoeilliEHTH MPU £ Ta BPaXOBYIOYH, 1110

A(e)=2; + ke + ke’ + ..., (18)

B3SIBILM Tieplie HAOIMKEHHS ALY

A(e)=4, +ke (19)
1 Tak 5K
o« _VIEX,_ By
(== (20)
3 (16) BuTikae
|ki|=ﬁ- (21)

ToOTO MpH JOCTaTHBO HEBEIMKOMY & TOJNIOBHUH WieH A; IOpiBHIOE Ki& 1 YyTIMBICTH LBOTO BIACHOTO
3HAYCHHS B MEPLIY YEPry 3aJIeKUTh BiX S;.

Cucrema 1 BiInmoBigHO ii MOAENb CTiHKi, SKIIO KOPEHI XapaKTEpPUCTUYHOTO PiBHSAHHA 30ypeHoi
marpuni A — (Matpuii A + ¢ E) nexxatp B J1iBili HaNBIUIOIMHI KOMIUICKCHOT IUIOIIMHM (JTiBilIe YsBHOT
oci — oci opaunar). [Ipu upomy nentpu kin ['epmropina e niaronanshi enementn Marpuui (A + ¢ E), a
paniycu BU3Ha4YarThCs 3riqHo piBHsAHHA (11) nns matpuni (A + € E).

Jlnst oOumcineHHs BiacHUX 3HaueHb matpullb A Ta (A + ¢ E) icHyloTh po3po0ieHi 4HcenbHi
METO/AU: METON O0epTaHb Uil CUMETPUYHUX MaTpullb, Meron A.M./[aHWIIEBCHKOTrO 3 MEpETBOPEHHSIM
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BUXinHOI MaTpuui B Matpuiio dpobdeniyca, merox O.H.KpuioBa Ha ocHOBI ToToX)HOCTI ["aminbroHa-
Kemi, wmeron JleBeppre-®anneeBa Ha ocHOBI ¢opmyn HpioToHa ans cyM CTENeHIB KOpEHIB
XapaKTepucTUUHOro piBHsAHHSA Matpuui [11, 12, 13, 14]. OcranHi Tpu Meroga NPUOIH3HO OJHAKOBI 3
TOYKH 30py OOUUCITIOBAIBHUX BUTPAT 1 HE NOTPEOYIOTh YMOBH CUMETPUIHHUX MATPHUIIb.

OcHOBHI pe3yJbTaTH i BHCHOBKH.

1. CrifikicT MOAeni JUHAMIYHOI CHCTEMH BH3HAYAa€ThCA PO3TALIyBAaHHSIM BJIaCHUX 3HAYEHb Ha
KOMILIEKCHIN IUIOMMHI.

2. Uytnusicte Mozpeni 1o 30ypeHb MmapaMeTpiB MOAENI MOXKHA B MEPUIOMY MPHUOIMKEHHI OLiHUTH
MEePIIMM YJICHOM B PO3KIaJaHHI B psig A(&).

3. 3MIiHEHHS 3amacy CTiIHKOCT1 MOXITMBO MPOPaxyBaTH OJHUM 3 TPboX MeToniB (A.M./laHHIEeBCHKOTO,

O.H.Kpunosa, JleBeppbe-®ameeBa) mo 3cyBax BiacHUX 3HaueHb matpumi (A + ¢ E) Ha
KOMIIJIEKCHIH TUTONMHI, 3MiHIOI0uM £ Big 0 1o 1 1711 HOpMOBaHUX 3Ha4Y€Hb BEKTOPIB.

1.
2.

o w

10.

11.

12.

13.
14.

15.

Ty 0. CoBpemennas Teopust ynpasnenus / FOmuyc Ty — M.: Mammsocrpoenue, 1971, — 472 c.

Mapacaros B.B. [IporrozupoBanue CTpyKTypsl auHammdeckux cucreMm / B.B. Mapacanos, O.W. 3aGbIToBCKas,
A.O. [IpimoBa — Becrank XHTY Ne 1 (44) - 2012, C. 292-302.

Tant™maxep @.P. Teopus matpun / @enukc Pysumosud I'panrmaxep — M.: Hayka, 1988. — 552 c.

Jlaukacrep I1. Teopus marpur / [Tutep Jlankacrep — M.: Hayka, 1978. — 280 c.

Vunkuacon . X. Anrebpamntdeckas mpobiiema coocTBeHHbIx 3Hadennii / JIx. X. Yuikuncon — M.: Hayka, 1972. —
565 c.

Hepycco I1. TIpoctpancTBo cocrosiamii B Teopuu yrpasierust / Jepycco I1., Poit P., Koy Y. ; mep. ¢ anrm. P. T.
Suymesckoro — M.: Hayka, 1970. — 620 c.

MaremaTH4eCKie OCHOBBI TEOPHH aBTOMaTHueckoro peryiuposanus. T.1. / B. A. MBauos, B. C. Mengenes, b. K.
Yemomanos, b. K. IOmenko. — M.: Beiciias mkomna, 1977. — 808 c.

Ipusanos U. U. Beenenne B Teopuio GyHKIHHA KoMIuiekcHoro nepemennoro. / W. U. Tlpusanos. — M.: Hayka,
1984. - 432 c.

Teopust aBTOMaTH4eckoro peryaupoBaHus. Kuura 1. MarTemaTnueckoe ONHCAaHHE, AaHAIM3 YCTOWYMBOCTH H
KayecTBa CHCTEM aBTOMATHYECKOro perymupoBanwmst. / Ilox pex. m-pa Texu. Hayk, mpod. B. B. ConomoBrnkosa. —
M.: Mammnocrpoenue, 1967. — 770 c.

Ap6u6 M. M., Meitnc D.J1x. OCHOBaHHS TEOPUH CHCTEM: PasjiokuMble cuctembl / M.M. Ap6u6, D.Jx.Meiinc —
MaremaTH4YecKre METOIbI B Teopun cuctemM. — M.: Mup, 1979. — C.7-49.

®anees J1. K. Berauciurensusie MeTob! tnHeiHOM anreopst / 1. K. ®anees, B. H. ®aneesa. — M.: ®usMarrus,
1963. - 736 c.

Jemunosuu B. IT. OcHoBBI BerunciurenbHoi Maremaruky. / b. T1. Jlemumosua, . A. Mapon. — M.: Hayka, 1966. —
664 c.

Bepesun N.C. Meros! Beruucnenuii. T.2. / U.C. bepesun, H.IT.Kuakos. — M.: ®usmarrus, 1962. — 639 c.
Taiimsimes WM. Anann3 u 0o0paboTKa JAHHBIX: CHENUanbHbIN cripaBouduk. / Urops [aiimermes. — CII6.: Ilurep,
2001. - 752 c.

PosenBaccep E.H. UyBcrBurensHoCcTh crcteM yrpasienus / PoserBaccep E.H., IOcynos P.M. — M.: Hayka, 1981.
—464 c.

© Oumona I'.0.



60 Hayxosuil srcypruan "KoMi roTepHo-iHTErpoBaHi TEXHOJIOTIi: 0CBiTa, HAyKa, BUPOOHULITBO"
Jlyyvk, 2017. Bunyck Ne 28-29

Y JIK 004
JlaktionoB O. I, acmipadT
[TonTaBchkuii HalliOHAIBHUM TeXHIYHUH yHiBepcuTeT iMeHi FOpis Konnpatioka

CYTHICTH I CTPYKTYPA OHATTS «<IHOPOPMALIIMHA TEXHOJIOT' ISI»
BIIKPUTOI 3MIIIAHOI CUCTEMHU

JlaktionoB O.I. CyrHicTh i cTpykTypa moHsiTTsl «iHdopmaniiiHa TexHosoris» BigkpuToi 3MilIaHOI cHCTeMH.
PosrnsimaroThcss  TEOPETUKO-METOIONIOTIYHI OCHOBH CTPYKTYPH TIOHATTS «iH(pOpMAIiiiHa TEXHOJNOTis» dYepe3 Npu3My
3a0e3meucHus (DYHKI[IOHYBAHHS BIAKpUTOI 3Mimanol cucremu «Omnepartop — Bepcrar — Uucnose mporpamMue KepyBaHHS».

Kniouosi cnosa. Indopmanilina TeXHONIOTIs, BiIKpHUTa 3Mimana cucrema, «Omneparop — Bepcrar — Yuncnose nporpamue
KepyBaHHS».

JlaktHoHoB A.U. CymHOCTh W CTPYKTypa NOHATHS «MH(OPMANMOHHAS TeXHOJOrusi». PaccmarpuBaroTcs
TEOPETHUKO-METOAOJIOTHUECKAE OCHOBBI CTPYKTYPHI IOHATHS «HH(GOPMAIHMOHHAS TEXHOJIOTHS» dYepe3 MPH3MYy OOeCHeUEHHS
(YHKIMOHMPOBAHUS OTKPBITON CMEMIaHHOH cucTeMbl «Omneparop — CtaHok — UHCIoBOE IPOrpaMMHOE YIIPABICHHE.

Knrwouegvie cnoea. npopManmonHast TEXHONOTHS, OTKpBITas cMemannas cucrema «Oneparop — Cranok — Uucnosoe
MIPOrpaMMHOE yIPaBICHUE.

Laktionov A.l. The essence and structure of the concept of "information technology' open mixed system. The
theoretical and methodological foundations of the structure of the concept of "information technology" are considered in terms of
ensuring the functioning of an open mixed system "Operator — Machine — Computer numerical control”

Keywords. Information technology, open mixed system, "Operator — Machine — Computer numerical control”.

Bcemyn ma nocmanoska npoénemu. Y HayKOBHX JDKEpeNax iCHye 4MMajo BHU3HAYEHb IOHSTH
«inpopmaniiina texnonorisi». Y ml T'OCT P 52653 - 2006 «Indopmauiiino-komyHikamiini
TexHoJiorii B ocBiTi. Tepminum Ta BH3HaveHHs» cdopmynboBaHe Oa30Be BHU3HAYECHHS TOHATTS
«Inghopmayiiitna mexnonozin». Ilpoyecu, memoou noutyky, 360py, 30epicanus, 06poOKU, HAOAHHS,
PO3n06CIo0NCen s ingopmayii i cnocobu 3diticnents yux npoyecie i memodis [1]. Y nanomy cranmapti
BHJIUISIFOTBCS. OCHOBHI aTpUOYTH TOHATTS «iH(opMaIliliHa TEXHOJIOTIA», a caMme. mpouecu, Memoou,
cnocoobu.

[Ipore, HenmocTaTHs yBara NPHUIUISETBCA JOCHIMKEHHIO CYTHOCTI 1 CTPYKTypH TOHSTTS
«indopmaniiina TexHoJOTiA» 3a0e3neueHHs (QYHKUIOHYBaHHS BIAKPUTOI 3MIlIaHOT CHCTeMU
«Omnepatop — Bepcrat — Uncnose mporpaMHe KepyBaHHS», IO aKTyalli3ye JOCTiIKEHHS.

Mema po6omu. JlocniuTi TEOPETUYHI OCHOBH TOHATTS iHGOpMaIliiiHa TEXHOIOTisI 3a0e3MeYeHHS
¢dbyHKUiOHYBaHHSA BigkpuToi 3MmimaHoi cuctemu  «Omnepatop — Bepcrar — YwucnoBe mnporpamue
KepyBaHHSI».

Ananiz docnioxcens i nyonikayiin. Ilpodiemoro iHpopManiiHUX TEXHOJOTIH, poii omeparopa y
BIIKPUTHX CHCTEMaX, METOAWK BH3HAuUCHHS e(QEeKTHBHOCTI iH(pOpPMAaLidHMX TEXHOJIOTiH 3alimanucs
3aKOpJIOHHI Ta BiTuM3HsAHI HaykoBmi: YmakoBa . O., ITnexanoa I'. O. [2], I'yxBa B. M. [3] -
inghopmayiiina mexnonoeia nHa npomucrosux nionpuemcmeax; Hocenko T. 1. [4], I'punyno O. B. [5],
CokonoB B. 1O. [6], Parynun I1. T'. [7], JaBunosckas M. L., Jlano A. L., ITynmiB A. E. [8], Pomamko C.
M. [9] - «ingpopmayitina mexnonozis» y nasuansrnomy npoyeci; Tpopumos B. B. [10], 'nisenko C. B.,
Jlamin €. B., TMaBmenko O. O. ta in. [11], Beusko M. M. [12] - ingopmayiiina mexnonocis y
oyxeanmepcvokomy o01iky. 3 pe3yabTaTaMH iX JOCHiAKeHb, O00O0B’S3KOBUMH 3MICTOBHUMH CKIIAZIOBUMHU
iH(opMaIiiHOI TEXHOIOTII € «iHgopmayia» i «mexHono2l», 3MICT AKX (HOPMYETHCSA 1 OOMEKYETHCS
peaJbHUMH BHPOOHWYHMMH MPOLIECAMH.

Buknao ocnoenozo mamepiany. Bigomo, mo y cTpykTypy iH(opManiiiHoi TexHoiorii BXOAUTH
amapaTHe 1 nporpamue 3abesneueHHs [13]. Posrisimaroun crpykrypy i kinacudikaiiro iHGopmamiiHux
TEXHOJIOT1H BUAUISIOTH KOHTYp iH(OpMaIlii, AKUi MICTUTBCS y YHCIOBOMY POrpaMHOMY KEpyBaHHI.

Y HamoMmy IOCHIDKEHHI — IependavaeThcsi OOOB’S3KOBAa B3a€MOJIS COLIATBHOI MIiJICHCTEMH
(omepaTopa Bepcrata 3 UIIK) Ta mizcucremu 3aco6iB BupoOHHMnTBa (Bepcrata, UYIIK), mo € ocHOBOO
BHU3HAYEHHS MOHATTS iHQOPMALiitHOT TeXHOJOrii, sika 3abe3neuye GyHKIIOHYBaHHS BIIKPUTOI CHCTEMH
«Omneparop — Bepcrat — UncnoBe mporpaMHe KepyBaHHS».

TeopeTnKo-MeTOMONIOTIYHOK OCHOBOKO TMOHSATTS «iH(OPMAIliifHA TEXHOJOTIsI», M0 3a0e3nedye
¢yHkuionyBanHa Binkpurtoi cucremu «Omepatop — Bepcrat — UmucnoBe mporpamHe KepyBaHHS» €
00’ eTHAHHS 3MICTY ABOX BUXIJHHX MOHATH «iH(OPMALIisS» i KTEXHOJOTIS», SIKI BCTYNAIOTh Y B3aEMOJIIO 13
30BHILIHIM iH(OpPMaLIHHIM CepeIOBULIEM.
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MogentoBaHHS TOHSTTA «iHOpMalliiiHa TEXHONOris» mependayae TIyMadyeHHs ICHYIOUMX B
JiTepaTypi MOHATH iHPOPMALIfHOT TEXHOJOT], AKI HE 3aBXIU € JOTIYHO 3aBEPIICHUMH, TaK K KOXKEH
aBTOp HamaraBcsl 3aQiKCyBaTH CBOE TOHATTSA «iH(OpMAIliiHA TEXHONOTiS», BUAUTUBIIM KOMIOHEHTH
MpuUTaMaHHi NeBHil ramys3i. [ BU3Ha4eHHs MOHATTS iHPOPMALiitHOT TEXHOIIOTIT Ta HOro BUKOPUCTAaHHS
y HaloMy AOCHIIPKEHHI MU BUAUISUIM AJS MOPIBHAIIBHOTO aHANIi3y OCHOBHI €EMEHTH Ta KOMIIOHEHTH
MOHSATTS y 3B’53KY 3 (QYHKI[IOHYBaHHSIM JIBOX TUIIIB CUCTEM — 3aKPHUTOI Ta BIIKPUTOI.

Haii6inpm 61u3pKUM 0 HALIOTO JOCHIDKEHHS € 3MICT MOHSTTS «iH(OpMalliiiHa TEXHONOTisN» sKe
cpopmymoBaB ['openos /. O. onmpatounch Ha O3HaKH, IO MPU3HAYEHI IJIi BUKOHAHHS BHPOOHUYHMX
byukitiii, a came: 1) ocrnosni 6xioni komnonenmu; 2) cyKynHicmo eiemenmis; 3) Cymmesi 368 S3Ku Midc
enemenmamu;, 4) inmeepamusni (06 ’conysanwvni) enacmugocmi; 5) yinicuicmb; 6) eHympiuiHs
YROpAOKOBAHA CMPYKmMypa U opeauizayis; 1) Mema QyHKyionyeanmus i Kpumepii OYiHIOBAHHS
@yukyionysanns cucmemu; 8) kepyouur abo pecymolouui npucmpin; 9) medci 3 308HIUHIM
cepedosuwem i 30amuicmv cucmemu 00 63aemooii 3 num; 10) ocobruei énacmusocmi enemenmis, 3
AKUMU BOHU 6X005imb 6 Oany cucmemy [14, ¢.58]. Mu BUKOPUCTOBYEMO METOAN TIOPiBHSHHS iH(pOpMAIIT
Ha Bxoxai 1 Buxomi cuctemMu «Omepatop — Bepcratr — UmcnoBe mporpaMHe KepyBaHHS» 3 METOIO
BHU3HAYEHHS i AKOCTi ii QyHKIIOHYBaHHS, OCKUIBKU iH(pOpMaliliHa TexHonoris Qikcye Ty iHpOpMalLiio,
sKa 3 HEOOX1IHICTIO IPOSIBIIIETHCS Y pealIbHO ICHYIOUil cucTeMi BUPOOHHYOr0 mpouecy. ToMy cTpykTypa
iH(pOpMaLiitHOT TEXHOJNOril MOJEIIOETHCS BiAMOBIIHO 3MICTy BHUPOOHUYOrO MPOLECY SIK CUCTEMHOTO
YTBOpPEHHS.

V taba. 1. mogaeMo 3MICT Ta CKJIamOB1

HAYKOBISIMH Yy Pi3HHX cdepax AisIbHOCTI.
Tabmuns 1. TeopeTu4yHi OCHOBM TOHATTH «iH(opMamiiiHa TeXHOJIOTiA» y pi3HHX cdepax

TiATBHOCTI — Haguawnus; onepayii OyxeaimepcvKkoeo

amanisy iHQoOpMayitiHux mexHono2ii

MOHATTA «iH(OpMaliiiHa TEXHOJOTISN», SIKi MOAAIOTHCS

002iKy; MeHeddcmenm; iHopmamuxa; chepa

Mera
Binomi BuzHavennst nousitrs «Iudgopmaniiina Ckaaposi JOCTiMKeHHS
No TEeXHOJIOTif» NOHATTH aBTOpa 'y
3/m «indopmaniiina BUALJIEHII
TEeXHOJIOTisT» chepi
JisJILHOCTI
Indopmaniiina TexHomOTISI «MOdHCE OymMU GusHAUeHa AK | 301p, HAKOITMYECHHS, OTpUMAaTU
NOEOHAKHS npoyedyp, SKI peanizyroms yHKYii 300py, 30epiranHs, 00poOKa i OTPiOHY
HakonuueHHs, 30epicanhs, 00pooKu i nepedayi OaHux niepeqaya JaHAX; iH(pOpMarifo
Ha OCHOBI 3aCMOCY8AHHSL 8UOPAHO20 KOMNIEKCY HEOOXiTHOT
1 MexHIYHUX 3aco0i6 3a y4acmi ynpasiiHCbKO20 SIKOCTI Ha
nepconany». L. O. Yuaxos, I'. O. IlnexanoBa[2, c.58] 3alaHOMY
HociT
(y mpomuciioB
ocCTi);
THdopmarniiina TexHOMNOTIS, «npoyec, ujo 3acobu 1 Mmeroau 360py, BHUPOOHUIITBO
BUKOPUCMOBYE CYKYNHICMb 3ac00i6 i Memodis 300py, 00poOKM Ta mepenadi iHpopmarii
06pobru ma nepedaui oanux (nepsunnoi ingopmayii) nMaHux (TepBUHHOT JUTs ii aHaJi3y
0151 00epaicants iHghopmayii HO80I sKOCMI NPO CMAaH indopmarii) s JOAMHOKO i
2 06'exma, npoyecy abo seuwa (ingopmayitinozo onepkaHHA iH(popMaIii MIPUHHATTS
npodykmy)».0. B. T'puryros [5, ¢.197] HOBOI SIKOCTI pileHHs 3
BUKOHAHHS
SIKOT-HEOYIb
piil
(y naBuanHi);
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Mera
Binomi Bu3Havennst nousitrs «Iudgopmaniiina Ckiaaposi JOCTiMKeHHS
Ne TEeXHOJIOTif» NOHATTH aBTOpa 'y
3/m «inopmamiiina BHALJIeHI i
TEeXHOJIOTisT» cepi
JisJILHOCTI
«IH(opMarriitHi TEXHOTOTII» — «ye cucmema memodis, METOIH, CIIOCO0H 1 3a0e3meunTu
cnoco6is i npoyedyp 360py, HaKonuveHHs, peecmpayii, | TIPOIETypH 300Dy, aBTOMaTHu3aIll
nepeodaui, 06pobku, 30epieants, NOWyKy, Moougikayii, | HAKONMYCHHS, peECTparii, | 10 METOAY
ananizy, 3axucmy, euoai HeoOXioHoi inghopmayii 6 nepenadi, 00pooKH, OyXranTepchk
JHOOUHO-MAWUHHIT CUCeMI, 6CIM 3aYiKaBIeHUM 30epiraHss, MOLIYKY, oro 00Ky Ta
niopo30inam Ha OCHOGI GUKOpUCMAanHs anapamuux ma | Moaudikamii, aHami3y, THIIX
3 npocpamHux 3acooie, wo 3abezneuye 3axHCTy, BUAa4i GyHKIIH
agmomamu3oeane GUKOHAKHS (OYHKYIll ynpasnincbkoeo | iHpopMamii B TIOANHO- YIpaBIIiHHS B
(0621ik06020) npayienuxa». M. M. Benbko [12,¢.171] MAaIIMHHIT cucTeMi iHpOpMaIiHHI
X cHcTeMax
(omeparii
OyxranTepcbk
oro 00IiKy);
[adopmaniiina TexHoJIOTIS — «npedcmasnenull 6 KOHILIEHTPOBaHUI BUPa3 CTBOpEHH 13
npoekmuill hopmi KOHYESHMPOBAHULL BUPA3 HAYKOBUX HAYKOBUX 3HAaHb i iHbOpMAaIIHHO
3HAHb | NPAKMUYHO20 Q0CBIJY, AKUL 00360T51€ MIPAaKTHYHOTO JIOCBI Ty O pecypcy
PAYIOHATBHUM CROCOOOM OP2AHI3y8amuy Mol Yu iHuUl SIKICHOTO
inghopmayivinui npoyec 0a eKoHOMii gumpam iHpopMamiiHO
4 mpy0oeoi disnbHocmi, enepeii abo mamepianbHux ro NPOAYKTY,
pecypcis». 3aJI0BOJIBHSIIO
B. B. Tpodumos [10, c.47] 4Oro noTpedu
KOpHCTYBava
(MEHEKMEHT)
Indopmaniiina TexHOJIOTIS — «Yye cucmemHo- TIOCJTi IOBHICTb BHUPOOHHLITBO
0p2amiz08ana NOCIiO06HICHIb orrepariii, 1o iHpopMmarii
onepayiil, Wo BUKOHYIOMbCA HAO THPOPMAYIEO 3 BUKOHYIOTHCS HAJI Ut 11 aHamizy
BUKOPUCMAHHAM 3aC00i8 | Memoodie asmomamusayii». | iHpopmamiero 3 1 IpUHAHATTS
5 I1. T.Parynusu [7, ¢.31] BUKOPHCTAHHAM 3aco6ni.B 1 | pimeHHs 3
METO/IiB aBTOMATH3AaLil BUKOHAHHS
SIKOT-HEOYIb
nii (chepa
iH(bopMaTHKM)
ITix inpopMaLiifHOIO TEXHOIOTIEIO «PO3YMIEMbCS METO[IH, CII0CO0n CTBOpEHHS iH
npoyec, wWo cKiadacmucs 3 Memooig, cnocooie i 1 mpuiioMu, 1o ¢dopmartii,
npuiiomie, wo 00360.110Mb 30ilcHI08amu 00pooKy,30e | MO3BOJSIOTH 3[IHCHIOBATH | BUKOPHUCTOBYB
pieanns, nepedauy,nowtyx i suoayy ingpopmayii». M. 1. | 00poOKy,30epiranss, nepe | aHoi
JNasumosckas, A. 1. Jlamo, A. E. TTymmis [8, ¢.25] Jlaqy, TMOIIYK 1 JTIFOIMHOIO JJIS
6 BHIAYY i1 aHami3y i
iHpopM™marii TIPUHHATTS
pimens
(chepa
aHaJi3zy
iHpOpMaIiHHI
X TEXHOJIOTI);

Ilpn Bu3HAUYEHHI

noHATTs «IHdopmamiiHa TEXHONOTISI» y PI3HUX AOCHIIKEHHSAX HAYKOBI

BUKOPUCTOBYBAJIM KOMIUIEKCH KPUTEPiiB i3 BKAa3aHOTO MEPENIKY — HAsAGHICMb Memodis, npogheciiina
KOMNemeHmHuicmy onepamopd, 3acoby upobHUYmMed, NPUCMpOIO YUCI08020 NPOSPAMHO20 KepyEaHHs,
inghopmayis 3abe3neuenns UPOOHUYO20 Npoyecy, Kpumepiu GUOLNEeHHST MEXHON02iT, SIKA MOOeT0EMbCSL
BUPOOHUYUM NPOYEeCcOM, Kpumepil 0100dcemy uacy, AKull 6UMpaiacmovcs Ha Ni020MOBKY 8epcmama 00
Ppobomu, BUKOPUCAHHSA 00EPHEHO20 38 A3KY 8 YIPAGLIHHI.
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VYmakosa I. O., [Inexanosa I'. O., mocmimkytoun iHdopMaliiiHi TEXHONOT1i y cyyacHOMY Oi3Heci ,
PO3TIANAIOTh iX, K MPOIENYypU peamizallii pyHKIiHA, 32 JOMOMOTOK SKUX 3HiHCHIOETHCS MAHITYIISIisA
iHpopmanicro. TakuMm unHOM, «iH(popMaliiiHa TEXHONOTIS» PO3MIIAAAETECS K CUCTEMa MOCIHiJOBHUX
I, TOJIOBHA imes SKOI — 1€ B3a€MOJis KOMIIOHCHTIB TEeXHIYHOro, MPOTrPaMHOr0 cepexoBUINA i
YIpaBJiHCHKOI0 MepcoHanTy, i3 30BHIIHIM iH(poOpMaumiiiHUM cepefoBHINEM, [0 € HAHOUIBII
OJM3BKUM JI0 HAILIOTO JOCHiKEHHS.

CyTHICTb BU3HAUCHHS MOHATTS iHPOpMaLifHOrO cepeoBUIIa nependavae 3mMicT QyHKIIOHYBaHHS
1 PO3BUTOK BKa3aHOI BIAKPHUTOI 3MilIaHOI CHCTEMH Iiependadae He TiIbKH 30ip, BUPOOHHLTBO 1
MAaHImyJALiio, a i eekTUBHE ynpaBiIiHHSA, ¢ 00’ €KTOM YNpaBiiHHA € iHdopMawis Ta i aBToMaTH3awLis, a
cy0’exToM monuHa — omeparop Bepcrata 3 UIIK. Takum umHOoM, y cuctemi «Omneparop — Bepcrar —
UucnoBe mporpaMHe KepyBaHHS» BHAUIAIOTHCS ABa OJIOKM YNMPaBIiHCHKOTO HUKITY — KEPOBAaHUM MpoLEC
(00’ekT ympaBiiHHS) 1 KEpYOUUH OpraH ympaBiiHHS (Cy0’€KT yNpaBiiHHS), IO Yy CBOIA CYKYITHOCTI
CKIIQJIa€ CHUCTEMY YIPABIIHHS, Je <JIFOJMHA» BCTYNAE y B3AEMOMII0 i3 «MAIIMHOIO» Ta MPHCTPOSMH
iH(popMaLiitHoro 3a0e3neueHHs OTPUMaHHsI OLIIHOK JUIsl aHaJli3y CTaHy 00EpHEHOTO 3B S3KY.

I'punysoB O. B., mochimkyioounm NOHATTA iHQOpMaIiifHa TEXHOJNOris y HABYaJbHOMY MpOILECi,
BUJIISE NBI TpynH 1i CKIaIOBUX. CYKYIHICTH 3ac00iB i METOHIB y €IHOCTI 3 PI3SHUMU BUPOOHUYHUMHU
TEXHOJOriAMU. Y Tporeci BUToTOBIeHHs aAeTaned Ha Bepcrati 3 UIIK omeparop crae roioBHUM
KOMITIOHEHTOM cucteMu «Omneparop — Bepcrat — Uncnose nmporpamue KepyBaHHS», TaK SIK BiH € HOCIEM
iH(popManii y BUTIISAAL 3HAHb, YMiHb 1 HABUYOK, SIKi PEali3ylOThCsl Y €AHOCTI 3 ICHYIOUMMH MOTHBaMH Ta
MIOBEJIIHKOIO JTFOJJMHU (OIepaTopa) y mpoliecax B3a€MOIl 3 BEpCTaTOM Ta HOro KepyHUYHM MPUCTPOEM.
Ane y BusHaueHHi ['puimyHoBa O. B. He BHOINSETBbCS COLIANbHUNA KOMIIOHEHT, 3MICT SIKOT'O BHU3HAYa€e
CYTHICTb HOHSATTA «iH(opMaLiliHa TEXHOIOTis» 3a0e3neueH s (yHKLUIOHYBaHHA BiIKPUTOI CUCTEMHU.

VY Hamomy JOCHIPKEHHI B3a€EMOJisl ollepaTopa 3 BEPCTaTOM HEBiJ €MHO MPOSBISIETHCS 1 3
KOMIT'IOTEPHHM TEXHIYHHUM MPUCTPOEM — UUCIOBUM MPOTPAMHUM KepyBaHHSM. ToOTO, OCHOBOIO
¢yHkuionyBaHHsa Bigkputoi cuctemu «Omepatop — Bepcrat — YucinoBe mporpaMHe KEpyBaHHS» €
B3a€EMOJIsl YCiX TphOX 11 MiACHCTEM Ta €JIEMEHTIB. 3ayBakumo, Mo Oe3 mroauHu (omepaTopa)
(YHKLIOHYBaHHSA CHCTEMH HEMOXIINBE, HaBiTh SKIIO MiAPHEMCTBOM Kepye aBTOMAaTH30BaHa CHCTEMa
yrpapniaHs TexHonoriyHuMu mnporecamMu (ACVYTII), ockinbku Aisi aKTHBaLii 1 BBEACHHS BUXITHUX
napamMeTpiB CHCTEMH HeOOXiIHa JisIbHICTh JIOACBKUX PpEecypciB, sKI 3aBXKINW 3HAXOAATHCS Y
30BHIIIHBOMY CEpPEIOBHIL K 3aKPUTHX, TaK 1 BIIKPUTHUX CHCTEM.

Tinpku MoarHA 3a7a€ BUXITHI apaMeTpy aBTOMaTH30BaHOi iH()OpMaLiiHOI CHCTEMH, sIKa B CBOIO
yepry nepenae i kepye inpopmamieto (ii skicTio) (iKCy0uM NaHi i3 JaTYMKIB 3 yCIX KOHTPOIIOHOYHX
MPUCTPOIB, JIe¢ aBTOMAaTH30BaHA iH(oOpMAIliifHa cHCTeMa IIiJBUIIYE MIBUAKICTH POOOTH orepaTopa
Bepcrata 3 YIIK. Tomy, ¢daktopom migBuieHHs eheKTUBHOCTI (YHKI[IOHYBaHHS iH(pOpMAIiifHOT
CHCTEMH € JII0UHA, i mpodeciiiHa KOMICTEHTHICTh (3HAHHS, YMIHHS 1 HABHKH, MOTHBH IIpalli, [IOBEIiHKA
Ta TPYOOBI 1ii), 3JaTHICTH [0 KOMYHIKamii SK 3 IHIIMMH JIOAbMH, TOTOBHICTH paIliOHAILHOIO
BHUKOPHUCTaHHS OI0[DKETy yacy Ha minroroBky Bepcrara 3 UIIK mo pobotu, mo y cykymHocTi 3a0e3neuye
edexruBHiCTh BUpoOHHMLTBA. KaTeropis «indopmaniiiHa TexHonoriss» nepeadadae y BiIKpUTIH cucTemi
«IIOIUHA-MaIlIMHa» TIOENHAHHA 3MICTY «iH(pOpMalii» Ta BIAMOBIAHOI «TEXHOJNOTII» y fAKiH MPHUCYTHiH
MpoIIec B3a€MOIIi OnepaTopa i3 BUKOHABYMMH OpraHaMH BepcTaTa i 0JI0KOM KepyBaHHS.

Benbko M. M. npoBoasiun gociigxeHHs y cepi B OyxraitepcbkoMy oONiKy Ta ayAuTy po3risiaae
iHpopMaLiiiHi TexHOoMorii fK aBTOMAaTH3allil0 OyXranTepcbKOro OONIKY OUISIXOM BUKOPHCTAaHHS
aBTOMAaTH30BaHMX CHCTeM. BiH BHIUIZ€ KOMIOHEHTH iH(GOpPMAaLidHOI TEXHOJOrii, sika 3abe3nedye
(GYHKLIOHYBaHHS CHCTEMH «Oyxrantep - OyxoOumik». [laHa cucrema He nepeadayae TeXHIUHY HiICUCTEMY,
gk y cucreMi «Omneparop — Beperat — UncnoBe nporpaMHe KepyBaHHS», IO BCTYIAE y B3a€EMOJIIO i3
30BHILIHIM CEPEIOBHILEM.

Tpodumor B. B. Buminsge indopmaniliHy TEXHONOTiIO SK HaWBaXIUBIILUI mporec OyIb-sKoi
CHCTEMH, 30KpeMa, TeXHIYHMX, comiaJbHUX i mpupoanux cucrem. L[iHHICTP 3MicTy MNOHATTS
«iH(opMaliiiHa TEXHOJOTIA» B TOMY, L0 B SIKOCTi 3arajJbHOr0 KpUTepito eheKTUBHOCTI iH(popMamiiHo
TEXHOJIOrl BUAUISETHCS 3MicT (DYHKIIOHYBaHHS COLIAJbHUX 1 TEXHIYHHX CKJIaJOBUX KOHKDETHOI
CHCTEMH.

Hame Bu3HAaueHHs CYTHOCTI TOHSTTA <«iH(OpMAIliifHa TEXHOJOTiA» Iepeadadyae  30BHIIIHE
NpUpPOAHE OTOYeHHA Ta iH(opmamiiiHe cepenoBuie cuctemu «Omepatop — Bepcrar — UYwmcnose
porpaMHe KepyBaHHs». ICHyBaHHS B3a€MOZil M’k MaTepiaJbHUMH Ta i1eaTbHUMH 00’ €KTaMU CHCTEMH 1
o0’extamMu 1i 30BHILIHBOTO CEPENOBHIIA [JO3BONAE IMPH BHU3HAYEHHI epEeKTHBHOCTI iH(popMamiiHOi
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TEXHOJIOr1l BUKOPUCTOBYBATH y SIKOCTi i TOIOBHOTO MOKa3HHUKA OIODKET 4Yacy KWW BUTpadae ornepaTop
Ha miarotoBky Bepctaty 3 UIIK 1o pobotH, y mopiBHSHHI 3 THIIOBUMH HOpMaMH BUTpAT 4acy.

Parynuna II. T'. mocmimpkyroun MOHSATTS «iHGOpMAIliiiHA TEXHOJIOTISA» y paMKaX CIEeIliaIbHOCTI
«[Ipukmamna iHpopmaTuka» BuUIsLE 1BI i1 CHCTEMOYTBOPIOKOUI KOMIIOHEHTH — COIlialbHa  Ta
MporpaMHO-TEXHIYHa cKiagoBi. Y cucremi «Onepatop — Bepcrar — Uuncnose mporpamHe KepyBaHHS»
eNIEMEHTOM 1i COLiaJIbHOI MIACHCTEMH € OIepaTop Ta HOro 3B’A3KH 3 JIIOAbMU Ta IHIIMMH HOCISIMHU
iHpopmanii. LlinecnpsiMoBane CTBOpeHHs, mepenaya, 30epiraHHs 1 BimoOpaxkeHHS iH(oOpMaIiifHOTO
MPOAYKTY — II€ €IEeMEHTH MPOrpaMHO-TEXHIUHOI mifcucTeMyd. ToMy Y Mpoleci BUTOTOBJICHHI AeTaei
omeparop Bepcrata 3 UYIIK mnoBHHEH ocMuUCIIOBAaTH 1 MIATPUMYBATH B3a€MOAII0 3 BKa3aHUMH
COL[IaIbHUMH 1 TEXHIYHUMH MiJICUCTEMaMH, SIKi BIJTMBAIOTh Ha e)EeKTUBHICTh (PYHKIIOHYBaHHS CUCTEMHU
«Omneparop — Bepcrat — UncnoBe mporpaMHe KepyBaHHS».

BuxigHUMH KOMIIOHEHTOM TIOHATTS «iH(OpMAIliifHa TEXHOJNOTiS» € HaJaHa i3 30BHINIHHOTO
CepeloBHIIa 1 OCMHUCIIEHA ONepaTopoM iHQOpMAIlis, sKa peati30BYEThCS Y Tpoleci KOHKPETHOL
BUPOOHNYOT TEXHOJIOT], IO MOJETIOETHCS Y SIK CUCTEMa 3HaHb, YMiHb 1 HABUYOK 0COOMCTOCTI oIepaTopa
Bepcrata 3 UIIK, sk MoTHBalis 3a0e3medeHHs IKOCTi MPOAYKTY, KOHKPETHA MOCHTiIOBHICTh TPYAOBUX i
y mpoueci pobortu. Ilpm HasBHOCTI B3aeMomii omeparopa 3 BEpcTaTOM Ta YHCIOBUM HPOTPaMHUM
KepyBaHHSIM BHHUKA€ CTPYKTypa 1 opranizauis cuctemu «Ormepatop — Bepcrat — Uncnose nporpamue
KEpYBaHHS», JI¢ ONEepaTop € il aKTUBHUM EJIEMEHTOM 1 OJJHOYACHO 00’€KTOM iH(OpMaIiiHOT TEXHOIOTi1
sKa 3a0e3neuye ii QyHKLIIOHYBaHHS.

Hasunosceka M. L., Jlamo A. 1., IIymmis A. E. BuAinstoTe MeTOaM 1 CocoOu MpuiioMiB, MI00
MpoaHaji3yBaTH PI3HHLIO MK iH(opMauiiiHOIWO TexHomorieo i1 iHdopMmamiiHOIO cHCTEMOO. Takum
YMHOM, TOHATTS «iH(opMamiiHa TEXHOJIOTIS» MICTUTh B3a€MOAII0 JIOAWHHU 13 TPOrpaMHUMH Ta
TEXHIYHUMHU 3aco0aMu  BUPOOHMIITBA, J€ KOMIUIEKC SIKOCTeH mpodeciiiHoi KOMIETEeHTHOCTI
3a0e3MeuyIoTh B3aEMOIiI0 onepaTopa i3 Bepcratom Ta YIIK.

V BigkpuTiii 3mimaniid cucremi «Onepatop — Beperat — Yuncnnose nporpamMae KepyBaHHs» 3B SI3KU
MK KOMITIOHCHTaMH IOHSATTS «iH(opMaliiiHa TEXHOJIOTis» BU3HAYAIOTh 3MICTOM iH(OpMAIii€ro, SIKOO
orepaTop BOJIOIIE 1 peanizye y TPyAOBHX ONEpalisx 3a aJrOpUTMOM TEXHOJIOTii BUPOOHHYOIO MPOLECY
BUT'OTOBJICHHS JIeTajieH.

JocnimkeHHsaM iHQOpPMAIIfHUX TEXHOJOTIH TakoX 3aiiManucs ¥ iHmi HaykoBIi : Zurawski R.
[15], Komucko O. 3., BonocHikoB O. [I. [16], denucenko M. II., Komoc 1. B. [17], Baiikaposa O. O.,
Tapactok JI. M. [18], boumapenko M. B., Irnatenko JI. O. [19], sxi mocmimkyBanu KiOepHETHUHI
(3akputi) cucremu Ta iX iH(popMaliiiHe 3a0e3leuyeHHs, BIPOBADKCHHS SKUX YIOCKOHAIIOE POOOTY
MPOMHCIOBUX MHiANPUEMCTB Ta MiABUINYE €(PEKTUBHICTb BUKOPUCTAHHS KBaNi()iKOBAaHMX JIIOJCHKHUX
pecypcis.

Bucnoeku 3 0anozo 0ocnidiicenns i nepcneKmugu noOAIbuiuX po3poooK y 0AHOMY HARPAMKY.
Amnaiiz HayKOBHX Tpalb JOCHiAHUKIB y Pi3HUX cepax M03BOJISIE 3pOOUTH BaXKJIMBHH BUCHOBOK, IIO Ha
CBOTO/IHILIHIA [I€Hb HENOCTaTHS yBara NPHAUIIACH JOCTIKEHHIO CYTHOCTI 1 CTPYKTYpH IOHATTS
«inpopmaniiiHa TexHoJOTiA» 3a0ec3reueHHS (YHKIIOHYBAaHHS BIAKPHUTOI 3MINIAHOT CHUCTEMH
«Omnepatop — Bepcrat — Yuncnose nporpamue kepyBaHHs». CHCTEMHHMI aHalli3 BKa3aHUX JOCIiIKEHb
N03BOJISIE C(DOPMYITFOBATH CYTHICTh TOHSTTS «iH(OpMaliiHa TEXHOJOTisI», K (akTopy 3a0e3rcucHHS
¢bynkuionyBanHa cucremu «Omepatop — Bepcrar - UncnoBe mnporpamHe KepyBaHHS», [€
CHCTEMOYTBOPIOIOUYNM aKTHBHUM (PAKTOPOM BUCTYTAE TisUTBHICTD JIIOJUHH.

[ndopmaniiina TeXHONOTisE BHHUKAE, BUKOPHCTOBYETHCS 1 peasli3oBYETbCA y NPUB 3Ll A0
nepcoHidikoBanoi cucremu. [Ipm 3MiHI omeparopa sK eJeMEHTa CHCTEMH 3MIHIOETbCA 1 3MicT
iHpopManiitHoi TexHomorii. ONupaYMch Ha JOCHIDKEHHS HAyKOBUIB MH TJIyMaduMO MOHSTTS
«iH(opMaliliHa TEXHOJOTiA» HE SK 3arajlbHe BU3HAYCHHS, a TOHSTTS, SIKE MOB’sA3aHe 13 3a0e3leueHHsIM
(yHKLUIOHYBaHHA KOHKpETHOI cucTteMd. Tomy, y MOAaNbIIMX AOCHIIKEHHAX IOLUIBHO PO3TISIHYTH
iH(pOpMaLiiiHy TEXHOJIOTIIO SIK QakTop 3a0e3MedeHHs PYHKIIOHYBAHHS Pi3HUX THITIB BIAKPUTHX CUCTEM.
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12 c.
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YK 378
Jlimmaa H.M., Jlimmuaa B.O.
Jlyupkuii HalioHaIBHUK TEXHIYHUHA YHIBEPCHUTET

JESAKI ACHEKTU BUKJIAJAHHS JUCHUILITHA " JTOCJIIKEHHS ONEPALIA"
JJISA BAKAJIABPIB CIIEHIAJIBHOCTI "KOMIT'IOTEPHI HAYKH"

Jlimuuaa H.M., Jlinmmaa B.O. [lesiki acnexTn BUKJaAaHHA Aucnuning "' locaigkeHHs onepauiii’’ 1is 6axaaaspis
crneniaabHocTi "Komm’roTepni Hayku''. VY cTaTTi po3risigaloThes IpoOiIeMH  NpodeciifHoi MiATOTOBKM MaiOyTHIX
MIPOTPaMICTIB Y KOHTEKCTI BHBUCHHS IUCHMIUIH (yHmameHTanpHoro mukmy. OmmcaHi OCHOBHI TeMH Ta 3agadi Kypecy
«JlocmikeHHs oneparii». Bu3sHaueHO poib 3HaHB 1 BMIHB 3 HOCIIUKEHHS ONepariil y miarorosni ¢axiBisg 3 KOMIT IOTEPHUX

HAyK.
KarouoBi ciaoBa: mpodeciiiHa MmAroToBka, KOMII'OTEpHI HAyKH, JOCHIDKCHHS OIEpamiid, 3amadi OnThMi3arii,
ONTHMAJILHUH PO3B’A30K.

Jinmuuaa H.M., JInnmaa B.O. Hekxotopsle acnekThl nmpenogaBaHusi AMcHUIINHBI "MccienoBanue onepanmii
Aas 0akajaBpoB cnenuaabHocTH 'KommnblorepHble Hayku''. B cratbe paccMaTpuBaiorcst mpoOiieMbl MpogeCcCHOHATBHON
MOATOTOBKH OYIYIIMX HMPOTPaMMIECTOB B KOHTEKCTE M3YUCHMS OHUCIMIUIMH (pyHAaMeHTaabHOro IuKia. ONHCaHBI OCHOBHBIC
TeMbl U 3amadn Kypca «lccinenoBanme omepanuii». OmnpenencHa poiib 3HAHWH U yMEHHH IO HCCIEIOBAaHUIO ONEpanuil B
MOATOTOBKE CHEUAINCTA 110 KOMIBIOTEPHBIM HAyKaM.

KioueBble cioBa: mpodeccroHaTbHAs IOATOTOBKA, KOMIBIOTEPHBIC HAyKH, HCCICIOBAHUS OIEparyii, 3amadu
ONTUMM3ALUH, ONTUMAIBHOE PELICHHE.

Nataliia Lishchyna, Valeriy Lishchyna. Some aspects of teaching the discipline "Investigation of operations™ for
bachelors of specialty ""Computer Science™. The article report deals with the problems of professional training of future
programmers in the context of studying the disciplines of the fundamental cycle. The main topics and tasks of the course
"Exploration of operations" are described. The role of knowledge and skills in the research of operations in the preparation of a
specialist in computer sciences is determined.

Keywords: professional training, computer science, operations research, optimization tasks, optimal solution.

IMocranoBka npodiemu. B ymoBax iHpopMamiiiHOro cycnibcTBa MaTeMaTHYHa OCBiTa Bifirpae
BaYKJIUBY POJIb Y MiATOTOBLI (DaxiBIiB MPaKTHYHO YCiX Tajy3ei KUTTA. Y HayKOBill JiTepaTypi MOCTIHHO
00TOBOPIOIOTHCSI MUTAHHS MPU3HAYEHHS, MPOOeM, 3MICTYy MaTeMaTHYHOI OCBITH, TOIIYKY e(eKTHBHHUX
opraHizauifanx (opM HaBYaHHS, BUKOPHCTAaHHS NeJaroriyHMX iHHOBaWii Ta iHpopMaLiiHO-
KOMYHIKaI[IHHUX TEXHOJIOTIH Y BUKIaJaHH1 AUCIMILIIH MaTEMaTUYHOTO [IUKITY Ta iH.

Bumorn 1o MareMaTu4HOi OCBITH Cy4acHOro (axiBLs 3a3HaIM CYTTEBHX 3MiH: mmocialna poib
NETKUX PO3JUTIB KIACUYHOI MAaTEMaTHKH, 3 SBISAIOTHCS HOBI HaBYajdbHI MaTeMaTHYHI JIUCIUIUTIHH.
Be3ymMOBHUM 3anMIIaeThCA BIUIMB HABYAHHS MaTeMaTUKU Ha (OpMyBaHHS MEBHOTO PiBHS MaTeMaTH4YHOT
KyJIbTYPH, IHTEIEKTyaJbHOrO PO3BHUTKY, HAYKOBOI'O CBITOIJISITY, PO3YMIHHS CYTHOCTI HpPaKTHYHOL
CHPSMOBAHOCTI MaTeMaTHYHUX MOUCLHMIUIIH, OBOJNOMAIHHS METOAAMH MAaTeMaTUYHOTO MOJETIOBAHHS.
Oco0nuBO TOCTpO TMpoOJieMa HaBYaHHS MaTeMmaruili mocrae s IT- ¢axiBIiB, OCKIIBKH OCHOBY
MporpaMyBaHHsl CKIaJa€ HE TUIBKM 3HAHHS IEBHOI MOBHM MPOrpaMyBaHHS, & W YMIiHHS HOOYZOBH
MaTeMaTHYHOI MOZeNi, 3HaHHSA eQEeKTHBHHUX aJrOPUTMIB, MPOLECY CTBOPEHHS aJITOPUTMIB IS
PO3B’sI3aHHSI TOCTABJICHOTO 3aBIAHHS.

TakuMm 4MHOM, MaTeMaTH4HA IArOTOBKa — II€ CKJIAAHHUU MpOlec, OCHOBHUMH KOMIIOHEHTaMHU
AKOTO €. OfIep’KaHHs MEBHOI CHUCTEMH MaTeMaTHMYHHUX 3HaHb, OBOJOMIHHS IEBHUMH MaTeMaTHYHUMU
BMIHHSAMH Ta HaBUYKaMH{,; PO3BUTOK MaTeMaTHYHOro wMucieHHa. lLle mporec, gxuil 103BOJISE
30anaHcyBaTH TeHIEeHLIi yHaaMeHTami3amii Ta npodecionanizanii. BiH moBuHeH OyTH HeNepepBHUM: Ha
MOJIOALIMX Kypcax CTYAEHT 3aCBOIOE (PyHAaMEHTaIbHI MMOHATTS Ta HABUYKH, a Ha CTAPLINX — OBOJIOIBAE
npodeciiHIMK 3HAaHHAMH Ta IPUHOMAaMH, SIKi 0a3yI0ThCA Ha CIelialbHUX PO3/ijIaX MaTEMaTHUKH.

SkicHa migroroBka (axiBIiB, Y TOMY YHCIi MaTeMaTH4yHa, HUHI 0a3yeTbcs, B TEpIIy Yepry, Ha
CaMOCTIHHIN HaBYaNbHIN MiSIHHOCTI, SIKa CTa€ MPOBIAHOI B YMOBAX iHTErpallii HABYaIBHOT'O IMPOIIECY 10
CTaHIapTIB €BPONEHCHKOI CUCTEMHU OCBITH, sIKa 3aIPOBAHKYyE CKOPOUEHHS ayIUTOPHOIO0 HaBaHTAKEHHS
Ta 30UIBIIEHHS 00CATY CaMOCTIHHOI POOOTH, K OCHOBHOI ()OpPMH HaBYaHHS. AJie MPH LBOMY Ba>KJIHMBO
PO3yMiTH, IO caMOCTiiHA HaBYalbHa AISUIBHICTH — 1€ HE CAMOOCBITa CTYJEHTa 3a BJIACHUM IIJIAHOM, a
OpraHi3oBaHa Ta KepoBaHa BUKJIaJaueM AiSUIBHICTH, IO CIpPsIMOBaHA HA JOCSATHEHHS BU3HAUYEHOI METH
HaB4YaHHSA. Kypcun mMaTemMaTHMYHHX AMCHUILTIH JOCTaTHBO CKIaJHI Ta B OCHOBHOMY BHKJIAQAAlOTHCS Ha
MOJIOJIINX KypcaX, 1 CTYICHTH He B 3M031 BUBUMTH HaBUAILHUI MaTepian 0e3 JomoMoru Bukiaaaya [2].

AHajni3 ocraHHiX ny0mikamiii Ta gocaimKeHb. AHamizom crnenudiku 3amay y ranmysi
MpOrpaMyBaHHs 1 MUTaHHSAM MPOQeciiiHuX SKOCTEe MporpamicTiB y pi3HUH 4yac 3aiiManmcs ICUXOJIOTH i
nenaroru ®. bpykce, I'. Beitn6epr, H. Bipr, JI. ['pumko, E. eiikctpa Ta iH.
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Po3B’sa3aHHA 331249 ynpaBIiHHS TiCHO MOB’s13aHE 3 YCKJIaJHEHHSIM CaMoro 00’ €KTa aHATITUYHOrO
JOCHTIDKeHHS Ta (DYHKI[IH yIIpaBIiHHSA, 10, Y CBOIO Yepry, BUMAarae BiJl JOCHTiTHUKA BCE OUTBII MIMPIIAX
Ta TPYHTOBHUX 3HaHb y cdepi 3acTOCyBaHHS pPI3HOMAaHITHUX METOMIB A MOOYJOBU aJeKBATHHUX
eKOHOMIKO-MaTeMaTH4YHUX Mogeneld. Lliii mpobnemaTumi mOpHCBAYEHO MOyXe Oarato mpamb K
BITYM3HSHUX, TakK 1 3apyODKHUX BueHMX, 30kpema. b. €. BaueBchkoro, B. B. Bitmincekoro, I'. L.
BenukoiBanenko, B. K. T'aminunaa, H. E. €roposoi, O. . lllapamosa Ta iHImmx.

dopMyBaHHS MeTH AOCTIIKeHHs. MeTolo JOCHiIKEHHS € BU3HA4YEHHS JEIKHX AacIleKTiB
BHUKJIaJaHHA Jauciuiuting "JlocmipkeHHs omepaiiii” s OakanaBpiB crerianbHocTi "Komn’rotepHi
Hayku", po3risin mpobieM mpodeciiiHOl MiArOTOBKM MaiOyTHIX NMPOrpamicTiB y KOHTEKCTI BHUBYCHHS
JUCLHUIUTIH (yHAaMEHTaJIbHOTO HUKITY, HOPMYITIOBaHHS POJIi 3HaHb 1 BMiHb 3 JOCTIIKEHHS Onepamnii y
MiATOTOBLI (axiBIs 3 KOMIT IOTEPHUX HAYK.

Buknag  ocHoBHoro  marepiaay. CyuacHa  ramy3b  OporpaMyBaHHS — TOTpeOye
BHCOKOKBaNi()iKOBaHUX CHELIaIiCTIB, sIKi 3AaTHI po3poOUTH mporpamHe 3a0e3medeHHs s OyAb-sSKoi
cdepu MISUTBHOCTI, Tally3l BUPOOHUIITBA YU 0COOMCTUX MOTped MonuHu. CHEeKTp 3amuTIB CYCIUIBCTBA
Ta EKOHOMIKM Ha SKICHI Ta 3py4HI HporpaMd ajsl 3aJ0BOJICHHS NpodecifHMX 1KUTTEBUX MOTPeO
JOCTaTHRO WHMPOKUHA. TomMy HHUHI TporpaMyBaHHS € JOCHTH PO3BHHEHOIO 1 CKJIAJHOIO C(eporo
JISUTBHOCTI, 110 BUMArae MmoIryKy HOBUX MiAXOAIB A0 mpodeciifHOT MiAroToOBKM MaOyTHIX IPOrpaMicCTiB.

Oco0bnuBicTIO PoOOTH IMporpamicTa € HEOOXiAHICTh PO3B’SA3yBaTH Pi3HI 3a TUIIOM 3aBIAaHHS
BIIMIOBIIHO JI0 TEBHOI MpPEIMETHOI Tanmy3i Ta OymyBaTh MaremMaTWdHi Mmojeni. Hampuknazn, 3amadi
ONTHMI3allii BUMArarTh BiJ] IporpamicTta 3HaHHS YUCEIbHUX MeTOoMiB. I1ix yac po3B’s3yBaHHS 3aBJaHb
VIpaBIiHHS pecypcaMu BiJ MpPOrpaMicTa BUMAarae€ThCi 3HaHHS LIOAO0 POOOTH 3 BEIMKUMH MacHBaMH
JaHux, 0a3 manmx. 3aBmaHHs BH3, 3 MeTolo migBUINEHHS KOHKYPEHTOCIPOMOXKHOCTI BHITYCKHUKA,
miAroryBaTé (axiBus, SIKMA YCBIIOMIIIOE yBECh CHEKTp 1 cneun@iky 3aBlIaHb, 3 SIKUIMH HaldacTilie
CTHKAIOTHCS TIPOTPaMicTH Ta 3 IIEBHUM JJOCBIZIOM.

VY migroroBui OakalaBpiB 3 KOMIT'IOTEpHMX HayK BaKJIMBUM € (yHIAMEHTATbHUNA IHKII
mucuuiutid. Jucuumnina «JlocnimKkenHs onepawiii» BigoOpakae BaKJIMBHH HaIlpsIM PO3BHUTKY Cy4acHOI
MaTeMaTHKH. B Hill po3rnagaroTbesi MUTaHHS, MOB’S3aHI 3 BUKOPUCTAHHSIM KUTBKICHUX METOIIB VIS
NPUAHATTA HAaWKPaIIoro pillleHHs Y PI3HUX Tramy3sxX TiSUIbHOCTI JIoAWHU. JlaHa MUCLMIUTIHA CHpUSE
MOJANBIIOMY MiABHIIEHHIO PiBHA (yHAaMEHTalIbHOI MaTeMaTH4YHOI 1 KOMIT'IOTEpHOi MiATrOTOBKH
CTyIeHTIB [2].

VY HaBYaHHI JOCTIDKEHHS ONepauiid HEpO3PUBHO IMOEJHYIOTHCS Pi3HI KOMIIOHEHTH. HAayKOBHH,
TEXHIYHUHN Ta TEXHOJIOTIYHUH, SKi MO PI3HOMY MOJAIOTHCSA B 3aJIOKHOCTI BiJl PIBHS Ta I[JIeH HaBYaHHS.
Ale Ha KO)KHOMY piBHI 000B’SI3KOBO Mae OyTH 3Haii/ieHe Micue A QyHAaMeHTaIbHHUX 3HaHb, POJIb IKUX
9YacTO HENOOLIHIOETECS. Y MeNaroridHiidi mMpaxkTUli HaBUYaHHS BBEIETHCS TEPEBAXKHO B TEXHOJIOTTYHOMY
HAaIpsIMKYy.

Pazom 3 THM, KIIOYOBY poib y Iporeci ¢yHAaMeHTami3amii 3MiCTy HaBYaHHS BiOirparoTb
(yHIAaMEHTANbHI MOHATTS, SKI TAKOX TICHO TOB’s3aHi 3 0a30BUMU MOHATTSIMH CyMDKHUX JUCIMILIIH.
Tomy, BHOKpemiIeHHS (yHIAMEHTAJIBHUX TOHATH JOCHI[DKEHHS omepauid, ix ycBimomieHHS 1
3aKpIMJICHHS Yepe3 JOCBiA JOCIITHUIILKOI MisJIBHOCTI € IHTErpyBaJbHUM KOMIIOHEHTOM OpraHizarlii
HaBYaHHS JUCLUILIIHYI, CTBOPEHHS MIKIIPEMETHHIX 3B’ SI3KiB, JOPMYBaHHS Y CTYIEHTIB L1IiICHOI CHCTEMH
3HaHb 1 YSABJEHb AK MPO TEOPETHUYHI OCHOBM, TaK 1 MPO IUIAXH 3aCTOCYBaHHS OTPUMaHUX 3HaHb Ha
MIPaKTHIIL.

DyHIaMEHTATPHUMHE Y 1[Il TUCIMILTIHI TIOCTAI0Th TOHSTTS: OMNepallis, MOAEIb, aJropuT™, rpad,
a TakoXX TICHO TOB’S3aHi 3 HUMHU TOHSATTS METOAY, Npouenaypd, (QyHKIlii, Mo 3araioM ¢(opMyHOTh
¢dyHaaMeHTaNbHE SAPO HaB4aHHS. [0 TOro K, y 3MicTi HaBYaHHS Ba)KJIMBY pOJb BiIIrpaloTh Tak 3BaHi
(dbyHAaMeHTaJ bHI aNrOPUTMH, SIKUMH Tpeda OMaHyBaTH NHpPU PO3B’SI3aHHI MEBHOTO HA0OPY KIACHYHHUX
3aga4. Jlo HUX BITHOCHMO: 3a1a4i PO3NOALTY pecypciB (TpaHCIIOpTHA 3ajaya, 3a/1aya Mpo MPU3HAYCHHS);
3aJjaya MEPEeKHOTO IUIaHYBaHHS,; 3a7aya BUOOpY MapupyTy (3amada KOMiBOsbKepa); 3a7adi Teopii irop.
Ha npuknani HaBuaHHA i€l TUCHMIUTIHM MOXKHa MPOJEMOHCTPYBaTH B3a€MO3B 30K MaTeMaTHYHHX
METOZIB 1 peasizamii BIIMOBIAHUX 10 HUX ONepaliil i alrOPUTMIB 3 Bi3yami3alli€lo pe3yabTaTiB, uepes sKi
BiJI0Opa)kaloThCsl CITIIBBIHOIICHHS TIEBHUX 00’ €KTIB Ta iX BIacTHBOCTEH[4].

Ilpy BHBYCHHI HaABYAJIbHOI MUCHUILTIHA «J[OCTiUKEHHS oOrmepalliii» 3BEpTAEThCsA yBara
Ha: O3HAOMJICHHS CTYJEHTIB 3 OCHOBAMHM MAaTE€MaTH4HOrO amapaTy, HEOOXiZHOro AJs PO3B‘SI3aHHS
TEOPETUYHUX 1 MPAKTHYHHUX 3a]ad, MOB’A3aHUX 3 ONTHUMI3alli€l0; PO3BUTOK JIO'IYHOIO MHCICHHS Ta
MiABULICHHS 3aralbHOTO PIBHA MaTEeMaTHYHOI KyJIbTYpH; 3100YTTS HABUYOK JOCITIHKEHHS HMPUKIaTHIX
NUTaHb Ta YMIiHHS TEPEBECTH 3ajadyy Ha MaTeMaTW4Hy MOBY; (OpPMYBaHHS HABHYOK CAMOCTIHHOTO
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BHUBYEHHS Y40OBOI1 JIiTepaTypH 3 IOCTIDKEHHS Omepaliid; 3aCTOCYBaHHS OTPUMAaHUX 3HAHb ISl aHANI3Y,
MOJICIIIOBAaHHS 1 pO3B’sI3aHHS MPUKIAHUX 3314 13 3aCTOCYBaHHSIM KOMIT FOTEpHOT TexHikH [3].

Meror0 BUBYEHHS ITUCHMIUTIHU € (JOPMYBaHHSA y CTYAEHTIB TEOPETHYHUX 3HAHb 1 MPAKTUYHUX
HaBUYOK (popmMaizallii 3a7a4 3 BUKOPUCTAHHSM CIEIialli30BaHUX OMTUMI3AIIHHUX METOIIB .

HaByanHs nocnmipkeHHA omepamii y cucTeMi MArOTOBKM (axiBIiB 3 KOMITIOTEPHUX HayK
BiZlirpae 0COONMUBY BaXKJIMBY poib, 60 TOEAHYE B 001 sIK QyHIaAMEHTAIbH] MOHATTS 1 MPUHIHUIHN Pi3HUX
MaTeMaTHYHUX Ta KOMI IOTEPHUX JUCLUILTIH, TaK 1 MPUKIAagHI MOJENi i alrOpUTMH iX 3aCTOCYBaHHS. Y
HIl peami3yloThCs OCHOBHI HAayKOBI MIXOAM IO MATEMAaTUYHOTO MOJICITIOBAHHS  IPOIIECIB,
OOTpYHTYBaHHS pillleHb, MATEMaTHYHOI'O ONMUCY 0a30BUX MOHATH i MPUHLIMIIB peaizauii iHpopMaiiHux
MPOILIECiB OMpPALIOBAaHHS IaHWX, IIO BJAacHE 1 € MPEeIMETOM KOMII'IOTEPHOTO MOJCIIOBaHHS B
iHdopmarui [5].

3rigHo po0o4Y0i HaBYAIBHOI MPOTrpaMH JUCLUUILUTIHM PEKOMEHAYETHCS DPO3TISHYTH OCHOBHI
OPUHIUNK Ta 3aj4adi JOCHIDKEHHS OIepalid, TeopeTHYHi OCHOBM IJIIHIMHOTO MpOrpaMyBaHHS,
CHUMILJICKCHUI Ta JBOICTHH CHUMIUIEKCHHH METOIM PO3B’S3yBaHHS 3alay JIHIHHOrO NporpaMyBaHHS,
METO/I IITYYHOro 0a3ucy 3HaXOKEHHS OIIOPHOTO PO3B 3Ky 3a/a4 JiHIHHOro nporpamyBaHHs. JletanbsHo
PO3IIIAAETHCS TEOPis ABOICTOCTI y JIHIHHOMY MporpaMyBaHHI Ta ii eKOHOMIUHMH 3MicT. Posrisimaerses
TPaHCIOPTHA 3ajaya JIHIMHOrO MporpaMyBaHHA, a TaKOX 3ajJada IUIOYHCENBHOrO JIiHIHHOro
mporpaMyBaHHs, 3ajada KOMIBOsDKEpa, 3aladi JMHAMIYHOTO INPOrpaMyBaHHS, CHCTEMa MacOBOTO
00CITyroByBaHHsI, TEOPis irop.

[MoTpiOHO Tixm yac BWUBYCHHS IUCITUILUTIHM JOCHIJDKCHHS Omepalii 03HalOMUTH CTYACHTIB 3
OCHOBHHMH 33/1a4aMH JTOCHIIKEHHs onepaniid. THIOBUMH KlacaMu 3a/1a4 JOCTIHKEHHS oneparii €:

Ynpaeninna 3anacamu. 13 30iMbpLIICHHSAM 3amaciB CTBOPIOIOTHCS YMOBH Ui OUTBII PUTMIYHOI
poboTH BHpPOOHMITBA. 3amac — [€ TapaHTisi MOXIJIWBOCTI BUKOHAHHS OyIb-IKOrO 3aMOBJIEHHS. SIKII0
3amaciB He BUCTAayae, TO MOXJIMBI 3HA4HI 30MTKH 32 paXyHOK HEBUKOHaHHS 3000B’s3aHb. AJie pa3oM 3
TUM 30UTBIIYETHCST 3MEPTBITMI KamiTal i BUTpaTH Ha 30epiranHs. HemapeMmMHO iCHYIOTh HiIXNpPHEMCTBA,
AKi 30BCIM HE MAlOThb CKJIafiB. X 3aMiHIOIOTh MaWIaHYMK{A [JIsI PO3BAaHTAKEHHS OTPUMAaHOl Ta
BiJBAHT)XEHHSI BUTOTOBJICHOI MponyKuii. BuHuKae mpobiema ympaBmiHHS 3amacamMyd NpH HaiMEHIIUX
BUTpaTax.

Posnodin pecypcis. Pecypcn — 1ie rpomri, Matepiand, JOJChKa Tpans i T.1. Pecypcu 3aBxkiau
oOMexeHi 1 B pi3HUX BUpoOax 3abe3neuyroTs pizHuil npudyTok. Hanpukian, Mu MaemMo marepito, 3 SKoi
MOXXHa BUTOTOBUTH a00 4ONOBIUNH, a00 KiHOUMH, a00 AUTSUMNA OST 32 PI3HUMHU L[IHAMU Ta PUOYTKaMU.
Bunukae npoGiema posnoniny jroaei, Matepii Ta iHIIMX pecypciB MK BHPOOaMH 3 METOI0 OTPUMAaHHS
HaOUIBIIOr0 MPUOYTKY.

Peymonm ma 3amina obnaowanwns. 3actapine oOllagHaHHS BHMAara€ BUTPaT Ha PEMOHT 1 Mae
3HIKEHY MPOAYKTHBHICT. [loTpiOHI po3paxyHKH Ajsl MPUHHATTS PIlIEHHA MO BU3HAYEHHIO TEPMIiHIB
PEMOHTY Ta 3aMiHU 00NaAHAHHA, SKi 32a0e31euyloTh HaOUIBIINI MPUOYTOK.

3aoaui macosozo 0bcnyeo8y6anHs. PoO3TASAAIOTh TUTaHHSI CTBOPEHHS Ta (YHKIIOHYBaHHS depr
(Ha 3aBOJICBKOMY KOHBEWEpi; y 3ali3HUYHIN Kaci; JUIS JITaKkiB HaJ aeporopToM, M0 WIYTh HA TOCAAKY;
KITIEHTIB B aTelibe MOOYTOBOrO OOCITYroByBaHHS; aOOHEHTIB Michkoi TenedoHHOI craHuii). [TorpiOHO
PO3B’s13aTH MPOOIEMH SIKICHOTO 00CIIyrOBYBAaHHS IIPU MiHIMAIBHUX BUTpATax Ha 00JaHAHHSL.

3a0aua pioksaka: prok3ak (BaHTa)KHa MalllHA, BaroH, CYIHO, JIITaK) Mae OOMEXKEHY
BaHTaXHICTh. [10TPIOHO Tak 3aNIOBHUTH PIOK3aK, 1100 OTPUMATH MaKCUMallbHUI puOyTOK [1].

3anady makyBaHHS pIOK3aKa BUKOPHCTOBYIOTH [Tl MOACTIOBAHHA PI3HUX MPOOJIeM, 30KpeMa.

— y cHCTeMax MiATPUMKH YIpaBIiHHS MopTdeneM s OanaHcyBaHHS Ta IuBepcudikarii
BUOpaHMX KalliTAJIOBKJIAAEHb 13 METOIO MOIIYKY HaWKpamoro 0aiaHCy MK PU3HKaMH Ta €eKTUBHICTIO
BKJIa/IiB y Pi3Hi (JiHAHCOBi aKTHBH,

— IpH 3aBaHTaXKEHH1 YOBHA a0o JiTaka: BUOIp Oaraxis A ONTUMAIBHOIO 3aBaHTAXKEHHS
TPaHCHOPTHOTO 3aco0y;

— y KPOEHHI pi3HUX MaTepialliB (TKaHWHH, CTAJICB] JJUCTH TOIO): BUOIP ONTUMAIBHOI CXEMHU
PO3KpOIO MaTepiaiiB 3 METO 3MEHIIIEHHS KUTBKOCTI BiJIXOJIB.

Takok mochimKeHHs wLi€l 3aJadi KOpUCHE ISl TIOUIYKY PO3B'SI3KiB METOAOM TE€HEpyBaHHs
CTOBIYMKIB Ta B 3aJaui 3aBaHTAKCHHsI KOHTECHHEPIB.

CryneHTaM MporpamictaM Ba)XJIMBO 3alPOIOHYBATH Ha MPAKTUUYHUX 3aHATTAX pealizyBaTH
ANTOPUTMH JOCIIPKEHHSI OnepaLiii Ha MpaKTHIIL.

V 3araipHOMY BHUIJIAII 3aBIaHHA MOXKHA C(POPMYIIOBATH TaK: i3 3a1aHOI MHOKHUHH MPEIMETIB 3
BJIACTUBOCTSIMU «BapTICTh» 1 «Bara», MOTPiOHO BigiOpaTH sSIKECh YMCIO MPEAMETIB TAaKUM YMHOM, 1100
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OTPUMATH MaKCUMaJbHY CyMapHy BapTiCTh IPU OJHOYACHOMY JOTPHMaHHI OOMEXKEHHS Ha CyMapHy
Bary.

Hexaii P (i)> 0 i W (i)> 0 — BiamoBigHo BapricTh i Bara i-ro mpeamery, aei = 1,23, .., N,
a N — umcno mpenmeris.

[TorpibHO 3HaiTH Takuii OyneBuii BekTop X po3mipHicTio N |, 1e

X (i) = 1, gxmo nmpexMeT 3 HOMEPOM | TTOKJIaICHUH B PIOK3aK;

X (i) = 0, Ko mpexMeT 3 HOMEPOM | He MOKIIa/ICHO B PIOK3aK;

mo6 Oyma makcumanbHO cyma X P (i) X (i) i BukonyBanacs HepiBHicth X W (i) X (i) <
C, ne C > 0 — MICTKICTh pIOK3aKa.

PosrnsiHeEMO BapiaHT alrOpuUTMY pO3B'si3aHHS 33]]a4i PO PIOK3aK 32 YMOBH, L0 Bard IPEIMETIB €
HaTypaJbHUMH YHCIIAaMH, @ BapTOCTI NPEIMETIB € IIHCHUMH 4HciIaMd. HaBenemo omuc anroputMmy
PO3B’SI3KY 3a/adi Ipo PIOK3aK 3 eIeMEHTaMHU MCEBIOKOY.

INPUT : // Bxinni nani

Macusu Buxinnux aanux (B/I) mictsats mini Baru W i niiicui Baprocti P mpeamerie W (1... N) >
0iP(1... N)>0, me N uucno npeameriB i C > 0 — MICTKiCTh prOK3aKa.

OUTPUT: / / Buxinui gaHi

Macwug S micTuTh iHIEKCH eneMeHTiB BJ] ckmamoBuxX ONTUMAaIbHOTO PO3B’SI3KY 3aaadi Mpo
PIOK3aK.

START / / nouatok anroputmy

Etan 1// copryBanus B/l

Copryemo BJ] B mopsaKy 3MeHILIEHHS BApPTOCTi IPEIMETIB:

PAL/WQ>=P@)/IW2)>=..>=P0/W(@{H>=..>=P(N)/W(N), neP (i)>0
Bapricts npeamera i , W (i) > 0 Bara npegmera i.

Jiis1 3HWKeHHA noTpedu B maM'sTi U aNropuTMy BU3HaYa€EMO MiHIMaJbHY Bary B Habopi B/

W_min = min (W)

Eran 2 / / inimiamizariist poOo4nx MacuBiB

CrBoproemo  MacuB  miiicHux — uucen LP posmipaictio (W_min... C) i wMacuB  minmx
yucen LCr posmipaictio (W_min... C).

3anocumo B MacuB LP i LCr gani mepimoro exeMeHTa 3 BicopToBaHoro crnucky B/I.

LP(W(1)) =P(1)

LCr(W(1))=1,

ne P (1) Baptictb i W (1) Bara meporo npeaMery B BiicoproBaHomy crnucky B/l

Etan 3 // 3anoBHeHHS poO0YHX MacHBiB

FORi=2TO N // tukn cepen eqeMeHTiB, 110 3amuimuaucs B

Hexaii W (i) i P (i) Bara i BapTicTh moTo4HOrO0 enementa B/l

CTBOproemMo nmopoxHiit MacuB aiiiciux uucen Clone posmipnictio (W_min... C) .

Buaocumo B macue Clone Bapricth moTounoro enementa B/l

Clone(W(i) ) = P(i)

Komitoemo B wmacuB Clone HenynpoBi maHi 3 macuBy LP momaroum Bapricts P (i) morounoro
eneMeHTa 1 30UTbLIyroun Horo inmexc Ha Bary W (i), 3a ymoBu mo ingekc B Clone He mepeBHmmTh
MicTKocTi prok3aka C.

FORj=W_minTO (C - W(i))

IF LP(j) >0 THEN

Clone(j + W(i) ) = LP(j) + P(i)

END IF

NEXT // xiHenp UKy KOMiFOBaAHHS

ITpoBoaumo moaudikamito macuBiB LP , LCr Ha ocHoBi manux macuBy Clone . OnoBioemMo B
macuBax LP , LCr Tinbku Ti ennemenTH BapTicTh sikux y Clone 6inpmre ik y LP .

FORj=W_minTOC

IF Clone(j) >0 AND Clone(j) > LP(j) THEN

LP(j) =Clone(j)

LCr(j)=1i

END IF

NEXT // xinens 1uxny momaudikamii LP, LCr

NEXT // xiHern UKy cepest eIeMEHTIB 10 3aTUIITAINCS

Eran 4 / | popmyBaHHs pe3ynbTaTy, 3BOPOTHIH CITyCK

© Jlimuaa H.M., Jlimuaa B.O.



70 Hayxosuil srcypruan "KoMi roTepHo-iHTErpoBaHi TEXHOJIOTIi: 0CBiTa, HAyKa, BUPOOHULITBO"
Jlyyvk, 2017. Bunyck Ne 28-29

CTBOPIOEMO MOPOXKHIM MAacUB LIMUX YUcen S AJIs 3alI0BHEHHs Horo innekcamu npeametis B/l Y
MmacuBi LP 3Haxomumo MakcuManbHe 3HaueHHs BapTocti Pmax = MAX (LP), ume BapricTh 3HaiineHOro
ONTUMAJILHOTO PO3B’S3KY . IHAEKC 3HAWIEHOr0 B MacHBi eJeMeHTa IOPIBHIOE Ba3i pO3B’s3KY, TO3HAYNMO
fioro Wr , To6to LP (Wr) = Pmax .

[l ks hopMyIrOBaHHS pe3yabTaTy

UNTIL Wr >0 // ecma Wr = 0, pe3ynbTat chopMyabOBaHUI

LCr(Wr ) -->S // 3anocumo inaexc B/ B pesynbrar

I/ 3menryemo Bary po3BsI3Ky Ha Bary 100aBJICHOTO B Pe3yJIbTaT IPEIMETy

Wr =Wr - W(LCr(Wr))

NEXT // xineup mukity (opMyiTIOBaHHs pe3yiibTaTy

FINISH // xineup anropurmy.

[IpencraBneHunii anropuT™M OO3BOJSE OTPUMATH TOYHHMH PO3B’SA30K IIIOYHCENBHOI 3a7adi mpo
PIOK3aK.

3a0aua xomigosidcepa. ToONSATaE y 3HAXOMKEHHI HAWBUTIAHINIOTO MapupyTy, IO HPOXOIUTH
Yyepe3 BKazaHi Micta xoda O 1o ogHOMY pasy. B ymoBax 3aBaHHSI BKa3ylOTbCS KPHUTEpPid BUTIIHOCTI
Mapupyty (HaiKOpOTIIHiA, HaiiiemeBIINiH, CyKyITHHI KPUTEpPil TOIIO) 1 BIAMOBIAHI MaTpPUII BiICTaHEH,
BapTOCTi TOIIO. 3a3BUYail 3aJaHO, IO MAPIIPYT MMOBHHEH MPOXOAWTH Yepe3 KOKHE MICTO TUIBKU OJMH
pa3, B TakOMy BHUIAJKy PO3B'I30K 3HAXOIAWTHCS Cepell raMiIbTOHOBUX LUKIIB. IcHye mMaca pi3HOBHIIB
y3araJpHEHOI ITOCTAaHOBKH 3aJIayi, 30KpeMa reoOMeTpUYHa 33/1a4a KOMIBOsbKepa (KOJIM MaTpHLs BiCTaHeH
BizoOpakae BiJicTaHi MK TOYKaMHU Ha IUIOLIMHI), TPHKyTHA 3ajJada KOMiBOsDKepa (KOJIM Ha MaTpHIli
BapTOCTEil BHKOHYETHCS HEPIBHICTh TPUKYTHHKA), CUMETPHYHA Ta acCHMETpHYHA 3a/jadi KOMiBOsDKEpa.
IIpocti wmeromum po3B'A3aHHs 3a7adyi  KOMIBOsDKepa: TOBHUHM  JekcuyHMid — mepe0ip, sxkamiOHi
anropuT™Mu (METol HaHONMMKYOro Cyciga), METOJ BKIIOYCHHS HAaHOMIKYOro Micra, METOA
HaIeMEeBIIOr0 BKIIOYEHHS, METOA MIHIMaIbHOTrO KicTsKa AepeBa. Ha mpakTwii 3acTOCOBYIOTH Pi3Hi
Momudikanii eQeKTHBHIIMX METOJIB: METOJl TLIOK 1 MEX 1 METOJ] TEHETUYHUX QJITOPUTMIB, a TaK
CaMo aJITOPUTM MypamnHOi KoioHii. Bei edexTuBHI (Taki, MO CKOPOYYIOTH NMOBHHU Iepedip) MeTomu
PO3B'A3aHHA 3a7a4i KOMiBOsDKEpa — €BPUCTUYHI. Y OLIBLIOCTI €BPUCTHYHUX METOIB 3HAXOAWTHCS HE
Hale) eKTUBHIMIMI MapmIpyT, a HaOMMKeHHH po3B'si30K. KOpHCTYIOThCS MOMyNIsSpHICTIO Tak 3BaHi any-
time airopuT™Mu, TOOTO aJIrOPUTMH, LIO MOCTYNOBO MOKPALIYIOTh NESKUN MOTOYHUN HAOIMKEHUH
PO3B'A30K.

Po3B’s3aHHs OyIb-AKOl 3a7a4i JOCTI/DKEHHS Ofepallii TpaguiiiHuM pydHuMm crmocodom (6e3
3aJy4eHHs 3ac001B OOUMCITIOBAILHOI TEXHIKH) OTPeOye BiJ| CIIEHIANICTIB BEIUKUX 3aTpaT CHJI 1 4acy JIst
3IIMCHEHHSI iTepallifHUX MPOLECciB HAOMMKEHHS A0 ONTUMAIBHOTO 3HAYECHHSI.

IcHye psig mOTYXHHX iHQOpMAIfHUX CHCTEM, LI0 3HAYHO 3HMIXKYIOTh PHU3HMK OAEp>KaHHS
MOMMJIKOBOT'O PE3YJIBTATy 1 Ha JIeKiIbKa MOPSAKIB CKOPOUYYIOTh Yac PO3B’A3aHHA 3a7ad. s po3B’sa3aHHs
3amad JOCHiPKEHHS Orepanid HaHOUIbII BIOANMM € BUKOPUCTAaHHS Cy4acHOi iH(pOpMaLiiiHOI chcTeMH
Microsoft Excel Bepcii 7.0 i Bumie. IlosicHIOETBCS — 1ie, HacaMmmepel, THM, IO JaHA CHCTEMa €
NPOrpaMHUM IHCTPYMEHTOM JJIsl PO3B’si3aHHS iHIMX (HE 3B'I3aHUX i3 MOMIYKOM EKCTpEeMyMy) 3anad.
Benukoto nepeBaroto cucteMu € ii yHiBepcaibHicTh. [IpakTHuHO Oynb-sKi THIH 3aad MaTeMaTHYHOro
nporpamMyBaHHs MOXKYTh OyTH YCIIIIHO po3B’si3aHi 3a momomoror Microsoft Excel. Tyr neoOximHo
0cO0JIMBO MiAKPECTUTH, 110 MaTEMAaTUYHI MOAENI MOXYTh HOCUTH JHCKpPETHHUH xapaktep. OmHak mpu
BEJIMKIA PO3MIPHOCTI 3a/adi ii po3B’s3aHHS 3a JOMOMOTOI0 JaHOI CUCTEMH MoXe OyTH Hee)eKTHBHUM
dyepe3 BEJIHMKI BUTpPATH 4Yacy. Y I[bOMY BUIAAKY MpPH HEMEPEepBHOMY XapakTepi MaTeMaTHYHOI MOAEN
3a7a4i MOXKHa BUKOpUCTOBYBaTH iHpopMmauidHy cucremy MathCAD. Bubip mmx cucreM sk
IHCTpYMEHTAIBHUX MPOTrpaMHHUX 3aco0iB sl PO3B’si3aHHs 3aa4 OCHiKEHHS orepaliii 6arato B 4omy
00YMOBIICHHH IXHBOIO MIMPOKOIO MOMYJISIPHICTIO 1 TOCTYIHICTIO [1].

BucHoBku. B pe3ynbraTi BUBUCHHS AMCHUILIIHN «J{OCTIKEHHS oepamiii» CTyAeHTH MMOBHHHI
OTpUMAaTH 3JATHICTh 3AIMCHIOBaTH (OpPMaNli30BAaHUN OMHMC 3a7ad  JOCTIDKEHHS omepaiii B
OpTaHi3alifHO-TEXHIYHUX 1 COL1aJbHO-EeKOHOMIUYHMX CHCTEMax pIi3HOr0 NpU3HAYEHHS, BH3HAYaTH iX
ONTUMAaJIbHI pillleHHs, OyAyBaTH MOJENi ONTHMalbHOrO BHOOPY YIPAaBIIHHSA 3 ypaxyBaHHSM 3MiH
nmapamMerpiB  €eKOHOMIYHOI CHTyalii, ONTHUMI3yBaTH TMPOLECH VIPaBIiHHI B CHCTEMax pI3HOTO
MpHU3HAYCHHS Ta piBHS iepapxil. bakamaBpu 3 KOMIT'IOTEPHHX HayK Ha MPAaKTUYHUX 3AHSTTAX BYATHCS
(dopMyIIOBaTH METY YIPAaBIiHHS OPTaHi3allifHO-TEXHIYHOI0 Ta EKOHOMIUHOIO cHUcTeMaMH, (OpMyBaTH
CHCTEMY KpUTepiiB SKOCTi yIpaBiiHHS, OyAyBaTh MaTeMaTH4YHy MOJAENb 3ajadi, BHOMpaTH Ta
3aCTOCOBYBATH BIAMOBIAHWH METOH PO3B’sI3yBaHHS 3ajadi ONTHMi3allii, 3HAXOMUTH ii ONTHMAaJIbHUHA
PO3B’SI30K, KOPUT'yBaTH MOJAENb i PO3B'SA30K HA OCHOBI OTPUMAaHUX HOBHX 3HAHB IO 3a/a4y W OIeparito,
BHPOOJIATH YIPaBIiHChKE PIllICHHS IIOJO0 MOCIIPKYBaHOI oreparii ¥ BHKOHAHHS I[bOTO pIllICHHS,
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HamionansHuil TexHIUHUNA yHiBepcuTeT Ykpainn «KuiBChKHil MOMITEXHIYHUH IHCTHTYT»

MOJIHU®IKOBAHUI1 CIIOCIE IIOBHOI'O EPEBOPY JIJIsSI BU3SHAYEHHS BIIOBITHOCTI
JEPEB

Mapuenko O.L, Jluman .M. Monudixopanuii cnocié nosuoro nepedopy AJjisi BU3HAYeHHs BilIOBigHOCTI aepeB. Y
CTaTTI 3aPOIOHOBAHO CIOCIO, KU HaTae MOXKJIUBICTH OLTBII IIBHIKOrO BH3HAYCHHS MOBHOI a00 4acTKOBOI BiAMOBITHOCTI JBOX
JIepeB, HDK CIOCOOOM MOBHOTO mepebopy. 3anporoHOBaHU crocid € Mogudikaiiero crocody MoBHOro nepedopy 3 BUKOPUCTAHHSIM
JIONIAaTKOBUX CTPYKTYp HaHMX Ul BU3HAYEHHsS MOXJIMBOCTI JOCTPOKOBOI'O 3aBEpIICHHS 4YeproBol iTepaiil HOpIBHSHHS Y BHIIAAKY
3HAXOKCHHS HEBIATIOBITHOCTI MK JiepeBamu. Pe3ynpTaTroM poOoTH criocody € MHOKHHHU BEpIIU Ta pedep 3 4aCTKOBOK a0 MOBHOO
BINMOBIMHICTIO MK JIepeBaMH, 1110 TTOPIBHIOIOTHCS.
Kuiouosi ciioBa: rpad, nepeso, izomop¢uicrs, Bignosinnicrs nepes, NP 3agaua.

Mapuenko A.U., Jluman /L.H. MoinpunupoBanuplii cnocod mosHoro mepedopa 1Jisi onpenejleHUsi COOTBETCTBHS
JepeBbeB. B crarbe mnpemiiokeH crnoco0, KOTOPbIH IPenoCTaBiseT BO3MOKHOCTh Oosiee ObICTPOrO OIpEAeaCHHs IIOJHOIO I
YACTHYHOINO COOTBETCTBHSI JBYX JCPEBbEB, YeM CIOCOO MONHOro mnepebopa. I[IpeasiokeHHBIH Coco0 SBISETCS MOIU(HUKAIUCH
criocoba MoJIHOTO Iepedopa, ¢ UCHOJIb30BAHUEM JIONOIHUTEIBHBIX CTPYKTYP JaHHBIX JJI1 ONpeeIeHNs] BOSMOXKHOCTH JOCPOYHOIO
3aBEpIICHNS OYEPEeAHON MTepaluy CPAaBHEHMS B Cllydae OOHAPY)KCHHs HECOOTBETCTBHS MEXIy AEpeBbsMH. Pesymbrarom paboThl
crioco0a SIBISIOTCS] MHOKECTBA BEPIINH U pedep ¢ YaCTUUHBIM HIIH ITOJIHBIM COOTBETCTBUEM MEXKLy CPAaBHHBAEMBIMH JAEPEBbSIMH.

Kmouesble c1oBa: rpad, nepeso, n3o0MopgHoOCcTh, cooTBeTcTBHE AepeB, NP 3amxaua.

Marchenko O.l., Lyman D.M. Modified brute force algorithm for determining trees correspondence. The proposed
method allows quicker determining the complete or partial correspondence between two trees compared to brute force method.
Presented method is a modification of brute force method. It uses additional structures to determine the possibilities of early
termination of the current comparison iteration when discrepancy between trees detected. The method produces sets of vertices and
edges with partial or full trees correspondence.

Keywords: graph, tree, isomorphic, tree congruence, NP task.

Puc. 1,/Tim. 9.

ITocTanoBKa HAayKOBOI IPOO/IEeMH.

3amaga BU3HAUEHHS BIAIOBIAHOCTI JIEPEB € YACTKOBUM BHITAIIKOM OLNTBIII 3araibHOI 3a7a91 BUHAYCHHS
BomopdHrocti rpadis [1], sika BUKOPUCTOBYEThCS y GaraTbox cepax je MOXKHA CHPOCTUTH pealbHy MOIEIb
1o nepesa. Hanpukiazn, ofHUM i3 3aCTOCYBaHb y c(epi aBTOMATH3aLlil MPOEKTYBAHHS EJIEKTPOHHUX CXEM €
BepHr(iKalis IpenCTaBIeHHS Pi3HUX CXEM, II0 BUKOHYETHCA 3aBASKH IMOLIYKY BiAMOBIIHOCTI MK rpadamu,
NPY CTAaTUYHOMY aHaNi31 BHUXIJHOTO KOXy JIEAKi CocoOM 3HAaXOMKEHHS MyOiikaTiB moOymoBaHI Ha OCHOBI
MOMIYKY MOAIOHOCTI MiX AepeBaMu. 3arajJbHWH BHIIQJOK pilIeHHSA 3a1adi izomop¢isMy € 3amadero, Ky
BimHocaTe 10 Tpymu NP-moBHmx 3amau [2]. YacTkoBuil BHMAZOK i€l 3ajavi, KOMM BH3HAYAETHCS
BIATIOBIAHICTH MK JI€pEeBaMH, MOXe OYTH CIPOILICHNH 3aBASKN BiCYTHOCTI OyAb-SIKOTO By IUKIIYHOCTI y
JiepeBax, HasgBHOCTI ONHI€I KOpeHEeBOi BEpIIMHH, BiJ sIKOI OyAylOThCS 3B’SI3KM 3 IHIIMMH BEPIIMHAMH, Ta
IHIIUMHA XapaKTepUCTUKaMH JepeBa 3rimHo Teopii rpadi. [lomyk cmocobiB NpHCKOpEHHS IpOoLecy
BU3HA4YCHHS i30MOp(HOCTI AepeB Ha OCHOBI iX OiMBII MPOCTOi CTPYKTYpH, HDK y rpadiB, € aKTyaIbHOIO
3a71a9ero.

AHaJi3 nocIigxKeHb.

3agada BU3HA4YEHHA 130MOp(HOCTI BOX TpadiB, fKa € OLIBII 3aralbHOI0 33/1a4€i0 PO3IITHYTOI y il
crarti, € NP-nioBHOI0. Bupimenuro NP-noBHHX 3a/1a4 mpucBAdYeHa BelMKa KUIBKICTh HAyKOBHX CTareH, a B
JNesKAX 3 HAX HaMaraloThCs BUPIMMTH dYacTkoBi Bumamku [3]. Sk Bimomo, nepeBa € IIMHOXHHOIO
HEHAINpPaBICHUX TPadiB 31 CBOIMHU BIACTHBOCTSIMH, IO CIIPOIIYIOTH MOMKIIMBICTS BU3HAYEHHSI BiIIOBITHOCTI.

V crarri [4] nponoHyeThCst BUPIlICHHS! TPOOIeMH BU3HAYCHHS BXOIKCHHS JICPEB 3aBISKU CTBOPCHHIO
CTPYKTYPH JAaHUX, fKa 33/1a€ MHOKUHY NPOLEAYp I BUKOHAHHS aJTOPUTMY ITOBHOTO repedopy. Kimacimanum
CIIOCOOOM BHPIIIEHHST JaHOi 3aja4i BBaXKaeThcs anroputMm Ympmana [5]. Crocobw, mo MaroTh Ha MeTi
CKOpPOYEHHS KUTBKOCTI il Ui BCTAHOBIICHHS BiJIOBITHOCTI BIMPI3HSAIOTHCI MK COOOI0 MiIXOMaMH IS
BUpiIIeHHs Ii€l 3amadi. Hampukmaz, icHyloTh crmocoOH, mo aHadi3yloTh BXiAHI MOJAETI Ta 3aCTOCOBYIOTH
CTPYKTYpOBaHi METOIM MPOTHO3YBaHHs pe3ynbrary [6] abo BUKOpHUCTOBYIOTH TpaHchopMamil Aasi 3BeICHHS
npoOeMH A0 3a1adi MOIIyKy MaKCUMaIbHOI KIIKH y rpadax Ta moOyZOBH JONMOMDKHUX CTPYKTYpP AAaHHX Y

© Mapuenxo O.1., JIuman I.M.



Hayxosuii acypnan KoM 1oTepHO-iHTErpOBaHi TEXHOJIOTI{: OCBiTa, HayKa, BUPOOHUITBO" 73
Jlyyok, 2017. Bunyck Ne 28-29

BUDISI rpadiB acoriaiiii, BAKOPUCTOBYIOUH KOHIICTILIIFO 3B’ sI3HOCTI Teopii rpadis [7].

Merto1o 1aHOi PoGOTH € pPO3pOOIEHHS cITOcO0y IS MPHCKOPEHHS MPOIeCy BU3HAYEHHS BIATIOBIIHOCTI
MDK BepIIMHAMHM JBOX BXIJHHX J€PEB 3aBISIKH YaCTKOBOMY OOXOmy Ta MOOYTOBI CIIOBHHMKa MOBHOI abo
YaCTKOBO{ y3TOJUKEHOCT] BEPIIUH.

IToBHuii nepedip BXiAHUX JepeB /sl BAZBHAYEHHS BillOBiIHOCTI 1epes.

[Ipobnema BW3HAYEHHS BiAMOBIOHOCTI JI€peB 3BOMUTHCA 10 BHU3HAYCHHS MHOKHH BEPINUH, SKi
HeoOXimHO BHAanuTH, mob orpumaru aepeBo T 3 nmepeBa P. HaBememo nmeski BH3Hau€HHS Ta BIACTHUBOCTI
JIepeB, AKi OyIyTh BUKOPHCTaHI Haall y CTaTTi:

e  yciBepUIMHU JepeBa MafoOTh 3B S3KH;

e iCHye KOpEeHEBa BEpIIMHA, Bil AKOI MOXKHA 3HAWTH MPOCTHH YHIKANBHHI IUIIX 10 Oyab-gKOi
BEPIINHY;

e 3B’S3KH THITY «0aTbKO-TUTHHA» Ta «IUTHHA-0ATHKO» — 3B S13KH MK BEpPIIMHAMH, IO 3’ €THAHI
HaInpsIMy OJTHA 3 OJHOIO, PyXalOUHCh BiJl KOPEHS Ta B 3BOPOTHHOMY HAIPSIMKY BiIITOBiTHO;

e  BEPIIMHM 3 OJHAKOBOIO TOBXHHOIO IIJIIXY Bifl KOPEHs, YTBOPIOIOTH SIPYC JepeBa.

3 BIACTHUBOCTEH JiepeBa BUTIKA€E BiACYTHICTh TaMUIBTOHOBUX IMKJIIB, IKi HAasABHI y Tpadax, Mo CyTTEBO
3MEHIIYEe KiTbKICTh MOKJIMBHX il /Ui OTPUMAaHHS OJHOTO JepeBa 3 iHIIOro. Y TOW k€ 9ac, MOHSATTS
BITOPSIIKOBAHOCTI JIEPEB YCKIIAAHIOE MONIYK BiAmoBiAHOCTI. [ pad Ha3MBaeThCSA BIOPSAAKOBAHUM, SKIIO iCHYE i
BPaXOBYETHCS MOPSIOK MK BEPIIMHAMU-TITEMU. BUpiIeHHS 3a1a9i BiATOBITHOCTI HEBIOPSIIKOBAHUX JIEPEB
€ OUTBIN CKJIaTHUM BUIAJKOM, OCKUTBKHA BHHHKAE Tpo0iieMa BU3HAUYCHHS ToMmoMophHUX AepeB. Lle ozHauae,
10 JUTA BH3HAYEHHS BiAMOBITHOCTI MK CTPYKTypaMH JBOX JiepeB HEOOXiTHO Opary 10 yBar MOPSITOK MDK
ITHMH OIHOTO piBHA. Ha prcyHKy 1 HaBeneHO 1Ba HEBIOPSAKOBAHI IEPEBA, SIKi MAIOTh BiITOBITHICTD.

Puc. 1. HeBnopsiakoBaHi romoMopdHi 1epeBa

IloBHuil epebip € 3aradbHUM CIIOCOOOM, IKHH MOJIATAE Y CHCTEMAaTHYHOMY Tepedopi yCiX MOKIMBUX
BapiaHTIB I 3HAXOKEHHs PIlICHHSA MOCTaBIEHOI 3aadi 3a JOMOMOTOI0 MOCIiIOBHOI MEPEBIPKU KOKHOTO
KaH/AWAaTa Ha BIATIOBIAHICT KPHUTEpiIO pilIeHHS Ii€i 3amadi. Xoda crocid MOBHOTO mepebopy JeTKHH Y
peanizamii i B pesynsrari Oyie TOUHO 3HAWAEHO PIlIeHHs, AKIIO BOHO ICHYE, aje MpH HOTO BHKOPHCTaHHI
MOXJIMBI BHITaAKA KOMOIHaTOPHOTO BHOYXY, TOOTO Pi3KOTO 3pOCTaHHA dacy, MOTPiOHOTO Ui BHU3HAYEHHST
BIIMOBIMTHOCTI JepeB, depe3 30UIbIIEHHS KiTBKOCTI MOXIMBUX pillleHb, sKi HeoOXimHo mepeBipuTu. llei
crocid Moke OyTH JOCTaTHRO e()EKTHBHO BUKOPUCTAHHUH Y pasi, AKIIO BAA€THCS 3HANTH IUIAXHU 3MEHIICHHS
MHOXKMHH pillleHb, Ky IOTPIOHO aHami3yBaTH, OO MPUIHATHOI KIIBKOCTI €IEeMEHTIB. Y BHIIAJKY, SKIIO
nmpoctora abo HAOYHICTH BHPIIIEHHS 33/a4i Ma€ BUIIMK NPIOPHUTET 3a MIBUAKICTH BUPINIEHHSA caMoi 3ajadi,
BHKOPHUCTAHHS CII0C00Yy ITOBHOTO TIepedopy MIJIKOM BUIIPABIHE.

Croci6 moBHOTO Tepedopy OOOB’SI3KOBO IMOBMHEH CKJIAJATHCS 3 YOTHPHOX C€TamiB: iHImiami3arlis
MOXJTMBOTO BapiaHTy, TeHEpalis HACTYyIHOTO, BaJliallil Ta OTPUMAaHHSA BHXITHOTO pe3ynsraTy. llepemiueni
NpoIeaypy TNpHHMAalOTh B AKOCTI BXimHoro mapamerpy P maHi, mo BimoOpakaioTb mpoOiemy, SKy
HaMararoThCs BUPIIIUTH. [1opsAaoK 1iii Ta 1X OIMKC HACTYITHUMN:

1. Inimiamizamis (P): renepartiisi mepiioro KaHuaara s BUPIICHHs! TOCTaBICHOI pobaemu P.

2. Hacrynnwuii (P, ¢): rerepariist iHmoro kauauaara ¢ 1t P.

3. Bamigamis (P, ¢): mepeBipka 4u 3a10BOJIbHAE KAHAUAAT ¢ TIpobaeMy P.

4. Buxinni gaxi (P, ¢): Bukoprcranus KaHauaara ¢ 1t IpobieMu P sk IpUIaTHAN pe3yibTar.

JonaTkoBoro 3amadero Apyroi MPOIeaypH € MOKa3 BHUIAAKY BINCYTHOCTI IHIIMX KAHIWAATIB PIilICHHS
npobnemu P, okpiM KaHAWAaTa, 3reHEPOBAHOTO B PE3yNbTaTi MEpIIoi MpouexypH. 3aralbHHH MiAXid 10
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TaKOro BHIIAJIKY € IMOBEPHEHHS Tak 3BaHoro Null-xammumara (HyIb0BOro KaHAMAaTa), TOOTO TAKOrO 3HAYEHHS
KaHIUIaTa, SIKE He BXOAUTH B MHOKHHY MOKIMBHUX 3HAYEHb PEAIbHUX KAHAUAATIB U1 BUPILICHHS [P 00IeMH
P. Takok MOXKJIMBA CHTYAIIisl, IPU SKiK B3arajii BiICYTHI KaHIHWIATH JJI BEPIIICHHS IMOCTaBIeHol 3a1adi P,
Tomy moBepHenHs NUll-kanaumara sk pe3ynbraT poGOTH € BaTITHUM PE3yITETATOM.

Crnoci6 moBHOTO 1Tepebopy MoXke OyTH MPEeACTaBICHNH Y BUTIIAI aITOPUTMY BEPXHBOTO PIBHS:

C « imimianizanisa(P)

while ¢ ue nopisnroe null kammumary do

if pamimanis(P,c) then

Buxinui gaui(P, C)

end if

¢ < nacrymuuii(P,c)

end while

B zarampHOMY BHMAAKY, CHOCIO MOBHOTO mepebopy Moke OyTH Jerko MoAU(iKOBaHUHA IS
BHKOPHCTaHHS IEPIIOro KaHauIaTa, o 3a/J0BOJIbHSIE TPOLeAYpi Ballijallii, B SKOCT1 KiHIICBOTO PE3yJIbTaTYy.
Takox MOKJIMBE BUKOPUCTAHHS IHIINX KPUTEPIiB IJISl 3yIIMHKH TOIIYKY, TAKUX SIK, HAPUKJIA], TIPUITHHCHHS
BHKOHAHHS TIOIIYKY ITiCTS OTPUMAHHS 33JaHOi KUTBKOCTI MPHUIATHUX PE3YAbTATIB IUIsl BUPIMICHHS 3aTaHoi
npobiemu P abo Ticis MeBHOTO yacy poboTH (TakTiB mporiecopa) MporpaMu, M0 peanidye JaHuii Crocio,
TOTIIO.

Kpim Toro, jmist peanmizamii MOIIYKY BiJIMOBIAHOCTI MDK BXIJHUMH JepeBaMH IOBHUM IepeOOpOM
HEOOX1IHO BU3HAUWUTH TAKOX KPUTEPIM MEpEeBIPKH KaHJAHMJATIB Ha KOPEKTHICTh PE3yJIbTaTy Ta ONMUcaTH il
YOTHUPHOX TPOIEAYp, IO Oyiu 3a3HaveHi Bumie. Kananmaramm mepeBipku KOPEKTHOCTI € MiepeBa OIHOTO
BXIJTHOTO JepeBa, SKi MOPIBHIOIOTHCS I TOMNIYKY BiAMOBITHOCTI 3 IHIIMM BXiTHUM JepeBoM. Ha koxwHii
iTeparii mporecy BU3HAYCHHS BINMOBITHOCTI JEpPEeB BinOYBA€THCS BUIANCHHS IEBHOI BEPIIMHU 3 METOIO
OTPHMaHHS MiJJIepeBa 3 KUIBKICTIO BEPIIMH PIBHOIO KITBKOCTi BEpIIMH TOTO JEPEBa 3 SKUM BU3HAYAETHCS
BiAnoBiAHICTE. OCKUIBKY JIepeBa 3aBXK¥ MalOTh KOPECHEBY BEPIIMHY, TO IIAAECPEBO 3 KOPESHEBOK BEPILIMHOIO 1
Oy/ie KaHIUIATOM TIPH iHIIliami3amii MONIyKy, a KOKHUN HACTYITHAN KaHAWAAT Oy/e MiAIepeBOM 3 BUIATICHOIO
OIHI€I BEpIIMHOIO 3 MHUHYIOrO KaHmmmara. llpomemypa Bamimamii ABOX JepeB — IIe MepeBipka Ha
CKBIBaJICHTHICTh JCPEB OTPHUMAHMX ILIIXOM BCIX MOXIIMBHX TIEPECTAHOBOK MDK BEpIIMHAMH JEpeBa
KaHAKMJaTa Ta JepeBa 3 SKMM BH3HAYA€THCS BIAIIOBIAHICTH. KpHTepieM €KBIBaJE€HTHOCTI HEBIOPSIKOBAHUX
JICPEB € BIJANOBIIHICTD 3B’S3KIB MK BepIIMHAMH rpada. Y BHIAJKY BIIOPSJIKOBAHUX JCPEB, A0 KPHUTEPIiO
HEBITOPSAKOBAHUX [IEPEB JOMAETHCA KPUTEPil 30€perkeHHS IMOPSIKY MUK MITBMHU ONHOTO piBHA. Y pasi
MMO3UTHBHOTO PE3YNIBTaTy Ha erari Bajijamii, Ha BHUXOII OTPUMAEMO JBa NIEpeBa, SKi MAalOTh BEPIIUHU 3
TTOBHOIO BiATIOBIAHICTIO MK C00070.

MopudikoBanuii cmnocid nepeb6opy aepeB A BU3HAYCHHHA BilIIOBiIHOCTI HEBIOPSAKOBAHHX
aepes

B 3ampononoBaHOMy crioco0i 3MIHIOIOTBCS KaHIUAATH AJIs1 OPIBHAHHS Ta KpUTepii Bepudikamii 1Box
nepeB. Sk 3a3HaYEHO BUIIE, KPUTEPIEM BIATIOBITHOCTI JBOX JIEPEB € OMHAKOBICTH 3B’S3KIB MK BEPITHHAMH.
3B’SI3KM MK BEpIIMHAMH JIEPEB MOXKHA IMPECTABUTH y BUINSAII CIIUCKY Iap KIFOU-3HAYCHHS, TAK 3BAHOTO
CIIOBHUKA, JI¢ KJIIOYEM € BEpIIMHA-0aThKO, a 3HAYCHHSIM — BEpIIMHA-IATHHA. TakuM YUHOM 30epiraerbcs
XapaKTepUCTHKa €KBIBAJICHTHOCTI JEpPEeB Ta CIPONIYETHCS BH3HAYEHHsS KiHIEBOTO pimieHHA. Hum mae Oytu
onnH a00 MeKiTbKa CIIOBHHKIB BiANIOBIMTHOCTI B SIKMX KJIIOYaMH € BEPIIMHM JE€peBa 3 SKUM BH3HAYAETHCA
BiJIIOBITHICTD, a 3HAYEHHSIMH — BEPIIMHHU JIEPECBa B SKOMY 3HAXOAUTHCS BIAMOBIMHICTE. TOOTO MpencTaBicHi
CIIOBHUKHM BIATIOBIAHOCTI € KaHAWAaTamMu i1 Bepudikallii, mpormec IOPIBHSHHSA SKAX Mae€ IBUAKY
pearizariro y 6aratb0x MOBax IpOTpaMyBaHHS. B CBOIO uepry 3MIiHIOETHCS W KPHUTEPii MEepeBipKH, HAM CTAE
HasBHICTh yCiX BEpIIMH JA€pEeBa, IO IOPIBHIOETHCS Yy SAKOCTI KIIOYIB B CIOBHHKY BIAIIOBITHOCTI MDXK
BEPITMHAMU JBOX JICPCB.

OcHOBOIO crtoco0y, IO MPOMOHYETHCHA, € CIYCK IO spycaM AEpeB 3 MOOYIOBOIO YCIX MOMIHBHX
BapiaHTIB BIAMOBIAHOCTI MXK JepeBaMH, OCKIIBKH BXiHI CTPYKTYPH JIaHHUX € HEBIICOPTOBAHNMH i HEOOXiHO
BUKOHATH yCi NIEPECTaHOBKHM JUI1 BH3HAYCHHS MOXKIMBUX BapiaHTiB pimieHHsA. HacTymumii eram — momryk
MOMIJIKM y TIOOYIOBaHMX BapiaHTaX BiJIIOBIAHOCTI Ta 301NbIIEHHS KIIBKOCTi €IEMEHTIB CIIOBHMKA, ITOKH
KIJIBKICTB 3aIMCIiB Y KaHIAWUAaTi He Oy/ie JOPIBHIOBATH KUIBKOCTI BEPIIVH AEPEBa, 3 AKUM BiIOyBa€eThCs TPOIIEC
momnyKy BiamosigHOCTi. [Iporiec mepedopy 3rimHO JaHOTO CITOCO0Y CKIIATAETHCS 3 TPHOX KPOKIB:
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1. B3sTTs ueprosoro sipycy aepesa.

2. ITobynoBa ycix MOJIMBHX BapiaHTIB BiAMOBITHOCTI MK IepeBaMH Ha APYCi.

3. 31MTTA KOXKHOTO BapiaHTy 3 iICHYIOYMM CIIOBHUKOM BiJIIOBiTHOCTI.

BigminHicTs maHOTO criocoOy Bix cmocoOy MOBHOTO Iepe0opy MOonsArae y 3MEHIIEHHI KUTBKOCTI
MOXIIUBHX BapiaHTIB BIATOBITHOCTI ITOIIYKOM HEBH3HAYEHOCTI y CIIOBHHKY IICIA KOXHOI iTeparii.
HeBusHaueHICTh y CIOBHUKY — II€ JBO3HAYHICTE MDK KIO9aMd ab0 3HAYEHHSIMH, TOOTO JBa KITIOUi
BIMOBINAIOTH OJHOMY 3HAYCHHIO, a00 HABIIAKW J[BAa 3HAUEHHS BiNIOBINAIOTH OJHOMY KITfody. BHacmimok
BHUKOPHCTAHHS KpPUTEPisl HEBU3HAYEHOCTI y CIOBHHKY, KUIBKICTh iTepamii 3MEHIIYEThCS IOPIBHSIHO 3i
criocoboM moBHOTO Tiepedopy. HaBenenuii crioci0 3akiH4ye cBOIO poOOTY y JBOX BHIIaJKax: MPOHIeHi yci
BEPIIMHY a00 3HAIICHA TBO3HAYHICTH CIIOBHUKA.

VY pasi BuUUepmaHHS sSpyciB 000X BXITHHUX JEPEB, MOXKHA 3pOOMTH BHCHOBOK, IO OY/IO 3HAMICHO
IIyKaHy BIiAMOBIOHICTP MK JBOMa CTPYKTypH. B 3arampHOMy BHmaaky, Moxe OyTu Oifblle HDK OIUH
CIIOBHHK TTOBHO] BiITOBIZHOCTI MK BEPIIMHAMH JI€PEB, OCKITLKY MOBHA ITEPECTAaHOBKA A€ BEIHUKY KiIbKIiCTh
MOXJIMBHX BapiaHTiB. BHIIamoK, KOMM KOXKEH 3 MOXJIMBHX BapiaHTIB IPOXYKY€ KOJI3il0 B iCHYIOUOMY
CJIIOBHUKY BiIIIOBITHOCTi, BH3HAYa€ HETMOBHY BINNMOBITHICTE MDK JBOMa JepeBaMU. B 3alexHOCTI Binx
KIJTBKOCT1 BepIInH, Mo Oyly OTpHMaHi B pe3yibTaTi BH3HAYEHHS TOMOMOP(i3My CTPYKTYp AaHHX, MOXKHA
MiJpaxyBaTH CTYIIHb BiAIOBITHOCTI.

HaBenemo onmc mocmigoBHUX Aill 3aIpOIIOHOBAHOTO CIIOCOOY:

1. Imimiamizamist TBOX CITMCKiB MTOBHOI Ta YaCTKOBOI BiIITOBITHOCTI ITyCTUMHU CJIOBHUKAMHU.

2. IlapanensHuii 00Xix ABOX BXiMHHMX AepeB, MOYMHAIOUM 3 MepIoro spycy. Jami OyayTe DUKIIYHO
BHKOHYBAaTHCS HACTYIIHI il

2.1. BukoHaHHS TIepeCTaHOBKU BEPIIHH HA IOTOYHOMY SIPYCi IPyroro Jepesa Mo KiTbKOCTi BEPIINH 3
MOTOYHOTO APYCY MEPIIOTo AepeBa.

2.2. CTBOpEHHS CIIOBHHKA BiNITOBIIHOCTI IS KOXKHOI ITepecTaHoBKH 3 1.2.1., e KirrogeM € BepirmHa
3 TIEpIIOTO JIePEBa MOTOYHOTO SIPYCY, @ 3HAYECHHIM — BEpIIIMHA 3 JPYTOTO JIepeBa MMOTOYHOTO SPYCY.

2.3. KoxeH CIOBHHK 3 I.2.2. TIOEAHYETHCA 3 KOKHUM EJIEMEHTOM 31 CIHUCKY BiNITOBiTHOCTI.
CnoBHUKHM, B SKHX TIpH TO€JIHAHHI HE BHHMKJIA KOMi3iA, € HOBHUM 3HAYEHHAM CIIHCKY CIIOBHHKIB
BigmoBimHOCTi. CIIOBHMKH, B SKHX ITPH TOENHAHHI BHHUKIA KONI3i1 MDK KIIO4aMH abo 3HAYCHHSIMH,
BBXKAIOTHCSA CIIOBHUKAMH YACTKOBOI BifITIOBITHOCTI i JOMAIOTHCS IO CHHUCKY YaCTKOBOI BIATIOBIAHOCTI, HiCIIs
YOro BXK€ HE MPUHMAIOTh y9acTi y HOAAIBIIOMY ITOETHAHHI.

24. Sxmo yci CIOBHHKM 3 1.2.2 TPOXYKYIOTh HEBIAMOBIAHICTH Yy pPE3YABTYIOUMX CIOBHHKAX
BIIMIOBITHOCTI, TO HEOOX1THO MEPEHECTH YCi CIOBHUKH 31 CIUCKY MTOBHOI BIATIOBITHOCTI IO CITUCKY YaCTKOBOI
BIZITIOBITHOCTI, i BUKOHAHHA cII0c0o0y 3aKiHUyeThcs. B iHaKkmoMy BUIIA/IKy, BHKOHYETHCS B3SATTS HACTYITHOTO
Apycy 3 BXITHHX JiepeB Ta mepexin mo m. 2.1. V pasi, K0 HACTYIHOTO SpyCy B OJHOMY 3 BXITHHX J€peB
HEeMa€, BUKOHAHHS crloco0y 3aKiHIYETHCA.

3. Pe3ynbrarom BUKOHAHHSA Jil crioco0y € ABa CIMCKU. B 3aieXHOCTI Bi HAIBHOCTI a00 BIACYTHOCTI
CJIOBHHKIB B CITMCKY ITOBHOI BiJIIOBiIHOCTI, MOXHa 3pOOUTH BHCHOBOK IIPO €KBIBAJICHTHICTh MK BXiTHUMH
JIePEBAMH.

OCKINBKY TIPENICTABICHUH CHOCi0 Ha BUXOAI HANa€ HE TUIBKM CIOBHHMK 3 TIOBHOIO BiIIMOBiTHICTIO
BEPIINH, a 1 MHOKHHY CIIOBHHUKIB 3 YACTKOBOIO BiIIOBITHICTIO, TO 32 JOTIOMOTOI0 JaHWX CIOBHHKIB MOXKHA
BHU3HAUYNUTH BIJICOTKOBE 3HAYCHHSA CIIBIAMIHHA MDK BXIiJHHMH J€pE€BaMH JBOX THIIB: 3a KUIBKICTIO
0e3MOMMIIKOBHX BapiaHTIB BiANIOBIJHOCTI MDK BEPIIMHAME Ta MOBHHUX SPYCIB JepeB. BimcoTkoBe 3HAUEHHS
Moke OyTH 3HaiifieHe SK BiTHOIICHHS KiTBKOCTI BEPIIMH 3 OE3MOMIIIKOBOIO BiAMOBIIHICTIO O KUTBKOCTI
BEPIIUH JIEPEBa, 3 SIKIM BU3HAYAIACh BiIIOBITHICTD.

Hasenene Bumie BimHOIIEHHS MOke OyTH Monmu(ikoBaHE IS TOIIYKY BIiZICOTKY BIATIOBITHOCTI MiX
JIepeBaMHr 3a KUIBKICTIO TOBHHX SpYCiB JepeB, IO BiANOBigafoTh Oe3mMOMIIIKOBO. [l mporo HeoOXimHO
3aMIHWTH JIMIIE MiAPaxyHOK KUTBKOCTI BEpIIMH Ha MiJPaXyHOK KUIBKOCTI spyciB. SIkmio iHdopmamis mpo
TIOKA3HUKH JIEPEB, IO ITOPIBHIOIOTHCS, BICYTHS, TO IS TIOBHOI OIIIHKM PE3yJIbTaTy MOIIYKY BiIMOBITHOCTI
HEOoOXiTHO BHKOPHCTOBYBAaTH OOW/IBAa MOKA3HUKH, a CaMe. CepelHE 3HAUYEHHS BEPIIUH y ApYCi, CepemHs
KUTBKiCTh BEpPIIVH-AITEH Ta iHIIII.

OTpuMaHi CIIOBHUKHM BiATIOBITHOCTI MOXYTh OyTH BHKOpHCTaHi y pi3HHX cepax, B IKHX HEOOXiIHO
BHU3HAYUTH BiAMMOBIAHICTh MiXK IBOMA MOJEISIMH, 32 YMOBH, III0 MOJIEITi MOXYTH OyTH IPENCTaBICHI Y BUTIISTI
nepesa. lIpy mpoekTyBaHHS €IEKTPOHHHX CXEM iCHye HEeOOXigHICTh aBTOMATH3alis MPOIECy MepeBipKH
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PI3HHX TIPEICTAaBICHb EIEKTPOHHUX CXeM. TakoK ICHYIOTH CIIOCOOM TIOBHOI aBTOMATH3allii OMTHMi3aii
MPOTPaMHOTO 3a0e3MeYeHHs 32 JOMOMOIOK TOIIYKY 3arajJbHUX a0CTPAKTHUX CHHTAKCHYHHUX JIEPeB A
3MEHIICHHS KiJIbKOCTi MyOIIOBaHHS y KO, @ TAKOK YaCTKOBOi aBTOMAaTH3allii IPOTrpaMHOTo 3a0e3NedeHHs Y
BUNAAKy aHali3y 3B’SI3KiB MDK CTPYKTypaMH JaHUX, 3MIHHUMH Ta IHIIUMH JIOTIYHUMH YaCTHHAMHU
nporpamHoro 3adesmnederus [8]. [HIIMM npuKIagOM BUKOPHCTAHHS TOLIYKY BiAIIOBIIHOCTI MK JepeBaMu €
aHaji3 MIa0JOHIB MPOEKTYBaHHS y BUXIAHOMY KOJIi NPOTpaMHOro 3abe3medeHHs. Takui Migxix aKTHBHO
BUKOPHCTOBYETHCSI 'y BHINAAKy aHami3y BHXIZHOIO KOAy 3HAYHOTO pO3MIpY I TOAAJBIIOTO
ABTOMAaTU30BaHOTO a00 py4HOTro pedaxropunry [9].

Br3HadeHi 9acTKOBi BiAMOBIAHOCTI MOXYTh OyTH BHKOPHCTaHI A PIMICHHA 3a7ad IOB'S3aHUX 3
130MOpQHICTIO 1epeB Ta IHIMX BHUIB HampaBieHuX rpadis. [IpuxmagaMu Taknx 3a1ad € MOUTYK HAWOLThIINX
a00 HalMEHIIMX CIUTBHUX MiJJIepeB Ta BU3HAYEHHS MIHIMAJIBHOTO PO3MIMPEHHS BEpUIMH Ta pedep M
MMOBHO{ BiATIOBLTHOCTI MiXK BXiTHUMH HATIPaBICHUMH rpadaMu.

BucHoBknu

VY nmaniil craTTi NpONoOHYeTHCS MoAM(IKaIlis criocody MOBHOTO mepedopy, KUK JO3BOJNSE BU3HAYATH
MOBHY a00 YacTKOBY BIATIOBIMHICTE MDK JgBOMa naepeBamu. llpencraBnenmii cmoci® Hamgae MOXIHBICTH
JIOCTPOKOBOTO 3aBEPIICHHS BU3HAUEHHS TOBHOI a00 YacCTKOBOi BINIMOBIAHOCTI MK BEpIIMHAMHU JTBOX
HEBIOPSAAKOBAHUX BXiTHHUX JI€PEB, BUKOPHCTOBYIOUHN 3aralbHU IMiIXiJ ITOBHOI IIepECTaHOBKY MK BEpIIMHA-
IITBMH Ta CIIHCOK CIOBHUKIB SIK JIOMATKOBUX CTPYKTYp NAaHWX U1 NPUIIBHIIICHHS Tporecy Bepudikarii
KaHAUIATIB Uil BHPIMICHHSA IIOCTAaBIEHOI 3a7adi 3 METOI0 JOCTPOKOBOI 3yNMHKH MPOIECY IIOIIYKY.
JlonarkoBuM pe3ynbTaToM poboTH croco0y € BH3HAUCHHS MHOXKHHM BEpIIMH Ta pedep, Mo HEeoOXiTHO
BUIAJINTH JUUI1 OTPUMAaHH CITiBIIaJAaI0YHX JIEPEB.

VY sxocTi HampsMy JUId  Tomanbmioi Moaudikamii Ta pPO3BUTKY PO3IIIHYTOTO CIIOCO0y MOXKHA
3alpOTIOHYBATH peajli3alifo BUKOHAHHSA BHOOPY MiIMHOKMHHM MOXJIMBHX BapiaHTIB ITOBHOI BiIHMOBITHOCTI
JUI1 3MEHIIEHHA KUIBKOCTI BMKOHYBaHMX ormeparid. KpiM Toro, MOoXHa BHKOHYBaTH aHaNi3 BHXiJHOTO
pe3ynsTary I MPeACTaBICHHS OLIHKM BiATIOBITHOCTI JBOX Opi€EHTOBaHMX TpadiB, a TaKOK PO3LIMPHUTH
BUKOPUCTaHHS criocoOy Ha iHIIi Buaw rpadiB: HEOPi€HTOBAHI, 3MiIIaHI, ITUKIIYHI.
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BIIJIUB ITPOCTOPOBOTI'O PO3TAIITYBAHHA YJbBTPA3BYKOBOI'O
BUTPATOMIPA HA TOYHICTH BUMIPIOBAHHS BUTPATH CIIOTBOPEHUX ITOTOKIB

Mariko ®@./1., Poman B.I. BniiuB mpocTopoBoro po3ramyBaHHsl YJIbTPa3BYKOBOr0 BHTPAaTOMipa Ha TOYHICTHL
BUMIpPIOBaHHSI BUTPATH CNIOTBOPeHUX MOTOKIB. B crarTi Ha 0a3i aHAMITHKO-eMITipHYHIX (QYHKIIH IIBHAKOCTI CIIOTBOPEHHUX
moToKiB Salami pospobiieHa y3araapHeHa METOUKA JOCIIIKEHHS TOOATKOBOI TOXHOKH BUMiPIOBAHHS BUTPATH YIIBTPA3BYKOBHX
BUTPATOMIpIB 3 PI3HUMH THIIAMH CXEM pO3TAallyBaHHS aKyCTHYHUX KaHamiB. BcTaHOBIIEHO, IO NMPOCTOpOBE PO3TAIIyBaHHS
YABTPA3BYKOBOTO BHUTPATOMipa BIXHOCHO TOPH3OHTAIBHOI IUIOMIMHM MOXKE CIPUYMHUTH MEPEBHINCHHS HOPMAaTHBHHUX
JIOMYCTUMUX MEX JOJATKOBOI IOXMOKHM BHMIPIOBAHHS BHUTPAaTH 3YMOBJICHOI CIHOTBOPEHHSM CTPYKTYPH IIOTOKY HABIiTh IS
BUTPATOMIPIB 13 BEJIMKOIO KUTbKICTh aKyCTHYHIX KaHAIB.

Ki04oBi ci10Ba: ynmpTpa3sByKOBHH BUTPATOMIp, TOAATKOBA MOXUOKA, CTPYKTYpa MOTOKY, MpOo(iib MIBUAKOCTI, (DYHKIIS
Salami, akycriunuii KaHaI.

Matuko ®./1., Poman B.. BiusgHue npoCTPAaHCTBEHHOI'0 PACIOIOKEHHS YJIbTPA3BYKOBOI'O PacXofoMepa Ha
TOYHOCTH M3MepeHHs PacxoJa MCKa:KeHHBIX NMOTOKOB. B crarthe Ha 6a3ze aHATUTHKO-OMIUPHUYECCKUX (YHKIUH CKOPOCTH
HCKa)KCHHBIX TOTOKOB Salami pa3paborana 0600IIEHHAsS METOINKA MCCIEAOBAHMS IOMOIHUTEILHON TTOPEITHOCTH H3MEPEHHS
pacxoia yabTpa3ByKOBBIX PacXOAOMEPOB C Pa3IUYHBIMM TUIIAMU CXEM PACIION0XKEHMS aKyCTUYECKHX KaHAJIOB. Y CTAHOBICHO,
YTO NPOCTPAHCTBEHHOE PACIIOI0KEHHE YIBTPa3BYKOBOI'O PAaCXOAOMEPA OTHOCUTEIBHO TOPH3OHTAIBHOM ITIOCKOCTH MOMKET
BBI3BaTh IIPCBBIIICHUE HOPMATUBHBIX JOMYCTUMBIX IIPEAENOB JOMNOMHUTENBHOM IOTPEINHOCTY H3MEPEHUs pacxoja
00YCIIOBIICHHOH HCKaXEHHEM CTPYKTYPHI IIOTOKA JAAKe JUIS PACXOIOMEPOB C OOBIINM KOJIMYECTBOM aKyCTHUECKUX KaHAJIOB.

KiioueBble cii0Ba: yIbTPa3BYKOBOH pacxomoMmep, MOMNONHHTENBHAS MOTPEIIHOCTh, CTPYKTypa MOTOKa, Mpodmib
ckopoctH, GyHKIms Salami, akycTidaeckuii KaHa.

Matiko F.D., Roman V.I. The influence of the spatial arrangement of the ultrasonic flowmeter on the accuracy of
the measurement of the distorted flow. In the article, based on the Salami analytic-empirical functions of the velocity of
distorted flows, developed a generalized methodology for studying the additional error of measuring the flow rate of ultrasonic
flowmeters with different types of layouts of acoustic paths. It has been established that the spatial arrangement of the ultrasonic
flowmeter relative to the horizontal plane may lead to an excess of the standard allowable limits of the additional error of
measuring the flow rate due to distortion of the flow structure even for flowmeters with a large number of acoustic paths.

Key words: ultrasonic flowmeter, additional error, flow structure, velocity profile, Salami function, acoustic path.

IMocTtanoBka HaykoBoi mpo0jeMu. AKTHBHE BIPOBKCHHS YIbTPa3BYKOBHUX BHUTPATOMIpiB
(Y3B) mns 3amay KOMEpIIHHOrO 00Ky IUNIMHHUX €HEProHOCIIB (30KpeMa MPUPOTHHIN Ta3), BUKIUKAHE
psizoM iX mepeBar: BiICYTHICTH BILIMBY Ha CTPYKTYPY HOTOKY; BIICYTHICTh PyXOMHX YaCTHH IO MIBUIKO
3HOLIYIOTECS B Tpoleci poOOTH; HE3HAa4YHI BTPAaTH TUCKY, IIUPOKHH Jiala3oH BUMIpIOBaHHS BHUTPATH;
MOXJIMBICTIO 3aCTOCYBaHHS Ul BHMIpIOBaNbHUX TpyOonpoBoniB (BT) Oyap-sikux JiamMerpis;
MOXJIUBICTIO BUMIPIOBaHHS ABOHAMPABIICHUX TIOTOKIB; MOXKJIUBICTh BU3HAYEHHS TOAATKOBUX MapaMeTpiB
NOTOKY (TYCTHMHH, IIBUJIKOCTI 3BYKY, TEIUIOTBOPHOI 31aTHOCTI) [1].

[Ipore, sk i TpaauuiliHi 3acO0M BHMIPIOBAaHHS BUTPATH IUTMHHHUX EHEProHOCIB (TypOiHHI Ta
POTOpHI JIYMIBHUKH; METOJM 13 3aCTOCYBaHHSM IPHCTPOIB 3BY)KECHH MMOTOKY) Tak i Y3B B 3HauHil Mipi
YyTJIMBI 10 3MIHM YMOB B SIKHX BOHHM KajiOpoBaHi (THCK, BHTpaTa, CTPYKTypa IOTOKY). [ '0llOBHUM
(haKTOpOM 3MEHIIECHHS TOYHOCTI BUMIPIOBAaHHSI BUTPATH SIKUM MOXXE BHHHKHYTH MiJ] 4ac eKcIUTyaTawii
V3B € crioTBOpeHHS CTPYKTYPH MOTOKY BHUKJIMKAHOI HASBHICTIO TEpe]] BUTPATOMIpaMH MiCLEBUX OIOPiB
(MO). 3rigno [1] mocmimkeHHs i po3poOKa 3aX0/IiB MO0 YCYHEHHS BIUIMBY ILOrO (DakTopa Ha TOYHICTH
BUMIpIOBaHHS BHTpaTH Y3B € o0mHOI0 13 HaWBaXIMBIIIOW HAYKOBHX 3aJad yJIbTPa3BYKOBOI
BUTpPATOMETPII.

AHani3 JocaifKeHb. 3rigHO OISy HAYKOBO-TEXHIYHOI Ta HOPMAaTHUBHOI JiTEpaTypu MO
yABTPa3BYKOBii BUTpaTOMeTpii [1] yCYyHEHHsS CIIOTBOpEHb CTPYKTYpH MOTOKY mepen Y 3B 3miiicHIOIOTH
JIBOMA IIUISIXaMH: BCTAHOBJICHHSIM NPAMONIHIAHUX AiUIssHOK BT noctaTHbOT MOBXKMHM (111 IPHPOAHBOTO
BUPIBHIOBAHHS CTPYKTYpPH ITOTOKY), 200 3aCTOCYBaHHSM CIICIIaJbHUX MPHUCTPOIB JUIS KOHAUIIOHYBaHHS
noToky mepen Y3B (s mpuMycoBOro BHPIBHIOBAaHHSI CTPYKTYpH HOTOKY). OOuaBa Ha3BaHi HiIXoau
MAaIOTh HENOJIK!: BCTAHOBIICHHA MPAMONiHIMHUX IinsgHoK BT goctatHROi JOBXKHMHU HE 3aBXKAN MOXKIIUBE,
a TaKkoXX Mae BHCOKY BapTICTh peaji3amii; 3acTOCYBaHHS KOHIHIIOHEPIB IOTOKY NPU3BOIUTH IO
30UTBIIEHHS BTpAT THCKY. CIi BiIMITUTH, 110 BCTAHOBJICHHSI KOHJIUITIOHEPA MTOTOKY HE 3HIMA€E MOBHICTIO
MUTaHHS BUOOpPY JOBXKUHHM NpsMoniHiiHUX nustHok BT, ockinmeku s Y3B i3 BcTaHOBIEGHHM
KOHJHIIIOHEPOM TaKOXX HEOOXiHO BUTpUMATH NEBHY MiHIMainbHY iX HOBXKUHY. OTKe akTyalbHUMH
3aJIMIIAIOTHCS TMOIIYK IHIIMX MiAXOHiB sKi O 3a0e3nedyBalii BUCOKY TOYHICTh BHUMIPIOBAHHS BHTPATH

© Marikxo @./1., Poman B.1.



78 Hayxosuil srcypruan "Komi roTepHo-iHTErpoBaHi TEXHOJIOTIi: 0CBiTa, HAyKa, BUPOOHULITBO"
Jlyyvk, 2017. Bunyck Ne 28-29

CIIOTBOPEHNX MOTOKIB MJIMHHUX EHEProHociiB 0e3 cyTreBux 3MiH B KoHQirypauii BT Ta xoHcTpykuii
V3B.

B naniii pob0Ti MPONOHYETHCS BUPILIYBAaTH OKPECIECHI MUTaHHSI MaTeMaTUYHUM IIJISIXOM. B sikocTi
MOJIeTIel CIIOTBOPEHOTO TOTOKY PEKOMEHAYETHCS 3aCTOCOBYBAaTH EMITIpUYHI (YHKIIl MIBHIKOCTI
npodecopa L.A. Salami [2]. 3acrocyBanus ¢yHkuid Salami nus BupimieHHs 3amad yIbTpa3ByKOBOT
BUTPATOMETPIi pO3MIIIHYTO B Oaratbox 3akopaoHHKX [3-6] Ta BiTum3HsHuX [7-10] HayKOBHX mparsix.

B [7] aBropamu miei craTTi 3 BHUKOPHCTaHHSM MaTeMaTHYHOro amapaty ¢yHkuiin Salami
JOCIIPKEHO SIK OJWH 13 cHmoco0iB YCYHEHHs BIUTUBY CIOTBOPEHb CTPYKTYPH TOTOKY Ha TOYHICTh
BUMIpIOBaHHs BUTpaTH Y3B 36insuienns xinoxocmi ix axycmuunux xawnanié (AK); moTodHa cTarts €
JIOTTYHUM TPOJOBKEHHAM LMX JOCHIIKeHb. ToMy B wHili poOOTI aBTOpaMy MOCTABJIEHO 332 MeETYy
JMOCTIIUTA BIUIUB 3MiHU npocmopogoi opienmayii Y3B (no eionowennio 0o MO) Ha TOXHUOKY
BHMIpIOBaHHS BUTPAaTH B YMOBaX CIIOTBOPEHb CTPYKTYPH MOTOKY.

Buknaa ocHoBHOro Marepiajy. SIk BioMo, MOTIK IUIMHHOTO cepenoBHIIa yepe3 BUpoOHu4i BT
UWITIHAPUYHOI (OPMH Ma€ CIOTBOPEHY CTPYKTYpy MOTOKy. [IpumumHoro Takoi cutyamii € te, mo BT
MarTh B CBOEMY CKJIaJi (BMOHTOBaHI B TPyOOIpPOBiN) piI3HOMaHITHE pEryjrorye oONaJHaHHs, 3aIipHy
apmartypy, MO pi3zHoro tuny (koiiHa, rpyna KOMNiH, TpiiHUKH, qudy30pH, KoH]y30pu), GinbTpu i Tak
Jai, Kl CIy)KaTh JDKepenaMy CIIOTBOPEHb NPOQUTI0 MBUIKOCTI TOTOKY (oro crpykrypw) [1, 2].

Jns mocmipkeHHs MOTOKIB 13 CIIOTBOPEHOI CTPYKTyporo mpodecopom L.A. Salami B pesynbraTi
O00OpOOKHM 4YHCICHHHUX EKCIIEPUMEHTAIBHUX JaHuX [2], Oyno crBopeHo 23 mnpodini IIBUAKOCTI
cnorBopeHoro notoky. Cepen nux P4, P8, P11, P12, P13, P14 nyxe cxoxi Ha mpodiai MBHIKOCTI
nmotoky micigs MO Tumy «komiHO» Ta Horo momudikamiid; P6, P9, P17 ta P19 naramyroTs mpodinb
LIBUJIKOCTI, SIKWH YTBOPIOETHCS MICI CTPYMUHOBUIpAMIITYA y QopMi ciTku. bararosnepHi mpodini Taki
sk P5, P10, P16, P20, P21, P22 i P23 Oynu 3HatiaeHi i imMiTarlii CKiIagHUX MPOoQiLTiB IIBUAKOCTI MiCIs
MUPKYJISLIHHAX TEIIOOOMIHHUKIB, sIKi 4acTo 3ycTpivatorbes Ha BT [2].

B poborti [7] aBTOpaMu po3poOiIeHO METOIUKY JOCTIHKECHHS OJaTKOBOI TOXHOKH BUMIpIOBaHHS
BUTpaTH OaraTOKaHAJFHUX XOpAOBHX Y3B 3yMOBIEHOI CIOTBOpEHHAM CTPYKTYpU MOTOKY. OCKINBKU B
miii podoti Oynme nocmimkeno ¥ iHmi Tunu Y3B (i3 miamerpanbHUMH Ta KOMOIHOBAaHMMHU CXEMaMHU
posramryBanHs AK), BHKOHAa€eMO Yy3arajdbHEHHs M€l MeTOAMKU. ETanmu y3arajabHEHOI METOAUKH
JOCIIKEHb

1. Bu3HaueHHs TEOMETPUYHUX XapakTepucTHK Y 3B (Tum cxemu posramyBanus AK; kinbkicte AK
Ta KOOPAWHATH IX MPOCTOPOBOTO PO3TALIYBAHHS).

B po6orti nocmimkeHo Tpu Tamu cxeM posramyBanHs AK: miamerpanpHi (quB.puc.l,a); XopaoBi 2,
3 Ta 4 xaHanbHI (HeeeKTUBHICTB JOCTiKeHHs XopaoBux Y3B i3 kinbkictio AK Oinblie 3a 4 omucana
aBTopamu B [7]) (muB.puc.1,0); A-cxema (quB.puc.1,B).

| |

EAHI‘
;1) B)

Puc.1. Cxemu posramyBanus AK V3B: a) niamerpanbHa; 0) XopioBa; B) A-cxema,
N — xinbkicts AK; o — kyT Haxuny Y3B BigHOCHO ropu3oHTanbHOI iomuHy; R — pagiyc BT;
EAII — enexTpoakyCTHUHHUI NEPETBOPIOBaY; X — KoopanHaTa po3TamryBanis AK Y3B

AK1

Koopmunatu posramyBanns xopaoux AK Y3B (puc.1,0) BUOpaHO 3riqHO KIACHYHOT'O YUCIOBOT'O
Mmeroqy inTerpyBaHHs [ ayca-Sko06i [5]:

X(N=2)=[0,5000 -0,5000]*R;

X(N=3)=[0,7071 O -0,7071]*R;

X(N=4)=[0,8090 0,3090 -0,3090-0,8090]*R;

Koopaunaru posramyBanus AK A-cxemu piBHi X123 = 0,5*R. [louaTkoBuii KyT iHCTANALIT TaKOTO
V3B BubOpanuii Tax, mo kytu Haxuiry AK A-cxemu BiTHOCHO TOPU30HTAIBHOI IUTOIIMHM PiBHI:

a(AK1) = 0°;
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a(AK2) = 1357

a(AK3) = 225°.

2. Po3paxyHOK eTajJOHHHMX 3HauY€Hb HOPMOBAHOI O0’€MHOI BUTpaTH IMOTOKY Ha 0a3i (QyHKIiH
Salami 3rigao hopmynu [2, 6]:

2n/ 1
OsaL = J{Jr 'VSAL(r’e)erde- (1)
o\o

ne: Vsa, — pynkuist Salami; r,  — panianpha Ta KyroBa KoopauHaTa Touku (yHKIIT mBuakocti Salami [2].
B naniit poboti BukopucraHo ¢yHkuiro Salami P13 ananitnuxmii 3anuc skoi Mae HACTYITHUIM
Burisn [4]:
1 0,1n 1

VSAL=(1_r);_ > r(l—r)§eio'2993in9. (2)

BuxkopucroByroun ¢opmynu (1) ta (2) 3HaliIeHO eTaJOHHE 3HAYCHHS HOPMOBAHOI 00 €MHOI
BUTpATH MOTOKY Ha 0a3i ¢pyHkuid Salami P13: gsa (P13) = 2,4366. ['pacdiune mpeacraBieHHs QYHKIINH
Salami P13 naBeneno Ha puc.2.

¥

Puc.2. 3D nmpodine ¢pynkuii Salami P13

3. Pospaxynok 3HaueHHsS 00’emHOi BuTpatn Y3B Ha 0a3i ¢ynkuiii Salami BukoHyeTbcs B
3aJIOKHOCTI BiJl THITy cXeMH po3ramryBaHHs AK.
3.1. J1nsa niamerpanpaux Y 3B 3rinHo dpopmynu [1]:

Qvyss = R* V. @)
3.2. J1ns xopnoBux Y 3B 3rigHo popmynu [1]:

N
IR0
Qy.y35 = TR IZlT (4)

3.3. 1nsa Y3B i3 A-cxemoro 3rigao popmynu [1]:

SV, i)

Av.yss = nR* IZlT : ()
3HaveHHs MBUIKOCTI TOTOKY Vap B (3)-(5) po3paxoByemo 3a y3aranpHeHOw hopmyioro [7, 8]:
VRZ=x(i)?
v 4 j() vSAL(W/x(i)Z+L2,a+arctg7|'i)jdL+
Vak = 2 e ° - ' (6)
T TO)| R . L
+ j VSAL(JX(I)Z +L2 ,a—arctgmjdL
L 0 i

ne: L — noxuna AK V3B [7]; T — mmpuHa miommHy B sikii sexuts i-tuii AK V3B [7].
4. YcyHeHHs TiapoanHaMivyHoi moxuoku ¥Y3B.
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OnHuM i3 crioco0iB yeyHeHHS TriapoanHamivHol noxuOku Y3B [1] € BBeneHHs B piBHSHHS BUTPATH
BIiMOBiAHOrO KOe(ilieHT HaOMMKEHHS BHUMIPSHOI IMIBUAKOCTI TOTOKY 1O TEOPETHYHO OakaHoi
(eranonnoi). Popmyra mist po3paxyHKy TaKOro KoedilieHTa Mae BUTIISA!

k — qV.Y3B , (7)
qV.EI
1€ Oyet— 3HAUCHHS BUTPATU PO3pPaxOBaHe sl aHATITHYHOI (pOPMYIIM HECIIOTBOPEHOrO MOTOKY. B Teopil
rigpoauHamiku [2] Taka ¢opMyna 3BeTbCs 3aKOHOM po3moninry. HailOumbin po3moBCIOIKEHUM 3aKOHOM
PO3IOITY IBUIKOCTI TYpOYJIEHTHOT O ITOTOKY € CTEIIEHEBHIA 3aKOH PO3MOALTY HIBUIKOCTI.
3Bakaroun Ha Te, mo Qynkuis Salami Bkitodae € B cebe K HECTOTBOPEHH KOMIIOHEHT Liel caMuit
CTEICHEBHI 3aKOH PO3IOALTY, MPOIMOHYEMO BU3HAYATH KoedilieHT K 3a HaCTyImHOIO GopMyIIor:

K = : Qv.yss ’ (8)
2n~jr~(1— r)"dr
0

1e: N — MOKa3HHK CTEIEHsI CTEMEHEBOro 3aKOHY PO3MOITY HIBHIKOCT] MTOTOKY.

Sk Buano i3 (2) mis dynxuii Salami P13 n= 7. Jlns aiamerpansuux Y3B koeditieHt K Oyme
3BaTHCh KOPEKTYBAILHUM 1 TIo3HaYaTuMeThes K. s xopnoBux ¥Y3B ta Y3B i3 A-cxemoro koedimieHT K
3BaTHMETHCS KaliOPYBAJIILHUM 1 TTO3HAYaTHUMETHCS Kea. BUKOpHCTOBYIOYM Bei BHIIE ommcaHi Gpopmynu
BHM3HAYEHO HACTYITHI 3HAYEHHS KOe(illi€HTIB!

k.(N=1) = 0,9333.

keal(N=2) = 0,9928;

Keal(N=3) = 0,9942;

Keal(N=4) = 0,9988.

Keal(A) = 0,9928.

5. OOuncieHHs] JONATKOBOI MOXMOKM 3yMOBIIEHOI CIIOTBOPEHHSM CTPYKTYpH HOTOKY y (opmi
bynxkuii Salami (8,) BuKoHYyeThCs 32 hopmyIorO:

SA — k qv.YBB qv.et 100 (9)
qv.et
3a yMOBY BH3Ha4YeHHS ONTHUMAJBHOTO KyTa BCTaHOBIeHHS Y3B mo BigHomeHHIO [0
TOPU30HTAJIBHOI TUIOMMHK (0 CIIOTBOPEHHS CTPYKTYpH MOTOKY) mpuitHaTo Bumoru 1SO 17089-1 [1,
m.5.9.3.2] npo Te, Mo MakcuManbHa JOATKOBA OXMOKA 3yMOBJICHA CIIOTBOPCHHSM CTPYKTYPH ITOTOKY
He MMOBHHHA nepeBuiyBatu 3HadeHHs 0,3 %:

max max 0
o) — Oaerny| <0.3%. . (10)
Ha puc.3 mpencraBineHo pe3ynbTaTH IOCHIHKEHHS MOXUOKH Oa 32 PO3POOJICHOI0 METOIMKOIO B
niama3oHi 3HaueHb kyTta o = 0... 180°.

6 0.4

0 = \\
[/ W1

Sp0 %
N w

S0 %

o

>

—
—

1 . /
‘o Sl
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1) V3B i3 A-cxeMor0
Puc.3. Pesynabratu mocmipkeHHS Oa A7 pisHUX TUMiB Y3B Ha ¢ynkuii P13

BucHoBkHu. AHamni3yrouu HaBeleHI Ha puc.3 JaHi, MOKHA CTBEpPKYBaTH, 110 JOAATKOBA MOXUOKA
BHUMIpIOBaHHSI BUTpaTH Y3B 3yMoBIeHa CIIOTBOPEHHSIM CTPYKTYPH HOTOKY 3aleKUTh HE TUTBKU BiA
kinpkocti AK Ta cmocoOy iX posramryBaHHs, a H Big KyTa IOBOpOTY BHUTpaToOMipa BiIHOCHO
TOPH30HTAIBHOI IUIOMMHN. Tak, B OMHOMY BHIAJKy, Hindip kyra moBopory Y3B (puc.3,a) BimHOCHO
ropu3oHTanbHOi iommHU (o = 10... 20° a6o o = 140... 150°) mo3BONMB 3MEHIIMTH MOXHOKY Oa (Ha
mozeni P13) no 3amoBinbHOro piBHs B +0,3 %. IIpore mepeBuIeHHs UX Jiana3oHIB 3HAYCHb KyTa O
HABIAKHU CIIPUYMHAE Pi3Ke 30UIbIICHHS MOXUOKH Op B KiIbKa pasiB; Led edekT 3ycTpiuaeTbcsi HaBiTh B
OaraTtokaHaipHUX Y3B, 1 y BciX po3misHyTHX Bumajkax (puc.3) MPU3BOAUTH A0 BUXOLY 3HAUCHHS
MOXUOKH Op 32 HOpMOBaHi Mexi B 0,3 %.

B pesynbraTi MOXHA CTBEpIKYBaTH, LIO MOAIOHI JOCTiKEHHS € BKpail BaKIMBHMHU Ha eTari
npoekTyBaHHs KoH(pirypauii BT B Tux Bumagkax, Ko BiACTaHb MIX JDKEPEIOM CIOTBOpeHHA i Y3B €
JOCHTBH MaJIO. B IboMy BUIIaKy aHali3 MpocTopoBe po3TanryBanHs Y 3B Ha 6a3i ¢pynkuind Salami moxe
B 3HAYHIH Mipi COPUATH YCYHEHHIO 10JaTKOBOI MOXHOKU BUMIPIOBAHHS BUTPATH Op.
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6. Duffell, C.J., Brown, G.J., Barton, N.A., and Stimpson, B.P. (2003, 25-28 March). Using optimization algorithms and CFD
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YK 004.932
O. €. II’stukon, JI. B. 'onomos
JABH3 «IIpna3oBchbkuii Aep>KaBHUM TEXHIYHUI YHIBEPCUTET»

3AJIAYA JIEHTU®IKAILIL IOMOJIBHUX KYJIb HA 306PAKEHHI

I’satuxkon O.€., TononoB .B. 3agaua inentudikauii mnoMoIsHUX KyJb Ha 300paxkeHHi. PoOora mpucesyeHa
npobieMam 00poOKH 300paKeHHS B yMOBAaX PEATbHUX IPOMHUCIOBHX CHCTEM KOMITTIOTEPHOTO 30py. Y CTaTTi HaBEICHO OIS
OCHOBHUX METOJIB CETMEHTAIil 00'eKTiB Ta MOIMIYKY KiT HA I(poBOMY 300paskeHH] 3 aHAII30M OCTAaHHIX HOCATHEHb. OmucaHi
PEe3yNbTaTH AOCIIKEHHS Pe3yNbTaTH MiA00py MapaMeTpiB P MEPETBOPEHHS y CUCTEMY KObopiB HSV.

Kmiouosi cnosa: 0bpobka 300pasicens, cecmenmayis, KyJsi, nepemeopentsi 8 Koaiphomy npocmopi HSV.

Istukon E.E., Tosonos /1. B. 3agaua naenTngukanuu NoMoJbHBIX IAPOB Ha u300paxeHun. Pabora mocesmena
npobreMam 00pabOTKH H300paKeHHSI B YCIOBUSX pPEATbHBIX HMPOMBIIUICHHBIX CHCTEM KOMIBIOTEpHOro 3peHus. B craTtne
MIPUBEJCH 0030p OCHOBHBIX METOOB CETMEHTALMH OOBEKTOB U MOMCKA OKPYKHOCTEH Ha IH(POBOM M300paKECHUH C aHAIH30M
HOCTIEIHUX JOCTIDKeHHH. OmucaHbl pe3ysibTaThl MOAO0pa MapaMeTpoB Iuisi IpeoOpa3oBaHus B cUcTeMy 11BeToB HSV.

Knrouegvie cnosa: 06paboTka M300pakeHUH, cerMeHTaIys, map, npeodpa3oBaHus B LIBETOBOM IpocTpaHcTBe HSV.

Piatykop O., Golodov D. Segmentation of grinding balls in the image. The work is devoted to the problems of
segmentation in conditions of real industrial computer vision systems. The article provides an overview of the main methods for
segmenting objects on a digital image and analysis of the latest achievements The results shows of the selection of parameters for
or the transformation of the color system.

Keywords: image processing, segmentation, sphere, transformation in the HSV color space.

IHocTanoBka nmpodsemu.

Komm'torepHuii 3ip moTpibeH B caMux pi3HUX cdepax JTIOACHKOro KUTTA. Taki cucreMu HeoOXiTH1
B MeaunuHi [1], ne orpumanns, 00podka i po3mudpoBKa 300paxeHb TO3BOJAE OUIBIT TOUHO MOCTABUTH
JIiarHO3 1 KOHTPOJIOBATH XiA XIpypriuHUX ormepaiii; B poOOTOTeXHIli i opieHTauwii B mpocTopi i
HaBiranii [2]; B cucremax ineHtudikanii [3], a Takox ams 3a0e3nedeHHs B3a€EMOIT JIFOAWHY 1 KOMIT'FoTepa
3a JIOIOMOT'OI0 T'0JIOCY, JKECTIB 1 pyXiB. 3HAUHUM HAINpSIMKOM € 3aCTOCYBaHHS CUCTEMH KOMII IOTEPHOTO
30py Ha BUPOOHHMIITBI, JIe iX BUKOPUCTAHHS I03BOJISIE aBTOMAaTU30BAHUM CHUCTEMaM:

—  BIICTeXKYBaTH PO3BUTOK TEXHOJOTTYHUX MPOLECIB,

—  KOHTPOIIOBATH JIOMYCKHU BiAXHJIeHHs (opMU BUPOOIB,

— CKaHyBaTH TeXHIYHi 00’€KTH AJIS EKCIIOPTY B CUCTEMY aBTOMATH30BAHOTO IPOEKTYBaHHS,
— posmi3HaBaTH 300pakeHHsI IPOMUCIOBUX AeTaleH,

—  YOpaBisITH POOOTU30BAHMMH IUITHKAMHU BUPOOHUIITBA,

—  aHaNi3yBaTH CTPYKTYPY IOBEPXHI MaTepiaiB M0 300pakeHHsM Ta iHmie [4-6].

OpHi€ro 3 aKTyanbHUX 3aBIaHb aHaJi3y 300pakeHHs € MpobiieMa po3Mi3HaBaHHS OMOIBHUX KYJIb
Ha 300pakeHH1 3aBaHTaKyBaJIbHOTO JIOTKY TapTiBHOro OapabaHy, SIKHH BCTaHOBJICHO Ha MPHUCTPOIO LIS
TepMigHOi 00poOkM Kynb [7, 8]. Lli Kyni BHKOPHCTOBYIOTBCS B TipHHYOAOOYBHIX Ta IHIIMX TaiTy3sx
MPOMUCIIOBOCTI JJIi MOMONY TpW MiArOTOBLI PyIHUX 1 HEPyAHUX MartepiamiB. MeraneBi Kymi
BUPOOISIIOTBCSL pisHOro aiamerpy Big 40 mo 120 mm, a ix TemmepaTtypa mpu o0pobui csrae 600°C.
BupoOHUITBO Kynp mepeadavae Taki TEXHOJIOTIYHI Omepalii: HarpiB 3aroToBKH y CEKUilHINA medi,
¢dopmyBaHHs 1Iapy, 3aKajka LIapy y rapTiBHoMy OapalaHi, omyckaHHs Kylb y OyHkep cknany. Ilepen
CIYCKaHHAM KyJb IX HeoOXimHo migpaxyBatu. s aBTOMaTH3alii LBOTO TPOLECY AaKTyalbHO
BUKOPUCTAHHS CUCTEMH KOMII IOTEPHOIO 30Dy, SIKa JO3BOJMTH MiApaxyBaTH KUIBKICTh rapsyux KyJib K
KOXXKHOMY JIOTKY. HaBIpoTu JOTKIB BCTAHOBIIOETHCS Kamepa, sika ¢ikcye oOepranHs Oapabany. 3
BiZleOpsAy HEOOXiIHO BHIIYYaTH KaApu 3 300pakeHHSM JIOTKYy OapalaHy 3 KyJIsIMH Il IOAAJIBLIOTO
aHaJi3y Ta po3mizHaBaHH. [Ipukian 300pakeHHs HaBEIeHO Ha PUCYHKY 1.

s HaBeneHoi 3amavi icHye Jaekiibka ocoomuBocteil. o mepiie, HecnpusTIMBI yMOBU po0OOTH
KaMepH. MOKJIMBE 3aCBITJIICHHS, HAKONMMYECHHS Mapu y moBiTpi. Kamepy MOXIHMBO pO3MiCTUTH HaBIPOTH
Oapabany 3 KyJasMH, aye y Kaapl OyAyTb 3aimumaTucs 3aiiBi 00’e€KTH, sKi HEOOXigHO 00pi3aTH mepen
aHani3oM 300pakeHHs. Kymi y mOTKy MOXyTh OyTH pi3HOi TemmepaTypu i HeOOXiHO po3Mi3HaBaTH Ta
paxyBaT TUIBKH rapsdi, siKi BIIPI3HAIOTHCS KOJIbOPOM.
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Puc 1. 3006paxkeHnst rapTiBHOr0 6apadbaHy 3 TOMOJIEHUMH KYJISIMU

Takox mpoOiIeMoro € po3TauryBaHHs KyJdb Y JIOTKY: KyJii MOXKYTb OyTH OJHA 3a OIHIEI0, MOXYTb
OyTu 3mituieHi. B 3ajekHOCTI Bifg OCBITJIEHHS KyJli MOXYTh daBaTd BiaazepkaneHHs abo TiHi. Taxi
CHTYyallii TOKa3aHi Ha PUCYHKY 2. Yci i mpobieMu noTpiOyIoTh IHAUBITYadIbHOTO MiAXOAY A0 BHPIILICHHS
3ajadi.

n-

Puc. 2 PizHoBH[ po3TalryBaHHs HOMOJBHUX KYJIb Y JIOTKY

[Ipouec po3nizHaBaHHA TPAAULINHHO BKIIOUAE PsiJ €TAIIB. IEPETBOPEHHS BUXITHOTO 300pakeHHS B
MOYaTKOBE ysBICHHS (OTpuMaHHS 1HdpoBoro 300pakeHHs, monepenHs o0poOKa), CerMeHTarlis,
HOpMauti3anlis, QutbTpalis, BuaUIeHHs neranei (03Hak) Ta kmacudikanis od'ekra [9, 10]. dns HaBenenoi
Mpo0JIeMU HEOOXiJHO TaAKOXK BUKOHATH I1i €TaIlu:
3axBatr Kaapy 3 Bifeo psmy;
00pizaHHs 300pakeHHsI JIOTKY Bij 3aliBUX 00’ €KTIB,;
nepenoopoOka (3MiHa KOHTPACTY, KOIBOPOBOIO MIPOCTOPY Ta 1HIIE);
aHaJi3 300pakeHHs HAa HAasIBHICTb 00’ €KTIB y KaJpi;

CerMeHTalist odnacreil pokeBoro Koiabopy;
ineHTUGiKamis (BUSBICHHS) KyJIb.

VYci eranmu MaioTh 0coONMMBHH XapakTep 1 iX BHUKOHAaHHS 3aJIGKUTh O€3MOCEpeNHBO Bif
oco0nuBocTell MpuKIamHOi 3adadi. SIKmo mepuri 4YOTUpU erand MaloTh OCOONHMBHI XapakTep i
Oe3mocepeHbO 3aNeKaTh BiJ HANAIITyBaHHS KaMEpH, TO JJIS BUKOHAHHS CErMEHTAllil Ta MOUIyKY KyJb
Ha 300pakeHH] iICHYIOTb METOAH.

AHaJIi3 0CTaHHIX JOCTiTKeHb 1 myOaikaiii.

3 ToukH 30py 00poOKHU ITU(POBOro 300paKeHHS, CErMEHTAIlis — 1€ TTPOIEC PO3ALUTCHHS ITUGPOBOTO
300paKeHHA Ha JEKiIbKa CErMEHTIB — MHOXKMHY IiKkceniB. MeTa cerMeHTalii mojsrae y CnpomieHHi i/abo
3MiHi IPECTaBICHHS 300pakeHHs IJIs MOJIErIeHHs Horo aHami3y. TouHile, cerMeHTalisi 300pa>keHb —
1€ MPOLIeC MPUCBOEHHS TAKUX MITOK KOKHOMY MIKCE0 300paskeHHs, 110 MiKCeli 3 OMTHAKOBUMH MITKaMHU
MalOTh CHUTBHI Bi3yaJlbHI XapaKTEpPUCTUKU. Pe3ynbTaToM cerMeHTamii 300pa)KeHHS € MHOKHHA
CErMEHTIB, sIKi Pa30M MOKPHUBAIOTh BCe 300pakeHHs, a00 MHOKMHA KOHTYPIB, BUIUICHUX 3 300paKeHHSI.
Bci mikcenmi B CEerMEHTI CXOXI 3a JESIKOIO XapaKTEpUCTUKOI abo 3a BHM3HAYEHOIO BIACTUBICTIO,
HampUKIa] KoJip, sAckpaBicTe abo TekcTypa. CycigHi CerMEeHTH ICTOTHO BIAPI3HSIOTBCA 3a LUMH
xapakrepucTukamu [8-12].

Jns cermenTaitii 300paxeHb 0yi10 po3po0ieHO IeKiibKa YHIBepCaIbHUX alTrOpUTMIB 1 MeroniB [9-

cakrwpE

12]:
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— MEeTOJI BU3HAYCHHS IOPOTiB;

— METOJH, 3aCHOBaHi Ha KJIacTepHu3allii,

— METOIH, 3aCHOBaHi1 Ha CTUCHEHH],

—  METOJH 3 BUKOPHUCTaHHSAM TiCTOTPaMu,

—  BHJIUICHHS KpaiB;

—  METOJH PO3POCTaHHS 00JIacTeH;

— METOJIH, 3aCHOBaHi Ha AU epeHiaIbHUX PIBHAHHAX 3 YACTUHHUMH MOX1THUMH;
—  Bapiarliifai MeTou;

— MeToIu po3pi3y rpada,

—  METOoJl BOAOMHOLTY.

3arajapHOro pillieHHS TS 3a/1adyi CerMeHTallii 300paXeHb He iCHY€, Y9acTo I[i METOAM JTOBOJIUTHCS
MOEAHYBAaTH 31 3HAHHSAMHU 3 NpeAMETHOI obnacTi, mo0 edeKTHBHO BHpIIyBaTH WI0 3agady B il
npeaMeTHii obnacti. YacTo cerMeHTalisi BUKOPUCTOBYEThCS MPHU 00poO1i MeAMYHUX 300pakeHb. Tak y
podori [1] aBTOp BHKOHYE OOpPOOKY YIBTPAa3BYKOBHUX 300paKeHb COHHUX apTepiii Ha OCHOBI
CBONIOLIHHUX aNrOPUTMIB 32 JOMOMOIOI0 METOAY CHHTE3Y CXEM CerMeHTaulii yJIbTPa3ByKOBUX
300paKeHb Ha MiJCTaBi TEHETHYHOrO MPOrpaMyBaHH, SKAH 32 pPaxXyHOK 3alpONOHOBAaHUX MOAMQIKaIii
orepaTopiB KPOCHMHIOBEpY Ta MyTauii 30UIbIIye MBUAKICTh CHHTE3y TOUYHHX CXeM cerMeHTamii. Takox
CErMEHTYBAHHS EBONIOLIHHUM METOJIOM MPOBOAUTHCS y POOOTI [2] anst 300pa)keHHs, 0 OTpUMaHe 3
OOpPTOBUX CHCTEM ONTHKO-CIEKTPOHHOrO crioctepexxenHs. Llei minxin mae 1o0pi moka3HUKH, 32 TyMKOIO
aBTODIB, ajie 300paskeHHsI iX MPEAMETHOI Tany3i MiCTATh BEIUKY KUTBKICTb OPiOHUX 00’€KTiB.

[HmmMi migxix 3anponoHOBaHO I cerMeHTanii 300pakeHb 00'€KTiB Ha NU(PPOBUX aCTPOHOMIUYHHUX
300paxkeHHsx [4]. Po3pobieHnii MeToq HANeKUTh KIacy METOIB CerMeHTallii obiacTeil i3 3aJaHuMu
MapKepHUMH TOYKaMU. SIK MapKepHHX TOYOK BUKOPHCTOBYIOThCA MOMEPEIHBO BUIIJICH]I MK 300pakeHb
00'eKTiB. 3 METOIO 3MEHIIICHHS 00UNCIIIOBAaJIbHUX BUTPAT CErMEHTallis IPOBOAUTRCS B OiHapHii obmacTi C
3a3JaNeriap 3aJaHuMU PO3MipaMy i MOMKJIMBICTIO 1X aganTUBHOIO 30UTbIICHHS. BuaineHHs 300pakeHHs
00'€eKTa BUKOHYETBHCS 13 3aCTOCYBAaHHSIM IOCIITOBHOCTI MOpQOJOTiYHMX omepalii eposii, aumartamii i
MOp(OJIOTIYHOT peKOHCTpYKIii. s o0miky ocoOmuBOCTEH acTpOHOMIYHMX 300pakeHb, MOP(OJIOTidHA
00po0OKa MPOBOAUTHCS 3 TOMEPEAHBOI0 Moaudikaliero udpoBoro 300paxenns. Pobdora [5] mokasye, mo
MOTIEpeHIM €TaroM Iepel] CETMEHTAL€l0 MOKe OyTH BHIUICHHS KOHTYpY 00’€KTy. 3 pe3ylbTaTaMu
nerekropy KaHHi Takox MOpIBHIOIOTH CBOI METOM y podorax [2, 4].

bimspka no HamaHoi mpoGimemu poGorta [3]. B crarri ommcano npobinemy OiomeTpudHOL
imeHTHdiKanii Mo paimykHii 0OONOHII OKa: BHXiJHE 300pa)KCHHS CIOTBOPEHE IIyMaMH amaparypH
CKaHyBaHHs, AMCKpeTH3alii abo KaHamiB mepedadyi JaHUX, B pPe3yibTaTi 4Oro 300pa)KeHHS MaloTh
HEpIBHOMIpHY fICKpaBiCTh 1 KOHTpAacTHICTb. ABTOp TPOIOHYE TMepenoOpoOKy, M0 BKIIOYAE:
BUDIBHIOBaHHSl 3arajibHOl  SICKpaBOCTi 300pakeHHS, JIKBiZamiro Ha BHXIJHOMY 300pakeHHi
BHCOKOYACTOTHUX MEPEIIKo 1 pi3HOro poxy apredakTiB, KOHTpACTyBaHHs OiHapHOro 300paKeHHsS Ta
IHIMX QYHKLIIOHATBHUX MEPETBOPEHbD, HAIPUKIIA] IepeTBOpeHHs y cuctemy HLS (HSV).

Takox akTyanbpHa podota [6], sika mpucBsdeHa po3poOIli anropuTMy, IO 3AIHCHIOE pO3MTi3HABAHHS
JOPOXKHIX 3HAKIB, SIKi OOMEXYIOTh IIBUAKICTh. JlocsrHeHHs i€l MeTH nependayae BUPIMICHHS HACTYITHUX
3aBIaHb. TEPETBOPEHHS KOJIPHOTO IPOCTOPY, BUIAJCHHS IIyMiB, BHIUJICHHA oOjacTeil iHTepecy,
Bepudikamis 00’exTiB iHTepecy. JopoxkHi 3HaKH, sIK 00’ €KTH iHTEpecy, 3a (OpMOI0 MPenCTaBIAIOThH KOJIO.
CXO0XICTh 3 IOMOJIBHUMH KYJISIMU € He JHiIe y GopMi, a i 32 KoIbopoM. ABTOPH BBaXKAIOTh JOLIUIBHUM
BUKOPHUCTaHHS KoJlipHoro npocropy HSV, B skoMy eeKTUBHICTD BUIIJICHHS YePBOHOT'O KOIbOPY BHIIIE B
nopiBasiHHI 3 RGB mpoctopom. Jlns BH3HAa4YeHHS! HAsSBHOCTI KiJI B 00JacTAX iHTEPECY 3aCTOCOBYETHCS
neperBopeHHs Xada, a came rpaaueHTHbI Meron Xada (Hough gradient method) [10, 13].

Meroo pocaimxkenHs. Ha ocHOBI BUBYUEGHHS TpaguliHUX METOIB Ta aHANi3y CyYacCHHUX
JOCITIPKEHb BHPIIIEHO Ha €Tami MmepegoOpoOKH MOCTIAMTH MapaMeTpH IUIsl MEPEeTBOPEHHS y CHUCTEMY
koipopiB HSV, sk y po6Goti [3, 6] Ta mns 3MeHIIeHHsT KUTBKOCTI MOMHJIKOBHUX TIKIB IEpe MOYaTKOM
BUSIBJICHHS 00’€KTiB IHTEpECY MPOBECTU MONEpeIHI0 00poOKy 3 BUKOPUCTAHHAM (QiIbTpy 3TaKyBaHHS
[4]; mns cermeHTamii pO3rISHYTH KOMOIHYBaHHS METOJIB BH3HAYEHHS TNOPOriB Ta METOAU 3
BHUKOPHUCTAHHSM TiCTOIpaMH.

OcHoBHI MaTepiaau J0CTiTKEeHHS.

[I{o6 BUKOHATH MOCTaBJIEHY 3aAady, MPOrpaMHUMH METOAaMK OyB MEpeXOIUICHUH BiEOMOTOK Ta
oOpaHo kapau. Jlami Ha KOXHOMY Kazapi Oyla BHIIeHa JHIIE CMYXKa o0iacTi posMipom 566x20
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MIKCENiB, 7€ OYiKyeThes 0sBa POKEBUX KyJIb. 1i po3TallyBaHHs BCTAHOBJIEHO EKCIIEPUMEHTANBHO. B miit
o0iacTi TepeBipseThbCs HASBHICTH POXKEBOrO (Ma/PKEHTOBOIO) KONBOPY. SIKIIO IOro 3a0apBIiCHHS
OinbIre, HixK 2%, To Kamap Oyae oOpoomsaTucs naini. Llel mporec nae MOXKIHMBICTh TiIBUIUTH MIBUAKICTH
Ta 00pOOIATH KaapH y peaIbHOMY Yaci.

[lepen monmanmpIIOld TPOTPaMHOI0 OOPOOKOI 300pa’KeHHST BHUPILIEHO MPOMOJICTIOBATH Y
cepenounyi MATLAB mporec meperBopeHHs y cuUcTeMH KonbopiB HSV Ta BH3HaumTh mapamerpu
MOPOTriB sl MOAAJBINOTO iX BUKOPHCTAHHS y aBTOMAaTH30BaHii cucTeMi imeHTU(IKaALil Ta miapaxyHKy
KyJb. MOAENIOBaHHS MiATBEPANIIO, IO BUKOPUCTAaHHS pocTopy HSV € Oiibi 01HO3HAYHUM NOPIBHSIHO
3 Mackamu kaHaniB RGB. [Ipuknan HaBegeHO Ha PUCYHKY 3.

a) Masked Red Image 0) Masked Green Image B) Masked Blue Image

r) Hue Mask n) Saturation Mask e) Value Mask
Puc. 3. Pe3gynpraTit MackyBaHHS y pi3HUX KOJIBOPOBUX CHCTEMAaX

IMpoctip HSV (takox HSB) — konipHa Mozelb, 3aCHOBaHa Ha TPHOX XapaKTEPUCTUKAX KOIbOPY:

—  komipuuit ToH (Hue), sikuit Bapitoetsest B Mexxax 0-360°, ane inoxai — niana3zon 0-100 a6o 0-1;

— HacuyeHicTh (Saturation), sixa BapiroeTsest B Mexxax 0-100 a6o 0-1. Uum Oinbiimii et mapamerp, TUM
«IHUCTIMMA» KOMip, TOMY LIel mapaMerp iHOZi Ha3WBAIOTh YUCTOTOIO KOJIBOPY. A UUM ONMMKUYMMA 11ed
napamerp 0 HyJis, TUM OJMKYMI KOMip 10 HEUTPaIbHOTO Ciporo;

— 3HaveHHs konbopy (Value), abo sickpasicts (Brightness), 3agaetses B mexxax 0-100 a6o 0-1.

[Ticns pimenHs BuKopucToBYyBaTH mnpocTip HSV Oynmm mpoBemeHi nocmimkeHHS 3 madopy
napamerpiB Mofeni. TakuM 4MHOM, BCTAHOBJICHE ONTHMAaJbHE 3HAUCHHs mapamerpa V, siKe J03BOJSE

JOCTOBIPHO OILIIHIOBATH KUIBKICTh MOMOJIBHUX KyJib. Pe3yibpTaTi ekcriepuMenHTy HeBeaeHi y Tadmumi 1.

Tabnuus 1 — pe3yabratu gociipkeHHs napaMerpy V

3HauenHs mapamerpa V KIHEKICTB HOVOIDHTR Ty b [Toxubka
3HalICHO peajbHO

0.75 501 485 3.3%
0.8 495 485 2.1%
0.85 490 485 1.0%
0.9 484 485 0.2%
0.95 472 485 2.7%

1 468 485 3.5%

B pesynbraTi MOnenoBaHHS TaKOXK BCTAHOBJICHO, IO JOLIIFHO BUKOPUCTOBYBAaTH MOPQOIOTivHi
omepanii epo3ii Ta aunaramii, 00 BUKIIOUYHUTH MAaJOpO3MipHI apredakTdH. Y sKOCTi ¢inbTpa
3rIIaJUKyBaHHS 00paHo MeToa (inbTparii 300paxkeHHs 3a monomororo ¢yHkuii ['ayca (GaussianBlur) 3
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po3Mipom 9 mikceniB, SIKMH MPU3BOIUTH A0 PO3MHUBAHHA 300paxkeHHs. JlaHUH MiAXiJ BUKOPHCTOBYETHCS
JUTSI 3SMEHIIICHHS TIEPENTKO/I Ha 300paskeHH1 Ta 3HWKEHHS JIeTai3allii.

s mpoBeseHHs cerMeHTalii AOCHiPKEHO METOAW 3 BUKOPHCTaHHIM ricrorpaM. Ha pucynky 4

HABEJICHO MPUKJIaA. BCTaHOBIIEHO, 10 HEOOXIJHO BUKOPHCTOBYBATH ISl BEPXHBLOI I'PAHUII MapaMeTpH
HSV(237, 0, 108), mns umwkaboi — HSV(255, 170, 255).

Pixel Count
[
o

un

o
o
=
[=]

Pixel Count

w

Pixel Count
un

= 0 0
0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Hue Value Saturation Value Value Value

Puc. 4. PegynbraTi moOyaoBu ricrorpam

IlepcnekTHBY NOJANBIINX JOCTIIZKEHb.
Jns HaBenmeHoi 3amavi OynuM OTpUMaHi ONTHMANBHI MMapamMeTpw IS TEPETBOPEHHS Y CHCTEMY

konmpopiB HSV. [lns mpoBeneHHsS cerMeHTaulii BCTAHOBJICHI BEPXHI Ta HW)KHI TpaHULl BimOopy 3a
KOonbopoM B mpoctopi HSV, ski 103BOJISAIOTE HAa LBOMY €Tali BH3HAYUTH BIPHO MOMOJBHI KyJi 3
noxnokoro 0.2%. TakuM 4MHOM, MOXKHA TIEPEHTH 1O MPOrpaMyBaHHs 3aKIIOYHOr0 eTamy — igeHTudikamii
MOMOJIBHHX KYJIb HA OCHOBI IepeTBopeHHs Xada.
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Monimyxk M.M. k.T.H.
Jlyupkuil HanioHaBHUK TEXHIYHUHA YHIBEPCHUTET

MATEMATHUYHE MOJAEJIIOBAHHSA TEXHOJIOI'TYHOI'O ITPOLECY
MHOJAPIBHEHHA

Monimyx M.M. MaTtemaTH4YHe MO/Je/TIOBAHHSI TEXHOJOTiYHOr0 Mpolecy MoApiOHeHHs1. Y CTaTTi Ha OCHOBI MOAei
MEXaHIK{ TBEPJIOTo Tija, MO Ae(OPMYETHCS, AOCTIDKYETECS HPOIEC MOAPIOHEHHS TPYAOK CAIpONeNio HMPsIMOKYTHOI (opMu.
OTpuMaHe B pe3ynbTaTi MOAENIOBAHHS 3 BUKOPUCTaHHSIM METOXy IHTETpalbHHUX IepeTBopeHs. IIpoBoanThes dMcensHE HOCHi-
JOKEHHS HaIlpy>KeHUH-1e()OPMOBAHOTO MOISATAHHSA B TPYJKAX CAIPOISNIO 3aJIe’KHO Bill MIBUIKOCTI HABAHTAXKEHHS 1 T€OMETPUY-
HUX TapameTpiB. 3HalAeHUI POCTOPOBO-YACOBHH PO3IOLT TOIOBHOI JOTUYHOI HATIPYTH, SIKA BUPIMIATGHIM YMHOM BIUIUBAIOTH
Ha IIpoLec pyiHHyBaHHS 1 Mipy HOApiOHEHHS.

KiouoBi ciioBa. HaBanTtakeHHs, Teopist MoApiOHEHHs, MOACNIOBAHHS, yapHE HABAHTAKCHHsI, IHTETPaIbHI IIepPEeTBOPEH-
H$, TOJIOBHA JOTHUYHA HATIpyra

Homumyk H.H. MaTtemaruyeckoe MOAeJIMPOBaHHE TEXHOIO0THYECKOro mpouecca u3Menb4yenus. B cratee Ha oc-
HOBE MOJIETI MEXaHHUKHU TBEPAOro Ae(hOPMHUPYEMOTO TENa, UCCIIEAYETCS IPONECC U3METBUCHISI KOMKOB CallpOIIENs MPsSIMOYT OJIb-
HOH hopmeL TlomydeHoe B pe3yabpTaTe MOIEIHNPOBAHUS C HCIIOIb30BAHIEM METO/[a HHTETPAIFHBIX IIpeoOpa3zoBanuit. [IpoBogurcs
YHCIICHHOE HCCIEOBAHNE HANPSHKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHUSI B KOMKAX CalpoIlesisi B 3aBHCUMOCTH OT CKOPOCTH Ha-
Ipy3KH U F€OMETPUYECKUX HapameTpoB. HalineHHBII IpOCTpaHCTBEHHO-BPEMEHHOE PACIPEICICHUE TTIaBHOW KacaTeIbHBIX Ha-
MPSDKEHNH, KOTOpas pEeHIaloniM 00pa3oM BIHSIOT Ha MPOIECC PA3pyLICHHs H CTENEHb N3METbICHHS.
Kirouesbie ciioBa. Harpyska, Teopus u3Menb4eHus, MOJCIUPOBaHNE, yAapHas HAIPy3Ka, HHTErPaIbHBIC IIpe-HUE, IJ1aB-
HAasl KacaTeIbHbIC HANPSHKCHUS

Polishchuk M.M. Mathematical modeling of the technological process of grinding. In the article on the basis of the
model of the mechanics of a deformable solid, the process of crushing the pieces of sapropel of a rectangular shape is investigaed.
Obtained as a result of simulation using the method of integral transformations. Numerical study of strain-deformed retention in
sapropel lobes is conducted, depending on the loading speed and geometric parameters. The spatial-temporal distribution of the
main tangential voltage, which decisively influences the process of destruction and the degree of grinding, is found.

Keywords. Load, crushing theory, simulation, impact load, integral transformation, main tangential voltage

Beryn. MaTtemaTnyHe MOIENIOBaHHS MOAPiOHEHHs], SIke BUKOPUCTOBYETHCS HA IAHUH Yac B TipHU-
4iif cIipaBi, Xap4oBiii MPOMUCIOBOCTI Ta JiCOBOMY I'OCIOAapCTBi nependavae, mo noApiOHEeHHs CynpoBO-
JDKYETBCSI pyHHYBaHHSIM MDKMOJNEKYJISIPHUX YW MDKATOMHHUX 3B’SI3KiB, @ TOMY JJIsl HOTO KiTbKiCHOTO OITH-
Cy MOXXHa BHKOPHCTOBYBaTH €HepreTHyHi miaxoau [1, 2]. 3okpema, [ist MOIETIOBaHHS MpoLecy Moapio-
HEHHsI HeoOXimHy Al pyHHYBaHHSI poOOTY 30BHIIIHIX 3YCHJIb YacTO MOB’SA3YIOTH i3 TUIOIIEI0 HOBOYTBO-
PEHUX MTOBEPXOHB Ta 00’€MOM Matepiaiy.

Ha BinMmiHy Big TBepIuX T, IPYHTH € 3a CBOEIO CYTTIO 0araTOKOMIIOHEHTHUMH CyMilIaMH 1 iX
pyiiHyBaHHS BinOyBaeThCS HacaMIlepell 3a paxyHOK BTPAaTH aaresii OKpeMHUX KOMIIOHEHT 1 BUPIIaTbHUM
YMHOM BH3HAYa€ThCA 1X CKIIAJOM, BOJIOTICTIO, TEMIIEPAaTypOIO, TOIIO. Xo4ya B 3aralbHOMY BUTIAJIKy BHILE-
O3HaYeHa MPoOJeMa CTOCYEThCS CKIIATHHUX, TCOMETPUYHO Ta (PI3UYHO HENIHIMHHX MOJENIeH MEXaHIiKH,
0araTto BayKIIMBUX 3aKOHOMIPHOCTEH Ta e(eKTiB, IO MepelyloTh NMPOLECy PYHHYBaHHS I'PYHTOBHX CyMi-
1Ieif MOYKHA BHSIBUTH Ta JOCIIAUTH 3 BAKOPUCTAHHSM JIIHIHHOT MoJieni Teopii mpyxHocTi [3].

IMocranoBka mpodsaemu PoarouicTs IPYHTIB € BH3HAYaJILHOIO YMOBOIO BEACHHS CLIBCHKOTOCIO-
JapChKOro BUPOOHHUIITBA B Cyd4acHHX yMoBax. Ha cborofHimiHii A€HB KiNBbKICTh 3€MeNb CITLCHKOTOCIIO-
JapChbKOro MPU3HAYEHHS CKOPOYYETHCS, B OCHOBHOMY 13-32 HEMOXKJIMBOCTI MiATPUMYBATH iX POMIOYICTD.
OCHOBHMM MOCTaYaJIbHUKOM OpTaHiYHUX JOOpUB A0 HEAABHHOrO Yacy Oysia TBapMHHHUIBKA Talry3b. Alle
3a octanHi 20 pokiB ii 00CsArM 3HaYHO 3MEHIIMIIKCS, 110 MPHU3BENO A0 3HMKEHHSI HOPM BHECEHHSI OpraHiy-
HHX JIOOPUB B IIJIOMY Ha OKpEeMHUX TepUTOPiAX B 5 pa3iB [4]. CBiTOBI TEXHOIOTI] BUPOIYBaHHS CLTBCHKO-
TOCTIIOAAPCHKHUX KYJIBTYp OPIEHTOBAHI TIIBKU HAa BIOCKOHAJICHHS TEXHIYHMX CHCTEM 1 IX onTHMI3aLii 3 Me-
TOI0 OTPHMaHHS MaKCUMAJIbHOI KiJIbKOCTI BUXiTHOT mpoayKuii [5, 6, 7] HexTyroun npu mpoMy €KOJIOriy-
HUMH HACJIAKAMH TOCIIONAPIOBAHHA Ha 3eMJyli. ToMy BUHHKa€e HEOOXiIHICTh B MOLTYKY HOBUX BHIIB Opra-
HIYHUX NOOpWBax, a TAaKOXX HOBUX TEXHOJOriH 1X BUTOTOBJIEHHS i BHECEHHS B IPyHT. OJHMMHU 3 TaKUX
MOXYTh CTATH O3€PHI camporielni NpiCHOBOIUX BOJONM.

AHauni3 ocTaHHIX qoc/aiKens i myOaikaniii. OcHOBHOIO MPo0JIeMOI0 BUKOPUCTAHHS CAIIPOIIENIO B
NPUPOJHOMY CTaHi € iforo Bucoka Bosoricts( 92 - 96 %). [ns moaanpuioro BUKOPUCTAHHS SIK OPraHivHUX
JOOpHUB HOro BOJIOTICTH MMOBHHHA CKiIafaTH He Ounbiie 60 %. 3HMKEHHS BOJIOrOCTi CalpoIeNio IpU3Bo-
JMTh 10 BTpaT NOXUBHHUX pedoBuH [8, 9, 10] . 3acTocyBaHHS 03EpHUX CAIPOIEIiB B SKOCTI OpPraHiqHOT
PEYOBHHU METOZOM MOBEPXHEBOI0 BHECCHHS, BUMAarae BUTPUMYBaTH HOpMY BHeceHHs B Mexax 40 - 60
TOHHHM/TA, 0 € HeepekTuBHUM [10, 11, 12, 13]. Cnpobu cTBOpEHHSI HOBUX BUIB TOOPHB HA OCHOBI carl-
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POIENI0 CTUKAIOTHCS 3 TPYIHOLIAMHU MOB'S3aHUMH 3 BIICYTHICTIO TEXHIYHUX 3ac00iB iX BHpPOOHHITBA
[14,15].

OTpumaHi pe3yNlbTaTH MPOBENECHUX ABTOPOM JAOCIIIKEHb BKa3ylOTh Ha TMEBHI OCOOIMBOCTI 3MiHH
BJIACTUBOCTEH MPOMOPOXKEHUX O3EPHHUX CAIpOIIEINiB, MO MepeOyBaloTh TPUBAIMHA Yac MiJ BIUIMBOM YMOB
cepenoBHIIa. 3a HasIBHOCTI MiJIBUIIEHOI BOJIOTOCTI y CKJIaJli CAllpoIeNio € TBEePi BKIIOYEHHS, 110 HEo0-
XiTHO BpaxoBYBaTH IpU BUOOpi criocoOy iX BHECEHHS B IPYHTY. Y pa3i JJIOKAJIbHOTO BHECEHHS IPOMOpPO-
JKEHUX O3E€PHHUX CalpoIeNiB Taki TBEpl BKIIOUEHHS MOXKYTh HECTH HETaTHBHY Jil0 HA e(eKTHBHICTH BU-
POILIYBaHHS CUIBCHKOTOCTIOAAPCHKHUX KYIBTYP.

V 3B'13Ky 3 MM BUHUKJIA HEOOXiAHICTh PO3POOKH 1 BIPOBAKEHHS B MPAKTUKY MPOCTO1, HATIMHOT 1
eekTHBHOI TEXHOMOTIi MOAPIOHEHHS canpornento Oe3mocepeHbO Mepes] HOro BHECEHHSIM.

MaremaTiyHe MOIENIOBAHHS TEXHOJIOTTYHOrO MPOLECY MOApiOHEHHS, BUKOPUCTOBYBaHE HHHI B
TIpCBKii cripaBi, XapuoBiii MPOMHCIOBOCTI 1 JICOBOMY TOCHOJApPCTBI mependayae, 1o MOAPIOHEHHS CY-
MPOBOMKYETHCS PYHHYBaHHIM MDKMOJEKYJISIpHUX a00 MDKaTOMHUX 3B'SI3KiB, a TOMY JJIs 1Or0 KUIBKiCHO-
r'O OIKMCY MOYKHAa BUKOPUCTATH eHepreTuyHi minxomu [13, 14]. [lns MonentoBaHHS mpoLecy MoapiOHEHHS
HEeOoOXimHy sl pyHHYBaHHS pOOOTY 30BHILIHIX 3YCHJIb YacTO 3B'SI3yIOTh 3 ILIOMICIO YTBOPEHUX B PE3YIIb-
TaTi pyiHYBaHHSI HOBUX IIOBEPXOHB 1 00'€éMOM MOAPiOHEHOT0 MaTepiaiy.

Ha BigmiHy BiJ TBepIMX Til, IPYHTH i, 30KpeMa, Campomenb € 3a CBOEI0 CYTTIO 0araTOKOMITOHEHT-
HUMH CyMilllaMU 1 iX pyiiHyBaHHS BiOyBa€ThCs, EPeaycCiM, 3a paxXyHOK BTpaTh aAre3ii OKPEeMHUX KOMIIO-
HEHT 1, BUpIIIAJILHUM YWHOM, BU3HAYAETHCS iX CKIIaJ0OM, BOJIOTICTIO, TEMIIEPATYPOIO i T.1... Y 3arajbHOMY
BHITAJIKy BHIIE3TralaHi TPOoOJIeMH BiTHOCATHCS 10 CKJIAJHUX, TCOMETPUYHO 1 (Pi3WYHO HENMIHIHHUM MOJIi-
JSIM MEXaHIKU CyLUTbHUX cepenoBuil. [Ipore, minuil psa BakiIMBHUX 3aKOHOMIpHOCTEH 1 edekriB, mepe-
IOYIOUHX HpOoLecy pyHHYBaHHS IPYHTOBUX CyMillel i 0araTo B YoMy oMy CIIpHUAIOYNX, MOKHA BUSBUTH 1
JOCIIDKYBAaTH 3 BUKOPHCTAHHSM JIIHIIHOI Mozieni Teopii mpyxHocTi [15].

Bukiax ocHoBHOro marepiany il oOIpyHTyBaHHS OTPMMAHHX pe3yJbTATiB JOCTIITKEHHS.
B sixocTi 00'ekTy HOCTiIXKEHb MPONOHYETHCS BUOpaTH PparMeHT canpomnento y Gopmi NpSIMOKYTHHKA, 10
JBOX MPOTUJIEKHHUX CTOPIH SIKOTO MPHUKIAAA€THCS BUCOKOIHTEHCUBHA CaMEypiBHOBAKEHE HABaHTAKECHHS.
Kpim Toro, BHacHinoKk epexTy NpuIHIaHHs Capomenio 0 JO0NaTi poTopa, Ha IIUX K€ MOBEPXHAX BiCYTHI
NepeMillleHHs] B HAalIPSIMKY JOTUYHOI. [IBi iHIIMX MOBEpXHi IPAMOKYTHHKA BBa)KAIOTHCS BUIBHUMU BiJ Ha-
BaHTa)KEHHS.

PosrisiHeMo npsiMokyTHHK 3 po3mipamu 2h x 2] mo X, ta Y, BixmosigHo (puc. 1). 3 MoMeHTY Yacy
t =0 zo ioro cropin X, = £l moxmamarorscs Hopmansri 3ycwist P(t) . Ha i % cropoHn craBHTBCS

yYMOBa BiICYTHOCTI JOTMYHOI CKJIAJ0BOI BEKTOPY HepeMimenns. [amn nosepxui Y = +h Bopomosx ycbo-
ro mporiecy aedopMartii 3aTUIIal0ThCs BUIBHIMY Bijl HABAHTAKCHHS.

— <—

i)ﬁ
0 2h

—5 <—
p(t) X p(t)
—>| <—

2l

Puc. 1. Cxema 3aBOaHHs

J71st 3py4HOCTI MPOBEICHHS MaTeMAaTHYHUX BUKJIAJICHD 1 BUSBJICHHS HaHOUIbII XapaKkTepHUX Hapame-
TpiB, IO BH3HAYAIOTH AWHAMIYHHMI HampyXeHo-A1eOpMOBaHUH CTaH, BBEIEMO B pO3IJsLl Oe3po3MipHi

sminni i Bemmaman X=X /1, y=y, /1, c=ct/l, Xy =h/l, «2—c /c,=(A+2u)/u> € C1» cy»
MIBUIKOCTI TMONIMPEHHS XBUIIb CTHCKYBAHHS 1 3pYILICHHsI B MaTepiani campomneiao A (- IPYKHi MOCTii-
Hi.

B TepmiHax mux 3MiHHHX, BBaXaKO4H, 10 10 MOMEHTY 4yacy t =0 rpyaka 3sHaxoaumacs B CTaHi CIo-

KOI0, 3aBJIaHHS (POPMYIIOETHCS TAKHUM YHHOM:
PIBHSHHS pyXy IPY>KHOT'O CEpeOBUIIA
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0’0 0°0 00
I R )
ox- oy- or
o’u, o°u o°u
Lt — L=k ——(k’ —1)%; (2)
OX oy ot oy
IIOYaTKOBI YMOBHU
ou
0=22_0u ="2-0 r=0 ©
ot ot
YMOBH Ha HABAHTA)KEHUX MOBEPXHIX
o, (LY, 7)=Fp(), u,(xLy,7)=0; (4)
YMOBH Ha BUILHUX MOBEPXHIX
O (X 1Y,,7) =0, 0, (X, 2Y,,7) =0, (5)
aux Uy
ne O(x,y,7) = Y +E - 06'emue posmmpenns U, (X,Y,7) U, (X, Y,T) - KOMIOHEHTH BEKTOpY Mpy-

KHOIo HCpeMiH.[CHHH

O =A0+2ue,;0, =A0+2ue
. ou, . ouy |
O = 2UEy; &y = ot £, =—;

Yoy (6)

1 8ux auy .
Ey =—=| —+—|;
Y2l 9y ox

- KOMIIOHEHTH TEH30pa HalpyrH i TeH30pa aedopmMartiii.

vy’

ou
3 ymoB(4), Bpaxosyroun, mo 6(+1,y,7) = % +—L = ou,
ax 8y x=+1 ax x=x1
OTPUMAEMO
plo, (21, y,7) =k*0(21,y,7). (7)

I[MOBYIOBA PIIIEHHA 3AZ1AUI

3actocyemo 1o piBHsiHH#A(1) iHTEerpanbHe neperBopenHs Jlammaca mo THMYacoBiil 3MiHHIHN i KiHIEBIH
COS - meperBopeHHs Dyp'e mo 3MminHiiE X [16]. BpaxoBytoun cumerpiro 3aBiaHHs, HYJIbOBI ITOYATKOBI
ymoBH(3), criBBigHOMIEeHH(7) i yMoBU(4), 3amicThb piBHSAHHSA(L), MiCIIs IEPETBOPEHb OTPHMAEMO

d?0,
dy?

(€150, = (—1)““%5@), ©)

1 )

ne &, = 7[(2n +l) [2a6,(y,8)= = ICOS(é‘n X).[H(X, y,7)exp(—sr)dzdX - 300paxenns mo Jlamnacy i
] 0

Dyp'e.
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3amicTh piBHAHHS(2) BiIOBIIHO OTPUMAEMO

d*v, 2, 2.2\ 2,46,
—L (& + xSV, =(L-KkT)—, 9
ay’ (& +x7s7)V, =( K)dy ©)
1 »
ne V. (y,8)= ICOS(é‘nX)Iuy (x,y,7)exp(-sr)dzdx. Pimtenns piBHsHHsA(7), BPaxOBYIOUH, IO
| 0

0.(y,s) e mapHOw0 QyHKIIiEr0 3MIHHOT Y Mae BT

6, = A, (s) cosh(,y) +%§‘P(S) (10)
p’y

1

mpu ¥, =+/E +% .

3 06mikom(10), pimenns piBHsHHA(9) OTpHMaEMO y BUIT

V, = B, (s)sinh(,Y) +§—;An(s> sinh(y,y) (12)

npu ¥, =w/é‘nz +x°s%.

[HITY KOMITOHEHTY BEKTOpY MepeMilleHHS

u,(y,s)= jf sin(&, X)T u, (X, y,7)exp(—sr)dzdx

o _ 1(5 av .
3Hai1eMO, BPaxXOBYIOUH CHIBBifHOMEHHS U, = —| 6, — q L | yBum
n

U, (y,8) =B, (s)¢, "y, cosh(y,y) -

“N"2p 12
éZ—QAn(S)cosh(nyHM. (12
S HKYq

Bemmunan A (S) i B, (S) 3naiinemo 3 rpannunnx ymos(5), siki B TpaHcopmanTtax no Jlamacy i

®yp'e 1 B TepMiHax 3HaHEHUX BHUIIIE BUPa3iB MATUMYTh BHUIJIS]

(x* -2)0, +2 ddU" =0,
_ d (13)
-&V +du” =0, y=ty,
n'n dy ) ~Yo-
Bpaxosytroun Bupasu(10) -(12) 3 ymos(13) 3naiinemo
2082 | 2\ ai —
An (S) — S (gn + 7/2 )ZSInh(yz yO) pn (S) :
1A, s) (14)
B (S) — _Zgnz Sinh(ylyo)ﬁn (S)
' (D))

ac
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A(S,s) = 45;127172 sinh(y,y,)cosh(y,Y,) - B (s) = (-D" 2¢, (KZ -2)p(s) |
~(&2 +73)” cosh(y,Y,) sinh(, o), " e

Ocrarouno mo Bizomux A (S) i B, (S) orpumaemo

V,(v,5) = 7 *A [(E2 4 72)sinh(7,Y,) sinh(,y) — 22 sinh(z,y, ) sinh(y,y) ] B,
(15)

_ 1 &, . s o P,
T, (y.5) = (mjmn sinh(,Y,) x cosh(y, ) ~(&; +yz)snnh(nyo)coshmy)])—f.

OGepuenHs 1o Jlamiacy mpoBeieMo 3 BUKOPUCTaHHIM TeopeMu posknananns [17]. dnst mporo posr-
JsiHeMo Tepuie BupaxeHHs(15) i 3HaiimemMo ocoOiuBI TOUYKM 3HaMeHHHMKa. OUYEeBHIHO, IIO KOPEHI BHpa-

JKCHHA = 0 HE € 0COOTUBUMHU TOUKAMU 3HaMCHHUKA, a TOM O3IISHEMO PIBHSIHHS
1

45;127172 sinh(y,Y,)cosh(y,Y,) - (é:n2 + 722)2 cosh(y,Y,)sinh(y,y,) =0. (16)

Kopeni xapaxrepuctuuHoro piBHsSHH:A(16) € ysSIBHUMH 1 KOMILIEKCHO-3B'S3aHUMH. TOMy JOLLIBHO

IPOBECTH 3aMiHy S = i} i, BixnoBisHO oTpuMaru ¥, = \/é‘nz —1]2 Y, = w/é‘nz _Kznz .

O‘leBI/I)_IHO, 1o KOpeHi T]n x 3AJICKaATh Bi,Z[ I[I/ICerTHO.f BCIIMYHUHUA gn a TOMY € MOXJIMBUMU TPU BUIIA-

KM iX PO3MILLICHHS :

S

K

< > };n (17)

77n,k < gn’

0< |nn,k| < %’ 77n,k

JIi1st mepIioro iHTepBaly XapakTepUCTUYHE PiBHSAHHA 30epirac Bua(16) i Mae KiHIIEBE YUCIO KOPCHIB

. -1
Mo ya - And inrepBany k& <1,

< &, XapaKTepUCTHYHE PIBHSIHHS HaOHpae BUTILSTY:

45;1271?72 sinh(y,Y,)cos(7,Y,) —

_ o (18)
_(é:nz + 722)2 COSh(71YO)S|n(72 YO) =0,
npu ;72 = w/Kznz —é‘nz . BoHo Mae kiHIeBE YnCio k2 KOpEHIB Moka:
I, BigmoBinHO, /T iHTEpBATTY Mok | > gn PIBHSHHS
45;12771772 Sin(fl)’o) COS(}72y0) + (é:n2 + ?722)2 COS(}71y0) Sin(?72 yo) =0 (19)

~ [[2 52 . o .
npu y, =+/n° —&, Mae HeCKiHUeHHY KUTbKICTh KOPEHIB 1], 5-
Jlnst 3BepHeHHs BHpPa3iB(15) 3 BUKOPHCTaHHIM TEOPEMH PO3KIAIAaHHS CIiJ] BUUUCIUTH TOXITHY Bif
3HameHHuKa (17). J{ns nporo orpuMaeMo 3Ha4eHHS MOXIAHOT BiJl BUPQKEHHS JUISl PI3HUX IHTEPBAIIIB PO3-
MIIIEHHS KOPEHIB XapaKTEpUCTUYHOTO PIBHSHHS |

© IMominyx M.M.



Hayrosuii acypuan "Komi roTepHo-iHTerpoBaHi TEXHOJIOTIi: OcBiTa, HayKa, BUpOOHULTBO"' 93
Jlyyvk, 2017. Bunyck Ne 28-29

2

= A, (nk) = +mnk1{4é{ sinh(y,%, ) cosh(y, %, ) +~1 x

V1 V2

$n Ao
0 < |TI| ? A |5=i’7n,k1
xsinh(y,X,) cosh(y,X,) + X, 7, COSh(71Xo)COSh(72Xo) + K2X071 Sinh(?/lXo)Sinh(?/zXo)} -
(20)
—4x? (é: +}/2)COSh(}/1X )sinh(y,X,) — (é: +72) S|nh(7/1x )sinh(y,X,) —

14
2

K™ X
—~(&+73) T°cosh(ylxo) cosh(y,%, )}-
2

: <pl<&.al,,, =800k = +nnkz{4é { sinh(y,%,) cos(7,%,) -

14

7/1 —sinh(y,%,) €os(7,%,) + X,7, COsh(y, X, ) C0S(7, %, ) + kX, 7, sinh(y,%,) sin(7,%;) | -

- .~ - X, . .
—4x? (é:n2 - }/22)C08h(}/1X0)SIn(}/2 Xy) — (é:n2 - 722 )2 y—osmh(ylxo)sm(yz Xy) +
1
2

~ K X ~
+(é:n2 - 722 )2 TOCOSh(71Xo) cos(7,%, )}
2

l>& A, =A(0K) = +nnk3{4é { sin(7,%,) Cos(7,%,) +

1

71

sin(y,%,) €0S(7,X,) + X, 7, €OS(7,%,) €0S(7, %) — K’ Xo71 SIN(7,X,) SIN(7,%,) | —
- ~ .~ - Xo ., .
—4x? (é:n2 - 722)C05(71X0)Sm(72 Xy) — (é:n2 - 722 )2 7OSII‘I(}/1XO)SIH(}/2 Xy) +
1
2

2 ~22 K X ~ ~
+(&y =752 )" —=—C08(7,%,) COS(7,%;) ¢ -
V2
Jpyre Bupaxenss (15), okpiM KOpeHIB XapakTepuCTUYHOTrO piBHsHHS (16) sk 0cOOMMBI TOYKH
3HAMEHHHKa Mae e KopeHi piBHsHHs ¥, = 0: S=+i&.

BanOBYIO‘-II/I e, OCTaTOYHC BUPAXKCHHS IJI1 KOMIIOHCHT BCKTOPY HepeMiH.leHHS[ MAaTHUMEC BUTJIAL

4 2\ N2
U, (X1 y!T) = _;(1_Fj§(_l) én Sln(énx)><

s 27,7, SIn0(y,Y,) cosh(y,y) — (22 — x*n?, , )sinh(y, Y, ) cosh(y, y)
X Z nn,k,li T) +

k=1 712A1(n1 k)
+kzz 27,7, Sinh(y,Y,) 0s(7, y) — (28 — k1, , )sin(7, Y,) cosh(y, Y)
k-1 712A2 (n,k)
Z 27,7, SIn(7,Y,) Cos(7,y) + (25 — K020 ) SIN(7, Yo) COS(7, Y) ) )}
nk,3? T

(23)

nn,k,z ’ T) +

k=1 71 3(n1k)
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400 2\&,
u, (x,y,7) = _;(1_an§;(_l) &y C0S(&, X)

(287 - x*n2 1 )sinh(y, Y, ) sinh(y,y) — 2&7 sinh(y, y,)sinh(y, )

= f
Lt }/1A1(n, k) (nn,k,li T) +
2 2.2 e - 2 - .~ (24)
o (282 — k™2, )SIN(7, Y, ) sinh(y,y) — 227 sinh(y,y,)sin(7,Y)
+ - f(Topz07) +
7,4, (n,K) “
e (287 = k72, 5 )SIN(7,Y,)SIN(7,y) — 287 sin(7,Y, ) sin(7, Y)
— = f
+ ; j/.,lAS (n’ k) (nn,k,S’T) '
e
(7) = | (e ~sinGrty @)

0

[Tpu BimOMHX KOMIIOHEHTaX BEKTOPY IepeMilieHHs(23) KOMIOHEHTH TeH30pa edopmariii i TeH30-
pa Harpyru 004UCITIOITECS 1Mo popmynax(6). [Ipu 1boMy MOXKHA 1TOKa3aTH, IO yCi psay B pinieHHi(23)
€ TAaKUMH, 1110 PIBHOMIPHO CXOAATHCS, a TOMY onepalii AudepeHIitoBaHHS IpU BiIIIyKYBaHHI KOMIIO-
HEHT TeH30pa AedopMallii i TeH30pa Hampyru MOYKHAa BUKOHYBATH 0€3M0CEPEHBO il 3HAKOM CyMHU.

YUCEJIbHUI AHAJII3

VY yMmoBax, fiki MOAEIIOIOTH NOAPiOHEHHS, TUHAMIYHE HaBaHTAXCHHS 3 BU3HAYCHUM, 3aJICKHUM Bif
HIBUIKOCT1 00epTaHHs JIoNaTeld poTopa MOHOTOHHO 3pOCTa€ Bijl HYJIOBOTO JJO CBOTO TPAHUYHOTO 3HA-
YEeHHS. Hawmmy, npu YHCIOBUX pO3paxyHKax BHUKOPHCTOBYBAIacs 3aJIeKHICTh

p(t) = p* (1 —exp(—at))®ska a1s 6e3po3MIPHOro Yacy T MaTHME BHITIS
p(z) = p*(1-exp(-7,7))° (26)
pu 7, =(| -a)/cl.

Taka 3ajexHICTh AO3BOJISIE MOTOAKYBATH MTOYATKOBI 1 KpaiioBi yMOBH, a TaKOX y 0aratbox BUIa-
KaX JIOCUTh TOYHO HAOJIM3UTH PealIbHY 3aJISKHICTh AUHAMIYHOIO HAaBaHTaKEHHS BiJ yacy(mai. 2).

p(0)/p*

0.75
0.5

0.25

0 [ [
0 0.25 0.5 0.75 T

Puc 2. 3anexxHicTh HaBaHTa)KEHHSI BiJ Yacy

OOuucnenHs iHTerpana(25) s 3aleKHOCTI HaBaHTaKeHH:S(26) mo3Boise 3HAWTH (QyHKLIO

f(n,7):
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f(n,7)= 1 2nexp(=7,7) L exp(—2z,7)
n

2
+cos(nt —~ —= |+
172+Tg 172+4T§ (77) 172+r§ 172+4r§ n

. 27 27
+sin(nt)| ——-——5
n°+4r; n 4+t
Jnst Takoro By HaBaHTa)KEHHS POOHMBCS PO3PAaXyHOK HAMPYKEHOTO CTaHy B TPYILi camporens
NPAMOKYTHOT ()OPMHU Ul PI3HUX 3Ha4Y€Hb T, 1 PI3HUX CHIBBIAHOIIEHb HIMPUHM 1 JIOBKUHU HPAMOKYT-

Huka. Ha puc.3-5 mpeacraBieHi pe3yabTaT po3paxyHKy HAPY>KEHOTO CTaHy B TP/ camporess KBa-
apatuoi popmu (I = h) npu pisHuX 3HAYEHHSX IBUIKOCTI HABAHTAXKEHHSL.

0 oxx(0.5;0.5;1)/p*

-0.4
70=1.0
L
-0.8 A
121 r
164 7=10.0 T0=5.0
2 : : : : :
0 2 4 6 8 T 10

Puc. 3. [logoBxHs Hanpyra, 3aJISKHO BiJl IIBUAKOCTI HABAHTAKEHHS

oyy(0.5;0.5;7)/p*
8

0.4+

-0.41

-0.8 T T T T |
0 2 4 6 8 T 10

Puc 4. HonepeqHa Haripyra, 3aJICXKHO Bi,Z[ H.IBI/I,Z[KOCTi HaBaHTaXXCHHs

oxy(0.5;0.5;7)/p*
8

0.04 4

-0.04 4 . . . . :
0 2 4 6 8 Tt 10

Puc 5. Jlornuna Hanpyra, 3a1eKHO BiJ IIBUAKOCTI HABAHTAKECHHS

3 MaJIOHKIB MOXHA 3pOOMTH BUCHOBOK, IO TIPU J0CTaTHil (7, = 5) MBUAKOCTI HABAaHTAXKCHHS 0-

JOBXHS JMHAMIYHA HaIlpyTa 0 aMIUTITYl YABiUi epeBHILYye BiAMOBIIHY CTATHUHY, IIONEPEUHY Hampy-
Iy B IIeBHI MOMEHTH 4acy ckianaoTs 10 80% cratuyHmx, a JOTHMYHA Hampyra TUbKu a0 8%. Cxoxi
pEe3yNbTaTH OTPUMAaHI 1 IPH PO3paxyHKaxX HAMPYKEHOTO CTaHy B iHIIMX TOYKAaxX i MPH iHIIUX CITIBBiI-
HOUICHHSX BUCOTH 1 MIUPHUHHU IpyaKH. [IpraoMy 3MiHa CHiBBIAHOIIEHHS MK BHCOTOIO i IIMPHHOIO TPY-
KU y OyIab-Ky CTOPOHY MPHU3BOAUTH 10 3MEHILIECHHS PiBHA JOTUYHOI HAIIPYTH.
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Leii daxt no3BoIsiE€ CTBEPIHKYBATH, IO B TaKOMY (pOpMyJIrOBaHHI 3aBAaHHS, 0Ci BUOPAHOI CHCTEMHU
KOOpJMHAT MOYKHA BBAKaTH TOJIOBHHMH OCSIMH TEH30pa HAIPYTd B YCiX TOYKaX MPSIMOKYTHOI 00JAacTi.
Le, y cBOIO 4epry, 3HaYHO MOJIETIIYE PO3PAXYHOK TOIOBHOI TOTUYHOI HAIPYT'H B MaTepiai.

Bimomo [3], mo B 1[pbOMY BHIAIKy MaKCHMAJbHI 10 MOAYJIIO JOTHYHI HAMPYTH AISITAMYTh Ha Maii-

JaHYMKaX TMOXUIMX JI0 Ocell KoopauHaT mix kyrom 45° i ckinanaiors

o,—0O
T = Tw : (28)

Puc. 6. Po3noain ronoBHOI JOTHYHOT HANpyTH B carporneli npu h = 0.5l

Ha puc. 6 mpeacraBieHi pe3ynbTaTd po3paxyHKy IMPOCTOPOBO-YaCOBOTO PO3IMOILTY BIJHECEHUX 0
P TONOBHOI JOTMYHOI HANIPYTH B €IEMEHTS CANpOIENo, 0 Mae MPAMOKYTHY (opMy i3 CIIBBiIHO-
IIEHHSM BUCOTH J0 mpuHK 2 : 1, mpu 7, =5 1151 pisHUX 3HAaUeHb Ge3po3MipHOro yacy.[16]

BucHoBKH Ta mepcneKTHBH MOJAIBIIOIO JOCAIKeHHs. 3 IPUBEICHOr0 MOXKHA 3pOOUTH JAesKi
BHCHOBKHU SIKICHOT'O 1 KiTBKICHOTO XapakTepy. Y Meplli MOMEHTH 4acy Micisl AOAaTKa HAaBaHTAKECHHS
30HM Jii MakCHUMajJbHHUX JOTHYHHMX 3YCHJIb KOHIEHTPYIOTHCS B JIOKAIBHHUX OOJIACTSIX, PO3TAIIyBaHHS
SKHUX JI03BOJISIE TIPOTHO3YBAaTH PYHHYBaHHS 3pa3Kka Ha 6-8 yacTWH mpu NOCSATHEHHI JOTHYHHMH 3yCHII-
JISIMH TPaHUYHOTO 3HAYCHHA. Y 11 MOMEHTH 4acy BOHO CITIBBUMIpPHE 3 BETMYHHOIO 30BHIIIHEOTO HABaH-
TaXeHHA. SIKIO0 IMX 3ycuib Ui pyHHYBaHHS HENOCTaTHHO, TO YePe3 NPOMDKOK dacy 7, =1

(t =0.2mc) BHACIiIOK HaKJIaJeHHs HA0Iralouux XBUJIb BOHU MOABOIOIOTHCS, a MICIS NPUXOAY BiIOUTUX

XBWJIb 3pOCTAIOTh BTPUYi B MOPIBHIHHI 3 MPUKIAJCHUM HaBaHTaxeHHsAM. [Ipore, 30Ha ail uux 3ycuib
CKOHIICHTPOBaHa TO0JIM3Y LEHTPY 3pa3Ka, M0 J03BOJSIE MPOrHO3yBaTH HOro moApiOHeHHs Ha 2-4 vac-
TuHU. CXOXI pe3yNbTaTH OTPUMaHi 1 JUIsl iHIIMX TeOMETPUYHHX CHIBBiAHOMIEHb MIX BUCOTOIO 1 IINPH-
HOIO 3pa3ka. TakuM YWHOM, BUXOASYM 3 MOJEIBHUX MOOYAOB, 1 IPOBENECHUX YMCETBHUX PO3PaxXyHKiB
MOXKHA CTBEpXKYBATH, 1[0 MaKCHMaJbHOTO 3HAYEHHs TojOBHA JOTHYHA HAlpyra JOcsra€ B 00IacTsIX
pO3TaIIOBaHUX MOOIU3Y IEHTPY 3pa3ka i ckianaroTh 10 300% Bin piBHS 30BHINIHEOrO HaBaHTAKCHHSI.
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[Ipote, s peTenpHIMOro moApiOHeHHS 0a)XXaHO JOBOJUTH 30BHINTHE HABAHTAXEHHSI 10 PiBHS TpaHUY-
HOTO HABaHTAXXCHHS CTATUYHOTO 3aBJIAHHS YHCTOrO 3PYIICHHS, SIK€ MOXKHA BU3HAYUTU CKCIICPHUMEHTA-
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HepsxaBHUI BUIIMK HaBYalbHUHN 3aKia] «[Ipua3oBchKuil nepkaBHUI TEXHIYHUN YHIBEPCUTET»

MOJEJIOBAHHSI HEUITKOTI'O BUBEJIEHHSI J1JIs1 BABOPY OIITUMAJIBHOI
IHAMBIJY AJIbHOI MICBKOI IOI3JIKA

Iponina O. I. MoaenoBaHHA HEYiTKOr0 BUBeJeHHs 1/ BUOOPY ONTHMAJIBLHOI iHAMBiAYya1bHOI MichbKOl MOI3IKMH.
VY craTTi mpexAcTaBleHi eTany MOoOYIOBH CHCTEMH HEYiTKOrO BHBEICHHS Ul BUOOPY ONTHUMAaNbHOI moi3aku. OmmcaHo BXimHi
JIHTBICTHYHI 3MiHHI HEOOXiHI I MOOYIOBH CHCTEMH HEWiTKOro BuBeneHHS. ChopMOBaHO MPOTYKIIiHHI IpaBmiIa U CHCTEMH
HEJiTKOro BuBeeHHs. [[oka3aHo pe3yabTaTH MOICTIOBAHHS HEUiTKOro BUBeACHH B cepenosumt MatlLab Fuzzy.

KuniouoBi ciioBa: onTrManbHa MOi3AKa, HEUiTKE MOJIEIIOBAHHS, IPOAYKIIHHI IPaBHIa, CHCTEMa HEIITKOTO BUBEICHHSL.

IIpounna O. U. MoneanpoBaHne He4eTKOr0 BbIBOJAA /I BbIGOPAa ONTUMAJIBHOW HWHAMBHAYAJILHOW I'OPOACKOIi
noe3AKH. B craThe mpencTaBieHB! 3Tambl IMOCTPOSHMS CHUCTEMBI HEYETKOrO BBIBOJA JUIS BBHIOOpPAa ONTHMAIBHOM MOE3JKH.
OnuncaHsl BXOAHBIC JIMHTBHCTHYECKHE MEPEMEHHBIE HEOOXOAWMBIE Ui IIOCTPOCHHS CHCTEMBl HEYETKOrO BBIBOAA.
CchopMupoBaHbI IPOIYKIMOHHBIE TIPABIIIA I CHCTEMBI HEUETKOTr0 BEIBO/IA. [10Ka3aHbI pe3ynbTaThl MOACIUPOBAHNS HEUETKOIO
BBIBOIA B cpezie MatLab Fuzzy.

KnioueBble ci0Ba: onTrManbHas MOe3/Ka, HEUYETKOE MOJACIHPOBAHIE, NPOMXYKIHOHHBIE NIPAaBUiIA, CHCTEMa HEYETKOro
BBIBOJA.

O. 1. Pronina Modeling of fuzzy output for the selection of the optimal individual city trip. The article presents the
stages of constructing a fuzzy inference system for choosing the optimal trip. The input linguistic variables necessary for
constructing a system of fuzzy inference are described. Production rules for the system of fuzzy inference have been formed. The
results of simulation of fuzzy inference in Matlab are shown.

Keywords: optimal travel, fuzzy modeling, production rules, system of fuzzy inference.

Beryn. Ha ceoroani iHdopmaiiiHi TexHONOril aKTHBHO PO3BHUBAIOTHCS 1 BUKOPUCTOBYIOTHCA Y
PI3HUX Tamy3sXx HisutbHOCTI Moauuu. [Buakuii i noctynuuii [nTeprer, GPS mo3unionyBaHHs i MOOUTEHI
JOJAaTKU POOISATH BUKOPUCTAHHS cMapToHiB Bce Oinpmn momyiaspHuM. OcoOMuMBO akTyadbHI i
TEXHOJIOT1 I TPAHCIIOPTHUX CUCTEM 1 OpraHi3alii mepeBo30K, B TOMY YHCIIi MPUBATHUX MACAKHUPCHKUX
(Taxci).

Jocnimkenas Mozeneld B3aeMoaii KOpHCTyBaya i KJIi€HTa IMOKa3aid, MO HaWOUIbII edeKTUBHHMA
BapiaHT B3a€EMOIi — I[¢ MOJAETh BUKJIHMKY TaKCl «0e3 IHCIeTdepy», KO B3aEMOIis BOJISA 1 KITi€HTa HJe
oe3nocepeHbo, 6e3 mocepennuka [1]. V wii Mmoaeni kiieHT BuOHMpae codi aBTOMOOIB 31 CIIUCKY 3TiAHO 3i
CcBOIMU Oa)KaHHSIMM 1 IepeBaraMu, ajieé HaBiThb TyT BHUHHMKAIOTh cKiangHomi. Haifuacrimme xopucTyBay
obupae co0i aBTOMOOUIb, AKAH PO3TAIIOBAHO MEPIIMM Y 3alpPOINOHOBAHOMY CIHUCKY. AOO KIi€HT
OpIEHTYEThCS TUIBKM Ha OJUH MapameTp, HANpUKIaJA, <IiHa MOI3AKH», ITHOPYIOYH Iapamerp
«pO3TallyBaHHS BOMiA MOA0 KiieHTa». OOpaBIIM TaKy MOI3AKY, KOPHCTYBad MOXE JIOBI'O YEKaTH
MalIMHY 1 JOAAaTKOBO 3aIUIATUTH 3a MOJavy aBTOMOOILNS, B pa3i SKIIO BiJCTaHb JI0 KIII€HTA TEPEBUIILYE
MiHiMaJbHY. AOO X KOPHCTYBay MOXKE HE 3BEPHYTH yBary Ha mapamerp «Kjiac aBTOMOOUIs» 1 oro craH,
IO MO3HAYMTHCS HA I[iHI MOI3JKH Ta HA 3arajJbHOMY BpaKeHHI BiA moizaku. OOHparoud TUIbKH OIUH
KIIIOYOBHH MapaMerp MpakKTUIHO HEMOXKIMBO BUOPATH ONTUMANIbHY MOI3AKY.

TakuMm 4YMHOM, pO3poOKa TMiACHCTEMH, SKa [O3BOJIUTH ABTOMATH3YBaTH Mpouec BUOOpPY
ONTUMATBHOTO BapiaHTy IHAUBIMYalbHOI MICBKOI TO3AKH, akTyaimbHa. OCKUIBKA O0JIACTH OIIIHKU
napamerpiB cy0'eKTHBHA, BUPIILICHO BUKOPUCTOBYBATH amapaTr HEYiTKO1 JIOTiKH.

Merol0 gaHOi po0OTHM € MOIENIOBaHHS HEYITKOi CHCTEeMHM BHUBEACHHS Ui BHU3HAYCHHS
ONTHUMAJBHOCTI TOI3KK, TOOTO MOI3JKK siKa Oy/e MOemTHyBaTH B cO01 Kiac aBTOMOOLTS «koMdopT»,
MiHIMaJbHY BapTiCTh MoJayi aBTOMOO1IS,, HU3bKY BapTIiCTh MOI3AKH, OIHM3bKe PO3TAIIyBaHHS BOJIS IIOI0
KITIEHTA, BUCOKUW PEUTHUHT BOJIs.

AHaniz ocraHHix gocaimkens i myOmikaniii. Ha Ttenepimmniii meHs icHye Oarato pooir,
MPHUCBSIYEHUX TPAHCIIOPTHUM CHCTEMaM 1 ix mpobiemam. Psig 3aBaanp Bupillye amapaT HEYiTKOI JIOTIKH,
HaNPUKIIAJ, JOCII/KCHHS MEPCIeKTUBH MiHIMI3allil HEeBU3HAYCHOCTI B €KCIIEPTHUX BHCHOBKAaX IiJ 4Yac
BUpILICHHS THUIOBUX 3aJad aBTOTEXHIYHOI EKCHEPTH3H JOPOKHBbO-TPAHCIIOPTHUX MPUTOA  IPH
ranpbmyBaHHi [2]. YV paGoti [3] Ha mimcraBi HEWITKOrO JOTIYHOIO BHUCHOBKY 3aIllpOIIOHOBaHA MOJICINb
OL[IHKH PU3HUKIB MPOEKTIB / mporpam / mopTQeniB 3 nepeBe3eHHs] BAHTXIB. 3aCTOCYBaHHS JaHOI MOJENi
JI03BOJISIE BAKOPUCTOBYBATH SIKICHI MTOKA3HUKH 1 MOJIIMIIUTH PE3yIbTaT BUBEICHHS.

B poGori [4] posrispatoThess MaTeMaTHyHa (hopMaizallis mpoOJeMd MapIupyTH3alii TaHKepiB-
aBTO3alPaBHUX CTaHLId TNpH HEBU3HAYeHIH iHpopmanii Tpo BHUMOrM OOCIYrOBYBaHUX CYHIB.
PosrasimaroTbest KilbKa MigXOMIB O CHHTE3y AITOPUTMIB HNPUHHSTTS pillleHb 1 MaTeMaTHYHUX MOJeEIeH
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Ha OCHOBI IHTEPaKTUBHOrO migxoxy. OCHOBHA yBara MPUALTSIETHCSA 3aCTOCYBaHHIO HEUITKMX MHOXHH 1
HEYITKO{ JIOTIKH JIJIsi MOJICITIOBaHHS HEBU3HAUCHHUX TOPSJKIB CYIIB, sSIKi OOCIYTOBYIOTHCS, 1 ONTHMI3aIlil
najMBa B yMOBaX HEBH3HA4YeHOCTi. Y pobOori [5] po3pobneHo cxemy KepyBaHHS BHPOOHHYO-
TPAHCIOPTHOK CHCTEMOI0 MAIIMHOOYAIBHOTO MiAIPUEMCTBA HAa OCHOBI 3acaj] TATHYYUX JIOTiCTUYHHX
cucteM. JIns OpUHHATTA pilleHb PO ONTHMANbHUN OOCSIT BHPOOHMYOI 1 TPAaHCHOPTHOI POOOTH
3aCTOCOBAHO TAKOXK amapar Teopii HeUiTKUX MHOXUH.

VY Mopensix po3noAily HacaKMPChbKUX MepeBe3eHb 3aCTOCYBAHHS HEUITKOI JIOTIKM Ta IeHETHYHHUX
AJITOPUTMIB 3a0e3Meuyye TOUHI Pe3yabTaTH PO3PaxXyHKIB y BU3HAYCHHI TpaHCHOpTHOro monuty [6]. Kpim
TOr0, HEYiTKa JIOTiKa BHKOPUCTOBYETbCA MPH BHUPIMIEHHI NpoOJeMH 3 MpPHU3HAYECHHSIM Tpaduka,
(opMyBaHHS IPOITYCKHOI 3JaTHOCTI MacaKUPIB VISl KOKHOTO Mapiipyty pyxy [7].

Mopean inguBinyaasHoi Micbkoi moizaku. s onucy Mozeni iHIUBIAyaTbHOI MICHKOI MOI3IKH
(Takci) BUKOPUCTOBYEThCS MHOKHHA oizaka {P}, mpencrasnena y Burisiai (1).

P = {(p11 Q{), (p21 Q %)1(p31 Qé),(p4, Q i),(p5, Q ]5)}’ Py eA )

Q! ={o!|n, (@} oleq),
ne A:{pk} — MHOXMHA O3HaK: [J; — kiac aBTomo0u1s, P, — po3TalryBaHHs BOALSA 00 KIi€HTa, Py —
miHa noi3aku, P, — miHa mopadi aBTomMoOinsd, Pg — pedTuHr Boxig; K — iHIeKC O3HAKH, Qij ={0) ,'} -

MHOXHWHA 3HAa4YCHb O3HAKH pk' 10 MpCACTaBJIAE 00010 HaﬁMCHYBaHHSI HEYITKHX 3MiHHI/IX; 3HAa4YCHHA

iHIEKCIB | € [1;4] OIUCYIOTh MHOKUHY 3HA4Y€Hb O3HAKH.

O3Haku € BXiZHUMH 3MIiHHHUMH JJIS MOJENTi, LIO MPONOHYEThCA, A iX omucy Oyno BUpILIEHO
BHKOPHCTOBYBATH JIIHTBiICTHYHI 3MiHHI. OCKITBKH MPH OMHKCI BX1IHUX MapaMeTpiB MOI3AKH BOHH € OLIBII
iHpopMaTUBHUME 111 KOpHCTyBauiB [8]. AHaii3 103BOJMB BUSBHUTHU SIK HAIMEHYBaHHS TEPMIB, TaK i ix
KUIBKICTD Ul KOXKHOI JIIHTBICTHYHOI 3MiHHOI. Y pe3ynbTaTi aHamisy BUAIB (QYHKLIH MpUHATIEKHOCTI
TEpMiB EMITIpUYHUM LUIIXOM Oynu oOpaHi: CIrMoigHa, y3aralbHEHWH KOIOKON 1 TPUKyTHA (YHKIIT
npuHajgexHocTi [9].

5 . . . . .
O3Haku {pi}i:l OIIMCYIOTHCS, BIANIOBIAHO, JIHTBICTUYHUMM 3MIHHUMM:

— [3, BH3HAYAETHCS KOPTEKEM <Bl,T(Bl), X>, ne B,= «xnac aBromoGinsa», T(B,;) = {exonom, xomdopr,
oiznec}, X=[0,300], pyHKLis MpHHAIEKHOCTI TPUKYTHA;

- P, Bu3HauaeThCS KOpPTEXKEM <B 5 T(B,), X> , ae [},=«posramryBaHHS BOJiS ILIOO KIi€HTa»,
T(B2) = {6nm3bKO, cepennbo, naneko}, X=[0,300], ¢pyHKuii nprHAIESKHOCTI CIrMOiHA 1 y3arajibHCHUI
KOJIOKOJT;

- [B; BusHauaeThcs KOpTEKEM <B3 ,T(Bs), X> , ne Pj=«uina noizaku», T(B,)= {Hu3bKa, cepeans,
Bucoka}, X=[0, 300], ¢pyHKuUii nprHANEKHOCTI CIrMOIHA 1 y3araJbHEHHI KOJIOKOI,

— [}, BU3HAYAETBCS KOPTEXKEM <B L T(B 4),X>, ne P,=«uina mogaui aBTomMoGits», T(B,) = {Hu3bKa,
cepennsi, Bucoka}, X=[0, 300], ¢pyHkuii nprHaIEKHOCTI CIrMOiTHA 1 y3aralbHEHUH KOJIOKOIT;

- B BusHAUaeTHCA KOpTEKEM <B5,T(BS),X> , ie PBs =«peittunr Bomin», T(Bg) = {Hu3bKuHi, cepenili,

xopormii, Bigminaumii}, X=[0,300], ¢pyHKii mprHAIESKHOCTI CIrMOiTHA 1 y3arajabHEHUI KOJIOKOI.
3HauyeHHs mapaMeTpiB TEpMiB KOXKHOT JIIHI'BICTUYHOT 3MiHHOI, (PyHKIII MpHUHANEKHOCTI 1 Jiana3oH
YHIBEpCYMY JUIs BXiIHUX 3MiHHUX onmcaHi B [10].
IloOynoBa HewiTkOi Mopmeni BHOOPY ONTHMAIBbHOI NOBAKM. [l BH3HAUEHHS CTYyNEHA
BIIEBHEHOCTI B ONTHMAJILHOCTI MOI3[JKH BUKOPHUCTOBYETHCSI HEWITKAa MOJeNb BHOOPY. B ocHOBI HewiTKoi
MozielTi BUOOPY ONTUMAIBHOCTI OI3IKU JISKUTH (hopMalbHa cucTeMa BUIY (2).

HM, =<{V}}, ’{W}?:l ARYY > 2
e V={B1’BZ’B3’B4’B5} W={(Dl}

BUXIIHKX JIHIBICTHYHUX 3MiHHEX: R = {R LR, R 107} — MHOKMHA IPaBWJI HEYITKUX MPOIYKIIIH, IpK

MHOKMHA BXIIHUX JIHIBICTUYHUX 3MIHHUX, MHOHHa

(dopMyBaHHI sKOi BHKOpUCTOBYBaBcs minxin, omucanuii B [9]. Koxne npaBmio R; mpencraieHo y
BUTJISIII HEUITKOT MpOayKIii BUY (3).
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IMPABUJIO<#>: AKIIO"B, ea,"TA"B, ea,"TA.."B,, ea,," TO "wey,"TA.."wey "

(3)

VY SKOCTI CXEMHU HEYITKOrO BUCHOBKY IPOIOHYETHCS BUKOPHCTOBYBATH anroput™m Mamuani [8-9]:

METOJ] aKTUBAIlil — MiN-aKTUBalisl, Y BCIX MPaBHIaX Yy SKOCTI JOTTYHOT 3B'SI3KH [UISI YMOB 3aCTOCOBYETHCS

HEYiTKa KOH'IOHKIIis, B IKOCTI METO/Ia arperyBaHHsl BAKOPUCTOBYETHCS MIN-KOH'FOHKILIS, JUTSl aKyMYJISIiT
BHCHOBKIB ITPaBUIJI — METOJ MaX-au3'ToHKii, Meron neddaszidikanii — MeToa LEHTPY TSDKIHHSL.

JlinrBicTuyHa 3MiHHA ) BU3HAYAETHCS KOPTEKEM <m1,T(Bl), X> , 1€ 1=«CTYIiHb BIIEBHEHOCTI

B ontuMaibHOCTI moi3aku », T( w1)={NSU, SSU, HSU, VSU}, X=[0,1]. HaiimenyBanus tepmiB NSU —

«HU3BKUH CTyIiHb BreBHeHOCTI», SSU — «cepenniii cTyminp BreBHeHocTi», HSU — «go0puii cTyminb

BrieBHeHOCTI», VSU — «BHCOKHil cTymiHb BHeBHEHOCTI». [lapamerpm TepMmiB mpeacraBieHi B TaOim.l.

Oynkuii npuHanexHocTi, g Tepmie NSU, VSU — cirmoinno#t dopmu, ans SSU, HSU — y3aransaenuit
koitokod [8].

Tabnuug 1. [TapaMerpy TepMiB JIIHTBICTHYHOI 3MIHHOT ()

[Tapamerpu Jiana3oH yHiBepcyMy
Im’s1 Tepma Im'st pynkuii 3 b . X, X,
NSU Unsy (X:a,¢) 50 - 0,175 0 0,25
SSuU Uesy (X;a,b,¢) | 0,052 2 0,35 0,25 0.5
HSU sy (X;a,b,c) | 0,047 2 0,63 0,5 0,75
VSU Hysy (X:a,¢) 50 - 0,8 0,75 1

MogeaoBaHHsI HEYiTKOI cMCTeMH BHOOPY ONTHMAJIBHOI MO3AKM B cepenoBumii Matlab. V
Cy4acHOMY CBIiTi OCOONHMBOI aKTyaJbHOCTI HaOyBalOThb 3acoOHM KOMI'IOTEpHOro MozeioBanHs. Lle
MOB'A3aHO 3 TUM, IO 3aco0aMH KOMI'IOTEPHOTO MOJENIOBAaHHS MOXKHA BHPIIIUTH PSI BXKKHX Y
BUKOHAHHI 3aBJaHb, ONTHMI3yBaTh OKpeMO B35Ti mpouecH. st BUOpaHOI KINBKOCTI BXiTHHX JaHHUX
PO3pOOTIEHO CTPYKTYPHY cxeMy HeuiTkoi Mogeni y cepenosuiini MATLAB R2009b B makeri Fuzzy Logic
Toolbox. Ha puc.1 npencraBneHa cTpykTypHa cxema y BikHI peJaKTopa CHCTEMHU HEYITKOTO BUBEIICHHSI.

FIS Editor: Poezdka = EEH |5

File Edit View

Poezdka

mamdani}
| llasa_gnauu / ( ]

CTeneHs, BEpEHHOCTH

‘ FIS Matne; Poezdka FIS Type: marmcani

And method min Current Yariable

Qr method TR Narhe CTENeHb_y BEpEHHOC

Implication i eupuL
Range 1]
Agoregation max

Defuzzification

centroid - Help | Close | ‘

Updating Membership Function Editor ‘

Puc. 1. CtpykTypHa cxema cucTeMu Ha 0a3i eleMeHTa HEUiTKOI JIOTiKK

[Ipu cTBOpeHHI MO TPOXOAUTH KUThbKa eTarliB, OCHOBHI OCOOTUBOCTI SKUX HaBeleHO Hux4e. Ha
erami (asudikamii 3HAUSHHS BXiTHUX MMapaMeTpiB HABOAATHCS BiAMMOBIAHO 70 iX HEUITKUX JIIHTBICTUIHUX
3MIHHHX 3 [TOJAIBLINM BUOOPOM 3aKOHY 3MiHM (yHKUIT MprHAaIeXHOCTI. JIIHTBiCTUYHA OLIHKA 3HAYECHHS
JUI 3MIHHOT PO3TallyBaHHS BOJISA MIOJ0 KITIEHTA, MPOBOAUTHCSA 3a JOMOMOrorw 3 tepmis: ('Omu3bko”,
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"cepenuno”, "mameko"), puc. 2a. JIiHTBiCTHYHA OIliHKA 3HAYCHHS JUI1 3MIHHOI PEHTHHT BOJif,
MPOBOIHTHCS 3a JoroMororo 4 tepmi: ("Hu3bKHN", "cepenniit”, "xopommii”, "BigMinaui"), puc. 20.

BRMsKO cpeate Aangxo HUIKHIA cpegHui XOPOLN OTNHHHBI
1 1 i

1 2 3 4 5 B ¥ i 9 10 0 1 15 2 25 3 3.5 4 45
input variable "Pacnonoxexne_ogut” input variable "PedTuHr"

a) 3MIHHA PCIIOJIOKEHIE BOJIIS 0) 3MiHHA PEHUTHHT BOJIs
Puc. 2. 3aBnanHs JTIHIBICTHYHOI OL[IHKY BXIJHUX CHUTHAIIB

JlinrBicTUYHA OIHKA 3HAYCHHS MJIs 3MIHHUX I[iHAa TOI3JKHM 1 IiHA TMOJAaYi, TPOBOJUTHECH 3a
normomororo 3 Tepmis: ("HuU3BKA", "cepenns’, "Bucoka"), MamoHok 3a, 30.

. . T T T T T
HWZKaR cpeaHRR BbiCOK3A HH3KaR CpenHAn EbICpEERA

N N N N T
50 100 150 200 0 5 10 15 20 25 30
input variable "Llen a_o esgkn” input variable "Lle a1|:lp,al-m'

a) 3MiHHA I[iHa MOI3IKN 0) 3MiHHA I[iHA TTOAaYi
Puc. 3. 3aBmaHHs JTIHIBICTHYHOI OL[IHKY BXIJHUX CHUTHAIIB

JlinrBicTHYHA OIliIHKAa 3HAYEHHS JUIS 3MIHHOI KJIAC aBTOMOOLNS, MPOBOAWUTHCS 3a JOMOMOTOI0 3
tepmiB: (“exoHoMm", "komdopt"”, "0i3Hec"), puc. 4a. JIIHrBiCTHYHA OLlIHKA 3HAYCHHS VI BUXIIHOI 3MIHHOT
CTYMiHb BIEBHEHOCTI, MPOBOMUTHCA 3a jgomomororo 4 tepwmis: ("Husbka", "cepeans', "xopora”,
"Bucoka"), puc. 40.

T T
IKOHOM KOMOGiopT Ouzpec  [HUaKEA CpegHAR Xopowas BbICOkaR

0.3 0.4 0.5 086 07 0.8 0.9 1

0 0.5 1 1.5 2 25 0 0.1 0.2
input variable “rnacc_sTo” output variable "CTeneHb BepeHHoCTH™

a) BXiZHI 3MiHHA KJIac aBTOMOOLIS 0) BUXiJHA 3MiHHA CTYIIiHb BIIGBHEHOCTI
Puc. 4. 3aBnaHus JTIHIBICTHYHOI OL[IHKY BXIAHHUX 1 BUXIIHUX 3MIHHHX

[Ipu Bu3Ha4yeHHi (QyHKUiH NMpPUHANIEKHOCTI HEOOXiTHO, MO0 CTyMEHI MPUHANEKHOCTEH KOPAOHIB
iHTEepBaly KpailHiM TepMaM Oynau HaOJIKEHI 10 OJUHHKLI. TakuM YMHOM Oy/e BUKOHYBATHCS MPAaBHIIO,
yuM MeHmie (Oinplie) 3HaYeHHS 3MIHHOi, TUM OULIBIIOID MIPOI0 BOHO BIANOBIZa€ KpalHBOMY TEpMY
"mm3pkuil” (“"Bucokmit") [11].

[IprunHHO-HACTIIKOBI 3B'SI3KM MDK 3HAa4YEHHSAMM BXIIHMX @apaMmeTpiB 1 BUXITHUX JaHHUX
(dopMami3yloTeCsl B CYKYMHOCTI HEUITKHX JIOTiYHMX mpaBwi. HewiTka 0a3a 3HaHb 3 iH(opMmalieo mpo
3aJISKHICTh «BXiJ] - BUXI» MiCTUTh JIIHTBICTHYHI MpaBUIIa, TPUKIAJAH SKUX MPEACTABICHI HUXKYE:

1. AKUIO B, = «kompopr» TA B; = «uusska» TA P, = «uuspka» TA B, = «Gnuspko» TA
B = «Binminumii» TO o) = «BHCOKa».
2. SKUIO B, = «ekonom» TA B; = «cepenus» TA B, = «Bucoka» TA [, = «naneko» TA

B = «cepemniit» TO o1 = «HU3bKAY.
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[MpaBuiia 3a7ar0ThCs EKCIIEPTAMU Ha OCHOBI CyO'€KTHBHHX IepeBar i HE HOCSTH BHITAJIKOBOTO
xapakrepy. [lpu mociimkeHH] HEUiTKOI MOIeNi BUKOPUCTOBYETHCS PEXKUM Tieperiisiay npasui. OTpumatu
3HaYeHHS He0OX1THOT BUXIHOI 3MIHHOT MOXKHA, 33J[aBIIIM KOHKPETHE 3HAYCHHS BXiTHUX 3MIHHHUX.

[[lo0 BMKOHATH OLIHKY MOOYJOBAHOI CUCTEMH HEYITKOrO BUBCICHHS IS 3aBJaHHS BU3HAUYCHHS
CTYIEHS BIIEBHEHOCTI B ONTHMAJBHOCTI IMOI3JKHM HEOOXiJHO BBECTH 3HAYCHHS BXIAHHX 3MIHHHX JUIS
OKpPEMOT0 BHUIMAJIKY: KIac aBTOMOOUII — «kKoM(OpT», pO3TAIIyBaHHS BOJisI MO0 KIIIEHTA — «OIU3BKO»,
IiHA TIOI3/TKK — KHU3bKa», IiHA MO/1aui — KHU3bKa», PSUTHUHT BOJIS — KBUCOKHI».

Hampukiaj, nporeaypa HEUiTKOTO BUBEACHHS JUTsl pO3POOJICHOT HEUITKOT MOJIEIi BUJIA€ PE3YIIBTAT
0.811, sxwmif iHTEPIPETYETHCS B CTYIIHb BIEBHEHOCTI B ONTUMAIBHOCTI MOI3IKH - KBUCOKHINT

ExcnepumeHT 3 mepeBipkH a/1eKBATHOCTI He4iTKOI Mojesi BUOOPY ONTHMAJBHOI NMOI3IKH.
Byno mpoBeneHO eKCIIEpUMEHT, B SKOMY Oyio cTBOopeHO 54 cutyarii, 3 HuX 17 pa3 OyB BUKOPHCTaHHI
«EeKOHOM Kiac» apTomMoOus, 20 pa3 «komdopt kimac» i 17 pasiB «0i3Hec kiac». Bymo mpoBeneno nepedip
BCIX 3HauUeHb BCIX BXITHUX 3MIHHHMX:. I[iHA IOI3JKH, IIiHA ITOJAayi, pO3TAIllyBaHHSI BOMIISA IIOAO KIIIEHTA,
peiituHr Bomis. KoxkHa CTBOpEHa CUTYyaIlisl OIIHIOBAIACSA HE TUTBKH CHCTEMOIO, aJie i MPOIOHYBajIacs s
OLIIHKH EKCITePTaM.

Jiia aHamizy pe3ynbraTé Oynu po30uTi Ha 4oTHpH rpymnu: 1 rpyna — moi3ka 3 HU3BKUM CTYIICHEM
BresHenocti [0; 0,25]; 2 rpyna — moi3nka i3 cepeaniMm crymeHem BreBHeHocti [0,25; 0,5]; 3 rpyma —
noi3aka 3 xopoumM crymneHeMm BreBHeHocTi [0,5; 0,75]; 4 rpyma — moi3nka 3 BHCOKHM CTyIGHEM
BIIEBHEHOCTI B onTuManbHocTi [0,75; 1].

{00 oIiHUTH PI3HUIFO MK OLIHKOK €KCIepTa Ta pe3yJbTaTaMH, 10 BUJA€ HEYIiTKA CHUCTeMa
BHOOPY ONTHMANBHOI MOI3NKKA Oyna po3paxoBaHa cepemHs aOCONIOTHA TIOMUJIKA, 3HAYCHHS SKOT
HaBEIEHO B Ta0nuI 2.

Tabnuug 2. Ouinka pe3ynbTaTiB eKCIIepUMEHTY

P030uTTA OTpUMaHuX JaHUX HA TPYIH KinpkicTs 3HaueHb B rpymi MAE
1 rpyma 7 0,019
2 rpyna 22 0,009
3 rpyna 11 0,013
4 rpyna 14 0,004
Bcs Bubipka 54 0,0095

3rifHO 3 OTPUMaHUMH pe3yjibTaTaMH MOXXHAa 3pOOUTH BHCHOBOK IIPO KIUJIBKICHY HE3roay
posmominy. Mipa pisuurii (MAE) Bkasye Ha HE3HAYHY BiJMiHHICTh 3HAYCHbL CKCIIEPTA Bifl 3HAYCHD,
oTpuMaHuX Big cuctemu. CepenHs aOCOTIOTHA IMOMUJIKA SK B KOXKHIM 3 Tpyl, Tak i y BCid BHOIpII B
oMy, He nepeBunrytoun 3HaueHHs 0,019. A skmjo anamizyBaTé BHOIPKY B IIUIOMY, TO PI3HUI MK
3HAYCHHSIMH, OTPUMaHHMH BiJl €KCIIEpTiB i BiA cucremu, He nepeBuinyoTh Tounicts B 0,01. Lli mani
JOBOJIATH aJIeKBATHICTh HEUITKOI MOIEIi BUOOPY ONTHMAIIBHOI MTOT3/IKH .

BucnoBku. TakuM 4YWHOM, MOIENIOBAHHS HEYITKOI CHCTEMH BHOOpPY ONTHMAIBHOI MOI3JKH B
cepenoBuny Matlab mo3Bonmio mepeBipuTH HEUITKY MOAEIb BUOOPY ONTHUMAIBHOI MOi3aku. OTpuMaHi
pe3ynbraTi Oyi0 HOPIBHSHO 3 pe3yJbTaTaMH, AKi HaJalHu eKCIepPTH. Y pe3ynbTaTi aHaji3y BUSBIICHO, IO
pe3ynbTaTH, MO OTPHMAaHI 3a MOJEIUIIO, 1 Pe3yJbTaTH, IO OTPUMAaHUX NPH ONHUTYBAaHHI EKCIIEPTiB,
OocuTh Onu3bKi. | HaBiTH B pa3i YMCIOBOrO BiIMIHHOCTI HE BHXOZSTH 32 MEXi CIOBECHOTO OMNHCY
ONITUMANBHOCT] MOT3/KM, IO MiATBEPIKYE cepenHsi aOcoiioTHa moMmika. Ha mimcraBi mporo mMoxkHa
3pOOUTH BHUCHOBOK, IO HEYITKY MOZAEIb BHOOPY ONTHMANBHOI MOI3IKKM MOXHA Jaji BIPOBAKyBaTH Y
iH(pOpMaLiiiHy cucTeMy OpraHizauii iHAUBiLyadbHOI MiCbKOI MOT3AKM Y BUTJISII ITiICHCTEMH.
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SUCCESSFUL STARTUPS: HOW TO TEACH STUDENTS

Olena Sivakovs’ka. Successful startups: how to teach students. The article considers the features of startups teaching.
There have been proposed implementation opportunities of information and innovation technologies into the learning process for
Master’s degree in Project Management. Unconventional ways in Startup Project Management have been showed too.
Keywords: startups, projects, management, business, ideas, innovation, technology, success.

CipakoBcbka O.M. Ycnimui crapranu. sIK HABYUTH CTYAeHTIB.Y CTaTTi PO3KPHUTI OCOOJIMBOCTI BHKIATAHHS
CTapTamiB. 3alpONOHOBAaHI MOXJIMBOCTI BIPOBA/UKEHHS 1HQOPMAIIMHIX Ta IHHOBAIIMHUX TEXHOJIOTIH y HaBYaJBHUH IPOIIEC
iATOTOBKY MaricTpiB y cepi ynpasminas npoexrami. [Ipencrapieni HeTpaAUIiHHI M IXOIH YIPABIIHHS CTapTal-IPOCKTaMHU.

Ki04oBi ci10Ba: cTapranu, IpoeKTH, yIpaBIliHHA, Oi3HEC, i1el, IHHOBaMis, TEXHOJOT1s, yCIiX.

CuBakopckas E.H. VYcmemnble crapranbl Kak HAay4uTb CTYJEHTOB. B craThe packpbITEl 0COOCHHOCTH
IpernoaBaHus crapranoB. [IpemroxkeHs! BO3MOXKHOCTH BHEAPECHHS HWHGOPMAIMOHHBIX W WHHOBAIMOHHBIX TEXHOJOTHH B
y4eOHBIM TporiecC MOATOTOBKH MAariucTpoB B 00NACTH YNpaBieHHS IpoekTamu. IIpencTaBieHs! HETpaJWUIMOHHBIE ITOJXOIBI
YIpaBIICHUs CTapTaIl-NIPEKTaMU.

KiioueBble cj10Ba: cTapTarnsl, IPOEKTHI, yIpaBiIcHUE, OM3HEC, HCH, HHHOBAINS, TEXHOIOTHS, YCIeX.

Introduction to research problem. When students are interested in business, in new ideas and
want to have a good job, startup lecturer can help them. However, operating a startup has some key
advantages that those big businesses simply aren’t able to touch. Knowing these advantages, and playing
to them, will help students’ startup remain strong even in the face of decades-experienced, national-level
competitors. But working for a startup can involve a lot of risk, that’s no secret; according to the Wall
Street Journal, three out of every four startups fail. But that doesn’t mean taking a job with a startup —
even one that ultimately fails — won’t allow students to gain valuable experience and skills to add to their
resume.

Research analysis. The problems of startups development are practiced by Oksana Borysenko (co-
founder of “Enable Talk”, Ukraine), Matt Aimonetti (software developer, co-founder of “Splice”, USA),
Rafis Abazov (researcher of Al Farabi Kazakh National University), Lisa Chesser (researcher of Florida
International University). These people work hardly for the development of startup projects in the world.
There are many companies, businessmen, manufacturer and investors, who are really interested in
Startups today. Now many universities in our country introduce the discipline “Startup Project
Management” in their educational programs too.

Presentation of the basic material and substantiation of results. The introduction of new
educational strategies of methodological support increases not only the effectiveness of the process for
preparing the student as a specialist, but also it influences the development of the teacher competencies,
the achievement of modern awareness and the using of innovative educational technologies. The
dynamics of the development and application of information and communication technologies is a
reflection of the need to increase the level of teaching and the use of technical means for instruction to
create a training channel between the teacher and students through telecommunications networks, and the
create a virtual educational environment [1].

Now the world is more difficult, there are so much information and innovation technologies, and
students of 21 century are cleverer and more adroit. So, the teaching of startup projects is very important
today. With the help of this, our students can show their intelligence, their ingenuity and their uniqueness.
Many universities around the world encourage business ideas from students and provide all kinds of
support (often free) to student-led start-ups. This is a unique opportunity for innovative and forward-
thinking students to set up their own start-ups—with the dream of coming up with a new Google,
Facebook or Apple! It is pity, the majority of universities in our country can’t do it. That’s why students
must find some investors, companies and etc., if they really have new and important ideas.

Recently, start-ups have become a kind of profession. Of course, this is not entrepreneurship in its
pure form, because entrepreneurship implies the existence of some finished business model: you need a
clear financial plan that allows you to understand the recoupment of your idea; understand when and what
resources are needed to implement them, and so on. When creating a business, we plan our future well
enough. A startup is a venture history: the task is not to build a profitable business, it demonstrates the
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exponential growth of a certain set of metrics. If you earn with the help of startups — it's great, if not, it's
not confoundedly.

So the task of the teacher is to help each student understands all aspects of this discipline. All
students must be able to create new ideas, form own mind, differentiate advantages and disadvantages
startup projects and at last they must be good “businessmen” and orators.

Teaching students about startups and small business inside the auditory room not only meets any
set of standards, it prepares them for life. Students learn about brainstorming ideas, setting goals,
budgeting, and indulging their individuality while still learning to cooperate with others.

On top of that, with the job market constantly fluctuating and the dismal outlook portrayed by the
news, it’s even more crucial to teach students about business. How teachers do this really just depends on
their own individual personalities and preferences. However, this is the one time when a student should
choose something they like first then the teacher can act as a guide [2].

Therefore | can propose some approaches that can be used in startups teaching.

There are: success stories, business letter, business plan, risks and benefits, types of businesses,
auditory jobs vs. entrepreneurship, “the million-dollar question”, make money, budgeting, banking,
spending money, turning a profit, balance checking accounts, supply and demand, observe consumer
behavior, inventions, known information, the history of business, currency exchange, clubs, online
stores, evaluate, project runway, advertising agency.

Let consider advantages of each approach.

Success stories. The teacher must read success stories with students. This can range from news or
feature stories to historical pieces. One such story about Sarah Breedlove Walker introduces students to
*“a rags to riches” journey of one of the wealthiest black women in the 1900s. If teachers compare that
with a story of Oprah Winfrey and her millionaire status, students will learn and find great inspiration for
building a business from the bottom up [3].

Business letter. A teacher must teach students to write business letter correctly. A student might
write a business letter to solicit interest from investors or possible consumers. The point being that the
student should present the value of the business on several levels through formal language.

Business plan. Without a plan, anyone can lose his or her focus on a goal. If students write a
business plan, they’ll get a solid understanding of what it takes to start their own business. The teacher
must explain how write this plane (explain all steps of the plan, all aspects and etc.).

Risks and benefits. Along the way, students should weigh the risks and benefits of whatever
business venture they choose. The teacher can use tool, “The Balancing Act” Activity, as a visual for
students. With the help of this, the lecturer can visually explain all risks and benefits of startup projects.

Types of businesses. A teacher must take students from start to finish through a business model. A
lecturer can give them a specific type of business to focus on, delving into the ins and outs of making this
business work. For instance, if students were to focus on different startups, they could start
with https://startup.ua/. But if a student want to use this site, he must registrate there. The lecturer can
show students the differences and similarities while providing them with invaluable details about starting
and maintaining a successful business.

Auditory jobs vs. entrepreneurship. During the startup’s lecture, a lecturer can create a sense of
responsibility by giving each student a job and add a twist. First he must assign jobs such as white board
cleaner, agenda and date manager, art director, and so forth. Assigning more important names to jobs
works really well with older students. Then a teacher can listen to complaints and allow them to switch
out jobs for a couple of week. Ultimately he needs to ask a series of questions to get them thinking. For e.
g.: Would you be happy doing this when you’re out of our university? How could you turn one of these
skills learned into a business of your own? Or, do you prefer working for someone else? What are the
benefits? What are the drawbacks? All of this will help them understand responsibility and decide what
route works best for them.

“The million-dollar question”. Simply the teacher can ask a question: Do you want to be a
millionaire? Then, he can ask some more questions and help guide students through an engaging lesson
full of percentages, decimals, data analysis, number sense, solving equations, and problem solving. This
lesson requires small stories and flexibility so keep that in mind when approaching any obstacles [3].

Make money. Starting a business may begin with an idea or a desire for independence but no
business moves forward without money. That old adage, which seems obvious to an adult, “You gotta
have money to make money,” isn’t so apparent to a kid. So while teaching them the facts of dollars and
cents for any grade level, instill this concept into them and have them list possible sources of funds [3].
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Budgeting. Then the lecturer must ask the practical question of “How much money will you need?”
Depending on the business type, students need to decide how much money they’ll need by creating a
budget.

Banking. A teacher can ask, “How will you get that money?” But the lecturer must help them to
answer through their own personalized lesson or by sending them to the bank. Now a teacher has students
learning about borrowing money from the bank. Teachers can take many avenues to get to the point
where students borrow the money. Along the way, there are more than enough learning opportunities,
from learning about interest on loans to problem solving. Teachers can also find ideas to carry into higher
grade levels.

Spending money. One of the single most serious aspects of dealing with money involves spending
it. Students need a heavy dose of reality when it comes to simpler consumer spending. Some sites do a
great job at conveying the importance of this with facts and information. Startups’ teacher can use special
site to teach students how to spend wisely and carefully.

Turning a profit. Exemplifying what turning a profit means to a group of students seems simple
enough, but it’s challenging. If students haven’t even had a job, how can they possibly grasp the reality of
turning a profit from a small business start-up? Well, that’s what teachers are for and that’s why teachers
have great resources such as www.richkidsmartkid.com Video games help teachers introduce ideas and
lessons broken into grade levels help teachers cement some important concepts including the idea of
making a profit [4].

Balance checking accounts. Many people find balancing a personal checking account difficult not
because it’s a difficult concept, but because there are so many bills to pay. Taking some time to show and
discuss paying bills and balancing accounts helps students with basic level of responsibility. The mint
offers simple, digital lessons.

Supply and demand. Many students like video games. Is a great tool that will challenge students to
build a small business and turn it into an empire. There is many videogames that help to create a new
business virtually in the Internet. By introducing students to the idea of creating a trade company, it
provides them with important lessons in supply and demand.

Observe consumer behavior. A lecturer can conduct an experiment with consumer behavior. He
must introduce students to the stock market and link that with checking the news. But, more importantly,
have students observe their own and their family and friends’ consumer behavior. That will make this so
much more interesting. Then, students must come up with economically effective ways to solve or
enhance some of the behaviors they’ve observed.

Inventions. Inventions and business should go together. That’s why young inventors need exposure
to the business world. The teacher must start by questioning them: “How will this invention affect the
world around you? How should it be marketed? How can the inventor hold on to a majority of the
profits?” A startup researcher can show them the reality, that most inventors retain only 1% of profits.
That’s why learning about business is so vital to students’ success.

Known information. In any project, there is a stage when you need to sit down and digest all
information you’ve collected, all contacts you’ve approached and all opportunities you’ve explored. This
is a very important stage when start-up hopefuls have not only to do the SWOT analysis (assessing
Strength, Weaknesses, Opportunities and Threats) but also to decide where and how to move forward. At
this stage it’s also important to digest the wealth of information you’ve collected into a good presentation
for yourself and for all your friends, stakeholders and sponsors to get their feedback, comments and
suggestions [5].

This is a stage when it is also essential to ask yourself honestly: is this project good enough for
upscaling and moving forward as a serious once-a-lifetime opportunity? Or, is it a nice student-scale
project which has provided experience and expertise in start-ups and satisfying your own ambitions, but
not enough to become a large breakthrough innovative product?

Overall, it is important to remember that in building the first start-up it is equally important to build
first team of friends and classmates. This combination — brainstorming and working up on students’ idea
and building a team for this and many other projects — will help them to be successful in creating start-ups
and developing innovative ideas.

The history of business. A teacher must compare students the various types of economic systems
over time. This will help them understand where money came from and why. It will also help them
understand how the credit card has changed the way they understand value, often disregarding the prices
of various products and services.

© CiBaxoscbka O.M.



Hayxosuil srcypruan "KoMi roTepHo-iHTErpoBaHi TEXHOJIOTIi: OcBiTa, HayKa, BUpoOHMUTBO" 107
Jlyyvk, 2017. Bunyck Ne 28-29

Currency exchange. A startup researcher can ask students choose parts of the world where they
think their product would sell or their business would thrive. Then, he can ask them determine exchange
rates. They might want to stick to one continent, but it’s always more interesting when they choose.
Students will not only learn by using world maps but also begin to understand the value of money across
continents.

Clubs. Various types of clubs help students socialize in an environment where they can be
themselves so why not use the clubs to see the business side of their interests. Clubs often organize events
or fundraisers to promote themselves so teach them some business skills along the way.

Online stores. The next step might be to show how students can set up an online shop. Of course
there’s so much more to business and entrepreneurship than just creating a place to sell the product, but it
gives them a resource and a starting point for motivation.

Evaluate. A very important part of the process of start-up development is to realistically evaluate
how much support students need for thier start-up project. They must remember a historic fact about the
importance of comprehensive evaluation for e. g.: in 1976 Stephen Wozniak, an engineering intern at the
Hewlett-Packard (HP) Company, built a prototype of the first personal computer. However, after a quick
evaluation HP decided the idea was not worth investing in, and declined to support the project. Thus,
Stephen Wozniak joined Steve Jobs to create the Apple Corporation — a company which is currently
about 10 times larger than HP.

One big mistake that students (and other start-up beginners) make is to focus exclusively on
monetary support for their projects. Yet, case studies from many countries suggest the importance of
getting human resource support and technical assistance, such as patent application and registration, and
for the evaluation of market environment for the innovation [5].

Project runway. Creating a competitive environment out of a single project and offering prizes for
the winners gives students a taste of how difficult following through on a goal can be but also how
rewarding a win can make they feel. A lecturer can use this to show them how designers start their own
lines. The website for the show Project Runway has some great clips to show
students. www.mylifetime.com.

Advertising agency. A startup researcher can give the students a chance to create their own
advertising agency. A teacher must create small groups of three or four students and have them come up
with campaigns in print and digitally. Depending on the time and extent of lessons, a lecturer can
challenge them to help come up with unique and campaigns for products they know and love. The teacher
must make sure they place a value on their work and research how much ad agencies charge for various
types of work. So the lecturer must compare large ad agencies to the smaller ones.

At first startup lessons, the teacher can ask such question: What is the common factor between Bill
Gates, Steve Jobs and Mark Zuckerberg? On the surface the answer is very simple: all of them began their
iconic projects during their university years and often only with the help of their closest friends. However,
we have to dig deep inside their way of thinking, brainstorming and creating to understand the “magic
bullet” of their success. Professors and students at business schools around the world have spent
thousands of hours to deconstruct the mysteries of their success and to replicate their experience in the
new environment.

Many years of experience in working with student start-up projects suggest that the next very
important step in converting each idea into a workable start-up is to explore funding opportunities to
finalize the ideas into a viable project and — if possible — into a workable prototype.

In the rapidly changing and extremely competitive business environment, often it is not enough to
just show nice presentation slides and calculations on paper, as it might not work even for the most
brilliant and potentially marketable ideas. A workable prototype will greatly increase students’ chance of
success, and therefore it is critically important to explore all existing opportunities for support.

And here the university environment might be able to help. During the last decade, many
universities have established business incubators and techno-parks as innovation support institutions with
a single mandate: to support students in various ways to start successful innovation projects and systems
or to create industry-science linkages.

For example, a techno-park at Al Farabi KazNU - created in 2011 as an industry-science
collaboration center for commercialization and technology transfer — currently supports about a dozen
student projects at once. It also provides space for brainstorming and for writing up business proposals for
students’ projects and regularly organizes various workshops and seminars for students and faculty about
various aspects of building start-ups and getting help for most prospective ideas [2]. In fact, at many
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universities around the world, the financing of innovative entrepreneurs is built around four major
sources: 1) in-house funds; 2) university-affiliated funds; 3) private alumni funds, and 4) private
investment-angel funds.

At last a teacher must show students a sense of their own independence and matching that with
their interests demonstrates just how much they can do with all of their skills and talents. A startup
researcher must help students learn more about the world they live in and how they interact with it keeps
them interested and provides them with valuable information critical to their ability to find happiness and
success in a perpetually changing world.

Conclusions and Perspectives. Today the startup is that it is based on unique or creative idea and
we all know that in this world where technology and consumer taste are changing so fast, an unique idea
can do wonders because there is no limit as far as profit margins are concerned when it comes to startup
as there is no benchmark against which these startups can be compared and hence they have monopoly
over the pricing of product because uniqueness does not have any substitutes. Students can have a
positive experience in the discipline of Start-Up Projects. They can acquire many useful skills, including
the skill of public speaking, the ability to work with information and visualize it, conducting interviews,
the ability to build on the opinions of consumers. Students can learn the culture of discussion, the ability
to objectively evaluate their ideas, critical thinking. At last | can say most startup jobs won’t pay as well
as some of the bigger corporate and business jobs. So this discipline will be interesting for students, who
want be rich, popular and is interested in the creating of new ideas for our country.
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IMocTranoBka HaykoBoi npodsaemu. Cepen ycboro HabOpy MUTaHb Cy4acHOI METOIUKU HaBYAHHS
iH(pOpPMAaTHKH Y BUILIH KO YiJIbHE MiCIle 3aliMae MATaHHS BIPOBAHKEHH MDKIIPEAMETHOTO MIAXOAY Y
npoueci popMyBaHHS MPOQECiiiHOI KOMIIETEHTHOCTI MalOyTHBOTO BUHTENs iH(GOpMaTUKU. BakianBum
KOMITOHEHTOM MNpo(eciiiHol KOMIETEeHTHOCTI MaiOyTHHOTrO IMeAarora € TeXHiYHa KOMIIETEHTHICTb, IO
Moxe OyTu chopMOBaHa HeE JUIIE B MEXKaxX CYyTO TEXHIYHMX AMCUUIUIIH, a H Yy MeKaX B3a€MO3B’A3aHUX 1
B32€MOJIIOYMX HaBYAJbHUX AUCUHILUIIH iHPOPMAaTHUHOTO LHKITY 3arajoM.

Bax/nBo0 MCUXOJOTiYHUX Npo0IeMOI0 € (OpMyBaHHS Yy CTYIEHTIB BMIHHSI 3aCTOCOBYBaTH
CHUCTEMHHH METOA MUCJICHHS, MOEIHYIOUN €IEMEHTH 3HaHb 3 PI3HUX HaBUAJIBHUX MUCUUILIIH. CTyqeHTH
MOBHHHI BMITH KPUTHYHO OCMHCIIIOBATH MaTepiaji, IO BHBYAETHCA Ta IOPIBHIOBATH HOTO 3 THMH
3aBIAHHIMH, Ki IM BiOMI, 3ICTABJISITH 1X, aHATI3yBaTH, J0JaBaTH J0 Bimomoro paxirie [8, ¢.17].

BukopucrtanHsi MDKIpEOMETHUX 3B SI3KIB Jla€ 3MOTY pO3B’A3aTH mpobieMmy audepeHwiarmii
HaBYaJbHUX 3aBIaHb Ta KOHTPOJIBHO-TIEPEBIPOYHUX pOOIT IIsl 37iMiCHEHHS A1arHOCTUKU HaBYAJIBHHX
JOCSITHEHb CTYJICHTIB, €()EKTUBHO Ta CBOEYACHO 3/1ICHIOBATH MOHITOPHHT PiBHS 3aCBOEHHS HABYAIBLHOTO
MaTepialdy Ipynu CTYIEHTIB 3arajoM 1 OKpeMOro CTyACHTa 30KpeMa, a TaKo)K BH3HAYA€ BiMOBIIHICTDH
LUX JOCATHEHb OOpaHili CTyJeHTOM TpaekTopii HaBuaHHA. CHCTEeMaTHYHE 1 METOIUYHO OOTPYHTOBaHE
BCTaHOBJICHHSI MDKIPEIMETHUX 3B’S3KIB Ma€ Ha MeTi Takox 3a0e3nedeHHs] (OpMyBaHHS B CTYICHTIB
LUTICHOT KapTHHU O0TOYYI0YOro cBity [9, ¢.69].

AHani3 ocTaHHix gociaimkensb i myouaikanii. [IpoGrema MiXIpenMeTHOro MiAXOAY HE € HOBOIO,
poTe He mepecTae OyTH akTyaJbHOIO. B pi3Hi yacH, 30kpeMa i Ha CydacHOMY eTami, Helo 3aiMaroThCs
taki BueHi sk B.lO. buxos, I.C. Boiitopu4, JI. II. Boporens, C.VY.Tonuapenko, P.C.Typepuy,
O. Il 3enensk, I. A. 3s3rona, V.IL Koryr, H.T.Hwukano, B.B.Hiunnmnaa, [I. A. IlokpurieHs,
C. L. Tumenko, I'. ®@. denopen, A. M. fciHchkuii. AHaNi3 mpalps BKa3aHUX JOCTITHUKIB BUSBHB, IO
pONb MDKIOPEAMETHOrO HaBYAaHHS 3aKpiluieHa 3aralbHOJUAAKTUYHAM MPUHIMIOM MDKIPEAMETHHUX
3B’SI3KiB, KU Mependayae y3ro/keHe BUBYEHHS HAYKOBOTO anapaty. JlaHuil IpUHLIMI Opi€eHTOBaHUN Ha
3aCTOCYBaHHS i CHHTE3 3HaHb, YMIHb i HABUYOK JUCIMILIIH TEXHIYHOTO XapaKTepy i AUCIUILIIH 3araibHO1
npodeciifHOi TPakTUYHOI MMiArOTOBKH. BkaszaHi JOCHIIKEHHS TOKa3ylOTh MO3UTHBHHI BILTHB
MDKIIpEAMETHUX 3B SI3KIB Ha SIKICThb 3HaHb, OCKUIBKM MpH iX peamizamii B OCBITHBOMY MpoIlieci
BiflOyBa€THCSI B3a€EMHE BUKOPUCTAaHHS HAYKOBOT'O anapaTy, BUKJIIOUEHHS IOBTOPEHb, (POpMYBaHHS €IHMHOI
CHCTEMH TOTJIAIIB TOLIO.

HesBaxaroun Ha akTHBHE OOTOBOPEHHS NpPOOJIEM MIKIPEIMETHOTrO MiAXOLy Y HaBYaHHIi, BapTo
3ayBa)XKUTH, L0 YaCTHHA MUTaHb 3aJUINAETHCS BIAKPUTOIO. 30KpeMa, MUTaHHS (OpPMyBaHHS TEXHIYHHX
KOMIIETCHTHOCTEH yduTensl iHPOPMAaTUKHA B YMOBaX MDKIPEIMETHOTO MiAXOMy, PO3IJIsLA KOHKPETHUX
(haxoBUX AMCUIUIUTIH Ta peaiizallisi MDKIPEAMETHUX 3B’SA3KiB, JUJAKTUYHI Ta IICHXOJOrO-TeNaroriuHi
YMOBH ()OPMYyBaHHS TEXHIYHUX 3HAHb.
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31e0iIbIIoro TeXHIYHa KOMIIETEHTHICTh (DOPMYETbCA B MEKax CYTO TEXHIYHHX JUCLHUILIIH
(ApxitekTypa KoMIl'torepa, Oprasizamiss KOMIT'IOTEPHUX MEPEK Ta CHCTEM TOIIO), TOMAI SK MUTAHHS
TEXHIYHOTO XapaKTepy TakoX PO3MIAAAIOTHCS MPH BHUBUEHHI AUCHUILIIH iH()OPMATHYHOTO LUKITY, TOMY
BHUHHUKa€ MoTpeda B peasizalil MIKIIPEAMETHOrO MiAXOAy Ta €IHOCTI B iIHTEpHpeTalii 3MiCTy 3arajJbHOrO
IUKITY JUCIHILTIH.

MeTorw CTATTi € JIOCITi/PKEHHS MOXUJIMBOCTEH peanizaiii MDKIPEAMETHUX 3B’S3KIiB Y IMPOIleci
(dopMyBaHHS TEXHIYHOI KOMIIETEHTHOCTI MaiOyTHIX yuuTeniB iHQOpMATHKH i 4Yac BHBYCHHA
aucuuIuting  «TexHomnorii po3poOku BeO-J0AaTKIB», BHU3HAYEHHI IHTErpOBAaHMX 3aBAaHb Ta CIUIBHUX
MOHSATH, AKI BUKOPUCTOBYIOTHCS Y MPOIIECI TEXHIYHOI MATOTOBKU (haxXiBIs.

Bukigax ocHOBHOro Marepiany Ta OOIPYHTYBaHHS OTPHMAHHX Pe3yJIbTATiB JOCTIAKEHHS.
Opranizaniss MDKOPEAMETHOTO MiAXOMy Y TPOLECi TEXHIYHOI MiATOTOBKM MaiOyTHBOTO YyUHTENs
iH(pOpMaTHKH nepeadaydae BUAUICHHS IEBHUX 3arajibHO JUIAKTHYHUX Ta IICUXOJIOrO-M1E€AAarOriyHIX YMOB,
AKI CIIPHUSIIOTH (YOPMYBaHHIO TEXHIYHUX MIKIPEAMETHUX NMOHATH. Cepell TAKMX YMOB JIOLUIBHO BHIUTHTH
HACTYIIHI:

- Y3rO/KEHE BUBYECHHS ()aXOBHX HABYAJbHHUX MAUCLHMIUTIH, TPU SIKOMY KOXKHA 3 JUCHUILIIH
BHUKOPHUCTOBYE MOHITIHHUM anapaT TEXHIYHUX AUCIHMILTIH,

- HeMepepBHICTh 1 HacligyBaHHA y HOpMyBaHHI HAYKOBOI'O anapary;

- 00OB’A3KOBa €IHICTh B IHTEpIpETalii HAyKOBOTrO amapary s BCIX IUCHUILTIH (SK CyTO
TEXHIYHOTO XapakTepy, TakK 1 IHQOpPMATUYHOIO), IO CHPHAIOTH (OPMYBAHHIO TEXHIYHUX
KOMITETEeHTHOCTEH;

- 3a100iraHHs TyOIIOBAHHIO TEXHIYHHUX ITOHSTh, SIBHII, TEOPill MpH BUBYCHHI BCIX JUCIHILIIH;

- €IHICTH 3MICTY OHAKOBHUX 3 KJIACOM TEXHIYHMX IOHATH, SIBULL, TEOPiil TOLIO.

JloTpumaHHs 3a3HaYeHHX YMOB JAacThb 3MOT'Yy €(EKTHBHO BIPOBAAUTH y MPOLEC MiArOTOBKU
MaiOyTHBOTO yUYUTENsl 1HPOPMATUKH MIKIPEAMETHOTO MiAXOAYy Ta CQOpMYBaTH BiANOBiAHI TEXHIYHI
KOMITETEHTHOCTI.

3BepHEMOCH JI0 KOHIIENTYAIBHOTO MOHSTTS HALIOTrO AOCIIIKEHHS — KMDKIIPEAMETHI 3B 3Ku». Mu
OyzeMO BHKOPHCTOBYBATHM HaMOUIbII MOBHE BH3HA4YEHHS. «MiKIpeqMeTHI 3B’S3KM € Tenaroriuia
KaTeropis Juis TMO3HAYCHHS CHHTE3YIOUMX, IHTETPallifHUX BITHOCHH MK 00’ €KTamH, SBUIIAMH 1
mporecaM peajibHOl AIHCHOCTI, IIO 3HAWILIM CBOE BimoOpakeHHs y 3Micti, (opmax i meromax
HABYaJbHO-BUXOBHOTO MPOLIECY 1 BAKOHYIOTH OCBITHIO, PO3BUBAIOUY 1 BUXOBHY (YHKUIi B iX opraHiuHii
enHocti» [14, c.25]. Omxe, BHPOBaKCHHS MDKIPEIMETHHX 3B’S3KIB € BAXKIUBOIO IEPEIYMOBOIO
(hopMyBaHHsI IEBHUX KOMIIETCHTHOCTEH 3 OJHI€T TUCIUILTIHU B XOJli BUBUCHHS 1HIIIHX.

MiXnpeaMeTHi 3B SI3KU CIIPHUSIIOTH PO3B’S3aHHIO MPOTHPIY MK 3aCBOEHUMH 3HAHHSIMHU 3 PI3HUX
JUCLUIUTIH 1 HeOOXiJHICTIO iX iHTerpaumii, a TakoX 3aCTOCYBaHHS Ha MPAKTHLI CYKYIHOCTi IUX 3HAHb.
Takum umHOM, MailOyTHIH BUMTENb IHPOPMATHKH 3MOKE BHKOPHCTOBYBATH METOAOJIOTiIO, OCHOBHI
MOHATTS 1 MOJOXKEHHS! TEXHIYHUX AWCHMIDIIH B MDKIPEAMETHOMY 3B’SI3Ky 3 IHIIMMH JUCHMILTIHAMHU
LUUKITY JUIS BUPILIEHHS 3a/1a4 TEXHIYHOI CIIPsIMOBaHOCTI.

OcTaHHIM YacoM axKTHBHO M€ MpOLeC CTaHOBJIEHHS 3arajbHOi Teopil TEXHIKH, OCKUIBKH
BUKOPUCTAaHHSl TEXHIYHHX 3HaHb B YCIX cdepax JIOICHKOI MiJBHOCTI TICHO TMOB’A3aHa 3 iX
¢dynaamenTanizauiero. Lle 3ymoBneHo, 3 0qHOro 00Ky, BHOKpEMIICHHSIM Y CTPYKTYpi 3araibHOi KapTHHU
CBITY, MOpSA 3 MPUPOAHUYO-HAYKOBOIO 1 COLIaIbHO-ICTOPUYHOIO, TEXHIYHOI KapTHHH, sKa BimoOpaxkae
CBIT TEXHIKH B CHCTEMi HAyKOBO-TEXHIYHUX 3HaHb. 3 iHIIOr0 OOKY, Iell Mpolec OB’ I3aHUH 13 ITHPOKHM
BIIPOBIKEHHSM TEXHIKHU Yy pi3Hi chepr BUPOOHUITBA H TI€IO POILIIO, AKY Bilirpa€e TEXHiKa Ha CYy4acCHOMY
eTarni po3BHUTKY CYCHUIbCTBa [2, ¢.224].

[ndopmaTika sK TexHiYHa Hayka mependayae, IO TEXHIYHI KOMIIETEHTHOCTI MOXYTb OyTH
copMoOBaHi K y MpoIeCi BUBUCHHS CIELIabHUX TEXHIYHUX AUCHHMIUTIH (KAPXITEKTypa KOMII IOTepa,
«OCHOBH KOMIT'FOTEPHUX MEPEX Ta CUCTEM» TOWIO), TaK i B MPOLECi BUBYCHHS (haxOBUX KOMIT FOTEPHHX
mucnumutin («Iadopmatrka Ta IKT», «Opranisaris 6a3 maHux», «TexHONOrii po3poOKH BeO-10AaTKIB»
TOIIO) sIKi mependavaroTh (OPMyBaHHS TEXHIYHUX HABUUOK OIOCEpeIKoBaHO. Tomy, QopmyBaHHS
TEXHIYHUX KOMIIETEHTHOCTEH JOLTBHO PO3MIIAAATH HE JIUIIE B MEXKaX CYTO TEXHIYHUX AUCLUILIIH, aje i
B PO3pi3i BCiX iHGOPMATUUHUX AUCLUILIIH 3 ypaXyBaHHSIM MDKIPEIMETHOIO MiAXOY.

OTxe, JOUITBHO PO3TISHYTH 3MICT (PaxoBUX KOMIT IOTEPHUX AWCLMIUIIH Ta BU3HAYUTH TEMH, B
MeKaxX SKHX MOXXHa c(OpMyBaTH TEXHIUHI 3HaHHS Ta BMiHHA. KpiM TOro, TexHiuHi KOMIETEHTHOCTI
Halikpaiie (QopMyIOThCS y TpoLeci BUKOHAHHA NPAKTHUYHUX 3aBJaHb, KOJIM BUHHMKAE HEOOXiIHICTDH
PO3B’s13aTH MPOoOJIEMY, BUKOPHCTOBYIOUH 3HAHHS PI3HUX JUCLUILTIH. TOMY AOLIIBHO BU3HAYMUTH MEPETIK
3aBJaHb MDKIIPEAMETHOTO XapaKTepy, sKi O cnpusuin GOpMyBaHHIO TEXHIYHUX KOMIIETEHTHOCTEH.
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Crin 3a3Ha4MTH, 10 B HAIIOMY JOCIIPKCHHI OCHOBY TEXHIYHOI KOMIIETEHTHOCTI MaiOyTHHOTO
yuutens iHQOpPMATHKH CKIAJa€ CYKYMHICTh TEXHIYHMX 3HAaHb, YMiHb, HAaBHYOK, sKi mepeadavaroTsb:
PO3YMIHHSA MPHHIMIIB POOOTH, XapaKTEPUCTHK 1 OOMEXKEHb TEXHIYHUX MPHUCTPOIB; YMIHHA JOCTYIHO
BUKJIaIaTH HABYAJIBHUN MaTepiall, M0 CTOCYEThCS TEXHIUYHOI CTOPOHH, YMiHHS MigiOpaTH, BUBYUTH Ta
y3araJbHUTH HaYKOBO-TEXHIUHY JIiTEpaTypy, HOpPMaTHBHI Ta METOAWYHI MaTepiany 3 TEXHIYHUX 3ac00iB;
yMiHHA Kiacu(ikyBaTh Ta OOMpaTH HeOoOXiAHe TexHiuHe OONaJHaHHS 3aJeKHO BiJ HOr0 OCHOBHHX
XapaKTEPUCTHUK.

PosrisiHemo mpuknagu peanizamii MDKIIPEAMETHHX 3B’S3KIB y cUCTeMi (OpPMYyBaHHS TEXHIYHOT
KOMIIETEHTHOCTI MaOyTHIX y4uTeniB iHPOpPMATHKH MPH BHUBYEHHI JUCUUILTIHU «TexHomorii po3podku
BeO-momaTKiB». 3o0KpeMa, Ha 3aHATTAX BHUKOPUCTOBYBAJHMCh IHTEPOBAaHI 3aBIaHHs, SKi JaBalH
MOXJIUBICTb (POPMYBATH Y CTYICHTIB SIKICHO HOBI 3HAHHA, SIKI XapaKTEPHU3YIOTHCS BHILUM PiBHEM
OCMUCJICHHS, TMHAMIYHICTIO 3aCTOCYBaHHS B HOBUX CHTYaIlifX, MiIBUICHHSAM iX TIEBOCTI i CHCTEMHOCTI.

[Tpu BuBueHHs mepiuoi Temu «Iligxomu 10 po3poOku BeO-AOmATKIB», AKa mependayae BUBUYEHHS
3araJbHUX OCHOB B rajly3i BeO-IporpaMyBaHHS JOLIBHO 3ralaTH MPUHIUIN MOOYJOBH MEPEXKi 3arajiom,
OCKIJIBKH 1I€ € TEXHIYHUM MIAIPYHTAM (YHKUIOHYBaHHS OyIb-sKoro Bed-cepicy. [Ipu po3rmsai Toro uu
IHIIIOr0 MiAXOMy A0 PO3POOKH BeO-IONATKIB PO3MIIAAAIOTHCS MUTAHHS MPONYKTUBHOCTI CHCTEMH, IO
nepenbavae BHUBUCHHSA MUTAHHS PO3NOAUTY (I3MYHMX pecypciB MiX MPOILECOPOM, OIEPaTHBHOIO
nam’ATTIO, )KOPCTKUM AMCKOM TOIIO0. BapTo HaroJocuTu Ha ToMy, IO Oyab-sKa mporpama, B TOMY YHCITi
Be0-10/1aTOK, CIOKKBAE (i3UUHI peCypcH KOMIT'IOTepa i HATOJOBHIIIE MUTAHHS MOJSATae B TOMY, 1100
PO3poOUTH Takuil BeO-T0OJATOK, AKUH O CIIOKMBaB MiHIMyM HHX pecypciB. OCKIIBKH, OKPIM CepBEPHHUX
BeO-70aTKIB, ICHYIOTb KII€HTCHKi, MOLUIBHO DO3TISHYTH TaKOXX NUTAHHS CIIOKUBaHHA (Di3MYHHX
pecypciB MOTEHLIHHOrO KirieHTa (TOOTO KOMIT'IOTepa KOPUCTyBaya) i TEXHIYHHX MOXIIMBOCTEH iOro
CHCTEMH.

BuBueHHs1 pi3HUX MiOXOHiB A0 BeO-po3poOkH mependayvae 3aCTOCYBaHHS TEPMiHIB, SIKI MalOTh
MOXYTh B TOMY UM IHIIOMY KOHTEKCTi pi3He 3HaueHHs. Hampukman, TepMiH «apXiTeKTypa» B
TPaKTyBaHHI «apXiTEKTypa KOMII'I0Tepa» O3Hauyae JIOTIYHY OpraHizalilo, CTPYKTypy i pecypcH, ToOTO
3ac00M OOYMCITIOBAILHOI CUCTEMH, SIKI MOXKYTh OYTH BHUJIUICHI JJIS TIpoIlecy OOpOOKH JaHWX, TOMI 5K B
TpaKTyBaHHI «apXiTeKTypa KapkaciB ((ppeliMBOpKIB) BeO-70IaTKiB» O3HA4a€ (yHAAMEHTAIbHY CXEMY
CTPYKTYpHOI oprasizamii HeBHOI MPOrpaMHOi CHCTEMH, sKa CKJIaJa€TbCsl 3 BHU3HAYCHUX Harepen
MiZICHCTEM, a TAaKOXK TOYHO BH3HAYAE iXHI chepu BiAMOBINATHHOCTI Ta B3a€EMOBITHOCKH. BimnosigHo, 1is
peamizamii MDKIPEIMETHOrO MiIXOAY MOOLUIBHO MpPOaHai3yBaTH TEPMIH «apXiTEKTypa» B pPIi3HHX
KOHTEKCTaX — arapaTHoMy (TEXHIYHOMY) Ta MpOrpamMHOMYy. TeXHIYHOTO i MporpaMHOro 3adapBiCHHS
MOXYTh HaOyBaTH TAKOX TEPMIHH «CEPBEP», KKIIEHT», KKOHTPOJEP», KIPENpPOLEecop», «KOHDIryparis»
TOLIO.

OxpiM 3MICTOBOi YacCTHHH, IOUUIBHO TaKOX TOPKHYTHUCh NPAaKTUYHOI YAaCTHMHHA HAaBYaJIbHOI
JUCLUIUTIHY, 10 Nependadae MisIbHICTD CTYACHTa. 30KpeMa, 3aBJaHHs IPAKTUYHOTO XapaKTepy MOXKYTh
BKJIIOYATH THTAHHS, MOB’S3aHI 3 OOYMCIIOBAJIBHOIO TEXHiKOI. HaBememo mpukian peamizamii pisHHX
anroputMiB MoBoI0 PHP y B3a€M03B’ 13Ky 3 TEXHIYHUMHU 3HAHHSMH.

B npakruiii PHP BaxxmBe miciie 3afimaroTs noriudi omneparopu. 11106 3po3ymitu podoTy JorigHoro
oreparopa, CTyJIeHTaM MPONOHYEThCS YSIBUTH COOi 3BUYalHUI JOriYHUN BUCHOBOK. Hampukian, MoxxHa
3pOOUTH TaKWii JIOTTYHWUH BUCHOBOK: «SIKIIO diaroHainh MOHITOpa CKJajae Ounbplie 22 ArOWMIB, aie
MeHIe 26 mroiiMiB, Toxi MoxkHA KynmyBatu». ¥ PHP kom s Takoro BUCIIOBITFOBAaHHS MOXE BUTJISIIATH
HactynHuM umHOM: If ($monitor > 22 && $monitor < 26) dobuy();. Takum YHHOM, CTYACHTY
MPOMOHYETHCS TOB’A3aTH 3HAHHA PO MOHITOP 1 HlOro mapamerp — JiaroHaub Ta peanizyBaTH L€ y BUTIIAML
MPOTrPaMHOTO KOAY.

[Ipu po3rasiai onepaTopiB BiJHOLICHHS, MOXKHA 3alPOIIOHYBATH pealnizyBatu Takuid PHP-kox:

<?php

$memory = "USB";

if (fmemory ==" USB ")

echo "OcHoBHI mapamMerpu Quen-HaKonu4ayBadiB: o0csr, iHTepdeiic, MaTepian KopIycy, Kodiip,
BUPOOHUK";

»>

Matouu 3minay $memory (mam'ste) HagaTH iii 3HadeHHs USB, 110 Bka3ye Ha MaM'saTh peaizoBaHy
y BUIJSIAL (Iel-HaKomu4yyBada. 3a JOMOMOrOI0 OmepaTropa MOPIBHSHHA NEPEBIPUTH BMICT 3MiHHOT
$memory ta BuBecTH iH(OPMAIII0 MPO OCHOBHI Mapamerpu (JelI-HaKOMUYyBaviB HA €KpaH, SKIIO
3HAYEHHS € ICTHHHHM.
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[Ipr BUBYEHHI NMpPUHOMITY Aii TPHOXKOMIOHEHTHOT'O OMEpaTopy «?» MOXHA 3allpOMOHYBaTH AJIS
npukiany takuii PHP-kox:

<?php

echo $charge <= 10 ? "[Migkstouits 3apsiaauii npuctpiii!” : "3apsmy mocratapo!™;

?>

B nanomy ¢parmenti PHP-koy mepeipsieTses 3minHa $charge (3apsim). Skio ii 3HaUeHHS MEHIIE
abo pieae 10 (10% 3apsimy), TO Ha €KpaH BUBOJMTHCS MOBIIOMJICHHS, LIO MOTPIOHO ITiJKIIOYUTH
3apsAHUMA PUCTPil, iHaKIIe MO)ke OyTH BUBEIEHE TIOBiIOMIICHHS], IO 3apsay JOCTaTHBO.

B nponoBkeHHA TeMHU 1HOMKATOpY 3apsily MOXKHA 3alpONOHYBATH peasli3yBaTH 1€ 3aBJaHHS 3a
nmonomororo 1ty While. BinmosimHo kox PHP Moxke MaTi Takuit BUTIIS;

<?php
while ($charge > 10)
{
Il TIponossxeHHs1 poOOTH O€3 3apsy...
echo "3apsay mocratuso!™;
}
7”>

Jlanwii mpukinan uUIFOCTpye poOOTYy IUKITY, MO MOCTIHHO TepeBipse 3apsa HOYTOYKY y Ipoleci
pPOOOTH KOPHCTYBaYa i BUBOAUTD TMOBIOMICHHS «3apsay AoctaTHbo!», moku 3minna $charge Ginbmia 3a
10, ToOTO, mOKM 3apsan HOyTOyKa Oinbimuii 3a 10%.MixnpenMeTHHH 3B’ 30K TaKOXX MOXHA 3AIHCHUTH
pu po3risiai MacuBiB. OCKITBKY, MACUB — II€ BIOPSIIKOBaHUN HAaOlp OAHOTHITHUX EIEMEHTIB, SIKH MOXKeE
MICTUTH KilbKa 3HA4Y€Hb JAHHX, TO MOXKHA CTBOPHTH MAacuB 3 €IEMEHTaMH, SKi XapaKTepHU3yIOThb BCi
napaMeTpH MeBHOI CKIIaI0BOi 1 3a MOTpedr BUBECTH OKpeMy cKianoBy. Hampuknan:

$procesor = array('uactora’, 'KiNbKiCcTb sijiep’, pO3pAAHICTE', 'Oydep’, "BUpOOHHK');

echo $procesor[3];

B nanomy PHP-koxmi ommcano 3minHy $procesor, imo MiCTUTh MacHB 3 I'SiITbMa PSAAKOBUMH
CJICMEHTaMH — XapaKTepUCTHKamMH mpouecopa. Komanma echo BuBoOmuTh iH(OpMaLio Mpo
XapaKTepUCTUKY mpomecopa mig HomepoM 3 — «Oydep». Takuii mpuknan Aae 3MOry CTYACHTaM
MpUragaTyd TEXHIYHI MapaMeTpH Mpolecopa Ta HOro XapakTepUCTHKH.

3armmOmIoYnch Y TeMy MAacuBH, MOXKHA 3alpONOHYBAaTH  PO3IJSN  0araTOBUMIPHOTO
acoL[laTUBHOTO MAacHBY 1 peanizyBaTH pi3Hi MPUCTPoi KoMIT 10Tepa Ta ix xapaktepuctuku. Kon PHP moxe
OyTH TaKuM:

<?php

$computer = array (

'procesor’ => array( 'frequency' => "yacrora", 'cores' => "KinbKicThb siuep"),
‘ram' => array(‘'amount’ => "Oo6csr", 'type' => "Tun"),
'hdd' => array( 'amount' => "O6csar", 'form-factor' => "®opm-paxrop")
);
echo $computer['procesor']['coresT;

7”>

Jns peamizanii Takoro 3aBOaHHS CTyACHTaM HEOOXiJHO MpUTajaTH CKIAZOBI KOMII'IOTepa Ta ix
xapakrepucTuku. OCKUIbKH auciuInIiHa «TexHomorii po3poOKu BeO-TOJATKIB» MICTHTh TEMH, IO
CTOCYIOThCS BUBYEHHS MoBM SQL 1omineHO 3ampomnoHyBaTH 3aBIaHHSA, MOB’S3aHI 3 (OPMYyBaHHSIM
3amuTiB. Hanpuknan, y 0a3i maHux icHye TaOmUIs Pi3HUX CKIaJOBUX KOMIT'IOTEpa i KOPUCTyBady
HEOoOXiZIHO BHBECTH BiIOMOCTI MPO MEBHUH MPOAYKT 3 MEBHOIO XapaKTEPUCTUKOIO, sIKa HOro IIKaBHTb.
3amut SQL Moxe OyTH peanizoBaHUN TAKUM YHHOM:

SELECT * FROM hdd

WHERE interface = 'SATA';

B manomy mpuknani 3aiicHIOETBhCs 3amuT a0 Tabmuii hdd (kopctkuit auck) s BimoOpa)keHHs
BCIX MapaMeTpiB KOPCTKUX JUCKIB 3 YMOBOIO, 110 iX iHTepdeiic Oyne SATA.

Tabmnuus 1. Tabmuus hdd B 6a3i manux
Product Device | Read | Write | Storage | Price | Interface
Segate Enterprise 15K 2.5" | HDD | 0.2 0.2 600 200 | SAS
Western Digital 16MB 2.5" | HDD | 0.16 | 0.16 | 4000 230 | SATA
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Takok MOXHA 3ampOMOHYBATH JOAATH JaHi JO0 iCHYI04oi Tabmnwii 0a3u manux (Tabdm.l),
BHUKOPHUCTOBYIOUH 3anuTu MoBoro SQL. Lle macte 3Mory peanizyBaTH MIKIPEAMETHHH 3B'I30K, OCKLTBKH
JUIS BUKOHAHHS JTAHOTO 3aBJaHHS, CTYJACHTaM HEOOXiJHO MiAKIIOYUTH BIAMOBITHI TEXHIYHI 3HAHHS
(po3yMiHHA TapaMeTpiB JKOPCTKOTO AMCKY: TUIY, MIBUIKOCTI 3allMCy 1 3UMTYyBaHHA, o0csTy, iHTEepdeiicy
TOIIIO).

HagezneHi npukiaay Iar0Th 3MOTY BILUTMHYTH Ha PO3BHTOK TBOPYOI AisUTHOCTI (BUKOPHCTOBYBATH
OTpHMaHi 3HaHHS ¥ yMiHHS B HOBil cUTYyauii, 34iHCHIOBATH JIOTT4HI BUCHOBKHM, BMIiHHSI 3BEPHYTH yBary
Ha pi3HI XapaKTEpPUCTUKU 00 €KTa BUBYCHHS TOIIO). 3a JOMOMOIOK MDKIPEIMETHUX 3B’SI3KIB Yy
HABYaJbHO-BUXOBHOMY TMpOIeCi MOXHa CTHMYJIOBaTH Ta CHOHYKaTH MaHOyTHIX CIEUiaslicTiB 0
po¢heCiifHOro CaMOBIOCKOHAICHHSI.

BucHOBKH Ta mNepCHeKTHBH MNOAAJIBIIMX 0CJHiKeHb. BrpoBajkeHHS MIKIPEAMETHOTO
MiAXOAy y HaBYAJBHHMN TpoLec Jae 3MOry c(opMyBaTH €IWHMHA HAyKOBHX CBITOIJISJ CTYACHTIB,
nepen0dadyuTH PO3BUTOK CHCTEMOYTBOPIOIOUHUX 1/1€H, OHATH, 3arajbHOHAYKOBUX NPUHOMIB HaBYAIBHOI
IiSUTBHOCT, MOXJIMBOCTI KOMIIJIEKCHOTO 3aCTOCYBaHHsS 3HaHb 3 PI3HUX HABYAJNBHUX AWCLMILIIH.
MixnpeaMeTHi 3B’ A3KH 3a0€3MeUy0oTh MiIBUIIEHHS IHTEpeCY 10 BUBUCHHS PEAMETIB Ta AOIOMAaraloTh y
npodeciiiniii opieHTanii cryaenTiB. [linxin Ha OCHOBI MIKIIPEIMETHOCTI BIUIMBAE HA CKIAML 1 CTPYKTYPY
HaBUYAJIBHUX MPEIMETIB, OCKUTEKH KOXKEH MPEIMET € JKEPEIOM TUX a00 IHIMUX BUJIB MDKIPEIMETHHX
3B’S3KiB. 3 OIJIsily Ha BHILECKA3aHE, EPCIIEKTUBHUM HANpsIMOM HPOJOBXKEHHS JOCTIKEHb € BUBUCHHS
MUTaHb BOPOBAHKEHH MDKIIPEAMETHUX 3B SI3KiB y Ipo1ieci JOpMyBaHHS TEXHIYHOI KOMIIETEHTHOCTI MTpH
BHBYEHHI IHIHMX (paxOBUX KOMIT IOTEPHHUX JUCLHUIUTIH, AKi HE MAIOTh CyTO TEXHIYHOTO XapaKTepy.
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