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IOCTIIPKEHHSA METOJIB AHAJII3Y TAHUX
3A [JOIIOMOTOI0 YACOBYX PANIB [/l CTBOPEHHS
BAHKIBCBKOI IHOOPMAIIIITHOI CCTEMI

Yemira A.O.

XapKiBCbKUIT HalliOHAZIbHUI YHIBEPCUTET pafiioeeKTPOHIKM

KnrouoBi cnoBa: aBTOMaTN30BaHi GaHKIBCHKi CHCTeMM, METOAM aHAJI3y JaHMX,

MOKa3HVKY 0aHKIBCbKOI His/IbHOCTI, YacoBi psapu, Apache Common Math, Java, Re-

act.js, web-caiir.
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KoxxeH meHb OaHKiBCbKi YCTaHOBH,
3Bakarouy Ha crenn¢iky ix AisyIbHOCTI,
HApaKalOTbhCsl HAa BEMUKY KiMbKICTb ¢i-
HAaHCOBMX PM3UKiB. AHasli3 HisANbHOCTI
0aHKY € OCHOBOIO e€(eKTHBHOTO YIIPaB-
JHHSI HUM, BUXIZHOIO 6a3010 IPUITHATTS
YIIPaB/IiHCBKUX PpillleHb. 3a [JOIIOMOTOIO
TaKOTO aHa/li3y pO3pOOIAITb CTpaTerito
i TaKTUKY pO3BUTKY 6aHKY, OOIPyHTOBY-
I0Th IUIAHM ¥ YIPABIIHCHKI pillleHHA,
3[iI/ICHIOIOTb KOHTPO/Ib 32 iX BMKOHaH-
HAM, BUABJAIOTb Pe3epBU MifIBUIIEHHSA
e(eKTUBHOCTI IpOBeJeHHA aKTUBHUX i
ITAaCMBHUX OIIEPAllili, OLIiHIOIOTb PE3Y/ib-
TaTU RiATBHOCTI OaHKY, JIOTO OKpeMUX
i pO3AiIiB.

Cyuvacui 6ankm - ne cxmapui IT-
cucteMu. ABTOMaTM30BaHa OaHKiBCbKa
cucrema (ABS abo core banking) e 3a-
ra/IbHONPUMHATUM TEPMIiHOM, AKUIT 3a-
3BUYall O3Hauya€ Habip KOMII'IOTepHUX
nporpaM abo MporpaMHoOro 3abesIedeH-
H#, IPU3HAYEHOIO I iHTerpauii aBTo-
MaTu3anil 6aHKiBCbKOI Hisf/IBHOCTI, € I10-
BHOLIIHHUM IHCTPYMEHTOM [Isi GaHKiB-
CbKOTO 6i3HeCy i /{03BOJIsIE ABTOMATH3Y-
BaTU IIMPOKUII CHeKTp 6isHec-mporecis
Ta (piHAHCOBUX IHCTPYMEHTIB OaHKY.

AKTYaJIbHICTb BOCIiI>KEeHHSA 06yMOB—
JIeHa THM, 1110 aHaJIi3 ZisIbHOCTI 6aHKIB €
BIIIIPaBHMM NYHKTOM e(}eKTUBHOTO
YIPaBIiHHA AK OKPEMUM KOMEPLiIHIM
6aHKOM, TaK i 6aHKIBCbKOIO CUCTEMOIO B
LiIOMy, @ TaKOX BMXifHOW 6a3010 ALt
NPUHATTS YIPABIIHCHKMX pillleHb Ha
BCiX piBHAX; ajie B TOM XK€ 4Yac i IpO-
BefleHH: MOAIOHOr0 aHani3y HeoOXimHuil
BifmoBigHMI TO6TO
aHaiTUYHUI MOJY/Ib Y CK/IaJli aBTOMAaTH -

iHCTpyMeHTapiit,

30BaHMX OAHKIBCHKUX CUCTEM, 3a [OIIO-
MOTOI0 SIKOTO IIPOLIeC Ta pe3y/lIbTaT aHa-
i3y NOKasHVKIB HisA/MbHOCTI GaHKY OyB
611 aBTOMATIM30BaHUM, MPOCTUM Ta Ha-
TJISTHUM.

AHai3 OKasHMKIB AisTbHOCTI 6aHKY
Ma€ BEe/IMKY LIiHHICTD, ajie B TOM JKe 4ac
IIPOBeJeHHs MOfiOHOr0 aHaIi3y BIUMArae
BE/IMKOI KiJIbKOCTI JIiJi Ta eTalliB, IO HE €
3pyYHUM [ KiHIIEBOTO CIIOXKMBauya,
T06TO 6aHKIBCHKOrO CIiBpOOiTHUKA,
YUEK [IA/IbHICTIO € NPOBENEHHA IOfi-
6Horo anamisy [1, 8]. Hame gocmimpxenss
[I0KA3aJ10, 1[0 IJIs1 TOTO, abM OTPUMATH Ta
iHTepIpeTyBaTH pe3ynbTaTy aHai3y, Io-
TpibeH ¢axiBenp, 3qaTHNMIT pO3YMITH Be-
NMKY KiZbKICTb MaTeMaTWYHMX Ta CTa-
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TUCTUYHMX TEPMIiHiB, BMITH 06poOIATH
pesy/nbTaTi Ha IPOMIKHOMY PiBHi, a Ta-
KOXX IHTEepIpeTyBaT! [aHi BUXOLAYM 3
IIPOMIDKHIUX pesynbraTis. Lo mponenypy
MOXHa 0y/10 61 CIPOCTHUTH, BUKOPUCTO-
BYIOYM MOAY/Ii CTaTMCTUYHOTO aHali3y
[aHMX B CK/Iafii aBTOMATU30BaHUX OaH-
KIBCBKUX CUCTeM, SIKi 06po6msn 6u cy-
KYIHICTh JAHUX Ta BUBOJWIN IIPOCTMUII
Ta 3pO3yMi/INIl pe3ynbTaT, He BUMaraxdmu
BiJl IIOJQVHY MaHYa/IbHOTO IIPOXOJKEHHA
BCiX HEOOXiHMX eTamiB.

B rtoit >xe wac, anani3 HanbinpuI Bi-
JOMUX iCHYIOUMX YKPaiHChKMX aBTOMa-
TH30BaHMUX 6aHKiBchbKUX cucteM («B2»,
«UNITY-BARS», «SCROOGE», «SR-
Bank», «ProFIX», «PAHT») moxasas,
IO aHAMTITUYHUMM MOZRYNAAMM BOJONI-
10Tb ABC «b2», ABC «UNITY-BARS»,
ABC «SRBank». Taki ABC, sk
«SCROOGE», «ProFIX» ta «'PAHT»,
He BK/II0YaTb MOAY/IB I0O/I0 aHATiTUKU
MOKa3HMKIB AisnbHOCTI 6aHKy. 3 iHIIO-
ro 601<y, OKpiM BJIacCHe aHaJIiTUKU, He
MEHII BXIUBUM € i IpOrHo3 ManoyT-
HiX MOKa3HMKIB, i 3TiMHO HAIIOTO [IO-
CHi>KeHH,
Maibke BificyTHiit y Bcix ABC, mo miz-
TBEPIKye HeoOXigHICTH Jioro peanisa-
uii [2, 3, 4, 5, 6, 7].

Kpim TOro, HaO4HMIt MPMUKIIAJ, BUKO-

nopibHmMit  GyHKILioHAT

PUCTaHHA METONIB aHaJli3y aHMX 3a JI0-
IIOMOTOK0 YacOBMX PANIB [ OLIHKU
eeKTUBHOCTI [is/IbHOCTI OKpeMoro 06-
paHoro 6aHKy OOIDyHTyBaB HeoOXif-
HICTb KIiJIbKICHOTO BUMIpPy CTYIIEHIO
BIUIVBY BIfIIOBiAHMX (h)aKTOPIB Ta BU3HA-
YeHHS BXIMBOCTI 3aCTOCYBaHHA Oara-
TO(QAKTOPHOIO KOpeJALiliHO-perpeciii-
HOTO aHaJIi3y B AKOCTi HailOinbIl edek-

TUBHOTO METOJY €KOHOMiKO-MaTeMaTh4-
HOTO MOJIe/MIOBAHHsA, I[0 Bifob6pakae
XapakTep B3a€EMO3B 513Ky MIDK O3HaKaMM
TOCTiPKYBaHOTO  ABMINA;
CTPYKTYpy Ta ifiero MaitbyTHBOro Ipo-
TPaMHOTO IPOJYKTY.

Y mpaxtuyHill yactuHi pobotu 6yno
IPOIMTIOCTPOBAHO JIEMO Mail0yTHBOTO MPO-
IPaMHOTO IIPOJYKTY Y CKOPOYEHiil Bepciii,
IS IeMOHCTpAllil OCHOBHOTO ()YHKIIiOHa-
ny. Jemo-Bepcist gomatky 6yma po3pobieHa
3a JJOIIOMOTOI0 TAKVX TEXHOJIOriL: 6ibmioTe-

Ta 3aKJ/IaB

ku React JS, mnarpopmu Node.js, 6i6miore-
ku Redux, 6i6miorekn Material Ul — g
CTBOpEHH: BeO-KIIEHTY; CepBepHA 4acTH-
Ha JOfIaTKy HaIlJCaHa Ha MOBi IIporpamy-
BaHHA Java i3 BUKOPUCTaHHAM (peitMBOp-
Ky Spring, Texnosorii Spring Boot, 6i6mio-
Lombok, Apache
Commons Math 1 npoBenenHst pospa-
XYHKiB. BpaxoByrooum mpoBefjeHi [OCTi-
IDKEHHs, MJ BB2Ka€MO, 1[0 TIOfi6HMII ITpo-
IyKT OB OM KOPUCHUM Ha PUHKY Ta KOPIC-

TEeKN 6i6mioTexn

TOBYBaBCsI OM IONUTOM, OTOX € CEHC B
J10T0 IO/I/IBIIIOMY PO3BUTKY Ta YJOCKOHA-
JIeHHI i3 ypaxyBaHHAM crenmgiky TUX aB-
TOMAaTUYHUX OAaHKIBCBKUX CUCTeM, sKi 6
JI0TO BUKOPVCTOBYBAJIM.

1. A.O. KpumraHoBcbka. MeTtopu aHasmisy
4acoBUX pAAiB / / MoOHITOpUHT rpoMaj-
CbKOI IyMKI: EKOHOMIi4Hi i conjia/ibHi 3Mi-
Hu. 2000. Ne 2 (46). C. 44-51.

2. ABC «ProFIX» [EnextponHmit pecypc]/
Pexxum poctymy: URL: http://profix.com.
ua/ua/

3. ABC «SCROOGE» [EnexkrpoHHuit pe-
cypcl/ Pexxum poctymy: URL: http://lime-
systems.com/products/abs-scrooge/

4. ABC «SRBank» [Emextponuuit pe-
cypcl]/ Pexxum goctymy: URL: http://
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ABC «Bb2» [Enextponumit pecypc]/ Pe-
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products/core_banking

7. ABC «BIC TPAHT» [EnexkrpoHHUit pe-

cypcl/ Pexxum gocrymy: URL: http://www.
banksoft.com.ua/uk/#
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BpPEMEHHBIX PsJOB, IPOTHO3 ¥ YIpPaB-
neumne: Ilep. ¢ aurm. // Tlom pen.
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OCOB/IMBOCTI CTBOPEHHS KOPIIOPATUBHOI CUCTEMU
YHIBEPCUTETY 3ACOBAMU MAPHIPYTU3ATOPIB

MIKROTIK

Emipati A.P.
CTYHEHT 4-T0 KypCy

MeniTononbCchbKOro Aep>KaBHOTO IeJarorivHoro yHiBepCUTETY

imeni borgana XMenbHUIIBKOTO
Yopnua A.B.

acucreHT Kadenpu iHpopMaTHKy i KibepHeTHKM
MeniTononbChKOTO AEeP>KaBHOTO IIelarOTiYHOTO YHiBEPCUTETY

imeHni bormana XMenbHUIIBKOTO

KnrouoBi cmoBa: MeEpexKa, yHiBepCI/ITeT, KpEeCIeHHs, IIpOorpaMHe 3a0e3IevYeHHs.

Keywords: network, university, drawing, software.

Kopnoparusha o6unciioBambHa Me-
peXa IpusHayeHa /il Oprasisauii cepep-
oBuia Inepefadi inpopmanii B Merito-
IIOZIbCBKOMY JIEP>KaBHOMY II€[JlarOTi9HO-
My yHiBepcuteTi imeni Borgana Xwmenb-
Hunbkoro. Hosi po6odi Micis nokanbHO
064YNCII0BaIbHOI MepeXXi MTOBMHHI OYTH
iHTErpoBaHi B iCHyI09y Mepexy i MaKcu-
MaJIbHO BMKOPMCTOBYBATH HasBHI, B/ac-
Hi, OPEHJIOBaHi pecypcu.

Pospo6moBabHa KOpIOpaTHBHA 00-
YNCIOBa/IbHA MepeXKa Ma€ BK/II0YaTH Ha-
CTYIHI KOMIOHEHTHM: iHdopMaljiiHa Ka-
OernbHa TMiICUCTEMA 3 MPOIYCKHOIO 3/1aT-
Hictb 1000 M6/c; akTiBHEe OOMamHAHHA
(xoMyTaTOpHU, MapLUIPyTU3ATOPM).

Inpopmaniiina xabenpHa IifcucTeMa
HOBMHHA Oy[yBaTHCS BifLIOBiHO O BU-
Mor ctangapty ISO / IEC 11801 Class D,
kareropisa 5E. 3aranpHa KinbKicTb aBTO-
MAaTM30BaHNUX POOOYNX Micib — 32, 3 HUX
4 KOMITIOTepHMX aypauTopiit. Makcu-
MaJIbHa JIOBXIHA Kabemo Bif iHopma-
nirtHoro mopry RJ45 mo komyTaninHoi
IIaHeJli He IOBMHHA nepeBnmyBaT 90 M.

Koxxne aBTOMaTmsoBaHe poboue Micie
[IOBMHHO CKIamaTucs 3 iHdopmaiiitHol
poserku RJ-45 B xinbkocti 2 mTyk [4].

MapipyTnsaTtop — NOBUHEH OYTH 3
¢dyHkuielo 6pangmayepa i MOXIMBOCTI
IIPU3HAYEHHSA JIUCTIB JOCTYIY JJid iHTe-
rpamii 3 Mepexxero. Ta BcTaHOB/IeHUI y
aypuropisax 29, 34 ta 50.

Mae BifnoBiilaTyt TAKMM XapaKTepUC-
TMKaM: rofoBHUI npouecop AR9344 npa-
o€ Ha yacToTi 600 MT11, wi-fi mporecop
AR9344, 128 Mb DDR2 oneparusHOi
nam’sti, 128 MBb NAND mnam’sti 36epi-
TaHHsA, IPaIIoBaTy Ha YaCTOTi He MEHIU
2.4 T'Tu, mocunenHs antenu 2.5 nbu, mo-
TY>XXHICTb nepemasaya 30 pbm, mBup-
KicTh mepepnayi gauux go 300 M6iT B ce-
KYHJy, TpaloBaTM 3a TEXHOJOTIE
2x2 MIMO, He Menm msaAtu Ethernet
nopris Ha 100 M6ir / ¢, mopt USB 2.0 [2].

MapumpyTusatop Ma€e MaTu 3MOTY
YIIPaBIATU KOXXHUM IIOPTOM OKPEMO, 1110
B CBOIO YepIy JlJa€ THYYKiCTb B Ha/aIITy-
BaHHi i BukopucranHi npucrpoem. Ilo-
BYHEH MAaTU BCTAHOBJIEHY CHUCTEMY

9



MONOGRAFIA POKONFERENCYJNA

RouterOS, gxa m03BOMNTh YiTKO Hasa-
HITYyBaTH MpUCTpiit. Tak sk Mikrotik Ha-
Ja€e IMMPOKMIT CIEKTP HaallTyBaHb,
AKNI 00MeXYyeTbcA piBHeM mineHsil. [T
TO/IaTOK
Winbox, ane Tak caMo NpuUCTpill MO>KHa

IbOTO  BUKOPUCTOBYETHCA
HaJIAlITyBaTH Yepe3 web-intepderic.

JKuBneHHs Ha 06/MaTHAHHA ITOJAETD-
cs1 depe3 O/IOK JKMBJIEHHs, SIKMIl Jifje B
KOMIUIEKTi. TaKoXX MPUCTPiit MOXKHA XU~
BUTK 3a TexHosoriero PassivePowe-
roverEthernet (PassivePoE) — Texnosoris,
AKa JJ03BOJIA€ IepefjlaBaTy TOYKM JOCTY-
1y, iHpopMaIiiio Ta ereKTpoeHeprio 6es-
IIOCEPENHDO 110 KPyYeHMI Iapi.

IIpn nmpoxmamaHHi Mepexxi BUKOpPUC-
roByBary Kabenb UTP kareropii He HIDK-
ve 5. Kabenb pekoMeHyeThCsT 3aBOAUTI
B OKpeMMiT Kabelb-KaHal, IO 3HAXO-
JOUTBbCA Ha BifICTaHi He MEHIIEe IiBMeTpa
Bify cunoBux kabenmis. Y pasi 6mmkdyoro
pO3TallyBaHHA CUIOBOTO Kabemio peKo-
MEH/IYETbCSA BUKOPMCTaHHA eKpaHOBaHOI
kpy4ennit mapu (FTP, STP). Kaberns, mo
OPUXOAUTH IO KOMYTaTopa, HeoOXimHO
obxuMaTy KoHekTopamu RJ-45 3a cran-
maptoM EIA / TIA-568B.

JKuBreHHs KOMyTaTropiB HeOOXiZHO
migxmodaryu fo JBXK (mxepeno Gesmepe-
6irtHoro >xusyenHs1). Lle sHIDKyeE JIMOBIp-
HICTb BUXOZY 3 JIaf[y MepPeXeBOro obmas-
HaHHA B pasi pisKUX IepenajiB Haupyru i
Jlae HeBENMKUII 3a11ac 4acy Jiisd YCYyHEeHHSA
npobneM 3 eleKTPOXuBIeHHAM. IIpu
MOHTXi €KPaHOBAHOI KPY4€eHOI ITapy He-
O0XiJHO CTEXMTM 3a LIMTICHICTIO eKpaHa
10 BCiit foBxuHI Kabemo. Pos3TsaryBaHHs
a60 BUTHMH KabesIio IIPU3BOJUTb JO PYITHY-
BaHHA €KpaHy, 1[0 Bele N0 3HIVDKEHH:A
CTIJIKOCTI JIO €/IEKTPOMArHiTHMX 3aBa.

YcTarkyBaHHA B CK/Iaji JOKaabHOI
00UNCTIOBAIbHOI MepeXXi IOBUHHO 3a-
GesmevyBaTy CTamicTb (iSUYHUX Xapak-
TEPUCTUK KaHATy MiXX ITOPTOM aKTMBHO-
ro obmagHaHHA i a6OHEHTCHKUM OOmaf-
HaHHAM HEe3aJIeKHO BiJl Tpacu KOMyTanil
Ha TTaHeAX NepeMUKaHHA PO3IOAITbHUX
BYS3JIiB.

MapmpyTnsatopu Ta KOMYTaTopu
HOBMHHI 30epiraTucs y creniagbHuX Ko-
pobax mocTym fo sKuX Oyme nmiue y iH-
JKeHepiB iH(pOpManiiHO-0049MC/II0BaIb-
HOTO LIEHTPY YHiBEpCUTETY.

[TounHa4M MPOEKTYBaHHA KOPIO-
pPaTMBHOI CUCTEMHU YHIBEepCUTETY HeoO-
XiIHO CTBOPUTH CXeMy, sIKa B MaitOyT-
HBOMY IIOCTY>KUTb NPUK/IANOM JJiA BTi-
TIEHHA y KUTTA.

Kpecnennsa MoxHa 3pobutn B cIe-
Iliani30BaHUX NMporpaMax aBTOMaTU30-
BAHOTO NMPOEKTYBaHHsA i 6araTbox rpa-
¢diuHnx pepmakropax. s CTBOpeHHs
KOPIIOPAaTUBHOI CUCTEMM YHiBepcuTe-
Ty 6yno obpaHo BeKTOpHmit rpadiu-
Hnit pegakrop Adobe Illustrator [1].
Joro po6oTa mo6ynosaHa Ha TIPUHIIK-
IIi CTBOpEHHS T€OMETPUYHUX INPUMi-
TUBiB, TAKMX AK TOYKA, JIiHifA, OKPYX-
HICTB, efinc, 6araTOKyTHUK, KpUBi pi3-
HUX BUIIB.

PospobreHe cxemarudHe KpeCIeHHs
HAOYHO JIEMOHCTPYE BCi MOBEPXM KOPIY-
Cy, IpoBaiifiep, IOBA3aHi MDK c0600
ayauTopii i 6e3nocepesHbO Ti, AKi 6YAYTH
HaNpsAMY MiIK/II0YEHi 0 TOTTOBHOTO cep-
Bepa yHiBepcurety (puc. 1.).

®yukuis Firewall - 1je Heo6xinHa yac-
THHA BCiX MapIIPyTU3aTOpiB, IO BifIlo-
Bifae 3a croctepexxeHHs i ¢imprparioo
AKa IPOXOJUTH Yepe3 MepeXKeBi MaKeTI.
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KopnopatmeHa mepexa
MeniTononecbkoro gep»kaBHoro negaroriyHoro yHiBepcureTy
imeHi borgaHa XmenbHuUbKoro

PekTopat
nr
OUNDAK = 0y
4 noeepx m 65 Mpoeaiigep: Megjiaa
S ® \ | /Z T 7T
2
4S5
50 -
3 noeepx D_ -ﬁ.
25 27 2|7 36| F
=19 29| §8 - |ED 39| =
2230|888 - |E 33
2 noeepx
1 5|F 14 16| =
o] [l e = [zle
1 noeepx
MNo3Haukn

u [onoBHWIt cepBep Mepexi
[ cra6inizatop 1a caiv
D Ceiu Ta wi-fi

n MepcoHanbHWi Komn'loTep

PucyHok 1. — CxemaTuyHe KpecneHHsi KopnopaTnBHOI Mepexi yHiBepcuTeTy

OcHoBHa MeTa faHol QyHKIII — OXOpOHa
KOMIT FOTepHIIT MepeX Biff 3a3iXxaHb 330B-
Hi i 3axucT Bif HemoTpibHOrO i «CcMiTTE-
Boro» TpadiKy, AKMIT 3MaTHNI BIVIMHYTU
Ha poboTy Ijiei Mepexi.

Y mapupyrusaropax ¢ipmu Mikrotik,
Ha BifMiHY Bif 6araTbox HpPUCTPOIB ClIe-
miamisoBanux maa SOHO cermenra iH-
X BUPOOHMKIB, JaHa POJIb MA€E TOCUTD
BE/IMKUIA [Iialla30H OMIIil, 110 JTO3BOIA-
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I0Tb IIOBHICTIO KOHTPOJIIOBATH BECh BXifl-
HUIT, TpoTikaloumit i Buxiguuit Tpadik
[3]. OnHak € eamMHMIT ACHEKT, CIIOYaTKy
Firewall B Mikrotik RouterOS ne mae Ha-
JIEKHUX OTILIiIA.

3ajlaBaTy BCi ImpaBula MOXKHA fK 3a
rpadiunoro intepdeiicy
yrunity Winbox, Taxk i 3a [OmOMOroo

JTOIIOMOTI OO0

KOHCOJi. Ajle B IepUIOMY BUMIAAKY, Lei
Ipoliec MOXKe 3aifHATY HabaraTo 6inpie
Jacy, ToMy 6y/I0 BUpIIIEHO CTBOPIOBATH
IpaBuIa st poOOTY 3 TepMiHAIOM.
IIpn popmaBaHHI HOBMX J[I03BiNbHMX
IpaBWI, AKIIO BMHUKHE TaKa HeoOXif-
HIiCTb, MOTPiI6HO He 3abyBaTu Ipo Te,

[0 IpaBU/Ia BUKOHYIOTHCA B HMOPAJKY
Jepriu.
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The augmented reality is a dynami-
cally developing technology that can be
used in many areas, such as entertain-
ment, education, medicine, etc. Every day,
it becomes more popular, attracting more
developers and enthusiasts. Companies
like Google and Apple are making a great
contribution to the growth of this tech-
nology, providing toolsets and frame-
works, which facilitate the development
of apps that use augmented reality. So, we
can say that augmented reality has an
amazing potential and can be widely used.

One of the problems, which can be
solved with AR is a problem of indoor
positioning and navigation. In many cas-
es, such as navigation inside the medical
institutions, universities, shopping malls
or large office centers, people must have
an easy and fast way to find a path to the
desired location, which should be accom-
panied by a convenient and understand-
able user interface. AR suits just perfect to
solve these problems. But before we pro-
ceed to the description of AR solution and
its principles of operation, let’s take a look

at other solutions, which are supposed to
solve the problem of indoor positioning
and navigation.

Today the two most popular ways for
indoor positioning and navigation are:

Using Bluetooth beacons;

RSSI Fingerprinting.

The idea with Bluetooth beacons (pic.
1) is to put them into the area, and then
calculate the position of a device relatively
to them. It means that the device receives
the signals from beacons, knowing their
ID’s and, depending on the signal strength
from each of them can calculate its own
location. The more beacons in area, the
better the precision of device location.

However, this approach has several
significant drawbacks, such as:

1. High cost of equipment;

2. The need to add new beacons to ex-
pand coverage.

Also, it takes a lot of time to configure
such a system, creating a single network
from beacons, adding new beacons, etc.
So, this is not the simplest and cheaper
way to solve a problem.

13
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Picture 1 — Indoor positioning using Bluetooth beacons

Another idea is to map the area by
walking around and receiving signals from
Wi-Fi access points. In this case, the whole
area will be mapped with the grid of nodes
(pic. 2), each of which will contain the
MAC address of the specific access point
and RSSI value related to it. By using the
information above, it can be easily found
out which node is the closest one.

But this way also has several signifi-
cant issues, that makes it no the most op-
timal:

1. It’s extremely inaccurate, especially
when the area has a small number of Wi-
Fi points around;

2. It doesn’t work with iOS because of
security restrictions. iOS doesn’t provide
network information to any third-party
applications.

The third way is to use computer vi-
sion to map an area by using the aug-
mented reality SDK. Using this approach

has a few big advantages, comparing to
the previous ones:

1. No need to use any extra devices,
such as beacons, which saves a lot of time
for configuration and a lot of funds to buy
them;

2. No need to have floor plans or any
kind pre-prepared maps. All you need is a
backend to store the information about
the area you have scanned.

Now, when the basic idea and key ad-
vantages is given, let’s go straight to the
algorithm.

The algorithm of indoor positioning
and navigation using augmented reality
can be divided into three steps:

1. Scan the area with the device, creat-
ing a grid of nodes;

2.Send the information about the
scanned area to server;

3. Retrieve the information from the
server to localize the device into the area.

14
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Picture 2 — Indoor positioning using RSSI fingerprinting

At the first step, the user has to pre-
pare the area by scanning it with the de-
vice, adding nodes which later will be
used for pathfinding, adding points of
interests and labels to them.

After that, user has to send a created
map with nodes and additional info to the
server. There are many options of what
can be used as a server, it can be a Fire-
base database or other cloud storages,
services provided by third-party develop-
ers, such as “Placenote” or any custom
solution.

When all areas scanned and all infor-
mation stored, there has to be a way to
localize the device in the area. The best
way to do this is to use special markers,
that can be represented as images or QR
codes. After scanning such a marker, the
application will know the exact location
of a device in the area. When the device
has been localized, it’s possible to start the
navigation. User has to select one of the

points of interest, and the application will
find the shortest possible path to the des-
tination using computer algorithms such
as “A*” (pronounced “A star”) or any
similar algorithm.

Thats all required to create a simple
application for indoor navigation using
augmented reality. The most popular
SDKs to create such an application are
ARCore from Google and ARKit from
Apple.

Conclusion: we have discussed the
problems of indoor positioning and navi-
gation, investigated existing ways to solve
these problems and compare their effi-
ciency. The article described in detail how
to create indoor positioning and naviga-
tion system using augmented reality tech-
nology, its advantages, and the algorithm
of work.
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Abstract: The protection of human health, including its heredity, from negative environ-

mental factors is the priority task of today, which can be solved on the basis of various ap-
proaches: hygienic, medical and preventive. According to the findings of the international
organizations of FAO and WHO, the most simple and effective solution to the problem of
nutritional inadequacy and man-made impacts on humans is the creation of a healthy
nutrition system. The development of the meat industry in social and technological terms is
focused on maximizing customer satisfaction and the production of high-quality new-gen-

eration products that are environmentally sound and safe in biomedical terms.
Keywords: healthy nutrition, safety of raw materials, meat quality, functional

foods.

Proper and complete nutrition is one
of the most important factors determin-
ing the health of the population. The state
of health of the population of the Repub-
lic of Kazakhstan in recent years has been
characterized by negative trends. Against
the background of improving public
health, there is an increase in cardiovas-
cular and oncological diseases, which are
to a certain extent related to nutrition.
The majority of the population, as evi-

denced by the data of the Agency of Sta-
tistics of the Republic of Kazakhstan and
the Institute of Nutrition of the Republic
of Kazakhstan, revealed violations of ad-
equate nutrition due to insufficient con-
sumption of nutrients, primarily vita-
mins, macro- and microelements (calci-
um, iodine, iron, fluorine, selenium, etc.
), full-fledged proteins, and their irratio-
nal ratio. In addition, the environmental
situation in Kazakhstan has deteriorat-
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ed - air, water, soil pollution with radio-
nuclides and pesticides; increased pollu-
tion of raw materials of animal origin
with toxic compounds, including heavy
metals. Among them, an important role is
played by such heavy metals as mercury,
arsenic, lead, cadmium, zinc, and copper,
which negatively affects the health of the
population. The peculiarity of the listed
number of trace elements is that individ-
ual chemical elements in small quantities
are vital, but their large doses have a pro-
nounced toxic effect. Solving the problem
of reducing the incidence of adverse envi-
ronmental conditions is possible in two
ways: improving the environmental situa-
tion and creating new functional food
products that allow for the correction of
food status and neutralizing the harmful
effects of the environment.

In the East Kazakhstan region, the level
of cardiovascular and oncological diseases
increased from 67.56 % to 70.43%. Dis-
eases associated with iodine deficiency, as
well as the organs of digestion and metabo-
lism make up 50% of the population, blood
and blood-forming organs 3.8 %, and the
musculoskeletal system 3.1%.

In improving the structure of nutri-
tion of the population, a special place is
occupied by meat and meat products,
which serve as the main sources of pro-
teins, fats, vitamins, minerals and other
vital substances. However, an increased
intake of meat products is inevitably ac-
companied by an increase in the diet of
people of animal fat, which negatively af-
fects their health [5,6].

One of the ways to solve the problem of
organizing a complete balanced nutrition

of the population is the targeted develop-
ment of dietary products using both tradi-
tional and non-traditional types of animal
raw materials. Valuable food is a valuable
raw material for the production of such
dietary and therapeutic-prophylactic prod-
ucts. Horse meat is a high-quality meat
food product that contains most of the
nutrients needed by the body, which are
well balanced and well digested. The nutri-
tional biological value of horse meat due to
its high content of protein and other vital
substances is very high. Meat depending
on the age of the animals is divided into:
horse meat — from adult horses (mares,
geldings, stallions) aged 3 years and older;
young animals aged 1 to 3 years; foal
meat - from foals under 1 year old in live
weight of at least 120 kg [3,4].

In an organoleptic study, horse meat is
dark-colored due to its high content of
myoglobin. The color of horse meat de-
pends on the age of the horses, on the
goals and methods of its maintenance.
With age, the intensity of staining of
muscle tissue increases. The chemical
composition of horse meat varies consid-
erably depending on the breed, age, de-
gree of fatness, part of the carcass, where
the sample is taken, the method of main-
tenance, season, etc.

Cutting half carcasses carried out on
the suspension paths into the following
six cuts:

- neck - along the line between the
last cervical and first thoracic vertebrae;

— scapular part - at the junction of the
scapula with the chest;

— chest - the part of the chest from the
fifth to the last rib;
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- dorsal part — with thoracic and lum-
bar vertebrae;

— sacral part - sacral part;

- posterior part — from above along
the sacral bone separation line.

The cuts are weighed and sent for
boning and trimming, after which the
muscle tissue, the raw fat, the bone, and
the connective tissue formations (tendons
and cartilage) are weighed. Then deter-
mine the yield of cuts to the weight of
carcasses, the output of meat, fat, raw
bone, tendons to the weight of cuts.

The meat of individual horse carcass
cuts significantly differs in a number of
morphological parameters, which affect
its nutritional value. The back part is the
most valuable in terms of food, which
makes up from 35.1% to 37.6% of the to-
tal weight of horse carcasses. It is charac-
terized by a high content of pulp (from
82.0% to 82.1%), a small number of bones
(from 3.8% to 17.2%), cartilage and ten-
dons (from 2.4% to 2.5%). Fat deposits in
this cut are moderate, and are located
mainly in the upper third of the thigh, as
well as around the lymph nodes. In this
part, rounded, fleshy, mostly dynamic
muscles with a small amount of connec-
tive tissue prevail, which significantly in-
creases the culinary and nutritional ad-
vantages of the cut. The second largest cut
is the scapula (from 14.6% to 18.1%), then
the thoracic (from 14.2% to 16.2%). They
differ in relatively high content of bones;
the meat part is characterized by moder-
ate deposition of surface and intermuscu-
lar fat and a significant amount of con-
nective tissue. The cervical part contains
from 25.0% to 25.2% of bones, has a large

fatty deposit (stings). The pulp portion is
characterized by a rather high content of
connective tissue (from 4.3% to 4.7%).
The sacral and dorsal parts are rich in
surface fat deposits (from 1.7% to 4.4%)
and relatively low content of connective
tissue [1,2]. Very valuable from the point
of view of dietology it is the fatty compo-
nent of horse meat. As you know, the
calorie content of meat depends on the fat
content in it. Horses have the peculiarity
that their fat is deposited in large quanti-
ties on the ribs and the abdominal wall
(kazi) adjacent to them. Cuts of horse
meat in these parts have high calorie con-
tent. In the cuts of the remaining parts of
the animal carcass is a significant amount
of nitrogen-containing substances with a
reduced content of intramuscular fat.
This is one of the distinctive qualities of
horse meat, giving reason to consider it a
dietary low-calorie product.

Horse meat and horse oil are highly
valued by the Kazakhs for its taste and
purity. It is known that horse meat is hy-
poallergenic. The protein content in horse
meat can range from 21% and reach 27%.
The ratio of amino acids is balanced;
horse fat is rich in unsaturated fatty acids.
Horse meat activates the metabolism,
contains vitamins A, B, E, PP, minerals
and trace elements important for hu-
mans - calcium, iron, zinc, phosphorus,
copper. If beef is completely digested in
the human body in 24 hours, then horse
meat in just 3 hours.

Today, meat processing plants produce
products from horse meat in small quan-
tities, which is explained by the limited
scientific evidence on the integrated use
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of horse meat for the production of sau-
sage and salted products. Therefore, the
improvement of the production technol-
ogy of semi-finished products and salted
horse meat products is aimed at finding
rational methods of using raw materials,
intensifying technological processes, as
well as improving the quality of finished
products. Rational and economical use
of raw materials is an important factor in
the development of the processing in-
dustry, saving raw materials, in particu-
lar meat, which is inextricably linked
with the use of protein fortifiers, protein
and fat emulsions, and intensification of
modifications to existing technologies.
Due to this, not only is the economy of
raw materials, but as a result, a product is

produced that has targeted dietary and
prophylactic properties.
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Kinematic scheme of Roller forthe feeding Roll
the device for winding in
rolls shown in Fig.1.

The device consists of a
roller and winder, the bob-
bin with winding material
is located on the its shaft.
The coiler and roller have
the individual electrical
drives. The task of electri-
cal drives of roller of feed is
support of given angular
velocity w, and, consequently, the linear speed of the material V,

Electrical drives of winder is gearless and create the necessary tension of material
F. The distance between the feed rollers and the shaft winder is L. The material is
wound into a roll on the reel with the initial radius r ,. Material is a visco-elastic me-
dium, what characterized the modulus of elasticity E, Poisson ‘s ratio v, width b and
thickness h. Calculated scheme of the mechanical part of device (fig.2) is made using
its kinematic scheme (fig.1).

The Section with the moment of inertia J, represents of the rotating part of the
electricdrive of the winder and roll, moving under moment M, of the motor with an-
gular speed o, walking angular path @,. The moment of resistance M, that is caused
by tension material, by friction, aerodynamic resistance of material and etc. prevents
of the movement. The second section of design scheme describes the moment of iner-
tia J, of the electricdrive of roller, the motor of which creates a moment M, providing
the movement with angular velocity ,on the way for acts of resistance moment M ,.
Both units are interconnected by material which has a longitudinal stiffness during

stretch oo E(t)bh
L

Material
F Vi 1

—> —>
R
Czler -

L
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>

Figull'e 1 — kinematic scheme of the device for winding in rolls

21



MONOGRAFIA POKONFERENCYJNA

M and characterized by the coefficient of viscous
friction m =(0,01-0,2)c depending from the ma-

¢ terial.
° Lagrange’s equation of the 2nd kind [1] is the gen-

eral form of the equations of motion of a mechanical

M, , M,
M., M, system:
CL I YL
— o, | oWy | oWy _ o Wy W,
2, —, dt 6q’i g ' og a;]i ,

Figure 2 — calculated scheme
of a mechanical part of system

where W - the kinetic energy of the system; W, - the potential energy of the

!

system; W, - the energy of dissipation of the system; (J; - the generalized force;
q; - the generalized coordinate; g; = Y the generalized speed; ; - the number of
system equals. dt

Under the influence of pulling force each coil deforms a corresponding layers and
causes a change in the initial stress state, strength and deformation properties of film. It
is therefore important to establish appropriate mathematical dependence of relevant
stresses in the film from a radius of roll winding film. Theoretical models [2, 3] depen-
dences radial &, and district O stress and corresponding them strain €, and &g es-
sentially depend from inaccurate or even unknown parameter m anisotropy of film.

Therefore these dependencies advisable to define by experimentally using the prin-
ciple of “black box” and piecewise analytic approximation individual parts of experi-
mental dependencies by conventional degree polynomials with followed their associa-
tion on the basis of selective weighting functions that exist throughout the range of
change argument. Appropriate specific voltage measured for several radius:
r=0.05,0.06,0.07,0.08,0.09,0.1,0.12,0.15,0.17,0.2 m.

To illustrate the feasibility and effectiveness of the proposed method [4, 5], the re-
spective depending approximated by a polynomial of 8 +9 degree at which the theo-
retical models and experimental data almost coincided in experiment points. However,
significant ripple that do not meet the physical nature (smoothness) depends arose be-
tween some points because of the high degree of polynomial. These pulsations signifi-
cantly degrade the accuracy of approximation depends on the voltage from radius and
especially the derivative of a function of time, which indicates the extent not stationary
process. In the proposed method, the radius change interval divided into two sub inter-
vals; the dependence of voltage from radius of the roll approximated using least squares
method by simple degree polynomial of second order accurately on each subintervals;
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Figure 3 — distribution of relative district stress on the radius of rolls of film r during
winding with constant tension on the product roll with diameter 100 mm to end diameter
of roll 400 mm
total (for the entire range) model obtained by adding the partial models with weighted
selective functions what is analytic in the entire range of radius change.

That is, much easier and more correct model

o(r)= (BO +Br+ [327’2) n,(r)+ (Yo +y,r+ yzrz) ‘1, (r) 1)

used instead the dependence

8+9 .
o(r)=) B, )
i=0

where weight functions wondered us:

N N
n(r)=1 1+(rj , nz(r)=1/1+(rlj , N>>1
i r

71y — value 7 on the boundary between two intervals [0-05= ”1]7 [”1 0~2]. The
boundary /i and degree ; may be automatically selected provided to medium square
or maximum error of approximation does not exceed the permissible.

As an example, an approximation of circuit voltages by polynomial (f.2) and poly-
nomial (f.1), and their derivatives from radius , determining the degree of not sta-
tionary of control object shown in fig.2. The degree of not stationary object is impor-
tant for tasks of automatic process control of winding. As follows from fig.3 the model
(f.2), having the same approximation accuracy of dependence P / N, from ,. gives

dGQ

1
the speed on error —-

T of change of stress on the several orders greater than its
r
0

actual value received by the model (f.1) using the proposed method.
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Given the simplicity and the required accuracy of the model (f.1) of the proposed

method relatively the model (f.2) and the usual least squares method, their widespread
adoption is advisable.

References:
Huxkntna H.H.. Kypc Teopermyeckoit mexanmkn. — Mocksa.: Beiciras mkoma, 1990.. —
607 c.
Kupnuenxo 0.0. MaremMaTn4Ha MOZe/b HAIIPY)XeHO-1epOPMOBAHOTO CTAHY PYJIOHOBAHOTO
marepiany // Bichux KHYT]I. - 2004. — Ne3. - 123 c.
Koctpunpkmit B.B., Kupnuenko 10.0., Apremenko JI.O. [ocmimkeHHA Hampy»XeHO-
medopMOBaHOTO CTaHy pynoHOBaHOTO MaTepiany // Bicank KHYT]I. — 2004. - Ne 5. - 163 c.
CimpBecTpoB A. M. 3actocyBaHHsA Teopil QiIbTPiB A1A aHATITUYHOIO OIICY JIOTIKO-
aHamiTnaHux 3anexHocreit / A. M. CinpBectpos, O. M. Ckpunnuk, I. 1. Kpnsoboxa //
Hayxkogi Bicti HTVY “KIII”. - 2013. - Ne 2. - C. 64-69.
CBifOL[TBO IIPO peecTpariiio aBTOPChKOro mpasa Ha TBip Ne 58787. Croci6 BU3HaYeHHs
CKJIaJIHOI HeJTiHIITHOI 3a/IeXKHOCTeI! «BXif-BuXin» 06’exTa ifenTndikarii/ A. M. CinbBecTpos,
O. M. CxkpunHUK, K. B. YMaHcbKa. — 3asaBi1. 29.12.2014, omry671. 30.04.2015. Bront. Ne 36/2015.

24



TECHNICS AND TECHNOLOGY. #17

AUTOMATIC IMAGE COLORIZATION USING NEURAL

NETWORKS

borganosa A.O.
CrynenT Kadenpu mporpaMHoi iHXeHepil

XapkiBcbkuit Hanionanbunit YriBepcuret PafioenexkTponiku

Keywords: convolutional neural networks, image processing, computer vision,
keras, machine learning, algorithms, dataset.

Introduction

Automatic colourization of grayscale
images has become an active focus for
research in machine learning over the last
few years. This is due to the appearance of
a large variety of applications for restoring
colour in photos and colouring images for
video and animation.

In some areas, automatic colouring
can be successful even without a seman-
tic understanding of the image. For ex-
ample, adding colours to medicine im-
ages increases the amount of informa-
tion on it and improves visual quality
when viewed by the human eye. Such a
conversion can be easily done automati-
cally. But for most real photos, this ap-
proach will not be enough, because it is
necessary to mean which objects are
present in the photo to give them the
right colour [1].

Previously, the colouring of black and
white photographs had to be done manu-
ally using graphical editors. Processing
one photo in this way may take several
hours of work of the master of coloura-
tion. This is an incredibly painstaking and
long process that requires attention and
concentration on the details.

The area of machine learning and, in
particular, neural networks is develop-
ing very rapidly. Machine learning is
used to solve complex tasks, for which it
is very difficult or sometimes impossi-
ble to clearly elaborate the program
code, taking into account all the nu-
ances and obstacles. The problem of
colourizing images in grayscale is an
example of such a task, so it makes
sense to solve it with the help of neural
networks.

The purpose of the paper is to create
an algorithm and software system for the
automatic coloring of a monochrome im-
age. The algorithm accepts image input in
grayscale and creates a plausible version
of this image.

Algorithm description

First, let’s define that the image is an
array of numbers from 0 to 255 with di-
mension H x W x 3 which corresponds to
the colour scheme RGB. Note that for a
colourization algorithm in the general it’s
not important which dimension image
has. The semantic content of an image is a
collection of meaningful objects that are
represented on it.
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When performing the automatic col-
ourization of images it is very important
that the model understands the semantic
content of the image. For example, if a
photo shows a black and white ball, it can
be almost any colour and it will be plausi-
ble for a real photo. But if on a black and
white image is present, for example, an
apple - then it probably is green, yellow or
red and with less confidence, it can be blue
or white. That is why, in order to obtain
realistic results, it is important for the algo-
rithm to understand with what object is
present on the image and what colour this
object acquires in the real world [2].

For a successful job, it is necessary to
choose the architecture of the neural net-
work and to adjust the parameters of the
model. Usually, this happens experimen-
tally: you need to try a few options and
choose the one that works better. For our
task architecture of convolutional neural
networks fits the best because of their
ability to retrieve patterns and extract in-
formation from image data.

Accuracy of the neural network di-
rectly depends on the images on which
the neural network trains. The model has
a chance to study only the dependencies
that are present in the training set. For
example, if there were no photos of a per-
son in the dataset, then one should not
expect the model to correctly colourize

and guess the colour of the skin or hair.
For the training process, I've chosen data-
set, which contains 25000 random images
from Flickr social network and divided
them into train, validation and test set as
15:5:5. So, 15000 images are in the train
set, 5000 in the validation set and 5000 in
the test set.

Conclusion
Machine learning is growing rapidly

and nowadays many more tasks can be

solved with its application. Using convo-
lutional neural networks for solving the

task of automatic image colourization is a

good technique which brings the best re-

sults among other existing methods.

The resulting model is able to colour-
ize real black and white photos in a rea-
sonable amount of time and gives plausi-
ble images as it’s output. It makes colouri-
zation of the image with understanding
and taking into account its semantic con-
tent and is able to work with real photos
of people, nature, objects, etc
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Introduction

Since the 1960-s, computers started
heavily influencing the way people con-
duct, manage, and understand business. It
is impossible now to imagine an office of
a large enough company employing hun-
dreds of people without a complicated
local network of computers. It is even less
possible to make such an enterprise pro-
ductive without a complicated - hard to
understand, and complex — consisting of
many interacting yet separate entities,
software systems.

The more complexity there is in a sys-
tem, the harder it becomes to design, de-
velop, test, deploy, and maintain it.

This paper describes the practicality of
applying domain driven design principles
in order to bring down the complexity of
the system.

1. Domains

A domain is a field of knowledge and
occupancy of many people.

Typically, a domain is limited by the
interactions of people of an enterprise.
Such interactions happen on a daily basis
and bring value to the enterprise.

When describing a domain, the in-
volved people, such as business owners,
stakeholders, managers, and executive
workers use Ubiquitous Language [1] - a

subset of a natural language (or many
languages), used in an enterprise, which
contains terms sufficient for describing
the objects of the domain and actions
performed on those objects.

The domain objects are grouped into
aggregates [1]. Aggregates are complex enti-
ties which represent a certain object from
multiple perspectives. An aggregate consists
of a single root — the essential part of the
entity, and multiple aggregate parts — small-
er parts of the domain model which are di-
rectly related to the root. An aggregate root
can exist without any parts, yet parts cannot
exist without a root. Also, parts are mutually
independent, meaning that “sibling” parts
are barely connected to each other [2].

Let’s pick an exemplary domain - task
tracking system. A Task is an aggregate in
such a system. A Task has an aggregate
root which contains the task name, de-
scription, and its state: open, completed,
or cancelled.

A Task also may have several aggre-
gate parts:

- Task comments part contains the
comments different users may have left
on the Task;

— Task estimate and logged work rep-
resent the measure to which a task is
ready;
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— attachments are the files which help
readers better understand the task.

2. Contexts

A domain may be divided into a num-
ber of sub-domains, which are handled
separately in real life. Such sub-domains
are called Bounded Contexts [1].

A Bounded Context is a reflection of a
certain aspect of human activity within
the domain. Typically, separate depart-
ments of a single enterprise work within
separate Contexts. For instance, in our
example, Tasks would be one Bounded
Context, Payments — another, and Users -
yet another.

Two Bounded Contexts typically in-
teract in a number of limited and well-
described ways. Only a selection of ag-
gregates is exposed from a Bounded Con-
text. If several Contexts share an entity,
they may use different terms to name and
describe it, as the Ubiquitous Language is
constrained within a single Bounded
Context.

In the task example, a user may be
called User in the Users context, but a
Payer in the Payments context. In the
Tasks context, a user may be represented
by two separate entities: Commenter and
Assignee [2].

3. Patterns

3.1 Event Sourcing

Though there are many event-based
architectures, event sourcing is the one
which relies on events the most.

Event sourcing dictates using events as
the primary agents of a system. Aggre-
gates play events and change their states
in response to them.

Events also fit perfectly for messaging
between Bounded Contexts [1][2].

3.2 CQRS

CQRS - command query responsibil-
ity segregation, is a pattern dictating to
separate the API used for reading the state
of the system and modifying that state.

In order to perform such operations
most efficiently, the command side of the
system declares its own entities as does
the query side. The query side entities are
in a downstream of the command side
entities. The updates may be carried
through events or by other means.

Conclusions
It is important to bear in mind the

needs of the real-world domain when de-
signing a software system. Domain-driv-
en design helps software engineers to un-
derstand the needs and interests of the
business better.

A well-designed system is built
through gradual descent of perspective:
from the whole domain to a bounded
context, from a bounded context to an
aggregate, from an aggregate to a small
aggregate part, from an aggregate part to
a single domain event.
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Bcryn. Ynencrso Ykpainu B COT Ta
BXO/I)KEHH ii 10 EBpOIENCbKUX eKOHO-
MIYHUX CTPYKTYp MOTpebye 3aCTOCYBaH-
Hs HOBMX ME€XaHi3MiB Ta iHCTPyMEHTIB 3
OLIIHIOBAaHHA AKOCTi IPOAYKIii, 30KpeMa
mBetHnX Brpo6iB. Lle mop’s13aHO 3 TM,
IO OLiHIOBaHHA IOBMHHO NIPOBOJUTHUCA
3a OJJHAKOBMMM TpPMHIUIIAMY, MeTOfa-
My, nigxogamu i napamerpamu. OfHUM i3
TaKMX MEXaHi3MiB € 3aCTOCYBaHHSA Iap-
MOHi30BaHMX HOPMAaTUBHMX JOKYMEHTIB.
[Tpore, 1y1s 11bOTO HEOOXITHO MaTy aBTO-
MaTyu3oBaHi 6asy [JaHMX HOPMAaTUBHUX
NOKYMEHTIB, fAKi PEIJIAMEHTYIOTb AKiCHI
Ta KiJIbKiCHI BUMOIM JIO IUBEHUX BUPO-
6iB Ta TeKCTM/IPHMX MaTepiais.

OpHi€lo 3 BUMOT [i/1s €KCIOPTY HIBeli-
HUX BUPOOIB Ha €BPOIMENICHKUIT PUHOK €
i10oro 6e3meyHiCTb ISt 3MOPOB ST CIIOXKU-
BauiB i BiINIOBijHE €TUKYBAaHHA Ta Map-
KyBaHHf, AK€ IOBMHHE BKIIOYAaTH BCi

BMMOTH, 1IJ0 BKa3aHi B HOPMaTUBHUX JI0-
KyMeHTaX.

Bigomo, 1m0 choropHi mis BUTOTOB-
JIeHHS SIKICHOTO BIUPOOY 3aCTOCOBYETHCS
LIMPOKUI aCOPTUMEHT TeKCTUIbHMX Ma-
TepiamiB (X/IONKOBI, /UIAHI TKaHMHM Ta
iHm), sIKi TOTPiOHO 0OMpaATH A KOXK-
HOT'O KOHKPeTHOTO LIBEIIHOTO BUPOOY, 3
ypaxyBaHHAM J10ro (YHKI[iOHaIbHOTO
NpU3HAaYEHH: 1 BIKOBOI KaTeropii moreH-
nifiHoro crmoxmBada. Hait6inpur edex-
TUBHUM iHCTPYMEHTOM [JI BUPilIEHHA
LIbOTO NNUTAaHHA, Ha HAlll IOIJAL, € Ha-
ABHICTh Ha MIJIPUEMCTBI CIeliaJbHOL
6a3y JaHMX Ta aBTOMAaTM30BAHOI CHCTe-
MIH IIOINYKY.

Cnip 3a3HauMTH, WO 3aCTOCYBaHHSA
iHpOpMAITHUX CHCTeM [O3BONSE B aB-
TOMATUYHOMY pexuMi 06pobmsatu iH-
¢dopmatito B peanbHOMY 4Yaci. [Ipore aB-
TOMaTy3auia o6poOKM JaHUX NOTpedye
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no6ynoBy 6asu, sxa 6, 10 CBOIIT CTPYKTY-
Ppi, BifIoBilaTa HOPMaTUBHMM BMMOI'AM,
npuHIKIaM ¢opmaisanii Ta IpecTas-
JeHHsI i Maya 6 crerfia/IbHi METORU Opra-
Hizarii Ta 06poOKM HaHUX.

IIpoBenennit aBTopaMu aHaji3 moKa-
3aB, mo kommaHisa «GerberTechnology» €
CBITOBMM J1ifiepOM 3 BUPOOHUIITBA KOMII-
JIEKCHUX pillleHb [I1 aBTOMaTU3alil Ipo-
eKTyBaHHs, BUPOOHUIITBA, YIIPaBIiHHSI
IpoAyKIli€o. 30KpeMa BOHA 3aIlPOIIOHY-
BaJIa KOMIUIEKCHE PillleHHs I/ «HACKPi3-
HOI» aBTOMaTU3aLlil MOJIE/IIOBAHHSA OJATY,
KOHCTPYIOBAaHHS JIeKa/l i IPOMMCIOBUX
PO3K/IafIOK, @ TAKOX /I TOJANbIIOI 06-
pob6xu iHdopmaii Ta yrpaBmiiHHSI aBTO-
MaTM30BAHMMM HACTMIbHMMM MaIlVHa-
MM i po3KpiiitHMMYy KoMiekcamu. IIpore,
JaHi IMiJXo[M He MOXKHA 3aCTOCOBYBaTHU
Il CTBOPEHHS aBTOMAaTy30BaHOI 6a3u
TAHUX HOPMaTUBHUX JOKYMEHTIB 1[0 pe-
I7IAMEHTYIOTb €/IMHi BMMOTY AKOCTi Ta
6e3meyHoCTi IIBetHMX BUpo6iB [1].

OTke, He 3BayKalo4M Ha icHyIoui Teo-
PUTUYHI Ta IPAaKTUYHI HagOAHHs MUTaH-
HA 10710 BUOOPY i1 OOTPYHTYBaHHA HOP-
MAaTVBHMX BYIMOT JIO IIBETHUX BUPOOIB B
¢dopmari 3acTOCyBaHHS aBTOMAaTU30Ba-
HUX CUCTEM € aKTYa/IbHUM.

[TocraHoBKa mpobnemu. MeTow po-
6oty € aHami3 iCHYH4YOI HOPMAaTMBHOI
6a3M TeKCTWIbHUX MaTepiaiB i MBeHNX
BUpoOiB Ta BMOip ImpMHLUIIB i epeny-
MOB A TOOYHZOBM aBTOMATM3OBaHOI
cuctemy BUOOPY TEKCTMIBHUX MaTepia-
7B 3a MoKasHMKamu (mapameTpamn) 6es-
IIE€YHOCTI.

Buxman ocHoBHOTrO MaTepiany. B xoni
IPOBEIeHNX JOCTIPKeHDb 0Y/I0 JOBeIeHO,
110 BUMOTU 0O IIBENHUX BI/Ip06iB, AKi

MIOCTA4YAI0ThCA Ha puHOK €C permaMeH-
TyloTbcsa Jupektusoio 2001/95/€C, ska
BCTAHOBJIIOE BYMOTH 1070 J10T0 Oe3mey-
Hocti [2]. ITpoTe, fupekTnBa He Bpaxo-
BY€E BUMOTH 0 SIKOCTI IIBETHNX BUPOOIB.
Came TOMy B €BpONENCHKMX CTaHapTax
TOMATKOBO BCTAaHOBIOIOTLCA 3aranbHi
BUMOTY JI0 SIKOCT] IIBelTHMX BUPOOIB, AKi
HeoOxigHO moTpuMmyBaTu. Hampuxiap,
srinno [upextusu 85/374/EEC 3a pme-
(bekTHY, OpakoBaHy Ta HeOe3IeyHy IIpoO-
YKL BiIOBifla/IbHICTD Hece BUPOO-
HUK [3].

B xpainax €C 6e3rne4HicTh HIBEIHNUX
BUPOOIB € Ay>Ke BXIMBUM INUTaHHSM,
TOMY BUPOOU 1 TeKCTWIBHI Martepianiu 3
SIKMX BOHUM BUTOTOBJIAIIOTHCA IEPeBips-
JOTbCA Ha BMICT XiMiYHUX CITONYK, HasB-
HICTh WIKiJIVBMX XiMiYHMX PE€YOBVH, He-
6e3MevyHicTb 6apBHI/IKiB, 3aIMICTICTbh,
HOXXeXHY 6e3nexy. Bumorn o uux mapa-
MeTpiB BUK/Ia/IeHi B BiflIoBifHNX [Iupex-
TuBax Ta Permamenrax. Ilpoanamisyemo
6111 [eTaZIbHO 11 BUMOTH.

B €C icHyI0Tb CTaHAAPTH IIOJO BMic-
Ty XiMiYHUX conyK y TeKcTmmi. Tak, Ha-
npuknaj, Permament €C Ne 1907/2006
nepenbavae peectpaliio, OLIHKY Ta HO-
3BON XIMIYHMX CIIONYK i BuMarae, abu
TKaHNMHA, QYPHITYpa i1 akcecyapu He Mic-
T Hebes3nmedHnx GAPBHMKIB Ta iHIIMX
WIKiAMBUX XIMIYHUX PEYOBMH, fAKI MO-
JKYThb BUBIIBHATUCA B IPOLECI HOCIHHA
Ta IIPaHHA LIBEVHNUX BUPOOIB JI CTAHOBU-
TV 3arpo3y [/ 3LOPOB’sl CIIOXKMBAUIB i
HABKO/IMIIHBOTO CepenoBuiia [4].

E€ppomneitcbkuit ctangapt EN 14362-
1:2012 Hagae NpMHLUMIIN i METOAM BU3HA-
YeHHs KiZIbKiCHUX XapaKTEePUCTUK XiMid-
HUX CIONYK, SIKi MOXYTb OyTM B TeK-
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Ta6nuus 1
Mepenik WKignmMBmx ximivHmx cnonyk [4, 5]

DYHKLIA

XIMI4YHA CMOJIYKA

PeyoBuHM, sKi CTBOPIOOTL BOAOCTINKY Ta
XXMPOCTiNKYy 0BOMNOHKY Ha TKaHWHI 11 3anobi-
ratoTb 3MUHAHHIO TKaHUHK

MepdToposaHi 3'egHanHsa (PFC, y T.u.
PFOS, PFNA, FTOH)

dopmanbgeris,

BorHesaxmncHuim TekcTunb

Moni6pombicerinosi edipn (PBDE),
rekcabomuiknogonekaH(HBCD)

KopoTki xnoposaHi napadiHu (SCCP)

AsbecT

[MnacTtukosi aetani

Oranatn (DEHP)

Baxki meTanu (cBuHeLpb, kaaMili, 0rnoBoop-
raHiyHi cnonykm)

AHTUbaKTepianbHi areHTu

TpuknosaH

Oimetindpymapar (DMF)

BapBHukK

Baxki metanu (pTyTb, KaaMiii, OrioBO)

CTUIBHUX MaTepiaiax i € Haibinbul He-
Oe3lMeYHNMNU [IsI  CIIOXKMBAda IIpU
BUKOPUCTAHHI MIBEITHUX BUPOOIB [5].

3a pesynbTaTaMy HOCTIKEHb OCHO-
BHUX IIO/IOKEHDb BUIIE HaBEIeHNX €BPO-
HeVICbKNX CTaHJapTiB 6yno copMoBaHO
Hepenik XiMiYHUX CHONMYK, sKi MOTPi6HO
BPaXOBYBaTK IpM BUOOPI TEKCTMIbHUX
MaTepiasiB [I/I1 BUTOTOBIEHHA HIBEHUX
Bupo6iB, T06TO, BM3HAa4aTu ix Oesmed-
HicTb (Tabm. 1).

HactynHor Ba>kK/IMBOIO BUIMOTOIO, IO
CTOCYeTbCsl 0e3IeYHOCTi LIBEIHMX BMU-
po6iB, 30KpeMa JUTAYOrO OfATY € II0-
JKeKHa Oeslleka 3a TaKMM IapaMeTpoM,
AK 3alIMUCTICTD, AKa PEINaMeHTYIOThCA
crangapramn  EN 14878:2007 [6], EN
1103:2005 [7]. Kpim TOTO, €BpOMIENICHKMIT
crangapt EN 14682:2014 BcTaHOBIIOE
BUMOTY JI0 KOHCTPYKTMBHUX €IeMEeHTiB,
30KpeMa MOTY3KIB i 3aB’sI30K Ha ANTSYO-
My opsi3i. Tak 060B’I3KOBOI0 BUMOTOIO IO
IUTAYOTO OfIATY, IO IPOJAETHCA B Kpai-
Hax €C, € 06e3NeyHiCTb MOTY3KiB i
3aB’A30K [8].

[Tpote, myst TOro 106 CHOXXMBAY MaB
[IOBHY KapTMHY HpO SKICTh Ta Oesmed-
HICTb MIBEITHUX BUPOOIB, ONAT TOBUH
6yTH eTMKEeTOBAHWMII i MapKOBaHMII 3rifi-
HOo Permamenty €C Ne 1007/2011, Axuit
BCTAHOBJIIOE BUMOTHY JIO 3a3Ha4eHHA Ha-
3BU TEeKCTUJIbHUX BOJIOKOH, €TUKeTyBaH-
HsA #1 MapKyBaHHS BOJIOKHMCTOTO CKIay
TeKCTM/IbHUX TOBapiB [9].

TakuM 4MHOM, AK BUAHO 3 BHUIIE Ha-
BEJIEHOTO, J/I ONTUMAa/NbHOTO BpaXyBaH-
HsI BUMOT JI0 6€3IeYHOCTI IBENHUX BU-
po6iB IOTPiGHO MaTy aBTOMATM30BaHY
6asy HOPMAaTMBHMX [JOKYMEHTIB ILIOZO
SIKOCTi Ta 0€3MeYHOCTI TEKCTUIbHUX Ma-
TepiaiB, sika Mama 61 Taki OCHOBHI Xa-
PaKTepUCTUKI:

1. 6yna eguHON0 6a3om 1A 36epiraH-
HA JJaHUX PO BUMOTH, 1[0 BUCYBAIOTbCA
[0 TEKCTUJIPHMX MaTepiasiB Ta LIBEHNUX
BUPOOIB;

2. gosBoysima 6 36epiratu iHpopma-
il0 y cTaH#apTHIN aioBilt cucteMi;

3. mpuiiMana 6 B aBTOMaTM30BAHOMY
peXuMi pillleHHS CTOCOBHO BMOOPY TeK-
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CTUIbHUX MaTepiajiB 3a IapamMeTpaMu

Oe3mexys;

4. 36epirama 6 6a3M ZaHUX PO TeK-
CTUIbHI Marepiany, mBeiHI BUpobu, ix
3aMOBHMKIB Ta K/Ii€HTiB;

5. Maja (PyHKIiIo /I aBTOMAaTUYHOTO
¢dbopMyBaHHA 3BITHUX JOKYMEHTIB.

BucnoBxu Ta nponosutiii. Pesynbratn
IIPOBEMIEHNX [OC/IIPKEHb [JOBOLATD, 1O
BuOip mapamMeTpiB 6e3MeIHOCTI Ta IKOCTI
TeKCTU/IPHUX MaTepialiB M1 BUTOTOB-
JIEHHSI IIBEVHIIX BMpo6iB JOLIIBHO TIPO-
BOIUTU B aBTOMAaTM30BAaHOMY PEXMUMi.
[Tpu ubomy, 6asa HaHNUX OBUHHA IIepef-
6agary peasisamiio cucTeMy opraHisarii,
BBefleHHs Ta 30epeXeHHs iHTerpoBaHOi
indopmarii mpo momycTumuit XiMidHMI
CKJIaJ], 3a0e3IedeHHs 6e3MeYHOCTI Bell-
HOro BMpOOy B Ipolieci JI0ro eKcIuryara-
uii. Ilpy nboMy, cTpykTypa 6asm faHux
IOBMHHA 3abe3ledyBaTy IIBUIKUI JO-
CTYII KO KOXXHOTO elleMeHTy iHpopmarii
Ta MaT¥ aBTOMAaTM30BAHY CUCTEMY IIO-
wryky. Takuit migxig o mobymosu 6asu
JaHUX JO3BONMNUTb 3MEHBIINUTU Yac BUPi-
IIeHHA 3ajiadi BMOOPY HeOOXifHUX MaTe-
piamiB Ta BpaXyBaTu €BPOIIEICbKi BUMO-
U [0 LIBEITHNUX BUPOOIB.
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Early generation of Augmented Reality
introduced us to such gems as Ingress and
later Pokémon Go. Both of these games
used Google Maps API to simulate interac-
tion with the real world through player
movement and anchoring of virtual objects
on the game map. These games have a lot of
similarities in their core gameplay however
in small details there is a big difference. By
the time Pokémon Go was out to public
audience, Ingress had been released for
more than 4 years. Then came ARCore a
new technology developed by Google that
stretches far beyond what those games had
and adds a lot of new possibilities.

This work assumes development for
Android platform in the Unity environ-
ment with ARCore package. There are
two main ways of object interaction that
will be showcased - object drag, and ray
drag. For the both methods elements of
Unity Engine[1] referenced in the Table
1 will be used.

Object drag is a simple way to give
your player a smooth control over already
created objects. Best way to check if play-
er wants to move an object is to create a
Raycast. Raycast in Unity is simply a ray
cast from a defined point into the set di-
rection. Both location and direction must
be specified as Vector3(x, y and z coordi-
nates). Also, ARCore[2] provide a handy
Frame.Raycast function will allows to
create a Filter. Filter is ARCore’s way to
find a trackable object. By creating a Ray-
cast from players camera and setting the
location of his tap on the screen as a di-
rection we can project a ray that will hit
the Trackable that user’s aiming at. To do
so  Camera.main.ScreenPointToRay
should be called and Input.GetTouch().
position must be passed as its argument.
However just hitting the object is not
enough we also have to check the touch
phase to understand if the player is trying
to move the object. Touch phase will also
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Table 1

Required objects

Object Purpose

GameObject Base class for every object in Unity

Transform Allows manipulation of objects location

Camera Outputs image from user’s camera

ARCore Device Stores information about current ARCore session
Prefab GameObject with any texture to move it in space
Image Ul element that can be visualized with a sprite

Picture 1 — Ul element in the center of the screen

help us understand if player wants to drag
an object or to simply select it. There are
a couple of touch phases but the one that
allows to check if the user is holding the
object is TouchPhase.Moved[]. With this
kit your player will be able to freely move
the objects in Augmented Reality all that’s
left is to change the Transform.location of
an object to Vector3 of your ray hit loca-
tion. The downside to this method is low
accuracy since its hard for a player to
point in exact location on the touch
screen.

Second approach allows for a much
more precise way of selecting objects.

However, it is not as flexible as the first
one. As such it should mostly be used
when player has to interact with small
objects or when greater precision is re-
quired. For second approach a small setup
required. In the scene Ul element must be
setup right in the middle of the screen
(see pic. 1).

Approach is the same as with the pre-
vious method with one significant differ-
ence - ray can only be cast from main
camera with one direction Vector3.
Froward(is equivalent to (0, 0, 1)). This
will make it, so that every time player
touches his screen and holds his finger the
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AxTtyanbHocTh. COBpeMeHHas HayKa
KQXJbIIT JIeHb HAaXOJUT OTBEThl Ha Te
VIV VIHBIE BOIIPOCHI U CTABUT IIepef CO-
601t HOBBIe 3amaun. IIporecc xe pele-
HISA 9TVX 3a/lad B OIpefie/IeHHBIX CTyda-
AX OCHOBAaH Ha aHanmse M o6paboTke
OONBIIOrO KOMMUYECTBA HAHHBIX, UTO
B/IeYeT 3a CO0OIl NCIIOIb30BaHME CYIIle-
CTBYIOLIVX BBIYUCINUTENIbHBIX CUCTEM U
COIyTCTBYIOI[ETO IMPOrpaMMHOro obe-
CrieyeHusI.

B HacrosIee BpeMs UL CO3[aHMA Ta-
koro 1O pa3paboTdnkm JacTo mpuberaror
K IapaJIIelIbHOI MOJIe/N IIPOrpaMMupOBa-
HIsI, KOTOPAst CTasia 0COOEHHO aKTyajIbHa C
HOMy/LIPU3AIMeil M PacIpOCTPaHeHVeM
MHOTOSIZIEPHBIX IIPOLIECCOPOB. JTO MO3BO-
JISeT MCIIOB30BATh BCE PECYPCHI AllIapar-
HOII TTaTGOPMBI 1 JOOUTHCA MaKCUMab-
HOIT 3¢ GEKTUBHOCTH 151 IIPOTPaMM.

O6uue nonaTud. JIng Havama, HEOO-
XOMMO Pa3obparTbCst B OT/INUMAX TPAIU-
IIIOHHOI ITOC/IEOBATE/IbHON  MOJeNN
IPOrpaMMUPOBAHMSL OT IIAPaUIeNbHOIL.
TpaguumonHasa Mogmenb — B Mo060I Mo-
MEHT BpeMEHM BBITIONHAETCS TONbKO OffHa
omepanus 1 TONbKO HaJ OJHVUM 9JIeMeH-
TOM JJaHHBIX, UTO [TOKa3aHO Ha puc 1.

ITocnemoBaTenbHasgs MOpeNb yHUBEP-
carnpHa. K ee OCHOBHBIM OT/IMYNTETBHBIM
YepTaM MO>KHO OTHECTIH:

opt | op2

* Time

Done

«Cxema BbINOMNHeHWs 3agad B nocneaosa-
TeNbHOW MoAenun» pUcyHok 1

o NpPUMEHEeHVe CTaHNAPTHBIX SI3BIKOB
IIPOrpaMMUPOBAHUS;

* XOpOIIas NePeHOCHMOCTb;

o MeHbIlasl 110 CPaBHEHMIO C Mapaj-
JIEJIbHOJI MOJIETIbIO IPOM3BOANTEND-
HOCTb.

B To >xe Bpems1, mapatenbHOE MpPO-
TpaMMMPOBaHNe CIY>KUT IJIA CO3[aHMNA
porpaMM, 3¢ eKTNBHO UCIIONb3YONINX
BBIYVIC/IUTE/IbHBIE PECYPCHI 3a CUET OJHO-
BPEMEHHOTO MCIONHEHNs KOJa Ha He-
CKOJIDKUX BBIYMCIIUTEIBHBIX Y3/1aX, 4TO
IeMOHCTPUPYET puc 2.

Lis co3maHmst mapaieNIbHbIX TIPUIO-
JKeHMI1 VCIIONIb3YIOTCA IIapajUIe/IbHble

op1
0p2
0p3

= Time
Done

«CxeMma BbINOMHEHWs 3aay B napanmnens-
HOW MOAEenun» PUCYHOK 2
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A3BIKU IPOTPaMMMPOBAHNUA U CIIeaIn-
3MPOBAaHHbIE CHUCTEMbl MOAAEPKKM Ia-
pa/IeIbHOTO TPOTPaMMMPOBAHMA, Ta-
k1e kak MPI u OpenMP. [TapannenbHoe
IpOrpaMMMpOBaHMe sBIsgeTCA Ooree
CJIOKHBIM TI0 CPAaBHEHMIO C IIOCIIEfI0Ba-
TE/IbHBIM KaK B HallMCAHUMU KOJJA, TaK 1 B
€ro OT/IaJIKe.

IIapannenusm B COBpeMEHHOM MUpe.
CoBpemMeHHbBIe Beb-pelieHNs FO/DKHBI
yMeTb OOCTyXMBaTh OOJIBIIOE UICIO
[I0/Ib30BaTesiell OFHOBpeMeHHO. B aTmx
YCTIOBMAX MCIONb30BaHME Iapaienb-
HBIX BBIYVIC/ICHMII IIpeBpaliaeTcs B 005-
3aTenpHOe TpeboBaHme. PaccMoTpuMm He-
CKOJIbKO HOBBIX f3BIKOB IIPOTpaMMMPO-
BaHMs, B KOTOPBIX pPeann30BaH Maparie-
JIA3M.

Go -
TOYHBII A3BIK IIPOIPAaMMMPOBAHNA, Pas-
paboranHbIl BHYTpK KoMmmanuu Google.
st obecnedeHus: mapajieNIbHbIX BBI-
YNCTIeHNIA, B A3bIKe GO CyIeCTBYIOT KOH-

KOMHI/I}II/IpyeMbIﬁ MHOTOIIO-

cTpykuuu, kotopble Google HasbiBaer
“roy-mporeccsr’ (goroutines), MOXOXue
Ha TO, 4YTO B prr]/IX A3bIKaX Ha3bIBACTCA
“comporeccsr”
BO)XHas OT/IMYNUTETbHAs OCOOEHHOCTb

(coroutines). OpHako

roy —IIpPOLIECCOB, COCTOUT B TOM, YTO OHM
He TOffiep)KUBAIOT (DYHKIMU Iepefadn

yIpaB/IeHss U BO30OHOBJIEHUsS paboThI
(yield u resume). Toy - mporieccsl MOTyT
7erko obMeHMBaTbCs MHpOpManmein Je-
pe3 ocobble mepeMeHHBle, 0ODbENUHEH-
Hble B “ka”anbsl” (channels).

JpyruM sIpKUM IpUMepPOM SIBJLSIETCS
mrarpopma. NET, Bxmrouaromas B cebs
6ubmMoTeKy mapajUienbHbIX 3agad TPL
(Task Parallel Library), ocHoBHOI (yHK-
LMIOHAT KOTOPOJ1 PacIojiaraeTcst B Ipo-
System.Threading.
Tasks. /lanHag 6MOMMOTEKA ITO3BONIAET

CTPAHCTBE MMEH

paciapajnennuTb 3amaqn " BbIIIOJIHATD UX
Cpa3y Ha HECKOJ/IbKMX ITpO1eCCcopax, €Cin
Ha I€JIEBOM KOMIIbPIOTEpE MMEETCA HeE-
CKOJIbKO ALEP.
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Annotation: In this article discusses the use of augmented reality in the field of educa-
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Introduction: Augmented reality is a
technology that in real time complements
the physical world, as we see it, with digi-
tal data using any devices such as: tablets,
smartphones and others.[1] Today, aug-
mented reality technology is used not
only for entertainment, as many believe,
but it is actively developing in such areas
as marketing, medicine, and military
technology. [2]

The sphere that interests us most is
education.[3] With the help of augmented
reality, you can diversify learning and at-
tract more attention of pupils to such aca-
demic disciplines as chemistry, physics
and biology. Because in secondary
schools, these subjects do not reveal their
full potential.

And here we smoothly approached the
first and probably the most important
problem that needs to be solved. Chemi-
cal reactions, the way elements interact

with each other, changing colors, pat-
terns, shapes, and so on, are very interest-
ing. But unfortunately, schools are not
able to provide students with such a wide
range of emotions that they really would
like. The problem is that the provision of
schools with materials that are needed for
various experiments is very poor. In order
to interest and draw the child’s attention
to some discipline, it is not enough that
only the teacher demonstrates the inter-
action between the elements. This is pre-
cisely the second problem, the interest of
the pupils directly, their contribution and
participation in the work.

Pupils themselves must try to experi-
ment, see how reagents interact with each
other, and this is where difficulties arise,
since the materials for the work are ex-
pensive and difficult to access, and a lot of
financial resources are spent on buying
them. Even if we take into account the
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Hydrogen is 1 chemical element with symbol H and atomic

number 1. With a standard atomic weight of 1,008, hydrogen
is the lightest element in the periodic wble. Hydrogen is the
most abundant chemical substance in the Universe,
constituting roughly 75% of all baryonic mass. Non-remnant
stars are mainly composed of hydrogen in the plasma state.
The most common isotope of hydrogen, termed protium (name
rarely used, symbol 1H), has one proton and no neutrons,

:nis the chemical element with the symbol O and atomic
number 8, [t is a member of the chaleogen group on the
periodic table, a highly reactive nonmetal, and an oxidizing
agent that readily forms oxides with most elements as well as
with other compounds. By mass, oxygen is the third-most
abundant element in the universe, afler hydrogen and helium.

Figure 1 — Example of chemical element cards

fact that not every student can be given
reagents, but in pairs or groups, it is still a
big expense, which every school naturally
cannot afford if government does not
provide it to the extent necessary.

Using augmented reality technology
can solve this problem. Analogs of this
application exist, but the solution propose
will be created for distribution in the ter-
ritory of our region, and the analogues are
not oriented to our market.

Also, there are other solutions using
other technologies.

The first thing that comes to mind is a
demonstration video with an experiment.
In this option, the pupils are not involved
in the work at all, which is a huge disad-
vantage. In this case, the video can not
tully display and reveal the interaction of

elements, for example the smell, color and
SO on.

The second option is virtual reality,
and immediately we see a huge minus in
comparison with augmented reality.
Equipment for virtual reality will bring
huge financial costs. To establish the cap-
ture sensor, place is needed. Even with the
purchase of a pair of virtual glasses, to
complete the work of the student, neces-
sary need to spend 5-10 minutes, with the
help of a teacher, which is also not good,
because in one lesson, all students will not
have time to conduct an experiment.

In turn, to solve these problems, it is
proposed to use the above-described
technology of augmented reality, with the
help of which the process of interaction
between substances and reactions that oc-
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Hydrogen is & chomical ¢ th aymbol M ansd stomic
mumber | With a standard i weapht of | 008, bydrogen
is the lightest element in the periodic table. Hydrogen is the
mast abundant chemical subsance in the Univerwe,

constituting roughly 75% of all haryome mass. Non-remnant
stars are mainly composed of hydrogen in the plasma state
The most comman isotope of hydrogen, termed protium (nare
rarchy used, symbol | H), has onc proton snd 6o ncutrons

Oxygen is the chomical cloment with the symbaod O and stoomic
number §. It iy 8 member of the chalcogen group on the
penodic tabic, a hi cactive noemctal, and an oxidizing
agen! that readily forms oxides with most clements as well as
with other compounds. By mass, oxygen is the third-most
abundant clement in the universe, after hydrogen and helium

Figure 2 — Molecular 3d image of the chemical element

cur between them will be visualized. The
advantages of this technology over other
ones, described above, are that the pupil
needs only a smartphone and the neces-
sary software, installed on it. With the
help of this technology, one of the main
problems will be solved - providing
schools with necessary materials. Also,
students will constantly take part in the
work process. Using special cards (Fig. 1),
which will be created in addition to soft-
ware, students will be able to indepen-
dently conduct interesting experiments
without the possibility of harming them-
selves, because that the teacher did not
have time to trace the moment of mixing
chemical reagents.

By running the software and pointing
the camera at one of the cards, it is possi-

ble to see the 3D image of the element in
its usual form if it is available or in a mo-
lecular form (Fig. 2).

In the future, in order to cover aca-
demic discipline better, it is possible to
introduce elements of augmented reality
into books that are already used in
schools. This can be done for greater
visualization, which simplifies under-
standing and affects the speed of student
learning.

Conclusion: as we see, augmented re-
ality is developing very rapidly and it can
be used in various fields. We offered a
solution to the problems that were de-
scribed above, using augmented reality
technology. In addition, in the future, the
solution can be improved or adapted if
there is a need.
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B Hamri yacy, akTyaJIbHUM NMTAaHHAM
€ IOCTI/PKEHHA ITYYHNX HellPOHHNUX Me-
pex. Croci6 06pobku indopmanii mrof-
CbKMM MO3KOM 30BCiM BifIpi3HAETbCS Bif,
METOJIB, AKi 3aCTOCOBYIOTbCA B o6unc-
JIIOBA/IbHIN TexHili. MO30K IpefcTaBiisie
co0010 HaI3BUYAHO CKIAJiHY, HeNiHili-
Hy, Napaje/bHy CUCTeMy OOpoOku iH-
¢dopmaril. 3gaTHICTP MO3KY OpPraHi3oBy-
BaTU BJIACHI CTPYKTYpPHi KOMIIOHEHTU
HEPOHU [03BOJIA€ NPUIIBUAMINTY BU-
He-
JIPOH — Lie eleKTPUYHO 30y IuBa KIiTH-

KOHaHHA KOHKpPETHHUX 3aBIaHb.

Ha, 10 06pobsie Ta mepenae iHopma-
Lil0 y BUITIAA €IeKTPUYIHOrO abo Ximid-
Horo curHany. lomoBHOW GYHKIi€E
30pOBOI CUCTEMMU € CTBOPEHHS yABJIEHHA
HAaBKO/IMIIHBOTO CBITy 3abesmedeHHs
MOYK/IMBOCTI B3a€EMOIil 3 IIMM CBITOM.
Mo30K 3gaTHMIT HOCTiIOBHO BUKOHYBATH
LIi/INII pAJ, 3aBJlaHb 3 PO3Ii3HABAHHA 3Ha-

jioMoro mpefMeTa y 6araTbox Bapialifx.
Hanmpuxnap, pisHi 3a 30BHIIIHIM BUI/IA-
JIOM OJIiBIli MalOTh OfHAKOBi KJ/TFOUOBI Xa-
PAaKTEpUCTUKY, IO BifjpisHAITbL IX Bif
PYYOK.

Po3BUTOK HEMIPOHIB TICHO OB A3aHMIA
3 IUTACTUYHICTIO MO3Ky Ta 3[JaTHICTIO
HEPBOBOI CUCTEMI aflaiTyBaTUCh [IO Ha-
BKOMMIIHIX yMOB. [ImacTuyHicTh Bifirpae
KIIOYOBY pONb B pPOOOTI HENPOHIB y
SIKOCTI ofmHNLB 06pobKu iHdopMaril B
mopcbkoMy MO3Ky. IlTy4uHi HelpoHHI
MepexXi IPALOITh 3i MITYYHUMN HENPO-
HaMU MORIOHO JIO JIIOCHKOTO T'OJIOBHOTO
Mo3Ky. IlITyuHnit HellpoH - 1Lie By307
LITYYHOI HEMIPOHHOI MepeXi, 10 € CIIPO-
LIEHOI0 MOJETUII0 IIPUPOJHOIO HEWPOHY.
¥ 3arasibHOMY BUIIA[IKY, TEPMiH HENIPOH-
HOI MepeXXi MO>KHA BU3HAYNUTH AK Mally-
HY, III0 MOJEJIOE CIIOCI6 06poOKM MO3-
KOM KOHKPEeTHOTO 3aBaHHA. [lnd peari-
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3alil HEIPOHHOI MepeXi BUKOPUCTOBY-
IOTBCA  €/IEKTPOHHI KOMIIOHEHTM Ta
MOJIeITIOI0ue IPOrpaMHe 3a0esIeueHHs.

Takum 4MHOM, I7A HEMPOHHMX Me-
PeX, AKi BUCTYNAIOTh Y PO aJalTUBHOI
MallVHY, MOXHa cOpPMyBaTy HACTYIIHE
BM3HA4YEHHs, — 1le BeIM4Ye3HUIl po3Mnofi-
JIEHMI TTapasIeIbHII IIPOLIECOP, 110 CK/Ia-
JA€TbCST 3 e/IeMEHTApHUX OfMHMUIb 00-
pobxu indopmarnii, sKi HaKOIUYYIOTDH
€KCIIePMMEHTA/IbHI 3HaHH:A 1 HaJaloTh IX
JUISI TIOffA/TBIIOI 0OPOOKIL.

Heriponna Mepeyka cXo>ka 3 MO3KOM 3
IBOX TOYOK 30pY:

3HaHHA HaJXO[ATD B HEIIPOHHY Mepe-
Ky 3 HaBKO/IMIIHBOTO CEPENIOBUILA i BI-
KOPUCTOBYIOTbCA B IIPOLIECi HABYaHHA.

J/1 HaKOIMYEHHsA 3HAHb 3aCTOCOBY-
IOTHCSA 3B>SI3KM MK HEJIPOHAaMI, TaK 3Ba-
Hi cuHanTuuHi Baru. CMHAaNTUYHI Barn —
1[e Ki/JIbKiCHa XapaKTepuCTHKa, AKa OIN-
Cy€ CUTy 3B’sI3Ky MDXK HeJpOHaMIL.

IlepeBaramMy HePOHHUX MeEpPEX €
posmapasnenenuit mporec o6pobku iH-
(’popMauﬁ Ta 3JaTHICTb OO CaMOHaBYaH-
HA. [Iponjec HaBUYaHHSA HeIPOHHOI Mepe-
Xi — Ile 3JaTHICTb OTpUMYBaTU OOIPYH-
TOBAaHMII pe3y/nbTaT Ha IIiICTaBi HOBMX
maHux. IlaHi BMacTMBOCTiI [IO3BONAIOTH
HEIDOHHUM  MepeXkaM  BUPillyBaTu
CK/IafHI 3aBJaHHA. AJITOPUTM HaBYaH-
Hs — Iie Habip GopMysI, SKuil JO3BOISIE
[0 BEeKTOPY IHOMWIKYM OOYMCIIUTU HeO0O-
XiJIHI ITOIIPABKM I Bar Mepexi.

PosrnsaneMo posnoBCIOIKeHI METOHM
HaBYaHHSA HEMIPOHHMX MepexX. AJITOPUTM
3BOPOTHOTO PO3IOBCIOJYKEHHA TOMUTIKI.
Taxuit aIrOpuT™M BUKOPUCTOBYETbCS I/
HaBYaHHA 0araTOLIApPOBVX MEpPeX 3 II0-
cnipoBHuMM 3B’A3KamMu. OCHOBHa ifes

LIbOTO METOJY IOJIATAE B IIOIIMPEHHI CUT-
Ha/iB IOMWIKU BiJj BUXO/IiB Mepexi [0 1I
BXOJIiB, B HaIPAMKY, 3BOPOTHOMY Ips-
MOMY ITOIIMPEHHIO CUTHAIIB Y 3BUYAIIHO-
My pexxuMmi poboTu.

BukopucranHA HeMPOHHUX MepPex
3abe3neuye HaOYTTA CUCTEMOIO HeIiHili-
HOCTi, aJlalITUBHOCTI, BIJIMOBOCTiMIKOCTi
Ta MaIITabO0BaHOCTI.

OCHOBOIO HEIPOHHMX MeEpeX € Ha-
BYaHHA, CYTTEBOIO CK/IANOBOIO AKOTO €
vac. [JaHuit GakT 1eKUTh B OCHOBI 6ib-
LIOCTIi 3aB/IaHb 3 pO3Mi3HAaBaHHA o6pasiB,
MOBM, OOPOOKM CUTHANY Ta yIpaBIiHHA
pyxoM. BxmoueHHA mapameTpa yacy B
po6OTy HellpOHHOI Mepexi [O3BOsIE
BpaxOBYBaTy CTaTUCTUYHI Bapialii B Ta-
KMX HeCTallioOHapHUX ITpollecax, AK MOBHi
CUTHA/IM, CUTHA/IX pajapy Ta iH.

JInsa 3acTOCyBaHHA 4Yacy B ONNCI po-
60T HeVIPOHHOI Mepexxi HeoOXifHO:

1. BUKOpMCTOBYBAaTY HEsABHE YsB/IEHHS.

2. BUKOPUCTOBYBaTH ABHE yAB/IEHHA

HoBroctpokoBa i KOpOTKOYacHa
maM’sITb 30€piraloThcsi OKPEMO OffMH Bifl
onHoro. KopoTko4acHa maM’ATh JIIOAUHY
HECTIJKa Ta IiJa€ThCsA BIIMBY 30BHIl-
Hix ctumynis. i o6car mocutb obmesxe-
HUIL, TOMY [/Id HaBYaHHA HOBUMM HaBU-
YKaM HPMHINUIIOBO BaXKIMBO HalXO-
IKeHHs iH(poOpMAIil B JOBIOCTPOKOBY
mam’sTh. [laHuil Tpollec HasMBAETHCS
KOHCOJIifIaIiero maM’ aTi.

Indopmaris, Mo MOTpanmIa B JOBro-
CTPOKOBY IIaM’sITb, MOXe 36epirarucs o
KiHns xurts. [Ipu sragyBanni, Bukopuc-
TOBYIOTbCA CIIOTafil 3 JOBTOCTPOKOBOI
naM ATi, aKTyasi3yloTbCs, Ta AKIIO I0-
TPiOHO — KOPWUIYIOTbCS, i 3HOBY uepes
Ipolec KOHCOMNifalii BiAIpaBaATbCA B
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ZOBTOCTPOKOBY IIaM’sATb. Takuii Ipolec
Ha3MBAETbCs PEKOHCOIi/IaLli€o.

KopoTkouacHa mam»sATh XapaKTepusy-
€TBCS Iy>Ke KOPOTKMM 36eperxKeHHsIM TIic-
JI1 OfIHOPA30BOIO CHPUIHATTS I MUTTE-
BUM BigTBOpeHHAM. IIpm BuKopucraHHi
TAaKoro ByupAy mam sti indopmariis s6epira-
erbca Bif 15 mo 30 cek. KopoTkoudacHa
HaM’sITh iCHYe 3a PaxXyHOK TUMYACOBUX
IaTepHiB HEIpPOHHUX 3B>A13KiB. I[aTepH, Ak
MOBTOPIOBAHUIT MIAG/IOH € OCEPETHIMKOM
VABJICHHS, 3aBIAKM AKOMY Bij0yBaeTbcs
BUABJIEHHs 3aKOHOMIPHOCTEN iCHYBaHHS
B IIPUPOJi Ta CYCINbCTBI IIPY OJHOYAC-
HOCTI CIIpUMHATTS 1 MUCTIEHHSL.

OTxe, HelIpOHHI Mepexi — Le AyXke
CKIQIHUN

ME€XaHi3M HacHIiZyBaHHsA

(YHKIIOHYBaHHA MIOACHKOTO MO3KY, IO

MICTUTH 6€371i4 K/IHOYOBUX CKIALOBUX,

KOKHa 3 AKUX IPa€ He OCTAaHHIO pOJlb.

OpHa 3 TaKMX CKIALOBUX — II€ ITaM>ATh,

Ha OCHOBI sAKoi i Oymyerbcsa roONOBHA

BJIACTUBICTD HEMPOHHUX MEpeX: 3JaT-

HICTb IO HaBYaHHs Ta HPUAOAHHS «JO-

CBiJly», CX0>KOT'O Ha JIFO[ICbKUIA.
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Today all over the world a lot of atten-
tion is paid to education; many methods
are being developed and applied for a bet-
ter understanding and assimilation of in-
formation. The foundation of education is
laid from an early age. This function is
performed by school institutions in which
such disciplines as Mathematics, History,
Literature, Geography, Biology etc. are
studied. Basic knowledge that is given in
school is necessary for further education
and development. Besides there are many
services that specialize in many diverse
topics ranging from elementary founda-
tions of mathematics or foreign languages
to specialized courses in the study of pro-
gramming languages or medical opera-
tions. There are also services that improve
brain and memory which are presented in
the form of Web-based applications, Mo-
bile-based applications and VR-based ap-
plications. Examples of such services are
shown in Table 1.

As already mentioned, one of the main
disciplines of the school curriculum is
Biology, the study of which begins with
the 6th year of study from such sections
as: Cell, Unicellular and Multicellular or-
ganisms, Flowering plant, Plant diversity,
Fungi. That is an important and interest-
ing material, and chiefly a basis for under-
standing further material. But to regret
the modern school curriculum is built on
the study of large amounts of informa-
tion, it does not give a complete under-
standing and does not help to get to the
core. This leads to decrease in the interest
of students and as a result unwillingness
to learn and absence at lessons. According
to statistics the most of shirkers are among
the seventh-graders, followed by the
eighth-graders, the fifth-graders and the
sixth-graders [1]. The lack of a complete
picture of the material accumulates like a
snowball, and leads to a complete misun-
derstanding of what is happening in the
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Table 1

List of services for training

Title Platform |Short description

Cognifit Web The main focus is on training of memory, its development,
work with amnesia, pathological disorders.

Wikium Web The site was worked out on methods of the neuropsychology
of world scientists. Tests have been approbated in the
course of experiments and scientific works.

NeuroNation | Mobile Program for training of the brain and the development of
human mental abilities

LingualLeo Mobile LingualLeo is a convenient, efficient and free service for
learning English.

InMind VR InMind VR allows the player to experience a trip to the
patient’s brain in search of neurons causing mental disorder.

MEL VR Experience of a new level of understanding of science in VR.

Chemistry 28 VR-lessons and tests on the school chemistry program.

Causes of absence
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Picture 1 — The reasons for missing lessons of students grades 7-9

classroom. This is one of the main reasons
for not attending school (see pic. 1) and
can cause problems later in life.

The most obvious solution of the
problem in this situation is to interest the
students and show a desire to learn and
study the material. But even if you try to
rework the curriculum and reduce the
tedious learning of the text from a text-

book and focus on explaining the mate-
rial of the teacher, this will not solve the
problem completely, since not all teachers
can be interested in and draw attention to
themselves. To solve this problem, it is
necessary to take advantage of the main
advantages of self-education services -
these are interactivity, visualization and
methods of retaining of attention of the
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Curve of difficulty

Game Difficulty

Time

Picture 2 — Pressure hold

audience. Particular emphasis in such
services is precisely on retaining of atten-
tion of the audience, because besides the
“noble” goal of training and developing
people, the main goal is to earn money.
The longer a person spends time for self-
improvement and training, the more this
service will bring profit.

To solve the problem, it is necessary to
create a studying program using the meth-
ods of game design and gamification add-
ing an element of game and entertainment
to the study of the material [2]. Recently a
very big leap has occurred in VR technolo-
gies, which are almost ideal for learning
something. That allows you to use VR-
technology with an existing school curric-
ulum. Creating of a VR application will
help solve the problem of tedious learning
of a lot of information and turn it into en-
tertainment. At the same time, the use of
game design techniques will help keep
students’ attention (see pic. 2) and show a

desire to continue studying the material.
Using game gamification approaches will
help to turn non-game moments into a
game, which will increase the involvement
of participants in solving applied prob-
lems. But this is not enough, as there may
be a problem in memorizing the necessary
material, which is provided in the form of
a game. To do this we need to use teaching
methods.

There are various methods of teach-
ing, one of them is Eidetic. Eidetic (from
the Greek “eidos” - image) is a unique
game development technique of figura-
tive thinking, which allows you to per-
ceive large amounts of information with
effective memorization and consists of a
set of exercises aimed at training your
memory: memorizing information with
maximum accuracy using image, sound,
smell , taste, tactile sensation. The meth-
odology develops the cerebral hemi-
spheres in turn, namely the centers re-
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sponsible for: thinking, speech, memory,
attention, imagination, creativity. It
stimulates the brain to create free asso-
ciations, images and memorize them. A
set of exercises contributes to effective
and successful memory training. As you
know memory depends on figurative
and associative thinking. With the help
of figurative thinking, we are able to per-
ceive information in the form of pic-
tures. For example, when reading a book,
images in our head appear automatically,
and we easily reproduce and recall what
we read. In short, for better memoriza-
tion, our brain needs an associative con-
nection with specific images [3].

As you can see this technique fits very
well with VR, which is based on immer-
sion in images and interaction with them.
When we wear virtual reality glasses, it
seems to us that all this is happening
around us, this is achieved by various sen-
sors and hardware solutions [4]. A signifi-
cant role is played by sound, which helps to
completely immerse into this “world”. Ei-
detic is a game-based technique that allows
you to take full advantage of VR and create
a gaming application that will be an auxil-
iary solution for studying school material.

The combination of these technologies
and techniques will help create a product
that will make learning easier, affordable
and fun. This will help to interest students
and love the disciplines that they did not
understand before. In addition, it will help
to solve another reason for missing classes
- laziness, since we eliminate monotonous
learning of large amounts of information
and transfer most of it to the visual and
audio presentation.
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ITOPIBHAJIBHE JOC/IIIKEHHA IBUTYHIB BUCHOBKIB
EKCIIEPTHUX CUCTEM

Bakaps JL.I.
CTY/IeHT ILIOCTOTO KYpCy
XapKiBCbKII HAlliOHAZIbHUI YHIBEPCUTET pafioeeKTPOHIKM
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JIOKTOP TeXHiYHNX HayK, Ipodecop
XapKiBCbKMI HAlLliOHAJIbHUI YHIBEPCUTET Pafioe/IeKTPOHIKN

KrmodoBi cmoBa: excriepTHa ClUCTeMa, NBUTYH BMCHOBKIB, CHCTeMa Ha OCHOBI
IIpaBUJI, IOPiBHANIbHE NOCIKEHHA, TeCT MPOAYKTUBHOCTI.

Keywords: expert system, inference engine, rule-based system, comparative study,
performance test.

Y cyuyacHOMY CBiTi, /I 3ilICHEHHA aBTOMAaTH3allii Ta CTaHAAPTHU3allii olepaTuB-
HOI JiA/IbHOCTI, KOMIIaHil BUKOPUCTOBYIOTb KOPIIOPaTBHI JofaTKN. B 0cHOBI KopIo-
PaTMBHIX [JOATKIB 3HAXOAATHCS AaHi Ta Jorika ix 06pobku. IIpofgosix meBHOro Yacy
I CTBOPEHHSA KOPIOPAaTUBHUX JIOJATKIB BMKOPUCTOBYBalacsA MPOTrPaMHa KOHIEN-
uig “HMani + Anroputm = Ilporpama” Y paHiil KoHLenuii 3a 06poOKy HaHMX BifHOBi-
HaTh anroput™Mu. CyKyIHICTh anITOPUTMIB yTBOPIOIOTb IpOrpaMHe pillleHHA. B Hamn
Yac BCe YacTille /i CTBOPEHHsA KOPIOPATMBHUX NOJATKIB BMKOPMCTOBYEThCA iHIIA
KoHnenuia “3HaHHA + BucHoBku = Cucrtema”. 3acHOBaHMII Ha 3HAHHAX IIAXiJ 4O
IIpOEKTYBAHH:A CUCTEM L€ €BOIIOIIiIHA 3MiHa 3 PEeBOMIOLIIHMMY Hacifikamu. Bin 3a-
MIHIO€ IIPOTPaMHY TPAUIIiI0 HOBOIO apXiTEKTYpOIo, siKa 3aCHOBaHA Ha 0asi 3HaHb Ta
MeXaHi3Mi BUCHOBKiB. He nuBiA4Mch Ha CXOXKICTD MiAXOAiB BOHU BifIpi3HAIOTHCA [O-
CTaTHbO, 1100 Iie Maio IMbOoKi Hacmimkm [1].

basa sHanp mictuTh 6i3Hec-mpaBmia sIKi BU3HAYAIOTh, SIK Iporpama ob6pobsie
naui. bisHec-npaBua npencTaseHi y popmarti “sakino-to”. BoHr MOXyTb 6yTHI /1eTKO
3MiHeHi, 6e3 BTpy4aHHs B KOZ Ho#aTKy. bisHec-mpaBuia 06po6iisie MexaHi3M BUCHO-
BKiB, a00 sIK JIOTO Ille HAa3MBAIOTh ABUTYH BMCHOBKiB. [[BUT'YH BUCHOBKIB BUTSITY€
mpaBmia i3 6asu 3HAHB i, AKIIO BifoMi GakTu BifIOBIfa0OTh pennkaTam 6i3Hec-Tpa-
BIUIA, 3aCTOCOBYE JIOTO JI/IA BUBEICHHA HOBMX (aKTiB. JIBUI'yHU BUCHOBKIB 3aCHOBaHi
Ha aJI'OPUTMax IPORYKUiHUX cucTeM. CydacHi cucteMu 6i3Hec IpaBUI BUKOPUCTO-
BYIOTb LIIBUAIKNUIT QITOPUTM 3icTaBIeHH: (aKTiB 3 IpefuKaTamMy 6i3Hec-TIpaBuUII — rete
[2, c. 83]. Takum 4MHOM CMCTeMa PO3ZiseHa Ha ;Ba KOMIIOHEHT!: 6a3a 3HAHb i BUTYH
BJMCHOBKIB. Ha JaHNI1 MOMEHT Ha pMHKY iCHY€E Be/IMKa KiJIbKiCTb JIBUTYHiB BMCHOBKIB:
Drools, Oracle Policy Automation, IBM Operational Decision Manager on Cloud,
Blaze Advisor Tomo. OgHax Bci Il pireHHs1 860 BUKOPUCTOBYIOTh BEIMKY KiIBKICTD
alapaTHNUX PecypciB i HOBUHHI OyTH pO3rOPHYTI Ha OKPEMOMY CepBepi, a00 CTAaHOB-
JIS1Th COO0I0 KOMEPIIiiTHI XMapHi cepBicu.
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Mari ta cepepni Kommasi, 1o 6 edek-

Input
TUBHO KOHKYPYBaTl! 3 BEIUKUMM KOPIIO- - Output

. . Fact Fact Fact 7
palisaMy, TaKOX 3MYILEHi BIPOBa/KyBaTi
aBTOMarm3ario 6isHec-mpoueci. Yacto PucyHoK 1 — Cxema poBoTy npasun
Taki kommaHii o6MexeHi y ¢imaHcoBMX i

alapaTHMX pecypcax i He MOXXYTb, 3 TUX 4M IHIIVX IPUYNH, JO3BOIUTH COO1 BUKOPIIC-
TOBYBAaT) KOMepLiltHi 60 pecypcoMicTKi cucTeMu KepyBaHHs: 6isHec-npaBmtamu. [Ipu
LIbOMY IM IIOTPiOHi pillleHH, sKi He IOCTYNAIThCS 3a MIBUAKOMIEI CKIAJHUM KOMep-
nitHuM cuctemam. OGHMM 3 BapiaHTIiB TaKoro pillleHHs € 6i6/1ioTeka HamucaHa MOBOO
nporpamyBaHHs Java — EasyRules. Posmip 6i6miorexu EasyRules Bepcii 3.0.0 cxiazmae
Bcboro 28 KB. [ljist nopiBHsHHs poamip 6i6miorexu Drools Core 7.0.0 ckimanae 3,6 MB.
Drools BukopucroBye anroput™ rete [3]. EasyRules BuxopucroBye npasuia, Hanycani
Ha cyHTaKcKci Java. IIIBupkuil anroputM rete He Mo)ke OYTU 3aCTOCOBAHMII IO TaKUX
HpaBIII Yepe3 CKIATHICTb CMHTaKcKCy, ToMy EasyRules BUKoOpucToBye MeHII edeKTUB-
HUll anropuT™ MapkoBa sK OCHOBY NPOAYKIIiITHOI CCTeM.

[TopiBHANBHI KOCTIIKEHHS TPOAYKTUBHOCTI IPOBOAMINCS ab0 /i1 6e3KOIITOB-
HIX PeCyPCOMICTKIX IIPOAYKTIB [4, 5], abo 11 KoMepuiitHux cucteM [6]. Y 3B’3Ky 3
VM € aKTya/JbHMM IOPiBHANbHE JOCTIPKEHHA MIBUKO/il PeCypPCOMICTKOI cucTeMu
Drools 3 HekoMepiliHuM i kommaktHUM pinteHHs EasyRules. Pesynbratu gocnimxeH-
HA MOXYTb OyTM BMKOPUCTaHi, pO3pOOHMKAaMU IIPOrPaMHOro 3abe3IedyeHH:, s
HPUITHATTA pillleHb II0A0 BUOOPY CUCTeMM KepyBaHH:A OisHec-paBWIaMM IpY PO3-
po61i IporpaMHNUX IPOAYKTIB.

B xoni mocmimkeHHs 6yn0 MPOBENEHO Cepild OFHAKOBMX TECTIB /I KOXXHOTO 3
mpopykTiB. TecTn 3amyckany IOCTiOBHE BMKOHAHHA Pi3HOI Ki/IbKOCTI IpaBuiI, Bif
1-ro go 10-tu. KoxxHe mpaBnio BUKOHYIOUNCh BupoO/siio meBHmit ¢akt. Leit daxt
BUKOPMCTOBYBABCA HACTYIIHUM IIPABUIOM LA 3100y TTA HOBOro (pakty (puc.l).

JInsa mpoBefieHHA TeCTyBaHHA BMKOPMCTOBYBA/IMCA HACTYIIHI amapaTtHi pecypcu:
npouecop Intel Core i7-8550U 4-cores 8-threads 4GHz, onepatnsHa mam’satb DDR4 -
2133 MI1 16GB. IIporpaMHe cepemoBuiie CKIafanocs 3 omnepaniinoi cuctemy OC
Linux Mint 19.1 tessa 3 sapom Linux Kernel 4.15.0-48-generic i Bepcito JDK openjdk
version “11.0.2” 2019-01-15. [lis1 mpoBefeHHsI BUMipIoBaHb 6y/1a BUKopucrana 6i6si-
orexa JMH. byB o6panuil Tin BMMipIoBaHHS — KiIbKIiCTb OIepalill B ceKyHAY. Bu-
MipIOBaHHSA IPOBOJM/INCA B PaMKax OfIHi€l cecii AKa BK/I04asIa: IOoNepefHill posirpis
JVM 5 pasiB, oTpuMaHHA CepefHbOTO 3HaYeHH:A 3a pesynbraTamMy 20 BUMipIOBaHb.
Pesymbrary TecTyBaHH: (Tab71.1) ZO3BOMMINM HAKOIIMYUTY JOCTATHBO TAHUX JIA IPO-
BeJIeHHs MaTeMaTHYHOTO MOJIe/TIOBaHHA.

MaremaTidHa MOJie/Tb [TOBMHHA IIOKAa3aTH 3a/IXKHICTh MIBUAKOCTI po6OTH ABUTY-
Ha BYICHOBKIB Bifl Ki/TbKOCTi IIOC/TiJOBHO BUKOHAHUX IIPaBIUI. /I IbOTO KOXKEH 3 JBOX
HabopiB aHMX OYB IepeBipeHNIT Ha BiJIOBifHICTh OFHIN 3 TPHOX OCHOBHUX MaTeMa-
TUYHUX Mofiereit: miHiiHoI (¢.1), rimepbomiuHoi (§.2) Ta mapabomniunoi (¢.3).
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Ta6nuus 1
Pesyneratn TecTyBaHHs
Kin-tb Drools, EasyRules, Kin-tb Drools, EasyRules,
npaeun |onp/c onp/c npasun onp/c onp/c
1 16818,185 99238,699 6 12951,352 18427,959
2 15503,489 53274,904 7 12365,963 15952,784
3 14385,258 38063,044 8 11840,686 14452,374
4 14918,214 27452,328 9 11593,190 12663,882
5 13751,477 22811,659 10 11233,706 11044,308
y=a+ bx (1)
v=a+b/x (2)

y = a+ bx + cx?(3)

Jle a— BIJIMB He3aJIeKHUM Bif 3MiHHOI,

b, c- BIUIMB 3a/1&KHUI Bifl 3MiHHOI,

X— He3ajie)KHa 3MiHHa.

MopenoBaHHs IPOBOAVIOCSA 32 JOIIOMOTOI0 MaTPUYHOTO CepeiOBUIIa 0OUNCIIeHb
MATLAB Tta 6i6miorexn APMonitor Optimization Suite. JIna mBUryHa BUCHOBKIB
HaliKpallyM 4MHOM Mifiifinvia miHiltHa Mozmenb (¢.4). IBuryn BucHoBkiB EasyRules
MOYKHa OIMCATH 3a OIOMOTOI0 rinep6omniunoi mogeni (.5).

¥y = 16865,20 — 605,36x (4)
y = 2606,41 +98093,22/x (5)

L7151 OLIiHKY SIKOCTI OTPUMaHUX MOZe/Iell BUKOPUCTOBYBABCs Koedil[ieHT Kopess-
il Mix peanpHuMy ganumu (Tabn.1) i pospaxyHkoBuMM faHuMu Mopeni. OTpuMani
koedirientn kopeswanii s Drools i EasyRules cxmann 0,988 i 0,999 Bignosinmo. Lle
CBi[YMTb IPO BUCOKY AKICTb OTPMMAaHUX MaTeMaTHYHUX MOJENeN i MOXKIMBICTD iX
BUKOPUCTAHHA [ IPOBEJeHHA JJOCTi/KEHb.

IITo6 BMSHAYMTK SAKUIL i3 IpOrpaMHUX IPOAYKTIB Ipalioe MBYLIe, OYIU FOCITI-
I>KeHi ix MaremMaTtu4Hi Mofeni. byno BucyHyTO npumylieHHs, 10 iCHYe fesAKa Kilb-
KiCTh IOC/IiJOBHO BMKOHYBAHMX IIpaBM/I IIPM AKiil KiIBKICTb oIlepauiil B CEKYHIy
Oyne ogHakoBa i1 060x Mogeneit (§.6).

16865,20 + 605,36x = 2606,41 + 98093,22/x (6)

Orpumane piBHAHHs 6ym10 ckOpodeHO A0 (opMmu anrebpaidHOro KBafpaTHOTO

piBusaHHA (.7).
605,36x% — 14258,79x + 98093,22 = 0 (7)

3HavyeHH:A IUCKPUMIHAHTY KBaJpaTHOro piBHAHHA (¢.7) MeHIue Hys. Lle o3Havae,
110 JaHe PiBHAHHA He Mae pillleHH:A. MaTeMaTM4yHi Moje/li ABUTYHIB BUCHOBKIB He
HepeTNHAIOThCA. JljarpaMa MaTeMaTHYHMX Mofeselt (puc.2) HAOUHO MOKasye, 110 ABi
MOJieNli He MalOTh TOYKY IIEPETHHY.

TaxyM 4MHOM B pe3y/bTaTi IPOBENEeHOTO JOCIIPKeHHA OYII0 JOBeIeHO, 1[0 MEHIII
CKJIaJiHa CUCTeMa KepyBaHHA 6OisHec-npaBuinamu EasyRules He moctynaerbcs 3a cBo-
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PucyHok 2 — [liarpama mateMaTuyHUX MoAenewn ABUryHiB BUCHOBKIB

€10 e(eKTMBHICTIO CKIapHimin cuctemi Drools. OTpumMani MaTemarnyHi Mopeni go-
BoxATb nepeBary EasyRules 1010 KinbKoCTi IIOCTiOBHO BUKOHYBaHUX IIPaBUJI, OCO-
6mMBO TIpM IX HeBeMuKiil KinbkocTi. [IBuryn BucHoBkiB EasyRules Moxxe 6yTn Buko-
PUCTaHMI y HEeBENMKMX ITPOEKTaxX 6e3 BTpaTy MIBUKOZII IPOrPaMHOI CCTEMIL.

Buxopucrani mxepena:

1. Forsyth R. The Architecture of Expert Systems. // Expert Systems: Principles & Case Studies.
London, 1984. P. 9-17.

2. JIxapparano ., Paim I. OxcmepTHble CHUCTEMBI: IIPUMHIMIBI paspaboTKu U
IporpaMMupoBanue. — 4-e u3z. Mocksa.: Buibamc, 2007. - 1152c.

3. What is a Business rule management system?: [Enextponunii pecypc] // Medium - Pexxum
mocrymy: https://medium.com/@ryanjollyyoung/what-is-a-business-rule-management-sys-
tem-39ebcb7900c7 Tara 3Bepuenns: 15.05.2019)

4. Rattanasawad T, Saikaew KR, Buranarach M, Supnithi T. A review and comparison of rule lan-
guages and rule-based inference engines for the Semantic Web. // 2013 International Computer
Science and Engineering Conference (ICSEC). / Bangkok, 2011. doi:10.1109/icsec.2013.6694743

5. Fobel A., Subramanian N. Comparison of the performance of Drools and Jena rule-based
systems for event processing on the semantic web. // Software Engineering Research Man-
agement and Applications (SERA) 2016 IEEE 14th International Conference / Towson, 2016.
P. 24-30

6. World’s fastest rules engine [Enextponumit pecypc] // JAVAWORLD - Pexxum poctymy:
https://www.javaworld.com/article/2078197/world-s-fastest-rules-engine.html  ([laTa
3BepHeHHs: 16.05.2019)

52



TECHNICS AND TECHNOLOGY. #17

3ACOBHU TA CITOCOBU ITPOEKTYBAHHS PIBHIB
I'PU JKAHPY IUIAT®OPMEP IJIA IIIITPVIMYBAHHAA

IHTEPECY I'PABIIAA

Homkamos O.A.
Crypenr, rpyna III 15-5

XapKiBCbKUI HAlliOHAZIbHUI YHIBEPCUTET pafioeIeKTPOHIKM

Hosikos 10.C.

Crapummit BUK/Iafjad Kadeapy IporpaMHoi iHxeHepii
XapKiBCbKMI HAlLliOHAJIbHUI YHIBEPCUTET Pafioe/IeKTPOHIKN

Anomauis: 6 uili po6omi po3enaHymo, npedcmasneHo ma 3anponoHOBAHO Pi3Hi
nidxo0u 0718 NIOMPUMKU 3AUIKABNIEHOCI 2pasus 00 2pu ma YMPUMAHHA 11020 y

«KAHATL NOMOKY»

Kmrouogi cmoBa: reitM-ausaits, nnardpopmep, rpaBellb, KaHal IIOTOKY

IIns KOXXHOI JTIOAVHY OFHIEI0 3 Ham-
BOK/IMBIIINX TEXHIK MO3KY € 3[aTHICTb
¢doxycyBaTy yBary BubipkoBo, irHopylo-
4y OfHI pedi i mpupinAoyuy 6inblIy Kinb-
KicTb posymoBMX 3ycwib iHmmMm. IIpen-
MeT Ha SIKOMY (POKyCyeTbcsi NMIOfMHA B
KOXXeH OKpeMMII MOMEHT BU3HAYAETHCS
KoMOiHaIli€ro MmifcBimoMux 6aXkaHb i CBi-
IIOMOI BOJIi.

ITpu cTBOpeHHi rpyu, MeTOI Po3po6-
HIKA € CTBOPEHHA JOCBifly, JOCUTD IIiKa-
BOT0, 11100 rpaBel;b GOKYCyBaB CBOIO yBa-
I'y TaK JOBIO i TaK IHTEHCUMBHO, HaCKi/lb-
KM 1Ie MOXXJIMBO. SIKIIO IJOCh 3aXOIUTIOE
JIIOVHY IMPOTATOM JIOBrOTO 4Yacy, BOHa
BXOJUTH Y IICUXIYHMII CTaH, Y IKOMY 3[1a-
€ThCs, 10 yCsA pellTa CBITYy Bifiilia Ha
3amHin mwiaH. Lleit cTaH MoXKHa BiTHECTU
[0 TOHATTS «mmoToKy»[1]. Ilotik iHomi
XapaKTepU3YIOTh SIK «IIOYYTTs IIOBHOTO i
€HEPTiNTHOrO OCepeNKy Ha IIeBHIll fIii, AKe
CYIIPOBOJIKYETbCSA BUCOKMM piBHEM Ha-
COIONM i 33JTOBOJIEHOCTI «.

ITpu mpoekTyBaHHI Ta po3poObui rpu
HeoOXiJHO IpOBeCTV YBakHe MHOCIIi-
IoKeHH:A MOTOKY. Ochb [lesKi KMI040Bi KOM-
IIOHEHTH, HeOOXiTHi /s TOro, 106 Ipu-
BECTH IPaBIsl B CTaH MOTOKY[2]:

Hinb. Komu B rpi 4 Ha piBHi € 4iTKO
chopmoBaHi Ta IpefcTaBIeHi Lii - rpa-
BELlb IOK/IA/Ia€ MEHIIE 3yCUIb /I 1X BU-
KOHAHHA Ta MEHII BUOVMBAETLCA 3 IOTOKY
i 3a/MIIa€TbCA GBI 30CepelPKEeHNM Ha
PiBHI Ta BUKOHaHHI 3aBJJaHb, 11J0 CTABUTb
oMy rpa. fKio rpaBelb He Ma€ 4iTKOI
MeTH BiH He MOXe OyTy BIIEBHEHUM, UM €
J10T0 il KOPMCHMMU Ta IOYMHAE YCyBa-
THCA Bif mpolecy rpu, He MOYyBae cebe
YaCTKOIO ii CBITY.

3ocepemKenicTp. fKIo piBHI cipoek-
TOBAaHO TAaKMM YMHOM, IO TpaBellb IO-
CTi/IHO BiZIBOJIIKAETbCs MPOTATOM IIPOLie-
Cy Tpu, TO JIOMy He BIACTbCA 30Cepefn-
TICh Ha 3aBIaHHI 260 I, 10 3 PENITO
BUO’€ FI0TO 3 TOTOKY Ta HETATUBHO BIIHE
Ha JIOCBiJi, AKUJI BiH OTPUMYE BiJj Ipu.

53



MONOGRAFIA POKONFERENCYJNA

[ o]
(BHCOKa)
3aHENOKOEHICTh
o
|-
S
= A
(Hi3bKa) 1
0

Kanan
HOTOKY

O(ui3bKki)

PucyHok 1 — Kanan notoky

3BopoTHINl 3B’A30K. st Toro mob6
MiZTPUMYBATU ITPABIIA Y CTaHi «IIOTOKY»
rpa NOBMHHA HaflaBaTy JiIOMYy 3BOPOTHil
3B’5130K 6e3 3aTpuMoK. Ko micms
KOXXHOI Jil TpaBUA JIOMYy HOBENETbCS
YyeKaTy MOKM BiH Ji3Ha€TbCA [0 SAKOTO
pe3ynbprary Iie IPU3BETIO, TO BiH IBUJKO
BTpaTuTh GOKYyC Ha 3aBAaHHI ab60 1ini Ta
Oyne mouyBaTi cebe BiICTOPOHEHNM Bif
CBIiTYy TpU.

Hamnpyra. IpaBiio norpibHO cTaBUTH
Taki 3aBHaHHA Ta Wi, Axi OygyThb mif-
TPUMYBaTy B HbOMY CTaH HAIIPYIHW, aje
rpaBelb IIOBMHEH PO3YMITHM, WO Liei
CTaH HaIIpyI'¥ JIMOBIPHO MO>Ke 3aKiHYM-
TUCA MEPEeMOror. SKio y rpaBus ckia-
7I0Cs1 Bpa)KEHHA 1[0 BiH He 3MOXKe JIOCAT-
TU TIOCTaBJIEHOI ME€TY YU BMKOHATHU 3a-
BJJAaHHA - BiH 3aCMYTUTbCS, 1 BiH IIOYHE

(BHCOKI)o0

BMminas

IIyKaTy Oi/IbII KOPYCHI BUAY Ais/IBHOCTI.
[Tpote, AKIO 3pOOUTH HATIPYTY Y IPi He-
3HAYHOIO, TO TPABLIO CTaHE HYJHO, i BiH,
3HOBY K TaKW, MOYHe IIyKaTy OimbIr 11i-
KaBi Ta KOPYCHI BUN JiA/TbHOCTI.

IIns mOCATHEHHA BIIIOBITHOTO PiB-
HIO 30Cepe/PKEHOCTi 3 60Ky TpaBIisi He-
06xifHO, 1106 yci Ail y MOTOKY MiCTU/IN-
Cs1 Y BY3bKOMY IPOMDKKY Hampyru([3],
AKUI 3HAXO[JUTHCA M HYJbIOIO i PO3-
JaIoM, ajieé He BXOAUTD Yy 1i HeIpUEMHI
KpalHOmIi.

Insa rpadiynoro 306pakeHHA Hiama-
30HY CTaHiB IpaBls IIifJ 4ac Ipu BUKO-
PUCTOBYIOTb IIPUIIOM IIiJi HA3BOI «KaHaJI
notoky» (muB. puc. 1). Ha pucyHky 3o-
6pakeHO CHCTEMY KOOPANHAT, OCb X 5IKOI
BifoOpaXkae piBeHb BMiHb, a 0cb Y — pi-
BEeHb HaIIPY>KEHOCTi TpaBId.
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IIpu mpoekTyBaHHi piBHIB Tpu cmif
HaM’sAITaTy PO KaHaJ MOTOKY, Ta pO3po-
OmATM IX TaKMM YMHOM, 106 TpaBIffo
Oyno 1ikaBo pocysarucs yepes rpy. [
IIbOTO CITifl CKOPUCTATHCA JeAKUMU Biflo-
MJMM IIPUIIOMAMMI:

o PisHomaniTHicTh. (KO rpaBeun
IIPOTATOM CBOEI IIOJIOPOXi 4Yepes piBHI
rpu 6yzme 6aunTy He3MiHHEe 0OPMIEHHS
PiBHIB Il B MiICYMKy 3a)XyHe Ji0ro B
cran Hyasru. 1106 yHMKHYTM LBOTO Ta
HMiATPUMYBaTU €CTeTUYHE 3a/I0BOJIEHHA
TpOI0 MOTPIOHO 3MIHIOBATM Bi3ya/lbHUIA
pan (xombopy, cBiTHO, OGOpPMIEHHS)
IPOTATOM IPM.

o 3aMkHyTicTB. [exonu, mob crpaBu-
TH [OJIaTKOBE Bpa)XeHH:A Ha TIpaBl,
MO>KHa CKOPUCTATUCHA e(PeKTOM KOHTp-
acTy. Hanmpuxmap: cno4aTrky sarmarm
I'PaBLUA Y 3aMKHYTUN, BY3bKUI1 IIPOCTIp,
IIPOBECTH JIOTO Yepes 1ie MPOTATOM Maii-
JKe yChOTrO PiBHA, a IiJi KiHellb PiBHSA BU-
IyCTUTY JIOTO Yy BiIBHMIL IPOCTIp, IO
II03BOJINTH 3irpaTit Ha eeKTi KOHTPACTy
Ta IPUEMHO 3/IBYE.

o ®opma. Koxen mpoctip moxxe 6yTn
3BefIeHO 10 Habopy GopM 3 TaKuMU HO-
JATKOBUMM JE€TaNAMM AK KOMip, piBeHb
OCBiT/IeHHS, BEKTOP pyXy Ta iH. OCKinbku
¢dbopMa € IepPBIHHOI CYTHICTIO KO>KHOTO
3 00’€KTiB, TO MU MOXXEMO 3aBIAKU
KOHTpacTy abo, HaBmaku, 36iry ¢opm
CIIPAaBUTY BPa)KEHHS Ha IpaBLiA.

o VYuikambHi Kagpu. IIpu pusaiini ta
IIpOEKTYBAaHHi piBHIB MOXXHa CKOPMCTa-

THCA TUM (AKTOM, IO 32 JOIIOMOTOI0 TpU
MU MOXKEMO JJOCTaBUTH €CTeTUYHY Haco-
nopy moavHi. OgHUM 3 6araTbox CIoco-
6iB BOCATTM I[bOTO MOYKHA BBKATHU TaK
3BaHi «yHiKa/lbHI KaJpy»: HaIpUKiHIi
a00 y IIeBHVIM MOMEHT piBHSA JJeMOHCTPY-
€MO TPaBIIIO, HAIIPUKJIAZ, TApHUI BUJ, 3
ropy Ha MicTo.

o InTepakTus. Sxiuo0 Ham MOTPi6HO
3HANTH CIOCIO SIK 3aliKaBUTY IPABLS Y
OOCTi[)KEeHHI piBHIB I'py MOKHa [OLATU
MOXX/IVIBICTb B3a€MOJIII ITEpPCOHAXKA 3 OTO-
YEHHAM Ta iHIIMMI epCOHaKaMM.

o Tuuamika. IIl06 cipaBuUTK Bpa>keHH:A
XKMBOTO CBIiTy I'pM MOTPiOHO HaMaratyucs
IomaBaTK IO PiBHIB sIkoMora 6inplue py-
XOMIUX Ta aHIMOBAaHUX 00 €KTiB OTOUYEH-
Hs. Tak y rpaBus Gyie Bpa>keHHsI 10 He
TiZIbKM JIOTO IIEPCOHAX € JKMBOK Ta Py-
XOMOIO iCTOTOIO Yy TPi, a JI camMa I'pa >KUBE.

o BucHoBok: VY wiit crari 6ymo mpen-
CTaBJIEHO Ta PO3ITIAHYTO B3AEMOJIII0 MYXK
rpoIo Ta rpaBlieM Ha 6a30BOMY piBHi, BI-
ZileHO 6a30Bi IIOHATTA CTOCOBHO CTaHy
IpaBl TiJj 9ac IPpY, 3alIPOIIOHOBAHO pi3-
HOMaHITHI CITIocoOM 3aljiKaBeHHs irpoKa.
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HEAKI ACITEKTY PO3POBKH ITPOBNX MOBUIbHUX

TOIIATKIB

Txauenko O.I.
KaHAuzaar ¢Gi3nKo-MaTeMaTMYHNX HAYK,

moreHT Kadenpu iHGOpMAIiTHNX TEXHOIOTIN,

Tkauenko K.O.,

cTapIINil BUKIaad Kadenpu iHPOPMALiTHIX TEXHOIOTII,

Tpomca [I.B.

MaricTpat Kadenpu iHGopMaLiiiHNX TeXHOOTI
Jep>kaBHMIT YHIBEPCUTET iHPPaCTPYKTYpH Ta TEXHOOTi

M. Kuis, Ykpaina

KnrouoBi cmoBa: MOOINbHUII JOJATOK, KOMITIOTEpHA Ipa, irpoBmil MOOGINbHUI
TONATOK, IIaTpopMep, omepaliiiiHa CUCTeMa, CTU/Ib TPUL.
Keywords: mobile application, computer game, mobile game application,

platformer, operating system, game’ style.

AxryanbHicTh mpo6nemu. B Ham vac
0co0/MBe MOLIMPEHH OTPUMAIU Pi3HO-
MaHIiTHI irpoBi Mo6inbHi gomatku. Cro-
cTepiraerbcsa  CTPIMKMII  PO3BUTOK
KOMITIOTEpHMX irop, MEeTOAIB iX po3po6-
Ku i peasisanii, MeToxiB rpadivHux mpen-
CTaB/IeHb Ta B3a€MOJii KOpPUCTyBada 3
mopaTKamMyu. TomMy CTBOpeHHS irpoBux
MOOIBHUX JOJATKIB K YaCTUHU Cydac-
HOTro iHpOPMAIiTHOTO IIPOCTOPY € aKTy-
aJIbHOI TPO6IEMOIO.

AHani3 oCTaHHIX JOCTigKeHb i my-
6mikaniit. Barato irpoBux Mo6iTPHNX 1O-
JATKiB BCTAHOBJIEH] Ha IPUCTPOI YU MO-
XKYTb OyTM 3aBaHTa)KeHi Ha HbOTO 3 ON-
line-MarasyHiB MOOITbHMX [OJATKIB, Ta-
kux siK App Store, Google Play, Windows
Phone Store Ta iHIIMX.

[IpobmeMu po3pobKu MOOIIBHMX [O-
matkiB mig Android posrisianucs B po-
6otax E. bypHera, 3. Megnikca, JI. lo-
puina, M. Hakamypa, C. MouKa, . Knig-

toHa, K. Mapcikana, K. Ctroapra, b.®in-
ninca, 3parinnesoi H. [1 - 4].

Buxnapm ocHoBHoro martepiamy. Pos-
pobxa MOOGIMBHUX IrPOBUX [OFATKIB I1O-
BUHHA BPAxOBYBaTH iX OOMEXeHHs Ta
MOX/IUBOCTL. PospobHmkamM MoO6impHIX
[OJaTKiB HOBOAMTHCA BPAXOBYBAaT! PO3-
Mipy eKpaHa, TeXHi4Hi XapaKTepUCTUKU
Ta KOHQirypauil o6magHaHus Toio. Pos-
pobKka irpoBux mporpam s MOOiITbHMX
wIatGopM NOTpebye BUKOPUCTAHHS ClIe-
Llia/1i30BaHUX IHTETPOBAHUX CEpelOBUIL
po3pobku. Mob6inbHI ZOZATKM CIIOYATKY
TECTYIOTbCA B CepefoBUIII pPO3poOKu,
BUKOPUCTOBYIOUM eMY/IATOPH, AKi 3a6e3-
[eYYIOTh HEZOPOIMil CHOCi6 IepeBipku
Ta TECTyBaHHA irpOBMX MOOINBHUX JO-
JaTKiB.

BaxnmuBe 3HaueHHsA Ma€ TaKOX [IU-
3aiiH iHTep(eiicy irpoBMX MOOLIBHIIX J1O-
matkiB. Lleit Mmo6inpHMIT iHTEpderic po3-
I/IsAa€ OOMeXXeHHA Ta KOHTEKCTH, eKpaH,
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BXifj 1 MOGINIBHICTD SIK KOHTYPU [/IA Y-
3aitHy. KoHTekcTum MobimpHOrO iHTEp-
dericy BifoOpaXKaroTh CUTHAMN LIOA0 aK-
TUBHOCTI KOPMUCTyBaya, TaKi, K po3Ta-
LIYyBaHHA Ta IJIAHYBaHHA, fAKi MOXYTb
BiffoOpakaTicsi B pesy/ibraTi B3aeMoOpii
KOpUCTyBauiB y irpoBoMy MoOimbHOMY
mofaTKy. B minomy, Mera pmsaiiHy Mo-
6inbpHOrO iHTEpdeEiicy HacaMIepes mosi-
rac B HaflaHHi KOPUCTyBa4yaM irpoBUX
MOOIIPHIX NONATKIB 3pO3yMiJIoro i 3pyd-
Horo inTepdericy [4 - 7]. Bci mropu 3axo-
IUIIOIOTBCS irpamMu abo THUM, IO 3 HUMMU
IIOB’sI3aHO, 6arato 3 HMUX XOTimu 6 Ipu-
JyMaTy 9M peatisyBaTy CBOIO IDY.

IrpoBi MOGiIbHI FOZATKY CTBOPIOIOTH-
cst i icHyro4i MO6iIbHI Iatdopm, ane
KOPUCTYyBaui BUKOPUCTOBYTb Iii IOMATKH,
IPOTATOM HEIOBIOTO Yacy (B OCHOBHOMY
B TPAHCIOPTi), TOMYy ILji irpy NOBMHHI
OyTVH HeHaNpy>KeHUMH, IIPOCTUMHU Y BU-
KOPUCTaHHI i He 00TsHKeHUMM OY/b-AKIM
CKJIaJ{HUM CIOXKETOM.

Tomy OCHOBHMII CIOKET aBTOPCHKOTO
irpoBoro MOOiIbHOIO MOFATKY Ma€ IIO-
JATaTU B TOMY, 11O I'Pa, a caMe PiBHI I10-
IijIeHi Ha IOpU POKY, i BOHM HaCTalTh B
3BOPOTHOMY IIOPSJIKY, a TPaBI0 MOTpib-
HO JiiTV [0 KiHIIA IS BUIIPABJIEHHA L€l
cutyanil Ta BIIKPUTTA «be3KiHEYHOro»
piBHA, B AKOMY OCHOBHUM 3aBJaHHAM
Oyme Habip MaKCUMaTbHO MOXKINBOI
KiJIbKICTI OYOK M1 IPOCYBaHHSA B 3a-
raJlbHOMY DENTUHIY Cepel iHIIMX TpaB-
IIiB.

[Ticia BU3HA4YEHHA CIOXKETY CIIiJ BU-
3HAUUTK >KaHp Tpu. Hampuknapn, mnmar-
dbopmepu, 30kpema, BepTUKaJbHI, me
CEHC T'pU IIOJIATA€E B CTPUOKAX Bropy. AB-
TOpamy Oy/10 IPUITHATO pillleHH: 3po6u-

i Tpy B ctmni Casual games, sxmit mogo-
6a€eThCst 6araTbOM KOpPUCTYBadaM, 60 Mae
NpOCTi IIpaBMJIa i HE BUMarae Bifi KOpUcC-
TyBaya IIOCUIIOYOCTi, BUTpAT 4acy Ha
HaBYaHHA TOIIO.

Y KOXHilI Trpi moBuHeH 6yTu roso-
BHUJ T'e€pON, IIPU JOr0 CTBOPEHHI CIIif
BifjIITOBXyBaTuUCA Bif cTumo rpu (B Ha-
oMy Bunagky — Casual). 306pakeHHs B
uiit cruwrictuni — e i pobotu, i 30Bcim
He3posyMmini icroru. TyT Baxkxko Burazia-
mo6
000B’13k0BO y (piHa/IbHIN YacTUHI Tpu.
Came ToMy CIIOYaTKy iCHY€E JeKinbKa Ba-
piaHTiB IpOTOTUIIIB.

ITpu BuOOpi mMpOrpaMHOTO CepefoBU-
ma Bubip Bmas Ha Unity [8] uepes itoro

T IOCh TakKe, BOHO Oyro

0e3KOILITOBHICTD 1 HUM MOYXHA KOPUCTY-
BaTHCA 110 JIilleHsiliHii yropi; 6araro go-
BifkoBoil iH¢opmaril npo Unity B Intep-
Heri. Unity Mae HacTymnHi nepeBaru:

Yuiseepcanvnuii pedaxmop HOCTyI-
Huit i1 Windows i Mac, mae iHCTpyMeH-
T SIK [/LS1 XYOXKHMKIB, 110 pO3POGTIAIOTH
3aXOIIIOI0YI CBiTH, TaK i A1 Iporpamic-
TiB, AKi pealisyloTh irpOBY JIOTiKy i Bifi-
TOYYIOTh irpOBMIT IPOLIEC.

2D i 3D, naparounu Heo6xinHi GpyHKLil
17151 ToTpeb y 6yab-IKOMY JKaHpi.

Incmpymenmu Ons nowyKy wnaxy.
Unity mae cucremy HaBiranii, 1o /;03B0O-
i€ HEIrpOBMM II€PCOHAXKaM Bi/IbHO IIe-
pemimaruca no irposomy csity. CiTknu
HaBiranii CTBOPIOIOTbCSA aBTOMATHYHO 3a
HaHUMM TaHAMADTY, BPAXOBYIOUN HABiTh
OVHAMi4Hi IIepenKou.

Egexmueni poboui npouecu. Ilpe-
a6 B Unity, w0 mpegcTaBsioTs c06010
HAaJIaIITOBaHi irpoBi 06’ekT, 3ab6e3nedy-
10Tb e(DeKTUBHICTD i THYYKiCTh po60YOro

57



MONOGRAFIA POKONFERENCYJNA

IIpoLecy i BIIEBHEHICTb B Ppe3y/bTaTi,
3BOJAYM [0 MiHIMyMy JIMOBIPHICTb BU-
HUKHEHH: TPYJOMICTKMX HOMUJIOK.

Inmepdpeiic. CricteMma cripuse MWBUL-
Kill i erxiit po3po6ui iHTepeiicis.

Disuuni O0euxcku. Poskpuiite Becb
norennian nigrpuMku Box2D i NVIDIA
PhysX, mo6 cTBOpIOBaTM peamicTuMyHi i
BJICOKOIIPOAYKTUBHI IpIL.

Bnacni i cmoponni incmpymenmu
Unity migTpuMyoTh YCTaHOBKY pOSIIN-
peHb, IO CTBOPIOIOTHCA BiAIIOBIZHO MO
norpe6 KopucryBada ab0 3aBaHTaXYy-
10Tbcs 3 Asset Store — Marasusy, B AKOMY
MO>KHa 3HAWITU PecypcH, iIHCTPYMEHTH Ta
iHImIe 1A HpPUCKOpeHHA po6OTHM Hap
irpoBMMM IPOEKTaMMU.

Ioxpawena komanona poboma. Ile-
perAf TOro, Haji YMM IpaLIOKTh iHII,
MOX/IMBMII TIPAMO y BiKHI pefaKkTopa
Unity, e KOpMCTyBau-po3poOOHUK IIPO-
BOANTH OIIbIIY YaCTMHY CBOrO Yacy [8].

Y aBTOpCbKOMY irpoBOMY MOGiNBHO-
My JOfIaTKy HaIPY>KeHHsA CTBOPIOETHCS
IO XOIY T'PY, ajIe TOJIOBHMM € 30a/IaHCy-
BaHHA IIbOTO HANpyKeHHH, 60 Casual He
nepenbavyae 3aHAATO HAIPYXEHUX MO-
MEHTIB 1 HassBHOCTi 0COOIMBMX HABUYOK
y rpasus. Tomy y rpi 3’saBummcs:

IeKinbKa BUAIB naamg@opm, OCHOBHU-
MU 3aBJAHHAMM SIKMX € IIPOCYBaHHSA T0-
JIOBHOTO TeposI BIOPY, aJIe € il Hebe3IevHi
wiat$hopMM, 3aBJaHHA SKUX He TaKe Off-
HO3HAYHE;

AWUK, AKUI MOXKe IIBUJKO 3aKIHUNTH
TPy, AKIIO JIOTOPKHYTUCS [0 HHOTO, Yl
3AMBYBaTU OOHycaMy, SKIIO 3HUIUTU
J10TO OUCTAHIIITHO;

10200Hi YyM08U, OCHOBHE 3aBJaHHA
AKUX — 3aBaJMTH TPaBLI0 IPOCYBATUCA

Buille B KOMGOPTi, AKIIO OMMCaHi mepe-
LIKOIM 3aHA/TO JIETKi.

Y nmoparky e cucrema 6aiiB Ta 360py
MoHeT. Ilif yac mpoxomKeHHsA PiBHA KO-
pucTyBad Mae 36uparu CpibHi MOHeTH,
mo6 B KiHLi piBHA 1O iX Kinbkocti 6y1o
HapaxOBaHO 30710Ti MOHeTH Bif 0 mo 3
(0 - piBeHb He IpoOIifeHO, 3 — HaliKpa-
IMIl Pe3y/nbTaT), sKi OLIHIOTH SKICTH
IPOXO/PKEHHs Ta MOTPIOHI Ast BiAKpUT-
TS HACTYIIHUX PiBHiB.

SKimo KopucTyBady He BUCTAdaTHMe
MOHET JI/I1 BiJKPUTTA HaCTYIHOTO PiBHA,
TO 3’SIB/IAETHCS MOXK/IMBICTb OOMiHY Cpi6-
HIJX MOHET Ha 30JI0TY, ajle TaKa MOX/IN-
BICTb [JOCTYIHA pa3 y 24 ropmHu, 106
JaTy KOPUCTYBady 3MOTY IIPOVTI MUHY/I
piBHi 6inbi sikicHO. Unm 6/mnKde Kopric-
TyBad MO KIHIIEBOI METU piBHHA, TUM
WBKUJLIE PO3BMBAITHCA IOAIl y rpi i
3pOCTa€ HAIpyra MK 36MpaHHAM MOHET
1 yXWIEHHAM BiJj IIEpEUIKO],.

KoxxeH piBeHb TeHepyeTbCs aBTOMa-
TUYHO, TOOTO IIPOXOMXKEHHS OFHOTO If
TOTO XX piBHsI [ieKinbKa pasiB Oyme Bin-
PiSHATHCA 1 HEMOXKIVMBO Ilepef0adnTy B
AKoMy Micni 6yze MOHeTa 4y KOy, je i
AKa caMe 3’SIBUTHCS Neperkofia. Takox y
KOpUCTyBaya € MOXIMBICTb KHUJAHHA
CpibHOI MOHETH BrOpy /ISl SHUIEHHS
AIMKa, ajie e KOMTYBaTUMe KiTbKOCTi
B)Ke 3i0paHMX CpibHMX MOHET. A 1Ije € IBa
crocobu KepyBaHHA: 3a JIOTIOMOTOI0 aK-
cefiepoMeTpa Ta CEHCOPHOTO eKpaHy.

Bixno mento epu. Ilepia KHONKa «Ha-
JTAalITYBaHHS», BiIKPMBA€ BIKHO Haja-
mTyBaHb. JIpyra KHOIIKa «peKopf», Ha
erani po3poOKy, B MaiibyTHbOMY Bifi-
KPUBAaTUME BIKHO PEMITUHIY IIPOXO/>KEH-
H: Ge3KiHeYHOro piBHA, TOOTO TOI CIINC-
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PucyHok 1 — l'onosHe BikHO BUGOPY MeH!I0
rpu

PucyHok 2 — BikHO HanawTyBaHHs

Ky KOpUCTyBauiB. TpeTs KHOIKa «CKU-
TaHHA», CKHUJlA€ BECh MpOILEC IIPOXO-
mKeHHs Tpu. YeTBepTa KHOIKA «BUXifI»,
3aBeplrye pobory goparky. [T'ara kHom-
Ka «II71eil», 10 LEeHTPY, BifKpUBa€E BiKHO
BUOOpPY OIOKY(CE30HY), B IOAAJIBIIOMY
mae sMory Bubopy piBHs. BikHo MeHIo
rpu 300paxkeHO Ha puc. 1.

PucyHok 3 — BikHo BMOOpY Ce30Hy Ta piBHSA

Bixto nanawimyseanns. B iboMmy BikHi
MOXKHA 3MIiHUTH JesKi IapaMeTpu: BBiM-
KHYTI 260 BUMKHYTH 3BYK; IIEPEKITI0UN-
T PEXUM KepyBaHHSA Ha CEHCODHMIl
exkpaH (KHOMKM) abo aKcemepoMeTp;
BBIMKHYTH a00 BUMKHYTHU IIOKa3 Ki/b-
KOCTi KafIpiB y ceKyHy. BikHo MeHI0 Tpn
300paKeHo Ha puc. 2.

BikHo subopy cesory ma pieHs. B upomy
BiKHI € MOX/IMBICTb: BUOOPY CE30HY, BHU-
60py piBH:, IeperysiAy 30I0TUX Ta CPIOHMX
MOHET 32 B)X€ IIPOJifieH] piBHI, BIIKpUTTS
HACTYIIHOTO PiBHsI Ta OOMiHY CpibHUX MO-
HeT Ha 30710Ti. CTOpiHKY BOOPY Ce30Hy Ta
PiBHA 300pa>keHO Ha pIC. 3.
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PucyHok 4 — BikHo rerimnneto gpyroro
6noky

Bikno eeiimnneto dpyzoeo 6noxy (mopu
poxky). JliBuit BepxHill KyT — KiNbKicTb

3apOo06TIeHNX 040K, IIPABMIl BEPXHIill KyT —
KIZIBKICTh 3i0paHMX CpiOHMX MOHET.
KHorka «itaysa», 3Bepxy IO LieHTpY, 3y-
NIHAE TPy Ta BiIKpMBa€ BiKHO I1aysu, 3a
JOIIOMOTOI0 SIKOTO MOYKHA BUIITHU B MEHIO.

Takox TyT 300pakeHi Taki mepemxo-
I, AK: 3BMYaliHa mnatdopma, miarpop-
Ma 3 munamu Ta Amuk. CropiHka reii-
MIUIEI0 APYroro 610Ky (Iopu poky). 30-
OpaxeHO Ha puc. 4.

BucnoBkn

AKTyanpHICTD CTBOPEHHA MOOi/b-
HUX JIOJIaTKiB IIOSICHIOETHCA IOMYIAP-
HICTIO 1 ZOCTYIHICTIO cMapTdOHIB, sKi €
y 6inburocri mozeit, Ha Bigminy Big IIK.

AKTyanbHICTb i [OLiNbHICTH irpoBUX
MOOIIBHUX MOJATKIB oO4YeBMAHA. [0710-
BHe, 1106 mepef; po3poOKoio Oymu 4iTKOo
BM3HaveHi wini Bigmosiguoro I13 i 1oro
3aCTOCYyBaHHA.

PesypraroM BUKOHAHOI po6OTH € aB-
TOPCHKUII irpoBuUIT MOGITBHNUII HOLATOK.

ITpoexT LbOTO [JOFATKY MOXKE OTPU-
MaTy CBill IOJAJIbIINII PO3BUTOK i BJIO-
CKOHaJIeHHs HIJIAXOM IIOJIIIIEeHHs BHY-
TPIIIHIX Ta 30BHINIHIX CKIaI0BUX.
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BUKOPUCTAHHSA MPOOYKIIIMTHOI MOOE/II HATAHHA
3HAHD 111 OPTAHI3AIIII KEPYBAHHSA B CUCTEMI

«PO3YMHE JIIZKKO»

CEniceera M.C.
bakanasp

XapKiBCbKUI HAlliOHAZIbHUI YHIBEPCUTET pafioeIeKTPOHIKM

Masyposa O.0.

KaHJU/IaT TEXHIYHUX HAYK, IOLIEHT

XapKiBCbKMI HAlLliOHAJIbHUI YHIBEPCUTET Pafioe/IeKTPOHIKN

Anomauis. B pobomi OocniOnceno ¢paxmopu, w0 8NaAUamMv HA AKICMb CHY
modunu. Pospobneno molenv KepyBawHs pPO3YMHUM  JUHKOM, AKA 003807A€

ONMUMATILHUM YUHOM HAZIA200UMU napamempu JNCKA mMa 3a6e3neuumu mum Camum

AKICHULL COH 00UHU Ha 6431 NPodyKYiliHOI MOOeni HAOAHHS 3HAHD.

Knio4oBi cmoBa: posymHe MiXKKO, IPOAYKIiifHA MOJenb, IPaBUIO, MOJENb

KepyBaHH.

Keywords: smart bed, production model, rule, management model.

JIrloguHa TpPOBOAMTD B CTaHi CHY
ONMM3PKO TPETHHM CBOTO J>XUTTA. Bix
3PYYHOTrO JIbKKa 3aJIeXaTh 3[J0pOB s, Ha-
CTpiit, emorii Ta mpodeciitHa FisIbHICTD
moayuu [1]. IIpobnemy omTMManbHOrO
HaJAIITYBAaHHA JIDKKA, a BIfIIIOBIZHO U
KepyBaHHAM CHOM, Ha CbOTOJIHi 103BO/A-
I0Th BUPIIIUTY BUKOPUCTAHHSA iHTEPHET-
peueii. 3a JOIOMOr00 TaKOro IPUCTPOIO
AK pO3yMHE JIDKKO JIIO[MHA MOXKe Haja-
LITOBYBAaTy IapaMeTPyU CBOTO CHY JyIA
MOCATHEHHA HaKpallloro pe3y/nbTary.
ITpu 1yboMy HaJ3BUYATHO BaXX/IMBO, 1106
TaKUJ1 iIHCTPYMEHT SIK PO3yMHe JIIKKO Mir
IiZICTPOIOBATUCA IIiJi KOHKPETHOIO KO-
puUCTyBaYa, JIOTO CTaH Ta IepeBaru, AKi
BiH Hafla€ IIij] J9ac CHy.

OCHOBHOIO CK/Ia/IOBOIO IIPOIIECY Ke-
PYBaHHA CHOM Ta HalalITyBaHHA JIXKKa
BICTYTIA€ €TaIl IPUIHATTA pillleHHA CTO-

COBHO IIapaMeTpiB, fAKi IOBMHHI IIO3M-
TUBHO BIVIMHYTU Ha AKICTb CHY TIOVHMN.
SIK110 Teopis MpMITHATTSA pileHd [2] pos-
IJIAA€ mpolec BUOOPY HOCTaTHBO HOP-
MaTUBHO, TO IITYYHUII iHTenekT [3] mo-
3BOJIA€ binblle BpaxyBaTH Cy0 €KTVBHI,
cmabo dhopmanizoBaHi mpaBuIa Ta Iepe-
Bary JIOAVHMA.

Opuu 3 migxofiB Teopii MTY4YHOTO
IHTENIEKTY — BUKOPUCTAHHA MOJENeN Ha-
IOaHHsA 3HaHb [3] MO3BOMATH HE TIIBKU
36epiratu iHdopmanio (mapameTpn cHY,
HAIIpMKIIaf), a le 11 KepyBatu Helo. s
peanisanii KepyBaHHSA PO3SYMHUM JIDK-
KOM MOXKe OyTu o6paHa NpORyKIiiiHa
Mojienb 3HaHb. BoHa 103BO/IsA€ aZleKBaTHO
MIPOMOJIENIIOBATH JIIOJChKI MipKyBaHHA 3
NPUIHATTA PillleHb HIJIAXOM JIOTiYHOTrO
BUBOJY Ha 0a3i IPORYKI/HIX IIPaBUIL

TakyM 4MHOM, aKTya/lbHOIO € 3ajada
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MOJIC/IIOBAaHHA 3aJIeKHOCTell B 06macTi
KEPyBaHHA 3[JOPOBMM CHOM [/ CTBO-
PEeHH: IPOrpaMHOI CUCTEMM, IO 3MOXKe
MaKCUMaJIbHO CaMOCTiiIHO 3abe3reuyBa-
TV KOPUCTYBady YMOBU CHY HaOmiDKeHi
mo ontumanbHuX. OTKe, 3afada MOCHi-
IDKEHHS TOJATAE B HEOOXITHOCTI JOCTi-
IuTy GaKToOpy, L0 BIUIMBAIOTH Ha AKICTDH
CHY JIIOVIHY, Ta PO3POOUTH MOJENb Ke-
pyBaHHs JTDKKOM Ha 6asi MpORyKIiltHOI
MOfieNli HaflaHHA 3HaHb, IO JO3BOINUTH
pobuty edeKTUBHUII BIUIMB Ha AKIiCTH
CHY JIOfVHIL.

ITpepcTaBuMO MOZeNb CHY JIOGMHUI
AK:

S=(B P, W, TC)

e B — craH ji>kKa, P — cTaH JIIOAUHA,
W - moropsi yMoBM (yMOBYM HaBKOJIVII-
Hboro cepepoBuia), TC — 4acoBi 3anex-
HOCTI.

ITpu 1pbOMy CTaH MIOAUHU-KOPUCTY-
Baya BK/IIOYAE PsAJ IIapaMeTpiB:

P ={A G,w,hRP,pref },

e A - BiK, G — craTh, w — Bara, h —
3picT, RP — ofiMH i3 pe3y/nbTy04MX Iapa-
METPpiB, AKNII KOPUCTYBa4 33/]aB AK IIpio-
puteTHUit, pref — BIACHI BIOFOOAHHSA
JIIOIVHY LIOZIO0 CTaHY JiXKKa.

B pamkax mocmifpkeHHS po3pobieHa
MOJIeTIb JIDKKa, AKa Oy/ie BUKOPUCTaHa SAK
OCHOBA J/Il CUCTEMJ PO3YMHOIO JIDKKa.
YBecp Marpall, AKMII CTaHe YacTUHOIO
PO3YMHOTO JIiXKKa, CKIaJA€TbCA 3 OKpe-
Mmux OmoKiB (ikcoBaHOrO po3Mipy, sKi
KPIiIIATBCA 10 OCHOBM NTiXKKa. Ha ko>xHO-
My 3 TakMx O/lIOKiB 3akpimieHuir Mexa-
Hi3M IiHATTA i MOBOPOTY 610Ky y3H0BXK

TOBXXVMHM JI>KKa, BOHM PO3MillleHi Ha He-
3HAYHIN BiJICTaHi OJMH BiJI OFHOTO s
6inpiroi pyxamsocTi. OT)Ke, CTaH MDKKa
BJ3HAYAETHCA HACTYIHUM YMHOM:

B = fB (BHJ Bcr BHJ TBH) 5

me B - cran mogymku, B - cran ce-
penHix 67m0KiB, B, — cTan 670Ky MaTpaiy
mna Hir, T~ TeMmeparypa nikka.

[TapameTpn 610Ky-moOAyLUIKK Ta 6710-
Ky A/Is HIT BKIIOYAIOTh B cebe iH(opMa-
IIif0 TTPO BMUCOTY, KYT HAXMITy Ta M AKICTb
6710Ky, cepenHix O/10KiB — jIle BUCOTY
Ta M AKICTb.

OnrtumManbHMIT CTaH PO3YMHOTO JIiK-
Ka S MOXKHa 3HAIITH Ha 6asi

St = extremum Q(S),

Je NpUMHUMI onTuMisanii Q MoKHa
3a/laTy 3a JOIIOMOIO0 IIPOAYKIiIHOI MO-
JleJti:

Q={D,PM, V}

me D - po6oda o6macts mamsTi, 10
BUKOPUCTOBYETBCA [/l BUBOJY Ha CUCTe-
Mi mpopykuir; PM — cuctema npomyKILiit,
V — MexaHisM BUCHOBKY.

Cucrema
PM = {Pf 111 IIpefCTaBIIsie OO0
MHOXVHY ITPOJYKIIIA :

P,=A-B

nenepenymoBaA: ((<W>|<TC>|<BP>)
(BigHOIIeHH:) (3HaYeHH:)) [<omepaTop>
I

(BigHOmEHHA): { >, <, >=, <=, =},

(omeparop): { &&, || };

Hacmmok B: (<D> | <F> | <MP> |
<HA>) (Biporiguicts, %) [ && ...]...,

ne D (drowsiness) — commmsicth, F

ONPOAYKIIil
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(fatique) — Broma, MP (muscle pain) -
6inp y Mm’sa3ax, HA (headache) - rono-
BHUII 6i7b.

MexaHnisM BUCHOBKY V MOXe BMKO-
PUCTOBYBaTM HPUHLUI IPiOPUTETHOIO
BUOOpY, KU NOB>A3aHMII 3 BBEJeHHAM
CTaTMYHUX 200 IMHAMIYHNX IPIOPUTETIB
Ha npopykuii. CTatuyHi npioputeTn Mo-
XyTb ¢opMmyBaTuCs Ha ImifcTaBi Bifo-
MOCTEN IPO BaXK/IMBIiCTh NMPORYKIITHMX
mpaBu1 y wiit mpo6naemuoi obmacti. ITi
BiIOMOCTI, AK IPaBWIO, NPEACTaBIAITD
cob6oto iHdopMmaliio, 10 HATAETHCS eKC-
nepramu. [luHaMiuHi mpioputeTn BUpO-
Ons10TbCsL B Ipoleci (QyHKI[iOHYBaHHS
CHCTeMM MPOAYKLi i MOXYThb Bifobpa-
JKaTy, HapUKIIAZ, TaKui IapameTrp, fK
Yac 3HAXOKEHHS INPOAYKLii B Habopi
AKTUBHMX IIPOJYKIIiIL.

Otxe, B po60Ti OyI10 fOCTiHKEHO Ma-
pameTpu CHY, AKi MaloThb BIZIMB Ha JOTO
SKICTD, 3a/IEKHICTD IUX QaKTOPIB OfUH
Bix ogHoro. Ha 6asi uux YMHHUKIB po3-

pobeHO Mofienb KepyBaHHA PO3YMHUM
TKKOM, fAKa [03BOJAE ONTUMAaNbHUM
YI{HOM Ha/IarOJMTH IIapaMeTpH IKKa Ha
6a3i mpopykuiftHOI Mopeni HafaHHI
3HaHb. Po3pobena mopens Gyma peari-
30BaHa IiJi 9ac CTBOPEHHA IPOrpaMHOI
cucTeMy posyMmHoro mikka «Beddest»
INs IOCATHEHHS HAWKpAlIMX pe3y/nbTa-
TiB AKOCTI CHY.
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Vibration resistance of the machine
during cutting characterizes its ability to
resist the emergence of relative vibrations
of the tool and the workpiece, due to the
cutting process and external disturbance.
Therefore, increasing the vibration resist-
ance of the machine allows you to in-
crease the cutting conditions at an accept-
able level of relative vibrations of the part
and tool. The loss of vibration resistance
during turning in most cases is accompa-
nied by the emergence and development
of self-oscillations, which are due to: 1)
the presence of a coordinate connection
between the elastic displacement of the
tool and the part with the cutting process;
2) non-linear characteristics of the cut-
ting force depending on the cutting speed;
3) the inertia of the cutting process. The
negative consequences of self-oscillation
during cutting are: reduced stability and
destruction of the cutting tool; reduced
surface quality and accuracy of process-
ing; occurrence of harmful to the human
body high-frequency noise.

Among the known methods of im-
proving the vibration resistance of ma-

chines during cutting, we distinguish the
following: 1) ensuring rational values of
the elastic parameters of the machine car-
riage system, such as the orientation of
the main axes of stiffness and the ratio of
the coefficients between maximum and
minimum stiffness; 2) conditions for en-
suring a positive value of the static char-
acteristics of the tool system and parts,
which would lead to an elastic pressing of
the tool from the workpiece with increas-
ing cutting force; 3) improvement of dy-
namic quality indicators of forming units
of the machine by reducing their weight
and increasing damping in the machine
system.

In studies of scientist such as Kudi-
nov V.A,, Orlikov N. L., Zharkov I. G.
[1-2] it is noted that to ensure the vibra-
tion resistance of the carriage system of
the machine, its stiffness and main fre-
quency of the system should be as large
as possible in the direction of the cut-
ting force, and in other directions, the
stiffness and frequency of the system
natural oscillations should be less. The
orientation of the reduced principal
axes of stiffness and the ratio of the
maximum and minimum stiffness de-
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pends on the position coordinates of
system’s center of rigidity. For existing
machines that for their technological
capabilities allow processing on both
sides with respect to the axis of the
workpiece, increasing vibration resist-
ance of the processing is carried out by
changing the position of the center of
rigidity of the carriage with using addi-
tional tooling.

A mathematical model of the elastic
carriage system was created for theoreti-
cal research:

W)=t )
Le? + g +1
c 2
1
W,(s) 5 , )
2 M 5 By s 1
G G
Y(s)=W,(s) x,(s)+W,(s)-x,(s) 3)
and cutting process:
kp
Wnp (s) T—sl 4)

P

where k p - cutting parameters; Tp -
the time constant of the cutting
process. Y(s) - the resulting transfer
function of the equivalent elastic
carriage system of the lathe.
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This model is built in the graph-ana-
lytical system “Simulink” package “Mat-
Lab” (Fig.1) for identifying rational di-
rection of the axes of stiffness, in which
the vibration resistance of the system
will be high.

As a result of modeling the amplitude-
phase frequency characteristic is con-

structed (Fig.2) and transient impulse re-

sponse (Fig.3).

1 - when the depth of cutting
tr=2.5 mm and the angle =30° the axis of
rigidity orientation

2 - depth of cutting tr=2.5 mm and
the angle = -60°

1 - when the depth of cutting
tr=2.5 mm and p=30°

2 - when the depth of cutting tr
=2.5 mm Ta = -60°

The study revealed that the greatest vi-
bration resistance is observed when com-
bining the direction of the cutting axis with
the vector of action of the cutting force. The
actual task of the study is to analyze the
elastic parameters of the support of the lathe
by the finite element method, to identify
ways to upgrade its support with an increase
in vibration resistance during cutting.
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It is important to solve the problem of
increasing the the machine vibration re-
sistance, namely - to ensure the dynamic
system of the machine ability to resist the
self-oscillations appearance, which deter-
mines the turning performance. Self-os-
cillations adversely affect the quality of
the machined surface of the part and the
resistance of the cutting tool and are char-
acterized in that the forces that support
the constant vibrations of the system aris-
ing in the process of oscillation.

According to the “theory of coordinate
connection’, the physical nature of the
loss dynamic system stability of the ma-
chine with the subsequent occurrence of
self-oscillations is explained by the fact,
during the cutter movement in the cut-
ting force direction, with certain elastic
parameters of the machine support, the
chip thickness increases, and when mov-
ing in the opposite direction - decreases.
In this case, the cutting force increases
with increasing slice thickness and de-
creases with decreasing. Therefore, this
ambiguity in the change of cutting force
on the cutter movement relative to the
part leads to the establishment and in-
crease of the self-oscillations amplitude.

The dynamic system of the lathe car-
riage has many of its own forms of oscil-
lations (theoretically, their number is infi-
nite), for each of which it is possible to
distinguish ellipses of movements, the
directions of the main axes of which do
not coincide with the common machine
axes. However, intense self-oscillations
are carried out at a frequency correspond-
ing to the frequency of natural dominant
system oscillations, namely to the fre-
quency oscillation of the element or part,
in which the “coordinate connection” is
most manifested by the movement of the
cutting force. It is known that in the ma-
chines there are high-frequency oscilla-
tions corresponding to the frequency of
the natural own bending vibrations of the
cutter (2000-6000 Hz), and low-frequen-
cy corresponding to the natural own fre-
quencies of the carriage and spindle (200-
300 Hz). These fluctuations are spatial,
the cutting edge thus has a trajectory of
movement in the form of an ellipse.

The cutter self-oscillations differ in
the nature of occurrence: low-frequency
oscillations occur due to the existing
phase lag value of the cutting force from
the change in the area of the cut layer, and
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high-frequency - with phase advance.
The phenomenon of buckling is particu-
larly evident in machines with a poten-
tially unstable lathe carriage system,
namely, when the elastic carriage system
of the base machine has an irrational ori-
entation of the main axes of stiffness, for
example, during two-sided machining, or
when the carriage elastic system does not
have pronounced stiffness axes. In studies
of V. A. Kudinov [1] and Jiti Tlusty [3]
conclusions and recommendations on
how to increase vibration resistance of the
machine, namely the reduction of the ra-
dius vector of the amplitude-phase fre-
quency response of the lathe dominant
system is achieved by impact on the struc-
tural elements that determine the form of
oscillations at the frequency of oscillation.
Also, the vibration resistance of the lathe
depends not only on the stiffness of its
elastic system, but also on the orientation
of the main axes of stiffness relative to the
direction of the cutting force vector.
Among the practical recommenda-
tions for the elimination of self-oscilla-
tions in the lathe machining, which differ
little in shape, the following method is
known: set the cutter at a given angle to
the direction of movement of the carriage,
resulting from the action of the cutting
force in the elastic carriage system creates
a torque around the center of rigidity of
the elastic carriage system, which causes
the departure of the cutter from the work-
piece and further cutting force reduction.
At present, there are several constructive
solutions of tool holders with oriented ri-
gidity, the use of which was able to realize
a significant increase in vibration turning.

However, an important task is to conduct
theoretical and experimental studies of
the effect of elastic parameters rescue
time, namely the impact orientation of
centre of rigidity and the ratio between
the maximum and minimum values of
the rigidities in the directions of the prin-
cipal axes of vibration of the dynamic
system “carriage - tool holder - cutting
process — detail” dealt with at the depart-
ment of designing machine tools and
machines in Igor Sikorsky Kyiv Polytech-
nic Institute.

For theoretical studies developed a
mathematical model of a dynamic system
“carriage - tool holder - cutting process -
detail” taking into account the frequency
characteristics of the forming assemblies
for machines 1K62 and PAB 350, the
physical properties of the processed mate-
rial and cutting tool geometry. In the de-
velopment of the mathematical model,
the necessary assumptions were made:
the problem was solved in a certain fre-
quency range (100-1000 Hz), a mathe-
matical description of the dynamic car-
riage systems, tool holder and details, as a
one-mass system with two degrees of
freedom.

Such a simplification of the multi-
stage system is acceptable, because the
fluctuations at other frequencies during
cutting are not dominant and have little
influence on the “coordinate communica-
tion” processing. A simplified one-mass
mathematical model of a potentially un-
stable carriage system makes it possible to
conduct theoretical studies of the loss of
stability according to the Nyquist criteria,
since the amplitude-phase frequency re-
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sponse of this system, consisting of the
frequency (positive and negative) charac-
teristics of each of the two normal forms
of oscillations, crosses the negative part of
the real axis. According to the simulation
results of the general equivalent dynamic
system of the machine tools, it was found
that the use of a tool holder with an ori-
ented center of rigidity significantly in-
creases the vibration resistance of the
processing compared with the use of a
basic tool holder. The physical essence of
the influence of the tool holder system on
the dynamic quality of the potentially
unstable carriage system is as follows.
Partial systems of the carriage and tool
holder are related to each other, their mu-
tual influence is characterized by the co-
efficient of relatedness, which increases
when approaching the magnitude of the
natural own frequencies of each system.
Given the above property, oscillating
movements tool holder you can adjust the
direction and trajectory of the dominant
oscillations of the carriage system on one
of its own natural frequencies. So, when

the center of rigidity of the tool holder is
shifted at a given ratio between the maxi-
mum and minimum stiffness along the
main axes, the directions of vibrational
movements of the potentially unstable
system of the lathe carriage change in
such a way that it is possible to reduce the
negative influence of the “coordinate con-
nection” during cutting.

According to the simulation results,
the use of tool holder with oriented center
of rigidity significantly increases the pro-
ductivity of turning by increasing the
depth of cutting at an acceptable level of
stability of the lathe dynamic system at
8 dB, compared with a with a using stan-
dard completely rigid tool holder.
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The polygon connection or K-connec-
tion according to the principle of close to
prismatic, but the working surfaces are
formed spline curves, allowing you to
process them by grinding using epicyclic
or hypocyclic grinding mechanisms. In
foreign practice, the polygon connection
for the transmission of torque in the ma-
chine nodes, including in the speed boxes
of cars and machine tools, is widely used.

Among the advantages of using poly-
gon connection can be noted the possibil-
ity of precise machining of holes in the
hub grinding after heat treatment with
high hardness of the material. Polygon
connections are also characterized by
higher durability, especially at alternating
loads due to the absence of sharp profile
angles. The main advantage of the poly-
gon connection in comparison with the
traditional splined connection is the pos-
sibility of self-centering of the gear hub
relative to the shaft axis, which allows to
ensure the accuracy of the movable blocks
of the gears at long alternating loads.

A common disadvantage of all poly-
gon connections compared with splined
is a relatively large increase in the stress
on the crumple in the area of the convex-
ity of the surface of the shaft profile when
transmitting the same torque. Based on

this, the bearing capacity of the profile
connections in the transmission of torque
is lower than that of the splined connec-
tions, through which they are used only in
the nodes of machines of high accuracy at
relatively low loads.

The theoretical study of the bearing
capacity of the polygon connection in
comparison with the splined in the trans-
mission of torque with the determination
of the limit values of the stress on the
crumpling in the area of contact of the
shaft with the hub and the factor of safety.
To calculate and determine the distribu-
tion of contact deformations in the
splined and polygon connections in the
CAD system Autodesk Inventor, a simula-
tion of the gear drive using the studied
types of shaft connections is performed.
On the basis of the built assembly model,
a scheme and a model taking into account
the mobile contact in the studied com-
pound were created for the finite element
method calculation.

The simulation results in the form of
stress distribution diagrams of the splined
connection crumpling are shown in Fig.1,
a polygon connection in Fig.2.

Comparing the results of calculations,
namely, the maximum and minimum
values of stresses in the splined and poly-
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gon connection, with the same values of
diameter and length, it was found that the
maximum stress concentrations in the
polygon are lower in comparison with the
splined (o =84,4 MPa, o
=53,4 MPa).

Despite the results of the studied pow-
er characteristics of polygon connection
and its other operational advantages in
comparison with the splined in the frame-
work dealt with at the department of de-
signing machine tools and machines in
Igor Sikorsky Kyiv Polytechnic Institute,
the development of a turning device for
processing the profile shaft in conditions
of small-scale and single production is
carried out.

As a result of the patent search and
other scientific and technical materials,
the design was based on the development
of the german specialist Robert Mussel.
The scheme of a design of equipment is
presented on Fig.3.

The operation of the device is ex-
plained in the following. Main movement
the rotation of the grinding wheel 1 is set
by an electric motor 9 through a belt drive
to the spindle 2. The auxiliary motion is
set by an electric motor 8 and through a
set of gears 7 and an eccentric 5 sets the
reciprocating motion in the longitudinal
direction of the shaft 3, on which the
spindle of the grinding wheel is fixed in
the supports 4. Also, through the lever 6,
the eccentric sets the reciprocating mo-
tion of the grinding wheel in the trans-
verse direction. As a result of the imposi-
tion of two movements of the grinding
wheel performs relative to the axis of the
part moves in an ellipse. Through a set of

splined polygon

S

Fig.1 The calculated diagram of stresses in
the transmission of torque T=250N/m by
means of splined connection 8x42x48

Fig.2 The calculated diagram of stresses
in the transmission of torque T=250N/m
by means of p3g-polygon connection

gears 7 provides mutual movement of the
spindle of the grinding wheel and the
workpiece. The proposed design in the
framework of the thesis is modernized for
use on a lathe in the processing of profile
connection shafts.

Surface treatment of polygon shafts on
the machine with an additional device is
as follows. First, rough turning of the
round profile of the shaft using the turret
of the machine in accordance with the
control program of the CNC machine. To
perform the profile surface, an additional
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Fig.3 Scheme of tools for machining polygon shaft

milling spindle is used, which performs a
certain harmonic law of the return-grad-
ual movement of the cutter relative to the
axis of the workpiece according to the
control program of the CNC system.

The disadvantage of the nearest ana-
logue is the high cost of providing nu-
merical control of the transverse move-
ment of the additional milling spindle,
especially if the machine is not equipped
with a CNC system. Since the equipment

has significant dimensions, the process-
ing process is characterized by a low feed
rate of the cutting tool through the avail-
able inertial masses of the device.
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3 MeTOI0 IMiIBUIIEHHS SKOCTi OCBITU B
YKpaiHi Ta mifHATTA il piBHA 0O CBITOBMX
BUMOT, (axiBIji aHa/I3yI0Th TPOOIEMI BH-
K/IaJlaHHs1, HOPIBHIOKOYY 3J00YTKY BiTUM3-
HAHOI Ta 3apyObKHOI OCBiTH, MeTomM Ta
3aco6V BUKTA/IAHHSI PISHYUX AUCHMITTIH [1].
IIpore, crif 3a3Ha4MTyH, 11O HOCTKEHHA B
I[bOMY HampsMi OiIblile CTOCYIOTbCA MNC-
LVIVIH, SIKi BMBYAIOTh y OIMBIIOCTI Ha-
BUA/IbHVX 3aKyTafiB (2, 3]. AHanisyroun 3a-
coOM Ta MeTOM BUK/IAJaHHA TAKUX [VIC-
LUIUTiH, BapTO 3a3HAYMTY PiSHUI CTYIIiHb
3a/7IeKHOCTI BiJj MaTepiaJbHO-TEXHIYHOI
6a3n. Hanpuxiaz, BUK/IajaHHsI iHO3eMHIX
MOB, Ha BigMiHy Bif xiwmii, ¢isuku ToILIO,
noTpebye MeHIle 3aTpar Ha GOPMyBaHHs
MaTepiabHO-TeXHIYHOI 6as3n, mpoTe 6inb-
1€ yBary HPUAIAETbCA iHTEPaKTUBHUM
MeToaM HaBYaHHSA Ta BUKOPUCTaHHIO IT-
TeXHOIOri [2, 3]. OCTOPOHB 3a/IMIIAETHCS
npobneMa BMKIQAHHS AUCLUIUIH, IO
[OB’sI3aHi 3 IIATOTOBKOIO 3400yBaviB BH-
101 OCBITY IHXXEHEPHUX CIeLlia/IbHOCTEN,
30KpeMa TEXHOJIOTiB Xap4OBOI IIPOMUCTIO-
BOCTI.

Xmi6orekapchka Ta KOHIUTEPChKA ra-
JIy3i Xap4oBOl IPOMMC/IOBOCTI JMHAMIiY-

HO pO3BMBAIOTbCS, HAPOLIYIOUM 06CATU
BUPOOHMIITBA HPOAYKLil, 361ablIyI0Uun
ACOPTMMEHT Ta BIPOBA/XXYI0UM HOBiTHI
TEXHOJIOTi1 MPOAYKTIB JJiETMYHOTO, 03[0~
POBUO-IIPOGITAKTUYIHOrO IIPM3HAYECHHA.
be3yMoBHOI0 3aITOPyKOIO PO3SBUTKY Tany-
3 € 3abesIe4yeHHsA BMUCOKOKBamiikoBa-
HMMM KafipaMy, SAKi MalTbhb [JOCTaTHIiN
piB€Hb TEOpPETUYHOI MiJrOTOBKM Ta
NPAaKTUYHI HaBUYKM HOCTIJKEHHA PUH-
Ky, PO3pOOJIeHHs Ta BIPOBAKEHHS Y
BUPOOHMI[TBO HOBOI, KOHKYPEHTO3[IaT-
HOI TIPOAYKIII. Po6oropasii OYiKYIOTb,
mo6 momopmit daxiBelp He nuile MaB
TEOPETUYHI 3HAHHS, aJie 1 YMiB 3aCTOCO-
ByBartH ix Ha mpakrtuii. OcobmmBa yBara
NIPUJINIAETbCA HEOPAMHAPHOMY MMCIIEH-
HIO, TOTOBHOCTI PO3POO6/LATH I[OCh HOBE,
mo 3abesneynTh KOHKYPEHTO3IATHICTD
NIPOMLYKIII.

Bucoxuit piBeHb TeOpeTMUYHOI MiATo-
TOBKIM 13 3aranbHOI Ximii, 6ioximii, ¢disu-
KU, AVMCLUUIUTIH TIOB sI3aHUX 3 TEXHOJOTI-
€0 (6i0TeXHOMOTIYHI OCHOBYM Xap4OBUX
BUPOOHMIITB, Xap4oBi TeXHOJOril, po3-
PaxyHKM) Y Xap4OBUX TE€XHOJIOTifAX TOLIO)
3abesnevye MifIPYHTA NI NPOBENEHHA
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HayKOBMX JIOC/IiJPKEHb, aHa/li3y IIPOLECiB
Ta 3aKOHOMIpHOCTelT mepebiry TexXHomo-
rivaux npouecis. IIpore, Ha mpakTuii
PO3pobIeHHs HOBOI IPOAYKLil moTpebye
BMiHHA T€XHOJIOTA IIPAaBUIbHO 3aCTOCO-
ByBaTM HaOyTi 3HAHHA [IA BUpillleHHA
KOHKpeTHUX 3afad. Ilepen TexHomorom
TaKOX IIOCTA€ 3a/iaya CKIaJaHHA IOCITi-
TOBHOTO JITOPUTMY PO3POOIEHHA HOBOI
IPOAYKUil Ta IIOCTaB/IeHHs 11 Ha BUPOO-
HULTBO 3 MiHiMa/JIbHOIO 3aTPATOIO Yacy i
CUPOBUHHUX PeCypCiB.

Came Taky 3ajjauyy BUpillye OUCLIK-
wiiHa «TexHomoriuHe MozpemoBaHHA 60-
POLIHAHNX, KOHAMTEPCBKUX BUPOOIB i
Xap4YOKOHIIeHTpaTiB». I1if] yac BUBYeHHA
pucumitiny  3700yBaui Buioi OcCBiTH
POSITIANAIOTL METOMY MOJENIOBAHHA Ta
MPVHIUIN CTBOPEHHA HOBUX NPOJYKTiB
X/Ti60IIeKapChbKOro, KOHAUTEPCHKOTO, Ma-
KapOHHOTO Ta Xap4YOKOHIEHTPAaTHOTO
BUPOOHMITB. BanmBow TeMow € BuU-
BUCHHS IOPANKY pO3pOOIeHHsA Ta 3a-
TBEPJPKEHHA HOPMATMBHOI JOKYMeHTallii
Ha HOBIi IIPOYKTH, BIIPOBA/KEHH HOBOI
IpoAyKuil y BUpOOHUIITBO.

[Tporpama AMCHUIUTIHM Jja€ MOXK/IN-
BicTp chopmyBaty y 3000yBadiB BMILOL
OCBITM HAyKOBMII IiJXiJ [0 BUpilIEHHA
TEXHOJOTIYHMX 3afiad Py po3pobui Ta
BUPOOHMIITBI HOBUX IIPOAYKTIB Tramysi
[4], mormmbuT 3HAHHA IOLO OCHOBHUX
TEXHOJIOTIYHMX B/IACTUBOCTEN TPANIIiN-
HOI Ta HeTpaJyILiiiHOI CUpOBUHM i foba-
BOK [5], sIKi BUKOPVCTOBYIOTb Y Xap4o0Biit
HpOMUCIOBOCTIL. [yt pospobeHHs HO-
BUX IPOAYKTIB i3 3aJaHUM XiMi4HUM
CKJIaJlOoM JOLIIIbHO BUKOPUCTOBYBATU
Optima  [6].

Komrr'orepuuit kxommnekc «Optima»

KOMIIEKC ~ IpOrpamMu

pospobneHo B HamioHanbHOMY yHiBep-
CUTETi Xap4yOBMX TEXHOJIOTIN IIifi KepiB-
HunTBOM mpodecopa Apcennesoi JLIO.
[6]. Lle 3abe3meuye popmyBaHHsS y 370-
6yBadiB BUIIOI OCBITY 3HAHB, I[OfJO0 MOX-
NMMBUX NIJIAXiB PO3IIMPEHHA aCOPTUMEH-
Ty HPOAYKTIB, BUKOPUCTAaHHA HETpaju-
LiIHOI CMPOBMHU Ta XapyOBUX [OOABOK,
Ha sKOMy 0asyeTbcsi po3poOKa HOBMX
Xap4yOBMX IPOAYKTIB i3 3aJaHMMM CIIO-
SKVMBYVMU BIACTUBOCTAMMU.

IIpoTe, TeopeTnYHi 3HaHHA Ta NpPHU-
IyIIeHHs NOTPeOyoTh MepeBipku ix Ha
npaktuni. CaMe TyT mocrtae mpobnema
MaTepiarbHO-TeXHIYHOI 6asy BUILOTO
HaBYaJbHOTO 3aKnany. Ilposenenns no-
cIipKeHp morpebye 3abesredeHHs Cu-
POBMHOW, HIpwiIajaMy Ta XiMiYHMMU
peakTuBamMu. 3JOKpeMa HpOBENEeHHA
IpOoOHMX /1abOpPaTOPHUX BUIIIKAHb, BU-
3HA4YeHHsA IOKAa3HUKIiB SAKOCTi CUPOBHU-
HY, HaniBabpuKaTiB Ta TOTOBUX BUPO-
6iB 3700yBau BUIOI OCBiTM IIOBMHEH
HABYNUTUCA BM3HAYATM CaMOCTIIHO, B
nmaboparopii HaBYaIbHOrO 3aKaany. [
MPOBEJIEHHA CKIAJHUX eKCIIepUMeH-
TaJIbHUX JIOCTII>KeHb (aMiHOKVCIOTHO-
O CKJIafy, GopM 3B sI3Ky BOJIOTH 3 MaTe-
piajzloM TOIIO), ZOLINBHO YKIaJaTH yro-
IY IPO CIIBIPALIO0 3 NPOBiIHMMY Hay-
KOBO-JJOCHiJHUMM  yCTaHOBaMM Ta
abopaToOpisAMM.

I mpoBefieHHA 1abOpaTOPHUX PO-
6iT BMK/Ia[ady [OLi/IbHO IPOBORUTY iH-
TePaKTUBHi [i/OBi irpu 3 06roBopeHHIM
PesyNbTaTiB JOCII/[KEHb Ta MOXX/IMBUX
LIJIAXIB YIOCKOHAJIEHHs AKOCTi, CTAaBUTYU
mepeq, yJyacHMKaMM KOHKPETHi 3ajadvi,
IIiJ] Yac BUPINIEHHAX AKUX YYACHUKMU Jle-
MOHCTPYIOTb IPAKTUYHi HABYUKI.
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Ilig yac BUBYEHHS AVCHUIUIIHM 3[0-
6yBad OCBITYM BUKOPMCTOBYE TE€OPETUYHI
Ta MPaKTUYHI MeTOAM MOCTifXeHb. Ta-
KM YMHOM, OUCHUIITiHA « TeXHOIoTiuHe
MOJIeTIOBAHHST OOPOIIHAHNUX, KOHIUTEP-
CHKUX BUPOOIB Ta XapYOKOHI[EHTPATIB» €
IIiZICYMKOBO Ta KOMIUIEKCHOIO, CIIPUSE
HOKpALIEeHHIO  3[00yBa4iB BUIOT OCBITH
(MaitOyTHIX TEXHOJOTIB), MPAKTUIHUX
HABMYOK, PO3BUTKY 3LaTHOCTI O IMn60-
KO BCeOIYHOro aHasmisy mpobmemu pos-
pobreHHsT HOBOI IPOAYKIl Ta BIPOBa-
JPKEHHA 11y BMp06HI/IuTBo.

Jlitepatypa
1. Tlapaxnesuu A.O. IloemHaHHA cy4acHMX

METOJiB BUK/IQ[JaHHs 3 iHHOBALITHUMU

TEXHOJIOTiAMI y IIpOLieCi HaBYaHHA iHO-

3eMHOI MOBU CTY/IEHTiB TeXHIYHMX CIIeIli-

anbHOCTel /A.O. Ilapaxnesuy // Inumo-

MOBHA OCBiTa y BUIIi/l TeXHIUHill MIKOIi:

MeTofy, MifAX0oAu, TeXHoorii: Marepiann

V MiKHapopHOi HayK.-MeTOA. KOHQ.

30 >xoBTH:A 2015 poky.— C. 106-110
2. Cepux, O.JI. MeTofuKa BUK/IaflaHHsA PO3-

pobxn mpoexTiB y cepenosuini VISUAL

BASIC npu mifroroBii MaibyTHIX iHxe-

HepiB // Teopis Ta MeTommka HaBYaHHA

MaTeMaTuky, ¢isuku,
2013. T. 3. C. 154-159.
Yepennivenko, I. A. Mynbrumeniitni tex-
HOJIOTii y Ipo1eci BUK/IafaHHsA JUCINAIIII-
HI «iHO3€MHAa MOBa» Y BUIIMX TeXHIYHUX
HaBYa/IbHMX 3akmagax // Haykosi sammc-
xu, cepis «Ilemarorika». Tepromine: Tep-
HOTIibCHKUIT HAI[iOHA/TbHUI TIeJaroriv-
Huit yHiBepcuTert im. B. [HaTioka, 2011. Ne
4. C. 134- 138.

HayxoBi migxomm po momyky acopTu-
MEHTHMX Hill X/Ii60meKapcbKoro Bupo6-
"unrsa / B. M. Maxunbko, JI. B. Maxussb-
ko, O. M. Kosnp // Xpanenue u nepepa-
6otka 3epHa. — [uenpomerposck: OO0
NA «ATIK-3EPHO», 2010. N 1. C. 46-49
Ipob6or, B. I, Ipumenko A.M. Texnomno-
riYHi aclleKTH BMKOPMUCTAHHA OOpOIIHA
KPYIUSIHUX KY/IBTYP Y TeXHOJOTII 6e3rmio-
TeHoBOro xmiba // ObmagHaHHA Ta TEXHO-
jorii Xap4oBUX BUPOOHMIITB: TeMmar. 36.
Hayk. mp. / JIoHeII. HaIl. yH-T eKOHOMIKY i
toprieni iMm. M. Tyran-BapanoBcbkoro.
2013. By 30. C. 52-58.

Apcenpesa JI. J0. HaykoBe 06TpyHTYBaH-
HA Ta po3po06/IeHHsA TexHooril (yHKIio-
HaJIBHUX X/1i006y/I0YHMX BUPOOIB 3 poc-
JMHHUMM 6iTKaMM Ta MiKpOHY TPi€HTaMIL.
Aproped. auc. ... JOKTOpa TexH. HayK. K.,
2007. 50 c.

inpopmarukn.
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CUCTEMHUMI HIOXIO AK 3ACIB OIITUMI3AIIII ITPOILIECY
JIABOPATOPHUX ODOC/IIKEHD 3 ETEKTPOTEXHIKI

CxkpunHuk Onekciit

aCHCTEHT

HanjionanpHuit TexHiYHUI yHiBepcuTeT YKpaiHu

«KuiBcbknmit monitexniynmit inctutyT imeni Iropsa Cikopcbkoro»

Bemukos Ieopriit

CTYJIeHT

Harnionanpanii TeXHIYHMIT YHiBepcUTeT YKpaiHu

«KuiBcpkuit nomitexHivauit iHcTuTyT iMeHi Iropa Cikopcbkoro»

KnrouoBi cmoBa: cucreMHmI Mifxifl, OCBiTHIN pecypc, anpiopHa MoOfenb, YCIIill-
HiCTb, TEXHOJIOTIYHICTb.

3aBIsKYM MeTOZaM ONTMMAIbHOTO IUIAHYBAHHS Ta 0OpPOOKM HaHUX IPOrPaMHO-
arapaTHNIM KOMIUIEKCOM 3’sIBUJIACST MOX/IMBICTD 3pOOUTH Ta60paTOPHI JOCTIIKEHHS
3 eJIeKTPOTEeXHIiKM Oi1bII KOpeKTHUMM i ImbokuMu. BukopucranHa anapary cydac-
HOI Teopii cucreM, CUCTEMHUX IiJXiJl, B OCHOBY AKOI'O IIOK/IA[I€HO ITOHATTS (’10i31/11<0—
MaTeMaTHYHOI MOfe/i 00’ €KTY Yy IIPOLIECY, 10 HOCTIIKYEThCA, METOJIB eKCIIepUMeH-
Ta/IbHOI ITepeBipKM i yTOYHEHHS ITapaMeTpiB, JO3BOMSIE OTPUMATU CTATUCTUIHO-00-
IPYyHTOBaHI pesyabTaTU ROCTIMKEHb, AKi 6 YTOYHIOBAIM TEOPETUYHI IOMTOXKEHHS
OIIICY pealbHUX 00 eKTiB. 3a paXyHOK TAKOrO MiIXOy Ta BUKOPNUCTAHHIO METOLUK,
3aCHOBAHMX HA CUCTEMHOMY IMigxomi [2], 8’ABIA€TbCSI MOXIUBICTD 3abe3mednmTn
OL/IbIII BUCOKI ITOKa3HMKI SIKOCTI OCBITHIX PeCypCiB IIif 4ac IpoBefeHHs 1aboparop-
HUX TOCTi>KeHb.

OcHOBHMMM TIOKa3HMKaMM AKOCTi OCBIiTHIX pecypciB € YCHilIHICTb, BasifHiCTb,
HapiiHicT 1 TexHOMOriIYHICTD [1]. fIKicTh MabopaTropHOro obnafHaHHA i METOAUKY
IIPOBEeHHs TabOPATOPHUX LOCTIIKEHDb BI3HAYAETHCS HACTYIIHUMY KPUTEPIsIMH.

JloxanbHuit Kputepiit yenimmocti O :

m m m m

X, X, X, X.

1 1 1 1

il il il il
Oy p ,AKILO abo O, AKIIO

max

n n n
1’ XSi 2 Aymin
0’ XSi < A.ymin

KICTDb Y4HIB, Aymin — MIHIMaJ/IbHO TOITyCTMa OL1HKa, Aymax — MaKCMa/JIbHO MOX-

me X; = , X € [0, Aymax], X, - mepBuHHi 6amu yuHiB, 5, - Kimb-

JINBa OIiHKa.
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JlokanbHUI KpUTepiil TeXHONOTiy-
HOCTi o6magHanna Oy, :

L T a .
QTeh:Zki ki),
i=0

T -1 .
e kl_ =t -1, — KoedimieHT Tex-
HOJIOTiYHOCTI i-TO OCBiTHBOI'O peCypcy,

PucyHok 1 — BAX peauctopa k' e [OK 1]; k{ - xoedinient 3acBo-
€HHJ i-TO 3aBJIaHHS, t, - CTYIiHb TeX-
HOJIOTiYHOCTi OCBiTHIX pecypciB.

CTOCOBHO 10 3a/ja4i MOHITOPMHTY AKOCTi OCBIiTHIX pecypciB paH)XXyBaHHA piBHiB
3aCBOEHHA HABYA/IbHUX 1[i/Ieil BUKOHYETbCA 110 3POCTAHHIO PiBHA 3aCBOECHHA A Bij 1
mo 8 [1].

CyTHICTb CUCTEMHOTO MifIXOAy, K iHCTpyMeHTa ONTMUMisalil IUX KpUTepiis, mo-
JsiTae y BUKOPUCTAHHI i YTOUHEHi, 3a JaHUMM eKCIIepUMEeHTY 00’ €KTa JOCTiKeHHS,
MareMaTu4HOi Mopeni [3]. B TpapniiiiHiii moctaHOBI, HA OCHOBI 3araJIbHO MPUITHS-
Toro 3akoHy OMa, oninka RH omopy R BM3HauaeTbcA AK BiTHOLIEHHA MOKasiB U
BojbTMeTpa fio I ammepmerpa. TyT He BpaxoBaHO (yHHZAMeHTaJIbHY B/IACTUBICTH
00’€KTiB peasbHOro CBITY, [ie BCe 3 YCiM B3a€MOIIOB A3aHO.

B mocraHOBI, mOOynOBaHiil Ha OCHOBI CMCTEMHOTO IifXOAY, BCTAHOBTIOETHCH
anpiopHa (TeopeTHYHa) MOZENIb PE3UCTOPA, K 00'€KTA B SKOMY BCTYINA€ B IPOTH-
piuua 3axkom Oma U=R-I, R=const, i3 3akonom [Dxoyna-Jlenna

P I R, ne P - crana MIOTY>KHICTb, i PIBHAHHAM TEPMOIVHAMIKM
d do’
P=—Q=cm +K,,-S,, A6
dt dt s

ne Q — TeIoBa eHepris; 0°,c,m, K,,,S,, -mapamerpu pesucropa, BifmosinHo,
TeMIlepaTypa, TEIVIOEMHICTb, Maca, KOe]il[ieHT TeIIoBifadi, II0Ia OXOMOLKEHHSI.

0\ ~ 0 0
OxpiM 1BOTO R((9 )=R(90)'|:1+05A9 :', e o - TeMmepaTypHuii KoedirieHt
oropy. 3Bifici BMHMKA€ 3aKOHOMipHIiCTb, fIKa YyTOYHIO€ 3aKOH OMma:

U=R(I%0)1,
R(0°(1))=R(6°(0))-| 1+and|1-e™ || , __cm
ne , " K-S, - remosa
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PucyHok 2 — lNicTorpama 3HayeHb nokasHuka ycnilHocTi 6e3 BUKOPUCTaHHS (3niBa) Ta i3
BMKOPUCTaAHHAM CUCTEMHOrO Miaxoay (npaBopyy)
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PucyHok 3 — llicTorpama 3Ha4yeHb nokasHvKka TeXHOMOriYHOCTI 6e3 BUKOPUCTaHHSA (3niBa)
Ta i3 BUKOPUCTAHHSAM CUCTEMHOTO nigxony (npaBopy4)

crama wacy; A@° - ycranene suavenns npupocty @°. AGo B ycTaneHOMy pexumi
R(62)=R(6;)[1+n-1],

0
@)

ne K, -S,, -mnapamerp (Bu3sHayae HemiHiliHMit BB CTpyMy I Ha omip R).

Jari, po3riafarodn pe3sucTop K HeMiHITHNIT JMHAMIYHNI 06 €KT, Ha OCHOBI MeTO-
IiB MaTeMaTM4YHOI CTaTMCTUKM, HNIJIAXOM ONTHMMA/IbHOTO IJIAHYBaHHA €KCIIEPUMEHTY
(ximbxicTs gocminis ans [, (puc.1))i J*, 32 AKOTO MAEMO MaKCUMA/TbHY PISHIINIO MiX
JIiHIHOIO 1 HeJiHIIHOI BOJIBT-AMIIEPHMMM XapaKTEPUCTUKAMM, BU3HAYAETHCA Iapa-
METp 77, 3HAYYLIICTD SIKOTO IepeBipseThes 3a t-Kputepiem CTbIOfIEHTa i TPUITMAETHCSA
i3 3a/JaHOIO JOCTOBIPHICTIO TillOTe3a PO JIiHIHICTh YK HEMHIHICTD pe3sucTopa.

CraTvcTUYHMIT aHA/TI3 eKCIIePUMEHTAbHIX JAHUX i3 IBOX KYPCiB [/ HaBYa/IbHUX
rpyi 6e3 BUKOPMCTAHHS HOBIX METOAMVK [I0KA3aB, 1110 Aialla30H 3MiHU 3HAYEHb JIOKAIb-
HOTO KPUTEPII0 QUSP 3HaXOIMUThCA B iHTepBari Bif 0,0454 mo 1, a 111 HaBYaTbHMX TPYTI
3 BUKOPNMCTaHHsA HOBJMX METO[VK II0OKa3aB, IO Mialla30H 3MiHM 3HaYeHb JIOKa/JbHOTO
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KpUTEPito QUSP 3HaXoAUTbcA B iHTepBani Bif 0,0845 mo 1. lNcrorpama emmipuyHOro
posmofiny GakTUYHMX 3HAUYeHb IIOKA3HMKIB YCHIIIHOCTI mpefcTaBieHa Ha puc.2. 3a
TicTOrpaMaMy MOYXKHA CTBEPIPKYBATH, 110 OTPYMAHO IiBUILEHHA PiBHA YCHIIIHOCT.
3rigao puc.3 ms GaKTUIHUX 3HAYEHb TOKA3HMKA TEXHOMOTIYHOCTI [/ HaBYa/Ib-
HIUX TPYII JBOX KypCiB 63 BIUKOPMCTAHHS HOBUX METOLVUK CIOCTEPIra€ThCs TEH/EH-
11is1 10 HU3bKMX 3HAYEeHb KoedilieHTiB TexHOMOriaHOCTI k7. [laHa cuTyanis o6ymoBie-
Ha IepeBaXHOI PyYHOI 0OpOOKOI0 pe3y/nbTaTiB HaBYaHHA. Dinbll BUCOKWIT piBeHb
TEXHOJIOTIYHOCTI [/Is1 HAaBYA/IbHYX IPYII 3 BUKOPUCTAHHS HOBUX METONUK 06yMOBIIe-
HUJI IepeBa)XKHO aBTOMATM30BAHOW OOPOOKOI0, a piBeHb 3aCBOEHHS 3aBNAaHHI O
3HAXOAUTBHCA B MeXax Bif 5.3 o 7.5. OckinbKu cepefHeE & NOPiBHIOE 6.76, TO MOXKHA
CTBEPIPKYBATH, 0 OTPMMAHO Mi/IBUIEHHA PiBHA 3aCBOEHHA JJAHOTO KypCYy.

Takuit cucTeMHMIT MiAXiZ JO MPOBefeHHs Tab0paTOPHUX JOCTIKEHDb T03BOJISIE
HabaraTo ruble TOCTITUTY BiAIOBITHMIL 06’€KT i, IK HACIIIOK, OTPUMATI CYTTEBO
Kpallli IOKa3HMKY YCIIIIHOCT] Ta TeXHOTOTTYHOCTI SKOCTI TabopaTopHux ob6Ia HaAH-
Hs 1 TOCTiIKeHH .

Jlireparypa
1. Jandenxo A. JI. PazpaboTka KOMIUIEKCHOTO KpUTepHs KauecTBa 00pa3oBaTe/IbHBIX pecyp-

coB / A.JI. Tanuenko, B. A. Ynpumn // Bicauk CHY im. B. Tamsa. —2012. - Ne 4 (175). - C.

117-122.

2. Camconos B. B. CucteMHuuit mifixis 10 po3po6xu Mogieni KepyBaHHA IIPOLIECOM HaBYaHHA /

B. B. Camconos, A. M. Cimpectpos, O. M. Ckpunnnk // Haykosi npani HYXT. - 2010.

- Ne32. - C. 104-106.

3. CinpectpoB A. M. Po3BuTox MeTouuHOro 3abesnedeHHs naboparopHux pobir 3 Teope-

TUYHOI eIeKTPOTeXHiKM Ta eneKTpudnHux MamuH / A. M. CinpBectpos, H. I. IloBoposHIoK,

JI. 1O. Cninyrn, O. M. CkpunHnuk // EnexrporexHiusi Ta KoM 1orepHi cucremn. — 2011, — Ne
3. - C. 490-492.
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ITEHTU®IKALIA ETEKTPOTEXHIYHIX OB’EKTIB

CxkpunHUK Onexciit

ACUCTEHT

HanjionanpHuit TeXHiYHUI yHiBEpCUTET YKpaiHu

«KuiBcbknit monitexniunmii inctutyT imeni Irops Cikopcbkoro»

Benjukos Ieopriii

CTY[IeHT

Harnionanpbauii TeXHIYHMIT YHiBEpCcUTET YKpaiHu

«KuiBcpknit nonitexHigyauit inctuTyT iMeHi Iropa Cikopcbkoro»

Kirouosi croBa: inenrudikanisa, QyHKIiA, anmpokcuMalisa, MOfieb.

BunukueHHs Teopii imenTudikarii, sk MarematiyHol popmanisarii mpuIMHHO-
HACIIiIKOBNUX 3B’5I3KIB Y 00’ €KTaxX peaspHOTO CBITY Mae JaBHIO icTopito. IIpore i 3apas
He MO)KHA CTBEPKYBATH, LIO 151 TEOPist 0CTaTOYHO copMOBaHa i 1i 3aCTOCyBaHHA 1O
00’€KTiB peabHOrO CBITY 3aBX/a1 KopekTHO [1]. BinmosifHo fo ¢yHmamenTanpumx
KaTteropiit ¢inocodii, cBiT HeckiHYeHHOMipHUII, Bce i3 BciM B3aeMO3B’fA3aHe
6e3rocepelHbO 260 OIOCEPEKOBAHO. YMOBHO Iie MOXKHA IIPe[CTaBUTYU PiBHAHHAM

P 3= fo(X,), \* MERGEFORMAT (1)

fie X, — HeCKiHYeHHO-MipHa BeKTOP-QYHKIIiA SMiHHMX, ¥ — MIBUAKICTD 3MiHM

X, Yy BifmosigHOCTi i3 yHKIIi€I0 3aranbHOrO B3a€EMO3B A3Ky £, . BHacTifok 3aramb-

HOTO B3a€MO3B 513Ky f, KOMIIOHEHT x, HeCKiHUeHHOMIpHOI BeKTop-(PyHKIIii, cucrema

(d.1) Hecrifika, a 3aranbHMIT B3a€EMO3B’A30K £, (HABIiTH AKIIO BiH CTanmit) HemisHa-

Huit. Toxi Ha oOMeXxeHOMY AiamnasoHi i KIIbKOCTI 3MIHHUX MOXK/IMBaA OOY/OBA JnIie
Hab/VDKEHOI CKiHYeHHOBUMIPHOI Mofieti BUIY

)= f ( X ) Ie X - BeKTOop-QYHKIiA KiHIIeBUX 3MIHHUX B 0OMeXeHiit 0671acTi,
X — moxigHa.

3a pesynbTaTaMy eKCIIePUMEHTAIBHOTO NOCIIKeHHs oTpuMaHo (puc.l) samex-
HOCTi BaroBoi iHTEHCMBHOCTi 3HOLITYBaHb

K, =10’ -AV~(S,€L)’1, Ie AV - Barope 3HOUIYBAaHHS; S, — IUIONIA KOHTAKTY; [ —
LIIAX TePTs, Bifj IMTOMOTO HAaBaHTKEHHS p Ta WIBUAKOCTI KOB3AHHA j YA Hif-
HMINMITHYKIB KoB3aHHA 3i crami 30XT'CA, mo npaiiooTh B HOTY>KHUX €l1eKTpOMalln-
Hax.

Ipadiuni 3anexxHoCTi (TOUKM Ha puc.l) mMOTPeOYIOTh MOFAIBIIOI AIPOKCUMAILT
cTeneHeBUM NomiHOMoM. OfHAK, SAKIIO CTElliHb IOTiHOMA JOCUTD BIUCOKA, TO B IIPO-
MDKKaX MDK AMCKpeTaMm BUMIpiB MOXKYTb OyTI CyTTEBI Iy/Ibcallii, a 11 HeBUCOKOL
creneHi - cyTTeBi moxmbku ampokcumarnii. Ilo6 3abesmeuntn 6Ga’kaHy TOYHICTDH
alpoKcuMalii HeliHifHICTD f (x) OIVCYIOTh KYCKOBO-aHA/JIITUYHMMM MOJENAMU 3
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PucyHok 2— EkcnepvMeHTanbHi AaHi 3aneXHOCTi iIH-TEHCMBHOCTI 3HOLLYBAHHSA Bif MUTOMO-
ro HaBaHTaXXEHHS Ta iX anpokcMMaLlis

JIOTiKOI0 IIepexofy Bif omHiel o6macTi o CycifHbOI 3a HOIOMOro0 HeI/IaJKIX CeIeK-
TUBHMUX CirHyM-¢yHKuiit. Lle ycxmagHioe mopanplie ix gudepeHIiloBaHHs B TOYKaX
nepexaodyeHHA. CyTHiCTb MeTopy [2] ommcy HellapaMeTpUYHMX MOZEJIeil mapame-
TPUYHUMI, AHAJIITUYHMMI B YCbOMY Jlialla30Hi 3MiHM X, IIOJIATAE B 3aCTOCYBaHHI [/
KYCKOBO-aHa/TITUYHIX MOJeJIeN 3aMiCTh CiIrHyM-QyHKUiN Iagkux (gndepeHinos-
HUX) CeJIEKTUBHMX QYHKIIN, MOTIOHMX 1O YaCTOTHUX (IIBTPIB, SKIO 3aMiCTh YaCTO-
T Matu 3MinHy x. Topi ananituanmit Bupas f(x) Habysae BUIIAAY:

n

f(x)Zgﬂ[(x)'fi(x), me fl.(x) — IIPOCTi i ZOCUTH TOYHI NOKaMbHI Mozerni f(x),
xe[xH,x,.]>
n;(x) — aHamiTMYHI ANA BCHOTO AianasoHy CENEKTUBHI LA iHTepBany [x._, x|
(U
T+ (/%) 1+(x/x)"

Ha puc.2 HaBeneHo (HenepepBHi JIiHii) pe3y/IbraTi BUKOPUCTAHHA METORY KYCKO-

ynxuii, Hanpuknan: n,(x)=

BO-aHAJITMYHOI aIlpOKCUMAILl 3 BUKOPUCTAHHAM CENTeKTUBHUX QYHKIIN, e 3amex-
HoCTi K (P, V) Habynyu HACTYIHOTO aHA/ITUYHOTO MPENCTABIeHHSA:

K,(P.V)=|(ay-P+a)-n(P)+(by- P+by-P*+b)my(P)] )
f€ a,=0.0113+0.0004-V, ay =1.41-1.77-¥ +1.129-7%,
b =—3.049+3.422.V, b, =0.222-0.37-V, b, =0.011-V,

81



MONOGRAFIA POKONFERENCYJNA

-1 -1
n(P)=14:10"-(z*+14.10") " m,(P)=z*(z* +1.4-10")
OrpumaHa 3anexHicTb ((.2) 3IIafKye HETOYHI TOUYKOBI JaHi i Ja€ MOXK/IUBICTD
CrIporHosyBaTu K, B 00IaCTi aBapiifHUX PeXXUMIB.

Jlitepatypa
1. Camconos B.B., CimpBectpoB A.M. Hapucu 3 teopii inenrudikanii. K.: HYXT, 2012.. -
222c.
2. CimpectpoB A.M., Ckpurnuk O.M., Kpnsob6oka I.I. 3actocyBanust Teopii ¢pinbrpiB s
aHAJITIYHOTO OINMCY JIOTiKO-aHATITUYHMX 3anexxHocTelt // Haykosi Bicti HTYY “KIII.
2013. Ne2. C. 64-69.
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DIFFERENSIAL TENGLAMALAR TUSHUNCHASIGA OLIB
KELUVCHI BAZI MASALALAR DOLZARBLIGI

Hebmarosa [llaxnoxon AxmMagKoH Kusu, Amupmarosa Epkinoit

MaxkaMoBHa

O’zbekiston Xalgaro Islom Akademiyasi akademik litseyi oqituvchilari
(Axapgemuyeckuit muueit mpu MexxpyHaponHoit Vcmamckmit AkageMun

Ys6ekucrana)

Annotatsiya: Ushbu maqolada differensial tenglamalar, differensial tenglamalar naz-
ariyasining sodda tushunchalari, xususan, oddiy differensial tenglamalar haqida
umumiy tushunchalar, differensial tenglamalar tushunchasiga olib keluvchi masalalarga

alohida etibor berilgan.

Kalit so’zlari: differensial tenglama, hosila, parabola, uzluksiz funksiya.

Matematika va uning turli amaliy
tadbiglarida nomalum ornida funksi-
yalar va ularning hosilalari (yoki differ-
ensiali) qatnashadigan tenglamalarni
organishga duch kelamiz.
tenglamalarni differensial tenglamalar
deb ataladi. Differensial tenglamada izla-
nayotgan noma’lum funksiya faqat bitta
erkli o0'zgaruvchiga (argumentga) bog*lik
bo’lsa, bunday tenglamani oddiy diferen-
sial tenglama deyiladi. Biz kelgusida
asosan oddiy differensial tenglamalar bi-

Bunday

lan ish koramiz.

Differensial tenglamalardan ozbek ti-
lida ilk darslik akademik T.N. Qori-Ni-
yoziy tomonidan otgan asrning 40-yil-
larida yozilgan. Hozirgi zamon talablariga
javob beradigan differensial tenglamalar
nazariyasini amaliy masalalarni yechishga
tadbik etilishi ham bayon etilgan darslik
akademik M.S. Saloxiddinov va prof.
G.N. Nasriddinovlar tomonidan (Tosh-
kent, «O’zbekiston», 1994 y) chop etilgan.

Differensial tenglamaga kirgan hosi-
laning yuqori tartibiga shu tenglamaning
tartibi deyiladi.

Nomalum funksiyaning birinchi tartibli
hosilasini (yoki birinchi tartibli differensi-
alini) oz ichiga olgan tenglamaga birinchi
tartibli differensial tenglama deyiladi, agar
differensial tenglama tarkibiga nomalum
funksyasining ikkinchi tartibli hosilasidan
yuqori tartibli hosilasini olmasa, bunday
tenglamaga ikkinchi tartibli differensial
tenglama deyiladi. Masalan, y'=2x, xdy
+ydx=0 tenglamalar birinchi tartibli,
y’=sinx, y’-5y=0 tenglamalar esa ikkinchi
tartibli differensial tenglamalar hisoblanadi.

Differensial tenglamaning yechimi
deb, uni ayniyatga aylantiruvchi har qan-
day y=¢(x), xeX funksiyasiga aytiladi,
y=¢(x) funksiyaning grafigiga shu tengla-
maning integral egri chizigi (qisqacha in-
tegral chizig’i) deyiladi. Masalan, y1 =x2,
y2 =x2 -1, xeR funksiyalar y'=2x, (1)
tenglamaning yechimlaridan iboratdir,
chunki y1'=(x2) '=2x,

y2'=(x2-1) '=2x, hosilalar (1) tenla-
mani xeR da ayniyatga aylantiradi.
Ravshanki, agar differensial tenglamalar
yechimga ega bolsa, ular cheksiz ko’p
boladi.
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Chunonchi, y=x2 +C, (2) (C- ixtiyoriy
ozgarmas haqiqiy son) korinishdagi
funksiyalar to’plami (ya'ni, parabola egri
chiziqlar oilasi) (1) tenglamaning barcha
yechimlarini o0z ichiga oladi, (2) ni (1)
tenglamaning umumiy yechimi (yoki
umumiy integrali) deb ham aytiladi. (2)
dan korinadiki, birinchi tartibli differen-
sial tenglamaning (xususan (1) ning)
umumiy yechimi bitta ixtiyoriy o'zgarmas
miqdorni oz ichiga oladi. (2) dagi C ga
aniq qiymatlar berish natijasida unga mos
turli yechimlar hosil qilinadi, bunday
yechimlarga (1) ning xususiy yechimlari
deb yuritiladi.

Bazan xususiy yechimlarni topish
uchun qoshimcha shartlar yoki «boshlan-
gich shartlar» deb ataluvchi shartlar ber-
iladi. Masalan, (1) ni barcha yechimlari
(2) parabola egri chiziqlar oilasidan iborat
ekanligini kordik, endi shu oiladan A(1;2)
nuqtadan o’tuvchisini, yani x=1 da y=2 ga
teng; y(1)=2 yoki boshlangich shartni
qanoatlantiruvchi hususiy yechimni to-
pish talab etilsa, (2) dan 2=12 +C yoki
C=1 bolib, C ni bu giymatini (2) ga quy-
sak y=x2 +1 parabolani hosil gilamiz.
Ravshanki, bu parabola (1) ni yechimi va
u A(1;2) nuqtadan o'tadi. y=x2 +1 parab-
ola (2) umumiy yechimdan C=1 giymat-
da hosil bo’ldi, bu (1) ning hususiy yechi-
mi hisoblanadi. Agar boshqa nuqta,

B(-2;3) dan o’tuvchi yoki
boshlang“ich shartni qanoatlantiruvchi
xususiy yechim izlansa, C= -1 ni topib, (1)
ni y=x2 -1 boshqa bir xususiy yechimni
hosil qilamiz va hokazo.
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