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T.B. CeniBbopcToBa, B.IO. CeniBbopcToB, O.]1. UepHOB
OCOBJIMBOCTI PEAJII3AIIII TPA®IYHOTO IHTEPAKTUBHOTO
ITPOBOTO JOJOATKY IJisI O3HAMOMJIEHHSA 3 TEXHOJIOTIEIO
TA3O0JUHAMIUYHOTI'O BIIJIUBY HA PO3IIJIAB B JIUBAPHIN ®OPMI

AHomayis. Cmamms npucss4yeHa po3pobyi THMepaKmusHo20 2pagiyHo20 12poso2o 000amKy
01 03HAUOMMIeHHA 3 0CO6IUBOCMAMU HOBUX IUBAPHUX MeXHOJI02Ti, W0 6a3yeMbCA HA peaysbo-
BAHOMY 2a300UHAMIYHO20 BNUBY HA PO3NJaAB 8 NUBAPHIL ¢opmi nid yac meepdiHHA. Ocobuso-
Cmi HaB4YabHO20 Npoyecy npu nid20mosyi cneyianicmis 8 2ay3i Memanypaii, 8 momy Yyucai au-
BAPHUKIB, Nnepedbayae HasBHICMb IPyHMOBHOI He MIifbKU meopemuy4Hoi I NnpaKmMuyHoi niczcomo-
BKU, AKAa 30ilCHIOEMbCS B8 pamkax ausapHoi nabopamopii. OCHaweHHs Cy4yacHoi nusapHoi nabo-
pamopii 8uMazae cymmesux BKAAOeHb B8 00/A0HAHHA, Mamepiaau, KpiMm mozo OesKi JNUBAPHI
mexHo1021i He MoXymb 6ymu adanmosaHi 00 HABYASIbLHO20 NPOCMOPY, Ue CMOCYEMbCA 1 MexHo-
710211 2a300UHAMIYHO20 BNAUBY HA pO3Naas 8 AUBAPHIU ¢opmi. Kpim mozo, 3acmocysaHHa 2pa-
(iYH020 THMEPaKMUBHO20 12p0B020 IMIMAMOPa AUBAPHOI MexHOM021i 2a300UHAMIYHO20 BNIUBY
Ha po3nsias 8 NUBAPHIL (hopMi MAE He3aNepeyHT nepcnekmusuU 8 pAMKAx HABYAJIbHO20 NPoyecy,
ocobsusy 8 ymosax naHoemii COVID-19. Tomy po3pobKka epagiyHo2o iHMepakmusHo20 i2p0802o
dodamky 0n 03HaLOMAEHHA 3 0CO6/UBOCMAMU HOBOI UBAPHOT MEXHOM02IT € AKMYAbHOK
3adavero.

Knoyosi cnosa: 3D, 3D, modens, epaghika, 2pa, eKweH, 1umso, mexHoN02iA, AKICMb, BUIU-

BOK, po3nJjias, 2as, snjus.

Berym. B Hamt yac rocTpo 1ocrae nuTaHHS OUCTAHLIHOIO HaBYaHHS, aJarTa-
11ii HaBYAJbHUX TTPOTpaM Jj1s1 3ab6e3medeHHsT e(heKTUBHOTO OCBiTHBOTO Tipoliecy [1].
Oco6MMBO 1€ CTOCYEThCS TUX Taly3eii, sIki MOTPeOyloTh HAOUHOCTI Ta IMPAKTUKM,
OKpiM TeopeTUUHMX 3HaHb. Ile Taki raaysi SIK MeauIMHa, iHKeHepisl, BUPOOHUIITBO,
30Kpema, JTuBapHe, Ta 6araTo iHmmx. 151 eeKTUBHOTO HaBYaHHS CTyJeHTaM Heoo0-
XigHO OYTM MPUCYTHIMM Ha BUPOOHUIITBI UM HA MPAKTUKYMi, IKMIi BaXKKO OpPraHisy-
BaTU 3 ypaxyBaHHSIM KapaHTMHHUX BUMOT [2]. IHTepakTuBHi rpadiuni 3acobu gaoTh
3MOTY CTyIeHTaM (YUHSIM) HAOUHO BUBUYATY OYIb-sSIKMIT TEXHOJOTiIYHMI TTPOIleC B pi-
BHMX YMOBax, 0COO/IMBO 1ie BaskKIMBO B yMmoBax maHgemii COVID-19.

JIuBapHi TexHOJOrii BXOASITh B LMK MpodeciitHOI MifrOTOBKM CIIeliaiCTiB

HampsIMy «MeTayprisi», TOMY 3aCTOCYBaHHSI BipTya/ibHUX IpadiuHMX iMiTaTOpiB M-
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BapHUX TEXHOJIOTi € BaXXJIMBUM MUTAHHSIM IpPU IiATOTOBI CTYAEHTIB Ta Iepemij-
TOTOBLi Ta MigBUIIeHHi KBamidikamii poboumm kKampam. JIuBecudikalliss HaOUHUX
3aCc00iB HaBYaHHS aCTh MOXJ/IMBICTb O3HAMOMMUTHU CIIEIiaiCTiB 3 HOBUMMM JIMBAp-
HMMM TEXHOJIOTisIMM, peastisallis SKuX B JJabopaTOpHMX YMOBaxX BKpaii yCcKiIazeHa,
ab0 30BCiM He MOSK/INBA.

B poboTi posrasmaeTbcs mpoleaypa po3pooKu clieHapiio B3aemozii rpadiuHo-
ro irpoBOro OTOUEHHS 3 IpaBlleM Ta peaJisailii rpadiyHOro iHTepakKTUBHOIO irpoBO-
ro JOJATKy, 110 JeMOHCTPY€E TEXHOJIOTil0 ra3oqMHaMiuyHOrO BIUIMBY Ha pO3IUIaB B
nuBapHii dopmi [3].

AnHayi3 crany nutaHHs. Ha cyyacHoMy eTari po3BUTKY iHGOpMalliiiHOTo cyc-
MMiJIbCTBA HA PMHOK OCBiTM aKTMBHO BUXOJSTH ITPOBi OCBiTHi TexHoJorii. [Tlepcriek-
TUBHICTb 3aCTOCYBaHHS OCBiTHIX KOMII'IOTepHMX irop 06yMoOB/ieHa HaCTyITHUMM (a-
KTOpaMM: OCBIiTHS I'pa, SIK IiaTdopma [Jisi aKTMBHOTO HaBUaHHS; CTUMYJIIOBAHHS i
MiATPMMKA iHTepecy 0 HaBYaHHS ; CUTYyalliliHe 6araTcTBO OCBIiTHiX irop. Y Ternepini-
Hili yac B YKpaiHi irpoBuit miaxig oTpuMaB 3HaYHe MOUIMPEHHS B paMKax IIKUJIbHO1
OCBiTH, TIPOTE 3aCTOCYBAaHHS IrPOBUX OCBITHIX TEXHOJIOTIN y 3aKIaAax BUIOI OCBITU
Ta npodeciiiHux HaBYaJIbHUX 3aK1afax He HabyJI0 MYPOKOTro PO3MOBCIOIKEHHS.

BUK/INKY CbOTOMIEHHSI TOTPEOYIOTh PO3MIMPEHHSI MYIbTUMEITHMX 3aC00iB Ha-
BUaHHS, 1Ie MOB’s13aHO 3 nomupeHHsIM naHgemii COVID-19 Ta BumyliieHUM Iepexo-
IIOM 10 OHJIaiH NpocTopy noHaz 80% HaBUaIbLHOTO MPOLeCy Y 3aKjlaaxX BUILOI OCBi-
TU Ta npodeciiiHuX HaBUIbHMUX 3akiafgax YKpainu. CBiTOBUIi MOCBiA A€MOHCTpYE
3HauYHe 3POCTaHHS KiJIbKOCTI MYJbTUMEZITHOTO KOHTEHTY B OCBITHbOMY IIPOILieCi,
0CO0JIMBO B HamNpsIMKaxX HAOYTTS MPAaKTUUHUX HAaBMUOK IPU MPOBEJEHHi, 30KpeMa,
7nabopaTOpHMX 3aHATh. AHAJII3 JIiTEpaTypy I03BOJINUB 3pOOUTHU BUCHOBOK, IIIO 3aCTO-
CyBaHHS irpOBOTO MiIXOAy Ma€ 3HauUHe MOUIMPEHHS B I'yMaHiTapHil cdepi, mpukia-
IOM I[bOTO MOXXYTb CJTYSKUTU TaKi poekTu ik AXMA Story Maker.

B maumii yac BimbyBaeThcs mepexin Bim e-Learning mo SMART e-Learning i
Smart Education. Konnerniiiss SMART-0CBiTU — THYUKICTb, 1110 Iepe0aya€e HassBHICTb
BeJIMKO1 KUJIBKOCTI MIKepes, MaKCUMMabHOI Pi3HOMAHITHOCTI MyJbTUMe[ia, 34aT-
HiCTb IIBUIKO i MPOCTO HAJAIITOBYETHCS ITiJI piBeHb i MOTpebu ciryxaua.

[TinroroBka 6akajaBpiB i MaricTpiB creniajbHOCTI 136-MeTanyprisg 3a HasiB-
HMMM OCBiTHbO-MIIpOdeciitHMMM ITporpaMaM¥m IiITOTOBKY IMOTPebye 3HAUHOI KiJIbKO-
CTi JJabopaTOpHUX Ta MPAKTUUYHMUX 3aHSTh, 110 GOPMYIOTh KOMITETEHIIii 10 OCBITHIX
nporpamax. Kpim toro, aucumnmiiai ¢axoBOi IMiATOTOBKM IOTPeOYIOTh O3HAOM-
JIeHHsI Ta BUBUYEHHS HOBUX MPOQiIbHUX TEXHOJOTiYHUX MPOIECiB, O SKUX BiIHO-

CUTBCSI, 30KpeMa, TeXHOJIOTiSI Ta30IMHAMiYHOTO BIUIMBY Ha PO3IJIaB B JIMBapHii ¢o-
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pMi [3]. [IpoTe, muTaHHS BIPOBAIKEHHS CydyacHUX TpadiuHuX irpOBUX TE€XHOJIOTi B
HaBYaJIbHUII MIPOLIeC OCBITHbO-MPOdeciiiHuX Mporpam IMiAroTOBKM 3a3Ha4eHOi CIie-
1IiaJIbHOCTI, K i 6araTbOX iHIINMX, HA TeMNepillIHiil Jyac Ie He HabyaM iCTOTHOTrO I10-
IIMpPEHHS y BUIIaX YKpaiHMu.

MeTo10 po060TH € pO3pobUTH clieHapii B3aeMopii rpagiuyHoro irpoBoro oro-
YeHHS 3 TpaBlieM Ta peasisyBaTy rpadiuHuii iHTepakKTUBHMIA iTPOBUIT JOAATOK, 110
JIIeMOHCTPYE TEeXHOJIOTil0 ra30IMHaMiYHOTO BIIMBY Ha pO3IUIaB B JIMBaApHiii ¢opmi,
10 MOXKe MPUBECTU [0 IMiABUILIEHHS SIKOCTI IMTiATOTOBKM Ta IEPeIiAroTOBKY iHXeHe-
PHMX KaJIpiB HIIJISIXOM 3aJyUYeHHSI A0 HaBUYaJIbHOTO Mpollecy rpadiuyHux iHTepaKTUB-
HMX irpOBUX OOOATKIB /11 O3HAOMJIEHHS 3 HOBITHIMM TE€XHOJIOTISIMM.

OcHoBHMII MaTepiaj. Binomo, 1110 y 3araJibHOMy BUIIaAKYy, TOYATOK IIPOILIECy
KpPUCTaIi3allil CIIiBMaja€e 3 MOSIBO0 HOBMX TOBEPXOHb PO3MiNy: LEHTPU KpUCTaTi3a-
1ii — piguHa i 3pocTaHHSAM iX MUIomIi. 30ibIIEHHS ITePEOXOJIOIKEHHS i TUCKY, IO
MIPUKIATAEThCSI, TPU3BOAUTD A0 3MEHIIIeHHSI pOOOTH YTBOPEHHS 3apOJIKiB i, Biamo-
BiIHO, 10 30i/IbIIIEHHSI KiJIBKOCTi IIeHTPiB KpMCTasisallii.

[TpoBenmeHuit aHali3 iCHYIOUMX TEXHOJOTIYHUX CXeM JIUTTS 3 BUKOPUCTAHHSIM
TUCKY TIOKa3aB, IO MMPM iX peasisallii TUCK MPUKIATAEThCS A0 3araJibHOTO 00'eMy
MeTaly BWINBKA i JuBapHOi ¢dopmu. IIpuckopeHe TBepAiHHS 30BHINTHbOI YaCTUMHU
BIJIMBKA CYTTEBO OOMEXKYE TPUBAJIICTh il TUCKY 6e3mocepeqHbo Ha pinKy ¢asy, abo
peastisyeThbCs JInIlle By3bKuii Miaria30H e(heKTUBHOIO TUCKY, IO Ji€ HATPUKIiHIIi ITPO-
11ecy 3aTBepAiHHsA. OCOOIMBICTIO TEXHOJIOTIT ra30aMHaMiYHOIO BIUIMBY Ha PO3IIaB B
JMMBapHii GopMi € repmeTH3allisi CUCTEMY BUIMBOK-TIPUCTPIilt 1711 BBEAEHHS rasy 3a
pPaxyHOK (opMyBaHHS IIapy TBEPHAOIO MeTally HeoOXiJHOi MIilIHOCTi Ha ITOBEpXHi
BUIMBKA. TIIBKY IIC/IS UbOTO 301JICHIOETHCS Pery/ibOBaHUI Ia304HaMIUHMIT BILINB
Ha pigky dasy ycepenuHi BUIMBKA i Mmepegavya TUCKY B OBOGa3Hy 30HY MPOTSATOM
BCbOTO Tepiony TBepaiHHs. TexHosoris razogquHamiuHoro BIuimBy (['/1B) Ha po3mnias
B JIMBapHiii Gopmi po3pobiieHa Ha Kadeapi TMBapHOro BUpoOHMUIITBA HarioHambHOI
MeTaTypriitHoi akagemii Ykpainu. 3arasibHa ifmest I'IIB monsirae B 3abe3mneueHHi pe-
T'YJIbOBAHOTO ra30BOr0 TUCKY Ha PO3ILIAB, 110 FepMETU30BaHUI Y CUCTEMI BUIMBOK,
cucTeMa rnopaui rasy.

BasoBuii BapiaHT 3acTocyBaHHs ['/IB mepenbavae 3aHypeHHS Ha IIOBEPXHIO PiJi-
KOro MeTaJly B HaJJIMBHY YaCTMHY JMBapHOI GopMM (BWIMBHUIII) KPi3b 1Iap TeIIo-
i30/11i/iHOT 3aCUIIKM TIPUCTPOIO AJIs peryabBaHOI moaayui ra3y. Ha pucyHky 1 nipe-
CTaB/ieHa cxeMa MPUCTPOIO 3 I[iTbHOMEeTaIeBUM XOJIOAWIbHUKOM Y dopMi aucka. ITi-
CJis1 3aNMMBKY (POpMM 3aHYPIOIOTh TePMETU3YI0UMIi XOJIOAWIbHUK Tif] piBeHb PO3ILjia-
BY, IIPOBOASITh BUTPUMKY IIPOTSITOM Yacy, He0OXiTHOTo AJIs1 repMeTu3allii CuCcTeMu
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BUJIMBOK-MIPUCTPIil IJis1 BBedeHHS rasy. [IoTiM momalwTh ra3 i 0IHOYACHO BiJICTEXY-
I0Tb 110 MAHOMETPY IMHAMIKY 36i/bIlIeHHS TUCKY B cucTeMi. Heob6ximHO Big3HAUUTH,
[0 OHI€I0 3 MepeBar BUKOPUCTAHHS 30BHIIIHbOTO ykKepeja rasy, Ha BigMiHy Bif
TEXHOJIOTIUHMX CXeM, 10 mepenbavaroTh (pikcoBaHY KiJIbKiCTh ra30yTBOPIOIOUOI pe-
YOBMHMU, € MOKIUBICTh 3MiliICHEHHS MPOIlecy HaBiTh Y pa3i 4aCTKOBOi po3repmMeTu-

3allii CUCTeMM B polLieCi TBepIiHHS BUIUBKY.

. Manomerp
[1iy ICT-016 —
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PucyHok 1 — Cxema yCTaHOBKM (Q) Ta eTamnu 3[iliCHEHHS TEXHOJIOTiYHOT0 MPO-
1Iecy: MporpiB KOKIJIIO i repMeTH3yHuoro XoaoauibHuKa (0),
repMeTu3sallisi CMUCTEMU BUIIMBOK-IIPUCTPIil I/ BBeJIEHHS rasy (B)

KoM6iHOBaHa Te€XHOJIOTiS MPOIYBKM, BAKYYMYBAHHS Ta BIUIMBY ra30BUM TUC-
KOM Ha pO3IlIaB B IIPOIleci 3aTBEPAiHHS B IMBapHiii ¢opMi 3acHOBaHa Ha TOMY, IO
MPOTSITOM YChOT'O IPOLIECY BijI ITIOYATKY TBEPHiHHS Ha PigKMil MeTas 3iliCHIOEThCS
BIUIMB 3@ PAaxXyHOK CTBOPEHHSI PeryJbOBaHOrO ra3oBOTO TUCKY B repMeTU30BaHili
CUCTEeMi BWJIMBOK-IIPUCTPOI IJ1s1 BBeAEHHS rasy. JlaHuii mpoliec mepenbdavae K He-
00XimHYy YMOBY 3[iiiCHeHHS HasiBHICTh Ha moBepxHi JIC Ta po604oi MTOPOKHMHM JIH -
BapHOi ¢opMu 11apy 3aTBEPIiJIOTO MeTaay 10 MOMEHTY I10/iaui rasy B CMCTEMY BU-
JMBOK-TIPUCTPOI AJ1s mojaadi ra3y. TOBIIMHA IIbOTO IIApy, 10 30i/IbIIYETHCS B Yaci,

ITIOBMHHA 386631’[6‘-IYB8TI/I 3a CBOIMM MIilIHICTHUMMU XapaKTepuCTUuKamMm repMeTimny-
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HICTb CUCTEMM BWIMBOK-IIPUCTPOI [Jis1 BBeEHHS Ta3y, 10 3HaXOOUTbCS Mill TUC-
KOM, aX [0 MOBHOTO 3aTBep[iHHSI BWIMBKA. TeXHOJIOrisSI MOKe 3aCTOCOBYBATMUCS
IJ1S1 3IUTKIB Ta BUIMBKIB, 1110 BUKOPUCTOBYIOTH [Jis 3aMMBKM cudoHHY JIC, i BKIIIO-
Yyae [ABi OCHOBHI CKJIaJ0Bi.

Peanizaiist Apyroi ckiafoBoi MpoLiecy MoB’s3aHa 3 BUKOPUCTAHHSIM TE€XHOJIO-
rii razoguHamMiuHOro BIUIMBY Ha po3ruiaB ([IB), 1m0 3HaX0AUTHCS B poOOUiil Mopo-
KHMHI MBapHOi hopMu (BUAMBHMILI) 3@ AOIIOMOTOIO BiATIOBiAHMX MIPUCTPOIB pi3-
HMX KOHCTPYKIIiit. B 11iioMy, 11i MpuUCTPOi MpeAcTaBIsiIOTh COO0I0 MeTaeBi X0I0AM -
JIBHUKM KOPITYCHOTO TUITY, 110 3a6e31euyioTh GYHKIIii repMmeTn3salii BUIMBKA (3711~
TKA) BiJ, HABKOJMUIIHBOI'O CepeloBMUIIA Ta MOAAYy CTUCHEHOTO ra3y Bif, 30BHIIIHbO-
ro JIkepesa abo BiBiJ rasy BaKyyMHOIO cucTemolo. OnuH 3 BapiaHTiB KOHCTPYKILii
TaKOTO MPUCTPOIO A1 3aiticHeHHs 1B (puCyHOK 2, a, 6) CK/IaJaeThCst 3 MeTaIeBOro
KOpITyCy 1, BCTaBKM 3 BOTHETPUBKOrO MaTepiaay 2, 1110 pO3TalloBaHa B L[bOMY KOp-
ITyci, ra30mpoBOaY, MOETHAHOTO 3 CUCTEMOIO 30BHIIlTHbOTO 3a0e3IevYeHHsI ra3oM
BJMCOKOTO TMCKY 260 BaKyyMHOIO CUCTEMOIO (Ha PUCYHKY He IMoKa3aHo). MeTaneBuit
Kopryc objagHaHuii OCbOBMM Tra30IlOCTAYa/JIbHUM IaTpyOKOM 3 3 HACKpi3HUMM
OTBOpaMM 4, 1110 PO3TaIIOBaHi 6e31mocepeaHbO IiJi BHYTPIITHbOIO ITOBEPXHEI0 BEPX-
HbOI CTiHKM MEeTajeBOr0 KOPIIyCy, a KiHI[iBKa Ta OTBOPU ra30INoCTavyaJbHOrO MaT-
PYOKY IepeKpUTi ra30IpoOHNKINBOIO ITPOOKOIO 5.

3a ogHMM 3 BapiaHTiB peaJiisallii TEXHOJOTIUYHOTO MPOLIeCy Mic/s 3aBepileHHs
MPOAYBKM Ha MOBEPXHI0 PiIKOrO MeTasly B HAJJIMBHY YaCTMHY JIMBApHOi (Gopmu
(BMJIMBHMUIII) KPi3b IIAp TeMI0i30/sIiiiHOI 3aCUTIKM OITyCKalOTh MIPUCTPIlt, Ipu 4Yo-
My, 6iuHa TTOBEpPXHSI METaJIeBOr0 KOPITYCY, IO OMMHSIETHCS 3aHYPEHOIO Y PO3IIaB,
repMeTHU3Yye 3UTOK a00 BUIMBOK (PUCYHOK 2, B).

49 /31I
_ '«
299X
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>
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PucyHok 2 — Cxema KOHCTPYKIIii (a) Ta 3arajabHuii BUTJISA, (0) IPUCTPOIO
nuist peanisaiiii I'IIB, a TakoX parMeHT 3aHypPeHHS 110ro

B Ha[UIMBHY YaCTUHY 3/IMTKa (B)
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Po3paxyHKM TeXHOJIOTiYHMX PeXKMMIiB 3/1i/iCHeHHS IpOIleCiB BaKyyMyBaHHS Ta
ra3oMHaMiuHOTO TUCKY Tpeba MPOBOAUTU B KOKHOMY BUIIAJIKy OKpPEMO, BPaxoBy-
10Ul BCi HEOOXifgHi MapaMeTpyu BMPOOHMIITBA KOHKPETHOTO BWIMBKA abo 3IMTKA.
Tpeba Big3HauMTH, IO MMTAHHS, [IOB’I3aHi 3 METOMOJIOTI€I0 BU3HAUEHHS pallioHa-
JbHUX PeXMMIiB BHYTPIITHbO(POPMEHHOrO BaKyyMyBaHHS PO3IJIaBy B repMeTuU30-
BaHiil cMCTeMi BUIMBOK — MPUCTPiit ajist I'IB moTpebyoTh MPOBEeAeHHS MOMATbIINX
IOCTiIKeHb IJISI OTPMMAaHHS BiTIOBiIHMX HAayKOBO OOTPYHTOBAHMX Pe3yJbTAaTiB 3
METOI0 iX BUMKOPMCTAHHS B SKOCTi BUXiIHMX MHAHUX IJISI CTBOPEHHSI e(eKTUBHUX
PO3paxyHKOBMX CXeM, aJITOPUTMIB Ta BiIIIOBiTHOTO ITPOTPaMHOTO 3a6e3IeueHHs.

0co6MBOCTI mpoiecy po3podKku rpadivyHOro iHTepakKTMBHOIO irpoBOro
mopartky. [Ipoiec po3pobkyu rpadivyHOro iHTepaKTMBHOIO irpoOBOTrO MOHATKY JJISI
O3HaOMJIEHHSI 3 TeXHOJIOTi€I0 Ta30AMHAaMiYHOTO BIUIMBY Ha PO3IUIaB B JIMBApHii
dbopmi e 6araToetTanmHUM mpoiiecoM. [IpryomMy IOCTiAOBHICTb eTariB Mpoliecy po3-
pPOOKM Ta JOr0 CKJIAJOBi YACTMHM BilIIOBiAIOTh irPOBOMY «IIaiIlIaifHy», ITOKa3a-
HOMY Ha PUCYHKY 3, — YHiBepCaJIbHOMY QJTOPUTMY, SIKUiIi BUKOPUCTOBYIOTb MpPU

CTBOpeHHI rpadiuHux irop ta 3D mopeeit.

L
L

L

pd I

L
CTBOPEHHA edserT|R
L .
Ta iHTepheRcy
L

PucyHok 3 - ITocmigoBHICTh pO3p00OKM irpOBOTO «IANTIIIAHY»

BigHocHo 3D (TpuBUMIipHOi) KOMIT'IOTepHOI rpadiku mairiaiH — 1e JaHIo-
SKOK TIPOIIECiB MMEPETBOPEHHS ClleHapilo (BUXigHuX maHux) B 2D (mBomipHy) abo 3D
(cTepeoCKOITiuYHy) KapTMHKY ab0 B IMOC/iIOBHICTh KapTMHOK (Bifgeo). Po3risHemo
NpoLenypy Liii, 10 NMepeayTh OTPMMaHHIO iHTEPAKTUBHOIO irpOBOTO AOAATKY.
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Peanizanisi irpoBoro «mamiJiaiiHy» iIHT€paKTMBHOIO irpoBOro J0OJAaTKy
JIJIsi O3HAVOMJIEHHSI 3 TE€XHOJIOTi€l0 ra30AMHaMiYHOIO BIUIMBY Ha pO3IUIaB B
JuBapHii popmi. B poboTi maiiriaitH BKIIOUAE MOCTiJOBHE 3aCTOCYBAHHSI HA60OPY
MporpaMHOro 3abesrmeueHHs (PUCYHOK 4), 1o Bkiaouyae Autodesk 3ds Max,
Marmoset Toolbag 3, Substance Painter, Unity Engine, Adobe Photoshop.

PucyHok 4 — CTek iHbopMaIliiiHMX TeXHOJIOTii

Po3srisgsHeMo 0co6aMBOCTI peasisarii rpagiyHoro iHTepakTMBHOIO irpOBOTO
IOJaTKy [IJisi O3HAVOMJIEHHSI 3 TEXHOJIOTI€I0 TeXHOJIOTil ra30MHAMiUHOTO BIUIMBY
Ha pO3I1JIaB B JIMBapHiii popmi.

Po3po6ka rpadiunoi 3D mozesti irpoBoro oroueHHs. ETamn po3pobku rpa-
¢diunoi 3D mogesi irpoBOTO OTOUEHHSI TTOYMHAETHCS 3 BU3HAUEHHSI K/IIOUOBUX Ta
IPYTOPSITHUX 00’€KTiB, SIKi He0OXimHO Oyme 3MozenoBaT. KiouoBumMu 06’eKTaMm
rpadiyHOTO iHTEepaKTMBHOIO irpoOBOrO AOAATKY €: MPUMIllleHHSI JTMBApHOTO liexy,
PO3JIMBHMIA KiBIII, T1aTdopma st cMDOHHOTO PO3JMBAHHS MeTasny, 00/aJHaAHHS
IJ1s1 Ta304MHAMiUYHOTO BIUIMBY Ha BWJIMBOK. HaBKO/IO Ta BiZHOCHO HUX (DOPMYETHCS
BCSI CIIeHa Ta PO3TAIIOBYIOTHCS APYropsiAHi 00’ eKTH. [lo APYTropsiTHUX 00’ €KTIB BifI-
HOCSITBhCSI: CTa/IeTUIaBMU/IbHA TTiY; 00JIaIHAHHS 1IeXy, MaTepiaiu, TOOaTKOBI eJleMeH-
TU CIIOPYAY TOIIO; IPeaMeTH AeKOpY CIIeHN.

HacTyrHuM eTarnom € BU3HaueHHSI 6a’kaHOTO 30BHIIIHbOTO BUTJISLY MOJesei
Ta pO3MIiTKM iX po3MipiB, popm Ta po3TamryBaHHS. [Ijs1 1IbOTO CIIOYATKY GOPMY€ETH-
cs1 HabOip «pedepeHCiB» (KOHLENTYAJbHUX 300paskeHb, HA OCHOBI IKMX BUKOHYETbCS
MO/Ie/TIOBaHHS 00’€KTiB) IJIs1 KOSKHOTO 00’€KTY, HAaIpuKiIad, pucynkn 1 i 2.

OcHoBHMMU pedepeHcaMy € 300pasKeHHs, 10 JOKYMEHTYBaIM eKCIiepyuMeH-

TaJIbHi IIJIaBKU 3 BUKOPUCTAaHHS I‘aSO,ZU/IHaMi"IHOI'O BIIVIMBY Ha PO3IIJIaB B HMBapHiﬁ
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dopmi B ymoBax KKII ITAT «/IHinmpoBCbKMUIZ MeTanypriiiHuii 3aBoma» (3aBOj, iM.
I'.I. IleTpoBCHKOTO).

I'padiuHe Mome0BaHHS IIPOCTOPY LeXy (PUCYHOK 5) BUKOHAHO IIJISIXOM 6J10-
KiHTYy CTaHIapTHUX IpuMiTKUBiB B Autodesk 3ds Max.

Iami, 3aCTOCOBYIOUM iHCTPYMEHTM IIOJIiTOHAJILHOTO MOJeoBaHHs, dopma
MO/IeJTi BIOCKOHAIOETHCSI Ta SKOMOTA Oijibllle HaGMMKYEThCS 10 OaXkaHOTO Pe3yJb-
TaTy. Ha pucyHKy 6 MoKa3aHuii 30BHIillIHIi Ta BHYTPIllIHil BUL/SA IIPUMIllleHHS 1ie-
Xy TIpeAcTaBleHoro y Bursiai rpadiudoi 3D mopgeni. TakKMM UYMHOM OTPUMYETHCS
Tak 3BaHa «joymnoai»(low-poly) momenb, TO6TO Moze/b 3 HM3bKOIO KiJIbKICTIO ITOJIi-

TOHIB.

PucyHok 6 — Burisn rotoBoi rpadiuxoi 3D Mogerti mpuMileHHS

1IeXy 330BHi Ta 3cepeauHU
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Ilani 3a MairiaiHOM CTBOPIOKOTHCS BUCOKOIIOMITOHa/IbHI Mogeni. XaiiroJi
MOJIeJli CTBOPIOIOTHCS Ha 0a3i HM3bKOMOMITOHAJbHUX IIJITXOM AOIIPAIIOBAHHS Je-
Tasieii Ta 3r1amKyBaHHS GopM(pPobsSThesl packy Ha KOPCTKUX pebpax). Takox Ha
Xa¥IoJi MoJiesib 32 HEeOOXiAHICTIO TOMaI0ThCSl HEBEJIMKI meTani, GakTypHi eleMeH-
TU, TIOUIKOIKEHHS TOIO. B pe3ynbTaTi OTpMMYy€EThCS eTali3oBaHa MOelib, sIKa ra-
PHO BUIJISIIA€ Ta He Ma€ Pi3KUX rocTpux KyTiB. Ha pucyHkax 7, 8, 9 nmpencraBieHi
300paskeHHs po3pobjieHux rpadiuamx 3D mopeseli OCHOBHMX 00’€KTiB rpagiuyHOro
iHTepaKTMBHOTO irpoOBOTO AOAATKY AJIs1 03HAIOMJIEHHS 3 TeXHOJIOTi€I0 ra30iMHaMi-

YHOTO BIUIMBY Ha PO3IIJIaB B JIMBApHiii popMi.

PucyHok 7 — Jloy1oJii Ta XaiiIioJi Mojie/ib pO3JIMBHOTO KOBIIIA

PucyHok 8 — Jloyrosni Ta xaitmosi mozgenb ImaaTdhopMy 3 BUTMBKAMM Ta CTOSIKOM
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PucyHok 9 - JIoy1ioJii Ta XaiiIosii Moieab KPUIIKY — IPUCTPOIO IJIs peasisallii ra-
30[MHaMiUHOTO BIUIMBY Ha PO3I/IaB B JIMBapHilt hopmi

Baunumo, 10 xXaimosi mMomeni BUIVISIAAIOTh 3HAYHO MpPUBab/MBille, ajie B TOA
camuit yac 3BepHeMO yBary Ha HIiJIbHiCTh iX MOJIiTOHAIbHOI CiTKM. XaiiIosai Moaesb
Mae€ y>kKe BeJMKY KiJIbKiCTb MOJIITOHIB, PO IO /i Kayke Ha3Ba «XamIoi».

Pucynok 10 — UV-posropTka MmogeJii KoBIia

PosropTka mopeseit MOXe BUKOHYBAaTUCh, KOIU CTBOpeHa (iHaibHAa HU3BKO-
nosliroHasbHa Bepcis. Cama 1o cobi UV-po3roprka lie epeHeceHHs TTOBepxHi Tpu-
BUMipHOTrO 00’€KTYy Ha IUIOLIMHY 3a[Jis MOMAIbLIOT0 TeKCTYpyBaHHS. Takox mpu
BMKOHAHHI PO3TOPTKY IMOBEPXHi MOJe/i BUKOHYETbCS PO3MiTKa IMPOCTOPY, Ha SIKO-
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My OYOyTh PO3TaAIlIOBYBAaTHUCS YaCTMHU MOBEPXOHb Mojei. [IpuKkian roToBoi pos-
TOPTKY PO3JIMBHOTO KOBIIIA ITpUBeAeHMi1 Ha pUCYHKY 10.

sSIkicHa po3ropTka IMOBMHHA BMKOHYBAaTUCh 3 SIKOMOTa MEHIIOK KiJIbKiCTIO
po3pisiB (1IBiB) Ta 3 sIKOMOra MeHIIMMM AedopMalisMu. B Micisgx me € po3pisu
MO3Ke OYTU ITIOMITHO PO3pUB TEKCTYPH, ajie SIKILO Iii MiCIls BIAJ0 IIPpUX0OBAaTH Ta 3a-
MacKyBaTM MIPU TeKCTypyBaHHi, ix Oy/e mMaiike He MOMiTHO. ITic/iss BUKOHAHHS PO3-
TOPTKM Ha MOJeJIi MOXKHA IepexoaUTy 10 3aMikKaHHS KapT.

3amikanHsa KapT rpadiuHoi 3D mozesti irpoBoro oroueHHs. KinbKicTb mo-
JITOHIB B 00’€KTax Ha ClLeHi IPSIMO BILIMBAE HA ONTMUMIi3allil0 KiHIIEBOrO IIpOrpaM-
HOTO MPOAYKTY. UMM 3 GiIbII0i KiIbKOCTI MOJIIrOHIB CK/IaJA€ThCSI 00’€KT, TUM Oi-
JIbIIIe PO3PaxyHKiB HEOOXiTHO POOUTU KOMIT'IOTEpY, 106 Bimob6pasuTu 1eii 06’eKT
Ta 30KpeMa IOBeJiHKY CBITJIa Ta TiHel Ha HbOMY. TOMYy UMM MeHIle IIOJIrOHIB Y
00’eKTiB Ha ClLIeHi, TUM Kpalie. Aje TYT BUHUKAE MpobeMa — HU3bKOMOIirOHa/IbHI
MO/IeJTi JOCUTD TOraHO BUTJISIAAIOTh, B HUX KyTacTi GopMM, BOHM BUIISIASTh HEO-
MpalbOBaHMMM. A BUKOPUCTAHHS XaliI0Ji MozeJieli 3HaUHO MOTipIIUTb ONTMMi3a-
I[i}0 KiHI[EBOrO MPOAYKTYy Ta COPUYMHUTH HAOMipHE CIIOKMBAHHS peCypCiB
KOMIT'IoTepa. BupimmTy 1110 mpobyieMy MOK/IMKAHA TeXHOJIOTis 3almikaHHs KapT. Lig
TEeXHOJIOTiSI TO3BOJISIE TlepeHecTH iH(opmallilo Mpo reoMeTpilo0 BUCOKOIIOirOHab-
HOI MOJiesli Ha HUM3bKOMOJIIrOHAJbHUIA BapiaHT. B pe3ynbTaTi JIOyIoJi Mojesb BU-
TJIS1a€ Tak, HIOUTO 1ie XairoJli, ajie pecypcy KOMIT'IoTepa Ha MpopaxyBaHHS 3aiiBOi
reoMeTpii He BUTpavyaloThCsl, 60 Takuii epeKT JOCITAEThCS TiIbKY TEKCTYypaMu, Ha-
K/IaJIeHMMM Ha TIOBEPXHIO MOfesli — BUXOJUTDb CBOEPiIHMIT 0OMaH 30DY.

3amikaHHS KapT MOXXe BMKOHYBATUCS B OYy[Ib-SIKOMY ITPOTPAMHOMY ITaKeTi,
SIKUI Ma€ Tpu3HauYeHuit a1 1iboro ¢yHKIlioHaN. B paMKkax 11iei poboTH mJis 3arti-
KaHHS KapT O0yB BUKopucTauuii maketr Marmoset Toolbag 3.

HaiiBasknuBimmMyu KapTamu, SKi 3MiHIOIOTb BigoOpaskeHHSI Ta CIIPUITHSITTS
reoMeTpii TekcTypoBaHOi mopesi € kapTu Normals Ta Ambient Occlusion. Okpim
KapTu HOpMasieit Ta Ambient Occlusion 3amikanucs kaptu Position, Curvature Ta
Normals (Object). 1li kKapTu He MalOTh MPSIMOTO BIUIMBY Ha 30BHIIIIHIl BUTJISIO MO-
nesi, ajie BOHM HeCyTh B c00i iHdopMaliito, HeOOXiHY [IJIs1 IKiCHOTO TeKCTYpPyBaHHS
B nakeTi Substance Painter.

TekcrypyBaHHs rpadiunoi 3D moaeni irpoBoro orouenusi. Kaptu, otpu-
MaHi B pe3y/bTaTi 3amikaHHS, OYyIyTh BMKOPUCTOBYBATUCh MPU TEKCTYpyBaHHiI B
nporpaMHOMYy 3abe3reueHHi Substance Painter. Y mpoekTi Substance Painter Bif-
KPUBAETHCS iIMIIOPTOBaHA MOJE/b Ta HAa Hel HaK/IaJalThCs 3anedeHi kaptu. [loun-
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HA€ThCSI TEKCTYpyBaHHs. Substance Painter Mae BennuesHuit iHCTpymeHTapiii, 3a
JIOTIOMOT'OI0 SIKOTO MOXKHA POOUTH Ay>Ke SIKiCHi TeKCTYPH.

Pe3ynbTaT TeKCTypyBaHHSI Mofesi miaT@opmu 3 JUTHUKOM Ta BUIUBHUILIEIO
MoKa3aHMii Ha pUCYHKY 11, a Habip TeKCTyp, OTPMMaHMii B pe3y/bTaTi eTary TeKC-
TypyBaHHSI.

PucyHok 11 — TekcrypoBaHa rpadiuHa 3D mopesnb raTdopMu 3 pO3MillleHMMU Ha

Hili CTOSIKOM Ta BUJIMBKOM

Po3po6Kka creHapio B3aemopgii rpad)iyHOro irpoBoro OTo4YeHHsI 3 rpaB-
HeM. BaxkiuBMM eTarioM po3pobKyM CTpaTerivHoi pojabOBOi eKIleH Irpu € po3pobka
CLIeHapilo B3a€MO/Iii IrpaBIiis 3 iIrpOBUM OTOYEHHSIM.

Ha pucynky 12 nokasaHi HanpsIMKM B3a€MO/Iili TpaBliis 3 TPUBUMipHUMU MO-
IeJISIMM 11eXy, TMBapHOi ¢hopMM i CTOSIKA, KOBIIIA Ta IBOBMMIipHOI MOfeJli Tiepepisy
BUJIMBKA.

I rosan Gy
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3D fae mowealy 'y oingdaHHE Ao TECENL & LR
NuBapHKA LEx peaty Y sioues s, SAOGE
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popMane PUEATHY R Y popsy f GEPLE T

HH J o yeadensni pososiy
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Pucynok 12 — CueHapiit B3aeMozii rpaBiis 3 irpOBUM OTOUYEHHSIM
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KopuctyBau rpadiuyHOro iHTepaKTMBHOTO irpOBOro MOMIATKY [JIsI O3HaiOM-
JIeHHS 3 TeXHOJIOTi€l0 Ta30AMHaMiuHOTO BIUIMBY Ha PO3ILIaB B JMBapHii ¢gopmi
B3a€MO/ii 3 irpOBUMM OTOUEHHSIM eKIIIeH I'PY IIJISTXOM:

— BUJIBHOTO mepecyBaHHS B IPOCTOPI 1eXY;

— yIIpaBJIeHHS PO3JIMBHMM KOBIIEM — KiBII HaGIMKAETHCS IO CTOSIKA, TTOYM-
Ha€THCS PO3/MBKa PO3IIABY;

— YIIpaBJIiHHSA O0JIafHAHHIM )11 3[i/iICHEHHSI Ta30JMHAMiYHOTO BILIMBY Ha
pO3IIJIaB B IMBaAPHii Gopmi — 06/1afHAHHS PO3MIIY€EThCS HA IOBEPXHi PO3IUIABY;

— repexig B IBOBUMIipHMIT peXXM — IeMOHCTpallisl AMHAMiKM TBepiHHS pO3-
TJIaBY B JIMBapHil ¢hopMi Ta yTBOpEHHS yCaJIKOBOi paKOBMHM.

36ipka momaTky B irpoBomy pyiii Unity. Ilicis 3aBepieHHs eTamy Moje-
JIIOBAHHS Ta TEKCTYPYBAHHSI KIIOUOBMX 00’€KTiB MOUMHAETHCS eTall CTBOPEHHS Ta

HajamTyBaHHS cuieHM B Unity. Ha pucyHKy 13 mokasaHa ClieHa 3 iMIIOpTOBaHMMM

MOJIeJISIMU.

Pucynok 13 — IlouaTkoBa CljeHa Ta iMIIOPTOBaHi Mo el

[Ticnst iMmmopTy Mofesieli Ta iX TEKCTYp B irpoBOMY pyIllii CTBOPIOIOTHCSI MaTe-
pianu s ix momasbIIoro HaHeCceHHsT Ha Mojesi. IMImopToBaHi 06’€KTM poO3Tallo-
BYIOTbCSI Ha CLI€Hi 3TiIHO 3 3aAyMKOI0. [Ticis 1IbOr0 BUKOHYETHCSI BaKIMBUIL eTam
HaJIallITYBaHHS 30BHIITHbOTO BUIJISILY CLIEHU Ta eJieMeHTiB OCBiT/ieHHS. [lis TpoXo-
IUTMMe I[iIKOM B OyiBji, TOUHilIe B ii YacTUHi, TOMY BUIJISIT Oy/iBJIi 330BHI He €
BaK/IMBMM i caMa MOJe/b OyAiB/i Oysa CKOHCTpyiiOBaHa TakKMM YMHOM, 11100 3€KO-

HOMMUTM MOJIITOHAX Ha eKcTep’epi.
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VYcbOoro Ha ClieHi Tpu JisKepesa OCBITJIEHHS: ABa 3 HuX Tumy Spot Light i ogun
Area Light (pucyHoxk 14). Spot Light Haragye HacTi/IbHY 1aMITy — CBIiT/I0O BUXOOUTD i3
TOUKOBOTO JI3KepeJsia i pO3IMOBCIOIKYEThCSI KOHYCOIOIi0HO0I0 (POPMOIO, OCBIT/IIOIOUM
neBHUI pamiyc. Area Light Moske MaTy IpSIMOKYTHY ab0 KpyTiay opmy, mpy 1bOMy
IKepejioM CBiT/1a € Bcs 1ioina ¢irypu. Area Light 6yB BuKopucTanmii 1j1s1 piBHOMi-
PHOT'O OCBiT/JIEHHS ITPOTSDKHOCTI OyAiBii, a Spot Light st migcBiT/eHHS eHTpab-

HOi YaCTMHMU, JIe pO3TaIlIOBaHi KIIOUOBi 00’ €KTM.

1%

B Y ot .

PucyHoK 14 — [I>kepesia OCBiT/IeHHS Ha ClieHi

Bask/MBOIO 4aCTMHOIO Bisyastisallii clleHM € 3allikKaHHS I106aJbHOTO OCBiT-
JIeHHSI 6e3IrocepegHbO Ha CaMiii CIleHi Ta Ha 00’€KTaxX, pO3TallOBaHMX Ha Hiii.
[TpuHUMIT Aii CXOKMIT Ha 3amikKaHHS KapT Ha MOJesiX. B ;aHOMy BUIIafKy 3allikaH-
HSI CBiT/Ia BUKOHYETHCS 3a1JIsI TTIOKpAIeHHs ONTUMi3allii MpoeKTy, 60 Mmics mpoiie-
Cy 3amikaHHS iH(popMallis MMPo OCBIiTJEHICTh 3aMMCYETbCS MO CIlelliaJIbHMUX KapT i
Ii>kepesia OCBIT/IEHHSI MOXKYTb OyTM BMMKHEHI, 1[0 3MeHIINTb HeOOXiTHi po3paxyH-
KU [J151 KOMIT'IoTepa.

OkpiM 3amikaHHs [AJis MOKpalleHHs Bi3yany cuieHu OyJ0 BUKOPUCTAHO TaK
3BaHy Post Processing — mocto6po6Ky. Lleit iHCTpyMeHT Halae 3MOTy HajalITOBY-
BaTM Ta KOpeTryBaTU Bi3yaJibHUI CTUJIb CIIeHU, OCBITJIEHHSI Ta raMMy. B JaHOMY BU-
najiky Post Processing 6ys10 BUKOPMUCTAHO 3a/JIs MiKpeCIeHHS 3aTiHEHHS Ta Kope-
KIlii KoyibopiB. TakoX KOPMCHUM ejieMeHTOM Ha ciieHi € Light Probe Group. Lleii
eJleMeHT MOTPibeH [/ po3paxyHKy HAIPSIMY CBIiT/Ia Y IIPOCTOPi 3a/1J1s MMOKPAIeHHS
OCBITJIEHOCTi 00’€KTiB (pUCYHOK 15).
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Pucynok 15 — Enement Light Probe Group

[y Toro, o6 Mopesb TexIpoliecy Oyia CXoska Ha peaqbHUII BUPOOHUUMIK
Tpoliec, HeoOXiTHO CTBOPUTH BiAIOBIIHI edeKTH: Taki SIK iCKpH, CSIMBO Bif po3Iuia-
BJIEHOTO MeTaty, map Ta aum. Unity mae dyHKIIiOHaIbHI Ta 3py4YHi iHCTpYMEHTU
IJIST CTBOPEHHS TMOAiOHMX e@eKTiB: I HUX iCHYE CIeliaJIbHMiI TUI 06’€KTiB i3
THyYKMMM HanamtyBaHHsaMu — Particle System. 3aco6amu Particle System ctBope-
Hi CMCTeMM YaCTMHOK [JIs1 peasisaliii eeKTiB MMy 3 KOBIIIA Ta CsiiBa 3 ickpamu B
TOUIIi pO3JINBY MeTaJly.

3a 3alyMKOI0 KOPUCTyBau MPOTPaMHOTO MPOAYKTY MOBMHEH MaTu 3MOTY Bi-
JBHO TIepecyBaTUCS Ha poOOUilt MiNSHIN CIleHM Ta MaTU 3MOTYy CIIOCTepiraTu 3a
MPOIIeCOM 3 Pi3HMX CTOPiH Ta PaKypcCiB.

IrpoBUit mepcoHak Ma€ OCHOBHI HeOOXiTHi KOMIIOHEHTH — Kamepy, MPUKPiI-
JIEHY 0 HbOTO, 1106 uepe3 Hei 6aunTu creny, ta Capsule Collider — ejemeHT KoJTi-
3ii. Konisis HeoOXxiHa ;i1 TOTO, 111006 TTepCcoOHak MaB MeBHY Qi3uuHy 000JIOHKY, sTKa
B3aeMoJisyia 6 3 HAaBKOJMINHIMM 06’ekTamu. bes Kosi3ii mepcoHask 6aHaaIbHO IIPO-
Ba/IIOBABCS OM uepes IMiajiory. Aje ajsl B3aeMOZii 3 06’eKTamMy Majio OfHi€i Koi3ii
Ha TepCOHaXi, HeoOXigHa TaKOX KOJi3is HAa HAaBKOIMIIHIX 00’ekTax. CTBOpPEHHS
30H KOJIi3ii Ha cIleHi Jormomarae oOMeskKyBaTy Ta KOHTPOJIIOBATH 30HY IMepeMillleH-
Hs mlepcoHaxXy. KoHTposiep mepcoHaxka iCHye y BUIJISIAI CKpUIITIB — (daiiiiB 3 mpo-
TpaMHMM KOJOM, SIKUI peasii3ye€ meBHY JOriky. CKpUITM MOXHA peJaryBaTy Ta
KOMITIJTIOBATM 3a JIOIOMOIOI0 iHTerpoBaHoOi cepeayu po3pobkmu Microsoft Visual

Studio, sixa moB’si3aHa 3 Unity Ta Moyke BiIKpUBaTUCS IIPSIMO Yepes irpoBuit pyIiiii.
ISSN 1562-9945 (Print) 17
ISSN 2707-7977 (Online)



«CucremHi Texsouorii» 1 (132) 2021 «System technologies»

CKpUIITU TIepcOHa)Kka MICTSITh B CO0i JIOTiKy MpPO yIIpaBJIiHHS IepeMillleHHS ITepco-

Ha)ka Ta yIpaBjiHHS KaMepolo. By Bim mepcoHaska rpeacTaBjieHnii Ha pUCYHKY 16.

PucyHok 16 — Bup Big nmepcoHaxa

KiHleBMM KOMITOHEHTOM JOHATKy € CTBOPEHHSI Ta HaJalUTyBaHHSI iHTep-
deiicy kopuctyBaua. CTBOpeHHs iHTepdeiicy KOpMCTyBaua IMOKa3aHO Ha PUCYHKY
17. InTepdeiic ciyrye O 3py4HOCTI B3a€MOJii 3 HABKOJMIIHIM CepelIoBUILEM Ta
3aJ71s1 KOHTPOJTIOBAHHS Tipoliecy Tpu. Ha iHTepdeiici po3TaroBaHi KHOMKY yIIpaB-
JIIHHS NOAATKOM Ta BUXOLY 3 HbOTO.

Al vy 8

bbbkl
Pucynok 17 — CTBopeHHs iHTepdeiicy KopucTyBada Pucynok 18 — Kangp

2D-animaliii
InTepdeiic KopucTyBaua BKIHOUAE B cebe 2D-aHimallii mpoiiecy TBepIiHHS
IBOX BMJIMBKIB Ta YTBOPEHHS yCAJKOBOi PaKOBMHM IPU 3aCTOCYBaHHI KJIAaCMYHOI

TexHoJiorii Ta I'/IB, Ta nepexoayu Mixk HuMM. 2D-aHimallisi MiCTUTb IIiCTh MOC/IiI0B-
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HUX KaapiB (pucyHOK 18), aKi BigmobpaskaioTh AMHAMiKy YTBOPEHHS JMBApPHUX Jie-
dekTiB, BIAIMIHHOCTiI Te€XHOJOTIUHMX MPOIIECiB i SIK HACTiAOK, mepeBaru 3acToCy-
BaHHS HOBOI JIMBapPHOI T€XHOJIOTi} ra304MHaMiuHOI0 BIIMBY Ha PO3IJIaB B JIMUBap-
Hiit hopmi.

Takum umHOM, cepenoBuiie Unity, sike BiTHOCSITb 10 pO3PSAy irpOBUX IBIXK-
KiB (game engine), Ma€ BeJIMKi MePCIIeKTUBYU J1s1 CTBOPEHHS TpadiuHUX CUMYJISTO-
piB CUMYJISITOPIB CKJIAQOHMUX TEXHOJOTIUHMX MpPOlieciB, 30KpeMa HOBOI JIMBapHOI
TEeXHOJIOTii ra30IMHaMiUHOTO BILIMBY Ha pO3IIaB B JIMBApHiit ¢popMi.

BusHaueHHsI OOLIBHOCTI 3acTocyBaHHSI rpadivyHOro iHTepaKTHMBHOIO
irpoBoro nomaTky ajisi O3HAlOMJIEHHSI 3 TEXHOJIOTi€l0 ra3oguMHaMidvHOTO
BIUIMBY Ha pO3IvIaB B JuBapHiin ¢opmi. B maHiit poboTi mpoBoamancst mocii-
IKEeHHST MO0 AOIJIbHOCTI BUKOPUCTAHHSI Cy4yaCHUX 3ac00iB i TeXHOJIOrii, sIKi 3a-
CTOCOBYIOTBCS B IrpOBIiil iHAYCTpii, 3 METOK MOJe/I0BaHHS IIPOIleCcy Ta CTBOPEHHS
rpadiyHOro iHTepaKTMBHOIO JAOAATKY, IO Bi3yasidye TeXHOJIOTiI0 ra3ogMHaMidyHO-
o BIUIMBY Ha PO3ILJIaB B JIMBapHiit hopmi.

B Tabmuii mpeacTaBieHMit aHaJi3 MEeBHMUX ACIIEKTiB 3aCTOCYBaHHSI po3pobiie-
HOro rpadivyHOro iHTepaKTUBHOIO irPOBOTO IOJATKY MIJISI 03HAOMJIEHHS 3 TEXHOJIO-
ri€lo ra30AMHAaMiYHOTO BIUIMBY Ha PO3IUIaB B JMBapHii ¢opMi B HaBUaJIbHOMY IIpO-
11eCi y IMTOPiBHSHHI 3 HATYPHUM JIaOOPaTOPHUM €KCIIEPUMEHTOM.

Tabmuisg 1
OuiHKa KpUTepiiB 3aCTOCYBAaHHS HaBYaJbHUX MiJIXO/iB TEXHOJIOTII IIPU 03HANOM-

JIeHHi 3 TEXHOJIOTi€I0 Ta30/IMHAMIUHOTO BIUIMBY Ha pO3ILIaB B JIMBapHiil popmi

Kpurepiit I'pacdiuamii  iHTepakTUBHUI | HaTypHMiT eKCIepuMeHT
irpoBmi1 1OJATOK
BigTBoproBaHicTh | He o6MeskeHa. O6MekeHa TeXHIYHMMM Ta Ma-
TepiaIbHUMU pecypCcaMu.
Mob6inbHiCTh He o6MmexkeHa. ObmeskeHa [OCTYIIOM [0 Jiabo-
paropii abo 1exy.
BapricTb ObmexkeHa BuTpaTamMu Ha | JJabopaTOpHi €KCIIePUMEHTH I10-
po3po0OKy rpadiuyHoro momar- | TpeOyIOTh HAsSIBHOCTI MaTtepiasiB
KY. Ta 06T HAHHS.
SkicTb O6MexkeHO TexHiYHMM 3a- | B mabopaTopHMX yMOBax TEXHO-
BJAHHSIM Ha PO3POOKY. JIOTIUHMIA TIpolleC AeMOHCTpY-
€TbCS 3 BUCOKUM piBHEM CIIpUii-
HSITTSL.
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Pe3ynbTaTyt MOPIiBHSIHHS JBOX OCBITHIX TE€XHOJIOTii ITOKA3yIOTh MPUBAOIMBICTD
pO3p06KM rpadiuHOro iIHTEPAKTUMBHOIO irPOBOr0 MOMATKY AJIs O3HAIOMJIEHHS 3 TeX-
HOJIOTi€10 Ta30/IMHAMIUHOTO BIUIMBY Ha PO3ILJIaB B JMBapHiit popmi, mpoTe He BU-
K/IIOYAIOTh HEOOXiTHOCTI 3aCTOCYBaHHS €JIeMEHTIB HAaTYpHOI'O eKCIlepuMeHTy. B po-
60Ti TpOAEMOHCTPOBAHO MeXaHi3M po3po0OKM rpadiyHOro iHTepaKTUMBHOTO iTPOBOTO
IONATKy Ha MPUKIIAJi HOBOI IMBAPHOI TEXHOJIOTII.

BucHoBKM. B po6oTi, 110 nmpucBsueHa peasnisaliii rpagiyHOro iHTepakTMBHOTO
irpoBOro AoAAaTKy [Jis1 O3HAMOMJIEHHS 3 TE€XHOJIOTi€0 ra30A4MHaMiuHOIO BIIJIMBY Ha
PO3IIaB B IMBApPHii hopmi, 6yiy BMpillleHi HACTYITHI 3a7ayi:

1) IIpoBeneHMit aHasli3 CBiTOBOI IMPAKTUKM 3aCTOCYBaHHS rpadiyHMUX iHTEpaK-
TUBHMX ITPOBMUX AOJATKIB B HABUYAJILHOMY IIPOIECi, B TOMY YMCJIi 3aK/IafiB BUIIOI
OCBiTH, 3p00JIeHNIT BMCHOBOK ITPO IEePCHeKTUBHICTb 3aMiHM J1ab0paTOPHUX HOCITi-
IDKeHHi BipTyasibHMMM TpadiuHMMM iMiTaTopamMu, OCOOJMBO ITiJ dYac IMaHOeMii
COVID-19.

2) Brepilie CTBOPEHMII ClieHapiit B3aemopii rpadiuyHOro irpoBOro OTOYeHHS 3
rpaBlieM JjIsl peasisallii rpadiyHOro iHTepakKTUMBHOIO irpOoBOr0 AOAATKY [IJIsI O3Ha-
JIOMJIEHHS 3 TeXHOJIOTi€I0 ra30AMHaMiqYHOr0 BIUIMBY Ha pO3IUIaB B IMBaApHiit popMi.

3) Brepiie CTBOpeHU rpadiyHmnii iHTepaKTUBHMIA iTpOBMIT TOJATOK AJIsI O3HA-
JOMJIEHHSI 3 TEXHOJIOTi€I0 Ta30IMHAMiIUHOTO BIUIMBY Ha pPO3IUIaB B JIMBapHil hopMi.
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Ocobnusocmi peanizayii 2paghiyHo20 iHmepakmusHo20 i2po8o20 dodamky 01 03HalioM-
JIeHHA 3 MexXHOoN02i€l0 2a300UHAMIYHO20 BNIUBY HA PO3NNAB 8 NUBAPHIlU hopmi
Cmammsa npucssyeHa po3pobyi THMepakmusHo20 2pagiyHo2o ieposoz2o 000amKy 0/

03HaliOM/IeHHA 3 0CO6IUBOCMAMU HOBUX IUBAPHUX MeXHO02ii, W0 6a3yembCa Ha pezyb0BaAHO-
My 2a300UHAMIYHO20 BNJIUBY HA PO3Naas B8 NUBAPHIL ¢opmi ni0 yac meepdiHHA. Ocobausocmi
HABYAIbHO20 Npoyecy npu nid2omosyi cneyianicmis 8 2any3i memanypeii, 8 momy Yucai ausap-
HUKIB, nepedbayae HAsBHICMb IPYHMOBHOT He MiJibKU MeopemuyHoi 1 NpaKkmuyHoi nNid2o0mosKu,
AKa 30ilCHIOEMbCA 8 pamkax ausapHoi nabopamopii. OCHaweHHsa Cy4yacHoi nusapHoi nabopamo-
pii BUMazae cymmesux BKAAO0eHb B 06JIAOHAHHS, MAMePianu, KpiMm mo2o 0esKi UBAPHI MexHo-
J102ii He Moxymb 6ymu adanmosaHi 00 HABYASILHO20 NPOCMOPY, Ue CMOCYEMbCS 1 mexHoM02ii
2a300UHAMIYHO20 BNIUBY HA PO3NJas 8 UBAPHIL opmi. KpiMm mo2o, 3acmocyBaHHsA 2pagiyHo20
1HMepaKkmuBHO20 12p0B020 TMIMAMOpPa NUBAPHOTI MEXHON021i 2a300UHAMIYHO20 BNIUBY HA PO3-
nnas 8 NUBAPHil popMi MAE He3anepeyHi nepcnekmMusU 8 PAMKAX HABYA/IbHO20 Npoyecy, 0cob-
nusy 8 ymosax navoemii COVID-19. Tomy po3pobka epagiyHo20 iHMepaKkmusHo20 i2poBo2o 00-
0amky 015 03HaUOMIEHHA 3 0CO6IUBOCMAMU HOBOT IUBAPHOT MEXHOI02TT € AKMyaibHOK 3a0a-
qero.

Features of the graphical interactive implementation game application for acquaintance

with the technology of gas-dynamic impact on the melt in casting mold

The article is devoted to the development of an interactive graphical game application for
acquaintance with the features of new foundry technologies based on controlled gas-dynamic
effect on the melt in the mold during solidification. The peculiarities of the educational process
in the preparation of specialists in the field of metallurgy, including foundry workers,
presupposes the presence of a solid, not only theoretical and practical training, which is carried
out within the framework of the foundry laboratory. Equipping a modern foundry laboratory
requires significant investments in equipment and materials, in addition, some foundry
technologies cannot be adapted to the educational space, this also applies to the technology of
gas-dynamic influence on the melt in the mold. In addition, the use of a graphical interactive
game simulator of the casting technology of gas-dynamic impact on the melt in a casting mold
has undeniable prospects in the educational process, especially in the context of the COVID-19
pandemic. Therefore, the development of a graphical interactive game application to familiarize
with the features of the new foundry technology is an urgent task.

The aim of the work is to improve the quality of training and retraining of engineering
personnel by involving graphic interactive game applications in the educational process to
familiarize themselves with the latest technologies.

The task of the work is to develop scenarios for the interaction of a graphical game
environment with a player and to implement a graphical interactive game application that
demonstrates the technology of gas-dynamic impact on the melt in a casting mold.
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The work uses research methods based on a critical analysis of scientific and
methodological literature, experimental studies of the technology of gas-dynamic impact on the
melt in a casting mold, practical experience in using the game approach in teaching, the use of
engineering graphics methods to create three-dimensional models of technical objects, system
analysis methods for describing interaction of the graphical gaming environment with the
player.

A literary review of the world practice of using graphical interactive game applications in
the educational process, including those of higher educational institutions, is presented.

The theoretical aspects are described and the analysis of important technical and
technological features of the implementation of the technology of gas-dynamic influence on the
melt in the casting mold is carried out.

The procedure for developing a scenario for the interaction of a graphical game
environment with a player and a graphical interactive game application for acquaintance with
the technology of gas-dynamic influence on the melt in a casting mold is described, an analysis
of the advantages of using the proposed technology in comparison with a full-scale experiment is
carried out.
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K.C. Kpacuikos, M.B. JInxoB
YMCEJIBHI JOC/IIIKEHHSI HA MATEMATUYHIN MOJIEJII CHIHEHHS
3 IHDKEKLIEIO T'A3Y

AHomauis. KucHesi KoHBepmOpU Yacmo BUKOPUCMOBYIOMbCS Y BUPObHUYMBT cmani 015 8uda-
JIeHHA BYy2/1eylo 3 4asyHy 3a 00NOM02010 NPodyBKU KUCHeM ma 0714 po3n/iasieHHs memanobpyx-
my. Llinak Ha nosepxHi po3nnasy scepeduHi KOHBEPMOPA YNOBIIbHIOE 2a3081 OYbOAWIKU, WO
YMBOPIOE BEUKY KiNbKiCMb eMy/ibCii abo niHu. IHOOi piBeHb NiHU MOXe nepesulysamu sucomy
KOHBepmMopHoi 8aHHU. LLJo6 3anobiemu ybomy, memanypaam nompibHo npoeHo3ysamu nodibHi
cumyayii ma 810noBi0OHO 3MeHWyBamu BOYBAHHSA 2a3y 8 Hebe3neyHi nepiodu. [licna 6azambox
POKIB BUKOPUCMAHHA KUCHEBUX nepemsopiosayis memanypeu ompumanu 0ocsio i 3Haroms 6es-
neqHi pexxumu ybo2o npouecy. 00HAK Ui pexumu MOXHA BOOCKOHAAUMU 3a OONOMO20K0 Mame-
Mamu4yHo20 MOOeI0BAHHSA, Ke KOPpUCMYEMbCA NONyAApHICMIO 8 HAWI OHI, OCKIJIbKU BOHO MQE
MeHWi sumpamu, HiX peasibHi ekcnepumeHmu Ha 3agodi 4u 8 snabopamopii. [T0poouHamiyHi
npouyecu 8 KOHB8epMOpi CKAAOHI, MOMy MamemMamuyHa Mooesb NOBUHHA YHUKAMU HAOMIPHO20
CNpoOUeHHs ma Bpaxosysamu BaXsusi demasni npo Hux. Y nonepedHili pobomi npedcmasneHa
modesnb 3 demanbHUM onucom pisHAHb (Has'e-Cmokca) ma epaHuyHux ymos. YucesnbHe pilieHHs
npocmiwie ompumamu, HiX aHanimu4He 015 makoi cknadHoi modeni. [lns nepesipku adeksam-
Hocmi MoOesi BUKOPUCMOBYIOMbCA MAKT NPUNYLUEHHSA: 3020/1bHA KifIbKICMb 2a3y NOBUHHA bymu
306epexeHa y BUNAOKY 3aKpUmMo20 06'eMy, @ MAKOX Nojie MUCKY NOBUHHO 361/1bWYBAMUCA B8i0-
nosioHo 00 OMpuUMQaHOi KIIbKOCMI 2a3y; Y pa3i nepemiujeHHs BiJIbHOi NOBEPXHI piBeHb NiHU Nno-
BUHEH 3MIHI0BamMuCA 8i0N0BI0OHO 00 npuxody 2a3y 1 nogepmamuca 00 N0YAMKOBO20 3HAYEHHS
nicaa moeo, K 8ech 2a3 nioe 3 piOUHU.

[lpedcmasneHi MAMOHKU T10CMPYOMb 3MIHY PIBHA NIHU Y BUNAOKY, KOAU 203 HA0X00UMb Y pO3-
naag npomszom nepuiux 20 ceKyHO 3 NHIUHUM 3HUMXEHHAM 00 Hys Yepe3 20 cekyHO. 064ucsio-
8asnbHa obnacme Mae 72x144 komipok. E¢pekmusHicmb 064UCIEHb 3HUXYEMbCA, KOJIU PiBEHb Ni-
HU 3pOCMag, OCKIIbKU 8 PO3PAXyHKY 6epe y4acms binblue KAimuH. Ha iHWwux pucyHKax noKasaHo
2a3ose nosie (KoabopoMm) i nose weudkocmi (cmpinkamu) 015 0BOX BUNAOKIB: KOJU 06'eM 3a-
Kpumudi i KOAU NnoBepxHs po3naasy pyxaemecsa. Y 3akpumomy 00'emi 3a3HayeHi suwe npuny-
WeHHs nepesipeHO mMa NOOAHO 2pagik 3aMeXHOCMI KibKocmi 2a3y. Ha ocHosi yb0o2o 3pobieHo
BUCHOBOK npo AKICHY adekgamHicmb mooeni. 2D-8i3yanizayia 30i(CHIOEMbCA Yy KomMn'tomepHoi
npozpamu, po3pobeHoi Ha nonyaAapHil MOsi.

Knioyosi cnosa: ob4ucnosanbHa OUHAMIKG PiOUHU, BiNIbHA NOBEPXHS, NepemBoplBay KUCHIO,
2030WIGKOBA NIHA.

© Kpacnikos K.C., JlikoB M.B., 2021
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IToctraHoBKa mpoOseMu. KucHeBi KOHBEPTOPU HIMPOKO BUKOPUCTOBYIOTHCS
Ha MeTaJypriiHMx KoMbiHaTax, 30KpemMa i1 BUJAJIeHHSI KUCHEM BYTJIEII0 3 YaBYHY
Ta [JIS pO3IJIaBJeHHSI MeTajo0pyXTy SIK KPOK Ha IIISAXY OO0 BMPOOHMIITBA CTasli.
[Il;1ak Ha TOBepXHi PO3ILJIaBy YIOBITbHIOE Ta30Bi Oy/IbOAIIKHM, SIKi YTBOPIOIOTH €MYJIb-
cito abo miHy. PiBeHb IMiHM MO3Ke IepeBUILYyBaTH BUCOTY KOHBEPTOPHOi BaHHM. 11106
3aI100irT IbOMY, MeTaJypraM MoTpioHO MPOrHo3yBaTH MOMAiOHiI cuTyarllii Ta Bifmo-
BiZJHO 3MeHIITYBaTy BIyBaHHS ra3y B Hebe3IleuHi nmepioamn.

AHai3 ocTaHHIX mOCTiIKeHb i myOmikamin. OcTaHHI IeCSITWIITTS TOCTif-
HMKM KOHBEPTOPiB MPUIINSIOTh YBary MOAE/JI0BAaHHIO TiAPOAMHAMIUHMUX Ta TeIlIO-
GbisuuHMX Mpo1eciB y KOHBEPTOPHiii BaHHi. Tak y po6oTi [1] aBTOpM ITpoBeIu eKc-
MepyuMeHT 10 BM3HAUEeHHI0O MaKCYMaJbHOI BUCOTHU ITiHM 3a JOMOMOTIOIO CIlelliaJbHO1
TpyOM i IBOX MPOBOJIOK IJIsI TTiJIBeIeHHS eJIeKTpoeHeprii. 3HaliIeHO 3a/IeKHICTD iH-
IleKCy CITiHeHHS BiJ, OCHOBHOCTI Ta TeMIlepaTypu. Y CTatrTi [2] aBTOpU MOZENI0ITh
CIiHEeHHS 3a JOMOMOrOK CMJIMKOHOBMX Macea. Omep>kaHO 3aJIeXXHICTh OMHAMIUYHOL
B’SI3KOCTI Bif BimcoTka mapagiHoBux yacTMHOK. [TomaHo ¢oTorpadii mpo3opoi Tpy-
6u 3 miHOI0 B pi3HUX yMoBax. [Ipu 11pboMy HiaMeTp OyabOANIOK MiHU 301/TbITYETHCS
MOYMHAIOUM BiJl THA A0 MOBEpPXHi y 3-4 pasu. Y poboTi [3] po3rIsiHyTO MaTeMaTUIHy
MO/IeJIb CITIHEeHHS 3 BMKOpUCTaHHS EiiepoBoro mertony Ojs1 BpaxyBaHHS ¢as pigu-
Ha-ra3. BpaxoBaHo ¢opMyBaHHS i 3HMKHeHHs1 OynboOaiiok. CtaTTs [4] nmpucBsyeHa
MOJ€/IIOBAHHIO CITIHEHHS 3a JOIOMOrOK IHAYKIUIHOrO MmifirpiBy. BctTaHOB/IeHO He
H’10TOHIBCbKY MOBeiHKY MiHN. Y AucepTaliii [5] aBTOp AOCTiAXKyBaB MOBEeAiHKY MTiHU
B Pi3HMX YMOBAax, a TaKOX WIBUAKICTb MaJiHHS CMIIMKOHOBOI 4aCTUHKY B miHi. [Topi-
BHSIHHS ITiATBEPIKYIOTh aeKBaTHICTb PO3PaXyHKY IMIBUAKOCTI.

®opMy/ITIIOBAaHHSI METU OOCTiaKeHHsI. HeoOXiTHO BUKOHATH UMceIbHe AOCTi-
I>KeHHSI MaTeMaTUYHOI MOJeJi CITiHeHHS B Pi3HMX yMOBax, MepeBipUTH il SKiCHY
aleKBaTHICTh i BU3HAUNTU 3aJIEXKHICTb PiBHS CITIHEHHS BiJ 4acy.

BuknageHHs1 OCHOBHOTO MaTepianay OOCTiI)KeHHs. MaTteMaTuyHe MiaIrpyH-
TSI IJISI MOJe/TIOBaHHS 6araTOCKIaJOBUX cepedoBMIl (Hajli BUKOPUCTOBYETHCS Ta30-
pigvHHe) BUKIaJeHO Yy poboTi [6]. OCHOBHI MpUIYIIEHHS 100 reoMeTpii KoBia i
00UYMCITIOBAJIBHOI 06/1aCTi, @ TAKOXX CTUCIMBOTO CEPEIOBUIIA i BACTUBOCTEN piiyHM
BUKJIAZeHO Yy TonepenHin cratTi [7]. B craTTi [7] MmaTemaTuyHa MOJe/lb IPYHTYETHCS
Ha piBHSHHX Hap’e-CToKCa AJ1s1 CTUCIMBOTO CepefoBUIIa 3 MPUMIYILIEHHSIM PO CTa-
JicTh 06’€MHOI B’SI3KOCTi.

YucenbHMIT eKCITIepMMEHT BUKOHYBABCSI BUXOMISIUM 3 HACTYITHUX ITapaMeTpiB:

1) O6sacTh po3paxyHKy Ma€ BUCOTY 2 M, a paziyc — 1 M. KisbKicTh KOMipoK

o pafiycy — 72, a o BUCOTi — 144.
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2) Kpoxk 3a yvacom - 0,001 c.

3) MakcumanbHMT 06’€M a3y MOJAETHCS Y eIl ueTBepTi pamiycy obacTi
Ha IMOYaTKy JOCTiAy i TiHIIHO 3 YacOM 3MeHIITYEThCS 10 HyJIs Ha 20 ceKyH/I.

4) lIBMAKICTD ra3y BiAHOCHO PiAVHU MIPUIHSITO CTAIO0 BEJIMUYMHOIO, SIKA BU-
3Ha4vaeThCss okpemo — 0,1 m/c.

5) IlouaTKOBMI1 piBeHb PO3IUIABY CKIAJA€ MTiBMETpA.

Ha pucysky 1 KombOpoM 300paskeHO Iojie rasy (CMHii — Maibke HYJIbOBA
00’eMHa YacTKa, YePBOHMIT — MPUOJM3HO TPETHHA KOMipKM 3aitHITO razom). CTpis-
KaMM [MO3HAUeHO MoJjie MIBUIAKOCTI pO3IJIaBy — Yy BepPXHili 4aCTMHI PUCYHKa 3HaXo-
IUTBHCS piBeHb MOBEPXHi, SIKMII Maibke y IBa pasy MepeBUIINUB ITOYATKOBY TIIMOMHY

pO3IIaBy.
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PucyHOK 1 — 4-Ta ceKyHAa MO e/JIbHOI0 Yacy y BUIIAJKy BUJIbHOI TVIOCKO1
TOBEPXHi cepenoBuIla piiMHa-Ta3.

[Tone ra3y pyxaeTbcsi BBepX, IIPUCKOPIOIOYM PO3IUIAB i HA3[IOTaHSIIOUM TOBEPX-
HeBUIi piBeHb PO3ILIABY, SIKUIi MiABUIIMBCS nepiinM. OueBUAHO, YMM MeHIIa HIBU-
IKiCTh ra3y BiTHOCHO pO3IUIaBy, TMM BuIle Oyme MmigiiiMaTics piBeHb.

PucyHok 2 Bimo6paskae 3MiHy IMIMOMHM po3ILIaBy Yy yaci. Ha moyaTky BiH 3poc-
Ta€ yepe3 ra3oBe HacCUMUeHHS po3ruiaBy. ITic/ist 5-1 ceKyHau ras gocsrae MmoBepxHi i
BWIITa€ 3 po3IUIaBy, UMM Pi3KO 3MEHIIYE TAMOMHY, X0U i He MOBHICTIO. 3aJMIIKN ra-
3y Bce IIle € BCepeIyHi po3IUIaBy, SKuUii YHIC iX 3 c06010 B INIMOMHY, TOMY 6a4MMO I10-

Bi/IbHE 3MEHIIeHHS PiBHS Mics 9-1 CeKyHOu.
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PucyHOK 2 — 3asieskHiCTh INIMOMHY PO3ILIABY Bif] Uacy y BUTIAJKy CITiIHEHHS —
PYXy BiJIbHOI MJIOCKOiI OBEPXHi cepeqoBuIlla piiHA-Ta3

Iy mepeBipKu 36epeskeHHs KiJIbKOCTi rasy B po3IlIaBi MaTeMaTU4YHOI MopeJti
O6yB BUKOHAHMI1 AOC/i] Y 3aMKHEHOMY IMPOCTOPi — i3 3MiHOI IPaHMUYHUX YMOB Ha
TaKi, SIKi BiATIOBiIaI0Th TBEP/ili IOBEPXHi:

1) IIBuAKiCTb MOBEPXHi PO3IUIABy AOPIBHIOE HYJIIO.
2) I'pamieHT THCKY Ha IMOBEPXHi TAKOX AOPIBHIOE HYJIIO.
3) T'a3 He 3anuIIae posIiaB — HYJIbOBUI IPAi€HT Ha IMIOBEPXHI.

Pe3ynbTaT MOeMOBaHHS MOKa3aHO Ha PUCYHKY 3. [lose rasy rnoctymnoBo 3aro-
BHIOE 3aMKHEHUI MPOCTip, NMOUYMHAKUYM 3 BEPXHbOI YaCTMHU. BuUxopm poO3IUiaBy,
MIPUCKOPIOIYMCH TT0JIEM a3y, IepeMilllyI0ThCS 371iBa HaIpaBo Ta HaBaku. Ha pucy-
HKax KOXXKeH BeKTOp BimoOpaykae HAIMPSIMOK i BeIMUMHY, ycepeaHeHi MOMiX J1eB’SITU

BeKTOI)iB pO3paxoBaHOIO I10JI4 HIBUAKOCTI.
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PrcyHOK 3 — 10-Ta ceKyHJa MOJIeJIbHOTO Yacy Y BUITaJIKy 3aMKHEHOTO ITPOCTOPY
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3aJiexXHICTh CyMapHOi KiJIbKOCTi ra3y Bifl 4acy MoKa3aHO Ha pUCYHKY 4. 3 mep-
101 CeKyHIM HAIOXOSITh BeJMKi 00’€MM rasy, MOCTYIIOBO 3MEHINYIOUMCh 3 YacoM,
Tomy rpadik mMae HemiHiliHMI pict mo 20-i cekyuau. Ilicas 20-i ceKyHaM BIyBaHHS
rasy 3aKiHUyeTbCS i IOTO KiJIbKiCTh CTA€ CTAJIOI0 IependavyBaHO BeIMUMHOIO — He-
3YMOBJIEHi UMCeIbHUM PO3B’SI3KOM i MOKYTb OYTM 3HEXTyBaHi y MaciiTabi Bciei po3-
PaxyHKOBOI 06/1aCTi. IK BUZHO Ha PUCYHKY TUCK TaKOK 30iIbIIYETHCS BigIIOBigHO A0
HAOXOO KeHb rasy i 3aMuIIaeTbCs ctanum micias 20-1 ceKyHau. Y3roIKeHiCTh y rpa-
¢dikax TMUCKY i rasy 3posymijia 3 TOUKM 30py Qi3uKMU: UMM Oilbllie rasy rnogaBaTu y
3aMKHEHMX IPOCTip TUM OiTbIINI TUCK Oye BcepeanHi. 3BMUaiiHO Ma€ThCS Ha yBasi
imeanbHMii ra3. Y mojesi, 10 PO3I/ASAAa€EThCsI, He BpaXxOBaHO 3MiHy TeMIepaTypu.
Xoua y MOPOsKHMHI KOHBEPTOpa pO3IUIaB Ma€ CyTTEBUIL rPafliEHT TemIlepaTyp, 0C00-
JIMBO KOJIM ¥iJie iHT@HCUBHE TOpPiHHS BYIJVIEII0, 4 MeTaJeBuii OPYXT TiIbKY ITOYMHAE

TPOTpiBaTUCS.
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PucyHOK 4 — 3MiHa KiJIbKOCTI ra3y Ta TUCKY Y BUIIAJKy 3aMKHEHOI'O IIPOCTOPY

BucHOBKM. BUKOHAHO psia uMce/JbHMX OOC/iIiB Ha 3alpONOHOBAHil paHille
MaTeMaTUuHii moaesi. OmepskaHi po3B’sI3KM MOJeIbHMX 3a7a4 MiATBePAKYIOTh SIKi-
CHY aJeKBaTHICTh MOJIeJIi: 30KpeMa JOC/iI>KeHO KOHCepPBAaTUBHICTh MOJIS ra3y; 3MiHa
piBHS pO3IUIaBy BimOYBa€ThCS Y BiITIOBiIh HA ITOaYy Ta3y B PO3ILIAB i Y3TOMKYEThCS
3 JI0r0o BUXOJIOM 3 pO3IIaBy. Buillecka3aHe € MiAIPYHTSIM 40 peKOMeHallii BUKOpU-
CTOBYBATU MOJE/Ib Ha IPAKTULI.
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Yucnentsie uccnedosanus Ha mamemamu4ecKkol Modenu 8CNeHUBAHUA C UHXeKyuel 2a3a

Uinak Ha nosepxHoCcmMu pacnaasa BHympu KoHsepmepa 3amedsisem ob6pa3osaHue ny3bips-
KO8 2a3a, Ymo npusooum K 06pa308aHUKD ABAPULIHO20 KOAUYeCMBA IMy/AbCUU UAU neHbl. [na
nposepKku adeksamHocmu mamemamuyeckoll Modenu OGHHO20 NPoUecca Ucnosb3ymcs cre-
oylowue donyueHus: obujee Koau4ecmso 2a3a OOJKHO COXPAHAMBCA B8 C/y4de 3aMKHYymMo20
obvema, a nosie 0asseHus O0JIXKHO yYBeUYUBAMbCA COOMBEMCMBEHHO NOJyYeHHOMY KOuYecm-
8y 2a3a; 8 C/ly4ae 0BUXeHUS CBOOGOOHOLU NOBEPXHOCMU YpOBeHb NeHbl OOJ/KeH U3MeHAMbCA 8
coomsemcmBuu € nocmynieHuem 2a3a U BO3BPAUAMbLCA K UCXOOHOMY 3HAYeHUKo nocsie moezo,
KaK 2a3 NOKUHem XUuoKocme.

[TposedeHsbie uccnedosaHusa U NOKA3aHHble UNIOCMPayuu 0aom ocHoBaHuUe coenams Bbi-
800 0 KayecmseHHOU adeKBamMHocmu Mooesnu.

Numerical experiments on mathematical model of foaming with gas injection

Oxygen converters are often used in steelmaking to remove carbon from pig iron by oxy-
gen blowing and to melt metal scrap as step on the way for producing steel. Slag on the surface
of melt inside convertor slows down gas bubbles, which makes great amount of emulsion or
foam. Sometime the level of foam can exceed the height of converter bath. To prevent this, met-
allurgists need to predict such situations and decrease gas blowing accordingly at dangerous pe-
riods of converting. After many years of using oxygen converters metallurgists get good experi-
ence and know safe modes of this process. However these modes can be improved by mathemati-
cal modeling, which takes popularity in our days because it has lower costs than real experiments
in a plant or laboratory. Hydrodynamic processes in converter are complex so mathematical
model needs to avoid oversimplification and to take into account important details about them.
In previous work model is presented with details about equations (Navier-Stokes) and boundary
conditions. Numerical solution is simpler to get than analytical one for such complex model. To
check adequacy of the model the following assumptions are used: total amount of gas must be
conserved in a case of closed volume as well as field of pressure must increase correspondingly to
received amount of gas; in case of moving free surface a level of foam must change accordingly
to gas income and return to an initial value after all gas are gone from fluid.

Presented figure illustrate change of foam level in a case when gas comes to the melt dur-
ing the first 20 seconds with linear decrease to zero at 20 second. Computational domain is rep-
resented by 72x144 cells. Computation performance decreases when level of foam grows, be-
cause more cells take part in solving. Other figures show gas field (quantity is represented by
color gradient) and speed field (drew by arrows with related length) for two cases: when volume
is closed and when surface of melt is moving. In closed volume the mentioned above assump-
tions are checked and correspondent chart with gas and pressure is presented. Thus a conclusion
is made about qualitative adequacy of model. 2D visualization is made by computer program de-
veloped using popular language.
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€.C. Cynema, M.B. Onai, A.L. Inuka
3ABE3IEYEHHS 3ABAJIOCTIMKOCTI BATATOKOJIIPHUX
HITPUXKOOOBHUX 3HAKIB HA OCHOBI ITOJIS GF(p™)

AHomayis. Po3po6sieHo MemoOuKy cuHmesy cuMBOIK 6A2amoKONIPHUX BUCOKOHAOTLIHUX Wmpu-
X08UX KOOiB 0/14 cucmeM asmomMamuy4Hoi i0eHmugikayii. 3anponoHoOBaHo 0BOpiBHeBY cucmemy
3abe3neyeHHs 3a8ad0ocmilikocmi 6a2amoKONIPHUX WMPUXKOOOBUX 300paXKeHb, Y AKIl HA HUX-
HbOMY CMpPYKMYpHOMY pPiBHI (PIBHI WMPUXKOOOBUX 3HAKIB) 3ACMOCOBYIOMbLCA MHO203HAYHI He-
nosHi Koou XemiHea, a Ha BepxHbOMY (PIBHT WMPUXKOO0BOT NO3HAYKU) — KOOu Pida-ConomoHa.
BuKoHaHO OUYiHIOBAHHA KOPeKMyBaibHUX MOXIUBOCMeEU MHO203HAYHUX HeNnoBHUX K008 XemiHea
npu ix BUKOPUCMAHHI Y WMPUXOBOMY KOOYBAHHI 0aHUX. Po32i1saHymo 0cobiusicme BUKOHAHHSA
onepayill y ckinyeHux nonsx sudy GF(p™) npu peanizayii npoyedyp KoOy8aHHA-0eKOOYBAHHA
OaHux 8 cucmemax asmomMamuy4Hoi i0eHmugikayii Ha OCHOBI 6A2AMOKOMIPHUX WMPUXOBUX
KoO018.

Knwo4osi cnosa: 6azamokonipHull wmpuxosuli K00, MHO203HAYHT KOOU XeMiH2a, asBmoMamuy4Ha
10eHmucikayia, onepayii y CKIHYeHHUX NONIAX.

Bcetyn. BukopucTaHHS IITPUXOBUX KOAIB € OOHUM 3 HAMIIOMYJISIPHIIIMX CIIOCO-
6iB MIBUIKOTO BBeJEHHS JaHUX Y KOMIT'IOTepHY cuctemy [1, 2]. 3 yacy BUHaiiIeHHS
Nepmux MTPUXOBUX KOJIB MUHYJIO AEKiJIbKa OeCATUIITh, OJJHAK iHTepeC A0 MTPUX-
KOJIOBOI T€XHOJIOTii aBTOMaTUYHOI iTeHTUdiKallil He 3HUKYETbCSI.

OcTaHHIMM pOKaMM CITIOCTEpiTaeThCs CTilika TeHAEHIlisS 10 BUKOPMUCTAHHS Oa-
raTOKOJIipHUX MITPUXOBUX KOAIB [3-5]. [IpyurHa oueBMIHA: MparHeHHs MiABUIIUTU
iHpopMalliitHy HIiBHICTh — HA OOMHMIN TUIOIII HOCiS 6€3 3MiHM reoOMeTPUUHUX
PO3MipiB eeMeHTIiB IITPUXKOJOBOTO 300pakeHHs IT0JaBaTy OiJIbINY KiJTbKiCTh iH-
dbopmMatiii, Hik 11e TO3BOJSIOTh TPAAULiIHI YOPHO-O6isi WITPUXOBi KOAM [6, 7].

OpHak, nMpu UbOMY YCKJIALHIOIOTHCS MPOLIECH PO3ITi3HABaHHS Ta AEeKOAYBAaHHS
IMITPUXKOJIOBUX 300pakeHsb [8, 9]. Cepen mpuuMH: 0COOAMBOCTI 3UeryieHHsT 6apBHU-
KiB (hap6) 3 mMoBepxHE HOCisS (3rOpTaHHsI ab0 pO3TUIMBaHHS (Gapou); 3MilTyBaHHS
KOJIbOPiB Ha MeXi CyCiIHIX eJleMeHTiB 3 pi3HMM 3ab6apB/IeHHSIM; CIIOTBOPEHHS reo-
METPUYHUX PO3MipiB eJIeMeHTiB IITPUXKOAOBOTO 300paskeHHs ITifl yac 3UMTyBaHHS

BHAC/IiIOK [IeBHUX ONTUYHMUX eeKTiB Towo [4, 7].

© Cynema €.C., Onait M.B., [inuka A.I., 2021
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Tomy, 1J1s1 HaAiiTHOTO 3UMTYBAHHS 3 00’€KTa 6araTOKOJIipHUX IITPUXOBUX KOiB
HeoOXimHO 3abe3meuyBaTM 3aBaJlOCTiMKiCTh IITPUXKOAOBMUX 300paskeHb. OCKIJIbKU
CTPYKTYPHO HITPMXKOAOBA MO3HAuUKa CKIAJA€TbCS 31 MITPpUXKOAOBUX 3HaAKiB (LIK-
3HAaKiB), TO [IJISl TOCSITHEHHSI HAJIEXKHOTO PiBHS HAAiMHOCTI 3UMTYBAaHHS OAHUX CJIi[,
CTBOPIOBATY 0AraTOKOJIipHi IITPUXKOAOBI 300pakeHHs Tak, 1006 BJIaCTUMBICTb 3aBa-
IOCTIiIKOCTi 3a0e3IeuyBasiach He JiMIle Ha PiBHi yciel MTPUXKOAOBOI ITO3HAYKM, a 7
Ha piBHi IIK-3HaKiB — MiHiMa/IbHMX CTPYKTYPHUX OJVHUILIb.

[yist 3a6e3reuyeHHsT 3aBaJOCTIMKOCTI HA PiBHI ycieli MITPUXKOMOBOI MMO3HAUKM
3a3BMUaii 3aCTOCOBYIOTh KOPEKTYBabHi KOAM, 1110 3IaTHI BUITPaB/ISITIA OaraTokpaTHi
noMwiku — Kof, boysa-Yoyaxypi-Xoksinrema (BUX) a6o kop Pima-Conomona [10]. Y
1IbOMY OOCJiI)KeHHi MMPOIIOHYETHCS 3aCTOCOBYBATM MHOTO3HAUHUI (HeOBiliKOBMIA)
Ko, XeMiHra 11 3a0e3reueHHs 3aBaoCcTiiikocTi Ha piBHi IIIK-3HaKiB.

VY BUMNaJKy 3aCTOCYyBaHHS MHOTO3HAUHMX KOPEKTYBaJIbHUX KOJIB AJIs1 peaisa-
IIii TpolieciB KOAYyBaHHSI-IEKOAYBaHHS HOaHUX BUKOPUCTOBYIOTb MaTeMaTUUHUIL
arnapart CKiHueHHUX nouiB (ronis 'amya) [11, 12].

Po3pi3HAI0Th ABa BUAM CKiHUEHHUX MOiB: nons Buay GF(p) — KOMM KiJIbKICThb
(p) elleMeHTiB MOJISI € MPOCTUM UYMCJIOM, TOAi OIlepallii BUKOHYIOTh 32 MOZIYJIEM p;
noJist Bupy GF(p™) — KOJIM KUIBKICTD (p™) €JIeMEeHTIB I10JISl € CTeIIeHeM MPOCTOTO YMC-
J1a, TOJ1 onepailii BUKOHYIOTb 3a MOJyJIeM He3BiJHOrO MHOTOYJIeHa cTereHs m [13].

PosriisiHeMO 3aCTOCYBaHHSI MHOTO3HAaUYHMX (G-KOBMX) KOAIB XeMiHra (q > 2) njis
3a0e31euyeHHs 3aBaioCTiiiKocTi 6araTokojipuux IIK-3HaKiB KoM ¢-KiJbKiCTh BUKO-
PUCTOBYBAaHMUX KOJIbOPiB AJis1 po3dapOOByBaHHS 3HAKIB, € CTeIIeHeM ITPOCTOTrO YMC-
Ja, To6TO, KOMM q =p™, e p > 2, m > 2 (BUNAJIOK q = p € IPEAMETOM iHIIOTO JOCTi-
ISKeHHS).

ITocranoBka 3amaui. IlITpuxoBuit Kog Mae cBiit Habip IIK-3HaKiB, KOXXeH 3
SIKMX TI03HAYa€ OJVH CMMBOJ KOMIT'IoTepHOro asnidanity. Lleit Habip IIIK-3HaKiB Ha-
3MBAIOTh CMMBOJIIKOIO IITPUXOBOTO KOAY [3, 4].

Hexait He0OXiTHO CTBOPUTHM CMMBOJIIKY 3aBaIOCTi/fKOTO 6araToKoJIipHOTO JBO-
BUMIipHOTO (MaTpMYHOTO) LITPUXOBOTO KOAY 3 MapaMeTpaMu ¢, S: G-KiJbKiCTb BUKO-
PUCTOBYBaHMX KOJIbOPiB Aj1s1 po3dapboByBaHHs enemeHTiB IIIK-3HaKa, mpuyomy q €

CTeleHeM IIPOCTOrOo UYMCJIa; S-KUIbKICThb ejieMeHTiB (4apyHOK) y [IIK-3Hakax (puc. 1).
5=4 5=6

6[5]4]
3

IK-3HakK:

B e

2[1

211

Bextop IlIK-3HaKa: Z=(Z1227524) Z=(DDHnT) LZ=(D1D0T3TaZ5Zs)
Pucynox 1 - Ilpuxnaau crpykryp LIK-3HakiB mpu s =4, 5, 6
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Koxken enement IIIK-3Haka Moxke 6yTu posdapboBaHuit OyAb-IKUM 3 ¢ KOJIbO-
piB, siki mo3HavatuMmemo uudpamu: 0, 1, 2, ..., g — 1. IK-3HaKy, 1110 CKIAAAETHCS 3 S
eJleMeHTiB, IIOCTaBMMO Y BillOBiAHICTh 1IMdpoBUit ekBiBaseHT — BeKkTop LIK-3HaKa
Z=(2122 ... Zs).

Ockinbku z; € {0, 1, 2, ..., q — 1}, TO po3psiiu caoBa Z CJiJl PO3TASAATH SIK MHO-
ro3HayvHi (HeABiiKoBi) cumBosu. I Toro, mo6 IIK-3Hak 6yB 3aBaJoCTiikKMM, #0T0O
1MGpPoBMii BEKTOp Z Ma€ 6YyTM KOZOBMM CJIOBOM KOPEKTYBaJIbHOTO KOy, 3laTHOTO
BUIIPABJISITU Ta/a00 BUSIBSITU ITOMMUJIKM.

SIKII0 TaKMM KOPEeKTYBaJIbHUMM KOJIOM 00paTy g-KOBMII Kom XeMiHra, q > 2, i Ha
jloro ocHOBi OymyBaTM CMMBOJIIKY IITpMXOBOro kKomy, To B IIK-3Hakax mig vac ix
34MTYBAaHHS 3 HOCiSI TapaHTOBAHO BUMPABJSITUMYTHCS OOHOKPATHI MOMWIKK. s
BUSIBJIEHHSI ABOKPATHMUX MOMMJIOK, a TaKOX MOMWIOK Oiybmioi kpatHocTi B K-
3HaKax CJIiJ BUKOPUCTOBYBATM HEMIOBHI MHOTO3HA4Hi Koay XeMiHra.

TakuMm 4MHOM, HEOOXiTHO BUPIIINTY 3a[auy CMHTE3y CMMBOJIIK 6araToKoJIip-
HUX HITPUXOBUX KOJiB 3 MOXK/INBICTIO BUITpAaBJI€HHSI OAHOKPATHMUX Ta BUSIBJIEHHS Oa-
raTOKpaTHUX MOMMUJIOK y 3unuTyBaHux LIK-3HaKax KoM KiibKiCTh ¢ KOJIbOPiB, BUKO-
PUCTOBYBaHUX 1151 po3(hapbOBYBaHHS IITPUXKOLOBUX €JIEMEHTIB, € CTeIeHeM ITpocC-
TOTO YMCJIa.

CUHTe3 CMMBOJIIKM 6araTOKOJIipHOTO 3aBaJIOCTiIKOTO HITPUMXOBOTO KOAY
Ha OCHOBIi ¢-KoBoro koay Xeminra. CtpykrypHo IIIK-3Hak (puc. 1), o ckiagy siKo-
IO BXOJISITh S €JIEMEHTIB, Ma€ CKIagaTucs 3 u iHpopMalliiiHMUX eJleMeHTiB (pO3psiB),
SKi YTBOPIOIOTh iHbopMalliiiHe cioBO B = (b1 by..b,) Ta v KOHTPOJbHUX €/IeMEeHTiB
(po3psAiB), sIKi yTBOPIOIOTb KOHTPOJbHE c/1oBO T = (ti t;... 1), Ie u+v=s, a KOJIOBe
c110BO Z, sike € BekTopoM IIIK-3Haka, popmyioTs K Z :=B : T.

[To6ymoBYy CMMBOJTiKM 3aBaJIOCTi/IKOTO IITPUXOBOTO KOAY BUKOHAEMO HA OCHOBI
repeBipHOi MmaTtpulli H kony XeMiHra.

V 3araJpbHOMY BUIIAJIKy [epeBipHa MaTPULS g-KOBOTO (S, U)-KOAy XeMiHra Mae

BUTJIAO:
h11 hlZ hlu 10 0
. h, h, - h, 0 1 -+ 0
H(sq,u) = ?1 ?2 . %u e :H Hvxu : Iv ’ (H
hvl th hvu 0 O ]'

ne h; e{ 0,12,..,q-1 }

Cropmui Marpuni H ¢ MaKCMMajbHa KiJIbKiCTh SIKMX CTAHOBUTb

(s,u)?

(@ -1)/(q—-1), € HeHYJIbOBUMM V-PO3PSIAHUMM TOCTiITOBHOCTSIMU, Y SIKUX TepIia
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HEeHYJIbOBa KOMIIOHEHTa JOPiBHIOE omyuuili. I1s1 ymoBa 3ab6e3mneuye nornapHy JiHiitHy
He3aJeXHicTb cTOBMNLiB [11, 12], a mapamMeTpu u i v MoB’sI3aHi Mik cO60I0 CIiBBiA-

HOIIeHHAM

v

q -1
q-1
MHoro3HauHui (s, u)-kKoj, XeMiHra Ha3MBalOTh MOBHMM, SIKIIO y CHiBBiIHO-

u<

—V. (2)

IIeHHi (2) BUKOHYETHCS PiBHICTh. KO X y migmatpuii H

vxu

(ouB. (1)) BUKpecanTun

onuH abo JeKinbKa CTOBIILIB, TO KOJ XeMiHra cTaHe HeIIOBHMM.
SIK10 BUKOHATU Iepebdip BCix MOKIMBMUX 3HAaUueHb BekTopa B — Bix (00 ... 0) go

(@-1q-1..q-1), ne q=p", T0 Ha ocHoBi marpuui H ! MoxHa 3reHepyBaTy BCi

MOX/IMBI KOJOBI €/10Ba Z= (2122 ... Zs) q-KOBOTO (S, U)-KOAy XeMiHra, KOKHe 3 SKUX

OTPUMYIOTH SIK

Z::BE(B-HT )

v

KisibKiCTh MOKIMBUX KOAOBUX CJIiB Z CTAHOBUTD (%, @ BeJIMUMHA G“ € TIOTYKHIC-
TIO CMMBOJIiKM 6araTOKOJIipHOTO HITPUXOBOTO KOMY.

KoxkHOoMy Z HeobOximHo moctaBuTH y BigmosigHicTs IIK-3HaK, po3dapOyBaBIm
/i0ro eJleMeHTH BigMoOBiZHMMM Kombopamu. [Ipu 1ibomy KoskeH IIIK-3HaKk Oyme 3aBa-
OOCTiiKMM. SIKIIIO BEKTOPM Z 3reHepyBaTy Ha OCHOBI MepeBipHOI MaTpulli TOBHOTO
KoAy XeMmiHra, TO MiJi 4aC 3UMTYBaHHS IITPUXKOLOBOI TTO3HAYKM Y MeXKaX KOXHOTO
[ITK-3HaKa MOXJIMBE BUIIPABJIEHHSI OAHOKPATHOI MOMMJIKM (KOPEKIisi OOHOTO ee-
MeHTa). SIKIIO BEeKTOpU Z 3reHepyBaTu Ha OCHOBI HEIOBHOTO KONy XeMiHra, TO Y
Meskax KoxkHoro IIIK-3Haka MoskiuBe ab60 BUIIpaBJI€HHS OJHOKPATHOI MOMMJIKU
(CIIOTBOPEHHSI OJTHOTO eJIEMeHTa), a0 BUSIBJIEHHSI 3HAYHOI KiJIbKOCTi OaraToOKpaTHUX
CIIOTBOPEHb.

V Tabs. 1 HaBe#eHO MesiKi MOBHI (S, U)-Koay XeMiHra, Ha OCHOBi SKMX MOXXHa
CMHTE3yBaTU CUMMBOJIIKM 3aBaAOCTIMKMUX LITPUXOBUX KOMIB NMPU BUKOPUCTAHHI [JIS
po3dapOboByBaHHS eJIeMeHTiB 4-X, 8-M1 Ta 9-TU KOIbOPiB.

Tabmuis 1
[leaxi MOBHI §-KOBI (s, u)-Kogu XeMiHra
KOJIM (] € CTEeIIeHeM IIPpOCTOTO YHC/Ia

KUIBKICTh BUKOPMC TOBYBaHMX KOJIBOP1B
q=4 | q-8 | q=9
By CKiHUYE€HHOTO 110714
GF(2%) GF(2%) GE(3%)
(5, 3)- (9, 7)- (10, 8)-
(21, 18)- (73, 70)- (91, 88)-
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PosrnsiHeMo BMITaAOK I100YIOBM CUMBOJIIKM 4-KOJipHOTO 3aBajlOCTiiiKOTO
IITPUXOBOTO Koay. /11 11i€i MeTV CKOPUCTAEMOCH YeTBIpKOBMMM KOJlaMy XeMiHTa.
CriouaTKy Bi3bMeMO 4eTBipKOBMi1 MmoBHMIi (5, 3)-Konm XemiHra (muB. Tabi. 1),
SIKOMY BiZIlIOBifa€ mepeBipHa MaTpPUIS
b, b, b, t, t,
4w 111 1 0 (3)
GH 711 2 3 0 1|

Takuii Ko go3BoJisie mobyayBatu N = 43 = 64 pi3Hi yvorupukomipHi IIK-3Haku 3
MOSK/IMBICTIO BUIIpaBAeHHs OOHOKpaTHMX noMwiok y IIK-3Hakax mig vac ix 3umuTy-
BaHHS 3 HOCIs.

Omneparii KogyBaHHS-eKOLYBaHHS B IbOMY BUIAJKy BUKOHYIOTH Yy 1oji GF(22)

3a MOJyJieM JIBi/iIKOBOTO He3BiTHOIO MHOTOYJIeHa CTelleHs Ba. [cHye €1MHMIT He3Bi-

IHUI MHOTOYJIeH CTereHs [Ba — Lie pgz) (x)=x"+x+1[13].

st 06y mOBM TIOJIST CIIOYATKY cim B3t GF(2), a MOTiM Ha OCHOBI pgz)(x)

chopmyBaTyu iioro posupeHHs GF(2?) (Tao. 2).
Tabmuug 2
I[TomaHHa e/leMeHTiB moiad GF(2%) 3a Momy/ieM He3BiTHOTO
MHOrouIeHa . (X)=x"+x+1

Y BUTIAIL V BUrIami Y BUTIAIL v Y
HEBII’éMHOTO | BiI’€éMHOTO MHOTOUJIEHA | [ABIMKOBOMY | JeCATKOBOMY

MOKa3HMKA MOKa3HMKA Big o BUIJISIL BMIIAI1
CTeNneHd o CTeNeHd o

0 0 0 00 0

ol o3 1 01 1

ol o2 o 10 2

o2 o1 a+1 11 3

VY Tabin. 2 o — IpuMiTUBHMIL esieMeHT 1osst GF(22). Y moni GF(2%) o = o® = o3 - 1.

[Tpuknaay BUKOHAHHS orepaliiit y GF(22):

nomaBaHHA: 2+3=a+(a+1)=2a+1=1,

MHOXeHHS: 2-3=a'-o?=a’=0o’=1,

ninenHsa:2:3=o':o?=ao'-a?=a'=3.

JI7s1 3py4HOCTi MOKHA KOPUCTYBATUCh TaGIMYHMUM CITIOCOO0OM BUKOHAHHS OIle-
paiiii (puc. 2).

YV mnoni GF(2%?) nnas KOXXHOTO HEHYJIbOBOT'O ejleMeHTa b icHye IpOTUIesKHUIA
(amAUTUBHO OOepHEeHMII) eieMeHT —b Takuit, o b + (-b) = 0. 3 Tabnuili JomaBaHHS Ha

puc. 2 BUIHO, IO HpOTI/IJ'[e)KHI/Iﬁ o enemeHTa 1 € eynemeHT 1, IIPOTUIIESKHUM OO0
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eJIeMeHTa 2 € eJIeMeHT 2, a IIPOTWIEXXHUM [0 eJieMeHTa 3 € ejieMeHT 3. lle o3Hauae,
o B asire6paiyHmux BMpasax y moji GF(2?%) 3Hak — (MiHyC) MOXKHA 3aMiHUTYM Ha 3HAK
+ (rwtroc). JiticHo, TabauIli momaBaHHS Ta BigHIMaHHS eJIeMeHTiB IT0JIs CITiBIIagaloTh
(muB. puc. 2). Kpim Toro, nogaBaHHs ejleMeHTiB 1o GF(2%) MO>KHAa BUKOHYBATU SIK

MOPO3psiAHe NoJaBaHHS ABiIKOBUX KO/IiB IIMX eJIeMEeHTiB.

+/0 1 2 3 -0 1 2 3 10 1 2 3 10 1 23
0,0 1.2 3 0|0 1 2 3 00 0 0 O Of- 0 0O
1i1r 0 32 141 0 3 2 1{0 1 2 3 1|- 1 3 2
22 3 0 1 2|2 3 0 1 20 2 3 1 2|- 2 1 3
53/ 210 3|3 2 1 0 3/0 3 1 2 3/,- 3 2 1

PucyHok 2 - BukoHaHHS onepalliit B ot GF(22)

Ha ocuosi matpuni H gy (mauB. (3)) m0oGyayeMO CHMBOIKY 4-KOMPHOTO 3aBa-

IOCTiIKOTO IITPUXOBOTO KOAY 3 MOSKIMBICTIO KOpeKIlii OMHOKpPaTHMUX MOMMJIOK Yy
IITK-3HaKax.

[ITIK-3HaKy CKIaJai0ThCs 3 5-TU eJIeMeHTiB (pyC. 3), KOKEH eJIeMEeHT MOKe OyTu
po3dapboBaHuit OMHMM 3 YOTUPBOX KoabopiB. IIIK-3HaKy Bigmnosigae Bektop Z IIK-
3HaKa Z = (21 22 23 Z4 Z5), Y IKOMY (21 22 Z3) := (b1 b2 b3), (24 25) = (t1 t2).

B T
by b2 bs 5] ta
5|4 < 5 > | b1 | bz
51211 1 z2 z3 Zs s |z Lsluft
a m] a8
Komoge c/10BO
7]

PucyHOK 3 - ®opmyBaHHs IIIK-3HaKiB YOTMPUKOIIPHOTO 3aBaZOCTIKOTO IITPUXOBO-
ro koxy: a — ctpykrypa lIK-3Haka; 6 — Bektop IIK-3Haka;
6 — nopsnok 3anoBHeHHs [IK-3Haka

KoHTposbHi po3psaayn o6umcanmMo Ha OCHOBI MaTpuiii (3):
t, = (b, +b, +b;) mod p{’ (x),
t, = (b, +2b, +3b,) mod pi’ (x).
Hexait B= (30 1). Toxi
t,=(3+0+1)mod p? (x) =2,
t,=(3+2-0+3-1)mod p{” (x)=0.
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OTtxe, BexkTop IIIK-3Haka mopiBHioe Z= (3012 0), BiH € KOOOBMM CJIOBOM 4-
KoBoro (5, 3)-komy XemiHra, i #tomy BiamoBimae 4-kosipHuit 3aBagocTiiikmii K-
3HaK (puc. 4).

N
b b2 3 0
1 S\:\ 7
bs | t1 | t2 1 2 0 “iX /é
i 7] a8

PucyHOK 4 - [Ipuknan cTBOpeHHS 4-KOJIipHOTo 3aBagocTiikoro K-
3HaKa: a — nopsagok 3anmoBHeHHs IIIK-3Haka; 6 — BekTop IIIK-3HakKa;
8 — po3dapboByBaHHs IIIK-3Haka

it OTpUMMaHHSI CMMBOJIIKM MOTY>XKHOCTI 64 IIK-3HaKM 3aBaflOCTiiIKOTO 4YOTU-
PUKOJIIPHOTO LITPUXOBOTO KOOy, B sikomy B IIIK-3Hakax MOX/IMBe BUIIPaBJIeHHS Ofi-
HOKpaTHMX IIOMMUJIOK, HEOOXigHO B3SITM BCi MOK/IMBI 3HAueHHSI BeKTopa B — Bif
000 pmo 333, Ta 3aCTOCYBAaTH 0 KOKHOIO CJI0BA MPOLEAYPY KOAYBaHHSI.
[Tpouec cMHTE3y CUMBOJIIKM MOXKHA 3aaTH y3araJlbHEeHUM aJrOPUTMOM:
for B=000to333do
Z[1..3]:=B

L =(ib}} mod p!” (x)

j=1
3
u (Zf-b,} mod p}’ (x)

j=1

Z[4]:=t; Z[5]:=t,

Z[1..5] = barcode pattern(B),
Ie barcode_pattern (B) — mporpaMHa IpolieAypa nepeTBoOpeHHs L(ppoBOro BeKTopa
Z llIK-3HaKa B 4-komipHe 300pakenHs lIK-3Haka (puc. 48).

OTpumaHilit CMMBOJIiLi MOKHA MOCTABUTU Yy BiATIOBIAHICTh UMCIOBY MHOXUHY
Q={0,1,2,..., 63} (tabm. 3).

ITim yac CTBOpEHHS MITPUXKOIOBOTO 300paskeHHsT BXigHY ayndaBiTHO-1MBPOBY
MOC/IiA0BHICTh (cMMBOJIN ASCII) 11epeTBOPIOIOTD Y UMCJIOBY MOCIiAOBHICTb, 1O CKJa-
Iy SIKOi BXOJSITh YMca 3 Aianaszony 0-63, a MOTiM KOXXHOMY UMCITY CTABJSTh Y BiIIO-
BigHicTh IIIK-3HaK 3 TabII. 3.
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Tabmmia 3
CTPYKTYpa CMMBOIIKH 3aBaf[OCTiifKOTO YOTHMPUKOMTIPHOTO M TPHUXOBOTO KOTY

[TopanKoBuii HOMED
IIIK-3HaKa ITK-3HaK Bexkrop IIIK-3HaKa
L 00000
1 7 001153
o] I SN
s :::%\
2 £ ] <~ 00221
N
& %Ng 33330
DO

Ins1 cuHTe3y BOCBMUKOJIPHUX 3aBafdocTiikux IIK-3HaKiB Cj1ii BUKOPUCTOBY-
BaTy BiCiMKOBi Koay XemiHra. [Ipu 1ibomy orepailii KogyBaHHSI-IeKOAYBaHHS BUKO-
HYI0Tb y 11oJ1i GF(2%) 3a Mmomynem He3BifHOr0 MHOTOY/IeHa CTerneHs Tpu. [CHyI0Th nBa
Taki MHOTOUIeHN: X3 + x + 1 Ta X3 + x* + 1; OyIb-IKMi1 3 HUX MOKHA 06paTy AJ1sl TT06Y-

IOBU 110J1s (TabJ1. 4).
VY moni GF(2%) a’=a’=a’=1, a momaBaHHS Ta BigHiIMaHHS eJIeMEHTIB ITOJIsI

MOXXHAa BUKOHYBATH SIK ITOPO3PSITHE NOAABAHHS ABIIKOBUX KO/IiB LIXX €JIeMEeHTiB.
s cuHTe3y JneB’SITMKOMipHUX 3aBagocTiitkux [IK-3HakiB He0OXiTHO BUKOPU-
CTOBYBaTU AeB’aTKOBI Koay XeMmiHra. [Ipu nbomy orneparii KoLyBaHHS-IeKOLYBaHHS
BUKOHYIOTbH Y T10J1i GF(3?%) 3a Moiy/ieM TPiiiKOBOro MHOTOYJIeHa CTeIleHs JiBa.
st mobymoBu mosist GF(3%) HeobOximHO B3sTu 1osie GF(3), eleMeHTaMu SIKOTO €
0, 1, 2, Ta HE3BiIAHMII TPiMiIKOBUIT MHOTOU/IEH pgz) (X) cTeleHs Ba, KoedillieHTU SIKO-
ro € eneMmeHtamu Tonst GF(3). Takum MHOroujeHOM oOepeMo, HaIlpUKIA,

pg)(x):x2 + X +2, BiH mo3Boisie oTpuMatu posimmpeHHs: GF(3?) mons (tabma. 5).

Omnepariii Hag KoedillieHTaMM BUKOHYIOTb 3a MOZIYJIeM TPU.
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Tabmims 4

TlogaHHa eleMeHTiB noa GF(2%) 3a MogyieM He3BigHOrO

MHOrowreHa p; (x)=x*+x+1

YV BHIIAO] Y Burmani Y BUINIAO] Y v
HeBiI’eMHOro | Big’eMHoOro MHOTOU/IeHA | ABIMKOBOMY | JeCITKOBOMY
MOKa3HMKA MOKa3HMKa Bil a BUTIGIL BUTISOL
CTemneHd o CTeTIeHd o
0 0 0 000 0
o? o7 1 001 1
ol o€ o 010 2
a2 -5 o2 100 4
e o4 o+l 011 3
ot o3 o + 0 110 6
os o2 of+a+1 111 T
ab o-1 o2+ 1 101 5
Tabmia 5
[lomaHHg e1eMeHTiB moid GF(3%) 3a MOLy/IeM He3BiTHOTO
MHoOrounena pi (x)= x* +x+2
Y BUIIAO] Y BUIIANI Veurnanl | V TpiiikoBoMy v
HeBig’eMHOro | Big’eMHOTO MHOT OU/IeHa BUT/IGAL IeCITKOBOMY
IMOKA3HHKA MOKA3HUKA BiT o BUTISIL
CTEeTIeHd o CTENeHH o
0 0 0 00 0
o o8 1 01 1
ol o7 o 10 3
o? ot 20+1 21 T
ol oS 2a+2 22 8
o o4 2 02 2
oS o3 2a 20 6
of o-2 o+ 2 12 5
o ol a+1 11 4

JekomyBaHHS 6araTokoipHux 3aBagocTiikux IIK-3HakiB. ITig yac 3unTy-
BaHHS 3 HOCiSI IITPUXKOJOBOTO 300paskeHHSI IMOCTiIOBHO BMOKpeMIowTh K-
3HAaKU, KO)KHOMY 3 SIKMX CTaBJISIThb Y BifIOBIIHICTb G-KOBUI S-PO3PSIOHUI BEKTOD
IIK-3Haka Z'=(z; 2, ... Z.), AKMit 0eKOAYIOTb 3a MpaBUIaMM G-KOBOTO (S, U)-KOLY
XemMmiHra.

Hanpuknap, miJ 4ac 3UuMTyBaHHSI YOTUPUKOJIIPHOTO MITPUXOBOTO KOIY, CUMBO-
Jika SKOro ImoOymoBaHa Ha OCHOBi 4-koBoro (5, 3)-komy XemiHra, koxkHomy IIIK-
3HaKy CTaBJSIThb Yy  BiAmoBigHicTh  5-po3pspHuit = Bektop  IIK-3Haka
Z'=(z] 2, z; Z, Z.) . lekooyBaHHSI KOXKHOTO BeKTopa Z' BMKOHYIOTb 3@ IIpaBMIaMu

yeTBipkoBoro (5, 3)-kony XemiHra.
Ha ocHoBi MmaTputi (3) 064MCIMMO CMHAPOM ITOMMIKY S = (S; S3):
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S, =(z] +2,+2; - z,)mod p{’) (), W
S, =(z + 2z, +32; -z, )mod p{’ (x).
VY cucrtemi (4) 3HaK MiHyC MOXKHA 3aMiHUTM Ha 3HaK IJIIOC.
Kopexkiiito mpuitHsiToro BekTopa Z' (3umrtaHoro IIK-3Haka) BUKOHYIOTh HACTY-
IMHUM YMHOM.
Sgxiio S = 0, To BBaKalOTh, 1[0 BeKTOp Z' € KOmoBuM cjioBoM (Z = Z"), i 3unTa-
Huii [IIK-3HaK He MiCTUTb CLIOTBOPEHUX €JIeMEHTIB.
Hexaii sunrtano IIIK-3Hak, BeKTOp sIKOTo JopiBHioe Z' = (301 2 0).
O6UMCIMMO CMHAPOM IMOMMJIKM Ha OCHOBI cucteMu (4):

S, =(3+0+1+2)mod p{¥ (x) =0,
S,=(3+2-0+3-1+0)mod p{’) (x) =0.

Ockinbku S=0, To mpuitHATUII BeKTOop Z' € KOmoBMM cjioBOM (5, 3)-Komy
XeMiHra, i, oT:Ke, BiamoBigHuii 3untanuii lIIK-3HaKk He MiCTUTb CIIOTBOPEHbD.
Hexaii suntano IIIK-3Hak, BeKTOp sIkoro mopiBHioe Z'=(3 2 1 2 0).

O6UMCIMMO CMHAPOM IOMMJIKM Ha OCHOBI (4):
S, =(3+2+1+2)mod p{!' (x)=2,
S, =(3+2-2+1-3+0) mod p” (x)=3.

Ockinbku S; = 2, TO BeJIMUMHA € TOMUJIKM JOpiBHIOE 2 (e = S; = 2). BennunHowo
TIOMWJIKY € Mepllia HEHYJ/IbOBA KOMIIOHEHTA CUHPOMY.
KoMmnoHeHTM cMHAPOMY TMOIIIMMO Ha BeJIMUYMHY MOMMWIKM (Ha 2), 1106 BU3HA-

unty oxatop mommki: (2 3)/e = (2/2 3/2)mod p{? (x) = (1 2).

Ockinbku jokatop (12) 36iraeTbcsi 3 ApyruM cToBIlieM Matpuiii H (543)
(ouB. (3)), TO BEKTOp Z' MiCTUTb ITIOMWJIKY B PO3pPsIi Z;.

BumnpaBuMo ITOMMJIKY B 2-MY PO3psii BeKTopa Z' :

z,=(z,—e)mod p{”’ (x) =(z; +e) mod p{¥ (x) = (2+2) mod p{” (x)=0.

[TpaBunbHuM BekTOpom 3umTtaHoro lIK-3Haka e Z= (301 2 0).

YetrBipkoBuii (5, 3)-kon XeMmiHra rapaHTOBaHO 3a0e3Iieuye BUITPABIEHHS Of-
HOKpaTHMuX nomusok y IIK-3Hakax, ogHaK BiH He BUSBJISIE IBOKpPAaTHI MOMWIKM, a
TaKO3K ITOMMJIKM OiJIbIIIOI KPATHOCTI, OCKiJIbKM € TIOBHMM KOJIOM.

Bynp-sikuit MHOTO3HAUHMIT MOBHMIT KOoj XeMiHra He 3abesrneuye BUSIBJIEHHS
IBOKpPATHOI MOMMJIKU. AJie SIKIIIO 3aCTOCOBYBAaTYM MHOTO3HAUYHi HEMOBHI KO XeMiH-
ra, TO MOXKHA BUSIBJISITM YaCTMHY JIBOKPATHMUX ITOMMJIOK, @ TAaKOK IMTOMMJIOK OiJIbIIO]
KPaTHOCTI.

CUHTE3 CMMBOJIIK 0araToOKOJIipHMX 3aBaJIOCTiliKMX IITPUXOBUX KOAIiB HaA
OCHOBi MHOTO3HAaUHMX HEMOBHUX KoaiB XemiHra. HeroBHMi1 Koa XeMiHra MOK-
Ha OTpMMATH IIJISIXOM BMKPECIIOBAHHS BiNOBIAHOI KiJIbKOCTI CTOBIIIIB Y MigMaT-

puui H, , nepesipxoi matpuui H ! moBoro koxy Xemirra (aus. (1)).
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Hampukiama, Ha OCHOBiI 4eTBipKOBOro IOBHOrO (5, 3)-kogy XeMmiHra, sIKuit 3a-
. "4 o
JAIOTh MepeBipHOI MaTpULEIo H(s,s) (ouB. (3)), MOXXHa YTBOPUTU HEMOBHUI (4, 2)-

KoJI XeMiHTa — SIKIO BUKPeCIUTH CTOBIelb bs y mepeBipHiit matpuui H., .. . Ha oc-

(5,3)°
HOBI HEMOBHOTO (4, 2)-KOAy MOXXHa OTPUMATU CUMBOJIIKY MOTYKHOCTI 16 IITPUXOBO-
ro Koay (tabm. 6).

HemnoBHi ueTBipKOBi Koy XeMiHra MOKHa OTPMMAaTU TaKOK, BUXOASUYM 3 MOB-
Horo (21, 18)-koxy (muB. TabsI. 1).

nepesipHoi matpuui H,\ o MOBHOTO

KOJly BUKpecauTu 13 CTOBIIiB, TO OTPMMAEMO UEeTBipKOBUIT HemoBHUI (8, 5)-Kom,
XeMiHra, Ha OCHOBIi SIKOTO MOXXHa CMHTE3yBaTU CUMBOJIKY NOTYXHOCTi 1024 K-
3HAKM 3aBaJOCTIMIKOT0O 4-KOJIPHOTO IITPMXOBOIO Koay (Tabi1. 6).

Hanpuknan, axmo B migmarpuni H,

Tabmuig 6
[TapaMeTpy CMMBOIIK YOTHP MKOMIPHMX 3aBaf0C TIAKMX IITPMXOBMX KOJAIB Ha
OCHOBI HETTOBHUX YeTBIPKOBMX (5, U)-KoiB XeMiHra

) KinbKicTh
ITOTYXHICTD . .
(s, u)-KOIL | CHMEBOLIKIL HagmMimKoBIiC Th CtpykTypa e/IeMEHTIB
Xeminra | 1 o [ITK-3HaKiB IIIK-3HaKiB v
IITK-3HaKIB
ITK-3HaKy
Ha ocHoBI nmoBHOrO (5, 3)-Koxy XeMiHra
4,2)- |47 16 2/4=0.50 4
Ha ocHoBl moBHoro (21, 18)-Kogy XeMiHra
(10, 7)- |47 16384 3/10=0.30 10
(9,6)- |4° 4096 3/9=0.33 9
(8,5)- |4° 1024 3/8=0.38 8
(7,4)- |4* 256 3/7=043 7
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HemoBHi BiciMKOBiI Koay XeMmiHra MO)XHa OTPMMATH, BUXOHSIUM 3 ITIOBHOTO
(9, 7)-xomy (tab6sm. 1). [Ijs1 cMHTEe3y CMMBOJIiK BOCbMUKOJIiPHUX 3aBaflOCTiMKUX MITPU-
XOBMX KOZIB Ha OCHOBI IOBHOTO (9, 7)-KOLYy MOXXHa OTPMMAaTU YOTUPU BiCIMKOBI He-

MOBHi Koau (TabiI. 7).
Tabmuug 7
[TapaMeTpH CMMBO/TIK BOCBMMKOMIPHMX 3aBaJOCTi HKMX I TPMXOBMX KOJIB Ha
OCHOBI BICIMKOBMX (S, U)-KOJ1B XeMiHra

) KimbKICTh
ITOTYXHICTD . .
(s, u)-Kom | CHMBOTIKIA HagmMumkoBIiCTh CTpyKTypa €/IeMEHTIB
Xewinra | T I[IIK-3HaKiB [IIK-3HaKiB y
ITK-3HaKIB
IITK-3HaKy
Ha ocHoBIl noBHOro (9, 7)-Kogy XeMiHra
(7,5- |8 32768 2/7=0.29 7
(6,4)- |8* 4096 2/6=0.33 6
(5,3- |8 512 2/5=040 5
4,2)- |8 64 2/4=0.50 4

Insg Toro, 1m0 CUMHTE3YBAaTM CUMBOJIKM [I€B’SITMKOJiPHUX 3aBaJOCTiKUX
HITPUXOBUX KOJiB CJIif, PO3IIsiAaT AeB’ITKOBI Koay XeMiHra.
PosrisiHeMo mmoBHui meB’sitkoBuit (10, 8)-konm Xemiunra (Tab:. 1), skomy Bifmmo-
Bila€ mepeBipHa MaTPUIIS
bl bZ bS b4 bS b6 b7 b8 tl t2
e ‘11111111 10

(10,8) —

1 2 3 4 5 6 7 8 01

Ha 0oCHOBI 1IbOTO MMOBHOI'O KOy OTPMMAEMO YOTUPU JI€B’ITKOBi HEITOBHI KOIM,

SIKi MOXKHAa BUKOPUCTATU [JISI CMHTE3y CUMBOJIIK J€B’SITUKOMIIPHUX 3aBaJlOCTiMKMUX
IITPUXOBUX KOMIB. IX OTPUMYIOTh BUKPECTIOBAHHAM BifIIOBIIHOI KiJIbKOCTi CTOBIIILIIB

y migmaTtpuui H, . mosHoro komy. lle Taki HenoBHi JeB’ATKOBi Koau XeMiHra:

(7, 5); (6,4)-; (5, 3)- Ta (4, 2)-KOL,
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Hampuknana, BUKpecaAuBIIM CTOBIIII b4 — b8 orpumaeMo mepeBipHY MaTpUIlO
IeB’ITKOBOTO HEMOBHOTO (5, 3)-Komy XeMiHra:
bl bZ b3 tl t2
1 1 1 1 0
1 2 3 01 H '

(5,3)

s H

©)
HocmaignumMmo 34aTHICTh BUSBJISITU BOKPATHI MTIOMMWIKY IMM KO OM.
Hexaii Ha Hociit 6yno HaHeceHO IIIK-3Hak, BEKTOp SIKOTO HOOpPiBHIOBAB

Z = (5182 3), a BHACJiIOK YIIKO/I;K€Hb IITPUXKOIOBOTO 300paskeHHSI 3 HOCisI 3uMTa-

HO [IIK-3HaK, BeKTOp SIKOTO OOPiBHIOE (5462 3).

O6uMcaIMMO CMHAPOM IMOMMJIKM Ha OCHOBi MmaTpuiii (5):
S, =(5+4+6-2)mod p{’’ (x)=4,
S,=(5-1+4-2+6-3-3)mod p’ (x) = 0.
Ockinbku S1 =4, To BeaMuMHA TIOMMWJIKM TOPiBHIOE 4.
JI71s1 BUBHAUEHHSI IOKaTOpa IIOMMUJIKM KOMIIOHEHTY CMHAPOMY MOJiIMMO Ha Be-

JIMUYMHY IIOMUJIKI:

(40)/e=(4/4 0/4)modp{’(x) = (1 0)
JlokaTtop (1 0) 36iraeTbcs 3i croBmieM t1 matpuili (5), BKa3yiouu Ha Te, IO TO-

!
MMUJIKA MICTUTBCS B PO3PSAi 24 MpUIAHATOrO cjioBa. OQHAK 1ie TOMMUJIKOBE pillleHHS,
OCKIiJIbKM YILIKOJI)KEHUMMU € PO3PSAU %3 1a %s.
Tomy TaKy IBOKpaTHY ITOMMUJIKY BUSIBJIEHO He Oyre.
PosrisiHemMo iHIIMi IpUKIIaz,.
Hexaii 3untano IIK-3Hak, BeKTOp sikoro mopiBHioe Z'=(4 3 8 2 3);; BiH mi-
CTUTb ABi TOMWIKYU — Yy 1-My Ta 2-My po3psigax.
Ha ocHoBi MmaTputii (5) 06UMCIMMO KOMIIOHEHTU CUHIPOMY:
S, =(4+3+8-2)mod p§2>(x) =4,
S,=(4-1+3-2+8-3-3)mod p”’ (x) =6.
BenuunHa noMuaku gOpiBHIOE 4 (e = S1 = 4).
OO6UMC/IMMO JIOKATOP ITOMMJIKN

(4/4 6/4)modpl’ (x) = (1 5)
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Ockinbku tokaTop (1 5) He 36iraeTbcs 3 SKOAHUM 3i CTOBMIIIB MaTpuiii (5), TO 1ie
03Hayae, M0 NPUIHITHII BeKTOp Z MICTUTD JBOKPATHY MOMMIIKY; TOMU/IKY BUSIB-
JIeHO.

3a IOTTOMOro KOMIT I0TEPHOT'O MOJE/IF0BaHHS MPOIeCiB AeKOAYBaHHS TIPUITH-
saTux BekTopiB IIIK-3HaKiB, 1110 MiCTSITh TOMWJIKH, 3’ SICOBYEMO, 1110 B 3HAUHIii1 YaCTU-
Hi BUIIAJIKiB 6araTOKpaTHi MOMMJIKM BUSIBJISIIOTHCS.

Tak, y IIIK-3HakaxX, CMHTE€30BaHMX Ha OCHOBi YeTBipKOBOTO HemoBHOro (8, 5)-
Komy XeMiHra BUSBISIOThCS 50% MBOKpPAaTHUX MOMMWIOK (PHC. 5), @ TaKOX BeJIMKa Ki-

JIbKiCTh IOMMJIOK GiJIbIIOi KpaTHOCTI (Tabi1. 8).

BimcoTok ABOKpaTHMUX
IIOMMJIOK, IO
BUSABIAIOTHCA
55% —
50%
50% — 47% 48%
45% | |
I 44% |
40% - | | | |
35% I I | |
° T | | | I 33%
30% -+ I I I |
| | | | ‘
25% —+ | | I I |
20% —+ | | | : '
| | | ‘
15% —+ | | | I I
| | I |
10% —+ I | l
I I I
5% | | | I I
| | | | '
- L * . Konm,
(21,18)- (10,7)- (9,6)- (8,5- (7,9- (5,3)- (4 2)-
| | | | | | | HoTyxHicTb
16384 4096 1024 256 64 16 CHMBOJIKM
L 1 1 I I 1 l HagaumkosicTh
0.14 0.30 0.33 0.38 0.43 0.40 0.50 Kony

PucyHok 5 - CTyIiHb BUSIBJIEHHST ABOKPATHMUX OMMJIOK Y UOTUpPHUKOIMipHMX K-

3HaKaX, CMHT€30BaHMX Ha OCHOBI JesIKUX I-IeTBipKOBI/IX HeMOBHMX KOJiB XeMiHra
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Tabtmmmsa 8
BugB/ieHHA 0araToKpaTHUX NOMMIOK y [IIK-3HaKax
YOTHP MKO/IIPHMX IITPMXOBMX KOJIB, CHMBOJIIKI KX
CMHTE30BaHO Ha OCHOBI YETBIPKOBMX
HeIOBHMX KofiB XeMiHra
YeTBIpKOBMIT HEMOBHMIA (S, U)-KoJ XKemiHra

Ha ocHOBI oBHOTO Ha ocHOBI IOBHOTO
(21, 18)-xomy (5, 3)-Komy

10, )- | 9,6)- | (85)- | (I,9- | (5, 3)- (4, 2)-
[TOTYXHICTh
CHUMBOJIIKH, 15625 3125 1024 256 64 16
[ITK-3HaKiB
Hap/MUIKOBICTD | ) o | 33 | 038 | 043 0.40 0.50
IITK-3HaKIiB

BimcoTOK GaraToKpaTHUX MOMMJIOK, 1[0 BUABIAI0TbCS

2-KpaTHMX 47% 44% 50% 48% 0% 33%
3-KpaTHHX 54% 57% 62% 62% 0% 11%
4-KpaTHMX 52% 58% 62% 64% 0% 22%
5-KpaTHMX 52% 57% 63% 71% 0% -
6-KpaTHMX 51% 55% 60% 66% - -

MogenoBaHHSIM MOX/IMBUX BUITAAKIB CIOTBOpeHHsS eneMeHTIB y IIK-3Hakax
MO’KHA OOCHiaAnTH 3aBagocTiikicTh IIK-3HaKIiB MITPUMXOBUX KOIiB, CMMBOJIKM SIKUX
CMHTE30BaHO Ha OCHOBI JesIKMX HEIMOBHUX §-KOBUX Ta 9-KOBUX KOAiB XeMiHra, 30K-
peMa 30aTHICTb BUSBJISATM NOBOKpaTHI nmoMmmiku y IIK-3Hakax 8-kosipHux Ta 9-
KOJIIDHMUX IITPUXOBUX KOAIB (PUC. 6). Y KBaApaTHUX OYKKaX BKa3aHO IMOTYKHICTb
CUMBOJIIKH, SIKY TTOPOJKYE BiAMOBIIHMI HEITOBHMUI KOJ, XeMiHTa.

BucHoBKu. [Ipy BUKOPUCTAHHI 6araTOKOMipHUX MITPUXOBUX KOIB Y CUCTEMaxX
aBTOMAaTUYHOI imeHTudikarii ajsi JoCcIrHeHHS HeoOXiTHOro piBHSI HAMiTHOCTI 34m-
TYBaHMX JAHMX CJIiJi 3aCTOCOBYBAaTU ABOPiBHEBY CUCTeMy 3abe3IeueHHs 3aBagocC-
TiMiIKOCTI.

Ha HmskHbomy piBHi (piBeHb LIIK-3HaAKiB) AOIiIIbHO BUKOPUCTOBYBATU MHOT03-
HauYHMIT HeroBHM Ko Xeminra. [Tpu 1ibomy mdpoBi ekBiBaneHTu IIK-3HaKiB (Bek-
topu IIIK-3HaKiB) MarOTh 6yTM KOJOBMMM CJIOBAMM MHOTO3HAUYHOTO KOy XeMiHra, a
MiHIMaJIbHUMM CTPYKTYPHUMM OIMHUIISIMMU, 11O OOPOOJISIIOTHCS, € eieMeHTH (Japy-
Hku) [IK-3HakKa.

Ha BepxHbOMY piBHi 3a0e3meueHHs 3aBaJlOCTilfKOCTi (piBeHb IITPUXKOIOBOI
MO3HAYKM) AOLIJIBHO BMKOPUCTOBYBATM MHOTO3HAUYHMIT KOPEKTYBaJIbHUI KOJA, (Ha-
npukiaaj, koxd Pima-CosomoHa), sIKuii BUIIpaBiIsie 6araTOKpaTHi CIIOTBOPEHHST IBOX
BUZIB — IMMOMWIKM Ta CTUpaHHS. [Ipy 1bOMy MiHIMaJIbHMMM CTPYKTYPHUMMU OIVHU-
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LSIMU, 10 06po6sitoThCs, € LIIK-3HaKK, a TPUXKOAO0BA MMO3HAUKA CIIPUITMAETHCS SIK
MHOTO3HauHe CJ10BO, po3psanamu gKkoro € HIK-3Haku. [lomunka — e BUIagok (CUTY-
aiist), Koau HeBigome Hi Miciie3HaxomkeHHs crioTBopeHoro IIIK-3Haka y 3uMTaHOMY
CJIOBi, aHi BeIMUMHA CIIOTBOpeHHS. CTUpaHHS — Lje BUMALOK (CUTyalis), KOIu Mic-
Lle3HaxoKeHHs crioTBopeHoro lIIK-3Haka BijoMe, a HeBiJOMMUM € JIMILe BeauuyHa

CIIOTBOPEHHSI (CTUPAHHS € MAaTEMAaTUUYHMM, a He (Qi3MUYHMM IOHSITTSIM).

BigcoToK ABOKpaTHUX
759 - IMOMMJIOK, 10 75% q=9
BUSIBJISIIOTbCSI _
70% —- =
65% —— 63%

60% -
55% —-
50% —-

45% 4~

40% —- 38%
35%
30% -1+
25% —+
20% -1
15% 4
10% —

5% -

9-KOBi Koau

(10, 8)- 7,5-  (6,4)- (5, 3)- 4, 2)-
[59049]  [6501] [729] [81]
L | | I I I 8-KOBi Kooy
9, 7)- (7,5)-  (6,4)- (5, 3)- 4, 2)-
[32768] [4096] [512] [64]

| ] ] ] ] ] ] > HapgaumkosicTh
0.20 0.25 0.30 0.35 0.40 0.45 0.50 XoAy

PuCyHOK 6 -31aTHICTb BUSIBJISITY IBOKPATHI IOMMUJIKM Y BOCBMUKOJIipHUX (q = 8)
Ta AeB’STuKoNaipHux (q = 9) lIK-3Hakax,
CMHTE30BaHMX Ha OCHOBi HEIIOBHMX KOAiB XeMiHra

[Tim yac 06po6IEHHS IITPUXKOIOBOI MTO3HAYKM (PYHKI[IOHYIOTh ABa IPOrpaMHi
IeKoJepu: OeKoJep MHOTO3HAYHOro Kooy XeMiHra — y Mexax KoskHoro IIK-3Haka
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(BHYTDIllIHiN Jekodep); nekoaep Koay Pima-CosoMoHa — y MeXkax 3UMTaHOl IITPUX-
KOZI0BOI1 IMO3HAUYKM B IIiJIOMY (30BHIIlIHil geKoAep).

Pe3y/ibTaTOM BHYTPIllIHbOTO AEKOAYBAHHSI € TPU BUCHOBKU: «HEYIIKOIKeHU
[IK-3Hak», «unpasiaenuin HIK-3Hak», «cteptnii lIK-3Hak». SIKI0 CMHAPOM OMMUII-
KU IIOPiBHIOE HYJII0, TO IIPUIIMAEThCS pillleHHS npo Te, 1m0 IIK-3HaK He MiCTUTb CIT0-
TBOpeHb. SKio B IIK-3HaKy yIIKOAXEHO Juille OAUH eJeMeHT, TO MHOTO3HauHMUi1
KoJ XeMiHra BUIIPaBUTh Take crioTBopeHHS. SIKmio B IIIK-3HaKy Oyme YIIKOIKEHO
nBa abo OibIlle eJleMeHTiB, TO TaKe 6araToOKpaTHe YIIKOKeHHs Oyae abo BUSBIeHE
Kojom XeMiHra (Take Ma€ miciie B (29-75)% BunajkiB), i mekomep 3igeHTuUdikye Ta-
kuit IIK-3HaK SIK «CTepTuii»; abo Oyme CIpuitHsATe OeKOAepPOM SIK OJHOKPATHY II0-
MMJIKY, i, OTKe, Oy[e BUIIpaBJieHe HEeINpaBWIbHO, ajle Ha BepxHili piBeHb 3abe3me-
YeHHS 3aBaJOCTiIKOCTi BOHO Hafilige SIK «IIOMMUJIKa».

OcKinbky [Jis1 BUTIPaBAeHHS KOKHOI MOMMJIKM BUTPAuyarOTbCs ABa KOHTPO-
JIbHI po3psan (cumBoJiM) Kopy Pima-ConoMmoHa, a [Jisi BUIIPABJI€HHSI KOKHOTO CTU-
paHHS — OJMH KOHTPOJIbHUI PO3PS, TO 3a paXyHOK Mepenadi Ha BepxHili piBeHb CU-
Tyaliii «CTUPAHHSI» 3aMICTh CUTYaLlill «IIOMWIKAa» KOPEKTYBaJbHI MOXKIUBOCTI KOIY
Pina-CosiomoHa OyayThb IificuiaeHi B cepeguboMy Ha (14,5 — 37,5)%.

TakumM 4YMHOM, 3aCTOCYBaHHSI MHOTO3HAaYHOTO HEMOBHOro Koay XemiHra
(came HEIOBHOTO, OCKUJIbKM JiuIlle HETTIOBHI KOJY JO3BOJISIIOTH BUSIBJISITU YaCTUHY 6a-
raTOKpaTHUX yIIKOAKeHb ejiemeHTiB lIIK-3HakiB) y rapi 3 MHOro3HauHuM Koj0M Pi-
na-CoJioMOHa y JBOpiBHEBii1 cucTeMi 3a0e3IedyeHHs] 3aBaJOCTiiIKOCTi iCTOTHO MoO-
JUTMIINTD HAAIHICTh 3UMTYBaHHS 6araTOKOIipHUX IITPUXOBUX KOZiB.
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O6ecneyeHue nomMexoycmoiiyusocmu MHO2048eMHbIX WMPUXKOO0BbIX 3HAKOB
Ha ocHose nons GF(p™)

Pa3pabomaHa memoOuKa cuHme3a cuMBOIUK MHO20UBEMHbIX BbICOKOHAORKHbIX WMPUXO-
BbIX K000B 0/14 cucmem asmomamuyeckol udeHmugukayuu. [lpednoxeHa 0ByxyposHeBas cuc-
mema obecnedeHus nomexoycmoliyusocmu MHO20UBEMHbIX WMPUXKOOO0BbLIX U306paxeHud, 8
KOmopol Ha HUXHeM CMPyKmMypHOM yposHe (ypoBHe WMpUXKOO0BbIX 3HAKOB) NpUMEHAMCS
MHO0203HAYHbIX HENOJIHbIe KOObl XeMMUH2a, a Ha BepxHeM (YposHe WMmpUXKOA0BO20 CUMBOAA) —
KoObl Puda-ConomoHa. BbinosiHeHa OueHKa KOppeKmupylowux B03MOXHOCMEU MHO203HAYHbIX
HeNnoJIHbIX KOO08 XeMMUH2a npu UX UCNOJIb30BAHUU 8 WMPUXOBOM KOOUPOBAHUU OaHHbIX. Pac-
CMOmpeHbl 0CO6EHHOCMU BbINOJIHEHUA onepayull 8 KOHeYHbIx noiax suda GF(p™) npu peanusa-
yuu npoyedyp KoOUpOBAHUA-0eKOOUPOBAHUS OAHHbIX B CUCMeMax asmoMamuyeckol udeHmu-
(uKayuu Ha 0CHoBe MHO20UBEeMHbIX WMPUX0BbIX KOOOS.
Ensuring Error Detection and Correcting of Multicolored Bar Code Patterns Based on GF(p™)

A method of the synthesis of symbols of multicolor highly reliable bar codes for automatic
identification systems has been developed. A two-level noise immunity system for multicolor
barcode images is proposed, in which multi-valued incomplete Hamming codes are used at the
lower structural level (bar code patterns) and Reed-Solomon codes at the upper level (bar code
symbol). The corrective capabilities of multivalued incomplete Hamming codes when used in bar
coding of data are evaluated. The peculiarity of performing operations in finite fields of the form
GF(p™) in the implementation of data encoding-decoding procedures in automatic identification
systems based on multicolor barcodes is considered.
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O.I. Rolik, V.M. Kolesnik
SIMULATION OF IT INFRASTRUCTURE WITH CONSIDERATION OF CRITICAL
ASPECTS FOR QUALITY OF SERVICE MANAGEMENT

Annotation. Testing hypotheses about service quality management in IT infrastructure requires
large and complex data centers with sufficient resources to explore various possible scenarios of
infrastructure operation during the provisioning of IT services. For testing purposes, dozens of
solutions already exist, but all of them don’t consider critical aspect of IT infrastructure. In order
to solve this issue general mathematical model for quality of service management in critical in-
frastructures was introduced. Based on the proposed model simplest set of tools was developed
for creating heavy simulations which can cover criticality during functioning.

Keywords: simulation; modelling; IT infrastructure; quality of service management; QoS; critical
IT infrastructure.

Introduction. Information technologies have evolved significantly today
which made it possible to create ubiquitous and widespread services available liter-
ally at the fingertips. Such breakthrough could be possible due to emergence of big
clusters of computing units, interconnected with each other into grids, clouds as
part of big data centers. Those units can consist not only stationary processing ma-
chines but also storage units, network units, and other hardware and software ab-
stractions which are located under the hood, or even can be named as a back-end,
where front-end is an IT service itself, available for ordinary user or business unit.

Actually, initial concept of IT service has emerged with introduction of the
novel way for developing new software via paradigm of service-oriented computing
(SOC) which provides an approach for the development of rapid, low-cost, interop-
erable, evolvable, and massively distributed applications [1].

With that in mind the field of IT services also introduces a bunch of problems
related to quality management. Quite commonly these problems as a phenomenon
was addressed in [2]. Furthermore, this work should be considered as a foundation of
this research and continuation. It contains basic management model of IT services
quality within IT infrastructure. Briefly, it introduces the decomposition-
compensation approach to quality management and correspondingly performs a de-

© Rolik O.I., Kolesnik V.M., 2021

ISSN 1562-9945 (Print) 51
ISSN 2707-7977 (Online)



«CucremHi Texsouorii» 1 (132) 2021 «System technologies»

composition of tasks for service level management and compensate a negative im-
pact of different factors by allocation of additional resources to critical
applications [2].

In order to perform a research in such broad area it is important to have access
to a pool of resources which can provide means for developing some testbed envi-
ronment for experiments. However, this can be expensive and not effective because
of old resources used at the institutions. Moreover, cloud providers propose to use
their resources but only with limited capacity which can not afford to conduct any
desirable test suit but only small ones. Another way to handle experiment is to cre-
ate a simulation environment which is not something new but can save a lot of ef-
forts during experiment implementation.

A comprehensive overview regarding available simulators and possible issues
which those are solving as for today is given in [3]. This research gives a broader view
on the field of cloud simulators which are actually a subclass of IT infrastructures
and concludes that most tools focus on energy modelling and performance, but lacks
on security aspects, which is crucial for critical IT infrastructure. Also, [3] has com-
parison results for 33 simulation toolkits each of which covers some peculiarity of
system functioning, therefore for complex problems a couple of them should be used
together which introduces additional time for learning curve.

This research proposes to consider novel framework, which can cover critical IT
infrastructure simulation issues and provide space for improvement of covered fea-
tures of critical aspects.

Problem Statement. As for today, a lot of empirical experiments are being
conducted in the area of data center modelling, network modelling and cloud simu-
lations. However, the term IT infrastructure is quite rare in this field due to more
widespread and specific technical terms mentioned previously. Also, big part of
studies uses some hypothesis testing without providing any general implementation
which could be used for further improvements and therefore could reduce the num-
ber of projects and researches started from scratch. The main goals for this research
are to introduce the term IT infrastructure as a generalization of already known
models which are basically a subclasses of IT infrastructure models, investigate
known solutions and define a novel way to simulate IT infrastructure. Most of prob-
lems related to simulating a data center functioning are related to optimization of
resources consolidation, reducing energy footprint of a data center and comply with
service level agreements during simulation. However, those studies concern only

some specific aspects of the IT infrastructure performance. Another objective of this
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research is to take into account real data during the simulation and add the possibil-
ity to simulate different scenarios for quality of service maintenance and manage-
ment alongside critical plane of IT infrastructure. Basic model of IT infrastructure is
going to be tested as well in order to show feasibility of application of provided
simulation framework.

Overview of Critical Infrastructure Simulation Definitions. The majority of
complex actual system requires quite expensive analytical models to be created and
therefore such models then widely investigated via simulation. Worth mentioning
that complexity of many real-world systems involves unaffordable analytical models,
and consequently, such systems are commonly studied by means of simulation.
However, a simulation term should be clarified before continuing.

In [4, 5] simulation is described as “an experiment to determine characteristics
of a system empirically. It is a modeling method that mimics or emulates the behav-
ior of a system over time”. So, for creating a simulation environment it is necessary
to design a model of real or hypothetical system, running this model on a computer
and consequently analyzing the output with the help of statistical methods. In such
circumstances the state of the modelled system is being modified by a simulation
program and therefore reproduces the way how actual system is evolving over time.

According to [6] Shannon has formulated a term of simulation as “the process
of designing a model of a real system and conducting experiments with this model
for the purpose either of understanding the behavior of the system or of evaluating
various strategies (within the limits imposed by a criterion or a set of criteria) for the
operation of the system”.

Despite the fact that modern IT infrastructures and interconnection inside of
them have derived from telecommunication industry it still relevant to use similar
approaches for analysis for the first ones. According to [4] three phases of telecom
networks design can be distinguished: math analysis with simple models is per-
formed and as a result some numeric data is obtained, simulation phase which in
contrast to simple models in math phase results in data closer to the true worlds
rather than data returned on analysis and real setup, which gives empirical data.

For assessing the availability, the primal approaches stand on measurement
and modelling methods [7]. Approaches which depend on models are rapid and rea-
sonable in contrast to the methods based on measurements. Among the methods for
system simulation there are analytical models, discrete-event simulation or combi-
nation of two approaches.
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For clarity M. Rybnicek et al. [8] has made an overview on approaches for mod-
elling a critical infrastructure, among which are: agent-based, unified modelling lan-
guage (UML), graphical modelling, etc. The most performable among those is agent-
based modelling and simulation approach.

In order to model critical IT infrastructure is to follow similar approach for
critical infrastructure, which stand on using agents in model. Shortly, agent is object
or subject which can perceive it’s surrounding and act upon the circumstances hap-
pened in the environment. Worth mentioning that each agent must have sensors and
effectors in order to be able to do something depending on the conditions. In [8] au-
thors have used defined attributes for each agent which has made it identifiable,
situated, goal-directed, self-directed and autonomous.

The primary goal during critical infrastructure simulation is to investigate dy-
namic effects introduced from attacks or disruptions. The use of techniques to per-
form a simulation allows to understand deeply the domino and cascading effects.
Because of interconnection of unique services in critical infrastructure and unavail-
ability or malfunctioning of any can lead to significant consequences. Moreover,
simulation assists in providing new knowledge about complex systems which allows
to advance redundancies planning and development of incident response strategies,
which is stated in [8].

Authors of [9] have introduced and approach for enhancing the protection of
critical infrastructures which involves a bunch of steps to facilitate the simulation of
such infrastructure. They have covered such steps like model development of ser-
vices, context description, dependency and interdependency identification, prob-
abilistic and deterministic models and final Monte Carlo simulation stage for ex-
ploratory analysis. Some of these steps are also important during simulation of criti-
cal IT infrastructure, because despite the fact that boundaries of IT infrastructure are
bit different but threats are similar.

As a continuation of [9] researches in [10] have introduced the description for
the consequences of cyber-attacks on critical infrastructure. In case of attack on
power system of infrastructure the impact can be in range from 0 to growing losses
of not providing energy to some customers, which can influence on country in gen-
eral. To address critical aspect authors in [9-11] are referring to interdependencies
issues. Among the reasons for dependencies between services there are: functional
dependencies like inputs for one service has come from the outputs of other service;
analogous components which contain common source of failures; and common envi-
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ronment used for different services, which in case of failure will result in failure of
all connected services.

Another approach for calculating interdependencies is proposed in [12] which
is based on quality of service (QoS) indices, performance indicators and dependence
indices. A performance indicator implies a measured value of system requirement
which represents some characteristic of a system. Objective function which involves
all performance indicators should be also defined because sometime increase in one
indicator can lead to decline in other.

On other hand, quality of service is nothing more than objective function for
the service of interest from the mathematical point of view and which is also implies
function based on a user perspective of a service.

The last one, which [12] contains regarding interdependencies metrics is a de-
pendence index, which is “a numerical measurement of the degree to which an activ-
ity (or service) depends on another activity (service), system or physical or human
component.”

IT infrastructure management tasks. According to [13] there are three gen-
eralized areas of management, two of which cover technical side of all management
functions in IT infrastructure: operative or automatic quality level maintenance for
IT services and reasonable utilization of resources.

Those tasks should be considered in tight connection. For critical IT infrastruc-
tures reasonability in resource utilization are not relevant, because reliability indica-
tors are becoming more prevailing. Moreover, allocation of significant amount of re-
sources for reservation aims is not only justified but necessary.

General management task can be defined as follows. Let the state in IT infra-
structure be described with a variable S from the set of possible state S. The state of
IT infrastructure at some moment in time can depend on control impacts like in (1):

UeUsS =fW) (1)

Supposing that there a functional F(U, S) which is defined on product set of U
and S, that defines efficiency of IT infrastructure functioning. By knowing that, effi-
ciency management indicator can be determined by (2):

KW)=F(U,fW)) (2)

Then the objective of IT infrastructure management is reduced to finding such
acceptable control impact that maximizes value of management efficiency indicator.

But it is true only when reaction of IT infrastructure (1) to control impacts is known:

KWW - ':’?Faf 3)
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The most important task of IT infrastructure is delivery of qualified services to
the end users. With this in mind the efficiency of management in this case can be
estimated by the quality Q of provided services. With operative management the
primary objective is being achieved by maintenance of service quality on specified
level with taking into account availability and reliability indicators. Then maximal
efficiency of control can be achieved by choosing such control impact that allows to
approach agreed level of quality Q.e-and maximal availability.

Availability (QU) > Q,g4,) >max:: )

In turn, quality of all services Q is determined by the quality of all services:
Qj=1LN; Q=[(Qy . Q) (5)
Therefore, control impacts must support given level of quality for each service
with ensuring maximum level of availability:

Availability (Q,@) Q") »max, j=TN ©)

From the user’s perspective management efficiency criteria for maintenance of
the quality of j-th service can be selection of such control impact which brings
minimal time for handling i-th request to the application A;:

min (TFE,J' = (tﬂu - tﬂu‘)) (7
Where ¢ Aijis time when a request has been acquired by the system and Iy,

when the system has handled it and send back to user. As a result, in order to pro-
vide reasonable models for IT infrastructure with considering critical indicators it
was necessary to define all the values for each part of management process from (1)
to (7), which allows to proceed with implementation of simulation models.

IT Infrastructure Simulation Framework Implementation. For developing a
simulation framework R language was used. Extension package written for R, called
simmer was used. According to [14], this package introduces discrete-event simula-
tions to R. It is developed as universal process-oriented framework, which utilizes
core written with C++. Moreover, it allows to monitor all processing during simula-
tion in automatic manner. It adopts the concept of trajectory which is “a common
path in the simulation model for entities of the same type” [14].

For further research it is suggested to use models from [15] to simulate network
traffic. Authors have introduced a mathematical procedure to define equations of
bimodal traffic distributions. According to them, Uniform distribution is usually con-
sidered if there is no a priori information about the packet’s attributes. On other
hand, when some additional info exists then the Normal and Beta distributions are
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considered. As a result, application of new information obtained from this research
can cover denial-of-service attacks issues, improve the performance metrics of
routers, as well as provide means to application level traffic classification.

A few common entities were developed for simulation framework: IT infra-
structure, scheduler, server and request. As for now, request was marked as http but
it is very abstract so far, therefore can be considered as any request. Future work in
this direction will elaborate peculiarities of http request and extend types of requests
supported by IT infrastructure.

In order to produce some simulated events inside the simulation, it is necessary
to get some empirical data about say waiting and run times of jobs or requests from
real data sets. For this purpose, the AuverGrid [16] dataset from Grid Workload Ar-
chives [17] was used. Also, authors in [17] have described the generic structure of all
datasets and common properties collected in different systems. The dataset contains
info about wait time and run time of each request, a lot of meta information, like
user id or group id, queue id, etc. The most interesting for dynamic behavior is the
wait and run times. The last one which is also very important is interarrival time,
which can be calculated additionally by grouping all requests into hourly intervals,
get a sum of all requests in each hour which will refer to as arrival rate according to
(8). It shows that arrival rate for the whole dataset is going to be a vector of values.

Arrival Rate = ZR1 ZRN
; : ®)

And then to get interarrival time it is necessary to divide 1 by arrival rate and
multiple with 3600 which is seconds equivalent of an hour in order to get time be-

tween arrivals in seconds, as shown on (9).
3600
Arrival Rate 9)

Interarrival Time =

Now, once having all the required parameters to obtain from real data, it is

suggested to use empirical cumulative distribution function, which is a relation of

cumulative sum of all values from the vector and division by sum of all values which

will give a relative scale of cumulative changes of some statistical property. With this

in mind it is easy to get wait time probability density and empirical cumulative dis-
tribution, which is shown on Fig. 1.

After obtaining data of probability density and cumulative distribution of wait

time the next step will be to create a generator function, which can produce values

with the same probability as original wait time has. That can be done by calculating

probability density, which is a standard function in R and then by means of linear
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approximation and cumulative distribution a new random generator can be created.
That possible by using reversed cumulative distribution function, which allows to
map values in range from zero to one (0; 1) to actual values of some property, in this
case wait time. It is obvious that in order to get all values of wait time vector with
the same probability the Uniform distribution can be used on the range of (0; 1). But
before moving to the application of created generator of random values some valida-
tion should be performed to make sure that produced values from created generator
fits into original distributions.

1.254
-, 1.001
=754 Data source
C
0.50 A i
8 . AuverGrid
0.25 1
000- T T T
10 1,000 100,000
Wait time, s
1.004
Q 0.757 / Data source
O 0.501
LLl = AuverGrid
0.25 -J
000- T T T
10 1,000 100,000
Wait time, s

Figure 1 — Density and empirical cumulative distribution for wait time among
all requests in the system

Let compare values from both sources, original dataset and random generator
based on density functions of original data (Fig. 2). It is important to use almost the
same number of values as original dataset contains, as far as convergence of the pro-
duced density should follow a law of big numbers.

From the picture can be seen small gap between real data and random data.
Due to approximations of course it is possible to lose some values from the sample,
but in total cumulative results are showing better picture, which can reflect ade-
quacy of this model of behavior. Next step is to develop appropriate objects for
simulation. Simmer contains some basic tools which then can be extended for solv-
ing any specific problems. For simulating an IT infrastructure provided entities were
extended as follows: initial resource in simulation was wrapped into few entities,
like Scheduler, Server, ResultNode and IT infrastructure itself. Those are also de-
scribed as: IT infrastructure object, which is actually a simmer environment with ad-
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ditional class; Scheduler, Server, ResultNode, which are resources with some capac-
ity and queue; and HttpRequest — extended trajectory which is following from
Scheduler, through Server and to the ResultNode.

1.04
>
7
[
8 0.5

0-0- T T T

10 1,000 100,000
Wait time, s

. AuverGrid . Random

Figure 2 - Fitness of randomly generated values and original data

The final step in after all those investigations is the simple simulation. The re-
search implies usage of three main characteristics obtained from the AuverGrid
dataset, which are wait time, run time and interarrival time to run some scenario.
After setting up the environment next results were obtained: usage of servers in IT
infrastructure (Fig. 3) and utilization of schedulers and servers (Fig. 4).

47507 == === === === === == ===
100.0-
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In use, servers

1.01
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Time, h

Figure 3 — The usage of servers in simulated environment

From the obtained results with the simulation parameters, related to the data-
set very distinct behavior of the system can be observed which allows to make a con-
clusion that the system is overwhelmed with scheduling resource but not the proc-

essing resource.

ISSN 1562-9945 (Print) 59
ISSN 2707-7977 (Online)



«CucremHi Texsouorii» 1 (132) 2021 «System technologies»

Resource utilization

100% -
Elﬁft.-'iu-
G0 <

A0 1

Litilization, %

20

Scheduler Server
Infrastructure Object

Figure 4 — The utilization of all entities in simulated environment

Original report on AuverGrid also shows that the system’s overall utilization
during a year period differs between average and maximum values, which are corre-
spondent to 58 and 100 per cents. By knowing this we can make an assumption that
the model is adequate for simulating similar to AuverGrid environment and perform
some testing of management methods.

Conclusion. As a result of this research some models were discovered and con-
nected with each other as an ontological description of some processes in IT infra-
structure. Also, overview of common tools for simulating IT infrastructure has been
performed.

The main difference from already existing simulation solutions is in putting
new restriction on IT infrastructure as a research object which is a criticality aspect.
It allows to construct basic scenarios of IT infrastructure functioning with making
some blocking and attacking possible in order to replicate similar circumstances to
real world.

Further research will focus on details of network functioning, cyber attacks pe-
culiarities, resource management issues and user’s perception issues during calcu-

lating quality of service values and checking SLA compliances.
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Cumynayia IT-iHppacmpykmypu i3 po32nadom acnekmis Kpumu4yHocmi
018 ynpasaiHHA AKICM0 nocaye

llepesipka 2inome3 w000 ynpasaiHHA akicmio nocaye 8 IT-iHppacmpykmypu sumazace Ha-
ABHICMb BeJIUKUX T CKAAOHUX UeHmpis 06pobKU 0aHUx 3 0CMAMHbOI KiJIbKICMI pecypcis 015
00C/TIOKeHHA pPI3HUX MOXAUBUX CuyeHapiis pobomu iHgpacmpykmypu nid 4ac HaoaHHa IT-
nocaye. [Jns cnpoujeHHa Ha Cb0200HT BKe 1CHYE KiJIbKa 0ecamkig pilueHb 01 CUMYAAUIT ueHmpis
06po6KU OaHux, npome BiNbWIA YACMUHA 3 HUX 30Ceped)XeHa Ha NPodyKMuUBHOCMI abo Ha eHep-
2emuyHill cknadosil, npome He ICHYE pilieHb, AKI MOXYmb 00380/UMU HAKAACMU 000amMKOBI
obmexxeHHs ma docnioumu cy6’ekmuBHUL NOKA3HUK AKOCMI nocye.

Memoto 0ocnioxeHHs 6y0 BUABIEHHA MameMamuy4Hux mooesell 013 HAKAAOAHHS obMe-
JKeHb Ha Mooeni cumynsayii y su2is0i KpumuyHocmi 1 3anponoHysamu Hosull 3aci6 014 npose-
OeHHs cumynayit IT-iHppacmpykmypu.

Y axkocmi memoouku 0ocCnioxeHHs BUCMYNAGNO BU3HAYEHHSA ICHYHYUX cnocobis moldesto-
BAHHSA yeHmpis 06pobKu OaHux ma cuHmes MoOUIKOBAHO20 CcNocoby 3acobamu MoOesBAHHS
ma cumynayii Mosoto npozpamyB8aHHs R.

Po3pobnenuii iHcmpymeHm  cumynsayii - IT-iHppacmpykmypu 00380/4€ 8iOmBopumu
cyeHapii, nodibHI 0o peanbHO20 XUMMS, OCKI/IbKU 6a3yIOMbCS HA BUKOPUCMAHHT 3HAYEHb, 32e-
HepoBaHUX BUNAOKOBUM YUHOM 3210HO 3 WI/IbHICMIO BUNAOKOB0O20 PO3N00iNY 3HAYeHb 3 OAHUX
MOHIMopuHey peansHoi cucmemu. CnpoweHul cyeHapil cumynayili Nnokasas, Wo Npomsa2om
cumynayii mpusanicmo 24 ymMoBHUX 200UH BUKOPUCMAHHA pecypci8 NAGHYBANbHUKA 3AUHAI0
matixce 80 BIOCOMKIB Yacy, npu YyboMy 064YUCTIOBANLHUL pecypc NpoCMoBas, Wo MoXe po32/is-
oamucs AK 810n08I0OHICMb 00 381MYy BUKOPUCMAHHSA CNPABXKHIX OAHUX.

Y BucHOBKY, 0/ MO00enBAHHA NOBEOTHKU peanbHOi cucmemu OKPIM BUKOPUCMAHHA
AHANImMuyHuUXx moodesell MOXHA BUKOpUCMOBYBamu eMnipu4Hi moodeni. [lpu ybomy, 3 HeseUKUM
NOXUGKamu MOXJ/IUBO ompuMamu 4imkuli IMOBIpHICHIl po3n00iN 3Ha4YeHb Mo20 Yu THWO020 napa-
mempy peanbHOi cucmemu. BukopucmaHHs po3wupeHHs Simmer 8 MoB8i npo2pamys8aHHA R
00380/14€ PO3WuUpuUMU 10et0 BUKOPUCMAHHA eMNIpUuYHUX OaHUX 015 MOOe/II0BAHHS NOBEOTHKU.

Simulation of IT infrastructure with consideration of critical aspects
for quality of service management

Testing hypotheses about service quality management in IT infrastructure requires large
and complex data centers with sufficient resources to explore various possible scenarios of infra-
structure operation during the provisioning of IT services. To simplify, there are already dozens
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of solutions for simulating data centers, but most of them focus on performance or the energy
component, but there are no solutions that can impose additional constraints and explore the
subjective quality of services.

The objective of the research if to identify models for constraints on simulation models in
the form of criticality and propose a new tool for conducting IT infrastructure simulations.

The primary method of the research is to determine of existing methods of modeling data
centers and synthesis of a modified method by means of modeling and simulation with R pro-
gramming language.

The developed IT infrastructure simulation tool allows to reproduce real-life scenarios, as
they are based on the use of values generated randomly according to the density of random dis-
tribution of values from the monitoring data of the real system. The simplified simulation sce-
nario has shown that during the simulation of 24-hour period, the scheduler's resource usage
took up almost 80 percent of the time, with the computing resource idle, which can be considered
consistent with the report on real data.

As a conclusion in addition to the use of analytical models, empirical models can be used
to model the behavior of a real system. In this case, with small errors it is possible to obtain a
clear probability distribution of the values of a parameter of the real system. The use of the
simmer extension in the R programming language allows us to extend the idea of using empirical
data to model behavior.
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H.JI. Jopoiu, 10.B. AcTioH, JI.M. [TeTpeuyk
OOCJIIKEHHS VCIIIIIHOCTI CTYAEHTIB 3 ITPOBJIEMAMMU CJIIVXV

AHomayis. [lposedeHo 0O0CNIOXeHHA 3a2a/bHUX NOKA3HUKIB ma ycniwHocmi cmyoeHmis, AKi
si0HocAmMbCA 00 PezioHanbHO20 yeHmpy ocsimu iHeanioig HayioHaneHoi MemanypeailiHoi akade-
mii Ykpainu (PLOI). lpuimatoqu 0o ysazu, ujo MemanypeiiiHa akademia € eOuHum 3axknadom IV
piBHA akpedumayii 8 YkpaiHi, y skomy 3006ysarms ocgimy cmyoeHmu 3 npobiemamu cayxy, Ha-
oaHa poboma moxe 6ymu BiOHeceHa 00 AKMyasbHUX NUMAHb Cb0200eHHS.. [IposedeHo 36ip ma
06po6Ky THopmayii 3 HaBYaHHS cmydeHmis 3 npobaemamu cayxy 3 2007 no 2018 poku. Cnpoe-
KmoBaHo 1 po3pobneHo 6a3y danux PLIOI. [lposedeHo 0ocnidxeHHs AKocmi ycniwHocmi cmyode-
Hmis8 3 npobaemamu Cayxy, SKi HABYAAUCA 3a cneyianbHicmio «Komn'tomepHi Hayku». BukoHaHo
aHani3 npiopumemHocmi OUCYUNIH B iX OCBOEHHI. 3anPONOHOBAHO 06'€0HAHHA QUCUUNIH 3a 6
Kamezopiamu. [JosedeHo, Wo BCI Kame20pii OUCYUNIH 3aCBOIOMbCA, ane OUCYUNATHU 2yMaHi-
mapHoi ma coyianbHOi cnpAMOBAHOCMI 3acCBOIOMbLCA neawe. [1i0mBepoxeHo epekmusHICMb
ma 0oyiNbHICMb OMPUMAHHA BULOT 0CBIMU CmydeHmamu 3 npobemamu Cayxy.

Kntoyosi cnosa:cmydeHmu 3 npobaemamu Cayxy, AKiCmb 0CBIMU, YCnilWHICMb HABYAHHSA, pens-
yitiHa 6asa oaHux, MySQL, o6pobka iHopmayii, aHani3 OaHuUX, Kopeaayis.

IToctaHoBKa mpo6semu. HailioHasmbHa MertanypriiiHa akagemis YKpaiHu 3
2002 poKy CTBOpIOE YMOBM IJIsI 3000yBaviB BUILOI OCBITH 3 IMpobseMaMy CIyXy Ta
30py. 3 2007 poKy CTyIeHT! 3 TaKMMMU IIpobIeMaMy HaBUalOThCS 3a OCBITHHOIO MTPO-
rpamoio «KomIT'1oTepHi HayKu». 3a 11e¥i TepMiH HaBUaHHS, a BiH Oijbllle HiXX IeCSITh
POKiB, IuIuIoMH 6akasiaBpa oTpumanu moHas 100 cTyeHTiB 3 03HaUeHMMU TIpobJie-
MaMM. 3a poku pobOTH 3i CTyleHTaMM TaKoi KaTeropii Hakormmumaocs: 6araro iHdo-
pMaliii CTOCOBHO HaBYaJIbHO-BUXOBHUX MUTaHb. Lle M03BOJsIE CKIACTU MPOTHO3 Ta
BiITIOBiCTM Ha HACTYITHi IUTAHHS: YA € IOLIJIBHUM 3J00YTTSI BUIIOI OCBiTM B 0bJ1ac-
Ti IT-TexHOJI0Tii1 cTyIeHTaMM 3 MpobieMaMy CIyXY; SIKOIO € SIKiCTh OCBiTH i IK BOHA
3MiHMIACS 3a OeCITUPIYHMIA Tepiod. BiamoBiai Ha 1ii MUMTAaHHS BAXK/IUBI, SIK 3 TOUKMU
30py 0COGIMBOCTI MpodeciitHOro camoBM3HAYEHHSI MOJIONi 3 MpobieMamMu CIyxy,
TaK 1 [JIsI OpraHi3aTopiB IPOLECY OCBITM CTOCOBHO MUTAaHb MOJIMNIIEHHS YMOB 11
3M00YTTSI.

© Hopomr H.JI., Action 10.B., [Terpeuyk JI.M., 2021
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BnocKkoHa/leHHS TeXHiYHMX MOXJIMBOCTEN TopaHHs iHdopmallii, HasIBHICTb
BiITIOBiTHOTO  MpPOTpaMHOro  3abe3redyeHHs, IIPUCYTHICTh  TepeKIazadviB-
IaKTUJIOJIOTiB — BCi i YMOBM CTBOPIOIOTh JOCTATHIO MOXKJIMBICThH 3M00YTTS BUILOI
ocBiT B HMeTAY nj1s1 niozeit 3 mpobaemMaMu Clyxy. Ajie, UM MOKIUBO TIONETHIUTH i
TOKpAIIUTY 3aCBOEHHS iHdopMallil Y JOCTYITHOMY IJISI HUX BUTJISAi, UM B3aradi — €
HeOoOXiHiCTh B 3M00YTTi HMMM BUIIOi OCBITH, ajike Iie TyKe TsDKKa rpatis. Hasas-
HiCTb MUTaHb TAKOTO XapaKTepy i Mpu3Beau 10 HeoOXiTHOCTI AOCTimKeHb IIpoIecy
HaBYaHH. [Ipuiimatoun no yBaru, mo MertanypriiHa akageMis € €IMHUM 3aK/IagoM
IV piBHs akpenurailii B YKpaiHi, y IkoMy 3400yBalOTh OCBIiTY CTYAEHTH 3 Ipob6IIe-
MaMM CJIyXy, HajaHa poboTa Moyke OyTHM BimHeceHa [0 aKTyaJbHUX IMUTaHb CbOTO-
TIeHHSI.

AHamiz ocTaHHIX AoCTiaKeHb i myosikamin. [isyibHICTb Oy[b-SIKOTO BY3Y
TIOBMHHA CIIPUSITU MpUAOAHHIO 3aTpeOyBaHMX B COIiaJbHOMY Ta €KOHOMiYHOMY
KUTTI 3HaHb Ta HABMYOK, MOKIMBOCTI IIBUIAKOI afarTallii BUITYCKHUKIB BY3iB y Cy-
YaCHOMY cepefoBuIli. SIKiCTh Cy4aCHOTO HaBYAHHS B By3aX € JOCUTb aKTyaJIbHOIO He
TUIbKM B Hallliil Aep>kaBi, a 1 3a 11 Me>kaMu.

[IMTaHHSAM IIPOTHO3YBAHHS YCITIITHOCTI CTYA€HTIB Ha OCHOBI MeTO/iB KJacTep-
HOTO aHaJli3y MpUcCBsYeHa pobora [1], B sAKiii i1 TOCTOBiPHOTO MTPOTHO3YBAHHS yC-
MIIIHOCTI CTYIEHTIiB IpeacTaBieHuit anroputm k-cepennix MakKiHa, KoTpuit me-
penbauae, 110 IIyKaHe YMCI0 KiHIIEBUX KIacTepiB BU3HAuae caM KopucTysau. IIpu
IIbOMY iCHY€ MOSKJIMBICTh PO3OUTTS 00’€KTiB He [0 OAHOMY MapaMeTpy, a I0 LiJIOMY
HabOpy O3HAaK.

YV HaBUaJIbHO-BUXOBHMI MpOIeC BIPOBAIKYIOTbCSI iHHOBAIIiiiHi OCBiTHI MeTO-
VKM Ta TEXHOJIOTii, pO3BMBAETHCS MaTepia/ibHO-TeXHiUuHa 6a3a, aje yCHilIHiCTh Ha-
BUaHHS TOB’sI3aHAa He TUIbKM 3 TiepesiiueHMMHU dakTopamu [2]. BaskiuBy posib y Mpo-
1leci OTpMMaHHS 3HaHb O6e3IocepeHbO Biflirpae KOHTMHTEHT YUYHIB — 3JAaTHICTh KO-
JKHOTO 3apaxOBaHOr0 A0 BY3y CTYy[EeHTa MOBHICTIO peani3yBaTU CBOi iHTeIEKTyallb-
HO-TICMXOJIOTiUHi OCOOGJMBOCTI OIS 3aCBOEHHSI OCBiTHBOI IporpaMu. [OIiJIbHUM B
pillleHH] UbOTO MUTAHHS € MIPOrHO3YBaHHS. MOX/IMBICTh CTBOPEHHSI MOZeJIi TPOrHO-
3yBaHHS VCHIMIHOCTI 3@ MiACYMKaMM IIOTOYHOTO HAaBUaHHSA pO3IJSHYTO B
Ikepeti [3], me Mmic/is aHaTi3y CKIaAOBMX HaBYAJIbHOTO MPOILIECy i Mo6yI0BaHO MPo-
THO3HY MOJIeJib MiJICYMKIiB cecCii CTyeHTiB.

Merta pocaigkeHHs. MeTow poOOTM € eKCIlepMMeHTa/ibHe TifTBepasKeHHS
eeKTMBHOCTI Ta AOIITbHOCTI OTPUMMAHHS BUIIOI OCBITH CTyIoeHTamu 3 mpobjema-
MU CJIyXY, IPOrHO3YBAaHHS MMOKA3HMKIB MPOLeCYy HaBYaHHS Ha MMiACTaBi BUKOHAHOTO
OOCTimKeHHs. 3amadi, iKi HeoOXiTHO BUPIMIMTY B MIPOIleCi JOCTiMKeHHS, 1ie: aHasi3
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MaTepiajiB CTOCOBHO MOTOYHMX Ta 3a/iKOBO-eK3aMeHalliliHX 3axXO0iB; aHa/li3 Me-
TOZiB Ta 3aco00iB, 3a IOMIOMOTIOI0 SIKUX CTYIEHTU OTPUMYIOTh iH(popMaIlito; po3rs
MIPUHIIAIIIB POOOTHM 3 MPOrHO3YBAHHS YCITIIIHOCTI Ta MOHITOPUHTY OTPMMaHOi iHGO-
pMallii; OTpMMaHHS ITOKAa3HMKIB SIKOCTi YCITIITHOCTi CTY/IEHTIB 3 IpobJeMaMu CIIyXy
MIPOTSITOM JIeCSITUPIUHOrO Iepioay.

BuknageHHsI OCHOBHOTO MaTepiany JociaigkeHHs. [lepen BUK/IagOM OCHO-
BHOI'O MaTepiaay po60TH HEOOXiTHO KOPOTKO OMMUCATH OCOOJMBOCTI CTYAEHTIB, IIPO-
11eC HaBUYaHHS SIKMX OYJI0 TOCTiIKEeHO.

BigcyTHicTh MOBJIEHHS a00 JiOro 3HAUYHMUIA HEJOPO3BUTOK HETaTMBHO BIUIMBAE
He juiie Ha (GOpPMYBaHHS CJIOBECHO-JIOTIYHOTO MMCJIEHHS, sIke Oe3IocepenHbo 3
HMM IIOB'sI3aHe, a i Ha PO3BMTOK HAOUHO-0Opa3HOIo Ta MPakTUYHO-[iii0BOro ama-
paTy, Ha TICMXiyHi mpolecu B Iijiomy. Uepe3 HeIOCTATHICTh yCBimOMIIeHHS iHDOP-
Mallii IIpo 30BHIIIIHIM CBIT i 10r0 0CO6JMBOCTI, peakilii TaKUX MiTei Ha HaBKOJIMIIHIO
IOiICHICTb € MPUMITUBHIIIMMM, 6e3IM0oCepeIHIIIMMM i YacTO He BiAIoBimaloTh coilia-
JIbHO MNPUMHSTUM CTaHOapTam. Bysbkuii miarma3oH CJIOBHMKOBOTO 3ariacy 4acTo
CTBOPIOE BpPaskeHHS, 110 IUTMHA MAa€ PO3YMOBY BifCTa/licTh ab0 3HAUHMIT MTPOOIT y
3HAHHSX TIpO HaABKOJMINHIN CBiT. Lle yckaagHIO€ ColiiajibHy afomTaliil0 TakKoil
OUTUHNA.

OCKiJIbKM Taki OiTU MalThb IOBHOIIHHY iHTeJeKTya/lbHy cdepy i ycBimoMI0-
I0OTh CBOIO aHOMAJIbHICTh, IIPOOJIEMHICTB, Iie IIe OiJbIl HeraTUBHO BILIMBAE Ha Gop-
MYBaHHSI HaBMUOK COILia/IbHOI B3aeMO/ii. TpyaHOIIi MOBHOTO CIiJIKyBaHHSI € TOJIO-
BHOIO MPUYMHOI0 BMHUKHEHHS KOHQIIKTHUX CHUTyalliii, (popMyBaHHSI MOPYIIEHb
eMoIlIi/tHO-BO/IbOBOI cepu [4]. OTKe, IJsT TOTO, A6U CTYOEHTY MOIJIM YCITIlITHO BUK-
TUCS, iM TOTPIOHO TMPOMTU BEIMKMUIA IIISIX i JOKIACTU YMMAJIO 3yCUJIb IJIsI CIIPUIi-
MaHHSI Ta 3aCTOCyBaHHS iHQopMmaliii, SKy BOHY OTPUMYIOTb.

Iobpe Bimomo, 110 mmpoiiec 360py i 06pobkyM iHGopMallii € TPYIAOMiCTKUM i, SIK
MpaBUJIo, 3aiiMa€ OIbITY YaCTUHY Yacy MPOBeIeHHS MOCTiakeHb [5]. JocmimkeHHs
IIOYaJIOCS 3 aHaJIi3y JAaHMX IPO CKIALAHHS 3a/iKOBMX 3aXO[iB CTYLEHTIB KOXKHOI 3
TPYII IPOTSATOM HaBUaHHS B akageMmii. O6pobka mepBuHHOI iHopMmaliii BimoyBaacs
B TaKiil MOCJIiJOBHOCTI:

— 00paHO Ipyny CTYAEHTIB 3 NMPObJieMaMy CyXY, SIKi HaBUaIMCs 3a CIieliasb-
HicTio «KomIT'1oTepHi Hayku» noumHawuu 3 2007 poKy BCTyIy 40 akagemii i mo 2018
piK BKJIIOYHO;

— BCi HaBYaJIbHi AMCUMIUIIHM 3a CBO€I0 crielndikoo Oyau pos3mnomisieHi Ha
IIiCTh KaTeropii;
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— JOCJTimkKeHHS YCHIIHOCTI MMPOBOAMJIOCS 3 YpaxyBaHHSIM ITOKa3HMKIB SIKOCTi
HaBUYaHHA SIK OKPEMO II0 Ipylax Ha KOXXHOMY Kypci (3 1-ro 1o 4-i1), Tak i gjsi BCix
IpyM B LIiJIOMY.

Kypatopom po60Tu 3i cTymeHTamu, siki MalOTh ITpobaeMu Cayxy, y akajemii €
perioHasibHUI LIeHTp ocBiTH iHBaiaiB (PLIOI).

Ha HacTtymHOMYy eTari po60oTu OYyJ0 CIIPOEKTOBAHO i po3pobiieHO 6a3y JaHUX
PIIOI, Bukopuctano PHP i MySQL.

CtpykTypa 6asu JaHUX MiCTUTh 0COOMCTY iH(dOpMallilo Ipo CTyaeHTa, iHhop-
Mallilo PO AMCUUIUTIHY, TPYITY i IKiCTh HaBUaHHSI KOXKHOI'O CTYJIeHTa, a TaKoXK iHdo-

pMmartiito criBpobitTHMkiB PIIOI. Jloriuny mopmenb 6a3u JaHMX IIEHTPY HAZAHO Ha

PUCYHKY 1.
do personal_data_st
Taamili | et
fame - el
patronymic - et
= dabta_binth : dnie oo | U
adress  texl @ wl_grup  int{15)
W phona | mi{11] nama. gup - varcharH5)
@ id_lihn_dan - in3(11) W pEar - nb{10)
Oo ivatidnost ae oavita
g i iml{15) g _osvita  mE11)
wiew | arehan{ S0y v i o data_st /_. Wi osvila | beml
0 _student | ini15} name-school  varchan 100)
W W lihn_dan - inté 15 /
m Gats | dako |
wdras_ona_Tamili . varchar(255) /
do id_pbrazovania advas.  varchasn(255) ._/ [ soc_statys
8 Kl oavite | (1) " w HE_osvila int{15) w inl_stanies © ini{15)
S it WE_QrLisg | mi15) »- 4 wisw_status - fest de Bhymendnnus
g wl_inval ink{15) ; farnd - tixl
% 4 ui_nauh  ingf15) & name . bexd
9@ o ucheba & KE_stalus mE10) > do e e patronymic . lexi
i o ucheba : mi(11) F——— 1§ i uchabs (11} + |-|: amiployse .~ ipt15) i
g id_studenl - mEt1) i L_r:mn T ; " I|hnpd:r| "““.5].- L adress v«rclmrl.?_i‘il
w id_duct - me{11] P i @ id_hn_dan  mi25)
[ W _pasiton - mi(11) dolgnosi - varchar(255)
Ao dicteipling
@ bl _qlict © ank{11)
name_ gt - warchan255) ao chalgpnnst
kodch_chas | varchen255) * w il _dolg - mi{15)
¢ id_oloenka inb11) a v -] olcenka name_dolg * text

" d_ofcanka imi{11)
olcanka : warchas? )

Pucynoxk 1 - Jloriuna mogenb 6a3u ganux PI1OI

[IpoBeeHO AOCTI)KEeHHS 3arajJbHMUX MOKA3HMKIB Ta YCITIITHOCTI CTYAEHTIB 3
npobaeMaMu CIyXy.

ITporsirom 2007-2015 pokiB mopiuHmuit Habip CTyIeHTIiB CTabiIbHO TPUMaB ce-
penHiit mokasuuk 10-11 oci6 (Pucynok 2). ITounnatoun 3 2016 poKy Iieit TOKa3HUK
CKOPOTUBCS Mainke BABidi. [IpMuMH IIbOMY HEMAaJIO: ITO-Ilepile 6arato abiTypieHTIB
6ysi0 3 KpuMchKOro miBOCTPOBY i Ha pasi BOHM He MawTb 3MOTM BCTYIIUTU IO aKa-
IeMii, mo-apyre, CKOPOTWIACH KiJIbKICTh JIiT€li CTYIEHTChKOro BiKy, 60 Ha POKM 3
1992 1o 2000 pp. mpupicT HacejsieHHS OYB -1% i came AiTH HapoOKeHi y 1Ii pOKU T10-
BUHHI Oy/JIM CKJIaCTM 3arajibHy KiJIbKiCTh abiTypi€HTiB, ITO-TPETE 3MEHIIWIOCh Iep-
’KaBHE 3aMOBJIEHHSI i CKOPOTWIM KiJIbKiCTb OGI0[IKeTHMX MiCIlb, @ came IiTu 3 Mpo-
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6sieMaMu CAyXy IOCiTaAM i OTpUMyBaaM OIOMKETHI MicCIls B akageMii. 3pooman mjist
BCix 6e3 BMHSTKY OJHAKOBi YMOBM BCTYITy JO BUIIMX HAaBUAJIbHMUX 3aK/IaJiB uepes
cknamanHsg 3HO, o3HauMBIIM JuIlle AeKiJibkKa BU[iB 3aXBOPIOBaHb, 10 3BIIbHSIOTH
Bi cKJIamaHHS icrUTiB Ha 3arajbHUX ymoBaxX. Came uyepe3 ckinamanHs 3HO 6ib-
HIiCTh IMiJIITKIB 3 TpobeMaMu CIyXy He MOKYTb KOHKYPYBATHU 3 ITiIJIiTKAMMU, Y IKUX

TaKi Mpo6ieMu BiZICyTHi.

KinekicTh cTyAeHTIB, 3apaxoBaHNX HA MEePHIAI Kypc

16
14
12

10

2

0
2006 2008 2010 2012 2014 2016 2018 2020

PucyHOK 2. — KUJIBKiCTb CTYyZeHTiB MepIIOKYPCHUKIB MO roaax BcTyny 10 HMeTAY

[TpoBemeHO aHaJIi3 3MaTHOCTI CTYJEHTIB 3 MPobJeMaMy CIyXy YCITIIIHO 3aKiH-
YMTU HABUAHHS i OTpuMMaTyH OuIioM GakanaBpa. Tabmauisg 1 mae iHgopMmaliio mpo
CTaH KiJIbKOCTi CTYZeHTiB y Mpo1ieci HaBYaHHS 3 MepIloro Mo 4YeTBepTuii Kypc.

Tabmuusg 1
KisIbKOCTi CTYJIEHTIB 3 MepPIIOro Mo YeTBEPTUI KypC

2 S |8 |8 |2 |z | |2 |2 |2 |2 &

> &) &)

S = | E |2 |2 |2 |2 |2 |8 |2 |8 =
E'E 1 9 15 13 8 10 11 10 10 10 3 5
o L KypC
2 B 4-i1
E 2l 8 13 10 6 10 10 8 10 9 3 5

Y| KypC

OTKe, BIPOJOBXK OECATU OCTAaHHIX POKIB B CepeIHbOMY OIOMH CTYAEHT He 3aBe-
pirye mpoiiec HaBuaHHS (PucyHOK 3). [Ipuyomy, 3TifHO ONMUTYBaHHS, 3 HUX TPUOJIMU-
3HO 35% CTy[IeHTiB IIPUIIMHSIIOTh HAaBUaHHS 3a BJIAaCHMM OaskaHHSIM, a pellTa - 3a Ha-
SIBHOCTi aKaJeMiuHOoi 3a60proBaHocTi. OCHOBHI MPUYMHM, Uepe3 SIKi CTYJeHTU TIPU-

MIMHWIYM HAaBYAHHS 3a BJACHMM Oa’kaHHSIM TaKi: 3MiHa MicTa IpPOXXMBAHHS, 3MiHa
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dbopmu HaBUaHHS 3 IeHHOI Ha 3a0YHY, a TAaKOX 3HAUHa YaCTHHA CTYIEeHTiB BUMYIIIe-
Ha Oy/a IPUIIMHUTY HaBYaHHS yepe3 BiliCbKOBi il HA cXofi YKpaiHu.
TeHOeHUis BigpaxyBaHHA CTYAEHTIB

, ®
........ o.........® N
l B Sttt S e Ty ®
: GRS y
12006 2008 2010 2012 2014 2016 2018

PucyHoK 3 — KiJIbKiCTb BipaxoBaHUX CTY[IE€HTIB I10 poKax

KinpKicTh BilpaxoBaHMX CTYAEHTIB 3 IIpobieMaMu CJIyXy OyJIO MOPiBHSIHO 3 Ki-
JIbKICTIO BiIpaxOBaHMX CTYAEHTIB L€l X CIelialbHOCTi 3 HOPMaJIbHUM CJIYXOM, I10-
KasHMKM MpakTMuHO ogHakoBi — 1.09 ta 1.00 BignoBigHo. HaouHo mpoiiec Biapaxy-
BaHHS CTYJEHTIB BIPOJOBX OeCITUPIYHOTO MepioAay HaJaHO Ha PUCYHKY 4 (3 MPo-
6emamu ciayxy — 1, 6e3 rmpoosiem — 2).

HinbricTe BigpaxoBaHux cCTYASHTIE

Link s

2009 2010 2011 201F 13 2014 3015 2046 01T

-
L,
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ot
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T

mPagl - 3|'IF|DE.|"|EMEMH B Pan? - Ga3 I'IFJD'E'.-"IEM

PucyHok 4 -ITlopiBHsI/IbHA [liarpaMa BifjpaxyBaHHS CTYJI€HTIB

Oco6nmmBuit iHTEpeC y AOCIiIKeHHSIX BiTHOCUTBCSI OO MPOTHO3YBAHHS SIKOCTi
HaBUYaHHS CTYAEHTIB 3 IpobJieMaMM CIyXY.

B maHiii po60Ti BUKOHaHMI aHaJi3 MPiOPUTETHOCTI AMCUUIUIIH B iX OCBOEHHI.
3armporoHOBaHO PO3MOAIA OUCUMUIUIIH 3a 6 KaTeropissMu: MOBM, TOUHI HayKMu,
KOMIT'I0OTe€pHi HayKu, TeXHiUHi HayKy, EKOHOMiUHi HayKM, COLiaJIbHO MO TUYHi.

JIJ1s1 KOKHOTO CTyJleHTa 3TiHO MeBHOI KaTeropii AMCIUMIUIIH, 1110 BMBYAKTHCS,
OyB IpopaxoBaHuii cepeaHiit 6an (PucyHok 5).
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& JOCHIHEHHA HABUAHHA CTYAEHTIE 3 [POENEMAMU CIYEY * HiderAy *
[Aramsna rooPMALLA| MPIOPYTETH MO NPEQMETAX | 3814 |
Linibp rr'.-'nr_'rrral Mo | Towrd i |Kw‘mr\cw Hrrm{ Exgromri ;mewm_mrrnwl Tewried | A
l 09_10 75 5,88 4,75 7,33 9 6
09_1 9,25 .75 8,52 9,67 9,67 8,5
: s _2 10,25 9,75 8,36 0 9,33 8,5
09_3 5,25 6,88 7.4 B.67 9 3
: o3_4 10,25 B.5 8,97 0 8,87 8.5
09_5 B 5.28 7.58 633 6,33 L
B r3_& 5,73 8,13 B35 9 767 ]
[ oar 9,78 7 792 8,33 10 7
: r3_8 9.5 B,25 8.4 9 0 8,5
0r5_9 9,75 8,2 8,95 8,32 10 9
: 01 BT5 7,58 732 5,67 B a
10 2 9,25 &5 6,42 2,87 1587 45
: 103 5 9.25 5,81 9.5 ] 8.5
10_% 10,25 Tl3 783 BT 847 a
i o 5 B.5 5,38 5.4 57 767
106 9,25 425 8,15 6,68 -] f5
: 1.2 10 o g 0 B.&7 8
L jiia 9,3 1,75 4,1 9.3 10 a v
i »

PucyHok 5 — CepenHiit 6a1 KOKHOTO CTYAeHTa )1 IIeBHOI KaTeropii AMCUMUILIiH

AHaji3, IKuii MpoBeJIeHo y HaJaHiii poboTi Iepegdavyae OTPUMaHHSI IIOBHOMi-
PHOI KapTUHM YCITIIIHOCTI $IK KOSKHOTO CTYJIeHTa OKpeMO, TaK i TpyIoOBUX MOKa3HU-
KiB HaBYaHHS.

Hani Ha migcTaBi OTpUMMAaHMX pe3y/IbTaTiB BM3HAUEHO CepefHiit 6aa KOKHOI
Ipynu JJisl BCiX nmepejiueHux KaTeropi (PMCyHOK 6).

@ DOCNKEHHRA HABYAHHA CTYAEHTIB 3 MIPOEAEMAMM CI¥XY * HMenay *
SATANEHA IeCPMALLS || rPIORTETA N0 reEgMETAX | 38TTH |

rpyra | mosn  [rows nayi| Exonceed [omn'orsoe ey [csaneinonmesd]| Tewssd | »
L GAEEE] 5,33 758 3,67 7.5 8497 7.7
[ ien-1o 3,2 7,4 6.7 7.4 8,17 5,52
KH-11 9,47 754 8.2 8,33 3.7 754
KH-12 936 7,83 7,88 8 8,06 6,85
KkH-13 5,54 B,34 1.67 1.7 8 7.4
KH-14 0,98 5,38 7,45 7.7 7,55 7,2
KH-15 9.3 5.02 7.66 5.54 7,75 7.02
L >

PucyHok 6 — CepenHiit 6a rpymu Jjist IeBHO1 KaTeropii AucIimriia

Ha pucynky 7 mokasaHi rpacdiuHi pesyabTaTy poO3paxyHKy CepegHbOro Oamy
HaBUYaHHS. SIK BUAHO 3 rpadikiB, IMCHUIUIIHY I'YMaHiTapHOI Ta COLiaJbHOI CIIPSIMO-
BAHOCTI 3aCBOIOIOTHCS JIeTLIe.
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DAl lLETH (BN

PucyHok 7 — CepeniHiit 6a71 KOXXHOTO CTYJeHTa /ISl IeBHOI KaTeropii AucuuIuiiz

AHani3 KpuBMX yCHimHOCTI (PUCYHOK 7) CBIAUUTD, 110 BCi AUCHUIUIIHM, SIKi BU-
BUYAIOThCS, CTYAEHTaMM 3 IPO6IeMaMy CJIYXY 3aCBOIOIOTHCS IIPUITHSITHO.

SIk mpukiam, HaBedeHi JaHi yCIimHOCTI 3 aucuuIiuiin «OpraHisaiisa 6a3 maHux
Ta 3HaHb» (CHelliaJbHa OUCIUILTIHA) i «Dimocodis» (comiasbHa, ab0 ryMaHiTapHa) Y
po3pi3si «KinbKicTb cTymeHTiB» - «O1iHKka». 3rigHo 3a 12-TubaJbHOI0 CUCTEMOIO OIli-
HIOBAHHS 3HAHb CTY/IEHTIB, IIpeCTaBJ/IeHi OIL[iHKM 3a TPyIaMy «3aI0BiJTbHO» (4-6 Oa-
JiB.), «mobpe» (7-9 6aniB), «<BigMiHHO» (10-12 6asiB). Ha PucyHky 8 HagaHo rpadiuHe
300paskeHHsI PO3IOAIIY KiJIBKOCTi CTYIEHTIB 3a OL[iHKamMu 110 12-TubaybHii HIKami
(Bich abcIyMc — OIiHKA, BiCh OpAMHAT — KiJIbKiCTh CTYAEHTiB). KiJIbKiCTh CTY/IEHTIB 3
OIIIHKOI0 «8 — mobpe» € MaKCMMa/IbHOW IJISI AUMCUUILTiHU «Dinocodisi», a KiIbKiCTb
CTYLEHTIB 3 OILIIHKOI «6 — 33[J0BIJIbHO» € MaKCMMAaJIbHOIO [IJISI AUCHUILIIiHK «OpraHi-
3allis 6a3 JaHMX Ta 3HaHb» 32 BECh MEPiof, JOCiIKeHHSI.

PucyHoK 8 — Po31o/iis KiJibKOCTi CTyAeHTiB 3a OlliHKaMu

TakuM 4YMHOM NPOAEMOHCTPOBAHO, [0 HABUaHHS 3 'YMaHiTapHOI AMCUMUIUIIHA
TPOXM JIeriie, Hix CIieliaabHoi, ajie He CYTTEBO.

B pob6oTi 6y/n0 po3r/ISIHYTO MUTAHHSI 3aCBOIOBAHHS CIElia/IbHOI AVICHIMUILIIHU
CTygeHTamMM pi3HMX KypciB. BkiatouHo go 2013 poky aucuuiviiHa «OpraHisaiiisi ta
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BelleHHsST 0a3 JaHuX» BUKJIAJasacs CTyAeHTaM 4-To Kypcy. Y 3B’S3Ky i3 3MiHaMU y
CTPYKTYpPi HaBYAJIbHOTO TIPOLIECY 11 HaBUaHHS IIepeHeceHo Ha 2-Ji Kypc. AHai3 Io-
KasasB, II[0 Ha YeTBePTOMY KypCi CTyZeHTaM Jieriie OMaHyBaTH L0 AUCIUIUIIHY, HixK
Ha IpyroMy, cepefHiit 6ay cTaHOBUTD 7.53 Ta 6,72 6aiu BigoBigHO.

Byn0 BUCYHYTO NpUITYIIIEeHHS, 1[0 KiJIbKICTh CTYAEHTIB B IPyIIi i SIKiICTb OCBITHU
3a AMCHUIUIIHAMM ITOB'I3aHi MK co6010. OIHAK 11e IPUMIYLIIeHHS He MiaTBepanio-
cs1, 10 TIoKa3aB KoeillieHT Kopessiii, ikuit mopiBHIoe 0,4.

VsBsi€e iHTepec MPOTrHO3yBaHHS SIKOCTI OCBiITM YyIpOZOBXK yacy. Ha pucyHky 9

MOKa3aHO JIiHil0 TPpeHy, SIKa MOKe XapaKTepu3yBaTH SIKiCTh OCBITM MPOTSTOM 4Yacy.

10

9

ca

2006 2008 2010 2012 2014 2016 2018

PucyHok 9 — TeHAeHI1is SIKOCTI YCIIIIHOCTI

Iist TpyIl, HaAXOMKEeHHS SIKUX JIEXKUTh B iHTepBaii 2007-2015pp., mpocTexy-
€TbCS He3HAUHa TEH[EHIIiS B 3HVMKEHHI SKOCTI 3aCBOEHHSI Marepiajy, 10 HA0YHO
IeMOHCTPYE JIiHis TpeHAy. Lle MOXXHa MOSICHUTHU Pi3HMMU (haKTOpaMu: 3HMKEHHSIM
piBHS 3HaHb Y BUITYCKHUKIB CepeJIHiX MIKiJ, BiICYTHICTIO CTabi/IbHOCTi B TOBCSAKIEH-
HOMY KUTTi, CIIpo6aMM ITO€THATY HaBUYaHHS i BUMYILIEHMI ITiAPOOITOK CTY/IEHTIB.

BucHoBKu. [IpoBeieHO OC/TiIsKeHHS SIKOCTi YCITIIIHOCTi CTYyIeHTIiB 3 IpobJie-
MaMM CJTyXYy, SIKi HaBYaJIMCS 3a ClieliajbHicTIo «KoMIT’loTepHi Hayku». Byo 06po6-
JeHo iHdopMmallito mecsTUpiuHOoro nepiogy. OTpMMaHO psifi MOKAa3HMUKIB, SIKi T03BO-
JA10Th cPOpMYJIIOBATU DPSIJi MPUITYIeHb CTOCOBHO AOIIIBHOCTI HaBUYaHHS y By3ax
CTY[EHTIB 3 03HAUeHMMMU BajaMi, a caMe:

- HaBYaHHS JaHOI KaTeropii CTyIeHTIB y By3i /i OTpMMaHHSI HUMM BUILO1 OCBi-
TU LJIKOM MOXJ/IMBeE, PO 1[0 CBigYaTh MOKA3HMKM OI[iHOK, OTPMMaHUX CTyAeHTaMu
B IIPOLIeCi HABYAHHS ITPOTITOM OiJIbII HiK TECITUPIUHOTO TEPMiHY;

- JOUCUMIUIIHM TyMaHIiTapHOI Ta COIi0JIOTiYHOiI CIPSIMOBAHOCTI 3aCBOIOIOTHCS
CTyAEHTaMM Jieriie, HiXk IpegMeTy TOUHOTO, KOMIT'IOTEPHOTrO Ta TEXHIYHOrO HaIpsi-
MKIiB;

- SKICTb HaBYaHHS TMPAKTUYHO He 3aJIeXUThb BiJ, KUIBKOCTI CTYAEHTIB, SIKIIO
MOBa ¥i/ie PO KibKIiCTh Bif 5 mo 15 yuHiB y rpymi.
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AHasi3 gaHuX, SIKUi IIPOBENEHO, IMiATBepAuB e(heKTUBHICTbh Ta MOLIIbHICTb
OTPMMAaHHS BUIIOi OCBITM CTyAeHTaMM 3 MpobaeMaMu CIIyXy.

B nmopmanpmmux DOCHIIKEeHHSIX Ma€ CeHC OL[IHMTM TAaKOX i BIUIMB COLiaJIbHUX i
ocobucTux PakTOPiB HA SIKICTh HABUAHHS 300yBauiB OCBiTM 03HAUEHOI KaTeropii.
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Uccnedosarue ycnesaemocmu cmydeHmos ¢ npobnemamu cayxa

lpusedeHHbl  pe3ynbmamsl  uccne008aHUA 06WUX nokasamenel U ycnesaemocmu
cmydeHmos ¢ npobaemamu cayxa. [lposedeHbl cbop u obpabomka uHgpopmayuu no oby4eHuro
cmydesmos 8 HayuoHansHol Memannypauyeckol akademuu YKpauHel No cneyuanabHocmu
«KomnbromepHsie Haykuy» 3a Oecamsb lem. BbinosHeH aHAnuU3 NpuopumemHocmu OUCYUNIUH B
ux ocgoeHuu. [loomsepxoeHa 3¢ppekmusHOCMb U UenecoobpazHoCmb Nojy4YeHus BbiCUie20
06pa3osaHus cmyoeHmamu ¢ npobaemamu cayxa.

Research on student performance with hearing problems

The aim of the work is to experimentally confirm the effectiveness and expediency of
obtaining higher education by hearing problems students, to predict the indicators of the
learning process.

Research of general indicators and student performance of the Regional Center for
Education of Disabled People of the National Metallurgical Academy of Ukraine was carried out.
This is the only educational institution of the IV level of accreditation in Ukraine, where students
with hearing problems receive education, so the work is relevant.

A study student performance of students with hearing problems in the specialty "Computer
Science" was carried out. The collection and processing of information on teaching students with
hearing problems for 2007-2018 was carried out. Designed and developed a relational database
based on PHP and MySQL.

The study of academic performance was carried out taking into account the indicators of
the quality of education, both separately for groups in each course, and for all groups in general.

The analysis student performance of the priority of disciplines is carried out. The
unification of disciplines by 6 categories is proposed: languages, exact sciences, computer
science, technical sciences, economic sciences, socio-political. It has been proven that all
categories of disciplines are assimilated by hearing problems students, but humanities are easier
to assimilate.

The results of student performance forecasting over time are presented. It is shown that
during the research period during 2007-2018, the level of quality of education slightly
decreased.

The analysis of the ability of students with hearing problems to successfully complete their
studies and receive a bachelor's degree was carried out.
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The effectiveness and expediency of obtaining higher education for students with hearing
problems has been confirmed.

HOopom Hatanis JleoHigiBHA - KaH/. TeXH. H., IOLEHT, kKadeapa iHpopMaLiiHUX
TeXHOJIOTii i cucTtem, HamlioHasibHa MeTasypriiiHa akajgemiss YKpaiHu.
Action HOnist BomogumupiBHa - cTyfgeHTKa — MaricTp, Kadempa iHdopmartiitHux
TeXHOJIOTii i cucTtem, HalrlioHa/sibHa MeTasypriiiHa akajgemiss YKpaiHu.
ITerpeuyk Jlina MukosiaiBHa - crapimii BUKIagay, kageapa mpMkIagHoi MaTema-

TUKM Ta 00UMCIIOBAIbHOI TeXHiKM, HallioHasibHa MeTanypriiiHa akageMist YKpainu.

Hopom HaTanusa JleoHMaAOBHA - KaHJ. TEXH. H., IOLIEHT, Kadeapa nHGopmaIMoH-
HbIX TEXHOJIOTUM U cucTeM, HauiMoHanbHass MeTa/utypruueckast akagemMmus YKpauHbl.
Actnon Onus BraayMupoBHA - CTy[eHTKA - MarucTtp, kadgemapa nHopmaioH-
HbIX TEXHOJIOTUI U cucTeM, HauiMoHabHass MeTa/utypruueckast akagemMmusi YKpauHbl.
ITerpeuyk JInna HukosaeBHa - crapiimii rpernogaBaTesib, Kadeapa MpUKIaTHOM
MaTeMaTUKN U BBIUMCIUTEbHOM TeXHUKM, HallMoOHa/IbHAsA MeTa/Uypruyeckasl aka-

Iemust YKpauHbl.
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A.M. Kycun
OIITUMIBALISA MAPIIPYTY OBPOBJIEHHS IIOBEPXOHDb 3ATOTOBKHA
3A KPUTEPIEM OJHOPITHOCTI CTPYKTYPU MATEPIAJTY

AHomauyis. [IpoaHani308aHO B3AEMO3B’A3KU MEXHOM021Y4HO20 3a6e3neYeHHsa XUMMEBUX YUKIIB
MawuHobyodisHux Bupobis. OnucaHo memoduKy subopy mapuwpymy ob6pobieHHS NoBepxoHb Oe-
manel MawuH 0715 00'€KMHO-0PIEHMOBAHUX MeXHOI02TYHUX NPOUECIB 30 KpUMepieM po3paxyH-
KOB0O20 ymMOYHeHHs. BusHayeHo MHOXUHY BI0NpagHUX Xapakmepucmuk aKocmi supoby 014 su-
3HAYeHHA 2PAHUYHO20 Nnapamempa MexHos0214HOI onepayii 0aa (i020 YHKUIOHANbHUX Nosep-
XOHb. BiO3Ha4yeHo cknadHoOWi BpaxysaHHA eKcnayamauyitiHux XapakmepucmuK Ha Pi3HUX PiBHAX
00Cni0XeHb Npu po3pobieHHT 06’ EKMHO-0PIEHMOBAHUX MexHO021YHUX npoyecis. 062pyHmMosa-
HO 0oyinbHiCMb po3pobseHHS (YHKUIOHAIbHO-OPTEHMOBAHUX MexHO02ili MaWUHOobY0iBHO20
BUPOBHUYMBA 3 NO3UYTT MexXHOM0214HO20 YCcnaoKoByBaHHA saacmusgocmeli Oemaneli MAWUH.
[lpedcmasneHo memod LM-msepdocmi, wjo 3acmocosyemscsa 01 B8U6GOPY pauyioHasbHO20 Map-
wpymy 06pobaeHHs (PYHKUIOHANbHUX N0BePXOHb BUPO6Y. OnucaHo mexHo02iyHe 3ab6e3nedeHHs
peanizauyii ekcnepumeHmansHux 0ocnioxeHb. [IpOAHANI308aHO pe3yibmamu excnepuMeHmalb-
Hux 00C/i0XeHb Ma BCMAHOBICHO PayioHaNbHUl BapiaHm mapuwpymy obpobieHHs naocKoi 3a-
20MOBKU 13 A/IIOMIHIEBO20 cnaasy. HamiyeHo wasxu nodansuwiux 00C10)eHb.

Kntoyosi cnosa: mexHonoz2iyHul mapwpym, xummesui Yukn s8upoby, 06’ ekmHo-opieHmMoBaHull
mexHO02T4HUL npouec, YYHKUIOHAIbHO-0PIEHMOBAHUL MexHOM021YHUl npoyec, mexHoN02i4He
YCNaoKoBYBAHHSA, NOWKOOXYBAHICMb, 3aG20moska, Memod LM-msepdocmi, 2omo2eHHICMb,
KoeghiuieHm eomoeeHHocmi Belibyana

ITocraHoBKa mpo6siemu. [1jisi CydyacHOTO MalIMHOOYOYBaHHS MPalleMiCTKiCTh
MeXaHiuYHOTO 0OpO6JIeHHSI 3HMKYETbCS 33 PAaXyYHOK MaKCUMMaJIbHOTO HabIMKeHHS
dbopm 3aroToBoK A0 HopM JeTasieit, 3poCTaHHS PiBHS MexaHi3allii Ta aBToMaTu3arlii
TexHojoriunmx npoieciB (TII), cTymeHsS OCHaIIeHOCTI Ta [JOBrOBIYHOCTI
TEeXHOJIOTiYHOTO 00IafHaHH, iHTeHCcuiKallii peskumiB 06p0o06IeHHS, IIPOTe 3POCTAE
MIpU SKOPCTKIIIMX BMUMOraxX OO TOYHOCTI OOpOOJIEHHSI, MiKpPOTOIIOJIOTii MOBepXHi
BUPOOIB, iX eKCIUTyaTaliiiHUX XapaKTePUCTHUK i TOKa3HUKIB HaiitHOCTi [1-2].

@akTOp 4Yacy € VYHIBepCaJbHOK OAVMHUIIEID KOHTPOJII TEXHOJOTIYHUX
napameTpiB BUpPOO6iB, 10 BU3HAuawTbh ixXx pecypc [3]. DakTUuHMit pecypc
Y3TOMKYETHCS 3 palliOHAJIbHUM TEPMiHOM CJTYKOM BUPOOY /IS ONTMMI3allii cymap-
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HUX BUTpPAT CTOCOBHO 3abe3MeueHHs Mpale3IaTHOCTI Ha BasKJIMBUX eTarax i CTamisix
JIOTO JXUTTEBOTO UMUKy [1-3].

TexHosioriuHe 3abe3mneueHHs pecypcy BUpoOy MOB’si3aHe i3 KOHCTPYKTOPChKO-
TEeXHOJIOTIUHOIO ITiITOTOBKOI0 BUPOOHMUIITBA (pallioHAAbHMIT BUOIP KOHCTPYKTUBHUX
cXeM i MaTepiasiB, JOCKOHAJIICTh PO3PaxyHKIB i3 BpaXyBaHHSIM yCiX BIUIMBIB ITif] yac
eKCIUTyaTallii metaneil i MalIMH, OMTUMI3allisl peXXUMiB 00pOOIeHHS Ha Cy4yacHUX
MeTaJIopi3a/ibHMX BepCTaTax i3 3aCTOCYBaHHSIM IIPOTPECUBHOIO iHCTPYMEHTY) Ta 10-
IO BUTOTOBJIEHHSIM (peTebHUII KOHTPOJIb MaTepiajiB KOMIUIEKTYIOUMX, BUCOKUIL
piBeHb Opradisailii Ta KoHTposio TII BUTrOTOBIEHHS AeTalieli i CKIagaHHS MalllH,
HaJIesKHI BUTIPOOYBAHHS OKpeMMX eJIeMEHTiB, BY3JIiB i arperarTiB TOIO). YCyHEHHS
TEeXHOJIOTiUHMX Ae(eKTiB IMpy BUIIPOOYBAHHSIX, JOTPUMAHHS T€PMiHiB T€XHIUHOIO
0o0CTYyrOByBaHHSI Ta PEMOHTIB MiHiIMi3ylOTb BMHMKHEHHSI BigZMOB Ha crafii
eKcIUTyaTallii BUpoo6is [3, 4].

TexHosoriuHe  3abe3levyeHHs]  perlaMEHTOBAaHMX  IMapaMeTpiB  SIKOCTi
MAaIIMHOOYIiBHMX BMUPOOIB MOTPIiOHO 3MiMiCHIOBATM IJIS YCiX JAHOK TEXHOJIOTiYHOTO
JIQHIIIO’KKA 3aroTOBKa-AeTaJib 3a OOMOMOTOI KpUTepiiB KOMIUIEKCHOI OI[IHKM
nmerpaparii marepiamay Bupooy [5, 6].

AHai3 ocTaHHIX HOCTiAKeHb i myoOsikamiii. [y 00’€KTHO-Opi€HTOBaHUX
TEXHOJIOTiYHMX ITPOIIeCiB pallioHaJbHa CTPYKTypa MapIIpyTy 06pob6ieHHSI BUKOHAB-
Yyoi MOBepXHi BMPOOY 3a0e3MeuyeTbCss MHOXMHOIO MeTOIiB 00pO06JIeHHS i3 AOTpu-
MaHHSM perjiaMeHTOBaHMX BUMMOT 10 TOUYHOCTI Ta SIKOCTi IMOBEPXHEBOTO LIapy Mpu
MiHiMaJIbHili T€XHOJIOTiUHii cobiBapTocTi. MeToau 06pobaeHHsT BUOMPAOTh 3 ypa-
XYBaHHSIM CITOCO0Y OTpMMAaHHS, TabapUTHMUX PO3MipiB Ta TOYHOCTi 3aTOTOBKM, BJIacC-
TUBOCTell MaTepiasly, TEeXHIUYHOTO CTaHy TEeXHOJIOTiYHOTO OO6JIaHAHHS TOIIO.
O6’eKTHO-OPiEHTOBAHMI TEXHOJIOTIUHMIA TTpoIieCc GOPMYETHCS i3 CYKYITHOCTi TE€XHO-
JIOTiYHMX MapuIPyTiB 00p06eHHSI BUKOHABUYMX [TOBEPXOHbD AeTari [7].

V mpakTtuili MamyMHOOyIyBaHHS 3aCTOCOBYIOTh [JBa BapiaHTM BUOOpY
pallioHaJIbHOTO MapHIpyTy 06po6ieHHS TOBEepXOHb BUPOOY [8].

[Tepunit BapiaHT 6a3yeThCsl HA 3a6e3IeueHHi TeXHIYHMX BUMOT II0JI0 TOUHOCTI
Ta SIKOCTi BUKOHABUYMX MTOBEPXOHb i3 BUKOPUCTAHHSIM TUIIOBUX ITIJIAHIB iX 00pOOKM.
Takwuit crioci6 BuO6opy MapuipyTy o6po6ieHHSI BUKOHABUYMX MTOBEPXOHb € YKPYITHe-
HMM, BMMAarae BMCOKOi KBamidikallii TexHosora Ta He BpaXxOBY€ YMOBM ITOHAJIbIIO]
eKCIUTyaTallii 1Jiss KOHKpPEeTHOTO BUpoOy [8].

Po3paxyHKOBMIi MeTOJ BM3HAUYEHHSI MapuIpyTy OOpOOJIeHHSI IT0BEPXOHb
I'PDYHTYETBHCSI HA OOUYMCJIEHH] 3araJIbHOTO YTOYHEHHS &. MOX/IMBI MeToau o6po6ieH-
HsI IOBEPXOHb BCTAHOBJIIOIOTH 32 KOeDil[ieHTOM yTOUHEeHHS &; [8]:
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Eyi = [TOpi-z ]/[TOPI'], (1)

ne [TOpi.1], [TOpi] — 3HaUeHHS JIMITYyI0UOr0 napaMeTpa TeXHOJIOTIYHOI oneparlii 1Jist

BU3HAuUeHOi (YHKI[iOHAJbHOI IOBepXHi BUMPOOY BiAINOBIiAHO Ha IONepeIHbOMY Ta
TMOTOYHOMY T€XHOJIOTiUHOMY TTepeXo/ii.

BusHaueHa i-Ta (QyHKIiOHA/JIbHA MMOBEPXHS BUPOOY FS; BU3HAUAETHCSI MHOKM-
HOIO TTapaMeTpiB SIKOCTi: TOUHICTI0O 0OpOOJIEHHS, TeEOMETPUUYHUMM (BigXUIEHHSIMU
dbopmy Ta B3aEMHOrO pO3TallyBaHHSI MOBEPXOHb, XBWJISICTICTIO, TOKAa3HUKaAMMU
IIOPCTKOCTi Ta CYOMiKpOIIOPCTKOCTi) i (i3MKo-MexaHiYHMMM TTapaMeTpaMu SIKOCTi

IIOBEPXHEBOrO LIapy:
{rop®.........TOp® | - [TOp® ]
{rop®-"e.........TOpS " | [TOp -

m 1

[TOp&-*.........TOp®-" | 5 [TOps-+']

o ' ' ' : @)
{Topl%p_mzcro .......... Topﬁ'p_mlcro } BN [Toplgp_mzcro ]
{TOpl&]’P _submicro | Tops;p _submicro } N [Toplgp _Submicro
{ropp......... TOpf? |- [TOpf |
e {TOpi“f .......... TOp® }’ {TOp gomacro TOp &-macro }’
[TODg......TOpg-" . {T0pg7 ""..... TOp "7,
{TOpigf S TOp fip o } ) {TOP iff ---------- TOp il;p } — CYKYITHiCTb BiZITIOBimHO

n rapaMeTpiB TOYHOCTi, m mapameTpiB BifxuaeHHs GOpMM Ta B3a€EMHOIO PO3Tally-
BaHHS TIOBEPXOHb, K IMapaMeTpiB XBWISCTOCTi, | mapaMeTpiB IIOPCTKOCTi, p
rmapaMeTpiB CyOMiKpOLIOPCTKOCTi, r (i3MKO-MexXaHiuHMX ITapaMeTpiB SIKOCTi ITO-
BEepXHEBOro IIapy, IO 3abe3euyioThCst s i-TOi (PYHKIIOHAJbHOI ITOBEpXHi;
[rops|, [rope-mer|, [ropg-»e |, [rop@-mie], |ropg-sm ], |ropp| -
rpaHMYHI (JIiMiTyloui) 3HaUeHHS BiAMOBiAHO IMOKA3HMKIB TOYHOCTi, BigXmyIeHHS
dbopmMy Ta B3a€EMHOTO pO3TAlTyBaHHS TOBEPXOHb, XBUJISICTOCTi, IIOPCTKOCTI,
CYOMiKpOIIOPCTKOCTI, (Pi3MKO-MexXaHiUYHMX apaMeTpiB SIKOCTi IIOBEPXHi.
3HaueHHs TPAaHMYHOTO ITapaMeTpa TeXHOJIOTIYHOI orepailil Ajs BU3HAYeHOI
(yHKIIiIOHAJIbHOI MTOBEpPXHi BMPOOY BMOMPAIOTh i3 CYKYITHOCTI JIIMITYIOUMX 3HAYE€Hb
rapameTpiB SIKOCTi:
[Toplas l [Top;gp_macrol [Toplgp_wav ], lTOpigp_micro L

[Topgp_submicro]’ [Toplfp ] N [TOP, ]

1

©)
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YV MammnHOOYAiBHIl MPaKTUIi HaluyacTillle KpUTEPiSIMM OLIiIHKM PO3PaxXyHKOBO-
rO YTOUHEHHSI € 3abe3redyBaHa TOUHICTb 00pP0OIeHHS ab0 MIOPCTKICTh 00pOO6IeHO]
BMKOHABYOI OBepxHi [8]:

Eyi = it/Tis 4)

¢, = Ra(Rz),_;/Ra(Rz);, (5)
ne T:.i;, Ra(Rz).; — BiINOBiZHO IOOIyCK 3abe3leuyBaHOTO pPO3Mipy Ta HapameTrpu
IIOPCTKOCTI TOBepxHi Ra abo Rz Ha ToIepeIHbOMY TeXHOJIOTiYHOMY nepexoni; T;,
Ra(Rz); — BinIMoOBigHO IOITyCK 3a6€3MeYyBaHOr0 pO3Mipy Ta mapaMeTpy IIOPCTKOCTI
1oBepXHi Ra a60 Rz Ha TOTOYHOMY T€XHOJIOTiUHOMY TTepeXo/Ii.

KinbKicTh METOMIB TEXHOJOTiYHMX 06POOOK M PO3paxoByIOTh 3a hopmyrioro [8]:

m=(g(e,)/0.46 (6)
Ile & — pO3paxyHKOBE YTOUHEHHS.

Po3paxyHKOBe YTOUHEHHS & OOUMC/IIOIOTh 3aJIe5KHO BiJl IPAHMYHOIO KPUTEPiio

3a dopmynamu [8]:
£ =T/ Toen. 7
¢, = Ra(Rz),,, /Ra(Rz),,,,. , 8)

e T, Ra(Rz)s. — BiAMOBIAHO AOITYCK i MIOPCTKICTh MTOBEPXHI 3arOTOBKM 3a Iapa-
MeTpoM Ra(Rz); Toem., Ra(RZ)sem. — BIATIOBIAHO AOMYCK i IIOPCTKICTh MOBEPXHI AeTati
3a nmapametpom Ra(Rz).

[IpoTe BM3HAUEHA KiJIbKiCTh METO/IiB 06P0OOKM (PYHKIIIOHATbHOI ITOBEPXHi BU-
poby pallioHaJbHO 3abe3mneuyBaTyMe perjiaMeHTOBaHi MmapamMeTpy Oro SIKOCTi 3a
YMOBM BpaxyBaHHS Ha Ba)KIMBUX eTarax MOro KUTTEBOTO LIMKIY TEXHOJIOTIUHOIO
YCIAaJAKOBYBAHHS  BJACTMBOCTEN  MaTepiaJly y TEeXHOJIOTIYHOMY  MapupyTi
00p0o6JIeHHS.

Benukum HeHO/IiKOM TMPOEKTYBaHHSI 00’€KTHO-OPi€EHTOBAHUX TEXHOJIOTiUHUX
MIPOIIeCiB BUTOTOBJIEHHS BUPOGIB € CKIAAHICTh BpaxyBaHHS B HMX eKCILTyaTalliifHUX
XapaKTepUCTUK Ha PI3HUX PIBHAX HOCIIIXeHb [6, 7]. Ha erari KOHCTPYKTOPCHKO-
TEeXHOJIOTiUHOI MiArOTOBKM MalIMHOOYAiBHOTO BUPOOHUIITBA peali30BYIOTh MHOKM-
HY IOYeproBUX B3a€EMOIIOB’SI3aHMX eTalliB CTPYKTYPHO-IIapaMeTPUUHOTO CMHTE3y Ha
OCHOBi aJIrOpUTMy TPOTOTUITYBaHHS [7]. 3 omisgay Ha GYHKI[iOHAIbHI 00OB’SI3KM
KOHCTPYKTOpa TeXHOoJor He Moxke edeKTMBHO 3abe3mneumMTy  HeoOXimHi
eKCIUTyaTalliliHi XapaKTepUCTUKU AeTajeil 30KpeMa i MallMH 3arajioM y CTPYKTYypi
TEeXHOJIOTIUHMX TIPOIleCiB MeXaHiuHOro oOpoOJieHHSI Ta ckiaagaHHs. TpaauiiiHi
TEXHOJIOTiUHi IMpOoLlecy BUTOTOBJIEHHS JleTasielt Ta CK/IaaHHS MalllMH 3a6€e3I1eUyi0Th,

SIK IPaBWJIO, BiMIOBiAHO A0 TEXHIYHMX YMOB IMapaMeTpy SIKOCTi IOBEPXHEBOTO LIapy
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Ta BMMOTU A0 TOYHOCTi 6€3 iX B3a€MO3B’SI3KY i3 eKCIUTyaTalliiiHMMM BJIACTUBOCTSIMU
MaIlIMHM 3arajoM abo ii metaseit 3okpema. OmHaK afanTyBaHHS MaliMHM abo ii ge-
TaJIeil 10 peaJibHMX YMOB eKCIUTyaTallii CyIpOBOIKYEThCS MiABUIIEHHSIM BUPOOHM-
YMX BUTPAT, MO CYMEPEUUTh MPIOPUTETHUM KPUTEPisIM 00’€KTHO-OpPi€HTOBAHUX
TEXHOJIOTii — TeXHOJIOTiYHii c06iBapTOCTi Ta MaKCMMaJbHilt TPOAYKTUBHOCTI [6, 7].

Insg  T1eBHOI rpynmM BUPOOIB € 0COOAMBO BaXKIMBMUM  3a0e3IeueHHS
eKCIUTyaTalliiHMX XapaKTepUCTUK iX (YHKI[iIOHAJIbHMX IIOBEPXOHb 3 OIVISITY Ha
KatacTpodiuHi HacmigKM iX BigMOB B Ipolieci ekcrutyaraiii. ToMmy cuUCTeMHMIA
TIPUHLUII 3a0e31eueHHs JKUTTEBOTO IMKIY TaKUX JeTajaeil i MallMH BMMarae Bpaxy-
BaHHS Ha eTami TeXHOJIOTiYHOi IIiITOTOBKM BMPOOHUIITBA BiAIIOBIiZHO OO
eKCIUTyaTalliiHuX YMOB IIOKa3HMKM 3HOCOCTIIKOCTi, BTOMHOI MII[HOCTi TOIIO.
HecripoMoskHiCTb peasti3allii MOTeHIlialy TeXHOJIOra y po3p0o0sieHHI HOBOTO MPOIYK-
Ty Ta CYyTTe€Be OOMeskeHHSI (YHKIIi/i KOHCTPYKTOPChKO-TEXHOJOTIYHOI IMiATrOTOBKM
BMPOOHMIITBA BU3HAYAETHCSI OIIOCEPEIKOBAHICTIO 3B’SI3KY €TalliB JXUTTEBOTO LIVKITY
BUpPOOY Ha MifCTaBi rpaHUUYHUX YMOB [5-7].

Tomy po3pobieHHS GYHKI[IOHAIbHO-OPi€EHTOBAHUX TEXHOJIOTiiI BUTOTOBJIEHHS
BUPOOIB € BaX/IMBMM HAIIPSIMKOM PO3BUTKY MaIIMHOOYIiBHOTrO BMPOOHMIITBA. [IJist
MIPOTPECUBHMUX TEXHOJIOTiiI BUMPOOHMYI BIIMBM TOIOJIOTIYHO TOYHO OPi€HTOBAHi 3
HEeOOXimHMMM TMapaMeTpaMM TiIbKM Ha (QYHKI[iOHAJIbHO-OpPi€HTOBaHI  IIpu
eKcITyaTallii 30HM BMUPOOiB, 10 3a0e3IeUyIioThCSl Ha eTamax i CTaisiX >KUTTEBUX
LUMKJIB JeTasneil i mamuH [6, 7]. [Topsig 3 TuM [5, 6] TeXHOJOTiUHe yCIagKOBYBaHHS
BJIACTUBOCTEl MaTepiaJy pasoMm i3 BIUIMBAMM TEXHOJIOTIYHOTO CepeoBuUIlla
HeoOXiIHO BpaxoByBaTu mpu (popmMyBaHHI (QYHKI[IOHAJIbHMUX IapaMeTpiB BUPOOY
BiZMIOBiAHO 1O YMOB 110T'0 MOJA/bIIO] eKCITyaTallii.

Merta gociigskeHHsI. MeTOI0 JaHOTO JOC/TiIKEHHS € pO3pO0JIeHHS pallioHa/b-
HUX TE€XHOJIOTIYHMX MapIIpyTiB 00po6ieHHST GYHKITIOHAIbHMUX [TOBEPXOHb BUPOOY 3
MO3MIii TEeXHOJIOTIYHOTO YCIIaAKOBYBAHHSI JIOrO BJIACTUBOCTEN IPU MPOEKTYBAHHI
IIPOTPECUBHUX TEXHOJIOTII.

BuknageHHsI OCHOBHOTO MaTepiaiy JocaigskeHHs. TexHoyoriuHe 3a6e3rme-
YeHHs perjiaMeHTOBaHMX IMapaMeTpiB SIKOCTi MaIIMHOOYAiBHMX BMUPOOIB BUMarae
IPYHTOBHOTO aHasi3y NMPUYMHHO-YCIIaAKOBAHMUX 3B'SI3KiB, L0 ONUCYIOTh €BOJIIOLiI0
TEXHOJIOTiYHOTO JIAaHIIOra BiglIpaBHa 3aroToBKa-TOTOBMI Bupib. Heobximhi
eKCIUIyaTalliliHi XapakKTepUCTUKM Ta MIPOrHO30BaHUII pecypc AeTaseil MalluH 3aje-
KUTH B TIepIlly Yepry Bi yMOB (popMyBaHHS BJIACTUMBOCTEN iX mMarepiaay MpoTIrom
cTafii CTBOpPEeHHS XUTTEBUX IUKITiB BUPOOiB [9].
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Y MalmuHOOYIiBHOMY BMPOOHUIITBI BUTOTOBJIEHHSI BUPOOIB 3MiliCHIOETHCS T10-
yeproBuM OOpOOJIEHHSIM 3aroTOBOK B yMOBaX TEeXHOJIOTiYHMX TIPOIECiB
MeTaJypriiiHoro, MeXaHiuHOIro, 3BapIOBAJbHOTO i MeXaHOCK/IaJaJbHOTO BUPOO-
HULTB Ta TEXHIYHOTIO KOHTPOJIIO [1-4, 9].

KokHMIT TeXHOJIOTiYHMI1 Tepexifi, omepallisi TOLUIO0 BHOCUTb I€BHiI KOPEKTUBU
He nuiie y GopMyBaHHS BJIaCTMBOCTE MaTepiasy BUPOOiB i 3a6e3meyeHHsT TOUHOCTI
ix 06po0JIeHHS Ta MapaMeTpPiB MOBEPXHEBOIO IIapy, a i1 Y 3apOMKEHHS i PO3BUTOK
TEXHOJIOTIUHMX MedeKTiB, 1[0 MOXKYTb ITPY HECITPUSITAMBUX €KCIUTyaTalliifHUX YMO-
Bax IepepoaKyBaTUCS Y T€XHOJIOTIUHI IMOLIKOKeHHS Ta CIPUYMHSITU BiIMOBY He-
Taseii i MmammH [5, 6].

BigcyTHiCTh y3araabHeHOr0 MiJIXOAY 0 IMIPOeKTYBaHHS palliOHaJIbHOI CTPYKTY-
PU TEXHOJIOTIYHMX MPOILIECiB 3 YpaxXyBaHHSIM IMPUHIIMUITY TEXHOJIOTiYHOTO YCIIaAKOBY-
BaHHS BJIACTMBOCTEN BUPOOY IJIs1 3a0e3I1eUeHHs J0ro eKCIUTyaTaliiiHuX XapaKTepu-
CTUK TIpU [OOTPUMAHHI BUMOI KOHCTPYKTOPCHKO-TEXHOJIOTIYHOI [TOKyMEHTallii
B/Mara€ BAOCKOHAQJIEHHS TPaaMIiifHMX i pO3pPOOJIEHHS HOBMX TEXHOJIOTiUHMX
mpolleciB, 30KpeMa (yHKIiOHaAbHO-Opi€eHTOBaHMX. Ilim  QYHKI[IOHAIBHO-
Opi€EHTOBAHOIO0 TEXHOJIOTi€I0 PO3YMIilOTh TEXHOJIOTiUHMI Mpoliec, COpsSIMOBaHMI Ha
3a0e3reueHHsT HalleeKTUBHIIINX eKCIUTyaTalliifHUX XapaKTepuCTUK BUpPoOy i3 moT-
pPUMaHHSIM MPU3HAUEHMX KOHCTPYKTOPOM MapaMeTpiB TOYHOCTI Ta SIKOCTi MOBeEpX-
HEeBOTro 1apy BUpoOy [7]. BupillleHHS MOCTaBIEHOTO 3aBJAaHHS MOK/INBE 32 PAXyHOK
SIK J,eTaJbHOTO aHali3y TEeXHOJIOTIYHOrO JIaHI[IOTA BiAllpaBHA 3arOTOBKA — TOTOBUIA
BUPiO 3 MO3UIIii TeXHOJIOTIUHOTO YCIaJKOBYBaHHS BIACTUBOCTEM, Tak i 3aCTOCYBaH-
HS aBTOMAaTM30BAHOTO KEPYBaHHS BUPOOHMUMMM IIpoOIlecamMy i3 BUKOPUCTAHHSIM
SADT-texnonoriii [9]. TIIpu BmpoBamKeHHi  (QYHKIIOHAJIbHO-OPIEHTOBAHUX
TeXHOJIOTi1A iHTeHCUGIKYIOThCS poboTu KOHCTPYKTOPCbKO-TE€XHOJIOTi4YHO1
IiITOTOBKM BUPOOHMIITBA Ha 3abe3MeyeHHs] MaKCMMaabHOTO MO3UTUBHOTO Pe3yJb-
TaTy y JIAHLIOTY 3aMOBHUK-BUPOOHUK [7].

CdopMmoBaHi Ha cTajii CTBOpeHHST BUPOOY IedheKTH CTPYKTYPH Y MaIIMHOOYIi-
BHMX MaTepiajiax Mpu HeCOPUSTIAUBUX eKCIUTyaTaliiiHMX YMOBaX MOXYTb IIepeTBO-
PUTUCS Y TEXHOJIOTIYHI MOUIKOAKEeHHS, SIKi MOKHA TMPOTHO3yBaTMU 3a OOIMOMOIOI0
MaTeMaTUYHOTO arapaTy MeXaHiky PyiHyBaHHSI Ta MeXaHiKM MMOIIKO/KYBaHOIO Ce-
penoBuiia [5, 6].

[Tig momKoAKYBaHICTIO PO3YMIiIOTh MPOLieC pi3KO BUpPaykeHO1 Ta HepiBHOMipHOI1
3MiHM r€OMeTPUUYHOTO CTaHy IOBEPXOHb TEPTSI, CTPYKTYPH i BIACTUBOCTEN MTOBEPX-
HeBUX 11apiB. [TomkomkeHHST HOPMY€ETHCS BHAC/IIOK Pe3yIbTYIOUOTO Aerpagyiouoro

BIUIMBY IOIIKOAYKYBAHOCTI, IO MPOSIBISIETBCSI Y 3MiHi CTPYKTYpU, BJIACTUBOCTEIA,

ISSN 1562-9945 (Print) 81
ISSN 2707-7977 (Online)



«CucremHi Texsouorii» 1 (132) 2021 «System technologies»

MaKpOTreoOMeTPUYHMX XapaKTePUCTUK i HalIPy)KeHOTo CTaHy [TI0BepXHEeBMX LIapiB BU-
po6y mif vac itoro ekcrutyartanii [11].
Ins MexaHikM TOUIKOJKYBAaHOTO CepeloBMINAa CIIpaBeJjiMBa MaTeMaTUYHA
3a/IeXKHICTD [12]:
M =M/(1-D,,), )

~

ne M, M - BigmoBimHO BeMUMHM iCTMHHOI Ta e()eKTUMBHOI BJIaCTUBOCTE 06p00OIIIO-
BaHOrOo MatTepiasly BupoOy; Dy — KiHeTMKa HaKOMMYEHHSI TOIIKOIKeHb
(MOMIKOKYBAHICTh) IJIS1 3a4aHO1 BJIACTUBOCTI MaTepiany AeTalli.

BcraHoBieHo [3, 4], W0 BaXXIMBMMM IlapaMeTpaMy BUYEpPIIAaHHS pecypcy
MaTepially € Tpollec HaKOMMUYeHHS IIOMIKOIKeHb Ta Jerpanailii ioro ¢ismko-
MeXaHIUHMX BJIACTUBOCTEN IJisI XapaKTepHMX BUIiB pyiiHyBaHHS: Ha Bigpus — E Ta
3pi3 — G. [lapameTpom pj1s aHasi3y eBOJIOLI] Jerpajaliii MaTepiany /s BUSHAYEHUX
YMOB eKCIUIyaTallil € MOIIKOKYBaHICTh MaTepiasly MpM OCbOBOMY HaBaHTa>KeHHi —

D,Tta npu 3cyBi — D, [12]:

D =1- L (10)
EO

D -1- Gi 11)
GO

BukopucranHsg mateMaTuuHMx 3aneskHocrteit (10), (11) y mMammHOOYHiBHi
MPaKTHUILi BUMAarae CIeliaJibHoOTro BapTiCHOTO 00J1aTHaHHS Ta
BMCOKOKBa/Ti(hiKOBAaHOTO TlepcoHany mjisi 3abe3reyeHHS eKCIepUMMeHTaTbHUX
IOCJiIKeHb, TOMY € CKJIaJIHO peasi30BaHMM Ha MiJAIIPUEMCTBI.

[ToTouyHMI A CTAaH TEXHOJIOTIYHOI CUCTeMM 3aJIeXKUTh BiJ, IOMepegHbOrO i
BM3HAYAETbCSI IIpollecamMy YCIIaAKOBYBAHHSI BJIACTUBOCTENM, IO OMUCYETHCS

nudepeHLitHMMY piBHIHHSIMM BUAY [13]:

)+ _
o [0V)(t), 0Vt - 7); %:7) ,,,,, )
dio(7)(t _ z’) dﬂo(;/)(t _ T)
dti yoesses y dtn FARAAS] ’ (12)

J0V (MG (£,t).. [OVERGY (&)

e ¢, G,E7 )~ pesxi byuK1ii; S={0Y(t), O2(t), ..., O9(t)} — dyHKIIOHATBHUIT OTMC

cuctemu; O =09 (b, ¢, d....... ) — Buxoau cuctemu; (b, ¢, d....... ) — i1 BXoOu.
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3arajibHi 3aKOHM OpraHisaliii Ta po3BUTKY CUCTEM B MeXXax CMHepPTeTUYHOTO
MiaxXony I JISITal0Th CUCTEMHOMY (byHKIiOHaTbHO-MOP(OJIOTiUHO-
iHbopmarliiiHoMy aHaji3y, Ha TIiJACTaBi [JOCHiMIKeHHSI B3a€MO3B’SI3KiB i
B3a€MOBIUIMBIB  (PyHKIiOHa/JbHOrO, MoOpdosioriuHoro Ta  iH@OpMaIiliHOro
ormcy [13, 14].

DyHKIIOHAIbHI ~ MpollecM y  cucteMi  6e3mocepefHbO  TOB’sI3aHi i3
iHbopmariitHuMu, MMpu LIbOMY IKepejnoMm iHdopmarii mas ii QyHKIiOHYBaHHS €
BHYTpIllIHi/i pecypc i cepemoBuile, a HocieM - pedyoBuHa (MopdosioriyHa
iHbopmarlis) Ta eHeprisi. BHYTpilllHSI eHepris xapaKTepu3ye eBOJIOLII0, I Ta
OisIIbHICTD cucTeMu [13, 14].

B pamMkax CMHEpPreTMYHOro MiAXO4y [IJisi OMMCY TEXHOJIOTIYHOTO YCHagKOBY-
BaHHS BJIACTMBOCTEl BUPOOIB Ha eTamax i CTamiaX iX JKUTTEBUX LIUKIIB
BM3HAUYAETHCS OOMesKeHa KiIbKiCTh aJITOPUTMIB iX (PYHKI[IOHYBaHHS [IJISI aBTOMAaTU-
30BAHOTO 3abe3MedyeHHsI eKCIUTyaTalliifHMX XapaKTepUCTUK i peraMeHTOBaHUX
nmapaMeTpiB SIKOCTi MponykTy [9, 15]. lle 3ymoBioe Bubip y3arajibHeHUX KPUTEPiiB
OLiIHKM Jerpajaiii BJIACTMBOCTeN MaTepiany [AJjs aHali3y TeXHOJOTIYHUX
rapaMeTpiB IIpY BUTOTOBJIEHHI AeTajieli MalllyH.

MOHITOPUHT TeXHIYHOTO CTaHy eJIeMEHTiB ITapOBUX TYpOiH 3a 3aJIUIIKOBUM pe-
CypcoM i3 00OB’SI3KOBMM PO3PaxXyYHKOM KOHCTPYKIIii 3a JOMYCTMMMMM HaMpysKeH-
HSIMM 3[i1ICHeHOo ¥ [16].

ABTOpaMu [16] CKOpeKTOBAHO BiJOMi IMOCTYJIaTK Ta 3alIPOMIOHOBAHO MPOCTIIy
Ta HaJiliHy, Ha iX TOIJISIA, METOAMKY BM3HAuUeHHS KoedillieHTa 3amacy 3a rpaHu4-
HMM piBHEM MOIIKOJKyBaHOCTI MaTepiasy. OmHaK y 3B’SI3Ky i3 BifCyTHICTIO
IOCTOBIpHMUX MaTeMaTUUHUX MOJeJieli, 0 ONMUCYIOTh KiHeTUKY HAaKOTIMYEHHS IOIII-
KOI)KeHb i iX TpaHMYHMX 3HAUEeHb, BOHM 3MYIIEHi OyaM 0OMEKUTHUCS BU3SHAYEHHSIM
KoedillieHTiB 3amacy 3a CyMapHMM I'PaHMUYHMUM TTOMIKOISKEHHSIM ITpU TTOB3YYOCTi (32
YyacoM 0 PYWHYBaHHS) i MaJIOIMKIIOBIM BTOMi (3a KiJIbKiCTIO LIMKJIiB), BUKOPUCTO-
BYIOUM MIPYU LIbOMY JIiHi/iHe CyMyBaHHSI MMOIIKO/I3KE€Hb.

Bimomo, 1m0 piBeHb eKCIUIyaTalliliHOi HAMpy>KeHOCTi AeTaseii i KOHCTPYKIIii
Oi/IBIIOCTI MAIIMH 0OMEXYETbCSI KoedillieHTaMy 6e3meKky, 3HaUeHHST SIKUX SKOPCTKO
perJaMeHTYIOTbCs. 30KpemMa 3HaueHHs KoedillieHTiB 6e3reKu IJisg amapaTypu Tif
TUCKOM 3a TpaHuIer TekydocTi — 1.5-1.65; 3a rpanuuiero mimHocTi — 2.35-4.00.
OueBUAHO, IO piBEHb PO3PAXyHKOBMX HaAmpykeHb B 1.5 i Oiynbine pasiB Hipkue
rpaHuii Tekyvocri [17].

I'panulii 3epeH, SIK HEPiBHOBaXKHi medeKTH, € MiclleM IOYaTKy peasisailii oc-
HOBHMX MeXaHi3MiB eBouoLjii mpouneciB gerpajaunii marepiany [16]. 3anexxHo Bif,
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BiMpaBHOI CTPYKTYpU MaTepiaay, 30KpemMa, po3MipiB 3epeH i yMOB HaBaHTa>KeHHS],
BKJIaJ] 3CYBiB I10 ITOBEPXHi TPAHUIIb 3epeH, OiiT TpaHUUHUX i BHYTPIiIIHBO 3€peHHUX
nedopmaiiiit moxke smiHoBaTucs Bif 1 1o 90 % noBHoi1 Aedopmaiiii [17].

Lleit ¢axt po3BO/sIE HagaTM IMapaMeTpy IMOIIKOIKYBAHOCTI KOHKPETHMIA
di3MuHMIt 3MICT Yy BUIISIAI BiIHOIIEHHS CYMM OOBXKMH TIOIIKO)KYBAaHMX T'PaHUIIb
3epeH 0 JOBXMHM BCiX TpaHUIb Y TOMY X 00’eMi maTepiany, a Ipu OJHOOCHOMY
pPO3TATY (CTUCKY) — A0 OAMHMUILI TIJIOIIi TToIepevyHoro nepepisy [18].

Crocobu OIiHKM CTyIeHS TMOUIKOIKYBaHOCTI Matepiaqay B  yMoOBax
eKCIUIyaTaliii 3a pe3yJabTaTaMy NPSIMKUX i HENIPSIMUX BUMipIOBaHb onucaHo y [19, 20].
o uncna Halipe3yJabTaTUBHININX 3 HEPYMHIBHMX METOLIB BiJHOCSITb Pi3HOBUIU Me-
TOMYy aKyCTMYHOI eMicii Ta MeTOJ TBepAOCTi.

Ha kanb, iHbOpMaTUBHIi aKyCTMYHIi MeTOAM BMMAaraloTb BapTiCHOTO
CITEeI[iaJIbHOTO TEeXHiYHOro 3abe3leueHHS i CKIAAHOI MPOLeaypy OIpalllOBaHHS
pe3yjbTaTiB BUMIPIOBaHb, @ METO[, TBEPIOCTI XapaKTepU3YETbCS HeAOCTATHbOIO
iHOOpMAaTUBHICTIO i HM3bKOI TOUHICTIO, OCKIJIbKM KOpEeSIis MK 3Ha4YeHHSIM
TBEPAOCTi MaTepiasy Ta #0ro MOMIKOMKYBaHICTIO y Oi/IbIIOCTiI BUITAAKIB cjlabka i He
3aBXXIY OLHO3HAUYHa.

B 3B’3Ky 3 IIMM, [IJIT OOIPYHTYBAHHSI BMOOPY pallioHaJIbHOTO MapuipyTy 0o6po-
6;eHHsT (DYHKI[IOHAJIbHMX TTOBEPXOHb BUPOOY AOIIBHO 3acTocyBaTu merton LM-
TBEPIOCTi, pO3p006JieHNIt i KepiBHUIITBOM akazeMika A.A. Jlebenena [17]. Leit me-
ToA, Gi3MUHO OOIPYHTOBAHMII i eKCIepMMeHTaIbHO MiATBepAKeHMt TIpu Harpailio-
BaHHSX B YyMOBaxX KOPOTKOTPUBAJIOTO Ta NOBrOTPUBAIOTO HaBaHTaXkeHHS [5, 6]. 3Ti-
nHOo Metony LM-TBepaocCTi, JerpajaliiiiHi mpoiecu y MaTepiajai B yMOBax eKCIya-
Tallii MOKHA OLIIHIOBATU 3a CTyIIeHeM PO3CilOBaHHS MEXaHIYHMX BJIACTUBOCTEN Ma-
Tepiasy, 30KpemMa TBEPAOCTi, BU3HAUEHHS SIKOI y OyIb-sIKOMY 00’€Mi BUIIPOOYBaHb
3MilICHIOETbCS 6e3 pyltHyBaHHSI BUPOOY Ha CTaHAapTHOMY obGagHaHHi [17].

T'oMOreHHiCTh, IO OLIHIOETHCA 3a KoedinieHToM Beitbymia (m), Cay>kKuTh Iia-
pamMeTpoOM [jisl iHTeTpaJibHOI XapaKTepUCTUKM CTaHy MaTepianay Mmif yac ompaio-
BaHHS pe3y/abTaTiB BUMipHOBaHb TBEPHOCTi [5, 6, 17]:

m=d(n)/(2.30259-S(g(H))), (13)
me d(n) — mapamMeTp, 10 BU3HAYAETHCS KiJIbKiCTIO BUMipIOBaHb N;
1 n [
S(Eg(H))z\/E-é(fg(Hi)—fg(H))z, (14)
1 n
(g(H = ;Eg(Hi). (15)
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O1iHKY Aerpajaliii BJacTMBOCTe MaTepiaay BMpoOy MOXKHA 3[1iJiCHIOBATU Ta-

KOX 3a Koe@iliieHToM Bapianii [17]:

V:(z/ﬁ).(z/ L $(n,-nY j 16

n-1i

ne H — cepenHe 3HAYEHHS TBEPAOCTI.

PesynbTaT po0OTM Ta iX OOIpyHTyBaHHS. [IJisI eKcIlepUMMeHTaTbHUX
IOCTIiIKeHb BUKOPUCTAIM 3aTOTOBKY i3 anoMiHieBoro crimaBy AK21M2.5H2.5 TOCT
1853-93 3 rabaputHumMu po3mipamu 165x155x22 mm, BigjguTy y mimany dopmy. 13
BiINpaBHOI 3aroTOBKM MWJIOK Bipi3aHO 3pa3oK [Jisl [OCAiIKeHb B PO3Mip
22x155x22 mm. [Insg 6a3yBaHHS Ha KOOPAMHATHUI KyT Mpodpe3epoBaHO OTHOKpPAT-
HO TpU B3a€EMHO MepIeHANKY/ISIPHI CTOPOHU Ha BepTUKaabHO-(Qpe3epHOMY BepCTaTi
KiH1eBoI0 (ppesorw @ 30 Mm.

BepxHi0o HeoOpoO6/ieHy ITIOBEpPXHIO 3aroTOBKM (pesepyBaiy IIOYEPTOBO Ha
yHiBepca/ibHO-(ppe3epHOMY BepcTaTi Moj. 676 KiHlleBow (pe3oio & 12 Mmm (z=2) 3a
IBOMa aJbTepHAaTUBHMMM TEXHOJOTIUHMMM MapIlIpyTaMiu: 3arOTOBKAa — UYOPHOBE
dbpe3epyBaHHSI — HaIliBUMCTOBe (pe3epyBaHHS Ta 3aroTOBKa — HAITiBUMCTOBe ¢pe-
3epyBaHHSI — uucTOBe (pe3epyBaHHS. Pexumu piszaHHA: IIpU YOPHOBOMY
dbpesepyBaHHi — B=2 mmMm, t=12 MM, S = 255 mm/xB, n=515 xB!; 1Ipu HaMiBUMCTOBOMY
Ta YncToBOoMy dpesepyBaHHi — B=2 mm, t=12 mm, S = 13 mm/xB, n=1050 xB™'.

TBepHicTh 3arOTOBKM BMMipIOBajM MOYEProOBO ITiC/s KOXXHOTO 00pOO6IeHHST Ha
npunaai TP-5006 T'OCT 23677-79 no mikani H 3a goromorow Kyabku @ 3.175 nipu
HaBaHTakeHHi 588.4 H i KinbKicTi0O BMMiplOBaHMX 3HAuUeHb IJIsI KOKHOTO JOCJIiITy
n=30-35 (puc. 1).

PucyHok 1 - 3aroToBka miciist ppe3epyBaHHS Ta BUMipIOBaHHS TBEPAOCTI

KOHTPOJ/JIbOBAaHMX ITIOBEPXOHb

CraTuCcTHMUHe OMpalloBaHHSI Pe3y/JbTaTiB eKCIIepUMEHTIbHUX IOCTiIKeHb
3aivicHioBau 3a dopmynamu (13)-(15) y cepemoBuiii Mathcad.

Pe3yibTaTu eKCepMMEeHTaJbHUX HAaHUX MO0 BMOOPY pallioHAJbHOTO Map-
HIpyTy O6GpOGJeHHSI 3aroTOBKM-BWIMBKA 3 aJIIOMiHi€BOTO CIUIABY 3a KPUTEpPieEM
TOIIKO/IKYBAHOCTi — KoedillieHTOM romMoreHHOCTi BeitGynna (m) mas OBOX cepiit
IOCHiAiB TIpUBeNeHO Ha puc. 2 (He3alITPpUXOBaHI MPSIMOKYTHUKM BiTIOBiIalOTh
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repepizamM, OMVDKUMM OO IIEHTPY 3aroTOBKM). BelukuMm 3HaueHHSIM KoedillieHTa
rOMOTeHHOCTi Beiibysia (m) BinmoBimae HU3bKMII piBeHb PO3CilOBaHHS XapaKTepu-
CTUK TBEPIOCTi, TOOTO HU3bKMI CTYIiHb IMOIIKOIKYBAHOCTI D; MEHIIMM 3HAUEHHSIM,
HaBIIaKM, BUILMIA piBeHb PO3CiIOBAHHS XapaKTEePUCTUK TBEPOOCTi i BUILUIA CTYIMiHb
MOIIKOIKYBaHOCTi D.

" i

- =i J8 il - A

Ji) = 41 = P i

A =4 Tl =

T - E - 2l =

e < gy =

FLLTANNLIA M TITHIAL NG TR T BTN AL PR ] AN |I_|

h, s iR TATS

(L R TR ] EYLET AN i T LTI R R
i) il
PucyHOK 2 - Bubip pauioHaJbHOTO MapIIpyTy 06po06IeHHS
TIOCKOI TTOBEPXHI BUJIMBKA Y 3€MJIIO 3 aJIIOMiHI€EBOTO CIUIaBY

3a KoedillieHTOM roMmoreHHOCTi Beitoysia (m)

[l mepiioro BapiaHTy TeXHOJIOTiYHOTO MapIIpyTy (3aroTOBKa — YOpHOBe dpe-
3epyBaHHS — HamiBuUMCTOBe ¢pe3epyBaHHS) (pUC. 2,a) MiC/Is TOYeproBux 0OPoOOK Ha
ran6uun hi=2 Mm; hy= 4 MM XapakTepHUM € BUCOKMIT piB€Hb PO3CilOBAaHHS XapaKTe-
PUCTUK [IJISI ABOX Cepiii MOOCHiAiB, IO CBiZUMTH IIpO OiNBINY CXWIBHICTH MO0
TIOIIKO/I;KYBAHOCTI MaTepiany y medopmaliiiiHiii 30Hi 00p0o6IeHOro IMapy 3aroTOBKU
BHAC/IiIOK iHTeHCHiKaIlii Tpollecy pisaHHS Ha YOPHOBUX pekMMax.

AHasi3 pesysibTaTiB, OTPMMaHUX IJIs1 APYTrOro BapiaHTy TEXHOJIOTiYHOTO Map-
HIPYTy (3aroTOBKa — HaIliBUMCTOBe (Ppe3epyBaHHS — 4uMCTOBe dpesepyBaHHS) (puUC.
2,6) micjst mo4eproBoro o6po6eHHsT Ha mMouuy h;=2 Mm; h;=4 MM CBiguUMTh PO
3arajbHy TeHJEHIIII0 0 BUCOKOI BIIOPSIAKOBAHOCTI CTPYKTYpU Marepiany 3 OIVISILY
Ha BUIIi 3HAaUeHHS KoeillieHTiB rOMOTeHHOCTi Ta iX He3HaUHi BiIXMaeHHS OJ1s1 IBOX
cepiii mOCaiiB MOPiBHSIHO 3 MepIIMM BapiaHTOM, IO IOB’SI3aHO i3 3MEHIIEeHHSIM
TeXHOJIOTIYHOI ITOIIKOKYBAaHOCTI MaTepiajly B 30HaX HaAMiBUMCTOBOI i YMCTOBOI
dbpesepHOi 06POOOK.
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InTeHcudikalliss cMIOBUMX HaBaHTaXXeHb IIPY YOPHOBI MexXaHiuHiii 06poOITi
CIIpUSIE OTPMMAHHIO B 3aroTOBKax TPaAi€HTHOI CTPYKTYpM, IiJABUIIEHHIO PiBHS
pO3CilOBaHHS MeXaHIUHMX XapaKTepPUCTUK Ta 3POCTAHHIO MOLIKOIKYBAHOCTI IIO-
BepXHeBMX IapiB. 3MeHIIeHHS CUJIOBMX BIUIMBIB TIIpollecy pi3aHHS Ha
HAIliBUMCTOBMX 1 UMCTOBUX PpeKMMax 3HUXKYE  KUIbKICTb  CTPYKTYPHUX
KOHIIEHTPATOPiB HAIPYyKeHb, IO IiJABUINYE pPiBeHb OJHOPIAHOCTI CTPYKTypMU Ta
3MEHIIY€E CTYIiHb MOUIKOIKYBAHOCTI TOBEPXHi.

Ha mifmcraBi aHamizy OTpMMaHMX pe3yJabTaTiB MOXHa 3pOOUTYU BUCHOBOK, IO
TEXHOJIOTiUHMIT MapuIpyT 0OpoO6IeHHs IUIOIIMHM: 3arOTOBKAa — HAaITiBUMCTOBe dpe-
3epyBaHHS — 4MCTOBe (pe3epyBaHHS Oyle MPIOPUTETHINIMM 3a TEXHOJOTiUHMIA
MapuIpyT: 3arOTOBKa — YOpHOBe (pe3epyBaHHS — HaMiBUMCTOBe (pe3epyBaHHS 3
OTJISITy Ha BUINi 3HAUeHHS KoedillieHTiB TOMOTeHHOCTi Beiibysima (m) Ta CYTTEBO
MeHIlle PO3Cil0BaHHSI BUMipSIHMX 3HaueHb TBEPAOCTi AJisI ABOX cepilt mocaifiB. Y To
ke Jac MPOOYKTUBHICTb 00pOO6IeHHS 3rifHO APyroro BapiaHTy € y 19,6 pa3iB HIK-
YO0, HiX JJISI TIepIIoro.

BucHoBKM. P03p0o061eHO MeTOAMKY pallioHaJbHOTO BMOOPY MapuipyTy o6poo6-
K TOBEpPXOHb AeTajieii mpyu MPOeKTyBaHHI TEeXHOJIOTIYHMX IPOIeCiB 3a CTyIeHeM
po3ciloBaHHSI BMMipIOBaHb TBEPAOCTi MaTepiany BMPOOIB sl aJlbTepPHATUBHUX
BapiaHTiB. Bmepile 3acTocoBaHO MeTon LM-TBepAocTi Ajs aHali3y CTyIeHS
TIOIIKO/IKYBAHOCTi MaTepiasy BUpoOy mpu (popMyBaHHI ONTUMaJbHOTO MMOEIHAHHS
MeTOMiB O0OpOOKM pi3aHHSIM 1jis1 3abe3revyeHHs] IapaMeTpiB SIKOCTi [eTajeii.
[MomanbIi JOC/TiIKeHHS ITOB'sI3aHi 3 BUKOPUCTAHHSIM PO3pP00/IeHOi MeTOIUKM B1OO-
pY HISIXY 06p0OOKM MOBEPXHi MalIMHHMUX BUPOOIB J1s1 6i/IbII HIMPOKOTO aCOPTUMEH-
Ty MaTepiajiB Ta ajarrariii ii Ajis cygdacHOi MaliMHOOYAiBHOI ramy3i.
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Onmumu3sayus mapwpyma o6pabomxu nosepxHocmeli 3020mo8KU
no Kpumeputo 00HOPOOHOCMU CMPYKMYypsbl Mamepuana

lTpoaHanu3uposaxsl 83aUMOCBA3U MEXHON02UYECKO20 0becneyeHus KU3HeHHbIX YUK/IOB8
MawuHocmpoumesnsHsix uzdenud. OnucaHa memoouka 8bI60pa Mapwpyma o6pabomKu nosepx-
Hocmell Oemasnell MawuH 0N 06bEKMHO-0PUEHMUPOBAHHbIX MEXHON02UYeCKUX NPoYeccos no
Kpumepuro pacyemHo2o ymo4HeHus. 06OCHOBAHA BAXHOCMb pa3pabomku GYHKUUOHANbHO-
OpUEHMUPOBAHHbLIX MexHOI02Ul € NO3UYUU MexXHOM02U4ecKo20 HacnedosaHus csolicms dema-
nell MawuH. Ap2ymeHmuposaHa akmyaabHOCMb UCCIE008AHUSA NPOUECCOB HAKONIEHUS NOBPEX-
OeHull u dezpadayuu mamepuana 0/ XapakmepHsix U008 paspyweHus usdenul. 060cHoBaHa
4enecoobpazHocmp CUHepeemuyecko20 nodxo0a npu aHAAU3e MexHUYecKux 06bekmos u mex-
Honoauveckux cucmem. [lpedcmasneH memod LM-msepdocmu, npumeHsemsil O0N18 BbI6OpaA pa-
YUOHAbHO20 Mapwpyma obpabomku GyHKUUOHANbHbIX nosepxHocmel uzdenus. OnucaHo mex-
HoJMo2uYecKoe obecneyeHue peanu3ayuu 3KcnepumeHmanbHelx uccredosarul. llpoaHanusupo-
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BaHbI pe3ynbmamsl 3KCNepUMeHMAbHbIX UCCAe00B8AHUL U BbIOPAH PAUUOHANbHLIL BapuaHm
mapwpyma o6pabomku naockol 3a20mosKU U3 anMUHUEeB020 cnaasd. HamedeHsi nymu 0asb-
Heliwux uccned0os8aHudl.
Optimization of the technological route of blank surfaces using criterion
of homogeneity of material structure

The technological providing of the relationships between the resource of the mechanical
engineering products and the characteristics of design and technological preparation of their
Life Cycles is analyzed. The technique of selection of the surface treatment route of machine
products is described for object-oriented technological processes using the criterion of design
refinement. The set of initial characteristics of product quality to determine the limit parameter
of the technological operation for its functional surface is determined. The problems to provide
the performance characteristics at different levels of investigations during the development of
object-oriented technological processes are argued. The goal of this research is development the
technique of selection of the surfaces treatment route of machine products for technological
processes planning. The expediency of developing of the functionally-oriented technologies from
the position of technological inheritability of the machine parts properties is established. For
modern technologies, production influences are topologically precisely oriented by means of the
necessary parameters of products during their operational phase on functionally-oriented zones
of product only. This is provided at the substages and stages of Life Cycles of Parts and
Machines. The actuality of the study of the processes of damage accumulation and material
degradation for the characteristic types of products destruction is arqued. The expediency of a
synergetic approach in the analysis of technical objects and technological systems is established.
The LM-hardness method used to select a rational route for processing of the functional surfaces
of the product have been considered. Technological support for the implementation of
experimental researches is described. The results of experimental researches are analyzed. A
rational variant of the route of processing a flat aluminum alloy blank is selected. Further
research is related with using developed technique of selection of the surface treatment route of
machine products for wider range of materials and adapting it for modern mechanical
engineering industry.

Kycuit  SIpocniaB  MapkisHoBMY - K.T.H., J[OLIEHT, JIOKTOpaHT Kadeapu
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10.B. KoBanboBa
MOJEJIOBAHHSA TOITOJIOI'TI BE3/IPOTOBMX CEHCOPHIX MEPEX

AHomayisa. [Jo 4ucna ocHosHUx npobsem 0ocnioxeHb 6e30pomosux ceHcopHux mepex (bCM)
BIOHOCAMBCA MOOeNOBAHHA Ma YNpasiiHHA MONOJORIEI Mepexi 3 Memow nidsuleHHA ii
3B8'A3HOCMI, @ MAKOX MAPWPYymMu3ayia 3 MIHIMGIbHUMU 4GCOBUMU 1 eHepeemuyHUMU 3ampama-
mu. B pobomi 30ilicHeHO NOpiBHAHHA MOXAuUBUX monosoeiti bCM mix coboro ma po3ensHymo
CMamucmuKy KIHYeBoi 3ampuMKu, nponyckHoi 30amHocmi, 3a8aHmMaxeHHA. Pesynismamu 8Ka-
3ylome Ha me, Wo OepesonodibHa mepexa Mae OinbWy NPONYCKHY 30amMHICMb 1 KiHYesy 3a-
mpumKy. Kpim moeo, 32acaHHA no2ipwye npoOyKmMusHICMb Mepexi ma HAaKAaoHT sumpamu Ha
mapwpymu3ayito. 3pobeHo BUCHOBOK, U0 NPOOYKMUBHICMb MEPexi 3 monoso2ien 3ipku npud-
HAMHQA 019 MAAUX Mepex, Mmool AK Ha OCHOBI CIMKU HalKpawe nioxo0umse 015 Mepex 3 BeJIUKOI0
KiIbKICMI0 MOBIIbHUX BY3/1iB.

Kntoyosi cnosa: mamemamuyHa moOesib, monosoe2is, 6e30pomosa nepedaya, CeHCOPHA Mepexa,
eHep2oMOHIMOopUHe, By3el.

ITocraHoBKa npo6/iemu. BigcTans i yac OibIle He € mepemKkogaMu, OCKIIbKI
JIIOJIM Ta peui Terep CHiJIKYIThCS MiXX CO00I0 MPOCTO HATUCKAHHSIM KHOTKM abo
yIIpaBjIiHHS KecTaMM. JKMBI Ta HeXMBi iCTOTU, TTIO3HAUEHI HEBEJIMKUMU eJIeKTpPO-
HHUMU TIPUCTPOSIMU, SIKi HA3MBAIOTbCSI CEHCOPHMMM BY3/1aMi, OOMiHIOIOTbCS Oe3/I-
POTOBMM 3B'SI3KOM, Ilepefalouy CIIPUIHSTI JaHi B HaiOMMsKui abo BimmaneHi Micig,
ne naHi abo iHgopmarliss HeoOXimHi AJIs TToaaNbIIoi 00p0o6KK. 3aCTOCYBAHHS 11i€i HO-
BOi TE@XHOJIOTii OXOITIOE BCi aCIeKTM KUTTS, TaKi SIK IMOOYTOBi, IIPOMMCIOBI, JIOTiC-
TUYHI, aBialliiiHi, Meau4Hi, BUpoOHNYi. 1[10 HOBY mapaaurMy Ha3uBalOTh [HTepHe-
toM peueit (IoT) [1], ocHOBHMIT MaTepiaa SIKOTO CTAHOBJSITb 6€3POTOBI CEHCOPHi
Mepexi (BCM). BCM cKk/Iafa€eThcsl 3 KPUXITHUX CEHCOPHUX TPUCTPOIB, 0OMEKEHUX
pecypcamu, 10 Ha3MBAKTHCS BY3IaMU.

Jlo umciia OCHOBHMX ITpobJieM gociimkeHb BCM BimHOCSTHCSI MOIeTIOBAHHS Ta
yIIPaBJIiHHS TOMOJIOTIE€I0 MepeXi 3 MeTO MiJABUILEHHS i1 3B'SI3HOCTI, @ TaKOX Map-
HIpyTHU3alis 3 MiHiMaaAbHMMM YaCOBMMMU i eHepreTMUHMMM 3aTpatamu |2, 3]. Ilig To-
rosiorieto bCM 3a3Buuali po3ymilOTh MOAEJb, 10 OMUCYE CTPYKTYPY 3B'SI3KiB MiXK
efleMeHTaMy BcepenuHi Mepexi. OmHaK pillleHHs JaHuX MpobjeM HEMOKIMBO Oe3
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ypaxyBaHHSI CTaHiB 3B'SI3Ky MiX By3JaMM. BilCyTHiCTh edeKTMBHOTO IIiIXOOy 0
OLIiHKM Pi3HOI B3a€MOZil BY3JIiB NIPU3BOAUTH OO TOTO, 110 TEOPETUYHI PO3PAXYHKU
3a cOpolleHuMM mMoaessiMm Tonosorii BCM He cIiBragawTh 3 pe3yabTaTaMU eKcIe-
PUMEHTaIbHUX AOC/iIKEeHb MepeXK.

AHauni3 ocraHHiX mocaigkeHb. Bysimamu B BCM Kepye cyrepBy30i, SIKUiA, Y
CBOIO uepry, repenae Bci 3i0paHi JaHi B MicCIsl, SIKi MOXKYTb 3HAaXOJIUTUCS B MeKax
ab0 MOBHICTIO MM03a MePUMETPOM MepesKi JaTuMKiB. [IpoTOKOIOM, SIKIii KOHTPOJIIOE
Ta perynoe dyHKiionyBaHHs BCM, € crangapt IEEE 802.15.4 [2, 3]. MexaHi3M Hazae
BY3JIy HETapaHTOBaHMI1 CIUIbHUI OOCTYII IO CepefoBUIa Mepenavi 3a JOMOMOTO0
cynepkanapy (ouB. puc. 1), SKUII TeHePYETbCS KOOPAMHATOPOM MepPCOHAIbHOL
Mmepexi (PAN). Il[o6 mocsirtTu TPMBAJOro TepMiHYy eKcIUTyaTallii, obMexkeHa
MOTYKHICTb BY3JIiB JaTUMKIiB ITOBMHHA OYTU 06epeskHO BUKOPYMCTAaHA, OCKIJIbKY BOHU

B OCHOBHOMY KMBJISITbCSI aBTOHOMHO BijI 6aTapei.

I -Bracon mersg |[IHE -
IER Laparirame Guraticon |50} ...I
I".' """ ACT e P o - .|
(——{ontention Acoess Period [CAF |——ir_ Conbention Free Ferod -
w—Time Shot—i Backed] Parod ICF=)
LU @
1 T 1 T T T 1 T -
E G4 |G Lt £
L r|r [ | bl T L nacteo Penod "
o i ls | 5 | Wisdai) Shep 10 Lase pawer| B
o 1 (1 |2 ’ o
N | | L]
1 | 1 | | |
] | >

& T B ° 10 11 13 1N ta 1 o1

Pucynok 1 - Ctpykrypa cynepkaapy IEEE 802.15.4

Bumora Ha 06Me>XeHHSI €eHEPTOCIIOKMBAHHS MOMMPIOETHCSI HA CEHCOPHMUIA BY-
30J1 i HA KOHCTPYKIIifo Mepexi. Hampuknazm, Bubip 3pobseHnii Ha ¢isuuHOMY Iapi
CEeHCOPHOTO By3J/ia BIUVIMBA€ HA €HePrOCMOKMBAHHS BCbOTO MPUCTPOIO i KOHCTPYKIIiIO
piBHiB, po3TamoBaHMux Buile. Tomosorist «3ipka», mpM SKilti Touka 360py Mae
CTallioHapHe >KMBJIeHHS, a KiHIleBi By3/iM 3 aBTOHOMHMM >KMBJIEHHSIM IOCTaBJISIIOTh
il1 MaKkeTM Mo MpsSIMOMY 3'€IHAHHIO, € HAlOLIbII MPOCTOI KOHGIrypailiero Mepexi,
Ipy IbOMY 4Yac Oe3repebiiiHOI pob0THM KiHIEBUMX MPUCTPOIB MaKCUMAaJIbHUIA.
Hepostik maHoi Tomosiorii mossira€ B Mastiii THy4YKOCTi i o6MexkeHiit cdepi 3acTocy-
BaHHS. Y HabiIbII 3araJibHOMY BUITAQAKY Mepeska MOKe MaTyu 6araTouyapyHKOBY
TOIIOJIOTi0, B SIKili BCi By3/IM € MapHIpyTU3aTOpaMu, 0 M03BOJIslE OymayBaTH OibIil
HaJiliHi Ta eKOHOMIUHO pO3BUHEHi cUCTeMM. AJjie cepeHE €HepProCIOKMBaHHS
BY3JIiB 3pPOCTa€, i #Oro po3paxyHOK YCKIAAHIOETbCS. TepMiH CIysKOM eeMeHTiB
SKMBJIEHHS By3Jj1a OyJie iCTOTHO 3aJieskaTy Bif J0ro moJIOSKeHHS B TOIOJIOTii Mepeski i
HampsIMKiB MPOXOIKeHHS MepeskeBoro Tpadiky. Tormosorist «imMHa-3ipka» € mpu-
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KJIagoM KoMOiHOBaHOi apxiTekTypu BCM i sBjsie 06010 MOCTiOBHE 3'€HAHHS PSITY
migMepexxk 3i CTPYKTypow «3ipka». Takuii BapiaHT Bigpi3HIETLCS BUCOKOIO
MacCIITaboOBaHICTIO i MIPOCTOTOI CYIIPOBOY, OCKIJIbKYM TO3BOJISIE OAABATH i BUIAIISI-
TU TIPUCTPOi 6e3 iCTOTHOTO BIUIMBY Ha iHIIN ejleMeHTU Mepexi. OgHaK Mpyu IbOMY
BUIXiJI 3 JIaoy OAHOTO 3 JIAHOK IIMHM TIpU3Beie 0 BiAMOBM y AOCTYIIi O MepesxKi BCiX
HMKYECTOSIMX BY3JiB. Y Mepexi 3 apXiTeKTypow [epeBa Mepegaya OaHUX |
MOBiJOMJIEHb YIpPaBJIiHHSI 4Yepe3 Mepexy 3MIilCHIOETbCSI 3 BUKOPUCTAHHSIM
iepapxiuHoi  cTparerii BMOOpYy MapHIpyTy i MOXe IIPOBOAMUTHCS  ITif
LIeHTPaJi30BaHMM YIPaBIiHHIM, IJIs1 YOoro Ha Qi3MUHOMY PiBHi IOTPiOHO BUKOPU-
CTOBYBaTM IlepioauuHi CcuUrHajM MasikiB Big KoopamuHatopiB IEEE 802.15.4.
KoMipKOBi Mepexxi BUKOPUCTOBYIOTh OLHOPAHTOBI 3B'SI3KM, MapLIpyTU3allisl B TAKUX
Mepexax € AelleHTpali30BaHMM, PO3INOAIIEHMM 10 MepeXxi npouecoM. [TonepenHiit
TOPiBHSIBHUIA aHaIi3 TOIOJIOTii 6e3apOTOBMX CEHCOPHMX Mepesk IT0KasaB, II0
TOMOJIOTiUHA WTICHICTh i rapaHTOBaHAa SKiCThb OOCIYrOBYBaHHSI BY3JiB Mepeski
MOTEHILiiHO JOCSIKHI TiJIbKM y IBOX TOIIOJIOTii — 3ipKa i 4apyHKOBa apxiTeKTypa.
[Ipy 11bOMY TOIIOJIOTiS 3ipKa A03BOJISIE OTPUMATU TapaHTOBAHMIA Yyac ONMUTYBAaHHS
BY3JIiB Mepexi, a KOMipKOoBa apxiTeKTypa — BUCOKY >KMBYUICTh 0€34pPOTOBOIi
ceHCOpHOi Mepexi [4-7]. HeobximHi mopanbiini gocigkeHHs BIVIMBY Tomnosiorii BCM
Ha ii 3B'SI3HICTb Ta MapUIPyTMU3aIlil0 3 METOK MiHiMi3allili 4aCOBUX i eHepreTUMUHMUX
BUTpAT.

MeTo10 JaHoi po6oTHM € MojenBaHHS Torosorii BCM 3a kputepisMu, ki
BPaxoOBYIOTb BMMOTU A0 IIPOITYCKHOI CIIPOMOSKHOCTI I10 JIIHISIX 3B'SI3KY 3 YpaxXyBaH-
HSIM BHYTPIIIHiX MepeiKo.

BuknageHHsI OCHOBHOrO Marepianxy. AJTOPUTM MOJE/NIOBAaHHS TOIOJIOTii
Mepexxi CKIaga€eThCs 3 HACTYITHUX OCHOBHMX €TarliB:

- Po3paxyHOK BiZicTaHel MiX By3/IaMU.

- BusHaueHHs paaiyca 30HM pajiosaxBarty (radio capture zone) mepemaBaya siK
MOSKJIMBOTO JI3KepeJia MepelKo/I.

- Po3paxyHOK MOTY>KHOCTI CUTHaJy 3 IepefaBaya j-TO By3Ja, 10 OL[iIHIOEThCS
Ha BXOJi mpuiiMaya i-ro By3Ja.

- YV mnpumyiieHHi PO HAasSBHICTb KaHAJbHOTO IIyMy Ha piBHI YyTJMBOCTI
npuiiMaya BM3HAYAIOThCS 3HAYEHHSI eHepreTUUHMX IepeBullleHb CUTHATY i cymap-
HUX MEepellKkof Haj, IIyMaMi B TOUKaX IMPUIIOMY I10 JIiHiSIX 3B'SI3KY.

- PospaxyHOK 3HaueHb Koe®illieHTa CTPYKTYpHOi B3a€MO[ii CUrHamy i
CYKYITHOCTI ITepeIuKos,
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- Po3paxyHOK /IMOBIpHOCTI 6iTOBOiI IMMOMWIKM 3 ypaxyBaHHSIM CTAaTUCTUYHUX
XapaKTePUCTUK JIiHiN 3B'93Ky MiXX BY3/1aMM.

- @GopMyBaHHSI MOJe/i TOMOJOrii MepexXi, 30KpeMa BCTAHOBJIEHHSI 3B'SI3KiB
MiX By3/1aMU, IJIsI IKMX BUKOHYETBHCSI BU3HAUEHI KpUTEPIl.

Jyist mogentoBaHHs Tomosorii BCM, B SIKOCTi iHCTpYMeHTY MOe0BaHHS 0YI0
BukopuctaHo Riverbed (OPNET) Modeler Academic Edition 17.5. Lig Bepcist mporpa-
MM He TiJIbKM [03BOJISIE PO3BMBATM HaAiiiHy MepexkeBy KOMYHiKallil0 Ta Ppi3Hi
CUCTEeMHI MOZeJii, ajle TaKOX MiATPUMYE 3B'SI30K MiXK aJMiHICTpaTOPOM, KOOpJAMHA-
TopoM PAN, mapuipytusaTopamu Ta KiHleBuMu npuctposmu. Ilig yac mopentoBaH-
HSI MapIIPyTU3allis CiTOK I TOIIOJIOTii JepeB Ta 3ipok Oysa 3pobjeHa MacuBHOIO,
ajie akTMBHOIO JIJISI TOIOJIOrii ciTku (puc.2). Yac moaenoBaHHs 0y/I0 BCTAHOBJIEHO Ha
OIHYy roauHy. Po3Mip makeTiB maHMX, SIKi CJIifg HamiciaTu, 6yB Bu3HaueHui Sk 1024
6ariTy, i Uisb 6ysa oOpaHa BUIIAJKOBMM YMHOM. MoeloBaHHS OYJI0 IIPOBEIEHO B
Riverbed Modeler njist By3/1iB mJaTUMKiB [Jis IIepBUMHHOTO 3060py iHdopMaliii i3 cBoro
oTOoueHHsSI. TakMM UMHOM, AATUMKU CIIJIKYBaAUCh OAMH 3 OAHUM, HaJACUIA0uu
MIOBiIOMJIEHHSI OOMH OTHOMY, i Oy/M OTpMMaHi IaHi, HeOOXigHiI IJIST MOIEeTIOBaHHS.
ITorim 6ynu Bimi6paHi 3arajbHi Ta 00’€KTHI CTATUCTUYHI 3HAUEHHS )11 IT01a/IbIIIOTO
BUKOPUCTAHHS MPU MOJENIOBaHHI, pe3yabTaTy OyaM 3amymcaHi Ta MpeacTaBiIeHi y
rpadiyHomy popmari [Jisl iHTepIIpeTailii.

Ha puc. 3. mogaHo 4acTMHY pe3y/abTaTiB MPOBeIeHOro MOIeII0BaHHS, 30KpeMa
MOPiBHSUIbHMIT aHaji3 TOIOJIOTI 3a MPOMYCKHOI 3JaTHICTIO Ta 3 ypaxXyBaHHSIM

@ End Devics & End Devie= 7 @

End Device § End Device 8

«edeKkTy CTiHn».

Router 4 Rw?ﬂ
2 28
¢ @

Router 2 Router 1

£ Do 1 E E End Device 4

End Device 2 End Device 3

a) «JIepeBo» 0) «ciTka»
PucyHok 2 - OPNET-mogeni pisHUX TOMOJIOTi i1
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PucyHOK 3 - IlopiBHSIJIBHMIA aHAJIi3 TOTOJIOTi
(CuHi — ciTKa, YepBOHMIT — 3ipKa, 3eJIeHuit — IepeBOoIIo/Ii0Ha):

a) 3a MPOIYCKHOIO 3IaTHICTIO; 0) 3 ypaxyBaHHSIM e(eKTy CTiHu

BucHoBkmu. [IyI1 BMBUEHHSI TOMNOJIOTiUHMX ocobiamuBocteit BCM B pob6ori
3[i/iICHEHO TIOPiBHSIHHSI TPbOX MOKJIMBMX TOIOJIOTiN (3ipKa, CiTKa Ta IepeBO) MixX
co6010 Ta PO3IJISIHYTO CTAaTUCTUKY KiHII€BOi 3aTPMMKM, ITPOMYCKHOI 34aTHOCTI, 3a-
BaHTakKeHHS. Pe3ybTaT BKa3ylOTh Ha Te, IIO JePEBOIOAiOHA Mepexka Ma€ GibIry
TIPOITYCKHY 3HATHICTh i KiHIIEBY 3aTPUMKY, i 30i/JbIIIeHHS KiJbKOCTi KOPUCTYBaUiB
6e31pOTOBOrO HOCiSI 30i/blllye MOKIMBICTD MAaZiHHS MMaKeTiB y Mepexkax 3ipok. Pe-
3yAbTAaTU MOJIEJIIOBAaHHS TOKa3ylTb, 1[0 3TACaHHS MOTipIIye MPOAYKTUBHICTD
Mepexi Ta HaKJIaJHi BUTpaTM Ha MapuIpyTM3aililo. 3po6JieHO BUCHOBOK, IO
MPOAYKTUBHICTb HA OCHOBI 3ipOK NMPUITHSITHA OJI1 MaJIMX MepeX, TOAI SIK Ha OCHOBI
CiTKM HalKpalie MigX0AUTh JJIS MEPEeK 3 BEJIMKOIO KiJIbKiCTIO MOOIIbHUX BY3JIiB.
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Modenuposarue mononozauu 6ecnposodHbIX CEHCOPHbIX cemell
OcHosHol npobnemoli uccnedosarull 6ecnpoBoOHbIx ceHcopHbix cemeli (BCM) ssnsemcs
modenuposaHue mononozaueli cemu. B pabome nposedeHo cpasHeHue BO3MOXHbIX monoao2uli
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6ecnpoBOOHbIX CeHCOPHbIX cemeli mexdy coboll U paccMompeHbl CMamucmuKku KoHeyHol 3a-
0epxKKU, nponyckHol cnocobHocmu, 3a2py3ku. Pe3ysbmamsl ykaszeisaom Ha mo, Ymo Opeso-
BUOHas cemb uMeem GOJIbWYIO NPONYCKHYID CNOCOOHOCMb U KOHeYHyK 3adepxKy. Kpome moeo,
yeacaHue yxyowaem npou3sooumesbHOCMb cemu 8 KOHUE 3a0epXKU U HaKNAOHble pacxoobl Ha
mapwpymu3sayuro. (0enaH 861800, 4MoO NPou3BOOUMeEbLHOCMb cemu ¢ monosoauell 38e30b! Npu-
emaemMa 0415 Maabix cemel, moe0a KaK HaG OCHOBE CemKu Jyqule 8ce2o0 nooxooum 0415 cemel €
60/1bLWIUM KOUYECMBOM (PUKCUPOBAHHbIX U MOOUJTbHBIX Y3/108.
Simulation of wireless sensor network topologies

Among the main problems of research of wireless sensor networks are modeling and man-
agement of network topology in order to increase its connectivity, as well as routing with mini-
mal time and energy costs. The wireless sensor networks topology is usually understood as a
model that describes the structure of connections between elements within a network. However,
the solution of these problems is impossible without taking into account the states of communi-
cation between nodes. The lack of an effective approach to estimating the different interaction
of nodes leads to the fact that theoretical calculations on simplified models of wireless sensor
networks topology do not coincide with the results of experimental studies of networks. The pa-
per compares the possible topologies of wireless sensor networks with each other. The network
topology modeling algorithm consists of the following main stages: calculation of distances be-
tween nodes; the radius determining the radio capture zone of the transmitter as a possible
source of interference; signal power calculation; values calculation of the structural interaction
signal coefficient and the set of interferences; calculation of the probability of bit error taking
into account the statistical characteristics of the communication lines between nodes; formation
of a network topology model, in particular the establishment of connections between nodes for
which certain criteria are met. The results indicate that the tree network has higher throughput.
In addition, fading degrades network performance and routing overhead. It is concluded that the
performance of a network with a star topology is acceptable for small networks, while a mesh
network 1s best suited for networks with a large number of mobile nodes. The practical signifi-
cance of the results obtained lies in the possibility of using the proposed approach to optimizing
the topology of wireless sensor networks, as well as the developed software product when solving
problems related to the design of the topology of wireless sensor networks.

KoBanboBa MOiist BikropiBHa - acucreHT Kadenpu 6esmeku iHdopmartiii Ta
TeJleKOMYHiKalliii  HallioHabHOrO  TeXHIYHOTO YHiBepcuTeTy «J/IHIMpOBChbKa
nositexHika» (M. [IHimpo).

KoBanboBa I0nms BukropoBHa — accucteHT Kadenpbl 6e3omacHocTy MHbopMa-
UM U TeJleKOMMYHMKauuii HalioHa/IbHOTO TEeXHMUYECKOTO YHUBepcuTeTa «JIHer-

pPOBCKas IMoJUTEeXHUKaA» (T. JJHerp).
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H.B. Kapnenko, B.B. I'epacumos
BUKOPUCTAHHS AJITOPUTMIB PO3TAJIYKEHHS B MICROSOFT FORMS

AHomayis. byob-ske HaBYaHHS nepedbayae nepesipKy 3HAHb YYHIB NIC/ASA 3GBepUIeHHS Kypcy
(memu). Tecmu, AKi noby0osBaHT 3a NiHIUHUM AN20pUMMOM, Jle2we CKAadamu, ajse 3a pi3Hux
NpUYUH BOHU He 3aBX0U 3a0081bHAMb BUKAAda4a. Tomy y 0aHili cmammi po32a1a0aEmMbCA Npo-
yec CKNaoaHHa mecmis 3 po3zanyxeHHam y cepedosuusi MICROSOFT FORMS ma HadaHo OeKinbKa
NPakmuyHux pekomeHoauid.

Knwo4osi cnosa: poszanyxenHa 8 mecmax, MICROSOFT FORMS, mecmyBaHHs.

BcTymn. BpaxoByioun CBiTOBY TEHIEHIIiI0 PO3BUTKY iHGOpPMAaIiifHMX TEXHOJIOTi
Ta 3alUT CYCITi/IbCTBA Ha JOMOBHEHHS (DOPM Ta MeTO/IiB HaBUaHHSI, IIle JIeKiIbka po-
KiB TOMY ITOCTaJIO MMTAaHHS OAO0 3ac00iB, 3a IOMTOMOTOIO SIKMX MOXKHA peai3yBaTu
NIOHECEHHST 3HaHb IO CTYINEHTIB Ta 3BOPOTHIi 3B’130K [1]. Taki 3MiHM OTPe6YIOTH
BiJIMOBiAHMX MiJIXOiB IO YUHiB, HATIPUKIIAA, Y CTATTi [2] 6Y/I0 PO3IJISTHYTO 3aCTOCY-
BaHHSI OCOOMCTiCHO-IiSITTbHICHOTO IiIXOMY IO HaBYaHHS CTYHOeHTiB y ramysi IT. Oxu-
HaK BMMYIIEeHMII Tlepexif Bim TpaauiliitHoi (ouHoi) popMy HaBUAHHS A0 AMCTAHIIiN-
HOi y 3B’SI3KY 3 KapaHTMHOM, 110 OYB OTOJIOIIEHMIT Yepe3 PO3IOBCIOAKEHHSI KOPOHa-
Bipycy COVID-19, BUsIBUB MHOXMHY ITp06jieM, OB ’SI3aHUX caMe 3 TaKUM BUIOM Ji-
sinbHOCTI. Hacammnepep, 11e HETOTOBHICTD SIK BUK/IA[auiB, TaK i CTYIEHTIB 10 TaKUX
3MiH. YMOBHO YCITiIIIHMM CIleHapi€M HaBYaHHSI MOKHA BBakaTU TaKUM, KOJIU Y BU-
KJIaJlaya Ta y BCiX J10ro y4HiB € KOMII'1oTep (IJIaHIIeT abo cMapT@OH) 3 JOCTYIIOM 10
Mepexi [HTepHeT Ha MIBUAKOCTI, JOCTATHIil IJ1 HOPMaJbHOI poOOTH BCiX HEOOXim-
HUX TporpaM. Y TaKOMY BMIIaJKy 3 OOKY CTyZeHTa He Oyle BUMHMKATU TEXHIUHUX
1po6jieM, aje BUKIagad, OKPiM TEXHiYHMX MOSK/IMBOCTEN, IIOBMHEH MaTy MaTepiaj
IIJISI TPOBeIeHHS JIeKIIiil Ta MPaKTUUYHUX 3aHSITh, @ TOJIOBHE — MOBMHEH SIKMMOCH UM-
HOM OL|iHIOBaTy 3HaHHS CTYJEeHTiB.

SIK BUSBMIIOCH, OIJIBIIICTD BUKJIAJaviB He TOTOBi OILiHIOBATY 3HAHHS CTY/IEHTiB
3a IOMIOMOTOI0 TecTiB. Hikue HaBegeHO JeKijJibKa MPUUNH, IKUMU BOHU apryMeH-
TYIOTb CBOIO BiIMOBY BiJl TE€CTiB:

v’ TecTu He Bif06paXKalOTh iCTMHHI 3HaHHS CTY[EHTIB;

v/ BinnoBizi Ha TecTOBi 3aBIAHHS MOKHA 06paTy HABMAaHHS;
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v/ CTYZleHTU MOXYTb CIIMCYBaTU OJMH Y OJHOTO;

v/ IoTpi6HO BUTpaTHTM 6araTo 4acy Ha CKJIaJaHHS TeCTiB Ta Ha iX IepeBipKy
TOLIO.

HiticHO, poOUTH IHAMBIOYaIbHI BapiaHTM MPaKTUUHUX TECTOBUX 3aBIAaHb IJISI
KOXKHOTO CTYZ€HTa TOTOBMIi JaJIeKO He KOXKeH BUKJIaZay, 0COOIMBO SIKIO IUCIUTLITI-
Ha BUKJIAJAE€ThCS IEKiJIbKOM AecsTKaM cTymaeHTiB. OTxKe, B AaHilt cTaTTi Oyme pos-
[JISHYTO TIPOLIEC CKIaJaHHS TECTiB 3 BUKOPUCTAHHSM QITOPUTMY PO3TTYKEHHS,
SIKVJ TIOTEHIL[I/IHO MO3Ke BUIIPABUTH L[I0 CUTYyaIlilo.

OcHoBHA yacTuHa. OCOOJMBOCTI CKIAJaHHS TECTIB 3a JIHITHUM aJrOPUTMOM
y cepenoBuiii Microsoft Forms 6yn0 po3rasiHyTo B cTaTi [3]. JIiHiliHuit anroputm me-
penbavae IMOSIBY BCiX NMUTaHb TECTY OJHOYACHO i B I[bOMY BUITQJKY JJIsI OpraHisaiiii
iHOMBioyaJbHOTO TECTYBaHHS OMUTYBAHOIO BUKIALA4y MOTPIOHO CKIACTU TaKy K
KiJIbKiCTh BapiaHTiB, CKiJIbKM CTY[IE€HTIB MpuUiiMe y4acTb B onuTyBaHHi (puc. 1). Tomi
3arajibHa KiJIbKiCTb TUTaHb JJIS1 TECTYBAHHS — 11e JOOYTOK KiJIbKOCTi CTYJIEHTIB, IKUX
MOTPiOHO IMPOTECTYBATM, Ta KiJIbKOCTi piBHIB TecTy. Takuii Miaxig He € 3pydHUM,
OCKiJIbKM B IIbOMY BUIIQJIKy ITOTPiOHO OyIe CTBOPUTHU CTiJIbKM K IMOCWIaHb Ha BiAIo-

BiHY CTOPiHKY TeCTY, CKiJIbKM CTY[I€HTiB Oy/ie IPOXOAUTH TeCT.
Student 1 Student?2 Student 3 Student N

Level 1

Test task Test task Test task Test task

Level 2 Test question Test question Test question Test question

Level N Test task Test task Test task Test task

lggalist

Ossiis
i iR
fsiis

Pucynoxk 1 - CxeMa iHAMBIiIyaJIbHOTO TECTYBaHHS y BUIIAJIKY,

KOJIM TEeCT CKJIaeHO 3a JIIHIIHUM aJrOPpUTMOM

Microsoft Forms g03BoJisie CTBOPIOBATU TECTU 3 PO3TaaysKeHHSIM, e MosiBa Ha-
CTYIIHOI'O NUTAaHHS 3a/IeXXUTh Bif, BIANOBIAl ONMTYBAHOIO Ha IIOTOYHE NUTAaHHA [4].
[ Toro, mo6 JOAATY PO3TATYKeHHS MOTPiOHO 3pOOUTM MUTAHHS aKTMBHUM Ta 00-
patu omniiio «/JogaTKoBi mapaMeTpy IJs MUTAHHS», KA 3HAXOOUTHCS B IMPaBOMY
HVKHbOMY KYTi IUTAHHS Y BUIJISAI KHOMKY 3 TpbOMa Kparnkamu (puc. 2). Y nepei-
Ky, II0 3HaXOJIUThCS B IOJATKOBMX ITapaMeTpax, CJIiji oopaTu omiiito «JogaTtu Biara-
Jy>KeHHs». B pesynbTati Takoi Aii 40 KosKHOI BiAIoBiAi JaHOTO MUMTaHHSI MOXHA 00-
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paTyu HaCTyITHe, a came: B omiii «IlepeifTu mo» c1im odpaTy MOTPiOHe MUTAHHS 3 T1e-
peiniky (puc. 3).

Banu: @ Kinbka Bignosiged 0 OB0B'AZKOBS 3aMUTaHHA
+ Jonam /

PucyHOK 2 — JIoJaTKOBI mapameTpu /151 MATAaHHS

T oim pirk, *ptry, K W= 1h Y =20 |'\.||'-c';

25 Akl il MooHE 0EKDHEEATH Hag:

g

ki,

PucyHOK 3 — Bubip HacCTyImHOTO MUTAaHHS TECTY, A0 SIKOTO ITOTPi6HO MepeiTn

B nmokymeHTarii Microsoft [4] onucaHo mpoiec CTBOPEHHs TeCTiB 3 po3rajy-
’KeHHSIM, ajie iCHYIOTb JlesiKi HI0aHCH, Ha SIKi CJ1iJi 3BepHyTH yBary. [lo-mnepiie, nepep,
IMMOYaTKOM CKJIaJaHHSI TECTY, IOoro MoTpioHO 3MoAe I0BaTHU. Y TaHOMY BUITAAKY
Ii, CTIOBOM «MOJIeI0OBAHHS» CJIiI pPO3YMITM CXeMy TeCTy, HaMaJIbOBaHYy B SIKOMYCb
rpadiuHOMY pemaKTopi UM, HaBiTh, pPUCYHOK Ha mamepi. HaBimo Tak ycKaagHIOBaTH
nporiec ckiamaHHs Tecty? Hi, 11e He ycKIagHeHHs, a IOMOMOra, sika MoTpibHa, 1106
He 3aITyTaTUCSI B MUTAHHSX, SIKi MOTPiOHO BUKOpHUCTaTH. [IpMKIanm MoaeaioBaHHS
TECTY 3 PO3TIYKeHHSIM HaBeJleHO Ha puc. 4.

Level 1 Laswel 2 Lewvel 3 Level 4 Lewvel &

1. 5.0 1317 Question 2 —'_'t-?ﬂﬂ":irii:lll & T'—'__‘:q‘.ut-'mil.'m 10 —= .qlun-:.ﬂ:ll'_ln 14
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2. 8,10, 14, 12 Question § ——=t¢ Question 7 '—'_"'._ __I?Lz:_rlm 11 Question 15
o . " '

3701115 19 Question 4 ——=% Question 8 "7 Questlon 18 —— Questlon 16
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g ok F N = -
i, 3, 1, 14 Questinn § =t Question B= " Question 13 — Question LT

PucyHok 4 - IIpukia MOLeI0BaHHS TECTY 3 PO3Tay)KeHHSIM

BpaxoBytounu Te, 110 KiJIbKiCTb CTY[IE€HTIB Y TpyHax Kypcy, IJs SIKOTo BigoyBaJo-
cs1 TaHe MO/JIeTIOBAaHHS TeCTy, He mepeBuinye 19, To Ha 1 piBHi (IJ1s1 JaHOTO TeECTY)
OyJ10 3p06JiIeHO TTOYAaTKOBE po3rajaykeHHs Ha 4 BapiaHTu. Ha maHOMY pMCYHKY ITOKa-
3aHO pi3Hi MoJei po3rany>keHHs. Tak OeKiJibKa BiAIIOBifeil Ha Iepiie MUTaHHS Ie-
peKkuIaloTh Ha OHE i Te came MUTAHHS JPYroro piBHS. I B IbOMY € TOJIOBHA 0CO0-
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JIUBICTb CTBOPEHHS OMHOTO TECTY 3 PO3TaTy>KeHHSIM, SIKMIi OXOTIIIOE TIEBHY KiJIbKiCTh
MOYaTKOBMX BapiaHTIB: Mepiie MUTAHHS MOTPiOHO CTaBUTM TAKMM, Ha KOXKHY
BiZNIOBiZb SIKOTO BiZIOBiICTH JiMIlIe BU3HAUY€HA BUKJIAJAa4eM KiJIbKiCTh OIUTY-
BaHMX. Lle MOXXHa opraHi3yBaTH, SIKIIO MEPIIMM ITIOCTABUTYU MUTAHHS, SIKe CTOCYETh-
Cs1 He MMCLUMIUTIHM, a, HalpuKiaa, Take: «O6epiTh CBiit MMOPSIIKOBMIT HOMeEp 3a CITHIC-
KOM B rpymi». lle nuTaHHs nepeciiaye ABi ii:

v/ 3a/1aT¥ MMOYATKOBY KiJIbKiCTb BapiaHTiB PO3Ta/JyKeHHS, IIPO SIKY 3HAE JIUIIIE
BUKJIaJa4, SIKUii CTBOPIOE 11e¥i TeCT, IPUYOMY TECTU 3a Pi3HUMM TeMaMu MOKHA po-
OUTK 3 Pi3HOIO KiJIbKiCTIO ITOYATKOBMX BapiaHTiB, IO 3HAYHO 3MEHIIY€E OaskaHHS
CTYIEHTIB 0 CIIUCYBaHHSI, 0COOJMBO B YMOBaxX 06MekeHOro yacy rnpuitomy BifmoBi-
zei;

v’ TiepeBipKa TOro, M0 CTYAEHT IMPOXOAUTh TECTYBAaHHS 3a CBOiM BapiaHTOM —
1le BUKJIaga4y 0auMTh B CTAaTUCTUII BifIoBigeilr Ha nmuTaHHs. Tak 3 puc. 5 BUIHO, 1110
OIVH 3i CTyIEeHTiB HelmpaBWIbHO 0OpaB CBiit BapiaHT (7) Ta ABa CTYJAEHTU TECT He
MIPOXOOVIIN.

1. OBepite CBIA NOPAAKOBMIA HOMED 2a CMIMCKOM B rpyni

floasTos! BlApMOCTI
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[ ]

[ X
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PucyHok 5 — CTaTucTMKa Mofiay BiATIoBigei Ha MUTaHHS

(el

3i 36ibIIeHHSIM KiJIbBKOCTi TOYaTKOBMX BapiaHTIB Ta KiJbKOCTi BifmoBimeit, Oy-
Ie 30i/IbIYBAaTUCh KiJIbKICTB JIiHil Mepexoay Ha HACTYIHe MUTAHHS TecTy. Ko 06-
paTy Ha yCi BiIMOBiZli OAHAKOBMI Mepexisi Ha HACTyMHe MUTAaHHS, TO B L[bOMY BUIIa-
IKY TECT 3 pOo3rajy>keHHSIM He OyJie Bilpi3HSATHUCS Bifl TECTy, 1110 MOOyI0BaHMIA 34 JIi-
HilfHMM aJropuTMOM. Y BUIIAJIKy, KOJIM OOMPAEThCSI BapiaHT iHTEHCUMBHOTO MepeMi-
IIYBaHHSI ONIUTYBaHUX (puc. 4, mepexin Mik piBHsIMU 3 Ta 4), TO 1le TTOTpebdye myxKe
BeJIMKO1 YBa)KHOCTI IIiJl Yac MpOCTaBJeHHS MepexXo/iiB Ha HacTymnmHe nuTaHHsI. OTxe,
3Bi[ICi/ISI BUIIIMBAE 1lle OJJHA pPeKOMEH/Iallisl M0 CKIaJaHHIO TeCTiB 3 pO3raay>KeHHSIM:
MPOCTABJIAATH Iepexoay oAapasy Ic/as TOro, IK Oy/Jy HamMcaHi NMTAaHHS Ha-

CTYIMHOTrO piBHS. Takuii Mmiaxin MO3BOJIUTb OOMEXUTM BUOIp HOMepa HACTYITHOTO
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MUTAHHS, TUM CAMMM, 3HQUYHO 3MEHIIUTh KiJIbKiCTb HEBUMYIIIEHMX TOMMUJIOK pO3ra-
JTY>KeHHSI TTiJ1 Yac CKIaJaHHS TecCTy.

Jlyist Toro, o0 CTyJAeHTU He oOupanau BiAIIOBiIb HaBMaHHS 3 TUX, IO HaJaeE
BUKJIa/1au, MOKHA BUKOPUCTATU IMUTAHHS 3 BiIKPUTOIO BiAIIOBiAAI0 (TEKCTOBI I10JIS).
OcKinbKM Ha Take MUTAHHS HAJA€TbCS OAHA BiAIOBiAb, TO MOXHa BUKOPUCTATU
JIMIe OAVH Iepexis Ha HaCTyIHe MUTAaHHSA (pUC. 6), TOMY CKJIaJlaHHS TeCTY, SIKUi
MiCTUTbD JIMille TUTAHHS 3 BiAKPUTOIO BiMIOBiII0 MIPUBOAUTH IO 3MiHU pO3TaTyKe-
HOTO aJTOPUTMY TeCTy Ha JiHiliHuii. OTKe, B TAKOMY BUMAKy TOYKA PO3TATy>KEHHS
CTa€ JIMIIle OMHO3HAYHMM IepexX0oA0M Ha HACTYITHE MUTAHHS i OMUTYBAaHOMY OYAYTh
I0Ka3aHi BCl HACTyNHI MMUTAaHHA TeCTy OO MUTaHHS, IO MICTUTb TOYKY

po3raykKeHHS.

3. Ak 2BEpHYTHCE A0 3 ENEMEHTY MACKBEY 3 IM'AM arr? *

i
T
m
[=]
5]
=]
1
=]

MpaexnneHl Bignoeig arr[2]

epedT Ao 11, O6epiTh BaPiaHT OMOAOWERHA ...

PucyHOK 6 — Posrasy>keHHSI B IMTAHHSX 3 BiIKPUTOIO BiAMOBiAI10

Konu BigbyBaeTbcsl OuHe HaBUaHHS, TO JJISI BUSIBJIEHHS 3HAaHb YUHIB BUK/Iagau
MOXe 3aCTOCYBaTy YCHe ONUTYBAHHS, TOAi KOXXEH y4eHb, 3a3BMYail, BiAIOBiTa€e HA
pi3HY KUIbKICTh IUTaHb. Taky camy METOLMKY MOXKHA 3aCTOCYBaTH 1 ITif] yac OpraHi-
3allil TeCTiB 3 pO3TaTY;KeHHSIM: KUIbKIiCTh MUTaHb OJHOIO #i TOr0 CAMOrO TEeCTY
MoJKe OyTH pisHa. Toit, XTO BiJiMOBiae MpaBMIbHO HA BCi MUTAHHS — MMPOXOAUTH
MiHiMa/IbHY KiJIbKiCTb IUTaHb, SIKa BiIMOBia€ KiJIbKOCTi PiBHIB TeCTy. SIKIIIO OMUTY-
BaHMI HENMPaBW/IbHO BIJNOBIB HAa MUTAHHS SIKOTOCh PiBHSI TeCTY, TO MOr0 MOXXHA
BiIMMpaBUTY Ha iHIIle MTUTAHHS TOTO X CAMOTO PiBHS, a60 Ha Oy/ab-sIKe MUTAHHS BU-
KX PiBHiB. Y TaKOMY BUIAJKY KiJbKiCTh MUTaHb JJISI ONUTYBAHOTO Oyae 306i/1biry-
BaTUCh, ajie MOTPiOHO TependaynTy MUTAHHS IJIs1 BUXOMY 3 1IbOTO PiBHS Y pasi, Koin
ONUTYBAHMI TaK i He 3MIr BiAOBICTY MPaBWIbLHO HA KOJIHE MUTAHHS [[bOTO PiBHS.

BaskMBOI0 0COGIMBICTIO TECTIB 3 PO3TATY;KEHHSIM € Te, 110, SIKIIO0 OMUTYBaHWUIA
riepe]; BigIpaBJeHHSIM BiAIIOBifel mepeBipsi€ TeCT i 3HAXOAUTb CBOIO MTOMMJIKY, TO
BUITPaABJIEHHSI IOMWIKU NMPU3BOAUTH 0 BUKOPUCTAHHS HOBOI TiJIKM po3raiy-
JKeHHSI 1 7iOMy 3aHOBO 3 IIbOTO MIiCLSI TIpUIAETbCS TMPONTU TeCT 3 HOBUMMU

MMMUTaHHIMN.
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Crni BpaxoBYBaTM TaKy OCOOJMBICTh TeCTiB 3 pO3TaNy>KEHHSIM, IO 3i 30i/ib-
IIeHHSIM PiBHiB (KUJIbKOCTi MUTaHb Ha OJJHOTO OMUTYBAHOTO), 301/ILIIYETHCA IMOBI-

PHiCTbh HEPiBHOMipPHOI0O PO3NMOAI/IEHHS ONIUTYBaHUX (puc. 7).

29. UWo pobute gaHwnid dparmedT kogy? int arr[N], i, bit, sum = O for (1 = G i < Ny i++) arrfi] =
rand() % 20; for (i = 0; i < N; i++4) { printf("™\n arr[%ad] = %ad /. i arr[i]); for(bit = 7; bit >=0;
bit--) { printf("%ed", (arr[i] = > bit) & 1) }}

OonsTroEi BlnomMocT|

5

- QOcta innosin
Bigrysm OcranHi eignosig)

30. Wo pobute faHwnid dparmedT koay? int arr[N], i, j, sum = O for (i = 01 < N; i++) arr(i] =
rand()3e20; for (i = O; i < N; i++) if (arr[i] & 1) { sum+ +; printf("arr{%d] = Sed\n", i, arrfil); }
printf("sum = %d", sum};

Joa3TRoBi BlnoMoCT|

'] ClcTaHHi Bignosig)

Biaryeu "MOCCUE 30NQAHREMCA pandomMHey Yuciamu om 0 do 19, nocie Ka.

PucyHok 7 - [Ipukiiag HepiBHOMiIpHOT'O PO3IOAiIeHHS

OIIMTYBAHUMX 3a IIMTAHHIMMNU

BucHoBKu. [106y10Ba SIKiCHMX TeCTiB 3 PO3TATy>KeHHSIM 3a3BUUail TPYAOMiCT-
Kuii Ta iTepaTuUBHMII Ipolec. Lle moB'sI3aHO 3 TUM, 1[0 HEOOXigHO aHaIi3yBaTH pis-
HOMAaHITHI BapiaHTM MPOXOLKEHHS TeCTy 3 ypaxyBaHHSAM JIMOBIpHOCTI IOIaJaHHS
Ha Te YK iHIIe NMuTaHHS. TUIbKY MpM TaKOMY ITiAXOMi MOX/IMBA MOOYIOBA OITHOIO
BapiaHTy TeCcTy 3 pO3TaayKeHHSIM, SIKMUil Oyae iHAMBIZyaJbHUM [JISI KOSKHOTO
CTyIEeHTa.

TecTu 3 posraqy>keHHSIM MalOTh SK LIJTy HU3KY [lepeBar, Tak i Hegoniku. Ilepe-
Baru: OJVH TeCT 3 PO3rajy>KeHHSIM 3aMiHSI€ JleKijibKa BapiaHTIB TeCTiB, CKIaJeHUX
3a JIIHIMHMUM aJITOPUTMOM, IO TO3BOJISIE 3HAYHO 3MEHIINUTU 3arajJibHy KiJIbKICTb TeC-
TOBUX 3aBAaHb. [IJII MaKCMMaJbHOTO BMKOPUCTAHHSI MOX/IMBOCTEN pO3raay>KeHHS,
OOIIIbHO CKJIaJaTy TeCTU, IO OAHOYACHO MICTSITh SIK IIMTAHHS 3 AeKiJIbKOMa Bapia-
HTaMM BifIIOBifeii Tak i TEKCTOBI OIS, ajie 06 MUTAHHS 3 BiZKPUTOIO BiIIOBiIII0
He Oy/JM po3TalloBaHi ofHe 3a OJHMM. Takuit TeCT JO3BOJUTb BIIPOBAAUTH iHAUBI-
OyaJIbHUI TiaXia 70 onuTyBaHHS. Hemosikamu € Te, 10 Tepeq CKIaJaHHSIM TeCTy 3
PO3TaTy>KeHHSIM 110T0 6akaHO 3MO/Ie/II0OBATH Ta Te, 110 BUIIPABA€HHS TOMWIKM OTM-
TYBaHMM MiJl Yac nepeBipKM CBOiX BiMOBiael, BiATIpaBIsi€ AOTO HA HOBI MUTAHHS, i,
SIK HACJIiJIOK, HOBe TIPOXOIKEeHHS TeCTY.
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Ucnone3osanue anzopummos semsneHus 8 Microsoft Forms

Jlioboe oby4eHue npedycmampusgaem nposepKy 3HaHUL Y4YeHUKOB Noc/ie 3asepuieHus Kyp-
ca (memsi). Tecmbl, nocmpoeHHble C UCNob308aHUeM IUHEHO20 afe0pumma, gezye co30a8ams,
HO N0 PAa3HbIM NPUYUHAM OHU He Bce20a ycmpausarm npenooagamesis. [losmomy 8 0aHHOU
cmamse paccMompeH npoyecc cocmasiieHus mecmos ¢ semseHuem 8 Microsoft Forms u npuse-
0eHO HeCKOJIbKO Npakmuyeckux peKoMmeHoayul, 0 KOmopbIX He ynoMsHymo 8 0OKyMeHmayuu
Microsoft.

Using branching algorithms in Microsoft Forms

Any training involves testing the knowledge of students after completing the course
(topic). Taking into account the tendency for the application of the personality-active approach
to the student, tests constructed using a linear algorithm are far from always suitable. Therefore,
this article will walk you through the process of creating branching tests in Microsoft Forms.
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Building quality branching tests is a tedious and iterative process. It is associated with the need
to simulate various options for passing the test. When writing branching tests, consider the like-
lihood that the respondent will be asked a specific question. And only with this approach is it
possible to build a test that will be individual for each student. The authors of the article have
identified the pros and cons of using branching tests. In the course of practical application of
tests with branching, several features of their creation and application were revealed. Therefore,
the authors in this article provide several practical recommendations that are not mentioned in
the Microsoft documentation.

T'epacumoB Bonogumup BomoaumupoBud — TOIeHT Kadeapu eJIeKTPOHHUX 00-
YNMCIIOBIbHMX MalllMH [IHIMPOBCHKOrO HAlliOHAJIbHOrO YHiBepcuTeTy iMmeHi Omecs
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A.A. Litvinov
ON THE VARIATION OF ABSTRACT FACTORY PATTERN

Annotation. The work is devoted to revision of Abstract Factory Pattern for its practical use in
information system development. Provided variation of Abstract Factory Pattern significantly
simplifies the process of information system development making the system more flexible, ro-
bust to change and maintainable.

Key words: software development, design patterns, Factory pattern.

Modern information system can be represented as a set of interconnected com-
ponents organized to resolve a computing problem. To resolve the problem, compo-
nents work cooperatively interacting each other. Generally, the interconnections be-
tween the components can be divided into two large classes: static which means that
the connections between the components are defined before the system starts work-
ing and cannot be changed while the system is running; dynamic means that the
connections between the components are not predefined and can be changed with-
out stopping and rebooting the system, as a rule in such systems the interaction be-
tween the components is controlled by the subsystem-mediator (e.g. event bus,
blackboard architectures [1]).

In reality, in most cases, there is no need to make all the connections dynamic,
but, it is not an exaggeration to say that the flexibility of the system depends on the
ability to replace one component by another. Such ability provided by late binding
mechanism and polymorphism. Late binding/typing means that the types of all
names (variables and expressions) are not known until runtime [2]. Polymorphism
represents a concept in which a single name (e.g., variable declaration) may denote
objects of many different classes that are related by some common superclass or in-
terface. In modern systems interface polymorphism is considered preferable. Inter-
faces allow to define polymorphism in a declarative way, unrelated to implementa-
tion. Two objects are polymorphic with respect to a set of behaviors if they realize
the same interfaces.

Interface-based polymorphism allow to build information systems out of
loosely coupled components depended on interfaces instead of other components.

© Litvinov A.A., 2021
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Such system becomes interface-based, because instead of a system composed of real
components now it is being transformed to the system where dependencies (de-
pendency components) substituted by the interfaces [3]. We can see the same ap-
proach in all spheres of real life starting from automobiles and airplanes and ending
with business companies and social organizations. That is one of the best ways to
make a system flexible and consequently robust to change.

Thus, when we use interface-based approach the main goal we are intended to
achieve is to increase the flexibility and changeability of the system by constructing
it as a set of loosely coupled components.

The next question is, how to resolve which of the components should realize
the interface in the current assembly of the system (the system configured and ready
to run)? More precisely, how the system can make the choice of the components
should work in the current assembly substituting the interfaces they realize? To
make the process of building the components flexible the system needs mediators
able to create the realizations of the interfaces. That mediators called factories [4][5].
The main idea is as follows:

We need to produce a realization of an interface considering that there may be
several variations of the realization.

To produce the realization of the interface we need a component which knows
how to create that realization. In case of several realizations there is a need of sev-
eral factories producing different realizations of the same interface. It is notable that
the creation process can be nontrivial (e.g., can relate to resolving dependencies
etc.)

If we have several different creators-factories, we need to introduce an abstract
one realized by the set of concrete creators-factories. And when the system starts it
should simply choose the factory realization and then use it to create interface reali-
zations.

Abstract factory can be realized as an abstract class or as an interface. Interface
variant seems more conformable for the factories depended on other factories.

The next question related to the task of creating a huge number of different ob-
jects from the same level of abstraction (in reality, in most cases, the level is equal to
layer). In that case there is no need to create a huge number of factories, each per
interface (Fig. 1). That is the idea of the abstract factory pattern which offers the in-
terface for creating a family of related objects (Fig. 2) [6]. The client chooses the re-
alization of an abstract factory and gets a number of products produced by the cho-

sen factory which satisfy the client’s needs.
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Task definition. The problem of classical abstract factory solution is that the
adding of a new product to the domain implies the need of adding a method to all
the factories. When the number of types of products is high it causes maintenance
problems.

<<Interface>> <<Interface>>
ProductB IProduct IFactory FactoryB

+Create():IProduct +Create():IProduct

A

ProductA FactoryA

+Create():IProduct

Figure 1 — Factory method pattern

<<Interface>>

<<Interface>> <<Interface>>

IFactory

IProduct2

IProduct1

|
+CreateProduct1():IProduct1 |
+CreateProduct2():IProduct2 |
|
|

A

&
L |
FiodcteA FIOductes FIOGUEHS FIOMUEEA m

+CreateProduct1():IProduct1 +CreateProduct1():IProduct1

T T T +CreateProduct2():IProduct2 +CreateProduct2():IProduct2

Figure 2 — Abstract factory pattern

Main part. To reduce the resistance of the infrastructure we can introduce in-
stead of huge number of methods (each per interface) one generic Create method
which takes as a parameter an interface and returns an appropriate realization of
that interface or throws an exception when it is not able to resolve the binding

(Fig.3).
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<<Interface>>

IProductl

+Create<T>():T +Create<T>():T

Figure 3 — Abstract factory pattern with generic method

The simple implementation of the pattern is shown in listing 1. The collection
of “interface - realization” bindings represented within the constructor defines the
only one area of the class opened to change (open/close principle of SOLID) [7]. We
can make an abstract class Factory with the collection and generic Create method,
making all other factories its successors (Fig. 4). We can also add Create method with
parameters needed to create the object, but in our opinion, it is better to avoid creat-
ing an object with passing the parameters, we think it is better to use factories inter-
action instead. Factories interaction means that in case of factories dependency we
can inject the dependency factory into dependent one according to the dependency
injection principle of SOLID. In other words, in case when we need to create an ob-
ject produced by the first factory which is dependent on an object produced by the
second factory, it would be better to resolve the situation by injecting factory re-
sponsible for creation of dependency object into the factory used to create depend-
ent one. For example, the creation of use cases objects depends on repository objects
and to resolve such dependency the factory responsible for repository objects crea-
tion should be injected to factory responsible for use cases objects creation. The
code shown in listing 1 suggests “single object per multiple creation calls” model,
but it can be easily modified to realize “create object per each call” model by the
deep cloning of created objects. To make lazy loading variant of the solution, we can
use two dictionaries (one for “type of interface — type of realization” pairs and one
for “type of interface - realization” one) and we should also rebuild the logic of Cre-
ate method to examine whether the realization of the requested interface type has
already built, using “type of interface - realization” dictionary, and, if not, make it
using reflection API (i.e., Activator.CreateInstance method), using “type of interface
— type of realization” dictionary.
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Listing 1
public class ValidationRuleFactory : IValidationRuleFactory
{
readonly Dictionary<Type, object> collection =
new Dictionary<Type, object>();
public ValidationRuleFactory ()
{
this.collection.Add (typeof (IEnterOperationValidationRule),
new EnterOperationValidationRule());
}
public T Create<T>()
{
Type type = typeof(T);
if (!this.ruleCollection.ContainsKey (type))
{
throw new MissingMemberException (type.ToString() +
"is missing in the rule collection");
}
return (T)this.ruleCollection[typel;

|
! |
|

;T
<<Interface>> )
IFactory

+Create<T>():T

T I b
| T | T
FactoryA _ (R

|

e

|

|

|

4 FactoryB
> <
-collection:Dictionary<Type, object>

+Create<T>():T

Figure 4 — Introducing generic factory responsible for object creation

The disadvantage of provided solution is additional effort connected to adding
new interface and its realization causing the modification of the factory constructor.
The code provided in the listing 2 could help solving that problem. Using reflection
mechanism, we can get all the classes of the assembly and bind them with the inter-
faces from the assembly responsible for the definition of interfaces. Thus, in the re-
sult we have the collection of “interface - realization” bindings filled automatically
by the factory. It is remarkable that classes and interfaces should follow predefined
naming conventions, but it could be considered as a positive point rather than some-
thing to avoid.
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Listing 2
private void ConfigureMapping ()
{
Type currentClassType = Method-
Base.GetCurrentMethod () .DeclaringType;
string classAssemblyName = current-
ClassType.Assembly.GetName () .Name;
Assembly contractAssembly =
this.GetAssemblyByName (this.contractAssemblyNa
me) ;
Assembly classAssembly =
this.GetAssemblyByName (classAssemblyName) ;
List<Type> classTypeCollection =
classAssembly.GetTypes () .Where(t => t.IsClass
&&
t.Name != this.factoryName) .ToList ()
List<Type> interfaceCollection =
contractAssembly.GetTypes () .Where (t =>
t.IsInterface) .ToList () ;
foreach (Type interfaceType in interfaceCollection)
{
string name = interfaceType.Name;
try
{
Type classType =
classTypeCollection.Find(t => t.Name ==
name.Substring (1)) ;
object classInstance =
Activator.CreatelInstance (classType) ;

this.collection.Add (interfaceType, classIn-
stance) ;

}
catch (Exception ex)
{

Logger.Log.ErrorFormat ("Interface {0} is not
valid", name);

}
Assembly GetAssemblyByName (string name)
{
return AppDomain
.CurrentDomain
.GetAssemblies ()
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.SingleOrDefault (assembly => assembly.GetName () .Name

== name) ;
}
According to the provided strategy, each solution become composed of three

basic types of projects-packages:

v' The projects-packages contained only the interfaces representing the con-
tracts of the components to be realized, including abstract factory interface.

v' The packages contained the realizations of the interfaces. Each realization
package has its own factory.

v The projects responsible for gluing the system of the units-realizations using
the factories.

An example of the solution is shown in Fig.5. Service package is responsible for
system assembly, Contract packages responsible for interfaces definition.

DAL.MySql DAL.Contract

Service : BLL.Default

— — — -

T

|

|

| BLL.Contract
|

Figure 5 — An example of the solution according to the strategy provided

As we can see Service package depends on all other packages to glue the system
of components. And in case when the number of variations increases, the depend-
ency of Service package on all the existed packages will cause the problem. To make
the solution more flexible we can use Inversion of Control (IoC) Container that is a
framework used to manage automatic dependency injection throughout the applica-
tion. For .NET platform there are a plenty of IoC Container realizations (Castle Win-
dsor, Spring.NET, Autofac, Unity). Thus, we can use IoC Container for resolution of
factories realizations based on configuration xml-file without recompilation of the
solution. In our opinion, factories resolution is the best and most usable practice of
resolution using IoC allowed to reduce expenses related to the activities to be ap-
plied in case of modifications (adding new types and interfaces etc.).

Conclusions. The suggested solution significantly reduces the resistance of the
system to change making it highly flexible. Each time when we add new interface
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and its realization to the appropriate package(assembly) we do not need to correct

the factory by adding new methods and correcting the logic within its constructor.
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Bapiayia wabnoxy Abstract Factory

B pobomi po3ensdaembcs sapiaHm BOOCKOHaNeHHs wabnoHy Abstract Factory ons
NpakmuyHoi po3pobKuU Cy4acHux iHgopmayiliHux cucmem.

3anponoHosaHull BapiaHm BIOPI3HAEMbCA MUM, WO 3amiCmb OeKibKOX Memodis, AKI
gidnosioaoms 3a CmMBOPeHHS peanizayii nesHux iHmepgelicis 8 knaci Abstract Factory,
8800UMbCA 00UH y3a2a/bHeHul memoo. Memod ompumye mun iHmepgelcy peanizayi AKO20
mpeba ompumamu. KpiMm mo20, po3ensdaemsCs BAPIGHM ABMOMAMUYHO20 CMBOPEHHS
C/IOBHUKQA, Kompul micmums napu «iHmepgelic-peanizayia» 3 BUKOPUCMAHHAM pegrekcii. B
BUCHOBKAX p032/1A0aombca  0OMeXeHHs ~ma  pi3HOMAHimHi  Moougikayii  HasedeHo020
pO3B’A3AHHS.

On the variation of Abstract Factory Pattern

Modern information system can be represented as a set of interconnected components or-
ganized to resolve a computing problem. To resolve the problem, components work cooperatively
interacting each other. Generally, the interconnections between the components can be divided
into two large classes: static which means that the connections between the components are de-
fined before the system starts working and cannot be changed while the system is running; dy-
namic means that the connections between the components are not predefined and can be
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changed without stopping and rebooting the system, as a rule in such systems the interaction
between the components is controlled by the subsystem-mediator.

The work is devoted to revision of Abstract Factory Pattern for its practical use in informa-
tion system development. Provided variation of Abstract Factory Pattern significantly simplifies
the process of information system development making the system more flexible, robust to
change and maintainable.

JIutBuHOB OJieKcaHAp AHATOJOBUY - KaHAMUIAT TEXHIYHUX HAyK, AOIEHT
Kadenpu  eJeKTPOHHMUX  OOUMCIIOBAAbHMX  MaliMH  JIHIIpPOIIEeTPOBCHKOIO

HallioHanbHOrO YHiBepcutety im. O. 'oHuapa.

JINTBMHOB AJ/IeKCaHApP AHATOJNbeBUY - KAHAMUIAT TEXHUUYECKMX HayK, K-IIeHT
Kadeapbl 3JE€KTPOHHBIX BBIUMC/IUTENbHBIX MAaIIMH JIHEIIPOIIETPOBCKE KOIO

HalMOHaIbHOTO yHMBepcuTera uM. O. [oHYapa.
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A.B. Gnilenko
HARDWARE IMPLEMENTATION DESIGN OF A SPIKING NEURON

Abstract. The hardware implementation of an artificial neuron is the key problem of the design
of neuromorphic chips which are new promising architectural solutions for massively parallel
computing. In this paper an analog neuron circuit design is presented to be used as a building
element of spiking neuron networks. The design of the neuron is performed at the transistor level
based on Leaky Integrate-and-Fire neuron implementation model. The neuron is simulated using
EDA tool to verify the design. Signal waveforms at key nodes of the neuron are obtained and
neuron functionality is demonstrated.

Keywords: neuromorphic chip, spiking neuron network, neuron, synapse, weight coefficients, EDA,
VLSI.

Introduction. It is well known that a general-purpose central processing unit
(CPU) is not well suited for massively parallel computing. At the same time graphics
processing units (GPU) are adapted specifically for parallel computations, so they
provide significantly higher performance than CPU. That is why neural network op-
erations are performed on arrays of video cards. However, graphics processors are
forced to emulate neurons using software tools, which consumes significant process-
ing power.

To increase the performance of computer systems for parallel computations
new architectural solutions should be designed. Recently, due to the rapid develop-
ment of neural network technology, neuromorphic systems that work on the princi-
ples of the human brain have become increasingly popular. Such systems are best
suited to perform massively parallel computing and provide the highest performance
in solving problems traditional for neural network applications. Neuromorphic
chips, unlike conventional processors, do not emulate neural networks, but are
physically constructed as neural networks. Each chip consists of several hundreds or
even thousands of interconnected simple computational elements, that functionally
correspond to neurons.

The neuromorphic chip can be constructed as a classic artificial neural network
(ANN), or as a pulsed (spiking) neural network (SNN). The latter is more promising
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because its work directly mimics the behavior of a network of biological neurons. In
a pulsed neural network, signals between neurons are transmitted in the form of
short pulses — spikes. A neuron generates a spike of maximum amplitude when the
weighted sum of the input signals exceeds its action potential. Such a neuron can be
implemented using existing semiconductor technology, and the neuromorphic chip
itself can be made in the form of very large-scale integrated circuit (VLSI) [1].

The key problem of neuromorphic chip design is the hardware implementation
of a single neuron. A neuromorphic network can be implemented using either analog
or digital circuits. Digital circuit design is generally more simple but analog neuron
implementation consumes less energy and requires less area on the silicon chip.
There are a large number of papers devoted to the hardware implementations of
neurons and neuron networks [2-4]. This paper focuses on an analog implementa-
tion of a neuron with digital weight control. Leaky Integrate-and-Fire neuron
model [5,6] is used for the design of the neuron on the transistor level and signal
waveforms are obtained to verify the functionality of the neuron.

Neuron Circuit Design. Leaky Integrate-and-Fire model of an artificial neuron
implementation is consisted of several building blocks shown in Fig. 1. The most
significant blocks of the artificial neuron are the synaptic inputs which produce
weighted input signals. Like in a real neuron of a human brain, an input signal can
be amplified or attenuated corresponding to synaptic weight coefficients. To this
end excitatory and inhibitory weight input circuits are provided for each synaptic in-
put block. Post-synaptic signals from all synaptic input blocks are added and formed
post-synaptic potential of the neuron using a leaky integrator. The capacitor of the
leaky integrator determines the level of the post-synaptic potential and the resistive
load ensures that the neuron returns to the relaxed state.

Excitatory Weights

Synaptic

Input Signal 1 il"IpUl 1

Inhibitary Weights Schmitt ng MNeuran Cutput
- Tri Oscillator [~ >
Excitatory Weights rigger sCitiator

17 3
Synaptic
Input 2

Input Slgnal 2 y—

] 1 Leaky Integrator

= om =
Inhibiltany Wedghts

Figure 1 - Block diagram of an analog neuron with two synaptic inputs
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Shmitt trigger is used as a neuron activator that performs a threshold activa-
tion function. When the post-synaptic potential exceeds a threshold voltage level set
by Shmitt trigger, logical “1” is applied to ENABLE input of the ring oscillator. In this
case the ring oscillator generates spikes as a neuron output. The neuron does not
generate spikes if the post-synaptic potential does not exceed the threshold voltage.

Synaptic Input with Digital Weight Control. A simple synapse realization
relies on excitatory and inhibitory circuits consisted of several MOS transistors con-
nected in parallel [5,6] as shown in Fig. 2. Voltages on the gates of these transistors
regulate currents from the power source to the output and from the output to the
ground. Using only two voltages in the subthreshold regime Visse and Vosser, Where
Vada Z Viase > Vosser, We can obtain four variations of voltage level at the post-synaptic
output node for three parallel connected MOS transistors in the excitatory circuit. In
the same way four voltage levels are obtained for inhibitory circuit using

VGND < Vbase < Voffset-

3
[=Y]
-\

L 131

—— (L TTPLTT

)

o

=

Figure 2 — Synaptic input circuit diagram [5]

To provide four voltage levels at the post-synaptic output node it is enough to
use 2-bit numbers for digital weight control. Those numbers regulate the choice of
one of two voltage levels applied to transistor gates acting as synaptic weight coeffi-
cients. In Fig. 3 it is shown the circuit diagram of a digital voltage control block and a
voltage switch block which provide digital control for voltage level applied to the
gates. The circuit diagram for the verification of a single synaptic input block is
demonstrated in Fig. 4. The results of the verification are shown in Fig. 5 as wave-
forms at input and output nodes. One can be seen that the voltage level of the post-
synaptic potential increases gradually with the rise of the weight number.
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Figure 3 — Circuit diagram of a voltage switch block (a) and
a digital voltage control block (b)
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Figure 4 - Circuit diagram for single synaptic input block verification
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Figure 5 — Waveforms for input and output nodes of a synaptic input block
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Neuron Activator and Spike Generator. A neuron fires spikes when the post-
synaptic potential exceeds certain threshold value which serves as an action poten-
tial of the neuron. That is why as a neuron activator, Shmitt trigger may be applied.
Shmitt trigger should convert an analog input signal (post-synaptic potential) to a
digital output signal (command to activate spike generator). When the input is
higher than a chosen threshold level, the output is the logical “1”, and when the in-
put is below the threshold level the output is the logical “0”. A logical value is ap-
plied to the ring oscillator which serves as a generator of the neuron output. The
ring oscillator is a simple circuit composed of an odd number of inverters connected
in a ring. Circuit diagrams of Shmitt trigger and the ring oscillator used in the neu-
ron circuit as activator and generator blocks are shown in Fig. 6.
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Figure 6 — Circuit diagram of activator (a) and generator (b) blocks

Neuron Circuit Design and Functionality Verification. The functionality of
the neuron is verified by the simulation of the neuron circuit shown in Fig. 7. The
behavior of the neuron is simulated at various values of pre-synaptic input signals
and 2-bit synaptic weights applied to the excitation and inhibitor circuits. In Fig. 8 it
is shown waveforms of signals at key nodes of the neuron in the case when the exci-
tation weight of the second synaptic input is twice the excitation weight of the first
synaptic input, and the inhibitor weights at both inputs are not used. The threshold
voltage level of the neuron activation potential is set by Schmitt trigger and is equal
in this case to 2 V. The waveforms in Fig. 8 clearly show that when the total post-
synaptic potential exceeds the activation potential, the neuron generates a sequence
of pulses.

Aetavatac_1 l—-=q.-~..-.m B catac_1
e

Figure 7 - Circuit diagram of the neuron
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Figure 8 — Waveforms for signals at key nodes of the neuron

Conclusions. The hardware implementation of a spiking neuron has been de-
signed for the application in spiking neural networks. The transistor level design has
been performed using Leaky Integrate-and-Fire model of an artificial neuron with
two synaptic inputs. To manage weight coefficients of the synaptic inputs, the digi-
tal weight control circuit has been designed which allows us to choose between four
voltage levels of post synaptic potential using 2-bit numbers for synaptic weight co-
efficients. As a neuron activator, Shmitt trigger has been used to realize a threshold
activation function and initiate a pulsed output by means of a ring oscillator. The
design has been verified using EDA tool and signal waveforms at key nodes of the
neuron have been obtained to demonstrate the neuron functionality.
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lpoekmysaHHa anapamHoi peanizayii iMnyn6CHO20 HelipoHa

AnapamHa peanizayis wmy4Ho20 HelipoHa € KK04Y0B00 NpobIemMo0 CMBOpeHHs HelipoMo-
poHUX 4inis, AKI ABAAOMb COO0K0 HOBI NEPCNeKMUBHI apximeKkmypHi pilieHHs 0/ Macoso-
napanesnbHux o6yucaeHs. Y yili cmammi npedcmaseHo NpoeKmMyBaHHA AHA02080i CXeMHOT pe-
anizayii HelipoHa, AKul npusHaveHul 0718 BUKOPUCMAHHSA 8 AKOCMI 6G308020 efeMeHmy iMny/ib-
CHUX HelipoHHUX Mepex. [IpoeKmyBaHHA BUKOHAHO HA MPAH3UCMOPHOMY PiBHI 3 BUKOPUCMAH-
Ham LIF (Leaky Integrate-and-Fire) modeni HelipoHa. HelipoH modenosascs i s8epighikysascs 3a
00NnoMO02010 THCMpPYMeHmMi8 ABMOMamMu308aH020 NPOeKMyBAHHA. byau ompumaHi 4Yacosi diae-
pamu cu2Hani8 8 KI0Y0BUX MOYKAX HEUPOHA 1 Npo0eMOHCMPOBAHA Li020 (YHKYIOHAIbHICMb.

Hardware implementation design of a spiking neuron

The hardware implementation of an artificial neuron is the key problem of the design of
neuromorphic chips which are new promising architectural solutions for massively parallel com-
puting. In this paper an analog neuron circuit design is presented to be used as a building ele-
ment of spiking neuron networks. The design of the neuron is performed at the transistor level
based on Leaky Integrate-and-Fire neuron implementation model. The neuron is simulated using
EDA tool to verify the design. Signal waveforms at key nodes of the neuron are obtained and
neuron functionality is demonstrated.

The hardware implementation of a spiking neuron has been designed for the application in
spiking neural networks. The transistor level design has been performed using Leaky Integrate-
and-Fire model of an artificial neuron with two synaptic inputs. To manage weight coefficients of
the synaptic inputs, the digital weight control circuit has been designed which allows us to
choose between four voltage levels of post synaptic potential using 2-bit numbers for synaptic
weight coefficients. As a neuron activator, Shmitt trigger has been used to realize a threshold
activation function and initiate a pulsed output by means of a ring oscillator. The design has
been verified using EDA tool and signal waveforms at key nodes of the neuron have been ob-
tained to demonstrate the neuron functionality.

I'nunenko Onexkciii BopucoBuu - kKaHauAaT Pi3MKo-MaTeMaTUUHUX HAYK, JOLIEHT
Kadeapy eJeKTPOHHUX OOUMCITIOBAIbHMX MalluH, [[HIITPOBCHKUIT HalliOHATbHUIA
yHiBepcuTeT imeHi Osiecs ['oHuapa.

I'nuneHnko Asnekceit BopucoBuu - kKaHAMIaT PU3MKO-MaTeMaTUYeCKUX HaAyK, [I0-
1[eHT Kadeapbl 3/IeKTPOHHBIX BBIUMCIUTENbHBIX MallIMH, [[THUITPOBCKMIT HAl[MOHAb-
HbIVi yHUBepcuteT umeHu Osiecs 'oHuapa.
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I.V. Ponomarev
FEATURES OF CREATING A VOTING SYSTEM USING
THE ETHEREUM BLOCKCHAIN PLATFORM

Abstract. Today, blockchain applications are being developed for a wide variety of areas of activ-
ity - from trade and advertising to logistics and social networks. Building an application using a
ready-made blockchain on one of the specialized platforms is the most efficient way to develop.
The development of a decentralized voting system on one of the most functional blockchain plat-
forms Ethereum with a developed infrastructure for creating smart contracts is being considered.

Keywords: blockchain, platform, smart contract, peer-to-peer network, transaction, mining,
Ethereum, Solidity, Geth, Remix, Web3.

Formulation of the problem. When creating an online voting system, it is
important that the system is accessible to voters and observers, reliable, protected
from attacks and falsifications, and at the same time, hides information about how a
particular voter voted.

Centralized voting systems have a single central node for storing, counting
votes and issuing voting results, which is the main point of failure of the entire
system.

Therefore, for reliable operation, a decentralized system based on blockchain
technology without a single master node, with control distributed among many
nodes, is needed.

The creation of such a system is possible in two ways:

- development of your blockchain system from scratch,

- using existing blockchain platforms based on smart contracts.

The first method is very laborious, since it is necessary to implement all the
basic elements of support for the performance of a decentralized system: the
creation of blocks, the consensus mechanism, mining algorithms, key generation,
encryption, data transfer between nodes [1].

The second method allows creating business logic of an application using smart
contracts on the basis of a ready-made blockchain platform infrastructure.

© Ponomarev 1.V., 2021

124 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucreMHi TexHosorii» 1 (132) 2021 «System technologies»

Purpose of the research. Consideration should be given to creating a reliable
voting system based on the open Ethereum platform. During the development
process, the following steps should be performed:

1) writing a smart contract to implement the voting functionality;

2) development of an interface for voting and viewing the results;

3) deployment of a private blockchain network on the Ethereum platform:
creating network nodes and setting up their interaction with each other;

4) compilation and implementation of the contract into a private blockchain
network;

5) testing the performance of the developed system from various network
nodes.

Main part. The use of blockchain for voting provides the following benefits:

» Transparency of the process. Ability to control the voting process - any
participant can deploy a node with a full copy of all data and analyze it.

« Protection of results. Voting results cannot be falsified. You can always check
how many votes were issued at the beginning of the vote, how they were distributed
among wallets and at what time the transactions were carried out.

« Anonymity. A public and private key pair is created for a voter on the local
machine, and no one knows that a particular wallet belongs to this voter. Thus, no
one can know how a given participant voted.

» Speed of data processing. Decentralization allows you to see the overall vot-
ing results at each network node.

The open platform Ethereum represents a single decentralized virtual machine
in a peer-to-peer network and allows transactions of any complexity level. Smart
contracts allow you to register transactions with any asset in a distributed ledger,
protecting transactions through hash sums on the blockchain. A smart contract is
executed on every node in the network [2].

To develop smart contracts in Ethereum, the built-in programming language
Solidity is used, in which you can create contracts with arbitrary conditions,
transaction formats and state change functions.

One of the most convenient tools for writing and compiling smart contracts for
the Ethereum platform is the Remix IDE. It includes a built-in debugger with
blockchain emulation mode in which you can run contracts and a testing
environment. After compilation and testing, contracts are executed on the Ethereum
virtual machine [3].

An example of a smart contract for voting.
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pragma solidity >=0.4.0 <0.6.0;
contract Voting {

mapping (bytes32 => uint256) public votesReceived;

bytes32[] private voteAnswers;

string public voteQuestion;

constructor (string question, bytes32[] voteAnswers) public {
voteQuestion = question;
voteAnswers = voteAnswers;

}
function totalVotes (bytes32 variant) constant public re-
turns (uint256) {
require(valid (variant));
return votesReceived|[variant];

}

function vote (bytes32 variant) public {
require(valid(variant));
votesReceilved|[variant] += 1;

}

function valid(bytes32 wvariant) constant public returns (bool)

for(uint 1 = 0; i < voteAnswers.length; i++) {
if (voteAnswers[i] == wvariant) {
return true;

}

return false;

}
function getAnswers () public constant returns (bytes32[]) {
return voteAnswers;

}
The contract has a constructor that takes 2 parameters: a string of type string,

in which the question of the vote is passed, and an array of type bytes32, in which
the choices (candidates) are passed. bytes32 is a byte array of a fixed size of 32 bytes.
Fixed length bytes can be used in function arguments to transfer data or return data
by contract.

Function vote adds a vote for a specific candidate (variant). Function totalVotes
returns the number of votes for a specific candidate (variant). They use function re-
quire (bool condition), which checks the condition and if the condition is false, abort
and return the state change. Function getAnswers returns a list of voting results.

To connect nodes to the blockchain, the implementation of the Ethereum Geth
protocol is used, which is downloaded as a client to all network nodes. A private
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blockchain network with its unique first block and network identifier is being
deployed. The initial genesis block is created based on the genesis.json configuration
file. The required number of network nodes is created, mining is started. The
contract is compiled and deployed on the private blockchain network.

To work with a smart contract, you need to access it through a web interface,
which includes web pages with forms for entering variable values and passing them
to functions. For interaction between the browser and the blockchain, the Web3.js
library is required, which allows working with the nodes of the Ethereum network
using the Remote Procedure Call (RPC) and HTTP [3] protocols. With its help, event
handlers are created that implement the corresponding functions of the smart
contract (Fig. 1).

Web Web
browser browser
’ HTML/CSS/Javascript ! HTML/CSS/Javascript
Web3.js P Web3 js
Web server Lo Web server
RPC . RPC
Ethereum Ethereum

virtual Machine

Virtual Machine

Block Block | | | | Block Block
Block n - D o Block n e )
Blockchain Blockchain
dApp - Instance 1 dApp - Instance 2

Figure 1 — Decentralized application architecture
on the Ethereum blockchain

For the convenience of interacting with the contract, an interface has been
developed for voting and viewing the results. The voter is authorized, the connection
to the network node is made, the identifier of the smart contract is specified, the
account containing this contract is unlocked, the data for its operation is loaded.
After a voter selects one of the candidates on the form, information in byte32 format
is sent for processing to the smart contract of the network node. A transaction is
created with a call to the contract, mining is started and after its completion, the
contract is executed, the results of its work are saved and displayed on the web page.
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Thus, a decentralized application has been created, ready to be placed on the
real blockchain of the Ethereum network. However, for each use of the computing
resources of the platform when executing a smart contract, a commission will be
charged, which goes to the platform miners who ensure the operation of the
network.

Conclusions. The features of the Ethereum open blockchain platform and its
tools for developing a smart contract and an interface for a voting system are
considered. The sequential stages of actions are described: creating nodes and
combining them into a network, installing the necessary tools on them, creating and
debugging a contract, introducing a smart contract into a blockchain network,
creating a user interface and interacting with a blockchain.
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Ocobnusocmi cmgopeHHA cucmemu 2010CYBAHHSA
3 BUKOpUCMAHHAM 610KYeliH-nn1amgopmu Ethereum

Cucmema OHNQLIH-20/10CYBAHHS NOBUHHA 6ymu AocmynHow i HAOIliHOW, 3axUUeHo ma
aHOHIMHOW. Bci yi skocmi 3a6e3neyye deyeHmpanizosaHa cucmema 3aCHOBAHA HA MeXHO02iT
6/10KYeliH 6e3 EQUHO20 20108HO20 BY3/10, 3 yNPABATHHAM PO3NOOiNEHUM MiX 6a2amsma 8y31aMu.

Moxnuso po3pobumu cgoto 60K4eliH-cucmemy 3 Hyas abo BUKOPUCMOBYBAMU ICHYIOYY
6n0k4eliH-nnamegopmy. lepwuli cnocié dyxe mpyoomicmkul, mak sk HEOOXIOHO peanizosysamu
B8Ci 6a3081 efneMmeHmMu NIOMpPUMKU npaye30amHocmi 0eyeHmpanizoBaHoi cucmemu: CMBopeHHs
0J10KIB, MeXAHI3M KOHCeHCYCy, anzopummu mMaliHiHey, 2eHepayii Kaw4is, WugpysaHHs, nepedayi
oanux Mix syznamu. [pyeuli cnoci6 0o3sosse Ha 6a3i 20mosoi THppacmpykmypu 670KYeliH-
naamegopmu cmsoptosamu 613Hec-102iKy 000amKka 3a A0ONOMO20K0 CMAPM-KOHMPAKMIs.

Po3znsadaembscs po3pobka OeyeHmpanizosaHoi cucmemu 2070CYBAHHA HA 00HIl 3 Hal-
6inbW yHKUIOHANbHUX G10KYeliH-naameopm Ethereum 3 po3suHeHow THGHpacmpykmypot 015
CMBOPEHHSA CMAPM-KOHMPAKmMIB.

pO3po6KU cMapm-KoHmpakmy ma iHmepgelicy a8 cucmemu 2070CyB8aHHSA. ONUCyrOMbCA NOCAI-

128 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucreMHi TexHosorii» 1 (132) 2021 «System technologies»

008HI emanu 0ili: cmBopeHHs BY3/i8 1 06'€OHAHHA iX B8 Mepexy, YCMAaHOBKA HA BY3/1aX HEObXio-
HUX THCMpPYMeHmMaabHUX Nnpo2pam, CMBOPEHHA 1 HANA200EeHHA KOHMPAKMmy, B8npoBAaOXKeHHA
cmapm-koHmpakmy 8 6J10k4eliH-Mepexy, cmBopeHHA THmepgelicy Kopucmysaya i 83aEmMo0iA 3
6710KYeliHOM.

CmsopeHo OeyeHmpanizoBaHuli 000amoK OHNALUH-20/10CYyBAHHA 20mMOBUL 0N PO3MIU4EHHS
8 peanbHili 61okyeliH-mepexi Ethereum.

OcobeHHOCMU C030aHUA CUCMeMbI 2010COBAHUSA
Cc ucnonb3osaxuem 610k4eliH-nnamgopmoi Ethereum

Cucmema oHNaliH-2010C0BAHUS 00KHA bGbIMb 00CMYNHOU U HadexHoU, 3awuueHHou u
aHOHUMHOU. Bce smu kayecmsa obecneyusaem OeyeHmpasu308aHHAA CUCMeMA OCHOBAHA HA
mexHoso2uu 6s10kyeliH 6e3 eQUH020 21aBHO20 Y314, C ynpasieHuem pacnpedesneHHoli mexoy
MHO2UMU y3/1aMU.

Bo3moxHo pazpabomams c8010 6710K4elH-cucmemy C HyJIA UAU UCNOJIb308AMb Cyusecmsy-
rowyto 6okyeliH-nnameopmy. [lepssili cnocob o4eHb mpyodoemKull, Mak KaK Heobxooumo pea-
JIU308bIBAMb BCE 0A308ble 3/1eMeHMmbl N000epKaHUs pabomocnocobHocmu OelyeHmpanu308aH-
Holl cucmembl: c030aHUe 610KOB, MeXaHU3M KOHCeHCyca, anzopummsl MaliHuHe, 2eHepayuu K-
yell, wugposaHue, nepedayu OaHHbIX Mexdy y3namu. Bmopol cnocob no3gosnsem Ha 6aze 2o-
mosol uHgpacmpykmypsl 610Kk4eliH-nnamgopmbl co30as8ams OU3HEC-02UKY NPUSIOKeHUs C
NoOMOUibIO CMApPM-KOHMPAKMOo8.

Paccmampusaemcs paspabomka deyeHmpanu3os8aHHoli cucmembl 2010COBAHUS HA OOHOM
u3 Hau-6osee YHKUUOHANbHbIX 610KYelH-nnamgopm Ethereum ¢ pazsumodl uHgpacmpykmy-
pou 0215 c030aHUA CMApmM-KOHMpPAKMmMos.

Pasbupatomcs ocobenHocmu omkpsimol naamegopmsl Ethereum, ee uHcmpymeHmapuu
013 paspabomku cMapm-KoHmMpakma u uHmepdelica 015 cucmemsbi 2010c08aHus. Onucsisarm-
cA nocne-0osamesibHO 3mane! delicmsuli: co30aHue y3108 U 06be0UHeHue UX 8 cems, YCMAHO8-
Ka Ha y3/1ax Heob6X00U-HbIX UHCMPYMEHMAbHbIX NPO2PAMM, CO30AHUS U OMAAOKU KOHMpPakma,
BHeOpeHue cMapm-KoHmpaxkma 8 6J10k4eliH-cems, co30aHue uHmepgelica nosb308amens u 83a-
umodelicmsue ¢ 610KYeliHOM.

Co30aH OeyeHmMpanu30BaHHbIU NPUOXeHUEe OHAAlH-20/10COBAHUA 20mM0O8 0418 pasmeuje-
Hus 8 peanbHoli biokyeliH cemu Ethereum.
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H.U. Teppoctyn
INPEOBPA3OBATEJ/IN NTHAYKTUBHOI'O UMIIEJAHCA HA OCHOBE
OITEPAIIMOHHOM CXEMbBI C KOMBUHUPOBAHHOI OBPATHO¥ CBSI3bIO

AHHOmayus. Mcnonb3ys 06obueHHyo Modesns npeobpazosameneli umnedaHca papabomatsl
npeobpazosamesnu 3azemaeHHol U B3BeweHHOU THOYKMUBHOCMel 8 3a3eMIeHHYI UHOYKMUB-
HOCMb, B8 KOMOPbIX Peasau308aHo pazdesibHoe ynpasieHue seauydUHaMu coOCMasaAoUUX CuHme-
3UPOBAHHO20 UHOYKMUBHO20 UMNEOaHca.
Kntoyessie cnosa: cuHmes, UHOYKMUBHOCMb, UMNEOAHC, NPeobpazosamesb, 0nepayUuoHHsIl ycu-
Jlumesib, 06paMHaAs C8A3b, YMHOXUMEb.

Bcerymienmne. Cosmanne (QyHKIMOHAIbHBIX YCTPOVICTB IJISI ITOJIyYeHUS U Tep-
BUYHOJ 00pabOTKM MHPOPMALMM OT MACCUBHBIX M3MEPUTEIbHBIX JaTUMKOB SIBJIsSIe-
TCS aKTyaJIbHOJN 3a7aueil. B psame cayuyaeB [Ijig pelieHus 3TON 3amaun Liejecoobpas-
HO MUCIIO/Ib30BaHMe IpeobpasoBaTeseii umrenaHca[l]. Paspaborka rnpeobpa3oBare-
JIeii MMIle[laHCa MOXKET OBITh CYLIeCTBEHHO YIPOINeHa MpY Haauumy ux 6a30BOit
Mozenu. B [2] mpexncTaBiieHa 06061eHHas MOZeb IIpeobpasoBaTeseil MMIIeaHca,
KOTOpasi IepcIieKTMBHA [JIs1 MCII0b30BaHMsSI B KauecTBe 6a30BO¥ MPY CO3TaHUM CO-
OTBETCTBYIOIINX MpeobpasoBaTesieil MMapaMeTpOB MaCcCUBHBIX M3MEPUTETbHBIX AAT-
YMKOB.

ITocranoBKa 3amaumn. Lleabio pabOTHI SIB/ISIETCS OIpeeeHre BO3MOKHOCTEN
MCITOJIb30BaHMSI 000OIIEHHOI MOAeIM ImpeodbpasoBaTesieil MMIegaHca jisl CMHTe3a
YMHOXUTeJIei 3a3eM/JIeHHOM M B3BellleHHOM (He3a3eMJIeHHO) MHAYKTYBHOCTM.

OcHoBHas uyacTtb. O000IIeHHAsT MOJe/Ib Ipeodpa3oBarTeieii MMIIeJaHCa.
B [2] moka3aHo, YTO OrepalMOHHbIV YCUJINTENb C KOMOMHUPOBAHHOI 00paTHO CBSI-
3b10 (puc. 1) MMeeT QYHKIMOHAILHO ITOJIHbIV HAOOP BXOAHMX MMIIEIAHCOB B BUE

Zii= (2 - 225 /2,)/(1 —n}, (1)
Zina= (23 — 212, /23)/(1 1), (2)
Zing= (23— Z124/Z3) /(1 — k), (3)
Zina= 2y — 2,25 )2,) /(1 — p), “4)

© TBeppoctyn H.N., 2021
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Pucynok 1 — O60061eHHas MOesb IpeoOopa3oBaTe/ieil MMIeaaHca ¢ 3a3eMJIeHHbI-

MM (2) ¥ B3BeIlIeHHbIMM (0) MCTOUHMKAMM BO30OYKIAEHMS

roe 2, Z,, 25, Z, — niHelHble MMIIeJaHChI IIPOM3BOJIBHOTO Xapakrepa; Uy, Us, Us, Us
— HAIpSDKeHUST UCTOUHMKOB BO30ykaeHus; n = Uy/Uy, 1= U/U,, k =Us/Us, p = Us/Us.
BenuunuHbl M 3HAKM COCTABJISIIOIIMX YEThIpeX BO3MOKHBIX BXOAHBIX MMIIEJAHCOB
Zint — Zipa OIpEAesIoTCS aMIUIMTYOHBIMY M (ha30BBIMM COOTHOLUEHUSIMYU MEXIY
HaAMPSDKeHMUSIMM UCTOYHMKOB BO30YKIEHMS.

IIpeoOpa3oBaTenb 3a3eMJIEHHOTO MHAYKTUBHOTO uMnenaHca. CMHTes 3a-
3eMJIEHHOTO MHAYKTUMBHOTO MMIIeJJaHCa MpOoBeleM Ha OCHOBe 0600IeHHOM MoIe/n
C 3a3eMJIEHHBIMM MCTOYHMKAMM HampsbkeHus BO30ykmeHMs: (puc. la) BbIGpaB
z 4 =0u U, =0. Torga u3s (1) ciegyer, uro n =0, a BXOAHO MMIIeIaHC Z ini IMEET
BUJ:

Zim = — 2323/Z, ()

B 3TOM cilyyae OTHOCUTENBHO Z, U Z, 000011eHHast MOJeb SIB/ISETCs] KOHBep-
TOPOM OTPULIATENbHOIO MMIIeJaHCa, HA OCHOBE KOTOPOT0 MOKHO peaan30BaTh YM-
HOKeHMe MHAYKTUBHOTO MMIelaHCa TyTeM ero JBOMHOTO KOHBEPTUPOBAHMS.

Jnst peanu3anuy JBOHOTO KOHBEPTUPOBAHMS BbIOMpaeM (puc. 2) IBa Tocje-
JIOBATeJIbHO COeAMHEHHBIX KOHBEPTOPA OTpUIaTeIbHOrO nMmnenaHca Ha DA1 n DA2,
Y KOTOPBIX B Ka4eCTBe JIMHENHBbIX UMIIEJaHCOB MCIO0JIb3YIOTCS aKTUBHbIE COITPOTUB-
nenust R, R;, R, R;, R;. [Topgnexkalryo YMHOKEHUIO 3a3€eMJIEHHYI0 MHIYKTUBHOCTD
L C aKTMBHBIM COIMPOTUBJIEHMEM T BK/IIOYaeM Ha MeCTO 3a3eMJIEHHOTO MMIleJaHca
Z5. Ilpu Takux ycJIOBMSX BXOOHONM MMIIeZaHC KOHBepTopa Ha DA2 cormacHo (5)
paBeH

Zin=—R3(1p +iwLly)/Ry, (6)

ISSN 1562-9945 (Print) 131
ISSN 2707-7977 (Online)



«CucremHi Texsouorii» 1 (132) 2021 «System technologies»

OH IIpeobpasyeTcs ¢ U3MeHeHreM 3HaKa KoHBepTopom DAL B
I
Ziy=—Ry(R3+ Zin) /Ry
C yuetoM (6) BXOOHOM umnenaHc KoHBeptopa DA1 cTaHOBUTCS paBHbIM
I I . I I
Zin= —RyR3 /Ry + Ry Ry [RyRy + JoLy Ry R; [R4R, (7)

Ly | '

PucyHOK 2 — YMHOXUTe/b 3a3eM/IEHHOM MHAYKTUBHOCTHU Ly Ha IBYX KOHBEPTOpPax

OTpMUIATEJbHOTO MMIIedaHCa

[TonydyeHHbIN1 BXOOHOV MMINenaHC Z;, = 7, +jwl;, ¥MeeT MHOYKTUBHBINA Xa-
pakTep, TIpeJicTaB/sIeT 000 3a3eMIeHHYI0 MHAYKTUBHOCTD L;, C TTocaenoBaTenbHO
BK/IDUEHHBIM AKTUBHBIM CONPOTUBJIEHUEM T, BEJIMUYMHBI KOTOPBIX COTJIACHO (7)
paBHBI

Tin =RZ(R£:TEfRL_Raij4: ®)
Lin = LoRzRy/RyR,. )

N3 nocnenHux BhIpaXKeHUN CleLyeT, UYTO B HACTOSIIEN cXeMe CUHTe3UPYyeTCs
3a3eMJIeHHas yrnpasiseMas MHOYKTUBHOCTDb L;, , BeJIMUMHA KOTOPOI1 ONpenessieTcs
KaK pe3yJbTaT YMHOXEeHUS MHAYKTUBHOCTM L, Ha Ko3pduIimeHT rnpeobpa3ona-
HUSI, PaBHbIN RZR;,J' R,;R;. CuHTe3MpoBaHHOE aKTUBHOE CONPOTUBJIEHUE T, MOXKET
MIPUHMMATh KakK IOJIOKUTE/IbHbIE, TAK U OTPULIATE/IbHbIE 3HAYEHUS B 3aBUCUMOCTU
OT BEeJIMYMHBI CONPOTUBIEHUS KR B CpaBHEHUM C Rérn ;"RL. [Ipu BbIMIOJIHEHMM pa-
BeHCTBa R3 = Ré?“n / R:l BXOJTHO€ COMpOTUBJIeHUe T, = 0, uTo obecmeunBaeT Mu-
HUMMU3ALUI0 aKTUBHBIX MOTEPb CMHTE3UPOBAHHOM MHAYKTUBHOCTU U CYyI€CTBEH-
HOe TIOBbIIIeHe ee JOOPOTHOCTH.

IIpeoOpa3oBaTenb B3BEIIEHHOTO0 WHAYKTUMBHOrO uMmegaHca. [as rmo-
CTpPOeHMSI YMHOXUTEJISI He3a3eMJIEHHOTO MMIlefjlaHca BbiOvpaeM ypaBHeHMe (1) mpu
cuHba3HbIX HAIpsDKeHMSIX BOo30yskaeHust u U, <U;. Torma n3 06001eHHO Momesn
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(puc. la) cremyeT BapMaHT YMHOXWUTENIS Ha PUC. 3, B KOTOPOM Z, =1 + jwL—
KOMIUIEKCHBIN UMIIeJaHC YMHOXaeMOM MHAYKTUBHOCTU Ly C aKTUBHBIM COMPOTUB-
neHuem 1y ; R, R5, R4 — akTUBHbBIE COMTPOTUBIIEHUS 1lel KOMOMHMPOBAHHOI 006paT-
Ho cBsi3u yeunutens DA2. TTosroputens Ha yeunutene DAL ¢ menurtenem Ra, Rp SB-
JIIeTCSl BCIIOMOraTe/JIbHbIM YCTPOVCTBOM [JISI peanu3aluy MCTOUHMKA HAIPSIKeHUS
B0o30YyxaeHus U,, cuHdasHoro HanpsikeHuio U;. OTHOIIeHMe HaTIpsDKeHMt MICTOUHM -
KOB BO3OYXXIeHMsI, B 9TOM ciydae, umeet Bug n = Rg/(R, + Rg). IIpu Takux ycio-
BuUsX u3 (1) cienyer, 4TO BXOAHOM MUMITEAHC CXeMBI Ha pUC. 3 paBeH

Zin =(1+ Rg/Ry)(ry + jwLly —RyR3/Ry ). (10)

7, & — LYY 1 —
l L 0 rﬂ
RA
DA1 DA2
+ L +
Rp
1 - -
[ T

PUCYHOK 3 — YMHOXUTEJIb B3BelIeHHOM UHAYKTUBHOCTHU L

C aKTUBHBIM COITPOTUBJIEHMEM Tj

B (10) BbiOensieM AeiCTBUTENbHYIO M MHMMYIO YaCTU U MOJTy4yaeM, COOTBETCT-
BEHHO, BbIPa>KeHUS IJISI BXOAHOTO aKTUBHOTO COTIPOTUBJIEHUS Tin U BXOLHOW UHAYK-
TUBHOCTHU Lin KaK COCTaBIISIIOIINX CMHTE3MPOBAHHOTO BXOJHOTO MMIlefaHca Z;,,

Tin = (1 + Rg/Ry)(np — RyR3/Ry), (11)
Lin=(1+ Rg/Ry)L,. (12)

N3 (11) n (12) cmepyeT, YTO MHAYKTUBHOCTD Lo M aKTUBHOE CONIPOTUBJIEHUE Ty
1peo6pasyoTCs BO BXOAHYI0 MHIYKTUBHOCTD L;, ¥ COMPOTUBJIEHNE Tiy ¢ KO3buLm-
eHTOM mpeobpasoBauus (1 + Rp/R,), BeIMunMHO KOTOPOTO MOXKHO YIIPAaBJISITh B
LIMPOKUX TIpeliesax CONMpOTUBIeHUIMU R, Rp pmenurtens. U3 (11) Takke cienyer,
YTO YMHOXeH)e COIIPOTUBJIEHUSL Ty COIPOBOXKIAETCS ero KOMIIeHCaluen oTpuLia-
TeJIbHOJ aKTMBHON COCTaBJsiIoleli BXOGHOro uMienanca Ry = —R;R3/Ry, mpu

9TOM, eC/In R{_':,—> Iy, TO BXOHOE COIIpOTUBJIeHHNE T, — 0. 9T0 YKa3bIBA€T Ha BO3-

MOXHOCTb CyII€CTBEHHOI'O IMOBBINIEHNS ,Z[O6pOTHOCTI/[ CI/IHTE3I/IpOB3HHOI7[ MHIOYKTU-

BHOCTMN.
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BeiBoabI. B pesynbTaTe NpoBeIeHHOTO aHa/IM3a YCTAaHOBJIEHO:

— CUHTEe3MpPOBaHHbIe YMHOXUTEIM 3a3€MJIEHHOTO M B3BEIIeHHOTO MHIYKTUB-
HOTO MMIIeJJaHCOB SIBJISIIOTCSI Tpeo6pa3oBaTeNssMM TOJIbKO B 3a3eMJIeHHbBI MMIIe-
IaHC;

— paspaboTaHHbIe YMHOXUTEIN MMITeIaHCa MMO3BOJISIIOT Pa3feabHO YIIPaBJIsSITh
BeJIMUMHAMM CUHTE3UMPOBAHHOI MHAYKTUBHOCTU U €€ aKTUBHOTO COIPOTUBIIEHMS,
KOTOpOe MOKeT MpUHMUMATh TOJIOKUTebHbIE U OTpHUllaTe/IbHble 3HAUeHMUS 3a/aH-
HOW BeJIMUMHDI;

— 06006111eHHAsT MOJIeJb peobpa3oBaTesieil MMIeAaHCca MOKET MCITOIb30BaThCS
B KauecTBe 6a30BOJ CXeMbI JIJISI TIOCTPOEHMST YMHOKUTENEe MHAYKTUBHOCTM.
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Mepemsoprosayi iHOykmusHo20 iMnedaHcy
Ha 0cHOBI onepauyiliHoi cxeMu 3 KOMOTHOBAHUM 380POMHUM 38 A3KOM

Ha ocHosi onepauyiliHoi cxemu 3 KOMOIHOBAHUM 3B0POMHUM 38°S3KOM po3pobsieHi nepe-
mBoprBayYi 3a3emMneHoi 1 38axxeHoi THOyKmusHocmel 8 3a3eMseHy THOYKMUBHICMb, 8 AKUX pead-
J11308aHe po30i/ibHe ynpasaiHHA BeUYUHAMU CKAA00BUX CUHME308AH020 iIMNEOaHCY.

Inductive impedance converters based on a combined feedback operating circuit

An operating scheme with combined feedback is characterized by a functionally complete
set of input impedances, the values of which are determined by the amplitude and phase rela-
tionships between the voltages of the excitation sources, as well as the impedances in the posi-
tive and negative feedback circuits. Such an operating scheme is a generalized model of imped-
ance converters, on the basis of which it is possible to significantly simplify the synthesis of con-
verters and inverters of positive and negative impedances, taking into account the peculiarities
of their inclusion in the electrical circuit.

For the synthesis of a converter of a grounded inductive impedance into a positive
grounded inductance, a variant of the generalized model with one grounded excitation source in
the form of a negative impedance converter is chosen. By serial double conversion of the initial
inductive impedance at the output of the second converter, an inductive impedance is obtained,
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which is a grounded inductance with an active resistance, the values of which depend on the
feedback resistance of the converters. The latter makes it possible to independently control the
values of the components of the synthesized inductive impedance.

The synthesis of the converter of ungrounded inductive impedance into positive grounded
inductance is realized on the basis of a generalized model with two in-phase excitation sources.
In the converter, the effect of separate multiplication of the inductive and active components of
the initial impedance is achieved, and with the possibility of obtaining an active resistance of a
given value with both positive and negative signs. The latter makes it possible to build a har-
monic generator on the basis of the synthesized inductance, as well as to realize the inductance
of a given value with a high quality factor.

TBepaoctyn Mukosia IBAaHOBUY — [IOLIEHT, K. T. H., IOLIEHT Kadeapy eTeKTPOHHUX
00UMCTIOBAIbHUX MalllMH JIHIIMPOBCHKOT0 HAIliOHAIBHOTO YHiBepcuTeTy iMmeHi Onecs

l'oHuapa.

TBepapoctyn Hukosnai UBaHOBUY — JIOLIEHT, K. T. H., IOLeHT Kadeapu 3/eKTPOH-
HMX BBIUMCIUTEbHBIX MALIVH JJHEIIPOBCKOr0 HAlIMOHAJIbHOI'O YHUBEPCUTETA MUMEHU

Onecs l'onuapa.

Tverdostup Mukola Ivanovich - Associate Professor of Computer Systems Engi-
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V.S. Khandetskyi, D.P. Sivtsov, K.V. Panin
DATA TRANSFER RATE IN NOISY CHANNELS OF WIRELESS NETWORKS

Annotation. Analysis of new technologies IEEE 802.11ac/ax of wireless networks showed that
increasing their noise immunity is an actual task. The article studies the efficiency of frag-
mented data frames transmission. Comparison of the efficiencies in the case of retransmission of
the corrupted original frame and in the case of its fragmentation in a wide range of the physical
data transfer rates is carried out.

Key words: wireless networks IEEE 802.11ac/ax, DCF mode, MAC efficiency, frame fragmentation,
noise.

Introduction. Modern data transmission technologies in Wi-Fi networks: IEEE
802.11n, 802.11ac, 802.11ax are currently being intensively developed. Correspond-
ing protocols regulate a number of means for increasing the main indicator of these
networks — data transfer rate. The most significant of them are the following.

First, it is the expansion of the channel bandwidth. Instead of channels with a
bandwidth Af= 20 MHz, which were used in 802.11a/g technologies, channels with
Af=40 MHz (802.11n), Af=80 MHz and Af= 160 MHz (802.11ac, 802.11ax) are used.

Secondly, it is the decrease in the inter-symbol spacing. In technologies
802.11a/g, for reliable symbol recognition, an inter-symbol interval Az =800 ns is
used. In 802.11n technology, this interval is reduced to Az=400 ns, in 802.11ac/ax
even more.

Thirdly, this is the use of the number of antennas (up to 8) for transmitting and
receiving data and implementation of transmission using several parallel spatial
streams (MU-MIMO technology).

All this, as well as the application of the method of multiple access with or-
thogonal frequency division of the signal (OFDM/OFDMA), which provides coding
the information on several subcarriers frequencies, allows to increase the physical
data rate in the channel to approximately 7 Gbps for 802.11ac and 14 Gbps for
802.11ax.

© Khandetskyi V.S., Sivtsov D.P., Panin K.V., 2021
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Let’s consider how the above tools affect the noise immunity of IEEE 802.11
wireless networks.

As noted by US Federal Communications Commission (FCC), an urgent problem
for technologies using channels with a width Af=160 MHz, operating in the range
with a central frequency f=5GHz, is “clearing the frequency range”. The effect of
noise increases as the channel bandwidth expands.

Reducing the inter-symbol interval Az in 802.11n technology from 800 to 400
ns allows to increase the transmission rate for channels with a width Af=80 MHz
from 135 Mbps to only 150 Mbps. That is, inter-symbol spacing was reduces by 2
times, and the rate increased by only 11%. This is due to the presence of a certain
time interval in the physical distribution of the intensity of each symbol. When Az
decreases, additional signal processing is used to correct the possible intersection of
the neighboring symbols intensity distribution intervals in order to improve the rec-
ognition of symbols.

Reducing the inter-symbol intervals lowers the noise immunity of the trans-
mitted data.

In the presence of a significant number of obstacles in the signal propagation
area, reflected waves enter the receiver antenna. Multiple reflected signal loses its
initial energy and arrives with a certain delay. This raises the problem of multipath
signal propagation — one of the most significant problems in wireless communica-
tion systems.

To struggle the negative influence of multipath propagation, several antennas
are used on the sender side and on the receiver side of the channel (MIMO scheme).
This also allowed the formation of several parallel spatial data streams. In 802.11ac
technology, which uses 8 antennas in the router, a directional signal formation mode
(Beamforming) has been created. This mode is used, for example, between two
routers in the backbone of the wireless network.

At the same time, the concentration of several spatial streams in one region of
the channel, even despite, for example, different polarization of signals transmitted
in each stream, leads to an increase in the mutual influence of signals. This effect is
further enhanced with an increase in the intensity of external noise, blurring the dis-
tinctive features of signals of different streams.

Enhancements of coding when moving to 256QAM in 802.11ac and moving to
1024QAM in 802.11ax increases the peak data rate by increasing the number of data
subcarriers. However, being closer to each other adjacent subcarriers frequencies are
more sensitive to noise and mutual interference [1].
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A very important characteristic of digital communication systems is Signal to
Noise Ratio (SNR) [2]. SNR is defined as the ratio of signal energy per bit to noise
power density per Hertz (E»/No). For thermal noise

E w
R=—L =
SN N, KkTeR’

(1)
where W is the signal power, k is the Boltzmann constant, T is the absolute tempera-
ture, and R is the data transfer rate in bits per second. The E,/N, ratio is of great
practical importance, since bit error rate (BER) is a decreasing function of this ratio.
With a constant signal power and temperature, an increase in data transfer rate in-
creases the BER value.

Problem statement. Investigate the possibility of improving the efficiency of
wireless networks at the MAC level in conditions of increased noise intensity.

Main part. At the MAC layer, the basic scheme of wireless local area networks
(WLANS) is distributed coordination function (DCF), which is based on the Carrier
Sense Multiple Access with Collision Avoidance (CSMA/CA) mechanism [3,4]. In the
case of collisions and noisy channel errors, the access point (AP) in infrastructure
topology of WLAN can’t decode any frames and do not send back ACKs. The sender
(STA) waits for a potential acknowledgment (ACK) until the end of corresponding
timeout.

In the ideal case, the channel is regarded as perfect, i.e. neither errors in chan-
nel not collisions occur, and in any transmission cycle, there is only one active STA
which always has frames to transmit. The AP only responds with ACKs, and the other
STAs just sense the channel and wait.

Then the ideal throughput Spcriq) can be defined as (1) [5]:

L

data , (2)

S =
DSF(id) ~ T T T T T
pirs + cw YLt T Lsms T ack * 26

ata
where Lquq is the MAC layer frame size in bits; Tm = o(CWmin—1)/2, where o stands

for the idle slot duration; CWhin is the minimum (initial value) of the contention
window; SIFS and DIFS are the interframes intervals; ACK is the acknowledgment’s
frame; dis the propagation delay.

Using (2) in [6] for IEEE 802.11n calculated the MAC efficiency while the physi-
cal (PHY) rate is increased from 54 to 432 Mbps. In this work MAC efficiency Q
represents the ideal throughput normalized to the PHY rate R.
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In this work we assume that all stations generate traffic of the same priority
with the same payload size, and hence, they have the same probability of winning
the channel contention. —

Our network uses one AP and all stations work in saturated mode, i.e. data
frames are always available in their transmission buffers. We also assume that the
lifetime of each data frame is infinite, so that a data frame is repeatedly retransmit-
ted until its delivery is successful.

The network performance is affected by two different aspects [7]:

— at first, the probability of having a successful channel access grant;
— at second, the channel’s utilization efficiency.

The first aspect, which represents the probability that a single station wins a
channel contention, depends on the number of competing stations and the value of
frame error rate (FER). The second aspect, which represents the overheads that are
required for data delivery, is a function of access mode (i.e. basic or RTS/CTS), ac-
knowledge policy (i.e. immediate or block ACK), block size and FER.

In this work we use basic access mode (DCF), immediate ACK and one frame in
block. The effect of number of stations competing for access to the channel on the
network throughput is also outside the scope of this article. The next work will be
devoted to the study of the join influence of interference and collisions on the data
transfer rate.

We use the discrete-time memory-less Gaussian channel. In such a channel,
the bit errors independently and identically distributed over a frame [8]. Let L and p,
denote the frame size and the bit error rate (BER) respectively, and p. denote the
frame error rate (FER), then p.is defined as:

De=1- (1-py)* 3)

The results of calculating the p. value are shown in Table 1.

Table 1
Dependence of frame error rate p. on BER and the frame fragmentation coefficient k
p. (FER)
BER
pe(BER) =2 | k=3 | k-4 | ke
10 0,11 0,06 0,04 0,03 0,02
5-10° 0,45 0,26 0,18 0,14 0,11
10# 0,70 0,45 0,33 0,26 0,21

As follows from Table 1, delivery of a frame of length L = 1500 bytes (k = 1) be-
comes problematic even at BER = 5-10°, and at BER = 10* the frame error probability
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reaches p.=0,7. This probability decreases significantly when the frame is frag-
mented. At the same time, fragmentation reduces the network throughput S due to
an increase in overhead when transferring the same amount of data Lgqt.

Let’s take a closer look at this process. In the basic DCF scheme, only first frag-
ment in a transmitted frame contends for a channel access, the other fragments are
transmitted after deferring a SIFS interval. But after each fragment, an ACK is sent
back by the access point (AP).

We define the transmission efficiency Q of fragmented frames in the form:

S Tdata
Q=—_-= ’ 4)
R 71in + k(TSIFS + TACK + TMAChdr + 25) + Td

where T, = Ty + T + Ty, s Tervnar @nd Tuachar are headers of PHY and MAC

mn

ata

levels respectively; k — coefficient of fragmentation.

Development of (4) was made taking into account the materials [5, 9]. When
calculating by formula (4) we used the parameters corresponding to the IEEE
802.11ac protocol, collected in Table I of work [10]. In particular:
Towrs = 34 us, Tsirs = 16 us, Win =15, 0=9 ps, Teuvrar = 68,8 US, Luachar = 272bit, Tyachar
= Lyachar/R, Tack = TeuynartLack/6 Mbps = 87,5 us (RTS, CTS and ACK rates is 6 Mbps for
802.11ac), 6=0,33 us (the distance between the sender and the receiver was as-
sumed to be100 m), Laue = 1500 byte (12000 bit), Tuua= Laaa/R. The calculation results
are given in Table 2 and are shown in Fig.1.

Table 2
MAC efficiency Q of network with varying degrees of data frame fragmentation k
R, Mbps <
k=1 k=2 k=3 k=4 k=5
54 0,443 0,364 0,309 0,268 0,237
100 0,304 0,238 0,196 0,167 0,145
200 0,179 0,136 0,110 0,092 0,079
300 0,127 0.095 0,076 0,063 0,054
400 0,098 0,073 0,058 0,048 0,041
600 0,068 0,050 0,040 0,033 0,028
800 0,052 0,038 0,030 0,025 0,021
1000 0,042 0,031 0,024 0,020 0,017
1200 0,035 0,026 0,020 0,017 0,014
140
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As follows from the Fig.1, with an increase in the physical rate R, the efficiency
of the network decreases due to a relative increase in the overhead for data trans-
mission with a decreasing value of Tuue. For the same reason, due to an increase in
the number of headers of transmitted fragments and the number of service frames
ACK efficiency decreases with an increase in the fragmentation coefficient k.

0

0,5
0,45
0,4
0,35
0,3
0,25
0,2
0,15
0,1
0,05

R, Mbps

0 200 400 600 800 1000 1200

Figure 1 - Dependencies of MAC efficiency Q on the physical data rate R for
different values of the fragmentation coefficient k

However, you should pay attention to Tabl.1. At p, (BER) = 10, dividing the
original frame with Lau, = 12000 bit into three fragments reduces the probability of
the frame distortion from p. = 0,7 to p. = 0,33.

It is very likely that when p. = 0,7 the original frame will be damaged and it will
need to be retransmitted after the ACK timeout. We took this timeout to be 120 ps.
The corresponding plot for k=1 is shown in Fig.2. Here, for comparison, we left the
plot for k = 3.

The curves in Fig.2 show that the efficiency Q in the range of low rates R for the
corrupted and retransmitted frame with k = 1 becomes lower than for the same frame
with k = 3. Table 3 shows the values of deviation AQ for various data rates R:

AQ1=Q(k=1) - Q(k=2),AQ15=Q(k=1) - Q(k =3), AQus = Q(k =1) - Q(k = 4)
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Figure 2 — Effect of retransmission of the corrupted frame with k=1

Table 3
Deviations AQ for different values of the fragmentation coefficient k
AO R, Mbps
- 54 100 200 300 400 600 800 1000 | 1200

AQ: | -0,101 | -0,05 | -0,02 | -0,011 | -0,007 | -0,004 | -0,003 | -0,002 | -0,002

AQ:s | -0,046 | -0,008 | 0,006 | 0,008 | 0,008 | 0,006 | 0,005 | 0,005 | 0,004

AQ. | -0,005 | 0,021 | 0,024 | 0,021 | 0,018 | 0,013 | 0,010 | 0,009 | 0,007

As follows from the above data, the retransmission of the original frame leads
to a significant decrease in the efficiency Q. For the fragmentation variant with k = 3,
the efficiencies become comparable. At the same time, it should be noted that re-
transmission original frame will reduce the probability of damage to a pair of frames
for p»(BER) = 10 to 0,49, while its fragmentation with k = 2 will reduce the probabil-
ity of separate frame damage to 0,45, and with k=3 - to 0,33.

Conclusions

1. Analysis of new technologies IEEE 802.11ac/ax of wireless networks showed
that the measures taken to increase the speed of the networks do not contribute to
increasing their noise immunity. Reducing the effect of noise on operation of Wi-Fi
5% and 6™ generations networks remains an actual task.

2. Fragmentation of the original frame increases the probability of data trans-
fer, but at the same time reduces the efficiency of the network due to increased
overhead. The article studies the efficiency of transmission of fragmented data
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frames. Comparison of the efficiencies in the case of retransmission of the corrupted

original frame and its fragmentation in a wide range of physical data rates is carried

out. It is shown that if the probability of corruption is more than 0.5, it is expedient

to divide the frame into 2-4 paths in the case of using ACK for each fragment.
REFERENCES

1. IEEE 802.11ax: The Sixth Generation of Wi-Fi, White Paper [Electronic resource].
— Access mode: https://www.cisco.com/c/en/us/products/collateral/wireless/white-
paper-c11-740788.html.

2. Stallings W. Wireless Communications and Networking / W. Stallings. — Upper
Saddle River (N. ].): Prentice Hall, 2003. — 638 p.

3. Kurose J. Computer Networking; A Top-Down Approach / J. Kurose, K. Ross. - 6%
ed. — New Jersey : Pearson Education Inc., 2016. - 912 p.

4. Patidar R., Roy S., Henderson T.S., Mehrnoush M. Validation of Wi-Fi network
simulation on ns-3: technical report WA 98185. - University of Washington, Aug.,
2017.- 13 p.

5. Xiao Y. Performance analysis and enhancement for the current and future IEEE
802.11 MAC protocols / Y. Xiao, ]J. Rosdahl // ACM SIGMOBILE, Mobile Computing
and Communications Review (MC2R), special issue on Wireless Home Networks. —
Apr. 2003.- Vol.7, No.2.- P.6-19.

6. Li T. Performance analysis of IEEE 802.11e Block ACK scheme in a noisy channel /
T. Li, Q. Ni, T. Turletti, Y. Xiao // Proc. IEEE BroadNet. — 2005.- Vol.1- P.511-517.

7. Lee H. A performance analysis of block ACK scheme for IEEE 802.11e networks /
H. Lee, I. Tinnirello, J. Yu, S. Choi // Compute Networks. — 54 (2010).- P.2468-2481.
8. Cover T. Elements of Information Theory / T. Cover, J. Thomas. — John Wiley &
Sons, 1991. - 328 p.

9. Duda A. Understanding the performance of 802.11 / A. Duda // IEEE 978-1- 4244-
2644-7/08/ 2008. - 6 p.

10. Chang Z. Performance analysis of IEEE 802.11ac DCF with hidden nodes /
Z. Chang, O. Alanen, T. Huovinen, T. Nihtila, E.H. Ong, J. Kneckt and T. Ristaniemi //
IEEE 978-1-4673-0990-5/12/2012.- 5 p.

Received 26.01.2021.
Accepted 01.02.2021.

lisudkicmsb nepedayi daHux 8 3awlyMaeHUX KAHAIax 6@30pomosux Mepex

AHaniz Hosux mexHonoeili IEEE 802.11ac/ax 6e30pomosux mMepex NoKazas, wjo 3acobu,
AKT 3aCMOCOBYIOMbCA ON1 NIOBULEHHA WBUOKOCMI nepedayi OGHUX B8 Mepexax, He Cnpusoms
niosuujeHHo ix 3asadocmilikocmi. 3meHweHHs snausy wymy Ha pobomy Wi-Fi mepex n‘amoeo i
WOCMO20 NOKONTHb 3aNUWIAEMbCA AKMYANbHOK 3a0ayero.

B cmammi docnioxyembca egekmusHicmb nepedadi ppazmeHmosaHux ppelimis 0aHUX 8
3awymneHux KaHanax. ®paemeHmauisa ¢pelimy niosuwyye iMoBipHiCMb nepedayi oaHux, npome
3HUXYE echekmusHICMb pobomu 6e30pomoBoi Mepexi BHACHIOOK 361/IbLIeHHSA HAKAAOHUX pacxo-
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0is8 Ha nepedady 3a0aHo20 06’emy OaHux. [TposedeHe nopiBHAHHA epekmusHocmel y BUNAOKY
nosmopHoi nepedayi nepsUHHO20 BUKPUBIEHO20 hpelimy 1y Bunadky io2o ppazmeHmayii 3 piz-
HUMU KoeiyieHmamu 8 wWupoKomy 0iana3oHi @i3uyHuUx weudkocmel nepedayi 54 - 1200
M6im/c. lokazaHo, wo npu pisHi wymy, Akuli sionosidae BER =10 0douyinsHo po3dinsmu
¢pelim 3 dosxuHow noss danux (12-16)-10° 6im Ha 2 — 4 YacmuHu y BUNAOKY BUKOPUCMAHHS
niomsepoxeHHa ACK nicnsa kKoxHo20 ppazmeHmy.
Data transfer rate in noisy channels of wireless networks

Analysis of new technologies IEEE 802.11ac/ax wireless networks showed that increasing
their noise immunity is an actual task. The paper discusses the transmission efficiency of
fragmented data frames. The transmission efficiency of a damaged frame is compared in the
case of its retransmission and in the case of its fragmentation in a wide range of physical data
transmission rates.

Xangenbkuii Bomogumup CepriiioBU4 — JOKTOp TeXHIYHMX HayK, Ipodecop, 3a-
BimyBau Kadeapu 3JeKTPOHHUX 00UMCIIOBATbHMX MalIMH JIHIIIPOBCHKOTO HaIliOHAa-
JIbHOTO yHiBepcutety imenu Onecs I'oHuapa.

CiBuos /Imutpo IlaBinoBuY — 3aBimyBayu jjabopaTopii KOMIT'IOTepHOI iHKeHepii Ka-
dbenpu 3/IeKTPOHHUX OOUMCTIOBAIbHMUX MalIMH JIHIITPOBCHKOTO HAlliOHAJBHOTO YHi-
Bepcutetry iMenu Osecst [oHuapa.

IManin Kocrssatua BikTopoBuu - kKauauaat ¢isMko-mMaTeMaTUUHMUX HAYK, TOLIEHT,
noueHT Kadenpyu [IHINIPOBCHKOrO HaIliOHAJbHOIO yHiBepcuTeTy iMeHu Osecs 'oH-
yapa.

Xaupeuxkuii Bmagumup CepreeBudu — JOKTOP TeXHMUECKUX Hayk, mpodeccop, 3a-
Beayloluit Kadbeapoil 37IeKTPOHHBIX BbIUMCIUTENbHBIX MaliMH J[HEeMpOBCKOTO Ha-
LIMOHAJIbHOTO YHUBepcuTtera umeHnu Osecs 'oHuapa.

CusuoB JImutpuit [IaBioBuY — 3aBeaylomuii JjabopaTopueii KOMIIbIOTEPHO! WH-
skeHepuu Kadeapbl 37eKTPOHHBIX BBIUMCIUTEIbHBIX MalllXH JJHEIIPOBCKOTO HAIMO-
HaJabHOTrO YHUBepcuTeTa uMeHu Omecst ['oHuapa.

IMannH KoHcTaHTMH BUMKTOpOBHMY - KaHIAUAAT (PU3MKO-MaTeMaTUYECKUX HayK,
IOIIeHT, MOLleHT Kadeapbl [IHEMPOBCKOTO HAIMOHAJIbHOTO YHMUBEpPCUTETA MMEHU
Onecs 'onuapa.
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YIK 004.853

K.IO. OcTpoBchKa, [.B. CToBmueHko, B.B. AHillleHKO
JOCHIIJKEHHS EOEKTUBHOCTI PO3ITOAIVIEHUX
AJITOPUTMIB MAIIIMHHOT'O HABYAHHS

AHomauyis. Poboma npucssyeHa 00CTIOXeHHI0 epekmuBHOCMI po3nooifleHux as2o0pummis ma-
WUHHO20 HABYAHHA peanizosaHux 8 npoekmi Apache Mahout.

B pe3ynsmami pobomu 6ys nposedeHull aHani3 eghekmuBHOCMI G20pUMMIB MAWUUHHO20 HAB-
YaHHA 3a donomozow memody kaacmepusauyii K-cepedHix (k-Means) i memody Hewimkoi
Knacmepu3ayii k-cepedHix (fuzzy k-Means / c-Means), peanizosaHux 8 npoekmi Apache Mahout.
OmpumaHo pe3ynbmamu mecmyBaHHA 060x mMemodi8 Kaacmepu3ayii Ha 00HAKOBUX Habopax
0aHux.

Po32nsiHymo moyHicme Kaacmepu3ayii KOXHo20 Memody, a MAakox noby00BaHT NOPiBHANbHI
diazpamu pe3ysbmamis 00CNI0XYyBAHUX Memo0is.

Knw4vosi cnosa: anzopumm, apache mahout, k-means, fuzzy k-means / c-means, Hedyimka

KAacmepu3ayia, MawuHHe Hag4yaxHsA, hadoop.

V maHiit po60Ti po3IIIHYTO 36epiraHHs, 00poOKa i aHaIi3 BeJIMKUX 00CSTiB 1a-
HMX, & TAaKOX JITOPUTMM MaIIMHHOTO HaBUaHHS, SIKi peasi3yioTh 06pOOKY i BUIy-
YyeHHs HeoOXimHoi iHdopMallii 3 BeIMKNUX, He 3aBXKAM CTPYKTYPOBAHMX OOCSTIB 1a-
HUX.

ITocraHoBKa 3amaudi. B pobori moTpiOHO mpoBecT aHasi3 e(peKTUBHOCTI
aArOPUTMIB MAIIMHHOIO HaBYaHHS 3a [ONOMOIOI MeTOo4y KiacTepusanii K-
cepenHix (k-Means) i meTony HeuiTKOI KiacTtepusallii K-cepenHix (fuzzy k-Means /
c-Means), peasizoBaHux B rpoekTi Apache Mahout.

[TpoBecTu 36ipKy i HACTPONKY KiacTepa, Ha IKOMY Oy/ie BUKOHYBAaTUCSI TECTY-
BaHHs. Ha 06uMc/II0BaIbHOMY KJIacTepi pO3rOpHYTH PO3MOAineHy ¢GaiiyioBy cCUCTEMY
HDEFS, npusHaueny 17151 00poOKY BEJIMKMUX 00CSTiB JaHMUX.

PosropHytu mpoekT Apache Mahout, sikuit Hagae OOCTyN OO peasisailii
PO3MOIiIeHNX i MacuITaboBaHUX aITOPUTMIB MallMHHOTO HaBUaHHSI.

© Octposcoka K.10., CroBuenko 1.B., Arimenko B.B., 2021
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OTpumaTu pe3yJabTaTy TECTYBaHHSI 000X METO/IiB KJIacTepu3allii Ha OJHaKOBUX
Habopax JaHuX.

HocmiauTy TOUYHICTh KaacTepu3allii KOKHOTO METOy, a TaKOX I00ymyBaTu
TOPiBHSJIBbHI liarpaMy pe3yJibTaTiB JOC/TiIKYBaHUX METOLIB.

AnapartHo-niporpamue cepegoBumie. Hadoop - 1je BiJIbHO MoIMprOBaHUi
Habip yTuiit, 6i6mioTek i hpeliMBOPK AJIST PO3POOKM i BUKOHAHHSI PO3IOIITEHUX
rporpam, 10 MpalioloTh Ha KjaacTepax 3 COTeHb i TUCSY By3iiB. LIS TexXHOJOTis
30epiranHs i 00po6kmu Big Data € mpoekToMm BepxHbOro piBHSI (oHmy Apache
Software Foundation.

[TpoeKT crIaga€eThCs 3 OCHOBHUX 4-X MOJYJIIB:

- Hadoop Common - Hab6ip mporpamMHux 6i6/ioTeK i yTUIIIT, sIKi BUKOPUCTOBY-
I0OThCSI U1 YIIPaBJIiHHS po3mofiieHMMyu daiaamMu i CTBOpeHHSI HeoOXimHOi
iHbpacTpyKTYypHu;

- HDFS - posmnoginena daitioBa cucrema, Hadoop Distributed File System -
TEXHOJIOTisI 36epiraHHs ¢ailIiB Ha Pi3HUX cepBepax JaHUX;

- MapReduce - Habip cucTeMHUX ITpOrpam, 1o 3a6e3MeuyiTh CITi/ibHe BUKOPU-
CTaHHSI, MacIITaOyBaHHS i HaJIifiHiCTh pOOOTY PO3IOIiIEHUX NOIATKIB;

- Hadoop MapReduce - miatrdopma IporpaMyBaHHSI i BMKOHAHHS
posmnominennx MapReduce-o0unciieHb, 3 BMKOPUCTAHHSIM BEJMKOI KiJIbBKOCTi
KOMIT'I0TepiB (BY3JIiB), III0 YTBOPIOKOTH KJIACTED.

[l TIosieriieHHs] MalIMHHOTO HaBUaHHS Ha BeJluKux ganux B Apache Software
Foundation mpairtoe mpoexT Irig Ha3Boi «Apache Mahout».

Mahout - nepia Benuka 6i6yioTeka, 10 peasidyBasia 6araTo MOIMYJSIPHUX aJl-
roputMu 3acobamu MapReduce.

Meta Apache Mahout - HagaTu MaciTaboBaHi 6iGMiOTEKM, SIKi JO3BOISIOTH
PO3TOAi/IeHO 3aITyCKaTy Pi3Hi airopUTMM MaliMHHOTO HaBuaHHS B Hadoop. Ha na-
HMUit MoMeHT Mahout migTpumye TiIbKM KiacTepusalnio, Kiuacudikalliro i po3pooKy
peKOMeHJalIlii.

Knacrepusaliist siBisie 3 cebe mpolemypy opraHisaliii eJleMeHTIiB B Tpymu, Ha
OCHOBI MTOIIOHOCTi MiK eJieMeHTaMM 3a IEBHUMMU KPUTEPiSIMHA.

[y MOpiBHSIHHA IBOX 06 '€KTiB, HEOOXiIHO MaTy KPUTEPiii, Ha MigCTaBi SIKOTO
Oyme BimOyBaTUCS MOPiBHSIHHS.

SIK mpaBuI0, TAKMM KpUTEPIiEM IJisI aJITOPUTMIB KacTepu3allii € BiiCTaHb MiX

00'exTaMu.
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Knacrepusanissi 3a gomomoroio Apache Mahout. Bi6mioreka Mahout
MiATPUMYE KijibKa BapiaHTIB aJrOPUTMIB KjacTepu3allil, HalIMCaHUX B MapaaurmMi
Map - Reduce, KoskeH 3i CBOIM BJIaCHMM HAOOPOM IIijieii i KpUTepiiB.

k-Means (fuzzy k-Means): rpymnye enemeHTM B K-kjactepu, IpyHTYIOUMUCh Ha
BiicTaHi Bif IIMX eJleMeHTiB 0 IIeHTPOoiaa, abo LieHTpa Baru romnepeaHboi iTepariii.

BukopucrtoByiour Mahout MoskHa KacTepm3yBaTy Habip JaHMUX 3a JOTIOMOTOI0
anroputmy k-Means, 1110 CKJIaJa€ThCS 3 HACTYITHUX eTalliB:

- Bubip onTuMasbHOTO aArOpUTMY IJisI YTPYIIOBAHHS €JIEMEHTIB KiacTepa, B
HallloMY cJTy4dae 1ie anroputm k-Means .

- Bu3HauuTH MeTpUKH /151 MepeBipKU CXOKOCTi 3 3HOBY BUSIBJIEHUMMU eJieMeH-
TaMM.

- BusHaumTy ymoBa 3ynMHKM, KOJIM MTOAaJIbIlIa KJIacTepu3alli He Ma€ CeHCY.

- [linroroBKa BXigHUX JaHUX.

- Iani HeoOxigHO mepeTBOpuUTHU daiiiu B daiiin, SIKi po3TalioBaHi JOIIOMOIOI0
KoMaHau seqdirectory, sika reHepye IIPOMiKHe YSIBJIEHHSI IOKyMeHTa B ¢opmarti
SequenceFile 3 TeKCTOBUX TOKYMEHTIB B CTPYKTYPi KaTasoriB.

- [lepeTBOpeHHSsT TEKCTOBUX NOKYMEHTiB B ¢popmarti SequenceFile B BekTopu.

- 3aImycK 06paHoOro ajaropuTMy KiacTepusallii 3a JOIMOMOTOI0 OJHOTO 3 6e3Jiui,
ki migTpumyioTh Hadoop nporpamu-apaiiBepiB, HasiBHUX B Mahout.

- OniHKa ofiep>kaHUX Pe3ysbTaTiB.

- [IoBTOpeHHST aJITOPUTMY B Mipy HEOOXiTHOCTi.

MeToau KiaacTepmu3sailii, 0 TECTYIOTbCSI. B pe3yabTaTi MpoBeneHoi poboTu
Oy/JM BMKOPUCTAHi JBa aaropuTvmu Kiaacrepusaiii k-Means i c-Means (Fuzzy k-
Means) ¢ MeTOIO IIPOTECTYBATU JaHi aJITOPUTMU MAUIMHHOIO HAaBYaHHS, BUSIBUTHU 1X
repeBaru Ta HeJOJiKM, a TaK CaMO MPOBECTU MOPiBHSJIbHMIA aHaJTi3 pe3y/bTaTiB.

Metop knacrepusaiii K-Means. Anropurm po6otu k-Means.

1. 3gaeTbcs uMEIo KiaactepiB Kk, ssike MOBMHHO 6yTu chOpMOBaHO 3 006'€KTiB
BUXiJTHOI BUOipKM.

2. BunmagkoBum uMHOM BMOMpaAEThCS k 3ammciB BUXigHOI BUOipKH, SIKi C/TyTryBa-
TUMYTb ITOYaTKOBMMM IIeHTPaMM K/IacCTepiB.

3. [I7s1 KOSKHOTO 3aIliCy BUXiJHOI BMOIpKM BU3HAUAETHCS HANOMMKUMIL 1O Hel
LIeHTP KJIacTepa.

4. IIpoBOAUTHCSI OOUMCIIEHHS - IeHTPIB TSOKiHHS KiacTepiB. Lle poouTbest mmuisi-
XOM IIPOCTOrO BM3HAUEHHSI CepeJHbOTO /[Jisl 3HaueHb KOXKHOTO O3HAaKU [JIs BCiX

3amuciB B KiacTepi.
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Kpoxu 3 i 4 MOBTOPIOIOTHCS A0 TUX IIip, MOKM BUKOHAHHS aJITOPUTMY Jiuiiie Oy-
Ie mepepBaHO abo He Oyae BMKOHAHA YMOBA BiIMOBiAHO IO AESIKOTO KPUTEPiio
30i3KHOCTI.

3yIyMHKa aaropuTMy MPOBOAUTHCS TOMi, KOJM KOPAOHM KIacTepiB i po3Taliry-
BaHHS IIEHTPOI/liB He MepecTaHyTh 3MiHIOBAaTHUCS Bifl iTepailii ;o iTepaiiii, TO6TO Ha
KOXHilf iTepallii B KOXXHOMY KjiacTepi Oyme 3ajiuiiaTucs OOMH i TOW >Xe Habip
3aMuCiB.

TecryBanHs anroputmy K-Means 3a momomororo Mahout. Bci 06'ekTu
TIOBMHHI OyTH MpeacTaB/eHi y BUTTIsIII HaOOpy YMCI0BMUX 03HaK. KopucTyBau mosu-
HEeH BKa3aTu KiJIbKicTh k rpym, gKi BiH 6akae imeHTHdikyBaTn.

KoskeH 00'eKT MOKe pO3TISIAATUCS SK IPeACTaBIeHNi IesIKMM BEeKTOPOM 03-
HaK B N -MipHOMY IIPOCTOPi, Je N - I[e YMCJI0 BCiX 00'€KTiB, BUKOPUCTOBYBAHUX [IJIsI
omucy 00'eKTiB [IJIs KIacTepu3ariii.

Katamor pmaHmMx MicTUTh KiabKa BXimHux ¢aitniB  SequenceFile (Key,
VectorWritable), kaTasior kiactepiB MicTUTh ouH abo Kinbka daitniB SequenceFile
(Text, Cluster), mo MicTsaTh k BuximHux kiactepiB. JKofeH 3 BXiZHMX MOITYKOBUX
cucteM He MoaudiKyeThCS peastisalli€io, 0 JO3BOJISIE eKCIIepUMMEHTYBaTH 3 IT0YaT-
KOBMMM 3HAYEHHSIMM KJIacTepu3aliii i 36isKHOCTi.

Anroputm knactepusailii k-Means Moxke O6yTU 3amylieHuit 3 BUKOPUCTAHHSIM
BUK/INKY KOMaHIHOTO psimka ajisi KMeansDriver .main abo nuisixom BMKIMKY Java
nst KMeansDriver.runjob ().

Jiarpama Ha pUCYHKY 1, Moka3ye MOTiK JaHUX MpUKIaLy peasisanii k-Means,

HajgaHoro B Mahout.
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Pucynokl1 - IToTik ganux anroputmy k-Means B Mahout

PesynbraTu Kiaacrepmusanii K-Means. Pucynku 2 - 4 il1I0CTpYyIOTh
KiacTepusaiiro k-Means, 3acTocoBaHy OO0 Habopy BUIIAQJAKOBO 3TeHepyBan
IBOBMMIipPHMX TOUOK JaHUX.

ToUKM reHepYyITbCSI 3 BUKOPUCTAHHSIM HOPMAJIbHOTO PO3MOAUTY 3 IIEHTPOM B
cepelHbOMY MIiCIIi i 3 TIOCTiIIHMM CTaHAAPTHUM BigXMUIE€HHSIM.

ToUKM TeHepYIOTbCSI HACTYITHUM UMHOM

500 Touok m =[1,0, 1,0] sd = 3,0

300 Touok m = [1,0, 0,0] sd = 0,5

300 Toyoxk m = [0,0, 2,0] sd = 0,1

Ha pucyHKy 3 o6ynoBaHi TOUKM i Hak/IaZeHi KOpJJOHM 3-sigma reHeparopa.
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PuCyHOK 2 - [eHepyloThCs TOUKM BUOIpKA
Ha pucynky 3 pesynbTyioui knactepu (k=3) rmokasaHi HakIaJeHMMM Ha HaHi

BUOipKH.
Ockinbky k-Means € iTepaTMBHUM aJITOPUTMOM, II€HTPU KJIACTEPiB B KOXKHIiA

roriepeiHil iTepallii mokKasaHi pi3HMMM KOJIbOPaAMIN.
JKMpHMUIA 4epBOHMIT KOJIip MO3HAYa€ OCTATOUYHY KIacTepus3aluio, a rnorepenHi

iTepallii moka3aHi [ToMapaHueBUM, XOBTUM, 3eJIeHUM, CMHiM, (ioeToBUM i cipum].
Xoya anropMTM IIpOITyCKa€e 6araTo TOUOK i He MOXKe 3axONMUTU BUXiTHI
KJIaCTEePHI LIEHTPU 3 HaK/IaJeHHSIM, BiH HEMOTaHO CIIPaBJISIEThCS 3 KlacTepusaluein

IoUX JaHUX.

PucyHok 3 - Pe3ynbTyioui kiactepu k-Means
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Ha pucyHky 4 mokasaHi pe3yJabTaTy 3amycky k-Means mjist iHIoro Habopy aa-
HUX, SIKUI TeHePYEThCS 3 BUKOPUCTAHHSIM aCMMETPUUHUX CTaHIAPTHUX BigXuUIeHb.

k-Means TakoK CIIpaBJISETHCS 3 IIMM HAOOPOM JTaHUX.

PucyHOK 4 - PesynbTaTi anroputmy k-Means Ha BuOipiii,

3reHepOBaHO]I 3 CMUMETPUYHUM CTAaHIAPTHUM BiIXUIEHHSIM

MeTton, HeuiTKOi Kiaacrepusanii fuzzy k-Means. MeTon HeuiTKoi
kinactepusailii  fuzzy k-Means (c-Means) mo3Bo/sie po30uTM HasiBHe 0Oe3itiu
eJleMeHTiB MOTYXHicTI0 N Ha 3ajaHe 4MCI0 HeUiTKUX MHOXMH Kk . MeTon HewiTKOi
KyIacTepusailii c-Means MOXKHA PO3T/ISIAATH K BOOCKOHaIeHnit meton k-Means, ripu
SIKOMY JJISI KOXKHOTO €ejJIeMeHTa 3 PO3IJITHYTOI 0e31iui po3paxoBYEThCS CTYMiHb ii
TIPMHAJIEXXHOCTI KOXKHOMY 3 KJIaCTepiB.

Etanu peasni3aiiii airoputmy:

1. [TocTaBUTH BUMIAAKOBUM UYMHOM K 11eHTpiB KiacTepis ¢j, j = 1..k;

2. Po3paxyBaTu MaTpuil0 MPUHAJIEXHOCTI eleMeHTiB A0 kjacTepiB r. B pasi
HOPMaJIbHOT'O PO3MOAINTY:

N(d(zi,c;)|p = 0,0)

rij = b
ZN(d{m:‘,Cj]“i =0,0)
j , €]
Ie X; - i -Jt ememMeHT 6e31iui, ¢j - 1leHTp KiaacTepa j, d(X;, ¢j) — BilcTaHb MiK TOU-
KaMM X;i i ¢j, N - HIiJIbHiCTh AIMOBipHOCTi HOpMaJbHOIO PO3IOAiNy B Touli d (Xi, Cj).
3. [lepemMiCcTUTH LIEHTPU KJIaCTePiB
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4. PospaxyBaTu (QVHKIII0O BTpaT. Y pa3i HOPMaJbHOIO PO3MOAITY (QYHKILisI

cj +

BTpaT Oy/e TOpPiBHIOE:
k N
J = Z Zd(&:,j,ﬂj}??‘fj
3 3)

5. fkmo 3HaueHHS (QYHKIii BTpaT 3MEHIIYETbCS, TO IMOBTOPUTU LMKI 3
IIYHKTY 2.

TecryBanHsa anropurMa fuzzy k-Means 3a momomorow Mahout. Fuzzy k-
Means (Fuzzy c-Means) € posmupeHHsm K- Means, MomysisipHOro ImmpocToro MeTony
KJIacTepusailii. Y Toit yac K k-Means BUSIBJIsIE KOPCTKi KaacTepu (TOUKM HaleXaThb
TiIbKM OJHOMY Kjactepy), Fuzzy k-Means € GijibIll CTaTUCTMYHO (PopmMasii3oBaHUM
METO/IOM i BUSIBJISIE M 'SIKi KJIaCTepH, B IKMX KOHKpPETHA TOUKA MOXKe HajexXaTy OiIbIi
HIX 10 OJJHOTO KJIaCTePy 3 MeBHOI0 MIMOBIPHICTIO.

Sk i k-Means, Fuzzy k-Means mpaiifoe 3 TUMMU 00'€KTaMM, SIKi MOXYTb OyTU
MpeJiCTaB/IeHi B N - MiDHOMY BEKTOPHOMY ITPOCTOPI, i BU3HAYAETHCS Mipa BiICTaHi.

Anroputm:

1. IninianizyBatu k kiacrepis

2. [Toku He 3iMimIMCS:

- OGUMCTUTY MOBIPHICTh TOTO, 1110 TOYKA HAJIEKUTD KJIACTepy M/ KOXKHOI Ima-
pu <point, cluster>.

- [lepepaxyBaTu 1IeHTPU KJIaCTepPiB, BUKOPUCTOBYIOUM HaBeJeHi BUIlle 3HAUEH-
HS IMOBIPHOCTI WIEHCTBA TOUYOK B KJIacTepax.

Peanizamnia anropurmy fuzzy K-Means. Bin npuitmae BxigHwmit daitn, sikuii
MICTUTh BEKTOpHi ToukM. KopucTyBau MoOXe HagaTu LIEHTPU KJIacTepiB B SKOCTi
BXiTHUX JaHMX ab60 JO3BOJMUTU 3aITyCK aJITOPUTMY HaBiCy i CTBOPEHHS ITOYAaTKOBUX
KJIacTepis.

IMomi6bHo k-Means, mporpama He 3MiHIOE BXigHi Katajoru. I miIs KOXHOI
iTepanii BuxigHi maHi Ki1acTepa 36epiraloThcs B KaTano3si cluster-N.

Anroputm Fuzzy k-Means moske OyTu 3amyiieHuit 3 BUKOPUCTAHHSIM BUKIIUKY
KoMaHAHOro psaka misg FuzzyKMeansDriver.main a6o IIJISXOM BUKJIMKY Java JIJis
FuzzyKMeansDriver.run().
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PesynbTaTn Kiaacrepusanii merony fuzzy K-Means. Ha pucynkax 5 - 7
npecTaBiieHi 306paxkeHHs, 1110 iTIOCTPYIOTh KinacTepusanuio Fuzzy k-Means, 3acto-
COBaHy 10 HAbOpy BUIMAAKOBO 3reHepyBay ABOBMMipHUX TOUOK JaHUX.

ToukM reHepyOTbCS 3 BUKOPUCTAHHSIM HOPMAaJIbHOTO PO3IOAiNY 3 IEHTPOM B
cepeqHbOMY MICIIi i 3 MOCTIiHUMM CTaHAAPTHUM BiIXUIEHHSIM.

ToukM reHepyIOThCSI HACTYITHUM YMHOM:

1. 500 Touok m =[1.0, 1.0] sd = 3.0

2. 300 Touok m =[1.0, 0.0] sd = 0.5

3. 300 Touok m = [0,0, 2.0] sd = 0.1

Ha pucyHKy 5 mo6ynoBaHi TOUKM i Hak/IaZeHi KOpJJOHM 3 sigma reHepartopa.

PucyHOK 5 - TeHepyOTbCS TOUKM BUOIPKA

Ha pucyHKy 6 pe3ynbTyiodi kiactepu (k = 3) mokasaHi HakjIageHMMM Ha OaHi
BUOipKMU.

Ockinbku Fuzzy k-Means € iTepaTMBHMM aJrOPUTMOM, LIEHTPU KIacTepiB B
KOXKHil1 HelaBHbOI iTepallii Toka3aHi pi3HMMM KOJIbOPaMM.

JKMpHMIA YepBOHMIA KOJIip MO3HAYa€ OCTATOUYHY KJIaCTepu3aluio, a rnorepenHi
iTepallii moka3aHi [moMapaHueBUM, XOBTUM, 3eJIeHUM, CUHiM, (ioseToBUM i cipum].

Xoua BiH IIpOITyCcKae 6araTo TOYOK i He MOXKe 3aXOMUTM BUXiAHI KaacTepHi

LHEHTPpU 3 HaAK/IaaE€HHSIM, BiH HeIoraHo CIIpaBJIAETHCA 3 KnaCTepmaumeﬁ oOuxX JaHUX.
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PucyHOK 6 - Pe3ynbTyioui knactepu fuzzy k-Means

Ha pucyHnky 7 nokasasi pesynbTaTy 3amycky fuzzy k-Means nijis iHiioro Habopy
OAaHUX, S$SIKUILI TeHepyeTbCsl 3 BUKOPUCTAHHSIM acCUMETPUYHUX CTaHAAPTHUX
BiJIX1JIE€Hb.

Fuzzy k-Means TakoX CITpaBJISIETHCS 3 LM HAOOPOM JaHUX.

PucyHok 7 - Pesynbratu anroputmy fuzzy k-Means Ha Buoipii,

3reHepOBaHOI 3 CUMETPUYHUM CTaHAAPTHUM BiIXUIE€HHSIM

KoHdirypamiss TecToBUX O00YMCAIOBAJIBHUX cuCTeM. [Ipu TecTyBaHHIi
MEeTO/IiB BUKOPMCTOBYBABCSI KJIaCTep 3 JBOMAa OOUMC/IIOBAIbHUMM By3/1aMy Ha 6a3si
matdopmu Intel Sandy Bridge (Tabauiis 1).
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KoHoirypaliist Kepyouoro By3ja (Tabauiis 2).
JIJis1 TIepBMHHOTO TeCTYBaHHSI BUKOPMCTOBYBAjAcs OfHA MalllyHa 3 HalallTo-
BaHuM ¢peiimBopkom Hadoop i Apache Mahout (Tabnuiis) 3.

Tabmuig 1
KoHdirypaliist 06umcioBaJbHOTO By3Jia
CucTeMHas 1ara Gigabyte GA-Z77-DS3H
[Iporneccop QuadCore Intel Core 15-2500K., 4200 MHz (42 x 100)
OmneparupHas namsate | 16 GB (2 x 8GB DDR3 1600 MHz SDRAM)
Kectkuit quck SATAIII 2000GB (Seagate Barracuda ST2000318AS)
Cetenas KabTa Qualcomm Atheros AR8151 PCI-E Gigabit Ethernet
Bt Kapt Controller (NDIS 6.20)
Tabauig 2
Kondirypariist Kepyiouoro By3Ja
CHCTEMHAA TIATS DAZAAMBIGED
[Tpoueccop CuadCore Intel Core 15 720000 2100 My
OnepaTienad namats | 10 GB (8GB + 2GE DIDE4 2133 MHz SODIMM)
330 MHCK Kingston 1 2050 V400
AHecTeni gHek SATAIL 1000:GE (Western Digital Blue)
C Oualconun Atheros ARELS1 PCI-E Gigabit Ethernet
ETERAR KapTa Controller (NDIS 6.20)
Tabuuig 3
Kondirypariist 1okanbHoi BC
CHCTEMHAR NIaTa Asus PEZTT-V LE
[Mpoueccop OuadCore Intel Core i7-3770E, 4700 MHz (47 x 10:0)
UMEpaTHEHAA MAMATEH 1600 (2 x 8Gh DDR3 1866 MHz EHX2133C]1 1D3EGX)
55D nuck Juck #1 - Samsung 55D 850 EVO 250GB (232 TE)
AecTEni IHCK Juek #2 - ST2000DM001-1CHIA4 (1863 ')
CeTepad KapTa Fealtek RTLE168/8111 (ngabit Ethermet

BucHoBku. B pesynbrari po6oTM OyB IpoBemeHMit aHasi3 eheKTUBHOCTI
aArOpPUTMIB MAIIMHHOIO HaBYaHHS 3a [ONOMOIOK MeTOo4y KiacTepmusanii K-
cepenHix (k-Means) i meTony HeuiTKOi KiacTtepusallii K-cepenHix (fuzzy k-Means /
c-Means), peasisoBaHux B rpoekTi Apache Mahout.

OTpuMaHO pe3yabTaTy TECTYBaHHS 000X METOZiB KiacTepu3sallii Ha OJJHaKOBUX
Habopax JaHMX.

PO3I/ISIHYyTO TOUYHICTh KjIacTepu3allii KOKHOTO MEeTOAY, a TaKoX Io6ymoBaHi
MOPiBHSUIBHI fjiaTpaMy pe3ysibTaTiB OCTIIKYBAHMUX METOiB.
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UccnedosaHue 3ghghekmusHocmu pacnpedeneHHbIx
an20pumMMo8 MawuUuHHO20 0byYeHus

Paboma nocssujeHa uccnedosaHuto 3gpekmusHocmu pacnpedesneHHbIX aa20pummos Ma-
WUHHO20 00y4eHus peanu30B8aHHbIx 8 npoekme Apache Mahout.

B pesynbmame pabomsi 6611 nposedeH aHanu3 3ppekmusHOCMU an20pUMMOB MALUIUHHO-
20 HaB-)eHue C NOMoWbi0 Memooa Kaacmepuzayuu K-cpedHux (k-Means) u memooda Hedemkoli
Knacmepu3sayuu K-cpedHux (fuzzy k-Means / c-Means), peanu3osaHHbix 8 npoekme Apache
Mahout.

lonyyeHsl pe3ybmamsl mecmuposaHus 06oux Memodos Kaacmepu3ayuu Ha 0OUHAKOBbIX
Habopax OaHHbIX.

PaccmompeHbl moYHOCMb KAacmepu3ayuu Kaxoo2o Memood, a makxe nocmpoeHsl cpas-
HumesibHble 0Ua2pammbl pe3ysibmamos ucciedyembix Memooos.

Research of the efficiency of distributed
algorithms for machine learning

This paper discusses the storage, processing and analysis of large amounts of data, as well
as machine learning algorithms that implement the processing and extraction of the necessary
information from large, not always structured amounts of data.

The work is devoted to the study of the effectiveness of distributed machine learning
algorithms implemented in the Apache Mahout project.
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As a result of the work, an analysis of the effectiveness of machine-guided algorithms was
carried out using the k-Means clustering method and the fuzzy k-Means / c-Means method,
implemented in the Apache Mahout project.

The results of testing both clustering methods on the same data sets are obtained.

The accuracy of clustering of each method is considered, and comparative diagrams of the
results of the investigated methods are constructed.

OctpoBcbka Katepuna IOpiiBHa — K.T.H., IOIIeHT, AoLeHT Kademapu iHdbopmailriii-
HMX TE€XHOJIOTili Ta cucTeM, HallioHasibHa MeTaJTypriiiHa akajgemist YKpaiHu.
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PE®OEPATU

YK 004.92

CenisbopcToBa T.B., CeniBbopcTos B.10., YepHoe 0.[l. Ocob6auBocTi peanisauii rpacgiuHoro
iHTepaKTUBHOrO irpoBOro AOAATKY AJIA 03HAMOMJIEHHA 3 TEXHOJIOM€ ra3sofAMHaMiyHOro
BMJIUBY Ha pO3nJiaB B NMBapHin opmi // CuctemHble TeXHONOrMKU. PernoHanbHbIN MeXBY308B-
CKWi1 COOPHUK Hay4HbIX paboT. - Boinyck 1 (132). - OHenp, 2021. - C.3 - 22.

CratTa npucesyeHa po3pobui iHTepakTMBHOrO rpaciyHoro irpoBoro AoAaTky Ans 03HANOM-
NEHHA 3 0COBNMBOCTAMM HOBUX JIMBAPHWUX TEXHONOMT, WO 6a3yeTbC Ha peryiboBaHOMY
ra3oAMHaMiyHOro BMAMBY Ha pPo3nnaB B NMBapHiil dopmi nig yac TBepaiHHA. OcobnusocTi Has-
YaNbHOro Npouecy npu NiArOTOBLI CMeuianicTiB B rasy3i MeTanyprii, B TOMy YMCAi NIMBAPHUKIB,
nepen6aya€ HasBHICTb IPYHTOBHOI He TifIbKM TEOPETUYHOI i NpPaKTUYHOI NigroToBKM, fiKa
3AINCHIOETbCA B paMKax fiMBapHoi nabopatopii. OcHaleHHA cyd4acHoi nMBapHOi nabopatopii
BMMara€ CyTTEBMX BKNafeHb B 00/1ajHaHHA, MaTepianu, KpimM Toro aeski NMBapHi TeXHONOrii He Mo-
KyTb OYTM afanToBaHi A0 HABYANbHOIrO MPOCTOPY, Lie CTOCYETLCA i TEXHOMOrT ra3ofMHaMiYHOro
BNAIMBY HAa po3nnaB B NMBapHin ¢opmi. Kpim Toro, 3acTocyBaHHsA rpadiyHOro iHTEPaKTUBHOIO
irpoBoro imitatopa NMBapHOi TEXHONONIT ra30AMHAMIYHOTO BMIMBY HA PO3N/aB B JIMBAPHiN hopMi
Ma€ He3anepeyHi NepcrnekTUBM B paMKax HaBYajbHOrO npouecy, 0cobnuMBy B yMOBax NaHpemii
COVID-19. Tomy po3pobka rpadiyHOro iHTEPAKTMBHOIO irpoBOro [OAATKY ANs O3HAMOMAEHHs 3
0C06/IMBOCTAAMU HOBOT NIMBAPHOT TEXHONONT € aKTyaNbHOO 3afayelo.

bi6n. 3, puc.18.

YK 669.1:004.942:[532.3+519.63]

KpacHukos K.C., Jlbikoe H.B. YncneHHble uccnepoBaHUA Ha MaTeMaTU4YeCKOM Mopenu
BCNEeHUBAHUA C MHXKeKuuen rasa // CuctemHble TEXHONOrMU. PermoHanbHblii MEeXBY30BCKUM
cOOpHMK HayyuHbIX paboT. - Beinyck 1 (132). - fHenp, 2021. - C.23 - 30.

Lnak Ha noBepxHOCTM pacniaBa BHYTPW KOHBepTepa 3aMeAnseT obpa3oBaHue My3blpbKOB
rasa, 4To NPUBOLMT K 06PA30BAHMIO aBAPUIAHOTO KONMYECTBA IMYNbCUW UM NeHbl. [N npoBepku
afleKBaTHOCTU MaTeMaTWYecKOM MOLEeNM JAHHOrO NpoLecca MUCNOAb3ylTCA Crepyiowue aonyiye-
HUA: o0LLee KONMYECTBO rasa JOMKHO COXPAHATLCA B CNly4ae 3aMKHYTOro 06beMma, a nose faBneHus
AOMKHO YBENNYMBATLCA COOTBETCTBEHHO MONYYEHHOMY KOIMYECTBY ra3a; B CNyyae ABUKEHUS CBO-
OOAHO NOBEPXHOCTU YPOBEHb NEHbI [OMKEH U3MEHATLCA B COOTBETCTBUM C NOCTYM/IEHMEM a3a U
BO3BPALLATHCA K MCXOZHOMY 3HAUYEHMWI0 NOC/IE TOTO, Kak ra3 NOKUHET XXUAKOCTb.

lpoBeneHble NCCNEL0BAHMA U NOKa3aHHbIe UANIOCTPALMM AAOT OCHOBAHME CAeNaTh BbIBOA O
KayeCcTBEHHOW afleKBaTHOCTU MOLENH.

bubn. 7, un. 4.

YK 004.35

Cynema €.C., Ownait M.B., [lnuka A.I. 3a6e3neyeHHA 3aBaAOCTIMKOCTI 6araToKoNipHMX
WITPUXKOAOBUX 3HAKIB Ha ocHOBi nona GF(p™) // CuctemHble TexHonoruu. PernoHanbHbii
MeXBY30BCKMIt COOPHUK HayuHbIX paboT. - Beinyck 1 (132). - OHenp, 2021. - C.31 - 50.

Po3pobneHo MeTopuKy CUHTE3y CWUMBOMIK 0GaraTOKONMipHUX BUCOKOHAZIAHUX LUTPUXOBMUX
KOAiB [N CMCTEM aBTOMATUYHOT iaeHTUdiKaLii. 3anponoHoBaHo aBOpiBHEBY CUCTEMY 3abe3neyeH-
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HA 3aBafOCTINKOCTI 6araTOKOMiPHUX WTPUXKOAOBUX 300paeHb, Y AKIN Ha HUXKHbOMY CTPYKTYPHO-
My piBHi (PiBHI LWUTPUXKOAOBKX 3HAKIB) 3aCTOCOBYHOTbCA MHOrO3HAYHi HEMOBHI KOAM XeMiHra, a Ha
BEpPXHbOMY (piBHi WTPUXKOAOBOT No3Hauyku) — kogu Piga-ConomoHa. BMKOHAHO OLiHIOBAHHS KO-
PEKTYBaNbHWUX MOXNMBOCTEN MHOTO3HAYHMX HEMOBHUX KOAiB XeMiHra npu iX BUKOPUCTAHHI Y WTpu-
XOBOMY KOAYBaHHi faHuX. Po3rnsHyTo 0CO6AMBICTb BUKOHAHHSA OnepaLiit y CKiHYeHUX Nonsx Buay
GF(p™) npu peanizauii npouemyp KoAyBaHHA-LEKOAYBAHHA AAHWX B CUCTEMAxX aBTOMATUYHOI
iAeHTUdiKaLiT Ha 0CHOBI 6araToOKONipPHUX WITPUXOBUX KOZIB.

buon. 12.

YK 004.94

Ponik 0.1, Konecwik B.M. Cumynsauia IT-iHdpacTpyKTypu i3 po3rnagom acnekriB
KPUTUYHOCTI ANA yNpaBiiHHA AKiCTIO nocayr // CuctemHble TeXHONOTUW. PernoHanbHblin Mex-
BY30BCKMI1 COOPHUK Hay4HbIX paboT. - Beinyck 1 (132). - AHenp, 2021. - C.51 - 63.

[Ons ynpaBniHHA aKicTio nocnyr B IT-iHpacTpyKTypi Mif Yac CTBOPEHHS HOBUX METOLIB
yNpaBiHHA BUHWUKAE HEOOXiAHICTb NepeBipKM af€KBATHOCTI 3aMpONOHOBAHMX PilleHb, WO iHOAi
OyBae CKNagHOW 3afayelo 3a YyMOB PoOOTU BENMKOT KOMNNEKCHOT cucTeMu. [ns BUpilleHHs Li€l
npobnemMn po3rasHyTO iCHytOYi METOAM Ta 3acobu i 3anpONOHOBAHO BOCKOHANEHE PilleHHS, LWO
BpaxoBye KpuTepiit kputuyHocTi IT-iHdpacTpykTypu. Po3pobnenuit iHcTpymeHTapiit cumynsauii IT-
iHpaCTPYKTYpM [03BONSE BiATBOPUTH CLEHAPii, NOJIOHT 4O peanbHOro XMUTTS, OCKiNbKKM BOHM ba-
3yI0TbCA HA BUKOPUCTAHHI 3HAY€Hb, 3reHEPOBAHMX BUNAAKOBUM YMHOM 3rifLHO 31 LWiNbHICTIO BUNAA-
KOBOTO pPO3MOfiNly 3HayeHb 3 [aHWX MOHITOPUHTY peanbHoi cuctemu. CnpoweHun cueHapii
CUMYNIALIA MOKAa3aB, WO NPOTArOM CUMYAALIT TPUBaNiCTIO 24 YMOBHUX TOAMHW BMKOPUCTAHHSA
pecypciB nnaHyBaNbHWKA 3alHANO Maixe 80 BifCOTKIB Yacy, Npu LbOMy 004MCNIOBaNbHUIA pecypc
NPOCTOI0BAB, LLO MOXe PO3rNAAATUCS, K BiNOBIAHICTb A0 3BiTY BUKOPUCTAHHA CNPABXHIX AAHUX.

bi6n. 17,1in. 4.

YOK 519.23+378

Jopow H.J1., Actnon H).B. lMetpeuyk JI.H. UccnepoBaHue ycneBaeMoCTu CTYAEHTOB C NpoO-
6nemamu cnyxa // CuctemHble TEXHONOTUM. PernoHanbHbli MEXBY30BCKUI COOPHUK HAyuYHbIX
pabor. - Boinyck 1 (132). - nenp, 2021. - C.64 - 75.

MpuBeLeHHbl pe3ynbTaThl UCCNeAOBaHNUSA 0OLWMX NOKa3aTenei 1 yCneBaeMoCcTh CTYLEHTOB C
npobnemamu cnyxa. MposegeHbl coop 1 0bpaboTka nHdopMaymm no obyyeHunio cTyaeHToB B Ha-
LMOHanbHOM MeTannypruyeckon akagemun YKpauHbl no cneumanbHOCTM «KomnbloTepHble HayKuy»
33 pecatb net. BbinonHeH aHanu3 NpUOPUTETHOCTW AMCLMNAMH B UX OCcBOeHMW. [loaTBepxpaeHa
3 eKTUBHOCTb M Lenecoobpa3HOCTb NOyYeHUs BbiClero 06pa3oBaHus CTyfeHTaMu ¢ npobnema-
MU cnyxa.

bubn. 5, un. 8.

YIK 621.9.015:621.9.019

Kycuit 1.M. OnTumisauis mapwpyty 06pob6neHHA NOBepXOHb 3aroTOBKM 3a KpuUTepiem
OAHOPiAHOCTI CTPYKTYpU MaTepiany // CuctemHble TeXHONOrUW. PernoHanbHbI MeXBY30BCKUA
cOOPHMK HayuHbIX paboT. - Beinyck 1 (132). - fHenp, 2021. - C.76 — 91.
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MpoaHani3oBaHO B3AaEMO3B'A3KM  TEXHONOMYHOrO  3a0e3NeYeHHs  KWUTTEBUX  LMKIIB
MalnHobyaiBHMX BMPO6iB. OncaHo METOAMKY BUOOPY MapLIpyTy 06po6IeHHs NOBEPXOHb fieTaneil
MalWH ans 06'€KTHO-OPIEHTOBAHMX TEXHOMOMYHUX NPOLIECiB 33 KPUTEPIEM PO3PaXyHKOBOIO yTOY-
HeHHs. OOrpyHTOBAHO [OUiNbHICTb PO3po6aeHHs (YHKLIOHANbHO-OPIEHTOBAHUX TEXHOMOMN 3
no3muii TEXHOMOrMYHOrO YCNAfKOBYBAHHSA BNACTUBOCTEN [JeTaneil MawuH. AprymMeHTOBaHO
aKTyanbHICTb AOCNIIKEHHSA NPOLLECiB HAKONMYEHHA NOLWKOMKEHb Ta Aerpajauii matepiany ansa xa-
paKTepHUX BUAIB pyiiHYBaHHA BUPO6iB. OOGrpyHTOBAHO AOLiNbHICTb CUHEPreTUYHOro Nigxoay npw
aHanisi TexHiyHux 0O6’ekTiB i TexHonoriyHmux cuctem. [pepctaBneHo meton LM-TBeppocTi, wo
3aCTOCOBYETLCA A1 BUOOPY paLioHanbHOro MapwpyTy 06pobneHHs QYHKLiOHaNbHUX NMOBEPXOHb
Bupoby. OnucaHo TexHonoriyHe 3abe3neyeHHs peanizalii eKcnepuMeHTanbHUX AOCHiIKeEHb.
lpoaHanizoBaHO pe3ysbTaT eKCNepUMEHTaIbHUX LOCNiAKeHb Ta BUOPAHO paLioHanbHUIA BapiaHT
MapLwpyTy 06pobNeHHs NIOCKOT 3aroTOBKM i3 antoMiHieBOro cnnaBy. HamiyeHo Wnsxu noganbwmx
LOCNIKEHb.

bi6n. 20, in. 2.

YK 004.9

Kosanbosa 1).B. MopenioBaHHA Tononorii 6e3apoToBUx ceHcopHux mepex // Cuctem-
Hble TEXHONOrUU. PernoHanbHbI MeXBY30BCKUIT COOPHUK HayyHbIX paboT. - Beinyck 1 (132). -
NHenp, 2021. - C.92 - 98.

B po6oTi 3giliCHEHO NOPiBHAHHA MOXJIMBMUX TOMOJONi 6€3APOTOBUX CEHCOPHUX MEPEX MiX
c00010 Ta PO3rNAHYTO CTAaTUCTUKY KiHLEBOT 3aTPUMKM, MPOMNYCKHOT 34aTHOCTI, 3aBaHTaXXeHHs. Pe-
3yNbTaTh BKa3yloTb HA Te, O AEePEBONOLiOHA Mepexa Mae Binbluy NPonyCcKHY 34aTHICTb 1 KiHLEeBY
3aTpumKky. Kpim TOro, 3racaHHs noripwye NpOLYKTMBHICTb Mepexi Ta HaknagHi BMTPATM HA
MapuwpyTun3aLito. 3pobieHo BUCHOBOK, WO NMPOAYKTUBHICTb MEPEXi 3 TOMOMOTiED 3ipKM NPUNHATHA
ANA MaNnX MepeX, TOAi K Ha OCHOBI CiTKW HalKpalle NigxonuTb ANA MEPEX 3 BENUKOK KiNbKiCTHO
MOGiNbHUX BY3NiB.

bi6n. 7, puc. 3.

YK 378.146

Kapnenko H.B., lepacumos B.B. Ucnonb3oBanue anroputmoB BeTrBneHua B Microsoft
Forms // CuctemHble TexHONOrMKU. PermnoHanbHblii MEXBY30BCKUIA COOPHUK HayyHbIX paboT. -
Beinyck 1 (132). - lHenp, 2021. - C.99 - 106.

Jlioboe obyyeHne npefycMaTpuBaeT NPOBEPKY 3HAHWI YYEHUKOB NOCEe 3aBepLUEHUsA Kypca
(Tembl). TecCTbl, NOCTPOEHHbIE C UCMONBb30BAHMEM NIMHENHOTO anropuUTMa, Nerye CO3AaBaTh, HO MO
pa3HbiM MPUYUHAM OHW He BCerpa ycTpauBalT npenopasatens. [1o3tomy B faHHOW cTaTbe pac-
CMOTPEH NpoLEecC COCTaBeHUs TecToB ¢ BeTBneHnem B Microsoft Forms u npuBepeHo Heckonbko
NPaKTUYeCKNX peKoMeHaLMi, 0 KOTOPbIX He YNOMAHYTO B foKyMeHTauun Microsoft.

Jut. 4, vnn. 7.

YIK 614.2+574/578+004.38

Jiuteunos 0.A. Bapiauia wa6noHy Abstract Factory // CuctemHble TexHonoruu.
PernoHanbHblii MEXBY30BCKUIA COOPHMK Hay4HbIX paboT. - Buinyck 1(132). - Ouenp, 2021. -
C.107 - 115.
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B po6oTi po3rnsaaeTbcs BapiaHT BOOCKOHaNeHHs wabnoHy Abstract Factory ans npaktnyHoi
PO3pOOKU Cy4acHMX HPOpMaLiiHUX CUCTEM.

3anponoHoBaHWin BapiaHT BigpPi3HAETbCA TWUM, WO 3aMiCTb [EKiNbKOX MeTofiB, fiKi
BiANOBiAAOTb 32 CTBOPEHHA peanisalii neBHUx iHTepdelicie B knaci Abstract Factory, BBOAWTbCS
OLMH y3aranbHeHuit meTof. Meton oTpumye Tun iHTepdeicy peanisalilo sKoro Tpeba oTpumaty.
Kpim ToOro, po3rnsfaeTbCcs BapiaHT aBTOMATUYHOrO CTBOPEHHS CJIOBHMKA, KOTPUIA MiCTUTb napw
«iHTepdeiic-peanizalis» 3 BUKOpUCTAHHAM pedekcii. B BUCHOBKAxX po3risaatoTbCs 0OMeXeHHs Ta
pi3HOMaHiTHI MofMdiKaLii HaBeJeHOro po3B’A3aHHsA.

bi6n. 7, puc. 5.

YOK 004.315.2

MHuneHko 0.b. MpoeKTyBaHHA anapaTHOi peani3auii imnynbcHoro HempoHa // Cuctem-
Hble TEXHONOrMU. PernoHanbHbIN MEXBY30BCKUII COOPHUK HayuHbIX paboT. - Beinyck 1 (132). -
[nenp, 2021. - C.116 - 123.

AnapatHa peanizauis WTYYHOro HEpoOHa € KIO4YOBOK Np06aeMO0 CTBOPEHHS Helipomopd-
HUX 4iniB, sKi ABNAIOTb COOO0 HOBI NEPCNEKTUBHI apXiTEKTYPHi PilleHHs 4S8 MAacOBO-NapanenbHuX
obuncneHb. Y Uit cTaTTi NpeacTaBNeHO NPOeKTYBaHHSA aHANOroBOT CXeMHOT peanisalii HelMpoHa,
AKWUIA MPU3HAYEHUIA O BUKOPUCTAHHSA B AKOCTI 6A30BOro €NeMeHTY iMMyabCHUX HEMPOHHUX Me-
pex. MpoekTyBaHHA BUKOHAHO HA TPAH3UCTOPHOMY piBHi 3 BUKopucTaHHam LIF (Leaky Integrate-
and-Fire) mogeni HeitpoHa. HeilpoH mopenioBaBcs i BepichikyBaBCA 3a AONOMOroOK iHCTPYMEHTIB
aBTOMATM30BAHOr0 NPOEKTYBaHHA. bynn oTpUMaHi Yyacosi giarpamu CUrHaniB B KNOYOBMX TOYKAX
HelipoHa i NPOAEMOHCTPOBAHA MOro (OYHKLiOHANbHICTb.

bi6n. 6, in. 8.

YIK 004.415.2

MoHomapboB I.B. 0co6nAMBOCTI CTBOPEHHA CUCTEMU rONOCYBAaHHA 3 BUKOPUCTAHHAM
onokueiH-nnargopmu Ethereum // CuctemHble TexHONOruu. PervoHanbHblii MEXBY30BCKUM
c60pHUK HayyHbIX paboT. - Beinyck 1 (132). - Axenp, 2021. - C.124 - 129.

OnucyeTbcs BMKOHaAHHA HeoOXifHOT MOCNifOBHOCTI eTamiB po3pobKM [N CTBOPEHHS
HaLiHOT i Np030p0i feLleHTPaNi30BaHOT CUCTEMU FONOCYBAHHA Ha nnatdopmi Ethereum.

bi6n. 3.,in.1

YOK 621.373 - 187.4

Teeppoctyn M.I. MeperBoptoBayi iHAYKTUBHOrO iMneAaHcy Ha OCHOBi onepawuiinHoi cxe-
MM 3 KOMGiHOBaHMM 3BOPOTHMM 3B'A3KOM // CUCTEMHbIE TEXHONOTMU. PernoHanbHblii MeXBY-
30BCKMiA COOPHMK HayuyHbIX paboT. - Beinyck 1 (132). - nenp, 2021. - C.130 - 135.

Ha ocHoOBi onepauiiiHoi cxeMu 3 KOMOGIHOBAHMM 3BOPOTHMM 3B'A3KOM pPO3pOOIEHi
nepeTBOpOBaYi 3a3eMIeHOT i 3BaXeHOi iHAYKTUBHOCTEN B 3a3eMyieHy iHAYKTMBHICTb, B SKUX
peani3oBaHe po3fiNnbHe YNpaBiiHHA BEIMYMHAMM CKNAJOBUX CMHTE30BAHOMO iMMNefaHCy.

bibn. 2,1in. 3
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YIK. 681.3.07
Xanpeukun B.C., Cusyos [.M1., NMaHuH K.B. CKopocTb nepeAayu AaHHbIX B 3alyMAEHHbIX

KaHanax 6ecnpoBoaHbIx ceteit // CucTeMHble TeXHONOrMW. PermoHanbHbI MeXBY30BCKMIiA
cOOPHMK Hayy4HbIX paboT. - Beinyck 1 (132). - fHenp, 2021. - C.136 — 144.

Ananu3 HoBbix TexHonoruit IEEE 802.11ac/ax 6ecnpoBOfHbIX CETEN MOKa3as, YTO NOBbILe-
HMe MX MOMEXOYCTOMYMBOCTU ABNAETCA aKTyanbHOW 3afadeir. B ctatbe uccnepyetca addextus-
HOCTb Nepepayn parMeHTMpOBaHHbIX PpenmoB faHHbIX. [poBeaeHo cpaBHeHMe 3 eKTUBHOCTE
B C/ly4ae MOBTOPHOW NepeAayn UCKaXeHHOro gperima v B cayyae ero parMeHTaLmu B LWMPOKOM
Anana3soHe GU3nMYeCcKUX CKOpoCTeit nepeaaym fLaHHbIX.

bubn. 10, unn. 2, Tabn. 3.

YIK 004.853

Octposcbka K.H0., CroBnyeHko I.B., AHiweHko B.B. UccnepoBanune 3chgeKTMBHOCTU pac-
npefeneHHbIX airOPUTMOB MALUMHHOIO 00yyeHus // CuctemHble TexHONOrMKU. PernoHanbHbIi
MEXBY30BCKMI COOPHMK Hay4HbIX paboT. - Beinyck 1 (132). - AHenp, 2021. - C.145 - 158.

Pabota nocesweHa uccnenoBaHulo 3GHEKTUBHOCTU pacnpefeNeHHbIX anroputMoB Ma-
LWUMHHOTO 00y4YeHns peann3oBaHHbIX B npoekTe Apache Mahout.

B pe3ynbtate pabotbl 6611 NpoBeAeH aHann3 3hheKTUBHOCTY aNrOPUTMOB MALIMHHOIO HaB-
XEHMEe C NOMOLLbI0 MeToAa Knactepu3aumm K-cpegHux (k-Means) u metoga HeyeTKon knactepusa-
unm K-cpegHux (fuzzy k-Means / c-Means), peanu3oBaHHbix B npoekTe Apache Mahout.

MonyyeHbl pe3ybTaTbl TECTUPOBAHUA 0OOMX METOLOB KNacTepu3aLum Ha OAUHAKOBLIX Habo-
pax faHHbIX.

PaccmoTpeHbl TOYHOCTb KnacTepu3auum Kaxaoro MeTofia, a Takke NOCTPOEeHbl CPaBHUTENb-
Hble AnarpamMmmbl pe3ynbTaToB UCCeyeMbIX METOAO0B.

bion. 11.
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UDC 004.92

Selivyorstova T., Selivyorstov V., Chernov A. Features of the graphical interactive
implementation game application for acquaintance with the technology of gas-dynamic
impact on the meltin casting mold // System technologies. N 1(132) - Dnipro, 2021.- P.3 - 22.

The article is devoted to the development of an interactive graphical game application for
acquaintance with the features of new foundry technologies based on controlled gas-dynamic
effect on the melt in the mold during solidification.

The aim of the work is to improve the quality of training and retraining of engineering
personnel by involving graphic interactive game applications in the educational process to
familiarize themselves with the latest technologies.

The task of the work is to develop scenarios for the interaction of a graphical game
environment with a player and to implement a graphical interactive game application that
demonstrates the technology of gas-dynamic impact on the melt in a casting mold.

The work uses research methods based on a critical analysis of scientific and
methodological literature, experimental studies of the technology of gas-dynamic impact on the
melt in a casting mold, practical experience in using the game approach in teaching, the use of
engineering graphics methods to create three-dimensional models of technical objects, system
analysis methods for describing interaction of the graphical gaming environment with the player.

Bibl.3, pic. 18.

UDC 669.1:004.942:[532.3+519.63]

Krasnikov K.S., Lyzhov M.V. Numerical experiments on mathematical model of foaming
with gas injection // System technologies. N 1(132) - Dnipro, 2021.- P.23 - 30.

Slag on the surface of the melt inside the converter slows down the formation of gas
bubbles, which leads to the formation of an emergency amount of emulsion or foam. To check the
adequacy of the mathematical model of this process, the following assumptions are used: the
total amount of gas should be maintained in the case of a closed volume, and the pressure field
should increase according to the amount of gas inside melt; in the case of movement of the free
surface, the foam level should change in accordance with the flow of gas and return to the initial
value after the gas leaves the liquid.

The studies carried out and the shown illustrations give grounds to conclude that the model
is qualitatively adequate.

Ref. 7, fig. 4.

UDC 004.35

Sulema Y., Onai M., Dychka A. Ensuring Error Detection and Correcting of Multicolored
Bar Code Patterns Based on GF(p™) // System technologies. N 1(132) - Dnipro, 2021.- P.31 - 50.

A method of the synthesis of symbols of multicolor highly reliable bar codes for automatic
identification systems has been developed. A two-level noise immunity system for multicolor
barcode images is proposed, in which multi-valued incomplete Hamming codes are used at the
lower structural level (bar code patterns) and Reed-Solomon codes at the upper level (bar code
symbol). The corrective capabilities of multivalued incomplete Hamming codes when used in bar
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coding of data are evaluated. The peculiarity of performing operations in finite fields of the form
GF(p™) in the implementation of data encoding-decoding procedures in automatic identification
systems based on multicolor barcodes is considered.
Bibl.12.

UDC 004.94

Rolik 0., Kolesnik V. Simulation of IT infrastructure with consideration of critical aspects
for quality of service management // System technologies. N 1(132) - Dnipro, 2021.- P.51 - 63.

To manage the quality of services in the IT infrastructure during the creation of new
management methods there is a need to verify the adequacy of the proposed solutions, which is
sometimes a difficult task in a complex system. To solve this problem, the existing solutions were
considered and an improved solution was proposed, which takes into account the criterion of
criticality of the IT infrastructure. The developed IT infrastructure simulation tool allows to
reproduce real-life scenarios, as they are based on the use of values generated randomly according
to the density of random distribution of values from the monitoring data of the real system. The
simplified simulation scenario has shown that during the simulation of 24-hour period, the
scheduler's resource usage took up almost 80 percent of the time, with the computing resource
idle, which can be considered consistent with the report on real data.

Bibl. 17,ill. 4.

UDC519.23+378

Dorosh N.L., Astion Y.V., Petrechuk L.M. Research on student performance with hearing
problems // System technologies. N 1(132) - Dnipro, 2021.- P.64 - 75.

The study results of students with hearing problems general indicators and progress are
presented. The collection and processing of information about the training of students at the
National Metallurgical Academy of Ukraine in the specialty "Computer Science" for ten years has
been carried out. The analysis of the priority of disciplines in their development is carried out.
The effectiveness and expediency of obtaining higher education for students with hearing
problems has been confirmed.

Bibl. 5,il. 8.

UDC 621.9.015:621.9.019

Kusyi Yaroslav Technological inheritability of properties for providing of quality
parameters of part during it manufacturing // System technologies. N 1(132) - Dnipro, 2021.-
P.76 - 91.

The relationships of the technological providing of the Life Cycles of products is analyzed.
The technique of selection of the surface treatment route of machine products is described for
object-oriented technological processes using the criterion of design refinement. The expediency
of developing of the functionally-oriented technologies from the position of technological
inheritability of the machine parts properties is established. The actuality of the study of the
processes of damage accumulation and material degradation for the characteristic types of
products destruction is argued. The expediency of a synergetic approach in the analysis of
technical objects and technological systems is established. The LM-hardness method used to
select a rational route for processing of the functional surfaces of the product have been
considered. The results of experimental researches are analyzed. A rational variant of the route of
processing a flat aluminum alloy blank is selected. The directions of further research are selected.

Ref. 20, ill. 2.

UDC 004.9

Kovalova Y.V. Simulation of wireless sensor network topologies // System technologies.
N 1(132) - Dnipro, 2021.- P.92 - 98.
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The paper compares the possible topologies of wireless sensor networks with each other.
The results indicate that the tree network has higher throughput. In addition, fading degrades
network performance and routing overhead. It is concluded that the performance of a network
with a star topology is acceptable for small networks, while a mesh network is best suited for
networks with a large number of mobile nodes.

Bibl. 7, Fig. 3.

UDC 378.146

Karpenko N.V., Gerasimov V.V. Using branching algorithms in Microsoft Forms // System
technologies. N 1(132) - Dnipro, 2021.- P.99 — 106.

Any training involves testing the knowledge of students after completing the course
(topic). Taking into account the tendency for the application of the personality-active approach
to the student, tests constructed using a linear algorithm are far from always suitable. Therefore,
this article will walk you through the process of creating branching tests in Microsoft Forms.
Building quality branching tests is a tedious and iterative process. It is associated with the need
to simulate various options for passing the test. When writing branching tests, consider the
likelihood that the respondent will be asked a specific question. And only with this approach is it
possible to build a test that will be individual for each student. The authors of the article have
identified the pros and cons of using branching tests. In the course of practical application of
tests with branching, several features of their creation and application were revealed. Therefore,
the authors in this article provide several practical recommendations that are not mentioned in
the Microsoft documentation.

Lit. 4,ill. 7.

UDC 614.2+574/578+004.38

Litvinov A.A. On the variation of Abstract Factory Pattern // System technologies.
N 1(132) - Dnipro, 2021.- P.107 - 115.

The work is devoted to revision of Abstract Factory Pattern for its practical use in infor-
mation system development. Provided variation of Abstract Factory Pattern significantly sim-
plifies the process of information system development making the system more flexible, robust to
change and maintainable.

Bibl. 7,ill. 5.

UDC 004.315.2

Gnilenko A.B. Hardware implementation design of a spiking neuron // System
technologies. N 1(132) - Dnipro, 2021.- P.116 — 123.

The hardware implementation of an artificial neuron is the key problem of the design of
neuromorphic chips which are new promising architectural solutions for massively parallel
computing. In this paper an analog neuron circuit design is presented to be used as a building
element of spiking neuron networks. The design of the neuron is performed at the transistor level
based on Leaky Integrate-and-Fire neuron implementation model. The neuron is simulated using
EDA tool to verify the design. Signal waveforms at key nodes of the neuron are obtained and
neuron functionality is demonstrated.

Ref. 6, fig. 8.

UDC 004.415.2

Ponomarev 1.V. Features of creating a voting system using the Ethereum blockchain
platform // System technologies. N 1(132) - Dnipro, 2021.- P.124 — 129.

Describes how to complete the required sequence of development steps to create a reliable
and transparent decentralized voting system on the Ethereum platform.

Bibl. 3., Fig.1
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UDK 621.373 - 187.4

Tverdostup M. Inductive impedance converters based on a combined feedback
operating circuit // System technologies. N 1(132) - Dnipro, 2021.- P.130 — 135.

On the basis of the operating scheme with combined feedback, converters of grounded and
weighted inductances have been developed into grounded inductance, in which separate control
of the values of the components of the synthesized impedance is implemented.

Bibl. 2,ill. 3

UDC 681.3.07

Khandetskyi V.S., Sivtsov D.P., Panin K.V. Data transfer rate in noisy channels of wireless
networks // System technologies. N 1(132) - Dnipro, 2021.- P.136 — 144.

Analysis of new technologies IEEE 802.11ac/ax wireless networks showed that increasing
their noise immunity is an actual task. The paper discusses the transmission efficiency of
fragmented data frames. The transmission efficiency of a damaged frame is compared in the case
of its retransmission and in the case of its fragmentation in a wide range of physical data
transmission rates.

Ref. 10, fig. 2, tab. 3.

UDK 004.853

Ostrovskaya E.Y., Stovpchenko I.V., Anischenko V.V. Research of the efficiency of
distributed algorithms for machine learning // System technologies. N 1(132) - Dnipro, 2021.-
P.145 - 158.

This paper discusses the storage, processing and analysis of large amounts of data, as well
as machine learning algorithms that implement the processing and extraction of the necessary
information from large, not always structured amounts of data.

The work is devoted to the study of the effectiveness of distributed machine learning
algorithms implemented in the Apache Mahout project.

As a result of the work, an analysis of the effectiveness of machine-guided algorithms was
carried out using the k-Means clustering method and the fuzzy k-Means / c-Means method,
implemented in the Apache Mahout project.

The results of testing both clustering methods on the same data sets are obtained.

The accuracy of clustering of each method is considered, and comparative diagrams of the
results of the investigated methods are constructed.

Bibl. 11.
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