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Yibo Liu, Ying Pan (College of Mechanical Engineering, Shanghai University of Engineering
Science, Shanghai, China)

MOTION ANALYSIS AND OPTIMIZATION DESIGN OF BACK SUPPORT
MECHANISM BASED ON POSE ADJUSTMENT

In order to realize stable and safe operation of multi-mode bed back support
mechanism, various angle adjustment mechanisms are studied and analyzed. An angle
adjustment mechanism using a guide mechanism is proposed. The function of back
support is achieved by using an electric push rod. A model of the back support mechanism
was built. Based on the analysis of the geometric relationship and mechanical model of the
back support mechanism, the optimal solution of the fixed position of the electric actuator
was solved by using MATLAB. Dynamic simulation, performed by SOLIDWORKS Motion,
determine the optimal stroke of the electric actuator. Finite element analysis, performed by
SOLIDWORKS Simulation, verify the feasibility of the back support mechanism. The
simulation results show that using the back support echanism of the guide rod mechanism
reduces the load of the load beam, improves the safety of the back support mechanism,
and tabilizes the back support process.

The back support mechanism described in this article is simple in structure, and the
core component for realizing the back support is an electric push rod, which is a standard
part and has strong interchangeability. By solving the best fixed position of the electric
push rod, the load required by the electric push rod, the load beam, and the hinge is
greatly reduced, the possibility of material damage is reduced, and the safety of the back
support mechanism is improved. And in the process of back support, the angular velocity
changes slowly, and the back bed plate assembly is stable. The mechanism meets the
requirements of mechanical development, saves materials and has a good application

prospect.



Bupnin B.B. (/Jonbaceka oepoicasna mawunobyodiena axademis, Yxpaina)

CTBOPEHHS IHHOBAIIIMHOT'O MEXAHOCKJIAJIAJIBHOIO KOMILJIEKCY
PEKOH®II'YPOBAHOI'O BUPOBHUIITBA BIAIEHTPOBUX HACOCIB

Mertoro POCKTYBaHHS IHHOBAIIHHOTO KOMIUIEKCY  SIBIISIETHCS CTBOPEHHS
06araTOHOMEHKJIATypHOI'O THYYKOTO BHPOOHHUITBA, 3/1I0HOrO BUTPUMATH KOHKYPEHIII0 HAa PHHKY
MalIMHOOY/IBHOT MPOIYKIIIi.

Jns  BuOOpy Mojeni IHHOBAIIIHHOTO MEXaHOCKJIAJATBHOTO KOMIUIEKCY, OOpaHO
BUPOOHMIITBO  BIAIICHTPOBUX HAcOCiB. MeToau OTpUMaHHS 3aroTOBOK, MEXaHOOOpoOHe
oOmagHaHHs MiAiOpaHO BUXOAAYM 3 MiHIMAIbHUX NOTPIOHUX PO3MIpIB JeTajeid BiIUEHTPOBUX
HaCOCIB.

TexHonoriuna oOpoOka nertaneii Ban, BUKOHYEThCS Ha TOKapHUX OOpPOOHMX BepcTaTrax 3
¢dbynkuiero ¢pesepyBanHs. OOpoOHUHN IEHTP T03BOJISIE TPOBECTH OOPOOKY: IEHTPOBHX OTBOPIB
B8,0, TopuiB Bajy MomepeaHbO i OCTATOYHO, TOUIHHS KOHTYPY YOPHOBOTO 1 YHCTOBOTO ETaIry
00poOKH, (hpe3epyBaHHs MIMTOHKOBHX Ma3iB 1 TOUiHHA pi3s0. Takum unHoM, oOponwmit ieatp PUMA
2600L, mo3Bosisie BUKOHATH Maibke BCl onepatii Ha oqHoMY BepceraTi. Lle 3Ha4HO CKOpOTUTH Yac Ha
00poOKy neraneit.

Octarouna o0OpoOKka BHUKOHYETbCS Ha KpyrionuridpysambHoMy Bepcrtari 3 UYIIK JHU-
2706CNC. BepcraT 3a10BUTIbHSE TOTPEOYyEMUM po3Mipam netajieil. Ha BepcTaTi BAKOPHCTOBYEThCS
AKTUBHHI KOHTPOJIb.

JIns1 BUTOTOBJIEHHSI KOPITYCHHUX JeTanei oopanuii Gppesepruii oo6poduuii nentp DHF 8000.
OOpoOHMIT LIEHTp JO03BOJISIE MPOBOIUTH OOpOOKY nertaneil pi3HOi KOH(pirypamii 3 IIHPOKOTO
Jiara3oHy MarepialliB - B TOMY YHCII 1 BaXKooOpoOJtoBaHUX, Ile 3a0e3ledyye THYYKICTh
PO3pOOJICHOTO MEXaHOCKIJIAJAIBHOTO KOMILIEKCY. 3aBISKU IIMUHACIS IOBOPOTHOTO THMY 1
noBopotHoMy ctoiny wmonaens DHF 8000 cmpoMokHa BHKOHYBAaTH BeCh CIEKTp Omeparii
MeXaHI4HOT 0OOpOOKHU: BiJl YOPHOBOI JI0 YMCTOBOI 3a OJUH yCTaHOB. Lle 3HAaUHO CKOPOTHTH yac Ha
3aKpiMJIEHHS 1 PO3PKPIIUIGHHSA, TPAHCHOPTYBAaHHS BiA OJHOTO BepcTaTy [0 1HIIOTO,
NIEPEBCTAHOBJICHHS JI€Talll, BUBIPEHHS J€Tall.

CkuiajanbpHa AUTBHUI OCHAIIYETHCS Cy4acHM MeXaHi30BaHUM obOnagHaHHSIM. [[HeBMaTH4HI
raiikoBepTH, THEMATUYHI TIpeca JIJIsl yCTAaHOBKY MIAIIMITHKIB, MICIIEBI T1THOMHUKH.

Jlns mepemillieHHsl 3arOTOBOK 1 TOTOBUX JeTaliell MeXaHOCKIIaJallbHa AUTBHUIS OCHAIICHHA
CyJaCHMMH aBTOMAaTH30BAaHMMHU Bi3KamMH. ABTOMaTH30BaHI Bi3ku (¢ipmu Toyota m03BOJISAIOTH
nepeMillyBaTi BaHTaXi Brolo 10 2,5 TOH.

VYcraHoBKa aeTanedl 10 BepcTaTy BHUKOHYETbCSI B PYYHOMY pexumi. ABTOMaTH30BaHE
3aKpiIUIEHHsl JeTasieil moTpedye oOjajHaHHS BapTiCh SKOrO JyKE€ BEJIUKa, CKIATHOTO
HaJAITyBaHHsS 1 BUKOHAHHS MOCTIHOTO TO3MUIIIOBAHHS 3arOTOBOK BIJIHOCHO POOOTIB, 1 BEpCTATIB.
Tomy, gouinbHIlIEe TPOBOAUTH MOJAaUy 1 3aKpIIUIEHHS AeTalel B pydYHOMY PEeKUMi. 3 ypaxyBaHHIM
aBTOMATUYHUX BI3KUM IPAliBHUKY 3aJIUIIAETHCS JIMIIE CIIAKYBATH 1 TP HEOOXITHOCTI KOPETyBaTH
BI3KHM I'OJIOCOBUMM KOMAaHJaMH 1 IIOJIOBAaTH JeTali A0 BepcTary. Lle 3HayHO CKOpOTUTH MOTPIOHUMN
IITAaT MPaLiBHUKIB 1 iX po3psij, AJI1 TAKOro pojaa podiT He Mae MOTpeOU y BUCOKOKBaJI(hiKOBAaHUX
MpaIiBHUKIB.

O6pobnenni gertam ckiamgae pobor mradenep ¢ipmu TOYOTA. Illrtabenep wmae
BaHTaX0aiTHOMHICTh 710 2,5 TOH 1 BUCOTO miaiomy a0 10 metpiB. PoGot mrabenep 3ade3neqyro
ckyaayBaHHs Aetaneit Ban i1 Kponmreiinis.

TakuM YMHOM KOHIICTIIisI IHHOBAIITHOTO MEXaHOCKIAAAIbHOTO KOMIUIEKCY CKIIAJAEThCs 3
BUKOPUCTAHHS HOBITHIX OaraToyHKI[IOHAILHUX OOpPOOHUX IEHTPIB, SAKI 3a0€3IeUyl0Th THYYKICTh
po 00poO1i 6araTOHOMEHKIIATYPHOTO Ay JAETaJICH.



Boposuii I.B. ([Jonb6acvka depoicasna mawunobydiena axademis, Yrpaina)

JIOCJIJDKEHHS BIUIMBY MIKPOBIEPAIIMHOI OBPOEKY B PIBHOMIPHOMY
MAT'HITHOMY 1OJII TBEPJOCIUTABHUX IVIACTUH 3 BUKOPUCTAHHAM
MOJAEJIIOBAHHA HA HEMPOMEPEXXHOMY BA3ICI.

[TigBuIIeHHS 3HOCOCTIMKOCTI 1 JOBrOBIYHOCTI JieTalieil Cy4acHUX MAIllMH HUHI Ma€ BEJIUKE
3HAYEHHS, OCKUIBKM CKOPOYYEThCSI BUTpaTa 3alacCHMX YaCTUH 1 MaTepialiiB Ha iX BUTOTOBJIEHHS,
3HIKYIOTHCSI BATPATH Ha €KCIUTyaTallio, MiIBULIYETHCS MPOAYKTUBHICTD IPALll.

Jns  migBumieHHS — e(pEeKTHBHOCTI  TPOLECIB  MEXaHiyHOi  0OpOOKHM  3pOCTaHHS
3HOCOCTIMKOCTI pIXKY4Oro IHCTPYMEHTY € aKTyaJbHMM 3aBAaHHsM. llinBuiieHHs pecypey
IPaLe3JaTHOCTI PIXKY4Oro IHCTPYMEHTY BEJ€ /10 3HMW)KEHHS BUTPAT HAa BUT'OTOBJIEHHS MPOMYKII.
1]

CridikicTh HakliaJa€ CBOI OOMEXKCHHS NpH BHUOOpI pEKUMIB pi3aHHSI. BumynieHe
3aHWKEHHS PEXUMIB pi3aHHSA BeAe OO0 BTPAaTH MPOIYKTHBHOCTI BHKOHYBaHUX omepariil. Kpim
L[bOT0, MiJBUIIEHHS CTIHKOCTI Ta (OPMOCTIMKOCTI POOOYMX MOBEPXOHb PIKYHOr'Oo 1HCTPYMEHTY
J03BOJISIE TMOJIMIIUTH SKICTh MPOAYKILI{, IO BHUIIYCKA€TbCA 1 CKOPOTHTH BHUTpPATH 4Yacy Ha
TiTHAJIAAKy B TIpoIieci 00poOku. [2]

Temnu po3BUTKY MaIIMHOOYAYBaHHS OE€3MOCEPETHBO IMOB'SI3aHI 13 CTBOPCHHSIM HOBUX
MaTepiaiiB 1 3 OCBOEHHAM HOBHX TEXHOJOTIYHUX mpoueciB. OJZHUM 3 HOBUX METOJIB 0OpOOKH
NPEICTaBICHUH HIDKYE.

B ocHOBY cTati mokjIageHU TEXHOJIOTITYHHIA MPOIIEC MarHiTHO-IMITYJIbCHOT OOPOOKH CYTh
MOJISITA€ Y TOMY IIO €0 IMITYJLCHOTO MarHiTHOTO IOJISt B METaJIl BiIOYBA€ThCSl YTBOPSHHS HOBOI
CTPYKTYpH, XapaKTEpUCTUKU SKOi 3ajeXaTh BiJ BEJIMYMHU HANPY>KEHOCTI MAarHiTHOrO MOJs.
CtpykTypa 3MIITHEHOTO IMIapy BIJAPI3HIETHCS BHCOKOI JIMCIICPCHICTIO 1  IOJIMIIEHUMHU
eKCIUTyaTalliiHUMHU XapaKkTepucTukamu. [3]

OpxHUM 3 HEJIOJIKIB I[HOT0 METOIY € T€ IO TOPOPOSKICTHI CTPYKTYPH YTBOPIOIOTHCS JIUIIIS
Ha TIOBEpXHi 00pobieHoro Marepiany. st BupimieHs 1iei mpodiaemu OyB po3po0sieHHi onepeaHii
EKCIICPUMEHT.

Ha (Pucynky 1) HaBemena cxema ekcnepuMmeHTy. Ha pgaHii cxemi BHJIHO IO
TBEpJIOCIIJIaBHA IJIACTHHA 3HAXOAWUTBHCS MK JBOMA MarHiTaMmu, 1€ J103BOJII€ MarHiTHUM IOJISIM
HaBE/JICHUMU IIMMH TIOCTIHHUMHU MarHiTaMu 0€3NepeIKoaHO MPOXOIUTH Yepe3 IUIACTHHY, TAKOX J0
IUTACTUHM TIPUETHAHI JIBa JUKEpena [Ki 3’ €JHaH1 3 TeHEpaTOPOM PEe30HAHCHUX YacCTOT.

CyTh JaHOrO EKCHEpUMEHTy IIOJiira€ y TOMY IO MPH TNPOXOHKEHHI MHOCTIHHOTO
Mar”iTHOTO MOJIs Yepe3 TBEPIOCIUIABHY IJIACTUHY Y KPUCTAIIYHIN PELIiTIi MaTepiany
B1IOYBA€THCS CaMOOpraHi3allis TOMEHIB JaHOI KPUCTAJIIYHOI PEIIITKH, a JoJaTkoBa 0OpoOka
PE30HAaHCHUMH YacTOTaMH  IMOBIPHO JOIOMAara€ OYUCTUTH OOpOOIIIOBANbHHI Martepial Bil
3TOSKICHUX BKJIIOYEHbD.

OnHUM 3 cyyaCHMX METOAIB aHaji3y OTPUMAaHMX JAaHUX € aHaJi3 3a JOIMOMOIOK PEKYPEHTHHUX
HEHPOHHUX MEpEXK.
JlanH1 Mepexi MaroTh TaKi XapaKTePUCTUKH:

e VYV KOXXHOTO 3'€/JHAHHS € CBOIO Bary, BiH K€ IPIOPUTET.

e By3znu noauisoTeCs Ha 1Ba TUIM, BCTYIHI BY3JIU 1 BY3JIM IPUXOBaHI.

e [Hdopmariss B peKyppeHTHON HEHPOHHOI MEPEeXkKi MepeaacThCsl HE TIABKU IO MPsMIiH, map
3a IIapoM, a i Mk CaMMMHU HEHpPOHAMH.



e BaXIMBOIO BIJIMIHHOIO PHUCOI0 PEKYPPEHTHOH HEWPOHHOI MEpeXki € HAasgBHICTh TaK 3BaHOL
«00nacTi yBaru», KOJIM MalldHI MOXXHA 3a7aTH MEeBHI (parMeHTH NaHUX, 110 BUMAararoTh
MOCUIJICHOT 00POOKH

Habeder
MAZHIH NOAF
/1330 damyuxy
[ eHepamap peoHaHCHuX
| acmonm

[locmi Mazsimu

oy

[Bepdocnaabn naacmuma

— Bipaui yacmox

Pucynox 1- Cxema excnepumenmy.

[Tpu npoBeaeHHI MOBHOMACIITAOHOTO €KCIIEPUMEHTY Oy/ie 00poOIeHO AeKIIbKa IECATKIB
3pa3KiB Ha pi3HH pexumax o00poOku. Ilicist 3HATTA cHekTporpaM 3pas3KiB € MOXKJIUBICTD
MpoaHaii3yBaTl JaHl B MporpamMHoMy MpoAaykTi «NeroPro» 3aBasku 4yoMy 5 MH MOXKEMO
CKOpETYBATH 1 3HANTH ONTUMAJIBHI PEXKUMHU OOPOKHU TAHUM METOIOM.

BHUCHOBOK

VY crarTi npeAcTaBIeHUH MeToJ] MiKpoBiOpaliiioi 0OpoOKH B MOCTIHHOMY MAarHiTHOMY
oI TBEPAOCIUIABHUX TulacTUH. Ilim KEpiBHUITBOM HAyKOBOTO KEpiBHHUKA IOMEPEaHi
eKCIIEPUMEHTH BHSBHJIM TIEPCICKTHBHICTH IBOTO METO/Y, Ta JJIsi OTPUMAHHS OiIbII TOYHHUX JaHHUX
HEOOXITHO IMPOBOJUTH TOBHOMAIITAOHMHA EKCIIEPUMEHT 3 MOJAIBIIMM aHATi30M OTPHUMAHUX 3
3aCTOCYBAHHSAM HEMPOHHUX MEPEXK.
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Boposuii L.b., Kopuma /1.0., Cyszos O.I1. ([Jonbacvka depocasna mawunobyoiena axademis,
Yrpaina)

METOJWYHI ITPUHIHUITN KOHTPOJIIO BUPOBIB 3A KIVIbKOMA O3HAKAMU

Jledekt - Kko’kHa OKpema HEBIANOBIIHICTh TOBAPY BCTAHOBJIEHUM BUMOTraM, TOOTO JIOKaJIbHE
abo momMpeHe MOPYIIEHHS CTPYKTYpPH, 30BHIINIHBOTO BHIJIALY MaTepiamiB i TOTOBUX BHUPOOIB;
IPUPOJHA BajJa TOBApiB, a TAKOX IO 3'IBUBCA INPH BUKOPUCTAHHI CUPOBHHHM, TEXHOJOTIYHIN
00po011i, ymakoBIli, TpaHCIIOPTYBaHHI a0o0 30epiranHi. lle MOXyTb OyTH mipu, TPIIIUHM, TUISIMH,
paKkoBUHU, 3a0pyTHEHHS, TOPYIIEHHS CTPYKTYpU MaTepiay ado roTOBOTro BUpOOy 1 Tak Aalii.

Jedextn xapakTepu3ylOThCsl SK  SBHI, KpUTHYHI, 3HAYHi, MAaJO3HAYHi, YCYBHI,
HEYCYBH1,Jp10HI1 1 BEJTUKi, MICLIEBI 1 MOIIUPEHI.

Jns 3abe3neueHHsT KOHKYPEHTOCIIPOMOXKHOCTI MPOAYKIIii, IO BHITYCKA€THCS, HEOOXITHO
3a0e3meynT ii AKICTh 1 HAAIWHICTh MPHU ONTUMAJIBHUX BHUTpATax. 3aliBl BUTPATH Ha JOJATKOBI
BUNIPOOYBaHHSA, TEXHOJIOTIYHI, IHCTEKIIHHI 1 KOHTPOJBHI omepamii MiIBUIIYIOTh CO0IBapTiCTh
BUPOOIB y BUPOOHHUIITBI 1 30UIBIIYIOTH LiHY, 3HIKYIOUH KOHKYPEHTOCIIPOMOXHICTh MPOAYKIIi Ha
PHUHKY

Came TOMy B Cy4aCHMX yMOBaX CTAaBUThCS NMUTaHHA NpO BUOIp ONTHMAaJbHOI cTpaterii
KOHTPOJIIO, TIOKJIMKAHOI 3a0e3MeunTH MIABUINEHHS SKOCTI 1 HAIIWHOCTI MPOAYKINi, IO
BUITYCKA€ETHCSI, IPU ONTUMI3aLlli BUTpAT.

[TPOBJIEMATHKA

[Tpu BuOOpPI ONTUMANBHOI CTpaTerii KOHTPOJIO HEOOXiHO BUPIMIUTH 3aBJAaHHS HaIIHHOI
JIarHOCTHKHU 1 JIOKaJIi3aIii MaKCUMaJIbHOI KUIBKOCTI TMOTEHIIHHUX AePEeKTIB MPH MiHIMAIbHUX
BuTpatax. KpurepieM ycmimHO BHOpaHOi 1 peasli3oBaHOi CTpaTerii KOHTPOIIO €, SIK IPaBHIIO,
BapTICTh NMPOBEJCHHS PEMOHTIB B MpOLECi BUPOOHHUITBA. BpaxoByrounM BHUMOTH 3aMOBHHKIB, IO
MOCTIMHO MiABUINYIOTHCS, MO 3017BIIEHHIO TEPMIHIB TapaHTIMHOrO 0OCIYroByBaHHS, BHOHMpaHa
CTpaTeris KOHTPOJII0 MOBHHHA 3a0€31euyBaTH TaKOXK 1 HAAIHHICTh BUPOOIB, 1110 BUITYCKAIOTHCS, 110
OLIHIOETHCS 32 BapTICTIO IPOBEJCHHS PEMOHTIB B rapaHTiiHuii nepioz[1]

Po3pi3HAI0TH 1Ba OCHOBHUX BUIH JE(EKTIB:

1. dBHi gedextn - ne nedexTH, AN BUSBICHHSA SKUX B HOPMATHUBHINA JOKyMEHTaIlli,
O0OB'A3KOBIM AJI1 LIOTO BUAY KOHTPOJIO, MeperdadeHi BiANOBIAHI MpaBWiia, METOAM 1 3acolwu.
3a3BUyail BOHM BM3HAYAKOTHCS BI3yallbHUM METOAOM - IIISXOM OIJIsAYy BHpOOYy 1 BCTAHOBJIEHHS
MICLIb PO3TAIllyBaHHSA, KUIBKOCTI 1 po3Mipy Je(EeKTiB.

2. IlpuxoBaHi neeKTH HE BUSBISAIOTHCS 3BUMAHHIMH METOJaMH. Y BHpOOaxX 3 METaJiB - 1€
BHYTPIIIHI TOPO’KHEYi: pAKOBUHH, TPIIUHK; y IEPEBHHI - CYYKOBATiCTh i THUIN3HA. [1]

3HayHMUi JeeKT ICTOTHO BIUIMBAE Ha BUKOPUCTAHHS TOBApY 3a MPU3HAYCHHSAM 1) Ha Horo
JIOBIOBIYHICTh, ajlé HE € KpUTHMYHUM. Hanpuknazn, yTBOpeHHs Harapud Ha CBidlll 3arajeHHs
OCH3MHOBOI'O [JBUTYHA JIETKOBOI'O aBTOMOOUIS - 3HAYHUM Je(eKT, OCKUJIBKM CBIIYUTH MPO
HECIIPABHICTh ABUI'YHA 1 00YMOBIIIOE 3HIDKEHHS Horo pecypey.[1]

MeToro 3aBAaHb aKyCTHYHOI JIarHOCTUKM LHOTO KJacy € BHU3HAYEHHS 3a JIOMOMOTOI0
BiOpamiifHX a00 NIyMOBHX CHTHANIB, B SKOMY 3 JCKUIBKOX MOJMKJIMBHX CTaHIB 3HAXOJUTHCS
JOCITIJDKYBaHUN 00'eKT 200 SKOMY 3 JIEKITBKOX MOMKJIMBHX OO'€KTIB HAJICKUTH IEH aKyCTHUYHUM
CUTHAI

BigMiTHMO TakoX CUCTEMY aKyCTHYHOI JA1arHOCTUKH, IPU3HAYCHY JJIsl BUAUICHHS 1 aHAII3Y
cepii MOCHIAOBHUX IMIYJbCIB ( BUMIPIOIOTBCS aMIUTITYIU, TPUBANICTh, YacH IOSBH IMITYJbCIB),



00yMOBJIEHUX 31TKHEHHSM JAeTajel psjay MaluH 1 MexaHi3MiB. OCHOBHUI MPUHIMII JiarHOCTUKU
IH)KEHEPHUX CIIOPYA 1 KOHCTPYKIIH Mojsirae B macuBHOMY 300p1 iH(dopmartii 3 6e3midi 3ByKoBuX (1
VIIBTPa3BYKOBUX) JATUMKIB, 11 JOKami3amii i oOpoOI /IS MOJAIBIIOr0 BH3HAYCHHS 30HU 1 MipH
3HOCY KOHCTPYKIIiT

AD € HacHiAKOM TIEepeMillleHb CEePeOBHINA, 10 JO3BOJISE€ BUKOPUCTATH ii AJIS A1arHOCTUKH
nporeciB 1 MarepianiB. Hampukiman, kiuibkKicHO AD - KpuUTepidl HUTICHOCTI Matepialy, SKHMA
BU3HAYA€ETHCSI 3BYKOBHM BHITPOMIHIOBAaHHSIM MaTtepially MpH KOHTPOJBHOMY HOTO BaHTa)KCHHI.
Edexr akycTmuHOi emicii MOXe BHKOPHCTOBYBATHCS Ui BHSBICHHS YTBOPEHHS BHYTPIIIHIX
nedeKTiB Ha MOYaTKOBIN CTail pylHYyBaHHS KOHCTpYKLii. BiH jke Moxke OyTH BUKOpUCTaHUN IS
BHU3HAUEHHS MipU celcMIYHOT HeOe3NeKH TEOJOTiYHHMX IMOpiA, MNpU [bOMY EMICII0 MOXKHA
BUKJIMKATH HITYYHO.

BiGpoakyctuHa oOpoOKka BIZHOCUTBCS J10 TPAAMIINHOI aKycTUYHOI O0OpoOKu aie
JOCIITHUKY BTPAYalOTh MOXKIIUBICTh MPOBOJKEHHS aKyCTUYHOI JIarHOCTHKHM HE JIUINE Ha OJHIN
,aJie i Ha 6araTbOX 4acTOTax.

Y wmiel METOOMKM JAIarHOCTHMKM 1 CBOsl mpoOjemaTuka: Le IMpobjieMa KOHTaKTy
JIOCHI)KYBaHOI ~MOBEPXHI 3 BHUMIPIOBAJIBHUM TPUCTPOEM  JJisi  TOKPALIEHHS  KOHTAKTY
BUKOPHCTOBYIOTh PI3HOMAaHITHI 3MalllyBaJIbHI MPOBIAHUKY aJie 1€ He Jlae MoTpiOHoro edpekry. Tomy
JUIIE Ha BEJHKIM KUIBKOCTI mapTii JeTajeil MOMKIMBO paHAOMI3yBaTH TMOXHOKY BHUMIipIOBAHHS
neraneii .[3]

KoHTponb 3a KUNBKICHOIO O3HAKOIO peaji3yeThCs IUISXOM BHMIPIOBAHHS 3HA4Y€Hb O3HAKU
SIKOCT1 BUPOOIB, 110 BXOJATHh Y BHOIPKY, 1 IEPEBIPKU TIMOTE3 MIOAO0 MapaMETPiB PO3MOIiTY O3HAKH
AKOCTI B mapTii (B TeHEpaJbHOI CyKYMHOCTI BHpPOOIB), SIKi TapaHTYIOTh YMOBH, IIPHU SIKUX PiBEHb
Nne(eKTHOCTI B MapTil HE MEePEBUIIUTH 33JJaHOTO 3HAYCHHSI.

Ilpu KOHTpoONI 3a KUIBKICHOIO O3HAKOK KOHTpOJIEp NMOBHHEH BUKOHATH HACTYIHI
oreparii:

1. 3a pomoMorow 3aco0iB  BHMIpIOBaHb 3aikCyBaTH 3HAYEHHS KOHTPOJHbOBAHOTO
napametpa Xi,

2. 3HaiiTu BUOipKOBE cepellHe aprupMeTHUHEe 3HaUeHHS Xcp;

3. OminuTy #oro BigxmiaeHHs Q BiJ HOMIHAJIBHOTO 3HA4YeHHS ab0 BiJl JBOX 3HAYCHB
3a/1aHNX 0OMEXeHb (BepXHbOi TB a00 HIKHBOT TH);

4. Orpumani 3HaueHHa (Q TIOPIBHATH 13 3a3Jalierib BCTAHOBJIEHWMU KOHTPOJIBHUMH
HOpMaTHBaMHU 1 3a pe3ylbTaTaMHU LBOTO TOPIBHSHHS NPUHHATH PIMIEHHS 32 KOHTPOJIHOBAHOIO
napriero npoaykuii (mpuitHaTu abo 3abpakyBaTH ii).

IIpy KOHTpOJI 3a KUIBKICHOIO O3HAaKOK JUIS TIEPeBIPKM  BIJAMOBIMHOI TiNOTE3U
BUKOPUCTOBYIOTBCSI O€3MOCEepEAHBO CaMi pe3yIbTaTH BUMIPIOBAHHS HUISIXOM OOYHMCIICHHS JESKHX
CTaTUCTUK ((QYHKIIN BUMAAKOBUX PE3YJbTATIB BUMIPIOBaHb) 1 MOPIBHSIHHS IX 3 JIOMYCTUMHUMHU
3HaYeHHAMU.[ 3]

Tak, mepeBara KOHTPOJIO 3a KUIBKICHOIO O3HAKOIO IIOJISATA€ B TOMY, IO BiH OUIBII
iHQOpMaTUBHMIA 1 TOMY BUMara€ MEHIIOro oOcsary BUOipku. OgHaK TaKWi KOHTPOJb JOPOKUWH,
OCKUJIBKH JIJII HhOTO HEOOX1AHI TaKi TEXHIYHI 3ac00H, sIKI I03BOJISIIOTH OTPUMYBATH JTIOCUThH TOYHI
(bakTHUHI 3HAYEHHSI KOHTPOJIBOBAHOTO MapaMerpa. KpiM TOro, uisi CTATUCTHYHOTO PETYITIOBAHHS
IpU KOHTPOJI 3a KUIBKICHOIO O3HAaKOK HeoOXimHi (iHOAl CKJIaaHi) OOYMCIIEHHS, MOB'A3aHi 3
BU3HAYEHHSAM CTaTUCTHUYHHUX XapaKTEPUCTHUK.

3a OMOMOTOK0 BiOpPOAKyCTUYHOI MIarHOCTUKUA Ta BUKOPUCTAHHSM METOQY KOHTPOJS 3a
KUTBKICHOIO O3HAKOK Oysio 3p00JIEHO PO3MOIIJIECHHS BChOrOo 00’€My BHpPOOIB Ha JBI maprtii :
OCHOBHY M KOHTPOJIbHY, 3HATO KUTBKICHI TapaMeTpu KOXHOI ofuHHUII BUpoOy. TobTo oTpumani



BXiHI JaHHI JJs TMOAANBIIOTO PO3MOMIIEHHS 3a KITbKICHUMU O3HaKaMH Ta BCTaHOBIEHHS
0OMEXEeHb KOHTpPOJISI  SIKOCTI BHUpOOIB. BiOpoakycThuHa JiarHOCTHKA JIO3BOJISIE OTPUMATH
IIUPOKUH YaCTOTHUH CIIEKTP, 3aBISIKH YOMY OTPHUMYIOTBCS BCi MapaMeTpH BIACTUBI 00 €KTY
JochikeHHs (BupoOy) ofHOYacHO i BUSIBIICHO B33a€MO3B'I30K YACTOTHHX CIEKTPIB 1
TeOMETPUYHUX, (PI3UKO-MEXaHIYHUX BIIACTUBOCTEH ,a TAaKOX aKyCTUYHOTO CHTHANy 1 XapakTepy
YaCTOTHOT'O CHEKTPY. Bys0 oTpuMaHO 4acTOTHI CIIEKTPU OCHOBHOI Ta KOHTPOJbHOI mapTiil. byna
BUKOpHCTaHa cucTeMa mepeTBopeHHs curHamiB AIIIl Ta mpoTOoTUN aBTOPCHKOI YCTaHOBKH IS
3HATTS CIIEKTPIB 3 BUPOOY 3 MOJAIBIIMM IPOTPAMHOI0 00POOKOI0 OTPUMaHUX Pe3yIIbTaTiB.

OmniHroBaTH BIAXWJIEHHS pO3MipiB BHPOOY Ta HOTO YaCTOTHOTO CIIEKTPY IMPOBEICHO Yy
nporpamMHomy 3abesneuenHi NeyroPro 0.25 , To6to Oyna BUKOpHCTaHA mporpama Ajisi CTBOPEHHS
HEeWpOMEpEeKi, 3a ii JOMOMOTOI OTPUMAaHI PE3yJabTaTH OOPOOKH YACTOTHUX CIEKTPIB 000X MapTii
BHUpOOIB, J€ BIIOKPEMJIEHI OCHOBHI MapaMeTpHU CIEKTPY ,sIKI OMHUCYIOTh MOTPiOHI Te€OMETpUYH1
PO3MipH , Ta CTBOPEHA MOJIEINb JUIS MTOIATBIION0 BUKOPUCTAHHS 3 METOIO ii MepeBipKyu KOHTPOIBHO
naprieto. TakuM YHMHOM OTPUMYEMO MOJAENbL s BIOPOJMIarHOCTHKM  IEBHOTo 00’ekTa, 0e3
J0JJATKOBUX BUTPAT Yacy Ta pecypcis.[4]

BucnoBku: Bci TeXHONOTIUHI TPHCTPOI OpIEHTOBaHI Ha Maje KOJIO 3aBIaHb, TOMY
BUKOPHCTAHHS HEMPSMOTO BUMIpPY IIOPCTKOCTI, pO3Mipy, BIACTHBOCTEH Yepe3 YaCTOTHHUH CIIEKT,
Mae micie OyTH BUMIp OJHHMX MapaMeTpiB uepe3 iHIIi, SKUA CBOTO Yacy € MPOAYKTOM B3a€MOIT 3i
cknagHuM o0'ekToM. Ilum € pgiarHocTHKa 0O0'€KTiB, ajle HIXTO HE MPOBOAMB BHUSBICHHS
KOH(piryparii Ha OCHOBI HENPSMHUX BHUMIPIOBaHb, SKi BOJOMIIOTH BHCOKOK JTHHAMIYHICTIO,
LIBUIKOIEO.
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Baiyu Chen, Biying Wang (College of Engineering, University of California Berkeley, Berkeley,
USA)

LOCATION SELECTION OF LOGISTICS CENTER IN E-COMMERCE NETWORK
ENVIRONMENTS

The site selection of logistics center is a very complicated and enormous system
problem. Each site selection method and model is based on a certain premise and
hypothesis. The site selection decision of distribution center has an important influence on
the whole logistics system operation. A good location of urban logistics sites is important
for optimizing the logistics network, and improving the urban traffic conditions, and level of
logistics services. Motivated by this, in this paper, based on the research of sixteen cities
in southeastern China and neural network algorithms, we proposed a logistics center
location selection algorithm. Our method considers the six important concepts reflecting
the performance index of the city logistics, such as city location quotient, market prosperity
degree, proportion of freight volume, urban centricity, per capita gross domestic product
(GDP), and population size. Our method conducts the nested fuzzy analytic hierarchy
process (AHP), and then investigates the total ranking of the single order hierarchy to
select suitable logistics centers.

Concerning the microscopic problem of site selection of multi-area urban logistics
center. We present a perspective for consideration that embeds the fuzzy analytic
hierarchy process in a more comprehensive manner in this paper. Combining the expert
advices, the pairwise judgment matrixes all passed the consistency check, which has
verified the rationality of the matrix [81-83], at the same time the pairwise comparison of
factors has largely reduced the error brought by the Delphin expert consultation method.
The site selection of logistics center is a very complicated and enormous system problem.
Each site selection method and model is based on a certain premise and hypothesis. The
site selection decision of distribution center has an important influence on the whole
logistics system operation. Therefore, only the correct site selection can maximize the
effectiveness of the distribution center and meet the demands of consumers, so as to

achieve the maximum economic and social benefits.



Balage Don Hiroshan Lakmal, Daisuke Oka, Yoichi Shiraishi, Kazuhiro Motegi (Department
of Science and Engineering, Graduate School of Science and Technology, Gunma University,
Gunma, Japan)

AN EFFECTIVE COMBINATION OF PRE-PROCESSING TECHNIQUE AND DEEP
LEARNING ALGORITHM FOR HAMMERING SOUND INSPECTION

This paper deals with the identification problem of defective products of door
strikers installed in automobiles based on their hammering sounds. The difference of the
hammering sounds between defective and acceptable products is very small and each
sound signal has a unique pattern. The capabilities of conventional human sensory tests
are not enough to identify such differences between these two classes. Hence it is
suggested to apply deep learning algorithms (DLA) as per the versatility and feature
extraction power. Usually, some kinds of pre-processing are adopted before the
application of DLA in order to increase the accuracy of inspection as well as to reduce the
training and the application time of DLA. In this paper, the combinations of five kinds of
pre-processing techniques and three types of DLAs are applied to the actual hammering
sounds inspection of door strikers. Especially in two types of DLAs, the sound data have
been evaluated as images. The evaluation results show that the combination of the
wavelet analysis and the Convolutional Neural Network (CNN) only attained the 100%
accuracy of inspection with great response time. The wavelet analysis and the CNN are
independently attain the high performances comparing with others and it is likely that they
are useful in this kind of hammering sound inspections.

This paper deals with the problem what combinations of pre-processes and deep
learning algorithms give the best performances by using the actual hammering sound
inspection problem. Five kinds of such pre-processes as Short Term Energy Analysis,
Wavelet Analysis, Cross-Correlation, Fast Fourier Transform and Discrete Walsh-
Hadamard Transform are adopted. As deep learning algorithms, Feed Forward Network,
Stacked Auto Encoder, and Convolutional Neural Network are used. The experimental
results show that only the combination of Wavelet Analysis and Convolutional Neural
Network attains 100% accuracy against three datasets consisting of actual hammering
sounds. Moreover, it is concluded that Convolutional Neural Network attains the highest
accuracy among deep learning algorithms and also Wavelet Analysis is the best among
pre-processes. As future work, the detailed processes inside of deep learning algorithms
should be analyzed, the incremental learning should be researched and the hammering
sound inspection system implementing the obtained best combination is should be in
practical use as soon as possible. Moreover, it is expected that other DLA application
areas of the combinations dealt with in this paper would be investigated.



Vijay Nagandran, Tiagrajah V. Janahiraman, Nooraziah Ahmad (Department of Mechanical
Engineering, Universiti Tenaga Nasional, Selangor, Malaysia)

MODELING AND OPTIMIZATION OF CARBON STEEL AIlSI 1045 SURFACE ROUGHNESS
IN CNC TURNING BASED ON RESPONSE SURFACE METHODOLOGY AND HEURISTIC
OPTIMIZATION ALGORITHMS

Surface roughness or surface quality is considered to be one of the most crucial
requirement of a machined part since it directly influences the mechanical properties of the
part. However, the traditional method of choosing cutting parameters’ values to obtain a
good surface finish has its own disadvantages. Therefore, an experimental study has been
conducted to develop a suitable mathematical model and pair it with an optimization
technique that able to produce low surface roughness of carbon steel AISI 1045.
Response surface methodology (RSM) is used to develop the mathematical model
whereas three types of heuristic optimization methods namely Genetics Algorithm (GA),
Particle Swarm Optimization (PSO) and Simulated Annealing (SA) employed to optimize
the model and find the optimal cutting parameters’ values. A brief comparison of the three
optimization methods has been made to study their performance to the developed model.
Experimental results indicate that the proposed modeling technique and PSO are quite
efficient in determining optimal cutting parameters for CNC turning of carbon steel AISI
1045.

In this paper, experiment was conducted to develop a RSM model that able to
predict surface roughness of carbon steel AISI 1045. From the model evaluation and
ANOVA output, it was found out that the model able to predict surface roughness in terms
of cutting parameters quite well. The model was then optimized with three types of
heuristic optimization methods using MATLAB to compare the output and performance of
them. After the optimization, it is concluded that:- (i) PSO and GA generally performed well
and better than SA by producing lower surface roughness. (ii) PSO converges and
produces output at faster rate compared to GA & SA. Therefore, from this study, it is
known that PSO is a better heuristic optimization method than GA & SA. However, this
study posses certain limitations where all three optimization methods employ random
starting points and may produce different output each time and the obtained simulation
results need to be verified by machining with the obtained values to determine the

accuracy of the optimization output.



Wafik Aziz Wassef (Department of Computer Engineering, Saskatchewan Institute of Applied
Science and Technology, Moose Jaw, Canada)

ARCHITECTURE OF THE EXTENDED-INPUT BINARY NEURAL NETWORK AND
APPLICATIONS

The proposed architecture of a binary artificial neural network is inspired by the
structure and function of the major parts of the brain. Consequently it is divided into an
input module that resemble the sensory (stimuli) area and an output module similar to the
motor (responses) area. These two modules are single layer feed forward neural networks
and have fixed weights to transform input patterns into a simple code and then to convert
this code back to output patterns. All possible input and output patterns are stored in the
weights of these two modules. Each output pattern can be produced by a single neuron of
the output module asserted high. Similarly each input pattern produces a single input
module neuron at binary 1. The training of this neural network is confined to connecting
one output neuron of the input module at binary 1 that represents a code for the input
pattern and one input neuron of the output module that produces the desired associated
output pattern. Thus fast and accurate association between input and output pattern pairs
can be achieved. These connections can be implemented by a crossbar switch. This
crossbar switch acts similar to the thalamus in the brain which is considered to be a relay
center. The role of the crossbar switch is generalized to an electric field in the gap
between input and output modules and it is postulated that this field may be considered as
a bridge between the brain and mental states. The input module encoder is preceded by
the extended input circuit which ensures that the inverse of the input matrix exists and at
the same time to make the derivation of this inverse of any order a simple task. This circuit
mimics the processing function of the region in the brain that process input signals before
sending them to the sensory region. Some applications of this neural network are: logical
relations, mathematical operations, as a memory device and for pattern association. The
number of input neurons can be increased (increased dimensionality) by multiplexing
those inputs and using latches and multi-input AND gates. It is concluded that by
emulating the major structures of the brain using artificial neural networks the performance
of these networks can be enhanced greatly by increasing their speed, increasing their
memory capacities and by performing a wide range of applications.

The proposed architecture of a neural network is inspired by the structure and
function of the brain. Although it is impossible to duplicate (or understand) the great

complexity of the brain as a whole yet it is very useful and instructive to imitate some of the



brains structures. Thus the input signal is processed first by the extended input circuit then
sent to the input module to be converted to a simple code. The output module receives this
simple code after it is properly diverted to its proper inputs by a crossbar switch. These two
modules have fixed weights that can be deduced directly due to the use of the extended
input circuit. It is shown that the nonzero weights of the input module take only two values,
+1 and -1, similar to the excitatory and inhibitory synapses in biological neural networks.
The only two values of weights reduce the almost infinite range of continuous and
unknown weights between input and output neurons usually calculated by error criteria
such as cost functions and by iteration techniques. The direct connection between input
and output modules using a single connection by the crossbar switch for each pair of input
and output patterns speeds up the response of the network and ensures that the output
pattern is produced accurately. The capacity of this neural network when used as a
memory device, (with an original n input neurons), is 2n a much greater capacity than
other neural networks used for pattern association.

The training process of the present neural network is not a process of adjusting the
synaptic connections among all neuron in the network but rather by turning on and off the
transistors of the crossbar switch which connects and disconnects the output neurons of
the input module and the input neurons of the output module. Thus the process of training
becomes much more accurate and faster.The present neural network is used in several
applications such as: pattern association and as a memory device. It can also be used to
generate periodic functions and also for logical and mathematical operations such as
conditional logic, addition, subtraction and multiplication.

The number of original inputs (the dimensionality) of this neural network may be
increased significantly by multiplexing the original inputs and using latches and multi-input
AND gates between input module and the crossbar switch. The role of the crossbar switch
is generalized by postulating the presence of an electric field which mediates between
input (stimuli) and output (responses) regions of the brain. Consequently the brain is
viewed as the input and output neural networks that transform input stimuli into simple
codes and then convert back these codes to output responses. The mind on the other
hand is the global field that selects the response which is appropriate to match each of the

input stimuli.



BoBHenko A.B. ([Jonbacvka depoicasna mawunobydiena axademis, Yrpaina)

CTBOPEHHS IHHOBAILIMHOI'O MEXAHOCKJIAZIAJIBHOI'O KOMITJIEKCY
PEKOH®II'YPOBAHOI'O BUPOBHUIITBA BEPTHUKAJIbBHUX KPAHOBUX PEJIYKTOPIB

[lim0 mpoeKkTyBaHHA I1HHOBAIIIMHOTO MEXaHOCKJIAAABHOTO KOMIUIEKCY — SIBIISIETHCS
CTBOPEHHsI 0araTOHOMEHKJIATYpPHOTO THYYKOTO BUPOOHHUITBA, 3110HOTO BUTPUMATU KOHKYPEHIIIIO
Ha pUHKY MalIMHOOYIBHOI npoaykuii. J{ns BuOOpy Mozesni 1HHOBAIIIHOTO MeXaHOCK/Ia1aJbHOTO
KOMIUIEKCY, OOpaHuil By30JI IPEJCTAaBHUK PEIyKTOP BEPTUKAIBHO KPaHOBUI. MeToan OTpUMaHHs
3aroTOBOK, MEXaHOOOpoOHe o0najHaHHA NiAIOpaHO BHUXOASYM 3 MIHIM@JIBHUX MOTPIOHUX
rabapUTHHUX PO3MIpIB JeTaNeH peayKTopa.

Heransimu  mpeacTaBHUKaMu oOpaHi nerani Ban-mectepust i Kopnyc. O6panuit meron
OTpUMaHHS 3arOTOBOK JJIs jAeTani Baji-mecrepHs — mtammyBaHHA, 3aroToBka Juist aetaini Kopmyc
BUKOPUCTOBYETbCS — 3BapHa. 3aroTiBeJbHUN MpOLEC OTPUMAaHHA KOPIYCHOI 3aroTOBKH,
BUKOHYETHCS 3a JIONOMOTO poOoTiB. PoOOT 3BaproBadbHMK BHKOHYE (YHKINT pi3aHHS i
3BapIOBAaHHS METAJEBUX JUCTIB. TexHomoriyna oOpoOka netaneil Ban-mectepHs, BUKOHYETbCS Ha
BepTHKANbHOMY 00poOHOMY nentpi PUMA VT900. O6pobunit nertp PUMA VT900 nossosste
NPOBECTH 0OPOOKY: YOPHOBOTO 1 YMCTOBOTO TOYIHHS, (pe3epyBaHHs LUIILIB I HAPI3aHHS Pi3bOH.
OOpoOHMIi LIEHTP 3aMiHIOE OJpa3y JIEKUIbKa MeTaJ‘IOO6pO6HI/IX BEPCTATIB, 110 B CBOIO YEPry 3HAYHO
CKOpOUy€e JOTOMDKHHMM Yac oOpoOku neramei. s oOpoOkuM KopmycHOl aeTaimi oOpaHMid
OaratodyHkuioHanbHUNA (pe3epHuii 00podbHuii nentp VC 630/5AX. OO6poOHuUIT LEHTp 103BOJIsIE
IIPOBECTHU (bpesepyBaHHsI CBEPUIIHHS, 3¢HKyBaHHS. OOPOOHHH LEHTpP I03BOJSE NPOBECTH MOBHY
00pOOKy feTaineii KOpITyC 3a OHY ONEpALLifo.

SIK iHCTpyMEHT BUKOPHCTOBYETHCSA CyJacHUH I1HCTPYMEHT ¢)1pM1/1 TaeguTec. Kommanis
TaeguTec mae MHUPOKHH ACOPTHMEHT BHCOKOTOYHOTO TBEPIOCILIABHOIO 1HCprMeHTy, IIHPOKO]
JIHIMKK 3MIHHUX TBEPAOCIUIaBHUX IUIACTUH, a TAKOX YHIKAJBHMX 1 1HHOBALIMHMX pI3aJIbHUX
IHCTPYMEHTIB ISl METaI000pOOKH. IHCprMeHT JI03BOJIIE CKOPOTUTU TEXHOJIOTIYHUNA Yac 0OpoOKu
JeTanei, 3a paxyHOK MiBUIIEHHS peXuMiB pizanHda. Takox, iHcTpymeHT TaeguTec mae Oinbimit
4ac 3HOCY, 1€ 3MEHIIYI0 BUTPATH Ha IHCTPYMEHT.

TpancriopryBaHHs JeTallell BAKOHYETbCS aBTOMATHYHUMH Bi3KaMU. ABTOMAaTH30BaHi BI3KH
JOLIIBHINIE BUKOPHCTOBYBATH, 3aMiCTh KOHBEEPHHX IiHIH 1 penbcoBoro Ttpaxcmopry. Bisku
3a0e3MeuyoTh HEOOXiAHY BaHTAKOIMITHOMHICTh JJIi BHPOOHHIITBA. YCTaHOBKA JeTayiedl 10
BEpCTaTy BUKOHYETbCSA B PYYHOMY pEXHMi. BHKOpHCTaHHS aBTOMAaTH30BaHOTO 3aBaHTAXKEHHS,
3aKpIIICHHS 3arOTOBOK HE JOLIIBHO SIK TEXHIYHO TaK i eKOHOMI4HO. JIIst aBToMaTH30BaHOl mofayi
1 3aKpIIUICHHS JETalel 10 BEPCTATy, HEOOXIIHO 3 y)Ke BEIIMKOK0 TOYHICTIO MO3ULIOHYBATH ACTali
BIJIHOCHO MaHimyisitopiB. KpynHi rabapuru KOPITyCHHX JeTaneil yCKIaIHIOITh poOoTy B
aBTOMaTHYHOMY pexnMi CKlagyBaHHS JeTalleil BUKOHYETECS POOOTOM mTa6enep0M PoGor
mrabenep 3a6esneqy€ HEOOXI/IHY BaHTAXKOIIAHOMHICT ISl CKIadyBaHHs AeTaneid. Posrmsyro
3aCTOCYBAHH KOMIT'IOTEPHUX HTETPOBAHMX TEXHOJIOTI 1 IHYYKHX BHPOOHMYHX IpOLECIB B
1HHOBALITHOMY MEXaHOCKJIaaJIbHOMY BUPOOHMLTBI. CKiaJaibHa AITBHUL OCHAIIEHA Cy4aCHUMMU
CKIIafaIbHUMUA cTeHmaMu. CKiIagaibHi CTeH/HU OCHameHHi' €JIEKTPUYHUMHU raﬁKOBepTaMI/I,
CICKTPUYHMMH MPECAMH IS YCTAHOBKH HiAIUITHAKIB, TPUCTOCYBAHHSAMHU JUIS Opi€HTaIii 1
3aKpIIUIEHHS J1eTallell, MICUEBUMH 1AHOMHHUKH.

BUCHOBOK: KOHIIENINiSl 1HHOBAIIHHOTO MEXaHOCKIJIQIAbHOTO KOMITIEKCY CKIIAQJA€ThCS 3
BUKOPUCTAHHS HOBITHIX 0araToyHKIIOHAIbHUX OOpPOOHMX IIEHTPIB, SIKi 3a0€3MeUyl0Th THYUKICTh
BUPOOHHMITBA MpH 00pOOII 0AaraTOHOMEHKIATYPHOTO psiLy peaykropiB. Taka wmoznens
MEXaHOCK/Ia[albHOT0 ~BHUPOOHMITBA IIJABUILYE KOHKYPCHTOCIPOMOXHICTE BHPOOHHUTBA 3
MOCTIHHUM  3HWKECHHSAM CO61BapTOCT1 MPOAYKIIi 3a PaxyHOK KOHUEHTPALii TEXHONOTIYHHX
ornepauiid mpoBoasYr oOpoOKy aeraneil Ha OJHOMY BEpPCTaTi, 3MEHIIEHHS TEXHOJIOTIYHOTO MapKy
BEpPCTaTIB 1 MPOAYKTHMBHE BUKOPHCTaHHA po0O0OYOro MpOCTOPY AUIBHHUIb, CKOPOYEHHS Yacy
BUTOTOBJICHHS JieTajel 3a paxyHOK

MiJBUIICHHS aBTOMAaTH3aIlii BI/IpO6HI/I‘{0F0 poriecy, e(beKTI/IBHOFO IHCTpYMEHTY 1

OCHAIICHHSI, SEKTHBHOIO TPAHCIOPTYBAHHs 1 CKJIaJyBaHHs IeTaleil B aBTOMATHIHOMY pexumi,
Bci 1l  (aKkTopu  3HAYHO  CKOPOUYIOTh  COOIBapTICTh  MPOAYKWii 1  MiJBUIIYIOThH
KOHKYPEHTOCIIPOMO>KHICTh HA PUHKY.



Gauri Katiyar, Ankita Katiyar, Shabana Mehfuz (Department of Electrical and Electronics
Engineering, ITS Engineering College, India)

OFF-LINE HANDWRITTEN CHARACTER RECOGNITION SYSTEM USING SUPPORT
VECTOR MACHINE

Selection of classifiers and feature extraction methods has a prime role in achieving
best possible classification accuracy in character recognition system. Issues of character
recognition system related to choice of classifiers and feature extraction methods can be
resolved through these objectives. In this proposed work an efficient Support Vector
Machine based off-line handwritten character recognition system has been developed. The
experiments have been performed using well known standard database acquired from
CEDAR, also seven different approaches of feature extraction techniques have been
proposed to construct the final feature vector. It is evident from the experimental results
that the performance of Support Vector Machine outperforms other state of art techniques
reported in literature.

Support Vector Machines are one of the most effective methods used in the field of
patter recognition. The method described in this paper makes use of the preprocessing
methods such as binarization, slant correction, smoothing and noise removal, and
normalization to make the process of classification easier and more exact. Seven
approaches of feature extraction namely, box method, diagonal distance method, mean
and gradient operation, standard deviation, centre of gravity and edge detection have been
used to develop an efficient off-line character recognition system using Support Vector
Machine. The results shown in Table 3 Clearly illustrate the higher performance of the
proposed method in the task of recognition of handwritten characters within the dataset
used. The proposed method outperforms most state of the art methods examined in the
paper for capital letters with an accuracy of 95.74%. The method also performs quite well
for lower case alphabets with an accuracy of 92.19% and numeric digits with an accuracy
of 97.16%. The timing analysis also shows that the method proposed is fast and efficient
while being fairly accurate at the same time. The superior performance of SVM is due to

superior generalisation ability of support vector machine in high dimensional space.



Gholamhossein Lari, Saeed Ebrahimi (Safety and Fire Fighting Organization, Shiraz
Municipality, Shiraz, Iran)

IDENTIFICATION OF COMPLIANT CONTACT FORCE PARAMETERS IN MULTIBODY
SYSTEMS BASED ON THE NEURAL NETWORK APPROACH RELATED TO MUNICIPAL
PROPERTY DAMAGES

In this paper, a new approach for identification of the compliant contact parameters
model in multibody systems simulation using a neural network algorithm is presented.
Based on the training and testing the network for some input and output data sets, a
general framework is established for identification of these parameters. For this purpose,
first, the literature devoted to the identification of contact parameters using analytical
approaches and methods based on the neural network is reviewed in brief. Next, the
proposed approach is outlined. Finally, considering a classical example of contact of two
bodies, the proposed approach is applied for verification of the obtained results.

In this paper, we proposed an algorithm for identification of compliant contact
parameters in multibody systems based on the neural network approach. Specifically, we
focused here on the identification of the penetration exponent and hysteresis damping
coefficient in the contact force formula.First, an FEM model of the contact model of a rigid
sphere and a rigid rod was created. This example was simulated for 150 different input
sets. The results obtained from these simulations were used to evaluate the real values of
penetration exponent and hysteresis damping coefficients (outputs) corresponding to the
input sets. Then, a neural network was trained using theses inputs and outputs. In the next
step, the already trained network was served to identify the value of the unknown variables
for new input sets. The obtained results confirmed that the trained network can be used as
a reliable tool for identification of contact parameters provided that enough number of input

data sets with suitable variety is used in the training step.
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OLIHKA TPYOBOI'O IIOTEHIIAJIY ITIEPCOHAJIY HIATIPUEMCTBA 3A JOIIOMOI'OIO
OAHOBUMIPHUX CAMOOPI'AHISBAIIIMHUX KAPT O3HAK

CydJacHi €KOHOMIYHI YMOBH TOCIIOJAPIOBAHHS MPEISIBISIOTh MIABUIIEHI BUMOTH J0 PiBHS
npodeciifHOro PO3BUTKY IMEPCOHANY Ta, OCOOIMBO, poOOYMX (BepCTaTHUKIB). BoHM MOBUHHI
BOJIOAITH PI3HOOIYHUMH TEXHIYHUMH 1 HAYKOBUMH 3HAHHSIMH, YMIHHSM 1HILIATUBHO JISITH; MaTu
PO3BUHYTE TOYYTTS BIAMOBINATHHOCTI; MOBUHHI OyTH TOTOBUMH JI0 OCBOEHHS HOBUX BHUJIIB
MPOYKINii, TeXHoorii, oOsagHanns, npodecii 1 micug podOTH, TOOTO HAOIMKATHCS 32 CBOIM
PO3BUTKOM, 3arajbHOIO 1 TpodeciifHOI0 OCBITOIO 10 TeXHiYHOro (haxiBisg. TakuM YHUHOM,
yOpaBIiHHSA TPOQPECIHHUM PO3BUTKOM BEPCTATHHUKIB € OJHUM 3 TPIOPUTETHUX HAMPSMKIB, IO
3a0e3MeuyloTh YCHIIHY BUPOOHHYO-TOCTIONAPCHKY Ta €KOHOMIYHY AiSUIBHICTH MAIIUHOOYAIBHOTO
mianpuemctsa [1, 2].

3HAaYMMICTh OI[IHKH MEPCOHANy B YHpaBJIiHHI NpOQECciiiHUM PO3BUTKOM, IOJSATAE€ B TOMY,
o BOHA € 1H(OPMAIIHHOW MIATPUMKOI TPUHHATTSA OLIBIIOCTI YIMPaBIIHCHKUX pimieHb. [Ipu
[IbOMY TOYHICTb 1 O0'€KTHBHICTh PE3yJbTATIB OLIHKH 0araTo B YOMY 3aJIeKUTh BiJl METOAMKH Il
MpOBEeACHHS, a came, 300py 1 OOpoOKM iHPOpMAMIHHUX JaHUX, SKI € XapaKTePUCTHKAMHU
(kpuTepissiMu OILIHKM) TepcoHany. Ilpu 1pbOMy HEOOXiTHO 3a3HAYMTH, IO 3araJbHONPUHHATI Ha
JaHUI 9yac METOJMKU OLIIHKM MAalOTh TakKi HEIONIKU SK TPYAOMICTKICTb, SIKa MOB'SI3aHa 3 IIUPOKOIO
HOMEHKJIATYpOI0 (DaKTOpiB OIIIHKKM MepcoHany (0COOJMBO B YMOBaX BEJMKHX ITINPHEMCTB),
cKkIagHicTh ¢dopmamizaiii mporuecy (GoOpMyBaHHS IIKaJWd OIIIHKA KPUTEPIiB, JOCTOBIPHICTH
OTpPUMaHHS OYiKyBaHUX PE3yJIbTATIB OLIHKH.

MeToro nmaHoi poOOTH € JIOCHIDKEHHS MOJIMBOCTI 3aCTOCYBaHHS OJIHOBUMIPHHX
caMOOpraHizamiiHUX KapT O3HaK B  OMIHII [podeciiHOro  PO3BHTKY  BEPCTATHHKIB
MalIMHOOY/IIBHOTO MiANPUEMCTBA.

@opMyBaHHS CHUCTEMH KpPUTEpiiB OLIHKK piBHSA NPO(decitHOro pPO3BUTKY BEPCTATHHKIB
(Tabn. 1) 3aiiicHIOBanOCS BUXOASYM 3 TOTO, IO PO3BUTOK MEPCOHANY € MPOIECOM MOCTIHHOTO
HAKOTIMYCHHS 3HAHb 1 YMiHb, TOB'SI3aHUX 3 MPOQECiHHUM HABYAHHSAM 1 MPAKTUYHOIO iSUTBHICTIO
[3].

Sk BugHO 3 TaOu. 1, BCi 3MiHHI MPEICTABISIOTHCS JIMHCHIMH HEBIJT€EMHIUMH YHCITAMH.

3naueHHs 3MiHHOI X1 «PiBeHb OCBITH» KOAYIOTHCA B 3pPOCTAIOYOMY MOPSIKY 3a3HAYCHUX
BHIIIE OCBITHIX PiBHIB, TOCSATHYTI CTAHOYHHUKOM, Bi «CepenHbporo» 10 «Buioi».

3HavyeHHs 3MiHHOI X2 «KBamidikamiiinuii po3psaa» BiAMOBIIAIOTE po3psAaM, HPUCBOEHUM
BEPCTAaTHHKY.

3minHa X3 «Ceprtudikar kBanmiikamii» BU3HAYae HasABHICTH (3HaueHHA «l1») abo
BIJICYTHICTb (3HaueHHA «0») y BepcTaTHUKA YMHHOTO KBajidikaliiiHoro ceprudikara.

Tabaums 1
Cuctema KpuTepiiB OLIHKU NPpodeciiHOro pO3BUTKY BEPCTATHHUKIB
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e — OOcsr BUKOHAHHUX POOIT X10 jrommna (0...3000 |Ge3nepepBHa
HAKOIIMYECHHUX 3HAHb (TabepHUl yac X11 [rommaa (0...3000 |mimouyucenbpHa

3minHa X4 «CymixkHi mpodecii» mokasye, CKUTbKOMa AOAATKOBUMH MPOQECisIMU BOJIOIIE
BEPCTATHUK KPIM OCHOBHOI.

3minHa X5 «[ligBumieHHs kBamidikarmii» BKa3dye KUIBKICTh 3aBEPIICHUX CTAHOYHUKOM
OCBITHIX IPOTpaM 3a 3BITHUH Mepioj.

3minHa X6 «Ctaxk poOOTH» MOKa3ye 3arajlbHUi cTa)x poOOTH BepcTaTHHKA 3a daxom. [lpu
BOMY HE PO3IJISANAIOThCS BEPCTATHUKHU, AKI IMPOIPAIIOBAJIM MEHIIE OJHOTO POKY 3a (axoMm.
Bepxus Mmexa 3MiHM 3MIHHOI mpHiiHSATa piBHOIO 50, OIHAaK HpU HEOOXITHOCTI MOXe OyTu
CKOpHUTOBaHa.

3minHa X7 «[IpodeciitHuii ctaTyc» BU3HAYa€ CyMapHy KUIbKICTh Mpo¢eciiHuX BiJI3HAK Ta
HAropoj BEpCTaTHHMKA, OTPUMAHMX 3a 4ac TPyHoBOi AisibHOCTI. Croau BKIIOYAETbCA 1 HOTo
MOJIOKEHHST B  KOJEKTHBI, fAKE TMAMA€Tbes (AKTUYHOMY MIATBEPKEHHIO  (HANpUKIIAL,
HACTaBHUITBO, KEPIBHULITBO OPUTaI0I0 1 iH.).

3naueHHs 3MiHHOI X8 «Cepeaniil po3psa poOIiT» MOKa3ye CKIAAHICTh BUKOHAHHUX
CTaHOYHHUKOM 3aB/IaHb B aHaNi30BaHOMY Hepioi. OueBUIHO, 1110 3MiHHA X8 He MOoxe OyTHu Oinblie
IIECTH, IO BIANOBIJAE MaKCHUMaJbHOMY pO3psSly B MaIIMHOOYAyBaHHI 1 HpuiiMae apoOOoBi
3HAYeHHS.

3minHa X9 «SIkicTh mpair» BHU3HAUYa€ 3arajibHa KUTbKICTh BUITAJIKIB Opaky, JOMYIIEHOTO
CTAaHOYHHKOM B aHaJi30BAHOMY MEPiOi.

3minHa X10 «O0car BUKOHaHUX poOIT» BKa3ye KUIBKICTh HOPMO-TOJIMH, 3/JaHUX CTAaHOYHUKOM
B aHaji30BaHOMY Imepiofi. OCKIIbKM 3a3BHMuail HapaxyBaHHS 3apoOITHOI IUIATH 3IHCHIOETHCS Ha
IMiJICTaBI I[LOT'O ITOKA3HMKA, TO MOro 3HAYSHHS HABOJUTHCS 3 ITiIBHILIEHOIO TOYHICTIO — IO COTHX YacTOK
roauHu. AGO K po3paxyHOK IMPOBOAUTHCS B XBUIMHAX.

3minHa X11 «TabGenpHul 9acy mokaszye oOCAT MPUCYTHOCTI BEpCTaTHUKA HA TIIPHEMCTRI.
Bona He BuMarae Takoi TOYHOCTI, K 3MiHHA X 10, 1 3a4a€ThCSA B TOJUHAX.

Bepxni mexi daktopiB X10 1 X11 3amani TeOpEeTUUHO, BUXOAYN 3 KUIBKOCTI THIB y POIIi.
o6 oTpumaTH npaBUIIbHI KOPJIOHIB IIUX (aKTOpPiB, Tak camo sk 1 pakropiB X4 - X6 1 X9, MoxxHa
Ha OCHOBI aHaI3y CYKYITHOCTI KOHKPETHUX JaHUX, IO MiJIATaloTh 0OPOOIIi.

3pocTaHHsl BCiX 3MIHHUX, 32 BUHATKOM X9 «SIKicTh mpariii», Ma€ MiBUIYBaTH OLIHKY PiBHS
1HMBITyaTbHOTO TPOQECIHHOTO PO3BUTKY BEpCTaTHHKA. I, HaBMaKW, BEJIMKE 3HAYCHHS 3MIHHOI X9
(obcsT Opaky) Ma€e BIUTMBATH Ha OI[IHKY HETATUBHO.

Takum yrHOM, CYKYIHICTB 3MiHHHX X1 - X11 yTBOpIoe iH(popMamiiHuil MOTIK, 1110 3a0e3neuye
MPOLIEC OLIHKM PiBHA 1HIUBIAYaIBHOTO MPOQECIHHOTO pO3BUTKY BEPCTATHHUKIB.

Posrisg okpeMux KpuTepiiB OMIHKKA MPOGECIHHOTO PO3BUTKY K JEAKOI ITUTICHOI CUCTEMU
JI03BOJISIE CPOPMYITFOBATH MOHSITTS «IPOQECciiHOro 00pa3y BepCTaTHUKAY, IO MPEICTaBIse COO0I0
IUTICHY CYKYITHICTh C(OPMOBAaHMX B IIpOIeCi HaBYaHHSA 1 TPYAOBOI MJiSIBHOCTI O3HAK, IO
XapakTepusye oO0CAT HAKOMMYCHHS 1 MPAKTUYHOTO BHUKOPUCTAaHHA 3HAaHb 1 BH3HAYa€ DIiBEHb
po¢eCiHHOTO PO3BUTKY BEPCTATHUKA. Take ysBICHHS BEPCTATHUKIB sIK 00'€KTIB, SIKI MOXKYTh OyTH
BITHECEHI /0 THX YW IHIIMX 00pa3iB, M03BOJsIE CHOPMYIIOBATH 3aBAAHHS OLIHKU MpogeciitHoro
PO3BHUTKY BEPCTATHHKIB SIK 3a7ady pO3IMi3HAaBaHHSA 00pa3iB, Je Mmiag 0O0pa3aMu PO3yMI€ThCS IEsAKe
KiHIIEBE YMCIIO PiBHIB IPOQECIHHOTO PO3BUTKY.

OpnuM 3 HANOUTBIN BAAMUX 3aC001B BUPIIICHHS 3aBAaHb PO3Mi3HABaHHA 00pa3iB € HEUPOHHI
MEpEexi.



BigcyTHICTh HITBOBOTO IMOKaX4YMKa PIBHS 1HAMBIIYaIbHOTO MPOQECITHOIO pPO3BUTKY
BEPCTATHUKIB MPU3BOJUTH 10 HEOOX1THOCTI BUKOPUCTAHHS MPUHIUIY CAMOHAaBUAaHHS HEHpPOHHOI
Mepexi (abo HaBuaHHA «Oe3 BumTess»). Llel miaxim peamnizyeTbcs B Kiaci HEHPOHHUX MEpex —
Mepexax IpUPOIHOI Kiracudikaiii, mo GopMyroThCs B pe3yiIbTaTi HEKEPOBAHOTO CAMOHABYAHHS HA
OCHOBI aHaji3y 3alpollOHOBAaHOrO MacuBy iH¢popmamii. OpjHiel0 3 HAKOLIBII YCHIMIHUX
HEHpOMEepeKeBUX TapaJurM, IO BHUKOPHUCTOBYIOTh KOHIICTIIIIIO HAaBUAHHS «0€3 BUHTENS», €
camoopranizauiiini manu Koxonena (mepexi Koxonena).

Jns anpoOariii 3ampONOHOBAHOTO MIAXOMY 10 OLIHKH PiBHSA NPO(deciiHOTO PO3BUTKY
BEPCTATHHUKIB OyIM BHKOPHCTaHI JaHi NpPO BepPCTaTHUKAX MeXaHOCKiananbHoro unexy IIAT
«HoBokpamatopcekuii mammHOOyniBHUN 3aBoa» (HKM3), m Kpamatopcbk, Ykpaina, Ha OCHOBI
akux mnoOynoBana ongHoMipHa Mepexxa Koxonena. Ha ITAT HKM3 mkanoro BuUMiprOBaHHS
npodeCiiHUX SKOCTEH BEPCTATHUKIB CIIYy)KaTh MPUCBOEHI iM po3psau. B oOpanomy mimposmimi
MiAMPUEMCTBA TPAIIOIOTh BEPCTATHUKU JPYrOro, TPEThOro, YETBEPTOro 1 m'aToro po3psamaiB. Tomy
JUISl YTOUHEHHS PO3IIOIITy BEPCTATHUKIB MPOMOHYETHCS PO3MOIIIUTH iX TEX 3a YOTHPMa PiBHAMHU
1H/IMBITyaTbHOTO MPO(ECitHOTO PO3BUTKY.

Ha Bxomm wmepexi (curHamu x1..x11) momarThcs XapakTEPUCTHKH BEPCTATHHUKIB.
HaiiGinpme 3nadeHHs BUXOny (CMTHaiH yl..y4) ogHOTO 3 HEHpPOHIB BKa3ye Ha HOro mepemory i
BIJIMOBI/THO Ha TE, 1110 BEPCTATHUK BITHOCUTKLCS JI0 PIBHS, 3a KUK BIANOBIAAE 30y KEHUI HEHPOH.

B [4, 5] noBeneno, mo B pa3i OAHOBUMIPHOI PENIITKH, adropuTM HaBuaHHS KoxoHeHa
CXOJIUTBCS 10 €IUHOIO CTaHy IICJsl MPOXOHKEHHS HUM eTally camooprasizauii. To0To oTpumane
pIIICHHST TIO OINHIII BepcTaTHUKIB € enuHUM. OJHAK TpU [BOMY 3a3JalieTigh HE BIIOMO, SKi
HEWPOHM BiJMOBINAIOTH 3a K1 piBHI MpodeciitHOro po3BUTKY. [neHTH(iKallis HEHPOHIB 3 TOYKH
30py piBHIB mpodeciiHOro pO3BUTKY IOBHHHA NPOBOJUTHCS UUISXOM aHaji3y pO3MOILTY
XapaKTepUCTUK BEPCTATHUKIB MO HEHWpOHaM 1 TecTyBaHHsA Mepexi. HelipoHu Mepexi € sapamu
KJIaciB, KOOPAMHATH SKHX 3aIMCaHi B BaroBUX KoedimieHtax HeipoHiB. KoxkeH BaroBwii koedimieHT
HAJIAITOBYETbCS HA CEpEe/IHE 3HAUCHHs Ti€l XapaKTepPUCTUKU BEPCTaTHHKA, sIKa 4Yepe3 HbOro
MOJAETECA. TOMy 3HAueHHsSI IIMX BaroBUX KOE(]INi€HTIB BiANOBINAIOTh 3HAYEHHSIM IOKAa3HHKIB
«CepeHbOr0» BEPCTATHUKA JaHOro piBHA. Y Tala. 2 HaBeJAeHI KOOPAMHATH sEp B peabHOMY
MacmTadi JaHuX.

AHauni3 BEKTOpPiB BaroBux Koe(ilieHTIB HEHPOHIB MOKa3ye, M0 HEHPOHU BHOPSAKOBAHI IO
3pOCTaHHIO SKOCTI 00'€KTIB, HA AKi BOHH pearyroTh. Lle TBepIKeHHs UTFOCTPYIOTh XapaKTEPUCTHKH
BEKTOPIB, HaBeJIeHI B Ta0II. 3.

Tabaung 2
KoopaunaTu sinep kiacis

Homep nHetipora X1 X2 X3 X4 X5 X6 X7 X8 X9 [X10 [X11

1 156 2 0 0,31 0,31 104 0 2,58 (0,13 844,3 [1008,3

2 120 34 DO 0,93 0 26,9 (0,07 3,06 0,27 [909,0 865,3

3 433 3 0,50 0,42 1 10,1 0,42 3,20 0,47 [1031,8 1139,7

4 150 39 0,43 0,11 0,36 26,2 0,93 3,38 0,18 [1739,5 14719
Taommums 3

XapaKTepUCTUKU BEKTOPIB BaroBUX Koe(ilieHTIB HEHPOHIB

Howmep Helipona JloBK1Ha BEKTOPY KinbKiCTh MAKCHUMYMIiB

1 0,393488 1

2 0,719249 2

3 0,786558 3

4 0,999181 5

JloBxHHA BEKTOPY O0YHCITIOBANACS 32 TAKOIO (POPMYIIOIO:



(1)

1€ Xj — 3HAYCHHS 1-0 XapaKTEePUCTHKH BEPCTATHUKA.

3minHa X9 (06car Opaky) BigHIMaIacs 13 3arajbHOT TOBXKUHH.

Tpetiit croBmenpb TaOMMIN TMOKa3ye, SKOK KITBKICTIO MaKCHMaJIbHUX 3HAYECHb BaroBUX
Koe(illieHTIB cepel 1HIIUX HEHpoHiB Bosoaie gaHuil HedpoH. s 3minHOI X9 (00csr Opaky)
BHOMpasocs MiHIMaJabHE 3HAYEHHS.

HaxmaneHHst 3aCTOCOBYBaHOTO Ha MiANPUEMCTBI METOY OIIHKH KBatiikarlii BepcTaTHUKIB
(po3psinl BepcTaTHUKIB — 3MiHHa X2) J03BOJIss€ 3pOOUTH BHCHOBOK, IO TEPIIMNA HEHPOH
30yIKY€eThCS Ha BEPCTATHUKIB 3 HAWOUIBII HU3BKOIO KBaTi(iKalli€lo, a 4eTBEPTHH — 3 HAMOLIBII
BHCOKOIO. 3 OTJISy Ha BIACTHBICTH TOMOJIOTIYHOI BIIOPSIKOBAHOCTI MEPEXi, MOPSIKOBI HOMEpPH
HEHpOHIB BIAMOBINAIOTH PIBHAM MNPO(EciiHOrO pPO3BUTKY BEPCTATHUKIB, YMNOPAIKOBAHHX 3a
3pOCTAHHSM.

OnHUM 3 HAaOYHHUX CIOCOOIB BiOOpaXkKeHHs pe3ynbTaTiB poboTH Mepexi Koxonena e
OynwpOamkoBa aiarpama. Ha puc. 1 nmpeacrasiena Oyab0anikoBa jiarpama, 1o iIF0CTPy€e 3pOCTaHHS
CepeHbOr0 po3psny (3MiHHA X8) BUKOHAHHUX poOIT BepcTaTHUKAM BijJ HeHpoHa /10 HelpoHa. Kpim
3HAYECHHS OJHOTO 3 O3HAK HeWpoHa, OyipOaIikoBa JiarpaMa TaKOXK MOKa3ye KUIbKICTh MPHUKIIAIIB
(BepcTaTHUKIB), IO MOTPANMIM B HEHpoH (uncna Ha OynpOamkax Ha puc. 1). Ilpudomy posmip
OyK0aIIOK MPONOPIIMHKM €] KITLKOCTI.

Takox ans TepeBipKH BIAMOBIIHOCTI PiBHA MPOQeciiHOr0 PO3BUTKY PIBHIO HEHpOHa
HEOOXITHO TMPOTECTYBAaTH MEPEXKY, IOJABIIM Ha 1 BXiJl BEPCTaTHHKIB 3 BIIOMHM piBHEM
kBamigikamii, TOOTO TMO3HAUYWTH HEHpoHU. K MiTKM OyaM 3ampoNOHOBaHI BEPCTATHHUKH,
npeacTaBjeHi B Ta0I. 4.

Tabauns 4
Mitku ansa tectyBanHs Mepexi KoxoHnena
MiTka X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 [X11
Kpammii |6 5 1 3 2 45 2 4,5 0 2520 (1774
Haiiripmmmii|l 2 0 0 0 2 0 2,1 2 305 275
Cepennizt 1,93 (3,23 0,25 0,38 (0,38 20,04 0,46 3,10 [0,18 1242 1183

4

: o @
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Howmep neiipona

Puc. 1. byne6amkoBa miarpama st Mmepexi Koxonena

Mitka «Kpamuii» 3a7a€ TIMOTETHYHOTO KPAIIOTO BEPCTATHUKA, XAPAKTCPUCTHKHU SKOTO
JOPIBHIOIOTh MAKCUMAJILHUM 3HAYEHHSM B HaBYAJIbHIM BUOIpIl (17151 3MiHHOT X9 — «O0csAr Opaky»
3aJaHO MiHIMaNbHE 3Ha4YeHHs). BigmoBigHo MiTka «Halripmmii» 3amae  BepcTaTHUKA 3
MiHIMATbHUMHU XapakTepUCTUKaMU (MakCUManbHOIO i Opaky). Mitka «Cepenniity 3amae
BEpPCTATHUKA 3 YCEPETHCHHMH XapaKTEpPUCTHKAMH BEPCTATHHUKIB 1exy. B pesympraTi momadi
oOpaHuX MITOK Ha BXix Kaptu, Ha «Kpamoro» BepcTaTHHMKa 30yAMBCS YETBEPTUH HEHWPOH, Ha



«[ipmoro» — mnepmmii, a Ha «CepeaHboro» — TperTid. TakuM UYHMHOM, TECTYBAaHHS MeEpexki
XapaKTepHUMU MITKaMU MiATBEPKYE 3a3HAUCHY BUIIE B1JIMOBIAHICTH HEUPOHIB 1 PIBHIB PO3BUTKY.

BuBueHHs po3noniay Mo HEWpOHAM pealbHUX BEPCTATHUKIB TAKOXK IMiITBEPKYE PO3IOALT
PIBHIB IO HEHpOHAM.

BUCHOBKU

HeiipomepeskeBa crctemMa OLIHKHM MEPCOHANY CIpUsE 11 BIOCKOHAJIIEHHIO, a came:

— 3HWXKEHHIO TPYAOMICTKOCTI 1 TPUBAJIOCTI JAaHOI NPOLETYPH, L0 J103BOJIE CKOPOTUTH
TEPMIHU 1 TIABUIIMTH €(PEKTHBHICTh NPUHHATHX KOMEPIIMHUX 1 YIPaBIIHCHKUX PIilIeHb, OLTBII
palioHaJIbHO 31CHIOBATH OpraHi3ailiro BAPOOHHUIITBA;

— MIiJBUIIEHHS 00'€KTUBHOCTI OTPUMAaHHUX PE3YNbTATIB OLIHKHU 32 PaxyHOK BUKOPUCTAHHS
NPUHIUITY HABYaHHS «0e3 BUUTEISI».

3acTocyBaHHS OJHOBHUMIPHOI CaMOOpPTaHi3aIliiHOI Mamu O3HAaK JO3BOJIAE PO3AUINTH
BEpCTAaTHHUKIB Ha Oyap-iKe 3aJaHe YMCIO DiBHIB NMpodeciiHOro po3BUTKY. 3OiIbIICHHS YHCIA
PIBHIB J03BOJISIE YTOYHWUTH BHXITHY OIIHKY mpodecionanizmy. Po3mogin BepcTaTHHKIB 3a
KUTBKICTIO PIBHIB, SIK€ TOPIBHIOE KUIBKOCTI 3aCTOCOBYBaHHMX PO3PSA/IiB, 1a€ MOKIMBICTH MOPIBHATH
pe3yiIbTaTH IBOX AJIbTEPHATUBHUX CIIOCOO1B OLIIHKH.
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Dilip Kumar, Neha lakhwan, Anita Rawat (Department of Civil Engineering, Govind Ballabh
Pant Engineering College, Pauri, India)

STUDY AND PREDICTION OF LANDSLIDE IN UTTARKASHI, UTTARAKHAND, INDIA
USING GIS AND ANN

Landslide is defined as a slow to rapid downward movement of instable rock and debris
masses under the action of gravity. Landslides are one of the major natural hazards that account for
hundreds of lives besides enormous damage to properties and blocking the communication links
every year. The area chosen in the present study is Uttarkashi district of Uttarakhand, suffering
from frequent landslides every year. Present study focused on the possible factors that are
responsible for the landslide in hilly regions of Uttarakashi, Uttarakhand. In present study we used
the already existing topographical maps, satellite imageries and field work. Integrated them together
using GIS and soft computing to create a database that will generate the output for the future use for
prediction of susceptibility of landslide. The main aim of present study is to integrate the result of
our study with spatial data, soil parameters, land inventory and used the output as a user friendly
application using GIS which could predict the future susceptibility of region to landslide and%
contribution of each factor for the same. In this study, layers are evaluated with the help of stability
studies used to produce landslide susceptibility map by Artificial Neural Network (ANN). ArcGIS
9.3, ERDAS and Excel software have been used for zonation, and statistical analysis respectively.
Database of this information layer is used to train, test, and validate the ANN model. A three-
layered ANN with an input layer, two hidden layers, and one output layer is found to be optimal.
Finally, an overlay analysis will be carried out by evaluating the layers obtained according to their
accepted coefficient in final model.. Efficiency of the application will be calculated by the help of
previously acquired data of the study area at different places and then the reliability of the
application will be judged.

The study has to led the determination of factors on the basis of past studies and
determination of weightage for the chosen six factors namely soil depth, soil texture, rock type,
height, slope and land cover. It has led us to understand the application of probabilistic approach
and its success in the work. With the further advancement in such type of study, we could interpret
results for future from past records, if the site is inaccessible, or the test results are erroneous. Here
we have used the already existing topographical maps, satellite imageries and field work integrating
them together using GIS and ANN MODEL to create a database that has generated the output for
the future use. The result of present study with spatial data, soil parameters, land inventory and
presented by a landslide hazard zonation map and a user friendly application using GIS that could
predict the future susceptibility of region to landslide and percentage contribution of each factor for
the same. The reliability of ANN is high over other methods. Largely this study emphasize on the
lucid presentation of result for laymen.



€BnoBebka I'.A. ([Jonbacvka depocasna mawunobyoiena akademis, Yrpaina)
CTBOPEHHS JIATHOCTUYHOI MOJIEJII PI3bFOBUX 3’€JHAHb

Jns xouTtpomo netanedd By3ny moBigHi A3K mo ouHII i B CKJIAaJIGHOMY BHUTIISIL
MIPOTIOHYETHCSI BUKOPHUCTOBYBAaTH aKyCTUYHHH METOJ 3 3HATTSAM YacTOTHOI XapaKTePUCTHKH 1
1no0y10BOI0 HEHpOHOI Mepexi. [ moOyaoBu HEHPOHOI Mepeski HeOOX1ITHO BUMIPATH BCi po3Mipu
JieTalll, IPOBECTU aKyCTUYHY 1arHOCTUKY 3 3HATTSAM YAaCTOTHUX XapaKTEPUCTUK 1 OTPUMaHHI JaHH1
BHecTH B rporpamy NeroPro. B nporpami OyayeTbes HelipoHa Mepeska JeTali MpeaCcTaBHUKaA, TiCIs
YOro TMOYMHAETHCS HABYAHHS HEUpPOHOI Mepexki. Helipona mepeka HaBUA€ThCS CHIBBIIHOCHTH
OTPUMaHHI YaCTOTHI XapaKTePUCTHKH 3 TAHUMHU JETalll IPEICTAaBHUKA, CKIaICHOMY BY3IIY.

[To po3po06iieniit MmeTouIll OyB MPOBEICHUN EKCIIEPUMEHT.

Jiis mpoBeIeHHS EKCIIEPUMEHTY BUKOpHCTOBYBaucs 8 6ontiB M8. Bcei po3mipu 6onTiB Oynu
BUMIPSIHHI, TTICJISI BUMIPIOBaHHS OOJITH HAKMBUIIM HA TalKH.

[P

Pucynoxk 5.2. — IpucTpiii Ans akyCTUYHOI A1arHOCTUKY 3yCHIUISL 3aTUCKY.

TakuMm yrHOM Oys10 OTpUMaHO 4 ckiajeHi By3iu. /st OTpUMaHHS YaCTOTHUX XapaKTEPUCTUK
BY3JIiB BUKOPUCTOBYETHCS CICILiaIbHUM HPUCTPid 3 ABOMA JaTYUKAMH, JATUUKU TPUETHAHI J0
KoMIT 1oTepa. OQuH AaTYUK MPAIIOE HA MPUHOM JNPYTUM MOCHIIAE TOCTIMHUNA CHUTHAJI Ha YacTOTI
6imoro mymy. Koxken By3onm OonTiB OyB 3MiHEHMI 3arBUHYYBaHHSAM OONTIB 10 Taiiku Ha 10°
3amiproBaHHS TPOBOMIIOCS 3 3arBHHYYBAaHHAM O0NTiB B Takux nosumisx: 0°, 10°, 20°. OrpumaHnHi
JaHHI 00POOJISIOTHCS 1 3aHOCATHCS 10 Tadaui Excel.



Pucynok 5.3. — Ilix’eqHaHHs DaTYUKY JUIS TOAa4i CUTHATY
JInist CTBOPEHHS CUTHAITY BUKOPHCTOBYETRCS porpama Audio SweepGen.

'Audio SweepGen - Version 3.7.6.31
File Help
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Pucynok 5.4. — HanamrryBanus nporpamu Audio SweepGen.
JIist 3HSTTS 4aCTOTHOI XapaKTEPUCTHKH BUKOPHUCTOBYETRCS Iporpama Spectrum Analyser
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Pucynok 5.5. — 3HATTS aKyCTUYHOI CIEKTPOTPAMH.

OTpuMaHHI 1aHi YaCTOTHHX CIIEKTPIB BHOCATHCS M0 Tabmuill pucyHok 5.6. Ilicis oOpoOku
JaHuX, (hailsl mAroTOBIIOETHCS 10 poOoTH y porpami NeroPro. TpancrioHoBaHi ¢aitim 30epexeHi
y hopmati DBF.

P1 - Fa -
A B [ D E F G H I J K L M N o 2 Q R s T E
1 Hz 50 s12u  s34mu  s56M sT8H s121 341 561 781 s122 342 562 /82 iz Iso s12u  s34H  s56H ]
2 0 2968 2966 2965 297 297 2966 2968 2962 29,65 29,65 29,67 2965 29,42 0 2968 2966 2965 297
3 1723 2968 29,66 29,64 29,7 297 2966 2968 29,62 29,65 2966 2967 2965  -20,42 1723 2968 29,66 29,64 29,7
4 3445 9422 934 9501 92,32 91,76 91,37 91 9144 9484 86,24 -9654 -91,44  -90,06 3445 9422 934 9501 92,32
5 5168 9504 9624 03,15 93,03 96,6 94,65 9514 9556 9757 8676 07,23 07,45 87,15 5168 9504 96,24 08,15 98,03
6 689,01 97,9 9794 983 1003 9849 93,73 95 9722 9915 9147 99,29 97,92 87,05 689,01 979 9794 983 1003
7 8613 9948 99,33 99,03 99,88 9843 9657 93,09 9491 99,35 9435 9986 9877  -92,37 861,3 9948 99,33 99,93 99,88
B 10336 9868 99,85 10057 9999 -10006 9881 9555 9677 993 9571 -10066 99,36 99,38 10336 98,68 99,85 100,57 99,99
9 12059 9897 -100,14 -100,11 -100,39 99,88 99,79 9929 98,63 -10022 9588 -100,66 -100,52  -96,09 12059 98,97 -100,14 -100,11 -100,39
10 13781 -100,23 -10097 99,72 99,94 99,27 -101,06 -100,02 99,09 99,92  -98,8 -99,66 -100,09  -98,59 13781 -100,23 -100,97 99,72 99,94
11 15504 100,76 -100,56 -100,26 -101,66 -100,46 -100,04 -101,35 -100,19 99,97 99,96 -100,85 -1003 94,71 15504 100,76 100,56 -100,26 -101,66
12 17227 -10091 -10098 -101,12 -100,72 -10046 999 -10037 9948 -10052 -100,1 -101,21 -100,98 91,95 1722,7 100,91 -100,98 101,12 100,72
13 18949 -101,29 -100,08 4101 -100,61 -100,68 -100,34 -10031 99,11 -99,51 -99,91 -100,04 -10056 -94,75 18949 -101,29 -100,08 4101 -100,61
14 20672 -101,77 9828 -10041 -10007 -10042 -100,09 -100,75 9757 9558 99,71  -932 -100,79  -87,6 2067,2 -101,77 98,28 -10041 -100,07
15 22395 102,16 9396 99,18 99,73 9825 101,23 -100,14 9128 90,65 99,83 8883 9812 84,04 2239,5 102,06 93,96 99,18 99,73
16 24117 10159 88,68 97 100,25 9454 100,25 -100,05 81,92 9062 9931 892 9318 8529 24117 101,59 88,68 97 100,25
17 2584 -102,12 -87,29 96,63 99,81 87,46 -10048 9834 7855 9434 9989 91,51 91,39 -88,62 2584 -102,12 -87,29 96,63 99,81
18 27563  -101,7 90,66 97,82 9897 84,57 -100,53 9627 8296 9693 9889 94,13 0355  -89,07 27563 -101,7 90,66 97,82 98,97
19 29285 102,22 93,87 9954 99,75 87,68 101,66 9388 8938 984 0884 9568 9751 90,37 29285 102,22 93,87 9954 99,75
20 31008 102,24 9685 993 992 9314 101,74 868 941 9866 99,39 9604 9745 91,7 31008 102,24 9685 993 992
21 3273 101,21 97,27 992 9934 9575 -100,15 -82,13 9587 9898 9972 9458 -97,04 -92,96 3273 101,21 97,27 992 99,34
22 34453 101,77 96,85 9926 99,85 9800 -100,11 8577 968 99,65 99,07 9375 9651  -94,19 34453 101,77 9685 99,26 99,85
23 36176 1019 9517 99,28 10002 9895 989 9359 9829 9898 97,66 93,02 9639 965 36176 -101,9 9517 99,28 -100,02
24 37898 101,59 9563 -100,03 -10044 97,09 9877 9695 9951 9873 9675 92,75 9782 97,33 37898 101,59 9563 -100,03 -100,44
25 39621 -102,04 9661 -10046 99,56 9648 9800 9851 9957 97,55 9587 92,68 -97,07  -97,05 39621 -102,04 9661 -10046  -99,56
26 41344 102,41 9594 100,56 9841 96,63 98,18 9855 9973 964 9502 92,37 972 97,83 41344 10241 9594 -100,56 98,41
27 43066 1028 9481 10054 97,67 9816 99,28 9778 -100,66 9627 9573 92,14 9642 99,11 43066 -102,8 9481 100,54 97,67
28 44789 -101,74 9329 -100,02 93,46 9885 -9848 9687 -100,64 9518 9517 -91,63 -9597  -99,56 44789 101,74 9329 -100,02 -93,46
29 46512 102,45 9393 9987 9096 99,68 9806 9686 -101,57 9544 97,67 915 9661 -10045 4651,2 -102,45 9393 9987 90,96
30 48234 -101.87 9772 9894 924 9923 9627 9429 -10043 9608 9574 9169 -9689  -99.1 48234 10187 9772 9894 924

Pucynok 5.6. — OTpuMaHnHi JaHi YaCTOTHOTO CIEKTPY

DY19 M E
DO DP DQ DR DS DT DU DV DW DX DY DZ EA EB

1 x117 x118 x119 x120 x121 x122 x123 x124 x125 x126 x127 x128 P
2 -10301 -10331 -103,77 -104,72 -10492 -10571 -107,58 -109,48 -11104 -110,79 -11197 -12033
3 -1033 -10399 -10351 -10391 -10545 -105,28 -106,61 -108,24 -110,13 -111,82 -11242 -119.82
4 -10331 -103,03 -10401 -10483 -10526 -10653 -108,79 -109,01 -11061 -11144 -11222 -120,05
5 -102,71  -102,93 -102,91 -103,04 -103,39 -103,55 -10547 -108,5 -109,92 -11066 -11196 -120,92
6
7
8
9

I =

102,25 -102,84 -10338 -104,15 -10538 -10608 -10737 -10891 -10913 -11073 -11196 -11869
101,13 -10245 -10372 -10509 -106,63 -10636 -107,68 -1088  -1094 -11089 -112,08 -11946
102,57 -10364 -10391 -10384 -10547 -10661 -10742 -1085 -10981 -11039 -11138 -120,03
1031 -10366 -10353 -10438 -10525 -107,02 -107,85 -10947 -11013 -11148 -1118 -11868
10 -102,64 -10348 -1042 -104,68 -10554 -10677 -1087 -10925 -109,53 -11065 -111,88 -121,01
11 -101,16 -102,77 -10413 -10519 -10544 -10626 -107,39 -10885 -1105 -1109 -11211 -119,88
12 -102,08 -10371 -10443 -10391 -10466 -10578 -107,78 -1087 -11076 -110,85 -11154 -119,54

13 -10402 -10524 -1047 -10423 -10539 -10675 -10801 -1085 -11073 -111,08 -11204 -1196
14
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Pucynok 5.7. — TpancnionoBanwuii ¢aiin 1y moOy10BU HEHPOHOT Mepexi.



BH1 A = x58

BB BC BD BE BF BG BH

1 x52 x53 x54 x55 x56 x57 x58

2 -99,89 -98,07 -95,03 -94,16 -96,15 -98,02 -99,22
3 -98,54 -98,23 -98,88 -99,01 -98,25 -98,13 -98,33
4 -101,68 -101,9 -102,03 -101,18 -100,8 -101,79 -102,01
5 -96,18 -94,96 -93,23 -90,96 -88,91 -87,11 -87,51
6 -97,58 -97,54 -98,1 -98,97 -99,51 -98,33 -97,82
7 -100,2 -100,37 -100,42 -99,62 -99,74 -100,06 -100,65
8 -95,37 -94,59 -94,92 -94,02 -93,31 -94,67 -96,72
9 -102,2 -102,53 -101,57 -102,68 -102,15 -102,25 -101,73
10 -98,27 -98,55 -98,36 -100,1 -101,39 -101,74 -101,65
11 -98,12 -98,25 -99,12 -100,49 -101,21 -101,71 -101,6
12 -100,68 -101,93 -101,25 -100,81 -101,39 -101,65 -101,83
13 -101,36 -102,1 -102,08 -102,8 -102,68 -101,91 -102,16

Pucynok 5.8. — 3HauuMocTi gacToTu X52, X58.

[licns HaByaHHA HEWpOHa Mepeka TMONAIIMIAa OTPHUMAaHHI BXiJHI JaHHI PUCYHOK 5.8.
3HAYMMOCTI YaCTOTH X52, X58 OCHOBHA 4acTOTa Ha SKY W1 KOHTPOJIIOYA 3aTsHKKA IMix Kyramu: 0°,
10°, 20°. Ilicna HaBYaHHS HEHpPOHA Mepeka YiTKO MOJIIIE 3aTSHKKY TBUHTIB By3Ja IO KaTEropisiM.
HoctatHbo Matu 2 ¢inbTpa 4acTOT sAKi O KOHTPOIIOBANW Ii JIBI YAaCTOTHU. TakuM YHHOM IIO
YaCTOTHIN XapaKTePUCTUIII MOKITUBO BU3HAYATH po3Mipu 3 TouHicTO 70 0,03 MM.

0°
I
S 7°
=2
o

hY

a

Pucynok 5.9. — Cxema 3aTsxku 60aTiB Ha Kytu 0°, 10°, 20°.

BepbasnbHuii onuc By3my:
[Tosst 6a3u gaHWX (BUXIIHI CHMIITOMU):

X52



X58

[Mons 6a3u maHuX (KiHIEBI CHHIPOMH):
P

[TepenoOpodka BxigHux momiB b/I ayist mogaui mepexi:
X52 = (X52--98,785) / 3,414997
X58 = (X58--94,83501) / 7,325001

OyHKITIOHATBHI IEPETBOPIOBAYI:
Cirmoinal (A)=A/(0,1+| A

Cunzapomu 1-ro piBHS:

Cunmpom 1_1 = Curmoinal (-X52 + 0,7242469 * X58-0,08202159)
Cunzapom 1 2 = Curmoinal (X52-0,7271721 * X58 + 0,08119417)
Cunmpom 1_3 = Curmoinal (-X52 + 0,7217082 * X58-0,0831995)
Cungpom 1 4 = Curmoinal (0,3791681 * X58)

Cunmpom 1_5 = Curmoinal (X52-0,3553772 * X58 + 0,5645317)
Cunnpom 1_6 = Curmoinal (-X52 + 0,3767371 * X58-0,541944)
Cunnpom 1 7 = Curmoinal (X58 + 1)

Cunapom 18 = Curmoinal (-X52-0,2016536 * X58)

Cunmgpom 1_9 = Curmoinal (-X52)

Cunapom 1 10 = Curmoinal (-0,7135977 * X58-0,6515552)
Cunmpom 1_11 = Curmoinal (-X52-X58-0,8611292)

Cunnpom 1_12 = Curmoinal (X52-X58 + 0,09941051)

Kinuesi cunapomu:
P = - Cungpoml 1 + Cungpoml 2-Cunapoml 3-Cungpoml 4-Cunmpoml 5 +
Cunnpoml 6-Cungpoml 7-Cunapoml 8-0,3120861 * Cunapoml 9 + Cunapoml 10 +

Cungpoml 11-Cungpoml 12 + 1

[TocTob6poOKka KiHIIEBUX CUHIPOMIB:
P=(P*2)+2)/2)

OCHOBHOIO YMOBOIO HaJIiHOI pOOOTH pi3bOOBOTO 3’€IHAHHA SBISETHCS CTBOPEHHS
HEOOXITHOTO 3yCHJIISI 1 MOMEHTY HOro 3aTsKKH, SKI JJIsl BIANOBIJAIBHUX Pi3bOOBHUX 3’€IHAHB
MMOBUHEH OOOB’SI3KOBO BKA3yBAaTHUCS B TEXHIYHUX BHMOTAxX CKJIAAIbHOTO KPECJIEHHS BY3i1y abo
MexaHi3My. B 3aranbHOMY BHUIaJKy MOMEHT 3aTsSKKY (00epTarounii MOMEHT, SIKMI MPUKIAJAEThCs
710 KJIIOUY) PIBHUI CyMiI MOMEHTIB TepTsl Oe3rocepeaHb0o B Pi3b0i 1 MOMEHTY 4Yacy TepTs ONOpPHOL
MOBEPXHI raiiku a60 00JITa 1 BU3HAYAETHCS 110 HACTYIHIN hopmyi:

dz / DT
M=Q- |5 tg(B-—p)+5fr|;

He:
—d,, cepenHii giamMmerp pispOu;
— B, KyT nigiiomy pizpou;
— p/, KyT Tepra B piss6i, AKmii nopiBHIOE: p/ = arctg fp/ , e fp/ , IpUBEJICHUN KoedilieHT

fo_.
cosg’

TepTs B pi3b0i, JOPIBHIOE fp/ = a — KyT 1podimo pi3e0w, f, — koediuieHT Teprs pi3pou;



—Dr — mpuBeneHUN pajaiyc Mii CUJI TepTsA Ha OIMOPHIN MOBEpPXHI raliKu, SKUH TOPIBHIOE:
Dy = 2 D3-dj
3 D2-d}’

a00 rooBKY 00ITA;
—f1, KoedilLieHT TepTs Ha OMOPHi MOBEPXHI raiiku abo rooBKH 00JTA.

ne D i1 dy — 30BHIMHIN 1 BHYTPIITHIN TiaMeTpH OMOPHOI KUIBIIEBOI MMOBEPXHI FalKH

Jns KpiMWJIBHUX EJIEMEHTIB 3 METPHYHOK Pi3b0010, SKkuid Mae Kyt mpodimro 60 rpan
dbopMyna s po3paxyHKy MOMEHTY 3aTsDKKH MPUIMAE HACTYITHUNA BUTIISIL:

Dr
M=Q-(0,16P +0,58d,f,) + QTfT;

He:

— Q, 3yCHIIIIA 3aTSIKKH;

— P, war pi3p0mu.

Koedimient tepts B pi3bOH 1 Ha ONOPHIN MOBEPXHI 3aJ€KaTh Bl BUAY MOKPUTTS KPIIMIBHUX

€JICMEHTIB 1 HasABHICTh MaCTUJIa TIpH CKiIafanHi. [Ipu ipboMy iX BeJITMYMHA BaraeThCs:

— ns fp, Bin 0,64ng08 MpU OKCHJIHOMY TOKPHTTI 1 CKJIaJlaHHI 3 3MalllyBaHHSIM Yy BUTJISIAL

MalIMHHOTO Macia 3 1o0aBkoro 20% nucynshiny MoniOaeHy;

. 40,09 .. . 40,01
— s fr, B 0,34_0’14 IIPU OKCHTHOMY TIOKPHUTTI 1 CKJIaJjlaHH1 0e3 3MalllyBaHHS, J10 0,06_0’02

OpU KagMiOBOMY NOKPHUTTI 1 CKJIQJaHHI 31 3MallyBaHHSAM Y BHUIJISAI MAaIIMHHOTO Macia 3
no6askoro 20% nucynbdiny MoioaeHy.

[lpu npomy MiHiIManbHA BEJIMYMHA MOMEHTY 3aTSDKKH TOBHMHHA 3a0e3MevyyBaTH IIIJIBHICTD
CTUKY Pi3bOOBHX €JIEMEHTIB (Hampukiaa, 0onra 1 raiiku, a00 MINWIBKY 1 TallKK), a MaKCUMaJIbHA
BEJIMYMHA HE IOBHHHA TEPEBINIyBATH MIIHICTh Pi3bOOBOrO 3’€AHAHHA. TOMYy HpH PO3paxyHKY
BEJIMYMHHU MOMEHTY 3aTsDKKH P13b00BOIrO 3’€IHAHHS KPIWIBHUX J€Tajei BUTOTOBICHUX JETaJIeH:

— 13 BYIJIEUEBUX cTajeil mpuitMaeThes Oy, = (0,6 —0,7) - 0., ne 0, — MeXka IUIMHHOCTI
Marepiany 6osTa a00 MIUIBKHY;

— 13 JIerOBaHUX CTaJIeH MPUUMAEThCS 0,4, = (0,6 — 0,7) - 0.

[pum 3aTsixmi pi3bOOBOTO 3’€AHAHHS NIISAXOM JIOJATKY 30BHINIHHOTO KPYTHOTO MOMEHTY B
CTpWXHI OoNTa, BHACTIAOK BIUTUBY JABOX cuioBuX ¢akropiB (Q 1 M), BHHHKae CKIaaHUN
HaBaHTAXEHUH CTaH, sKa XapaKTepU3YETbCS BEIMYMHOIO HOPMAIbHUX O 1 JOTHYHUX T
HaBaHT)KCHb BIJIHOIICHHS MIX BEJIWYMHOIO SIKMX B 30HI MPYKHUX JedopMaliisix BHU3HAYAETHCS
HACTYITHOIO 3aJIEKHICTIO:

P /
T~ %, gB —p’).

[Ipy mpoMy 3yCHIIIS 3aTSDKKU 3 YpaxyBaHHIM HANPYKEHOTO CTaHy 0OJTa BU3HAYAETHCS IO
HACTYMHIN popmymi:

O-SaTF

Q= ;
F ; 2
1+O,75[d tg(f —p
P g( )

Me:

— F, mnoma nepepizy 6ounra;

— W, MONSIpHUA MOMEHT 1HEpIii.

Merton ckiafanHs pi3b0OBHX 3’ €IHAHb IUIIXOM JOJATKY 30BHIIIHBOTO KPYTAYOr0 MOMEHTY
MPOCTHH 1 YHIBEpCAJbHUH, OCKUIBKH JI03BOJISIE BHKOPHCTOBYBATH TPAAMIIMHUN I1HCTPYMEHT i
OCHAIIIEHHS Ul Py4YHOi, MEXaHi30BaHOI 1 aBTOMAaTHU30BAHOTO CKJaJaHHsd, 3a0e3neuye npu LbOMY



HEOOXITHOI NMPOJYKTUBHICTIO Tpouecy. OCHOBHMM HOTO HENOJIIKOM SIBJISETHCS BUHUKHEHHS B
IpoLeci 3aTSKKU B OOJITI HANpyXeHb KPYUEHHS, SIKI 3HWXKYIOTh HECy4dy CHOCIOHICTH pi3b0OBOTO
3’ ¢ JHAHHA.

Jlany MeTOAMKY MOXJIMBO BHUKOPUCTOBYBATU JIJISI KOHTPOJIIO 3aTsDKKH P13bOOBHUX 3€IHAHB,
JIarHOCTHKH JeTallell 32 TECOMETPUYHUMH O3HAKaMU, (DI3UYHUMU BIACTUBOCTIMH, nAedexramu. J{ms
IOT0 HEOOXI1HO 30UIBIIEHHS BXITHUX TaHWUX JJIs1 HaBYaHHS HEpoHOI Mepexi. [Ipm mocraTHii
BUOOpLI JeTaneil 3 pi3HUMH JAeeKTaMu HelpoHa Mepexa 3a aKyCTMYHO YacTOTHUMHU
XapaKTepUCTHUKAMU 3MO>K€ MOALISATH JIeTalll Ha TPYINU TOAHUX 1 HE TOJAHMX 32 PISHUMH 03HAKAMH.

BHCHOBOK: B 5 po31iii pO3MNISAHYTI CydacHi METOAM aKyCTMYHOI JIarHOCTHKM JIeTalel.
[TokazaHi pe3yiabTaTH E€KCIMEPUMEHTY aKyCTHYHOI JIarHOCTHKH CKIAJCHUX BY3JiB 3 MOOYIOBOIO
HelipoHoi Mepexi. ExcriepuMeHT mokas3aB 1o modymoBa HEHpOHOT Mepexi JeTaneil 1 CKIaaeHoro
BY3Jy J03BOJIMTH Mai’ke MUTTEBO BUSBIIATH Ae()EKTHI BUPOOH, HE BIpHI PO3MIpH Ta 1HII YHNHHUKH
Opaky 3a O3HaKaMH aKyCTHYHO YacTOTHOI XapaKTepUCTHKHU 3 TouHicTio g0 0,03MMm. 3a maHOIO
METOJIMKOI0O MOXJIMBO IPOBOIUTH KOHTPOJIb BY3JBIB MO TEOMETPUYHHM O3HaKaM, (i3HYHUM
BJIACTUBOCTSIM Ta IHIIMMHU YHHHUKAMH.



Ji Xuehua (Business School, Beijing Wuzi University, Beijing, China)
EVALUATION OF EXPRESS SERVICE QUALITY ON CAMPUS

To satisfy individual needs of customers. The thesis analyses factors that affecting the
quality of campus express mail service, in order to find out the best solution. On the foundation of
the reality of campus express delivery, The Service Quality (SERVQUAL) and LSQ model applies
to an index system with 20 indexes, Using questionnaires and factor analysis, the quality of campus
express delivery is evaluated in three dimensions. With the index system, using fuzzy analytic
hierarchy process (FAHP) to determine the index weight of campus express delivery, the result
shows that there is still room for improvement in the quality of campus services. Suggestions are
proposed to against existing roblems and improve the overall quality of campus express delivery.

From school’ view, school as the interested representation of school customer, it not only
carries out the integration and management of resources, but also takes on the responsibility of
timely feedback and meets the basic needs of clients. Of course, the school should participate in the
process of solving the problem of campus services and adopt active measures. From consumer’s
perspective, as a service object of campus express, teachers and students should respect courier.
They should produce certification as much as possible while picking up the courier, the way would
effectively avoid the misconduct and improve the efficiency. However, when personal rights are
threatened, they should dare to complain to courier company or school management department.

Nowadays, the research on express delivery services mainly focuses on the macroscopic
aspect and locks of systematic thinking. So this paper based on SERVQUAL and LSQ evaluation
system, campus express service quality model is evaluated by Factor Analysis and Fuzzy Analytic
Hierarchy. From the analysis, there is still room for improvement. The improvement of school
express service depends on the deep cooperation among express delivery companies, school,
teachers and students, as well as adopts scientific management methods. However, the result may
be affected by the limited number of questionnaires. Can add the size of the survey to let the

analysis more dependable and credible.



Jiaguo Yao, Ying Pan (College of Mechanical Engineering, Shanghai University of Engineering
Science, Shanghai, China)

RESEARCH ON DESIGN OF VIBRATION PLATFORM OF MOLDED CASE CIRCUIT
BREAKER AND RELIABILITY OF PLATFORM FRAME

With the continuous development and improvement of modern transportation
systems, the demand for transport equipment has been increasing day by day, and low-
voltage electrical appliances have become an indispensable part of transport equipment.
In the railroad highway navigation and transportation, strong vibration, impact and natural
mechanical environment have become one of the important factors affecting the stable,
reliable and safe operation of electrical equipment. Molded case circuit breakers generally
study their performance index under static conditions, and there are few researches on
them under dynamic vibration environment. Therefore, the vibration platform test of
molded case circuit breakers is established here to fill in the dynamic test of low-voltage
electrical apparatus. The blank space. In addition, in order to ensure the stability and
longevity of the overall framework of the designed platform, the reliability of the established
test platform framework is analyzed on the basis of ansys analysis, and it is concluded that
the established platform framework can guarantee the dynamic testing nder vibration. The
overall stability will not cause vibration damage to the frame.

This paper mainly studies the reliability of circuit reaker under dynamic load,
establishes corresponding vibration test system, and analyzes the structural static and
dynamic characteristics of the mechanical arm of the three-way stretching mechanism. A
mechanical analysis method for the failure of low-voltage circuit breakers under vibration
excitation is presented. The mechanical characteristics model of low-voltage circuit
breakers is established. The characteristics of the response of low-voltage circuit breakers
under vibration excitation are analyzed. This method can be used to obtain the low-voltage
circuit breakers subjected to simple harmonics. Under the excitation (sinusoidal vibration)
load, the vibration response and characteristics of the internal moving contact are
analyzed. The sinusoidal excitation test and the random excitation vibration test were
performed for the 3VT8 molded case circuit breaker and the 3WT8 frame circuit breaker.

In this paper, the design of the moulded case circuitbreaker vibration test platform is
firstly implemented modularly, and the main components and the designedstructure are
introduced. The feasibility of the platform construction is well explained. In addition, based
on the analysis of the finite element, the reliability of the experimental framework of the
platform was studied, and the deformation and natural frequency of the frame were
analyzed. Finally, the results that meet the experimental requirements were obtained. The
accuracy of the experiment and the safety of the equipment structure were also obtained.



KoBanescbka O.C., KoBaneBcbkuii C.B. (/Jonbacvka depacasna mawmunodydiena akademis,
Ykpaina)

MEXAHOCKJIAZAJIBHE BUPOSHULTBO 3 BUKOPUCTAHHAM MEXAHI3MIB
ITAPAJIEJIbHOI KIHEMATHUKU

3apa3 BimOyBaeThCs Mepexia BiJ po3pi3HEHUX (ipM 10 €IMHOI MEpPEkKi BEIUKHX 1 APIOHUX
KOMIIaHi}, 3'€IHAHUX EJCKTPOHHOI MEPEeXKEI0 Ha OCHOBI I1HTEPHETY, SKi 3IIMCHIOIOTH TICHY
B32€MOJIII0 B 00JIaCTI TEXHOJIOT1H, KOHTPOIIO SIKOCTI MPOIYKIIii, TuTaHyBaHHs iHHOBaIi# [1-3]. Taka
OCOONMBICTh IM'ITOTO TEXHOJIOTIYHOTO YKIaaAy pOOUTh aKTyalbHHM IMOJAJbIIE I1HTEHCUBHE
CTBOPEHHSI HAayKOEMHOI NMPOAYKIIi B yMOBaX HAyKOMICTKOTO BHUPOOHHITBA, SIKE CIIUPAETHCS Ha
JOCATHEHHS B Taily3l MIKpPOCIEKTPOHIKH, iH(pOpMaTHKH, OI0TEXHOJNOril, TeHHOI I1HXEeHepii,
BUKODHCTaHHA HOBHUX BH[IB €HEprii, marepiaimiB 1 T.M. 3apOIKYIOTbCS O3HAKH MLIOCTOTO
TEXHOJIOTIYHOTO YKJIaay, SIKHH MOKHA BU3HAYUTH SIK YKJIAJ MEPCIEKTUBHUX TEXHOJOTIH, 37aTHI
3MIHUTH TEXHOJIOTIYHE 1 COLIaJIbHUI PO3BUTOK JIFOJICTBA. Y 3B'SI3KY 3 LIUM BAXJIMBO MAaTH YSBIICHHS
PO OCOOJIMBOCTI BUPOOHWYMX CHCTEM, SKi O BIANOBIAAIM BHUMOTaM TEXHOJIOTIYHOI Ta
KOHCTPYKTUBHOI 'HYYKOCTI IPH BKpail 0OMEKEHUX MaTepiaibHUX 1 eHePreTUYHUX pecypcax.

Y poborax [1,2] mpencraBieHl MaTeMaTH4HI MOJEN MPOIECIB 3MIHM TEXHOJOTIYHUX
yKJIaAiB. ABTOpPU IMX POOIT HPUIYCTHIIM, IO TEXHOJIOTIi, L0 YTBOPIOIOTH AP0 UYETBEPTOrO
TEXHOJIOT1YHOTO YKJIQay, TMOBHHHI, YBIMTH JO CKJIaay Tally3€BOi CTPYKTypH HOBOTO THITY, aje
3a3HaBIIM CyTTeBHUX 3MiH. IIpu 11boMy, HEOOXIAHO YHUKHYTH (POpMYBaHHS Iaily3eBOi CTPYKTYpHU
IIPOMUCJIOBOCTI 3MIILIAHOTO THILY, 1[0 XapaKTE€PU3Y€ETHCS CIIBICHYBAaHHSM raly3€BUX KJIACTEpIB, K1
OOCIIyTOBYIOTh BIATBOPEHHS €JIEMEHTIB BIAMUPAIOUUX BHJIIB JiSUIBHOCTI B HPOMMCIOBOCTI
BigmoBiaHO 10 [1].

3 1uX MO3MIIH CTBOPEHHS TPAAUIIMHUX BUPOOHUIITB Ha OCHOBI MEXaHOOCOOPOYHMX LIEXiB
TpaJMLIMHOT KOMIOHOBKH, CIIUPAETHCS Ha OOJIaJHAHHS TPaAMIIITHOI KOMIIOHOBKH 1 OpraHizaiiiHi
cUCTeMH, IO 3a0e3meuyloTh iX e(eKTHBHY eKCIUlyaTalifo. A TMpOLECH 3MIHM TEXHOJOTIYHHUX
YKJIa/11B MOXHA OMUCATH, B 3arajlbHOMY BUTJIS1, CUTMOi1ajbHa PYHKIISIMUA BUTY

G(t) = X —aterr= + Ci, (1)

i (1+eait+bl~)
ne: K;, a;, b;, ¢; — xoediieHTy, 1110 BU3HAYAIOTh IHTEHCUBHICTh 3MIHH X TEXHOJOTIYHUX YKIIAIiB.

KomynikaTuBHi 3B'I3ku piBHSAHBb (1) BimoOpakaioTh HelpomepexeBe MoOyaoBa Mojedi
JUHAMIKKA €BOJIIOLII TEXHOJOTIYHMX YKJIaziB. Taka HelipomepexeBa opraHizailis MaTeMaTHYHOI
MoJiei BitoOpaxkae 0COOIUBOCTI PO3BUTKY TEXHOJOTTYHUX YKJIA/IB 1 X YCTPEMIIIHHS 0 3pOCTaHHS
camMoopraHizauii TEXHOJIOTTYHUX CHCTEM B E€BOJIOLIOHYE TEXHOJOTriYHOMY Yykianl. Lle moxe
03HAYaTH, M0 MEPCTIEKTUBHI TEXHOJOTIYHI CHCTEMHU MOBHUHHI BIAPI3HATHCS MHOTOCBSI3aHHOCTBIO,
30HaMU HEUYTIUBOCTI 1 HEJIIHIHHOCTI, IIUTICHICTIO 1 1€PAPXIUHICTIO.

BrockoHasieHHsT BUPOOHHYO-TEXHOJIOTIYHMX CHUCTEM € HaMBaKIMBILIOK —CKJIAJ0BOIO
OCBOEHHS BUITYCKY HOBOI MPOYKIIii, 37aTHOI KOHKYPYBaTH Ha MAalIMHOOY1IBHOMY PUHKY TPUBAJIH
nepioa vacy. [Ipobiemu, oB's3aHi 3 BUKOPUCTAaHHAM 00JaJHaHHSA, 0 CPOPMYBAJIO 11i BUPOOHHUU1
MOTY>KHOCTI, TIPEJACTABISIIOTECA HaM CHUTBbHUMH 1 BUKJIMKaHI THM, IO TPaAHUIIiAHI TEXHOJOT14HI
CUCTeMH OOpOOKHM MaTepiaiiB HAOIU3UIIMCS 10 CBOEI TEXHOJIOTTYHOT MEXI1 1 MPAKTUYHO TMOBHICTIO
BHUEpPHAIM CBOi PECYpPCHM 1 MOMIMBOCTI JUIsi 3HAYHOT'O TJBUINEHHS TEXHIKO-CKOHOMIYHHUX
MMOKA3HHUKIB.

HacnigkoM BUKIIAQIEHOTO BHUIIE MIIXOAY € MEPeiK 03HAK MEPCHEKTHBHUX TEXHOJOTTUHHUX
CHCTEM:

- aJaNTUBHICTD,

- BEJIMKUH /1iara3oH peryatoBaHHs,

- IIBUJIKO/IiS,



- THYYKICTb,

- MiHIaTIOpHU3allis,

- 6araTo()yHKI10HAJIBHICTb,

- MOJYJIbHICTb,

- 3JaTHICTh BUKOHYBATHU 1HTEJCKTYyalbHI 00YHCICHHS,

- 311aTHICTh HaOyBaTH OaraTto ¢opmM,

- TOYHICTb.

@OyHKIIOHATbHI MOXJIMBOCTI 1 BapTICTh BHU3HAYAIOTh PO3XOJKEHHS MIXK BUPOOHHUUHUMU
cucTeMaMH, 110 PeKOHDIrypyrOThCs, TpaaulliiHuMU aBToMaTuaHuMH JiHisMu 1 [BC. V 10if yac sik
aBromatuyHi JiHli Ta ['BC ycraHoBieHi B MOBHUX (YHKIIOHATBHUX  MOMKIHUBOCTSX,
pekoH}ITypyroUi BHPOOHHWYI CHUCTEMH 3MIHIOIOTh 3[aTHOCTI Ta (PYHKIIOHAIBbHI MOMJIMBOCTI
MPOTSITOM JIOBTOT'0 Yacy, OCKUTBKH CHCTEMa pearye Ha puHKOBI 0OCTaBUHH, 10 3MIHIOIOTHCS.

TakuM YUMHOM, CHUCTEMHM, IO PEKOH(DITYPYIOTBHCS, BIIPI3HSAIOTHCS BiJl ICHYIOUHX CHCTEM
CBOEIO 3JIaTHICTIO JI0 3MiH. [ '0JIOBHOIO MepeBaror € MOXJIMBICT, MaTH caMme 3aJaHy THYYKICTb i
MPOAYKILIO, 10 BUTOTOBISETHCA. [T BUPOOHUKIB TaKOX YK€ BUTIIHUM € 1 TOH (hakT, 1o npu
CBOIH 31aTHOCTI 110 THY4YKOCTi, PBC 3Ha4uHO nemreBm, HiXk iCHYIO4Y1 THYYKI cucTeMu. L{e moB’s13aH0
3 BUKOPUCTAHHSIM OB JIEMIEBOTO 00JIaTHAHHS.

['Hydki cucTeMH Ta MAalIMHU CTBOPIOIOTHCS 3 YyCiMa MOMJIMBUMH ()YHKIIOHAJIBHUMU
MOXXJTUBOCTSMH, OO BHUPOOHHMK  BEpCTATiB 3a3JajieTilb HE 3Ha€ 00JIACTh BUKOPUCTAHHS
00pOOJISIIOYOr0 LEHTPY, UMM CTBOPIOE OCHOBHI BUTpPATH, THM CaMHUM 3a0€3Meuyroud 3arajibHe
npunymeHss, mo ['BC cnpomoxuanii BUpoOouTH Oynb-akuii BUpiO (y Mexax 3aJaHoro CiMEHCTBa), Y
OyIb-IKOMY TO€IHAHHI JAeTaleld 1 y Oynb-akid mocnimoBHOCTI. Llel miaxim 30iiblIye BapTiCTh,
TOMY IO II€ BUMarae napaiesibHoi cUCTeMHOI cTpykTypu it ['BC, mo BHKOpPHCTOBYE MOTYXKHI
OOpOOHI IEHTPH 3arajJlbHOTO TMPHU3HAYEHHS 3 Jy)Ke BEJIMKUM JKypHAJIOM IHCTPYMEHTIB 1
Oaratopa3oBux HaOOPIB IHCTPYMEHTIB, IIO € JYXKE JOPOTHM PIiIICHHSM.

BukoHaHHS BCiX IMX YMOB B HaWOiNbIIii CTyMiHb € 00JaJHAHHS 1 TPUCTPOIB, 3aCHOBAHUX
Ha MexaHi3Max mapanenbHoi ctpykTypu (MIIC) [4-6]. 3actocyBaHHS MOOUTBHMX BEpPCTATIB 3
BUKODHCTAHHAM MEXaHI3MIB BHMarae 3a0e3MeueHHs CKIAJHOTO XapakTepy YIpaBIiHHS iX
BUKOHABUYMMH JIAHKaMH, sIKi 0a3yIOThCS Ha MPHHIMIIOBO HOBHX METO/AAX 1 croco0ax KOHTPOIIO Ta
JIaTHOCTUKU HOBOTO OOJaJHAHHS, TEXHOJOTIYHMX TPOIECiB 1 MPOAYKIi. A BIPOBaIKEHHS
MOOUIBHUX BEPCTATIB 3a0e3Meuye:

-3MiHy CTPYKTypU BHUPOOHHYOTO CEPEIOBHUINA 3a PaXyHOK 3MIHM KOMIIOHYBAaHHS
o0JajiHaHHs, OpraHizalii po6o4oro NpocTopy, TPaHCIOPTYBAHHS;

-3MiHYy BIACTUBOCTEH KOMIIOHEHTIB JOBKIJLIS;

-3HIDKEHHS 1H()OpMaliifHOT €eHTPOMIl Cepe0BHUIIa;

-3MiHY €HEepreTHYHOi HaCHYEHOCTI CepeIOBUIIIA;

-3MiHY 1H(OpMaliifHOT HACUYEHOCTI CEpPeIOBUIIIA;

-3MiHY IHTEJIEKTyaJbHUX BJIACTUBOCTEH CepeOBUIIIA.

Lle#t mepenmik 0Oa3yeTbCs Ha po3poOIl omepariii TEXHOJOTTYHOTO, EHEPTreTUYHOTO,
iH(popMaLiifHOro Ta KOMYyHIKaliiHHOTo 3a0€e31e4eHHs] BAPOOHUIITBA.

Ha BigmiHy Big MOOUIBHUX pPOOOTIB, TYT MiJ] pOOOYMM CEPEAOBULIEM CIiJ PO3YyMITH
cepenoBullle o0pobmoBaHOi Aerami abo BHpoOy, 1m0 30upaerhcs. Sk BigoMoO, Al HpOLECIB
00pOoOKM 3aroTOBOK JeTalied 1 CKJIagaHHsS MallMH TOTpiOHA TOYHICTH PYXiB BHKOHABYOTO
MexaHi3My. ETanoHHa MoJens Takok BUMarae BUCOKOT TOUHOCTI pearizamii (y Mexax 1-2 Mxm). Y
[IbOMY TIOJISTA€ BIAMIHHICT POOIT 3 IOCHTIDKEHh MOOUIPHUX aJanTUBHUX POOOTIB 1 poOIT 3
JOCTIJKEHb B 00JIacTi CTBOPEHHS MOOUIbHHMX iHTeNeKTyasbHuX BepcraTiB 3 MIIC. 3Buuaiino,
Takuil PiBEHb aBTOHOMHOCTI MOOUIBHMX BEpCTaTIB € HalBUIUM BHKOHaHHS BceX IiX yMiB B
HalOUIbIIIA cTemeHb € oO0JaJHaHHSA W NPICTPOiB, 3aCHOBAHMKW HA MeEXaHI3Max MapajielbHOl
ctpykrypu (MIIC) [4-6]. Lle miaTBepmKy€e IWHAMIYHHMA aHali3 CTPHXKHEBOI KOHCTpyKIli MIIC.
Po3paxyHKOBI CXeMH eJIEMEHTApHHUX MEXaHi3MiIB HapayeJbHOI CTPYKTYPH SK CHUCTEM 3 KiHIIEBUM
YHUCJIOM CTYIICHIB CBOOO M 3aCHOBAHI HAa OMHUCI TIOJIOKEHHS Mac MPHU KOJIMBAHHSIX KOHCTPYKITIi, SKi
ONMHCYIOTHCS JIHIMHAUMH 1 KYTOBHUMH MepeMimeHHsMu. [l ni€0 MpukiIaaeHoi 0 CTPUKHEBIH



KOHCTPYKIIIi  MepioJWYHOro HaBaHTakeHHA H(t) BoHa 3AliiCHIOE KONMBAHHS, a KOHCTPYKIIis
PO3TIISIIAETHCS SIK CHCTEMA 3 KIHIIEBUM YHCIIOM CTYIIEHIB CBOOOIH.

Jlunamiuni mepemimenns y;(t) mac m; NpU KOJMBAHHAX CHCTEMHM 3 KiHLIEBMM YHCIIOM
CTYIICHIB CBOOOJIM BITHOCHO iX TOJIOKCHHSI PIBHOBArd BUKIMKAIOTh peakiii R; , sKi 3aJIeKaTh BiJ
mirounx cui H;(t), momarauBocTeit 6}- 1 BIITTOB11atOTh PIBHAHHAM (2):

bin(w?) + b1(n—1)(w2)n_1 + o+ by w? + by =0
byn(?) + byn_1y (W)™ + - + by1w? + byg = 0 2
b3n(@?) + b3(n_1y(@*)"™! + -+ + b31w® + b3g = 0

bmn(a)z) + bm(n—l)((‘)z)n_1 +-t bml(‘)2 + b =0

L1i piBHAHHS € YACTOTHUMHM PIBHAHHSAMM BUIBHUX KOJMBAHHAX CUCTEMH 3 KIHIIEBUM YHCIIOM
CTYIEHIB CBOOOIH.

OCKUIbKH TOJIOKEHHSI CUCTEMH, BiJ| SIKOTO BIAPAXOBYIOTHCS MEPEMIIIEHHS, 1[0 BUHUKAIOTh
IIpU KOJIMBAHHSX, € CTAaHOBMILEM CTIHKOI pIBHOBAaru, TO BCE KOPIHHS LMX DPIBHSIHb € TIHCHUM 1
no3UTUBHUM. LM n0BOIUTHCS, 1110 Oy/Ab-SKa cHUcTeMa 3 KiHLEBUM YHCIIOM CTYIEHIB CBOOOAM Mae
CBIMf YAaCTOTHUH CHEKTp, 3a SAKHUM MOXE 11eHTU(IKYBAaTUCS Oylb-gKe IMOJIOXKEHHA ab0 TpaeKTopis
PYXYy JIaHOK MEXaHi3MiB MapayielbHOI CTPYKTYpH. 3 LbOTO BUCHOBKY JOBOJUTHCS, IO PILICHHAMU
PIBHSHHSA € YacTOTHUM CIEKTp BJIACHUX KOJMBAaHb CTPH)KHEBOI KOHCTPYKLII TEXHOJOTIYHOIO
obnagHaHHsA. CTBOPEHHsI €TaJOHHOI MOJEJI Ul YIPaBIIHHSA TAaKUMH CHUCTEMAaMH TE€XHOJOTIYHOTO
oOnajHaHHA MOXXe OyTH BMKOHAHO Ha OCHOBI pPO3pOOJIEHOrO aBTOpaMU ajirOpUTMy IMOOYAOBH
€TaJIOHHUX MoOJiesiel 3a JIOMOMOIOI0 IIMOOKMX HEHPOHHMX MEpEX B PEXUMI peajbHOro dvacy.
Takuii BUCHOBOK HaJla€ MOXJIMBICTH (QOPMYBATH BHUPOOHMYI TEXHOJOTIYHI KOMIUJIEKCH Ha OCHOBI
peKOH(DIrypoBaHMX BEpPCTATHUX CUCTEM 3 MEXaHI3MaMM MapajlelbHOi CTPYKTYpU JUIS LIUPOKOTO
CHEKTpa pO3B'I3yBaHUX 3aBAaHb, 1O SKUX B TMEpIIy 4Yepry BIJHOCSATHCS CTBOPEHHS
peKoH(}IrypoBaHUX BUPOOHHUIITB.

Binomo [7], mo BnopsiakoBaHicTh cuctem U (t) crpusie NMABUIIEHHIO iX €QEeKTUBHOCTI
G(t).

G(t) = | X; Xipij - log(p;j)| - min,

ne: p;j- WMOBIPHICTb CTaHy, NpPH SKOMY i-d €JIEMEHT TEXHOJIOTIYHOI CHCTEMHM BHKOHYE i-y
TEXHOJIOTTYHY () YHKIIIFO.

I'TIC MO (Bepcratu-po6otu 3 MIIC) npusHaueHi JUisi BUKOHAHHS MEXaHIYHOT 0OpoOKH
netanei, gki Biapaszy x Haaxonath Ha 300pky B I'TIC Cb Vkpainu. Opranizaiiiio pyxy MOTOKIB
Jetangel 1 CKIaJadbHUX OJMHULL 3albe3neuye posnojailieHa iH(popMaliifHa IHTEJIeKTyajlbHa
CUCTEMa, SKa BHKOPUCTOBYE MaT€MaTUYHHM amapar riauOoKux HeHpoHHuX wmepex [8]. s
JOCATHEHHS HEOOXITHOI TOYHOCTI TEXHOJIOTIYHOrO OOJaJHaHHSA MapajelbHOi KiHEMaTHKH B
CTPYKTYpl IHTEJEKTyaJdbHOI 1H(GOPMAIINHOI CHCTEMH TependayeHo CTBOPCHHS E€TaJOHHHX
MoJIeJIel, KOMIIEHCYFOUHUX MTOXUOKU TEXHOJIOTIYHUX CHCTEM.

Bepcrar 3 MIIC moBuHEH ySBIATH COOOI0 CKJIQJHY IWHAMIYHY CHCTEMY, IO BOJIOIIE
BJIACTUBICTIO TOMEOCTATHYHOCTI, TOOTO 3JaTHICTIO 30epiraTu piBHOBAXHMH CTaH B YMOBax
BHYTPIIIHIX 1 30BHINIHIX BIUIMBIB. ToMy, moOymoBa iaeHTH}IKAMIHHOT MOMAETl ONTHMAaJILHOTO
yIIpaBIiHHS CKJIAAHUMU pyxamu Bepcerara 3 MIIC mae Taki 0coOaMBOCTI:

- 00'exT ympaBiiHHS fABJIsiE COO0I0 TOMEOCTAaTUYHY CHUCTEMY, B SIKil BUXOAM OJJHUX €JIEMEHTIB
€ BXOJaMH 1HIIIHX;

- piBHOBara BUpOOHHMYOI CHCTEMHU Mae OyTH 30€pexKeHO 3a YMOBH ii (QyHKIIOHYBaHHS;

- 3MIHIOIOYM T[apaMeTpu Takoi CHUCTeMU (IOBKMHM IITAHI) MOXKHA JIOCSATTH CTaHy
rOMEOCTaTUYHOI PIBHOBATH, 1110 03HAYA€ MOCIIIOBAHHS PI3HUX SIKICHUX CTAHIB CUCTEMH.



VY 3aragbHOMY BUIVISAI MOJENb TOMEOCTaTHYHOI PIBHOBAru OMUCYETHCS CHCTEMOIO PiBHIHb
(4.13), 110 Mae TaKuM BUIIISL

X1 =F(X5, X3, Xp)

X5 =F(X1,X3,..0Xp)
A (3)

Xy =F(Xq, X500 X 1),

ne X1, X, ..., Xp - HapaMeTpH CUCTEMHU.

3 piBHAHB (3) MOXHa 3pOOWTH BHCHOBOK IMPO T€, MO KOXHA 13 3MIHHMX Xi CTae sK
«BUXOJIOM», TaK 1 «BXOIOM» CUCTEMH - BCE 3aJICKUThH BiJl TOCTAHOBKH 3aBIaHHS JOCIIKSHHSI.

['omeocTarnyHa Mozeiab MOOYIOBaHA Ha OCHOBI MPOTHO3HUX 3HAYEHb IMOKA3HUKIB JTOBXKHH
MITAHT 3 ypaxyBaHHSM 3HAUYIIOCTI KOKHOTO 3 HHX. MeToi0 moOymnoBH TOMEOCTAaTHYHOI MOl B
HelipoMepeKHOMY JIOTIYHOMY 0a3uci € BU3HAUEHHs 3MiHU BIATYKY B Pe3yJbTaTi 3MIHU OJHOTO abo
NEKUIBKOX YWHHUKIB - JOBXKMH INTaHr. Peaizariss rOMeOCTaTHYHOI MoZeil 3aiicHIoBajacd 3a
nornomMororo nmporpamu MathLab.

B pesymbrari TecTyBaHHS HABYCHHMX MOIYIIB TOMEOCTaTHYHOI CHCTeMH Ha 0asi
imeHTH]IKAIIfHIX MoJeNnel MakcHUMalbHA BiTHOCHA TOXHOKa pIMIEHHS MPUKIAAIB TECTOBOI
BHOIpKH CKJIaia:

- JUI. MOZAY/Sl pO3paxyHKy TOUYHOCTI Mo3uLitoBaHHS mardopmu Bepctara- 3 MIIC - 0,8%;

- JUIT MOAY/sSl PO3PAaxXyHKYy HIBUIKOCTI TepeMmiiieHb pododoro oprany Bepcrara 3 MIIC -
6,1%;

- I MOZTYJISl PO3PaxyHKy MpoayKTUBHOCTI Beperara 3 MIIC moxuOka cTaHOBUTS - 2,4%.

Inentudikamiitna mMoaens romeocrarnyHoro crany MIIC moxe OyTwm BUKOpUCTaHA ISt
YIPaBIiHHSA 1O €TaJOHHOI MOJENi JUIsl BHUSIBICHHS MOXIIMBUX PE3EpBIB 3 METOO ITiIBUILECHHS
TOYHOCTI BiAIIPALIOBAHHS TPAEKTOPIii pyXy BuKoHABYOI Janku MIIC.

KoxkeH elleMeHT TeXHOJOTIYHOI CHCTEMHU CKIAJAaeTbcs 3 OONaAHAHHA, SIKE MOHTYETHCS 3
OKpeMHUX YHi(IKOBaHHMX €JIEMEHTIB - aKTyaTOpOB, IO 3'€HYIOTbCS B CTiliKi (epMornomodHue
KoH(piryparii 3 NnporpaMHO-3MIHHUMH JOBXKHHaMHu cTopiH [8-10]. BukoHaBuMMHM JaHKaMH €
BukoHaBui kapetku (IK1 ... IK9). OG'eqnani B cucTeMH MeEXaHI3MiB, HAMPHUKIAA, 32 CXEMOIO
Tpirfnaiaa, Taki CUCTEMH 3/1aTHI BUKOHYBaTH SK 0OpoOHi ¢yHKIII, Tak 1 ckiafanbHi pobotu. Lla
KOH(Iryparlis € IepCreKTUBHAM BapiaHTOM BJOCKOHAJICHHS TEXHOJIOTIYHUX CUCTEM. Pi3HUIS BUIIB
TEXHOJIOTIYHMX OIMepaliid 3aleXHuTh BiJ POOOYMX IHCTPYMEHTIB, $IKI ABTOMATUYHO MOXKYThb
BCTaHOBJIFOBATHCS HA IHCTPYMEHTAIILHOT KAPETIIi.

OyHKIIT TpaHCIOPTYBaHHS HamiBpaOpukaTiB Mk pobounmu mosumissmu PIT1 ... pm9,
MOKYTh BUKOHYBAaTH TY)KaBiHHS, III0 BCTAHOBIIOIOTHCSA B THUX K€ 1HCTPYMEHTAJBHHX KapeTKax 3a
JOTIOMOTOFO IIBUIKO3MIHHHUX HPUCTPOIB.

Exonomist 1uromii, 3aiiMaHOi BHPOOHWUYUMH JAUISHKAMH, IO CKJIAJAlOThes 3 30ipHO-
pO30IpHUX TEXHOJIOTIYHUX OOPOOHMX, KOHTPOJIIOIYHUX 1 TPAHCIOPTHUX MAIWH TMapalieabHOT
CTPYKTYPH, MOK€ OyTH 11 OUIBIIOI0, SKIIO0 KOMIOHYBaHHS 00JIaIHAHHS TEXHOJOT1YHOI CUCTEMH
po3risiaTi He B IuiomuHi 2d, a B 06ca3i 3d, konu HamiBpaOpUKaTH MOXYTh HEpeMiIIaTuCs Ha
PiBHI Bropy 3a JJOIOMOTOI0 Tpirjaiaa noABiiHoi BucoTu. KpiM OCHOBHMX T€XHONOTTYHUX (DYHKIIIN
BOHM IIPU3HAYEHI /U BUKOHAHHS MiIHOMHO-TPaHCIOPTHUX MEPEMIllIeHb HamiBhaOpHKaTiB.

TakuM 4MHOM, 3ampONOHOBaHAa KOHLEMIIs cXeM po3MmimieHHs oOnanHaHHs 3 MIIC nanae
MOJJIMBICTh ~ MaKCUMaJIbHO  BUKOPHCTOBYBAaTM  BHUPOOHMYI  IUIOIII  MpH  3a0e3MedyeHHi
KOHCTPYKTUBHOI 1 TEXHOJIOTIYHOI THYYKOCTI 3a paxyHOK 301pHO-pO30ipHHX €JIEMEHTIB
TEXHOJIOTT4HOT cucTemMu. [Ipu 1bOMy JOCSTaeThCs MaKCMMallbHa BIIOPSIKOBAaHICTH BUPOOHHUOTO
MPOCTOPY. 3ampoOINOHOBAaHUN TMIAXiA 10 KOMIUIEKCHOI JIarHOCTUKH KOHQITypalli MeXaHi3MiB
napaeiabHOi CTPYKTYPH Ha OCHOBI YaCTOTHUX CHEKTPIB BIACHUX KOJIMBAaHb O0'€KTIB yIpaBIiHHS



J03BONIUTh  3a0e3medyBaTH  JOCSITHEHHS  HEOOXigHOI  SKOCTI  YOpaBNiHHSA  CKJIQJHUMU
TEXHOJIOTIYHUMH KOMIUIEKCAaMU B YMOBaX peKoH]irypatiii BUpoOOHUIITBA.
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KoBaneBcbkuii C.B., Emeus B.B. (/Jonbacvra deporcasna mawmunobdyoisna akademis, Yrpaina)
ITPOEKTYBAHHSA TEXHOJIOT'TYHUX ITPOLIECIB 3YBOOBPOBKH

3yOuati Kojieca Ta iHIII JeTaui 3 3yOuaTHMMHU MOBEPXHSIMHU IMPAIIOIOTh B YMOBaX BHCOKHX
mIBUAKOCTEH 00epTaHHs, BHCOKOI TeMIepaTypd poOo4oro Tijia, pi3HUX THUIAX 3HOCY poOOYMX
noBepxoHb. O/IHIEI0 3 OCHOBHUX MPOOJIeM 3y0UaTHX MOBEPXOHb € CTBOPEHHS 3MILHIOIOYOIO IIapy 3
HEOOXITHOIO AKICTIO.

Amnaumi3 i 3icTaBJIeHHS CIIOCOOIB 1 METO/IB, SIKi € HAWOLIBbII OJU3LKIUMH aHAJIOTaMU CIIOCO0Y,
J03BOJTMIIH C(hOPMYBATH BIJIMIHHI O3HAKH MPOTIOHOBAHOTO PIIICHHS, OCHOBHUM 3 SKHX € Te, 10 Ha
poboui TOBEpXHI JeTali METOJOM JBOX 3yOuaTHX KOJIC, MO OJHOTO 3 HHUX MPHEIHYETHCS
BHCOKOBOJIBTHIA CTPYM SIKMH JO3BOJISIE 3MIIHUTH TIOBEPXHIO 1 30UIBIIMTH TIpaIe31aTHICTb.
Haii0inpm epekTuBHUMU, MOPSAA 3 TPATUIIHHO 3aCTOCOBYBAHMMH TEXHOJOTISIMH € TEXHOJIOTII,
CIIpSIMOBaHI Ha 3MIITHEHHSI BUPOOIB B MOETHAHHI 31 3MEHIIICHHSIM BUTPAT €HEPrii, 110 BUTPAYAETHCS
Ha 1X popMyBaHHS.

Jns 3yOuaTtux KoJic, Kl € OO0'€KTOM JOCTIIPKeHHS, 3aCTOCOBYIOTH 1HCTPYMEHTAJIbHUMN
Matepian P6MS. BupoOu 3 Takux CIUTaBiB HE TIJIBKU MIIlHI, ae€ TaK0X MAaIOTh YEPBOHOCTIMKICTH 1
rapsdy TBEpHAiCTb, MAIOTh B'SI3KICTIO. BOHM, HE3Ba)kal0uM Ha CXHIBHICTB 10 00€3yTiepOKUBAHUIO,
rapaHTYIOTh BiTHOCHO TPUBAJIHMIA TEPMiH eKCIUTyaTallil B CKJIa/1i AeTajael o0naJHaHHS.

OCHOBHI BJIaCTUBOCTI METaTy TIO/1IOHOT MapKu — I1€: I ABUIICHA B'SI3KICTh, XOPOIIHNI PiBEHb
OTIOpY 3HOCY, MPUHHATHA CTYIiHb ILTi(yBaHHS, TEPMOIIACTUYHICTh. BOHa BUKOPUCTOBYETHCS IS
JeTajgeil Ta IHCTPYMEHTIB, SIKi TMpAIlOIOTh 3 yJapHUMH HaBaHTakeHHsAMHU. llle omHa BigMiHHA
ocobnuBicTh ctam PO6MS — 1eil meran mpekpacHO TpUMae 3aTOYKy. MaroyH Taki BIaCTUBOCTI,
BOJIb(paM-MOJTiOICHOBUI MaTepiaj MiIXOAUTh JIJIsl HACIYEHHS Ta 3MIITHEHHS 3y04aTUX KOJIC.

OcCHOBHI BHMOTH, SIKi TPEISBIAIOTECA 10 3MIIHIOIOYOTO MIApy HACTYIHI: IMIJIBHICTB i
CYLITBHICTh TOKPUTTS, HU3bKA TOPHUCTICTh, BHCOKA KOTE€3Ms, airesiss 3 MOBEPXHEI0 MEeTaJeBOi
MiAKIaaKd, GOpMyBaHHS JApiOHO-AUCIIEPCHOI CTPYKTYPH CIUIABY OJIOBA, BUCOKA BTOMHY MIIIHICTB,
OJTHO-MIPHICTh MOKPUTTSI 1O TOBIIUHI 1 JOCUTH BUCOKA YUCTOTA HOTO MOBEPXH.

Henonikom MeroniB, SiKi BUKOPHUCTOBYIOTHCS € HHU3bKa SKICTh TOBEPXHI 3MIITHIOIOYOTO
11apy, Iio 3MylLIy€e HAHOCUTH 1eH 1ap 13 MPUITYCKOM IIiJ] MOJAlbIIy MEeXaHiuHy 00poOKy. Y CBOIO
gepry (i3MKo-MeXaHiuHi BJIACTHBOCTI IIApy 3MIHIOIOTHCS 1O TJIMOMHI 1 MPH 3HATTI MPHUITYCKY HE
BIIIOBIJAIOTh TEXHIYHUM BUMOTAM.

Jst BUpieHHS [UX MPOOJIeM PO3TIIIAI0TECS KOMOIHOBAaHUN METO]T HAHECEHHS TTOKPHUTTIB.
IIpu po3risi KOMOIHOBAaHOTO METOJy HAHECEHHS 3MILHIOIOUYMX MOKPUTTIB, aHATI3YEThCS aare3is
MDK MOJIEKyJaMU BCEpEeANHI BOJIb(PaMO-MOIiOEHOBOTO 3y0uaToro koiseca 1 nudysis B 30HI
KOHTAKTY.

Bonsdpamo-moniGaeHoBe 3y0uaTe KoJIOCE OTPUMYBaB OOEpTaHHS Bij cTaieBOi 3yOuaToi
3aroTiBkU. [l movaTky nepeHocy Marepiaiy 3yCHIUIs IPUTHCKaHHS 3y04aToro Kojeca HeOOX1AHO
Oyno 3meHmuTy. [Ipu obGepranHi 3yduare kojeco BIOpye, TUM caMHM YTBOPIOE 3a30p. B Hbomy
BUHHUKAE HEBEJIMUKA ICKpa, KA 10HI3ye MOJIEKYJIH BOJIb(ppaMy 1 HEPEHOCUTH iX Ha CTaleBy 3yOuaTy
3aroTiBKY.

BucHoBok: 3amponoHoBaHMH CHOCIO HaHECEHHs 3MILHIOIOYMX TOKPUTTIB Ha 3yOuaTi
MOBEPXHI JI03BOJISIE 3/ICIIEBUTH COOIBAPTICTh HAHECEHHS 3MIIHIOIYOr0 MaTepially y MOPIBHIHHI 3
BifoMuMu criocobamu. Edekt nocsraerbcs 3a paxyHOK 3HIDKEHHS EHEPreTHUYHHMX BUTpaT,
IIJIBUIIICHHS SIKOCTI HAHOCHOTO IIIapy, CYMIIIEHHsI omepailii 0OpoOJieHH Ta HAaHECEHHS MOKPUTTS
Ha BepCTaTax 3 MapajieIbHOI0 KIHEMAaTUKOI0, TUM CaMe BUKJIIOYAlOUU BUTPATHU HA TPAHCIIOPTYBAHHS
JI0 TEPMIYHOTO 1IeXY 1 BUTpAT.



Kosanescbkuii C.B., KoBaseBcbka O.C. ([Jonbacvka Oepacasna mauunodydiena akademis,
Vrpaina)

JIOCBIJIT 3MIHYBAHHS JESKHX BIJIACTUBOCTEM MATEPIAJIIB

Jlo 6araTbox MaTepianiB MPeasIBIAIOTECS BUCOKI BUMOTHU /10 KOMIUIEKCY €KCIUTyaTalliitHuX
BJIACTUBOCTEN - 3HOCOCTIMKOCTI, MIITHOCTI, TETUIOCTIHKOCTI, B'I3KOCTI, pyiiHyBauHs [1,2,3]. Onanm
i3 cnocoOiB MiJBUIIEHHS TNPAIE3AaTHOCTI 1HCTPYMEHTY € 3MIIHEHHS O0'€MHOI0 TEpPMiuHOIO
00pobOkoto [4]. Ane, OCKIIbKM TepMOOOpoOKa Ha MaKCHMaJIbHY TBEPICTh 1 3HOCOCTIMKICTH
MIPU3BOAUTD IO 3HIDKEHHS B'SI3KOCTI 1 TPIIIMHOCTIHKOCTI PiKydoi YaCTMHH 1HCTPYMEHTY, MpodiieMa
MIJIBUIICHHS B'SI3KOCTI PyWHYBaHHS IHCTPYMEHTY € aKTyajdbHOIO [5,6]. Taku mporiecu 3MilTHEHHS
CHPSIMOBAHI Ha MaTepiaj TOHKOTO MOBEPXHEBOIrO MIapy poO0ovoi YaCTHHH 1HCTPYMEHTY 1 3aCHOBaHi
abo0 Ha Oe3rocepeHhOMY KOHTAKTHOMY BIUIMBI, a00 BHUKOPHUCTOBYIOTH €(EKTH IMITYJIbCHOTO
BIUIMBY OyAb-fKOI MpPHUPOJH, NMPH SKOMY BIUIMB HaOyBae BiacTuBOcTel ckiH-edexty [7]. Ilo
CTOCYETHCS 3MiHM (DI3UKO-MEXaHIYHUX BJIACTUBOCTEH IO BChOMY 00'eMy BUPOOY, TO 1€ MOXKE OyTH
JOCATHYTO 3MIiHOIO CTPYKTYpH MaTepiaiy 1Mo BCboMy 00'eMy BHPOOY HUIIXOM TepMiYHOT 00poOKH
(3arapTyBaHHs ), KpioreHHOT 0OpOOKH (3arapTyBaHHS 3 HACTYITHOIO 0OPOOKOIO XOJIOI0M).

O06'emHe 3MiITHEHHS TP TePMiUuHii 00poOIIi JocsTae epexTy TOMY, 0 PIBHOMIpPHHUN BIUIHMB
TEIJIOBOTO TIOTOKY Ha BECh 00CST IHCTPYMEHTAJIIBHOT'O MaTepiaay poOUTh Taky 00'eMHY 0OpOOKY 1
o0'eMHe 3MilTHEHHSI MOXIUBUM. OTHAK, pIBHOMIPHICTh BIUIMBY TEIUIOBOTO IMOTOKY BUMAarae BUTpPAT
4acy JUIsl BAPIBHIOBAHHS TEMIIEPATYPHOTO IpaJi€eHTa B 00CA31 MaTepiaiy.

B po6oTi mokazana MOXJIMBICTh BUKOPHCTAHHS B SKOCTI PIBHOMIPHOTO MOTOKY JUISI BIUTUBY
Ha o0csr MaTepialy MarHiTHOTO MOJsI, YTBOPEHOTO MOTYXHHUMHU MOCTIHHMMU Marsitamu. [Iponec
BIUIMBY Ha OOCST MaTepialy eKCIepUMEHTaJIbHUX 3pa3KiB IMOJSITaB B TOMY, MIO BIUIUB
PIBHOMIPHOTO MarHiTHOTO MOTOKY, II0 MPOHHU3YE 3pa30K, 1HILIIOETHCA B PE3yNbTaTi Pe30HAHCHUX
KOJINBaHb 3pa3Ka, BUKIMKAHUX MIMPOKOCMYTOBHM BIUITMBOM pIiBHIM aMIUTITyAH 3a JOIOMOTOIO
re’eparopa «OuIoro mymy» i 1’ e30BUIPOMiHIOBaya. [IpMHIMIIOBA cXeMa yCTaHOBKH MpeACTaBIeHA
Ha puc.l.

1 S Output A(f) 1

\ 0

10 2 S000 10000 15000 20000

.4

N\

, ;
\ ] x

3/ 1 s - < Input  A(f)
> \ 5. |
4 -80

N -100
1 / -120

] S000 10000 15000 20000

Pucynok 1 — [IpuHIumnoBa cxemMa eKCIIEpUMEHTAIBHOI YCTAaHOBKH: |-HEOIUMOBI MarHiTh, 2 - piBHOMIipHAN
MAarHiTHHH TOTIK, 3 - eKCIePUMEHTAIbHUI 3pa3ok, 4 - T1’€30BUIPOMIHIOBAY, 5 - Y4acTOTHHIl CIIEKTp
reHeparopa «0inoro mymy», 6 - 4aCTOTHUH CIEKTpP BJIACHUX KOJIMBaHb 3pa3ka B MarHiTHOMY TOJi, 7 -
MBE30JJaTUYHK, § - aKTUBYIOTHCS €JIEMEHTH EKCIIEPUMEHTAIbHOTO 3pa3Ka.

Mo>XIHBICTh OTPUMAaHHS MO3UTHUBHOTO €(EKTy MO3UTHBHOI 3MIHU (PI3UKO-MEXaHIYHUX
BJIACTUBOCTEH MaTepialy eKCIepUMEHTANIbHUX 3pa3KiB 3aCHOBaHA HA HACTYITHHUX MOJI0XKEHHSX.



Bimomo, mo wmoaynes npyxHOCTi E 1 MIUIBHICTH Martepially 3pa3ka p TIOB's3aHi 3
PE30HAHCHOIO YaCTOTOMO f 3pa3KiB HACTYITHOIO 3aJeKHICTIO [8]:

E

fo=Ks- o 1)

ne K- koedimieHT, mo 3a1eXuTh BiJ pO3MipiB 3pa3Ka.

B po6oti [9] 3a3HayaeThcs, Mo A8 KyOIYHHMX KPHCTaliB, aHAJIOTH SIKUX € B MaTepianax
TBEPAMX CIUIABIB, 3aCTOCOBYBAHMX INPU BHUPOOHHUITBI PLKYYUX HENEPETOUYBAaHUX IUIACTHUH
XapakTepHi 3 THUIH Npy>KHUX AedopMmaltiii i, BIIIOBIIHO, 3 He3aJIeXkKHI IPY>KHI KOHCTAHTH:

1 0%E
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ne a,f — IHIEKCH, 10 MOKAa3ylTh TUIM NPYXHHX nedopmariiii B enemeHti 3paska; V, oOcsr
€JIEMEHTA 3pa3Ka; Mg , g AeopMallii B pi3HUX HANMPSIMKAX CHCTEMH JIEKAPTOBUX KOOP/IMHAT.

Cnin BpaxoByBaTu 00'eMHUN XapakTep BiOpariii (medopmariiif) mpu pe3oHAHCI KOXKHOTO
esleMeHTa o0cary marepiany. OTxe, BUABICHHA epeKTy 00'€MHOro BIUIMBY Ha (i3MKO-MEXaHIuHI
BJIACTUBOCTI €KCIIEPUMEHTAIBFHOTO 3pa3ka MOXKHa 3pOOMTH HA OCHOBI OIIHKM PE30HAHCHOT YaCTOTH
eKCIePUMEHTAJIBHOTO 3pa3Ka 1 i 3MiHM B IPOIIECi BIUTUBY Ha Liei 3pa3ok. [ poro BUKOpUCTaHA
3aJICKHICTh, 3aIIPOIIOHOBaHa B poOoTi [10]:

E=164-m-L3f%2/d*, )
Jie m — Maca 3paska, L - ToBkuHa 3paska, d — 1iaMeTp 3paska.

Ha ocHOBiI 1MX BUXIJHHUX YMOB BH3HAaY€HHS PE30HAHCHOI YaCTOTHU EKCIEPUMEHTaJIbHOTO
3pa3ka, IMOMIMIEHOTO B PIBHOMIPHHMM MarHiTHE IOJIe 1 IIJIAHOTO PE30HAHCHHUM BiOpamiii 3a
JIOTIOMOTOI0 I’ €30BHITPOMIHIOBAY BHKOHAHO HAa OCHOBI YaCTOTHOTO CHIEKTPY BIIACHUX KOJIHMBaHb
3pa3ka B MarHiTHOMY TOJIi BiATIOBITHO 110 3aJIeKHOCTSIMHU (3)

_ XL fiAu(fD)
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ne Ap; — aMIUTITy [--0¥ CTYIeHI YaCTOTHOTO CIIEKTpa amapaTHOI YaCTUHHU E€KCIIEPUMEHTAIHHOTO
CTEHly NpHU BIJICYTHOCTI 30y/UIMBOIO CUTHAILy T€HepaTopa «Ou1oro mymy»; A; — aMIulTyAbl (-0i
CTYIEHI YacTOTHOTO CIIEKTpa 3pa3Ka, BCTAHOBJIEHOTO B 30HY pPIBHOMIPHO MAarHiTHOTO TOJIS
€KCIEePUMEHTAJIBHOIO CTEHAY 1 MOPYIIEHOI CUIHAJIOM TeHepaTopa «OuIoro HmIymMy» 3a J0IOMOIO0
M'e30€J€MEHTa, 110 € YAaCTHMHOK EKCIIEPUMEHTAIBbHOrO cTeHAy; Aq; — BIAaCHI aMIUNTYIU [-Oo#
CTYIIEH1 YaCTOTHOI'O CIIEKTpa MOPYIICHOT 3pa3Ka, MOMIIIEHOr0 B pIBHOMIPHHUI MarHiTHE MOJIE.

Bubip m'e3oeneMeHTIB B SKOCTI BUIPOMIHIOBaYa 1 JIaTYMKa OOYMOBJICHHUN MOXKIMBOCTSIMH
peecTparlii eJeKTPUYHUX MOTEHITIAIiB MpY BiOpalisX B MIUPOKOMY Jiama3oHi 4acToTi B Mexax 10
I'n— 20 k[, [11-14].

Pe3ynpTaTn ekcriepuMeHTaNbHUX JOCIIIKEHb.

1. OO6poOka mIOpaJIOMiHIEBOTO 3pa3Ka: 10 BiOpawliiiHOi OOpOOKM B pPIBHOMIpHOMY
MarHiTHOMY TI0JIi TBEPAICTh 3pa3ka AiameTpoM 15 mm 1 Bucotoro 8 mm ckiagae 60 ~ 80 HB; micnsa
BiOpartiitHoi 00poOku mpoTsirom 20 XB. TBEpAICT 3pa3ka ckiana 208 +~ 212 HB.



2. OGpobka MiIZHOrO 3paska: 10 BiOpauiitHOi 0OpoOKHM B MOCTIMHOMY MarHiTHOMY MOJIi
TBEPJICTh 3pa3ka aiamerpom 20 MM 1 BUCOTOrO 5 MM cTaHoBUTH 60 + 100 HB; micns BiOpamiitHOT
00po6ku mpoTsirom 20 XB. TBEPICTb 3pa3ka ckiana 220 + 222 HB.

3. O6pobKa HerepeTouyBaHO1 IJIACTUHU PIKYUIOro IHCTPYMEHTY 3 TBepaoro ciuiaBy T15K6.
BurnpoOyBaHHS TUIACTHH IIPH TOKAPHiK 00poOIi mapTii geraneit @ 95,5 mwm 3i cram 40X npu nogadi
0,5 MM / 00 1 mBuakocTi pizanHs 150 M / xB po3mipuuii 3Hoc mnactud T15K6 3menmmBes Ha 40-
42%. lle € apryMeHTOM Ha KOPHUCTh BIOpaliifHOTO pPE30HAHCHOI OOPOOKM PIKYUUX IUIACTHUH B
PIBHOMIPHOMY MarHiTHOMY TOJIi.

4. OGpobka HemnepeTouyBaHOI IUIACTHHU PIXKYUOro 1HCTPYMEHTY 3 TBepaoro cruiapy BKS.
BunpoOyBanus 00poOku ciporo yaByHy pizusiMu 3 TBepaoro cruiaBy BK8 tBepaictio 200-220 HB
IIPU TOYiHHI 3pa3Ka rIIMOMHOK pizaHHs 1,8 MM 3 mogadero 0,2 MM / 00 1 mBHAKICTIO pizaHHs 114 m/
xB 3HOC mactuH 3 BKS8 3uu3uBcs Ha 32-37%. [lokazano, mo 3i 30UIbIIEHHSM TPUBAJIOCTI TaKOi
00poOku mpupicT ii epekTHBHOCTI magae. Kpim Toro, mpoiec 3MiHU BJIIACTHBOCTEH MarepiajiiB
TpHUBa€ Ticisl BiOpaIiifHOro pe30HaHCHOI OOpPOOKM B PIBHOMIPHOMY MAarHiTHOMY IOJIi TPOTSATOM
HacTynHUX 3-5 1i6. 3MiHa LMX BJIACTUBOCTEH MiJNOPSAIKOBYETHCSI €KCIIOHEHTHUH XapakTep 1 Uit
pi3HUX MaTepialliB Ma€ pi3Hy MOCTIHHY Yacy.

OO0poOka 3pa3kiB MaTepiaiiB, BMIIIEHUX B PIBHOMIPHUII MarHiTHe MoJjie, Pe30HAHCHUMHU
MOJIIYACTOTHUX BiOpalisiMd 3 HaHO-pO3MIpHOI aMmIuIiTyqor0 B Mexax 20-80 Hm., [lo3Bosse
3MIHIOBATH MOKAa3HUKH B'SI3KOCTI Marepianly, MOAYJS MPYXKHOCTI Marepialy 1 TBEpIOCTI 3pa3KiB
Matepialy B OIK MOJIMIIEHHS eKCIUTyaTallliHUX BJIACTUBOCTEW BHUPOOIB 3 IMX MaTepiajiB.
Hanopo3MipHi aMILTITyId BIACHUX KOJUBaHb 00'€KTIB CKJIaJHOI ()OPMH B €HEPreTUYHUX MOJSIX, 10
SKUX MOJKHA BIJHECTH pPIBHOMIPHI MArHITHI TOJSl, MOXYTh BHUKOHYBaTH KOpPEKLIIO (i3UKO-
MEXaHIYHHUX BJIACTUBOCTEH MarepialiiB TakMX OO'€KTIB 3 METOIO JOCSATHEHHS iX 1IEHTUYHOCTI abo
JOJJAaHHS CTPOTO 33JaHUX BIACTHBOCTEH.

JlocmiKeHHsT TaKoro BIUIMBY MOXK€ OYTH DPO3LIMPEHO Ha pPsJ MaTepianiiB, iX aTOMHO-
KPUCTQJIIYHUX CTPYKTYp, JAlama3oHIB MAarHiTHUX MOTOKIB, YaCTOTHMX Jlala3oHIB 1 OLIHOK
OTpUMaHUX ()13MKO-MEXaHIYHUX MOKa3HUKIB 0OpOOIEHUX TAKUM YHHOM MaTepialiB.
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IMABUIHEHHA AKOCTI IHCTPYMEHTIB ®IPMU «PRAMET».

OcHoOBHa ifiest - BIUIMB Ha TEXHOJIOTIYHY CHUCTEMY MEpII 3a BCE 3a PAXyHOK 3MIIIHEHHS
TEXHOJIOTIYHOTO 1HCTPyMEHTY. B pe3ynbTaTi: MiJBUIIEHHS CTIMKOCTI 1 3HWKEHHS 3HOCY
IHCTpYMEHTY, HiJABHIICHHA €KOHOMIYHOi TOYHOCTI JOCSTHEHHS OINEepauifHUuX pO3MIpiB,
MIJBUIIEHHS IIBUJIKOCTI 00pOOKH, 1HTEHCHIKAIlisl MpOoIecy, 3MEHIIEHHS BUTPAT Ha NpUAOaHHS
HOBOTO 1HCTPYMEHTY, MiJABHILEHHS MPOAYKTUBHOCTI MPOILECY MOPs I 31 3HWKEHHSIM €HEePreTUYHHUX
BHUTpAT, CKOPOUYEHHS COO1BAPTOCTI TOTOBOI MPOAYKIIii, KOHKYPEHTOCIIPOMO>KHA I1iHA Ha PUHKY.

[HTerpoBaHi TEXHOJOTIT CIPUAIOTH MiABUILEHHIO SIKOCTI iHCTpyMeHTy. Oco0IMBUI iHTEpeC B
[IbOMY HaIpsMKY MPECTaBIAIOTh CIIOCOOM €HEPreTUYHOTO BIUTMBY Ha PoOOYl TMOBEPXHI BUPOOIB.
[lpomec migBUIIEHHS 3HOCOCTIMKOCTI TEXHOJIOTIYHOTO IHCTPYMEHTY Bele [0 IiJIBUIICHHS
MPOTYKTUBHOCTI, TOYHOCTI, 1HTeHCH(]iKallii MpoIeciB 1 3HKEHHS COOIBApTOCTI, SIK HACTIAOK -
KOHKYPEHTOCTIPOMOIKHA I[iHa Ha pUHKY mpoaykiii. HeoOxigHe momanbIie BIOCKOHAICHHS MPOLIECIB
Ha OCHOBI MIIBUIIEHHS CTIMKOCTI TEXHOJIOTIYHOTO IHCTPYMEHTY 3a pPaXyHOK 3MEHIIEHHS 3HOCY, 10
BUHHUKA€E BHACIIJOK TEPMIYHOTO 1 CHJIOBOTO BIUIMBY Ha MaTepiajl iIHCTPYMEHTY Ha eTarax orneparii
3MiHM GOpMH 1 PO3MIpIB 3aroToBOK. TOMy 3aBIaHHS BHPIIMICHHS MPOOJEMH IIiBUIIECHHS
3HOCOCTIMKOCTI poO0OY0i MOBEPXHI TEXHOJOTIYHOTO IHCTPYMEHTY IUISIXOM HOTO 3MII[HEHHS Ha
OCHOBI BILJIMBY BUCOKOBOJIbTHUX €JIEKTPUYHHUX PO3PA/IB € aKTyaIbHOIO.

PimenHs 3aBnaHHs MOUIYKY JOJATKOBHX PECYPCIB 3 METOIO MiJBUINEHHS CTIMKOCTI piKydnX
IHCTPYMEHTIB JUII METaJIOO0OpPOOKH 3aJIMINAETHCA AKTyaJIbHMM HE3BaXKalOUW Ha 3HAYHI YCIIIXU B
oMy HampsMKy [8-10]. Takox, 3'IBISIOTECS HOBI METalieBi MaTepiand, 00OpoOKa SKUX BUMAarae
ONTHMI3aIlii HAa 3MIHEHUX T'PAaHUYHUX YMOBax. [HTEHCHMBHO PO3BHBAIOTHCS 1HTETPOBaHI TEXHOJOTII
MoudiKalii BIACTUBOCTEH PIKYYHX IUIACTHUH 32 PAaxXyHOK ITOCIIJOBHOTO 3[iHCHEHHS pPI3HUX 3a
CBO€I0 (Di3UYHOT CYTHOCTI METOJIB BIUIMBY Ha iX po0Oody moBepxHIO. BoHu mnoTpeOyroTh
PO3IIUPEHHS CIEKTpa JIEBUX €HEPTeTUYHHX JHKEPET Pi3HOI nmpupoau. ToMy METOr0 mpeacTaBiIeHol
pOOOTH € CTBOPEHHS Ta JOCIIIPKEHHSI METOly 3MEHILIEHHSI 3HOCY P1’KY4OTo IHCTPYMEHTY Ha OCHOBI
BUKOPUCTaHHSA €(eKTy BIUIMBY BHCOKOBOJBTHOTO EIEKTPHYHOTO pO3psay Ha Horo pobouy
MIOBEPXHIO.

OO6'ekTOM JOCHIKEHHS OOpaHl €KCIIEpUMEHTANbHI 3pa3Ku, MNPEACTABIEHI KOMIUIEKTOM
3MIHHUX PDKy4uXx miaactuH ¢gipmu Pramet ADMX 070202SR-M, ADMX 070204SR-M, ADMX
070208SR-M, ADMX 070220SR-M B kimbkocti 30 mr. OmiHKa aKyCTHYHUX CHEKTPiB, IO
BUHHUKAIOTh B IUIACTHMHAX 3aBISKU BIUIMBY «OUIOro IIymMy», MNPOBOAMIACS IX aMIUIITYIHO-
yacTOTHUMH xapaktepuctukamu (AUYX). Jlxepernom «OUIOro mmymy» € M'€30€ICKTPUIHUMA
BUINIPOMIHIOBAY, IO MOPYIIYETbCS IIHPOKOCMYIOBUM TI'€HEPATOPOM 3 HOPMOBAHHUM CHUTHAJIOM.
JlocniaKeHHsl BIUIMBY BUCOKOBOJBTHUX PO3PsAIB BiIOYBAa€ThCS HA OCHOBI OLIIHKU B3a€MO3B'S3KIB
aMIUTITYZ] 4aCTOTHUX CTYIEHIB CHEKTPIB AMIUIITYIHO-YACTOTHUX XapaKTEpUCTHK 1 O3HAK 3MiH
pDKyYdX IUIAaCTHH 3a JIONOMOTOI0 TAaKeTiB npukiIaaHux mnporpam: «Frequency analyzery,
«Wavetool», «Visual analyzer». /Iy OIliHKM 03HAaK 3HOCY BUKOPUCTAHO MIKCEIbHUN YSBICHHS, IPU
LbOMY CBITJIOBUH JAilama3oH PO3MOJULY KOJIbOPIB MEPETBOPEHHM 3 Jomomoror kapt KoxoHeHa B
naketi nporpamu «Photoshop CS Extended».

[linTBepmKEeHHS 1CHYBAaHHS B3a€MO3B'SI3KY 3MiH BJIACTUBOCTEH PILKYYMX IUIACTHH BIJ
BIUTMBY Ha HUX BHCOKOBOJIbTHOTO PO3PANY 3 aKyCTUYHHMH CHEKTpaMH iX K€ BIACHUX KOJINBAaHb
CKJIaJIaiocs B 3aCTOCYBaHHI BuUMiptoBaHb AUX 110 1 micas po3psaaHOi 0OpOOKH PIKYYMX YaCTHH
IUTACTUH OOpOOKHM JaHMX 3 BUKOPUCTAHHSAM KJAcTEpHOro aHamizy. Lle 103BOJMIO NPOBOAMTH
paHXyBaHHS 31CTAaBJIEHHS O3HAK 3HOCY IUIACTHH Ha TIOCTIMHIN JOBXHHI IIISAXY pi3aHHS 3pa3KiB J0 1
micns po3psiiHOT 0OpOOKHU 3 MPOTrHO30BaHUMU 32 JaHUMHU AUX 03HaKaMu iX 3HOCY.



KozaoB A.O. ([Jonbacvra Oepacasna mawunodyoisna akademis, Yrpaina)

CTBOPEHHS IHHOBALIIMHOI'O MEXAHOCKJIAJAJIBHOI'O KOMITJIEKCY
PEKOH®II'YPOBAHOI'O BUPOBHUIITBA HOMEHKIJIATYPU PEAYKTOPIB TUITY YKM

[Ipy mnpoexkTyBaHHI IHHOBALIMHOTO MEXaHOCKJIAIaJbHOIO KOMILJIEKCY, HE0OX1JHO
ONUPATUCS HA CydyacHl TeHAEHLIl BUpOOHMLTBA. [l MiJABUIICHHS KOHKYPEHTOCIIPOMOXHOCTI Ha
PUHKY, TPOEKTYEThCS  MEXaHOCKJIAJalbHUU  KOMIUIEKC, SKHH  34aTHUM  BHUITyCKaTH
0araTOHOMEHKJIATYpPHHUI psAJ TPOAYKINI 3a JOMOMOTOK Cy4acHHX OOpoOHuit ueHTpiB. Jlms
MIBUIIICHAS AaBTOMATH3AIliil 1 THYYKOCTi, BUPOOHHIITBA TIOBHHHE BIJIOBIaTH CIIPOMOXHICTIO
BUPOOJIATH 0araTOHOMEHKJIATYPHHU Pl IPOIYKITIi, TAKOXK MaTH 3MOTY BUPOOJISATH BUPOOH Pi3HOT
KOH(Iryparii i po3MipHOTO psy.

Jlnist po3po0KH IHHOBALIHHOTO MEXaHOCKJIAAABHOTO KOMIUIEKCY 0OpaHUii By30J1 PEIyKTOpY
YKM-400. Jlerani npeAacTaBHUKU LIecTepHs 1 kopmyc. Onuparounch Ha MiHIMaldbHI MOTpeOyroUi
rabapuTHI po3MipH JeTajleldl NpeJICTaBHUKIB Oyau oOpaHi MeXaHOOOpOOHI BepCcTaTH, METO[
OTpPUMAaHHS 3aroTiBOK, TPAHCIIOPTYBAHHS JeTajeH.

OOpanuii MeToJ OTpUMAaHHS 3arOTOBOK JAJIs JAeTall MpeACTaBHUKA KOPIYC - TMOKOBKa Ha
MosioTax. TexHojoriuHa oOpoOka Aeraneil IecTepHs BUKOHYETHCS Ha TOKAPHO-KapyCEIbHOMY
o6pobnomy mentpi VTS 1620M. O6pobuuit nentp VTS 1620M mae Qynkuii ¢pesepyBanHs,
TakKMM YHHOM Ha OOpOOHOMY LEHTpI MOKJIMBO INPOBOJUTH oOIepalii TOYiHHS, (Qpe3epyBaHHS,
cBepuTiHHA. OOpoOKa AeTam KOPITyC TaKOX BUKOHYEThCS Ha 00poOoHOMY 1eHTpi VTS 1620M. A,
came (ppesepyBaHHS IUIOIIMH, PO3TOUYBaHHs, CBEPUIIHHA 1 Hapi3aHHA pi3pOu. BUKopUCTOBYETHCS
inctpyment ¢ipmu TaeguTec. TaeguTec Ltd - cBiToBuil Jnigep y BUPOOHHUITBI METANIOPi3aILHOTO
IHCTPYMEHTY 1 OCHAaCTKU. BUpOOHUIITBO TBEPIOCIUIABHUX MOPOLIKIB 1 IHAYCTPi1aJIbHOT MPOIYKIIIi.

Takum ynHOM 00pOOKa JeTaneil mecTepHs 1 KOPIyC BUKOHYIOTHCS HA OJTHOMY BEpCTaTi, 11e
JI03BOJISIE CKOPOTUTHU HEOOXiHY KUIBbKICTh PI3HOBUIIB BEPCTATIB 1 MOEIHATH JEKiJIbKa BEPCTATIB
(omepartiii B 0JiHy omepalito mojaijeHy Ha nepexoau). Konuentpariis onepaiiif Ha 0JHOMY BepcTaTi
MPU3BOJUTD 10 CKOPOUEHHS TOTIOMDKHOTO Yacy oOpoOku fetani. Takok, 3 CKOPOUCHHSM BEPCTATIB
CKOpOUY€EThCsl HEOOXIAHMM ckiaa BepcTaTHUKIB. Lli ¢daxTopy 3HAYHO 3MEHIIYIOTH COOIBAPTICTh
MPOAYKIi, IO B CBOK YepPry MIiABUILYE KOHKYPEHTOCIPOMOXHICTH PO3POOJsSE MOTO
MEXaHOCKJIQIAIbHOTO KOMILJIEKCY.

Ha ninpHUII BUKOPHCTOBYETHCS aBTOMATH30BaHA CHCTEMa IHCTPYMEHTAJIBHOTO OCHAIICHHS
(ACIO). ACIO 3abe3meuye MIBHAKY 3aMiHy 3HOIICHOTO 1HCTPYMEHTY ab0 IHCTPYMEHTY SIKHH
BUIIIOB 3 JIaJy.

B poboti po3risHyra cydacHa poOOTH30BaHa TPAaHCIOPTHO-CKIAJChKa cuctema. Jlns
NEpEeMILICHHs JIeTalleil BUKOPUCTOBYIOTbCS aBTOMaTH30BaHI pobOotu Oykcupu. PoGotu Oykcupu
JO3BOJISIIOTh B aBTOMATUYHOMY pEXHMMI TNEpeMIllyBaTH JeTali BiJ BEpCTaTy N0 CKIAJajbHOI
JTUTBHUIN, TOOTO Tmicis OOpoOKM AeTali Kopmyc poOOT OyKchup ide 10 BepcTary 1 uekae Ha
3aBaHTaXXEHHs, POOOYHI 3aBaHTAXKYIO 00POOJICHY JeTaab Ha POOOT OYKCHpP KOHCOJBHUM KPAaHOM,
TiCJs 3aBaHTaXEHHS poOOT OyKCHp caM BiABO3UTH JAETalb J0 CKIalaibHOI AinbHUI. OCHaIleHHS
TaKUMH poOOTaMu OYKCHUpaMH J03BOJII€E BUBECTH TPAHCIIOPTHY CHCTEMY Ha HOBHI piBeHb. Bci
MEPEBO3KHU IO AUTHHUII MOXIJIMBO BUKOHYBATH 3 iX JOMOMOTOIO B aBTOMATUYHOMY pexXuMi. Takox
Ha JIBHUI YCTAHOBJIEHUN POOOT mTabeseM i CKIayBaHHS TOTOBUX JeTajei.



Ha pinpHumi 3 BUIycKy JeTaji mpeJCcTaBHUKA LIECTEPHS Ul TPAHCIOPTYBAaHHS JeTajel
BUKOPHCTOBYIOThCS poOoTH 1mrabenepu. Pobotu mrabenepu 3abe3medyrOTh aBTOMATH30BaHUIN
MiJIB13 3ar0TOBOK 31 CKJIaay O BEPCTATIB, BiJ BEPCTATIB A0 CKJIAJAIBbHOI JUTHHUIN. 3aBaHTAXKCHHS
3aroTOBOK Ha CKJaJl BHUKOHYETbCSI B aBTOMAaTMYHOMY pEXHMI 3a JIOIOMOIO poOOoTiB
MaHIMyJISTOPIB.

CknaganpHa [JIIBHMLS OCHAIEHA CKIAJadbHUMU cTeHnamMu. CTEHOU OCHAILEHHI:
CTaHJApTHUM I1HCTPYMEHTOM, MHEBMAaTHYHHMHU TaiiKOBEPTaMH, MHEBMATUYHUMHU IIpecaMu mJis
YCTaHOBKH IIIITUTTHUAKIB, MICIIEBUMH TT1THOMHHKH.

BHCHOBOK: KOHLEMNIS MEXaHOCKJIAJaJIbHOTO KOMIUIEKCY 3 BHILYCKY pPEIYKTOpIB
CKJIAJA€TbCs 3 BUKOPUCTAHHSA CY4YacCHOTO  OOJIaJHAHHS, OCHALIEHHA 1 1HCTPYMEHTY.
bararodynkuionansai 00pooHi nentpu VTS 1620M, 103BOJSAIOTH BUKOHYBaTH 00poOKY jaeranei
IIeCTepHs 1 KOPITyC HA OJHIN omepallii 3 MOMIJICHHSIM Ha Mepexoau. TakuM, YUHOM JTOTIOMIKHUI
yac HAa BCTAHOBJICHHSI, 3aKpPIIUICHHS, BUBIPEHHSI 1 TPAHCHOPTYBaHHS JeTajlied BiJ BepCcTaty [0
BEpCTaTy BUKIIOYAETHCS, 11€ 3HAYHO CKOPOTUTH 3arajibHUi yac oOpoOku neraneil. Bukopucrtanus
CY4aCHOT'0 1HCTPYMEHTY JIal0Th 3MOTY IiJIBUILUTH PEXUMHU Pi3aHHS 00pOOKH JeTasneil, miBUILeHHI
PEKUMH pi3aHHS 3HAYHO CKOPOTATH TEXHOJIOTIYHMH dYac oOpoOku aeraneil. Bei i daxropu
3MEHILYIOTh CO01BapTICTh MPOAYKIIII 1 MiIBULIYIOTh KOHKYPEHTOCIIPOMOKHICTb HA PUHKY.



Kopuma J1.0. ([Jonbacvra depacasna mawmunoodyoisna akademis, Yrpaina)

[UIAKYBAHHA TOKOITPOBIIHNUMU MATEPIAJIAMU 3 BUKOPUCTAHHA EQEKTY
HABEJIEHUX CTPYMIB I OIITUMIBALIT IIAPAMETPIB 3A JJOIIOMOI'OO
HEWPOMEPEXXHOI'O MOJIEJIFOBAHHAI.

Meta craTTi: OOIrpyHTYBaHHA CIOCOOy IJIaKyBaHHS TOKOIPOBIIHMMHU MaTepiallaMu 3
BUKOPHUCTAHHAM €(EeKTy YHIMOJIPHOTO JBUTYHA, W BIPOBAIKEHHS HEMPOCITHOBUX TEXHOJOTIH B
3HAXOJIKEHHS ONTUMAbHUX MapaMeTpiB PYHKIIOHYBaHHS NMPUIIALy U peKUMIB 00pOOKH.

MeTtox miaKyBaHHS - HAHECCHHS Ha IOBEPXHIO METAJIEBUX JIMCTIB, IUIUT, OPOTY, TPYO
TOHKOTO IIapy iH. MeTaly a0o CIUIaBy TEPMOMEXAHUUECKUM CIIOCOOOM.

OnHUM 3 TOJIOBHUX HAIPSIMKIB BUKOPUCTAaHHS METOJY IUIaKyBaHHS € CTBOPEHHs BUPOOIB 3
MeTaly 3 TOJINIIEHUMHU eJIeKTPOTEXHIYHUMHU XapakTepucTukaMu. [lmakupoBaHa anroMiHiEM CTajlb
Ma€ Kpaily B MOPiBHSAHHI 3 0a30BUM METAJIOM MPOBIAHICTH 1 3aTHICTh JI0 MalKH, 30epiraloyu npu
IIOMY BCi CBOT XapaKTE€PUCTHUKH.

B siKOCTI 3aXMCHOTO MOKPUTTS IUIAKYBaHHS 3aCTOCOBYIOTh IIPU BUPOOHUIITBI MaTepiajiB A
CTIHOBHUX TaHENEH 1 1axiB, KYXOHHOTO ITOCYAY, MacCISHUX pajliaTOPiB, KOHTAKTIB CJICKTPOTEXHITYHUX
MPUIAIiB B MAaTMHOOYIyBaHHI 1 6arato 4oro iHIIOTO.

[Iepesarn:

- BUCOKA IIBUIKICTD,
- 3a JOMOMOIOI0 TEXHOJOIl MO)KHa IUIaKyBaTH CTall 3 OCOONMBUMH (D13UKO-XIMIYHUMHU
BJIACTUBOCTSIMHU.
Henomniku:
—  TEOPETHYHHH MIKOY BiJl XBUJIb;
—  HEOOXIIHICTh IOMYCKY 10 poOOTH TUIBKA BUCOKOKBAJi(hiKOBaHHUX;
—  JIy)Xe BEeJIMKa €HEPTOEMHICTH MPOILIECY;
—  HEMOXJIMBICTh aBTOMaTH3allii MPOIECY 3BapIOBAHHS.

[InakyBanHa mOTpeOye MIATOTOBKM TOBEPXOHb MEPE]l HAHECEHHSIM MaTepiany,a TaKoxXK
YiTKOI Halaaku obnagHaHHsA. Tomy 10 y pa3i HETOYHOTO HACTPOIOBAHHS BCiX (PaKTOPIB HEPIBHICTH
IJIaKyBaHHS Hece Ha co01 BiOpalliiiHe HaBaHTA)KEHHS U MOYMHAE PYHHYBATHCS.

Y  nmocmimkeHHI Oyno BHSBIEHO IO HOBUH MPHUCTPi IMOBHHEH BOJOMITH IHIIUMHU
BJIACTUBOCTSIMHU:
—  eHepro30epiraroYrMH BIACTHBOCTSIMU;
—  BIJICYTHICTH IPHUBOAY;
—  aJaITUBHICTH;
—  BIJHOCHA IIPOCTOTA KOHCTPYKIIIT;
—  MOXJIMBICTh HAHECEHHSI OY/Ib SIKUX CTPYMOITPOBOISTUYNX MaTepialiB.



Uap
nnakybarrs

2-50 1M

Pucynok 1 — [IpuHuunosa cxema

Ha ocHOBI npuHIMIIOBOI CXeMHU MOKe OyTH CTBOpEHA I'aMM - PO3MIPHHNA s YHIOISIPHUX
IHCTPYMEHTIB 31 3MIHHUMH TOKOIIPOBITHUMHU IUCKAMH JI€ JHUCK 1 SBJISIE COOOI0 TEXHOJOTIUHUNA
IHCTPYMEHT KOTPUH BUTPAYa€ThCS MO Mipl HAHECEHHS IJIaKOBaHUX MOKPHUTTIB 13 PI3HOMAHITHUX
MaTepiaiB JUCKY.

L[i iHCTpyMEHTH BUKOPUCTOBYIOTh €HEPTil0 HaBEJAEHOIO CTPYMYy B TOKOINPOBIJHUX IHMCKaX,
KOHTAaKTHA TOYKA 3HAXOAMTHCS Ha BXOJI JAUCKY 3 30HM PIBHOMIPHOTO MarHiTHOTO I0JIs,00€pTaHHs
JTUCKY B TIOCTIMHOMY MarHiTHOMY TIOJIi MOYK€ CTBOPIOBATH TEXHOJOTIYHUN CTPYM JJII BUKOHAHHS
TUTAKYBaHHS.

VY nocnimxeHHSX Oyi0 BHSBICHO YMM BHILA IIBUAKICTb OOEpTaHHS AMCKY Y MarHiTHOMY
MOJIi TUM TMOKPUTTA CTa€ OLIbII CTAOUTPHUM M MakCHMMajbHO PIBHOMIPHHM 3 YpaxyBaHHSIM dHacy
00poOKHM Ta 9acTOTH 0OepTaHHS.

[lepeBaroro MeTomy, € HAHECEHHS] HAWTOHIIIMX IIaPiB HAHOTIOKPUTTS Bijg 2 10 50 HM.

Cuiia cTpymMy KOTpa BHUKOPHUCTOBYETHCS TaKUM CIIOCOOOM TIUIaKyBaHHS 3-5 A, oaHaK
HIUTBHICTD CTPYMY Y TOUILI KOHTAKTY B JIECSITKH a00 COTHI pa3iB MEPEBUIILYE 1€ 3HAUCHHS.

Takox y JOCHIIKEHHI BUKOPHUCTOBYETHCS 00pOOKa aHUX 3a JOMOMOIOI HalpOCITHOBHX
TEXHOJIOT1H.

3aBaaHHs MOOY0BU MPOTHO3YIOYMX MOJIENICH TMHAMIYHUX 00'€KTIB HA OCHOB1 HEHPOHHUX
Mepex Ha0yBae Bce OUIBIIOT aKTYaJIbHOCTI SIK B TEOPETUYHOMY, TakK 1 B IPUKIJIATHOMY IJIaHi.
OpuuM 3 eeKTUBHUX MITXOIIB 10 BUPIIIEHHS II€] 334l € 3aCTOCYBaHHS HEHPOHHUX MEPEX
KoxoneHa ,Ha OCHOBI SIKUX OyJIye€ThCSl HEHpO-perpeciiina MoJiesib AMHAMIYHOr0 00'€KTa.
Knacuunwmii anroputm, 3amnpornonoBannii KoxoneHoM 1 Bukopuctanuii Hajaii B podotax Simula O.,
Alhonemi E., Hollmen J. , BUKOpUCTOBYE, SIK TIPaBHJIO, TBOMIpPHI (pi/lle TPUBHUMIPHI) MPSIMOKYTHI 1
reKcaroHajb- PeIliTKY.

Oco0IMBICTh TEXHOJIIOTIYHOTO TIPOCKTYBAHHS MOJISTAE B TOMY, IO aTPHOYTH aNbTEPHATUB
MO’KYTh MaTH HEUUCIIOBUM XapakTep, HANPHKIIaJ] «00poOIroBaHUi MaTepiamy, «IHCTPYMEHTaIbHUN
Matepiam, «Bux 00poOKkw» Ta iH. BracTiBa TeXHOJOTIYHUM 3aBAAHHSIM HEUITKICTh BUXITHUX
JAaHUX, TTOB'I3aHa 3 HEIOCTATHLOIO BUBUCHICTIO (DI3UYHHX IPOIIECIB, 1110 BiIOYBAIOTHCS Y
TEXHOJIOTIYHOMY CEPEIOBHILI, TPU3BOIUTH JO HEBU3HAUCHOCT] BiAMOBITHUX MaTEMaTUIHUX
MOJIEIIEN.

VY 3B’513Ky 3 IUM € 2 crIocOOHM BUKOPUCTaHHSA HEHPOHHOT CUCTEMH:

1.ITomyk onTUMabHUX i KOHCTPYKTUBHUX apaMeTpiB, TaKi K PO3MIP JUCKY, KyT HAXUILy
MarHitiB a00 TOYKa HaXWIy IHCTPYMEHTY B IIpoIieci 00poOKH.

2.MOXIUBOCTI MOIIYKY ONTUMAIBHUX PEKUMIB 00POOKH 1 SKOCTI HOKPUTTSL.



VY nocnigpkeHHI BUKOPUCTOBYETHCS €KCIIEpUMEHTaIbHA 06a3a MPOBECHUX JTOCII/IKEHb,
00p0o0IIIOBaHUH 3pa30K 3 ACKITbKOMa 00pOOIFOBAHUMH IIMAKAMHU Ta 00JIaIHAHHS TOKapHUN
BEpCTar.

Ile 103BOAUTH 3HAMTH 1 TOCTIAUTH PI3HOMAHITHI BapiaHTH TEXHIYHUX MOKJIMBOCTEH
npuiany, i BUOpaTH 3 HUX HalKpallli TeXHOJIOT14H1 PILIeHHS.

BucHoOBOK: B pe3yibTaTi 3aCTOCYBaHHsI €HEprii HaBEACHUX CTPYMIB B TOKONPOBOASILEM
IHCTPYMEHTI ¥ BHUKOpPUCTaHHS HEPOCITHOBHUX TEXHOJIOTIM JJIi 3HAXOJKEHHS ONTUMYMY
TEXHOJIOTIYHHUX PIIIEHb JTO3BOJISE€ PO3IMIMPUTH TEXHOJIOTIYHI MOXIMBOCTI OMepaliii BUTOTOBIIEHHS
BIJIMOBIJAIEHUX JIETAJICH BOJIOMIFOTH ITiIBUIICHUMH €KCIUTYaTAIlIHTHUMH BIACTHBOCTSIMHU.
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Komesa JI.B. ([Jonbacvka depoicasna mawunobydiena axademis, Yrpaina)

ITPOI'HO3YBAHHS KOMIIETEHTHICHUX TTOKA3HUKIB CTYAEHTIB 3A OCBITHBO-
[MPOOECIMHUM CITPAMYBAHHAM IHIJI'OTOBKH

B npoueci ¢opmyBanHs (axiBi HallBa)kIMBilIE 3HAYCHHS MAalOTh BUXOBHA JiSUIBHICTH U
TICUXOJIOTO-TIEJIaroriyHa MIATPUMKA PO3BUTKY ocobuctocTi. Came 1l CKIaJ0BI OCOOHMCTICHOL
MIJICUCTEMH MOJIENi TPOIeCy MATrOTOBKH (DaxiBIls JO3BOJISIOTH pealli3yBaTH y HBOTO AaCIMEKTH,
MO3HAYeHI HaMH B MOJEN IsIIBHOCTI: Mepeliku cdep, 00'eKTiB, BUIAIB MPOQeCciiHOl AISITHLHOCTI,
PO3B'I3yBaHUX 3aBAaHb 1 HEOOXITHUX KOMIIETCHIIIH.

Cuctema (popMOBaHUX IIHHOCTEH € BH3HAYAJIBHOIO YMOBOIO JOCSITHEHHS HEOOXIJTHHX
npodeciifHux sikocTel MaitOyTHBOTO (haxiBiis (puc.l).

Merta niaroroBKu

/\

3MicT miaroToBKU < Ilcuxos10ro-negaroriyHi HACTAaHOBH
OcobucricHa miacucrema \

¢ Mopean aisiJILHOCTI
Moneab ¢paxiBus A/A/

\

>

Eranu ¢gopmyBanus

v

TexHoJIOTisI MIATOTOBKH,
3aco0M, MeTOaH

v

Peauizania Texmosorii miaroroBku

/\

TToxa3zuuknu Komnerenuii

v

AHaJ1i3 NOKA3HUKIB

v

A 4

y

A

KopuryBanus
L | MoTtuBanis < v
¢ IIpodeciiini
Ocobucricui sikocTi axiBus

Pucynok 1 - Mojens nporiecy miArOTOBKU (axiBIisi 3 BAKOPUCTAHHSAM HEHPOMEPEIKHOTO
6azucy



B imeanmpHOMY BHITaIKy KOHIENTyaJbHa MOJIENh NPHITYCKAE aTanTUBHE (GopmMyBaHHS
€TamiB MpoIecy MiArOTOBKH (axiBLs 0 yMOB OCBITHBOI'O MPOIIECY, IO BIUIMBAE HA 3MICTOBHI
nmapamMeTpu HaBYaHHS, 110, O€3CYyMHIBHO, BH3HA4Ya€ TaKy CKJIAJOBY MOJENl CHUCTEMH
OCOOHMCTICHUX SIKOCTEH, fAK CTymiHb peanizamii niseid. OpgHOYacHO (OPMYETHCS CHUCTEMA
KOMIIETeHITIM (axiBIsg, TEXHOJIOTHl HaBYaHHS, 3aco0M W MeToau ix jocsrHeHb. KoskHa
3 MIPEJCTaBICHUX CKJIAJOBUX KOHIIENTYaJdbHOI MOl KOMIETEHIIH € KOMIUIEKCHO, IO
MPUITYCKAa€ 3HAYHY CaMOCTiHHY po0OoTy cTyneHta. TyT ciif 3a3HaYUTH OCOOJIMBY BaXJIHMBICTh
y3TOJUKEHHSI BUMOT JI0 KOMIIETEHIiH, fike MOBMHHO 3/1MCHIOBATUCA Ha MOYaTKOBOMY eTami
ixHiX (opMyBaHb. Ale, OUTBII BaXKJIWBUM € BHU3HAUCHHS KIJIBKICHUX OI[IHOK B3a€MO3B’S3KY
¢akTopiB, MmO € BIUIMBOBUMH, 3 METOIO BHUKOPUCTAHHS IX JJIs ONTHUMAJbHOTO YIPaBIiHHA
MPOIECOM JOCSTHEHHS TEBHUX KOMIIETEHINIH MaiOyTHIX (axiBiiB. Takui miaxig 3aauIaeTbCs
aKTyaJIbHUM Ui OYy/Ib-SK0i (paXxOBOi CIPSIMOBAHOCTI OCBITHBOTO MPOIIECY Y BUIUX HABYAIHHUX
3akimagax. Tomy, MaTeMaTHYHE MOJICNIOBaHHA OO0'€KTIB € HEOOXIJHUM 1, YacTo, €JIMHO
MO>KJIUBUM 3aCO00M JIOCIIIKEHHS 1 3aCTOCYBaHHS B IPAKTUYHHUX LIJIAX 3HAHB MPO OCOOIMBOCTI
MOJEIbOBAaHUX 00'EKTIB.

JlocmipkeHH 10 I HEMPOMEPEKHUX MOJIENIeH aIeKBaTHICTh 1 TOYHICTh JTOCSTAIOTHCS 32
yMOBH ()OpMYBaHHS HaBYAIBHOI 1 TECTOBOI BUOIPKH, BUXOAYH 3 JOCSITHEHHS 33J0BLIHHOT TOYHOCTI
pu MakCUMallbHOMY 00cs31 TecTtoBoi BHOIpKH. Tomy, MiHiMyM cymapHoi moxuOku mpu 30%
YacTIll TECTOBI MHOXHWHHU CBIJYUTH NMPO BHCOKY HWMOBIPHICTH BITiI3HABaHHS Mojemi. MiHIMyM
CyMapHOI MOXUOKH MOJIeJli Ha TeCTOBOMY Oa3ici MOBUHEH BIAMOBIAaTH YMOBI S — Min; p — max.
3acTOCOBYIOUM Take MpaBWJIO MOKHA 3a0€3MEeYUTH TOYHICTh 1 aJIeKBaTHICTb HEWPOMEPEKHOI
MOJIeJi, IPYHTYIOUUCh HA ONTUMAJIbHUX HABYAIBHOMY 1 TECTOBOMY KOpTEKax.

B pesynbrari 1arHOCTUKM JIBOX y3arajibHEHHUX CTIMKUX MOTHBIB OCOOMCTOCTI — MOTHBY
MIparHeHHs 710 YCIiXy W MOTHUBY HOIEPeKeHHS HeBaay, Oubi 60 % onuTaHuX, M0 3aiMalOThCs B
€KCIIEPUMEHTAIILHOMY DPEXUMi, MaloTh C(OPMOBAHUNA MOTHB JOCATHEHHS ycmixy 1 10 10 % —
MOTHUB TOMNEPEHKEHHS HeB/Iau. Y KOHTPOJIBHUX IPyNax HIKYMM BIICOTOK OMUTAHUX 13 MOTHBALII€I0
NOCSTHEHHS ycnixy — 0u1st 25 %, 1o 30 %, MOTHUBOBaHUX Ha HEBJAUY.

BucHOBKH 3 1aHOr0 JOCTIIKEHHSI | NMEePCHEeKTHBH NMOJAJBUINX PO3BIIOK Yy JaHOMY
HanpsaMky. [linroroBka ¢axiBiiB, sIK cUCTeMa MEAAroriyHuX TEXHOJOTIH, BIUIUBAE HAa (OpPMYyBaHHS
MOTUBY JOCSTHEHHS ycrixy. ToMy, Beluke 3HAYeHHS Ma€ BHSBICHHS METOMIB YIPaBIiHHSA
KOMIUIEKCOM OCOOMCTICHUX SIKOCTEM CTYAEHTIB B Ipymi MIArOTOBKHU (haxiBLIB uepe3 MmoOynoBy Ta
BUKOPUCTaHHS aJCKBaTHUX HeHpoMepexHux Monenei. OIiHIOBaHHA CTYHEHsS JOCATHEHHS
pe3ynbTaTiB 3 GOopMyBaHHS HEOOXITHUX KOMIIETEHIIH BeIe JO0 HeOOX1THOCTI CBOEYACHOT KOPEKITii
TEXHOJIOTii OCBITHBOI MisIBHOCTI. | TIMBKM JOCTATHS MOTHBAIliS, 3aCHOBaHA Ha JTYXOBHOMY,
comianbHOMY ¥ (I3MYHOMY BHXOBaHHI (BUXOBaHHI KYyJBTYpH) Ta Ha TOTpebdax OcCOOHMCTOCTI
CTyZIeHTa (MOJeTb OCOOMCTOCTI CTYJEHTAa) J03BOJIAE AiMCHO chopMyBaTu Taki MpoQeciiiHi IKOCTI
(haxiBIs, K1 JTO03BOJIATh Y KOMIUIEKCI 3a0€3MEeYUTH BiJIMOBIIHICTh MIATOTOBICHOTO (paxiBIls yepes
fioro mpodeciiiHy TisSIbHICTb.



Le Minh Nhut (Department of Thermal Engineering, Faculty of Vehicle and Energy Engineering,
Ho Chi Minh City University of Technology and Education, Ho Chi Minh, Vietnam)

THEORETICAL AND EXPERIMENTAL INVESTIGATION ON PERFORMANCE
IMPROVEMENT OF SOLAR HOT WATER SYSTEM UNDER REAL WEATHER
CONDITIONS AT HO CHI MINH CITY, VIETNAM

This paper presents the results of theoretical and experimental investigation to
determine the optimal flow rate of collector loop to improve the performance of a solar hot
water system under real weather conditions at Ho Chi Minh City, Vietham. The optimal
flow rate of flat-plate collector loop is researched based on the relationship between the
useful heat gain of the flat plate collectors and the electricity consumption of the collector
pump. The result of the simulation and experiment shows that the optimal flow rate was
determined at the value of 0.132 (kg/s). Besides, the effects of various parameters such as
initial water temperature of storage tank, flat plate collector area and volume of storage
tank are investigated. Furthermore, the validation of simulation and experiment results of
the progress of the water temperature in the storage tank is also evaluated. This paper
proposes a constant mass flow strategy for a collector loop, a Matlab programs is written
and developed based on a simplified mathematical model to determine the optimal flow
rate of collector of solar hot water system under real weather conditions at Ho Chi Minh
City, Vietnam. The optimal flow rate is obtained at the value of 0.132 (kg/s) (7.92 (I/m)) and
is recommended for using in the flat plate collector loop of the solar hot water system in
weather conditions of South Vietnam. Besides, the study results also show that the
thermal performance is strongly affects by the various parameters such as initial water

temperature of storage tank, flat plate collector area and volume of storage tank.



Le Tien Phong, Do Trung Hai (Electrical Faculty, Thai Nguyen University of Technology, Thai
Nguyen, Viet Nam)

GRID-CONNECTED CONTROL SYSTEM FOR THREE-PHASE BIDIRECTIONAL DC/AC
CONVERTER TO EXPLOIT PHOTOVOLTAIC POWER GENERATION

A grid-connetected control system is proposed in this paper to regulate three-phase
bidirectional DC/AC converters in distribution grid exploiting photovoltaic power generation
and not having energy storage at the DC side. To interact power flow at two its sides,
statbilize voltage at the DCbus and synchronize with the grid, it includes an inner current
controller and an outer voltage controller in a cascaded structure. Using small signal
modeling and information about voltage at the point of common coupling and DCbus,
control parameters for controllers are determined to balance power between photovoltaic
system side and grid side. Simulation results show that the grid-connected control system
helps the three-phase bidirectional DC/AC converter meet all requirements very well due
to the balance of power at its sides to hold voltage at DC side at a fixed value, grid
synchronization and low harmonic distortion total for current and voltage waveforms. They
also represents the capability to exploit maximum available power of photovoltaic power
generation under any operational condition. This paper builds a grid-connected control
system for a three-phase bidirectional DC/AC converter to exploit PVg. By combining IB-
AVC method for a DC/DC boost converter and the grid-connected control system for the
bidirectional DC/AC converter, power flow goes through the power circuit of this converter
in two directions to charge the capacitor at DCbus or generate power from PVg into the
grid. Parameters for voltage and current controllers are determined by using parameters of
power circuit to create a stable operation for DC/DC and DC/AC converters. The grid-
connected control system has two control cascaded loops (outer voltage loop, inner
current loop) using information provided by a PLL to hold voltage at DCbus at a fixed
value, balance power at two sides of the bidirectional DC/AC converter and synchronize to
the grid under any operational condition. Simulation results showed that the designed
control system adapted to execute all requirements for a grid-connected system. It helped
to exploit power at MPP at any value of (G, T) and generate it to the grid, provide low
value of THD for voltage and current waves at PCC. Because of being mainly affected by
G, this paper only simulated at a scenario of G and a fixed value of T but simulation results
could show that current amplitude also changed with the change of G while voltage
amplitude was held at a fixed value (peak value is 400V). Moreover, output current and
voltage waves were always in sine form. These results prove the correctness of the
designed control system and can apply it under real condition.



JlapionoB M.O. (/[onbacvka depoicasna mawunobyodiena axademis, Yxpaina)

OHNTHUMIBALA TEXHOJIOITYHUX ITAPAMETPIB HAHOAMIUIUTY THOI'O
BUT'JTA’KYBAHHS 3 BUKOPUCTAHHAM HEMPOMEPEXKHOI'O MOJIEJIIOBAHH A

MeTtoro poboTH € po3poOKa IHCTpyMEHTa TayTBOPEHHS HAHO IIapy HapoOOYiX MOBEPXOHB
JeTajeii MaliuH 00 MPU3BECTH JOMIABUILEHHS SIK TPOIYKTUBHOCTI 00pOOKH Tak IiX SKOCTI, siKa
3abe3mnedye JIOBIY TasKICHY €KCIUTyaTamiio jerajedMalinH. 3aCTOCYBaHHS Ta BHKOPHUCTAHHS
HEHPOHO MEPEKHOTO MOJICTIOBAHHS 00 BUSIBUTH JIe(DEeKTH 3pa3KiB.

Branwuii yac, came mmpoke 3aCTOCYBaHHSI HEHPOHHUX Mepex. BukopucroByersest B Google,
Kol BUIIyKaeTe (oTo abo B KaMepax Tene(oHiB, KOJU BOHO BH3HAYAE IOJIOKCHHS BAIlIOTO
o0muust. BUKOPHCTOBYIOTBCS ISl BHPIMICHHS CKIIAJHUX 3aBIaHb, SKI BUMAararTh aHATITHIHUX
o04KCIIeHb MOAIOHUX THM, IO POOUTH JIOACHKHM MO30K. Haili mommpeHimmuMu 3acTOCYyBaHHIMHU
HEUPOHHUX MEPEX €:.

Knacudikariist — po3no/ia JaHuXmo napamerpax. Hampukman, Ha BXi 1a€ThCsl HAOIp JTroaei
1 TOTPiOHO BHPINIUTH, KOMY 3 HUX JIaBaTH KPeauT, a KoMy Hi. [{fo po6oTy Moke 3po0uTH HEepOHHA
Mepeska, aHaI3YI0YH TaKy iH()OPMAIIifo SK: BiK, IIATOCIIPOMOXKHICTh, KPEUTHA ICTOPIS 1 T/I.

[lepenbadeHHs - MOXKIIMBICTD TIepea0aunTH ClIeayroIIiii Kpok. Hampumep, pocTi i majeHie
aKIii, cuTyanus Ha GOHIOBOMY PHHKY.

HetiponHi Mepexi (IITydyHa HEHpOHHaAMEpEekKa) — 1Ie CHCTEMa CIIOJYYCHHMX 1 B3aEMOIIIOYHX
MIXK COOOO MPOCTUX MPOIeCOpiB (IITyYHUX HEWpoHiB). Tak 1 mpoiecopu 3a3BUYAll JOCUTH MPOCTI
(oco0nMBO B TMOPIBHSIHHI 3 MPOIECOPaMHU, BUKOPHUCTOBYBAaHUMH B TEPCOHAIBHUX KOMII'FOTEpax).
Koxen nporecop mo1ioHOT Mepexki Ma€e CripaBy TUTBKH 3 CUTHAJIAMHU, SIK1 BiH MIEPIOMYHO OTPUMYE,
1 CHUTHAllaMH, SKi BiH TIEpPIOAWYHO IMOCHJIAE€ IHIIMM IIporecopaMm. I, THM He MeHIIe, OymydH
3'€ITHAHUMH B JIOCHTH BEIHUKY MEpPEKYy 3 KEPOBAHHM B3aEMOJIEIO, Il MPOIECOPH Pa3oM 3/aTHI
BUKOHYBaTH JIOCHTh CKJIQJHI 3aBJaHHS, OCKUIbKA HEHWPOHHI MEpeXi HaBYarOThCS B TMPOIIECi
pobotu.[7,8]

bxig Buxid
Pexumy o0pooky Cmboperys maonuy npuyedermib Ompuman Ganux
ma ZeoMempusHl Ma HABYaHHA HEUDOHD! MEDEX] | mbendocm wopcmKac
Fpeempy o o0poKa G0 ma 3HoCoCmUKoCT

Cxema 1 — BBeneHHs HEOOX1THUX JaHHUX Ta OTPUMAHHS TTOKa3HHKIB

TepMmin «HaHOUap» € 30IpHUM 1 BUKOPUCTOBYETHCS JUIsl MO3HAYEHHS BEJIMKOI TpyIU
NPOTSDKHUX JBOBUMIPHUX 1 KBa31IBYyMEPHMX HAaHOOO'€KTIB Pi3HOI (hi3MKO-XIMIYHOI MPUPOJIH, BiX
MeMOpaH mjinocoM 1 KmTUH A0 rpadenHa i1 yecbk YEK mapyBaTuX NOIBIMHMX T1IPOKCHIIB.
Hanocnoii B MiKpOEIEKTPOHIIll 3a3BUYAil sBIIsi€ COOOIO CYIIIbHY TUTIBKY 3aBTOBIIKHU BiJ] OJUHUIIL
70 JEKIIbKOX JECSITKIB HAaHOMETPIB, 1[0 OTPUMYETHCS METOJIAMU €JIEKTPOHHO-TIPOMEHEBOTO Ta
JA3epHOTO BHITAPOBYBAHHS, MAarHETPOHHOTO HAMWICHHS, MOJEKYJISPHO-IPOMEHEBOI emiTaKcii.
HasBHICTB CyIIIBHOTO HAHOMETPOBOTO MIAPY, IO PO3LISLE mapu GepoMarHeTuKa iCTOTHO OLTBIIOT
TOBIIMHM, NPUHIMUIIOBO BAXJIMBO JUIg peamizanii e(eKTiB TYyHEIbHOTO 1 TiraHTChKOIO
MarsiToomnopy.[2,3]

OcBiTa HaHO PO3MIPHMX MOHOCJOCB € KIIOUYOBHM E€JIEMEHTOM TEXHOJIOTII CHMHTE3y HaHO
CTPYKTYP METOJOM MOJICKYJISIPHOTO HAaIlapyBaHHS, BOCHOBI SKOTO JICKHTh XIMIUHY B3a€MOJIIIO
(YHKIIIOHATFHUX TPYI Ha TOBEPXHI MaTepiaiy-iIKJIaKy 3 MapaMu MiABOJISTHCS 3 30BHI aKTUBHHUX
pearcHTiB 3yTBOPEHHSAM CTIMKOI INIIBKM (HAHO IapaMH) OPOAYKTIB peakmii. s 34ilCHEHHS
MOIIIAPOBOT0 HAaHECEHHS HEOOXITHO, 00 YTBOPIOETHCS MPOAYKT TAKOK MICTUB aKTHUBHI aToMH ab0
(GyHKIIIOHATBHI TPYMHU, 3JaTHI pearyBaTd 3 HaMpyrolo, M0 MiABOJUTHCS PearecHTOM 3 YTBOPEHHSAM
HEOOXigHOTO 3'eMHAaHHSA. MeTOoJ /J03BOJIIE CTBOPIOBAaTH 0OaraTo IIapoBi HAHO MOKPUTTA Ha
MMOBEPXHAX CKIAIHOI POPMHU 1 OKpEMHX YaCTHHKAX.[4-6]



MeTo MONEKYISPHOTO HAIIApyBaHHS Ma€ 0AaraTo CHUIBHOTO 3 CHHTE30M CaMoO 30HPA€ThCS
mono mapis (self-assembledmonolayer, SAM), B sikomy xeMOCOpOI[isi KOMITOHEHTIB Ha MMOBEPXHI
TBepAOi (a3 CyMpOBOKYETHCS IX caMOOpraHizaii€ro, sika 4epe3 NesSKUW 4ac MPU3BOJIUTH 10
YTBOPEHHS KpHCTano rpadiyHa yrmopsIKOBaHHX CTPYKTYp ajacopOara HamoBepxHi. CrnopiaHeHi 3
HUMHU HaHO mapamu aM@ipiTbHUX KOMIIOHEHTIB, 10 (GOopMyrThcs 3a MeToaoMm JleHrmropa-
bromxeTTHa MOBEpXHI PIAMH 3 MOAAJIBIINM TIEPESHECEHHSIM Ha TBEPY MOBEPXHIO, BiJl PI3HIIOTHCS
BiJicaMO 30HMpa€ThCS MOHO INApPiB MEHII MIIHUM 3B'I3yBaHHSIM HAHO IIapaMU 3 MOBEPXHEIO
T TKJTA K|, 3a3BUYal 3aCHOBAaHOMY  Ha (hiznaHOT azcopoIii. BukopucroByroun
(hyHKIIIOHATI30BaHUX HAHOYACTHHKH, MOYKHA CTBOPIOBATH 3 HHMX 0OaraTo IIapoBi CTPYKTYpH i 0e3
ydacTi miakmanku. Tak, HampuKiIald, CTBOPUBIIM MOHO IIAPHAHO YACTMHOK 30JI0Ta Ha KOPJOHI
PO3ALTYy BOJH 1 TOITYONy, MOKHA 3 OJHOTO OOKY MPUETHATH O HBHOTO IIAp TiApOo (ITBHUX YaCTOK
TENYPUAYKAIMIIO, a 3 IHIIIOr0 — MOHO I1ap riapo (o0i30BaHUX HAHO YaCTHHOK cpibia.[2-4]

JomMmomka
IHOBHITION
LIMBLX EHE I IUUUI I
/ eHepamop

LIBKITIE HaciTion

Puc 1 — 300pakeHa cxema po3TallyBaHs €JICMEHTIB IHCTpYMEHTa

PosrassuemMo TeopeTwdHi miAXoau 10 (GopMyBaHHS HAHO CTPYKTYPHOTO CTaHy Marepiaimy
MOBEPXHEBOro IIapy. BurnamxkyBanHs, sBise€ co000 MeTox 0O0pOoOHO-3MILHIOIY0i 00pOoOKH
JieTaell TOBEPXHEBUM 3MILEHHSIM JIMCIOKalli 3epeH. 3aBAsKU reHepaTopy Pe30HaHCHUX YacTOT
AKMA TpUETHAHUH O 1HCTPYMEHTa  yTBOPIOETHCS €JIEKTPOMArHiTHE TI0JIe, 3aBISKU
€JIEKTPOMATrHITHOMY TMOJI0 IHCTPYMEHT BIOpy€ a 1HIEHTOP PE30HYE Ta OOPOOIIOE TIOBEPXHIO
KOJIOBUMH PyXaMH MOBEPXHEBI IIapH JETalli a TaKOX 3MIIIyBaHHSIM MMOBEPXHEBOTO LIapy aeTail |
YTBOPEHHS CEPEIHbOr0 LIapy SIKUH Ha3UBAEThCS HAHO LIap.

Hano crpykryp 1 BUIVIQDKyBaHHS COEpPUYHUM 1HAEGHTOPOM KepyeThCsl I'TbMa
TEXHOJIOTITYHUMHU TapaMeTpaMM: CHJIOK BHIVIQ/DKYBAHHS, [10ayer0, UIBHJKICTIO KOB3aHHS,
paniycoM 1 KUIBKICTBIO pOOOYHMX XOJIB IHCTPYMEHTY, TaKOX MHIBUAKICTHIO 0OOEpTIB IHAEHTOpA.
BrMB TeXHONOTIYHMX @apaMEeTpiB Ha HABAHTA)XKEHHS IIOBEPXHEBOrO IIapy Yy3arajbHEHO
IHTETpaJbHUMHU TIapaMeTpaMH: KOHTAKTHUM THCKOM, IIapy TepTs 1 KPaTHICThIO HABAHTAKEHHS
eJIeMEeHTapHUX 00CATIB Je()OPMOBAHOTO MaTepialy BUSHAYAETHCS SK BIIHOIIECHHS JOBKWHU 30HHU
KOHTAKTY JI0 BETUYMHH 10/1a4i iHACHTOpA IHCTPYMEHTY.[4,6]
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Puc.2 — Cxema yTBOpEHHs HAaHO HIApY.

BucHoBku
[peacraBnenuii BpoOOTI MPUCTPIii SKHiA JO3BOJISIE 0OPOOITIOBATH MOBEPXHEBUH AP
JieTaedl MallliH yTBOPIOIOUM HaHomiap. Hano map nae 3Mory miZIBUIICHHS SIK TPOYKTUBHOCTI
00pOOKH Tak 1iX IKOCTI, sika 3a0e31euye TOBI'Y Ta SIKICHY €KCIUTyaTallito JeTaleii MalluH.
3acTocyBaHHsI HEHPOHHOT MEpPEeXki J103BOJISIE MOMIMIIUTH SIKICTh POOOTH Ta J103BOJISIE IPO paxyBaTu
MOKJTUBI Ae(EKTH Ha 3pa3Kax JeTaleid MalluH.
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JlapionoB M.O., Xoaa f1.A. ([onbacvra Oepacasna mawunobyodigna akademis, Yrpaina)

EKCIIEPUMEHTAJIBHE JOCJIIJDKEHHA KOHTPOJIIO BUPOBIB 3A KIJIBKOMA
KUIBKICHUMH O3HAKAMMU

Pe3onancHuil MeTOJl BUMIpPIOBaHHSI MPY)KHHUX BJIACTUBOCTEH MaTepiajiiB 3aCHOBAaHMU Ha
TOMY, IO SKIIO OCHMJIIOIOYA Clia, aMIDITyda ska (ikcoBaHa, a 4YacTOTa MOXE 3MIHIOBATHCA,
NPUKIAJeHa J0 MEXaHIYHOI CHCTeMi, TO aMIUINTyJa BUHHUKJIM KOJMBaHb HPOXOAMUTH Yepe3
MaKCUMYM TIPH YacCTOTi, 3BaHOI pe30HAHCHOI YaCTOT1 CUCTEMU. 3HaUEHHS 11i€1 pe30HAHCHOI YaCTOTH
3aJICKUTH BiJl IPYKHUX BIACTHBOCTEH CHUCTEMH, a IMIMPHHA PE30HAHCHOTO MKy Ja€ Mipy HasBHUX
JTVICUTIATUBHUX CHJI. SIKIIO BXKUTI BiIOBIJHI 3aXO0U, 100 BUKJIIOUMTH 30BHIIIHE JeMI(ipyBaHHs,
110 BUKJIMKA€ETHCS OTIOPOM Ba3yxa, BTpaTaMu B ONOpax i T.[., TO IIUM METOJOM MO>KHA BU3HAUUTH
SK BHYTpIIIHE TEPTs, TaK 1 MPYXKHI MOCTIHI 3pa3ka. BumiproBaHHS MOXYyTh OyTH BUKOHaHI 3a
JIOMIOMOTOI0 MTO3/10BXKHIX, BATUHUCTUX 1 KPYTWJIBHUX KOJUBaHb IIPU YaCTOTAX BiJ JEKUIBKOX Tl J10
JOeKUTBKOX Mrriu. Metox Moke OyTH YCHIIIHO 3aCTOCOBAaHMA B TOMY BHUIAJKY, KOJH
nemripipyBaHHS HACTUIBKH BEJIHKE, IO BUIbHI TOYHI 3aracaroTh 3aHAATO IIBUJIKO, 00 MOXKHA OYII0
MIPOBECTH TOYHI BHUMIPIOBAHHA; MPOTE, METOA HE OCHb 3PYYHUH I 3pasKiB 3 OyXe MalluM
BHYTpIIIHIM TEPTAM, TaK K PE30HAHCHUHM MIK CTa€ MPHU I[bOMY 3aHAATO TOCTPUM [yl TOYHOI
po6ortu [1,2].

JInst mpoBeIeHHsI €KCIIEPUMEHTY HeOOX1HO MiArOTYBATH MapTito 3pa3KiB KinbKicTio 100 miT.
VY gKOCTI 3pa3KiB BHKOPUCTOBYETHCS JeTajb THUITy Imaifba, sika Mae IICTh T€OMETPUIHHUX
napaMeTpiB sIKi IPUBECHHI HAa PUCYHKY 1.
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Puc.1 — Jlerans Tumy maiida

Jnis Toro mo0 BUSBUTH PO3MIpU 3pa3KiB HEOOXITHO y XAaOTHYHOMY MOPSIKY PO3IUTHTH
NapTiio Ha Bl YaCTMHHU. 3a JONOMOTOI0 INTAHICHLIMPKYIIO 3HIMAEMO T'€OMETPHYHI MOKAa3HUKU
JeTajb TUITY Iai0, CKiIaJgaeMo TabuIo y mporpaMuomy mpoaykri MicrosoftExel (puc 2).



r (] E F
48,33 30,35 16,27 7.70 1,73 B, o7
46,95 30,78 15,63 2,08 2,51 10,04
47,90 28,90 14,80 7,91 1,90 9,41
47,91 27,48 14,69 7.66 1,96 2,50
46,92 30,37 15,44 7,70 2,08 9,55
46,90 29,21 14,75 7,594 2,39 10,01
47,84 31,66 16,24 8,44 1,73 9 45
46,95 30,59 15,81 7,84 2,39 10,01
48 63 29,59 13,70 2,13 2,17 9,97
47,89 29,41 14,73 7,83 1,90 9,81
48,34 31,57 15,43 7,68 2,81 11,17
48,00 28 89 16,09 7,94 2,30 8,91
46,79 30,72 16,06 B11 2,48 10,06
48,53 28,26 14,47 7.95 2,03 5,53
47,02 29,50 15,65 18,05 2,51 9,75
48,40 32,07 16,43 B, 00 1,82 10,11
47,51 29,30 15,55 7,89 1,97 9,132
48,69 27,72 17,15 B, 15 2,20 B, 50
48,31 28,84 15,83 2,10 2,06 9,22
47,81 31,01 16,45 7,60 1,61 g 49
45,71 32,80 15,51 B, 00 3,05 11,60
47,85 2978 15,70 7,96 1,91 8,95
47,38 31,20 15,60 802 1,69 9,22
47,84 32,33 17,83 8,00 1,81 2,82
47,74 30,40 17,35 8,21 1,59 9,43
46,92 31,18 15,42 7.90 2,38 10,06
47,43 29,85 14,97 8,14 1,54 8,24
46,90 31,75 15,641 B 09 2,29 10,30
48 48 30,41 17,19 202 2,34 9,07
47,36 30,14 16,22 8,07 1,99 8,67
46,88 31,00 16,20 7,98 2,31 9,97
47,76 28,84 15,92 7.96 2,25 9,35
46,89 28,91 14,42 B 05 1,74 9,38
4816 29,91 13,65 7.96 1,53 g 44
Puc. 2

Ha 6a3i mi€i cxemu OyaeMO BUKOPHUCTOBYBATH Take OOJIaJHAHHS Ta 3’€IHAHE Yy HACTYITHIN
nociigosuocTi. Jlo TTK miakmogaeMo reHeparop yepes3 KUl MPOXOAUTh OUTHH IIyM 1 MOCTYIA€E 10

YCTaHOBKHU.3aBASIKUAKOI CUTHAJ NEPEJAEThCA HAa PE3OHATOP SIKUM B CBOIO YEPr'y IIPOITYCKAE CUTHAI
4yepe3 3pa3oK Ha mnpuiiMad. /(i mpuiimadya Ta pe3oHATOpa BUKOPUCTOBYEMO IT1’€30 €JIEMEHT
(Cxema.l). Curnan nocrynae Ha npuiiMad yactoT Ta noctynae Ha I1IK ge B mporpami Spectrum

Anaiyser mokasyeThcst criekTp. Poboua ycTaHoBKa y il MOKa3aHa Ha PUCYHKY 3.
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Puc.3 — Cnekrtp yacToT 3pa3ka (a) yctaHoBKa y 1ii Ta (0)

JlaHHi siki Oynu 3HSTI 3 YCTAHOBKH IEepeHOCAThCs y Tabiuio MicrosoftExel, Ta micis woro
CTBOPHJIH TaOJIUIIIO TIPETeIeHTIB 111 00poOku nanux B NeuroPro.

EL S N 0 s 0 LS L 5T su L3 S ax gy L

1 Z1705,%  Z174R3  Z1TELE  Z1834.7 21877 215308  Z194A.9  ZI004.9 II050 & B (s o E E

2 8,4 99,28 5.7 100,62 : 100,88 100,77 100,58 107.0% 45.33 30,35 1537 7.0 1.73 &.97]
1 -100,91  -100,07 100,32  -100.43 -89, 78 -100,33 100,13 -100.48  -108, 23 a8, 9% 10,78 13,83 5,08 2,51 101, 0s4
d 100, 14 100,08 100.3% 100,79 10336 100,74 100,67 100,85 107.7% 47.90 1890 14.80 791 1.90 541
L. -95,57 100,33 106,39 100,33 -10087 -100.22  .100.4%  -100,37 -107.5% 47,91 37,48 14, 8% T84 194 B 50
L -100.81  -l0L11  -100.a4 -10OLTE -LOOUS3  -L0OLAF  -LlD0L3S -100.08 10608 A8.9F 30.37 I%.44 T .08 5.33
¥ ~108, 52 -5, 9 <99, 94 -93,8% 99,88 10068 10095 10058 107,77 44,90 39,31 1475 T 94 T35 10,00
B ~10.6% -l0048  -100,09 -100.29 B ] -BE.TE -100,0F -100LTE -107.55 47,84 13,06 16, 24 5l 1.73 3,405
9 100,63 100,86 100,35 100.27 100,74 100,69 i 100,22 106,82 456,95 30.59 15.81 7.9 r.39 10,00
10 -100,0F -100.33%  -100.33 -100,86  -100.3%  -100,27 100,08 -100.44  -107.08 48,81 29,59 13,70 5,13 2,17 2,97
i1 95. T3 95.89 95.91 95.98 L0078 1004 95.93 95.73 07 & 47.8% 5.4 14.73 T.83 1.90 5.81
-] -99,7F 100,00 -1, 1 -5, T -99,87 100,58 10089 10033 16704 48, 34 3187 1545 ¥ a8 > 81 11,17
] EDD.®  -l0CLGd -100L3T -1DOLTR 93,83 99,93 95.62 -100.43% -107.03 4500 28.8% 18.0% F.9e I.30 291
14 =99,59 =100,3 <1001 -100.73 10088 100,135 =99,92 99,65 104,95 44,73 30,72 18,08 511 2. A8 10, 0o
13 -38.8  -100.33  -100.532 =101 -l00.89 -1004 -100.23 -100.72 -107.7 a8, 28,26 1447 7.9 T.00 2,53
18 100,63 100,53 101,05 100,84 100, 7 100,81 99.52 99.95 107.8% 47.02 25950 15.8% 1805 2.51 9. 78
17 -B7,81 -0 -9, 08 -98, 73 -100,1% -10084 100,73 -10044  -107,19% as.a0 12,67 1Al 00/ 1,83 10,13
18 100, 11 100, T 100,74 100.83 100, 34 10021 10043 9965 108, 3% 47.51 9,30 15.5% 7.89 1.97 5.13
L] ~10d, 34 100,82 -95,7F  -100,17 104,38 100,37 100,14 -100.43 108,48 48, a9 37,73 17,13 & 15/ 2 30| &, 50
20 ~100.13  -l00.G6 -100.30  -100.39 99,54 -l00.28 -l0QLGS -100.0F 10718 45.31 28,84 153.93 B0 L.0% 5,23
il <99.4% 99,95 100,96 100,81 99,5 98,3 10089 10078 10831 47.81 3104 186.45% T.60 161 945
x2 -100. 38 -100,34 -1, 8 -100.8  -100.00  -100.18 -100.33 -99.78  -104, T3 48,71 31.80 15,581 B.00] 3.08 13,80
T3 100,15 99.81 99,93 10053 100, 94 100,84 100,99 100,61 107.37 47.8% 9. 78 1570 7.9 1.91 &.95
24 -39, T -9, 08 -9,0% -100,08 -99.0% -100.00 -100,8 -100,8%  -104.94 47,18 13,30 15,80 03 1,85 5 :.'I
Fal 100. 5% 9969 100,52 104.31 L0059 1o, 7 10017 L 107.3% 47.84 31.33 17.83 800 1.81 8.8
38 =99, 95 =93, 7% 100,08 -9, & =93.2% 10068 100,82 =99, 9% -206,8| ar,7a 30,40 17.3% [ %3 1,59 3,43

Puc.4 — TaGnuis npeneneHTis

B nporpamuHoMy nponykti NeuroPro HaBUaeTbCSIHEHPO Mepexka Ha OCHOBI TaOJMIl MpEIeeHTIB.
Ha ocHOBI HOBUEHOI HEHPOH Mepexi OepeMo TECTOBY BHOOPKY Ta MOPIBHIOEMO 3 00pOOIIEHUMH
naHumu B NeuroPro u Tum caMuM BUSIBIISIETbCA Opak y mapTii puc 5.



¥ A MporHoz cety | OwmGka I B I MporHoz catd | OwwEka | C | MporHoz cetH | Owkbka 2

33 48,4 48, 44065 -0.04065476 | 299 3023416 -0.3341556 15,5 1471071 0.7892933

34 48 47.79362 02003784 274 28.023e -0.6231209 134 14.00104 06070405

35 48 47,5041 0,4958954 308 3.06613 -0.2661 297 16.8 1607674 07232617

36 46,6 4611515 04848457 304 29.80076 05992378 10,1 10.78318 -0.6831336

37 479 4843053 -0.5305306 30 29,3697 06302948 1 11.87178 AENTHS

38 48,2 4755003 0649974 A 32,0303 -0Lb302983 156 162930 g Ky

39 46,96 4760071 -0.6407118 30,88 30,7799 01001042 15,72 15, 36464 0.3553636

40 48,32 48,665 =0.34493"M 25999 3035273 -0.3627 N7 14,25 1453494 -0,2849436

41 47.97 4649156 -0.521558 31.76 3226649 -0.5264876 17 16,96048 001951981

42 48.61 4891718 =0.30717N 304 30.88914 -0.489143 146 1544905 -0.843048

43 48,92 46,25619 06636126 a7 2951523 06547717 15,98 15201492 07780786

44 48.3 47.66975 0.6302536 3.2 31.63974 -0.5197381 16,58 15,7285 0.8574968
MpasuneHD; 44 (100%:) MNpaEy tkHOD: 44(100%) MpaeuneHD: 44 (100%)
Henpaguneno: | 0{0%) Hempasuneuo: 0 (0%) Henpaguneno: | 0 {0%)
Boero: 44 Boero: 44 Boero 44 |
Cp owusxa 0,4025835 Cp.ownska: 04577485 Cp.ownsSka: 05733256 _
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Puc.5 TectyBanns
BucHoBku

PesynpraraMu eKCHEpUMEHTANBHUX JOCTIPKEHb JOBEICHO MOXIJIHMBICTH OE3KOHTAKTHOTO
KOHTPOJIIO BUPOOIB 3a KiJTbKOMa KiTbKICHUMHU O3HAKaMH OAHOYAcHO; KiTbKiCTh KOHTPOJIBOBAHUX
03HaK He oOMexeHa; [l ogHOYaCHOTO KOHTPOJIIO Oe3Jidi po3MipiB BUPOOIB TOCUTh MaTH HEHPOH
MEpEeXEBY MOJIENb, y3TO/UKEHY 3 BUMOTOK MaKCHMAaJIbHOI TOYHOCTI po3mipiB; HM moxke matu
HAJJTAIITKOBY €EMHICTB, IO JTO3BOJISIE MATH OJTHOYACHO Pi3HI BUIU BUPOOIB 1 iX KOHTpor0; CTBOpeHA
HM no3Bonsie B pekuMi peabHOTO 4Yacy MPOTHO3YBAaTH 3HAUEHHS JEKUIBKOX KUTbKICHHX O3HAK
He3aNexKHO BiJl iX mpupoau; CKopoueHHs HEHPO-TIOAIOHNX €IEeMEHTIB MOIEIi JO3BOJISE MiABUIIIUTH
il MBHAKOMIIO, ajie 3HM3WUTHU TOYHICTH TporHo3y; IIpaktuuyne 3actocyBanHs HM wmoxke Oytm
peanizoBaHO Ha OCHOBI MIKPOIPOILIECOPHOI TEXHIKH 1 MOXKE MPEACTABIATH MPOMHUCIOBUN 3pa30K
cUCTeMHU 0€3KOHTAKTHOTO KOHTPOIIIO ACKIIBKOX PO3MIPiB OJHOYACHO.
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Mauton Gbededo, Peter Farayibi, Tiamiyu Mohammed (Department of Mechatronics
Engineering, Bells University of Technology, Ota, Department of Mechanical Engineering, Federal
University of Technology, Akure, Nigeria)

EVALUATION OF VALUE STREAM MAPPING APPLICATION IN PASTA
MANUFACTURING: A CASE STUDY OF GOLDEN PASTA COMPANY, LAGOS

Over the years manufacturing industries faced persistent increase in global
competition to the extent that most industries find it difficult to make profits. This
unfavorable trend in global competition coupled with high costs of production were
responsible for the new trend in business. In order to survive in today’s fiercely competitive
market, and remain profitable while producing at a lower cost, many manufacturing outfits
started thinking on the best way to eliminates wastes through the lean methodology. This
work evaluated the application of lean approach of wastes elimination through the
application of Value Stream Mapping (VSM) techniques. The manufacturing operations of
Fava Long Goods 3 (FLG3) production line of Golden Pasta Company (GPC) was
carefully understudied. Data collected from the company’s Enterprise Resource Planning
system (ERP) and shop floor including feedback from the customers were analysed and
evaluated. The results of the evaluation of these data were used to derive the Value
Stream Mapping parameters for the developing the current state map and exposure of
pasta manufacturing activities that accumulated to wastes generation. A Kaizen Blitz, a
lean improvement workshop was held at the workplace where improvement suggestions
were made towards the elimination of the wastes. The improvement suggestions were
approved and implemented using a series of Value Stream Mapping techniques such as
5S, Kanban pull system, Supermarket pull system, Single Minute Exchange of Die
(SMED), Kaizen idea sheet, Lean implementation tracking sheet and root-cause analysis
to remove all the identified wastes. The results of the leanimplementation showed that
Production Lead Time (PLT) was massively reduced from 34.4 hours to 5.04 hours with a
85.3% waste reduction. A practical approach of implementing the value stream mapping,
using Microsoft Visio 2016 software was suggested. An actual cost savings of N158,
515,200 was realised after third quarter (nine months) of lean implementation between
September 2016 and June 2017. This was revealed in the Financial Statements of
Accounts approved by the General Manager/Director of the Golden Pasta Company. This
work evaluated the implementation of value stream mapping techniques, a lean
manufacturing principle for the elimination of wastes along pasta manufacturing company
in Nigeria as revealed in this case study. The Current State manufacturing processes for a

single Production Line FLG3 was thoroughly understudied, data from Golden Pasta



Company, Enterprise Resource Planning (ERP) system and shop floor were collated and
analysed and the Current State Value Stream Map was developed using Microsoft Visio,
2016 software. The Value-Added and Non-Value Added activities, which were the actual
wastes of manufacturing, were clearly spotted along the Supplier Loop, Processing loop,
Packaging loop and Customer loop of the Current State Map. A Kaizen Blitz method,
which constituted, series of brainstorming sessions were carried out on the four loops. At
the end of the Kaizen Blitz events, recommended Improvement suggestions were
implemented to eliminate the Non-Value Added activities which accumulated to wastes.
The proposed Future State Map was equally drawn implemented and evaluated to
determine the performance of the Value Stream Mapping techniques in Pasta
manufacturing. A set of objectives and targets were established along the four loops using
the Future State Map. The results of performance evaluation against targets revealed that
Value Stream Mapping techniques successfully reduced Production Lead Time (PLT) of
Fava Long Goods 3 Spaghetti Production Line from 34.4 hours (1.43 days) to just 5.04
hours with a 85.3% in waste reduction. The cost savings of N158, 515,200 was realized
after 9 months of lean implementation as revealed in the financial statements of accounts
for FLG3 production line, which was sighted in the conversion cost report of June 4th,

2017 released from the Accounts Department.



Meisam Mahdavil, Amir Bagheri (Department of Electrical Engineering, Sao Paulo State
University, llha Solteira, Brazil)

BPSO APPLIED TO TNEP CONSIDERING ADEQUACY CRITERION

Different methods have been proposed to solve the static transmission network
expansion planning (STNEP) problem up to now. But in all of these studies, loading of
transmission lines has not been studied using binary particle swarm optimization (BPSO)
algorithm. BPSO is a good optimization method to solve nonlinear large-scale problems
with discrete variables like STNEP. Thus, in this paper, STNEP problem is being studied
considering network adequacy criterion using BPSO. The goal of this paper is obtaining a
configuration for network expansion with lowest expansion cost and a specific adequacy.
The proposed idea has been tested on the Garvers network. The results show that the
network will possess maximum efficiency economically.

By including the network adequacy criterion in the fitness function of STNEP
problem, an optimized arrangement is acquired for the network expansion using binary
particle swarm optimization algorithm that is proportional to a specified adequacy rate.
This arrangement possesses a proper adequacy for feeding the load with a respectively
lower cost. The obtained conclusions from adequacy-cost curve show that a more robust
network with respect to lines overloading has not been obtained for more expansion cost
(indeed, adding more new lines to the network). Finally, using the expansion cost index on
the adequacy, an optimized plan is acquired with respectively lower expansion cost,

according to a specified adequacy.



Mtaita Charles Mtoni (Department of Built Environment Engineering, Mbeya University of
Science and Technology, Mbeya, Tanzania)

MODELING ASSESSMENT ON TECHNOLOGICAL CHALLENGES FACING SMALL-
SCALE GOLD MINERS IN TANZANIA AND HOW ENGINEERING COULD SOLVE THEM

This paper aims on assessing the effects associated to the challenges facing small-
scale miners in Tanzania. Small scale mining in Tanzania is characterized by low
productivity which is mainly a result of application of rudimentary and inappropriate
technology which in turn impact on capacities to generate income. The choice of
technology among small scale miners is largely influenced by the lack of capital. In order
to get gold, small scale miners typically have to excavate the earth and extract gold rich
ores, pull the ores from the pits, carry them to the crushing machine, crush them, sieve the
sand and lastly extract gold from the sand by using mercury. Each of the stages
mentioned above involve a ton of technological challenges which, if solved could improve
productivity and subsequently the lives of small scale miners in the country. However, this
study focuses on the costs of that economic growth in gold production over small-scale
miners. It is estimated that in the early 1990s, Small-Scale Mining in gold accommodated
around 400,000 people in Tanzania. Due to a lack of hard data, this study was based on
mostly qualitative fieldwork in Chunya district, Mbeya region, Tanzania. The research
investigates how technological challenges can affect small-scale gold miner’s livelihood,
focusing on those who depend, or have depended only on small-scale mining activities.

The formulated analysis has shown a strong relationship between the challenges
facing small scale gold miners and effects occurring in small-scale mining activities such
as hazards, low production, low per capital income and poor National economy. Also risk

that human health is encountered.

Under present technological conditions productivity, gold recovery and yields
continue to be low and income remains at subsistence level. This hinders re-capitalization
and advancement of ining operations and keeps small-scale miners in a vicious cycle of
poverty. A major problem restraining access to technology by small-scale miners is lack of
finance and appropriate nformation about where and how to procure equipment. In
addition, there are few companies specialized in small scale mining equipment. There is a
need to improve technological capacities. As it can be observed, processes involved in
gold mining are modular and highly non-mechanized. Efforts should be made, especially in

the miniaturization of large scale mining equipment into small and affordable to the



majority of small scale miners. Efforts should be made to introduce small and affordable
machines that can combine two or more processes thus increase efficiency. Surveys and
mapping areas as well as zones with gold should be provided to small scale miners which
will reduce their wild-hunting for gold, which is uneconomical Essentially, there is a need to
create technologies that are more productive, flexible, affordable, reliable, acceptable, and
simpler and cheaper that can foster the development of local competitive small to medium-
scale enterprises. Access to technology can also be facilitated by the establishment of
communal centers, where centralized equipment and services could be provided to small-
scale miners at discounted prices or through payment in kind. All small scale mining
activities should be registered and given sticker under supervision of professional mining
engineer or recognized mining engineer as per ministry of energy and mineral resource
equirement or mining engineers’ registration body which currently does not exist yet. No
small scale miner should be allowed to conduct mining activities without having stamp or

certificate of professional mining engineer or recognized mining engineer.



MeabaukoB A.1O., Kagaukuii H.A. (/[onbaceka depoicasna mawunodydisna akademis, Yrkpaina)

3ACTOCYBAHHS HEMPOMEPEXXHOI'O MOJIEJIFOBAHHS JIJ151 IIPUBJIN3HOI O
BU3HAYEHHS JAJIBHOCTI ITIOJIETA AIPA 3 YPAXYBAHHAM ITAPAMETPIB
CIIOPTCMEHIB I JOAATKOBUX ®AKTOPIB

B ¢usuueckoii KynbType M CHOpPT€ HEHPOHHBIE CETH HCHOJIB3YIOTCS [Js aHaiuu3a |
MIPOTHO3UPOBAHUS MOKa3zareneil (u3nueckod MOATOTOBIEHHOCTH CIOPTCMEHOB, a TaKke
pe3yIbTaTOB CIOPTHBHBIX COpPeBHOBaHUI. D(P(PEKTHUBHOCTH HCIONB30BAaHUS HEHPOHHBIX CeTel
OOBSCHSETCS BO3MOXKHOCTBHIO MOJIEIUPOBAHUA (UZUOJIOTMUECKUX TPOIECCOB B OpraHU3MeE
YeNoBeKa, HOCAIIMX HEIMHEHHBbIM XapakTep, a TaKKe CIOCOOHOCThIO HEWPOHHBIX CeTell K
camoobyuenuro [1-2].

Cornacho [3], nanpHOCTb HoJ€Ta AApa L 3aBUCUT OT TpeX OCHOBHBIX BEJIMYMH: Ha4aJabHOU
CKOpOCTH V(, C KOTOpPOH SIApO BBITAJIKUBAETCSA; yrja K TOPU30HTY 0p, MOA KOTOPBIM SIPO
BBITAJIKUBAETCS; BBICOTHI Haj 3emiied Hy, Ha KOTOpo# snpo mokugaer pyky. s mpoBeneHHs
pacueToB 10 GopmyinaMm u3 [3] Oblia cozgaHa WHGOPMAIMOHHAS CHCTEMa — MpHIOXKeHue [4-5],
MIO3BOJIAIOIIEE MPOBECTH MOJEIUPOBAHUE TOJKAHUS SApa C MECTa U ONPEIEIUTh ONTUMAaIbHOE
COUYETaHME IMOKa3aTeseH JUisl ONpeaeseHHOro sapa. OQHako OYEBHIHO, YTO OMMCAHUE CIIOPTUBHOU
TEXHUKHU UCKIIOYUTENIBHO YPAaBHEHUSIMU MEXAHUKHU MOXET HE YUUTHIBATh Psii GAaKTOPOB, KOTOPHIE,
SBIIASICH MaJIO3HAUYMMBIMH JJIsl aOCONIOTHBIX 3HAUEHUU PE3yNbTaTOB, MOTYT OKa3aTh CEpPhE3HOE
BJIMSIHUE HA OTHOCUTEJIbHBIE MIOKA3aTEIH.

[lenbto pa®oOTHl SABISETCS MOWCK MPUMEPOB, MOKA3BIBAIOIIMX BO3MOXXHOCTH MPUMEHEHUS
HEHPOCETEBOr0 MOEINPOBAHUS Ul NMPUOIU3ZUTENBHOIO HAXOXAECHUS IMOKa3zaTelel CropTcMeHa-
MeTarens sapa.

B [6] mpuBoasTCS MaHHBIE O XapaKTEPUCTHKAX psi/la CIOPTCMEHOB (BO3pacT, poCT, Macca
TeJa, UCTIONIb3YEeMbI METO/I METaHU), a TAKXKE UX CIIOPTHBHBIC PE3YNbTaThl (HaUaabHasi CKOPOCTh
I0JIETa SAPA, YTOJI METaHUs, BBICOTA OTPHIBA OT PYKU U PACCTOSHUE MOJIETA).

Name Distance v0 al HO
[m] [m/s] 'l [m]

Cantwell 2203 14.0 378 229
Majewski 2191 13.8 383 243
Bartelz 21.37 14.0 336 212
Hofia 21.28 14.0 344 206
Melzon 2111 1414 329 205
Lyzhin 2098 13.6 382 222
Mikhnevich 2074 13.4 37T 243
Vodownik 2050 13.7 3341 225

Pucynok 1 — JlanHbBIC 00 aTiaeTax

C MareMaTHYeCKOW TOYKH 3PEHHSA 3/eCh MOXHO CGHOPMYIHpPOBaTH JBE 3adadyH
[IPOTHO3UPOBAHHMS

— 10 WMEIOIIUMCS JaHHBIM O BO3pacTe, pOCTE, Macce Teja aTieTa, a TaKKe
XapaKTEPUCTHKAX TIOJIETA sIIpa OMPEACINTh 1adbHOCTh ATOI'O MMOJIETA;

— 10 MMEIOIIMMCS JIaHHBIM O BO3pacTe, pOCTE, Macce Tella arjera, a TakKkKe JTaJbHOCTH
[oJicTa sapa OMNPEIEINTh ONTHMAIbHOE COYETaHHE XapaKTEPHCTHKAX I0JeTa — HadalbHOU
CKOPOCTH, YTJI€ ¥ BHICOTE OTPBIBA.

[TocTaBieHHbIlC 3aJa4d pEIICHBl METOAAMU HCKYCCTBEHHBIX HEUPOHHBIX ceredl B [7-8],
OJHAKO TaM He OBbLIO YYTEHO, YTO, BO-IEPBLIX, IIOMHMO II€PEUUCIIEHHBIX (DAKTOPOB, MMEIOTCS
taxke «Length of glide [m] — mymna ckauka» u «Foot distance in power position [m] — qucranus
HOI' B TIO3UIIMH OTTAJIKWBAaHHsI», a BO-BTOPBIX, Y MYKYMH M JKCHIIUH OTIMYAIOTCS HE TOJBKO



MOKa3aTelid, HO | nepeveHs GakTopos (puc. 2). Kpome Toro, nmpu UCMOIb30BaHUH IPYroil TEXHUKH
metanus («Rotational — moBopot»), BMecto «Length of glide [m]» mosBastercs «Length in flight
phase [m] — paccrosiHre poxosiiee CIIOPTCMEHOM B (a3e mosera (Oe3omopHasi)», a BMecto «Foot
distance in power position [m]» — «Length of spatial relocation in power position [m] —marHa
pa3BOpOTA HOT B (ha3e OTTAIKUBAHHSD)

Mame Distance Length Foot Distance
of glide in power
position
[m] [m] [ml]
Vili 20.44 0.89 119
Kleinert 20.20 1.00 1.03
Gong 19.88 085 1.23
Mikhnevich 19.66 088 1.08
Avdeeva 19.66 0.89 0.9
Carter 18.96 029 114
Li 1876 0.84 1.25
Gonzalez 18.74 1.02 1.08

Pucynok 2 — Jlannble 00 aTieTax *eHCKOro 1oJa

Beigenum msITh 3a71a4, Kakaas U3 KOTOPBIX MO0 UMEIOIIMMCS JaHHBIM O BO3pacTe, poCTe,
Macce Tejla ariiera W JPYyrHMM XapaKTepHCTHKAaX IO/DKHA ONMPEACTHTh JalbHOCTh TOJIeTa sapa,
OJTHAKO MEPEYCHb XapaKTEPUCTHUK B KaXIOM CIydae OyaeT pa3HbIM.

1. PaccmaTpuBarOTCsS BCE MYKYHMHBI ¢ XapakTepucTukamu «CKOpPOCTh-yToJ-BBICOTa» U 0e3
JIeJICHUST Ha UCTIOJIb3yeMYI0 TeXHUKY MeTanus ((paxkruuecku moaens u3 [000]).

2. PaccMaTpuBarOTCsl BCE MY)KYHMHBI ¢ XapakTepucTukamu «CKOpOCTh-YToJ-BBICOTa» U 0e3
JCICHUS] HA HCIOJB3YEMYI0 TEXHHKY METaHHsA, HO C J00aBICHHEM HOBBIX ITapaMeTpOB
MPOIIEHHOTO SAPOM PACCTOSHUS Pa3rOHA CIIOPTCMEHOM.

3. PaccmaTpuBaroTCs BCE KCHIUHBI 0€3 JEJICHHs Ha HCIOJb3YEMYIO0 TEXHHUKY METaHHUS C
XapaKTePUCTHUKAMHU TIPOHICHHOTO SIZIPOM PACCTOSHHSL.

4. PaccMaTpuBarOTCSI MYXKYHMHBI C TexHHKoi Metanus «Glide» ¢ xapakrepucTHKamu
«CKOPOCTh-yTOJI-BBICOTa» U TTApaMETPaMH MPOHJACHHOTO SPOM PACCTOSTHUS.

5. PaccmarpuBaroTcss MYKYMHBI W OKCHINMHBI C TexHuKoi Mmetanms «Glide» ¢
XapaKTEPUCTHKAMH MPOMIEHHOTO SAPOM PACCTOSHUSL.

st kaxaoi 3ajaun OArOTOBUM JaHHbIE IO IPUMEPY pHUcC. 3.

Ta6numa 1 — ITocTaBlieHHBIE 3a/1a41

CkopocThb- Foot distance | Length | Length of spatial
Length . A, L
Ne | Tlom | Texnuka yToJI- of glide in power in flight relocatlor_w in
BBICOTA position phase power position
1 | Myx. | Jlobas + — — — —
2 | Myx. | Jlobas + + + + +
3 | XKen. | Jobas — + + — -
4 | Myx. Glide + + + — —
5 | Bce Glide — + + — —




Age  Height Weight  Length of Foot distance Distance

Mame | Technigue Sex . in power
lyears] [m] | [kol glide ] RETRE
Majewski | Glide m 27 204 132 a.21 1,20 2191
Bartels Glide m I 187 135 a57 1,29 2137
Wikhnevich Glide m 33 202 127 052 117 20,74
Wil Glide W 24 1595 120 0,59 1,19 20 .44
Kleinert Glide W 33 18 a0 1 1.03 202
Song Glide W 20 15 85 0,55 1,23 19,89
tikhnevich Glide W 218 85 0,55 1,05 19 66
Carter Glide W 23 175 95 0529 1,14 18 .96
E 5lide W 29 174 80 0,54 1,25 18,76
Gonzalez | Glide W J1 178 75 1,02 1,05 18,74

Pucynok 3 — [loaroroBneHHble 1aHHbIE (IpUMEP NATON 3a1a4H)

B xauecTBe Mozen HEMPOHHOM CETH BO BCEX CITydasiX BHIOEPEM JIBYXCIIOWHBIN MEPCENTPOH.
OrneHka MpeArnoYTUTEIHHOTO YHCIa HEMPOHOB B CKPBITOM CJIO€ MPOBEIEM, UCTOJb3YsI U3BECTHOE
HepaBeHCTBO [9-11], u BeIMUMHY CKPBITOTO €O IMPHUMEM pPaBHBIM 3 HEHpoHaM JUIsl BCeX 3ajad.
Tun aktuBannoHHOW ¢yHKIMH — curmouja. OOyueHUE ceTH MPOBOIUTCS METOAOM OOPaTHOTO
pacnpoctpanenus omubOok. Pacuer Obi1 mpoBenen B cpeiae Deductor Studio [12]. Pesysbrats
Mpe/icTaBiIeHbI Ha puc. 4-8.

o nth vaticp X [bearpamass paccens

Tpae respocer X | Urosca X | Otiyesou ——
Age [years) PILE-M-B-Q-% = owoafors 3 5 B-

Height (m]
Weight (kg)
e Distance (m) 23 >

V0 [més)

a0()

HO (m)

Pucynok 4 — I'pad u nuarpamma paccesaus HeiiponHoit cetu MLP-6-3-1 (3agaua 1)



[pac vedipocern X | Uro-ecan X | Ofyuaownii afop X [Warpamia pacceain X
u = =
B Y E-EE-|E-Q-% T owss|05 3 5 -
Age [years)

24

23

22

Height ) —

Pl

7

7ng

Weicht ka)
2.7

26

75

w0 m/s] 214

73

Distance [m) o

21

alll]

Uk

208

HO ) 07 <t

ms

205

Length of glide [m] OR Length in flight phase (m) 204

w3
202

04

Foot distance DR Length of spatial relocation in power position 205 2074 28 201 2128 2137 2091 2203

© Distance (m) OUT_© Distance (M) — Sranon - Bepnan parmua - Hokean paris

Pucynok 5 — I'pad u quarpamma paccesiust HeriponHoi cetn MLP-8-3-1 (3agaua 2)
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Pucynok 6 — I'pad u nuarpamma paccessuus HeiiponHoit cetu MLP-5-3-1 (3agaua 3)
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Pucynok 7 — I'pa¢ u quarpamma paccesinus HeripoHHoit cetn MLP-8-3-1-Glide (3agaua 4)
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Pucynok 8 — I'pa¢ u quarpamma paccesinus HeviponHoit cetu MLP-6-3-1-Glide (3agaua 5)
Cpennrie TOYHOCTH (CpeIHUE OMTMOKN — OTKIIOHCHHSI) BCEX pacueTOB CBEACHBI B TA0I. 2.

Tabmuna 2 — TOYHOCTh KaXKJI0TO pacyera

3amaua | Ilonm | TexHuka Cpenmis Cpensis
TOYHOCTB [M] | TOYHOCTH [%]
1 Myx. | Jlrobas 0,004632 0,0216%
2 Myx. | Jlrobas 0,003464 0,0163%
3 Ken. | Jlrwobas 0,003627 0,0192%
4 Myx. Glide 0,375513 1,7144%
5 Bce Glide 0,682436 3,3280%

Mo>HO caenath BBIBOJ, YTO MOJIETH, YUUTHIBAIOLINE BCE XapaKTEPUCTUKU TOJIKAHUS sipa
(No2 u Ne3), moka3pIBalOT HEMHOT'O 00Jiee BBICOKYIO TOYHOCTh PAcU€TOB, YeM MO/IE)Ib, OCHOBAaHHAS
TOJIbKO Ha XapakrepucTtukax «CkopocTb-yron-Boicota» (Nel). B To ke BpeMs 3aKOHOMEPHOCTH,
OTIPECIISAIONINE JATBHOCTh OPOCKa y MY>KUMH U KECHIIWH, PA3JIMYHBI, YTO JOKA3BIBAET MOJIETh No5.
3HauuTeNbHAs BeNUYMHA OMMOKKW B Mojenu Ned oObACHSETCS MajiblM YHUCIOM IPUMEPOB IS
Oo0yUeHUSs CETH.

BbIBO/IbI
Hcnonb3oBaHue anmapata MCKYCCTBEHHBIX HEHPOHHBIX CETE€M MpHU pacyeTe Mokazareseit
CIIOPTCMEHA-METATeIIs Apa MOXKET IMO3BOJIMTH 10 UMEIOIIMMCS JaHHBIM O BO3pacTe, pOCTe, Macce
Tejla aTiiera, a TAaKXKe XapaKTepUCTHUKaM IIoJIeTa siapa OIpPENeNIUTh AAJIbHOCTh 3TOrO IOJIETA.
[IpoBeneHHBI CPAaBHUTENBHBI aHAJM3 HECKOJBKHX MOJEICH TO3BOJIWI CPOPMYITHpPOBATH
OINpeJIeTICHHbIE BBIBOIbI OTHOCUTEIBHO TOYHOCTH UX PACUETOB.
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Himepuu M.O. ([onbacvra depocasna mawunobyoiena akademis, Yxpaina)
KOHIIETTLISI THHOBALIIMHOI'O MEXAHOCKJIAJIAJIbHOI'O KOMIUIEKCY

MeTor0 NpOeKTyBaHHS 1HHOBALIHHOIO MEXaHOCKJIAJalIbHOTO KOMIUIEKCY SIBIISIETHCS
CTBOpPEHHSI 0araTOHOMEHKJIATYpHOTO THYYKOTO0 BUPOOHHIITBA, 3A10HOTO BUTPUMATH KOHKYPEHIIIIO
Ha pUHKY MaIIMHOOYAIBHOI IPOTYKIIi.

Jns BuOopy Mopenm IHHOBAIITHOTO MEXaHOCKJIAAJIbHOTO KOMIUIEKCY, OOpaHuii BY30J1
MPEJCTaBHUK PEIyKTOp KAaHTYBayiB TOBCTOJHMCTOBOIO CTaHy. MeTOIM OTpPHMaHHS 3aroTOBOK,
MexaHooOpoOHe 00J1aTHaHH MiAI0paHo BUXOAYN 3 MiHIMAJIBHUX MOTPIOHUX rabapuTHUX PO3MIpPIB
JleTaliell peyKTopa.

bynu o6pani netam npeactaBuuku Komneco 3youare 1 Kopryc. OGpanuiit MeTo 1 OTprUMaHHS
3arotoBok g getami Komeco 3ybuate — BiaymBKa , 3arotoBka ansg jertani  Kopmyc
BUKODUCTOBYETbCS —  3BapHa. g 3HATTS BHYTPINIHIX HaBaHTaKEHb B 3BapHUX IIIBaX
BUKOPUCTOBYEThCS BiOpauiliHa o0poOka. B poOoTi mpoBeneHuil anamiz BiOpamiiHUX YCTaHOBOK
€JICKTPUYHHX, THEBMATHYHUX 1 T1IpaBIIvYHUX.

TexHonoriuna o0pobOka netaneit Koneco 3yOuaTe, BUKOHYEThCS HA TOKAPHO-KAPyCEILHOMY
o6pooromy 1nentpi VTS 1620M. O6pobumit nientp VTS 1620M nosBosisie mpoBecTr 0OpOOKY:
YOPHOBOTO 1 YHCTOBOTO TOYIHHS, BUKOPHCTOBYIOUM CIEIlialbHUi nutipyBasbHUN 1HCTPYMEHT
uutiyBaTH BHYTPILIHIO TOBEPXHIO Kojeca 3ybuaToro, ¢pesepyBaHHS IIIMOHKOBOIO Ma3y 1
Hapi3zaHHs pi3pOn. OOpOOHUI MEHTP 3aMIHIOE OJpa3y JeKiIbka BEpPCTaTiB, MO0 3HAYHO CKOPOUYE
JOTIOMDKHMM 4Yac OOpoOKH, a 3aCTOCYBaBIIM CYYaCHHH IHCTPYMEHT CTa€ MOXKJIWBO ITiABUIIUTH
PEXUMU pizaHHS MPU 00pOOIIi IeTaneil, 0 3HAYHO CKOPOTUTH TEXHOJIOTIYHHIA YaCc BUTOTOBJICHHSI.

Jns 0O6poOKkM KopIycHOI nmetaiii oOpaHmii O0araToyHKIIOHANBHUN (Gpe3epHuid 0OpoOHUM
nentp DHM 6700. OOpoOHuWii 1eHTp [03BOJsiE TMPOBECTH (pe3epyBaHHS KOHTYpY JeTai,
CBEpANIiHHS, 3eHKYBaHHs, Qpe3epyBaHHs Ma3zy. TakuM 4MHOM BCl omepallito mo oopoOI aerani
Koprryc BUKOHYIOTBCSI Ha OJTHOMY BEPCTATi.

BukopuctoByetbcst cydacHuii inctpymeHT ¢ipmu ISCAR Komnanis ISCAR e nigupyrouum
BUPOOHHUKOM IIMPOKOTO aCOPTUMEHTY BHCOKOTOYHOTO TBEPAOCIUIABHOTO IHCTPYMEHTY, HIMPOKOT
TMHIAKM 3MIHHUX TBEPAOCIUIABHMX IUIACTHH, a TaKOX YHIKAJIbHUX 1 1HHOBAaLIMHUX pi3albHUX
THCTPYMEHTIB U1 METAT000POOKH. ACOPTIMEHT BHCOKOSAKICHOT MPOAYKIIii Iscar CTAaHOBUTH TIOHA/
80 000 HaitmeHyBaHb

Jlnst TpaHCTIOPTYBAHHA JeTaei 0OpaHi aBTOMAaTHYHI Bi3KH. ABTOMATHYHI Bi3KH MArOTh PsJl
nepeBar Iepes CTalllOHapHUMH KOHBEEPAMH, PEIbCOBUM TpaHCHOpTOM. PenbcoBuil TpaHcmopt
3aliMa€ MPOCTIp U MaricTpajabHOTO Mpoi3ny, NMoTpedy. IlocTiitHOTO Orisiay, 3aMiHy 3HOIICHHX
peIbCiB, BarOHU TEX MOTPEOYIOTh OIMIANY 1 HMPOQUIAKTUYHUX POOIT, c1ab0I0 JTaHKOI B HHUX €
KomicHi mapu. KomicHI mapu HIBHIKO 3HOIIYIOTHCS 1 MOTPeOyrOTh 4acToi 3amiHu. [lpm 3HOCI
KOJIICHUX Map 1 peloK 4YacTo BaroHM CXOISATh 3 pEHOK, IIe MOXKEe HMPUBECTH O TPaBMYBAaHHS
poOouMx 1 3yNUHLI BUPOOHHUYOTO IpPOLIECY NMOKU HE BIAPEMOHTYIOTh BaroHeTKy 1 pedku. Tex,
CTOCYETbCS 1 KOHBEEPHUX JIHIH.

Jnst ckimamyBaHHsS JAeTalieid miciiss OOpOOKM 3acTOCOBYEThCs poOoT mradenep. Pobot
mrabenep JO3BOJsE B ABTOMAaTHUYHOMY peXHMMI CkiaayBatu jetani. Pobor mrabenep mae
BAaHTAXKOMITHOMHICTB 710 2 TOH 1 MiIHOMOM BaHTaXIB 710 9 METpiB.

CknaanpHa JUIBHUI OCHAIIIEHA CYYaCHUMU CKJIaanbHUMU cTeHaamMu. CKiiaiaiabHi CTeHIU
OCHAIICHHI: T1APaBIIYHUMHU MPECaMH I YCTAHOBKH ITIIITUITHUKIB, EJICKTPUIYHUMU TalKOBEPTaMH,
MICHEBUMH M1AHOMHHUKH, TPUCTOCYBAHHAMHU JUIsl Opi€HTALli AeTalei.

BucHoBOK: KOHIEMIIIS 1HHOBALIMHOTO MEXaHOCKIAJAJbHOTO KOMIUIEKCY CKJIATA€ThCS 3
BUKOPUCTAHHS HOBITHIX 0araTo()yHKIIOHAIBHUX OOPOOHMX LIEHTPIB, sIKi 3a0€3MeUyI0Th THYYKICTh
BUPOOHUIITBA TIPH 0OPOOIII OaraTOHOMEHKIATYPHOTO Py PEAYKTOPIB.



Oderhowho Nyorere, Hilary Uguru (Agricultural and Bio-Environmental Engineering
Technology Department, School of Engineering, Delta State Polytechnic, Ozoro, Nigeria)

INSTRUMENTAL TEXTURE PROFILE ANALYSIS (TPA) OF CUCUMBER FRUIT AS
INFLUENCED BY ITS PART AND MATURITY STAGE

Instrumental texture profile analysis (TPA) of Nandini cucumber fruit, was measured
as a function of its parts (stalk, mid and blossom), and maturity stages. These textural
parameters; hardness, springiness, adhesiveness, gumminess, stringiness, fracturability,
and chewiness of the fruit were measured; over a course of four maturity stages, 6, 9, 12
and 15 Days after Peak Anthesis (DAPA). The texture profile analysis was done by using
the Warner-Bratzler shear force (WBS) method, and the results showed that maturity
stage and fruit part significantly (P < 0.05) influenced all the textural parameters evaluated.
Over the course of maturation, all the parameters investigated were found to increase.
During maturation, the stalk, mid and blossom hardness increased by 25, 26 and 32%
respectively; springiness increased by 6.4, 7.7 and 6.2 % in the stalk, mid and blossom;
gumminess increased by 57.7, 57.4 and 42.2% in the stalk, mid and blossom; chewiness
increased by 60.5, 63.1 and 47% in the stalk, mid and blossom; fracturability increased
from 89.13 to 118.29, 82.76 to 110.7 and 62.28 to 90.12 N in the stalk, mid and blossom;
adhesiveness increased from 9.14 to 13.2, 8.49 to 12.27 and 7.15 to 9.83 Ns in the stalk,
mid and blossom; lastly, stringiness increased from 20.05 to 21.61, 19.46 to 20.81 and
19.06 to 19.79 mm in the stalk, mid and blossom. The results showed significant
correlation of all the parameters investigated with maturation and fruit part.

The results of the study showed that the fruit part and maturity stage significantly
influenced all the textural qualities of the Nandin/ cucumber fruit. The results indicated that
the fruit hardness, springiness, gumminess, stringiness, fracturability, adhesiveness and
chewiness decreased from the stalk part of the fruit to the blossom part. All the parameters
studied increased with increase in maturation for 6 DAPA to 15 DAPA; and strong

correlation (= '} 0.90) was established between the TPA parameters and maturity stage.



Olusoga Olawale Oreoluwa, Fagbemi Olasunkanmi (Department of Architecture, Federal
University of Technology, Akure, Nigeria)

HEALTH AND SAFETY MANAGEMENT PRACTICES IN THE BUILDING CONSTRUCTION
INDUSTRY IN AKURE, NIGERIA

Health and safety of construction workers on building construction sites in Nigeria have
become necessary as a result of the hazardous nature of the practice. It is noteworthy to mention
that accidents of any kind are bound to happen on these sites resulting into injuries that are
sometimes fatal to site workers. Nevertheless, an evaluation of the health and safety management
practices put in place by building contractors in the construction industry in Nigeria is the main
thrust of this study. This paper discusses the different sources of accidents on construction sites. It
also investigates the current state and adherence to health and safety practice in Nigeria. 110
guestionnaires were used to extract information from respondents within the Akure metropolis. The
safety precautions put in place by contractors for their site workers was also probed. Issues such as
the post-accident treatment of site workers were also investigated. Data collected were analysed
using descriptive statistics. The study found that construction workers are left to protect themselves
in the line of duty and are largely responsible for any occurrence of accidents. As a result, a lot
needs to be done to ensure the health and safety of site workers. Recommendations were made on
possible solutions yearning for strict actions to be taken against defaulters by the respective site
inspectors. Accidents are unavoidable occurrences on construction site all over the world with a lot
of research done on mitigating it from source.

The regular practice of safety known to building contractors within the study area is
basically provision of personal protective equipment. This is seen from literature as not the only
means of mitigating construction site accidents with education and provision of safety signs
seeming another possible way out. This paper has carefully examined health and safety
management practices in Akure. Professionals in the building industry also compete for and
undertake building construction work. It can be observed that the small scale construction industries
operate within the confines of their budget because they lack the resources to perform at a high
level of health and safety performance. These constraints as regards budgets also tend to prevent
such industries from doing a thorough accident reporting. Health and Safety issues are almost never
factored in their bidding at the tendering stage thus, making it very difficult in earmarking funds to
cater for the events of accidents. Employment of site workers which is predominately casual or
daily pay basis provides the building contractor a safe haven when accidents occur. Without
employment letters as well as decent contract document which can serve as a legal means of
demanding for their rights, these workers are left to cater for themselves and left defenseless. There
is also risk of job loss to site workers within the small scale companies when they try to complain or
report accident cases. It can also be seen that few construction companies have a decent level of
safety practices captured in their company policies. With the increasing number of small scale
construction companies, a lot still needs to be done in mitigating accident causations as the life of
construction site workers matter. An area of further study will be to investigate the enforcement of
such safety policies whenever there is an unfortunate occurrence of accidents and also seek to build
up affordable health and safety practices in small scale enterprises. To ensure the smooth running as
well as timely delivery of building projects, all parties — clients, project managers, Architects,
contractors, sub-contractors and artisans must see health and safety as a fundamental issue.

The issue of life and its importance must be a key element within the policies of the
stakeholders within the industry. Building plans should not be approved without detailed health and
safety documents indicating protective equipment provided by companies. Also construction sites
where work is carried out must be sealed when there are no provision of safety equipment. At the
University level, health and safety issues should be included in the curriculum for both
undergraduate and postgraduate levels so that they know its importance at the early stages of their
training.



MoctaBunumii A.C ([Jonbacwvra depocasna mawunobyoisna akademis, Yxpaina)

EKCIIEPUMEHTAJIBHE JOCIJKEHHSA AKYCTUYHOI IIATHOCTUKU
CKIIAAHOITPOOUIbHUX AEJIAN 3A KUIBKICHUMHA O3HAKAMU OJJHOYACHO

Jns HepyHHIBHOTO KOHTPOJIO 3aCTOCOBYIOTHCS METOJAM, 3aCHOBaHI Ha PI3HUX (i3UUIHHUX
3aKOHAX 1 SIBUIIAX. HATIPUKJIIA/I:

- rojorpadiuHUid MeTOA, SKHM 3acHOBaHMI Ha peecTpalii BIAMIHHOCTI ToOJIOrpaM
N0OPOSKICHUX 1 Je(eKTHUX MiISHOK KOHTPOJBOBAHUX 00'ekTiB. IX BimMiHHiCTH 0GyMOBIEHa
30UTbIIEHHAM Jiehopmarliiid B 1e(pEeKTHUX 30HAX B MOPIBHSAHHI 3 JOOPOSKICHUMHU TIPH MEXaHIYHOMY
HaBaHTAXEHHI BUPOOiB. MeTOA 3aCTOCOBYEThCS JUIsI HEPYHHIBHOIO KOHTPOIIO KJIEHOBHX
KOHCTPYKIIKA [25, 26] 3'emHaHp OOIMIMBOK 3 KOPITyCaMH OXOJIOJPKYBaHHMX JIOMATOK, BUPOOIB 3
KOMITO3HIifiHNX MatepianiB [26] i T. II. Moro mepeBarn - GE3KOHTAKTHICTh i BHKIIOUCHHS
CKaHyBaHHs, a HEJIOJNIKU - HEOOXITHICTh MEXaHIYHOTO HaBaHTAa)KEHHS BUPOOiB, BUCOKA BapTICTh 1
CKJIaJIHICTh anapaTypu;

- PamiOXBUIILOBI METOMIH, SIKI BUKOPUCTOBYIOTh B3aemojiito CBY pamioBUNpOMiHIOBaHHS 3
MaTepialaMid KOHTPOJIbOBaHUX BHUPOOIB [26]. 1li meTomu 3acrocoByroThesi st HK Bupo6iB 3
JeeKTPUYHUX 1 HAMIBOPOBIJHUKOBUX MaTepialiB 1 JI03BOJIIIOTH BHSBISITH MOPYIIECHHS
CYIINBLHOCTI, CTOPOHHI BKIIIOUEHHS, CTPYKTYPHi HEOJHOpigHOCTI. IX HeMomikuM - HEMOKJIHBICTH
BHSIBJICHHS Ie(DEKTIB ITiJT METAJIEBUMH IIIapaMH, 3HA4YM TUTbHI PO3MIPH 1 Maca anaparypu, TPYIHOIII
KOHTPOJIIO B YMOBaxX OJWHHYHOTO i IpiOHOCEPIHOrO BUPOOHMIITBA 3 BEJIMKOI HOMEHKJIATYpOIO
BHPOOIB;

- TETJIOBI METO/IM, 3aCHOBAHI Ha CIIOCTEPEKEHHI 3MiH TeMIepaTypHe penbedy Ha MOBEPXHi
KOHTPOJIbOBAHOTO 00'€KTa, MO0 BUKIUKAIOTHCA AedekT [26]. Crocodu iHAWKaIi 1bOro peabedy
pizHi. Hait0inbi 3pydHi 0€3KOHTAKTHI MPWIIATH, IO PEECTPYIOTH iHppadyepBOHE BUIPOMiHIOBAHHS
(pamiomeTpu, TeIJIOBiI30pH). 30KpeMa, METOIU 3aCTOCOBYIOTh JII KOHTPOJIO OaraTomapoBUX
KOHCTPYKILIA - 31 3MEHIICHHSM TEIUIONPOBIIHOCTI Marepialy 30BHINIHROTO INapy BUPOOH
YYTJIIMBICTh BUMIPIOBAILHOTO MPHUCTPOIO 301IbIIyeThCA. HemomiKi TEIIoBUX METO/IB - BIJIMB Ha
pe-3yJIbTaTH KOHTPONIO KoedimieHTa BIAOUTTA iH(PpadepBOHOTO BHIPOMIHIOBAHHS, CKJIAIHICTD i
BHCOKa BApTICTh amapaTypd, SKa BUKOPHCTOBYETHCS, TPYOHOII ii KOPHCTYBaHHS B YMOBax
BUPOOHUIITBA 3 IIUPOKOIO HOMEHKJIATYPOIO BUPOOIB;

- paniamiiiHi METOJH, AKI IIMPOKO 3aCTOCOBYIOTH JJIS BUSIBICHHS MOPOXKHEY, MOPUCTOCTI,
CTOPOHHIX BKJIIOUEHb, (HANpUKIa] - ACPEKTIB CTIIbHUKOBUX OJIOKIB, BU3HAYCHHsS OpIE€HTAIlll
BOJIOKOH B apMOBaHUX IIacTHKax 1 T.m.) [26,27]. Ilpu KOHTpOJi BUKOPUCTOBYIOTH B OCHOBHOMY
JOBFOXBHIILOBE  PEHTTCHIBCHKE BHIPOMiHIOBaHHS. [liKaBUMH  MOMIIMBOCTSAMH  KOHTPOJIIO
KOMIIO3ULIHHUXHUX NOJIMEpHUX MaTepialliB Ma€ peHTreHiBCbKka oOouucmoBaibHa Tomorpadis [28],
OJIHAK 1 BOHA MaJio €()eKTUBHA /IS BUSBJICHHS, HAIPUKIIA]l, OCHOBHUX JIe(DEKTIB KICHOBHX 3'€THAHD
[28]. nst KOHTpOIIIO BUPOOIB 3 IETKUX MaTepianiB (MIACTHKY 1 T.I1.), 0COOIMBO MpHU iX MOETHAHHI 3
MeTalaMH, IPU-MIHAIOTh HeUTpoHorpadii [27].

OpnHak, JOCUTHh MEPCIEKTUBHUM 3 TOYKH 30py HAayKOBOTO JOCIIJyBaHHsS BJIACTUBOCTEH 1
MO>KJIMBOCTEN CTa€ pO3/A1J1 aKyCTUUHUX METO/1IB HEPYHHIBHOI'O KOHTPOJIIO Ta J1arHOCTUKU BUPOOiB
MaIMHOO Y TyBaHHS.

AKyCTHYHI METOIM 3aCHOBaHI Ha B3aEMOJII 3 KOHTPOJIHOBAHUM BHPOOOM TMPYKHUX
KOJIMBaHb 1 XBWJIb IIMPOKOTO Jianma3zoHy 4dactor [27]. Hampuknazn, 1 HEPYHHIBHOTO KOHTPOIIO
OaratomapoBuX KOHCTPYKIIH IIi METOAY BHKOPHUCTOBYIOTHCS HaWOUIbIIT MIUPOKO. OCHOBHUMH 3
HUX € HU3bKOYAaCTOTHE METOAM, YIbTPA3BYKOBHH METOJ[ MPOXO/KEHHS 1, B MEHILUIH CTeleHi,
peBepOepaliitHuil 1 aKyCTUKO-TOMOTpadiuHmiA, X04a MOKIMBOCTI 1X PO3KPHUTI JIaJIEKO HE TIOBHICTIO.
OueBuaHO, OCHOBHA IpOOJIeMa IOJIATa€ B METOJIOJIOTIT 1 3aCTOCOBYETHCSI MAaTEMATUYHOMY arapari
JUIs1 OOPOOKH TaHWX aKYCTUYHHX CUTHAIB.

Cepen MeTOAIB aKyCTHYHOTO KOHTPOJIIO BHUJAUISIOTH: AaKTHBHI - BHKOPHCTOBYIOUH
BUIPOMIHIOBAHHS 1 MPUHOM aKyCTHYHHUX CHUTHAIIB, 1 MACHBHI - 3aCHOBaHI TiJIbKM Ha TPHHOMI
AKyCTHYHUX CUTHAIIIB.



J10 aKTUBHMX METOJIIB aKyCTUYHOT'O KOHTPOJIIO BITHOCATHCS: METO MPOXOKEHHS MPYKHUX
XBWIb (TIHBOBHI); TUMYacCOBOI TIHBOBOI METO[; A3€pPKaIbHO-TIHBOBUI METOJ; JIyHa-METOJ; JIyHa-
I3epKaIbHUM METOJ; JyHAa-HACKPi3HUM METON; YIbTPa3BYKOBHH JIyHa-METOM; JAeIbTa-METOJ;
peBepOepaliiiHuii MeTOM; JIOKAJIbHUM METOJ] BUIBHUX KOJMBAaHb, 1HTETPaJbHUN METOJ BUIHHUX
KOJIMBaHb; JIOKAJIbHUI PEe30HAHCHHUI METOJ; IHTErpaJIbHUI PE30HAHCHHUIA METO;.

MeTon npoxomkeHHs MPYKHUX XBUJIb (TiHbOBOI) 3acTocoByroTh Juisi HK kieiBux BysmiB
[28] 1 BupOOIB 3 KOMIIO3UIIHHUX MartepiamiB. BiH [03BoJisi€e BUSABIATH 30HU 3 MiJI'€THAHHSM,
MOPO’KHEY1, MOPHUCTICTh, pO3MIApyBaHHSA 1 1HII NOAIOHI nedextu. [l KOHTposo 3a3BHuait
BUKOPUCTOBYIOTh MEXaHI30BaHI YCTAaHOBKH 13 3alMCOM pe3yibTarTiB. TuMuyacoBoi Horo BapiaHt, B
AKOMY O3HaKol0 Je(peKTy CIyKUTb 3MIHa 4acy IPOXOKEHHS aKyCTUYHOIO IMITYJIbCY,
BUKOPUCTOBYIOTh B OCHOBHOMY JJISi KOHTPOJIO OYAiBENbHHX MarepialliB - BOTHECTIMKHX IeTJIH,
O0eToHy 1 T.m. [28]. 3aranpbHUil HEIOMIK TIHBOBOTO METOJY, KM ICTOTHO OOMEXye 00JIacTh HOTO
3aCTOCYBaHHSI - HEOOXIIHICTh JIBOCTOPOHHBOTO JOCTYIY J0 KOHTPOJBOBAHOTO BHUPOOY. Meton
3aCHOBaHWH Ha OCIa0JEeHHI MPOXOAATh YJIBTPA3BYKOBUX XBUJIb MPU HASBHOCTI BCEPEIWHI AeTall
nedeKTiB.

BiOpariifHO-11arHOCTUYHUN METOJI TIOJISITA€ B TOMY, IO aHATI3YIOThCS MapaMeTpu BiOparii
AKOi-HeOyap AeTani abo Bysia, IO 3HAXOAMUTHCS B pOOOYOMY pEXHMI 3a JOMOMOTOI0 MpUiiMadiB
KOHTAKTHOT'O TUITY.

[IIymo-miarHOCTHYHUHN METOJ Mependadae BUBYCHHS CIIEKTPY HIYMIB MPAIFOI0YOr0 BUPOOH
3a JI0MOMOror MikpohoHHUX mpuiiMadiB. | Mo 3paji-BaM B CHEKTPi IIyMiB LLJIOTO BUPOOU CYIAThH
PO SIKICTh CKJIQJIOBUX HOTO €JIEMEHTIB. 3a YaCTOTHOMY O3HAKOIO BCi PO3IJISIHYTI METOIM MOKHA
pa3-niauTy Ha HU3bkodacToTHi (10 20 KI'1r) 1 BUcokoyacToTHI ab0 ynbTpa3BykoBi (monan 20 KI'm).

AKyCTHKO-eMICIHUI MeTO] 3aCHOBAaHHMI Ha peecTpallii NpyXHUX XBWIb, 110 BUHUKAIOTH B
nporieci nepedya0BH BHYTPIIIHBOI CTPYKTYPH TBEPAMX TUI. AKYCTHYHA €MICis 3'IBISETHCS TPH
ractuaHoi gedopmarii, mpu po3BUTKY nAe(EeKTiB, HANMPUKIAA TMPH YTBOPCHHI TPILIUH, IPH
(ha30BUX TMEPETBOPEHHSX, MOB'SI3aHUX 31 3MIHOIO KPHCTAJIIYHOI PEUIITKH, MPU pi3aHHI METamiB.
@i3UYHUM MEXaHI3MOM aKyCTHU4YHOI €Micii € pyX B pEYOBHMHI JHUCJIOKAlii 1 iX CKyI4YeHb.
HepiBHOMIipHICTh, ypUBYACTICTh TUCIOKAIIHUX MPOLECIB, MOB'I3aHUX 3 BIAPUBOM AU CIOKAIIH Bij
TOYOK 3aKpIIUICHHS, TaJlbMyBaHHSAM iX y TEPENIKOJ, BUHUKHEHHAM 1 3HHUIICHHAM OKPEMHX
JMCIIOKallll, € MPUYMHOIO, KA 3yMOBJIIOE BUBUCHHS XBWJIb Hamnpyru. ToMy akycTH4YHA eMicCisi Mae
BUOYXOBHUI XapakTep, siBIIsi€ COOO0 MOTIK IMITYNIBCIB; TPUBAIICTH IMITYJIbCY MOXe ckianaTa 10-8
10-4c, enepris okpemoro immynscy Big 10-9 mo 10-5 Jx. Lle BiamoBigae KOMMBAHHIM MOBEPXHI
3pa3ka B Mexax 10-11-10-4 mm. [HOMI 1i CHTHAM MOCUTH CHIIBHI 1 MOXYTh CIIpUAMATHCS Ha CITyX
(Hampukyang -2 - «KpUK oyoBa» mpu Horo ngedopmaunii). CurHaim aKyCcTHUHOI emicii,
MOIIMPIOIOYUCH /10 TIOBEPXHI 3pa3Ka, 3a3HAIOTh CYIIE HEJIEp:KaBHI 3MIHM BHACHIIJOK AHcCHepCi
IIBUJKOCTI 3BYKY, TpaHc(hopMallii TUIMIB XBUJIb IPU Bi10OpakeHH1, MepeIOMIICHH], 3aracaHHs 1 T.J
.. SIkmio iHTEpBanm MiX OKpPEMHUMH aKTaMH BUIPOMIHIOBAHHS MEHIIE Yacy 3aracaHHs aKyCTHYHOI
emicii Mae xapakTep Oe3NepepBHOTO BUIPOMIHIOBAHHS, SK IPaBHJIO HecTallioHapHOro. Taka
aKyCTHYHA eMiCisl Ha3UBa€eThCsl Oe3nepepBHOi a00 CYLIILHOHOI. SIKIIO0 yac 3aracaHHs CUTHaIY 1 4yac
NEPEeXiIHUX TPOLECIB B 3pa3Ky MEHIIE MPOMDKKY 4Yacy MK BHUIPOMIHIOBAHMMHU 1MITYJIbCaMH,
aKyCTHYHA €MICisl CIIpUIMAeThCs y BUIJISAI MOCIIJOBHOCTI IMITYJIbCIB 1 Ha3UBAETHCS TUCKPETHOIO
abo imMmynbCcHOI. JIMCKpeTHA aKyCTHYHA eMicisi Mae Miclle Ipy yTBOPEHHI TpimuH. be3snepepsHa -
nporieci pizaHHsg MeTary. YacTOTHMM CHEKTpP CHUTHAIIB aKyCTHYHOI eMicii IMIMPOKUMA BiJ] YyTHUX
9acTOT 710 JecATKIB 1 coTeHb MI'11. CUrHanu akycTU4HOI eMicii MpuiiMatoTh Ha MO-MIOBEPXHI 3pa3Ka
3a JIONOMOTOI0 KOHTAaKTHUX JaTYMKIB a00 OE3KOHTAaKTHUMHU ONTHYHHMH BiOpOMETp. OUIBIIOCTI
METOIB /0 3pa3ka MPHUKIAJAI0Th MeXaHidyHe HanpykeHHs. CHUrHaIM aKyCTH4HOI —emicii
PEECTPYIOTBHCS B TpPOIEC 3pocTaHHS a00 3MEHIIEHHs MPHUKIAACHOTO 10 3pa3ka 30BHIIIHBOTO
MEXaHIYHOTO HaBaHTaXeHHs. [Ipu 1pbOMy KOHIEHTpauii HampyXeHb M00IU3y Je(eKTiB
BHUKJIMKAIOTh JIOKaJbHE TUIaCTHYHE JehOPMYBaHHS 1 MOsIBa CHUMIITOMIB aKyCTH4YHOI emicii. O0csr
obmacti miuacTu4HOl Aedopmanii 3aBUCHTH BiA PO3MIpIB JeGeKTy Ta BETUYMHHU MPHUKIAACHOT
Hanpyru.

OCHOBHUMH MTapaMeTpaMHu CUTHAJIIB aKyCTHYHOI eMicii €:



- 3araJibHe YUCJIO IMITYJIbCIB IMCKPETHOI aKyCTUYHOT eMicii 3a JOCHiIyeMO POMIXKOK 4Yacy;

- YHUCJIO TEPEeBHILEHb CHUTHAJIOM aKyCTUYHOI eMicii BCTAaHOBJIEHOTO PIBHA 3a BUHSITKOM
IIPOMIDXKY 4acy;

- IHTEHCHBHICTh aKyCTHYHOI eMicii a0 YHCJIO TEepPEeBUIIECHb CUTHAJIOM aKyCTHYHOI eMicii
BCTaHOBJICHOTO PiBHS 32 OAMHUIIIO Yacy;

MeToau akycTUYHOI eMicii BUKOPUCTOBYIOThCS JJIi pAaHHBOT'O PO3Mi3HABAHHS TPILIUH HpU
BUIMIPOOYBAHHSX MaTepiaiiB Ha MIIHICTh, AN BUSBICHHS NedeKTiB B CTaii X 3apOKEeHHS, IS
Jokanii 1eeKTiB 1 BUBYEHHsI KIHETUKH PO3BUTKY TPILUH B 3BapHUX HIBax 1 iH.. [Ipu moBTOpHOMY
Hanpy3i eMicis He BUHUKAE aX /10 JOCATHEHHS! MaKCUMAaJIbHOT HAIIPYTH MONEPETHBOTO UKITY.

Meton iHTep]EepeHIIHMX 1 TOBEPXHEBUX XBHJIb 3aCTOCOBYETBHCS JUISl IIapyBaTHX
MaTepiaiiB 1 3aCHOBaHUI Ha 3B'I3Ky aMIUTITY/ MMOBEPXHEBOI YJIbTPa3BYKOBOI XBWII, 1 mpoHiuia 3
OJTHOT'O KOHTPOJIbOBAHOI'O IIAPY B 1HIIMI yepe3 KOHTAKTHY 30HY. 3HMXKEHHS MIITHOCTI KOHTAaKTy B
pe3yabTaTi BTOMHOTO pYHHYBAaHHS Bi/I3HAYAETHCS IO 3MEHIIIEHHIO aMILTITYId IPUWHSATOT XBHIT1

5.2. ExciepuMeHTAaJbHA YaCTHHA

JUis KOHTpOMIO JAeTajeil By3ly pPEIyKTOpy, OONTOBUX 3’€IHaHb PEAyKTOpY, (diznunmx
BJIACTUBOCTEH JieTaJiel MPOIOHYETHCS BUKOPUCTOBYBATH aKyCTUYHUN METOJ 3 3HSATTSAM YaCTOTHOI
XapaKTePUCTHKH 1 TOOYI0BOIO HEUPOHOI MEPEXKi..

Jlnst eKcnepuMeHTY BHKOPHCTOBYIOThCS Habip Oontie MS8. IIpoBoauThbcsi BUMIpHOBaHHS
THIMHUX po3MipiB OONTIB, TaHHI 3aHOCATHCS 10 Tadmmii 5. 1.

Q
[

Q

a

— I

Pucynok 5.1. — Jletans npeacTaBHUK.
Tabauug 5.1. — JliniiHi po3mipu 60a1iB M8 (MM).

1 2 3 4 5 6 7 8 9 10

7,6 7,6 7,7 7,8 7,8 7,9 7,8 7,8 7,8 7,8

25,3 26 25,3 25,6 26,2 27,2 25,4 27 26,2 25,6

12 12 11,9 12,1 12,1 11,7 12,1 12,2 12 12

5,9 5 5,4 5,1 5,5 52 52 52 5 54

oo |mle

18 17,5 18,2 16,4 17 16,2 17,6 18 17,6 15,7

[licns BumiptoBanHs OonTiB M8 HEOOXIAHO 3HATH YAaCTOTHI XapaKTEPHCTUKU 3 KOXKHOTO
0oJITa 32 JOTIOMOTOF0 CTEIiaTbHOI YCTAHOBKH 111" € JTHAHOT 10 KOMIT I0Tepa.
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Pucynok 5.3 — YcTaHoBKa /17151 3HATTS YaCTOTHOI XapaKTEPUCTHKH

Ha pucynky 5.3. 300pa>keHHid TPUCTPIH IS 3HATTA aKYCTHUYHHX YaCTOTHHUX XapaKTEPUCTHUK.
B npuctpiii yctanoBmoeTscss 60nT M8, 3 000X 0OKiB 00NTa 3HAXOMATHCSA MATUYMKH, OJWH AaTUHK
MOoJIa€ CUTHAJ uepe3 OOJT, Apyruid AaT4uk (ikcye oTpuMaHHil curHan 6onrta. OTpuMaHHI JTaHHI
nepesalTbcss A0 KOMITIoTepa. YacTOTHI  XapaKTEpPUCTHKH 3HIMAIOTBCS 32 JJOIOMOI'OKO
nporpaMHoro 3abe3neuyenns Spectrum Analyser.

Curnan Ha 60/1TH NOJAETHCS (PIKCOBAHUH 3 OJTHAKOBOIO YAaCTOTOIO (YacTOTa CUrHAY — OLIHMiA
myMm). g reHeparii 4acTOTM BHUKOPHCTOBYETHCS KOMIT'IOTEp 3 IpPOrpaMHUM 3a0e3NeueHHSIM
Audio SweepGen. Komm’1oTep migkiodaeTbes 10 NpucTpoi yepes 0ydep koiaoHok (PucyHok 5.4.).

Audio SweepGen - Version 3.7.6.38
File Help

[~ Frequency Range ~ S
eep Mode ——
& Wide (20Hz .. 20 kHz) € Linear
C HF (1kHz .. 15 kHz) & Log
€ Speech (300Hz .. 3kHz) —

C LF (S0Hz.. 1 kHz) | [Sweep Speed ——
" Custom € Fast (smooth)

=

Waveform ———
 Sine C Square

€ Fast (stepped)

Manual Frequency € Slow

 Manual
* White noise
L

" No sweep Channet
d els

' Inphase
to
€ 180° phase
Half -octave Marker € Independent
-

[V Phase stepped

Exit

Pucynok 5.4. — HanamryBanus nporpamu Audio SweepGen.
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Pucynok 5.5 — Ilix’eqnanHs qaTYuKy AJis IOAa4l CUTHATY

OtpuMaHHi gaHi
IIITOTOBITIOETHCS 10 poOoTH y mporpami NeroPro. TpauncronoBanuii (aiin 306epiraetbest y opmari

Pucynok
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Pucynox 5.7. — I'padik yactoTHOI XapakrepucTtuku 6onty S1.
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Pucynok 5.17. — 3aranpHuii rpadix 4acTOTHOI XapakTepuCTUKH 001TiB M.

B mnporpami NeroPro OyayeThcsi HeiipoHa Mepexka AeTalli MpPEICTaBHUKA, MOYUHAETHCS
HaBUaHHsS HEWpOHOi Mepexi. Heipona mepeka HaBYAETHCS CIIBBIIHOCHUTH OTPUMAHHI YacCTOTHI
XapaKTePUCTUKU 3 TE€OMETPHUUYHUMHU JaHUMH JAeTali mpeacTtaBHuka O6ont MS. Heiipona mepexe
YITKO BIJPI3HSE TeOMeTpUUH1 00JTIB M8 110 OTpUMaHUM aKyCTUYHO YaCTOTHUM XapaKTEPUCTUKAM.
TakuM YMHOM HaBeleHa BHINE METOAWKA JJO3BOJSE MPOBOAWTH MIarHOCTHKY JeTaneil 1o
reOMETPUYHUM O3HaKaM 3 TOYHICTIO 10 0,03MM.

JlaHy MeTOAMKY MOXJIMBO BHKOPUCTOBYBATU JIJISl JIarHOCTHKHU JETale 32 T€OMETPUUYHUMU
Oo3HaKamu, (pI3MYHUMH BIIACTUBOCTAMH, nedexrtamu. JJis 1bOro HEOOXITHO 301IBIICHHS BX1THUX
JaHUX JUIS HaBYaHHS HEepoHOi Mepexi. [lpum mocraTHiit BuOOpHI netanel 3 pi3HUMHU AeeKTaMu
HeHpoHa Mepeka 3a aKyCTHYHO YaCTOTHHUMH XapaKTePUCTHKAMHU 3MOXe MOJILIATH JeTalll Ha TpyIu
TOJTHUX 1 HE TOJHUX 32 PI3HUMH O3HAKAMH.

BucHoBok: B 5 po3nuii po3TsSHYTI CydacHI METOAM J1arHOCTHKHU jaeTaned. IlokazaHi
pEe3yNbTaTH EKCIEPUMEHTY aKyCTUYHOI JTIarHOCTHUKU AeTalieil 3 moOyqOoBOIO HEHPOHOI Mepexi.
ExcriepumenT mnokazaB mo mnoOynoBa HEWpPOHOT Mepexi JAerajeil J03BoJisie Maike MHUTTEBO
BHU3HAYATH T€OMETPUYHI PO3MIpHU JeTallell 3a 03HAKaMU aKyCTUYHO YACTOTHOI XapaKTEPUCTHKHU 3
touHicTiO 70 0,03MM. 3a 1aHOIO METOIWKOIO MOXJIMBO TPOBOJWTH KOHTPOJH JeTajed To
T€OMETPUYHUM O3HaKaM, (Pi3UYHUM BIACTUBOCTSAM Ta 1HITMMH YUHHUKAMHU.



Sushant Rath, Pinaki Talukdar, Arujun Prasad Singh (Flat Rolling Group, R&D Centre for
Iron & Steel, Steel Authority of India Linited, Ranchi, India)

APPLICATION OF ARTIFICIAL NEURAL NETWORK FOR FLOW STRESS MODELLING
OF STEEL

The hot rolling mills of steel plants are in the process of transformation from manual
operation to artificial intelligence (Al) based automatic operations. Most of the mill input
parameters required by the automation system are recorded from different sensors
installed in the mill except the flow stress of rolled material. Generally a semi-empirical
equation is used that correlate flow stress with strain, strain rate and temperature during
rolling. The coefficients and exponents of the empirical equations are calculated from
experimental data with parameter estimation techniques. This paper discusses the
application of artificial neural network (ANN) for calculation of flow stress of material from
experimental data. Experiments were conducted in a dynamic thermo-mechanical
simulator to measure flow stress of steel at different strain, strain rate and temperature.
The experimental data was used to calculate coefficients of empirical equations using
multivariable optimization techniques. The data was also used to formulate an ANN model
using feed forward network. The ANN model was trained with backpropagation algorithm.
The ANN method is found to be more accurate than the semi-empirical equations for
correlating the flow stress with strain, strain rate and temperature.

Hot rolling is an important process in a steel plant. The operators of hot rolling mills
decide draft and speed schedule of the mill using their expertise and experience. A
transformation is under progress in rolling mills to replace the manual operation with
artificial intelligence (Al) based operation. Online mathematical models, data-driven
models and hybrid models are being formulated to calculate mill parameters accurately.
However, all these models require accurate and reliable data. Most of the input
parameters like material temperature, strip width, roll gap, speed, roll force, torque
required for model based operation are recorded from mill sensors. However, flow stress
of steel, which is an important input parameter cannot be measured online because no
such sensor is available at present which can measure flow stress online during rolling
process.

The traditional semi-empirical equation based models for calculation of flow stress
of material at different strain, strain rate and temperature have been replaced by ANN
based model. The model is more accurate than the semi-empirical equation based
models. It is also found that there is close match between the calculated flow stress at
different strain, strain rate and temperature.



CyszoB O.I1. (/[onbacvra deparcasrna mawunodydisna akademis, Yrpaina)
BI3YAJIBALIS OF’€KTIB HA OCHOBI AKYCTUYHOI TIATHOCTUKU.

MaremaTHuHe MOIENIOBAHHSA OO'€KTIB € HEOOXIIHOIO 1, HafyacTille, €IMHUM MOYKIUBUM
3ac000M BUBYEHHS 1 3aCTOCYBaHHS B MPAKTHYHHUX IIJISX 3HAHB MPO OCOOJMBOCTI MOJEITHOBAHUX
00'exTiB. LleHTpanbHUM MOHATTSAM TEOPil MATEMATHYHOTO MOJICTIOBAHHS € MOHSITTS aJIeKBAaTHOCTI
[1,2,3].

ApryMeHTOBaHa TIepeBipKa aJIeKBaTHOCTI 3a0e3neuye OTPHMAaHHS XOPOIIUX 1 MPaKTHYHUX
pe3yibTaTiB BEIMKOIO 3HAUYEHHS.

AJIeKBaTHICTh MaTEMaTUYHOI MOJEII - 1€ BIAMOBITHICTh PE3yAbTAaTiB OOUYMCIIOBAIHHOTO
eKCTIEpUMEHTY TOBEIIIHKU peaabHOro 00'ekrta. Ile BIAMOBIIHICTE Ma€ OIIHIOBATUCSA 3 TOYKU 30Dy
inei gocmimkeHHs. ToMy MOXITHBI Pi3HI MIIXOAM J0 OIIHKU aJeKBAaTHOCTI pi3HUX Moneneit. [1lo6
35ICyBaTH 1€ BIAMOBITHICTH IS TPOLECIB, Kl XapaKTEPU3YIOTHCS BUMIPHUMH BETUYMHAMU -
napaMeTpaMu, HeoO0XiTHO OPIBHATH NapaMeTpH MOJIET1 1 OpUTIHATY MPU OJHAKOBUX YMOBAX.
[TutanHs mpo HEOOXiHY 1 TOCTATHIO CTYIEHS BiIMOBIMHOCTI 00'€KTa - OpUTiHATY 200 aIeKBAaTHOCTI
MOJENl € OOHMM 3 HaMBaXKIMBIIIMX B 00JacTi METOMOJIOTiI MOAEIIOBAHHS, 1 BIAIIOBIAL Ha I
IIUTAHHS XapakTepusye e(eKTHBHICTh MOJIENIOBAHHA, sKa BigoOpakae mnpakTuuHy KopHcHicTh
mozem. OTke, TUTBKH BiJIMOBIIHI TapaMeTpH MOBHHHI OPIBHIOBATHCS OJIMH 3 OJHHM 1 TUIBKH B Tii
obmacTi (pyHKIIOHYBaHHS 00'€KTa, B AKil TIepea0avaeThes JOCTITUTH.

{06 nepeBipUTH aeKBaTHICTh MAaTEMAaTUYHOT MOJEII peasbHOMY IpoIiecy, HeoOXiTHO MOPIBHATH
3HA4YeHHs, K1 CIOCTEpIraroTbcsd B XOJ1 €KCIIEPUMEHTY, 3 IepeA0adeHHSAMHU MOJeNl 3 MEeBHUMHU
napameTpamu nporiiecy[4,6].

[Ipn MomemroBaHHI JOCTIAHUK 3aBXKIM TOBHHEH TMPAarHyTH 10 HAWOLIBII IMOBHOTO 1 TOYHOTO
BIJITBOPEHHSI B MOJIEN1 BIACTUBOCTEN 1 XapaKTepUCTHK 00'ekta. HacmigkoM 1poro € 301IbLIEHHS
CKJIQJIHOCTI MOJENi, SIKe MPOSBISETHCS B KUTBKOCTI 3MIHHUX, KUTBKOCTI PO3TJISHYTUX 3B'SI3KIB 1
BIUIMBIB, @ TAKOX B IIJIBUIIIEHHI BUMOT 10 TOYHOCTI BUX1IHUX JAHUX. 3 MATEMaTHYHOI TOUYKH 30Dy,
Hallkpale Mo€JHaHHS MOBHOTHU-TOYHOCTI CTBOPIOBAHOI MOJEJNi, 3 OZHOro OOKy, 1 MPOCTOTH, 3
1HIIOT0, Maibke HIKOJM HE BAAETHCS yepe3 (opmaitizamii i HEOTHO3HAUYHOCTI O1IbIIOCTI (haKTOpiB,
AK1 cify Opatu 10 yBaru. BupimansHuMm GakTopoM e(heKTUBHOCTI € MaTeMaTU4YHUM amapar. Y Tol
K€ dYac HaWKpally SsKICTh a00 e(eKTUBHICTh OyAb-IKOi MOZEINi TOCATAEThCS SK PO3YMHHUH
KOMITPOMIC MiXk OJIM3BKICTIO MOJIENI 0 OpHriHaiy (aJeKBaTHICTh) 1 MPOCTOTOO, siKa 3a0e3nedye
MO>KJIMBICTh 1 3pYYHICTh BUKOPUCTAHHS MOJENI 3a MPSAMUM Npu3HadeHHsM, 1 HaamipHa TouHICTh
MOJIEITI Ha MPAKTHII HE MEHII LIKIJJINBA, HiX i1 He3aBepIIeHICTh [ 5].

Ha ocHoBi aHanizy BUKOHYyBaHUX Kadeaporo akajaemii poOiT, 3po0JieHO MPUITYIIEHHS PO
HEOOXITHICTh CTBOPEHHSI YHIBEpCaJIbHOTO 3acoly, sike O J03BOJMIO (DIKCYBAaTH IOJOXKECHHS
poOourx oOpraHiB TEXHOJOriYHOTo oOjanHaHHA. [Ipu 1bOMY OOBa)KyBaHHS PYXOMHUX YaCTUH
TEXHOJIOTIYHOTO OOJaJHAHHS PI3HUMM JAaTYMKaMH MOKE TNPHUBECTU [0 3HIKEHHS HaAIHHOCTI
CUCTEMH YIIPABIIHHS 1 3HWKEHHS KOMQOPTHOCTI poOOYOro Micis, MOTpiOHO BUKOPUCTOBYBATH
yHi(iKaliro npu sKii IHCTPYMEHT 3aJIMIIUTHCSA OJIUH 1 TOM ke, ane Oyzae naBaTu Ouiblie iHGopMarii
PO Pi3H1 IPOLECH, BUKOPUCTAHHS YHIBEPCAIBHOTO JATYMKA, aJle HABYEHOI'O PO3YMITH OTPUMYBaHY
iHpOopMaIio.

Bupimmutu e TexHidyHe NpoTHpiuys, ske € (HaKTOpOM SIKMH 1HIIIIOE TBOpYE, KpeaTHUBHE
pillleHHs] BUHUKJIUX 3aBJaHb. 30KpeMa IPpHU BUBYECHHI KypCy JIarHOCTUKU Ta CIELKYpCY BUCYHYTa
i71esT MpO B3a€EMO3B'SI30K (OPMH TIPOBIIHMKA aKyCTUYHOTO CHUTHAIY 1 XapakTepy 4YacTOTHOTO
CHEKTpa, TAaKOX BHUSBICHO B3a€MO3B'I30K YAaCTOTHUX CIEKTPIB 1 TIE€OMETPUYHHUX, (i3UKO-
MEXaHIYHUX BJIacTUBOCTEW. ToMy makeTHe OTpUMaHHS iHpopMaIlii mpo 00'eKT 1 miJIeCTIpIMOBaHE
MIOCUJICHHSI YMOB 1CHYBaHHS B1IKpUBAIOTH MEpe]l AOCIIIHUKOM 3aBJaHHS MOCTIHHOIO MOHITOPHHTY.
Tpeba mo6 OyB NPOMDKHUN €IEMEHT SIKUHA aKTUBYE CHCTEMY, SKIIO HEMa€ JJI0JaTKOBOTO
MIPOMDKHOTO €JI€MEHTa, TO MOKE HE MPOSIBIISITUCS MO3UTHBHA POJIb 3aIIPONIOHOBAHOTO BapiaHTYy.

Sxio € mopymieHHs piBHOBaru (0anxaHCy) 3a JOIMOMOTOI 00'ekTa abo MOoJIsA, TO BUKOHAHHS
1iei pobotu crae «jiermey. Pomb BiOpamii sk poAMHHOTO O0'€KTy 1 MpU MbOMY i BiOparii €



JDKEpesIoM JToJaTKoBO1 iH(opMarlii, amriiTyaa i dvactora BiOpawuii OydyTh BHMKIMKATH Ppi3HI
CHEKTpPH, 1 UMM Oijbile (HaKTOpiB B3a€MOI1i, CKJIAHIIIE CUTHAI, TUM Ouible iHdopMalii Oyae, Yyum
BUIIIE MOPYIIYETHCS YacTOTA CHEKTPa, TUM BHILE €()EeKTUBHICTh BUCYHYTO] i1€i. Aje pi3HOPIIHICT
CUTHAJIIB IIKOJUTh, & OJTHOPIIHICTh IEPETBOPIOETHCS B €IMHE I11JI€, OJIHE 110 JI03BOJISIE PO30UTH Ha
(parMeHTH YaCTOTHHUI CHEKTp - PE30HAHCHA YacTOTa KOXKHOTO eJIEMEHTY 00'ekTa. [ 7]

3ByKOBa [J1arHOCTUKA: 3 OIJOr0 IIyMy HapOIKYETbCSd MaKCUMYM i1H(popmallii, OCKIIbKU
NPOSIBIISIETBCS €(PEKT PO3KIAZaHHA 3BYKY, KOTPUH [103BOJISIE BHIUIATH €JIEMEHTH KOHQIryparii
MpoBiHUKA. [[1s1 po3mi3HaBaHHS MPOBIJIHUKA 30UPAETHCA HAOIp CTATUCTUKHU YAaCTOTHUX CHEKTPIB
€JIEMEHTIB CKJIQJIHOTO 00'€KTa.
METOAOJIOT'TA EKCIIEPUMEHTAJIBHUX JOCIIIKEHD

Bci TexHOMOriuHI MpHUCTpOi OpI€HTOBAaHI Ha Maje KOJO 3aBlaHb, TOMY BHUKOPHCTaHHS
HETIPSIMOT'O BUMIPY IIOPCTKOCTI, PO3MIPY, BIACTHBOCTEH Yepe3 YaCTOTHUH CIIEKTp, Ma€ Miclie OyTH
BUMIp OJIHUX TapaMeTpiB uepe3 iHIIi, SKHH CBOr0 4acy € MPOAYKTOM B3a€MOJii 31 CKJIQIHUM
o0'ekToM. € miarHOCTHMKa OO0'€KTIB, ajie HIXTO HE MPOBOJHWB BUSBICHHS KOH(Iryparii Ha OCHOBI
HEMpPsIMUX BUMIiPIOBaHb, SIKi BOJOJIIOTh BUCOKOIO JHHAMIYHICTIO, MIBUAKOI€I0. Te KOMOiHOBaHMIA
METOJI, B IKOMY O0'€KT MOYKE€ 3HaXOIUTHCS K y B3a€MOJII 3 MOJIEM, TaK 1 y B3a€EMOJIii 3 CHIIOBUM
MoJieM, JI03BOJISIE BHUPIMIMTH 3amady ineHTH]ikamii KoHpirypamii NnpoBigHMKA MOMIIICHOTO B
MarHiTHe IoJie; MarHiTHe MoJie TUM CHJIBHIIIE, YUM IIBU/IIIC B HHOMY IepecyBa€eThes 00'ekT.[8]

Byna B3sfita imes CTBOpEHHS IHCTPYMEHTY, 3a JIOTIOMOTOI0 SIKOTO BHHHUKAE

MOJKJIMBICTh OTPUMAaHHS MIMPOKOT'0 CIEKTPY JaHUX 32 00’€KTOM , a caMe: BIacTMBOCTEH , popmu ,
MICIle PO3TallyBaHHA y TPOCTOpi, aje 0e3 MepeBaHTaKEHHs TEXHOJOTIYHOI CUCTeMH OaraTtbma
JaTYUKaMH Ta IHIIMMHU NPUCTPOSMU JUIsl 3HATTS JaHMX C 1HCTpyMeHTa. Iy 1bOro BHKOPHCTaHI
MO>KJIMBOCTI BIOpOAaKyCTHMYHOI OOpOOKM Ta 3BYKOBOi [iarHOCTHKH. bByno B3sTO mporpamze
3a0e3MeUeHHs 3 MEePEeTBOPEHHS aHAJIOrOBOr0 CUrHaily y uudposuit 3a nonomororw ALII ta ioro
anarory y 3ByKkoBiii kapTi IIK. [lomaeTbcst BUCOKOYACTOTHUI MIIMPOKOCMYTOBHIA CUTHAIT ,HATIPHKIIAT]
«OLMMi  1IyM»,BIIOKPEMITIOIOTBCSI YAaCTOTHI CUTHAJIM CHUCTEMU I OTPUMYETHCS CHUTHAI CaMoro
00’€KTy, 3 TOJANBIIMM BiIOKPEMJICHHSM OCHOBHHX BiJl JAPYrOpSIIHUX IapaMeTpiB 00’ €KTa
NOTpiOHUX U1 BUBHAUYEHHS (JOPMHU , pO3TallyBaHHs a00 BIaCTUBOCTEH came ioro.

Bxin >  O06’ekT

CnekTp aKkyCTUYHHIA

A 4

y
—F| mMonenn » Buxin
Kondiryparis ta v
napameTpu
00'exTa > 5
®dopma 00’exTa BizyanbHuii criekTp

Puc. 1 - cxema cTBOpeHHSI HABUAIBHOI MOJEN1
BibpoakycTtnuna o0poOka BITHOCHUTBCS O TPAAUIIMHOI aKyCTUYHOI OOpoOKM aje
JOCTIHUKY BTPAYarOTh MOMJIMBICTH MPOBOPKCHHS aKyCTHYHOI J1arHOCTHKH HE JHINE HA OTHIN
,alie 1 Ha 0aratboX 4acToTax. TakKMM YMHOM BHUKOHAHO aHAJ3 BJIACTHBOCTEH 00’€KTYy Ti HOTO
dopmH, II OTpUMAHO YACTOTHHUH CHEKTP Ta KOHQIrypamiro y BUTIIAAl rpadika po3MOIiUICHHS
cnektpa. HactynHoro jgaHKor0 nMOTpiOHO MepeBeCTH OTPUMAHUN aKyCTUUYHUNA CHEKTP B Bi3yaJdbHHMA
BapiaHT i MOJANbLIOI OOpOOKM W OTpMMaHHA MOTPIOHMX O3HAK Ta BJIACTUBOCTEH 3 METOIO



CTBOPEHHS MOJieNi. 3a JOMOMOTrol0 MPOrpaMHoOro 3abesneueHHs ,a came nporpamu NeyroPro 0.25,
Oyna cTBOpeHa HelpoMepexa It OOPOOKH YaCTOTHOTO CIIEKTPY Ta BUSBIICHHS i OTCIBY MOTPIOHUX
TOJIOBHUX HapaMeTpiB 00’€KTy JUIs CTBOPEHHS HaBYaJbHOI MOAENI . 3aBIsSKM CTBOPEHIH Moeni
BUKOHYETHCS HaBUaHHS Ta 30ip CTaTHUCTHYHOI i1HGOpMaIii A1 MOJAIBIIOTO BUKOPUCTAHHS Y
BUsBICHI ()OpMHU , BIACTHBOCTEH Ta pO3TAlIyBaHHA OOpOOJIIOBAHOTO O0’€KTY 3 1HAKIIUMHU
BiaacHuMU mapamerpamu.[9,10]

BUCHOBKU

VY crarTi Oya0 PO3TISIHYTO MOXKJIMBICTH CTBOPEHHSI HOBOT'O aKTYaJbHOTO 1HCTPYMEHTY JUIS
OTPUMAaHHS IIMPOKOTO CHEKTPYy MaHux ((hopma,BIacTUBOCTI,PO3TAIIYBAHHS Yy IIPOCTOpi) 3a
00’eKTOM 00pOOKH I OTpUMAHHSI MPAIIOIOYO0T MOJIEN 300py CTATUCTHYHUX JTAaHUX JJIS TTOIAITBIIIOTO
CTBOPEHHS CTATUCTHYHOI 0a3H JaHUX .
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Tereshchenko V.M., Bugaiov A.D. (Taras Shevchenko National University of Kyiv, Ukraine)

LIFELONG LEARNING AS A METHOD FOR MASTERING BENEFITS OF BIGDATA

Dateness. The paper considers the application of one of the effective methods to solving
problems in the field of BigData - Lifelong Learning. A lot of useful information is hidden in the
BigData context in form of e.g. rapidly changing trends, user preferences, market sentiment,
however there exist certain difficulties for extracting this information from the BigData. The
difficulties in extracting information from the BigData are related to its problems - so-called 4V
problems: Volume, Velocity, Variety, Veracity [1]. Therefore the development of effective
solutions to the aforementioned problems is crucial and requires new approaches that would
maximize the use of useful information from the BigData.

The main characteristics of the BigData in the thesis are considered next: a data volume
growth, processing speed, diversity and reliability.

In a BigData context the growth in the Volume aspect means a growth amount of data in the
horizontal direction - a growth the signs in data, and the vertical direction - the growth of the
amount of data itself. With the growth of the amount of data, spending time for its processing
growth also [5].

The Velocity is a characteristic which describes how fast data arrives at a place of its storage
and processing. The processing speed is related to the relevance of the data. For example weather
data, traffic conditions on city roads, etc. have a limited application time and it is important to
extract information from them timely [6].

The Variety means the heterogeneity of the input data — the variability of the data sources,
the heterogeneity of the data types — text, sound, image, etc., noise and pollution of the data [1].
The importance of diversity in a business context can’t be overestimated [8].

In view of the difficulties associated with the volume, velocity and variety of BigData the
problem of their Veracity, a characteristic indicating how accurate and truthful data is, has become
a sufficiently recognized problem to be talked about [4, 7].

Solving the problems of extracting useful information from BigData. One of the tools for
analysis problems in a BigData context is Machine Learning (ML). Most of the classical ML
algorithms are arranged in a way that the knowledge is gained during training remains unchanged in
the model, Fig.1. However the model will not be effective in applications which work with the
BigData considering the difficulties are announced above.
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In a BigData context the data can be modified and supplemented. There is a need for
evolutionary ML methods that can expand and change their model continuously in time without
loss of quality. Following the example of teaching a person, the more a person knows the faster he
can learn more. There is a need to preserve acquired knowledge and reuse it to obtain new
knowledge, Fig.2. This characteristic is endowed methods so-called Lifelong Learning(LL), first is
mentioned in [9].
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Brief introduction into the LL and its differences from the existing ML paradigms. The main
principles of the LL system must follow the next statements, the system is capable to detect new
tasks, studying them, obtaining new knowledge from them, accumulating this knowledge in the
knowledge base and using the accumulated knowledge for further tasks.

Considering the existing ML paradigms that only partially satisfy the above definition, it can
be presented the following list with a brief description of the differences from the LL system [16].

Transfer Learning - uses the experience gained in the original task for the target task and
differs from the LL as follows:

- The continuous learning process is not supported. No accumulation of new
knowledge

- The learning process is unidirectional. Only from the source task to the target one

- The source task and target task should be very similar. Such tasks are usually chosen
by humans.

- New tasks are not discovered by the system independently

Multi-task Learning - teaches several interconnected tasks at the same time and differs from
the LL as follows:

- Does not accumulate new knowledge
- Does not discover new tasks

Online Learning - training data is delivered in a continuous manner like a stream and the

trained model is able to improve its performance by the received data. The differences from the LL.:
- Can not retrain in different tasks
- Does not discover new tasks

Reinforcement Learning - an artificial agent performs all the actions in its personally

trained by trial and error manner. The differences from the LL:
- Support just one domain
- Does not accumulate knowledge for future tasks

Meta Learning - created to learn a new task on a small number of training data, using the

model trained on many other similar tasks and differs from the LL by the next items:
- Tasks must be from similar distributions

As it can be seen from the list, there is no a single ML paradigm fully satisfies all the
principles of the LL, however even partial usage can tackle the problems of Big Data.

The application of Lifelong Learning to solve problems of extracting data from BigData.
The following are methods to solve the problems associated with extracting useful information from
BigData.

LL methods for solving the Volume problem are mainly applicable for solving the
horizontal scaling problem since they can reuse the knowledge that has already been studied, which
will be the basis for studying new knowledge from new data on an expanded set of features [12,
13].

The solution of the Velocity problem by LL methods is to process streaming data on the
analogy with Online Learning systems - training the model on incoming data, but preserving
existing knowledge [12, 13].



To address the Variety problem LL systems demonstrate the inspiring results of processing

data from different domains [10, 11, 14], what gives reason to believe for a solution of this problem
with continued research in this area.

When solving the Veracity problem by LL algorithms it becomes obvious that the problem

is especially dangerous due to reuse of erroneous knowledge to obtain new ones. There are attempts
to deal with this problem [12, 15] however it is clear that this problem requires more in-depth
research.

CONCLUSION
Although at the moment there are enough unresolved problems, like technological ones: the

drift of the concept, catastrophic forgetting; so and conceptual: the correctness and applicability of
acquired knowledge, for the further conclusion of new ones; it is possible to say that LL methods
should be considered as suitable methods for mastering the advantages of BigData.
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Xoaa SA.A. (Jlonbacrka nepkaBHa MAalTMHOOY/1BHA aKaaeMis, YKpaiHa)

AKTUBHUI KOHTPOJIb CTAHY TEXHOHOFIEIHOI CUCTEMHU BEPCTATY 3A
JOINIOMOI'OIO IHEHTUPIKANIMHUX MO/JIEJIEN.

HesBakatoun Ha BeNMKY PI3HOMAHITHICTh 1 KUIBKICTH METOJIB KOHTPOJIIO 3aKpIMJICHHS
MIPUCTOCYBAaHb HA 00JaIHAHHI CIIOCTEPITra€ThCs PI3HOTO CTYINEHS 3HOILEHHS MOBEPXHI CHOIYYEHHS,
sIK o0JlafHaHHS, TaK 1 caMoro mpucTtocyBaHHs. Lle cBimunTh TIpo Te, MO X0U K Ou He BinOyBaBCA
KOHTPOJIb 1 32 IKUM METOJIOM He 3/iCHIOBABCS - CTA0IBHICTh 3aKPITUICHHS 1 3HOC HEMUHYUYHUH.

IcHye Benmrka pi3HOMaHITHICTh MPUCTOCYBaHb. BC1 BOHU MpHU3HAYEH] A1 PI3HUX BUIIB pOOIT
IIpU PI3HUX yMOBaX. BUXoas4M 3 bOro MOKHA TOYHO CKa3aTH, 10 BCi BOHH OYyAYTh BiJPi3HATUCS
3a XIMIYHUM CKJIAJIOM 1 CTPYKTYPOIO 3 CIIONTYJaroThes TiaMu. ToOTO ofH1 OyayTh TBEPIIIIE 1HITUX
1 HABMaKH.

Po3pobka TemMu mocCmipKEHHS BKJIIOYae oOCSr poOIT - aHami3 SKUX IMOKa3aB IO iICHYIOTh
o3Haku iaei B podotax: [1,2,3,4,5,6,7,8].

l'omoBHa mepeBara B TOMy IO HE BIIOYBAa€ThCs pyHHYBaHHS KOTPOJIIO Ha BCiX eTamax
MEXaHIYHOTO TPOIIeCY BIUIMBAE HA HAMIMHICTh 3aKPIIJICHHS OCOOIUBO Y 3MIHIOIOUUXCSI YMOBaX.

VY GaraTopa3zoBomMy 301TbIIEHHI BUIHO, 110 SK 1 IpUTaMaHHEe OyIb-SKOMY TUTYy Ha MOBEpXHI
€ MIKpO HEPIBHOCTI, SIKI MAIOTh CBil JOBUTEHUI npodinb (Pucynokl).
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. Puc. 1. MikpoHepiBHOCTI

Komnu moBepxHi pi3HUX TiJl CTUKAIOTHCS, TO BiIOYBa€ThCS HAKIAACHHS MUKPOHEPOBHOCTEH.
B niro BCTymaroTh CHIIH TaKl SIK: CHJIa TEPTS, CUjla ONOPY, CHJIa CTUCKAHHS, OUTBII HATJISITHO
300pak€HO HA PUCYHKY 2.



Cunm BIUTMBY Ha KOHTaKT MiKpoHepiBHOCTEH. Puc. 2

Li cumu MOXYTh 1y>Ke CHIIBHO 1 IO Pi3HOMY BIUTMBATH Ha MICIs KOHTakTy. Onuparodnchk Ha
BHIIIE HABEJICHI MaTepially JOCIHIDKEHHS, BUTIKAE BUCHOBOK, IO CaMe€ 3aBJSKH JIarHOCTUKH €
MOJKJTUBICTh KOHTPOJIIOBATH CTaH BEPIIUH I'PEOCHIB MUKPOHEPOBHOCTEH, SIK MIOKA3aHO HA PUCYHKY
3. IcHye cuna ctuckaroda Ta 3MmiHaroua. Skmio P HeBenmka 1o 1 F Tex Oynme He Benuka Ta uepes
MIKpOHEPIBHOCTI BOHa He J10piBHIOE 0.
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JinstHKa MK OCHOBHOIO JIIHIIO Ta MyHKTHUPHOIO 1€ AUITHKAa HEBU3HAYEHOCTI.

JlinsiHKa HEBU3HAYEHOCTI XapaKTepU3YEThbCS SAKICTIO OOpPOOKM MOBEPXHI Ta BHOCHTH
HEBU3HAUEHICTh Yy SKICTh 3akpimieHHs. Lle Bce myke BaKIHBO Ui BUPOOIB SKUX MAOTh TOHKY
000JIOHKY 1 JIJIsl A€TAJICH 3 MaJIOIO KOPCTKICTIO.

B imeani Mikpo HEpiBHOCTI MOBHMHHI CHpATAaTHCH MO MPOQUII0 i MOBTOPIOBATH OAWMH
OJTHOTO, ajie IIbOTO JOCATTH HEMOXJIHMBO. TOMY HEBH3HAYEHICTH 3aJISKUTh BiJl TOTO K IILIBHO
MPUTUCKAIOTHCSI TIOBEPXHI MIKPOHEPIBHOCTEH, SKIIO MHIUIBHINIE MPUTHCKAETHCS THM Kparie
MIPOXO/IUTH 3BYK, @ TAKOXK 3MEHIIYEThCSA PU3HK HAa PO3CIIOBAHHS 3BYKY.

Meronnka miarHOCTUKH. KOHTakT Mo pi3HOMY NPOBOIUTH, IO PI3HOMY PO3CIIOE€ TPHU
nepeiadi CUrHajy 3 OJIHIET YaCTWHU B 1HINY, 3’ SIBISETHCS CHEKTP. Ta pa3 3 SBISATHCA CHEKTP TO
MH MOXEMO CYAWUTH O SIKOCTI 3aKpilieHHs. SIKIIO MoraHuili CTHK TO iCHye PO3CIIOBAaHHS, SIKE

XapaKTePU3yeThCs UCTIEPCIEI0, PUCYHOK 4.
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Hucnepcis. Puc. 4

I3 iporO CcrHiye MO cepeHE 3HAYSHHS AUCTIEPCii 1€ MipHiia 3aKpITUICHHS, a cCaMe TOH
HEBU3HAUYEHOCTI siKa OyJa moka3aHa BHIIE. Ta TakoX MOXKEeMO JIarHOCTYBATH sIK 00poOiIeHa
MTOBEPXHS 3 5 KOO SIKICTIO 1 T.]I.

JliarHOCTHKA YaCTOTH CIIEKTPY MPOIMYCKHOI 31I0HOCTI KOHTAKTHOI MMOBEPXHI
3aTUCKaHHS JJO3BOJISIE 1arHOCTYBATH HAIMHICT 3aKPITUICHHS.

ExcniepumenTanpHa cxema Oyjie BUTIISIaTH TAKUM YHHOM PUCYHOK 5.

Bin reneparopa cTaHIapTHOTO CUTHAINY, SIKMI NIEpeja€ CUTHAI Ha BUIIPOMiHIOBAY
(m’e30enemenT). BunpomintoBau npukpirieHnid 10 00’exty 1 Ta mpuiiMad 10 00’ exty 2. [Ticns
MpuiiMayda CUTHAJ MEePEAA€ThCS Ha PO3PAXYHOK AUCIIEPCii YaCTOTH CIICKTPY.

/D

/— [ [ i Oobexm?
lpuersik

Oobem2 s ol Facqem /[

@

Pucynok 5. CxeMa ekcriepuMeHTaIbHOI YCTaHOBKH

Tax sIk 3aCTOCOBY€ETBHCSI aKTUBHUI KOHTPOJIb 3aKPIIIEHHS 00'€KTIB.
JliarHOCTYEThCS SIKOCTh 3aKPIIUICHHS K IPU HEPOOOUOMY Tak i B poOOYOMY CTaHi.
3HIMAEThCA CHEKTPHU 3 BAMKHEHOT'O CTaHY Ta CTBOPIOETHCS TaOIMIISA MPELEICHTIB TaK
1 B poOOUOMYy CTaHi.
Hani noxymenTt nepesoautsest opopmintoBatu DBF. Ilicis yoro 3amyckaeTses mporpama
Heiiponpo. Heiiponpo BiakpuBaemo nokymeHT DBF. HaBuaemo Helipomepexy puc 6.
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Puc.6 IlopiBHSHHS TaHUX

Heiipomepeka - BHI HEWPOHHOT Mepeki, B SKi CHTHAIM TOUIMPIOIOTHCS B OJAHOMY
HAIpPSIMKY, MOYMHAIOYH BiJ] BX1THOTO IIapy HEHPOHIB, Yepe3 MPUXOBAHI IIAPH 10 BUXITHOTO IIapy i
Ha BUXIIHHUX HEHMPOHAX OTPUMYETHCS PE3yNbTaT OMPAIOBAHHS CUTHAIly. B Mepexkax Takoro BUAY
HEMa€ 3BOPOTHIX 3B’sI3KiB. [IpOTHIICKHUM BHJIOM HEHPOHHUX MEPEXK 13 3BOPOTHIMH 3B’S3KaMU €
DPEKYpeHTHI HelpoHHi Mepexi. [Tpukinanom HelpoHHOT Mepexi MPSMOTo MOUIMPEHHS € MEePIENTPOH
PozenbOmarra, Big skoro i OepyTh CBiff MOYATOK HEHPOMEPEkKi MPSMOTO PO3MOBCIOKCHHS. B
JTEpaTypi 4acTO TEPMiH MEPLENTPOH, 0araTomapoBUil MEPIENTPOH Ta HEHpoMepeska MPsSMOTro
MOIIMPEHHST 3aCTOCOBYIOTHCS CHHOHIMIYHO W Bracue, mix pI3HUMHU BHJIaMHU TEPIENTPOHIB
CIUIbHE OJIHE — BOHHM YCi € HeHpoMepekaMu 3 MPSIMUM MOMIMPEHHSM CHUTHATY, PI3HITHCS B
OCHOBHOMY KIJIBKICTIO LIapiB, PYHKII€I0 aKTUBAILlll Ta METOJIOM HaBUYAHHS.

Ta mo 3aBepIIeHHIO HABYAHHS CUCTEMHU JaHHHI BUBOJSTCS y TaOIUITIO Ta

MOPiBHIOIOTHCSA. Ha OCHOBI IIbOTO pOOJIATHCS BUCHOBKH MPO SKICTh 3aTUCKAHHS 00’ €KTY.

BNUCHOBOKUA

Po3pobiieH MeTo1 KOHTPOITIO KPITUIEHHS €JIEMEHTIB, IIUISIXOM J1arHOCTYBaHHS
MOBEPXHI MIKpPOHEPIBHOCTEH . B pe3ynbTaTi IbOro JOCATAETHCS TOUHICTH TTO3HUIIIFOBAHHS

OCHAILIEHHSL.
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YerBepxyk T.1., [Toninkesuu P.M., 3y6oBeubka H.T., Cuuyk B.A. (/lyyvkuii nayionanvnuii
mexHiuHull yHieepcumem, Ykpaina)

YACTOTHMI AHAJII3 BUTTSI HIAHAEJA METAJIOPI3AJIBHOI'O BEPCTATA HA
OCHOBI HEMPOHHUX MEPEX

ToynicTe OOepTaHHS IIMUHAETIB, MOPSA 13 TBEPIICTIO, TEMIIEPATypHOIO CTAOUIBHICTIO i
JUHAMIYHUMU BJIACTHBOCTSAMHU HIMHMHIENBHOIO BY3Ja, y 3HAUHIA Mipl BHU3HA4Ya€ TOYHICTH 1
MPOAYKTHUBHICTh BEpCTaTa B LILJIOMY.

OCHOBHUMH JKepeiaMu OUTTS IEHTPYBAJIbHOI MMUUKHU IIMUHACHS, 1 OUTTS oci oOepTaHHS
IIMAHACT] €: eKCIEHTPUCUTET TIOBEPXHI IIWHAKKA MIMUHAENS 1 OTBOPY MiJIIMIIHUKA [0
BUMIPIOBAJILHOT TMOBEpPXHI (M0 IIMHKKA IIMUAHASAS YW [WIIHIAPUYHOI TIOBEPXHI OIPaBKH,
BCTaHOBJIEHOT B KOHIYHOMY OTBOPI IIMUHAENS; HEKPYTIICTh 1 XBUJLSICTICTh MOBEPXHI MUIKH; O14uHE
OUTTS IO MOBEPXHI MIMHKH, HEKPYTJIICTh 1 XBWIACTICTh MOBEPXHI MIAITUIHUKA. BenmnunHa OUTTS
IIMUAHAEIS BU3HAYAETHCS CIUIBHOIO JIE€I0 IIUX MOXUOOK, 10 BUSBIAIOTHCS 3 PI3HUMH aMILTITYI0IO,
gacToToro 1 ¢azoro. CkiraiHa B3aeMOIs AeTaJICH MMAMUITHAKA TI1]] 9ac Horo oO0epTaHHS 1 HEMUHYYE
iXHe TIPOKOB3yBaHHS MPH POOOTI, JAIOTh MiACTaBY PO3MIIAAATH OUTTS IIMUHJENS SK CTAlllOHAPHUN
BUIAJIKOBUH MpoIIEC.

Ha Benmunny noxuOku ¢popmu (HEKPYTIIiCTh) 1 Ha MOPCTKICTh MOBEPXHI BUPOOIB THUITY TiJl
o0epTaHHsA BUPIIIAIBHUA BIUIMB, POOUTh CYKYIHUU BIUTMB YCiX CKJIAJOBUX OWTTS INIMHHICISA,
4acToTa  SKUX HE JOPIBHIOE 4acTOTi @, oOepraHHs mmnuHaend. CkiaagoBa OUTTS MINMHAENA 3

4aCTOTOI @ = @, Ma€ BU3HAYaJbHE 3HAYEHHs I TOUHOCTI 0OpoOKM BUPOOIB Ha (hpe3epHUX 1

3yoonutiyBaabHIUX BEpCTaTax, a TaKOXK HAa BepCcTaTax 3 aBTOMATHUYHOI 3MIHOK 1HCTPYMEHTA.
AMIIIITYIa CKIIaJZOBOI OUTTS 3 YacTOTOI @ = @, , IK IpaBuiio, AopiBHIOE 80-90% yciel BeIHUUHI
n

OWTTS;, TOMy BOHa Ma€ BHpIIIAJIbHE 3HAYCHHS IMPH TEPEBIPIll BepcTaTa 1Mo TaKWX NapaMmerpax, sK
OUTTA MOSICKA MIMUHEINS, OUTTS KOHIYHOTO OTBOPY LIMHH/ENS 1 T.11.

Mix OWUTTIM WIMHHASAS 1 OWUTTAM oci OOepTaHHS IWINMUHICISA HEMAa€e OIHO3HAYHOI
BinmoBigHocTi. Lle 3B'I3aHO B mepiry uepry 3 TUM, IO Yy HIANIMIHUKAX, Ha SKUX MOHTYIOTHCS
MIMAHJIET], HEMa€ MPSMOTO 3B'I3KYy MK HEKPYTIICTIO AR ONOPHHUX IMOBEPXOHb IIMAHACIS |
€KCLIEHTPUCUTETOM e MiAIIUITHUKIB 1010 IXHIX OTBOPIB.

Bumipn, mpoBeneHi Ha BeNMKIM TPyl MeETalopi3ajJbHHX BEPCTATiB, y TOMY YHUCIHI SKi
3HAXOMATHCA B EKCIUTyaTallii, MoKas3ald, IO KOPENAIMHUN 3B'I30K MK OWTTAM IIMUHACHS 1
outtsam oci (H) oOepranus mmuumens BifacytHe. lle Bka3zye Ha HEOOXigHICTH (MPH OLIHII SKOCTI

HIMUHICILHUX BY3JIiB BEPCTaTIB) PO3AUILHOTO BU3HAueHHs Outts M, mmmezens i ourts H oci

p
oOepTaHHS MITTUHIEIS.

Metoro pobGotu €  po3poOJeHHS 1 3aCTOCYBaHHS METOAMKM YaCTOTHOIO aHali3y
IIMAHACITHFHOTO By3Jla BepcTaTra.3a JOIMMOMOTOK BHBUSHHS MOJIJIMBOCTI HaBUaHHS Mepexi baifeca
METOJIOM KOMIT IOTEPHOTO MOJIEIIOBAHHS CUTYaLIl «IeQeKT — O3HaKay.

[IpuBeneHa HIKYE METOIMKA YACTOTHOTO aHAJi3y OMTTS MIMWHACIS T03BOJISIE€ BUPIIIUTH IO
3agauy.

3amuc  OWTTA INNUHIETS MOXE BHUKOHYBAaTHCS 32 JIOTIOMOTOI0 KOHTaKTHHX YH
OE3KOHTAKTHUX AATYMKIB, 3'€JHAHUX IiJICHIIIOBAYEM 1 3aUCYIOUUM HpUcTpoeM. OTpuMaHa KpuBa
pO30MBAa€EThCS HA PIBHI 1HTEPBAJIHU, YUCIIO SAKUX KpaTHE YUCITy N 000pOTIB HMIMUHAEIS, 3pOOJICHIX
npu 3anuci OuTTa. CyKynmHICTh OpJJMHAT TOYOK IMOJITY SIBJISE COOOI0 TUCKPETHO 3aJaHy (DYHKIIIIO
y(t) OuTTs mWUHAES, A He3aleKHa 3MiHHA t siBiIste 00010 yac abo KyT MOBOPOTY.

Bupinenns mnepionuyHoi ckiamoBoi BumagkoBol ¢yHkuii Y(t) MokHa 3IiHCHUTH 3a
JIOTIOMOTOF0 11 CHEKTpabHOTO po3kianaHHsa. OJHUM 3 METOJIB OIIIHKH CIIEKTPAJIBbHOI HILTHHOCTI
CTalliOHAPHOT'O BUIAJKOBOTO IPOIECY € Oe3MmocepenHe 3acTocyBaHHs mepeTBopeHHs Dyp'e 1o
peaiizaliii BUIagkoBoro mpotecy. Skmo peamizamis Y(t) 3agana Ha inrepsaii yacy (0,T), To omiHka
CHEKTPAIBbHOI IIIIBHOCTI OOUUCITIOETHCS 110 (hopMyIti:
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[Tpaktnuno QopMynu st OOYHMCICHHSI CIIEKTPAJIBbHOI IIUIBHOCTI MO JUCKPETHO 3ajaHii
(uuciiom N Touok) ¢pynkii y(t) Mae BUTIISI:

T i2(0)+v?(o)] )

ne u(w)= z y(k)sin (kT /N).

N-1 5 N
> y(k)cos(wkT/N), v(w)=—
k=0 N ¢

Z|~

Pesynbratn 00poOku 3amucy OWTTS ILIMUHAENS BepcTaTta, BUKOHaHOI 1o dopmyni (2),
nokasai Ha puc. 1. Sk BugHo, nopsz 3 OUTTAM, 00YMOBIECHUM €KCLHEHTPUCUTETOM, 3 YACTOTOKO @p,

BHJIiJIEHA CKJIAJ0Ba OUTTS, iKa 00yMOBIIEHA XBHJICTICTIO MOBEPXOHB migmmnauka i pisna 0,450,
mo pgo0pe 30iraeTbcs 3 TEOPETHYHUM 3HAYCHHSAM 4YacTOTH OOepTaHHS JIOCIiIKyBaHOTO
nimmunauka @ = 0,44810-@, Orpumani nani BkasyroTh Takox i Ha Te, IO TOYHICTH (GOPMH

MOBEPXOHb MiAMHUIHUKA 0yi1a BUCOKOIO.

Jlns copolieHHs aHaiizy 3aMiHMMO IepeTBopeHHs Dyp'e poskiiaganusaMm y psa Dyp'e. Lle
MOJKJIUBO, TOMY IIIO JOMIHYIOY1 MOXUOKHU MiANIUIHUKA (OBAJIbHICTh, OTPAHIOBAHHS) BUSBISIOTHCA 3
JaCTOTOI0, KpaTHI YacToTi @, a IBUAKICTh NPUOJIU3HO [OPIBHIOE IIOJIOBHHI INIBHAKOCTI

obepTanHs mmuHaens. Posknananss B psag Oyp'e ans GyHkii Y(t) y 11boMy BHIIAAKY 3aIUIICTHCS :

N
y=ag+ Y (ay, coske +by, sin k), 3)
k=1

e ¢ =2z7m/N,a M — nopsaKoBuii HOMEp rAPMOHIKH.
Koedirientu psagy @yp'e 06uuCIo0ThCs 10 GopMynax:

1 N
ag =Wk§1)’k,
=N 2 Zykcos (2zmk /N);
2 .
b, zﬁéyksm(hmk/N); (4)
C,=+a, +h,’

Clw)= v (0)+u* (o), Mxm. (5)

[IpoBenemo aHami3 KpUBOi OUTTS IIMUHACISA 3 BUKOPUCTAHHAM aHalizy Dyp’e, I bOTO B
nabopaTopii MeTanopizaabHUX BepcTarTiB Kadeapu NpukiaaHoi MexaHiku JIyIbKoro HaIlioHaIbHOTO
TEXHIYHOTO YHIBEPCHUTETY 3pOOJICHO 3aMKic OUTTS MIITUHICISI BEpCTaTa.

Haii0inpmr mpocTi BHMIPH TOYHOCTI OOEpTaHHA IMIMHHJENSA, IO IPOBOIATHCS NpPHU
CTAaHJAPTHUX BHUIPOOYBAaHHIX BEPCTATIB HAa T'E€OMETPHYHY TOYHICTh, TOB'A3aHI 3 OIIIHKOIO
pamiaibHOTO ¥ OCLOBOT'O OUTTS 32 IOTIOMOTOI0 1HAMKATOPA.



s Bumipy OUTTA mpu po6odOoMy 0OepTaHHI 3aCTOCOBYIOTh OE3KOHTAKTHI IEepeTBOPIOBayi
(1HAYKTUBHI, €MHICHI, (poToenekTpuuHi Ta iH.). [Ipu 1bOMy BUMIpIOBaJIbHOIO 0a3010 CIIYKUTh, K
MPaBUJIO, TOYHA OMpaBKa (UWIIHIpUYHA YU chepruHa), sKa BCTAHOBJIEHA B KOHYC IINUHIE. [Ipu
(hOTOCNIEKTPUYHUX METO/IaX BUMIPY 3aMiCTh ONPABKUA MOXE BUKOPHUCTOBYBATHUCS TOYHE CHEpPUIHE
9 NUTTHAPUYIHE J[3ePKao.

O6poOka 3amucy outts mmuHAeIs mo Gopmynax (3) i (4) po3paxoBYETHCS 3a JIOMOMOTOIO
komn'torepa B Moayni DPF.pas mporpami CORREL, sikuii mHanucanuii nist nuckpernoro ®dyp’e
nepetBopenHs (JII1P) — B cepenosumi Borland Delphi 7.

Kpim Bu3HaueHHs KoedilieHTIB poskianganHs B pan Dyp'e mependaueHe oOUMCICHHS

opauHat Y1, Y2, Y3, Y143 kpuBux ourrs i posmaxis Hjq,Ho,Hg, A 6urra nux kpusux. Kpusi
OUTTA SBISAIOTH COOOI0 CyMH TapMOHIK pO3KJIaJaHHsA KpuBoi OuTTs B psg Dyp'e, ckianeHi 3a
HacTymHUM TpaBwioM. I[lepma ckimagoBa OWUTTS sABIsiEe cOO0I0 CyMy BCiX TapMOHIK 3 4acTOTaMHU
® < @y ; KUIbKICHA XapaKTepUCTHKa 1€l cknanoBoi — po3mMax Hj. Llg ckinagoBa 3Ha4HOIO MipOIO
BU3HAYa€ MIOPCTKICTh MOBEPXHI 00poOioBaHoi aerani. J[pyra ckiajoBa — rapMoHiKa 3 4aCTOTOIO
@® = @, ; KUIbKiCHa XapakTepuctuka — po3max H,. Tpers ckiamoBa — cyma BCiX TapMOHIK,
YaCTOTH SIKUX (> @y ; KUIbKICHA XapakTepucTtuka ¢ posmax Hsg. Ilg ckimagoBa BIuiMBae Ha
KpYTJIiCTh JeTani. BigHOBIeHa KpuBa OUTTSA Oci 0OepTaHHS INMUHIAEIS SBISE COOOI CyMy BCIX
TapMOHIK CIIEKTpa OUTTS IUMUHAENS, YACTOTU SIKUX @ # @y ; ii OpAUHATH Y1 + Y3 =Y — Yo . Po3max
H BimHOBIEHOI KpUBOI OUTTS SIBJIsIE COOOIO0 y3araJlbHEHY XapaKTepUCTHUKY TOYHOCTI OOepTaHHS
mmuHaend. Posmax Hp — me ysaralipHeHa XapaKTEpUCTHKA BIUIMBY HOXMOOK KOMIUIEKTY TLI
KOUYEHHsI Ha TOYHICTh 0OepTaHHs InuHAens. Pozmax Ho sABase o000 MOABOEHUN NPHUBEACHUI
ekcueHTpucuteT. Posmax Hg — e y3araiabHeHa XapaKTepUCTHKA BIUIUBY MOXUOOK (POPMHU JOPIKOK
KOYEHHS Ha TOYHICTh OOEPTaHHS IIITUH/IENS, OCKUTBKH B i 00JIACTI YaCTOTH 3CYBY OCi 00epTaHHs
IMUHJEIS 00YMOBIIEH] MEepeBaXKHO 0OEpTaHHSIM BHYTPILIHBOTO KIJBI MiAIIMITHUKA. Pe3ynbraTtu
aHayizy KpHBOi OWTTS 1O eTasoHy HaBeneHi Ha Brimanmi «/AIldyp'e» iHTepdelicy mporpamu
CORREL (puc. 1).

ExcnepumenTanshuii psn Y(K) 6urrs (posmax H ) i posmax Hp xommsans 3 wactororo wy
onHoro obOepry. KosnmBaHHS 3 4acToTo0 @, BIIOYBAlOThCA 3 aMIUNTYAOW A=2,24 MKM 1

XapaKTEePU3YIOTh YUCTe OWUTTA mmuHaensd. Lle MoxxHa Gauntu B TaOnMIl KOS(IIIEHTIB pAnY s
rapmoniku Nel0, nepion sxoi — 12 Todok. baunmo Takox 3 rpadiky «uckpernuit criektp Dyp'ey,
o crektp Mae 4 sickpaBo BigokpemiieHuX uactotu (rapmoniku) NeNe: 10, 20, 30 i 40, mo
BI/INOBIIAIOTE KOJMBAHHAM 3 YacCTOTAMM @n, wn/2, wn/3 1 wn/4. 1le HM3BKOYACTOTHI CKJIALOBI
BH3HAYaIOTh MPpU OOPOOJICHHI IMOBEPXHI JCTall BIAMOBIAHO: €KCHEHTPUYHICTh (A4=2,243MKM),
enincHicTb (4 = 1,029 Mkm), orpanky 3 (4 = 0,5 mxm) i orpanky 4 (4=0,25 Mxm).

CyMapHuii BIUIMB IHMX CKJIQJIOBUX HaBeJCHWW Ha puc 2. baummo, mo 111 KOJIMBaHHS
MIPAKTUYHO CITIBIAIAI0TH 3 po3MaxoM H-Aj.
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Puc. 1. Brnazaka «/{I[1®dyp'e» nporpamu CORREL,; excriepuMeHTaIbHUIA psif Yy OUTTS |

posmax H, (momBoeHuit IpuBeeHNi €KCIIEHTPUCHTET) KOJIUBAHb 3 YACTOTOKO Wy OTHOTO 00EpTY
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Puc 2. CymapHuii BIUTHB CKJIaIOBUX 3 YACTOTAMU @y, 20, 3wy 1 4wy,
BrumB nopixok 1 TUT KoueHHs (4aCcTOTH m; < wn, po3Max H3) HaBejeHU# Ha puc. 3, cyMapHe
3HA4YEeHHS IIOTO PO3Maxy ckiagae npuomusHo Hz = 0,6 .. 0,7 mxm. @opmy 1i€i KprBOi HaJjaHO Ha
HUKHBOMY Tpadiky puc. 3.
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Puc. 3. BrumuB 1opikoK i Til1 KoueHHS (4acTOTH wj < @y, , po3max Hz)

Cyma BCiX rapMOHIK 3 4acTOTaMU @, > @, — po3Max H, HaeneHo Ha puc. 4. Cymaphe

3HAYCHHS IIbOTO PO3Maxy cKiaaae npuOmmsHo H; = 4,5 MKM.
BH3HAYAE MIOPCTKICTh MOBEPXHI OOPOOITIOBAHOI JeTaTI.

Po3smax H BIJHOBIEHOT KpHBOI OWMTTS @ # @, HaJaHUH Ha pUC. 5 1 ABIsIE COOOKO

s ckimamoBa 3HAYHOK MipOIO

y3arajbHEeHYy XapaKTepUCTHKY TOYHOCTI 00epTaHHs mnuHaens, H = 4,8 MKkM.

[IpoBenenuit nquckpernuii @yp’e — aHamiz KpUBOI OUTTS IIMHHIENIS J03BOJISE MPHOIU3HO
J1arHOCTYBaTH IO YacTOTaX SAKICTh 30MpaHHS LIMHHJICIBHOTO By3Ja 1 BIUIMB OKPEMHUX €JIEMEHTIB
TEXHOJIOTIYHOT CUCTEMHU Ha TOYHICTD 1 AKICTb 0OpOOKHM MPH MOB30BKHBOMY TOUiHHI. Pe3ynbpTyroui
napameTpH IbOTO aHaJli3y HajaHi y TabnuuHii popmi (Tadu. 1).
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Puc. 4. Cyma BciX rapMoOHIK 3 4acTOTaMH @; > @, — po3Max H,
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Puc. 5. Pozmax H BiTHOBIEHOT KpUBOi OUTTS @), # @,

Juckperanii @yp’e — aHami3 JO3BOJISIE MPUHHATH A1arHOCTHYHI O3HAKH (cUMIITOMH) 1-7, AKi
HaBeqieHl B Tabn. 1. IlepeBulieHHs] 3HaUYeHb PO3MaxiB CIYTye 7Sl A1arHOCTYBAaHHS BiAMOBITHUX
€JIEMEHTIB CUCTEMH.

Tabaums 1
Pe3ynbTyroui mapaMeTpu 4aCTOTHOTO aHAI3y KPUBOI Yk OUTTS MIMUHACIS

3HauyeHHs, BB Ha TOYHICTE 1 SIKICTh

No [TapameTp Hassa Yacrotu VKM 06poBi, i ix JvKepena

1 Pozmax Scope_y Bci 7,5 Bci mapamerpu
TounicTh 06epTaHHs: BCl

2 Posmax H Scope_H w, # O, 4,8 JoKepea 0e3 HeCIiBBICHOCTI

ocCl IIMUHIEIS 1 3aTOTOBKHU
IopcTKICT 1 XBUIISICTICTS:
3 Posmax H; Scope_H1 w;, > o, 45 TiJa KOYEHHS, IPUBL],
JOPIXKKY KOYCHHS
BuTTs: HecniBBICHICTE OCI

4 Posmax H, Scope_H2 w, =, 2,24 .
MIMHHAES 1 3aT0TOBKH
XBUIISICTICTh: TOPIKKH
5 Posmax Hs Scope_H3 w; < 0,6...0,7 KOYEHHS TT1IITUITHUKIB,
cenaparopu, CyrnopT
+3w,+ icTh:
6 Po3max Hy NeNe Scope_H4 203w, 12 XBI/IJISI‘CTICTL. MOXHOKHU
1+2+3+4 +4w, JIOPIKOK KOUCHHS
Po3max Hs Ge3 y-a)n-ZCz)n - [lopcTKiCTh: BIUIUB
! NeNel, 2,314 Scope_H> -3wn-4w, 33 MIPUBOAY, CYIIOPT

[Toxubka ¢Gopmu y momepedHOMYy Tepepisi AeTalli BHPAX)AeThCs B MapameTpax OrPaHKH,
HEKpyrJocTi 1 mopcTkocTi. [IpuyrHamMu 1MX BIAXWJICHB BiJ 1A€IBHOI OKPY)KHOCTI € BITHOCHI
BiOparlii mMUHAENS 3 3aroTOBKOIO Ta 1HCTPYMEHTY (pi3us) i3 cymopTHOW rpymnor. Hampsmox
BiOpaniii — MepNneHANKYIApHUN 10 oci oOepTaHHs mmuHAEII. OTKe MIarHOCTUYHHUMH O3HAKaMH
OyayTbh BinxuiaeHHs (POPMU BiJ i1€aIbHOI OKPYKHOCTI Y MOTIEPEIHOMY TIepepi3i aeTalti.

[Tpu 11bOMy BHYTPINTHIMHU JKEepeIaMy MOXHUOOK IMIMUHACIBHOI IPYNU € BKa3aHI Ha puc. 6
(ocobnmBOCTI Ha3B €JIEMEHTIB MMOB’s3aHi 3 BUMoramu nporpamu BnetMaster noOynosu i anamizy
Mepex baiieca) enemeHTH: AedeKT cemapaTtopiB, HEPIBHICTh JOPIKOK KOUYCHHS ITiAMIUITHHUKIB 1
HEepiBHOMIpHICTB Tij KoueHnHs 1-3 (Separat_1, paths_2, rollers_3); He3b6anancoBaHicTh mmuHACTS 4
3 MaTPOHOM 1 3arOTOBKOIO 1 HE CMIBBICHICTB HOro yctaHoBuux 6a3 (spindle_4). 3oswimHi mxepena:
npuBia mmuHaens (drive_5) i cynopt 3 iHcTpyMeHTOM (SUpport_6).



Crif 3ayBaskuTH, 10 OKPEMi YACTOTH KOJMBAHb MOKYTh BUKIHKATUCS PI3HUMU MPUIHHAMH,
TOMY 3ajJjadya [JIarHOCTUKM B I[iii MOCTaHOBLI € OaraToBapiaHTHOIO, HEPOPMaIbHOIO 1
HEBU3HAUEHO0. 3B'I30K MO YaCTOTaX MOXKIMBUX MPUYHH (J11arHO31B) 3 MIarHOCTUYHUMHU O3HAKaAMHU
(cumniTomamu) 300paskeHnH Ha puc. 6.

20w =

2o, 3wyt oy

6= n

iTa KoUeHHI
i INIHIHHEKIE

Cenapatopn
M OMTHIHHKIE

HecnieeicHicTE
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snindle 4

Jopimxn
iIMITHIIHHAKIE

drive S

Scope H4
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Puc. 6. Cxema 3B'13KiB 110 4aCTOTaX MOKIIUBHX JIXKEPE (J11arHO31B) 3 11arHOCTUYHUMH
O3HaKaMH (CUMIITOMaMH )

Ha cxemi HaBe/ieHi 3B’ SI3KM MOMJIMBHUX JIIarHO31B 13 CHMIITOMaMH, III0 J1a€ 3MOT'Y BU3HAYaTH
HaOIIBII 3HAYYI BIJIMBH €JIEMEHTIB TOKApPHOTO BepCTaTa Ha MOXHOKY OOpOOJICHHS NpU Pi3HUX
gacToTax 00epTaHHS MITUH/ICIIS.

Jis KOMIT'IOTEpHOTO aHaji3y 3py4HIlIe MPEACTaBUTH LEW 3B'SI30K y BUTIISAAI MaTpHIl
IHIUAEHTHOCTI (Tab. 2), ne «1» o3Hayae 3B'I30K, «0» — BIZICYTHICTH 3B SI3KY.

TaOmuns 2
Martpurist 3B’ 13KiB JpKEpes MOKIMBUX MOXHOOK 3 1IarTHOCTUYHUMHU O3HAKAMU

JliarHOCTHYHI Jxepera MOXIMBUX TMTOXHOOK
O3HAKHU separat_ 1 | paths 2 rollers 3 spindle_4 | drive 5 support_6
Scope_Y 1 1 1 1 1 1
Scope H 1 0 1 0 1 1
Scope H1 0 1 1 0 1 0
Scope H2 0 0 0 1 0 0
Scope_H3 1 0 0 0 0 1
Scope_H4 0 1 0 1 0 0
Scope HS5 0 0 0 1 1 1

Sk MoxHa 0auuTH 3 TONEPEAHBOTO aHai3y 3B'A30K IO YACTOTaX MOMJIMBHX JDKEpel
(marHo3iB) 3 MIarHOCTUYHMMH O3HAaKaMU (CHMITOMaMH) He OJHO3HAauyHWUU. OKpeMi AiarHOCTHYHI
O3HAaKH (CUMIITOMH) MOXYTh BHKJIMKATUCS TPYyHorw Jpkepen. Tak, Hanmpukiaa, MEpeBUILCHHS
po3maxy Scope_H; 3 wactotamm @; > @y, KU € TPUYUHOIO TOSBU HAIMIPHUX MIOPCTKOCTI i
XBWJISCTOCTI, MOXE BHUKIUKATUCS OJHOYACHO TOXMOKAaMHU JOPIKOK KOUEHHS IIiIIMITHUKIB
(paths_2), uepiBaomipuicTio Tin kouerHs (rollers 3) i Bibparisimu 3 60ky npuBoay (drive 5). Ile
O00OyMOBITIOE TaKOX 1 MOXIJIMBUH 3B'SI30K B Mepexi baieca Mixk okpemumu po3maxamu. ToOTO




cTpykTypy ontumamsioi MEPEXI BAMECA He MoxHa mnepenGauuTH 3as3manerims 0e3 if
o0y I0BH.

Martpuiro HaBYaHHS MeEpeXki 3a3BHYail OTPUMAIOTh 3 HHU3KU CIOCTEPEXKEHb 3a 00’ €KTOM
J1arHOCTHKHU B poOoTi. [Ipu 11boMy (PiKCYIOTBCSI CTAaHU CUMIITOMIB 1 BIATOBIAHI iM JiarHO3U. AJle 11e
notpe0ye B HAIIOMY BUMAJIKY JTOBIOTPUBAIMX CIIOCTEPEKEHB, TPYAOMICTKUX MPOIECIB pO30UpaHHs
1 30upaHHs BY3JIB MIMUHAETRHOT TpynH. ToOTO Mepexxy MOXKHA Oy/ie BCE K TaKH HABYUTH I[IHOIO
3HAYHMUX 3YyCWJIb, alle 10 TOrO yacy, Kojiu BepcTaT (izmuHO, ab0 MopaibHO 3actapie. Jlo Toro x
mpouecu po30upaHHS 1 30MpaHHS MOPYIIYIOTh BHUXIJHUM CTaH OO’€KTy M1arHOCTHUKH, TOOTO
BTPAYA€ETHCS TaKe MOHATTS SIK €KCKJIIO3UBHICTh UM HETIOBTOPHICTh 00’ €KTY.

B npaniii poOoTi TpOMOHYEThCS HaBYaHHS Mepexi bailieca MIIAXOM MaTeMaTHYHOTO
MojnemoBaHHa nedektiB. [ HaBuaHHS Mepexi baiieca oOpaHa BiAnoBifHA rpajaimis CTaHIB
BEPIIUH ITi€T MEpPexi:

— JUISL CepedHIX amIuniTyq ABa craHu: Small — MeHIIe (He MEepPeBUIIYIOTH JOMYCTUMHX),
Large — 6inbire (MepeBUITYIOTh AOITYCTUMI 3HAYCHHS );

— st po3MaxiB Tpu ctanu: Well — HopmanbHO (HMXKYE 30HU pU3MKYy), Alarm — TpuBora (B
30HI PU3HKY, ajie B J0mycKy), Badly — moraHo (3a Mexamu 10IycKy) .

Ha mepmomy etami 3amucyeTbcs KpuBa OWTTS TOYHOTO By3Jia YM HOBOTO BEpCTaTa, UM
BIIHOBJIGHOTO BepcTara Imicis Woro oOcmyroByBaHHs (auB. puc. 1). uckperHuii cniektp Dyp’e
IIFOT'0 KOJIMBAIBHOTO MPOIECY OyIeMO paxyBaTH €TaTOHHHM.

[ToTimM 3 BpaxyBaHHSM BCTaHOBJICHHX 3B’S3KiB (Ta0J. 2 1 puc. 6) Ha €TaJOHHY KPUBY OUTTS
HaKJIagaeMo 30ypeHHs 10 aMIUTITy/Iax BiJIMOBITHO BiJOKpEMJIEHUX po3MmaxiB ( puc. 6) 3 imiTami€ero
IIyMY €KCTIIEpUMEHTY.

Jnst peamnizanii miei MeToauku, TOOTO reHeparii 1 HaB4yaHHA Mepexi baiieca, OyB nonucanuii
nomatkoBuit Moaynb NetB.pas mporpamu Correl B cepemposumni Borland Delphi 7. Bxianka
«HaBuanns mepexi baiieca» nporpamu Correl moka3ana Ha puc. 7.

Mesxa Badly po3maxiB BCTaHOBIIOETHCS HaJalITOBYBaHHAM «3amac zR mo po3maxax, %o».
[Tpu romy po3max RBadly (Makcumym) = RETanon(1+zR/100).

Mexa Alarm po3MaxiB BCTaHOBIIOETHhCS HamamToByBaHHSM Riz «3oHa pusuky, %». Ilpu
oMy po3max RAlarm (Danger) = RBadly (1-Riz/100).

TakuM 4KMHOM, SIKILIO TIPH TeHepallii KpoKy HaB4YaHHA BianoBiaHuii posmax R>RBadly, To B
KOMIpKy «Tabnuill HaBuaHHS Mepexi» Uil I[boro po3Maxy 3anucyeTtbes «Badly», RAlarm< R
<RBadly — «Alarm» i sixmo R < RAlarm — «Well».

AHaNOri4HO Ui cepeqHiX aMmIuniTyn. Mexa Acep max BiIIOBIAHUX Jiama3oHIB pO3MaxiB
BCTAHOBIIIOETHCA ~ HAJAIITOBYBaHHAM Riz «3ona pusuky, %», Acep max=Acep Eranon
(1+Riz/100).

Sxuto renepoBaHe Acep reneposane < Acep max TO B KOMIpKY «TaOIHIi HABYaHHS MEPEXi» s

JUKepeIta KONUBaHb 3aIuCyeThest «Smally, Ko Acep reneposane > Acep max— «Largey.

HanamryBanus dA «I[lepeBullieHHs aMIUTITY/ BiJl €TAIOHY MPH reHepaiii, %» CIyrye s
BCTAHOBJICHHS PIBHS aMIUTITyIHHUX 30ypeHb. [Ipy 1boMy 10 KOXKHIN TeéHEpOBaHOI aMILTITY/l TA€EThCS
npupict AA; =A; -(dA/2+A4;,), e — IIyM eKCIIEpUMEHTY, IIapaMeTPH IKOT0 3aJal0ThCS T€HEPaTOPOM
BUIIAIKOBUX TceB0- HopManbHUX urcen N(A,S) 3 mapamerpamu A i S, 1e A — cepeiHe 3HAYCHHS, S
— CepelHE KBaapaTHuHe BimxuieHHs ['aycoBoro mymy, MkM. Bemuuuna N(A,S) 3MiHIOETBCS Ha
KOKHOMY KpOIIi /1151 KO>KHOT T€HEPOBAHOI aMILTITY IH.

st po6OTH porpaMu 3aBaHTaXY€eThCSl TEKCTOBUH (haiil 3 JTaHUMU 32 BKa3aHUM IIUIIXOM (B
Hamomy Bumaaky Data\VY.txt). Ilpu oMy poOWThCS akTHBHOIO BKjajaka «HaBuanHs mepexi
barniecay.



=R

File Cnpaeka
lonoexa ] MapHi kopenaui ] Kopexkuia “Trend” ] licrorpama } KopenauifHi ¢yHKwin I RS - aHanis ] Perpecil } NMporHosTKYP }
HaBuanna mepexi baiieca ANPypee ] Mporuo=TN ] Nani 1 Mpotokon 1
3anac zR no ’—_lzu =] rliym excniepumenty BGIp YaCTOT reHepauii ans: MoTouHi aaHi No po3Maxax KonMEaHb
[IECTIED, £ Cepeane A C) PDSMa-K_v ¥ Poamax |Scope Y |Scooe H [Scope H1[Scope H2|Scone H3[Scone H4[Scope H5
Janac zAno [ = 0.0 T H (Wi Wn) s 5,09 461 5.42 0,96 4,06 1.68
amnaiTynax % Cp. kBanp. " H1 (Wi > Wn) M 71 2.91 291 2,66 0,19 118 0,73 3.05
3ona 15 =] | ewmsunenna S |01 © H2 (Wi = Wn) Danaer | 7,00 433 3,92 451 0,82 3.45 1.43
pushky 2 = % ® || e 13 pwi < wn) o — -
UyrsueicTi no v $azu BUNanKkoei  HA W IWnetwn) OTOUHI AaHi N0 aMNAiTYnax Ko nMBaHb
AT 0.05 & H5 [p-'Wn-2wn-Twn-4wn) separat 1 [paths 2 [rollers 3 |Spindle 4 [Drive 5 [Support 6
3aBaHTaXuTH - - 0,782 0,037 2.712 0,098 0,050
T wopexi baieca | otpanore sansaons [10 2 0228 06 0031 2260 0082 0.04)
cranomy npu |10 = P oohan | [Koprew N[ 0.060 0152 0026 0105 0098 | 0.061
renepauil % I” Micas renepauil nokasysaru rpadiky Tatnuusa HaBJYaHHS Mepei
| (e e G Koorex |senarat 1|paths 2|rollers 3|Soindle 4|Drive 5 [Support 6[Scone Y|Scone H|Scope H1[Scone HZScone H3|Scone HA|Scope HS -«
1. Evanon|Small Small | Small Small  Small Well Well Well Well Well well Well
M2 Small Large |Large  Small Large  Small Badly Badly Badly Well Badly Alarm Badly
FeHepyBaTH M3 Large Large |Large Large Large  Small Badly Badly Badly Alarm Badly Alarm Badly
M4 Small Large |Large  Small Small  Large Badly Badly Badly Alarm Badly Alarm Badly
LIMKIW HABHAHHSA | [ 5 Large  Large Large Large  Large  Small  Badly Badly  Badly  Alarm  Badly  Badly  Badly
M6 Large Large |Large Large Large | Large Badly Badly Badly Alarm Badly Alarm Badly
<— Hazan M7 Small Small Large  Small Small  Large Badly Badly Badly Alarm Badly Alarm Badly
M8 Large Large |Large Large Large  Small Badly Badly Badly Alarm Badly Alarm Badly
CKHHYTH M9 Large Large |Large  Small Large  Small Alarm  Badly Badly Alarm Badly Alarm Badly
HABYAHHA M 10 Large Large |Large  Small Large | Large Badly Badly Badly Alarm Badly Alarm Badly
K11 Large Small | Large Large Large | Large Alarm | Alarm Badly Alarm Badly Alarm Badly
N 12 Small Small  Large  Small Large | Large Well Badly Badly Well Badly Alarm Badly
3depertu N13 Large Large |Large  Small Large |Large well Badiy Badly Well Badly Alarm Badly
TasaMuIo —> N14 Large Large |Large  Small Large  Small well Badiy Badly Well Alarm Alarm Badly
£ N 15 Large Small  Large  Small Small | Large Well Badly Badly Well Badly Alarm Badly
N 16 Large Small  Small  Small Small | Large Well Badly Badly Well Badly Alarm Badly
N 17 Small Small  |Small | Small Large  Small Well Badly Badly Well Alarm well Badly
N 18 Large Small  Large  Small Large  Small Well Badly Badly Well Badly Alarm Badly
N 19 Large Large |Large  Small Large | Large Well Badly Badly Well Badly Alarm Badly
N 20 Large Large |Large  Small Large | Large Well Badly Badly Well Badly Alarm Badly
N 21 Large Large |Large  Small Large | Large Well Badly Badly Well Badly Alarm Badly
N 22 Large Small  Large  Small Large | Large Well Badly Badly Well Alarm Alarm Badly
N 23 Large Small  Large  Small Large  Small Well Badly Badly Well Badly Alarm Badly
N 24 Large Large Large  Small Small  Small Well Badly Badly Well well Badly Badly
N 25 Large Small  Large  Small Small  Small Well Badly Badly Well Badly Alarm Badly
N 26 Large Large |Large |Small Small Large Well Alarm Badly Well Badly Alarm Badly i
Jami 3 drafiny = ‘ ‘Data‘.VY Ixt MokazaTv cnMcok ganux ’7 Ha ronoeHy ’7 Buxig ’7

Puc. 7. Bknagka «HaBuanus mepexi baiteca» nporpamu CORREL

Jlani BCTaHOBMIOIOTHCA HANAIITYBaHHS MPOTpaMM, SKi 3TPYNOBaHI y BIKHAX BKIAIKUA Y
BEpPXHHOMY JIiBOMY KyTy. HamamryBaHHs, sKi BXKE BCTAHOBJIEHI 3a 3aMOBUYEHHSIM TapaHTYIOTh
aJIcKBaTHE HABYAHHS.

HactymanM kpokoMm Tpeba 3aBaHTaXHUTH B «TaONMUII0 HaBYaHHS MEPEXKi» E€TATOHHUH P
(KTIKHYTH KHONKOIO «3aBaHTaXHUTH €TaloH Ansi Mmepexi baifecay). Ilpu 1mpoMy 3amoBHIOIOTHCS
TpaHUYHI 3HAUYEHHS aMIUTITY]l 1 po3MaxiB y BIAMOBIIHI TaOJIMIl, a TaKoX Hepiia crpiuka «Tabmuii
HaBYAHHS MEPEXKi», Je, K AN eTalloHy, B KOMIpKax JpKepen 3aHocaTbesa «Small», a B komipkax
po3maxiB — «Welly.

B komnonenti «Bubip yacToT reHepauii AJA» MOKHA BHOpaTH BIAMOBIIHMNA Jiana3oH
pO3MaxiB KOJIMBaHb, JJIA SKOTO OyAe 3reHepoBaHO KidbKa NMKIIB (BKa3aHO B HaJAIITyBaHHI
«ukmiB reHepauii Ay 0OpaHOro Jianma3oHy 4acToT», B Hamomy Bunaaky 10). Ile o3nagae, mo B
«Tabnuiro HaBuaHHS Mepexi» Oyne 3aneceHe 10 psakiB 31 cTaHaMu By3:iB Mepesxi baiieca.

["enepariisi Mepexi MOXKIIMBA y TPhOX BapiaHTax:

1) mokpokoBe i1 00paHOro Jiana3oHy po3MaxiB B HajamrTyBaHHI «Bubip yactoT renepariii
JUTS:», SIKIIO CKUHYTUW Tpamnopenb 3 «ABTOMAaTWYHA TEHEpalis», a YHCIO IHUKIIB TeHepalii
BCTAHOBJIEHO 1;

2) MKk a7 oOpaHOro Jiana3oHy po3MaxiB B HajamTyBaHHI «Bubip uyacToT reneparii
JUIS:», SIKIIO CKUHYTUH Tpanopelpb 3 «ABTOMaTHYHA TeHepallis», a YWCIO IUKIIB TeHepaliil
BCTaHOBJICHO OijbIie 1;

3) aBTOMaTHYHA T€Hepallisl TaOIuIll 10 BCIX Jiara3oHax po3MaxiB 3 BCTAHOBJICHUM YHCIIOM
IUKJIIB JUIS KOXKHOTO Jiama3oHy, Uil IbOro Tpeba BCTAaHOBUTH Mpamopens «ABTOMaTHYHA
reHepalisy, a YUCJIo IUKIIIB FeHepalliii BCTAHOBUTH OYIb SIKE.

[Ipu renepaunii mo mepriomMy BapiaHTy nependadueHO aBTOMATUYHUN Mepexil Ha BKIAJKY
«AIIdyp’e», ne nius BUOpaHUX PEKUMIB IMOKA3ye€TbCs TUCKpeTHUU crnektp PDyp’e 1 rpadiune



npeCcTaBiIeHHs po3kiananHs (puc. 4). s uporo Tpedba BcTaHOBUTH Tpanopelb «Ilicist renepaii
MOKa3yBaTH rpagik.

[Iporpama 103BoJIsiE BUJAIATH T€HEPOBaHY TaOJIHUIIIO SIK IO psAKax KHOMKorw «Hazany, Tax i
IIOBHICTh KHOIIKOIO «CKMHYTU HaBYaHHS.

3anoBHeHa TabmuLs 30epiraeTees y hopmari XIS komanmoro «30epertu Tadbnumooy». baxano
1151 30epiraHHs Ha3HavaTH Kataior « ..\BaesNety, aje 1ie He IPUHIKIIOBO.

Jnis redepanii Tabnuii HapuyaHHs Oy0 00paHO peXUMHU: «ABTOMATUYHA TeHEPALlis», YUCIIO
UKITiB TeHepartii 10. [HIn HamamTyBaHHs MPUHHATI 32 3aMOBYYBaHHAM ( puc. 7 ).

[To renepoBanoi Tabmuii nporpamoro BNetMaster Oyma mnoOymoBaHa onTUMaibHA
cTpykTypa Mepexi baiieca (puc. 8).

eparat_1 paths_2

Spindle_4 rive_5 Support_6

Puc. 8. [loGynoBana ontumalnbHa CTpYKTypa Mepexi balieca niarHoCTyBaHHS IINMUHAEIBHOT
rpyInu BepcTaTa

CtpykTypa Mepexi OyayeThbcs, sIK 1 mependadanocs, Ha OCHOBI IMONEPEIHBOTO aHaJi3y
3B'SI3KIB 110 9YaCTOTaX MOKJIMBHUX JDKEpeEN (A1arH03iB) 3 JIarHOCTHYHUMU O3HAKAMU (CUMIITOMAaMH).

Sk MokHa OauuTH 3 MOMEpPeAHBOTO aHamizy (puc. 6 1 Tabm. .2), 3B'I30K MO YaCTOTax
MOXXJIUBUX JDKEpeNl ([IiarHo3iB) 3 JIarHOCTUYHMMHU O3Hakamu (cumnromamu) B 1miei bBM He
oIHO3HAYHMK. TOOTO MPUIMHHO-HACIIKOBI 3B’ SI3KU B 11 CTPYKTYPI € SK MPSAMI BiJl CHMIITOMY 0
JiarHO3y, TaK 1 3BOPOTHI. MaloTh MicCIle TakOX 3B’S3KM MiX cummnTomMamu (posmaxamu). lle B
MIPUHITUTIL HE CYTIEPEUnTh CTPYKTYP1 B3aEMO/IIH, SIK1 HaBeIeHI Ha puc. 4.8.

3a moOymoBaHOIO CTPYKTYpOrO Mepexi baiieca Oyiio mpoBeAeHO AlarHOCTYBaHHS AJis 3
BHITAJIKIB MPOSIBJICHHS JIarHOCTUYHUX O3HAK (CUMIITOMIB).

PesynbpTatu po3paxyHKy MOKa3yiOTh, [0 WMOBIPHOCTI IEPEBUILIEHHS JOMYCTUMHUX PO3MaxiB
KOJIMBaHb B IIJIOMY HEBEJIMKI, ajle € CEHC 3BEPHYTH yBary Ha mnpuBia (drive 5), sk Ha pKepero
nedexTy 3 HaiOinbil BHCOKOIO HMOBipHicTIO pLarge=0,359. JliarHocTyBaHHS iHiLitoBajacs, SK
BepmmHa Scope HS B crani «Badly», mboMy ctany BepiuHi 0yii0 HagaHo WMoBipHICTh pBadly = 1.
[HI11 cTanm X BepurH MatoTh iiMoBipHOCTI pWell = 0, pAlarm = 0. Lle o3nauae, o 3aikcoBaHO
HeOe3neynuii piBeHb po3Maxy KonuBanb HS5 3 wactoramm ©; = y -Mp- 20, --30,-40,, mo
BUKJIMKAIOTH IT1/IBUIIEHY MOPCTKICTh 1 HETIEPIOAMYHY XBHIISICTICTD BiJl HU3bKOYACTOTHUX KOJIHMBAaHb
CYIOpPTY.

PesynbpTati po3paxyHKy ToOKa3aiu, o WKMOBIPHOCTI TIEPEBUIIIEHHS JTOMYCTUMHUX PO3MaXiB
KOJIMBaHb JOCUTh Benmki s Scope H4 (pBadly = 0,5) i Scope HS5 (pBadly = 0,556). € cenc
3BEpHYTH yBary Ha CTaH HIiAIIMITHUKIB, a came ix cemaparopiB (separat 1, pLarge=0,6.), sk Ha
JDKepeno 3 HalO1Ibll BUCOKOIO HMoBipHicTIO nedekTtiB pLarge=0,359, a Takox AOPIKOK KOYEHHS
(paths_2, pLarge=0,454). JlocuTh BUCOKa TaKOX WMOBIPHICTh BIUTUBY BiOpalliii 3 OOKy MpHBOLY
(drive_5, pLarge=0,467).



BHUCHOBKU

1. Po3po06ieHo MeToIuKy 1 IpOrpaMHUN MOAYIIb YaCTOTHOTO aHAJi3y OUTTS IINMUHACIS.

2. Po3pobsena monenb MIarHOCTHUKWA TPUYUH BIAXWICHHS (OPMHU TPH TOB3IOBKHHOMY
TOYiHHI 1 BCTAHOBJIEHI 3B’ 3KH MOXUOOK (hOpMHU 3 MapaMeTpaMu IIMUHIEIBHOI IPYIH BepcTaTa.

3. Ha ocHoBi mpoBenenoro ®dyp’e — aHamizy KpUBOI OWTTS IIMUHIEAS BCTAHOBJIEHI
JIarHOCTUYHI O3HAKH MOXUOOK ()OPMH IPH MOB3JAOBKHBOMY TOYIHHI 1 3B'3KH 110 YAaCTOTAaX MIX
JOKEpeJIaMH MIOXUOOK 1 IIarHOCTUYHUMH O3HAKaMH.

4. Po3po6sieHo0 METOMKY 1 MpOTpaMHUN MOY/Ih HaBYaHHS Mepexi bailieca s niarHOCTHKH
IINUHAEIBHOI TPYIH METaJIOPI3aIbHOIO BEpCTATa.

5. TlpoBepeno moOymOBY, HaBYaHHA 1 aHami3 Mepexi baifeca mms miarHOCTyBaHHS
IITWHICTHHOT By3Jia BepcTara.

6. 3 BHKOpPUCTaHHSIM po3pobieHoi Mepexi baileca mpoBeneHO TIarHOCTHKY JAe(eKTiB
HIMAHACTBHOT TPYIH TS TPhOX BUTIA/IKIB BCTAHOBIICHHS TIarHOCTUYHUX O3HAK.

7. TlpoBemeHuit aHami3 pe3yiabTaTiB JIarHOCTYBAaHHS JO3BOJII€E BBAXKATUU OTpPUMaHi
pe3yabTaTH TOCTOBIPHUMH.
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Atri Deo Tripathi, Asim Ahmad (Dept. of Chemistry, College of Engineering, Teerthanker
Mahaveer University, Moradabad, India)

VISCOSITIES OF BINARY LIQUID MIXTURES OF 1, 2-DICHLOROETHANE WITH
PYRIDINE, DIMETHYL SULFOXIDE, ACETONE, FURAN AND TETRAHYDROFURAN AT
303.15K

Kinematic Viscosities, at T=303.15K, have been measured for binary liquid mixtures of 1,
2-dichloroethane with pyridine, dimethyl sulfoxide (DMSO), acetone, furan and tetrahydrofuran
(THF). The values of _ have been fitted in appropriate equations using a least squares method. The
values of the quantity A , which refer to the deviations of the experimental values of the dynamic
viscosities of the mixtures from the mole fraction mixture law values, have been calculated. Further
analysis has indicated that McAllister’s approach correlates _ of the investigated mixtures all over
the entire composition range to a appreciably high degree of accuracy.

In conclusion, we note that the viscosity data show that binary liquid mixtures of
CH2CICH2CI with pyridine, dimethyl -sulfoxide, acetone, furan and tetrahydrofuran show specific
interaction between components. The complex formation between DMSO and CH2CICH2CI are
believed to be stronger than those between CH2CICH2CI — acetone. The slightly negative values of
Av dichloroethane-acetone system show that acetone forms molecular complexes with
dichloroethane, whereas this value is positive with dimethyl sulfoxide showing that dichloroethane
forms strong adducts with DMSQO. The specific interaction is expected to be hydrogen bond
formation between the hydrogen of 1,2- dichloroethane and proton acceptor groups. The positive
values of Av for the system dichloroethane-pyridine undoubtedly indicates a strong hydrogen bond
formation between lone pair electrons on N atom of pyridine and H atom of dichloroethane. Also
there is a possibility of formation of charge transfer complexes via Cl-n —electron interaction
between dichloroethane and pyridine is believed to be present. Viscosity data also shows that the
large negative values of Av for dichloromethane-furan can be accredited to the high proportion of
contributions to Av on account of the dispersion, dipolar and induction forces over those caused by
specific interactions between the components. The ether oxygen in furan is a weak proton acceptor
and forms hydrogen bond with CH2CICH2CI. However, owing to the presence of double bonds in
the ring, the oxygen becomes less basic, and therefore possibility of hydrogen bonding is much
reduced, resulting large negative values of Av. THF is saturated molecule and the values of Av for
the CH2CICH2CI -tetrahydrofuran system is positive, which indicates strong specific interactions.
On the other hand, the complexation between CH2CICH2CI with acetone, DMSO,THF or pyridine
can be attributed to the formation of strong hydrogen bonds between the hydrogen atom of
CH2CICH2CI and the lone-pair electrons on the oxygen or nitrogen atom of acetone, DMSO, THF

or pyridine.



Absuenko FO.I'. ([onbacvka oepoicasna mawunodydisna akademis, Yxpaina)

OCOBJIMBOCTI OXOJIODKEHHS KOHCTPYKLINHOT CTAJII B IICEB/IO TBEPJIOMY
CEPEJIOBUILIL

[Tpu oxonomxeHHI 3 TeMmmepaTypu aycTeHi3allii KOHCTPYKUIMHUX 1JIETOBaHUX CTaledl y
cUIydoMy TpadiTi MOXKIMBI MHMOBUIBHI CTPYKTYPHO-(a30Bi IEPETBOPEHHS, SKi JO3BOJISIOTH
oJiepKaTh HEOOXIAHUN piBEHb BIACTMBOCTEW O€3 eHeproBUTpaT y mpoiueci oxonomxkenHs [1]. L
MEPETBOPEHHSI MOXYTh 3a0IaKyBaTH EHEProBUTPAaTH B MaIIMHOOYAyBaHHI NpU TEpMIYHIN
0o0pobui BUPOOIB, OAHAK YMOBU ()OpPMYBaHHS MHUMOBUIBHMX NEPETBOPEHb Majo BuBYeHI. [lyis
3'sICyBaHHS MPUPOAM IHOTO SIBUILA MOTPIOHI BIAOMOCTI PO CTPYKTYpHO-(Pa30Bi EPETBOPEHHS IPU
Oe3rnepepBHOMY OXOJIOJKEHHI B CUITy4oMYy IpadiTi 3pa3KiB 31 CTajeil, a TAKOXk MEePEeTBOPEHHS B HUX
IpHU 130TEPMIYHUX BUTPUMKAX y Mpolieci oxonokeHHs. HeoOxigHO BpaxoByBaTH, L0 CUITyYUi
rpagiT Ha BIAMIHY BIJ PIAKUX 1 Ta30MOAIOHUX CEPEeNOBHI € ICEBAOTBEPAMM IOAATIMBUM
CepeoBHIIEM, 1110 3a0e31euye OUTBIIT PIBHOMIPHY Mepeaavy Tera Big merany [1].

3 MOMEHTY 3aHypeHHS BUPOOIB y culy4duii rpadit HaBKOJIO BUPOOY YTBOPIOETHCS 000JIOHKA
13 rpadiTy, MO Ma€e BUCOKY TEeMMEparypy. Y pe3ynbTaTi I[bOTO MiX 30BHIIIHBOIO ITOBEPXHEIO
BUpOOY ¥ BHYTPIIIHBOIO IOBEPXHEI OOOJOHKHM, IO KOHTAKTye 3 BHUPOOOM, 3a0e3redyeThes
ITITPHUHN TEMIIEpaTypHUH KOHTAKT. Bucoka temmeparypa 000JOHKH 3HUKYE ii TeTIONMPOBITHICTh, a
TOMY MO>KJIMBE BHJIIJICHHSI BHYTPIIIHBOTO TEIUIA, 32 PaXyHOK IEPETBOPEHb, Oy/ie aKyMyIIOBATUCS B
30H1 MEPETBOPEHHS, 10 MPU BIACYTHOCTI BTpAT TeIuia, Oyie 3a0e3rneuyBaTH OCTIHHY TeMIepaTypy
710 3aBEPILICHHS IEPETBOPEHbD.

CepenHbO BYTJICLIEBI CTami, SIK BiJIOMO, MAalOTh HH3bKY CTIMKICTh aycTeHiTy. llpm
OXOJIO/DKEHHI HMK4Ye Al BiOYBa€Thcs TMEpINITHE MEPETBOPEHHS NPHU MOCTIHHIA Temieparypi.
[linTpuMyeTbes L TeMIeparypa 3a paxyHOK TeIlla, 110 BUAUIAETbCS B MPOLEC] MEPETBOPEHHS.
HasBHicts rpagiToBOi 0OOJOHKM J03BOJSE 30€perTd TEIUIO /O TIOBHOTO 3aBEpIICHHS
nepeTBopeHHs. [1]

s onepxaHHA BIIOMOCTEH MPO 0COOIMBOCTI MEPETBOPEHHS B KOHCTPYKUIWHHUX CTaAX 13
BMICTOM JIETYBaJIbHUX €JIEMEHTIB IIiJl Yac OXOJIO)KCHHS B CHUIIydoMy TI'padiTi JOCIHIKYBaIH
NepeTBOPEHHs B 3paskax 31 ctami 65C2BA mnpu 6e3nepepBHOMY OXOJIOKEHHI BiJ TeMIepaTypu
aycTeHiTizarii.

JlocmiKeHHsT  CTPYKTYPHO-()a30BUX TEPETBOPEHb IpH OE3MEepepBHOMY OXOJIOHKEHHI
MpOBOIMIM Ha 3paskax miamerpom 10, 15, 20, 25 1 30 mMm. Ilpomec 0XoiomKeHHS 3pa3KiB
CKJIAJIA€ThCSl 13 TPHOX CTAMAii: OXOJOPKEHHS 3 TeMIepaTypd ayCTeHiTi3amii J0 TeMIepaTypH
MMOYaTKy OEWHITHOTO TEepeTBOPEeHHS (Iepina cTajis), OCHHITHE MepeTBOpPeHHs (Ipyra craiis),
OXOJIO/DKEHHS 3 MOMEHTY 3aBEpIIeHHS OCHHITHOTO MepeTBOPEHHs (TPETS CTaIis).

Oco0uuBICTh KOXKHOI CTaii mosisAirae B TakoMy. LIIBHIKICTE OXOJIOJKEHHS 3 TeMIEpaTypu
ayCTeHiTi3amii 3MEHIIYeThCs 31 30UIbIICHHAM aiameTpa (Macu) 3paskiB. TemmepaTtypa OeifHITHOTO
NIEPETBOPEHHS. THUM HI)KYa, UMM BHILIE MIBUAKICTb OXOJOPKEHHS 3pa3KiB 0 MOYATKy LBOrO
nepeTBOpeHHsl. TpUBaNicTh OCHHITHOTO TEPETBOPEHHS Ma€ TEHJEHIII0 10 30UIBIICHHS, ane 3i
30UIBIICHHSM JliamMeTpa 3pa3kiB. [IIBUIKICTE 0XOJIOIKEHHS 3pa3KiB MIiCHs 3aBEPIICHHS OCHHITHOTO
MIEPETBOPEHHSI HE3HAUYHO 3aJIe)KUTh BiJ JlaMeTpa 3pa3KiB 1 Mae TEHAEHLII0 10 3MEHIICHHS 31
301bIIEHHSIM MacH 3pa3KiB.

s aHamizy CTpYyKTypHO-(a30BUX MEpPETBOPEHb, IO MPOTIKAIOTh NpHU Oe3lepepBHOMY
OXOJIO/DKEHHI # B 130T€pMIYHUX YMOBaX, Ha Jllarpamy i30TepMidHOro nepersopeHHs craii 65C2BA
HAHOCHUJIM KpUBI Oe3MepepBHOrO OXOJOKEHHs A 3pas3kiB aiamerpom 10, 15, 20, 251 30 MM y
norapupMiyHOMY OOYMCIICHHI Yacy. AHalli3 MOKa3ye, IO B 130TEPMIYHMX YMOBAX JIOCIIIKyBaHa
CTajdb TPOXOJUTH J[Ba TEPETBOPEHHS: TMepiiTHE i OeliHiTHE. MiX 00JacTIMU TEPIITHOTO W
OElHITHOTO MepPeTBOPEHb ICHYE 00JacTh MiJIBUIIEHOI CTIMKOCTI ayCTeHITY B 1HTEpBaji TeMIEpaTyp
350-600°C. TIpu GesrmepepBHOMY OXOJIOKEHHI 1€ MEPETBOPEHHS CYNPOBOKYETHCS BUIIICHHIM
TEIIa, [0 CTBOPIOE MIPAKTUYHO MOCTIHHY TeMIepaTypy Ha KpUBHX O€31epepBHOTO OXOJIOKEHHS.



Haii0inpir iMOBIpHUM MiCLIEM MEPIITHOTO IMEPETBOPEHHS € MeXa 3€peH ayCTEHITy SK
HalMeHII CTiiika YyacTHHA CTPYKTYpH. [lommuprolounch mo MMpUHI MEX, MEpIiTHE NMEePETBOPEHHS
BU3HAYa€ 0OCHT TEIIOBOTO e(peKTy a00 MUPHHY TeMIIepaTypHOI 00JIaCT LIbOTO MEPETBOPEHHS.

[Ticns 3aBepIiieHHS] MEPJIITHOTO TMEPETBOPECHHsS CTPYKTypa CTajl CKJIANA€ThCS 3 MEPIiTy,
PO3TAIIOBAaHOTO HA MEXKaX 3€PEH ayCTEHITY.

[Tpu oxonomKeHH1 CcTaji 3 TaKOI CTPYKTYpPOIO /10 TeMIlepaTypH, IpU SKii CTBOPIOIOTHCS
TEpPMOJIMHAMIUHI YMOBH JUIA NIEPETBOPEHHS ayCTEHITY 3a 0e3audy31iiiHIM MEXaHi3MOM Ha OeMHIT,
Ha MeEXax 3epeH ayCTeHITY 3 TMepJiTOM TOYHWHAEThCS OCiHITHE mepeTBOpeHHs. BoHo
PO3MOBCIOKYETHCST BiJI MEXKi 3€peH 10 LIEHTPY 3€peH 3aBISKHU BHYTPIIIHIM HANpPYKEHHAM, SIKi
BUHHKAIOTh Y pe3yJbTaTi 0e3nudy3iiiHOro mepeTBopeHHs. 31 CKa3aHOro BHUIUIMBAE, IO OCHHITHE
MEPETBOPEHHS € aKTHUBYIOUHMM IPOIIECOM 1 BiJOYBA€THCS MPH MOCTIHHINA Temmeparypi.

CrpykTypa craji B 3pa3ky aiamerpom 30 MM Miciisl 3aBeplieHHsT OCHHITHOTO MEePETBOPEHHS
i OXOJIOMKEHHS 10 KIMHATHOI TeMIIepaTypH CKIAJaeThes 3 KapOiaiB mepmitTy i Oeitnity. KapOinu
MarTh CBITIIMHA KOJIp, MEPJIT MAa€ TEMHHH KOJip, OCHHIT CBITMIIMNA 3a TEPJIT 1 TEMHIMUN 3a
Kapbinu. Y cepeauHi obnactei OeifHITY crocTepiraroTbes ApiOHI OKPYTJIl BKIIOUEHHS, 0 MAlOTh
CBITIIUH KOIip. MOKHA MPUITYCTUTH, 110 11€ BUILIEHHS KapOiaiB. CBITIUN KOMip, MAIOTh Ti KapOiau,
110 30eperiucs B OCHOBHOMY MeTaji. TeMHI YacTKH XapaKTepU3yIOTh MICIs KapOidiB, SKi BUIIAJIH 13
MaTpHIIll TPH BUTOTOBJICHHI MiKponutida.

XapakTepHO, IO IHTEpBaJM OCHHITHOrO TMEPETBOPEHHS Ha KpPUBUX O€3MepepBHOTO
OXOJIOJKEHHS 3pa3KiB PO3TAIIOBYIOTHCS MK JIHISIMH IMOYATKy W KiHIS OCHHITHOTO MEPETBOPECHHS
IIpU 130TepMIYHOMY NIEPETBOPEHHI aycTeHity. Jliarpama (ikcye Bci MOXKIUBI CTPYKTYpHI U (a3oBi
MEPETBOPEHHS, SIKI MOXKYTh MaTH MiCIle B CTajli pHU OE3MEepEePBHOMY OXOJIOJDKEHHI 3 Pi3HUMH
IIBHJIKOCTSIMH.

PesynpTat noCHiIKeHb TaKOXK IOKa3ylOTh, L0 Y BUIAAKYy T'OMOT€HHOI CTPYKTYpH
ayCTCHITY TpPH OXOJOKEHHI HE MOXKHa OJIEpKaTH OJHOPITHY CTPYKTYpYy, SIK 1 OJHAKOBI
BJIACTHBOCTI Ha TepeTuHi BUpoOiB. Lle oOyMOBIE€HO THUM, IO B CepeAMHI BUPOOY MIBUIKICTH
OXOJIO/DKEHHS 3aBXKIM HIDKYA, a OT)KE, BIACTHBOCTI IMOBEPXHI i CEPLEBUHHU OyIyTh BiAPIZHATHUCS.
Takuit ¢akT ciig ypaxoByBaTH MpH MPU3HAYCHHI YaCcy BUTPUMYBAHHS JIJIsl TOMOTEH13allii ayCTeHITy
nepe]] HACTYITHAM OXOJIO/KEHHSIM BHPOOY TIpH OyIb-IKOMY BUI1 TEPMOOOPOOKH.

ButpumyBaHHS HpH TOMOreHi3alii ayCTEHITy MOBMHHA NPU3HAYATUCS 3 ypaXyBaHHSAM
OJICpP)KaHHA AaKTHBHOI CTPYKTYpHOi 30HH ayCTEHITY, SKa TICJIA OXOJIOMDKCHHS B TPOLECi
TepMOOOpPOOKH Mae 3a0e3nedyBaTu HeOOX1IHY KOHCTPYKTUBHY MIIHICTh BUPOOY.

Slkmo BiOMI MIBUAKOCTI OXOJIOKEHHS HA TEPETHHY BUPOOIB, TO 3a IXHIMH 3HAYEHHSIMH,
BUKOPUCTOBYIOUM JliarpaMy 130T€pPMIYHOTO NEPETBOPEHHS AayCTEHITYy, MOXKHa IPOrHO3YyBaTH
CTPYKTYpy B 00cs31 Bcboro BupoOy. Ile Ourbmr 3pydyHo, HDK BHUKOPHUCTAaHHS Jiarpam
TEPMOKIHETUYHOT'O IEPETBOPEHHS, TOOY10BA AKX € TPYIOMICTKMM IPOIIECOM.

BUCHOBKU
TakuM YMHOM, E€KCIIEPHMEHTAIFHO BCTAHOBJICHO, IO MpPU OE3MEepepBHOMY OXOJIOKEHHI
KOHCTpYKLiNHHOI cTanmi 65C2BA y mnceBrnoTBepAOMY CEpeIOBMILI, MEPETBOPEHHS MPOXOAAThH
BIJIOBIAHO JI0 1HTEpBAJIIB TEMIIEPATyp 1 TUIIIB CTPYKTYp, IO YTBOPIOIOTHCS 3TITHO 3 JlarpaMoro
130TepMIYHOrO0 TEPETBOPEHHS AayCTEHITy cTadi. ToMy OTpuUMaHi pe3ylbTaTH JOCIHiIKEHb
OXOJIOJDKEHHSI KOHCTPYKIIIHHOI CTajli MOXYTh OYTH BHKOPHUCTaHI JUIsl PO3pPOOJCHHS HOBHUX
€HEepro30epekHUX PEKUMIB TEPMIUHOI 0OPOOKH cTaseH.
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