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JIpyKyeThest 3a pillleHHAM BUEHOI paay UepHIriBCHKOr0 HalliOHAJIBHOTO TEXHOIOTYHOTO YHIBEPCUTETY (IIPOTOKOI
Ne 9 Bin 24.09.2018 p.). HayxoBwuii sxypHan «TexHi4HI HAyKH Ta TEXHOJIOTi» BHECEHO 10 NEPETiKy HAYKOBUX (haxOBHX
BHaHb YKpaiHy, 3arBepmxeHoro Hakazom MinicTepcTBa ocBiTH 1 Hayku Ykpainu Bij 28.12.2017 p. Ne 1714.

Texniuni Haykn Ta TEXHONOTIi : HAYKOBWH >XypHan / YUepHIriB. Ham. TEeXHON. yH-T. — YepHiris
YHTY, 2018. — Ne 3 (13). - 278 c.

VY 1boMy BUITyCKY KypHaily «TeXHiuHi HAyKM Ta TEXHOJOriD» BMIIIEHO CTATTi, IPHCBAYEHI TEOPETUYHHM Ta EKCIIEPHMEH-
TaJIbHUM JOCIIPKEHHSAM Y Taly3aX TeXHIYHUX HAayK: MPUKIAAHOI MEXaHIKM; TEXHOJOT1H MalMHOOYIyBaHHS Ta aBTOTPAHCIIOPTY;
3BapIOBaHHs Ta MaTepiajo3HABCTBA; iH()OPMALIHHO-KOMII FOTEPHHX TEXHOJOTIH; €HEPreTHKH, eEKTPOTEXHIKM Ta eJEKTPOHIKH;
TEXHOJIOTiH XapuoBOi Ta XIMIYHOI IPOMHCIIOBOCTI; TEXHOJIOTIH OyniBHUITBA Ta reoze3ii. CTaTTi HalMCaHi HAYKOBLISIMH, acIlipaH-
TaMH, MariCTpaHTaMH Ta CTyJEHTaMH i IPOpPELEH30BaHi IPOBIHUMH BUEHHMH BUILMX TEXHIYHUX HABUAJIBHUX 3aKJIAIIB.

Kypnan «TexHiuHI HAyKM Ta TEXHOJIOrii» Oyle KOPHMCHUM IJIsI HAYKOBLIB Pi3HUX rayy3eil TEXHIYHMX HayK, HayKOBO-
TEXHIYHHX IPALiBHUKIB, aCHIPaHTIB, MariCTPaHTIB Ta CTYACHTIB BUIINX TEXHIYHNX HAaBYAJIbHUX 3aKJIAIIB.
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PO3PAXYHOK CHUJI PI3AHHSA OJUHUYHUM ABPASUBHUM 3EPHOM
OPIEHTOBAHOI'O IIVII®YBAJIBHOI'O KPYT' A

Axmyanshicme memu oocniocenns. Y npoyeci winihysanus adpasusHUM 3epPHOM OPIEHMOBAHO20 KPY2a HA HbO2O Ol0Mb 00U-
HuuHi cunu pizanms. Buznavenns peanvhux 3suavens 3ycuis ) 30Hi 00podyi 003601€ GUOPaAMU ONMUMATLHE PEXCUMU ULTIGHYBAHHSL.

Ilocmanogexa npoonemu. Ilpu suxopucmani emMnipuiHo20 ma po3paxyHKo80-eKCnepUMeHmManbHO20 Memooié 8U3HAUEHHs]
cun pizanHa nio yac winighyeans GUHUKAIOMb HEMOYHOCMI GHACTIOOK He0OXIOHOCII 8U3HAYENHS eKCHEPUMEHMATLHUX OAHUX.

Ananiz ocmannix docnioxcens i nyonikayiil. 3anpononosano ymounionyy mMemoouxy po3paxyHKy Cui pizaHus npu
wiighyeanti opieHMoBAHUM IHCMPYMEHMOM, AKA 8PAX08YE HAAGHICMb dehopmylouux 3eper y 30Hi konmaxmy. Tlowupeni
npoepamui Memoou po3paxyHKy Cui pizants, wjo 6a3yIomovcs Ha BUKOPUCMAHHT MeMOOY CKIHUEHHUX elleMeHmis.

Buoinenns nedocnioxycenux uacmun 3azanvnoi npoonemu. He posensnymo memoou po3paxyHky Cui pizamts, wo eu-
HUKaroms nio 4ac wiighy8anHs opieHmMoganum Kpy2om ma Oitoms Ha 0OHe adbpazughe 3epHo.

Ilocmanogka 3ae0auns. Pospaxynok cun pizanus, uwjo 0itoms Ha 0OuHU4He abpasusHe 3epHO 8 npoyeci winighysants 3i
cxpeujeHuMy ocamu incmpymenmy ma oemani. Busnavenns cun pizanms wasxom mooenosanis npoyecy 06pooku  cucmemi
Abaqus ma 3 6UKOPUCIAHHAM PO3PAXYHKOBO-EKCHEPUMEHMANILHO20 MEMOOY.

Buknao ocnognozo mamepiany. Y npocpamnomy naxemi Abaqus nposedeno mooenioganns npoyecy pizanHus n08epxui
3a20MOBKU OOUHUYHUM AOPA3UBHUM 3EPHOM OPIEHMOBAH020 iHCmMpyMenma. Buaeneno 3akonomipnocmi 3minu cunu pizanmsa
630089iC pizanbHoi kpomku 3epHa. Pos3paxosana cymapna cuna pisanns, wo oic Ha oone abpaszusHe 3epHO, 3 GUKOPUCAHHAM
Memooy CKiHUeHHUX eleMenmis y npocpamuomy naxkemi Abaqus ma 3a 00nomo2ol po3paxyHKOB0-eKCHepUMEHMANIbHUX
Gopmyn y mamemamuunomy naxemi Mathcad.

Bucnoexu 6ionogiono 0o cmammi. Bussneni 3axonomipnocmi po3nooiny cun pisanus 0adymb MOJICIUGICMb ONMu-
ManbHO20 BUOOPY pedtcumie 06pooKuU.

Kniouosi cnosa: winigpysanns; opienmoganuil iHcmpymenm, mpusumipHe MoOemo8aHHs, CUlU Pi3aHHs,; 3epHo.

Puc.: 10. bion.: 7.

AKTYyaJIbHiCTh TeMH JOCTII:KeHHsl. 3 METOI0 3a0e3neveHHs HeoOX1IHOT TeOMETPUYHOT
TOYHOCTI Ta MIOPCTKOCTI MOBEPXHI IHPOKO BHUKOPUCTOBYIOTH orepauii nuripyBanus. Haii-
OUIBII IPOTPECUBHUM METOJIOM ILTiIPyBaHHS € TTHOMHHA 00pOOKa OPIEHTOBAHUM IHCTPYMEH-
TOM. Y TIpOIleci 3HATTS MPUITYCKY BUHUKAIOTh BIATOBIAHI CHIIM Pi3aHHs, PO3PI3HAIOTH CyMap-
Hi Ta OAMHUYHI. BU3HaueHHS peaslbHUX 3HAYEHb 3YCHJIb y 30HI 00OpOOKM J103BOJIsIE BUOpATH
ONTUMAJIbHI PeXXUMHU IUTIQYBaHHS 3 OISy 3a0e3MeueHHs HeoOXiTHOT AKOCTI Ta MPOTYKTH-
BHOCTI. OTXe, 3a/laua BU3HAUEHHS CWJI, IO AIIOTH Ha OJUHHYHE aOpa3suBHE 3€pHO IiJ] Yac
1uTiyBaHHS OPIEHTOBAaHUM KPYTOM, € aKTYaJIbHOIO.

ITocTanoBka npodJemu. [Ipu abpasuBHOMY 1UTIQYBaHHI OPIEHTOBAHUM IHCTPYMEHTOM Y
MpoIleCi 3aHATTS MPUIYCKY Oepe ydacTb psija adpa3uBHHX 3€pEH, caMe TOMY MPUUHSATO pO3-
TJIA7aTH HE TUIBKU CyMapHY CHITY pi3aHHs, 110 BUHUKA€E B 30HI KOHTAKTYy IHCTPYMEHTY Ta Jie-
Taii, ane ¥ OAMHUYHI CHIIH, IO 0T HAa KOKHE adpa3uBHE 3epHO B Mpolieci o0pooku. [yxe
MOLIUPEH] EMITIPUYHUIN Ta PO3PaXyHKOBO-EKCIIEPUMEHTAIbHI METOM BU3HAUYEHHS CHII pi3aH-
Hs npu nwtigysanHi [1; 2]. OqHak npu BUKOPUCTAHHI KOKHOTO 3 HUX BUHUKAIOTh JEAKi HETO-
YHOCTI 32 paXyHOK HEOOX1JIHOCT1 BU3HAUYEHHS €KCIIEPUMEHTAIbHUX JaHUX Ta KUIBKOCTI pi3a-
JBHUX 3€PEH Y MeXKaX IUIIMU KOHTAKTy OPIEHTOBAHOTO IHCTPYMEHTY Ta JETall.

AHaJi3 ocTaHHiX pociailkeHb i myOuaikamiii. Y po6orax [3; 4] 3ampomoHoBaHO yTOY-
HIOIOYY METOJIMKY PO3paxyHKy CHJI pi3aHHs MpH HUTI(YBAaHHI 31 CXPEIIEHUMH OCSIMHU 1HCTPY-
MEHTa Ta JeTalli, sika BpaXOBY€e HAABHICTh Ne(OPMYIOUMX 3€peH Y 30H1 KOHTAKTY, MiAJaTIu-
BICTh 0OpOOIIIOI0YOT CUCTEMHU Ta MEPEPUBUYACTICTH MOBEPXHI Kpyra. Y poboTi [4] HaBeneHO
METOJUKY PO3paxyHKY OJMHHYHUX Ta CyMapHHX CHJI pi3aHHs MpH 0OpoOIli HeXOPCTKOI me-
pepuBYacCTOl MOBEPXHI IOIYACTOI rapHITYpH O6apabaHiB Ta BaJHMKIB TEKCTHIIBHUX MAIIUH Opi-

€HTOBAHUM ILTI(QYBaTbHUM KPYTOM.

© Kampuenko B. 1., Kanpuenko B. B., Komorotina A. B., Kyxensawuii 5. B., 2018
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VYce 6uIbIIOro MOmMpeHHsT HabyBalOTh MPOTPaMHI METOM PO3PaXyHKY CHJI pi3aHHS OCHO-
BaHI Ha BUKOPUCTAaHHI METO/y CKIHUEHHHX eJleMeHTIB [5; 6; 7]. Haiiyactime MojentoBaHHS
MPOIIECY pi3aHHS 3AIMCHIOIOTH 13 BUKOPUCTAHHSIM TAaKUX MPOTPAMHUX MPOIYKTIB, K Ansys,
LS-Dyna, Abaqus Ta iH. BoHU IpONOHYIOTH HIMPOKUH IHCTPYMEHTApil U1 POBEICHHS JTiH1H-
HOT'O Ta HEeNHIHHOTO aHaNi3y, PU IIbOMY KOPUCTYBa4d MOKe a00 CaMOCTIIfHO 3a/1aBaTh OCHOBHI
XapaKTepPUCTUKU MaTepialliB IHCTPYMEHTY Ta JieTaji, ab0 BUKOPUCTOBYBATH BOyoBaHi 610:i0-
Tekd. Y poOoTi [6] HaBeAeH] MPUKIIAAN MOJICIIOBAHHS HANPYKEHO-1e(pOPMOBAHOTO CTAHy 30HU
pi3aHHs npu TouiHHI B cucteMi LS-Dyna. 3arnponoHoBaHi MeTOMKH onucy oOpo0Ioryoi cuc-
TEMH, 0COOIMBOCTI BUOOPY BIACTUBOCTEN MaTepiajiB iIHCTpYMEHTY Ta Aetani. HaBeneHi ocHo-
BHI IPUHIMITK BUOOPY BETMYUHU Ta THITY CITKU CKIHUEHHHMX €JIEMEHTIB, 3 METOIO IiIBUILEHHS
JOCTOBIPHOCTI PO3PAaxyHKY Ta 3MEHIIEHHS MAIIMHHOTO 4acy oOpoOKH 3agayi. 3araibHa MeTo-
JMKa BUOOPY THITY Ta BCTAHOBJICHHS BIIACTUBOCTEH aOpa3HMBHOTO 3epHa HaBeeHa B poOoTi [7].

Buainenns HegoCiPKeHUX YaCTHH 3arajibHOI MpoodaemMu. Y po6oTi [6] HE pO3TISTHYTO
METOJM PO3PAXYHKY CHJI pi3aHHs, 10 BUHUKAIOTh NP HUTi(YyBaHHI OPIEHTOBAHUM KPYTOM Ta
TIIOTh Ha OJJHE aOpa3uBHE 3€PHO.

Merta crartTi. ['0J10BHOIO METOI0 pOOOTH € pO3PaxyHOK CHJI Pi3aHHs, IO AiOTh HAa OJHU-
HUYHE abpa3uBHE 3€pHO MiJ yac HUTiIQyBaHHS CTAJIEBUX JETaliei 31 CXpEUICHUMH OCSIMH iH-
CTPYMEHTY Ta jAeTayli. BU3HaueHHS chi pi3aHHS LUIAXOM MOJEIIOBAaHHS Ipolecy oOpoOKu
OJIMHUYHUM aOpa3MBHUM 3€pHOM y cHucTeMi Abaqus Ta 3 BUKOPUCTAHHSM PO3PaxyHKOBO-
EKCIIEPUMEHTAIBHOTO METOTY.

Buxkiax ocHOBHOro marepiaiy.

Po3risiHeMO cxeMy KpyrJioro MoB3J0BXHBOTO HUTI()YBAaHHS OPIEHTOBAHUM IHCTPYMEHTOM
WIHAPUYHOT cTymeHi Banuka naiamerpoM 30 MM (puc. 1), BUTOTOBIEHOTO 3 Marepiary
Craip 45. O6poOky Oynemo npoBoauty nutipyBansHuM Kpyrom [-200%25%32 25A 25 CT1 7K.
IBuakicTs 06epranns uutidyBansHoro kpyra 30 m/c, nerami 30 M/XB.

X

!

Puc. 1. Cxema no630062cHb020 Kpyeno20 wnig)y8ants 6aiuxa

BuszHaunMo yac pi3aHHsS Ta JOBXKUHY AYTH KOHTaKTy IJIs JAESIKOTO OJMHHYHOTO adpa3wB-
HOTO 3€pHa 3 TOBEPXHEI0 BAJIMKA 32 METOJUKOIO OMHCaHOIO B pobOoti [7]. BigmosimHo mo

10
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puc. | mporiec 3HATTA NPUITYCKY MOYMHAETHCS y TOYII [, Ipu bOMY KyT BXOJy 3€pHa B TUIO

JeTalll B CUCTEMI KOOPJMHAT AeTalll &, , IHCTpyMEHTY — &y;
(Rd+Ri)2+R§_Ri2 _(R()+Ri)2+(Rd+t)2_Ri2 (1)
2'(R(>+Ri)'R3 B 2'(Ra+Ri)'(Rd+t) ’

cos(a, )=

cosli ) (Ro+ B R RE(Ry + R+ R (R ) o
n 2-(Ry+R;)-R, 2-(Ry+R;)-R; ’

ne @, 0, — MOYaTKOBHM KyT KOHTAaKTy B CUCTeM1 KOOPJAHMHAT AETali Ta Kpyra BilMOBIIHO;
R3 — paniyc 3arotosku; R, — paniyc nerani; & — paiyc iHncTpyMeHTy; ¢ — rIUOUHA pi3aHHS.

3HATTA MaTepiany NPUNUHAETbCS B HososxkeHHi 11, ne ¥ -7 =0 Ta GopMyeTbcs KiHIEBHil
po(iab MOBEPXHI HUIIHIPHIHOrO Bauka. TOOTO KyT BUXO.Ly 3epHa 3 30HU 00pOOKHU ¢, = () .

[Tomaua matepiany B 30Hy 0OpOOKH 3IIMCHIOETHCS 32 IOTIOMOTOIO IBOX CKJIaIOBUX: IIBU-
JKOCTI OOepTaHHs JIeTalli Ta IHCTPYMEHTa. Y 3araJlLHOMY BHUIIQJKy KyTOBA IIBUJKICTH PyXy

IHCTpyMeHTa Ounblia, HiK y AeTani. BogHowac mig yac moBOpOTY Kpyra Ha KyT (f;, IOBEpX-

Hs JI€Talll IOBEPHETHCS Ha JEAKUI KyT O,

0 ni a)i ni I/l R() .
CymapHuii KyT KOHTaKTY
O, =0ty + 0 £y09= 0y £y, (4)

3arasibHa IOBXXWHA PUCKH, IKY 3JIMIINTH OJJMHUYHE 36pHO Ha MOBEPXHI AeTali

L=0y;-R; 0y, Ry. (5)
V piBHAHHAX (3), (4) ciin BUOMpATH 3HAK «-» AJS MOMYTHOTO HUTIQYBaHHS, «+» — s
3YCTPI4HOTO.
3aranpHui yac poOOTH 3€pHa 7

= ni l'

V. (6)

Jlns 3amammx ymoB poborum (R, =15mm; R =100mm; ¢=0,1mu; V,=10Mm/c;

V:=30Mm/c) orpumaemo

i =148%5 @00 = 0,055 L, = 2,63 o, Ly =254mm, 7=8,61-107¢c,  (7)
ne L., L, — nowkuna pucky, Ky 3alMIINT OJXMHAYHE 3€PHO HA TIOBEPXHI JAETAli I 3y-
CTPIYHO1 Ta MOIMYTHOT cXeM 0OpPOOKH BiIMOBIIHO.

3 METOI0 JOCTIUKeHHS BIUIMBY MapaMmeTpiB Ipoliecy OOpOOKM Ha JOBXKUHY KOHTAKTY
OJIMHUYHOTO a0pa3rBHOTO 3epHA 3 IOBEPXHEIO JieTaii mooymayemo rpadiku (puc. 2).

Sk BUAHO 3 pucC. 2, a, 6, HAHOUTBII CYTTEBUIN BIUIMB Ha JOBXKUHY JIiHII KOHTAKTY OJHMHUY-
HOro a0pa3MBHOTO 3€pHA Ta MOBEPXHI LUJIIHAPUYHOTO BAIMKA Ma€ TJIMOMHA pi3aHHA Ta paji-
yc 006po0Onenoi noBepxHi. Tak, y pa3i 30UIbIIeHHS ITMOMHY pi3aHHs 10 1 MM JOBXKHHA PHCKH
Ha MTOBEPXHi AeTaji Moxe csaratu § mMm. [Ipu 1iboMy ISl CXeMH MOMYTHOTO NUTipyBaHHS 3pO-
CTaHHs TOBXHHHU PUCKHU BiOyBaeThbcs Nemio nopinbHime. [Ipu 30inbineHH1 qiameTpa 06po0o-
JIIOBAHOI JIeTali 3a CXeMaMH 3yCTPIYHOTO Ta MOMYTHOTO Pi3aHHS JOBXKMHA JIiHIT KOHTAKTY I10-
CTIfHO 30UTBIIYETHCA (pHC. 2, 0).

11
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Ha puc. 2, 6, 2 300paskeHo Tpadiky 3aIeKHOCTI JOBKUHHA KOHTAKTY 3€pHA Ta JAETall 3aIeKHO

B/l IIBUJIKOCTEH 00epTaHHs aetaii (puc. 2, ) Ta iIHCTpyMeHTY (puc. 2, 2). IIpu npomy 301IbIIeHHS

IIBUKOCTI 0OepTaHHs JAeTall BUKIMKA€E 3MEHIIEHHS JTOBKHHU PUCKHU IS TIOMTYTHOT cXeM 00po0-

KU Ta 1i 30UIbIIeHHs i 3ycTpiuHoi. [Ipy 3MiH1 mIBUAKOCTI 0O0epTaHHS IHCTPYMEHTY B Jliana3oHi

1o 10 m/c noBkMHA JTiHIT KOHTAKTY MPU NOMYTHOMY IITi(hyBaHH1 30UTBIITYETHCS, a IPH 3YCTPIUHO-

MY, HaBIaKH, 3MEHIIyeThcsl. OHAK KOJIM JIOCSTAeThCs JesKe KPUTHYHE 3HAYEHHS, MOJJalIbIIIe 3pOo-
CTaHHS IIBUKOCTI 0OepTaHHs IHCTPYMEHTY Ha JIOBKHHY PHCKH Maiike HE BIUIUBAE.

10

8 T =

Lz(t) ¢ ] i

-L-pEt) 4 /M

AR

0

0 210 * 4107t 610" 8x10™ " t,m
a
3
24
Lz(Rd), ,
Lp(Rd) 1 g
MM 14
1
0.01 0.02 0.03 0.04 Rd, m
o
1.65

1.638 /
Lz(Vd) | 626

Lp(Vd) Lelgf—— " o [T
1.59
0 0.1 0.2 03 Ve
6
2.5
2.1 \\
Lz(Vi)q
Lp(Vi)1 3 s
- #
MM 0.9 &’
0.5 |
0 L ” Vi, mfc
et

Puc. 2. I'paghixu 3minu 0082CUHU KOHMAKMY 0OUHUYHO20 3ePHA MA Oemaii

[TpoBenemMo MoaeIIOBaHHS MPOLECY Pi3aHHS OJUHUYHUM a0pa3uBHUM 3€pHOM Yy IPOTpaM-
HoMy makeTi Abaqus i onucanux yMoB 00poOku. [Ipu nbomy, sk BUTHO 3 MomepenHix 00-
YHCJIeHb, JOBXKHHA JIiHII KOHTAaKTy a0Opa3WBHOTO 3epHa Ha TOBEPXHI JeTaji CTaHOBHTH

L, =2,63 mm , 9ac pizaHHs 7z = 8,61 107%¢ (puc. 3, a). BpaxoByrouu, 110 pajiyc o0pooieHot

noBepxHi Banuka craHoBuTh R, =15MM, a posmipm aGpasmBHOrO 3epHa HEBEIHKi

12
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(=40 mxm, a, =10 uxm , Y = —450) (puc. 3, a, 6), TO LI0 CXeMy MOXHA 3aMIHUTH Ha aHa-

JIOTiYHY, allPOKCUMYIOUHM JUISHKY JYTH B MPSIMOJIHIAHUHA Bigpizok. [Ipu npomy rimbuny pi-
3aHHS Ta JOBXHUHY JIiHII KOHTaKTy 3aJHMIIAEMO HE 3MIHHMUMHM, a IIBUIKOCTI 0OEpTaHHS iH-
CTpyMEHTa Ta JeTaji 3aMIHIOEMO Pe3yIbTYIOUOI0 IIBUAKICTIO PYXY 3€pHa BIAHOCHO MOBEPXHI
3aroToBKH. Banuk BBaxkaeMo HepyxoMmuM (puc. 3, 8).

v f -
< [
\_J/ ‘
R40 mxm T
0 6

Puc. 3. Cxema pizannam oOuHUYHUM AOPA3USHUM 3EPHOM

3D-mMonens MoBepXoHb AeTani Ta abpasuBHOrO 3epHa, CTBOPEHA B MPOTPAMHOMY MaKeTi
Abaqus, nokazana Ha puc. 4. J[ns BU3HAUCHHS 3HAY€Hb CHJI Pi3aHHA, IO JAiIOTh HA 3€PHO B
mporieci 00poOku, Ta MOOya0BU TpadikiB iX 3MIHHM 3aJ€KHO BiJ 4acy poOOTH BHUIUIMMO Ha
3epHi aeski Touku 1, 2, 3.

Puc. 4. 3D-mo0env nosepxonv demani ma adpasueHo2o 3epHa
3 KOHMPOJIbHUMU MOYKAMU 8 NOB3008AHCHLOMY Nepepisi

VY pe3yabTari MOJENIOBAHHS MPOLIECY Pi3aHHS OJMHUYHUM 3€pHOM Y makeTi Abaqus ams
BU3HAYCHUX, KIIOUOBUX TOYOK OTpUMAEMO rpadiku 3MIHM CHIIHM 3aJIe)KHO Bil 4acy oOpoOKu
(puc. 5). IIpu bomy Ha pHcC. 5, a 300pakeHO KpUBY 3MIHM HAaBaHTAXECHHS HA 3€PHO 3AJIEKHO

BiJl 4acy I TOUKH 1; Ha pHcC. 5, 6 — U TOYKU 2; pUC. S5, 8 — ISt TOUKH 3.

F(t), H Fltl, H
40

- —— TN
0.0 10 \ .

tc 0

0 a0t 2107 310

0 1x10° 2x10° 3x10°
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F(t),. H

U
/\ '\\
| \
1] tc
0 1x10~4 2x10 4 3x10”?

6

Puc. 5. I'paghixu sminu cunu, wo i€ na abpazugne 3epHo 3a1eHCHO
8i0 uacy ob6pobKu 0151 MOYOK NOB3008HCHLO20 Nepepizy
Takox po3paxoByeEMO CHIJIM pi3aHHS, IO JAIOTH HA 3€pHO, Ui IHIIMX KIFOUYOBUX TOUOK
(puc. 6). Pe3ynpTat MoOJeNIOBaHHS y BUTIIAAI rpadikiB 3MIHH CHUJIH BiXl 4acy oOpoOku 300-
pakeHi Ha puc. 7.
Ha puc. 7, a 300paxeno rpadik 3MiHM cuiH, 110 Ai€ B Touli 1 (puc. 6), puc. 7, 6 —y TouIi
2, puc. 7, 6 — y Toui 3, puc. 7, 2 — y Touiri 4.

Puc. 6. 3D-mo0enb nosepxonv demani ma adpasuérHo2o 3epHa
3 KOHMPOIbHUMU MOYKAMU 8 NONEPEUHOMY nepepizi

I'padix 3MiHM cymMapHOi CHIIH, LIO Ji€ Ha 3€pHO, 3AJIEKHO BiJl 4acy 0OpoOKM 300pakeHO
Ha puc. 8. Takox y pe3ynpTaTi MOJICITIOBaHHA Mpoliecy HuTihyBaHHS OAMHUYHUM aOpa3suBHUM
3epHOM MO>KHA OTPUMATHU Ta JOCTIIUTH KapTy HANpYXeHb AeTalll B OyAb-IKUH MOMEHT 4acy
(puc. 9), Bu3HauUuTH (POpMy Ta XapakTep yTBOPEHHS PUCKH IPH pi3aHHI MaTepiany abpa3uB-

HUM 3epHOM 3a1aHoi hpopmu (puc. 9).
F(t), H

Flth H
1
% y

/ ~ i

1 \\\\\h‘\ﬂ‘i ) ///

ax107*

1x1074

2x10°

tc
307"

a 9]

F(t), H F(t) H
1
i ) // %
I E— I I —
, 7 T\ 7
tc

0 =107t 20 07t 0 =10~ 2x107*

6 et

te
3x107*

Puc. 7. I'paghixu sminu cunu, wo Oie Ha abpazuhe 3epHo 3a1eNHCHO
8i0 uacy oo6pooKu 0151 MOYOK NONEPEeUHO20 nepepizy
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F(t), H
4

3

4/

1

tc
0 1107 2107 3107

Puc. 8. I'paghix 3minu cymapnoi cunu pizanms, wo oi€ Ha adpazusHe 3epHo

Puc. 9. Hanpysicenns nogepxunegozo wiapy oemani npu pizaHHi 0OUHUYHUM 3EPHOM

3HaiiieMo cuily pi3aHHs, IO Ji€ HAa OJUHUYHE a0pa3uBHE 3€PHO, 32 METOIUKOIO, 3aIpo-
nonoBaHoto dDimimonosum JI. M. [1]. Ha okpeMy pi3ainbHy KpOMKY HIIOTH CHIH 3CYBY Peo,
TepTs Pmp Ta iHEPLIT Py

:'rs‘az‘b‘sin(ﬂ+¢s)+7z‘rs‘bz‘,quaZ.b.p .Vz(l_sin(ﬂysin(j/)}(g)

P =P,+F, +F,

" sin(f) - sin(¢,) 12 ! cos(f )
propriop o il caz-b-cos(B+¢,) LT b vazbop V2 1_sin(ﬂ)~c0s(7/) . (9)
Com sin(B)-sin(g) 124, C cos(f —7)

ne P’, P'— TaHreHUiabHa 1 HOpMaJIbHA CHJIM MIKpOPI3aHHS OAHUM aOpa3MBHUM 3€PHOM; Ty —
HaNpYy>KEHHs 3CYBY; b — IIUpPUHA IUIOLIMHM Bpi3aHHs; f — KYT 3CyBYy Marepiaiy AeTaii; ¢s —
KYT TEpTS B IUIOIIKHI 3CYBY s, 4 — KOSQIIIEHTH TePTA B IJIOMIMHI 3CYBY 1 Ha 3aJHIA MOBEPXHi
KPOMKH; p; — TYCTHHA MaTepiany 3aroTOBKHU; Vy, — MIBUAKICTh HITiIQYBaHHS; Y — NEPEAHIA KyT
PLKYYOT KDOMKH.

Jlist BKazaHuX yMOB 00poOku orpumaemo: P*=9 H; P" =20 H, mo moBHICTIO y3ro-
JDKYETBCSI 3 TIOTIEpeTHIMH po3paxyHKaMu. ['padiku 3a1exHOCTI TAaHTeHIIIaTbHOI Ta HOPMailb-
HOT CKJIAJIOBUX CHJI pi3aHHS BiJ] IIBHIKOCTI 00poOKu 300paxeni Ha puc. 10.

40 T T T T

vV, m/c

Puc. 10. I'pagixu 3anesxcnocmi HOpMarbHoi ma maHeeHYiAIbHOL CUL PI3AHHS
810 weuUoKocmi 06poOKuU
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BucHoBkH BimoBigHo 10 cratTi. [IpoBeieHo MoEMIOBaHHS MPOLECY pi3aHHS OJUHUYHUM
aOpa3svBHUM 3€PHOM OPIEHTOBAHOTO IHCTPYMEHTA MOBEPXHI 3arOTOBKM B MPOTPAMHOMY IMaKeTi
Abaqus. Y mporieci T0CHiKEHHs BUSABJICH] 3aKOHOMIPHOCT1 3MIHM CHJIH Pi3aHHS B3/I0BXK Pi3alib-
HOi KPOMKH 3€pHa 3aJIeKHO Bi yacy poboTu. Po3zpaxoBaHa cymapHa cuia pi3aHHs, IO i€ Ha
oJ1HE abpa3uBHE 3epHO, 3 BUKOPUCTAHHSAM METO/Y CKIHYEHHHX €JIEMEHTIB Y IPOrpaMHOMY IMaKeTi
Abaqus Ta BUKOPUCTOBYIOUH €KCIIEPUMEHTAIbHI (POPMYIH PO3PaXyHKY B MaTEMaTUYHOMY TTaKe-
Ti Mathcad. HaBezneni rpadiku 3MiHM HOPMAaIBHOI Ta TaHTCHLIAIBHOT OJMHUYHUX CHJI Pi3aHHS
3aJISKHO Bifl IIBUJIKOCTI 00poOku. CriporHo30BaHo GopMy PUCKH Ha MOBEPXHI JeTalli Ta BU3HA-
YeHO HaNpYKEHHS OBEPXHEBOTO IIapy JAeTali B mporeci nutidyBaHHs. BusBieH1 3akOHOMiIpHO-
CTi PO3MOJIUTY CHJI Pi3aHHs JaayTh MOXKJIMBICTb ONTUMAIBLHOTO BUOOPY PEXHUMIB 0OPOOKH.
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Vitalii Kalchenko, Volodymyr Kalchenko, Antonina Kolohoida, Yaroslav Kuzhelnyi

CALCULATING THE FORCES OF CUTTING WITH A SINGLE ABRASIVE
GRAIN OF THE ORIENTED GRINDING CIRCLE

Urgency of the research. Grinding grain is acted by single forces during the grinding by oriented circle. Determination
of the real values of forces in the processing zone allows you to select the optimum grinding conditions.

Target setting. When we using empirical or computationally-empirical methods of determining the cutting forces during
grinding, inaccuracies arise because of the need to determine the experimental data.

Actual scientific researches and issues analysis. A technique is proposed for calculating the cutting forces during
grinding by an oriented tool that considers deforming grains in the contact zone. Software methods for calculating cutting
forces that use the finite element method are common.

Uninvestigated parts of general matters defining. The methods of calculating the cutting forces that arise when grind-
ing a oriented circle and act on one abrasive grain are not considered.

The research objective. Calculation of cutting forces that act on a single abrasive grain during grinding with the
crossed axes of tools and detail. Determination of cutting forces by modeling the processing process in the Abaqus system
and using the calculation-experimental method.

The statement of basic materials. Modeling of the cutting process by a single abrasive grain of the oriented tool of the work-
piece surface in the software package Abaqus was carried out. The revealed regularities of the change in the cutting force along the
cutting edge of the grain. The total cutting force acting on one abrasive grain is calculated using the finite element method in the
Abaqus software package and using the calculation and experimental formulas in the mathematical package Mathcad.

Conclusions. The found regularities of the distribution of cutting forces will enable the optimal choice of processing modes.

Keywords: grinding; oriented tool; 3D modeling; forces of cutting; grain.
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BIIJIMB 3HOCY 3EPEH HA TEOPETHYHY JOBXUHY
TBIPHOI TOJIOBHOI'O PI3AJIbHOT'O KOHYCA

Axkmyanvhicmos memu 0ocnioycenna. IliosuwenHs npoOyKmMuUGHOCMI aimMasHo20 wighy8anHs npu 3a6e3nedenHi AKocmi
00pO6II0BAHOT NOGEPXHI MA 30€PeNCEeHHI GUCOKUX NOKAZHUKIE NPAYE30aMHOCTIL KPY2i8 € 6adCIUBUM 3A6OAHHAM MAUUHOOY-
0i8HO20 BUPOOHUYMEA.

Hocmanoexa npoénemu. Jlocniosncenns npoyecy 3HOULYGAHHS PI3ANbHOI NOBEPXHI WIMAZHUX UWLTIHYBATBHUX KPY2i8 3
Memoro nioguwyeH s nPOOYKMueHoCmi 06pobku ma 3HudIceHHs ii cobisapmocmi.

Ananiz ocmannix 00cnioxcens i nyonikayi. Ananiz 00CaiOHCeHb 3HOUYBAHHA POOOU020 WaAPY WNIPY8aATIbHO20 Kpyed 6
paodianbHomy nepepizi noKasas, wo 3aKOHOMIPHOCI YMBOPeHHs po6OYOT NO8epXHI 3anedcamy sK 6i0 eudy i Memooy wigy-
6AHHS, MAK I 80 YMO8 006pOOKU. 3MiHA PO3MIPIE | 2e0MempuiHOl Popmu Pi3anbHOT NOBEPXHI KPYy2a 3yMOBILEHA 3HOCOM OKpe-
Mmux 3epen. Y npoyeci 00cniOdCceHHs 3aKOHOMIpHOCMEl 3HOCY OOUHUYHUX AOPA3USHUX 3epeH 30e0IiNbuio20 pO38 A3YEMbCs
3a0aua cmilikocmi oKpemoz2o 3epHa y 36 A3yi Kpyea.

Buoinenns nedocniosycenux uacmun 3a2anvhoi npoonemu. Biocymui docniodcenns npoyecis, aki 00HOUACHO NOEOHY-
10Mb Y COOI MIKPO- Ma MAKPOZHOULYBAHHSL POOOUO20 WAPY UATI(YBATLHO20 THCPYMEHMY.

Ilocmanogka 3asdannsa. Memoio pobomu € 00CHiONCeHHs BNAUBY 3HOCY ANMAZHUX PI3ANbHUX 3ePeH HA Meopemuity 0o-
BIICUHY MBIPHOT 201108HO20 PI3ATBHO20 KOHYCY POBOUO20 WAPY AIMA3HO20 ULTIYEATbHO20 KpY2a.

Buxnao ocnoenozo mamepiany. Ilokazano, wo opmoymeoperuss npoino pobouoi nosepxui winighyysanvHoeo Kpyea
3anedxicums 8i0 ymos o6podbxu. Bemarnoeneno, wo meopemuuna 0osdicuna meipHoi eonosnoeo pizanvhozo konyca (I'PK) e
pyHryicio 6i0 uacy KOHmMAaxmy 3epHa 3 0OPOBIIEAN0I0 NOBEPXHEID, OMNCE, 3ALENHCUNb Gi0 3HOCY PI3AILHO20 3ePHA NO 3AOHIT
nogepxHi. BUKOHaHO meopemuyni 00CiodNCenHs 6NAUY 3HOCY ANMASHUX 3eper Ha doeicury meipnoi I PK.

Bucnosku ¢ionogiono oo cmammi. [Iposederi 0ocniodicents nokaanu, wjo 3i 30iIbIUEeHHAM 4acy KOHMAaKmy 3epHa 3 00poo-
TIHOBAHOIO NOBEPXHEIO OOBICUHA MBIPHOT 207106HO20 PIAILHO20 KOHYCA 30UIULYEMbCS HE3AIEHCHO 610 MADKL 36 SI3KU, A HANPYIICEH-
Hsl HA 2PaHUYi 36PHO—36 513K 810 O MeMNepamypHoO-CuiLo8Uux axmopia i3 nosieoio NioWAdoK 3HOCY 3pOCmaioniv y 3+7 pasie.

Kniouosi cnosa: winidysanohuii kpye; meipha KOHYCy,; 3epHO; 36 'I3KA,; HANPYICEHHS, SHOULYSAHHSL.

Puc.: 5. bion.: 32.

AKTYyaJIbHICTh TeMH JOCJTizKeHHsl. ATMa3He IUTiQyBaHHS Iy)Ke MOIIKUPEHE B Pi3HUX 00-
JacTAX MamuHOOYAiBHOI mpomucioBocTi [1—4]. 3acTocyBaHHS IHCTPYMEHTIB i3 TpaaMIIIHHUX
abpa3uBiB TpH HUTIQYBaHHI TBEPAUX CIUIABIB HEJIOLUILHO BHACTIAOK IIBUAKOI BTPATH HUMH
pi3asbHOI 3/1aTHOCTI 1, SIK PE3yJbTarT, MOPIBHSIHO HU3BKOI MPOJYKTHUBHOCTI 00poOKH. Bucoka
TBEPIICTh Ta MIIHICTh, M1 KYTH Pi3aHHS MPU BEPUIMHAX, MiJBUIIEHA 3HOCOCTIMKICTh, alMa3-
HUX [UTI(PYBAIBHUX KPYTiB JJ03BOJISIE ICTOTHO MIABUILUTH SKICTh Ta MPOAYKTUBHICTH MPOIECIB
nutipyBanss. [lopsa 3 1MM BUKOPHCTaHHS aJIMa3HUX KPYT'iB J1a€ MOMKIIUBICTb 3HU3UTH TEILJIOBY
HaINpYKEHICTh MPOLIECY, L0 TAKOXK CIIPHSIE BUCOKIN SKOCTI Ta TOUHOCTI 00p00IeHOT TOBEPXHI.

IMocTanoBka npodaemu. EQekTuBHICTh eKcruTyaTtallii abpa3suBHUX IHCTPYMEHTIB, 0CO0-
JMBO 3 HAATBEPAMX MarepiaiiB, 3HAYHOIO MIPOI0 BH3HAUAETHCS BUTpPATaMU HA IHCTPYMEHT,
AK1 3aJeKaTh BiJ IHTEHCUBHOCTI 3HOCY. 3HOC KpYTiB O€3MOocepesiHbO BIUIMBAE HA BapTICTh
MPOIYKILii, MOKIIMBOCTI aBTOMAaTH3aIli]l i TeMI1 BUPOOHUIITBA, a TAKOXK BU3HAYA€ AKICTh 00-
poOumoBaHuX eTaneil. BUBYEHHs Ta BUSBIICHHS IIJISXIB 3HIDKEHHS MPOIIECy 3HOIIYBAHHS Pi-
3aJIbHOT MOBEPXHI QJIMa3HUX HUTIQYBAIBHUX KPYTiB J03BOJIUTH MIIBUIIUTU MPOIYKTHUBHICTD
00poOKH Ta 3HU3UTH ii COOIBAPTICTE.

AHaJi3 ocTaHHiX gocjimKeHb i my6aikaniii. BusueHnHio mpoiiecy 3HOIIYBaHHS HUTI(Y-
BAJBHUX KPYTiB 1 HUIAXIB HOTO 3HIKEHHS NPHCBSUEHI YUCIIEHHI TOCHIIKEHHs, OUIBLIICTD
SKHX HOCATh EMITIPUYHUN XapaKTep 1 CIpsAMOBaHI Ha MPAKTUYHE BUPILICHHS KOHKPETHHUX Te-
XHOJIOTTYHUX 3a7a4. 3HOC HUTIQYyBaIbHUX KPYTiB MOJUISETHCS Ha MIKPO3HOIIYBAHHS, 3yMOB-
JICHEe CTUPAHHAM OKpeMHX aOpa3uBHHX 3€pEH 1 BUMAIAHHAM iX 31 3B’SI3KU MpH ii pyHHYBaHH1
i1 BIUTMBOM TEMIIEpaTypH 1 HApy>KeHb, 1 HA MaKpPO3HOIYBAHHS, 10 BUPAKAETHCA Y 3MiH1
PO3MIpiB 1 reoMeTpUYHOi (POPMU Pi3ajIbHOI MOBEPXHI Kpyra. | SKII0 MIKPO3HOIIYBaHHIO MPH-
CBSTYEHO OUTbIIIA YaCTUHA JIOCIIKEHb, TO JOCHIIPKEHb MaKpOT€OMETpil Kpyra He Tak 6araTto.

Sk 3a3nayqae 1. I1. 3axapeHko, «reoMeTpis pi3aabHOI MOBEPXHI — OAMH 13 HAMBaKIMBILINX
napaMeTpiB alMa3HHUX KpYTiB, SKHH BHU3HAUa€ pPi3ajbHi BIACTHBOCTI, 3HOCOCTIMKICTh OCTaH-

HIX, TEMIIEpaTypy, CHIIy pi3aHHs, OPCTKICTh, CTaH 0OPOOIEHUX MTOBEPXOHb 1 TOUHICTH 00pO-

© Mysnuka JI. T., 2018
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Oxu. Lle HaOyBae mie OuLIBIIOT BaXJIMBOCTI MPU aBTOMATHU30BaHMX Ipoliecax MuTipyBaHHS,
0COOJIMBO MPH 3HIMAHHI BEIMKUX MPUITYCKIB 1 IPH METOAax 0OpPOOKH 3 HAKIAJAECHHAM PI3HHX
BH/IIB JJOJTATKOBOT eHeprii» [5].

bararo ocoOnmBocTel muTipyBaHHS TOpLEM Kpyra 3 IMO3J0BXHBOIO IMOJIAUuel0 BH3HAYa-
IOTBCSI MAKpOT'€OMETPI€EI0 Pi3ajbHOI MOBEPXHI Kpyra. 3aKOHOMIPHOCTI YTBOpPEHHS poOouoi
MOBEPXHI aIMA3HOTO NUTIQYBAILHOTO IHCTPYMEHTY 3aJIeKaTh SK Bif BHIY 1 METOXy HUTi(y-
BaHHS, TaK 1 Bl yMOB 0OpOOKH.

[InidpyBasbHOMY IHCTPYMEHTY, LIO MPAIOE TOPLEM i3 MO3J0BXKHBOIO MMOAAYEI0, MPUTA-
MaHHI JIBa BUAM 3HOCY: pafialibHUN 3HOC 1 3HOC 1m0 KpoMKaX. CIiBBIIHOMICHHS] MK HUMU IS
PI3HUX YMOB 00OpOOKH HEOJHAKOBI, MPOTE B YCiX BUIAJKAX BEIUYNHA KPOMKOBOTO 3HOCY BU-
me pagiansHoro [6—8]. Takoxk HaHOULIBIIMIA 3HOC Ha KPOMKax poO0Yoi MOBEpXHi Kpyra He3a-
JISKHO BiJ TIepioay poOOTH IHCTPYMEHTY BiI3HA4alOTh JocmigHuku [3; 9; 10].

Hocmimpkenusmu [10; 11] BcTaHOBIEHO, 110 iICHYE TpU CTaii Mpolecy 3HOCY: MOYaTKOBA,
MIPUIIPALIIOBAHHSA Ta CTAJIOTO 3HOCY.

VY nmoyatkoBHi MepioA Mmicist MpaBJIeHHs NuTihyBaTbHOTO Kpyra (Tieplia cTajis) BitOyBaeTbCs
BUJAJICHHS 3 OO MOBEPXHI BCiX HeIpale3laTHUX 3epeH. Llel mepios xapakTepusyeTbes iH-
TEHCUBHUM 3HOCOM Kpyra (ocumnanus) [11; 12]. Y ubomMy nepioai 3HOC BinOyBaeThes mepeBa-
KHO 32 paXyHOK MIKPOBUKPHIITYBAaHHS 3€PEH, a YacTKa 3HOCY BiJl CTUpaHHs He3HayHa [11].

VY mepioa mpunpaiioBaHHs (Apyra crajis) BiZOyBaeTbcs YTBOPEHHS AUISHOK, OJMM3BKUX
70 TMPSMOJIHIHHUX, 3 MOJAIBIINM MOUIMPEHHSIM 3HOCY /10 CEPEAMHU aJIMa30HOCHOTO IIapy
[10; 13; 14].

VY cranomy nepioai (Tpers cTanis) JiHIHHUA 3HOC poO0YOro mapy Kpyra Bil3Ha4aioTh aB-
topu [ 12], Ha cTabinizamiro 3HOCY 3a3HaueHo B poOoTi [11]. Kpim Toro, cranuii 3H0oC Xapakrte-
PHU3YETHCS YTBOPEHHAM Ipodito THIIOBOI (hopMHu 13 yacoM He 3MiHIoeThes [10; 15].

TunoBumu € TpamneneinanbHa Gopma npodino pododoro mapy mTiQyBaIbHOTO Kpyra,
omucana B poborax [5; 16; 10; 13; 14; 17], i TpukyrHa ¢opma npoduto pododoro miapy,
omucana B poborax [16; 14; 18].

V pesynbraTi pod0TH aIMa3HOro HUTIPYBATBHOTO Kpyra B pajiaibHOMY Iepepi3i yTBOPIOETh-
CsI TOJIOBHA TIOBEPXHS, PO3TAIIOBAHA HA JIOBXKHHI /7, I KYTOM @, TIepexiHa MoBepxHs /2, mapase-
JbHA 00POOIIOBAHOT MMOBEPXHI, 1 IOTIOMDKHA IMOBEPXHS /3, PO3TAILIOBAHA I KyTOM 10 00po0IIo-
BaHOi nmoBepxHi (puc. 1). Big3HadeHo, 1110 ToJ0BHA MOBEPXHS aTMa30HOCHOTO IHapy 3ade3rneuye
PIBHOMIpPHY y4acTbh yCiX 3epeH Kpyra, sIKi po3TalloBaHi Ha MUTTEBIN pi3aibHiil KPOMIII, a epexis-
Ha — 3a4YMCTKY MOBEPXHi, 110 HuTihyeThest. JlomoMbKHA MOBEPXHs YTBOPIOETHCS 33 PaXyHOK HeJo-
cTaTtHbO1 )kopcTKocTi cuctemu BIIIJI mpu peBepci mo310BKHBOT 1o1aui cToJIa BepeTara.
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Puc. 1. Ilpogpins xpyea Puc. 2. Ymeopenus npoginio pizanvroi
npu nUOUHHOMY WLTIQ)YBAHHT NOBePXHI Npu 2IUOUHHOMY WAIQDYEAHHT

Hoxepeno: [17]. Hxepemo: [13; 14].
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YTBOpEeHHS Tpanerieno1ioHoro npodiaro npu raMOMHHOMY ILTiQyBaHHI TOPLEM Kpyra

(puc. 2) onucano B po6oTax [13; 14]. ABTOpH BiI3HAYaIOTh, IO NMPH KOXXHOMY PEXHUMI JUIs

3HATTS MPHUITYCKY BCTAHOBJIIOETHCS TEBHA IUIONIA Pi3AJIbHOT MOBEPXHI, sIKA BUPAKAETHCS IS
TOJIOBHOTO Pi3aJIbHOTO KOHYCa yepe3 IUIOILy Oi4HOT MOBEPXHI KoJa:

R LI () S ViV (1)
sin(¢) 1g(9)
ne h — rmuOuHa nutidpyBanHs, MM; D — 30BHIIIHIN JiaMeTp Kpyra, MM.

AHanoriyti pe3ynpTaTé HaBeeHi B poOoTi [ 16], B sKiii TakoX 3a3HAYEHO, 10 POUIb KpPy-
ra Mae Taki AUISHKH: NPsIMUIA 3a0ipHUI KOHYC, 3BOPOTHHH 3a0ipHUI KOHYC 1 mepexitHuil nos-
cok. [lepexinuuii mosicok 3AIHCHIOE 3a4UCTKY 0OpOOITIOBAHOT MOBEPXHI, 3HIKYIOUM THM CaMHUM
BUCOTY MIKpPOHEPIBHOCTEH. Y Kpyra TPUKYTHOTO MPOQUTIO MEePEXiTHUNA TOSCOK BIICYTHIMN.

3HUKHEHHS MEPEXiJHOr0 KPYroBOTO TMOSICKAa M YTBOPEHHsS TPUKYTHOI (OopMHU pi3ajbHOI
MOBEpPXHI O3HAUa€, 110 30UTBIICHHS YMCIa aKTUBHUX PI3aJIbHUX 3€PEH 3a PaxyHOK BCTYIY B
mporec 0OpoOKH TOJOBHOTO PI3aTbHOTO KOHYCA OUTBINOT TUIOMII CTa€ HEMOXKIUBUM. Takum
YMHOM, Pe3epB IUIOII Pi3albHOI IOBEPXHI Kpyra BUUEPITYETHCS.

VY po6ori [13] aBTOpM BCTAaHOBWIIH, IO ICHYE MTEBHA MEXKa MK 30HOIO poOOTH Kpyra 3 pe-
3€pBOM IUIOIII Pi3ajIbHOI MOBEPXHI i 30HOI0 MPUCKOPEHOTO 3HOLTYBAHHS, 33 SKUM EKCILTya-
Tar(isi aOpa3sMBHOTO IHCTPYMEHTY HEAOIUIbHA, OCKUIBKH 3MIHIOETbCS MEXaHI3M HOro 3HOIIY-
BaHHS — MEPEXiJl Bill MIKPOBUKPHIIYBAHHS 1 BUKPHUIITYBaHHS JI0 BUPUBAHHS 3€PEH 31 3B’ S3KU.

Taxkum urHOM, 3MiHA PO3MIpPIB 1 F€OMETPUYHOI (POPMHU pi3aibHOT MOBEPXHI KPYra 3yMOB-
JIeHa 3HOCOM OKPEMHX 3€pPEH.

Xapakrtep 3HOCY poO04O0i MOBEPXHI aJIMa30HOCHOTO Kpyra rnepedyBae B MpsiMiil 3al1€KHO-
CT1 BiJl CITIBBIHOIICHHS IHTEHCUBHOCTI 3HOCY ajMa3iB Ta IHTEHCUBHOCTI 3HOCY 3B’SI3KU. AB-
topu [17; 18] BcTraHOBMIIH, 1110 iICHY€E TPU XapaKTEPHUX CUTYAIIii:

a) SIKIIO IHTEHCUBHICTh 3HOCY aJIMa3iB MEHIIIE IHTEHCUBHOCTI 3HOCY 3B’A3KH, TO aJIMa3H BU-
PHUBAIOTHCS 31 3B S3KM 1 BiIOyBa€eThCA BTpaTa Maibke HE3HOIIEHUX anmasiB. Lle mpuBoauTh 10
HE3HAYHOT'0 BUKOPUCTAHHS 1X pi3albHUX BIacTUBOCTEN. [loBepXHs Kpyra npu 1bOMY MOCTIHHO
OHOBITIOETHCS T MA€ TapHY pi3aJIbHY 37aTHICTh, aJle MPH LbOMY H IMiIBUIIIEHY BUTpATy ajIMa3iB;

0) SKIIO IHTEHCUBHICTh 3HOCY aliMa3iB JOPIBHIOE IHTEHCUBHOCTI 3HOCY 3B’SI3KH, TO BUCOTA
BUCTYIAHHA 3€PEeH MOCTIHHO MiITPUMYETHCS Ha IEBHOMY PiBHIi, CTATUCTHYHI XapaKTEPUCTH-
KA TapaMeTpiB peibedy 3MIHIOIOTHCS HE3HAYHO, CTaOUIbHO 30€piraeTbcs BHCOKA pizaibHa
3IATHICTh Kpyra MpH HE3HAUHOMY MOTO 3HOIIYBAaHHI. Y IbOMY BUIAJKy KpyT Oyze mpaioBa-
TH B peXXHMi CaMO3aTOYyBaHHS;

B) SIKIIIO IHTEHCHBHICTh 3HOCY aJIMa3iB OiIbIIE IHTEHCUBHOCTI 3HOCY 3B’SI3KH, TO OHOB-
JICHHs pi3aJbHOI MOBEPXHI HEIOCTATHBO. Y MpoIleci poOOTH IHCTPYMEHTY BHCOTAa BHUCTY-
MaHHS 3epeH 31 3B’S3KM 3MEHIIYETHCS aX 10 MOBHOTO 3aTYIMJICHHS 1 3aCalIOBaHHS Kpyra.
[Tpu ubOMy BHACIIIOK TEPTs 3B’ SI3KKU 00 00pOOIIIOBaHY MOBEPXHIO BUHUKAIOTh 3HAYHI CHIIN
pi3aHHS ¥ MABUIIYETHCS TEMIIepaTypa.

OTxe, 3HOC Kpyra 3aJie)KUTh HacaMmIiepe. Bil SKOCTiI BUKOPUCTOBYBAHUX aliMa3iB 1 MII[HO-
CT1 yTPUMaHHS iX 3B’A3KOI0.

Jlnst BU3HAYCHHS Ta MPOTHO3YBAHHS 3HOCY HUTI(YBAIBHOTO IHCTPYMEHTA HEOOXIHO PO3-
IJIA7aTH 3aKOHOMIPHOCTI 3HOCY OJMHUYHUX aOpa3uBHUX 3epeH. 3HOC aJIMa3HOTO 3epHa MOXKe
BiIOyBaTHCS MUIIXOM MEXaHIYHOTO PYWHYBaHHS, BUPHBAHHS 3€pEH 31 3B’SI3KU 1 CTUPAHHS 3
YTBOPEHHSM IIJIOMIAaI0K 3HOCY [19-22 Ta iH.]. Ha mepeBakaHHs TOTO 4M IHIIOTO BUIY 3HOCY
BIUTMBaOTh yMOBH uutipyBanusa. Jocmimkenns JI. JI. MimHaeBcpkoro [21] mokazamu, mio
3HOIIIYBAHHS 3€pHA BiIOYBa€THCS MEPEBAKHO BHACTIOK HOTO MEXaHIYHOTO PYHHYBaHHS, a HE
CTHpaHHS; IoHaliMeHIIe 64 % 3HOIIYBaHHS 3YMOBJIEHO PO3KOJIIOBAHHSM.

20



TEXHIYHI HAYKH TA TEXHOJIOTIi Ne 3 (13), 2018

TECHNICAL SCIENCES AND TECHNOLOGIES

VYTBOpEHHS IUIOIMIA0K 3HOCY IpU 00poOIi pi3HUX 32 TBEPICTIO MaTepianiB (IIBUAKOPI-
3albHUX CTalIed, TBepUX ciuiaBiB, kepamiku, HTM) Takox MiATBEPIKYETbCS JOCTIKEHHS-
Mmu [21-28 Ta iH.]. ABTOpamu [9] mpoBeaeH1 eKCTIEpUMEHTH 3 BU3HAYCHHS MMapaMeTpiB pi3a-
npHOTO penbedy anmmazHoro kpyra AUYK 150x10x3x32 ACB 125/100 MBI 100 % npu
nutidpyBanHi nosikpucranis ACbh. Beranosieno, mo yepe3 20 XB Bij moyaTKy oOpoOKu micis
MPaBKH Kpyra KUIbKICTb TOCTPUX 3epeH 3MeHImIocs 3 94 no 8 %, KUIbKICTh 3epeH 3 TUIOIa-
KaMu 3Hocy 30utbmminocs 3 6 10 79 %, a KUIbKICTh 3€peH, AKi BUunamu, cranosuna 13 %.

[TosiBa 3HAYHMX 3a MJIOMICIO 3HONICHUX TUIOIIA0K Ha 3a/Hii MOBEpXHI aOpa3uBHOIO 3ep-
Ha 3 KyToM =0 1 HEeMOXJIMBICTh KepyBaHHs (3aTOUyBaHHS) IIMM KyTOM BEJ€ JIO BHCOKHUX
JIOKaJIbHUX THCKIB 10 33HIl MOBEPXHI, MiIBUIIECHHS TeMIIEpaTypH B 30Hi IUTipyBaHHS Ta I10-
sIBl TIPMKOTIB HAa 00poOiieHiit moBepxHi [29]. ABtopu [25; 30] 3ayBaxyloTh, IO TOJIOBHE
JDKEpeTIo Teruia — po0oTa TepTsl Ha KOHTAKTHHX IUIOIAKaX 3epeH 3 00poOII0BaIbHUM MaTepi-
aJIOM y TIO€/THaHH1 3 BUCOKMMH TUCKaMU B KOHTAKTI.

[Tnomaaka 3HOCY YTBOPIOETHCS HA OAMHUYHIN pi3asibHIA KPOMIIl BXKe IIPU MepIoMy ii KOH-
TaKTi 3 00poOIFOBAILHUM MaTepiasiom [23; 27]. YV mo4aTkoBUIl MOMEHT 4acy poOOTH Tomnepe/I-
HBO PO3KPUTOTO KPyra BCe HABAHTAXXEHHS MPUXOUTHCS Ha 3€pHA, 1110 HAHOUIbIIe BUCTYIAIOTh.
VY wmipy iX 3HOIIYBaHHS B pOOOTY BCTYNAIOTh 3€pHA, pO3TAIIOBaHI B HIDKHIX mapax. KimbkicTb
3epeH Ha po0Ooyiil MOBEPXHI 30UTBIIYETHCS, @ HABAHTAXKEHHS Ha KOJKHE 3€PHO 3MEHILIYETHCS, 1110
MPU3BOIUTH JI0 30UTBIIIEHHS MJIOMIA/IOK 3HOCY. Y TBOPEHHS IUIOMIAIKU 3HOCY PI3KO 3HMKYE 3/1a-
THICTh 3€pHa J0 MIKpOpYHHYBaHHS y BEpIIMHU (camo3arouyBaHHIO). Tepts 3epeH mo oOpoo-
JIOBaHii IOBEpxXHi Oyze BifOyBaTUCS IO MOMEHTY pyHHYBaHHS 3B’3KH Ta BUIIAQJAaHHS 3€peH 13
Hel. 32 YMOBHU BHJIAJICHHS 3B SI3KH MIPOIIEC, 10 PO3IIIAIA€ThCs, Oy/e BifOyBaTHCs NepioIIHO.

[[lo6 yHUKHYTH 3aTyIUIEHHS 3€peH, HEOOXITHO a00 30UTBIIUTH HABAHTAKCHHS /IO BEIH-
YMHHU, TOCTATHBOI Ui CaMO3aTOUYYBAaHHS 3€peH, sIKI KOHTaKTYIOTh, a00 3MEHIIUTH iX Kilb-
KICTh MPH Tiif ke poOOUiil BUCOTI.

[HTEeHCUBHICTH 3HOCY 3epHa 3yMOBJIEHA HOT0 BJIACTHBOCTSAMH MillHOCTI. ABTOpH [21; 22;
26] BBaXXaroTh, 1110 MPH OUIBIIIH MIIHOCTI alIMa3iB, fgKa 3arnobirae ix pylHyBaHHIO (CaM03aTo-
YyBaHH), CYTTEBO 30UIBIIYIOTHCS IUIOMIAAKH 3HOCY, CIIOCTEPIraeTbesi 00’ eMHE pyHHYBaHHS 1
BUITaJIaHHS 3epeH 31 3B’s3ku. [Ipu BUKOpHCTAHHI MEHII MIIIHUX aaMa3iB TUIOMIAJKH Ha HUX
MEHIII 332 po3MipamH, a 3epHa, PyHHYIOUHCh, CAMO3aTOUYIOTHCS 3 YTBOPEHHSIM HOBUX pi3ajib-
HUX KPOMOK Ta IIPOJOBXKYIOTh MPAIIOBATH.

Mexanizmu 3HoCy 3epeH Mapok AC2 ta AC6 Binpi3HsatoThes. Ha BiqMiHy Bin 3epeH Mapku
AC2 nepeBa)XHUM BUOM 3HOCY JIOCUTh MIlIHUX 3epeH Mapku AC6 ciin BBakatu ctiupanHs [31].
ABTOpPH TakoX BIA3HAYalOTh HASABHICTH IUIOMIAZOK 3HOCY Ha alMa3HUX 3€pHAaX KpYTiB
AC4 200/160-50%—-M1 ta ACP 315/250-50%-M1.

Jnst eeKTUBHOTO BHUKOPUCTaHHS PI3aIbHUX BIIACTMBOCTEH ajaMa3HMX 3€peH BaXIIMBI
YMOBH iX 3aKpiIJICHHS, K1 B IHCTPYMEHTI 3/1e0UIbIIOT0 BU3HAYAIOTHCS BIACTUBOCTSAMH 3B'S3-
Kd. Ba)JIMBUMU BIIaCTUBOCTSAMM 3 TOTJISY YTPUMAaHHS 3€peH y 3B’ S3111 € 11 MIHICTH 1 3HOCO-
CTIHKicTh. 3 0JHOTO OOKY, 3B’A3Ka MOBMHHA OYTH JOCHThH MIIHOIO, 100 YTPUMYBATH 3€pHA
MIpY MPUKIIAJAAaHHI O HUX TAHTEHI[IATbHUX CUJI, 4 3 HIIOTO — 3HOITYBATHUCS IS 3a0€3MeYeHHS
MOCTIfHOTO OHOBJIEHHS PI3aIbHUX KPOMOK aJIMa3HUX 3€PEH.

SIKIIo 3B’s13Ka Ma€ 3HM)KEHY 3HOCOCTIMKICTh, TO aMa3Hi 3epHa OyAyTh IepeayacHO BUIIA-
JaTu 3 Hei, y pe3ynbTaTi yoro CTIMKICTh MITiQYBaIbHOTO IHCTPYMEHTY OyzAe 3HIKEHOIO. SIK-
10 3HOCOCTIHKICTh 3B’SI3KM OyJie MiJBHUIIEHOIO, TO 3€pHA OyIyTh 3HOIIYBATUCS 3 MOSIBOIO
3HaYHUX MailaH4YMKiB 3HOCY. Y IIbOMY BHUIAJIKy 3aCAIIOBAHHS W 3aTYIUIEHHS IHCTPYMEHTY
MpU3BEJE 10 BTPATU HOTO Pi3ajJbHUX BIACTHBOCTEH.

Otxe, i epeKTUBHOT POOOTH IHCTPYMEHTY 3B’si3Ka MOBUHHA MAaTH ONTHMAaJIbHY 3HOCO-
CTIHKICTB, 110 JTO3BOJISIE IHCTPYMEHTY MPAIIOBATH B PEXKUMI CaM03aTOUYBaHHS.
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Buainenns HexocTiIkeHMX YACTHH 3arajbHoi mpodJemu. [IpoBeaenuii anami3 moka-
3aB, 110 JOCIIKEHHS MPOLECIB, AKi MOETHYIOTh y 001 Makpo- Ta MIKpO3HOIITyBaHHS poO0U0-
ro mapy nutiyBaIbHOTO IHCTPYMEHTY OJIHOYACHO, BIICYTHI.

IMocTanoBka 3aBaaHHs (MeTa cTarTi). MeTOMO IMi€1 CTATTI € AOCTIKEHHS BILUTUBY 3HOCY
aJIMA3HUX PI3aJIbHUX 3€pEH Ha TEOPETUYHY JIOBXXHUHY TBIPHOI FOJIOBHOTO Pi3aJIbHOTO KOHYCa
po0oYOro mapy aamMazHoro nulihyBagIbHOTO Kpyra.

Bukaaa ocHoBHOro martepiajy. 3akoHOMIpHOCTI (hopMyBaHHs Npod im0 poOoUdoi moBep-
XHI IUTIpyBaIBHOTO KpyTra 3aJieXaTh Bil yMOB 00poOKu. Ilicis mepiony mpumnpatoBaHHs Ky-
TH HaXWIIB TBIpHUX NMPOQLIIO B pagialbHOMY Mepepi3i He 3MIHIOIOThCS, 1 HIOPCTKICTH 00po0-
JIeHOi MOBepxHi € mocTiifHoo. OT1xe, mpodits pobovoi MoBepxHi HUTIQYBAIBHOTO Kpyra
MIPUCTOCOBYETHCA 0 YMOB 3AIHCHEHHS NPOIECY pi3aHHS 3 MIHIMAJIbHUMH €HEPreTUYHHUMHU
BUTpaTaMH 1 IUTIQYBANbHUN KPYT MPAIIOe 3 MIHIMAILHUM 3HOCOM. 3HOC Kpyra BU3HAYa€ThCs
CTIAKICTIO 3epHA y 3B 3111 Kpyra, fKa 3aJIeKUTh Bil yMOB HOro poOOTH.

SIkimo AificHI HaNpy)KeHHs HA TPaHMII 36pHO—3B’s3Ka MEPEBUIIYIOTh MEXY MIIIHOCTI Ha

CTHUCK 3B’SI3KH Kpyra Oy = [GCM], TO KpYT MpAaLIO€ B PEXKHUMI MIABUIEHOTO 3HOCY. Y LbOMY

BUIIA/IKY BiI0YBA€THCS MOPYIIEHHS CTIAKOCTI 3€pHA 1 BAPUBAHHS HOTO 31 3B'I3KH Kpyra 3 4ac-
TKOBUM PYHHYBaHHSM 3B'SI3KM 1 pereHepariero pizaapHoi nmoBepxHi. @opma npodinio kpyra
pu 1boMY HaOyBa€e BUIIIAY, TOKa3aHOTO Ha PUC. 3, 0, 1 CKIAA€ThCA 3 TOJIOBHOTO Pi3ajibHO-
ro konyca (I'PK) 1 qomomiknoro pizanibHoro konyca (JIPK).

\ \K_V. N N
| SRNN = : .
! ] - VA Y
_5;7535' [ ] 12/3-3/4/Bkp
a 4] 8

Puc. 3. @opma npogpinio kpyea:
a —cxema pizanus, 6 —npoghine npu pobomi Kpyea 8 pelcumi camo3amoyyeanHsi,
8 —npoghine Kpyea 6 pedcumi, wo UMAazae npumMyCcosoi npasku

SIkmo mmpuHa 1T yBabHOTO Kpyra By, He Maja 6 KOHCTPYKTUBHHX 0OMEXeHb, TO J0-
BxkuHa TBipHOi ' PK Biamosimzana 6 ymoBaM poOOTH 3epHa NMpU ONTUMAILHOMY HOTO 3aKia-
neHHi B 38’311 € = 0,7+0,75. ¥ 1ipoMy BUNaAKy 3HOC HUTiQyBaIbHOTO Kpyra 0yB Ou ontuma-
JHHUM 32 YMOBHU CaMO3aTOYYBaHHs IHCTPYMEHTY 1 IIMpUHA HUTIQYBaIbHOTO Kpyra MOBHHHA
Oyna 6 nopiBHIOBATH BeIMYUHI JOBKUHH TBipHOT [ PK.

SIkmo fAificH1 HaPY)KEHHS Ha TPAHUII 3epHO—3B’sI3Ka HE TIEPEBHIIYIOTh MEX1 MIITHOCTI Ha
CTHCK 3B’SI3KU Kpyra Oy < [O'm , To abpa3uBHUI a00 aAre3iiHUN 3HOC 3€pEH MepeBaxae HaJ

BUPHUBAHHSAM iX 31 3B’S13KM 1 BTpaTa pizajbHOI 31aTHOCTI ILTiQyBaTIbHOTO Kpyra BilOYBaeTbCs
BHACIIZIOK CTUPAHHS 3epeH. Y IIbOMY BUIAJIKY (popMa mpodiao Kpyra Mae BUTIISA, TIOKA3aHUH
Ha pHc. 3, 6, 1 A7 BITHOBJICHHS pi3aJibHOI 3aTHOCTI MOTPiOHA MPUMYCOBaA MpaBKa Kpyra, 1o
MOJKJIMBO MPpH POOOTI HUTIPYBAIBHOTO Kpyra 3 HU3BKOIO MPOAYKTUBHICTIO. JIOBXKHMHA TBIpHOT
I'PK Oyne MeHIe mpiuHU Kpyra Bip, 0 TPUBEE A0 HAIBHOCTI MEPEXiTHOTO KPYTOBOTO I10-
scka (ITKII) i BitHOCHUI 3HOC 1UTI(YBaTBHOTO KPyra BUBHAYUTHCS SIK 3HOC Y Pe3yJIbTaTi CTH-
paHHA 3epeH. 3 oJHOro OOKy, IpU Takid MPOAYKTHUBHOCTI 1 IpoQisli Kpyra A0CATA€ThCSA 3HU-
KEHHSI LIOPCTKOCTI 0OpOOJIEHMX MOBEPXOHb Ta MiJIBUIEHHS TOYHOCTI OOPOOKH, 3 IHILIOTO
00Ky, HnuTiIQyBaIbHUI KPYr BUMarae MpuMyCOBOTO MTPABICHHS.

[lepenbauaeTbes, 1m0 eeKTUBHE BUKOPUCTAHHS a0pa3uBHOTO IHCTPYMEHTY MOXJIMBE TIPU
ni100pi TaKUX XapaKTEPUCTHUK IITiIQYBaTbHUX KPYTIB 1 peKUMIB pi3aHHs, 32 SKUX IHCTPYMEHT
MPAaLIOBAaTUME B PEXHMMI CaM0O3aTOUyBaHHA. 3aTyIUICHI B mpoleci muTipyBaHHS 3e€pHA MOKH-
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1at0Th poOOoUy MOBEPXHIO KPyra i y poOOTy BCTYIAIOTh 3€pHA, PO3TAIIOBaH] B MIMOIINX IIa-
pax 3B’s3ku. [Ipu boMy HEOOXIHOIO YMOBOIO € pyWHYBAaHHS 3B’A3KH MPOTOPLIHHO BTpaTi
CTIMKOCTI 3aTYIJICHUX 3€pEH.

I'onoBHA yMOBa pOoOOTH Kpyra B peKUMi caM03aTOuyBaHHS — 1€ PIBHICTh HAPY>KEHb Bil
TeMIepaTypHO-CUIIOBUX (aKTOPIB, SIKI TIOTh HA IPAHULI 36pPHO—3B’sA3Ka, 1 MEX1 MIIIHOCT1 Ha
CTUCKaHHS 3B S3KH Kpyra:

oy =0p+0y =0, ]

Metoauka po3paxyHKy TEOPETHYHOI JOBXKHHH TBIPHOI TOJIOBHOTO Pi3albHOTO KOHYCA SIK
¢byHKUIT Bi Hanpy>KeHb, IF0YUX HA MEXKI1 36pHO—3B’sI3Ka, MpecTaBieHa B poooTi [32]. Bera-
HOBJICHO, 1110 JoBkuHA TBipHOI ['PK 3anexxuts Bin ymMmoB 00poOKH, a, TOUHIlIE, Bif CTIMKOCTI
HUTI(YBAIBHOTO IHCTPYMEHTY, SIKa BU3HAYA€ThCS HABAaHTKEHHAMHU Ha pi3aibHi 3epHa. HaBan-
T)XEHHs Ha 3epHa MPOIOPILIiHI IHTEHCUBHOCTI MPOIIECY 3pi3aHHs 00poOIIOBAHOTO MaTepiaity.
[Tpu boMy cymapHi Harmpy>KeHHs Bif Iii TeMIepaTypHO-CHJIOBUX (DaKTOPIB MOKHA Ipe/cTa-
BUTH SIK QYHKIIO Big KyTa Haxuity TBipHOT I'PK abo ii noBxxunu:

Oz = f((o); Os = f(LFPK ) (2)

VY pobori [28] mocaipkeHo CTIHKICTh 3€pHA y 3B’A3I Kpyra 3 ypaxyBaHHSAM HOTO 3HOCY
10 3a/IHil MOBEpXHi. 3HOLITYBAaHHS 3epHa MPEJICTABICHO SIK CTUPAHHS BEPIIMHU 3€pHA 32 Paxy-
HOK OCJIa0JICHHS MIIHICHUX XapaKTEepUCTUK a0pa3uBy MPU BEJMKIN MIBUIKOCTI 1edopmartii Ta
BHCOKIl TeMIlepaTypi KOHTAaKTy. 3HOC 3€pHa MO 3aJHiil TOBEPXHi MPEACTABIEHO K (PYHKIIiIO
BiJI Yacy KOHTAKTy 3€pHa 3 00po0III0BaHOIO JeTaIuT0. BeTaHOBIEHO, 10 TOSBA TUIOLIAI0K 3HO-
Cy Ha pi3aJIbHUX 3epHaxX MPHU3BOJUTH /0 30UIBLICHHS HANPY>KEHb, IO IIFOTh HA TPAHUILI 3ep-
HO—3B’s13ka. OCKUIBKM CyMapHi HalpyXeHHs 3aJeXaTh Bi 3HOCY 3€pHA, TOJl BOHU TaKOX €
(byHKIIEIO Bi yacy KOHTAKTY 3epHa 3 00pOOIIOBAHOIO IETAILIIO.

Ha migcraBi BUIIEBUKIIAICHOTO MOYKHA 3pDOOUTH BHCHOBOK, 110 TEOPETUYHA JIOBXKUHA TBI-
pHoi I'PK takox € QyHKIIi€I0 BiJ] yacy KOHTaKTy 3€pHa 3 00poOIIOBaHUM MaTepiaioM, a OT-
XKe, 3aJIeKUTH BiJ] 3HOCY PI3AJIbHOTO 3€pHa I10 3a/1Hii MOBEPXHI.

JUst TOCTDKEHHS BIUIMBY 3HOCY PI3aIbHUX 3€pPEH MPOTATOM MEBHOTO Yacy KOHTAKTY 3€pHA 3
00po06IIIOBaHOT MOBEPXHEIO 32 PO3POOJICHOI0 METOMKOIO (DOPMOYTBOPEHHS PI3aIbHOI MOBEPXHI
aIMa3HUX KpPYriB MojemoBanacst 00poOka TBepaux criaBiB BK6 Ta T15K6 Bucotoro 10 mm kpy-
ramu tuny 12A45° posmipamu 125x32x10x3 3 anmazamu AC6 3epauctictio 100/80 100 %-o1
KOHIIeHTparlii Ha momiMepHii B2-01 ta meraneBux MI1-04 i M2-01 3B’s3kax. [Ipu mpomy
NPUIHATI Taki peXXUMHU pi3aHHA (KpIM MapaMeTpiB, SKi 3MIHIOIOTHCS B JIOCITIPKYBaHUX Jiarnazo-
Hax): MBHUIKICTh pi3aHHS V=20 M/c; mo3A0BXkHA momada S,, = 0,6 M/XB; ToNepevHa Ioaada
S»=0,1 mm/mozB. xia. IIposykTuBHICTS 06pOOKK BapitoBanacs y Meskax Bin 50 10 1800 Mm*/xB.

3icTaBiIsIOuM PO3paxoBaHy TEOPETUUHY AOBXKUHY TBipHOI I PK HanpyxeHHsAM, sKi IIIOTh
Ha I'PaHUIl 3epHO—3B’s3Ka BiJ] TEMIIEPATYPHO-CUIOBUX (aKTOPIB, OTPUMAEMO KPUBI, 10 BU-
3HA4Yal0Th 3HOCOCTIMKICTh KPYTiB 13 33JaHUMHU PO3MipaMH 1 XapaKTepUCTHKaMH Ha IMOJIMep-
Hiit B2-01 1 meraneBux 3B’a3kax M1-04 i M2-01 myis 06po6xu TBepaux crutais BK6 1 T15K6
3 mpoayKTHBHIcTIO 600 MM>/XB (puc. 4).

AHasi3 OTpUMaHUX KPUBHUX IMOKa3aB, 10 HAHOLIBII 3HOUTYBAHOIO Oyze MoyiMepHa 3B sI3Ka
B2-01, y sK0i IHTEHCHBHICTb 3pOCTaHHs JOBXUHH TBipHOT I PK Oinbliie, HDK y pO3IIITHYTHX Me-
TaJIeBUX 3B ’S130K: MpH 30UIbIeHH] HanpyxeHb 3 234 MIla no 334 Mlla nosxuna TBipHOT 3011~
muThes y 2,5 pasa rpu o0poOii TBepaoro cruiaBy T15K6 ta y 1,8 pasa npu 06po0iii BK6. Haii-
OuThII 3HOCOCTIHKOIO Oyne 3B’sa3ka M2-01, y skoi mpu ToMmy jke 30UTbILICHHI HAarpy>KeHb
(3471 MIla no 571 MIla) nosxuHa TBipHOi 301nbmMTECA Y 1,2 Ta 1,1 pa3za BignoBinHo. 3B’sA3Ka
M1-04 3aiiMae MpOMDKHE TOJIOKEHHS: 30UTBILICHHSI HANpPYKeHb Ha TPAHHMII 3epHO—3B’S3Ka 3
789 MIla o 889 Mlla Bukiukae 301IbLIeHHS JOBKUHU TeopeTHyHoi TBipHO1 I PK y 1,4 paza npu
06po6ui crmaBy T15K6 Ta 1,2 pasu npu 06po6ii BK6.
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CymapHi HanpyeHHA Ha rpaHuLi 3epHO-3BA3Ka Oy, Mla

Puc. 4. 3anesxcnicms meopemuunoi dosxcunu mgipnoi 1 ' PK 6i0 nanpyorcens

Ha epanuyi 3epHo—36’a3xka npu 0opooyi meepoux cniasie T15K6 (—)
ma BKG6 (- - - -) 3 npodykmuenicmio 600 mm’/xe

ITpu 06po6mi TBepaoro craBy T15K6 3HOC KpyriB Ha 3B’A3KaX, sIKi pO3TIIAAal0ThCS, Oyne
BHUIIlE, HDK Tpu 00po6ui crutaBy BK6, 1m0 nosicHioeThCst 61111 HU3BKUMHU KOE(II[iEHTaMH Te-
IUIO- 1 TEMIIEPaTypPOIIPOBITHOCTI Y MOPIBHSHHI 31 critaBom BK6.

TeopeTnyHi TOCHKEHHS BIUIMBY 3HOCY aJIMa3HUX 3epeH Ha JNoBxuHy TBipHOI [ PK mumi-
(byBaIbHOTO Kpyra B paaialbHOMY Iepepi3i moKas3aiu, 10 B Mipy 30UIBIICHHS Yacy KOHTaK-
TYBaHHS 3€peH 3 00po0III0BaHOIO MOBepXHElo NoBxuHa TBipHOI ['PK 3pocTae HezanexxHO Bif
Mapok 3B’s130K (puc. 5, a). 3poCTaHHS ONTHUMAIbHOI TEOPETUYHOI AOBXKUHH TBipHOI ['PK
MIOB’S13aHO 31 3pOCTaHHAM CyMapHUX HAIPY)XEHb BiA il CHJIOBOTO 1 TeMIepaTypHoTo (hakro-
piB y Mipy 3HOILIYBaHHS aIMa3HUX 3epeH. Y pe3yNbTaTi TepTs MO 3a/Hii MOBEPXHIi Pi3aIbHOTO
3epHa Ha Hill YTBOPIOIOTHCS TUIOIMIAAKU 3HOCy. Cuita Tepts, sk Oyno mokasaHo y [29], He 3ame-
KHTh BiJ] HOPMATBGHOT CKJIAIOBOT CHITH Pi3aHHS 1 I TAHUX YMOB KOHTaKTYBaHHS BU3HAYAE€THCS
TUTOIIEIO TUIOMIAKU 3HOCY 3epHa 3 00POOIIOBaHUM MaTEPIaIOM.
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Puc. 5. Bnaue uacy konmakmy 3epHa 3 00poOIio8aHum Mamepiaiom
Ha 0osxcury meipnoi I'PK (a) i nanpyosicenns Ha epanuyi 3epno—36 ’azxa (0)
npu 06podyi meepoux cnnasie TISK6 (——) i BK6 (- - - -)

Ha puc. 5, 6 npencrasneni rpadiku Hanpy>KeHb Ha T'PaHUII 36pPHO—3B’s3Ka 3aJIEKHO Bil
4yacy KOHTaKTy 3epHa 3 00poOIIOBaHMM MaTepiajioM. Y MOYaTKOBHN MEPIoJl HANPYKEHHS Ha
TpaHUIll 3epHO—3B’s13Ka MOHOTOHHO 3MEHIIYIOTHCS, IO OB’ SI3aHO 31 30UTBIIEHHSM AICHOTO
KoedillieHTa 3aKIaJeHHs 3epHa B 3B'A3111 Kpyra BHACIIOK 3MEHIICHHS BUCTYIAI0u01 YaCTUHU
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3epHa (3HOLIYBaHHS). 30UIbIICHHS KOoeQillieHTa 3aKIaleHHs IPU3BOAUTE 10 30UIbIICHHS Ki-
JBKOCTI POOOYHX 3€PEeH 1, OTXKE, 10 3MEHILEHHS CepeIHbOMMOBIPHOT TOBLIMHH LIapy, IO 3pi-
3YEThCS OHUM 3€pHOM. TakuM YMHOM, /i CUJIOBOTO (haKTOpa MO MepenHiil MOBepXHi 3MEH-
IIYETHCS OUTBII IHTEHCUBHO, HIK 3pOCTA€ BIUIMB CHJIOBOTO (hakTOpa MO 3aJHil MOBEpXHI IpU
30UTBIIIEHH1 TUTOMIA0K 3HOCY.

[TpoTsirom yacy 6e3mepepBHOrO KOHTAKTY 3€pHa 3 00pOOIIIOBAHOIO MMOBEPXHEIO JIisl CUJIO-
BOro (hakTopa 1o 3aJHili MOBEPXHi MOYMHAE MPEBANIOBATH HAJ JIIEI0 CHJIOBOTO (hakropa mo
nepeHii MOBEepXHi i HANPYXEHHS Ha TPaHUIll 36pHO—3B’A3Ka MOHOTOHHO 3pOCTaloTh. Pi3ke
3pOCTaHHs HAaPY)KEHb HA TPAHMII 36pPHO—3B’sA3Ka MOB’53aHO 3 3aKOHOM DO3IOJILTY TEIUIa, 3
SKOTO BHUIUTMBAE, 1[0 TEMIIEpaTypa B TOYIll Tila €KCIIOHEHIIaJbHO 3aJIeXKUTh Bl BiJCTaHI J10
TEIUIOBOTO JpKepena. ToMy He3Bakarouu Ha Te, M0 MUIBHICTh TEIJIOBOTO MOTOKY MO 3aIHii
MOBEpPXHI MOCTiiHA 1 HE 3aJIEKHUTh BiJ IUIOLIAIOK 3HOCY, HAMPY)KEHHS BiJ TEeMIIEpaTypHOTO
¢daxTOpa 3 IEBHOTO MOMEHTY 4Yacy HEepEeBUILYIOTh HANpPYKEHHS BiJ CHIOBOTO (akTopa, a ix
CITIBBIZHOILIEHHS 3pOCTA€ B Mipy 30UIbIIICHHS JIHCHOTO KOe(illieHTa 3aKIaIeHHS 3epHa.

BucHoBKH BiInoBiaHo 10 cTaTTi. BcTaHOBIIEHO, 1110 MAKPO3HOILTYBAaHHS Pi3aJIbHOT TOBEPXHI
HUTiQ yBaTBbHOTO Kpyra 3aJISKUTh Bil YMOB 3HOCY OKPEMHX aIMa3HUX 3epeH. 31 30UIbIICHHM Ya-
Cy KOHTaKTY 3epHa 3 00poOII0BaHOIO MOBEPXHEIO 10BKUHA TBIpHOT [ PK 301bIIIy€eTHCS HE3amex-
HO BiJI MapKH 3B’s3KU. YTIEpIle TIPOBEICHO MOPIBHIHHS HANPYKEHb, 10 BUHUKAIOTh HAa TPaHUII]
3epHO—3B’A3Ka Bif JIii TEMIEPaTypHO-CUJIOBUX (PaKTOpIB, ISl TOCTPOTO 1 3HOIIEHOTO 3€pHa Ta
BCTAHOBJICHO, 1110 3 TTOSIBOIO TUIOIIAJ0K 3HOCY HAlPY»KEHHsI 3pOCTalOTh Y 3+7 pasis.
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GRAIN WEAR EFFECT ON THE THEORETICAL LENGTH
OF THE MAIN CUTTING CONE GENERATIX

Urgency of the research. The productivity improvement of diamond grinding while ensuring the quality of the treated
surface and high performance maintaining of wheels is an important task of machine-building production.

Target setting. The research of the wearing process of the cutting surface of diamond grinding wheels in order to im-
prove the processing efficiency and saving of its cost.

Actual scientific researches and issues analysis. The analysis of studies of the working layer of a grinding wheel wear
in the radial section showed that the patterns of the working surface formation depend on both the type and method of grind-
ing, and on the conditions of processing. Changing the size and geometric shape of the cutting surface of the wheel is due to
the wear of individual grains. In the study of wear mechanisms of single abrasive grains, the problem of stability of a single
grain in the bond of a wheel is solved principally.
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Uninvestigated parts of general issues defining. There are no studies of processes that simultaneously combine the mi-
cro- and macro wear of the working layer of the grinding tool.

The research objective. The purpose of the work is to study grain wear effect on the theoretical length of the main cut-
ting cone of the working layer of the diamond grinding wheel.

The statement of basic materials. It is shown that the profile forming of the working surface of the grinding wheel depends
on the processing conditions. It is established that the theoretical length of the generatrix of the main cutting cone (MCC) is a
function of the time of contact of the grain with the treated surface, and therefore depends on the wear of the cutting grain along
the back surface. Theoretical investigations of the diamond grains effect on the length of MCC generatix have been made.

Conclusions. The conducted studies have shown that with increasing time of grain contact with the surface to be pro-
cessed, the length of the main cutting cone generatix increases irrespective of the bond grade, tension state of the grain-bond
system grow in 3 = 7 times due to the effect of temperature-force factors with the occurrence of wear grounds.

Keywords: grinding wheel; generatrix of the cone; grain, bond; tension; wear.
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EKCIIEPUMEHTAJIBHE JOCJII/UKEHHSA TEIIVIOHATIPY 2 KEHOCTI IPOLHECY
3HOCY KPYT'A, CJ PI3AHHA TA IOTYKHOCTI TP IBOCTOPOHHBOMY
HJII®PYBAHHI TOPHIB 3AI'OTOBOK PIBHOI'O JTAMETPA

Axmyanvnicmy memu 0ocnioycenns. 3abe3nevenus GUCOKOI KOHKYPEHMOCNPOMOICHOCHI 0bpobaenux Oemarnei no-
mpebye nioguuyents nPOOYKMUBHOCMI NP 30ePerHCeH ] GUCOKUX MOYHOC MA AKOCHIL.

ITocmanoexa npoonemu. IliosuwyerHHs MoYHOCMI USOMOBIEHHS Oemaneli NO8 a3aHO 3 3POCMAHHAM cobieapmocmi,
Momy 0115 OOCASHEHHSL BUCOKUX MEXHIKO-EKOHOMIYHUX NOKA3HUKIG HATOLIbUL NEPCREKMUBHUM € 3ACHOCYBAHHS HOBUX DIULeHb
Ma 8600CKOHAIEHHsL CROC00i68 0OPOOKU.

Amnaniz ocmannix 0ocnioxcens i nyonikayiii. 3 memor 3a0e3neueHHs: 8UCOKOI MOYHOCMI MOPYesUx NOBEPXOHb Oema-
aell 00Ho20 Odiamempa Himeyvbka ipma Saturn 30ilCHIOE iX 06POOKY HA OBOCMOPOHHIX MOPYEULTIPYBATLHUX 8EPCIMAMAX
abpaszugHumu Kpyeamu oe3 Kaniopyouux OiisaHoK.

Buoinenns nedocnioxycenux uacmun 3azanvnoi npoonemu. I1io uac obpobku wmoexauie 3 oonaxogumu diamempami
iX mopyegux nNOBEPXoHb HA OBOCMOPOHHIX MOpYeunighysanvHux eepcmamax gikcayiro demaneil 30IUCHIOIOMb 8 0CbOBOMY
Hanpsamky. Biocymui docniodcenus eniugy cnocoby @ikcayii ummoexadie 8 0cb08OMY HANPAMKY HA MOYHICMb (opMoymeo-
PenHs iIXHIX MOopYesuUx Nogepxond i3 PiHUMU Jiamempami.

Ilocmanogka 3ae0anns. Bucoxi éumozu 0o mounocmi ma aKkocmi mopyesux N08epxXoHb 8KA3AHUX Oemainell MOICHA 00-
CASHYMU UTIAXOM YOOCKOHANEHHSL ICHYIOUUX A60 PO3POOKOIO HOBUX BUCOKONPOOYKMUBHUX CROCODI8 WY BAHHA.

Buknao ocnoenozo mamepiany. /[na 3abe3neuenns oOpobku Oemanei i3 pisHuMu Oiamempamu ixXHix mopyesux
NOBEPXOHb 3a OOUH NPOXIO BUKOPUCIMOBYEMbCA CROCIO WIYBAHHS OPIEHMOBAHUMU KDY2aAMU 3 KATIOPYIOUUMU OLIAHKAMU 3
OOHOCMOPOHHIM PO3MAULY8AHHAM MOPYIE 00HO20 diamempa. Jo6dxcuna Kaniopyouux OLIAHOK WIQY8ansHux Kpyeie
8ionogioac OinbUOMY Ma MEHWOMY OlaMempan.

Bucnoeku 6i0noeiono 00 cmammi. Bumipsino npodine iHCmpymMennty ma UHAYeHO 3HOC aOpa3usHO20 Kpyed nicis 06-
pobku 10 demaneti, wo cmanosug 15 mm. ExcnepumeHmansHo ompumano npo@ins incmpymeHmy ma 6U3HAYeHO NUMOMULL
3Hoc abpasusrnoeo Kpyea (K =25). Excnepumenmanvro eusnayeni maxcumanvhi 3navenns memnepamyp (420-630°C) ne
BUKIUKAIOMb CIPYKMYPHUX nepemeopend y mamepiani. [Llopcmkicms 06pobaenux nogepxonv demaneti Ra = 0,16-0,32 mxm.

Knrouosi cnosa: winigyysanns,; mopyi pisHux oiamempie,; abpasueHuil Kpye, Cuiu pi3ants,; CXpewjeHi oci.

Puc.: 10. Tabx.: 1. bion.: 10.

AKTYaJIbHICTb TEMH J0CJTiKeHHs. 3a0e3MedeHHs] BUCOKOT KOHKYPEHTOCIPOMOKHOCTI B
rajgy3i MalmHOOYTyBaHHS MPH MOJANIBIIOMY PO3BUTKY PUHKOBUX BIIHOCUH BHMarae BHpIIICH-
HS 3a/1a4i po3poOKM HOBHX cIOcoOiB NnuTihyBaHHS, SKi 3a0e3MeuyBaTUMYTh MiIBUIIEHHS MPO-
ITYKTUBHOCTI 0OpOOKH JieTaneit npu 30epekeHHI BACOKMX TOUYHOCTI Ta SIKOCTI IXHIX MIOBEPXOHb.

IHocTanoBKa npodaeMu. Y pi3HUX ramy3sax MaH_II/IHOGy,Z[yBaHHH 30KpeMa aBT0M06iJ166y-
,Z[yBaHHl Tp&KTOpOGyI[yBaHHl BHKOPHCTOBYIOTBCA JeTai 3 pi3HUMHU JiaMeTpaMu TopuiB. Bu-
COKI BUMOTH 0 TOYHOCTI Ta SIKOCTI TOPUCBHUX MOBCPXOHb BKAa3aHUX ,Z[eTaJIeI/I MOXKJIMBO JO-
CSTHYTH IUISIXOM YIOCKOHAJIEHHS ICHYIOUMX a00 pO3poOKOI0 HOBHUX BHCOKOIPOIYKTHBHHX
crnioco0iB nuTipyBaHHs.

AHauni3 aocaizkens i myoJikamiii. 3 MeToro 3a0e3medeHHs] BUCOKOT TOUHOCTI TOPIIEBHUX TO-
BEPXOHB JIeTaJIeH OHOTO JiaMeTpa HiMelbKa (ipma Saturn 37iiicHIOE IX 0OpOOKY Ha IBOCTOPOH-
HIX TOpLeNLTIhyBATFHUX BepcTaTax abpasuBHUMH KpyraMu 0e3 KaniOopyrouux IUISHOK [1].

VY poboTtax [2-5] mocmimKyeTbCcsi TOUHICTh TOPLIEBUX MMOBEPXOHB JETalIel 3 0JHAKOBUMHU
JiaMeTpaMu TpH iX JBOCTOPOHHBOMY TOPLIEBOMY IUTipyBaHHI aOpa3sMBHUMHU Kpyramu 3
KaTiOpyIOUMMHU JiISTHKAMH.

Crnoci6 0HOMPOXITHOTO JBOCTOPOHHBOTO HUTIQYBaHHS TOPILIB JAeTaleil OJHOTO JiaMeT-
pa, mpencTaBiieHH y po6oTi [6], 3abe3meuye BHUCOKI €(EKTUBHICTh, a TAKOXX TOYHICTH Ta
AKICTh 00OpPOOJICHUX MOBEPXOHB JETAall.

CKJIa,Z[HI/IM HAaYKOBHM Ta BHpOGHI/I‘II/IM 3aBJaHHAM, BI/IpiI_HeHHH SIKOI'O Ma€ BCJIIMKC 3HAYCH-
HS JUISL TIPOMHUCIIOBOTO KOMIUIEKCY YKpaiHHM, € MiABHIIEHHS e(EeKTUBHOCTI TOPLIEBOTO
nuTipyBaHHS MOBEPXOHB JeTajeH i3 TOPISIMH PI3HOTO JiaMeTpa.

Buainenns HeqocCaiIzkeHMX YACTHH 3arajbHoi npodaemu. Binomi cnocobu nutipyBan-
HSl TOPLIEBUX MOBEPXOHb LHMIIHAPUYHUX JIETaJeH 13 KPyrJiuM NpodiieM Ta TOPISIMH OJHOTO
niaMerpa, (ikcallist IKHX B 0CbOBOMY HATPAMKY BiIOYBA€ETHCS TOPIIMHU prriB [Tpu pisHOMY
IIPUITYCKY Ha 06p061<y 3 000X cTOpiH Jerani BimOyBaeTbes il HepeMIH_IeHHH B OCbOBOMY
HATIPAMKY I JI€F0 CHJT p13aHH;1 o ix BI/IplBHIOBaHHH Ane BiACYTHI TOCIIDKCHHS BIUTHBY
opieHTallil JeTanel i3 pi3HUMU JlaMEeTpaMU TOPIIB B OCHOBOMY HAIPSIMKY Ha TOYHICTH (op-

© Cipa H. M., JIutus O. O., Kansuenko [I. B., Mopouko B. B., 2018
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MOYTBOPEHHS X MoBepxoHb. [Ipu 06poOi11i mTOBXauiB Ha IBOCTOPOHHIX TOPIENLTI)YBATBHUX
BepcraTax ix (ikcaiiio 31iHCHIOIOTH B OCHOBOMY HAmpsSMKY. AJie BiCYTHI1 JOCTIKEHHS
BIUTMBY criocoOy (ikcarii MTOBXa4yiB B OCbOBOMY HAIlPSIMKY Ha TOYHICTH ()OPMOYTBOPEHHS
iX TOpLEBUX MOBEPXOHD 13 PISHUMH J[IaMETpaMHu.

Mera cratTi. Metoro 1iei pob6oTu € minBuieHHs ePeKTHBHOCTI ILTihyBaHHS TOPIIIB Je-
Talei 13 pI3BHUMH JiaMeTpaMU 3a pPaxyHOK pO3pOOKH TEOPETHYHUX OCHOB HpOIEeCy
nutipyBaHHS TOPLIB JeTajel opieHTalielo iX Ta nNpoduIbOBaHUX KPYTiB sK 0a3u sl CTBO-
PEHHS HOBUX CITOCO0IB 00p00OKH, CIOCO0IB MIBUIIEHHS MPOYKTUBHOCTI Ta TOYHOCTI 00p00-
KA TOPLEBUX MOBEPXOHb JeTajel pi3HUX JiaMeTpiB HuliQyBaTbHUMH KPYraMu 3 IUIOCKHMH
TOPLIEBUMHU MMOBEPXHSAMU Ta KATIOPYIOUMMHU JiISTHKAMU.

Bukaan ocHoBHOro marepiaay. OnnodacHy oOpoOKy JIBOX TOPLIB JeTajel pi3HOTO Jia-
MeTpa 3MIMCHIOBAJIM Ha JBOCTOPOHHBOMY TopueuutidpyBaabHOMy BeperaTi 3342AJ10
nutipyBanbHUMH  Kpyramu 1-450x305x63-25A40CT168 (puc. 1, a). Ilepen 0oOpoOkoro
1T yBagbH1 KPYry MPaBUIMCh MO TOPLEBUM MMOBEPXHSAM, NEPIEHANKYISIPHUM OCSIM iX 06ep-
TaHHS, JUIsI BUKOHAHHS YOPHOBOI 0OpOOKM alMa3HMMHM OJIBLSIMH, SIKi BCTAHOBJICHI Ha IpH-

CTPOsIX, 3aKPIIUIEHUX Ha KopIycax IutigyBaibHuX 0abok (puc. 1, 6).
, ] Foe

a o
Puc. 1. Obpobra mopyie oemaneii pizHoeo diamempa Ha sepcmami 3342A]10:

a — wigyeanns mopyie demainell i3 pizHumu diamempamu; 6 — NPAsKa Wiy 8aIbHUX KPY2i6
Ha nBocToponnsoMy TopuenutipyBaasHoMy BepcTati 3342 AJ10 3aiiicHioBanack 06poOka
TOPLIB MITOBXaYiB (pUC. 2) 3 TOPISIMH Pi3HOTO JAiaMeTpa — 8 MM Ta 28 MM BIANOBIAHO, MaTe-
pian mroBxadiB — cranb 40X.

Puc. 2. [llmoexay i krananu

Ilepen o0OpoOkoro neraneid i3 TOPUAMH pI3HUX JllaMEeTpiB  Ha JBOCTOPOHHIX
TOpLENLTIQYBAIBHUX BepCTaTaX BU3HAYAETHCS BEIMYMHA IMPHUITYCKY, Ky HEOOXIJHO 3HATH
npu 1uTipyBaHHI.

SIKIIO NpHITyCK HEBENWKUN, JNOLUIBHO BUKOHYBAaTH OOpOOKY OpI€EHTOBAaHUMHM MHUTI(Y-
BaJBHUMH Kpyramu 0e3 Kaniopyrouux AUISHOK [3].

VY Bumaaky oOpoOKku Jeraneil 31 3HATTAM BEJIMKUX HPHUITYCKIB MEPEBIPSETHCS MOXKIHMBICTD
00pOOKM OPiEHTOBAaHUMHU HUTI(QYBATBHUMHU KpyraMu 0e3 KaiOpyrouux AUITHOK 3 OTHOCTOPOHHIM
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po3TanryBaHHsIM TOPIIB oHOTO Miamerpa [1]. Lleii BapianT 0OpoOKu 0OMpaeMo, SKIIO MOXUOKa
Ha TOpLi OLIBLIOrO JiaMeTpa He OLIbLIe I0YCTUMOT.

Jlnis 3abe3nedeHHs 0OpoOKu JeTaneit 3a OJIMH MPOoXia Ta He0OXiHOT TOYHOCTI 0OpOOKH y
BEJIMKOCEPIHHOMY Ta MacoBOMY BHMPOOHHMIITBAX BUKOPUCTOBYETHCS CHOCIO IITihyBaHHS
OpIEHTOBAaHMMHU KpyramMH 3 KaJiOpyIOUMMH JiUISHKaMU 3 OJHOCTOPOHHIM PO3TalllyBaHHSIM
TOpUIB O7HOTO fiameTpy. Ilpu mpomy HEoOXinHO 3a0€3MeUnTH Pi3HY JOBKUHY KaTiOpyHOUUX
TUISHOK NUTihyBabHUX KPYTiB 3aJI€KHO Bij JiaMeTpa, BIAMOBIAHO OUIBIIOTO Ta MEHIIOTO.

[Tpu BU3HAaYEeHHI MPOAYKTUBHOCTI NUTIQYyBaHHS TOPLIB JAeTalleil HEOOXIHO BpaxOBYBAaTH
BEJIMYUHY MPUIYCKY, 110 3HIMAETHCS, PO3MIpPH JeTali, MBHIKICTH 00epTaHHa OapabaHa mo-
nadi BUPOOIB, MOAATIUBICTh CUCTEMH, SIKa 3MIHIOETHCS 32 KOOPIUHATOO 0OpOOKH, Ta TeMIie-
parypy HarpiBaHHs aertaini. I3 3anexxHoctel, mpuBeaeHUX y [7], MOKHA BU3HAUYUTH THTOMI

le'n D> Qyind ta MUTTEBI O)D > Omd TPOAYKTUBHOCTI HUTIQYBaHHS AT IBOX TOPIIB Jie-
Tai pi3HUX AiaMeTpiB (D — OUIbIIOro Ta d — MEHIIOTO BiATIOBIAHO):

G2t b(t,0
QyinD(Tp . 11;) = JVin‘”in‘(Ri_Hin(TD)‘Si”ain_Hi)‘{l_exl’(_zlfo’)ﬂ‘dek’ (D
O1ki

) b(1,0
Qyind (Td - 1) =" [Vin - i ‘(Ri_Hin(Td)‘Si”ain_Hi)‘{l_exl’(_zlfot’)ﬂ‘dgk’ (2)
O1ki
in 02 Z.I7in‘ﬁin(Ri_Hin(TD)‘Si”ain_Hi)‘
Omp(Tp.1i)=[| | {l_exp[_Zbgt,e)H.dek \/{
0

2 2
d’;{nJ {dzljnJ di> 3)
. l 1

| O

i gzk.fin‘ﬁin(Ri_Hin(Td)‘Si”ain_Hi)‘ \/[

2 i
Omd (Ta Mi)=1\ [, [ Zbto))|
: e I

2 2
dejnJ {dzljnJ i (4)
i\ O1ri

di i

ne Vi, — BEKTOp WBUAKOCTI BITHOCHOTO PYyXY;

Nj;, — BEKTOP HOpMaJi i-T01 TOUKH NMpoQiIo Kpyra Miciist 00poOKu 1 eTanei;

R; — paniyc koopauHATH i-TOT TOUKU MPODUII0 Kpyra Micis IpaBKy;

Uiy (Tp), Ujp(Tg)— 3v0C nutihyBanbHUX KPYTiB, KUl 3aJ€KHUTHh Bil THMYacOBOTO
oropy Ta TemnepaTypu I’ HarpiBaHHs JeTaji, IpH 0OpoOIli Pi3HUX TOPIIB JAETajl 3 PI3BHUMHU
JiaMeTpamus;

Oljy — KyT HaxXwily JOTHUYHOI B I-Tii Touli Hpodiato, 10 BU3HAYAE HANPSIMOK 3HOCY
1T yBaIbHOTO KPYTa;

I1;— xoedirieHT, 10 BpaxoBye NOJATIUBICTh CUCTEMH;

O — KyTOBHil mapameTp Kpyra;

i1 , i9p —PaHUYHI 3HAUEHHS [TapaMeTpa i 0CbOBOT0 Mepepi3y Kpyra B 30HI KOHTAKTY;

ki » ki — KyTOBI KOOPAMHATH IUIIMU KOHTAaKTy Ha pajiyci;
Sh0)) .. .
1—exp| —=——=~ |- BIpOTiAHICTH BUJAICHHS MaTepially 3arOTOBKH.

BukopucToByroun 3anexHOCTI, HaBesieHi B [6; 7], BU3HAYMMO 3HOC HUTI(yBaIbHUX KPYT'iB
npu 00poO11i TOPIIEBUX MOBEPXOHB JETalll 3 PI3HUMH JlaMeTpaMHu:
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Q m—1
T,,0)=—=0_=C .0, (T,.II (5)
q( l) Qym (TD,HZ-) q Q}m ( )
Q m—1
Td,I1,)=——=*——=C,- : (6)
q( l) Qym (T II. ) Q}m ( )

ne O, —00’eMHa KITbKICTh 3HOLICHOTO a0pa3KBYy 3a OJMHUIIIO Yacy;

Qyin(T D.IT;), Qyin(T d,Hi)— IIBUJIKICTB 3HATTS METaly, sfKa 3aJIeKUTh BiJ TeMIepaTypu
HarpiBaHHs TOPIIIB JETalli Ta MOJATIUBOCTI CUCTEMU;

C g~ KOEQIIIEHT, 10 JOPIBHIOE MIBUAKOCTI 3HOCY.

3 MeTOI BpaxyBaHHs TeMIIEpaTypd HarpiBaHHs JeTaii B mpolieci oOpoOKu mpu po3-
paxyHKY CKJIAJIOBUX CHJI pi3aHHS BpPaXOBYEThCS BEJIMUMHA HAIIPY>KEHHS 3CyBY [7; §; 9]:

ts(T) =7520 k7 (1), (7)
Ie Tg)() — HalpyKeHHs 3cyBY npu Temmnepatypi 20 °C;
kp (T)— KoedilieHT, 0 BPaXxOBY€e 3MiHY BJIACTHBOCTEH 0OpOOIIOBAaHOTO MaTepialy MpH
3MiH1 Temmepatypu 7.
BeﬂanHy Koe(illieHTa, SKUA BpaxoBye 3MiHy BJIACTUBOCTEH Matepiany 0OpoOIOBaHUX
IITOBXaYiB (CTaJb 4OX) pH 1X HanlBaHHl B Ipo1Ieci mm(byBaHH;I HaBezieHO Ha puc. 3. OcKiIb-

KU Topuem MOBEPXHI HITOBXaYiB PI3HOTO AilaMeTpa, X HarpiBaHHs MpU 0OpoOIIi Bm6yBaTHMeTLc;1
HEpIBHOMIPHO, a TOMY JUI KOXKHOTO TOpLs jAeTtani KoedirieHT kp (T) Oyne HaOyBaTH pi3HHUX

suauens: k(T ) — s Ginbioro ta k7 (T )4 — 11t MEHIIOTO [iaMeTPIB BiAIOBIIHO.

1.2 [

1

kn(T) 0.8
0.6 -

0.4
0.2

200 400 600
7 i
Puc. 3. 3mina senuuunu koeghiyienma kr(T) ons cmani 40X

3 Meroro 3a0e3nedyeHHs] BUCOKOI MPOJYKTUBHOCTI HUTI(pYBaHHS 3aCTOCOBYBABCS METOJ
MaTeMaTUYHOTO TUIAHYBAaHHS €KCIIEPUMEHTY Uil BHU3HAYCHHS ONTHMAJIbHUX 3HAYCHb BEIU-
YMHU TIOBOPOTY KPYT'iB y BEPTUKANbHIN IUIOIIKHI, MPUITYCKY Ta IIBHJIKOCTI KPYroBOi Mmoaavi
neraini. Sk mapamerp ontumizamii ¥ Oyna oOpaHa npoayKTUBHICTh nutidpyBanHs O, K (akTo-
pH — TIOBOPOT KPYTiB ¢ y BEPTUKAIBHIN IUIOMIMHI, BEJIMYMHA TPUITYCKY O Ta IIBHJIKICTH Jie-
Tani v,. BuKkopucTaHo noBHuit (haKTOPHHUIA eKCIEPMMEHT TUITy 2° i3 B3a€MOIisMHU.

HynboBuii piBeHb AJ1 TOBOPOTY Kpyra ¢ y BepTUKaNbHIi miomuHi — 0,12 MM, BeTHYUHH
npurycky 6 — 0,3 MM, mBHAKOCTI aetan vy — 0,68 M/xB. [lianazoHu BapitoBaHHS (haKTOPIB:

-0,1-0,17 mm; 0 —0,15-0,4 mm; vy — 0,38-0,98 m/xB.

Jlns pospaxyHKy Koe(illieHTiB CKIafeMO MAaTpUI0 IUIAHYBAHHS eKcIepuMeHTy 2° 3

edexTom B3aemoii (Tadm.).

Tabmums
Mampuys niany8ants eKkcnepumenmy

X X X3 Y
N oy | Gy | e, e | XX X LK ©)
1 2 3 4 5 6 7 8 9
1 + + + + + + + 83,81
2 - + + - - + - 25,56
3 + - + - + - - 83,11
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3akinueHHs Ta0.

1 2 3 4 5 6 7 8 9

4 - - + + - - + 30,70
5 + + - + - - - 35,11
6 - + - - + - + 11,07
7 + - - - - + + 41,52
8 - - - + + + - 25,54

PiBHSIHHS MaTeMaTHYHOI MOJIeJi B KOJIOBAaHUX 3HAYCHHSIX:
Y=by+b - Xi+by - Xy+b3-X3+b - X -Xy+b3-X|-X3+by;3-X, X5+
+bipy - Xy - Xy - X5 .
BusHaveHi 3Ha4eHHs KOEQILi€HTIB B pIBHSAHHI MaTEMaTUYHOI MOJIEIII:
Y =69,18+596- X1 —15,18- X5 +27,91- X3 +8,12- X1 - X3 —12,11- X5 - X3. 9)
Amnaniz piBHAHHA perpecii (9) mnokaszaB, IO BIUIMB Ha MPOJYKTUBHICTH OOpPOOKH

3MIIIICHIOIOTH TTOBOPOT KPYTiB ¢ y BEPTHKAIbHIN IUIOIIMHI, BETUYNHA MPUITYCKY O Ta IIBUI-
KICTh JIeTalli Vo.

VY mporeci eKCIepuMEeHTaIBHOTO JOCTIKEHHS 3HOC IHCTPYMEHTa KOHTPOJIIOBABCS OITH-
KO-BOJIOKOHHMM JaT4MKOM (pHc. 4), 3akpimieHuM y OapabaHi mogadi BUpOOiB, LIyH SKOTO
JTOTUKAETHCA 0 MPOQLIIO MITiIYBaTbHOTO Kpyra.

oo | . ———

(®)

Puc. 4. Buznauenns 3nocy winighysanibHoeo kpyea:
a — nid2omoeKka ONMuUKO-60J10KOHHO20 0amyuuKa,; 0, 8 — CMeHO OJi 6USHAYEHHS. 3HOCY IHCMPYMEeHma
6 npoyeci 06pobKU 3a OONOMO2010 ONMUKO-80JIOKOHHO20 OAMYUKA

Ha puc. 5 306paxeno npo¢ins mutiyBaabHOrO Kpyra, BUMIPSHHMA 3a JOMOMOTOI0 ONTH-
KO-BOJIOKOHHOTO JIaT4MKa, MiciIst 0OpOoOKH IITOBXaUiB.

Jlns BU3HAUEHHS 3HOCY ILTIQYBaIbHOTO Kpyra Horo mpodiab 3aMiprloeTbes Nepen Ta
micnss  o0poOku  geraneld. EkcrepuMeHTanbHO OTpUMaHe 3HA4YEHHS MHTOMOTO 3HOCY
nutigpyBansHoro kpyra K = 25. Po3paxoBaHa BeTMYMHA MUTOMOTO 3HOCY HUTI(YBaTIbHOTO
kpyra cranosuia K = 20.
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X, MM

Puc. 5. Ilpogins winighyeanvroco kpyea, ompumarnuii 3a 00noMo2010
ONMUKO-80JIOKOHHO20 0AMYUKA

Takoxx Oynu mpoBeieHI eKCIEepUMEHTaNbHI JOCTIKEHHS MOTY)KHOCTI Ta CHJI pPi3aHHs
IIpU ABOCTOPOHHBOMY TOPLIEBOMY LUTI(pyBaHHI IITOBXAYiB 13 PI3HUMH JlilaMeTpaMH TOPIIB 32
KOOPJIUHATOI0 0OPOOKH.

AKTUBHY MOTYXHICTh BUMIPIOBAJIU 32 JIOTIOMOTOI0 BUMIPIOBAIBHOTO MEPETBOPIOBAYA aK-
tuBHOI MoTykHOCTI C.A 8220 (puc. 6).

Puc. 6. Bumiprosanvruuu nepemeoprosau akmuenoi nomysxcrnocmi C.A 8220

Cunu pizaHHS pO3PaxOBYBAJIUCH ISl PI3HUX AlaMETpiB TOPIIB JeTajii 3a JOIOMOTOIO
eKCTIIEpUMEHTAIbHO BU3HAUCHOI BEJIMYMHHU MOTYKHOCTI 3a 3anexHicTio [10]:

3,

Pap =, (10)
i3,

Py =, (n

i

ne Npiz;p , Npisjgj — NOTYXKHICTb ILTi(pyBaHHs TOpUiB OUIbIIOro (D) Ta MeHworo (d) aiameTpis
TOPIIB AeTali;

Vi — MBHJIKICTh pi3aHHS.

3a pe3ynbTaTaMHU €KCIEPUMEHTAIBHOTO JOCTIHKEHHS OTPHMaHi rpadiku aKTUBHOI MO-
TYKHOCTI Ta CHJI pi3aHHS 32 KOOPAMHATOIO 0OpPOOKH O, Ha BOX TOPIIX OJHOTO IITOBXaya
(puc. 7). IloTyXHOCTI moOKa3aHi KpUBUMH [ Ta 2, a CUIM pi3aHHA — KpuBuMu 3 Ta 4
BIIOBIAHO TSI OUTBIIIOTO Ta MEHIIIOTO TOPI[iB JAETaTi.

Sk BUAHO 3 OTpUMaHoro rpadika, pu 4YOpHOBiH 00poOIIi BeTHMUnuHA MOTYKHOCTI (KpuBi /,
2) 301IBIIYETHCS MPOTIOPIIIHO TIJIOMI 00OpOOIIIOBAHOT AeTai, MPU HAMMIBYUCTOBIN Ta YUCTOBIM
o0poO1i — 3anuIIaeThCsi Maibke HE3MIHHOIO, a Ha KaiiOpyrouiil AisHIi mutidyBaabHHX
KpYT'iB — 3HAYHO 3MEHIIYEThCS, 110 3a0e3reuye BUCOKY TOUHICTh 00p0oOIeHOT TOBEPXHI.
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Puc. 7. Axmusna nomyacnicms (kpuei 1, 2) ma cunu pizanus (kpugi 3, 4)
3a KoopouHamoio oopobxu Oy Ha 080X MOPYAX WMOEXAUA:
5, 6 — wumoexau 0o ma nicis 06pooKU 8i0N0BIOHO

ExcniepuMeHTanIpHO BU3HAYEHO TEMIIEpaTypy NpH  JIBOCTOPOHHBOMY TOPLIEBOMY

nutipyBaHHI AeTaynel i3 pisHUMH JllaMeTpaMy TOPIIiB, BCTAaHOBJICHHUX y OapabaHi moaayi BH-

po6iB. TemrepaTypy Ha TOPIISIX 3arOTOBKU BUMIPIOBAJIH 3a JOMIOMOTOK) TEPMOIIAP «XPOMEIb-
Karenby (puc. 8).

Puc. 8. Bumiprosanns memnepamypu 3a 00NOM02010 MEPMONAP «XPOMeNb-Kaneiby

Cnaii Tepmomnap (ikcyBaBcsi Ha TOPLSAX 3aroTOBKU. [l MOCHUIICHHS HANpyrd TepMoriap,
PO3TAIlIOBAaHUX HA TOPILSX 3arOTOBKH, BUKOPUCTOBYBABCS IJICHIIIOBAY MOCTIHHOTO CTPyMY.
Hanpyra Ha BHXOJi MiACHIIOBaYa KOHTPOJIOBANACh MiuliBosbTMeTpoM B3-53. Jlng 3amucy
MOKa3aHb BUKOPUCTOBYBaBcs camoszanucyBau H3031/1. Ananiz oTpumaHoi ocuMIOrpaMHu

(puc. 9) nokasas, 10 TeMIepaTypa Ha TOPISIX JA€Tall MPSIMOMIPONOPIIHHO 3aIeXKUTh Bl MPHU-
MyCKY, L0 3pi3y€ThCsl, Ta MBUIKOCTI MOAaY1 IeTaneil y 30Hy 00poOKu.

Puc. 9. Ocyunoepamu T.E.J[.C. no koopournami 06pooKu
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BuMiproBaHHS MOPCTKOCTI Ra TOPIEBUX MOBEPXOHb JI€TalIell BUKOHYBAJIOCH Ha MPodiso-
rpagi-npodimomerpi moxaeni 201, a Takoxk 3a JOMOMOIrOI0 MOPTATHBHOTO MpodiIoMerpa
Pocket Surf III. I3 orpumanoi npodutorpamu (puc. 10) mopcTkicTh mpu 0OpoOIi TOPIIIB
mToBxaya ckiaia Ra = 0,16-0,32 Mxm.

Puc. 10. Ilpoghinoepama obpobenoi mopyesoi nosepxwi wmoexaia
Topuese outts (puc. 11) BumiproBanace npunagom «TALYROUND». ExciepumenTanb-
HO OTPUMAaHE 3HAYEHHS TOPLIEBOro OUTTS Ha JiaMeTpi 25 MM cTaHOBHUTH 10 MKM.

Puc. 11. Pe3ynomamu sumipiosants mopyesozo bumms
wmosexaua Ha oiamempi 25 mm

BucHoBku BianosinaHo a0 crarri. [IpencraBnenuii crnocié ABOCTOPOHHBOTO HUTI(DYBAHHS
TOPLIEBUX MTOBEPXOHb JIETalIeH PI3HOTO JiaMeTpa Opi€EHTOBAaHUMH NUTI(QYyBaTbHUMH KPYTaMu 3
KaxiOpylounMHu AUISHKaMH, o 3abesneuye niaBuieHHs touHocti (IT 6-7) Ta mpoaykTus-
HOCTi 00OpOOKH.

3 MeToro 00poOKH AeTarneil 3a OJUH MPOXiI Ta OTPUMaHHS 3aJaHOI TOYHOCTI B Oararo-
CepiifHOMy Ta MacOBOMY BHPOOHMIITBAX BUKOPHCTOBYETHCS CHOCIO HUTipyBaHHS Opi€EHTOBa-
HUMH KpYraMu 3 KaJliOpyrOuMMH JUTTHKAMH 3 OJJHOCTOPOHHIM PO3TAaIIyBaHHSM TOPLIB OJIHO-
ro giametpa. [Ipu oMy mpaBKoiO HUTiIPYBATLHUX KPYTiB 3a0€3MeUy€EThCS pi3HA JTOBXKUHA 1X
KamiOpyrounX AUISHOK 3alie)KHO Bif JiaMeTpa OOpOOIIOBAHMX TOPINB JETalli, BiAMOBITHO
OUIBIIOrO Ta MEHIIIOTO.

Jlis 3a0e3nedyeHHss BUCOKOI MPOJTYKTUBHOCTI 0OpOOKH MPOBENCHO IJIaHYBaHHS ITOBHOTO
(aKTOPHOTO EKCIEPUMEHTY 3 TPbOMa (baKTopaMI/I Amnaniz piBHﬂHL perpecii mokasas, 110 MpH
JIBOCTOPOHHBOMY TOPLIEBOMY nutiyBaHHI TOPIIIB IITOBXAYiB i3 PI3HUMHU I[laMeTpaMI/I BILIMB
Ha IPOAYKTHUBHICTh OOpOOKM Ma€ BETMUMHA MPHUITYCKY, 10 3HIMAETHCS, IBUIKICTh OOepTaH-
Hs1 6apabaHa mojavi BUpoOiB Ta opieHTallis HUTi(yBaIbHUX KPYT'iB.

ExcniepumeHTa bHI JOCTIKEHHS pO3pOOJICHOT0 crioco0y TBOCTOPOHHBOTO ILTi(hyBaHHS
TOPLIEBUX MOBEPXOHB JETalll 3 PI3HUMH JllaMeTpaMu TOKa3aliy, 10 KajiOpyioya AUIsSHKa Ha
BXOJIl He Oepe yyacTi B 3HATTI MPHUITYCKY, TOMY AUISIHKA Ui YOPHOBOTO 3HSTTS MPHUITYCKY
OLIbIlE 3HOIIYETHCS, a KaliOpyroua — Majio MiiaeThes 3Hocy. EkcriepuMeHTanbHO OTpUMaHe
3HA4YEeHHs MUTOMOTO 3HOCY cTaHOBHUTH K = 25. BumipsiHi MakcuMalibHi 3HaYEHHS TEMIIEpaTyp
ctanoBaTh 420-630 °C i He BMKIMKAIOTH CTPYKTYPHHX IEpeTBOPEHb Yy MaTepiaji.
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[opcTKicTh 00poOIEHUX MOBEPXOHB JAETANCH MiJ Yac eKCIIePUMEHTAIBLHOTO JOCITIKEHHS
cranoBmwia Ra = 0,16-0,32 mxM. Po30bKHICT pe3ysbTaTiB, OTPUMAHUX il 4aC eKCIIEPUMEH-
TaJIBHOTO Ta TEOPETUYHOTO JOCHTIPKEHHS, CTAaHOBUTH 12 %.
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UDC 621.923.42
Nataliia Sira, Oleksandr Lytvyn, Dmytro Kalchenko, Volodymyr Morochko

EXPERIMENTAL INVESTIGATION OF THERMAL EFFICIENCY
OF THE PROCESS OF CIRCLE WEAR, CUTTING POWER AND CAPACITY
IN THE BILATERAL SANDING OF SCRAPERS OF TRAILERS
WITH DIFFERENT DIAMETERS

Urgency of the research. In order to ensure high competitiveness, a solution is required to develop new grinding methods
that improve the processing performance of parts.

Target setting. The increase in the precision of the manufacture of parts is due to the increase in cost, therefore, for the
achievement of high technical and economic indicators the most promising is the application of new solutions and improve-
ment of processing methods.

Actual scientific researches and issues analysis. In order to ensure high accuracy of the face surfaces of parts of the
same diameter, the German company Saturn processes them on two-sided end-grinding machines with abrasive discs without
calibration portions.

Uninvestigated parts of general matters defining. When machining pushers on two-sided end-milling machines, their
fixation is carried out in an axial direction. There is no study of the effect of the method of fixing pushers in an axial direction
on the accuracy of shaping their face surfaces with different diameters.

The research objective. High requirements for the accuracy and quality of the end surfaces of the specified parts can be
achieved by improving existing or developing new high-performance grinding methods.

The statement of basic materials. For the processing of parts in one pass, a method is used for grinding orientated cir-
cles with calibrated areas with one-sided arrangement of ends of the same diameter. The length of the calibration sections of
the grinding wheels corresponds to the larger and smaller diameter.

Conclusions. The profile of the tool was measured and the wear of the abrasive disc was determined after processing of
10 parts, which was 15 mm. The experimentally determined temperature value in the contact zone of the tool and the part is
400°C, does not cause structural transformations in the material. The roughness of the processed surfaces of parts Ra = 0.16-
0.32 um. The difference between the results obtained from experimental and theoretical studies is within the range of 12 %.

Keywords: grinding; ends of different diameters, abrasive circle; cutting forces, crossed axes.

Fig.: 10. Table: 1. References: 10.
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YIAOCKOHAJIEHA METOJAUKA OINIHIOBAHHA AKOCTI I'lVIb3HU
OUJIHAPA IBUT'YHA BHYTPIIIHBOI'O 3'OPAHHSI
CIVIbCBKOI'OCITOJAPCBKOI TEXHIKH

Axmyansnicmos memu oocniodcenns. Cyyacri Mauurobyo0ieHi NiOnPUEMCmEa OPICHMYIOMbCS HA UNYCK BUCOKOKOHKYDEHM-
HOI NPOOYKUYIi, KA No8UHHA 8ionosioamu 8cim eumozam sxocmi. OOHUM i3 MAKUX BUOI8 NPOOVKUYIL 88ANCAEMBCS 2ib3A UUTIHOPA
08UYHA BHYMPIUHBLO20 320PAHHS MPAKMOPie i komoatinie. Taxa azpapHa mexika mana wupokuii 6xcumox wie 6io yacie CPCP.

ITocmanoexa npoonemu. OcHo8HUMU CKIAOOBUMU YACMUHAMU O8USYHA €. ONOK YUNIHOPIE 13 2I1b3010;, 20106KA 2d-
30P03N00IILHO20 MEXAHIZMY; Kapmep 08U2YHA, 6NYCKHULL MA SUNYCKHUL KOAeKMOPU, eleKmpooOiaOHAHHS, CUCMEeMA 0XO0-
n00oicents. Tinbza yuninopa, He3eaxcarouu Ha Npocmy 2eoMempuymy opmy, € 0OHUM 3 Haubiibl BI0N0BIOAIbHUX elle-
MeHmieé 08ucyHa 6HYympiuHbo20 320panus. Ilpobnema nonseac 6 3abesneyenHi AKOCMI 8U20MOGIEHHS 2IIb3U MaA 6
2apPAaHMY8aHHi AKOCMI Ni0 4ac eKCniyamauii' y cnoxicusaua.

Ananiz ocmannix oocnioncens i nyonikauii. Haseoeno ximiunuil ckiad mamepiany 2inv3u, ii MEXaHIYHI 61ACMUBOCIII,
a MaKodc KOHCMPYKMUBHI CKAA008i ma ymogu ii excniyamayii. Huni 6iocymui 6i0omi Gimuu3HAHI MEMOOUKU — NEGHOK
MIpOt0 ye no8 I3aH0 I3 3aXUCMOM IHMENeKMYATbHOL 61ACHOCTI BUPOOHUKIS.

Buoinenns nedocnioscenux uacmun 3azanvhoi npoonemu. Haeonowieno na medonikax 4unnoi nopmamugnoi dazu
CMOCOBHO NPOOIEMAMUKU OYIHIOBAHHS AKOCMI 2I/1b3U YWIIHOPA 08USYHA BHYMPIUHBbO20 320DAHHSL.

ITocmanoexa 3aedannsn. Haconowerno na ooyinbHocmi 3acmocy8ants MampuyHo2o Memooy OYIHIOBAHHS AKOCMI Npo-
oykyii i nocnye ma FMEA-ananiz pu3ukié nio yac 6UKOHAHHS 6UPOOHUYUX NPOYECié GUSOMOBIEHHA 2iNb3U YULIHOPA, UoO
eapanmyseamu i 6ucoxy skicmo. IIpobrema O0o0cCniodcenHss nonseac 6 NiOBUUEHHI SKOCMI 3d3HAYEHUX 2LIb3 34605KU
MIHIMIZAUIT pU3UKI8, AKI BUHUKATOMb N0 YaAC BUKOHAHHS 6CIX MEXHOLOIYHUX ONepayill ix U20mMoB1eHHS.

Buknao ocnosnozo mamepiany. Ha ocnogi 3anponono8anoco nioxooy 0isi O0CHIONCEHHs 2ilb3 YUNiHOpa ONUCana po-
3pobIeHa MemoouKa OYIHIOBAHHS AKOCMI OaHux eupobie. Borna micmums Hacmynni po30iiu: NPUHAYeHHs MemoouKuy, uoip
Memooy OYIHIOBAHHS SAKOCMI 2iIb3U YURIHOPA, 8UMO2U 00 MOYHOCMI OUIHIOBAHHS AKOCMI 2IIb3U, 6UMO2U 00 De3neyHocmi
BUKOHYBAHUX POoOImM, 6umo2u 00 Keanighikayii cneyianicmie, nio2omyeanHs ma 6UKOHAHHS ONepayitl MemoouKu, ophopmieHs
pe3yabmamie npo8edeHHss MemoOUKU OYIHIOBAHHS SIKOCMI 2inb3u YUIHOpA. [lemanbHo HABEOEHO 3MICH KOMCHO20 DO30INY
po3pobnenoi memoouku. [Ipedcmagneno ancopummu mamemamuyHoi 102iku 0 OYIHIOBAHHS AKOCHI 2i1b3 YUTTHOPA, NOULYKY
NPUYUH NOZIPULEHHS AKOCTI Ma ULTAXI8 IXHbO2O NOOONAHHSL.

Bucnogxu 6ionogiono oo cmammi. Hagedeno npuxnad onumyeanvbroi ankemu Cmoco8Ho Npoyecie 1umms 3a20mogox
2inb3U YUninopa.

Puc.: 1. Tabn. 2. Bion.: 8.

AKTyalIbHicTh TeMH JociaimkeHHsi. ChborofHi 0arato BITUM3HSHUX MAaIIUHOOYIIBHHUX
MIAMPUEMCTB HAMATAIOTHCS HE JIUIIE 3a0e3MeYUTH BIACHI MOTPeOH B SKICHIM MPOIYyKIIii, ane
1 BHMTH Ha MDKHApOJHI PUHKH PI3HOMAaHITHOI TeXHIYHOI mpoxaykiii. Hacammepen me cro-
CYETHCSI BEIUKOra0apUTHOI CLILCHKOTOCIOAAPCHhKOI TEXHIKM — TPaKTOpiB 1 KOMOaiHiIB, sKi
IIMPOKO 3aCTOCOBYIOTHCA Ul BUKOHAHHS 0araTboX TEXHOJIOTIUHUX MPOIECIB.

OpmHUM 13 TOJIOBHHX BY3JIIB IIi€1 TEXHIKU BBaKAEThCs Tib3a muiinapa AJl 0908.3012.2017,
sKa BXOJUTH 0 CKJIaay JABUTYHa BHYTpimHboro 3ropsHHA (/IB3) CM/-14. Ilepmum neit
JBUT'YH TIOYaJIH BUKOPUCTOBYBATH Ha BonrorpaackkoMy TpaKTOpHOMY 3aBO1 — HOTO BCTAHOB-
moBas Tpaktop JAT-75 [1]. CBoro wacy mei TpakTop Ha T'yCEeHHYHOMY X011 OyB Haiima-
COBIIMM TpakTopoM 3a BuiryckoMm y CPCP. Ileit Tpaktop Bumyckaetbes it monuni. Ha ceoromi
TaKUX arperariB BUITYIIEHO OJIM3BKO 2,7 MIIH OJWHHIIb.

IMocTanoBka npodjemu. OCHOBHUMH CKIIaoBUMK yactTuHamu /B3 €: 610K mutiHapiB 13
r'iJIb3010; TOJOBKA Ta30pO3MOIUTFHOTO MEXaHi3My; KapTep ABUT'YHA; BIYCKHUN Ta BUITYCKHUN
KOJICKTOPH; €JIEKTPOOOIaHAHHS, CUCTeMa OXOJIOMKeHHs [2]. brok mumiHapa sBise co0oio
OCHOBHY jeTaib [IB3, sKka € CyliIbHOIUTOIO JETaJlIIo, 110 00’ €qHye B cOO1 IIMIIHAPH JABHUTY-
Ha. BinnuBaerscs 3a3Buuail i3 yaByHy, piamie — amoMinio. Ha O6momi muimiHapiB MIiCTAThCS
OTIOPHI MOBEPXHI JUIsI BCTAHOBJICHHS KOJIIHYACTOTO Bajia, 10 BEPXHBOI YaCTHHU OJIOKa, SIKOTO
KPIMUTHCS TOJIOBKA OJI0Ka IMJIIHPIB, a HIKHS YacTHHA € YaCTMHOIO KapTepa. TakuM 4rHOM,
ONOK UTIHAPIB € 0CHOBOIO [IB3, Ha SIKy BCTAHOBIIIOIOTHCS 1HII IETATI.

bnox muninapa npusHaYeHUN Ui NEPETBOPEHHS €HEPrii MOCTYNAIbHOTO PyXy MOPIIHS,
SKUHA PO3MIIIYEThCS BCEPEHHI I'Tb3U, B 00epTAbHUM PyX KOJIIHYACTOTO Baja.

INnp3a muTiHApa HANEKUTH 10 JOBTUX IMWIIHIPHYHUX Aetaneil. BoHa mae mpocty reo-
MeTpUYHY (HOpMYy 1 € HaOUTBII BIMOBITATEHUM €JIeMEHTOM Kopirycy JIB3.

© Banbko B. M., IIpuxonsko O. M., 2018
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VY Tiabp31 UWIHIPY PO3MIIIYEThCS MOPIIEHb, PAa30M 13 KPHUIIKOIO BOHA YTBOPIOE KaMepy
sropaHHs. [Ipu 3ropaHHi najvBa MOPIICHb MOYMHAE PYXaTHCh, 1 BiIOYBA€THCS MEPETBOPEHHS
SHeprii maJuBa B MEXaHIUHY.

L5 rinp3a HaeKUTH 0 TaK 3BaHUX MOKPUX T'Ib3. Y MOKPIH T'iJ1b31 30BHIIIHS TOBEPXHS — CO-
pouka Mae Oe3nocepeqHiii KOHTaKT 3 OXOJIOPKYBAJILHOIO PIIMHOI0. MOKpIi T'ifIb3H rapaHTyIOTh
eexTHBHINTY TeruIonepeaauy i Jerko3amiHi B pa3i 3HOUTyBaHH. [ U1b3a HUTIHAPA Ma€e TOPOXK-
HHUHY OXOJIO/KEHHS — COPOUKY. 3 METOIO MPaBUIIbHOI YCTAaHOBKH B OJo11i i 30epexkeHHs hopmu,
r'UIb3y HEHTPYIOTh IO ABOX HANPSIMHUX Mosickax. JliaMmeTp BEpXHbOTO MOSCKa TPOXU OUTBILINIA Bif
HIDKHBOTO, B SIKOMY JUIsi 3a0€3MEUeHHS TMOJOBXKEHHS BTYIKH NpH poOOTI mependadyaeThes
npoMbkok 0,05-0,13 mm. TIopoKHUHM OXOJOKEHHS YIIUIBHIOIOTH CHELiabHUMUA T'yMOBUMH
KUTBLISIMU, SIKI BCTAHOBJTIOIOTHCSI B KAHABKH OJIOKA IIMITIHAPIB 00 B KAHABKH T'UTh3H HA HUKHBOMY
HaNpAMHOMY TOSICOUKY Ta BEpXHbOMY. BHYTpIIIIHS OBEPXHS BTYJIKH 200 TUIb3U LMIIIHIIPA € PO-
004010 i1 Ha3MBAETHCS J3EPKAIOM LMITIHJpA. s 3MEHILIEHHS TepTa i ONTUMAaJIbHOTO 3a0e3re-
YeHHsI MacTUJIOM Tilb3a Ma€ TOJIOBHY OCOOJMBICTh — 1€ TY)K€ TOYHA MaKpO- 1 MIKPOr€OMeTpis
MIOBEPXHI OTBOPY 31 CHELIaIbHUM MIKPOCKOIIIYHUM penbeoM, KU CKIATAaeThCs 13 BITHOCHO
TTUOOKHX 3araiuH (MacIsTHUX KapMaHiB) 1 IUIOCKUX BUCTYMIB (TLIATO).

Ananiz ocmannix 0ocnioxcens. OCHOBOIO MaTepialy T'JIb3U € YaBYH CIIELIATbHUN, OTPH-
MaHHI Ha OCHOBI ciporo yaByHy [4]. Bmict fioro ckiaoBux HaBeneHO B Ta0m. 1.

Taomums 1
Ximiunuii cknao yagyHy cneyianbHoeo 2inb3u (emicm y %)
S | P .
YasyH C Mo Mn Cr He Guinme Cu Ni

Cu24 3,1-3,5 2,0-24 0,7-1,0 0,3-0,5 0,15 | 0,45-0,7 0,3 0,3
XiMIYHUH CKJIaJ, CTPYKTypa Marepially, TOUHICTh BHUTOTOBJICHHS TUIb3H, MIKpOpPEIbed
po0oYOi MOBEPXHI BU3HAYAIOTH 3arajibHy HaAilHICTh J(B3, MOKa3HUKM mapu TepTs MOPIIHEBE
KUTbIe-T1Ib3a TaKO JO3BOJISIIOTH CTBOPUTH YMOBH JUIsl TIOBHOTO 3TOpPaHHsS MalvBa, MiIBU-
IIeHHS €()eKTUBHOCTI TEIIOBUX IMKIIIB 1 30UIbIIeHHS KoedimienTa kopucHoi aii J{B3.

Taxi BUCOKOSKICHI Ta JTOPOTi JIETYIOUi METaNH, SIK HIKEJIb, XpOM 1 MOJIIOACH MiIBUIIYIOTh
MIIHICTbh, 3HOCOCTIHKICTh 1 KOPO3iiiHY CTIMKICTH T'iJIb3 HMIIHAPIB, IO MEPeIyCiM MO3UTUBHO
MO3HAYAETHCS HA TPUBAJIOCTI i HAAIHHOCTI pOOOTH MAIIMHU.

HaBenenuit marepian (4aByH), 3 SIKOTO BHUTOTOBJISIETHCS TUIb3a LMIIHApPA, XapaKTepH-
3YEThCS TAKUMH MEXaHIYHUMU BIIACTUBOCTSMHU:

— MiHIMaJIbHA Mea MILHOCTI pU po3TsAryBaHHi — 263 Mlla;

— TBEpAICTh METAJIEBOT OCHOBH Ha poOoyoMy AiameTpi rinb3u 229-277 HB;

— MiHIMaJIbHUH MOIynb nipyxkHOCTI 117 000 MITa.

L neranpb € Timom oOepTaHHs 1 Ma€ Taki KOHCTPYKTHUBHI €JI€MEHTH: 30BHIIIHI LWIIHIPU-
YH1 OBEPXHi, BHYTPIIIHIO HWIIHAPUYHY TTOBEPXHIO, TPH TOPIL, 30BHILIHI 1 BHYTpIIIHI (ac-
KU, KOHYCHY TTIOBEPXHIO Ta JB1 rajaTeli.

I'inp3a numingpa JIB3 npaitoe B )KOPCTKUX YMOBaX BUCOKUX TEMIEpaTyp Ta TUCKY, TOMY
70 SIKOCT1 X 00poOKH BHCYBalOThbCs BUCOKI BUMOTH. OcoOnMBY yBary mpuaiisioTe oOpooIi
BHYTPIIIHBOI MOBEPXHI I'JIb3M, KOHIIEHTPUYHOCTI BHYTPIIIHIX Ta 30BHILIHIX TOBEPXOHb, Hep-
MEHAUKYISIPHOCTI TOPIIIB J0 OCI.

Taxkum yMHOM, 10 SKOCTI IIbOTO By3sa J|B3 BUCYBaIOTHCS 10OCTaTHBO )KOPCTKI BUMOTH.

Buoinennsa nedocnioycenux uacmun 3azanvHoi npoonemu. Sk BigoMo, BUMOTH JI0 TUTb3H
LWIHJPA, 5K 1 10 Oy/Ab-SKOTO IHIIOTO By3Ja UM 010Ka, GOPMYIOTHCS BiAIOBITHUMHA HOPMATHB-
HUMH TOKyMeHTaMu. Lle cTocyeThest 1 mpoOaeMu OIiHIOBAHHS SIKOCTI 3a3HAYEHOTO BY3I1a.

BapTo 3a3HaunTH, 110 YMHHI HUHI METOJMKH JJIsi BUTOTOBJICHHS TiIb3 muiHapa J(B3,
HaNpUKIaL Taki K y [3], He 3aBXI1 TO3BOJISIOTH BUTOTOBIIATH iX 13 BUCOKOIO SIKICTIO.
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ITocTanoBka 3aBaaHHs. BianosigHo 10 [4] 3anponoOHOBAaHO 3aCTOCYBaHHS MaTPUYHOTO
METO/Iy OLIHIOBAaHHS SIKOCTI mpoaykuii i mociyr Ta FMEA-aHani3 pu3HKiB i1 4ac BUKOHAHHS
BUPOOHMYMX NPOIECIB CTOCOBHO IIi€i Tinb3u mwiiHgpa JIB3, mo6 rapantyBatu ii BUCOKY
AKICTh Y BUTJISAI TOTOBOTO MPOJYKTY Ta IiJ yac ekcruryaranii. s peanizamii nux npoiiecis
PO3pOOMMO TIOKpaIleHy METOIUKY oliHtoBaHHS sikocTi (MOS]) 3a3HaueHNX BY3IiB.

Buknao ocnosenozo mamepiany. IIpornoHyeMo 1ieii HOPMAaTUBHHUM JTOKYMEHT OynyBaTw
aHAJIOTIYHO 10 METOJWMKHM BHUKOHAHHS BHUMIPIOBAaHb Ha OCHOBI BHMOT, BHKJIAJIeHUX y [5].
3 orsay Ha I1i BUMOTH, CTPYKTYPa METOAMKH OLIHIOBAaHHS SKOCTI riib3u muiinapa [IB3 ma-
TUME BHUIJISL]L, TOKA3aHUI HA PUCYHKY.

IIpusnauenns MO
TTB3W TUITIHApA

A 4

Bubip MeTony OIiHIOBaHHS
SIKOCTI T1JTh3U IITIHIpA

A4

Bumoru 10 TouHOCTI
OILIIHIOBAHHS SIKOCTI T'Ib3U
LAIIHIpa

A

Bumoru 1o 6e3nevyHocTi
BHUKOHYBaHHX POOIT

Bumorn o kBaimigikarii
CIIELATICTIB

[igroryBaHHs Ta BUKOHAHHS
orepariit MOJSL

A4

OdopMIiIeHHs pe3yabTaTiB
nposeneHHs MO
TiIB3H HUIHAPA

Puc. 1. Cmpyxmypa memoouxu oyintoeanus skocmi 2iib3u yuninopa /[B3

CrnouaTKy HABOJATHCS Taly3b 3aCTOCYBAaHHS 00’€KTa JOCTIHKEHHS — TUIb3W IMIIIHApA
JIB3 Ta ii noka3znukw sikocti (I15) 3 HaBegeHnMu fiarma3oHaMu IXHbOT 3MiHH.

Hapmani 30cepemkyroTbess Ha METO/II OI[IHIOBAHHS SIKOCTI 00’€KTa — TYT HAEThCs Mpo 00-
paHwuii BuIe miaxif [4].

VY mepeBaxHii OULIBIIOCTI BUMAJKIB HE CTaBISATHCA OCOOIMBO YKOPCTKI BUMOTH CTOCOBHO
TOYHOCTI OI[iHIOBaHHS sKOCTI 00’ekra. [llomo sxocTi rine3u mumiagpa JIB3 moxna ctBep-
JDKYBAaTH, 1110 CyMapHa MoX1OKa pe3ysbTaTiB OIIHIOBaHHS He MOBUHHA OyTH MeHIoto +1,0 %.

Hebesneka mij yac BUKOHYBAHMX pOOIT MOXE BUHUKATH JIMIIE NMPH BUKOHAHHI TEXHO-
JIOTIYHUX OTIepAIliid, OB’ SI3aHUX 13 BUTOTOBJICHHSM T'UTB3H.
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Ockinbku 11 (popMyBaHHS YaCTKOBUX MaTpUIlb SKOCT1 |QOH| Ta iXHHOTO OLIHIOBAHHS IOT-

piOHI mpoBimHi (axiBli 3 PI3HUX OMEpaliii 1 MpoleciB, TO 3aTy4aloTh KaJApH HANUBHUIIOT
KBauTihikallii, a TakoK (GOPMYIOTh ACSKHUI MEpeliK OMUTYBAJIbHUX aHKET Juis 300py iHdopmartii.
Tako>x 3aCTOCOBYIOTH €KCIIEPTHI METOM OTIPALIIOBAHHS OTPUMAHHX JIaHUX, 32 JIOTIOMOTOIO SIKUX

CKJIaJIAI0Th YaCTKOBI €TAJIOHHI MAaTPHUIIi ‘QOH em| VT IOCHIIKYBaHUX OTEpalliif 1 MpoIecCiB.

Brnacue nporenypa omiHIOBaHHS SIKOCT1 BiIOYBa€ThCsS 3 BUKOPUCTAHHIM OTepalliii Mare-
MaTHYHOI JIOTIKHU [6] y BUTIISAA1 IEPEBIPKH YMOB.

AKWO ompumyroms mampuyio

3 6i0'eMHUX eneMeHmis = euwa AKiCmb;

- : (M

AKWO ompumyroms mampuyio

|QOH| - ‘QOHﬁem

3 000amHiMu elemMeHmamu = HU3bKa SAKicmov

Konu mae micue moripimeHHs sIKOCTi omepariii abo mpoiiecy, TO 100 BUSBJICHUX HE3a-
nosinbHUX [15 — mpiopurerHux uncen puzuky (ITYP) 7, — npoBOasATH HACTYIHY MEPEBIPKY

akupo Sy -Sp op( 0 = dicoonux  Kopexyiii;
ko Sy -Sg or) 0 — ananis i xopexyis;
akwyo Oy =0 om 0 — drcoonux ropexyii;

- : )

ko Oy = Oy o) 0 — ananiz i xopekyis;

‘”p‘_‘”p_em

kg0 Dgy —Dgy o 0 — drcoonux  ropexyiii;

ko Dgy —Dgy o) 0 — ananiz i xopexyis.

ne S¢ — CTyIiHb BaroMOCTi HacHiAKIB pu3uKy, O; —AMOBIPHICTb BUHUKHEHHS Ae(eKTy, Do —
HMOBIPHICTb BHSIBICHHS JE(PEKTY.

[Tpu bomMy MeTo0 aHami3zy kKoxkHoro IS mix yac 3HalAEHOTro MOPYIICHHS € BCTAaHOBIICH-
Hs PIBHS ONITUMAaTBHUX KOPETYBATBHUX JIii, 3aJIKHO Bill BUSBIICHOTO BiIXHUJICHHS.

Ha 3aBepmanpHiii cramii ¢ikcyroTbes pe3dynbTaTu npoBeaeHHs MOS rine3um mutiHapa
JIB3 Ta nepenik HeOOX1THUX KOPETyBaJIbHUX /il CTOCOBHO 3HAIEHUX NOPYIIEHb TEXHOJIOT 1,
10 TIPU3BEJIH JI0 MOTIPIIEHHS SKOCTI BUPOOIB.

VY Tabn. 2 HaBeJCHO MPUKIIAJ] 3aTIOBHEHOI OMUTYBAJIbHOT aHKETH CTOCOBHO MPOIIECIB ILIa-
BJIeHHA 4yaByHy B nedax [YT. 3rigHo 3 BUMOraMM YMHHHUX HOPMAaTHUBHHX JOKYMEHTIB [7; 8]
BUOpaHO 71y em = 100. BpaxoBytoun Bumory (1), MOXKHa CTBEp/DKYBaTH, L0 MPOLECH, 1€ Hp
MEPEBUIIYBAJIO TPAHUYHE 3HAYCHHS, NOTPEOYIOTh KOPEryBaJIbHUX il JUIsI YHHUKHEHHS IO-
TipIIEHHS SIKOCTI IOCiPKyBaHOTO BUpoOy — rinb3u muninapa AJl 0908.3012.2017 AB3.
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Tabmums 2
Ipuxnao nposedennss FMEA-ananizy onsa niasnenns yagyny 6 nevax [4T
Moreruiii- | 2 E [ToTouHe MpoeKTyBaHHs =
Iporec/ Bun norenmiinoi HUN § N TTorenuiini E 2 .. L. 5 2|
/PyHKIIIsS Buamoru BIIMOBH HACIII0K e < TPUYNHA BIIMOBH | = 9 AIE0'1 3aXO/H IIONIO AIFOH1 3aXO/HM IIONO = % E
- < = 3aro0iraHHs BUSIBJICHHS =
BIIMOBH | m = m
[as]
1 2 3 4 5 6 7 8 9 10 | 11
1 MMigroroBua HasBricte | Iliu Herorosa 1o 3aTpuMKa B OyrepyBanbHi Ma- Maru 3anac ¢yre- Jo novatky Ta
[Iposectu ¢yre- TOTOBOI 10 | eKCIUTyaTamii 1o poborti 1m- Tepianu He pYBaJIBHUX MaTepialiB | IEpiOANYHO Mijg 4ac
pYyBaHHS, CYILKY, eKCIlTyaTa- |IpUYHHI HE BapHOro BiJIITOB1IAIOTh BU- 3 | (ue menme 10 T) 3MiHH poOuTH 00CTe- 4 84
CITIKaHHs Ta BUBECTH | Ll iH- BIJIIIOB1THOCTI SIKOCTI | LIEXY MoraMm MepesiKy 3 JKeHHsI BY3JIiB 1 Me-
Ha PSKUM eKCIuTyaTa- | IyKLiiHOI | yTepyBaJbHHUX Ma- 7 BXI1JTHUX Ma- XaHi3MiB 3aco0y
uii meui [UT. riedi TepianiB TepianiB TPAHCHOPTYBaHHS
IIposectn ¢yre- ITiu He TOTOBA IO HecBoeuacha CBoeuacHo BuKOHYBa- | [IpoOHMIf 3ammyck
PYBaHHS Ta CyIIKY eKCIUTyaTarlii 3 Tex- MiITOTOBKA TIeYi 3 |™ PEMOHTHI pOOOTH | TTICIIT PEMOHTHIX 4 84
6apabaHHMX KOBIIIIB HIYHHUX TPUIUH TEXHIYHUMH CITYX- pobir
6aMu nexy
HasBaictb 30i1# B TEX- HecBoeuacna IIpoBectu nonatkosuit | [lpoBoguTt
TOTOBOT'O HOJIOTi19HO- MiATOTOBKA IHCTpYKTaX 3 Opura- | IOMiCSYHHUI KOH-
6apabaHHO- My Tporeci PO3IMBHUX KOBIIIIB J010 pyTepyBaJIbHUKIB | TPOJIb CTAHY PO3JIHUB-
ro KOBIIA BUTOTOB- 7 |A0 pobotn 4 |TPO HEOOXIiTHICTh HUX KOBIIIB. MaTH B 5 140
JICHHS Bif- CBOEYACHOI MATOTOB- | HASIBHOCTI pe3epBHUI
JIMBOK KM 10 poOOTH PO3JHB- | PO3JIMBHUI KOBIII,
HUX KOBIIIIB i ATOTOBJIEHUH /10
pobotu
2. 3aBaHTa-)KEHHS. Bincyt- HasBaicts B otpu- | [Ipu3ymnu- HeyBaxnicts mmmx- | 2 | IIpoBectn monatkoBwii | [InmaBuipHUKY poBO- 5 70
Butsrayru cepru- HICTh BUOYy- | MaHUX IUIABWIIBHOIO | HEHHS 3a- TYBaJIBHUKIB TIPH IHCTPYKTaX Tpo JITH peTenbHe o0cTe-
¢ikaT 3 «kapMaHy» X0-He0e3- | IUIBHUILEIO MUXTO- | BAaHTa)KEHHS MiATOTOBII MeTa- HEOOXI/THICTb peTellb- | KEHHS KOXKHOTO KOpO-
Kopo0a, MOpiBHATH TeY-HUX BUX Matepianax LIUXTH JI0 JIeBOI MMXTH JUIS HOI IEpeBIPKH MIUXTH | Oy 3 MIMXTOIO TIepen
Horo J1aHi 3 po3paxyH- | IpeAMETiB B | BUOyXoHeOe3med- redi Ta mo- rojavi Ha TIa- 3aBaHTaXECHHAM 10
KaMH [IUXTH. OTPUMAaHUX |HHUX MPEIMETIB BEPHEHHS 7 |BUIBHY JUTEHULIIO riedi
[IpoBecTr Bi3yadbHE | IMXTOBHX KopoOy 3
oOCTe)XeHHS Ha BiJl- | MaTepiajax BHOYXOHe-
CYTHICTb BUOYXOHE- Oc3neyHIM
0e3MeuHNX MPeMETIB, MIPEIMETOM
3aBaHTAXHUTH LIUXTY B Ha IINXTO-
TIreJb medi BHH JBip
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3akiHueHHs Ta0I.

1 2 3 4 5 6 7 8 9 10 11
HasBaicTp Ha | BincyTHicTs Ha tia- | 3aTpuMka 4 | HecBoeuache 3a- 2 3abe3neunTy wia- | BizyansHo 3 36
IUIABWIBHIA | BUIBHIN JIIBHUII MpoLECY IJ1aB- Oe3IeyeHHs I1a- BIJIBHY JUIBHUIIO | HAa ITOYATKy 3MiHU
JUTEHATI PO3paxyHKiB IIUXTH | KH BWJIBHOT JTUTBHUII po3paxyHKaMu
pO3paxyHKiB |Ta 3MiHHOTO 3aB/IaH- PpO3paxyHKOM [IUXTH B
IIVXTH Ta HS MUXTH BIJIITOBITHOCTI /10
3MiHHOTO 3MiHHOTO 3aBJIaHHS
3aBJIaHHS
3. IInaBka. ®Depono- Crutyrani BBezeHi Hesinnosin- 7  |HeyBaxHicTb mia- 3 [Iposectn nomatko- | [IpoBomuTy anami3 4 84
[TnaButu MIIIKH (epomomimku HICTb XiMI4HO- BUJIBHUKA IIPU J10- BUI IHCTPYKTaX BUXIJJHOT'O PiJIKOTO
muxry (3a- BifIo- TO CKJIaxy naBaHHi depo- TUTaBUIIBHHKIB MeTary
BAHTaXUTHU 1O | BIIAIOTH BU- pimkoro MeTa- JIOMIIIIOK 10 eyl
eyl IUXTOBI | MOram po- Iy
MaTepiaian 3paxyH-Ky
BIJIIOBIZHO 0 | HIUXTH
BUMOT po3pa- | Bara BBene- |Bara BBemenux de- | HeBimmosimnic 7 | 36iit y pobori Bar 3 CBoeuacHo rpoBo- | [1lo3mMiHHO KOHTpO- 84
XYHKY IIMX- | HUX (Depoo- | pOIOMIIIIOK HE Th XIMIYHOTO JIATH TIEPEBIPKY Bar |JIIOBATH Mpare3-
TH). Buga- MIIIIOK BiJINIOBiJTa€ BUMOTaM | CKJIaTy PiJIKO- BIJITOBIIHO 10 JIaTHICTH Bar
JNTU OUIAK 13 | BiAMOBiZAae | po3paxyHKY IIKXTH | TO METaly BCTaHOBJICHOTO
TIOBEPXHI BAMOTaM rpagiky
pO3paxyHKy
LIAXTH
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Bucnoeku 6ionogiono 0o cmammi. 3anpoONIOHOBaHA METOAMKA JUIS OIIHIOBAHHS SKOCTI
MaIIMHOOYIIBHUX BUPOOIB € HOBUM HOPMATUBHHUM JOKYMEHTOM, 3aBISKU SKOMY ITIIIIPUEM-
CTBO 3MO’K€ 3MEHIIYBAaTH KUIbKICTh OpaKy, BUSBIISATH CJIa0Ki B TEXHOJIOTTYHOMY IIJIaH1 UISH-
KM CBOTO BHPOOHUIITBA Ta MiBUIIYBATH KOHKYPEHTOCIPOMOKHICTh CBOET IPOYKIIiT 3 METOIO
YCHIIHOTO (PYHKIIOHYBaHHS Ha BHYTPIIIHHOMY Ta MDKHAPOJIHOMY PHHKAX.
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UDC 658.562:621.983.073
Volodymyr Vanko, Oleksandr Prykhodko

IMPROVED METHOD OF EVALUATION OF THE QUALITY
OF THE CYLINDER MILL FOR THE INTERNAL SEMICONDUCTOR
ENGINE IN AGRICULTURAL EQUIPMENT

Urgency of the research. Modern machine-building enterprises are guided by the production of highly competitive
products, which must meet all the requirements of quality. One of these types of products is the cylinder sleeve of the internal
combustion engine of tractors and combines. Such agrarian technology was widely used since the times of the USSR.

Target setting. The main components of the engine are: a cylinder block with a sleeve; head of gas distributing mecha-
nism, engine crankcase; intake and exhaust manifolds, electrical equipment; cooling system. Cylinder sleeve has a simple
geometric shape, but she is the most responsible element of the internal combustion engine. The problem is to ensure the
quality of production of the cylinder sleeve and to guarantee quality during operation at the consumer.

Actual scientific researches and issues analysis. The chemical composition of the sleeve material, its mechanical prop-
erties, as well as the constructive components and conditions of its exploitation are given. At present, there are no known
domestic methods. It possibly because producers are protect their intellectual property.

Uninvestigated parts of general matters defining. The shortcomings of the current normative base with regard to the
problems of assessing the quality of the cylinder sleeve of the internal combustion engine are highlighted.

The research objective. The expediency of using the matrix method for assessing the quality of products and services
and FMEA-analysis of risks during the process of manufacturing a cylinder sleeve to ensure its high quality are noted. The
problem of the study is to improve the quality of these sleeves by minimizing the risks that arise when performing all techno-
logical operations of their manufacture.

The statement of basic materials. Based on the proposed approach for studying cylinder casings, a developed method
for evaluating the quality of these products is described. It contains the following sections: the designation of the method, the
choice of method for assessing the quality of the sleeve cylinder, the requirements for the accuracy of the quality of the
sleeves, the requirements for the safety of work, requirements for the qualification of specialists, the preparation and imple-
mentation of operations of the method, the design results of the method of the cylinder sleeve. Details of each section of the
developed method are given in detail. The algorithms of mathematical logic for estimating the quality of cylinder sleeves, the
search for causes of deterioration of quality and ways of their overcoming are presented.

Conclusions. An example of a questionnaire regarding the processes of casting of cylinder sleeve castings is given.

Keywords: system; quality; Quality Score; cylinder sleeve; FMEA-analysis; matrix of quality, reference matrix; quality
management.
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Rudolf Janos, Antonia Banasova
CELL DESIGN FOR GEARBOX ASSEMBLY

Urgency of the research. Automation is the next step in increasing productivity and performance. It represents the au-
tonomous management of the entire system as well as the assembly or production process. This completely eliminates a hu-
man factor from the work process.

Target setting. Today's robots and manipulators are now autonomous. Automated systems can be found in almost all
industries. They are an indispensable part of non-productive environments, but we can also find them in non-industrial areas
as well. Their dynamic development extends to service robotics. For their productivity, they have reached a high level, but
their development is constantly advancing by refining their subsystems, introducing new functional principles, or upgrading
components and elements involved in the construction of these mechanisms.

Actual scientific researches and issues analysis. To meet the requirements of automatition cells, it was slowly being
applied to flexible production systems. These are systems that consist of computers and are connected by means of control
units. They are characterized by complexity, flexibility and, above all, the multiplicity of elements. Such flexible systems
based on the modularity, that systems are composed of individual modules and subsystems that can be adapted as needed.

Uninvestigated parts of general issues defining. Design of automated robotic workplaces, based on the intensive deve-
lopment of functional and especially kinematic structures of the workplace as a whole.

The research objective. To what extent is it possible for the work process to be mechanized or automated depends also on
the level of development of the used equipment. In today's development stage, design of automated device is also automated.

The statement of basic materials. This article focuses on the design of the manipulator, whose main task is to perform
the assembly. Analysis of the task illustrates the principle design of the solution, which is also the starting point for the de-
sign of the universal manipulator. Current requirements of application practice for robotic technology have caused increased
requirements for its functions, characteristics and parameters which cannot be always covered by the traditional approach to
its design and construction.

Conclusions. In this article describes in more detail the knowledge and division of the proposed devices and mecha-
nisms, which provides an initial understanding of design. By analyzing the problem and defining the necessary parameters,
the design of the manipulator was developed. Festo's design sofiware also helped to make the right choice.

Keywords: manipulator, actuator; assembly; robotics; production cell.

Fig.: 4. References: 9.

Introduction. Incorporating new technologies, more efficient manufacturing machines
and industry innovations, it is expected to increase labor productivity and possibly exclude
human power from the production process. So we can talk about mechanization and automa-
tion of production processes.

In particular, mechanization is a substitute for man, that is to say the replacement of hu-
man power with the help of engines, which also brings us increased performance and produc-
tivity. Still, it remains to solve the issue of mechanization of workpiece clamping, supply of
containers, transportation of semi-finished products [1; 3].

With deeper insights into the application of these mechanisms and their requirements, we
can say that applications that can and are capable of performing robotic devices are now al-
most unlimited. However, these applications must meet the requirements for process quality
and stability. Quality has not only an effect on the quality of the output element, but also on
energy, material and time consumption [4; 6; 8].

Modular assembly systems are, from the point of view of the technical solution, compiled
from:

- Flexible technology modules - Module capable of technologically covering the specified
range of products, simple reconfiguration of module elements to cover a related assortment of
products.

- Modular builders of the decisive elements of the production system - a manual reconfig-
uration of these elements (within the scope of the construction kit), elements with new proper-
ties and parameters can be assembled [2; 7; 9].

These approaches bring in the design of automated robotic workplaces a new direction
based on the intensive development of functional but especially kinematic structures of the
workplace as a whole.

Automationa design of manipulator for assembly. For each proposal (new design of
manipulator), it is important to follow a certain hierarchy and continuity between the mecha-

nisms. The reason is the continuity of parameters between applied devices. The procedure

© Janos R., Banasova A., 2018
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I chose for is fast and proven on several manipulators created. The design process is as
follows. As an example, I present a manipulator design for the assembly of plastic gearbox.
First step is choose kinematics of manipulator [4; §].

Kinematics: A manipulator containing from 3 translational movements in the X, y, z di-
rection is suitable for assembly. All these movements are provided by electric stepper motors
to achieve the exact position of the manipulator.

Workspace: manipulator drives together perform movements that describe the shape of
the cube. Its definition is shown in Figure 1.

In the case of a manipulator design, I opted for portal architecture because it is a more ex-
pensive option, but due to its flexibility and usability in the future, in my opinion, it is a more
advantageous variant. The size of the workspace is directly determined by the stroke sizes of
the individual drives.

PR p——

200 mm

Sog mm

Fig. 1. Workspace of manipulator

Design of actuators: All calculations of the drives I realized using the Festo design
software, which made it easy and convenient to select the most suitable type of manipulator

for my case:
1. Axis definition and payload:
Drive type: X: Electric, multiple positions

Z: Electric, multiple positions
Y: Electric, multiple positions
Required workspace: X: 500 mm
Y: 400 mm
Z: 200 mm
Useful load (efector and workpiece): 0.356 kg
Distance of center of gravity: ~ X: 19 mm
Y: 19 mm
Z: 3 mm
2. Reference cycle and system dimensioning:
- Traveling distance S = 300mm
- Number of changes i = 4
- Duration: 5 s
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- Snap time and waiting time: 2 s
- Cycle time: 7 s
- Additional force in Z direction in 1a 2: 15 N
3. Selection of electrical properties:
- Engine position on X axis: left
- Safety function of the motor controller according to EN 61800-5-2: Basic STO
- Bus connection: I/ O operation or integrated
4. System Configuration:
- Engine type: Festo engine
- Engine brake: X: no
Y: no
Z: yes
- Controller Type: Festa Engine Controller
- Engine driver for X, Y, Z: CMMP-AS-M0
- Festo Sensor Kit
- Switching output: PNP
- Switching function for electric axes: Switch
- Fixing: Profile fastening
- Minimum lead length from the output of the power chain: 5 m
- Mounting type: Complete mounting
Results of the calculations of individual axes
Using Festo's Positioning Drives 2.3.14, designed for electric drives, we can generate
work cycles, including single axle loads.
For axis x, Fig. 2 we can read the following:

222,25 214,38 296,89 190,86 222,25

v [m/s] a[m/s?]

I 2,200 50,00

L 1,452 31,08

t- 0,705

position

V A X | ! I\, | ose om

L -0,790 -25,70

|
L -1,538 -44,62
0,360 0,720 1,080 1,440 1,800
t [s]

time
Fig. 2. Process diagram of axis X

A value of 214.38 mm - rearward displacement of 8.12 mm to the required position of the
gear in the actuator.

The value of 296.89 mm - is moved forward by 82.51 mm above the vibratory gearbox
with the gear wheel D_a = 38 mm.

A value of 190.86 mm - a rearward displacement of 106.03 to the required position of the
gear in the actuator.

222.25 mm - return to the original position.

51



Ne 3 (13), 2018 TEXHIYHI HAYKHM TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

Modul Y
149,52 140,32 225,47 122,84 149,52
s [mm] v[m/s] a[m/s?]

230,0 | L 0,500 15,
184,0 || L0302 9,00

c 1380 | t 0,103

K]

.E

=]

e 92,0 t-0,095 -3,00
46,0 L -0,294 -9,00

0,0 L ~ e 3 — L -0,492 -15,00
0,000 0,400 0,800 1,200 1,600 2,000

t [s]
time
Fig. 3. Process diagram of axis Y

149.52 mm - position of the module above the vibratory gearbox with the gear wheel
d a=29 mm.

140.32 mm - Moving the module backward by 9.20 mm to the required position of the
gear in the actuator.

225,47 mm - the module moves forward by 85,15 mm above the vibratory gearbox with a
sprocket of diameter D_a = 38 mm.

122.84 mm - module rearward displacement by 102.63 mm to the required position of the
gear in the actuator

The value of 149.52 mm - the initial position.

Modul Z
89,98 131,38 89,16 126,89
69,98 31,38 59,16 89,98
s [mm] v[m/s] a[m/s?]

0,120 14,00
- 0,070 8,58

s

B 0,021 3,16

]

o

Q.
- -0,029 -2,26
t- -0,078 -7,67
L -0,128 -13,09

6,000

t[s)

time

Fig. 4. Process diagram of axis Z

The value of 89.98 mm - transfer to the gripping height of the gear d a = 29 mm from the
vibratory container.

69.98 mm - Module stroke by 20 mm with already gripped gear.
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The value of 131.38 mm - a decrease of 61.4 mm to the height of application of the
actuator tooth.

31.38 mm - The module is lifted 100 mm above the vibrating tray.

89.16 mm - the module slides by 57.78 mm to the gearing position D_a = 38 mm.

The value 0of 59.16 mm - a lift of 30 mm with the already gripped gear.

The value of 126.89 mm - a displacement of 68.73 mm to the position of the gearing

89.98 mm - return to the initial position

Conclusion

First, it describes and describes in more detail the knowledge and division of the proposed
devices and mechanisms, which also provides us with an initial excursion by design. By ana-
lyzing the problem and defining the necessary parameters, we came to the design of the ma-
nipulator itself. Festo's design software also helped us to make the right choice.
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VIK 62-585.1:004.94
Pyoonvgp Anows, Aumonin banacosa
MHNPOEKTYBAHHS MOAYJIA AJSA CKIAJAHHS KOPOBKU ITEPEJTAY

Axkmyanvhicmos memu 0ocioncenna. Asmomamusayis — ye HACMYNHUIL KPOK Y NIO8UWeHHI nPpoOyKmueHocmi ma ege-
KmugHocmi. Bona senae cobor asmoHOMHe YNPABIIHHA YIIOW CUCMEMOIO, d MAKOXC NPOYecamu CKIAOaHHs ma 8U20mog-
JIEHHS, WO NOGHICMIO YCY8AE TOOCLKULL hakmop 6i0 pobouoeo npoyecy.

ITocmanoexka npoonemu. Cboc00Hi pobOMU MA MAHINYIAMOPU € ABMOHOMHUMY. A8momamu3zoeami cucmemu
3YCMPINAOMbCS RPAKMUYHO 8 YCIX 2ANY35X NPOMUCIO80CH. BoHu € HeobXIOHOW Hacmunoo 8UupoOHUL020 0ONAOHAHHS, 00-
HAK IX MAKOJIC MOJICHA SHALIMU 6 HENPOMUCIOBUX chepax. [xuitl OuHaMiuHuil pO36UMOK PO3NOBCIOONCYEMBCA | HA CEPEiCHY
pobomomexuixy. [L]odo co€i’ npodykxmusnocmi, 60HU QOCSA2NIU BUCOKO20 PIGHS, alle IXHIU PO36UMOK NOCMIIHO PO3UUPIOENb
€51 WISIXOM 8OOCKOHAIEHHSL IX NiOCUCTEM, BNPOBAOICEHHS HOBUX (DYHKYIOHAILHUX NPUHYUNIE aDO MOOEPHI3aYil KOMNOHEHMIE
i enemenmia, ujo GUKOPUCIMOBYIOMbCA 8 KOHCMPYKYLT MAKUX MEXAHIZMIG.

Ananiz ocmannix docnioscens i nyonikauii. 11Jo6 3a0060mbHUMU GUMOU ABMOMAMU30EAHUX MOOYILG, GOHU NOCHYNOBO
6800UWIUCS 6 CHYYKE 8UpOOHUNI cucmemu. Lle cucmemu, wo criaoaromocs 3 Komn'tomepie i 3'€Onami 3a 00NOMo20oI0 OILOKIE KepysaH-
Hs1. Bonu xapaxmepusytomocst cknadnicmio, 2HyuKicmio i nepedycim MHOJICUHHICTIO enemenmis. Taxi enyuxi cucmemu 6a3yilomocst
HA MOOYILHOCHI MA CKAAOAIOMbCS 3 OKPEMUX MOOYII8 Ma NIOCUCIEM, SIKI MONCYIb Oymiu a0anmoBari 3a Hompeooro.
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Buoinenns nedocnioxcenux uacmun 3a2anvHoi npoonemu. [IpoexmysanHs agmomamu308anux pooomu308arUx poooyux
Micyb, 3aCHOBAHE HA THMEHCUBHOMY PO3BUNIKY (DYHKYIOHATILHUX | OCOOUBO KIHEMAMUUHUX CIPYKITYD POOOYO20 MiCYs 3A2AI0M.

ITocmanoeka 3a60anns. [Jo K020 Pi6HA MONCIUBA MEXAHIZAYIA YU ABMOMAMU3AYIS POOOYO20 NPOYECY, 3ANexHCUMb ma-
KOHC 1 810 DiBHSL PO3BUMKY BUKOPUCTOBY8AH020 00na0HanHs. Ha cyuacHiti cmadii po3eumky npoekmyeaHHs asmomMamuyHozo
NPUCTPOIO MAKOXHC € ABMOMAMUZOBAHUM.

Buxnao ocnognozo mamepiany. Cmamms cqpOKyco8ana Ha NPoeKny8anHi MAHINYAAMOPA, OCHOBHUM 3AB0AHHAM K020
€ BUKOHAMU CKIAOAHHA. AHANI3 3A80aHHS LUIIOCIPYE NPUHYUNOBY MOOENb DilleHHsl, WO MAKOXC € 8I0NPAGHOI0 MOYKONW 04
PO3pOOKU  YHIgepcanbHo20 Mauinyasmopa. Tlomouni eumozu NpakmuyHo20 3aCmOCY8aHH POOOMU308AHUX MEXHONO2I
GUKIUKAIU NEOBUWYEHT 8UMORU 00 IXHIX (DYHKYIIL, XAPAKmepucmux i napamempis, sKi He 3a82ic0U MONCHA OXONUMU mpaouyiti-
HUM NIOX000M 00 iX NPOEKMYBAHHSL A KOHCIPYIOBAHHSL.

Bucnoeku 6ionoeiono 0o cmammi. Y yiti cmammi 6inbut 0emanbHo ONUCAHI 3HAHHA | PO3NOOLT 3aNPONOHOBAHUX NPU-
Ccmpois i Mexanizmis, wjo 3a0e3neuye noYamKoge po3yMiHHA KOHCMPYKYIL. AHanizyrouu npoonemy i 6usHA4ar4u HeoOXioHi
napamempu, 6yna po3pobnena KoHcmpykyis maninyiamopa. Ilpoepamue 3abesneuenns ousaiiny Festo maxoow oonomoeno
3pobUmMU NPasuIbHUL GUOID.

Knrouosi cnosa: maninynamop; npugoo; ckiaoaHHs, poOomomexHixa, upoOHUuULL MOOYb.
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AUTOMOBILE WITH PNEUMATIC ENGINE

Urgency of the research. In the modern times, more often, there are alternatives to the drive, which help the environ-
ment. First of all, there are many engine alternatives, but also hybrids with low emissions.

Target setting. The main goal was to design a vehicle that powered by compressed air. Then take the vehicle to competi-
tion. For one pressure cylinder, this vehicle get over a longer track and the other category reached a higher speed.

Actual scientific researches and issues analysis. In the past few years were realized ten Aventics pneumobil competi-
tions. That year was the eleventh grade of this pneumatic competition. This vehicle ran for the first ride in all categories.
There are many publishers in the field of pneumatics systems. The issue of pneumatic motors is new in Slovakia, since it is
one of the first pneumatic driven vehicles.

Uninvestigated parts of general matters defining. This article focuses on analysis of the proposed of pneumatic driven
vehicle and few parts of this vehicle.

The research objective. The aim of the research was to design and assembly a compressed air-powered car that was
supposed to attend in competition of pneumobil.

The statement of basic materials. The analysis consists of basic information about competition, by Aventics. The definition
of the vehicle is described below. Based on this knowledge, the 3D model and frame of the vehicle are further developed. MKP-
FEA simulations were performed on this frame. Basic information and parts of the pneumatic engine have been provided.

Conclusions. This article describes the design, simulations, parameters and basic parts of a pneumatically-powered ve-
hicle. The design of a pneumatic driven vehicle is based on the rules by Aventics. Based on these rules, the development of
this vehicle was realized. The next step was to analyse the frame that protect pilot in the event. One of the simulation was
described and explained. Some of the basics were also described. The result of this student project is a vehicle that took place
in the Hungarian town of Eger. The vehicle ran in each of category. There were a total of 51 teams from all over the world.
Only 34 teams completed the technical inspection. In the “long distance” category finished in 15" place.

Keywords: pneumatic engine; competition aventics; pneumobil.

Fig.: 7. References: 4.

Problem definition. The concept of the car is based on the rules of the International Aven-
tics Pneumobil Competition 2018. It is the first car of this type made in Slovakia. The car has
a three wheel chassis with twenty six inch wheels and is powered by a pneumatic three cylinder
engine with a volume of 1885 cm® powered by compressed air. As an energy source, the air
pressure of 20 MPa in a pressure vessel. The pneumobil does not produce any harmful emis-
sions like gasoline and diesel combustion engines.

Fig. 1. Proposed vehicle model of pneumobil

© Marcinko P., Hajduk M., Palko M., 2018
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The pneumatic engine consists of three star-shaped pneumatic cylinders which are gradually
actuated and by means of a crank gear, the linear motion of these pistons is transformed into a
rotary movement of the output shaft of the motor [1]. The torque of the motor is then transmit-
ted by the chain gear to the rear drive wheel of the vehicle. The front wheels are mounted on
suspension axles. Monitoring the vehicles operation and ensuring maximum drive efficiency is
addressed by the Bosch Rexroth IndraContol L10 PLC system.

The length of the car is 2390 mm and the width is 1480 mm. The maximum height is
1113 mm. The weight of the entire vehicle is approximately 150 kg. The clearance height of the
chassis is 88 mm. The clearance height can be adjusted by as required. The frame of the vehicle
is made up of a welded steel structure designed to meet the relevant safety regulations to pro-
vide the driver with maximum protection in the event of an accident.

When designing the structure, the front impact of the car and its overturning was also simu-
lated. The car is equipped with four-point safety belts and safety pneumatic elements. The pres-
sure vessel is located on the side of the vehicle so that it is protected by a safety frame in the
event of an accident. The car is equipped with all-wheel disc brakes and the braking system
consists of two separate circuits, front and rear. Two brake cylinders are used, each for one
brake circuit. The rear brake circuit includes a handbrake. Pneumatic elements and control unit
for this car have been provided by sponsors Aventics and TBH Technik, s.r.o.

3D model and frame of the vehicle. The concept of the car is based on the rules of the
competition. The 3D model has been designed to meet the limits of lengths, width and height.
Fig. 1 shows model of the frame.

Fig. 2. 3D model of the frame

3D model and frame of the vehicle. The concept of the car is based on the rules of the
competition. The 3D model has been designed to meet the limits of lengths, width and height.
Fig. 2 shows model of the frame.

The pneumatic frame is made of welded steel tubes of 25x2 size and the auxiliary elements
are made up of rectangular sections measuring 40x25x2. The seat of the pilot is located at the
center of the frame over which is a protective armor to protect the rider in case of overturning.
The whole structure of the frame is designed to provide the rider with maximum protection in
the event of any accident. On Fig. 3 is real frame of the vehicle.
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Fig. 3. Frame of pneumobil

The simulation simulated the perpendicular impact of the vehicle into an obstacle where the
front part of the frame was loaded with a force of 1000N. Fig. 4 shows a frame shift which is
minimal and the rider is safe. Protection of the rider is ensured in particular by the protective
frame, the safety sports seat and the 4 point seat belts. The bottom of the vehicle is covered with
2 mm aluminium plate all over the area.

URES (mm)
1.396e+000
1.280e+000
1.163e+000

- 1.047e+000
. 9.306e-001
8.143e-001
6.980e-001
5.816e-001
4.653e-001
3.490e-001
2.327e-001
1.163e-001

1.000e-030

Fig. 4. Simulation of the frame

The pressure cylinder is located on the side of the vehicle, next to the rider’s seat. Because
of the center of gravity it is positioned as low as possible and is fastened with two steel strips
and clamps. These strips and clamps are removable, allowing the pressure vessel to be replaced.
Puffer container has a CE-Certificate: 2009/105 EC and 97/23 EC (P.E.D.).
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Pneumatic engine. The engine consists of three linear pistons that are arranged in the star,
the pistons being turned 120° to one another [2]. The pistons are mounted in steel frames and
the piston tips are mounted on one crankshaft. The ends of the pistons are attached to the frame
by means of pins containing the bearings and at the same time the pins connect the frames [3].

With their linear motion, they rotate together with the crankshaft, which with the help of
sprockets and chains, transmits the torque through the gearbox to the driven wheel. The motor is
attached to the frame by means of four bearings that are mounted to the frame by M16 screws.
The engine is located on the right side of the frame. Fig. 5 shows star shaped engine.

Fig. 5. Star shaped engine

This pneumatic star shaped motor consists of few parts. Primary components are two steel
frames and three linear pistons, by Aventics. Another parts of the sprocket wheels, the crank-
shaft and the gearbox. At the beginning of each pistol is coupling pin. Frames connected togeth-
er with stiffener platforms [4].

The drive system is presented with a two-speed gearbox that is inspired by automotive com-
petitive vehicles. It uses a gearing system. Sprockets are used to facilitate the passage of higher
axial distances. Gears are controlled by pushrods to provide torque transmission either through
the first gear or the second permanent gear that drives the rear wheel.
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Fig. 6. Pneumobil

The front wheels are fitted as well as on ordinary bicycles, so the wheel is mounted on the
axis and attached to the nut. The rear wheel is mounted on the produced shaft, which is stored in
the bearing houses. The rear axle is driven from the gearbox and is connected to a rear wheel
that includes a freewheel. The rear wheel is attached to the shaft with lock rings and adjusting
screw in the bearing house. Fig. 7 shows team on competition.

e 5 3 i
. W Y

Fig. 7. Pneumobil in Eger, HU
Conclusions. This article describes the design, simulations of frame, parameters and basic
parts of a pneumatically-powered vehicle. The design of a pneumatic driven vehicle is based on
the rules by Aventics. Based on these rules, the development of this vehicle was realized.
The next step was to analyse the frame that protect pilot in the event. One of the simulation
was described and explained. Some of the basics were also described. The result of this student
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project is a vehicle that took place in the Hungarian town of Eger. The vehicle ran in each of
category. There were a total of 51 teams from all over the world. Only 34 teams completed the
technical inspection. In the “long distance” category finished in 15% place.
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VIIK 629.33:621.541
Ilemep Mapyunxo, Mixyraw I'atioyk, Mapow Ilanko
ABTOMOBUIbB I3 IHEBMATUYHUM JIBUT'YHOM

Axkmyanvnicmbs memu 0ocnioxcenun. YV naw uac Habyearmsv NOWUPEHHS AbIMEPHAMUGHT 08USYHU HA OXcepenax na-
JUBa, sKi He 3a0pyOHIoioms 008KiLIs. Ichye eenuka KinbKicmb Pi3HOBUOIE OBUSYHIE HA AILIMEPHAMUGHUX 0JICepeNax nalued, a
makooic i3 2IOPUOHUMU YCMAHOBKAMUL.

ITocmanoexka npoonemu. OCHOBHOIO MeMOK € NPOEKNYBAHHA ABMOMODINA, WO NPAYIOE HA CHIUCHEHOMY NOGImpi.
B3zamo yuacmo y 3mazanuax nHesmamuuHux asmomooinis. Ilpu momy s camomy mucky 6 yuniHopi yei asmomodins noooias
6inbuLy 8iocmany, a 6 it 00csie bilbll BUCOKOL UBUOKOCHIL.

Ananiz ocmannix docnioscens i nyonikayii. 3a ocmanmi Kinbka pokie 63amo yyacmos y oecamu 3mazanHax Aventics 3
nueemomobinem. B ypomy poyi 6ys oounadysmuii paz yuacmi 6 3macannsix. Llei asmomobine ¢hiniuiyeag nepuium y 6cix xame-
eopisax. V eanysi nnesmamuunux cucmem onyonikoearo 6azamo npays. [lumanna nnesmamuynux 08ueyHie € nogum y Cnosay-
YUHI, NPeOCMAaBNeHUtl NHEGMAMUYHUL MPAHCROPMHULL 3CI6 € OOHUM 13 NEPUIUX A8MOMOOGINIE i3 NHEBMAMUYHUM NPUBOOOM.

Buoinenns nedocnioycenux wacmun 3azansnoi npobnemu. Y yiti cmammi 0cHO8HA y8aza npuodinacmovcs ananizy 3a-
NPONOHOBAHO20 ABMOMOOIISL 3 NHEBMATUYHUM NPUBOOOM U OESKUX 1020 eeMeHMIE.

ITocmanoeka 3aedanusn. Mema docniodxcenns nonseana 6 momy, wob cnpoekmysamu i 3i6pamu agmomoobine i3 nHes-
MAMUYHUM BPUBOOOM OIA YHACHI Y 3MALAHHAX NHEBMOMODINIB.

Buxnao ocnoenozo mamepiany. Ananiz cknadaemvcs 3 0CHoO8HOL inghopmayii npo mypuip Aventics. Hasederno onuc as-
momobins. I[Ipodoesarcerno docniodcennss 3D-modeni pamu asmomobins. s yiei pamu 6yno suxonano mooemosanns MKP-
FEA. Tlpeocmasneno ochogy in@opmayiio npo nHeemMamuynuil 08Uy i 1020 0emai.

Bucnogxu 6ionosiono 0o cmammi. Y yiii cmammi onucano KOHCMPYKYiio, MOOeN08aNHSA, napamempu i OCHOBHI 4a-
CMUHU NHEBMAMUYHO20 A8mMoMo0ini. Koncmpykyis nneemMamuuno2o asmomodinsa cnpoekmosana 3a npaguiamu Aventics. Ha
OCHOSI yux npasun Oyia 30ilcHena po3pooxa agmomobins. Hacmynuum kpokom 6yé ananiz pamu, aKka 3axuyac niioma 6io
O00POAHCHLO-MPAHCNOPMHUX nPpu200. ONUCAHO Ul NOSICHEHO 00UH 13 8apiaHmie Mooentogants. Jlesaxi 0cHO8HI Momernmu 6ynu
MaKodic nosicheri. Pezynbmamom ybo2o cmyoeHmcbko2o npoekmy € asmomooin, KUl npeoCcmasieno 8 Y2opcbKomy Micmi
Ezep. Asmomobine 6pas yuacme y 6cix kamezopisx, Oe 3azanom smazanuca 51 komanoa 3 ycvoeo ceimy. Tinvku 34 komanou
3a6epuuiy MexXHiuHul 02140. Y kamez2opii «0062a OUCmanyisy NHeeMamudHull agmomoobine nocie 15-e micye.

Kniouosi cnosa: nuesmamuunutl 0sueyH, smazannst Aventics, nHeeMomoo6ino.
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USING THE SIMULATION PROGRAM FOR THE DESIGN
AND OPTIMIZATION OF THE PRODUCTION LINE

Urgency of the research. Increasing productivity while maintaining sufficient production quality is one of the main cri-
teria for maintaining competitiveness. An appropriate way is to automate and robotize the production process. In order for
robotization to succeed, all design steps need to undergo in-depth research.

Target setting. The aim is to design a robotic device (robotic line) capable of increasing the production of components
in a smaller workspace from 91,000 to 160,000 per year for each of the 7 types of components.

Actual scientific researches and issues analysis. The introduction of robotic devices into production systems is devoted
to a large part of the publication. In general, it is possible to state that the robot deployment is specific and depends on the
particular manufacturing process. For this reason, it is necessary to carry out a new analysis of the suitability of the robot
for each manufacturing process, supported by off-line simulation.

Uninvestigated parts of general matters defining. This article focuses on a specific workplace solution that uses one
type of robot delivered by a parent company. The use of a different robot type with more appropriate parameters was not
feasible in financial terms.

The research objective. The aim is to design the most suitable placement of production machines against the position of
the industrial robot. Then analyse all the robot's working moves so that it can be manipulated by one of the 7 types of com-
ponent on the line, with a production increase of 483.000 pieces per year.

The statement of basic materials. Simulating the production workspace in the offline environment allows you to opti-
mize your design before it is actually created on the selected desktop. This reduces the development costs and saves the total
time when the work is completed.

Conclusions. The article describes the problems of design, optimization and simulation of a robot equipped workplace.
For optimizing workplace was precisely defined robot type when, which limited the use of the robot from better parameters.
Using the robot can increase workplace productivity while reducing the work area. With the implementation of the proposal,
the target was achieved to increase workplace output by 483.000 components/year.

Keywords: robot; simulation; program, optimization.

Fig.: 5. Table: 1. References: 5.

Problem definition. At present, high demands are placed on car manufacturers and their
subcontractors. Higher production, lowering costs, reducing staffing and, in particular, lower-
ing product prices. Due to high demands, they are forced to come up with new technologies
and solutions to make production processes more efficient. Because people's performance can
only be increased to a certain extent, it is necessary to automate production and replace hu-
man activity with robots, thereby greatly reducing costs. The aim of the article is to automate
the production process that will be used to process castings. Castings are components for the
automatic transmission. The designed robotic workstation will handle 7 types of components.
The role of the robot will, in the first step, be to take out half-finished products with input
conveyors. Subsequently, they will be stored in production machines located within the robot
range. After machining the respective surfaces, the robot's job is to remove the finished parts
and store them on the output conveyors. The following steps are described in the simplified
form. Firstly, an optimal layout of machines, devices, and industrial robots is proposed. Once
the placement design has been completed, simulation will proceed. The Fanuc Roboguide
simulation program is used to verify the required robot position, which makes it possible to
clearly determine whether a given machines and equipment layout is required in place. In the
simulation environment, individual work cycles are checked and the solution is judged to be
sufficient for both current and increased production. A solution that suits it is considered to be
a standard, according to which the 3D assembly of the production line is drawn with the rele-
vant drawing documentation. The designed 3D assembly of the production line will consist of
the main base under the robot and its control unit, protective fencing, conveyors and attach-
ment brackets for individual machines and devices [1; 2].

Environment and components description. The environment in which the production
process is located is the section of machining of aluminium alloy castings cast in the found-

ry operation.

© Semjon J., Kostka J., Mako P., 2018
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The components that will be the resultant product of this process are one of the compo-
nents of the automatic gearbox, Fig. 1, which is used to transmit a high torque of up to 3500
Nm for heavy goods vehicles.

In total, seven different types of parts are machined. The current production has been set
at 91.000 components per year of each type. Currently, production is planned for
160.000 components per year of each type, so the automated line will be designed to produce
160.000 components.

These are components of Deckel 217, 218, 219, Bremsdeckel 222, Kolben 018, 025, and
Pumpendeckel 005, Fig. 1. The technology for each piece is different. Each piece has a pre-
cise design, on which devices it will be machined and in what order.

Deckel 218

Deckel 217 Deckel 219

:ﬁ

Kolben 018 Kolben 025 (267) Pumpendeckel 005
Fig. 1. Machined components in the manufacturing process

Analysis of working space and used machinery and equipment. The area of work space on
which production facilities are located is approximately 61.6 m2 with dimensions of 8.4 x 7.33
meters. A new auto line will also be placed on this desktop. Thus, the newly designed workplace
must also meet the external dimension condition (max. 8.4 x 7.33 m). The current deployment of
machinery and equipment is shown in Fig. 2.

The individual machines and equipment are distributed according to machined parts in four
areas. The area 1 operated by one worker is used to work on the four components of Deckel
017, 018, 019 and Kolben 018. The outer periphery of the entire workpiece is machined in this
area. In future designs, due to the number of machined parts in this area, it is necessary to de-
ploy machinery and equipment so that machines from area 1 are as close as possible to the cho-
sen robot and the time the robot needs to move as short as possible.

The composition of the machines and equipment in region 2 is the same as in area 1, there-
fore it is possible to use this area also for machining parts from area 1. This area is intended
mainly for the first part of machining, Kolben 025 (267), Bremsdeckel 222 and Pumpendeckel
005, in which also the outer periphery of the whole piece is machined. In the case of the
Bremsdeckel 222, one more of the inner dimensions is machined.

These machined components are further machined either in the 3 or 4 region. Thus, either
workpieces in areas 2 and 3 or in regions 2 and 4 are machined. A both combinations, one
worker works. A second part of the Bremsdeckel 222 and Pumpendeckel 005 is machining
work in area 3. Each part is machined on a CNC milling machine as required. In area 4 runs
machining in the second part of the component Kolben 025 (267). On the mounting press a
small case is first pressed and then tested in the DHP (device for checking the tightness of the
moulded case) for its tightness. In the event of an error, is component thrown out.
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The workplace is bounded by a walkway designed for employees, storage space and another
manufacturing processes. During a 12-hour change, a 3-fold measurement of the outer dimen-
sions and a 1-fold measurement of the contour by means of the Zeiss coordinate measuring de-
vice of the area 1, 2 and 3 are performed. One measurement of the outer dimensions takes about
10 minutes and the contour measurement is approximately 30 minutes.
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Storage space
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- o] 61.6 m
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Fig. 2. The current layout of machinery and equipment

Design of robotic cell. The new robotic lines (cell) solutions are designed to produce 160,000
units of each type, that is, a total of 1,120,000 units of all components per year. The design of the
workplace must include one Fanuc M-20i / 25 industrial robot with two DMG Mori CL 1500
CNC lathes, the Fanuc a-D21MiB5 ADV CNC milling machine, the DHP, the Kaeser SXC 8
compressor, four belt conveyors, the Sony XC56 camera system, three Ringler RE 201 suction
outlets, a transfer station, stands for an external power source and packing boxes.

The use of the selected industrial robot Fanuc M-201 / 25 with the R-30iB control unit is due to
his presence in the parent company in Germany. The robot has six degrees of freedom with a maxi-
mum load of 25 kg. The maximum range is 1853 mm and the robot accuracy is +/- 0.02 mm [4].

The CNC machines to be used in the designed production line for machining parts are the
Lathe DMG Mori CL 1500 CNC and CNC Milling Machine Fanuc a-D21MiB5 ADV. Each
of these machines is equipped with an external power supply located on the stand and a
Ringler RE 201 suction device for dust and dirt extraction. The press which serves to press
the small case and the DHP station that inspect the tightness of the component is the device
designed by the parent company Schiile Druckguss in Germany. The Kaeser SXC 8 compres-
sor is required for the DHP station.

Belt conveyors are designed by mk Technology Group according to their own require-
ments. Because the line will be machining two different parts at once, we need four convey-
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ors. The width of the conveyor belt must be chosen so that all types of parts of different di-
mensions can be loaded. Two conveyors will serve to move unworked parts into a line and
two to transfer finished parts from the line. In order to recognize the position of the incoming
parts in the line, an industrial 2D Sony XC56 camera is used.

Design of machinery and equipment placement. The position of the machines and
equipment must meet certain requirements such as the size of the built-up area, the availabil-
ity and effective shifting of the robot to the required positions, common access to conveyors
and access for maintenance. By optimizing the initial four proposals, a proposal has been de-
veloped that satisfies each defined requirement, Fig. 3.

The size of the built-up area is approximately 44.4 m2. Thus, compared to the currently
built area of 61.6 m2, approximately 17 m2 will be saved. The outside dimensions of the pro-
duction line are 8.39 x 7.31 m. The proposed robotic line under this proposal will fit into the
area where the current production process lies. For both CNC lathes, maintenance access is
possible from the required side. The robot control unit is located near the entrance door and
access to the conveyor is on the same side. From the point of view of the movement of the
robot, the positioning of the machines is very good.

When transferring parts from conveyors to CNC lathe 2 or into CNC lathe 1, the robot
performs a small movement. The location of the suction devices and stands for the external
power source also suits. This proposal is considered final. According to this proposal, the
workplace in the Fanuc Roboguide program is simulated and later the construction design of
the robotic line is proposed.
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Fig. 3. Final design robotic cell
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Workplace simulation in off-line environment. In order to make sure that the layout of
the machines according to the final design also suits the robot's reach, and how long the indi-
vidual process cycles run during operation, the Fanuc Roboguide simulation overwork is
used. Once the workspace has been simulated, it will be able to clearly determine whether the
robot is able to perform the predicted activity and, at the same time, we will be able to calcu-
late the total production that the robot can perform according to the measured time cycles.

The problem area model is used to describe relationships between objects and properties
in the problem area. The automated line model describes the general concept of the problem
area without considering the details that are required for the design and implementation of the
mechatronic system.

According to the following model, the planned production line could be formulated as fol-
lows: Suppose the production line is already ready for machining the exact types of parts.
There are defined types of component, machine tools and industrial robots. The operator
stores the selected parts on conveyors. Using a camera to identify the position of the parts, the
robot grabs the workpiece from the conveyor and, depending on which part of the machining
line, knows which machine to insert it into. The line can handle two different types of parts.
The robot grasps the workpiece from the conveyor for which the machine tools are free. [4].

In the working environment of the Fanuc Roboguide program, individual machines, equip-
ment and, in particular, the industrial robot are placed according to the final design, Fig. 4. The
robot, control unit, machines, conveyors, fencing and boxes are 3D CAD models imported from
the Fanuc library. Those machines and equipment which are from another manufacturer must be
insert separately, respectively. Models that are not freely available must be modelled separately.
These are the DMG Mori CL 1500 CNC lathe, Ringler RE 201 and DHP. Since the robot will
handle parts of different dimensions, it is necessary to design a custom end effector [5].

Fig. 4. 3D model of machines and equipmen

t in Roboguide

Verify cycle times after optimization using simulation. Before using the finished pro-
gram in production, it is necessary to verify that the robot with the program can produce the
number of components we assumed. In order to get the highest productivity on the proposed
production line, we optimized some work cycle and process values for current state, Table. Ver-
ification cycle times is realized in Roboguide simulation. In simulations, we can measure not
only the individual cycle times but also the total working cycle for one or more machined parts.
If the simulation shows that the production line can produce machined parts according to opti-
mized times, the program can be used.
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Table
Optimization of work cycles and processes
Operation (s)
Parts - T O I - - - - - -

Deckel 217 Current 0 0 0 3.8 0 12.2 | 12.2 0 0 0 0 0 0 13 35
Optimization 0 0 0 3.6 0 9 9 0 0 0 0 0 0 13 | 316

Deckel 218 Current 0 0 0 0 0 0 0 10 0 0 0 0 0 13 29
Optimization 0 0 0 0 0 0 0 8 0 0 0 0 0 13 27

Deckel 219 Bl 0 0 0 0 0 0 0 0 0 0 0 0 11 13 30
Optimization 0 0 0 0 0 0 0 0 0 0 0 0 11 13 30

Br-néd;ck-l Current 0 0 0 21 10 0 0 0 0 0 0 0 0 13 50
Optimization 0 0 0 21 10 0 0 0 0 0 0 0 0 13 50

Kol:’z-;;m Current 12.9 0 0 0 0 9 9 0 49 | 34 0 0 0 13 | 49.2
Optimization | 1.9 0 0 0 0 9 9 0 4.9 | 34 0 0 0 13 | 49.2

Kolben 018 Current 0 30.1 20 0 0 0 0 0 0 0 0 12.1 | 11.8 13 | 92.5
Optimization 0 18.2 | 9.4 0 0 0 0 0 0 0 0 10 7.5 13 | 64.1

Pump;’\:eckel Current 0 0 0 24.3 5.2 0 0 0 0 0 10.3 0 0 13 58.8
Optimization 0 0 0 21.3 5 0 0 0 0 0 8.2 0 0 13 53.5

The view of the 3D design of the manufacturing robotic line is shown in Fig. 5.

Fig. 5. View of the designed production line in SolidWorks

Conclusions. The article describes the problems of design, optimization and simulation of a
robot equipped workplace. For optimizing workplace was precisely defined robot type when,
which limited the use of the robot from better parameters. Using the robot can increase work-
place productivity while reducing the work area. With the implementation of the proposal, the
target was achieved to increase workplace output by 483,000 components / year.
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BUKOPUCTAHHSA IMITAIIMHOI ITIPOT'PAMM JIJISI TIPOEKTYBAHHSA
1 ONITUMIBALII JITHII BAPOBHUIITBA

Axmyansricms memu 0ocnioxcenns. Iliosuwents npoOyKMUSHOCHI npu 30epexcerti 00Cmamuvoi skocmi npooyKyii € 00-
HUM 3 OCHOBHUX KpUmepiie niompumku KOHKypenmocnpomodichocmi. Lle cmocyemvcsi asmomamusayii 1 pobomusayii upobHu4020
npoyecy. [l moeo wob pobomusayis 6yaa yCRiwHo0, YCi emanu npoeKmy68aHHs NOSUHHI NPOUNU nO2IUONEeHe QOCTIONCEHHSL.

ITocmanoeka npoonemu. Memor € cmeoperHs pobOMU308aHO20 NPUCMPOIO (POOOMU308AHOL NiHIL), 30amH020 30iTbuUmu
8upobHUYmMEo komnornermis 3 91 000 0o 160 000 na pix y merwomy poboHoMy NPOCMOPI OISt KOHCHOZ0 3 7 MUnNié KOMHOHEHMIE.

Ananiz ocmannix 0ocnioxncens i nyonikayii. Benuxa uacmuna nyonikayii npucesauena 6npoeao*CceHHO pobomu308aHux
npUCmpoi8 y UPOOHUYI cucmemu. 3a2anom, MOXCHA 3A3HAYUMU, WO PO3PoOKa poboma € cneyudiuHow U 3anexcums 6i0
KOHKDemHOo20 8upobHuy020 npoyecy. 3 yici nputunu HeoOXiOHO nPpogecmu HOBULL AHANI3 NPUOAMHOCTE POOOMA Ot KOJHCHO-
20 8UPOOHUYO20 NPOYeCy, TPYHMYIOUUCH HA AGIMOHOMHOMY MOOETIOBAHHI.

Buoinenns nedocnioycenux uacmun 3azansnoi npoonemu. Y yiti cmammi 0CHOHA Y8a2a NPUOINACMbCA KOHKPEMHOMY
PIWEHHIO Ha POOOYOMY MICYi, 8 AKOMY BUKOPUCHIOBYEMBCSA OOUH MUN pOOOMA, WO NOCMABNAEMbCSA KOMNAHIEIO-GUPOOHUKOM.
Bukxopucmanns inuozo muny poboma 3 0inviut NiOX0OAUWUMU NAPAMEMPAMU OYII0 HEMONHCTUBE Y PIHAHCOBOMY NIAHI.

ITocmanoska 3ae0anusn. Mema nonseae 6 momy, woob cnpoekmyeamu Haubib nioxoosaue po3miujeHHs . BUPOOHUUUX
MAWUH HABKOLO NONONCEHHS NPOMUCT08020 poboma. TIpoananizysamu éci poboui pyxu poboma, wob 6in Mic MaHinyI06amu
OOHUM [3 7 munie KOMNOHEeHmMi8 Ha NiHii 31 30inblueHHamM upobHuymea Ha 483 000 wmyxk Ha pik.

Buxnao ocnoenozo mamepiany. Mooentosanns pobouoi o6nacmi 8 agmoHOMHOMY pexcumi 0038015€ ONMUMIZYEAU
KOHCMPYKYII0 00 mMo20, K 80HA OyOe cmeopeHa Ha obpanomy pobouomy micyi. Lle smenwye sumpamu Ha po3pooKy 1 eko-
HOMUMb 302ANbHULL YAC BUKOHAHHSA POOOMIL.

Bucnoeku 6i0nogiono 0o cmammi. Y cmammi onucylomscsi npoonemu npoeKnyeaHHs, Onmumizayii ma MooenosaHHs
Ppobouoeo micys, obnadnanozo pobomom. [ onmumizayii pobouoeo micys 6y8 MoyHO USHAUeHUti mun poboma 8 yMoeax
KOJIU ICHYBANIO 0OMENCEHHS HA BUKOPUCMAHHA poboma 3 Kpawjumu napamempamu. Bukopucmarnts poboma mooice nioguuju-
mu nPOOYKMUBHICTbL POOOY020 Micys ma cKopomumu pooody 30Hy. I3 enpoeadsicentam yiei nponosuyii Oyna oocscyma
Mema 36inbuenHs 06ca2y supobruymsa na 483 000 komnonenmie y pix.
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APPLICATION OF INDUSTRIAL PNEUMATIC COMPONENTS
IN THE EDUCATIONAL PROCESS

Urgency of the research. Modern production requires schools to have a skilled workforce. In general, schools can not
Sfulfill this requirement at the same time.

Target setting. The aim of the project described in the article is to build an education system that would give students
the necessary experience to handle the challenging tasks of technical practice in designing and deploying automated devices.

Actual scientific researches and issues analysis. The results of the diploma project, to which both authors co-authored,
were used as the basis for this article. Problems in the area described are known and, in principle, eliminated by a change in
access to the educational process at universities. The project described in the article should be a pilot project.

Uninvestigated parts of general matters defining. Despite attempts to solve the problem of training a skilled workforce,
without material support or cooperation with technical practice, there is no hope for success.

The research objective. The aim of the described project is to set up a training system in which the student would collect
as much practical experience as possible for the practice.

The statement of basic materials. Resources to solve this problem practically do not exist, because the breadth of the problem
is very big. The success of the project in the future will be heavily dependent on the enthusiasm of followers (students) in developing
the job. Of course, provided sufficient financial coverage.

Conclusions. The pilot project is in the process of being developed. There is currently support for its continued exist-
ence, but there are no stable sources of financial inputs yet.

Keywords: training workplace; automation, logical controller; pneumatic components.

Fig.: 7. References: 10.

Introduction. At present, the economy of European coutries to rapidly rise. To ensure
necessary workforce for running companies is not sufficient merely quantitative aspect;
started the era in which companies ,,call* for qualified workforce.

In our country, in Slovakia, this trend is most pronounced in automated operations,
especially in automotive.

If we want to satisfy the labor market in this respect, it is essential to prepare well
graduates of secondary schools and universities.

On secondary schools, the companies itself started to implement the so named ,,dual
education®. Univerities are slightly behind in this area.

Therefore, the idea of modifying the teaching process and incorporating more practical
activities with which students would confrot in the course of study was created in the field of
our department and institute.

Practical educational process. We began to implement a form of teching at training
workplaces.

This model is applied to the teaching of robotics, automation techniques, but also to more
elementary disciplines, fluid mechanisms, in particular compressed air driven mechanisms.

In order to prepare our students in this field, we have already been purchased the
professional training workplaces of companies FESTO and SMC, where students can put into
the issue of the use of compressed air at all control levels: mechanically, manually, by
compressed air and elctronically.

There are 4 workplaces (from each of the mentioned companies two), Fig. 1a, 1b.

Currently, educational documentation (lectures, training tutorials) is being prepared for
these workplaces and methodical teaching procedures are being gradually elabrated.

An essential feature of this project is that students are confronted with an elementary base
that is the same as that use in technical practice.

© Tuleja P., Mamontov P., 2018
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Fig. 1. Training workplaces:
a - FESTO; b— SMC

Source: authors foto.

Students thus learn not only how to use the given components but also gain practical skills
an knowledge about their construction and application specifics.

The educational process is then divided into three stages: circuit assignment according to
the wiring diagram, drawing the wiring diagram according to the wiring circuit and searching
for and troubleshooting the wiring circuit according to the wiring diagram.

This model has proved to us in many ways and helped to improve the quality of
processing projects solved in the tesis.

The model, however, does not allow the student to become familiar with the problem of
complex assignment as is customary in practice.

The project solver from the customer will get a basic description of the problem (mostly
dimensions, shape and weight of the manipulated component and starting position and ending
position of the handling task).

The rest is on his skill, knowledge and experience.

The university graduate can only rely on the experience which ones gain.

Students can gain experience while at school only if it is provided on real devices.

That is why we have begun to build a system of preparation for our students at the institute.

New model of educational process

Its essential part is the stendfor building simple workplaces from pneumatic elements.
Stend emerged as an outgoing solution to the graduate thesis of our graduate.

Its construction consists of a steel frame with a deflectable lid made of perforated stainless
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Fig. 2. Stend for a educational system:
a —deflectable lid; b — holes distribution

Source: authors.
Circular perforation holes have aiameter of 4,2 mm. Their distribution is shown in
Fig. 2, b. This makes it relatively easy to fix the components needed for the project.
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At the begining of the semester, the student gets the task entry formulated as it is in the

firms. E. g.: «Move component, Fig. 3, a, from the point A to point B in accordance with the
layout plan, Fig. 3, by.
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Fig. 3. Task entry:
a —parameters of component; b — layout plan
Source: authors.
At the beginning of the solution, the student presents variants of the kinematic
aeceangement of the future manipulation mechanism in the form of a diagram. From these
varriants, the teacher selects a specific design with which the student is still working, Fig. 4.
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Fig. 4. Model of teaching plan

Source: authors.
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As this is a pilot project of this type at the department, we plan to create an internal
catalog of available pneumatic components (ctually existing and equipped with necessary
components). To him (at the elaboration stage),the student will have at his disposal a set of
mofules required to couple the individual pneumatic components to one another, respectivelly
for clamping them onto the perforated palte of the stend mounting plate (see Fig. 4).

In this way, by combining suitable pneumatic modules and auxiliary modules, a real
mechanism can be designed to enable the desired handling cycle to be achieved.

As a matter of course refers to the physical implementation of the proposed mechanism of
the recovery and the creation of the control program.

Therefore, the control apparatus is also necessary to implement the mechanism. This is
ensured by the small controller of SIEMENS LOGO! ..0BA6, which together with the expanding
module provides the ability to control 12 outputs and receive ambient signals on 16 inputs, Fig. 5.
The signals connected as inputs to the logic unit are provided by magnetic contactless sensors,
mechanical switches, or inductive and optical sensors, which provide a switching element as
information on reaching the end or other important position of the mechanism.

._,"\ . T R
ar;‘{"‘l p— o o /

Fig. 5. Modified controller

Source: authors foto.

After its completin (recovery) will also be availeble electronic multi-position movement
linear unit. It is based on a stepper motor. It allows the connection of the pneumatic
components to create a multi-position TTT module which can be controlled by the otput
signals from the controller, Fig. 6.

Fig. 6. Multi-position linear unit

Source: authors foto.

At present, there are approximately 40 pneumatic components from the world’s, manufac-
turers (SMC, FESTO, HOERBIGER-ORIGA, BOSCH-Rexroth, MECMAN, AVENTICS-
Emerson), linear lines (HIWIN), and the above-mentioned assembly of interconnection mod-
ules made of different Al-profiles.

As asupport for the overall educational environment, ready-made assemblies are also
avilable which serve exclusively to gain the necessary experience in programing logic
controllers, Fig. 7.
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Fig. 7. Models for a PLC programming training

Source: authors foto.

We must not forget that we are educating future engineers, so the student’s own soluyion
must be supported by the appropriate calculations for the pneumatic circuit as well as for the
selection of individual components (power and geometric analysis).

By limiting the whole project, the fact remains that at a certain moment it is possible to
install and operate a limited number of mechanisms (total built-in area and I/O capacity of the
controller’s signal) on the stend surface.

The solution seems to be building more stends and buing more controllers.

Only such a komplex project implemented in teaching units as well as outside the teaching
process gives at least a minimal basis of experience for the realisation of future larger projects
of our graduates in practice.

The co-autor osf this article and the autor of the diploma project described above is now
successfully employed in a Slovak firm focused on industrial and power engineering.

Conclusion. The project itself has yest to be implemented from the material resources of
the department, and its expansion in the future will probably require funding from a grant or
other agency supporting the development of sililar activities.

We believe that we will be given the necessary support and the project will be transformed
into a relaization outputin the form of an aducational means to support one of the semester

subject conducted in teaching process at the our department.
This contribution is the result of the project implementation: Research modules for intelligent robotic systems
(ITMS: 26220220141) supported by the Research & Development operational Program funded by the ERDF.
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3ACTOCYBAHHA NTPOMHUCJIOBUX TIHEBMATHYHHUX KOMIIOHEHTIB
B OCBITHBOMY ITPOLECI

Axkmyanvnicmos memu docnioncennn. Cyuache UPOOHUYMBO BUMALAE BIO OCBIMHIX 3aKNA0IE 0B0NO0IHHI BUNYCKHUKA-
Mu npoeciiinumu Haguukamu. Pazom 3 mum wkonu He MOXCYmMb 6UKOHAMU YO BUMOZY.

Ilocmanogxa npoénemu. Memoio npoexmy, onucano2o 6 cmammi, € CMEOPEeHHs HAGHANbHOI cUucmeMu, KA 0ACMb CmYy-
OeHmam HeobXiOHUuLl Q0CBI0 OISl GUPTULEHHSL CKIIAOHUX 3a680aHb Ni0 Yac NPAKMUYHOL OisUIbHOCII NPU NPOEKMYSAHHI 1l 3aCmo-
CYBAHHI A8MOMAMU3A308AHO20 YCIAMKY8AHHS.

Ananiz ocmannix docnioxncens i nyonikayii. Ocnogorw 01 yici cmammi 6yau pe3yiomamu OUNIOMHO20 NPOEKMY, 8
saKomy 06udea asmopu Oynu cnieasmopamu. Ilpobnemu 6 onucaniti cghepi i00Mi Ui 3a2ANOM YCYHEHI WIAXOM 3MIHU NiOX00Y
00 Ha8uabLHO2O Npoyecy 6 yHigepcumemax. ONUCAHULL Yy CMAMMi RPOeKm € NOMHUM.

Buoinenns nedocnioicenux uacmun 3a2aavhoi npoonemu. Bupiwenns npobremu nio2omosxu Keanigixoeanoi pobouoi
cunu nompebye mamepianvhol nNiOMpumMKu abo cnienpayi 3 6UPOOHUYMEOM.

ITocmanoeka 3ae0auns. Memow onucano2o npoekmy € CMmeoPeHHs HA8UAIbLHOT CUCmeMY, 8 AKIl yueHb 6y0e ompumy-
samu sKomo2a Oinvile NPAKMUYHO20 00CI0Y Ol HAGYAHHS.

Buknao ocnoenozo mamepiany. Pecypcie 0 eupiwients yici npobnemu npakmuiHo He iCHYE, Momy wo npobiema oy-
orce icmomHa. Yenix npoexmy 6 MaiOymnoomy 6yoe CUuIbHO 3aexicamu 8i0 eHmy3iasmy nocii008HUKIE (cmydenmis) y po3po-
6yi npoexmy. besnepeuno, 3a ymosu 00cmamub020 QiHAHCY8AHHS.

Bucnoeku 6ionogiono 0o cmammi. Ilinomnuii npoexm nepebysac 6 npoyeci po3pooxu. Huni niompumyemocsa 11020 no-
oanvule iCHY8AHHS, ajle NOKU HeMae CMAadLIbHUX 0xcepelt (DiHAHCYB8AHHS.
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CONSTRUCTION OF EQUATIONS OF MOTION OF MULTIBODY SYSTEMS
AND COMPUTER MODELING

Urgency of the research. Computer models mean new quality in the knowledge process. Using a computer model, the proper-
ties of the subject under investigation can be tested under different operating conditions. By experimenting with a computer model,
we learn about the modelled object. We can test different machine variants without having to produce and edit prototypes.

Target setting. The development of computer technology has expanded the possibility of solving mathematical models and
allowed to gradually automate the calculation of mathematical model equations. It is necessary to insert appropriate inputs of the
mathematical model and monitor and evaluate the output results through the computer output device The target was to describe the
mathematical apparatus required for mathematical modeling and subsequently to compile a model for computer modeling.

Actual scientific researches and issues analysis. When formulating a mathematical model for a computer, the laws and
the theory we use are always valid under more or less idealized conditions, and operate with fictitious concepts such as,
material point, ideal gas, intangible spring, and the like. However, with these simplifications, we describe a realistic
phenomenon where the initial assumptions are only met to a certain extent. In order for the results not to be different from
the modeled reality, it is to be assumed that a good computer model arises gradually, by verifying and modifying it, which is
one of the advantages of MSC Adams.

Uninvestigated parts of general matters defining. The question of building a real manipulator model. Based on the
above simulation, it is possible to build a real model.

The research objective. Using MSC Adams to simulate multiple body systems and verify its suitability for simulating manipula-
tor and robot models. In various versions of the assembled model we can monitor its behavior under different operating conditions.

The statement of basic materials. In computer simulation, MSC Adams-View is used to simulate mechanical systems. It has an
interactive environment for automated dynamic analysis of parameterized mechanical systems with an arbitrary structure of rigid
and flexible bodies with geometric or force joints, in which act gravity, inertia, experimentally designed contact, friction, aerody-
namic, hydrodynamic or electromechanical forces and have integrated control, hydraulic, pneumatic or electromechanical circuits.

Conclusions. Working with a mathematical model on a computer opens space for specific synthesis of empirical and
analytical method of scientific knowledge. Working with the computer model carries the characteristic features of classical
experimentation. It represents a qualitatively new way of solving tasks that can not be experimented with on a real object.
The result is the equivalence of the computer model and the object being investigated with the features and expressions cho-
sen as essential, with accuracy sufficient to the exact purpose.

Keywords: multi body systems; kinematic pairs; transformation matrices; software simulation.

Fig.: 9. References: 17.

Introduction. There is a variety of machines and devices consisting of spatial mechanisms
and space-bound mechanical systems. We find them in material handling machines as well as in
precise mechanics products. They are also parts of various manipulators and robots. In order for
the spatial mechanisms to be introduced more rapidly into practice and in order to increase their
performance we need to replace the old computational practices that were largely intuitive and
suitable for individual cases or small groups of mechanisms with more general, accurate and
easily algorithmizable methods which are suitable for use with computing. The following chap-
ters of the paper illustrate the matrix methods of compiling equations of motion. The matrix no-
tation is an optimal approach due to its compactness, efficiency of applying various transfor-
mations and the suitability for useing computers in numerical calculations.

Structured mechanics were dealt with in works [1-9], more recently in [10-17]. Methods
of mechanism description are described in works of Denavit and Hartenberg [5] and others.
General methods of dynamic analysis of planar mechanisms are attributed to authors as Brat
[1], Kozlov, Makaricev, Timofejev, Jurevic¢ [2], Bejczy [3], Koplik, Leu [8], Haug [7],
Stejskal [9], Valasek [9; 12], Shabana [10; 11] and others. In our work, after the introductory
theoretical part we show simple manipulator models compiled in MSC Adams-View.

Geometrics. Matrix notation of the kinematics of the spatial motion of the point and the
body is basis for the development of kinematic and dynamic methods of analysis and is de-
scribed in the work of the authors [1-3]. Its compactness proved successful in investigating
the simultaneous movements of body systems. Next, the use of theory of simultaneous
movements of simple models of open kinematic chains is described. The geometry of the sys-
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tem of bodies in simultaneous movements is described on a manipulator model with 3 degrees

of freedom of movement (3 DOF) (Fig. 1).
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Fig. 1. Manipulator with 3 DOF qi1=¢12, q2=C23, q3=134

Fig. 2. Coordinate systems

Model of a robot with 6 degrees of freedom of movement. The theory of simple open
kinematic chains has direct use in the kinematic analysis of the various manipulators and ro-
bots that are often referred to as such chains. The kinematic scheme of one of these robots is
shown in Figure 3. The chain has seven members and has 6 degrees of freedom. It can occupy
any position in the space and can therefore appropriately manipulate with any object. The
movement of the member 7 is expressed by the basic decomposition to the reference point M,
which is the end point. The transformation matrix is determined:

Tia = Tyors (124 ) Trors ( lZp)' (D
T3 = Tyans3 (Co34 ) Tirans3 (23 » ). (2
T34 = Thrans3 (d3) Tirans2 (1345 ) Trrans 2 (134 » ). 3)
Tys =Ty (d ) Trors (a5 ) Trors | 45p)' 4)
Ts6 = Tyans1 (56 ) Transt (556;; ). Q)
Ts7 = Trans1 (d6) Trora (675 ) Trora | 67p ). (6)
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Fig. 3. Model of the manipulator with 6 DOF

Dynamic analysis. Dynamics of kinematic chains is described by Lagrange equations of
the second kind [10; 11]. Generalized coordinates g1, g2, ..., gn are used to determine the
members position. Equations of motion [2] are compiled in the form:

Zaék"fﬂrzzaljz%qurazk:Qk, k=1,..,n (7)
i=1 Jj=1i=j
where:
i - i kT
ab, = ZS(B,I,B, ) ®)
[=max (i,k)
y 2 - 1 akj=i
Ji _ - SB_]lI BkT - ik =1,...,
1k 0”72.,(' e )» i {2 ak j # i b/ "9
[ =max (z,],k)
n T
Ay = gS @3{2[{ mI-B:(l‘ij , (10)
B, =TT,.T, =[] T, i=l...n (11)
k=1
aor — coefficients of accelerations;
ayr — coefficients of velocities;
@21 — coefficients of gravitation.
Equations (7) in matrix notation:
Aoq'vta(»l +ta, =ag (12)
With modification:
G=ap-a;-a (13)
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Equations (13) show that the motion of individual members of the kinematic chain have
dynamic effect on the other members of the chain. Similarly forces acting on individual
members of the kinematic chain have dynamic effect on the other members of the chain. Dy-
namic coefficients are given by the actual configuration of the kinematic chain.

Computer analysis of robot models. Computer modeling can be devided according to the
modeling process to mathematical modeling and "multibody" modeling. Mathematical modeling
describes the whole model and its behavior using mathematical equations and algorithms.

Mathematical equations defining the motion — equations of motion and equations describing
kinematic dependencies between the individual chain members are used to define the properties
of the elements of the solved model. However, derivation of these equations is time consuming
and laborious and therefore this procedure is only suitable for simple models, for models with a
low degree of freedom. Matlab, Maple, Mathematica are kinds of software used here.

Matlab — is an environment that allows numerical computations, modeling and simulation.

Maple — is a comprehensive computational software that allows analytical calculations,
numerical calculations, graphical display of results and creation of a document describing
the workflow.

Mathematica — is focused on numerical and matrix tasks in various areas of engineering issues.

In multibody modeling we do not directly describe a mathematical model of the whole
system. By using multi-body modeling software, we can model the real elements of the sys-
tem by using a predefined bodies of respective geometry. There are a number of softwares
that have different hardware requirements and designer skill requirements. Some of them are
Matlab / SimMechanics, Matlab / Simulink, Dynast, MSC Adams.

Matlab / SimMechanics — this Matlab extension was developed to address kinematics and
rigid body dynamics.

Matlab / Simulink — this Matlab module was developed to create and solve dynamic sys-
tems using block diagrams.

Dynast — allows simple mathematical calculations and simulations.

MSC Adams — uses object-oriented programming environment with graphical output. Systems
are defined directly by geometry of bodies, kinematic bonds, force effects and motion generators.

Software realization of the manipulator. The simulation of manipulator arm movement
and the positioning of the basket at its end are shown in Fig. 4 a-f.

Fig. 4. Model of the manipulator

The position of the basket after processing the results of the simulation in the Postproces-
sor is shown in Figure 5.
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Fig. 5. Model of the of the manipulator — position xy and yu

The trajectory of the end effector of the manipulator is shown in Fig.6.

Last_ Run Time= 0

Frar o3y

Fig. 6. Model of the robot and trajectory of the end effector
The torques in joints of the arms is shown on (Fig. 7) and (Fig. 8).
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Fig. 7. The torque M1
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Fig. 8. The torque M2

The moments M1 and M2 in rotational joints and the balancing moment for the positioning
of the basket of the mobile manipulator after processing in the Postprocessor is shown in Fig. 9.
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Fig. 9. Balancing torque SFORCE 1

Thanks to computer simulation, we can easily modify individual model parameters and
track their impact on the results. One of the advantages of computer simulation is the speed
and great flexibility in solving various problems [12-17].

Conclusion. User friendly environment with graphical output of the simulation allows to
define the parts of the model by using a number of basic geometric shapes. Systems are de-
fined directly by geometry of bodies, kinematic bonds, force effects, motion generators. It al-
lows to shorten the test time, reduce the risk of error, obtain input data and the possibility of
solving complex mechanical systems with many degrees of freedom.
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VIIK 004.4
Hapuna I ponyosa
HOBYOBA PIBHSHB I KOMIT’'IOTEPHE MOJIEJIFOBAHHS PYXY
BATATOEJIEMEHTHUX CUCTEM

Axkmyanvnicmbs memu docnioncenns. Komn tomepui mooeni ghopmyroms HO8y AKiCmb npoyecy nisHawHa. 13 euxopuc-
MAHHAM KOMN'IOMepHOL MOOeli, 81acmugocni O0CHiONCYBaAH020 06 '€Kma Modicymob Oymu nepegipeHi 8 pPI3HUX YMOBAX
excnayamayii. Excnepumenmyiouu 3 KOMN'1OMEPHOIO MOOe0, MU OI3HAEMOCA NPO MOOenboganuil 00'ekm. Mu modcemo
npomecmysamu pisHi 8apianmu Mauiut 6e3 HeoOXIOHOCHIE CMBOPIOBAMYU MA pedazy8ami RPOMOMUNIL.

Ilocmanogxa npoonemu. Po3sumox komn 1omepHux mexnono2ivi po3suupus MoNICIUGOCHI po36 A3aAHHI MAMEMAMULHUX
Modenetll I 003601U8 NOCMYNOBO AGMOMAMU3YE6AMU PO3PAXYHOK PIGHIHb Mamemamuynoi mooeni. Heobxiono ecmagumu
8ION0GIOHI BXOOU MAMEMAMUYHOT MOOETL, a4 MAKOIC MOHIMOPUMU MA OYIHIOBAMU GUXIOHT Pe3yibmamu 3a OONOMO20I0 NPU-
cmpoio 8usedenHs Komn omepa. Mema nonseana 6 momy, woob onucamu MamemMamuyHuti anapam, HeoOXionuti 01 mame-
MAMUYHO20 MOOENIOBAHHS, A NOMIM CKOMNINIO8AMU MOOENb 0I5l KOMN TOMEPHO20 MOOETIOBAHHS.

Ananiz ocmannix 0ocnioxwcens i nyonikayiii. Ilpu po3pobyi mamemamuuroi Mooeni 05t KOMR'IOmepa 3aKOHY | meopis,
SIKI MU GUKOPUCIOBYEMO, 3A84COU OILUCHI 6 OLlbU-MEeHW 10eali308AHUX YMOBAX | ONepyIomb QIKMUSHUMU NOHIMMAMU, Ma-
KUMU AK MamepianbHa mouka, ioeanvrull a3, HemamepianvHa npyscuna mowo. OOHaK 3 MaKuMu CNpoUeHHAMU MU Onu-
cyemo peanicmuuHe siguuje, KOAU NOYAMKOSL NPUNYIYEHHST 3YCMPINalombcss minoku 6 neguiil mipi. 11Jo6 pezynomamu e
GIOPIZHANUCS 810 MOOEIbOBAHOI PEAbHOCHI, CIIO NPUNYCIMUMU, WO XOpowda KOMR'TomepHa Mooens GUHUKAE NOCHYNOBO,
wiaxom ii nepesipku i moougixayii, wjo € o0num 3 nepesaz MSC Adams.

Buoinenns nedocnioxcenux pamime wacmun 3a2anbhoi npoonemu. Iumanns nodyoosu peanvHoi Mooeni MaHinyis-
mopa. Ha niocmasi nageoenozo suiye MoOemnosanHst MoJiCHa nooyoyeamu peaibhy MoOeb.
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ITocmanoska 3aéd0anna. Buxopucmanna MSC Adams onsa mooenosanns bazamoeneMeHmHux cucmem ma nepesipKu
NPUOAMHOCII Oist MOOENIO8AHHS MAHINYIAMOpPI6 ma moodeneti pobomis. V pisHux eapianmax nobyooeaHoi mooeni mu mo-
HCEMO KOHMPONIOBAMU 1020 NOBEOIHKY 8 PI3HUX PEeXHCUMAX POOOMIUL.

Buxnao ocnosnozo mamepiany. B komn tomepromy modenosanmi MSC Adams-View suxopucmogyemovcs 0nst MOOENO8aH-
Hs MexaHiynux cucmem. Bona mae inmepaxmueHe cepedosuiye 05 A8MOMAmMU308aH020 OUHAMIYHO20 AHANI3Y NAPAMEMPU306a-
HUX MEXAHIUHUX CUCIEM 3 O0BLIbHOIO CIPYKIMYPOIO HCOPCHIKUX MA HYUKUX MIJL 3 2e0MEMPUYHUMU ADO CUNOBUMU 3 EOHAHHAMI,
6 SIKUX OlIOMb 2Pagimayiiiti, IHePYItiHI, eKCNEPUMEHMAILHO CIBOPEHUTI KOHMAKM, MEPNs, aepoOUHAMIYHI, 2I0POOUHAMIYHE a60
ENLeKMPOMEXAHIYUHE CUTIU | MAIOMb GCMPOEHE KOHMPOJIbHI, 2LOPAGIIYHL, NHEGMAMUYHI 60 eNeKmMPOMEXaHIYHI IAHYIOZU.

Bucnoeku 6ionogiono 0o cmammi. Poboma 3 mamemamuyror MOOeLIO Ha KOMN 10mepi 8IOKpUSAE Npociip Ol KOHKpeni-
HO20 CUHME3Y eMNIPUYHO20 MA AHATIMUYHO20 MeMOOy HAYKOBO20 3HAHHSA. Poboma 3 Komn 1omepHoio MOOeio MAE XapakmepHi
PUcU K1acuyHux excnepumenmis. Lle npedcmagnse aKiCHO HOBULL CROCIO GUPIWIEHHS 3080aHb, KOTU HEMOMCIUBO eKCHEPUMEHNTYBA-
mu 3 peanvhum 06'exkmom. Pezynbmamom € exeieaienmHicms Komn'1omepHoi Mooeni ma 0ociiodicy8ano2o 0b ' exma 3 UOpanumu
XAPAKMEPUCIUKAMU MA BUPA3AMU SIKI € HEOOXIOHI MA 3HAYUMI 3 MOYHICIIO, QOCIANMHLOIO 0151 KOHKPEMHOL Memil.

Knrouosi cnosa: bazamoenemenmui cucmemil; KiHemMamuiHi napu, Mampuyi nepemeopeHHs; MoOeOBAHHS NPOZPAMHO-
20 306e3neyeHHs.
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MACHINE MOTION OPTIMIZATION

Urgency of the research. Inspection of pipe systems are needed, because of prevention of damages and disasters. Also
repairing and cleaning can be done without any earth works.

Target setting. Pipe machine is suitable to move inside gas pipe, water gas, oil gas, waste water pipes, chemical pipes,
steam generator pipes, boiler pipes etc.

Actual scientific researches and issues analysis. Wheeled or tracked machines are currently used for motion inside
pipes. Wheeled type tends to slipping when wall is dirty or rudiments are exposed on inner side of pipe wall.

Uninvestigated parts of general matters defining. The question of the design of adaptable pipe machines are uninvesti-
gated, because the next research will be focused to this are.

The research objective. The main aim is to optimize structure of machine for improving the overall properties as motion
velocity and traction force. Cary items are bristles, which has any structural and material properties.

The statement of basic materials. Montage angle and initial displacement and also bristle length can be identified for setting
the machine. Bristles are placed at angle on machine body in two groups (front and back). Linear actuator is placed between these
groups of bristles. Periodical actuator stroke generates forward motion inside pipe.

Conclusions. Phenomenon of friction difference is a key factor for motion of machine inside pipe. Beside of it, a contact
phenomenon between bristles and pipe wall is important for analysis in design process of this machine. Real bristles have a
limitation of their deflection. In every case, deformation should be in flexible area of loading.

These bristles flexibility is used as device for compensation of pipe wall irregularities during the machine motion inside pipe.

Keywords: machine; optimization, pipe; friction; motion.

Fig.: 8. References: 17.

Introduction. Machine for motion inside pipe has various purpose. It can be used for pipe
inspection, also pipe repairing and also there are several application for cables installation into
underground pipe.

There are several solution of machines (fig. 1) able to move inside pipe. Several of them
uses wheels, tracks, legs, inchworm-style etc. [1-10].

Fig. 1. Wheeled machine for motion inside pipe

Next possible application is machine for motion inside pipe with helical motion of wheels.
It has better motion, but still it tends to slipping when wall is dirty (fig. 2).

Described machine (fig. 3) uses thin bristle for contact with pipe wall instead of wheels or
tracks. The motion is affected by dirties inside pipe, geometrical deviations and deformation
of pipe wall. Bristles are cantilever beams in front and back of machine body. Drive actuator
is placed between the front and back bristles. Actuator generates the periodical change of dis-
tance between bristle groups. These periodical change of distance are transferred to groups of
bristles. It causes that bristles vibrates in both directions (in front and back direction). Bristles
are bonded at angle and this way causes the different friction force in front and back direc-
tions. This effect is raised with large elastic deformation of bristles. One of the most im-
portant key factor is elastic and geometric properties of bristles (length, preloading, angle of
slope). These properties is the target of optimization. The deformation should be only elastic,
because plastic deformation will decrease the normal friction to wall of pipe.

© Kelemen M., 2018
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Fig. 2. Wheeled machine with helical motion inside pipe

Actuator has rectilinear motion output and it is possible to select arbitrary type according
the needed output force and stroke. Our solution has been proposed with piezostack actuator
and also with linear electromagnetic actuator.

- Motion

Fig. 3. Solved machine for motion inside pipe with bristles

1. Machine model and optimization of its properties. Analysis and previous experi-
ments shows the large effect of the bristle properties to machine motion. The followed param-
eters are steady state velocity and traction force of machine. The traction force depends on
normal force F and friction forces between pipe wall and bristles F'7; a F'r2 and also depends
on actuator excitation force F4. Velocity v of the machine also affect the traction force:

F = f(Fy,F,,F . Fpyv). (1)

Velocity of machine is analogically as function of normal force Fy, of actuator force Fy,
of friction forces Fr; and Fr> and of traction force F. Also it depends on velocity of actuator
stroke v4:

V:g(FN9 T19FT2’F’VA)' 2)

Equation (1) and equation (2) composes the overall math model of machine from the
viewpoint of optimization of motion efficiency. It results from this model, that interaction of
bristle and wall of pipe has key impact to machine behaviour. Friction forces have significant
role for this studied effects.

The aim of machine optimization is to obtain the maximum of difference between the fric-
tion forces for motion to front or back. Previous experiences shows that geometry of bristles
directly also influences to this difference. Another point is reaching of insensitivity to pipe
geometrical deviations and pipe sediments.

F., —F, = max, 3)
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Optimization can be executed via using of mapping of phase space. The main advantage
of this method is that it enables to find all possible solutions in selected interval of input vari-
ables values. Input variables for optimization are:

- angle of montage of bristles a7,

- span of the free bristles Ag,

- length of bristles L.

2. Optimization of machine. Followed output variables are friction forces. Mapping of
this forces has been executed for defined input intervals of them.

Dependence of friction force for motion to front is shown in fig. 4. It is computed for round
cross-section of bristle. Friction force raises up when bristle length is decreased. Minimal values
of friction forces are still on angle 1.5 rad. Decreasing of bristle length (fig. 5) rapidly influences
to normal force and also friction force for movement to front.

Fy IN)
0.02
D018
0025
0.016
002
D014
Z 0015+ 0.012
i
8 0014 .01
8
= - 10.006
£ 0.005
o
& 0.006
0. S
0 ™~ ~"a
o 0.004
1.5
-
oy . x10° 0.002
Bristle angle 15 \\\ ///\u.b
of montage (rad) 2"y Bristle end displacement (m)
Fig. 4. Friction force for motion to front of machine body
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Fig. 5. Friction force for movement to front for various bristle length
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Friction force for movement to back has different character (fig. 6). There is area of dis-
continuity shown as extremely rapid raising up of friction force to positive values and imme-
diately falling down to negative values. In real the friction values for specified values raises to
infinity and machine with bristles is blocked against the motion to back direction. If we will
smooth the mapping mesh then the values will raises up very fast.
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Fig. 6. Dependence of friction force for movement to back

For movement to back, also it is necessary to know influence of bristle length to friction
force for this case (fig. 7). For smaller bristle length is situation similar as before. The value
of friction force is raised up for decreased length of bristle. Decreasing of bristle length also
causes the increasing of normal force and also friction force for this case of movement.
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Fig. 7. Friction force for movement to back
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Selection of bristle length also should be make in accordance with space possibility inside
pipe. Length of bristle directly influenced bristle stiffness and also normal force against the
pipe wall. There is an effort to make the bristle more elastic with low stiffness for ability to
adapt to the pipe wall irregularities. It is necessary to make any compromise. The flexibility
of bristle helps compensate wall deviations and sediments, which can complicate the motion
of machine inside pipe. Efficiency of machine motion is also affected by difference between
the friction forces for movement to front and back. Montage angle is another factor, which
also affects these friction forces.

Figure 8 shows the dependence of friction force difference for movement to front and
back on changed montage angle of bristle, radial position of bristle end.

Limit value for montage angle is value where friction force obtain extreme value. Optimal
parameters of bristle is in case where is a maximum difference between friction forces.
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Fig. 8. Difference of friction forces for machine movement

Conclusion. Phenomenon of friction difference is a key factor for motion of machine
inside pipe. Beside of it, a contact phenomenon between bristles and pipe wall is important
for analysis in design process of this machine. Real bristles have a limitation of their
deflection. In every case, deformation should be in flexible area of loading.

These bristles flexibility is used as device for compensation of pipe wall irregularities
during the machine motion inside pipe.

The paper shows the typical case for design of mechatronic product, where optimization
of mechanical parts are necessary for obtaining of best properties. Only best prepared me-
chanical design allows to reach optimal synergistic combination of mechanics, electronics and
controlling [11-17].
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VIIK 004.4
Mixan Kenemen
OINTUMIBALIA PYXY MEXAHI3MY

Axkmyanvnicms memu Oocnioncennn. Ilepesipka mpyOHux cucmem HeOOXIOHA Onid 3aNO00IAHHA YUIKOONCEHbL Md
aesapiil. Taxodic ix peMOHmM | OUULWEHHST MOJICYNb BUKOHYSAMUCSL 6e3 0)0b-5IKUX 3eMIISTHUX POOIM.

ITocmanoexka npoonemu. TpyOHi mexauismu npuoamui Ons nepemiujeHHs 8CepeOUHi 2a30npoBody, 6000NPOEOJY,
Hagmonposody, mpybonposoodie Onst CMIYHUX 600, MPYOONPOBOOI& OISl MPAHCHNOPIMYBAHHS XIMIYHUX NPOOYKMIB, NapozeHe-
pamopis, mpy6 Komuie moujo.

Ananiz ocmannix 0ocnioxcens i nyonikayii. Huni ons pyxy ecepeouri mpyo ukopucmosyomscs KORicHi abo 2ycenuy-
Hi mexanizmu. Konu cmina mpybu 3abpyonena abo na eHympiuniil CmopoHi cminy mpyou HAsIGHI HAMYIU, KONICHULL mun
MEXAHIZMY CXUTbHULL 00 NPOKOB3VBAHHS.

87



Ne 3 (13), 2018 TEXHIYHI HAYKH TA TEXHOJIOTII
TECHNICAL SCIENCES AND TECHNOLOGIES

Buoinenns neoocnioycenux uacmun 3acanvhoi npoonemu. ITumants npoekmyeants KOHCMPYKYIi aoanmusHux mpyo-
HUX MeXAHIZMIG 3aTUUIAEMbCA HEBUBHEHUM, NMOMY HACMYNHe 00CTIONCeHHS OYOe COKYCOBAHO HA YbOMY.

ITocmanoeka 3ae0aunsn. OCHOBHA Mema — ONMUMIZY8AMU CIPYKIMYPDY MeXAHIZMY Ol NONINUEHHS 3A2AIbHUX 61aCTU-
socmetl sIK weuokocmi pyxy, max i cunu msieu. Ilepecyeni O10Kku s671s110mes o600 WemuHKY, SIKi MAOmMb PI3HI CIMPYKMYPHI
ma mMamepianbHi 61aCmu8oCHiL.

Buknao ocnoenozo mamepiany. Jis yCmMaHo8KU MEXAHIZMY MONICYMb OYMu 6USHAYEH] MOHMANCHUL KYmM | noYyamxkose
GIOXWIEHHS, A MAKONC Q08ICUHA wemunky. Lllemunku po3miwgylomscsi nio Kymom Ha KOpnyci Mexamizmy 6 06L epynu (cnepe-
9y i 33a0y). JIinitiHutl npueio posmiugyembcst MidIC yumu cpynamu wemutok. IlepioOuynutl xXio 6UKOHABY020 MEXAHIZMY CMBO-
DIOE NOCMYNANLHULL PYX YCEPEOUHi mpyou.

Bucnoeku 6ionoeiono 0o cmammi. @eromer pisHUYI MeEPMs € KIIOYO8UM DAKMOPOM OlsL PYXY MEXAHI3MY 6CepeOuti
mpyou. Kpim moeo, ons ananizy 6 npoyeci npoekmy8anHs Yb020 MEXAHI3MY 8ANCTUBUM € AGUUE KOHMAKIY MINC WemUHKAMU
i cminkoro mpyou. Peanvi wemunku mMaoms oOMedxcenHs 8 ix eueuni. ¥ KoocHomy eunaoky oeghopmayis nosunna 6ymiu 6
SHYUKIT 0011aCmi HAGAHMAIICEHHSL.

THyukicms wemuHoK 8UKOPUCTNOBYEMbCSL SIK 3ACLO OISl KOMNEHCayii HepieHOCmell CIIHKU mpyou nio Yac pyxy Mexamis-
My 8cepeouni mpyou.

Knrouosi cnosa: mexauizm, onmumizayis, mpyoa, mepms, pyx.
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ALGORITHM OF EULER-LAGRANGE METHOD FOR DEISGNING
OF DYNAMIC MODEL

Urgency of the research. Nowadays robotics and mechatronics come to be mainstream. With development in these are-
as also grow computing fastidiousness. Since there is significant focus on numerical modeling and algorithmization in kine-
matic and dynamic modeling.

Target setting. By automation of whole process of dynamic model design the errors are eliminated as well as the time of
designing significantly decreases.

Actual scientific researches and issues analysis. Designing of dynamic model by analytical way is very difficult espe-
cially in the cases considering high number of DOF. For hyper-redundant manipulators it is practically impossible. From
this reason whole process is automatized.

Uninvestigated parts of general matters defining. The theory of Euler — Lagrange method is automatized by means of
robotic view on this issue.

The research objective. In the paper, an algorithm for design of dynamic model was introduced.

The statement of basic materials. The paper deals with automatic design process of dynamic model for serial kinematic
structure mechanisms. In the paper Euler — Lagrange formula is discussed. Analytical way of dynamic modeling should be
difficult problem especially for mechanisms with high number of degrees of freedom. From this reason the paper shows the
way of automatically designing of dynamic modeling in MATLAB. Our study shows dependence of computing time on in-
creasing DOF. The relation is expressed by function of 3rd order. Subsequently the paper presents automatically generated
inverse dynamic model in cooperation with inverse kinematic model as well as trajectory planning task.

Conclusions. The paper introduces automatically generated dynamic model for mechanisms with serial kinematic struc-
ture. The paper also established the time for designing of dynamic model for several mechanisms with changing DOF.

Keywords: dynamic model; Euler—Lagrange, kinematically redundant mechanism.

Fig.: 7. References: 7.

Introduction. In general, dynamic model describes the relationship between force (tor-
ques) and motion of investigated mechanism. Mathematical — dynamic model — is important
part of designing of mechanisms and robots in order to its motion simulations, optimization as
well as control algorithm design [1]. Many prior works have been done in the research field of
dynamic modeling [2]-[4]. A researchers working in the area of robotics are also focused on
the computational efficiency of robot control systems [5][6]. For robot dynamic description
two main methods are usually used, namely Newton — Euler method and Euler — Lagrange
method [7]. This paper deals with the second of them. The aim of the paper is to implement
theory of Euler — Lagrange method in computing algorithm for simplification of dynamic
model designing especially for mechanisms with high number of DOF.

The paper is divided as follows. The 2™ chapter deals with Euler — Lagrange method. The
3" chapter presents the algorithm for dynamic model design. This process is numerically simu-
lated for nine mechanisms with different DOF. Next, the relation between computing time of
simulation and increasing number of DOF is presented. Subsequently, following chapter shows
the example of automatically designed dynamic model on planar mechanism with 6 DOF.

Dynamic model — Euler — Lagrange Method. In consideration of dynamic model there
are two basic problems, namely forward and inverse model. The forward dynamic model
computes the joint accelerations and others kinematic variables like velocity and position,
while generalized forces (torques) are given. The inverse dynamic model computes of forces
(torques), while kinematic variables (acceleration, velocity, position) are known.

Both methods, Newton — Euler as well as Euler - Lagrange have different base. Neverthe-

less, both methods result in the same generalized dynamic equation

M(q@)q + C(q,9)q +Dq +g(q) =T, (1
where M is matrix of inertia M € R®*™, C is matrix of Coriolis and centrifugal forces C € R"*™,
D is diagonal matrix considering friction D € R™*™, g is vector of gravity forces g € R™, T is vec-
tor of torques T € R™ and q € R" is vector of generalized variables. Parameter » represents num-
ber of DOF of investigated mechanism.

© Virgala L., Filakovsky F., 2018
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In the following section introduces the theory of Euler — Lagrange method. As have been
mentioned above, the method arises from kinetic and potential energy what by equation (2) is

expressed
oL oL
V=5 (5) o 2)

where 1); represents extern and dissipative generalized forces. The function L(q, c'I) =
K (q, Q) — P(q) represents Lagrange function. The equation (2) is
d (0K\ 9K , 9P
V=g (o) 5t ®
The final kinetic and potential energy of investigated mechanism is expressed by sum of
kinetic and potential energy of all mechanism links

K =2 K 4
P =Y P 6))
Kinetic energy of i-th link can be expressed as follows
K; = %miVZchi + %w?RiliR?wi (6)
. ;T ; T . .

K= 24" 5y [madd" @i (@) + 5" (@RIRTTL ()] (7

K' = l‘I'T'L'VC’I-;'VCL' + %w’{RlllR’{wl (8)

K = 12 Mij(‘l)ql"?j )

where R; is rotational matrix between fixed frame of mechanism and i-th link, I;is matrix of
moments of inertia, J;, and J;, are Jacobians for linear and revolute velocity.
Potential energy of i-th link can be expressed as follows

P =], g'pdm=g"[ pdm=gp;m (10)
where = [0 —-9.81 0] " Total potential energy is now
P = Zl 1g Pcsm (11)
Lagrange function is then
1 .
L=K-P =3 ?=1Zn=1Mij(q)Qin — 218 Py (12)
aL _ AK
a:aqk— n_ -1 My;q; (13)
LOL g My + S T g = T My, + Xy X (14)
dt 9y, k]% j=1 dt QJ kj% i=14&j=1 6q QLQJ
oL 6Ml P
. oM 16Ml P
7oy My +zi=127=1[aq’j’ A ’] Gudy + 5 = P (16)

By following substitution
OMy;(q)  19M;;(q)

hyji(q) = 24 2 oux (17)
]
(@ =772 (18)
one obtains
2l My (@ + X7 Xiq hii (@ qiq; + gi (@) = Py (19)
Equation (19) can be now written in the form
M(q)4 +C(q. 9)q+Dq +g(q) =T (20)
where matrix C can be expressed as
Crj = Xi=1Cijqi (21)
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The parameters in the equation (22) are so called Christoffel symbols.

Algorithm of Automatic Designing of Dynamic model. The increasing number of DOF
significantly increases the fastidiousness of dynamic model designing by analytical way. With
consideration of kinematically redundant mechanism the inclination to the dynamic model de-
signing failure is too high. Therefore it is desirable to design system for automatic designing of
dynamic model. The contribution of this paper is to introduce the algorithm which simplify dy-
namic model designing.

Introduced algorithm considers the mechanisms with serial kinematic structure so called
open chain mechanism. It could be used for planar as well as three-dimensional mechanism.

Cijk = (22)

Algorithm: Design of Dynamic Model

1: Definition of basic parameters of links like weight 7, length L, number of links
N. Definition of kind of friction and friction coefficients in the joints,
definition of rotational matrices R;
2: Computation of COG (center of gravity) positions for particular links from the
fixed base
3: Computation of Jacobians for linear J% and revolute J%, motions

4: Computation of potential energy for particular links
aP(q)
dqxk

6: Computation of inertia matrix by relation Y1 ; [mi]f,T (@Ji(q) + ]i,T (QR;IRTJE (q)]
7: Computation of matrix of Coriolis and centrifugal forces by cycles FOR

5: Computation of vector of gravity forces by relations P = .7, gTp.;m; and

FOR/=1TON
8: FOR /=1 TON
9: FOR =1 TON
1 6Mk]- IMy; aMi]-
10: Cijk = E a_lh a_q] — m]
11: END FOR
12: Cij = Xi=1 Cijdi
13: Cijk
14: END FOR
15: END FOR

When basic parameters are defined in the step 1, the output of this point is the matrix of
inertia M(q), matrix of Coriolis and centrifugal forces C(q,q) and vector of gravity forces
g(q). Matrix of friction forces if manually given by user according to kind of friction in the
joints. The advantage of the algorithm is generalization and therefore doesn’t how many links
mechanism has. User only sets the number of links.

Mentioned algorithm will be now tested for mechanisms with different number of DOF.
This section shows how the fastidiousness of dynamic model designing increases with in-
creasing number of DOF. The simulation is focused on computing time of designing of dy-
namic model in dependence on increasing number of mechanism DOF.

The parameters of testing PC is Intel Core 13-4000M CPU 2.40 GHz, RAM 4,00 GB, OS:
Windows 7 x64. The algorithm has been run in software MATLAB 2013a. Considering each
DOF for mechanism, the simulation has been performed 10 times for each DOF. Final com-
puting time was stated as average value of all 10 simulations for each DOF. The results of all
simulations for all investigated mechanisms in the Figure 1 are shown.
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Fig. 1. Increasing computing time for dynamic model design
in dependence on increasing DOF of mechanism

The function of increasing time in dependence on increasing DOF of mechanism can be

also expressed by polynomial function of 3 order
y =0,0191x3 — 0,1025x% + 0,3757x — 0,3647. (23)

Let’s now consider kinematically hyper-redundant mechanism what can be for example
continuum robot. Considering the equation (23) as well as the same PC parameters, the com-
puting time for mechanism with 30 links 434,3563 s and for mechanism with 100 links
18112,206 s. It has to be also noticed the impossibility of human designing of dynamic model
for mentioned mechanisms.

Example of algorithm utilization for inverse dynamics.

This section deals with study case of dynamic model designing by introduced algorithm
with consideration of inverse kinematic model and trajectory planning path of kinematically
redundant mechanism. Within this study will be investigated planar mechanism.

The aim of following task is finding generalized forces (torques) in order to move end-
effector from its start position to the goal position. Input to the system is point P € R™. Point
P are the points of required end-effector position at the end of the motion.

At first, we need to use inverse kinematic model for computation of final positions of mecha-
nism joints q € R™. Next, the trajectory has to be planned for particular links. For this operation
will be used polynomial of 5 order. Polynomial of 3™ order withholds opportunity to set initial
and goal conditions for acceleration / deceleration of particular links during its motion.

The output of trajectory planning task is matrix of angular positions € R**™ | matrix of
angular velocities Q € RE*™ and matrix of angular accelerations Q € RE* ™. Parameter ¢ is
number of points which are placed between initial and goal position of end-effector. The out-
put this task is the input to the inverse dynamic model block, see Figure 2. The output of in-

verse dynamic model block are torques T € R" in the vector form.
Qe Re*™
Qem*"

) P € R™ qER" _ Qem " T ER
fﬁ: Inverse Trajectory Inverse
= Kinematics planning dynamics

Fig. 2. Flow of task

The Figure 3 shows start and goal configuration of links of investigated mechanism with
6 DOF. Initial angle for all joints is 0°. The goal position of end-effector is point [1, 2].
Length of all links is L = 1 m.
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Fig. 3. Start and goal links configuration of mechanism

Damped least squares method is used for inverse kinematic model computation. The result
of inverse kinematic model is vector of generalized variables q. The Figure 4, Figure 5 and
Figure 6 show the result of trajectory planning block. AS have been mentioned, the trajectory
planner used polynomial function of 5™ order.
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Fig. 5. Trajectory planning - Angular velocities
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Fig. 6. Trajectory planning - Angular accelerations

As can be seen from the Figures 4, 5 and 6, the simulation assumed zero initial and goal
conditions. According to Fig. 2, the output is inverse dynamics what is in our case vector of

required torques, see Figure 7.
100

=T

o N—~

N
: N

Computed torgues [Nm)
o

T8

0 10 20 3
Time [s]

Fig. 7. Result of the simulation - Required torques

0 50 60

The simulation lasts 60 s. Of course, the lower time of the simulation would be, the higher
torques would be required in order to achievement of required vector of generalized variables
and its derivations.

Conclusion. The paper dealt with one of two basic approaches for dynamic model design-
ing Euler — Lagrange method. The algorithm for automatic designing of dynamic model is
developed and numerically tested. The algorithm is programmed in MATLAB and tested on
planar mechanisms with six degrees of freedom. Also the paper states the dependence of in-
creasing computing time on increasing DOF of mechanism. The contribution of the paper in
the form of computational algorithm is tool for engineering research. Designed dynamic mod-
el by this algorithm can be then used for optimization and control task.
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AJI'OPUTM EﬁJIEPA-JIAFPAH?KA JJISA ITPOEKTYBAHHSA
JUHAMIYHOI MOJEJII

Axkmyanvhicmbs memu docnioxcenus. B nawi OHi pobomomexHika i MexampoHika cmaroms MeuHCmpumom. 3 po3eum-
KOM YUX 2any3eti MaKoic 3p0CMaromy 8UMOSU 00 0OYUCTIOBANLHOT MEXHIKU, OCKIIbKU OCHOBHA Y8a2a NPUOLIAEMbCS YUCelb-
HOMY MOO€IOBANHIO U AI2OPUMMIZAYIL 8 KIHeMAMUYHOMY Ma OUHAMIYHOMY MOOETIOBAHHI.

ITocmanoexa npoonemu. [lpu asmomamusayii 6cb020 npoyecy nPoeKny8anHs OUHAMIYHOL MOOeN YCy8armbCs NOMUI-
KU, @ 4ac npoekmy8anHs 3HA4HO 3MEHULYEMbCSL.

Ananiz ocmannix oocnioxcens i nyonikayiii. [Ipoexmysants OUHAMIYHOT MOO€I AHATTMUYHUM CNOCOOOM Oydice CKa-
OHULL npoyec, 0COONUBO Y BUNAOKAX YPAXYBAHHI 2IUOUHU 300paAXHCYBAHO20 NPOCMOPY. [N 2INEPHAOIUWKOBUX MAHINYIAMOPI6
ye npaKmuIHo HeMONCTUGO. 3 Yici NPUYUHU 8eCb NPoYeC agMOMamu308aHU.

Buoinenns nedocnioycenux wacmun 3azanvhoi npoénemu. Teopis memooy Eiinepa-Jlacpansica asmomamuzosana 3a
00NOMO2010 POO6OMU308AHO20 NOTAOY HA Ye NUMAHHA.

ITocmanoeka 3aedannn. Y cmammi 6y8 3anponoHO8aHULE Al120pUMM NPOEKMYEAHH OUHAMIYHOL MOOeJI.

Bukxnao ocnosnozo mamepiany. Y cmammi po3anioacmsca npoyec asmoMamu308aH020 NPOeKny8aHHs OUHAMIYHOT
MOOeni Mexauizmi 3 NOCIIO08HOK KiHeMamuyHoi cmpykmypoto. Y cmammi obeosoproemuvcs popmyna Eiinepa - Jlazpanica.
Ananimuynuii cnoci6 OUHAMIYHO20 MOOETIOBAHHSL 3A8HCOU € CKILAOHOIO NPOOIEMOI0, 0COOMUBO OSL MEXAHIZMIG 3 BEIUKOI0
KIbKICIio cnynemie c60600u. 3 yiei nputuny 6 cmammi ROKA3aHull CROCIO agmomamu308aHo20 NPOEKNY8aHH OUHAMIYHOT
mooeni 6 MATLAB. Hauie 0ocnioscenHs nOKA3YE 3aNeHCHICMb Yacy 0OYUCieHb 6i0 30inbuleHHs cmynens ceoboou. 3anedrc-
Hicmb € @yHryielo 3-e0 nopaoky. Hacamkineyv 6 pobomi npedcmasieHa asmomMamuyHo CMEopeHa 360pOMHA OUHAMIYHA
MOOeb 8 KOMIIEKCE 3i 360POMHOIO KIHEMAMUYHOIO MOOEILNIO, 4 MAKONC 3a80AHHS. NIAHYBAHHSI MPAEKMOPIL.

Bucnoeku 6i0nogiono 0o cmammi. Y cmammi HageOeHa a8momMamu308aHO CIMEOPEHa OUHAMIYHA MOOeNb Ol MeXaHi-
3MI6 I3 NOCTIO0BHOIO KIHEMamuyHoi cmpyKkmypoio. ¥ pobomi maxoxc Oyno 8UsHa4eHo yac O1s po3pooKu OUHAMIYHOL mMooeni
0151 OEKINbKOX MEXAHIZMIS 31 3MEHHUM YUCTOM CHIYNEHI8 GOIL.

Knrouosi cnosa: ounamiuna mooens, Eiinep-Jlacpauic; KiHeMamuyHO-HAOTUUKOBUTI MEXAHIM.

Puc.: 7. bion.: 7.
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Onexcanop [[yosein
MOAEJb MIKPIBHEBOI'O BAJIAHCY: ATPEI'ATHA ®OPMA

Axmyanvnicmos memu 0ocnioyncenns. Cunme3y8aHHs MOOEN MidCPI6HE8020 OANAHCY 6 azpe2amuill popmi € akmyaisb-
HUM HAYKOBUM 3A80AHHSIM KLIbKICHOI OYIHKU KePOSAHOT 3MIHU CIPYKmypu 06’ ekma.

Iocmanoexa npoénemu. Mooenv, cunme306ana auuie y 3HAYEHHAX YUCETLHOCHE MIJCDIGHESUX NepecyBaHb OOUHUYb
00 ’ekma, He 0ac YSGIeHH s NPO HACTIOKU KEPYIO4020 6NIUEY U000 O3HAKU, GUMIPDIOBAHOL 8 YUX OOUHUYb V WIKAT 8IOHOWEHD.

Ananiz ocmannix 0ocnioxncens i nyonikayii. /i npocmoi 6anancosoi Mooeni agmopom edice 3anponoHOBAHA CUCEMA
Heazpe2o8anux NOKA3HUKIE MIJCPIGHe8020 banancy ma cqhopmynbosami ix 63aemMo36 ‘s3Kiu.

Buoinenns nedocniorcenux uacmu 3a2anvHoi npoonemu. Le — azpecamua popma mooeni MixcpieHes020 6anaucy.

ITocmanosxa 3aedanusn. Cummesysamu MoOelb MiHPIeHe8020 OANAHCY, CKIA008I AKOI BUPANCEHI ) 3HAUEHHSX
BUMIPIOBAHOL O3HAKU T YUCETILHOCIE MIJICPIGHEBUX NePecyBanb 0OUHUYb 00 €KMA.

Buxnao ocnoenozo mamepiany. Aepecamna opma mMooeni IPYHMyEMbCs Ha MAKUX CKIA008UX OANAHCY, AK pieHesi (no-
3apieHest) empamu ma pieHege (N03apieHese) NONOGHEHHs. 00 €KMA WoO0 O3HAKU, GUMIPDIOBAHOI 6 1020 OOUHUYbL Y WKAT
BIOHOWIEHb HA NEBHOMY DIBHI (N03a PI6HSA) Y CIMAHAX «NICTAY [ «00» 308HIUHBO20 6naugY. Lli ck1adosi eusHauaoms pieHegy
cmpyKmypy 06’€kma ma cmpykmypy pyxy to2o 00uHuyb [ NOSICHIOIONb HACTIOKU KEPYIOY020 6NIUGY HA PISHUX PIGHSIX IX CU-
cmemamusayii 6 mooeni. YsazanvHene cniegiOHOUIEHHA DANAHCY, Ke QopManizye 6 azpe2amHiil hopmi pe3yibmam eniusy,
Xapaxkmepusye 3a2anbhi 6mpamu abo NONoGHeHHsl 06 'ckma.

Bucnoeku 6i0nogiono 0o cmammi. Azpecamua ghopma Mooeni MixcpieHes020 6anamcy 003601A€ copmysamu cucmemy
6I0N0GIOHUX NOKAZHUKIG | OYIHUMU eheKMUBHICIMb KEPYIOH020 GNIUBY HA CIMPYKMYPOGAHULL 00 €Km.

Kniouogi cnosa: azpecamna ghopma; b6anancosa mooens; smpamu; MiHCpigHesuti pyxX; 060pom; nONOGHEHHS.

Tabn.: 2. Puc.: 2. bién.: 10.

AKTyaJabHicTh TeMHU J0caiTxeHHsl. CHHTE3yBaHHA MOJIeIi MDKPIBHEBOTO OajlaHCy B ar-
peraTHii Gopmi € aKTyaJbHHMM HAayKOBHM 3aBJaHHSIM ILOJO KUIbKICHOT OLIHKM KEpPOBaHOT
3MIHU CTPYKTYpH 00’ €KTa.

IlocTanoBka npodaemu. banancoBa Moenb, CHHTE30BaHa JIUIIE 32 BUXITHUMU JaHUMH
PO YUCENBHICTh OJUHMIIb 00’ €KTa, SKI MPEACTaBISAIOTh OCTaHHIM HA TOMY YH IHIIOMY PiBHI1
O3HAaK{, BUMIPIOBAHOI B IIUX OJWHUIL y IIKali BigHOMmIEHb [1] y cTaHax o0’ekTa «JI0» 1
«IICIISD» KEPYIUOro BIUIMBY, HE JJO3BOJISIE MOBHOIO MIPOIO YSIBUTH HACIHIJKH IIbOTO BIUIMBY:
MOPIBHSIHHSI 3araJIbHOT YHUCENHHOCTI OJMHUIIb 3 aJbTCPHATUBHUX KATETOPIl MepecyBaHHS 3a
HampsIMOM HE Ja€ BIAMOBiII HA Te, B KU OIK 3MIHIOETBCS y3arajbHEHa OI[IHKA PIBHEBOTO
crany 00’exta. [IpHiHATHUMH Ha POJIb Takoi OIIHKM € abCOJIIOTHI cymapHi abo ocepeHeH1
MOKa3HUKH piBHA 03HaKW [2]. Lle — 3aranpHMii 1 cepeHii ii piBeHb, BUBHAUYCHUH Y KOKHOMY
crani 00’exta. IlopiBHIOIOUM TOW UM IHIIKHN y3arajbHIOIOUUN MOKA3HUK, OOYMCICHHH B 000X
CTaHaX, MO>KHA BIJIIOBICTH, YU MOKPAILYETHCS, YH MOTIPIIYETHCS OI[IHKA PIBHEBOI CTPYKTYpHU
00’ekTa MpH HOro Mepexoi 31 CTaHy «JI0» Yy CTaH «IIClsA» 1 sIKOI0 Mipoio. ['oBopsiun mpo
BCEOIYHY OIIIHKY HACTIJIKIB BIUIUBY, MAaEMO CTBOPHTH CHCTEMY arperoBaHMX IOKa3HUKIB
MibKpiBHEBOTO 6anancy (pyxy). Came mjs IIbOTO MOJIENIb CHHTE3YEMO B arperaTHii gopwmi [3].
Taka Mozens Mae puKIIaHe 3HAYeHHS B Oyb-sKii Tany3i 3HaHb MiJ Yac aHaii3y CTPYKTYyp-
HUX 3pYyLIeHb KEPOBAHOTO 00’€KTa 3 OJHOPITHOIO CTPYKTYPOIO IIOJ0 O3HAKH, BUMIPIOBAHOI B
HaTypaJIbHUX (TPOLIOBUX, TPYAOBUX) OIUMHULX [4-8].

AHa3 ocTaHHIX JocaimxedHb i myOaikaniii. [Ipo OIIHKY CTPYKTYpHHX 3pYIICHb
00’€eKTa, 110 MOSCHIOIOTHCS MDKPIBHEBUM PYXOM HOTO OJMHHIIb, OJHAK BUKOHAHY JIHILIE Y
3HAYEHHSAX YHMCENIbHOCTI OCTaHHIX, MPEJICTABICHUX SK PYXOMi Ta HEpPyXoMi, JOKJIaIHO
po3snoBinanocs B po6oTi [9], e B 0CHOBY aHaiizy Oylia MOKJIa/JieHa CUCTeMa HearperoBaHux
MOKa3HUKIB MDKpIBHEBOTO pyxy [9, c. 41-136]. bamancoBa mojaens, mpejncTaBiieHa B arpe-
ratHiii popmi, € HOBUM MOHATTSM B 3alIPONIOHOBaHIN aBTOpoM MeTtoaulli. [T aHamorom € mo-
nens MbkramyseBoro 6amancy [10, c. 8-18].

Buainenns HeqocaizkeHUX YacTHH 3arajbHoi mpo6Jemu. Lle — arperatHa dopma Mo-
Jelli MDKpIBHEBOTO OaiaHCy.

© HOyo6srin O. b., 2018
96



TEXHIYHI HAYKH TA TEXHOJIOTTI Ne 3 (13), 2018

TECHNICAL SCIENCES AND TECHNOLOGIES

ITocranoBka 3aBaaHHs (MeTa craTTi). CHHTE3yBaTH MOJIeTIb MDKPIBHEBOTO OaJlaHCy, CKIla-
JI0B1 SIKOT BUP@)KEH1 Y 3HAUEHHSIX BUMIPIOBAHOT O3HAKU 1 YUCEIBHOCTI MDKPIBHEBHX IEPECYBaHb
OJIMHUIIb 00’€KTa Ta BU3HAYAIOTh PIBHEBY CTPYKTYPY 00 €KTa Ta CTPYKTYPY PyXY HOT0 OJJMHUIIb.

Bukiaa ocHoBHOro marepiajiy. LleHTpaqbHUM €IeMEHTOM METOAMKH CHUHTE3Y MOJeni
MDKpIBHEBOTO OanaHCy € 0ajaHcoBO-po3paxyHKoBa marpuid (puc. 1), B I kBagpaHTi K01 po3-
MIIYIOTBCS BUXIIHI 1aHi OajaHCcy Mpo YMCENbHICTh MDKPIBHEBUX TepecyBaHb (1), B 111 B 111
KBaJ[paHTaxX — pe3yIbTaTH OOYHUCICHHS YMCEIbHOCTI OJMHUIL 00’ €KTa, 110 MPEACTABIISAIOTH HO-
ro piBHEBY CTPYKTYPY (Nio 1 Nj1) Ta CTpYKTYypy pyxy Horo onunuib (NVsi, NBis., NBin., Nui 1 Nmj,
Nniwj, Nrisj, N3j; NB, NBs., NBu., Nu 1 N1, Nitw,, Nits,, N3) y cTaHaX «10» Ta «IiCIsD) BIIMOBITHO, B
IV kBagpanti «banancy — pe3yabTar MOPIBHSAHHS 3arajbHOI YHMCENBHOCTI OJUHUIL 00’ €KTa,
MPEJCTABIICHUX B AIbTEPHATUBHUX KaTEropisix pyxy (Vs = Ni; NBs. = Niw.; Neu. = Nie. (yMOBH
30a1aHCOBAHOCTI TIepecyBaHHs); Ny = N3 (yMOBa 30aJ1aHCOBAHOCTI HEPYXOMOCTI)), SIKUW TTOBH-
HEH JJaBaTH HYJIbOBE 3HAYCHHS KOXKHOT pi3HHII [9, c. 24-41]. Taka Moienb Ja€ 3MOTY BCTaHO-
BUTH TaKi 3aKOHOMIPHI 3B’SI3KH: CIIBBIIHOWIEHHAM OanaHcy [9, c. 32] — ckinagoBux piBHEBOI
CTPYKTYpH 00’€KTa Ta pIBHEBOI CTPYKTYPU PYXy MOro OJMHHIL B KOKHOMY 31 CTaHIB «JI0» 1
«micns» (Ha puc. | He MO3HAaYeH1); y3arajJbHEeHUM CHIBBIIHOIICHHSIM OamaHcy [9, c. 96] — 3a-
rajibHOI YMCEIILHOCTI OJMHUIL 00’ €KTa (/) Ta YUCETBHOCTI MDKPIBHEBUX TEPECYBaHb, IO Ma-
10Th MiCIle 32 YMOBH CTiiikocTi 06’exta (N = Y5, N;g = f=1 Njy) [9, c. 29].

®opmyBaHHs 6aTaHCOBOT MOJIENI B arperaTHiid (popMi 31HCHIOETbCS EPETBOPEHHSM 3a-
3HAYCHUX HEarperoBaHUX CKJIAJOBUX OajlaHCy B arperoBaHi, BH3HAU€HI Yepe3 3HAUYEHHS
O3HAKH, BUMIPIOBaHOI B OJJMHULIL 00’€KTa Ha BIAMOBITHOMY piBHI. Uepes Te, 110 YHCEIbHICTh
nij OMMHUIL 00’ €KTa MOKe OyTH IpeacTaBlieHa B JOOYTKY (B arperari) pa3om 3 OJHUM i3 IBOX
3Ha4eHb 03HAKU, BUMIPIOBaHUM ab0 y cTaHi «1o» (/;), abo y craui «micis» (/;), To jogaBaHHS
X TOOYTKIB-arperariB, po3TalllOBaHUX BIAMOBIIHO B psiAKy abo y croBmii [-ro kBampanTta
MaTpulli, Ja€ IO JABa PI3HUX pe3ylbTaTH B KOXHIA Kareropii mepecyBaHHs (OJMHUIIb
0o0’ekTa): OOMH — 1€ 3BEACHUH arperar, MO0 NPEACTaBis€ CHUIbHE 3HAYCHHSX O3HAKH,
BHUMIpPIOBAaHE Yy BIANOBIIHUX OJAMHHUIL 00 €KTa HA TOMY X CAMOMY OIIOPHOMY DiBHi i y CTaHi
«10» (B psAAKy) ab0 OMOPHOMY PiBHI j y cTaHi «imicis» (y CTOBIIII), IHAKIIe — BUMIPIOBAHE 6
pisHesux 3unauennsax ozuaxu (puc. 1, a); HIIMI — e 3BEACHUIN arperar, 10 MPEICTABIISIE
CHUIbHE 3HAYCHHSI O3HAKU, BUMIPIOBAHE B THUX K€ CAMHUX OJUHUIL 00’€KTa Ha OyIb-IKOMY
BIJIMOBITHOMY DiBHI, j a00 i, B MPOTUJIEKHOMY CTaH1 00’€KTa, «Iiciss» abo «o», 1HaKIIe —
BHUMIPIOBAHE 8 NO3api6HesuUx 3HauenHax o3Haku (T103a OTIOPHOTO PIBHS O3HAKA BUMIPIOETHCS B
PYXOMUX OJIMHUIIb, B HEPYXOMHUX OJMHHUIL BOHA BUMIPIOETHCS Ha OMOpHOMY piBHI (puc. 1, ).
[I{oio ocTaHHBOTO, HOTO 3HAUEHHS MPOTIOHYEThCS MO3HAYATH TAKUM YMHOM: CUMBOJIIKA Ta ii
pO3TallyBaHHS € TUMH K CaMHMHM, 32 BUHSATKOM HOMEpa pIiBHS, 1032 SKOTO BUMIPIOETHCS
O3HAaKa 1 IKUi TI03HAYA€THCS B KYTOBUX JTyXkKax (<i> abo <j>).

BukopucTranHs CTBOpEHHX arperariB (3BEICHHMX arperariB) YMOXKJIMBIIOE OOYMCIICHHS I10-
Ka3HMKIB MDKPIBHEBOTO OallaHCy, TUIBKU B)XE B PIBHEBUX 3HAUCHHSIX BUMIPIOBaHOT 03HaKH. Toi
YHUCENBHICTh OJIMHUIL 00 €KTA BiIrpae poJib Bark OUTS TOTO YH IHIIIOTO 3HAYEHHS PIBHS O3HAKH.
VYci pi3HOBUIM arperoBaHuX MOKa3HUKIB MOKHA MPEJICTaBUTH B THX K€ CAMUX KaTeropisix, 1o
Oymu cpopMOBaHi paHillie Ui aHAJIOT TYHUX HearperoBaHux MokasHUKIB [9, c. 41-51].

OCKUTbKM HAC LIKABIATh MOKA3HUKH, SIKUMH OLIHIOIOTHCS HACTIJAKU KEPYIOUOTO BIUIHBY
Ha 00’€KT, a TAKUMH € OAIAHCOBI MOKA3HUKHU MEPEeCyBaHHsS HOTO OMUHUIIL 9, c. 45], To s ix
BU3HAYCHHA B arperarHiil opMi CKOpHCTAaEMOCS piBHEBUMHM arperatamu Laj, L, Lui 1 L3; 3
0a1aHCOBO-PO3paxXyHKOBOT MaTpPHILL:

Lg;j =nl;, i #j, i(j) =1k (1)
Lyij =ngl; j#i, i() =1k (2)

(1
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LHi = niili, 1L = 1,k (1)
Lsj=mlj, j =1k (2) (2)
Ly =Lzj i=] (3)
[Tpubynu Ha piBeHb .
(3ayIMIIMIIMCs Ha PiBHI): Beworo:
Py j 3 HHUX:
E ; 1(11) 2(lr) k(1) Lo | Lsi Low Lom Lu;
1S
% = 1(h) ni ni2 nik Lo | Lei | Lpis. X L
E
\% 8, 2(h) na1 nn nok Ly | Le2 | Lpas. | Lpow | L a
=
>‘ ..l=
le]
& k(lx) M1 N2 Tk Lo | Lk X Lo, | Lk
L
Ly L Loy Li I °| Ls | Lss Lgs | Lu
. Ly Lm Lm L Lu | AL X X X
2
2 o | Ly X L2 Lowk | Lo | X ALs | AL, X
(2] ~ B.
/M &
| Lms; | Lms1 | Lms2 X Los | x AL, AL% X v
' Knacmep (1xB.)
Ls; L3 L3 L L3 X X X 0 .,
n;; Lg;j =
(i#)) = nyl;
BuOynu Ha piBeHs = =
N X , Bcboro: Ly; AL;;
. (He mepeinuIn 3 piBH): =yl | =nyQ—1)
5 F 1wy | 2w ki) | Lo | L 2
g . 1 2 k @1 | b
= _ ! L 7| L. | Lo, | L3 A
&E
= .a 1(h) ni niz nie | Loy | Loy | Lingoyw X L3
B s
=z 2 N1 N2 me | Loyt | Lny | Loz, | Logys. | La2
= 2
B =
b .
l% k(L) Nk Ni2 M Lieys | Lury X Lgeys. | L3k
L o
Lijyo Li1yo Lizyo Lyo Lo "| Ln L, L, L3
.. Lgyj) Lgy | L Lggy | Ln | AL | x X X
& AL
2 | | Leeiy X | Lpag) Lps iy | Lee | X = | AL, | X
R E
“| Leugi) | Leu) | Lo X Lgw | x AL, | ALx | x
Ly; Lm L Ly Lu X X X 0

Puc. 1. Aepecamna ghopma modeni midxcpienesoeo 6ANAHCY, CKIAO08I AKO20 BUPANCEHI.:

a —ypieHeeux 3HAYEeHHAX O3HAKU, o -y n03api6He6ux SHAYEHHAX O3HAKU

KosxeH 3 HuX siBIIsie cO00I0 CYKYITHE 3HAYE€HHS O3HAKH, BUMIPIOBAHOI B PyXOMHUX (cHUcCTeMa
piBHsHB (1)) 1 B HEpyXOoMUX (cHcTeMa PIBHSAHB (2)) OMMHUIL 00’€KTa: Lp;j — B 1 OUHUI, BUOY-
JIMX 3 PiBHA i, HA IKOMY BOHH OYJIH y CTaHi «J10», Ha PIBEHb j, HA SKOMY BOHU OMMHIJINCS Y CTaH1

98



TEXHIYHI HAYKH TA TEXHOJIOTTI Ne 3 (13), 2018

TECHNICAL SCIENCES AND TECHNOLOGIES

«aicnsy; Liij — B njj OJMHUILG, TPUOYITNX HA PIBEHB j, HA SKOMY BOHU ONIMHWJIMCS Y CTaHI «ITICIIs»,

3 piBHS 7, HA SIKOMY BOHHU OYy/H y CTaHi «0»; Lu; — B i OAWHHLI, THX, 1110 HE IEPEHIIUHN 3 PIBHS I

(j = i) y craHi «10» Ha OyJb-sIKM HIINH PiBEHb Y CTaH1 «ITiCIs»; L3j — B 1 OJMHHIIb, THX, 11O 3a-

JMIIWINCS Ha PiBH1j (i =) y CTaHi «IIiCiIs, TOMY K CAMOMY, Ha SIKOMY BOHU OYJTH Yy CTaHi «J10».
VY 1abn. 1 mpencraBieHi BCi arperoBaHi CKJIaJoBi OanaHCy, BU3HAYEHI y CTaHaX 00’ €KTa

«I0» 1 «Iicis» B pIBHEBUX 1 B M03apiBHEBUX 3HAYEHHAX 03HAKH uepe3 arperatu (1)1 (2).

Taomums 1
AepezosaHi ck1ad08i MidCPiBHe8020 OANAHCY MA iX 83AEMO38 A3KU
Ne | BupaxeHni yepe3 arperopasi Hadbopu (LBi,- i| Mo3ua- Xapakrtepuctuka:
n/n | Lp;;) Buxinaux ganux 6anancy (n, l;, l;) | venus 3HA4YCeHHS 03HAKH, BUMipIOBaHe..
1 2 3 4

1. V craHi 00’€xTa «JI0»
1.1. Z;‘zl n; L,i=1,2,..,k Li Ha piBHIi i B Njo OMUHUI 00’ €KTa
1.2. |2k, nli, j=1,2,..,k Lo> |Ha Oyap-siKoMy piBHI B N; OOMHHIL 00’ €KTa

13 [ Ly=2XK, Z;‘Czl ny;l;
1.4. Z;‘ 1L(])0 = Z;C 1Z"€ lnl.]l

Lo B N oauHHIB 00’ €KTa

1.5. | — + Z] —i+1 |L Tt Lg; HA piBHI i B Np; OMUHUIL 00’ €KTa
Ny omuHUTE 00°€KTa HA OYIb-SIKOMY PiBHI
Ll l; R : ’
1.6. Z nl j | =T i j+1Mij | =Tk=1 Lp> KpiM piBHA j (y BUOYIINX Ha PiBEHB j)
17 YLy =2l j=1nijli+
ol Zk 1Vk N l
j=i+1 Mijli P
— Ls B Ng (Nm) onuHAIE 00’ €KTa
1
1.8 Z] 1LB(]>=Z,'CZZ{=1n i+
Zk Y i{ j+1 nl.]l
1.9. l| -1.2 k Ly HA piBHI i B Ny; OAMHUIB 00’ €KTa
1.10. ' L Ha piBHI i B N3; OMUHUI 00’ €KTa
111, |2 Ly = 25 Ly = 2oy, li|j=i Ly |B Nu (NV3) omuauIp 06’ ekTa
1.12. Z;{:HI n; l,i=1,2,.., k-1 Lgis.  |Ha piBHI i B Npjs OAMHUIB 00’ €KTA
) B Niiw,j OOVHUIS 00’ €KTA Ha Oy/Ib-SIKOMY
1.13. Z{;ll nili, j=2,3, ..,k Lps<> |HIKYOMY PiBHI HiXK piBEHB j

(y mporpecuBHO BUOYIUX HA PiBEHb j)

1.14. Z LBLB = Zk 1 ;C L+1nijli

— Lgs.  |B NBs. (Nmw.) omuHAIE 00’ €KTa
1
L.15. Zj:z LBB.(j) = Zj:z Z{:l n;l

1.16. ;;11 nli, i=2,3, ..,k Lg;y, |Ha piBHI i B Np;u. OMUHUIG 00’ €KTA

B Niis; OTMHHIL 00’ €KTa HA OyIb-TKOMY
117, XK gl j=1,2, ., k=1 Lpn<> |BUIOMY PiBHi Hi’ piBEHb j
(y perpecuBHO BHOYIHX HA PIBEHB j)

1.18. |2%, Ly, = 2K, ‘1n il

- ] Lgy  |B NBu (Nms) OIUHUIIE 00’ €KTA
1.19. Z?::LILBH.(]) Z l. =j+1 L'jli
2. V crani 00’€KTa «IiCIs
2.1 Xk, nli, j=1,2, ...,k L;j  |Ha piBHij B N; oAuHULIb 00’ €KTa
22, |Xk j=1Mij l], =1,2,....k L. |Ha Oymb-aKoMYy piBHI B Vo OMUHUI 00’ €KTa
2.3. ijl Ly = Z] -1 Zl 115 L B N o1uHHMLB 00’ €KTa
2.4. Zf 1 Ly = Yk Zk 115l L B N ouHMLB 00’ €KTa
2.5. Nl |] 3k + 2K j+1Mijlj |] _ThT Ly, |Ha piBHIj B Nijj OMHUI 00’ €KTa
B Np; omuHUIB 00’ €KTa HA OyAb-sIKOMY PiBHI
—+ n; [ <i> . . . . . ’
2.6. ny; ]|L ey Z] i+ J|L k-1 Ln KpiM piBHA i (y IpuOYNIHX 3 PiBHA i)
27 Zk lLl'[,g = lz nl]l] +
n;
=yt U Lu  |B Nn (NVs) omuaums 06’ €kTa
28 Zl ILH(L>=ZI. 22 lnl.]l]+
)Y ) 1.
] i+1 l.] ]
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1 2 3 4
2.9. nl | =12 k Ly Ha piBHi j B NV3; onuHAIB 00°€KTa
ijY i:"‘] 9 ] . . . ] )
2.10. J Ly; Ha piBHi j B Ny; ofMHHUIB 00’ €KTa
211 (XS Ly =Xk, Ly = Xy, ]| Ls B N3 (Nu) onuamIe 06’ €KTa
2.12. Z{;ll nli,j=2,3,..,k Ly, Ha piBHi j B N, OMUHUIB 00’ €KTa

B Npis. OMHUI 00’ €KTa Ha OyAb-sIKOMY BUILIOMY
2.13. Z] il 21,2, k=1 Li<>s. |piBHI HiX piBeHb i '
(y mporpecuBHO NpUOYIIHNX 3 PiBHS i)

2.14. X% Ly, : = Z
j=2 ~Mn.j — mijy L, B N, (NVBs.) OMUHUIL 00’ €KTA
2.15. Xkt Ly, = Z" 1 f i1 5l
2.16. (XX il =12, k-1 L, Ha piBHi j B Nijz; OAMHHI 00’ €KTa
B Npiu. OMUHUIE 00°€KTa HA OyIb-IKOMY HIDKYOMY
2.17. nly, i=2,3,...,k Ln<>s |piBHI HiX piBEHB i

(y perpecuBHO IpHOYJIHX 3 PiBHS i)

2.18. Z LHB] = Zk ! ic]+1nl]l]
2.19. Zizan(i>B, :Zk ] nl.]l]

Bouu sBnsitoTE C00010 aOCOMIOTHI MOKa3HUKU CTPYKTYypH 00’ekta (Ne 1.1-1.4, 2.1-2.4),
cTpykrypu nepecyBanHs (Ne 1.5-1.8, 1.12-1.19, 2.5-2.8, 2.12-2.19) i nepyxomocti (Ne 1.9-
1.11, 2.9-2.11) #ioro oaumuunp. Ilig Ne 1.1, 1.2 1 2.1, 2.2 B arperatHiii ¢opmi npeacraBieHi
CKJIQJIOBI ciBBigHOMmIEHHs Oamancy, a mim Ne 1.5, 1.6 1 2.5, 2.6 — ckiajoBi y3araabHEHOTO
CIIBBIIHOIIIEHHS OaNaHCy, sIKi € 0a30BUMHU XapaKTEPUCTUKaMU MDKPIBHEBOTO OanaHCy.

Cdopmyemo 3 arperariB y mepiiomMy Ta JApyromy BHpaszax cucreM piBHAHB (1) 1 (2) Taky
PI3HULIIO:

L, B Nie. (VBs.) OMHHLIL 00’ €KTa

AL, = {LHi].' - l.‘Bij =n;l; —nl = ng (G = L), i # j; (1) 3)
0, i=]. (2)

Bomna siBnsie co6oto agpezosane abcontomue canboo midxcpieneeozo nepecyganus (piBHIH-
us (1)), iHAKIIE — 6mpamu ad0 NONOGHEHHS Nij PYXOMUX 0OUHUYL 00 €Kma, MO MEePeCyBAIOTh-
csl 3 pIBHSA [ HA PIBEHb j, U acpecosane abconomue canvoo pisHesoi Hepyxomocmi (pIBHSIHHS
(2)), sixe 3aBXJU OPIBHIOE HYIMIO. 3HAUeHHS AL; pO3TalIOBAaHO B MPABUX HIDKHIX KOMIpKax
kiactepiB B | kBagpaHTi 6amaHCOBO-pO3paxyHKOBOI MaTpuli (puc. 1).

SIKio n;; oMMHUIL 00’ €KTa MEPECYBAIOThCA 3 PIBHSA i HA PIBEHb j perpecuBHo (puc. 2, a);
li > 1), o AL; < 0, Toal mykaHe canbJ0 €KBIBaJIECHTHO MDKpPIBHEBUM BTpaTaM 00’ €KTa
(mioiaroHanbHI €IEMEHTH MaTpulli). SKIIo 7;; OMUHUIL 00’ €KTa MepEeCyBAOThCS 3 PIBHSA [ HA
piBeHb j mporpecuBHo (puc. 2, 0); /i < [;), To AL; > 0, Toai mIykaHe caibJ0 €KBIBaJIEHTHO
MDKpIBHEBOMY HOMOBHEHHIO 00’€KTa (Ha[iaroHanbHI eJeMeHTH MaTpuli). ['ojnoBHa miaro-
HaJIb MaTPUIIl MICTUTh HYJIbOB1 3HaYEeHHS canbao AL; abo ALj.

piBens j (/) njj piBens i (1) piBens i (1) njj piBens j (/)
=1..k-1(G<i) |[«e— i=2...k@i>)) i=1..k10<)) —| j=2..k(G>10)
(Lmij = nyjl)) (Lgi; = myjl;) (Lgj = nyjls) (Lnij = nyjly)
a o

Puc. 2. Cxema pecpecusnozo (a) i npoepecusnozo (6) MidcpieHe6o20 nepecyeamHs
Orxe, BennmuumHa AL; XapakTtepu3ye 3MIHM O3HAaKM, IO BifOYBalOTHCS B PE3yNbTaTi
MDKpIBHEBOTO NEPECYBAaHHS #;; OAUHUIL 00 €KTa B OJHOMY 3 MOJJIMBHUX HAIpsIMIB, SIK nap-
HUll pigHeaull IOKa3HUK, 1 Ja€ OJHO3HAYHY BIAMOBIAb HA T, SIK BIUIMBAE HAMPSAM IE€PECYBaHHS
Ha BUHUKHEHHS YU PIBHEBUX BTPAT, YU PIBHEBOTO MOTIOBHEHHSL.
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{06 noauBUTHCS HA HACHIAKH MEPEeCyBaHHs OAMHMIIL 00’ €KTa Ha PiBHI i (f), IX IpUOYTTS 3
piBHS (Ha piBeHb), MPEJCTaBICHE CKIAA0BOIO OanaHcy Ln<> (L), Ta iX BUOYTTS 3 piBHA (Ha
piBEeHB), MpeJCTaBIEeHE CKIAA0BOIO OanaHcy Lp; (L<p), Y «B3aEMOJI» JaHOTO PIBHS 3 yciMa
IHITUMH PIBHSMH, TIPEACTABUMO PE3YJbTAaT TaKO1 B3a€MOJIi y 3HAUEHHSX 3BEICHUX arperaris,
CIOYaTKy B MacuTabax OKpeMoro piBH4A, a MOTIM B MacuITadax 00’€KTa 3arajioM, y TOMY YHCII
3 ypaxyBaHHAM HaIpsMy TepecyBaHHsS (depe3 CKIafoBi OanaHcy Lin<iu, Ln<is, Linj, Lis; 1
LBis., LBin, LBs<j>, LBu<>). AOCOTIOTHI piBHEB] OaJaHCOBI1 MOKA3HUKHU MEPECYBAHHS, BU3HAYCH1
gyepe3 CKIIAJI0B1 MepecyBaHHS 3a HAIPSIMOM, PO3MICTUMO B OKpeMiil Tadmuili (Tadi. 2).

Tabmums 2
Abcontomui pieHegi NOKAZHUKU CAIbOO MIJCPIBHEB020 nepecy8anHtsl
3a HaNPAMoOM (4acmkosi)
Ne Hanpsm dopmyna
/Il mepecyBaHHS UYepes nepecyBaHHs 3 PiBHS i Yepes nepecyBaHHs Ha PiBeHb j
IMporpecuBHO- AL‘-& = Ln(i>a. —Lgiy, = AL = Ly — Lgugjy =
1. |perpecuBne Ly v/ j=1k
HasycTpld = Z] —i+v1 iyl — in ijli “) = Z{;ll nil — Z§=j+1 ny;jl; “4)
PerpecuBHo- AL‘-& = Liiys. — Lpin. = AL?_-. = Lpy; — LBB(1> -
2. |mporpecuBne e li=Tk o j=1x
HasycTpld = ; i 1 Mij l] Z?:Hl nijli (5) = Zf ]+1nl.] j Z (5‘)
3 ITporpecusHe AL‘I:B.|,:=1’k__1 = Lngyn. = Lpis. = ALH}‘| =L, — LBB.(J'> =
HaB3JIOTiH =Yk 1AL (6) Z] IAL (6")
4 PerpecuBne ALy, |L ey = Lngys. = Lpin. = Bj|] TET Ll'lB.j = Lpugj) =
HaB3JOT1H = Z;zll AL;; @) = Zl ]+1 (7)

CykynHi BTpaTi a00 MONOBHEHHS 00’€KTa, 00YMOBIICHI EPECyBaHHSAM HOTO OAMHUIb Y
BIJINIOBIJTHOMY HAIpsIMi, BU3HAYAIOTHCS y BU/I1 a0COJIIOTHOTO TPYIOBOTO CalIbJ0 MDKPIBHEBO-
ro MepecyBaHHs uepe3 CKIAZ0B1 CYKYITHOTO MEPECyBaHHs 32 HANPSMOM 1 yepe3 piBHEBE Cajlb-
710 HACTYITHUM YHHOM:

AL, =L L leAL‘i%' @ (8)
o — Lnu — LBu. = -
§‘=1AL3,-: (2)
1ALy, (1)
ALB. = LHB. - LBB. = - (9)
7:1 ALE-; (2)
Y ALy, , (1)
ALw = Ly, — Lg, = { ALL (2 (10)
B- ]= H.j’ (2)
K AL, (1)
ALs = Ly, — L, = { L=2 T (11)
" YhoLALy . (2)

[I{oo piBHEBOTrO Ta IPYyMOBOTrO CANBIO0 CYKYITHOT'O NEPECYBaHHS OJMHUIIL 00’ €KTa, 11i MO-
Ka3HUKHW MOXHA BU3HAUYUTH HACTYITHUM YHUHOM:
AL'I.E + AL'ii, )
ALg; = Ly — Lg; = 3 (12)
AL, +AL,; (2)

ALx. +ALB, (1)

ALH} = LH] - LB(]) = 3 (12‘)

AL, +AL i @
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Zi'c=1 ALBi — {ALH + ALB.' (1) (13)
?=1 ALH]' ALH./B. + ALB./H.' (2)

AGCONIOTHI MOKA3HUKHK Canblo, piBHEBI (ALg; = L)1 — Lip a00 ALpj = Lj; — Ljyo) 1 3a-
ranbanid (AL = Ly — L), BU3Ha4YeHI SIK PI3HUIS 3HAYCHb O3HAKW, BUMIPIOBAHOT B IIUX OJIU-
HUI[b y CTaH1 «ITiCTIs» B TOPIBHSAHHI 31 CTAHOM «JI0», 3aBXKIH JTAIOTh TOU K€ CaMUil pe3yIbTar,
o ¥ nokasuuku (12), (127) 1 (13) BiamoBigHO, 2 TOMY iX MOKHA OTOTOKHUTH Ta MPEACTaBU-
TH SIK piBHEBi(-€) Ta 3araibHi(-¢) BTpaTH (MOMOBHEHHs) 00’ ekTa. Lle mosSCHIOEThCS PIBHICTIO
CYKYITHHUX 3Ha4eHb O3HAKH, BUMIPIOBAHOI B HEPYXOMHX OJMHUIL 00’€KTa (TUX, K1 3AJIUIIH-
nmies Ha piBHi («3»), 1 TUX, [Ki He nepeinum 3 pisHs («H»)) B 060X Horo cranax: Lj; = Ly +
L3j, Ly = Lugy + L3g, Ly = Ly + L3 1 Lyg = Lg; + Ly, Ljyo = Lpgjy + Luj, Lo = Lg + Ly;
L3j = LHia SIKIIIO izj, L3i = LHja SIKH_[Oj =1, L3 = LH = le - L(])O = LH] - LB(j)a L(i)l -
Lio = Ly — Lgi» Ly — Lo = Ly — Lg.

Sxmo B piBHSHHI (3) 3HAK «—» 3aMIHUTH HA 3HAK «+», TO Pe3ylbTaT JOJIaBaHHS arperaris,
IO TIPEJCTABIAIOTh N;j OJMHUIIL 00’ €KTa, MPUOYJIMX HA PIBEHB j Ta BUOYJINX 3 PIBHSA i, MOXK-
Ha c(HOPMYITIOBATH SIK 1X MidcpieHesull 06opom. AHaNOTIYHA 3aMiHa 3HAKIB B PIBHSIHHSIX (4)-
(13) nae abconoTHI MOKa3HUKK 000POTY, OJHAK Y BU3HAYEHHI 000pOTY OJMHUIIB 00’ €KTa, Ha
BIZIMiHY BiJ HOTO canb0, OepyTh y4acTh JIUIIE CKIAJ0B1 HepeCyBaHHS.

Orxe, BTpatu (IOMOBHEHHS) 00 €KTAa MOYKHA BUPA3UTH 4Yepe3 YHIBEpCaJbHUI MOKAa3HUK a00
KaHOHIYHY (hOopMy MDKpIBHEBOrO OanaHcy, canbio AL; (060poT XLj), i 10 TOro X — Ha PI3HUX
PIBHAX 1X cHCTeMaTH3allii, a CITIIBBITHOCSYY 1X y Tiif YM 1HINIHA KOMOIHAIIT BITMOBIIHO JI0 MIPaBUIT,
chopmynpoBaHUX B poOOTi [9, c. 41-51], MoKHA BU3HAYATH BITHOCHI OAIAHCOBI MOKa3HHUKH TIe-
pecyBaHHS: KOe(DiI[iEHTH PIBHEBOTO MPUPOCTY, KOSDIIlIEHTH PIBHEBOTO 000POTY, BITHOCHE Callb-
710 TiepecyBaHHS 1 Koe(illieHT epeKTUBHOCTI MepecyBaHHs — 3a «IIPU3HAYECHHSAMY; MapHi, yac-
THHHI TA YaCTKOBI1 — 32 «CTYIIEHEM arperyBaHHs»; PIBHEBI, TPYIOBI (3arajibHi) — 32 «MEXaMH py-
Xy». Y3arajibHeHe CIIBBIJHOIICHHS OalaHCy TaKoi MOJIeJi Ma€ HaCTYITHUI BUTJISL:

AL =T Bl ALy = B, By ALy, — (14)
1 XapaKkTepu3ye, Ha CKUIbKHA 3MIHIOETHCS CIUTbHE 3HAYECHHS O3HAKH, BUMIpIoBaHOi B N o1u-
HUIb 00’€KTa, TIPU HOTO Mepexoii 31 CTaHy «JI0» Y CTaH «IIICIsA», U MOSCHIOETbCS BTPAaTaMH
Ta TIOMOBHEHHSM, 00OYMOBJICHUMH BCIMa MDKPIBHEBUMHU IIEPECYBAHHSAMU HOTO OJMHHULIB.

BucHoBkHM BiAnmoBiaHo 10 crarri. Monens MbKpiBHEBOTO OallaHCY, CHHTE30BaHa B arpe-
ratHiii ¢popmi, 1a€ ysSBJICHHS MPO HACIIAKH KEPyIUOTO BIUIMBY Ha CTPYKTYpPOBAaHUHN 00’€KT
gepes Te, 0 MDKPIBHEBHH PyX OJMHUI TAKOTO 00’ €KTa CHCTEMATU30BAaHUH B alIbTEPHATHB-
HUX KaTeropisx MepecyBaHHS 1 HEPYXOMOCTI Ta IMPEJICTaBICHUHN y 3HAUEHHSIX YHUCEIbHOCTI
MDKpIBHEBUX IIEPECyBaHb 1 HEPYXOMUX OJIMHHIIb, & TAKOXK y 3HAYEHHSAX 03HAKH, BUMIPIOBAHOT
B OJIMHMIIb 00 €KTa B IIKaJi BIJHOUICHb. 3aIPOIIOHOBAHI MOHATTS «MDKPIBHEBHX BTpAT 1 MO-
MOBHEHHS» Ta BIJMOBIHI MapHi MOKAa3HUKH CajIbI0 i 000pOTY, SIK KaHOHIYHA opMa MIKpiB-
HEBOTO 0aslaHCy, € OCHOBOIO JJIsi CTBOPEHHS CHCTEMH OaJlaHCOBUX MOKA3HUKIB MepeCcyBaHH i
OLIIHKU €(peKTUBHOCTI KEPYIOUOTO BILIUBY.

AL:LH_LB:
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UDC 311+512
Alexander Dubyagin
MODEL OF INTER-LEVEL BALANCE: AGGREGATE FORM

Urgency of the research. Synthesis of the inter-level balance model in the aggregate form is an actual scientific task of
quantifying the controlled change in the structure of an object.

Target setting. The model synthesized only in the values of the number of object units experiencing inter-level displace-
ments does not give an idea of the consequences of the control action on the basis of the attribute measured in these units in
the relationship scale.
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Actual scientific researches and issues analysis. For a simple balance model, the author has already proposed a system
of non-aggregated indices of the inter-level balance and formulated their interrelations.

Uninvestigated parts of general matters defining. This is the aggregate form of the inter-level balance model.

The research objective. Synthesize the model of inter-level balance, the components of which are expressed in the values
of the measured attribute and the number of inter-level movements of units of the object.

The statement of basic materials. The aggregate form of the model is based on such components of the balance as level
(extra-level) losses and level (extra-level) replenishment of the object based on the characteristic measured in its units in the
relationship scale at a certain level (outside the level) in the "after" and "before" conditions of external impact. These
components determine the level structure of the object and the structure of the movement of its units and explain the
consequences of the control effect at various levels of their systematization in the model. The generalized balance ratio,
which formalizes the result of the impact in aggregate form, characterizes the total loss or replenishment of the object.

Conclusions. The aggregate form of the inter-level balance model allows to form a system of corresponding indicators
and to assess the effectiveness of the control action on a structured object.

Keywords: aggregate form, balance model; losses, inter-level movement; turnover; replenishment.
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YUCEJBbHUMN AJITOPUTM JJIA 3HAXOIKEHHA HMOBIPHOCTI
BUPO/KEHHA B MOJAEJII KPAMEPA-TYHIBEPI'A

Axkmyanvnicms memu 0ocnioncenns. OCmMaHHIM 4aAcoOM CMPIMKO 3pOCMAE iHmepec 00 KOMN TOMepHUX MexHoN02ill
NPOCHO3Y8AHHA Y CIMpaxosiil cnpagi. Take npocHO3Y8aAHHA MOdce DY UKOPUCIAHO, 30KpeMd, Ol 8USHAYEHHS YIHOBOI no-
NIMUKY CIPAX08UX KOMNAHILL.

ITocmanoexa npoonemu. Hapasi sunuxae HeobXiOHicmb po3poOKu npocmux ma moyHUxX YUCelbHUX aneopummie oyinio-
6AHHA UMOBIPHOCHE BAHKPYMCMBA, AKI MOXCYMb OYMU e(heKMUSHO Peanizo8ani KoMn OMePHUMU NPOSPAMHUMU 3ACOOAMU.

Ananiz ocmannix 0ocnioxcens i nyonikayii. Ha cbo02o00Hi HakonuyeHutl 6enuKull iHCMpyMeHmapii YUcenbHUx Memooie
OYIHIOBAHHSL PI3HUX XAPAKMEPUCTIUK NPOYEC)y CHIPAXOBO20 PUSUKY — UMOBIDHOCHEU OAHKPYMCMEA HA CKIHYEeHHOMY ma He-
CKIHYEHHOMY 4ACO8UX 20PUSOHMAX, MAMEMAMUYHO20 CROOIBAHHS MA OUCHEPCIT Yacy OBAHKpYmMCcmaa moujo.

Buoinenns nedocnioycenux uacmun 3a2anvHoi npoonemu. Hassni memoou abo € 3aHaomo cKiaoHumu 6 peanizayii,
abo 0eMoHCmPYIOMb HeOOCMAMHIO MOYHICTb OYIHIOBAHHSL.

ITocmanoska 3ae0annn. Po3poOKa 4uceibHo2o aneopummy, o YMOUHIOE KIACUYHY anpokcumayilo de Bindepa ons
OYIHIOBAHHSL UMOBIPHOCTE OAHKPYMCMGA HA HECKIHYEHHOMY YACO80MY 20pu3onmi y cmpaxogiti mooeni Kpamepa-Jlynobepeaa,
a MAKOHC OOCTIONHCEHHS MOYHOCHIE POOOMU YbO2O AN2OPUMMY HA OCHOBT popmynu beckmana.

Bukxnao ocnoenozo mamepiany. Y cmammi po3spoOieHo HOBULL MEMOO HAOTUHCEHO2O 3HAXOOHCEHHS UMOBIPHOCI 8U-
POOd*CEHHA npoyecy cmpaxoeoeo pusuky Kpamepa-JIynobepea Ha HeckiHueHHOMY uacosomy eopusonmi. Lleii memoo ymou-
HIOE anpokcumayito, 3anpononosary @. de Bindepom, wnaxom 3aminu emaioHHO20 eKCHOHEHYIANbHOZO PO3NOOILY CIMpaxo-
BUX BUNIAM HA CYMiW 080X eKcnoHeHyianbHux. Komn tomepre Mooentosants nokasye icmomHo euwy moyHicmos 3anpono-
HOBAHO2O AN2OPUMM)Y 6 NOPIGHAHHI 3 nioxodom Oe Bindepa.

Bucnosku 6i0nogiono 0o cmammi. 3anponoHosanull y pooomi aneopumm 003801A€ OYIHIO8AMU UMOBIPHICTL OAHK-
pymemsa cmpaxoeoi’ komnatii 6 mooeni Kpamepa-Jlynobepea. Memoo 3acnosanutl Ha 3aMiHi npoyecy cmpaxogozo puzuKy
IHWUM npOYecom pU3uKy, Olisl K020 CIMpAxosi BUNIAMU PO3NOOINEH] 34 3AKOHOM, WO € CYMIUUIO 080X eKCNOHEHYIANbHUX
posnodinis. Ilepesacoio po3pobnerozo memoody € 11020 ICMomHO Ui MOYHICMb )y NOPIGHSIHHI 3 anpokcumayieto oe Bindepa.
Ocobausocmamu memooy € 6uwa CKIaoHicmy peanizayii 6HACIIOOK HeOOXIOHOCMI HADIUIHCEHO20 PO36 SA3AHHS CUCEMU He-
JUHIUHUX PIBHAHD, A MAKOXNC Me, WO Y CUCeMa MAE NPUOAMHI po36 a3KU He O 6)0b-3K020 PpO3N0OiLy CIpaxosux GUNIAm.

Knrouosi cnosa: cmpaxosa modens Kpamepa-JIynobepea; npoyec cmpaxooeo pusuxy; UMoGipHicms 6ankpymemesa,
anpoxcumayis oe Bindepa,; mounicme anpokcumayii.

Tabn.: 6. Puc.: 1. bién.: 11.

AKTyaJdbHiCTh TeMH JOCTiIKeHHS] Ta MOCTAHOBKA MPo0JeMH. 3TiJHO 3 KIACHUYHOIO
moaemnio Kpamepa-JlynnOepra BenuunHa Kamitany cTpaxoBoi kommaHdii U(f) B MOMEHT 4acy

t>0 Mo>xe OyTH 3amucaHa B TAKOMY BUTJISIL
N()

Ut)=u, +ct— Y X,, (1)

k=1
1€ U, — BEJIWYMHA [T0YAaTKOBOIO KaliTaly; ¢ — CyMapHa BeJIMYMHA CTPaXOBHX BHECKIB Bij
yCIX KJIIEHTIB KOMIIaHii 3a OAUHULIIO Yacy; N = (N(¢),t > 0) — ognopinHuii npouec Ilyaccona
IHTEHCUBHOCTI A > 0, 1110 OMKCY€E KUIBKICTh CTPAXOBUX MOAIN 3 yciMa KIIIEHTAaMH IO MOMEHTY
t, Ta X,,keN — cTpaxoBi BUILIaTH, 5SKi BBKAIOTHCS HE3AJICHKHUMH OJHAKOBO PO3IOJILIC-
HUMHU HEBIJ €MHUMHU BUIIQJKOBUMHU BEIMYMHAMH 31 CIUTbHOIO (YHKIIIEIO po3moaiuty F Ta

00
CKIHUEHHUM MAaTE€MaTHUYHHUM CIIOJIBAaHHIM 4 = IO x dF(x). Ilpouec N Ta BUMagKoBa MOCIi-

noBHIcTh (X, ,k € N) Takox € He3aneKHIUMHU.

Monens Kpamepa-Jlynnoepra € kIacMYHOI y CTpaxoBiii MaTeMaTulll Ta YCHIIIHO 3aCTO-
COBYETHCSI B TUX BHUIIAJKaX, KO KUTBKICTh KJIIEHTIB KOMIAHIi € CTaJIOl0, a MOTIK CTPaXOBUX
MO/11l MOXKE BBAYKATHUCS ITyaCCOHIBCHKUM.

Sk moOpe BioOMO 3 Teopii MyacCOHIBCHKUX MPOIIECIB, 3a BUILE3a3HAYEHUX YMOB YacOBI
MPOMDKKHA MDK CTPaXOBUMU MOJISIMU € HE3AICKHUMU BUITAJIKOBUMHU BEIMUYMHAMU, PO3IOIIi-
JICHUMH 32 €KCIOHEHI[IaJIbHUM 3aKOHOM 13 mapameTrpoMm A. ['padik TUmoBoi peanizanii npo-
LIeCy CTpaxoBoro pu3mky (1) 300pakeHuil Ha PUCYHKY.

© Lieenko A. b., Pynoscrka JI. A., 2018
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)
6

MomeHT
GaHkpyTcTBa

Puc. Tunoea peanizayis npoyecy cmpaxo8ozo pusuxy

BankpyTcTBOM CTpaxoBOi KOMIaHii Ha3WBaIOTh BUMAIKOBY monito {3z >0:U(¢) <0}, a
MOMEHTOM GaHKDYTCTBA — BHIIAJKOBY BeIHUMHy 7 = min{t > 0:U(¢) < 0}. WmoBipuicTs Gau-
KpYyTCTBa w(u,)=P{r <o|U(0)=u,} Ta HMOBIPHICTb HEOaHKPYTCTBA
o(uy) =1-y(u)) =P{r =0 |U(0) =u,} sx QyHKIii BETHYHNHNA TOYATKOBOTO KAIITAILy U, €
BKJIMBUMHU XapaKTEPUCTUKAMHU MPOLECY PUSUKY. IX 3HAHHS J03BOJISE€ BU3HAYATH L[IHOBY IO-
JITUKY KOMIIaHii.

SIKIIO BUKOHYETHCS YMOBA ¢ > Ay, SIKy B aHIJIOMOBHIN JIiTepaTypi Ha3MBaIOTh YMOBOIO
NPC (net profit condition), qoxiax KOMIaHii 32 OJUHUITIO Yacy MEPEBUIIYE ii CEpe/iHI BUTPATH,
1 TOMy 3a Oy/Ib-KOT BEJIMYMHYU MOYATKOBOTO Kamitany u, =0 icHye HeHyIbOBa HMOBIPHICTB

HEOAHKPYTCTBA BIIPOJIOBK HECKIHUCHHOTO 4acy: Vi, =0:¢(u,)>0. ¥ usomy Bunaiaky ¢yH-
KIS @ 3aJJ0BOJIbHSIE IHTErpaibHe piBHAHHS BoabTeppa [1, ¢. 162—-163]

P =1- 22 L [ (1= F(y)u, ~ )dy. @
C C

Slkmio x ymoBy NPC ne Bukonano, To @(i,) =0 mis Oymp-sKoTO 1, i KOMIAHIs IpUpe-

YeHa Ha OaHKPYTCTBO HE3aJIEKHO BiJ] BEJIMUMHMU 1l IOYATKOBOIO KalliTaty.
Ha >xanb, piBHAHHS (2) Moke OyTH PO3B’sI3aHE aHAJITUYHO JIMILIE B PIAKICHUX BUIIAJKaX.

30Kkpema, SKIO CTpPaxoBi BHIIATH X, MalOTh EKCIOHEHIIANBHUN pO3MoAll, TOOTO

F(x)=1-e""*, x>0, 1o, six 106pe Bimomo [1, c. 167],

A1),
¢(u0)=1_%“e(f ) . U, 0. 3)

Le#i po3B’s130k MOXke OyTH JIETKO OJCpKaHUM 13 pIBHSAHHSA (2) MUIISAXOM 3aCTOCYBaHHS Ie-
perBopenns Jlammaca. SIkmo po3nogin X, € CyMilIIIio ABOX eKCIIOHEHIIAIBHUX 3aKOHIB, SIB-

HUM BUIIISI KMOBIPHOCTI OaHKPYTCTBA 3HalieHui y MoHorpadii [2], To 3aCTOCOBYETHCS TEO-
pema 2, 110 HaBeleHa HUX4Ye. Y BMIMAJKYy CTPAaXxOBHX BMILIAT, 1[0 MAIOTh raMa-po3HOJLl,
HMOBIpHiCTh OaHKPYTCTBA JIOCIIPKYyBajacs B poborax [3] Ta [4]. Y will curyanii 3HaYeHHS
HMOBIPHOCTI 3HalJIEHO HESIBHO — OTPUMaH1 (OPMYIIH MICTATh IHTErpasid a0 CyMHU psIB, K1
HE MOYTb OyTH BUpa)K€H1 B aHAIITUYHIN (opMI.

HaBeneni mipkyBaHHs OOIPYHTOBYIOTH HEOOXIJHICTb PO3POOKH HAOIMKEHHX METOJIIB
3HAXOJUKEHHS IMOBIPHOCTI OaHKPYTCTBA.

AHani3 ocTaHHIX JAocaixxeHb i myOJaikauniil. Ha choroani y ctpaxoBiii MmareMaruili Ha-
KOIUYEHUN BEIUKUN IHCTpYMEHTapii pI3HOMAHITHUX HAOIM)KEHHUX METOMIB OL[IHIOBAHHS Xa-
PaKTEPUCTUK IIPOLIECY CTPAXOBOI0 PU3UKY — HMOBIPHOCTEN OAHKPYTCTBA HA CKIHUEHHOMY Ta
HECKIHYEHHOMY YaCOBUX FOPU30HTAX, MaTEMaTUYHOIO CIOJIBaHHS Ta AucIepcii yacy OaHK-
pyrcTBa TOIO (AUB., Hamp., MOHOTpadii [5] Ta [6], pobotu [7] — [10], a Takok MOCUIIAHHS B
Hux). OHUM 13 HAWOLIBII IPOCTUX Ta MPUPOJHUX METOAIB € anpokcumanis ne Binnepa [9],
3anpornoHoBaHa e y 1978 p. Ines uporo mMeroy noJsidrae B 3aMiH1 IPOLIECY CTPaXOBOTO pU-
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3MKY IHILIUM, aJI¢ B IEBHOMY CE€HC1 OJM3bKUM MPOLECOM PU3HKY 3 €KCIIOHEHLIAIBHO PO3MO/Ii-
JNIEHMMHM BUIUIATaMH. VIMOBIpHiCTh HEGAHKPYTCTBA IS OCTAHHBOTO MOXe OyTH 3HaiineHa 3a
¢bopmynoro (3), 10 € XOPOLIOO OLIHKOIO 11i€T1 IMOBIPHOCT1 TAKOK U1l HOYaTKOBOTO MPOLIECY.

Buainenns Hemoc/igKeHUX YACTHH 3arajbHoi mpodJemu. [Ipu Bciii cBOilf mpocToTi
anpokcumatis ne Binnepa nae g0CUTh TOYHI OLIHKA MMOBIPHOCTI OaHKpYyTCTBa. Ale B Je-
SKMX CUTYallfX Il TOYHICTh YCE K TaKU BUSBJISIETHCS HEIOCTATHHOK. BoaHouac 1i OIIHKH
MOXYTh OyTH 3p00JIeH] 111€ TOYHIIIMMH, SIKIIO 3aMICTh €TaJJOHHOTO €KCIOHEHIIaTbHOTO PO3-
[10/IUTy BUKOPUCTOBYBATH IHIIUI pO3MOLT 13 OUIBIIO KUIBKICTIO TapameTpiB. Lle no3Bomuino
0 migiOpaTu eTaJOHHUHN MPOLIEeC PUHKY 1 OUIbII OJIU3BKUM J0 OYaTKOBOTO, 110 30UTBIINIIO0
0 SKICTh anpOKCHUMAIIi.

ITocranoBka 3aBaanHs. MeToro poOOTH € po3poOKa YHMCETBHOTO aIrOPUTMY, IO YTOUHIOE
KJIaCMYHY arpokcumallito e Binnepa m1s HabIKeHOro 3HaXOPKEHHs IMOBIPHOCTI OaHKPYTCT-
Ba CTPAxXOBOI KOMIIaHii Ha HECKIHUEHHOMY 4acOBOMY ropH30HTI B Mozeini Kpamepa-Jlynnoepra.
VYTOUHEHHS NOJIATae Y BUKOPUCTAHHI €TAIOHHOTO TPOLIECY PU3HKY, 1110 TOOYIOBAaHUH 3a CTPaxo-
BUMM BUILIATAMH, PO3MOIUT IKUX € CYMILLIIIO IBOX €KCIIOHEHIIAIbHUX 3aKOHIB. Takuil po3noain
Ma€ TpU HE3AIEKHUX MapaMeTpH, SKi pa3oM 3 IHTEHCHBHICTIO ITyaCCOHIBCHKOI'O MOTOKY CTPaxo-
BUX MO/ Ta BEIMYMHOIO CTPAXOBHX BHECKIB 32 OJMHUIIIO Yacy YTBOPIOIOTh I1'SITh BaXKeiB, 3a
ONTHMAJILHOTO MI00PY SKUX MOYATKOBUM IMPOLEC 32 CBOIMM XapaKTEpUCTHKaMHU Oyae ITyxe
OJM3BKUM JI0 €TaJOHHOTrO. [HIMM 3aBIaHHAM POOOTU € JOCHIIKEHHS TOYHOCTI pOOOTH LHOTO
aNIrOPUTMY 32 JIOTIOMOTO0 KOMIT FOT€PHOI CUMYJIALIT Ha OCHOBI popmyiu beexkmana [11].

Bukaan ocHoBHOro martepiajy. Pa3zoMm 13 nmporuecom crpaxoBoro pusuky (1) posrisiHemo

HIINIA poiiec U= (ff (),t= 0) , 3a7aHui (HOpPMYIIOI0

ne N —npotec ITyaccona iHTEHCHBHOCTI A, a eTanoHHi cTpaxosi Bumiatu X, , k € N, MaroTs
PO3MOJIUL, IO € CYMIIIIIIO JBOX €KCIOHEHINaTbHUX. [HIIMMU clioBamH, iX (CIUIbHA JUISl BC1X
k) dyHKIIiS po3MOALTY Ma€ BUTIIS
F(x)=4(1-e™)+(1-g)1~-e"), x>0, 4
ne a, >0 — napaMeTpu eKCIOHEHIIATbHUX KOMITOHEHT cyMiri, a ¢ €[0,1] — BaroBuii Koe-
GbIieHT caMoi CyMiri.
Takum ynHOM, eTanoHHME mporec U Mae I’STh HE3AIEKHHUX MapamerpiB: ¢,A,a, f,q,

K1 MOXKHA PEryioBaTH Juisl Woro “miaroHku’” min mpouec U. Taky “miAroHKy” MpUPOIHO
3MIIIICHIOBATH HUISIXOM MPUPIBHIOBAHHS MEPIIUX I1'SITH MOMEHTIB 000X MPOLIECIB:

EU*(t)=EU* (), k=1,...,5. (5)

MowmenTtu crapmux nopsakis mnponecis U ta U MaroTh I0cUTh CkiIanHy (opmy. Tomy
3aMicTh (5) OyaeMo NpUpiBHIOBATH BIAMOBIAHI KyMyassHTU. Haragaemo, 1o KyMyasHTOM A-ro
TOPS/IKY BUMAJIKOBOT BEIMYMHU & 3 XapAKTEPUCTHYHOK (DYHKIIIEIO ¥, HA3UBAKOTH YUCIIO

k

1 d
(&) = In £:(6) . 6)

ne Ln — ronoBHe 3HaueHHd Jorapudmy. EKBiBaJIeHTHICTh IPUPIBHIOBAaHHS MOMEHTIB 1 KyMYy-
JSHTIB BUIUIMBaE 3 (popmyn Jleonosa-1lupsena. s peanizanii Takoro NpupiBHIOBaHHS HaM
Oyze noTpiOHE Take TBEpAKEHHS.

Jlema 1. KymynsuT k-ro nopsiaky Benuuunu U(f) Mae BUTIISA

s, (U®0) = (u, +ct) 1k =1} + (1) 2t-BX*,  keN,

ne 1{k =1} no3Hauae iHaUKaTOp noAii {k =1} 1 10piBHIOE 1 pu &k =1 Ta 0 B IHIIMX BUNAJIKAX.
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JloBenenHns. OCKUIbKYM BUIIAJKOBA BelnynHa N (f) posnojuieHa 3a 3akoHoM Ilyaccona 3
At(z-1)

napameTpoM At, ii TBipHa QYHKUiA Mae BUTIAA Gy, (2) =e . Tomy xapakrepuctuyna

¢bynkuis BenmnuuHu U(f) Moske OyTu 3anmucaHa y popmi
N()

Ko (s)=Ee*" = st g, exp(—isz Xk) =
k=1

— _is(ug+ct) _is(ugret)+ At (yx (=s)-1)
=e GN(:)(ZX(_S)) =e * )

1ie yepe3 ¥, MO3HAYCHO CIUIbHY XapaKTepUCTUUHY (PYHKIiI0 BUIMAaAKOBUX BeanunH X,. Ot-

xe, 3 hopmynu (6) MmaeMo:
k

1d
7, (U()) = ?@Ln Xuw(S)

s=0 =

0= lkd—kk (z’s(u0 +ct)+ At(y(—=s)— l))
i ds

= (uy +ct)- 1k =1} +(-1)" M%;&(O) = (uy +ct) 1k =1} +(-1)" 2 - EX],
1

Jie B OCTaHHIN PIBHOCTI BUKOpUCTaHa (popMyia 3B’SI3Ky MDK MOMEHTaMHU BUIAJIKOBOi BEJIH-
YMHU Ta 3HAYCHHAMH NOXITHHX 11 XapakTepUCTUUHOT (PyHKIIT B HYIII.

3 BUIISLY CHUIbHOI (DyHKLIT pO3NOAULY BUMAAKOBUX BenuuuH X, (4) jnerko oaepxaru

3HAYEHHs iX MOMeHTIB: BX| = k![%wtlj—kqj. Tomy HacTymHe TBep/KEHHS € Oe3nocepe-
a p
HIM HACJIIKOM JieMH 1.
Teopema 1. Hexail HaGip mapameTpis ¢ a.a, ﬁ,c} € PO3B’A3KOM CHUCTEMHU HENIHIHHUX
PIBHSIHD

(7)

Toni nepuri m’sTh MOMEHTIB Tporecy U 30iratoTbes 3 BIMOBIAHUMU MOMEHTaMH mporecy U.
OTxe, HAOMMKEHHAM JI0 HMOBIPHOCTI OaHKPYTCTBA /IS Tpoliecy pu3uKky U Moxke CITyXH-

TH Taka HMOBIPHICTB U151 Tiporiecy pu3uky U, HaOip mapameTpiB sSIKOTO € pO3B’S3KOM CHCTeE-
MU piBHAHB (7). Ockulbku po3noaul X, € CyMINIIIO ABOX €KCHOHEHLIAIbHUX 3aKOHIB, HMO-

BIPHICTb GaHKPYTCTBA Julsd npoluecy U Moxke OyTH 3HaiifieHa 3 HaCTyIHOI TeopemH [2].
Teopema 2. Hexaii cniiibHa (yHKIIISI pO3MOALTY CTPaxOBUX BUIUIAT Mae Burisg (4). Toxi
HMOBIpHICTb OaHKPYTCTBA MPU MOYATKOBOMY KaIliTall ¥, CTAaHOBUTh

~ Tty

)= (P —rn)e ™ +(n—pe

i (+0)(r,—1})

b

JIe TO3HA4YEHO

_ p+9(&+ﬁ)¢J(p+9(&+ﬁ))2 —4aB0(1+0)
b2 2(1+6) ’

p=d+1[€—1j, 6=
u\a

~

-1, ,u=%+ 1—~q)'
a

<
A

=
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[epeiinemo Tenep 10 AOCIIKEHHS SKOCTI po3podieHoro airoputmy. s uporo mu Oy-
JIeMO BUKOPUCTOBYBaTU (opmyny beekmana mis iiMoBipHOCTI HeOaHkpyTcTBa [11]. Po3rms-
HEMO MOCJII0BHICTh HE3AJEKHUX OIHAKOBO PO3MOJUICHUX HEBIJ €MHHMX BUIIAJKOBUX BEJH-

ann Y, kK €7, 3i cninbHoto pyHKITiEO po3noainy

FG=u'[ 1-F@)d,  y>0. (8)

Toxi 3a ymosu NPC iimoBipHicTs HeGankpyrcTBa (AU,) mpn modaTkoBoMy Kamitami U,
MO>ke OyTH 3HaiieHa 3a POPMYIOI0

(p(uo)z(l—@j 1+i(@) P{Y, +..+Y, <uy} |.
C C

k=1
®opmyna beekmaHa nomyckae Taky IHTEpHpETallilo: HeXall BUIAJKOBA BEJIMYMHA , M€

. . Au . . . .
T€OMETPHUYHUU PO3IIOJAUI 3 MAPaAMETPOM | — —'u 1 € HE3AJIC)KHOIO Bl YC1X ); . TO,Z[I

¢
o) =Py +...+Y, <u,}.

VIMOBipHiCTh y mpaBiii YacTHHI MOHA 3HANTH MUIIXOM KOMIT IOTEPHOTO MOJIEIIOBAHHS 3
JOCTaTHBO BEJMKOKO KUTBKICTIO peanizaiiii N. g uporo HeoOXiaHO 3MmojentoBaT N He3a-
JIeKHUX KOIIN BEJIMYMUHHU , — MO3HAYUMO iX V),..-Vy — a TaKOXK HE3aJIeKHI OJJHAKOBO PO3IIO-
NUIEH] BUIIAAKOB1 BEJIMYUHU

VLY, LY YY) D AN AN 4 Q)

12 VN
31 COUIBHOIO (PYHKIIEIO po3noaity BUrisny (8). Hexait M no3Havae KuibKicThb cepii B (9), s

SKUX CyMa BEIUYMH y cepli He mepeBuinye U, Toai 3rifHO 3 3aKOHOM BEIUKUX YHUCEI
M

@(u,) ~ — IS BETUKUX N.
N

IlepeiinemMo 10 pe3yabTaTiB HepeBIipKM AKOCTi anmpokcumarii'. CHOYaTKy pO3rISHEMO
MpoLIeC PU3UKY, MOOYIOBAaHUH 32 CTPAXOBUMU BUILIATAMU, PO3MOIUIEHUMH 32 3aKOHOM, IO €
CYMIIIIIIIO TPhOX €KCIIOHEHIIAIbHUX PO3MOIUTiB 13 BaroBumH koedirienramu 0,1; 0,2; 0,7 Ta
napaMeTpamMu eKCIOHEeHIIaTbHUX KoMIoHeHT 1; 0,1; 0,2. [nmmmu cnoBamu, GyHKIIiSI po3Mo-
JITy CTPaXOBUX BUILIAT MA€ BUTIIS

F)=0,1(1—-e™)+0,2(1—e™")+0,7(1-e*>), x>0,

[Moxmanemo A =1, ¢ =15. Pe3ynpTatu nepeBipku sIKOCTI HaBeeH1 B Ta0. 1.

Ta0mumns 1
Pezynomamu nepesipku sikocmi 3anponoHo8anoi anpokcumayii
Bemmunna YTouHEeHa PesynpraT Bingnocna BinnocHa moxu6-
10YATKOBOIO Anpokcumatlisi | anpoKcuMartis MO/ICITFOBAHHS moxnoKa Ka anpOKCHMAITiT
KarmiTany i ne Binnepa Ha OCHOBI 3a OpMYIIOH0 anpoKcUMaIii Ha OCHOBI
Teopemu 1 beekmana ne Binnepa, % Teopemu 1, %
10 0.85447 0,85959 0,85960 0,60 0,001
20 0.93832 0,94148 0,94205 0,40 0,06
30 0.97386 0,97434 0,97446 0,06 0,01
40 0.98892 0,98847 0,98830 0,06 0,02
50 0.99531 0,99477 0,99476 0,06 0,001

' Agropu BasuHi 1. 10. ®equnumniii 3a IPOBENEHHS KOMIT FOTEPHOTO MOJIETIOBAHHS.
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Tenep posrisiHeMO npolec pU3UKy, MOOYI0BaHUM 3a TAKUMHU K CTPAXOBUMH BUILIaTaMH,
asie moksaaeMo A =1, ¢ =30. Pe3ynbraTu nepeBipku SKOCTI HaBeZeH1 B Ta0MI. 2.

TabOmums 2
Pezynemamu nepesipku sixocmi 3anpononoeanoi anpokcumayii
Bemmumna . YTO‘IHeHa. Pesynerar BignocHa BignocHa

10YATKOBOIO Armnpokcumarisi|  armpoKCHMAIIis MOJCIIOBAaHHS MOX1OKa MMOXHMOKa arpoK-
KarmiTany i ne Binnepa Ha OCHOBI 3a (OPMYIIOH0 ampokcuManii | cuMmanii Ha OCHO-
Teopemu 1 beexmana ne Binnepa, % | Bi Teopemu 1, %

10 0,94352 0,94699 0,94667 0,33 0,03

20 0,98098 0,98225 0,98220 0,13 0,005

30 0,99359 0,99346 0,99303 0,06 0,04

40 0,99784 0,99748 0,99759 0,03 0,01

50 0,99927 0,99901 0,99895 0,03 0,01

Hexaii tenep nmpouec pu3uky noOynoBaHH 32 CTPaXOBUMH BHUILIATaMH, PO3MOLIEHUMHU
3a 3aKOHOM, 1110 € CYMIIIIIO YOTUPhOX €KCIOHEHIIaAIbHUX PO3MOALTIB 13 BarOBUMH Koeili-
earamu 0,1; 0,2; 0,3; 0,4 Ta mapameTpamMu eKCIOHEHIiabHUX KoMmmoHeHT 1; 0,1; 0,2; 0,3.
[HImMMEU cnoBaMu, QyHKIISE pO3NOJUTY CTPAXOBUX BUILJIAT MA€ BUTIISAL

F)=0,1(1-e*)+0,2(1—e ") +0,3(1—">) +0,4(1-¢ "), x>0
[loxmanemo A =1, ¢ =8. Pe3ynbraTi nepeBipku sSIKOCTI HaBeleH1 B Ta0I. 3.
Tabmuns 3
Pezynomamu nepesipku sixocmi 3anponoHosanoi anpoxcumayii
S — . YTO‘IHeHa. PesynpraT Bingnocna Bingnocna
10YATKOBOIO Anpokcumarnisi| anpokcumaris MOJIEJIFOBAHHS rnoxnoxa MoXHOKa arpox-
KartiTany ne Binnepa Ha OCHOBI 3a OpMYIIOH0 ampokcuManii | cuMmanii Ha OCHO-
i Teopemu 1 beexmana ne Binzepa, % | Bi Teopemu 1, %
10 0,66961 0,67529 0,67753 1,17 0,33
20 0,80855 0,81448 0,81315 0,57 0,16
30 0,88906 0,89158 0,89291 0,43 0,15
40 0,93572 0,93623 0,93670 0,10 0,05
50 0,96275 0,96242 0,96238 0,04 0,004

Tenep posrisiHeMO npolec pU3UKy, MOOYI0BaHHUM 3a TAKUMH K CTPAXOBUMH BUILIaTaMH,
ajie MoKJIaieMo A =2, ¢ =15. Pe3ynbTaTu nepeBipku KOCTI HaBeeH1 B Ta0M. 4.

Tabmums 4
Pezynomamu nepesipku sikocmi 3anponoHo8anoi anpokcumayii
Bemmunna . YTouneHna . Pesynmerar BignocHa BignocHa
10YATKOBOIO Armnpokcumarisi|  armpoKCHMAIIis MOJCIIOBAHHS MOX1OKa MOXHMOKa arpoK-
KarmiTany i ne Binnepa Ha OCHOBI 3a OpMYIIOH0 ampokcuManii | cuMmanii Ha OCHO-
Teopemu 1 beexmana ne Binnepa, % | Bi Teopemu 1, %
10 0,62479 0,62957 0,63174 1,10 0,34
20 0,77039 0,77631 0,77663 0,80 0,04
30 0,85949 0,86238 0,86328 0,44 0,10
40 0,91402 0,91490 0,91560 0,17 0,08
50 0,94738 0,94731 0,94827 0,10 0,09

Hexait TCIICp MPOUCC PUBUKY HO6y,Z[OBaHHﬁ 3a CTPAXOBHUMHU BUILIATAMHU, pOSHO,Z[iJ'ICHI/IMI/I

3a 3aKOHOM, 110 € CYMILIIIIO0 €KCIOHEHIIaIbHOTO po3noiTy 3 nmapamerpoM 0,1 Ta piBHOMIp-
HOro posnoauty Ha Binpizky [0,10] 3 BaroBumu koedirientamu 0,5; 0,5. [HmmMu cnoBamu,
(GyHKLISA PO3NOALTY CTPaXOBUX BUIUIAT MA€ BUTJIS
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0,

x<0,

F(x)=40,5-(1—-e*")+0,5-x/10, xe[0,10].
0,5-(1—e ") +0,5,

[loxmanemo A =1, ¢ =12. Pe3ynpTaTu nepeBipku sIKOCTI HaBeJIeH1 B Ta0I. 5.

x>10.

Tabmums 5
Pezynomamu nepesipku sixocmi 3anponoHosanoi anpoxcumayii
Bemmumna . YTO‘IHeHa. PesynpraT Bingnocna Bingnocna

10YATKOBOIO Amnpokcumarnisi| anpokcumaris MOJIEJIFOBAHHS rnoxnoka . Hoxn6.1<a amnpoK-
KamiTany 1 ne Binnepa Ha OCHOBI 3a OpPMYIIOH0 aHpQKCHMaml’ CI/.IMaLII'l. Ha OCHO-
Teopemu 1 beexmana ne Bingepa, % | Bi Teopemu 1, %

10 0,62499 0,63126 0,63255 1,20 0,20

20 0,76250 0,76727 0,76717 0,61 0,01

30 0,84959 0,85166 0,85090 0,15 0,09

40 0,90475 0,90535 0,90522 0,05 0,01

50 0,93967 0,93961 0,93982 0,02 0,02

Tenep posrisiHeMo npolec pU3UKy, MOOYI0BaHHUM 3a TAKUMHU K CTPAXOBUMH BUILIaTaMH,
asie moksazeMo A =2, ¢ =20. Pe3ynbraTu nepeBipku SKOCTI HaBeeH1 B Ta0M. 6.

Tabmumg 6
Pezynomamu nepesipku sikocmi 3anpononoeanoi anpokcumayii
S — . YTO‘IHeHa. Pesynmerar BignocHa BignocHa

10YATKOBOIO Armnpokcumarisi|  armpoKCHMAIIis MOJCIIOBAaHHS MOX1OKa MOXHMOKa arpoK-
KarmiTany i ne Binnepa Ha OCHOBI 3a (OpMYIIOH0 ampokcuManii | cumanii Ha OCHO-
Teopemu 1 beexmana ne Bingepa, % | Bi Teopemu 1, %

10 0,46952 0,47295 0,47533 1,22 0,50

20 0,61090 0,61491 0,61588 0,81 0,16

30 0,71461 0,71708 0,71594 0,19 0,16

40 0,79067 0,79203 0,79149 0,10 0,07

50 0,84646 0,84712 0,84702 0,07 0,01

3 Tabn. 1-6 Gauumo, 1110 BiTHOCHA MOXKUOKa 3alPONIOHOBAHOIO METOAY alpoKcuMallii Maii-
e 3aBXKIU BUSBIISIETCS ICTOTHO HIDKYOIO, HDK BIIHOCHA MOXMOKa anpokcumaliii ae Binnepa.

BucHoBkH BiinoBiaHo 10 cratTi. Y poOOTI 3aIIpONOHOBAHO HOBHM METO]T HAOIMKEHOTO
3HaXO/PKEHHS MMOBIPHOCTI OaHKPYTCTBa cTpaxoBoi koMmaHii B Mozeni Kpamepa-Jlynabepra,
KU YTOYHIOE KJIACHUHY anpokcumallito ae Binnepa. Metos 3acHOBaHUI Ha 3aMiHi polecy
CTPaxoBOI0 PU3MKY IHILIUM MPOLIECOM PHU3MKY, JUISl SKOIO CTPaxOBi BUILJIATH PO3IMOJLUIEHI 32
3aKOHOM, 10 € CYMIMINIIO JIBOX €KCHOHEHIIaJbHUX po3noautiB. IlepeBaroio po3polieHoro
METOJy € HOTro ICTOTHO OUTbIIa TOYHICTh Y NOPIBHSAHHI 3 anpokcumariieto e Bingepa. Oco6-
JUBOCTSIMU METOJY € BHIIA CKJIQJHICTh peaji3allii BHACIIJOK HEOOXI1THOCTI HaOIMKEHOro
PO3B’3aHHA CHUCTEMM HENIHIMHMX pPIBHSHb, @ TaKOX Te, L0 L CUCTeMa Mae€ MpHIATHI
PO3B’A3KHU HE U1 OY/Ib-SIKOTO PO3MOLTY CTPAXOBUX BUILIAT.
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Andprii llienko, Ludmyla Runovska

A NUMERICAL ALGORITHM FOR FINDING THE RUIN PROBABILITY
IN THE CRAMER-LUNDBERG MODEL

Urgency of the research. Recently, there has been a rapid increase in interest in computer techniques of forecasting in
the insurance business. Such forecasting can be used, in particular, to determine the pricing policy of insurance companies.

Target setting. Currently, there arises the need to develop simple and precise numerical algorithms for estimating the
probability of ruin, which can be effectively implemented by computer software.

Actual scientific researches and issues analysis. At the moment, an extensive toolkit of numerical methods for evaluat-
ing various characteristics of insurance risk processes (ruin probabilities in the finite and infinite time horizons, expectation
and variance of the time of ruin, etc.) has been accumulated.

Uninvestigated parts of general matters defining. Existing techniques are either too complicated to implement, or
demonstrate an insufficient accuracy of estimation.

The research objective. The development of a numerical algorithm which refines the classical de Vylder approximation
for estimating the ruin probability on the infinite time horizon in the Cramér-Lundberg insurance risk model, as well as the
study of the accuracy of this algorithm based on Beekman's formula.

The statement of basic materials. In the article, we develop a new method for approximate determination of the probability of
degeneration of the Cramér-Lundberg insurance risk process on the infinite time horizon. This method refines the approximation
proposed by F. de Vylder, by replacing the reference exponential distribution of insurance payments by a mixture of two exponential
ones. Computer simulation shows a much higher accuracy of the proposed algorithm compared with the de Vylder’s approach.

Conclusions. The proposed algorithm allows to estimate the ruin probability of an insurance company in the Cramér-
Lundberg model. The method is based on replacing the insurance risk process with another risk process, for which insurance
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payments are distributed according to the law, which is a mixture of two exponential distributions. The advantages of the
developed method include its much higher accuracy in comparison with the de Vylder approximation. The features of the
method are the higher complexity of implementation due to the need for an approximate solution of a system of nonlinear
equations, and also that this system has suitable solutions not for any distribution of insurance payments.

Keywords: Cramér-Lundberg insurance risk model; insurance risk process, ruin probability; de Vylder approximation;
accuracy of approximation.

Table: 6. Fig.: 1. References: 11.
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JOCIIZKEHHA TA MOJAEJIOBAHHSA TEXHOJIOI'TYHHOI'O ITPOLECY
KOHTAKTHOTI'O 3BAPIOBAHHS TPYbB

Axkmyanvhicmbs memu 00cnioHceHHA. 3a805KU GUCOKUM MIYHICHUM XAPAKMEPUCTIUKAM | CIITIKOCMI 00 AgpPeCUHUX ce-
Ppeoosuly NONIGIHIIXIOPUOHE MPyOU 3HAX0OSIMb WUPOKE 3ACMOCYBAHHSL 8 NPOMUCTIO8oMY OVOieHuymei. Ilpu cnopyooceni
mpyoonpoeodie eUHUKAE OA2amo MexHiYHUX NPooemM npu SUHAYEHHI ONMUMAIbHUX PENCUMIE 36apIOGaHHsl mpyo.

ITocmanoexa npoonemu. BukopucmanHs cmamucmuiHo20 MOOETIOBAHHS 0A€ 3MO2Y 6CIAHOBUMU NPUYUHHI, CIPYKIY-
PHI Ul KIIbKICHI 36 513KU MIDIC 2PYNOI0 KEPOBAHUX (PAKMOPIE I MOOEIbOBAHUMU KPUMEPISIMU OOCTLONCYBAHUX Npoyecis i icmo-
MHO niOsUUUMU eqheKMUBHICIb 6UOOPY MEXHONIOSIYHUX PEXCUMIE KOHMAKMHOZ20 36aPIOGAHHS mpyo.

Ananiz ocmannix oocnioxycens i nyonikayiii. Y npoyeci 0ocniodicertst i 600CKOHANICHHsL CKIAOHUX CUCMEM I npoyecie
O00YIILHO BUKOPUCIOBY8AmU NOOYO08Y 6a2amodaKmopHux pespeciiiHux Mooenell.

Buoinenns nedocnioxncenux pamiwe yacmun 3a2anbhoi npoonemu. Heooxionum € cucmemuuii nioxio 00 ompumaHHs
pezpeciiinux Mooenell: npoyec NOSUHeH 8KIoYamu no6y0oo8y miany eKCnepumenmy, Gopmanizoeanuli ubip cmpyKkmypu mo-
oeii, cmitike OYIHIOBAHHSL KOeDIYIeHMi6 MOOEII.

ITocmanoexa 3a60anns. Memoto yiei pobomu € GUKOPUCIAHHS MEMOOUKU PESPECIiHO20 AHANIZY Ol OOCTIONHCEHHS U NOOY-
006U BUCOKOMOUHUX CIAMUCIUYHUX MOOETEll XaPaKmMepUucmuK npoyecy KOHMAaKmHOo20 36apioanHsi NONGIHUDIIOPUOHUX mpYo.

Buxknao ocnosnozo mamepiany. [ocnioxcenns 6y10 nposedeno 3a niaHom nosHo2o Gakmoprozo excnepumenmy 3%//27,
Wo 00360J1UN0 OMPUMAMU OYIHKU KOeIYIEHMIG pecpecii He3anedcHi (y CmamucmuiHOMY CeHCi) 00uH 8i0 00H020. Bukopuc-
MAaHHsL Pe3yIbmMamie O0CILONCEHHsL D0360MUN0 NOOYOY8amu A0eK8amui, iHPOPMamueHi, cmilki MoOei Mexci MiyHocmi Ha
PO3MsI2 36APHO20 WBA, CHYNEHST OeCMPYKYIL Mamepiany 36apHo20 wiea Ui KoegiyicHma 36apiogantsi 3alelCHO 6i0 hakmopie,
wo eniusaroms. memnepamypu H[lZpiGHuKa, uacy onjiaelleHHs 36apro6aHUx mopui@, nUmMomo2o mucKky OC[laKu.

Bucnosku 6i0nogiono 0o cmammi. 3 ypaxy8aHHam no6yOO8aHUX CMAMUCHUYHUX MOOeell NPOBEOEHO AHANI3 GNIUBY
VMO8 36aPIOGAHHS HA XAPAKMEPUCMUKU SIKOCMIE 36apH020 wed. Pesynomamu excnepumenmy niomeepounu 0oyinbHicms 3a-
NPONOHOBAHO20 NIOX0OY | GUKOPUCIIAHUX MEMOOI6 MOOECTIOBAHHSL.

Kntouoei cnosa: pezpeciiinuil ananis, cmamucmuire MoOeNo8aH s, NIAH eKCNePUMEHMY, CIPYKMYpa MOOeli, KOH-
maxKkmHe 36apro6aHHA.

Tabn.: 2. Puc.: 1. bion.: 13.

AKTYaJIbHICTh Te€MH JOCTiIKeHHsl. 3aBISKM BHCOKHM XapaKTEPUCTHUKAM MII[HOCTI1 Ta
CTIMKOCTI1 I0 arpeCUBHUX CEPEIOBUII MOJTIBIHUIXJIOPUIHI TPYOU 3HAXOASTH HMIMPOKE 3aCTOCY-
BaHHS B IpomucioBoMy OyaiBHMLTBI. Ilpu cnopymkeHHi TpyOONpoOBOJIB BUHHKAE OaraTo
TEXHIUHUX MPOOJIeM NP BU3HAYEHHI ONTUMAIBHUX PEXHUMIB 3BapIOBaHHS TPyO, MOB’A3aHUX
13 6araTo()akTOPHOIO 3ATEKHICTIO MMOKA3HUKIB SIKOCTI 3BAPIOBAHHS BiJl TEXHOJOTTYHHUX (hak-
TOPIB 1 30BHILIHIX YMOB 3BapIOBaHHSI.

IlocTranoBka npodJieMu. 3aBASKA BUCOKHM XapaKTEPUCTUKAM MILHOCTI Ta CTIMKOCTI JI0 ar-
PECUBHOTO CEPEIOBUIIA TPYOU 3 MOMIBIHUIXJIOPHUY IIUPOKO 3aCTOCOBYIOTHCSI B TIPOMUCIOBOMY
OyniBaULTBL [Ipy 3’€HAHHI OKpEMHX AUTSTHOK TPYO MK COO0I0 3 BUKOPUCTAHHAM KOHTAKTHOTO
3BapIOBAaHHS BUHUKAE Oarato mpoosieM, BUKIMKAHUX HEOOX1THICTIO BUOOPY TEXHOJOTTYHUX YMOB
3BapIOBAHHS, SIKI MAOTh 3a0€3MEUUTH BUCOKY BUXIJHY SKICTh 3’€HaHb 1 iX JOBIOBIYHICTH MPU
HACTYIHIN ekcruTyataii. BaxmBuMy Moka3HUKaMH SIKOCT1 3BQPHOTO IIIBY € MeXa MIIIHOCTI Ha
PO3pUB Gg 1 BIACYTHICTh NepenajgeHoro Marepiany y msi. Came MM NOKa3HUKaM MPUALIIETHCS
OCHOBHA yBara IiJi 4yac IOCIKEHHS i ONTUMI3allli peXKMMIB 3BAPIOBAHHSI.

AHaJi3 ocTaHHIX J0CTiKeHb i my0Jikaniii. OCKUTbKM Ha OKA3HUKHU SIKOCTI I11BA BIUIUBAE
BEJIMKA KUIbKICTh (PAKTOPIB — KEPOBAHMX, HEKEPOBAHUX, KOHTPOJIbOBAHUX — BUOIP ONTUMAIIBHUX
TEXHOJIOTTYHUX YMOB 3BapIOBAHHS € CKJIQJIHUM 3aBJIaHHAIM. He3Baxkaroun Ha Te, 1110 BUKOPHUCTAH-
H1 IUIAaHYBaHHS €KCIIEPUMEHTIB ISl TOCIDKEHHS i ONTUMI3allii poLeciB 3BapIOBAHHS [10YAI0Ch
JIOCUTH JTaBHO [ 1], MpakTUYHO B yCiX poOOTAaX y il ramy3i MPOAOBKYIOTh BUKOPHUCTOBYBATH O/I-
HO(AKTOPHUI EKCIIEPUMEHT, TOI K 3a/1a4i TAKOTO KJIacy BUMararoTh 3aCTOCYBaHHs Oaratodak-
TOPHOT'O MO/IENTIOBaHHSI TEXHOJOTTYHUX TipotieciB [2—7]. Po3pobiena meToomoris perpeciiftHoro
aHaJli3y BPaxOBYe OCHOBHI BJIACTMBOCTI 1 0COOJIIMBOCTI TEXHOJIOTTYHUX MPOLECIB 1 CUCTEM Ta Jla€

3MOry 6YHYB3TI/I MO[[CJ'Ii 3 HaﬁKpaH.[HMPI MOXJIMBHYMH BJIAaCTHUBOCTSAMMU.

© Pamuenxo C. I'., Jlamau C. M., 2018
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[InanyBaHHS €KCIEPUMEHTIB € CKJIAaJ0BOI YAaCTUHOIO 3arajbHOro IUIAaHYBaHHS JIOCIiA-
KEHHS ¥ 0JTHOYACHO YaCTUHO BUOIpKoBOro Metony [8—10]. Cyts #toro y opmyBaHHI HabO-
Py €KCIEpHUMEHTAIIbHUX YMOB, sIK1 3a0e3euytoTh 0araTo(akTopHi perpeciiiHi MoJeni 3 Haii-
KpallluMU KpUTEPIIMU SKOCT1 ITpU 0OMEXEHH1 Ha BUKOPHCTOBYBaH1 pecypcu. HuHi Halikpa-
UMMM JUII BUKOPUCTaHHS B INPOMHUCIIOBUX yMOBax € poOacTH1 IUIaHM, SKI OCHOBaHI Ha
Oarato(akTOpHUX peryaspHux miaHax abo Ha JIII; piBHOMIPHO po3MOJUIEHUX MOCHIIOBHOC-
Tsx. Taki mianu cTiiki (po6acTHi) 11010 BUOOPY CTPYKTYpU (KOHKpETHOI cnenudikaiii) Mo-
Jieli ¥ BiAMoBiIaoTh a00 0nu3bKi kputepisam D-, A-, E-, G-, Q-ONTUMaIbHOCTI.

[loBHMIA akTOpHUI EKCTIEPUMEHT MICTUTH YC1 MOXJIIMBI KOMOIHaLIl (pakTopiB Mo BUOpa-
HIl KUTBKOCTI PIBHIB BapitOBaHHs KOKHOTO (pakTopa. J{i1st moBHOTrO (hakTOPHOIO €KCIieprMeEH-
TY KUIBKICTh MOXJIMBUX CTPYKTYPHUX €(DEKTIB (eI€MEHTIB) MOJIeN IOPIBHIOE KUTBKOCTI 10C-
JIB  IUIaHY eKcrnepuMmeHTy Nn. OTpuMaHa CTaTUCTMYHA MoOJenb Oyae ajieKBaTHa
pe3yabTataM €KCIEPUMEHTY, OCKUIbKA MHOXKMHA CTPYKTYPHHX €JIEMEHTIB HeoOXifgHa i j1o-
CTaTHs Ul ONHUCY pe3yJbTaTiB JOCHIAIB. Yci eeKTH MOBHOro (PaKTOPHOTO EKCIEPUMEHTY
OpPTOTOHANIbHI OJUH OJHOMY [8, c. 26-29], mo 3abe3nedye CTPYKTypHY M OOUMCIIOBAJIbHY
CTIAKICTh TOOYJOBAHOT perpeciiHO MOIENI.

Buainenns Hemoc/iaKeHUX YACTHH 3arajbHOl npodaemu. Jlo moOynoBU perpeciitHux
Mojieneld HeoOXiTHO MIJXOAUTH CUCTEMHO: MPOLIEC TOBUHEH OXOIUIIOBATH MOOYAOBY IUIaHY
eKCIIEpUMEHTY, (hopMaizoBaHe (JOpMYBaHHS CTPYKTYpPU MOJIENI, CTIHKE OI[IHIOBaHHS MOJIEINI.
SIKII0 KUIBKICTH IOCIIAIB MOBHOTO ()aKTOPHOTO €KCIEPUMEHTY 3aHaATO BEJUKE 1 Horo peaiti-
3allisl HEMOJKJIMBA 3 OTJISIy HAa PECYpCHI OOMEKEHHs, TO BUKOPUCTOBYIOTH OaratogakTopHi
peryisipHi Iu1aHu 1 miadi Ha ocHoB1 JII1; pIBHOMIPHO pO3MOIUIEHUX NOCIIOBHOCTEH, BIaCTH-
BOCTI1 SIKUX HaWOUIbII OJIM3bKI MOBHOMY (PaKTOPHOMY €KCHepUMeHTy. st ¢popMyBaHHS 4M
BUOOPY IUIaHY €KCIIEPUMEHTY HeoOXiTHa iH(opMallis Npo KUIbKICTh (aKTOpiB, SKI BILJIMBA-
IOTh Ha MOKA3HUKHU SIKOCTI CUCTEMHU 4M Mpolecy (PaKTOpiB 1 CKIAAHOCTI 1HAMBIIYaIbHOTO
BILIMBY, TOOTO CTEMNEHI NOJIHOMY, JOCTATHBOI JJIsl aIeKBATHOTO OTIUCY.

BukopucTaHHs CHCTEMHOTO MiIX01y MOOYIOBU PErpecifHuX J03BOJISIE ONTUMAIBHO BH-
pllIyBaTH CKJIaHI IpUKIaaHi 3a1a4i [2; 7; 11; 12].

Merta craTTi. MeTor pobOTH € 3aCTOCYBaHHSI METOJIONIOTIi 0araro(akTopHOro perpeciii-
HOTO aHaJI3y JUId TOCIPKEHHS 1 TOOYI0OBHM BUCOKOTOYHHUX CTATUCTUYHUX MOJENEN XapakKTe-
PHUCTHK MPOLIECY KOHTAKTHOT'O 3BAPIOBAHHS MOJIIBIHUIXJIOPUIHUX TPYO.

Bukaanennsi ocHoBHOro martepiany. /i anpokcumaitii BUXiIHUX AaHUX OyJ1eMO BUKO-
PHUCTOBYBATH KJlac MOJIHOMIaIbHUX MaTeMaTUUHUX MOJEIEH JIHIMHUX 3a apaMeTpaMu 1 He-
JNiHIAHKMX 32 (aKTOpaMu. X BUKOpUCTaHHsS 0OrpyHTOBaHE TeopeMaMu Beiiepirpacca, CToy-
Ha, Jlxekcona [2, c. 87-88]. BBaxkaeTbcs, IO CTpyKTypa perpeciiiHoi moneni ampiopi
JOCTITHUKY HE BioMa (Ha BIMIHY BiJ KJIACMYHOI T€Opii MJIaHyBaHHsS eKcrepuMeHTiB). Ene-
MEHTH CTPYKTYPH PErpeciiiHOl CTaTUCTUYHOT MOJIeNIl BUOMPAIOTHCS 3 MHOKUHU CTPYKTYPHUX
€JIEMEHTIB CXEMHU MIOBHOTO (PAKTOPHOTO €KCIIEPUMEHTY

k
H(1+xl-(l) +xl-(2) +...+xl-(s"_1) ) = N,
i=1
ne 1 —3HauyeHHs ¢QikTUBHOTO (hakTopa xo = 1;

1 2 5,1 : .
xl( ), xl( ),. xl( ) — OpPTOTOHAJIbHI KOHTPAcTH (hakTopiB Xj;

§; — KUIBKICTb PI3HUX pIBHIB (akTopa Xi;

k — 3aranpHa KUIbKICTh (pakTopiB, 1 <i<k;

(1), (2), ..., (si— 1) — creneni koHTpacTiB (pakropa Xj;

N1t — KUIBKICTh CTPYKTYPHHX €JIEMEHTIB TOBHOT'O (PAKTOPHOT'O €KCIIEPUMEHTY.

Jnst hopMyBaHHS CTPYKTYpPH MOJEINI BUKOPUCTOBYEThCS anroput™ RASTA3 [2, c. 188—-189].
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CTIHKICTb CTPYKTYPHHX €IEMEHTIB JIOCSTaeThCs 32 PaXyHOK MPEICTaBICHHS FOJOBHUX e(eK-
TIB 1 B3a€MO/IIH SIK CUCTEMY OPTOTOHAJIBHUX KOHTPACTIB, sIKA €KBIBAJICHTHA CUCTEM1 OPTOTOHAIb-
HuX noniHoMiB Yebwuinera 2, ¢. 61-63]. OpToroHasabH1 KOHTPACTH HEOOX1THO HOPMYBATH.

OproroHanbHa CTpyKTypa Oararo(akTOpHOI CTaTUCTUYHOI MOJEJI J03BOJISIE OTPUMATH
CTaTUCTUYHO HE3aJICKHI OLIIHKU KOoe(II[IEHTIB MO/enboBaHOi PyHKIIl. Taka cTpykTypa Moxe
OyTH O0JIHO3HAUYHO BHM3HAYEHA 31 CTATUCTUYHO 3HAUylMMH Koedimientamu. HopmyBaHHs op-
TOTOHAJIBHUX KOHTPACTIB 3a0e3neuye OOUYMCIIIOBAJIbHY CTIMKICTh KoediuieHTIB mojaeni. Ta-
KUM YMHOM, 3aj1aya OyJie KOPEKTHO MOCTaBJIEHOIO.

[ToOynoBaHi perpeciiiHi CTaTUCTHYHI MOJIEJ1 NEPEBIPSAIOTh HA aJ€KBATHICTh, 1H(OPMaTH-
BHICTh, CTIHKICTh Ta 1HIII KpHUTepii sskocTi mojeni [2, c. 67-80]. Ha mincTaBi orpumanux pe-
3yJIbTaTIB MEPEBIPKU NPUNMAETHCS PILICHHS PO MOXJIIMBICTh 1 MEXK1 3aCTOCYBaHHS MOJEIIL.

JlocmipKyBaBCsl TEXHOJIOTTYHUM mpoliec KoHTakTHOro Tpyo6 13 [IBX-100 myis Bu3HaYeHHs
YMOB CTBOPEHHS BUCOKOSIKICHOTO 3BapHOro mmsa. Tpyou 3 [IBX-100 MatoTh BUCOKY MIIHICTb
1 TEMJIOCTIAKICTh, BI3HAYAIOTHCS 3HAYHOI XIMIYHOI CTIMKICTIO, BUCOKUMU ICIEKTPUIHUMU
MOKa3HUKaMH. XapaKTePUCTUKH MITHOCTI 3BApPHOr0 LIBa MOBHHHI OyTH HE HUXKYE€ aHAIOI1d-
HUX XapaKTepUCTHK OCHOBHOTO Matepiaiy. L{i xapakTepucTuku 1By OB’ sI3aH1 3 XapaKTepoM
Te4il OIUIABJIEHOrO Marepiany BcepeauHi mBa. CTikaHHS IIapiB MaTepialy OAMH BIIHOCHO
HILIOTO MPU3BOAUTH JI0 MOSBU 3AJMILKOBUX HANPY>KEHb, K1 JIIOTh Y IUIOIIKHI, TEPIEHIUKY-
JSIPHIA OCHOBHOMY HaBaHTaxeHHIO. [losiBa B 30H1 Takoro mBa eeKTiB (BiJ Neperpitoro Ma-
Tepiany, Mop, He MPOBAPIOBAHHS TOLIO) 3HAYHO MOCHAONIOE 3’ €THAHHSA, Y 3B 513Ky 3 UMM He-
0OX1/JH1 MiABUIIIEHI BUMOTH JI0 TOYHOCTI MIATPUMAHHS PEKUMY 3BapPIOBAHHS.

OniHIOBaHHS SKOCTI1 3pa3KiB 3BaplOBAHHS BUKOHYBAJIACh 3 TAKUMHU NOKa3HUKAMHU:

VY] — MeXa MIHOCTI Ha pO3TArHeHHs, 6, , Mlla;

VY, — OLIIHKA CTYNEHs EeCTPYKIIii MaTepiany 3BapHOro 1Ba, J|, Oanu;
y3 — KoeilieHT 3BaproBaHHs, K.

Cryninp IecTpykuii MaTepialy 11Ba OLIHIOBAJIACh 3@ KOJIBOPOM 3J1aMy 3BapHOIO I1IBa — Y
6anax Big 1 10 5; 1 — sicHO BUIMMaA JIECTPYKIis, 5 — KOJIP BIAMNOBIIAE KOJLOPY OCHOBHOTO
Mmatepiany. KoeoimienTt 3BaproBanHs K 00UHMCIIOETBCS K BIIHOIIEHHS 3HAUYEHHS MEXI1 Mill-
HOCTI Ha PO3TSr G, 3BApHOIO IIBa O MEXI IUIMHHOCTI OCHOBHOIO Marepialy Tpyou o,

OTPUMAHOTO MPHU BUIIPOOYBaHHI 3pa3KiB.
daxTtopamu, sIKi BINIUBAIOTh Ha SKICTh 3BapHOTO 11Ba Oyinu BUOpaHi:

X, — temneparypa iHHCTpyMeHTa, T4, °C;
X, — 4ac OoIUIaBJIeHHs 3BapIOBAaHUX TOPLIB TPYO, fon, C;
X3 — nuTOMUI TUCK OCa/KyBaHHS TPYO, Poc, MITa.

Ha mouaTtkoBoMy eTami mpoBeIeHHS TOCHIDKEHHST Oy/lM BUKOHAHI JOTIOMDKHI cepii BH-
poOyBaHb 3BapHUX LIBIB TPYO A7l MONEPETHHOTO BU3HAYCHHS 30HU ONTHUMYM PEKUMIB 3Ba-
proBaHHs. 3a pe3yiabTaTaMu LUX JOCHINIB Oynau BUOpaHi Jiama3oHU BapitoBaHHS (PaKTOpIiB 1
KUIBKICTh PIBHIB BapitOBaHHS.

Byno mpuiinsTe pillieHHS BUKOPUCTOBYBATH IUIAH MOBHOTO (PAKTOPHOTO €KCHEPUMEHTY
33//27: Tpu akTOpa, KOKEH i3 AKMX 3MIHIOETHCS Ha TPHOX PIiBHAX, ychoro 27 mocmiais. Ko-
KEH pIBEHb KOXKHOTO (paKTOpa CIOJIy4aeThesl 3 OyJb-sIKUM 13 PIBHIB IHIIOTO (hakTopa OJuH
pa3. BukoHaHHS €KCIEPUMEHTIB 3a I[UM TUJIAHOM J03BOJII€E OTPUMATU OLIHKUA KOEQIIIIEHTIB
perpecii CTAaTUCTUYHO HE3aJeXH1 OHE B/l OJTHOTO.

Po6oua MaTpulis 1OCHIKEHHS TEXHOJIOTTYHOTO MPOIECY 3HAUEHHS PiBHIB ()aKTOPIB 1 pe-
3yJIbTaTH €KCIIEPUMEHTIB HaBeseH1 B Tabi. 1. I1in yac npoBeieHHs eKCIIEPUMEHTY KOXKEH J10-
CIIiJ TOBTOPIOBaBCs NBivi. [le HeoOXiAHO 171 BU3HAUEHHS OLIHKY AUCIIEPCii BiATBOPIOBAHO-
CTi ¥ BUSIBJICHHS BUKHAIB. Y Ta0n. 1 HaBeAeHO cepelHi 3HAYEHHS Pe3ylbTaTiB KOXKHOTO

aochiny s 6, 0, 03.
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Ta0mums 1
Poboua mampuys 1t pezyremamu 0ocnioie
Konosani daxTopu OyHKi
TEOpETUYHI Harypansae no3HaueHHs (akTopiB Harypansae nosHaueHHst QyHKIIN
3HAYCHHS T, | fon | Poc O | )i\ | K
PIBHIB KomoBane mnosxaueHHs (akTopis -
BapifOBaHHS ) ) SO Komnosane mo3HadeHHsT QyHKITiH
dbaxropis i HaTypaJIbHi 3HAYEHHS iX PiBHIB
F I F3 Xi X X3 V1 | » | 3
0 0 0 210 40 4,2 CepenHi 3HaYCHHSI PE3YJIBTATIB IOCIIIIB
1 1 1 225 80 5,0
2 2 2 240 120 5.8 0 0y 03
ocmin 1 210 40 4,2 218,5 5,0 0,34
2 210 40 5,0 400,0 5,0 0,62
3 210 40 5,8 156,5 5,0 0,25
4 210 80 4,2 611,5 5,0 0,97
5 210 80 5,0 488,5 5,0 0,77
6 210 80 5,8 592,5 5,0 0,92
7 210 120 4,2 638,0 5,0 1,0
8 210 120 5,0 610,5 5,0 0,95
9 210 120 5,8 565,0 5,0 0,88
10 225 40 4,2 641,0 5,0 1,04
11 225 40 5,0 549,5 5,0 0,86
12 225 40 5,8 619,5 5,0 0,97
13 225 80 4,2 599.,0 5,0 0,94
14 225 80 5,0 613,5 5,0 0,96
15 225 80 5,8 604,5 5,0 0,95
16 225 120 4,2 657,5 4,5 1,03
17 225 120 5,0 649,5 5,0 1,02
18 225 120 5,8 675,5 5,0 1,07
19 240 40 4,2 580,0 5,0 0,91
20 240 40 5,0 575,0 4,5 0,91
21 240 40 5,8 599,5 5,0 0,94
22 240 80 4,2 641,0 3,5 1,02
23 240 80 5,0 622,5 3,0 0,98
24 240 80 5,8 644.,0 3,0 1,02
25 240 120 4,2 649,0 1,0 1,02
26 240 120 5,0 636,0 1,5 0,99
27 240 120 5,8 656,0 2,0 1,03

MareMaTHuH1 MOJIeJI1 OLIIHIOBAaHUX XapaKTEPUCTHK 3BAPIOBAHHS MOCTY/IIOBAIUCH SIK OPTO-
roHanbHi nojaiHoMu Yeodumesa. CTpyKTypa MOI€Nl LHOTO MOBHOTO (DaKTOPHOIO €KCIIEPUMEH-
Ty M€ TaKuil BUTJIS]

A+ xM +xP) 1+ 2 + )+ D + 22,

ne xl(l) , xg), xgl) — NiHIAHI OpTOrOHANBHI KOHTpacTH (akTopiB X, X5, X3
2 2 (2 : : : .

X7, x5, X3~ — KBaJipaTH4Hi OPTOrOHANIbHI KOHTPAcTH pakTopiB X1, X,, X3
[To6ymoBa CTAaTUCTHYHUX MOJIENEH MEX1 MIITHOCTI Ha PO3TAT J|, CTYIECHIO JeCTPYKIIii Ma-
Tepiany 3BapHOTO IIBa 5, KoedillieHTa 3BapIOBaHHs J3 1 BCIX CTATHCTUYHHX XapaKTEPHCTUK

SAKOCTI MOZiesi OyJI0 BUKOHAHO 3 BUKOPUCTAHHAM nporpamHoro 3aco0y ITPIAM [2, c. 84-85].
OTtpumani MaTeMaTU4H1 MOJIEJI MAlOTh TaKUI BUIIISA;
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P1= 573,859 + 77,6444 x$V+ 73,4694 x{ — 70,9958 x D x{V — 49,4241 x(*) +
+ 48,8861 xDx(D - 45,7018 xPx{?) +37,5528 xV (P + 48,9694 x U x{ x (P - 28,0852 x(?) —
~ 51,7574 xPxPx P - 33,6208 x VD x (P + 36,9694 xPx V(P - 24,8074 x P 1P +

+15,2875xVx M + 17,6361 xVxP + 15,7278 xx{? - 16,9796 x x{?) - 3,40278 x{" +

+4,91251 x VP xV — 356944 xP - 4.27083 xPx P x D ;

72=4,36481 0,925 xV - 0,833333 xVx{V - 0,583056 x{"— 0,57963 x(* -
—~0,500556 x@x"+0,19125 xMx P x P + 0,155278 {2 x P+ 0,124583 1 x{V +
+0,124375 xVxPx

$3=0,902037+ 0,119167 x{"+ 0,117778 xV— 0,112083 " x{" — 0,0807407 x> +
+0,0775 xPxM - 0,0768518 122+ 0,0569444 () — 0,0457407 x
—0,0840741 xPx{Px® +0,0727778 xVx P x{2 +0,0633333 x P x P (P -

—0,0483333 xVxVx(? — 0,037963 x{Px{? + 0,02625 xVx{V + 0,0286111 x P x (P —

—0,0146296 x{Px{? +0,0125 x{" x{? - 0,00694444 x{"— 0,0116667 x P x PV,
Aac
(M= x1 = 0,666667(X: — 225); x == 1,250X5- 5);

x® = 3(x7-0,6666667); 2P =3(x} - 0,6666667).
x§)=x,=0,025(X> — 80);
x{P=3(x3-0,6666667);

YV (opMyaax OpPTOroHaJILHMX KOHTPACTIiB 0 MOJEJIEH | ... Y3 OPTOrOHalbHI KOHTPACTH

He HopMmoBaHi. [Ipu Bukopucransi nporpamHoro 3aco0y ITPIAM koediieHTH HOpMYBaHHS
OPTOTOHAIBHUX KOHTPACTIB BBOJATHCS Y BIANOBIIHI KOEQILIEHTH MaTeMaTUYHOI MOJIeN i aB-
TOMAaTHYHO BPaXOBYIOThCS IMiJ] Yac MPOBEJICHHS 0OUUCITIOBAILHOIO EKCIIEPUMEHTY [2, c. 56].
XapakTepuCTUKU CTAaTUCTUYHOTO aHai3y MOOyJOBaHMX MOJENeH 13 BiNMOBITHUMHU BHU-
CHOBKaMH{ HaBeJIeHO B TalI. 2.
Tabmums 2
Pezynomamu cmamucmuunoco ananizy mamemamuyHux mooeneu

VMoBHI 3HaueHHs IS MOIEN]
[TapameTpu cTaTHCTUYHOrO aHANI3y OKa3HHUKIB A A -
MO3HAYECHHS N Vs V3
1 2 3 4 5 6
2 E Jlucnepcist BIATBOPIOBAHOCTI Sjim 49,0437 0,009878 0,0003611
X E 9 .
é’ "E) % CepCI[HLOKBaI[paTI/I‘IHC BIOXWICHHS SBi;[T 7’003 12 0,099387 0’019003
o
=88
E % % Yucio cTeneHiB cBoOOIM A1 AUCTIepCii fsiml 27 27 27
3 . )
g E 'é BiJITBOPIOBAHOCTI 1. o 1 1 1
& g & | ExcnepuMenraiibHe 3Ha4eHHs G-KPHUTEPItO G " 0,186093 | 0,362955 0,184616
E & % Kpurnune 3nauenHss G-KpUTepiro G 0,315952 | 0,315952 0,315952
2. | PiBens 3HauymocTi o 0,05
3Hauenns kpurepito CTionenTa -
(0=0,05: fum = 27) t 2,05 2,05 2,05
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3akinueHud Taom. 2

1 2 3 4 5 6
5 4 Jlucnepcist aieKBaTHOCTI S,i[ 17,3394 0,004947 0,0001275
E'E ExcriepumeHTanpHe 3HaUeHHS F-KpUTEPIro Feen 2,82915 1,99661 2,83115
€3 ‘B | Kpurnune 3HaueHHs F-KpUTepito Fom 4,50974 2,16659 3,39131
% % S | Ymcno cremenis cBOGOMM I AIEKBATHOCTI Sani 21 9 19
B S~ fo 5 17 7
Q o - -
& & PiBeHb 3HauyIIOCTI a 0,05
= AnexBaTHICTh MOIEN] ApnexBaTHa
_ KoeditieHT MHOXXUHHOT KOPEJISIT R 0,999893 | 0,998877 0,999556
=) . .. .
S a LII/ICJIO.CTCHGHIB cBOOOIM TSt KOeiLliEHTiB o 1 9 19
g9 MoJienl
o o - .
5 2 Yucno CTereHiB cBOOOAM JUTA 3aJIUIIIKOBOL fook 32 44 34
E g CyMH KBaJIpaTiB
§ § ExcriepumeHTanpHe 3HaUeHHS F-KpUTEPiro Feen 1113,23 839,772 414,738
o E? Kpuruune 3HaueHHs F-KpUTEPiO From 1,89571 2,10087 1,90151
'% é PiBenp 3HauymocTi o 0,05
g Kpurepiii bokca i Bena Y 15 | 17 | 10
[aopmaTuBHICTE MOIETI Jyxe Bucoka
Yucno 00yMOBJIEHOCTI cond (X™X) 1 1 1
CepenHe aOCONMIOTHUX BEJIMYKMH BIJTHOCHUX MTOXUOOK = o
: e .
anpoxcamamii wion|» 70 | 0,317663 | 0,953073 0,684601
Cepenne abCOMIOTHUX BETUYMH aOCOTIOTHHX MTOXUOOK -
okl |e,| | 1.53069 | 0,0388271 | 0,0048731
YacTtka po3CisiHHS, SKa ITOSCHIOETHCST MOJCILITIO 0 $ 0,999786 | 0,997756 0,999112

PosrnsinyTi Mozeni anexkBaTHi, 1H(GOPMATHBHI, CTPYKTYPHO W OOUMCIIIOBATIBHO CTIHKI: KO-
eQilieHT MHOKUHHOT KOpeJsLil gyxe OJu3bkuid 10 1 1 cTaTucTuyHO 3Hauymui. Mojeni no-
SICHIOIOTB OUThII HIK 99 % po3cisiHHS pe3ynbTaTiB fociaiB. s Bcix Mojenel cepenHs 1mo-

xubka ampokcumaiii Menme 1 %. HeommopimmicTh aucmepciii ), BHKIMKAaHA TUM, LIO
PO3M0ALI MOXKUOKa B TAKUX YMOBAX BIJIPI3HSETHCS Bl HOPMAJIBHOTO.

Awnanis noseninku QyHKIIT J; MOJKHA BUKOHATH 3a rpadikoM MOBEpXHi BITyKy (puc.).

%1

Ymax = 679. llar no ¥ = 18.4
¥Ymin = 575. Zmin = 4.2
YnindX¥mindZnin  Xmin = 210 Xmax= 248 llar no X= 1.5

DaxTop no 2 — X3
llar = @.8842185

z8=4.2

z1-4.
z2=14 .
z3=4.
zd=4.
z5=1.
zh=4.
z?=14.
z8=-4.
z0=4

28421

368421
452631
536842
621853
785263
789474
873684
957895

z18=5.842185
z11=5.126316
z12=5.218526
z13=5.294737
z14=5.378947
%15=5.463158
z16=5.547369
z17=5.631579
z18=5.71579
z19-5.8

Puc. Mapzinanoha nosepxus 6ideyky 3y ons gpaxmopie X i X5 npu X, =120
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Mojeni 3anexHOCTI XapaKTepPUCTUK MPOLECY 3BApIOBAHHS — MEXI1 MILHOCTI Ha pO3TAT
3BapHOTO 1IBa, CTYMEHs JECTPYKIIii MaTepiany 3BapHOro IIBa, KoedillieHTa 3BaptOBAHHS — Bijl
TEXHOJIOTTYHUX YMOB 3BaplOBAaHHS — TEMIIEpATypy Harpiaya, yacy OIUIABJICHHS 3BapIOBAHUX
TOPLIB, TUTOMOI'O TUCKY OCA/DKYBaHHs TpyO — BiioOpakaroTh (Di3UYHY CYTh IPOLECY 3BAPIO-
BaHHS B IHTEpBaJaxX BapilOBaHHS AOCIIPKYBAaHUX (PAKTOPIB.

3 ypaxyBaHHSM MOOYJOBAHUX CTATUCTUYHUX MOJIENeil MPOBEACHUN aHai3 BILUIUBY YMOB
3BapIOBaHHS Ha SIKICTh 3BapIOBAHOIO I1IBA i oTprMaHa iH(dopMallisi BUKOpHCTaHa il BU3HA-
YEHHs ONITUMAJIbHUX YMOB MPOBEACHHS TEXHOJIOTIYHOTO MPOLECY.

3 po3po0iIeHUMH METOJaMU MOJEITIOBaHHS i OTPUMAaHUMH pe3yibTaTaMH MOKHA O3Ha-
romutuce y [13].

BucHOBKHM BiINOBITHO 10 cTATTI.

1. Meroponorisi perpeciiHoro aHaizy J03BOJIsiE OTPUMYBAaTU 0araroakTOpHI CTaTUCTU-
YH1 MOJIeJI 3 HAWKpaIlMMU MOXJIMBUMH CTAaTUCTUYHUMHM Xapakrepuctukamu. [loOynosa mo-
Jie7iel BUMarae CUCTEMHOI opraHizallii eKCIepuMEHTY Y BUTIIA/I TUIaHY €KCIIEPUMEHTY, CTPY-
KTYpH MOJIENIl, €IEMEHTIB CTPYKTYPH MOJIEIII.

2. J1na oTpUMaHHS HaWKpalMX CTAaTUCTUYHUX XapaKTEpUCTUK BIACTUBOCTEH MOJENi He-
00X1HO 3a0€3MeYUTH OPTOrOHAIBHICTh CTPYKTYPU MOJENI, CTPYKTYPHUX €JIEMEHTIB MOJIElI,
BUKOPHUCTOBYBAaTH OPTOTOHAIbHI KOHTPACTU i HOPMYBAHHS €(EKTIB.

3. BukopucTanHs pe3yabTaTiB HOBHOTO (DAaKTOPHOTO €KCHEPUMEHTY Mif] Yac MPOBEICHHS 10C-
JDKEHb JT03BOJIMIIO TIOOYyBaTH a/ieKBaTHI, 1H(MOPMATUBHI Ta CTIMKI MOZAEN MEXI MILHOCTI Ha

PO3TAT 3BaPHOTO IIBA V5 i KOe(illicHTa 3BapIOBAHHs 3 3aIEXKHO Bil (PaKTOpIB BIUIMBY: TEMIIE-

paTypu HarpiBaya, 4acy OILUIaBJIECHHS 3BAPIOBAHUX TOPILIB, MUTOMOIO THCKY OCa/KYBAHHSI.

4. Pe3ynpTaTi BUKOPUCTAHHS KOHLEMI] PerpeciiHOro aHamizy B MpOLeci MOJIEIIOBAHHS
CKJIAJJHOTO TEXHOJIOTIYHOT'O MPOLIECY KOHTAKTHOTO 3BAPIOBAHHS MOJIIBIHUIXJIOPUIHUX TPyO
NIATBEPAMIIO 11 Mpale3aTHICTh 1 e(heKTUBHICTb. BukopucToByroun noGyaoBaHi CTaTUCTUYHI1
MoOjieNl MPOBEJCHUN aHalli3 BIUIMBY (PaKTOpIB HA XapaKTEPUCTHKHU SIKOCT1 3BapHOrO IIBa 1
MPOBEJIEHA ONTHUMI3allis TEXHOJIOTIYHOTO MPOIIECY.
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Stanislav Radchenko, Serhei Lapach

RESEARCH AND MODELING OF TECHNOLOGY
CONTACT WELDING OF PIPES

Urgency of the research. Due to high strength characteristics and resistance to aggressive media, polyvinyl chloride pipes
are widely used in industrial construction. When creating pipelines, a number of technical problems arise in determining the
optimum welding conditions for pipes.

Target setting. The use of statistical modeling makes it possible to establish causal, structural and quantitative relation-
ships between a group of controlled factors and the simulated criteria of the processes being studied and to substantially
increase the efficiency of the choice of technological regimes for contact welding of pipes.

Actual scientific researches and issues analysis. When investigating and improving complex systems and processes, it
is advisable to use the construction of multifactorial regression models.

Uninvestigated parts of general matters defining. A systematic approach to obtaining regression models is necessary:
the process should include the construction of an experiment plan, a formalized choice of the structure of the model, a stable
estimation of the coefficients of the model.
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The research objective. The purpose of this work is to use the regression analysis technique to study and build high-
precision statistical models of the characteristics of the process of welding PVC pipes.

The statement of basic materials. The study was carried out according to the plan of the full factorial experiment 3%/27,
which made it possible to obtain estimates of the regression coefficients independent (in the statistical sense) from each other.
Using the results of the research, it was possible to construct adequate, informative, stable models of the tensile strength of the
welded joint, the degree of destruction of the welded material, and the welding coefficient, depending on the influencing factors.

Conclusions. Taking into account the constructed statistical models, the influence of welding conditions on the weld
quality characteristics is analyzed. The results of the experiment confirmed the expediency of the proposed approach and the
modeling methods used.

Keywords: regression analysis; statistical modeling; experimental design, model structure; contact welding.

Table: 2. Fig.:1. References: 13.
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3BAPIOBAHHSA TUCKOM AJIIOMIHIEBUX CIIIABIB
YEPE3 MOJIN®IKOBAHI ITIOBEPXHEBI IITIAPU

Axkmyanvnicms memu 0ocnioxdcennn. Y npoyeci 6UpoOHUYMBA MA SUKOPUCAHHS 8UPOOI6 CKIAOHOT Konghieypayii 3 00-
HOPIOHUX Ma PI3HOPIOHUX Mamepianie HeoOXIOHUM 3a80AHHAM € 30epedicenHs Ix npoekmHOL popmu ma 3a0e3neueHHs GUCOKUX
EKCHILYamayiiiHux XapaKmepucmux, uwjo nompeoye UKOPUCMAHHS HOBUX TEXHON02IT NPeYU3IHO20 36APIOBAHHS MUCKOM.

Ilocmanogxka npobnemu. Bucomosenenns npeyusiinux Oemaneti ma 8y3ni6 36aplOGAHHAM MUCKOM YCKIAOHeHe Ha-
SIGHICIO OKCUOHUX MA A0COPOOBANHUX NLIBOK [ HEOOXIOHICIIO AKMUBAYLL NOBEPXOHD, U0 36APIOTOMbCSL.

Ananiz ocmannix docnioxycensy i nybnikayin. Paniwe namu Oyno 6cmanosneno kpumepii 00csicHeHHs egeknmy npe-
YU3ilHOCMI npu 36apPIOBAaHHI MUCKOM.

Buoinenns nedocnioxycenux paniwe yacmun 3a2anvioi npodnemu. Ompumanns npeyusiinux 3 €OHaHb 36aPI0BAHHAM
MUCKOM 13 BUKOPUCIAHHAM NPOMINCHUX WAPIE, MOOUPDIKOBAHUX eNeKMPOICKPOBUM €2y 8AHHAM.

Mema pooomu. Jlocniodxicents 30amHoOChi 00 36aPHOBAHHS MUCKOM 3 00MedceHuM pieHem depopmayii memanegux ma-
mepianig i3 nonepeoHbo MOOUPDIKAYIEI NOBEPXHEGUX WIAPIS ULIAXOM eeKMPOICKPOBOL 06poOKU.

Buknao ocnosnozo mamepiany. /s moougixayii nogepxonsv anominiegux cniagie A00 ma J]1 nepeo 3eapiosanuim
BUKOPUCTNOBYTIOMbCA MAMEPIATU 3 GUCOKUM NUMOMUM eNeKMPUYHUM ONOPOM MA Mamepiany, 3 AKUMU ATIOMIHIl YMEOPIOE
PIOKY a3y esmekmuuHo20 cKiady npu memnepamypi Menuie memnepamypu niagieHHs ANOMIHI0: MUMaw, YuHK, Xpom,
Mapeaneyb, MASHIl, 8yaieys, 2anill, KPeMHI ma 34130, Y Uil NOpowKy ma npymkie. Miynicmes ma deghopmayis 36apHux
3 €OHAHb 3anexHCUMb 8i0 eNEKMPUYHO20 ONOPY Mamepiany MoOUDIKO8AHO20 wapy i, AK HACTIOOK, 8I0 CUU CIPYMY 00POOKU.

Bucnoeku 6i0nogiono 0o cmammi. Po3po6neno memoouxy nio2omosKu nosepxoHb Memaiié 00 36apio8aHHs UWLIAXOM
MEXAHIUHO020 WabpysarHs ma Mooudikayii enekmpoickpogolo 0OpoOKOK, eleKmMpOICKpose Jiecy8aHHs NOBEPXOHb, WO 364-
PIOIOMbCA, MAMEPIANOM i3 BUCOKUM eLeKMPUYHUM ONOPOM JIOKANIZYE MENI08Y eHepeiio y CMUKY, 6UKOPUCMAHHS NOPOUKOBO-
20 NPOWLAPKY 3 MAMEPIANY 3 BUCOKUM ENEKMPULHUM ONOPOM O0380/IAE SMEHIUMU PIGeHb 3ANUK080T dedhopmayii.

Knrouosi cnosa: 36aproanus muckom, Mooupikayis nogepxoHs,; elekmpoickposa 06podKa; 10Kanizayis enepeii 6 cmu-
Ky, npeyusiiti 3 €OHaHHs.

Puc.: 7. bi6n.: 11.

AKTyaJbHICTh TeMH J0CJTia:KeHHsl. PO3BUTOK cydacHOi Hayku W TeXHIKH MOTpeOye
3aCTOCYBAaHHSI HOBUX KOHCTPYKLIMHUX MaTepialiiB, K1 BOJIO/IIOTh BUCOKUMHU MEXaHIYHUMHU
Ta CleliaJbHUMH BJIACTUBOCTSAMH, a TAaKOX BUKOPUCTAHHS BUPOOIB CKJIaaHOT KOH(DIryparii
3 OJIHOPITHUX Ta PI3HOPITHUX MaTepiajiiB (MeTaau, HEMeTalleBl MaTepiaiu, IHTepMeTaliIu,
HaHOMaTepiaJii Ta iH.), IO MOTpe0ye BUKOPUCTAHHS HOBHMX TEXHOJOIIH Npeuu3iifHoro
3BaproBaHHA TuckoM [1]. HaiiOuibmn mnomupeHuMH crnocoOOM 3BaplOBaHHS THUCKOM €
€JIEKTPOKOHTAKTHE 3BaprOBaHHs, 3a sKoro aedopmaiis B ctuky gocsrae 20 % TOBIIMHU
JeTani, a 1€ MPU3BOAUTH J0 3MEHILIEHHS MIITHOCTI 3BapHOro 3’eqHanHsa [2]. Ha nHamry
IYMKY, 3acTOCyBaHHS MoJudikalii MNOBEpXHEBUX IIAPIB EJIEKTPOICKPOBOIO 0OPOOKOIO
MOBUHHO JIaTU MOXJIMBICTh Il BUPILIEHHS MPOOJIeMH MPEeUU3iiHOro eleKTPOKOHTAKTHOI'O
3BapIOBaHHS MaTepialis.

IMocTanoBka nmpo6Jemu. [Ipu Bcix crocobax 3BaproBaHHs 0€3 pO3IUIABICHHS 3’ €JHAHHS
YTBOPIOIOTbCA B pe3ynbTaTi jAedopMaliifHOro BIUIMBY Ha Marepiaji, L0 3 €IHYIOTHCA.
Binnosigno no I'OCT 2601-74 3BaproBaHHSI TUCKOM — II€ 3BapIOBAaHHS, 110 BIIOYBAa€ThCS MPU
TemmepaTypax HW)KY€ TOYKM IIJIaBJICHHS METaliB, $IKI 3BaplOIOThCs, 0€3 3aCTOCYBaHHS
MIPUIIOI0 Ta 3 MPUKIAAAHHAM TUCKY, JOCTaTHBOTO ISl CTBOPEHHS IJIACTUYHOI Jedopmartii
YaCTHH, 1110 3 €AHYIOThCH [3].

OCHOBHOO POOJIEMOIO0 CTBOPEHHS NMPENU3IMHUX JeTanell Ta By3JliB, Y TOMY YUCII 1 IPU
€JIEKTPOKOHTAKTHOMY 3BaplOBaHHI, € HAasBHICTh OKCHUIHHUX 1 aJCcOpOOBaHMX IUTIBOK Ta
HEOOXIJHICTh aKTHBAIlii MOBEpXOHb, W0 3BapiotoThesa [4]. Ilpm npoMmy Bimomo, MO
BUPIIAJILHUM JUIS aKTHBAllli Ta YTBOPEHHS HEPO3’€MHHMX 3’€HaHb IMPH BCIX CHOCO0ax
3BapIOBaHHS B TBepAid (azi, € nedopmaliiHuil BIUIMB HA MaTepiaju, 110 3BaprotoThes. Came
TOMY ICHYIOYl CIOCOOM 3HM)KEHHS 3BapIOBalIbHUX JAedopmaliii mpu eneKTpOKOHTAaKTHOMY
3BapIOBaHHI HE J03BOJISIOTH 3a0€3MeuuTH Mpeuu3iiiHe 3’€HaHHS Oe3 3MEHILEHHS pIBHS
aKTHBAIlli TOBEPXOHb.

© Hosommurenp O. O., Onekcienko C. B., FOmenko C. M., batigana O. B., ITonosenpkuii €. B., 2018
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AHaji3 ocTtaHHiX gociaizkeHb i myOJikaniii. Bimomo, 1mo TeXHIYHO 1 TEXHOJIOTTYHO
epeKTy Npenu3IiHOCTI MpU 3BaplOBaHHI TUCKOM MOJKHA JOCATTH IUISIXOM BHUKOPHCTaHHS
JI0JJATKOBHX 3aC001B aKTUBALIIl TOBEPXOHb, K1 JO3BOJIATH NEPETBOPUTH NPUIIOBEPXHEBUH IIap
MarepiaiiB, 110 3BapIOIOThCS, Y IUIACTUYHUM, aKTUBOBAaHUN cTaH abo piguHy [5]. Y 3B’s3Ky 3
LIUM TPH €JIeKTPOKOHTAKTHOMY 3BapIOBaHHI aKTHBALILSl TOBEPXOHb, 10 3BAPIOIOTHCS, MOXKIIUBA
3a paxyHOK BHECEHHS y CTUK IMPOMDKHUX MPOILIAPKIB €BTEKTUYHOIO CKJIaay abo MmonepeaHboi
00poOKHU MOBEPXOHB ILISIXOM €JIEKTPOICKPOBOTIO JIETYBaHHs MEpe/1 3BaproBaHHsM [6; 7.

Croci6 enextpoickpoBoro jeryBants (ELJI) metanis, po3poGaenuit b. P. Jlazapenko i
H. I. JIazapenko, 3acHOBaHU{ Ha SBMILI €JIEKTPUYHOI epo3ii MaTepialiB IpH ICKPOBOMY
po3psiai B ra3oBOMY CEpelOBHII, MOJSAPHOTO MEPEHECEHHs MPOAYKTIB €po3ii Ha KaTo[
(meranp), Ha MOBEPXHI AKOT0 (POPMYeThCA IIap 3MIHEHOT CTPYKTYPH Ta cKiaay. Y pe3yib-
TaTi €JIEeKTPUYHOrO MPOOOI0 MDKEIEKTPOJHOTO MPOMDKKY BHHUKA€E ICKPOBUH pO3psii, B
SIKOMY MOTIK €JIeKTPOHIB MPHU3BOIUTH 10 JIOKAIBHOTO pO3irpiBy enekrponaa (anonaa). Ha
MOBEPXHI KaToJa Mij AI€I0 3HAYHUX TEIMJIOBUX HABaHTaXeHb BiAOYBAaIOTHCS MIKpOMETa-
AyprifiHi ¥ cynmyTHi iM mpouecu (TepMOMEXaHiuHI, TiAPOAMHAMIYHI, AUPY3iiiHI), K1
3M1MCHIOIOTh MEpEeMIllyBaHHS MaTepialy KaTtoJa i aHoja, IpHu B3a€MO/IIi 3 KOMIIOHEHTaMHU
ra3oBOr0 CEPeJOBUIINA, 10 CIPHUSIE YTBOPEHHIO BUCOKOI aaresii Mik OCHOBOIO 1 popMOBa-
HUM mapoM. ToMy eneKTpoiCKpOBe JIEryBaHHS CJIiJl BBaXKaTH METOJOM CTBOPEHHS HOBUX
KOMIMO3UIIIIHUX MaTepianis [8].

[ToBepxHeBuil map AeTani 3MILHIOETHCS HE TUIBKU 34 PaXxyHOK OCQ/DKEHHsI Marepiany
aHoJa, aje i y pe3ysbTaTi B3aeMOJII LIbOrO MaTepialy 3 OCHOBOIO i YTBOPEHHS TBEPIUX PO3-
YUHIB, XIMIYHUX 3’ €HaHb, OKCUIB, HITPHUIIB.

EUJI nae 3mMory ofep>xyBaT MILHO 34eIJIEH1 3 MaTepiajJoM OCHOBU MOKPUTTS 3 BUCOKHUMHU
eKCIUTyaTal[liHUMU XapaKTepUCTUKaMU. [ TMOMHA HAHECEHOTO IMIapy 3aJEKUTh BiA MOTYX-
HOCTI peXXHMYy HaHeceHHs [9].

[TopiBHSHO 3 IHIIMMU MeTo1aMu HaHeceHHs NokpuTTa ELJI mae Taki nepeBaru:

— BHCOKa MIIHICTh 34EIJICHHS HAHECEHOro Marepialy 3 MaTepialioM OCHOBH (32 paxyHOK
MEXaHIYHOTO MepeMilllyBaHHS 1 B3a€EMHOTO AM(y31MHOTO MPOHUKHEHHS JIEryBaJlbHUX Ma-
TepiaiiB y map, 1o GopMyeThCs);

— JeTanb He HarpiBaeThes (3a3Budyaii He Oinbme 300 °C) y mpomeci neryBanns, mo He
MPUBOAUTH /10 3MIHHU i PI3UKO-MEXAHIYHUX BJIACTUBOCTEH 1 TeOMeTpii;

— eHeproeMHicTh npouecy B 100 pa3iB MeHIla, HDK TJIA3MOBOIO HAIMJIIOBAHHS,

— MOJIMBICTH MICLIEBOTO 3MILIHEHHS OKPEMHUX JUISHOK JIEeTai;

— CMOXKMBaHa MOTY>KHICTh YCTAaHOBOK CTaHOBUTH (,5-3,5 kBT;

— €KOJIOT'TYHO YMCTUH, CyXHUi 1 IPOCTUN TEXHOJIOTTYHUI MpOoLEC;

— MajiorabapuTHe 1 TpaHcrnopTaleslbHe YCTaTKyBaHHS;

— (¢inimHa 00poOKa MOKPUTTIB JTUCKPETHOI CTPYKTYPU METOJaMH MOBEPXHEBO-ILIACTHY-
HOTO JeOopMyBaHHS 0€3 3HATTS CTPYKKU;

— 00po0:IoBaHi MOBEPXHI HE MOTPEOYIOTh MONEPEIHBOT MIATOTOBKH.

BuiieHHss HeIOCTITZKEHUX YACTHH 3arajibHOi NpodjeMH. Y HasBHUX MyOIIKallisax
BiICYTHS iH(OpMAIlisS OO0 MOXIUBOCTI OTPUMAHHS MPEUU3IMHUX 3’€JHAHb 3BAPIOBAHHSAM
TUCKOM 13 BUKOPUCTAHHSM MPOMDKHHUX ILIAPIB, K1 MOIU(IKOBAH1 €IEKTPOICKPOBUM JIETYBAHHSM.

ITocTanoBka 3aBaaHHsA. MeTor poOOTH € JOCHIIKEHHS 3JaTHOCTI 10 MpelUu3iiiHOTO
€JIEKTPOKOHTAKTHOTO 3BAPIOBAHHS METAJIEBUX MaTepialiB 13 MOAU(IKAII€EI0 MTOBEPXHEBUX
11apiB MUIIXOM €JIEKTPOICKPOBOT 0OpOOKH.

Bukiaa ocHOBHOro martepiasny. 3BaproBaHHsS aJIOMIHIIO Ta WOro CIUIaBIB 4epe3 LIapH,
MOJIM(IKOBaH1 €JIEKPOICKPOBOIO OOpOOKO0, MPOBOIMIIOCS HA MAIIMHI Ui KOHTaKTHOTO
TOYKOBOT'O 3BaplOBaHHs 3arajlbHOrO BUKOpUCTaHHA Tuny MT-1216. [Ina 3BaproBaHHSA
BUKOpHUCTOBYBayM crutaBu amoMinito AJ100 ta J{1 y Burmsiai mnactud po3mipom 2x20x100 mm.
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Mertanorpadidti 10CaiAKEHHS 3BapHUX 3’ €HAHb [TPOBOAMINCH Ha 1UTi(ax 3a J0MOMOTO0
ontu4yHoro Mikpockona MIM-8 1 pactpoBoro enekrpoHHoro mikpockona JSM-840, ¢ipmu
«JEOLy» (Smownis) npu 36usmeHasx gm0 5000 pasiB. PacTtpoBuil eneKTpOHHUN MIKPOCKOI
ocHalieHuil eneproaucnepciiinuM ananizatopom LINK 860/500 ¢pipmu «LINK» (AHruis).

Monudikaniro NOBEpXOHb NPU EIEKTPOKOHTAKTHOMY 3BApIOBAHHI aJIOMIHIIO Ta HOro
CIUIaBIB IPOBOJMJIM HA YCTAHOBII JUIsl €JIEKTPOICKPOBOI 00poOKH, sika Oyna po3polieHa Ta
BUIOTOBJIEHA HAa OCHOBI INPOMUCIOBOI ycTaHOBKM EniTpon-22A, mo mnpusHayeHa Ui
€JIEKTPOEPO31iiHOT 00pOoOKM pPOOOUMX IMOBEPXOHb PI3AIBHOTO IHCTPYMEHTY 1 IITaMIIOBOi
OCHACTKHM, Cpi0JIEHHSI KOHTAKTIB 1 HAHECEHHS HIINX METAJIIB.

SIkicTh 3BapHMX 3’€JHaHb TBEPAMX CILIABIB OLIHIOBAJIM 3a pe3yJabTaTaMM MEXaHIUHUX
BUNIPOOYBaHb Ha 3pi3.

Busznauennss onmumanvnozo cnocoby o00poOKu nosepxonv neped Mmoougikayicio ma
36apIOGAHHAM Memanesux mamepianie. SIK BiIoMo, momepeaHss oOpoOKa MOBEPXHI Mae
BUpIILIaJIbHE 3HAYEHHsI 7S SIKOCTI 3BApHUX 3’€JIHAHb, OCOOJIMBO AJI MaTepiajiB, Kl MalOTh
BHCOKY 37aTHICTh 10 okuciieHHd [10]. Tomy 3aBgaHHSM LBOTO MOCHIIKEHHS € MOPIBHIHHS
MDK €00010 €(EeKTUBHOCTI OUMIIEHHS, a CaM€ BIUIMB OOpOOKM IOBEPXOHb HA MILHICTh
3BApHOTO 3’€IHAHHSL.

JUis excriepuMeHTY Oy/M B35TI 3arOTOBKH, BUTOTOBJEH] 31 ciiaBy AJ100, siki nignanucs
YOTUPHOM PI3HUM THIaM 00poOku: 1) 0e3 0OpoOkM MOBEPXOHB; 2) MexaHIuHA 00poOKa 1mad-
pYBaHHSM; 3) TpaBJIEHHS y BOJHOMY pO3unHI opTodocdopHOi KucaoTH; 4) MexaHIuHa 00po0O-
Ka 3 MOJaJbUINM TPABJICHHSM.

MexaHiuHa 00poOKa MOBEPXOHb MPOBOJMIACH 10 MOSBU METaneBoro Onucky. XiMiuHa
00poOKa MpoxoJuiia TaKUM YMHOM: IOBEPXH1 3pa3KiB MPOTUPAIUCS CIMPTOM 1 BUCYILIYBa-
JIMCh; OTIM iX 3aHyproBasin y 70-nponeHTHUH po3uuH opTodochopHoi kucioTu Ha 15-20 xB,
IICJISL YOI'0 3pa3Ku NPOMUBAIKMCH 1 BUCYIYBaIKCh. J[i1s1 3a0e31meueHHs] YUCTOTH EKCIIEPUMEH-
Ty 3arOTOBKHU 3pa3KiB Oy/lIM BHUpI3aH1 3 TOTO K CaMOro0 JIUCTA CIUIaBY, a PEXXHUM 3BApIOBAHHS
OyB oiHaKOBMM. Pe3ynbraTn excriepuMeHTy nokasaHi Ha puc. 1.

T, MIIa
8

7

1 2 3 4

Puc. 1. I'icmoepama énugy eudy o6pobxu Ha miyHicmo
38apHo20 3’conanus ons cnaagy AJ/[00:
1 — mexaniyna 0bpobxa i ximiune mpasnenns, 2 — XiMiuna oopooxa;
3 — be3 06podKu; 4 — mexaniuna 0opobka
AHani3 pe3yibpTaTiB €KCIIEPUMEHTY BKa3ye Ha Te€, IO MPHU EJIIEKTPOKOHTAKTHOMY 3Ba-
PIOBAaHHI AJIOMIHIIO Ta MOro CIJIaBiB HaWOUIbII JOLUIBHOI 0OpOOKOI0 MOBEPXOHB, 1110 3Ba-
PIOIOTBCS, € MEXaHIYHAa 00pOOKa 3 BUKOPUCTAHHAM I1a0pyBaHHS.
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s moougpixayii nogepxresux wiapie anoMinilo B 3aXUCHOMY CepEeIOBHILIL (aprOH) BUKO-
PUCTOBYBAIM MaTepiajid 3 BUCOKUM IMUTOMHUM €JIEKTPUYHUM ONOPOM (OUIBIIMM 3a MUTOMUMN
EJIEKTPUYHUM OIip aJTIOMIHIIO) Ta MaTepiaiy, 3 SKUMHU aTIOMIHINA YyTBOPIOE piAKY (a3y eBTeK-
TUYHOTO CKJIay IPH TeMIIepaTypl MEHIIe TeMIEpaTypH IJIaBICHHS aJTIOMIHIIO: TUTaH, LUHK,
XpOM, MapraHelb, Martiif, ByIJiellb, Tajiif, KpeMHIi Ta 3ali30, Y BUIJISAI MOPOIIKY Ta
npytkiB. [Ipy BUKOpUCTaHHI JIETYIOUOTO €IeMEHTa Y BUIJISIII OPOLLIKY, SIK aHOJI BUKOPHCTO-
ByBaBcs npyTok 3 amominiio AJ100 ta 1.
[linrotoBka neranei miJ 3BaprOBaHHs 3/1MCHIOBAjach y JiBa eTamu: | — MexaHluyHe O4M-
IIIEHHS MOBEPXHEBUX WIAapiB BiJ 3a0pyJHEHb LUIAXOM IIaOpyBaHHs; 2 — Moau(ikauis mo-
BEPXHEBHUX IIIapIB ATIOMIHIIO BUIIIEBKa3aHUMU MaTepiaaamu (puc. 2).

T -

Puc. 2. 3acanvuuii 6uenso 3paska nicis enekmpoicKpogoi 00pooKu nogepxHi

[Ticns enexTpoiCKPOBOIO JIEryBaHHS MPOBOJMIIOCS €JIEKTPOKOHTAKTHE TOYKOBE 3BApIOBAH-
Hsl Ha peXUMI: cujia cTpymy — 12 KA, yac immynecy — 0,1 ¢, 3ycusuis 3saproBanns — 500-600 H.
J111s1 3BaprOBaHHs BAKOPUCTOBYBAJIM M1/IH1 €JIEKTPOAM 3 AIAMETPOM pOO0OUOT YACTUHU 6 MM.

OnHUM 13 TOJOBHUX NapaMeTpiB PEKUMY €JeKTPOiCKpoBOi 00poOkH € cuna ctpymy [11].
Tomy Hamu OylOo JOCHKEHO BIUIUB CTPyMY OOpOOKM Al KOXKHOTO 3 MaTepialliB Ha
MIIHICTb Ta JedopMallilo OCHOBHUX MaTepianiB. HeoOXi1HO 3a3HaYMTH, 10 HA BKA3aHUX pe-
JKUMax 3’€THaHHS aJlOMiHII0 0e3 MpolapKy Ta MPH BUKOPUCTAHHI BYTJICIIO, KPEMHIIO Ta
rajiito OTPUMATH 3BapHe 3’ €JHAHHS HE BJIAJIOCS.

[Ticnst KOXKHOTO IMKITy 3BapIOBaHHS MPOBOJMIIMCS BUMIPIOBAHHS BETUYMHU Jedopmariii
3pa3KiB, a TAKOX BUIPOOYBaHHS Ha 3pi13 13 BIANOBIAHUMHU pO3paxyHKaMu. BiAnoBiaHi pe3yib-
TaTH BUNIPOOYBaHb MpeACTaBlIEHI Ha puc. 3, 4.

700 P
Ti e 6
2 00 1? cu:‘ —
B Mn g5 [ Mg
= = —
£ 400 i S Sy Zn
g 3 g P
g 300 |—Cr 1 T4 — | f‘e
r
E Fe :,,_._-——-—"" | A % 5 —'—-—._“_‘_.n,_\
£ 200 =] —"
o n k] E \\ Mn
100 — a2 4
2 Ti
0 1
1 2 3 1 B 3
Crpym ofpobrm, A Crpym o(‘)ﬁ'@ﬁxn_ A
a o

Puc. 3. I'paghixu 3anesxcnocmi miynocmi na 3piz (@) ma 8i0HOCHOT
s3anuukosoi degpopmayii (0) 36aprux 3’eonans 3 AJ/J00, ompumarnux yepe3 pizui
MoOougirosaHi wapu, 8i0 CulU CMpymy ei1eKmpoickposoi 06podKu
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Puc. 4. I paghixu 3anexcnocmi miynocmi na 3pi3 (@) ma 8iOHOCHOT 3aTUUKOBOT
Ooeghopmayii (6) 36apnux 3 €OHams 31 cnaasy [1, ompumanux yepes pizHi
MOOUPDIKOBAHI wiapu, 6i0 CUIU CMPYMY eNeKmpoiCKpo8oi 00podKu

AHanizyroun MpeacTaBlieHl 3aJeKHOCTI, BHJHO, IO MILIHICTh 3’€JHAHb 3aJICKUTHh Bif
€JIEKTPUYHOTO ONIOPY MaTepiaily MOJU(IKOBaHOTO 11apy. MakcuManbHa MIHICTb 1OCSTa€Th-
Csl P BUKOPHCTaHHI MPOIIAPKY 3 TUTaHy Ta MapraHio Ajs o0oX CIUIaBIB allOMIHiIO. 3a-
JISKHO BiJl CTPYMY €JIEKTPOICKpPOBOI 0OpOOKHM AJisi BCIX MaTepialliB MPOLIApKiB 31 30UIbIIEH-
HSM CHJIM cTpyMmy B niana3osi 0,5-1,5 A MIUHICTh 3BapHOTO 3’€HAHHS 3pOCTA€, a BIAHOCHA
nedopmMariis 3MeHIIYeThesl. J[aHa 3aleXHICTh MOSCHIOEThCS THUM, IO 31 30UTBIIEHHSM CHIIN
CTpyMy OOpOOKHM MacomepeHOC 30UTbLIYEThCS, 10 MPU3BOJIUTH 0 30UTBIIEHHS KUTbKOCTI
aHOJHOTO Marepiany (Marepialy HpOoIIapKy) Ha MOBEPXHI aJFOMIHIIO, SIKE BIAMOBIIA€ 3011b-
HIEHHIO IO (PI3MYHOrO KOHTAKTY 3 OUIBLIMM €JIEeKTPUYHUM OMOPOM, HIK y amtoMiHiro. Ha
puc. 5 mpeacTaBieHi MIKpPOCTPYKTYpH 3BapHUX 3’enHanb AJI00 Ta /11, orpumanux yepe3 mMo-
11(iKOBaHI TUTAHOM LIapH.

Puc. 5. Mikpocmpyxmypa 36aproeo 3’eonanns cnuasy A/{00 (a) ma /[1 (6), ompumaroeco
uepes MOOUGIiKosaHutl mumanom wap (onmudra mikpockonis, x20)

SIK BUJIHO 3 IPEICTaBICHUX PUCYHKIB, Y 30H1 B3aEMHOIO PO3IUIABIEHHS CIIOCTEPIra€ThCs
MOPUCTICTh JIUTOTO Aapa. BoaHouac rinmbuHa nporuiaBaeHHs CTaHOBUTh npuOiau3Ho 20-25 %
TOBIIMHU OCHOBHOIO MeTaiy, a giamerp sapa — 4-4,5 MM. BianoBiiHO 1O BCTaHOBJIEHOTO
JiaMeTpy sAJpa Ta PO3PUBHOIO 3yCHIUISL, MILHICTh 3BapHUX 3 €/IHAHb, OTPUMAHUX E€JIEKTPOKO-
HTaKTHUM TOYKOBHMM 3BaplOBaHHSAM uYepe3 MOJU(IKOBaAHMNA TUTAHOM ILAp, CTAaHOBUTH 85 %
MII[HOCT1 OCHOBHOT'O MaTepiany.

Takum YMHOM, MOXHa 3pOOMTH BHCHOBOK, 10 MOAM(IKallisl MOBEPXHEBUX IIAPiB
IIOMIHIIO MaTepialioM 13 BUCOKMM MHUTOMHUM EJIEKTPUYHHUM ONOPOM JO3BOJISIE J10JIATKOBO
JIOKaJi3yBaTH TEIUIOBY €HEPrii0 B CTHKY, ajie MPHU LbOMY BUHUKAE MOPUCTICTh JIUTOI 30HH, a
JiaMeTp Aapa HeJOCTATHIN JUIsl OTpUMaHHS SIKICHUX MPEeLU31IMHUX HEPO3 €MHHUX 3’ €HaHb IPU
€JIEKTPOKOHTAKTHOMY TOYKOBOMY 3BaproBaHH1. OJHI€I0 3 MPUUMH 1IbOTO, HMOBIPHO, € T€, 1110,
3Ba)KalO4M Ha riauOuHy MoaugikoBaHoro mapy (80-100 MkM) mpH eneKkTpoiCKpoBiii 00pooii,
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IpU 3BapiOBaHHI HE BJAETbCA JIOKAIIBYBAaTH JOCTaTHIO KUIBKICTh TEIUIOBOi €Heprii
0e3nocepeIHbO B KOHTAKTI JeTalb-AeTalb.

Tomy Hamu Oyna mpoBeJieHa cepisi eKCIIEPUMEHTIB 3 €JIEKTPOKOHTAKTHOIO 3BapIOBAHHS
amoMiHito AJ[00 yepe3 MOPOIIKOBI MPOIIAPKH TOBIIKMHOIO Mopsaaky 100 MkM 13 marepiaiis,
K1 BHUKOPUCTOBYBAIMCA Ui MoAUQIKaIli eNeKTPOICKPOBOI 0O0poOKO. 3BaprOBaHHS
MIPOBOJIMJIM HA TOMY K pEeXHMI, 10 ¥ y monepeaHix ekcrnepumenTtax. I[licns 3BaproBaHHs
TaKO>X MPOBOJIMIINCS MEXaHIYH1 BUTIPOOYBaHHS Ha 3pi3, pe3yJbTaTu SKUX HAaBEAEHI Ha pucC. 6.
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Puc. 6. Miynicmo 36apnux 3’eonans 3 A/{00, ompumarnux
uyepes NOPOWKOGE NPOULAPKU 3 PIZHUX Mamepiai

3 aHani3y MpesCcTaBIeHOro rpadika BUIHO, 0 MAKCUMaJIbHA MIIHICTh 3BapHUX 3’ €IHAaHb
3 BUKOPUCTaHHSM PI3HUX MatepiaiiB aias Moau(ikaiii po3noauiniack y TakOMy HOPSAKY:
Maprasellb, THTaH, XpoM, apMKo-saniso LUHK, Mardii, 1o Hanpsmy 3aJeKUTh BiJl TUTOMOIO
€JIEKTPUYHOTO OTOpY MaTeplaJ'IlB — yuM OiIbIIE OMIp MO,Z[I/ICI)lKOBaHOl"O mapy, THM OutbLIe
TEIUIOBUAUICHHS 1, BIIMNOBIIHO, MIIHICTh 3’€JHAaHHA. MakcuUMalibHa MILHICTh JOCSTAETHCS
IIpY BUKOPUCTaHHI TUTaHy Ta MapraHuipo. Y BCIX BUMNAAKax Jedopmallis OCHOBHOTO Ma-
Tepiany 3aJeKUTh SIK B MaTepiany, 110 BUKOPUCTOBYBABCS Ul MO (iKallii TOBEPXHEBOTO
1iapy ajgroMiHIIO, TakK 1 B CHJIM CTPYMY €JEKTPOICKPOBOI OOpOOKH. 3 MIIBUIIEHHSAM CHIH
CTpyMy OOpOOKH, a TaKkOX 13 MiJBUIIEHHSM MUTOMOTO EJIEKTPUYHOIO OINOpy MaTepiany
piBeHb Jedopmallii 3SMEHIIYEThCS.

[lopiBHIOIOYM OTpUMaHI pe3yabTaTH 3 JAHUMH IO 3BApIOBAHHIO Yepe3 Iapu, MOIUPIKO-
BaH1 €JIEKTPOICKPOBOIO 00pOOKOI0, MOKHA 3pOOMTH BHCHOBOK, 1110 PO3PHUBHI 3yCHILIS Ha 3pi3
3BapHUX 3’€JHaHb, OTPUMAHUX Yepe3 MOPOILIKOBI mporapku, Ha 50 % Ouiblie, HDK pO3pHUBHI
3ycWJUId Ha 3pi3 3’€HaHb, OJEP)KaHUX 4epe3 MOAU(DIKOBaHI €NeKTPOICKPOBOI 0OPOOKOIO
Iapu, 1o, Hally JyMKY, [OB’SI3aHO 3 MIABUIIICHHSIM JIOKalli3allii TerI0BOi eHeprii B KOHTAaKTI
neranb-aeranb. Hallbiibina MIMHICTh 3BapPHOTO 3’ €JHAHHS CIIOCTEPIraeThCsl MPU BUKOPHUCTaH-
HI MOPOILIKOBOIO MpOHIApKy 3 Maprasu. [Ipu mpomy nedopmaiiiss OCHOBHOTO Matepiainy
CTaHOBUTH MeHUIE 2 %o.

Ha puc. 7 npencraBieHo MIKpoCcTpyKTypy 3BapHoro 3’enHanHs AJ100 yepe3 mpormrapok i3
MOPOLIKY MapraHilto Ta Tonorpadis mMoBepXHi 371amy.

MiKpOpeHTI€HOCTIEKTpaIbHUIM aHajli3 3BapHUX 3’€JHAHb MOKAa3aB, 110 B 30HI 3’ €HaHHS
CIOCTEPIraeThCs IOCUTh BEJMKE CKYIMYEHHSI HEPO3IJIaBIEHOTO MAPTaHIo (YaCTKOBO M y 30H1
JUTOTO Sijpa), M0 CBIAYUTH MPO TeE, 110 BIH HE BCTYIAE B XIMIYHY B3a€MOJIIO 3 allFOMIHIEM, a
CIIY’KUTh JIMIIE JOKAJI3aTOPOM TEIJIOBOI €Heprii, 10 OOMEXye BUKOPUCTAHHS TaKUX
3’€IHaHb JJIs BUTOTOBJICHHS €JIEKTPOTEXHIYHUX BUPOOIB y 3B S3KY 31 3MEHILICHHSM €JIEKTPO-
MIPOBIAHOCTI 30HU KOHTAKTY.

[Ipy 1bOMY BCTAQHOBJIEHO, IO JIAMETP SApa CTAHOBUTh BEIUYHHY OJM3BKO 5 MM, 1
BIJIMIOBITHO JIO PO3PUBHOTO 3yCHJUIS MIIHICTh 3BApHOro 3’€JHaHHA cTaHOBUTH 55 MIla abo
90 % MIITHOCTI OCHOBHOTO Marepiaiy.
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Puc. 7. Mikpocmpyxmypa 36aproeo 3'eonanns cnnasy A/[00, ompumanozo
uepes npowapox i3 NOPOUKy mapeanyio (a) (onmuuna mixkpockonis,; x10)
ma monoepagisa nogepxHi 31amy 36apro2o 3'eonanns cnaasy AH00, ompumanozco
uepes npowapox i3 NOPouwKy mapeanyio (6) (onmuuna mikpockonis x8)

BucHOBKH BiANOBiIHO 10 CcTATTI.

1. Po3po6iieHO MeTOAMKY HiArOTOBKM IOBEPXOHb METAJEBUX MarepiajiB 10 IIpe-
UU3IHHOrO 3BaprOBaHHS THCKOM, fIKa BKJIIOYAE MOIMEPEIHI0 MEXaHIYHYy OOpoOKy Ta Mo-
nudikaliio MOBEpXHEBOIO 1Iapy.

2. Po3po6iieHo METOAMKY HAaHECEHHS MPOMDKHUX IIapiB €JIEKTPOICKPOBOK OOPOOKOIO.
[lokazaHo, mo Mojudikaiiss eneKTpOICKPOBOIO OOpPOOKOIO MOBEPXOHb 3BapIOBAHHS Ma-
TepiaJioM 13 BUCOKUM EJIEKTPUYHUM OTOPOM J03BOJISIE JTOKAI3yBaTH TEIUIOBY €HEPTil0 B CTU-
Ky. OfHaK IpH [IOMY B JIUTOMY SIJIP1 CIIOCTEPIra€ThCs MOPUCTICTh, IO HE T03BOJISE OTPUMa-
TH PIBHOMILIHI OCHOBHOMY MaTepiaiy 3’€JHaHHS.

3. BcraHoBneHO, 110 BUKOPUCTaHHS MOPOIIKOBOTO IMPOLIAPKY 3 MaTepialy 3 BHCOKUM
EIEKTPUYHUM OTOPOM JI03BOJISIE JIOKANI3yBaTH TEIUIOBY €HEPril0 B CTHUKY Ta 3MEHIIUTH
piBeHb Jedopmariii oCHOBHOro marepiany. Iloka3aHo, 110 3aCTOCYBaHHS MpPHU €JIEKTPOKOH-
TaKTHOMY TOYKOBOMY 3BapioBaHHi amtoMiHito AJ[00 mpoinapky 3 MOPOIIKY MapraHiito, 103-
BOJISIE OTPUMATH MILHICTh 3BapHUX 3’€HaHb Ha piBHI 90 % MILHOCTI OCHOBHOI'O MaTepiany
IpU BIAHOCHIM nedopmarii menme 2 %.

4. OrpuMaHi pe3yabTaTd MOKYTh OYTH BHKOPHCTaHI MpPU PO3poOIll TEXHOJIOTI BHUIO-
TOBJIEHHS PI3HUX MpEelU3IHUX JeTaneld Ta BY3/IiB MPUJIAIiB 1 MEXaHI3MIB 3 OJHOPIIHUX Ta
PI3HOPIAHUX MaTepialiB.
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UDC 621.791.4
Oleh Novomlynets, Serhii Oleksiienko, Svitlana Yushchenko,
Oleksiy Baydala, Evgen Polovetskiy

PRECISION PRESSURE WELDING OF ALUMINIUM ALLOYS
THROUGH MODIFIED SURFACE LAYERS

Urgency of the research. Saving their project shape and ensuring of high service properties is the necessary task for
production and using of products with complicated configuration from homogeneous and heterogeneous materials. It re-
quires usage of new technologies of precision pressure welding.
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Target setting. Fabrication of precision parts and units by pressure welding become complicated through the presence
of oxide and adsorbed films and necessity of welded surfaces activation.

Actual scientific researches and issues analysis. Earlier we had established criteria of achievement the precision effect
by pressure welding.

Uninvestigated parts of general matters defining. Obtaining of precision joints by pressure welding with use of inter-
mediate layers modified by electrical-discharge alloying.

The research objective. Investigation of ability to pressure welding with limited deformation level of metallic materials
with preliminary modification of surface layers by electrical-discharge machining.

The statement of basic materials. For modification of surfaces of aluminium alloys 10704 and 2017 before welding ma-
terials with high electric resistance and materials which form liquid eutectic with aluminium (titanium, zinc, chromium,
manganese, magnesium, carbon, gallium, silicon and iron) in the form of bar and powder are used. Strength and deformation
of welded joints depend on electrical resistance of material of surface layer and, as a result, current machining strength.

Conclusions. Methodology of metal surfaces preparation for welding by mechanical scraping and electrical-discharge
modification; electrical-discharge alloying by material with high electric resistance localizes heat energy in the butt; usage
of powder interlayer from material with high electric resistance allows to reduce residual deformation level.

Keywords: pressure welding; modification of surfaces, electrical-discharge machining; energy localization in the butt;
precision joints.

Fig.: 7. References: 11.
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Onvea bawunceka, Bonooumup Kazumup, Cepeiti Hecmepenko

®OPMYBAHHS TEJEMETPUUYHUX JIOT-®AWIIB
JIJISI OMEPATUBHOI TEXHIYHOI JIATHOCTUKH BE3IMIJIOTHHUX
ABIAIIMHUX KOMILIEKCIB

Axmyanvnicms memu oocnioxycenns. OO €KmusHe USHAUEHHS NOKA3HUKIE SKOCMI Oe3NIIOMHUX a8layiliHUX KOMNIEKCIE
(bnAK) € nepedymoBor 8UKOPUCIMAHHS PISHOMAHIMHUX 3Ac00i8 MEXHIYHOT OiAcHOCUKY, ceped SKUX NPONOHYEMbCS SUKOPUC-
mosysamu aiinu menemempuunux 102ie¢ bnAK. La 3a0aua, nouunaiowu 6i0 6U3HAUEHHs 8UMO2 00 CUCIeEM ONEPATUBHO20 Jide-
Hocmyeanus bnAK i 3akinuyouy mexHonoiYHuMU acnekmamu peanizayii, NOKu He MAac eeKmusHo20 BUPIULEHHS.

ITocmanoeka npoonemu. Ilpu npoexmysanti cKkiaoHoi mexniuHoi cucmemu, maxoi, axk bnAK, oouicro 3 niozaday 3abesne-
UEHHS1 JICUBYHOCI MA KEPOBAHOCHIE CUCmeMU € 8UDID edheKmUBHO20 cnocody 30UpaHHs ma HAKONU4eHHs tH@popmayii npo cman
cucmemu 6 peanvHomy uaci. Ilo-nepute, Habip xapakmepucmuk, wo NiOIAAMb UMIPIOBAHHIO, NOBUHEH BIONOBIOANU NeeHill
HOMEHKIIAMYPI NOKA3HUKIE AKOCH, W0 BUKOPUCOYIombcst st oyintosants BnAK. Ilo-opyee, HeobXioHo 0octioumu MO#CIUsi
cnocobu peanizayii npoyecie onepamugro20 360py OaHux meiemempii Ha OCHO8I CYUACHUX THQOPMAYIUHUX MEXHONOI.

Ananiz ocmannix oocnioxcens i nyonikauiii. Hageoeno onuc cucmem jicypHamo8anHs mexHiuHux CUCmeM, a came, agmomo-
OLIbHUX MA KOMN TOMEPHUX CUCMEM, MAKUX K OnepayitiHi cucmemu ma komn jomepti mepexci. [1Jooo bnAK, naasmi gioomocmi
paemenmapri ma 81006paxcaroms auie NOOOUHOKULL 00CEI0 BUKOPUCHIAHHS AMAMOPCHKUX OE3NINOMHUX anapamie PisHuX munie.

Buoinenns neoocnioxncenux wacmun 3a2anvHoi npoonemu. Pospodka Hosux munie bnAK ma ix mooughixayia nompe-
6yr10ms POPMYIIOEAHHA YIMKUX NPOSKMHUX BUMO2 00 8CIX NIOCUCHEM, Y MOMY Yucli 1l 00 niocucmemu meiemempii, Ky npo-
NOHYEMbCA PO32NA0AMU K 3ACiO MmexHiuHOT diaeHocmuKy 3 Memoro oyinku sikocmi bnAK.

Buknao ocnoenozo mamepiany. Hasoosamuvcs oani npo munizayito 102i6 y npoyeci iHCypHaAmo8anHts 0aHux menemempii.
Bemanosnioemuvcs 36’30k Mide munom 102ig, WEUOKICIIO 3anucy ma 3pyuHicnio nocmoopooxy. @opmymormscs OCHOBHI
eracmusocmi cucmemu dcypHanosanus bnAK: onepamuenicmo ikcayii, ghyyHkyionanbHa nosHOMA NPOMOKOLY, MOXCIU-
8iCMb KOHBEPMAYii 6 meKcmosutl hopmam, 3axuyeHicms 6i0 6mpyuants. Ak npuxkiad peanizayii po3enioacmscs yOOCKOHA-
neHuti npomoxon Ha 6asi MAVLink 3 adanmayieto nio cneyianbHi yMo8U 6UKOPUCIAHHA.

Bucnoeku 6ionogiono 0o cmammi. Jlocu menemempii BnAK micmamo 6 co6i 06’ ekmusHy inghopmayito npo cmar bnAK
Y npoyeci ix UKOPUCMAHHS, MOMY 3 YMOBU IX NPAGUILHO20 GUKOPUCIAHHS MA IHMEPNPEmayii 60HU MONCYMb OYMU UKO-
PUCMAHi 5K 3a¢i6 MexHiuHOT OIAHOCHIUKY 3 MEMOI0 NOOANLUUO20 06 EKMUBH020 oYiHt6anHs akocmi bnAK.

Kniouosi cnosa: mexniuna 0iazHOCMUKA; JHCYPHAIOBAHHS, OE3NULOMHI ABIAYITiHI KOMWIEKCU, NOKAZHUKU SIKOCHIL.

Puc.: 3. bi6n.: 13.

AKTyaJbHicTh TeMH JocaizkeHHsl. O0’€KTHBHE BU3HAYCHHSI MOKA3HUKIB SKOCTI O€3Mi-
7noTHUX aBiamiiHux xkomiuiekciB (bnAK) € nmepenymMoBo0 BUKOpUCTaHHS PI3HOMAHITHUX 3a-
cOO0IB TEXHIYHOT JIarHOCTUKHU, CEpel] IKUX MPONOHYEThCS BUKOPUCTOBYBATU (PaliIN TeleMeT-
puunux Jjorie bnAK. Ilg 3amava, mouuHaroun Bl BHU3HAYEHHS BUMOT JIO CHCTEM
onepaTtuBHOro aiarHoctyBaHHs briAK 1 3akiHUylOUM TEXHOJIOTITUYHUMH acCHEeKTaMU peanizallii,
MIOKHU HE Ma€ €(peKTUBHOTO BUPILICHHS.

ITocTanoBka npodaemu.

TexHiyHa MIarHOCTUKA CKIQJHUX TEXHIYHUX Ta OPraHI3allIMHUX CHUCTEM, JO SKUX BiTHO-
ciaTbes 1 0e3nutoTHI aBianiiHi kommiekcu (bnnAK), morpeOye, cepen iHiioro, 30upaHHs Ta
HaKOMHWYEeHHsI 1H(OpMaIlii PO CTaH OCTAHHIX MPOTAroM HeBHOTo yacy. IloaiOHa AisabHICTH
oJieprKaJia Ha3BY KypHaJIIOBaHHs (BeAeHHS KypHasiB). CHHOHIMOM Ha3BU TAKHUX KYPHAIIB €
TepMiH «ior» (aHri. log — xypnan). Ls iHpopmariis gae 3MOry npoIiarHoCTyBaTl TEXHIUHY
CHCTEMY Ta CTBOPIOE MIAIPYHTS Il HEYNEPEHKEHOro Ta 00 €KTMBHOIO BU3HAYEHHS MOKa3-
HUKIB SIKOCT1 OcTaHHKOI. KpiM TOTrO, HAaKOMIMYEHHS Ta BIAMOBIIHA IHTEPIIPETAIlis JIOTIB 103BO-
JIsi€ BUSABIIATH HAIPSMHU 3MIH IIUX CUCTEM — sIK Oa)KaHMX, Tak 1 HeOaxaHMX, K1 € HACIIIJIKOM
30ypeHb Ta HEKOHTPOJIbOBAHHX MPOLIECIB y CEPEAOBUIL, sike 0Touye cucteMy. [lonibHi naHi €
MaTepiajibHUM YOCOOJeHHAM 1H(QOpPMAaLIHHUX 3BOPOTHUX 3B’SA3KIB, HAJIEKHE BUKOPHCTAHHS
SKUX POOUTH MOYJIMBUM JOCSATHEHHS CTaOUTbHOCTI (DYHKIIIOHYBAaHHS CCTEM Ta 3al00iraHHIo
300sM Ta aBapism (puc. 1).

© bammnceka O. O., Kasumup B. B., Hecrepenko C. O., 2018
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3a3Buyail JIOTH 3aMKMCYIOThCS B CUCTEMAX 13 TaKUX I[UIeH:

— HaKOMWYEHHs 1H(opMaLii PO cTaH CUCTEMH Ta ioro 3miHu B vaci [1]. s 3amaua onepxa-
J1a Ha3BY «MOHITOPHHI 1 € CKJIaJIOBOIO YaCTUHOIO AITOPUTMY YIPABJIIHHS PU3MKAMU B CUCTEMI;

— oJiepkaHHs 1H(OpMaLil PO CTaH CUCTEMU Ta MOil, AKi HepeayoTh 300siM abo aBapisiMm
[2], 3 MeTotO JTIKBiAALli] HACTIIKIB OCTaHHIX;

— 00’€KTUBHOTO OLIIHIOBAHHS MOKA3HUKIB SIKOCTI TEXHIYHOI CUCTEMHU.

BukopucTaHHs JIOTIB yCKIIaHIOETbCS TUM, 1110 KOPUCHA 1H(GOpMAIisl B HUX MICTUTHCS B
HESIBHOMY BUIJISIIL, 110 POOUTH aKTyalbHUM 3aBJaHHS PO3POOKH €(PEKTHUBHHUX METOJIB PO3-
mu@pyBaHHs Ta MPaBUIbHOI IHTEPIIPETallii JIOT1B.

e Cncrema_____
o ! '
I [Tk |
s ypHan Peectpatop | ! =D ®isnuni 8nauem
1
% ! \ i —> IHpopmaLia
2 Kepytoua |
1
o nigcucrema !
1
! lL ’]\ | BUXoaM
BukoHaBua

———>nigcuctemal >

ﬁ T36ypEHHﬂ @

Puc. 1. Micye niocucmemu s#cypranto8ants 8 y3a2anibHeHil cxemi cucmemu

Orusp icHy104HX pilleHb 3a1a4i )KypHAJIIOBAHHS.

KypHamoBaHHs € BaXXJIMBOIO OIEpalli€lo B Mporeci (GyHKIIOHYBaHHS KOMIT FOTEPHUX CHC-
TeM, 0COOJIMBO KOJIM CUMIITOMH BIIMOB Ba)XKO BUSIBUTH. BeneHHs KypHaly 3a0e3neuye Makcu-
MaJIbHO JIOKJIA/IH1 JIeTajll CTaHy CUCTEMH Mepe BIIMOBOIO, TaKl, sIK 3HAUCHHS 3MIHHUX, 3HAUYEHHS,
K1 IOBepTaroTh (PyHKUIT 1 T. 1H. Konu BUHMKae MOMMIIKA, CHCTEMHHUI aJMIHICTpaTOp MOBUHEH
BU3HAYUTH, IO CIPUYMHWIO MOMWIKY [2], cmpoOyBaTH BITHOBUTH BCi BTpauyeHi JaHi Ta 3a-
NOOI'TH MOBTOPEHHIO HIWMAEHTY. CHCTEMHMI aJMIHICTPaTop MOXeE MOTIM BUKOPUCTOBYBATH
AKYpHaII MOJIIH, 100 BU3HAYMTH, SIKI YMOBU BUKJIMKAIN MOMUJIKY T BU3HAUMIIM KOHTEKCT, B SIKO-
My BiH cTaBcs. [lepioguyHo neperisaaodu xKypHal Mo/ii, CUCTEMHUIN aJMIHICTPaTOp MOXKE BU-
SIBUTU MPOOTIEMH (HaPHUKIIa[l, HECTIPABHUM KOPCTKUI JUCK), MEpII HOK BOHU 3aM0/IFOTh IIKOJY.

VY KOMI'IOTEpPHUX cCHCTEMax KIacH(PIKyrOTh KUIbKa THIIB MOIIH, sIKi MOYKHA 3apeecTpyBa-
TU. Yci 1l JaHl MalTh YITKO BU3HAUEHI 3arajbHi O3HAKU 1, MOXKJIMBO, BKIIOYAIOTh JaH1 PO
KOHKpeTH1 nojii. [Iporpama Bka3zye TN MOJ1l, KOJM HAAXOIUTh MOBIAOMIIEHHS IPO TE, IO
BOHO cTasioch. CTaHIApTHUM CIOCOOOM I'eHepallii TaKoro MOBITOMIIEHHS € BUKIMK BIATOBIA-
HOTO TepepuBaHHs onepauiitHoi cucreMu. KoxkHa mojiisi noBMHHA OyTH BiHECEHA JI0 OJTHOTO
tuny. [Iporpamsi 3acobu neperyisay CnucKy noii BigoOpaxaroTh KOXKEH TUIT MO 13 BUKO-
PHUCTaHHSM PI3HUX MO3HAYOK, KOJIbOPY 200 HIIUX Bi3yaJlbHUX 3aCO0IB.

B onepauiitnux cucremax (OC), nanpukian y Microsoft Windows 7, Ha miacrasi moio-
HO1 Kiacudikailii Mol Ta HAKOMUYEHHS CTATUCTUYHMX JAHUX BUBOJUTHCS IHTETPabHUN
noka3HUK sikocTi pobotn OC, Ha3BaHUN 1HIEKCOM MPOYKTUBHOCTI.

Komn’rorepni mepexi (KM), sk oKaibHi, Tak 1 r100aabHi, CTaIM HUHI Y4 HE HAMrojoB-
HIlIUM 32C000M LMBITLHOTO 3B’SI3KY. IXHs HaAiliHICTh Ta MPOJYKTHBHICTh € KPHTUYHO BaskK-
JMBUMHM JUIs1 6aratboX Jep>KaBHUX Ta MPUBATHUX OOJIACTel 3acTOCYBaHHS, TOMY BOHH Iepe-
OyBalOTh M1 MOCTIMHUM HArsIoM Ta KOHTPOJIEM, 3/11IHCHEHHS IKUX MOTpedye 000B’I3KOBOTO
KYpHaIIOBaHHs Ta MOHITOpUHTY. Sk nepie, Tak i Apyre B KM mae neBHi ocobauBocTi [3].

Jlorn mpo cBoro p060Ty BEJyTh BeO-cepBepy (CreLiali3oBaHl KOMIT'IOTEPHI IIPOrpaMy,
K1 00pOOJISIFOTh BENMKI MOTOKM 3alUTIB, Hanpukian, Apache, Nglnx Lighttpd Ta inmi). Ix
nor-(aiau MaroTh Hanepea 3a/1aHi imeHa — access.log ta error.log, i 3a cBoiM hopmaToM Bo-
HU € TEKCTOBUMHU (puc. 2).
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66.249.64.34 - frank [05/Apr/2017:13:55:36 -0700] "GET /product-123 HTTPA.1" 200
2326 " hitp:/lwww.webstore.comhome.html" "Mozilla/5.0 (compatible; Googlebot/2.1;
+http:/'www.google.com/bot.html)"

Puc. 2. Tunosuii suenao ppaemenma noe-ghaiina access.log
8e0-cepsepy Apache xomn romepHoi mepedici

®aiin access.log BUKOPUCTOBY€EThCSI BeO-cepBEpaMHM JUIsl 3alKCy 3BepTaHb A0 caiita. Lle
TEKCTOBMH (pailyl, Ha KOXKHOMY PSIZIKY SIKOTO 3alUCYEThCS OJHE 3BEpTaHHs J10 cepBepa. Buko-
pUCTaeTbes U1 300py CTAaTUCTUKU CaiiTa i 1715l BUSBIICHHS MOXKJIMBHX 3JI0BXKMBaHb Ha CAUTI.

®aiin error.log (B UNIX-noniOHux cucremax — error_log) — )xypHaJlbHUHM (aiii, BUKO-
pPUCTOBYBaHUI1 BeO-cepBEpOM IS )KypHAJIIOBaHHSI BUHUKJIMX Ha cepBepl MOMUJIOK, IO J03-
BOJISIE BU3HAYUTH TUI MOMMJIKH, a TaKOX MPUYMHY il BUHUKHEHHs. Lle — TekcroBuil Qaiin,
KOKEH PAJOK KOO CKIIQJAEThCs 3 JaTW BUHMKHEHHS MOMWIKY, ii Tumy, IP-anpecu xiieHTa,
SKOMY OyJ1a MOBEpHYTa MOMUJIKA, IICHs YOTO MOJIAETHCS CaM TEKCT MOBIOMIICHHS.

XapakTepHoto ocobnuBicTio JoriB KM € Te, 1110 3anUcH B HUX MOTaHO CTPYKTYPOBAHI.
L 0coOnuBICTh y MO€AHAHHI 3 1HO/I AYK€ BETMKUMHU 00CAraMu JIOT1B (COTHI TUCAY 1 HaBITh
MUIBHOHU PAJKIB) pOOJIATh X pO3MIM(PYBaHHS HEMPOCTOIO 3ahaueto. ToMy npo SKICTh po-
00TH KOMII'FOTEpHOT Mepexi 3a TaHUMHU JIOT (aiiliB cepBepiB OCTaTOUYHUN BUCHOBOK 3pO0Ou-
TH JI0CUTh BaXKKO.

Jlorn, siki 3anucyroTbcs B aBTOHOMHHMX TexHIYHMX cucreMax (ATC), BiIpi3HSIOTHCS
MOPIBHSIHO HEBUCOKOKO CKIAAHICTIO. Lle MosICHIOEThCS epeBaKHO 0OMEXKEHICTIO (TTOPIBHSIHO
3 posnoainenumu cucremamu) ATC y mpoctopi i y yaci ikcyBaHHS JaHUX. TUIOBUM NpH-
knagoMm joriB ATC e noru, siki 3anuCyroThes B 0ararb0X MOJAENSX Cy4aCHUX aBTOMOOLTIB
(BMW M3 Coupe, Mazda MX-5, Porsche Cayman S, Renault Megane Sport, Skoda Octavia
1.8TSI ta in.) [3] 11 JIarHOCTUKYU IXHBOTO TEXHIYHOTO CTaHYy.

ABTOMOOIUTBHI CHCTEMHU pEeCTpallii TpaaulidHO 3amucyroTh Joru y dopmari CSV
(Comma Separated Values), koau okpemi 3HauU€HHS XapaKTEPUCTUK PO3/UICHI KomMamu [4].
®opmanbao (popmar CSV — 1e TekcT, MpU3HAYCHMIA ISl MOJAHHS TAOIMUHUX JaHuX. Moro
cnerudikaiis Taka:

— KOXEH pAIOoK (aiinia mepenae oauH PAIOK TaOuIIL;

— PO3IUTBHUKOM 3HAaY€Hb OKPEMHUX CTOBITYMKIB € CUMBOJ KOMH «,»;

— HEYHMCIJIOBI CUMBOJIH (TIO/ABIMHI JIallKK, KOMa, Kparka 3 KOMO0, HOBHUI psJIOK) oOpamJisi-
I0ThCS MOABIMHUMU J1ankamu (7 ).

He3Baxaroun Ha HasBHICTh NEBHOTO CTaHAApTy [5], Ha choroaHi mig CSV yacto po3ymi-
I0Th HaOIp 3HAYEeHb, PO3JUICHUX SKUMHU 3aBIOJJHO CUMBOJIAMH, 3 SIKUMH 3aBTOJIHO 3aKIHYEH-
HSIMU PSJIKIB 1 MHOKMHOIO PI3HUX CIIOCOOIB €KpaHyBaHHS crieliIcMMBOJIB. Lle 3HauHO ycknana-
HIOE TIEPEHECEHHS JaHUX 3 OJTHUX MPOrpaM B 1HILI, HE3BAXKAIOUM Ha BCIO MPOCTOTY peatizaiii
nigrpumku CSV.

PosmmdpyBanHs Ta IHTEpHpeTamilo JIOriB YacTO BHMKOHYIOTh 3a JOMOMOIOI0 YTHIIITH
DieselPower Log Viewer [6]. Lle BinkpuTe nmporpamHe 3a0e3neueHHs], 3/1aTHE NEPEeBOAUTH
CSV-noru ans nmojanblioro aHanizy abo y ¢opmar tadbmuub Microsoft Excel, mo mocuts
TpHBIaIbHO, 200 MOKa3yBaTH JIOTH B rpadiuHomy Burisal. Ha xane, nonibHe po3mmpyBan-
Hs1 JIOTIB HE CTaBUTh 32 METY BU3HAUUTH MOKA3HUKU SKOCT1 aBTOMOOLIS, ajie 103BOJIsI€ BUSBU-
TU TI€BHI HECNPaBHOCTI B CUCTEMI M0JIaui MAJbHOTO, €JIEKTPOOOIaJHAHHI TOLIO IUIIXOM
aHaJIi3y NEeBHUX XapaKTEPHUCTUK.

@opmyTIOBaHHA IiJIel cTaTTi (MOcTaHOBKA 3aBIaHHs). MeTa cTaTTi moJsrae B aHami3i
BIJIOMUX DIIEHb LIOJI0 YXYPHATIOBAHHsS IMpoLecy (YHKLUIOHYBAHHS TEXHIYHMX CHCTEM Ta
oOrpyHTYyBaHHs1 BHOOpPY 0a30BOro MpPOTOKOJY JUIsl CTBOPEHHS TEIEMETPUYHOro Jor-gaiina
ornepaTtuBHOI TexXH14HO1 niarHocThku BITAK.
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BukJaa ocHOBHOTO 3MicTy. SIK BUJIHO 3 BUILEBUKIAJCHOTO, KYPHAIU (JIOTH) TEXHIYHUX
CHCTEM MaloTh JOCTAaTHIO IH(QOpMalLiiHy IIHHICTh Ui NOTPEe0 TEXHIYHOI MIarHOCTHKH,
OCKLUIbKM BOHH MICTATh 00’ €KTUBHY IH(POPMAILIO0 PO CTaH 1 MOBEAIHKY cucTeM. CTpYKTYypHO
Jor-(Gaiar BHYTPILIHBO 00 TOBAHI SIK HA0OPHU peryisipHUX 3alMCiB.

OninuMo BuMOrH 10 GopMyBaHHs TeaemeTpuuHux JoriB bnAK, sxi HeoOXigHi a1 mo-
JAJbIIOr0 1X BUKOPUCTAHHSA B CHCTEMax TEXHIYHOI JIarHOCTUKHU il O0O0’€KTUBHOTO
OLIIHIOBAaHHS MOKA3HUKIB SIKOCT1 OCTaHHIX.

3a cnocoOoM 3anucy AaHUX y JIOT OCTaHHI MOXKYTh PO3PI3HITHUCH SIK:

— OiHapH1, B AKUX MOJIS 3aMUCY SABJSIIOTh COOOIO MPOCTO MOCTIIOBHOCTI OalTIB, sSIK1 IHTEP-
MIPETYIOThCS K JBIHKOB1 YUCIIA;

— TEKCTOBI, B SIKUX KO>KEH 3allUC CKJIAJa€ThCs 3 TEKCTOBUX JIEKCEM Hallepe]] BU3HAYEHOro
hopmary;

— 3MILIAHOTO THITY.

[ToniGHe pO3/UIEHHS € BaXKJIMBUM Y BUIAJIKY, KOJIM BPaXOBYETHCSI IIBUIKICTh MPOTIKAHHS
MIPOLIECIB, SIKI PEECTPYIOThCA B KypHaii. [IpakTH4HO BCi mapaMeTpu, MpU3HAUEH]1 s 3aIucy
710 JIOTY, € eJIEKTPUYHUMHU (CTpyM abo Hampyra, siki 3HIMaroThbcs 3 MEBHOro naTuuka). Oxep-
KaHHs OIHAPHOTO YSBJIEHHS TaKOT'O CUTHATY BUKOHYETHCSI aHAJIIOTOBO-LU(POBUMU MEPETBO-
proBauaMu, HIBUJKOMIS SIKUX OOMEXYETbCS TUIBKU MOCTINHUMU Yacy MepeXiAHUX MPOLECIB Y
nu(poBUX JIAHIIOrax KoMl toTepiB. PeanbHo yactoTa ojepkaHHsA OIHAPHUX BUUTIKIB MOXKe
Math nopsagok 10 10° ', TakuM 4YMHOM, MOCTIZOBHI 3aIMCH INBHAKOILIMHHHMX HPOLIECIB
palioHaJIbHO BUKOHYBATH caMe B OiHapHOMY (popmari.

TexcroBuil popmar 3anucy BUMarae nepeTBOpeHHs OIHAPHOTO CUTHATY Ha MOCIHIIIOBHICTh
CHUMBOJIB (TEKCT) Mepe]] 3aucoM y JIOT, a 1€ olepallis MOPIBHAHO MOBUIbHA. TOMY TEKCTOBI
JIOTH 37e0UIbIIOr0 BUKOPUCTOBYIOTHCS Ul JKYPHAIIIOBAHHS INPOLECIB, B AKUX Temil ¢op-
MYBAaHHS JIOTY HE € KPUTHYHOIO MEPENIOHOIO.

s HaCTyr[Ho'l' 00poOKM OUIBII 3pYYHUM € TEKCTOBUM (hopMaT, OCKUTBKU JyKe MOILIMPEH1
[7; 8] mporpamui 1HCprMeHTH JIEKCUYHOTO po300py (MapciHry) TeKCToBUX psiikiB. [lapciHr
xKe 61HapHoro JIOTY 1HAKIIe, aHDK NPOrpaMHUM YHHOM, BUIAETHCS HEMOXKIMBUM. Tpu 1pomy
HE BIIOM1 YHIBepcalbHI MPOrpaMHi J0AATKU, sKI Oynu O 37aTHI po3OupaTH OiHApHI JIOTH
JOBUIbHOTO (hopMaty. ¥ cuity LbOTo Ui po30opy Ta iH(popMalliifHO1 IHTepnpeTalii KOKHOTO
p13HOBU Ly OIHAPHMX JIOTIB JOBOJUTHCS MUCATH CIEllialbHE IPOrpaMHe 3a0e3eueHHs.

He3pyunicTs 6iHapHUX JIOTIB [yl OCTOOPOOKU MPUMYIITYE BUPOOHUKIB CUCTEM, B SKHX
BEJIETHCS JIOTIHT, po3po0uaTu [9] yTuiitu KoHBepTalii O1HApHUX JIOTIB y TEKCTOBUH, Ta B 1H-
HIMX 3py4HHX Ui po3mmppyBanHs ¢opmatax (Comma Separated Values, Matlab). Taxkum
YMHOM, YacOBl BUTpATH HA CTBOPEHHS TEKCTOBOTO (hopMaTy, SIKUX YHUKHYJIM IMpH 3amuci
O1HApHOTO JIOTY, OJTHAKOBO BIIOYBAIOTHCSI, ajie B CIIOKIMHMIA epio1 MOCTOOPOOKH, 110 LILTKOM
BUITPAB/IAHO 3 MPAKTUYHOTO MOTJISY.

[To-nepure, Tpeda 3a3HaunTH, 0 QyHKIIOHYBaHHS cuioBoi miacucremu biAK (mxeperno
KUBJICHHS, KOHTPOJIEp JIBUT'YHA Ta BJIACHE JIBUT'YH, @ TAKOX CHCTEMH KEPYBAaHHS IMOJILOTOM
XapaKTepU3YIOThCs JI0CTaTHBO BUCOKOIO 4acToTor 3MiHM mapamerpiB (20 kI — 1,1 I'T'n))
[10]. ¥V cuny uporo 3abe3nedyeHHs: MOTPIOHOT ONEPAaTUBHOCTI 3aMUCIB 10 JIOTY MOKHa 3a0e3-
NEYUTH €JUHUM HUIIXOM — BUKOPUCTAHHSM JIOTIB OiHapHOTO popmary.

[o-npyre, popmar TeneMeTpUUHOrO JOTy IOBUHEH 3a0€e3MeuyBaTu K nepeaayy JaHuX Ha
HCK, Ttak 1, 3a HE0OXiIHOCTI, MPHUIOM KOMaHJl KepyBaHHS 3 Hel. 3BIICHM BHUHHUKAE HEOO-
X1THICTh BUKOPUCTAHHS JIOCTaTHHO PO3BUHEHOTO MpoTokosry oominy briJIA — HCK, sxuii Ou
OyB 374aTHUI KOJTyBaTH 3HaUHY KUIbKICTh 1H(OpPMAIIIfHUX KaHATIB.

[o-Tpete, 060B’13KOBUM €TaroM 0OpOOKH TaHKUX MOJBOTY € aHANI3 Ta IHTepIpeTallis JOriB,
30kpema, Tenemerpuunux Jiorie HCK. Sk 3a3Hauvanock Buile, 110 poOOTY palioHaabHO BHUKO-
HYBaTH, NPALIOI0YM 3 3alucaMy He OiHapHOro, a TeKCTOBOro Qgopmary. OTxe, 10 KOMIUIEKCY
00poOKu TeneMeTpu4Hoi 1HpOpMaLil CIil BKIOYATH NPOrpaMHE 3aCTOCYBaHHS JJIsi TIEPETBO-
peHHs1 OiHApHOTO MOJaHHsA Jor (aiia B TEKCTOBE. SIK MOXKJIMBA albTEpHATUBA € BKIIFOYECHHS
orepallii KOHBepTaLil B TEXHOJIOTTYHUH JaHLIOT AITOPUTMY PO3LIM(PYBaHHS JIOr-(aiina.
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Jlnst BupitieHHs: mpoOieMu 00’ €KTUBHOIO 0OYMCIEeHHS MOKa3HUKIB sikocTi bnnAK Ha 6a3i
aHaJi3y TeJIeMETPUYHMX JIOTIB MOTPIOHO BHUKOHATU MeEBHI mepenymoBu. Ilepina monsirae B
HEOOX1THOCTI CTBOPEHHSI CUCTEMHU HaKOIWYEHHs JIOTIB sIK 3ac00IB JOKYMEHTYBAHHS I0JIbOTIB
bnAK. [Jlpyra nepeaymoBa mosisirae B po3poOLii Ta KOMIUIEKCYBaHHI aJlTOPUTMIYHUX 3aC001B
OINEpPaTUBHOIO PO3MIM(PYBaHHS Ta MPaBUIBHOI 1HTEpHpeTalii JaHux joriB. Tpers nepemy-
MOBa MOJISATa€ CTBOPEHHI 1HTep(deicy MDK cucTeMaMu po3MK(pyBaHHs JIOTIB Ta CUCTEMaMHU
pO3paxyHKy noka3HuKiB sikocTi bBnAK.

Jlnst ctBopenHst opmarty Jior-(aiina, skuit 6yB OM MAKCUMAJIBHO 3pYYHUM JUISi BUKOPUCTAHHS
foro B mporecax TeXHIYHOT TIarHOCTUKU, MOYJIMBO PO3POOUTH CHELIAIbHUN MPOTOKO TeIeMeT-
pUYHOTO OOMIHY, aJie TaKOro, sIKUil TOYHO BiAnoBinae ymoBam ekciutyarauii bnAK. Tpeba 3a3na-
YUTH, 1O MOJIOHA 3aj[aya MOKE CKJIACTH MPEIMET OKPEMOro HayKOBOTO JIOCHIDKEHHS Ta J0-
CITITHO-KOHCTPYKTOPCHKOT pO3pOOKH. AJIBTEPHATUBOIO 1IbOMY € BUKOPUCTAHHS IIEBHOTO BiZJOMOTO
pillIeHHs1, Ta HOro MOXIIMBOI aanTailii 40 yMoB ekcrutyatanii biAK. Ockinbkuy 1iei nuisax OUThI
BUT1THUI 3 EKOHOMIYHOTO TOTJISITY, BIH BUKOPUCTOBYEThCS IOCTATHHO IIMPOKO [11].

®opwmart soriB biAK € GinapHuM, 1110 YCKIAAHIOE X po3MIUGPOBKY i IHTEpIPETAIlitO, TO-
My IOCTa€ 3ajiada iX KOHBEpTalii B CUMBOJIbHUI (hopmaT. Po3rinsiHeMo BUMOTrH, SIK1 BUCYBa-
IOTBCS 11010 CUCTeM KypHamoBaHHs briAK 3aranbHOro npusHadeHHs.

PosrnsiHemMo oMH 13 BapiaHTIB Ipyroro HampsiMy, a caMe MpHUIATHICTb BIIOMOTO BIIKPHU-
toro npoTokony MAVLink [12] ansa BunmankiB crienianbHoro Bukopuctanas bnAK.

Le#t BiaKpUTHUIl POTOKOJ OMHUCYE CTPYKTYpPY Jor-gaiiya sk MOCHJOBHICTh KaapiB (ma-
KeTiB, ppeiimiB), B sIKi 3aUCYIOThCS 1aH1 6iHapHOTO dopmaTy (puc. 3).

MAVLink Frame (8...263 baiir)
LN | seq [ svs [comp] msc IETNRT VRN cKa [ ck

Puc. 3. Cmpykmypa ¢hperimy npomoxony MAVLink

Jbxepeno: [13].

[epumii Gaiir nmakera (STX) — cumBos mouarky mnosigomieHHs. LEN — noexkuHa mo-
BinomienHs (Payload). SEQ — niunneHuk nakera (0-255. SYS (System ID) — inentudikarop
cucreMu, sika Hajicnana nosigomieHHs, a COMP (Component ID) — inentudikarop xomo-
HEHTa, sIKUil BianpaBuB nosigoMieHHs. MSG (Message ID) — Tun nmoBifoMieHHs, Bl SIKOTO
3aJIeKUTh, SIKI KOHKPETHO AaHi OyAyTh 3amucaHi B rosie nopigomieHHs nakery. PAYLOAD —
MOBIIOMJIEHHS nakeTy, JoBkuHOMW 0...255 Gaiir. CKA 1a CKB — Monommuii Ta crapuuit
0aliTH KOHTPOJIbHOT CyMU TTaKeTy.

BpaxoByroun BIAKpUTICT MPOTOKOJY Ta JAOCTYMHICTh MOXIAHUX TEKCTIB MOro Mporpam-
HOTO KOAYy, JOCIIJHMKHM Ui aHali3y Ta IHTepIpeTalii TeJeMEeTpUYHUX JIOTiB (opMmaTy
MAVLink 3a3Buyaii BUKOPUCTOBYIOTh HECTaHJApPTHI porpamHi pimenHs. [{onpasaa, nomy-
JsipHa nporpaMa kepyBaHHs nojgbotamMu bnAK Mission Planner [9] uactkoBo Bupiliye mpo-
Onemy iHTepHpeTallii JIoriB, 60 B Hill HasiBHA Xo4ya O MOXKJIMBICTh BioOpaxxeHHs rpadikiB ma-
pameTpiB, O (IKCYIOThCS JI0T-(aitnom, 3a BUOOPOM KOpUCTyBaya.

Takum YMHOM, BUKOPUCTAaHHS OmKMcaHOro mnpotokoily MAVLink nae peanbHy MOX-
JIMBICTh BUKOHAHHS C(OPMYIIbOBAHUX BUIILIE NIEPETyMOB BUKOPUCTAHHS TEIEMETPUUHUX JIOTIB
BnAK mia texuiunoi miarmoctukd BnAK 1 moganbiioro 00’€KTUBHOTO BH3HAUYEHHS ITOKa3-
HUKIB iXHbOT IKOCTI.

BucnoBku BinmoBinno a0 crarri. Tenemerpuuni noru bnAK e mmpokogoctynauMm 3a-
co0OM OKyMeHTyBaHHs 1oyib0TiB briJIA. Bonu MicTATh y co01 00’ €KTUBHY 1H(POpPMAaLlitO PO
nepe6ir nonapoTiB briJIA, Tomy MOXyTh OyTH BUKOpPHCTaH1 118 TEXHIYHOT AiarHocTuku bnAK
1 IOJAIBIIOr0 00’ €EKTUBHOIO BU3HAYEHHS [IOKA3HUKIB IXHBOT IKOCTI.
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Haii0inb1 3pyuynum i 0OpoOKH Clliff BBaKaTH CUMBOJIBHUNA (OpMAT JIOTIB, SIKUH cepesl
IIPOMUCIIOBUX CUCTEM € HalOUIbIl nomupeHumMu. Pazom 3 tum dopmat noris bnAK e 6inap-
HUM, 10 YCKJIAJHIOE 1X pO3IIU(pyBaHHA i IHTEpIpETaLil0 Ta BUMArae ix KOHBEpTallii B CUM-
BOJIbHUH (popmar.

Bukopucransus npotokody TenemerpuyHoro ooMiny MAVLIink € eekTuBHUM pillIeHHAM
JUIsl TOOYIOBU KOMILIEKCHOI CUCTEeMM TeXHIUHOi aiarHocTukd BnAK 3 mMeToro mopanbiioro
00’€KTUBHOI0 BU3HAYEHHSI NOKA3HUKIB IXHBOT SKOCTI.
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UDC 62-53:623.746-519
Olha Bashynska, Volodymyr Kazymyr, Sergii Nesterenko

FORMING TELEMETRIC LOG FILES FOR UNMANNED AERIAL SYSTEMS’
OPERATIONAL TECHNICAL DIAGNOSIS

Urgency of the research. Objective definition of quality indicators of unmanned aerial systems (UAS) presupposes the
use of various means of technical diagnostics, among which it is proposed to use the files of telemetric logs UAS. This task,
from the definition of requirements to the systems of operational diagnostics UAS and ending with the technological aspects
of implementation, has not an effective solution yet.

Problem setting. When designing a sophisticated technical system, such as UAS, one of the subsystems for ensuring the
survivability and manageability of the system is the choice of an efficient way to collect and accumulate real-time system
information. Firstly, the set of characteristics to be measured must be in line with a certain range of quality indicators used
to evaluate the UAS. Secondly, it is necessary to investigate possible ways of implementing telemetry operative data collec-
tion processes based on modern information technologies.

Analysis of recent research and publications. The description of logistics systems of technical systems, namely, auto-
motive and computer systems, such as operating systems and computer networks, is described. Regarding UAS, the available
information is fragmented and only reflects the experience of using unmanned vehicles of different types by amateurs.

Uninvestigated parts of the general matters defining. The development of new types of UAS and their modification re-
quire the formulation of clear design requirements for all subsystems, including the subsystem of telemetry, which is pro-
posed to be considered as a means of technical diagnostics in order to assess the quality of UAS.

Presenting main material. The data on typing logs in the process of journaling telemetry data is given. A connection is
established between the type of logs, the recording speed and the convenience of post-processing. The basic properties of the
logging system of UAS are formulated: the efficiency of fixation, the functional completeness of the protocol, the ability to
convert to text format, security from interference. As an example of implementation, an improved protocol based on
MAVLink with adaptation under special terms of use is considered.

Conclusions regarding the article. The UAS telemetry logs contain objective information about the state of UAS in the
process of their use, therefore, if they are correctly used and interpreted, they can be used as a means of technical diagnos-
tics for the purpose of further objective assessment of the quality of the UAS.

Keywords: technical diagnostics; logging, unmanned aerial systems; quality indicators.
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Onexcandp Jlakmionog

IHAEKCHA OHIHKA AKOCTI HIA'OTOBKU OIIEPATOPA BEPCTATA
3 YUCJIOBUM ITPOI'PAMHUM KEPYBAHHSAM (YI1IK)

Axkmyanvnicms memu docnioxcenns. [Ipodnema niosuwents aKocmi ni020mosKu onepamopa 6epcmama K NOKAHUK
i1 eqhexmuenocmi € axmyanvrolo Onsi NIOBUUWEHHSI NPOOYKMUSHOCE MA SKOCMI UPOOHUYMSA demalell Ha 6epcmamax i3
YIIK y yexax mawurobyoieHux nionpuemcme Yxpainu.

Ilocmanoexa npoonemu. Cyuachi 00CHiodceHHsx He nepeddbauaroms 00 €OHAHHsL HOPMOBAHUX OYIHOK I OYIHOK eKchep-
mis y iHmezpo8ami NOKA3HUKU, WO VCKIAOHIOE OYIHIOBAHHS AKOCMI nidzomosku onepamopa eepcmama 3 YIIK.

Ananiz ocmannix oocnioycens i nyonikayiii. Buxionumu cknadogumu NOHAMMms «SAKiCMby Ni020MosKy onepamopa 6ep-
cmama 3 HIIK € cghopmosani xapaxmepucmuxu ocobucmocmi onepamopa éepcmama 3 9IIK (1) ma Hopmosani oyinku 00 tiozo
nio20moeKu, 32i0H0 3 BUMO2amu 8I00M4020 cmanoapmy (2).

Buoinennsa nedocnioscenux uacmun 3a2anvHoi npoonemu. Bukopucmanus HOPMOBAHUX OYIHOK, OYIHOK eKCnepmis,
VPAxXy8aHHs CKIA008UX MEXHIYHOI, iHghopmayiliHol nidcucmem 3abe3neyye ICHY8AHHS CMILIKO20 38 SI3KY MIJHC HUMU.

ITocmanoeka 3aedanus. 3anpononysamu opmyny HHOEKCY OYIHIOBAHHS AKOCMI NIO20MOBKU ONEpAmopa 8epcmama 3
YIIK ma chopmyny inoexcy aKocmi 6u20moeieHHs Oemai.

Buknao ocnosnozo mamepiany. Ycmanogeneno 3a1excHicme Midic 3p0CMAHHAM AKOCMI Ni020MO8KU onepamopa ma sKi-
cmio sueomogients demani na eepcmami 3 I1K.

Bucnoexu 6ionogiono 0o cmammi. Eexmusnicmo 3pocmanns skocmi nioeomosxu onepamopa eepcmama 3 YI1K eu-
3HAUAEMBCSL HA OCHOBL CHOPMOBAHUX XAPAKMEPUCMUK RPODECITIHOI KOMREMEHMHOCMI ONepamopa ma NOPIGHANbHO20 AHAI-
3y 0auux 2-20 i 1-20 diaeHOCMUYHUX 3Di318 i3 GUKOPUCMAHHAM KOMIIEKCY MEMOOI8 MAmMeMamuyHoi Cmamucmuxu.

Knruosi cnosa: inoexc oyinio8anHs aKoCmi ni020mosKu onepamopa, IHOeKC AKOCMI U2OMOGIeHHs 0emali Ha 8epc-
mami 3 YIIK; éiokpuma 3smiwana cucmema, OYiHKU eKCnepmis, HOpMOBAHI OYIHKU, eqheKmugHicme.

Tabn.: 3. Puc.: 4. bion.: 14.

AKTyaJbHicTh TeMH AocaifzkeHHs. OLIHIOBaHHS SKOCTI MIATOTOBKU OIepaTropa Bepcra-
Ta 3 yucioBUM mporpamMHuM kepyBanHsM (mami UIIK) sk enemenrta cucremu «Onepatop —
Bepcrat — Kepyroua nporpama surorosienns aerani» (nani OBKII) ta o0’exra indopmarriii-
HOT TEXHOJIOT1i, fIKa 3a0e3neuye ii PyHKIIOHYBaHHS, PO3IJISAAETCA SIK B3a€EMO/IIS OI[IHOK €K-
CHEPTIB, SIK1 OLIHIOIOTh MPOAYKTH MOTO AISUIBHOCTI Ta HOPMOBAHUX OIIIHOK, OKPEMO ISl KOXK-
HOTO PIBHSI CKJIQJHOCT1 BUTOTOBJIEHHS jAeTaii Ha BepcTari 3 UIIK, mjo gopmyroTscst Ha 0cHOB1
3MICTY BIJOMYOTO CTaHIAPTYy.

TTOHATTS «SKICTh MIATOTOBKH (haxiBISD» XapaKTEPU3Ye 3MICT C(HOPMOBAHUX XapaKTEPUCTUK
ocoOucToCTi (axiBLs y B3aeMOJIi 3 0OYMOBIIOIOUMMHM X 30BHIIIHIMU 00 €KTMBHUMH (PAKTO-
pamu. TomMy BHUXIIHMMH CKIQJOBUMH TOHSTTS <SKICTh» MIITOTOBKM OMeparopa Bepcrara 3
UYIIK noBuHHI OyTH ABa ii rOJIOBHI KOMIIOHEHTH — C()OPMOBAHI XapaKTEPUCTUKU OCOOMCTOCTI
onepatopa Bepcrara 3 YIIK (1) Ta HopMoBaHi OIIHKM HOro MiArOTOBKH, 3T1IHO 3 BUMOTaMH Bi-
aoMuoro ctanaapty (2). Omke, 3pocTaHHs SKOCTI MIATOTOBKU ONEpaTropa BepcTaTra K MoKas-
HUK ii €e)eKTUBHOCTI € aKTYaJIbHOIO MPOOIEMOIO ISl MiBUIIEHHS MPOIyKTUBHOCTI Ta SKOCTI
BUpOOHUIITBA JleTasnel Ha BepeTarax 13 UIIK y nexax mammHoOyAiBHUX NIAMPUEMCTB Y KpaiHu.

ITocTanoBka mpo6Jemu. Cboro/iHi B YKpaiHi HEJAOCTATHRO YBaru MPUIUISIETHCS OLIHIO-
BaHHIO SIKOCTI MIATOTOBKHU omneparopa Bepcrata 3 UIIK, sikuii € eneMmeHTOM BiIKpUTOT 3Milla-
Hoi cuctemu OBKII. OcobnuBicTio iH(pOpMaIiiHOT TEXHOJOTIT MIATPUMKHI OL[IHIOBAHHS SIKO-
cTi miaroToBku omnepatopiB BepctariB 13 UIIK, sk enemeHTa cowlianbHOi, TEXHIYHOI M
iHbopMariiiHo1 migcucteM Bigkpurtoi 3mimanoi cucremu OBKII, ne cmocrepiraerbes HasiB-
HICTh TUIBKM OJJHOTO OIEpaTopa, sIKUil MpOTAroM poOoudoro IHsS 0OCIyroBye OAMH 1 OLIblle
BepcraTiB 13 UIIK, maHinynsTopiB, B TOMy, 110 BOHA 3a0e3Meuye SKiCTb BUTOTOBJICHHS JIe€Ta-
JIel 3 BUKOPUCTAHHSIM KEPYIOUUX MPOTrPaM.

AHaJIi3 ocTaHHIX AocaiT:KeHb i myOaikaniii. [Ipo6GnemMy O1iHIOBaHHS SIKOCT1 MIATOTOBKHU
¢axiBuiB BuB4yanu Haykosui: 1. B. Kuptommn [1], B. I'. Yepnos, M. A. IlaBnenko, A. I. Tu-
Mouko Ta iH. [2], I'. I. TTazuaun4 [3] Tomo. ¥ BIAOMUX TOCITIPKEHHSIX JTOMIHYE allfOPUTM, JIE
SKICTh MIATOTOBKHU (haXiBLs XapaKTEPU3Y€ETHCS MPSIMUMHU i 0OEpHEHUMH 3B’ s13KaMU (DAKTUYHO
OTPUMAHUX MPOIYKTIB AISTILHOCTI IPU MOPIBHSIHHI 3 pIBHEM BUMOT, 5IKI TOBUHEH BUKOHYBATH
onepatop Bepctara 3 UIIK mix yac BUTOTOBIEHHS JIeTalli 32 KpeCcIeHHAM (TEXHIYHUM 3aB/IaH-
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HSM, IHCTPYKIISIMU) 3aMOBHUKA. Po3risiHeMo OulblI 1eTalbHO MPOOJIeMy OLIIHIOBAHHS SIKOCT1
NIATOTOBKHU oreparopa Bepctara 3 YIIK.

BujisieHHsI HeTOCTiIKeHUX YACTHH 3arajbHoI npoosemMu. [IoHATTS «OLIHIOBAHHS SIKOCT1
MATOTOBKU (haxiBLIs» XapaKTepU3ye 3MICT chOPMOBAHUX XapAKTEPUCTHK OCOOMCTOCTI (haxiBLs y
B3a€EMO/IIi 3 OOYMOBITIOIOUMMH iX 30BHIMIHIMHU 00’€KTUBHUMHU (hakTopaMu. OLIHIOBAaHHS SIKOCT1
niarotoBku (axiiiB pociimpkyBamu: T. M. Kanisenp [4], O. A. Crenin, O. M. Ilonblakosa,
. A. I'ymennuit [5] Ta iHII, SKi BUIUIAIOTH TOJOBHI KOMIIOHEHTH TIPOLIECY OI[IHIOBAHHS SKOCTI
MiATOTOBKU (haxXiBIIs: METa OI[IHIOBAHHSI, 3MICT MPOAYKTIB AISUIBHOCTI OCOOMCTOCTi, KOHTPOJIb,
BUMOTHY BIZIOMYOTO CTaHAAPTY, 3MICT (POPMYIOUMX BIUIMBIB. ¥Y BCIX JOCHIIPKEHHSX HAyKOBIIIB
€JIEMEHTOM COLUAIBHOI MIACUCTEMU BIIKPUTOI 3MIIIAHOI CHCTEMH PO3IJsIaeThesl (axiBelp 13
BIINOBITHO ¢()OPMOBAHUMHU XapaKTEPUCTUKAMU OCOOUCTOCTI, SIKUM BCTYMAE Y B3aEMOJIIIO 13 TEX-
HIYHUMH, 1HPOPMALIHHUMH eJeMEeHTaMu MiICUCTeMHU BIIKpUTOi cucteMu. [IpoTe HenocTaTHbO
JIOCII/DKEHOI0 € TMpo0bieMa 3alIeKHOCT1 OLIHIOBaHHS SIKOCTI MIATOTOBKU ONepaTropa Bepcrara 3
UIIK Tta sK0CTi BATOTOBJICHHS J€Talll Ha BEPCTaTi, IKUK BIH 0OCITYrOBYE.

IMocTanoBka 3aBaaHHA. MeTa NOCHDKEHHS — BU3HAU€HHsS €(EKTHUBHOCTI OLIIHIOBAHHS
SKOCTI MIArOTOBKH oneparopa Bepcrata 3 UIIK.

3aBaaHHs NOCTIIKEHHS

1. Po3pobutu anroput™ 1 ¢popMyiny 1HAEKCY OLIHIOBaHHS SIKOCTI MiATOTOBKU OIlepaTopa
Bepcrara 3 UIIK.

2. Po3pobuty MaTeMaTUuHy MOJIENb 1HAEKCY SKOCT1 BUTOTOBJIEHHSI AeTani Ha Beperati 3 UITK.

3. ChopmyBaru 0a3oBy ekcriepuMeHTanbHy BUOIpKy cuctem OBKII, sika BiamoBinae Mo-
neni I'eHepanbHOi CYKYHMHOCTI BIJKPUTHX 3MIIIAHUX CHUCTEM MAIIMHOOYAIBHUX 3aBOJIB
M. KapniBka, m. [lontaBu Ta M. XapkoBa, A JOCTUDKEHHS 1HPOPMAIIIHOT TEXHOIOTII MiT-
PUMKH OLIIHIOBaHHS SKOCTI MIATOTOBKHU oreparopa Bepcrara 3 UIIK.

4. EXCTIEpMMEHTAJIHO MEPEBIPUTH 3AJIEKHICTh 3pOCTaHHS PIBHS OILIIHIOBAHHS SKOCTI Mij-
roToBkH onepatopa Bepcrata 13 UIIK Ta sikocTi BUrotoBieHHs aerani Ha Bepcrari 3 UIIK.

Buxnan ocHoBHoro marepiady. I'. I. [1azunny y crarti «Jlesiki 0coOIMBOCTI KOHTPOJIIO SIKO-
CTi MIATOTOBKU CYAHOBOJIIB Yy CYy4aCHHX yYMOBax» TIYMAauUTh BU3HAYEHHs HOHATTS: «fKicmb
ni02omoBKU USHAYAEMbCS 30 PaKMUYHUM 3HAHHAM ¢haxisyem CKIA0HOi CYOHOB0I MeXHIKU 8 No-
mMpiOGHOMY OJIs1 C8020 PiGHSL 00CA3I, BMIHHIO BUPIULYBAMU DIZHOMAHIMHI HANPYHCEHHS 8CIX 3VCUTb Y
OUHAMIYHO 3MIHIOBAHUX YMOBAX, GMIMU OMPUMYBAMU U AHANIZY8AMU PI3HOMAHIMHY iHOpMayio
810 PI3HUX MEXHIYHUX 3aC00i8, 3aCmOCco8y8amu Ha NPAKMUYI PI3HI 3a CBOEI0 NPUPOOOID MEMOOU
3abe3neuents besnexu mopennasanus» 3, c. 48]. KoHTposb — 11e oIliHIOBaHHS Ta OOMIK IaHUX Y
MpoIieci ynpaBiiHHSA. Y I[bOMY BU3HA4YEHHI MOHSTTS SKOCTI MArOTOBKU (haXiBIlsi BU3HAYAETHCS
NpY CHIBCTABJIEHHI ()aKTUUHUX JOCSTHEHb Ta HEOOXIHUX Pe3yJIbTaTIB BUKOHAHHIM HOPMOBAaHHUX
3aB/laHb, 33JlaHUX BIIOMYMMH CTaHAAPTaMH, PIBEHb SKUX Yy MPOLEC MpaLll 33Ja€ThCsl TEXHOIIO-
€0 Ta BAMOTaMH 3aMOBHHUKA.

T. M. KaniBenp 3a3Hauae, 110 OILHKA SKOCTI MIITOTOBKM KOHKYPEHTOCIIPOMOXKHOTO CIiellia-
JicTa — «ye npoyedypa, SKa BUABIAE 3a 00NOMO2010 MEMOOUK KOMNEMEeHMHICMb CmyOeHma, 00-
360JI5€ BUBHAUUMU KPUMepIi ma napamempu iHOUIOYabHUX NPOGeCIlHUX AKOCmell, Xapaxme-
PpUCMUK, 8I0N0GIOHUX nompedam PUHKY oceimuix nociye i punxy npayi» [4, c. 15]. TonoBue y
BU3HAUEHHI OI[IHKU SIKOCT1 MIIrOTOBKU (PaxiBIlsd — 1€ B3aeMOisi C(hOPMOBAHUX SKOCTEH 0coOmC-
TOCTI1 (Cy0’€KTUBHI (haKTOpH) 3 00YMOBIIIOIOUMMH iX OpMYBaHHS 00’ €KTUBHUMH (PAKTOpaMH.

O. A. Cremin, O. M. Tloneimakosa, 1. A. ['ymennuii Ta iH. y ctarTi «OLIHIOBaHHS TISUTBHO-
CT1 €KINaXXiB JITAJIbHUX anapaTiB MpH iX MIATOTOBLI HA TPEHAKEPHUX CUCTEMAaX» MPOIOHYIOTh
«...OompumMamu 8 peaibHOMy Macuimaoi 4acy abo OYiHKU eKINaxicy 3a2aioM 3d Pelcumamu i
HABYAIbHUM 3A680AHHAM 34 HASABHOCMI OYIHOK OKpemux uienis exinacy...» [5, c. 181]. Tpena-
Kep J1a€ 3MOT'y B IIPOLIECl HABYATIbHO-TIPAKTUYHOI AISUIBHOCTI onepaTtopa GopMyBaT HEOOXIAH1
CTaHAAPTU30BAHI XapaKTEPUCTUKU OCOOMCTOCTI (paxiBIsl 1 3/1MCHIOBATH OLIHIOBAHHS SIKOCTI
HOro MiATOTOBKY B MOPIBHSIHHI 3 BAMOT'aMU BiIOMYKX CTaHAAPTIB Mif] YaC BUKOHAHHSI 3aB/IaHb.
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[o-nepiiie, BUAICHI AOCTITHUKAMH MTOKA3HUKU AIAarHOCTUKH SKOCT1 MIITOTOBKU OCOOMCTOCT1
JI03BOJISIFOTH BUKOPUCTOBYBATH METOJIM OLIIHIOBAaHHS MPO(ECIIHOT KOMIETEHTHOCT1 (PaxiBIIL.
[lo-npyre, MeToM OLIHIOBaHHS SKOCTI MiATOTOBKM OCOOHMCTOCTI ((paxiBIsl) 3 BHUKOPHC-
TaHHSIM METOJIB J1arHOCTUKH MPOIYKTIB HOTo AISIIBHOCTI HEOOXITHO Y3roJUKYBaTH 3 METO-
JaMU HOPMYBAHHS OLIHOK, 3T1IHO 3 BUMOTIaMHU BIIOMYOIO CTaHAAPTY: L0 3aJIeKHICTh MU
MIPEICTaBISEMO Y BUTTISAL cxemH (puc. 1).

Memoou excnepmnux oyiHoK — IPOTYKTH .
p P UIHO ponyK - . Memoodu nopmysauns OyiHoK
IISUTBHOCTI OCOOUCTOCTI (haxiBLs, [Ipsami # obepreHi . . :
. . , BIJITIOBITHOT'O PiBHS BUMOT IO
110 XapaKTepu3yoTh CHopMOBaHi IKOCTI 3B’SI3KH . . .
. OLIIHIOBAHHSI MiITOTOBKY (haxiBIlst
0COOMCTOCTI

Puc. 1. Cxema oyintosanns axocmi niocomosxu gaxisys

BkazaHi KOMIIOHEHTH 3MICTY HOHSATTS «IKOCT1 MIATOTOBKHU (haxiBLs» (pHC. 1) MU BUKOPH-
CTOBYEMO JIJIsl MOJICJIIOBAHHS QITOPUTMY 00’ €IHAHHS OLIIHOK SIKOCTI MIATOTOBKU OIepaTopa
Bepcrata 3 YIIK sk enemenrta cucremu OBKII Ta 06’ekra iHdopManiiftHoOi TeXHOJIOT], 10 3a-
Oe3neuye i QyHKIIOHYBaHHS.

OuinoBaHHs AKOCTI MiAroTroBkM oneparopa Bepcrara 3 UIIK sk esemeHTa cucremMu
OBKII. Enement, 3a BusHaueHHsMm K. A. Mamu, — 1ie «Haiimenua, Hediiuma 4acmuHa Cuc-
memu» [6, c. 36]. Bigkputa 3mimana cucrema OBKII mae tpu nigcucremu: 1) cormianbHy —
€JIEMEHTOM $IKOi € oneparop Bepctara 3 UIIK; 2) TexHIuHy — €IeMEHTOM SIKO1 € BIANOBIAHUN
tun Bepcrara 3 YIIK Ta 3) iHdopmaliiiny — e1eMeHTOM SIKO1 € PIBEHb CKIaJHOCTI KEpYyrouoi
IIpOrpamu sika BUKOPUCTOBYETHCS JUIsl BUTOTOBJICHHS AeTani. Y HalloMy JOCIIKEeHHI, B3ae-
Mozis onepatopa Bepcrara 3 UIIK, sk enemenTta comiaabHOI MIJCUCTEMH, 3 €IEMEHTaMH TeX-
HiyHOT Ta iHopManiiHoi mincuctem cuctemu OBKII cnpsimoBaHa Ha MiABUINEHHS SKOCTI
BUTOTOBJICHHS JieTaii Ha Bepcrati 3 UIIK BiamoBigHO 10 3aBAaHb 3aMOBHHUKA.

B. T'. Yepnos, M. A. [1aBnenko, A. I. Tumouko Ta iH. y ctarti «Meto dhopMyBaHHS HA00PY
HIUBITyaJbHUX TECTOBUX 3aBJaHb IS OLIHKW PiBHS MiArotoBku omeparopa ACY y mporieci
TPEHAKHOI MIATOTOBKW» MPOTIOHYIOTH: «Ha nidcmasi nopieHsaHHs NOMOYHO20 PI6HS Ni020MOBKU
onepamopa 3 BUKOHAHHS PI3HO20 6U0Y 3A80AHb 13 3A0AHUM, CUCMEMa NIAHYE NOOATbWUL XIO
mpeHysanHs. kw0 nomounuil pigeHb ni020MoKU He HUMICYe 3a0aH020 — 8I00YBAEMbCsL nepexio
00 HacmynHo2o emany mpenysaus...» [2, c. 79]. LliHHICTh 3ampOMOHOBAHOIO MIAXOAY B TOMY,
1110 B MPOLIEC] OLIIHIOBAHHS SIKOCTI MITOTOBKH ONEpaToOpa BUAUIAETHCS (PAaKTHUHUI PIBEHb OIlH-
KU HOTO MiJITOTOBKH, SIKUM (POPMYIOUMMH METOJaMH MiJHIMAETHCS Y CTOPOHY JIOCSTHEHHS! yCTa-
HOBJIEHUX PIBHIB HOPMOBAHHX OLIIHOK, 3TTHO 3 BUMOTaMH BIZIOMYOI'O CTaH/AAPTY.

TakuM 4MHOM, aNTOPUTM SKOCTI MIATOTOBKU (haxXiBIsl SK €IEMEHTa BiIKPUTOI CUCTEMU
nepeadayae BU3HAUEHHs TICHOTH B3a€MO3B’SI3KIB MDK €KCHEPTHUMM OLIIHKaMHU pe3yJbTaTiB
MPOJYKTIB AiSIbHOCTI (haxiBIl Ta HOPMOBAHMMU OLIIHKaMHU IIOJI0 BUMOT 10 MiATOTOBKH (ha-
XIBIIS, SIK1 BIMIOBIIat0Th 3MICTY BiJOMYOTO CTaHIAPTY.

OuinoBanHs sikocTi miarorosku oneparopa seperara 3 UIIK sk 00’exkra indopma-
uiiinoi Texnouorii. Onepartop Bepcrata 3 UIIK — e MarepianbHuil Hocii iH(pOpMAIIHHOT Te-
XHOJIOTII, sika 3abe3neuye ¢pynkuionyBaHHs cuctemu OBKII, a y mporeci npari Buctynae
00’exTOM iH(DOPMAIIIHHOT TEXHOJIOTII, SIKa MePCOHI(PIKOBAHO HATEKHUTH JO Ii€] CUCTEMHU.

O. B. I'puroparu [7], C. M. Tur [8] Ta iH. Y CBOiX HOCHIPKEHHSIX BUIUISIOTH TPU MIXOU
70 BU3HAYEHHS SIKOCTI MIATOTOBKU orepaTtopa sk o0’ekra iHpopMalliifHoi TexHosorii. Ilep-
LM MiIX1 OLIHIOBAHHS SKOCTI NIATOTOBKU oreparopa sik 00’ekra iH(opmMaliiiHOi TeXHOJIO0-
rii 3a7€XUTh B/l KUTBKOCTI BUKOPUCTAHUX HUM KOIB y BUALICHUI IPOMDKOK Yacy JUisl BUKO-
HaHH 3aBJIaHHS, SK1 € TEKCTOM KOMII FOT€PHOT MPOrpaMu.

Jpyruil miaxia — OLIHIOBAHHS SIKOCTI MIATOTOBKU Omepartopa sk 00’ekTta iHdopmMaiiiiHoi
TEXHOJIOT1i MPOSBIISIETHCS HA OCHOBI 3AJIEXKHOCTI SIKOCTI 0OpOOKH OMepaTopoM BUXITHOT eMIIi-
puuHoOi iHpopMallii (OLIHOK) y MOPIBHAHHI 11 3 €TaJTOHOM.

Tperiii niaXia OLIHIOBaHHS SKOCTI MIATOTOBKH oneparopa ik 00’ekra iHpopmaLiiHoi Tex-
HOJIOT11 — OI[IHIOBAHHS JJOCATHYTOI'O PiBHS MOT0 MiArOTOBKH 32 JONOMOTOI0 aBTOMAaTU30BaHO1
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cucTeMu, Jie (PiKCyeTbCsl piBEHb, 3MiHA PIBHIB, TICHOTA 3B’S3KIB MDX MHOXHHAMH OLIIHOK Ta
3MICT OpraHi30BaHMU BIUIMB METOAIB (popMyBaHHS 0COOUCTOCTI (paxiBIIsl.

O. B. I'puropaiu y crarti «KoMmiekCHUNA MiAX1A 10 BUPILIEHHS TpoOJeMH MOKpaIleHHs
SKOCTI MIATOTOBKU CTYJEHTIB» MPOIOHYE AJTOPUTM PO3PaXyHKY IHTETPOBAHOTO MOKAa3HHKA
SKOCTI MIATOTOBKU CTYJIEHTIB, SIKUH CKIIAJA€ThCA 3 TPHOX 3MICTOBHHMX MapaMeTpiB ocoouc-
TocTi: «Kinbkicme 3Hawb cmyoewma GuzHayaemovca 3a  gopmynor: K3 = CH + Opkp
/2 +11y5/10, 0e Cb — cepeoniu 6an naguanns, Opkp — OYiHKA 8UNYCKHOI K8anigikayiiHoi po-
oomu; Ilys5 — iocomok xopowux i iominHux oyinok» [7, c. 14]. 3anmponoHoBaHa Gopmyna
OTPUMAHHS IHTETPOBAHOI OIIIHKM SIKOCT1 MIATOTOBKHU (haxiBIIsi BUKOPUCTOBYE €KCIIEPTHI OI[IH-
KU IIPOAYKTIB AiSTIBHOCTI ONepaTopa, sKi HOPIBHIOIOTHCS 3 OLIHKAMU BITOMYOTO CTaHIapTy (y
KOJKHIM HaBYaJIbHIN ITporpaMi 3 mpeaMeTa BKa3aHo, 10 TOBUHEH 3HATH, YMITH yYEHb).

TaxkuM 4MHOM, OIIIHIOBAHHS SIKOCTI IMIATOTOBKH (DaxiBIls SIK €JIEMEHTa BIIKPUTOI CUCTEMH,
SIKUI TPOSBISETHCS SIK Cy0’€KT MisITBHOCTI Ta 00’ €KT 1HGOPMaLIHHOT TEXHOJIOT1i, Ma€ €TMHUN
aNTOPUTM — B3AEMO/IIS OI[IHOK IIPOJYKTIB COIIaIbHO-IIPAKTUYHOI MISTIbHOCTI (haxiBis (OIliH-
KU €KCIIEPTIB) Ta HOPMOBAHUX OLIIHOK 3T1IHO 3 BUMOI'aMM BIJOMYHMX CTaHJAPTIB MIOJ0 SKOCT1
MIATOTOBKH (haxiBIIsl.

Oco6aMBICTIO TOCTIIKEHHS OLIHIOBAHHS SIKOCTI MIATOTOBKH ornepaTtopa BepcraTa 3 YIIK €
00’€/IHaHHS MHOKUH JIBOX I'PYIl OLIIHOK, SIKI OTPUMYIOTHCS 3 BUKOPUCTAHHSAM €IMHOTO CIIUCKY
IHIMKATOPIB, MHOXHMH EKCIIEPTHUX OLIHOK MPOJYKTIB IISUIBHOCTI Ta MHOXXMH HOPMOBAHUX
OLIIHOK 3T1THO 3 BUMOTaMM BIJIOMYOTO CTaHAAPTY A0 MIATOTOBKH onepartopa Bepcrara 3 UITK.

VY 0a3y JaHuX BBOJATHCS HOPMOBAHI OL[IHKM YOTHUPHOX PIBHIB CKJIQJHOCT1 BUTOTOBJICHHS Jie-
tani Ha Bepcrati 3 UIIK: 1) «Bany; 2) «Baxinby; 3) «Kopmyc»; 4) «Kopobka mBuaKOCTEH», 1110
JI03BOJIsIE BU3HAYMUTH SIKICTh MIATOTOBKU omeparopa Bepcrara 3 UIIK 3anexHo Bl CKIIQAHOCT1
BUKOHYBaHOro oneparopoM Bepcrata 3 UIIK 3aBnanns: [ — «H (Bepcmamu nopmanbHoi mouHo-
cmi)y; 2 — «I1 (Bepcmamu niosuwenoi mounocmi)y, 3 — B (Bepcmamu sucoxoi mounocmi)y, 4 —
«A (Bepcmamu ocoonuso sucoxoi mournocmi)y, «C (Ocobnueo mouni eepcmamu)» 9, c. 114].

3Ba)Kar04M Ha JIOCIIPKEHHS POOJIeM OIIHIOBAHHS SKOCTI MIATOTOBKU (PaxiBIB y PI3HUX
raiyssx, MU cpopMyBaJii CXeMy OLIIHIOBAaHHS SIKOCTI MIATOTOBKU omnepaTtopa Bepcrara 3 UIIK
sk enementa cuctemu OBKII ta 00’ekra iHpopManiiiHOi TeXHOJIOT ], sika 3a0e3neuye ii GyHK-
LIOHYBaHHs (puc. 2):

Excnepmui oyinku NPORYKTIB
IISUTBHOCTI omepaTopa BepcraTa
3 UIIK, siKxi nposIBISFOTBCS Y
B3a€MO3B’5I3Kax 3 €JIEMEHTaMH
TEXHIYHOI Ta iH(hOopManiHHOT
migcuctem cucremu OBKIT

Hopmosani oyinku — BUMOTH

IO pIBHS MiJrOTOBKHU OIepa-

Topa Bepctara 3 UIIK okpe-

MO j1s1 1-4-r0 piBHIB CKJIaJI-

HOCTI BUTOTOBJIEHHS JIE€TAIIL
Ha Bepcrarti 3 UIIK

Ouinrosanus miCHOMU 63AEMO36 S3KI6
eKCIIEPTHHUX OLIHOK (haKTUIHOT
IMiIFOTOBKY OTEpaTopa Ta HOPMOBa-
HHX OL[IHOK LIOJI0 HEOOXiJHOTO PiBHA
HOT0 i ArOTOBJIEHOCTI

Puc. 2. Cxema oyintosanns axocmi niocomosku onepamopa eéepcmama 3 411K

3anponoHOBaHa pHUC. 2 cxema MOKJIa/ieHa B OCHOBY CTBOPEHHS (POPMYIH pO3paXyHKY UH-
CJIOBOTO 3HAYEHHSI IHJEKCY OIIHIOBAHHS SIKOCT1 MIATOTOBKH ornepaTopa BepcraTa 3 UIIK.

Inaexc ouinoBaHHs sIKOCTI miaArorosku oneparopa Bepcrara 3 UIIK. /s ouiHroBaHHS
SIKOCT1 MIATOTOBKH oneparopa BepcraTa 3 UIIK BUKOpUCTOBY€EThCS €TMHMI CIIMCOK 1HAUKATOPIB
npoeciitHoT KOMIETEHTHOCT1 0COOMCTOCTI JIsi OTPUMAHHS IBOX PsI/IiB OI[IHOK: €KCIIePTHI OIli-
HKH Ta HOPMOBaHI1 OILIIHKA OKPEMO JJIsl KO’KHOTO 3 YOTHPHOX PIBHIB CKIIQAHOCTI KEPYIOUOi MPo-
rpamMM BUTOTOBJICHHS JI€Talll 3 BIANOBIIHUM 00’ €/JHAHHSM iX y 1HJIEKC.

Emmipuune 3HaueHHs [HIEKCy OIIHIOBaHHS SKOCTI MIATOTOBKH OIepaTopa BepcraTta 3
UIIK (Igr7) po3paxoBy€eThCSI METOJOM OO’ €THAHHS JIBOX TPYIHU OI[IHOK Y TPH CKJIAJ0B1 IHTET-
poBaHi uncioBi koedimieHTu: Kr— rHOCTUYHUM, Ky — MOTUBAILiHNUMA, Kp — pe3ybTaTUBHUIMA
KOMITIOHEHTH TpO(eCiifHOT KOMIETEHTHOCTI, SIKI OTPUMYIOTHCS 3 BUKOPUCTAHHSIM €IJHHOTO
CIUCKY 1HIUKATOPIB Ta OJTHOTUITHOI MOPSIKOBOT ITKATH OI[IHIOBAHHS:

- ouiuku ekcnepTiB (O ) — Vi, V2i, Y3i, +-., Yni;

- HOPMOBaHI OI[IHKHU BigoMuoro cranmapry (O™), — cii, C2i, C3i,. .. Cni.
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HopmoBgani ouinku miaroroBku omneparopa Bepcrara 3 YIIK dopmyroTscs okpemo s
KO’KHOTO 3 YOTUPbOX PIBHIB CKIIQJIHOCT1 KEPYIOUOi IPOrpaMH BUTOTOBJICHHS JIETaI.

J5s 00’ etHAHHS MHOXHHH OLIIHOK €KCIEePTIB Ta HOPMOBAHHUX OLIIHOK BiTOMYOTO CTaHIIAPTy
B IHTErPOBAHUI YUCIOBUI KOE(ILIEHT OKPEMO U1l THOCTUYHOIO, MOTHUBALIIMHOTO Ta pe3yJbTa-
TUBHOT'O KOMIIOHEHTIB 0coOuCTOCTI omneparopa Bepcrara 3 UIIK BukopucroByerbest popmyna
(1), sixa Binoma sik iHekc Jlebeauka [10]:

K=0,5+ 90" (1)
T 104347

n o . .
ne of = Zl Vi Bi_ y3araJIbHCHUHM IOKa3HUK OLIHOK CKCIICPTIB n-20 OIE€paTopa BEpCTaATa 3 qHK,
l:

OTPUMaHUX Ha OCHOBI €IMHOTO CIHUCKY 18 1HAUKATOPIB (i);
n — KUIBbKICTh oneparopiB BepcTaris 13 UIIK;

n
B ; — xoedinienT nutomMoi Bary i-ro napamerpa (iHAMKaTopa), 1€ _Zl B =1;
1=

/2 — y3araJlbHEeHUH NTOKa3HUK CyMapHOi pO30LKHOCTI HOPMOBAHMX OLIHOK cTanaapry (O)
2
. e o o2 n (e yg)
Ta eKCePTHUX OUIHOK (O ©), AKUii BUPaXOBYETHCSA 32 GOPMYIIONO: 4" = ¥ ———1— . B,
i=l (c it yl.)

Innexc oriHiOBaHHS AKOCTI miarotoBku omneparopa Bepcrara 3 UIIK (Ig7) 06’ennye Tpu
CKJIaJI0B1 iHTerpoBaHi yucnoBi koedimientn: Kr, Ky, Kp, — THOCTUYHHI, MOTUBALIHHUN Ta
pe3yAbTaTUBHUI KOMIIOHEHTH 1 OOUUCITIOETHCS 3a JOTOMOTroto ¢popmyinu (2):

2
Lgr=yKp Ky, Kp. 2

Innexc sikocti BUroros/jenHs: aeranti Ha Bepcerati 3 UIIK (Igp7). ANrOpUTM MOHATTA
OIIIHIOBAHHS SKOCTI BUTOTOBJEHHS AeTani Ha Bepcrari 3 UIIK moOynoBaHMi Ha 3a1€KHOCTI
nepuoro (HalMeHIoro) Ta PakTUYHOTO EMIIPUYHOTO 3HAYEHHS PIBHSI YCEPEIHEHOTO YHCIIO-
BOro KoedillieHTa /il COLiajbHOI, TEXHIYHOI Ta 1HpopMauiiHoi mincucreM cuctemu OBKII:
npogeciiiHoi KoMIeTeHTHOCT1 omnepartopa (Bix 1,6 1o 5,0); Tumy mpoayKTHBHOCTI poOOTH
BkazaHoro Bepcrata 3 UIIK, Ha skomy mpairtoe oneparop (I — «Hy, 2 — «Il»; 3 — «By; 4 —
«A», «C») Ta YOTHPHOX PIBHIB CKJIQJHOCTI KEPyHOUuOi HMpPOrpaMd BUTOTOBJIECHHS JeTalli:
1) Banmy»; 2) «Baxinby; 3) «Kopmyc»; 4) «KopoOka mBUAKOCTEM».

Innexc sxocti BuroroiaeHHs aetani Ha Bepcerati 3 UIIK (/g57) po3paxoByeThCs Ha OCHOBI
CYMH CITIBBITHOIIICHb YCEPEIHEHMX YHMCIOBHMX IMOKA3HUKIB 11 mijcucteM: conianbHoi (Ci), Te-
xHIYHOI (/7) Ta HbopMaiiHoi (/7) 13 ¢ikcamiero (aKTHUHOTO EMITIPUYHOTO 3HAYCHHS Ta I10-
YaTKOBOTO, HAMMEHIIIOTO PIBHS YCEPETHEHOTO YHCIOBOTO 3HAYCHHS IS KOXKHOI MIICUCTEMU
3a MaTeMaTUYHOI0 MO0 (3):

Tk, * Trkvin. 1. Tovin. 1.+ uin, 3)
1 BT = + + ,
2 2 2
Ae 1, 1y, QAKTHYHC Ta MIHIMAIbHC 3HAYCHHS IHACKCY HPO(ECIHHOT KOMIICTEHTHOCTI
oreparopa;
Iy s I, — GaKkTH4HE Ta HalMEHLIC YMCIOBE 3HAYEHHS THIlY IPOAYKTUBHOCTI POOOTH

BKazaHoro tumny Bepcrara 3 UIIK, Ha sskomy npariroe oneparop;
1,5 1,, — QaKTHYHUIA Ta HaiMCHIUMI (MEPIINii), PIBCHb CKIAIHOCTI POrPaMHOTO KOM-

IJIEKCY BUTOTOBNIEeHHS jaetani Ha BepctaTi 3 UIIK, sikuii BU3HaYaeThCss KOMIT IOTEPHOIO MPO-
IPaMOIO YBEJIEHOIO 3 (hIICIIIKH.

MeTtoau (opMyBaHHSI 0a30BOI e€KCIEPHMMEHTAJBHOI BHOIpKH, JOCIIIKYBaHOI IJIA
NMOPiBHSLUILHOTO aHagi3y. /)1 MOPIBHSAJIBLHOIO aHAI3y JUHAMIKH PIBHS OIIHIOBaHHS SKOCTI
IMITOTOBKYU PI3HUX rpyn oneparopiB BepcraTa 3 UIIK HEoOXimHO CTBOpHUTH 0a30BY €KCIIEPU-
MEHTaJIbHY BUOIPKY BIAMOBIIHO 10 Mojeni ['eHepanbHii cykynHOCTI 3 419 BiAKpUTHX 3Mi-
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IIAHUX CUCTeM MaIMHOOYyIiBHUX mianpuemctBax mict KapiniBka, [lontaBa ta XapkoBa 3a
O3HAKaAMU: K8ANIPDIKAYIIHULL pO3PSA0 onepamopa, Wo KOpeumroeEmbCsl 3 eMNIPUYHUM 3HAYEHHAM
iHOeKkcy 1020 npogecitinoi komnemenmuocmi, mun eepcmama 3 YIIK, pigenv cxraonocmi
Kepyouoi npoepamu u2comosientHs demani (Tabm. 1).

Ta0mums 1
Osnaxu mooeni I enepanvHoi cykynHocmi GIOKpUMUX 3MIUAHUX CUCTEM MAWUHO0YOI8HUX
3a600i6 m. Kapniexa, Ilonmaeu ma Xapkosa (N = 419 cucmem, 2016 p.)

PiBeHb CKIIAAHOCTI KOMII’HOTEPHOI IPOrPaMu

;ﬁ:ﬁf’;ﬁiﬁtﬁ%ﬁg Tun Bepcrara 3 YIIK KepPyBaHHSI BUTOTOBJICHHAM JeTali
Ha Beperarti 3 YITK
4
. . . 1 2 3 4 1 2 3
3-u | 4-u S\ Hy | WDy | «By «A, C» | «Bany | «Baoiciney | «Kopnycy «Kopobra
UBUOKOCTY

134 | 163 | 122 89 137 115 78 105 155 98 61
yon. | won. | won. | wm. wim. wim. wim. 00. 00. 00. 00.
32% 1 39% | 29% | 21 % | 33% | 27 % 19% | 25% 37 % 23 % 15 %

3a manoM ekcriepuMmenTy (2016-2017 pp.), cnouatky Oyna cTBopeHa 0a3a JaHUX OIIHOK
201 cuctemu OBKII, cepen saxux y 91 cucteMi omepaTopu 3aco0aMu aTecTanii MiABUIIMIIN
cBiM kBani(iKaIHUKA piBEHb — 3 3-T0 Ha 4-1 Ta 3 4-T0 Ha 5-¥ pO3psAay, 3 UUCIIA SKUX (HOpMy-
Bayiacsl 0a30Ba eKCIEpUMEHTalbHa BHOIpKa (n = 34 cucremu). MeTooM OAHOCTYIIIHYACTOTO
BUIIAAKOBOI'0 OE3IIOBOPOTHOrO BimOOPY, 3riAHO 3 MOAEILIIO I eHepalIbHOI CYKYIIHOCTI, 3 JOBI-
puor0 UMOBIPHICTIO 95 %, MiHIMaIbHHI 00CAT 0a30BOI CKCIIEPUMEHTAIBHOT BUOIPKH JIJIsL JO-
CIIIJDKEHHSI IMHAMIKH PIiBHsI OILIHIOBaHHS SIKOCTI MIArOTOBKHU omnepaTtopa Bepcrara 3 UIIK po3-
paxoByBaBcs 3a ¢popmynoro (4) 3[11, c. 117]:

257N

n=——75—5 75,
NA2 +z252 4)

ne N — KUIBbKICTh OMepaTopiB, SKi B3sUIM y4acTh B aTeCTallil Ta MiABUIIMIN KBamiikariitHui
po3psan — 91 4domn.;

¢ — Koe]illiEHT HOPMOBAHOTO BIIXUJIEHHS — 1;

A — ponyctuMa noxuoka — 0,04 Ha piBH1 10BipUOi iiMOBIpHOCTI — 85 %);

S5 — eMIipu4He 3HaueHHs aucrepcii iHhopMaIiifHOT TeXHOJIOT1i 3a0e3eYeH s PYHKIIO0-
HyBaHHSA 91 BIIKpUTOT 3MIIIaHOT CUCTEMHU:

sy 2 =1) 8=0,15,
n

je | — ycepeaHeHe 3HaYEHHs iHAEKCIB JIOCHpKYBaHUX iHOOPMAIIHHUX TEXHOJOTIT BiIKpHU-

THUX CUCTEM CTAaHOBHTH 2,1.

JocaimxeHHs1 3pocTaHHs PiBHA (iHIeKCY) OLIHIOBAHHSA SIKOCTi MIATOTOBKH 0NepaTopa
Bepcrara 3 UIIK (Zg7;) ik moka3Huka ii epekTHBHOCTI. Y NOPIBHAIBHOMY aHAIII31 BeJIMYMHA
PI3HHMIII 3MIHU CEPEHIX EMITIPUYHKMX 3HAYCHb BIIXWJICHHS 1HJICKCIB OI[IHIOBAHHS SKOCTI MIJr0-

TOBKH oreparopa Bepctara 3 HIIK (A? 1) QIKCYeThes 3a POpMYIOIO pI3HULI BiIXUIeHHs (5):

34
ALur =Ay =Y (L, (k) = 1, (1)) / 34, )
k=1
ne 1, — eMIipu4Hi YUCIOBI 3HAYEHHS 1HJCKCIB OI[IHIOBaHHS SIKOCTI MIZATOTOBKH OIepaTopa
Bepcrata 3 UIIK Lami BIAKpUTUX 3MIIIAHUX CUCTEM MEPLIOTO AlarHOCTHYHOrO 3pi3y 2016 p.;
1, — €MIIIPUYHI YKMCIOB1 3HAUECHHS IHJIEKCIB OL[IHIOBAHHS SIKOCTI MIIATOTOBKH OIleparopa

Bepcrara 3 UIIK Igmi BiAKpUTHX 3MIMIAHUX CUCTEM APYroro JiarHocTuaHoro 3pizy 2017 p.;
K — HOPSAKOBUIL HOMEP EMITIPUYHOr0 3HAYCHHS 1HACKCY OI[IHIOBAHHS SKOCTI HIIrOTOBKU
oneparopa Bepctara 3 UIIK 34 BiIKpUTHX 3MIILIAHUX CHCTEM.
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JIiis BU3HA4eHHs 3MiH piBHS (1HJIEKCY) OLIHIOBAHHS SKOCTI IIITOTOBKHM OIIepaTopa BepcTara 3
UIIK, 3a pe3ynbpraTaMu ABOX AlarHOCTUUHUX 3pi3iB (2016-2017 pp.), BUKOPUCTAEMO EMITIPUYHI1
naHi [HAeKCIB OIIHIOBAHHS SIKOCTI MIAroToBKU omneparopa Bepcrara 3 UIIK (Igm;) (Ons npukiady
MU BUKOPUCTNOBYEMO HOPMOBAHI OYIHKU 3-20 PiHS CKIAOHOCMI KOMN T0MepHoi npocpamu Kepy-
BaHHS 8UCOMOBTIEHHAM OemaJti) 3TiIHO 3 BUMOTaMH BIIOMUYOTO CTaHAApTy iHGOPMAIITHUX TeX-
HOJIOTIH MIATPUMKH OLIHIOBAHHS SIKOCTI IIATOTOBKH oneparopa Beperara 3 UIIK (Tadm. 2).

[Ipi3BuIna Ta mepcoHaNbHI BEIMYMHU 1HJICKCY OIIHIOBAHHS SIKOCTI ITIATOTOBKH OIEPaTOpIiB
Bepcrata 3 UIIK, sixi Opanu ygacts y JOCHiIHIM poOOTi, BAMYIIIEHO 3MIHEH1 BiIMOBIIHO JI0 BUMOT
3akony Ykpainu «I[Ipo 3axuct nepcoHabHUX NaHuX»: «llepconanvhi Oawi, KpiM 3He0COONeHUX
NEPCOHANLHUX OAHUX, 3a PEHCUMOM OOCMYNY € iHghopmayiero 3 oomesxcenum docmynomy» [12].

VY NopiBHUIBHOMY aHaJi3y MU BUXOAMMO 3 MPUITYIICHHS, SIKIIIO Ma€ Miciie 3pocTaHHs [H-
JICKCY OIIIHIOBaHHS SKOCTI MiAroToBku omneparopa Bepcrarta 3 UIIK (Igm;) Ta 3poctanus emiti-
PUYHUX 3HAYCHb IHAEKCY SKOCTI BUTOTOBJICHHS netaii (Igpz;), TO MK HUMU TTIOBUHHA BHHH-
KaTu CUJIbHA KOPEIAIliiiHA 3aJIeKHICTh, OCKUIbKM Ha 1H(OPMAIliHY TEXHOJOTIIO MiATPUMKH
OLIIHIOBAaHHS SIKOCT1 MIATOTOBKHU oreparopa Bepcrara 3 UIIK BnnuBae migBuILeHHS piBHS KBa-
midikanii Ta piBeHb npodeciiHoT KOMIIETEHTHOCTI 0cOOMCTOCTI onieparopa BepcraTa 3 UIIK.

TabOmums 2

Emnipuuni 3nauenns inoexcie oyiHo8anuHs AKOCMI NiO20MOBKU 0Nepamopie eepcmama

3 YIIK (1-ii diaenocmuunuii 3piz 2016 p., 2-ii diaecnocmuunuii 3piz 2017 p.)

EMmiprusi 3HaYeHHS 1HICKCIB OL[IHIOBAHHS SKOCTI ITiATOTOBKU
. oneparopiB Bepcrara 3 UIIK (I ) K0)KHOTO OKpeMOro piBHS CKJIaHOCTI
Ne [pissrie KEpYyI40i IpOrpaMy BUTOTOBJICHHS ST
oreparopa o — — —
3/m Beperara 3 UTTK 1-ii piBeHb «H» 2-1i piBenb «I1» 3-i1 piBeHb «B» 4-ii piBenb «4, C»
Lo Lan 2017 Lan Lan Lo Lo Lan 2016 Lo
2016 p. p- 2016 p. | 2017 p. | 2016 p. | 2017 p. p- 2017 p.
1 2 3 4 5 6 7 8 9 10
1. | Moctosenko C. 2,44 3,12 2,46 3,11 2,35 3,08 2,26 3,03
2.| Cupopenp C. 2,91 3,3 2,9 3,3 2,85 3,29 2,8 3,27
3. | Cinenshuk /[, 2,23 3,15 2,2 3,14 2,12 3,12 2,04 3,09
4. | Kynim M. 2,15 3,85 2,16 3,86 2,04 3,85 1,99 3,84
5. | bobpuxos B. 2,98 3,17 2,97 3,16 2,93 3,26 2,88 3,1
6. | Konmobko E. 1,73 3,35 1,69 3,35 1,58 3,33 1,5 3,31
7. | Hemunenko A. 2,68 3,49 2,66 3,5 2,6 3,49 2,53 3,47
8. | Amutpenko /. 3,39 3,89 3,39 3,9 3,36 3,9 3,32 3,89
9. | ITaBnenko K. 2,91 3,49 2,9 3,5 2,84 3,49 2,79 3,47
10. | Braxxko A. 3,11 3,24 3,08 3,24 3,05 3,29 3,0 3,18
11.| Makees /1. 3,29 3,52 3,29 3,53 3,26 3,52 3,21 3,51
12. | Puxiii L. 3,82 3,88 3,82 3,88 3,82 3,88 3,81 3,87
13 | Domin K. 3,98 3,91 3,97 3,91 3,97 3,91 3,96 3,9
14. | I'pomos C. 3,29 3,54 3,35 3,55 3,44 3,54 3,28 3,53
15. | Kupunos B. 2,52 3,14 2,61 3,22 2,55 3.17 2,48 3,12
16. | KoBauns L 3,35 3,75 3,35 3,75 3,34 3,75 3,32 3,73
17.| T'onoBaxa M. 3,42 3,58 3,43 3,61 3,41 3,6 3.4 3,58
18. | Booperko 1. 3,47 4,36 3,46 4,37 3,44 4,38 3,41 4,38
19. | Ierpenko A. 3,91 4,19 3,91 4,2 3,9 4,2 3,9 4,19
20. | Ananuenxo O. 3,31 4,23 3,31 4,23 3,29 4.24 3,27 4,24
21.|Bipko E. 3,63 3,84 3,63 3,84 3,62 3,83 3,6 3,82
22.| KoBanbos /1. 1,82 3,52 1,81 3,61 1,68 3.59 1,59 3,56
23.| OninreHko A. 4,09 3,98 4,09 3,99 4,09 3,99 4,09 3,97
24. | I'pumko A. 3,24 4,12 3,24 4,12 3,22 4.12 3,19 4,12
25. | JlyoeHcekuit A. 3,3 4,23 3,33 4,25 3,31 4,25 3,28 4,25
26. | Amutpiesuy b. 3,31 3,94 3,33 3,69 3,31 3.68 3,28 3,66
27.| 3enencpkuii C. 3,4 4,0 3,4 4,01 3,34 4,01 3,36 4,01
28.| MenbHeuyk . 2,64 4,23 2,62 4,25 2,54 4,25 2,47 4,25
29. | [ramenko A. 4,34 4,49 4,35 4,5 4,36 4,51 4,36 4,51

145



Ne 3 (13),2018 TEXHIUHI HAYKHU TA TEXHOJIOTIi

TECHNICAL SCIENCES AND TECHNOLOGIES
3akinueHHd Taomn. 2

1 2 3 4 5 6 7 8 9 10
30. | Mensenuyk K. 4,53 4,6 4,55 4,54 4,56 4,62 4,56 4,63
31.|Mamnsko B. 4,35 4,48 4,36 4,48 4,37 4,49 4,37 4,49
32.|IOmewmoB A. 4,08 4,35 4,09 4,4 4,09 4,41 4,09 4,42
33. | IanoB P. 4,39 4,52 4,4 4,53 4,4 4,6 4,4 4,55
34. | lepba A. 4,02 4,28 4,02 4,34 4,02 4,34 4,02 4,34

EmmipuyHi 3HaueHHs 1HAEKCIB OLIHIOBAHHS SKOCTI MIATOTOBKH OMepaTopa BepcraTta 3
UIIK, Ha ocHOBI sikux noOya0BaHi JABa MOPIBHIBHUX rpadiku, (puc. 3).
4,9
4.4
3.9
34
2,9
2,4

1,9
Aﬂ(

1,4
1234567 8910111213141516171819202122232425262728293031323334

IopsakoBi HoMepa (y Mipy 3pocTaHHS YHCJ0BHX 3HAYEHb iHIeKCiB) OLiHIOBAHHS SIKOCTi MiATOTOBKHU
oneparopis BepcTaTiB 34 cucTeM (ABOX AiarHOCTHYHUX 3pi3iB 2016-2017 pp.), eteMeHTaMH AKHUX € 34
onepaTtopu Bepcraris i3 UIIK

2017 p.)

it niarHocTHYHMIA 3pi3,

1-ii miarHocTHYHHMI 3pi3, 2016 p.

EMnipnyHi 3HaYeHHs iHaeKciB
OIIHIOBAHHSA AKOCTI MiATOTOBKH
onepartopiB Bepcraris 3 UIIK, (2-

Puc. 3. Ilopisnanvnuii ananiz pisHie oyint08aHHsa SKOCMI Ni020MOBKU ONepamopis
sepcmamig i3 YIIK 34 6iokpumux smiwianux cucmem, onepamopu sSiKux npouuLiu
deporcasHy amecmayiro, 3a 0anumu 1-20 i 2-20 diaeHOCMUYHUX 3pi3ie

[lepeBipka rimoTe3u Npo piBHICTb a00 HEPIBHICTH JBOX BUOIPOK (n = 34) 1HIAEKCIB OIIIHIO-
BaHHS SKOCTI MIArOTOBKM onepartopa Bepctara 3 UIIK orpumanux micast 1-ro 2016 p. ta 2-ro

2017 p. miarHOCTUYHUX 3pi3IB H, = {% —1lg = 0}, H,={l,y, - I, #0} BUDAXOBYEMO €MIIIPU-
YHE 3HaueHHs /-Kputepito 13 [13] 3a BuOpanum piBHeM 3Hauymocti 0=0,01, 1mo nmiaTBepauIa
PI3HULIIO MDK JIBOMA PIBHSAMM SIKOCTI MIArOTOBKH orneparopa Bepcrara 3 UIIK.

Po3zpaxyHnok 3a hopmyinoro (5) BKa3ye, Ha CKUIbKHM MiJIBULIUBCS PIBEHb OLIIHIOBAHHS SKOC-
Ti NiAroToBKU oneparopa Bepcrara 3 UIIK Bubipku 34 cucrem OBKII min BiimmBoM 3pocTaH-
Hsl piBHS HpOpMaliiHOo1 TexHoorii — Ha 0,58.

MeTtoaoM MOPIBHSHHS €MIIPUYHUX 3HAYEHb 1HJEKCIB OLIIHIOBAHHS SKOCTI MIATOTOBKH
oneparopa Bepctara 3 UIIK (2-i1 1 1-i miarHocTHuHI 3pi3) (ikcyeTbes ix 3poctaHHs Ha 0,58:
ycepeanene uucio — 19,93/34 = 0,58.

SIKI0 MOAUIMTH CyMyY 3HAYEHHS 1HAEKCIB OLIIHIOBAHHS SIKOCTI MIATOTOBKU OIEpaTopa Be-
pcrara 3 UIIK (maHi 2-ro 1iarHOCTUYHOTO 3pi3y) Ha BIANOBIHY CyMY JaHUX 1-ro JiarHOCTHU-
4yHOro 3pi3y (n = 34), To piBeHb AKOCTI MAroTOBKH oneparopa BepcraTa 3 UIIK wiei Bubipko-
BO1 CYKYIHOCTI niBULIyeThes y 1,17 pasza (cniBBigHomenns — 130,98/111,05 = 1,17).

MeTtonamu perpeciiiHoro aHamizy yCTaHOBJIEHA 3aJ€KHICTh MK €MIIPUYHUMU BEIUYU-
HaMu [HAEKCY OllIHIOBaHHSI SIKOCTI MIAroTOBKU omneparopa Bepcrata 3 UIIK (1gr;) Ta Inaekcis
SIKOCT1 BUTOTOBIIEHHS AeTani (Igp7;), 110 BKa3ye HA ICHYBaHHS MDK HUMHU 3aJI€KHOCTI 3a TIOKa-
3HHUKOM 3POCTaHHS PIBHS X CPOPMOBAHOCTI.

JlociinKeHHsI 3pOCTaHHS eMIiPUYHOr0 3HaYeHHs [HaeKkcy AKOCTi BUTOTOBJIEHHS /ie-
taJji Ha Bepcrati 3 UIIK (Igpz). Y nopiBHAUIBHOMY aHaji31 BETMYMHA 3MIHU CEPEIHIX eMITi-
PUYHMX 3HAYEHb BIIXUJIECHHS 1HAEKCIB SIKOCTI BUTOTOBIICHHS AeTaml (A7, ) PiKCyeThcs 3a
(bopMyIoro pi3HMII 3HaYEHHS BiAXUIEHHS (6):
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ALABT =Ay= ¥ K- 1 X)) / 34 (6)
ABA y Kzl( }]Bﬂ2( ) }]Bﬂl( ) s

ne — eMIIIPUYH1 YUCTIOB1 3HAYEHHSI 1H/IEKCIB SKOCT1 BUTOTOBJICHHS JIeTai [gz77;, BIIKPU-

ABJ1
TUX 3MIIIAHUX CHUCTEM MEPIIOro AlarHOCTUYHOTO 3pi3y 2016 p.;

Igsns ~ EMITIPUYH1 YHCIIOBI 3HAYEHHS 1HAEKCIB SIKOCT1 BUTOTOBJIEHHS JeTaml Lgp7;, BIAK-

PUTHUX 3MIIIAHUX CUCTEM JIPYrOro AIarHOCTUYHOTO 3pi3y 2017 p.;
K — HOPSIAKOBHM HOMEP €MITIpUYHOr0 3HAYCHHS 1HACKCY SIKOCTI BUTOTOBJICHHS JIETall 1H-
(dhopmatiiiHo1 TexHOJOr1i 3a0e3neueHHs PyHKIIOHYBaHHS 34 BIIKPUTUX 3MIIIAHUX CHCTEM.
JI1s1 NOpIBHSAILHOTO aHAN3Y YUCIOBHMX BEIWYUH IHIEKCY SKOCTI BUTOTOBJICHHS JIETalll Ha
Bepctari 3 UIIK (Igp7), siki Hakonu4eHi y 0a3i JaHUX 3a pe3ylnbTaTaMu JABOX JIarHOCTUYHHUX
3p13iB — 2016 p. Ta 2017 p. HaBeneHi B Tabx. 3.

Tabmus 3
Inoexcu sikocmi eueomosnents demani Ha eepcmami 3 YIIK
Neo Hpi3Bmue, lHlulaJ'II/I IHBL[, IHBL[, No Hpi3Bmue, lHlulaJ'II/I IHBL[, IHBL[,
3/m oreparopiB Bepcrara 2016 p. | 2017 p. | 3/m oreparopiB Bepcrara 2016 p. | 2017 p.

1| Mocrosenko C. 5,1 5,35 18 | bobpenxo 1. 4,55 6
2 | Cunopers C. 43 5,45 19 | Tlerpenko A. 5,25 6,4
3 | CinenpHuk /[, 4,95 5,9 20 | Aranuenko O. 5,45 6,4
4 | Kymim M. 4,95 5,7 21 | Bipko E. 5,1 7,2
5 | bobpukor B. 4,8 5,9 22 | KoBanwoB /I. 4,35 6,1
6 | Komobxo E. 4,8 6 23 | Onimienko A. 5,25 5,8
7 | Aemunmenko A. 4,15 6,05 24 | T'pumxo AL 5,45 6,35
8 | Amutpenxo /1. 5 5,75 25| JIybencekuit A. 5,45 6,4
9 | ITaBnenxko K. 43 6,05 26 | ImutpieBud b. 5,45 6,15
10 | bnaxxko A. 4,9 5,95 27 | 3enencokuii C. 5,5 6,8
11| Maxkees /1. 5 6,05 28 | Menbreayk J1. 4,65 6,4
12 | Proxkiia 1. 5,2 6,25 29 |IlTamenko A. 6,5 8,05
13 | Domin K. 5,2 6,25 30 | Mensequyk K. 7,05 7,6
14| T'pomos C. 5,4 6,05 31| Manbko B. 7 7,55

15 | Kupunos B. 4.7 5,35 32 [ FOmemoB A. 6,85 8
16 | KoBans 1. 5 6,15 33 |IBanoB P. 6,5 8,1

17 |T'omoBaxa M. 5,05 6,1 34 | [lep6a A. 7,8 8

Ha miacraBl BUXITHMX €MIIPUYHUX YHMCIOBHUX BEIWYMH [HACKCIB SKOCTI BUTOTOBJICHHS
neranmi (Igs7;) Ha Bepcratax 13 UIIK nBox miarnoctuynux 3piziB (2016-2017 pp.), Oyayemo
7Ba MOPIBHsIbHI rpadiku (puc. 4). Jlnsg nepeBipku Ta JOBEAEHHS TiNOTE3 IPO PIBHICTh 200
HEpPIBHICTh ABOX BUOIpOK (n = 34) 1HIEKCIB IKOCTI BUTOTOBJICHHS A€Tall OTPUMAHUX Micis 1-
ro (2016 p.) Ta 2-ro (2017 p.) QlarHOCTUYHUX 3PI3IB H, = {I}MZ ~Lyom =0}, H, = {J}M ~Lyon ¢0}po-
3paxoBYEMO eMITIpUYHE 3HaueHHs f-Kputepito [13, c. 41]. Jlnst BupimenHs wiel 3aaa4i cnova-
TKY OOYMCIAMMO cepeH1 BUOIPKOBI 3HAYEHHS 1HJEKCIB SIKOCT1 BUTOTOBJIEHHS JETaNl (7 4, , TA
1 257> ) KOKHOT BIIKPUTOT CUCTEMH, ONIEPATOPH SKUX MPOUIIIN aTeCTalllo, K1 CKJIaatoTh: 1-i

niarHoctuuHui 3amip (2016 p.) 1 a1 = 5,32 Ta 2-i (2017 p.) 7.:.= 6,4

Takox BupaxoByemo BHOIpKOBY aucnepcito: 1-if miarHoctuunuit 3pi3 (2016 p.) —
S*(I 4y) = 0,74 5 21 iarHocTHYHMA 3pi3 (2017 p.) — S ?(1 ggz») = 0,61. Jlaimi, BAKOPHCTOBYIOUH
METO/] {-KPUTEPII0, TOBOJUMO ICHYBAHHS PI3HULI MDK PIBHAMHM (IHIEKCaMM) SIKOCTI BUTOTOB-
neHHs aerani (emmipuyHi naHi 1-ro 2016p. ta 2-ro 2017 p. niarHocTuyHUX 3pi3iB). OTprMane
=5,41.
3a BuOpanuMm piBHeM 3Hauymocti 0=0,01 3HaxXO0gUMO KpPUTUYHE 3HAYCHHS
t,,(0,01;34 +34 —2)=2,66 Ta TepeBIpIEMO BHUCYHYTI TIiNOTe3H  H, ={I},M2 —?Bm:o},
H, = {Tm Ly # 0}' [lopiBHsnbHUIN aHami3 PiBHIB (1HJAEKCIB) SIKOCTI BUTOTOBJIEHHS JeTail

eMITIpUYHE 3HAUEHHS -KpPUTEPIt0 CTAHOBUTD

emn

JIBOX JIIarHOCTUYHMX 3P131B MIATBEPKYE ICHYBAaHHS 3HAYHOT PI3HULI MK HUMHU.
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2 § g? 7 2-1i giarHocTryHUM 3pi3, 2017 n\ =
S gx . — /|
.§:§'§6 N ST
£22:° =
; s E‘? 4 \\ 1-#1 miarHocTruHU 3pi3 2016 p.
;E E cé 12345678 910111213141516171819202122232425262728293031323334
= )

IopsiakoBi HoMepa (Y Mipy 3poCTaHHSI YMCIOBUX 3HAYeHb) iHAEKCIB IKOCTI BUTOTOBJICHHS AeTaneil
34 cuctrem OBKII (aBox aiarHocTuyHuXx 3pisiB- 2016 Ta 2017 pp.), ejemMeHTaMH AKHX € 34
onepatopu BepcTaris i3 UITK

Puc. 4. Ilopisnanvruii ananiz pisHie akocmi 6ueomoeients demaii 34 8i0Kpumux 3MiUAHUxX
cucmem OBKII, onepamopu saxux npotiuiiu 0epiicasry amecmayiro

VY pe3ynbrari NOpIiBHSIHHS a0COMIOTHUX BETUYMH EMIIPUYHUX 3HAYCHb 1HJIEKCIB SKOCT1
BUTOTOBJIEHHS JIeTalll 1H(pOpMAIIHHUX TEXHOJIOT1H 3a0e3nedeHHs (GyHKIIOHYBaHHS 34 Biik-
PUTHUX 3MIIIAHUX CUCTEM 2-r0 giarHoctuyHOro 3pi3y (2017 p.) 3 1-m (2016 p.) dikcyeThes
3HAYHE 3POCTaHHS 1HJIEKCY SIKOCT1 BUTOTOBIIEHHS AeTani Ha — 1,08.

. . . =34

[MoainuBIIM CyMy ycepeIHEHUX 3Hau€Hb [gp/7; APYTOTrO JIarHOCTUYHOTO 3pi3y "23 =217,75

K=l

Ha TEPIIUH JAiarHOCTHYHUMA 3pi3 " 23 4_ 180,95 OTPHUMYEMO BIIMOBI/b HA 3ANIUTAHHA — Y CKilb-
k=1

KM pa3iB 3pOCTa€ PIiBEHb SKOCT1 BUTOTOBJICHHS JAeTanl. PiBeHb SKOCTI BUTOTOBIIEHHS JeTali

3pocrae y 1,2 paza.

Otxe, 3pocTaHHs piBHSA (IHAEKCY) OLIHIOBAHHS SKOCTI MIATOTOBKU OIlepaTopa BepcraTa 3
UIIK Ha 0,58 KopentoeThbesl 3 MIABUILIEHHAM piBHS (IHIEKCY) SIKOCTI BUTOTOBJIEHHS JeTall Ha
Bepcrarti 3 UIIK — Ha 1,08. 3poctanss iHaekcy iHpopMaiiHO1 TEXHOIOT1] NIATPUMKH OLIHIO-
BaHHS SIKOCTI MIArOTOBKM omnepaTtopiB BepcrariB y 1,17 paza, iiMOBipHO, 3a0e3neuye MifBH-
IIEHHS 1HJIEKCY SIKOCT1 BUTOTOBIIEHHS AeTani Ha Bepcrari 3 UIIK — y 1,2 pa3za.

3anexnicTh IHaEeKCY OLIHIOBAHHSA AKOCTI NiAroToBKNU oneparopa Bepcrara 3 UIIK Ta
Innekcy sikocTi BUroToBiaeHHs aeraji Ha Beperari 3 UIIK. V Hamomy nopiBHAIEHOMY J0-
CIIJPKEHH]1 BUBYAETHCS 3pOCTaHHA 1H()OPMAIIIHOT TEXHOJOTIT MIATPUMKH OL[IHFOBAHHS SIKOCTI
niAroToBKU onepaTtopa Bepctara 3 UIIK Ha 3pocTaHHs SKOCTI BUTOTOBJIEHHS JI€Talll Ha Bepc-
tati 3 UIIK. Ha ocHOBI OTpUMaHMX €MIIPUYHUX JaHUX 2-T0 JiarHOCTHYHOTO 3pizy (2017 p.)
1H/IEKCIB OLIIHIOBAHHSA SIKOCTI MiArOTOBKM omnepartopa Bepcrarta 3 UIIK Ta iHxekciB SKOCTi BU-
rotoByieHHs jaetani Ha Bepcrari 3 YIIK Oymu chopmoBaHi psiayM paHrOBUX OLIHOK 1HJIEKCIB
rpymnu omneparopiB (n = 34), mo nponum aepxkaBHy arectarito. OCKUIbKM BOHU HE MATPU-
MYIOTh YMOBY HOPMaJIbHOTO PO3MO/LTY, TO MU BUKOPUCTAIM METOJ] PO3PaXyHKY Koe(dilieHTa
panroBoi kopensauii Crnipmena [14].

ExcnepuMeHTanbHO YCTaHOBJIEHO, IO 3@ pe3yJbTaTaMU 2-ro JIarHOCTUYHOTO 3pi3y
(2017 p.) 3HaueHHs koediuieHTa paHroBoi kopemsuii Crnipmena ctaHoButh p = 0,791, ne
prp = 0,334 <p=0,791. Orpumana BenMuuHa KOe(]illi€HTa PaHTOBOI KOPEJALIl BKa3ye Ha
ICHYBaHHSI CWJIBHOTO 3B 13Ky MDK €MIIPUYHMMHU YMCIOBUMH BEIMYMHAMHU 1HAEKCIB OIIIHIO-
BaHHS SIKOCTI MIArOTOBKH oneparopa BepcraTta 3 UIIK Ta iHAEKCIB SKOCTI BUTOTOBJIEHHS Jie-
tani Ha BepcTari 3 YIIK.

3a pesyabTatamu 1-ro piarHoctudHoro 3pizy (2016 p.) 3HaueHHs KoedilieHTa PaHroBOi
kopessanii Cnipmena craHoBUTh p = 0,744, ne pxp= 0,334. 110 BKa3ye Ha ICHYBaHHS JIMLIE
MOMIPHOTO 3B’SI3KY MDK 1HJIEKCAMM OIIIHIOBAHHS SIKOCTI MIIATOTOBKM OIepaTopa BepcraTa 3
UIIK Ta iHaexkcaMu SIKOCTI BUTOTOBJICHHS AeTani Ha Bepcrati 3 UIIK.
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Takum yMHOM, HaMU JIOBeJIeHa 3HAYYIIICTh TICHOTH 3B’A3KY MDK PIBHEM Ta 3POCTAHHSAM
YHCIIOBUX 3HAYEHb 1HAEKCIB OIIHIOBaHHS SIKOCT1 MIArOoTOBKM omnepartopa Bepcrara 3 UIIK sk
enemenTa Ta 00’ekta cuctemu OBKII Ta iHAEKCIB SKOCTI BUTOTOBIEHHS JI€Talll HA KOKHOMY
tuni Bepcraris 13 YIIK.

BucHOBKHM BiNOBIgHO 10 cTATTI.

1. CyTHICTh Ta CTPYKTYypa OLIHIOBaHHS SIKOCT1 MIArOTOBKHU omeparopa Bepcrara 3 YIIK
Oy/ayeTbCsl Ha B3a€EMO3B’sI3Kax OLIIHOK MPOAYKTIB JisIbHOCTI onepaTopa Bepctara 3 UIIK, siki
OLIIHIOIOTh €KCIEPTH, Ta HOPMOBAHUX OLIIHOK BIIOMYOTO CTaHIAPTY, SIK1 Y3TOKYIOThCS 3 BU-
MOTaMH PUHKY.

2. CTBOpEHa HaMU cbopMyna IH;LeKcy OLIIHIOBAHHS SIKOCT1 MIATOTOBKU OIeparopa Bepcrara
3 UIIK six enementa couianbHoi nigcucremu cucteMu OBKII crimpaetsest Ha meToau eKcrepT-
HOT'O OLIIHIOBaHHS MPOJIYKTIB HOTr0 AiSIbHOCTI Ta METOAM iX 00’ €JHaHHS 3 HOPMOBAHUMH OLIIH-
KaMH, sIKI (OPMYIOTbCS 3TIHO 3 BUMOT'aMU BIIOMYOI'O CTAHJAPTY JUISl KOXKHOTO PIBHS CKJIaJl-
HOCTI (Y HalIOMy JOCIIDKEHH] BUJUICHI YOTUPH) BUTOTOBJIEHHS fetaii Ha BepeTarti 3 UIIK.

3. CtBOpeHa HaMM MaTeMaTUYHa MOJIENb [HAEKCY SIKOCTI BUTOTOBJICHHS JIeTalll 1a€ 3MOTY
BHUPAaXOBYBaTH IHTErPOBAHE YMCIIOBE 3HAUEHHS HAa OCHOBI CYMHU CIIBBIJHOIIEHb OLIIHOK YCe-
penHeHuX KoedimieHTiB ii migcuctem: comianbHoi (Ci), TexHiunoi (/7) Ta iHGopmaliiHoi (17),
K1 (QIKCYIOTh (DaKTUYHI1 €MITIPUYHI 3HAYEHHS OLIHOK Ta MOYAaTKOBOIO, HAMMEHIIOTO PIBHS
yCepeIHEHOI0 YUCIOBOro Koe(illieHTa OKPEMO JJIsl KOXKHOT M1ICUCTEMHU.

4. Pe3ynbpTaTu TOCIIKEHHS MOKA3ylOTh CUJIbHY 3aJIEKHICTh MK MIIBUILIEHHAM KBamidi-
KallitHOrO po3psiay oreparopa BepcTara 3 UIIK 3acobamu nep»aBHOI arecTallii Ta 3poCcTaH-
HSIM OLIIHIOBAHHS SIKOCTI MIITOTOBKH ONEPaTopiB BepcTara 3 YIIK.

5. JloBeneHo, o AJsl AOCHIKEHHs TICHOTH 3B’S3KIB OLIHOK 1H(OpMAaIiifHOT TeXHOJOT 1]
IMITPUMKH OI[IHIOBAHHS SKOCTI HMIArOTOBKH omnepaTtopa Bepcrara 3 UIIK Ta sKOoCTI BUTOTOB-
nenHs netaini Ha Bepcrati 3 UIIK HeoOx11HO 1 JOCTaTHBO BUKOPUCTATH OOIPYHTOBAHUM KOM-
IUIeKC METOIB: t-kpuTepiit CTbrosieHTa, KoediuieHT Kopenauii CrnipMmeHa.

6. ExciepuMeHTanbHO BCTAHOBJICHO, L0 3pOCTaHHS PIiBHA (1HIEKCY) OLIIHIOBAHHS SIKOCTI
niaroroBku omneparopa Bepcrara 3 UIIK na 0,58 3abe3neuye minBuieHHs piBHS (1HAEKCY)
SIKOCT1 BUTOTOBJIEHH ieTaii Ha Bepcrati 3 UIIK— Ha 1,08.

3pocTanHs iHAEKCY 1HPOopMaIIHHOT TEXHOJOTIT TIATPUMKH OLIHIOBAHHS SIKOCTI1 MiJIrOTOB-
ku onepatopiB y 1,17 pa3a 3a0e3mnedye MmigBUIIICHHS IHACKCY SIKOCT1 BUTOTOBIICHHS JETall Ha
Bepcrati 3 UIIK —y 1,2 pa3za.
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Alexander Laktionov

THE QUALITY INDICATIVE ASSESSMENT OF MACHINE TOOL OPERATOR
TRAINING WITH NUMERICAL SOFTWARE CONTROL (CNC)

Urgency of the research. The problem of increasing the quality of machine tool operator training as an indicator of its
efficiency is relevant when increasing the productivity and quality of production of parts on CNC machine tools in the work-
shops of machine-building enterprises of Ukraine.

Target setting. Current research does not involve the consolidation of standardized assessments and expert assessments
into integrated indicators, which complicates the assessment of the quality of the training of the operator of a CNC machine.

Actual scientific researches and issues analysis. The initial components of the concept of "quality" of the training of
the operator of the CNC machine are the characteristics of the personality of the operator of the CNC machine tool (1) and
the normalized estimates for its preparation, in accordance with the requirements of the departmental standard (2).

Uninvestigated parts of general matters defining. The use of standardized assessments, expert assessments, and the con-
sideration of the components of the technical, information subsystem ensures the existence of a stable relationship between them.

The research objective. To suggest the formula for the quality evaluation index of the NC training machine operator
and the formula for the quality index manufacturing details.

The statement of basic materials. We have established the relationship between the growing quality of operators train-
ing and the quality of manufacturing of parts on a CNC machine.

Conclusions. The effectiveness of the increase of quality of the NC machine operator training has been determined on
the basis of the existing characteristics of the professional competence of the operator and comparative analysis of data of
the 2nd and Ist diagnostic sections using a set of methods of mathematical statistics.

Keywords: quality evaluation index of the machine operator training; quality index of detail production with NC ma-
chine; open mixed system, expert evaluations; standardized evaluations, efficiency.
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3ACTOCYBAHHSI HEUPOHHUX MEPEX ITPU ABTOMATH3AIIIL
JIATHOCTHUKHU CTAHY ABIAIIIHHOT'O
I'EHEPATOPA 'BUHTOKPHJIA

Axmyanvnicms memu 00cnioxncenusn. 3 0210y na me, W0 3a OCMAHHI OeCAMUNIMMA KilbKiCMb HeWacHux 8unaoxis,
300i8 0O1a0HANHA, Y MOMY HUCTI HEWACHUX BUNAOKIE HA 8ePMONbLOMAX, CIAHOBUNO NOHAO Oecsmb, aKMYAnbHOW HAYKOBO-
NPaKmuyHoI0 3a0adero AGIAEMbCsl OlaZHOCMUKA | NPOSHO3YBAHHA 3MIH CIMAHY aBiayitino2o cenepamopa.

Ilocmanogxa npoonemu. Ocnosna mema yici pobomu — po3pooka HellponHoi mepedici, axa Oyoe 8paxo8yeamu 0CHOGHI
MexHIuHl ma eKChyamayitini XapaKkmepucmuky agiayitino2o 2eHepamopa 6epmoiboma 3 Memoio 0iaeHOCMUKU i NOOANbULO-
20 NPOCHO3YBAHHSL 11020 CMAHY, CKOPOUYIOYU YAC OOYUCTIEHD [ 3011bULYI0UU Pi6eHb OOCMOBIPHOCE Pe3)TbmMamie.

Ananiz ocmannix oocnioxcens i nyonixauiiu. I[Ipobrema inghopmayiinoi diaenocmuku agiayitinoi mexHiku onucana 6
pobomax, 8 AKUX 3acmoCco8yiomubCsl pisHi Memoou 8U3HAUeHHs HecnpasHocmell agiayilinoi mexniky. Bukopucmanmsa neiipon-
HUX Mepedic y 8upiuieHHi 3a80anb YNpasninHa OUHAMIYHUMU CUCTIEMAMU BUBHAEMbCS GUEHUMU | OOCTIOHUKAMU, pOOOMA AKUX
OdeMoHCmpye 8UCOKUL nomenyian 00'cOHanHa 080X 0OYUCTIOBANLHUX MEXHONO02IU — WMYYHUX HEeUPOHHUX Mepedic i 2eHemut-
HUX an2opummia OJisi BUpiuteHHs 3a0ay CUHMe3y iHMeNeKmyanbHUx CUCIeM KepYBaHHsI.

Buoinenna nedocnioycenux yacmunu 3azanwvnoi npoonemu. Huni € besniu nioxodie 0o npobnemu 0iacHoOCMuKy CKiaouux ou-
HAMIYHUX 00'€KMI8, Y MOMY HUCT ABIaYilIHO20 2eHePAMOpPa 8ePMOIbOMA, HAUDLIbLL NOWIUPEHUM 3 SKUX € THopmayitiHa diaeHocmu-
Ka, OOHUM 13 MeMOOI8 AKOI € BUKOPUCIAHHS HEUPOHHUX Mepedic. Bukopucmanis HetipoHHux mepeic ynpaguinHa 0036074€ iCIMOomHo
VCYHymu MamemMamuyHi npobnemu aHanimu4Ho20 CUHme3sy ma aHanizy 6nacmusocmetl 00CriodNCcy8ano2o 06 'ckma. Lle noscnoemuvca
UM, W0 SKICHb NPOYECI8 YNPAGTIHHSA 8 HEUPOHHUX CUCIEMAX 6A2amo 8 YOMY 3ANeHCUMb 6i0 (YHOAMEHMAIbHUX GIACIMUBOCHEN
bazamowiaposux HeniHitHUX HEeUpOHHUX Mepedic, d He Gi0 AHANIMUYHUX PO3PAXOBAHUX ONMUMATbHUX 3aKoHie. bazamowapoei
HeUpOHHT Mepedici Maromp psio nepesaz, o 00360JAE iX BUKOPUCHIOBYBAMU 8 3A0aUAX YNPAGTIHHA OUHAMIYHUMU 00 EKMAMU.

Ilocmanogka 3a6danunsn. Memoio yici pobomu € cmeopents HellpoHHOT Mepedici, ika 6yOe 8paxo8y8amu OCHOBHI mex-
HIUHI ma eKCnAyamayiiHi Xapakmepucmuky asiayilinozo 2eHepamopa 8epmonboma.

Buknao ocnognozo mamepiany. Ilpu diacnocmysanni agiayilino2o eenepamopa 6epmoaboma nOGUHHI 8PAX08YEAMUCS
maki napamempu: meniogi napamempu 2eHepamopad, pieHb Wymy 2eHepamopd, 4acmoma obepmanHs 2eHepamopa, onip
i3on5Yii KOHMYpie pomopa, cmpym 360pomHOi NociiooeHocmi, pigenv Gibpayii cenepamopa, bumms eany 2eHepamopa,
BIOXUNEHHS HANpYeu, KOTUBAHHS HANpYeU, KoepiyicHm HecuHycoioanbHoCmi Kpusoi Hanpyau, Koe@iyicHm n-il 2apMOHIuHOT
CKNIA0080I HANpY2U HENapHo2o (NapHO20) NOPAOKY, KOepIYIiEHMU HYIb080I NOCIIO0BHOCHI, BIOXUNEHHS YACMOMU IMIYIbCHOT
nanpyau. Boonouac neobxiono weuoko obuuciumu 8uxionuli Cman cenepamopa 8 NOMOYHOMY pedcumi pobomu Ons 0anoi
@yrxyii. Halbinow onmumanbHum Memooom eupituents npooaemu € BUKOPUCIMAHHSL HEUPOHHUX MEPENC, WO CKOPOMUMb 4ac
obuuCciend, NiOsUWUMD PiBeHb HAOTUHOCII Pe3yIbImamis.

Bucnosku ¢ionogiono oo cmammi. Y cmammi guxonano cunmes Heupopeeynsamopa npoetosy NN Prediction Controller ons
BUpIUieHHs 3a80aHHS ABMOMAMU3AYIT JlaeHOCMUKYU CIAHY A8iayiliHO20 2eHepamopa 6epmonbLOMa 8 PeanbHUX PercUMax poobomu
UWLAXOM PO3poOKU MoOeni Hetipomepedicesoi cucmemu 8 Simulink npogpamnoco naxemy MATLAB. Taxodic écmanoaneno, sxi napa-
Mempu ICMOMHO 8NAUBAIOMb HA AKICIb Pe2yO6aHH MA GUSHAYEHO ONMUMATLHI 3HAYEeHHS napamempis. Bukopucmannsa netipo-
Mepedicegoi Mooeni 01 agmomamu3ayii OiacHOCMuUKY CMAHy agiayitinoeo 2eHepamopa epmonboma 3a0e3neduno UCOKY AKicnb
idenmucpixayii napamempis netipopezynamopa. Lle 00360110 6ubpamu onmumaibHi 3HAYEeHHs RAPAMEMPI8 HeUpope2yImopd, o
3a0e3nequms GUCOKI OUHAMIYHI XAPAKMEPUCMUKU CUcmemit OiaeHOCIMUKYU CAHY aiayiliHo20 2eHepamopa 8epmonboma.

Kniouosi cnosa: cucmema Konmponio cmany, agiayiiinuii 2eHepamop,; HetipoHHi Mepedlci.

Puc.: 5. Bion.: 15.

IlocTtanoBka mpoOaeMu. 3BaKaoud Ha T€, MO 3a OCTaHHI ACCATUIITTS KUIbKICTbH
aBialiifHUX MO/, BIAMOB 00NaJHaHHA, y TOMY YMCIi aBapiil Beproarora Mi-8MTB, crano-
BUJIO HE OJIMH JIECATOK, aKTyaJIbHUM HAyKOBO-NPAKTUYHHUM 3aBJAaHHSM € JIarHOCTHKA 1 Ipo-
THO3YBaHHS 3MIH CTaHy poOOTH aBialliiHOTO reHeparopa. HuHi icHye Belnka KUIbKICTh Mif-
XOJIiB JI0 MPOOJIEMH TIarHOCTUKU CKJIAJHUX TUHAMIYHUX 00 €KTIB, 10 SIKUX BITHOCHUTHCS M
aBlallliHUM TeHepaTop BEPTOIbOTA, HAHOUIBII MOIIMPEHUM 3 SIKUX € iH(popMalliiiHa JiarHo-
cTuka [1-4], oqHUM 13 METO/IIB KO € 3aCTOCYBaHHSI HEHPOHHUX MEPEK.

3acTocyBaHHS HEHPOHHUX MEPEX Ul YIPABIIHHS JO3BOJISE 3HAYHOIO MIPOIO CIIPOCTUTH
MaTeMaTUyHi MpoOJeMH aHAJIITUYHOTO CHUHTE3Yy Ta aHali3y BJIACTUBOCTEH OCIHIIKYBaHOTO
o0’exrta. Lle MOsCHIOETBCSA TUM, LIO SIKICTh NMPOLECIB YIPaBJIiHHSA B HEHPOHHHMX CHCTEMax
OUIBILIO0 MIPOIO 3aJIEKUTH Bijl (DyHIaMEHTAIbHHUX BIACTHUBOCTEH OaraToniapoBUX HENIHIHHUX
HEHPOHHUX MEPEK, a HE BiJl aHAIITUYHO PO3pPaxOBaHMX ONTUMAaJIbHUX 3aKOHIB. bararomaposi
HEHpOHHI MepeXi MaloTh MEBHI NepeBar, 10 3yMOBIIIOE X 3aCTOCYBaHHS B 3aja4ax ylpaB-
JHHS AUHAMIYHUMU 00’ ekTamu [5].

© boiiko C. M., Bonkawiu €. €., T'opoauiii O. M., Bopucerko O. M., Bepumsik JI. B., 2018
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AHaJi3 ocTaHHiX gocailkeHb i myoaikaniii. [IpoGnemaruka iHdopMaliiHOT JlarHOCTH-
KM aBialllifHOT TeXHIKM BUCBITIIEHA B poOoTax [5-8], B SKMX 3aCTOCOBaHI Pi3HI METOJIUKHU
BU3HAYEHHS HECHPAaBHOCTEW aBial[lifHOI TEXHIKW. 3acTOCYBaHHS HEHPOHHUX MeEpex Yy
BUPILICHH] 3aBJaHb YNpPaBIIHHSA JUHAMIYHUMU CHUCTEMaMM BHKOHYIOTbCS BUEHUMM Ta JI0-
ciligHuKaMu [7], y poboTax sIKUX MPOJAEMOHCTPOBAHO BUCOKHM MOTEHIIad 00’ €HaHHS ABOX
OOUHMCITIOBATIBHUX TEXHOJIOTIH — MITYYHUX HEMPOHHUX MEPEX 1 FTeHETUYHUX AITOPUTMIB JUIs
BUPILICHHS 3a]1a4 CUHTE3Y IHTEJIEKTYaJIbHUX CUCTEM KepyBaHHS.

JlocaipkeHHs! IPUCBSIUEH] TUTAHHSAM YIPaBIiHHSA HENIHIMHUMH AUHAMIYHUMHU 00’ €KTaMu
3a JOMOMOTO0 HITYYHUX HEUPOHHUX MEPEX, Y TOMY UUCII U y BITUM3HSIHUX HAYKOBUX LIEH-
Tpax [8]. OcobnuBa yBara nNpuIUIL€THCS BJOCKOHAIEHHIO METOJIIB HABYAHHS HEHPOHHHUX Me-
pex, i1eHTUudIKalii HeTIHIMHUX HeCTalllOHapHUX 00’ €KTIB 3a IOMIOMOIOK HEMPOHHUX MEPEX,
CHHTE3Y HEHPOMEpPEKEBUX CUCTEM KEepyBaHHS HEJIHIMHUMU 00’ €KTaMH.

Bu3HaveHHs HeBUPIilIEHUX YACTHH 3arajibHoOI MpodiaemMu. TakiuM YMHOM, aKTyaJIbHUM Hay-
KOBO-TIPAaKTUYHUM 3aBJIaHHSM € JIarHOCTHKA CTaHy pOOOTH aBiallliiHOro reHepaTopa BepToJIbOTa.

Mera crarri. [on0BHOIO MeTOIO 11i€T poOOTH € po3poOKka HEHMPOHHOT Mepexi, sika Oyme
BpaxoBYBaTH OCHOBHI TEXHIYHI Ta €KCIUTyaTallliiHl XapaKTepUCTUKU aBialliiHOTO reHeparopa
BEPTOJIbOTA, 3 METOIO JIarHOCTUKU Ta MOAJIBIIOIO MPOrHO3YBAaHHS HOTrO CTaHy, MpH LbOMY
CKOPOTHBILIM Yac PO3PaxyHKIB 1 30UIbLIMBIIN PIBEHb JI0CTOBIPHOCTI PE3YIbTATIB.

Buxnaa ocHoBHoro marepianay. I[Ipu niarHocTuill aBialiiiHOrO reHepaTopa BEpTOJILOTA
HEOOXITHO BpaXOBYBaTH TaKi MapaMeTpH: TEIJIOBI apaMeTpy reHeparopa (x1), piBeHb LIyMY re-
Hepartopa (x2), yactota 00epTaHHs TeHepaTopa (x3), eNEeKTPUUYHHUM OITip 130JIA111 JIAaHIIFOT'1B poTOpa
(>x4), cTpyM 3BOPOTHOT MOCIIIOBHOCTI (X5), piBeHb BiOpalliii KOpIrycy reHeparopa (xs), OMTTS Baia
reHeparopa (x7), Biaxunenss Harpyru (0U,%) (xs), pozmax 3minu Hanpyru (06U, %) (x9), 103a KO-
nuBaHb Hanpyru (y,%) (x10), koedilieHT HecuHycoinaabHocTi KpuBoi Hanpyr (kacU,%) (x11),
KOe(ILEHT n-i TapMOHIMHOT CK11a70BOi Harpyru HenapHoro (rmapHoro) nopsaaky (kUwm),%) (xi12),
koe(irieHT 3BopoTHOI nmocmigoBHOCTI Hanpyru (k2U,%) (x13), koedilieHT HyabOBOi MOCHIIOB-
HocTl Hanpyr (koU,%) (x14), TpuBadicTe mpoBainy Hanpyru (Atmp, c) (xX15), IMIIyJbCHA Hampyra
(Um, B) (x16), Bimxunenns yacrotu (Af], I'm) (x17) [12]. [Ipu upoMy, HEOOXiAHO ONEPaTUBHO IO
3a1aHiil PyHKILIT po3paxyBaTH BUXITHUIA CTaH I'eHepaTopa Mpy MOTOYHOMY pexumi podotu [9].

Haii0inpi1 onTUManbHUM METOOM BUPIIIEHHS MOCTABJIEHOTIO 3aBIAHHS € 3aCTOCYBaHHS
HEHPOHHUX MEpeX, L0 JO3BOJUTh CKOPOTHTU Yac PO3PAXyHKIB, NMPH I[bOMY 30UIbIIUBIIH
piBeHb JOCTOBIpHOCTI pe3yabratis [10].

[IpuiimMaeTbes, M0 NepepaxoBaHi BUILE apaMeTPU YTBOPIOIOTh 0araToliapoBy HEHPOHHY
Mepexy 3 n = 17 Bxonamu i ogauM BuxoJoM (puc. 1). Koxen i-it HelipoH nepiioro mapy (i =
1,2,...m=17) Mae n =17 BX0JiB, AKi IPONMCAH] BAraMU Wi, Wi, ... Whi.

>
> 2 > ——v
>

Puc. 1. Cmpyxmypa netiponnoi mepesici 01 peanizayii
0iazHOCMUKU CMAHY 2eHepamopa 6epmoiboma

153



Ne 3 (13),2018 TEXHIUHI HAYKHU TA TEXHOJIOTIi

TECHNICAL SCIENCES AND TECHNOLOGIES

[Tonaroun Ha BXoau Oyb-sIK1 UMCHA X1, X2, ... X17, OTPUMAEMO Ha BUXO/I1 3HAYEHHS JEIKO1

byukuii ¥ = F(xi1, x2, ... X17), K€ € BIAMOBIIIIO (peakiiie€ro) Mepexi. Biqomo, 1mo BiAmnoBias

Mepexi 3aJIeKUTh K BiJl BXIJHOIO CUTHATY, TaK 1 BiJ 3HAU€Hb il BHYTPIIIHIX MapameTpiB —
Bar HEMpPOHiIB, TOOTO:

m=17 n=17
F(x,%),..%,)= ZV,U ijwﬁ , (1)
i=1 =0
ne F(x1, x2, ... x17) — Oynb-sika Ge3nepepBHa (QyHKIis, IEBHA HA OOMEKEH1 MHOKHUHI.
1
o(s)= (2o (2)
1e 6(s) — curmoifanbHa QyHKIIIS.
2n+l1 n
F(xl,xz,...,xn)=2gi hi(x;) | 3)
i=1 j=1

3acrocysasiu Teopemy Konmoroposa (3), e gi u h;; — 6e3nepepBHi QYyHKIIi1, TpUIOMY /;;
HE 3aJeKUTh BiA QyHKIIT F A 3MIHHUX, BU3HAYEHO, IO JJIs peanizauii QyHKIIT 3MIHHUX
JOCUTH onepaliii miicCyMOBYBaHHS 1 KOMIO3ULIT PYHKIIT OJTHIET 3MIHHOT.

OcCKuTbKY HaMB)XJIMBIILIOKO BIIACTHBICTIO HEHPOHHHUX MEPEX € TX MOXKJIMBICTh HABUaTUCS Ha
OCHOBI JIaHUX PO O0'€KT JOCHIKEHHS M y pe3ysbTaTl HaBUYaHHS MMIIBUILYBATU CBOKO (DYHKIIIO-
HaJIbHICTh, MPOMOHYETHCSI 3aCTOCYBAaTH aJANTUBHUM KPOK HABYaHHS HEMPOHHOI Mepexi, KM
peai3yeThes y BUIIIAIL TpafiieHTHOTro MeToty [11], B sikoMy 3MiHA Bar OMMCYEThCS 3aJIEKHICTIO:

Wea = Wi T Dy 4
1€ Mk — pO3MIp KpOKYy Ha k-1 iTepaulii, py — BEKTOp, SIKUM 3aja€ HaNpsIMOK pyxXy U 00-
YHCIIIOETHCS 32 (DOPMYIIOLO:

. . min(k—1,m) .

Py =8t Z B &> ()
i=1

1ie gj — BEKTOp, KU 3a/la€ HANPSIMOK aHTUIPAJI€HTa Ha j-1i iTepauii; f; — Koe(IilieHT, KU

BU3HAYa€ Bary i-ro rpaji€HTa; m — BU3HAYA€ KUIBKICTh 3amaM’sITOBYBAaHMX I'PAII€HTIB; k —

MOPSAIKOBHI HOMEp MOTOYHOT ITepariii.

I'panientHuit mMerox HaBuaHHS 3 (5) BuxomuTh npu m = 0, a METOOM CHPSKEHHX
I'PaAIeHTIB, sIKI HAMOLIBII YaCTO BUKOPUCTOBYIOTHCS IPU HaBYaHHI HEMPOHHUX MEPEX, BUXO-
JSITh HUIIXOM MiJICYMOBYBaHHS BCIX MOMEPEIHIX HAMPSIMKIB (TIPH 71 = ).

Taxuif MeTo 3BOAUTH 10 MIHIMyMY BTpY4YaHHS JIFOJUHHU B HABUAHHS HEHPOHHUX MEPEX,
CHPOLIYIOYM IX HaJlalITyBaHHS, OCKUIbKM HE KOXK€H KOPHUCTYBau HEUPOMEPEKEBUX TEXHO-
JIOT1H BOJIO/I€ 3HAHHSIMHU y cepi METOAIB ONTHUMI3ALIii.

Hapuanhst % HEHpOHHOT MepexKi 3 MOCTIMHIUM KPOKOM 311 CHIOETHCS 3a IOTIOMOT OO TIPaBUIIa
Xe00a, sike MoJsirae B TOMY, 1110 HABYaHHS BIIOYBA€ThCs B PE3y/bTaTi 30UIbLICHHS CUIIU 3B’ S3KY
(cMHaNTUYHOT Barv) MK OJHOYACHO AKTMBHUMHU HEHMpOHAMHU. 3 OIJISy Ha BUIIEBKA3aHE 4acTo
BUKOPHCTOBYBaHI B MEPEXi 3B SI3KU MOCUITIOIOTHCS, 1110 MOSCHIOE ()EHOMEH HABYAHHS LUIIXOM
MOBTOPEHHS 13BUKaHH. [IpaBuiio HaByaHHsA Xe00a 3anucyeThest B Takui croci6 [12]:

wit + 1) = wilt) + xp, (6)
1€ ¢ — 4ac; X; 1 ) — BIANOBIHO BUX1JHE 3HAUEHHS i-TO 1 j-r0 HEMPOHIB, MPH L[bOMY Mependa-
qaetbes, o wi(0) = 0.

[NocTiitHuii KPOK HaBYaHHS HEHPOHHOI MEPEXK1 TAKOXK Peali3yeThbcs 3a JOMOMOTOI0 Ipo-

ueaypu HaBuaHHs Po3eHOnaTTa (HaBYaHHS MEPCENTPOHA), SIKA XapaKTEPUYETbCA THM, LIO0
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BaroBi Koe(ilieHTH HEUPOHHOI MEPEX1 3MIHIOIOTHCS TUIBKM B TOMY BUIAJIKY, SKIIO BUXIIHA
peaxiiiss Mepexi y He 30ira€rbcsi 3 €TaJOHHOK0 d, 1 MICTUTh LIBUJIKICTh HABUaHHS a 1 HE
3MIHIO€ BaroBi KOeQIli€EHTH, SIKIIO BUXIHI CUTHAJIM Mepexi 30iraroTbes 3 erajoHHumu. [Ipa-
BUJIO HaBuaHHs Po3zen6narrta B 3aranbHiil popmi Mae Burisig [15]:
W(it+1)=W1t)—aly — )X = W) +a(t—y)X. (7

Jlns HaBuaHHS PoO3poOIEHOT HEHPOHHOI MEpeXi HEeAOCTaTHBO C(OpPMYBAaTH HaBYANIbHI
Habopu BXOiB-BUXOJIB. HeoOX11HO TakoK BU3HAYMTHU MOMUIIKY IMPOPOKYBaHb Mepexi. [lo-
MUJIKA MEpEeX1 MPEACTaBIAETbCA Yy BUIVIAAI (YHKLII BiJ CHHAaNTHYHUX KOEQIIIEHTIB 1
MIHIMI3YETBCSI OJJTHUM 3 TPATIEHTHUX METOMAIB. TpaguIliiiHO BUKOPUCTOBYIOTh CEPEIHbOKBAI-
paTuyHy NOMMJIKY (MiZICYMOBYBaHHSI IPOBOAUTHCS 3@ BCIMA BUXOJAaMU):

1 2
E=—{y-d), ®)

i€ y — BUX1Jl HEUPOHHOI Mepexi, d — OakaHe 3HauE€HHs BUXOTY.

Takum 4yMHOM, 3aCTOCYBaHHS aJallTUBHOTO AJTOPUTMY € OUIbII THYYKUM DILIEHHSM IpU
HaBYaHH1 po3p0o0JIeHOT HEWPOHHOT Mepexi.

CuHTe3 HelpoMepex eBOi CUCTEMH YIPaBIIIHHSA T'€HEpaTopa BEPTOJbOTA MPOBOAMBCA 32
nonomororo nakera npukiaaaux nporpam Neural Network Toolbox cucremu MATLAB.

Jlns BUpIIIEHHS TOCTaBJICHOTO 3aBlaHHs Oyno BuOpaHo peryastop NN Predictive
Controller, sikuii BUKOPUCTOBYE MOJIENIb KEPOBAHOI'O 00’€KTa y BUIJISAI HEHPOHHOI Mepexi
JUIsL TOTO, 00 CIPOrHO3YBaTH Horo MailOyTHIo nmoBeAiHKy. KpiM Toro, peryastop o0uucitoe
CUTHAJI YIIPaBJIIHHS, SIKUI ONTUMI3y€e OBEIIHKY 00’ €KTa Ha 3aJaHOMY 1HTepBajl yacy. OTxe,
MIPOEKTYBAaHHS HEHPOPETYNIATOpa CKIAAAEThCA 3 IBOX €TalliB: eTan ileHTu(ikauii aBiaiiHo-
ro reHeparopa sik KepoBaHOro 00’€KTa il eTramy CHHTE3y 3aKOHY KepYBaHHI, Ha erami inen-
Tn(blxauu PO3pOOIAETHCA MOJETh KEPOBAHOTO 00’ €KTA Y BUIJISII HEHPOHHOI MEpexi, sKa Ha
eTari CUHTe3y BUKOPUCTOBYEThCS JJIsi CUHTE3Y perynsropa [13].

Ha puc. 2 noka3zaHa cTpykTypHa cxema MpOINOHOBAaHOI HEHPOMEPEKEBOI CUCTEMHU JIIarHO-
CTMKM CTaHy aBlallifHOro reHeparopa BepTojboTa, po3pobneHa B MATLAB Simulink. s
CTPYKTYypa BKJIFOUa€e OJOK KepoBaHOro 00’exta (Subsystem) 1 610k perynstopa NN Predictive
Controller, a Takox OJIOKM reHepallii €TaIOHHOTO CTYNEHEBOI CHTHAY 3 BMIIaJKOBOIO aM-
wiitygoro Random Reference, 610k moOynoBu rpadikis.

NN Predictive Controlier

Uniform Random
Mumber

~r

g =
]

Subsystemn Scope

Puc. 2. Cucmema diaenocmuku cmany asiayitinoco 2enepamopa 6epmoniboma
3 Hetipopezynsimopom NN Predictive Controller

IIporpama reHepaui'l' HaBYaJIbHOI MOCIIJOBHOCTI FeHEpYe HaBYasIbHI JJaH1 IIUIIXOM BILUTUBY Psi-
Jy BHIIAIKOBHX CX1TYaCTHX CHUTHAJIIB HAa MOJENb KEPOBAHOrO 00’ekTa (reHeparopa). Fpa(buq/l
BXIJIHOTO 1 BUXIIHOTO CUTHAJIIB MOJIEN1 aBTOMAaTU30BaHO1 CUCTEMH JIIaTHOCTUKY CTaHy aBlaliifHO-
r'0 TeHepaTopa BEpTOIbOTA BUBOAATHCS Ha ekpaH (puc. 3). Ilicns 3akiHueHHs reHepariii HaB4allb-
HOT MOCITIIOBHOCTI TIepei0avaeThesi ab0 MPUMHSTH 3TEeHEPOBaHi JaH1, 800 BIIMOBUTHUCS Bil HUX.
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EnemenTtn HelpoHHOT Mepexi BIANOBIAAIOTH TAKUM MapameTpaMm: po3Mip MPUXOBAHOTO
mapy S = 17, KUTbKICTh €JIEMEHTIB 3alli3HIOBaHHS Ha BXOJ1 Mojeni Ni = 2, KUIbKICTh ele-
MEHTIB 3alli3HIOBaHHA Ha BUX0J1 Mojeni N; = 5.

Binomo, 1110 B mporeci HaB4aHHsI HEMPOHHOT MEpEesKi BEKTOPU BXOAY MPEICTABIISAIOTHCS SIK
YHMCIOBI MacHBM BHUOIPOK, IO BIANOBIIAE T'PYMOBOMY NpEACTaBICHHIO JaHWX. HaBuaHHs
3MIIIICHIOETHCS 3 BUKOPUCTAHHAM anroputMmy JIboBenOepr-Mapksapara. JluHamika 3MIHH I10-
MUJIKM HaBYaHHS, a TAKOX MEPEBIPKU HAa KOHTPOJIbHIN 1 TECTOBIN MHOKHMHI BiJOOpaKaroThCs
y BiKH1, 300pakeHoMy Ha puc. 4. [licns 3aBepieHHs] HABYaHHS pe3yJIbTaTH BiI0OPaKarOThCs
Ha rpadikax, sk 11e NoKa3aHo Ha puc. 5.

Plant Input-Output Data = X

Plant Input
8 1 |

.. | L ‘ 1

i
J "

m

] &=
—————
-
=

e

r‘

1
0 50 100 450 200 250 300 350 400
lime (s)
Plant Qutput
23.5 T T T T T

22 \u!

21

L] 50 100 4150 2000 250 300 350 400
time (s)
Simulation stopped by the user.
AcceptDsts |  RejectOata | Pleasa Acceptor Reject Data to continie.

Puc. 3. I'pagixu xionozo i uxionozo cueHanie npu cenepayii
HABYAILHOI NOCIIO08HOCMI MOOENL a8MOMAMU308AHOI cucmemu Oia2HOCMUKY
Cmawy agiayitiHo2o 2enepamopa 6epmoabLoma

J Training with TRAINLM e
Fle  EdK  Wew Insest Tools Deskiop  window  Hzlp k1

Perfurmance is 5.8347e-007, Gozlis0

Training-Glue “alidatior-Green Test-Fed

o] a0 100 180 200 250

02 Epochs

Puc. 4. Bixno xonmponio npoyecy HaguanHs Mooei asmomamu308anoi cucmemu
0iazHOCMUKU CMAHy agiayitino2co 2eHepamopa 6epmoaboma
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Input Plant Output
23

| | ‘r iz ||I ﬁl ."'l jl "*’. |; | }rn
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TR |
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Error NN Output
0.02 23
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0.01 (N R AW
99 5 | I| | |I |II | .'\l
0 J\--\r-v-.lr--ul-[-;“\ 1 T r_r..ﬁu 1l | | L
). II|| | |I |
-0.01 22 | '.IJ
| |
-0.02
215 \
-0.03
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time (s) time (s)

Puc. 5. Pezynomamu mpenysanms mooeni agmomamu3o8anoi cucmemu 0ia2HoCMuKy
cmany agiayilino2o 2eHepamopa epmoiboma

3Ha4yeHHs V2 1y ICTOTHO BIUIMBaIOTh Ha poOoTy cucteMu [S]. Ilpu ix 30UTbIIEHH] TOYHICTD
3pocTae, OJHAK OOCIT OOUUCIICHb HAa KOXXHOMY TaKT1 IMCKPETHOCTI ICTOTHO 30UIbIIyeThCs. J{ist
PO3B’s13yBaHO1 3a/1a4l ONTUMAaJIbHI 3HAUEHHS 3HAXOAAThCS B Mexkax V2 =15...251y=2...3.

Ipu inenTudikarii aBialiiiHOro reHeparopa HalOLIbII BaXJIMBUM MUTAHHSIM € BUOIP KUIb-
KOCT1 HEWPOHIB NpuxoBaHoro mapy S. Ilpu mamniii KUIbKOCTI HEUPOHIB Mepeka He MOXKe BUKO-
HYBaTH MOCTaBJICHE 3aB/IaHHs, a MIPU BEJIMKOMY — CIIOCTEPIra€ThCs SBUILE MEPEHABYAHHS 1 3pOC-
Tae obcsar oOumcnenb. s i€l 3a7a4di onTUMaNbHI 3HayeHHs S = 9...14, npu 1pboMy NOMUIIKa
HABYAHHS, 4 TAKOK MOMIJIKA £ HA KOHTPOILHIH 1 TecTOBIi MHOkUHI He mepepurye 107°...10%,

Ycnix TpeHyBaHHS MEpeski BEIMKOIO MIPOIO 3aJI€XKHUTh Bifl JOBXHHU HaBYAIBHOI BUOIPKU
Np 1 TakTy AMCKPETHOCTI, 1[0 BU3HAYAE IHTEpPBAJ MDK JBOMA IMOCIIJIOBHUMH MOMEHTAMHU
3HIMaHHs JaHuX. ONTUMalbHUM y po3B’si3yBaHoi 3anadi €: Np = 10000 1 Az = 0,05 c. Ilpu
30UTbLIEHH] Af 3HUXKYETHCSI TOUHICTD, SIKa BU3HAYAETHCA SIK PI3HUL MDK MOMUJIKOIO HaBYaH-
Hs 1 IOMUJIKOIO, OTPUMAHOIO HAa KOHTPOJIbHIN 1 TECTOB1 MHOKHHI. 3MEHIIEHHS Af BUKIIMKA€E
HEOOX1HICTh BIAMOBITHOTO 30UIbIIEHHS Np 1, SIK HACIIIOK, 3HAYHO 30UTBIIYETHCS Yac Tpe-
HYBaHHS MEpexXi, IpU I[bOMY ICTOTHOTO 3HM)KEHHS € He crocTepiraeTsbes [ 14].

Jlnist OTpuMaHHs MPeICTABHULIBKOT BUOIPKU HEOOX1AHO MPAaBUIIBHO 33JaTH MAaKCUMAJIbHE 1
MiHIMaJIbHE 3HAUEHHS IHTepBally ineHTHdikalii. Po3mip iX 3alnexuTh BiJ napamerpiB 00’ekTa
Subsystem, y 11iit po60TI MPUAHATO fmin = 4...5 C, tmax = 10...20 c.

[pu cunTe3i Moaeni HepoOMepeKeBOT CUCTEMH 3aJA€ThCS KUIBKICTh €IEMEHTIB 3alli3HIOBaH-
HS1 Ha BXO/Il Z| Ta BUXO/I z2 Mojieni. Haiikparii pe3yiabratu oTpuMaHi npu z1 = 2, z2 = 2. .4.

Pe3ynbTar TpeHyBaHHS MEpexXi 3aJIeKUTh Bijl MOYAaTKOBOTO 3HAYEHHS Bar HEMPOHHOI Me-
peXi Wij 1 KUIbKOCT1 IUKIIB HaB4YaHHsS Ny. i JOCATHEHHS r100albHOTO MIHIMYMY MPOIIEC
HaBYaHHS HEOOXITHO MOBTOPIOBATH 0araTo pasiB MpU PI3HUX MOYATKOBUX 3HAUEHHSIX Wij 1
BenuurHUA Ny. Y 111l poOOTi Al KOKHOTO BapiaHTa Mepexki BUOMpaIocs KilbKa JECITKIB MO-
YaTKOBUX TOYOK po3paxyHKy. KiTbKiCTh LIMKIIIB HABYAHHS, MICIS 3aKIHYEHHS SIKUX MOMUJIKA
HaBYaHHS NepecTaBana 3meHuryBarucs, cranosuio 300 ... 400 [15].

BucHoBKHM BiINmoBiIHO 10 cTaTTi. Y CTaTTi BUKOHAHO CUHTE3 HEWpOperymsTopa nporaosy NN
Prediction Controller 1yist BupillieHHs! 3aBIaHHs aBTOMaTH3allil JIAarHOCTHKU CTaHy aBlalliifHOro
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reHepaTropa BEpToIb0Ta B PEATbHUX PEKUMAX POOOTH IIUISXOM PO3POOKU MOJIEN HEUpOMEpeKeBOl
cucremu B Simulink nporpamtuoro nakera MATLAB. Takox BcTaHOBJIEHO, sIKI TApaMETPH ICTOT-
HO BIUTUBAIOTH HA SIKICTh PETYTIOBAHHS Ta BU3HAUYEHO ONTUMANTbHI 3HAYEHHS 1X TTapaMeTpiB.

Buxopucranus HeHpomepe:keBoi Mojeni Ui aBTOMAaru3aiii JIarHOCTUKH CTaHy
aBiaIlifHOTO TeHepaTopa BEPTOJILOTA 3a0e3MeUMIIO MiABUINECHHS SKOCTI iAeHTUiKalii napa-
MeTpiB HelipoperynsaTopa. Lle no3Bonmno Bubparu ontuManbHI 3HAYEHHS apaMeTpiB HEHpo-
peryisTopa, 1mo 3a0e3Me4niio BUCOKI TUHAMIYHI XapaKTepPUCTUKH CUCTEMH JIarHOCTUKU CTa-
HY aBialliifHOTO TeHepaTopa BEPTOJIhOTA.

Cnncoxk BUKOPHCTAHUX JIZKepet

1. Cunuyx O. H. HeiipoHHble ceTu U ympaBlieHHE IMPOLECCOM YMPaBICHUS HJIEKTPOCHAOKEHHEM
00bEeKTOB OT KOMOMHHpPOBaHHBIX 3nnekTpudeckux ceredt / O. H. Cunuyk, C. H. Boiiko / Texuiuna
enexktponuHamika. —2014. — Ne 5. — C. 53-55.

2. Mawowun O. @. NudopmanmonHoe obecrieueHre NpoLeccoB THarHOCTUPOBAHUS aBUALIMOHHOM
texuuku / O. @. MamommuH, A. B. buryc // Hayunsiii Bectauk MI'TY T'A. —2002. — Ne 49. — C. 44-48.

3. Mawowun O. @. JlnarHocTHKa aBUALIMOHHOM TEXHUKH : yyeOHoe nocodue / O. ®. Mamomms. —
M. : MI'TY TA, 2007. - 141 c.

4. Cunmes neiipoperyistopa NN Predictive Controller myis ynpaBiiHHS TPHOXMACOBOIO €IIEKTPO-
mexanigHoto cuctemoro / T. HO. Bacumens, O. O. Bapdonomies, P. B. Trotion, 0. O. Andropos,
A. O. Bracos // Cuctemu 006po0ku indopmartii. — 2017. — Bumn. 3 (149). — C. 88-95.

5. Mawowun O. @. UHCTpyMEHTaIbHBIE METO/IBI IMATHOCTUKY aBUALIMOHHON TEXHUKH : ydyeOHOe
nocobue / O. ®. Mamommun. — M. : MI'TYTA, 2010. — 88 c.

6. l'onosxo B. A. Heliponnsle cetu: o0ydeHue, opraHu3anus u npumeHenue. Kuaura 4 : yueOHoe
nocobue a1 By30B / B. A. I'omosko. — M. : UTTPXKP, 2001. — 256 c.

7. Knenuxos B. B. IlpuMeneHne MeTOIOB HEMPOHHBIX CETEH M T'€HETUYECKHX AJITOPUTMOB B pe-
LICHUH 3alau yrnpasieHus snektporpusoaamu / B. b. Knenukos, K. B. Maxoruno, C. A. Ceprees //
OnektporexHuka. — 1999. — Ne 5. — C. 2-6.

8. Hetipo-ghazsu perynsatop ans SICKTPOIPUBOAOB C mpockanb3biBanuem / B. b. Kienwmkos,
A. B. Kitetukos, O. 1O. I'ne6os, II. JI. Mouceeuko, U. C. ITonsuckas // Bicuuk HanionansHoro rex-
HIYHOTO YHIBEpCUTETY «XapKiBChbKHM MOMTeXHIYHUN THCTUTYT». — 2002. — T. 4, No 9. — C. 47-52.

9. Pyoenxo O. I. OcCHOBBI TEOpHMH HCKYCCTBEHHBIX HeWpoHHbIX cereir / O. I'. Pynenko,
E. B. bomguckuii. — X. : TEJIETEX, 2002. — 317 c.

10. Jluna B. b. AAroput™ M nporpamMmHasl peanu3anysi aJanTHBHOIO METoa OOydeHHsT HCKYCCTBEH-
HBIX HelipoHHbIX cereii / B. b. Jluna // Unkenepusiit Bectauk Jona. —2012. — T. 19, Ne 1. — C. 55-59.

11. ITusosapos B. A. llpumeHeHre annapaTa TEOPUU CTATHCTHYECKON KIacCH(UKALMH K 3a7adam
JMarHOCTUPOBaHMS aBHanrOHHOW TexHuku / B. A. IluBoBapos, O. @. Mamommn // HayuHsiii BeCTHHK
MI'TY I'A. —1999. — Ne 20. — C. 25-30.

12. Ocmpeiixosckuii B. A. Teopust Hanexnoctu / B. A. OctpeiikoBckuii. — M. : Adpuc, 2012. — 463 c.

13. Input Current Parameters Analysis for PFC based on Quasi-Resonant and Conventional Boost /
Denisov Y. O., Stepenko S. A., Gorodny A. N., Kravchenko V. A. // International Scientific Conference
on Electronics and Nanotechnology(ELNANO): Thirty-Fourth Annual IEEE, 2014. — P. 393-397.

14. Switch operation power losses of quasi-resonant pulse converter with parallel resonant circuit /
Denisov Y., Gorodny A., Gordienko V., Yershov R., Stepenko S., Kostyrieva O., Prokhorova A. //
International Scientific Conference on Electronics and Nanotechnology(ELNANO): Thirty-Fourth
Annual IEEE, 2016. — P. 327-332.

15. Impact of Supply Voltage Change on the Energy Performance of Boost Quasi-Resonant Con-
verter for Radioelectronic Equipment Power Supplies / Gorodniy O., Gordienko V., Stepenko S.,
Boyko S., Sereda O. // Modern Electrical and Energy Systems (MEES). — 2017. — P. 232-235.

References

1. Sinchuk O. N., Boiko S. N. (2014). Neironnye seti i upravlenie protcessom upravleniia elektro-
snabzheniem obektov ot kombinirovannykh elektricheskikh setei [Neural networks and management of
the process of power supply control of facilities from combined electric networks]. Tekhnichna elektro-
dinamika - Technical electrodynamics, 5, 53-55 [in Russian].

2. Mashoshin, O. F., Bigus, A. V. (2002). Informatsionnoe obespechenie protcessov diagnostirovaniia
avia-tcionnoi tekhniki [Information support of processes of diagnosing aviation equipment]. Nauchnyi
vestnik MGTU GA — Scientific Bulletin of the Moscow State Technical University, 49, 44—48 [in Russian].

158



TEXHIUHI HAYKHU TA TEXHOJIOTIi Ne 3 (13),2018

TECHNICAL SCIENCES AND TECHNOLOGIES

3. Mashoshin, O. F. (2007). Diagnostika aviatcionnoi tekhniki [Diagnostics of Aviation Equip-
ment]. Moscow: In MSTU [in Russian].

4. Vasylets, T. Yu., Varfolomiiev, O. O., Tiutiun, R. V., Alforov, Yu. O., Vlasov, A. O. (2017).
Syntez neirorehuliatora NN Predictive Controller dlia upravlinnia trokhmasovoiu elektromekhanichnoiu
systemoiu [Synthesis of the NN Predictive Controller for controlling a three-mass electromechanical sys-
tem]. Systemy obrobky informatsii — Information processing systems, 3 (49), 88-95 [in Ukrainian].

5. Mashoshin, O. F. (2010). Instrumentalnye metody diagnostiki aviatsionnoi tekhniki [Instrumen-
tal methods of aviation equipment diagnostics]. Mosow: In MSTU [in Russian].

6. Golovko V. A. (2001). Neironnye seti: obuchenie, organizatsiia i primenenie. Kniga 4 [Neural
networks: training, organization and application. Book 4]. Moscow: In IPRZhR [in Russian].

7. Klepikov, V. B., Mabhotilo, K. V., Sergeev, C. A. (1999). Primenenie metodov neironnykh setei
i geneticheskikh algoritmov v reshenii zadach upravleniia elektroprivodami [Application of methods
of neural networks and genetic algorithms in solving problems of control of electric drives]. El-
ektrotehnika — Electrical Engineering, 5, 2—6 [in Russian].

8. Klepikov, V. B., Klepikov, A. V., Glebov, O. Tu., Moiseenko P. L., Polianskaia, 1. S. (2002). Nei-
ro-fazzi reguliator dlia elektroprivodov sproskalzyvaniem [Neuro-Fuzzy controller for electric drives
with slippage]. Visnyk Natsionalnoho tehnichnoho universytetu «Kharkivskyi politehnichnyi instytuty —
Bulletin of the National Technical University «Kharkiv Polytechnic Institutey, 9, 47-52 [in Russian].

9. Rudenko, O. G. (2002). Osnovy teorii iskusstvennyh neironnykh setei [Fundamentals of the the-
ory of artificial neural networks]. Kharkiv: TELETEKH [in Russian].

10. Lila, V. B. (2012). Algoritm i programmnaia realizactsiia adaptivnogo metoda obucheniia is-
kusstvennykh neironnykh setei [Algorithm and software implementation of the adaptive method of
learning artificial neural networks]. Inzhenernyi vestnik Dona — The engineer's messenger of the Don,
1, 55-59 [in Russian].

11. Pivovarov, V. A. (1999). Primenenie apparata teorii statisticheskoj klassifikacii k zadacham
diagnostirovaniia aviatsionnoi tehniki [The application of the apparatus of the theory of statistical
classification to the problems of diagnosing aviation equipment]. Nauchnyi vestnik MGTU GA — Sci-
entific Bulletin of the Moscow State Technical University, 20, 25-30 [in Russian].

12. Ostreikovskii, V. A. (2012). Teoriia nadezhnosti [Theory of reliability]. Moscow: Abris
[in Russian].

13. Denisov, Y. O., Stepenko, S. A., Gorodny, A. N., Kravchenko, V. A. (2014). Input Current Pa-
rameters Analysis for PFC based on Quasi-Resonant and Conventional Boost. Infernational Scientific
Conference on Electronics and Nanotechnology (ELNANO): Thirty-Fourth Annual IEEE.

14. Denisov, Y., Gorodny, A., Gordienko, V., Yershov, R., Stepenko, S., Kostyrieva, O., Prokho-
rova, A. (2016). Switch operation power losses of quasi-resonant pulse converter with parallel reso-
nant circuit. International Scientific Conference on Electronics and Nanotechnology(ELNANO): Thir-
ty-Fourth Annual IEEE.

15. Gorodniy, O., Gordienko, V., Stepenko, S., Boyko, S., Sereda, O. (2017). Impact of Supply
Voltage Change on the Energy Performance of Boost Quasi-Resonant Converter for Radioelectronic
Equipment Power Supplies. Modern Electrical and Energy Systems (MEES).

UDC 629.735
Serhii Boiko, Yevhen Volkanin, Oleksiy Gorodny, Oksana Borysenko, Leonid Vershniak

APPLICATION OF NEURAL NETWORKS WITH AUTOMATION
OF DIAGNOSTICS OF THE HELICOPTER AVIATION GENERATOR STATUS

Urgency of the research. Based on the fact that over the past decades, the number of accidents, equipment failures, in-
cluding accidents of helicopters amounted to more than a dozen, the urgent scientific and practical task is to diagnose and
predict changes in the state of the aviation generator.

Target setting. The main goal of this work is the development of a neural network that will take into account the main
technical and operational characteristics of the helicopter’s aviation generator, with a view to diagnosing and further pre-
dicting its state, while reducing the computation time and increasing the level of reliability of the results.

Actual scientific researches and issues analysis. The problem of informational diagnostics of aviation equipment is de-
scribed in papers in which various methods for determining malfunctions of aviation equipment are applied. The use of neu-
ral networks in solving problems of managing dynamic systems is performed by scientists and researchers, whose work
demonstrates the high potential of combining two computational technologies - artificial neural networks and genetic algo-
rithms for solving problems of the synthesis of intelligent control systems.

Uninvestigated parts of general matters defining. Currently, there are a large number of approaches to the problem of
diagnosing complex dynamic objects, which include the helicopter’s aviation generator, the most common of which is infor-
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mation diagnostics, one of the methods of which is the use of neural networks. The use of neural control networks makes it
possible to substantially remove the mathematical problems of analytical synthesis and analysis of the properties of the ob-
ject under study. This is explained by the fact that the quality of control processes in neural systems largely depends on the
fundamental properties of multilayer nonlinear neural networks, and not on analytically calculated optimal laws. Multi-layer
neural networks have a number of advantages, which leads to their use in the tasks of managing dynamic objects.

The research objective. The purpose of this work is the development of a neural network that will take into account the
basic technical and operational characteristics of the helicopter’s aviation generator.

The statement of basic materials. When diagnosing a helicopter’s aviation generator, the following parameters should
be taken into account: generator thermal parameters, generator noise level, generator rotation frequency, insulation re-
sistance of rotor circuits, negative sequence current, generator vibration level, generator shaft beating, voltage deviation,
voltage swing, voltage fluctuation dose , non-sinusoid coefficient of the voltage curve, coefficient of a harmonic component of
the voltage of an odd (even) order, coefficient reverse voltages sequence coefficient zero sequence voltages, the voltage dip
duration, the pulse voltage frequency deviation. At the same time, it is necessary to quickly calculate the output state of the
generator in the current mode of operation for a given function.

The most optimal method for solving the problem is the use of neural networks, which will reduce the computation time,
while increasing the level of reliability of the results

Conclusions. The article synthesizes the NN Prediction Controller neuro-regulator to solve the problem of automating
the diagnostics of the state of the helicopter’s aviation generator in real operation modes by developing the neural network
system model in Simulink of the MATLAB software package. It was also established which parameters significantly influence
the quality of regulation and the optimal values of the parameters are determined.

The use of the neural network model for automating the diagnostics of the state of the helicopter’s aviation generator
provided a high quality identification of the parameters of the neuro-regulator. This made it possible to choose the optimal
values of the parameters of the neuro-regulator, which ensured high dynamic characteristics of the system for diagnosing the
state of the helicopter’s aviation generator.

Keywords: state monitoring system; aircraft generator; neural networks.
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Patrik Sarga, Jakub Cocula
DESIGN AND IMPLEMENTATION OF SMART HOME MODEL

Urgency of the research. The expansion of smart home systems is slower than was expected. One of the biggest obsta-
cles to the mass expansion of smart homes is the high price of devices commonly available on the market. Home automation is
not sufficiently widespread among people, not only for the high price, but also because the available systems do not meet users'
perceptions of how they should work and also due to users' fear of security risks. For these reasons, when designing a new smart
home system, it is a good idea to perform the initial testing on the model.

Target setting. Our goal was to design a model of the original low-cost smart home system, which would allow testing,
tuning, and refinement of the home automation system before it is put into use. Such a model could also be used in the learn-
ing process, while students can test the proposed smart home systems on the model.

Actual scientific researches and issues analysis. When designing the model and preparing this paper, we took into ac-
count both current sources — publications and papers dealing with the current state of smart home systems as well as existing
smart home solutions, which are widely available on the market.

Uninvestigated parts of general matters defining. The implementation of the proposed model into real-life operation
was not realized during the research for this paper.

The research objective. The goal of the research was to model a low-cost, reliable, smart home system.

The statement of basic materials. For effective research and solution of the task of smart home system is important to create
adequate model, which copies a real smart home. For our solution we used a tiny and affordable computer Raspberry Pi3, which
was connected through GPIO to external sensors for light, temperature etc., operation was performed in the Python programming
language and for the creation of user interface was used Cayenne platform for Android-operated smartphones.

Conclusions. Our solution implemented the Raspberry Pi microcomputer, which was connected with the external hard-
ware. The outputs also included the creation of a physical model of the smart home system. Designed model can meet the
savings, comfort and safety requirements of every household. The stability and functionality of the system designed for the
model has been verified in a long-term testing. No errors in stability have been demonstrated.

Keywords: smart home; model; Raspberry Pi; Python; Cayenne.

Fig.: 6. References: 10.

The current state of smart home. A smart home can be briefly described as a residence
that uses internet-connected devices to automate and monitor in-home systems. Smart home
technology (often also referred as ,,home automation®) provides homeowners comfort,
healthcare, energy efficiency and security by allowing them to control smart devices, often by
a smart home app on their smartphone or other networked device [1]. Communication proto-
col such as RFID, NFC, ZigBee, Z-wawe, Wi-Fi, Bluetooth in combination with various sen-
sors for temperature, humidity, PIR, smoke and many others can create a mutually intercon-
nected system (Fig. 1).
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Such a system is a combination of a sensor, a programmable device, and a transmission
device that also provides a sensor output. Data from the sensor is converted into a comprehen-
sible and processable format, then stored and compared to the predefined value. Based on
this, the system will evaluate what operation to perform to meet the regulatory requirements.
Information on the currently running action can be displayed to the user [2], [3], [4].

The expansion of smart home systems is slower than was expected. One of the biggest obsta-
cles to the mass expansion of home automation is the high price of devices available on the market.

Our goal was to design a model of the original low-cost smart home system. The model
would allow testing, tuning, and refinement of the home automation system before it is put
into use. Such a model could also be used in the learning process, while students can test the
proposed smart home systems on the model. The proposed system is based on the microcom-
puter Raspberry Pi, which enables the creation of a low-cost smart home.

Design of the model of the smart home system. In the current market situation, there are
several options to make a smart home. The basic building element is the control unit, which is
a brain of all operations. When choosing the right control unit, we draw from predefined re-
quirements, e.g. price, programming difficulty, assembly, lifespan, connectivity, hardware
variability, update, etc. Based on these criteria, we decided to implement the smart home de-
sign by using the Raspberry Pi[6], [7].

Raspberry P13 (further referred as “RPi”) (Fig. 2) is the third generation of RPi. It is a mi-
crocomputer based on the ARM platform. It has a small size, about a credit card size. RPi is
an affordable programmable device, price level is approximately 50 €.

RP1i is powered by a 3A power adapter with a minimum power consumption of 2.5W to
3.5W. It can also be connected with AAA batteries. Thanks to that it can be independent from
the electrical network, although with limited battery life. RPi has four USB ports that allow
sufficient connectivity for external devices. The monitor can be connected through the full-
size HDMI port, so RPi can serve also as a personal computer. MIPI DSI display port enables
connection of a RP1i touch screen display. The image and video transmission between camera
and RP1i is ensured through MIPI CSI camera port. RPi also has 4-pole stereo output and
composite video port. The Internet connection is via Ethernet or Wi-Fi. Additional devices
can be also connected via Bluetooth. In our solution we used also 40-pins GPIO (general-
purpose input/output) heather. Any of the GPIO pins can be designated as an input or output
pin and used for a wide range of purposes. All above-mentioned connectors were used in our
solution for the model of the smart home system.

Ras berrr Pi3  bimensions

Ode B 85.6mm x 56mm x 21mm

40 Pin
Extended G
10/100

Broadcom LAN Port
BCM2837 64bit
Quad Core CPU
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On Board 5 Composite Video

Bluetooth 4.1 - and Audio

Wi-Fi » Output Jack
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Fig. 2. Raspberry Pi3 [8]
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The Raspberry Pi Foundation recommends the use of Raspbian, a Debian-based Linux op-
erating system [9]. Other third-party operating systems available via the official website in-
clude Ubuntu MATE, Windows 10 IoT Core, RISC OS and specialised distributions for the
Kodi media centre and classroom management. Many other operating systems can also run on
the Raspberry P1.

In our design of the model of the smart home system, we have connected GPIOs with a
number of necessary sensors to control lighting, heating, shading, security, power manage-
ment and entertainment. For each single smart home function, an individual connection
scheme was designed and the control has been programmed in Python environment. Example
of source code used for thermal regulation is shown in Fig. 3. In Fig. 4 we can see an example
scheme of modeling intelligent shading.

import time
import RPi.GPIO as GPIO

gdefinovanie pinov R-cervena, G-zelena, B-modra
ledR = 14

ledG = 15

leds = 18

$GPIC

GPIO. setmode (GPIO.BCM)
GPIO.setwarnings (False)
GPIO.setup(ledR, GPIO.OUT)
GPIO.setup(ledG, GPIC.OUT)
GPIO.setup(ledB, GPIO.OUT)

gpociatocny stav LED, vsetky svietia
GPIO.output(ledR, 1)
GPIO.output(ledG, 1)
GPIO.output(ledd, 1)

try:

tempStore = open("/sys/bus/wl/devices/28- 031655S07£££/wl_slave”™)

data = tempStore.read()

tempStore.close ()

tempData = data.split("\n") [1].splic("™ ") [8]
temperature = float(tempDatal[2:])
temperature = temperature/1000

print ("teplota"™)

if temperature < 20: teplota nizsia ako 20 stupnov, spustenie
kurenie
GPIC.output (ledR, 1)
GPIC.output (ledG, 1)
GPIO.ocutput (led8, 0)

if temperature > 20 and temperature < 24: #zdrziavanie teploty
medzi 20 a 24 stupnov
GPIC.ocutput (ledR, 1)
GPIO.output (ledG, 0)
GPIC.ocutput (ledB, 1)

if temperature > 24: ¢teplota nad 24 stupnov, spustenie
GPIC.ocutput (ledR, 0)
GPIC.ocutput (ledG, 1)
GPIO.output (ledB, 1)
time.sleep(l)
except KeyboardInterrupt:

GPIO.cleanup()
print ("Program ukonceny"”)

Fig. 3. Part of source code used for thermal monitoring
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4. Scheme of modeling intelligent shading

The user environment (Fig. 5) was created using the Cayenne platform on an Android
smartphone. However, the environment is also available for iOS. The application informs the user
about the individual parameters monitored and allows the user to intervene in individual processes.
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An integral part of the design process was also the creation of a physical model that con-

tained all the suggested functions for the smar

Fig. 6.

t home system (Fig. 6).
| _ o

The physical model of the smart home system

164



TEXHIUHI HAYKHU TA TEXHOJIOTIi Ne 3 (13),2018

TECHNICAL SCIENCES AND TECHNOLOGIES

Conclusions. Our task was to design a model of cost-effective smart home system. Our
solution implemented the Raspberry Pi1 microcomputer, which was connected with the exter-
nal hardware. We have created the customized graphical user environment that is a necessity
in terms of comfort of the user experience. The solution also included the creation of a physi-
cal model of the smart home system.

Our smart home model can meet the savings, comfort and safety requirements of every
household. It covers a software range of commonly available features with seamless imple-
mentation to a real household. The stability and functionality of the system designed for the
model has been verified in a long-term testing. No errors in stability have been demonstrated.
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VIIK 681.31
Iampux lllapea, Axy6 Koxyns
NPOEKTYBAHHSA TA BITPOBA/IZKEHHS MOJIEJITI PO3YMHOI'O BYJIUHKY

Axmyanvnicme memu 0ocnioxncennsn. Bnposaoddicenns cucmem po3ymHoz2o 6YOUHKY 8i00y8acmvbCs NOGiNbHIULe, HIdIC
ouixysanocs. OOuielo 3 HaUOINbUIUX NePeuKo0 Ol MACO8020 NOWUPEHHS PO3YMHUX OYOUHKIB € 8UCOKA YiHA HA NPUCMOCY-
6aHH3, AKI OOCMYNHI HA PUHKY. ByOounkosa agmomamuxa HeOOCmamHbo NowuUpena ceped nooell He MINbKU Yepe3 UCOKY
yinoro, ane ti MOMY, WO HAAGHI cucCmeMu He 8i0Nn06i0alomy YAGIEeHHAM KOPUCHYBAYI8 NPo me, K GOHU NOGUHHI Npayl0eamu,
a maxooic uepes no6OIBAHHS KOPUCIYBAYI8 COCOBHO PU3UKIE be3neKku. 3 yux npudun npu po3poobyi Hogoi cucmemu po3ym-
HO20 OYOUHKY PEeKOMEHOYEMbCA BUKOHAMU NOYAMKO8E MeCMy8aHHS HA MOOeI.

Ilocmanogxa npoonemu. Mema po3pobku nonazaia 8 momy, wob cnpoekmysamu mMooenb opuciHaibHOi Hedopo2oi cu-
cmemu po3yMHO20 OyOUHKY, KA 003801UMb NPOGOOUMU MECMYBAHHS, HANAWMYBANHA MA YOOCKOHANEHHs cucmemu 6y0uH-
K060i asmomamuku 0o ii 8sedenns @ excniyamayiro. Taka mooenb Modice MaKodic BUKOPUCTNOBYBAMUCS 8 NPOYeCi HABUAHHS,
MAaKUM YUHOM CIYOeHmu 3MOICYMb MeCMy8amu NPONOHOBAHI cUCmeMU POZYMHO20 OYOUHKY HA MOOEI.

Ananiz ocmannix oocnioxycens i nyonikayii. Ilpu po3pobyi modeni ma nio2omosyi yici cmammi Mu 8paxo8y8anu AK
nomouymi ddicepena — nybnikayii ma OOKyMeHmu, wo cCmocylomuCs CY4acHo20 CMaHy cucmem iHMeneKmyanbHux 6yOuHKis,
Max i HasA6Hi pileHHs 0N po3yMHO20 OYOUHKY, AKI WUPOKO OOCMYNHI HA PUHKY.

Buoinenns neoocnioncenux uacmun 3a2anvHoi npodnemu. Bnposaddicenns 3anponoHosanoi Mooeni 8 peanvhy exc-
nayamayiro He 6y10 peanizo8ano 8 npoyeci 00CaiodicenHs 0 yiei nyonikayii.

Ilocmanoeka 3a80anus. Memoio 00cniodicenHs € MoOenosanHs Hedopoeoi, HadIlHOT cucmemu po3yMHO20 OYOUHKY.

Buxnao ocrnosnozo mamepiany. /[ia epexmusHo2o 00CuiodceH s U GUPILUEHHS 3a0aUi cucmemuy po3yMHO20 OYOUHKY 6a-
JICTUBO CMBOPUMU AOEKBAMH)Y MOOEb, KA KONTIOE CNPABICHIN pO3yMHULL OYOUHOK. J{15 HAWo020 piuleHHs My BUKOPUCOBYBANU
Kpuximuuti i docmynnui komn'tomep Raspberry Pi3, axuii 6yé niokmouenuii yepe3 GPIO 0o 308HiuHix 0amuuKie onia oceimieH-
Ha, memnepamypu i m. in. Poboma 6yna suxonana mogoio npozpamyeanus Python, a ons cmeopenns npusnaueno2o ons Kopuc-
myeaua inmepeticy, suxopucmogysanacs niamgopma Cayenne ons Android — keposanux cmapm@ponis.
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Bucnogxu ¢ionogiono 0o cmammi. 3anpononogane piuienHs peanizosano Ha mikpoxkomn romepi Raspberry Pi, axuil
6y8 nog’sizanull i3 308HIWHIM 00naOHaHHAM. [Ipedcmasneni pe3yiomamu maxKodic SKIHYAIU CMBOPEHHs Qi3uuHoi Modeni
cucmemu po3ymHozo OyouHky. Pospobrena modens moogice 3a00801bHAMU BUMOLAM €KOHOMIL, KOMpopmy Ul 6e3neKu KOHCHO-
20 domaunbo2o 2ocnodapcmea. CmabinbHicmy i QyHKYIOHATbHICMb cucmeMu, po3pobreroi ons yiei moodeni, Oynu niomsep-
0diceHi npu 00820CMPOKOGOMY mecmysanHi. Hiskux nomunox y cmabinbHocmi He 8UABIEHO.

Kniouosi cnosa: posymnuii 6younok; mooens; Raspberry Pi; Python; Cayenne.
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DEVELOPMENT OF CRITERIA OF PROTECTION
FROM CYBER THREATS AT SOCIAL ENTERPRISE

Urgency of the research. The issue of creating a system of protection against cyber threats today is becoming urgent.
The ever-growing number of cyberattacks is the confirmation.

Target setting. Most enterprises, especially small ones, cannot afford to maintain a specialized department, or even an
outsourcing company for the implementation of security systems. In this context, the formulation of general protection crite-
ria can solve this problem.

Actual scientific researches and issues analysis. The latest public access publications, statistics, corporations
reports were reviewed.

Uninvestigated parts of general matters defining. Adapting criteria for protection against cyber threats for social en-
terprise. Are social enterprises more vulnerable to cyber threats and if so, why? Which criteria are more important and
which ones can be neglected?

The research objective. Develop adapted criteria for protection against cyber threats, which can be used to create a
system of protection at a social enterprise.

The statement of basic materials. The types and statistics of cyber threats are analyzed. A table of criteria has been
constructed, which includes: the financial value of the information, the coefficient of value, the event, the probability of oc-
currence of the event, the number of resources needed to ensure complete security, the type of storage device information.

Conclusions. The proposed criteria allow the creation of adapted and unified security systems against cyber threats.

Keywords: cyber threats; social entrepreneurship; security criteria; value of information; types of data storage de-
vices, databases.

Fig.: 2. Table: 1. References: 6.

Urgency of the research. The issue of creating a system of protection against cyber threats
today is becoming urgent. The ever-growing number of cyberattacks is the confirmation.

Target setting. Nowadays become more and more popular such words as hackers, viruses,
cyber-attacks and something like this: “somebody hacked my account/e-mail” or “enterprises or
web-system or something else were attacked by hackers/cyberterrorist”. So, what is cyber threats?
Today there lot of different methods how “bad guys” can get access to your information.

We have three types of cyber threats, which are:

1. Unauthorized access to confidential information

2. Modification of information

3. Loss of information

So we can say that if somebody who you don’t want to get access to your information then
you were attacked. Because it can influence to your finance, reputation, relations, etc.

Today we can see that numbers of cyber-attacks are slowly increasing every year, but at the
same time a lot of corporation and companies are beginning to pay more and more attention to
cybersecurity. Also company which developed software trying to release programs with fewer
backdoors, spending more time for testing, update old software if they find some bugs in it, etc.

According to Derek Manky (Fortinet global security strategist) “Every minute, we are
seeing about half a million attack attempts that are happening in cyber space” [1].

According to Symantec report 2017 [2] we can find more than 1000 breaches in cyber space
every year, and because of it about 1 billion people are exposed to cyber-attacks per year.

Most of attacks are not very dangerous, but some of them could cause serious economic
and political damage. For example attacks during US presidential election in 2016.

Why it is important to think about cybersecurity if you decided to start a social enterprise?

As we know “social entrepreneurship is a special form of management which purpose is
to run a production function in such a way as to ensure increased value for all the parties in
that function” [Sandal, 2004]. So usually, if you start a new social enterprise you responsible
for everything, but at the same time you cannot be expert in all areas. For many different
things, like building, plumbing, poster printing, etc., you can find outsource company, but
when we are talking about confidential information, it becomes harder.

© baszunesnu B. M., Mexen /1. b., ['yp’es B. 1., 2018
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Fig. 1. Numbers of total breaches per year

Source: information from Symentec report 2017.

History knows a lot of example when company went bankrupt due to a security breach
[3]. In addition, if somebody get access to the information, which is your commercial secret,
you could went bankrupt in few days or at least suffer huge losses.

Actual scientific researches and issues analysis. The research of this problem was car-
ried out by such domestic and foreign scientists as Jan-U. Sandal, Yu. O. Kovalenko, Y. M.
Tkach, S. V. Kazmirchuk, D. B. Mekhed [4], S. M. Shkarlet [5] and others.

Uninvestigated parts of general matters defining. In this article, the analysis of threats
will be focused on the peculiarities of social entrepreneurship. The threat analysis will be
conducted using quantitative analysis and modeling of dangers.

The research objective. Analyze features of functioning and cyber threats on a social en-
terprise. Develop a set of criteria that are required to build a security system of the enterprise.

The statement of basic materials. We could say that organizations whose primary goal is
social good may seem like unlikely targets for hackers. 