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OJHOIMPOXIJIHE TOBOJAOYHE IVII®YBAHHS 31 CXPEIIEHUMHU OCAMHA
KPYI'A TA HUWITHAPUYHOI AETAJII

Axmyanvnicmy memu oocnioxncenns. [lpu wnigpysanni yuninopuunux demaneii Ha Qiniwnux onepayiax uepes Hepis-
HOMIpHUIL 3HOC THCMPYMEHMA 8i06Y8AEMbCS NOZIPUEHHS BUXIOHOT MOYHOCTI 0OPOOKU.

Ilocmanogxa npoonemu. Kinyesa mounicmo 0emaneii 3a6e3neuyemocsa 008000uHuMU onepayiamu. Ipu suxopucmanmi
cxemu Kpyenoeo wiighy8ants cnocmepiearomovcs 3HAYHI mMeMnepamypHi Ha8aHMadiceHHs ma Hepayionanvie po3nooiients
3pi3Y8aAHO20 WAPY 830084C KPOMKU THCIPYMEHMA Ma U020 HePIBHOMIPHULL 3HOC.

Ananiz ocmannix docnioxycens i nyonikayiii. Bioomi cnocobu enubunnoeo winighysanmsa 3i cxpeujeHuMu ocamu iHcmpy-
Menma ma yurinopuyHoi demani, Oe Kym opienmayii incmpymenma eubupacmucs 3 yMogu 00CACHeH A HatlOinbuloi npooyK-
musHocmi 06pobKu. 3 0210y Ha GenuKi Npunycku Ha oOpooOKy memnepamypa 6 30Hi WiQpyeanHsa 00caeae 3HAYHUX GETUYUH,
WO BUKIUKAE 3MIMY QI3UKO-MEXAHTUHUX 8IACMUBOCEN NOBEPXHEBO20 APy Oemali.

Buoinenns nedocniocenux uacmun 3a2anvnoi npoonemu. Huni ne po3pooneno memoo 00HONPOXiOHO20 008000YHO20
wiighyeanmsa yuninopuuHux oemaeil, wo 3adesneqye HeoOXiOHy mounicms Qiniunoi 0o6podku 00HOUACHO 3 OOCACHEHHAM
MAKCUMATLHOT NPOOYKMUBHOCTI.

Ilocmanogka 3aedanns. Po3pobnenns 08020 cnocoby 00HONPOXiOHO20 008000UHO20 WNIPYEAHHI YUNTHOPUUHUX Oe-
maneti opichmosanum incmpymenmom. Cmeopenns 3azanvroi mooyavHoi 3D mooeni pizanvnoi nogepxmi winig)yeanvnoeo
Kpyea, npoyecy opmoymeopenns ma suamms npunycky. Ha 6azi 3anpononoeanoi mooeni eusnauumu 0CHO8HI xapakmepu-
CmuKu npoyecy oopooKu.

Buknao ocnosnozo mamepiany. Pospobnerno noguii cnocib6 oOHONpoxiono2o 0080004HO20 WNIPYEAHHA YUNIHOPUUHOT
nogepxui opienmosanum winighyeanvhum Kpyeom. Ilpu yvomy opienmayis incmpymeHma U3HAYAEMbCA 3 YMOBU NOBHO2O
3A6AHMAICENHS PI3ANbHOI KPOMKU MA NEPedadiCHO 3anedcums i) NPUnycKy Ha o6poOKy Ui ucomu winig)yeanvHoeo Kpyea.
Onmumanvha ocb08a nooava UOUPAEMbC 3 YMOBU 00CACHEHHs HeOOXiOHOI eeomempuyHoi MOUHOCMI NOBePXHI, a 30inb-
WeHHs1 NPOOYKMUBHOCTE 0OPOOKU 00CA2AEMBCA 30 PAXYHOK NIOBUUEHHS WBUOKOCI 0bepmanHs demani. s H08020 cnoco-
6y 00HONPOXIOHO20 0080004H020 WiNiyeanHs po3podneni mooynvhi 3D modeni npoyecy opmoymeopens ma 3HAmMms npu-
nycKy. 3anpononosana MemoouKa GU3HAYEeHHs OOUHUYHUX CUL PI3AHHS Ma NUMOMOT POOYKmusHocmi 06pooKuL.

Bucnogxu 6ionosiono oo cmammi. 3anpononosano Hosull cnocid 0OHONPoOXioHo2o 0080004HO20 WINIPYEAHHS NOBEPXHI
YUNiHOPUYHO20 BaNUKA OpicHmosanum adpasugnum incmpymenmom. Pospobneni mooynvni 3D modeni suamms npunycky ma
gopmoymeopenus.

Kniouosi cnosa: winighysanns; opienmoganuil iHcmpymenm, mpusumipHe MoOeno8anHs, CUlU Pi3aHHa,; WOPCMKICMb.

Puc.: 6. bion.: 9.

IMocTanoBka mpodaemu. Bumoru 1o sxocti 00poOIeHUX MOBEPXOHb MOCTIHHO 3pocTa-
I0Th, 1110 3YMOBJICHO MOTPE0O0I0 30UIBIIEHHS pecypcy 00IaHaHHS Ta TOYHOCTI HOro poOoTH.
KiHmeBa sikicTh eTanei 3a0e3neayeThCsi JOBOIOYHUMU omeparisMu. HaifOuibin mommpeHum
criocoOoM (iHIIHOT 0OPOOKH HMITIHIPUYHHUX TTOBEPXOHb € Kpyrie HiTiyBaHHs, IPU LbOMY
oci o0epTaHHs HUTIQyBaJILHOTO Kpyra i aeraini Hep66yBaIOTL y onHil monuHi. BpaxoByioun
KlHeMaTI/IKy IPOIIECY, OCHOBHA YaCTHHA MPHUITYCKY 3HIMA€ETHCS nepmbeplelo Kpyra, BOJHOYAC
CIIOCTEPIraloThCs 3HAYHI TeMnepaTypm HABaHTAXXEHHSI Ta HEpaIliOHAIbHE po3no;[u1eHH;1 3pi-
3YBaHOTO IIAPY B3J0BX KPOMKH IHCTPYMEHTA, YHACIHIJOK YOTO BiOyBaeThCs MOTO HEPIBHO-
MIpHHH 3HOC 1, BIATIOBITHO, 3HIKEHHS TOYHOCTI 0OpPOOJICHOT TOBEPXHI.

AHaJIi3 ocTaHHIX J0caiIKeHb i mydaikaniii. Bitomi cnoco6u rimmOuHHOTO 1T yBaHHS
31 CXpeUIeHUMHU OCSMU IHCTpYMEHTa Ta IIiHAprYHO1 aetaini [1; 2; 3], ne Kyt opieHTawii iH-
CTpyMEHTa BUOUPAETHCSI 3 YMOBH JOCSTHEHHS HaWOUIbIIOT MPOAYKTHBHOCTI O0OpoOku. 3
OISy Ha BEJUKI MPHUITYCKH HAa 0OpOOKYy TeMIiepatypa B 30Hi HUTIQyBaHHS AOCATA€E 3HAYHUX
BEJIMYUH, 110 BUKIIMKAE 3MIHY (i3MKO-MEXaHIYHUX BJIIACTHBOCTEH MOBEPXHEBOTO LIapy JieTa-
ni. Takox BimoMuii Meton nutipyBaHHs [4] rosgacTol HOBEpXHi BAJMKIB KapAaHHUX MallliH,
B SIKOMY KYT ITOBOPOTY IUTi(yBaTbHOTO KPYyra BiTHOCHO OCI, II0 MEPHEHIUKYISIpHA 0 Ocel
JeTali Ta Kpyra i IpoXoauTh yepe3 (OpMOYTBOPIOIOUY JIUISHKY, BHOUPAETHCA 3 YMOBH IOB-
HOTO 3aBaHTAXCHHS Pi3aJIbHOI KPOMKH IHCTPYMEHTA, a Iojaya Ha 00epT — 3 YMOBH MaKCHMa-
JBHO JIOMYCTUMOI TeTIOHANPYKEHOCTI. J{J1sl Takux cxeM 1TiyBaHHS CTBOpPEeHI MOAyNbHI 3D

© Kampuenko B. 1., Komorotina A. B., Kyxensawuii 5. B., Mopouko B. B., 2018
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MO/JIeJNI MPOLIECY 3HATTS MPHUITYCKY Ta (POPMOYTBOPEHHS, Ha 0a3i IKUX OyJ0O MpOBENEHO J10C-
JJDKEHHS TOYHOCTI 0OpOOKHM CYIIUTBHOT Ta MepepruBYACTOl IIMIIIHAPHUYHOI TOBEPXOHb JIeTall,
BU3HAYCHI CHJIOBI 3aJIC)KHOCTI Ta TEMIIEPATYPHI PEKUMU MPOLIECy IITipyBaHHS.

Humni Ha6yBaIOTI> MOUTMPEHHSI METOIMKHM BU3HAUCHHS CHJT Pi3aHHS 3 BUKOPUCTaHHIM MeToTy
KIHIIEBUX €JIEMEHTIB [5] y TaKuX MporpaMHUX TPOJTYKTaX, K Ansys Abaqus, LS- Dyna Ta iHIII.
Tak, Hanpuknaza, y poOoTi [6] BU3HAYEHO CUJIM Pi3aHHA B Hpouem nutipyBaHHs, SKi AiOTh Ha
oaHe abpasuBHE 3epHO. Y poOOTI HaBEAEH! 3aJIE)KHOCTI PO3MOJALTY CKIAJ0BUX CHJI pi3aHHS
B3JIOBK KOHIYHOI TTOBEpXH1 a0Opa3MBHOTO 3epHA B paliaJIbLHOMY Ta OCbOBOMY HANPSMKaX, IO JIa€
3MOTy OLIBII TOYHO CHPOTHO3YBATH MOBEAIHKY OKpEMHX aOpa3MBHUX 3€pEH Ta IHCTpyMEHTa 3a-
rajioM, BU3HAUUTH KPUTHYHI PEKUMH Pi3aHHS Ta XapakTep 3HOCY HLTiI(PYyBaILHOTO KpyTa.

Buainenns Hemoc/iIKeHUX YACTHH 3arajbHoi npodiaemu. OmxHak HE pO3pOOJIICHO Me-
TOJ OJHOIPOXITHOTO JOBOJOYHOTO HUTIpYBaHHS HUTIHAPUIHHUX JETAICH, TOJIOBHOK METOIO
AKOTO € 3a0e3neueHHs] He0OXiAHOT TOYHOCTI (iHIIHOT 0OpOOKH OHOYACHO 3 JOCSTHEHHSIM
MaKCHUMAaJIbHOI MPOJYKTUBHOCTL. He yTOYHEeH1 MeToau po3paxyHKy OCHOBHHUX IapaMeTpiB
MIPOLIECY MPH 3HATTI HEBEIIUKHUX TPUITYCKIB.

Mera cratTi. ['010BHOIO MeTOIO pobOTH € p03p061<a HOBOTO cnocoGy OJTHOTIPOX1THOTO
JI0BOJIOYHOTO TLTiI(pyBaHHS unnm;[panHx neranei Op1€HTOBaHI/IM iHcTpyMeHTOM. CTBO-
PEeHHS 3arajibHO1 MOIynbHOI 3D Mofeni pi3aibHOT MOBEPXHI LITiIQYBaIbHOTO Kpyra, MpoIecy
(bopMOYTBOpEHHS Ta 3aHATTS NpumycKy. Ha 0a3i 3amponoHoBaHoi MOJieNi BA3HAYUTH OCHOBHI
XapaKTEePUCTHUKH TPOIIeCY OOPOOKH.

Bukaan ocHoBHoro marepiaiy. [llupoko Biomi ciocoOu rMUOMHHOTO HUTIQyBaHHS LIH-
JTHIPUYHHUX JeTaneld OpieHTOBaHUM iHCTpyMeHTOM. lIpu 11bOMy 3HaYHa YAaCTHHA MPHITYCKY
3pi3yeThCs TOpIEM ILTiIQyBaIbHOTO Kpyra abo 3ampaBiieHOI0 OUISHKOIO nepudepii iHcTpyme-
HTa. Y OyIb-IKOMY BHUIMAJKy BEIMYMHA MaTepially, 10 3HIMAEThCS 32 OJMH MPOXia, po30uBa-
€THCS Ha JIEKLIbKA YaCTUH, 110 JIO3BOJISIE PO3BAHTAXUTHU NepUQepilo Kpyra Ta BUAUIUTH JEAKY
KaiOpyroun AUISHKY, 10 1 3a0e31meunTh KiHleBY TouHicTh 00poOku [1; 3]. Lli cxemu € onrtu-
MaJIbHUMH JUISI BUCOKOIIBUAKICHOTO TIMOMHHOTO HUTIQYBaHHA 31 3HATTSAM 3HAYHOTO IIapy
MaTepiany, OJHaK MPU OJHOMPOXIAHOMY JOBOJAOYHOMY HUTIpYyBaHHI 3 IIMOMHAMHU pi3aHHS
6mu3pko 0,01-0,3 MM BUXiTHA TOYHICTH OOPOOKH € HEJOCTATHROIO.

3anpornoHoBaHoO cxeMy (iHIIHOT 0OPOOKH TIIaAKol HUITIHAPUYHOT MOBEPXHI 31 CXpele-
HUMH OCSIMH iIHCTpyMeHTa Ta netaii (puc. 1). [Tpu npomy nuripyBansHuit kpyr / moBepTaioTh
HaBKOJIO Oci Yy, IO MEPHEeHIUKYIIpHa 10 Oceil 00epTaHHs Kpyra Ta Jaetaii 2, 1 sika nepedy-
Bae Ha Biictani C Bix Topus iHCTpyMeHTa. BenuuHy KyTta opieHTanii incTpymeHTa 3 Bubupa-
I0Th 3 YMOBH MOBHO1 3aBaHTAKEHOCTI nepudepii IHCTpyMeHTa, IIPpHU LbOMY HOTr0 TOpIieBa yac-
THHA He Oepe ywacti B 00poOmi (puc. 2). 3mimeHHs oci Yu, BITHOCHO $IKOI 3I1MCHIOIOTH
MOBOPOT IHCTPYMEHTA, 3a0e3Medye HasBHICTh KaliOpyrouoi AUISHKE A0BXuHOIO C, 1o mid-
BHUIIYy€ BUXIHY TOYHICTh OOPOOKH MIJIIHAPUIHOTO BAJIMKA. 3HAYCHHS OCbOBOT M0/1adi AeTani
BHU3HAYAETHCS 3 YMOBU JOCATHEHHS HEOOXITHOT IIOPCTKOCTI 0OPOOKH.

Jlnst 3a0e3meveHHs MOBHOTO 3aBAaHTAXECHHS Pi3aIbHOI KPOMKH HUTI(QYBaTbHOTO Kpyra He-
00X1THO MOBEPHYTH MOT0 TaKUM YHMHOM, 100 JesKa TOYKa A, M0 3HAXOAUTHCS Ha MEPETUHI
nepudepii Ta Topis Kpyra, 30irajiach 3 TOYKOIO Ha 30BHILIHINA MOBEPXHI 3aTOTOBKH PaJlycOM
R: = Ry + t (puc. 2). lopxxuna xopau AD BU3HAYA€THCS 3 PIBHSHHS

B PRI P S ()

ne L_— nosxuna xopau AC; R — papiyc 3aroToBky; R, — pajiyc neraii; ¢ — IIMOuHa pi3aHHs.

Toni kytr moBopoTy B nutihyBagbHOTO Kpyra

R,+t] —R
,B: Lx — (d ) d , (2)
B-C B-C

ne B —Bucora kpyra; C — nOBXHHA KaTiOpyrO4oi TUISTHKH Kpyra.
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A

Puc. 2. Cxema suznauenns xyma opienmayii incmpymenma

Ha 3nauenHs kyTta opieHTallii nuTi)yBaIbHOTO Kpyra 3Ha4HOIO Mipoto Oyzie BIUIMBATH KO-
ro BUcoTa B Ta rnmubuHa pizanss f. Ha puc. 3 HaBeneHO rpadiki 3aJeKHOCTI KyTa MOBOPOTY
IHCTpYMEHTa TpH 3MiH1 BUCOTHU Kpyra B (puc. 3, a) Ta rmubunu pizanss ¢ (puc. 3, 6). Anamni3
rpagika (puc. 3, a) mokasye, 10 Mpu 30UIbIICHI BUCOTH KPYyra, 32 YMOBHU MOCTIHHOT JTOBXKUHH
KaxiOpyro4oi TUISHKHM, ONTUMAIbHUNA KyT MOBOPOTY IHCTPYMEHTA 3MEHUIYEThCS, a MpH 30i-
JbIIEHH] ruOnHM 1uTiQyBaHHs (puc. 3, 6) KyT OpieHTaIlil IHCTPYMEHTa 30UTBIITYEThCS.

11
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10 20 30 B, mm

o

Puc. 3. I'paghix 3minu xyma opienmayii incmpymenma:
a — 3a/1eJICHO 810 GUCOMU KpYyea, 6 — 3a1edCHO 6i0 eTUOUHU PI3AHHS

3 MeTOI0 BU3HAUCHHS 3HAUEHHS ONTUMAIBHOT [0J1aui IETajl Ta IHIIUX XapaKTePUCTUK IPO-
1IECY OJHOMPOXITHOTO JIOBOJOYHOTO HUTiI(pYBaHHS MpoBereMo MoAayiabHe 3D MojentoBaHHS
nporiecy GOpMOYTBOPEHHS Ta 3HATTS MIPUITYCKY, 3 BAKOPUCTAHHIM MaTpH4YHOTO anapary [3; 7].

Paziyc BeKTOp MOBEpXHi IHCTPYMEHTa BU3HAYAETHCS LIITHIPUYHIM MOIYJIEM

Shk(x,0) = C" 5 = M1(x)- M4(0) - M2(Ry,) - ¢4, (3)

ne e4 — OQMHUYHMNA pajilyc BEKTOp MOYaTKy koopauHat; M1..M6 — maTpuii nepeMileHHs
Ta TIOBOPOTY BiTHOCHO KOOpAMHATHUX ocell; C"xp — IIITIHAPUIHUN MOAYIb IHCTPYMEHTAIb-
Hoi noBepxHi; R, =100 am — pagiyc nutipyBansHoro kpyra; x = 0...8 — jiHiliHAa KOOpJAUHATA
Ha nepudepii kpyra, sika 3MiHIO€ThCs B 0 10 3HAUYE€HHS BUCOTU IHCTpyMeHTa B =20 mum;

6 =0...360° — KyroBa KoOpAMHaTa IPOQUIIO NUTIPYBAaTHLHOIO Kpyra.

3 MeTor0 BU3HAUEHHS Npodiaro o0pobiaeHoi AeTani HeoOXiIHO HuTiIhyBaTbHUN KpYT mepe-
HECTHU B CUCTEMY KOOPJIMHAT JETajil, [0 JOCATA€ThCS BBEICHHSIM MAaTpHL MepeHocy, a s
MIPAaBUJILHOI Opil€HTAIlI]l IHCTPYMEHTA BIIHOCHO JI€Talll BBOAUTHCS MOAYJb Opl€HTAILI.

Mm"P . c"ﬂ =M2(-y,)-M5(-p)-M1(-B +C), 4)

ae M"” =M2(—y,) — MaTpuls Nepexoay 13 CUCTEMH KOOPAMHAT IHCTPYMEHTa B CUCTEMY
koopauHat gerani; C ﬁo =M5(—-p)-M1(—B+C) — uuniHApUIHUN MOAYNb OpieHTaIlii iH-
CTpYMEHTa; [/ — KyT IOBOPOTY LUIi(YyBaNbHOIO Kpyra; y, =R + R, — BIICTaHb MDK OCAMU
iHCTpyMeHTa Ta fietaii; C — JOBXKUHA KaliOpyBalbHOT YaCTUHU KPYTa.

[Iponec 0O6poOkM feTasni Ta OTpUMaHHS i HOMIHAJIBHOTO MPO(LII0 OMHUCYETHCS MOJIYJIEM
(hopMOyTBOpEHHS

@

C ed:M1(6d~pz)~M4(6’d), (5)
ne C%y, — umninapuuHuil MOYNb OPMOYTBOPEHHS; @, — KYTOBHil mapameTp jaeTaii (KyT
IIOBOPOTY HABKOJIO BJIACHOI OCI); p_ _ 5 - KpPOK TBUHTOBOI JiHIi moaaui; S=10mMm —

2.z

OCBhOBa MmoJJadya ,Z[eTaJ'Ii.

12
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OTxe, MOBEPXHA JeTall MOKe OyTH OTNMCaHa PIBHAHHIM

Det(x,0,0,) = C%s, - M"? -C° -C".p-ed =

(6)
=M@, p.)-M4O,)-M2(~y,)- M5(-B)- MI(~B +C)- M1(x)- M4(0)- M2(R.)- 4.
I[J'If[ OCTATOYHOI'O BUBHAYCHHSA HpO(I)iJ'IIO ,Z[eTaJ'Ii CKOPUCTAEMOCA piBHSIHHfIMZ
0det(x,0,0,) 0det(x,0,8,) 0det(x,0.6,) _ ™

ox 00 00,

Touku niHIT KOHTAKTy IHCTPYMEHTA Ta JeTalli MOXHA 3HAWTH, BUKOPUCTOBYIOUU PO3paxy-
HKOBU OJIOK

00
for je0..N

xmax .
X4 X+

> - - 3

LK =
0 « root Or(x,0,0,) % or(x,0.,0,) a"(xﬂ,@d), o)
Oox 06 aed

M<f+1> <« X

0

MT

ne x,,, =0, x . =B - MIHIMaJlbHa Ta MaKCUMaJbHa KOOPAMHATU TOYOK HA MPOQUIIO IITi-
¢yBanbHOrO Kpyra; N — KUIbKICTh TOYOK Ha nepudepii IHCTpyMEHTa, K1 pO3TisAaloTh Ui
BU3HAYEHHS JIHII KOHTAKTY; 6 — KyToBa KOOpJIMHAaTa TOUYKM KOHTAKTY Ha MMOBEPXH1 IHCTpyMe-
HTa; M — MaTpuIs KOOPJMHAT TOUOK JIIHIT KOHTAKTY.

Jlnist 3py4HOCTI MOAANBIIOT pOOOTH BUKOHAEMO IHTEPIIOJIALIIO TOYOK JIIHIT KOHTAKTY Yy QY-

HKITIOHATBHY 3aJ€KHICTh 32 JOTIOMOTOI0 (DYHKIIIT:

LK (x) =int erp(cspline(LK<1> LK ), LKW, LK™ ,x). 9)
BignosigHicTh 0TpuMaHoi PyHKIIIT TOYaTKOBOMY Ha0OPY TOYOK HaBEIEHO Ha puc. 4.
0.02 T T T
LK® g.01f
1K 2
gt D

~0.01
0 5 10 15 LKV

Puc. 4. Ilonosicenns moyox ninii konmaxmy Ha nepuepii incmpymenma

Toni piBHSHHS JiHIT KOHTAKTy IHCTPYMEHTA ¥ JIeTaji Py OJHONPOXITHOMY JOBOJAOYHOMY
nutipyBaHHI Ma€ BUTIISAL

LK(x)=M1(0-p.)-M4(0)-M2(-y,)x

10
XMS5(=p)- MI(-B+C)-M1(x)- M4(LK(x))- M2(R,)- e4. (10)
Paziyc-BekTop noBepxHi AeTalll OMUCYETHCSI TAKUM PIBHSAHHSAM
Det(x,0,60,)=M1(6,-p.)-M4,)- M2(—y.)x (a1

x M5(~B)- MI(-B+C)- M1(x)- M4(LK(X))- M2(R,)-e4.”

13
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Paziyc-BekTop noBepxHi IHCTpYMEHTa
Shk(x,0)=M2(=y,)-M5(=)-MI(-B+C)-M1(x)-M4(60)-M2(R,)-e4. (12)
Monaynbai 3D Mozeni noBepXxoHb AeTali, IHCTpyMEHTa Ta JiHii iX KOHTAaKTy ONHUCaH1 piB-
HsaHHAMH (9), (10), (11) 1 300paxeHi Ha puc. 5.

Det, Shk, LK
Puc. 5. Mooynwvni 3D modeni oemani, incmpymenma ma ninii ix KOHmaxkmy

Jlnist 3HaXOKEHHS T€OMETPUYHOI IIOPCTKOCTI JIeTalll ONMUIIEMO PIBHIHHS CIITYy Npodis
nerani B miommHi OXY, A IbOro CKOPUCTAEMOCS HACTYITHUM PO3PAXYHKOBUM OJIOKOM

kin <=0
for je0.N

k<—kmin+@«j

Sil=|1* <« Det(k,O)u (13)
Y« Det(/’c,O)z,1

M<j+1> «— (xj
Yy

MT

ne k. =0, k
B OCBOBOMY Tepepisi; N — KUIbKICTh TOYOK Ha JIeTalll, sIK1 PO3TISAAl0Th i1l BA3ZHAYCHHS CIIILY
BIJ] LTI yBaJIbHOTO Kpyra; M — MaTpHIlsi KOOPAWHAT TOYOK CIIy.
3Ha0uM PIBHSIHHA ISl AEKUIBKOX IMOCIIJOBHUX OChOBUX CHIJIB, MOXHA CIIPOrHO3YBAaTH
BUX1THUM npodutb aetani (puc. 6) Ta BU3HAUUTH T€OMETPUUHY IIOPCTKICTh MOBEPXHI 3a KO-
OpPAMHATOO0 TOYKU MEPETUHY ABOX MOCHIAOBHUX CIIIIB
Ra(x1) = Sil(x1) — Det(x1) =1,69 mkm, (14)

ne x1 — koopanHaTa 1o oci X nepeTuHy ABOX MOCIHIIOBHUX CIIIIB Kpyra Ha MOBEPXHI1 JeTall.

= B — MiHIMaJbHa Ta MaKCUMaJlbHA KOOPJIMHATH TOUYOK Ha Mpodiito aerani

max

14
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MM 15.015 T T T T

Si1(x1)
15.01fF 1

1 \I)KIKI/
-10 0 10 20 X.MM
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Tobto mpu momaui Ha obepT, sika nopiBHIOE S =0,5-B =10, reoMerpuyHa IMOPCTKICTh
MOBEPXHI CTaHOBUTH Ra(xl) =1,69 mxm . ONTUMaAIBbHY OCHOBY I10Jauy BU3HAYAaEMO 3 YMOBHU

JOCATHEHHSI HEO0O0X1IHOT TOYHOCTI NMpoQuIt0, a JUIsl TOCATHEHHs HEO0OX1IHOT MPOAYKTUBHOCTI
30UIBbIIYEMO MIBUAKICTH 00epTaHHs AeTail. ['eoMeTpuuHy MOPCTKICTh TOBEPXHI, MPU PIZHUX
3HAYEHHSX [10a4l Ha 00epT, OPIEHTOBHO MOXHA BU3HAYUTHU 32 pUC. 6.

[TuToMy NpOAYKTUBHICTH JJOBOJOYHOrO LITI(pYBaHHS MOXKHA BU3HAUUTHU 3 BUpa3y [8§; 9]

Q@j:%@@ﬁywm@we, (15)

ne 61,02 — kyTu BXOy Ta BUXOJly Kpyra B eTaib; Vn(x,0) — 100yTOK IIBUIKOCTI BIIHOCHO-
ro pyxy Ha OJJUHUYHY HOpMaJlb Ha IIOBEPXHI Kpyra B TOUL(l 3 KOOpAUHATaMH (7).

ITpu Bu3Ha4YEeHH] TOBIMHY 3pI3yBaHOIO 1IAapy METAly OJHIEI0 Pi3aIbHOK KPOMKOIO HEOO-
X1IHO BpaxoOBYBAaTHU PI3HOBUCOTHICTh pi3aJIbHUX KpoMoOK [9]. Penbed moBepxHi nutidyBaib-
HOT'O Kpyra OIUCYETbCSI 3aKOHOM OeTa-po3MoALlLy:

Nz(x)= Nn- A- [ -(1=1) dr, (16)

ne Nz(x) — KUIbKICTb pi3aJIbHUX KPOMOK Ha JIOBXKHMHI | MM Ha piBHI X; X — IPUBEAECHUH Pi-
BEHb ILII(QYBAJIbHOIO KpPYry, Ha SKOMY BM3HadaeTbCsi Nz(x); n, y, # — mapameTpu Oera-
pO3MOALTY.

Cuny pizaHHs, 110 Al€ B 30HI 00pOOKH, Ha KO’KHE adpa3uBHE 3€pHO MOJKHA 3HAWTHU 3a Me-
TOAMKOM0, 3anpornoHoBaHoro JI. M. ®durimonoBuM [9]. Ha okpemy pi3anbHy KpOMKY AlIOTh
CWIHN 3CYBY Peo, TEPTA Ppp Ta 1HEpUIT Puy:

P =F,+F, +F, =
_z sz b 51r.1(ﬂ+¢s)+7z T.-b 'u+az~b~,0,~Vuf~ 1_sm(ﬂ) sin(y)
sin(8)-sin(,) 12-4, cos(B~7)
P'=F,+F, +F,=
caz-b- 7 b2 i . , (18)
_ T a.z b co.s(,b’+(ps)+7r T.-b +az-b-p,-VHf-(l—Sm('8) cos()/)J
sin( ) - sin( ¢, ) 12- p, cos(f—7)

ne P’, P'— TaHreHLiabHA 1 HOpMaJIbHA CHJIM MIKpOPI3aHHS OAHUM aOpa3MBHUM 3€PHOM; Ty —
HaNpYyKEHHs 3CyBY; b — IIUpPUHA IUIOLIMHM Bpi3aHHS; f — KyT 3CyBYy Marepiaiy AeTaii; ¢s —
KYT TEpPTS B IUIOIIKHI 3CYBY Us, 4 — KOSQILIEHTH TePTA B IJIOMIMHI 3CYBY 1 Ha 3aJHIl MOBEPXHi
KPOMKH; p; — TYCTHHA MaTepiaiy 3aroTOBKHU; V3, — MIBUAKICTH IITiIQYBaHHS; y — NEPEAHINA KyT
pi3aJIbHOT KPOMKH.
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BucHOBKH BiIMOBiIHO 0 cTaTTi. 3apOIIOHOBAHO HOBUII criocio oxtHonpoxithoro JIOBOIO-
YHOTO 1LUTI(YBaHHS HOBGpXHl LWIHIPUYHOTO BalMKa OPIEHTOBAHUM aOpa3MBHUM IHCprMeH-
ToM. [Ipu 11bOMy Opi€HTallisl IHCTPYMEHTa BU3HAYAETHCSI 3 YMOBU TIOBHOT'O 3aBaHTAaXKEHHsI pi3a-
JbHOT KPOMKH Ta MEPEBAKHO 3IEKUTH Bl MPUIYCKY HAa 0OpoOKYy ¥ BHCOTH HLTiQYBaIbHOIO
kpyra. OnTuMaibHa 0CchOBa IoJ1aya BUOMPAETHCS 3 YMOBH JOCATHEHHS! HEOOX1THOT FeOMeTpHY-
HOI TOYHOCTI MOBEPXHI, a 30UIbIIEHHS MPOJYKTUBHOCTI OOPOOKU JOCSTaeThCsl MiIBUILEHHIM
IIBUIKOCT1 00epTaHHs fetani. {11 HOBOro cnoco0y o JHOMPOXITHOTO JOBOAOYHOTO LTI yBaHHS
po3pobieHi MoayabHI 3D Mozeni npouecy (OpMOYTBOPEHHS Ta 3HATTS MPHITYCKY. 3alpOIIOHO-
BaHa METO/MKA BU3HAYEHHS OJJMHUYHUX CUJI PI3aHHS Ta MUTOMOI IPOTYKTUBHOCT1 OOPOOKH.
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UDC 621.923.42
Vitalii Kalchenko, Antonina Kolohoida, Yaroslav Kuzhelnyi, Volodymyr Morochko

SINGLE PASS FINISHING GRINDING WITH CROSSED AXES TOOL
AND CYLINDRICAL PART

Urgency of the research. There is a deterioration in output machining accuracy when grinding cylindrical parts in fin-
ishing operations due to uneven tool wear.

Target setting. Finite accuracy of parts is ensured by fine-tuning operations. When using the round grinding scheme,
there are significant temperature loads and uneven distribution of the cut layer along the tool edge and its uneven wear.

Actual scientific researches and issues analysis. Known methods of deep grinding with crossed axes of the tool and the
cylindrical part, where the angle of orientation of the tool is selected from the condition of achieving the highest processing
performance. Given the large allowances for processing, the temperature in the grinding zone reaches significant values,
which causes a change in the physicomechanical properties of the surface layer of the part.

Uninvestigated parts of general matters defining. The method of single-pass finishing grinding of cylindrical parts has not
been developed, which main goal is to ensure the required accuracy of finishing with the achievement of maximum productivity.

The research objective. Development of a new method for single-pass finishing grinding of cylindrical parts with an
oriented tool. Creating a common modular 3D model of the cutting surface of the grinding wheel, the process of shaping and
removing the stock. Based on the proposed model, the definition of the main characteristics of the process.

The statement of basic materials. A new method of single-pass finishing grinding of a cylindrical surface with an ori-
ented grinding wheel has been developed. At the same time, the orientation of the tool is determined from the condition of full
loading of the cutting edge and mainly depends on the machining allowance and the height of the grinding wheel. The opti-
mal axial feed is selected from the condition of achieving the required geometric accuracy of the surface, and the increase in
processing performance is achieved by increasing the speed of rotation of the part. Modular 3D models of the process of
shaping and removing the allowance have been developed for the single-pass finishing grinding method. The proposed meth-
od for the determination of unit cutting forces and specific processing performance.

Conclusions. A new method of single-pass finishing grinding the surface of a cylindrical roller with an oriented abra-
sive tool is proposed. Modular 3D models of stock removal and shaping is developed.

Keywords: grinding; oriented tool; 3D modeling; forces of cutting; roughness.
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JOC/IIKEHHSA MPOLUECY ®PESEPYBAHHSA HUJITHAPUYHUX ITOBEPXOHb
31 CXPEHHEHUMHU OCAMU IHCTPYMEHTA TA BAJIA

Axmyanvnicme memu 0ocnioxncenns. 3ade3neyenus 8UCOKUX NOKAZHUKIE MOYHOCHE MA AKOCMI YULTHOPUYHUX NOGep-
XOHb npu 3abe3neyeHni 8UCOKOI NPOOYKMUBHOCHIE iX 0OPOOKU € AKMYAIbHOIO 3a0aUelo 8 MauuHo0yO0Y8aHHi.

Ilocmanogxa npoonemu. Tounicmv obpobrenux demaneii 3anexicums 6i0 cmitikocmi incmpymenmy. Ipu enubunnomy
@pesepysanni 8UCoKoi MOUHOCMI MOJICTIUBO DOCAeMU TuuLe 3a Kiibka npoxodie. [Ipome, giocymus 3anedicuicms niowi wapy
Memany, AKUU 3pi3yemuvcs, 6i0 Kinvbkocmi 3y0yie gpesu.

Ananiz ocmannix docnidycens i nyonikayiit. Y ioomux cnocobax ¢pesepysanis YuriHOPUUHUX NOBEPXOHb GiOCYMHIll
PpisHOMIpHULL po3n00iN NPpUNYCKy 630082ic 3y6a gpesu. A wopnose ghpesepysanis 3a 0OUH YCMAHO8 He 3a6e3neuye GUCOKY
MOYHICMb Ma AKicmb 0OPOOKU.

Buoinenns ne supiwienux paniwie uacmun 3azansnoi npoonemu. Cnocié gpezepysanus yuninOpuuHux no8epxoHs opi-
EHMOBAHUM THCMPYMEHMOM, AKUL 3a6e3neyye 8UCOKI NOKAZHUKU MOYHOCMI, AKOCHI Ma NPOOYKMUBHOCHE 0OPOOIEHHS 8ALI6,
He po3podneHo.

ITocmanoeka 3a60annn. Pospobra o020 chocoby pesepy8ans YULiHOPUUHUX NOBEPXOHb 3i CXPEUJSHUMU OCAMU TH-
cmpymMeHma ma 8a.d, Koiu YopHose (hpe3epyeants 30IUCHIEMbCA MOPYEM PI3abHOT KPOMKU IHCMpYyMenma, a yucmoge — it
nepugepicio. Cmeopenns 3azanvhux mooyneHux 3D moldeneii incmpymenma, npoyecie 3HAmms npunycky ma gpopmoymeo-
PEHH5L 3 MEMOK OOCTIONCEHHS OCHOBHUX XAPAKMEPUCTIUK NPOYECY (Ppe3epy8anHtst OPIEHMOBAHUM THCIPYMEHMOM.

Buknao ocnosnozo mamepiany. Po3pobneno cnocib ¢pesepysanns yuninOpuuHux nogepxoHb OPIEHMOBAHUM THCMPY-
MeHmMOM, KOIU YopHo8e (pesepysants 30ilUCHIOEMbCA mopyem 3yda incmpymenma, a yucmosge — 1oeo nepugepicio. Ilpu
YbOMY 8EIUHUHA KYMA NOBOPOMY [HCIMPYMEHMA NpU YOPHOGIL 00podYi 8UOUPAEMbCS 13 YMOBU 3a0e3nedeHHs MAKCUMATbHO2O
SHAMMA NPURYCKY NPU PIBHOMIPHOMY 3A6AHMANCEHHT MOPYS PI3ATbHOT KDOMKU (pe3u, a npu 4ucmositi — i3 ymosu 3abesne-
YeHHsl NOBHO20 3a6aHMAdICeH s nepuepii incmpymenmy ma 0ocsacHenHs HeoOXiOHoi wopcmkocmi. 30invbuienHs npooyKmus-
Hocmi 06pobKu npu uucmosomy gpesepysanti 3abe3neuyemoca 30inbuieHHAM wacmomu obepmanns demani. [ns H08020
cnocoby pesepysanns pospobdreni mooynvui 3D mooeni npoyecy opmoymeopenns ma 3uamms npunycky. Ompumana 3a-
JIeJHCHICMb NAOWI Wapy Memainy, AKutl 3pi3yemucs pi3anbHUMU KPOMKAMU, 8i0 Kintbkocmi 3y0yie gpesu.

Bucnoexu i nponosuyii. 3anpononoganuii Ho8uil cnocio gpesepysanis YuniHOPUUHUX NOBEPXOHb 3i CXPEUJeHUMU OCAMU
incmpymenma ma demani. IIpogedeni docniodicennsa 3anponoHo8ano2o cnocoby na basi po3podaenux mooynvhux 3D mooe-
Jiell 3HAMMS. NPUNYCKY Ma PopMOYymeopeHHs.

Kniouosi cnosa: ¢pesepysanns, mooyivhe mpusumipHe ceomempuire MoOeno8anHs, opicHmoganuli incmpymenm, gho-
PMOYMBODEHHs, YUTTHOPUYHULL 8.

Puc.: 10. bion.: 12.

AKTYaJIBHICTh TeMH T0CTiaKeHHs. biblia yacTHHA MPOAYKIii MaTMHOOYAIBHUX MiJIPH-
€MCTB HaJIC)KUTh JI0 TPYIH TUT 00€pTaHHA, 30KpeMa IMIIHAPUYHUX MOBEpXOHb. OJHIEIO 13 TOIOB-
HHUX TCHI[CHI_[iﬁ Cy4daCHOro MaI_HI/IHO6y,I[YBaHH5{ € 3a0e3IeueHHs] BUCOKHX MOKAa3HHKIB TOUHOCTI Ta
SIKOCT1 00pOOJIEHUX MMOBEPXOHb, 1110 OB’ SA3aHO 3 YMOBAMH X €KCIUTyaTallii.

IMocranoBka nmpo6semu. [IpogykTHBHIM CITOCOOOM O0OPOOKHM 30BHINTHIX MUJIHAPUIHUX TTOBE-
PXOHb € (ppe3epyBaHHs, sIKE BUKOPUCTOBYIOTh IIPpU 00pOOIIl IIUIOK CTYIMIHYACTUX Ta KOJTIHYACTUX
BaﬂiB, raJbMIBHHAX KOJIOJOK TOHIO. Z[OCJ'IiI[)KCHHH, YAOCKOHAJICHHA HAsIBHUX Ta BIPOBAPKCHHA HO-
BHUX CIIOCO0IB (ppe3epHoi 0OpOOKHU HIITIHAPHUYHUX AeTalel CIpUSTUME 3a0€3MeYEHHIO BUCOKOI TOY-
HOCTI Ta SIKOCT1 00pOOJIEHUX TOBEPXOHb, @ TAKOXK MIIBUIIUTH MPOAYKTHUBHICTH (hpe3epyBaHHS.

AHaJi3 ocTaHHIX J0caiIKeHb i myOaikaniii. Y poOori [1] 3anpornonoBanuii crocid o0podku
MOBEPXOHb 00EpPTaHHs BEIMKOIrO JiaMeTpa (HampHKiIajl, BajKiB MPOKAaTHUX CTAaHIB) JBOMA TOpILIE-
BUMHU (Ppe3aMu, OC1 IKUX CXPEILYIOThCS 13 BICCIO 00po0ItoBaHoi 3aroToBku. OO6poOKa npu oMY
3[IIICHIOETHCS 13 MO3JJOBXKHBOIO IIOAaueto (pe3n B310BXK 0Cl 3aroToBkU. OHAK y HaBEJAECHUX J10C-
JIJKEHHSX BUCBITJIEHI IUTAaHHSA OOpPOOKM JIMIIE BIAHOCHO JOBIMX IOBEPXOHb 13 MO370BXKHBOIO
MOJIa4€0 IHCTPYMEHTY Ta KOPOTKHX Yy pas3i ii BIICYTHOCTI.

VY poborax A. O. ETin [2] 1151 oOKpeMuX BUIAIKIB HABEJICHI 3JIGKHOCTI, 32 SKUMU MOXXHA BHU-
3HAYUTH MOXUOKU 0OpOOKH B MO370BKHHOMY U MOTIEPEUHOMY Iepepi3ax 3aroTOBKHU MpH (dpese-
pYBaHHI IWIIHAPUYHUX JAeTajieil. Takox IOCHiKeHHs MpoueciB Gpe3epyBaHHs TUT 00epTaHHA
omwcani B pooorax [1; 3].

VY pobortax [4; 5] npoBeneH1 AOCHIDKEHHS (pe3epyBaHHs JeTaleil THIYy TU1 00epTaHHs
Habopom auckoBux (pe3 (cmocid Rotomille). IlepeBaroro Takoro cmocoOy € MOKIUBICTH
OTpUMATHU TMOBCPXHIO [[eTaHi 3a OWH YCTAHOB. OZ[HaK Heﬁ CIiocio He OTpUMaB MMUPOKOIo 3a-
CTOCYBAHHH. IcToTHUME He[[OHiKaMI/I € CKJ'Ia[[HiCTB BUTOTOBJICHHS U eKCHHyaTaHﬁ iHCTPYMeH-
Ty, a TaKOX TC, II0 3a0e3IeueHHsd BUCOKOI )KOpCTKOCTi CUCTCMU CYIIPOBO/KYETBCA 3MCH-

MICHHAM KPYIrOoBHUX 1TOJAa4, IO IMPU3BOAWUTDL 10 3MCHIICHHSA HpOI[YKTI/IBHOCTi O6pO6KI/I.
© Kampuenko B. B., Cipa H. M., Kansuenko /I. B., Akcronoa O. O., 2018
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VY po6oTi [6] HaBeeHO TeOMETPUYHUIN aHalli3 MOXUOOK (GOPMOYTBOpPEHHS Mpu (pe3epy-
BaHHI TOBEPXOHb 00EPTaHHS TOPIIEBOIO (Ppe3oro.

Buainenns HeqocailzKeHNX YaCTHH 3arajbHOI npodiaemu. BincyTHICTh 3araibHUX MO-
IOYJIbHUX TPUBUMIPHMX MOJEJNEW IHCTpyMEHTa, MPOLECIB 3HATTS MPHUITYCKY Ta (OpPMOYTBO-
PEeHHS NpH Ppe3epyBaHH] LWITIHIPUYHUX OBEPXOHb 31 CXPELICHUMHU OCSIMH JieTalli Ta (ppe3u.
He BcTaHoBi€Ha 3aN€KHICTh IUIOLI MIAPY METANy, SIKUM 3pI3YEThCS OKPEMUMH pi3albHUMU
KpOMKaMHU, B1JI KUTBKOCTI 3yOI111B (ppe3H.

Mera crarri. ['0710BHOIO MeTOIO0 POOOTH € pO3p0oOKa HOBOTO CIIOCOOY (ppe3epyBaHHS IHITIH-
JPUYHUX TIOBEPXOHb OPIEHTOBAHUM IHCTPYMEHTOM, SIKUH 3a0€3MeUnTh MiIBUILIEHHS MPOTyKTH-
BHOCT1 0OOpOOKH, TOUHOCTI Ta IKOCTi Jetaneil. CTBOpeHHs 3arajibHUX MOJyiIbHUX 3D-Moneneit
IHCTpyMEHTA, MPOLECIB 3HATTS MPHUITYCKY Ta popMoyTrBopeHHs. Ha 0a3i po3polnennx moaenei
JOCIITUTA OCHOBH1 XapaKTEPUCTUKH IpoLieCy (ppe3epyBaHHs OPIEHTOBAHUM IHCTPYMEHTOM.

Bukaan ocHoBHOro martepiajy. Cxema npouecy ¢ppe3epyBaHHs 31 CXpEIIEHUMH Ha KYT
ocsiMu Bana / Ta gpe3u 2, npescTaBiieHa Ha puc. 1.

Puc. 1. Cxema gppezepyeanns yuninopuurozo éana
31 CXpewjeHuMU OCAMU IHCMpPYMeHma ma 0emali

3agamo 3D mozjens HCTpYMEHTAIbHOT MOBEPXHI LMIHAPUYHUM MOAYJIeM (HOPMOYTBO-
PEHHS 3 YpaxXyBaHHSIM 3MIHHU MOJIOKEHHS KOOPAUHATH qu B3JIOBX NMPODLUIIO pi3ajIbHOI KPOM-

K (pesu Ta KyToM ii IOBOPOTY &g HaBKoio oci OZy (puc. 1):
Ry=MP 70k, 24, (1)

ne Eqb — paziyc-BekTop Touok dpesu; M Cqngb-aqb-qu — LMJIIHAPUYHEN MOYIb (GOPMOYT-

BOpeHHs ppesu; €4 — pajiiyc-BEKTOP MOYATKOBOI KOOPMHATH.

Huninapuanuii MOysb OPMOYTBOPEHHS MOBEPXHI (pe3U OMUCYETHCS K J0OYTOK MaT-
puis nepemimens M2, M3 [7] B31oBxk oceid Yy Ta Zg BIINOBIAHO Ta MaTpHIll moBopoty M6
HaBKOJI0 oc1 OpZy:

MCqqub~ad,~Rd, =M3(Zp) M6(cr)-M2(Rgp), 2)
ne qu =0..qu — JIiHIAHA KOOpJAMHATA B3JIOBXK Mepudepii pi3aibHOi KPOMKU (pe3u, sKa 3Mi-
HIO€ThCS B 0 7O 3HAYEHHS IIUPUHU IHCTPYMEHTA Lgb;Rgb — 30BHIIIHIA pafaiyc dpesu;

ag =0..360° — KyroBa KoOpJMHaTa B310BXK npodimo dpesn.
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[ToBepxHst 00poGIIeHOT neTali npeacTaBieHa 100yTKOM pajiiyc-BeKTopa dpes3n, MoLys il
OpieHTAIlil B CHCTEM1 KOOPJMHAT BaJia Ta MOIyns (popmoyTBOpeHHs netani [7; 8]:

Ry=MC70.801 - M% .y Ry = M3(Zy)- M6(Sy)- M2(I)- MA(y)- M5(x), 3)

ne M ¢ 20-50-1 =M3(Zy)-M6(By)-M2(l) — tMIIHAPUIHUNA MOMIYIIb, SKHH OMUCYE PYX 1HCTPY-
MEHTa BIIHOCHO JeTali; Z, — Iojayda AeTaii B31oBx Bici OvZy; By — KyT IOBOPOTY AeTai; /[
— MDKOCBOBA BiICTaHb Bajia Ta (hpesu; MS;/.Z =M4(a)-M5(y) — chepuuHuil MOy Opi€H-
tauii gpe3u B cucTeMi KOOpAUHAT A€Talll; , — KyT IOBOPOTY (pe3u B CHCTEMi KOOPAMHAT
BaJa;  — KyT CXpEILEHHs OCel IHCTpyMeHTa Ta AeTalll.

3 ypaxyBaHHsM piBHAHB (1) Ta (2) 0OpoGiieHa HuIiHIpUYHA TOBEPXHS NpHU (pe3epyBaHH1
31 CXpeleHNMH OCSIMH IHCTPYMEHTA Ta JIeTalli MaTUMe BUTIIS:

I_Qa =Mcza.5a.1-MSy.l-MCd’Zd,.ad).qu -e4. (@)

Jlnst BU3HaYeHHA Mpoiio 00poOIeHOro Baia BUKOPUCTOBYETHCS yMOBA KOHTAKTY IIPO-
¢uniB iHCTpyMEHTa 1 feTaii B pi3Hi MOMeHTH vacy [9; 10].

JInst BUBHA4YEHHs JIiHIT KOHTAaKTy 3 (pHC. 2) pi3aibHOT KPOMKHM (pe3u Ta LMUIIHIPUIHOTO
BaJla BUKOPHUCTOBYETHCS METOJIMKA, TpuBeaeHa B poOoTi [10]. Ha puc. 2: i — niHiiiHa Koopau-
HaTa B3JI0BX nepudepii pi3aabHOT KPOMKU (PPE3HU, irnoy TA iy — BIAMOBIIHO MIOYATKOBA Ta Ki-
HIIEBA KOOPJMHATH 3a0KPYIJICHHS Pi3aJIbHOT KPOMKH (ppe3u.

X, MM

0.1

0.05 i

14 15 16 17 18 19

Puc. 2. Jlinis koumaxmy pizaneHoi KpoMKu @pe3u ma yuriHOpuyHo20 8and

[Tnsama KOHTaKTy (ppe3u Ta HWITIHAPUIHOTO Bajla IpU (Ppe3epyBaHHi 31 CXPEIIEHUMH OCsI-
MU IHCTpYMEHTA W JIeTajli IpuBeJeHa Ha pHC. 3, 1€ / — JiHis KOHTAKTy 30BHIIIHBOTO LUJTIHI-
pa BaJsia Ta pi3abHOT KpPOMKH (pe3u; 2 — JiHis MepeTUHy pi3aibHOT KPOMKHU (hpe3H 1 TopueBoi
MOBEPXHI BaJia; 3 — JIiHIA KOHTAKTY IHCTPYMEHTA Ta JIETai.

Z, MM

—0.05 1 0 0.05 0.1 0.15
Puc. 3. IInama xonmaxkmy ¢pe3u i yuninopuunozo eana
CxpelieHHs oceil IHCTpyMEeHTa Ta JeTall CIPUYMHAE€ BHUHUKHEHHS! T€OMETPUYHOT IIOPCT-
KocTi Ra, siKy MoxHa Bu3HauuTH i3 [8] ax pisuumo Bucor npodineii P1y(0)Ta Pl‘a(Sa/ 2)
JeTani B TOYI[l MOBOPOTY Kpyra i TOYI, sIKa PO3TalIOBaHA HA BiJICTaHi MOJIOBMHM NOJadi HA
o0epT neTalti sy BIAMOBITHO: Ry = Pr; (0) - Pr, (Sa / 2).
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Ha puc. 4 HaBeneHi 3a1eXHOCTI BETUYNHU TE€OMETPUYHOI IIOPCTKOCTI Ra BiJ BEIUYUHU
noaaui perani: sy = 0,04 mm/006 (xkpuBa 1), so = 0,08 MM/00 (kpuBa 2). Sk BUAHO i3 rpa(bncus
30UTBIIEHHS TTO/1a4l Sy JIeTalll MPUBOJAUTH O 30UTBIIICHHS T€OMETPUYHOT MOPCTKOCTI Ra 00-
poOIieHoi moBepXHi.

Ra, MM
8x10~"

-4
6x10

>4 7
4x1071 /
2X10_4 //}1'/
0
0__-4______._—-—" s
0 0.5 1 1.5

Puc. 4. 3anesxcnicmo ceomempuunoi wiopcmrocmi Ra 6i0 genudunu nooadi demaini

Ha puc. 5 300paxkeno rpadik po3noiry NuTOMOI MPOAYKTHUBHOCTI (pesepyBanHs (i)
B3/I0BXK MPO(]LIIO pi3abHOT KPOMKH (Ppe3u Impu 00poOIli 31 CXPEIICHUMH OCSIMH IHCTPYMEHTA
Ta geTani. BenuunHa mUTOMOT MPOIyKTUBHOCTI BU3HAYAETHCA 13 (5).

= [Vn-R,dy> (5)
Q}I(” gbZ

ne Vn — npoexiiis BEKTOpa BiIHOCHOT IIBUIAKOCTI pyXy IHCTPYMEHTA Ha HANMPAMOK HOpMaIi
70 HOTO TIOBEPXHi.

Q. Mv’/MM-C
400

ity Irgin
300 I\
200 I \\
100 ) X

Z, MM

"]
16 16.5 17 17.5 18

Puc. 5. Po3nooin numomoi npooykmusHocmi ¢ppeszepysarnns
8300621C NPOQPIiNo PizanbHOI KpoMKU ppe3u

Amnaii3 rpagika po3noaiTy muToMo1 HpO,Z[yKTI/IBHOCTl B3JIOBX npoq)uno pi3anbHOi KPOMKH
¢bpe3u (puc. 5) [I0Ka3aB, 1110 (bpesepyBaHH;I 31 CXpeleHUMH OCSIMHU IHCTPYMEHTa Ta JeTaii
3a0e3neuye MiIBUIEHHS TOYHOCTI ()OPMOYTBOPEHHS 3aBJISIKA PIBHOMIPHOMY 3HOCY pi3ajbHOL
KpOMKH (pe3r. HoOpHOBUIN MPHUITYCK 3HIMAETHCS TOPLEM pi3asibHOT KPOMKH (Bi KOOpAWHATH
Irin O Trnow), @ YACTOBUH — PO3BAHTAXKEHOIO NMEPUPEPIHHOIO TUITHKOIO (10 KOOPAUHATH Irnov).

OTtxe, TopueM Ta nepudepiero IHCTpyMEHTa AOLLUIBHO MPOBOJUTH HOPHOBE TIIMOMHHE
(dpe3epyBaHHS HOKOPCTKUX MIJIIHAPUIHUX AETajel, a YucTOBY 0OpoOKY 31iICHIOBATH Tilb-
K1 niepu(epiero IHCTPYMEHTY, 110 3a0€3MeYNUTh BUCOKY TOUHICTh (HOPMOYTBOPEHHS.

[Tpu wopHOoBOMY (hpe3epyBaHHI HUIIHAPHYHOT oBepxHi Basa 1 (puc. 1) ¢pesy 2 mosep-
TAIOTh Ha KYT ), KU BUOUPAIOTH 13 yMOBU 3a0€3MEUeHHS MAaKCUMAILHOTO 3HATTS MPUIYCKY
IpU PIBHOMIPHOMY 3aBaHTXEHHI TOPI pi3alIbHOT KPOMKH 1HCTpyMeHTa [8]:

Ry +r3,)2
4(rs +0)* - Rp? ~|2rs Ry —t)—t2]2

e ¢ — IPUITYCK Hix (ppe3epyBaHHs; r, — Pajlyc 3aTOTOBKH, r; =1y +1, 1y — pajlyc AeTali.

; (6)

v =259
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Yucrose (ppe3epyBaHHs 31IMCHIOETHCS MPU KYT1 CXPELIEHHS y ocel (pe3u Ta eTall, KU

3abe3meuye NOBHE 3aBaHTaKEHHs nepudepii pizasibHOT KPOMKH 1HCTpyMeHTa. OTxe, IHCTpY-

MeHT 2 (puc. 6) HEOOX1IHO MEPEMICTUTH TaK, 100 KIHIIEBA TOUKA Iy 3A0KPYIJIEHHS nepude-
pii pi3aIbHOT KPOMKH (pe3u 3HaXoAusIacs Ha pajiyci 7; 3aroTOBKH /.

7

Puc. 6. Cxema onsa suznavenns kyma cxpewjeHus oceli iHCmpymenma ma 0emaJi

AHati3 OTpUMaHUX JIIHII KOHTAKTY pi3aJibHOT KPOMKH (pe3u Ta LUJIIHIPUYHOIO Baja MpH
KyTax cxpelnlyBanHs ix oceit y = 0,3° (puc. 7, a), y = 0,5° (puc. 7, 6) tay = 1° (puc. 2, 6) noka-
3aB, 110 MEPEMIILIEHHS TOUKH iy B TIOJOKEHHS i1 (pUC. 6) MOCATAEThCS 30UTBIIEHHSM KyTa
MOBOPOTY IHCTPYMEHTA.

X, MM X, MM

0.1 i ; 0.1

0.05 0.05
J i, MM J 1, MM

14 15 16 17 18 19 14 15 16 17 18 19

a 9]

Puc. 7. Jlinia koumaxmy incmpymenma ma oemaii
npu pi3HUX Kymax cXpewjy8anis ix oceti

[Ipu 30UIbIIIEHH] KyTa OBOPOTY IHCTPYMEHTa HEOOX1HO 3MEHILIYBAaTH MoAady Ha o0epT
JieTaii, 10, y CBOIO 4epry, 3MEHUIye MPOAYKTUBHICTE 00poOKu. TomMy 3 METOIO OTpUMaHHS
BHUCOKOI IPOAYKTUBHOCTI OOpOOKH MpH YKCTOBOMY (hpe3epyBaHHI IMIIHAPUYHOTO Basia 30i1-
JBIIYIOTh YUCIIO HOro 00epTiB. Bucoka CTIKICTh pi3ajIbHOTO IHCTPYMEHTY MPH YHUCTOBII 00-
poO11i 3a0e3neuyeTbcsi BAKOPUCTAHHAM (hpe3, OCHALICHUX IUIACTUHKAMHU 3 HAJITBEPJOro Ma-
Tepialy Ha OCHOBI KyOIYHOTO HITpUIY OOpY, 3alpONOHOBAaHOTO B poboTax [11; 12].

3 METOI0 BHM3HAUEHHs 3aJE€XKHOCTI IUIOIII HIapy MeTaly, SIKUH 3pI3YeTbCs pi3albHUMU
KpoMKaMM (pe3u Ipu 3a/aHiil iX KUIbKOCTI, HaBeJleHa cxema (pesepyBaHHs Aetani / pauiy-
COM 7y UMTHIPUYHOIO (hpe3oro 2 pajilycoM Ry 3 IPUITYyCKOM Ha 00poOKy ¢ (puc. 8).

IToyaTkoBuii K 17 KOHTaKTY IHCT CHTa Ta 3aroTOBKHU ani COM r, MOXXHa BU3Ha4Yu-
3

TH 3 TaKO1 3aJICIKHOCTI:

qu2 —i—(qu7 +r0)2 —}‘32

64 = acos| 7
¢ =19 2-R¢+(Rd)+r()) )
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Y

Puc. 8. @pezepysanns yuninopuunozo eana

VY pe3yabTari OTHOYACHOrO OOEpTaLHOIO PyXy JeTaji Ta (pe3u 3a 4ac MOBOPOTY iH-
CTpYMEHTa Ha KyT 679(,, JeTallb HOBEPHETHCS HAa KYT 0. YHACIIIOK 4Oro BeplirHa A mepio-
ro 3yba ¢pes3u 2 Buiijie 13 npuIycky He B Touli B, a B Touni C [2].

Bu3Haunmo noToyHMi pajilyc TOUKM KOHTAKTy IHCTPYMEHTA Ta 3arOTOBKU B CUCTEMI KO-
OpJMHAT JeTall :

H6,)- Jquz F(Ry +19)% =2-cos(0)-Ryy -(Rgy +7) - (8)

OmnuieMo 3anexHicTh KyTa moBopoty aerami Gl Bix kyra moBopoty mepioro 3y6a dpe-
34 B mpoiieci 00poOKu:

r(Op)* + Ry +19)* ~Ry? K3
2-}”(991))-(Rq17 +7y) ke

ne k, — IBUAKICHUNA KOE(DIIEHT, KU sIBJIA€ COOOI0 BIIHOLICHHS KYTOBHMX HIBHJKOCTEH

01y (6g) = acos ©)]

obepraHHst g 1 @, BIIIOBIHO IHCTPYMEHTA Ta 00pOOIIIOBAHOT eTall.

[ToTouHi KOOpAMHATH (XI(ng) ;yl(ﬁd,)) TOUYKM KOHTaKTy nepuioro 3yoa (gpesu ta 3aroro-

BKH 3 ypaxyBaHHSM BITHOCHOTO OOEpTaHHS JIeTalli Ta IHCTPYMEHTAa MOXXHA BU3HAYHUTH 3 Ta-
KHUX 3aJI€KHOCTEN:

(Gp) =0y ) codb15(Gp)), 1(Ep)=r6p ) sinl1o(Ep)). (10)
Inrepnontoroun orpumani 3anexxHocti (10) 3HaligeMo piBHSAHHS JHID f,1(x) KOHTaKTy
nepuioro 3y0a ¢gpe3u Ta 00po0IIOBaHOT AeTali:

fa1(x)=interdesplinkxl(€p, )y Op)) 616, )31 (Ep) ). (11)
BinmoBigHO MOTOYHI KOOPAWHATH (XQ(ng);yQ(t%b)) TOYKM KOHTAKTy HACTYIHOTro 3y0a

(bpe3u Ta 3arOTOBKHU:
x2A6p) =6 )-c0d02(8p)), y2(0p) =16y ) sitl625(0p)). (12)
3anexHICTh KyTa 02, HOBOPOTY J€Tall Bl KyTa OBOPOTY HAcTYIHOIo 3y0a (pe3u BU-
3HAYa€ThCs 13 PIBHAHHS:

029(6)=020(0p)+ 625, (13)
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0= 2= 27, (14)
ko z-kg
ae 6,5, — KyT HOBOPOTY JeTalll IIpU IOBOPOTI (Ppe3Hu, KOJIM B pOOOTY BCTYIAE HACTYIHUMN 3y0 1H-
CTPYMEHTY; ¢ — KyT MDK CYCIIHIMHU pi3aJIbLHUMH KPOMKaMH (BepIIMHAMH 3YyOLIB) ppe3u; z —
KUIBbKICTh 3yOLIiB (hpe3u.

3a ONUCaHOIO BUIIE METOAMKOIO OTPUMAaHE PIBHSAHHS JiHII f,,(x) KOHTAaKTy APYroro 3y-

6a ¢pe3u Ta 00poOIIOBAHOI eTalli:

fe2(x)=interdesplinks2(G,)y26) ) x2Gp,) y2Ep) ). (15)

Ha puc. 9 orpumani jiHii KOHTakTy / 1 2 BIIMOBIHO NEPIIOTo Ta APYroro 3yOuiB ¢pe3u.

JlocmipKeHHsT TPOBOAMIMCH JUTsl ppe3u AiaMeTpoM 63 MM 3 KUIbKICTIO 3yOuiB z = 20 Ta Basa
JiaMeTpoM 52 MM, KYTOBI IIBUIKOCTI 0OepTanHs ppesn @g = 115 ¢!, Bama— wy =30c".

V.MM
54

27

o

-27

X, MM
|

0 135 27 405 54

Puc. 9. Jlinii koumaxmis 3yoyie ¢ppezu ma oopobuosanoi demaini
[Tnomty 3pi3y mMarepiainy i3 3aroTOBKU MEPLIMM 3yOOM (pe3n 3HAXOJUMO SK IUIoILy (iry-

pu, oomexeHoi kpuoro AC Ta qyroro Kouia 3 paaiycom 7; (puc. 8):

S = j'le(x)dx+j'\lr32 _x%dx. (16)

[Tnomty 3pi3y MaTepiany i3 3arOTOBKM APYrUM 3yO0oM (ppe3u 3HaX0IUMO sIK Moy Qiry-
pu, oomexxenoi kpuBumu DE, EC Ta myroro xona 3 pauiycom 7; (puc. 8):

Sy = [\r,2 =x2dx— [ oy ()dx— [ f1 (x)dx . (17)

3 METOI0 BU3HAUEHHS TOYHOCTI (hpe3epyBaHHs 3HAUIEMO BEJIMUMHY BIAXHIIEHHS BiJ KpY-
ryiocti 00po6sieHoi noBepxHi. BusHaunMmo ii sik pi3HULIO pajiyca aeTali B Toull £ (mepeTuny
JHIA KOHTAKTY MEPILOro 1 HaCTYIHOTOo 3yOIiB ppe3n) Ta pajiyca oOpobieHoro Bana (puc. 8):

S=rOpE)-15. (18)
V pe3ynbTaTi NpoBeACHUX AOCTIDKEHb OTpUMaH1 rpadiky 3aJIeXXHOCT1 BETMYMHH BIIXUICHHS
BI/I KpYIJIOCTI s Mpu (hpe3epyBaHHI LUIIHIPUYHOT TOBEPXHI Bijl JllamMeTpa gpe3u qu (puc. 10,

a), KUIbKOCTI 3yOuiB z (puc. 10, 6) Ta Bin yactoTn 00epTanHs IHCTpyMeHTy @ (puc. 10, 6).
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Puc. 10. 3anexcnicme gioxunenns 6io kpyerocmi s 8ana 6io oiamempa gpesu Dd;,
KiibKocmi 3y6yie z ma 6i0 uacmomu obepmarnis Og

BucHoBkM BignmoBiaHo 10 cTaTTi. 3ariponoHOBaHUN HOBUH crioci0 (pe3epyBaHHs LMTi-
HIPUYHUX IOBEPXOHb OPIEHTOBAHUM IHCTPYMEHTOM, JIe YHOPHOBA 0OpOOKa 31HICHIOETHCS TO-
pueM Ta nepudepieto 3yda IHCTpyMEHTa, a YUCTOBE — TUIbKU nepudepiero. Pozpobneni moay-
apH1 3D Mogeni mpoueciB (OpMOYTBOpEHHSI Ta 3HATTS MPUILYCKY IpH (pe3epyBaHH1
OpIEHTOBaHUM 1HCTpyMeHTOM. Ha oCHOBI OoTpuMaHUX Mojeneld OTpUMaHi peKOMEeHaLlli BU-
6opy kyTta opienTanii ¢ppe3u. Ilpu 4opHOBIit 00pOOILI1 BeTMUKMHA KyTa HOBOPOTY IHCTPYMEHTA
BUOHMPAETHCS 13 YMOBU 3a0€3MEUEHHS] MAKCUMAJIbHOTO 3HATTS MPUILYCKY IPU PIBHOMIPHOMY
3aBaHTAXEHH1 TOPLIS pi3aJIbHOT KPOMKHU (Dpe3u, a MpH YUCTOBIM — 13 YMOBH 3a0€311€UeHHs I10-
BHOTO 3aBaHTaXeHHs nepudepii pi3ajibHOT KPOMKHM Ta HEOOXIAHOT MIOPCTKOCTL. 30UIbIICHHS
IPOIYKTUBHOCTI OOPOOKH IpU YUCTOBOMY (ppe3epyBaHH1 3a0e31euy€eThCs 30UIbIIEHHAM YHUC-
na o0epTiB Aetani. OTpuMaHa 3aJIe)KHICTh BUSHAYEHHS IUIOIII LIapy METaly, sIKHH 3pi3yeThes
pi3aJIbHUMU KPOMKaMH, BiJl KUTBKOCTI1 3yOIliB (hpe3u.
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UDC 621.923.42
Volodymyr Kalchenko, Natalia Sira, Dmytro Kalchenko, Olga Aksonova

INVESTIGATION OF THE MILLING CYLINDRICAL SURFACES PROCESS
WITH TOOL AND SHAFT CROSSED AXES

Urgency of the research. Ensuring high levels of accuracy and quality cylindrical surfaces, while ensuring high per-
formance processing is an actual problem in mechanical engineering.

Target setting. The accuracy of the machined parts is ensured by high tool life. With deep milling, high accuracy can be achieved
in just a few passes. However, there is no dependence of the area of the metal layer, which is cut off, on the number of teeth of the mill.

Actual scientific researches and issues analysis. In the known methods of milling cylindrical surfaces there is no uniform dis-
tribution of allowance along the cutter tooth. A rough milling for one set does not provide high accuracy and quality of processing.

Uninvestigated parts of general matters defining. The method of milling cylindrical surfaces with an oriented tool that
provides high rates of accuracy, quality and productivity of shaft processing has not been developed.

The research objective. The development of a new method of milling cylindrical surfaces with crossed axes of the tool
and the shaft, when rough milling is carried out by the end of the cutting edge of the tool, and finishing milling is carried out
by its periphery.

Creation of common modular 3D models of tools, stock removal and shaping processes in order to study the main char-
acteristics of the milling process with an oriented tool.

The statement of basic materials. A method of milling cylindrical surfaces with an oriented tool has been developed,
when rough milling is carried out by the end of the cutting edge of the tool, and finishing milling is carried out by its periph-
ery. In this case, the angle of rotation of the tool during roughing is selected from the condition of ensuring maximum remov-
al of the allowance with a uniform load on the end of the cutter edge, and when finishing, from the condition of ensuring full
loading of the tool periphery and achieving the required roughness. The increase in processing performance during finishing
milling is provided by increasing the frequency of rotation of the part. For a new method of milling, modular 3D models of
the process of shaping and removing the stock have been developed. The dependence of the area of the metal layer, which is
cut off by cutting edges, on the number of teeth of the mill is obtained.

Conclusions. A new method of milling cylindrical surfaces with intersecting axes of tools and parts is proposed. Studies have
been carried out on the proposed method based on the developed modular 3D models for removing the allowance and shaping.

Keywords: milling, modular three-dimensional geometric modeling, oriented tool, shaping, cylindrical shaft.

Fig.: 10. References: 12.

Kanbuenko Bonomumup BitaniiioBuy — TOKTOp TEXHIYHHX HAyK, podecop, IPOPEKTOp 3 HAyKOBO-TIEAArOridHoi pobo-
TH, YepHIriBChKuiA HAI[iOHAIBHII TeXHOIOTYHMH yHiBepcuTeT (Byn. LlleBuenka, 95, m. Uepwiris, 14035, Ykpaina).
Kalchenko Volodymyr — Doctor in Technical Sciences, Professor of Road Transport and Industrial Engineering
Department, Vice-rector of scientific and pedagogical work, Chernihiv National University of Technology (95
Shevchenka Str., 14035 Chernihiv, Ukraine).

E-mail: vvkalchenko74@gmail.com

ORCID: https://orcid.org/0000-0002-9072-2976

ResearcherID: G-6752-2014

Cipa Hartanis MukonaiBHa — OneHT kadeapu aBTOMOOIIBHOTO TPAHCIIOPTY Ta TaTy3eBOr0 MAIIMHOOYyBaHHS,
UepHIriBChKHIT HaIllOHATIBHUM TEXHOIOT9HUN yHiBepcuTeT (Byi. IlleBuenka, 95, m. Uepniris, 14035, Ykpaina).
Sira Natalia — PhD in Technical Sciences, Associated Professor of Road Transport Industry and Mechanical Engi-
neering, Chernihiv National University of Technology (95 Shevchenka Str., 14035 Chernihiv, Ukraine).

E-mail: nnseraya@gmail.com

ORCID: https://orcid.org/0000-0002-3248-0593

ResearcherID: K-2658-2017

Kanbuenko Jimutpo BostogumupoBuy — acmipant YepHIriBCHKOr0 HAI[IOHATBHOTO TEXHOIOTYHOTO YHIBEPCHUTETY
(Byn. LlleBuenka, 95, m. Uepmiris, 14035, Ykpaina).

Kalchenko Dmytro — PhD student, Chernihiv National University of Technology (95 Shevchenka Str., 14035 Cher-
nihiv, Ukraine).

E-mail: itmia@ukr.net

AxkcbonoBa Oabra QueriBHa — acuCTEeHT, YepHIriBChKIIA HAIllOHAIBHUA TEXHONOT1YHUHA yHiBepcuTeT (Bya. Llles-
yenka, 95, m. UepHiris, 14035, Ykpaina).

Aksonova Olga — assistant, Chernihiv National University of Technology (95 Shevchenka Str., 14035, Chernihiv, Ukraine).
E-mail: itmia@ukr.net

JocnimxeHHs mporecy dpe3epyBaHHS IITIHIPHIHUX ITOBEPXOHb 31 CXPEUICHUMH OCAMH iHCTpyMeHTa Ta Bana / B. Kampuenko, H. Cipa,
/1. Kampuenko, O. AkcbonoBa // TexHiuni Hayku Ta TexHoxuorii. — 2018. — Ne 4 (14). — C. 18-27.

27



Ne 4 (14), 2018 TEXHIYHI HAVKHM TA TEXHOJIOTI

TECHNICAL SCIENCES AND TECHNOLOGIES

VK 043.5
DOI: 10.25140/2411-5363-2018-4(14)-28-33

Jlioomuna Ky3omuu
MEXAHIYHI BIIVIMBA HA HAI[IﬁHICT]) CKUIAJHUX TEXHIYHUX CUCTEM

Axmyanvnicms memu 0ocniocennn. Ocobnugicmio npobnem HadiliHOCHI CKIAOHUX MEXHIYHUX cUCeM € IXHIll 36 30K
3 YCiMa emanamu HCumme8o20 YUKy yux o0 €kmis, npoeKkmyeanns, 36e0enns, excnuyamayii ma pozeumky. Tomy Heobxiono
BUABTATNU MOJICTUBT 38 A3KU U CynepeyHocmi npu hopmysanni KOHCMPYKyii, 8y3nie ma npu eubopi mamepianis.

Hocmanoexa npoonemu. loenmupixayis paxmuurozo cmany CKIQOHUX MEXHIYHUX CUCMIEM MA CROPYO, GUSAGLCHHSL
2DAHUYHO20 CINGHY, NPOSHO3VEAHHS OUHAMIKU SMIHU CIMAHY 8 NPOYECE eKCNIYAmAayii, GUSHAUCHHS. 3ATUKOB020 PeCypCy — YCi
Yi 3a80anHs € CKIA008UMU €OUHOT npobaeMu — 3abe3neuenHs HA0TUHOCHI CKIAOHUX MEeXHIYHUX CUCTHEM.

Amnaniz ocmaunix 0ocnioncens i nyonikayii. Budineno yvomupu enacmueocmi HAOIHOCHI. 0e368i0MO8HICIb, 0082081~
Hicmb, 30epedicysanicms ma pemoHmMoOnPUOamMHICb.

Buoinenns nedocnioxncenux uacmun 3azansnoi npoonemu. /s eusnavents HAOiiHOCMI CKIAOHUX MEXHIYHUX KOHC-
mpyKYiii HeoOXIOHO 8PAX06Y8aAMU NAUGY, MOOMO OYOb-Ki NPUMUHY, Y PE3VIMAMI SAKUX Y KOHCMPYKYIT 3MIHIOIOMbCS 6HYM-
piwni nanpyaicenns, oepopmayii abo inwi napamempu cmamy.

Ilocmanosxa 3a60anns. Ha ocrosi meopii naoitinocmi 30iicHUmMu auaniz 3a1e2CcHOCi 61acmugocmelt HadiltHOCMi CKIAOHUX
MEXHIYHUX cUCmeM 8i0 PIZHOMAHIMHUX BNIUBIG, 30KPEeMA MEXAHIUHUX Y 8U2IA0I Pi3HO20 pody Oedhopmayiii ma Hanpylcets.

Buknao ocnosnozo mamepiany. 30ilicneno ananiz piznoeo pooy @niugie Ha CKIAOHY MEXHIUHY cucmemy, y momy yu-
Cali U1l MeXaHTYyHUX.

Bucnogxu 6ionogiono oo cmammi. Y Oinvuwiocmi eunaokia 6nau8 MiHAUBOCHI 2e0MEMPULHUX XAPAKMEPUCMUK HA HA-
OiliHicmb KOHCMPYKYITl € HADA2AMO MEHUWIUM Y NOPIGHANHI 3 6NAUBOM MIHIUBOCT HABAHMAIICEHb MA MEXHIYHUX XapaKmepu-
CIMUK ((Di3UKO-MeXaHIYHUX 61ACMUEOCMEL) Mamepianie. Y maKux GUnaokax 2e0Mempuyti XapaKmepuchuKky poseistoaonbcs
AK OeMEPMIHOBAHI GENUNUHY 3 HOMIHAILHUMU SHAYCHHAMY, 6KA3AHUMU 8 NPOEKMI 460 HABEOCHUMU 6 THUWUX OOKYMEHIMAX.

Knruoei cnosa: cknaona mexuiyna cucmema, HAOIUHICMb, 61ACMUBOCMI HAOIUHOCII, MexaHiuHi enausu, deghopmayii;
HANPYIHCEHH.

Puc.: 1. bion.: 13.

AKTYyaJbHICTh TEeMH A0OCHiTKeHHs1. HaniliHICTh — € BUMOTOIO Cy4acHOTO CTaHy PO3BUT-
Ky TexHiku. CKJIaJH1 TEXHIYH1 KOHCTPYKLIi Ta CIIOPYIU HE € BUHITKOM.

JIns cydacHUX TaKUX KOHCTPYKIIiH Ta CIIOPY/ XapaKTEPHUM € iXHiil PO3BUTOK Y HANPSIMKY
30UIbLIEHHS MapaMeTpiB, PO3MIPIB, MPOJIYKTUBHOCTI, aBTOMATHU3Aallii TOILO, MiABUILEHHS BH-
Mor 0e3MeYHOi eKcITyaTallii Ta HaJliiHO1 poOOTH.

Oco6nuBicTIO TPO6JIEM HAAIMHOCTI CKIIQAHUX TEXHIYHUX CUCTEM € iXHIH 3B’S30K 3 yciMa
cTallaMu JXUTTEBOI'O HUKITY LUX 06,€KTiB, MPOCKTYBAHH, 3BCACHHA, eKCHHyaTaHﬁ Ta PO3BUT-
Ky. KoxxeH 3 etamiB 3/11iiCHIOE CBiif BHECOK Yy BUPILIEHHS 3aB/iaHb 3arajoM. OCHOBHI pillI€HHs
3 Ha[[iﬁHOCTi, HpHﬁHHTi Ha CTa[[ﬁ MMPOCKTYBAHHSA Ta 3BCACHHA, 6C3HOCCPCHHBO BIINIMBAKOTh HaA
KOHCTPYKIIiIO YH CIIOPYIy MPH EKCIUTyaTarlii, sIKi 4acTO BCTYMAIOTh Y CYIEPEUYHICTh MDK CO-
6010. ToMy HEOOXITHO BHUSBIISATH MOXJIMBI 3B’SI3KU U CyNepeyHOCTI npu (GOopMyBaHHI KOHC-
TPYKIIii, BY3JiB Ta pu BUOOPI MaTepiaiiB.

ITocTanoBKka l'[pOﬁ.Tlelel. Hl[[ CKJIaJHHUMH TEXHIYHUMH CUCTEMAaMU pO3YMiIOTB CHUCTEMU, B
SKUX TIPU BUOKpEMIIEHH1 a00 J0/aBaHHI KOMIIOHEHTIB BUHMKAIOTh SKICHO HOBI BIaCTHUBOCTI
cuctemMu. KoskeH KOMITOHEHT CHCTEMH MOXKE 6YTI/I OITMCAaHUH Ha60pOM XapaKTCpHUX O3HAK,
3HAYEHHSA SKUX BU3HAYAIOTh ITOTOYHHUM CTaH KOMIIOHEHTA ¥ CUCTEMM 3arajioM. TakuM YHUHOM,
HOBC[[iHKa CUCTCMU OIIUCYETbCA BCKTOPOM 3HAYCHb XAPAKTCPHUX O3HAK 3 YpaXyBaHHIAM
BIUIMBY 30BHILIHIX YUHHUKIB Ha MOBEAIHKY cuctemH [1].

OCHOBHMMH CydaCHUMH O3HAKaMU CKJIQJIHOT TEXHIYHOI cucteMu € [1-4]:

- HasABHICTH IEBHOI CHHOCTi 74 MCTH, 110 CIIPUAIOTb BI/IpO6J'IeHHIO ONTUMAJIbHUX IUISAXIB
BHXO/IIB 13 MEBHOT MHOXUHU BXOJ(1B. ONTUMAaNIbHICTh BUXO/IIB OI[IHIOETHCS 32 3a3/1aJIeriIb PO-
3p00JIEHUMU KPUTEPIIMU €(PEKTUBHOCTI;

- BHUKOHAHHS BEJIMKOI KUTBKOCT1 PI3HUX (YHKIIIH, SIK1 31HCHIOIOTbCS O€3/11Y4I0 €JIEMEHTIB
CUCTEMH;

- CKJIQJIHICTh (DYHKIIOHYBaHHS (3MiHA OJIHIET 3MIHHOI TATHE 3a CO00I0 3MIHY Oaratbox
3MIHHHUX 1 37€0UIBIIOT0 HETIHIHHUM CIIOCOOOM);

- BHUCOKHH CTYMiHb aBTOMATH3AIlIi;

© Ky3emuu JI. B., 2018
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- MOJKJIMBICTb CTaTUCTUYHOI'O OIMHUCY, II0 HAJXOJIUTh Y CUCTEMY HeBH3HaueHoOcTl. Lle o3Ha-
Yae, 110 HEMOXKIIMBO Nepea0ayuTH TOUHOTO 3HAYEHHS 30BHIIIHIX HABAHTAXEHb, a 3aCTOCYBAHHS
aJIbTePHATUBHUX METO/IIB BU3HAUEHHS MTIKOBHX HABAHTa)KEHb Y BAPOOHUUMX YMOBAX € CKIIaHUM.

InenTudikanis GakTUYHOrO CTaHy CKJIAJAHUX TEXHIYHMX CHUCTEM Ta CHOpPYJ, BUSBICHHS
IPAaHUYHOTO CTaHy, MPOTHO3YBaHHS JMHAMIKM 3MIHM CTaHy B IpOLIECI eKCIUTyaTalii, BU3Ha-
YEHHs 3JIMIIKOBOTO pecypcy — yci i 3aBJIaHHs € CKIIaJIOBUMH €IMHOT IpobiemMu - 3abe3me-
YEHHs1 HalIHHOCTI CKJIQAHUX TEXHIYHUX CUCTEM.

AHaJI3 0CTaHHIX J0CTixxKeHb | myOaikaniii. Hanilinicts — BnacTuBicTh 00’€KkTa 30epira-
TH B 4Yacl B yCTAHOBJICHUX MeKaxX 3HAuU€HHs BCIX MMapaMeTpiB, SKi XapaKTepU3yIOTh 3/1aTHICTb
BUKOHYBATH MOTPIOH1 PYHKIIT B 33JJaHUX PEKUMaxX Ta yMOBAX 3aCTOCYBaHHsI, TEXHIYHOTO 00-
CIIyTOBYBaHHsI, 30epiranHs Ta TpaHcnoptyBaHHs [2]. Lle BU3HaueHHs TEpMIHY BUKOPUCTOBY-
I0Th U1l HEKUIBKICHOTO OIUCY BJACTUBOCTEN O€3BIIMOBHOCTI, JIOBIOBIYHOCTI PEMOHTOINPH-
JIATHOCTI Ta 30€pexyBaHOCTI UM MO€AHAHHS X BIACTUBOCTEH.

be3BiIMOBHICTh — BJIACTUBICTh 00’€KTa BUKOHYBAaTH MOTPIOHI (DYHKIIIT B IEBHUX YMOBax
IPOTATOM 33/IaHOTO IHTEPBAILy Yyacy 4 HapoOiTKy [2]. B ocHOBHOMY 0€3BIIMOBHICTb PO3IJIs-
JIA€THCSI CTOCOBHO PEeKUMY po00TH (Aii, PYHKIIOHYBaHHSI, 3aCTOCYBaHH:) 00’ €KTA.

JIOBrOBIYHICTh — BJIACTUBICTh 00’€KTa BUKOHYBATH MOTPiOH1 PyHKIIIT 10 mepexoay B rpa-
HUYHUN CTaH NpPU BCTAHOBJIEHIN CHCTEMI TEXHIYHOTO OOCIYroBYBaHHS Ta PEMOHTY. Y 3ara-
JbHOMY BUIMAJIKy JOBTOBIYHICTH 00’€KTa BUMIPIOETHCS MO0 TEXHIYHUM pECYpPCOM abo CTpo-
KOM CiIyxOu. JIoBroBiuHicTh OOMEXEHa HE BIIMOBOIO 00’€KTa, a MepexoJ oM Horo B
IPaHUYHUM CTaH, 10 O3HAyYa€, M0 HEOOXIIHO MPOBOAUTH KOMIUIEKCHUH abo cepenHiil pe-
MOHT, 200 B3arajii HeMOXJIMBa TOJIANbIlIa eKCIuTyaTallis 00’ exta. Jlumie ans 00’ekTiB, K1 HE
PEMOHTYIOThCSI, BIIMOBA € OJHOYACHUM IE€PEX0J0OM Y TPAaHUYHHMA CTaH.

30epexyBaHICTh — BJIACTUBICTh 00’ €kTa 30epiraTy B 3aJJaHMX 3HAYEHHAX MapameTpiB, 110
XapaKTepU3YIOTh 3JJaTHICTh 00’ €KTa BUKOHYBATH MOTPIOH1 (yHKLIT mijx yac 1 micis 30epiraH-
Hs Ta (4n) TpaHcnopTyBaHHs [2]. 30epiraHHs 1 TPAaHCIOPTYBaHHS 00’€KTa BIUIMBAE HA JEAK1
BaXIMBI Or0 XapaKTepUCTUKU (YHKLIOHYBAHHS.

OcHoBHa 1UTb eKCIuTyaTalii 00’€kTa — OTPUMAaHHS 33/]aHuX Pe3yNbTaTIB Bl HOro 3acTo-
cyBaHHs. ToMy Ha/J3BHYaliHO Ba)KJIMBA Ta CKJIAJ0Ba 30€peXyBaHOCTI, SIKa 3YMOBIIIOE BIUIUB
30epeKeHHs 1 TPAaHCIIOPTYBAaHHS Ha MOT0 HACTYIHY IOBEIIHKY B POOOUOMY PEXKHUMI.

Taxum unHOM, 30€peKyBaHICTh 3BOAUTHCS 10 JABOX CKiIaaoBHX. [lepiia ckiagoBa BIacTu-
BOCT1 3yMOBJIIOE MOBEIIHKY 00’€KTa MiJ yac 30epiraHHs ab0 TpaHCIOPTYBaHHS, a JApyra —
MIPOSIBIISIETBCS. Uepe3 3MIHY MOBEIIHKM 00 €KTa IiJ Yac 3acTOCyBaHHS 00’ekTa micis ioro
30epiranHs abo TpaHcnopTyBaHHs. Lli 3MIHM MOBEIIHKH JIETKO BCTAHOBIIIOIOTHCS, SKIIO MOPI-
BHATHU TOBEJIHKY JIBOX Py OJHAKOBUX OO0’€KTIB, OJHA Ipyla sIKUX 10 LBOro 30epiraiacs
a0o0 TpaHCHOPTYBaJIacs, a 1HIIA — BUKOPUCTOBYETHCS MPAKTUUHO 0JIpa3y MiCisi BUPOOHUIITBA
4y Oy1iIBHUIITBA.

PemoHTONpUAATHICTS — BIACTUBICTh 00’€KTa OYTH NMPHCTOCOBAHUM JIO MIATPUMAHHS Ta
BIZIHOBJICHHS CTaHy, B IKOMY BiH 3JJaTHUI BUKOHYBAaTH MOTPIOHI (PYHKIIIT 32 TOMIOMOT'OI0 TE€XHI-
YHOr0 00CIIyrOBYBaHHS Ta PEMOHTY [2]. Y 3arajgbHOMY BUIIAIKy PEMOHTONPHIATHICTD — L€ T10-
€JTHAHHS TEXHOJIOTTYHOCTI /ISl TEXHIYHOTO OOCITYTOBYBaHHS i pEMOHTHOT TEXHOJIOTTYHOCTI.

PeMoHTONpUAATHICTS BU3HAYa€ MPUCTOCOBAHICTH 00’€KTa HE TUIBKU 1O BIJHOBJICHHS
CTaHy, a TaKOX JI0 MONepeKeHHs BUHUKHEHHS BIIMOB Ta IMOIIKO/DKEHb. BiTHOBIEHHS HOp-
MaJbHOTO TEXHIYHOTO CTaHy 00’€KTa 3A1MCHIOETHCS 31€0UIBIIOrO MPU HOTO PEMOHTI, a Morie-
PEILKEHHS OPYLIEHb LbOTO CTaHy — IIPU TEXHIUHOMY oOciiyroByBaHHi. [Ipy HOBUX peMOHTax
3a3BUYal 3AIMCHIOIOTH MPO(UIAKTUYHI 3aX01, a MPU TEXHIYHOMY OOCIYrOBYBaHH1 1HKOJIH
MO’KYTh BUKOHYBATH B1JIHOBJIIOBAJIbHI POOOTH, X04a Y BITHOCHO HEBEIMKOMY 00’ €MI.

PeMoHTONpPUAATHICTE MOXKE PO3IIIAIATUCS K CKJIa/IHA BIACTUBICTb, CKJIQJIOBI SIKOT Xapak-
TEPU3YIOTh MPUCTOCOBAHICTh 00’€KTa 10 MPOBEJCHHS B MEPIIOMY HaOIMKEHHI, OKPEMO TeX-
HIYHOTO O0OCITyrOBYBaHHS i PEMOHTY, a IIPU OUIbII I€TAIbHOMY PO3IJIsifl, — IPUCTOCOBAHICTh
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JI0 OKpPEMHX TUIOBHMX TE€XHOJIOTIUHUX OIepaliil — sIK pEMOHTY, TaK 1 TEXHIYHOTO 00CIYTroBY-
BaHHA. TOJ1 pO3MIANAIOTh TaKi MOXiAHI Bil pEMOHTONPHUIAATHOCTI BIACTHBOCTI 00’€KTa, K
KOHTPOJENPUIATHICTh, JOCTYIHICTh JJI 3aMIHM OKPEMHX YacTMH O00’€KTa, iX JIErKo3hHoM-
HICTh, B32€EMO3aMIHHICTh TOIIO. PEMOHTOMPHUAATHICTh OILIHIOETHCS 32 JOTMOMOTOI0 MOKA3HU-
KiB, SIKI BU3HAYAIOTHCSI PO3MIPOM 4Yacy, poOOTH, KOIITIB 1 MaTepialibHUX pecypciB, siKi HEOO-
X1JITHO BUTPATHUTH I PEMOHTY UM TEXHIYHOTO 0OcayroByBaHHs [5—9].

BuainenHns He0CIiIKeHUX YACTHH 3arajibHoOl npoodjaemMu. Y CBOIO Uepry, Iii BIACTUBO-
CT1 B JACSKHUX BHUIIQJKaAX 3aJIeKaTh B MIIHOCTI, CTIHKOCTI, BIJIHOBIIOBAHOCTI, OC3MEKH i 1H-
mux Outhblll MpocTux BiactuBocTed. CrpolleHa cxeMa CIIBBIAHOIIEHHS 00JacTell MOHATh
BJIACTUBOCTEW HaBEJCHA HA PUCYHKY.
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AHali3 NpocToro CHIBBIAHOIICHHS BJIACTMBOCTEH HAIIMHOCTI MOKa3ye, 110 HaAIHHICTbH
o0’exra 3arajgoM Oyje OUIBLIOI MIPOI0 XapaKTepU3yBaTHCA HAHMEHIIUM 3HAUYEHHSM OJIHI€T
13 BiactuBoCTEd (pUCYHOK, @). CIIBBIIHOIIEHHS PI3HUX BJIACTHUBOCTEH HATIMHOCTI MpH iX
B3a€MO/IIi Ma€ KOMILJISKCHUN XapakTep (PUCYHOK, 0) 1 HE B yCIX BUIAJKaX MOKe OyTH BU3Ha-
YeHe Yyepe3 CKJIQJHICTh I1i€l B3aeMO/Ii.

Kpim TOro, 111 KOPEKTHOTO SKICHOTO Ta KUIbKICHOTO aHasi3y HaAIHHOCTI CKIIaJHUX TeXHIY-
HUX KOHCTPYKLII HEOOX1THO BpaXOBYBATH BIUIMBH, TOOTO Oy/Ib-AKi IPUUMHU, B PE3YJIbTATI IKUX
y KOHCTPYKLIIi 3MIHIOIOTBCS] BHYTPILIH1 HANpYKeHHs, Jedopmallii ado iHII mapamMeTpu CTaHy.

ITocTanoBka 3aBaanHs. Ha ocHOBI Teopii HAAIHOCTI 3A1IMCHUTH aHAJII3 PI3HOMAHITHUX
BIUIMBIB, 30KpEMa MEXaHIUHUX Y BUIJIA1 PI3HOTO poay Aedopmalliil Ta HapyXeHb, Ha Biac-
THUBOCTI HAIIHHOCTI CKJIQJHUX TEXHIYHUX CUCTEM.

Bukaaa ocHoBHOro martepiany. BuxiiHumu naHumMu A po3paxyHKy € MapaMmeTpu
00’eKTa, K1 XapakrepusyroTs [10-13]:

- BIUIMBH €KCIUTyaTalIfHOTO CepeOBUIIIA;

- BJIACTMBOCTI1 MaTepialis;

- pO3MIpH, MOJIOKEHHS B IPOCTOP1, YMOBH 3aKPIIIEHHSI KOHCTPYKLIH Ta iXHIX €JeMEHTIB.

i napameTpu po3rIAAa0ThCs MEPEBAXKHO K BUMAIKOBI BETMUYMHU, BUIIA/IKOBI MOCITIIOB-
HOCTI a00 BUIAJIKOBI IIPOLIECH, a X 3HAUEHHS], 3aKOHU PO3IOJILTY, YaCTOTHO-YaCOBI XapaKTe-
PHUCTHKH 1 paBUJIa BpaxXyBaHHsS MIHJIMBOCTI BCTaHOBIIOIOTHCS HOPMaMHM ITPOEKTYBAHHS.

Hopmu npoekTyBaHHS KOHCTPYKILIIH PI3HOIO MPU3HAYEHHS 3 PI3HUX MarepiajiB MOBHHHI
TaKO0>X BPaXOBYBaTH MO>KJIMBY 3aJICKHICTh BUXIJTHUX JAHUX BiJ] YMOB JOBKULISL.

MexaHiuH1 BIIMBH, 1110 BPAXOBYIOTbCSA B PO3PaXyHKY O€3M0CEepeIHbO, PO3IJIIsIAI0THCS K
CYKYIHICTh CHWJI, IPUKJIAJIEHUX O KOHCTPYKIIii (HaBaHTa)Ke€HHs), a0 sIK BUMYIIEHI MepeMi-
HIeHHs 1 1edopMallii eeMEeHTIB KOHCTPYKUIi. [HII BIJIMBM HEMEXAaHIYHOI NPUPOAU (HAmpH-
KJ1aJl, BIUIMBU arpeCUBHOTO CEPEOBHUIIIA) BPAXOBYIOTHCS B PO3PAXYHKY OIOCEPEIKOBAHO.
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3anexHo Bl NPUYMHU BUHUKHEHHS BIUIMBU NOJUISIOTHCS HA OCHOBHI Ta aBapiifHi.

OCHOBHI BIUTUBY € HACIIIKaMH MIPUPOJHUX SIBUIL a00 JIOJICHKOT JisuibHOCTIL. Lle MOXyTh
OyTH BIUIMBHM BiJl BOJY YM TEMIIEPATypH Ha 00 €KT, BiJ TEXHOJIOTIYHOTO MaHIIyJIIOBaHHS pe-
AKHUMOM poOOTH 00’€KTa TOIIO.

ABapiiiHi BIUIMBH € HEOAKaHUMHU pe3yJbTaTaMu JIIOJICHKOT TISUIBHOCTI (HAacHiAKaMU rpy-
OUX MOMMIIOK), a00 pe3ysbTaTaMU HECHPUSATIMBOrO 30iry oOCTaBUH (O aBapiiHUX MOXKYThb
OyTH BIHECEHI1 1 Ay»e PiKICHI BILTMBU MIPUPOJTHOTO MOXOHKEHHS TaKi, IK HABAHTAXXEHHS BiJ
CMepUiB, LyHaMi, KaTacTpO(pIUHUX NaBOJIKIB TOILO).

3aieHO Bij 3MIHHU B Yaci BIUIUBHU ITOJUISIOTHECS Ha IMOCTIMHI Ta 3MIHHI.

[ocTiitHi BIUIMBY JIFOTH MiJ] Yac yCbOI'O TEPMIHY eKCILTyaTallii 00’€KTa 1 3HAUEHHS SKHX
HEICTOTHO 3MIHIOIOTBCS B Yaci.

3MiHHI BIUTUBU XapaKTepU3YIOThCS 3MIHOIO 3HAUYEHb Y Yaci BIAHOCHO CEPEeHbOTO, SIKUMH
HE MOHa HEXTYBaTH.

3anexHO Bl XapaKTEepPHO1 TPUBAIOCTI Oe3nepepBHOT /i Ha KOHCTPYKLi 7y 3MIHH1 HaBaH-
Ta)XEHHS NOJUISIOTHCS Ha TPUBAJIl Ta KOPOTKOYACHI.

TpuBani BINIMBU XapaKTepU3YIOThCS TPUBAIICTIO Al 7y, sika MOXe HaOImKaTHCs 10 BCTa-
HOBJIEHOTO TepMiHY eKkcrutyaranii 7,-0y1iBeIbHOIr0 00’ €KTa.

KopoTkouacHi BINIUBU XapaKTEPU3YIOThCS TUM, 110 i HUX Ty << Ter1 5IKi, y CBOIO uep-
I'y, MOXKYTb ITOAUIATUCS Ha MOBTOPHI Ta €M130IMYHI.

3anexHO Bl crIOCO0Y MPUKIIAJAEHHS HAaBaHTAXEHb Y IPOCTOP1 BIUIMBU MOXKYTh OyTH (iK-
COBAHMMHU 200 BUILHUMU.

@DiKCOBAaHUMHU € TaKi BIUIMBH, 1110 JIIFOTh TUIBKU Ha BU3HAYEHI MICIISI KOHCTPYKITIi.

BinbHMMHU BIUIMBaMHU PO3TJISIAIOTHCS TaKi BIUIUBH, K1 MOXKYTh JIOBUIBHO PO3MOAUIATUCS
10 KOHCTPYKIIII B JIGIKHX 33/1aHUX MEXKaX.

VYpaxyBaHHsI BUIbHMX HaBaHTa)K€Hb MOXKe OYyTU 3BEJICHE /10 PO3IJIsAy HU3KH KOMIUIEKCIB
(iKCOBaHMX HaBAHTAXXEHb, OJIEPKAHUX IIJISIXOM (iKcallii MOXKIIMBOTO PO3MOJUTy BUIBHUX Ha-
BaHTaXXEHb Y MPOCTOPI.

BucHoBKkM BiinmoBiaAHO 10 cTaTTi. Y OUIBIIOCTI BUMAJKIB BILUIMB MIHJIMBOCTI F€OMETPUY-
HUX XapaKTePUCTUK Ha HAJIMHICTh KOHCTPYKIIN € Habararo MEHUIMM Yy MOPIBHSAHHI 3 BILIH-
BOM MIHJIMBOCTI HABAHTAXXEHb Ta TEXHIUHUX XapAKTEPUCTUK ((PI3UKO-MEXaHIYHUX BIACTUBO-
cTei) marepiayiB. Y TakUX BHIAJKaX T€OMETPUYHI XapaKTEPUCTUKU PO3IIIAIAIOTHCA SIK
JIeTepMIHOBaH1 BEJIMUMHU 3 HOMIHAJbHUMH 3HAYEHHSIMM, BKa3aHUMH B MPOEKTI a0 HaBeJe-
HUMHU B IHIIHUX JOKYMEHTaX.
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UDC 043.5
Lyudmyla Kuzmych
MECHANICAL IMPACTS ON THE RELIABILITY OF COMPLEX TECHNICAL
SYSTEMS

Urgency of the research. The peculiarity of problems of reliability of complex technical systems is their connection with
all stages of the life cycle of these objects of objects, design, construction, operation and development. Therefore, it is neces-
sary to identify possible connections and contradictions in the formation of structures, nodes and when selecting materials.

Target setting. Identification of the actual state of complex technical systems and structures, detecting the boundary
condition, forecasting the dynamics of changes in the state of the operation, determining the residual resource - all these
tasks are the components of a single problem - ensuring the reliability of complex technical systems.

Actual scientific researches and issues analysis. There are four properties of reliability: reliability, durability, preser-
vation and maintainability.

Uninvestigated parts of general matters defining. In order to determine the reliability of complex technical construc-
tions, it is necessary to take into account the effects, that is, any causes that result in changes in the design of internal stress-
es, deformations or other parameters of the state.

The research objective. On the basis of the reliability theory an analysis of the dependence of the properties of the reli-
ability of complex technical systems on various influences, in particular mechanical, in the form of various deformations and
stresses, has been carried out.

The statement of basic materials. Analysis of various impacts on a complex technical system, including mechanical ones.

Conclusions.In most cases, the influence of the variability of geometric characteristics on the reliability of structures is
much smaller compared to the influence of the variability of loads and technical characteristics (physical and mechanical
properties) of materials. In such cases, the geometric characteristics are considered as deterministic values with the nominal
values specified in the design or given in other documents.

Keywords: complex technical system; reliability; properties of reliability;, mechanical influences; deformations; stresses.
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AHIMAIIAHE MOJEJIOBAHHSA I'I/IPOIUJITHIPIB TA TIHEBMOKAMEP
JIJISI CTBOPEHHS MPSIMOJITHIMHOI'O TOCTYHAJIBHOT O PYXY

Axmyanvnicme memu docnioncenns. Cyuacna ocgima mae 6ymu AcKpagoio, 4imkoio, wieuokoio i deutegoio. Bukopuc-
MAHHA AHIMAYILIHO20 MOOENIOBAHHS | OA€E 3MO2Y 00CASMU YbO2O.

Ilocmanogxa npoonemu. Ocsima € ocHogoio Oy0b-1K020 cychinbcmea. Huni é npoyeci gusuenHs pisHoMaHimHUx Hag-
YANBHUX OUCYUNITH GUKOPUCIMOBYEMbCA bazamo Odicepen pisHOMaHImHOI inghopmayii: niopyuHuKy, NOCIOHUKU, JICYPHATU,
Iumepnem. YV cyuacnux ymo8ax wupoxi MOMCTUBOCHI BIOKPUBAE BUKOPUCMAHHA 8 HABYATLHOMY Npoyeci NepcoHanbHUxX
xomn tomepig (I1IK) i ucoxoinmenexmyanbHux npoepamuux nPoOyKmie.

Ananiz ocmannix oocnioxcens i nyonikayiii. Tpaouyiiino npu 3aceochti 6y0b-aK0i HAGUANLHOT OUCYUNTIHU CMYOeHm
noguHen ueYUMU il Ha NeKYIAX, 1aDOPAMOPHUX MA NPAKMUYHUX 3AHAMMAX. Ane npu ybomy AK MemoOuyHul HAOUHUl Ma-
mepian 8UKOPUCIOBYIOMbCS, 30€0inbuio2o, inocmpayii 308HiUHbLO2O 8UTAJY, OYO08U MA KOHCMPYKYIT PI3HOMAHIMHUX Me-
XaHizmie y euenaoi 06ogumipnux cmamuunux cxem enemenmis. Came suxopucmanns 11K ma 8ionogionux npozpamuux npo-
OyKmig i 0dac 3Mo2y 600CKOHANUMU HABYANbHUL HNpoyec (ma O0Ceimy 3a2anom), HAOayu oMy [HMEHCUBHOCMI ma
IHMEPaKmueHO20 3MICHY.

Buoinenns nedocnioycenux uacmun 3az2anvioi npoonemu. /i B00CKOHANEHHS HAGYATLHO20 Npoyecy HeoOXiOHO 3anpono-
HY8aMuU AHIMAYIHI MOOeNT Ol CMBOPEHHS NPAMOTIHITIHO20 NOCMYRATLHO2O0 PYXY 3d O0NOMO2010 2iOPOYUTIHOPIE MA NHEeBMOKAMED.

Ilocmanogka 3a8danusa. Memoio yiei pobomu € demoncmpayis. MOAUCIUBOCMEN AHIMAYITIHO20 MOOENI08ANHS NPAMOi-
HIlIHO20 NOCYNANLHO20 PYXY MEXAHI3MI8 3a 0NOMO2010 2iOpOYUNIHOPIE ma nHeeMOKAMep.

Buxnao ocnoenozo mamepiany. YV Yepuiciscokomy nayionanvHomy mexwonociunomy yHieepcumemi (YHTY) na xageopi
«AemomobinbHULL MpaHCnOpm ma 2any3ese MauuHo6yO0y8anHsy Ol BUBHEHHS HABUANLHUX Oucyuniin «lliotiomHo-mpanchopmue
obnaonanma i pobomuy, «Cneyianizoganutl pyxomuil cKiad asmMompaHCnOPpmHUx i 6aHMANCHO-PO3BAHMAICYBANLHUX MAUUNY,
«Obnaonanmsa ma Mpancnopm MexaHockiaoanvhux yexiey, «llpomuciosi pobomuy, «Memanoobpodhe obnaonantsy pospooneno
Hasyanbhi npodykmu: «Animayia pobomu 2iOpoyuninopie O CMEOpPeHHs NPAMONIHILIHO20 NOCMYNATLHO20 PYXy» ma «Anivayisa
pobomu nHesmoxamep 05l CMBOPEHHS NPAMONIHILIHO20 HOCIMYNATLHO20 PYXY». Animayis pospobaena ona nabopamopiti «IIpomuc-
7106 pobomuy 3 peanvrumu pobomamu: MI1-11, M10IT, M20I1, PM-01 ma «Memanoobpobue obnaonanmsy.

Bucnogxu 6ionosiono oo cmammi. 3anpononogani npocpamui npoOykmu 00360110Mb 3p0OUMU NPOYeC HABUAHMS
OinvlU ACKPABUM, HAOUHUM MA OeuleUM. 3anponoHo8aHi NPoepamui npoOYKmu Maioms oesike 00MedceH s, 30Kpema eiocym-
HA MOJICTUGICMYb THMEPAKMUBHO20 KePYBAHHA yumu mexauizmamu. Tomy nepcnekmuHuM HANPAMKOM HOOANbUIUX OOCTi-
0JiceHb € CMBOPEHHs i3yanizayii 6NaUey KOHCMPYKMUGHUX A eKCALYamayitinux napamempis na pooomy mexanizmie.

Knrouosi cnosa: animayis; mooenosanis,; 2iopoyuninop, nHesmMoxamepa,; npAMONIHIHUL, NOCIYNATLHUL PYX.

Puc.: 7. Bién.: 10.

ITocTanoBka nmpodaemu. OcBita € 0CHOBOIO OyJb-siKOro cycrniiscTBa. Huni B mpoueci
BHUBYEHHS PI3HOMAHITHUX JAUCLUIUIIH BUKOPUCTOBYETbCS 0arato JpKepes pi3HOMAaHITHOI 1H-
dopmarlii: miIpyYHUKH, TOCIOHUKH, KYpHAIH, 30IpHUKH, IHTEPHET. Y CydyaCHUX YMOBAaXx IIH-
POKI MOXJIMBOCTI BIIKpHBAa€ BHMKOPHCTAHHS B HaBYAJbHOMY IPOLIEC] MEPCOHAIBHUX
koM ’torepiB (I1K) 1 BuCOKOIHTENEKTyaIbHUX MPOrPaMHUX MPOIYKTIB [1].

AHaJIi3 OCTaHHIX AocTiT:KeHb i myOaikaniii. TpaauiiiHo Tpu 3aCBOEHH1 OY/Ib-SIKOT HaB-
YaJbHOI AUCUUIUIIHYU CTY/IEHT MOBUHEH BUBYATH ii Ha JIEKIISX, JJa0OPAaTOPHUX Ta MPAKTUYHUX
3aHATTAX. AJle IpU IBOMY SIK METOAMYHHM HAOUHUI Marepial BUKOPUCTOBYIOTHCS 3€011b-
IIOT0 UIFOCTpAllil 30BHIIIHBOTO BUIJISLY, OYyJJOBH Ta KOHCTPYKIIii piI3HOMAHITHUX MEXaHI3MIB
y BUTJISAI IBOBUMIPHUX CTaTUYHUX cXeM eneMmeHTiB [2-4]. Came Bukopuctanus [IK Ta Bin-
MOBITHUX POrPaMHUX NPOAYKTIB 1 J]a€ 3MOTY BJOCKOHAJIMTH HaBYAIBbHUH Ipoliec (Ta OCBITY
3arajioMm), HaJJartouud HOMy IHTEHCUBHOCTI Ta IHTEPAKTUBHOTO 3MicTy [5-10].

BuaisienHs1 He BUpilIeHUX YaCTHH 3arajibHoOI nmpoodJemu. /i1 BAOCKOHAJICHHS HAaB4Ya-
JIBHOTO MPOLIECY HEOOX1IHO 3alpOIOHYBATH aHIMALIIiHI MOJIeN sl CTBOPEHHS MPSIMOJTIHIH-
HOTO MOCTYNAIBHOTO PyXY 3a JIOIOMOTI'OI0 IIPOLMIIHAPIB Ta THEBMOKaMep.

Merta cratTi. MeToto 1i€i poOOTH € JeMOHCTpallisl MOKIMBOCTEH aHIMAIIITHOTO MOJIEIIO-
BaHHS NPSMOJIIHIMHOTO MOCTYNAIBHOTO PyXy MEXaHI3MIB 3a JOMOMOTIOI0 TPOLMIIHIPIB Ta
ITHEBMOKaMep.

Bukaan ocHoBHOro marepiajay. Y UepHIriBCbKOMY HalllOHAJIbHOMY TEXHOJIOTIYUHOMY
yHiBepcureti (HHTY) Ha kadenpi « ABTOMOOUIbHUI TPaHCIOPT Ta Tajidy3eBe MAIIMHOOYIY-
BaHHS» JJI1 BUBYCHHS HaBYAIbHUX AuciuIIiiH «[ligiioMHO-TpaHcnopTHE 06s1aaHaHHs 1 po0o-
Ty, «Creniani3oBaHuil pyXOMHi CKJIaJl aBTOTPAHCHIOPTHUX 1 BAHTAXKHO-PO3BAHTAXKYBAJIbHUX

© ITacoB I'. B., Bemxkera B. 1., 2018
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Maiuny», «O0JaHaHHs Ta TPAHCIOPT MEXAHOCKIAalIbHUX LEexiB», «[IpoMuciosi poboTu»,
«MetanooOpoOHe 06aiHaHH», PO3pOOICHO HaBYATIBLHUM MPOAYKT: «AHIMaLisd poOOTH Tij-
POLMITIHPIB Ta MHEMOKaMep Ul CTBOPEHHS MPSAMOJIHIHHOTO MOCTYHNAIBLHOTO PyXy». AHI-
Marlis po3pobieHa juist nadopatopiid «IIpomuciaoi po6otu» 3 peanbHUMH podotamu: MII-11,
MI10I1, M20I1, PM-01 Ta «MetanooOpo6He 00aqHaHHSD.

I[1ix yac po3poOneHHs aHIMaLITHOTO MOJAETIOBaHHS TAPOLMIIIHJPIB Ta THEBMOKaMep JUis
CTBOPEHHSI MPSIMOJIIHIMHOIO MOCTYNAJIBHOTO PyXy OYy/lM BHUKOPHCTaHI CydacHl MpOTpamHi
npoayktu: «3Ds Max» ta «kKOMITAC-3Dy.

Liaponpusoa. s cTBOpEeHHS NPSIMOIHIHO-IOCTYNAILHOTO PyXy y By3/1aX Ta MEXaHi-
3Max Cy4aCHUX BEpCTaTiB, MAIIMH Ta IHIIOIO TEXHOJIOTTYHOTO 00JaHaHHS 0COOIMBO LIUPO-
KO BHUKOPHCTOBYETbHCS TifjponpuBo (puc. 1). [Ipunuun po6oTH riaponprBoay MOJsArae B Ha-
ctynHomy (puc. 1): poboua pimuHa (MacTuiio) 3 pesepByapa / MOAAETHCS HACOCOM 2 Tif
TUCKOM 4epe3 Jipocestb 3 10 30JI0THUKOBOTO KpaHa 4. 3ae’KHO BiJ] OJIO’KEHHS KpaHa MacTu-
JI0 TO/AETHCA 10 MPABOMY J Y JIIBOMY 6 MAacTHWJIONPOBOJAX Y BIAMOBIAHY MOPOXKHHUHY LM
H7pa 7 13MYIIy€e NEePEMIIIATUCS MOPILLIEHb 31 LITOKOM Ta 3B'13aHUH 13 HUMU poOOYHMil OpraH.

Puc. 1. 3D mooens cioponpusoda:
1 — pesepsyap; 2 — nacoc; 3 — dOpocensv,; 4 — kpaH; 5 — npasuii Macmuionpogoo;
6 — 18Ul MACMULONPOBOO; 7 YUNIHOD

[Ipu npsMoiHIHHOMY NOCTYNAIBHOMY NEpeMIIlieHH] 3ycHyuisi F Ha IITOLI I'APOLMIIHApPa
BU3HAYAETHCS 3a (POPMYIIOLO:

F=p-S,

Jie p — MAKCUMAJILHO JomycTHMuii THck, MIla; S — edeKTUBHA MIIOIIA TOPIIHS, MM?.

[ro cumy HEoOXiTHO 3HATH, HANIPUKIIAJA Y T1IPOMIACUIIOBAYax CaMOCKHIIB. BapitoBaHHs
3a JOTIOMOT'0I0 aHIMAIIHOTO MOJIETIOBAaHHS BEJIMYMHOIO TUCKY Ta €(PEKTHBHOIO IJIOIIEIO I10-
PILIHS J03BOJISE Bi3yai3yBaTu BUBYEHHS 0COOIMBOCTEN pOOOTH riipONpPUBOIA.

Ha puc. 2 HaBeneHO UTIOCTpALlil0 BIUIMBY MOJIOXKEHHS PO3MOJAUILYOrO KpaHa Ha MoAavdy
po0OoYOi PIIMHM Y BIIIOBIIHY HOPOKHUHY TAPOLMIIIHIIPA.
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Puc. 2. 3D mooenv pobomu po3nodinbuo2o Kpaua:
a — nodvamkoee NOJIOHCEeHHA, 6, 8 — I’lpO.MiOlCHi NOJIOMCEHHA, 2 — KiHueee NOJIOJNCEeHHA
Ha puc. 3-4 HaBeneHO MPOMDKHI MOJIOKEHHS MOPIIHS TAPOLMIIHIPA MPU IPSIMOMY Ta
3BOPOTHOMY pyXax.

Puc. 3. 3D mooenv pobomu 2iopoyuninopa npu npsamomy nepemiujerHi:
a — nodyamkoee noJl0OMNCEeHHA, 6, — npOMiOfCHe NOJIOJCEHHA, 6 — KiHl/[eBe NOJIOJCEHHA

Puc. 4. 3D mooenv pobomu 2iopoyuninopa npu 360pOMHOMY NepemiljeHHi:
a — nodyamkoee noJl0MCEeHHA, = npOMimcne NOJIOMCEHHA, 6 — KiHueee NOJIOMCEHHA

ITneBMonpuBoa. Y cyyacHMX BepcTarax Jjisl HaJaHHS poOOYMM OpraHaM MOCTYNAJIbHUX
NePEMIIIEHb TaKOX MIMPOKO 3aCTOCOBYIOTHCS THEBMONPUBOIM. JIJ1si CTBOPEHHSI BEJIMKUX TIe-
peMilleHb BUKOPUCTOBYIOTHCSI THEBMOILIMIIIHJIPHU, a JUI1 KOPOTKUX IHepeMillleHb — MTHEBMOKa-
Mepu. [THeBMokamepa (puc. 5) CKIagaeThCs 3 TAKUX CKIIAJOBUX YacTUH: MeMOpaHu [, mpy-
JKUHU 3BOPOTHOTrO pyxy 2 Ta pobodoro mopwmHs 3. Ha puc. 6 mnpeacraBieHo poOoty
ITHEBMOKAaMepH IIPpU NoJjaui B HeT CTUCHYTOTO MOBITPA.
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1 2 3

Puc. 5. 3D mooenv nnesmoxamepu:
1 — membpana; 2 — npysicuna 360pomuoco pyxy, 3 — pobouiti nopuieHs

\_\\\\\\\fu‘_\' .

Y =

Puc. 6. 3D moodenv pobomu nnegmokamepu npu npAMOoMY nepemiujeHHi:
a — nodyamkoee noJl0MCEeHHA, 5, 6 — I’lpO.MiOfCHi NOJIOMCEHHA, 2 — KiHueee NOJIOJCEHHA

Ha puc. 7 300paxeHo noBepTaHHs KaMepH 3a JOIOMOIOI0 MPYKUHHU B IMOYATKOBE I0JIO-
JKEHHsI Y pa3l BIICYTHOCTI M0J1adi CTUCHYTOI'O MOBITps. Bapirorouu BXiIHUMHU MOKa3HUKAMHU
MO’KHA aHIMAIIfHO BUBYATH pOOOTY MHEBMOKAMEPH.
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Puc. 7. 3D modenv pobomu nnesmoxkamepu npu 360pOmHOMY nepemMiljeHHi:
a — no4amkoee NOJIOJHCEeHHA, 5, 8 — npOMiOfCHi NOJIOMNCEHHA, 2 — KiHueee NOJIOJCEHHA

BucHoBku BinnmoBiaHo 10 cratTi. Po3po6ienuii nporpaMHuii npoaykT Moxe e(heKTUBHO
BUKOPHUCTOBYBATUCH Y MPOLIEC] BUBUEHHSI TakuX JUcHMILIH: «[ligiioMHO-TpancnopTHe 061a-
JHaHHSA 1 poboTH», «IIpomucinosi po6otny, «O0MagHaHHS Ta TPAHCIOPT MEXAHOCKIIAJaIbHUX
1exiBy, «MeranoobpobHe obnagHaHHs», «Creniaai30BaHui PyXOMUN CKJIaJl aBTOTPAHCIIOP-
THUX 1 BAaHT@XXHO-PO3BaHTAXKYBAJIbHUX MaluHy, «IIpoekTyBaHHs MexaHIuHUX LeXiB», «IIpo-
eKTYBaHHS Ta OCHAUIEHHs T'apakHOro rocrmoiapcrBa». Ha ocHOBI Lux po3poOOK MOKIUBO
CTBOPIOBATH aHAJIOTTYHI MPOTPaMHi aHIMAIIiHI MPOIYKTU W JUISl IHIIMX JUCUHUIUTIH: «[iqpaB-
JiKa» — poOoTa TiIpaBIIuHUX CHCTEM BepcTaTiB, aBTOMOOLIIB, «Teopid pizaHHA» — pyX 1H-
CTPYMEHTY i YTBOPIOBAHHS CTPY’KKH Ta 0araro 1HIIMX JUCLMILIIH.
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Hennadii Pasov, Volodymyr Venzhega

ANIMATION MODELING OF HYDROCYLINDERS AND PNEUMIC CAMERA
FOR ESTABLISHING A PRIMARY LINEAR MOTION

Urgency of the research. Modern education should be bright, accurate, fast and cheap. Using animated simulation al-
lows you to achieve this.

Target setting. Education is the foundation of any society. Nowadays, in the process of studying various academic disci-
plines, many sources of various information are used: textbooks, manuals, journals, the Internet. In modern conditions, the
use of electronic computers in the educational process, especially personal computers (PCs) and highly intelligent software
products opens up wide opportunities.

Actual scientific researches and issues analysis. Traditionally, when mastering any academic discipline, a student must
study it in lectures, laboratory and practical classes. However, as a rule, illustrations of the appearance, structure and con-
struction of various mechanisms in the form of two-dimensional static schemes of elements are used as a visual material. It is
the use of computers and related software products that allows us to improve the learning process (and education in gen-
eral), providing it with intensity and interactive content.

Uninvestigated parts of general matters defining. It is necessary to improve the training to offer animation models for
creating a straight forward motion using hydraulic cylinders and pneumatic chambers.

The research objective. The purpose of this work is to offer animated modeling of rectilinear translational motion using
hydraulic cylinders and pneumatic chambers.

The statement of basic materials. In Chernihiv National University of Technology (CHNUT) at the Department of Au-
tomobile Transport and Industrial Mechanical Engineering for studying such disciplines as "Lifting and transport equipment
and robots", "Specialized rolling stock of motor vehicles and loading machines", "Equipment and transport of assembly
shops", "Industrial robots", "Metalworking equipment" the following training products were developed: "Animation of the
work of hydraulic cylinders to create a straight forward motion" and "Anima the operation of pneumatic chambers to create
a straight forward movement". The animations were developed for the Industrial Robots laboratories with real robots: MP-
11, M10P, M20P, RM-01 and Metalworking Equipment.

Conclusions. The proposed software products allow you to make learning more vivid, clear and cheap. The proposed
software products have some limitations, and in particular, there is no possibility of interactive control of these mechanisms.
1t is advisable to fix this problem in future versions.

Key words: animation, modeling, hydraulic cylinder, pneumatic chamber, rectilinear, translational motion.

Fig.: 7. References: 10.
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HABAHTAKEHICTH 3YBUYACTHUX INEPEJIAY BEPTOJILOTHUX PEJIYKTOPIB
TA IX HAIIPY)KEHO-IE®OPMOBAHWMN CTAH

Axkmyanshicmes memu 0ocnioyncenua. [{ia o6rpynmosano2o 30inbuieHHs pecypcy 6epmonbOmHux peOykmopie HeoOXioHo
Mamu HAsi8HI OaHi NO HABAHMAICEHOCMI ix 3ybuacmux nepeday Ha OCHOBHUX PeJCUMAX NOTbONLY, Pe3Vibmami CMeHO08UX GU-
npobyeams, po3paxyHKie Ha MiyHICMb, BUMPUBATICMb, Hanpyiceno-Oegopmienozo cmany i m. in. Ompumani pezynomamu 0O)-
O0ymub BUKOPUCIAHT 8 NEPEGIPOYHUX PO3PAXYHKAX, GUNPOOYBAHHAX 8IONOGIOHUX Oemainell pedyKMopia 3a PisHUMU Kpumepiamu
npu nideomosyi BUCHOBKIE NPO OOYINbHICIb NPOO0BIICEHHA pecypcie mpancmicii eepmonvomie Mu-8 ma ix moougixayii.

Ilocmanogxa npodnemu. Busgnenns mooicnusocmi 36invuienis pecypcie 3y6uacmux nepedai 201061020, NPOMINHCHOZSO i
X80cmogozo pedykmopie epmonvomie Mu-8 ma ix mooughixayii.

Amnaniz ocmannix 0ocnidxcens i nyonikauiin. Y paniwie npogedeHux 00CaiOHCeHHAX 0aHa OYIHKA HABAHMAICEHOCMI ma
Hanpysiceno-0eghopmosarnozo cmany 3youacmux nepedai 8 OCHOBHOMY 0151 OOHONAPHO20 3a4enienHs 3y04acmux KoJic.

Buoinenns nedocnioyncenux uwacmun 3azansnoi npoonemu. Cneyughixa pobomu 3y6uacmux nepeoay 8epmonibOmMHUX
PEOYKMOopie noia2ac 8 ypaxye8auHi peanibHoi 6a2amonapHoCcmi 3a4eniients, Xapakmeproi 0is agiayiiHux nepeoad.

Mema cmammi. Posenanymu Hasasui 0ani no cmamuiHux ma OUHAMIYHUX HABAHMAICEHHAX ) 30Hi OAAMONAPHO20 3aHenIeHHS..

Buknao ocnosnozo mamepiany. Posensnymi nasanmagicenicms 8UCOKOUBUOKICHUX 3yOuacmux nepedayd pedyKmopie Ha
3ATMHOMY | KpellcepCbKoMy PedcumMax eKChayamayii, cmamudHuil po3nooil HAGaHMadiCeHHs Midic 3yoysamu 6 301l bazamona-
PHO2CO 3a4enjlenHsl, ()MHLZ.MZHHZ HABAHMADICEHHS 8 3AUEeNICHHI 3y61mcmux Koiic.

Bucnogxu 6ionogiono 0o cmammi. Haiibinow nebesneunum ons pobomu 3y64acmoeo Ginys € Kpaukosuii KOHMakm Ha
6x00i 6 3auenienns i 6uxooi 3 Hb020, 0e MAarMb Micye MAKCUMANbHI KOHMAKMHI HANPYICEHH.

Kniouosi cnosa: 3y6uacmi nepedaui, HABAHMAdICEHICMb, CMAMUYHI MA OUHAMIYHI HABGAHMADICEHHA, HANPYICEHO-
Odegpopmosanuii cman.

Puc.: 9. bion.: 8.

AKTyaJIbHICTb TeMH J0CJIi/zKeHHsl. JOBrOBIYHICT 3y0uacTux nepeaay 3Ae0UIbIIOro 3a-
JISKUTh B PEKHUMIB 1X HABAHTAXKEHHS I Yac EKCIUTyaTallil, a TaKoX KOHCTPYKTHBHO-
TEXHOJIOTTYHUX (pakTopiB. BupimansHuil BIUIMB Ha (OPMYBAHHS PO3NOJLUTY HABAaHTAKEHHS B
nepeaayi 3AIMCHIOIOTh MIPOTUHU 3YOL1iB, HEOIHAKOBI MO MUPUHI 3yduacToro BiHis. CkiagHuit
Hanpy>keHo-1eOPMOBaHM CTaH 3y0a CHpUYHMHSE TPYIHOIIl y BpaxyBaHHI MOJATIMBOCTI Ha
3TUH 3yOIIIB IMiJ] 4aC BU3HAYEHHS MUTOMOTO HABAHTAKEHHS 10 JOBXKHHI KOHTAKTHOT JIHII.

B aepokocMiuHOMY i BiiICbKOBOMY 3aCTOCYBaHHI, JIe Bara BIAIrpa€ OJHY 3 TOJIOBHUX PO-
neit [1], cuctemu 3youacTux mnepeaad MpoeKTYIOThCS 32 YMOB, 0 CYTTEBO IMO3HAYAIOTHCS Ha
ix noBroBiuHocTi. KpiM Toro, 3y04acTi nepeaadi iHO1 MPOEKTYIOTh, 3aCTOCOBYIOUM CTaTHY-
Hui a”ani3. [IpoTe KoM BOHM MPAIlIOIOTh HAa BEJIMKUX YacTOTaX oO0epTaHHs, Tpeba BpaxoBy-
BaTHU JIeKUIbKa (haKTOPIB, IO KapJIMHAIBHO BIUIMBAIOTH Ha iX BUKOHAHHA. Lle *KOpCTKiCTh Ba-
JIB HAa KPY4YCHHs, HaBaHTaXeHHd 1 naedopmanii 3y04acTUX KOJIC, IMOXHUOKM KpPOKIB
3ayerieHHs 1 npo@utiB 3yOLiB, YacTOTH 00epTaHHs, Macl i MOMEHTHU 1HepLii 3y04acTux Ko-
JIiC Ta BaJliB, MACH Ta MOMEHTH IHEPIIil BelyurX 1 BEJICHUX JIeTalIell Ta BY3JIIB.

Jlnist 0OrpyHTOBAHOTO 30UIBIIEHHS PECYPCY BEPTOJBLOTHUX PEAYKTOPIB [2] HEOOX1IHO Ma-
TH HasBHI JJaH1 [10/I0 HABAHTAXEHOCTI 1X 3y04acTHX Mepeaady Ha OCHOBHUX PEKUMAX IMOJIbO-
Ty, pe3yJIbTaTH CTEHJOBHX BHUIIPOOYBaHb, PO3PaXyHKIB Ha MILHICTb, BUTPUBAJIICTh, HAIpPY-
XKeHO-/1e(OopMiBHUIM cTaH 1 T. 1H. OTpuMaHi pe3yabraTi OyyTh BUKOPHCTaHI B EPEBIPOUHUX
po3paxyHKax, BUNPOOYBAaHHAX BIAMOBIAHUX JETajel pPeayKTOpIB 3a PI3HUMHU KpUTEPIIMH 1
MIATOTOBLI BUCHOBKIB PO AOLUIBHICTb MPOJIOBKEHHS PECYPCIB TPAHCMICIH BepTOIBOTIB M-
8 Ta ix MmoaudiKarlii.

IlocTanoBka npodJieMu. BusiBieHHsT MOXKIMBOCTI 30UTbIIIEHHS PECYpCiB 3y04acTUX mepe-
J1ay TOJIOBHOT'O, MPOMDXHOT'O Ta XBOCTOBOT'O PEAYKTOPIB BEPTONILOTIB Mu-8 Ta iX Moaudikarii.

AHaJI3 OCTaHHIX AOCTiIKeHb i myOjikamiii. Y OUIBIIOCTI paHillle MPOBEACHUX AOCHTI-
JUKEHb JIaHa OLIIHKA HABAaHTaKEHOCTI Ta HANPYKEHO-Ie(pOPMOBAHOTO CTaHy 3y04acTUX Tepe-
Jla4 B OCHOBHOMY JIJIsl OJHOTIAPHOTO 3a4YETUICHHS 3y0UacThX KOJic.

Buainenns HeqocaiIzkeHMX paHille 4acTHH 3arajbHoi mpodiemu. Crnenudika podoTu
3yOuacTux nepefad BepTOJILOTHUX PEAYKTOPIB MOJIATaE B ypaxyBaHHI pealibHOi Oaratomap-
HOCTI 3aUeIUICHHS, XapaKTepPHO1 JJIs aBialliiHUX repeaay.

© MIanosaino O. JI., Konecuuk 1. M., ITumumnenko O. 1., 2018
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Merta crarTi. PO3risiHyTH HasiBHI JJaH1 [0 CTaTMYHHUX Ta AWHAMIYHUX HABAaHTAKEHHSX Y
30H1 6araTonapHoOro 3a4eruieHHs.
Buknan ocHoBHOro marepiany. HaBanraskeHicTh 3y0uacTux nepeaad peayKTopis.
3a yMmoBaMHU poOOTH BEPTOJIbOTA MOXKYTh OyTH peasi3oBaHi JjBl CUTYyallii 3arajibHOr0 eKc-
TUTyaTaI[lfHOTO HABaHTAXXEHHS BEPTOJIBOTHUX cucTeM (puc. 1) [3].

a

Gt K= it

7 e s I e (s e . e A i AL

A

O auit GNoK Marpy#ems

£ 5 L s Crrrr . L

a

=y

Quaun DK HAIPYKEHUN

Puc. 1. Cxema 060x O10Ki6 YUKNIUHO20 HABAHMAICEHHS 6EPMONLOMA
npu 080X 8apianmax 1020 pooomu:
a) nepese3enHs 8aHMaAXCy 3 NOCAOKoIO i 6) 6e3 nocaoKu

B oHOMY BUIaaKy BEPTOIBOT MEPEIIITAE 3 BAHTAXKEM 1 IOBEPTAETbCA O€3 HbOTO, HE 31I1M-
CHIOIOYM MOCAJIKH MIC/Isl 3BUIBHEHHS BiJl BaHTaXy. B 1HIIOMY BHUNajKy Mae MicLe MepesiT 3
BaHTa)XE€M, B OJJTHOMY Ta IHIIOMY HamlpsMKY 31 3BUIbHEHHSIM BiJl HBOTO IiJ] Yac MOCAIKH BEp-
tosiboTa. OOU/BI cUTYaLlli MalOTh CBOT 0COOIMBOCTI MOIIKOPKYBAaHOCT1 MaTepialy 3y04acTux
KOJTIC 32 TIOBHUM IIMKJI HABAHTAXKEHHS.

Oco6a1BoCTI pOOOTH PELYKTOPIB 1 Pi3HI YMOBU HaBaHTAKEHHS 3yOUacTHUX KOJIC 3a MOJIT
HE JI03BOJISIIOTh OJHO3HAYHO BUSIBIIATH JOMIHYIOUMM MK HAaBAHTaKEHHS JUIl BU3HAYEHHS pe-
CYpCy 3a KpUTEpieEM HEAOMYILEHHs iX pyHHYBaHHS, IO MPHU3BOJUTH IO BTPATH KEPOBAHOCTI
BEPTOJILOTOM Y NOJbOTL. OTpuMyBaHa iH(opMallis PO yMOBH HaBaHTaKEHHS 3y04acTHX KOJIIC
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I1]1 YaC BUHUKAIOUMX eKCIUTyaTalli{HUX pyHHYBaHb JJa€ 3MOT'y BCTAHOBHUTH €KBIBAJICHTH pyHHI-
BHOI Jii HaBaHTa)KeHb MiJ Yac poOOTH BepTosboTa. Ll iHpopmaris HeoOXigHa He TUIbKU IS
eKCIEePTHUX JOCIKEHb NPUUMH PYHHYBaHHS 3y0O4acTUX KOJIIC, aHaJli3y 3aKOHOMIPHOCTEH iX
HABaHTA)XEHHs B MOJIbOTI, ajleé BOHA MOKe OyTH BUKOpPUCTaHA TAaKOX IIiJ Yyac BUPILICHHS M-
TaHHs 1IPO IPOJIOBKEHHS TEPMiHY iX ciIyk06u micns Hanparroparns 10°-10'0 muxois.

Ha xopmyci rosioBHOro peaykropa 3aMHUKalOThCs MPHUKIAZACH] 10 BEPTOJHOTA 30BHIMIHI
HaBaHTAXKEHHsI, TOOTO cuiM i MOMeHTH. HaBaHTaXeHICTh MOKHA BUPA3UTH uepe3 0e3po3mip-

HUW mapamerp = TO , Je C — muromMa >OpPCTKICTh 3yOIIB B TOYIl KOHTAKTY;
b

A, =+ Ap;, +Ap;, — HaiibiIbIIA HIMOBIpHA PI3HMII OCHOBHMX KPOKiB; F, — HOpPMAJbHE 10

npouUIt0 HaBaHTAXKEHHsI 0e3 BpaxyBaHHs JUHAMIYHOTO mijacuieHHs [1].

Haiimenina nHaBaHTaxeHICTh (HaOUIbIIIE 3HAUYEHHS |/ ) THUIIOBA JJS BUCOKOIIBHJKICHUX
3yO4acTuX nepeiady peayKTopiB TYpOOBEHTHIIITOPHUX JBUIYHIB Ta MEPIIMX CTYIEHIB I'OJIOB-
HHUX PEIyKTOPIB BEPTOJIBLOTIB, IO BiANPaIboBYIOTh 3a pecype 10° — 10'° nuxinip HaBanTaxkeHnb
IpU KOJOBUX WBUAKOCTAX v =40-90 m/c. HaiiGinblia HaBaHTaXEHICTh (HaliMeHIle 3HaYeHHS
¥ ) XapakTepHa Juls 3yOuacTHX repeaay OCTaHHIX CTYIEHIB PEIYKTOPIB BEPTOJIBbOTIB.

Ha puc. 2 nokasani 3MiHU cepeHIX 3HaYeHb MMapaMmeTpa ¥ ¢p A 3yOuacTux nepeaad pe-
JTYKTOPIB BEPTOJILOTIB MIPH PI3HUX PEKUMaAX €KCIUTyaTallii.

P ' | | Ll | .
|! 1 -"J hl'_'|! i L T
st L L R e
: [~ 43 pazda ||
ﬂ f II i _.- J"‘r-“l I L"'" !I-.ﬁll—_ “ﬁthE:IE— !—--"_-I—A_ L -
mifin il -
H " ! |
ST T (Te (515 7 g || o] w |#|ells
For - = T e

Puc. 2. 3minu napamempa v o, 0ns 3y6uacmux nepeday pedyKmopie 6epmonbomia Ha 31im-
HOMY (——) i KpelicepcbKomy (- - -) pedcumax excniyamayii

HaBanTa)keHiCTh MOKHA BUPA3UTHU 1 yepe3 KoediieHT Ky, 1110 Mae pO3MIPHICTb HAIpy-
*eHb [1]:

2T, 1+u
0 = 2 H
d.b u
ne T, — HoOMIHaJIbHUIA KPYTHUM MOMEHT; d , — llaMeTp IOYaTKOBOIO Kojia; b — IMpuHa 3yodac-
. 22 . .
TOIrO BIHIA, U# =— — M[CPEAATOUYHEC YUCIIO (HJ'IIOC — JIA Iepeaad 30BHIIIHBOI'O 3a4CIICHHA, M1-
z
1

HYC — JUISl BHYTPIIIHBOTI'0); /I 3aCTOCOBYBAHUX aBlalliiiHUX 3yOuacTux nepenay 30 < K, <80.

CraTu4HUI po3MOAiT HABAHTAKEHHS Mixk 3yOusiMu. Po3rinsHeMO cTaTUYHUNA PO3MOALT
HABAaHTAXKEHHsI B 30H1 ABOMAPHOTO 3a4eIICHHS, KOJH KOe(]ILi€HT TOPLIEBOTO MEPEKPUTTS Jie-

#UTh y Mexax 1,0 <¢g  <2,0[4]. Ilapu 3y6uis, mo Hayrs no3any i nonepeay, HaBaHTAXKEH1

BignoBigHO cwiamu F; 1 Fj. Toal HOMIHanbHE HOpPMalbHE TIOTOHHE HABAaHTAXKECHHS

F, =F +F, = %H/MM. Ockutbku npyxHa aepopmartis 3youis o = F/C, ne C — xop-

b
CTKICTh CHPSDKEHUX 3YOIlIB Y JesiKii KOHTAKTHIN TOYIIl, TO, OEpydH 10 yBard yMOBY CyMiCHO-
cTi nedopmariiiid, 6yaemMo MaTu:
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C
F, =(F, +A,C, )—1—;
1 (b 0 [I)C[+CH (1)
C
F,=(F,-A,C,)—*“—,
1 (b 0 I)C[+CH

e A, =.4/f prl + pzbz — HaiOLIbIIa HIMOBIPHA PI3HULIL OCHOBHUX KPOKIB, ipu4omy f,, ,— ab-
COJIIOTHE 3HAYEHHS TPAaHUYHOT'O BIIXMJICHHSI OCHOBHOTO KPOKY Y ILIECTEpHI ] 1 KoJieca 2».
Sxwo npyxHa nedopmarist 3youis 6 > A,, To BIIOyBa€ThCSI PO3MNOAUT 3YCUIIS MK ABOMA
napami 3yOLiB, SIKIIO K O < A, , TO IpaLO€ OJHa I1apa 3yOLB 1 HEPEKPUTTS BIACYTHE.

Skmo B mepmwioMy — HAONMXKEHHI  NPUHHATH C,=12,5-10°H / mm*, a
C, =16,5-10° H/ mm* [2], To (1) HaOyne BUrISY:

F,=043(1+y,)F,; F,=051(1-y )F,, ne w, =C,A,/F,; v, =CA,/F,~ 6es
PO3MIpHI MapaMeTpH, IO XapaKTepU3yIOTh HABAHTAXXEHICTh 3yOuacToi mepedayl mix dvac
KpalKoBOro i cepelMHHOro KOHTaKTy BimmoBinHo. Kpim TOro, cmig BpaxoByBaTH, IO
78 =(CH/C,)1//CP abo v, =13y, .

ABiariifHi 3y04acTi mepenavi € «TOYHUMH M1 HaBAaHTXKEHHAMY» (CTaTUCTHYHA KaTero-

pist). s HUX XapaKTepHUN PO3IMOJUT HABAHTAXKEHHS MDK CIPSDKEHUMH MapaMu 3yOIiB, 110
MO’KHA BUPA3UTH YMOBOIKO ¥/, <1.

Posrnsinemo nepeaayy, KoJid B 3a4€IUIEHHI OJTHOYACHO 3HAXOAATHCS TpU mapu 3youis 7, I/
1111, T006TO KOJIM KOEPILIEHT TOPLEBOr0 MEPEKPUTTS JISKUTh y Mexkax 2,0 < &, < 3,0 (puc. 3).
[Ipu cknananHi yMOB CyMICHOCTI Jiepopmaliiii OCHOBHUI KPOK, HAPUKIIal, MK 3yOLsIMU
Ii1l mectepHi p,,, NOPIBHIOE OCHOBHOMY KPOKY p),, MK THMHM % 3yOusmu / i II Ha KoJieci.
3 kapTuHU Aedopmalliii BUTLIUBAE, 110
A . - . — . —
Pyt = Py +511 _5111 > Pro1 = Ppo "‘5112 _512 ; O, = 511 +512 ; Oy = 5111 +5112-

Toni mic/s nepeTBOpeHs, npuitMaoun, mo A, =(A,),_, = Py — Ppy1» OTPAMAEMO

1-11

5, =6, +A,. (2)
Awuanoriuso s 3youis II-111 , npuiimatoun A, = (A,) o = Prar = Ppin» MAEMO
Oy =0y +A,. 3)

I[Hf[ BHU3HAQUCHHS CTATHUYHUX HABAHTAXXCHDb Ha CHp&I)KCHi 3Y6H1 J04aTKOBO 3aIIUIIIEMO:
Fb =F1 +FH +F[u; F[ =C151; F11 =(:11511; F111 =(:1115111- 4)

I3 cymicHoro piteHHs piBHsAHB (2) — (4) oTpuMaemMo:

2 T
F, = Cl 000 1 +(Cu + 2C111 )Ao 5
C,+C,+Cy dblb
C 20007,
)/ ! -+ (CIU _CI )Ao 5 %)
C,+C,+Cy| dyb
C 20007
Fy = : 1 _(Cu +2Cl )Ao .
C,+C,+Cy dblb
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Po11=Pyzs, Po12=Po22

— _f.llfr

{, ZVZ- Eg=< Z,U
Po2g ¥ P ' P
e e TN Sk %
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|fz // ?Ez/} V " Ex> 2,0
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Puc. 3. Egonveenmue 3auennients 3youacmux Koaic:

a—npu s, >2,0; 6—deopmayis wecmephi z;; 6 — Oepopmayis Koneca zz;

2 —cxemu OeonapHozo 3a4enjiennsa npu &g < 2,0 ma Eq > 2,0 i mMpbOXNAaApHO20 3a4enjeHHA npu Eq > 2,0

VY po3paxyHKax Ha MIIHICTh HaBaHTAXEHHS, 1110 MPUIIAJa€ Ha OJHY mapy 3yOriB B Oararomna-
PHOMY KOHTAKTi, BPAXOBYETbCs KOC(DILIEHTOM CTaTUCTUYHOTO posnoiny sycunb K, = F,/ F,,

ne F; — HaBaHTa)KeHHSI, 1110 MepeIaeThes j Maporo 3yOIiB 1 Bu3HavyaeThes 3 (1) ado (5), H/mm.
JlnHaMiuHi HABAHTAKEHHS B 3a4ellJICHHI eBOJIbBEHTHHUX 3y0YacTHUX KoJIic. 3auerieH-
HS 3y0UYacTUX KOJIIC Y PEAYKTOPaxX 1 TPAHCMICISAX CIIPUYUHSIOTH 30ypeHHS TUHAMIYHUX HaBa-
HTa)XCHb 1 BUCOKOYACTOTHHX BiOpariii. Ha puc. 4 mpencraBieHi AuHaMiKa 1 CXeMH pyxXy 3y0-
I[iB Il 4ac BXOJYy B 3aueIUICHHsS 1 BUXOXy 3 Hboro [4; 5]. Haiibinemn HeOe3meuHuM Jist
po6oTH 3y04acTOTO BIiHIIA € KPAalKOBUI KOHTAKT Ha BXOJi B 3a4erieHHs /, 2 1 BUXO/Il 3 HhOTO
3, 4. JlocBin CBIAYMTD, IO B IIUX TOYKAX MAIOTh MiClle MAaKCUMaJIbHI KOHTaKTHI HAIPY>KEHHS.
JInHaMIuH1 HAaBaHTAXXEHHS i Yac BXOAY B 3a4EIJICHHS 1 BUXOIY 3 HbOTO OOUYHUCIIOIOTH
OKpEeMO JUIs TOUHUX 1 HETOYHHX 1]l HABAaHTAXKEHHSIM 3yOuacTUX Iepeaad, IpuiaomMy nepeaadi
3 2,0< ¢, <3,0 po3rasnaroThes TUIBKU SIK TOYHI IiJi HABAHTAXXCHHSAM, TOMY L0 B IHIIOMY

BUIIAJIKY iX 3aCTOCYBAaHHS HEIOIUIbHE.
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_ 60
r=a

Puc. 4. Pyx 3y6yig y 3auenienti:
1, 2 — nio uac 6xody 6 3auennients, 3, 4 — nio uac 6uxody 3 3auenyients
JIMHaMI4HUH MpoIiec 3a4eTUICHHS PO3TIIAAA€THCS 3 TAKUMU MPUITYILEHHAMH [6; 7].
1. [ToxuOKu 3a4erieHHs] 3yMOBITIOIOTHCS TUTBKH MOXUOKaMU OCHOBHOTO KPOKY.
2. KosxHe mepecnpsuKeHHS 3yOLiB PO3TIISIAEThCS SIK TMHAMIYHO 130JIbOBAHE SIBUIIE 3 Ta-
KHMH NT0YaTKOBUMH YMOBAMH:

cr. _ §CT. _ §CT. _ ) _
51 (0) = 51 s 51] (0) - 51[ s 51[1 (0) - 51[1 s a)l (0) - a)lCP s a)Z (0) - a)ZCP 2 (6)
ne 6,8, ; 6, — crarmuni aepopmauii 3yOLiB; @, — KyTOBi IIBHAKOCTi KOIIC,
paw/c; w,,, — ix cepenni 3navenns; 1, 11, 111 — inpexcu nap 3y0uis, 1o nepedyBaroTh y 3aue-

IUIEHHI, Y MOCIIIIOBHOCTI, OOEpHEHIN 10 BXOY B 3aUCIUICHHS.

3. KonTakT 3yO1iB BitOyBa€ThCcs JAOCTATHHO OJM3BKO Bij JIiHII 3aY€IUICHHS, IPU LIOMY
paziycu KpUBU3HU €BOJIBBEHT HA JUIBHUIIAX IEPECTIPSHKEHHS HE 3MIHIOIOTHCS.

4. XopcTkicTs apu 3yOIiB y KOKHIH (a3i 3aueruieHHs € BEIMYUHOIO TOCTIHHOIO.

JluHaMiuHUH mpoliec y 3a4erIeHHI MOYKHA ONMCATH TAKUMU PIBHSIHHIMH.

1. IudepenuiiiHi piBHAHHS pyXy 3y0O4acTHX KOJIC B 3arajibHOMY BHUITaKy OaraTormapHoro
KOHTAKTy MalOTh BUTJISI:

dw
J\ 1 :Tl_Flrn_F11r111_'-~_F/r_/1;
dow,

J, ” =T, +Firy +Fyry, +..+ Firjy,

ne Ji2 — MOMEHTH IHEpLii KOJIC pa3oM 13 KOPCTKO IOB’S3aHUMHU 3 HUMH JICTaJISIMHU,
H-c*/m*; Tis — BelMYMHU KPYTHMX MOMEHTIB Ha BEy4OMYy i BeIEHOMY KOJIeCax BifloOBiz-
HO, H - m; F; —3ycuiuid B 3auerieHHi j-oi mapu 3youis, H/m; 7> — paaiycu aii 3ycuib Fj, M.
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2. PiBHSHHS CyMICHOTO pyXy 3yO4acTux KoJiic 0e3 BpaxyBaHHs BIUIMBY Jedopmariii 000-
71a, OTIOP 1 BaJIiB Ha MEPEMIIIeHHSI TOUOK KOHTAKTY:

) _ds, .
o, — Wy, = Pt (8)

lpu &, <0 BinOyBaeTbest 30avKeHHs 3yOLiB; ipu &, >0 —npyxHa nepopmaltis.

3. dedopmartist mapu 3yOLiB & TpOMOpIliiiHA MPUKIAACHINA CHITi

r C,0, npud, >0 (npyofCHa deqbopmaui;z); 9
70 npu d; <0 (3azop). ©
XapakTep IMHAMIYHUX HaBaHTaKEHb 3aJI€KUTh BiJl CIIBBITHOLICHHS MK IEpioJIOM BIac-
HUX KonuBanb T, TepiooM mepecnpsxeHHs 3youis 7T- i yacom T peaji3allii HOYAaTKOBOIO
nepioay ix nepecnpsKeHHs.
Ipu T < T" BinOyBaeThcs 3aracaHHs BIACHUX KOIMBAHb JI0 BXOKEHHs 3yOlliB y HACTYII-
Hy (a3y 3aueruieHHs. [Ipy 1boMy KOKHE TepecTIpsKEHHST MOKHA PO3IIIAIATH SK 130JIbOBAHHM
OUHAMIYHUN Tporiec. Jlo mbOoro BUMAAKY MOYKHA BITHECTH 3 JIEIKUM HAOIMKEHHSM CIIBBiM-
Homenus T~ < T << T, o HaiGUIbII XapaKTepHe I GIIbIIOCTi 3y0YacTHX Mepead.
Yacrora i nmepio BIaCHUX KOJMBaHb PO3PaXOBYIOTHCS 32 (POPMYIIOL0:
1

1 3 103
=—=—_[—=10", 10
4 T 2z \M, (10)

Jie HaBeJIeHa Maca KOJIIC Y BUTJISAII IUCKIB

2 2
7y, d,u

M (11)

B 8cos* aw(yl /1y, +u2)’

ne y,, — MHTOMa I'yCTHHA MaTepialiB KOJIicC, KI/M>; ¢, — CyMapHa KOPCTKICTh 3a4eIlyIeH-

3%
Hs1, H/Mm>.

[Tpu oMy MPUTTYCKAETHCS, IIO:

a) y 3aderuieHHi nepedyBaroth N abo N-1 map 3y0miB, ge N=2 ... 3 — HaliOuIbIIa KUTBKICTh
nap 3yOLiB y 3a4€IUIeHH] AJIs IbOTO KOe]illeHTa TOPLEBOTO NEPEKPUTTS &, ;

0) KOHTaKT Bi10yBa€ThC M0 JIHIT 3a4eIUICHHS;

B) CTaTHYH1 HABAaHTAXKEHHS Ha 3yOIX JOCTATHI AJIs 3aM00iranHs iX po3TUCKAHHIO.

ITpu 7, cymipHoMy 3 4acoM ()a30BOTO 3a4CIJICHHS, MOKHA MPUHHATH CyMapHY *KOPCT-
KICTb C PIBHOIO CyMIi KOPCTKOCTEH map 3yOLiB, 110 OepyThb ydacTb y Lii (a3l KOHTaKTY.
[Ipu BenMKUX MIBUAKOCTSX, KOJIM MEPIOJ BIACHUX KOJIHMBAHb MOXKE OXOIMUTH JCKLIbKa Mepec-
MPsHKEHb, YaCTOTA BIIACHUX KOJUBAHb BUHAYAETHCS CEPETHBOIO )KOPCTKICTIO 3a4eTIIICHHS

Czs =Ccpz = Cpx [ga _(N_l)]-i_c(Nfl)Z(N_ga)’ (12)
€ Cyy 1C(y_ )y — CYMapHI XOPCTKOCTI 3a4CILICHHS B KOXHIH 3 #0T0 IBOX (as.

[1ix yac KOHTAKTy Ha BXO/Ii B 3auUeIIeHHs (KpallKOBUI KOHTAKT) TOYHICTh Mepeaadi xapa-
KTEPU3YETHCS TapaMeTPOM

i =2 (13)
KP 5KPZ
Hedopmaris 3y6uis, mo Wayrs nonepeny, as nepenad 3 €, < 2,0 ZOpIBHIOE
F,
Oups = C_b ) (14)

3

a uia nepenay, komu 2,0 < g, < 3,0, 3 ypaxyBaHHSIM 3HaKy IOXUOKH,
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|A0|(c5 +Cs)_Ao(Cs _03) 1
+
2 e+,

Owps =| F) (15)

ne iHgekeu 1, 2, ..., 5 BIANMOBIIAIOTE TOUKAM nepecnpsbkeHHs (puc. 3, 2). Ockiibku J01aTHA
BelIW4YMHA A, 30UIbIIy€E O,y , TOMY I YaCc PO3paxyHKy AMHAMIYHUX HAaBaHTAXXEHb NpuUil-
MmaroTh A,> 0.

[1in yac KOHTaKTy Ha BUXO/I 3 3aueIUICHHS (CepeIMHHUI KOHTAKT) HA TUHAMIYHE HaBaH-
Ta)KE€HHsI OUIbLINH BIUIMB CIIPABIIS€ BiJ'€MHA BEJIMYMHA NOXUOKH OCHOBHUX KpOKiB A < 0, 1

TO,Z[i TOYHICTh nepe;[aqi BHU3HAYAECTHCA MMapaMETpOM

Wy = |A0| (16)
cP = )
5CPZ
F, F,+|A,l)c
ne uts nepeniad 3 &, < 2,0 Oop =2, a g nepenau 3 2,0< &, <3,0 S.py = w.
c, ¢, +¢q
Ay + s >0. (17)

Touni mig HaBaHTaXXKEHHSIM Iepeiaydl XapaKTepU3yIOThCSI BETUYHHOKO Y/ p < 1.

JIuHaMIuH1 HaBaHTAKEHHs HAa BXO/1 3yOLliB Y 3a4eIUICeHHS] BUHUKAIOTh BHACIIIOK Kpaiiko-
BOTO yZ1apy CIIPUYMHEHOT0 NOXHOKOI0 3auerieHHs (puc. 5) [8]

Ay +3,ps >0. (18)

Puc. 5. Kpaiixoesutii yoap

V CUIIOBHX Tepeayax 3a3BUuail Oy > |A0|. Tomy kpaiikoBuil yaap BiiOyBa€eThCs 3aBXKIU

1, yuM OulblIe A, TUM CyTTeBilIe MOXUOKa IIPU BXOJ1 B 3a4eIUIeHHs. B aBialiifHuX BUCOKOHA-

NpY>KEHUX TOUYHHUX Iepeiayax MOXUOKM OCHOBHHUX KPOKIB y JAEKUIbKa pa3iB MeHIIe aedopmartii
3yOI1iB, SIKa BUIIrpae roJIOBHY poJib y AMHaMILI repeaadi. 30UTbIIeHHs Yucia 3yOIliB, 1110 nepe-
OyBaroTh y 3a4eIlIeHH], MBUILYE )KOPCTKICTh 3a4EIUICHHS, 3HUXKY€E HOro MmoxuoKy i 3MeHIIye
JIMHAMIYH1 HaBaHTaXXeHHs. [/ 3MEHIIeHHs BEIWYMHU JAWHAMIYHUX HaBAaHTA)XEHb Ha BXOJl B
3ayeruieHHs npoduri 3yOLiB miIar0Th Mo diKallii, mapaMeTpH SKOi 3ajexaThb BiJl YMOB HaBa-
HTa)KeHHs1, TOYHOCT1 BUTOTOBJICHHS 1 apaMeTpiB 3y0uacToi nepeaadi.

3Bakalo4M Ha Te, IO M Yac KPalKOBOTO KOHTAKTY pealli3yeThcsi MaKCUMaJIbHe 3HAUYCHHS
JMHAMIYHOTO HAaBaHTAXXCHHSI, 3QJICKHICTD JUIsI MAaKCUMaIbHUX KOe(illi€eHTIB TUHAMIYHOTO Ha-
BAHTAXXCHHS Ma€ BUTIIA [7]:
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Cl
I+—v npu 0=<v, <L
Ck
Kpyxp = (19)
G
1+— npu Ve 21,
Cx
AC Vip =2/(§KPﬂKP); Ckp =NCws/Cx s Prp = 27[(TKP/T);
Cyx — CyMapHa *OPCTKICTb 3a4eIUICHHS M1l 4ac KPalKoBOro KOHTAaKTY:
Cys =C teympue, <201icy =c, +c;+c,npu20<eg, <3,0;
Cxp — CyMapHa JKOPCTKICTb 3a4eIUIeHHs Yy (asi, 110 nepeayBaga KpalKoBOMY KOHTAKTY:
s 1,0<e, <2,0 cpp =cy; g 20<¢, <3,0 ¢y =c; +c5 (puc. 3, 2).

Pucynox 6 u1OCTpy€e pe3ysibTaTH MOJICNIOBAHHS 32 JOMOMOTOI0 METOAY CKIHUEHHX elle-
MEHTIB KOPCTKOCTI 3a4eIUICHHS 3y04YacToi napu 3 KoeQilieHTOM MEePEeKPUTTA € < 2 1 BUCOKHM
KOe(QIIIEHTOM MEPEKPUTTS € > 2 3 aHAIOTIYHUMU napameTpamu npodins 3yoris. Ha pezona-
HCHHX peXuMax poOoTH 3yO4acToi mepeaadi AMHAMIYHI HABaHTaKEHHS 3pOCTalOTh y 2+4 pa-

34, @ poOoTa mepenavi Moke CypoBOUKYBAaTHCh PO3MUKAHHAM 3yOLiB (puc. 6) [4; 8].
7.00E+02

HCR (nepepaym c e>2)

AsynapHbiit KOHTAKT p

6,00E+02 \ el

§ So00e-02
§
N
L acoeo |
5 4
E 3006 | - : .
J

E OAHONBPHDIR KOHTAKT / ' nepeaawm ¢ e<2
8 200602
z
Q
@
ES

1,006+02 |

0,00E+00 |

0 100 200 300 400 500 600 200 800 900 1000

Puc. 6. Kopcmrxocmi 3auennenus npu pizHux Koegiyienmax nepekpummsi

Ha puc. 7 [1] npencrapiieHi 3a1€KHOCTI MAaKCUMAJIbHUX 3HA4YE€Hb KOCQIIIEHTIB TUHAMIY-
HOT'O HABAHTAXKCHHS BII @, = arctg(l/ p KP) IPU Pi3HUX 3HAYEHHSAX KOE(DII[IEHTIB TOPIIEBOTO

HEPEKPUTTS &, .

[TopiBHSAHHS I'paHUYHUX KOE(DIIEHTIB AMHAMIYHOTO HaBaHTAKEHHS CBIAYUTH MPO T€, L0
B 3yOuacTux nepefauax 3 2,05 < &, < 3,0 BoHM miJ 4ac KpaifkoBOro KOHTaKTY BJBIYl MEHIIII.
3ayBa)xHMO, 110 TPAHUYHA BEIMYMHA KOC(DII[IEHTa JUHAMIYHOTO HABAaHTAXKEHHSI IPU V,, > 1

3aJIeXKUTh BiJ CHIBBIIHOIIEHHS )KOPCTKOCTEH ¢, /¢ .
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Puc. 7. 3anesicnicmo koegiyiecnma OUHAMIYHO20 HABAHMANCEHHS NIO YAC 8X00Y 8 3AUeNIeHH s

[Ipn y,, >1 3yOuacTa nepenaya € HETOYHOIO il HABAHTAXKEHHSM 1 Ul BU3HAYCHHS [~
HAMIYHUX HABaHTAXKCHb BUKOPUCTOBYIOTBHCA TaKi 3aJICKHOCTI:
1+ (c, /ey +Wep —1)WVpp npu 0< v, <1;
Kpyrp = (20)
' /ey~ >1
Cle=Vep npuvgp = 1.

KoeditieHT qMHAMIYHOTO HABAaHTAXEHHS B IHIIKUX TOYKAaX KOHTAKTy BU3HAYAETHCA 3 ypa-
XYBaHHSM 3MIHHU KOPCTKOCTI Iapu 3yOIIiB:

K, kpi :(ci/cl)KFvKP' (21)

V Bunaaky KpallkoBOro yaapy B CTATUYHO MaJOHABAHTA)KEHUX, HCHABAHTAXXEHUX 1 HETOU-

HHX nepefadax (., >>1), koma F, << c,A,, IMHaMI4Hl HABaHTa)KCHHS BU3HAYalOThCS TaK,
Ak 11pu Fp = 0. [Ipu npoMy MakcuMallbHe 3HaYE€HHsI AUHAMIYHOTO HABAHTA)KEHHS CTAHOBUTD:

Fp=cA Ky, (22)

ne Key — KoeQIlieHT TOM SKIIeHHs JUHAMIYHOTO HAaBAaHTA)KEHHS B OCHOBHOMY JeMI(ipyro-

YUM MACISHUM IIapoM, IJIsI YOrO BBOJMTHCS IONpPaBKAa Ha TOBIIMHY MAacCHSHOI IUTIBKU
A,, =5mrm npu A, >10mxmi A,, =0,5A, npu A, <10mxm . Toni

F, :cl(AO _AM)KCM'

[Tig wac Buxomay 3yOIlB 13 3auYeIUVICHHS B TOYHIM MMl HaBaHTaXEHHSIM TMepefadi mpu
Wep <1 BIIOYBaeThCsl MEPEpPO3NOAUT HABAHTAXKEHHS 3 JUHAMIYHMM MIACWICHHSM; IpH
¥ p > 1 BinOyBaeTbes cepequnHuil yaap (puc. 8) [8].

[Ticnst BUXOy 13 3aUETUICHHS YeproBoi mapy 3yOI[iB HABAaHTAXKEHHS CIIPUIMAIOTh: y Mepe-
nadax 3 &, < 2,0 onHa napa, a B nepefadax 3 2,0 <&, < 3,0 — qBi napu 3yOuis.
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Puc. 8. Cepeounnuii yoap

ABianiiina npsMo3y0a 3yOuacTa mepejaya, CKiIaJeHa 3 IEMEHTOBAaHHMX KOJIC, SIKa Mae
HaOUTBII THUIIOBI apaMeTpH, II0 XapaKTEpU3YIOTh ii KOJOBY HIBUAKICTh, MAaCIITAOHUN (ak-
TOP, IIOPCTKICTh MOBEPXHi, 3MAIllyBaHHS, IPALIOE P KOHTAKTHUX HANPY>KEHHX, SK1 HE Te-
PEBUILYIOTH PIBHIB, BKa3aHMUX Ha puc. 9 [1].

Taxiii mepenaui B Mexkax KOHTAKTHOI BUTPUBANOCTI pH N, = 5-107 HMKIIIB HABaHTaKEH-
HS BIANOBINAIOTH JOIYCTUMI HaNpyXeHHs o, =1500K,,, ne KoediieHT NOBrOBIYHOCTI

K, =%/510"/N , > TYT Ny — KUIbKICTh IUKIIIB 3MIHM HAIIPY)KEHb HA LIOMY PEXKUMI POOOTH.

V nepmomy HabmkeHHi Ipu Ny < 5-107 1ukiiB nmokasHuk creneni m =mi =9...11; npu N,
>5.10" mokasHuUK creneHi m = my = 20.

i, Ml
2000
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7500 ol
\‘*z
e \\\
[ A

7000

0° 07 e gl N

Puc. 9. [lonycmumuii picenb KOHMAaKmMHUX Hanpys’censb O 3youacmux nepeoay
31 cmani muny 12X2H4A-11
[IpoTte nns BUCOKOpECypcHUX BHPOOIB y OararboX BHIIAJKaX MPUHMAIOTh OUTHIIUI KOe-

¢iuieHT Ge3MeKy Mo KOHTAKTHUX HANPYXKEHHAX mpd N, > 5-107 LUKIIB, 3HUKYIOUH piBEHb
JOMYCTUMUX HamNpy>XKeHb MO YMOBHIM KpUBii BUTPUBAJIOCTI 3 MOKa3HUKOM cTemneHi my < 20,
Hanpukian, my = 14 [1].
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Ha koHTakTHY MILHICTh MaTepiaiiB 3y04acTUX KOJIIC BIUIMBAIOTh 3MIHM YMOB €KCILTyaTallii,
KOJIOBOI IIBHJIKOCTI, B’SI3KOCTI MAacTWJa, TEIMJIOBOI HAMPYXEHOCTI B 30HI KOHTAKTy, TOMYy He
MOYKHA pe3yJbTaTH, OTPMMaHl B OJHUX YMOBAaX, MOIIUPIOBATH Ha iHII. PiBeHb NOmycTMMHUX
KOHTAaKTHHUX Halpy>KE€Hb 3HAYHO 3pOCTa€ 31 30UIbIIEHHSIM KOJIOBOI HIBUIKOCTI Ta 3MEHIIIEHHSAM
HIOPCTKOCTI OBEPXHI Ta MUTOMOT IMIBUKOCTI KOB3aHHS. SIKIIIO MOBEpXHI 3yO1liB KOJIIC MaOTh
HE3HAYHY IOPCTKICTh, TO MPH HIIMX PIBHUX YMOBAX JOIMYCTUMI KOHTaKTHI HaNpPYXEHHS Yy 3Y-
OuacTiil mepeaayi nepioi CTyneHi peaykropa Oyayrs Ouibiue B 1,1 ... 1,2 pa3u HanpyxeHb
nepesady OCTaHHbOI CTyNeH1. B okpeMux BUIaJKax NpUIycTUME 30UTbIIEHHS JOMYCTUMUX Ha-
NpY>KeHb, TPAHULICIO PIBHS LIMX HANPYKEHb 3aBXKM € HAIMHICTb MPOTH 3ainaHHs [1].
3rigHo 3 'OCT 21354-75 rpaHuisi KOHTAaKTHOT BUTPUBAJIOCTI MOBEPXHI 3yOLIB IS Ipsi-
MO3yOMX IIEMEHTOBAaHMX KOJIC mpu 6azoBoMmy umcii mukimiB N, =1,2-10° cknanae

Cimy = 23HRC, ne HRC — y mexax 58-63. I1in yac KopoTKo4acHOI J1ii MaKCUMaJIbHOTO Ha-
BAaHTAXXEHHS JIOIYCTUMI HABaHTaXEHH: B 1,75 paza Outblue, HiX o, , [1].

OcHOBHUMH (paKTOpaMy, 110 BU3HAYAIOTh TPAHMIIIO BUTPUBAJIOCTI MiJ Yac gedopmartii 3ru-
HY 3YyOLIB, € MEXaHIYHI BIACTUBOCTI MaTepialy — TBEPAICTb 3MILIHEHOTO 1Iapy 1 CEPLIEBUHHU 3Y-
0a, CTpyKTypa 1 BelIMYMHA 3epHA ITICIs TEPMOOOPOOKH, BETMUMHA 1 XapaKTep PO3MOLTY 3aJIHII-
KOBHX Hallpy’K€Hb B OCHOBI 3y0a, BUJ| 1 BEIMUMHA [UIACTUYHOTO 3MIITHEHHS TIOBEPXHI, a TAKOX
¢dopma nepexigHO1 NOBEpXHI 1 il YMCTOTa, XapaKTePUCTHUKA LIMKIIB HaBaHTaxXeHHs. [Ipu oMy
NPUIHATO BBAKATH, 0 HAMPY>KEHHS 3MIHIOIOTHCS 3a MYIbCYIOUMM (KOe(illiEHT acCUMETpii K-
ay r = 0) abo cumeTpuuHuM LUKIOM ( = -1). HacnpaBni »k, IO Mipi epeMillieHHsI KOHTaKTY JI0
OCHOBH 3YOI[IB 3MIHIOETHCSI CITIBBITHOIIEHHSI MK CTUCKAIOUMMH 1 3TMHAIOUMMHU HAIIPY>KEHHSIMH,
y pe3yabTaTi 4oro 3y0 KoJyieca Ipalltoe Mpyu 3MIHHOMY KOE(]IIEHT1 aCUMETPii IUKITY.

Jns aBianiiiHux 3youyactux KxoJiic 31 craii tumy 12X2H4A-I 3 cepeaniMu HalOUIbII TH-
MOBHMH MapaMeTpaMu 1 HeluTihoBaHOIO MEPEX1THO0 KPUBOIO TPaHMIIS BUTPUBAJIOCTI MMiJ] 4ac

.. . 0
sruny npu 7 = 0 oy, = Bo’, ne f=19..2,0 — koedilieHT 3MilHEHHSs, & O — TPaHHIS

BUTPUBAJIOCTI 3TMHY CEpLIEBUHU 3y0a. OJJHAK MK IPaHUICI0 BUTPUBAIOCTI 3TUHY 3y0a 1 TBe-
PAICTIO HOTO MOBEpPXHI ICHYE OUIBII TICHUM KOpensuiiiauid 38’430K. Llum manuM Binnosinae

T'OCT 21354-75, 3rimHo 3 skuM mpu 0a30Biil KimbkocTi mukiiB N, =4-10° TPaHHUIA

. . 0
3TUHHOT BUTPUBAIOCTI Oy, =950 MITa.

[Tin gac HeskicHOTO HUTIPYBaHHS MOBEPXHI 3y0a MOXkHA B 1,5-2 pa3u 3HU3UTU TPAHHULIIO
3TUHHOI BUTpHUBaJIOCTL. TOMy mepexiJHi MOBEpXHi 3yOIL[iB BUCOKOHANPYKEHUX KOJIIC HE LTI~
(GyroThCsl, @ BUTOTOBJISIIOTHCA 3 MIJJHYTPEHOO OCHOBOIO. 30UIbIIEHHS YUCTOTU MEPEXiHOT Mo-
BEPXH1 3 OPIEHTOBAHOIO HMIOPCTKICTIO MIABHILYE T'PAHUII0 BUTPUBANOCTI Ipu 3ruHi 10 10%,
wiactuyHe 3MiHeHHs — 10 30 %. [Ipu 30utbmenHi Moayns 3aueruieHHs Big 3 g0 10 mm rpa-
HUIIS 3TMHHOT BUTpUBAOCTI 3HMKYeThbes Ha 10 % (IOCT 21354-75).

BucHoBkM BignmoBigHo A0 crarTi. TakuM 4MHOM, y pe3yJbTaTi OISy CTATUYHOTO PO3-
MOJIUTy HAaBAHTA)XEHHS B 30HI JIBONAPHOTO 3ayerlyIeHHs, TUHAMIYHUX HABAHTAXXCHb y 3auer-
JICHH1 €BOJIbBEHTHUX 3y0UacTHX KOJIIC MOKHA KOHCTAaTyBaTH, L0 aBialliiiHi 3y04acTi nepena-
Yl € «TOYHUMHM MiJ] HaBaHTXCHHAM». J[1sI HUX XapakTepHHUM po3MOJIiT HaBaHTAXKEHHS MK
cpsbKeHHMMHU napamu 3yOuiB. HaiiOinbin HeOe3meuHuM Juis poOOTHM 3y04acToro BIiHLS €
KpallKOBUI KOHTAKT Ha BXOJI B 3a4eIUICHHS 1 BUXOJ1 3 HbOTro. JlOCBiA CBIMYHTH, IO B IHX
TOYKAX MalOTh MiCLIe MAKCUMaJIbH1 KOHTaKTHI HAalpy>KEHHS.

XapakTep TMHAMIYHUX HAaBaHTAXEHb 3aJICKUTh BiJ CITIBBIIHOIIEHHS MIX TIEPiOJOM Bac-
HUX KOJIMBaHb, EPIOJIOM MEpeCIpsbKEHHs 3yOL1iB 1 yacoM pealtizallii Mo4aTKoBOTO Mepiofy ix
NePECHpPsKEHHS.

B aBianiiiHnx BUCOKOHANPY)KEHUX TOUYHUX Nepeayax MOXHUOKH OCHOBHUX KPOKIB y JE€KUIbKa
pa3iB MeHIIe nedopmaltii 3yOlLiB, siKa BiIIrpae rojJOBHY poiib y JUHAMILI nepeaadl. 30UIbIIeHHS
qucra 3yOouiB, 110 NepedyBaroTh y 3a4eIIeHHI, MIBUIILYE )KOPCTKICTh 3a4€IUICHHS, 3HIKYE Horo
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MOXUOKY 1 3MEHIIY€e AMHAMIUH1 HaBaHTa)KeHHs. J[Jis 3MEHIeHHs BeTMYMHU JMHAMIYHUX HaBaH-

TaXeHb Ha BXOJI B 3aueIUieHHsA mpodini 3yOILiB MiAIa0Th MOIUpIKaIi, TapaMeTpu Kol 3aie-

KaTh Bil YMOB HaBaHTa)KEHH:I, TOYHOCTI BUTOTOBJICHHS 1 TapaMeTpiB 3y04acToi nepeaadi.
[TopiBHSAHHS I'paHUYHUX KOE(DIIEHTIB JMHAMIYHOTO HAaBAHTAKEHHS CBIAYUTH PO TE, LI0

B 3ybuactux nepenayax i3 2,05< &, <3,0 Bonu nix yac kpaiikoBOro KOHTaKTy BJIBiUi MEHIIIi.
[Ticnst BUXOAY 3 3aU€IUICHHS YepProBoi Mapy 3yOIiB HaBaHTAXEHHS CIPUNMAIOTh: y Iepeaadax
3¢6,< 2,0 omna napa, a B mepegavyax 3 2,0< &, < 3,0 — nBi napu 3yOIliB.

JluHamiuH1 HaBaHTAKEHHS MiJ] Yac BXOJy B 3aUEIICHHS 1 BUXO/y 3 HHOTO OOYHCITIOIOThH OK-
pEMO ISl TOYHUX 1 HETOYHMX TT1J HABaHTAXKEHHSAM 3yO4acTHUX Mepeaad, IpUuoMy mepeaadi 3 Ko-

edillieHTOM TOPIIEBOTO MepekpHTTs, Mo NekuTh y Mexkax 2,0 <&, <3,0, posrasnarorses Timb-
KU SIK TOUH1 IT1JT HABAHTAXXEHHSIM, TOMY 1110 B HILIOMY BHIIQJIKY iX 3aCTOCYBaHHS HEIOLIUTBHE.
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UDC 629.735.45
Oleg Shapovalov, Denis Kolesnik, Oleg Pilipenko

LOAD CAPACITY OF GEARING OF HELICOPTER REDUCERS
AND THEIR STRESS-STRAINED STATE

Urgency of the research. For the reasonable increase of resource of helicopter reducing gears it is necessary to have
present data on the load capacity of their gears on the basic operating of flight, results of stand tests, calculations on
strength, endurance, stress-strained state etc. Received results it will be used in checking calculations, tests of counterparts
of reducers on different criteria and preparation of conclusions about expediencey of continuation resources of helicopters
transmissions Mu - 8 and their modifications.

Target Setting. The exposure of possibility of increase of resource of gearing main, intermediate and tail reducing gears
it is necessary to have data on their load capacity on the basic modes of flight, results of stand tests, calculations on durabil-
ity, endurance, stress-strained state etc.

Actual scientific researches and issues analysis. In the before conducted works on estimation is given of load capacity
and stress-strained state of gearing mainly for the onepair gearing of wheels.

Uninvestigated parts of general matters defining. The specific of work of gearing of helicopter reducing gears consists
of account of real multipair gearing, typical for aviation transmissions.

The research objective. To consider present data on the static and dynamic loading in the zone of the multipair gearng.

The statement of basic materials. Considered load capacity of high-speed gear drives of reducing gears on flight and
cruiser modes of exploitation, static allocation of loading between teeth in the zone of the multipair gearing, dynamic loading
in gearng of gear-wheels.

Conclusion in accordance with the article. Most dangerous for work of toothed crown is an edge contact on engage in
gearing and disengage from him, where maximal contact stresses take place.

Keywords: gearing; load capacity; static and dynamic loading; stress-strained state.

Fig.: 9. References: 8.
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Hazapiu Txauewax, Muxaiino I op6itiuyx

JIATHOCTHUKA ITOMITAKY I'A3OTYPBIHHOTI'O IBUT'YHA
HA OCHOBI S-JUCKPUMIHAHTA

Axmyanvnicme memu oocnioncenns. Cnekmpanivhe npeocmasients CUSHANI8 HAOAE MOIICIUBICTNG GUABTAMU NPUX08A-
Hi gnacmugocmi QizuuHuX npoyecia i, maKum YUHoM, 3anobiemu noasi UMoipHux Hebesneunux cumyayii. Memoo diaznoc-
myeanus eazomypoinnozo osucyna (I'T/) na ocnosi S-ouckpuminanma UKOpUCmMO8YEmMbcs Ol PO3POONEHHA U HANAUM)-
8anis 3aco06i6 3axucny 2azomypOiHHUx 08USYHI8 810 NOMNAICY Ma 06epmMoB8o2o 3pus).

Ilocmanogxa npoénemu. Po3podka yvboco memody oacms 3M02y 3acmocogysamu S-OUCKPUMIHAHM OISl pAHHBORO Oide-
HOCMY6aHHs. PO3GUMKY 3pUSHUX npoyecie y mypboxomnpecopi I'TI], i mum camum usHauamu neemi 2panuyni ymosu, nepe-
BUUYCHHS SIKUX CEIOHUMUME PO BMPAMY 2A300UHAMIYHOL CIMIUIKOCII 11 0aCb 3M02Y CUCIEMAM A8MOMAMUYHO20 KePYEaHHS.
OBUSYHAMU 4ACHO 36aA0UMU NOWUPEHHIO NOMIAXNCHUX A6uwy y mypboxomnpecopi I'T/.

Ananiz ocmaunix doocnioxycens i nyonikayiit. bynu poszensnymi ocmanui nyoaikayii 3 00c8idy 8UKOPUCTNAHHS CXOUCUX
Mmemodie npu diazrocmuyi nomnasicy ma 06epmogozo 3pusy ¢ mypboxomnpecopi I'T]].

Buoinenns nedocnioxncenux yacmun 3azanvroi npoonemu. Mooicnusicmo guxopucmanis memooy oiacnocmyeanns I'T/] na
OCHOGI S-OUCKPUMIHAHMA 015l pAHHBLORO OIACHOCTYBAHHS PO3BUIMKY 3PUBHUX npoyecig y mypbokomnpecopi I'T/] e docriodicena.

Ilocmanogka 3a80anuan. Boockounanenns memooy diacnocmyesanns nomnagicy 1T/ na ocnosi S-ouckpuminanmy.

Buknao ocunognozo mamepiany. Y pobomi npogedeno 0ocniodcenus memooy OiaeHocmy8anHs Ha OCHOGI S-
ouckpuminanma. Iloxazano, wo yeii Memood 0iazHOCMYSAHHs MAE NeGHI nepeeazu, ceped SKUX MOJICHA GIO3HAUUMU MAKL:
npoedents iHOUGIOYanbHO20 KOHMPOIO MEXHIYHO20 CMAHY KOHKPEMH020 00'€Kma y wupokomy Oiandazoni 4acmom, 6usHa-
YeHHsl PO3NAOHAHHA MAWUNU MA i eKCNAYyamayiiHux NowKoOdCeHb Ha paHHil cmadii; 30iiCHeHHs KOHMPOTIO PO3GUMKY
HecnpagHocmell 3a1ediCHO 8i0 Yacy HapoOimKu, o 0de 3M02y 3aXULAmU MAWUHY MA MeXAHi3MU 8i0 A8apiliHux CUmyayii.
3anpononosana moougikayia memooy S-ouckpuminanma.

Bucnogxu 6ionosiono oo cmammi. Buxopucmanmsa mooughixogarnoco memooy S-ouckpuminanma 6 npoyeci oiaznocmy-
6anHs PO36UMKY nomnaicy é mypooxomnpecopi I'TJ] mae neeni nepesazu neped inuumu cxoxicuMu Memooamu 0id2HOCIMUKU.

Knrouoei cnosa: nomnasic; 2azomypOiHHuLl 08USYH, Gellelem-anuanis, Memoo S-OUCKPUMIHAHMA, OIa2HOCMUKA.

Puc.: 5. bion.: 11.

AKTyaJIbHiCTh TeMH I0CTiIKeHHsl. TpyOompoBiAHMI TPaHCIOPT MPUPOTHOTO Ta3y €
Haﬁeq)eKTI/IBHiHII/IM BHUJOM IIOCTa4YaHHJ I1aJIMBa 1 BYFHCBOHHCBO.I. CUPOBUHU JIAA IPOMHUCIIOBUX
CMOXKHBAUIB K B YKpaiHi, TaK 13a KopJoHOM. OJHI€IO 3 OCHOBHUX MPOOJIEM Mijl Yac eKCILTy-
arauii razonepekauyBaabHux arperatiB (I'TIA) mpupoaHoro rasy € 3a0e3nedeHHs! CTIMKOCTI
ixHbOi poOoTH. 1J151 3an00IraHHs SBUIL TOMIAXKY, K1 MOXKYTh IPU3BECTH /10 KaTacTPOPIUHUX
HaCHi,I[KiB, BHUKOPHUCTOBYIOTH ABTOMATHYHI CUCTEMHU aHTUIIOMIIAKHOTO 3axXHUCTY.

VY wiit cTarTi npoBeneHo AOCIKeHHS o0epToBoro 3puBy Ta nommnaxy [T/l Ha ocHOBI
aHaHi?)y CUTHAJIy TUCKY HOBiTpH 3a KOMIIPECOPOM. BusnaueHHs ;[ianasoHy MOKJIMBHUX 4aCTOT
KOJIUBaHb HEOOX1IHO, HacamIiepe, Uil po3poOKU i HACTPOIOBaHHS 3acO0IB 3aXUCTY JABHIY-
HIB MiJ] 4ac MOMIAXy Ta 00epToBOro 3puBy. CrieKTpajibHe MPEICTaBICHHS CUTHANIB HaJae
MOJKJIMBICTh BUSIBIIITH IPUXOBAHI BIACTUBOCTI (DI3MUHUX MPOLECIB 1, TAKUM YHHOM, 3aro0ir-
TH TOBTOPHIN MOsIBI HMOBIpHUX HeOe3neyHuXx cuTyauii. Ha ocHOBI X nociiixkeHb 1 OyB
IpeacTaBIeHU MeTo AiarHocTyBaHHs nomnaxy [T/l 31 3acTocyBaHHAM S-AMCKPUMIHAHTA,
o ga€ 3MOry IIpOBOIUTHU iH,Z[I/IBi,I[yaHLHI/Iﬁ KOHTPOJIb TEXHIYHOT'O CTaHy KOHKPCTHOTO
00’eKTa y IHUPOKOMY Jiana3zoHi 4acToT.

IMocTanoBka mpo6Jjemu. Takum 4MHOM, BUHHKAE MOoTpeda B Moaudikaiii METoLy Jiar-
HOCTYBaHHSI Ha OCHOBI S-JIMCKpUMIHAHTa B yMOBaxX JWHAMIYHOI 3MIHH CTaHy 00’€KTa IS
MIABUIICHHS YyTJIMBOCTI O HECIIPABHOCTEH, sIKI MAIOTh MICIIE B MPOIIECi EKCILTyaTallii.

AHaJi3 ocTaHHIX J0CTiIKeHb i my0Jikamiii. HakonmueHo 3HauHuMii CBITOBHI JTOCBIN 13 BU-
KOPHUCTaHHS METOJIB JIIArHOCTUKU IMOMIAXy Ha OCHOBI S-IUCKpUMIHAHTa, NMPUYOMY BaroMuit
BHecok 3atiicaiu 1. JI. [Tucemennuii, C. Mamnna, B. A. Kapacbos, A. b. [1IutoB Ta 6araro iHImx.

IMocTanoBka 3aBaanHs. MeToro 11i€i poOOTH € ToIanbllle BAOCKOHATICHHS METOMAY Jliar-
Hoctuku ['T/] Ha OCHOBI S-IMCKpUMIHAHTA, 30KpeMa il paHHBOTO JIIarHOCTYBAHHS PO3BUT-
Ky 3pUBHUX IporueciB y Typookommnpecopi I'T/I.

Buainenns HeqocCaiIzKeHMX YACTHH 3arajbHOI mpoodJjemu. BupinieHns 3agadi aiarHoc-
TUKHU 3pUBHUX INpolieciB y Typookomipecopi I'T/] Ha ocHOBI MeTOy S-AUCKPUMIHAHTA.

© Txauemak H. B., T'op6iitayk M. 1., 2018
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Buxnaa ocHoBHOro matepiany. EQexkTHBHICT, BUKOPHCTaHHS CTATUCTUYHUX O3HAK BH3HA-
YaeThbCsl OJTHO3HAYHICTIO 3B’SI3KIB O3HAK 13 BIAMOBIAHUM cTaHOM 00’ekTa miarHoctuku (O[]). ¥V
poboTi [1] mKepena nmpuBeeHOT HEIHBAPIAHTHOCTI MOAUIEHI Ha YOTHPH IpynH (puc. 1), npu 1po-
MY 3Ha4HY YaCTHHY 3 HUX MOXJIMBO BUBUMTH i YCYHYTH B IIPOLIECT TOCI1HKEHHSL.

Mxepesia HeiHBapiaHTHOCTI:

H 1
H 1
| 2 |
! . .

i O/l i ymoBn IlepBuHHMI onuc i
i ioro podoru :
i :
i :
E 3 :
E ®izuyHa npupoaa YacToTHa cenekuis i
! O3HAKHU i
i i
H 1
L 1

Puc. 1. icepena neineapianmnocmi cmamucmudHux 03Hax

VY po6orti [2] 11 AlarHOCTYBAaHHS PO3BUTKY MOMIAXKHUX sIBUILL Y TypOokommpecopi I'T/]
MIPONOHY€ETHCSI BUKOPUCTAHHS MEPIIUX CTATUCTUYHUX MOMEHTIB JUIS OLIIHKHM PO3MOAUICHHS

BeiiBner-koedinientis (BK) curnany By, 10 10B’a3aHi 3 aGCOMOTHUMYU 3HAYEHHAMM Xapa-
KTEPUCTHUK Tpoliecy i ToMy He € iHBapiaHTHUMHU. [y pocnipkeHb OyB BUOpaHuii jgorapud-
MiyHU#R gatuuk tuny JOJI-32.

Ha puc. 2 HaBeneH1 po3nouTi 3Ha4e€Hb apaMeTpiB CepeHbOKBAIPATHYHOTO BIAXUICHHS
O nns BK neranizauii curnany By 3 6-ro 10 8-ro piBHS po3knanaHHs (e a — Le CHTHA
npo obeproBuii 3puB Bia Aatuuka J1OJI-32). I[Ipu npomy ynpogoBx HOMIAXXHUX SBUIL aMII-

JITYaAHI 3HaYEHHs O 3i 3pOCTaHHAM MaciuTaby 30UIbIIYIOTECS i MPUHMAOTh MaKCUMyM Ha
8-My piBHI. O1HaK PO3MOALIN II€T 03HAKU HE BU3HAYAIOTh IPAaHUYHE 3HAUEHHS, IEPEBULIICHHS
SIKOTO CBIIYMTH MPO HASIBHICTh 3pUBHUX MpolieciB y Typookommpecopi I'T/l. Tomy HeoOxiqHa

BiMOBiAHA MoUdiKallis HaBeeHOTo MeToay /i aHanizy BK curnanis PKBT Ha OCHOBI JucC-
KPUMIHAHTHHUX OLIIHOK, SIKi T030aBJIEHI ILOTO HEAOJIKY.

o
10
.
5 i f-H piEeHE
] _ﬂL__ tc
0.2 04 06 08 1 1.2 14 L6
10
PP
5 T-H plEeHE
]
0 e
0204 06 08 1 1.2 14 1.6
10
N
3 i

y E-H piseHE
JPL_ .

0
0204 06 0.8 1 1.2 14 1.6

Puc. 2. Poznooinenns napamempis 6 ons BK cuenany mucky nogimps 3a komnpecopom

Ha 6-8-MY PiBHAX PO3KIAOAHHSL:
a — cuenan npo obepmosuti 3pus 6io oamyuxa JOJI-32;

6 — posnoodinenns napamempis 6 ons BK oemanizayii cuenany Fygr
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VY GiIBIIOCT] AITOPUTMIB KOHTPOJIIO MAIIMHHOTO 00JIaJIHAaHHS POTOPHOTO TUIY BUKOPHC-
TOBYIOTh O€3pO3MIPHI aMIUTITYAHI AUCKPUMIHAHTH, c()OPMOBAHI 3 MOMEHTHHX XapaKTepHuC-

TUK pi3HOrO mopsaaky. Haii6inbpim nommpenuMu cepen HUX € mik-pakrop PF, xoedimientn

excuecy £, ta acumerpii S, , kyprocic Crroapra f [3-5]:

X
o o o 15
ne AL, — LeHTpalIbHUN MOMEHT APYroro NOpsAKY (IUcrepcis);
O — CepeIHbOKBAPATHYHE BIIXUIIEHHS Bill CTAHAAPTHOTO 3HAYEHHS;

,U4 - L[eHTpaHLHI/Iﬁ MOMCHT YCTBCPTOI'O IMOPAAKY,

Xnnx — IMKOBC 3HAUCHHA CUTHAITY.

JInist MiABHMILEHHS YyTJIMBOCTI 0€3pO3MIPHUX aMIUTITYIHUX AUCKPUMIHAHT, 110 BUKOPUCTO-
BYIOTbCS, HAIIPUKIIAJ, SIK JIarHOCTHYHI O3HAKU B 3ajayax BIOPOAKyCTHYHOI JAIarHOCTUKHU Tpi-
IIMH Bl YTOMJICHOCTI B €JIeMEHTaX pPOTOPHUX cUCTeM [6], Oyi0 3ampOrOHOBAHO MPOBEACHHS
nornepeaHbp01 00poOKM BUMIPSIHOTO CUTHANY 13 3aCTOCYBAaHHSIM BEHBIIET-TIEPETBOPEHHSI.

Amnanis posnoainy BK peranizanii curnany i, Ha 7-My piBHI po3KIagaHHs 32 JOHOMO-
roo mapamerpis excuecy £, Ta acumerpii S, GyB BUKOHaHUil 32 TAKUMH BHPA3aMHU:

Ny

5. (kodf; 7 ~ MO(kodt )

i

Ny
3. (hoef, 7~ MO(koef, n*
_i= ’
E, =

1 ~35 5 = 3
N6 (koef) N~ 67 (koef7)

b

ne N, — xinbkicts BK Ha 7-My piBHi po3KiaaHHs;
I — nopsaxosuii Homep BK;
koef,; — i-it koediuienT Ha 7-My pIBHI PO3KIIaJaHHS;

MO(koef,),5(koef,) — BinnosizHo MaTemaTHuHe OUiKyBaHHS if CepeIHHOKBAIPATHUHE

BigxuieHHs A BK Ha 7-My piBHI po3KiiaiaHHsL.

Ha puc. 3 HaBeZieHO NOPIBHSUIbHUEN aHalli3 BU3HAYCHHS 3pUBHUX MPOILIECIB 32 JOTIOMOI0I0
KoedillieHTiB ekclecy, acumerpii 1o posnoxiny BK neranizauii curnany Py Ha 7-my piBHi
pO3KiIagaHHs 13 (paKTUYHHM CHUTHAJIOM Bif JorapudmiyHoro maruuka tumy {OJI-32. Tlpu
bOMY Ha puc. 3 mo3Haukamu / Ta 2 OynM BiI3HAYEHI1 BIAMOBITHO CUTHAIM MPO OOEPTOBHIA
3puB Ta nomnax Bix natuuka JIOJI-32 3a manumu ctrernoBux Bunpodysans ['TJ[ DG-90, ne

IIMpPUHA 9acoBOTo BikHa cranoBuia 0,23, a 3cyB — 0,0001c.
3riHo 3 puc. 3 xapakTep Koe]ilieHTIB eKcllecy Ta aCUMeTpii CBIIUUTh PO Te, 0 32 Bijl-

CyTHOCTI 3puBHHX npolecis posnoxin BK curnany B, Ha 7-My piBHI po3kiagaHHs 6Iu3b-

KM 10 HOPMAJIBHOTO.
Ha puc. 3 3a 1 Mc 10 noyatky o6epToBoro 3puBy Ta 3a 11 Mc 10 mommaxy, 1o Oyau 3a-
¢ikcoBaHi 3a J0moMororo jorapugmigoro garuuka tuny JOJI-32, 3HaueHHs mapameTpiB

E, ta S, nouunarots 3poctaru [7].

Kpim Toro, 1si mokparieHHs 34aTHOCTI AUCKPUMIHAHTHUX OL[IHOK BM3HAYaTHU €KCILTyaTa-
III1H1 TOIIKO/PKEHHS Ha PaHHIX CTaiIX PO3BUTKY, aMILTITYHI 3HAYEHHS JOCIIKYBAaHUX CHUT-
HaJIIB KJIMYIOTh, TOOTO YTBOPIOIOTH 3HAKO3MIHHY MOCIIIOBHICTh IMITYJIBCIB, IIUPUHA KOXKHOTO
3 SIKUX JIOPIBHIOE BIICTaHI MK CYCITHIMM MOMEHTaMM 3MIHM HOJISIPHOCTI CUTHaiTy. Take Hex-
TyBaHHS aMIUTITYJHUMH 3HAUCHHSIMH CUTHAITY PI3KO CIIPOIILYye OOUMCIICHHS 1 TUM CaMHM 3a0e3-
Mevye BUCOKY MIBUAKOAI0 00poOKu. 11 1IbOr0 3aCTOCOBYIOTH METOJT S-TUCKPUMIHAHTA.
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Puc. 3. Buznauenns 3pusHux npoyecis 3a 00nomo20t0 Koe@iyicumis excyecy ma acumempii:

a — nopisHAnHs cu2nasy npo obepmosuti spue 6i0 oamuuxa JJOJI-32 i3 napamempom Ej ;
6 — nopisnanus cuenany npo nomnadic 6i0 oamuuxa JJOJI-32 i3 snavennamu Ej ;
6 — NOPIGHAHHA cu2Hay npo obepmosuil 3pus 6i0 damuuxa JJOJI-32 iz napamempom S,

S-nuckpuMiHaHT Ga3yeTbcsi Ha (OpPMYBaHHI TUIBKM Ti€i YaCTUHHM CHUTHANy, aMIUTITYIHI

3HAYEHHS AKOTO IEPEBUILYIOTh 3afanuii mopir F. TakuM YMHOM, TOM IIyM, IO € BIACTHBUM
710 HOPMAJILHOTO PEXUMY BHKIJIFOUAETHCS 31 CIIOCTEPEIKEHHS.

Ha puc. 4 HaBeZieHO NOPIBHSUIBHUI aHaii3, BAKOHAHU /715 1IarHOCTYBAHHSI CTaHy BY3JIiB
ra3otyp6inHoro asuryna DG-90 3anexHo Bif HampalfoBaHHS. 3aBAsKU BUCOKIA 4yTJIMBOCTI
S-nuckpuMiHaHTa (a came, 6e3pO3MIpHOrO iHeKCy nepeBuIneHHs nopora F mo «mcnepciix»
— 1) 1o mopymeHHs cTalioHAPHOCTI CUTHANY, SIKY COPUYMHIJIN 3MiHEHHS T1apaMeTpiB TeX-
HiYHOTO cTany DG-90, MOXXIIMBO MOMITUTH BIAXMIJIEHHS AUCKPUMIHAHTY B1Jl €TaJIOHHOTO 3Ha-
YeHHs1 (CTAaHOBUTH OJJMHMIIIO), IO BIAMNOBIIAE HOPMAIBHOMY TEXHIYHOMY CTaHy €JIEMEHTIB
penykropa [8; 9; 10].

V po6oTi [8] 3HaueHHs mapaMeTpa Hopory kiinyBanHs F mpumyckaioTses BifoMuMu 3a-
3naneriap 1 GopMyroThes, SIKIIO HeMae 3001B y poOOTI MaIMHHOTrO oOnagHaHHs. TpyaHou
BUHHUKAIOTh, KOJIM BeIMUMHY F HEOOXiJHO IMHAMIYHO 3MIHIOBATH 3a/IEKHO Bill TIOTOYHOIO
CTaHy CUTHAIYy.

PosrnsiHemo 3aranbHuit MeTo 0OYHCIIEHHST S-TUCKPUMIHAHTA Ta HOT0 MOIUGIKAIlII0 IS
MO’KJIMBOCTI 3aCTOCYBaHHS LIbOTO MiAXOLy IPU PAHHBOMY JIIarHOCTYBaHH1 3pUBHUX MPOIIECIB.
JIMCKpUMIHAHT (POPMYITIOETHCS K BITHOLICHHS MOTOYHOTO 3HAYSHHS BUMIPIOBAHOTO ITapame-
Tpa JI0 OMOPHOTO, 1110 BINOBIIa€ HOPMAIBHOMY PEKUMY POOOTH 00JIaTHAHHS.
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Puc. 4. Jliaecnocmysannsa cmany 8y3znie I'T/{ DG-90 3a 0onomozoro
0e3PO3MIPHUX AMNAIMYOHUX OUCKpUMIHaHmM y cMy3i wacmom [-1,75 Ky

. ]
£

i N N -

Ha BigmiHy Big HaBEACHOTO MIAXOAY S-TUCKPUMIHAHT Ma€ OUIBINY YYTIUBICTH O MOPY-
IIEHHS poOOTH MAIIMHHOTO OONaJHAHHS 3aBISKU KIIMMYBAHHIO aMIUTITYIHUX 3HA4Y€Hb CHUTHA-

a1y ( S ) Ta BBCACHHIO 10 [[I/ICKpI/IMiHaHTa A0JAaTKOBOT'O MATEMATHUYHOI'O BUPA3Yy:

1 N 1 N

N 26D g N2 =P o )
I = . ; = . N
s 1 N K(n) d 1 N 2 K(n)

TGS TG

N Jj=1>J N Jj=1>J

ORRO)
ne s”,s

i '»S; — 3HAYEHHsS CUTHAJIB BIIMOBIHO 10 TIOTOYHOIO (7) Ta «HOPMAILHOIO» (1 ) CTaHy

po6oTH 00sIaTHAHHS;
K(t) K(n) . . . . . (t) (n)
) — MO3HAYal0Th BIAMOBIIHO KUIBKOCT1 3HAU€Hb CUTHAIIB S ,S , M0 HEepeBU-
IyIOTh 3a1aHuil opir £, BIMOBIIHO 10 HOTOYHOTO Ta HOPMAIIEHOTO PEKUMY;
F — nopir kninysanns (clip-threshold), 1m0 BU3HAYAETHCA TAKMM CITiBBiTHOIICHHSM:

P=10,, (2)

ne O, — CTaHJapTHE BiIXUICHHS OMOPHOTO PO3MOLTY 3HAUEHb CHTHAIY BiJl CEPEIHBOTO 3HA-
YeHHS, 1110 BIAMNOBIa€ HOpMaIbHI poOOTi Ta30TypOIHHOTO JBUTYHA;

A=1...3 — xoedilieHT TPONOPLIHHOCTI, [0 BU3HAYAE YYTIMBICTH JUCKPUMIHAHTA.
3HayHe NOUIMPEHHS MaloTh O€3pO3MIpHI aMIUTITY/AHI 1HJIEKCH MEPEBUIIIEHHS TOPOTiB KIIi-

IyBaHHs 1O «cepenHboMy 3HaueHHo» (1) i mo «mucnepcii» (1, ) [5; 8; 10].

Uum BUIIKN TIOPIT, TUM BUIIA YYyTJIUBICTh TUCKPUMIHAHTA.
J5is aHanizy ctaHy mpoliecy BUKOPUCTOBYIOTh TakKi BIIACTUBOCTI y3arajibHEHOTO S-

muckpuminanta (1 ) [5]:
a) I, ~1 — npu HecyTTeBUX BiIXUIEHHAX MAPAMETPIB TEXHIYHOTO CTAHY Bill HOPMH;
6) 1, >1 — npu fonmycTUMUX BiIXUIEHHAX HapaMeTpiB;

) 1, >>1 — npu HenmpumycTMMUX BiIXUNEHHAX HapaMeTpiB, IO TPAHUYATE i3 BUHMKHEH-
HSIM aBapiifHOi cuTyarii.

BiAnoBinHO IpK PO3BUTKY 3pUBHUX IIPOLIECIB 3HAYeHHs napametpa / , Gyze 3pocTaru.

Takum yMHOM, PO3TIIIHYTUH METOJ JO3BOJISIE BUKOHATHU TaKi JOCHIHKEHHS:
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— MPOBECTHU 1HJMBIIYyaJIbHUI KOHTPOJIb TEXHIYHOTO CTaHy KOHKPETHOTO 00'€KTa y IIUpO-
KOMY Jliana3oH1 4acToT;

— BU3HAUUTH PO3JIaJIHAHHS MAIlIMHU Ta €KCIUTyaTallifHIX MOLIKO/DKEHb Ha paHHIi cTafii;

— 3A1IACHUTH KOHTPOJb PO3BUTKY HECHPABHOCTEW 3aJIe)KHO Bi 4acy HApOOITKH, IO Ja€
3MOT'Y IPOTHO3YBATH 3AJIMIIKOBUNA pecypc, TOOTO 3axXMINATH MAIllMHU Ta MEXaHI3MU BiJ aBa-
pIMHUX cUTYyaIlii.

Posrnsinemo mMoaudikaiio bOro MeToay, Mo 3ade3nedye MiIBUIIECHHS YYTIUBOCTI J0
BHU3HAYEHHS HECIPABHOCTEH Ta 3aCTOCYBAaHHS S-IMCKpPUMIHAHTA B yMOBaX JTUHAMIYHOI 3MIHU
HOPMAJILHOTO CTaHy CUCTEMH BIMOBIAHO /0 il IOTOYHOTO CTaHy.

VY wiit cTaTTi AN PaHHBOTO I1arHOCTYBAHHS MOMIAKHUX SIBUIL BUKOPUCTOBYEThCS MPOC-
TUR 1 epeKTUBHUM y peanizalii 6e3po3MipHUN aMIUTITYAHUN 1HIEKC MEPEBUILEHHS MOPOry
kninysanns F (clip-threshold) mo “mucnepcii [5; 11]. 3rigno i3 (1) ananis posnoainenus BK
JIOCIIDKYBAHOTO CUTHATY Ha PiBHi level , BUKOHYEThCS 3a TAKMM BHPA3OM:

ot _ Db =PY K
S . T
X, kot Py K

ne koefim,koef/(”) — KoeQillieHTH BeWBIET-PO3KIAIaHHsA CHTHAIY Ha piBHi level s mortou-

HOTO Ta OMOPHOT0 (€TAJIOHHOTO) CTaHy 00’ €KTa BIMOBIIHO;
t n . . ... . o .. .
K K" _ inpkicts Binmikis aMIUTITyTHUX 3HAaueHb BEUBIET-KOEQIIIEHTIB CUTHAIY,

K TIEPEBUIILYIOTh 3aaHuii opir F y HOTOUHOMY Ta eTaloHHOMY PEeXUMi (yHKIIOHYBAHHS
0o0JIaTHAHHS;

N — kinbKicTh BeliBieT-KoedilieHTiB Ha pisHi level .

Binmosigno 1o (2), 5;1 — CTaHJApTHE BIIXWIEHHS OIMOPHOTO PO3MOJUTY BEUBIIET-
KOe(QIIIEHTIB CUTHATY BiJl CEpEAHbOI0 3HAYCHHS, 10 BIANOBIIa€ HOPMaJIbHIA poOOTI ra3oTy-
pOIHHOTO JBUTYHA.

Ha puc. 5 npencraBiena cxema JiarHOCTYBaHHSI CTaHy MPOIIECy 3a JOTIOMOIO0 BEHBIIET-

ananizy (BA) i moaudikosanoro meroxy obuncnenns 1, .

Bubip napamerpin
N, b
I
Beiisner-ananis
IsitN: Kmj
[
5-Discriminant
Kni: 1d

Hi

Tar

Henpunycrume
BLIXWIeHHA
napamerpis

Hpunycrume
BiAXHICHHS
napaMerpis

Puc. 5. Jliaenocmyeanus cuenany 3a doonomozorwr BA ma S-ouckpuminanma:

{Si} — BUXIOHULL CUSHATL C HOMEPOM i; b — NAPAMemp 3CY8Y 4aACO8020 GIKHA, N — KIIbKICIMb 8UMIDIOBAHD

Y uacoséomy 6ixmi; m — kinvkicmo BK na pieni j; K,,; —mnoocuna BK na pieni J, kinbkicmio m

J
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3a i€l CXeMOI0 Ha MONEepeAHbOMY €Talll MPOBEJCHHS JOCIIDKEHHsI HEOoO0XiTHO oOpaTu

napamerpu mupunn (N ) Ta 3cyBy 4acoBoro BikHa (D) id MOJANBIIOr0 BUKOHAHHS BEH-
BJIET-TIEPETBOPEHHSI.

Hacrymsum eTanom € o6uucnenns posnoziny BK (abo K, Ak moxasaso Ha puc. 5) cursamy

P

pr Ha 7-My piBHi po3knananus. Jlani oGuncmoeTbes amiutiTytHuii inneke {, ms posnominy

K, . 3HauHe mepeBMIIeHHs napaMeTpa I, omuHuuHOrO 3HAYEHHS Oyjie CBITYMTH PO HASBHICTH

SIBUII] HECTIMKOT Tedii B razonoBiTpssHoMY TpakTi ['T /], To6TO mommaky Ta 00epTOBOTO 3pHBY.
3aBsKU BeWBIeT-(UIbTpalii CUTHATY Ha BIAMOBIIHUX PIBHAX PO3KJIaJaHHS, YyTJIHUBICTh
S-nuckpuMiHaHTa 10 A1arHOCTYBaHHS PO3BUTKY HECIIPABHOCTEH 3pOCTaE.

Jlns gopmyBanns nopory kiinysans F (clip-threshold) Bianosimno 10 motounoro cra-
HYy npotiecy Oyna po3poOiieHa mpolieypa 0OUUCIeHHsI ONIOpHOro curHany. [Ipu oMy, npu-

)

BEJICHHS1 00’€KTa /10 €TAJIOHHOTO CTaHy xﬁ” BIIOYBa€ThCA 3a JIOMIOMOIOI0 MpaBUiIa KOPEKLii

CHHAINTUYHUX Bar HeilpoHiB kapTu Koxonena (Self-organization map, SOM) mix yac HaB4YaH-
Hs1. Kopekilis BeKTOpiB CHHANTUYHUX Bar yCiX HEMPOHIB BiIOYBAEThCS BIAMOBIAHO 10 BUPA3Y:

w;(t+) =w,(O)+nh, ()b —w,; 1)), €)

ne b — o6panuii 3 NEBHOIO MMOBIPHICTIO BEKTOP 3 BUXIJIHOT MHOKHUHH JAHKX;

W, (f) — Barose 3HauCHHs HElPOHA j y MOMEHT 4acy :;

w,(¢+1) — BaroBe 3HaueHHs HelfpoHa j MiCIsA KOPEI'yBaHHS;

n(t) — mapaMeTp MBHUIKOCTI HABYAHHS,

h; .(t) — dynkuis cycincTsa 3 HEHTPOM y HEHPOHI-NIEPEMOKII ¢ .

3riiHo 3 OTPUMaHUMH pe3yJbTaTaMM, PO3MO/ILT apamMeTpiB ekcuecy Ta acumerpii BK cur-
nany Py, Ha eBHOMY piBHI po3KIafiaHHs (HANPUKIAZ, HAa 7-My PiBHi IS Yacy AUCKpeTU3aii
0,000047 c) Giu3bKuil 1O HOPMATIBHOTO 3a BIACYTHOCTI 3pMBHUX MpolieciB. ToMy HMOBIpHICTH

nosiBM 3puBHUX nporiecis 1t BK curnany gy Ha 7-My piBHI PO3KIaJaHHS CTAHOBUTH:

b (b—MOxJ (a—MOxJ
Pla<X<b)=| f(x)dx =D - ,
a o o
L L L
P(MO, —L < X < MOy + L) Zq{j_@(_):w(j’
o o o

Ie MOX — MaTeMaTHyHe OYiKyBaHHsS MHOXKHHM 3HaueHb X ;

F — #imosipuicts Binxunenns 3nauens X Bin MO ua Benmuuuny L;

@, L — BignosigHo ¢ynkiis Jlamnaca Ta BIAXMWIEHHS JOCIIDKYBAaHUX MTapaMeTpiB MpoLe-
cy Bin cepemnnoro 3nauenns MO, .

TakuMm urHOM, HUMOBIPHICTH MOSIBU PO3TJIIHYTOTO BIAXUJICHHS 3aJICKHUTh Bill MOTO BiTHO-
IIEHHS 10 apameTpa o.

OTKe, 4epe3 CepeIHbOKBAPATHYHE BIIXUICHHS O OTPEMAEMO MACIITA0 BiIXUIEHD:

gza, P(MO, —ad < X < MO, +ad) =2dXa).

I[Ipu npomy Benvuuna P = 2d(a) CTaHOBHTH J0BIpYYy HMOBIPHICTS BinxuieHns tad .
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OCKiIbKY BHIAIKOBA BEIMUYMHA X , PO3HOIIEHA 32 HOPMATbHUM 3aKOHOM, 3 HMOBIpHic-
TI0 2@ (@), TO BOHA ONMHMTECSA B iHTepBani tad (moexkuHa iHTepBany 2a0). 3i 36inbLIcH-

. . L . . o . .
HAM B1JHOCHOT'O BIIXHWJICHHA g 361J'ILH_Iy€TLC$I HUMOBIPHICTD, IO IHTCPBAJI iL MICTUTB PO3-

IJISHYTY BUMAAKOBY BelmuuuHy X .
3B1JICH OTPUMAEMO, 1IIO:

MO—-ad < koef”) < MO+ad , 4)

ilevel —

()

i,level >

ne O — crannaprthe Binxunenns BK koe

koef”)

i,level

— CYKYIIHICTb BeHBIET-KOe(ILiEHTIB AeTaizalii Ha piBHi po3kiananns level ;

a — TapaMeTp HacTpoloBaHHS (HaOyBae 3Ha4eHHs Bif 1 110 3);
()

MO — matemaTiune ouikysauus posnoniny BK koef;,,,, .
3rigHo i3 (4) sk napamerp b Gynemo posrisaarh MareMatnude ouikysanus ( MO) cykymHo-

o . W, (f) — mosHavae notounuii posnoxin BK; w,(¢+1) — Bix-

cTi BeliBner-koedilieHTi koef; ., ;
KOpEeKTOBaHe 1oyioxeHHs BK, sxe B nopiBusnHi 3 W (f), Gimkue 10 €TaOHHOIO CTaHy IPOLIECY.

3MiHa mapaMeTpiB ekclecy Ta acumerpii (puc. 3), s posnoainy aeranizoBanux BK cur-
nany Py ymoBa (4) Gyzie BkasyBaTH Ha eTANOHHHI pPeXUM (QYHKI[IOHYBaHHS TypOOKOMIIpeE-
COpY 3a BIICYTHOCT1 3pUBHUX IPOIIECIB.

Takum yuHOM, M1 OPMYBaHHS MOPOTY KiinyBanHs F, K10 HeMae nonepeaHso cdopmo-
BaHUX BUMIPIOBaHb Ha eTari cTaOuibHOT poOOTH JBUTYHA, HEOOXITHO BUKOHATH TaKIl €TaIlH:

Eran 1. OGpatu eeKTUBHY IIMPUHY Y4acoBOro BikHa ( Window) ta 3cyBy ( shift ) mis poc-
JDKEHHS 3pUBHUX IMpoLeciB. BcTaHOBUTH MOoYaTKOBE 3HaYEHHS MOPSIIKOBOIO HOMEpA 4aco-
BOro BikHa: [ =1.

Etan 2. Buxonatu Beiiner-ginsrpanito curnany L, y motounomy Bikai Window, (ne 1

— HOMEp YacoBOr0 BiKHA) Ha piBHi po3knananus level 3a monomororo Belipiery JloGemri.

Etan 3. O6unciuty 3aagenns napamerpis MO ta O mia peranizosanux BK koef,) , cur-

nany Dy na piBui level .

Etan 4. 3agatu noyaTtkoBi 3Ha4eHHs Ui popMyBaHHs onopHoi Bubipku BK, mio Binnosi-
()

1,level *

nae poOOTi KOMIIpecopa 3a BIICYTHOCTI 3pUBHUX MpoOIeciB: koe 1%@1 = koe,

Eran 5. 3agatu noyatkoBe 3HAUEHHS IS KUTLKOCTI OOUMCITIOBAIBHUX onepartiit: inc =1.
Etan 6. BctanoBUTH OYaTKOBE 3HaYEHHS Uil opsiakoBoro Homepa BK: j=1.
Etan 7. IlepeBipuTi BUKOHAHHS YMOBHU (4): SIKIIIO BOHA BUKOHYEThCS, IEPEUTH Ha eTan 8,

SIKILO Hi — 3MIILIEHHSI BEKTOPIB {koe el } BiOyBa€THCS 32 TAKUMU BUPA3aMH:
koefj(,',’g)ve, >MO+da, (5)
koe j(,',’e)ve, =MO+ad(1-n), (6)
koe j(,',’e)ve, =MO-aé(1-n), (7)
koe j(,',’;e, <MO-da, (®)

ae n=0, lexp(—IO'3 inc) — [apaMeTp HaBUYAHHS;

INC — KiTbKICTh 0OYUCIIIOBAILHUX OTIEPALliii.
Ertamn 8. 36UIbIIUTH Ha OJMHHMIIO KiIBKICTh 0OUYMCIIOBAILHMX onepanii: inc=inc+1.
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Eran 9. IlepepaxyBartu 3nauenns napamerpis MO i O s neranizoBanux BK omoproi
(n)

ilevel *

BUOIPKH MPH HOBHX 3HAUCHHSX ko€,

Etan 10. SIxmo po3risuyti Bci BK — nepeiitu Ha eran 11, sikiio Hi, To 3agatu j=j+1 1

IIEPEUTH Ha eTarl 7.
Etan 11. OOuuciautu cepeaHbOKBAJPATUYHE BIIXWUJICHHS JUIsI OMOPHOI BHUOIPKU:

S, = §(koe o) )

J.level

Etan 12. OGunciuTy 3Ha4eHHs nopory kiuinysanas P= A0, .

Etan 13. 3cyHyTH 3HaueHHs mapameTpa WINdOW Ha BemmuuHy shift i 30LIbIIMTH HA O/M-

HMI[IO OPSAIKOBUIM HOMEP 9acoBOTO BikHa: I =1+1.

Etan 14. fIxmio yac npoBeaeHHs ICIIUTIB TPUBAE, IEPEUTH Ha eTal 2, SIKIIO Hi — 3aKIHYUTH
J1arHOCTYBaHHSI.

HeoOxiqHOI0 YMOBOIO 3aCTOCYBaHHS S-JUCKpUMIHAHTA M 4Yac AOCIIPKEHHS 3pUBHUX
MPOILIECIB € HASABHICTh €KCIEPUMEHTAIBbHUX JAHUX MO CTeHA0BUX BumpoOyBaHHsax [T/l nHa
erarni cTabubHOI poOOTH TypOOMAIIIMH 32 BIICYTHOCTI SIBMIL HECTIMKOI Teuii (moMmaxy Ta
o0epToBoOro 3pHBY) y razonositpsaomy tpakti I'T/I.

BucHoBku BinnoBiaHo 1o crarri. HaBeaena moaudikaiiist 103B0JIsI€ 3aCTOCOBYBATH MijI-
XiJl, SIKIIO HEMA€ 3a3/ajierib BIJOMOT0 OMOPHOrO CUTHaNy. ToMy MOXIJIMBE BUKOPHUCTaHHS
METO/ly Ha OCHOBI BeliBieT-aHanizy (BA) ta S-auckpuminanTa Juist 11IarHOCTYBaHHS PO3BUTKY
3pUBHUX IpolieciB y Typookommpecopi ['T/I.

Kpim Toro, 1ieit MeTo1 103BOJIsI€ BUKOHATH TaKi TOCIIKEHHS:

— MPOBECTHU 1HAMUBITYaJIbHUM KOHTPOJIb TEXHIYHOTO CTaHy KOHKPETHOro 00’€KTa y IIUpO-
KOMY Jliana3oH1 4acToT;

— BU3HAUUTH PO3JIaJIHAHHS MaIlIMHU Ta €KCIUTyaTallifHIX MOLIKO/DKEHb Ha paHHIN cTaii;

— 3A1ACHUTH KOHTPOJb PO3BUTKY HECIPABHOCTEW 3aJIe)KHO Bil 4acy HApOOITKH, IO Ja€
MOJKJIMBICTh IPOTHO3YBATH 3AJIMIIKOBHH pecypc, TOOTO 3aXHUIAaTH MAIIUHUA Ta MEXaHI3MH Bijl
aBapifHUX CUTYaIlIH.

Po3pobnena moaudikailis METOy Ha OCHOBI S-IUCKPUMIHAHTA HAJIA€ MOXKIIUBICTH 3aCTO-
COBYBAaTH S-TUCKPUMIHAHT JUIsI PaHHBOTO JIarHOCTYBaHHS PO3BUTKY 3PUBHUX IMPOIECIB Y
typboxomnpecopi I'T.

Ha BigmiHy Bif CTaTUCTHYHUX MOMEHTIB, S-AMCKPUMIHAHT J03BOJISI€ BU3HAYUTH IEBHI
IpaHUYHI YMOBH, MIEPEBUIICHHS SIKUX CBIUUTH PO BTpPaATy ra3oJMHaMIYHOI CTIHKOCTI il Ha-
J1a€ MOKJIMBICTh CHCTEMaM aBTOMATUYHOTO KEpyBaHHS JBUTYHAMH BYACHO 3aBaJUTH IMOIIU-
PEHHIO MOMIAXHUX sIBULL Y TypOokoMmmpecopi I'T/I.
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Nazarii Tkacheshak, Mykhailo Horbiichuk

DIAGNOSTICS OF GAS-TURBINE ENGINE SURGING ON THE BASIS
OF THE S-DISCRIMINANT

Urgency of the research. Spectral representation of signals provides the ability to detect the hidden properties of physi-
cal processes and, thus, prevent the emergence of probable hazardous situations. The method for diagnosing a gas turbine
engine (GTE) based on the S-discriminant is used to design and configure the means for protecting gas turbine engines from
surging and rotating breakdown.

Target setting. The development of this method will enable the use of the S-discriminant for early diagnostics of the
breakthrough processes in the turbocharger of the GTE, and thereby determine certain boundary conditions, exceeding
which will indicate a loss of gas-dynamic stability and will enable the systems of automatic control of engines in a timely
manner to prevent the spread of exhausting phenomena in the turbocharger GTE.

Actual scientific researches and issues analysis. The latest publications on the experience of using similar methods in
the diagnosis of surging and rotating breakdown in the turbocharger of the GTE have been considered.

Uninvestigated parts of general matters defining. The possibility of using the diagnostic method on the basis of the S-
discriminantfor early diagnosis of blasting processes in a turbocharger GTE.

The research objective. Improvement of the diagnostic method of the GTE runoff on the basis of the S-discriminant.

The statement of basic materials. In this work, the research of the diagnostic method on the basis of the S-discriminant
was conducted. It is shown that this method of diagnostics has certain advantages, among which one can note the following:
conducting individual control of the technical state of a particular object in a wide range of frequencies, determination of the
disruption of the machine and its operational damage at an early stage; implementation of monitoring of the development of
malfunctions depending on the time of work, which enables to protect cars and mechanisms from emergency situations. The
modification of the S-discriminant method is proposed.

Conclusions. The use of a modified S-discriminator method in diagnosing the development of a spill in a turbocharger
GTE has some advantages over other similar diagnostic methods.

Keywords: surging; gas turbine engine; wavelet analysis; method of the S-discriminant, diagnostics.
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ANALYSIS OF AIR-SPRING FOR A LINK OF HYPER-REDUNDANT
MANIPULATOR

Urgency of the research. This research paper deals with a designing and analyzing of link for hyper-redundant manipu-
lator/mechanism. The paper investigates 6-DOF manipulator link, consisting of pneumatic as well as electromagnetic actua-
tors. A motion of upper platform of the link is reached by pneumatic actuators, namely air-springs. The main focus of this
research is analysis of air-spring and its properties. From this reason FEM analysis is done in sofiware SolidWorks. In the
conclusion the results are discussed. Pneumatic actuators can play interesting role in order to be possible to change the me-
chanical properties of the manipulators.

Target setting. Analysis of air-spring actuator for hyper-redundant manipulator.

Actual scientific researches and issues analysis. Most of robotic arms consist of electrical actuators. Using pneumatic
actuators the manipulator gets new properties like changing stiffness.

Uninvestigated parts of general matters defining. Air-springs are still in the process of investigation from the view of
mechanisms actuator.

The research objective. In the paper simulations and analysis of the air-spring are done.

The statement of basic materials. This paper investigates the area of modeling in software SolidWorks. At first CAD
model of new segment for hyperredundant manipulator is introduced and its basic parts are described. Then, in the prepro-
cessing phase, the detailed steps of its setup SolidWorks computation core were described. The second half of the article is to
focus on the calculation and assessment of simulation results.

Conclusions. The paper introduces new kind of manipulator link. The link is analyzed and tested by simulation.

Keywords: bellows; hyper-redundant; pneumatic joint; manipulator.

Fig.: 12. Table: 1. References: 14.

Introduction. Nowadays, factories cannot work without manipulators and industrial ro-
bots. Using suitable kinematic structures of manipulators can be done many of required tasks
in the factories like painting, cutting etc. The basic kinematic structures of manipulators like
anthropomorphic, cartesian, cylindrical and polar configuration are well-known [1]. Another
kind of manipulator is so-called hyper-redundant manipulator. This term was first time used
by the researchers G. S. Chirikjian and J. W. Burdick in [2]. Hyper-redundant mechanism is a
mechanism with many more degrees of freedom (DOF) required to perform a certain task [3].
These manipulators arise from biology for example snakes, elephant trunks, and tentacles.
Implementations of hyper-redundant manipulators could be significant because of many of
DOF [4]. These redundant DOF can be used for optimization tasks like obstacle avoidance
task, kinematic singularity avoidance task, joint limit avoidance task etc.

' : A e i i
Fig. 1. OmniTread snake-like robot [6]

Our study deals with the segment of hyper-redundant manipulator of which it consists of.
The work is inspired by the patent of J. Borenstein and G. Granosik [5]. Authors designed
pneumatic joint, which can be used for hyper-redundant manipulator as well as snake robot,
see Fig. 1. The joint consists of several air rubber bellows, universal joint and some platforms.
Our contribution is design of new segment for manipulator, which consists of pneumatic as
well as electromagnetic actuators.

© Gmiterko A., Mikova L., Prada E., 2018
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The paper is divided into following sections: At first CAD model of new segment for hyper-
redundant manipulator is introduced and its basic parts are described. Next chapter contain pre-
processing phase, where detailed described steps of its setup SolidWorks computation core. The
second half of the article is to focus on the calculation and assessment of simulation results.

Mechanical Design of Joint

Our aim is to design the segment for redundant or hyper-redundant manipulator which can
be used for unconventional manipulation tasks. In other words, we do not want to design
segment for manipulator which is usually used in factories for example in automobile indus-
try. Our aim is rather to design manipulator for grasping tasks or tasks, concerning manipula-
tion with the objects. Manipulator should know how to avoid to the obstacles in the environ-
ment while performing required applications. Therefore we have several requirements for
possibilities of this segment, those mechanical design and its properties should be fulfilled.

Assuming that segment is developed for redundant or hyper-redundant manipulator, its
structure should consists of several identical segments or segments, which can be added to the
last segment in case of need. Our next requirement is 3D dexterous workspace of manipulator.
The actuators of segment have to allow it to do spatial motion. Motion of segment is not
bound only for one kind of actuator. Considering hyper-redundant manipulator, particular
segments should be able to evolve sufficient force for manipulating with the end-effector.
This point concerns primarily to segments which are near to the base of manipulator.

Axial Joint
4th platform

Electromagnetic
Actuator

3rd platform

2nd platform Rubber Bellows

1st platform Universal Joint

Place for electronic
circuits and accessories

Fig. 2. Model of link for hyper-redundant manipulator

For this reason it has to be assumed there with hydraulic or pneumatic actuators which can
produce significantly higher force effect in comparison with electrical actuator [6]. On the
other hand, using hydraulic or pneumatic actuator we cannot reach so precise results in posi-
tioning as with using electrical actuator [7]. This reason leads us to use combination of vari-
ously kinds of actuators in one segment of manipulator.

Considering of all mentioned requirements and constraints we designed new segment for
manipulator, see Fig. 2. CAD model was designed in software SolidWorks.

As can be seen in the Fig. 1, there is one universal joint enabling motion in 2 axes, located
on 2nd platform. Motion is assured by four rubber bellows which are actuated by pneumatic
compressor. As have been mentioned above, higher force performance can be reached by
pneumatic actuator but the precision of positioning is not too sufficient. For this reason there
are four electromagnetic actuators for more precise positioning used, located on the 3rd plat-
form. These actuators have their own position sensor. On the 3rd platform also an axial joint
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which allows precise positioning by means of electromagnetic actuators is located. By assum-
ing mentioned actuators and joints the segment of hyper-redundant manipulator is 6-DOF.
Material of segment construction is duraluminium and segment has weight roughly 1,4 kg.

Within our study concerning designing of the new segment of hyper-redundant manipula-
tor we are focused on properties of rubber bellows. Extension and shortening of bellows is
bounded by universal joint located on the 2nd platform.

Simulation of a pneumatic air-spring

Before the simulation itself could have been performed, we proceeded to create a virtual
model in SolidWorks 2013. More specifically, it was a pneumatic bellow McKibben, the
same as the one used in the case of US 6,870,343 B2 patent. The design parameters of a virtu-
al model were consistent with a realistic model which allowed us to approximate to the truest
conditions within simulation. The actual simulation consisted of verifying the behavior of a
pneumatic bellow under certain pressure. It means the change of affection of individual tense-
ness in mechanism, the change of the size and speed. Because of this, the problem of nonline-
ar dynamic load was solved within simulation. In order for us to be able to simulate the possi-
ble impact of the bonds, we have defined the limits consisting of contacts on the both ends of
the pneumatic mechanism. During the attempt to implement restrain rings to a simulation
model, the frequent fall of the computational core occurred. We suppose that the reason for
these falls was the considerable complexity of calculation during the contact of the surfaces.

The great disadvantage of the simulation of this type is a relatively time-consuming sever-
ity of the calculation itself. The increase of the required time is manifested mostly in compo-
nents with intricate geometric shapes. In our case, the geometric complexity itself necessitated
a minimum density of mesh required from the generator. The calculation of each simulation
was conducted on a special calculating virtual machine with four shared cores (Intel Core 17)
of processors with active hyperthreading. For the needs to store the operational data, the vir-
tual computer was equipped by 8GB of memory. Important parameter for the successful im-
plementation of the calculation in terms of the resources provided was the size of the virtual
disk’s capacity available. Mostly in the cases in which the calculation with a defined adaptive
action of individual iterations was performed, there was a great demand for storage space. The
time period of calculation of these adaptive steps have increased mostly in the cases where the
possibilities of usage of hyper-elastic material properties were verified. All changes of set-
tings and procedures relating to individual phases of simulation will therefore be introduced
in separate subchapters.

In addition to the standard model of the pneumatic bellow, we tried to verify the extended
model in our simulation as well. This model also included the restraint rings anchored in the
individual waves of the mechanism. The function of these rings was guide the expansion
pneumatic bellow. From the course of the simulations we have discovered that the usage of
other structural elements within one simulation is extremely demanding for computing power
as well as for the overall time that equals to tens of hours. For this reason, we carried out the
simulations of the design elements separately in the final stage.

1.1 Order of steps in the phase of pre-processing and the adjustment parameters

This simulation part is very important in terms of the correct entry of the input calcula-
tion parameters. Otherwise, the bad interpretation of incorrect results could occur as the re-
sult of wrong input parameters. In the worse case, the computational core could fall. As
mentioned in the previous chapter, in our case we will observe the change of behavior of the
pneumatic bellow under the influence of the input pressure. Total number of pressures,
which will be observed, corresponds to the number of pressure changes at experimental part
of verification, see Table.
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Table
Values of pressure for simulation process
Number of 1. 2. 3. 4. 5. 6. 7.
simulation
Max bellow
pressure 0,006 0,042 0,065 0,113 0,142 0,192 0,238
(MPa)
Number of 8. 9, 10. 1. 12. 13. 14,
simulation
Max bellow
pressure 0,284 0,332 0,380 0,424 0,470 0,516 0,602
(MPa)

At first, we have chosen a nonlinear dynamics problem to be solved and from the individ-
ual parts of simulation model, we have chosen pneumatic bellow to create a shell element. It
is the solution of shell element what guarantees us more simple numerical calculation. Some
reports however indicate that when dealing with pneumatic mechanisms, the non-shell ele-
ment should be used, because the thickness of a shell is the same in the whole object, while
non-shell element can reflect realistically the actual change of the thickness in the places of
bending, see Fig. 3 [8].

Fig. 3. Varying thickness of individual waves of the pneumatic bellow

In the second step, we have defined the material properties of simulation model. Since the
simulation model consists of two different geometrical and material elements we have defined
the material for every structural element separately. This definition consisted in selecting the
material generated by us. More specifically, it was a type of hyper-elastic material Mooney-
Rivlin, which was applied to the shell element of pneumatic mechanism. Following applies
for the strain energy and the density of this type of material:

W =C,(1,-3)+C,(I,-3) (1)

where C,and C, are empirical suitably chosen material constants, and I, , I, are the first
and the second invariant of unimodular Cauchy-Green components of the deformation tensor.
71 = J72/3[1’ 72 = J74/3[2 (2
L=27+ 25+ % 3)
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L= X2 + 505 + A (4)

J =det(F) (5)

F equals to deformation gradient. Due to the fact that the characteristic attribute of our
material is its incompressibility, J=1. Based on the works [9] the appropriate material con-

stants were chosen: C, =1[MPa]a C,=0,9 [MPa], while the condition C,+C, >0 had to

be fulfilled. In XY plane, the specific value 0,4999 have been chosen as Poisson’s ratio, be-
cause of its compatibility with the settings of the computational core (for the cases of shell
elements with great displacements). We have chosen the standard aluminium material as our
second structural element in a simulation model.

In the next step, we have defined the conditions of the anchoring of shell element of a bel-
low in such a way, that it will comply with the real attachment in the structural model. Since
we focused on the simulation of the pneumatic bellow itself, the anchoring was carried out at
the edge of a shell element in the same way as if it was physically glued to the clip anchor.
From the opposite side of the mechanism, the bond between the clip anchor and pneumatic
bellow was defined. The reason for using a clip anchor in simulation was to achieve the limi-
tation of expansion caused by the influence of pressure in the places of gluing, as well as the
simulation of the certain mass, although only a symbolic one.

In this fourth step, the input values of expansion pressures have been sequentially defined.
They have been changing in accordance with the values in the subsequent real experiment.
Simulation behavior was examined sequentially for each initial pressure change. Since we
know that a certain pressure in pneumatic bellow is achieved in nonlinear converge, for each
case of pressure custom accrual curves have been defined. These have been used in setting of
the pressure parameters Table 1.

The fifth step is to define Rayleigh damping coefficients. The reason why we consider this
influencing factor is that we assume some damping properties of a rubber pneumatic mecha-
nism. Since the simulation model consists of two components with different material composi-
tion and geometrical shapes, there is an assumption of mutual influence of the masses during
the expansion of a mechanism. Rayleigh’s damping is defined by the following matrix entry:

C=aM + K . (6)

Where C is the damping matrix of physical, K is the stiffness matrix, and M is the mass
matrix. In many cases of calculations, it is advised to neglect the coefficients a, which togeth-
er with the stiffness matrix have influence in form of the friction effect of a mass. The algo-
rithm from the work of Chowdhury and Dasgupta [10] allows us to express both o and B coef-
ficients, whose application is important especially in cases with a high degree of vacancy of a
mechanical system. The following applies for the coefficient :

28,0, 240
f==2rt o (7)
a)n _a)l

where @, is the n-th natural frequency or the harmonic frequency, o, is the smallest natural

frequency of the structural part, ¢ is the damping factor for the n-th natural frequency and

¢, 1s the damping factor for the lowest natural frequency. By subsequent substitution of 3 pa-
rameter into Equation 8 derived from Equation 6, we can express the coefficient a.

28w, =a+fo,’ (8)

Thus obtained coefficients o and B may be installed into the program in appropriate set-

ting. In our case, we needed to at first determine the natural frequencies of the pneumatic

mechanism in order to determine these coefficients. Because of this reason, before the simula-
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tion of the dynamic behavior of a pneumatic mechanism, we needed to perform frequency
analysis of the pneumatic mechanism. From the results of this analysis, we obtained natural
frequencies and corresponding custom shapes. The values of the damping factors were used
according to the works [12].

We have defined the damping factor ¢, =0,05 for the frequency @, =21,602rad.s™ as
the largest frequency of the frequency analysis. The damping factor ¢, = 0,01 was defined for

the lowest frequency @, =3,4703rad.s™' . After the substitution into the equations, the calcula-
tion of the coefficients was as follows:
~2x0,05x21,602—-2x0,01x3,4703
p= 21,6022 —3,4703
2x0,05%21,602 = +0,00460x 21,602% , o =0,01365 9)

We were able to substitute the resulting values of coefficients a and B into the formulas in
SolidWorks environment.

In the last point of the pre-processing part, we proceeded to set the parameters of finite el-
ements mesh. In examining the characteristics of the geometry of the pneumatic bellow we
concluded that the best option is to choose the possibility of the mesh construction based on
the curvilinear approach. It means that the resulting of finite elements mesh will automatically
compress in places where there is a curvature of the given object. In our case it causes that
generator of the mesh created a denser mesh in the areas of the mechanical waves. More spe-
cifically, the dimension of approximately MAX 3,505 [mm] was defined for the maximum
size of the element. For the minimum size, the dimension of approximately MIN 1,168 [mm)]
was defined. Enhancement factor of individual elements was set to a value of 1,5 and the
minimum number of elements in the circle was set to 8. We selected the number of integra-
tion points to 16 in the extended parameter settings of the mesh generator. These points are
used to control the level of distortion of tetra hydric elements. The final shape of the model
with a finite elements mesh is shown in Figure 4.

=0,00460 (8)

Fig. 4. Correct finite element mesh on the pneumatic bellow

1.2 Processing phase

After careful setting of all necessary parameters of pre-processing phase, we proceeded to
the actual solving of the problem of non-linear dynamics of pneumatic mechanism. Before
starting the SolidWorks program solver itself, we set the parameters of this solver. In Figure 5
the possible settings of the computational core are depicted.
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Fig. 5. Setup windows of the solver part in the SolidWorks

In "Stepping options" part, we set the finish time of the calculation to 2 seconds, which
roughly corresponds to the time of experimental verification. At that time, the settling of ex-
pansion of the mechanism at a given pressure occurs. In the subsection “time increment" we
have chosen the “auto stepping” of individual frames due to non-linear change of the mecha-
nism’s shape. In the following section "Geometry nonlinearity options" we have chosen the
option of large displacements, while hyper-elastic material is supposed to experience major
changes of shape. It was also because of this reason, that we have chosen Direct Sparse in the
section for selection of computational core "Solver". “Direct Sparse” was chosen for the di-
rect solution of sparse matrices, which is suitable for the solution of problems with a high de-
gree of shifts. Algorithms for the solution of sparse matrices are much more time-consuming
than in the case of dense matrices, which results in the overall time complexity of this prob-
lem’s calculation. Due to the existence of contact of two structural elements of the whole
simulation model, in "Incompatibile bonding options" we have chosen the option of more ac-
curate (slower) calculation process for the case of touching areas. In the advanced settings of
computation core, the Newton-Raphson method with Newmark integration has been chosen.
Since in previous experiments of this calculation, the fall of computational core occurred
mostly at the end of the calculation, we modified the value of maximum equilibrium iterations
to 40 and reduced the value of tolerance to 0,005. After all these settings, we decided to run
the calculation for each pressure change according to Table 1.

Results of the simulations of the post-processing phase

After performing the simulations, we have created graphical outputs of displacement,
tenseness, deformation, velocity and acceleration according to the pressure changes listed in
the chart. To illustrate the following outputs of simulations we have chosen one threshold
value of pressure.

In Figure 6, the displacement of pneumatic bellow at 2 seconds since the beginning of the
expansion is depicted. More specifically, we can see the maximum expansion and at the same
time its displacement at the place with splice plate. Chromatic shift corresponds to the assump-
tion that the pneumatic bellow will primarily expand in the x axis direction. The area with the
lowest shift is very close to the area of anchorage of shell element. It can be concluded from the
characteristic shape after the expansion that if the restraint rings were present in the calculation,
the maximum length of the expansion would probably be even few millimeters greater.
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Fig. 6. Graphical representations of pneumatic bellow displacement with 0,6 [MPa]
bellow pressure

Figure 7 shows the distribution of the reduced stress according to Von Mises-Hencky stress
theory. The most significant effect of stress occurs in the areas of bending of the individual
waves of pneumatic bellow. This means that during the expansions of the bellow, the waves
expand in the direction of the x axis and at the same time, the diameter of the bellow increases.
The result is the expansion of the bellow in all directions within the possibilities of the material.
The depicted tenseness is the consequence of the impact of the planar tenseness in the shell.

van Miged et
12 s
FIECTRT

L A
AT LD

- SAETEELE

L TEOLITLS
497 2980
Seaie
L

L 1248 LD

FRTEELIEY
1I1EELE
i

i

Fig. 7. Graphical representations of pneumatic bellow stress effect with 0,6 [MPa]
bellow pressure
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.

Fig. 8. Graphical representations of pneumatic bellow strain deformation with 0,6 [MPa]
bellow pressure

Another important information that we have obtained from the simulation is a representa-
tion of the pneumatic bellow’s deformations in Figure 8. The greatest deformations occur in
the waves that are closer to the central axis of the bellow. The reason for this is that during
expansion of the bellow, the individual fibers of the material stretch along the shell element
which manifests in the increase of the area. Subsequently, this area adapts to the affecting
pressure in the given areas, provided that no limiting element works against the expansion.
Thus, for example the deformation close to the areas of constraint and contact with the plate is
smaller, since the material is trying to preserve the original geometric shape in the near sur-
roundings. We can achieve the lowering of deformation in the areas of lower folds thanks to
the restraint rings added to the structural design of restricted expansion of pneumatic bellow.

In another Figure 9 we can see the progress of velocity of individual parts of the bellow.
Since the figure represents the final moment of simulation (final time interval) it is under-
standable that the velocities expressed are smaller compared to the velocities in the earlier
time intervals. However, the character of the change of velocity along the bellow is main-
tained. It can be clearly seen there, that more distant parts with the splice plate have higher
velocity than those which are closer to constraint.

-

Fig. 9. Graphical representations of pneumatic bellow velocity of expansion with 0,6 [MPa]
bellow pressure
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Fig. 10. Graphical representations of pneumatic bellow acceleration
of expansionwith 0,6 [MPa] bellow pressure

The last variable that we were interested in during the post-processing of the simulation
and its final time interval was acceleration. From Figure 10 we can conclude that the areas
with the greatest acceleration are on flat surfaces which join the individual waves of the
pneumatic bellow. Those areas have the greatest tenseness.

Conclusion. In conclusion, we will summarize the results of simulations at different expan-
sion pressures and in different time intervals. In Figure 11 we can see the overall dependence of
the change in increase of the shifts for individual expansion pressures of pneumatic bellow at
time interval corresponding to the total simulation time. From the shape of the graph it can be
seen that with the increase of pressure, the final displacement of the pneumatic bellow also in-
creases. This increase of expansion is however, in comparison with various experimental values
initially sporadic. Only at higher temperatures, the bellow begins to expand considerably. At the
highest pressure values, the expansion increases, but again, sporadically. In Figure 12, the de-
pendence of the speed of expansion of the bellow on the pressure and time of the simulation is
depicted. Noticeable increases of speed are present in initial and medium simulation times,
when the settling of the pressure in the bellow is expected. The character of the rising speed at
increasing the final temperature is also markedly visible. It means that the air in bellow spreads
faster, and as a consequence of this the expansion of pneumatic bellow is faster.
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Fig. 11. The variation of displacement in the pressure change during the simulation period
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AHAJII3 MTHEBMATHYHOI IPYKUHHU 3’€THAHHA
I'MEPHAUVIMIIKOBOI'O MAHIIIYJISATOPA

Axmyanvnicmy memu docnioxycenna. Lla docnionuyvka poboma npucesauena po3poodyi ma ananizy 3’ €OnanHs zinep-
HAOMUWKOBO20 MAHINyAsimopa/mexauismy. Y cmammi docnioscyemucs aanka mawinynamopa 6-DOF, wo ckiadaemocs 3
NHEBMAMUYHUX | eleKMPOMACHIMHUX npueodis. Tlepemiuyentns eepxnvoi naiampopmu 3’ €OHAHHA AOCALAEMbCA NHEBMAMUY-
HUMU NPUBOOAMU, A came NHeBMAmudHuMU npysrcunamu. OCHOBHUM HANPAMKOM Yb020 OOCNIONCEHHS € AHANI3 NHEBMAMUY-
Hoi npyacunu ma it enacmugocmeti. 3 yiei npuyunu ananiz FEM euxonyembca 6 npozpamnomy 3abe3neuenni SolidWorks. YV
BUCHOBKY 002060pOIOMbCA pe3ynomamu. [Ineemamuyni npusoou mMoxcyms idiepasamu yikagy poiv, SK MONCIUBICMb 3Mi-
HI08aMU MEXAHIYHI 61ACTMUBOCE MAHINYIAAMOPIE.

Ilocmanogxa npoonemu. Ananiz nHemo-npysisCcHo20 npusooy OJia 2inepHAOTUKO8020 MAHINYIAMOpA.

Ananiz ocmanuix 0ocnioscens i nyonikayiii. binvwicmes MaHinyiamopie ckiaoaemvcs 3 enekmpudHux npueoois. Buko-
PUCMAHHS NHEBMATUYHUX NPUB0OI8 HAOAE MAHINYIAMOPAM HOBUX 6IACMUBOCEL, MAKUX SK 3MIHA HCOPCHIKOCTI.

Buoinenns neoocnioscenux uacmun 3a2anvhoi npoonemu. Ilnesmamuuni npyslcunu ce wje 3HaxX00amMvCs 8 npoyeci
00CTi0HCeHHs 3 MOUKU 30Dy MEXAHIZMIE NPUBOD).

Ilocmanogka 3ag0anua. Y cmammi npogedeno MoOent08anHs ma aHaniz NHeeMamuyHoi nPYICUHU.

Buxnao ocnosnozo mamepiany. YV yiii cmammi 00CniodceHo cepy MOOe08aHHS 8 NPOSPAMHOMY 3a0e3neueHHi
SolidWorks. Cneputy nobyoosana CAD moodenv nogoco ceemenma O 2inepHaonuKo8020 MAHinyiamopa i Onucawi oo
OCHOBHI wacmunu. /lani Ha emani nonepeoHboi 0OPOOKU 0emaIbHO ONUCAHT KPOKU MA HAAWMYBAHHS OIS OOYUCTIOBANBHOZ0
sa0pa SolidWorks. [{pyea nonoguna cmammi 30cepeodicena Ha po3paxyHkax ma oyinyi pe3ynbmamis MoOenio8anHs1.

Bucnogxu 6ionogiono oo cmammi. Y cmammi npeocmaegneno Ho8ull 8U0 3 ' €OHAHHA MaHinynamopa. 3’ eonanns anani-
3YEMbCA | MECMYEMBCSL 30 OONOMO20I0 MOOEIO8AHHS.

Knrouosi cnosa: cinbponnuil; cineppesepsipoaHHull, NHeEMaAMuuHUIL, MAHINYIAmop.
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SAFETY AND RISK ASSESSMENT AT AUTOMATED WORKPLACE

Urgency of the research. Automated workplaces are growing up in present, especially with implementation of industrial
robots with feasibility of various dispositions, where safety and risk assessment is considered as most important issues.

Target setting. The protection of workers must be at the first place, therefore safety and risk assessment at automated
workplaces is most important problematic, which had presented in this article

Actual scientific researches and issues analysis. Actual research is much more focused at standard workplaces without
industrial robots. So, missing of information from the field of automated workplaces in connection with various dispositions
can be considered as added value of article.

Uninvestigated parts of general matters defining. Despite to lot of general safety instructions in this area, still is missed
clear view only at automated workplace with industrial robots.

The research objective. The aim of article is to provide general instructions directly from the field of automated workplaces

The statement of basic materials. For success realization of automated workplace is good to have a helping hand and
orientation requirements needed for risk assessment at the workplace.

Conclusions. The results published in this article increase the awareness and information of such automated workplac-
es, together with industrial robots. In addition, presented general steps and requirements helps persons for better realization
of these types of workplaces, where major role takes an industrial robot. Our proposed solution can be considered as rele-
vant base for risk assessment such workplaces with safety fences or light barriers.

Key words: safety; risk assessment; industrial robot.

Fig.: 5. Table: 1. References: 8.

Introduction. Automation at Slovakia is basically determined in automotive sector with
massive production and low variability of manufactured model numbers at automated lines.
These characteristics are still the same over the several years without significantly change.
Stereotypical working positions at companies lead to fluctuation of employees. Also this con-
tributes to the implementation of robots into the processes that can be considered as suitable
answer to cost increasing and qualified employers inability [1]. Over the time, classical and
standard working positions are reduced and missing and new highly specified knowledge is
necessary. The example of insufficient safety conditions at workplace can be presented at
Figure 1, where woman during operation at machine has not protected their eyes.

%’ . -~ "
Fig. 1. Insufficient safety during operation at workplace

The aim of automation in this content consists in sustainability of qualified workers in
companies with representative expert and analytical knowledge with potential for creation of
added value activities at their automated workplaces. Main field of automation is obviously
industrial sphere, but significant space is also in services. As good example, we can remark
software robots that can help people in offices, banks and public with daily boring activities
(like lot of numbers entering, repetitive information, etc...), but people still must be presented
an helped to him. Reasons for robot implementation lay in:

e Decreasing of operational costs (heating of hall, lighting during some operation etc...).

e Better quality of products (stability of their accuracy without distraction, fatigue or mo-
notonous and repeating work).

¢ Quality of working environment (robots take tasks that are unconformity for people, so
they can work on more interesting and complexion tasks in working process).

© Vagas M., 2018
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e Increasing of manufacturing capacity (robots can work almost always with small human
supervision).

e Increasing of manufacturing flexibility (adoption to new customer requirements are
much faster thanks to offline programming).

e Lower wasting of material (more accuracy = more products = less waste).

e Compliance with safety regulations (robots can take a role that is potential dangerous
for people, less ergonomic or lead to illness).

e Lower fluctuation of workers (automation is connected with qualified of workers and
interesting jobs that are much more preferred).

¢ Reduction of capital costs for stocks and incomplete production (manufacturing in term
of just in time).

e Better utilization of workspace (robots can be mounted at the walls, roofs and can work
in narrow conditions).

In past, industrial robots have not so that major position at working space as in present. They
are important because of its parameters like speed, accuracy, flexibility. Its position and role for
lean production together with implementation into the automated workplaces that includes specif-
ic customer requirements is a target to continuous increasing of product parameters and company
prosperity. Robot themselves are not lean, but by their integrating into the automation can rapidly
increase to lean concept development [2]. Benefits of robots integration are in:

e Repeatability — robots increase a quality of product, stability for quality level and elimi-
nate a waste.

e Speed —robots can participate at increasing of productivity and decreasing of cycle time.

e Accuracy — robots contribute to decreasing of waste.

¢ Flexibility — robots decrease a time that is necessary for workers training and reduce
time for tools exchange.

Despite to the fact that industrial robot as a whole is considered as relatively safety (regard-
ing to his certification and software control), it does not mean that the same robot is safely dur-
ing its environment implementation. Especially, in industrial applications are for robots devel-
oper impossible to say that any type of robot after his inserting into the application can be safe
without risk assessment. Safely robot can be assumed after a risk evaluation and assessment.

Hazard at automated workplace. A reason for hazard presented at the automated work-
place is much more than could anybody imagine. Between significant sources of this hazard
can be included dangerous work equipment, stress conditions, speed of working, insufficient
training of workers, insufficient supervision or absenting of safety procedures and control,
Fig. 2. In case of young workers (until 18 years) is injury probability more expected than oth-
ers workers [3]. As young people, you can be faced to more hazard because of lower skills,
protection and OSH solutions that can occur.

Hazard Exposure

Vulnerability

Fig. 2. Factors of risk at automated workplace

79



Ne 4 (14), 2018 TEXHIYHI HAVKH TA TEXHOJIOTI

TECHNICAL SCIENCES AND TECHNOLOGIES

Automated workplace can be considered as safely only after risk assessment and repeated-
ly minimising. Working with robot is generally considered as safely (collaborative robot i.e.)
but if the end effectors has sharp shapes, operation is no more safely, at all — despite to the
whole developer certifications and protection parts and surfaces. One of the major factors that
have impact to hazard is vulnerability. Long and periodic factor lead to human diseases at au-
tomated workplace; such is noise and vibration i.e. that is most often from working process.

Types of hazard in general can be seen in table.
Table

Hazard in general form

Unequal and slippery surfaces (can lead to fall, slip etc...). Most often reason because of lot of people at
the workplace, dust or liquids at surfaces cables or damages.

2 Moving equipment and machines (insufficient maintenance, missing security equipment, trying to ma-
chine repairing)

3. | Moving parts of machines (disconnecting of machines from voltage)

4. | Objects and parts with dangerous surface (sharp, rough etc...)

5. | Hot and cold surfaces, materials etc...

6. | Workplaces at high and places with possibility to fall

7

8

9

Handle tools

High pressure

. | Electric installation and equipment

10. | Fire

11. | Explosion

12.| Chemical substances (including dust) in air

13. | Noise (higher and long duration can lead to ear damages)

14.| Vibration of hands

15.| Vibration of whole body

16. | Lighting

17.| UV, infrared, laser and microwave radiation

18. | Electromagnetic fields

19. | Hot and cold climate environment (temperature extreme lead to health problems)

20. | Lifting and manipulation with load (unstable and heavy load, missing of lift at a workplace)
21.| Work in contrary position

22.| Biological hazards (viruses, parasites, bacteria’s etc...)

23. | Stress, violence, mobbing (as a result of bad work organisation, unclearly responsibilities, etc...)
24.| Others (can be specified...)

Prevention at automated workplace. Knowing how to prevent in the automated work-
place is super important, but what’s better than that? Of course, it’s not possible to completely
eliminate accidents, but with a little effort and some foresight, they can be significantly re-
duced. Tips, how to prevent accidents in the first place can be:

e No tasks can be realised by new worker, only after his regularly training.

e In case of speedily OSH training, try to repeat information from trainer and slow down.

e For new recruited persons is better to stay at desired space in working area (they have
low knowledge about whole area of company, hall etc...).

e If you are not sure, firstly ask more skilled worker or your supervisor.

e Do not be afraid to ask for further training.

e Wear and use PPE correctly, his place and carrying about them.

¢ Be informed about emergency situations.

¢ Do not ignore early signs of problems, such as headaches, other pains, dizziness, itchy
skin or irritated eyes, nose or throat.

e Follow advice and instructions given to you - this applies also breaks the correct setting
chairs, wearing personal protective equipment.

Convectional industrial robots are strictly isolated from human operators (by mechanical
fences or optical barriers) that serve for immediately stopping of human approaching, Fig. 3.
It helps with difficult and routine tasks, manipulation with products [4].
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7

Fig. 3. Prevention by mechanical fences at automated workplace

Creation of prevention plan

All automated workplaces should have prevention plan. Generally, it is not possible to
create one universal concept for whole and specific situations [5]. Prevention plan allows to
company consider a necessary implementation questions for relevant and equal situations.
Consists of fourth phases:

e pre-treatment phase - includes creation of working group, evaluation of needs, commit-
ment, social atmosphere and communication,

e planning and preparing phase — agreement of objectives and tasks, curriculum planning
and program selection, preparation of program creation, identification of resources, start of
project, key stakeholders,

e sustainable phase — assessing and adapting of program, engaging key stakeholders, as-
sessing of tasks and responsibilities, monitoring of trends and data,

e starting / initiation phase — coordinate of project or project team, regular meeting, agree
of key element, leadership

Minimizing of risk

Minimizing of risk is continuous process together with using of security devices. The pur-
pose of these devices is decreasing of injury level to minimum regarding actual standards, di-
rectives up to acceptable surface [6]. During minimizing of risk is possible to apply an ap-
proach into the followed steps. In first step we try to avoid creation of danger already at
design and production of automation workplace phase. Second step can be characterized as
decreasing of danger through implementation of several protection devices [7]. In last, third
step we try to identify a residual danger. After that, we try to decrease this danger i.e. by in-
forming of employees, additional training etc. It is recommended to minimizing of risk also
via health and security examples see Fig. 4.

Specially-designed machines can be used for
pre-determined collaborative tasks involving direct operator
contact when all required protective measures are active
\__and all relevant risks have been acceptably reduced.

Exposure reduction relies on active machine protective
measures, Safeguarding shall prevent operators from
advancing beyond the safeguarded space, and cause
\__hazards to cease if unacceptable conditions are detected.

Awareness means, administrative controls and PPE are
an effective means of reducing risk AFTER machine
hazards are reduced through engineered means.

Fig. 4. Minimizing of risk at automated workplace

Risk assessment at automated workplace. Risk assessment can be realized by employer;
employees entrusted to employers or by external evaluators or these service providers (if there
is a small number of employees) [8]. Generally, evaluators must have all necessary infor-
mation, training, sources, time and support to realize it. We can follow this procedure:
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1. Parameters defining at automated workplace.

Introductory step for risk assessment is defining of all parameters at automated workplace.
Is possible to help with several questions, like: Where will be place for robot? What kind of
end effector will be used? Which will be the main purpose of the robot? What is the type of
manipulated work piece (in case of manipulation task)? By answering at these questions we
can obtain a lot of necessary data for precise and detailed risk assessment. In this phase is
good to know the type of the robot followed by studying of manufacturer catalogues lists to
determining a maximum speed, acceleration, maximum payload etc. After collecting of these
information is possible to reach a second step — identification of risk sources.

2. Identification of risk sources.

This step is characterized as identification of whole possible risks. Is needed to know that
risk assessment process includes not only operations as manipulations, welding, packaging
etc. but also buying of component (at the beginning), it’s given from providers until the liqui-
dation of workplace (at the end). Already at the incorrect unloading of heavy robotic arm
from car or robot operation starting without qualified persons can be sources for creation of
big injuries. Warning to the creation of possible risks during installation may be insignificant,
but security experts warn and claim that the process of risk sources identifying is often under-
estimated, and many times during the installation of robot itself it has become tragic. After a
thorough identification, the result should be an analysis that is subsequently needed in the
next step to determine level of risk.

3. Determining level of risk.

Exists more and various ways how to monitor and evaluate risk. One of them is under the
ISO 13849-1:2006 method. Risk is evaluated by performance level rating (PLr). This analysis
uses three parameters: severity of injury — S, frequency of exposure to hazard — F and possi-
bility of avoiding hazard P. Basic principle of risk assessment according to the given method
is to gradually move from start to finish to individual parameters and their evaluations, at the
end we will find the level of risk from negligible to very high, Fig. 5.

Elimination &
Substitution /. [

Safeguarding

Awareness Means 4

Admin Controls

PPE

Fig. 5. Risk assessment at automated workplace

Conclusions. During robot integration into the automation processes is major requirement a
workers safety, of course. More automated solutions with implementation of industrial robots
require safety fences or light barriers. So, robot works in a closed space and thus protects opera-
tors. Future safety needs are also important during realisation of these solutions, because they
contribute to the increasing of company efficiency and will be grow up together with you. Au-
tomation as a whole is not only about less employees at the workplace, but it is also about inte-
gration of new security devices and technologies with supporting of workers cooperation.
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Mapex Bacaw

®YHKIIOHAJIBHA BE3IIEKA TA OIIIHKA PU3UKY
HA ABTOMATHU30BAHOMY POBOYOMY MICII

Axmyanvnicme memu 0ocniddcenns. B danuii yac 3pocmae KinbKicms agmomamu308aHux poooyux Micyb, ocoonugo 3
BNPOBAOIHCEHHAM NPOMUCTOBUX PODOMIE 3 MOMCTUBICIIIO 3MIHU IX PO3MIWEHHS, Oe PYHKYIOHATbHA be3neKa ma OYiHKA PUSUKY
P0O32130a10muCs K HAUOIIbI 8AdICTUGT NPOOTEMU.

Ilocmanogxa npobnemu. 3axucm npayieHukie mac Oymu Ha nepuwiomy micyi, momy oyinka besnexu ma pusuxy Ha as-
MOMAMU308AHUX POOOYUX MICYAX € HAUOLTbUL BANCTUBUMY NUMAHHAMY, AKI OYIU npedcmasieHi @ yiti cmammi.

Ananiz ocmannix 0ocnioxcens i nyonikayiii. AkmyansHi 00CniONceHHs 6inbut CHOKYCOBAHI HA CIMAHOAPMHUX POOOUUX
Micysx 6e3 npomuciosux pobomis. Taxum uuHom, 8i0cymHicms tHPOpMayii Wooo asmMoMamu308aHux pooodUx Micys y 36's-
3KY 3 Pi3HUMU OUCROUYIAMU MODICE PO3TAOAMUCA AK 000AMKOBUL YUHHUK, WO NIOGUWYYE YIHHICIMb CIAmMmI.

Buoinenns nedocnioycenux uacmun 3azanvhoi npodnemu. Heszsadxicaiouu na 6esniu 3a2anbHux iHCMpyKyitl i3 MexHiKu
be3nexu 6 yiii eanysi, 00ci 8i0CYmHitl YimKuil 02150 BUKTIOUHO ABMOMAMUZ0BAHUX POOOYUX MiCYb I3 NPOMUCTIOBUMU PODOMAMU.

Ilocmanogka 3agdanua. Memoro cmammi € HAOAHHA 3A2aNbHUX THCMPYKYill be3nocepedHbo 8 0b1acmi agmomamuzo-
8AHUX POOOYUX MicYb.

Buknao ocnoenozo mamepiany. /[ns ycniwnoi peanizayii agmomamuzo8ano2o pob04o2o Micys KOpUcHo mamu 000am-
K08y 00noMo2y ma nepenik 6umoe, HeoOXioHi Ol OYiHKU PUUKY HA POOOHOMY Micyi.

Bucnoeku 6ionosiono 0o cmammi. Pesynomamu, onyonikosaui 6 yiti cmammi, nioguwyons 06isHanicmy i iHghopmo-
8aHICMb NPO ABMOMAMU3ayilo pobouux Micys pazom iz npomucirosumu pobomamu. Kpim mozo, npedcmasneni 3aeanvHi kpo-
Ku 11 BUMo2U, AKi 0onomazaroms A100AM Kpauje peanizysamu yi munu poboyux micyb, e OCHOBHY poib 8i0iepae NPOMUCTOBUIL
pobom. 3anpononosane piuienHs Modice po3na0aAmUcs aK aKkmyanbHa 6a3a Onsl OYiHKu pusuKy makux pobouux micys iz 3a-
XUCHUMU 020POOIICEHHAMU abO CaimnosuMuU bap'cpamu..

Knrouoei cnosa: gynxyionanvHa 6e3nexa; oyiHKa pusuxy;, npOMUCIo8uti pobom.
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MULTIBODY SYSTEMS AND SIMULATION IN MATLAB

Urgency of the research. Computer modeling changes the teaching methodology, the way of thinking and the
possibilities of applications. It helps to move from external to internal properties and from individual to related properties.
The development of the product is accelerated by experimenting with a computer model.

Target setting. Kinematic analysis in Matlab and MSC Adams View. The aim is to investigate the rotation of individual
members of the robotic system and to determine the spatial movement of the end effector.

Actual scientific researches and issues analysis. MSC Adams represents dynamic simulators of virtual prototypes of
mechanical systems. Virtual prototypes allow to model, analyze and optimize the future products and to examine their
properties before building a real prototype. This approach is suitable for developing miniature mechatronic elements as well
as complex systems.

Uninvestigated parts of general matters defining. Virtual prototypes represent a suitable resource for testing of control
and regulation procedures.

The research objective. Compilation of a virtual prototype of a mechanical system that has all the decisive features and
is computationally stable.

The statement of basic materials. Virtual model is a mathematical representation of real-world structures, simulating all its
physical properties virtually.

Conclusions. The aim was to determine the kinematic properties and also to evaluate the influence of the parameters of
the mechanism which influence these kinematic properties. The matrix method was used. The process of the solution
consisted of determining the transformation matrices of the coordinate systems, the kinematic analysis of the industrial robot
and the graphical representation of the effector handling space.

Keywords: virtual model; open kinematic chain; robotic system; software simulation; end-effector; transformation
matrices.

Fig.: 11. References: 17.

Introduction. The development of technology and mechanization has led to the
development of the theory of planar and spatial mechanisms. Spatial mechanisms are used in
various production machines, for example, in robots and manipulators. Analytical analysis of
mechanisms describes the movement of driven members or some points of these members
depending on the known or prescribed movement of the driving members. It means the
determination of the position, speed and acceleration of the studied members and points
depending on the movement of the driving member. It is possible to use the vector method for
kinematic solution of spatial mechanisms, which was described by V. A. Zinovev. This
method, however, is quite complicated for scalar notation of vector equations. More suitable
is the usage of the matrix notation. The fourth order matrices were introduced by J.Denavit
and R.S.Hartenberg. Similarly, G.S.Kalicin solved some problems of planar and spherical
mechanisms by the matrix notation. The possibility of using quaternions or biquaternions in
kinematics of the rigid bodies was pointed out by J. Novak. General methods of analytical
analyses were studied by S.G. Kislicin and J. F. Moroshkin. The czech author V. Brat
introduced into practice the usage of a matrix notation in analysis of kinematics of spatial
mechanisms. Individual simultaneous movements can be described by matrix equations.
There are relationships derived for both simple and simultaneous movements. The suitability
and widespread usage of the matrix method is given not only by the possibility to describe the
directly the space of the individual members, but it is also appropriate for use in computers
with advanced methods of numerical solution of systems of equations.

This paper presents the application of the matrix method in the kinematic analysis of a
simple manipulator model. Manipulators are composed of open kinematic chains. Matlab
and MSC Adams -View computer programs were used in their analysis.

Model of manipulator with 2 degrees of freedom of movement R-R.

The mechanical system representing the open kinematic chain consists of two members 2
and 3 and the base 1 (Fig. 1). The member 2 with length /> rotates around the axis z1 = z> by
the angle ¢> and the member 3 with length /3 rotates around the axis z; by the angle @3. We
investigate the absolute motion of the member 3 and its point M, determine the position

© Hroncova D., 2018
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vector rim (position of the point M relative to the base 1) using the matrix method, using the
transformation matrices of the basic movements. We also express the velocity vim and the
acceleration a1m of point M relative to the base 1.

X3
Y, M
y q2 X2
2 P
3
3
I2 y3
/
q, A 3
3=Z3
2
¢,
015025 Z’IEZZ X1

1

Fig. 1. Coordinate systems of the manipulator with 2 DOF (q1=¢2, 2= ¢3)

We introduce the coordinate systems of individual members (Fig. 1). The movement of
the member 2 with respect to the base 1 is rotational, the coordinate system O, x2, y2, z2 of
the member 2 is rotated with respect to the base coordinate system O1, X1, y1, 1 by the angle
¢2 around the base axis while z; = z;. The coordinate system Os, X3, y3, z3 of the member 3 is
shifted by the length of the first element /> along the x; axis and rotated by angle @3 around
the z3 axis. Generalized coordinates for rotational movement of members are: qi=¢2 and
q2=3. We search: rim, vim, @im.

The motion of the member 3 with respect to the base 1 is determined by the movement of
the point M and described by the equation:

2
Iy = HTi,i+1 B3y (1)
i-1
the relative spherical motion is described by the transformation matrix:

2
T3 = HTi,i+1 (2)
i1

The matrix equation of the trajectory of the point M relative to the coordinate system of
the base 1 is:

ry =Ty Ty .r3y (3)
where:

T =Ty (92) (4)

Ty3 =Tz (03) Tz () (5)
and:

ra =l 0 0 1f (6)
then
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Position vector of point M with respect to the base coordinate system Oy, X1, y1, Z1:
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corepsly—spysp3ly
sprepzh+cpyspzly

Tzi(l).r37 =
0 0]1 00
0 0/[0 1 0
1 0/|0 0 1
0 1//0 0 0

0

0

1

0

[(cppeps—sorysp)a+cpyepsh—spyspsly
(Sprcp3tcpysp)lz+sprcpslhy+cpysp3ly

)
0
0
1

S

(=]

0
1

—_ O

(=]

(7)

®)

The matlab script (Fig.2a) for the calculation of the position vector in symbolic form and
the matlab script (Fig.2b) to determine the trajectory of point M:

cle

syws gl g2 12 13

TiZ=[cosigl) -sinigl) O O;sin(gl) cos(gl) 0 0:0 0 1 0;0 0 0 1]
T23ir=[cos(g2) -sinf(g2) 0 O:;sin(ge) cos(g2) 0 0;0 0 1 0;0 O O 1]
Tg3t=[1 00 12:0 1 00:00 10:000 1]

T23=Ta3r*T23t

T13=T12*Tz23

r3M=[13;0;0;1]

rif='po=ition vector of M’

r1M=T13*:3M

x1M giM z1M='position x1Mit), 71iMic), z1Mic)’

X1M=riM(1,1}

TIN=rlM(z, 1)

21M=ri1M(3,1)

a

Fig. 2. M —file for a) position vector of the manipulator riy ,b) trajectory
of the manipulator yim =yim (x1m ) and position xiv = X1 (1), yive = Vi (1)

figure (4)

get (4, 'Namwe' , ' Trajectory vi1M=£ (x1M) of M, position x1M=x1M(t),

cle
1z=0.4; %
13=0.3; %

omegal=0.35;
omegaz=0.35;
t={1i: 0.001:

m

m

30)

rradis,
zradis,

yiM=yillic) '}

®x1M=(cos (omegal. *t) . *cos (omegsz . *L) -sin(omegal. *t) . *sin(omega . L)) ¥13 ...
+icos (omegal. *t) . *oos (omegaz . *t) —3in(omegal. *t) . fein(omegaz . *T) ) *1la;
FlM=(sin{omegal.*t) . *cos(omegas: . *t) +0o0s (omegal. o) . *sin(omegaZ . FL) ) Y13 ...

+izin{omegal.¥t) . *cos (omegaZ . L) +cos (omegal. *t) . fsin(omegaZ . vo) ) Y1Z;
subplotil,3,1)

plot (x1M, ¥1M, 'k', 'Linellidth',

xlakhel (' =1M
vlahel (' y1M

grid on
hold on

R
RE
title (' Trajectory yiM=gyiM(=1M)'):

subplotil,3,2)
plot(t,x1M, 'kb', ' LinsWidth',
titlel'x1M=x1M(t) "),
xlabel (' Time [=sec]'):
wlabel ['x1M [m] '):

grid on

subplot(1,3,3)
plocit,¥v1M, 'g', 'LineWidch',
title (' FlM=g1M(t]) '] :
xlabel(' Time [sec]'):
wlapel (' 1M [m] ')}

grid on

1.50;

1.5):

1.5):

Solution of the position vector 7y, position x;i; and y;n in symbolic form in Matlab are

shown in Figure 3.
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Ti2=

[ cos(ql), -sin(ql), 0, 0]

[ sin(gl), cos{ql), 0, 0]

[ 0, 0, 1, 0]

[ 0, 0, 0, 1]

T23r=

[ cos(q2), -sin(q2), 0, 0]

[ sin(q2), cos(q2), 0, 0]

[ 0, 0, 1, 0]
[ 0, 0, 0, 1]
T23t=
[1.0 012]
[0,1,0, 0]
[0,01, 0]
[0,0,0 1]
T23 =
[ cos(q2), -sin(q2), 0, cos(q2)*12]
[ sin{q2), cos{q2), 0, sin{q2)*12]
[ 0, 0, 1 0]
[ 0, 0, 0, 1]
Ti3=
[ cos(gl)*cos(q2)sin(ql)*sin(q2), -cos(ql)*sin(q2)-sin(ql)*cos(q2), 0,
cos(gl)*cos(q2)*12-sin(ql )*sin(g2)*12]
[ sm(gl)*cos(g2)eos(ql)*sin(q2),  cos(ql)*cos(q2)-sin(ql)*sin(q2), 0,
sin(ql)*cos(q2)*12+cos{g1)*sin(q2)*12]
[ 0, 0, 1; 0]
[ 0, 0, 0, 1]
BM=

13

0

0

1
rIM=
position vactar of M
rIM=

(cos(ql)*cos(q2)-sin(ql)*sin(q2))*13+cos(ql)*cos(q2)*12-sin(q1)*sin(q2)*12
(sin(gq1)*cos{q2)+cos(gl)*sin(q2))*13+sin{q1)*cos(g2)*12+cos(ql)*sin(q2)*12
0

1
xIM_yIM_zIM=
position x IM(t).y 1IM(t).z1M(t)
xIM=
{florféq1)"'-‘0S(ql}sin(ql)"sin{ql))’l-"ﬂostql J*eos(q2)*12-sin(q1)*sin(q2)*12
viM=
isin(q] Yecos(q2)+cos(ql)*sin(q2))*13+sin(ql)*cos(q2)*12+cos(ql y*sin(q2)*12
zIM=
0

Fig. 3. Solution in Matlab of the position vector riu of the manipulator

The trajectory of the manipulator yiv=yim(Xim), position xim = Xim (t), yim = yim (t) of the
point M is shown in Figure 4.

Trajectory y1M=y1M(x1M) x1M=x1M(t) y1M=y 1M(t)
0.8 \ 0.8 ; 0.8 i
¥ L1
0.6 - 0.6 i It - 0.6H-1-14-1--
| I
| |
0.4 - o4ttt 0.4 H-H-F-
| |
|
02F]--+-- o2t 411{1- 0.2FFH-hI-F -
—_ —_ |
< E E |
< OFt--1-- s 0 E = 0"”#‘*"~
X > :
02F4--+1-- 020113111 -0.2~7~T~~
|
04r-F-+-- -0.4H1 4: - - -0.4~***4:f~~
I |
| |
06F--\*f -0.6 fo - - -0.6- JJ%
| U |
| | |
-0.8 : -0.8 ! -0.8 ‘
-1 0 1 0 20 40 0 20 40
x1M Time [sec] Time [sec]

Fig. 4. Trajectory of the manipulator yim =yim (X101 ), position xiu = X1um (1), Yim= yium (1)
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Model of manipulator with 3 degrees of freedom of movement.

The manipulator in Fig. 5 is an open kinematic chain of four members 1, 2, 3, and 4. The
chain is four-dimensional with 3 degrees of freedom of movement. The member 2 is rotated
about the z; axis, the member 3 is moved along the member 2 in the zo= z3 direction and the
member 4 moves along the member 3 in the direction of the axis x3= x4. We investigate the
absolute movement of the member 4 and its point M. The movement of the member 4 is
expressed by means of the basic decomposition to the reference point M. It is necessary to
determine by the matrix method, by means of transformation matrices of basic movements the
position vector rim (position of point M relative to base 1) velocity vim and acceleration aim
of the point M relative to base 1.

Zy
Z1E ZZE 23 d4
Y3 \/
P b 4 Ya M
e A
| 03 S X3= X4
N, ds
2 Y,
E23 Y1
| N
X
1 — (p‘|2 2
OF G,

X1
Fig. 5. Model of the manipulator with 3 DOF

We introduce the coordinate systems of individual members (Fig 5). The movement of the
member 2 with respect to the base 1 is rotational, the coordinate system O», X2, y2, Z2 of the
member 2 is rotated with respect to the base coordinate system O1, X1, y1, z1 by the angle @12
around the axis  zi = z». The coordinate system O3, x3, y3, z3 of the member 3 is offset by the
value &3 in the direction of the z; axis of the member 2. The member 4 moves on the member
3 by the value n34 in the x3 direction of the member 3. The length of the member 4 is ds and
the goal is to determine the movement of the end point M.

The generalized coordinate of the rotational motion of the member 2 is qi=¢i2 and the
generalized coordinate of the translational motion of the member 3 is q2=&3 and the
generalized coordinate of the translational motion of the member 4 is qz= m34. In the initial
position, the coordinate systems of members 1, 2, 3, 4 coincide g=[0 0 0]".

The position rim, the velocity vim and the acceleration aim of the point M relative to the
base coordinate system are investigated.

The motion of the member 4 with respect to the base 1 is determined by the motion of the
point M and described by the equation:
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3
Iy = H T i1 -Tam )
i-1

The relative spherical motion is described by the transformation matrix:

3
Ty = HTi,i+l (10)
i-1

We express the individual transformation matrices using the basic matrices. In each
member, we introduce coordinate systems (Fig. 5) and mark the dimensions and coordinates.
Then we write the transformation matrices using the transformation matrices of the basic
movements in the form:

Tiy =Tz4(012) (11)
Tys = Tz3(&3) (12)
T3y =Tz (734) (13)

Then we obtain the equation of the trajectory of the point M of member 4 in the
coordinate system of the base 1 by means of the basic matrices:

riy =Ty Toz  Tay gy (14)
where
rav=[ds 0 b 17" (15)
and
iy =Tz (@12)- T23(603) - T1(034). vans =
[cos (@15) —sin (@) 0 0 1 00 0 1 0 0 734][dy
_|sin (¢p) cos (pp) 0 O 010 O 010 O 0] (16)
0 0 10" [0 01 &30 (o0 1 o0f]b]
0 0 0 1 00 0 1 00 0 1 1
[cos (p12) —sin (p12) 0 734 cos(py2) dy4 cos (¢’12)+7734 cos (¢12)
_|sin (p12)  cos (ep2) 0 13 sm(m) _ | dasin (p12)+7734 sin (p13)
0 0 1 b+§23
0 0 0 1
Position vector of point M with respect to the base coordinate system O, X1, y1, Z1:
Xap | [dacos (p1p)+ 734 cos (p12)
dy4 sin + sin
ry = Yam |_| 44 (@12 )+ 7734 sin (912) (17)
Z4m b+¢&a3
1 1
Velocity vector of point M with respect to the base coordinate system Oy, X1, y1, Z1:
M4 - COS(¢’12)'(d4 +7734)~ 12 -sin (¢12)
) N34 . sin (@p)+\dg +1734 ). 95 .cos (@
Vi = Fy =| 12 4 7134)- 012 (12) (18)
$23
0

Acceleration vector of point M with respect to the base coordinate system O1, xi1, yi1, Zi:

7734 - €0S(P12) =134 P12 Sin (¢12)-(¢12 (d4 +1734 )+ P12 -’734)Sin (@12)- ¢’122(d4 +’734) cos (6012)
_ | 7i34-sin (@12) + 7734 @12 cos (2 )+ (¢12 (d4 1134 )+ P12 -’734)005 (@12)- 6012(‘14 +’734) sin(g2)| (19)

$23
0

Ay = Vi =Ty =

&9
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Solution of the position of the point M in the Matlab program is performed by m-files

(Fig.6a, b):
figure(3)
Set (5, 'Name','Position x1M=x1M(t), viM=v1M(t), =zlM==ziM(t)')

d4=0.5; Eom

h=0.3; 5 m

omegazl=0.35; yradis,
w23=0.1; zmf =
wid=0,1; mf =
t={1: 0.001: 30}

®1M=c4, *cos(omegaZl. *t) +(v34.¥L) . *ocos (omegaZl. *L) ;
TiMN=d4.*sin{omegaZl. *t) +(v3i4. t) . *sin(owegazl. ) ;
z1M=h+v3i4. *r;

subplot (2,2, 1)

plotd (x1M, viM, 218, 'k','LineWidch', 1.5):
title('Trajectory of point M of the wember 4');
xlabel ('=x1M ')

Tlabel ('yiM ')

zlabel ('z1M ') ;

grid on

hold on

subplot (2,2,2)

plotit,®x1M,'c','LineWidch', 1.5):
title|'Position x1M=x1M(t) of the mewber 4');
% legend('<1Mit) ')

®xlabel ('t [2]'):vlabel ('x1M [m]'):;

grid on

subplot (2,2,3)

ploti{t,y1M, 'm', 'LineWidch', 1.5);
title('Position v1M=y1Mit) of the menber 4');
% legend('yiMit) ')

xlabel ('t [s]'):;vlabel('vliM [m]');

grid on

subplot (2,2, 4]

plotit,z21M,'g','LineWidth', 1.5):
title('Position z1M==z1M(t) of the menber 4');
Zlegend('=1Mit) ') ;

xlabel ('t [s]'):;vlabel('=z1M [m]');

grid on

a

figure (&)

set (5, 'Name', 'Position x1M=x1Mit), viN=v1M(t), =z1M==z1M(t)')
d4=0.5; % om

h=0.3; % m

omegaz 1=0.35; sradls,

vz3i=0.1; smf s

vid4=0.1; smf s

t={l: 0.001: 30)

®1M=d4. *cosjomegaZl, *o) +(v3i4. %) . *cos (omegail. *t)
TiM=d4. *sin(omegaZl. *c)+(v3i4. ) . ¥sin(omegazl. *t) ;
21M=h+v3id. *r;

subploti{Z,2,1)

plotd (x1M, v1M, =18, 'k', 'LineWidch', 1.5):
title (' Trajectory of point M of the mewnber 4');:
xlabel('x1M '):ylakel('yviM '}j:;=zlabel('=z1H ');:
grid on

hold on

subplot(2,2,2)

plot (=x1M, vi1M, 'c', 'LineWidth', 1.5):

title (' ¥wiM=v1M(x1M) of mewber 4');
Xlabel('x1M [mw]'):;vlabel('v1M [m]'):

grid on

subplot(2,2,3)

plot (x1M, =z1M, 'm' , 'LineWidth', 1.5);

title(' =1M==z1M(x1M) of wmewber 4'):;

¥xlebel ('x1H [w] ') ;vlabel('=z1M [m]'):

grid on

subplot(Z,2,4)

plot(viM, =1M, 'g','LineWidth', 1.5):

title (' =1M==z1M(v1M] of mewber 4');:

¥xlebel ('v1H [mw]');vlabel('=z1M [m]'):

grid on

b

Fig. 6. M —file of the trajectory and a) position xy = xm(t), yu = ym(t), and zu = zu(?),
b) position yu = ym (Xm), zm = zumr (Ym), z2m = Zm (Xm)
The trajectory and position xim=x1m(t), yim=y1m(t), Zim=z1m (t) of the point M is shown in

Fig. 7.

Trajectory of point M of the member 4 Position x1M=x1M(t) of the member 4

4o -

N
- !
|
|
|
| ~
|
|

y1M [m]

t[s]

4 r \
5| S SN N
l !
OF ot
| |
2p----- T 1%~
| |
| |
-4 L L
0 10 20 30
t[s]

t[s]

Fig. 7. Trajectory and position xiy =xim (t), Yim =yim (1), zim =zim (t) of the manipulator
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The trajectory and position yim=yim(xim), Zim=zim(Xim), Zim=2Zim (yim) of the point M is
shown in Figure 8.

Trajectory of point M of the member 4 y1M=y 1M(x1M) of member 4
4 : ; ;

y1M [m]
o

0 1 1
yiM -5 -5 x1Mm 4 2 0 2 4
x1M [m]

Fig. 8. Trajectory and position yivu =yim (X1nm), Zim =Z1m (X1m),
and ziv = zim (Vim) of the manipulator
Computer simulation in MSC Adams software. An example of how to use Adams to
simulate the movement of a R-R-T-R model manipulator is in the following section.

We create a model of the R-R-T-R manipulator with the basket according to Fig. 9a)-c)
using modeling elements and procedures for building body, geometric and kinematic links
in MSC.ADAMS/View and verifying its functionality. The manipulator consists of the base
part on which is mounted the stand. There is an arm with a basket at the end. Once the model
is assembled, another task is to investigate the endpoint movement. The solution is shown
in graphical form. A preview of the assembled model of the manipulator and the simulation of
its movement is shown in Fig. 9a)-f).

d e f
Fig. 9. Models of the manipulator in MSC Adams- View
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The trajectory of the end-effector during the simulation is shown in the Fig. 10.

Fig. 10. Model of the manipulator- trajectory of the end-effector
Movement is depicted using the Postprocessor in Fig. 11.

manipulator
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Fig. 11. Position xu, yu, zu and position vector ry of the end effector

The position xm=xm(t), ymv=ym(t), zv=2zm(t) and magnitude of the position vector rv=rm(t)
of the point M of the end effectors in Postprocessor is shown in Figure 11.

Conclusion. This work deals with the problem of kinematic analysis of an open kinematic
chain of an industrial robot. The aim was to determine the kinematic properties and also to
evaluate the influence of the parameters of the mechanism which influence these kinematic
properties. The matrix method was used. The process of the solution consisted of determining
the transformation matrices of the coordinate systems, the kinematic analysis of the industrial
robot and the graphical representation ofthe effector handling space. The analysis also
includes graphical representations of the kinematic properties of the mechanical system.
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VIIK 004.4
Japuna I'ponyosa
BATATOKOMITIOHEHTHI CUCTEMU TA MOJAEJKOBAHHSA B MATLAB

Axmyanvnicme memu oocnioxycenns. Komwn'romepne mooenioganusa 3mMiHIOE MEMOOUKY HABYAHHA, CROCIO MUcienHs U
Modrcnugocmi 3acmocyeanus. Lle donomaeae nepeiimu 6i0 308HiwHIX 00 GHYMPIWHIX 61acmugocmel i 8i0 IHOUBIOYanbHUX 00
36 ‘azanux enacmugocmeil. Po3pobka npodyxmy npuckoproemocs npogedeHHAM eKCHepUMeHmis i3 KOMN TomepHoIo MOOeLIo.

Ilocmanoexa npoonemu. Kinemamuunuii ananiz 6 Matlab i MSC Adams View. Mema nonseae 6 momy, wjob 0ociodcysa-
mu 06epmanHs OKpemMux elemenmie pooomu308aHoi cucmemu i GUSHAYUMU NPOCMOPOBULL PYX BUKOHABYHO20 OP2aHY.
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Ananiz ocmannix oocnioycens i nyonikayiu. MSC Adams npeocmaense Ounamiuni cumyassmopu ipmyanbHux npomo-
munie mexaniunux cucmem. Bipmyanvni npomomunu 00360110ms MoOeniogamy, aHanizyeamu i onmumizyeamu mMau6ymui
npooyKkmu i ueHAmu ixui 61acmMu8oCmi, nepui Hidc cmeoprogamu peanvhull npomomun. Lleil npuiiom nioxooums 0ns po-
3pOOKU MIHIGMIOPHUX MEXAMPOHHUX eleMeHMiB, A MAKOHC CKIAOHUX CUCTEM.

Buoinenns nedocnioxycenux uacmun 3a2anvhoi npobnemu. Bipmyanvui npomomunu cmano8isimes coboio 6i0no8ioHul
pecypc 0nia mecmy8anHs npoyeoyp KOHMpPOIO i pe2yiio8aHHs.

Ilocmanogka 3aedanns. Komninayis 8ipmyansHo2o npomomuny MexaniyuHoi cucmemu, sKa Mae 6ci upiuianvHi ocoonu-
8ocmi i € CMAbINLHOW 3 MOYKU 30pY 0OUUCTIEHD.

Buknao ocnosnozo mamepiany. Bipmyaneia mooens — ye mamemamuyne npeocmasieHHs CmpyKmyp peaibHo2o ceimy,
Wo GipMYanbHO 8IOMEOPIOE 6CI 1020 I3UUHI 1ACMUBOCIL.

Bucnoexu 6ionogiono 0o cmammi. Mema nonseana ¢ momy, wobd SUHAYUMU KIHEMAMUYHI 81ACMUBOCTNI, A MAKOHC
OYIHUMU 8NIUE NAPAMEMPIE Mexanizmy, AKi 6NIUBAIOMb Ha Yi KinemamuyHi enacmusocmi. bys euxopucmanuii mampuuruil
memoo. [Ipoyec piwenns ckiaoascs 3 uU3HAUEHHS MAMPUYb NEPEMBOPEHHI CUCIEM KOOPOUHAM, KIHeMAMUYHO20 aHANi3Y
NPOMUCIL08020 poOOMA | 2papiuHo20 NPedCmasiIeHHs NPOCMOPY MAHINYIIOBAHHS BUKOHABHO20 NPUCHIPOIO.

Kniouosi cnosa: sipmyansua molens, GiOkpumuil KiHemamuunuil 1anyloe; poOOMU308ana cucmema, npocpamue
MOOeNI08AHHS, BUKOHAGUUT NPUCIPITL, MAMPUYT NepemeopeHHs.
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DESIGN OF INDUSTRIAL ROBOT WITH INCREASED LOCOMOTION

Urgency of the research. One of the top trends in the field of mechanical engineering is automation. An inherent part of
automation in today's businesses is industrial robots of various categories. In today's industrial production, human and robot
are usually separated from each other in order to avoid potential collisions. Continuous development and the growing trend
of robotics, in order to increase competitiveness, abandons this individual and isolated robot deployment and prevents
group-building of human-robot workplaces.

Target setting. The reason for designing industrial robots with capacity around 5-10kg according to human anatomy is
that the transition from semi-automated production (operating lines controlled by operators) to fully automated production
requires industrial robots that have dimensions similar to human anatomy.

Actual scientific researches and issues analysis. The current production of robot devices reaches a high technical level,
which is further enhanced by the continued development of their subsystems, but also by the upgrading of functional princi-
ples and elements that are involved in the architecture and morphology of these devices.

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: From the point of view of approaching the design of robots systems means a common
sign is a mechatronic approach. Robots technical devices are a typical product with all the features of mechatronics (linking
knowledge of engineering, management methods and artificial intelligence). This becomes the starting point for the elabora-
tion of the methods of designing robots at all.

Conclusions. This article focuses on the design of the robotics devices, whose main task is to perform the assembly. The fu-
ture of deploying human-robot collaboration has enormous boundaries and many variables that still need to be addressed. It is
important to remember that this technology is not about replacing people with robots. Rather, it is about using robust human
features and robot strengths to achieve a new level of efficiency and productivity that could not be achieved by self-employment.

Keywords: industrial robot, assembly, robotics, production cell

Fig.: 6. References: 12.

Introduction. One of the top trends in the field of mechanical engineering is automation.
An inherent part of automation in today's businesses is industrial robots of various categories.
Another very significant trend is the reduction of production costs, which forces engineers
working in the field of development to continually work on new technology solutions that
bring cost savings to the same productivity. In the case of this work, this is a design of an in-
dustrial robot applicable in the field of automotive production, hired when mounted in assem-
bly lines. The aim was to design a device that is capable of replacing two industrial robots, a
collaborative robot and a human worker [1; 3].

Robotic installations are currently fully-developed technical systems that are standardized
into manufacturing systems in industries, expanding their use in non-productive and non-
industrial sectors, and starting to move dynamically to service activities. The current produc-
tion of robot devices reaches a high technical level, which is further enhanced by the contin-
ued development of their subsystems, but also by the upgrading of functional principles and
elements that are involved in the architecture and morphology of these devices [4; 6; 8].

In current industrial production, man and robot are usually separated from each other to
prevent possible collisions. Continuous development and growing robotic trend to increase
competitiveness, abandoning this individual and isolated robot deployment, and preventing
group robot building.

Concept of kinematics

The main idea behind the task is to create a kinematic chain that consists of a kinematics of
a SCARA industrial robot and 6 axis industrial robot with a angular workspace, fig. 1 [2; 7].

By combining these two kinematic chains, we get to a totally new kinematic chain and
thus to a whole new category of industrial robots. Such a kinematic chain has a higher
handling capability and a new "latching" function that is applicable to events when it is
necessary to circumvent the obstacle from the side.

© Janos R., Dobias D., 2018
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Fig. 1. Proposal of the kinematic oncept

Currently, industrial robotics uses the concept of a shoulder, which is based on the
comparison of the anatomical construction of the upper limb of a human being called "hand".
The proposed kinematic chain concept is shifted to the concept of "hand and hull" when
compared to human anatomy, fig. 2 [5; 9].

Fig. 2. View kinematic on human anatomy

The reason for designing industrial robots kapacity around 5-10kg according to human
anatomy 1is that the transition from semi-automated production (operator-operated
workplaces) to fully automated production requires industrial robots that have dimensions
similar to human anatomy. For companies, in the field of automotive, it is preferable to
modify actual production or, projects by deploying industrial robots to build new fully
automated production lines. These lines are ergonomically designed to provide operators with
the most natural and health-conscious jobs in their jobs [10; 11].

From practice, we can determine that the width of jobs is about one meter. Therefore, it is
necessary to consider this fact in the design of the industrial robot and to choose the shoulder
size accordingly.

On the basis of the analysis carried out, a solution was proposed for the operation of the stand-
ard workplaces. The design includes three arms that increase the handling capacity of the industrial
robot. The kinematic chain is inspired by the SCARA and angular industrial robot links, Fig. 3.

This solution, by adding another degree of freedom, becomes slightly more complex from
a structural point of view. Also, by adding any additional degree of freedom, the task becomes
more complex in terms of governance as well. Each arm layout is to a certain extent governed
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by a spring as a spring, thus vibrations are generated, and the exact positioning of the end
member is all the more complicated. For these reasons, it is necessary to choose components
with sufficient stiffness and low will, which is more demanding and costly [11; 12].

L1

R2

Fig. 3. Kinematics of robot

advantages:

1. Higher handling ability

2. Ability to bypass obstacles from the side

3. The ability to move in SCARA mode at any height

4. Control of axle distance when moving in SCARA mode

disadvantages:

1. Design requirements

2. Rigorous management

3. Higher costs

Design of robot dimensions

Based on the analysis of existing workplaces and on the basis of the requirements of
businesses for a space for easy maneuvering activities (up to 10kg), I propose, based on the
human anatomy model, the ratio of shoulder to arm 2 - 2: 3. Thus the suggested dimensions
are as follows:

L1 600 [mm]

L2 400 [mm]

L3 500 [mm]

Based on the robot kinematics I suggested the following workspace:
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The anguloid workspace has the largest dimension of 1500mm, which is the range of the
proposed industrial robot. Fig. 4 shows the robot kinematics in a stretched position (full line)
and also in the SCARA mode (dashed line).

Fig. 4. Design of the robot workspace

Assembly of the proposed industrial robot

The methodology of the thesis is as follows:

* calculation and design of the propulsion system, simulation from the calculations is in
fig. 5.

* modeling of parts and sub-assemblies from the robot end - the reason for this
methodology is possible SolidWorks calculates moments of inertia of the parts of the robot
and the team

then simple calculation and design of other drives from the effector to the carousel,

* creation of robot assembly fig. 6

phi[] n [rpm]
2300 700
1408 421
517 142

-375 137

1267 416

2159 ! : ; L 694
0,000 0,520 1,040 1,560 2,080 2,600

t [5]
Fig. 5. Simulation from the CAE system

98



TEXHIYHI HAYKHM TA TEXHOJIOTI Ne 4 (14), 2018
TECHNICAL SCIENCES AND TECHNOLOGIES

Fig. 6. Design of robot

Conclusion. At present, a large proportion of industrial activities are carried out using ro-
bots. Nevertheless, manpower is still done manually, where a human worker has added value
for performing tasks that the robot can’t (or very difficult) perform. That is why new opportu-
nities are opened and thinking about the types of applications where it is possible to combine
individual tasks of the robot and human work. This is accomplished by deploying co-
operating robots to production lines and workplaces. The future of deploying human-robot
collaboration has enormous boundaries and many variables that still need to be addressed. It
1s important to remember that this technology is not about replacing people with robots. Ra-
ther, it is about using robust human features and robot strengths to achieve a new level of effi-
ciency and productivity that could not be achieved by self-employment.
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Pyoonvgh Anow, /lominix Jobisaw
KOHCTPYKUIA MTPOMUCJIIOBOI'O POBOTA 3 HIABUILITEHOIO THYYKICTHO

Axmyanvuicme memu oocnioxncennsa. OOHUM 3 OCHOBHUX HANPAMKIE y 2amy3i MAuUHOOYOYBAHHA € ABMOMAMU3AYIAL.
Hesio'emnoro yacmunoio agmomamusayii' cynachux nionpUEMCcms € NPOMUCIO08i pobomu pisHUX Kame2opitl. Y cyuactomy npomu-
CNI080MY BUPOOHUYMEI THOOUHA 1l POOOM 3a36utall 6I00KpemMIeHi 00UH 8i0 00HO20, 3 MEMOIO YHUKHEHHS MOJICTUBUX npomupiy. besz-
nepepeHuUll PO36UMOK POOOMOMEXHIKU 1 3pocmaroua meHOeHYis ii KOHKYPEeHMOCHPOMOJICHOCH 3YMOGTIOI0Mb HeoOXiOHiCMb
Po3mautysanis ybo2o poboma oKpemo, i301b08aHo, WO 3aNn0bieae Maco8OMy CHIBOPEHHIO PODOUUX Micb TIOOUHA — pObOM.

Ilocmanogxka npobnemu. [lpuuunoio npoexmyganHs npomMuciosux pobomis eanmasiconioiomuicmio oauzeko 5-10 ke
8i0N08IOHO 00 AHAMOMII IIOOUHU € Me, WO 0151 Nepexody Gi0 HaNiBAGMOMAMUYHO20 BUPOOHUYMEA (POOOUI NiHii, KOHMPONLO-
6ani onepamopamu) 00 NOGHICMIO AGMOMAMUZ0BAHO20 BUPOOHUYMEA NOMPIOHI NPOMUCIOBI pOOOMU, PO3MIPU AKUX AHA-
J02iYHi AHAMOMIi TH0OUHU.

Ananiz ocmannix 0ocnioxycens i nyonikayii. Ilomoune upo6HUYMBO POOOMUI0BAHUX NPUCTPOIE 0OCALAE BUCOKO20 MeX-
HIYHO2O pigHA, AKULL e Oiibie NOCUTIOEMbCS BHACTIOOK NOCMITIHO20 PO3BUMKY X niOcucmeM, a MAKOIC 3a PAXYHOK NOHOBIEH-
H5l (DYHKYIOHAILHUX NPUHYUNIG | efleMeHmis, SKI 6epymb yuacmp 6 apXimexniypi ma Mopgonoeii 6KasaHux npucmpois.

Ilocmanogka 3agdanns. Mexanizosanuii abo agmomamu3o8anuli npoyec pobOmMu 3anexncums maxkodic 6i0 pieHs po-
3pobKU 8uUKOpUCmMogyeanozo obonaonanma. Ha cyuacnomy emani po3eumky npoekmysaHHs a8MoMamu308aHo20 Npucmporo
MaKodic NOBUHHO 6YMU ABMOMAMUZ0BAHUM.

Buknao ocnognozo mamepiany. 3 no2nady nioxody 00 po3pobxu po60momexHiyHux cucmem MOdICHA 3p0OUMU BUCHO-
80K, WO 3A2ANbHOI O3HAKOK € MEXAMPOHHUL nioxio. Pobomomexwiuni npucmpoi — ye munoguii npodykm 3 ycima QyHkyiamu
MexampoHuixu (36'13ye 3HAHHA MeXHIKU, Memooie ynpasninua i wimyurozo inmenekmy). Lle cmae 8ionpagnoio mouxoio ons
PO3POOKU MemOoOie npoeKxmy8anHs pobomia 83azaii.

Bucnoexu. Cmamms npucesauena po3pooyi npucmpoie po60momexuixu, 0CHOBHUM 3A80aHHAM AKUX € GUKOHAHHS CKIA-
Ooanna. Maiibymme 8ukopucmants cRigpoOIMHUYMEA MIidIC TIOOUHOIO | POOOMOM MAE GeudesHi Medici i Oe3niy 3MIHHUX, AKI
HeobXiOHo posananymu. Basicauso nam'amamu, wo 3anpononogana mexmonoeia e npusnaiena Ons 3aminu mooei poboma-
mu. Cxopiute, 110embcsi npo UKOPUCMANHSA HAOIUHUX XAPAKMEPUCTNUK TT0OUHU MA cull poboma o 00CAZHEHHs HOBO20 PiBHS
ehekmugHocmi ma nPOOYKMUBHOCHI, SKI HEMONCIUBO 0OCASIU OKPEMO.

Kniouosi cnosa: npomucnosuii pobom,; ckiaoanus, pobomomexixa; upooHuua OinbHUYs.
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ANALYSIS OF THE ASPECTS THAT DETERMINE THE SELECTION
OF THE DRIVE SYSTEM FOR A VEHICLE DRIVEN BY COMPRESSED AIR

Urgency of the research. Activities in the field of compressed air drive unit design are the subject of research into al-
ternative energies for automotive drive. The competition mentioned in this article is intended to stimulate universities and
high school students to make material outcomes in this area of research. These activities bring new, sometimes unconven-
tional solutions to problems that can potentially bring about solutions applicable in technical practice.

Target setting. The aim of this article was to map out possible ways of realizing a drive unit of a vehicle that is driven
by compressed air. Based on an analysis of the most commonly used ways of solving this problem, the article indicates the
direction of development of such a drive unit.

Actual scientific researches and issues analysis. Research in this area consists in designing a drive unit that would al-
low dynamic driving at low compressed air consumption. This requires the perfect mastering of the theoretical knowledge
about recirculation in compressed gas as well as the optimization of the power parameters of the unit by appropriate design
of the basic construction component - linear pneumatic drive.

Uninvestigated parts of general matters defining. Only one group of transformation mechanisms is analyzed in the ar-
ticle that allow the compressed air drive unit to be constructed.

The research objective. The aim of the research is to provide a theoretical and mathematical basis for determining the
optimum parameters of a compressed air propelled vehicle unit as well as its application for the construction of new vehicles
for competition.

The statement of basic materials. The basic material for the creation of the article was taken from the bachelor thesis of
the co-author of the article [3], from the contest proposals and other sources available in the library and magazine materials
as well as from the prepared study materials for the students of the Technical University of Kosice, Slovakia.

Conclusions. Conclusions of the article lead to the determination of the appropriate concept of transformation of linear
motion of the pneumatic drive to rotational in order to achieve the best results in the next year of the International Aventics
Pneumobile Competition.

Keywords: drive system; vehicle; compressed air; pneumatic components, consumption, power, force, torque.

Fig.: 9. Table: 1. References: 10.

Introduction

If it's built problem of replacing fossil fuels in the car of their compensation with electric
propulsion units, it is not quite true.

The development was reported in the use of hydrogen. The experiment was carmaker Cit-
roen unveiled a hybrid car, which in addition to the internal combustion engine is driven by the
compressed air prepared in time using an internal combustion engine, respectively. using the
kinetic energy of the moving car (use of vehicle kinetic energy to compress air). Qualitative
new form of use of compressed air was provided by the Luxembourg company MDI (Moteur
Developpment International), which in its concept called AirPod has a modified piston engine
(Fig. 4), which is driven by compressed air from a tank in which the pressure reaches 24.8 MPa.
The air from the surrounding environment is sucked into the pistons and is pressed to raise the
temperature to approximately 400°C. Subsequently, relatively cool compressed air is injected
from the tank; this is in hot air rapidly expands and thereby drives the piston [1; 3].

e

Fig. 1. MDI car AirPod (a) and its drive unit (b)

Source: [1; 3].
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AVENTICS Company (successor to pneumatic Bosch Rexroth division) in 2019 organiz-
es already the 12-th annual competition for students of secondary schools of technical field
named International Aventics Pneumobile Competition, where students will compete for the
best placement in 4 basic categories:
¢ Long-distance race
e Arcade races
e Acceleration race
e Team Presentations
The vehicle that the students enter into the competition must be placed within the speci-
fied time. The pneumatic components used in its construction must be exclusively from
AVENTICS [2]. The drive unit of the vehicle must be made up to a maximum of 4 linear
pneumatic actuators, the dimensions of which are given in Table.
Table
Permitted dimensions of pneumatic drive AVENTICS PRA series [9]

sie_ | Piston diameter mm] | 32 | 40 | 50 [ 63 | 80 [ 100

e p/ 50%, 80%, 100%, 125%, 160*, 200%, 250, 320, 400,
) Nlag et Stroke [mm] 500
ﬁ'ﬁa J * - cannot be used for piston diameter 32 and 40
L@

Rotary drives are forbidden. This means that students must devise a way to optimally
transform the force of a linear pneumatic drive into a torque.

However, they must do so at the maximum torque to use a minimum volume of compressed
air. Other pneumatic components of AVENTICS may also be used. Their selection can be made
either from the competition catalog or from AVENTICS main catalog, or other cooperating
companies (BOSCH Rexroth, National Instruments, Emerson). Approved components are pro-
vided by AVENTICS Hungary Kft., others are paid for by the participant himself.

The compressed air source for each team is a bottle filled with pressurized nitrogen with a
volume of 10 liters at a pressure of 20 MPa (200 bar). The maximum pressure applicable to
the drive unit and the pneumatic circuit is generally 1 MPa (10 bar). The pressure level is pro-
vided by the regulator without air venting, Fig. 2. Therefore, every vehicle in its pneumatic
circuit must necessarily be assigned EMEGRENCY-STOP SWITCHING as protection
against dangerous overpressure in the circuit, Fig. 2.

AIRBOTTLE | ! |
Pressure: | i
|

20MPa ||
Volume: | | (11D

(3 i
o TO PUFFER CONTAINER

| ORENGINE

=

______

Pressure reducer | | GaD
MESSER 2000 | &

a

Fig. 2. Pneumatic circuit diagram of the vehicle's pneumatic circuit
at the inlet (a) and its picture after assembling (b)
Source: [2].
Since the volume of usable compressed air is limited, and also the limited maximum usa-
ble pressure compressed air used only optimization concept powertrain (engine) of the pneu-
mobil is possible to achieve a competitive result.
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From the next analysis, it will be clear that it is not possible to build a vehicle that would
win all competitions.

Compressed air consumption

Total compressed air consumption during engine operation and pneumatic circuit protec-
tion circuits will mainly limit the result of part of the competition Long Distance Race.

To calculate the specific volume of compressed air we start from the Boyle-Mariotte law [5]:

pVi=p,V, (1)
where p, ...pressure before compression [MPa] ¥, ... volume before compression
p, ...pressure after compression (20 MPa) 7, ... volume after compression (10 /)

By modifying equation (1) for a range of useful pressures can be determined usable vol-
ume of compressed air, Table 2.

Table 2

The values of usable compressed air at a selected pressure value [5]

Air pressure in system p; [MPa] Usable volume V; [dmi’]
1 1,0 200,00
2 0,9 222,22
3 0,8 250,00
4 0,7 285,71
5 0,6 333,33
6 0,5 400,00
7 0,4 500,00
8 0,3 666,67

Air consumption for double-acting linear drives can be calculated according to the rela-
tionship [5]:

Q=S-L-n (2)
where O ... air consumption of drive [In.min'];
S ... the piston area of the drive [mm?];
L ... length of drive path of the drive (drive stroke) [mm];
n ... number of cycles per minute [min™'].
For one cycle while considered full extension and retraction of the piston (rod).
Table 3
Average air consumption at 1 MPa at one double cylinder stroke [3]
Piston diameter D [mm]
p=1 MPa 32 20 [ s0 | e | s [ 100
Ou v+ Quour [Inmin™]
50 - - 0,279 0,456 0,737 1,173
80 - - 0,446 0,730 1,180 1,877
~ 100 - - 0,557 0,913 1,474 2,346
g 125 - - 0,696 1,141 1,843 2,933
3 160 - - 0,891 1,461 2,359 3,754
° 200 3 3 114 1,826 2,949 4,693
£ 250 0,576 0,891 1,393 2,282 3,686 5,866
«n 320 0,738 1,141 1,783 2,921 4,718 7,508
400 0,922 1,426 2,228 3,651 5,898 9,385
500 1,153 1,783 2,785 4,564 7,372 11,732
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Then the average air consumption is given by:
(p+0,10135)

n-(D*-d’ +0,10135 n-D°
QA = QA[N +QAOUT =k- ( 4 )L‘ (p 10° )nlN 4 10° Nour (3)

+k- L.
where k=1,4 is the coefficient reflecting the thermodynamic changes in the drive operation.
For accurate calculation, it is also necessary to take into account the air that circulates
through the hoses [3]

Ne 4 (14), 2018
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IR “)

where dr is the inside diameter of the hose and L is its length.

To determine the appropriate valve, coupling size and connection hose diameters to the

drive, it is necessary to calculate the instantaneous maximum air consumption Qo [In.min™']
n- D +0,10135)-60
0, =k = oo 7 ) (5)

It is clear from this that when constructing the drive unit, we must carefully handle both
the diameter and stroke of one drive as well as their number.

It is obvious that the total air consumption will also be strongly dependent on the drive
speed. This parameter is limited by the used supply valve (flow rate) as well as the diameter
and length of the hoses used.

Force versus torque

For Arcade Races and Acceleration race, the decisive criterion is not the consumption of
compressed air, but the power of the drive unit, that is, sufficient torque. This parameter is
based on the maximum achievable force of linear pneumatic drives used and on the principle
of linear motion transformation to rotational. Obviously, the designer will be interested in the
power of the drive.

For a linear double-acting pneumatic drive, it is expressible by a relationship [5]

F,=5p (6)
where Fr is the theoretical force of the linear drive [N]; S'is the area of the piston [m?]; p is
the working pressure of the compressed air in the circuit [Pa].

For single-piston linear double-acting drive, Fig. the drive force is greater than the force
when the piston is pulled out. When pulling the piston, the relationship applies:

Four = %Dz P [N] (7)
and when the piston is pushed, is valid
Fn =50~} N] ®)

when D is piston diameter [m], d is piston rod diameter [m], p is working pressure [Pa].

S_. ._,S
0 —= HE
. Pl X

Fig. 3. Force ratios on double-acting linear drive

Table 4
Theoretical forces of drives usable for engine construction [3]

_ Piston diameter D [mm]
p=1 MPa 32 40 50 63 80 100
Four [N] 804 1257 1963 3117 5027 7854
Fui [N] 691 1056 1649 2803 4536 7363

104




TEXHIYHI HAYKHM TA TEXHOJIOTI Ne 4 (14), 2018

TECHNICAL SCIENCES AND TECHNOLOGIES

Drive efficiency80-95 % varies between 800,95 %. This value depends strongly on the
drilling diameter of drive and the working pressure. The upper limit applies to larger drilling
diameters and higher working pressures [5].

Using the transformation of a linear to rotary motion by a crank mechanism [3], Fig. 4, is
the resulting torque Mx by angle of rotation a:

_F(r-(1-cosa)+ 1)+ r-cosa] sina

)

K

Jir-(1=cosa)+ 1} + - sin*a

;;;;;;;

Fig. 4. Ratios on crank mechanism
Source: [3].

Because the force of the double-acting linear cylinder is different when pulling and push-
ing the piston rod, for o C <0°,'1 80°> is valid:

F,, -r{(r-(1-=cosa)+1,)+r-cosal-sina
M, =

10
V- (1=cosa)+ 1} + 2 - sin’ o o

and for OLC<1 80),360)> is valid:
_F-r|(r-(1—cosa)+1,)+r-cosal sina
Jir-(1=cosa)+ 1} + - sin*a
The crank radius r can be selected arbitrarily with a maximum value equal to half the
stroke of the cylinder. Torque dependency graph created by one pneumatic cylinder depend-
ing on the crankshaft angle at the diameter of the cylinder bore 50 mm, at the diameter of the
piston rod 20 mm and at the stroke 200 mm (crank radius 100 mm) is in Fig. 5.

250 2510

(1)

K

200 200

My [Nm)
Mg [Nm]

150 150

100 100

50 50

0
0 40 80 120 160 200 240 280 320 360 400
al’] afl]

Fig. 5. Ratios on crank mechanism [3]

0 40 80 120 160 200 240 280 320 360 400

Source: [3].
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The very concept of transforming the linear force to the torque is not limited. There are
several proven forms available:

crank mechanism (with one to four actuators with different arrangements)

1.1 two, Fig. 6a, or four actuators next to each other, Fig. 6b;

1.2 one to four actuators above myself, Fig. 6c¢;

1.3 three drives arranged in the star, Fig. 6d.

V

b | \ source [8]

c source [8] d source [7]

Fig. 6. Examples of drive units utilizing a crank mechanism

the rack and pinion (pinions)
2.1 apair of pinions above the other, Fig. 7a;
2.2 apair of pinions behind, Fig. 7b.

a b
Fig. 7. Examples of drive units utilizing a rack-pinion pair:
a — a pair of pinions above the other [6], b — a pair of pinions behind [4]
chain mechanism, Fig. §;
/ _Mmotion direction

g‘.\‘ p\\é E’j sprocket

R 50 00000 G0 G0 R0, R0, 00 O

secondary actuator
Fig. 8. The principle of a drive unit that utilizes a chain mechanism [3]
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axial mechanism, Fig. 9.

‘ pr—
Fig. 9. Example of a drive unit utilizing an axial mechanism [8]

Conclusion. Therefore, the question of optimal selection of a suitable linear pneumatic drive
is the question of vehicle designers. To select applies restrictive criterion set out in Table 1. Based
on the experience of participating in the race, the vehicles used to transform the linear movement
into a rotary way by means of a pair of rack-pinion were the most used of the concepts.

This concept for the next year is also planned by one of our faculty teams. We believe that
the abilities of our students will lead to an improvement in the placement from the last year of
the International Aventics Pneumobile Competition.

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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Ilemep Tyneua, Mixan [{emxo

AHAJII3 ACIIEKTIB, IO BUBHAYAIOTH BUBIP CUCTEMMU ITPUBOJIA
JJISA TPAHCITIOPTHOI'O 3ACOBY, 1O IIPUBOJAUTHCA B PYX CTUCHEHUM
IHOBITPAM

Axmyanvnicme memu 0ocniddcenna. [lisnoHicms 8 obnracmi npoekmy8ants npueooie CMUCHEH020 NOGIMpsl € npedme-
MomM 00CHIOJNCENHS AnbMePHAMUSHUX O0dicepell enepeii Ol asmomobinbHo2o npusody. Koukype, 3eadanuil y yiti cmammi,
NOKNUKAHUTI CIMUMYII08AMU YHIBEpCUmMemu i CIAapuoKiacHuKig 00 OOCACHEeHHS MAMepIalbHux pe3yiomamis y yitl 2any3i
docniocens. Lli 0ii npunocsamov Ho6i, iHOOI Hempaduyitini piwienHss npobnem, AKi MOJICYMb NOMEHYIHO npusecmu 00 pi-
WieHb, Wo MOACYMb 3ACMOCO8YBAMUCS 8 MEXHIUNIL NPAKMULYI.

Ilocmanogxa npoonemu. Memoto yici cmammi OYI0 HAMIMUMU MOJNCIUGT WINAXY peanizayii 8y3na npusoody mpancnop-
MHO20 3ac00y, AKUU NPUBOOUMbCA 8 PYX cmucHenum nosimpam. Ha ocnosi ananizy naiibinbi 4acmo 8uKopucmogy8aHux
cnocobie supiuients yiei npobremu 8 cmammi 8Ka3yEMbCsl HANPAMOK PO3GUMK) MAKO20 HPUBOODY.

Ananiz ocmannix 0ocnioxncens i nyonikayii. /locniodcenns 6 yiil cghepi nonsearoms y po3pooyi npugoody, saKuii 00360-
7156 OU OUHAMiuHe 0O0IHHA NPU HUZLKOMY CHONCUBAHHI cmucHeHo20 nosimpsl. Lle eumazac ideanvho2o 3ac6oeHHa meopemuy-
HUX 3HAHb NPO PeYUpKYIAYii 8 CIMUCHYMOMY 2a3i, 4 MAKOC ONMUMI3AYil eHepeemuyHUX Napamempie azpeamy Wiaxom 8io-
NOGIOHOI KOHCMPYKYII OCHOBHO20 KOHCMPYKIMUBHO20 eNeMeHma - NHIlIH020 NHeBMAMUYHO20 NPUB0Od.

Buoinenns nedocniodycenux uacmun 3a2anbnoi npoonemu. Y cmammi npoananizogano miibku oOHy 2pyny nepemeo-
PIOTOUUX MeXAHI3MIB, AKi 00360A10Mb CINEOPUMU NPUBOOHUIL azpe2am Ha CIUCHEHOMY NOGImpi.

Ilocmanogka 3a8d0anua. Memoto Oocniodcents € 3a0e3neyenHts meopemuiHoi ma mamemMamuyHoi ocHo8U ONa GU3HA-
YeHHs ONMUMATLHUX NAPAMEMPIE camMOXiOH020 azpe2amy 3 O8USYHOM HA CIUCHYMOMY HOBIMPI, @ MAKodC U020 3ACMOCy-
8aHHS Ol CIEOPEHHS HOBUX MPAHCNOPIMHUX 3Ac00i8 015 3MA2AHb.

Buknao ocnoenozo mamepiany. Ocrosnuti mamepian 0ns CMOpeHHs cmammi 6)710 83mo 3 OUNIOMHOI pobomu cnie-
aemopa cmammi [3], 3 KOHKYpcHUX npono3uyiil ma iHwiux 0dicepen, 00cCmynHux y bibniomeyi, i JdcypHanbHUx mamepianis, a
Makodic 3 Ni020MoBIeHUX HAGUANbHUX Mamepianie s cmyoenmie Texuiunoeo ynisepcumeny Kowuye, Cnosauuuna.

Bucnogexu 6ionogiono oo cmammi. Cmamms 6ede 00 u3HaAUeHHs NiOX00AW0i KOHYenyii nepemeopeHHsl NiHiliHO20 PYXy
NHEBMAMU4HO20 NPUBODY y 06EPMANIbHULL 3 MEMOI0 OOCASHEHHS HAUKPAWUX pe3yIbmamie y HacmynHomy poyi na Mixcuapo-
OHOMY KOHKYPCI nHesMamuyHux agmomobdinie Aventics.

Knrouosi cnosa: cucmema npugody, mpancnopmuuil 3acib, cmuchere nogimps; NHeGMAamuiHi KOMROHEHMU, UMpPAma,
NOMYICHICIMY, CUNA; KPYMHUN MOMEHM.
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Ivan Virgala, Filip Filakovsky
CONCERTINA LOCOMOTION OF A SNAKE ROBOT IN THE PIPE

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. Inspection of the pipes is well-known engineering application. For this application are usually
used wheel-based robots. Another approaches are based on biologically inspired mechanisms like inchworm robot. Our
study deals with another kind of pipe inspection robot, namely snake robot.

Target setting. Modeling and testing of snake robot moving in the pipe for the inspection purposes.

Actual scientific researches and issues analysis. Pipe inspection is usually done by wheel-based robots. However,
snake robots have great potential to do these applications.

Uninvestigated parts of general matters defining. Inspection in section of curved pipes is still the actual point of research.

The research objective. In the paper the locomotion pattern of namely snake robot is designed and experimentally verified.

The statement of basic materials. This paper investigates the area of numerical modeling in software MATLAB. The
paper presents locomotion pattern of snake robot moving in the narrow pipe. Next, kinematic model for robot is derived and
motion of robot simulated in the software MATLAB. Subsequently the experiments are done with experimental snake robot
LocoSnake. In the conclusion the simulation and experiment results are compared and discussed.

Conclusions. The paper introduces concertina locomotion pattern of namely snake robot with numerical modeling as
well as experimental verification. The results of experiment are different from simulation mainly because of differences of
kinematic configuration between simulation and real model. The experiment also shows uniqueness of kinematic configura-
tion using revolute as well as prismatic joints, what is for concertina locomotion significant.

Keywords: concertina; kinematics; locomotion, snake robot.

Fig.: 8 References: 9.

Introduction. Researcher many years work on biologically inspired mechanisms and ro-
bots. One of the first contributions in this research area was done by J. Gray [1] and H. W.
Lissmann [2]. Gray and Lissmann have investigated the muscles activity on biological snake.
As the first pioneer in designing of snake robot from the view of engineering is considered to
be professor Shiego Hirose. He was an author of the first snake robot, namely ACM III[3].
The robot was developed in 1972. From this point the research on snake robots increased, es-
pecially in last two decades [9; 10; 11].

An investigation of the new approach of concertina motion is in the paper [4]. The authors
dealt with new curve describing concertina locomotion of snake robot.

Shape of this curve rises from the shape of a snake body during its locomotion. In the follow-
ing research [5] the authors have investigated the utilization of anchoring of a snake robot in the
confined space. In the study there is determined the minimum number of self-locking contact
points for concertina locomotion. Next contribution to the field of concertina locomotion is [6].
The authors investigated friction between snake body and the surface on which it moves. In the
paper the video sequences of snake concertina locomotion is showed. On the video sequences can
be seen that snake changes its anchoring to the confined space based on confined space width.

Based on mentioned researches, our aim is to state the locomotion pattern of a snake robot
moving in the confined space. Our study will consider a pipe with a square shape. The paper is
divided as follows: at first the sequence of motion of snake robot is introduced. Next is determina-
tion of kinematic model of snake robot concertina locomotion. Subsequently, the kinematic model
is simulated in software Matlab. At last, the concertina locomotion is verified by experimental
snake robot LocoSnake in the pipe with square shape. The results in the conclusion are discussed.

Introduction of concertina locomotion. A snake performs concertina locomotion espe-
cially in narrow spaces where it cannot use lateral undulation. This is typical for snakes with
small body cross-section. Two features are characteristic for concertina locomotion. The first
feature consists of anchoring the snake rear by pushing against the walls of confined space
while rest of body moves forward. The second feature consists of anchoring front of snake by
pushing against the walls of confined space and drawing the snake rear forward. By repeating
of this sequence the snake performs forward locomotion. Anchoring the body of snake can be
performed by several shapes of body. The study of prof. Hu [6] and his team shows the way
of snake body anchoring in dependence on diameter of channel, see Fig. 1.

© Virgala L., Filakovsky F., 2018
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Fig. 1. Video sequence of snake concertina locomotion [6]

Above mentioned sequence of locomotion can be seen in the Fig. 1. In this figure the vid-
eo sequence of biological snake locomotion is shown. In this study the snake moves through
the different pipe diameters and ways of its locomotion were observed. From other video se-
quences in [6] can be seen that the narrower pipe diameter is the more similar snake locomo-
tion than “concertina” motion is. According to this locomotion (Fig. 1) a sequence of locomo-
tion of snake robot consisting of eight identical links will be designed, see Fig. 2. During
locomotion the biological snake uses muscle activity by which it can reach bending of par-
ticular parts to the sides as well as it can reach lengthening and shortening of these parts.
From this reason we replace biological snake body by several identical links, which can move
to the sides as well as they can lengthen and shorten.[9] For motion to the sides the revolute
joint is assumed and for lengthening and shortening the prismatic joint is assumed. Our analy-
sis considers snake robot with eight identical links, but it may be extended by other links.

Fig. 2. Sequence of snake robot locomotion

In the Fig. 2 one locomotion cycle is shown. Three links are considered as static links and
other five links move forward. This is the first phase of locomotion cycle. The 4th and 5th
links lengthen by means of prismatic joint (red color). In the second phase the front of robot is
anchored by pushing the first three links against the walls of pipe. During the third phase the
last three links are slightly released in order to 4th and 5th links can be shortened. In the last
fourth faze the rest of snake robot body only attract to the front part of the robot. By repeating
of these four phases snake robot performs forward locomotion in the pipe.

The letter 6 denotes the traveled distance in one locomotion cycle. This distance is de-
pendent on the relation between length of snake robot link and diameter of the pipe.
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The pipe diameter is of course important parameter. Locomotion according the Fig. 2 can
be performed when pipe diameter is lower than length of snake robot link. Locomotion ac-
cording the Fig. 2 would be able with pipe diameter higher than length of snake robot link on-
ly when robot has more links. However, snake robots are the robots with many identical links
there can be added next links according to requirements.

Description of this locomotion can be expressed by following considerations:

* Pipe has rectangular cross-section

* Pipe diameter is lower than length of snake robot link

* One locomotion cycle consists of four phases. By repeating of these phases the snake
robot performs forward locomotion with traveled distance & during one cycle

* Snake robot uses for its locomotion revolute as well as prismatic joints

+ Static links have to push against the walls of pipe with such torque in order to they stay
static.

For locomotion in the pipe can be used also different locomotion pattern like in [7] or [8].
The authors used for their study traveling wave locomotion of snake robot.

Uniqueness of our solution is in utilization of revolute as well as prismatic joint in one
snake robot link. Snake robot with this kinematic configuration is on one hand more flexible
and universal to the changes of environment. On the other hand utilization of prismatic joint
in each link is more similar to a biological snake muscle activity.

Kinematic model of Concertina

The kinematic model describes geometrical aspects of snake robot motion. The model of
the investigated snake robot consists of 8 identical links and each of link has 2 degrees of
freedom. Each link has one revolute joint and one prismatic joint. Link has length L; and posi-
tion of center of gravity CG;. The reference frame (ground fixed frame) has denotation O =
{x0, yo}. The position vector from the reference frame to the origin of particular link is r; € R?,
to end of the head link ry € R? and to origin of rear link gz € R?. The protrusion of particular
link by prismatic joint is /.

Fig. 3. Kinematic aspect of investigated snake robot

Angle between two adjacent links is denoted as yi. Considering above mentioned kine-
matic convention, each link of snake robot is described by homogeneous transformation matrix
[ i |

i _ | 5—1 ryi I

i-1 ’ (1)
| ]
0 0 0 1
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where Ri_, presents rotation matrix from coordinate system i to coordinate system i-1, ; and
ryi are coordinates of position vector of i-th link. Final transformation matrix from i-th link to
the reference frame O is denoted as

To = Iliz1 Af-s (2)

T{ represents transformation matrix of i-th link to reference frame O. Position vector of
any link can be expressed by multiplication of corresponding transformation matrices accord-
ing to equation (2). By transformation matrix of last link to reference frame can be also de-
scribed workspace of snake robot.

Next important issue of snake robot kinematic is expressing of its traveled distance during
one locomotion cycle. It is clear that the higher traveled distance of one locomotion cycle will
be the higher average velocity the robot will have. The analysis is based on relation between
pipe diameter and length of snake robot link, see Fig. 4.

Fig. 4. Relation between pipe diameter and length of snake robot link

According to Fig. 2 the traveled distance 6 can be derived. Let consider that angle be-
tween links is the same }, see Fig. 2 — 0" phase. Maximum protrusion of prismatic joint is
(red color), see Fig. 2 — 1" phase. By considering all phases we can derive final traveled dis-
tance of one locomotion cycle denotes as ¢ by following relation

6 =2(L+1)—2Lsin [arccos (%)] 3)

From the equation (3) can be seen, that final traveled distance ¢ is function of pipe diameter d,
length of snake robot link L and maximum protrusion of prismatic joint /;. Graphic expression
of this relation in the Fig. 5 is shown.
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Fig. 5. Dependence of traveled distance on changing pipe diameter
and prismatic joint protrusion

From the Fig. 5 is obvious that the higher prismatic joint protrusion is the higher distance
the snake robot passes. For graphic expression the following parameters are used: [; €
(0,50) mm and d € (0,120) mm, length of link is L = 130 mm. There was considered eight
links according the Fig. 2.
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Simulations and Experiments

In the section two the sequence of concertina locomotion for snake robot was designed
and in the section three the direct kinematic model was derived. Based on these two sections
the concertina locomotion can be simulated. Simulation is done in software Matlab.

The parameters of the simulation and experiment are: length of link Li = 0.13 m, prismatic
protrusion of link is 1i = 0.05 m, radius of the pipe (rectangle cross-section) is d = 0.12 m,
number of links n = 8, weight of one link w = 0.225 kg.

Used approach is based on transformation matrices, described in the section 3. Actual po-
sition and orientation of each link can be obtained in arbitrary time.
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Fig. 6. Position of head link during one locomotion cycle

In the Fig. 6 the head position in x-axis and y-axis is shown during one locomotion cycle.
Red color shows snake robot locomotion using prismatic joints with protrusion 50 mm and
blue color shows locomotion without using prismatic joints.

Position of the head link in y-axis changes only in the range 0 — 120 mm, what corre-
sponds with diameter of pipe. Position of the head link in x-axis changes from the initial posi-
tion 700 mm to 958 mm (red color). Consequently, the final traveled distance of head link us-
ing prismatic joints (HLPJ) is 258 mm, what is the distance of one locomotion cycle during
concertina locomotion. One locomotion cycle without using prismatic joints (HL) gives 160
mm of traveled distance what makes 98 mm difference between model with prismatic joints
and without them. This considerable difference can be seen also in the Fig. 5 as well.

While difference of traveled distance between HL and HLPJ is 98 mm, one locomotion
cycle of HL is almost twofold faster than HLPJ. Traveled distance of HL can be higher than
traveled distance of HLPJ after several cycles. Of course, this hypothesis is only theoretical
and it depends on speed and dynamics of real actuators of snake robot. However, this study
shows that by means of prismatic joints can be achieved considerably higher traveled distance
of one locomotion cycle. By utilization of several prismatic joints (together with adding addi-
tional links to robot) this effect increases.
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The course of entire simulation is animated in Matlab. Particular figures from the simula-
tion are in the Fig. 7 shown.
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Fig. 7. Simulation of concertina locomotion in Matlab

In the Fig. 7 only one locomotion cycle is shown. Prismatic joints protrusion is depicted
by red color. Visualization only serves for verification purposes of kinematic model which is
above mentioned.

Next point of our study is verification of achieved results by experimental analysis. For
this purposes have been used snake robot - LocoSnake. Snake robot LocoSnake was designed
and built in 2012 at Department of Applied Mechanics and Mechatronics — Technical Univer-
sity of KoSice, Slovakia. This robot was designed for experimental purposes of concertina lo-
comotion analysis. Each segment of the robot has 2-DOF, one revolute servomechanism and
one prismatic servomechanism. Length and weight of segment are the same like in simulation
model. Each servomechanism has its own inner position controller and position of all seg-
ments are controlled by 32-bit microcontrollers BasicAtom Pro 28-M, 16 MHz. Supply volt-
age of the servomechanisms is 6 V DC. The speed of rotation of servomechanism without any
load is approximately 60° per 0.2 seconds. Considering other segments as load the speed sig-
nificantly decreases. The speed of prismatic servomechanism protrusion without any load is
23 mm/s. considering other segments as load the speed of servomechanism decreases also.

Diameter of pipe is the same like in simulation. In the following shots the concertina lo-
comotion of LocoSnake is shown.
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- | \/ g |
Fig. 8. Experiment with snake robot LocoSnake

Considering that snake moves from left side to right side, mark the first segment from
right side as 1 and the first segment from left side as 8. The most critical point of locomotion
is in 2nd and 6th shot, during pushing static segments against walls of pipe. Let consider 2nd
shot. Last three segments (6, 7, 8) push against the walls of pipe and this is base for forward
motion of other segments. During the experiment there has to be increased the supply of elec-
trical current in order to increase the revolute joint performance. Next critical point is back-
lash rising between two adjoining segments what creates not quite pushing the segments
against the walls of pipe.

In the Fig. 8 one locomotion cycle is shown. Our interest was focused on traveled distance
during one cycle. Traveled distance during experiment is only 162 mm what differs from simu-
lation about 96 mm. There are several logical reasons. First of all, in simulation model there
was considered with segment as link with neglected width. This changes kinematic configura-
tion in the pipe. Next reason is, in simulation model next adjoining link has origin at the end of
previous link. In real model of snake robot, next adjoining segment has origin at the end of pre-
vious link only in the case when there is 0° angle between two adjoining segments. In the case
when there is a non-zero angle between two segments, the situation is different, see Fig. 9.
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Fig. 9. Geometry of LocoSnake segment

Considering Fig. 9, in simulation model the left link would be offset with value L - L" in
the direction of axis of right segment. In simulation model the rotation axis of revolute joint is
also the contact point with the wall of pipe. In real model, the rotation axis of revolute joint
and contact point of segment with wall of pipe are two different places.

Of course, these differences between simulation and real model result in different traveled
distance during one locomotion cycle.

Conclusion. A concertina locomotion from the view of biology is introduced. Based on
knowledge about locomotion pattern, new pattern of snake robot is designed using revolute
and prismatic joints as well. Assuming our locomotion pattern the relation for traveled dis-
tance is derived with dependence on diameter of pipe with rectangle cross section, and length
of snake robot link. This relation shows signification of using prismatic joint for traveled dis-
tance in one locomotion cycle. The direct kinematic model of snake robot is derived using
transformation matrix. Kinematic model for simulation in Matlab is used. There were done
two simulations. The first - with assuming prismatic joints and the second - without them. By
focusing on traveled distance the difference is considerable. Next, an experiment with snake
robot LocoSnake was done.

The main aim of experiment was verification of concertina locomotion in the pipe. The
most critical point of experiment was evolving required torque of first static segment (adjoin-
ing with first moving segment) in order to other segments can move forward. Next critical
point is that junction between two adjoining segments is not too rigid and there arise backlash.

The results of experiment are different from simulation mainly because of differences of kin-
ematic configuration between simulation and real model. Even though, the experiments shows
that concertina locomotion is able with snake robot LocoSnake and expose new limitations and
disadvantages of its design. The experiment also shows uniqueness of kinematic configuration
using revolute as well as prismatic joints, what is for concertina locomotion significant.
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VIIK 004.896
lean Bipeana, @inin @inaxkoscki
CHIPAJIBHE NEPEMIIIEHHSI POBOTA-3MIi B TPYBEOITPOBO/II

Axmyansricms memu 00cioxcena. Huri po60momextixa ti MexampoHiKa cmaroms MetuHCmpimom. 3 po3eumxom yux cpep
Maxodic 36iMbULYI0OMbCS 0OYUCTIIOBANILHI MOJNCIUBOCIE. SHAUHA Y8a2a NPUOLTAEMBCA HUCETLHOMY MOOENIOBAHHIO U ANOPUMMI3aYii 6
KiHeMamuyHomy U OuHamiuHoMy mooemosanHi. Obcmedicents mpyod € 3a2anbHOGIOOMUM THIICEHEpHUM 3a80aHHAM. [[isl Ybo2o 3a-
60AHHSA 3a36UHALl BUKOPUCMOBYIOMbCS KONICHI pobomu. i nioxoou 3acnosami Ha GiONO2INHO NOOIOHUX MEXAHIZMAX, MAKUX AK
pobom-ueps’saix. Haue docniodcents cmocyemucs inuio2o uody poboma o nepegipku mpyb, a came poboma-3mi.

Ilocmanogxa npoonemu. Mooenioganns i mecmysanHs poboma-3mii, wo pyxacmocs 8 mpyoi 3 Memoro KOHmpOio.

Ananiz ocmannix docnioxcens i nyonikayiit. Ilepesipxa mpy6 nepesasicho guxonyemvcs pobomamu na xonecax. Qo-
Hak pobomu-3mii Maroms enuKull NOMeHYian Ol MaKo2o 3aCMoCy8aHHSL.

Buoinenns neoocnioyncenux wacmun 3azanvuoi npoonemu. Jocniodicenns 6 nepemuni guesHymux mpyo 0oci sanuua-
€MbCS AKMYATLHUM NPEOMEMOM OOCTIONCEHD.

Ilocmanogka 3a80anua. Y cmammi po3podnena ii ekcnepumeHmansHo nepegipena mooeib pyxy poboma-3mii.

Buknao ocnoenozo mamepiany. Y yiti cmammi 0ocuiodiceHo odnacmeb YUCenbHo20 MOOeN08AHHSA 8 NPOZPAMHOMY 3a-
6e3neuenni MATLAB. Y cmammi npedcmagnena mooens nepecysanus 3miiHo2o poboma, wjo pyxacmvcs y 8y3vKiti mpyoi.
Tlomim npeocmagnena, xinemamuuna mooenv 01 poboma i MOOeno8anHs pyxy poboma 8 npozpamHomy 3abe3nedeHHi
MATLAB. 32000m exchepumenmu npogoosAmuCcs 3 eKCHepUMEHMANbHUM 3miinum pobomom LocoSnake. V eucnoeky nopis-
HIOIOMbCA U 002080PI0IOMbCA PE3YIbMAMU MOOENI0O8AHH Ul eKCHepUMEHMY.

Bucnogxu 6ionosiono 0o cmammi. Y cmammi npedcmasiena Mooenb CRipansbHo nOOIOHO20 nepemiuyeHus poboma-3mii
3 YUCenbHUM MOOENIOBAHHAM MA eKCRePUMEHMANbHOI nepegipkolo. Pezynemamu excnepumenmy iopisHsaiomucs 8i0 Mooe-
JIOBAHHSL, 20JIOBHUM YUHOM, Uepe3 GIOMIHHOCI KiHeMamuyHol KoHghieypayii Mis MOOeno8anHaM i peanbHol modenno. Exc-
NepUMEHIN MAKONC OEMOHCIMPYE YHIKATbHICMb KIHEMAMUYHOT KOHGI2ypayii, wjo eUKopucmosye sax 06epmosi, max i npuzma-
MUYHT 3'€OHANHA, WO € BAINCTUBUM OJiA CNIPATLHO2O NEPEMilljeHHSL.

Knruoei cnosa: cnipans; xKinemamuka,; nepemiuyents,; pooom-3mis.
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Iuna Cmeyenxo, Mapuna Cyxaniox, Braoucnas Hluwkin
THOOPMAIIMHA CUCTEMA PO3YMHOI'O BIZIEOPEECTPATOPA

Axmyanvnicmy memu docnioxncennsn. Huni genuxoro nonyasipricmio kopucmyromscsa «posymui npucmpoiy. Taki npu-
cmpoi 3a38unail € neeHoI0 MOOepHI3ayicto 8dice 36udHUX pedell. Y yil cmammi npedcmaeinena po3podKa npucmpoio «po3ym-
HUll 8ideopeccmpamopy, wjo NIOMPUMYE MOICTUBICIb PO3NIZHABAHHS YKPAIHCLKUX asmomodinbHux nomepis. Taxui 3aci6
MOdHce NIO8UUMU PIGeHb 3AXULYEHOCMI HA 00POAX, WO MAKOMC € AKMYANbHUM NUMAHHAM.

Ilocmanogxa npoénemu. Y npoyeci po3apobxu Komniexcy maxkozo pigHs 3 a6nacmucs 6e31iy numans, o8 sA3aHuXx i3 o-
20 apximexmyporo ma pob6omoio 3 OaHuMu, a came: AKi Memoou ma aneopummu GUKOPUCIOBY8AMU O/l NEPem8OPeHHs 0a-
HUX Yy ROMpIOHULL ghopmam, nepedadi, npuiiomy, KoHconioayii danux ma 30epicanus ix y 6asi danux. Kpim moeo, HeoOxioHo
8351MU 30 Y8azy, wjo 6 npoyeci no6y0osu HeoOXiOHO 8pPaxo8yeamu QizutHi 0coOIUBOCHIE MOOYILI6 MA IXHI MONCIUBOCHI 3 0O-
Ppobxu ma nepedayi danux (WEUOKICMb pobomu npoyecopa, po3mip nam sami).

Ananiz ocmannix 00cnioxyceny ma nyonikayiit. bynu posensaHymi ocmanHi mexHonoeii y cepi 0opobxu oanux (6i6i-
omexu 015 cepianizayii ma decepianizayii), aneopummu po3nizHA8aAHHA AGMOMODIIbHUX HOMEPI8 ma O6a3u OaHUX i3 MONCIU-
BICIIO MEKCMOBO20 NOULYKY.

Buoinenns nedocnioscenoi uacmunu 3azanvhoi npobnemu. 11o6yoosa apximexmypu ma po3pooxa npocpamHux mMooy-
71i8 PO3YMHO20 8i0eopeecmpamopa, supiwerHs 3a0ayi nepedayi OaHUX 00 KIacmepa 3a YMo8U GelUKOI 3a8AHMANCEHOCMI ma
nepepusuacmozo iHmMepHem-36 a3Ky, NOBHOMEKCMOSULL MAd YACMKOBUL NOUWYK ABMOMODITbHUX HOMEDI8 Y basi 0aHux, anico-
pUmMM po3ni3HABaAHHs A8MOMOOINbHUX HOMEDI8 ) PYC.

ITocmanoska 3a0aui. Bubip HeoOXionoi kombinayii memodie ma aneopummie 0ns ycniwHoi peanizayii ingopmayiinol
cucmemu po3ymHo20 gideopeecmpamopa.

Buknao ocnosnozo mamepiany. Onuc ocHOBHUX MOOYIB, 3 AKUX CKIAOAEMbCA NPUCMPIT PO3YMHO20 8i0eopeccmpamo-
pa, ma 3 aKoio Memoio GUKOPUCHOBYEMbCS KOJCHUL MoOYIb. TIpedcmagnena cxema pobomu cucmemu 3a2aiom ma OnUCaHull
aAneOpUMM 3HAXOONCEHHS ABMOMOOINLHUX HOMepI8 Y pedicumi peanvro2o uacy YOLO. Posensnymo ocnoni npunyunu Komy-
HIKayii Midic cepeepamu ma npUCmpOoIMu.

Bucnogxu 6ionogiono oo cmammi. Haoanuii mamepian Hadae 3mo2y 3po3yMimu, SKUM YUHOM Modice 6ymu nooyoosa-
HUL maxuil npucmpii, Ki npooIeMu MOAHCYMb 3 A6UMUCL MA AK SHAUMU WAXU IX GUPIUUEHHSL.

Knrouosi cnosa: gioeopeccmpamop; pozymui npucmpoi; ASUS Tinker Board,; Satellite Based Augmentation System;
GPS; NMEA, GPSD; JSON, cepianizayis oanux, YOLO.

Puc.: 8. Tabn.: 2. bion.:11.

AKTyanbHicTb. HUHI BEMKOIO MOMYJSPHICTIO KOPUCTYIOTHCS «pO3yMHI IpucTpoi». Taki
IIPUCTPOT 3a3BUYAM € MEBHOIO MOJICpHI3aIli€l0 BJKE 3BUUHUX peueil. Y 1iil cTaTTi mpeacTaBie-
Ha po3poOKa MPUCTPOIO «PO3YMHUH BIICOPEECTPATOP», IO HIATPUMYE MOKIMBICTH PO3IIi-
3HaBaHHS YKPAiHCbKUX aBTOMOOUIbHUX HOMEPIB.

3a nanumu YHH, B Ykpaini npotsrom ciuns-uepBHs 2017 poky Oyno 3adikcoBaHo 3563
BUIAJKH BUKpPAJCHHS aBTOMOOLUIIB. 30KpeMa, 647 aBTOMOOUIIB OYy/l10 BHUKPAJAECHO TUIBKH Yy
M. Kuesi. Li gani Oynu HazmaHi y BianoBias iHpopmauiiiHomy 3anuty YHH HanionansHoro
MOJTIII€I0 YKpaTHH.

Taxuii 3aci0 MOXe MIABUILUTU PIBEHb 3aXHCTY Ha JIOPOTax, M0 TAKOXK € aKTyaJlbHUM
MUTaHHSM.

IMocTanoBka npo6Jemu. [IporpaMHo-anapaTHHI KOMILIEKC PO3YMHOI'O Bil€OpEECTPATO-
pa sBIIsi€ COO0I0 CYKYIHICTh MOJIYJIIB allapaTHOTO 3a0€3MeUeHHsI Ta METOIB 00pOOKH BX1THOT
Bimeoindopmartii, mo 00’e€HaHI 3 METOI0 OTPUMAHHS MAaCHUBY JAaHUX JUIS PO3Ii3HABAHHSI aB-
TOMOOUIPHOTO HOMEpa Ta mepenadi Horo Ha Kiactep A MOAAIbIIOl OOpOOKH Ta aHali3y.
VY npotieci po3poOKH KOMILJIEKCY TAKOT'O PIBHS 3’ SBIISETbCS O€3111Y MUTaHb, OB I3aHUX 13 HO-
ro apXiTeKTyporo Ta poOOTOIO 3 TAHUMH, a caMe: sIKi METO/IM Ta alTOPUTMU BUKOPUCTOBYBATH
JUIsl TIEPETBOPEHHS TaHUX Yy NOTpiOHMM (opMmaT, nepeaadi, npuiioMy, KOHCOMIALIT TaHUX Ta
30epiranHs ix y 6a3i nanux. Kpim Toro, HeoOXi1HO B35TH 3a yBary, 110 B Mpolieci oOyJ0BH
MIPUCTPOIO HEOOXITHO BPaxOBYBAaTH (i3MUHI OCOOIMBOCTI MOIYIIB Ta TXHI MOKJIMBOCTI 3 00-
poOKu Ta nepeaayl JaHuX (IUBUAKICTH POOOTH MpOLECOpa, PO3MIp Mam ATi).

© Crenerko 1. B., Cyxantok M. B., [llumkin B. 1., 2018
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AHani3 ocTaHHIX J0C/izKeHb Ta myOJikalii. byno po3risiHyro ocTaHHi TOCTDKEHHS Y
chepi pobotu 3 naHumu, mo Oymu HamaHi moayiaem GPS (dopmar NMEA), mporecis,
MIOB’SI3aHMX 13 cepiaiizaliero Ta aecepiaiizaiiero. [IpoananizoBaHo ocTaHHI MIKHApPOHI My0-
Jikanii y cdepi anroputMiB po3nizHaBaHHs, a came: Yolov2, Yolov2, Tiny Yolo Ta CNN, o ix
3niicHmm Taki aBTopH, sk Kiana Ehsani, Hessam Bagherinezhad, Joseph Redmon, Roozbeh
Mottaghi, Ali Farhadi, Daniel Gordon, Aniruddha Kembhavi, Mohammad Rastegari.

ITocTanoBKka 3aBAaHHA. MeToI0 11i€1 pOOOTH € ONMUC MPOrPaMHO-AAPATHOTO KOMILIIEKCY
PO3YMHOTO BifieopeecTpaTopa i3 MOMKJIMBICTIO PO3MI3HABAHHS aBTOMOOLIBHUX HOMEpIB 13 Bi-
JICONIOTOKY B PEXKHUMI PEaIbHOIO 4acy B yMOBax pyxy.

Buainenns HexocaiIzkeHMX YACTHH 3arajbHOI mpoodJemu. Pimenns npobiemu Bubopy
METO/IIB cepializalii Ta Aecepiaiizalii JaHuX, aITOPUTMY pO3Ii3HABaHHS aBTOMOOUTBHUX Jia-
HUX 13 BIICONIOTOKY, MOOY/I0Ba apXITEKTYpH Ta pealizallisi MporpaMHUX MOIYIIB PO3YMHOTO
BiJIeOpeecTpaTopa, repeaaya JaHUX 32 YMOB BEJIMKOT HABAHTa)KEHOCTI Ha KJIACTep Ta BUKOPH-
cranus metoAiB ElasticSearch mis momryky aBToMOOUTBHUX HOMEPIB, sIKi OyJM OTpHMaHI 3a
JIOTIOMOTO10 aJITOPUTMY PO3II3HABAHHS aBTOMOOUIBHUX HOMEpIB, 110 OyB peayli3oBaHUM K
IporpamMHa 4yacTMHa PO3YMHOTI'O BiI€OpeeCTpaTopa.

Bukaan ocHoBHOro martepiaay. Ha cyqacHomy pUHKY BXe ICHYIOTh PUCTPOT, (PyHKITIO-
HAJIBHO CXO’K1 Ha PO3yMHHH Bineopeectparop. OHAK TOJ0BHA BIAMIHHICTh TaKHX MPUCTPOIB
— CTaTUYHICTh KaMepu. Y MPUCTPOi, MOJIENb SKOTO MpeJICTaBlIeHa 1ai, BaXJIMBUM JOCATHEH-
HSIM € Te, 1110 BiH ABJISETHCSA MPOTPAMHO-ANAPATHUM KOMILUIEKCOM, SIKMH MO€IHYE B OOl ana-
paTHI YaCTUHM: JATUYUKU Ta MIKPOKOMII IOTEp, SIKI MOKYTh OyTH 00’€aHaH1 B MOOUIbHUHN Ta
HEBEJIMKUN 32 PO3MIPOM MPUCTPIH MiJ HA3BOIO «PO3YMHMI BII€OPEECTPATOP» Ta MPOrPaMHy
YaCTUHY — PO3Mi3HaBaHHS aBTOMOOUTEHUX HOMEPIB (puc. 1).

E PosnisHABAHHA ABTOMOBINBHAOTD HOMEPY ﬂf \

T '%@.f? baza
N

AAHHHMX
ry Knacrep

k4

Cepeep

Posymumil Blgeope scTpatop

Puc. 1. Anapamno-npoepammuii KOMNIEKC po3yMHO20 8i0eopeccmpamopa

Jlani po3risaaoTbess OCHOBHI MOAYI, sIKI OyJIM BUKOpHCTaH1 Juisi moOyI0BH MOJAENI pPo-
3YMHOTO BIIEOpEECTpPATOPA.

Ocnosa gioeopeccmpamopa.

OcHoBoto ctaB oaHoruatHuid koM 'totep ASUS Tinker Board. Bin Mae cxoxy apXiTekTypy,
mo 1 B Raspberry PI. L{a mnarta migrpumye Bineo B po3umpenHi 4K, mae 2 I'6 onepatuBHOT
nam’ti, riradbirHuil iHTepHeT 1 nponecop Rockchip RK3288 3 wactotoro 1,8 I'T1y [1]. 3aBasku
nporecopy Rockchip nieit Mikpokom’totep 1o6pe mpucrocoBanuii 0 00poOku BifgeoiHhopmarii.

Onuc komMnonenmis.

CknazioBi MOyl PO3YMHOTIO BiI€OpeeCTpaTopa HaBeIeH!1 JTali.

1. GPS monyns Bin xommanii WaveShare Ha ocHoBi NEO-6M. lleit Moaynb BUKOHYE
(YHKLIOHATIBHICTD, OB’ sI3aHy 3 00YHCICHHSIM KOOPJIUHAT, MIBUIKOCTI, KypCy ¥ 1HIIUX mapa-
MmeTpiB. [IpuiiMau BUKOPUCTOBYETHCS B CHCTEMI JUJIsl OTPUMAHHS KOOPAMHAT TPAHCIIOPTHOTO
3aco0y. NEO-6M mae cepeiHIO TOYHICTh Ta HEBEJIUKUN PO3MIp, 110 € BaKIMBUM aCIIEKTOM.
Neo-6M BMie€ BUKOPUCTOBYBATHU CYIYTHHKOBI CUCTEMHU JH(epeHIiaabHOi KOpeKiii, 1o 30i-
JIbIIIY€E TOYHICTh BU3HAYEHHS MOJI0XKEHHS /10 2 M.
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2. Monyns kamepu Bia kommnadii Raspberry. [{ns po6otu 13 Raspberry Pi Camera Buko-
puctoBytoTh iHpauepBoHi (NoIR) Ta 3Buuaiini kamepu (v2). Y 11bOMy IPOEKTI BUKOPUCTO-
BYEThCS 3BHUaiiHa kamepa. Bepcist v2 Mae 3HauH1 nepeBaru Haj MEpIIo0, HaJlae MOXKIIUBICTh
snimati FULL HD Bineo 3 kazapoBoto yactotoro 30 fps Ta Mae kpamy sikicts 3iiomMku. Kpim
TOr0, KUIbKICTh METaIiKCEIiB 30UIbIINIACH HA 3 OJMHUIIL

3. Mouitop pyxy 10 DOF IMU Sensor (C) - mMomayns JecsiTd CTyNEHIB CBOOOAM Bif
Waveshare. Leit Moaynb 06’etHye B cO01 TPHOXOCHOBHI TIPOCKOIL, TPHOXOCHOBHI aKCETePOMETP
1 TPbOXOCHOBHI KOMIIac (MarHiToMeTp) Ha ogqHomy Kpucrtaini MPU9255 ta Gapomerpuunuii gat-
yuk TucKy BMP280. BI/I6ip caMme LIbOT0 JJATYMKA 3yMOBJIEHHH IIHOIO Ta SIKICTIO 30MpanHs. Kpim
TOTO, HasiBHA MOXJIUBICTh JJOAATKOBO JOMOBHIOBATH (byHKuloHaﬂ BmeopeGCTpaTopa TaKMMH MO-
AKIIMBOCTSIMM: CTaOLTI3aLlisl KaMepH, KOHTPOJIb HAXHITY BmeopeGCTpaTopa 1T. IH.

4. Mognem LTE. Skicte IHTepHeTY Bifirpae BupillaibHy pOJib, OCKUIBKA BUKOPUCTAHHS
PO3YMHOTO BiJleopeecTpaTopa TICHO MOB’S3aHE 3 MOCTITHUM OOMIHOM JaHUX MK CEPBEPOM
Ta BifieopeecTpaTopoM. Uepes nocTiiHUil pyX aBTOMOOLIS, Ha SKOMY BCTaHOBJIEHUI Bieope-
€CTPATOpP, MOXKYTh CHOCTepiFaTI/ICH 3001 B epeaayl JaHuX a0 MEpEKeBi IMU.

5. CYBA SQLthe Bub6ip niei CYB/] 3ymoBieHuit TakuMu (pakTopamu:

HEBEJIMKHUNA PO3MIp;
- TOMYJSPHICTh Cepesl MOPTATUBHUX MPUCTPOIB;
- IIBHIKICTE;

Ha/IIHHICTb.

Kle toro, CYBJ] SQLLite Hl,ZlTpI/IMye SharedPreferences — e CxXOBUIIE KIIFOYIB-
3Ha4YeHb, B IKOMY 30€piraroThCs J1aHi MiJ] NEBHUM KIIOYEM, a caMe, KOOpJIMHATH TPaHCIOPT-
HOTO 3ac00y, Ha IKOMY BCTAaHOBJICHHH PO3YMHHUH BiI€OpEECTPATOP.

Ha puc. 2 npezacraBieHi OCHOBHI MOyl BileOpeecTpaTopa, iXHI CKJIQJOB1 Ta SIK BOHH
B3a€MOJIIIOTH OJIUH 3 OJTHUM.

~—Bineopeectparop -

LTE modem g P35
Camera

E L e % T S

¥

—HKafka - cluster

E Zave Qusus 1 Save Jueus 2
Sawve Queus 4 SaveQueusz 5

~Cluster Admin—,

EaveJusyps 3

{H}

Save JQusus N

{HI

~—Database server . - ~—Rpi Server———,

Postgres

ElaztkSzarch

Puc. 2. Cxema xnouwosux mooynie npoexmy

L,

120



TEXHIYHI HAVKH TA TEXHOJIOTII Ne 4 (14), 2018

TECHNICAL SCIENCES AND TECHNOLOGIES

Jlamuux GPS.

Jlo Asus Tinker Board 6yB nigxitouenuii natuuk NEO-6M, 3a 1000MOroto sIKOro BiJICIi-
JIKOBYETBCS TIOJIOKEHHSI TPaHCHOPTHOTO 3aco0y. Lleit mpuctpiil nmepenae naHi, sSiki BiH OTpH-
MaB Bi cynyTHHUKIB y popmari NMEA koxHi N cexyHn. Jlyxke BaxIuBOIO € iHpopMallis npo
IIMPUHY, JOBrOTY, BUCOTY Ta IIBUAKICTb pyXy 00’ekra. [[ns miAKIIOYeHHs JAaT4uKa 10 Asus
tinker board HeoOXiaHO 3’€QHATH KOHTAKTH Iu1aTh Ta JaT4yuk NEO-6M 3a Takoro cXeMolo, 110
HaBejieHa B Ta0u. 1.

Ta0mums 1
Iioknouenna oamuuxa 0o Asus Tinker Board

Asus Tinker Board/ Raspberry PI Waveshare GPS Neo6m
Pin1(3.3V) VCC
Pin 8 (TX) RX
Pin 10 (RX) TX
Pin 6 (GND) GND
Poboma 3 popmamom NMEA.

Hns po6otu 3 natunkoM NEO-6M BukopuctoByeThes 0i6mioreka GPSD [2]. Ls 6i6mio-
TeKa MIITPUMY€E BUKOHAHHS TaKUX (YHKIIH:

1) cunTakcuyHMi po30ip BXiAHOTO MOTOKY faHuX y opmati NMEA 3 gatunky GPS Neo6m;

2) mneperBopeHHs naHuX y popmar JSON;

3) ¢inbTpyBaHHS JaHUX BiJ HENOTPiOHOT a00 HempaBUIBHOI IH(pOpMALlii;

4) HaIae MOXKIUBICTH TiepenaBatu qaHi 3a gonomororo TCP/UPD Ta iHIIUX mOmynspHUX
MIPOTOKOJTIB.

[Ipu po6oTi 3 popmatom NMEA HeoOXiHO BpaxoByBaTu ioro komanau. Hasenemo ne-
penik ocHoBHUX Koman NMEA 0183 Bepcii 3:

- GPGGA — gani npo oCTaHHE MICIIE3HAXOHKEHHSI IPUCTPOIO;

- GPGLL — xoopauHaTu: mmpoTa, JOBroTa, BUCOTa;

- GPGSA — DOP(GPS) akTuBH1 CyIyTHUKH;

- GPGSV — cniocrepexyBaHi CylyTHUKHY;

- GPWPL — napameTtpu 3a1aHO1 TOUKH;

- GPBOD — a3umyT o/iHi€1 TOYKH BIAHOCHO HIIIOT;

- GPRMB - pexomeH10BaHUI MIHIMYM HaBITAI[IHHUX JTAHUX IS JOCSTHEHHS 331aHO1 TOUKHY;

- GPRMC — pekoMeHI0BaHH MIHIMYM HaBIraliiHUX JTaHUX;

- GPRTE — mapuipyry;

- HCHDG — nani Bix kommacy [3].

bibmioreka GPSD mae meBHI HEJOJIKKM Ta HE BIIMOBIAA€ BCIM BHUMOTaM IMPOEKTY, KU
po3po0bsieThes. 3a pe3yabTaTaMu MPOBEIEHOIO TECTYBaHHS HaBaHTA)XEHHs JaHa 0i0yioTeka
HE € CTabUIbHOIO, SKILO0 BCTAHOBJIEHA BEJIMKA KUIBKICTH 3’€aHaHb. Bukopucranus TCP/UDP
3’€THAHHS HE € JJOPEUHUM, OCKUIBKHU MPH MEepecyBaHHI TPAHCIIOPTHOTO 3aco0y [HTepHeT Mae
BJIACTUBICTh «IIPOTAZATH», IO MPU3BOAUTH JO MOCTIHHOTO OHOBJIEHHS HinKiItoueHHs. JlaHi
3HaWJICHUX TPAHCIOPTHHUX 3aCO0IB Ta MOJIOKEHHS TPAHCIOPTHOTO 3aco0y MepearoTbes Of-
HUM OJIOKOM JTaHMX.

bi6bnioreka GPSD nanucana Ha moBi C. Jlns Toro mo6 iHTerpyBaru ii B mpoekr, OyB Ha-
MUCAaHUN KIIEHT Ha Java, siKuil mikiodaeTses 10 Biakputoro cepepa GPSD (e moctynHum
TUIBKH JIOKAJIBHO ), OOMIHIOEThCA 1H(OpMAITI€I0 Ta Mepeiae HeoOXiTHI KOMaHIH.

@opmam JSON.

bi6bnioreka GPSD nanae nani y popmari JSON, npote A nogansiioi poOoTH HEOOXiAHO
MEPETBOPUTH LI 1aH1 B OUIBbII 3pyyHHid Ui 00poOku popmar. Jlns 3abe3neyeHHs edheKTHB-
HOCTI 00poOKHM JTaHMX HEeoOXiHa BHCOKa IIBUAKICTH cepiajizalii/aecepiaiizamnii Ta MiHiMa-
JTFHO MOJKJIMBI BUTpATH MaM’sTi [4].
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Byno mpoBeneHo TecTyBaHHS HAaHMOMJSAPHIMMX O107i0TEK JUIi MOBHM MPOTPAMYyBaHHS
Java GSON [5] Ta Jackson [6]. ¥V pesynbrari BunpoOyBanb 0i0onmioreka GSON BusiBunach
HIBU/ALIONO, MPOTE i HIBUAKICTH HEIOCTATHS /ISl BAKOPUCTAHHS B IMIPOEKTI.

Yepes Huzbky edextuBHICTh popmary JSON i nmepenadi 1aHUX MK CEpBEpOM Ta MpH-
CTPOEM Yy LIbOMY MPOEKT1 BUKOPHUCTOBYeThCsl OibmioTexa ProtoBuf Bin xkommanii Google [7],
sKa € OIHApHOIO Ta 3a pe3yJibTaTaMU TeCTyBaHb € MBUAMOH 32 GSON.

Jlani HaBeneHO pe3ynbTaTtu TecTyBaHHsS 010mioTek GSON, Jackson u Protobuf 3a nactym-
HUMU KPUTEPISIMU:

1) mBuakicTh cepiamizaiii 1 aecepianizamii ams 100 000 irepartiii;

2) mBHIKICTH cepiamizanii i gecepiamizarii ams 10 000 000 iTepartiit;

3) Bukopucranus CPU;

4) nuHaMika BUKOPUCTAHHS MaM ATi.

Pesynpratu nanux BUNpoOyBaHb HaBEJCHI B Ta0. 2.

Ne 4 (14), 2018

Tabmums 2
Pe3y/zbmamu eunp06y6aHb

Kpurepiii GSON Jackson Protobuf
[IBumxicTe cepiamizamii ¥ mecepiamizari
st 100 000 itepartiii, Mc 445 13544 210
[IBuaxicTe cepiamizamii i qecepiamizarii
s 10 000 000 iTepartiif, Mc 3223 91877 903
Bukopucranns HI1, % 12,5 12,6 12,1
Po3mip 3afistHUX pecypciB Ha OCTaHHIN
iteparii, b 39 088 584 59 816 548 49 696 136

Knacmep Kafka.

Jlns oOMiHY JaHUMHU MDK BIZI€OPEECTPATOpPOM Ta CEpBEPOM K OpoKep MOBIIOMIICHb BH-
KOPHUCTOBYETHCSI TEXHOJIOTisA, po3pobsieHa komnaHiero LinkedIn mix na3zBoro Kafka. Cepgic
HIATPUMYE TaKi MOKIMBOCTI:

- KJIacTepHu3alus;

- 30epira”Hs MOBiIOMJICHb;

- MOXJIUBICTb BUKOPUCTaHHS PI3HUX 0a3 JaHUX;

- KeIllyBaHHS;

- BEJICHHS XypHAIIB.

Jlns peanizanii cepBepHOT YaCTUHU BUKOpUCTOBYeThes Kinactep 3 N cepsepiB Kafka. Lle
HA/1a€ MOKJIMBICTh PO3BAHTAXKUTH KJIacTep, AKUH HE 31aTHUI 0OpoOUTH BXiAHUHM MOTIK 1H(O-
pMarii 3 yciX mpUCTpoiB. 32 paXyHOK pO3IOJUICHOT TEXHOJIOTIT nepeaayi JaHUX € MOXKIJIH-
BICTh JI0/IaBaTH CEpPBEPHU 0 KiacTepa Uil PO3BaHTAXEHHS Ta 30aJaHCYBAaHHS YEpry 3arucy
10 0a3u JaHuX.

Kioniomexa YOLO.

Jlnst BUsIBNIEHHS 00’ €KTIB Y pealbHOMY Yacl BUKOPUCTOBYeThCs 0ibnmioreka YOLO, Hait6i-
JbIlIa nepeBara sikoi BitoOpaxkeHa BiacHe B ii Ha3Bi: «You Only Look Once» [8]. Ichye neki-
JIbKa Bepciit KoHGIrypaiiii 1 HabopiB JaHUX JUIsl MAIIMHHOTO HAaBYaHHS, OJJHAK HalKkpaiie 00-
patu CBif BapiaHT, SIKUM € HaiOUTbIl «KOMMAaKTHa» Bepcid mpoaykty — Tiny YOLO.
Baxumoto nepeBaroto Tiny YOLO e Te, 1110 BoHa He BTpayae MIBUJIKOCTI, HABITh MPAIIOI0UN
Ha TaKHUX MPUCTPOSIX, Ik cMapTdonu Ta Raspberry Pi.

Oco0OnuBICTIO MOJIETI € Te, IO L MOJIENIb HaK/IaJgae Ha 300paKeHHsI CITKY, PO3JUIAIOUN
fioro Ha ocepenku (puc. 3).

122



TEXHIYHI HAYKHM TA TEXHOJIOTI Ne 4 (14), 2018
TECHNICAL SCIENCES AND TECHNOLOGIES

J | 2 l

! -1'1‘!')" . -
11

numper: 0.3

Puc. 3. Haknaoenus cimxu na 300pasxicenus

[lepminM eranom 1pOro aJrOpUTMY SABISETHCSI 00pOOKa 300pakeHHS 3 METOI0 OTPUMAaHHS
foro crtucHytoi komii. Hanpukinazn, Ha BXi1 MOJaeTbest 300paxeHHs po3MipHOCT1 448%x448x%3.
I[Ticns nmpomyckaHHs 300paykeHHs uepe3 oneparii koHBostouii [10] orpumaeMo Ha BUXOAL Te-
H30D pO3MIPHOCTI 7X7%3.

CxemaTtuuHoO L€l mpolec 300pakeHuit Ha puc. 4.

]

Bxize sobpax 2mea
448x448x3

3oSpakerKa nmicna
EEKUTEKOX STamiE
KOHEQTIOW]
Tx7x1024

Bioigrz so0pakaHHT
7x7x30

XXV

Puc. 4. Konsonoyis 300pasicenns

I[Ticnst oTpuMaHHA TeH30pa po3MIpHICTIO 7X7%30 npoaoBXKyeThCS poOOTa caMe 3 HUM, Ta
3a TOTIOMOT0I0 HbOTO Ma€ OyTH 3aisiHa MpolLieypa 3HaX0P)KEHHs HOMEPHOTO 3HaKa.

OTxe, CITKy pO3MIpHICTIO 7X7 Oyno HaklageHO Ha 300paxkeHHs. s KOXKHOI KOMIpKHU
Oynyerbest BeKTOp (puc. 5).
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Puc. 5. Ilobyoosa eexmopy 0151 KOAHCHOI KOMIpKU

VY pesynbraTi Oyno oTpuMaHo BekTop 20X1, SIKMl MICTUTH OL[HKHU JUIsl KOXKHOTO KJacy
JUTsl KOHKPETHOTO bbox-a.

I1s onepariiss MOBTOPIOETHCS I KOXKHOI KOMIpKH citku 7x7. Takum yuHOM Oyrna oTpu-
MaHa MaTpHIs OIIHOK po3MipHicTio 20%98. JlaHa maTpulsd 00poOIIIOETECSA 3 METOIO 3aIUIIH-
TH B HIi TUIBKM T1 0OpamiIsiioul NPSIMOKYTHUKH, SIKI HAHBIPOTIAHINIE PO3TAIIOBAaHI HABKOJIO
HMOTPIOHOTO KJIacy, K1 i HAKJIaJal0ThCsl HA BUXIAHE 300payKEHHS.

BuxignuMm naHuMu erany 3HAXOJ/KEHHS MOTPiIOHOT 00nacTi € 06iacTh 300paxeHHs, AKii
BIJIMTOB1/Ia€ HOMEPHUH 3HAK aBTOMOOLI, 1110 BimoOpaxxeHu Ha puc. 6.

.CB 2558 AK]

Puc. 6. Obracme Homeproco 3HaKy asmomooins

3HaiiieHa o0aacTh MOTIM 00poOIIsEThCS 3a qomomMororo anroputmy Tesseract [11]. Ha
BHXO/Il MAEMO HOMEPHUH 3HAK y cTpokoBoMy BUIIIsAlL: «CB2558 AK».

3b6epesicenns oanux.

30epiraHHsl JaHUX Ipa€ BaXKJIUBY posib B IH(POpMalLiliHIA cucTeMi. Y HpeacTaBieHINd iH-
(dopMaLiiiHii cucTeMl JaHi MOTPAIUIAIOTh 10 0a3u AAHUX BXKeE MICis 1X 0OpOOKH.

Y uboMy Bumagky BuKopucTaHi 1B1 06a3um nanux: ElasticSearch Ta Postgres. B
ElasticSearch 36epiraioTbcsi JaHi PO MICIIE3HAXOIKEHHS MPUCTPOIO Ta 3HAMIEH1 aBTOMOOI-
JbHI HOMEpH Ha LM AuUIaHLI goporu. Y Postgres 30epiratoTbesi AaH1 Mo MPUCTPOI, iXHI1 Ma-
pameTpu (Kjac MPUCTPOIO, MapaMeTpU MPHUCTPOIO, HANAIITYBAaHHS, CIMCOK «YOPHUX» HOMeE-
pIB) Ta JaH1 PO KOPUCTyBaya.

Jlani HaBeAeHUH aaropuT™ 0OpOOKH TaHUX PO MICIIE3HAXO0PKEHHS IPUCTPOIO.

Kpox 1. Orpumanns nanux 3 natuuky GPS y ¢popmari NMEA Ta orpumanHs 1aHuX Bi-
IE€ONOTOKY.

Kpoxk 2. ®utpTpariis Ta nepeTBOpEeHHs OTPUMAHUX JaHUX 3a Jornomororo 6iomiorexku GPSD.

Kpox 3. Buxkopucranss anroputmy YOLO ais 3Hax0K€HHS aBTOMOOUIbHUX HOMEDPIB.

Kpox 4. 3untyBanHs aBTOMOOUIBHOIO HOMEPY Ha 3HalIeH il o0nacTi.

Kpox 5. BiacitoBaHHS HEKOPEKTHO 3UMTAaHUX aBTOMOOUIBHUX HOMEPIB.

Kpox 6. Cepianizauist 1aHux 3a gonomoroto npokoiy Protocol Buffers.

Kpox 7. Ilepenaua nanux no knactepy Kafka.
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Kpoxk 8. 36epexenns nanux 3 Kafka no ElasticSearch.

ElasticSearch nanae Restfull Api mns 36epexxenns nanux y cBoro b/l y popmati JSON ta
Ha/1a€ MOXJIUBICTD Il HOBHOTEKCTOBOTO MOLIYKY.

Ha puc. 7 HaBeneHuil npukiaa CTpyKTypH JaHUX, siKi 30epiratotecs B ElasticSearch. Ha
puc. 8 BitoOpaxkeHa cxema 0a3u ganux B Postgres.

object b= location

BE v object {4}
= serial : A-B-C
= ¥ numbers [2]
= B8 @ 1 AMS3S5CC
= B8 1 : BA3256BB
EE = ?I:v-'._;location 13}
=8 . e i
= B lon :-71.32
= d att :33.5
== text * Some message

Puc. 7. Cmpyxmypa oanux, wo 8ionogioae 3a 30epexicennss OaHUx asmomoOiIbHUX HOMepPi8
ma MicYe3Haxo0HCeHHs Npunady

BB black list

123id

BB black_list_detected
123id ABE car_number

= - Ch O create_timestamp
122 id_black_list leg B¢ description
123 id_device

122 |0ng

123 :
At g 4 | EB devices
123 [at 2

123id

ABC description

ABE device_serial

RBC device_chip_serial
- o :

BB user_devices ISed 5 create_timestamp

123id

123 id_user BB users
122 id_device o

3 register_timestamp

T-e|123d

aBE yser_email

RBC user_password

€53 user_create_timestamo
RBE status

Puc. 8. Cxema 6azu danux, wjo eionosioae 3a 30epedicents Oanux
npo npucmpiii ma Kopucmyeauda

BucHoBok BianmoBinHo 10 cratti. Y po60Ti Oy po3risiHYTI OCHOBHI MOJYIMI Ui pO3-
poOku iH(popMaliiiHoi TexHoaorii pozymHoro Bineopeectparopa: ASUS Tinker Board, nart-
YHMKH, MEPETBOPEHHS JaHUX, KIIEHTChKUNA cepBep. OmnucaHo BUOIp ONTUMAIBLHOTO (Gopmary
JAHUX, SIKUI 3a0e3meuye NpUMHATHY IBUJKICTD Mepeiadl Ta npuiioMy. 3a pe3yabTaTaMu Te-
CTYBaHHS JI0OBEZCHO, 110 Protobuf mae OimbI BUCOKI TOKA3HUKH SIKOCT1 B IOPIBHSAHHI 3 010711~
orekamMu GSON Ta Jackson.

HaBenena apxiTekTypa Mojieni po3yMHOTO Bi€OpeecTparopa 3 OMHCOM KOMIOHEHTIB.
OnucaHi OCHOBHI 3acaJi aITOPUTMY 3HAXOJDKEHHS aBTOMOOLIHLHOTO HOMEpY: oOpoOka 30-
Opa’keHHsI, HAKJIQJCHHS CITKH, MOO0YJA0Ba BEKTOPY Ta 0OpamiIsiiouMX MpsIMOKYTHUKIB. HaBe-
JIeH1 BUXIJH1 IaH1 aITOPUTMY Ta OTIMCaHa MoAajbIia podoTa 3 HUMHU.

Takox y poOoTi HaBeJIeHO oIuC 30epekeHHs TaHuX y 6a3ax nanux ElasticSearch ta Postgres.
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Inna Stetsenko, Maryna Sukhaniuk, Viadyslav Shyshkin
SMART DVR INFORMATION SYSTEM

Relevance of research topic. Nowadays, smart devices are very popular, namely modern devices with built-in infor-
mation technologies. This article presents the development of a smart DVR that supports the ability to recognize Ukrainian
automobile numbers and their further analysis. Such a tool can speed up the search of stolen cars, which is a topical issue.

Target setting. During the development of the hardware-sofiware complex, issues related to its architecture and data pro-
cessing are solved, namely, which methods and algorithms are used for the transformation, transmission, receiving, consolida-
tion of data and storing in the database. It should be kept in mind that during construction of device, the physical features of the
modules and their processing and transmission capabilities, such as processor speed, memory size have to be considered.
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Analysis of recent research and publications. The latest technologies in the field of data processing (serialization and
deserialization libraries), automobile number recognition algorithms and the database with the possibility of accelerated text
search are analyzed.

Uninvestigated parts of general matters defining. The architecture and sofiware modules of smart DVR is proposed for
the first time, the problem of data transmission to the cluster under the conditions of high load and intermittent Internet
communication is solved, full-text and partial search of automobile numbers in the database is proposed, algorithm of auto-
mobile numbers recognition in motion is developed.

The research objective. Identify the required combination of methods and algorithms for the implementation of the
smart DVR information system, which ensures the reliable and efficient execution of its functional capabilities.

The statement of basic materials. The article presents the description of modules, which represent the smart DVR, and
the purpose of each module is taken into consideration. The scheme of the system as a whole is presented and the algorithm
of real-time search of automobile numbers based on the YOLO neural network is developed. The basic principles of commu-
nication between servers and devices are considered.

Conclusions. The architecture of a new smart device is proposed and the main algorithms that implement its functional-
ity are developed. Identified problems that may arise in further development and identified ways to resolve them.

Keywords: DVR; smart device; ASUS Tinker Board; GPS; NMEA; GPSD; serialization; YOLO.

Fig.: 8. References: 11.
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TEXHOJIOTTYHI ACIIEKTH PEAJIIBAIIII KOHKPETU30BAHOI
METOJIOJIOI'Tl YIIPABJIIHHS ITIPOEKTAMHA

Axmyanvnicme memu 0ocniodcenns. 1liorpynmam mema-memooono2ii ynpaguinHa npoekmamu € iHcmpymeHmu OpicH-
MOBAaHI HA YMOBU NPOEKMHO-OPIEHMOBAHUX NIONPUEMCIE — KOHKPEMU308aHUX MeMOOON02il YNPAaGIiHHA NpOoeKmami
(KMVTI). /Ina ix echexmueno2o 6ukopucmants HeoOXioHa po3podka deskoeo mexronoeiunozo 6asucy. Tomy icnye nompeba y
CMEOpeHHI HANAWMOBAHUX HA YMOBU NPOEKMHO-OPICHMOBAHUX NIONPUEMCME MemOO0N02ill YNPAGIiHHA NpoeKmamu, a ma-
KOHC THGOPpMAYItiHUX MeXHON02IH, Ki 3a0e3neuyroms ehekmusHe GUKOPUCIAHHA MAKUX MemOOONIOIUHUX THCMPYMEHMIE 8
YMOBAX YUX NiONPUEMCME.

Ilocmanogxa npoonemu. Bnposaodacenns KMYII sumazac po3pobku 0esiko2o mexHonoeiuno2o 6azucy, 8 AKoOMy 0CHOGHI
MemOoOOIO2IYHI ITHCIMPYMEHMU 8I000PANCAIOMbCSL 8 THHOPMAUITIHUX MEXHONLOIAX YIPAGNIHHA NPOESKMAMIU.

Ananiz ocmannix oocnioxycensv i nyonikauiii. Poszensinymo ocmanni nyonikayii' y 8iokpumomy 0ocmyni ujo0o enposa-
Odcenust  Memooonoeiu ynpagiinus npoekmamu, KMYII ma ingopmayitinux mexuHonociti y npakmuxy NpoeKmHo-
OpIEHMOBAHUX NIONPUEMCME.

Buoinenns nedocnioscenux paniwe uacmun 3a2anbHoi npoonemu. Bemarnosneno, wo numanns oopmyeanus mexuo-
noeiunoi niompumku KMYTI y euenaoi inghopmayitinux mexnonozii ynpasiinHis npoekmamu 3aiuuiacmoscsi 6IOKPUMUM.

Ilocmanogka 3ae0annsn. PopmysanHs mexHonociyHo2o 6azucy npoyecie enposaodicents i sukopucmanns KMYII na
NPOEKMHO-OPIEHMOBAHUX NIONPUEMCIBAX.

Buxnao ocnoenozo mamepiany. Ilpononyemocs nioxio cmeopenHs iHopMayitiHux mexnono2itl YnpasiinHs npoeKmamu
po3zenadamu 8 po3pizi ix cucmemoymeopiolouux KOMNOHenmie — opeawizayii, memooono2ii i mexuonozii. Ananiz ocHo8HuUx
npoepamuux 3acobie ynpasninHsa npoekmamu, cmocogho niompumxu incmpymenmie KMYIIL oas 3smocy ecmanosumu nepesa-
eu III1 Primavera. 3anponoHogano emanu npoekmy 8npoeaodicerus opienmosanoi Ha niompumxy KMVII ingopmayiiinoi
MEexXHON0211 yNpasinHa NPOeKmamu.

Bucnoeku 6i0nogiono 0o cmammi. [Ipononoganuil nioxio 0036014€ nepesecmu MemoOoL02iuHi iHcmpymenmu y cghepy
mexHono2iunol peanizayii, uo yOOCKOHANIOE 8eCb NPoOYeC YNPasint NPOeKmamu.

Knrouosi cnosa: KoHKpemuz08ana memooono2is YAPAGIiHHA NPOEKMAMU, MEXHON02IUHA NIOMpuUMKa, iHpopmayiiHa
MeXHON02isA; YNPABNiHHA NPOEKMAMU, Mema-memoO0oa02is YNpasninHa nPoeKmamu, npoyecu GNpoeaoIcents Memooonoill
YIPABIHHA NPOeKmamu

Tabn.: 1. bién.: 10.

AKTyaJabHicTh TeMH AocTizkeHHsA. Ha chorosHi iCHYIOTh AE€CATKU PI3HOMAHITHUX Me-
TOJIOJIOTI yIpaBIIiHHS MPOEKTaMH, K1 OPIEHTOBaH1 Ha YIPABJIIHHS PI3HUMH KJIacaMH IMpOeK-
TiB B cnenudiyaux ymosax. Hait6inbi Bigomi metogosorii PMBOK, P2M, PRINCE2, Scrum
Ta iH. AJle B HUX HE BUCBITJIIOIOTHCS MUTAaHHS €()EKTUBHOTO BUKOPUCTAHHS METOJOJIOTIT yII-
PaBIIIHHS MPOEKTAMHU MPOEKTHO-OPIEHTOBAHUM MIANPUEMCTBOM; BIIPOBAPKEHHS 1i B IPaKTH-
Ky poOOTH 3 HAIMEHIIIMMHU BUTpaTaMHU 1 HAHOUTBIIOK0 e(EKTHUBHICTIO.

A Take BOpPOBAKEHHs TATHE 3a cOO0I0 M opraHizaiiiiHi 3MiHH, 1 PEIHXUHIPUHT Oi3Hec-
MIPOIIECIB, 1 TEXHOJIOTTYHE TA TEXHIYHE NMEePe030pOEHHS 1 T. 1H. AJDKE KOJIHA 3 LIUX METO10JI0-
riif He aJanToBaHa MiJ KOHKPETHE MiAIPUEMCTBO, OCKLUTLKU KOXKHE MIANPUEMCTBO Ma€ Pi3HUI
JIOCBiJl BUKOPUCTAHHS IHCTPYMEHTIB MpO(dECIifHOro yrnpaBiliHHS NMPOEKTaMH, PI3HUNA PIBEHb
TEXHOJIOTTYHOT 3pUI0CTi, Ma€e cBOIO crenudiky. KpiM Toro, mpoekTu Toro >k camoro miamnpu-
€MCTBA MOXYTb ICTOTHO BIIPI3HATHCE.

ToMmy BUHMKa€e aKTyallbHE HayKOBE 3aBJJaHHS CTBOPEHHS HAIAIITOBAaHMX HA YMOBH MpOe-
KTHO-OPIEHTOBAHUX MIANPUEMCTB METOMOJIOTIH YHpPaBIIHHSA MPOEKTaMHU, a TaKOX IHPOpMa-
LIHUX TEXHOJIOTIH, sKi 3a0e3MeuyoTh €()EeKTUBHE BHKOPHCTAHHS TaKUX METOJOJIOTTYHUX
IHCTPYMEHTIB B YMOBAaX LUX MIAPHEMCTB.

IloctanoBka mnpoOaemu. CTBOPEHHS METa-METOJOJOrI] YIpPaBIiHHI NPOEKTaMH
(MMVTI) [1] iniuitoe i 6ararb0X MPOEKTHO-OPIEHTOBAHUX MIANIPUEMCTB BUOIp HOBOTO KY-
PCY PO3BUTKY — KYpCY, KU OpIEHTOBaHMI Ha MPOQECIHHUI CUCTeMHMI MIIX1A 10 yIpaB-
niHHA npoekTamu. Lleil kypc Mae mpHuBecTHM O TakOi OopraHizauii yHpaBiiHHS HPOEKTHO-
OpIEHTOBaHUMHU Oi3HECAMH, SIKUI MIHIMI3y€ KUIbKICTh HEBJAIMX MPOEKTIB, 103BOJUTH peai-
3yBaTH ifiel MPOAKTUBHOIO YIPABIIHHS, 3a0€3MEeUNTh YCIX YYaCHUKIB aKTyaJbHOIO 1H(pOpMa-
LI€}0 IPO CTaH BUKOHAHHS MpoekTiB. Bukopucranus MMVII ans popmyBaHHS KOHKPETH30-
BaHUX MeTojosorid ynpaBiiHHs mnpoektamu (KMVII) chnpsimoBane Ha CTBOpEHHS

© Tecnsa 0. M., Xnepna FO. JI., €ropuenkos O. B., 2018
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METOJIOJIOTTYHOTO MiAIPYHTS /Ui €PEeKTUBHOIO YIPABIIHHS IHBECTULIIMU OYyJb-SIKOTO IpOe-
KTHO-OPIEHTOBAHOTO MiINpUeMCTBa. be3 BUpIIEHHS LIbOTO 3aBAAaHHS HEMOXJIMBUM cTanuil 1
BUIIEPEDKATbHUNA PO3BUTOK IMPOEKTHO-OpIEHTOBaHUX O13HeciB. Came HEOOX1IHICTh BUPILLIECH-
HSl 1IbOTO 3aBJAHHS € JUKEpPEJIOM BIIPOBA/KEHHSI METOIB Mpo(eciifiHOTo yIpaBiliHHS BCiMa
cdepami ii JiSTTBHOCTI, 30KpeMa i B yIIPaBIIiHHS IPOEKTAMHU.

Oco6nBuUM nuTaHHAM 3 norsity BnpoBampkeHHs KMVII e iHdopmariiiina TeXHOIOris yii-
paBIiHHS MpoeKTaMu. AJpke Oyzib K1 YIPaBIIHCHKI HANlpallOBaHHs, CTaHIApTH, METO M, 11a0-
JIOHU B CyYaCHMX YMOBaxX BHMAararoTh 3aCTOCYBaHHS PI3HOMAaHITHHUX 3acO0IB aBTOMaTH3allil
ympaBiiHcbKkoi npati. Tomy BripoBakenHss KMVYII BuMarae po3poOku JesIKOro TEXHOJIOTTYHO-
ro 0asucy, B IKOMy OCHOBHI METOJIOJIOTTYHI IHCTPYMEHTH B110OpaXkaroTbesi B IH(POPMAILIMHUX
TEXHOJIOTIIX YNpaBIiHHS Npoekramu. Hampuknazg, TpaauiiifHUNA METOJ KPUTUYHOTO LUIAXY
BXKE HIXTO HE BUKOPHCTOBYE B «PyYHOMY» BapiaHTi. € MpekpacHi iIHCTpyMEHTaIbH1 3ac00u yII-
pasiniHHs npoektamu (MS Project, Primavera, 11 iH.), siKi peanizytoTs et metoa. Ilo cyri, ans
BCIX METOJIOJIOTTYHUX IHCTPYMEHTIB MOTPIOHO MIIOMpPATH YK CTBOPIOBATH 3aCO0M aBTOMAaTHU3a-
111, SIK1 Jal0Th 3MOTY «IIIACWIMTHY IXHIA BIUIMB Ha MpPOILEC YIpaBiiHHA npoektamu. Came nu-
TaHHIO CTBOPEHHs TexHosoryHoro 6azucy KMVYII 1 mpucBsiueHa 11 HaykoBa poOoTa.

AHaJIi3 OCTAHHIX JOCTIKeHb i myOJaiKkanmii.

[IuTaHHs BUKOPUCTaHHS METOJIOJIOTIH YIIPaBIIiHHS MPOEKTaMU MPEJCTaBIEHO B poboTax [2—
6]. TpynHouiamMu € Te, IO JOCUTH YacTO IHCTPYMEHTH C(OPMOBAHUX METOOJIOTIH He
BIMOBIIaOTh YMOBaM KOHKPETHOTO MiANIpUEMCTBAa 1 crenudini mpoekTiB. PimenHs miei
npoOJieMH MPONOHY€EThCs B poOOTI [7], OCHOBHA yBara B sIKiil mpuaLIeHa Mpouecy GopMyBaHHS
METOJIOJIOTTH YIpaBIiHHS MPOEKTaMU 1 iX BIPOBA/HKEHHS MiJi YMOBU KOHKPETHOT'O HMPOEKTHO-
opieHroBaHoro mignpuemcrea — KMVIL Pa3om 3 TuM y poGOTi HE BHOKpPEMJIEHO HILTy
iH}opmaniiiHuxX TexHosorii y po3pizsi KMVYII, ponb sikux BHCBITIEHO B poboTax [8; 9]. Arne sik
MOKa3ye aHalli3 JITepaTypHUX JDKEpes, MUTaHHS (OPMYBaHHS TEXHOJOITYHOT MIATPHUMKH
KMVII y Burmsiai iHpopMatifHiX TEXHOJIOT1i yIpaBliHHA TPOEKTaMU 3aJTUILAETHCS BIAKPUTUM.
Takum uYMHOM, MOCTae HAYKOBE 3aBJaHHS CTBOPEHHS TakuX IH(POpMALIHUX TEXHOJOr1H
YIIPaBJIiHHS MPOEKTaMH, K1 Oy 6 OpieHTOBaHI Ha MATPUMKY iHCTpyMeHTiB KM VIL

BuaisieHHs1 HemOCJHiIKeHHX YACTHH 3arajbHoi mnpodjgemMu. [0JI0BHE NUTaHHA
YIIPaBIIIHHS MPOEKTAMU: SIKy METOOJIOri0 BUOpATH 1 SIK 1i BUKOPUCTATH HAa KOHKPETHOMY
IIPOEKTHO-OPIEHTOBAHOMY MIINPUEMCTBI. Y TMOMNEpPEAHIX TOCIHKEHHIX aBTOPIB Ui I[bOTO
Oyna po3polbiieHa MEeTa-METOI0JIOTIs YIPABIIHHS MPOEKTaMU. MeTa-MeTo 10101 YIpaBIiHHS
MIPOEKTaMH — 1€ METOJOJIOTisl CTBOPEHHS 1 BIPOBAPKEHHS OPIEHTOBAHOI HA MIIMPUEMCTBO
KOHKPETHU30BaHOT METO0JIOT1i YIIpaBIiHHSA IPOEKTaMH. AJle 3aJIMIlanach HEBUPIIIEHOIO OJTHA
npobnema. [loctae mnMTaHHS CTBOPEHHS M1 TakKOi KOHKPETHM30BaHOI METOJ0JIOTi{
1H(POPMaLIHO-TEXHOJOTIYHOTO MIAIPYHTS, 1100 BUKOPHUCTAaHHS 1i IHCTPYMEHTIB Oyno
HaOUIbII €PEeKTUBHUM.

IMocTanoBka 3aBaanHs. CTaTTs NpHUCBSUEHA PO3IIISLY MUTaHHA (POPMYBAHHS TEXHOJIO-
rivHoro 0Oa3ucy mpoueciB BOpoBaKeHHA © BukopuctanHds KMVYII Ha mnpoektHo-
OpIEHTOBAHMX MIJIPUEMCTBAX.

Buxiaa ocHoBHOro Matepiany. B ysBiieHH1 aBTOpIB KOHKPETH30BaHA METOIOJIOTIS YIIpaB-
minas npoektamu (KMVTII) siBnste coboro Hallp METOJI0JOTIYHUX IHCTPYMEHTIB, sIKI BIATIOBi/a-
I0Th TIOTpe0aM 1 yMOBaM (PYHKLIOHYBAHHSI KOHKPETHOTO MPOEKTHO-OPIEHTOBAHOTO MiIPUEMCT-
Ba. Ane koskHa KMVYII — ne cknajgHa cucrema, sika MICTUTh 3HAUHY KUIBKICTh IHCTPYMEHTIB
YIIPaBIIiHHA MPOEKTaMH, sIKi 111 i repeOyBatoTh y MOCTIHHIM B3a€EMO/IIT OJIUH 3 OJTHUM.

3 Teopii cucTeM BIIOMO, IO CKIAJHICTh OYAb-IKOi CHCTEMH 3POCTAa€ B TEOMETPHUHIN TPO-
rpecii mo10 KUTbKOCTI ii eneMeHTIB. Lle moB’s13aHo 31 30UTBIIICHHAM KUTBKOCTI B3a€MOJIIM Mixk
€JIEMEHTaMHU «BEJMKOD» cucTeMU. EQEKTUBHO ynpaBiIsTH CKJIQAHUMH CUCTEMaMU MOYKHA JIUIIIE
B TOMY BHIIQIKY, KOJIM 111 B3a€EMO/IiT KJ1acU(IKOBaH1 Ta 3rpyrnoBaHi TAKMM YHMHOM, 1110 KUTBKICTb
THUIIB B3aEMOJIN MiHIMambHI. J[71s1 IbOTO HEOOXITHO 3aHYPUTH CUCTEMY B JESIKE TEXHOJIOTTYHE
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Cepe/IOBHUIIIE, SIKE JTO3BOJIUTH 1 aJTOPUTMI3yBaTH BCl MPOLIECH B3AEMOIIT, 1 YHOPSIKYBaTH CUC-
TeMy. B ynpaBiiHHI IpoeKTamu 11€ 03Ha4ae, 0 HEOOX1THO CTBOPUTH 1H(POPMAIIHY TEXHOJIO-
rito, sika Bi3bMe Ha ce0e BCe HaBaHTAXKEHHS 3 pealtizallii MeTOIONIOTIYHUX IHCTPYMEHTIB. AJDKe
pydHe (peakTUBHE) YIPABIIHHS HE J03BOJHUTH €(EeKTUBHOIO BUKOPHCTOBYBATH IIi IHCTPYMEH-
TU. AKTyajlbHE MPOAKTUBHE yIpaBiiHHA. HeoOXiZHO CTBOpUTH Taky HQOpMAIiHY TEXHOJO-
Til0 YIpaBIiHHS MPOEKTaMH, IKa CTaHE OCHOBOIO peati3allii KOHKPETU30BaHO1 METO0JIOTI YII-
paBiiHHS TpoekTamu. | B sKiil Ha mepIIuil MIaH BUXOJATh TaKi MOHATTS, SIK «OpraHi3ailis»,
«TUTaH», «CUCTEMHICTBY, «iHpOpMaLish» 1 iH. Jluine B 1boMy BUIAAKy MOXKHA €()eKTUBHO BUKO-
PHUCTOBYBAaTU METOJOJIOTT4HI IHCTPYMEHTH YIPABIIHHS MPOEKTaMHU.

KMVII pernamentye cdepy IiUIBHOCTI NMpodeciiiHMX NpPOEKTHUX MEHeIDKepiB, sKa
BKJIIOYAE JIFO/ICH, MOJIITHKY, OpraHi3alliio, METOAuKY, iHpopmaliiiHy cuctemy. I Bce 1e mo-
BUHHO peanizyBaTHcs B 1H(OpMalliiiHiii TeXHOJOrIl yrpaBiiHHsA npoekramu. OpraHizauis —
poai, pyHkii, crpykTypH. Jltogu — nporpama (GopMyBaHHSI KapOBOIO MOTEHIiaTy MiANPH-
€MCTBa y cdepl ynpaBiIiHHS IPOEKTaMU, siKa 0a3yeThcsl Ha MPUHOMI Ha poOOTy mpodeciitHux
MPOEKTHUX MeHe/kepiB 1 HaBuaHHsA. [lomituku — dopmyerbes crpareris OizHecy y cdepi
IIPOEKTHOrO MeHeKMEHTy Ta peanizanii KMVYIIL. Meroauka — Bkimouyae omuc Oi3Hec-
MIPOIIECIB, PErJIAMEHTIB, MMOJ0XKEHb, IHCTPYKIIiM, METOIB 1 CIOCOOIB BUPIIIEHHS 3aBAaHb YII-
paBiliHHS npoekTamu. [HopmaliiiHa cuctema po3poOIseThCs BIAMOBIAHO 10 TEXHIYHOTO 3a-
BJIAHHS 1 BKJIIOYA€E K IHCTPYMEHTAJIbHI MPOTPpaMHi 3ac00H, Tak 1 3aCO0M, SK1 € 1HAUBITyalb-
HUMU ¥ HEOOXITHUMH CaM€ [IbOMY TIAPUEMCTBY.

Taxkum unHOM, y Mexax npoekTy BrpoBapkeHHs: KMVYII nocrae 3aBgaHHs CTBOpEHHS Ta-
KO1 TEXHIUHOT MATPUMKH, siKa 3a0e3neuye popMyBaHHS TEXHOJIOTTYHOI OCHOBU BIIPOBA/KEH-
HSl Cyd4aCHMX METOJIIB 13ac00IB yMpaBiIiHHS MPOEKTAMU BIIMOBIIHO JO MPUHIMIIIB PO3BUTKY
CKJIQIHUX OPraHi3allifHO-TEeXHIYHUX CHCTEeM. Takoro MATPUMKOIO MOXKE CIyryBatu iHGOp-
MaIliifiHa TeXHOJIOTisl YIpPaBJIiHHA MPOEKTaMH, sKa 1 3a0e3Mmeuye peanizallilo KOHKPETU30BaHO1
METOJI0JIOT1] YIIpaBIiHHS MPOEKTaMU B 3ac00aX KOMIT FOTEPHOT TEXHIKH.

Indopmaniiina Texnosoria ynpapiainasa npoekramu (ITYII) noBunHa 3a0e3nedyBatu
HE TUIbKU OTPUMAaHHS BCIMa Cy0’€KTaMu yIpaBJliHHSA MPOEKTaMH HEOOXIHOI iH(opMaltii, ane
i Oyru opieHTOBaHOIO Ha (opMyBaHHs I1H(OPMALIIHOrO cTaHAapTy Oi3HECY MPOEKTHO-
OpIEHTOBAHOTO MMPUEMCTBA, a TAKOX HA MIATPUMKY METOJIOJIOTIYHUX IHCTPYMEHTIB YIpaB-
JIHHS IPOEKTaMH.

Po3poOky 1 BIpoBaKeHHsI Takoi 1HPOPMAIIMHOT TEXHOJIOT1 YIpaBIiHHS MPOEKTaMH, J0-
3BOJIUTH BUPILIYBaTH B aBTOMAaTH30BAHOMY PEXHUMI 3aBJaHHS IJIaHyBaHHS, MOHITOPUHTY, 00-
JiKy, Oro/KeTyBaHHA 1 popMyBaTH B Ipolleci BUPILICHHS LIMX 3aBJaHb iH(OpMaliiHuiA cTaH-
napt 613Hecy. Kpim Toro, ctBOpeHHs Takoi iHPOpMAIIHOT MIITPUMKH MTPOEKTIB, 1aCTh 3MOT'Y:

- BinoOpaxkatu B 3acobax ITVYII cBoedacHy, akTyaibHY, IOBHY 1H(OpMAaIli0 PO HEOO-
X1JIH1 71 B IPOEKTax;

- aBTOMAaTHU3YBaTH MPOLEC BUKOPUCTAHHS METOJO0JIOTrYHUX 1HCTpyMeHTiB KMVII;

- B aBTOMAaTU30BAHOMY PEXHUMI1 BECTH (opMali3oBaHuil iH(opMaiiiH1ii 0OMIH MK yda-
CHMKaMH YIPABIIIHHS MPOEKTaMHU.

PosrnsinemMo nuTaHHs CTBOpEHHS 1HPOPMALIHHOT TEXHOIOT] YIPaBIiHHS MPOEKTaMH, sKa
aBToMaTu3ye KMVII y po3pi3i ii cucTeMOYTBOPIOIOUMX KOMIIOHEHTIB — OpraHizallii, MeToJ10-
JIOTi1 1 TEXHOJIOTI.

1. Opranizauiiinnii komnonenT KMYVYIIL. Binnin po3po6ku odicy ynpaBiaiHHS IpOeKTa-
mu [10]. Micig Biaauty: po3poOka Ta BIPOBAIKEHHS KOHKPETH30BAaHOI METOJIOJIOTI yIpaB-
JHHS MPOEKTaMU Ta TEXHOJOTIYHUX IHCTPYMEHTIB 1i MIATPUMKHU 1 KOPIOPATUBHOI CUCTEMH
YIIpaBJIiHHS TPOEKTaMH, OPIEHTOBAHUX Ha MiANpHeMCcTBO. HauanbHMK BiAIUTy HEce epcoHa-
JBHY BIATMOBINANBHICTh 32 METOIMYHE, OpraHi3alliiiHe, TEXHIUHE Ta MporpamMHe 3a0e3MeYeHHS
nporecis BnpoBapkenHs KMVYII.
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Bignin ckiagaeTsest 3 ABOX Ipyll — rpyna po3poOKH, BIPOBAIKEHHs Ta CYPOBOJLY KOP-
MOPAaTUBHOI CUCTeMHU ympaBiiHHA npoektamu mianpuemctsa (KCYIIP) i rpyna po3poOku Ta
BIIPOBA/KEHHS OPIEHTOBAHOI Ha MiNPUEMCTBO KOHKPETH30BAHOT METOI0JIOT1] YIIpaBIiHHS.

2. MetonoJoriuynuii komnoHeHT KMYII. Bkitouae onuc 6i3Hec-pOIECiB, PETIaMEHTH,
MOJIOKEHHSI, IHCTPYKIii, METOAM 1 CIOcOOM BHpILLIEHHS 3aBJaHb YIPABIIHHA MpoeKTamMu. €
MIPOIYKTOM JisUTBHOCTI BIAZILTY PO3POOKH.

3. TexnoJoriunmii komnonenT KMVYII. [loBuHeH rpyHTYBaTHCs Ha OJHOMY UM KUIBKOX
MIPOrpaMHMX MPOAYKTaxX yIpaBIiHHS MPOEKTaMU, Ha OCHOBI SKoOro (uX) Oyne po3po0ieHo 10-
JAaTK{, 110 Peali3yloTh BY3bKOCIEI[iadi30BaHi 3aBJaHHS B ymHpaBiiHHI nmpoektamu. [Iporec
PO3poOKH 1 BIpoBaKEHHS Oyie 3a0e3neuyBaTucs NisUIbHICTIO Tpynu po3pooku [TYIL

Y KMVII meronosorist Ta iH(popMaLiiiHa TEXHOJIOTISI BUKOHYIOTh POJb MIACUCTEM s
(GYHKLIOHATBHOT M1ICKCTEMHU — OpraHizalii yrpaBiiHHS IPOEKTaMHU.

[ndpopmaniitna TexHosoris ynpapiaiHHSA npoektamu i miarpumMkd KMVYII noBunHa BU-
pilllyBaTH 3aBJaHHS:

- IJIaHYBaHHS,

- MOHITOPUHTY (KOHTPOJIb BUKOHAHHS IUIaHy; 00K (pi3MuHUX 00cATiB poOiT, (hiHaHCO-
BUH 1 OyXrantepcbkuii 00J11K; 3BITHICTD);

- YHOpaBJIIHHA pecypcamu;
yIpaBJliHHS (QiHaHCAMH (BapTICTIO) MPOEKTIB;
3abe3neyeHHs IHPOopMaIliitHOT B3aEMO/IT;

CTBOpEHHsI 1H(OpMaLIIHOrO CTaHAApPTy MIANPHUEMCTBA (BCl JaHl Mpo Xi peajizamii
MIPOEKTY 30€piraroThCs y CXOBHIILII JaHUX 1 3HAHD);

- 3a0e3neveHHs QYHKIIOHYBAaHHS TEXHIYHOTO CEPE0BHUIIIA.

s nboro B ingopmaniiiniii TexHOJIOTII HOBMHHI 32CTOCOBYBATHCH 3aC00M:

- IUJTaHYBaHHS ¥ MOHITOPHHTY IPOEKTIB;

- 00Ky 00cATiB BUKOHAHUX POOIT;

- ynpaBiiHHA (piHAaHCaMU (BapTICTIO) MPOEKTIB;

- YIOpaBJIIHHS pecypcamu;

- BeJleHHs 1H(pOpMAIIfHOTO CTaHAAPTY MINPUEMCTBA 1 IPOEKTIB;

- 1H(OpMaIIITHOT B3aEMO/I1;

- TexHI4yH1 (mpuadGaHHs cepBepa, PO3BUTOK JIOKAILHOI MEpEXi, BULIAIEHUH AOCTYM, yI0-
CKOHAJICHHS TEXHOJIOT1] 1H(OopMaIliiiHOro 0OMIHY).

ABTopamu 0yno mpoBeeHo nopiBHsIbHUH aHaniz MS Project 1 I1I1 Primavera moao mo-
AJIMBOCTI 3aCTOCYBAHHS SIK 3aCO0IB MIATPUMKHA KOHKPETH30BAaHUX METOJOJOTIN yIpaBiIiHHS
npoekTamu (TabauIs).

Sk mokasaB aHalli3, 13 MO3UILI CTBOPEHHS METOIOJIOTTYHOTO 0a3KuCy MIAMPUEMCTBA OUTBII
nigxoauts [1I1 Primavera, ockiibku MICTUTh OUTbIIE THCTPYMEHTIB, K1 JO3BOJISIOTH aBTOMa-
TU3YBAaTU HE TUIBKU MPOLEC YIPABIIHHS MPOEKTaMH, ajie 1 Mpoliec METOMYHOTO 3a0e3eueH-
Hsl YIPaBJIIHHS IPOEKTaMH.

BaxuimBuM nutanasM ctBopeHHss KMVII € nutanHs BIIPOBaPKEHHS K METOJIOJIOTIUHUX,
TaK 1 TEXHOJIOTTYHUX IHCTPYMEHTIB YIpaBJIiHHA MpoekTaMu. i1 cTBOpeHHs iHpopManiiHo1
TEXHOJIOTIi, sika 0 miarpuMyBana iHcTpymMeHTH KMYVII nponoHyeTscst peanizyBaTu HpOEKT,
10 MICTUTHME TaKl eTanu:

1. IlpunOaHHs Ta yCTaHOBKA JILEH3IMHUX IHCTPYMEHTAJIBHUX MPOTPaMHUX 3acO0IB yII-
paBIIIHHS MPOEKTaMHU.

2. YcTaHOBKa IHCTPYMEHTIB YIpPaBIIIHHS MPOEKTaMHM Ha poOOUYUX MICISIX MEHEIKEpiB,
SIK1 HABYAIOTHCSI METOJOJIOTI yIpaBIiHHS MPOEKTAMU Ta 3alHATUX HAMOBHEHHSM iH(popMa-
IIIHOT Oa3u.

3. Pernamenranisi, HaBYaHHs, CYPOBiA PoOOTH 13 3acobaMu HPOPMALIHHOT TEXHOJIOT 1]
YIIPaBIIiHHS MPOEKTAMHU.
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4. HanoBHEHHS IHCTpYMEHTAJIbHUX MPOTPAMHUX 3aCO0IB YIPABIIHHS MPOEKTAMHU aKTya-
T130BaHOIO0 iH(POPMAITIETO.

5. Po3po0ka 1m1a0noHiB miaHy MPOEKTY.

6. Po3pobka iHpopMaIliiiHOT TEXHOJIOT1] OO KETYBaHHS MPOEKTIB.

7. ExcnepumeHTanbHa anpoOariist iHhopMaliiiHOT TEXHOJIOT1] Or0PKeTyBaHHS MPOEKTIB.

8. Po3pobka CTpyKTypu €KOHOMIUYHOT KAPTH MPOEKTY.

9. Po3pobka 1 BIpOBaHKEHHSI TEXHOJIOTII Bi10OpaskeHHs (PAaKTy OIIaT y CHCTEMI YIpaB-
JIHHS IPOEKTaMH.

10. IaTerparis Bcix 3aco01B yIpaBiiHHS MPOEKTaMU JJIsi aBTOMAaTHYHOTO (hopMyBaHHS Oa-
34 iH(pOopMallii PO IPOEKTH.

11. ®opmyBaHHS CTPYKTYPH KOMIT FOTEPHOIO CXOBHILA JOKYMEHTIB IO MPOEKTaX.

Peanizariis Takoro nNpoekTy J03BOJIUTH CTBOPUTH TEXHOJIOTTYHUN Oa3uc [yt Outbll edek-
TUBHOTO BUKOPUCTAHHS METOJOJIOTTYHHUX IHCTPYMEHTIB YNPABIIHHSA MPOEKTAMU Ha MPOEKT-
HO-OpIEHTOBAHUX MifnpueMcTBax. 1o cyri, iHpopmaliiiHa TEXHOJIOTI, Y TAKOMY PO3YMIHHI,
€ MIZCUIIOBAYe€M METOO0JIOT1i YIIPaBIiHHS MPOEKTaMHU.

Tabnuus
Tlopisusanvua xapakmepucmuxa MS Project i I1l1 Primavera wooo niompumxu KMYII
Ban
Ne HaiimenyBaHHs napameTpy M.S Primavera Bara MS .
Project napaMmerpa . Primavera
Project
1 2 3 4 5 6 7

1 | Kanennapuuii rpadix 1 1 10 10 10
2  |IlmaHyBaHHS 1 BIICTEKEHHSI IIPOEKTIB 1 1 10 10 10
3 | DopmyBaHHS Ta aHai3 OIOKETY ITPOEKTIB 0,3 1 8 2,4 8
4 | Hactpoiika 3pyYHHX NPEICTABICHb TaHUX 1 1 6 6 6
5 | YrpymyBaHHS, COPTYBaHHS 1 1 5 5 5
6 |I'padiuni ingukaTopu 1 1 5 5 5
7 | AHaui3 32 METOUKOIO OCBOEHOT'O 00CSTY 1 1 8 8 8
8 | Kanenmapi 3aBnanp 1 1 8 8 8
9 | MartepianbHi Ta TPYIOBI pecypcu 1 1 10 10 10
10 | Po3paxyHOK KpUTHYIHOTO HIISIXY 1 1 10 10 10
11 |Pe3epBHe KOIiIOBaHHS 0,2 1 10 2 10
12 | Po3paxyHOK JaHHX 3a (hopMyaamMu 1 1 5 5 5
13 | Ilpu3HaueHi JuIst KOpUCTyBa4a MoJs 1 KOAu 1 1 5 5 5
14 | KoHTpOIb JOCTYITHOCTI pecypciB 1 1 8 8 8
15 |IlpiopuTe3anist MPOEKTIB i 3aBAAHb 1 1 7 7 7
16 | 3aranbpHuUil IMyn KOPIIOPATUBHHUX PECYPCIB 0,7 1 8 5,6 8
17 | Maiictep 3amMiHM pecypciB 0,3 1 5 1,5 5
18 | TaGeni 3BiTHOCTI pecypciB

10 TPYAOBHUTpATaX 1 1 6 6 6
19 | YrpaBniHHS TOKYMEHTaMH MTPOEKTIB 1 1 8 8 8
20 |3pyunuii iHTepdeiic criapHOi podoTH

YJICHIB KOMAH/IU MTPOEKTY 0,5 1 9 4,5 9
21 | AHani3 3aBaHTa)XEHHS PECypCiB 1 1 8 8 8
22 | YupaniHHS OpT(eEneM MpoeKTiB 0,2 1 10 2 10
23 | ®opMyBaHHS aHATITUYHOI 3BITHOCTI

T10 POEKTAX 0 1 7 0 7
24 | CTBOpEHHS KOMaH/U MPOEKTY 0 1 6 0 6
25 | TaGeni 3BITHOCTI CIIBPOOITHHKIB 1 1 6 6 6
26 | CnoBimieHHs Ta HaraayBaHHS 1 1 9 9 9
27 | YrpaBiiHHS IpaBaMH JOCTYITY

KOpHCTyBayiB J0 iH(opmarii 0,5 1 10 5 10
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3akinueHHd Ta0.

1 2 4 5 6 7
28 | [HTepHET-JOCTYII A0 MPOEKTY 1 1 10 10 10
29 | YrpaBniHHS pU3UKaMHU 0,5 1 8 4 8

30 | 3aBaHTa)XEHHS 1 30€pEKEHHS IPOEKTY 0,2 1 10 2 10

31 |IaTerpamis 3 iHIIMMH TPOAYKTAMH 1 0,5 10 10 5

32 | HasiBHICTH TOKyMEHTALi 0 1 10 0 10

33 | [igrprmxa 0 1 10 0 10

34| Pobota 3 SQL 6a3or0 0,5 1 8 4 8

35 | YnpaBmiHHS TOroBOpamMH \ KOHTPAareHTaMH 0 1 7 0 7

36 | YnpaBmiHHS 3aKyHiBISIMH 0 1 7 0 7

37 | Onmc opraHi3aniifHOI CTPYKTYpH MiAIPHEMCTBA 0 1 8 0 8

Cymapuuii 6a1 187 290

BucHoBKM BiINnoOBiIHO 10 cTaTTi. Y CTaTTI pO3MISHYTO MUTAaHHS CTBOPEHHS TEXHOJIOTI-
YHOI MIATPUMKH KOHKPETU30BAaHUM METOJIOJIOTSIM YIPaBIiHHA MPOEKTaMH y BUTJISAL iHPOP-
MAIIfHOT TEeXHOJIOTII yIpaBJIiHHSA MpoeKTaMH. Taka TEeXHOJIOTIS Ja€ 3MOry aBTOMAaTU3yBaTH
Iii 3 BUKOPUCTAHHS METOJOJIOTIYHUX IHCTPYMEHTIB y MpOLEcax YHPAaBIIHHS MPOEKTaMHU.
[IpoBeneHO MOPIBHSIBHUNA aHal3 OCHOBHUX MPOTrpaMHUX 3acO0IB YIMpPaBIiHHS MPOEKTAMU —
[IIT Primavera ta MS Project CTOCOBHO MIATPUMKH IHCTPYMEHTIB KOHKPETH30BAHUX METOJI0-
norii ynpasniHas npoektamu. [lokazano, mo I Primavera mae nepeBaru mojo miATpUMKH
KMVII. 3anponoHoBaHO €Tanu MpoeKTy BIPOBALKEHHS OpieHTOBaHOI Ha miaTpumMKy KMVYII
1HpOpMaLIHOT TEXHOJIOTIi YIPaBIIHHS POEKTAMH.
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UDC 005+65.015.1+007.5
Turii Teslia, Iulia Khlevna, Oleksii Yehorchenkov

TECHNOLOGICAL ASPECTS OF THE SPECIFIED PROJECT MANAGEMENT
METHODOLOGY IMPLEMENTATION

Urgency of the research. The use of project management meta-methodology is intended to create a methodological ba-
sis for effective project-oriented enterprise management. Such a foundation is based on the project-oriented enterprise-
oriented tools, specified project management methodology (SPMM). For their efficient use, the development of some techno-
logical basis is required. Therefore, there is a need to create project-oriented enterprise-led project management methodolo-
gies, as well as information technologies that ensure the efficient use of such methodological tools in these enterprises.

Target setting. SPMM Implementation requires the development of some technological basis, in which the main
methodological tools are reflected in project management information technologies.

Actual scientific researches and issues analysis. The last open access publications concerning on the implementation of
project management methodologies, SPMM and information technologies in the practice of project-oriented enterprises are
considered.

Uninvestigated parts of general issues defining. It is established that the question of formation of technological support
of SPMM in the form of project management information technology remains open.

The research objective. Formation of the technological basis of the processes of implementation and use of SPMM at
project-oriented enterprises.

The statement of basic materials. It is proposed to consider approach of creation project management information
technologies in the context of their system-based components - organizations, methodologies and technologies. The analysis
of major sofiware tools for project management, in the context of support of SPMM tools, allowed us to prioritize Oracle
Primavera. The stages of the project of implementation of SPMM support oriented project management information
technology are proposed.

134



TEXHIYHI HAVKH TA TEXHOJIOTII Ne 4 (14), 2018
TECHNICAL SCIENCES AND TECHNOLOGIES

Conclusions. The offered approach allows transfer of methodological tools into the sphere of technological realization,
which improves the whole process of project management.

Keywords: specified project management methodology; technological support; information technology, project
management,; project management meta-methodology, processes of implementation of project management methodologies
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Bonooumup Apymronsan

KJIEHT-CEPBEPHA MOJIEJIb IHOOPMAIIMHOI CHCTEMHA MACOBOI'O
OINIOBIINIEHHSA HACEJIEHHSA

Axkmyanvnicms memu docnioycenns. Cmpimkutl po36Umox iHpopmayitiHux MexHoNo2itl 3a4inae mepestcesi mexHonozii,
KOMYHIKQYItIHI Ma 06YUCTIOBANbHI NPUCIMPOT, NPOSPAMHI NPOOYKMU, 00380IA€E NIOBULYBAMU IXHIO egheKMUBHICIb Y cucme-
Max mMaco8020 onoGiujeHHsI.

Ilocmanogxa npoonemu. Obrpynmysanis HeoOXiOHOCMI pO3POOKU NPOSPAMHO20 KOMNIEKCY ONOGiWenHsl npU HAO36U-
YQUHUX CUMYaYIAX ) GU2NIA0I MODINbHO20 000AMKY.

Ananiz ocmannix docnioscens i nyonikayii. Ananiz 0oceioy SUKOPUCMAHHIA MOOIILHUX NPUCMPOI8 ma 000amkis y
Anownii, CLLA, Tonvwi ma inwux kpainax. Ymounenns oesaxux ocoboaugocmeti CyuacHux cucmem onogiujeHHs, saKi 8UKopuc-
MogyIoms MOOINbLHI NPUCMPOT 8 CYHACHUX NYONIKAYIAX MA HA OHAAUH-PECYPCax y GiOKpUmMomy 00Cmyni.

Buoinenns nedocnioxycenux uacmun 3azanvnoi npoonemu. Moowcnusocmi guxopucmanHs MobinbHux 000amKie y cuc-
memax Maco8o2o OnoGilyeH s HACENeH s NPU HAO36UYAUHUX CUMYayiax — nepesazu, 0OMeNCeH s Ma NiOBUWEHHS ehekmug-
HOCMI iIX GUKOPUCIMAHHSL.

Ilocmanogka 3ae0annn. Po3pobka KkiicHm-cepeepHoi Mooeni Maco8oeo onogiwents HaceleHHs npu HA036UHAHUX CU-
myayiax y euensioi MooinbHux dooamkie onsa onepayivnux cucmem Android ma iOS ma cepsepnoi yacmunu, wo 8UKOpUCMo-
8ye cepsicu Google Maps.

Buknao ocnoenozo mamepiany. [{na peanizayii maxozo nioxooy uznauena nHeoOXioOHicmb 6UKOpUCmMogyeamu inmepa-
xkmueHi kapmu (Google i Yandex), sxi daroms modciugicmo susHavamu ceoepaghiune micye po3mMauLy8anHs KO#CHO20 OKpe-
MO20 abOHeHmMA, CRUPArYUCL HA OMPUMAHI 31 CMAPMGPOHY 2e00aHi NPO NONONHCEHHA 8 npocmopi. [IpoaHanizosami KOPUCHI
ModcaugoCcmi iHopmayii npo MoyHe MICYe3HAXOONHCEHHS NOMEHYIUHUX NOMEPRINUX Npu HA036udauHit cumyayii. [Ipedcma-
6/1eHa KIiEHM-cep8epHa MOOelb MACO8020 ONOBIWYEHHS HACENEHHS NPU HAO3BUHAUHUX CUMYAYIAX Y U2iA0l MOOITbHUX 000a-
mxig 0ns onepayitinux cucmem Android ma iOS ma cepsepnoi yacmunu, wjo suxopucmogye cepgicu Google Maps. Obmin
OaHUMU MIdHC KIiEHmamu 1 cepsepom 30ilichiolomvca 3a paxyrox Application Programming Interface (API), sxui € nabo-
POM BUSHAUEHD 83AEMOOIT PIZHOMUNHO20 NPOSPAMHO20 3a6e3nedeHts, wo Hadae inmepgetic O nputiomy ma oopooKu OaHUX
6i0 knienma. IIpoananizosani ii nepegazu nepeo icHyIOUUMU CUCTIEMAMU MACOB020 ONOBIWEHHS, ) MOMY YUCTI BUKOPUCTNAH-
H5l 8CiX nepegaz MOOINLHUX NPUCMPOI8 MA NPOSPAM, AKI MOJCUBO 3ACMOCYBAMU OISl 0OCTY208YBAHHS KOMNILEKCY.

Bucnogxu 6ionogiono oo cmammi. Ilpeocmagnena agmopcovka po3podka npoepamHo20 KOMNIEKCY ONOBIWEHH npu
HAO38UHAUHUX CUMYAYIAX 3 YPAXYBAHHAM CYYACHUX MOMCIUBOCHIEN CMAPMGPOHIE MA CIMPIMKO20 301IbUIeHHs KIIbKOCmI iXx
KOpUCmy8auis, sSIka 00360J8€ MAKCUMATLHO eheKmUBHO 8UKOPUCMOBYEANU NEPedazy MOOIIbHUX NPUCIPOIB.

Knrouosi cnosa: mobinvhi npucmpoi; MobinbHi 000amKu, HA036UHANHA CUMYAYis; cucmema ONOBIUeHHs, NPOSPAMHULL
KOMNAeKc; KIiCHmM-CepeepHa MoOenb.

Puc.: 6. bion.: 14.

AKTyaabHicTh AocaizkeHHsl. CTpIMKHI pO3BUTOK 1H(OPMAIIMHUX TEXHOJIOTIH 3ayinae
MepexeBi TEXHOJIOT11, KOMYyHIKaIlIiH1 Ta 0OYUCIIOBATIBLHI IPUCTPOT, IPOTpaMHi MPOIYKTH. SK
pe3yAbTaT — 3B’ SI30K KUTTEAISIILHOCTI JIOAUHU Ta HPOPMALIHHUX TEXHOJOTIH CTae Bce Tic-
HIIIKM, BOHH BCE YacTillle BIPOBAPKYIOTHCS B pi3HI cepu XUTTA. OTKE, OJTHIEIO 3 aKTyallb-
HUX o0nacTel HayKOBUX JOCHIKEHb € cepa Oe3NeKku JIOJICTBA Ta CBOEYACHOTO IMOIMepe-
JDKEHHS TpO HeOe3NeKy pI3HOr0 XapakTepy 3 BHUKOPHCTAaHHIM TEXHIYHMX MOKIMBOCTEH
MOOUIBHUX MPUCTPOIB.

ITocTanoBKa npodJjieMu. Y CydaCHUX YMOBaxX BUMOTH JIO LIUX CUCTEM 3HAYHO 3pPOCIIHU Ye-
pe3 YCKJIaJHEeHY PO3BUHEHY 1HPPACTPYKTYPY, 3pOCTaHHS IIUTHHOCTI HACEICHHSI, T1IBUILIEHHS
PHU3UKIB TEXHOT€HHUX Ta MPUPOAHUX KatacTpod. KpiM 11boro, MacoBe BUKOPUCTAHHS CMapT-
(OHIB MOJIETIIIY€e CHOTOJIHI MOKJIMBOCTI 3aCTOCYBaHHS MOOUIBHUX AOJATKIB 13 MaCOBOI'O OIIO-
BIIIEHHS, OTXKE, NMOCTa€ HEOOXIAHICTh €(PEKTUBHO BUKOPHCTOBYBATH MOXJIMBOCTI CYy4aCHUX
MOOUIBHUX MIPUCTPOIB y CHCTEMaX MaCOBOI'O OMOBIIIICHHS.

AHaJi3 ocTaHHIX Aocaikensb i myduaikaniii. CboroHi MOOUIbHI AOJATKU — LI Hallede-
KTUBHIIIUHK 3aci0 /uia onoBineHHs HaceneHHs [2; 13]. Taki BUCHOBKU OTPUMYIOTHCS 3 aKTya-
JTBHUX JOCIIPKEHb aHamiTuuHO1 iH(opMalii komnaHii Comscore 3 BUKOPUCTaHHS IHTEPHET-
Tpaiky 3 pi3HUX NPHUCTPOIB JIOABMHU B pi3HUX KpaiHax [7]. CrokuBadi BUKOPUCTOBYIOTH
MEIIaKOHTEHT 3/1eOUThIIOr0 Ha MOOUIBHUX MPUCTPOSX, IO POoOUTH MOOUTBHUI Tpadik Iue
LIHHIIIUM, HDK Oyab-koau. [Tinpo3ain komnanii Comscore — Comscore mobile metrix anani-
3y€ 3arajibHy MOBEAIHKY ayAMTOPii KOPUCTYBAadiB MOOUIBHUX MPUCTPOIB 3aJE€KHO BiJ] BUKO-
pucTaHHs Opay3epiB 1 404aTKiB Ha cMapTOHax 1 maHmerax (puc. 1).

© ApyrionsH B. E., 2018
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Share of Total Digital Time Spent: July 2016
Source: comScore Media Metrix Multi-Platform & Maobile Metrix, U.5., Total Audience
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Puc. 1. Buxopucmanusa yugpposux npucmpois y CLLUA (nunenv 2016)

3rigHo 3 puc. 1, y 3arainpHI KUIBKOCTI Yacy, SIKMM KOpPUCTyBaul MPOBOJATH OH-JIAliH,
50 % npunagae Ha MOOUIBHI JeBaiicu (cMapT(HOHM) — OTIKE, BOHU € TAKUMHU, K1 BUKOPUCTO-
BYIOThCS yacTimie 3a Bci iHmi. KpiM nporo, cMapToHu cboroaHi cepea MOOUIbHUX Tenedo-
HIB Ta IHIIUX MPHUCTPOIB 3B 53Ky BUKOPUCTOBYIOTHCS BCE YACTIIIE 1 BCE OLIBIIOI0 KUIBKICTIO
aOOHEHTIB, K1 IepeXoAsITh Ha cMapT(OHH 31 3BUUaHUX MOOUIbHUX TenedoHiB. Lle no3Bose
Bce OUIBLIINA KUIBKOCTI AOOHEHTIB BCTAHOBJIIOBATH PI3HOMAHITHI JOJATKH, a PO3POOHHKAM
CTBOPIOBATH HOBI1 MPOJYKTU Ta YAOCKOHAIIOBATH HAsBHI.

3pocTaHHs BUKOPUCTaHHS CMapT(OHIB AJs OTPUMAaHHS PI3HOMAHITHUX JAaHUX Ta Meaia
B110YBaIOThCS Y BCbOMY CBITI (puc. 2).

% of unique users by platform
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Puc. 2. Buxopucmanus piznux munie npucmpois

BignoBigHo 10 puc. 2, BigOyBaeThCsl 30UIBIIEHHS BUKOPUCTAHHS MOOUIBHUX IPUCTPOIB y
BCBOMY CBITI, HaBITh TaM, Jic aDOHEHTH BUKOPHUCTOBYIOTh P13HI BapiaHTH OTPUMAaHHS JAAaHUX, Ki-
JBKICTH THX, XTO KOPHCTYEThCS MOOUIBHIMH, cArae B cepeanbomy 30 %. Mnerscs He mpo xopu-
CTyBaHHS Tene(OoHaAMHU Ta CMapTPOHAMH 3arajioM, a BUKIIFOYHO PO CIOCIO OTpUMAaHHS TaHUX.

3rimHo 3 puc. 3, 3a JeKUTbKa POKIB BUKOPUCTaHHS caMe MOOUThHUX aeBaiiciB y CHIA 3po-
cio BaBivi (Maiike Ha 100 %). Lle cBimuuTh npo Te, 1o cMapTdoHU € HaAHOUIbII e()eKTUBHUM
MPUCTPOEM I Tiepeaadi iHdopmalii KopucTyBauaM, y TOMY YHCII MAacOBOTO OTOBIIIEHHS
HACEJICHHS.
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Growth in Digital Media Time Spent in Minutes (MM)
Source: comScore Media Metrix Multi-Platform & Mobile Metrix, U.S., Dec 2013 - Dec 2016
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VY MOXJIMBOCTAX BUKOPUCTaHHS MOOUIBHUX JOJATKIB Ui MacoBOIO ONOBIIIEHHS Hace-
JICHHS € MEeBH1 0OMEXXEHHs, OJJHE 3 SIKUX MOB’43aHO 3 BIKOM KopucTyBauiB. Kopucrysaui cra-
PIIMX BIKOBHUX TPy MEHIIE KOPUCTYIOTHCSI MOOUIBHUMH Ji€BaiicaMu, TUM Oulbllle cMapTQo-
HaMu — 1€ Jemorpagiusi rpynu nonaza 55 pokiB. OcoOaMBO 1€ CTOCYETHCS KpaiH TPEThOTO
CBITY Ta KpaiH, K1 pO3BUBAIOThCSI.

[Tonepeanbo MpoBeneHUI 1 BITOOpaKEHUI y HAIIUX MMYOIIKAIiAX aHATITUYHUN OTJIS]] BU-
KOPHUCTaHHS cMapT(OHIB 1 MOOUIBHOTO TpadiKy NMEpEeKOHY€ B aKTYaJlbHOCT1 3aCTOCYBaHHS
MOOUIPHUX JIOJATKIB SIK OAMH 13 3aC00IB ISl CUCTEM MacOBOIO ONOBIiIEHHS. MakcumallbHa
e(eKTUBHICTh BUKOPHUCTAHHS MOOUIBHUX NOJATKIB Y CHCTEMaxX MAacOBOTO OIMOBIIIEHHS JOCS-
raeTbes JUILE 13 3aCTOCYBaHHSAM ITOBHOTO Ha0Opy (PyHKIIIN CyyacHUX CMapT(OHIB, TAKUX SIK:

- GPS (reomoszimis);

- aKCeIepOMETpP, MarHiTOMETP, IPOCKOM (II0JIOKEHHS B IPOCTOPI);

- Texnosoris nepenayi ganux (Wi-Fi, Bluetooth) [1].

E¢exTuBHICTh ONOBIIEHHS 32 JONIOMOI00 MOOUIBHUX MPUCTPOIB NEpEBipeHa Ha MpHUKiIa-
a1 Oaratbox KpaiH [2; 3]. V nomepenHix myOiikamisx Oyjau mpoaHani3oBaHI CHCTEMHU ONOBIi-
menns y CIIA, Anownii, [Tonemti [4; 5; 8; 9; 11; 14]. YTouHMMO nesiki 0COOMMBOCTI Cy4acCHUX
CHCTEM ONOBILIEHHS, Kl BUKOPUCTOBYIOTh MOOUIbHI IPUCTPOI.

Hanpuknan, B fInonii Bci MoOUIbHI TenedoHH, siki MATPUMYIOTh Gopmar 3G 1 OUIbII HOB1
MO/I€i, TIOBUHHI MaTy BOYJI0OBaHy CUCTEMY OIOBIIIEHHS Ul TOT0, 11100 B aBTOMAaTUYHOMY pe-
JKUMI1 pO3CHIIAIACS TOBIIOMIIEHHS TIPO 3eMJIeTpyc abo IyHami. 3a3Bu4aid, TAKUM CHCTEMaM I10-
TpiOHO MEHIe XBWJIMHH, 11100 MONEepEeUTH PO HAA3BUYANHY CUTYallll0 HaceJIeHHs BCiel Kpai-
HU. BUMKHEHI IpUCTPOT TaKOXK CIPALbOBYIOTh, KOJIM BKJIIOUAETHCSA CHCTEMA ONOBILIEHHS NP0
HaJ3BUYaliHy cuTyanito. [l 11boro BOHU 3a0€3MeUyI0ThCS ClELIaIbHUMH JaTYuKaMu [6].

JlocBia BUKOPUCTaHHS MOOUIBHUX IPUCTPOIB AJIs ONOBILIEHHS PO HAJI3BUUYANHI CUTYaI1]
y CIIJA takox € 1ikaBuM. TeKCcTOBI NOBIIOMIJIEHHS 3 NONEPEKEHHSIMU PO HaA3BUYAlHI CU-
Tyauil po3CHJIalOThCs Ha TeneQoHU, cMapTPOHHU, MIaHIIeTH. BoHu MicTaTh iHpOpMaLio Ipo
TUI HAJ3BUYANHOT cUTYyallii Ta 1ii, iK1 HE0OX1AHO BXKUTHU. Po3cuika 3M1HCHIOETHCS 3 ypaxy-
BaHHSAM DETIOHY, B IKOMY B110yBa€ThCsl Ha/l3BUYaliHa cuTyalis. [y Takux MOBIAOMIIEHb iC-
HY€E OKpEMHI CUTHaJ, 11100 aO0HEHTH He CIUTYTalIH HOoTro Hi 3 kUM HmuM [4; 10; 12].

VY Tlonsmi, kpiM cTanaapTHoi SMS-po3cuiky, € creniajibHl IporpaMu Juis cMapTdoHIB
(BoHM po3po0IIEH] AJIs PI3HUX OmepalitHuX cucteM). OHAK OTOBILIEHHS 32 IOTIOMOTOIO J10]1a-
TKIB 1751 cMapT(oHIB — OuIbI 1H(POPMATHUBHE, HIXK PO3CUIIKA MOBIIOMIIEHb. TyT KOpUCTyBay
3Haiijie OUIbII JeTaabHy IHQOpMAaLio PO XapakTep, JOKalli, 1HIII XapaKTepUCTUKU CUTYallll,
110 B1IOYBAETHCS, a TAKOXK OTPUMAE peKOMeHAaLll o0 Aii. SMS micTuTh MeHII eMHY iH)O-
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pMmatlito, mpoTe ii OTpUMAarOTh He TUIbKU BIACHUKH CMapTQOHIB, ajne i abOHEHTH 3 OUTbII 3acTa-
PUTMMH MOJIENIIMA MOOUTBHUX Tele(OoHIB, 110 Ui YKpaiHU € JOCTaTHbO aKTyaJbHUM — Killb-
KICTb BJIACHUKIB cMapT¢oHiB MeHIa, HDK y [Tonbir un SAnonii Ta CLIA.

JlocBii BUKOPUCTAaHHS MOOUIbHUX MPUCTPOIB Y HAI3BUUYAHMUX CUTYyallsX B IHIIMX Kpai-
HaX TaKOXX MOKa3ye, 10 3a3BUYail JUIs ONOBIIICHHS 110 MOOUIBbHINA Mepexi BIAIOThCA 10 ABOX
cnioco6iB: Cell Broadcast (CBC) 1 SMS-po3cunka [7]. B 060ox Bunaakax cucreMa aBTOMAaTH-
YHO BHOMpAE BCix aDOHEHTIB, 10 3HAXOJSATHCS B MEpexki B MeKax 3a3HaueHoro paaiycy. On-
Hak He Bcl MOOUTbHI Tene(OoHH MATPUMYIOTH LI0 TeXHOJIOT0. BoHa npartoe MiHIMyM y 2G-
Mepexi, MPOCTI arapartu 3 HEIO CIPABISAIOTHCS 100pe, y cMapThoHax MiATPUMKY i€l QyHKIii
BJIACHUK IMOBMHEH BHMCTaBUTH B HAJAIITYBaHHSAX caMoCTiiiHO. TyT 3HOB mocrae mpobiema
SKOCTI MOOUIBHOTO IHTEPHETY Ta TEPUTOPIH, SIK1 BIH OXOILTIOE.

Otxe, npuHIMI SMS-po3CHIIKK SIK CHOCIO OTMOBILICHHS Ma€ CBOI MepeBaru: € 3ByKOBUMN
curHain, SMS npuiimarotrs Bci Tenedonu; SMS-po3cuiika 1octaTHbO iH(OpMaTHBHA. SIKIIO
iargopMa, ska poscuiae SMS npo Haj3BUYANHI CUTYAIlI] HiSIK HE TIOB’si3aHa 3 OULIIHIOM, TO
aOOHEHT OTPUMYE MOBIIOMIICHHS, HE3Ba)Kal0uK Ha Horo OanaHc, skio oro SIM-kapra 3ape-
€CTPOBaHA B MEPEXKI B pajilyci ONOBILICHHS, TeJIe()OH BKIIOUESHUH 1 JOCTYITHUI.

[Ipote B SMS-po3cuiiku € neBHi 0OMEXEHHs Ta HEJIOJIIKU: MPOIEC PO3CUIIKH TPUBAE Jie-
SKUI Yac, OCKUIbKM 00JasHaHHs po3cuiiae SMS y nopsaky yepru. 31eOuIblIoro 1e He 3aid-
Mae Ounbiie HK 15-20 XBUIMH, ajie i BOHM MOXYTb OyTH B TaKMX BUIAJKaX KPUTUYHI. 3
ornany Ha 1e, CBC 3acTocoByOTh 3a HEOOX1THOCT1 OXOIMUTH BEJIUKY KUIBKICTh 3apEeCTpOBa-
HUX y Mepexi HoMmepiB, a SMS edekTuBHIIIE Ha BIJTHOCHO HEBEIMKOMY pajilyci OXOIUICHHS.
3arajiom, MeXel0 € YUCIIO Yy CTO TUCSY ADOHEHTIB.

Merta crati — 00IpyHTYBAaTH HEOOXITHICTH PO3POOKH MPOrPAMHOTO KOMIUIEKCY OMOBIILIEH-
Hsl IPU HAJI3BUYAHHKUX CUTYALIAX Y BUMTISAL MOOUIBHOTO JIOJATKY Ta MPEJCTaBUTU HOTO OIKC.

Buxkiaa ocHoBHOro marepiasy. IlpesncTapieHi B aHani3i OCTaHHIX AOCHIIKEHb 1 MyOika-
i cTaTUCTUYHI JaHl 3 BUKOPUCTAHHA MOOUIBHHUX MPHUCTPOIB, @ TAKOXK JaHl MPO 30UTbIIECHHS
KUTBKOCT1 cMapTQOHIB cepell MOOUTbHUX MPUCTPOIB, IKUMHU KOPUCTYIOTHCSI aDOHEHTH, TTOKa3ye,
1110 po3po0Ka CUCTEM OMOBIIICHHS MTPU HA/I3BUYANHUX CUTYALIAX Y BUIVIAI CHIELIAIbHUX J0/1a-
TKIB 7151 MOOUTbHUX MPHUCTPOIB € MEPCIEKTUBHUM Ta aKTyaJIbHUM HAIPSMKOM.

BinbicTs npoaHanizoBaHUX CUCTEM MacOBOTO OIOBILIECHHS HE BUKOPUCTOBYIOTh KOPHCHI
¢yHkuUii cMapT(OHIB HABITh YACTKOBO, 1110 MAJIO BIAMOBIAA€ CyYaCHUM BUMOraM. TakoX KO-
JIHa 3 MPOAHAI30BAaHUX CUCTEM HE Mependayae 3BOPOTHUN 3B’SI30K IS Mepefayl JaHux 13
JAaTYUKIB CMapT(OHY 10 CUCTEMHU, TUM CAMUM BTpauyarouu 0e31i4 KOPUCHUX MOMKIMBOCTEH 1
BUpILIYE JIUILE OJHY 3arajibHy MpoOjeMy 00 ONOBIIIEHHS HACEIECHHS, 32 MOXKJIMBOCTI BH-
pitieHHs 0e371141 JIOKAIbHUX MPOoOIIeM.

3a I0MOMOTrOI0 MepepaxoBaHUX BUIlle QPYHKIT cMapTPOHY Ta 3BOPOTHOTO 3B S3KY KITIEHT-
CHKOI YaCTUHHU 13 CEpBEPHOIO, € MOXIIUBICTh PO3OMBATH OJHE CIIUIbHE 3aBJAHHS 3 PAHHBOTO
OTIOBILIICHHS HACEJICHHS HA IyJ JIOKAJIbHUX 3aB/aHb, HEOOXITHUX KOKHOMY OKPEMOMY KOpPHUC-
TyBa4yeBl CUCTEMU 1 TUM CaMUM OTpHMaTH OuIblI edekTuBHE pimeHHs. [ peanizallii Takoro
M1IX0AYy HEOOXITHO BUKOPUCTOBYBATH 1HTEpaKTUBHI KapT (Hanpuknaj, Google 1 Yandex), siki
JIal0Th MOYJIMBICTh BU3HAUATH reorpadiyHe Miclie po3TallyBaHHs KOKHOTO OKpPEeMOro aboHEH-
Ta, CIMPAIOYUCh Ha OTpUMaHi 31 cMapT(oHy reoaHi mpo MOJIOKEHHS B IPOCTOPI.

[Hdopmariis npo ToYHE MiCHE3HAXOKEHHS NOTEHIIMHUX MOTEPIUIMX MPHU HaI3BHUYAHIN
CHUTYaIlii, Ja€ CUCTeM1 MacOBOTO OTOBIIIEHHS MT€BHI KOPUCHI MOKJIUBOCTI:

1. BusHauuTu 30Hy, B siKiil iepeOyBae MOTEPHUTHIL 1 3aJI€KHO B/l piBHS HEOE3MeKH mepe-
JaTy OUIBII TOYHI IHCTPYKIIIi a00 peKoMeHaarli.

2. 3anpornoHyBaTH 3a HEOOXIHOCTI BCl HasBHI MOOIM3Y CXOBMIIA Ta YKPHUTTS, MOKa3aTH
MapUIpyTH JI0 HUX, pO3paxyBaTd HAHKOPOTILHUH NUISAX 10 HAHOMMKYOro YKPUTTS 200 CXOBHILA.

3. Po3paxyBatu yac npuOyTTs JOMOMOTI'H 1 IepeiaTH ii aDOHEHTY.
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4. Jli3HaTHCSl KUIBKICTh aOOHEHTIB y NEBHIM JIOKalii 1 OUIbII TOYHO pO3paxyBaTH IUIaH
eBaKyarii.

5. CTBOopuUTH AMHAMIYHI [IJIaHU €BaKyallii, Ikl MOXKYTb 3MIHIOBATHUCS B PEKUMI peajbHOTO
qacy Mpu 3MiH1 KJIIIOUOBUX (PAKTOPIB.

6. 30upaty aHAJIITUYHI AaH1 A7 po3poOKU OUIbII €(PEeKTHBHUX METOAIB MacOBOIO OIOBI-
HIEHHS IO KO’KHOT OKPEMOT MICIIEBOCTI 31 CBOTMH OCOOJIIMBOCTSIMH.

3 ypaxyBaHHSM MOXJIMBOCTEH CydaCHUX MOOUIbHUX NMPUCTPOIB Ta aHAJI3y ICHYIOUHUX CH-
CTEM MAaCOBOTO OTOBIIICHHS HACEJIEHHS, Oylia po3po0iieHa Hoga Kii€eHm-cepeepHa Mooeib OJis
CYYACHOI cucmemu Maco8020 ONOBIWEHHS NPU HAO36UYALIHUX cumyayiax (puc. 4), sika nepen-
0ayae BUKOPHUCTAHHS CEPBICIB IHTEPAKTUBHUX KapT MICIIEBOCTI JIsl 00poOKu a0 JOMOBHEHHS
JTaHUX, HAJICIaHUX 13 MOOUIPHUX JI€BANCIB MOTEPIHUINX, sIK1 BXKe Oylnu OTpUMaHi CepBEPOM
CUCTEMM W OIpallbOBaHI Yepe3 3alporpaMoBaHl B HbOMY alropuTMu. OOMIH JaHUMHU MDK
KIIIEHTaMHM 1 CEpBEPOM 31HCHIOIOTHCS 3a paxyHOK Application Programming Interface (API),
AKUIl € HaOOpOM BU3HAYEHb B3aEMO/II1 PI3HOTUIIHOIO IIPOrPaMHOro 3a0e3leueHHs, KU Ha-
nae iHTepdeiic s npuiioMy Ta 00poOKM TaHUX Bix KilieHTa [8].

Puc. 4. Cyuacna knienm-cepsepna mooenb Maco8020 ONo8iujeHHs HACeNeH s
npU HAO3BUHALIHUX CUMYAYIAX

Po3poOnennii mporpaMHUII KOMIUIEKC CKIIAJAEThCS 3 JBOX YACTHH: KIIIEHTChKAa YacTHHA,
sIKa MpeCTaBlIeHa y BUTIIAAI MOOUTbHUX AoaTKiB 1 Android 1 10S, sKi MOXKIIMBO BCTaHOBH-
TH Ha Oy/Ab-IKOMY MOOLILHOMY JI€BaliCl; cEpBEpPHA YacTHUHA, HA AKIH 3anporpaMoBaHi HEOOX1-
H1 anroputMu oOpoOku iHpopmarii Bix kiieHTiB, APl mig o6miny iHpopMariiero. Y cepBepHii
YaCTUHI BUKOPUCTOBYIOTHCS MOXJIMBOCTI IHTEpaKTUBHUX Marl 3a Tunom Google Maps.

Po3pobnena cucrema 3M0oke 3MIHIOBATH IUIaHU €BaKyallli HaceJIEeHHS 3 ypaxyBaHHSIM OKpe-
MHUX [I1i1 KJIi€EHTa, TapaMeTpiB HOTO MIBUIKOCTI, MICIIE3HAXOKEHHS Ta 1H., I03BOJIUTH YHUKHY-
TH BEJIMKOI KUIBKOCTI KE€PTB Ta 3pOOMTH €BaKyallil0 HACEJEHHsI IIBU/IIO Ta €(EeKTUBHILIO.
ANropuT™M no4atrky poOOTH NPOrpaMHOTO KOMIUIEKCY JUIsl BU3HAYEHHS MICII€3HAXOKEHHS I10-
TepnuIoro 300pakeHui Ha puc. 5.

VY pa3i BUHUKHEHHS HaJI3BUYaiHOI CUTYyallli 10AaTOK, BCTAHOBJIEHUII Ha MOOUIBHUX Je-
Baiicax MOTEpNUINX, aBTOMATUYHO BU3HA4Ya€ KOOPAUHATH 1 IMIBUAKICTh PyXy U nepeaae 1i 1a-
H1 Ha cepBep. CepBep, y CBOIO UEpry, pO3paxoBYe, SIKY BIACTaHb 3MOXKYThb [100J1aTH a0OHEH-
TH 3a OJIHAaKOBMH 4ac 1 nepeaae naHi Ha cepBic Google Maps, sxuil nigdbupae KOOpaAUHATH
HaWOUIBII BIAMOBIAHOTO CXOBHUIA a00 TOYKU 300Dy, L0 PO3MIIIEH] B 33a/laHOMY Jiana3oHi
[1]. KoxeH KIIi€EHT OTpUMY€ Ha CBili MOOUTHHUHN JIeBaiic KOOPIMHATH PO3PAaXOBAHOI CEpPBEPOM
TOYKH, 110 MIAXOAUTH caMe oMy, 1 OTpUMYe€ IUIaH €BaKyallii y BUIJISA1 Malu 3 3a3HA4€HUM
MICILIE3HAXOKEHHSM CXOBHIIA a00 TOUKH 300py. SKII0 MIBUIKICTh PYXy KII€HTA 3MIHUTHCH,
CEepBEp mepepaxye MapuipyT 1 BIAMPAaBUTH HA HOTO JIeBaiic HOBUH IUIaH eBaKyarlii.
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Puc. 5. Brok-cxema pobomu Mo0ys 6U3HAUEHHS 3MIHU KOOPOUHAM 3HAXOONCEHHS
NOMEPNINO20 CY4ACHOI KIIEHM-CEePEEPHOI CUCMeMU ONOGIWEHHS 6 HAO3BUUAUHUX CUMYaYiax
Taxo 3a 10OIOMOT00 MPOrPaMHOTO KOMIUIEKCY MOKJIMBO BU3HAYaTH OCTaHHE MICII€3HA-
XO/PKEHHS TIOTEPIUINX IMicHs 3aKiHYeHHs TPUBOTH, iX KUIBKICTh Y 33JaHOMY IYHKTI, YM 3a-
JUIIAINCS BUIbHI MICIS Y CXOBHIIAX a00 MyHKTaxX 300py Ta, BIAMOBIAHO J0 OTPUMAHUX Ja-
HUX, KOPEryBaTu IUIaHU eBaKyarlii.
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PobGoTy anroputMmy cucTeMH ONOBILICHHS 3 JWHAMIYHUMH MOKJIUBOCTSIMH JIBOCTOPOH-
HBOTO OOMIHY 1H(OpMAIII€I0 MOXKHA PO3TJISTHYTH Ha MPUKIIaAl 0OpoOKH cepBepoOM JaHUX MPO
HIBUJIKICTh PyXY KIII€HTIB (puc. 6).

ot [ Oy BASHAICHHA ONYITb BUSHAYCHHA T —
) Cepsep MIAxy 3a Xy 3a Moumyis poborh
o i A CKEB/l

HoTeprummi Bix
CTUXIHHOIO TMXA
nepenaTa mBHAKOCTI &l e

Ta KOOPAUHAT [T]__Tepenaua KOOPAHHAT A1 PO3PAXYBAHHA BUILHHX KBAIPATIB A4 epakyami OTPUMAHHA 1aHHX CXOBHIL

} G Bubip BinbHHX
CXOBHIIL
—

nepegaTa WBMAKOCT], KOOpAHHAT

Ta BUIBHHX CXOBHII BUOTP MATAZ0HY
CXOBMILL 32 BIJJIAJIEHHICTIO

Ta WBHAKOCTI PyXy
MOTEPIILIOTO

iﬁ}dﬁi]] HaOnHKHOr0

|CXOBHIIA 3
AlanasoHy

Puc. 6. UML-0diacpama ounamiuno2o KopezysanHs Mapupymy esaxyayii

JleBaiic moTepIuIoro nepenae Ha cepBep LIBUIKICTh pyXy Ta KOOPAUHATH, cepBep 00polisie
OTpUMaH1 JaHl 3a JOMOMOI0I0 MOIYJIB BU3HAYEHHS NUBAXY 3 IIBUIKICTIO Ta HANIOBHEHICTIO.
Moaynbs pobotn CKBJl Bu3Hauyae BUibHI cxoBuIla. CHHMparourch Ha pe3yibTaTd MOMEpeaHIX
PO3paxyHKIB BU3HAUAETHCS J[ialla30H CXOBHII] 32 BIIIAJICHICTIO Ta MIBUIKICTIO PyXy MOTEPILIO-
ro Ta oOUpaeTbCcs HAHOMMKUYE CXOBHIIE 3 Jllara3zoHy. SIKIIO KOOPIMHATH MICIIE3HAXO/DKEHHS
MOTEPILIOr0 3MIHIOIOTHCS, TO BIIOYBAETHCS MEPEeBU3HAYECHHS HAKOIMKIOTO CXOBHILIA.

BucHoBku BinnmoBinHo 10 crarri. BkazaHi y cTarTi MOXJIMBOCTI MOOUIRHOTO JOJATKY
JUIsL OTIOBILIICHHSI HACEJICHHS B HAJA3BUYAMHUX CUTYAIlisX, 3 YpaXyBaHHSAM CTPIMKOTO PO3IOB-
CIO/IKEHHSI BUKOPUCTAaHHs MOOUTHHUX JIeBalCIB Y BCbOMY CBIT1 BIIKpUBAIOTh HOBI MOKJIMBOC-
Ti B MOPATYHKY MOCTPaKJAJUX YHACHIIOK HaJ3BHUYAHHHUX CUTYaIiif, IPUPOJHUX Ta TEXHO-
TeHHUX KaTacTpod, poOUTh el mpoliec HaTlfHUM Ta €QEeKTHMBHHMM, JO3BOJISIE BPITYBAaTH
OUIBIY KUIBKICTh JIFO/EH, 3poOuTH e mBuaiie. Po3polnenuit mporpaMHUN KOMIUIEKC BUKO-
PHUCTOBYE BCi IlepeBaru MOOUTBHUX MPHUCTPOIB Ta Mporpam, sKi MOXKHa BUKOPUCTATH Ui 00-
CIIyTOBYBAHHS KOMILJIEKCY.
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Volodymyr Arutiunian

CUSTOMER-SERVER MODEL OF THE INFORMATION OF MASS
NOTIFICATION IN EMERGENCY SITUATIONS SYSTEM

Urgency of the research. The rapid development of information technology affects network technologies, communica-
tion and computing devices, software products allows to increase their efficiency in mass notification systems.

Target setting. There is an urgent need to develop an emergency notification software package in the form of a mobile
application.

Actual scientific researches and issues analysis. The analytical review of modern systems of mass notification of the
population in emergency situations was carried out on the examples of three countries with innovative and close to modern
technologies with the use of mobile devices in current publications and online resources in the open access.

Uninvestigated parts of general matters defining. The analysis of the existing systems of mass notification of the popu-
lation in emergency situations has showed, that at the moment there is not a single implemented mass notification system that
would use the useful functionality of interactive maps for its own purposes.

The research objective. The development of a client-server model of mass notification of mass notification — the mobile
applications for the Android and iOS operating systems and server-side using Google Maps services.

The statement of basic materials. The paper presents a client-server model of mass emergency alert system, which con-
sists of two parts: the mobile applications for Android and iOS operating systems and the server part, that uses Google Maps
services. The advantages of the client-server model are presented in front of existing mass alert systems, including the use of
all the benefits of mobile devices and applications that can be used to service the complex.

Conclusions. The author presents the development of an emergency alert sofiware package taking into account the
modern capabilities of smartphones and the rapid increase in the number of their users, which allows to maximize the bene-
fits of mobile devices.

Keywords: mobile devices; mobile applications; emergency; the system of mass notification; software package; client-
server model.

Fig.: 6. References: 14.

ApyTionsin Bonoqumup Enyapaosuu — acmipanT kadenpu iHhpopMamiHHUX TEXHONOTiH, 3amopi3bkuil iHCTHTYT
€KOHOMIKH Ta iHhopMaIiifHuX TexHomori# (Byn. Kusmka, 166, M. 3amopixoks, 69041, Ykpaina).

Volodymyr Arutiunian — PhD student of the Department of Information technology, Zaporizhzhya Institute of
Economics and Information Technologies (16B Kyashko Str., 69041 Zaporizhzhya, Ukraine).

E-mail: vova.ara@gmail.com

ORCID: orcid.org / 0000-0002-3573-8393

ApyTionsiH B. Kuient-cepBepHa Monens iHOpMaIiiHOT CHCTEMH MacOBOTO OMOBILCHHs HaceleHHs / B. ApyTronsH // TexHi4Hi HayKH Ta
Texromoril. — 2018. — Ne 4 (14). — C. 136-144.

144



TEXHIYHI HAVKH TA TEXHOJIOTII Ne 4 (14), 2018

TECHNICAL SCIENCES AND TECHNOLOGIES
VIK 004.42:004.94
DOI: 10.25140/2411-5363-2018-4(14)-145-152

Amnopeii Konn, /[mumputi Oproeckuti

AHAJIM3 U OITUMU3ALIAA MOJEJENA BU3HEC-IIPOILIECCOB
B HOTAIIMAX EPC 1 BPMN

AKmyanvrhocmes memol ucciedosanus. B Hacmoswee epems npoyeccHoe ynpasiieHue aeisemcs 00HoU u3 Haubonee no-
nyiapHeix ynpasienyeckux Kouyenyui. OCHO80U OAHHOU KOHYeNnyuu s618emcs MoOeIuposanue OUIHeC-npoyeccos, Yeivio
KOMOPO20 A67151emcsi OOKYMEHMUPOBAHUE OSIMENbHOCHIU NPEONPUAMUsL ¢ UCHONb308AHUEM 2paduieckux Mooeneil OusHec-
npoyeccos, NOCMPOEHHbIX NPU NOMOWU PA3TULHBIX HOMAYULL MOOETUPOBAHUS.

Ilocmanoeka npoonemot. Opeanuzayus KoLIeKYuy Mooeieti OU3HeC-npoyeccos8 OMKPbIBaen 803MONCHOCIU O UX NO-
8MOPHO20 UCNONB308AHUS NPU NPOSKMUPOBAHUU U COBEPUIEHCTNBOBAHUL OU3HEC-Nnpoyeccos npednpusmus. Tlosmomy 603Hu-
Kaem HeobX00UMOCmb NOOOEPIHCKU KOPPEKIMHOCU U CONACOBAHHOCIU MoOellell OUSHeC-NpoYeccos, HAKANIUBAeMbvlx 6 pe-
HO3UMOPUY NPEONPUSMUSL.

Ananu3z nocneonux uccnedosanuii u nyonuxayuii. b paccmompenst nocieonue nyonuxayuu 8 OmKpuimom oocmyne,
BKIIOYAsL Cyuecmayiouue popmanbhvle Memoobl, OCHOBAHHbIE HA NPEOCMABIIeHUU MOoOeNell OUSHEC-NPOYECCOB 8 BUOe CEA3HBIX
OPUEHMUPOBAHHBIX 2PAPO8 U UCNONBIOBAHUU PAZTIUUHBIX MEMPUK, A MAKIHCE COOMBEMCMBYIOUUX UM NOPO2OBLIX 3HAUEHUIL.

Buloenenue neuccnedosannvix yacmeii ooueni npoonemst. Cyuecmayiowjue popmansbHbie Memoodbl NO360AOM NPeono-
JIO2HCUMb O HAMUYUU OUUOOK, HO He NO360JAION ONPeOeNuntb UX KOIUYECHBO U MECTOHAXO0XMCOEHUE 8 MOOeNU DU3HeC-npoyeccd.

ITocmanoeka 3a0auu. Paspabomka memooa anaiusa u CO8epUEHCMBO8AHU CMPYKITYPbl NOMOKA YRPAagieHus GusHec-
npoyeccos.

Hsnoscenue ocrnosnozo mamepuana. Onpedenervl OCHOBHbIE OWUOKY, KOMOPble MO2YI 603HUKANb NPpU GOPMUPOSAHUU
CIMPYKNypbl NOMOKA ynpaesieHus. ousnec-npoyecca. Ipeonodicer koagguyuenm, nossonsowuil onpedenunv Hamuyue u Koiuye-
CMBO OWUOOK, a MAKIHCE ONMUMUAYUOHHAS 3A0a4a, peweHIe KOMOpoul NO380Aem CHopMUPOBAMb PEKOMEHOAYUU NO COBEPULEH-
CcmMeosaruto mooenu busnec-npoyecca. /s nposepku pabomocnocooHOCHU Menmooa Oblla BbINOTHEHA €20 NPOSPAMMHAS Peanu3a-
Yuisl, NPOAHANUIUPOBAHBL MOOETU OUSHEC-NPOYECCO8 8 PASTUYHBIX HOMAYUAX MOOETUPOBAHUS.

Bui60o0ovt 6 coomeemcmeuu co cmambuei. [Ipeonosicennviii Memoo no3gosnsem onpedenums Haaudue U Koauvecmeo oo-
HAPYHCEHHBIX OUUOOK, MECIOHAXONHCOCHUE OUUDOK 8 MOOENU BUSHEC-NPOYECCad C YeNbio UX NOCAe0VIOUe20 YCMpPaHeHUs.

Knroueswvie cnosa: mooens buznec-npoyecca, Homayuu MoOeIupo8ans; MEMpuKu mooeiell OUHec-npoyeccos; OUUOKY
MOOeUPOBAaHUs OUIHEC-NPOYECCO8, NOMOK YNPAGLEHUs OUSHEC-NPoYecca; Memoo AHANU3A U COBEPUIEHCMBOBAHUA.

Puc.: 5. bubn.: 21.

AKTYaJIbHOCTh TeMbI HCCJeI0BaHus. B HacTosiee BpeMsi OHON U3 HauOoJee MOIy-
JSIPHBIX YIPaBJIEHYECKUX KOHIEMLUHN sSBIseTcs mpoleccHoe yrpasieHue — BPM (Business
Process Management). [lonxox BPM 6a3upyetcst Ha MeToAax 1 HHCTPYMEHTax MOJIEIMpOBa-
HUsA, aHaJIn3ad, COBCPHICHCTBOBAHWA U aBTOMATU3allUU 6I/I3HCC-HpOHCCCOB, KOTOPBIC pacCcMar-
pHUBaIOTCS B KayecTBE 0COObIX pecypcoB mpeanpusatus [1]. busnec-mporieccom Ha3biBaeTcs
COBOKYITHOCTH B3aMMOCBA3aHHBIX pa60T, KOTOPLIC BBITNIOJIHAIOTCS B OHpCHCHCHHOﬁ IIOCJIICOO-
BaTCJIBHOCTHU, Hpeo6pa3y51 BXOJHBIC PECYPCHI B OIPCACIICHHBIC TOBAPbLI WK YCIYI'U, UMCHO-
e NEHHOCTh JIs1 OIPCACIICHHBIX KIIMCHTOB [2] OcHoBoM MMPOLECCCHOTO YIIPABJICHUA ABJIA-
C€TCA MOJCIMPOBAHHUC 6I/I3HCC-HpOHCCCOB, NpeaAHa3HAYCHHOC [JId HJOKYMCHTHUPOBAHUSA
ACATCIIBHOCTH HNPCAIIPUATHA C UCIIOJIB30BAHUCM rpa(bnqecm/lx MO,I[CHCI\/'I 6I/I3HCC-HpOHCCCOB,
MOCTPOCHHBIX C UCIIOJIb30BAHUCM IIPpABUJI PA3JIMIHBIX HOTaHI/Iﬁ MOJCIIMPOBAHUA [3]

ITocTanoBKka l'lpOﬁ.TleMbI. BoapmuHCTBO COBPCMCHHBIX Hpe,Z[HpI/IHTI/Iﬁ I TIOAACPIKKA
HCMIPCPLIBHOI'O COBCPIHICHCTBOBAHU A CBOEH ACATCIIBHOCTU HCIIOJIb3YIOT pCHO?)I/ITOpI/Iﬁ MOJAC-
neit 6usHec-mporieccoB [4]. Vcnonp3oBaHue peno3UTOPUs MO3BOJISIET HAKAIIMBATh, XPAHUTh
U MoAACPKUBATh B AKTYAJIbHOM COCTOSIHUU I/IH(I)OpMaI_[I/IIO 0 ACATCIIbHOCTH NPCAIIPUATHIA B
BHUAC KOJIICKIIMN MOHCHCﬁ 6I/I3HCC-HpOHCCCOB. KpOMe TOro, IOABJIACTCA BO3MOXHOCTH IIO-
BTOPHOT'O HCIIOJIb30BAHUA MOHCHCﬁ 6I/I3HCC-HpOHCCCOB UL IPOCKTUPOBAHNA HOBBIX WUJIM CO-
BCPUHICHCTBOBAHUSA CYHICCTBYIOIIUX 6I/I3HCC-HpOHCCCOB OpCaAlpusaTUs. Taxkum 06pa30M, BO3-
HHUKACT HCO6XO,Z[I/IMOCTL MNOAACPIKKU KOPPCKTHOCTU U COINTACOBAHHOCTH HAKAIIJIMBACMBIX U
XpaHHUMBbIX MOHCHCﬁ 6I/I3HCC-HpOHCCCOB npCaAlpusaTus.

AHATU3 NOCIEIHUX HccaenoBannii U myoaukaumii. OMHIMU U3 HanboJiee MOMYISPHBIX
HOTauuil MozenupoBaHusi 6uzHec-nporeccos sBisitorcss BPMN (Business Process Model and
Notation) u EPC (Event-driven Process Chain) [5]. O6Ge 3Tux HOTaluul MpeaHa3HAYECHBI JUIS
OIMMCaHUA TOTOKa YIIPABJICHUA 6I/I3HCC-HpOI_[eCC3, OJHAaKO BPMN HCIIOJIL3YCTCA TAKKC U I
OIMMCaHUA IIOTOKa YHPaBJICHHUA ABTOMATU3UPOBAHHOI'O 6I/I3HCC-HpOI_ICCC3, npeaAHa3HAYCHHOI'O
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i ucnonHenus B cucteme kiacca BPM [3]. Horauust EPC ucnonesyercs st onucanust 6us-
Hec-TiporieccoB B pamkax metonosioruun ARIS (Architecture of Integrated Information Systems)
kommnannu Software AG (panee IDS Sheer) [6]. JlanHas HOTalMs MOMy4YUiIa MIKPOKOE PACIIPO-
CTpaHeHHue Oyaroaapsi €e MCIOJIb30BaHUIO JUIS ONUCAHUS pedepeHTHBIX MOJENell MpoLeccoB B
ERP-cucreme SAP (panee SAP R/3). Peepentnas monens SAP conepxut okoso 600 Mmozenei
OM3HEC-IIPOLIECCOB, MPEJICTABICHHBIX B BUE COOBITUIHBIX Lienodek npoueccoB EPC [7; 8]. Ilo-
mumo EPC, B nocneanue roapl 3HaYUTENBbHYIO NOMYISIpHOCTh Tprobpena HoTauus BPMN, ko-
Topast, Hapsy ¢ EPC, BxitoueHa B Hanbosee MomyisipHble HHCTPYMEHTBI MOAEIUPOBaHUS On3-
Hec-TpoleccoB, B ToM uucie u B uHcTpyMmeHTapuil ARIS [9]. Hotamum BPMN u EPC
ucnonb3ytoT 64 u 18 % npennpusATHii, y4acTBOBABIIUX B MCCIEIOBAHUU [5], COOTBETCTBEHHO.
Bomnpochl, cBsfi3aHHbIE C aHAIM30M CTPYKTYpPbI IMOTOKA YIpaBJIEHHUS OW3HEC-TIPOLIECCOB ObLIN
paccMoTpeHsl B uccnenoBanusax [7; 8; 10; 11]. CymecTtByromue ¢popMaabHble METOAbI OCHOBA-
HBI Ha MIPEJICTaBICHUU MOJIeNN OU3HEC-Ipoliecca B BUJE CBSI3HOIO OPUEHTHPOBAHHOTO rpada u
UCIIOJIb30BaHUHU PA3IMYHbIX METPHK, a TAKKE COOTBETCTBYIOLMX UM OPOrOBbIX 3HaUeHUH [12].

Beijenenne Henccie10BaHHBIX YacTeld o0mei nmpodiemsl. CyniecTByronue GopMaib-
HbI€ METO/Ibl TO3BOJISIOT MPEANONI0KUTh O HAIMYMK OIIMOOK, HO HE MO3BOJIAIOT ONPEAEIUTh
UX KOJIMYECTBO M MECTOHAXO0KJIEHUE B MOJIEJIN OM3HEC-TIpoliecca.

ITocTanoBka 3agaum. Pa3paboTka MeToAa aHaiaM3a U COBEPLIEHCTBOBAHUS CTPYKTYpBI
MIOTOKA yNpaBjIeHUs] OU3HEC-TIPOLIECCOB.

N3i0:xeHne 0CHOBHOIO MaTepHaJa.

dopmaibHOE MPeACTABJIeHUE Mojesieil Ou3Hec-npoueccoB. OCHOBHBIMU 3JIEMEHTAMHU
CTPYKTYpbl MOTOKa yINpaBieHUs OU3HEC-IpolLecca, OMUCHIBAEMOTO MpU MOMOIIM HOTaLUN
EPC u BPMN, sBnstorcsa coObITHS, QYHKIUN WM 3a/1a4M, a TAKXKE JIOTUUECKUE CUMBOJIbI MU
nutto3el («AND», «OR» n «XOR»), coenunsemble Mexay coO0i HanpaBiICHHBIMU JyraMu
(moroxkamu ympasnenus) [13; 14].

I'papuueckue o0bexThl HOTauui monenupoBanuss EPC u BPMN, ucnonb3yemsie aiis
OIMCaHUs CTPYKTYpHI IOTOKA yIIpaBJIeHUs OM3Hec-Npoliecca, IpeIcTaBlIeHbl Ha puc. 1.

~"E0 0 eee —

Nornyeckme CMMBONbI
(wnio3bl)

= 000 (] 0@

Puc. 1. I'paghuueckue o6wexkmor nomayuii EPC u BPMN

Cobbitna OyHKUMM MoToku ynpasnexus

CrtpykTypa MoToKa ynpaBieHus: Ou3Hec-mpoiecca GopMaabHO OMUCHIBAETCS MTPHU MOMOIIN
CBA3HOT'O OPUEHTHUPOBAHHOTO rpada [11; 14]:

BPModel =(N,1,4),

rie N=FUEUC — MHOXEeCTBO y3J10B rpada, ' — MHOXKEeCTBO (yHKUMH, £ — MHOKECTBO
coOpiTuif, C =S5 UJ — MHOXECTBO JIOTHYECKHX CHUMBOJIOB, S — MHOKECTBO pPa3BETBIICHUI
noToka ympasienus (split), / — MHOXKECTBO COSIMHEHHUH MOTOKA yrpasieHus (join), / — 0T00-
paKeHUe, OTPENEIISIONIee TUIIBI JIOTHYECKHX CUMBOJIOB, V:C —> {and, or, xor}, A — MHOXe-
CTBO IyT (IOTOKOB ynpaBneHus), A < NxN.

OCHOBHBIMHU OLIMOKaMH, KOTOPbIE MOTYT BO3HUKATh IPU (POPMUPOBAHUU CTPYKTYpPHI HO-
TOKa yIpaBJIeHHUs] OU3Hec-mpoiiecca, onucanuoro npu nomomiu Hotanwii EPC u BPMN [11;
15], sBasroTcs:

1) mpomnyiieHo HayaibHOE cOOBITHE (pUC. 2, a);

2) mpomyiieHo KoHeuHoe coObITHe (pHcC. 2, 0);

3) mpomy1ieH JIOTHUecKUid CUMBOJI Pa3BETBJICHM TOTOKA YIpasiieHus (puc. 2, 6);

4) mponyIieH JOrM4eckuii CHMBOJI COEIMHEHUS TIOTOKA yIpaBieHus (puc. 2, 2).
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{:Q-j-{ Task A H Task B ]—-O Q—{ Task A H Task B }—Tr—:cg}
a

[E—

o

S—
Task C

2

Puc. 2. Ocnognule owubku cmpykmypbl HOMOKA ynpasienus dusHec-npoyecca:

a — nponywero Havaibroe co6b1mue; 0— nponyu(eHo Konednoe co6b1mue; 6 — nponyuien N02UHeCKULl CUMBOJL
paseemeiienus nomoKda ynpaeienust, e — nponyuern JNO2UHECKULL CUMBOJL COCOUHEHUSL NOMOKA ynpaejierus
OOnapyxenue omm0OK B Mozejsix OusHec-mpoueccoB. Ha ocHOBe paccMOTpEHHBIX

omnook (puc. 2) 6611 chopMUpoBaH KO3DOUIIUEHT, TO3BOJIAIOUINI OMPENSIUTh UX HAINYHE
Y KOJIMYECTBO B MOJIeNIu Ou3Hec-mpolecca, onucaHHoi B Hotauuu EPC i BPMN:

ERR=Y" Zk: v, (n),

neF i=1
r7ie k — KOJIM4ecTBO BUAOB BO3ZMOXKHBIX OLIMOOK (puUC. 2), AOMYCKAaeMbIX MpH (HOPMUPOBAHUH
MIOTOKA YIpaBJeHus Ou3Hec-mpolecca, k = 4;
vi(n) — QYHKIUH, MO3BOJISIOIINE ONPEISIUTh HATUYUE WA OTCYTCTBHE OIIMOKH i-IO BH-
1a, NOMyLIeHHOH ayst y3na rpada ne F, v, (n) € {0,1}:

=0 1, =0 1,

>0 2M =0, S0 ™=,

>1
<r

n

1, |n
07

1€ Nin — MHOKECTBO BXOJIIIMUX IMOTOKOB YIPABJICHHUS, ONIPEACICHHBIX s y31a n € F;

Mout — MHOXKECTBO MCXOSIIMX OTOKOB YIIPABJICHUS, ONPEACTICHHbIX A y31a ne F .

Jlns u3MepeHusi 3HaueHU JaHHOTO KO3((UIIMEHTa HCIOJIb3yeTcss abCoJIoTHAs IIKajia,
pexomennoBanHas ctrangaptoM ISO/IEC 9126-2, yka3piBaromiasi Ha KOJIMYECTBO OLIUOOK, J0-
MYLUIEHHBIX IpU (OPMHUPOBAHUU CTPYKTYPBI IOTOKA YIpaBiieHus: ousHec-npouecca [16].

B oTnnume ot cymiecTBYIOMMX METOA0B, MPEATIOKEHHBIN KO3(MGUIIMEHT MO3BOJISIET OHO-
3HA4YHO OIpPEJIENIUTh HAJMUMEe M KOJMYECTBO OUIMOOK B CTPYKTYpE IMOTOKA YIpaBJIeHUs OU3-
Hec-TpolLecca.

Jln1st COBEpIIIEHCTBOBAHUS CTPYKTYpPBI ITOTOKA yIpaBlieHUs] OU3HEC-Tpoliecca He0OX0IMMO
OOHaApyXHUTh U YCTPAaHUTh OIIMOKU (puUC. 2), KOTOpbIe ObUIN JOMYyILEHbI IpU ee (HopMHUpOBa-
Huu. Takum o6pa3om, ObuIa CHOPMHUPOBAHA CIEAYIOIIAsk ONTUMHU3AILIMOHHAS MOJIEIb:

Z Zk: (vi (n)+ l) T, —> l’?af(,

y i
nelF i=1 "

sz:rm. < ERR,

neF i=1
T, € {O,l},n eF,i =l,_k,

TIIE 7»i — SJIEMEHTHI MaTPHIBI PEKOMEHAAINI R TI0 COBEPIIEHCTBOBAHUIO CTPYKTYPHI MIOTOKA
yIpaBJieHus: OM3Hec-TIpolecca, KOTOPbIe JAEMOHCTPHPYIOT HEOOXOIMMOCTh WM OTCYTCTBUE
HEOOXOJMMOCTH YCTPaHEHHs OIIMOKU i-TO0 BHJA, AOMYIIECHHOH g y3na n € F ; matpuna R
umeer |F] cTpok U k cTOJIGIIOB COOTBETCTBEHHO.

Takum 00pa3om, perieHHe TaHHOW 3aJadd MO3BOJIUT CPOPMHUPOBATH PEKOMEHIALUH TIO
COBEPIICHCTBOBAHUIO CTPYKTYpPBI MOTOKA YIpaBJiCHUS OM3HEC-TPOIecca, YKAa3hIBAIOIIUE Ha
HaJIMYMe OIMMOOK Pa3IMYHBIX BUAOB (pUC. 2), a TaKKE MX MECTOHAXOXXJICHUE B CTPYKTYpe

in out n out

>1 L |n,
<

VneF:v(n)= <V (n)= 0. |”l,~n

| in out out
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MOTOKA yIpaBlieHHsI OuzHec-npouecca. PaccmMoTpenHas 3amgaya siisercss NP-tpynHoit 3ana-
4ell JUCKPETHON ONMTUMU3aluu, OMM3Koi K 3amade o prok3ake 0-1 [17]. OgHako HeOombIIAs,
3a4acTyl0, pa3MEpPHOCTh peabHBIX Mojenel ou3nec-mporeccoB B HoTamusax EPC nwniu BPMN
II03BOJISIET pEIaTh JAHHYIO 337a4y 3a npuemiemoe Bpems [18].
OOmas cxeMa METOJla aHaTu3a UM COBEPIICHCTBOBAHUS CTPYKTYPHI MOTOKA YIpPaBICHUS
OM3HEC-TPOIIECCOB Mpe/ICTaBlIeHa Ha puUC. 3.

=1k

|

|

|

|

| Heofxogumo YeTpaHuTE
== CLUNEKY I-ro Buaa,
|

|

|

|

OoNyWeHHy anAans F

ERR = 0

HET

( Mogent He TpeGyeT

COBE MUSHCTRDRAHNA

.

Puc. 3. Obwas cxema memooa ananuza u cogepuieHCmeo8anus CMpyKmypvl NOMoKa ynpas-
Jlenus buzHec-npoyeccos

Oco0OeHHOCTH TPOTPAaMMHOM peanu3allid pacCMaTPUBAEMOTO METOJa MPEICTABIICHBI C
MOMOIIBIO0 TUArpaMMbl KOMIIOHEHTOB (pHC. 4).

edu bpmodel controlflow . collection edu.bpmaodel controlflow.me tamodel
=<component>> =<component=> =<component>>
Model java d <1 ModelBuilder java 2l N 1> Node. java d <]
N E L
. -~
<<Components> E << Component=> <<Component=> E << oom ponent>> E <<Components > {l
EPCModels java EPMNMedels.java Function.]ava Event.java Connector.java
N N
i i
[ [
I I
edu.bpmodel controlflow.ap plication edu.bpmeodel.controlflow.analysis
<<gomponent=>> g <<pomponent>> <<component>> g <<gomponent>> gl
Config.java AnalysisTool.java Validationjava — |~~~ " > ControlFlowVioclations java
— - >
A A
i é— i
<<component== g << COMponent==> << Components > El
Simulation.java Methodjava | > OptimizationAlgorithm java

Puc. 4. Jluaecpamma xomnonenmos

Jlns mporpaMMHOM peanu3alui ObUT MCHOJIB30BaH s3bIK Java. B KkadecTBe OCHOBHBIX
KOMIIOHEHTOB MOKHO BBIJICITUTh:

1) maker «metamodel» — COIEPKUT ONMUCAHUS OCHOBHBIX JIEMEHTOB CTPYKTYphI MOTOKA
yrpasnieHus (kinace «Node» u mpou3BoaHble Kiacchl «Function», «Event» u «Connector»);

2) nakeT «analysis» — MO3BOJISIET ONPEAEIATh HAIMYKME M KOJMYECTBO OIIMOOK B MOJIENN
ousnec-mporecca (kmaccel «Validation» u «ControlFlowViolations»), ¢opmupoBats u pe-
11aTh ONTUMU3AIMOHHYIO 33/1auy (kiacesl «Method» u «OptimizationAlgorithmy);
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3) nmaker «collection» — npeaHasHayeHn it onucanus (kinacc «Model»), popmupoBanus
(xmacc «ModelBuilder») u xpanenus rpados (xnaccel «EPCModels» u «BPMNModels»),
UCHOJb3YEMBIX JUIS MIPEICTABICHHS aHAIU3UPYEMBIX MO/Ieel OM3HEC-TIPOLIECCOB;

4) naket «application» — Mo3BOJISET 3aMlyCKaTh aHAJIM3 U COBEPLICHCTBOBAHMUE MOJENel
ousHec-npoueccos (kiaacchl «AnalysisTool», «Simulation» u «Configy).

Pe3yabTaThl Hccle10BaHMA M UX o0cy:xaeHue. [ mpoBepku pabOTOCIIOCOOHOCTH
MIPEUI0KEHHOT0 MeToJa OblTu mpoaHamu3upoBaHbl Mojenu B Hortanusx EPC u BPMN,
npeJularaeéMble B Ka4ecTBE MPUMEPOB KOMIaHUSIMHU-pa3paboTYMKaMH IPOrpaMMHOro obecre-
yeHus st ousHec-moenupoBanus Conceptdraw, Edraw u MyDraw [19; 20; 21]. B pe3y:b-
TaTe ObLI0O OOHApPYXEHO, YTO cpeau 45 MpoaHaIM3MPOBAHHBIX MOJENIel OM3HEC-IIPOIIECCOB,
27 mopeneil conepxar OmMOKM (OPMHUPOBAHUS MOTOKA YIpaBieHUs OU3HEC-Tpolecca
(puc. 2), koTopble HEOOXOAUMO YCTPAHUTH (pHC. 5).

5 40% 35.56%
w

5 30% -

= 20%

= 20% - 15.56%

=]

E 10% - 6.67%

w

E 0% - ' ' )
5 1 2 3 4

- THo omHGEH

Puc. 5. Obuapyscennvle owubku cmpykmypvl nomoxa ynpasieHus 6usnec-npoyecca

Kak 6bu10 0TMEUEHO paHee, CYLECTBYIOIINE METObl OCHOBBIBAIOTCS HA MCIIOJIb30BAaHUH
Pa3IMYHBIX METPUK, & TAKXKE COOTBETCTBYIOIIMX MOPOroBbIX 3HaueHui [11; 12]. ba3oBsimMu
METPUKaMH SIBJISIFOTCSL:

1) pa3mep (KoM4YeCTBO Y3710B Ipada BCEX TUIOB Sy, KOJIUYECTBO JIOTMUECKUX CHMBOJIOB
SN, KOJMYECTBO COOBITUH Sk, KONMUYECTBO (PYHKIMH Sr, KOTUYECTBO AYT S4):

Sy =|N|>48,5.=|C|>8,8, =|E|>22,8, =|F|>40,5, =|4|> 62;
2) IJIOTHOCTb:
A=V (¥]-1)> 022
3) CBSI3HOCT:
CNC =|4|/|N|>1];
4) CIOKHOCTh TIOTOKA YIpaBJIeHUS (KOJIMYECTBO BO3MOXKHBIX cOCTOsHUN mocie «XOR»

CFCyor, XOMM4ecTBO BO3MOXKHBIX cocTtosHui mociie «OR» CFC,,, KOIUYECTBO BO3MOXKHBIX
cocrostauit iociie «AND» CFCauna):

CFC,, = Yle.|>17,CFC, = ¥ 2 1> 4,CFC,, = Y 1>2.

ceS ceS,, ceS,

coul‘

Pe3ynbTaThl HCMOJIB30BaHUS JaHHBIX METPUK M COOTBETCTBYIOLIUX MOPOTOBBIX 3HAUEHHH
pu 0OHAPYXEHUU MOJIeNIEH, COAEPIKaAINX OIIMOKH, CIeTyIOLIHe:

1) npu UCHOB30BAHUU METPHUK pa3Mepa U MJIOTHOCTH He OOHAPYKEHO HU OJHOM MOJEIH,
KOTOpast COIEPKUT OIMOKH (pHuc. 2);

2) npu UCTOJIb30BAaHUM METPUKHU CBA3HOCTU OOHAPYKEHO 6 MOJIeeH;

3) npu UCTIOJIB30BAaHUM METPUK CIIOKHOCTH MOTOKA YIIpaBJIEHUS] 0OHAapYXEeHO 8 MoJeneil.

Hanpagnenuem nanpHeHIINX UCCIEIOBAaHUM SBISETCS CpaBHEHUE pa3pabOTaHHOIO METO-
J1a ¥ CYIIECTBYIOLIUX METOJIOB, OCHOBAHHBIX Ha JaHHBIX METPUKAX.

BbiBoABI B COOTBETCTBHH €O cTaTheil. B pabote ObLI MpemioxkeH METOJT aHaIM3a U Co-
BEPILEHCTBOBAHUS CTPYKTYphl MOTOKA YIpaBJIEHUS OU3HEC-TPOLIECCOB, MPEICTABICHHBIX B
Hotarmsix EPC wnu BPMN. Takxke Kak U CyIIECTBYIOIIME METOJbI, pa3paboTaHHBIA METO.
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OCHOBBIBAETCSI Ha ()OPMAIBHOM MPEACTABICHUM MOJENeNH OU3HEC-IPOLIECCOB MPH MOMOIIH
CBSI3HBIX OPHEHTUPOBAHHBIX I'padoB. B TO ke BpeMs, B OTIMYKE OT CYIIECTBYIOIIHUX METOJIOB,
JAHHBIM METOJ1 TO3BOJIAET ONPEACIUTh HATMUUE U KOJNYECTBO OOHAPYXEHHBIX OIIMOOK pa3-
JIMYHBIX BUOB (pHC. 2), a TAaKXKEe UX MECTOHAXO0XKJICHHE B MOJIENIM OU3HEC-TIpoLecca C LEIbI0
UX MOCIeNyoLero ycrpanenus. Hemocrarkom meroia siBisieTcst ero 00Jblasi, B CPAaBHEHUH C
CYIIECTBYIOIIMMHU METO/IaMH, BBIYUCIHUTENbHAsS Cll0XHOCTh O(|N|k), a Takke orpaHHYeHHOCTh
B CHTY (PMKCUPOBAHHOTO HA0Opa BO3MOXKHBIX OIIMOOK, KOTOPhIE HEOOX0AUMO OOHAPYKUTh U
YCTPaHUTh B CTPYKTYpe MOTOKA yIpaBiIeHUs OM3HEC-TIpoLiecca.
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ANALYSIS AND OPTIMIZATION OF EPC
AND BPMN BUSINESS PROCESS MODELS

Urgency of the research. Nowadays business process management is the one of the most popular management concepts.
1t is based on business process modeling which is used to document enterprise activities with the help of graphical business
process models built using various modeling notations.

Target setting. Maintenance of the collection of business process models provides ways to their future reuse for design
and improvement of enterprise business processes. Therefore, the need for support of correctness and consistency of business
process models stored in the enterprise repository becomes relevant.

Actual scientific researches and issues analysis. The last open-access publications, including existing formal methods
based on the representation of business process models by using coherent, directed graphs, as well as various metrics with
the corresponding thresholds, are considered.

Uninvestigated parts of general matters defining. The existing formal methods allow guessing about the presence of er-
rors, but do not allow defining their amount and place within a business process model.

The research objective. To develop the method of analysis and improvement of the control flow structure of business
processes.

The statement of basic materials. Basic errors that might occur during the control flow structure of business process is formed
are defined. The coefficient which allows defining the presence and amount of errors, as well as the optimization problem which
solution allows elaborating recommendations for business process model improvement, are proposed. The software implementation
of the method is used to validate it by analyzing sample business process models presented in various modeling notations.

Conclusions. The proposed method allows defining the presence and amount of detected errors, as well as their place
within a business process model in order to their further elimination.

Keywords: business process model; modeling notations; business process model metrics,; business process modeling er-
rors; control flow of business process; analysis and improvement method.
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FOpini Kpusuenko
KOMIT’IOTEPHE MOJIEJTIOBAHHSI CAMOOPI'AHI3AIIIl KJIACTEPHUX
CHUCTEM: 3AJIEXKHICTh CTPYKTYPH BIJI OCOBJIMBOCTEN 'EHE3UCY

Axmyansricms memu docnioicenna. IIepkonayitini Memoou NOKA3ymy 8UCOKY eqheKmMUBHICIb Nid 4ac O0CTIONHCeHHS pedo-
BUHU, 2EHE3UCY Ti eBONOYIT 36'A3K06UX obnacmell y Mamepianax. ¥ makux 3a0auax 6UsHaemvcs i KIAcmepHa cucmema QizudnHoeo
mina, i ii énaue na 06 ’ekm 3azanom. Busuenns cmpykmypu ma énacmugocmeti NePKOTAYIIHUX KIACMepie 003601Umb 00CTIONCYBa-
mu i npoeHo3y8amu nogediHKy 06 €kmie (Mmeepoux min) y pisHUX yMo8ax 3068HIUHbO20 CEPe00BUYA, 2EHE3UC iX YMBOPEHD Y YACL.

Ilocmanogxa npoénemu. Ilpaxmuune 0ocniodicenHs KIACMEPHUX CUCEM ) MEePOUX Minax nos a3aHo 3i CKIAOHichIO i
mpyoomicmkicmio excnepumenmis. Ocno6Hi npobiemu noA2aioms y Momy, Wo 01 OMPUMAaHHs 00CMoGipHoi ingopmayii
npo CMpyKmypy i 81acmus8ocmi HeOOXiOHO CUHME3Y8amu KIACmepU i3 WUpoKUM JiandazoHoM napamempis i cmeopumu Ha-
OiliHy cucmemy ix OlacHOCMUKU.

Ananiz ocmaunix oocniodcens i nydnikayiii. Y cmammi HageoeHo 027110 ocmanHix nyonikayitl 8 YKpaiHCoKux i 3aKkopOOHHUX
JICYPHANAX, BKTIOUAIOUU eKCNEPUMEHMATbHI 1 MeopemutiHi pobomu, wo MiCmamsb 00CTIONHCEHHS CAMOOP2AHI308AHOT KPUIMUYHOCHI.

Buoinenns nedocniocenux uacmun 3a2ansnoi npoénemu. Y nageoeHux 00CaioNCenHAX POIUUPIOIOMbC MOACTUBOCT
onucy npoyecie eenepayii ma egonoyii KIACMePHUX CUCeM Y M8epoux miniax, MiCmumscs 2inomesda, wo 00380JIA€ iICMOMHO
30LIbUUMU KITLKICINb 6APIAHMIE KIACMEPOYMBOPEHHS.

Ilocmanogka 3agdanua. [Iposecmu ivimayiiine MoOen08anHs K1ACMEPOYMBOPEHHS i3 83AEMOOIIOUUMU eleMeHmamil 3a
odonomozoio memooy Monme-Kapno. Buznayumu 3anedxcnocmi napamempis neproaAyiiHux CUucmem, wo camoopeamizyioms-
cs, 6I0 cmynens: camoopeanizayii, 008xCUHU KOperayii, weuokocmi cenepayii cucmemu ma iHuwux napavempis. Ompumamu
ananimuyni UPA3u 3anedxdcHocmetli ma 3HA4eHHs GIOHOCHOI NOXUOKUL.

Buknao ocnoenozo mamepiany. /s supiwienns 3a0ay, nog sA3aHux i3 NPAKMUYHUM OOCTIONCEHHAM KIACMEPHUX CUC-
mem, po3pobneHo NpocpaMHUll KOMIIEKC MOOeNI08aHHs KIACMEPOYMEOPEHHs, V AKOMY IMIMyemucsa 83aemMo0is Kiacmep-
Kaacmep i kiacmep-uacmia. ¥ mooeni supiutyemocsa 6azamogumipna nepronayitina 3adada. HAx ancopumm 3pocmants kia-
cmepig UKOPUCHOBYEMBCS UWIAX NOCTIO068HO20 HAPOWY8ANHS 3A0AHOT KITbKOCMI YACMOK.

Bucnogxu 6ionogiono 0o cmammi. Komn'tomepui pospaxyuku, npogeodeni, 30kpema, memooom Monme-Kapno, oaroms
Haubinbw HAdilini nepedbauenHs eracmugocmelt NePKOJAYIUHUX cucmem. Y pobomi ompumani aHanimuyni eupasu ois 3a-
JIEHCHOCMEN NOMYAHCHOCII HECKIHUEHHO20 KIAcmepa, paodiyc-6eKmopa YeHmpa Mac, CIMyneHs. aHizomponii ma ¢pakmansroi
po3miprocmi 8i0 eidcmani azpezayii, 6i0 KiTbKOCMI YACMOK, 2eHEPOBAHUX HA KOJICHIU imepayii, ma 6i0 Kinbkocmi axkmie
83a€MO0ii Midic eneMenmamu KiacmepHoi cucmemu.

Knrouosi cnosa: camoopzanizogana KpumuuHicms, neproIAYitHI 3a0ayi i3 camoopeanizayielo; cmpykmypa kiacmepa,
83A€MO0isl YACOK, KI1ACMEPOYMBOPEHHs, KOMN T0mepHe MOOeNI0BAHHSL.

Puc.: 2. bion.: 14.

AKTyaJdbHicTh TeMH JociaileHHsl. HeMuHyya akTyalbHICTh MEPKOJSALIMHUX METOJIB
JOCII/DKEHHS! pEYOBUHH MPOTATOM OCTaHHIX Mailke ISTAECATH POKIB MOB’s3aHa 3 €(PeKTHUB-
HICTIO T€OPii MPOTIKAHHS MPH PO3IJISAI BEIUKOTO CHEKTpa MUTaHb, 10 BIIHOCITHCSA 10 TE€HE-
3MCy ¥ €BOJIOLIT 3B’ SI3KOBUX 00JacTell y Marepianax. Y TakMX 3ajjayax 3a3BUYail BUBUAETHCS
1 KJIacTepHa cuctema (hI3MYHOTO Tijia, 1 ii BIUIMB HA 00’ €KT 3arajioM.

Sk noOpe BiAOMO, Ui MEPKOJALIAHUX SBUI XapaKTEepHO ICHYBAaHHS SKOTOCh IOpOTY,
HUDKYE SIKOTO 3B’S3HICTh Y CUCTEMI OOMEXYEThCS PO3MIpaMu MalluX KJIAacTepiB, 1 JHILE IpU
JOCATHEHHI MOTY)KHICTIO KJIaCTEPHOT CUCTEMU KPUTHUYHOTO 3HAUYEHHS, BUHUKAE 00JacTh, 1110
MIPOHU3YE BCIO CUCTEMY — HECKIHUEHHHH (nmepkosLiitnuii) kiacrep [1; 2].

[To6nu3y mopora npoTikaHHs HECKIHYEHHUH Ki1acTep — 1€ (ppakTaabHa 6e3i1iy, BeTuKoMa-
ciTabHa reoMeTpis IKOTO He 3aJIeKUTh Bifl BiacTuBocTel cepenonuina [1; 2]. Takuit kinactep
MICTUTh pi3HOMAcIITaOHi JIaKyHH, MOKe OyTH BHOUCAHUN y ApoOOBHI €BKIIIOBHI HpPOCTIp,
XapaKTepU3YeThCS CIEKTPOM po3MipHocTeil Penbi, 30kpema, GppakTaabHOIO pO3MIPHICTIO; BO-
JIOJIIE CTATUCTUYHOIO CAMOTIONIOHICTIO M IHIIUMU BIIACTUBOCTSIMH.

[epxonsaniiini 3amaui 13 camoopranizamiero (COII) (anrn. SOP — self-organized
percolation) — HeBiI €MHa CKJIa/loBa Teopii camoopranizoBaHoi KpuTU4HOCTI [3]. Tlonstrs
camoopranizoBaHoi kputuyHocTi (COK) (anrn. SOC — self-organized critically), sik Bizomo,
BBEJICHO B [4; 5], Hacammepe Ul OCMUCIEHHS 3B’ 3Ky MDK JIOKQJIIbHOIO OpraHi3alli€o Ta Me-
XaHI3MOM PO3BHUTKY KPUTUYHOCTI, JUIS JTOCHIIPKEHHS B3a€MHOI OOYMOBIIEHOCTI JIOKAQIBbHUX
JUHAMIYHUX TPaBUII 1 I100aJBHOTO €BOJIIOLIHHOTO MEXaHI3MY, JJIsl MOKJIMBOIO MOSICHEHHS
TEH/ICHIIT BEJIMKUX 1 CKJIQJIHUX CUCTEM CHIOHTAHHO JIOCSATaTH KPUTUYHUX CTaHIB 1 peaiizaii B
TaKUX CTaHaX CTYNEHEBUX KOPEJALIN y Yaci Ta MpoCcTopi.

© Kpusuerko 0. B., 2018
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Jlo HaiOUTbII 3arajJbHUX 3aKOHOMIPHOCTEH €BOJIOLIT MEPKOISILIHHIUX CHCTEM 31 B3a€MO-
JIIOYMMHU €JI€MEHTaMH BITHOCUTHCS ICHYBaHHS B HHUX HepiBHOBa)KHI/IX KBaSiCTaI_IiOHapHI/IX
CTaHIB, 1110 BUHUKAIOTh 32 PaXyHOK OaraToMaciuiTaOHUX KOpeJ'ISII_III/I y HpOCTOpl it gaci [6].

JlocTaTHBO p13H1 3a CBOEIO (PI3UUHOIO TMPUPOJIOI0, alle CIIOPITHEH] 3a T€HE3UCOM Ta CTPYK-
TYpOIO KJIACTEPH1 CUCTEMHU IMPOBOKYIOTH SIBUINA 1 MPOLIECH, 110 3HAYHO BIUIMBAIOTh HA BIac-
TUBOCTI Martepiany. [Ipu 3pocTaHHi KOHLIEHTpAIlll eeMEHTIB JeIKOi 3 MiICUCTEM Martepiainy
MO’K€ BUHMKHYTH NEPKOJIALIAHUHA KiacTep, 10 MPU3BOIUTH JI0 CTPYKTYpHOTo (pa3oBoro me-
pexomay, KOJU B Marepialli CTpUOKOTO/IIOHO 3MIHIOETHCS KOpEsIliiiHa JOBXKHUHA, 3’ IBISEThCS
BUJIUICHUI HAaIIPSM, 3HIKYETHCSI CUMETpist 00'€KTa.

3anexHo Bi (I3UYHOT MPUPOIU NEPKOJIALIIHOIO KIacTepa 1ie MOKe MPU3BECTH 10 BUHH-
KHEHHSI aHOMaJIbHOT 1nu(y3ii, 10 eeKTiB 3MILHEHHS ab0 10 JeCTpYKIii MaTepialy, A0 MOSIBU
CMOHTaHHOT HAMArHi4eHocCT1 y (hepoMarHeTukax, A0 nepexoay MoTTa B IOMIIIKOBUX HaIiBI-
POBITHHMKAX, 3MIHM TEIJIO- 1 BOJIOTOEMHOCTI Ti1a Ta 1H. BUBUEHHS CTPYKTYpH Ta BIAaCTHBOC-
Tl NepKOJALIMHUX KJIacTepiB JacTb 3MOTY JOCHKYBATH 1 HPOTHO3YBATU MOBEIIHKY
00’€eKTIB (TBEpAMX TLI) y PI3HUX YMOBAaxX 30BHIIIHBOTO CEPEIOBHIIA, [CHE3UC X YTBOPEHb Y
4aci, CTPYKTYpy KOMIIO3UIIIHHUX MaTepialliB y IPOMDKHIA aCUMIITOTHIIL.

ITocTanoBka npodaemu. [IpakTiuHe JOCTIIPKEHHS KIACTEPHUX CHCTEM Y TBEPIUX TiIaxX
MIOB’S13aHO 31 CKJIAHICTIO 1 TPYIOMICTKICTIO eKcriepuMeHTiB. OCHOBHI MPOOJIEMH MOJIATa0Th
y TOMY, L0 JJIsl OTPUMAaHHS TOCTOBIpHOI iH(OpPMAaLli PO CTPYKTYPY 1 BIACTUBOCTI HEOOX1-
HO CHHTE3yBaTH KJIACTEpH 13 IIUPOKUM Jialla30HOM MapaMeTpiB 1 CTBOPUTH HAJIMHY CUCTEMY
iX JlarHOCTUKU. Y 3B’SI3KYy 3 IIMM Ma€ CEHC BUKOPUCTOBYBATH IMITAIliifHE 1 CTATUCTUYHE MO-
JIeTIIOBAaHHs, TPUYOMY HaWOLIbII HAA1MHI Nlepea0ayeHHs BIACTUBOCTEH TaKMX CUCTEM JAlOTh
KOMIIT IOTE€pHI pO3paxyHKH, IPOBE/EHI, 30kpema, MetozioM MonTe-Kapio.

Jlnst BUpILIEHHS 337124, MOB’S3aHUX 13 MPAKTUYHUM JOCHIPKEHHIM KIACTEPHUX CHUCTEM,
Mae OyTH CTBOpEHa HaJllifHa Ta TOUYHA KOMII I0TEpPHA MOJIENb KJIACTEPOYTBOPEHHS, Y AKIH Mi-
TYETBCSI B3a€EMO/IISl KJIACTEP-KJIacTep 1 KilacTep-4acTka, 1 caMe Taka CUCTeMa XapaKTepHa JUls
CTPYKTYpHU PI3HUX YTBOPEHb y TBEPAUX TUIAX — CYKYIHOCTI YacTOK, TPILIUH, CTPYKTYpPHHX
HEOJTHOPITHOCTEH, MyCTOT, OP, MEX PO3IUTY Ta iH.

AHaJIi3 OCTaHHIX A0CTiIKeHb i myOaikaniii. Po3risHeMo aekinbka IikaBUX eKCIIeprMe-
HTAJIbHUX 1 TEOPETUYHUX POOIT, 110 MICTATH JociikeHHs SOP.

VY [7] MeToioM YUCENBPHOTO MOJIENIOBAHHS JOCTIDKEHA T€OMETPUYHA CTPYKTYypa MIKpO-
eMyNbCi Ha IUIOUIMHI. BCTaHOBEHO, 110 B3aEMOJis MDK 4YacTKaMU HPU3BOJUTH 10 YTBO-
PEHHS TMHAMIYHOI OHOPITHOT (PpaKTaTIbHOT CTPYKTYPU MIKpOEMYIIbCIi; 3a BIACYTHOCTI B3ae-
MOJIi MDK YacTKaMu CTpPYKTypa emyjbcii — ojHopiaHa. Iloka3aHo Takox, IO po3Mip
HEOJTHOpiTHOCTEH (paniyc KOpemnsiii) 3aJeXUTh BiJl KOHIIEHTpALlll YacTOK y cucTeMl il Mak-
CHUMAaJIbHUM MIPU KOHLIEHTPALIT MEPKOJISALIIMHOTO Mepexo1y.

V [8] BBeaeHe moHATTS KuinMa CepriHChKOTO 3 T1I0pUIHOIO0 (3BUYaiHO-HECKIHUEHHOIO0) PO-
3raiyxeHicTio. Moaugikaiis nporo ¢paxrany nepeadayae, o 3’€JHAHUMU BBAXKAIOThCS KITi-
TUHU 200 JAOTUYHI CTOPOHAMH, a00 Ti, SKI MalOTh 3arajibHy BepiuHy. Y [8] mis ribpugHoro
kumuMa CepriHChbKOro PeHOpM-IiepeTBOpeHHSM BHU3HAYEHO IMOPIT MPOTIKAHHS, PO3paxoBaHi
MOKa3HUKHU MapamMmeTpa MOpsAKY 1 TOBXKUHH KOPEJLil; KpiM TOTO, 13 CUCTEMH PIBHOCTEH JBO-
MOKA3HUKOBOTO CKEWIIHTY [9] OTprMaHO 1HJIEKC, 1110 BU3HAYAE MAKCUMATBHHIA 00CAT KIHIIEBHX
KJIacTepiB, MOKa3HUKU aHAJIOra TEIJIOEMHOCTI i cepeTHbOT JOBKUHM KIHIIEBOTO KiacTepa.

Ha 6a3i ysBnenns npo kuium CepiHChKOTO 3 TI0pUIHO0 po3raiyxeHicTio B [8; 10; 11]
po3pobieHa MoJeb FeHE3HUCY i €BOJIOLIT MepeXX B3aEMOAIIOYMX TPIILIMH Ha TIOBEPXHI TBEP-
IMX TUL. Y NPUIYIIEHH], 110 CTBOPIOBaHI MOJI — BU3HAYAIBHUN (DAKTOP PyXy 10 KPUTUYHOC-
Ti, Y MOJIEJN1 aHAJIITUYHO, CIIUPAIOYKCh HA YSBIEHHS PO CUCTEMY TPILUH SIK aBTOHOMHY pO3-
MOJIUVIEHY HEKOHCEpBAaTHUBHY KOJHUBAJIbHY CHUCTEMY, a TaKO0X YHCEIbHO — BHUPIIIYIOUH
3aMpONOHOBAHY B MOJIEJII CUCTEMY PEKYPEHTHUX OLTIHIHHUX PIBHSHB, BU3HAYEHO CHIIOBI MO-
JIs, CTBOPIOBAHI MOJIMACIITA0HOI0 MEPEXEI0 BHYTPIIIHIX KOPAOHIB KBajpaTa CeprniHCHKOTO
Ha JIOBUTbHOMY Kpotii po30ouTTs [8; 10].
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Buainenns HeIocHiIKeHMX YACTHH 3arajbHoi npodiaemu. Y [12] mocnimkeHo Mmexa-
HI3M POCTY NEPKOJIALINHUX KIAacTepiB, B IKOMY CaMOOpraHi3allisi icTOTHO BIUIMBA€ Ha Kilb-
KICTh BY3J11B a00 3B’SI3KIB y ()POHTI 3pOCTAaHHS arperary, 10 MOJEIIOETbCs. Y MpOoLEeci eBo-
JOILIT cUCTeMa CIIOHTAaHHO CMAaJa€ Ha CTALlIOHAPHUM CTaH, SIKUM BIINOBIIA€ BUHUKHEHHIO
NEPKOJISLIHHOTO KiacTepa B 3aBAaHHI BY3IiB 1 3B s3KiB. ABTOpH [12] mpumyckaroTs, 10 y3a-
raJIbHEHHS 1bOTO MIAXO0Jy Ha 1HII1 OCHOBHI IPaBUJIa 1 F€OMETPIi PeIiTKA MOXKYTh MOSCHUTH
BJIACTUBOCTI NEPKOJALIHHUX CTPYKTYpP Y Ppsli HEBHOPSIKOBAHUX CHCTEM, HANPUKIIAM, y MO-
JiMepax, a TaKOXK ONMUCYBATU CTaH KPOBOHOCHHX CYJIMH O10JIOTTYHUX O0'€KTIB.

Onucani B [13] ekcriepuMeHTaNIbHI Pe3yabTaTh Ul KOBAJIEHTHOTO CKJIA CBIAYATH PO ICHY-
BaHHs MPOMDKHOT (ha3u, BAHUKHEHHS SIKOT ITOB’SI3YIOTh 13 CAMOOPraHi3alli€lo MaTepiaty Mpu mpo-
TIKaHHI MPOILIECIB, 10 MIHIMI3YIOTh ii BHYTpILIHE HaNpyKeHHA. Y 3alpONOHOBaHIi aBTOpaMHU
[13] mepronsiiiiHii MOJIeNi MPYKHOCTI BUMAKOBOI CITKH MOKa3aHO, II0 MPOMBbKHA (haza Moxke
BUHMKATH B CUcTeMax 1o0nu3y nepkossiiiiHoro nopora. Ilpuposa ¢asu 3anuiaerbcs HESICHOIO.

VY [14] po3pobiiena nepkoJisLiiiHa MOAEb BY3J1iB Ha PEryysipHii peiTiii 3 NOTTMHEHUMH
aHksiaBaMu. Ha BiTMIHY BiJl KJIaCUYHOI NEPKOJIALIT B pO3IIIHYTIM MOJieNi aHKJIaBU-KIIaCTEPH,
MOBHICTIO OTOYEH1 HECKIHUEHHHM KJIAaCTEPOM, y Pe3yibTaTi B3a€MOJIl MOTIMHAIOTHCS HUM.
ABTOpU TOKAa3aliy, 110 Take PO3IIMPEHHS MOJENI OJHOYACHO Mae 0coOIMBOCTI (ha30BUX Iie-
PEXOJIiB MEepIIOro 1 IPYroro poiy, BKIIOYAIOUM aHOMaIbHY KPUTHUHY MOBEAIHKY, KA Y3ro-
JDKY€ETBhCSl 3 eKCIiepuMeHTaMu. ['eHepoBaHi B MO KjacTepu Halle)XaTh JI0 HOBOTO KIIacy
YHIBEPCAJILHOCTI, SKMH BIIPI3HAETHCA BiJ 3BUYANHOI MEPKOJIALIi BCIMa KPUTUYHUMHU MOKa3-
HUKaMH, 32 BUHATKOM IH/IEKCY KOPEJSALIMHOT TOBXHUHU.

MynbTuMaciiTabHa CTpYKTYpa, siIKa XapakTepu3ye MepKOJIHHUN Ki1acTep, CIPOMOKHA
3HAYHO PO3LIUPUTH MOXIIMBOCTI OMKCY MPOIECIB TeHepalii Ta eBOJIOLIT KJIACTEPHUX CHCTEM
y TBEpAUX TiJaX, 30KpeMa, J03BOJMThH ICTOTHO 30UIBLIMTH BapiaTUBHICTH YMOB 00’ €JHAHHS
iXHIX €JIEMEHTIB Yy Mpolieci YTBOPEHHs. AJie JOCHIPKEHHs IIMX MPOIECIB YCKIaIHEeHe HeoO-
X1THICTIO CHHTE3Y KJIacTepiB 13 IIUPOKUM J1alla30HOM MapaMeTpiB.

ITocTanoBka 3aBaanHs (uijeid crarri). IMiTaniiine MOAETIOBaHHS KJIaCTEPOYTBOPEHHS
JI03BOJIUTH BUPIIIUTH TaKi 3a7aui:

- PO3paxoByBaTH MapaMeTpu MOJAEIbHUX KJIAacTepiB, CTATHUCTUKY PO3IMOALLY KIAcTepiB Y
NEPKOJIALIHHOMY TOJIi, ampOKCHUMYBAaTH EKCIEpUMEHTallbHI JaHi, OynyBaTu rpadiku Ta
OTPUMYBATU aHATITHYHI (OPMYIIH 3aIEKHOCTEH XapaKTEpUCTUK KJacTepiB BiJl MapameTpiB
KJIaCTEPOYTBOPEHHS;

- TIOCTDKYBAaTH CHHEPreTHuYHi W (Pi3MYHI MEXaHI3MM T€HE3UCY CTPYKTYpPH KIacTepiB 1
MO’KJIMBOCTEH BILIMBY Ha HUX 13 Bi3yasi3alli€lo MPOIIECIB KOArysiii 4acToK, 00'elHaHHs yac-
TOK Yy KJIacTepH, MOsBU MEPKOJIALIMHOTO KiacTepa;

- BUBYATH BIUIMB XaOTUYHOCTI HA THUMH MOJIEJIbHUX KIIACTEPIB, iXHIO CTPYKTYPY 1 BIACTH-
BOCTI, BUSBUTH POJIb (DAaKTOPIB YMOPSIKOBYBAHHS i MIKYACTKOBOI B3a€MOJIi MPU KOHLIEHT-
pauiiiHux Ga3oBHUX nepexojaax; AOCHIIPKYBaTH, TAKUM YUHOM, CTPYKTYpPY TBEpAMX TUI Y IpO-
MDKHIA aCUMIITOTHIIL.

Sk yxxe 3a3Havanocs, MEepKOJALIHHUN Kactep — (pakTaabHUil 00°€KT, SKUM XapaKTepu3y-
€ThCS JIAKYHAPHICTIO, CTYNIEHEM aHI30TpOIIii, CHEKTPOM po3MipHOCTell PeHbi, KopemnsiiiHoo 10-
BXKMHOIO, paJilycoM Tipallii, HOTY)KHICTIO Ta 1H., ajlé KOHKPETHI 3HAUYeHHS MapaMeTpiB, 110 Xapakx-
TEpU3YIOTh IIi Ta IHIII BJIACTUBOCTI, 3aJieKaTh 30KpeMa U Bl MIKpOCTpyKTypu. HeobximHo
BU3HAYUTH 3aJI€KHOCTI MapaMeTpiB MEPKOJILIHHUX CUCTEM, 10 CAMOOPraHi3ylOThCs, Bl CTyIIe-
HS CaMOOpraHi3allii, JOBKHMHHU KOPEJIALlii, IIBUAKOCTI FeHepallii CHCTEMH Ta 1HILIUX [apaMeTpiB.

B imiTariiiniit Moieni mMoBHHHI OyTH OTPUMaHI1 MEPKOJISIIIIHHI CUCTEMU, BIACTUBOCTI SIKHX
OyayTb 00YMOBIIEH] SIK IXHBOIO CTPYKTYpOIO, TaK 1 ICTOpi€to reHe3ucy. [ns takux cuctem Oy-
IyTh TOCIIPKEH1 3aJIeXKHOCTI IX CTPYKTYPH 1 BIACTHUBOCTEH BiJl CTYIEHS caMoopraHizaiiii, xa-
paKTEepHUX 3HAYEHBb JOBXKUHU KOPEJSALi 1 MBUAKOCTI TeHepallii CUCTeMH; I [IbOTO HEoOXi-
JTHO JIOCHIPKYBATH 3aJIe)KHOCTI BIAMOBIIHO Biff KUIBKOCTI aKTiB B3a€MOJIi YacTOK, Bif
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JOBXXUHM arperanii (MIHIMaabHOi BIJCTaHI, Ha SKIH €JEMEHTH CHUCTEMH MOXYTh
00’€IHYBaTHCS B KJIacTep), a TAKOXK BIJ KUIBKOCTI YaCTOK, 10 F€HEPYIOThCS Ha MEPKOJISAIIN-
HOMY I10JI1 Ha KOXKHOMY KpOLll CTBOPEHHSI HECKIHUEHHOT'O KJ1acTepa.

Bukaan ocHoBHOro martepiajy. | B MoJenbHUX, 1y QI3MUHUX CHUCTEMaxX 3HAYEHHs Mapa-
METpIB MEPKOJISALIMHUX KIIacTepiB, SIK BIIOMO, BapilOIOThCS B JOCUTH IIMPOKUX MexkaxX. BoHu
BU3HAYAIOTHCS (PI3UKO-XIMIYHUMHM BJIIACTUBOCTSAMH YaCTOK, IHTEHCUBHICTIO 1X B3a€MOJIi, pO3-
MIPHICTIO ¥ arperaTHUM CTaHOM MaTpHlll, B SKid mepeOyBaloTh KIacTepH, MEPKOJIALITHUM
KJIACOM, JI0 SIKOTO HaJIeKUTh CUCTEMA, 1 IHIIHUM.

VY crarTi po3riAagaoThes MEepKOIALIHI 3-BUMIPHI 3a7ayl 13 caMoOpraHizali€ro, B SKHX
BJIACTUBOCTI MEPKOJISILIHHOTO KJacTepa 3yMOBJEHI TAaKOX ICTOPIEI0 PO3BUTKY CHCTEMH.
OTpumaHO aHAJITUYHI BUpa3H Ul 3aJ€KHOCTI BiJ IUX MapaMeTpiB MOTYXHOCTI HECKIHYEH-
HOTO KJIacTepa, Horo pajiyca ripaiii, CTyrneHs aHi30Tporii Ta (paKkTaabHOT PO3MIPHOCTI.

Jlnst BUpILIEHHS 3a/1a4, MOB’S3aHUX 13 MPAKTUYHUM JOCHIPKEHHIM KIACTEPHUX CHUCTEM,
pO3po0sIeHO MporpaMHUil KoMIuieke MojentoBanHs kinactepoyrBopeHHs (IIKMK), y skomy
IMITYETbCSL B3a€EMO/IIS KITaCTep-KIIacTep 1 KiacTep-4acTKa.

ANTOpUTM MOJENIOBaHHS NOJUIAETbCA Ha J1B1 yacTuHU. Ilepiia copmoBana KOHCTpPYKILi-
SIMU 3arajlbHOrO MpHU3HAYeHHS. BOHM ciyXaTh [Jis OnHCy 0OYUCIIEHb, KEPYIOUUX CTPYKTYP,
HANPOrpaM, MOAYJAbHOI CTPYKTYPH CKJIaTHOI Mojeni i 6i0iioTek miamporpam i ¢pparMeHTiB
MojieNiel, IMIOPTY 30BHIIIHIX MOJY/IB Y MoJienb abo B caMy cucremy. Jlpyra yacTuHa anro-
pUTMY BioOpakae crienu@iky npobaeMHO1T 001acTi — TOCHKEHHs KilacTepHuX cucteM. Oc-
HOBHI THUMH 00 €KTIB CIIEI[1aJ1i30BaHOI CEMAHTUKU MPOTPAMHOTO KOMIUIEKCY B LI YacTHHI
CIIy’KaThb JJISl ONHUCY KJIACTEPHUX CTPYKTYp, iX YaCTUH, €JIEMEHTIB, KOMIIO3MIIIN 1 cTaHIB. Y
[IKMK peanisytorbess koHCTpykTOpu 00’ekTiB: Main, Cluster, Cells, Dimension, Model,
Particle, Anisotropy, Stats, Settings, Distribution Ta iH.; i oneparopu it po60oTH 3 00'eKTaMu
Mozeni, 30kpema: newCalculation, newlteration, getNewParticlePosition, percolationSearch,
cellsSearch, setR2s, writeClusterCells, getClusterCenter, addCluster Ta iH.

ITpu po3po6ui [IKMK BupimieHo Taki OCHOBHI 3a/1a4i:

- po3po0JIEHO aNrOpUTM FreHepYBaHHs MEPKOJIALIHHOT cucteMu MeTojoM MonTe-Kapio;

- peali3oBaHO METOJI 6araropa3oBOro MapKyBaHHs KiacTepiB XomieHa-Komenbmana ams
3HAXO/PKEHHS MOPOTry NEPKOJISLIi Ha KBaJApaTHIN, KyOiuHiil Ta 6araTOBUMIpHIN pelIiTkax;

- BIANPAlbOBAHO aJITOPUTMHU HyMepallli KjacTepiB, po3MoALTy KIAcTepiB 3a po3MipaMu,
PO3paxyHKy TaKMX XapaKTEPUCTHK, K CEpPelHI po3Mip KiacTepiB, pajiyc riparii, CTyleHb
aHI30TPOMIl; BUSHAUEHHS! KPUTUYHUX MOKA3HUKIB, TAKUX K 1HAEKC JOBKHUHU KOpEIsllii, 1H-
JIEKC 3pOCTaHHS MOTY)KHOCTI1 KJIACTEPHOI CUCTEMH, a TaKOX po3MipHOCTel ((pakTanbHOi, KO-
peNALIHUX) MEePKOJALIHHOTO KiIacTepa 1 KjacTepiB, Maca sikux nepesuitye 20 % ioro macu;

- mependauyeHO OTPUMAaHHS Pe3yNbTaTiB aHai3y BJIACTMBOCTEHW KIIACTEPHOI CUCTEMH B
MHO>KHHI HUKITIB MOJIETIOBAHHS 3 Tpa(iyHUM Ta TEKCTOBUM MOJAHHAM JaHUX.

VY Mogeni BUpilIyeThCsl OaraToBUMIpHA MEpKOJIsLiHA 3a1a4a. [MiTallis mpolieciB KiacTe-
POYTBOPIOBaHHS POBOJIUTHCS Ha I0JII, 3aIOBHIOBAHOMY HEHYJILOBUMH €JIEMEHTAMHU 3 IEB-
HOIO MMOBIPHICTIO. Y Mipy HapOIyBaHHS KUIBKOCTI, YACTKHM KOAT'yJIIOIOTh 1 YTBOPIOIOTH KJlac-
tepu. [Ipu moxentoBanni y IIKMK nporec 06’e1HaHHS 4acTOK y KJIAaCTEPH Bi3yalli3yeThes Ta
aHIMyeTbcsl B peanbHOMY yaci (puc. 1). B ocHoBHomy BikHi IIKMK nependaueno obepranus
3D-Bi3yanpHOT MOJIeNi B YCIX HAMpsSIMKaxX 1 MaciITaOyBaHHs MOJISI MOJICTIOBAHHS, a BIAMOBI-
HO, 1 BCi€1 KJIaCTEPHOT CUCTEMH.
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Puc. 1. Inmepgheiic IIKMK nio uac oonoeo 3 emanis koa2yaayii 4acmox

Sk anropuTM 3pOCTaHHSA  KJIacTepiB  BHUKOPHCTOBYETbCA ULUIAX  IOCIIIOBHOTO
HapOIIYBaHHS 3a/1aHO1 KUIbKOCTI 4acTOK. OJHY 3 BaXKJIMBHUX poJiel y IbOMY IpOLeCi BIAIrpae
HAAIMHUNA TeHepaTop BMIIAJKOBUX YHCEN 13 PIBHOMIPHHUM pO3MOJIUIOM: CIIOYATKy 3a HOro
JIOTIOMOTOI0 OOMPAIOThCS KOOPAMHATH ILIEHTPIB KIACTEPOYTBOPIOBAHHS, a MOTIM TOH 13
LIEHTPIB, Yy IKOMY BiJOYBaTUMEThCS IPOLIEC 3aII0OBHEHHS, ITICJI1 YOTO T€HEpaTop BKa3ye Miclle,
ne Oyne po3TalloBaHa YeproBa YacTKa 3pocTaroyoro kinacrepa. KepyrounMu nmapamerpamu
KOMIT'IOTEPHOT MOJeNl KJIaCTEPOYTBOPEHHS € CIIBBITHOIIEHHS MDK PO3MIPOM YacTOK 1
CTOPOHOIO TMOJIs, KUIBKICTh aKTIB TSDKIHHS YacTOK Ha KOXXHOMY eTall IeHepyBaHHS,
MiHIMaJbHa BIACTaHb B3a€MOJIl YacCTOK, JOBXKHMHA 3B’SI3HOCTI IMEPKOJIALIHHOIO KiacTepa,
BUMOIp 3aKoHy B3aeMoii yacTok — 1/R* a6o 1/R. KpiM Toro, y KoKHOMY MOJEIBHOMY
eKCHEPUMEHT] 3aJa€ThCsl KUIBKICTh BUMIPIB MPOCTOPY Ha MOJI, PO3MIPH MOJs, KUIBKICTb
LIEHTPIB KJIACTEPOYTBOPIOBAHHS.

OcHOBHI 0COOMMBOCTI peainizallii B3aEMO/Iii €TEMEHTIB CHCTEMHU B MOJEIII:

1) BUKOpUCTAHO ITepalifHUI anropuT™M; y KOXKHIM iTepamii croyaTKy pO3paxoBYeETbCA
B3A€EMOJISI MK MTOOJWHOKHMH YaCTKaMH; MOTIM — MK YacTKaMU 1 KJIacTepaMu, 1, HAPEIITi, —
B3a€EMO/IISI KJIacTEPiB;

2) peani3yeThCsl J1Ba BapiaHTH 3aKOHY B3a€MOJIL: TSKIHHS 13 CHJIAMM, NMPONOPUIHHUMHU
1/R? a6o 1/R;

3) AKII0 B3a€MOAIIOTH 00’€KTH OJIHAKOBOTO po3Mipy (Macu), BOHH 3CYBalOThCS B30BXK
HpsMoi, 10 3’€JHY€ IX LIEHTPHU, Ha OJHAKOBY BiJICTaHb IHAKIIE MPOWJIEHI BiicTaHl 00EPHEHO
IIPOMOPLIIHI MacaM;

4) BiiCTaHb, 3a AKOi 00'€KTH CHUCTEMH BBa)KAIOTHCSA 3 €THAHWMU, 3a/1a€ThCS B Jlama3oHi
Big 0 go 10 oguHULL JOBKHUHU,

5) npu o0’eqHaHHI 00’€KTIB KJacTep, 110 YTBOPUBCS, YCHAJAKOBYE KOMIIOHEHTH 3 OUIb-
100 KUIBKICTIO HEpeali30BaHUX.
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[Ile oHA 0COOMUBICTE KOMIT IOTEPHOI peaiizallii MoJieli NoB'sI3aHa 3 MiABUIIECHHSAM IIBH-
JKOJIIT: B MOJEJ1 peaji30BaHO aJlTOPUTM, SIKUH J03BOJISE MEPEBIPATH HAsIBHICTH 00JacTi, 110
3'eIHY€ TOBUIbHY Mapy NPOTHIICKHUX CTOPIH NEPKOJIALINHHOrO moJis. Taka MOXKIIUBICTb MOsIC-
HIOETHCS IHBAPIAHTHICTIO LIOTO MPOLECY I0JI0 MOBOPOTY ocel koopauHat. He3pakaroun Ha
BUTPATH, OB’ sI3aH1 31 30UTBIIEHHSM KUIBKOCTI IEPEBIPOK, Y pe3yJIbTaTi Lie Jae BUTpalll 3a ya-
coM, 0cOoOJIMBO B pa3i 0araTOBUMIpHHUX 3a/1a4.

Curyaiiii, 1110 BUHUKAIOTh HAa MEPKOJSAIIHOMY TOJI1 B MPOIIeci peanizallii MoJeni, moTpe-
OYIOTb JIeSIKUX MOSICHEHb.

[To-nepie, yci 4acTku, 110 MOTPANMIIM JO KJIACTepa, BTPAYalOTh CBOIO 1HAMBINYaIbHICTD,
1 B MOJAJIBIINX B3aEMOAIAX Oepe yyacThb TUIbKH KJacTep SK Luie. Y 1bOMY BUIAJKY, K 3a-
3Ha4ajocs, BIICTaH1 BUMIPIOIOTHCS BiJl LIEHTPA Mac KJlacTepa.

[To-npyre, sSKIIO sIKach YacTKa B pe3ysbTaTi B3aEMOJII 3 KJIaCTEPOM BUSBHIIACS BiJl HHOT'O
Ha BIJICTaH], JOCTATHIN JUIs B3a€EMO/Ii, TO BOHA BBKAETHCS MMPUETHAHOIO JI0 KJIacTepa.

[o-TpeTe, yacTka 1 KiacTep, 1O il MOTJIMHYB, MAaIOTh TaKy * KUIbKICTh aKTIB TSOKIHHS, SIKY
Mamu 710 o0’eaHanHs. [Ipu boMy criouaTky peanizyeThecsl B3a€MOIS YacTKH 3 1HIIMMH, pO3Ta-
IIIOBAaHWMH BCEPE/IMHI KJIACTePa, MOTIM KJIACTEP SIK IL[iJIe B3a€MOJIIE 3 KJIACTEPHOIO CUCTEMOIO.

[To-yeTBepTe, yacTka MOKe MPUEAHATUCS 10 KiacTepa 1 3CepeIuHH, OMUHUBILINCH Y pe-
3yJIbTaT1 Y4eproBOTO HAKUJAHHS YacTOK Y JIaKyH1 KJlacTepa.

PosrisiHemMo moOynoBy MEPKOSIIMHOT CHCTEMHU B MOJIEN HA KyOI1YHOMY TMOJ1 pO3MIpOM
50x50%50 yMOBHHMX OJMHHULb JOBXHHU; YACTKH, 3 SIKMX OyIyeThCs KIacTepHa cUcTeMa — Kyl
niamMerpoM Bl oauHull. KoopimHati 4acTOK BU3HAYAIOTHCS T€HEPATOPOM BUIIAJKOBUX YH-
cell 13 pIBHOMIPHUM PO3MOJUIOM. Y MPOLECI MOJICNIIOBAHHS Ha IMO0JII TeHepyeThes (pikcoBaHa
JUISL LIbOTO MPOTOHY KUTBKICTh YaCTOK, KOXKHA 3 SIKMX Oepe yJacTb y 3a/1aHiil KUIbKOCTI aKTiB
B3aeMoii. [Ipy BUBUEHHI1 3aJI€KHOCTI MapaMeTpiB KIACTEPHOI CUCTEMH BiJ] IIbOTO MapaMeTpa,
KUIBKICTh TAaKHX aKTIB y BIIMOBITHUX €KCIIEpUMEHTAaX BapitoeTbes Big S 1o 100.

OTpYMaHO Taki aHaJITHYHI 3a]IE)KHOCTI IS 3aKOHy B3aeMOJIii yacTok 1/R*:

- TIOTY)KHICTh HECKIHUEHOTO KIJacTepa 3aJiekUTh BiJ BIACTaHI arperamii, sk
y =0,073x"1:68;

- MOTY)XKHICTh HECKIHYEHOT'O KJIacTepa 3aJIeKUTh B1Jl KUIBKOCTI YaCTOK, T€HEPOBAHUX Ha
KOKHii iTepanii, ax y = 0,06x*!%;

- IIOTYXHICTh HECKIHUEHOT'O KJIacTepa 3aJIe)KUTh BiJl KUIBKOCT1 aKTIB B3a€EMOJIIl MK elle-
MEHTaMU KJacTepHoi cuctemu, sik y = 0,07 /n x — 0,0005;

- paziyc-BeKTOp LIEHTpa Mac 3aJIe)KUTh BiJl BifcTaH1 arperarii, ik y = 0,68x + 47,2;

- pajiyc-BeKTOp LEHTpa Mac 3aJeXKUTh BiJl KUIBKOCTI YaCTOK, FT€HEPOBAHUX Ha KOXKHIM
iTeparii, sk y = 0,0003x + 47,3;

- paziyc-BEeKTOp IIEHTpa Mac 3aJeKUTh Bi KUIBKOCTI aKTiB B3a€MOJIii MDK €lIeMEHTaMHu
KJIacTepHoi cuctemu, sk y = 0,42 [n x + 46,2;

- CTYIIHb aH130TPOMIT 3aJICKUTH Bi BiACTaH1 arperarii, sk y = 0,98x

- CTYMIHb aHI30TPOMIT 3aJIEKHUTh Bil KUIbKOCTI YaCTOK, TeHEPOBAaHUX Ha KOXKHIH iTeparlii,
gk y = 0,004 [n x + 0,96;

- CTYIIHBb aHI30TPOMII 3aJIEKUThH Bl KUTBKOCTI aKTiB B3a€EMOJIII MDK €JIeMEHTaMHM KilacTe-
pHoi cuctemu, sk y = 0,003 /n x + 0,98;

- (ppakTanpHa pO3MIPHICTh 3aJ€KUTH Bl BiACTaH1 arperarii, ik y = 2,5x

- (pakTanbHa PO3MIPHICT 3aJICKHUTh BJl KUIBKOCT1 YaCTOK, T€HEPOBAHUX HA KOXHIN iTe-
pauii, sx y = 2,97x *%;

- (ppakTasibHa PO3MIPHICTH 3ANEKHUTH B KUIBKOCTI aKTiB B3a€MOJIIi MUK €JIeMEHTaMH
KJIACTEPHOI cHCcTeMH, K ¥ = 3,15x %06,

—0,025.
b

0,056.
b
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Ha puc. 2, sk npukian, npeacTaBieHi 3al1eXHOCTI MOTY>KHOCTI HECKIHYEHHOTO KilacTepa,

paniyc-BeKTopa LEHTpa Mac, CTyIEHs aHi30Tporii, (PpakTaibHOI PO3MIPHOCTI KIacTepiB Bif

KUILKOCTI aKTiB B3a€MOJIii YaCTOK y pasi, KOJIM B CUCTEMI JIiIOTh CHIIH, IPOHOpIiiHi 1/R%.

o
'S

MOTYKHICTb HECKIHYEHOTO KnacTepy

y =0,07-In x - 0,0005

o
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0,99

CTtyniHb aHisoTponii
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Puc. 2. 3anesxcnocmi nomyscnocmi Heckinueno2o kiacmepa (a), padiyc-eekmopa
yeumpa mac (6), cmynens anizomponii kiacmepis (8) ma gpaxmanvHoi pozmipnocmi (2)
8I0 KIIbKOCMI aKxmis 83aEMO0Ii MidiC eleMeHmamu KiacmepHoi cucmemu

BucHoBkHM BiAMoBiaHO 10 cTaTTi. Y pOOOTI OTPUMAaHO aHANITUYHI BUPA3U I 3aJI€KHO-
CTEH MOTYXHOCTI HECKIHYEHHOTO KJIacTepa, pajiiyC-BEeKTOpa IIEHTpa Mac, CTYIMEHs aHI30TPO-
nii Ta ¢ppaKkTaIbHOI PO3MIPHOCTI BiJ BIACTaHi arperaiii, Bii KUIbKOCT1 4YaCTOK, FT€HEPOBAHUX
Ha KOXKHIN iTepallii, Ta Bl KUIbKOCT1 aKTiB B3a€EMO/IIi MDK €IEMEHTaMH KJIACTEPHOT CUCTEMHU.

KinpkicTh MOJIETHPHUX €KCTIEPUMEHTIB, 110 MPOBOAATHCS 3 (JIKCOBAaHMMHU 3HAYCHHSIMH Tia-
pameTpiB, JO3BOJIUIIO OTPUMATH PE3YNIbTAaTH 31 CTAHAAPTHOIO JUIS TAaKUX 3a7a4 BiTHOCHOIO
MoXuOKoI0, 110 He nepesuiye 10 + 12 %.
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COMPUTER SIMULATION OF SELF-ORGANIZATION OF CLUSTER SYSTEMS:
DEPENDENCE OF STRUCTURE OF GENESIS AND CONTROL PARAMETERS

Urgency of the research. Percolation methods show high efficiency in the study of matter, genesis and evolution of
connected regions in materials. In such problems, the cluster system of the physical body and its impact on the object as a
whole are studied. The study of the structure and properties of percolation clusters will make it possible to investigate and
predict the behavior of objects (solids) under various environmental conditions, the genesis of their formations in time.

Target setting. The practical investigation of cluster systems in solids is associated with the complexity and labor
intensity of the experiments. The main problems are that to obtain reliable information about the structure and properties it
is necessary to synthesize clusters with a wide range of parameters and create a reliable system for their diagnostics.

Actual scientific researches and issues analysis. The article reviews recent publications in Ukrainian and foreign
Jjournals, including experimental and theoretical papers containing studies of self-organizing criticality.

Uninvestigated parts of general matters defining. In the above studies, the possibilities of describing the processes of
generation and evolution of cluster systems in solids are expanding; there is a hypothesis that allows significantly increase
the number of variants of cluster formation.

The research objective. To conduct simulation of cluster formation with interacting elements using the Monte Carlo
method. To determine the dependence of the parameters of self-organizing percolation systems on the degree of self-
organization, the correlation length, the generation rate of the system, and other parameters. To get analytical expressions
for dependencies and relative error values.

The statement of basic materials. To solve the problems associated with the practical study of cluster systems, a software
complex for modeling cluster formation has been developed, in which the cluster-cluster and cluster-particle interactions are
simulated. In the model, a multidimensional percolation problem is solved. As an algorithm for the growth of clusters, a path
to increase sequentially a given number of particles is used.

Conclusions. Computer calculations carried out, in particular, by the Monte Carlo method, give the most reliable
predictions of the properties of percolation systems. Analytic expressions are obtained for the dependences of the power of
an infinite cluster, its radius, the degree of anisotropy and lacunarity from the aggregation distance, on the number of
particles generated at each iteration, and on the number of acts of interaction between the elements of the cluster system, and
also the first three dimensions of the Renyi spectrum are calculated.

Keywords: self-organizing criticality, percolation problems with self-organization; cluster structure; interaction of
particles; cluster formation, computer modelling.
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DESIGN OF CONTROL FOR THE DEVICE USING FOR THE DETERMINATION
OF RESIDUAL STRESSES BY RING-CORE METHOD

Urgency of the research. Residual stresses in machine parts and constructions greatly affect their service life and reliabil-

ity. They are introduced into the manufactured object at each production process and their level can change significantly due to
the operation of the product. Their main risk lies in the fact that they add up to the external load and can be the cause of the
failure of the construction. Residual stresses can not be determined by simulation methods. They can only be determined using
experimental methods. One of these method is the Ring-Core method, the principle of which is to form an annular groove around
the strain gauge. Creating of annular groove releases the internal stresses, which can be recorded by a strain gauge. The quality
of the formed groove has a significant impact on the overall results of residual stress determination, so it is important to make it
as accurate as possible. For this reason, it is necessary to have the most reliable device to form an annular groove.

Target setting. Our goal was to design the drive and control for the measuring device for milling the annular groove.
This will make it possible to mill the annular groove more precisely, and the resulting residual stresses will be minimally
affected by the inaccuracy of the groove.

Actual scientific researches and issues analysis. When designing the control of the device and preparing this paper, we
took into account not only current sources — publications and papers dealing with the current state of existing measuring
devices used for determining residual stresses by Ring-Core method, but —we also took into account our practical experience
gained in numerous residual stress determinations by experimental methods.

Uninvestigated parts of general matters defining. A modified device requires thorough testing, which has not been im-
plemented during the research for this paper.

The research objective. The goal of the research was to create a control for the existing mechanical measuring device
used for creating annular groove for determining residual stresses by Ring-Core method.

The statement of basic materials. The original mechanical device was supplemented by actuators, which were designed to au-
tomate the movement in horizontal axes as well as in the vertical axis. Thanks to this, we have achieved greater precision when posi-
tioning the work tool above the center of the strain gauge. At the same time, the original equipment was completed with a servo
motor that serves to drive the cutter. For all these elements, control by Programmable Logic Controller was proposed.

Conclusions. Our task was to design control for the original device used for residual stress measurement by the Ring-
Core method. We needed to design drives to automate the device. For our needs, we decided to apply linear actuators select-
ed according to the requested criteria. After designing of the electric drives and modifying of the original device, we pro-
ceeded to implement control by Programmable Logic Controller. After that, we created a control program in the Automation
studio sofiware. This modified measuring device is able to achieve a much higher precision of the annular groove milling,
which makes it possible to deter-mine the residual stresses in the structures more precisely.

Keywords: residual stresses, Ring-Core method, control, actuator, servomotor, Programmable Logic Controller.

Fig.: 7. References: 10.

The current state of the problem

Our aim was to modify the original device used to determine residual stresses by the Ring-
Core method (Fig. 1) [1; 2]. Residual stresses have a significant impact on the overall life of each
construction. Therefore, they need to be given sufficient attention. Residual stresses can not be
determined by simulation methods, they can only be determined by experiment. To make the ex-
periment, a reliable measurement device is needed to get the most accurate measured values.

The original device had a relatively simple design, and since no electronic components
were used, all processes were manually controlled [3]. This resulted in several disadvantages
of this system.

Disadvantages of the original system:

* Manual positioning,

» Manual feed control in the vertical direction,

* Manual controlling of the rotation speed of the milling process,

* Significant impact of human factor.

Design of components

The main purpose of our design was to modify the original system so that it is possible to
manage individual processes such as positioning and milling of the annual groove. For this
purpose, actuators have been designed to provide positioning and drive for the milling cutter
itself. For our needs, we have to consider the optimal type of drives according to the require-
ments. Addition of the actuators requires the modification of the original device. It was neces-
sary to create a control unit capable of communicating with a personal computer. Finally,
completing of the measuring chain was needed.

© Sarga P., Trebuna F., Branislav G., 2018
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Fig. 1. Original design solution

Actuator requirements:

* Positioning accuracy,

* Repeatability of positioning,

* Sufficient load capacity,

* Sufficient movement range,

* Effectiveness of management,

* Low financial costs.

Design of the drive in horizontal direction

For the design, an electric drive was chosen whose accuracy ranges in um. The most suit-
able type of electric drive has proved to be a linear actuator, namely, we chose the CXS6050-
S2NN-ND [4]. Such an actor was used for positioning in x and y axes.

Actuator CXS6050-S2NN-ND is a linear drive type with single axis positioning. The max-
imum possible ejection is SO0mm, which is sufficient, because only the fine positioning of the
cutter will be realized in this way. The actuator’s carrying capacity is 7kg, the weight carried
will be 5.2kg. A positioning accuracy of 25um is also sufficient. It is a two-step stepper motor
and the supply voltage is 24V. The EE-SX498 optical sensor is also part of the actuator [4].

Design of the drive in vertical direction

In the next step it was necessary to solve the positioning of the device in the vertical direc-
tion. As in the previous case, we used a linear actuator, but it was necessary to create an addi-
tional structure that would allow the drive to be placed in the vertical direction. For vertical
movement, we needed an actuator with a greater range of motion, so we chose the linear actu-
ator CXN5075-S1VN-ND-P1 [5].

Again, this is a two-step stepper motor with 24V supply and a load of 10 kg. The accuracy
for this type of device is reported at 0.25um, which is sufficient for our needs [5]. Locations
suitable for attaching the actuator to the auxiliary construction have to be designed so that the
actuator and the construction do not prevent positioning in the axes x and y Therefore, we
placed the construction on a platform that is attached to an x-axis actuator.

The next step was to fix the linear actuator to the original system. On the actuator, we
connected the auxiliary piece with screws and we connected it to the top of the gearbox. In
this way, we have ensured that it is also possible to position the device in the z-axis. The mod-
ified construction is visible in Fig. 2.
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Fig. 2. Positioning mechanism in axis z

Selection of the cutter drive

The original device used a drill mounted in the rack as a drive, and the torque was trans-
mitted through the gearing to the milling cutter. In principle, we designed a similar system,
but not using a drill whose speed is controlled manually, but we used an electric motor con-
trolled by a PLC. An important question was the type of electric drive. We have selected the
B&R 8LVA33.ee021ffgg-0 servo motor. It is a synchronous electric servo drive with self-
cooling with a nominal speed of 2200rpm and the power of 539W [6]. For the selected elec-
tric drive it was not necessary to change the structure of the device.

Assembling of the device

The original device was supplemented by two linear actuators designed to provide a hori-
zontal displacement in the direction of the x and y axes. Due to the location of the individual
electrical components, we had to adapt the original construction. We have placed three linear
stepping motors for positioning in the vertical axis (z) and two horizontal axes (x, y). We used
a servo motor to drive the milling cutter itself, with which we transmit the torque through the
gear. We put the engine in the casing together with the gear. The complete device is shown in
Fig. 3. The working range of the device allows us to move 50mm in the x axis direction and
also 50mm in the y-direction. A working range of 75mm is available for z-axis positioning.
The positioning accuracy in x and y axes is 15um and 25pum in the z-axis.

Fig. 3. Final modified device

Design of control unit

We have selected a Programmable Logic Controller (PLC) to control each element of the
system. It is a small industrial computer that is used to automate industrial processes in real
time. It is used in various branches of industry and automation. The difference between a mi-
crocomputer and PLC is that for a microcomputer, the length of the program depends on the
number of commands, in the PLC it depends on the loop length setting and not on the number
of commands in the loop [7; 8].
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We used the PLC 4PPC70.0702-20W, B&R Modular Programmable Logic Controller. It
is a device with a power panel and belongs to the C-series. It has a touch-screen display, and
works at a maximum work cycle speed of up to Ims. The PLC has 256MB of RAM. 2GB of
FLASH memory and the processor Intel E620T, which operates at 333MHz. [9]

For the system, we also used PowerLink, Ethernet, USB, and two X2X bus. Each con-
nector has its specific role. Ethernet provides communication with PC. Via the X2X bus, oth-
er bus cards are connected to the bus controller.

Using the PowerLink connector, a bus controller is attached to the PLC to connect addi-
tional cards.

The bus controller has two PowerLink ports, one is connected to the PLC and the other to
the servo driver. A servo driver is a device that contains a controller for drive control and is
powered by 230V.

The last steps were to connect the PLC to the PC with an Ethernet connector and to set the
correct IP address of the PC and the PLC. The complete control system is shown in Fig. 4.

]— Eternet
1%y I
E‘ Power L:nk

Q(mrc 230V

24v
Powerlink

|

Fig. 4. Hardware Configuration

Software control was developed in Automation Studio 4. It is software designed for B&R
loglc automation programming (Fig. 5) [10]

T by Wi S S A e iveas siiar

Fig. 5. Realization of control in the Automation Studio 4 software
In Fig. 6 we can see a preview of the created control program.
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Fig. 6. Demonstration of the control program

Finalization of the measurement chain

The final step was to complete the measurement chain. We have added additional compo-
nents to the modified measuring device with newly created control.

The final version of the measuring chain consists of the following components (Fig. 7):

* Measuring device,

* Control unit (PLC),

* QuantumX MX 840,

* QuantumX SCM-SG-120,

* Strain gauge RY 51,

* PC.

Measuring device

QuantumX
M
QuantumX MX840 SCM-SG-120 -

b

PC

-

Control unit
Fig. 7. Final measuring chain

Conclusions

Our task was to design control for the original device used for residual stress measurement
by the Ring-Core method.

We needed to design drives to automate the device. For our needs, we decided to apply
linear actuators selected according to the requested criteria. The advantage of these drives is
their relatively simple control. For the drive of the cutter we used a 537W servo motor.

After designing of the electric drives and modifying of the original device, we proceeded
to implement PLC control, completed the components to control the selected drives and creat-
ed a control unit. After that, we created a control program in the Automation studio software
and we also designed visualization on PLC panels where we can control the operation of the
device using the programmed buttons.
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The last part of the work was the completion of the measuring chain, which includes, in ad-
dition to the measuring device and the control unit, the QuantumX MX 840 measuring device
with the necessary reduction to the SCM-SG-120 bridge, the RY 51 strain gauge and the PC.

Our improved automated measuring device is able to achieve much greater accuracy of
ring groove milling, which makes determination of the residual stresses in the constructions
more precise.
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PO3POBKA CUCTEMMU KEPYBAHHS ITPUCTPOEM JJISA BUBHAUYEHHSA
3AJIMIIKOBUX HAIIPYKEHb METOJOM KLJIBIIEBOI KAHABKH

Axkmyanvnicme memu 00CniOHCEHHA. 3ANUUIKOB] HANPYICEHHS 8 0eMAAX | KOHCMPYKYIAX MAWUH CUTLHO GNIUBAIOMb
Ha mepmin ix cayacou i nadilinicme. Bonu 3’agnsiomscs 6 06 ekmax aupoOHUYMEA NPU KOJICHOMY 8UPOOHUHLOMY npoyeci, i ix
pisenb Modice 3HAUHO 3MIHIO6AMUCS 6 pe3yibmami pobomu 06 ’ekma. Ix ocrosnull pusuk nonseae 6 Momy, wo 60HU 000a-
10MbCA 00 308HIUHBOO HABAHMAICEHHS | MOJICYMb OYMU NPUHUHOIO 8IOMOBU KOHCMPYKYIi. 3anuuikosi HanpysiceHHs ne Mo-
Jrcyms Oymu 8usHayeri memooamu Moo0enosants. Bonu moocyme 6ymu usHaueHi minbkKu 3 GUKOPUCMAHHAM eKCNepumMeH-
manvHux memooie. OOHUM 3 MAKUX MeMOOi8 € MemoO KilbyeBoi KAHABKU, NPUHYUN AKO20 NONALAE Y YOPMYBAHHI Kilbyesol
Kanasku Hagkono menzooamuuxa. Cmeopenus Kinvyegoi KanagKu 3HiMAe GHYMPIWIHI HANPYIICEHHS, AKI MOJICYMb Oymu 3anu-
CaHi meH300amyurom. SAxicmo cghopmosanoi kanasku pooums iCMOmMHULL 6NIUE HA 3A2ANbHI Pe3YIbIMAmuy 6USHAYEHHs. 3a/1U-
UWIKOBUX HANPYIICEHb, MOMY 8AJACIUBO 3pobumu ii axomoea 6invus mounoro. 3 yici npuuunu HeoOXioHo mMamu HAUHAOIUHIWULL
npucmpiil 015 hopMy8anHs Kilbye8oi KAHABKU.

Ilocmanogxa npoonemu. Memoio yici pobomu 6y10 po3podaenHs npueooa il cucmemu Kepy8amnHsa UMIPIOSANbHUM NPU-
cmpoem 0nis ppesepysants Kinvyegoi kanasku. Le dacmuv 3mo02y Ginbul MOUHO Ppezepysamu Kinbyegy KaHABKY, i pe3yibimy-
1041 3anUWKO8I HanpyJIcents 6Y0YMb MIHIMATLHO 3aNeJHCHI 8i0 NOXUOKU 0OPOOKU KAHABKU.

Ananiz ocmannix docniocens i nyonikayii. Ilpu po3pobyi cucmemu KepyganHs npUCMpoem i niocomosyi yiei cmammi
6ynu 8paxosawi He MinbKU HAAGHI Odicepena — nyonikayii ma cmammi, NPUCEAYEHi ICHYIOUUM BUMIPIOBANLHUM NPUNAOAM, SKI
BUKOPUCIOBYIOMbCSA OIS BUSHAYEHHS 3ATUUKOBUX HANPYICEHb MEMOOOM KiNbyesoi KaHABKU, ane MAKOoIC 83Amo 00 Y8azu Hawl
NPaKmu4HuLl 00c8io, OMPUMAHUIL Y YUCTIEHHUX GUIHAYEHHAX 3ANUWKOBUX HANPYICEHb eKCHEPUMEHMATLHUMU MEmoOamu.

Buoinenns nedocnioycenux uacmun 3a2anvHoi npoonemu. Mooudikosanuii npucmpiii 6UMazae pemeibHo20 mecnty-
8aHHs, sKe He O)10 peani3o8ano nio 4ac 00Ci0HCeH s Ol yiei cmammi.
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Ilocmanogka 3ae0annsn. Memoio docniodicents 6y10 CMEOPEHH cucmeMu Kepy8ants Osl iCHYI0Y020 MeXaHiuHo20 6U-
MIPIHOBATLHO20 NPUCIPOIO, WO BUKOPUCMOBYEMbCA Oi CIMBOPEHHS. Kible8oT KAHABKU Ol USHAYEHHS 3QIUUKOBUX HANP)-
JHCEHb MemoOOM KilbYeBoi KaHABKU.

Buknao ocnoenozo mamepiany. Icnyouuii mexaniunuii npucmpiii 6y10 00ON08HEHO BUKOHAGHUMU MEXAHIZMAMU, AKi OYIu
Ppo3podneni 01 agmomamuzayii pyxy no opu30HMANbHIll OCi, @ MAKOIC NO BEPMUKANbHIL OCi. 3a80aKU YboMy MU 00ca2Iu
binvwoi mouHocmi npu posmityeHHi pooo1o2o iHCmpyMeHma Hao YeHmpom menzooamyuxa. Boonouac icuytoue obnaonanus
6Y10 YKOMNIEKMOBAHO CEPBOOBUSYHOM, AKULL CIYICUMb Oid Npuooy pisys. Jlna cix yux enemenmis Oyn0 3anponoHo8aHo
VAPABIHHA 34 OONOMO20I0 HPOSPAMOBAHO20 02IUHO20 KOHMPOiepa.

Bucnogxu gionogiono oo cmammi. Hawum 3a80annam 0yno pospodbumu cucmemy Kepy8aHHs GUMIPIOBANbHUM NpU-
CMPOEM, WO BUKOPUCTNOBYEMBCSA Ol BUMIPIOBAHHS 3ATUWKOBUX HANPYICEHb 3 MEMOOOM Kinbyegoi kanagku. Ham nompiono
6yn0 cnpoexmygamu npusooa O AGMOMAMU3AYIL npucmporo. Jis Hawux nompe6 My UPiUIY BUKOPUCIOBYBAMU JIHITHI
npugoou, 06pami 8iono6ioHO 00 HeobXiOHux Kpumepiis. ITicia npoexmyeants enekmponpusodie i moougikayii icHyu020
npUCMpoI0 Mu RPUCMYRUIY 00 peanizayii ynpagniHHa 3a 00NOMO2010 NPOSPAMOBAHO20 N02iuH020 Koumponepa. 1licisa yvoeo
MU CMBOpUNU Kepylouy npoepamy 6 npozpamuomy sabesnevenni Automation studio. Lleii yoockonanenuil sumipiogansHuil
npucmpiil 0036015€ Jocsemu Habazamo OilbU BUCOKOI MOYHOCMI (Dpe3epy6anHst Kilbyesux KAHABOK, wo 00360J5€ OLlblU
MOYHO BUSHAYATU 3ATUKOB] HANPYHCEHHS 8 KOHCIPYKYISX.

Kniouosi cnosa: 3anuuikogi Hanpysicents; Memoo Kinvlyegoi KaHasku, ynpasiinus, npueoo; cepgoosucyt,; Ilpoepamosa-
HULL 102TYHUL KOHMPOJep.
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