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JTOCJIUIKEHHS BIACTUBOCTEM CKJIAJHUX
MEXAHIYHUX CUCTEM Y KOHTEKCTI AHAJII3Y
i CHHTE3Y PI3HUX TUIIIB MEXAHI3MIB

Y ecmammi posenanymo npoonemamuxy 00CcioNHcenHs 61acmueocmeni CKIAOHUX MEXAHIUHUX CUCTHEM ) KOH-
meKcmi ananizy U cuHmesy pi3HUX munie mexauizmis. Hazonoweno Ha akmyanvHocmi yiei npooiemamuxu,
OCKINbKU MEXAHIYHI cucmemu WupoKo GUKOPUCIOBYIOMb ) PISHUX Chepax MexXHIKU ma eupoOHUYmea, momy
onmumizayis iXHIX eKCHIyamayitiHux napamempis € 8aNCIUSUM 3A80AHHAM. []0CNi0HCeHH napamempie (hyHK-
YIOHYBAHMSI MEXAHIYHUX CUCTEM € NpeomMemom Oazamvox HAyKOSUX npayb, Npome Hemae 00CNi0NHCeHb Npo
ONMUMANLHI 3aCO0U CUHME3Y CKIAOHUX MEXAHI3MIG [ cucmeM. 3a pe3yniomamamu po3aisaody npeomemuoi cghepu
BU3HAUEHO HOMEHKIAMYPY HPOSPAMHUX 3AC00I8, WO 0alomsb 3MO2Y GUKOHYEAMU CUHME3 | NApamempudHull
AHANI3 CKIAOHUX MEeXaHIYHUX cucmem, ceped sakux — MechAnalyzer Software, GIM Software, MechDesigner
Software, Mechanism Generator SolidWorks i Mechanism Developer (MechDev).

I1i0 yac nepexpecnoco amanizy GU3HAYEHO, WO HAUOIILUW ONMUMATLHUM HPOSPAMHUM 3ACO00M OJA
00CHIONHCEHHA 81ACMUBOCIEN CKIAOHUX MEXAHIUHUX CUCMEM Y KOHMEKCMI aHali3y U CUHme3y pi3Hux munis
mexanizmie € Mechanism Generator SolidWorks. Buxopucmanhs onmumanbHo20 npoepamHo2o 3acody 0
00CNIONCEHHA 61ACMUBOCMEN CKAAOHUX MEXAHIYHUX CUCMEM € BAICIUBUM 3A60AHHAM Y CYYACHIN Mexauiy-
Hitl inoicenepii. [lpakmuyna 3nauyumicms noiseac 8 MOJICIUSOCMI 3aCMOCYS8ANHA ONMUMATLHO20 NPOSPAMHO20
3aco0y 05t po3podNeHHs | 0OCKOHANECHHA MEXAHIUHUX CUCIeEM Y DI3HUX 2aNy3AX npomuciosocmi. Bukopuc-
MAHHSA 8I0NOBIOHO20 NPOSPAMHO20 3A0e3NeUeHHs MOiCe OONOMOMU NIOSUWUMU AKICMb | RPOOYKMUBHICb
PO3POOIIOBANUX MEXAHTUHUX CUCTNEM, SMEHWUMU YaC | UMpamu Ha 00ciodicenns ma npoekmysannus. Omoice,
BU3HAUEHHST ONMUMANBLHO20 NPOSPAMHO20 3ACO0Y 0151 OOCHIONCEHHS 61ACMUBOCTEN CKAAOHUX MEXAHIUHUX
cucmem Mae 6ad*CIUGY HAYKOGY Md NPAKMUYHY SHAUUMICIDb, WO MOJICHA GUKOPUCTAMU OJisL NOOATILULO20 PO3-
B8UMKY MEXAHIUHOI THoICeHepIl.

Knrouosi cnosa: mexaniuni cucmemu, cunmes, ananiz, GIM Software, Mechanism Generator SolidWorks.

MocTranoBka mpo6aemu. JlociipKeHHs BlIacTH-
BOCTCH CKIQJHUX MEXaHIYHUX CHUCTEM y KOHTEKCTI
aHajizy ¥ CHHTE3y Pi3HHUX THITIB MEXaHI3MiB € OTHI€I0
13 KITIOYOBUX TIPOOJIeM y Talry3i MEXaHiKH. 3 OHOTO
00Ky, € moTpeba B PO3yMiHHI MOBEIIHKH CKJIaTHIX
MEXaHIYHUX CHCTEM JUIsl MOKpAaIleHHS 1XHbOI edek-
TUBHOCTI Ta Oe3nexu. 3 iHIoro 00Ky, CHHTE3 Pi3HUX
THIIIB MEXAHI3MIB 3aJIEKUTh BiJl 3HAHHS IXHIX BJIACTHU-
BOCTEH 1 B3a€EMOJIi1 3 IHIINMH eJIeMeHTaMu cucteMu [ 1].
OnHa 3 OCHOBHHX INpPOOJEM IMOJSra€ B TOMY, IO
CKJIQ/IHI MEXaHIYHI CHCTeMH 3a3BUYail CKIIAJal0ThCs
3 0araThbOX B3a€MOJIFOUMX EIIEMEHTIB, SKI MOXYTh
MarTH pi3Hi THIIK pyXy Ta B3aeMozii. Jlo Toro x HaBiTh
HEBEJIMKI 3MIHHM B OJTHOMY €JICMEHTI MOXYTh CYTTEBO
BIUTMBATH HA IMOBEIIHKY BCi€l CUCTEMH [2].

IHmra mpoGriema monsrae y CKIAIHOCTI aHAIi3y
i CHHTE3y PI3HHUX THIIIB MEXaHi3MiB, OCKUTLKH BOHU
MOXYTh MaTH pi3Hi MacIITaOM Ta PiBHI CKIaIHOCTI.
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Hanpuknaza, MexaHi3Mu MOXKYTb OyTH CKJIQIHIITUMH
3a BHYTPIUIHIO CTPYKTYpy a00 MoTpedyBaTu BHKO-
pUCTaHHS PI3HUX MaTEPialiB 1 TEXHOJOTiHf BUTOTOB-
nenHs [3; 4]. o Toro x, € mpoOiiemMa BHOOPY ONTH-
MaJbHUX MapaMeTpiB MeXaHi3MiB, 110 BHU3HAYaIOTh
ixHIO ehekTUBHICTH 1 Oe3meky. Lle Moxke BUSBUTHCS
0COOIMBO HETMPOCTHM MJIsi CKJIAJHUX MEXaHIUHUX
CHUCTEM, i€ 3MIHH B OJHOMY IapaMeTpi MOXYThb
BIUIMHYTH Ha iHIII [5].

3 oy Ha BHILE3a3HAYCHE JIOCIIKEHHS BJIACTH-
BOCTEH CKJIaIHUX MEXaHIYHMX CUCTEM Yy KOHTEKCTI aHa-
T3y W CHUHTE3y PI3HMX THIIB MEXaHI3MIB € BaKIMBUM
HanpsiMOM Y raiTy3i MexaHiku. Lle nae 3mory po3po0istu
OUTBINT e)eKTUBHI ¥ OE3MedYHI MEXaHIYHI CHCTEMH, IO
BI/ITIOBIIAt0Th MTOTpedaM PHHKY Ta CyCIiTHCTBA.

AHaJi3 oCTaHHIX JOcCJaifxkeHb i myOJiKamii.
JloCiDKEHHIO MEXaHIYHUX CHUCTEM IPHCBSYCHO
3HAUHY YacTHHY NMPO(MiIbHUX HAYKOBHUX JOCIHIIKEHb
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1 myOmikauiii. B akTyansHOMy nepiofii MOLIyKy BapTo
BUOKPEMHTH HU3KY PEJIEBAaHTHUX Tpallb.

V crarti A. Mepcese Ta JI. XKezekens (A. Mercier
& L. Jézéquel) [6] mocmimKkeHO MeXaHIIHI CUCTEMH
3 HECTAOUIBHICTIO Yepe3 TepTs 13 BUKOPHCTAHHIM
Teopii WMOBIpHOCTEW AT MOJEIIOBAaHHS HEBH3HA-
YEHOCTI MapaMeTpiB. 3ampoNoOHOBaHO Moau(ikoBa-
HUH METOoJ i3 BUKOPUCTAaHHIM TosiHOMIB YeOuiena
JUTsl YHUKHEHHSI YUCIIOBOI IHTerpaitii, 1o 3ade3mneuye
PO3yMHUIT Yac OOYHCIICHHS Ta YHUKHEHHS alpOKCHU-
MaIlii CTOXaCTHYHHX y3arajdbHEHUX CHIL.

V pociimkenni M. Ky, I'. JIn, C. Beit Ta C. Conr
(J. Zhu, H. Li, S. Wei & S. Song) [7] 3anpornioHOBaHO
e(eKTUBHE pIllIeHHs IS KiJbKiCHOI OIIHKA HEBH-
3HAUCHOCTI KOH(QOPMHHMX KOHTAKTIB y CKJIAIHUX
MEXaHIYHUX CHUCTEMax i3 BUKOPHUCTAHHIM 3aMiHHUX
MoJIeNielt ISl 3MEHIIICHHS 00YMCITIOBAIEHOTO HaBaH-
TaXeHHs. Pe3ynbraTé JTOCHTiKeHHS MMOKa3ykTh, 0
3alpONOHOBaHE PIMICHHS JONOMara€ 3MEHIINTH
00UHUCITIOBAIbHI BUTPATH Ha KiJIbKICHY OLIHKY HEBH-
3HAYEHOCTI B CKJIAJHUX MEXAaHIYHUX CHCTEMAaX 13
KOH(OPMHUMH KOHTaKTaMH, IO, 30KpeMa, Ipojie-
MOHCTPOBAHO Ha MPUKJIAIi CHCTEMHU «HACOC-ITiIITHTI-
HUK» aepOoBUTYHA.

Hocmimkenns I'. ST, . [anr, I Yen Ta 1. XKao
(H. Yang, J. Jiang, G. Chen & J. Zhao) [8] nporo-
Hy€ HOBHUH METOJI Ha OCHOBI IIIMOOKOIO HAaBYAHHS
I igeHTHdikamii  TUHAMIYHAX ~ HaBaHTAKEHb.
MeTo1 BUKOPUCTOBYE TIIMOOKY 3rOPTKOBY HEHPOHHY
MEpexKy, 0 YHUKAE MTPOOIIEeMH PO3B’sI3aHHS IMapame-
TPiB MOZEN, 1 MPSIMy MOJIENb MiX BiOpauiiHOO Bil-
MOBIJITFO Ta 30BHINIHIM HaBaHTAXCHHSM. Pe3ynbraru
MOKa3yl0Th BHUCOKY TOYHICTH i CTIHKICTBH JI0 IIyMY
METO/Y, III0 MO’KHA BHUKOPUCTATH B PI3HUX 1H)XKEHEp-
HUX 3aCTOCYBAaHHSAX i3 CHCTeMaMH 3 HEBU3HAYCHUMU
napaMeTpaMH W Pi3HUMH PO3MOJiIaAMU TOYOK BHMi-
PIOBaHHS Ta YaCTOTHUMH JIAaHUMHU.

V crarri K. ®enr, WM. II. I, 5. Hi ta M. Bep
(K. Feng, J. C. Ji, Q. Ni & M. Beer) [9] npoBeneHo
OJISIT TIOTOYHHX JOCIIHKEHD BiOpAIlifHOTO MOHITO-
PUHTY 3HOCY 3y04acTHX Iepenad i Bka3zaHo Ha oOMe-
JKEHHsI BUKOPHCTAHHS BiOpallifHUX TeXHIK depe3
CKJIagHIiCTh 1neHTU¢iKanil BiOpamiiiHUX Xapakre-
puctuk. CraTTsi Hajgae pekoMeHAauii AJisi MmoJaib-
IIMX JOCIIJKECHD Yy il Taay3i 3 METOI PO3pOOIICHHS
e(pekTUBHUX TEXHIK Ha OCHOBI BiOpaIliii IJIsT MOHI-
TOPUHTY 3HOCY 3yO4acTuX repenad i rmepeadoadeHHs
3aITUIIKOBOTO PECypcy, IO MOXKE MaTH 3HAYCHHS IS
MIPOMUCJIOBHX 3aCTOCYBAaHb.

V po6ori M. Xao Ta in. (J. Hao et al.) [10] 3ampo-
MMOHOBAHO MOJICJIb JJIs OI[IHIOBAHHS e()eKTy TUHAMIY-
HUX HaBaHTAKEHb HA CUCTEMY IIIMHUHAECIS 3 BOyI0Ba-
HUM JBUTYHOM. Y MOJENi BpaxOBaHO TaKi 30BHIITHI

JUHAMIYHI HAaBaHTa)KEHHS, K HEY3TO/KEHI MarHiTHI
CHJIM, HEINiHifHy BiIHOBIIOBAaJIbHY CHIIY ITiJIIUTI-
HUKa i EKCUEHTPHCUTET CHUCTEMH. 3alpOIOHOBAHO
MIPOEKITIHHY MOMAENb IS y3aradbHCHHS JTHHAMIKH,
a TaKoXX MOJIENb JOaTKOBOTO MOMEHTY, SIKi Bpaxo-
BYIOTh 3MiHy MarHiTHOTO NUIAXY Yepe3 IWHAMIYHUN
3cyB poTtopa. OTpuMaHi YHCIIOBI PE3yIbTaTH MOXKHA
MiATBEPIUTH EKCIIEPUMEHTAIBHO.

OTxe, KOHCTATYEMO, IO B aKTyaJIbHOMY TOPH30HTI
MIOIIYKY Cepell PEJICBAHTHHUX ITyOJIKAIH € TOCUTH
IIMpoKa BUOipKa HayKOBHX IMpPallb, SKi JOCTIHKYIOTh
0e3nocepeIHbO XapaKTEPUCTUKU CKIIATHIX MeXaHi4d-
HUX CHCTEM, OJHAK MaJIOAOCIIIPKCHUMHU € acIleKTH
MapaMeTpPUYHOrO aHajlizy MEXaHI3MIB camMe B KOH-
TEKCTI CUHTE3y OCTaHHIX. 30KpeMa, BIICYTHIH aHaIi3
MIpOTpaMHUX 3acOo0iB TSI CHHTE3Y W aHaTi3y CKIIaj-
HUX MEXaHIYHHUX CHCTEM.

@opmyaoBaHHA WiIell crarTi (TOCTaHOBKA
3aBIaHHs). MeTa JTOCHIKeHHST — BU3HAUYEHHS OITH-
MaJILHOTO POTPaMHOTO 3aco0y AJisl CHHTE3Y i mapa-
METPUYHOTO aHai3y CKIIQJHUX MEXaHIYHUX CUCTEM.

Bukiax ocHoBHOro MaTtepiany. AHami3 BiAKpH-
TUX Kepen B cuctemi World Wide Web nae 3mory
BHOKPEMHTH pEJIEeBaHTHI TPOTpPaMHi 3aco0W, IO
JIOTIOMararoTh BUKOHYBATH CHHTE3 Ta aHaJ3 CKIIa-
HUX MEXaHIYHHUX cucTeM (Tadu. 1).

Omxe, wHarojgocumo, MechAnalyzer Software,
GIM Software, MechDesigner Software, Mechanism
Generator SolidWorks 1 Mechanism Developer
(MechDev) — 1ie I’ITh TIOTYXXHHUX IIPOTPaM IS CHH-
Te3y ¥ aHami3y CKIQJHUX MexaHi3MmiB. BoHu maroth
3MOTYy MOJIENIIOBATH Pi3HI TUITHM MEXaHi3MiB, 30KpeMa
3y0uacTi KoJeca, JIaHIIOTOBI Iepeiadi, KpUBOIIUITHO-
TTOB3IOBKHI MEXaHI3MH, KyJIadKOBI MEXaHI3MH Ta
iami. KokHa 13 mUX mporpaM Mae ¢BOi 0COOIHMBOCTI
it nepeBaru. MechAnalyzer Software i GIM Software
3a0e3IeuyI0Th JICTANBHUN aHalli3 JUHAMIKH MEXaHi3-
MiB, 30KpeMa BU3HAYE€HHS MIBUAKOCTEH, TPUCKOPEHb
1 MOMEHTIB Ha PI3HHX TOYKaX MEXaHi3My, a TaKOX
MOJKJIMBICTH BUKOHAHHS ONTHUMI3aIlii MEXaHI3MIB.

MechDesigner Software i Mechanism Generator
SolidWorks € iaterpoBanumu 3 mporpamamu CAD
1 3a0€3Me4y0Th MUPOKI MOXIIMBOCTI JUISI MOZICITIO-
BaHHS Ta BIJUIarOJKCHHS MEXaHi3MiB, 30Kpema rpa-
¢iuHui iHTEpdEiic Ta IHCTPYMEHTH ISl BUSHAUCHHS
KIHEMaTHYHUX 1 KIHETUYHUX TTapaMeTpiB.

Mechanism Developer (MechDev) mae 1HTYITHB-
HUH iHTepdelic i mATPUMYE IMITOPT Ta EKCIIOPT MOJIe-
nert y pisaux Qopmarax, sk-ot STEP, IGES 1 STL.

Yci nepepaxoBaHi MporpaMHi 3aco0U MpPU3HAUECHI
JUIsL CHHTE3y U aHami3y CKIaJHUX MexaHi3miB. Pos-
DISHYTI TIPOTpaMHi MPOTYKTH TPOTIOHYIOTH CXOXKIi
MOKJIMBOCTI U MOJICTIOBAHHS Pi3HUX MEXaHI3MIB,
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Tabmuus 1
XapakTepHCTHKA IPOrPAMHUX 3ac00iB VI CMHTe3Y i aHaJIi3y CKJIAJHIUX MeXaHiYHHUX CHCTEM

Hasga I13 3aransuuii BUJ inTepdeiicy KopoTtkuii onuc i mocunanus

MechAnalyzer Sofiware — e nporpamue 3a0e3nedeHHs st
CHHTE3y i aHaNli3y CKJIaJHUX MEXaHi3MiB, sKe J0MOMarae
MOJICITIOBATH Pi3HOMAHITHI MEXaHi3MH, 30KpeMa 3y0dacTi
KoJieca, JIAHIFOTOBI Mepeiadi, KPHBOIIHITHO-TTIOB3I0BXKHI
MeXaHi3MH, KyJa4KoBl MeXaHi3Mu Ta 6arato iHmmx. [Iporpama
J1a€ 3MOT'Y BU3HAYATH MapaMeTpH MEeXaHi3MiB, 30KpeMa po3mipu
it hopMy eNIeMEHTIB, a TAKOXK aHAIIi3yBaTH IXHIO JIHHAMIKY,
BH3HAYAIOYH [IBH/KOCTI, IPHCKOPECHHS Ta MOMCHTH Ha Pi3HHUX
TOYKax MexaHi3my. (http://www.mechanalyzer.com/)

MechAnalyzer
Software

GIM Software — iporpamMHe 3a0e3MeUeHHs JUIs CHHTE3Y
1 aHai3y CKIaIHUX MEXaHi3MiB i3 MOXIIMBICTIO MOJETIOBAHHS
MeXaHi3MiB i3 JIOBUILHOIO KiJIBKICTIO CTYIEHIB cBOOOAH,
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30KpeMa 3y0uacTHX KOJIiC, JIAHI[IOTOBHX Iepe/ad,
KPHBOLINITHO-TTOB3JOBKHIX 1 KyJa4KOBHX MEXaHI3MiB.
IIporpama monomarae BU3HAYaTH KiIHEMAaTHYHI, KIHETHYHI

¥ IMHAMIYHI XapaKTePUCTUKN MEXaHI3MiB i POBOIUTH aHANi3
JMHAMIKH, 30KpeMa BU3HAYCHHSI [IBUKOCTEH, MPHUCKOPEHb

i MOMEHTIB Ha Pi3HUX TOYKAX MEXaHi3My, OLliHIOBAHHS
BIUTMBY IIapaMeTPiB Ha JMHAMIKY MEXaHi3My il BU3HAUCHHSI
3aJIMIIKOBOTO PECypCY.
(https://www.ehu.eus/compmech/software/)

S ErEYR

EEDfEEEEEEEE

il
P

|7 @ st o st el

GIM Software

] GiM - o
Q& G Moten |
=ea @ cxma!b

@ 0 i 100

EEErEEEEEEEE

Click desired options

¥ e —. e s @@

164 Tom 34 (73) N2 3 2023



ByniBuuuTBO

[Iponowxenns Tadnuii 1

Haszga I13 3aranbuuii BujJ inTepdericy Koportkuii onuc i nocunanus

MechDesigner Software — nporpamHe 3a0e3M€UeHHS IS
CHHTE3y i aHaJi3y CKJIaJHUX MEXaHi3MiB i3 rpadidaum

mses | 1HTEPdEIicOM Ta iHCTPYMEHTaMH JUIs BiJJIATO/KEHHS
ke e i cpanarwen e wecraren e | | MEXAH13M1B. JlOTIOMarae MojIeNIFoBaTH pPisHOMAHITHI MeXaHi3Mu
3 KIHEMaTHYHUMHU 3B’sI3KaMH if eleMEHTaMu, 30KpeMa 3youacTi
KoJieca, TAHIIOTOBI Mepeiadi, KPHBOIIUITHO-TTOB3JOBXKHI1
MEXaHi3MH, KyJIa4KOBI MEXaHi3MH Ta 1HIII, a TAKOXK MPOBOAUTH
aHaJIi3 AMHAMIKH M ONTHMI3allil0 KIHEMAaTHYHHX 1 KIHETHIHUX
e | | mapamerpis. (https.//psmotion.com/mechdesigner-leading-
MechDesigner S mechanism-machine-design-sofiware)

Software
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Mechanism Generator SolidWorks — 113 nnst cunTe3y it aHamizy
CKJIaJJHUX MEXaHi3MiB, 1[0 iIHTEIPYETHCS 13 MPOrPAMHUM
3abesneueHusm SolidWorks. Jlonomarae MonenoBaTu
MEeXaHi3MH 3 KiJIbKOMa CTyIeHIMH CBOOOHM, 30KpeMa 3y0qacTi
KoJieca, JIAHIFOTOBI Mepenadi, KpUBOIIUITHO-TTOB3I0BXKHI
MEeXaHi3MH, KyJIadKOBI MeXaHi3MHU Ta iHmm. Mechanism
Generator SolidWorks Bu3Hauae KiHeMaTH4HI i KIHETHYHI

- | mapameTpu MeXaHi3MiB Ta aHAJI3y€e IXHIO AUHAMIKY.
® | Takox aae 3MOT'y BUKOHYBAaTH ONTHMI3allil0 MEXaHi3MiB
Generator — oy .. |32 PISHMMM KPUTEPIisIMH, HATIPUKIIAJ 32 MiHIMATBHOIO BAaroko
SolidWorks - S a60 MAKCUMAIILHOIO IPOYKTUBHICTIO.
(https.//'www.solidworks.com/partner-product/mechanism-
generator)
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Mechanism Developer (MechDev) — nporpamue 3a0e3eueHHs
JUTSE MOJICITFOBAHHS Ta aHAIII3Y CKIIAJHUX MEXaHI3MIB i3
MOXKITHBICTIO BU3HAYCHHSI KIHEMAaTHYHHX 1 KIHETHYHUX
mapameTpiB, aHai3y TUHAMIKH, IMIOPTY i €KCIIOPTY MOJeNeH
y pi3Hux dopmarax. Jloromarae MOJETIOBaTH Pi3HOMAHITHI
MEeXaHi3MH 3 KiJIbKOMa CTyIeHIMH CBOOOHM, 30KpeMa 3y0qacTi
KoJjieca, JIAHIFOTOBI Mepeadi, KPHBOIIUITHO-TTOB3I0BKHI
MEeXaHi3MH, KyJIadKoBi MexaHi3Mu Ta iHmi. MechDev
po3pobneno Machine Dynamics and Robotics of RWTH Aachen
Mechanism —! | University B Himewuusi. (https://www.igmr.rwth-aachen.de/go/
Developer = id/jkhpl/?lidx=1)
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30KpeMa 3y04acTHX KOJiC, JIAaHIIOTOBUX I[epenad,
KPHUBOIIUITHO-TIOB3/IOBKHIX MEXaHI3MIB 1 KYJIAYKOBHX
MexaHi3MiB. KpiM Toro, mi nporpamu 3a0e3nedyoTh
aHaji3 JUHAMIKM MEXaHi3MiB, 30KpeMa BHU3HAYCHHS
MIBUIKOCTEH, MPUCKOPEHh 1 MOMEHTIB Ha PIi3HUX
TOYKaX MEXaHi3My, OIlIHIOBaHHS CTYIICHS BILTUBY
BIIXWJICHb MapaMeTpiB Ha IUHAMIKY MeEXaHi3My
1 BU3HAUEHHS KiTBKOCTI 00€PTiB, sIKi MOYKE BUKOHATH
MEXaHi3M 0 BHHUKHEHHS 3HOCY.

BusnayeHHd ONTHMAaJBHOTO O TOTPEO CHHTE3Y
CKJIQJIHNX MEXaHIYHHX CHCTEM Ta iXHBOTO Iapame-
TPUYHOTO aHaIl3y MPOrpaMHO-IU(GPOBOTO 3aco0y
cepes BHIUIEHOI HOMEHKJIATypu MpPOTrpaMHHUX MpPO-
JIYKTIB 31MCHEHO 3a JOMOMOTOK MEePEXPECHOI0 CTa-
TUCTUYHOTO aHaJi3y HAyKOBO-EKCIIEPTHUX BUCHOBKIB
1 TIOTUPEHOCTI PO3ITITHYTOTO TIPOTPaMHOTO 3a0e31Ie-
YEHHS.

HayxoBo-ekcriepTHi ~ BHCHOBKH  (POPMYIOTBCS
3 ypaxyBaHHSIM KIJBKOCTI HAayKOBUX ITyOIiKaIliid,
MIPUCBSYCHUX KOKHOMY 3 PO3IIISTHYTHX MPOTPaMHUX
3aCc00IB JUId CHHTE3y W MapaMETPUYHOIO aHai3y
CKJIaJIHUX MEXaHIuYHHX cucTeM (Tadn. 1), siki BU3Ha-
YarTh 32 JIOTIOMOTO0 HAYKOMETPHYHHX 1HCTPYMEH-
TiB Google Scholar [11] (Tabm. 2).

BigmoBimHo 1m0 HaBeAeHWMX maHMX (Tabm. 2),
HaWOLTBIIMI HAayKOBHH cympoBim mictamo 113 GIM
Software 1 Mechanism Generator SolidWorks.

[lepeBipky moOMmMpPEHOCTI BU3HAYEHOI IIHINHKK
3aco0iB CHHTE3y W aHami3y CKIAQJHHX MEXaHi3MiB
(Tabn. 1) BukoHaHO 3a Jomomoroio cepsicy Google
Trends [17] (puc. 1, puc. 2, puc. 3).

BinmoBigHO 10 HaBEeOEHHUX PE3yJbTATIB PO TEH-
JEeHUIHHICTE 1 mommpenicts (puc. 1, puc. 2, puc. 3)

Tabmung 2
Pe3ysabTaTn aHATITHYHUX J0CTIIKEeHb HAYKOBO-eKCIIEPTHUX BUCHOBKIB
KinbkicTp myomikauiii, . . . .
Hasga I13 innexcosannx y Google Scholar [11] HaiiakTyansHima my6sikamis
A. 1. y6eii, C. Bepma Ta I1. Kymap
MechAnalyzer Software 60 (A. D. Dubey, S. Verma & P. Kumar) [12]
GIM Software 4210 C. Cinr 1a in. (S. Singh et al.) [13]
MechDesigner Software 38 P. Mikmritraa ta in. (R. Dikshithaa et al.) [14]
Mechanism Generator . .
SolidWorks 3950 M. JIro ta in. (M. Liu et al.) [15]
T. Kno6nok, B. bpronmkec, M. X’1ocinr
Mechanism Developer (MechDev) 518 ta b. Kopsec (T. Knobloch, V. Briinjes,
M. Hiising & B. Corves) [16]
@ MechAnalyzer @ GIM Software MechDesigner @ Mechanism Gene... @ Mechanism Devel...

MoWyKOBKA TEpMIH MoWwyKeBWA TepMIH

Yeecbcait ¥ OcTaHHi 5 pokia ¥ YeikaTeropii ¥

IHTepec i3 yacom @

CepenHi NOKasHUKH 8 Gep. 2020p.

MoWYKCEWA TERMIH

MoWy«CEWA TERMIH MolWwy«cErA TepMiH

MNowyk & IHTepHeTi *

2cly. 2022p.

Puc. 1. Ananiz akTuBHOCTI 3anuTiB Google 3a ocTaHHi I’ ATH POKiB [17
8
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Bynisaunrso

Tabmuus 3
Hepexpecnuii anaji3 BizHocHux peiiTuHris I13 s cuaTe3y il aHaJi3y MexaHi3MiB

Google Scholar [11] i Google Trends [17]

Kinskicts
Hassa I3 y GTiKani, Peittnar Google | BizHocHmil peiitiHr | BixHocHMIT peifTHRr | OnTiMisoBaHILi
IHIEKCOBAHUX B Trends [17] Google Scholar [11]| Google Trends [17] peiiTiHr
Google Scholar [11]
MechAnalyzer Software 15 0.00137 0,080
GIM Sofware 35 I 047972 0.664
MechDesigner Software 25 0.00433 0.136
Mechanism . "
GeneratorSolidWorks g g i
Mechanism Developer
40 0.05902 0,270
(MechDev)

@ MechAnalyzer

MoWyKoBUA TEpMIH

@ GIM Software

Mowyxceni TepMiH

) MechDesigner

MowykoBrA TepMii

@ Mechanism Gene...

MowyxoaAR TepMiH

Yseco cBiT ¥ 3a 12 mic. ¥ Yei kateropii ¥ Mowyxk B lHTepHeti ¥

IHTepec izuacom @

CepepHi NOKasHMKM 15 Tpas. 2022... 25pep. 2022p. SnoT.2023p

\ 7 \ ;
‘ A f\w’\/%/\/xl\ __ ’A& XS _‘k

@ Mechanism Devel...

MowyxoBriA TepMiH

[«

> o

¥
.
.

Puc. 2. Ananiz akTuBHocTi 3anuTiB Google 3a ocraHHiii pik [17]

Compared breakdown by region

@ MechAnalyzer @ GIM Software @ MechDesigner
@ Mechanism Generator @ Mechanism Developer

Coptyeatu: [NonynapHicte Tepmita "MechAnalyzer"

1 dininnibn

2 IHais

3 ABcTpania

4 CnonyyeHi lLtatn

5 Benuka BpwtaHisa

InTenoMBHICTS KoNbOpy MoKa3ye BiRCOTOK Nowykoaux sanwis JOKTAJHILE

BrrioyaTh perioy a HeBen KM 0BCArOM NOLLYKOBMX 3anuTia

Puc. 3. Anani3z nomupenocti Hadopy aAocaimkyBanux I13 [17]

O6nacte * | &, <2 <

-
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0,90000
0,80000
0,70000 —
0,60000 — —
0,50000 — —
0,40000 — |— —
0,30000 —— — —
o000 |— I ] .
0,00000 : B
BinnocHwmii BignocHuii . o
peiitunr Google peiitunr Google OHTMN{,BOBaHHH
Scholar [11] Trends [17] DEHTHHT
@ MechAnalyzer Software 0,00137 0,079 0,080
1 GIM Software 0,47972 0,184 0,664
MechDesigner Software 0,00433 0,132 0,136
Mechanism GeneratorSolidWorks 0,45009 0,395 0,845
1 Mechanism Developer (MechDev) 0,05902 0,211 0,270

Puc. 4. I'padiuna inTepnperauisi pe3y/bTaTiB HepexpecHoro anajisy BiiHocHux peirunris I13
JJIsl CMHTe3y W aHaunizy mexaHizmiB Google Scholar [11] i Google Trends [17]

MechAnalyzer Software

Mechanism Developer
(MechDev)

Mechanism

1,00000

GIM Software

GeneratorSolidWorks

Bignocuuit peiituar Google Scholar [11]

OnTuUMi30BaHHUN PEUTHHT

MechDesigner Software

Bignocuwuii peitiar Google Trends [17]

Puc. 5. Busnauenns ontumaabsHoro I13 st cunTe3y i aHai3y MexaHi3miB

BHOKpPEMJICHOT HOMEHKJIATYpH NPOTrpaMHHUX 3aco0iB
(tabm. 1) BCTAHOBJCHO, IO HAWOUIBII BXKHBA-
HUMH Ta TOMHMPEHUMH TPOTPAMHHUMH MTPOSYKTaMHU
€ Mechanism Generator SolidWorks, GIM Software
1 Mechanism Developer (MechDev).

OnTtuManbHUM MPOTpaMHUM 3aci0d Ui CHHTE3Y
H mapamMeTpuyHOrO aHaiidy CKIaJHHX MEXaHIYHHX

168 Tom 34 (73) N2 3 2023

CHCTEM BH3HAYEHO 3a JIOMOMOIOI0 IEPEXPECHOTO
CTAaTUCTHYHOTO aHai3y (Tabmn. 3, puc. 4, puc. 5).
Omxe, 3a pe3yIbraraMd IIEPEXPECHOTO  aHallizy
(Tabm. 3, puc. 4, puc. 5) ONTUMAITLHAM TIPOT PAMHHUM 3aC0-
OOM JUISl IOCTI/PKEHHST BJIACTUBOCTEW CKJIAJHUX MeXa-
HIYHUX CHCTEM y KOHTEKCTi aHaJl3y i CHHTe3y pi3HHX
THITIB MexaHi3miB € Mechanism Generator SolidWorks.



ByniBuuuTBO

BucHoBku. 3a pe3yabraraMu po3nisiLy IpeAMETHOT
cdepr CTOCOBHO JIOCHIKEHHSI BIACTUBOCTEH CKIIJI-
HUX MEXaHIYHHX CUCTEM Y KOHTEKCTI aHaIi3y i CHHTE3Y
PI3HMX THITIB MEXaHI3MiB BCTAHOBJICHO TaKi aCTIEKTH:

—  aKTYaJIBHICTH TMPOOIEMATHKH JOCIIHKEHHS MeXa-
HI3MIB 0a3yeThCsl Ha TIOCTIHHOMY BHKOPHUCTaHHI MeXa-
rapamMeTpiB: TUHAMIYHIX HABAHTAXKEHb, BIOPOCTIHKOCTI,
TPUOOJIOTIYHOI  BUTPUBAJIOCTI, TEPMIYHOI CTIHKOCTI
ToIo. JIOCSITHYTH Takoi METH MOMKITBO 3 BUKOPHCTaH-
HSM I(PPOBUX IHCTPYMEHTIB 1 CEPEIOBHII CHHTE3Y;

— OUIBIIICT, HAYKOBHX TIpalb CIpsIMOBaHA Ha
JOCIIDKEHHSI TapaMeTpiB  (YHKLIOHYBaHHS Mexa-

PpillieHb, OJTHAK BIJICYTHI JOCHI/PKSHHS PO ONTHMAITBHI
3aco0M CHHTE3y CKJIQHUX MEXaHi3MiB 1 CHCTEM;

— 3a  pe3yibTaraMH  JOCJTIUKEHHS  BH3Ha-
YEHO HOMEHKIIATYypy peJIEBAaHTHUX IPOrPaAMHHUX
3aco0iB, IO MJaOTh 3MOTY BHKOHYBAaTH CHHTE3
1 TapaMeTpuYHUN aHalli3 CKJIAJHUX MEXaHIdYHUX
cucreM: MechAnalyzer Sofiware, GIM Software,
MechDesigner Software, Mechanism Generator
SolidWorks 1 Mechanism Developer (MechDev);

— BIJINOBIZHO 70 Pe3yJIbTaTiB MEPEXPecHOro aHa-
J1i3y BU3HAYEHO, III0 ONTUMAJIBHAM TIPOTPAMHHM 3aC0-
OOM IS IOCITIJDKEHHSI BIACTHBOCTEH CKIIATHAX MeXa-
HIYHMX CUCTEM y KOHTEKCTi aHalli3y ¥ CHHTE3y Pi3HUX

HIYHUX CHCTEM OKPEMHX KOHCTPYKTHBHO-TEXHIYHHMX  THIIB MexaHi3MiB € Mechanism Generator SolidWorks.

Crucok jiTeparypu:

1. Vaiana N., Capuano R., & Rosati L. Evaluation of path-dependent work and internal energy change for
hysteretic mechanical systems. Mechanical Systems and Signal Processing. 2023. Vol. 186. P. 109862. URL:
https://doi.org/10.1016/j.ymssp.2022.109862 (date of access: 08.05.2023).

2. Vaiana N., Capuano R., & Rosati L. Evaluation of path-dependent work and internal energy change for
hysteretic mechanical systems. Mechanical Systems and Signal Processing. 2023. Vol. 186. P. 109862. URL:
https://doi.org/10.1016/j.ymssp.2022.109862 (date of access: 08.05.2023).

3. Sirichotiyakul W., & Satici A. C. Data-driven passivity-based control of underactuated mechanical systems
via interconnection and damping assignment. International Journal of Control. 2023. Vol. 96. No. 6. P. 1448-1456.
URL: https://doi.org/10.1080/00207179.2022.2051750 (date of access: 08.05.2023).

4. Celledoni E., Leone A., Murari D., & Owren B. Learning Hamiltonians of constrained mechanical systems.
Journal of Computational and Applied Mathematics. 2023. Vol. 417. P. 114608. URL: https://doi.org/10.1016/j.
cam.2022.114608 (date of access: 08.05.2023).

5. Macaulay M. O., & Shafiee M. Machine learning techniques for robotic and autonomous inspection of
mechanical systems and civil infrastructure. Autonomous Intelligent Systems. 2022. Vol. 2. No. 1. P. 8. URL:
https://doi.org/10.1007/s43684-022-00025-3 (date of access: 08.05.2023).

6. lJiang D., Chen T., Xie J., Cui W., & Song B. A mechanical system reliability degradation analysis and
remaining life estimation method—With the example of an aircraft hatch lock mechanism. Reliability Engineering
& System Safety. 2023. Vol. 230. P. 108922. URL: https://doi.org/10.1016/j.ress.2022.108922 (date of access:
08.05.2023).

7. Mercier A., & Jézéquel L. Nonlinear and stochastic analysis of dynamical instabilities based on Chebyshev
polynomial properties and applied to a mechanical system with friction. Mechanical Systems and Signal Processing.
2023. Vol. 189. P. 110051. URL: https://doi.org/10.1016/j.ymssp.2022.110051 (date of access: 08.05.2023).

8. ZhuJ., Li H., Wei S., & Song S. A framework for uncertainty quantification of mixed lubrication of
conformal contacts in multilevel systems. Advances in Engineering Software. 2023. Vol. 176. P. 103396.

9. Yang H., Jiang J., Chen G., & Zhao J. Dynamic load identification based on deep convolution neural
network. Mechanical Systems and Signal Processing. 2023. Vol. 185. P. 109757. URL: https://doi.org/10.1016/].
ymssp.2022.109757 (date of access: 08.05.2023).

10. Feng K., Ji J. C.,, Ni Q., & Beer M. A review of vibration-based gear wear monitoring and prediction
techniques. Mechanical Systems and Signal Processing.2023. Vol. 182. P. 109605. URL: https://doi.org/10.1016/].
ymssp.2022.109605 (date of access: 08.05.2023).

11. HaoJ.,Yao Z., Li C., Song W., Miao H., Xu M., & Liu Z. Dynamic characteristics analysis of asynchronous
motorized spindle considering combined unbalanced magnetic pull and nonlinear bearing restoring force
effects. Mechanical Systems and Signal Processing. 2023. Vol. 185. P. 109807. URL: https://doi.org/10.1016/].
ymssp.2022.109807 (date of access: 08.05.2023).

12. Google Scholar. 2023. URL: https://scholar.google.com/ (date of access: 08.05.2023).

13. Dubey A. D., Verma S., & Kumar P. Analysis of Double Wishbone Suspension System Using MechAnalyzer.
In Advances in Mechanical and Energy Technology: Select Proceedings of ICMET 2021. Singapore: Springer Nature
Singapore. 2022. P. 245-255. URL: https://doi.org/10.1007/978-981-19-1618-2_24 (date of access: 08.05.2023).

14. Singh S., Zuber M., Hamidon M. N., Azriff Basri A., Mazlan N., & Ahmad K. A. Kinematic Investigations
of a Novel Flapping Actuation Design with Mutually Perpendicular 3 Cylindrical Joint Approach for FW-Drones.

169



Bueni sanucku THY imeni B.1. Bepnaacbkoro. Cepisa: Texniuni Hayku

Biomimetics. 2023. Vol. 8. No. 2. P. 160. URL: https://doi.org/10.3390/biomimetics8020160 (date of access:
08.05.2023).

15. Dikshithaa R., Jain S., Swaminathan J., Chittawadigi R. G., & Saha S. K. MechAnalyzer: software to
teach kinematics concepts related to cams, gears, and instantaneous center. In Mechanism and Machine Science:
Select Proceedings of Asian MMS 2018. Springer Singapore. 2021. P. 135-149. URL: https://doi.org/10.1007/
978-981-15-4477-4 10 (date of access: 08.05.2023).

16. Liu M., Grinberg DanaA., Johnson M. S., Goldman M. J., Jocher A., Payne A. M., ... & Green W. H. Reaction
mechanism generator v3. 0: advances in automatic mechanism generation. Journal of Chemical Information and
Modeling. 2021. Vol. 61. No. 6. P. 2686-2696. URL: https://doi.org/10.1021/acs.jcim.0c01480 (date of access:
08.05.2023).

17. Knobloch T., Briinjes V., Hiising M., & Corves B. Analyse von Koppel-, Kurven, Réder-und
Réaderkoppelgetrieben mit Mechanism Developer (MechDev). GETRIEBETAGUNG. 2022. Vol. 23. URL:
https://d-nb.info/1268673331/34#page=25 (date of access: 08.05.2023).

18. Google Trends. 2023. URL: https://trends.google.com/home (date of access: 08.05.2023).

Kaidash M.D. RESEARCH OF THE PROPERTIES OF COMPLEX MECHANICAL SYSTEMS
IN THE CONTEXT OF THE ANALYSIS AND SYNTHESIS OF DIFFERENT TYPES
OF MECHANISMS

The article deals with the problems of researching the properties of complex mechanical systems in the
context of the analysis and synthesis of various types of mechanisms. The relevance of this issue is emphasized,
since mechanical systems are widely used in various fields of engineering and production, therefore, optimizing
their operational parameters is an important task. The study of the parameters of the functioning of mechanical
systems is the subject of many scientific works, but there are no studies on the optimal means of synthesis of
complex mechanisms and systems. Based on the results of the examination of the subject area, a nomenclature
of software tools was determined that allow the synthesis and parametric analysis of complex mechanical
systems, including MechAnalyzer Software, GIM Software, MechDesigner Software, Mechanism Generator
SolidWorks and Mechanism Developer (MechDev).

During the cross-analysis, it was determined that the most the optimal software tool for studying the properties of
complex mechanical systems in the context of analysis and synthesis of various types of mechanisms is Mechanism
Generator SolidWorks. Using an optimal software tool for studying the properties of complex mechanical systems
is an important task in modern mechanical engineering. The practical significance lies in the possibility of using
the optimal sofiware tool for the development and improvement of mechanical systems in various industries.
The use of appropriate sofiware can help improve the quality and productivity of the mechanical systems being
developed and reduce the time and costs of research and design. Therefore, the determination of the optimal
software tool for studying the properties of complex mechanical systems has important scientific and practical
significance and can be used for the further development of mechanical engineering.

Key words: mechanical systems, synthesis, analysis, GIM Software, Mechanism Generator SolidWorks.
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