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KonugaHHs1 Koprycy mpaHcrnopmHo20 3acoby gidHocumbcsi 00 pyxie ma sibpauiti, skum niddaemscsa cama KOHCMPYK-
yis mpaHcrnopmHoeo 3acoby nid yac pyxy. Lle Moxyms 6ymu pyxu ma KonusaHHS, siki 8idbyearombcsi 8iOHOCHO OCHOBHOI
cmpykmypu abo pamu mpaHcriopmHoz2o 3acoby. [1id yac pyxy mpaHcrnopmHo20 3acoby, ocobnnueo no dopozax 3 HepieHUM
MoKpUMMsM, Kopryc middaembCs pi3HOMaHIMHUM KOrugaHHsM. Lli KonugaHHS Moxymb 6ymu 8UKUKaHi HepigHoOCMAaMU Ha
00po3si, ornopom poboyux opaaHie, 8nIUueoM cun eimpy abo iHwumu hakmopamu. Budu KonueaHb KOPyCy MOXYmb KO-
yamu eepmukarsbHi KoueaHHs, Wo rposensitomscs y suansadi niocmpubysaHHsi abo pyxie 820py-8HU3; MO3008XHI Ka4aHHSI,
wo 8i0bysarombCs 8 HaNPSIMKY pyXy MpaHCnopmHo2o 3acoby; 20pu30HMarbHO-M03008XHI KOTUBAHHS KOPIYyCY, WO 3’36e/15-
rombCs 8Haciook srnugy b6iyHUX cun abo pyxie Koprycy 820py-8HU3; i MOMepPeYHi KonueaHHs, 8idoMi ik 60pmose KadaHHs,
KonueaHHs1 3 60Ky Ha BiK.

KonuesaHHs Koprycy MOXymb Mamu 6riiue Ha pisHi acriekmu, maki Sk KoMgbopm racaxupie, cmitikicmb mpaHcropm-
Hoeo 3acoby, echekmusHicmb pobomu poboyux opaaHie ma 3azarnbHy 6esneky. ToMy, 8UBYEHHST ma PO3YMIHHS UUX KOMuU-
8aHb € 8axnusum 3ag0aHHsM Orisi PO3POBHUKI8 mpaHCcrnopmHux 3acobie ma iHxeHepis, Wo npautorme Had MNoKpaweHHsIM
ix xapakmepucmuk ma yHKUioHansHOCMI.

Y uiti cmammi mu npogenu 0emarnbHUl aHasni3 npouecy KomueaHHsi Kopiycy mpaHCropmHo2o 3acoby nid yac pyxy.
LocnidxeHHs1 oxonmoe 8rug HepigHocmel AOPOXHLO20 MOKPUMMS ma iHWUX ¢hakmopie Ha KorueaHHs Koprycy. Busie-
JIEHO, Wo Mid 4Yac pyxy mpaHCropmHo20 3acoby 8UHUKaOMb Pi3HOMaHIMHI 8UOU KonueaHb, maki SK 8epmukKasbHi Komu-
8aHHs1 (nidcmpubysarHsi), M0300BXHi Ka4yaHHS, 20pPU30OHMasIbHO-M03008XHI KOMUBAHHST KOPMYCy | MonepeyHi KonueaHHs
(6opmose ka4aHHs1). [posedeHuli aHari3 po3anadae NPUYUHU BUHUKHEHHST UUX KoslugaHb ma ix erniue Ha komgpopm 600is,
nacaxupie ma cmilikicms mpaHcropmHoz2o 3acoby.

[na 6inbwoao po3yMiHHs npouecy KonueaHHs byro 30ilicHeHO MamemMamuyHUl aHanis 3 Memoro nodansuwo2o Modenk-
8aHHsI ma npoeedeHHs1 ekcriepumeHmarnbsHux 0ocniOxeHb. Pesyrbmamu yb020 0CidXeHHs MOXymb 6ymu axiueumu
07151 oNiNWEHHST KOHCMPYKUii mpaHcnopmHux 3acobie ma po3pobku eghekmugHUX CUCMEM MO2/IUHAHHS KOmueaHb, W0
3abesmneqyromb komebopmHy noiz0Ky ma besneky nacaxupie. HasedeHuli anzopumm po3paxyHKy 00Kn1a0HO Onucye npoyec
KonueaHHs1 Koprycy mpaHcropm+oz2o 3acoby rid yac pyxy.

Knroyoei cnosa: mpa+crnopmHuli 3acib, KorugaHHs1 Koprycy, amrnimyda KorueaHs.
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Beryn. Bigomo, wo aBTOMOGinb, fK i Bygb-gke iHwe
TPaHCMOpTHE 3acib, nig Yac pyxy NigaaeTbCs KONMBaH-
HAM, WO BUHWKAKTL BHACMiOK HEPIBHOCTEN OOPOXHBOMO
MOKPUTTS ab0 OMOPHMX CUM, WO Ail0Tb Ha MOro poboui
opraHu. FAKWwo po3rnagat aBToMobinb SK KOpCTke Tino,
SIKe ONMPAaETbCs Ha THYYKi ONOpuW Yy BUMMSALAI KOmic, MOXHa
BUAINUTY Taki TUMK KOMBaHb: BEPTUKAIbHI KONMBaHHS (nia-
CTpMOyBaHHS), MO3OOBXHI PyXW Bropy-BHW3, rOPU3OHTamNb-
HO-MO3A0BXHI KOMMBAHHA KOPMyCy i NONepeyHi KonmMBaHHS
(kpeH). 3 nepepaxoBaHMX TUMIB KOMBaHb HaWbIMbLL MOMIT-
HUMW € nepLi ABa.

Y Garatbox cydyacHux poboTax YKpaiHCbKMX BYEHMX
(Martyniuk et al, 2021; Kozhushko et al, 2018) po3rnsHyTi
3adauvi OMHAMIKW TYCEHWYHOI Ta KOMICHOI TEXHikW ii BMnvB
Ha I'PYHT Ta BW3HAYEHHS 4acTOTW BiNbHUX KOMWBAHb YCiX
Bugis. lig yac KiHEMaTW4HOI HEBIANOBIOHOCTI CNApeHMX
pywiiB Ta KPWBOMIHIAHIA TPAEKTOPIi pyXy TakoX CyTTEBO

NiOCUMNIOIOTLCS KOMMBAHHS KOPMYCy TPaHCMOPTHOTO 3acoby

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

Ta B NOAAnbLUOMY HECYTb HEraTVBHUW BMMMB Ha KepoBa-
HiCTb, CTIMKICTb TpaHcnopTHoro 3acoby (Melnyk et al, 2015;
Dovzhyk et al, 2015).

Matepianu Ta meToam. Y AaHin cTaTTi MM Hamaraemocs
OLiHNTK eheKT CKIagHMX KOMMBaHb TPAHCMOPTHOMO 3acoby
Ha 36inNbLIEHHS TUCKY, AKUI i€ Ha I'PYHT nid NOro konecamu,
3a [JOMOMOrOK0 CMPOLLEHOT METOAUKM 3 METOH KiNbKiCHOMO
BU3HaYeHHs! AOAATKOBOrO YLifbHEHHS IpyHTY. Hexan m. —
maca TpaHcnopTHOro 3acoby, 3ocepemxeHa y LeHTi Barn C
(puc. 1); 1 i I, - BincTaHi Bin UEHTpa Barv 10 TOYOK KOHTaKTY
Konic 3 rpyHTom. | i | — MOMeHTW iHepuii Macu TpaHcnopT-
Horo 3acoby BiHOCHO LeHTpanbHux oceit C i C, nepnek-
AVIKYNAPHUX 0O cepeaHboi nnowmHn yCx; ¢, i ¢, — eksiBa-
MEHTHI XOPCTKOCTI, BiANOBIAHO, MEPEAHiX i 3aaHix konic.

CknagHui  pyx  Kopryca  TpaHCMOpTHOrO — 3acoby
B NrowuHi yOx MOXHa pO3KnacTu Ha MOCTynanbHUM pyx
y3p0BX oci Cy, mocTynanbHUin pyx y3goex oci Cx i obep-
TanbHWA pyx. [Ons Bu3HAYeHHs BIOMNOBIAHWX KOMWBaHb
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Puc. 1. [lo BU3Ha4YeHHS BiNlbHUX KONMMBaHb TPAHCMNOPTHOrO 3aco0y y NO340BXHbLO-BEPTUKANbHIN NIOLUHI

CKOpWCTaAEMOCS piBHSHHAM JlarpaHxa gpyroro pogy Ans
KOXHOTO 3 Ha3BaHWX BUAIB KONTMBAHb:

i g _ﬂ__@i_ i g _g__aHZ- (1)
dt\ay ) oy oy " dt\dp ) o¢ o

i(ﬂj_ﬂ_ﬁ”a. afor)_or __on,
dtlox ) ox ox ' dtloy) oy oy

TyT i gani BUKOpUCTaHI 3aranbHOBIAOMI MO3HAYEHHS:

dy .dx _.d°v . d°x

= =y =X— ==X
a7Vt dt* at?

do . d°¢ .dy . dvy .

— =G = G = — = . 3
dt e at  ae Y &

KiHeTW4Hy eHeprito TpaHCMOPTHOMO 3acoby BM3HAYMMO
SIK KIHETUYHY eHeprito CyLiNbHOro TBEPAOro Tina 3 ypaxyBaH-
HSIM YCiX BUAIB KONMMBaHb:

() o () ()
T=—\m | = | +my| — | +1,| —
2 dt dt dt

[lns BM3HAYEHHS MOTEHUINHOI eHeprii cUCTEMM MOMi-
CTMMO NoYaToK koopamHat C 'y LUEHTP Bary TPaHCMOPTHOrO
3acoby i NpUIUMEMO OO MOMOXEHHS 5K HYNbOBE, BiAHOCHO
AKoro BigOyBalTbCS KonmBaHHS kopnycy. Llbomy nono-
XKEHHIO BIONOBIAAKOTb NOYATKOBI BepTUKanbHi Aedopmadii
nepeaHix i 3agHix konic: y,. i y_, Mpy nepemilieHHi LeHTpa
Baru C BHW3 Ha BENWYMHY y | NOBOPOTI OCI TPAHCMOPTHOTO
3acoby Ha KyT ¢ NOTeHLjiiiHa eHepris TPaHCMOPTHOrO 3acoby
Oyae 1, =—-Gy. TyT 3HaK «MiHyC» B3STO, BUXOAAYM
3 (i3UYHOT CYTHOCTi 3MiHW MOTEHLINHOI eHeprii (BOHa 3MeH-
wmnacs). MNoTeHuinHa eHepris nepeaHix konic 3pocte i byae
[JOpiBHIOBATU

2 1
_Eclyol'

" 1
nl :Ecl (y01+y+/2(p) (5)

[MoTeHuinHa eHeprist 3a4HIX KOMIC 3MIHUTLCA Tak:

" 1 1
rn'= ECZ (yoz +y—ll(P)2 _Eczyiz- (6)

[oTeHLiNHY eHeprito CUCTEMM 3HAWAEMO SK CyMY MOTEH-
LiMHMX eHeprill Koprnyca TPaHCMOPTHOrO 3acoby i NpyXHMX
AeopmoBaHwX Kofic:

1, = [T+ 1T+ 117

1 2 1 )
Ecl (y01+y+I2(P) _§C1y01+
=-Gy+

1 2 1
Ecz(yoz+y_ll(P) _Eczy(fz

2=

=Gy +(c, +6,)y* +(c,f; +c, 17 )o® +
+2(Cl, +¢.l )y +2(C Yo +CoYo00 )Y +

+2(C1Y 01 +C2 Y05 ) 0. (7)

Mpn nepexogi Yepe3 HyfbOBE MOSIOKEHHS Y CUCTEMI
CMOKOI0 piBHOAI0YA BCiX CuUS, WO Ait0Tb Ha CUCTEMY, AOpiB-
HIOE HYMH, TOMY 3riAHO 3 BiJOMOK TEOPEMO MEXaHIKu Npo
MPOEeKLii CU Ha KOOPAWHATHI OCi MOXHa 3anucary:

or
(a_ylj ==G+(Cl, —C,l, ) +(C Yo +C,Yo,) =0. (8)
Topai ocTaToMHO MAEMO:

M, =(c,+c,)y? +(01122 +czlf)(p2 +

+ 2(C1I2y01 _CZI1y02)(P' ®)

MoTeHuinHa eHepria cucTeMu y BUNaaKy NO300BXKHLOMO
KonmBaHHs cuctemu 1, =I1,.
KonmeaHHs ynopoBx oci Cx, Tex BinbyBatoTbcs 3a paxy-

HOK MPYXHOCTi €nacTUYHWUX Konmic, i MOTeHLiiHa eHepris
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y upomy Bunaaky byne fi, = %waz- fie c,,, — CymapHa
rOpU30OHTarbHa XOPCTKICTb YCiX YOTUPLOX Konic. Ll xop-
CTKICTb MOXHa BW3HAYMTU EKCMEPUMEHTANbHUM LUSISIXOM,
BU3HAYaKYM CUMY TAMM NpY 3arafibMOBAHKX Konecax i Big-
noBigHe i nepemileHHs X. HapewwTi, NOTEHLiNHY eHeprito
y pasi NonepevHUX KOMBaHb 3HAXOAWMO K CyMy MOTEH-
LIiiHUX eHeprin kopnyca TpaHCnopTHoro 3acoby 1, = -Gy
i necpopmoBaHux konic. OCTaHHs, SK iy BUNAAKy No3LoB-
XHIX KonmBaHb y nnowwHi yCx, byae:

My ==Gy +(C;+C)Y* +2(Ci¥or +CoYo )y +

+d*(c, +c,) vy’ (10)

BukoprCTOBYHOUM YMOBY:

ori

(Te) ezl ey 2y a.)-
y=0

=G+2(C Yo +C,Y,) =0, (1)

OcTaTo4HO MaEMO:
M, =(c,+c,)y*+d*(c, +c,)v’. (12)

Pe3ynbtatu gocnigxeHs. Bupasu ans noxigHux y pis-
HSHHAX JlarpaHxa:

%:mTy; i[g’;]:mT i %:0; aalz/l =2(c,+¢c,)y; (14)
Tt 2216 Lo (15
aal'lq)2 _ 2(01/22 +CZI12)(p—2(Cllzyol -c,hy,,)-
T ompc T mis oo Temcu (1
Z_\jT/ =1, %(%j =1, Z_Zl; =0 aa:’;‘ =2d*(c, +¢,)y. (17)

MNiocTaBuBLLUK Ui BUpa3u y nepLue piBHSHHSA Jlarparxa,
OTPUMAEMO:

m;y =-2(c, +c,)y, abo y+kZy =0. (19)

Lie niHinHe andepeHuiansHe piBHAHHS ApYroro NopsiaKy.
Woro 3aranbHe pilleHHs byae:

y =c;sin(kt+a,), (20)

ne k, = \/2(c, +¢,)/ m, — umKni4Ha YacToTa BepTUKamb-

HUX KOnMBaHb (NipcTpubyBaHb) Kopnyca TPaHCMOPTHOIO
3acoby.

MocTiHi ¢, i a, MOXHa 3HaITX 3 NOYATKOBKX YMOB, ane
KOMMBAHHS MOXIMBI NPy Byab-SKuUX BigXWUIEHHSAX Big Nono-
KEHHSA piBHOBarU. AMNAITyaa c,, K BiGOMO, 3aNeXunTb came

BiJl NOYaTKOBOrO BiAXUINEHHS | NO4aTKOBOI LUBUOKOCTI.
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3 Apyroro piBHSHHSA JlarpaHxa Maemo:

L==2(c; +C 1 )o+2(cihY o —Coh Yo ), (21)

abo

o+kgo=p, ne p=2(c,hyo —Ch Yo, )1 J,. (22)
LUe Ttex niHiiHe AudepeHUianbHe PIiBHAHHS ApYyroro

nopAaKy, pilleHHaM skoro byae:

0= lj’—s[p re,sin(k,t+a,)], (23)

ne k, :\/2(cll2 +C,l,)/J, - unkniuna yactota obep-
TanbHUX KOMMBaHb KoOpnyca TpaHCrnopTHoro 3acoby, a
MOCTIVHI C, i o, 3HaXxo4ATbCA 3 NOYATKOBUX YMOB.

3 TPeTbOro piBHSAHHS JlarpaHxa oTPUMYEMO AndepeHLyi-
anbHe piBHSHHA MX+C,,, X =0, 3ararbHe pilUeHHs sikoro

X =C,Sin(kyt +0,) i UMKMIYHA YaACTOTA FOPUIOHTAMBHIX

konueaHb k, =./c.,, I m;, ne c,, =2(c, +c,).

HapeluTi YeTBepTe piBHSHHS JlarpaHxa 3BoguTbCs 4O
AndepeHLianbHOro piBHSHHSA

I y+2d*(c, +¢,)w =0, (24)
3araribHe pilUeHHs IKOTO MOXHA 3anucaTty y BUMsL|
v =C,sin(k,t+a,). (25)

LimkniyHa uyactota obepTanbHUX KonMBaHb Kopmnyca
TpaHcnopTHoro 3acoby B nnowwuHi yCz byae:

k, =2d%(c, +c,)/ m,. (26)

O6roBopeHHs. KonmBaHHS KOpMyCy TPaHCMNOPTHOIO
3acoby € BaXMBMM acrnekToM, SIKUA BMNMBAE Ha pisHi
acnekTn Noro yHKLioHyBaHHs. [JaBaTe po3rnsgHemMo aeski
KMIOYOBI acnekTn Ta 06roBopMMmo ix.

Komdopt Bogis: KonuBaHHA Kopnycy TpaHCMOpTHOro
3acoby MOXyTb BnnvBaTM Ha KoMdopT Bogis. HagmipHi
KONMWBaHHA MOXYTb CMPUYMHATA  AUCKOMCOPT, CTOMIIIO-
BaHHS Ta HaBiTb HE3PYYHOCTI AN Nacaxupis. TOMy BaXNMBO
po3pobnATK Ta BAOCKOHANOBATU CUCTEMU MOMMMHAHHS
KONMMBaHb, SiKi 3MEHLLYIOTb BNUB KOMNMBAHb Ha macaxupis
i 3abe3nevytoTb GinbLl KOMGOPTHY NOI3AKY.

CrikicTb TpaHcnopTHoro 3acoby: KonmBaHHsi kopnycy
MOXYTb BMMBATK Ha CTIilKICTb TpaHCNopTHoro 3acoby. Haa-
MIpHi KONMBaHHA MOXYTb 3HWXYBATU CTINKICTb Ta KOHTPOIb
HaZ TpaHCnopTHUM 3acoboM, 0COBMBO Ha BUCOKMX LUBUA-
KOCTX abo B yMOBax NoraHoro AOPOXHLOro NokputTs. Lle
MOXe noripLyBaTi 6e3neky Ta KepoBaHICTb TPAHCMOPTHOTO
3acoby. Po3pobka eekTMBHMX CMCTEM NiABICKM Ta KOHT-
pOMi0 KOMMBaHb Aornomarae 3abesneunTyt CTINKICTb TpaH-
CMOpPTHOrO 3acoby.

Brnnue Ha poboui opraHu: KonmBaHHS kopmycy MOXyTb
BMNMBATU Ha €(hEeKTUBHICTb POBOTM POBOYMX OpraHiB TpaH-
cnopTHoro 3acoby. Hampuknag, B CinbCbKOrocrnogapChbKux
MalLLI1HaX, KOMYBaHHS MOXYTb NPU3BOANTM SO HEPIBHOMIPHOTO
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06pobreHHs rpyHTy abo BMAMBATK Ha TOYHICTL poboTM 0Bpo-
GrtoBanbHUX arperatis. BpaxyBaHHs kon1BaHb KOpPycy Ta po3-
pobka cucTeM KomneHcauii MoXyTb noninwut poboty pobo-
YMX OpraHiB Ta Pe3ynbTaTUBHICTb TPAHCTOPTHOMO 3acoby.

Besneka: KonuBaHHa KOpnycy TakoX MarTb BaXnuBe
3HaveHHs ansa 6esneku TpaHCMNoOpTHOro 3acoby. HagmipHi
KONMBAHHS MOXYTb CMPUYMHSATM MOLUKOMKEHHS CTPYKTYpM
TPaHCMOPTHOro 3acoby, 3HOLLIYBaHHS AeTanen abo BuKnW-
kaTu HecnpasHoCTi. Lle moxe BnnuHyTV Ha 3aranbHy 6es-
neKky nacaxupis Ta ekcrnnyarauito TPaHCMOpTHOro 3acoby.
Po3pobka Ta 3actocyBaHHS e(heKTUBHUX CUCTEM KOHTPOSIIO
Ta MOHITOPUHIY KOMMBaHb MOXYTb MOKpaLLMT Gesneky
TPaHCMOPTHMX 3acobiB.

OTxe, pO3yMiHHS Ta YMPaBMiHHSA KOMUBAHHAMMU KOp-
Mycy TPaHCMNOPTHOTO 3acoby € BaXnMBUMU 3aBAAHHSMM
ans 3abesnevyeHHss KOMOPTY, CTIMKOCTi, edqeKTUBHOCTI

Ta 6e3nekn TpaHcnopTHoro 3acoby. Lie Bumarae po3pobku
Ta BNPOBAaXEHHS BiANOBIQHWX TEXHOMNOTIA, MaTEMaTUYHUX
MoZenen Ta CUCTEM YMPaBMiHHS, IO [A03BONSATL edek-
TUBHO KOHTPOMIOBATU Ta 3HWKYBATW BNMB KONWBaHb Ha
TpaHCnopTHUIA 3acib.

BucHoBoK. Takum YMHOM, BifbHi KONMBaHHS koprnyca
TpaHcnopTHoro 3acoby y nnowmHax yCx i yCz onucyroTbes
YOTUPMA HE3aNEXHUMU PIBHSHHAMU, KOXHE 3 SKUX MICTUTb
NULLIE OAMH apryMEHT — OfHY 3 y3araflbHeHUX KOOpAWHaT Y,
X, @ abo y

LLlo6 oTpumaTy pilleHHst B Yncnax 3a AOMOMOIOK LMX
PiBHSIHb, Tpeba BU3HAYUTUCS 3 BENUYMHAMU EKBIBANIEHTHUX
KOPCTKOCTEN LMH C, i C, Ta MOMEHTIB iHepLii Macu TpaH-
cnoptHoro 3acoby J, i J,. [laHi JocnimkeHHs MatoTb npu-
KnagHUN Xapaktep Ta MOXYTb OyTW BMKOPUCTAHUMU MpW
KOHCTPYIOBaHHi aBTOMOBISNbHOT TEXHIKN.
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Research of free oscillations of the body of the vehicle while driving

Vehicle body sway refers to the movements and vibrations to which the vehicle structure itself is subjected while driving.
These can be movements and vibrations that occur relative to the main structure or frame of the vehicle. During the movement
of the vehicle, especially on roads with uneven surfaces, the body is subject to various vibrations. These fluctuations can be
caused by unevenness on the road, the resistance of working bodies, the influence of wind forces or other factors. Types
of hull oscillations may include vertical oscillations manifested as bouncing or up-and-down movements; longitudinal rocking
occurring in the direction of movement of the vehicle; horizontal-longitudinal vibrations of the body, which appear due to
the influence of lateral forces or movements of the body up and down; and transverse sway, known as roll, side-to-side sway.

Body vibrations can affect various aspects such as passenger comfort, vehicle stability, efficiency of working organs
and overall safety. Therefore, studying and understanding these fluctuations is an important task for vehicle designers
and engineers working to improve their performance and functionality.

In this article, we have carried out a detailed analysis of the process of oscillation of the vehicle body during movement.
The study covers the effect of road surface irreqularities and other factors on body vibration. It was found that various
types of oscillations occur during the movement of the vehicle, such as vertical oscillations (jumping), longitudinal swaying,
horizontal-longitudinal oscillations of the body and transverse oscillations (side swaying). The conducted analysis examines
the causes of these fluctuations and their impact on the comfort of the driver, passengers and the stability of the vehicle.

For a better understanding of the oscillation process, a mathematical analysis was carried out for the purpose of further
modeling and conducting experimental studies. The results of this research can be important for improving the design
of vehicles and developing effective vibration absorption systems that ensure a comfortable ride and the safety of passengers.
The given calculation algorithm describes in detail the process of oscillation of the vehicle body during movement.

Key words: vehicle, body vibrations, amplitude of vibrations.
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