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O. I1. AHTOHIOK?

OIIIHKA MILIHOCTI TA HAJIMHOCTI
ABTOTPAHCIIOPTHHUX 3ACOBIB

13axinHOyKpaiHCHKHMI HALIOHAIBHUMN YHIBEPCHTET
’BiHHHUIBKUH HALIIOHATBHUIN TEXHIUHUI YHIBEpCUTET

Ha daHutli yac numanHs 3abe3rniedeHHsi MiyuHocmi ma HadilIHOCMI KOICHUX MPpaHCrnopmHux 3acobie, cmeopeHHs
AKux nepedbavyac OOmMpuUMaHHS yCiX Cy4aCHUX 6UMO2, HEe BUPIWEHO [108HOK MIipo. Y 383Ky 3 Uum,
yOOCKOHaneHHs1 mMemodonoegii ouiHKu MiyHocmi ma HadiliHocmi pobomu asmompaHcrnopmHux 3acobie €
akmyanbHUM 3a80aHHsIM, BUPIWEHHS1 5iko2o nepedbadyae mnowyk eidnosidell Ha maki numaHHsa: eubip
pauyioHanbHO20 eapiaHma Hecy4oi cucmemMu ma eKOHOMIYHO 0brpyHmosaHux rnpoginie; nidbip mamepianie 3
8i0rnoBIOHUMU  DI3UKO-MEXaHIYHUMU Xapakmepucmukamu mouwo. Bubip pauioHanbHo20 8apiaHma Hecy4orl
cucmemu paMHUX KOHCMPYKUiU asmompaHCriopmHux 3acobie eumazae npoeedeHHsI [MOPIBHAIbHOI OUiHKU
MOX/uUBUX eapiaHmie Ha ycix emarnax KOHCMPYKmMopCbKux pobim. Hecydi KOHCMpyKyii asmompaHcrnopmHux
3acobie € cmamu4yHO HegU3Ha4YeHUMU. Y 38’A3Ky 3 4YUM, MPO8eOEeHHS MPouecy OUiHKU MiyHocmi ma HadiliHocmi
pobomu asmompaHcropmHux 3acobie, SKi Maromb PI3HOMUIHI KOHCMPYKMUBHI CXemu, € cKiiadHot 3adaydero, sika
Ha cb0200HiWHil OeHb He Mae E0UHO20 MemMOoA0102i4HOZ0 PilleHHS. 3 Memoro supiweHHs yiei npobrnemu 8 pobomi
po32rsiHymo Mooerlb HarnpyXeHo-0eghopMo8aHo20 cmaHy [POCMOPO8O HaBaHMaXEeHOI pamMHOI KOHCMPYKUil
poskudavya meepdux 0obpue HESSTON S 125 moducgpikosaHuM MemoOoM MiHiMyMy romeHuiarbHOI eHepaii
Oeghopmauii KOHCMPYKMUBHUX CMPYKmMyp i3 3acmocysaHHsM ¢hyHKuii Xeegicalida. Pama € 38apHOK HeCcy4or
KOHCMPYKUj€eto, Wo cKmadaembCsi 3 MpPbOX M083008XKHIX JIOHXEPOHI8 3’€OHaHUX MiX cOb0r nepedHbor basnkoro i
rniorepeyuHamu. [MpoeedeHHs1 KOPEKMHO:20 i payioHabHO20 aHari3dy HarpyxeHo-0eghopmMoeaHO20 cmaHy Mmakoi
Hecy4yoi cucmemMu MOXIuge fuwe rnpu sukopucmanHi ModugikoeaHo2o Memody MiHiMyMy MomeHyianbHOI eHepail
Oeghopmauii. BHacnidok modentogaHHSI ompumMaHO pekomeHOauii Onsi pauioHaslbHO20 3a 3asaHma)XeHiCmio
KOHCMpYto8aHHSI CKadosux 8y3riie i paMu KOJICHUX mpaHCrnopmHux 3acobie 3 nidsuweHHsm HadiliHocmi npu
00HOYacHOMY 3HWXEHHI Mamepiaromicmkocmi. B KiHuegsomy pesynbmami ue nidsuwye ixH0 MiyHicmb ma
HadiliHicmb npu 0OHOYaCHOMY 3HUXXEHHI MamepiasioMicmKocmi.

KnrouoBi cnoBa: HaginHiCTb, MiLHICTb, aBTOTPAHCMNOPTHI 3aco0u, NigBULLIEHHSA HAAINHOCTI, KOMICHI TPAHCNOPTHI
3acobwm.

Beryn

[IpoGiiema HamiHHOCTI aBTOTPAHCIIOPTHUX 3aC001B, AKi CTBOPIOIOTHCS 3TiTHO i3 CYYaCHUMHU BUMOTaMH, Ha
JAHWA Yac He TIOBHICTIO BUpIMIeHa. Y 3B’S3Ky 3 UM, 3a0€3MeUeHHs OIliIHKYA MII[HOCTI Ta HaiHHOCTi POOOTH €
aKTyaJbHUM 3aBJIaHHSM, PO3B’SI3aHHS SIKOTO Iependavae IMOMIYK BIAMOBIIEH Ha Taki NMUTaHHS: BHOIp
palioHaJIbHOTO BapiaHTa HECY4Oi CUCTEMH Ta €KOHOMIYHO OOIpYHTOBaHHMX MpodiniB; miabip marepiamiB 3
BIIMOBITHUMHU (hi3UKO-MEXaHIYHUMH XapaKTepUCTHKaMH Tomlo. BuOip pamioHambsHOTO BapiaHTa HeCydoi
CHCTEMH paMHUX KOHCTPYKIIH aBTOTPAHCIOPTHUX 3aco0iB BUMAarae IMPOBEIEHHS IMOPIBHSUILHOI OIIHKH
MOJKJIMBUX BapiaHTIB Ha YCiX eTamax KOHCTPYKTOPChKUX poOiT. Hecydi KOHCTPYKIIii aBTOTPaHCIIOPTHHX
3ac00iB € CTATHYHO HEBU3HAYCHUMU. Y 3B’SI3KY 3 UMM, IIPOBEICHHS MPOIIECY OLIHKA MIITHOCTI Ta HaiHHOCTI
POOOTH aBTOTPAaHCIIOPTHHX 3ac00iB, sIKi MAIOTh PI3SHOTHITHI KOHCTPYKTUBHI CXEMH, € CKIIaHOIO 337a4er0, sKa
Ha ChOTOJHIIIHIN JI€Hb HE Ma€ €IMHOTO METO/IOJIOTIYHOTO PIIIICHHS.

Memow pobomu €: yIOCKOHAJICHHA METOJOJOTii OIHKM MIIHOCTI Ta HaAIHHOCTI Hecydux
METaJIOKOHCTPYKLiH aBTOTPaHCIOPTHUX 3aCO0iB.

Pe3yabTaTu gociaixxeHHs

B mporieci BUKOHaHHS TEXHOJIOTTYHOTO MTPOIIECY B CKIIATHUX MOJIBOBHX YMOBAX MTPU BUCOKHX IIBUIKOCTSIX,
migyac poOOTH B arpeCHUBHUX CEPEAOBHUILAX PAMHI KOHCTPYKIIi pO3KHIauiB OpraHiuHUX JOOPHUB MiJAal0ThCS
3HAYHUMH 30BHIIIHIMH HaBaHTakeHHsMU. Came ToMmy BOHM BifgHocsTbes no III kmacy 3BapHuX pam y
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CIITBCBKOTOCIIONapCchkoMy MamuHOOyayBaHHi [3]. IIpoekTyBaHHS HamXIMHUX HECYYHMX CHCTEM ITHOTO KIIacy
JOCSTA€ThCA LUIIXOM MaKCHMAlbHO KOPEKTHOTO MOJETIOBAaHHA HAIPYKEHO-Ie(OPMOBAHOTO CTaHy 3
ypaxyBaHHSIM 30BHIIIHIX HAaBaHTAXXEHb, K (YHKLIH YMOB POOOTH.

BazoBa npocTopoBo-HaBaHTakeHa Hecyda CCTEMa PO3KH1aviB OpraHiyHUX J0OPHB Ta ii By3/I1 BUMararoTh
YAOCKOHAIIEHHS 3a HamidHicTIO. MoemoBaHHS HampyKeHO-Ie(OPMOBAaHOTO CTaHy Ha OCHOBI
MOoan(hiKOBAaHOTO METOIY MiHIMyMY MOTEHIIaIbHOI Aedopmariii 3 BpaXyBaHHSIM €Hepriil 3ruHy Ta KpydeHHs,
LIJISIXOM palfioHai3anii MeToy 3acTocyBannsM ¢yHkiii Xesicaitna H (x) cxnamae ocHoBy nanoi po6oTy.

B po0oTi po3risiHyTO IUIOCKY NPOCTOPOBO-HABaHTAKEHY pPaMHY KOHCTPYKIIIO PO3KHIada TBEPIUX
opraniuaux goopuB HESSTON S 125. Pama € 3BapHOI0 HECYy4Or0 KOHCTPYKITIEIO, IO CKIAJAETHCA 3 TPHOX
TMIOB3/I0BXKHIX JIOHKEPOHIB, OBKHHOIO | , 3’€IHAHMX MiK COOO0F0 TIEpeIHBOIO OAKOIO i mornepeunHamu [1].

HouineHo mpoBectd MoxenoBaHHs HJIC 1IOoCKMX  MNpPOCTOPOBO-HaBaHTAXKEHUX  paMm
aBTOTPAHCIOPTHUX 3ac00iB il OUIBII MOBHOTO PO3YMiHHS IMPOIECIB (BUHUKAIOYMX BHYTPILIHIX
CUJIOBHX (pAaKTOPIB 3 BpaXyBaHHIM B TOMY YHCIIi OIMOMEHTIB), III0 Ha JYMKY aBTOPIB 3aCTOCYBaHHS
METOJly MiHIMYMY MOTEHIIaJIbHOT eHepril nedopmairii MoKe KOPEKTHO 3a0e3MeUnTH.

JominyrounMy (akTopaMu TIpM MOJENIOBaHHI 3aBAHTAXEHOCTI MPOCTOPOBO-HABAHTAXKEHOI pamMHOI
KOHCTPYKLii po3kuaaua TBepaux opraniunnx goopus HESSTON S 125 € 3ycumns Bif 3aBaHTa)KE€HOI Macu

no0pus P, Ta Giteproro mpuctpoio Py, posknpaua. B Micwsx KOHTakTy 3’eQHaHHS OCEH XOHOBHX KOJIC
MAlIMHHY 3 JIOHKePOHaMu pamu AiroTh peakuii Ry, Ry, R, R/ ta R,, R;.

3aranpHuid BUpa3 QyHKIIi MOTEHIIaNbHOT eHeprii Jedopmaliii paMu 3riHO 3 PO3PaXyHKOBOIO CXEMOIO
(puc. 1) 3ammcyeThcst K cyMa TOTeHLianbHOiI eHeprii aedopmamii mpu 3runHanHi ( M ) 1 KpydeHHI
(K) mBox ii wactun [1]

U=UI+UII=UIM+UIK+UIIM+UIIK_ 1)

Puc. 1. Po3paxyHnkoBa Mozienb pamu po3kuaada opraniganx goopus HESSTON S 125

Uim =Ei11[fol<K1—le—Ros+ (KZ_Q25+(P1+P11))H(S—Q1) + (K3 — Q35+ (P, +P12))H(5—

az) + (K4 = Q45+ (P + P13) )H(s — az) + (Ks — Q55 + (P + Pi)H(s — ay) + (Kg — Qes +
(Ps + P15))H(s — as) — RysH(s — ag) + (K7 — Q75 + (Ps + P1g) )H(s — a;) — RysH(s — ag) +
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2
+(Ks — Qgs + (P; + Py7))H(s — ag) + (Ko7 — Qos + (Pg + Pyg))H(s — a10))) ds] +

1
2El,

+

[f 04, - Qs Rost (s -,y +

[ M, ~ Q5 +RLH (s ) + BH (s~ h))ds + [ (M, ~ Qs+ P (s —h) + PH (s~ h)ds +
+-r|1(M4 —Q,s+PH(s-h)+ P3H(s—h3))2ds+jl(M5 -Qss+PR,H(s—h)+ P4H(S—h3))2ds+ Q)
[ My~ Q5+ P (s —h) + PH(s—h)Yds +| (M, ~ Q5 +PuH(s—h) + PH (s~ h)Vds +

+_r|1(M8 _QBS + F)17H(S - hl) + P7H(S - h3))2dS +j. (Mg _Qgs + PlgH(S - hl) + PgH(S - hs))zds]-

1 |
UIK B 2G|k1['c[(M1_Q1h_Ro(h_h2)+(M2 _Q2h+ Pl(h_h3)+ I:>11(h_hl))x

xH(s—a)+M;—Oh+P(h—h)+B,(h—h)H(s—a,)+(M,—-QO,h+

+R(h—h) + Py (h—h))H (s —a;) + (Mg — Oh+ P, (h— hy) + B, (h — 1)) %
xH(s—a,)+(My;—Oh+P(h—h)+B,(h—h)H(s—ay))+ (M, —0O,h+
+R(h=h)+PFg(h—h))H (s —a;)+ (Mg — Osh+ P,(h—hy) + B, (h—h)) x
xH (s —ay)) + (Mg — Osh+ F(h—hy) + Bg(h—h))H (s _alo))zds +

I
+I(M1 —Roh, + (M, + Bhy + B h)H (s —a,) +(M; + Bhy + Byh)H (s —a,) +
0

+(M, + Bhy + Bsh) H (s —as) + (M5 + Buhy + By H (s —a,) + (Mg + Bhg +
+Psh) H (s —as))zds + (M, + Bohy + Bgh))H (s —a;) + (Mg + Py + B ) x

xH (s — aq))*ds + (Mq + B, + Bghy ) H (s — ay,))  ds] + )

h
+;IK12+K22+K§+K5+K52+K52+K72+K82+K92ds.
2Gl,, 3

19



ISSN 2415-3486. Bicnux mawunobyodyeanns ma mpancnopny Nel(15), 2022

UIIM = é[j‘(le - Kl - Ros + (st - Kz + (Pl + Pll))H(S - a'l) +(Q35 - K3 +

+(P2 + Plz))H(S_az)"‘(Qﬁ_ K, +(P3 + I:)la))H(S_as))+(Q55_ Ks +(P4 + Pl4) X

x H(s—a,)+(Qys — K¢ + (P, + Py ) H(s —a,) — RSH (s — ;) + (Q,5 — K, + (P, + P ) x
x H(s—a,) —R,SH (S —a5) + (Qy5 — Ky + (P, + P, )H (s —ag) + (Qys — K + (P, + Py )) x
1

_ 2
x H(s—ay)) ds]+ 28T,

[[ (M, +Qis— RysH (s—h,))*ds +
+ J(MZ +Q,s+P,H(s—h)+PH(s—h,))*ds+ J'(M3 +Q,5+P,H(s—h)+P,H(s—h,))*ds+ .

h h

+ [ (M, +Q,5+ PyH (s =) + PH (s —hy)) ds + [ (M +Qss + PyH (s — ) + Py H (s —hy)) ds+
0 0
h h

+ [ (M +Qgs+PgH (s —hy) + PH (s —hy))’ ds +[ (M +Q;s +PgH (s —hy) + By H (s —hy)) ds+
0 0

nL.h[(M8 +Qys+ Py H(s—h) +P,H(s—hy))*ds +j‘(M9 +QyS + P H (s —h) + P,H (s —h,))*ds].
1

ET

+(M3+Q3h+ Pz(h_hs)"' Plz(h_hl))l—l(s_az)"'(M4"'Q4h"'Pa(h_ha)"'Pla(h_h1))><

XH(5_33)+(M5 +Q5h+P4(h_h3)+ Pl4(h_h1))H(s_a4)+(M6 +Q6h+ Ps(h_h3)+

+Rs(N=h))H (s-a5))+ (M, +Qh+ P (h—hy) + P (h—h))H (s —a;) + (Mg +Qsh +

+ P (h=hy) + B, (h—h))H (s - a,)) + (Mg + Qh+ B (h—hy) + P (h—h)) H (s —a,)) ds +

U = [_I[(Ml"'th_Ro(h_hz)"'(Mz +Q,h+R(h-h)+R;(h—h))H(s—a)+

(4)

|
+J.(M1_R0h2 +(M,+Rh;+ P h)H(s—a)+(M; +Ph, + P,h)H(s—a,) +(M, + Ph, +
0

+ P13h1)H(S_a3) + (Ms + P4h3 + P14h1)H(S_a4) +(M6 + Pshs + PlShL)H(S _as))2d5+
+ (M7 + Pshs + P16h1)H(S_a7) + (Ms + P7h3 + P17h1)H(S _ag))2d3+ (M9 + P8h3 + Plshl)x
1

x H(s—ay)) ds]+ G

h
[KZ+KZ+KS+KZ+KZ+KZ+K? +KZ +Kds,
k2 0

Ha mincrasi npasua JleiOHima mpo nudepeHiiroBaHas MiAIHTerpaTbHAX (PYHKIIN MOTEHIIATbHOT eHepril
nedopMarii 3a HEBIOMHMH TapaMeTpaMHd i TEOpeMH PO HalMeHITy poOOTy KOXKHY 13 MOXiJHHX BiJ
MOTEHIIaTbHOI eHeprii nedopMarlii MpUPIBHIOEMO 10 HYISA. B pe3ynbTari OTpUMaeMo CHCTEMY IHIHHUX
KaHOHIYHUX PiBHSAHB, KUTBKICTh SKHX 30ira€ThCsl 3 KUTBKICTIO CTATUYHO HEBU3HAYCHHX 3yCHIIh [2]

U ;.U _ .0 o )
oM, oK, aQ

Ilykani srusansanii M i kpyTHEi K MoMeHTH, a Takox momepeuny ciwty Q BH3Hayaemo mpu Takux
BUXIJTHUX JIaHUX:
—  30BHILIHI HABaHTAXXEHHSI, OJIePKaHi eKCIIEPUMEHTAIBHO:
P, =1661H; P/=1673H; P, = 2030H; P, =1964H; P, =2743H; P, =2871H;
P, =3128H; P; =3026H; P, =3749H; P/ =3740H; P, =4186H; P! =4277H;
P, =5050H; P! =5423H; P, =5697H; P/ =5921H; P, =6636H ; P/ =6496H ;
P, =1570H; P, =1810H; P, =2172H; P, =2254H; P, =2967H; P, =3079H;
P, =3488H; P, =3325H ; P, =4054H; P, =3960H; P, =4915H; P} =4752H;
R, =5610H; P, =5791H; P, =6282H; P, =6435H; P, =6980H; P, = 7044H ;
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P, =1960H; P, =2146H.
— reoMeTpuuHi Ta (Hi3MYHI XapaKTEPUCTUKH, B3ATI 3 KPECIACHHS 1 BIACTUBOCTEH MaTepialy KOHCTPYKIIII:

a, =0,480m; a, =0,705m; a, =0,705m; a, =0,705um; a, =0,705u; a, =0,100Mm; a, = 0,480m;
a; =0,150m; a, =0,495m; a, = 0,645wm; a,;, =0,645m; h=1,010m; h, =0,365m;
h, =0,645u; h, =0,750m; I, =177,25810"'m"; 1,, =10,9673-10 " m*; 1, =1,72294.10"m";
I, =38,6459-10°m*; E=21-10°MIla; G=8-10"MIla.

30BHIIIHI OMOpHI peakmii € CTAaTUYHO BH3HAYEHUMH, BIJHOCHO IMTyKaHWX BHYTPIIIHIX HEBiTOMHX
rmapaMeTpiB:
R, =8632H; R, =9078H ; R, =32512H ; R/ =33528H ; R, =31746H ; R, =32184H
B Hacniiok po3B’si3aHHS CUCTEMH PiBHSIHb OTPUMAEMO:
M,=-1758H-m; M, =-3235H-m; M, =-2704H-m; M, =—-2607H ™ ;
M, =-2178H-m; M, =-2982H-m; M, =-3355H-m; Mgy =—-5132H - m;
M, =—6625H-m; M, =—8382H-m; K, =0,22H-m; K, =0,22H-M; K, =0,2H - ™m;
K,=015H m; K,=0,09H-m; K, =0H-™m; K, =0H-Mm; K; =0H-m; K, =0H-M;
K, =0H-m; Q =14H; Q, =-1435H; Q,=-550H; Q, =683H.; Q, =450H; Q,=735H;
Q, =242H; Q,=-1198H; Q, =-1189H; Q,, =-1053H.

BucHoBok

Omxe nporeneHo mojenmoBanHs HJIC, muigxoM 3acTOCYBaHHS MiIXOZIB MEXaHIKH Je(OPMOBAHOTO
TBEPJOTO TiJla, 0 € OCHOBOKO ()OPMYBAHHS 3aJIeKHOCTEH JIsi OOYHCIIEHHSI 3aJMIIKOBOTO pPecypcy podoTu
Takux cuUcTeM. lle Jae MOXITMBICTH JOCHIMHKYBaTH >KMBYYICTh PAMHHX KOHCTPYKIIiHi B PO3pi3i pO3BUTKY
BTOMHUX TPIlIMH B MAKCUMAJIbHO HABAHTAXKEHUX €JIEMEHTaX paM BiJl 3apOKEHHS 10 KPUTHYHOTO PO3MIpy 3
3aCTOCYBaHHSIM KOe(illi€HTIB 1HTEHCHBHOCTI Hampy>Ke€Hb Ta O-pO3KPHUTTS TpimmH. Tak Ha TpuUKiIai
KOHCTPYKTHBHOTO paMHOTO poskumava opranigaux noopuB HESSTON S 125 Oyno mpoBemeno anami3
HaIpyXeHO-/1e(hOPMOBAHOTO CTaHY TaKOi HECYYOi CHCTEMH Ta BCTAHOBIIEHO HEOOXiTHICTh 3aCTOCYBAHHS MIPH
MOJICJIIOBaHHI MOAHM(]IKOBAaHOTO METOAYy MiHIMyMy TMOTEHIIadbHOT eHeprii aedopmanii. BHacmimok
MOJICTTIOBaHHS OTPUMAHO PEKOMEH/AIIT /ISl palioHAIFHOTO 33 3aBAaHTAKEHICTIO KOHCTPYIOBAHHS CKJIA/IOBHX
BY3JIiB 1 paM¥ 3 MiIBHINEHHSIM HAAIHHOCTI PH OAHOYACHOMY 3HMKEHHI MaTePialOMiCTKOCTI.
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Evaluation of strength and reliability of vehicles
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At present, the issue of ensuring the strength and reliability of wheeled vehicles, the creation of which requires compliance
with all modern requirements, has not been fully resolved. In this regard, improving the methodology for assessing the strength
and reliability of vehicles is an urgent task, the solution of which involves finding answers to the following questions: the choice of
a rational version of the bearing system and economically sound profiles; selection of materials with appropriate physical and
mechanical characteristics, etc. The choice of a rational variant of the load-bearing system of frame structures of vehicles requires
a comparative assessment of possible options at all stages of design work. The load-bearing structures of vehicles are statically
uncertain. Therefore, the process of assessing the strength and reliability of vehicles with different types of design schemes is a
complex task, which today does not have a single methodological solution. In order to solve this problem, the model of the stress-
strain state of the spatially loaded frame structure of the HESSTON S 125 solid fertilizer spreader is considered by a modified
method of minimum potential deformation energy of structural structures using the Heaviside function. The frame is a welded
load-bearing structure consisting of three longitudinal spars connected by a front beam and crossbars. Carrying out the correct
and rational analysis of the stress-strain state of such a bearing system is possible only with the use of a modified method of
minimum potential deformation energy. As a result of modeling, recommendations were obtained for the rational design of
components and components of wheeled vehicles with increased reliability while reducing material consumption. Ultimately, this
leads to an increase in their strength and reliability while reducing material consumption.

Key words: reliability, durability, vehicles, increasing reliability, wheeled vehicles.
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