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AHoTauis

Meta gocnigxeHHs. [1inBuLLeHHS ebeKTUBHOCTI POBOTU TPE/TIOBAIbHUX MALLMH OBOrPYHTYBaHHSM pPa-
L{IOHAJIbHUX CUCTEM IX aMOpTU3aLil 4715 LUMPOKOIro giarna3oHy MpupoLHO-BUPOBHUYMX YMOB.

MeTtoaun gocaigxeHHs. AHa/1IITMYHa MOLAE/Ib TPE/IHOBAIbHOI MaLLMHUW 71 BU3HAYEHHS IT KOJIMBAIbHUX
XapPaKTEPUCTUK.

Pe3ynbrat BOCNIA)EHHS. Ha HaBaHTaXeHY JliCOTPAHCIOPTHY MALLUMHY, LLO PYXAETLCS MO TPEJI0-
BaJIbHOMY BOJIOKY, KPIM 30ypeHb BiO MIKPOPEesIbey, BI/IMBAIOTbL 3rMHAJ/IbHI KOJIMBAHHS MNaKeTa XJ/IMCTIB
(aepeB). B3aemogis ABOX YMHHMKIB CTBOPKOE CKIAAAHUN ANHAMIYHUM CTaH CUCTEMU, TOMY BUBYEHHS KOJIN-
BaHb TPEJIHOBAJIbHOIO KOJIICHOIO TPAKToPa € HEOBX[AHUM /151 BUPILLIEHHS 3aBAaHHS BUOOPY PaLiOHasIbHOI
CUCTEMU MIZPECOPIOBAHHS LUMX CrieliasibHuX MaLLmH. CaMe TOMY METOR [OC/IAXKEHHS € MiABULLEHHS ehek-
TUBHOCTI pOBOTU TPETFOBASIbHNX MALLMH OBrPYHTYBAHHSIM PAaLiOHAIbHUX CUCTEM IX aMopTU3aLli 4/1s Lun-
POKOIro fiarna3oHy npupoLaHO-BUPOBHMYMX YMOB. [/ AOC/IIAKEHHS MOBHOI KO/IMBAasIbHOI crucTemu (Tpak-
TOP-MaKEeT XJIMCTIB) B POOOTI BUKOPUCTAHMI METOA ANCKPETHUX MAC. 3 aHasli3y OCHOBHMX MapLiasibHUX
4acToT 3p06/1EHO BUCHOBOK, LLO APYra BJIACHa YacToTa 3HaYHO BIAAA/ISIETHCS B4 NepLUOl, @ JBOMacoBa
CUCTEMA Y BU3HAYEHHI YACTOT MOXKE Oy T 3aMIHEHA O4HOMACOBOIO B LUMPOKIM CMY3I YACTOTHOIO PEXXUMY.
[MapameTpu cucTemu, ki BXOASATb Y BUPA3 rnepenaBasbHoi hyHKLIL, YaCTKOBO MPUMIMArOTbCS BiArnoBIgHO
10 KOHCTPYKUIT ToakTopa (IHepUIiviHI NapaMeTom i JIIHIVIHI pO3Mipu), @ IHLLI rnapamMeTpm (MOPCTKOCTI | 4eM-
rghyBaHHS) BU3HAYaOTLCS 1i4 Y4ac ornTtumilayii cuctemu. OKpPIM TOro, BCTAHOBJ/IEHO, LLJO AOAATKOBUMN He-
TMIRYXKHMU OrTiP B LLUMHI /15 CUCTEMU 3 OCHOBHUM MPOrMMHOM Yy MiABICLI AAE MAJIMM AeMIIYyBaIbHUN €EeKT. |,
HaBraku, 3 OCHOBHOM €/1aCTUYHICTIO B LUMHI 4OAaTKOBE AEMIYBaHHS B MiABICLI A€ MOMITHE MOJIMLLEHHS
AnHaMiyHux akocten. OT)Ke, MaKCUMasibHa 4eGhOPMaLIS MPYXXKHUX €/1eMEHTIB MigBICKM BUBYEHOI CUCTEMU
MOBUHHA PO3Pax0oBYBATUCS 3@ HEYCTASIEHUM PEXKMMOM PYXY Yepe3 OANHNYHY HEPIBHICTE HQ MAKCUMAasIbHY
BEJ/INYMHY 8 CM Bif MOJIOXKEHHS CTaTUYHOI piBHOBarn. [TMTaHHS KOHCTRYKLIMHOIO BUKOHAHHS MiABICKU, SKe
BIArNoBiAa€ 3a3HavyeHuM BUMOraM, rnoTpebye crieliasibHoro BuBYeHHs. O4HUM i3 LUISIXIB 3MEHLLIEHHS MpO-
TMHIB rigBICKU | YCYHEHHS iT Mpob0oIiB € BBeAEHHS riApaB/lIIYHUX aMOPTM3ATOPIB | ryMoBMX 6yghepiB.

BucHoBkn. OCTaTOYHMM aHAaJ1i3 CUCTEM MiAPECOPIOBAHHS MOKA3aB, O KPALUMMU aMOPTU3ALIMHUMU
BJ/IQCTMBOCTSMU BOJIOLIE CUCTEMA 3 OCHOBHUM [MPOrMHOM | AemMrgpyBaHHAM vy riigBicul. OTpuMaHa riig 4ac
AOC/IXKEHHS] ONTHUMI30BaHa CUCTEMA Mi4PECOPIOBAHHS 4aCTb 3MOrY 3HaYHO MOIMLLMTY M1/1aBHICTb Xo4Y |
3HU3UTU ANHAMIYHE HABaHTaXXEHHS TPEJIFOBAJIbHUX KOJTICHUX TPAKTOPIB. AHATITUYHI 3a/1€XMHOCTI /151 BU-
60py paLlioHasIbHOI CUCTEMMU aMOPTU3ALIT TPE/TOBA/IBHOIO TPAKTOPA MOXYTb OYTHU BUKOPUCTAHI 4715 TPAH-
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CIOPTHMX 3@CO6IB 3arasibHOro | Ci/ibCbKOrOCroAapChKOro rnpu3HayYeHHs.
KnroyoBi c/10Ba: KOJTICHUN TPEIOBAIbHUN TPAKTOP, KOJIMBAHHS MNaykuy AepPeB, PaLliOHA/IbHa CXeMa
amMopTu3aLli, cucTeMa rnigpecoproBaHHS, MPOrH rigBICKMY, MIaBHICTb PYXY MAaLLVHM.

ITocTanoBka mpoodsemu. KoicHuii Tpak-
Top TaroBoro kjiacy 3kH mae psa moaudika-
i, IpU3HAYEHUX JJISI MOro BUKOPUCTAHHS
B IeBHUX crieur@iuHuX ymoBax. OCHOBHMU-
MU 3 HUX € TPEJIIOBAHHS JiCy i TpaHCHOPT-
Hi poOOTH Ha JiicoBux goporax. Bci tpemto-
BaJIbHI TPaKTOpU MalOTh KOMIIOHYBAJIbHY
CXeMy, fSIKa € THUIOBOIO UISI KOHCTPYKIIil
TPaKTOPiB-TSATaviB 3 KOJIICHOIO (opMyIIoro
4K4. Tomy ekBiBaJleHTHa JMHaMidyHa po3pa-
XYHKOBa cxema, sika BimoOpaxkae crieumn@iky
eKCIUTyaTalil MalllMH, € CIIUIbHOK JJIS LIMX
TPaKTOpiB.

Ha HaBaHTaxXeHy JiCOTpaHCIOPTHY Ma-
IIMHY, SKa PYXa€TbCS IO TPEIIOBATIbHOMY
BOJIOKY, KpiM 30ypeHb Bii MiKpopeabedy,
BIUIMBAIOTh 3TMHAJIbHI KOJIMBAHHSI I1aKeTa
XJIMCTIB (mepeB). B3zaeMomisi 1BOX YMHHMKIB
CTBOPIOE CKJIAJHWUI NWHAMIYHUI CTaH CHUC-
TeMHU, TOMY BUBYEHHSI KOJIMBaHb TPEIIOBAIb-
HOTI'O KOJIICHOTO TpaKTOpa € HEOOXiTHUM IS
BUpIilLLIEHHSI 3aBJaHHSI BUOOPY pallioOHaJIbHOIL
CUCTEMH ITiAPECOPIOBAHHS LUX CHeLiaIbHUX
MallWH.

AHaJTi3 OCTaHHIX JOCJIIKEeHb i mMyO TiKauiii.
OcHOBHU Teopii 3 OOrpyHTYBaHHSI i BUOOpPY
napaMeTpiB KOHCTPYKILIl JICOMPOMUCITOBUX
MalluH 3akianaeHi B pooortax C. ®d. OpJona,
B. A. Anekcangposa, I'. M. AHicimoBa, A.
M. Tonsaoepra, B. A. I'opbaueBcbkoro, A.
M. KouHnena, B. b. IIpoxopoBa, A. B. XKy-
koBa, B. Il. CepreeBa Ta iH. [1, 32, 51, 54].

Benukuii BHECOK y JOCHIIXKEHHI Teope-
TUYHUX PO3pOOOK Ta EKCILIYy-
aTtaliifHUX pexXuMiB poOOTHU
TpeJIIOBaJbHOI MAIMHU BHE-
cJin HaykoBi KoJiekTuBu Jlico-
TeXHiyHOo1 akazemii imeHi C.
M Kiposa i JCKBb OnHe3bko-
ro TpakTopHoro 3apomy. IIpo-
BEJEHI JOCIIIXXEHHS PEeXUMIiB
HaBaHTaXXE€HHsI B IPOLECi Tpe-
JIIOBAHHS Ha Pi3HUX Iepegayax
3 PI3HUMMM BapiaHTaMHM TA4YKH,
gKa TpemoeThesd. Ha mincrasi
OTPUMAHMX pe3yJIbTaTiB BHOEP-
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e OyJo BCTAaHOBJIEHO, IO 3MiHA TSTOBOL
CWIY B IPOLIECI TPEIOBAHHS MAa€ BUITAIKO-
BUI XapakTep i MiANOPSAKOBYEThCS 3aKOHY
HopMaJibHOoro posnoginy [11, 18].

IIpore, He3BaXkarUM Ha BEJIMKMIA 0OCST
poOiT, OIIbIIICTh TEOPETUYHUX IOCTIIKEHb
IPYHTYETbCS HA aHaJjli3i BIUIMBY KOJMBaHHS
Mayky 3 TOYKM 30pY TATOBO-€HEPreTUYHUX
MOKa3HUKIB TpakTopa. JlocuTh Mano yBaru
MPUILIEHO BIUIMBY 3a3HAYEHUX KOJIMBAaHb HA
KOJIMBAJILHUI PyX TpakKTOpa y MpPOCTOPi.

Meta i mocTaHoBKa 3ajay JOCJiIKEHHS.
MeTta nociigKeHHs1 — ITiABUILIEHHS e(deK-
TUBHOCTI poOOTH TpEIOBAJIbHUX MAallUH
OOrpyHTYBaHHSIM pPaLlOHAJIBHUX CUCTEM 1X
amMopTH3allil JJIs IMPOKOTO Alara3oHy Ipu-
POIHO-BUPOOHUYUX YMOB.

Buknaa ocHoBHoro marepiany. [list goci-
JI>KEHHS TIOBHOI KOJIMBAJILHOI CUCTEMM (TpaK-
TOP-TIAKET XJIMCTIB) CKOPUCTAEMOCS METOJIOM
OUCKPETHUX Mac, SIKWI 3alpoIlOHOBAaHWIA B
poborti [5]. Chpolyouyd po3B’S30K 3ajadi,
3YyIMMHUMOCS Ha BHBYEHHI IepeBaXkKalouux
KOJIMBaHb TpakKTopa B IMO3I0BXHIl BepTH-
KaJIbHiM TuiolmMHi. Jis1 Oibll  3arajbHOIO
BUIAAKY, KOJIM € IMiIpecOprOBaHHS 000X oceil
TpakTOpa, po3paxyHKOBa CXeMa HaBeleHa Ha
pucyHky 1. Ha pucyHKy HaBeAeHO Taki IO-
3HAUYEHHS: Z, @ — BEPTUKAJbHI MEepeMillleH-
HsI LIEHTpa Mac KOPITyCy i MOro KyToBi KOJIK-
BaHHSI HaBKOJIO OCi y, sIKa MPOXOAMUTH 4yepe3
LEHTPp Mac; z,, Z, — BEPTUKAJIbHI IEpeMi-
LIIEHHS OMOPHUX TOYOK KOPIYCY MepeaHbol

PUCYHOK 1 - Po3paxyHKOBa CXeMa BepTUKanbHUX KONIMBaHb
TPEMtOBaIbHOrO KOJIICHOMO TPakTopa 3 MakeToM X/IMCTIB
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1 3aIHBOI MIABICOK; Z,, Z |, Z,, — BEPTUKAJbHI
MepeMillleHHS LIEHTPa KOJIMBAJIbHOI YaCTUHU
XJIUCTIB, MEPEAHIX 1 3aAHIX HEMIAPECOPEHUX
Mmac; z,, Z,, — TPAEKTOPIst HEPIBHOCTI LIUISXY;
m,, 2m_, 2m_, — IpHUBEIEHA Maca KOPITyCY i
MacH HeNiApeCOPEHUX MEePEAHbOrO i 3aIHbO-
o MOCTIB; m, Iy — IIpYBeEACHA Maca i MOMEHT
iHepLii KOpPIyCy 3 ONOPHOI YaCTUHOIO IIa-
KeTa XJIUCTIB; m,, m,, m, — NPUBEICHI AMC-
KpeTHiI MacH, SIKi BiIMOBiIalOThb B AMHAMid-
HOMY BIZHOLLIEHHI pO3MNOALICHIN Maci makera
XJIUCTIB; 2¢,, 2¢,, 2¢, — TTapaMeTpy KOPCTKO-
CTi TNPYXXHUX €JIeMEHTIB MepeaHix i 3amHix
MIABICOK 1 IIWH; 26, 282,. 2.Bm— napameTpu
HEMpPY>KHOTO OIIOpPY B MiABICKax i IIMHAX;
[+ =1+ [I')= 2] — 06a3a Tpakropa,
[, + [,= 2] — npuBeneHa NOBXWHA IaKeTa
XJIUCTIB; f, — CTpijla IPOTMHY ITaKeTa B LE€H-
Tpi MOro KOJMBAJIbHOI YaCTUHM.

Pyx xopmycy TpakTopa Moxe OyTH Bigo-
OpaxkeHMIi TBOMa CUCTeMaMM y3arajlbHEHUX
KOOpAMHAT: Z, @ 1 Z,, Z,, TEOMETPUYHO ITOB’sI-
3aHUX MiX CO00I0:

¢:ZZ_21 Z:ZII2 + 2,1, "

21 20

3ayBaXXMMoO Bigpa3sy, 110, BUKOPUCTOBY-
I04A KOOpAMHATU Z, i z, , MOXHA 3Ha4YHO
CHPOCTUTU CUCTEMY PiBHSHb.

HpHﬁManqI/I My =My =M, €= Cp=0C,
¢, =¢,=c1pB, =B, =B, IO MAE MICLIC
s tpakTopiB 4K4 3 kojiecaMu OIHaKOBO-
ro posmipy (puc. 1), 3anuimemMo Bupas Ijs
KIHeTUYHOI, ITOTEHLIMHOI 1 IMCUIATUBHOI
€HEpriii CUCTEMU, sIKa BUBYAETHCS:

+2m 22, +

k<Kl K<K2

2T = m3z3221—;+2m 22

n

1
+ W(ZIIZ + Zzll)2 + ﬁ(zz _Z1)za

211 =c

n

(2)

/
7;(23 _22)2 +2¢,[(z4 _ZH1)2 +

n

+(ZK2 - Zul)z] +20(Zl - ZK1)2 + 20(22 - sz)za

L . . . .
j(23 - 22)2 + 2ﬂm[(zkl - ZH1)2 +

n

+ (Z'KZ - 2H1)2]+2ﬁ(21 - ZK])Z + 2ﬂ(22 - ZKZ)Z'

W =p,

ITincraBnsoun Bupasu (2) B piBHSIHHS
Jlarpanxa II pony
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d(oT) _of ol oW _
dt\0g,) oq, oq, 94,

1 1

0, 3)

Ie g, — ysarajbHeHi koopauHatu (i = 1,
2; ...; 5), OTpUMA€EMO BUXIAHY CUCTEMY OU-
(epeHLiaJIbHUX PiBHSHb:

1. . . .
W[zl (ml3 +1,)+ 2, (mhly =1 )]+ 2c(z) — 2,4) + 2 (2, — £,4) =0,

4%[22 (I} +1,)+ 2 (mhly —1 )] +2c(zy = 2,5) + 2B(2 — £,5) +

4)

I} L, . .
+an(22 _23)+ﬁnj(zz —;)=0,

n n

I .. / I, . .
my izz +CnTZ(Zs _Zz)‘*'ﬁui(% —-%,)=0,

mZy —20(z) = 2,4) =282 = ) + 20,2, + 2BuZ = 20,20 + 2B E0

n

Mz, =20(2y = 2,5) = 2B(2) = £,0) + 20,20 + 2,200 = 20,2, + 2,2,

Tyr mapamerpu ¢, i B, NPUIAHATI 1O OC-
HOBHOMY TOHY 3TMHAaJIbHUX KOJMBaHb MakKe-
Ta v,, 10 BU3HAYAETHCS CTPLIOIO MPOTUHY f :

2 C
2 G _ g

. 5
n m3 fn ( )
B orpumany cucremy (4) He yBiiluia
JMCKPETHA Maca I1akeTa m,, OCKUIbKM JOB-
>)KMHA KOHTAKTYy BOJIOYiHHSI 3HAYHO MepeBep-
LIIY€E TOBXWHY HEpiBHOCTI [5].
I3 cucremu (4), BUIHO, 110 3a Iy =ml L,
a TakoX B pasi [, = [, = [, ko Iy =ml , nBa
NeplInX piBHIHHS 3BIJIBHSIIOTHCS Bif B’s3ei
i cucreMa (4) po3aiIsiETbCA Ha ABI He3a-
JIexkHi HeogHakoBi migcuctemu. Ilpuitmaro-
YU BIUIMB IIiJ JIBUMHU 1 TIPAaBUMU KOJI€CaAMU
OJHAKOBMM, i 3 OISy Ha CUMETPUYHICTh
TpaKkTopa BITIHOCHO MO3M0BXHBOI OCi, 3alu-
meMo cucremy (4) mist Mac, sIKi IpunagarTbh
Ha OJHE KOJIECO, TaK:

{m{zl +elz —zg)+ B2 —2,4) =0,
mZzg—c(zy=z4) = B = 2) oz + BuZa = CuZn + Buius (6)
myZs + ¢, (25— 2,) + B, (2, = £,) =0,

myZy +c(2y —z2,,) + (2 — 2,0) + (2, —23) + B (2, —2,) =0,

M Zo —c(2y = Z2,0) = B(Zy = 2,0) + CuZia + PuZir = CuZin + BuZ i

(7

ml; + I,
s—— — Macu
81

Kopnycy, TPUBEAEHI N0 BIAMOBIIHMUX KOJIC
TpaKTOpa;
m’, c’, B’ — MmapamMeTpy MakKeTa XJIUCTIB,

HpI/IBBI[eHi Ha OAHC 3aJJHE KOJIECO TpaKTOopa.

m122+ly .,

1 —_
z ™

ae m) =

Cning 3a3HayuTU, IO YMOBAa Iy = ml:l,
HE TUIBKM CIIPOIIYE PO3B’SI30K AUMEpEeHILi-
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aJIbHUX PIBHSHB, ajieé TAKOX MOXE CIPUSITU
MOJIMILIEHHIO TUHAMIYHUX SIKOCTEN TpaKTo-
pa 3aBISIKM 3MEHIIEHHIO 3B’SI3Ky MiX Bep-
TUKaJbHUMHU KOJIMBAaHHSIMU MOro mepeaHboi
i 3aaHbBOI yacTUH. ToMy KOHCTpPYIOIOUU Tpe-
JIIOBAJIbHI TPAKTOPU JJISI PEXKUMY PyXy 3 Ha-
BaHTaXX€HHSIM, MOBUHHI BMKOHYBATHUCS PiB-
HOCTI:

I, =mll, abo I, =ml*, sxmo [, =1, =1.

(8)

PiBustHHg (6) i (7), Bimpi3HSIOYMCH OJI-
HUM CTyIleHEM CBOOOIM, MalThb OJHAKOBY
CTPYKTYPY OJHOBICHOTO TPaHCHOPTHOIO 3a-
co0y, pPO3paxyHKOBi CXeMU SIKOTO TpeaCTaB-
JIEHI Ha PUCYHKY 2.

[lepiognuHuMii pO3B’SI30K CUCTEM PiBHSIHb
OyaeMo IIyKaTu B oIlepaTopHiii popmi:

{(ml’p2 +fp+0)z,(p) = (Bp+0)z,0 () =0,

—(Bp+0)z(p)+[m p* +(B+B)p+c+¢,120(P) = (Bl + )20 (P): (9)
(myp® + B +c)z3(p)—(Byp+¢))z0(p) =0,

—(Bip+ey)zy(p)+Imsp* +(B+ B p+c+c,)z,0(p)—(Bp+0)z,0(p) =0, (10)
~(Bp+ )z, (p)+Im p* +(B+BIp+c+¢, )20 (p) = (B,p+c,)70(P),

d .
JIe p=—— — omneparop AudepeHLitoBaHHSI.

dt
3anuiueMo Ii CUCTEMU B MaATPUYHOMY
BUTJISL:
1

mip® + fp+c -(Bp+c) 0 |
—(fp+c) m p*+(B+p,)p+c+c, P.p+c (11)
‘ “ w P )
mp*+ Bp+c, -(Bp+c) 0 0 !
[(/},’,pm,g) mypt+(B+f)p+c+c, ~(Bp+o) 0 }{ 1 } (12)
0 ~(fp+0) mp’ +(B+BIp+ere, Bup+e, fza(p)

a 6
PUCYHOK 2 - CnpoLLeHi pO3paxyHKOBI CXeMm
nepeaHboi (a) | 3aaHbOIT (6) NiaBICOK ON4
BMBUEHHS KO/IMBaHb TPAKTOPa
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Po3p’s13ytoun matpuili 3a JIOIIOMOIOIO
dopmyn Kpamepa, 3anuineMo nepeaaBaibHi
(yHKI1IiT KOpnycy TpaKTopa i makeTa XJUCTiB:
_ () _A(p)

ZHl (p) A'(p) ,

_z5(p) _Ay(p)
2 - " s
ZH2 (p) A (p)
7, = z3(p) _ As(p)
3 N :
ZH2 (p) A (p)
HaBenemMo Bupasu il BU3HAUYHUKIB
N (p), A’(p), orpumaHux 3 matpuub (11) i
(12) Ge3 BiIbHUX YJICHIB:
mip’ + fip+c ~(fp+o)
~(fp+e)  mp’+(B+BIprete,
= mim,p* + B+ my)+ B +e(m +m)+ BB, +e,m1p* +; (14)
+(cfy, +cuB)p+cc,

1

(13)

A'(p)=

—(Bp+c)
mp*+(B+BIp+c+e,

N(p)=| —(Bip+c,)  mhp*+(B+B)p+c+c, =
0 -(fp+o)

=+ p’ +ap’ +ap’ v o, p’ +asp+ag

a5

pi (]
a, =mimym,,
ay =mymy(B+ ) +mym (B+B,)+mymf,,
a, =mim)y(c+c,)+mim (c+c,)+mymc, + B, (B+p,)
“(my+my)+ pmy B, +m, B),
ay =(my+my)(c+c,)B, +mBc, +c,)+mB,(c+c,)+
+mye, (B+B,)+m B+ fe,)+ BB, + B)

ay = (my +my +mec, +(ms +my)e, e, +mice, + B, B+, ) +cBub,

as =c(Bre, + Buc) el

>

3anuuieMo BU3HAYHUKKA Matpuub A (p),
A,(p), A,(p), AKi oTpuMaHi 3aMiHOIO BidIO-
BiTHMX iHJAEKCY CTOBIIIB CTOBMUSIMU BiJlb-
HUX WICHIB:

A(P)=B.Sp* + (B, +c.)p+cc,,

Ay(p)=myfiB,p" +(mic+ B, ), +mfe,1p’ +

+[(mie + B, B)c, + (B + o) B 1p° +
+(Bicu + Bucn)e + Pec,Ip +cc

A(p) = BiBBP +BBuc+ BBicu + Buc)lp’ +

-(16)

ITlincraBnsoun B mnepenaBajibHi (YHK-
uii (13) BUpa3yM BU3HAYHUKIB i 3aMiHIOIOYU
p = iw, OTPUMMAEMO IIYKAaHUI PO3B’SI30K B
KOMIUJIEKCHI (opMi, MoOAyJb SKOTO Ja€
ioro abCoOMIOTHY BEJIMYUHY:

Ao (A Go)

_[AsG0)
o) T A G0)

s = A"(iw)| ’

(17)
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[nst mepenaBajibHOI (PYHKIIIT CUCTEMU
(9), HanpuKJIaa, MaEMO:
cc, — ﬂ/imwz +io(cf, +c,f)

h= 7 B . 2
mm o’ =[c(mi +m)+ B, +c,mle” +cc, +iolch, +c,f— o [l +m)+ B,m]}

(18)

OCKiJIBKM B JOCJiIXKYyBaHii CI/ICTeMi ne-
PeBaXalyolo0 BEJIMYMHOIO € Maca m’, a ii
aMOPTHU3ALlisT XapaKTEPU3YEThCS XKOPCTKICTIO
¢ i gemrdyBaHHSIM 3, TO 3a3HaY€HI Mapame-
TPU TIPUKMEMO 332 OCHOBHI.

Ha wniit 6a3i nepeiigeMo A0 BiTHOCHUX
0e3pO3MipHUX BEJIUYMH:

m

'~ — CITIIBBiZHOILEHHS HeMiapecope-
' Hux i migpecopeHMx Mac;

lLl:

C . . .
&=— — CIiBBiIHOLIEHHS XOPCTKOCTe
“w minBicku i MMH;

s —Ju

B 7—8(l+,u) —  CIIIBBIIHOIIEHHS

CTaTUYHMX TIPOTUHIB IIWHU ITiIBICKMU;

__f
(f + 1)

MPOTrMHY IiIBICKM 10 CYMapHOTO CTaTMYHO-
0 MPOTUHY IMiABICKU 1 ILIWHU;

5’—f—“‘ — CHIBBiIHOILIEHHS CTaTU4-

J + Juwnoro MPOTMHY B IIMHI IO Cy-

MapHOIO0 CTaTUYHOTO IPOTMHY MiABICKM i
LIMHU;

— CITIBBIAHOILIEHHS CTATUYHOTO

C .
V2 =-—, — NapHlajJjbHa 9aCTOTa BJIACHUX

my

KOJMBaHb MEePeaHbOI
TpaKTopa;

YaCTMHU  KOPITyCY

® ..
Y =— — CIIBBiIHOILLIEHHSI YaCTOT BUMY-
V IeHMX i BJIACHUX KOJMBAaHb KOp-
IyCy TpaKTopa;

9= g _Pu

b
2¢ ™

— Koe(ilieEHTU JeM-
ndipyBaHHS B MiABicI
1 IIMHI, B YaCTKAaX BiJ KPpUTUYHOI BEJINYMNHMU.

J1st 3HAXOMXKEHHSI BUpa3y IepeaaBajib-
Hoi (yHKuii (18) y BiTHOCHUX BeIMYMHAX
JIOCUTb PO3OIUIATU 11 YUCEIbHUK 1 3HAMEH-
HUK Ha cc,
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_ 1-4898, 7" +i2x(9+£8,)
ueyt —(1+6, +4£99 ) r* +1+27[9(1-6,17) + &9, (1

— (19

VY negemngoBaHomy BuIanky Bupas (19)
Halyne BUTJISLY:

1 ~ 1

0y = = 2

MO0 e (w80 1 e - 2 - 2 (20)

VY paszi HemoBHOTrO raciHHsI 32 1 OTpHU-
MAa€EMO: g

1+i28y
7719 = 4 2 . 2 > (21)
puey  —(1+o0 )y  +1+i29%y(1—-y70,)
iza $=0, 4, # 0 matumemo:
1+i2e9

o, = ik (22)

“ gyt =+ 8) 7t +1+i2e8, (10— 17

Hape1nri, B pe30HaHCHUX pexXxuMax ¢op-

myaa (19) cnopouryeTbes 1 Ma€ TaKWil BUTJISIAL
1-4£99,, 17 +i2x (9 +¢€9,)

—4ex299, +i2x [910-5.1,)+&9,(1-

My = (23)

Dl

Pe3oHaHCHI pexXumu pyxy BHU3HAUYMMO 3
XapaKTepPUCTUYHOIO PIBHSIHHSI, OTPUMaHOTO
3 CHUCTEMHU DPIiBHSIHB (6) 3a BiICYTHOCTI IeM-
ndyBaHHS B MiABICLI 1 LLIMHI:

pey' —(1+8) " +1=0. (24)
3 piBHsIHHS (24) 3a Teopemoro Biera 3Ha-
XOJIMMO:
2 " 2 :1+5k 1 2 :L
Ko T Xp, UE 6‘5, ZPl X LE ’ (25)

Ha mincraBi BupasiB (23) i (25) nepeii-
JE€MO BiJl BJJaCHUX YaCTOT 3B’SI3aHOI CUCTEMU
0 OCHOBHUMX MHapLiaJlbHUX 4acTOT (HU3BbKOI
i BHMCOKOI), 9Ki HaOJAMXKEHO BiAMOBIZAIOTH
3B’SI3aHMM 4YacTOTaM KOJMBaHb Migpecope-
HOI A, 1 HEMIAPECOPEHOI A, Mac TpakTopa.

Maroum Ha yBasi, mo pw<<1, 3Haiinemo 3
Bupasy (24) nna x,<l1

! f S s, P2=ys=5
146, f+f, [ £

a ToTiM 3 pIBHAHHA (25) mua x,>1 Bu-
3HAUYMMO

Zp ®

(26)

2
2 | 2 v 8 _ g
Xp, ® 5,/12~ 5 = 505 -(27)
HE ues  ped  po(1-9)f,
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3 aHai3y OCHOBHMX MapuiaIbHUX YaCTOT
pOOMMO BHMCHOBOK, L0 JIpyra BjacHa 4ac-
TOTa A, 3HAYHO BiINAISEThCA BiI MEPILIO],
a JBOMAacoBa CMCTeMa Yy BUM3HAY€HHi 4acTOT
MOXe OyTH 3aMiHEHa OJJHOMAaCOBOIO B LIMPO-
Kifi CMy31 Y4aCTOTHOI'O PEXUMY.

ITapameTpu cucremu, sIKi BXOASITh Y BU-
pa3 nepeaaBanbHOi (pyHKII (19), yacTKOBO
NPUUMAIOThCS BIAMOBIAHO J0 KOHCTPYKIIl
TpakTopa (iHepLiiiHi mapameTpu i JIiHilHI
po3Mipu), a iHIII mapamMeTpu (KOPCTKOCTIi
i memndyBaHHS) MOBMHHI BU3HAYaTUCS i
yac onTuMi3allil CUCTEMU.

OuiHuMo e(PeKTUBHICTb AeMII(PYBaHHS B
JOCJIIIXKYBaHIN CUCTEMI 3a aCUMIITOTAMM TI€-
penaBajibHOI (YHKIIII B pe30HAHCHOMY pe-
KMMi OCHOBHOI yacToTu [4]. 3 Bupasy (23)
MaeMo «, =limz,, =1:

J—0

. 1 f+/ f.
19 :0 :1 =—= w "
=0 g =l =5 == (28)
. 1 f
3a $=0 ¢,y =limpy, =——==%. (29
PSu 34)05]7 1_5 fm ( )

3BigcM BHUAHO, 1O JJIs 3a0e3MeyeH-
H e(peKTUBHOCTI aeMIidyBaHHS B IiJIBiClIi
TpakTopa HEOOXiTHO BUKOHATU YMOBY O —>1,
a U MiABUILIEHHSI e(eKTUBHOCTI AeMIT(py-
BaHHS B IIWHI — yMOBY © —0.

OTxe, 3 TOYKM 30py OITUMI3alil JeM-
ndyBaHHS HEOOXiTHO 30cepeaXyBaTU OC-
HOBHUI CTaTMYHUIA MPOTMH ado B IMiABiCLIi,
a0o B IIMHI.

3 dopmynu (27) BuUILUIMBa€E, 10 3a
0 = 0,5 (f = f,) icHye MiHiMyM, 11O Binmo-
Billa€ MaKCHUMaJIbHOMY 30JIMKEHHIO BJIaCHUX
(pe30HAaHCHMX) YaCTOT MiAPECOpPEeHOl i He-
migpecopeHoi Mac. 3a LIMX YMOB BMIIA Yac-
TOTA MOXXE€ BUSIBUTUCS B 30HI €KCILTyaTalliii-
HUX IIBUIKOCTEN TpakTopa.

3 BUKJIAQA€HOro BUILE BUAHO, 110 3a0€3-
NEYEHHS f = f HENIOLIbHO SIK 3 YMOBU BHU-
O0opy omnTUMajabHOro AeMIIipyBaHHS, TaK i
Mo 30JMXXKEHHIO pe30HaHCHUX 30H. Tomy B
MoJaIblIOMYy OyAeMO BBaXKaTH, 1O B CUCTE-
mi amopru3auii 3a 4,0 & = 0,7, a npu

8,~0 8 =0,3. OueBuaHO, 110 cUcTeMa 3
raciHHaM y miasicui i wmHi ($#0, 9, #0)
MOX€E MaTHh TaKOX OJHE€ 3 ABOX PO3B’sI3KiB:
0 = 0,7 abo 6 = 0,3.
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Ockinbku  gemndgyBaHHS  HalOUIbLI
e(eKTUBHO 3HMXKYE aMIUTITYAM KOJMBaHb 3a
pPE30HAHCY, PO3MISIHEMO IOCIiIXyBaHi CHUC-
TeMHU B HU3bKOYaCTOTHOMY (TIepIIIOMY) pe30-
HAHCHOMY PeXHMi, KOIu szl. ~ 0. Ilepexons-
Yy 10 JificHOI (hopMU, 3alMILIEMO KBaapaTu
MOJYJIS TiepeaaBaabHUX (DYHKILiN 3a TepeMmi-
IIEHHSIMU:

"2 2
920 8 20 2 L (1-499,8) +46(9+45,9,)"
PR EED Cu E O e X 599 Y+ 450 (91 029,y (30)
1+ 469>
mpu 4 =0, $#0 2 =
p w Z;g:g 453192 (31)
1+48 59
mpu 3 #09=0 >, =— K “u
it S Mot = 45, 0 32 (32)

IlepenaBanbHa (YHKIIIS 32 DPUCKOPEH-
HSIMU HaOyJe BULJISIAY:

2
P =10 (33)

OueBuIHO, 110 32 & =5, i 3=3' Bupa-
3u (31) i (32) 36iraroTbcs. 3 UbOTO BUILJIMBAE,
110 OAHAKOBUI TMHAMIYHUI edeKT 3a0e311e-
YYETHCS 32 HEOJHAKOBOI BEJIMUYMHU JAeMII(i-
pyBaHHSI, TOOTO 3 OCHOBHOIO JedopMalli€ro
B migBici, koo © = 0,7, misa Hei Oyne mo-
TPIOHO 3HAYHO MEHIUMI OMip, HIX AJIS IIUH
3a & = 0,3. Bupa3 (30) MOXXHaA CIIPOCTHUTH,
PO3MiIMUBIIM HAa BUMAAKWU:

1)3a 6>0,7, 0'<0,3, 38,<0.1

»  1+46¢ _
T ™ 4599, +45°9 (34)
2)3a 6<03,0'20,7, $9,<0,1
1-45'99 ) +45'5.9°
2 ~( m) K (35)

M =459 ) +48.6°%

3ictaBnsiroun Bupasu (34) i (30) i (35) 3
(31), 3HaxoAMMO, IO B IEPIIOMY BMIIAAKY
BOHM IPaKTUYHO 30iraroThCsl, a B JAPYromy
— 3HA4YHO BiJIPi3HSIOTHCS. 3BiACU BUILJIMBAE,
110 JOJATKOBUM HENPYXHUI OMip B IIWHI
IJISI CUCTEMU 3 OCHOBHUM IIPOTMHOM B ITiJI-
Bicli gae Manuii neMmrndyBajibHuil edekrT. I,
HaBITaKW, 30CHOBHOIO €JIACTUYHICTIO B IIMHI
JloJaTKkoBe aeMndyBaHHS B MiJABICLI Ja€ Mo-
MITHE MOJIMILIEHHS JUHAMIYHUX SKOCTEM.

3icTaBisiloyd BUpaA3M i 3 OrJIsIAy Ha daHi
po6otu [4], 3HaxooMMO BU3HayaJbHUIA
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BIUIMB Ha IMpOoO0OI IMiABICKM OIMHUYHUX HeE-
piBHOCTei1.OTXe, MakKcumajbHa aedopma-
i TIPY>KHUX €JIEMEHTIB ITiABICKA BUBYEHOI
CUCTeMU MOBMHHA PO3pAaXOBYBATUCS 3a He-
YCTAJICHUM PEXUMOM pPyXy uepe3 OAUMHUY-
HY HEpPiBHICTb Ha MaKCHUMAaJIbHY BEJIUYUHY
X = 8 CM BIiJ TOJOXEHHSI CTaTUYHOI PiBHO-
Baru. [IuTtaHHS KOHCTPYKUIMHOr0O BUKOHAH-
HS MiABICKU, SIK€ BiAMOBIJA€ 3a3HAYCHUM BU-
Moram, IIOTpeOy€e CIeliaJJbHOIO BWBYEHHSI.
OaHUM i3 LJISIXiB 3MEHILIEHHST MPOTrMHIB ITiJI-
BICKM 1 YCYHEHHS 1i MpOOOIiB € BBEIECHHS Tij-
paBJIiYHUX aMOPTU3ATOPIB i TyMOBUX Oy(epiB.
BucHoBku. AHaii3 cUCTeM Migpecopro-
BaHHSI II0Ka3aB, 10 KpallMMW aMOpTU3a-
LIAHUMU BJIACTUBOCTSIMM BOJIOAIE CcUCTeMa
3 OCHOBHHUM IIPOTMHOM i JeMm¢yBaHHIM
B migsicui. OTpuMaHa IiJ 4yac JOCHiIXKeHb
OINTUMIi30BaHA CHUCTEeMa IIiAPEeCOpPIOBaHHS
JacTh 3MOry 3HAYHO MOJIMIUWTU TUIABHICTb
XOIy 1 3HM3UTM AWHAMiIYHE HaBaHTAXKE€HHS
TpeMOBaJIbHUX KOJIICHUX TpakKTOpiB. AHai-
TUYHI 3aJIEXKHOCTI 111 BUOOPY pallioHaJbHOI
CUCTeMU aMOpPTU3allil TPeJIIOBaJIbHOIO TpaK-
TOpa MOXYTh OyTM BMKOPMCTaHi JJIsI TpaH-
CIOPTHUX 3acO0iB 3arajlbHOro i CiJbChKO-
rocrnoaapChbKoro Npu3HAYEHHSI.
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Summary

Purpose of the study. Improving the efficiency of skidding machines by substantiating rational
systems for their depreciation for a wide range of natural production conditions.

Research methods. Analytical model of skidding equipment for its oscillatory characteristics.

The results of the study. The loaded timber transporting machine, which moves along the logging
trail, in addition to disturbances from the microrelief, is affected by bending vibrations of a packet of
whips (trees). The interaction of two factors creates a complex dynamic state of the system, so the
study of vibrations of the wheeled tractor is necessary to solve the problem of choosing a rational
system of suspension of these special machines. That is why the purpose of the study is to increase
the efficiency of skidding machines by justifying rational systems for their depreciation for a wide
range of natural production conditions. To study the complete oscillatory system (tractor - packet of
whips), the method of discrete masses was used in the work. From the analysis of the main partial
frequencies, it was concluded that the second natural frequency is significantly removed from the first,
and the two-mass system can be replaced by a single-mass one in a wide frequency mode band when
determining frequencies. The system parameters included in the expression of the transfer function
are partially accepted in accordance with the design of the tractor (inertial parameters and linear
dimensions), and the remaining parameters (stiffness and damping) are determined during system
optimization. In addition, it was found that additional inelastic resistance in the tire for the system
with the main deflection in the suspension gives a small damping effect. And, on the contrary, with the
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main elasticity in the tire, additional damping in the suspension gives a noticeable improvement in the
dynamic qualities. Thus, the maximum deformation of the elastic suspension elements of the studied
system must be calculated by unsteady motion through a single irregularity to a maximum value of
8 cm from the position of static equilibrium. The question of the design of the suspension that meets
the specified requirements requires special study. One of the ways to reduce the deflection of the
suspension and eliminate its breakdowns is the introduction of hydraulic shock absorbers and rubber
buffers.

Conclusions. The final analysis of the suspension systems showed that the system with the main
deflection and damping in the suspension has the best damping properties. The optimized suspension
system obtained in the study will significantly improve the smoothness of the course and reduce the
dynamic load on the skidders. Analytical dependencies for choosing a rational system of depreciation
of skidders can be used for general and agricultural vehicles.

Keywords: wheeled skidder tractor, vibrations of a pack of trees, rational depreciation scheme,
suspension system, suspension deflection, smooth movement of the machine
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AHHoOTauNs

Lenb nccnegoBaHus. [10BbILLIEHNE 3(DOEKTUBHOCTU PAOOThI TPESIEBOYHbLIX MALLUMH OOOCHOBaHMNEM
PaLUMOHAsIbHbIX CUCTEM MX @aMOPTU3aLMK 47151 LLMPOKOro AMNarna3oHa eCTeCTBEeHHO-MPOM3BOLCTBEHHbIX
YC/1I0BUM.

Meroabl uccnengoBaHus. AHa/INTUYECKASI MOAE/Ib TPEIEBOYHOM MALLMHBbI /1S ONPeaesIeHNs ee Ko-
1€6aTe/IbHbIX XapPaKTEePUCTUK.

Pe3ynibTaTbl uccriefoBaHUM. Ha HarpyXXeHHY J1eCOTPAHCIOPTHYO MALLMHY, KOTOPAS ABUMKETCS M0
TPE/I€BOYHOMY BOJIOKY, KPOME BO3MYLLEHUI OT MUKPOPETIbeda, B/INSIOT M3rnbHbIe KO/1eOaHMs Nnakera
X/IbICTOB (gepeBbeB). BlanmogencTeme ABYX (hakTOPOB CO34aeT C/IOKHOE AMHAMUYECKOE COCTOSIHUE
CUCTEMbI, MMOITOMY U3YHEHNE KOJS1IeOaHMM TPE/IEBOYHOIO KOJIECHOIO TPAKTopa HeobxoammMo A4J/1s peLle-
HUSI 3a4a4v BbIGOPA PALMNOHASIbBHON CHUCTEMbI MOAPECCOPUBAHMS ITUX CrIeLMasIbHbIX MaLUUH. VIMEeHHO
rMO3TOMY Li€/IbI0 MCC/I€A0BAHMNST SBJISIETCS MOBbILLEHNE 3PHEKTUBHOCTU PAOOThI TPE/TEBOYHbLIX MALLIMH
OB6OCHOBAaHNEM PALMOHATIbHbIX CUCTEM MX aMOPTU3aLMK AJ1ST LUMPOKOIro AMNarna3oHa eCTeCTBeHHO-I1PO-
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U3BOLACTBEHHbIX YC/IOBUU. [i NCC/Ie4OBaHMs MOJIHOU KOIe0aTes/ibHOM CUCTEMbI (TPAKTOP - MNaKeT
XJ/IbICTOB) B paboTe MCro/iIb30BaH METoA ANCKPETHbIX Macc. VI3 aHasim3a OCHOBHbIX MapLMasibHbIX Yac-
TOT CAe/IaH BbIBO/A, YTO BTOPAsi COOCTBEHHAS YaCTOTa 3HAYUTE/IbHO YAA/ISeTCs OT NepBOU, a ABYXMAacC-
COBAasl CUCTeMa pu OrnpeneIeHn 4aCcToT MOXET ObiTb 3aMeHeHa O4HOMACCOBOM B LLUMPOKOM 10/10Ce
YaCTOTHOIo pexxuMa. llapamMeTpbl CUCTEMbI, BXOASLLME B BbIPAXEHME NepenaToyHou yHKLMM, YaCTUY-
HO MPUHUMAIOTCS B COOTBETCTBUM C KOHCTRYKLUMEN TPAKTOPa (MHEPLMOHHbIE rapaMeTpbl U JIMHENHbIe
pPa3mMepsbl), @ OCTaslbHble NapamMeTpbl (KECTKOCTU M1 AeMIGHUPOBAHNS) ONpPenesIstoTCs MpPu OrnTHMmM3a-
umm cuctemel. Kpome Toro, yCTaHOBJ/IEHO, YTO AOrMOJIHUTEIbHOE HEYIpYroe COrnpOTUB/IEHNE B LLMHE
/151 CUCTEeMbI C OCHOBHbIM MPOruMboM B rnoaBECKE AAET MaJslbivi AeMIMBUPYOLLN 3¢hheKT. M, HaobopoT,
rpu OCHOBHOWM 3/1QCTUYHOCTU B LUMHE AOrMNOJIHUTEIbHOE AEMIUPOBaHME B Mo4BECKe AAET 3aMeTHOoe
VIIYHLIEHNE JUHAMUYECKMX KaYeCTB. TakuM 06pa30M, MAKCUMAIbHAS AEDOPMAaLNS YIIPY X 3/1eMEeHTOB
MoABECKUN U3YHYEHHOM CUCTEMbI OJINHA PACCUYUTHIBATHCS 10 HEYCTAHOBUBLLIEMYCS PEXUMY ABUMEHUS
yepes eguHUYHY O HEPOBHOCTb Ha MaKCUMAJIbHYIO BEJIMYMHY 8 CM OT MOJIOXKEHNS CTaTUYECKOIro paBHO-
Becusl. Bornpoc KOHCTPYKTUBHOIO UCMOJIHEHMS TOABECKHM, Y JOB/IETBOPSIIOLLEN YKA3aHHbBIM TPEe6OBaHM-
M, TPEBYeT crieymasibHoro nsyveHms. OOHUM U3 Iy T YMeHbLLEHMS MPOrMboB rNoAgBECKU U YCTPAHEHMS
ee rnpoboeB sIB/ISETCS BBEAEHMNE MMAPAB/IMYECKUX aMOPTHU3ATOPOB U PE3MHOBbLIX BYHepPOB.

BbiBogbl. OKOHYaTE/IbHbIN aHa/IM3 CUCTEM MMOAPECCOPUBAHMST MOKA3as, YTO JIYYLLMMU aMOPTH3a-
LIMOHHbBIMM CBOUCTBaMu 06/1a4aeT CUCTEM@ C OCHOBHbLIM MPOrnboM v AemMriiupoBaHMeEM B MO4BECKE.
llosy4yeHHas rnpuv MccaegoBaHUmM ONTUMU3NPOBAHHAS CUCTEMAa MOAPECCOPUBAHMST MO3BOJIUT 3HAYNTE b
HO Y/IYYLLUNTB MJIaBHOCTb XO4a U CHU3UTb AMHAMUYECKYIO HarpPy3Ky TPe/1eBOYHbIX TPAKTOPOB. AHAINTH-
YEeCKMe 3aBUCUMOCTU 47151 BbIGOPA PALMOHAIbHOM CUCTEMbI AMOPTUIALMN TPETIEBOYHbLIX TPAKTOPOB MO-
ryT 6bITb MCMO/Ib30BAaHbI A/151 TPAHCMIOPTHbLIX CPEACTB OBLLEro 1 Ce/IbCKOXO3SMCTBEHHOrO Ha3HaYeHMsI.

KrnroueBbie €/10Ba: KOJ/IECHbIN TPE/IEBOYHbLIN TPAKTOP, KOJI€6aHMS Navyku AepPEeBbeB, PALMNOHAIbHAS
cxXemMa aMopTMU3aLnm, CUCTEMA MOAPECCOPUBAHMS, MPOrnb rnogBeCcku, rnaaBHOCTb ABUMEHMNST MALLIMHbI
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