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AHoTauyis

Meta gocrigxeHHs - po3p06/IeHHS MATPUYHOrO METoAY AOCHIANMEHHS ANHAMIKU TPAKTOPa K 6a-
raToMacoBOI MMPOCTOPOBOI CUCTEMU TBEPAMX TIi/1 3 AOBI/IbHUM PO3TALLYBAaHHSIM MPYXXHOI MigBICKM Ti/1 HQ
aMoOpPTHU3aTOPAX BIJHOCHO HEPYXOMOI OrNOPHOI MOBEPXHI | HASIBHICTIO MPYXXHUX 3B ’I3KIB MIXK TI/IaMU, TUITY
6a/IKOBUX €/1IEMEHTIB.

Metoan gocnigxeHHs1. MeTo40/10rYHO OCHOBOK POOBOTU € Yy3araslbHeHHS Ta aHas1i3 BiAOMUX Ha-
VYKOBUX PE3YJIbTATIB BiHOCHO ANHAMIKW BOMACOBUX CUCTEM B PEXUMAX PE3OHAHCIB Ta BUKOPUCTaHHS
cucTeMHoro rniigxody. s ¢opMyBaHHS HayKOBOI rpobsieMu, BUIHaYEHHS METU | MOCTaHOBKM 3a4a4 [O-
C/IIAXKEHHS BUKOPUCTOBYBABCS aHA/TITUYHMI METO4 Ta MOPIBHS/IbHUM aHAas1i3. Y CTBOPEHHI eMIlipUyHMX
Moesiev BUKOPUCTAaHI OCHOBHI MOJIOXKEHHS TeOopii CTIMKOCTI CUCTeM, MeTOA0/10ri] CUCTEMHOIro aHasily
Ta AOC/IAXEHHS orepaLin.

Pe3ynbraTtv 4OCNIAXEHHS. [1pe[CTaB/IeHO KOJIICHY MAaLUMHY SIK @MOPTU30BaHY KOHTUHYAaslIbHY KOH-
CTRYKUIIO THUIY PamMu 3 PO3TALLOBAHUMU Ha Hivl arperatamu | CKAa4aibHUMU OANHULSIMU, & TaKOXK Mpes-
CTaBJ/IEHA METOAMKA PO3PAXYHKY OKPeMux GJIOK-MaTpULb KOEQ@ILIEHTIB XXOPCTKOCTI | AeMr@dyBaHHS.
BogHouac nepenbadya€erbCs, O NapasiesibHO 4O KOXHOIO MPYMXHOMro e/ieMeHTa MOXKE Oy TN BKIKOYEHUM
B’a3kuut gemrighep. 3a Takoi nobygoBu MaTpUL XXOPCTKOCTI | 4eMrgyBaHHS 6/10K-MaTpuLl (DOPMYHOTbLCS
oagHakoBo. MaTpuli gemrgyBaHHS BUXOAATb 3 BIAMNOBIAHMNX MATPULb MiACTaHOBKOK KOHCTAHT AeMQy-
BaHHSI 3@MICTb XXOPCTKUX.

L719 BU3Ha4YeHHS B/IaCHUX YaCcToT | (hOpM KOJIMBaHb HeaeMrighoBaHoOI cuctemm yepes [TK HanbisibLu
eEeKTUBHUM € METOA AiaroHas1i3aLil mocsiigoBHMMM 06epPTaHHSIMMU.

Llevi MeTo Aa€ MOBHMM PO3B’I30K 3a4a4l, BU3HAYaOYM BCI YACTOTHU | (DOPMU OgHOHYACHO | XOPOLLY
30DKHICTb.

BUCHOBOK. Po3r/isHy T MeTon aHas1i3y | PO3PaxXyHKY AMHAMIKMU | BI6GPOaAMOPTI3aLli TPaKTopa, SK
CK1a4HOI MeEXaHIYHOI CUCTEMMU, 3@CHOBaHUN Ha MaTPUYHOMY 3arnmnci 3a4a4di rnpo rnpoCTopOBI KOJIMBaHHS
cucTemu TBepAnX TiJ1 3 MPYXHUMM 3B ’93KaMu. MaTtpu4yHi piBHSIHHS 0CO6/IMBO KOPUCHI Y BUBYEHHI CKJ/1a4-
HUX CHUIIbHO3B ’I3aHMNX CUCTEM 3 OOOB’SI3KOBUM BUKOPUCTAHHSM [1K.

lNpegcrasrieHa poboTa JA€ MOBHY METOAMKY PO3PaXYHKY TPAKTOPAa SIK CKAa4HOI MexaHiYHOI cucTe-
MU TUMY MPOCTOPOBOI pamMu 3i BCTAHOBJ/IEHUM Ha Hivi 06./1a4HAHHSIM.

KnroyoBi c/1oBa: ToakTop, KOJIMBA/IbHa CUCTEMA, CYyXe TePTS, PE30HAHC, HEJTIHIVIHICTb.
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Beryn. Jlocnimkyroun AWHAMIKY CKJIad-
HUX OPOCTOPOBUX paM 3 YCTAaHOBJIEHMM Ha
HUX KOMILUIEKCOM arperartiB, SIKUMU € TpaK-
TOpU, 1 BHUPILIYIOYM 3amadi BiOpoamMopTi3a-
il TAKMX CHUCTEM 3 ypaxXyBaHHSIM MOKJIMBOI
MOJATIMBOCTI paMM, 3a3BUYaAil CTUKAIOTHCS 3
BEJIMKMMU TPYAHOILIAMU 3 BUOOPY MPUIAHST-
HOI PO3pPaxyHKOBOI JWHAMIYHOI MOJAEJI CUC-
TEMHU i CTBOPEHHSI Cy4aCHOI0 METOAY po3pa-
XYHKY TaKoOi CUCTeMU 3 BUKopucTtaHHsM TTK.

OIMH 3 MOXJIMBUX BapiaHTIB 3aMiHU pe-
aJIbHO1 KOHCTPYKIIil TpakTopa CIIPOLIECHOIO
MOJICJUTIO B IUISIHII CITEKTpa HU3bKMX BJlac-
HMX YaCTOT € MOJAHHS 11 IK TPOCTOPOBY CU-
CcTeMy TBEpPAMX TiJI i TOYKOBUX Mac, 3’€IHA-
HUX MiX cO0010 MPYy>KHUMU 3B’SI3KAMU TUITY
0aJKOBUX €JIEMEHTIB i ITOB’SI3aHUX 3 HECHOIO
MOBEPXHEI amMopTu3aTopamu. JlmHaMiyHUA
pO3paxXyHOK TaKOl CHUCTEMHU 3BOIMTHCS OO0
MOCHIIXKEHHSI CUCTeMU 3 KiHLEBUM YUCIIOM
CTYIIEHIB cBOOOAM i 3aificHI0eThCS Yyepe3 1K
1 MATPUYHUX METOJIIB PO3PAXYHKY.

ITocnimoBHUIT  PO3BUTOK MATPUYHOIO
armapara 3arajbHol Teopil BJIACHUX 1 BUMY-
IIIEHUX KOJMBaHb CKJIAAHOI MPYXHOI CHUC-
TeMHU Ja€ 3MOTy C(OPMYJIIOBATU 3arajbHUK
MiaxXig A0 3aBAaHb PO3PaXyHKY KOJKWBAaHb
30JJOKOBAaHMUX 1 aMOPTM30BaHUX MEXaHi3MiB
i1 Mae JBi cyTTeBi nepeBaru [bonTsHckuii,
1969; KatkoBHuK, 1966].

ITo-nepiie, BUKOPUCTAHHSI MaTpuUllb B
noeaHaHHi 3 TIK cucremaTtusye i crpoiiye
PO3paxXyHKH, 1110 € HEMOXJIMBUM 3a Oy1b-5IKO1
iHmoi cxemu [bensen, 1978]. 2KopcTkicTh i
JeMIryBajibHi BJIACTUBOCTI MOBHOI CUCTEMMU
MOXYTh OYTM BHU3HA4Y€Hi 3 XapaKTepUCTUK
OKpEeMHUX aMOPTU3aTOPiB, SIKi IIBUAKO PO3-
PaxXOBYIOTbCS, Ta iHILMX OAJTKOBUX €JI€MEHTIB
OJHAKOBMMHU aBTOMATUYHUMM ONepallisiMU
MaTpuuHoi anreopu [Karr, 1998].

ITo-gpyre, 3acTocyBaHHSI MaTpUllb BHO-
CUTh OCOOJIMBY MaTeMaTW4YHY YITKICTb i siC-
HICThb B 3arajbHy MHOCTAaHOBKY 3ajadi, 4Oro
HE MOXHA JOCIITA 3BUYAWHUM PO3rOPHY-
TUM TTO3HaYeHHAIM |XacbMUHCKUiA, 1969].

MeTto10 po60TH € pPO3p0OOKAa MATPUUHOTO
METOAY HOCHiIXEHHSI AWHAMIKM TpaKTopa
gK 0aratomMacoBOl IIPOCTOPOBOI CHUCTEMM
TBEpAUX Ti1 3 MOBUIBHUM pPO3TAllyBaHHSIM
OPYyXHOI IABICKM TUI HAa aMOpTU3aTopax
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BIITHOCHO HEPYXOMOI ONOPHOI IIOBEpPXHI 1
HasIBHICTIO MPYXHUX 3B’SI3KiB MiX TilamMu
TUITy OAJTKOBUX €JIEMEHTIB.

Metoau i Matepiaiu. MeTOmOJIOTIYHOIO
OCHOBOIO pOOOTM € y3arajJbHEHHs Ta aHaJi3
BIZIOMMX HayKOBMX pPe3yJbTaTiB BiIITHOCHO
OWHAMIKA JBOMAcCOBMX CHUCTEM B pexXumax
pPE30HAHCIB Ta BUKOPUCTAHHSI CUCTEMHOIO
migxony. Jag  ¢opmyBaHHSI ~ HayKoOBOI1
npooOJeMHr, BU3HAYEHHSI METH i MMOCTAHOBKU
3aJa4  JOCJIIKeHHSI  BUKOPMCTOBYBABCS
aHAJITUYHUI METOA Ta MOPIBHSIJIbHUM
aHaJi3. [1J1s1 CTBOpeHHS eMIipUYHUX MOJIeJIei
BUKOPHUCTAaHI OCHOBHI TOJIOXXEHHS Teopil
CTIMKOCTI CUCTEM, METOJO0JOril CUCTEMHOIO
aHaJi3y Ta JOCJIIXKEHHS OIepallii.

PesyabraT. IlpeactaBumMo  KOJiCHY
MalllMHy K aMOPTU30BaHY KOHTHUHYaJbHY
KOHCTPYKIIiIO TUITy paMM 3 pO3TallOBaHUMMU
Ha HIA arperataMd 1 CKJIaJgaJbHUMU
ONVHULISIMU (PUCYHOK 1). 3aMiHMMO peajbHy
KOHCTPYKIIi}0 HA TIPOCTOPOBY CUCTEMY TLJI, SIK1
MalTh WIICTh CTYIEHIiB CBOOOAM i MOB’S3aHi
OJVH 3 OJIHMM OaJOYHUMU eJIeMEHTaMU 2.
[TpunyctuMo, 10 [OOCHiIXyBaHa CHUCTeMa
MoOxe OyTM TojaHa sK # TBepai Tina 1.

PucyHok 1 - lNpeacTaBsieHHA KOJTICHOT MalUUHU 9K
aMOPTMU30BAHOT KOHTUHYaIbHOI KOHCTPYKUT

PiBHSIHHSA ManuMX KOJMBaHb B MAaTPpUYHIi
dopMi 3  BUKOPMUCTAHHSIM  MaTpUllb
x)opctkocti [K], memndgysaHHs [C] i mac
[ M] 3anucyeThbes Tak:

[MUX}+[CHX U} +[K1{X -U} ={F}.

(1)
Matpuug [X] xapakTepusye MoCTyNaJbHUMN
1 o0epTaJIbHUI PyX KOXXHOTO TBEPAOTO TiJia.
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Marpung [U] xapakTepu3ye 3CyB ONOp-
HOI NOBEPXHi 1 BUKOPUCTOBYETHCS B PO3-
paxyHKy CMCTEMU IaCHMBHOI BiOpOi30JIsIil.
Marpung [F] xapakTepusye CUCTEMY CUJ i
MOMEHTIB B OKpEMMX arperarax, BCTAaHOBJIE-
HMX Ha 3arajibHiii paMi, 1 BUKOPUCTOBYETh-
Ccs B PO3pPaxyHKy CHUCTEMU aKTMBHOI BiOpoO-
i3onauii. Haganmi nig BU3HAYeHOCTI OyaemMo
pO3IISIaTH TiJIbKU CUCTEMY aKTMBHOI BiOpO-
i3o71411ii, To0TO MpuitMemo [U] = 0 .

Koxny wmatpuwio [M], [K], [C] i [F]
MOXHa po30UTU Ha OJIOKM, IIPUYOMY KOXHA
OJIOK-MaTpullsl XapaKTepU3yeE OKPEMO B3SITE
TBEpAE TUIO 1, OTXKE, € MAaTPULIEIO PO3MIPOM
6 x 6.

PiBHSIHHSI Manux KoJauMBaHb CUCTEMHU B
0J10KOBilT (hOpMi 3aIUCYETHCS TaK:

‘M, 0 - 0] X
0 M, - 0| X, .
00 M, | X, ]
_Cll C12 Cln_—Xl—
n C21 sz C2n Xz n )
_Kll K12 Kln__Xl_ _E_
+ K21 K22 K2n XZ — F'2
_Knl an Knn__Xn_ _F:q_
[lepenbavaeTbcsi, 1O I  KOXHOTO

TiJJa BUOMpPAETHCI CcUCTeMa KoopauHaT {X},
MOB’s13aHa 3 UM TiJIOM.

Y piBHgHHI (2) OGa0K-MaTpulli Koedi-
LIEHTIB XOPCTKOCTI, $Ki pO3TallOBaHI Ha
TOJIOBHIN JiaroHaji, XapakTepU3ylOTbCS Cy-
MapHOIO XOPCTKICTIO BCIX aMOpPTU3aTOPiB, 1
OQJIKOBUX TIPY>KHMX €JIEMEHTIB, SKi BIIHO-
CIThCS A0 LbOro Tija. biiok-marpuli, po3ra-
ILIOBAaHI HA TOJIOBHIN JiaroHasl, XapakKTepHu-
3yI0Th 3B’I30K OKPEMUX TiJl MixK CO0O}0.

SIK1110 MK OKpeMUMU TiJIJaMU CUCTEMU BiJl-
CYTHill 3B’30K, TO YyacTMHA KoedilliEHTIB Ma-
TPUILIb XKOPCTKOCTI i aeMndyBaHHS, SKi, IK iH-
JIEKCH, MICTSITb HOMEPU LIMX T, BiApasy 3K CJIif
npuiiHgaTu piBHUMHU 0 [Ovsyannikov etc, 2018].

Edition
28 (42)

Technical and technological aspects of development and testing of new machinery
and technologies for agriculture in Ukraine

Y [Kau, 1998] npeacrasieHa MeToauKa
PO3paxyHKy OKpEeMHUX OJIOK-MaTpullb KO-
¢iuieHTIiB XopcTKocTi i gemndgysaHHs. Ile-
pendavaeThCs, 10 MapajieibHO J0 KOXHOTO
MPY>KHOTO €JIEMEHTa MOXKe OyTH BKIIIOUECHMIA
B’93KuMii neMridep. 3a 1i€i mooyaoBU MaTpU-
1Ii KOPCTKOCTI i JeMIyBaHHS OJJOK-MaTpU-
i (GopMylOTbCsl OIHAKOBO. MaTpuli aeM-
ndyBaHHSI BUXOASTh 3 BiIMOBITHUX MaTPULlb
MiJICTAHOBKOIO KOHCTaHT AeMMgyBaHHS 3a-
MICTbh XXOPCTKUX.

JI71s1 MOBHOTO pO3paxXyHKY BJIACHUX i BU-
MYILLIEHUX KOJMBAaHb HEOOXiAHUI PO3B’SI30K
creuiajgbHOl ajaredpaiyHoi 3ajgadi, Bigomoil
i Ha3BOI «MaTPUYHOI 3adadi Mpo BJIACHI
3HAYCHHSI».

PosrnssHemo BiibHI KonuBaHHS {F} = 0
HegemngoBaHoi BuxigHoi cucremu [C] = 0;
ToAi piBHSIHHS (1) 3amMCyeThCS TaK:

[M{X}+[K]{X}=0.
[Tpuiimemo pimeHHs mis {X} y popmi
{X} =Re{ve"}, (4)

ne {v} — BEKTOp-CTOBNELb HEBiIOMUX
aMIUTITY/l; @ — HEBiZIOMA 4acToTa.

ITincrasnsitouu (4) B (3), OTPUMYEMO PiB-
HSTHHS ajire0opu, sike 3B’SI3y€ aMILTITyaAu KO-
JIMBaHb i 4YaCTOTHU:

[K]{v} = @’ [M]{}. (5)

3 piBHSIHHS (5) MOXHa BU3HAUYMTH BJlac-
Hi 4yactoTu i ¢opmu KonauBaHHS. [loBHWMIA
pPO3B’SI30K 3aJadi Mpo BJIACHI 3HAYEHHS,
BU3HA4YeHI pPiBHAHHAM (5), CKJIAda€ThCs 3
M BJACHUX 3HAY€Hb i # BJIACHUX BEKTOPiB.
KoxHiil BiacHii yacToTi w? BiANOBiLae CTOB-
nelb BIACHMX 3Ha4YeHb {v}. Jlami n BIacHMX
BEKTOPIB MOXHa 3allMcaTy SIK €IWHY KBa-
JIpaTHy MaTpuLio [ V], KOXeH CTOBIIELb SKOI
€ BJIACHUM BEKTOPOM {V }:

)

Vi Voo oW

Vo
1=0vil=| = (6)

v

nl

\% \%

n2 nn

Martpung [V] Ha3suBa€TbCcs MOJATBHOIO
MaTpulIelo 3aJa4i Mpo BJIaCHi 3HAUEHHSI.
Takox n BJIaCHMX 4acCTOT w’ MOXHa 3a-
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MMcaTu JiarOHAJIbHUMU MaTtpuusgMu [Q?], 9K
CIIEKTpaJibHYy MAaTpMLIIO 3aJadi Ipo BJACHi
3HAUYEHHS:

a,lz 0O - 0
o> - 0

[Q*]=[w]]= ? (7)
0 0 a)z

n

KoxeH BmacHMii BeKTOp i BigMNoBigHa
BJIaCHA 4acTOTa 3aJ0BOJIbHSIOTH CITiBBIZHO-
LLIEHHSIM:

2
[K]{v.}=[M]{v,jo". 8)
BukopuctoByroun MOIOaJbHY 1 CIIeK-
TpaJiIbHYy MaTpUIli, MOXHa 3arucaTyu CITiBBiI-
HOLUIEeHHS (8) €IMHUM MaTPUYHUM PiBHSIH-
HSIM:

[KIV]=[M]V]]. )

JI1st BUBHAYEHHS BJIACHUX YacToT i (hopM
KOJIMBaHb HeAeMIT()OBAHOI CUCTEMU 3 BUKO-
puctanHsaM 1K HaiiGinb epeKTUBHUI Me-
TOJ, AlaroHaJii3awil MOCJIiZIOBHUMU OO€pTaH-
HaMmu. Lleit MeTon € omHUM 3 HalcTapilimx,
aje 10 HeJaBHbOIO Yacy IPaKTUYHO HE BHU-
KOPMCTOBYBABCS, OCKIJIbKM BUMAra€e BeJIMKOL
KUIBKOCTI apuMeTUYHUX o0urciaeHb. OaHak
BiH QyxXe 100pe MPUCTOCOBAHUIA IJIsI 00YKC-
JneHb Ha IIK, ockinbky momomara€e CKjaacTu
MPOCTy cTaHaapTHy mporpamy. Lleii merton
Jla€ TIOBHUI PO3B’SI30K 3a4ayi, BU3HAYAIOUU
BCi YyacToTu i ¢OpMH OJHOYACHO, i XOpouly
30iKHICTb.

OCHOBHOIO OOYMCIIOBAJILHOIO OIlepalli-
€10 METOAY € OTPUMAHHS CUMETPUYHOI Ma-
tpuui [ U] 4yepe3 moganbHy MaTpuio [W] i
cneKTpajibHy MaTpuio [Q?]:

U= 11 17], (10)

ne [?] — miaroHajbHaA MaTpUILs BJIACHUX
3HauyeHb w? ; CTOBMLI Matpuli [ W] € BracHu-
MM BEKTOpPaMM @ Y 3aBIaHHI BJaCHMX 3Ha-
ueHb: [U][w] = [(¥*][w] abo [U][W] = [W][¥].

MopanbHa matpuug [ W] y piBHsiHHI (10)
Ma€ JOAATKOBI BJIACTUMBOCTI, SIKI MOJSITAIOTh
B TOMY, 1110 i1 CTOBIILI HOpMaJli30BaHi, TOOTO
[W1IW]=1 abo [W’][W']=1.

OtpumaHHsI po3B’s13Ky piBHSAHHSA (10)
MOCJIZOBHUMU OOEpPTAHHSIMU IIOJISITAE B 3a-
cTocyBaHHiI 10 Matpuui [U] itepauiiiHoro

70

TeXHIKO-TeXHONOriYHi acNeKTU PO3BUTKY Ta BUNPOGYBaHHSA HOBOI TEXHIKKN
i TexHonorin gnsa cinbCbKoro rocnogapcTea YKpaiHu

polecy, yepe3 SKMii BOHA IOCTYIOBO Iie-
PETBOPIOETLCS B JIiarOHAJIbHY CHEKTPAIbHY
marpuuio [Q’]. Marpuug [U]= [U] momHOo-
JKYEThCSI CITpaBa i 371iBa Ha MpSIMY i TpaHCHO-
HOBaHy MaTpuli TpaHcdopMallii, sIKi Jal0Th
MOBOPOT OCEM y IBOX BHUMipax

U, 1=[T1U L], [U,]=[LTTU L], "
i nani [U)=[T1UIT]. (b
Koxna marpuus [7)] mae Taky dbopmy:

1 0 0 0 0 0 00 0 0 0 0
01 0 0 0 0 00 0 0 0 0
00 1 0 0 0 00 0 0 0 0
00 0 ¢ 00 00 0 s 0 0
00 0 0 1 0 00 0 0 0 0
00 0 0 0 1 00 0 0 0 0
(71= (12)
00 0 0 0 0 1 0 0 0 0 0
00 0 0 0 0 0 1.0 0 0 0
00 0 0 00 00 1 0 0 0
00 0 s 00 00 0 ¢ 0 0
00 0 0 0 0 00 0 0 1 0
(00 0 0 0 0 00 0 0 0 1]

e c=cosf, s=sinf.

ManHL[;I [T] sBisie TMOBOPOT Ha KYT Oy
IUIOLIMHI p, g ; BOHA MA€ BJIACTUBICTb PiBHO-
CTI TPAHCIIOHOBAHIM MaTpHIlIl 3BOPOTHOI Ma-
Tpuli. SKIIO MO3HAYUTU €JIEeMEHTU MaTpU-
ui U ] 6ykBamu a,, @ eJIeMEHTH MaTpHuLii
[U] GykBamu bjk, TO MHOXKEHHSI MaTpullb 3a
dopmynamu (11) ToKasye, H_[O.bjk = a,, 3
BUHSITKOM €JIEMEHTIB ¢ CTPOKM i p CTOBITLS i
p CTPOKHU Ta ¢ CTOBIILS, A€ MU MAEMO:

_ 2 . - 2.
b, =a,cos"0+2a, sinfcosf+a,sin" 0,

2 22 . .
b, =a,(cos”@—sin"0)-(a, —a,)sinfcos0;

.2 . 2 n.
bqqzappsm H—2apqsm¢900s0+aqqcos o, (13)
bp/‘ =apjcosl9+aqisin49; )

b - o[ TP
i =—a,sinf+a, coso.
Sxo 6 obpatu Tak, 110
1g20 = 2a,, /app Ay (14)

TO MaTUMEMO bpq= 0. Takuii pe3yabTat
BUXOAUTh 3a ITOCJiIOBHOIO IIepedopy BCiX
€JIEMEHTIB y JBOX psIKaxX i JIBOX CTOBITLSIX
BKJIIOYHO. OIMH Takuii KpOK HaOJIMKae Ma-
TPULIO 10 JiaroHajJbHOI (POPMU, OCKIJIbKU
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cyMa KBaJapaTiB €JIEMEHTIB, pO3TalllOBaHUX

o oOMJIBI CTOPOHU BiJ T'OJIOBHOI JiaroHali,

B [U] meniue, HixX B [U, || Ha BeMunHy 2a2pq,
3 _ 2 ) 2

OCKUIBKK b, =0, b, +b,=a, +b,.

JIJ1st aBTOMaTUYHOTO OOUMCIIEHHS ¢ i S B
marpuii [7] MOXHA CKOPUCTATHUCS TPSIMU-
MU aiaredpaiyHuUMu GopMyaaMu

£

t q

_ 2a, _
b
2 2
aPP aqq \/(app aqq) + 4a1"]

t{t :aPPSaqq .

(15)

—t ta,, < a,,
c=(1+)";

s=t(1+£)".

Marpuna [7] moxe Oyt obOpaHa Ha
KOXHOMY KpoOlli Tak, 00 3HUIIYBajJacs
HaiOiIblIa HeAiaroHaJabHA Mapa, Xxo4a MOX-
JIMBUM 1 CUCTEMATUYHUI PO3IJISIA YCiX eje-
MeHTiB [Leibowitz, 1993].

Y rpanuui npouec cXoauThCs, HaOaMXa-
IOYUCh O CIEKTpaabHOI MaTtpuli [?], i 6e3-
nepepBHUil 100yTOK [7’] HaOIMKA€EThCS 10
MopdajibHOI MaTpuli [ W]:

lim[U,]=[Q"],

- (16)

im([7LIT,],....[T]) =[7].

i—0

OTxe, KOXXHUI HeliaroHaJAbHUM eJ1eMEeHT
MOBUHEH PO3IJISIAATUCS HECKiHYEHHE YHCIIO0
pasziB, ajle NpPaKTUYHO IOOCTAaTHHO KiJIbKOX
00XO/IiB.

Oorosopennsa. PoarisiHeMo — 3acTocy-
BaHHSI METONY JiaroHaii3alii g0 OCHO-
BHOI 3adayi BJIaCHMX 3HaY€Hb, BUKO-
puctoBytroun piBHIHHS (9). Lo 3agauy 3
JBOMa CUMETPUYHUMM MaTpuusgmu |[K] i
[M] wMoxHa mpuBecTHM A0 3ajadi mpo Jaia-
TOHaI3alilo OAHIEI CUMETPUYHOI MaTpuUlli

1 1
[U]l=[M *][K][M ?] 3 MomaJIbHOIO MaTPULIEIO
1

nepetsopenns [W1=[M 21[V'] rax:
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28 (42)

Technical and technological aspects of development and testing of new machinery
and technologies for agriculture in Ukraine

[KIV]=[M1V Q]
[K1[M 2[M2][V]=[M2][M 2]V ][Q°];

[M 2][K][M 2]-[M2][V]=[M2 ][V ][]
U1 ]=[W][Q°].

(17)

Po3B’g30K 11i€el OCTaHHBOI 3ajayi Mpo
BJIACHI 3HAYEHHSX JA€ CIIEKTpajbHy MaTpH-
o [?] mouyaTtkoBoi 3agavi. [11o6 orpumaru
MOJJIbHY MaTpulo [ V] moyaTkoBoi 3adadi,
HEOOXiTHO 3AIMCHUTA MAaTPUIYHE MHOXEHHS:

[V1=[M 2]7]. (18)

AHaJIOTiYHO MOXHa BUKOPHUCTOBYBAaTHU
Lieli MeTo JJ1 BUPILIEHHS 3a1a4i MaTPULICIO

migmatimBocTi [[1] = [K] L
V1=K MV Q]

Q] =[T[M][V]; (19)
M2V = [ MMM 2 ][V ]; 00)
Q1= [U1W],
TOOTO B 111L0My BI/Ill'IaI[Ky
[Ul=[M21T[M?], Q1)

a 3HayeHHsI MojaJibHOI MaTpuli [ V] Bu-
XOJUTh SIK

[V1=[M 2][W]. (22)

K mnokazaHO BMILE, I BUPILLIEHHS
3aBIaHHS BJIACHUX 3HA4Y€Hb Oyae HeoOXiTHO
1 1
obuncmosat [M *] i [M?*]. Marpuusa [M] —
CUMETpUYHA, ajJe MOXe OyTU SK JiaroHallb-
HOIO, TaK 1 HEA1arOHAJIbHOIO 3AJIEKHO BiJl BU-
0Opy CHUCTEeM KOOpPAMHAT y TBEPAOMY Tili. Y
pa3i mpeacTaBJIeHHS IHEPLUIMHNX BJIACTUBOC-
Tel CUCTEMOIO TOYKOBMUX Mac marpuus [M]

3aBxnu giaroHanbHa [Caughey etc, 1992].

IIpencraBumo Matpuio [M] depe3 ii
COEKTpaibHy Matpuio [D(u)] i MomalibHi
MaTpuli neperBopeHHs [N] i [N]*

[M]=[NT[D(w)][N]. (23)
SAkuo MM OTpUMaeEMO Take MpeacTaB-
JIEHHSI, TO 3 JiaroHaJIbHOIO MaTpuuew [D(u)]
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MOXHA OTpUMAaTU MaTpMlli, sIKi € (PyHKIIisI-
MUy Matpuui [M]:
1 1
[M >]1=[NT[D(u I[N,

1 1

[M>]=[NT[D(u>)][N],

(24)

1 1

ne [D(u )] i[D(u?)] — niaroHaysbHI Ma-
TPpUILi, €JIEMEHTU SIKMX — HEraTuBHi 1 IO-
3UTUBHI TIOJJOBUHHI CTYyII€HI BiANOBIIHUX
ejgeMeHTiB Matpuui [D(p)] . Po3paxyHok Ma-
tpulb [D(W)], [N], [N]’ moxe OyTu mpoBe-
JICHUI TaKOX METOIOM AlaroHai3awil Imocii-
JTOBHUMHU O0OEPTaHHSIMU.

BusHauuBiIM BiacHi 4actoTd i opMu
HeaeMII(DOBaHOI CUCTEMU, BU3HAUYMMO 3Mi-
HY BJIACHMX 3HAYEHb CUCTEMM 3aBISIKU AEM-
ndgysanHHI0. 1o Mmatpuub [K] i [ M] nonaeTbcs
matpuus nemrndyBaHHsg [C]. 3aBgaHHS I10-
JISITa€ 'y BU3HAYE€HHI KOMIUIEKCHMX BJIACHMX
3Ha4YeHb p — & t jw, AKi 3aJ0BOJILHSIOTH
PiBHSIHHS

(P [M1+ p[Cl1+[K]){v} =0. (25)

bynemo momyckaTu, 110 BJIAaCHI BEKTOPU
CUCTeMHU 3 JeMI(PyBaHHSIM HE BiApi3HSIOTh-
Cd BiJ BJIaCHMX BEKTOPiB HeaeMIlI(poBaHOL
CUCTEMHU, i BH3HAUYMMO JeMM(yBaHHS PO3-
KJIaJaHHSIM 3a BJaCHUMU (pOpMaMu.

PosknagaHHs1 Ha BJIacHiI BEKTOPU JAOBLIb-
HOro BekTopa {y} Mae popmy:

01=a.v}, 06

A€ a, — CKaldpHi MHOXHUKHU (POpMHU.
Komn {y} i {v} Bimomi, MOXHa, IEPEMHOXY-
104M OOMIBI YaCTUHU PIiBHAHHS Ha {v}[M],
BU3HAYUTHU 4.

BHaCJIi,Z[OK OpTOI‘OHa.HbHOCTi BJIACHUX
dopm
v HM v, } =0, (27)

i YWJIeHW B TpaBiii YacTUHI PiBHSIHHS (26)
00epTaloThCs B HYJb 32 BUHSTKOM YJIEHIB,
151 akux r = s. IligcraBisiioud oTpUMaHi Ta-
KHWM CIIOCOOOM 3HAY€HHsI MHOXHMUKIB (pop-
MM, PO3KJIaJaHHsI MOXHA MepernucaTy Tak:
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v MLy}
{y}= Z{ }—{ TV (28)
abo Tak
v ) [M]
{y}= Z{ DM }{y} (29)

®opma piBHSIHHS (28) MigKpecIoe po3-
KJIaJaHHS Ha BJIACHI BEKTOPHU, OCKIJIbKU
BIZHOLIEHHS B MpaBidi YaCTUHI € CKaJSIpOM.
PiBHgHHS y dopMi (29) 3pydHO BUKOPUCTO-
BYBaTU, KOJIM PO3KIATAETHCS BEJIUKE YUCIO
BEKTOPIB {y}, OCKIJIbKM BiIHOLLIEHHS B MpaBiii
YaCTHUHI MPEeACTaBISIOTh KBaJpaTHI MaTpulli
1 pO3paxoBYIOThCS TiIbKM OAUH pa3 [KajiHiH
ta iHmn., 2016].

®opma piBHSIHb (28) cTae 1ie OiTbII
€KOHOMHOIO, 3 TOYKU 30py 4Yacy OOYMCIIEHb,
KOJIM HeOoOXiZHO pPO3KJIAacTU Oijblle HixX 7
BekTopiB {y}. IlepeBipka mpaBUJILHOCTI 00-
YUCJICHHSI MaTpUllb 3a0€3MeYyEThCS TOTOXK-
HICTIO:

() (v, [M]
NSO

[HImIMM BapiaHTOM pO3KJIagaHHS, KOPUC-
HUM JJIs po3KJaJaHHS BeKTopa 30YMKEeHHS

{F}, €

{F}= Zw Hlal= LM s = (31)

IIs dopma Moxe posriasigaTUCs SIK PO3-
KJIaJaHHS 30yIKeHHsI B 4YacTKaxX aMILITy[d
IHEpLIMHUX CUJI 3a BJIACHUMU (OpMaMU KO-
JuBaHb. OcTaHHS popMa 3anuCy aHaJOriyHa
piBHSIHHIO (29).

Posknagaroun neMrigyBaHHS 32 BIACHU-
My dopMaMu KOJMBaHb, OTPUMAEMO CTY-
NiHb 3aracaHHs, 11O BIAMNOBIJA€ BIILHOMY
PyXy OKpeMo IS KOXHO1 (popMu

S (2 (a2
Y IMT(,}

ne ¢ — CTymiHb neMIdyBaHHA B YaCTKax
KPUTUYHOTO.

PosrinsiHeMo po3B’S130K 3adayi BUMYILIE-
HUX KOJMBaHb JJIs1 PiBHSIHHS (2), SIKIIO Bi-
JOMUI PO3B’SI30K 3aJayi BJIACHUX 3HAYE€Hb
0e3 nmemndgyBaHHS, OTpPUMMaHi PpPO3KJIaJdaH-
Hs KoedilieHTiB aeMIli(pyBaHHS 3a BJIACHU-

=[E]. (30)

; v F)

(32)

Bunyck
28 (42)



Agricultural machinery and equipment: forecasting, design, testing

MU ¢opMaMHM i TIPOBEAEHO pO3KJIadaHHS 3a
BJIacHMMHU hopMaMu NpUMycoBUX cuia [Ma-
Huta, 2006].

Konu 30ymkeHHS Ma€ ycTaJeHUM CUHY-
CoigaJbHUI XapaKTep

{F}=Re{fe’"}, (33)
TO JUISI pPO3B’SI3KY MOXKHA MPUIHATU (HOpMY

{X} =Re{xe’}. (34)

[TinctaBnstoun (33) i (34) B piBHSIHHS
(2), oTpuMaemMo:

(-’ [M]+ jo[C1+[KDix}={/}. (35)

Posrnsinemo po3kiagaHHSI cui i TiepeMmi-
1LIeHb 3a BJaCHUMHU (popMamMu. 3HOBY TTOKJIa-
JIEMO, 1110 BJIaCHi () OpMU CUCTEMU 3 AeMIPy-
BaHHSIM 30iraloTbCs 3 BJIAaCHUMHU (opMaMu
cucteMu 0e3 L[eMH(byBaHHﬂ:

(f)= Z Mlw, }{: }}lf};

(36)

{x}= Za v}, (37)

ne a, — HesinoMi KoediuienTu. Ilizcras-
nsioun Bupasu (36) i (37) B piBHgHHSA (35),
a TaKOX BUKOPHMCTOBYIOUM CITiBBiIHOIICHHS
(8) i (32) sax

[K1{v,} = o [M1{v,};
[Clv,}=2¢,0,[M]v,],

OTpUMAEMO

(38)

_ 1 EARTA
— +2j¢ mo+a} Y [MI,; G9)

[TincTaBisitoun OTpYMMaHi pe3yabTaTu I0-
caigoBHO B (37) i (34), oTpuMaEMO OCTaTOYHO

B /! ejw[ { }{ } {
{X(t)}—Re{;wrz_werzjgrwrw M f}} (40)
Jjwe'™ v}
(X, b= Re{;m — +2J§ww{vr},[M]{vr}lf}}. 41)

OTpuMaHuil pe3yabTaT € HaOJMXKEHUM,
OCKIiJIbKM (pOpMM KOJMBAaHb CUCTEMU 3 JIEM-
ndgyBaHHSAM He 30iraloTbcs 3 (opMaMu KO-
JUBaHb cucteMu Oe3 aemripyBaHHS. Y [i-
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JISSHIII 4acTOT IMOMWJIKA HEBeJIMKa, X0o4ya Ha
BUCOKHMX YacTOTaX MOXJIMBI 3HAYHO OiIbLLL
nomwiku [KamiHin Ta iH., 2016].

3aKiHUMMO BHMBYEHHSI TWHAMIiKW CKJaMd-
HUX ME€XaHIYHMX CUCTEM BM3HAUYEHHSIM KO€-
¢iuieHTIB niepegadi BiOpoi3oJIsLii.

PosrnsitHemMo BiOpoi30/sLIil0 Big aKTUB-
HUX CWJI JJII © MacoBOI MPOCTOPOBOI CHUC-
temu. CucremMa IMOB’s3aHA 3 HEPYXOMOIO
JKOPCTKOIO OMOPHOIO ITOBEPXHEIO  PSIIOM
amoptuzatopiB. IlpurmyctnMo, 11O KOXEH
aMOPTU3ATOP XapaKTePU3YEThCS TUIbKU y3a-
TJIbHEHOIO TTOCTYNAIBHOIO KOPCTKICTIO [K .

Cucrema akKTMBHMX CWJI, sIKa Ji€ Ha OO-
CJIIIKyBaHYy MPOCTOPOBY CHUCTEMY, BM3Ha-
yaeTbcsl Marpuueto-ctopnueM {F}. Tomi
OJI0K-MaTpulls, SKa XapaKTepU3yE y3arajb-
HEHe 30yMXKEHHSs, TIpUKJIaaeHe 10 j-ro Tijia,
oyne {Fj}. 3HaiigeMo MaTpUL0 KoeillieHTiB
rnepegavyi CWJIM Bil OJIHOIO 3 TiJI, a caMe Bin
TiJIa j 1O OJHOTrO 3 aMOPTU3aTOPiB, PO3TaIIO-
BaHOTO MiX i-M TUIOM 1 XOPCTKOI HECHOIO
MMOBEPXHEIO.

3 pO3B’SI3Ky MAaTpUYHOIO PIiBHSIHHSI BU-
MYLLIEHUX KOJMBaHb (2) MOXHA BU3HAYUTU
OJ10K-MaTpulli y3araJbHEHMX IepeMillleHb 3
BUKOPUCTAHHSIM OOE€pPHEHOI MaTpMIll JWHA-
MIYHOI >KOPCTKOCTI:

Xl Kll _lez Klz Kln Fl
1 S I W )
X K K K -Mao || F

n nl n2 nn n n

Bupas (42) MoxHa 3anucatv 4yepe3 po3-
YJICHOBAHY Ha OJIOKM MaTpUIIO0 JWHAMIYHOI
nignartamsocti [IL]=[K, ]

X, 11, 11, 11, || F,
X, _ I, 1T, 1, || K

(43)
X u, 1n, --- I ||F

n nl n2 nn n

Haini 6yaeMo po3risigaTv BUMAAOK, KOJIU
3aJaHe y3arajbHeHe CUJIOBE 30YIKEHHS
TUIbKM Ha OJHOMY 3 TUI, HaIlpUKIald j-My
TUTi, 1 TIIBKM OJHA CKJIAAOBA y3arajJbHEHOIO
CUJIOBOTO 30YIXKEHHSI, a MOMEHTHA CKJIaJg0Ba
{0,=0.

X/ |
Toni 3 (43) orpumyeMo:
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X =1 (44)

Hapani ingekcu i, j oryckaeMo, a BUpa3
(44) mpencTaBMMO, BUKOPUCTOBYIOUM ITigMa-
TPULIi TTOCTYNAJbHOIO i 00epTaIbHOIO Iepe-
MillIEHb TaK:

X _ Hxx Hx@ va
o |, 1, o0/

(45)
abo

(X} =[1,1F};

{0} =111, ]{F,}. (46)

Hani po3misitaEMo OAHY 3 TPyIl aMOPTHU-
3aToOpiB, MOB’SI3aHUX 3 TiJIOM.

IToctynanbHe 3milieHHs {P} i obepTaH-
Ha {A} TOYKM KPiILUIEHHS # IO Tija LIbOIO
aMopTHU3aTopa B HAMpPSIMKY IPYXXKHUX OCei
BUpA3UMMO 4Yepe3 IOoCTynajabHUi 3CcyB {X} i
obepTaHHs {0} LIEHTPYy MacH i-ro Tija:

{P}=[A]{X} +[A][R,]{6},
{A}=[4]10}.

Bimomo, 110 misg amopTtusaropa, SIKUi
XapaKTePU3YETHCS TIJIBKU y3arajJbHEHOIO T0-
CTYMaJbHOIO KOPCTKICTIO [K |, MOXHa 3aru-
CaTH CITiBBiIHOIIEHHSI:

{F,} =[K,]{P}. (48)

[MincraBnsroun (46) i (47) y Bupas (47),
OTPUMYEMO:

{F,} =K AT UL+ [R T, E . (49)

Tonmi 3 (49) nnga Matpuli KoeillieHTIB
repeaadi CUIM OTPUMYEMO BHUpa3

[T:1=[K, AT (UL )+ [R, T, D) - (50)

AHAJIOTiYHO MOXHAa BUBECTHU CITiBBiIHO-
LLIEHHS 1T MaTpulli KoedillieHTiB nepegayi
{T,} 3a 30yIKEHHS OIHOTO 3 TiJl y3arajbHe-
HUM MOoMeHTOM {Q, }.

BucnoBku. Po3rinsgHyTuii Meton aHamizy
1 po3paxyHKy IMHaMiKui i BiOpoamMopTi3ailii
TpakTopa, K CKJIaAHOI MEXaHIYHOl CUCTEMH,
3aCHOBaHMIA Ha MaTpPUYHOMY 3aIluCi 3amadi
PO TPOCTOPOBiI KOJMBAHHSI CUCTEMM TBEP-
IUX TUT 3 TIPY>XHUMM 3B’s13KaMu. MatpuuHi
PiBHSIHHST € OCOOJIMBO KOPUCHUMM IS BU-
BUEHHS CKJIAQAHUX CUJILHO3B SI3aHUX CUCTEM
3 000B’s13KOBUMM BUKopucTaHHsIM T1K.

(47)
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[TpencraBneHa poboTa ga€ MOBHY METO-
JIHUKY PO3paxyHKy TpaKTopa SIK CKJIQIHOI Me-
XaHIYHOI CMUCTEMM TUITy IPOCTOPOBOI paMu 3
BCTAHOBJICHMM Ha Hili 00JaqHAHHSIM.
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Summary

Purpose of the study is to develop a matrix method for studying the dynamics of a tractor as a
multi-mass spatial system of rigid bodies with an arbitrary arrangement of elastic suspension of bodies
on shock absorbers relative to a fixed support surface and the presence of elastic connections between
the bodies, made in the form of beam elements.

Research methods. The methodological basis of the work is the generalization and analysis of well-
known scientific results regarding the dynamics of two-mass systems in resonance modes and the use
of a systematic approach. The analytical method and comparative analysis were used to form a scientific
problem, determine the goal and formulate the research objectives. When creating empirical models, the
main provisions of the theory of stability of systems, methodology of systems analysis and research of
operations were used.

The results of the study. A wheeled vehicle is presented as an amortized continuous frame type
structure with assemblies and assembly units located on it, as well as a methodology for calculating
individual block matrices of stiffness and damping coefficients. In this case, it is assumed that a viscous
damper can be connected in parallel to each elastic element. In this construction of the stiffness and
damping matrix of the block matrix are formed in the same way. Damping matrices are derived from the
corresponding matrices by substituting damping constants instead of stiffness constants.

To determine the natural frequencies and vibration modes of an undamped system using a PC, the
most effective method of diagonalization by successive rotations.

This method provides a complete solution to the problem, allowing all frequencies and shapes to be
determined simultaneously, and good convergence.

Conclusions. The considered method for analyzing and calculating the dynamics and vibration
damping of a tractor as a complex mechanical system is based on a matrix record of the problem of
spatial vibrations of a system of rigid bodies with elastic bonds. Matrix equations seem to be especially
useful in the study of complex tightly coupled systems with the obligatory use of a PC.

The presented work provides a complete methodology for calculating a tractor as a complex
mechanical system such as a spatial frame with equipment installed on it.

Keywords: tractor, oscillatory system, dry friction, resonance, nonlinearity
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