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AHoOTaNis

BUKOPUCTAHHSA OCHUJIOTI'PA®IYHUX METO/IB ITPHU
BUITPOBYBAHHI TA JIAT'HOCTHULI ABTOTPAKTOPHUX IBUI'YHIB

Py:xuniio 3.B., I'epacumuyk FO.A.

B cmammi npeocmasneni memoouxka ma 001a0OHAHHA 04 NPOBEOCHHS
diazHoCmMuKY cucmem 1 MeXauizmie asmompaKkmopHUx O8ULYHIE GHYMPIUHBLO2O
3eopsaHus. Hasedeni ocyunoepamu — eumipy @izuunux npoyecié npu nposeoeHHI
sunpobysanus /[B3.

Abstract

THE USE OF OSCILLOGRAPHIC METHODS WHILE TESTING
AND DIAGNOSTIC OF AUTO TRACTORS ENGINES

Z.. Rujilo, Y. Gerasimchuk

Methodics and equipments for carrying out diagnostic systems of auto tractors
internal combustion engines are introduced in the article. Oscillogram dimensions of
physical processes in IC engines during testing and final adjustments of their systems
were considered.

VIIK 669.539

EHEPTETUYHUMA CIIOCIB PO3KPUTTA CTATUYHOI
HEBHU3HAYEHOCTI HECYUYUX PAMHUX CTEPKHEBUX CUCTEM
MOBIJIBHUX CIVIBCBKOI'OCITIOJAPCBKUX MAIINH

IHonoBuu II.B., k.T.H., CTamkiB M.S., k.T.H., lyTka I'.b., loBOym T.A.
(Teproninbcokuii HAYIOHAILHUL MeXHIYHUL YHisepcumem imeni leana Ilynos)

B cmammi npononyemvcs amaniz enaugy 2eoOMempudHux Xapaxmepucmux ma
BHYMPIUWHIX CUTOBUX (PaKMOpie HA pOKPpUMMA CIAMUYHOI HEBU3HAYEHOCIE PAMHUX
KOHCMPYKYIL ~ MOOIIbHUX — CLIbCbKO2OCNOOAPCLKUX — MAWUH  NPU  3ACTMOCYBAHHI
eHepeemuYHUX ni0X00i8 MOOe0BAHHSL.

Ha cboromHi cTepkHEBI KOHCTPYKTMBHI ~CHUCTEMH Yy BCIX Tramy3sx
MaIMHOOYAyBaHHSI € HaWOUIbII PO3MOBCIO/KEHUMH SIK CKJIAJ0Bl BY3/IB 1 MallIMH.
CygacHi pamu Cc\r MamWH € CKIQJHUMH 332 TEOMETPIEI0 Ta HABAHTAKEHICTIO,
OYEBHUIHO, SK HACHIAOK IXHI TOJIOBHI oOCi JeOpMYyIOThCS B TMPOCTOPOBUX
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KOOpJIMHATaX, OTXKE € MpocTopoBUMHU 3a (opmoro. Ha choromnimHii 1eHb B
JITepaTypHUX JDKEpeliax JAeTalbHO JOCHIKEHO IIOCKI JedopmMarliii, BTpary
CTIHKOCTI, 1H. [1, 2].

HomineHuM € (opMyBaHHS 1 PO3B’S3aHHS 3a7ad I SKUX TEpEeMIIICHHS
MEPETUHIB CTEPKHIB 5K CKJIAJIOBUX BY3J11B METAJTOKOHCTPYKIIIA paM BiI0OyBatOThCS HE
B CHUCTEMI TOJIOBHMX OCEHl NEPEeTHHIB, NPUYOMY JOMIHYIOUa yBara HPHUAUISAETHCA
(opMyBaHHIO PO3PAXyHKOBUX CXEM 1 BUOOPY HABaHTAKEHOCTI 3 ypaxyBaHHSAM TOTO,
IO JJIs OJIHI€T paMHOiI METAJIOKOHCTPYKIi y 3aJIeXKHOCTI Bil METH MOCTaBICHOI
3aJ1a4l 3aCTOCOBYIOThCS JEKIIbKA PO3PAXYHKOBUX CXEM.

3 mpuuYMH PI3HUX YMOB €KCIUIyaTallii Ta pEeXUMiIB HaBaHTaXKEHHS Hecydl
METaJOKOHCTPYKIIi C\I' MAlIMH BIAPI3HAIOTHCS BEIMKOIO PI3HOMAHITHICTIO. OCHOBHI
BUJIM BY3JIB y 3BapHUX pamax - 3'€lHaHHSA 3BapHUMH IIBaMU 3aMKHYTHUX MPOQIIiB
IpOKaTy, pO3TAIIOBAaHUX B PI3HUX KOMOIHAIISIX, XapaKTEPHOIO OCOOIHMBICTIO € T€, 10
3BapHI IIBM MalOTh Mally JOBXHMHY 1 pO3TalloBaHI B PI3HUX HaIpsIMKax.
MopnentoBanHs pamMHUX KOHCTpYKIii mansa BusHauenHs HJIC e ckmagaum
aHAJIITUYHUM IIPOLIECOM 3 IPHUUYMHH, L0 METAJOKOHCTPYKLIs sBiIg€ co00K OaraTo
pa3iB CTaTUYHO HEBHU3HAUYEHY CTEP)KHEBY CHUCTEMY 1 3aCTOCOBYBAaTH KJIACHYHI
METOIU: METOJ CHJI, METOJ MEePEeMIlIeHb CKJIAIHO 1 HEPAIllOHAIBHO, 3 IUX MPUYUH
JUISL PO3KPUTTS CTATUYHOI HEBU3HAYEHOCTI PaMHUX KOHCTPYKIM 3 BIIKPUTUM
npo(disieM MPOMOHYETHCS 3aCTOCYBaHHS METOAY MIHIMyMY MOTEHLIANBbHOI €HEprii
nedopmaiiii crep:kaeBux cucteM (MMIIE).

[Ipu poboTi c/r MamMHU B eJeMEHTaX BIAKPUTUX NPOQiIiB BUHUKAIOTH
negopmanii po3TAry - CTUCKY, 3pi3y, HPSMOTO MONEPEYHOro 3TMHY Ta CTHCHYTOIO
KpYy4YeHHS (3rUHAJBHOTO KPY4YEHHS) MPU SIKOMY BHHUKA€ JTOJATKOBUN BHYTPIIIHIN

cunoBuil (akrop - O0imoment B, H ** . IloBHa moreHmianbHa eHepris aedopmarii
CTEPKHEBUX CUCTEM 3 BIAKPUTHUX TpodiiiB [3].
[ToTenuianbHa eHeprisa Aedopmariii 3ruHy:

[M (x)* ]dx
U, =—"—— 1
y I 1B (1)
[ToTeHiianpbHa €HEeprisi CTUCHYTOTO CTEPXKHSI:
1 dB(x)Y 1 dB(x)*
UMk —E !‘(Mo(x)_ dx J .G‘I dx+'[ E-1, dx (2)

B crepxHsX sIKI MPAIIOIOTh HA CTUCHYTE KPYYEHHS] BUHUKAIOTh:

M-3ruHansHui MOMEHT HwMm;

M, = M, +M, - 3aralbHANA KPyTHUM MOMEHT Hwm;

M, - KpyTHUM MOMEHT YUCTOr0 Kpy4deHHs Hwm;

M, - 3STUHAJILHUNA KPYTHUN MOMEHT, SIKUH 3aJIeKUTh BiJ 6iMoMeHTY Hw.
_dB().

0=

B- GIMOMEHT sIKUii 3aJI€KUTH B1Jl PIBHAHHS MPYKHOI JiHII cTepxHs Hwm;

M
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aM , (x) i

B= - = EL0"() (3)

M, =-GI,6'(x);
O(x) - pIBHSAHHS TIPY>KHOI JITHIT CTEPIKHS;
L [GL
VE-I,
Monens TpoCcTOpOBOi paMu TPH PO3KPUTTI CTATUYHOI HEBU3HAYEHOCTI € OJIMH
pa3 CTaTUYHO HEBU3HAYEHOIO.

Puc.1. Mogens npocTopoBoi pamu
VY BumaaKy NONEPEYHOro MEPEeTHHY pPAaMU 3aKpUTOrO MpoQuI0, CTaTHYHA
HEBU3HAYCHICTh po3kpueThcsi MMIIE BpaxoByoouM TOTEHIIANIBHY €HEPrito
nedopmalrliii B 3ruHy Ta Kpy4eHHS, IPUUOMY BUPA3U BHYTPIIIHIX CUIOBHUX (PAKTOPIB

1 eHeprii BiJl HUX:
2

M(x):X.x—q'zx ; 4)
M, (x)=X"a; (5)
b(X'X—qtzxzjzdx
U(M>=j WA (6)
o= @
b(X X—qzzjzd b
Uy =UM)+UM,) = [>——= jz Gl (8)

3Ha4YEeHHS OMOPHOI CUJIM, BUSHAYAETHCS 3 MapameTpoM a = 0 - 1 M 3 iIHTepBaIOM
0,1 m, mpu: b=Im, E=2.10''TIa, G=8-10'"Ma, 1,=30,7-10° m* , [,=61,4-10"° ",
q=5000 H /.
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Ux

Y, - nomeryia/iHa enepzis Bid degoprauli KpyHerHs;

U, -nomenyiasisHa eqepzis B0 degopmayil 320k,

Uy -nomenyiaisHa eqepzis Bid 300riuHp020 HaboHmaxerHs;
X-cuna peakyli ongou.

a5 7

am

Puc. 2. I'padiuni 3a1eXHOCTI TOTEHITIAIBHUX €HEPTiil nedopmartiii Ta cuim
peaxiriit

AHani3 oJiep)KaHuX pe3yJIbTaTiB A03BOJISE 3pOOUTH BUCHOBOK, 1110 HAa TPOMIKKY
Bigx 0 mo 0,1 M. cuma peakuii He 3MIHIOETBCS 1 Ha PYHHYBaHHS CTEp)KHSA, B
OCHOBHOMY, BIIMBa€ nedopmanis 3ruy. [Ipu 30uIblIeH1 mapaMeTpy a eHepris sika
ii7ie Ha pyHHYBaHHS MaTeplaigy pi3KO HAKOMUYY€EThCS, TOOTO HEOOXITHO BpaxOBYyBaTH
nedopMallito KpydeHHs.

JIyig OLIIHKYM BIUIMBY Ha BU3HA4Y€HHs ONMOPHOI peakiii X 3 BpaXyBaHHSM SIBHILA
JeTUIaHaIii JOCHIKYEThCS TONEPEYHU MEpPeTHH paMu BIAKPUTOrO Mpodiiio,
HaIPUKJIaJl TOMKUPEHUH B c\r MamuHOOyyBaHH1 ABoTaBp Nel4. Bupasu BHYTpilIHIX
cioBUX (aKTOpIB Ta €Hepriil Big HUX, NpU BHOOpPI MOYATKY KOOPAHWHAT B

3aleMJICHH]:

2 2

M(x):X-b—"'zb —X-x+q-b-x—q'2x ; 9)
__X-a'sh(k-x)_
B == n)’ (10)
M, =—x.q.SME0). (11)
ch(k -b)
b(X-b—q'zbz_X-x+q-b-x—qéx2]dx
UM)=| W ; (12)
(x0T
UMy =| 2-CG-1 ; (13)
(_X a'sh(k-x)T
t k  ch(k-b
U(B) =D (14)
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Xp-L _xoxigpxm 4
2 2

b ’ 2 2dx
U0=U(M)+U(Mk)+U(B)=I[ 2-E-T ] ’

) ) (15)
[-raBda (LKa 0T,
. I ch(k - b) . f k  ch(k-b)
g 2-G-1, . 2-E-1, ’

b=1m, E=2-10''TIa, G=8-10"’IIa, 1,=30,7- 10° m* , ,=61,4-10° m*, q=5000
H/m.

3Ha4YeHHs OMOPHOI CUJIM, BU3BHAYAETHCS 3 MapameTpoM a = 0 - 1 M 3 IHTepBaioM
0,1 M, mpu: b=Im, E=2-10"TIa, G=8-10""a, 1,=712-10° M*, [=5,914-10" m*,
q=5000 H/m, 1,=2560-10"m" k=2,96 m"".

Pesynbraty aHamITHYHUX JOCTIIKEHb BKa3YyIOTh, 1[0 3HAYCHHS OMOPHOI CHIIH
PI3KO 3MEHIIYETHCS 3 3pOCTaHHSAM mapamerpa a: B miama3oni Bix 0 mo 0.1 m. Cuna
peaxiiii 3MeHIIIach B 4 pasu.

ux

i U - nomeryinmesa exepzia B depammayn KpyHeHHs X
- j

WeHLINEHE enepziq Bi7 degupman 32umy

| -nomaisHa exepzi G0 aobuure020 HobmHmaXeHHs,
U+l A Uy -nomenuyiansHa exeoais BF Gegapmayi GenagHay,
X-cuna peaxuyi angou

K-t /| JPUT20 ORI,

0 73 T w1
Puc.3. I'padiuni 3aneKHOCTI 3MIHU Puc.4. I'padik 3miHu cuim peaxuii B
NOTEHILIAIbHUX €HepTii nedopmariiil i 3aJIeXKHOCTI B1J MapaMeTpy a B Jlana3zoHi
CUJIU peakiiii Bin 0 10 0,1 m

B 3amexxHOoCTI B AOCIIIKEHOI pO3paxyHKOBOi cxemu (puc.l — puc. 4), aHami3
OTPMMAaHUX PE3yJIbTATIB BKa3ye, 1m0 Ha BifacTtani Bix 0 mo 0,1 M. cuma peakiii pizko
3MEHIIY€ETHCS 1 EHEPris siKa e Ha pyHHyBaHHS MaTepianly IIBUIKO HAKOMUUYETHCS,
TOOTO ISl €JIEMEHTIB KOHCTPYKLIA pamMH 3 BIAKPUTHUM MpodiieM HEOOXITHUM €
00O0B‘sI3KOBE BpaxOBaHHS C€HEPrii BiA YHCTOro KpydyeHHsS Ta jeraHaiii. Ha
npoMiKKy BiJ 0 1o 0,1 M. cuia peakiii He 3MIHIOEThCS 1 HA PyWUHYBaHHS CTEP>KHS, B
OCHOBHOMY, BITMBae nedopmanis 3ruy. [Ipu 30uIblIeH] mapaMeTpy a eHepris sika
ii7ie Ha pyHHYBaHHS MaTeplaigy pi3KO HAaKOMUYY€EThCS, TOOTO HEOOX1IHO BPaXOBYBAaTH
nedopMaliiro KpydeHHs.
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AHHOTALUA

YHEPITETUUYECKHUM CITIOCOB PACKPBITUSI CTATUYECKOM
HEONPEJAEJNMOCTH HECYIIUX CTEP)KHEBBIX CUCTEM
MOBWJIBHBIX CEJBCKOXO3SIMCTBEHHBIX MAIIIUH

ITonosuy ILI.B., Ctamukus H.A., lytka A.B., loBoym T.A.

B cmamve npeonacaemcs ananuz GuUAHUS 2e0MEeMPUYECKUX XAPAKMEPUCTNUK U
BHYMPEHHUX CUNIOBbIX (QAKMOPO8 HA pACKpblmue Cmamuieckol Heonpeoeiumocmu
PAMHBIX KOHCMPYKYULU MOOUNbHBIX CEeNbCKOXO3AUCMBEHHbIX MAWMUH NPU NPUMEHEeHUU
SHEepeemuyecKux no0Xo0008 MoOeIUpOBaAHUSL.

Abstract

METHOD STATIC ENERGY UNCERTAINTY DISCLOSURE OF
CARRYING FRAMES THE BAR OF MOBILE AGRICULTURAL
MACHINES

P. Popovych, M.Stashkiv, A. Dutka, T. Dovbush

In the article the analysis of the influence of geometrical characteristics and the
internal force factors on disclosure of static uncertainty frame structures of mobile
agricultural machines in the application of energy modeling approaches.

YK 631.363-45-53
JOCJIIKEHHS CYHIKU COJIOM’SIHOI BIOMACH

Cemipnenko C. JI.
(Cymcvkuti HayioHanbHULL acpapHull YHieepcumem,)

B pobomi npueedeno amaniz cnocobie cywku coiomu, Ha8eOeHa MONCIUBICHb
CYWIKU NATUGHUX OpUKemi8 G1ACHUM MENIOM, BU3HAYEHA 3ANIedHCHICMb WEUOKOCHI
noGimpsi 8i0 2eOMempudHUX po3mMipie naluUeH020 OpuKen).

CinpcpKorocnogapcbke BUPOOHUITBO He TUIbkH KpaiH €C, ane i Ykpainu
ChOTOJIHI 13 CIIO’KHMBaya €Heprii MepeTBOPIOETHCS Ha 11 BUPOOHUKA.

3a po3paxyHkamu (haxiBLIB aJbTEPHATUBHI MNAJIUBHO-CHEPI€TUYHI pECypcH
(AIIEP) BiairpaBaTUMyTh Ba)KJIUBY pOJIb Yy CBITOBI E€HEPreTUYHId CTPYKTYpl 1
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