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HOIIEPEYHI KOJIMBAHHS KPYTJIOI'O BAJIY, IO OBEPTAETHCHI,
3 POIIOAIJIEHUMMA 3A OB KUHOIO MACAMHM

Poboma npucesuena susuennio eniugy oeghopmayiti 3¢y8y Ha 4aCMOmMU GIACHUX NONEPEYHUX
KOAUBAHD KPY2l020 8ald 3 PO3NOOLNEHOK MACOKW [ PO3NOOLIEHOI NO 008ICUHI 2IPOCKONIUHONW i€t
yacmo Hacaodcenux ouckis. Take 00CHiONHCeHHs 00380MAE BCMAHOBUMU MOICTUBICMb NEePex0dy CUcC-
memu 3 KiHYeguM YUciom OUCKI8 8 cucmemy 3 po3nooiLieHumMu no 008xicuni ouckamu. besz ypaxysanmus
Odepopmayiii 3¢cy8y maxKuii SpaHUYHUL RePexio HeMOoNCAUsUll, 60 8 YboMy BUNAOKY OUCKPEMHA I Cy-
YiNbHa cucmemu He € NPUHYUNOBO NOPIGHAHHUMU.

Knwuoei cnosa: nonepeuni xonusanus, degopmayis; 3¢y8; 4acmoma.

The work is devoted to the study of shear deformations effect on the frequencies of the trans-
verse oscillations for a circular shaft with a distributed mass and a longitudinal gyroscopic action of
frequently planted disks. Such research allows to establish the possibility of transition for a system
with finite number of disks into a system with distributed disks along the length. Without the shift de-
formations, such a boundary transition is impossible, since in this case the discrete and solid systems
are not fundamentally comparable.

Keywords: transverse oscillations, deformation; displacement; frequency.

IHocTanoBka npodaemMu

PO3BUTOK CLIBCHKOTOCIOAAPCHKOIO BUPOOHUITBA Ta MiABHLICHHS HOro eeKTHBHOCTI TICHO
MOB’513aH1 3 MOCTIHHUM YAOCKOHAJIEHHSIM CHCTEMH TPAHCIOPTHOrO OOCIYTOBYBaHHS arpapHOTo CeK-
TOpY, SIKa 00’€AHY€E TEXHOJOT1l BUKOHAHHS TepeBe3eHb, TEXHIUHI 3aCO0H, OpraHi3alilo TPaHCIOPTHUX
Ta TPAHCHOPTHO-TEXHOJOTTYHUX MPOLECIB Ta SIBIISIE COOOI0 BaXKJIMBY CKJIaJIOBY YaCTUHY CUCTEMH Be-
JIeHHS CUTBCBKOTO TocmoaapcTBa. IHTeHcudikaliss BUpOOHULITBA NPOAYKLii POCTMHHHITBA MPHU3BEa
10 GOopMyBaHHS BETUKOMACOBUX TPAHCIOPTHO-TEXHOJIOTIYHUX arperaTtiB Ha 0a3i KOMiCHUX eHeproHa-
CHUYCHUX TPAKTOPiB, B PE3yJIbTaTi YOT0 piuHa 3aiHATICTh OCTaHHIX 301LMbLIMIIACH MailKe B MTOJIOBUHY.

Heo0xinHo 3BepHYyTH yBary, mo npodieMa TUHaMIKH TPaHCIOPTHO-TEXHOIOTIYHUX arperariB
BUpIllICHA 32 JIOMOMOTOI0 METO/IB KJIACHYHOI MEXaHIKU MPH YMOBI NMOCTIHHOCTI 30BHILIHIX 3YyCHJIb,
IO CYTTEBO BIUIMBA€ Ha TOYHICTh BU3HAYCHHS HOro KiHEMaTHYHHX Ta €HEPreTMYHHX IOKA3HUKIB.
OxpeMHM MHUTAaHHSM CTOITh aHaJi3 YACTOTHUX Ta JUHAMIYHHX XapaKTEPUCTHK €JIEMEHTIB TPaHCMICiii-
HOi YCTaHOBKHM TPakTOpa NpU BUKOHAHHI TEXHOIOTIYHOTO MPOLECY, IKUH XapaKTEepU3y€EThCS CTOXac-
TUYHUAM PEKUMOM FaKOBOT0 HaBaHTaXeHHS. B HailOLIbII 3araqbHOMY BHIIAJIKy aHaJli3 TAKOTO PEXUMY
MPOBOAMUTECS 0€3 BpaxyBaHHs CKIaJHOCTI 1eOpMyBaHHs Ta Ha IMHAMIYHIA CXeMi CyLiTBHOTO cepe-
JOBUILA, 1[0 MOKE CYTTEBO BIUIMBATH HA SIKICTh MIPOBEACHUX OCIIKEHb.
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AHaJi3 0CTaHHIX JOCTIIKeHb Ta mMyOJriKamii

Jns OLiHKM JMHAaMIiKM HaBaHTa)KEHOCTI TPAHCMICIHHOI YCTaHOBKH TpaKTOpa MpH BHUKOHAHHI
TEXHOJIOTTYHOTO MPOLECY 31 3MiHHUM T'aKOBHM HABaHTAXKEHHSIM 3alpOINOHOBaHi pi3Hi METOIM 1 MpHU-
naau, sSiKi oOTpyHTOBaHi y mpausx [1—>5], B AKHX 3BepHEHO yBary Ha BiICYTHICTb 3araJlbHUX MPUHIIH-
miB (opMyBaHHS Mpale3IaTHOCTI €IEMEHTIB TPaHCMICIHHOI YCTaHOBKM 3 ypaxyBaHHSM IEpexXiqHUX
MPOLIECiB, BUKIMKAHUX JHUHAMIKOIO CUCTEMH CWJ, MPHUKIaJAeHUX A0 arperarty. [Ipu mpomy ocobmmBa
yBara NpUAUIAETHCS MUTaHHIO PO3PaxyHKy BajliB arperaTiB TpaHCMIcii Ha cTaTHMYHY Ta AWHAMIYHY
MIIHICTb.

Amnastiz BiToMUX HayKOBUX poOiT 1 myOumikaiiii 3 3a0e3neueHHs npame3JaTHOCTi Bajli TpaHCMi-
cil TpaHCIIOPTHO-TEXHOJOTTYHUX arperaTiB NpH BUKOHAHHI TEXHOJOTIYHOTO MPOILECY MOKa3as, IO
3arajipHi IpUHOKUNN (HOpMyBaHHS HapoOITKY Ha BiAMOBY OOIPYHTOBaHI B HalOUIbII 3araibHiil ocra-
HOBIII — TIPH eIEMEHTapHUX BUAAX AeOpMyBaHHSI.

OnHak, B HafOUIBII 3arajJbHOMY BHIAJKY, TPAHCHOPTHO-TEXHOJOTIUYHUI arperaT SBISE CO-
0010 TMEBHY KUIBKICTh €IEMEHTIB, IO 3HAXOIITHCS Yy 3B’SI3KaX Ta YTBOPIOIOTH IEBHY LUIICHICTD —
MalIMHHUK arperart, abo cucrema. TpaHCHOPTHHHM PEeXHM POOOTH TAKOTO arperary 3a xXapakTepoMm
JUHAMIYHOI HAaBaHTAXXKEHOCT1 iICTOTHO BiIPi3HAETHCS Bil pyXy Ha TEXHOJOTTYHMX omepauisx. Bin xa-
PaKTepU3yeThCS BITHOCHO MaJIOI0 BEJTMYMHOIO CEPEIHBOI TATOBOI CHIIM 1 HAHOLMbIIMMU KOMTMBAaHHIMU
ii amrutityn [6, 7]. Taki HaBaHTaXEHHS CYTTEBO BIUIMBAIOTH HA CUCTEMHI BIACTHBOCTI JaHOI CUCTEMHU
Ta ii miACKUCTEM, CTBOPIOIOYH YMOBH JUTA OLTBII PO3TOPHYTOI CUCTEMH CHJI, IO BUKJIMKAE CKIIAaTHI BH-
i neopmyBanHs [8, 9]. Came TOMy HEOOXiTHUM € HOBUU MiJXiJ] JJI1 BUBYCHHS YaCTOTHUX Ta JUHA-
MIYHUX XapaKTepPUCTHK BaJliB arperariB TPaHCMICii TPaHCIIOPTHO-TEXHOJIOTIYHOTO arperaTy 3 ypaxy-
BaHHSM OJTHOYACHO JCKUTbKOX BHUIIB Aedopmariii [10].

DopMyJTHOBAHHS METH T0CTITKEHHS

Mertoro IOCTiIKEHHsI € BUBUCHHS BIUIMBY AedopMaliid 3CyBy Ha YacTOTH BJIACHHX IOIEped-
HUX KOJHMBaHb Baiy, II0 00epTaeThCs, 3 PO3MOALICHOIO MACOIO 1 PO3MOAUIEHOIO IO JOBKUHI TIpOCKO-
MIYHOIO Ji€I0 4acTO HACaKEHUX AMCKIB. Take AOCHIAKEHHS JO03BOJISIE BCTAHOBUTH MOKIJIMBICTDH I1e-
PEXOIy CUCTEMH 3 KiHI[EBHM YHCIIOM AWCKIB B CUCTEMY 3 PO3MOILICHUMH IO JOBXKHUHI AucKamu. be3
ypaxyBaHHA AedopMaiiil 3CyBy TaKWil TpaHUYHHUM Mepexif HEeMOXKINBHH, 00 B LIbOMY BUMAJAKY JHC-
KpeTHa 1 CyLlUIbHA CUCTEMH HE € IPUHLIUIIOBO MOPIBHIHHUMH.

Bukiiax ocHoBHOTO MaTepiaay

[Tpu BuBeneHHI muepeHIINHNUX PIBHSIHD MOMEPEYHUX KOJIMBAaHb Oy/1EMO BUXOWTH 3 BIIOMUX
CHIBBIIHOIIEHB, IO iICHYIOTh IIPX BUTHHI CTPUXHS, 3 TI€I0, OIHAK, MOMPABKOIO, 10 B BUpa3 PO3MOIi-
JICHUX TIO JIOBXKHHI MOMEHTIB BBEIEMO JIOJJATKOBI CKIIaJIOBi, SIKi BPaXOBYIOTh TIPOCKOIIIYHY IO PO3-
MOAUIEHUX IUCKIB.

Ban y Bcix Bunazakax OyzneMo BBaXKaTH BUIBHO OmepTUM 1o KiHIX. [TpuiimemMo HepyxoMy cu-
cTeMy KOOpJHMHAT, Bici SIKOi HaIIpaBUMO TaKUM YMHOM: X — BHH3, ) — BIIPaBO, § — Y3IOBXK Bici

BaJly, 10 CriocTepiraya.
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—2n_1r20)86’y /Ot , WO XapaKTepU3YIOTh TPOCKOMIYHY Ail0 PO3MOAINEHUX AUCKIB, 1 PIBHAHHS CIIiBIa-
IyTh 3 3araJIbHOBIIOMUMH PIBHSAHHSMH.
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Iro cucremy 3BegeMO 10 OTHOT'O PIBHSAHHS 31 3MIHHOIO Z , 3pOOHMBIIM BHKJIIOYEHHS 3MIHHUX
M,0180:
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BBa)kaemo, 1110 IepeMilIeHHs B Yaci 3MIHIOEThCS 32 3aKOHOM
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Otpumane nudepeHiiine piBHAHHS AOCUTH CKiIagHe. MOXINBO juiIe HaOImKeHe Horo inrte-
IpyBaHHS.
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Jnst oTpuMaHHS SKICHOTO PO3B’SI3KY AOLITBFHO PO3MVIIHYTH BHIIAAOK Baly 3 MOCTIHHUM Tepe-
THHOM 1 3 MOCTIHHUM paniycoM iHepuii auckiB. Tomi B piBHsHHAX (1) 1 (2) moTpiOHO HOKIACTH
m =const, r=const, I=const, F=const, B pe3ylbTaTi 4Oro BUKJIIOYEHHS BEIMYUH MOMEHTIB,
MOMEPEYHUX CHII 1 KYTiB HaXHITy JOTUYHOI CUIIBHO CHPOLIYETHCS.

Bukmtouenns npocrime 3pobuti 0e3nocepennbo, KopucTyrounuch piBHsHHAME (1) 1 (2). du-
(epenuito0un nepuie i uerBepTe 3 piBHAHD (1) OIUH pa3 Mo s i TpeTe — JBa pas3u Mo s , OTPUMAEMO:
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[TomHoxuBIIM piBHSAHHS (24) Ha i =+/—1 1 cKkmaBmM 3 piBHAHHAM (23) 1 3HOBY BBIBILIM MO3HA-
YeHHS z = X + iy , OTPUMAEMO KOMIUIEKCHE Au(epeHIiiiHe PIBHAHHS KOJIMBaHb CTPHIKHS MOCTIHOTO
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MEepeTrHy, o 00epPTAETHCS, 3 POMOALICHOI0 MAacOI0 1 PO3MOAUICHUMH JUCKaMU TPH BpaxyBaHHI ae-
¢dopmauiit 3cyBy (O3HAYAEMO MOXiAHI MO TOBKUHI IITPUXAMH, a MOXiIHI 32 YACOM — TOYKOIO):
2 — 2 — 2
EI E | . g . omrT o o mr
tZIV—rz 1+—i2 4 2iar? s + 5 + z-2iw
m kGF kGF kGF
e nudepenuiiine piBHIHHSI MO)KHaA Oysio O BHBECTH 1 SIK OKpeMUH BUNAIOK piBHSHHS (12).

Hudepentiiine piBHIHH (25) Ma€ YaCTHHHUHI PO3B’SI30K:

7=0. (25)

z=4 sin% seM | (26)

Leii yacTHHHHN PO3B’A30K BiAINOBiNA€ BUMAAKY BUTRHOTO (IIapHIpHOrO) oONMMpaHHs Baja MO
KiHIsX. Bennunna 4 — yactora BIacHUX KOMUBAaHb, a 7 — YHCIO HAMIBXBWIb CHHYCOIAH, IO Mpe-
craBisie YOpMy KOIHBAaHb BiAIIOBIIHOTO TOHY.

[lincraBuBim (26) B qudepenuiiine piBasHHA (25), oTpuMaeMo anredpaiuHe piBHSHHS YeTBe-
PTOrO CTYIEHs BiTHOCHO BJIACHOI YacTOTH A :
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Po3B’s13ytoun 11e piBHSHHS BiTHOCHO A, MH MOXEMO OTPHUMATH U KOXKHOTO 71 3aJIGKHICTH
BJIACHOI YaCTOTH BiJ] IIBUKOCTI OOEPTaHHS BaIy.

Jist 3’sicyBaHHSI T€OMETPUYHOI IHTEpIIpETaIlii I[i€l 3aJeKHOCTI MOKIaAeMo, o @ —> oo . Tomi
PIBHSIHHS BUPOAUTHCS B HACTYITHE:
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Leit enemeHnTapHMi aHAITI3 TTOKA3ye, IO JJIS TAHOTO 3HAYCHHS 7 KpPWBAa, 10 300pakye 3ae-
KHICTh MIX BJIACHOIO YaCTOTOK A 1 MIBUJIKICTIO OOEpTaHHSA @, B KOXHIM 3 MIBIUIOIIMHI (BEpXHil 1
HWKHIN) CKIaIa€ThCsl 3 IBOX TUIOK, 3 SKHX OJHA PO3TAIlIOBaHA MK aCUMITOTAMH — BICCIO aOCIIHC

m |kGF

(Bich @) 1 IpsIMOIO, IO TapaJieibHa Bici aOCIUC 1 MPOXOIUTH Bij Hel Ha BiCTaHI — a 1HIma

p— b

m
pO3TalIOBaHa BHILE OCTAHHBOI MPsAMOi, HECKIHUEHHO HAOMMKAIOYHCh 10 HEl 1 A0 MpsIMOi, 0 IpoXo-
IWTH Yepe3 MOYaTOK KOOPAMHAT MiJ KyToM 3 HaxmioM 2:1 10 Bici aberuc.

[o cTocyeThes YnCENpHOrO BU3HAYCHHS 3aJIeXHOCTI A 1 @ 3 piBHAHHSA (27), TO BOHO Haii-
MPOCTillle BUKOHYETHCS HMIISIXOM BUPa)KEHHS 3BOPOTHOI 3aJI€KHOCTI, a caMe @ depe3 A:
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Posrasinemo uncensHuil npuknaa. Hexall gaHo Baji 3 HACTYMHUMU AaHUMU: Iporit [ =180 cm;
paziyc iHepuii npuBeAeHNX IUCKIB » =16 cM; miamerp Bady d =12 cM; KoeilieHT & Ui KPyrioro
neperuny aopisHioe 0,9.

[linctaBuBmm 1i gaxi B Bupa3 (33), oTpuMaEeMo, Micisl CIIPOILEHHS:

Y A4 -0,417-1081+0,0856n%)4% +1,03-10'% - n*
(242 -0,065-10% - n*)A

Po3B’ 130K piBHAHHS npoBeneHo A 1 =1,3.

(34)

3a 3HaYCHHSIMHU @ 1 A TOOYIOBaHI TOUKH KPUBHX, KOXKHA 3 IKUX Bi/IITOBia€ OTHOMY 3HAYCH-
HI0 1. ['padiune 300pakeHHs qaHO HaA puc. 1, Je 1o Bici abcuc BiAK/IaaeHa BEIHYNHA &, a 1O Bici
OpJMHAT — BENWYMHA A .

.

Acumnmoma 5

o n=3

Acumnmoma :

—
— /

9000 7000 5000 3000 1000 0 1000 3000 5000 7000 ®, 06/x6

Puc. 1. 3anexHicTb 4aCTOTH BIaCHUX KOJHMBaHb BiJ IIBHAKOCTI 0OEpTaHHSA KPYTJIOro Baly 3
BpaxyBaHHSM Jedopmaliiii 3cyBy

300paskeHi KpUBi MOXKHA PO3rIIsAaTH SK KpuBi A = A(w) . I'padik oxoruiroe 00macTsb mo3uTHB-

HUX 3Ha4eHb A mpu OyAb-SKuX 3HaueHHAX « . KokHa KpuBa Iuis ofHOro 3HaYeHHS n (OAMH TOH KO-
JIMBaHb) B 3a3HaYEHil oOmacti Mae nBi rinku. HuxkHS TinKa Ha 3HAYHIN BiJICTaHI TIXOIUTH TyKe OIu-
3bKO /10 KPUBOi, 110 00YHMCIIEHa B MIPUITYLIEHHI BiZICYTHOCTI edopMmaniil 3cyBy (kprBa 300pa)keHa my-
HKTUPOM), ajie MOTiM 3 Hel po3xomutbes. s moOynoBu 1€l kpuBoi B piBHSHHI (27) mokiazgeHo
G =0, 0 Jac
n%r? 2 EI 4 4
I+——F— A" ———7'n
/2 mlt
0= 555 (35)
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abo B YUCCIIbHOMY BI/IFJ'ISI)_Ii JJIA HpHﬁHHTHX JaHUuX:
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o+ 0,078n%) 4% —24800n*

2
0,156n"4
BepxHst rinka kpuBoi po3raiioBana B 001acTi BETMKUX 3HaYeHb A 1 MPOXOANTH Hall TOPU30H-
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TaJILHOIO TPSAMOIO, SIKa BIJICTYIIA€ Bij BiCi @ Ha BETHYUHY R |[——, Wo 114 3Ha4YeHb 7, PiBHUX 1,
m

213, craroButs 1800, 3600 5400 cex™.

Kpusi, mo 3006paxytoTs 3aJexHICTh A Bifl «& 3 ypaxyBaHHSM 3CYBY, AKICHO HE BiIpi3HAIOTh-
csl BiJl TAKUX K€ KPUBHX, MOOYJOBAaHUX JJIsl Baly 3 KiHIIEBUM YHCIIOM TUCKiB. PiBHO3Ha4HiCTh (SIKic-
HA) TUHAMIYHUX CXEM CYLUIBHOT 1 JUCKPETHOT CUCTEM JOCSATAETHCA 3aBASKU TOMY, IO IIPH BpaxyBaH-
Hi 3CyBY KOJKEH HECKIHYEHHO MaJHN €EMEHT CYIUIbHOI CUCTEMH HaAUICHUI THMHU X BIACTHBOCTAMHU
(THMH K CTYTIEHSIMH CBOOOIN), 110 OJMH €JIEMEHT (OJIHA CEKIlis MiX JBOMA CYCITHIMHU JUCKaMH) JTUC-
KpeTHOi cucteMu (puc. 2).
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Puc. 2. [lunamivyni cxemu cyninpHoi (a) Ta nuckperHoi (0) cucteM i ix nedopmanii

[Ipu BiacyTHOCTI BpaxyBaHHS 3CyBY B CYLUIBHIM cHCTEeM1 HECKIHUCHHO MaJlii €EMEHT Tilb-
KH 3THHAETHCS, ajie He MiJAaeThes 3¢yBYy. BHACTINOK 1IbOT0 3arajibHa KUTBKICTh CTYIICHIB CBOOOIN BU-
XOJMTh Y/IBiUi MEHIIIOKO, SIKIIO 3iCTAaBIIATH (DOPMHU KOJTUBAHb OJHAKOBUX TOHIB.
BucHOBKH Ta mepcNeKTHBH NMOAAJIBLIINX AOCTIKeHb
OCKUTBKY TSI KOXKHOT 3 (POPM KOJTUBaHb Bajly 3 PO3MOALUICHUMHE TUCKAMHU OJ{HA 3 TLJIOK KPUBOT
ACHMIITOTHYHO HAOMIMKAETHCS 10 MPSMOi, 110 MapajeibHa Bici abcuc, To MPOMiHb A = @ NepeTnHae
cimelcTBO KpuBUX A = A(w) CTiIBKHU pa3iB, CKUIBKU icHYE popM, TOOTO He3mideHHO pa3iB. OTxe, mpu
HAasIBHOCTI 3CYBY, TEOPETHYHE YHCIO0 MOXKIUBUX KPUTUYHUX MBUAKOCTEH HECKIHUEHHO BeluKe. Bu-
CHOBOK JK€ IPO OOMEKEHE YMCIIO KPUTUYHUX IIBHUAKOCTEH Bally 3 PO3NOAUICHHMMH ITUCKaMH, IO
OTPUMAaHMI PaHillle, € HACTIKOM MPUHHSATTS HaOIMKEHOI CXeMH, 10 He BPaxoBye nedopMalliii 3cyBy
HECKIHYCHHO MaJluX IEMEHTIB Baiy.
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TRANSITIONAL TURNING OF A ROUND SHAFTWITH WEIGHT DISTRIBUTED
Kalinin E.I.

Abstract

The problem of transport-technological units dynamics is solved by the methods of classical
mechanics, provided the constant of external efforts, which significantly affects the accuracy of de-
termining its kinematic and energy parameters. A separate issue is the analysis of the frequency and
dynamic characteristics of the elements of the transmission of the tractor during the technological
process, which is characterized by a stochastic mode of the load. In the most general case, the analysis
of such a regime is carried out without taking into account the complexity of deformation and the dy-
namic scheme of a continuous medium, which can significantly affect the quality of the conducted
studies. The purpose of the study is to study the effect of shear deformations on the frequencies of the
transverse oscillations of a rotating shaft with a distributed mass and a longitudinally distributed gy-
roscopic action of frequently implanted disks. Such research allows to establish the possibility of tran-
sition of a system with finite number of disks into a system with distributed disks along the length.
Without the shift deformations, such a boundary transition is impossible, since in this case the discrete
and solid systems are not fundamentally comparable.

When deriving the differential equations of transverse oscillations, we will proceed from the
known ratios that exist when the rod is bent, with the amendment, however, that we introduce addi-
tional components into the expression of the moments distributed along the length, which take into
account the gyroscopic action of the distributed disks.

It is established that the curves depicting the natural frequency dependence on the shaft rota-
tion with regard to the displacement are not qualitatively different from the same curves constructed
for the shaft with finite number of disks. The equivalence of dynamic circuits of continuous and dis-
crete systems is achieved due to the fact that, given the displacement, each infinitesimal element of a



Poznin 2. MonentoBaHHS Ta ONTUMI3allis B TEXHOJIOTI] KOHCTPYKIIHHUX MaTepialiB 31

continuous system is endowed with the same properties as one element of a discrete system. In the
absence of a shear offset in a continuous system, an infinitesimal element only bends, but does not
shift. As a result, the total number of degrees of freedom turns out to be twice as low when the forms
of vibrations of the same tones are compared.
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