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PE30OHAHCHI KOJIUBAHHA CUCTEMM «CYLINbHE
CEPEQOBMLLE - NPY>XHWUU LULHEKOBWUU IBUHT»

Jocnip)xeHo 3aneXHicTb aMNAiTyAn KONMBaHb CUCTEMMU «CepeaoBuLLe
— NPYXXHUN FBUHT» NPU NepexoAai Yepes pe3oHaHC 3a Pi3HUX 3HAYEHb
NOroHHOI Macu cepeaoBULLLA NPU PISHUX LUBUAKOCTAX PyXy, Pi3uko-
MeXxaHiYHUX BNacTUBOCTEN MaTepiany i yMoB iCHyBaHHSl pe30HaHCHUX
KOJIUBaHb 3a Aii nepiognyHoro 36ypeHHA Ha cuctemy. BusepeHo 3ane-
YKHICTb pe30HAaHCHMUX KOJINBAHHSA CUCTEMU «CUMKe cepeaoBuLle — Npy-
YXHUW rBUHT», AKi ONUCYIOTbCA cniBBigHOWEHHAMM a(?) Ta 1X1).
KnrovoBi c/10Ba: NpYXXHUIA FBUHT, KOJIMBAHHA, aMNAiTyAa,

WBUAKICTD.

Ona npuBiAHUX eneMeHTIiB CUCTEMU FBUHTOBUX MEXAHI3MIB «Cy-
LiflbHE cepefoBuULLE — NPYXHUN LUHEKOBUM FBUHT» MNOTPIOHO LWe Ha cTa-
Ail NPOEKTYBaHHA BU3HA4yaTW CMEKTP BNACHMX 4acToT, BMbpaTu napame-
TPY Ta PEXUMU eKCcnayaTauil TaKUM YNHOM, WO6 YHUKHYTU PE30HAHCHUX
ABUL, Y HUX, @ 3HA4YMTb, 3abe3neunTn OOBroTpMBany IX eKcnjyartauito.
[ocnianTn ue MoOXXHa TiIbKM Ha OCHOBI NOOGYAOBM Ta aHani3y po3B'A3KiB
MaTeEMaTUYHUX MOAeNen, AKi aaeKBaTHi AMHAMIYHOMY npouecy.

Ornap ocTtaHHiX mKepen pocnipkeHb i nybnikauwin. [JuHamika ce-
penoBuWA Yy FOP/MIOBUHI LWHEKOBOI MAalWWHU 3HAYHOK MIpPOK BMU3HAYaE
AKICTb KiHUEeBOro Bupoby, MoBa MAe Npo LWifIbHICTb YNAaKOBKM KOMMOHEH-
TiB OpMKeTy, NOro OAHOPIAHICTb CTPYKTYPY i T.4. TOMy Ba/MBOK 3apa-
yeto, sIka nepenye npouecy GopMyBaHHS cepefoBuLLa Y OPUKETU € NOro
OVMHaMika B obnacTti wHeKka. 3agadvi Npo nepeMilleHHa cepenoBuLy
B3[0BX Pi3HMX NOBEPXOHb po3rnsganncbk Ha 6asi baraTbox rinoTes: Big,
PpyXy CUCTEMWU MaTepianbHUX To4ok B3moBx nosepxHi (. JlingHep [1;
4-5]) po cyuineHoro cepenosuwa [6-9] HynboBOT (aHanor piguHKM) um cki-
HUYEHOI XKOPCTKOCTi (aHanor Npy»Horo Tina).

MocTraHoBKa 3aBpaHHA. Jocnignty aMnniTyny KONMBaHb TPAHCMOP-
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THOrO CepenoBMLLA NPU MPOXOAXEHHI FONIOBHOMO PE30HAHCY 3a Pi3HMX
LWBMOKOCTEN pyXy poboYvoro opraHy B eKCTpyaepi.

OcHoBHMI MaTepian i pe3ynbTatu. [1ns onnucaHHsA UHAMIKU [oChi-
OXXYBaHOI CUCTEMU MOXHA BUKOPUCTATM 3arajibHi NpMHUMNK NobynoBu
MaTeMaTU4YHUX Modenein AMHAMIKM MexaHiyHux cucTtem [2; 3]. Bionosig-
HO 00 HMX PO3rNSHEMO OMHAMiYHy piBHOBAry yMOBHO BWAINEHOro ene-
MeHTa CUCTEMU «CepefoBULLE — NPYXKHE Tifo». Moro akTUBHI, nacuBHi Ta
cuna iHepuil BKasaHi Ha puc. 1.

22-25
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A\ ey

Puc. 1. Po3paxyHKoBa cxeMa CepefoBMLLE — MPYXXHUI LUHEKOBUIN poboyuni
opraH eKkcTpygepa: 1 — Baj; 2 — rBUHTOBA KaHaBKa; 3 — FBUHTOBA MPYXMWHa;
4 — UMNIHOPUYHUIA KOPNYC; 5 — 3aBaHTaXyBaNlbHUM OYHKepoM; 6 — 30Ha BUBAH-

TaxkeHHst; 7 — raika; 8 —kanibpytoui otBopu; 9 — pykositka; dP - Bara Bugineo-
ro enemeHty; dN - HopmanbHa peakuisi ; dR - cuna onopy; d@ - cuna iHep-
LiT BiAHOCHOr0 pPyXy BKa3aHOro eflieMeHTy CepenoBULLIA Pa30oM i3 rBUHTOBOHO Chi-
pannio; 5—3ycvmnﬂ, SIKe Oi€ Ha NpaBuUI KiHeub BUAINIEHOro esIeMeHTY 3i CTOpO-

HW BiCiYeHOT YacTUHU NpyxHoro reuHTa; S + dS - 3ycunns, ske fie Ha nisnit
KiHeUb BUAISIEHOrO e/IEMEHTY 3i CTOPOHM BiACIYEHOT YAaCTUHM MPYIKHOIO MBUHTA

lMpunMatoum [o yBarum, Wwo y 3anponoHOBaHin Moaeni CUCTeMU Big-
CYTHS AensiaHauia HopManbHUX NAOCKMX MepepisiB NPyXHOro Tina, gns
OAHO3HAYHOro BU3HAYEHHS NepeMileHHS AOBIIbHOIrO MOro nepepisy no-
CTaTHbO 3HATW NEpPEMIlLEHHS LEHTPY LbOoro nepepisy. TakMMm YMHOM, 3a
pPO3paxyHKOBY MoAenb Cnig NPUAHATA OAHOBUMIPHE TMpPYXXHe Tino
B3[40BX SIKOr0 PyXa€eTbCs CyuinbHe cepegosuwe. [1na HbOro nepemilleH-
HA LEeHTPY Baru nepepisy i3 KOOPANHATOK X B AOBIIbHUA MOMEHT Yacy ¢
OOQHO3HAYHO BW3HAYAETLCA YHKLUIED u(x,t). MobynyBatn TOYHUMK
PO3B'A30K PiBHAHHSA 33 KpanoBMx yMoB 6e3 0oAaTKOBUX 06MeXeHb LWoao
po3Mno4iny Macu cepenoBuLle B3O0BX LWHEKY, BiOHOCHOI CKNagoBol
LWBWAKOCTI PyXy NOro B3A40BX cnipani, CUan onopy, aMnaiTygm rapMoHiy-
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HOro 36ypeHHs i T.4. € HA CbOrOAEHHS He PO3B’'sA3aHOK 3adadvetn. ToMy
HMXXYe HAKIA4eMO Ha OCHOBHI XapaKTEPUCTUKN PO3rnsaayBaHOI MexaHi-
YHOI CUCTEMU OesiKi 0OMEeXeHHs, sKi NpUTaMaHHiI peanbHO iCHYHYUM
LWWHEKOBMM MalUMHAM, a CaMe:

- po3nojin Mac CyuinbHOro cepefoBulia Ta LWHEKOBOI chipani
B3A0BX 1l AOBXWHU LIHEKY € MNOBiINIbHO 3MiHHUMW PYHKLIAMWU NiHINHOI

3MiHHOT X, T°6T°P1(x) =Pt ,upn(x),pz(x) = P2 +,U,021(x) (,OH(X).
plz(x) - BiAOMi HenepepBHi GyHKLUIT);

- MaKCMMasbHe 3Ha4YeHHs CUM OMOopYy € BESINYMHOIO NOPSAAKY Uy
MOPIBHSAHHI i3 MaKCMManbHUM 3HAaYe€HHSM BiLHOB/OBANbHOI CUK, TO6TO

max EA———— dulx.1) >> max R(—du(x,t)j:
ox dt

- aMnNiTyaa 30BHIWHBOrO 36ypeHHs NpaBoro KiHuA LIHEeKOoBOI Chi-
pani € Mano BEIMYMHOK Yy NOPIBHAHHI i3 aMNNITYA0K KONMBAHb CaMol
LWHEKOoBOI cnipani i3 CyUiNbHUM CepeAoBULLEM.

HaBepeHe y CYKYNHOCTI JO3BONISIE MAaTEMATUYHY MOLENb OMHAMIKK
«CyuinbHe cepenoBuLLe — WIHEKOBMIW MBUHT» NPeacTaBuTu y Aewo cnpo-

weHin ¢opMi, a came
Fuxt), po uxt) (EA-pg)duxi) il aw(x,t) ax1) 0’ )

& BotB W poto O dc  ofdr
ulx, t)x o = Mhysin 6,
u(x,t)‘x:l =0. (2)

ne

N x

adx1) odxt) Pulxr)) 1 R Tuxt) (EA-py)ouxs) |,
a ~ dr  dd Ho"‘/&o " aor BotPy o

+Aax o) azu(xtj R(a“(’“j {82;;)" azgﬂ(x;@f)vz &A(a)xat)ill‘t’ |

JliBa yacTMHa HaBepeHoOro audepeHLUiaNbHOro PiBHAHHS € JiHIN-
HOI0, 10 TOT0 X 3i CTanuMK KoedilieHTaMK, a NpaBi YacTUHW pPiBHAHHA (1)
Ta KpanoBux ymoB (2) — nponopuiitHi ManoMy napaMeTpy, a Le 03Hauvae,
o ana nobynoBu po3B'A3Ky BKa3aHOI 3a4a4i MOXXHa BUKOPUCTATK 3ara-
NbHi igel HabAMXeHMX aHaNITUYHNX METOAIB — MeToAiB 36ypeHb [3].

MNpu pocnigyXeHHi pe3oHaHcy obMeXxmnmocsa po3rnsgoMm TibKK ca-
MOT pe30HaHCHoI o6nacTi.
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Mepw 3a BCe MOKaXKeMo, WO AN NepLIoro HabnmXeHHs 3aMiHO
3MiHHUX

u(x,t)=v(x, 1)+ (1) (3)
aBTOHOMHe piBHAHHA (1) 3@ HEaBTOHOMHWX KpanoBMX YMOB (2) MoXHa
npMBeCTM A0 HEABTOHOMHOMO PiIBHSAHHA OOQHAK 33 OAHOPIAHMX KPanWoBUX

yMOB. [LiNCHO, SKLWLO0 BBaXaTu, Wo PyHKLUIN w(x,t) € PO3B'A3KOM Aude-
pPeHLiaNbHOro piBHAHHSA

2
%:0 (%)

Ta 3a40BOJIbHSAE KPAMWOBi YMOBM HEABTOHOMHOIO TNy
w(x,t) = h sin(ax + @),

‘x:(

w(x,t)  =0. (5)

ToAi PyHKLINA v(x,t) NOBWHHA BYTWN PO3B'A3KOM PiBHAHHS
0°(x, ) N 20, 0°Ux,1) Ve (EA- p,,) 0°1(x,1) _
o’ Potpy Oxot PiotPy OX

= ﬂ{f{x, aV(X, t) av(x, t) aQV(x, t)j ~ azw(x, t) P az(x, t)}(é)

o~ ox  ofox orr Pt Py Xt
i 324,0BOJIBHATU OQHOPIAHI KpanoBi yMOBM
v(x,t)‘xzo =0,
v(x,t)‘x:l =0. (7)

OcKinbKu 3HaWTK PO3B’'A30K Kpanosoil 3agadi (4), (5) He cTaHOBUTL TpyA-

hy

Howis: w(x,1)= 7(1 — x)sin(@t + @), To, i3 ypaxyBaHHsIM HaBefEHOrO,

andepeHuianbHe piBHAHHA (6) HabyBae Burnagy:

M) 20, Plxt), EAp) DUt | dMx) ot Plx)
F acn, 9 pgey @ ‘*{f”‘; ¥ o aa«"%}‘s’

f[x’av(x,t) v (x,1) azv(x,t)’ej:f][x’av(x,t) av(x,t)azv(x,t)j_’_

] or  ox ordx ot  ox otdx
ae h

h . 20.Vw
+—=(l-x) o sing+-L2r L o0,
l p10+p20 l
B TakoMy pa3si 3apgava nonsirae y nobygoBi pe30HaHCHOr0 PO3B'A3Ky
piBHAHHA (8) 3a ogHopiaHMX ymoB (7). AN BU3HAYeHHS OCHOBHUX CMiB-
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BiAHOLWEHb, SIKI OMUCYIOTb BKA3aHi KOJIMBAHHA BUKOPUCTAEMO OCHOBHY
ineto metony BaH-pep-lons aganTtoBaHy oNs CUCTEM i3 PO3NOAINEHUMMU
napametpamu. lpunmatoum oo yBaru, Wo y pe30HAaHCHOMY BMMNAAKy oc-
HOBHI NMapaMeTpu, SIKi BM3HA4yalTb KOJIMBHWUM MPOLEC 3HAYHOK Mipoto
3anexatb Bif pi3HUUI a3 BNAaCHMX Ta BUMYLIEHUX KOJIMBaHb, BBEAEMO

dopManbHo BKkasaHui napametp (J(1) = ¢(t)— o) — ¢(t) =0()+ V(1))
Y PO3B'A30K pPiBHAHHS (8), i oTpMaeMo:
v(x,1) = a(t)(cos(Kx + 6(1) + (1)) — cos(Hx — 8(1) — (1)) (9)
TaknuM 4uHOM, 6a30l ANA BW3HAYEHHS OCHOBHMX aMMITYAHO-
YACTOTHUX XapaKTEPUCTMK ANHAMIYHOro npouecy € andepeHuianbHi pis-

HAHHSA (8) Ta po3B'A30K y dopMi (9). 3 ypaxyBaHHSM HaBedeHOro BuLe,
WNAXoMm gudepeHLitoBaHHA NOro 3a 3MiHHUMU t, X, OTPUMYEMO:

v,(x,£) = ad [-sin(Kx+ 9+ 6)—sin(Hy— 9—-0)]+aq, [cod Kx+ 9+ 6) -
—cos(Hx— - 9)] —al af—sin(Kx+ 3+ 8)+sin(Hx — 39— 6)];
s

v,,(x,t)za,,[cos(Kx+z9+ 0)—005((Hx—19—0))]—2a, (Ia)+ U)X
X [sin (Kx + 2% + 8)+ sin (Hx — & — 8)]- a3, [sin (Kx+z§‘+S0)+
+sin(Hx—19—0)]—a(§a)+19,)2[cos(Kx+ 8+ 6)—cos(Hx— 9—6)]; (10)
v, (x,t)=a,[-Ksin(Kx+ 3 +8)+Hsin (Hx— 9 —6)]

- a(ga) + ¢,)[K cos (Kx+3+6)+Hcos(Hx—83-0);

v_(x,1)=a[-K*cos(Kx+2d+6)+H cos(Hx—8-0)].
AKWoOo niacTaBUTM OTPUMAHI BUMpasu y gudbepeHuUianbHe PiBHAHHSA
(8), oTpMMaeMo Ana neplioro HabMIKEHHSA CUCTEMY NiHIMHUX HEOAHOPI-

AHWX anrebpaiyHuX piBHAHb BiAHOCHO HeBigOMMX dyHKUin 4, Ta ¥

a, {-2wsin(Kx+0+6) —2wsin (Hx——6) =2V sin(Kx+ 9+6) +
+2VHsin(Hx—19—6’)}+a(1§} +£a)j{—2(ocos(Kx+ I+6)+
A

1200008 Hi—1%—6) ~2VK cos Ke +1+6) —2VHeos(He—19-6)} = uf (., 9+6,0). (11)

Micns HecknagHux nepeTBopeHsb i3 (11) Maemo:
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cos(S+O)a,[(—2w—2VK) sin Kx + (—2w+ 2VH) sin Hx |+

+a(z§‘, + L a)—Qj[(—ZQ—ZVK)cosH)H(29—2VH)COSHX]}+ (12)
S

+sin(d+ 9){4{@ +lw- Q][@Q +2VK)sin Kx + (2Q — 2VH) sin Hx]+
S

+a,[(-2Q—-2VK) cosKx — (—2Q + 2VH) cosHx [} = u/f, (a, x, 9+ 6,0).
OcTaHHE cniBBIAHOLWEHHS BU3HA4YaE OCHOBHI MapaMeTpu KOJIMBaHb
po3rnsayBaHoOl CMCTEMU, a caMe, Micna ycepegHeHHs [10], 38’930k Mix
aMnNAiTyaot Ta pisHuueto a3 HabyBae Burnsay:
l

2z
_ U _
“= > dlorvkr +oovi] £ P(x) £ 7@, x,5+6,6)cos@+0)do+

27r_
+0(x) [ f(a,x,y,0+86.0)sin(¥+6)d0 |dx;
0 (13)
r £

3=0-"0- ]
s 27a[(Q+VKY +(Q-VHy'| s

W00 Flax 9+, Osin(+6)d6-

2r
—O(x) [ fi(a.x,0+6,0)cos(3+ 6)d6 |dx,
0

ae ¢yHkuil W(x) Ta O(x) BU3HAYEHI 3aNIEXKHOCTAMM.

TakMM YMHOM, y NepLoMy HabNNKEHHI PE30HAHCHI KONTMBAHHSA CU-
CTEMU «CUMKe CepenoBuLLe — MPY>XXHUN FBUHT» OMUCYIOTbCSA CNiBBIAHO-
weHHsM (9), a napametpun a(t) Ta (), wo BXOAATL Y HUX, BU3HAYAKOThb-
ca 3anexHoctamu (13). Ha 6a3i umx cnieBigHoweHb NobyQoBaHO 3aMex-
HOCTI 3MiHM B Yaci aMnNiTyamM 3a WBUAKOMO Nepexoay Yyepes pe3oHaHc.

BucHoBKu:

» [N 6inblKMX 3HaYeHb LWBWUAKOCTI BIQHOCHOrO PyXy CYLiSIbHOMO
cepefoBULLA 3HAYEHHS PE30HAHCHOT aMMAITYOUN € MEHLLNM;

» DOns BiNblKMX 3HAYeHb MOFOHHOI MacKu CyLiNbHOrO cepeaoBULIA
pPe30HaHCHE 3HAYEeHHA aMNAITyAn € Binblwnm;

» [ONA NPY>XXHUX FBUHTIB BiNbLUOI YXOPCTKOCTIi pe30HaHCHa aMnaiTyaa
Ma€ Micue ansa 6iNbLOoro 3Ha4eHHs 4YacTOTU BUMYLLYHUYOI CUNK;

» 6inbWMM 3HAaYEHHSAM aMMNAITYAN KOIMBAHb NPABOro KiHUSA LWHEKO-
BOrO MBMHTA BiANOBiAA€ Oinblue 3HAYEHHS PEe30HAHCHOI aMniTy-
av,
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Puc. 2. 3HayeHHa aMnAiTyaM KONMBaHb CUCTEMUM CepPenoBULLE — MPYXKHUN
FBUMHT NPUX Nepexofi Yepes pe3oHaHC 3a Pi3HUX 3Ha4eHb MOFOHHOT Macu cepe-
JoBuLa — a), 6), B); pisHUX LWIBMAOKOCTEN PyXy horo —r), o), e)

» 0[HOYAaCHO pPe30HaHCHa aMNJiTy[Aa € MEHLUOIo;

> BMAWB aMnAiTyAu BXOOXKEHHS Yy pe30oHaHC (MoYyaTKOBOro 3HayeH-
HS aMNNiTyAM) Ha pe30HAHCHE 3HaYeHHS aMNITYaAN He 3HAYHUN;

» WBMWAKICTb NPOXOAXKEHHA PE30HAHCHOI 30HU BM/INBAE HA pe30Ha-
HCHE 3HA4YeHHSs amnaiTyau.
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RESONANCE OSCILLATION OF THE SYSTEM “CONTINUOUS
ENVIRONTENT - ELASTIC SCREW”

The paper analyses the dependence of the amplitude of the system
“environment — elastic screw” when passing through the resonance at
different values of mass per unit length of the medium at different
travelling speeds, physical and mathematical properties of the
material and the conditions for resonance oscillations existence under
its periodic excitation on the system. The dependence of the
resonance oscillations of the system of free-flowing medium “the
elastic screw” is described, by the relations a(t) and 7).

Keywords: elastic screw, oscillations, amplitude, speed.

245



Cepist «TexHi4YHi Hayku»
Bunyck 3(75) 2016 p.

Nawyk 0. J1., K.T.H., Knenguii B. H., K.T.H. (TepHononbckun
HaUMOHaNbHbIN TEXHUYECKNIN YHMBepcuTeT uM. MBaHa lNyntos,

r. TepHonons), Konpgpatiok . I'., K.T.H., aoueHT, AMutpenko B. .,
accuUcTeHT (BUHHULbKMIA HAUMOHANbHbINA arpapHbI YHUBEPCUTET,

r. BuuHuua), Kongpatiok A. M., K.T.H., poueHT (HaunoHanbHbIN
YHUBEPCUTET BOQHOMO X034MCTBA WM NPMPOOONO0b30BaHus, r. POBHO)

PE30HAHCHbIE KOJIEBAHUA CUCTEMbI CIMJIOLLHASA
CPEQA - YNPYI'M LLULHEKOBbIVA BUHT

UccnepoBaHo 3aBUCUMMOCTb aMNIUTYAbI KosiebaHui cuctembl cepepa —
ynpyrui BUHT Npy nepexoae Yepes pe3oHaHC NpuU pasHbIX 3HAYEHUAX
NOroHHOW Macchbl cpeAbl U Pa3HbIX CKOPOCTAX ABUXKeHUSA, PU3nNKo-
MexaHM4YeCKUX CBOMCTB MaTepuana v ycnoBvMi CyLLeCTBOBaHUA pe30-
HaHCHMX KonebaHu NpU NepuoANYHOro Bo3AeMCTBUA Ha cucteMy. Bbi-
Be)KeHO 3aBUCUMOCTb PE30HAHCHUX Kosie6aHuh cucTembl cbiny4as
cepena — ynpyrum BMHT, KOTOpPble ONMCbIBAKOTCA COOTHOLWWEHUAMN a(t)
nm ).

KnroyeBsie c10Ba: ynpyrnin BUHT, KonebaHus, aMnanTyaa, CKOpocCThb.
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