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[TigBuIeHHST MPOMYKTHBHOCTI Ta HAMIWHOCTI CUIBCHKOTOCTIONAPCHKUX — MAIIWH
3aJIMIIAETHCS  AKTyaIbHUM 1 Ha JaHOMY €Tali PO3BHTKY CUIBCHKOTOCIIOAAPCHKOTO
MamuHOOyayBaHHs. [Ipomecn cuiaoBoi B3aemoxii poOOYMX OpraHiB i3 IPYHTOBUM
CEpEeIOBHILIEM SIK BUXI1JIHI MapaMeTpH 0 BUKOHAHHS PO3PaxyHKIB Ha MIIHICTh BUBYEHI 1€ HE
JOCTaTHRO. TOMY TIpH MOJICITIOBAHHS TUHAMIYHUX 3aJ]1a4, HAMPHUKIA, PyXy KYJIbTUBATOPHOT
Jany Ha MPY)KHIN CTiHII IPYHTOBUM CEPEOBUIIEM CIIOBHEHI IIEBHUX TPYAHOILIB.

AHali3yro4u BIACTUBOCTI IPYHTY IPH MOTO CHJIOBHIA B3a€EMOJIT 3 pOOOYHM OPraHOM Y
BUTJISAJII KJIMHA Ta PST JIITEPATYPHUX JHKEPEN, MOXKHA 3alIPOTIOHYBATH B SIKOCT1 3aKOHY 3MiHH
ONopy CTyNeHeBY (VYHKIIIO, MOIYJIbHI 3HAueHHs SKOI BH3HAYAIOTHCS NPU IPOBEACHHI

CKCIICPUMCHTAJIbHUX I[OCJ'IiI[}I(eHB, puc. 1.
R

v
Pucynok 1 — CryneneBa QyHKIisl O1IOPY IPYHTY

IIpu pyci KyJIbTUBAaTOPHOI JIalM 13 33JaHOI0 YKOPCTKICTIO CTIMKM B CepeloBHILI 3
TaKUM OIIOPOM OYyJIeMO CIIOCTEpiraT HAacTymHe. 3 IMOYaTKOM pyXy pama KyJIbTHBaTopa
HepeMillaeThes, a cama Jiana 3aJIMIIA€THCsl HEPYXOMOIO, TIPH IIbOMY 3pOCTAa€ CUjia MPYKHOCTI
ii CTIKH

F(t) =—cx(t) . (1)
Je C — KOPCTKICTh CTiHKku nanu; X(t) — nepemilieHHs, 1110 3aJ1eKUTh BiJ yacy t.

SIKIo Ha maHii AUISHOI (MIKpOPIBEHB) OMIp IPYHTY R, , TO pyX Jlany NOYHEThCA MPH
JIOCSITHEHH1 CHJIOI0 TPYKHOCTI CTiku F(t) 1poro 3HadeHHs. [lani mpu HEBETUKOMY
HepEMILIECHH] BiI0YAEThCS CKOJIIOBAHHS IPYHTY 1 OIMIp Pi3KO 3MEHIIUTHCS 10 3HaueHHS R,. B
el MOMEHT BIOYAEThCSl 3pUB JIalld 1 BOHA MEpPeMIIIaTUMEThCS M JI€I0 CHIIM TPYKHOCTI
criiiku. Lle mpuiimemo 3a mouyatok Biaiky 4acy (t=0) Ta BBaxxaTumeMo, 10 y 11eif MOMEHT
HYJTIO TOPIiBHIOIOTH SIK TOYATKOBHIA 3CYB X, TaK i MOYaTKOBA MBUIKICTE X , TOOTO

x(0)=0, x(0)=0. (2

3 iHImOro OOKYy, MUTTEBHN CTPUOOK MIBUIKOCTI Jam¥ HEMOXKIUBUHN, OCKUIBKH CHIIA,
IO JIi€ Ha JIally Ma€ KiHIeBe 3HaYEeHHS 1 BU3HAUaeThes pisHULEeo R, —R,.

3BIJICH € 3pO3YMIINM, 110 MPH PYCl MAIIMHM IMIBUAKOCTI JIAMMA X 1 3aKPITUICHHS CTIHKH
¢ BIIPI3HAIOTHCS, @ TOMY CHJIa MPYXHOCTI cTiiiku F(t) Oyme 3MeHmeHoro Ha AF i3-3a
PI3HUIII TepeMillieHb, TOOTO
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F(t) =R, —AF, (3)
ne AF =c(x—%).
Cxitamaemo audepeHitiaibHe PIBHIHHS PYXY JIAIH, IKe MA€ BUIJIS]
mX =R, —AF —R, a6o mX+c(x—%)=R, —R,. 4)
. . . C
PoszinuBiuy oOMIBI YaCTUHU PIiBHSHHA HAa M Ta MO3HAYMBIIM P° = — — KBaapaT
m
BJIACHOI YaCTOTH CHCTEMH, OTPHMAEMO
., R —R
X+ p°x=p°Pt+—L—2, (5)
m
PimenHs boro piBHSAHHSA, IO B1JIMOBIIa€ MOYaTKOBUM yMOBaM (2), Ma€ BUTJISA

X = St—%sm(pt)+ 2(1 cos(pt)). (6)

Amnanizyroun piBHsSHHS (6) BUAHO, IO MEPIIMH JOJAHOK IPaBOi YaCTHHU OIHCYE
PIBHOMIpHHI pPyX i3 IIBHIKICTIO 3aKpilICHHA CTIMKH, a PEIITy JOJaHKIB — JIOJATKOBI
KoyBaHHS Jand. [IIBUAKICTE anu 3MiHIOETBCS 3T1THO 13 3aKOHOM

X =9-9cos(pt)+ P(R lc 2)sm(pt)). (7)

B sikuiice MOMEHT Jlana 3ymUHUTHCS, KOJH ii BIIHOCHA MIBUAKICTh X JOPIBHIOBAaTHME
HyJ10, TO0TO X =0.

Toni Bupa3 mBuaKoCTi J1anu (7) IEepETBOPUTHCS Y TPAHCIICHCHTHE PiBHSIHHS
9—3gcos(pt,) + P(R, - 2)sm( pt,)) =0, (8)
c

TYT t, — 4ac BiJ 3pHBY 110 HOBOI 3yITUHKH.
Jlns BU3HaUeHHs yacy t, BBeZeMO Oe3pO3MIpHHI ITapaMeTp

_ p(Rl_Rz) . (9)
cY,
Toxi ymoBa 3ynuHKH NpUiMe BUTIISA
asin( pt,) =cos(pt,) -1, (10)
3BIAKM HallMEHIIMH BIAMIHHMM BiJ HYJS yac OyJie CTAHOBUTH
t = %[ﬂ' —arctg (a)]. (12)

3HalIIOBIIM 3HAaYeHHA !, MOKHA 3a BUPa3oM (6) BU3HAYMTH MEPEMIILEHHS JIalu X,
JI0 MOMEHTY 3YITUHKH, TOOTO MUISAX, M0 HpofmeHHﬁ JIaroxo 3a yac t
9 2a8
X =3 ——sin( pt, )+ R=R, (I-cos(pt,)) =3, +—. (12)
Y c p
Takum 9MHOM, 32 OTPUMAHWMHU BHUPa3aMH MOKHA BH3HAYUTH CHITY TPYKHOTO OIOPY
CTikM y MoOMeHT 3ynuHku Jjanu. Ockimbku omip R, <R, To nama pgeskuil dact,
3aJUIIaTUMEThCS Ha Micii. [lami npoiec HUKIIYHO MOBTOPIOBATUMETHCS, a MEP10]l KOJTUBAHHS
CTaHOBUTHME
Po3BuTOK mociikeHb Oy/ie CIpSMOBAHO HA €KCIEPUMEHTAJIbHE BiTHAXOHKEHHS CHII
OTIOpY TPYHTY, TEpEMIIEHb Ta IMIBUIKOCTEH JIamy KyJbTUBATOpa MPH 3aJaHIid dKOPCTKOCTI il

CTIMKH Ta B KIHIIEBOMY pe3yJIbTaTi MOJEIIOBAHHS KOJMBHOIO MPOLIECY CUCTEMH Jlana-CTilKa 3
METOIO TTiIBUINECHHS €EKTUBHOCTI pOOOTH TAaKOTO IPYHTOOOPOOHOTO 3HAPSI IS,
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