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IHIITIOBAHHA PYXY BI3KA
3A TOITIOMOI'OIO IBOX MASTHHUKIB

CyxapbkoBa O.1.,

CemenoBa-Kymim B.B., k.1.H.,

Mopo3sosa I'.B., k.T.H.,

boponain .10, K.T.H.

Vkpaincoxuil deporcasnuii ynisepcumem 3ani3HUYHO20 MPAHCNOPIY
(m. Xapkie, Vkpaina)

Pozenanymo zeomempuuny mooenv IHIYIIOBAHHA PYXy 6I3KaA y
20pU3OHMAILHOMY  HANPAMKY 34  OONOMO2010  KOJUGAHHA Y
6EPMUKAIbHII NAOWUHI 060X HNPUEOHAHUX 00 HBLO20 MAAMHUKIE.
Kniwouoeum momenmom € 6UIHAUEHHA HEXAOMUUHUX MPAEKMOPIll
nepemiuieHHs 6AHMAaA;Ci6 MAAMHUKIGB.

Knwuoei cnosa: nazpanscian, pisuannsa Jlazpaunsca opyzozo pooy,
mMPAEKmMopia nepemiujeHHs 6AHmMad;Cy, MAAMHUK RI0 GI3KOM.

Ilocmanoska npoonemu. B poboTtax [1, 2] po3risHyTO MOKIIUBICTH
NEepeMIIIeHHs] Bi3Ka Yy TOPU30HTAIBHOMY HAMNpPSAMKY 3a JIONOMOTONO
KOJIMBAHHS MPYKUHHOTO MAasITHUKA, PO3TAIIOBAHOTO ITiJT Bi3koM. [Tpu qomy
KOHCTPYKIiSl TIPY>KUHHOTO MasiTHUKA Ma€ 3a0e3MeUYUTH MPSIMOJIIHINHICTD
OCl MPYXUHU B TIPOIECl KOJUBAHHS. ['€OMEeTpUUHE MOJECIIOBaHHS III€i
KOJINBAJIbHOT CUCTEMH JIO3BOJIIIO MOSICHUTH (1 YHAOUHUTH) TPUUYUHU PYXY
Bi3Ka, SIKI TOB’s3aHI 31 CTHUCHEHHSM YW PO3TATHEHHSM TMPYXHUHH (3
KoedirieHToM )opcTkocTi K 1 moBknHOI0 0 y HEeHaBaHTaKCHOMY CTaHi) B
MEeBHI 3py4YyHI MOMEHTH TIOJOXKEHHS BaHTaXy Ha TPAEKTOPii HOro
nepemimieHHsi. ToOTo  iHIIiOBaHHS pyXy Bi3ka Macorw M; vy
TOPU30HTAJIPHOMY HANpSIMKy 3AIHCHIOETHCS  3aBISKH  TOTOKCHUM
KOJIMBAaHHSIM MAasTHHKA, BaHTaX Macol0 M, SKOTO Ma€ pyXaTucs IO
Harepe/1 3HalIeHI HeXaoTHYHIN TpaekTopii (puc. 1).

Puc. 1. KonuBanHs npyXUHHOTO MasiTHUKA 1] BI3KOM
npu 3HadeHHsAX: K= 2501d = 5; a) m; = 150; 6) m, = 40;
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Ananiz ocmannix oocnioxycenv i nyonixauiii. B po6orax [1,2]
3HAWJEHO Takl yMOBHI 3HA4YEHHS IapaMeTpiB, sKI 3a0e3IMeuyloTh
HEXA0TUYHY TPAEKTOPII0 BaHTaXy: Maca Bi3ka M; = 150; maca BaHTaxy
IPYKHHHOT'O MasgTHHKa My = 40; koediieHT )opcTKocTi npykuan K= 250
1 JOBXKMHA TPYKUHH y HeHaBaHTaxeHoMy ctani d=5. Hexaoruuna
TPAEKTOPIsT pyXy BaHTaXy JO3BOJISIE€ Y3TOAWTHU 3 HANPSMKOM PYyXy Bi3Ka
nporecu posnpsmieHHs (puc. 1,a) 1 cTucHeHHA mnpyxkuHu (puc. 1, 0).
AxktyanbHuUM Oyze y3arajdbHEHHsS PO3IJISTHYTOTO MUTAHHS Ui BUIAAKY
JIBOX MAsATHHKIB.

Dopmynioseanna uinei cmammi. HaBecTH reoMeTpHUHy MOJETH
IHILIIOBAHHS PYXYy Bi3Ka Yy TOPU30HTAIBHOMY HANpsIMKY 3a JOIOMOTOIO
KOJIMBAaHHA y BEPTHUKAJbHIN IUIONIMHI JBOX MAasTHUKIB, MPUETHAHUX [0
Bi3ka. [Ipu 1mpbOMY KIIOUOBUM MOMEHTOM € BHU3HAYEHHS HEXAOTUYHUX
TPAEKTOPIH MEPEMIIIEHHS BAHTAXKIB IIUX MASTHUKIB.

Ocnoeéna yacmuna. JIns CKiIagaHHA TEOMETPUYHOI MOJEN PyXy
Bi3ka 0OpaHO Taki yMOBH 1Jieajizallii: a) mapaMmeTpu KOJIUBAIbHOI CUCTEMHU
1 MOYaTKOBI YMOBU 3aJalOTbCSi B YMOBHHUX OJUHHUIISIX; O) KOJMBAHHS
MasTHUKIB 3/IIACHIOIOTHCA y BEPTUKAIbHIN IUJIOMIMHI, B) BCl €JIEMEHTH
CHUCTEeMH HE MAarOTh TOBIIMHHM, HEBaromi i He AePOPMYIOTHCS, OMOPH Y
By3Jax 1  omp  TOBITpS  MmJ  dYac  KOJWUBaHb  BIJCYTHI;
I) KOJMBaJbHA CHCTEMa € KOHCEPBAaTUBHOIO — TOOTO 3amac MeXaHIYHOi
eHeprii B MIpoIlleci KOJIMBaHb 3aJIUIIAETHCS
NOCTIMHUM  (BTpaTH €HEeprii  BIJACYTHI).
BBaskaemo, 1110 mpoiiec po3citoBaHHS eHeprii
BiIOYBA€EThCS TOBUIBHO B TIOPIBHSHHI 3
XapakTepHUMH  MaciiTabamMud  4Hacy B
CUCTEMI.

Ha  puc. 2 HaBEJICHO cXemy
KOJIMBAJbHOI CHUCTEMH, sIKa CKJIAJA€ThCS 3
Bi3ka Ta MIJBINIEHUX JO HBOTO JBOX
MasiTHUKIB. /{151 onucy AMHAMIKK pyXy L€l
KOJIMBAJIBHOT ~ CHUCTEMH  BHKOPHCTAEMO Puc. 2. Cxema nBox
piBHsHHS Jlarpawxka apyroro popgy. Sk MAasITHUKIB 1] BI3KOM
y3arajbHEeHl KOOpAMHATH 00epeMo Taki
napametpu: U(t) — ropuzoHTalIbHE 3MillleHHS Bi3ka; V(1) — KyT BiIXWJICHHS
BiJl BEpTUKaJI mepiioro MastHuka, W(t) — KyT BiIXHJICHHS BiJ BEpTHKAII
JPYTroro MasiTHUKA.

Hani y popmynax mpudHATO MO3HAYEHHS: My — Maca Bi3Ka; M; —
Maca BaHTaXy MEPIIOTro MasTHUKA; M, — Maca BaHTaXy JIPYyroro MasTHUKA,
d; — J0BXHHA MEPHIOr0 MasTHHWKA;, O, — JOBXKHMHA APYroro MasTHHKA,
g=9,81.

Cucrema piBHSIHB Jlarpanxa Ipyroro pogy Mae BUTTISA:
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(m0 + m1+m2 u(t) —mldlcos(v(t)) —2v(t) — m2d2cos(w(t)) —2w(t)
dt? dt dt
. d d 2
+ mldlsin(v(t)) av(t)) + m2d23|n(w(t))( W(t)J =0 ;
42 42 1)
- mldlcos(v(t))[W u(t)] + mldlz(— v(t)} + mldlgsin(v(t))=0;
dt?

- mzolzcos,(w(t))(“'—2 u(t)j + m2d22££ W(t)} + m2d2gsin(w(t)) = 0 |
dt dt2

Po3s’ssyBatu cuctemy piBHsiHb (1) GyaeMo 4HCENBbHO 3 JJOIIOMOT00
metony Pynre-Kyrru 3 mapamerpamu d; = 4; d; =8, me=1;, m; =113
nmogyaTkoBUMHU yMoBaMH Ug = 0; U'g=0; Vo =0; Vo =1, wo =11 W'y = -1.

3 oOpaHUX YMOB CIIiJIy€, 1[0 CTAPTOBE MOJIOKEHHS Bi3Ka Ha MOYATKY
KoopauHaT (ymoBa Up = 0) 0e3 moyaTKoBOi MIBHIKOCTI (ymoBa U'g = 0).
[lepmnii MasTHUK MOYMHAE PyX 3 BEPTUKAIBHOIO MOJOXEHHS (yMOBa
Vo = 0), sKOMy HaJaHO MIBUIKOCTI YMOBHOI OJMHUII y HampsSMKy MPOTH
TOJAMHHUKOBOI CTpinku (ymoBa V' = 1). Jlpyruii MasTHUK MMOYMHAE PYX 3
BIIXWJICHOTO TOJIOKEHHSI (ymoBa Wy =1), skoMy HagaHO IIBUAKOCTI
BEJIMYMHOIO BiJ’€MHOT YMOBHOI OJMHMII Y HAmpsIMKy 3a T'OAMHHHUKOBOIO
crpinkor (ymoBa W'g = -1). B pe3ynbrari Bi3ok Oyne pyxarucs mo oci OX
npaBopyd. Ha xapakTep pyxXy BIUIMBAaTUMYTh BEJIMYMHHU TMapaMmeTpiB
1HepIi0i1a 1 3HAYEHHS MOYaTKOBUX YMOB.

Po3paxyHOK KOJIMBaHb MasTHUKOBOT cucTeMH (pUC. 2) BUKOHAEMO 3a
YMOBHU BH3HA4YEHHS HEBIJOMOTO 3HAYEHHS MacH My 3aJIeKHO BiJl 1HIIUX
BIIOMUX MapaMeTpiB cxeMu. JlJis oOUMCIeHHsS KPUTUYHOTO 3HAYEHHS My
BUKOPUCTAEMO CMocid TmpoekiiitHoro ¢okycyBanHs [2]. g 1wsoro
noOyayeMo HaOmmxkeHe 300pakeHHsS IHTEeTpaibHOI KPUBOI y (a3zoBoMy
mpocTopi oHi€el 3 GYHKININA y3araJlbHEHUX KOOPAWHAT, 10 3aJIeKaTUME Bi
MEBHOTO 3HAYCHHs mapamerpa M,. Ilpu noBiIBHOMY 3HaYeHHI M, Yy
($ba3oBOMy MPOCTOpPI OJEPKUMO «3AIUTyTaHy» IHTerpajibHy KpuBy. Ii
npoekiis Ha (a3oBy MJIOMMHY TaKOXX MaTHME BUTIIAJ «3aIllIyTaHOI»
¢azoBoi kpuBoi (puc. 3). Ilpu 3HaueHHI My = 2 OAEPIKYEMO MPOECKIIHHE
dokycyBanus (puc. 4).
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Puc. 3. InterpansHa kpuBa i pazoBa Puc. 4. [nTerpansHa kpusa i pazona
TPAEKTOPIsl y3araabHEHOT TPAEKTOPIs y3arajabHEHOT
KoopAuHaTHU V(t) 11 TOBUIBHOTO KOOpAWHATH V(t) 7151 3HAaUCHHS
3HAYEHHA M, napamerpa m, = 2

Ha puc. 5, 6 300paxeHo «cokycoBaHi» iHTerpaibHI KpHBi 1 (a30Bi
TpaekTopii y3arampHeHux koopauHat U(t) 1 W(t) mis 3HaYeHHs mapamerpa
m, = 2. Ilpu moeaHaHHI KPUTHUYHOTO 3HAYCHHS M, 3 1HIIMMU BUXITHUMHU
napamMeTpaMH KOJMBAJIbHOT CUCTEMH MO>KJIMBO 3HAWTH IIyKaH1 HAOIMKEH1
po3B’s3ku  AudepeHIiaibHuX piBHAHb Jlarpanxka npyroro poxay [2]. B
pe3yibTari 004YKCciIeHb 0yJI0 3HalACHO Halip 3HaueHb mapameTpi d; = 4;
d,=8;mg=1; m =1; m =2 i moyarkoBux ymoB Uy =0; U'o=0; vy =0;
Vio=1; wo=1 1 w'o=-1, sxi 3a0e3meuyoTb I1CHYBaHHS HEXAOTUYHUX
TPAEKTOPIN MepeMIlieHHsT 000X BaHTAXKIB.
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Puc. 5. [nTerpanbna kpuBa i pazoBa Puc. 6. [nTerpanbHa kpusa i
TPAEKTOPIS y3araJbHEHOT KOOpAUHATH  (ha30Ba TPAEKTOPIsl y3arajabHEHOT
u(t) mis 3HAYEeHHS mapamerpa My = 2 KoopauHaTi W(t) 17151 3HaYCHHS

napameTpa m; = 2

[To3naummo vepes U(t) V(t) 1 W(t) HaGimkeHi po3B’s3ku piBHSIHB (1),
K1 3a0€3MeUyI0Th ICHYBaHHSI IBOX HEXAOTUYHHUX TPAEKTOPIH MepeMilleHHs
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000X BaHTaXIB MasITHUKIB. BHKOpHUCTOBYIOUM 3Hai[CHI PO3B’S3KU B
nekapToBiit cuctemi koopauHaT XOY, TpaekTopii mepeMillieHHs BaHTaXIB
MasITHUKIB TTOOYTyeMO 3a (popMysiaMu:

X,(t) =U (1) + d, sin(V (1)) ; X, (t) =U(t) +d, sin(v (t); ,
y,(t) = d, cos(V (1) Y, (t) =d, cos(V (1)) @)

Ha puc. 7 HaBeneHO po3paxoBaHI HEXAaOTHUHI TPAEKTOPIl PyxXy
BAaHTaXXIB MasTHUKIB JIJIs1 0OpaHOTO BapiaHTy.

X

Q; 10 20 30 40 50 60
0

Puc. 7. OGuucnieni TpaekTopii pyxy BaHTaKiB MasiTHUKIB

Byno cknaaeHo nmporpaMy reoMeTpUYHOTO MOJENIIOBaHHS pyXy Bi3Ka
3 MasTHUKAaMU 3a pe3yJibTaTaMH pO3B’SI3aHHS CUCTEMH piBHAHBb Jlarpanika
npyroro poxay (1). Ha 6a3i mporpamu cTBOpeHO aHIMaIHUN PLIbM, Kaapu
3 sKoro mnpencrtaBieHl Ha puc. 8. Ilepernman ¢inbMmy nae miacTaBu
CTBEp/KYBaTH, II0 HABEACHUI BaplaHT PO3PAXYHKY XapaKTePHU3yeTbCA
pPYXOM Bi3Ka MpaBopyd 0€3 3yNMUHOK 3aBISKH OPraHi30BaHUM pyXaM JBOX
BAHTaXKIB MAasITHUKIB MO OOUMCIIEHUX TPAEKTOPIAX.

Puc. 8. 3o0paxeHHns neskux (a3 KoJuBaHb MAasITHUKIB T11]T BI3KOM

Bucnoexku. Po3pobnenuii cnocid 103BOJIsi€ BU3HAYATH MapaMeTpu
HEXAO0TUYHUX TPAEKTOPIN KOJMBAHb MASTHUKIB, 3[aTHUX I1HILIIOBAaTH PyX
Bi3Ka y TOPH30HTAJILHOMY HampsMKy. Lle monoBHIOE osICHEHHsT eHOMEHY
MeXaHIKi O€30MOpHOTO pyXy, iHimaropom doro O6yB B.M. Tomuun. Bin
CTBOPHMB IFOUYMH MakeT MEXaHIYHOro MPHUCTPOro - iHepioima [3], skuii
CKIIAJAETHCS 13 JBOX EKCIEHTPUYHHMX BaHTAXIB Ha Baxelsix (TOOTO IBOX
HETpaBiTalliiHUX MAasTHHUKIB), MIO YCTAHOBJICHI Ha pyxXxoMoMmy Bi3Ky [4] i
KOJIMBAHHS SKUX 1HIIIIO€ IEPEMIIIEHHS Bi3Ka.
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NHULINUUPOBAHUE JIBUKEHUSA TEJIEXKHU
HHPU ITIOMOIINA IBYX MAATHHUKOB

CyxapskoBa E.U., CemenoBa-Kynum B.B., Mopo3zosa I'.B.,
boponaun /I.1O.

Paccmompena  2eomempuueckaa  mooenv  UHUUUUPOBAHUSA
OBUIICEHUS MEIeNHCKU 6 20PUOHMAIbHOM HANPAGIAEHUU NPU NOMOUU
K01€e0aHUA 6 6epPMUKAIbHOU NIAOCKOCIU 08YX NPUCOCOUHEHHBIX K HeMY
maamuukos. Knwueevim  momenmom  aenaomcea  onpeoesieHus
HeXaomuuecKux mpaeKmopuii nepemeuseHus 2py306 MaamHuKos.

Kniouegvie cnosa: nazpanxcuan, ypasnenue Jlacpansca emopozo
pooa, mpaekmopus nepemeuienus 2py3a, MasmHuK noo meaeHcKoil.

INITIATION OF TRUCK TRAFFIC
WITH THE HELP OF TWO PENDULUMS

Sukharkova E., Semenova-Kulish V.,
Morozova G., Borodin D.

A geometrical model for initiating the motion of a trolley in the
horizontal direction is considered with the aid of a vibration in the
vertical plane of two pendulums attached to it. The key point is the
definition of non-chaotic trajectories of the movement of pendulum
loads.

Key words: Lagrangian, Lagrange equation of the second kind,
trajectory of cargo moving, pendulum under the cart.
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