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JTOCJLIKEHHSI TA AHIMALISI XAOTUYHOI'O PYXY MOJABIMHOI'O
MASITHUKA B ITAKETI MATHCAD
Irmatummn M. 1, Typsuauns L. L., [lenex 5. M.

RESEARCH AND ANIMATION OF THE CHAOTIC MOVEMENT OF THE
DOUBLE PENDULUM IN THE MATHCAD PACKAGE
Ignatishin Mykola, Turyanytsia lvan, Pelekh Yaroslav

AHIMayiss CKIAOHUX MEXAHIYHUX Cucmem 3 XAOMUYHUMU PYXAMU NpeOCmasisic iHmepec 3
MOYKU 30py akmuegizayii yaeu npu ix eusuenHi ma oocniodxcenti. Ilooyoosano 6 naxemi Matcad,
MamemMamuyHy Mooeib ma aHimayilo OUHAMIYHOI cucmemu NoOo8iliHo2o maamuuxka. Ompumano
KIHeMamu4Hi Xapakxmepucmuku ma aHimayiro.

Knrouoei cnoea: xaomuuni pyxu, noogiunuil Maamuux, animayis, mathcad.

Animation of complex mechanical systems with chaotic movements is of interest in terms of
reviving the imagination during their study and research. The double pendulum is an example of
chaotic behavior and is very sensitive to the starting position. Even with the slightest deviation, the
behavior of the pendulum changes completely. A mathematical model and animation of a dynamic
system of a double pendulum are obtained. Graphs of kinematic characteristics of chaotic motion,
position, velocity of masses and animation are obtained. The motion of a double pendulum is
represented by a system of four 1st-order differential equations. The numerical solution is obtained
and converted using the Mathcad package. The program in the Matcad package makes it possible
to simulate the operation of a double pendulum under different initial conditions.

Key words: chaotic movements, double pendulum, animation, mathcad.

XaoTH4Ha JWHAMIKA Ma€ CBOE 3aCTOCYBaHHS B 0araThbOX Traiy3siXx HayKd Ta TEXHIKH,
BKJIIOYAIOUH aCTPOHOMIT0, (DI3HMKY TUIa3MHU, CTATUCTUYHY MexaHiKy Ta TIPOAUHAMIKY, IO JTOBOIUTH
MEPCICKTUBHICTh PO3BUTKY Ili€l Taay3i Ta JOCIHIIKEHb, MOB’SI3aHUX 3 XaOTHYHOK IOBEIIHKOIO
pI3HOMAHITHMX CHCTEM 1 TIPEACTaBIsi€ HOBY Taly3b HENIHIWHOT MeXaHIKd, M0 CTPIMKO
PO3BHBA€ETHCA B Hai 4ac [1, 2].

[TpukaamomM XaoTUYHOI MEXaHIYHOI CUCTEMU € MOABIHHIA MasTHUK. [loaBiHUI MasTHUK —
Ile TPUKIAJ XAOTHYHI IMOBEIIHKH, BIH Jy)X€ YYTJIMBHH JIO MMOYAaTKOBOrO cTaHy. HaBiTh mnpu
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HaMEHIIIOMY BiIXWJICHHI MTOBEIIHKA MAsITHUKA TIOBHICTIO 3MIHIOEThCS. JlOCIiIXKyBaHU TTOABIHHIIA
MasITHUK HaJeXaTh JI0 JBOMACOBUX MEXaHIYHUX CUCTEM.

XaoTHYHI MPOIECH BUBYAKOTHCS JOCHTH JIABHO 1 iHTEHCUBHO [3, 4], oiHaK, iX BUBYCHHSI
BHUMAarae caMe MOJICIIFOBaHHS. A MOJICIIOBaHHS BUMarae MmporpaMHHUX MPOAYKTiB. [y mociimkeHsb
MOXHa BUKOPHCTaTH OJHY 3 TaKMX mporpam i mu posrissHemo Mathcad. 3 ii nqomomorow mu
CrpoOy€eMO JIOCHITUTH XaOTHYHUI MasTHUK.

MathCad - nporpamuwuii 3aci0, cepeoBHIIE Ji1 BUKOHAHHS Ha KOMIT'FOTEP] PiI3HOMAaHITHUX
MaTeMaTUYHUX 1 TEXHIYHUX PO3PaxyHKiB, 3a0e3MeueHa IPOCTUM B OCBOEHHI 1 B poOOTI rpadiuHuM
iHTepdeiicom, sKka Hagae KOPUCTYBAdeBI IHCTPYMEHTH Uil poOoTH 3 (opMyJaMu, YHCIAMH,
rpadikamu i Tekcrom. Y cepemosuini MathCad goctymui Oinbie COTHI omeparopiB i JOTTYHHX
(byHKLINA, TPU3HAYEHUX I YHCEIBHOTO 1 CHMBOJIBHOTO PO3B'S3aHHS MaTeMaTHMYHHUX 3a7ad pi3HOT
CKJIQJTHOCTI1 3 MOJICITFOBAHHS JUHAMIKM TEXHIYHUX CUCTEM [5], a Takok aHIMAIIil pO3B’sI3KiB.

OTXe, akTyalbHUM € JOCITIDKEHHS, aHaIi3 Ta aHIMaIlisl XaOTHYHOI CHCTEMH IMOABIHHOTO
MasITHHUKA, 110 OMUCYETHCS CHCTEMOIO JBOX HEJIHIMHUX PIBHSIHD JPYroro MOPSIKY.

MeTtor naHoi poOOTH € MoOymaoBa MAaTeMAaTHYHOI MOJENI Ta aHIMaIlis JBOXMAacOBOT
JMHAMIYHOI CHCTEMH, — TMOJABIHHOrO MasTHHMKa, B makeri Mathcad. Orpumaru mnporpamy B
cepenoBuii Mathcad Ta AOCHITUTH KiHEMAaTHKYy CHCTEMH, — IOJIOKEHHS Ta IIBHIKOCTI Mac
MOJIBIHHOTO MasITHUKA.

O0’€eKTOM JOCIIKEHHSI € IUIOCKAa MEXaHIYHAa XaOTHYHA CUCTEMa, IO CKJIAJac€ThCs 3
JIBOX Mac 3’€JIHAaHUX CTEP)KHEM, OJ[HAa 3 MAacC 3aKpilieHa CTepKHEM JI0 HepyxoMoi ormopu. Macu
3HAXOMATHCSA B TOJI TSOKIHHS Ta IM 3aJaHi MMOYATKOBI TMOJOXKEHHS 1 mBUAKOCTI, puc.l. [lpu

,Z[OCJ'Ii,Z[)I(eHHi 3aCTOCOBAHO METOA MOJACIIFOBAHHSA ,Z[I/IHaMi‘IHI/IX CHUCTEM 3 BI/IKOPI/ICTaHHHM I1aKCeTa
Mathcad.

—
|~ - ls
bpa\
| @ o
! BN
Lo b
, e

me

Puc.1. lloaBilinnii MaSTHAK

Jlis nocATHEHHS TOCTaBJIEHOI METHM CHCTEMY JABOX HENIHIMHMX AJudepeHLiaIbHuX
piBHSAHHB 2-r0 opsiaKy (1):
{h11§b1 +hi$, = fi 1)
hi2§1 + ho2§2 = fo
ne
hyy = (mq + my)lE; hip = mzlllz(C05(<P1)C05(‘P2) + sin((pl)sin((pz))
hy1 = mylyly(cos(@q)cos(@,) + sin(pq)sin(@,)); hyy = myl3
f1 = Lisin(@1)g(my + my) — mylylsin(@; — 1) @192 —
—mylilrsin(@a — 91) (91— 92)92 ;
fo = Lasin(@z)gm, — molylpsin(@Qy — @) @192 —
—mylilysin(@z — 91)(P1 — P2) P2

IO OMHUCYIOTh PyX JBOXMAacOBOI CHCTEMH IIOJBIHHOTO MAasTHHKA IEPETBOPUMO B CHCTEMY
YOTHPHOX JAU(EpPEHIIANLHIX pPIBHSAHHL 1-ro mopsaky i sammmemo B omeparop  D(t, Q)
nosHa4uBUIM Qp => @1, Q1 => ¢y, Q2 => w1, Q3 => w,.

[Towyatok nmporpamu «JlocmiKeHHS Ta aHIMAITlisI TTOJIBIMHOTO MasITHUKA.
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Buxinai nagi:
11 = 1M 12 := 0.5 M — TOBXMHH JaHOK; my = 2 KT; m, = 0.5 Kr — MacH BaHTaXIB,

g:=9.81 - MPUCKOPEHHSA BUILHOTO MAJIIHHS;
C

Ckopucraemocs orneparopamu Mathcad nist uncioBoro po3B'si3Ky cucTeMH TU(PiBHIHD

Q2
Q3
b 2 |™M g | . 2 &
I—-Sln(Qo —Q1)-(Q3) i +1 -1—-sm(Qo) COS(Qo —Ql)- sm(Qo —Q1)-(Q2) —I—-Sln(Qo)
1 ) 1 1
+
D(t,Q) = -1, sin(Qo - Q1) S sin(Qo - Q1)°
U my my
. 2 [™ g . my b 2 &
COS(QO —Q1)~ sm(Qo - Q1)~(Q3) -|—+1 -—~s1n(Qo) —+1 —~Sln(Q0 —Ql) ~(Q2) - —'sm(Qo)
m b L \m b I
my my
— +sin(Qp - Q1) — +sin(Qp - Q1)
L m my
» Npts:= 3600, )
_
96
L = rkfixed| | ® — % ,init_t, final t,Npts,D
0
AN _
t=1% 0, =1 0,=1? 0, =% a,=1
j = 0. Npt: Big init t=0xm0 final t=72, |,
final t— init {

Ha rpadikax, puc.3, puc.3. mo oci opAHHAT IiHA MOJUIKH B CEKYHIaX At =
Npts
. .o Vs p .

At = 0.02 cexyHau. IloyaTkoB1 yMOBHU pyXy MOABIMHOTO MAasITHUKA: (01 = Py = TT — < » KYTOBI
MIBUAKOCTI W1 = W, =0.

[To6yayemo mporpamy Ha moBi Mathcad mist animarrii.

BBenemo nexotpi oneparopu moBu Mathcad

X := ORIGIN

Y := ORIGIN+ 1

\%
1
K
DyHKITIA BiApi3Ka-TiHI{ HA TJIOMINUHI Line(Vl Vs, K) =
v
2K
0
Bekrtop-Touka crosika P = .
0

P00 =Py 10) +
11 'cos(q) lj) m.2 m.1 12 -cos(db 2j)

P 10) =
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, , 0.25 0.25
Loo(_],K) = Lin PO— 0 ,PO+ 0 LK
Lo1(j-K) = Ling( Py, Py, 1(3).K), Li2(j.K) = Ling( Py, 1(3), Py 5(3).K),
F := FRAMI

Ha puc.2 rpadixu pyxy mac Ha intepBaii 0 — 72x0,02 cexyHau.
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o f
= 6281 y
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Yac, waa noginkx 0,02 ¢

Puc. 2. Y3arajbHeHi KOOPAUHATH (1 Ta @ MOABIHHOI0 MasiTHUKA, CHCTEMH 3 IBOMA
CTeNeHsAMH CBO0OIH.
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Kyrosa mmssmcry, payc

]
Yac, misa nomaxu 0,02 ¢
Puc. 3. KyroBi mBuakocri 1 Ta ) noABiiHOro MaATHUKA, CHCTEMH 3 IBOMA CTENEHIMH
CcBOOOIM.

Puc. 4. QR- xox nocryna g0 animanii moaBiiiHOro MasiTHUKA.

OTpumaHO MOAENb 3 Bi3yasi3alli€l0 MAaTeMaTHYHOTO OMHUCY PYXY XAOTHYHOTO MasiTHUKA 3
BuKopHcTanHsM nakery Mathcad. [Mopanbine mocmimkeHHs nependadyae po3risil pi3HUX BapiaHTIB
XA0THYHOTO PYXY 3 3aCTOCYBaHHSM OTpHUMaHOi mporpamu B makeTi Mathcad, 30kpema, Bumaakis
KOJIM OOMJIBa Tijla 3HAXOAATHCA B PiAMHI, 00 Ta3i, KOJIU MAacH TiJl 3MiHHI 1 T.II.
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3ACTOCYBAHHJ ITPOBIOTUKIB LACTOPACILLUS
B MEJIUIIUHI TA BETEPUHAPII
Komenan b. A., Tanamenko JI. O., Bomommuna 1. M.

THE APPLICATION OF PROBIOTIC LACTOBACILLUS IN MEDICINE AND
VETERINARY MEDICINE
Koshelap Bogdan, Talashchenko Daniiel, VVoloshyna Iryna

Cmamms  npucesuena  aKmyanbHUM  HANPSAMKAM — GUKOPUCMAHHA — NPOOIOMUYHUX
npenapamie Ha ocHogi baxmepii pody Lactobacillus, ockinoku 6oHu 30amui cummesyeamu pizHi
peuosuHU, a came Kuciomu (MONOYHY, OYMO8Y), Ji30YUM, pPeyo8UHU 3 AHMUOIOMUYUHOINO
aKmueHicmio, nepekuc 800uw, mowjo. Lli peuosuHu WUPOKO 3ACMOCOBYEMbCA 8 MEOUYUHi ma
semepunapii, OCKLIbKU 0ONOMA2aoms CIMUMYIIO8AMU WILYHKOBI COKU | hepmenmu, HeoOXiOHI 0/
NOKpPAWeHHA Npoyecie mpagients, 30amHi 3MeHulysamu nooiuni echekmu aHmuOioOmuKis, cnpusmu
PO3WENTIEHHIO CONell HCOBYHUX KUCTOM | HOPMANI3ayii 1inioHo20 0OMiHY, mowo.

Knrouoei cnosa: Lactobacillus, npobiomuxu, Giomexnonozis, mMeouyura, eemepuHapis,
MIKDOOD2AHI3MU.

The article is devoted to the actual directions of obtaining biopreparations, the basis of
which are bacteria of the genus Lactobacillus. Because lactobacilli have a diverse range of
biological activities, for example, they help stimulate gastric juices and enzymes needed to improve
digestive processes, reduce the side effects of antibiotics, promote the splitting of bile acid salts and
normalize lipid metabolism, protect epithelial cells from damage, they are widely used in medicine ,
cosmetology, food and agriculture, and veterinary medicine.
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