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In this article the problem of synthesis of the closed law of management of linear non-stationary systems,
optimum on power consumption, is considered. All real objects of management relatively are nonlinear and non-
stationary. The analysis and synthesis of control systems for such objects represents a complex mathematical
problem which decision is received for some special cases today. The majority of objects of management allows to
accept the non-stationary and linearized system of the equations as mathematical model. There is an opportunity to
apply the developed mathematical apparatus of the solution of the linear non-stationary differential equations to
the solution of problems of management. The objects of research are linear dynamic systems with monotonous
znakopostoyanny coefficients which can be presented as quasistationary systems. The work purpose - is definition
of the optimum law of management of linear quasistationary systems in an analytical look. In article, on the basis
of the principle of a maximum (minimum) of Pontryagin the structure of optimum laws of management for
linearly-square tasks on an energy minimum is revealed. For establishment of communication between an
auxiliary vector and a vector of a state the fundamental matrix of system of the simplified initial equations is used.
Finding of a fundamental matrix is carried out with use of mathematical apparatus of functions of Walsh. It allows
to gain an approximate impression of a required matrix in the form of Walsh's ranks. As a result of application of
such approach a matrix of optimum laws of management also of an opredeklen in terms of functions of Walsh that
considerably simplifies their realization in comparison with the non-stationary matrixes of optimum control
received on the basis of the solution of the equation of Rikkati.
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JIoCHIPKeHHS IMHAMIKY PyXY U101y OakjakaHa Iicis
B3a€MO/I11 3 HOKOBOIO TUIACTUHOK OMYa

[IpoananizoBano nudepeHiliHe piBHAHHSA pyXy Tijla HaciHHMKa Oakia)kaHy BCEpEIWHI IMIIHIPUIHOTO
ciTyacToro OapabaHy IUTaHETapHOI MAIIMHU Ui OTPUMAaHHS HaciHHA Oakiaxkany. [IpuBeneni rtpadidni
Pe3yIBTaTH PO3PaXyHKY KOJOBOI IMIBUAKOCTI IS PI3HUX BUTAIKIB.

TiJI0 HACIHHMKA, IVIACTUHA OMYa, JUHAMIKA PYXY, B3A€MO/isl KHOKOBA MJIACTHHA — ciTyacTHii 6apadan»

E.C. llleBuenko, acucr.

Huxkonaesckuii nayuoHanbHulll azpapHulil YHUgepcumem

HccnenoBanue TMHAMHKM JBUKEHHUS IUIOIA 0aKJa)KaHA Moc/Ie B3aMMOJEHCTBHSL ¢ HOKEBOW IJIACTHHOM
Oonua

[IpoananusupoBano auddepeHanibHoe ypaBHEHHE [BIDKCHHSA Tela CEMEHHUKa OakiakaHa BHYTPU
UJIMHIPUYECKOr0 ceTdaToro OapadaHa IUIaHETApHOH MaIIMHBI JUId MONy4YeHHs ceMsH OakiaxaHa. [IpuBeneHsl
rpaduyeckue pe3ysbTaThl pacueTa OKPY)KHOH CKOPOCTH ISl Pa3HbIX CIIy4acB.

TeJ0 CeMEHHUKA, IJIACTUHA GUYa, TMHAMUKA IBHKEHHUs1, B3aNMO/IelicTBHE «HOKeBasl IVIACTHHA — CeTYaThIi
6apadan»

IMocTanoBka npodsaemu. ['any3p BUPOOHHUIITBA HACIHHS OBOYE-0AIITAHHUX KYJIBTYp Ha
CHOTOJHIIIHIA J€Hb € OJHIEI0 3 HAWMEHII MEXaHI30BaHWX 1 HaWOLIBII TPYIOMICTKHUX.
[Ipobnema BigcyTHOCTI 0oOnanHaHHS, IO ICHYE B Taiy3i MexaHi3allii MpoueciB OTpUMaHHS
HaciHHA OakJjiakaHiB, TOTpe0ye HEraiHOro BHPINICHHS NUISIXOM CTBOPEHHS HOBHX
BHUCOKOMPOTYKTUBHUX MAIIIWH.
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AHaJTi3 0CHOBHUX J0CJTiKeHb i myOuikaniid. Ha mizncraBi nmpoBeneHOro aHamizy o0
MallKH 1 00JIaJHAHHS [Tl OBOYe-OaITaHHuX KyibTyp [1, 2] 3’scosano [3, 4], mo npu o6pooIi
OakiaxaHy 3 METOIO BHUJIUICHHS HaciHHA HEOOXiJHO BpaxoBYBaTH O10J70TiUHI OCOOIMBOCTI IIIOLY
icIs MPOXODKEHHS cTafii MarepyBaHHsa. OHUM 3 HAaHOUTbII e(hEeKTUBHHUX CIIOCOOIB 3MIHCHEHHS
IpoLecy BUIUIEHHS € MPOLEC MEePeTUpaHHs MalepOBAHHOI MACH B 3a30pl «HOXKOBA IUIACTHHA —
cityactuii Gapadan» [4].

Teopist B3aemozii HOXKOBOT TUIACTUHU Ta OaKiIaXaHy BIIHOCUTBCS 10 00JaCTI TEOPETUYHOT
MmexaHikd [5], a Takok MexaHiKM CymiibHOro cepenosumia [6 - 9]. Xapaxrtep B3aemomii
BU3HAYAETHCSI IHTEHCHUBHICTIO, YacOM B3a€MOJii 1 MaTepialloM B3aEMOJIIOUMX TUL AJe B
HaBEJICHUX po0OTaX OTpPUMaHI PpE3ylbTaTH BIIHOCITBCA TO-TIEpIIE O TUT TPABUILHOI
reoMeTpryHOi (POpMH, TO-APYTe, 0 OJHOPIAHOIO MaTepially 3 BUBYEHHUMH BIACTUBOCTSIMHU.

Merta 1ociinKeHb Ta METOIUKA iX MPOBeAeHHs. Tila pOCTMHHOTO TOXOKESHHS, TaKi SIK
HACIHHUK OaKJIa)kaHy, HEOJHOPIIHI 32 OyZI0BOIO, HEMPABMIIBHOT TEOMETPUIHOT (DOPMH, Ta 3HAYHO
3MIHIOIOTh III TTOKAa3HUKH BiJ COPTY 10 copTy. ToMy afeKBaTHICTh MaTeMaTHUYHUX MOJENeH, 110
OIMUCYIOTH (Di3UUHY CYyTh TEXHOJIOTTYHUX IPOLIECiB BUPOOHMIITBA HACIHHSA, 10 PEaTbHHX MPOIIECIB,
JIO3BOJISIE ONTUMI3YBaTH BUOIP KOHCTPYKTHBHHUX 1 TEXHOJOTTYHUX MapameTpiB OOJIaJHAHHSA, 11O
CTBOPIOETHCS.

TakuM 4MHOM BUpIIICHHS NPOOJIEMU 3HAXO/UKEHHS IU(EPEHLIHHOrO pPIBHSHHSA PyXy
HaCiHHMKA OakjlakaHy B CEpeIMHI UWIHAPUYHOTO CiTdacToro OapabaHy Ticis B3aeMOIii
IUIACTUHU OW4ya HEOOXiMTHO PO3MUIMTH Ha Bl CKIQJOBUX, BHUXOJSYU 3 KOHCTPYKTHBHHX
0cO0JIMBOCTEN MAILIMHU:

— JTUHAMIYHHUH PyX TiJ1a HACIHHUKA OakjIakaHy Mo KOJIy HATIHIPUIHOTO OapadaHy;

—  PYX B3OBX OCI IMJTIHAPUYIHOTO OapabaHy.

PesyabTatn pociaizxennb. [locmiauMmo BUTBHMN pyX Tijla HACIHHUKA TICHIS B3aeMOil
riactTiau Onva. Ha puc.l mpencraBieHa cxema B3aeMOJIii MIIaCTUHU OMYa MO TUTy HACIHHHKA.
ITokazano cknamoBi V, 1 V, HMBHMAKOCTI IOYaTKOBOIO pyXy IulactuHu V, B3znoBxk oci OV.

Bynemo BBakaTH IIacTUHY OMYa HEPYXOMOIO, a B3BEMOJIIO KYJIi TaKoOIO, 110 BiAOyBaeThCs 31

IBUAKICTIO V, M KyTOM 10 IUIACTHHU OWdYa (%—oc). Tonl BinOMBaHHS HACIHHHUKA BiJ

IJIACTHHYU Onua BinOyBaeThes 31 mBHAKicTIO V, mig KyTom 200 1o oci OY. Ha puc.2 nokasaHa
MOXKJIMBA TPAEKTOPIs TiNa HACIHHMKA Micis yaapy. B pesynbrari po3kiagaHHs MBHIKOCTI V,
i KyTOM JI0 TJIACTUHHU Ha CKJIaJI0Bl MaEMO:

Vo, =V, -sin2a =V,; 1
Voy =V, - €0s2a =V,. @)

Po3pobka TeXHOJIOTIYHOTO 00JIaIHAHHS MEXaHI30BaHOTO MPOIECY OTPUMAHHS HACIHHS
OaknakaHy mependayae Ha TOYATKOBIM CTaail TeopeTHyHe OOTPYyHTYBaHHS TMPOIECY IS
NPaBUWIBHOTO BUOOPY KOHCTPYKIIN MamuHu Ta PopMu poOOUHX OpraHiB.

3i mBuaKicTi0 V,, TUIO0 MoYMHAE pyxartucs 10 cdepuyHii CTiHui OGapabana, a 3

mBuAKicTI0 V,, y310Bk oci 6apabana OX . Ilpu pyci Tina 6e3 TepTs Tpaekropis Oyna 0
IBHHTOBOIO JIiHi€I0 3 KpokoM h. HasBHICTE cuiiu TepTs g1eopMye TPaeKTOPito pyXy.
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1 — Ho’KOBa MIacTHHA, 2 — TIJIO HACIHHUKA

Pucynoxk 1 — B3aemotist HOKOBOT IUTACTHHM OWYa i TiJIa HACIHHUKA

2ire

1, 1* — moyaTKoBe 1 KiHIIEBE ITOI0KEHHS HACIHHHUKA,
2 — HOXOBa IUTaCTHHA; 3 — OapabaH

Pucynoxk 2 — TpaexTopisi pyxy HACIHHHKA 10 BHYTPIIIHI NOBEpXHI ciTyacToro 6apadana

Onucyroun AUHAMIKYy pyXy IUIoAy OakiakaHa TMO3HAYUMO HOro Toukow 7' 3
BIJIMOBITHOIO 30cepeKeHo0 Macoro M. Ilonoxxenns touku T BcepenuHi OapabaHy moka3zaHO

Ha puc. 3. Ha touky T mitote: F,, = f-N, cuna HopmaneHoro tucky Py Ta cuia TsKiHHS
G =mg. [lo po3risimy MpOMOHYETHCSA: PyX TiJla IO KOy pajmiycy lp i pyX B3moBx oci O.
[onoxxenns Touku 7" Ha KOJII XapaKTEPU3YEThCS JBOMA MapaMeTpaMu: MPOUICHUM HUIIXOM S i

kytom ¢. Ilpum mapamerpi t=0 B mouarkoBOoMy TmONOXKEHHI T. 1 mNpUMae HUKHE
MicuesnaxopkeHns. [IBuaKicTs TOYKHM 1O Koy mo3HaunMmo sk V(E) = (¢), BiamoBigHO

v(0) =v,, cos2a =V, C0S2a. . . Cuiia HOPMAJILHOT'O THCKY BH3HAYa€MO 32 BUPA30M:

294



KoHcTpyroBaHHS, BAPOOHHUIITBO Ta €KCILIyaTallisl CiIbChbKOrocmoaapchbkux mMamus, 2014, pur. 44

P, (¢) = V¥ r(‘P)+Gcos<p G( 2((p)+cosq)] )

0

g

Pucynox 3 — Pyx HaciHHHUKA 110 KOJTY

B 3B’s13ky 3 TuMm, 1o npu N=0 BinOyBaeThCs MaiHHA HACIHHUKA, TOBUHHA BUKOHYBATHUCS
ymoBa N>0. YMOBY MOKHa TIPEICTAaBUTH y BUTJISIII:

2
Vv
(9) +1,9 =0. (3)
COS @
Cuta HOpMaITbHOTO THCKY Py 1ocsirae MmakcuManbHOTo 3HaueHHs pu ¢=0 (t=0):
2
\Y
max P, =G —=+1. (4)
g
MiniManbHe 3HaueHHs Py ocsirae npu ¢p=n
2
. Y
minP, =G > -1. (5)
g

Jlist monoxeHHsl, sike onucye Bupas (5) i A0TpUMyBaTUCh YMOBH:

v(n) > \[r,9. (6)

IpY He BUKOHAHHI JaHOT YMOBH TiJIO MTaJjaTUME BHH3.

PiBHSIHHS aepOAMHAMIYHOTO PyXY, L0 ONMUCYE pyX T. T 10 Koy Mae Burisy [4]:
2

dd—t(p=—(Gsin(p+ F.p) = —(mgsing+ N (). (7)

B pesynbraTi nmeperBopens 3 ypaxyBaHHSAM cki1anoBoi N(¢) y Bupasi (7) piBHSIHHS pyXy
MpUKME BUTIISAN!

mr,

2

d ¢ 9 (o)
—+Zsinp+ +qgcosop |=0. 8
dtz ro o) ro( r0 gcose (8)

. d
Jl1s motanpioro po3paxyHKy BBEAEMO KYyTOBY HIBUIKICTh (O = d_(tp

2 2
d ;p do do de a)d_a)zl.da) ' ©)
dtz  dt d(p dt dp 2 do

295



KoHcTpyroBaHHs, BAPOOHHUIITBO Ta €KCILIyaTallis ciibchbkorocmnoaapcbkux mamus, 2014, surm. 44

ockinbku V(@) = rya(e) , To

d’p_ 1 dv’(p) )

dt  2r?2 de

BpaxoByroun BunieHaBeieHe BUpa3 (8) MOKHA IPUBECTH 10 BHUTIISLY

dv? () 11
=20 ()= f(p). -
ne f(p)=2gr,(sing+ f cosg); (12)
f — koedirieHT omopy TepT.
BukopucroByroun mo4aTkoBi ymMoBu s piBHsHHS (12) Maemo:
(D = O! V(O) = Voy = Vl. (13)
Kpim toro (11) cnpaBemmuse y Bunaaky mpu N=0, ToOTO 10 MOMEHTY
2
CoS @ + V(o) =0 (14)
9

PiBusins (11) — ue niniiiHe audepeHIiiiiHe piBHIHHS MEPIIOro MOPSAKY, a HOro pillleHHS
Ma€e BT

Vi(p)=B-e?" +e? " [e’ f(p)dg, (15)

1e B — mocriiiHa iHTerpyBaHHs, siKa BU3HAYAETHCS 3 MOYATKOBUX yMOB (13).
OO0umcnuMo iHTErpal, mo BXxoauts B (15)

k=[e?". f(go)d(p:—ZgroUe”“’ singpdg + f e -COSgodgoJ (16)

3BiIKU MAEMO
2f-@

jer"”-Sin(ﬂd¢= (2fsin(p—COS¢)J

1+4f°

J.erlw-COS(ZJdgoz e?t
1+4f?2

(2f cosg +sin ).

Toni
2f-p

(5] .
k =-2gr 3f -sinp—(1—2f?)cos 17
0y 7B sing ~-212 Jeos ] (17)
[Ticns migcraHoBKM BUupasy mis inrerpana (17) B piBusHHs (15), ocTraHHE Mae BUTIIS!

1-2f%)| _ 2qr,
vi(p)=|v? -2 r(— .e2fe L 290
2 {1 g°(1+4f2)} 1+412)

a6o B 0e3p03MipHOMY BUTJISAIL

2gr, 1-2F2)| 2qr,
V2 —l1- 0 e 2t 4 0
2 { V2 (1+4f7) VE(L+ 47)
_Vie)

Vi

[(1—2f2)005¢—3fsingo] (18)

[(1—2f2)005¢—3fsingo], (19)

e v

Sxuo =0, Toxi piBasHHs (19) MaTume BUTIIS T

20r,

Vi(p)=1- =72 (1~ cosp). (20)
1

Pesynbrati po3paxyHKy KOJIOBOI MIBUIKOCTI HATJISIAHO TIPEACTABICH] Ha puc. 4

f=0; \7((p) =1- Z(Q—Z‘)J(l — COS @);

1
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f :E; \ﬂ(w):{l_z(grz‘)ﬂ_e‘” +1(gr2°](COS(p—3Sin o),
3 A 2\ v

1

£2 = ; V() = et —1,42(920}in 0.
\'

1

Posrisgaemo moganbimmii pyx Tija micisi B3aEMO/IITi MallepOBaHUX HACIHHHKIB 1 HOKOBHUX
TUTaCTHH OMYiB B3JI0BXK oci 6apabana OX. PiBHAHHS pyXy Ma€ BUTIISA!
d?x

m 72 + FTP - 0,

dt

e I:TP =G-f 'PN(§0),,

(21)
P 2
P, = v () =(Vlv2((p)+cos$}
G Vod
2gr, (1-2f2)| _ 2gr, .
vi(p)=|1-—2L2. g2t 0 1-2f%)cosp—3fsing]|. 22
(¢) { At a7y A 2teose=3tsingl. (22
/ / -
Ty Ty L s
,_«;_31 ¥, g8 |} i
o5 L1

/ e
LA T 7 )
!

g2 : d b '

T
2 N
~ g M, &
e
04 a1 e
g 1 2 3 ¢ 5 62 g 1 2 3 4 5 62
a) 6)
f = AT
| Vi) £t L]
2 : e
Peip) : 23
08 2 i
\
g6 |-

T
4 \\
5 V2 \
i
\ [ el ] 1V
] B TN S g S s g2—h
s i~ l\_;_:ff — =i
02—t 52 77 7z 7 & 5 _62
8) 2)

a—npn V,°=7 (m/c)?; 6 — mpm v,°=9 (m/c)?;
B — ripu V;°=16 (m/c)?; r — mpm V,°=36 (m/c)?;
1-f=0; 2-f=0,3; 3-f=0,5
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Bupas (22) € 1ocuTh CKJIaIHUM TS IHTETPYBaHHS, TOMY 3allHIIEMO HOro B HACTYITHOMY
BUTJISAL:

2 23
md XL N, =0, @3
ne No=const — nesike cepenne 3HaueHHs N(p).
2 24
Tomi Xx(t) =v2t— Mot =0, (24)

ne v, = X(0) = v, sin 2a

3 Bupasy (24) BCTaHOBICHO palliOHAIFHHI KYT HAXWITy HOXOBOI IUIACTUHM OWda 110 OCi,
stkuit 3Haxozuthest B aianasoni 13°...18°. Jlaui sHaueHHs BeauunHU KyTa 3a0€31e4yI0Th SKiCHE
BIJUIUIGHHSI HACIHHS BiJl HACIHHEBUX BOJIOKOH HACIHHMKA MPH MIiHIMAIBHINA KUIBKOCTI 00epTiB
poboyoro opraHy. KO 3MEHIIWTH JaHWUW TIOKa3HUK HACIHHUK HE 3MOXE JOCSTHYTH
HACTYITHOT HOKOBOT IJIACTHHH, a 30UTBIIEHHS OTO MPUBEJE 0 TOTO, 110 BiH MPOiIe 30HY Ail
HACTYIHOI IUTaCTUHU. B pe3ynbpTaTi 4oro B3a€Moisi HOXKOBOI IJIACTUHU 1 HaCIHHUKA He OyJe
SIKICHOIO, TOOTO He Oy/ie BiOyBaTUCS TIOBHE BiIJIIICHHS HACIHHS.

J1st 3HaX0KEHHS cepeHbOTo 3HaueHHs Ny BUKOPHCTAEMO:

G % (25)
Ny =— [N(¢)do,
%o 9
7ie 6 — KyT 1m0 Bimosigae momenTtosi N () =0.
Pospaxynku nokasanu, mo og =
TpencraBumo 3anexHicts N (¢) y BHIIS:
N(p) = x,62" + X, oS+ X, Sin o, (26)
3BIIKHA
2
1=V_2_ u 1+V2 - 3 —
ryg (1+4f7%) g 1+4f
X, =142 (1 2f° ) 3 .
(1+4f%) 1+4f
< —__ 08
14412
BukoHyrouu iHTErpyBaHHs Ta mijctaBuBIiiy Bupas (26) B (25), maemo:
_ p2fz X
NO:E xli(l—e’“”)+2x3 =G xlle—+2—3 : (27)
a, 2f 2fx 7T
B pesynprati meperBopens Bupas (24) npuiime BUTIISA!
X, 1-e?™) x
N, =V,t - fgq 2 —— =+ 212, 28
e g{ 2 2fx n &8

3a3HauMMoO, [0 MaKCHMalbHE 3HAYCHHS 4Yacy IIOBUHHE BIANOBIJaTH MOMEHTY
o =t(a,), TobTO

X, (1-e?"™ x
(—+—3}t§- (29)

max(t) = x(t,) = v, (t,) - fg{ >t ~

SIkmo mpwuitasatu f=0,5 — MakcuManbHe 3HadYeHHS Koe(illieHTa MpU TEPTi HACIHHHKA I10
OLIMHKOBaHOMY pelleTy, OyJJeMO MaTu piBHSHHS pyXy Tijlla HACIHHUKA Y BUTJISAIL
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X(t) =v,t —4,9(x, -015—0,48) - t2. (30)
BucHoBok: onvcanHsa TudEpeHIIHHOTO PIBHAHHS PyXy HAaclHHUKA OakJIaXkKaHy B CEpeauHI
IJTIHAPHYHOTO CiT4acToro 6apabaHy MAaIMHU Ui OTPUMAHHS HACIHHS COJIOAKOTO Ta TOCTPOTO
OakiakaHy J]a€ MOXJIMBICTB IPOTHO3YBAaTH MOTO TPAEKTOPIIO Ta Miclle 3HAXOKCHHS B TICBHHIA
gac.
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Katerina Shevchenko
Nikolaev National Agrarian University
Study of dynamics of eggplant fruit after interaction with knife plate rod

The paper analyzes the problems of allocation of seeds from the fruit of the eggplant. The investigations of
planetary machines to solve this problem. Analytical studies the allocation of seeds of the fruit of the eggplant.
And also investigated the interaction of blade plate and a fruit machine to obtain responses. We obtain the
differential equation of motion of the body aubergine seed inside a cylindrical mesh drum planetary machines for
seed eggplant. Graphic results of the calculation are given the angular velocity for different occasions. Description
of the differential equations of motion aubergine seed in the middle of a cylindrical mesh drum machine for
Aubergine seeds makes it possible to predict its trajectory and location at a certain time.

body testes, plate rod, driving dynamics, the interaction of **blade plate - mesh drum™
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