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rpuesedeHbl MemoduKka U pe3yribmambl uccriedogaHusl 6/1UsHUS
yacmombl 8pawleHuUsl 8asla Mewasnku Ha WenoYHOCMb Ou3€eslbHO20
buomorinuea npu e2o0 o4UCMKe. YcmaHoeieHa onmumarsbHas Yacmoma
gasia Mewarku rnpu Heumpanusauyuu 0OusesibHo20 buomornnuea rnpu
mewmnepamype 40 °C.

HusenbHoe 6uomonnueo, wesno4YHOCMb, Mewa’sika, 4acmoma
epawieHusi, Heumparsnu3sauusi, Memusoebiti 3¢ghup, coarcmok.

The methods and results of studies of the effect of frequency of
rotation of the agitator shaft alkalinity of biodiesel in its cleaning. It was
found the optimal frequency of the agitator shaft, while neutralizing the
biodiesel fuel at 40 <.

Biodiesel, alkalinity, stirrer speed,, neutralization, methyl
ester, soapstock.

YOK 546.2.001

TERMS OF SOLUTIONS OF WEAKLY PERTURBEDLINEAR
BOUNDARY PROBLEMS (IF k = —2)

R.F. Ovchar

It is proposed and proved a theorem to obtain sufficient conditions
for the existence of solutions of weakly perturbedlinear inhomogeneous
boundary value problem in the case where the condition
Pg, =0, Pg;Py: = 0is not fulfilled.

Heterogeneity, boundary value problems, solutions.

© R.F. Ovchar, 2014
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Problem. The relevance of this topic is due, above all, the
importance of the practical application of the theory of boundary value
problems in the theory of nonlinear oscillations, the theory of stability of
motion, control theory, a number of geophysical problems. On the other
hand, the article received significant new findings complement research
on the theory of nonlinear oscillations for slabozburenyh boundary
problems.

The aim — to find sufficient conditions for the existence of solutions
of linear nonhomogeneous impulsive boundary value problems with
small perturbations when generating boundary value problem of
impulsive has solutions for arbitrary right—hand side.

Materials and methods research. In the study of solutions of the
problem used methods of perturbation theory developed in the writings
A. Lyapunov and his followers, asymptotic methods of nonlinear
mechanics, developed in the writings M. Krylov, M. Bogolyubov,
Y. Mytropolsky, A. Samoilenko.

Results. We introduce the following notation: Q = IX(-) — (m X n) —
dimensional matrix; Q*=Q7 —(nxm) - dimensional matrix;
Py — (m X n) — dimensional matrix (orthoprojector), that projects R™ Ha
N(Q@"), Po:R™ > N(Q); Py — (d xm) — dimensional matrix, which
string is a complete system d linearly independent rows of the matrix P-;
Q™ — unige psevdouniverse to Q(n X m)—dimensional matrix; Pg — (r X 1)
— to dimensional matrix (orthoprojector), that projects R" to null space
N(B) (d xr) — dimensional matrix By, Pg:R™ = N(By); Pg; — (d X d) -
dimensional matrix (orthoprojector), that projects R% to null space N(Bg)
(r x d)— dimensional matrix By = Bj, Pg::R? = N(B;).

If Pg, =0, PpzP,: =0 false, then to obtain sufficient conditions for

the existence of solutions of the boundary value problem:
z=At)z+ A ()z+ f(t), t #1;;

Azjy—r, — Siz = a; + £Aq;2(7; — 0); (1)

lz =x +el,z
with random inhomogeneities f(t) € C([a,b]\{7;},), a; ER™ and «a €
R™we have a theorem which generalizes the corresponding result for
boundary value problems with impulses from [1]

Theorem. Let rank Q = n; <n and

Py {oc ~1 K¢ Df(@dT - 130, RC, Ti)ai} =0,d=m—ny,
false. In other words, suppose that the generating boundary value
problem that results from (1) with € = 0:
z=At)z+ f(t), t 15
Az, — iz = ay; (2)
lz =x
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hasn't solutions for arbitrary inhomogeneities f(t) € C([a, b]\{7;},), a; €
R™, a € R™. Then just following statements are equivalent:

a) for arbitrary f@)ecC(a b\{r;};), a; ER* and «ac€
R™ boundary value problem (1) has a unique solution z(t,e) as
convergent with € € (0, ¢,] series

z (t,8) = B2, elzy(8); (3)

6) an arbitrary r—dimensional constant vector ¢, € R" r-—

dimensional algebraic system

(BO + €B1+. . .)us = (po (4)
has a unique solution in the form of convergent with ¢ € (0, €,]series
— 't iy, .
Ug = Li=—1E Uy (5)

B) the conditions
Pg, #0, Pg Py =0, Pp:Pp:Py. = 0. (6)
Under this conditionPg, # 0, Ps Pg, = 0 ensure uniqueness, and the
condition Pg; Pg: Py: = 0— existence of solutions.

Proof. Substituting the series (3) in the boundary problem (1) and
compare the coefficients of the same powers ¢.
If £=2 then we have homogeneous boundary value problem:
Z_, =A(t)z_,, t # T}
AZ_j |t=g, = Siz_(t; — 0); (7)
lz_, =0,
which by assumption of the theorem has r—parametric system (r = n —
ny,n, = rank@Q) solutions of the form z_,(t) = X,.(t)c_,, where c_;—
random r—dimensional column vector from R".
If £~1, then boundary value problem:
Z_1=A)z_,+ A ()z_5, t # T;
AZ_y (=g, = SiZ1(T; — 0) + Ayz_5(7; — 0); (8)
lz_y =1lz_,.
For this boundary value problem with regard to
Bo = Poy {1 () = L[ KC DA (DX, (D)dr — LSV, R (1) Ay X, (i — 0)}
obtain the algebraic relation c_; € R"system
Byc_4 = 0.
This boundary value problem (8) has r—parametric system of
solutions of the type:
Z_1(t) = X-(t)co + G1(t)c_y,
where ¢, — random r — dimensional column vector from R";
_ = _ A(1)z_5(T,c_4) + )
ACLEEE MRS (4 [aiiraiing IR (CLEICPEY
— particular solution of (8); expression (G [:D (t) (7) has the form:
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Cirviraind |G

b b P
j K(t,7) * dr — X(t)wa K(,7) xdr, Y R(eT) «

p
. . . A(1)z_,(T,c_q)
—X(®)Q ZZK(’Ti) ] x[x;1i2_2(21'i_03 .

After equating the coefficients of the £ we obtain the boundary
value problem to determine z,(t):
Zog = A()zo + A1 (Oz_,(O) + f(D), t # ;5
Azy \t=r, = SiZo(T; — 0) + Ag;z_4(7; — 0) + a;; (9)
lzy =a+l,z_4,
where z,(t) = X,-(t)cy + G, (t)c_;.
From condition (necessary and sufficient) solvability:

b p
Py {oc —lj K(G,©)f(r)dt — lZl?(-,ri)ai} =0,d=m—ng

for the boundary value problem (9) with respect ¢y, c; € R” are algebraic
system:

Boco + B1c_1 = @,
where ¢, — r—dimensional continuous random vector from R" because of
the arbitrariness f(t) € C([a, b]\{7;};),a; € R" and a € R™,;

b p
Po = _PQZ} {OC _lj K(G,Df(@)dr - lz KC, Ti)ai};
a i=1
d X r—dimensional matrix B, has the form:
b —
By =Py, {1161(') - lfa K(,1)A1 ()G, (T)dT — 122;1 K(,7)AG,(ry — 0)}
(10)
Boundary value problem (9) has r—parametric system solutions:
Zo(t) = X (t)cy + G1(E)co + G (D) c—q + f1(0),

where ¢ — arbitrary r—dimensional column vector from R";

601 = (8 0503 [0 0060

fi () = (G [fgf)]) ) +X®)Q"a.

Continuing this procedure, we note that to the series (3) has a
solution of the boundary value problem (1) with random inhomogeneities
f(t) € C([a,b]\{7;},), a; € R® and a« € R™ necessary and sufficient that it
should be relatively soluble ¢; € R"(i = —1,0,1, ...) the following system of
algebraic equations for arbitrary ¢, € R":
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BOC_1 = 0,'
11
{Boco +Bic_1 =@ (1)
and further:
{Bocl + B1C0 + Bzc_l = @1, (12)
B()CZ + B1C1 + B2C0 + Bgc_l = 902.

On the other hand, substituting the series (5) into (4) we find that to
the series (5) was the solution of system (4) is necessary and sufficient
that the coefficients u; € R" satisfy a system similar to (11), (12) but with
p;=0,i=1.2,..

Bou_l = O,
13
{Bouo + Biu_1 = @ (13)
and further:
{Boul + Bluo + Bzu_l = 0, (14)
Bouz + Blul + Bzuo + Bgu_l = 0

To solve the system of algebraic equations (13) is necessary and
sufficient to fulfill the condition (6). Then, to complete the proof of the
theorem will confirm that in the case of solvability of equations (13), the
system of equations (14) is also solved, and the last of the conditions of
solvability of equation (13) we find the ratio u_,. From condition of
solvability (which coincides with the precondition) of the first equation
(14) we find u,, ect. The proof of this theorem repeats the proof of the
corresponding theorem in [1], so it will not repeat.

Conclusions. If P =0, Pp;Py: = 0false, is to obtain sufficient

conditions for the existence of solutions of boundary value problem (1)
with random inhomogeneities f(t) € C([a,b]\{7;};), a; € R", a € R™
should be involved (d x r) — measurable matrix B; (10). Solution z(t, )
boundary value problem (1) is sought in this case in the form of
convergent with € € (0, €,] series from k > 2.
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B cmammi 3anpornoHoeaHo i 008e0eHo meopemy, uwob ompumamu
oocmammHi  ymMoeu Ol iCHy8aHHSl piuweHb criabo HerniHia3oeaHol
HEOOHOPIOHOI Kpatiosoi 3adayi y eunadky, konu cmaH Pgy =0, Pp:Py: =
= 0 He BUKOHYyeMbCH.

HeoOdHopioHicmb, kpatioea 3adaya, piueHHs.
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B cmambe npednoxeHa u 0okazaHa meopema, Ymobhbl rosy4ums
oocmamoyHble ycrioguss Ons  cywiecmeosaHusi peweHuld cnabo
HesluHUa308aHol HeOOHOPOOHOU KpaeesoU 3adadyu 8 cryyae, Koeda
cocmosHue Pg, =0, PpsPo: = 0 He 6bIMo/IHAemcs.

HeodHopoOHOCMb, Kpaeeasi 3adaya, peuweHue.

YOK 631.3.56

KINTbKICHI MOKA3HWKU A1 OLIHKW
EKCMNNYATALUIUMHO-TEXHONOIN4YHOI BE3BIAMOBHOCTI
3EPHO3BUPAJIbHUX KOMBAUHIB

O.M. Bucmpud, iH)XeHep
I.J1. Pozoecbkuli, kaHOuGam mexHi4YHUX HayK

B cmammi 3anporioHoeaHo memodosioaiyHut  nidxi0 0o
BU3HAYEeHHSI  KINIbKICHUX [OKa3HUKI8 Orisl OUIHKU  eKcrirlyamauilHo-
mexHorio2i4Hoi 6e38i0MoBHOCMI 3epHO3buparibHUX KombalHie.

Komé6alH, 6e38i0MOBHICMb, MOKa3HUK.

MocTtaHoBKa npobnemu. [1na ouiHKM HaQiMHOCTI BiAHOBMNOBAHUX
TEXHIYHNX cucTeM nependbadeHo KOMMSIEKCHI | OAMHWUYHI MOKAa3HUKM.
BinbWicTb 3 UMX NOKa3HUKIB Mae BMACTUBICTb MMOBIPHOINO XapakTepy i
A03BONATb OLHNTM: 6e3BiaMOBHICTb, PEMOHTONPUOATHICTb,
36epiraemicTb i 4OBroBiYHICTb TEXHIYHOI CUCTEMMN.

AHani3 ocTaHHIX gocnigXeHb. I7IMOBipHiCHi NOKa3HUKMN afeKBaTHO
XapakTepusyoTb NpoLec BU3HAYEHHS HAAIMHOCTI CiflbCbKOrocnoapChKol
MawunHM abo arperaTty, sIki MalOTb KOPOTKOTEPMIHOBY YiTKO BUPaKEHY
CE30HHICTb  nepiogy ekcnnyarauii:  3epHo3bupanbHUin  KoMbanH,
XHMBapKa, rpyHToo6po6HiI i nociBHi arperaTtu [1, 2].

Ona  ouiHkKM  ekcnnyaTauilHO-TeXHosnoriyHol  6e3BiAMOBHOCTI
3epHOo36UupanbHMUX KOMBanHIB MOXYTb ByTK 3aCTOCOBaHiI XapakTepUCTUKN
BMNAAKOBOro MOTOKY noAin (BigMOB), SIKi NOCNigoBHO abo napanenbHo
BinbyBalOTbCsl OAHAa 3a OgHMM B MeBHi MOMeHTM u4acy [3]. Ha
eKkcnnyatauinHO-TEXHOMNOrYHY 6e3BigMOBHICTb 3epHo36uparnbHuX
KOMOanHiB AOMIHYHOUMI BMAMB MarTb KOHKPETHI YMOBM eKcnyaTtauil, a
TaKkoX KOMMMEKC BMNuBY GaraTbOX BHYTPILIHIX BMNAAKoOBUX (hakTopiB
camoro kombanHa, came TOMYy MOTOKM MNOAiN B 3aranbHOMY BUNaAKy
ByayTb He geTepMiHOBaHMMN, a CTOXaCTUYHUMK NOTOKamu [4].

© O.M. bucmpudi, 1.J1. Poeoscekkuti, 2014
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