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MATEMATHUYHA MOJIEJIb KOJIUBAHB JIBOXOIOPHOI JIAHKH 3 PIBHOMIPHO
PO3INOAIVIEHUMHU MTAPAMETPAMHM

MATHEMATICAL MODEL OF OSCILLATIONS OF A DOUBLE SUPPORT LINKWITH
UNIFORMLY DISTRIBUTED PARAMETERS

Y pobomi pozensidoacmocs psad munogux 3a0ay OUHAMIKU CUCTHEM 3 APYICHUMU CYMINCHUMU
JIGHKAMU A PYXOMUMU OCHO8AMU, Wo Oedhopmyrombcs. Ocodnusa yeaza npudilsiemvcs 0cooIUsoC-
mAM OUHAMIKU MAKUX cucmem no GIOHOWIEHHIO 00 CUCMEM HA JHCOPCMKUX CMAYIOHAPHUX OCHOBAX.
Buxopucmosyiomsca sk mouni ananimuuni, max i HaOaudxiceni memoou oocuiodxcenv. Hasedeni pe-
3yIbmamu po3e'sa3antsa 3anpPOnoOHO8AHUX MOOeel.

Knrwowuosi cnosa:ounamixa, cucmema; npyiucHa JIAHKA; OCHO8A, WO 0epOpMyeEmMbCsl; HCOpCm-
KiCMb; NPO2UH.

The development of modern mechanical engineering is a continuous increase in the
productivity of designed and modernized machines due to forcing their working modes, on the one
hand, and increasing technological loads, on the other. At the same time, the task of reducing material
consumption and increasing the weight efficiency of machines was set and solved.A restraining
beginning in the further development of research into systems with elastic adjacent links and movable
deformed bases is the fact that well-established classical calculation schemes and their corresponding
research methods in relation to systems of such a structure eventually exhaust themselves to some
extent. Their further improvement is needed, as well as the development of new variants of calculation


mailto:kalinin@nubip.edu.com
mailto:kalinin@nubip.edu.com
https://orcid.org/0000-0002-9518-381X
mailto:ivankolesnik@nubip.edu.ua
mailto:vromanchenko@nubip.edu.ua

Poznin 2. MonentoBanHs Ta ONTHUMi3allisl B TEXHOJIOT1] KOHCTPYKIIHHUX MaTepiaiB 139

schemes and research methods of such systems, which would take into account their main
characteristic features more fully, at the level of new tasks that are constantly put forward by
practice.This concerns, first of all, the formation of boundary conditions when solving relevant
boundary problems. From the research carried out in this field, it is known that it is the supports with
elastic elements (the material carriers of the boundary conditions of the task) that can have a decisive
influence on both the frequency spectrum of the system and the course of associated oscillatory
processes in it as a whole.

For systems on movable, deformable supports, the problem of investigating non-stationary
oscillations becomes more complicated. Mathematical difficulties that arise in this case are largely
due to the fact that non-stationary modes are described by non-periodic functions, as a result of
which, from a formal point of view, the prospect of using such a powerful research apparatus, which is
harmonic analysis, is lost or significantly complicated.

Therefore, the goal of the work is the synthesis of a mathematical model that will allow to
study the dependence of the frequency spectrum of natural oscillations of links with distributed and
concentrated parameters on the boundary conditions in a wide range of changes of the latter.

The problem of self-oscillations of a two-support link of constant cross-section on linear-
elastic inertial supports without taking into account damping in the link material and in the supports
itself is considered. The frequency equation of any frequency case of the idealized model with inertia-
less resistances is obtained. Note that the obtained results also allow solving the inverse problem, i.e.
the problem of synthesizing the systems of the analyzed structure: given for some reasons the corres-
ponding eigenvalues (or frequencies of eigenoscillations) of several first forms, it is possible to deter-
mine the values of certain parameters, and knowing their structure and examining the mutual depen-
dence, to determine the very geometric and physical characteristics of the elements of the designed
systems, taking into account their properties realized in dynamics.

Keywords: dynamics, system, elastic link, deformable base, stiffness, deflection.

IHocTanoBka mpo0JjemMn

Po3BUTOK cydacHOro MammHOOyAyBaHHA i/ie NUISIXOM Oe3MepepBHOrO 3pOCTaHHS MPOIYKTH -
BHOCTI IIPOEKTOBAHMX 1 MO/IEPHI30BAaHUX MAIMH 32 PaxyHOK (OpPCYBaHHS X poOOUMX PEKUMIB, 3 O1-
HOro 00Ky, 1 301IbILIEHHS TEXHOIOTTYHUX HaBaHTaXeHb, 3 iHIIOro. [lapanenbHo MoCcTaBiIeHo 1 BUPILLY-
€THCS 3aBIAaHHS 3HIKEHHS MaTEpialoOMiCTKOCT] Ta MiIBUIIEHHS BaroBoi eeKTUBHOCTI MAIIUH.

OnnovacHe (hopcyBaHHS pOOOUMX PEKHMMIB MAIIMH 1 3HWKCHHS BITHOCHOI (HA OMUHUINIO TO-
TY)KHOCTI) Baru iX JIaHOK, a OTXK€, i KOPCTKOCTi OCTaHHIX, HEMHHYYE Bele 0 3HAYHOTO 3POCTAHHS
JUHAMIYHUX HaBaHTa)KEHb y KIHEMAaTHYHHUX JIAHIIOTaX Ta JUHAMIYHOI MOAATIMBOCTI OCTaHHIX. B pe-
3yJIbTaTi B MeXaHi3MaxX KOXKHOI Takoi MaIlllMHU Y IEBHUX PEKMMaXxX PO3BUBAIOTHCS IHTEHCHBHI KONHBA-
JIBHI MPOIIECH, 110 BU3HAYAIOTH SK CIPaBXHi 3aKOHH PYXy MAIllMHH 3arajioM, TaK i HABAaHTa)KEHHS Ha ii
JIaHKH. 3a HASBHOCTI B KIHEMATHYHOMY JIAHLIIOTY MEXaHi3My He OfiHi€1, a KUTbKOX CYMIKHUX MPYKHO-
MOJATIMBHX JIAHOK, SIK MPAaBHJIO, BUHUKAIOTH CKJIaIHI MOB’s3aHi KOJIMBAHHS, BUBUCHHS SKUX 1 TPHC-
BSYEHA JaHa poOoTa.

AHaJIi3 0CTaHHIX JOCATHEHb Ta MyOsTikamii

OcHOBY cydacHHX (yHIaMEHTaJIbHUX AOCTLKEHB Y Tally3i MeXaHiKd MaIluH CTaHOBIIATH, SIK
NpaBUJIO, PO3B’s3aHHA BIAMOBIIHUX KpaioBHUX 3aBIaHb MaTeMaTtu4Hoi ¢izuku [1, 4, 7, 12]. [Ipu upo-
MY B SIKOCTI OCHOBHUX MOJIENIeH IMPOKO BUKOPHCTOBYIOTh TaK 3BaHi MPHBENEHI (IUCKPETHI, KOHTH-
HyaJIbHI, IUCKPETHO-KOHTHHYAJIbHI) PO3PaXyHKOBI CXeMH JOCIIIDKYBAaHUX CHCTEM.

CTpuMyI0YMM MOYAaTKOM y MOJANbIIOMY PO3BUTKY AOCHIIKEHb CUCTEM 3 MPYKHUMH CyMiXK-
HUMH JIaHKaM{ Ta PyXOMUMH Ae(OPMOBAaHUMH OCHOBAMH € Te, IO J0Ope BiANpamnboBaHi KIacHYHi
PO3paXxyHKOBI CXEMH Ta BIAMOBIIHI IM METOIU TOCITIIKEHB 110 BiHOIICHHIO IO CUCTEM TaKOi CTPYK-
TYPH 3TOJIOM MEBHOIO MipOI0 BHUEpHyIOTh ceOe. [1oTpiOHO iX mopambiie BIOCKOHANIGHHS, & TAKOX PO-
3poOKa HOBMX BapiaHTIB PO3PaXyHKOBUX CXEM i METOIB JOCIIIPKEHb TAKHX CHCTEM, SIKi BPaXOBYBaJU
0 X OCHOBHI XapakTepHi 0COOIMBOCTI MOBHiIlE, HA PiBHI HOBHX 3aBAaHb, IO Oe3MepepBHO BUCYBa-
I0ThCS MTPAKTUKOIO.

Le crocyeTbest Hacamiiepen GOpPMYBaHHS TPAHUYHUX YMOB IPY BUPILIEHHI BiJIOBIAHUX Kpa-
HOBHX 3aBaHb. 3 BUKOHAHMX Y LIl Taly3i JOCIiIKEHb BiIOMO, IO caMe OMOPH 3 MPYKHUMH eJIeMEH-
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Tamu (MartepiajabHi HOCIT TPAHUYHUX YMOB 3aBJaHHS) MOXKYTh BIUTMBATH BU3HAYAJBHUM YHHOM SIK Ha
YaCTOTHHUH CHEKTP CUCTEMH, TakK 1 Ha mepeOir y Hil MoB’sI3aHMX KOJIMBAJIBHHUX MPOLECIB B LJIOMY.

VY cydacHiili AMHAMILI MalKH y 3B 53Ky 31 3pOCTaHHSAM IXHBOI €HEproo30pOeHOCTI Ta 3 IHIIHNX
NPUYMH ICTOTHE MicIe 3aiiMaloTh JOCIIDKEHHS peXuMiB pyxy [1, 4, 6], 30kpeMa — TIPOXOKEHHS
4epes pe3oHasc [4, 5, 6, 9].

DopMyTHOBAHHS METH J0CTITKEHHS

Jist cucteM Ha PyXOMHX OIopax, IIo AeopMyIOThes, MpodiaeMa IOCTiHKEHHS HecTalioHap-
HUX KOJIMBAaHb yCKIAIHIOETbCS. MaTeMaTHYHI TPYIHOIL, [0 BHHUKAIOTh MPHU LIEOMY, 3HAYHOIO MipOIO
00yMOBIIEHI THUM, IO HECTal[iOHApHI PESKUMHU OMHCYIOTHCS HEMepioAMuYHUMH (QYHKIIISIMU, BHACIIIOK
40ro 3 (opMabHOI TOUKH 30py BTpavyaeThcs a00 MOMITHO YCKIAAHIOETHCS MEPCIEKTHBA 3aCTOCYBaH -
HSl TAKOT'O MIOTYXXHOTO anapary AOCIiKEeHb, IKUM € TApMOHIIHMIA aHaIi3.

Tomy, MeTor0 pobOTH € CHHTE3 MaTeMaTHYHOI MOJENi, IO JO3BOJUTH BHUBYUTH 3aJISKHOCTI
CHEKTPY YacCTOT BJIACHUX KOJIMBAHB JIAHOK 3 PO3MOBCIOHKEHIMH Ta 30CEPEIKEHIMU TapaMeTpamMHu Big
TPaHAUYHHUX YMOB B IIMPOKOMY Jialla30Hi 3MiHH OCTAaHHIX.

3 TOYKHM 30py MOCTAHOBKH, OpraHi3amii Ta METOONKH AOCTiIKeHb Tpeba JoAaTH, 110 pamioHa-
JIbHE MPEICTaBIICHHS, aHaJli3 Ta y3araJbHEHHS Pe3yJIbTaTiB JOCHIHKEHb, a TAKOK CaMe MOJCTIOBaHHS
pi3HUX (QI3UYHUX CHCTEM Ta MPOLECIB, U0 MPOTIKAIOTh B HUX, MPAKTUYHO HEMOXKIIUBO 0e3 cucrema-
TUYHOTO 3aCTOCYBAaHHS OCHOBHHUX MOJOKEHb Teopii MOAiOHOCTI 1 IMHAMIYHUX aHajorid, 6e3 BUpoO-
JICHHS BIOMOBIOHMX KPHUTEPiiB. PO3B’S3kM BCiX OCHOBHHMX PO3INIAHYTHX Jali 3aBJaHb HABOIATHCS Y
BUTTIAAL QyHKOINA Oe3p0o3MipHUX MapaMeTpiB, 5Ki, B CHIy iX 0€3p03MIpHOCTI, MOKHA PO3IIISIIATH K
KpHUTepii nogiOHOCTI TOCTiHKYBaHIX 00 €KTIB 1 POLECiB, MO NPOTIKAIOTh Y HUX.

Tomy MeToro poOOTH € CHHTE3 AMHAMIYHOI CHCTEMH MAaIIMHHO-TPAKTOPHOT'O arperaTy 3 IBOMa
BXIITHUMH BIUIMBaMH, L0 BU3HAYAIOTHCS HABAaHTKEHHSIM Ha TaKy Ta HEPIBHOCTAMU penbedy, i oaHi-
€10 BUXIJTHOIO KOOPAMHATOIO, 10 BU3HAYAETHCS aMILTITYO0I0 KOTMBaHb YaCTOTH OOEpTaHHA KOJliHYac-
TOTr'0 BaJly IBUTYHA.

Bukisax ocHoBHOrO MaTepianay

Posrisimaerbest 3aBAaHHs PO BIACHI KOMMBAHHA JABOOMOPHOI JIAHKH ITOCTIHHOrO Iepepi3y Ha
TMHIAHO-NPYXHUX 1HEpUifHUX omopax 0e3 ypaxyBaHHs JeMI(yBaHHS y MaTepiali JaHKH Ta B CAMHX
oropax.

Hexaii BnacHi KOMMBaHHS JOCIIKYBaHOI JIAHKU OMHUCYIOTHCS TU(epeHLlialbHUMHU PiBHIHHS-
MU BUJLY:

4 2 4
a—i/ﬁtaza—glzo;azzﬂ, 1)
oX ot El
ne y(X,t) — mporuH JaHKH B Tiepepi3i 3 KOOPANHATOK X B AOBUIbHHMIA MOMEHT 4acy t; EI — sxopcT-
KICTh JIAHKH Ha BUTHH y TOMY K Tiepepisi; u = u(x) —IoronHa maca JJaHku; | — JOBXHHA JTaHKH.

JIast TaHKM TOCTIHHOrO Tepepisdy, M0 3aKpilieHa KIHIEMU B NpYKHHX omopax (puc. 1),
pO3B’s130K piBHAHHA (1), IKMii Ma€ BUTIIS
y(x,t) =Y (X)T (t) =[AS(AX) + BT (Ax) + CU (Ax) + DV (AX)]T (1) , 2
Ma€ 3aJJ0BOJILHSITH KPailOBUM YMOBaM:
rpaHn4Hi yMoBH (YMOBH Ha OIOpax):
mpu X, =0 yg =0, y5'+Coyy +mejig =05 mpu x, =1 y/=0, )=y, -mj =0,  (3)
zie ¢; =Cj|3/EI , M, =mj|3/EI ;
MOYaTKOB1 YMOBH:
y(%,0) = ¥, (x) = @(x); ¥(x,0) =¥, (x) =y (x), (4)
ne@(X) ta y(X)— iHTerpoBaHi B 3aaHOMy IPOMIKKY (DYHKIIIi.
[ToTpiOHO 3HAMTH 1 JOCHIIUTH CIIEKTP BIACHUX 3HA4eHb A, Ta BIANOBiIHI BIACHI (QYHKLII
Y, =Y (4, X) 3a 3agaHuX yMOB, BH3HAuMTH AedopMalii JJaHKK y Ipoleci BIACHUX KOMHBaHb. TakuM

YHHOM, Ma€MO KpaioBe 3aBJaHHs 3MILIAHOTO TUITY.
TpanuiiiHuM IUISXOM, BUXOJSIUM 13 3aI0BOJICHHS piBHsHHS (2) kpaiioBuM ymoBam (3) i (4),
MPUXOANMO J0 CUCTEMHU JIIHIMHUX PiBHSAHB BIiAHOCHO mocTiiHux 4, B, C, D HactynmHoro Buay:
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VAIIIIIY, y(x) g

k=
b,
N
] >
1)

Puc. 1. Po3paxyHKOBiI CXeMH JOCTII)KYBaHUX BapiaHTIB PO3MILEHHS JJAHOK Ha OMopax, IIo
nehopMyOThCS

C=¢,(1)B;
D= A
AU (2) + &, (A)V (A)]+ BV (2) + &, (A)S(A)]+ C[S(A) + ¢ (AT (A)] + DIT () + £, (AU (A)] =0;
AT () + 26 (A)S()]+ BU(A) + (T (A]+CIV (1) + (AU D]+ DIS(A) + 1 (AV (=0 5

) 3.
gj 27_7/]1 ,
Bi..
2 =5jl—?, j=01
1 aJTi IO YaCTOTHOTO PIBHSHHS BUJTY
A= a;(4)  a,(4) _ (6)
ay(A)  ay(2) ’
e
4, (A1) =U(A) + G (AV (2) + [T (2) + S (AU (A)];
a,(A) =V (2) + £ (A)S(A) = §o[S(A) + S ()T (A)]; @

an(A) =T (A) + 12 (A)S(A) + 20[S(A) + 2 (AV (A)];

ap(A) =U(A) + 1 (AT (A) = &IV (A) + 1, (AU (D]
Po3kpuBIIM BH3HAYHUK Y PiBHSAHHI (6), 3aMUIIEMO YacTOTHE PIBHSHHS JOCIIKYBaHOI CHCTe-

MU Y QopmMi:
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ay (A)ay, (A) - ayy (A)ay (1) =0, (8)
iy po3ropHyTOMY BUIJISI:
7071863 DA + 767, (8 +E)AMA® + 1511 S (A + (1 + 1) 5,8, B(AA" —
(Be6: + Bi6)7o7D(A) + (706, + 716 E(A) + (16, + 7150)C(/1)]/112 -
laors +aurs)( +8) + (B + B)yors + 7o + HIADAT ~[(tg7, +0n70) +3,3,18, (A A” —
[ + 0 + 80+ 6, + (7o + 71 )(Bod, + Bido )IB(A)A° +{[1+ 01650, + PoBiyory + (Go7y + 47) X
X(Bo6, + B6)ID(A) + (g8, + auSy + By + By ) E(A) + (006, + 4y + Bory + ﬂlVO)C(A)}As + ©)
Hato + o+, (8, +6,) + (s + 70) By + BIIARA + (o0 + o6, + Bi6,) S (A)A° +
H(a +a)(Bed, + BiS,) + BoBu(ve +12) + By + BIB)A ~{legen (B8, + Bio) + BoBy (e, +
+0,7)ID(A) + (0B, + 01 B )C(ANIA" — toen, (B, + B AL’ = B BS (M)A” ~

—(a + ) B BB()A + g, B, B,D(A) = 0.
Tyt i nani BeMW4YuHU:
A(AX) =chAxsin Ax + shAxcos AX;

B(Ax) =chAxsin Ax —shAxcos AX;
C(Ax) = 2chAxcos AX;

(10)
D(Ax) =chAxcosAx -1,
E(AX) = 2shAxsin Ax;
S, (AX) = 2shAxsin Ax
— vacrorHi ¢pyHkuii B. [Iparepa, a
3
O‘jzaE_jll; jz%;ﬂ:mjﬁfzrjﬂsj:%:mj; jz% (11)

— 0e3pO3MipHI KOHCTPYKTHBHI IAPAMETPH; M1; — TPUBEJIEHA JI0 | -TO OMOPHOrO Mepepisy Maca; p;—
paziyc iHepllii IPUBEICHOI 10 j -TO OMIOPHOTO mepepisy Macu; m — maca nanky; j=0,1.
3 piBHsHb (8) abo (9) MokHA OTpHMaTH OyIb-SKHi YaCTOTHUH BapiaHT, SIKMW HAC LIKaBHTB,

10 BIAMOBiZa€ KOHKPETHUM TPAaHUYHUM YMOBaM OLITBII BY3bKOT'O CEHCY.
Tak, A7 BUNAIKy MPYKHOTO 3aIEMIICHHS JIAHKH, OTPHMA€EMO:

Yol D(ﬂv)ﬂv8 + (70 + 71)3(1)15 - (a071 + 0617/0) D(A)jf1 - Sl(/l)lz - (al + O‘O)B(/ﬂt)/ﬂL T o0 D(/l) =0, (12)
a00 32 CUMETPUYHHUX TPAHUYHHUX YMOB:
¥’ D(A)A® +2yB(1)A° = 2ayD(A)A* =S, (A)A* — 2aB(A)A +a*D(A) =0. (13)
J7st BUMagKy Npy>KHOTO CITUPAHHS:
5,0,5,(A)A° +(8, +6,)B(A)A =D(A)A° —(B,0, + BS,)S,(AA* = (B, + B)BAA* + B,BS,(2) =0 (14)
a00 32 CUMETPUYHHUX TPAHUYHHUX YMOB!
5%S,(A)A° +26B(A)A" = D(A)A° —=2B5S,(A)A* —=2BB(A)A° + B%S,(1) =0. (15)
Pesynbratu po3’s3ky yactotHux piBHAHB (13) 1 (15) y BHUIIIsiAi 3aie)KHOCTEH BIACHUX 3HA-
YeHb /, Bil IPYXHUX Ta IHEpUiIHHUX mapamerpi onop @ Ta # (6e3po3MipHi KpuTepii moaidbHOCTI 10-
CIIIDKYBaHUX KOHCTPYKIIiH) Ta 0€3p03MIpHUX MAaCOBHX MapaMeTpiBy Tad 300paxkeHi Ha puc. 2.
Slkmo npuBesieHi Benuuuau M; Mac onop maii, To Mami ¥, 6;. Hextyroun nunmu Bennunta-
mu (npuitnssum y; =06; =0), 3 piBusuns (9) oTpUMyeMO YaCTOTHI PIBHAHHS JUIS JJAHKH Ha JIiHIHHO-
NpYXKHUX Oe3iHepUilfHIX onopax BHIY:
DA + (o + o) AL + o S, (A" + (B + B)BAA® ~ (et By + 0w B)E(R) +
+(0o B+ By )C(ANA —aoen (B + BYNAA® = B BS (A" = B Bi(o +)B(A)A+  (16)
+aya, f, /,D(A) =0,
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Puc. 2. PesynbraTn po3B’sI3Ky YaCTOTHUX PIBHSHB

a00 32 CUMETPUYHHUX TPAHUYHHUX YMOB:
DA)A® +2a A(A)A" +a®S,(A)A° +2BB(A)A° — 2aB[E(A) + C(W)]A* -
20’ BAN)A® = B°S, (W) A% —208°B(A)A +a’B*D(A) =0.

3Bincu MOKHa OTPUMATH YacTOTHE PiBHSHHS OyIb-sIKOrO YaCTOTHOTO BUMAJAKY ifeani3oBaHOL
Mozeni 3 Oe3iHepUiitHIMU OOpaMHu.

Pesynbratu po3p’si3anHs piBHAHB (17) U1 BUIIAIKY IPYKHOTO CIIMPAHHS MICTATHCS HA PUC. 2
(KpHBI, 1110 BiMOBIAAIOTh IPAaHUYHOMY BHIIAAKY & = 0).

BucHoBkn
3HaiimoBImy 3 piBHAHB (9) Aiana3oH BiIacHUX 3Ha4YeHb A, (i, BIWIOBIIHO, 4aCTOT p, BIACHHX

(17)

KOJIUBAHb), OTPUMAEMO MOXKJIMBICTh OOUYMCIUTH Maii aedopmMaltii JaHKK B Tpolieci ii BIACHUX KOJHU-
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1 1
BaHb. JIJIsl BOTO CKOPUCTAEMOCS 3arajlbHAM po3B’si3koM T, (t) =J. f (X, t)Y, (x)dx/ J.Yk2 (X)dx piBHsAHHS
0 0

y"V +a’y = f(x,t). Orpumaemo:

YD) = 2 ¥, () =2V, (T ), (18)
ac
Y, (0= AS(£0+ BT, (1) + CU (2 + DV (£, (19)

— Bi1acHi (pyHKII{, 110 OMKCYIOTH 3 TOYHICTIO 10 MOCTIHHOrO MHOXKHHUKA BJIACH] (popMH 10CHTiKYBaHOT
JIaHKH, a

T.(t)=L cospt+M,sinpt=N,sin(p,t+e,) (20)

— dynkuii wacy, y skux p, =+ El / (ul*) — wacrora BracHux konuBaHs.

3ayBa)kuMo, 110 OTPUMaHi Pe3yJIbTaTH JO3BOJIIOTH PO3B’sI3yBaTH 1 3BOPOTHI 3aBAaHHs, TOOTO
3aBIaHHSA CHHTE3Y CUCTEM aHAaJTi30BAaHOI CTPYKTYDPH: 33al0YHUCh 3 SIKUXOCh MIPKyBaHb BiIIIOBIAHUMHU
BJIACHUMH 3HA4YEHHSMU A, (UM 4acTOTaMM p, BIACHHUX KOJIMBaHb) KUTBKOX Hepmmx (GopM, MOXKHA
BU3HAUMTH 3HAUEHHs MapaMeTpiB o, B, y Ta J, a 3HAIOUM iX CTPYKTYpY 1 AOCIIIKYIOUH B3a€MHI
3aJIeKHOCT], BU3HAYNTH caMi reoMeTpHyYHi i (i3uuHi xapakrepuctuku (4, |, m, m,, ...) eleMeHTiB
MPOEKTOBaHMUX CUCTEM 3 YPaxyBaHHSM iX BIACTUBOCTEH, 110 PEaNTi3yIOThCSA B AMHAMILIL.

Onnak po3s’sizku (19) i (20), a omxke i (18), 3ammcaHi MOKK 1O 3 TOYHICTIO /IO JAESKOTO MOC-
TITHOTO MHO)KHUKA, OCKUIbKH cucTeMa (5) 4OTHphOX PIBHSHB BiIHOCHO YOTHPHOX MOCTiHHUX A, B,
C ta D € HEeBH3HAYEHOIO — MICTHUTD I’ ATh IIyKAHWX BEIMYMH — caMi MOCTiiHI 1 BeMn4IuHy A .

JIi1st ycyHeHHs 11i€1 HeBH3HAYEHOCTI 3anuiieMo piBHAHHS (19) y TakoMy BUIIISI:

Y =Y 00T (0) = A LS (X)) + AT (4X) + U (£,%) + 8,V (40T, (1) (21)
a (21), BiAMOBiAHO, Y TAKOMY BUTJISIL:
Yi =Y~k (X)Tk* ) =Y~k (L; cos pt+M I: sin pkt) =Y~k NI: sin( P+ QDK.O.) | (22)

rel = AL M =AM, N, =AN,.

Po3B’s130k (22) 3a710BONBHSE 3aJaHUM TPAaHMYHUM yMOBaM (3), ajie He 3a/I0BOJIBHSIE B 3arajb-
HOMY BHIIQJIKy TOYaTKOBUM yMoOBaMm (4).

Busnaunmo koedimientu L, i M, Tak, mo6 po3s’s30k (22) 3a10BOJBHSB K TPAHMYHUM, TaK if
no4yatkoBUM ymoBaM. [IpomudepenuitoBaBm ioro 3at , 3HaiiAEMO:

J(x) = NPV, (0s(pt +9,.,). (23)

Tenep 3 (22) 1 (23) npu t =t, =0, orpumaemo:
Y(0) = 3, (x) = X LY, (0 = p(); 24)
() = 7o) = M B, (9 = (). 5)

®opmynu (24) i (25) — cyts posknamanHs QyHKii @(x) iy(x) 3a BracHUMH (QyHKIiSME
Y, (X) 3 HeBH3HAuEHMMU TOKHM O Koedimientamu L, i M, . Bussauntu mami xoedimientn moxma,
ckopucTaBmuchk popmymnamu Elinepa-Dyp’e:

N =|ijcp(x)vl(x)dx;
k1° ) (26)
pMy == [ (Y, (x)dx,
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1
ne |, =.|.\72(X)dx, 3BIJIKH:
0

[ (07, (9dx. @)

k'k0 0

M, =

[incraBusmm 3navenns L, , M, B (22), oTpuMyeMoO po3B 30K MOCTaBIEHOT KpaiHoBoi 3aaui,

SKHUW 3aJI0BOJIBHSE TeIep sIK TPaHUYHUM, TaK i MOYaTKOBHM YMOBaM JAaHoi 3afadi. Llelt po3B’s30k aae
3MOTYy BU3HA4aTH JiepopMaltiro JaHKH B OyIb-AKii TOULi X y OyAb-sIKuil MOMEHT yacyt .
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