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BIJIBHI HIONIEPEYHI KOJIMBAHHA HECYUYOI'O KAHATY 3
IIPYXHOIIOJATJIMBUMMU OIIOPAMM HA PI3HUX PIBHAX

Jlocniooicennss 8inbHUX NONepeyHuUx KOAUBAHb HECyu020 KAHAMY 3 NPYIHCHO NOOAMAUGUMU ONOPAMU HA PI3HUX
DI6HAX, OPMYBAHHA aAHATIMUYHUX SUPA3IE Ol GUSHAYEHHS KoepiyicHma npuge0eH s MACU HECYH020 KAHAmy, a MaKoiC
auHaniz 6NAUGY OUHAMIYHUX HABAHMAIICEHb HA HECYYULl KAHAM I3 30CePEONCECHUM BAHIMAINCEM.

Knrouosi cnoea: necyuuii kanam, nonepeuri KOIUBAHHS, NPYHCHO NOOAMIUE] ONOPU, OUHAMIYHI HABAHMANCEHHS,
KoegiyieHm npugedenHs mMacu, CUCmema aHmMaic-KaHam.

KAPLUN PAVLO, SLIEPKO TARAS
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FREE TRANSVERSE VIBRATIONS OF A LOAD-BEARING ROPE WITH SPRING-COMPLIANT
SUPPORTS AT DIFFERENT LEVELS

This article investigates the free transverse vibrations of a load-bearing rope with spring-compliant supports at different levels.
The study is motivated by the widespread use of load-bearing ropes in mechanical engineering, transport systems, and construction, where
they experience significant dynamic loads that affect structural stability and operational safety. The precise modeling of such systems is
essential for understanding their behavior under varying operational conditions and ensuring their long-term reliability.

Using Lagrange’s equation and the geometrical approach to flexible string modeling, a nonlinear differential equation is derived
to describe the free transverse vibrations of the rope. A systematic methodology for solving this equation is presented, leading to an analytical
expression for the mass reduction coefficient of the system. This coefficient is a crucial parameter for evaluating the dynamic behavior of
load-bearing ropes and is determined considering different support levels and a concentrated load acting on the rope. The influence of these
factors on the natural frequencies and amplitude of vibrations is thoroughly analyzed.

The study highlights the role of support compliance in altering the dynamic response of the rope. Experimental and theoretical
findings indicate that supports with high compliance significantly affect the magnitude of dynamic forces, leading to nonlinear oscillatory
behavior and changes in stress distribution along the rope. This aspect is particularly relevant for the design of mobile suspended rope
systems, where load stability and oscillatory behavior must be precisely controlled. The results also provide insights into energy dissipation
mechanisms and the potential resonance phenomena that may arise in practical applications.

The proposed analytical approach provides an efficient method for predicting the mechanical response of suspended rope
structures. The results contribute to the optimization of engineering designs, enabling improved load distribution strategies, enhanced
damping techniques, and structural reinforcements to mitigate adverse vibrational effects. The research findings are applicable to crane
systems, cableways, suspension bridges, and other mechanical systems relying on load-bearing ropes, ensuring their operational efficiency,
safety, and durability under dynamic loading conditions.

Keywords: load-bearing rope, transverse vibrations, spring-compliant supports, dynamic loads, mass reduction coefficient, rope-

load system.

IocranoBKa npodaeMu y 3arajibHOMY BUIJISIAL
Ta ii 3B’S130K i3 BaKJIMBUMHU HAYKOBHMH YU NMPAKTUYHUMHU 3aBAAHHIMU

VY cydacHOMY MalIMHOOY/IyBaHHI, TPAHCIIOPTHUX CHCTEMax Ta OyIiBENbHUX KOHCTPYKIISX IIHPOKO
BUKOPHCTOBYIOTbCS HECy4l KaHaTH, sIKi MiAJAalOThCS 3HAYHMM JMHAMIYHUM HaBaHTaxeHHsAM. OpnHiewo 3
Ba)XXJIMBUX HAayKOBUX 1 PAKTUYHKUX MPoOIIeM € 3a0e3neueH s HaliiHOCTI Ta JOBIOBIYHOCTI TAKUX KOHCTPYKIIIi,
110 BUMArae riimboKoro aHamizy iXHpoi AMHaMiuHOi moBeiHKH. OCOOIMBO aKTyalIbHUM € JTOCIIIPKEHHS BITBHUX
MOTIEPeYHUX KOJIMBaHb HECY4YHMX KaHaTiB, OCKUIBKH IIi SIBHIIA BIUIMBAIOTh HA EKCIUIyaTalliiHy CTIHKICTh Ta
0e3reKy KOHCTPYKIIIH.

BaxnuBicts mociiukeHb Yy LI cdepl 3yMOBIEHA HEOOXIIHICTIO MiABHIIEHHS e(EeKTHUBHOCTI
IIPOEKTYBAHHS Ta EKCIUIyaTalil KaHaTHUX CHCTEM, 30KpeMa MOOUTBPHMX ITiJJBICHUX YCTAHOBOK. BIUIMB mpy>kHO
MOJIATIIMBUX ONOp Ha JMHAMIYHI XapaKTEPUCTUKM KaHATIB 3aJIMIIAETHCS HEJOCTaTHHO BHBYEHHM, IIO
YCKJIaTHIO€ PO3POOKY ONTUMAaIbHUX METOIMK PO3PAaXyHKY Ta IIPOrHO3YBaHHS IXHbOT MOBEIHKH.

JocnipkeHHsT BUIBHUX TONEPEYHNX KOJIMBaHb HECYYOTo KaHATy 3 MPY)KHO IMOJATIMBHMHU OIOpaMU
JI03BOJISIE OTPUMATH BaXKJIMBI aHAIITHYHI 3aJI€KHOCTI JUIs1 BU3HAYECHHS KoedillieHTa IPUBEISHHS MacH Ta OIiHKH
BIUIMBY MTapaMeTpPiB CUCTEMH Ha JWHAMi4YHI HABAHTAKCHHSI.

AHani3 nocaizkeHb Ta myoJaikaunii

Hecyui kaHaTi MOOITTPHHX MiJBICHUX KAaHATHUX YCTAHOBOK B ITPOIIEC] eKCILTyaTallii miAgaroThes, KpiM
CTaTUYHMX, NWHAMIYHUM HaBaHTaXeHHAM. B poOoti [1] omepkaHO B 3aranbHOMY BHAI PIBHSHHS BUTBHUX
KOJIMBaHb HECYJOTO KaHATY Bij BIACHOI Bard, IKWi MPOBHCAE 10 JIAHIIOTOBIN JiHii. BinbHI KONMMBaHHS HECYYOTO
KaHaTy i3 OlopamMH Ha OJIHOMY piBHI HaBaHT@)KEHOTO 30CEPEUKEHOI0 CHJIOI0, SIK OJHOi MacoBOi CHCTEMH,
PO3MIIHYTI B po0OTi [2] 1, IK HONEepe HbO 1e()OPMOBAHOTO PO3TATHYTOTO CTEP>KHSI 13 MaJIOI0 CTPUIKOIO IIPOTHHY,
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B pobori [3].
B sikocTi KiHIIEBHX OIIOp Ha MOOUIBHHX MiBICHUX KaHATHUX YCTaHOBKAaX BUKOPUCTOBYIOTHCS OIOPH,
AKI XapaKTepH3YIOThCSl BEIMKOI0 MOAATIIMBICTIO 1 sIKa, SIK MOKa3alM EKCIepeMEeHTANbHI JociipkeHHs [4].
BIUIMBA€E HA BEJIMYMHY JMHAMIYHUX 3yCHUIIb, SIKI BHHHKAIOTh B HECY4OMY KaHaTi.
@opMyTI0BaHHS Wineil cTaTTi
MeTo10 poGOTH €: NOCHI/DKEHHS BUIBHUX KOJIMBAHHS KOPCTKO 3aKPIIJICHOTO IO KiHIAX HECYydoro
KaHaTy OJHOIPOJILOTHOI YCTaHOBKHM 3 IIPY>KHO MOJATIMBHMH OIIOPaMH, PO3TALIOBAHUMH Ha PI3HUX PIBHIX
MOJyJIsl OCbOBOT'O CTUCKAHHSI, HAIIPY>KCHHS CTaHAAPTHOI MEHEeTpari.
Bukag ocHOBHOro MaTtepiany
B maHiit poboti mocmimxyoTecs JlocmimKeHHS MPOBOIATHCS NPH JOIMYIIEHH], [0 TOJOBHIA (opmi
KOJINBaHb KaHATY BIINOBiZa€ Mpy)KHA JIHIS CTATHYHOTO MPOTHHY BiJ BIACHOI BarW, PO3IOAUICHOI MO XOpHi
MIPOJIBOTY, 1 Bif 30cepemkeHoi cunu P (puc.1).
OCKITbKH JJ1sl IH)KEHEPHUX PO3paxyHKIB HECyUMX KaHaTiB HEOOXiIHO MaTH TIJbKM MaKCHUMalbHI
JUHAMIYHI 3yCHIIIS, TO CUJIAMH OIIOPY Ta BHYTPIIIHBOTO TEPTS HEXTYEMO.
Jln1st aHaNTHYHOTO ONMCAaHHS KOJIMBaHb HECYUOro KaHaTy BUKOPUCTOBYEMO piBHsHHSA Jlarpamxka:

d (0K\ 0K | N
—(—.)——_+—,=Qi, (1)
at \aq dq;  0q;
ne K — xiHeTn4Ha eHepris cucteMu, N — MOTEHIIiHA eHeprig cuctemH, Q; i ¢; — y3arajlbHEH] CIIH 1

KOOpJAWHATH, ! — Jac.

Puc. 1. Cxema nedpopmaniii Hecy4oro KaHaTy 3 NpykKHO NOJATIMBHMH ONOPAMH HA Pi3HUX PiBHAX

Kinetnuna CHCpFi?[ HECYYO0ro KaHaTy 3 30CCPC’KCHUM BAHTAXKEM Baroro P, SIK OJJTHO MaCOBOI CUCTEMM:

v )2
K= "E @)

Je M — mpuBeeHa Maca CUCTEMH, Y, — IBHUJKICTh PyXY MPHUBEACHOI MaCH.
3rigno [5], mpuBeneHa Maca CUCTEMHU:
M= [folm(z)yz(z)dz + 3, miyz(ai)]%, (3)

ne m(z) — posnoxiiena maca, y(z) — rosoBHa (opma KOJHMBaHb KaHaTy, m; — Maca [ -TOTO
30CepeHKEHOTO BaHTaxy, Y (a;) — NPOTHH KaHATy B TOYL[ IPUKJIAJAHHS { -TOr0 BaHTaxy; Y (a) — NPOrMH KaHATy
B TOUYI[ IPUBEICHHS MACH.

CepenuHy MpOJBbOTY HECYYOTO KaHATY MPUIMEMO 33 TOUKY MPHUBEICHHS MACH, OCKITBKH TOJI0KCHHSI
BaHTaXy B LI TOYI[ BiINOBIJa€ MAKCUMAILHOMY HATATY KaHaTy. J[yis Hecyuoro KkaHaTy 3 ornopamy Ha pi3HHX
piBHsIX (puc.2) BiINoBiAHO 10 [6] MaeMo:

) at . L
y(g)_(P+ZcosB+2H tgﬁ)élH’ )
_ gl \ 1 _ qz?
Yz = (P + cosB) 2H + th z 2H cos 8’ (5)

ge | — nmoBxkuHA NPONBOTY YCTAHOBKH, 5 — KyT HAaxXWiIy XOPIU MHPOJBbOTY 10 TOPH30HTY, Z —
KOOp/AWHATA TMEepeTHHy, H — ropm3oHTalbHA CKJIaJOBa HATATy KaHaTy, g — Bara | M. kaHaty, P — Bara
30CepeHKEHOTO BAHTAXKY 13 BpaXyBaHHAM Bard BaHTaXKHOTO Bi3ka, T00T0 P = G + P', P' — Bara BaHTaxy, G —
Bara BaHTAXXHOTO Bi3Ka.

OCKUTBKH cepeairHa MPOIbOTY KaHATy MPUHHATA 32 TOUKY NPUBEICHHS MAaCH CHCTEMH HECYUYHi KaHaT-

[ . L . .
BAaHTaX, TOOTO a; =—, 1 po3IIAA€THCS BUIIAOK KOJIM B130K 13 BAHTAXXEM pO3TalllOBaH1 IIOCEPEANH1 ITPOJIBOTY,
2

TOOTO a; = 5 , TO BIAIIOBLAHO CKJIaJ1I0BA NPUBEACHO1 MAaCHU CUCTEMHU B1J 30CEPC/IPKCHUX BAHTAXKIB P1BHA:
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1 n
yz_(a);miyiz (a;)=my +m,, (6)

A€  m; —Maca BaHTaxy, /M, — Maca BaHTa)KHOTO Bi3Ka.

Ta
(T VA
Ha A A
B
A q
y AN <
Z N
<< £ > X TB
£
T (RS Y
- vz 0 NR B Hs
4 >
q.=q/cosg

VT PP A Yy b vy v
e A

Puc. 2. CxeMa NporuHiB HeCy4oro KaHaTy

CkJaioBa IpUBEACHOT MaCH CHCTEMH BiJl MACH HECY4YOTO KaHATy My, IPHAMAIOYH, [0 Maca KaHaTy
piBHOMIpHO po3moaineHa, To6To mom, = p/cos B, nep —Maca 1 .M. KaHaTy, piBHa:
2p /2
my = —m fo y*(2)dz. (7
v3(3) cos B
[TincraBuBiM 3Ha4eHHs i3 BUpa3iB (4) 1 (5) B piBHICTH (7), 0AEPKHUMO:

2
8p Y, < ql qz? )
my=——— P+—+2H -tgf )z — dz. ®)
el S\ Gt )=
[Ipo iaTerpyBapmm Bupa3 (8), ogepKumMo:
!
My = ke~ ©)
ne  k,, — koedilieHT NPUBEACHHS MaCH KaHATY JI0 CEPEAUHH MPOJbOTY.
ke =31+ +04 - 87), (10)
!
§ = — , (11)
4((P+ZCCZ)—SB)+2H-th> cos f

Ha ocHoBi Bupasis (3), (6) 1 (9), ogepxumo:
M=m1+m2+km%. (12)

I3 Bupazis (10) i (11) BumirBae, 1110 BeIMYMHA IPUBEACHOT MacH KaHATY i3 30CEPEDKCHIM BaHTaXEeM
3aJIeXKHTh BiJl BEIMYMHU CHIIH P, KyTa [§ Ta Hatary kaHaty. SIkuo B Bupasi (11) npuitastu f = 0, To BiH npuiime
BHTIISI, OJIEPKAHOTO B poOoTi [1].

. 8
Sxmo mnpuitaaty P = =0, Tto omepxumo k, = —

o 1o BIANOBiJJa€ 3HAYEHHIO KOe(ilieHTy

MIpUBEJCHHS Macu Hecydoro kaHaty mo B.I'. Pexauy [7], a mpu P >>ql/ onepxumo k., = 1/3, 1o

cosf
BIZINIOBi1a€ 3HAYECHHIO KOedillieHTy NPUBEICHHS MacH KaHaty 1o KeOy [8].

Ha puc.3 npuseneno rpadik 3anexxHocTi koedirieHTa k,,, Bil BeIMYMHY BiTHOLIIEHHS Bard BaHTAXy 10
Barv KaHaTy B IPOJIBOTI.
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0.2

0.1

Qv

0 1 2 3 4

Puc. 3. Tpadik 3anexnocri k,, = [ (%)
I3 rpadika BUIIIMBaE, 10 Maca KaHATy CYTTEBO BIUIMBAE HA IPUBEJCHY MAcy CHCTEMH, SIKIIIO BOHA PiBHA
a00 OipIIa MacH BaHTaXy 3 BI3KOM.
[oTeHmiansHa eHEPris CHCTEMH:

AL 82 82
N=TAL+GT+T(6H+6,,)COSB+C7?7+C,,?"—an-ya, (13)
ne T — craTuuHM{ HaTAT Hecydoro kaHary, AL — abcoiroTHe BHIOBXKEHHs KaHary, C — BiIHOCHA
TIOB3JJOBXKHS JKOPCTKICTh KaHATY,

c=22f (14)

A — xoedimieHT MOB3IOBKHBOI JKOPCTKOCTI KaHaty, C,, C;; — KoeilieHTH )KOPCTKOCTI KiHIIEBUX OIIOP,

8, 6y — 3MIllIEHHs KiHIEBHX OTOP, @, — Bara CUCTEMH TIPUBEJIEHA JIO CEPEMHU HECYHOTO KaHaty i piBHa:
Qp=M-g=P+G+kp-2,

cos 8

(15)

— 3MiLeHHsI oci KaHaty (puc.1).
oreOMeTquHoi' CTOPOHHU 3aJiaul Teopii THYYKHX HUTOK, MAEMO:
AL =Ly — L, (16)
ne L, — noexuHa KaHaTy IpU HOrO AMHAMIYHOMY HABAHTAXKEHHI, L — CTaTUYHA JIOBXKUHA HECYUYOTO
KaHaTy.
Posrnsimaroun Hecy4yMil KaHaT 3 OMOpaMH Ha OJHOMY piBHI, SKUil HaBaHTaXCHHI 30CEpPEKEHOIO
CHJIOKO, SIK JBOIIPOJIbOTHY HUTKY, siKa HABAaHTa)KCHA BIACHOIO Barorw, B poboTi [2] ogepikaHo:

_ 2Y
AL === 2fo + ¥, (17)
ne fo — CTaTMYHUI IPOTMH KaHAaTy B TOYII MPHUKJIAJaHHS BaHTAXY 1 3 ACSIKUM HAOJIMKEHHSIM MOXHA
MPUHHATH:

fo=2 (18)

4T’
Po3riisiHeMO BHIOBKCHHS KaHATY 3 OMOpPaMH Ha Pi3HUX PiBHAX (puc. 2). B 1boMy BHIAAKY JTOBXHHA

=1 / cos B’ a TIPOTHUHU BUMIPSHI 110 TIEPIICHANKYJIISAPY 10 JIiHii OTop:

f'=fcosp. (19)

[MizcraBuBim 1i 3HaYeHHS B (opmyity (13), onep>KUMO piBHSHHS 3B’SI3Ky MiX BHJOBXXEHHSIM KaHATy
AL, Ta HOTO TIPOTMHOM JUIsL HECYHYOTO KAaHATY 3 OTIOPAMH HA Pi3HUX PiBHAX.

AL, =2 % (2fy + y,) cos3 B. (20)
3MiHa IPOTHHIB HECYYOT0 KaHATy BUKJIHMKAETHCS MPY>KHUM BHIOBXEHHSIM KaHaTy AL Ta 3MIIICHHAM
orop §; BIJNOBIIHO JAJsI HECYYOro KaHATy 3 MPY)XHO MOAATIMBHMH ONOpPaMH Ha Pi3HUX piBHsAX. [IpykHe
BUJIOBXKEHHS KaHATy:
AL = AL, — (6, + 6,) cos B, 2n
ne AL, — npuBeNEHA 3MiHa JIOBXKMHH HECYYOTO KAHATY 3 JKOPCTKUMH OTIOPAMH.

Bemnunna AL; = (8, + 8,) cos f € Maow HOPIiBHSHO i3 JOBXKHHOIO HECYdOro KaHary i il MOXHa
po3TIIIAaTH, SK BUAOBXKEHHS KaHATYy 3a PaxXyHOK IPY)KHOI MOJATIMBOCTI omop. 3 ¢i3udHOi CTOpOHM 3aaadi
OJIeP)KUMO:

Ty—T L _ Ty)-T
A cosp C
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Buxonsuu 3 momymeHHs IPYXHOI IIOAATINBOCTI OTIOP, OJEPKUMO:

5/7 + Sn = (T() - T) : Kon : COSﬁ» (23)
ne K, — xoedimieHT MoAaTINBOCTI KiHIIEBUX OIOP:
Kon = K!’l + Kn’

ne  K,; K, — koedinieHTH MOJaTIMBOCTI KOXKHOI ONOPH 30KpeMa.

Ha ocnoBi Bupasis (21),(22) i (23) ogepxumo:
Ty—T l

ALy === —— 5 k. (24)
Tyt k,, — xoe(illieHT MpUBENEHHS IS KAHATY 3 IPYKHO MOJATIMBAMHA OTIOPAMH Ha Pi3HUX PiBHAX:
_ KypA-cos® B
k,, =1+ - (25)
Sxmo f = 0, onepxumo:
_ KonA
i = 1+ K, (26)
Lk .
Bemmanny Ly, = COS"Z MOJKHa PO3TIIIIATH, SK INIPUBENCHY IOBXHHY HECYdOro KaHaTy i3 IMpy>KHO
A . .
TO/IATIMBUMH ONIOPAMH, & A, = - = — SIK IPUBE/ICHY TOB3/IOBKHIO TMHAMIYHY JKOPCTKICTb CHCTEMH HECYHOro
np
KaHaTy — NpYy>KHO MMOJaTINBI ONOpH. BinnoBigHO 0JepKUMO:
_Ty-T
ALy, = ~—, 27
np

ne C,, — TpuBeleHa BIJHOCHA MOB3JOBXHS JKOPCTKICTh CHCTEMHM HECYYMH KaHaT — MpPYKHO

np
HOZ[aTJ'II/IBi OIIOpH.

PiasHEA (13) 3anmmemMo y BUTIAI:

N=TMUL+ (6, +6,) cos B) — %(AT AL+ AT6, - cos B +ATS,, - cos B) — Q) * Yo, (28)
ne AT =T,-T.
BpaxoBytouu (21), onepxxumo:

1
N =T-AL,, = AT - AL,, = Qup * Yo- (29)
Taxox BpaxoByrouH (27), 0AepKIMO:
1
N=T-4L,,--C,, “ALZ, = Qup * Yo (30)
I3 popmym (13), (20) i (22) i3 BpaxyBaHHsAM BHpa3zy (18) omepxumo:
T fo\’ fo
N =2 <7 +4C,, <T) cos? ﬁ) yZ-cos® B+ BCnpl—zyg -cos® B +
1
+2(anl—2y§ - cos® B = Q,,(1 = cos® B)y,. (31

Ha ocuosi Bupasis (1), (2) i (31), po3risgadu y, K y3arajbHEHY KOOPIHHATY OJCPIKAMO PIBHSIHHS
BIJIbHUX MOTEPEYHUX KOJIMBAHb HECYUOrO KAHATY 3 MPYKHBOIOAATIMBUMH OMOPAMH HA PI3HUX PIBHSX:
;s 2, 2 3
Yo+ k%y, = a—uBfoys + ;) (32)
ne  a=Q,,~(1—cos®p),

K =

(f 0)2 3
To+4Cyp|7) cos” B
4—L — cos3 B, 33)

Ml

G
= 8—2cos®B.

p=8-3 B

Sxmo B Bupazax (33) npuitmemo = 0, TO OEpP>KUMO PIiBHSHHS aHAJOTIYHE, OJIEPKAHOMY B POOOTI
[2] nnst Hecydoro kaHaTy 3 JKOPCTKO 3aKpilUICHMMH KIHLSIMH Ha OJHOMY piBHI. Po3B’s30k piBHsiHHS (32)
LIYKAaEMO B BUIJISIL PAAY:

Yo = Zn=o L " Yn (0. (34)
Po3xiiaBiy B psJl 10 MajIoMy apamMeTpy { KBaapaT IIyKaHOi YacTOTH P, 3HAIIEMO:
p? =k + Xio 1 by (35)

HincraBnsroun Bupasu (35) i (34) B (32) Ta 00MeXYIOUHCH TPbOMA WICHAMH PSALTY, OJCPKAMO PiBHIHHS
JUTs BU3HAUCHHS QYHKIIN Vo, V1, Vo 1 cTAMNX hy 1 h,.

Jotply=a ,
V1 =0°y1 = hiYo — Y5 Bfo + ¥o)
Y2 + PZY2 = hyyo + iy —32fo + yo)Yoyu- (36)

[TouaTkoBi yMOBH il CHCTeMH piBHAHb (36) 3ajexaTp Bl pPEXUMY pPOOOTH YCTaHOBKH.
XapaKTepHUMH PEKUMaMH POOOTH HECYUIHX KaHATIB €:

1. oOpuB 4oKepa TATrOBOTO KaHATY Ta BIAPUB MPHUMEP3JIOTO BAHTAXKY BiT 3eMIIl, IS SIKMX ITOYATKOBI
ymoBd  MaroTh BUDII  Vo(0) = Vg, ¥i(0) =00 =1,23...), y;(0)=00=0,12...), I€ Ymax-
MaKCHMaJIbHUH NTPOTHH KaHaTy;

2. CTONOpPIHHS BaHTaXy O BaHTaXHOTO Bi3Ka Ta IaJiHHS BaHTaXy Ha HECy4Wil KaHAT, JUIS SKHX
moyatkoBi ymoBu Maroth Burissg Yy;(0) =00 =0,1,2...), y,(0) =u, y;(0) =00 =1,23...), ne u -
IIBUJIKICTh PyXy MPUBEICHOI MacH CHCTEMH HICIA yaapy.

Opep>kaHi PIBHSAHHSA TO3BOJISIOTH AOCHIAUTH TUHAMIYHI 3yCHIUIL B HECYYOMY KaHATI MpH Pi3HUX
pexxnmax foro poboTu.
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