ISSN 2542-1468, Jlecnoii secmuux / Forestry Bulletin, 2018. T. 22. Ne 2. C. 134-139. © MI'TY um. H.D. baymana, 2018

MaTemaTuyeckoe moaenvpoBaHue

O peleHUn ypaBHEHUN ManbiX MPOCTPAHCTBEHHbIX...

VK 01-433; 01-435

DOI: 10.18698/2542-1468-2018-2-134-139

O PELLEHMW YPABHEHUW MAJTbIX MPOCTPAHCTBEHHbIX KONNEBAHUW
PACTAHYTOU HUTU B LWMWNTUHAPUYECKUX KOOPAUHATAX

A.B. bproksun, O.10. BprokBuHa
MI'TY um. H.D. bBaymana (Mertunmsckuii punman), 141005, MockoBckast odnactb, I. Mprtimmy, yi. 1-s1 MHctHTyTCKAs, 1. |
bryukvin a@mail.ru

Bo MHOrEX TeXHMYECKNX 3a7adax MPUMEHSIOTCS THOKHe HUTH. B paboTrax mo xoimebaHusM ruOKuX CBsi3el 1 HUTEeH
00BIYHO paccMaTpuBaeTCs MIOCKHH cTyuaii onepeyHbIX KoneOaHuii, HeI0OCTaTOUHO aHATU3UPYETCsT B3aUMOCBS3b
KoJIeOaHUI B Pa3JINYHbIX INIOCKOCTSIX B IPOCTPAHCTBEHHOM cCilydae. B To)ke BpeMsi IKCIIEPUMEHTHI CO CTpyHAMHU
MY3bIKaIbHBIX HHCTPYMEHTOB, HUTSMH B TEKCTHJIBHOM IIPOHM3BO/ICTBE M B KOCMUYECKUX TPOCOBBIX CHCTEMax II0-
Ka3bIBAIOT, UTO KOJIeOaHMUS Yallle HOCST He IUIOCKHIA, a CIIOKHBIM MPOCTPaHCTBEHHbIH XapakTep. He cymectyer on-
HO3HAYHOT'0 METOJIa pacyeTa JBHKEHUS THOKOW HUTH, 0COOCHHO B CIIydae IIPOCTPAHCTBEHHOTO JIBIDKEHHS. B naH-
HOH paboTe paccMaTpPHBACTCS MAJOe IPOCTPAHCTBEHHOE MOMEPEUHOe ABIKeHUE THOKOH nedopMupyemMoi HUTH,
KOTOpO€ BKIJIIOUAET U XOPOIIO UCCIEA0BAaHHOE KonebaTenbHOe ABMKEHHUE, MPEICTaBIMOE B BUIE PA3IIOKEHHUS Ha
(opMBI IO TApMOHUYECKUM (DYHKIMSIM, U BpalaTeIbHOE ABIKCHNE SIIEMEHTOB HUTH BOKPYT OCH, TPOXOASIIEH Je-
pe3 TOUKH 3aKpEeIUICHUs], 1 KOMOMHAIUIO STUX ABIKeHUH. [l1s GoJiee HAMISAHOTO OIMCAHMs BPAI[aTeIbHOTO ABU-
JKEHHS BBIOPAHBI IIUIMHAPHUYECKHE KOOpAUHATHL. C MOMOIIBbI0 YpaBHEHHI MaJbIX MOMEPEUHbIX KONeOaHUi HUTH B
JIBYX MEPIEHAUKYISAPHBIX IIOCKOCTIX JEKapTOBOM CHCTEMbI KOOPAUHAT IIyTE€M 3aMEHbI EPEMEHHBIX IIOJIyUECHbI
YPaBHEHHS, B SIBHOM BHUJIE BBIJCIIONINE BEIHMUNHY OTKJIOHEHHS 3IEMEHTAa HUTH OT HMPSMOJIMHEHHOro IepBOHA-
YaJIbHOTO MOJIOKEHUST U HAMPAaBJIEHHE 3TOTO OTKIOHEHMs, OMIChIBAEMOE yIoM. JlaHHbIE ypaBHEHUS MO3BOJISIOT
NPOAHAIN3UPOBATh HE TOJIBKO CMEIIEHHE dJIeMEHTa HUTH, HO M BpAIlleHHE IUIOCKOCTH KOJIeOaHHs BOKPYT Hep-
BOHAYAJIBHOTO CTaTHYECKOTO monoxeHus. [lomydena oneHka MpocTpaHCTBEHHOH (OPMBI CTPYHEI, 3allHCaHHAS B
IUIMHAPUYECKUX KoopauHaTax. [lokasaHo, 4ToO JBMXKEHHE CTPYHBI B OOIIEM BHUJIE CKIAIbIBACTCS M3 OTKIOHEHMS
TOYEK, ONMCHIBAEMOTO XOPOIIIO U3BECTHBIM YPaBHEHNEM IUIOCKUX KOJIeOaHUH U BpaleHUEeM HX BOKPYT OCH, IIPO-
XOZAIIEH Yepe3 TOUKU I'PaHIIHOTO0 3aKperieHus. Konebanue MoXeT npeacTaBisITh OO0 THHIIO, (hopMa KOTOPOH
OIIpeIeNsIeTCsl TPAHUYHBIMU 1 HAYaJbHBIMH YCIIOBUSIMU.

KumioueBble cj1oBa: TuOKasi HUTh, KOJIeOaHUs
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HBIX KOJIeOaHUI pacTsIHYTON HUTHU B IMJIMHAPUYECKUX KoopauHarax // JlecHoit Becthuk / Forestry Bulletin, 2018.
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BHaHHOﬁ pabote paccMarpuBaeTcs Majioe Mmpo-
CTPaHCTBEHHOE TMOMEPEYHOE IBMKCHNE MMOKOH
nedopMupyeMoil HUTH, KOTOPOE BKJIIOYAET U XO-
pOIIO HcCiIeoBaHHOE KojebaTeNbHOe JIBMKEHUE,
MpEeICTaBUMOE B BUJAC Pa3oKeHUs Ha (GOPMBI IO
rapMoHu4YecKuM GyHKIMsIM [ 1—4], u BpamarensHoe
JIBIKEHUE DJIIEMEHTOB HUTH BOKPYT OCH, IPOXO-
JsIel yepe3 TOUKU 3aKperIeHus, 1 KOMOMHALINIO
aTHX JBWKeHUi. Kak u B OonbimHCTBE padoT [5—8],
paccMarpuBaroTCcsi CBOOOTHBIE KoJieOaHusl IIPU HyJle-
BBIX I'paHMYHBIX ycioBusX. s Gosee HamIsIAHOTO
OIMCaHMs BpaIlaTeIbHOTO ABHKECHUS BEIOPAHBI M-
JTUHIPUYECKHE KOOPIUHATHI.

Lenb pa6oTbl

C nmoMoIIpi0 YpaBHEHHM MajbIX MOMEpeYHbIX
KoJie0aHui HUTH B ABYX MEPIEHANKYIISPHBIX TIOCKO-
CTSIX JEKapTOBOU CUCTEMBI KOOPAMHAT ITyTEM 3aMEHbI
IIEPEMEHHBIX ITOJIyYUTh YPABHEHUSI, B IBHOM BHJIE
BBIJICJISIFOIINE BETMUUHY OTKJIOHEHUS YJIEMEHTA HUTU
OT IPSIMOJIMHEHHOTO NEPBOHAYAIBHOTO MTOJIOKEHUS
1 HaIIPaBJIEHUE 3TOr0 OTKJIOHEHUS, OIIMCHIBAEMOE
ymioM. /laHHbIE YpaBHEHUS NO3BOJIAT POAHAIN3H-
pOBaTh HE TOJIBKO CMEILEHUE JIEMEHTA HUTH, HO U
BpalleHUe TUIOCKOCTH KoJieOaHHsT BOKPYT TIEpBOHA-
YaJbHOTO CTATUYECKOTO IOJOKEHHUS, YTO ObIBAeT

yA00HO Ipu perenu psija 3aaad [9, 10]. B pesynsra-
T€ PEIICHHUS OTYYUM ONMCAHUE MMPOCTPAHCTBEHHOU
(hOopMBI CTPYHBI, B IMIIMHAPHUSCKUX KOOPIUHATAX.

NMocTtaHOBKa 3aga4u

Pemnm 3amauy o momepedyHbIX KoJeOaHUsIX
CTPYHBI C NPEJBAPUTEIBHBIM HATSKEHUEM CUJION
T = Ee , rne E — MOIynb yIPYroCTH; € — YIJIUHE-
HHUE CTPYHBI.

Huts HatsiHyTa Bosb ocu OX, U Kax/ast ee TouKa
XapakTepusyeTcs KOOpAUHATOH s 3Toi ocu. Cmertie-
HUE JJIEMEHTa CTPYHBI BIoJIb ocelt OY u OZ Oynem
0003HauaTh Yepe3 v U w COOTBETCTBEHHO. DyHKIMN
VU W SBISIOTCSA QYHKIUSMHU JABYX NMEPEMEHHBIX:
JIATPAHKEBOM KOOPJUHATHL S U BPEMEHU 1.

VYpaBHEHUsI MaJbIX MMONEPEYHBIX KOJICOaHHUH B
3TOM CJIy4ae UMEIOT BUJL:

o’v o’v

- Sasz;

*w o*w
=Ee~——, 1
Por o5

o

TAC p — MOroHHasd MJIOTHOCTL CTPYHBI.
[IpeoOpasyeM 5Tu ypaBHEHHS, IEPEH/Is K IOJISP-
HBIM KOOpJIMHATAM: V =7 Sin @ U W = COS ¢, TAC 7'
1 () — COOTBETCTBEHHO OTKJIOHEHHE 3JIEMEHTa HUTH
oT ocu OX W yroJ, NMOKa3bIBAIOIINNA HaNPaBIECHUS
9TOr0 OTKJIOHEHHS B INTOCKOCTH, TapayuiensHoi OYZ.
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Bynem pemars cucremy ypaBnenwii (4), (5) me-
TOJIOM pa3jelieHus! epeMeHHbIX. [Ipeanonoxum,
yro ¢pyHKuun (&, ) U (&, 1) IpeICTaBUMBI B BUJIC
npousBeAeHHs AByX (QyHKUUH, 0JJHA U3 KOTOPBIX
3aBHUCHUT TOJBKO OT &, a Apyras TOJILKO OT 1):
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a ypaBHeHue (7) Ha j (&)7 (n)%m, MOJTyYUM

a o

[lonenus ypaBuenue (6) Ha
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JleBast yacTh ypaBHEHHS (8) 3aBUCHUT TOJIBKO OT &,
a mpaBasi — TOJIBKO OT 1). Clie1oBaTensHO, paBEHCTBO
BO3MOYKHO TOJIBKO B CIIydae, €CJM JieBas M IpaBast
4acTh ypaBHEHHUS (8) SBISIIOTCS KOHCTAHTAMU:

o7 (¢) Fm)a(m 22
L@mzconﬁ; (n)(g(j]) M__ const. (10)
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Otcrona cienyer, 4To OZHOBPEMEHHOE BBINOJI-
Henue ypasaeHuit (10) u (11) BO3MOXKHO TOJNBKO B
cilyuae

(12)p(&) =const;  §(n) = const.

82
e

(7(g)7(m))=0. (13)

VYpasuenue (13) npeacrapiser coOO0H KaHOHHYE-
CKU BUJ] ypaBHEHUS MTOTIEPEUHBIX KOJICOAHUI:
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smnsietest pynxims ¢ (1) = Ce™, a pelieHrem ypaBHeHus
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Kpome Toro, 310 ypaBHEHHE JOJDKHO YIOBJIET-
BOPSATH IPaHUYHBIM YCIOBHUSM, KOTOPOE B Cilydae

3aKPCIIJICHHBIX KOHIIOB C(bopMyﬂpreM B BHUJIC:
(0)-o(7)=a

I7le 0. — YroJl 3aKpy4uuBaHUs, a TOUHEE, YIOJ OT-
KJIOHCHHUSI IIOCKOCTU KOJICOAHUs HA OJHOM KOHIIE
OTHOCHUTENBHO JIpyroro. Takum 00pazoM, IIIOCKOCTh
KOJIeOaHHsI MOKET UMETh HE TOJIBKO TIOCKYI0 (hopmy,
HO # (hOpMY, OIUCHIBACMYIO YPAaBHEHUSIMU
A
(p(s,t):(b(s)fo(t):Clek’eas- (15)

[TnockocTh KoeOaHus MOKET OBITH U MOJIOKH-
TENbHOU, U OTPUIIATCIHHON. DTO 3HAUUT, YTO OHA
MOKET BPAIlaThCsl KaK ¢ YCKOPEHHEM, TaK U C 3a-
meienueM. [locrosunas C B ypaBaenuu (15) ompe-
JETSIeTCS U3 HaYaIbHBIX U TPAHUYHBIX YCIOBHIA.

Kpome Toro, ypaBuenue (15) comgepxur u pe-
[ICHUE 3aJ]a4¥ PAaBHOMEPHOTO BPAICHUS HUTHU C
MOCTOSIHHOW YTJIOBOW CKOPOCTBHIO ®, HAIPUMED:
o=ot+(o/a)s.

B xauecTBe WUTIOCTpAIIUU TOKaKeM (HOPMY HUTH
IIpY €€ PAaBHOMEPHOM BPAITICHUH BOKPYT 3aKPEIUICH-
HBIX KOHIIOB — 9TO JIBIDKEHUE XapaKTePHO TPH JIBU-
JKEHUHU JCTCKUX TPHITAIOK U CTPYH MY3bIKaJTbHBIX
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Fig. 2. Spatial shape of the thread
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Fig. 3. The shape of the thread oscillation
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Fig. 4. Deflection of the thread

WHCTPYMEHTOB. PacueTsl MpOBEACHBI A CIACAYIO-
IIUX UCXOMAHBIX JTaHHBIX:

E=2-10"H/M?* p=7,8" 103 kr/m’.

Huamerp Hutu d = 0,25 MM; JUIMHA HUTH
[ =1 m. CKOpOCTh pacupOoCTpaHEHHUsI MMOMEPECIHON
BonHbI 428,85 m/c. [IpocTpancTBeHHas popMa HUTH
Y U3MEHEHHE TIOJIIPHBIX KOOPIUHAT 110 JUIMHE HUTH
MTOKa3aHbl COOTBETCTBEHHO Ha puc. 2—4.

BbiBOAbI

Marnbie mpoCTpaHCTBEHHBIC KOJICOaHUs HHUTH,
KpoMe OOMIeNpPU3HAHHOTO Pa3I0KEHHS M0 OCIM
[10-12], MOryT OBITH YIOOHO 3aIUCAHBI B I[UJIHH-
JPpUYECKUX KOOPAMHATAaX, IJ¢ JBMXKCHUE KaKI0U
TOYKU HUTH OIMCKHIBACTCSI BEINUYMHON OTKJIIOHCHHUS
U MOJISIPHBIM YITIOM, YKa3bIBAIOLIUM HaIlpaBJICHUE
ATOTO OTKIOHEeHUs. B psne cinyuaeB ¢popma HUTH
B MIPOIECCE JIBIKEHHSI MOXKET OBITh pa3lioyKeHa Ha
KoyiebaTebHOE JABHMIKEHHE BIOJb HEKOTOPOU HC-
KPUBJICHHON MOBEPXHOCTU, OMUCHIBAEMOE KJIACCH-
YECKUM YPaBHEHHEM IIJIOCKHMX MaJIbIX KojeOaHu, 1
BpAaIIeHHE 3TOM MOBEPXHOCTU. Takol MOAX0A MOXKET
OBITH TOJIE3€H NPH PEIICHUM 3a7a4, CBI3aHHBIX C
JUHAMUYECKUMU MPOLIeCCaMu IIPHU Pa3BOPaYNBAHUU
TPOCOBOM CHUCTEMBI, CMAaThHIBAHUU HUTH C KaTYILIKU
U T. Tl. HA KOCMHYECKHUX cTaHIusax [13—16].
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ABOUT SOLUTION OF THE EQUATIONS OF SMALL SPATIAL
OSCILLATIONS OF FLEXIBLE STRING IN CYLINDRICAL COORDINATES
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In many technical problems flexible threads are used. Consideration of the vibrations of flexible bonds and
threads is devoted to a large number of works, most often considering the plane case of transverse oscillations,
the interrelation of oscillations in various planes in the spatial case is not sufficiently analyzed. At the same time,
experiments with strings of musical instruments, threads in textile production and space cable systems show that
most often the oscillations have a complex spatial character, not a flat one. There is no single-valued method for
calculating the motion of a flexible thread, especially in the case of spatial motion. In this paper we consider a small
spatial transverse motion of a flexible deformable yarn, which includes a well-studied vibration motion that can
be represented as a decomposition into shapes by harmonic functions and the rotational motion of thread elements
around the axis passing through the fixing points, and a combination of these movements. For a more descriptive
description of the rotational motion, cylindrical coordinates are chosen. Using the equations of small transverse
oscillations of the filament in two perpendicular planes of the Cartesian coordinate system, by replacing variables,
equations are obtained, explicitly indicating the amount of deflection of the filament element from the rectilinear
initial position and the direction of this deviation, described by the angle. These equations allow us to analyze not
only the displacement of the thread element, but also the rotation of the oscillation plane around the initial static
position. As a result of the solution, an estimate of the spatial shape of the string written in cylindrical coordinates
is obtained. It is shown that the motion of a string in general form consists of deviation of points described by the
well-known equation of plane oscillations and their rotation around an axis passing through the points of boundary
fixing. It is shown that the shape of the oscillations can differ from the plane one and represent a line the shape of
which is determined by the boundary and initial conditions.
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