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PaccmarpuBaeTcs Ipof0IbHOE IBIDKEHUE MaTepyaa (Hepa3pe3Horo ynpyro-
T'O TOJIOTHA) MEXK/Iy NapamMH 3aKPEIUICHHBIX BAJKOB (POJIHMKOB), MPHUKUMAIOIIUMHU
MOJIOTHO M BPALIAIOIIMMHUCS CUHXpOHHO. [Ipenmnonaraercs, 4To coceqHHe mapbl
BAJIKOB PACIIOJIOKEHBI Ha PA3HBIX YPOBHSX 10 BHICOTE OTHOCUTEIBHO APYT APYTa,
YTO peajn3yeTcs, HanpuMep, B CYIIWIbHOW yacTu OymMaroienaTesibHOi MallliHbl B
COOTBETCTBHH C TEXHOIOTMIECKUMH YCIIOBUSIMU ITPOM3BOACTBA. J[BIIKyIIIeecs mo-
JIOTHO MOJEJIUPYETCsl P NOMOIY MEMOpaHHON HEpa3pe3HOW MaHeIH, KoTopast
MIOATIEPIKUBACTCSI CHCTEMON 3aKPETICHHBIX MIAPHUPHBIX OMOP, PEATU3YIOIINX IPpa-
HUYHBIE YCJIOBHSI IPOCTOTO ONMPAHUs B KOHIEBBIX TOUKaX MPOJIETOB NaHenu. Pac-
CMOTpEHHE OTPAaHWINBAETCSI OJHUM IPOJieToM. B mpomecce mpsMonnHeiHOTo ABH-
JKCHUS] MeMOpaHHasl TIaHeJb COBEPIIACT YIPyrue MoNepevHble KoneOaHus, KoTo-
pbI€ OMUCHIBAIOTCS B cCHCTeMe KoopauHar Ditnepa. [Ipu aToMm Bo3HHKaromme Majbie
yIpyrye nonepeyHble nepeMerieH s TaHeH ONPEACISIOT JIOKaIbHbIE, KOPHOJIUCO-
BBI M IIEHTPOOEXKHBIE yckopeHHs. C y4eToM B3aWMHOTO PAacHONIOKEHHs IIapHUP-
HBIX OTIOP 0CEBOE JBIKCHUE MEMOPAHHO ITaHeIH SBIISIETCS YCKOPEHHBIM U IPOKC-
XOZMT TMOJ ISHCTBHEM 33/IaHHOTO MTPOI0JIFHOTO HATSHKEHHUS M aKCHAJIBHOM COCTaB-
JISIOIIEH TPaBUTAIIMOHHOTO BO3/ICHCTBHS. PelieHne onpeaessronero ypaBHeHus
JMHAMUKH TIAHEJU TPENICTaBIsIeTCsl B OpMe BPEMEHHBIX TAPMOHUK, M JalbHel-
1iee pacCMOTPEHHE TMPOBOIUTCS U1l aMIUIUTYIHOH (DyHKIMU BO3HUKAIOIIUX T0O-
nepevHbIx Kosebanuii. C moMOIIBIO psijia TIOCIEA0BATEIbHBIX PE0Opa30BaHuil U
BBE/ICHUSI HOBBIX BCIIOMOIaTeNIbHBIX NIEPEMEHHBIX ompesestomee tudpdepeHin-
aJbHOE TMHAMHYECKOE YPABHEHUE JUIS aMIUTUTYIHON (QYHKINH (MONEPEIHBIX OT-
KJIOHEHUI MeMOpaHHOW MaHen) MPUBOAUTCS K (popMe THIIepreoMeTprHuecKoro
ypaBHeHus ['aycca, pelmeHne KOTOpOoro IMoyvaeTcsi aHATUTHIECKU B BUAE TUIIEP-
reOMETPUYECKUX PsioB. [loMydeHHBIH pe3ynbTar NpeiCTaBlIsieT TEOPETHUECKUI
MHTEPEC U MOXKET OBITH MOJIE3HBIM JUTS MPOBEACHHS MPAKTHUECKUX OLEHOK IpO-
Lecca JBIKECHUS MaTepPUaIOB.

Knrouesvie crosa: MeMOpaHHas TaHENb, YCKOPEHHOE MTPOJOIBFHOE IBIKEHUE,
HECTalMOHAPHBIE MONIepeYHbIe KOIeOaHusl, THIIEPreOMETPUYECKOE YPaBHEHHE.

* Bemonneno no teme [oc3ananus (Homep rocpeructpannn AAAA-A20-120011690132-4)
Y TIpU YyacTUYHOU uHaHCOBOM noaaepxkke PODU (rpant Nel7-08-00775a).
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BBepeHune

JIBmKyIuecs: Mpof0JIbHO C MOCTOSHHON CKOPOCTBIO THOKHE CTPYHBI, MEMOpPaHHI,
0aJIK¥ ¥ TUTACTHHBI SBIISIOTCSI OOIICTIPHHITHIMEA MOJCIISIMU JIBHXKYIIUXCS MaTepUasioB.
[peapinyipe uccae0BaHus TAaKKX MOJIEIIEH, OMMCHIBAEMBIX TU(PPepeHIINATLHBIMU ypaB-
HEHUSIMH BTOPOTO 1 YETBEPTOTO MOPSIKOB, (POKYCHPOBAINCH HA CBOOOTHBIX KOJICOAHHSIX
U BIIMSIHUH OCEBOI'0O IBUKCHUS HA YaCTOTHBIA CIICKTp U CO6CTBCHHLIC q)yHKHI/II/I CUCTEMBI
[1-19]. O600IIeHus STUX Pe3yIbTaTOB MOKHO HaiTh B [20—22]. TepmoMexaHudeckoe
BO3/I€UCTBUE Ha ABUKYIIUECS MaT€pPHUaJIbl YUUTHIBAJIOCH HAPSAY C BHYTPUILUIOCKOCTHBIM
HatshkeHueM B [23—27]. Crarbu [28, 29] mocBsIIeHbI MPoOieMe TallleHHS BOSHUKAIOIIX
KOJIeOaHUH MPOJONBHO ABWKYIIUXCS MaHENeH P HeCTAI[HOHAPHBIX Harpy3kax. OTme-
TAM Takxke myonmukanuu [30, 31], B KOTOPBIX W3ydYaHCh BOMPOCH YCTOMUHUBOCTH YCKO-
PCHHO ABWIKYIIUXCA BA3KOYNPYTHUX 6an01< 1 IJIACTUH € YUCTOM NEPEMEHHOCTHU CUJI HATA-
KEHHUSI.

Hacrosimias craths mocBsiiieHa UCCIEIOBAHNI0 YCKOPEHHOTO OCEBOTO JIBUKCHUS H
MOTEePEYHBIX KoJIeOaHMI MEMOPaHHOM MaHENN ¢ yY4ETOM MPOI0JILHOTO HATSHKEHHUS H CO-
CTaBJISIIOIIEN IPABUTALIMOHHOTO BO3IEHCTBHS. YpaBHEHNE, ONUCHIBAIOIIIEE IBUYKEHHE Ma-
HEJIH, C MTOMOIIBIO PsiJia MPeoOpa3oBaHM CBEICHO K THIIEPreOMETPUICCKOMY YpaBHE-
Huto [aycca, pelieHre KOTOPOro MOKHO MPENCTaBUTh B BHJIE TUIIEPIeOMETPUIECKOTO
psna.

OCHOBHbIe COOTHOLLEHUSA

PaccmarpuBaeTcst mpsiMONHEHHOE ABMYKEHHE U MTOTIEpEYHbIe KoJeOaH s Hepa3pes-
HOTO MOJIOTHA, MOJICTUPYEMOTO IIPY MOMOIIM MeMOpaHHOW Hepa3pe3Hol nanenu. [pex-
TI0JTaraeTCsl, 9TO ABMKCHUE BIIOTH OCH X TTAHEIH, OTMPAIOIICHCS Ha BAJIKH Ha KPasix Po-
nera (x =0, x = /), sIBASETCS YCKOPCHHBIM U TIPOUCXOMUT MO/ JACHCTBHEM MTPOOIBHOTO
HAaTSHKEHUA U COCTABIIAIONIEH IPaBUTALIMOHHOIO BO3AEHCTBH. B paccmarpuBaeMoit yac-
i Q =0, /] Hepa3pe3HOil MaHeH BBIPAKEHUS ISl PACTIPEICIICHUS TPOOIBHON CKOPO-
cru V=V (x) u nepemennoro Harsokenust 7= T(X) IMEIOT BUI:

_Nih
I

T=T,+ex, T,=T(0), £=C§+80x, )
m

V=V,+ax, Vy,=V(0), V,=V({), a s (1)

e Cy =T,/m, a gyx = (€/m)x xapakTepu3yeT BKJIa/| aKCHATBHOM KOMIIOHEHTHI IPABH-
TAIMOHHOTO BO3ACHCTBHUS B IPOIONBHOE HATSDKEHHME. 3[eCh U lajiee MOTOHHAsE Macca 11,
a Taxke napamerpsl V,, V, a, T, €, €,, C,, | — 3a1aHHbIC KOHCTAHTBL
Onpenersitoee AMHAMUYECKOE YPABHEHUE MTOMIEPEUHbBIX OTKIOHCHUH MEMOpaHHOI
na”ejm w = w(X, t) 3aIuChIBACTCs B SMIICPOBOM CHCTEME KOOPIHHAT:
2 2 2 2
6w+2V8w , O°w —T8W=O. 3)
ot Oxot o’ for

VYpasuenue (3) ¢ yuerom BeipakeHuii (1) u (2) npuauMaer Bug

o*w o*w 5 5 o*w
— 20V, +ax)——+|(V, +ax)”" —C; —g,x|—= =0, “)
o o )éxét (V) ) 0~ ]8x2

a pEIICHUE 3TOI0 YpaBHECHU S OTBICKUBACTCA C YUCTOM KPACBbIX yCJIOBI/Iﬁ
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(W)2=0, (w),_,=0. (5)

IMpencraBum pemenust w(x,¢) B GopMe BpeMEHHBIX TaApMOHHK
w=w(x,t) =u(x)e”, (6)

rae u(x) — ammtutyaHas pyHKIuUs, a § — KOMIUIEKCHAsi COOCTBeHHAs yactoTa. VckoMbie
BEJIMYUHBI, KaK cieayeT u3 (4)—(6), onpeaestoTcsi OAHOPOIHBIM OOBIKHOBEHHBIM JH(]-
(bepeHnnaNbHbIM ypaBHEHUEM 151 QYHKIMU U(X) C COOTBETCTBYFOIIMMU KPACBBIMHU yC-
JIOBUSIMH:

2
ou

sTu+2(Vy + ax)sZ—u +[(V, +ax)* - C; - SOX]? =0, (7
e

X
u(0)=0, u(l)=0.

MpuBeneHue onpeaensoLlero ypaBHeHUs AMHAMUKN
K rMunepreoMeTpuyeckomy ypaBHeHuto Maycca

Jlns npeobpaszoBanus ypaBHeHus (7) BBeIeM HOBYIO epeMeHnyto & = V' =V, + ax
(=€ = Vo)a):
du 2 d*u
Au+2BE—+[a& +BE+Y]— =0, 8
E"dg[&“‘ B Y]déf (®)
e
A=s*, B=sa, a=a’, B=-ag, 7y=a(V,e,—aCy).

JLiist MHOXKATEJIS TIepe/1 BBICIIEH TPOU3BOIHOMN B (8) nMeeM

2 2
aa2+sa+v=a(a+£j —EB——Y)- ©)
20 4o
Ilonaras
z= §+£, (10)
200
u3 (9) nonyuum
2
OL<:2+B<:+Y=O(ZZ—(B——YJ. (11)
4o

Vuureigast, uto B cuity (10) d/dz = d/dE, v ucnionb3sys pasenctso (11), npeobpaszyem
ypasHenue (8) (zanmmcannoe s pynxumu u(E)) K ypaBHeHMIO st GyHKIMY U = u(Z)

2 2
Au+2B[z- BB LB d—z‘:o. (12)
2a ) dz al 4o dz

C yuyetoM 0003HaYCHUI

ypaBHeHue (12) npumeT BuJ
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d*u du
(l—nz)d—nz+(xm+kz)d—n+x3u=0, (13)

jyi (s

Hanbueiimras 3amena 20 = 1+1 npusoaut muddepenumnansuoe ypasuenue (13) k runep-
reomeTpudeckomy ypaBuenuto ['aycca ([32], §1.7)

d’u 1 1 d
MG+ = =) =+ B =0, (14)
acc 2 2 ac 4

CpaBHenue ypaBHeHus (14) co crannaptHoii popmoii 3anucu 1uddhepeHuantbHOro
runepreoMeTprueckoro ypasenus ['aycca [32]

d*u
ac?
MIPUBOJIUT K CIICYIONUM COOTHOIICHHUSIM TSI KOA(PPUIIMESHTOB:
aﬁ:_ﬁ 7= Ay =M
b
4 4

U3 KOTOPBIX O, ﬁ U Y ONpeneNnsioTcs yepes 3HadeH s KodpUImeHToB Ay, A, U A, ypas-
nenus (13) (mpu A = (1 + L,/2)/2):

-0 s

o o = du _~
c1-9) +5[Y—(Q+B+1)C]d—c—0ﬂﬁu—0

, a+ﬁ+1=%, (15)

7\‘ 1/2
&lzz—Ai[A2+—3} ,
° 4

12771
~ A, A ~ Ay —A,
== -A+x| A +—= R = .
B1,2 4|: [ 4} } Y 4

3neck A, , — 1Ba KOPHSA KBA/IPAaTHOTO ypaBHEHUS &’ +2A0 — A, /4 = 0. Petenue runep-
reoOMEeTPUYECKOro ypaBHeHus ['aycca 3amuceiBaercs B Buje [32]:

u=CF(@B.7:0)+CCTF@-F+LB-F+L2-7;0), [CI<L  (16)

rae Cy, C, — Npon3BoIbHbIE NOCTOSHHBIE, a F(d,B,Y;() — runepreomMeTpudeckuii psa
l'aycca

F(Q,B,'Y,C,) :1+CXTB + (X«(O(:FN)B(B + )CZ
7(7 +1)2!
CnpasemmBo npeobpaszosanue x = CL + D. O6parnoe npeodpasosanue & = (x — D)/C

MO3BOJISIET MTPEJICTaBUTH O011Iee pelnieHre ypaBHeH s (16) B BUe 001ero pemeHus ypas-
Henwus (7), rae ko3 dunmentsr C u D onpenensrores yepe3 mapamMmeTpbl 3a1a4u:

CZZ_K, D:_ZGK+2(},VO+B.
a 20a

+..., |C|<L.

BbiBoabl

PaccMmoTpeHo npooabHOE IBIKEHHE MaTepHraia (Hepa3pe3Horo yIpyroro nojoTHa,
MeMOpaHHO MaHeIn) MeXIy TTapaMy 3aKPETUICHHBIX BAIKOB, IPIDKAMAIOIINMHE MOJIOT-
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HO U BpaHlaIOHlI/IMI/ICSI CI/IHXpOHHO. Hpe,unonaraeTcsl, YTO IIOJIOTHO ABUKETCSA yCKOpeHHO
MO/ IEVCTBUEM MPOJIOJIBHOTO HATSYKEHUS M TPABUTAMOHHOM COCTaBistoIIel. Beiene-
HO W NPOAHAIM3UPOBAHO JUHAMHYECKOE YPaBHEHHE JIJISi BOSHUKAIOUIUX MOMEPEUHbIX
KoJieOaHMI MeMOpaHHOM TTAHEIIH, PEIICHHsI KOTOPOTO MPEJCTABISIOTCS B (JOpME BpEMEH-
HBIX TAPMOHUK, U AaJlbHEiIIee paCCMOTPEHNE TPOBOANTCS JJISI aMIUTUTYAHOH (DyHKIMN
koneOanuii. C IOMOIIBIO psijia MOCIICA0BATEIbHBIX TPE0OPa30BaHUi U BBEICHNS HOBBIX
nepeMeHHbIX onpeaenstoniee AuddepeHnnanbHoe TMHAMHYECKOE YPAaBHEHHE JJIs1 aMII-
TUTYTHOU (DYyHKIUH (ITOTIEPEYHBIX OTKJIOHCHWH MEMOPAaHHOU TaHeIH) MPUBOIUTCS K
(hopme runepreoMeTpuvecKoro ypaBHenus ['aycca, perieHnue KoToporo rnojay4aercs aHa-
JIMTUYECKH B BHUJIC THTIEPTeOMETPHUUECKUX PsoB. [lomydeHHbIN pe3ybTaT mpeacTaBiIsieT
TCOpeTI/I‘leCKI/Iﬁ I/IHTepCC 1 MOXKET 6]>ITI) ITIOJIC3HBIM IJIs1 HpOBeILeHI/ISI HpaKTI/I‘ICCKI/IX orne-
HOK TIpoliecca JBHUKESHHS MaTepUaloB.
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ON TRANSVERSE VIBRATIONS OF AXIALLY MOVING PANELS DESCRIBED
BY AHYPERGEOMETRIC EQUATION

Banichuk N.V., Ivanova S.Yu., Afanas'ev V.S.

Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences,
Moscow, Russian Federation

An axial movement of material (a continuous elastic web) through the system of fixed synchro
rotating rollers is considered. It is supposed that the neighboring pairs of rollers are located at
different levels in height relative to each other. This condition is realized for example in the dryer
section of paper machine. The moving web is modelled by a continuous membrane panel supported
by a system of fixed rollers, so that the simple support conditions are realized at the end points of
each span. The consideration is restricted by one span. The membrane panel moves in axial direction
and makes transverse elastic vibrations described in Euler coordinates. These arising small vibrations
define the local acceleration, Coriolis acceleration and the centripetal acceleration. Taking into
account the position of the supports the axial movement of the membrane panel is accelerated and
it is realized under action of axial tension and the component of gravity force. The solutions of the
defining equation of the panel dynamics are presented in the form of time harmonics. The amplitude
function is considered and the auxiliary variables are introduced.Through a series of successive
transformations the defining differential equation of the panel dynamics is reduced to Gauss's
hypergeometric equation. The solution of this equation is given analytically in the form of
hypergeometric series. The result obtained is of theoretical interest and can be useful for making
practical assessments of the material movement process.

Keywords: membrane panel, accelerated axial movement, nonstationary transverse vibrations,
hypergeometric equation.
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