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PaccmarpuBaercst mpsimonuHeHOE ABMKEHHE TOJIOTHA, HAXOSIIEroCs MO
BO3/ICHCTBHEM MPOAOJILHOTO HATSHKEHUS 1 MOJICITUPYEMOTO TEPMOYIIPYToii Hepas-
pe3Hol naHenbro (0anKoit), MoAIep)KUBAEMOI CUCTEMO 3aKPEIICHHBIX HIAPHUP-
HBIX OIOP, PEATH3YIOIINX YCIOBUS IPOCTOTO OMUPAHHS B KOHLIEBBIX TOYKAX IpOJIe-
TOB maHenu. B mporecce mpsIMONMMHEHHOTO JABIKSHUS TIAHEIb COBEPINAET TEPMO-
yInpyrue nornepeynsie kosedanus. [lornepeunsle nepeMenieH s onpeaeisoT JIOKaIb-
HbIE, KOPHOJIMCOBBI U IIEHTPOOSIKHBIC YCKOpeHusl. [Ipenonaraercs, 4To TEIIOBOE
BO3/ICHCTBHE HA TIAHEJb IIPUBOAUT K CTALIMOHAPHOMY TEMIIEPAaTYpPHOMY pacipese-
JICHUIO TI0 TOJIIIMHE MAaHeIH U K COOTBETCTBYIOIINM TEMITEPATypPHBIM YCUJIHSIM U
neopmarysiM. Ca4uTaeTcs, 4T MPOJOIBHOE IBUKEHUE M BOSHUKAIOIINE TOTIepey-
HbIC KOJeOaHHsI MPOUCXOAAT MPHU B3aMMOJCHCTBUN MAHETH C BHELIHEH CperoH,
MOJIETMPYEMOM M1eaTbHON KUIKOCTBIO, IBMIKYILEHCS C TOCTOSHHOI CKOPOCTBIO.
[Mpumensiercst ToaHOE UHTETPO-AU((HEPEHIINATEHOE BEIPAKEHNUE /TSl pEAKIUU JIBH-
XKyIIEHCs ¢ (PUKCUPOBAHHOI CKOPOCTBIO JKUIKOCTH, TIOJIyYEHHOE B PAMKaX TEOPUU
TOHKHX a3poiMHaMu4eckux npoduei. [TonyueHo npubinmkeHHOe CpeiHee 3Hade-
HUE, alllPOKCUMHUPYIOILEE PEAKIHIO )KUAKOCTH AU PepeHIINaTbHBIM BRIPAKEHUEM
Y CBOJIAIIECE UCXOMHOE UHTErpO-AupdepeHIMaIbHOC YpaBHCHUE THHAMUKY TTaHe-
JIM K YIIPOILeHHOMY AU depeHInaibHOMY ypaBHeHNI0. OnrchiBaeMast MOJIEIb MPe/-
rojiaraeT MajioCTh THIPOTEPMOYTIPYTHX JIeOPMAIHiA U COOTBETCTBYET MPUOIHKE-
HUIO IPUCOEAMHEHHBIX MACC )KUAKOCTH MPH alllPOKCUMAIIMK TOYHOTO BBIPAKESHUS
JUTSI THAPOTEPMOYTIPYTON pEakiini. ITO MPUBOIUT K CYIIIECTBEHHBIM yIIPOIIEHUSIM
pa3BUBaeMoil rUIPOTEPMOYIIPYTOil MOJIENIN U I0TTyCKaeT 3PEeKTUBHOE MPUMEHE-
HY€ aHATTUTHYECKUX W TOTyaHATHUTUYECKUX MOIXOIO0B JUIS aHAIIN3a AUHAMUKHA U
YCTOWYMBOCTH paccMaTpUBAeMOii cucTeMbl. YUCIIeHHAs peain3alus THAPOTEPMO-
YIIPYTO# MOJIEITH, OTIMCHIBAIOIIEH HECTAIMOHAPHOE TIOBEICHNE TTAHEITH, IBYIKYIEHCS
B IIOTOKE MJICaIbHOM KUJIKOCTH, OCHOBBIBAETCS HA MPUMEHEHUH MOJTYTUCKPETHON
cxembl MeToza ["anepkuHa. 3aada HecTaOHAPHON TMHAMUKH, ONIFCHIBAEMOH ypaB-
HEHHEM B YaCTHBIX ITPOM3BOIHBIX, CBEJICHA K HHTETPUPOBAHUIO CUCTEMBI JIBYX OOBIK-

* Boimonueno no Teme Toc3ananus (Homep rocpeructpamuu AAAA-A17-117021310380-1)
Y TIpU YyacTUYHOU uHaHCOBOM noaaepxkke PODU (rpant Nel7-08-00775a).
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HOBEHHBIX AuddepeHInanbHbIX ypaBHeHHH. PaccMOTpeHa 3a/1a4a cTaTudecKoi
HEYCTOMUYMBOCTH JABMKYLICHCS TAHEIHM B OTOKE MI€aIbHOM )KUAKOCTH. BBenenue
BCIIOMOTATeNFHOM TePEMEHHOI TI03BOJISIET CHOPMYIHPOBATh KPAEBYIO 3a1ady Ha
cOOCTBEHHbBIE 3HAUCHHUSI, U3 PELICHUS] KOTOPOH B aHATUTHYECKOH PopMe HaXOIATCs
KPUTHYECCKHE 3HAYCHHSI MapaMETPOB CTATHUYCCKOH HEYCTOHUMBOCTH. DPPEKTUB-
HOCTb ONMHMCAaHHOW T'MIPOTEPMOYNPYTOi MOJENN WILIFOCTPUPYETCS Ha MpUMEpax
MOTYAUCKPETHOTO aHAJIM3a HECTAIIMOHAPHBIX KoJIeOaHN I M aHAJTUTHYECKOTO perie-
HUS 33/1a44 TIOTEPH YCTOMUMBOCTH IPH KPUTHUECKUX TEMIIEPATYPaX U CKOPOCTAX
JIBYDKEHUSI CHCTEMBI.

Kniouesvie cnosa: npopoabHOE ABUKEHHE MaTepUaa, THIPOTEPMOYIIPYTOCTb,
TIOTIepeyHbIe KoNeOaHus, MPHCOSTIMHEHHBIE MACChI, TOTEPs YCTOMINBOCTH.

BBepneHue

[Tpo6nembl, BO3HHKAOIIUE B MTPOIECCE MATEMATHIECKOTO MOJICITUPOBAHUS JIBHIKY-
IIUXCS B TIOTOKE KUAKOCTU AS(OPMUPYEMBIX TEPMOYNPYTUX 3JIEMEHTOB KOHCTPYKIIHH
(cTpyH, TIOJIOTEH, OaJIOK, TaHeJIeH, Hepa3pe3HbIX MIACTHH, JUCKOB U JP.), PEICTABIISIOT
OIIpeJENICHHbII TEOPETUYECKUM U TPUKIIAJIHON HHTepec. Takue 3a1auu pacCMaTpUBAIIUCh
B psijie MyOauKamui (M., HarpuMep, cTatbu [ 1-5] u MoHOTpaduu [6, 7], B KOTOPBIX CO-
JICPXKUTCS MIHUPOKUHM 0030p HAydHOU JTUTEpATyphl MO yKazaHHOI mpobnemaruke). [Ipu
3TOM HCCIISIOBAITUCH KaK MPOIECChl HEYCTAaHOBUBIIIMXCSI KOJICOAHUH, TaK U 337291 YIpY-
roil HEyCTOMYMBOCTH B CTATUYECKOW M JUHAMHYECKOHN MMOCTAHOBKAX, TO €CTh 3aJaull O
JUBEpreHnnu U ¢uarrepe. VcciienoBanue OupypKamuy JBUKYIIETOCS B MPOIOJILHOM
HaHpaBJIeHI/II/I 158 COBCpH_[aI-OHIeFO HOHCpe‘IHLIC CTAaTUYCCKUEC U JUHAMHUYCCKHUE OTKIIOHEC-
HUs (KoeOaHwMs) YIPyroro MoJIOTHA ¢ YYETOM BO3JICHCTBHS Ha TIOJIOTHO IIEHTPOOEKHBIX
1 KOPHOJIMCOBBIX CHJI, @ TAK)KE JIOKAIbHBIX HECTALOHAPHBIX BO3AEUCTBUI U IEHCTBYIO-
IUX B TUIOCKOCTH TTOJIOTHA CTAI[MOHAPHBIX HATSKEHUN TIPEJICTABICHO B cTaThsxX [§—10].
yquy BJIIUSIHUSA BSI3KOpryFI/IX CBOﬁCTB II0JIOTHA HAa JUHAMHWYCCKHEC XapaKTepI/ICTI/IKI/I
MIPOIOJILHO JIBMKYIIMXCS TTaHeJel mocBsimeHbl myonukanuu [ 11—13]. Uzydenue Bompo-
COB YCTOHYMBOCTH YCKOPEHHO ABMXKYIIUXCS BSI3KOYyNPYTUX OaOK U IUIACTHH C YIETOM
TIEPEMEHHOCTH CUJI HaTsHKeHHs oTpaskeHo B [14, 15]. BzanMonelicTBrue ABMXKYyIIETOCS
Marepuasa U OKpy>Karollei cpe/ibl OKa3bIBaeT 3HAUUTEILHOE BIUSHIE Ha TMHAMHYECKOE
noBejicHre cructeMbl. OTMETHM HCCIIeI0BaHMS KoJIeOaHMIA OJI0THA B Bo3ayXe [16] u npo-
BEJICHHBIN CTaTUYECKUI U JMHAMUUYECKUM aHAJIN3 B3aUMOJEHCTBUS MTPOAOIBHO JBUXKY-
IIEHCS MIACTHHBI C TIOTOKOM JIBMKYIIEHCS] aKCHAIIbHO HeanbHOU xuakocta [17]. Bo-
HpOCI)I aHaJim3a U OINTHMHU3AallMH, CBA3aHHBIC C BO3MOXKXHBIM pa3pymeH1/1eM 158 HOTepeﬁ
CTAaOMIIBHOCTH JIBMKYIIETOCS TOJI0THA, paccMaTpuBainch B [ 18]. HacTosmiiast ctarsst mo-
CBSILIIEHA M3YYEHMIO MPOJOJIBLHOTO ABMXKEHUS TEPMOYIIPYTOil Hepa3pe3HOol MaHesu, co-
BepIIAKOIICH Mallbie TIONIEPEYHbIC KOJIeOaHHsI B TIOTOKE MICATbHOM KUIKOCTH.

OCHOBHbI€ COOTHOLUEHUSA

PaccmarpuBaercs npsMoNIMHENHOE IBHKEHUE MTOJIOTHA, HAXOISAIIETOCs O BO3ACHUCT-
BHEM MIPOJIOJIFHOTO HATSKEHUS U MOAETUPYEMOTro TEPMOYTPYTOi Hepa3pe3HOi aHeIbIo
(6amkoit), moAep)KMBaeMO CUCTEMOM 3aKPETIIICHHBIX IIIAPHUPHBIX OTIOP, PEATTU3YIOINX
yC.HOBI/IS{ HpOCTOFO ormpaHym B KOHIIEBbLIX TOYKaX HpOJ’ICTOB IIaHECIIN. B npouecce HpHMO-
JIMHEWHOTO JIBYDKCHHUS MTaHEITh COBEPIIACT TEPMOYIIPYTHE ToniepevHbie kojebanwus. [Tpen-
MOJIaraeTCsl, 4YTO TEMIOBOE BO3CHCTBHE HA TAHEIh IPUBOUT K CTAI[MOHAPHOMY TEMIIe-
paTypHOMY pacrpeAesIeHHUIO 110 TOJIIIMHE TTaHeJIN U COOTBETCTBYIOIIUM TEMIIEPATYPHBIM
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yeunusam u aedopmanusm. CauTaercst, 4To MpoI0IbHOE IBUKEHHE U BOSHUKAIOIIHE 110-
TePEYHbIC KOJICOaHUs IPOUCXOJISAT MPU B3aMMOJICHCTBHUH MTAHEIU C BHEIITHEH Cpeioi, Mo-
JEUPYyEMOH UealIbHOM XKUKOCTBIO, KOTOPas IBUXKETCS C IOCTOSIHHOM CKOPOCTBIO.

YpaBHEHHE NOTIEPEYHBIX KOJICOAHHUH JIBUKYIIICHCS B IIOTOKE HJICATBHOM )KUIKOCTH 1
HaxosIeNCs 1o/ BO3/IEHCTBUEM MPOJIOJILHOTO HATSKEHUS YIIPYTOM Hepa3pe3Hoil maHe-
JIH JUTSL OJTHOTO TpoJieTa (MPEeAoiaraeTcs MapHUPHOE OMUPaHKe B TOUKaX X = /) 3aru-
CBIBAETCsI B DUIEPOBBIX KOOPUHATAX B BUIE [7]:

2 2 2 2 4
SN VAR USELTS Y S I L, (1)

ot OxOt ox ox ox
e /m — Macca Ha AMHUIly IUIOIAaM TaHeny, V, — CKOpOCTh IaHENU B IPOJOIbHOM
HAIMpaBJICHUH, W — IEPEMEIICHNUS B ONIEPEYHOM HanpasieHuu, D = Eh3/(12(1 -v?)) -
U3rubHast KECTKOCTh, /I — TONIMHA TaHend, £ u v — moayns FOHra u koaddumnmueHt
ITyaccona marepuana, 7\, u T, — pacTAruBarollee yCUIUe B IIIOCKOCTH [IAHEIN U YCHIINE
TEMITepPaTyPHOTO (TEIUIOBOTO) CXKATHsL. BrIpaxkeHHe B KPYIIIBIX CKOOKAX B IEPBOM UJICHE
neBoi yactu ypaBHeHus (1) mpeacraisieT coO0l MOMHOE yCKOPEHHUE TaHEeNH, BKITFOYa0-
miee B ce0st JTOKaIbHOE, KOPHOIHUCOBO M IIEHTpoOeKHOe yeKoperus. [IpaBas gacTh ypas-
HeHus (1) — cymma peakium KUJIKOCTH q,= qf(w), 3aBUCSIIEH OT yIpyTrux nepemerie-
HUI, U BHEUIHUX BO3JCUCTBUI g = g(X, {), MPUKIIA/IbIBACMBIX K [AHENU B MONEPEIHOM
Hanpasnenuu. Temneparypusie yeunus Ty 1 1eopMaruu €, ONpeAeIsioTCs BhIPaKeH -
svu [19]:

Eh 1 h/2
Ty=———8p €o=—0 |(04(2)=0)dz. @)
I-v h ",

3neck npemnonaraeTces, 4To KO3 GUIMEHT IMHEHHOTO TEMIOBOI0 PaCIMPEHHs O,y = const,
a temrieparypHas QyHkuus umeer Bug 0 = 0(z) = 0,,,(z) — 6,, roe 0,,, U orcueTHas
TeMueparypa 0, 3a1a10Tcsl B KeJIbBHHAX.

JanpHeilime ucciieoBaHus POBOAsATCS B 00iacTh {2 B 6e3pa3MepHbIX NepeMeH-
Heix X' =x/1, ¢ =t/T (uTpuxu y 6e3pasMepHbIX BETHYUH Jajiee OIyCKAKTCs), TI1e
12

C m
(x,)eQ, Q={(x,t):—-1<x<1, 0<t< o0},

2] — BenuuMHa MPOJIETA.

TouHoe BBIpa’keHHE TS PEAKIINH ABIKYIIEHCS CO CKOPOCTHIO V., B TIPOIOIHLHOM Ha-
mpaBJICHUU BAOJb OCHU X H[[eaJ'ILHOﬁ JKUIAKOCTH, OJTYUCHHOC B paMKaX TCOPHUHU TOHKUX
a’pOJMHAMUYECKUX Tipoduieii [1, 7, 20—-22], 3anuchiBaeTcst B BUIE:

__Pr(Lo 2] 1o, 8
AN CFRRPN JIN(‘C”X) e 3)
1/2
A 4 | d=00+E)
N(ﬁ,x)—nln Al A oo @

rae p/x‘ — INIOTHOCTDH XKUJKOCTH.
VuureiBas aensraodpasnoe nosenenue Gynkuun N(E,x) mpu § — x u ee npubin-
KEHHOE CpEe/IHEee 3HAYCHHE
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mean IN(& x)dg = — (5)

xe(-L1)
AIMIPOKCUMHUPYEM PEaKIHIO KUIKOCTH I[I/I(b(bepeH]_II/IaHBHHM BBIPDAXKCHUEM

g, =-m 182w+2vw@2 v2 0%w . _nlp ©)
] D Y Al A e
1€ M, — IPUCOETMHEHHAS Macca JKUIKOCTH.
Baenem Beipaxenue g’(x’, t") = g(Ix’, t¢")/T nns 6e3pasmMepHOil BHEIIHEN HATPY3KH
1 O6e3pasMepHBIX MONEePEeYHbIX aehopmaruii W’ = w/l (Tpuxu majgee OImycKaeM) U Uc-
MOJIb3yeM CIeayIolue 6e3pa3sMepHbIe K03(b(bnuueHTm:

ool gD
tC ’r’ C
vw ma VEXJ

K=—2, r =—% =

c " m 7,
JUIsL yIOGHOTO Ge3pa3MepHOro MPeICTaBICHUS Pa3BUBAEMOit THIPOTEPMOYTIPYTOii MOfIe-
mm. C yd4eToM TIpHBE/ICHHBIX COOTHOTIEHHIT M BBE/ICHHBIX KOS(h(HIMEHTOB ypaBHEHHE

(1) u cooTBeTCTBYIONTME OE3pa3sMEPHbIC IPAHUYHbIC U HAYATIBHBIC YCIOBUS 3aIIUCHIBAIOT-
csI B BUJIE:

w 2
a’(1+r ) +2ac(1+rr) 2;+
82
+[C (1+l"l" )_1]_ B_=g7 (X,I)GQ, (7)
o ow
(W)x:il =0, XVZV - =0, (W)t:O = g,(x), (51_0 =g,(x).

3neck g, u g, — 6e3pasmepHblie GyHKIMY, 3a1anHbple npu —1 Sx < 1.
MNpumeHeHne meToaa MNanepkuHa oNA aHanvM3a AMHaMUKU CUCTEMBI

Jns 4rCIieHHON peanu3alyi THApOTePMOYIIPYTOi MOIENIH, OMUCHIBAIOLIEH HECTa-
IMUOHAPHOC MOBEACHHUC IMaHCIIN, )Z[BH)I(yLLlCﬁCS[ B IIOTOKE I/IILeaJIbHOIZ KUAKOCTH, TPUME-
HuM MeToA ['anepkuHa. [lepeMenienrne w npencraBuM B BUAe psna ["anepkuna

W)= 3 (O, (), ®)

rae yepes W, (x) o6o3HaueHbl GpyHKIMH GOPMBEI

¥ (x)=sin [%(x + 1)} xel[-11],

YIOBJIETBOPSIOIINE IPAHUYHBIM YCIOBHSIM paccMaTpuBaeMoi mojen. [lanee cornacHo
metony ['anepkuna ¢ noMomibio yMHOKeHUs ypapHenus (7) Ha pynkuun popmbl W, (x) u
MOCIEAYOIIEro HHTErpupoBanus no obnactu {x € (-1, 1)} BeiBomuTcst cnabas hopma
ypasHenwus (7). [loncranoBka B monyuatomieecs ypaBaenne psjaa ['anepkuna (8) nmpuso-
JIUT K CHCTEME OOBIKHOBEHHBIX JU((epeHIIMaIbHBIX yPaBHEHHUIH:
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. d*f, df,
2 n n
Z{a (1+r,)4,, 02 +20c(1+7,5,)B,, " +

n=1

2 2 .
+H(c*A+rr,)-1C,;, +BD,,1f, } -G,(=0, jn=123,..,
K03((HULUEHTHI KOTOPOI BBIYUCIISIOTCS C HCTIOIB30BAHUEM 3aJAHHBIX (PyHKINI (OPMBIL:

= j‘Pn‘dex =3,

1 Oa j=n7
B = \P nd = n' i+ .
" f Mg TS YT -, e,
s n—j
1 2 . 2
I d (]n)
C,=1|Y¥; Ldx=——19,,
J' J‘l J de 2 J
1 4
d*V¥ jm
D, =¥ ”d o,
" £’ dx* (2) o

B stux dopmynax 6, — nensra Kponekepa. 3ananue dynxumit g(x, 1), g,(x), g,(x),
BXOJIIINX B paCCMaTpUBAEMYI0 THAPOTEPMOYIPYTYIO MOAEIb, U pyHKuuii popmsl ¥, (x)
HETOCPECTBEHHO MPUBONT K ONpPENeTCHHIO QYHKIMH 1 Ha4YaIbHBIX TapaMeTpoB, Gu-
T'YPUPYIOIIHX B IOJTYAUCKPETHOM cxeme MeTosia [anepkuHa:

1
G, =g, ()dx, j=1,2,3 ..,

|
1 df 1

(f)ieo = J‘Pjgldx, =L = j‘Pjgzdx.
-1 dt t=0 -1

onaras g,(x)=g,(x) =0 (-1 <x< 1) ug(x, ) =1 ((x, ) € Q) u npuMeHsist MeTox
lanepxuna ¢ 1BymMst QyHKIUSIMU (POPMBI, TPUXOJUM K CUCTEME OOBIKHOBEHHBIX An(de-
PEHIMANBHBIX yPaBHEHHI:

d d
d];l +K,, /1K, _Kogzo’

d
n —5 T K h - K22+K0£:0

C COOTBETCTBYIOLIMMH HYJCBBIMH HauaJIbHBIMH YCJIOBUSIMH M CHJIOBBIMH (hakTOpamu
G,(t) = 4/, G(t) = —2/m. Koapduuments K, K,,, K, K,, u K, BeIpaxkaiorcs yepes
OCHOBHBIE MTApaMeTphl MozienH, a QyHkuun f,(¢), f,(f) HaXo#ATCA ¢ NPUMEHEHHEM YHC-
JICHHOTO MHTEIPUPOBAHMS CUCTEMBI OOBIKHOBEHHBIX MU (GEpeHIHANbHBIX YPAaBHCHUIH,
HanpuMmep, o Metoxy Pynre — Kyt I1pu 3ToM KonebaTenbHbIN IpoIiecc OMUChIBACTCS
CIICYIOLIIM BBIPaXKCHUEM:

w= (¥, (x)+ f,()P,(x) = fl(t)sin[g(x+1)j+f2(t)sin(rc(x+1)).
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WccnepoBaHue ctaTnyeckon HEYCTOMYUBOCTU NaHenu

B kavecTBe Apyroro NpUMEHEHHUs THIPOTEPMOYIIPYTO MOIEIIH PACCMOTPUM 3a1a4y
CTaTUYECKOM HEYCTOMYNBOCTH JIBHKYIIIECHCS TAHENIN B OTOKE UI€aIbHOM )KUAKOCTH. [Ipn
CTATHYECKOM aHAJIN3E YCTOMYMBOCTH B ypaBHerwH (7) monaraercs 0 w/0t> =0>w/oxot=0
u g(x, ) =0. Ha ocHOBaHHHU THIPOTEPMOYIPYTOil MOJIENH B 3TOM Cilyyae OyleM UMETh
OIHOPOAHOE OOBIKHOBEHHOE Au(epeHInaNIbHOE YpaBHEHHE A (PyHKIUU MPOruOoB
w=w(x):

d*w d*w
+B———=0.
dx* dx*

[02(1+rv2rm)_1]

2
BBeieM HOBYI0 epeMeHHy 0 (x) = d“w/dx* u chopmynupyem KpaeBylo 3aj1ady Ha
COOCTBEHHBIE 3HAYEHHUS, B KOTOPOH COOCTBEHHOE 3HaUYeHNE 0003HAYEHO Uepes A
2

‘;"’+xw=o, w(=1)=0, w(l)=0, X:%[cz(lJrrvzrm)—l]. ©)

2
X

U3 pemenwnst 3ampaun (9)

. . 2
w(x):Asin(%(xH)j, x:(?), =12,

Clle/lyeT, 4To MUHUMAJILHOE 3HAYeHHe A COOTBETCTBYET j = | H, 3HAUMT, A, = Tt*/4. Ta-
KHM 00pa3oM, Ha OCHOBAHUH MHHUMAaJIbHOH BEJTMYMHBI COOCTBEHHOTO 3HAYCHHS 1 BEIpa-
Kenus (9) it A IPUXOAUM K OCHOBHOMY BBIP@KEHHIO JUISl KDUTHYECKUX TTAPAMETPOB
CTaTUYECKON HEYCTOMUYMBOCTH
2 2

T / 2 2 Eh

—=—\mVy; +m,yv, Ty +——¢, |, (10)

4 D l-v
MIPEJCTABICHHOMY C MCIIOJIb30BaHUEM pa3MepHbIX BennurH. Kak cienyet u3 (10) u BbI-
paxkeHuii 111 neopMaImu €, U IPUBEICHHON MACCHI 71, CIPaBeIIMBbI (HOPMYJIbI IS
KPUTHUYECKON CKOPOCTH TMBEPTEHLINN

2

n°D Eh

TCZ 2
g T e

1
(Vo2 )div =
m

U 1151 KpUTUYECKON TeMIepaTypbl IOTEPH yCTOMUMBOCTH

2
div = v To+7tlz)_mV02_n_l
Eha, 41 4

pfvczo

BHI/IHHI/IG HpHBeI[CHHOﬁ MacCChI Ha KpI/ITI/I‘IGCKyI-O CKOpOCTL )Z[I/IBepFeHLlI/II/I OLICHUBACTCA
MIPY [TOMOIIH COOTHOIICHHI

14 (K’"} k_ L(@D T

% m v \4ml®* m

® /div ®

1 TIOKA3aHOo Ha puc. | B BUJIEe CeMeNCTBa CIUTOIIHBIX JINHHMA, COOTBETCTBYIOIINX 3HAYCHH-
sm K =1, 4.
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VolVeo

1,5

1,0

0,5

Puc. 1

HeKOTOpre 3amMevyaHuA U BbiBOAbI

B Hacrosiieil crtaTbe M3ydeHUE NBHKEHHUS TEPMOYIPYrOol HEpa3pe3HOW MaHENH B
IIOTOKE I/IILGZU[I)HOI\/'I KUOKOCTU OFpaHI/I‘II/IBaCTCSI HpHMCpOM HCCJICA0OBAHUA CTaTquCKOﬁ
HEYCTOMYMBOCTH (JIMBEPTECHIINN ), BO3HUKAIOIIEH MPU KPUTHUYECKOM TeMITeparype 1 CKo-
pOCTI/I JOBUXCHUS.

Boree 001IUM MOAX0I0M K UCCIICJIOBAHUIO YCTOMYMBOCTH JINHEWHBIX CHCTEM SIBIISCT-
cs1 OM(ypKaLMOHHBIN TOAXO0/1, BKIIIOYAOIIUH B ce0sl, B Y4CTHOCTH, CTAaTUYECKUH U AMHA-
MHYECKHA MeToAbl. Tak, MpU HCCIENOBAaHUU TUHAMUYECKON YCTOWYMBOCTH B PAMKaxX
Ppa3BUBaEMOI MOJIEIH U CICTTAHHBIX IPENONOKEHUIA Tonaraetest w(x, 1) ="V, (x)exp {s,t},
TJE S, — XapakTepucTUIecKre mokasarenu. [Ipu aToM onpesensroniee HecTannoOHapHOE
ypaBHEHHE CBOIUTCS K ajredpanieckoMy YpaBHEHHIO OTHOCHTEIBHO MOKA3aTels 9KCIO-
HEHTHI, ONPEJIEISAIONEMY KPUTHUECKUE MapaMeTphl JUHAMUYECKON HEYyCTOWYMBOCTH
(pnarrepa). Haumenbliiee 3Ha4eHUE CKOPOCTH TIAHETIH, TIPU KOTOPOH OJIMH U3 MOKa3are-
JIeH S, IepEXOANT Ha TIPABYIO MOTYTIOCKOCTh, OCTABASICh ITPH TOM KOMILIEKCHBIM, SIBIISICT-
CSl KpPUTUYECKOH CKOPOCTHIO (rarTepa. AHAJIOTUYHO ONPEENACTCS KpUTUYEeCKas TeMITe-
parypa (atTepa.

B CTarbe npennonceﬁa HOBas MaTeMaTHu4YeCKasad MOJACJIb JIBUXCHUS pryFOfI IIaHCIIu,
B3aUMOJEHCTBYIOLIEN C TEMIIEPATYPHBIM MOJIEM U IOTOKOM HJI€aNbHOM KUAKOCTH. Mo-
Jiellb OCHOBaHa Ha ydeTe TepMoedopMaIuii B IIOCKOCTH MaHENIH U CBEJICHUN PEeaKIIun
TOTOKA K BO3ACHCTBHIO HA MAHEh PUCOSAMHEHHBIX MACC KUIKOCTH. DTO MIPUBOIUT K
3HAUUTENBHBIM YIPOLICHUSM aHANIN3a ABWKCHUS U yCTOHUYNBOCTHU MaHenu. DddexTus-
HOCTH ONTMCAHHOM TUAPOTEPMOYIIPYTOH MOJIENH MTPOMILTIOCTPUPOBAHA Ha IPUMEPaX IOITy-
JMCKPETHOTO aHalIn3a HECTAIIMOHAPHBIX KOIeOaHUH U aHATTUTUYECKOTO PEIIeHUS 3a1a491
MOTEPH YCTOWIMBOCTH MPH KPUTHUECKUX TEMIIEparypax U CKOPOCTSIX ABMKEHUS ITaHEIH.
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STABILITY INVESTIGATION OF PANEL AXIAL MOVEMENT TAKING
INTO ACCOUNT HYDROTHERMOELASTIC INTERACTION

Banichuk N.V.'? Ivanova S.Yu.'

'A. Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences,
Moscow, Russian Federation
*Moscow Institute of Physics and Technology, Moscow, Russian Federation

An axial movement of a web under axial tension is considered. The web is modelled by a
thermoelastic continuous panel (beam), which is supported by a system of fixed rollers realizing
the simply supported conditions at the ends of panel spans. In the process of axial movement the
panel provides transverse thermoelastic vibrations, which are described by applications of Eulerian
coordinates. Arising transverse vibrations define the local accelerations, the Coriolis accelerations
and the centripetal accelerations. It is supposed that the thermal loading on the panel leads to a
stationary temperature distribution on the panel thickness and to corresponding temperature stresses
and strains. It is treated that the axial movement and arising transverse vibrations are realized with
interaction of panel and external medium modelled by an ideal fluid moving with a constant velocity.
The exact integrodifferetial expression received from the theory of thin aerodynamic profiles is
applied for the reaction of a fluid moving with a fixed velocity. The approximate middle value
approximating the fluid reaction by a differential expression is defined. It makes possible to reduce
the integrodifferential equation of panel dynamics to the simplified differential equation. The
described model supposes that the hydrothermoelastic deformations are small and it corresponds
to approximation of added mass of fluid used for hydrothermoelastic reaction. This leads to essential
simplifications of the developing hydrothermoelastic model and it makes possible the application
of analytical and semi-analytical approaches for the analysis of dynamics and stability of the
considered system. For convenience the non-dimensional variables and defining parameters are
introduced. The numerical realization of the hydrothermoelastic model describing the non-stationary
behavior of a panel moving in the ideal fluid flow is based on the application of semi-discrete
scheme of Galerkin's method. With the help of two shape functions the problem of non-stationary
dynamics describing by the partial differential equation is reduced to integration of the system of
two ordinary differential equations. As another application of the hydrothermoelastic model it is
considered the problem of static instability of a moving panel in a flow of'ideal fluid. The introduction
of the auxiliary variable makes possible to formulate the boundary eigenvalue problem and to find
the critical values of static instability parameters in the analytic form. Thus, the effectiveness of the
described hydrothermoelastic model is illustrated by the examples of semi-discrete analysis of
non-stationary vibrations and the analytic solution of the stability loss problem under the critical
temperatures and velocities of system movement.

Keywords: axial movement of material, hydrothermoelasticity, transverse vibrations, added masses,
loss of stability.
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