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Duzuxo-mamemamuyeckue Hayku

YK 539.215; 539.374

3JIEMEHTBI HEMTMHEMHONM IUHAMMKH B MEXAHUKE MATEPMAJIOB M KOHCTPYKLIUNA

A.H. Pyoaes

PaccMaTpuBaloTCcA 3alaul KOHKPETHBIX peanusauuﬁ MeToaoB CUHepreTkM gna moaenmposaHvA nNpoueccos
ceepxnnacTtu4eckoro Te4eHuA, 0Cagkn ropHbiX nopog n hccneqoBaHvA yCTOﬁHHBOCT M BbICOTHbIX NNOTHUH.

Knoyesbie cnosa: CAHEPreTuKa; CBepxnnactMyHoCTb; TEOPUA N METObI KaTaCTp0¢; NnoBpPEeXAaeMOCTb; YCTOI:NH'

BOCTb; aTTpaKTopbl; 0cobble TOuUKA.

ELEMENTS OF NONLINEAR DYNAMICS IN MECHANICS MATERIALS

Ya.l. Rudaev

The article considers problems of concrete realization of methods synergetic for modeling processes a superplastic
current, draft of rocks and a research of stability high-rise dams.

Keywords: synergetic; superplasticity; theory and methods of catastrophe; damageability; stability; attractors;

special points.

B nocnensee BpeMs 60nb110e BHUMaHHUE Y-
eTcd HCCIIENOBAaHMIO Ie(OPMALIHOHHOTO IIOBEACHHA
MaTepHANIOB, KOTOpble MOXHO paccMaTpHBaThb Kak
He3aMKHYThbIe HepaBHOBeCHBIe cHcTeMbl [1]. B kage-
CTBe NMPHMeEpa CONLTIEMCA Ha MHOTO(YHKITHOHATHHEIE
MaTtepHalbl, KOTOPbIM MpH AehOopMalyH OTBEHACT
Hepapxusa HeoOpaTHMMBIX CTPYKTYPHBIX COCTOSIHHH,
XapakTepHas I CHCTEM, HAaXOUAIMMXCA BAAIH OT
TepMOAMHAMMYECKOro paBHOBecHdA. i mHiydeHus
3aKOHOMepHocTeH Je(opMUApOBaHHA TaKHX MaTcpHa-
JIOB OKa3hIBA€TCA HEMPHEMJIEMBIM KBa3HCTalLMOHap-
HBII TOIXO0J, pacCCMaTPHUBAIOIIMI pa3BHTHE CIIOKHOM
CHCTEMEI Kak CMEHY OJITHOTO VCTOHYHBOTO COCTOSHHUA
APYTUM ¢ KpaTKHM TIEpHOIOM NepexoqHOTo mpollecca
MEXIy HHMH. 3TO TMO3BOJIAET B COOTBETCTBHH
C TMPHHITHIIOM JIOKAJTbHOTO PAaBHOBECHA XapaKTepH30-
BaTh COCTOSIHHE HE3aMKHYTOH HECpaBHOBECHOI ci-
CTEMBI JIOKAILHBIMH TEPMOIMHAMHIECKHMH INOTEH-
LMAJIaMH, 3aBHCAMOCTb KOTOPLIX OT BPEMEHH BBIpa-
AETCA depe3 TepMoIHHAMHYECKHe MapameTpsl, M
KOTODHIX BBIMOMHAIOTCA YPaBHEHHA KIAacCHYECKOM
TepMOIHHAMHKH.

Oppako aHanW3 peanbHOi nedopManMOHHON
AHAAMHKY [TOKA3bIBAET, YTO IIEPHOJ HEPaBHOBECHOIO
COCTOSIHAA MOXET OKa3aThCH CIMIMKOM LTATEILHBIM,
qrobel UM MOXHO Obuto mpeHeOpeds. Bomee Toro,
HHOrJa TpebyeTcs MOJAepXKUBaTh CHCTEMY B HepaB-
HOBECHOM COCTOSHHH, yIpasiias uM. [Tosromy xBa-
3UCTAIHOHAPHKIM MoaxXoA 3¢ ¢eKTHBEeH N0 TOro Mo-

MCHTa, II0Ka B CHJIy HEKOTOPBIX NPHYHH XapaKTep
CTALMOHAPHOTO COCTOSHMA M3MEHUTCA KapaHHAJIb-
HbIM oOpasom. Tlogo6Hble H3MEeHEeHHs, HalbIBacMble
Ouypkamuamu, npuHALIEKAT yKe K 0bsacT npu-
NoXeHH# METONOB HeNMHeHHOro JIMHAMHYECKOro
aHanuza. MeTozonorns aHaiMsa HEAWHEHHBIX JWHA-
MHYECKHX CHCTeM ogopMHiIach B Hay4qHOE Harpas-
JIeHHE, Ha3jplBaeMoe CHHepreTHKo# [2, 3], xortopoe
HaleJeHO Ha BbIABJNCHHE OOM[MX MMPUHLMIOB JBOJIO-
UMM W CaMOOPTaHW3alMH CJIOXHBIX CHCTEM pa3Jiid-
HOM TNpHPOILI HAa OCHOBE MOCTPOEHHA M H3YYEHHS
HENMMHEeHHEIX MaTeMaTHIECKHX MOAEEeH.

B coBpeMeHHOH TpakTOBKe NPHHATO CYHTATh
[4], 9TO cCHHepreTHka HccleayeT BO3HHKHOBEHHE
YIIOPANO4YEHHBIX (JTHCCHIIATHBHBIX) CTPYKTYP B OT- |
KPBITBIX CHCTEMAX 3a CYET B3aMMOJICHCTBHA C BHEI-
Heil cpenoii. Kak cnenctsue, npobiema HeoGpaTHmo- |
CTH ¥ CBA3aHHas# C Hel 3ajaya IPOrHO3HPOBAHMS
MOXeT ObITL OCTAaBNIEHA.

B pamkax AcTepMHHHPOBAHHOIO NOIXO0a, Clie-
oya [5], momaraem, 9TO MOJCIMPOBAHME peabHOMN
¢u3uKo-MexaHHdeckoli CHCTeMBI HAYHHAETCH C BBE-
HEeHHA KOOPLUMHAT COCTOSHMSA 1), Ha3BIBaEMEIX Mapa-
MeTpamu nopanka. O4YeBHAHO, YTO MaTeMaTHYeckas
MOJIENTb, OIMHCHIBAIOIIAA 3aKOHOMEPHOCTH BhICOKO-
TeMIepaTypHo#i nedopMauuy B DIMPOKOM CKOPOCT-
HOM [Mana3oHe, HO/DKHAa OTpaxaTb NUHAMHKY IIpo-
necca. [To>ToMy JIOTHIHO OTOXIAECTBIATH Ae(hopMHE-
pyeMEBlii MaTepwan ¢ aBTOHOMHOH JMHaMHuYeckoif
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AH. Pydaes

CHCTEMOH, NOMIMHAIOMIEHCs KHHETUYECKOMY ypas-
Hemmio [5]

dn

7= F0.B), (1)
rae F(n,B) — cunosoit daxrop; B onpenenser cemeh-
/CTBO YNPaBIAIOMMX NIApaMeTPOB; a M| 3aJaeT MoJjo-
WEHHE CHCTEMBI B NPOCTPAHCTBE KHHEMATHYECKHX
B TeMINIePaTyPHbIX MEPEMEHHBIX.

Ypasrenue (1), Mozenupylomee aBTOHOMHYIO
| HEHAMHYECKYIO CHCTEMY, MOXHO YOPOCTHTH [5], ec-
JH BHEMIHHE CHIbl [PHHATE KOHCEPBAaTHBHBIMH,
@0TBETCTBEHHOCTh 33 (UIYKTyalLlMH BO3JIOXHWTH Ha
‘yopasismiomue rnapametpsl 3. [Ipm 3TomM BmecTto (1)
MOXHO 3aNHCaTh

dn_ odMm.p) _ . :
—=———=F(n,p). 2
& p (m.B) )
3nece P(n,p) — «noreHmManbHas» QyHKIMA,
‘@ fepopmmpyeMbiii  MaTepHal  OTOXKIAECTBIAETCH

¢ TPAMEHTHOM THHAMHYECKOH CHCTEMOI.

Brann ot paBHOBECHA rpaJHeHTHas THHAMHYE-
/CKAf CHCTEMa 3BOJIIOLIHOHHPYET K HEKOTOPOMY CTa-
HOHADHOMY COCTOSIHUIO, YCTaHABIMBAEMOMY U3

yenosna
I ?M =0. (3)
E o

B cTauMoHapHRIX NONOXKEHHUAX CMeHa COCTOs-
HElt OCYmIECTRIAETCA 3a CUeT M3MEHEeHHS YIpaBJii-
omero napamMeTpa. MaTeMaTHYEeCKH NONOOHBIE CMe-
Bl OIMCHIBACT JIEMeHTapHas Teopus karactpod [5].

CeepxnaacmuyHocmd alOMUHHEEHIX CNI1ABOE.
Cormacro [6] cBepXIUIACTHHHOCTS paccMaTpPUBAETCH
E2K 0c000€ COCTOAHHE MOJIHKPHCTAUTHYCCKOTO Ma-
‘TepHANa, ILIACTHYECKH AeGOpPMHpYEMOro NpH HH3-
XOM YpoBHe HANPSDKEHMH ¢ COXpaHEeHHMEM MeNKo3ep-
'HHCTOH CTPYKTYPBI, 1IOJIYCHHON HAa UpeUBAPHUTEIIb-
HOM JTane (CTPYKTYpHas CBEpXIUIACTHIHOCTH) HWIH
oopMupoBaBIciics B mpoliecce Harpesa H medop-
MAUMH (IMHAMHYECKas CBEPXILIACTHYHOCTD).

BHemAe CBEpXILIACTHYHOCTh HEOPraHHYECKHX
METCDHA/IOB NIPOSABIIETCA B (DOpME aHOMAIBLHOTO
KBA3HOAHOPOJHOIO YUIMHEHHS NPH MATbIX 3HAYCHU-
X HANpSDKEHHI [U1aCTHYECKOr0 TEUECHHA.

" CrpyktypHas (MHKpoO3epeHHas) cBepXIUIacTHY-
‘Hocts peanmyeTcst [7-9] B onpenesieHHBIX TeMIiepa-
TYPHO-CKOPOCTHBIX YCJIOBHMAX B CIDIABAX C HCXOIHBIM
MenxuM 3epHoM (1-10 MxM), npudem aHoMaibHBIC
JedopMaiii NpH pacTHKeHUH 0GHACHAIOTCA NpeBa-
JIEpOBAHMEM MeXaHHM3Ma 3epHOrPaHHYHOrO INpo-
CRAI3BBAHAS CO CMEHON cocenelt 3epeH Hal OpyTH-
ME dopMaMH MaccomepeHoca.. AHAJIOTHYHBIN MeXa-
HIM Da3sBHBaeTCAd M NMpH IMHAMHYECKOM CBeXIUia-

CTHYHOCTH, MPHYEM MeEJNTkOE 3¢pHO GOPMHpPYETCs mpHU
Harpeee M nedopMaly B Mponecce JUHAMHYECKON
PEKPHCTAUTH3AINAH, OJIMMOP(HBIX H MapTeHCHTHBIX
upespamenuii [10]. Hampumep, sddext cepxmuia-
CTHYHOCTH MPOMBIILIEHHAIX AMOMHHMEBBIX CIUTABOB
00yCIIOB/IEH CTPYKTYPHBIM TIEPEXOJOM — AHHAMHYE-
CKkOHM pexpHcTa/umM3anyeli, BBIABJIEHHOM CHaudala
B ONbiTax Ha cxkatHe [11], a 3aTeM M Ha pacTHXKeHHE
[12]. IlpoMcxonsmide OpH AUHAMHYECKOW PpEKpH-
CTA/UIM3ALMA CTPYKTYPHbIE H3MEHEHAA 3aKII0YAI0TCA
B BO3HHKHOBEHHH B NEPEXOMHBIX PE)XHMaX paBHOOC-
HOH MMKPOCTPYKTYpPbI C O4CHb MEJIKHM 3CPHOM, pa3-
Mepsl KoToporo (1-10 Mxm) npubausuTeNbHO coBna-
HalT ¢ pasMepaMmn cyosepeH. I ¢eKkThl, OUCAHHBIE
B [13], ¥ ¢popMupOBaHHE MENKO3EPHHCTON CTPYKTY-
PBI II03BOJISIOT IIPOrHO3MPOBATH IOABICHHAE CTPYKTY-
phl, crnocoOCTBylOmel peajiM3allAl XapaKTEpPHOrO
IJI1 CBEPXIUIACTHYHOCTH ITPOCKANB3bIBAHHA MEXKILY
3epHaMH. CTPYKTypHOE COCTOAHHE NPH 3TOM ABJIACT-
¢ POMEKYTOTHBIM MEKIY MCXOAHBIM Ae(OpMHpO-
BalHBIM M KPYIHO3ePHHCTBIM PEKPUCTAIM30OBaH-
HbIM. CriezioBaTeNlbHO, HaJIMAMe HarpeBa W gedopMa-
MM B ONpeNeNeNHOM COYETAHWH NMpH HeM3MEeHHOM
XMMHYECKOM COCTaBe MEHAET CTPYKTYPHOE COCTOs-
HHe maTepHainoB [6]. ITo cymecTBy B MeHAIOMIMXCH
TEPMHYECKHX M KHHEMAaTHYeCKUX YCJIOBHAX B Ie-
(GOpPMHMPOBAHHLIX AJIOMHMHMEBBIX CIUIaBaX MOXeET
Hab/loJaThCs HEpapXMA CTPYKTYPHBIX COCTOSAHHIA,
XapaKTepHas JIf CHCTEM, HaXOIJIMHUXCA BIaldH OT
TEPMOAMHAMHYIECKOTO PABHOBECHSA, B CBA3H C YEM,
NONE3HLIM OKa3hiBAeTCS TNpPHBJIEYEHHE MpeCTaBje-
HNH 0 HepaBHOBECHBIX (a30BLIX TEpexoax.

Brepnrle 3amaua ompeneneHus VCNoBHil mepe-
X0da MpPOMBIIUICHHBIX AMOMHHHEBBIX CILIABOB
B CBEPXIUIACTHYECKOE  COCTOAHHE  PACCMOTpEHA
B [14]. TlocTanoBKa yKa3aHHO# 3alai OCHOBaHA Ha
OO0/IBIIOM KOHYECTBE 3KCIIEPHMEHTANIBHLIX JaHHEIX,
0600menHbEIX B [6] M OTHOCAMMXCA K CIUIaBaM
AMTS, 1561, 118T, 1980, B95, AK4, AK6, AKS8.

DKCHepHMeHTaIbHOE H3ydeHHe JedopMalHoH-
HOFO TOBEJEHHA TPYIIIbl NPOMBINUIEHHBIX AHOMH-
HMEBBIX CIUVIABOB B [IMPOKMX TEMIIEpaTypHO-
CKOPOCTHBIX AHANAa30HAX 3aKI0YacTcs B HCCIEN0Ba-
HHMH YPaBHEHHNs COCTOSAHHS BHIA

c=0(0,t,£), (4)
rge ¢ — ACHCTBHTENbLHOE HAIIpsDHKEHHE, E,E — cooT-

BETCTBEHHO CTeNeHh M CKOPOCTH Aedopmaimm; 6 —
abcoioTHas TeMIiepaTypa.

Ha pucynxe 1, a cxeMaTH4HO IIpeICTaBIECHLI
HaKOIUICHHBIC SKCIEPAMERTAIIbHBIE JaHHbIE 110 3aBH-
CHMOCTSAM HaNpsDKeHHsd OT TeMIlepaTyphl B CKOPOCTH
nedopmaiy. BhI4BNIEHO CYIMIECTBOBAHHE TepMHYe-
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Pucynok 1 — CxeMaTHYECKOE MPEACTABICHUE YKCICPHMEHTANBHBIX 3aBHCHMOCTEMH
«HAIPSHKEHUE-CKOPOCTh Ae(opMaLKy aMOMMHHEBEIX CIUTABOB B PA3TUYHEIX TEMIEPATYPHBIX
JMana3oHax (a); K yC/IOBHAM IIEPEX0a aJIIOMHHHUEBEIX CIUIABOB B CBEPXILIACTHYECKOE CocTOAHME (O)

CKHMX M CKOPOCTHBIX [JIHAINA30HOB, B KOTOPLIX CEMEHCTBO
M30TEPM  (HAIIPSDKEHHE-CKOpOCTh  JeopMalil»  OT-
KJIOHAECTCA OT MOHOTOHHOTO XapakKTepa C NOoABJIEHHEM
Touek Oupypraupy. Hucrajarompe BeTBH YKa3aHHBIX
MBOTEPM MPUHMMAIOTCS COOTBETCTBYIOIMMH IPOSIBIIE-
HHMIO CBEpXIUIACTHUECKHX cBOiicTB, XapakTepHble IpH-
3HAKH CBEPXIUIaCTHYHOCTH — HH3KHH YPOBEHh HAMps-
KEeHMI ¥ BbICOKad JedopMallMOHHAsA CTIOCOGHOCT MpH
PacTsLKeHHH OTMEYAIOTCH B YTIOMAHYTHIX JHATA30HAaX.
VYcTaHOBNEHHAS HEYCTOMYHBOCTh HANPSKEHHS IO OT-
HOLICHHIO K CKOPOCTH pAedopMalMdH HMEET MeECTO
B TEMIIEPATYpHOM HHTEpBajIe Be]ﬁf’ ,9‘;[, IIpHYEM

07,0 Ha3BaHBl COOTBETCTBEHHO HWDKHEW M BepXHeli
KPHTHYECKHMH TeMTiepaTypaMH (PHCYHOK 1, a).

Knaccuueckoe ommcaHde (a3oBbIX IEPEX0/0B
IIpelycMaTpHBacT BBEIECHHE CeMelCTBA NOTEHLMATb-
HeIx QyHxumii O(m,p), 3aBncamux (2), (3) ot napa-
METPOB 1I0psAlKa T M YIPaB/IAIOLEro napamerpa P.
M3 ycnoBus kadecTBEHHOH MIGHTHYHOCTH 3KCHEpH-
MEHTAJbHBIM JAHHEIM BHIOHpaEM MOTEHIHAILHYTO
¢ynxinmno B popMe katacTpodsi cbopku 5] ¢ yuetom
BITMAHUA BHENIHETO MOJIA:

Tak cranmapTHol penykumedt (6) BBoaMTCA
CBSI3b OMMCAaHUA npouecca AeopMaLMH C TCOpPHEH
katactpod, 1N=1(€,0) aHanM3MpyeTcs KaK KOJIEK-
THBHas MOJa.

3Hauenns o =0 (0), € =£€(0) oTBevaroT
TOYKaM Tepernda M30TepM O ~ € (PHCYHOK 1, a)
H paccMaTpHBAIOTCH KaK albTepPHaTHBHLIE BHYTPEH-
HHE MapaMeTph! COCTOSHHA. Y KaKeM, 9TO

€ =€) & =¢(0)). (7

CocTosHMIO PaBHOBECHS OTBEYACT YPABHEHHME, TIO-
JIyueHHOe MUHMMH3aLue#i (5) o mapaMeTpy nopsgxa

g=mn’ + pn. (3)

IlpencTaBnesne QyHKUMH (5) KaKk MOPCOBCKOMH

[14] noseonser yrteepxkaath, uro mpH f > 0

(§¢]0,][) m3smenenmit cTpyKTypHOrO XapakTepa

B JeopMHpyEeMOM MaTepHale He [POUCXOIHT.

Venosne <0 (£€]0,1[) coorserctayet crpykTypHO

HEeyCTOHYMBOMY COCTOAHHIO Cpefbl. B mepexoaHBIX

COCTOSTHHAX UMEKT MecTo paseHcTsa B(0) = B(1) = 0.
3HaYeHUs MapaMeTpoB MOpAAKA M cKopocTeil ne-

1 s 1 5 5 ¢opmaryiii, OrpaHMYMBAIONIHX O0MNACTH CTPYKTYPHbIX

(D(n- B) = Z o+ E B(’E..)n -qm. ) H3MEHEHHH HpH & e ]0’ 1[ 6yyT paBHSI (PHCYHOK 1, 6):
3neck 8 2 8 2

c e ., _6-6r Y B Y L. I

q=—=-1 T1=é—.~1, §=§:—_—9;:, (6) "ha ( m[,] ¢ ( ”’DJ ©)

rae mo ~const, B = B(§)'— GpyHKIHT TeMIEPaTypsL.
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Pucynok 2 — Conoctas/ieHHE TEOPETHICCKUX (CILIOMIHEIC JIMHAH) M SKCIIEPUMEHTAIBHBIX (O,®)
JAHHLIX NPH PACTOKCHHH H CXkaTHH 00pasnos: a) cwiasa; AMrS npu: 1 (0) —0=713 K: my =0,3333;

B=0,1727;2 (8)—0 =753 K; m;=0,3333; B

=—0,0335; 6) conasa AK4 npm:

1(0)-0=723 K.

my=0,2428: p =0,1733; 2 (e) — 0 = 783 K my = 0,2428; B =—0,1679

a 114 [Hana3oHa MPOSABICHHS CBEPXIIIACTHYECKHX
CBONCTB NMOJTYIHM:

1/2 2
n;£=i[——p—) L g =¢ |¢(--‘1) . (10)
m ‘ m

0 0

OdeBuiHO, 4TO NpH AehOopMALMM pealuzyeTcs
npoliecc CaMOOpraHU3ally Yepe3 H3IMEHEHHe yIIpaB-
mmommx napamerpoB [2, 3). JelicTBHTENBHO, anio-
MHHHEBBIE CIUIABBI IIEPEXOIAT U3 HCXOAHOTO COCTOS-
HHA B PEKPHCTAJUIM30BAHHOE 4Yepe3 CHIbHBIE CTPYK-
TypHble (UIYKTYallHH, OTBETCTBEHHOCTDb 3a OIIMCAHHE
KOTOPBIX BO3J1araeTcsd Ha YMpaBJAKOLIMI napameTp .

OrtMeTHM, 4TO ypaBHeHHe cocTosHHs (8) oTBe-
28T YCJIOBHAM TEPEXO]Ia MaTEpHAIA B CBEPXILIACTH-
Yeckoe cOCTOSHHE, cHOpMYITHpOBaHHRIM B [ 14].

[TockonpKy ynpaBmsmomuii napameTp 3 BBelneH
He 3aBMCAIIMM OT BPEMEHH, TO [JIi OINMCAHHA €ro
3BOMIOUMH MOXKHO NPHBJIEYh KHHETHYECKOE YpaBHe-
HHE BHJIA

dp

—”éf(ﬁ) (11)

rae é—- CKOpOCTL H3MCHCHHA HOpMHpOBaHHOﬁ TEMIIE-

patypsl, a f(B) 6yneM camrath QyHKUMEH, XapakTepu-
3yI0MICi TYBCTBHTENBHOCTh MaTEPHANIA K CTPYKTYPHBIM
npespalieHuAM. [ Hee NpeIoxKeHO BhIpaKEHHE

£(B)= 4((” ”[r(&) ] (12)

OpHYEM O, |4 — MaTepHATbHBIE KOHCTAHTHI, a (YHK-
mis () paccMarpuBaeTcA KakK CTEIEHb IOIHOTEI
tbasosoro nepexona

L 1Hp 28 -1 1
r@=0-p==k —

1+pE-1) ty @

Jlnsa anbTepHATHBHBIX BHYTPEHHHX IIapaMeETPOB
COCTOAHMA NPE/IOKEHbl IBOMIOIMOHHEIE YPaBHEHNA
BHNIA

‘”“" — =4 exp[n(B-B,) ]‘m, (14)
dlns
” [n(B—Bu)]F (15)

roe Ay, By, n — MOCTOAHHBIE BeJIMYMHEL, [y —
HaVMeHbIllee 3Ha4UeHHe YMPABJAIONIETO MapaMeTpa,
OoTBeyalolllee cepeliHHe TepMMYECKOro [Harna3oHa
ceepxmnactauHocTH (§ = 0,5).

I[Ipu conocTaBNeHHH TEOPETHYECKUX M OMBITHBIX
HOAaHHBIX OTrPAHUYMMCH PACCMOTPEHUEM 3aBHCUMO-
cref ¢ ~ 1. Ilocnegnee Bmonne 0OLACHHMO, MO-
CKONLKY BK/IIOYAeT B ceOsf ymnpapismomuii U BHYT-
pEHHHe MapaMeTphl, CBA3aHHbIe ¢ (QYHKLHEH 4qyB-
CTBHTEILHOCTH MaTepHalia K CTPYKTYPHbIM IpeBpa-
IEHUAM.

Ha pucyHke 2 npencTaBieHO B Ka4eCTBE NMpUMe-
pa CpaBHEHHe pacyeTHHIX (CIUIONIHBIE JIMHMI)
1 OMBITHBIX JaHHBIX 414 ciulaBoB AMrS u AK4.

Takum o6pazoM, NpeIoKeHa MOJeb, CBA3bI-
BalOMad HampshbKeHHE, TEMIEpaTypy W KHHEMaTHde-
CKHE TNEepeMeHHBbIe IJi# ClIydaeB MPOCTOr0 pacTake-
HHMA M CXKaTHs, BKOYas QMANa3OHhl CBEPXILIACTHY-
HocTH. IIpn >TOM ypaBHeHHME COCTOSHMA 3alHCaHO
B XoHeyHOH dopMe (8) H NOIOTHEHO IBOIONMOHHEI-
MH YPaBHEHHSAMM JUIS YTPABIAWILETO MapaMeTpa
(11) & BHYTpeHHMX ITapaMeTpoB cocTodHHA (14),
(15). YkazaHHble COOTHOIIEHHA MPHIOAHLI 1/ ONH-
CaHMs 3aKOHOMEpHOCTel 1eOpMHpOBAaHHS IpH
HAIMYHE SBHOTO BBIPOXECHHA (YHKUHHA YyBCTBH-
TeJIbHOCTA MaTepHa/Ia K CTPYKTYPHBIM NpeBpalIeH:-
am (12).

Becmuux KPCYV. 2017. Tom 17. Ne | 45



Quzuxo-mamemamudecxkue H ayKu

Jedopmauun zoprsix nopod Kax HepaeHOBECHbIN
Qazossiii  nepexoo. TopHble MOPOOLI OTHOCHATCH
K HaYa/ThbHO-HEOJHOPOJHBIM MaTepHalnaM M B CTal[Ho-
HapHOM COCTOSTHHH, YCTOWYHBOM OTHOCHTEILHO MAJIbIX
BO3MYIICHHYM, MOTYT OBITb HHTCPIPETHPOBAHBI Kak
IMCCHIIATHBHBIE CTPYKTYpHI [1, 15]. B cooTBeTcTBMH €
mBecTHOH Kraccndukamell MPOCTPaHCTBEHHO-BpE-
MeHHBIX CTpYKTYp [15] ropHbie nopomsl Ha GoibmuX
rmyOHHAX MOIYT CYHTATBCS aBTOCTPYKTYpamH — JIOKa-
JM30BAHHBIMA TPOCTPAHCTBCHHBIMH 00pa3soBaHHAMM,
YCTOWYMBO CYIMECTBYIOIIMMH B  QHCCHIIATHBHEIX
HEPAaBHOBECHBIX Cpe/laX H HE 3aBHCALIMMH OT M3MEHe-
HHA HavYalbHbIX H IPaHM4YHBIX ycinoBui. MMeHHO Ho-
3TOMYy mpouecc nedopMalH H pa3pylICHHA TOPHBIX
NOpOA MOXET PacCMaTpHBAaThCA KaK HepapXms He-
YCTOHYMBOCTEH, OOYCIOBJICHHBIX CaMOOpraHH3aLMCH,
peanH3yeMol B CHCTeMe, HAXOIIEHCs BAATH OT Tep-
MOJIHHAMHYECKOTO PaBHOBECHA.

B kavyecTBe HcXOgHOH MHGpOpPMAIMH TIPUHH-
MalOTCs TACTIOPTHBIE 3aBHCHMOCTH MaKCHMaJIbHOIO
KacaTe/lbHOrO0 HanpsykeHHA T U OTHOCHTENLHOIO W3-
MeHneHHs o6beMa 6 OT MakCHManbLHOroO ciBura /, mo-
CTPOEHHbIE Ha OCHOBaHMM H3BECTHBIX OIBITOB Ha O1-
HOOCHOe cxkarHe [16]. Ha pucyHke 3 umaHbl B cxema-
THYHOM M HOPMHPOBAHHOM BH/E MNACIIOPTHBIC 3aBH-
CHMOCTH!

T I 0
F==-1; =—: §=—. 16
T "7 0 (16)

€ [ 3

31ech TOKa3aHO, YTO VIPYTHH y4YacTOK [ua-
rpammbl gedopmaumii (F < 0; n £ 1,) cMeHseTcs o6-
NacTBIO YIIPOUHEHHSA, epexoasmeii npu F = Fo; n >
No B 30HY pasynpouneHus. [locne 10CTHXKCHHA KpH-
THYEeCKOro capura (n = 1) HacTymaeT pa3pymieHHE.
OnLITHEIMM JTaHHBIMH ycTaHoBieHo [16, 17], uto
BONMIKM npelaena mpodHocTH (F = F,) M3McHeHHe
o0beMa GnH3K0 k HYJIO (MaTepnan Hec:xumaeM) [17].
3necr ke NMPOMCXOMMT CMeHa 3Haka o0beMHoOll ne-
dopmalmH, 03HaYaOLIan aKTHBH3ALMIO NHIATAHCH-
OHHOM COCTaBJAIOIEH AedopMayy.

[Tycts TekymieMy Hanmps:keHHO-NehOpMHpO-
BaHHOMY COCTOSHHIO o6pa3ua ropHo#f mnopons! B
YCIIOBHAX OJHOOCHOTO C)KaTHA COOTBETCTBYET IIO-
TeHIManbHas dyHkIuA [5] Buna

@ = O(Fn,p), (17)

rae B — mapameTp, OTBETCTBCHHBIN 33 AedeKThl HE
TOJIbKO HCXOIHOTO COCTOSHHS, HO M IOSBHBIIHECS
TIPH HarPY>KCHHH.

B mpouecce nedpopMupoBaHMA rOpHKIE NOPOIBI
HCTIRITHIBAIOT PAJI COCTOSHMIL, CMEHAa KOTOPBIX HMEET
MECTO B KPHTHYEeCKHMX ToukaxX. Tak mpH 1 = 1, (pHCY-
HOK 3) BacTymaeT IUIaCTUYHOCTh ¥ OpMUpYeTCs ic-

CHIIaTHBHAA CTPYKTYpa, KOTOpad IpH 1) = 1y CMEHAETCA
elle OTHOH AMCCUMATHBHOM cTpyKTypoii. Ilo cymecTsy,
B NedopMHpyeMOM MaTepHalie BO3HMKAIOT CHHEPIeTH-
geckue ekt [2, 3].

ITockonbky B mpolecce 3KCNEPHMEHTa Ha CXka-
THE peann3yeTcs MeNIEHHOe BHEMIHee BO3IEHCTBHE,
TO OTMe4eHHBIe () PeKThl MOXKHO OTHECTH K CaMoop-
raHW3ailiy Yepes yIpap/sIoIHAe napaMeTpsl .

®yuxumo (18) npencrtaBuM cynepno3numei no-
TeHIMana V,(F,n), OTBETCTBEHHOro 3a 0OOpaTHMbIE
npoueccel, 1 BosMymenns S(n,B). Hmeem:

@ = V(Fn,B) = Vp(F,n) + S(n,B), (18)
NMpHYEM YCTAHOBJEHO, UTO
Vp:%(ﬂ—}”)n2+%n"+... . (19)

s omMcaHus BO3MYILUEHMs IMPHHMMAaeM Mop-
COBCKOE pasjioxeHHe [5)

1 1
S(n,B) =B +=Bn’ +5I3m’ +o . (20)

3aBucuMocTs (20) IryTeM COOTBETCTBYIOLUEN He-
JTHHEHHOA 3aMEHBI MOXET IPHHATL KAHOHHYECKYIO
¢dopmy xaractpodnst [5]. Ho Takoe npeoOpazoBanue
OpUBEET K CHOXKHOW HenMHeiHOM CBASH MeEKIy
HOPMHPOBaHHBIM HaupspkeHHeM F' u napametpoM f.
MoJKHO MOKa3aTh, YTO HYBCTBHTENLHOCTh apaMeTpa
B K HecoBepmIEHCTBAM BIOJHE OHpENENAETCA IiEp-
BbIM CllaraeMbIM pasioxeHus (20) u no3BoifeT MC-
KJTIOYHThH BCE BO3MYIIECHHA, KpOME THHEHHOTrO.
C ygetoM ckazanHoro win ¢ynkmun P(Fn.p)
MOXKEM 3alHcaTh
AF.B)=Bn+5(F,- P+,

rne F, = Fln% (pucyHok 3).

1)

PaBHOBECHOMy COCTOSHHIO OTBEYACT YPpaBHCHHE

F= B +n+F,, (22)
n
HpH4EM B = Bl (B < 0)5 ne (0:1)

VpaeHeHHe (22) ¢ no3uumit TeopHH KaTacTpod
MOXXHO paccMaTpHBaTh Kak HABYMEPHOES MHOroobpa-
IMe, BKMIOYEHHOE B IPOCTPAHCTBO R ¢ Koopam-
HAaTHEIMH ocaMH 1), F, B. CocTosHHA paBHOBECHA
OyxyT HalineHs! 11 Kaxkgoro B = const. CpoiicTBa
YCTONYHBOCTH KPHTHYECKHX TOYEK JIETKO OIpenerns-
IOTCA — BCE TOUKH JieBee 1) = 1o, 1| € (0, 1o) €cTh J0-
KaJIbHO YCTOWYMBLIE KPHTHYECKHME TOYKH, BCE TOYKH
n € (o, 1) — HeycToHuMBEIE KpHTHYECKME TOYKH
(prcyHOK 3).

Taxkum 06pa3oM, MOJMy4eHO YPaBHEHHE COCTO-
sHuA (22), ycTaHaBIMBaIOIEe CBA3b MEXTY MakcH-
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Pucynok 3 — I'padux 3axoHOMepHOCTEIH
nedopMupoBaHHs TOPHEIX IIOPO

MAIbHBIMM ~ KacaTellbHBIMH  HampsKeHWsMu  F
HcasuroBofi gedopmaimedt 1. B ypaBHenme (22)
BXOIHT YNpaBJBIOMMI mapametp [, HaiBaHHBIH [5]
NapaMeTpOM HECOBEPILEHCTBA.

B [18] BmepBele BBeIeHO MPeACTaBIEHHE
0 MOBPEXIIAEMOCTH MaTepHalia B rpouecce aedopmarinm
H €0 XapaKTEpPHCTHKA — IapaMeTp NOBPEXIAEMOCTH .
Vno0HbIM TIpe/ICTaBNAETCA CBA3ATH MeXXAy coboii mapa-
MeTpbl ¥ ©, rosaras MapaMeTp @ OTBEICTBCHHBIM 3a
TeKyllee CTPYKTYPHOE COCTOsiHME reomarephaia. [Tpu
T0M JBOMIOLHS MapaMeTpa NOBPEXIAEMOCTH B paMKax
HEPaBHOBECHOM CTATUCTMMECKONW MEXAaHMKH OITHChIBA-
ercs ¢ npuBsiedeHHeM ypasHeHHs Qoxkepa-Ilnanka [19]
B (hopme

dno 2 3 dn

dt l(anHm ) dr’ (23)

re A — xo3dpduunent nuddy3un, NnpUHAMaeMbIi 1A

TOPHBIX MOPOJ MOCTOSHHBIM: @ U b — KOHCTaHTHI,
noyIeKaLHe onpeneeHHIO.

3aBHCHMOCTB MEX Yy napameTpamu B 1 o Oyner
HMETb BHJI

B(w) = B(we)exp[- (0 — 0,)"™], (24)
e P(o,) = —P.(Fo + n.), NpHYEM © = ©, — 3HAYEHAE
napameTpa NOBPEXIAEMOCTH HA Npeelie YIPyrocTH;
n— NOCTOAHHAs MaTepHaIa.

Takum oOpazoM, copMynIHpoBaHA MOJENb,
BKITIOYAtOIIas ypaBHeHHe COCTOSHHS (22)
H IOTIONIHEHHAS KHHETHYeCKMM YpaBHEHMeM IUid Ia-
pamMeTpa MOBpeXIaeMOCTH (23) M ycioBHeM (24),
CBA3BIBAIOMIMM MOBPEXK/JAaEMOCTh C HECOBEpIEH-
CTBAMH TPH YCTAHOBJICHHH HYeTHIPEX KOHCTAHT, 3Ha-
4eHHe KOTOPhIX I8 HEKOTOPHIX rOpHHIX mopona [16]
npuBesieHb! B Tabmume 1.

Pe3ynbTaThl CONOCTaBICHHMSA 3KCNEPHMEHTANIb-
HBIX M TEOpPEeTHYECKMX MCCIeJoBaHMii MOKa3aHLI Ha
rpadukax (pucyHok 4). 3lech TOYKAMH OTMEYEHBI

IKCIICPUMEHTAILHBIC 3HAYEHUA I1apaMeTpa HecoBep-
IIEHCTBA B B 33aBHCAMOCTH OT Ae(opMaldH 1), NOJTy-
9eHHbIE M3 CpaBHEHHS JHWarpaMM «HampsHKeHHe-
nedopmamay» [16] m HadimeHHBIE H3 ypaBHEHHS CO-
croaHdd (22). CuiomHele JMHHH COOTBETCTBYIOT
TEOPETHYECKAM 3HAYEHHAM [, YCTaHOBICHHBIM @O
dopmyne (22).

Ta0mnua 1 — 3Ha9eHHe KOHCTaHT
1A HEKOTOPBIX TOPHBIX OPOI

T'opras nopona m b2\ A n

ITecyanuk HBO | 0,098 2253 1,046 | 2,64

ITecuanux BO 0,131 99,792 5,525 | 2,81

Koesranckuif 0,139 96,349 1,132 | -3,089
MpamMmop

BuoTHTOBBIA 0.113 159,36 1,082 | 2,17
rpasuT

Mooenuposanue ceiicmoycmouyusocmu nio-
munst Toxkmozyasckon I'IC, TI'MapoTexHHUYecKHe
COOpYKEHHs, BO3BONHMEIE B celicMUdeckHX paiioHax,
ABJIAIOTCA Ype3BRIYAHHO NOPOTrOCTOATIMMH 00bekTa-
MH, Jake YaCTHYHOC MOBPEXKICHHE KOTOPHIX MOXET
NPHBECTH K MPOPBIBY BONOXPAHWIMING H [IOYTH
MTHOBCHHOMY 3aTOIUICHMIO HACEJICHHBIX ITYHKTOB,
MPOMEINUICHHBIX MPEJNpHATHN H CeIbCKOXO03siHCT-
BEeHHEIX yroawi. Hamuume celicMHYecKHMX BO3/EHCT-
BHH, Harpy30K OT HHEPIMOHHBIX CHI, O0YCIIOBIEH-
HbIX MHAYLHPOBAaHHON CEHCMHYHOCTBIO, MO3BOJISET
paccMaTpHBaTh MACCHBHbIE OOBEKTHRI TWIIA IUIOTHH
KaK IMHaMuieckhe cucteMsl. [Ipu abcTparnpoBasun
OT KOHKPETHOH (H3INKO-MeXaHHIeCKOH IPUPOIbI
nogOOGHBIX OOBEKTOB IOCNCTHHE OTOXKIECTBICHBI
¢ JTAHAMHYECKAMH CHCTEMaMH, €CJIH BO3MOXHO yKa-
3aTh HabOp BeNMYMH, HA3bIBAEMBIX JHHAMHYECKAMH
nepeMeHHbIMH H XapaKTepH3YIONMX COCTOSHHE CH-
ctemsl [18].

IlpenBapsas ¢OpMyJIHPOBKY MONENH, OCTaHO-
BUMCS Ha HW3BECTHOM pa3JIe/IeHHH JHHaMHYECKHX
CHCTEM Ha KOHCEPBaTHBHbIC M JHCCHIATHBHBIC [1].
B pa3BHTHH TEOpDHH IMCCHIIATHBHBIX CHCTEM OIIpEle-
JICHHas poib NPHHAJICKHT TEOPHH AMHAMHIECKOTO
xaoca. XaoTHYCCKHE PEXHMbl TYBCTBMTCI/IbHEI
K HAY&ILHBIM YCJIOBHAM, a JII06as HETOYHOCTh B MX
3aJaHHA  000opauMBaeTCA  HEMpENCKa3yeMOCTHIO
B MOBCJICHHH CHCTEMBI. Pe3ynbTaThl  BBIYHCIIH-
TeJIbHBIX 3JKCICPHUMEHTOB IPH 3TOM MOATBEPIMIH
[19] dynaameHTanLHBIM BLIBOL O TOM, 9YTO IHMHA-
MHYCCKHH XaoC MOXET HMETb MECTO TOJIBKO
B HeTAHEWHBIX cHcTeMax. Tak ObUIa ycCTaHOBJIEHa
BO3MOXHOCTh Ti€pexofia OT PEryaspHOro JBHXEHHA
K CTOXaCTHYECKOMY, H3-32 MOABILIIONIMXCS B OIpee-
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Pucyhok 4 — ConoctaB/ieHHE IKCIEPUMEHTATLHEIX ¥ TCOPETHYCCKUX AHHLIX

NeHHBIX CIydasX HEYCTOMYMBOCTH (a30BBIX Tpaek-
TOpHIi (OPTPETOB).

Beenem B paccMoTperde (pa3oBbie TPaeKTOPHH,
NOBEJCHHE KOTOPBIX ONpeleieTCs YPABHEHHIMH

dAv dAu e
—_— - —_— ._,D
» Ji(Av); = fi(Au) (25)
IpH HAYAIGHBIX YCIIOBHAX:
Av (0)=A4vy; Au(0) = Auy, (26)

nofaras, 4ro Av, Au COOTBETCTBEHHO IPHpaIeHHS
BEPTHKAIBHBIX H TOPH30HTAIBHBIX [IEPEMEIICHHAI.

Jna ypaBHenntii (25), (26) copMynupoBana ma-
TeMaTHdeckas Moxens [20], mpuroaHas mia Hccieno-
BaHHA NMO0(pParMEHTapHOro (TEI0 IUIaTHHEI pa3dHTOro
Ha ceMb (p)parMeHTOB) KMHEMATHUECKOIO COCTOAHUA
MacCHBHOIO TeJla.

KadecTBeHHOE HCcieqoBaHHE MogenH (25), (26)
NPOM3BENCHO TNIPH IPOM3BOJIBHO 33JlaHHOM Hadalb-
HoM ycnoBuu Av(0) = 1. Ha pacyHke 5 mpencTapieHa
KapTHHA TOBeAeHUA (Pa30BEIX TpAEKTOpHil, IpHUYEM
ocobas Touka (1,0; 0,0) paccMarpuBaeTca Kax ycToii-
YMBBI y3en. YkaxkeM, 9To HCXojHai HMHbpopMaImii
COOTBETCTBYET NPHPAIICHUAM BEPTHKAJLHBIX NEpe-
MeImeHHi Ha oTMeTKe 710 M.

BBeleM BeNHYHHY B, KOTOpYIO Ha30BEM Napa-
METPOM BHIpacTaHHs CKOPOCTH IIPHPAIECHHA Mepe-
memenn#t. [Tonoxur B = 0,5, nepexoaum k ocoboit

Touke ¢ koopauwnatamu (1,0; 0.5) (pucyHok 6). 3ta
TOYKA OTBEYAET CTAHOBJICHHIO MPOIECCAa XaOTH3AIMH
B opMe MATKOH NOTEPH YCTOWIMBOCTH INOJIOKEHHSA
paBHoBecus (Oudypkanun Xomda) [21]. Nansreii-
mee yBeJIMIeHWEe MpUpaleHu CKOPOCTH TepeMelne-
Huit (pucysHka 7-10) npmBOIMT K (OPMHPOBAHHIO
ycrofuuBoro mkita (pucyHok 10). OTmernm, duTo
NpeACTABNICHHBIE HA PHCYHKe 6-10 3aBUCHMOCTH
MO3BONSMIOT MPOCNEANTs 3BONIOIMIO GhdypkanHoH-
HbIX pEXHMMOB, B KOTOpol peann3oBaH ClieHapHii
nepexoga OT MPOCTHIX YHOPAOOYEHHBIX PEXHMOB,
KOTOpPBIM OTBEHYAIOT 0COObIC TOYKH WIH Hpele/bHbIe
[MKJIBl K XaOTHYECKOMY IOBECICHMIO B MCCHIIATHB-
HBIX CHCTeMaX M (hOPMHPOBAHHIO «CTPaHHBIX» aT-
TpakTopoB (pUcyHOK 11). 3aMeTHM, YTO aTTPaKTOPHI
(pucynxu 5-10) ABISIOTCA YCTOHYHMBBIMH TpaeKkTo-
puaMH. ATTpakTop (pHCYHOK 11) cOOTBETCTBYET
MPOSIBIEHAIO0 (PM3MYECKOTO SBJIECHMS, Ha3bIBAEMOIO
[4] HeoOpaTMBEIM THMHA-MHYECKHMM Xa0COM.

Mopens (25), (26) anpo6upoBana Ha BceX CEMH
dparMeHTax IIOTHHEI.

Kak yxe orMmedanoch, ogHOH H3 OTJIHIMTENbHbIX
9epT OUHAMHYECKOTO Xaoca CYHTaeTcd 4yBCTBH-
TEJBHOCTh K HAYAILHBIM YCJIOBHSM. C ITHM CBA3AHBI
HCTOYHOCTH B IPOrHO3HpOBaHWM JAIBHCHINErO NoBe-
neHus CHCTEMBL. M, TeM He MeHee, IONBITKH NOJTYIHTh
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NporHo3sl OyAyImero Ha OCHOBAHHH pANa M3BECTHBIX
JAHHBIX HIIYT CBOETO peIieHHA.

B kayecTre mprMepa NOCTPOEHHSA NMPOrHO3a MoBe-
menns miotvHbl TokTorynmeckodt I2C paccMoTpEM
BApHMAHT, OCHOBAHHBIN HA AHAJM3EC BPEMEHHBIX PSAIOB.
[Npu 3TOM 1O M3MEHEHHIO B XOJE Ipolecca OTHOMH ne-
pEMEHHON — BEpPTHKAJEHOIO HIH TOPH30HTAILHOIO
NPHpAILEHHS TIepeMEIEHHI — BRIHOCATCS CYXIEHHS O
KPHBBIX B ()a30BOM MPOCTPAHCTBE C NEPEXOAOM B Xao-
THYECKHI aTTpakTop. PEKOHCTPYKIHSA 3TOr0 aTTpaKkropa
[0 ompefeneHHONW BpeMEHHOH TOYKH TIO3BOJIAET 3KC-
TPanoJMpoBaTh MOJMy4YeHHbIe NAaHHbIC 11 COCTABJICHHA
Gonee W MEHee TOYHOIO MPOTrHO3a.

PaccMoTpnM 3ajady mnodparMeHTapHOro mpo-
FHO3MPOBAHHA [PUpAIICHHH rOpPH3OHTATBLHBIX MNepe-
MelleHdii B Tene IWioTHAB Toktoryasckoi ['DC
C BBITIOJIHEHHEM CNETYIOMUX ITyHKTOB:

»  BBOIATCA JAHHBIC IOPHU3OHTAILHBIX IEpeMelle-
HHI B BHZEe BBIOODKH 1A [NECATH IHEH KaX10ro
MecsLa;

»  BBIOOPKH anmMpOKCHMUPYIOTCA KyOHYecKHM CIUaii-
HOM C BbIMHCJIeHHeM k03(duineHToB Dyphe;

» B rpadH4ecKOM H pPacyeTHOM BapHaHTaX Ipe-
CTaBNAIOTCH TaHHbIE CTATUCTHKH H MPOrHO3MpY-
eMBIX 3HadYeHHii MpHpanieHui nepeMe meHuA.

CHEII}H'O]].IH& NYHKTEl &JIroputMa OTHOCATCA
K COTIOCTaBJICHUIO MPOTrHO3HPYEMEBIX JaHHBIX C peE-
aJIbHBIMH H BKJIIO4alOT:

» rpadpuyeckuii BapHaHT cpaBHeHMs aNNpoKCHMa-

imit ®ypse ¢ NaHHBIMH NpUpANIEeHHH IepeMe-

IEHHH;

BhIUMCIEHHE CpeIHHX 3Ha4eHHH Mo KaxaoMy

MecsIly B ofliee cpeliHee 3HaUCHHE;

»  Onpede/eHHe CPEeIHEro 3Ha4eHMs NpUpameHH¥
nepeMenieHHH U1 NPOrHO3UPYEMOro Mecslla;

» CpaBHeHHMEe NeHCTBHTEJbHLIX NpHpAlleHHil ne-

peMelleHHi ¢ MPOTHO3UPYEMBIMH;

YyCTaHOBJIEHHE TIPOIIEHTa pacXOoXJeHHs MAek-

CTBHTEJIbHBIX M TIPOTHO3HPYEMbBIX 3HAYECHHM

[IpHpAILEHHH nepeMemeH i,

KoHKpeTHbIe BBIYHCIEHHS OrpaHHYeHbl MPOTHO-
3HpPOBaHHEM CpeHHX MpHpalleHHH ropH30HTaNbHAIX
nepeMemmeHAil oA mecToro Mecsia (uioHs 2005 r.)
Nno JaHHLIM OpeablAyIHX MATH Mecsaues. Pacxoxne-
HHE 3HAYEHHH NPHpALLCHHA IEPEMELNEHHIA C peallb-
HBIM [0 CEMH (pparMeHTam COCTaBIACT:

A

v

Ormerka, | 710 | 730|744 | 786 | 805 | 825 | 860
M

% pac- |4,53818,5912,7813,678|3,019|11,665]12,657
X0X-
IeHus

B 3akmoueHMe OTMETHM, 4YTO B paMKaxX HEJH-
HelHOro AMHAMHMYECKOIo MNOIXOoNa MpenjioXeHa KH-
HeMaTH4Yeckad Moje/db Tela IUIOTHHBI TOXTOryib-
ckoit I'DC, no3BoMBIIAA MOJMY4HTH 3BOJIOIMIO da-
30BBIX IOPTPETOB OT YCTAHOBHBIIHXCA PEKHMOB 110
BO3HMKHOBECHHA XAOTHYCCKHX COCTOSHHH, COOTBET-
CTBYIOIIMX IIOTEpe YCTOHYMBOCTH PpPaBHOBECHA
(cTpaHHBIE ATTPAKTOPBI).

Ha ocHOBaHMHM JWHAMHAYECKOH Mojenu pazpabo-
TaH MOAXOA K IPOrHO3HPOBAHMIO MEXaHHYECKOIo
MOBEJCHHA [UIOTHHEL

Bvi16oos1. PaccMOTpeHB! HEKOTOphIE NMPHKJIAIHbIE
npobneMsl  COBPEMEHHOM HENHHEHHOM JIMHAMMKH.
IIpHHINHANLHBIE TPYIHOCTH, ¢ KOTOPLIMH CTOJIKHYJI-
CA 3TOT MEXIMCLMIUIMHApHBIA noaxos, noTpeboBann
HOBOW mapaxirMb! B opMe JMCCHITATHBHBIX CTPYKTYP
W JMHaMHu4eckoro xaoca. ITosydeHel pesynbraThl, Ka-
CAIOIMECH MAaTeMaTHYeCKOTO MOIEMPOBAHUsA HEJH-
HEHHBIX ARJICHHH H aHAJTH3a BPEMEHHBIX PAJIOB.
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