BiiatukaBKa3cKuit MaTeMATHIECKHIT Ky PHAJT
Anpenp—urors, 2005, Tom 7, Beiryck 2

VIIK 539.3

[IPOILIE/JIKUBAHUE HEOJIHOPOJIHO 10 TOJIIINHE
HEJIMHETHO-YIIPYT'OH ITIOJIOIOI APKI

JI. ®. ParynnaeBa

Cmamova noceawaemcsa cmosemuemy 100usero
svidarousezoca mamemamura C.M. Hukosveroeo

B reomerpuyeckn HesmHEHONM MOCTAHOBKE IIPEJIAraeTCs BaPUAIMOHHBIM METO CMEIIAHHOTO THUIA JJIsd
ompeesIeHUs] HATIPSXKEHHO-/1e(DOPMUPYEMOr0 COCTOsIHUSI. B KadecTBe MpuMepa JaeTCsi IOCTAHOBKA U YKa-
3BIBAETCSI CIIOCOD PEIeHust 3a71a9n 00 YCTONINBOCTHA HEOIHOPOHOM O TOIIIMHE YIPYTOi TOJOTON apKU.

1. BBenenue

Coznanne 1 MUPOKOE MIPUMEHEHNE B TEXHUKE, MAITUHOCTPOEHUH, CTAHKOCTPOEHUH, aBUa~
CTPOEHUH ¥ T. J. KOMIIO3UTHBIX MAaTEPUAJIOB IPUBOJUT K HEODXOIUMOCTU OIIPEJIE/IEHUSI
HanpskeHHo-aedopmupyemoro cocrosiaust (H/IC) B cpenax, n3roroBieHHBIX U3 PA3INIHBIX,
HEJIMHEHHO-YIIPYTUX MATEPUAJIOB, CONPSI)KEHHBIX MEXKy CODOI OCPEICTBOM ITOJIHOT'O CIIETLIe-
Hus b0 nocanku. Korma Te/ro nMeeT CI0KHYIO IIPOCTPAHCTBEHHYIO KOH(MUTYPAIIIIO, COCTaB-
JIEHO M3 HECKOJbKUX dYacTeil, nedopMaliii KOHEUYHBI, a PaCIpeiejicHie BHEITHINX HATrPY30K
nmeeT JOBOJILHO CJIO>KHBII BU/[, BOBHUKAIOT 6OJIbH_II/Ie TPYAHOCTU MaTE€MaTUIECKOI'O XapaKTe-
pa. 9T0 00CTOATEILCTBO CBA3AHO C TE€M, YTO TEOPETHUYECKHE HCCJEOBAHUS B ITON obJsiacTu
IPUBONAT K UHTEIPUPOBAHUIO CUCTEMbI HEJMHEHHBIX AuddepeHnuaibHblX YpaBHEHUN paB-
HOBECHSI B YaCTHBIX [IPOU3BOJHBIX C PA3PBIBHBIMU KO3MDMUIIMEHTAMU [IPU HEJIMHERHBIX Kpa-
€BbIX YCJIOBUAX. HOJIy‘IeHI/Ie 31eChb TOYHbBIX pemeHHﬁ BeCbMa 3aTPYAHUTEJIbHO, MHOITa, JazKe
HEeBO3MOXKHO. [loTOMy TepBOCTeleHHOe 3HadeHrne IPUOOPETAET PA3BUTHE TPUDJIMKEHHBIX, B
YaCTHOCTH, BAPUAIMOHHBIX METO/O0B.

B 37o0it ¢BsI3u 3716Ch paspaboTaH BapUAIMOHHBIN IPUHITAII CMEIIAHHOTO THUIIA IS OIIpee-
sgennst HJIC Test, cocTaBiieHHBIX U3 KOHEYHOI'O YHCJIA 3IeMEHTOB. DMMOEKTUBHOCTD MPEJIJIO-
JKEHHOI'0 METO/a WJIIOCTPUPYETCH Ha IIpUMEpe PEHICHUs 3a/1a49U IIPOIIEJIKUBAHUSA JIMHEIHO-
YIPYTOH KyCOYHO-HEOJHOPOAHOM 10 TOJIIIMHE 1000 apKu, MIapHUPHO OIEPTOM 110 KOHIIAM,
KOTOpas II0JBEPXKEeHA PABHOMEPHO PacClIpele/IeHHON BepTUKAJILHON Harpys3kKe.

2. 3ajava yCcTOWYMBOCTU HEOJHOPOIHOI IO TOJIIIIMHE MOJIOTO apKu
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JomycTuM, 9TO MMEEM IIapHUPHO OIIEPTYIO Ha ABYX KOHIAX IIOJIOrYIO apKy, OCh KOTOPOIi
obpa3oBaHa JIyroil CHHYCOUIbI
w = csin(mrz/1).

Cedenrie apKu HPEIIIOIATAETCsS TPSAMOYTOJIBHBIM C BbicOTOM 2h w mupuuoit b. Iloso-
JKUM Telepb, YTO apKa, UMeIoIlas IPoJeT [ U CTpeily HOoIbeMa g, COCTABIEHA U3 N UYepe-
JIYIOIIUXCsl PA3JIMYHBIX 110 TOJIIUHE CJIOEB C PA3IMYHBIMU MOyJisiMu yupyroctu Eiyilk =

0,1,...,(n —1)]. Bygem cuurarb, 94TO B KasKJOM CJI0€ MOJYJb YIPYIOCTH 3aBUCUT OT IIOIIe-
) ) ) y ) y y py
pevHOit KoopuHATEL Y, T. €. Epi1 = Ei11(y). Tommuny Kaxoro cios 0603Ha4uM depes Ok 1,
n—1
npudeM » . Opt1 = 2h.
k=0

Banmiiem ypaBHEHNE COCTOSIHUST JIJIsI IAKeTa B [eJIOM B BUJIE OJIHOIO paBeHCTBa [1]:

ol w))

k+1
—h+ Y 6 <y<—h+Y & (60=0), k=0,1,...,(n—1),

e m — KodhPUINEeHT HEJINHEHHOCTH, IPUHIMAIOIINI TOJIBKO UeTHbIE 3HAUEHMS.

B ja/ibHeiineM orpaHuduMCcs MOJE/bIo JTUHERHOH ynpyroctu, T. e. kKorga m = 0. Ap-
Ka HeCeT PaBHOMEDPHO PAaCIPEICJICHHYIO BePTUKAILHYIO HAIPY3KY MHTEHCUBHOCTH ¢. B 3TOM
ciydae yHKImoHan umeer BuJ [1]:

h 1 1 lni1 Ap41 d d l
J:b//(aa—i— awz>dydz——/z i yz—i—/qwdz, (1)
2 ) & Epqa(
“h 0 0 k=0 q 0
rie
k+1

- —h+25l, Api1 = —h+z(5

SalgTas B HUXKHEM HHJIEKCE 03HAYAET YaCTHOE ,umcpcbepeHquOBaHHe 10 TIPOJIOJIBHOM KO-
opAWHATE 2, & TOYKa HaJ OykBoit — muddepennupoBanme 1o ¢, T. €. ¢ = 1.
BenencrBue 3akoHa IJIOCKMX CEYEHUI 3AIIUIIEM

E=MU, + W, — YW 4z (2)

Yrobbl HafiTu cranpoHapHble 3HavdeHus (yHKIWoHama (1), ucnonbsyem meroxn Pesest —
Purna. Anmpokcumupyiormue (hyHKITAN 3aTUATIEM CIeTYIOMNM 00pa3oM:

u =0, (3)
w = nco sin (WTZ) , (4)
2y 2y')*
o=FE|oo+o0] <7> +voy <7> , (5)

rie of = oy sin(nz/l), 04 = ogsin(mwz/l), wim B ckOpocTIxX

& = fjeosin (”72) : (6)
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5= B <¢0 4o (%y) + oy <2—Ii’>2> . (7)

[Moncrasusis (2)—(7) B dyukipmonan (1) u BBexst cieyronme 0603HATEHUST

n—1 ak+1 Zd
yay .
P, = . i=0,...,4,
v Z Eji1

k=0 ak

[I0CJI€ MHTEI'PUPOBAHUS, ITOJIYIUM CJIEIYIONLYyI0 (DOPMYJLY It PYyHKIMOHATIA:

bhEym? . . 16 T, . 2 T2 T2 .
J = ll 0(2)007777 + 9 VbhElc(Q)Togm] + 3 bh2E; Tc(mal + bhE1002—l 0(2)?72
8 bl bl 4bl
+5 bhuElg Goui? — 5 BYo3®0 — 55 E{®ao? — o3 B{v @463
81b .. 4 ) ) 4bl .. .2
— W VE%@QO'OO’Q — % bE%O’O‘DlO’l — ﬁ VE%@gO'lO’Q + 7760;.

Hasee, Bapbupys J 1o 1), dg, 01, 02, 1 UHTETPUPYS Oy IeHHBIE (DOPMYJIBI IPU HAYATBHBIX
VCTIOBUSTX

n(0) =1, 00(0) = 01(0) = 72(0) = 0,
HOJIydaeM CJIeIyIONIyIO CHCTeMy YeThIPeX ypaBHCHUIL:
X2 ¢aon + 1.8\ véoan + 0.77° N2 oy + 27 = 0,
0000 + 4n o101 4+ 81 tvpaoy = 0.5m2 22 (772 — 1) ,

47T_1<p100 + 01 + dvpzoe = 0.772\%¢ (n—1),

7T71Vg020'0 + 0.5vps301 + 1/2g0402 = 0.171')\2V§2 (772 — 1) .

Wckmovaas u3 moceaneit CHCTEMBI 0, 01, 02, IPUXOINM K CJIEIYIOMIEMY aJIredpaniaecKoMy
YPaBHEHUIO JIJIs OlIpeJIeSIEHUs 1):

15.48\2¢0qn + 8.8TA\2v€oon + 10.84X%01 + 7 = 0, (8)
rje
Co h q Ey
=T T T B TR

Ey Eq E
@1=ﬁ¢1, 902=ﬁ¢2, 903=ﬁ¢3, <P4=ﬁ‘b4,
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1

*7 polad — be) (4.93(ad — bo) A2 (1” — 1) — 6.901026 N %a(n — 1)

o
+ 1.260302E%a(n? — 1) + 6.26072\22%¢c(n? — 1) — 6.9p001EN2c(n — 1)
— 12.57vp1pa\2E2d(n* — 1) + 13.85vp0pa\2Ed(n — 1)

+ 13.850030%Eb(n — 1) — 25200102 A%E%b(n” — 1)),

= (5.43¢)\2 — 1) — 0.991%¢? 21
= ad—b0) (5.436Np2a(n — 1) — 0.99N°*pra(n” — 1)
— 4.930 2 p1c(n® — 1) + 5.43)\%Eppc(n — 1)),
o9 = 4.9362X201d(n? — 1) — 5.43X%Epod(n — 1)

(ad — bc) (
— 5.43\%Epab(n — 1) + 0.99N%E%p1b(n* — 1)).

31ech
a = 2.55v0109 — 3.14vpgps, b= 1.27p% — 0.7990p2,

c=3.14vpp3 — 3.14vp1p4,  d = 0.7903 — 1.57p1 3.

U3 (8) ciemyer, uro 7 Kak (byHKIMs 1) IPUHAMAET IKCTPEMAJbHOE 3HAYEHHUE [IPH

dr
— =0. 9)
dn
IIpn gocTizKeHNN KPUTHYCCKOTO 3HAUCHUS Oe3pa3MepHOil HAIPY3KH 1)xp ITPOMCXOTUT XJI0-
noK. BesimauHa 310l KpUTHUECKOil HArpy3KH HaxojuTcs 1o (opmyiie (8), ecin BHECTH B Hee
3HAYEHHE T)p, TOTydaeMoe dopmyoii (9). JanpHeiinee cBA3aHO ¢ 3aaHIeM YUCIa CIOEB N
U TI0CJIEJIOBATEILHBIM PEIIeHUEeM MOy IeHHbIX YPaBHEHHI.
Takum obpazomM, 3a/1a4a yCTONIMBOCTH YIIPYTON MOJIOTON apKU CBOJIUTCH K PEIIEHUIO aJl-
rebpamvecKoro ypaBHeHHUs.
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