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3Ta HCYCTO}i '-lHBOCTb BbI3BaHa paspyuremrev 3JleMeHTOB CHCTCMbl , 41'0 3KBHBaJleH1'HO y~ le HhwemllO 

DJlOm a,LU1 3cP¢eKTHBHor o, 'r .e. accy u icr o ¢ aKTH4CCKH HarpY3KY, ces en aa. 

2.	 Ha na,a:aJOI..UHX BCTBHX ,'.\HarpaMMbl HHKpcMeH1'a.Jl bHble MO].{YJI I1 MaTepWlJla orpauarensau, 
3. M rH O emru e K03cPcPHHI1eHTbl 1I0nepet.J HOH: ne ¢ OpMaUI1H roxce Moryl' n pHHHMaTb orp uua­

TeJlbHbJC 3Ha4eHI1H. 3TO 06y CJJOBJleHO 1'eM, '-ITO n pn .u,ecPopMHpOBaHHH HMeIOl' ~l eCTO ,a:Ba KOHKypH­

PYIOUU1X rrp on ecca, PaCTIDKCHHe COn pOBO)l()l,ae1'C51 YMClIbw eHHCM rtonepesuoro ceLleHH}J 3JleMeHTOB, 

HO npa HX paapy ureu u a , xo r n a uenu e l JaCTH pasrpyacarorca , llpOHCXO)),HT pacurapeane. Ha nanaro ­
LUeii BeTBH I13-3a MHOr OlJHCJleHHblX paspy tueaa ti npouecc pacunrpeuas npesanapyer. 

4. MOJ\YJlb pasr pya xn H3-3a paspy uren ns uacr n :>l leMCHTOB ywem.uiaer cx (Bbm O!HOKHBacTcH) . 

rTPH p a3rpY3Ke C nan aro uieii BCTBH If nOCJle,a:YIOLUYfM C)\(aTHH 31'01' MOJlYllb 110 Mepe YMellbweHHH ne ­

cPopMaUHH na-nutae't B03paC1'aTl, H3-3a BKJl 104elIHH B paoor y paspyurennux 3JleMeIITOB. TaKHM o6pa­

30M, napy uraercs nponcpuaonam.nocrs Hanp51iKeHHfi ~l ~TJ,e rp opMaI U1 if, H JlH\-lIHI pa3rpY3KH npencraa­

nser C060H ne x oropyio KPHBYIO (B paCCMOTpe HHOM 4aCHlOM CJlY4ae - lloMaHHy ID llHHHID) . 
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Il ocmynuna 26.09.2006 2. 

Y)J;K 539.374 

t: 0. Heauoe, 10. If. Kaoatueeuu, C. ll. Ilo.-Itbl11'KUH 

HEKOTOPhIE aoneocsi HEYIIPYfOrO ,llE<J>OPMI1POBAlliUI MATEPI1AJIOB 

Petuaemcs saoana 0 803MOJICHOCI11l1 nOfl8neHU5I HeM OHomOIlHOZO noeeoenun KPU (]b IX «nanpsocenus - oe­

r/JOp .l fal/UW ) 8 3 HOOXP OHlW U m e opuu n eynpyeocmu U BU3M OJICHOCm U pacutupenust nOI-(flmUJI ,\Iepbl o edi op­

JvlULfIlU. 

Y iKe )l,OC1'a1'OLJHO n aBHO 3KCnepHMe HTClJlbHO 6 bllIH ofiaapyzceau cP UKTbl f1eMOHOTOHHOrO nonene­

HHH KpHBblX CBH3H Hanp5l)J(eHI1I1 H ,neqlOp l\laI lHI1 rrpu npOCTOM (MOHOTOIIHOM) Jle¢ Op1\1.HpOBamm H 

uar pyacen a a . O TMe1'HM sn ec s pati oru Iloprenena- Jlelllarern,e [l ], Caaapa [2J, M aCCOHa [3J, CBOeOo ­

pasuue xpaasre .n.eqlop MI1pOBaHHH B sxcnepna eirr ax M OHTCJlbe 14]. T COpcTHtlecKH B paxncax qleHo ­

MeH0J10rl1'-{eCI(Or O n onxozra YK8.3aHHble HBJlCHI1H n o CHX n op HC HaXOJl5ll' ennuoro y n OBJlCTI30pHTellb­

nero onHCaHH51. Bee ynosiatryn.re SIBneHHH H auanoruunu e HM, HalJl1HaH C 3cP cpeKTa nOHHTHHra [5] H 

OCUHllJ1H IUH1 aarrp aaceu aii Py6HHa [6], H 3aKUH4HBaH 51BJlCHHeM per sera [7] Ii 3¢epCKTOM Manum esa 
[8, 9J, Mor yr 6bl Tb H8.3BaHbl, cn en ys pao or e [l 0], 3¢ epeh,j'aMH sroporc nOp51):\Ka. npC)l,JlOiKCHWUl aB­

TOpa !\1.H 13 pafiore [1 1J 3H,llOXpOHHaSI. 'reopas aeynpy r ocr n, YYl1TblBalD1uaH xoue-uts re .n.eqJOpMaUHH, 

Ka'l eCTBeHHO OIJI1CblllaeT pan n epe4 11CJlCJlHbiX 3¢ CpeKTOB [12.- 14]. 
1. Hcnonssyer ca n pocr eiuuuii aapnairr aunoxpounof TCOpUH neynpyrocrn .n.ml fionsiuax ne ­

¢ opMauHH B BHn C [12] : .	 " 
10+a !D I=2G ( , D+kE!D !) , E=D. O=QQT , 

(1) 
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I 

B COOTHOW Cm UI ( 1) B OC3bIH,Ue Kc HoH lPOp Me BXO)J,~T: 1: - auanor .ueq>opMau.l1oHHor o npenena 'rexy ­
'leCTH; a, e - neauaropu TCH30pO B HanplDKcHHH H )J,cepOp MaU.HH; G - MO)J,ynb cn aura ; k - ana­
nor K 3epq>HL{He HTa ynpOLJHCJm~ ; Q - opr oroaam.usrn TeH30 p nosopora; n - TeH30p cnnna; D 
- neauarop TeH30 p a cxopocreii nerpopeaaunii. Kpoae r oro, aaecs H c no.'lb3YIOTC~ cnenyioume CBSl3H: 

£,.j -= aj,/K , D =(L + L T) /2, L = F F -I 
, Q = F u- l

, 

rne K - OOb CMHbl H MonYJIb; F - TeH30p rpanaeura n c q>opMaU.HH; L - CKOp OCTb rpannetrra ne­
epopMau.mi ; U - npassui eH3 0 p y,1l)lI1HeHHSI B nonspnosi Pa3JIQ)KCHHH TeH30 pa F =Qu o 

P aCc MOTP HM CJIy ' JaH, xorna rpanacnr neep pMaLJ.HH HMeeT nOCTIlTOLJHO npocr on BHJ]. 

F =(; n~2b ~ ) 0 

o 0 a3 

B 3TOM cnyxae 

r ' = ~ [~ -~b ~Jj L =a a, -mb' 

Torna 0 pTOrOHaJIbHbIH T H30 p nosopora Q HMceT cneayrouryto CTPYKTYPY: 

Q =( ~:i~~~ ~~:~ ~ ) 0 

o 0 1 

Jlerxo npoaepurs, -rro B 3TOM cnyxae 

a: a2- mbb -= £i oD 11' a2al - mbb = oD2: , b(a or mal)-b(~2 + m~l ) = 2 £i Dl20 
(2) 

0 0 

Kpoue r oro, 

n b(m - l) -= D D D 0 
t g fJ = , 

([3 
33 ' 13 = 23 = (3) 

~ + Q 2 a, 
0 

YhYl.{aCTC~ sanasa, xorna DI 1 oj:. 0 , D22 oj:.0, D22 = - D11 , DI2 oj:. 0 . DI 3 =D23 =0 ° Torna CHCTeMa 

onpenenmorua x ypaBHCHI1H ( 1) npnver BH,[l. : 

£11 + (j e I2 = DI ! , el 2 -q e ! 1=DI 2 , (4) 

a", I + a~ l i D I+qa l2=2C(D11 +~ell l DI), a~2 + a~2 1 D !-qa l l -= 2C( DI2+~ ~: 1 2 1 DI), 
" 

2~ =-q (5) 
0 

B BC,rrCM HOBbIe 060 3Hal.{eHIUI: 

a =a !+ i a I 2 , e= CI1 + i c l2, D - D11 +i D12. (6) 
3TH BC.nH'lHHbl Ha30BCM Ko r.m n eKC Hbl M nanpazceuaea, KOMnneKCII OH Aeq>opMau.Hei1 H KOMIUleKCliOH 

CKOp OCTb lO )J,cq>o p Ma I.J.HH, COOTBeTCTBeHHO o YpaBHeHH51 (4) H (5) B COOTBCTCTBHH C 0603Hal.{eHHSlMH 

(6) n p HHHMalOT san: 

~ - ; q £ = D , ~ +(I~ - i+= 2G ( D + ~ ID I£ ) (7) 

Ilp a na-tansusix y c OBH~X 0-(0) =0 , £(0) = 0 H '3a.uaHH H r eusopa D HeTpYJlHO nony-nrn, peuieaae 

I 

s = f D(s ) o{ cos [B(t ) -B (~)] - i o s in [B(I ) -B(~)]} d~ , 
o 

2~= f [ D (c,)+ ~ 1 D(S) !s } exp(C(s )- CC/»)o{cos[B(t) - B(S)] - io sin [B(I)- B(S)]} dS o 

3 )J,eCb 

, 1 I 

B(I) =- Jq(~ ) d~, C(t) =- D (~) Idt; . 
10 0 
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Ornenss aeiuecrscanue H MHHMble '( er a pC1lJCHHSl, rtony-nnr: 
I 

EII (l ) = f{ D, ,(~) . cos[B(t ) -B(~)] + D 2 (~)· s i n [ B(t ) - B(~ )]} dS , 
o 
I 

EI2 (t ) = f{ D,2('S) ·cos[B( / ) - B(S)] - D,,(S)· sin [B(t)- B(S)] } de" 
o 

all (I ) = f exp[C (S) - C(t) ]. {[D11(S)+ ~ I D(~)I Ell] -cos]B(t) - B(S)] + 
2G 0 t 

+[Dl 2 (~ ) +~ ID(s)1El 2 ]. sin [B(/ ) - B(S)] } dS . 

a~%) = jexP[C(:;) - C(t ) ] ' {[DI 2 ( :;) +~ i D(S) I E I 2 l cOS [B(t ) - B(S) ] ­

- [ DII (s) + ~ I D(S)I E l l l s in [B(/) - B( :;) ] }dS. 

2. PaCCM OTpHM Ba)i(HbIH lIaCTllblH CJlyyaH, xorzra 

D11 = 0 , D'2 = D,~~ = const , k = 0 . (8) 
Ilpennonoaoia, YTO q(/) JIOKaJlbHO rurr erpapyev a na [ 0. + (0), TOrna MmKHO noKlL1aTh, LITO 

limcrll (t) =0 11 lima l 2 (I) = DI02 • KpOMe Toro. e c lH q(l ) MOHO TOIIHO yfisrnaer , limq (t) =0 H cy­
t-t' '7> 1-+ ".1) l.-pr:rc 

~ n · 
urecrsyer 13 = f q(t) d' ::; - TO aI2(/»0 . 

o 2 

/t n ~M 1l0TOHHOe B03pacTaHHc a l2 I303M O)lCHO H npa l3 paeenev xapaxrepnua llPH~lCP:I >"2 ' 
2 1- ko

2 I 
m =ko ,Q=-2- ' , 

ko + 1 [ ( 1+ kg ) 2k ] ­
1+ · sh- -l 

2ko ) + k~ 

)
Ecna m = 0 , TO q = -- Ii fq dt =x , Ha pHC . 1 nJISl sroro cny-raa npaseneuo H3MCHeHHe

)+ 12 
o 

C~Bl1 rORO r H o cesoro uarrpazceaa a 01' BpeMCHH ( 't =1, 2G =1, k =0 , m = 0 ), 

0, 

015 

O.CO 

f \' ; : : : : : : : 
, • , • • • • I • 

; \' : : : : : : :. 7· 
• , I , , , • • .•, I • . ., , 

6 

5 

3 

· . ., . . . , 
,. . 2 

••••j j + + t--:.:: -j-- + + + . 
: : : : : : : : 1. . .. . . , . . .

" ,. .. , 
00 I

2 3 4 5 6 8 9 3 5 a 9 t : 

a 6 

P II C. I. l'f3MeHcHlle OCCHoro (a) H CL\B11 r OBo r o (6) Han p JDKCHI1H OT apeaenu : T =I, 2G =1, k =0, m = 0 

3. Pacc~IOTpHM CJ1YLJaH, xor n a n OM liMO (8) BblnOJ1HSle TCH yc.'TOBHe q =q." = const . Torna, ecnn 

. .. . .. : .. . .. :-- --: .. ~~.;..---:.~.....;...~~=~~ 

, . ~ ; . 
[. ' --)/~ "1" " ' '' : -- ' '' ' "'j' ·j"--· ..i.. ----r-·-- .. 
;·./- .i : : ····i ····..·;· : ; . 

/: j : i : ; i 
o o 

. 0 )'i~ ..,.-1-·"-'-I---····r······_.- ~ _ ..--.~. -_..or-_···-r • • • ­

·1..1
·· 
..·.. ·;.. ..·..:....·+....· .l...·i.. ..+·...;.. .. .. 

I-- --: · ·j..· 
. .. ,(.. --·j·-- ..· 

' 

j 
" ,
( 

. 
~ 

. 
: . 

~ ~ : ~ ~ ~ ~ : . 
,·· ,. , 

. .. 

q ::: 0, TO CHCTeM a (4)-(5) HMeeT enuucmeuuyro TOYKY IJOKOSl Q(O, 1) , j/BJIj/IOLUYIOCSl l.\eHTpOM, Ii 

peruemre a(t), ua-nraaioureecs B TOLJKe (0, 0), H)J.CT B ::JTy TOYKY no MHHMOH OCH. E CJIH )i(e q~, 1'-0 , 
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( 
1 ) - q 

TO Y CI1CTeMLI 6yn eT CilJIHCT BeHHaH TO'lKa n OK051 Q", = ~, - -2 ' JIBJUIIOm a}lCH cPOKyC OI\I H PC-
l+qoo l + Q" 

illCHHC, HaYHHal OUl,eeCH B r o-nce (0, 0) npu q", > 0 , p acn on a raerca B JlCBOH nony rr OCKOCTI1 KOI\I­

nn e x c a o ii n epc a c n uoii , Har-.mTh l Ba5lCh ua TO'IKy Q", nporu n q aCOBOH CTp CJlKI1. Il pa qoo ""0 petueu n e 

I ~C I1KOI\I p ac n on ar ae r c s asu u e OCH 01 1 H HH:iKe npHI\IOH 0 12 = D~2 . OTMeT HM, 'ITO CKOp OCTh J13MeHC­

HH5I Han p m lW IIHH npn 3TOM YCJlOBIH1 He OCTaeTC5I 3HaKOn OCT05lHIIO H, TO CCTb n p o uec c peurenns OKa­

1b1 BaeTC}I OCI ~HJl WPYIOUlHM no CKOpOCTH Han p 5l:iKeH I111. 

4. Paccstorpeuu ue aer opan a n pyr u e I1p HMep hl TaK){(e n o x asana , ' ITO 11 n p u n ep e v e u n c v q , HC 

Y.ll.OBJIeTBOp HlOllleM YCJlOBH5IM n YHKTa 3, B0 3HHKalOT OCU:HJlJIl1p YIolllHe 113MCHeH H5I: cxop ocreii nanp a­

:iKeHHH. 

Tlpasrep. nYCTh m = -z2 , TOr .ll.a 

12 + 1 I 
q= - - ? 2 ' 

I-I" [(I - e) . 21 ]
1+ · Stn - - _- t 

21 1- 1" 

O p H m ~ -1 aaa-ren a e q BCJIHKO H n pax­

T lf'lCCKH ero BCJIH<IHHa n OCT05lIlHa5l, a KpU ­

aue ° 12 (t) 11 011 (t ) HMelOT xorrefiarensnsii! 

xapaxr ep . H a pHC . 2 IlpHBenCH T l1n l1l lllbl H 

n p a v ep nOBc,uCHHH a le(t) n pu yCJl OBHH, 

'lTO r =~ , k =1, 1=0,8 , 2G =2q(1 + A.) , 
q 

° o'-----'-~-----'-----__,_J_----L---.-J 
G.5 15 2 t dA =~ds : dE . 

1 
PH C. 2. 113MeHc HHe 0'12 OT BpeMCIIH : 1: =- , k = 1, TaKH1\l o 6 pa3 0M, BH,IJ,110, '-ITO B 3aBHCH­

q MOCTH 01' 3Ha 4CHI111 m BCJlH'II1Ha napasrer­
1= 0,S, 20 =2q (!+ tv), d): =.Jds : ds pa 3HnOXpOl-IHOH n ey n p y r o crn q :-'W)I(CT 

I1MeTb Pa3Jl 11 4 HbJH xapaxrep 113MCHeHHll 11, 

KaK Clle,lJ,CTBHe, Mory,- B03HI1I(aTb Ka K MOHOTOHHb/e, Ta K H KOJlc6aTe hHble 113MeHeHI151 Hanp5l){\cHI1H . 

5. KaK 1-f3 BCCTHO, nanpaxrep , c o r nac a o [12] , :\1cpa nec ljQpMaJJ.HH MO)f(CT cnpenenart.ca ql Op My JlOH 

t: =D . AHanl13 axcnepnu enr arn.nu x nau uux nOlG13aJl, 'ITO CTOJJb npo cras epop Ma C13H31-f E 11 D MO­

)I(eT cy acar s B0 3MO:iKHOCTI1 reopmt. Il oarosiy B pao or e [15] 6 bU1 0 n pCMO){(CHO HCn OJlb30BaTh 6 011ec 

o fiutee onpe.ll.CJICHI1C ~1CpbJ neo opaaun« 

~ =K(ID I, A)-D , .o. = ~d8 :dE . 

T aI<Oc pacuiupeaae fl0 3B0 J1 HJlO, B 'laCTHOCTI1, ornrcan, J ep ep CKT P Oint l16J. 
OJJ.HaKo cyurecr nyer H .upy r o H c n o c o f paCIUHp el-HHI nO WlTl111 MCp hl nediop vaua», eCJlI1 llBeCTH 

HeJ1HH HHOCTh B .ne YIO ' laCTb ypaeaen ns (4) . Pac Ci\JOTPU M, uanp auep, COOTHOmeHlI51 (7) B epo p Me 

E- iqs + (a +y i )s3= D . 

,[tJuJ rrpocreiiurero c rryx as n o rrycr a v, -rro D11 = 0, a = 0, D 1= 0 , Torna n OJ1Y~IHM . . 
2 3 0 ' 3 2 . 3EI I = 3YEI 2 S I 1 - YS I 2 - q S I 2 ' 8 12 = I I~ y 811 8 12 - YEl l + q E11 , 

A BTo p aMH ,l].aHHo H pafioru p em enu CJle,uYIOUU1e 3a,ua 'UI. 

1 
a . flPOCTOfi MOHOTOH HbI H cnsa r: = 1 11 q = --2 . O Ka3aJIOCb, '-ITO npu Y~ 0 ,lJ,CCpOpMaUHl1D I 2 

1+ q 

E l l H S l 2 H3MeH5IIOTC51 MOHOTOHHO, a npu y "" 0 nee ,lJ,e C!)Op Ma UHOHllbIC Kp l1BbIe aCI-IMnTOTHtleCKH 8b [­

XOJ!:51T na npezrem.aue 3Ha'leHH 51 , 'lTO 11 npOHJlJI1{)CTp l1p OBaI-JO n a p HC. 3. 
6. O pOCTOH LlHKJlH4CCKI1H cn n a r , xorzra =±1 . B 3TOM cny -ras , KaK BI1,uHO u a puc . 4, npaD I 2 

y = 0 netpopv a u m, H HMC/OT nep~tOJUI'leCKH I1 CI1:\-/MeTp H4 HbJI1 x apaxrep paamrrus. E CJlH »ce Cl1 c l 2 

r i:- O, TO Pa3 BI1T I-fC )J.ecPopMau u H HOCI-fT HCYCTaHOBI1BWHMC 51 x ap a xr ep H 6 C3 4eTKl1X n p C,IJ,CJlhHb/X 

3Ha'/cH I1H (CM. p HC. 5) . 
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P Ii C. 4. A eepopMaUlIOHHble KpHBbl C lJ,JHI 3a.uaQH 6 ( y == 0 )
 

EI) \ El2	 I 
'\	 r- r; l,\ ' 

1 
l \ :fr\ l V e 

':1	 I : \ / ~ 
-0 5 - - - t ' - - : ~ - - )j- - ' - : ' - - - - ' - - - -
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P II C. 5. .[{e¢ opMaIllfoHllbre xpas u e nns sanas n 6 (y * 0) 

TaKHM 0 6 p a30M, BBe.ueHHC Ky 6 w-le CKOrO lJJleHU n COOTHOll1eHI-UI. ,!.1,Jl Sl Mepbl .uC¢ OP Mal \HH pe3KO 

MeWleT BJ.1 peureuua (B3a BJ.1CH:-'IOCTH OT 3Hal-fe1HUI napaverpa y) , lITO or spsisaer HOBbIe B03MOIKHO­

ern ornrcauaa pean suoro noaeztenns ne¢ o p Ma UHH. 
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A. H. ,4 I1I1CI I.IIO«, A. N. X P O.-lt0 6 

BHE)],PEHHE KJlI1HA B nOJlynpOCTPAHCTBO nPH YCJIOBHH T EKyl'ECTH
 
KYJIOHA-MOPA
 

3aoo'l(J 0 i3 l1 eOpeH1I1I KR1m a (J nonynpocmpaucmeo paccsta mpueanucs P. X lL'Il IOM, E. flu 11 C Tannepost npu 
YCWBWIX meuyuecmu Mui eca u Tpecka- Cen-Benana. B 3171 0.H cny uae uoeanenoe :)lceCmKOI1J1 C1CfIlU'IeCKOe 

meno «ennemcn HeC:)IC1I:l1ae,HblM. Ilpu y C.70GUlI metcyuecmu Ky.~ OHa - Mopa npoucxooum U3_HeHeHue otn.e­
..\fa u amepuana (J l1J1aCmU'I eCKOU otina cmu . Lienuo patiomu JIBl lfUlOCb uccneooeanue noneu ocr!JOp Maz/UU B 

PW,7/I'IflbIX mO'l KCIX nsacmuu ecxoii otinacmu: ua noeepxnocmsx pospuea ckopocmeii nepewctuenu u U B 

ueump e eeep a xapatcmepucmu« e YCJlOBlIflX rolOCKOU oediopuauuu. 

1. Ocnonusie COOTHOWCIIHH. O CIIOBHblM I1 COOT HOl lJe HIU I M H B T c Opmt n Jia CT I1'-leCI<HX TeYCIHlH HBJUI ­

IOT CH [1J: 
a ) aCCOUHl1p OBaH fl bl H 3aKOH f1J1aCTlIye CKI1X Te'leH~jH 

Co ::.: 1 j! 1 0	 ( I ) - ,	 fL .::l ' / , ;:;: , i,j = 1,2,3, 
u0" 
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