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MUIOISAHIUC T'YPBhYJIAPBI BSI MTHITAAT KOCTPYKCUMAJIAPBI

K. M. MAMMA 0B, AJIM MOLIAMMA N

JIOK TUILJIM KAMEPAHBIH YEBUK JIUb KOHCTPYKCUMACBIHBIH JTHOCBAPH
BATAH I'PYHTJIAPJA CAPBACT PAI'CJAPUHUH INECABJIAHMACBI

JlaiiaHbIrChI3 CTPYKTYpajbl JIHOCBapH
TPYHTJIAD MOXTIIU( FOIKSUIIPUH SPa3HIIs-
PUHISL SCHUII HalbUIMBIIIABIP. bup wox
mauiapia MHUAPOTEXHUKHU, CSHaWe, MIUIKU
Bl HAMVIMMMAT TUKUHTWUISPU  JallaHbITChI3
CTPYKTypaibl, JHOCBapu OaTaH, CJSDKS s
LIUIISTH 3WJ1 TPYHTAAphl WIAPAUTUH]A MHIIA
enunup. by rpyHTHapsiH sicac XICyCUHUAT-
JSpU OHAAH HOApATAUP KU, TAOMM Ianjaa
OHJIAp KU(DAUAT AP MIOMIKSIMIANAS MATHK
ostypJyiap. JlakuH, Cy mis uciaHabIraa OHja-
pPBIH MIOMIKSIMIIMK TMapaMeTPIIsipu  SKUIIN
JTSUUIIUKIANAS ybpalbIp BS OJAyIKa OOMIK
Bsl Teiipu MIHTS35AM Audepencuiia iapatmar

raOuIMARATHHS Manuk onypiaap [1].

Jlox Tumnm KamepanapblH JIMOCBapH
0araH rpyHT/Iap/ia YeBUK JUO KOHCTPYKCHM-
aJapbIHBIH CTaTUKW B JWUHAMHUKHA TICUD-
aspas  nedopmacuiiaila  mecaOiaaHMachl
MIPSIKKKAO KOHTAKT MSCSULSUISIPUH LISULTU
WIS OabJIBIIBIP.

by msip menasH SBBsUI  OHYHJIA
OabIBIIBIP KU, JHlocBapu 0aTaH rpyHTIapAaa
TAcaAlpu ucIaHMa MAPKI3UHUH KOHCTPYK-
CUMAHBIH IIAHCHl IIHUCCACUHIA HEpIIAIIMS-
CUH/SIH achlIbl ojlapar OLHIOBPSIHUH CSIPT-
JIUK sIMCaJIbI KUIIA IAUUITUKIINNAS
ybpaiiblp. Onyp Ku, OLHIOBpS TPYHTYHYH
CAPTIMK sIMCAQJIbl TAWWH EOWINHUKAS HAM-
JSHMSHUH SH SUIBEPHUIICH3 IHAJbl HA3SAPS
aJIbIHBID.

Jlok TN KaMmepaslapblH YeBUK A0
KOHCTPYKCUHACBIHBIH  Y3YHIIybY O0OilyHka
JifocBapu 0aTaH IPYHTYH CSPTIIMK SIMCAIbI-
HBIH JAWMIIMSCH AlIabbIAAKbl MKW Ts-

Oyn omynyp [1]:
K(X): Ko +(KL 7 1)

bypana Ko=aK;— nitocBapu 6aTtaH TpyHTYH
0 KOHCTPYKCUHACBIHBIH COJI YK KSICUHWH-
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s capmmk smcanbl (x=0 omayrma); K-
KOHCTPYKCUHAHBIH Cab KJIHAp KACUMUHIS
OLHIOBPSHUH CAPTIAMK siMcaibl (x=JI onay-
raa); o - OUHIOBPSHUH ChIXBUIMACHIHBIH

min

= E.mlx. B EMMH.'
max .

TYPbYHYH OTypakar KOHTYpPY JaxWJIUHIASA
JilocBapu 0aTaH IPyYHTYH MakCHUMYM BSI MH-
HUMYM JiehopMacHiia MOy UIapbLABIP.

Wyxapeina stocrapuisa (1) amery-
pyHaaH Ba dycc-BuHkiep MOAenuHASH uc-
tudans eTMSKIs JOK TUIUIM KaMepaslapblH
YeBUK JMO KOHCTPYKCHHACBIHBIH JlocBapu
O0ataH TpyHT OLHIOBPSHWH UCTSHWISH aHJa
SIOCTAPANNN PEAKTUB MITaBUMSATH allabbl-
JaKbl udaas uis TSIHUH eas 6Hn$[p1/11<:

Qg (X 1) =K (x
_}Y ‘1)

{m

Bypana H(x,m)- UCTAHWIAH aHJa Kamepa-
HBIH YEBHK U0 KOHCTPYKCUHACBHIHBIH SIii-
WUJIMSL PSITCUHUH OPAUHATBIIBIP.

(2) monenuHasH UcTH(Ani ETAUKISL
YEBUK U0 KOHCTPYKCHMACHIHBIH CSpOsCT
SUUIMSL  PATCISIPUHUH audepeHcuan TsH-
JIUWN allabblIaKbl MKW Ha3blia OWIIsp:

OAAUIIMS SIMCAJIbl, o =

4
L(z(’t)Jr(aO +a1x2>((x,t)+
” % (x,t) ®)
+mqee—x,:o'
X
Oypana
a, _ Ko [m“‘]' a :(KL -Ky) [m—s].
S S ’(4)
moo= M _ Moug + My ’ [m—Asanz]
“EJ EJ
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Oypana EbH - nud KOHCTPYKCUIACBIHBIH SIH-
WML CAPTIUAMN [m.MZ]; JI- ué KOHCTpYK-
CUHACBIHBIH Y3YHIYbBY, My - AUO KOHCT-

PYKCHUYaCBhIHBIH KITJISICH (mdib =qﬂj, M-
g

KaMepaHbl

qW)

JOJIIypaH CyWyH  KUTJISICH

(my =

(3) nudepeHcruan TSHIMAWHUH TIsUT-
JuHY rypMmar mdiH Oypiie SBA3IIMACUHISH
uctudans emsk. by mamga axrapbuiaH
H(x,m) dynkcuyachl WKM (YHKCHHAHBIH
HIACUITN IISKIUHAS Ts0yn eaunup, OyHmap-
naH Oupy HanmHe3 X- JsH, AUISIPU UCS Haj-

HBI3 M- ISIH aCbUIBI OJIyD:
H(x,m) =X(x)T(m) (5)

(5) - u (3) - 1 HaA3sAps ajcar, Waza OUIAPUK:

(6) udanmscu scacklHOA allabblIaKbUIAPHI
QJBIPBIT:

T"(t)+o?T (t)=0;

X H(x) = yr(x ) X

()
(8)

—

x)=0.

By udamsuiapas @, - cApOACT pATCISPUH
Teanmitnaup (can™).

‘//(X):(aw _alxz),

2
a = @y, mttee. _aO'

@

©)
(10)

(7) TIHAMAWMHUH UBUUTAHA allabblIaKbl KH-
MU Udaas eTUPUK:

T(t)=A, sinw,t+B,cos w,t, (11)
A, B b,- uxTuilapu HHTErpajg cabUTIspH-
THpP.

(8) mudepeHcuan TAHIUNU YEBUK TUO
KOHCTPYKCUHAChIHBIH ~ JilocBapu  OaraH
TPYHTIApAa SHUIMS —PATCIAPUHUH — Oamd
dopmaceiabl udans enup. by TaHIMNUH
ISUUTMHA  MIOBXKYZA TSAXMHHH IICyJUIapia
rypMar MIMKOHALP. baxpiiaH ITuHaMUKA

69

KOHTaKT MSICSUISL  amlabbIIaKbl  CSPIIST
UISIPTIASPUHSA MATUKAUP:
X(0)=x5: X'(0)=8:
M Q
X"0)==2; X"0)==2. 12
0= x0)-2. @)

(8) mudepencuan tammmiinau (12) capimsg
LISPT/SPH  JTAXWIAHAS JIOPAraT HHTErpa-
Jracar ajapsbir:

2 3
X(X)=Xq +GpX +—2 Mo X° Qo x°
EJ 2! EJ 3!
x oy @3
+J.(a(u_a122)x(z)
0
Sasp
xo(x)zxmp( x)=X, +eox +
Qo X (14)
EJ 20 EJ 3’

umiaps ercsk, 0y manga (13) unrerpan TsH-
JUAWHU allabbIIaKbl IISKWIAS Ha3za Ouis-
pUK:

(15)

Junamuku capupsin Gyakcuitacsl (14)-
JsH uctudans etmsakis (15) unrterpan TaH-
JMWMHUH UUUIMHY [Iukap apappkeul a-
XBIHJIAIIMA LICYITy WISl TYPYPYT:
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xo(x)zxwp( )—x +0,X +

M,
Mox® Qo
EJ 3!

(16)

By raiina wns TtanbuiMbi mAaau X,(x)
dbyHKCcHilachiHAAa TIOpA OaliaHbbDK Mapa-
MeTpJIsips dtops  (pyHKCHHaIapbl TpyIJiami-
JpIpcar, 0axpllaH TUHAMUKH KOHTAKT MSICS-
JISHUH HISUUIAHE allabblIaKbl IISKWIAI ajla-
PBIT:

X, (x)=X @, (x)+6,®,(x)+

Mo Q
+ 27 Palx)+ 27 2 (x)

(17)

oypana @i(x), Dy(x), D3(x)Bst Dy(x) GaxpuIaH
MSCSUISTHUH ~ OUp-OUMPHHISH XSTTH  aChUIbI
onMaiaH Iopa XLCYyCH HISJUIA 0Ny0, JTOK
TUIUIM KaMepaHbIH TPYHT OLIHIOBPSIHS CrOii-
KSHSH YeBHK JMO KOHCTPYKCUHACBHIHBIH Sii-
wiMsl parciapuau udans enup. by dyn-
KCHMajap alllabblIaKbl COHCY3 ChIpajapblH
KSAMU KUMU TSHUH €TUIHP:

xal(g); [1-2~7-8~ (6n—5)(6n—4)]>< (18)
0 a +X6n+4
Xaw nZ: w 1n +
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© a +X4n+1 ©
Z; 4n+1 +,Z

6n+1
x% .(6n-4)6n-3)]+ (19)

© n 6n+5

+awZ(—l)n al + X

i ISAR
~ (6n+5) 2" "

[2.3-8-9-...

2 ) n 4n+2

X al +x
@3(X)_E+Z (@nv2)

n=1

0 . a?+X6n+2
+n§4(_1) Gn+2) (20)
x[3-4-9-10-...-(6n—3)6n—-2)]+
0 o a{1+x6n+6 -
+aw§( 1) Tenser typ + oo
X3 0 a2+x4n+3
")“(X)‘T§W+
al +X6n+3
+Z “n+3)y (21)
x [4 5. 10 11-. (6n—2)(6n—1)]+
n al +X6n+7

(18)-(21) udansnapuuas m,, (u=I...4) am-
caJuIaphl alllabblIaKbIIAPIBIP:

My =32; 4336;...; m3,=68; 13450;...;
My, =48; 7920:...; my,=92; 21520;...;
(22)

Situnms psarcaspuHuH O6am Gopmacsl
4IH aabiHMBI (17) IMyMH OSUUTHHS sica-
CSH JIOK TUIUIM KaMepaHbIH JUO KOHCTPYK-
CUMACBhIHBIH UXTUHApU KACUUUHISA JUHAMU-
KU JIIOHMsI Oy>KabbIHBI, SIMM)KA MOMEHTH B

KICM)KM TIBBSIHM TIWWMH €TMSIK  ITYITH
allabbIIakpl  IIecabiaMa  JICTYpIapbIHBI
AJBIPHIT:



Exonouiiasa cy macappugpamel vypuanwt, Nel uianeap, 2011 - >cu un

0 (x) =X 0@, (x) + 6,03 (x )+

F 2 l(x) 22 ) (x)

M (x) =X (.D”( )+90cz>§'(x)++

MEJ 0 (23)
Mo g(x)+ 22 5 x);

Eg) X 07 (x)+ 0y05 ()4
st St

(11) Ba (17) msnm sicachlHga 110 KOHCT-
PYKCUHACBIHBIH CAPOSCT AHMIMS pATCISPU-
HUH UCTSHUJISIH aH/la UXTUHAPH KACUKIS
aMIUTUTYAYHY, JIOHMS Oy>KabbIHbI, SHNKH
MOMEHTHUHH Bl

KACHKU T'IBBSIHU TAHMH €TMSK LUIH
allabblLAAKBI Hiecaldiama JUCTYpJIapbIHbI
QJIBIPBIT:

z{ @)+ Mo

n

x +90
<@0)+ 2, )} «(A. sinwt+B, c0s ot
i[

=1

1 (X)+ 6,25 (x)+ %(bé(x%—

>

EJO @;(x)|(A, sinw,t+B, cos o,t);

M, (x,t) &

M
! =z[xo¢;(x)+eo¢;(x)+E;)¢;<x)+

n=1

2o gy 1(x) (A, sinw,t+B, cos w,t);

EJ
gl g

n=:

M
+6’0<D§"( ) TOCD;(X)“'

+7¢ }A sin w,t+ B, cos w,t). (24)

(24) noapanapunas d,(x) pyHkcuiia-
JApBIHBIH WIK 1[4 TAPTHOISH TIOPAMSUIIPH
yitbyH omapar (18)+(21) dyukcuiiamapbiabl
apabDKBUT I epeHcuaaMaria TanbUIbIp.
Orwopusaiin kumu @, (x) GyHkcuianapsl Bs
OHYH TIOPSIMSUISIPU COHCY3 ChIpalapblH K-
MH KUMM Tanbulblp. By chIpanmapblH crps-
TUH/S KUYMK TapaMeTpisip OJaH d, B aj
UIITUPAK €Iup, MAXPSOKUHAS HCA apTaH
dakTopuan sAnAmIAp MIOBXKyIayp. by na
CHIpaJIapbIH KA HMBIBBIIIMACHIHA ILSPAUT
rapaapip. OHa 310ps 1 MPAKTHKH Iecadia-
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Manapaa msip Oup QYHKCHHAHBIH BSI CIISDKSI
I OHYH TIOPSMSUIApUHU HUpaasIIIpUHISA
OupuHXH 2-3 CchIpa WIS MAIUIyAJANIMar Bs
eJISDKS 1 ISP ChIPAHbIH 2-3 AN WIS Ts-
HASTJSTHMSIK OJIap.

(24) nuctypiapblHBIH OUPUH)KHCHHS SICACSH
U0 KOHCTPYKCHHACHIHBIH HIOTTSUISIPUHUH
HepIaiuIIMAICH CUPSITH AalllabblIaKbl KUMHU
TSIMUH €IAIUD:

Vn(x,t)zaY“(X’t)—

- (25)
=Z J(X XA, cos w,t — B, sinw,t).

JIn0 KOHCTpYKCUHACBIHBIH STHUIMS
pArcisipuHUH Oamt (opMachkIHBIH AU EpeH-
CUAJT TAHJIUHHHHAH TYPYIMYII IMYMH IISUUTH
(17) sicaceinfia mpakTHKaAa TAcaAld oxyHaH
alIabbIIaKbl XIICYCH Iayia Oaxar.

Dsp3 ek K, OIHIOBPS TPYHTYHYH
CSAPTIIUK SIMCAJIBI JJOK KaMEPaHbIH TUO KOH-
CTPYKCHUHACBIHBIH Y3YHIIYbY OOiyHka caOuT
Bs la MHTErpasl-opTa TUUMSATSA MAIUKAND, Oy
manmia:

1.
K(x)=K fj{ +(K,
2 2K, +K
_KO)X2:|dX :#,
L 3 (26)
Kot 2K, +K
0= - ) alz L
EJ 3EJ
y(x)=y, =a O Mes ~Kon
0 [0} EJ

by wsptnsapu Hsazsps anaeirga (17)
npuuHuH (18)+(21) dyHkcuifanapb! yibyH
ojlapar amabblAaKbl MISKWIIA  Ha3bUIbIp

[2]:
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(27)

—(shax +sin ax);
2a

0 anX4n+2
o Z (4n+2)

n=1

1 :
=——(chax + cos ax);
2a
3 n,, 4n+3

:);_!+Z(inx )

n=1

(27)

=2i3(shax +sinax),
(24

ort. (28)

bynnaps! Ha3sps anapar, (17) wsmim-
HU allabbl1aKbl KUMH Ha3Mmar ojap:

X () =X fy(ex)+ 22 1, (o) +
(04

J’_

M,
f
a2E] 3(ax)+a3EJ

Conymxy aicrypaa ¢,(ax) amabbl1aKbi-
napaap:

fy(ax)=
f,(ax)=

3(05)():

fy(ox)=

%(ch 0X + 008 ax );

%(shax +sinax);
1 (30)
> (chax + cos ax );

%(shax + sinax).

(29)-(30) xmcycu maNgaKel ISUTAH-
JH UCTUGANS STMAKISA SHUIMS PATCISPH-
HUH TE3IUHMHM TalMar IMYIH TSHIUK ajJMar
onap. (29) msuuuHs Aropa OammaHbbDK Ta-
pamerp Xy, b, My B I naxunaup. by ma-
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paMeTpisipsH HMKHCH OaxbUIaH JWHAMHKH
KOHTAKT MSCAJSUIAD IUA3bIPJABIMBIT  I[YIIH
MISIMALIST MsUTyMayp. Judsp WKuCHHUM Tan-
Mar IM4LH Ucsl 6axbulaH MACSUISIHUH CSPLISA
HISPTIISAPUHISH HUCTH(aAs ensIpsK XSITTU
TAHJIMK CUCTEMU TIypMar ousiap. by xsaTTn
TSHJIMK CUCTEMUHHH MSDKIYJ MapaMeTpIis-
ps Jaxumi oJlaH sAMCaJIapblHOaH TAPTUO
eIMIMHII JETEPMHUHAHTHI ChipbIpa Osipadsip
eTMSAKJIS TE3JIMK TSHJIMHMHY ajMar oJiap.

SBBsUDKA MO KOHCTPYKCHHMACBIHBIH
UXTUHApU KACUHMHASKM JIOHMS OyXKabbIHbI
6,(x), sk MOMEHTH, M,(x) BSl KACWXH
TIBBSIHU [ ,(x) TAUMH KTMSK 4IH (29) ns-
JM sicachiH/a IecabiaMa ALCTYypiapbl ana
OWIIApUK:

a 4 (04
M Q .
+a2EOJ fz(ax)+a3é fo(ax);
M)yt fa)+ 221, (o)
a‘BJ (31)
M
+a2EOJ 1(ax)+a3|(;J fz(ax),
X 6
22|(EJ)_x0f2( )+ 2t (o)
M Q
aZEOJ f4((ZX)+ﬁfl((ZX).

Anpiamei  (29)-(31) msmuisipu  sica-
CBIHAAH JOK THUIUTM KaMEpaHbIH YEBUK JHUO
KOHCTPYKCUHACBIHBIH SIMUIMS PATCISPUHUH
TE3JTMHUUHUH TAaIbIIIMACHI MSCSUTICHHS Oaxar:
1. ®ap3 ercak Ku, KaMEpaHbIH YEBUK U0

KOHCTPYKCHUHACHIHBIH ISP WK YK K-

CUIU TPYHT OITHIOBpsis cApOSCT OTYpyp,

Oy masnna:

Xoz0; 020, My=0; I'=0;
M,(/)=0; I'\(J)=0.

By msptnspu va3spsa anaeirga (31) ndans-
JSIPUHUH COHYH)KY MKW CSATPHHS sICAacsiH Ha-
3a OUIISIPUK:

(32)

ATNBIHMBIII TETEPMHUHAHTHI a4bl0 CaJlsIsII-
JIUPCSIK, aJaphIT:

chal - cosal. =1. (33)
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by TpaHCEeHAECHT TAHJIIMWHMH KIOKI] alllabblla-
KbUIApABIP:

(aL), =473; (aL),=78532;

(al); =10996; (aL), =14137;  (34)

n>4oldugda (el ), =(n + %}r

(28) udagsicunn HA3SIPs aNBITAA Ye-
BUK M0 KOHCTPYKCHHMACBIHBIH CAPOSCT sAii-
WIMSI PATCIIIPUHUH TE3MUHUHU TanMar HUIH
alllabblJaKbl ALCTYpJIaphl ajlaphir:

2K K
®, = ¥+500’547L;
3m Hee. m yee. L4
2K K
w, = [0t Re | agp3sz B
3m‘186- mues. N
2K, +K 35
w, = [P0 R L iap107 B, (35)
3m’1£’6’- mqeg. ¢
2K K
, :\/0+'—+39941,9E‘J4;
3m‘l€€- mllezf. L
n >4 oldugda
2K, +K N
@, = o R, B efnil)
Bm‘l@@- ml«es.L4 2

2. YeBuk nub KOHCTpyKCHIAchl COH yXK K-
CUKJIIDUHJIS IIApHUp Jaiaryiapa CIOMKS-
Hup. by manna:

X=0;, 60#0; Mo=0; Fo#O;
XD =0; M,(1)=0;

(31) msumuHAsS Oy WISIPTIASPU HA3SIpA ajicar,
aJaphIr:

supd - scugd. =0 (36)
supd. #0 onaybyHIaH
surodl. =0,

aneipsir. bypanan na (a/l), =7 B 1u0 KOH-
CTPYKCUMACBIHBIH JIlocBapu OaTtaH TpPYyHT
OLIHIOBPSAIS TE3JIMK CIIEKTPUHU alllabblIaKbl
KHMH TSUUH €AUPHK:

\/2K0+KL El z'n®
®, = +

4
3am,,, m L

uee.

3. Jlox THIUIM KaMepaHbIH Y€BUK TUO KOHCT-
pYKCUMAChl CON YK KSICHUKAS MIITIISAT
CApPT OabJaHMBIIIIBIP, Cab YX KACHUH
UCs IIApHUP Jafaba CIOUKSHUD, USHU:

X=0; 60=0;, My=0, Iy=0;
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X,.(/1)=0; M, (/1)=0.
(31) miecabmama mucrypiapeina Bs  (28)
UISIPTHHS SICACSIH JIHOCBapu OaTaH TPYyHT-
Japia J0K THIUIM KaMepaHbIH YEBUK JHO
KOHCTPYKCUHACHIHBIH CSAPOSICT SHUIMS pAT-
JSIPUHAH TE3JHMK TAHJIMHMHU allabblIaKbl
IISIKHAJIIS aJIBIPBIT:

thal =tgal. (38)

by TpaHceHAeHT  TAHIMUMH
alllabblIaKbl KUMUIUD:

KIOKJIIpU

(oL ), =3927; (aL), =7068;
_4n+1

n=

N> 2 ondyeoa ucs (aL) /4

(28) wmdansgcuHu HA3APS aIMaria TE3JHK
CIIEKTPUHH aIIabbIAAKbl UDAISUIAPIIS TIHUH
eIUPUK:

2K, +K
0, = \/0+L+237,817 =

i

Sm‘i%’- mue@.
2K, + K| B |
®, = \/Smw + 2495 66 7mm|_ T (39)
n >4 oldugda

2K, +K, 4( 1)'7z* B
@y = [————+" N+ | ——
Smue& 4 L m‘l(f&

4. KamepaHbIH 4eBUK U0 KOHCTPYKCHHAACHI
cab YX KACUKIS CspT OabjaHbIO, COM yXK
KACUKJIS UCs JiocBapu OaTtaH OIHIOBpSNs
csApOsACT OTYpMYLIYp, HSHU:

xo¢0; (90¢ 0; My=0; F():O;
Xu(ID)=0; I',(7)=0

(31) ndangsnspuns sicacsiH TE3JUK TSHIUIH-
HU alllabblIaKbl KUMHU ABIPHIT:
37
arcuyo/l scocalI=-1 (40)

By TSHIMHMH KIOKJISIpU allabblAaKbl KUMHU
TSIMUH €IAIIND:
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(aL), =18751; (aL), =4,6941;

(aL), =7855; (oL ), =10996; (41)

n+l =

n>4 ondyeoa uc;v(aL) = [n + %j ‘T

(28) ndansacunm HA35ps ajucar, TE3JUK CIEK-
TPUHU TSIMMH €TMAK IYIH AalllabblJaKbl
JLCTYpY aJlapbir:

{a}l = \/2K‘1+KL+ 123623 (42)
3 uee. mlle@.
w, = \/2K0+KL+485’552E‘]4;
3m‘i€8. qee.
W, = M+3807 ,02i4;
3m‘t£‘l§. lleG.L
(42)

o= |2 K 1ae197 B
3m m, L

uee. uee.

n > 4 olduqda

W |2KotK BV A1 )
e :3m‘i36‘v m‘(CB,LA 2 .

by raiina wig 4eBUK U0 KOHCTPYK-
cuifachlHbl JlocBapu 0OaTaH TpyHTJIapia
oasp  capuan  wsapTispuHas ag (31)
JUCTYpJIaphbl SICAChIHJA TE3JIMK TSIHIUKISAPH-
HU ajmar ojap Bs OyHa yWbyH Ja cspOsCT
AWNATIMS  PATCISPUHHUH TE3IUKISAPUHHU B
TE3JTUK CHEKTPUHU TAWUH eTMSIK
MIMKIIHJIP.
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K.M. MamenoB, Aimu Moxammean

K Bonpocy pacuera cBOOOAHBIX H3rHOHBIX
KOJIeOaHMii JHUIIA TOKOBBIX KaMep Ha
JIECCOBBIX MPOCAI0YHBIX TPYHTOBBIX
OCOHOBAHMSIX

PE3IOME

B cratee paccmaTpuBaeTcs pacuer
CBOOOIHBIX HM3rMOHBIX KOJIEOAHWI T'MOKUX
JTHUTI IOKOBBIX KaMep C y4eTOM CIy4aiHO-
IO YBJIKHEHUSX JIECCOBOTO MPOCATOYHOTO
OCHOBAaHMSI.

Ucxonsa u3 monenu dycca-Bunkiepa,
XapaKTEepU3yeMoi MapaboJINYECKOro Helu-
HEWHOTO M3MEHEHUs Kod(dduimeHTa xKecT-
KOCTH JIECCOBOTO MPOCAJOYHOrO TPYyHTa B
nepejaenax TMOKOro JHUINA, KOHTAKTHAs 3a-
Jlaya 0 ONPEIEICHUIO CBOOOIHBIX HW3THO-
HBIX KOJeOaHUH CBOOMTLCI K OOBIKHOBEH-
HOMY JIMHEHHOMY OJTHOpOJHOMY nuddepen-
[[MATbHOMY YPaBHEHHUIO YETBEPTOTO MOPSAJI-
Ka B YAaCTHBIX IPOU3BOJIHBIX. MCIONB3YIO
pazfneneHus nepeMeHHbIX o dypbe U mpH-
HUMasi BO BHHMaHWE JMHAMHUYECKOW Kpae-
BOI (DYHKITMU pellleHue JUHAMHYECKONH KOH-
TaKTHOHM 3aJlaudl PeaTu30BaHO METOIOM IT0-
cleoBaTeNbHBIX NMpuOIMxkeHuit mo Ilukapy.
B pesynbprare monydeHO MOJHOE pEIICHUE
muddepeHIaTbHOTO  YPaBHEHHs TJIaBHON
(hopMbI U3THOHBIX KOJIEOaHUH, BBIPAXKEHHBIX

B MEPEMEIIEHHBIX U YCHIIHSIX.

[TonydyeHo Tak ke pelleHHe paccMmar-
puBaeMoW  3amayM ISl WHTErpabHO-
CpeIHero 3HaueHus KodPPUIMEeHTa )KECTKO-
CTH JIECCOBOTO TPOCAJOYHOTO TPYHTa W Ha
OCHOBAHUHU 3TOTO PEIICHUS MOIYYEHBI IJIs
Pa3IMYHBIX TPAHUYHBIX YCJIOBUH 3a7a4d
YpaBHEHHS 9acTOTHI O TaK K€ HEOOXOAMMOe
CIIEKTPBI YaCTOT CBOOOJHBIX M3THOHBIX KO-
s1e0anui.

AIIKAH, CA®AP, XOAJABAHIEJY

O MOIrPEIIHOCTHA METOJIA MATPUYHOM ®AKTOPU3AIIAN
B 3AJAYAX YCTOMYUBOCTU OBOJIOYEK BPAIIIEHUA

Askhan, Safar, KhodaBandehLou

74



Exonouiiasa cy macappugpamel vypuanwt, Nel uianeap, 2011 - >cu un
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Faculty of Engineering, Civil Engineering Department, Hslamic Azad University,
Iran, Urmia Branch, Email: ashkan72 @ rambler.ru

C yderom 0003HAYCHHUIA, TPUHATHIX B
[1], cucTeMa ypaBHEHHI YCTOMYMBOCTH I10-
Jorux 00O0JIOYEK BpAIlEHUS B MaTPUYHOMN
dbopme uMeeT BU

r' r
- 0 - (kzz —kyy + agz - afl)_o 0
r0 rO
r’ r! r!
0 — (t(z)z _tfl)_o (kzz —kyy + agz - all)_o
H — rO rO o]
0 0 fo 0
rO
0 0 0 fo
rO
k? 0 0 0 k?
— kyy +ay, (kzz —ky +ag, - all)T 0
r0 r o]
k2 k2 k2
Ky, — agz t101 - (tlol _tgz )_2 - (kzz —ky; + agz - afl )_2
fo fo fo
G= 2
0 -1 -—— 0
o
k2
-1 0 0 -—
I

Txe 1.k a;° t;° — cormacuo [1] 6e3paszmep-
HbIE BEIMYMHBI, XapaKTEPHU3YIOIIHE COOT-
BETCTBEHHO KPHUBU3HBI 00OJIOYKH, JOKPH-
TUYECKHAE M3MEHEHUS! KPUBH3H, YCWIIUS HC-
XOJTHOTO COCTOSIHHS.
= {®, X, V,¥}- 4 MepHbIii BEKTOD.
BmecTo BekTOpa-cTonbOia M BeeseM 8-
MepHBIA BeKkTOop-cTonbeny U = {Y Y '} .Torga
cucreMa ypaBHeHHH ycToiuuBocTH (1) mpu-
MET CIIEIYIOIIHNI BUT:

U'=AU, 3
brounas matpuma 4 8-ro mopsika uMeeT
CTPYKTYpy

0 E
A= ° 4
I SO
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Y"+HY '+GY =0. 1)

[Tpuyem H u G — kBagpaTHbIe MaTPHUIBI 4-TO
Hopsijika.

Oob1iee penienue cuctemsl (3) 3anuceiBaeTcs
B BUJIE:

U= (A)-C, (5)

rne C — 8 - MepHbBI CTONOEI-KOHCTAaHTa
Y (A) — HOPMUPOBAHHOE PEIICHHE CHCTE-

MBI (3) win [3] MaTpHIaHT, MPEACTaBUMBII
B BHJIE CXO/ISIIIIETOCS MATPUIHOTO Psia

X X X
Q@ (A)=E + jAdx +jAdx +jAdx +.... (6)
Xo Xo Xo
Pazo06beM uHTEpBan WHTETPUPOBAHUS CHC-
TeMbl (3) Ha m yacTel u nmojarasi B mpeenax
KKIOro ydacTka pa3OueHus marpuiy A
IIOCTOSIHHOM, C Y4E€TOM CBOMCTB MAaTPULIAHTA

([3] ctp. 431), monyuunm:
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Q(A)=e"m*m-e"m-
(7

Mmoot eP

[Hanee, pa3naras B psaa MakiiopeHa BbIpaxe-

HUA BUA ek Xk , MOYKEM 3aITucaTh:

e kK = B+ e, AMX (8)
il sl

Ecnu o6opBats psan (8) Ha c-uneHe, To ¢
yuerom (7),
Q (A =1, -1y -1, (9)

Yepes /13 0603HauUEHBI MATPUUHBIE MHOTO-
YJICHBI BUJIA:

A, AX; Al AX;
I, =E+—+... . +—
1 s!

(10)

Taxkum o6pazom, ¢popmy:na (0) 3ameHe-
Ha MpUOIMKEHHBIM BbIpakeHueM (9). AHa-
m3upya ¢popmyisl (6) — (9), MOXKHO cre-
JaTh BBIBOJ, 4TO B (9) mMeercs aBa MCTOY-
HUKa IOTPEIIHOCTH, CBSI3aHHBIE COOTBETCT-
BEHHO ¢ (opmynoii (7) U annpokcumauen
MaTpUYHOM SKCIOHEHTHhl nojauHoMoM (10).
PaccmorpuM Kaxawlid Cilydail OTAEIBHO H
OLICHUM NOI'PEUIHOCTh, BHOCUMYIO IIPU 3TOM
B popmymy (9).

IlorpemHocTb, CBSI3aHHasi ¢ 3ame-
HOWl MaTpPUIIAHTA HA MATPHUYHYI0 JIKCIO-
HeHTy. OO0o3HauuM uepe3 AX HEKOTOPHIH
MHTEpBaJl pa3OueHusi OTpe3ka HHTETPUPOBa-
HUS U Pa3I0KUM MaTpuny A B psiano AX .

Cornacho [3],

Q" (Ag + A)=em*2%(S),

e s=e " Ae™_ xpanparHas marpuia
8-ro mopsgka. BBegem B paccMOTpeHHE
MaTpHILy OTHOCHTEIEHOM OTPEITHOCTH

M =2 (A) - 2" (Ag) Jas(A) * =

~[a(s) -E]a(s)* )

Jns cnextpanbHOM HOpMBI  MaTpuLsl M
nmeeM [4]

[ < M| (12)

rlie [ — MaKCUMaJIbHOE 10 MOJYJIIO Xapak-
TepUcTHUEcKoe Ynuciao Matpuisl M. Eciu A .
— cobcTBeHHBIe uncia Matpuisl Q5 (S), To
14l =1 [Ja]-1]
> max = ,
AEREES
rae A1 — MUHHUMAJbHBINA 110 MOJYIIO KOPEHb
XapaKTEPUCTHUYECKOTO MHOTOWJIEHA MaTpH-

sl Q7 (S).
CrnipaBeIMBO CIELYIOIEe HEPABEHCTBO

40| = max

2|<vfd, d =\detQ§X(S)\, (14)

n — nopsaaok matpusl. [To popmyne Axodu
([3] ctp. 431)

d=exp fSp(S)dx :eprSp( A)dx, (15)

TaK Kak CIIeAbl MaTpuil ¢ U A COBIAAAIOT
BCJenCTBUE UX moaobus. Mcxons u3 KOH-
KPETHOH CTpyKTyphl Matpuubl (cM. (2)),
uMeeM:

2y BK) 1))
Sp(A)_A'[ro(x) ro(f)J_ (16)
=4(u(x) -u(¢))=4u(r)-n,

rae |g| < AX,|77| <AX . Ucnonwsys B (15)
TEOPEMY O CPEHEM, MOTydaeM:

d=exp 4u(x) - X - Ax <exp 4u'(x)Ax? (17)
X < AX

CnenmoBarensHO,

max u'( x) Ax 2

|2 min| < exp =exp y.
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Orkyna mis ||M || H0JIy4aeM HUKHIOKO OLIEH-

KY:

N 11— exp 7| |
exp ¥

N3 (6) MOXKHO YCTaHOBUTH CIIEAYIOIIHNE HE-
paBeHCTBa!

[Mm] (18)

AX
dex

0

HQOAX (S X‘ <1+ +

(19)

Ax

dex
0

|2 (s)-E|< expT”S”—l,
0

AX

+ +..<exp J||S||dx,
0

Ax
dex
0

m
Jlanee tak kak 2, (S)= lim7/7e-S;*, T0

m—o0 i=0

Q,™(s)™* < lim 1\')07Hesi“X

m—o0 i=0

AX
<exp I||S||dx,
0

Takum 00pa3om, AJisi BEpXHEH IPaHHIIbI
||M || HOJTy4aeM:

AX AX
M| <exp J-||S|| dx[exp I||S|| dx —1}.
0 0

U Tak kak HOpMa MaTPHIl HE MEHSETCS
npu npeodpa3zoBaHUAX 110100uUs

AX -
M| < exp J.HAde x
. @)
x {exp [[[A]ox - 1} ~|A(¢)ax?
0
0<¢ <AX
HOFpeHIHOCTb, CBfA3aHHasA C alllIPOK-

cCUManHedl MAaTPHYHON DKCIOHEHTbI MaT-
PUYHBIM noguHoMoM. [lycte A, — xapakTe-

puctrueckue yrciia Mmatpuiel 4. Torma
det(e_A ): e SPA

ITo onpenenenwto [4]

|A|=max [o (22)

01— XapaKTCPUCTHUYCCKUC YNCJIa MATPHUIIbL

(21)

H=A*4=*4" 4. det(H)=det?(A).
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OueBHUIHO, YTO

omax>"4/det(H)

HepasenctBo (23) umeer mecto st
m000# MaTpuilbl. MaTpuiia OTHOCUTEIBLHOM
MOTPEUTHOCTH B IAHHOM CJIy4yae HMEET BUJ]
rIe

(23)

I = Rk+le—AAX '
~ Aé(JrlAX k+1 ~ A(;HleA(g“){ ol
Rk+1—W+...—W§ ,(24)
¢ < AX.
CnenoBaTenbHO
k+1 sPA(¢)¢
det (1) = det ((kA:3 )1(;l Fhit g Ph
1
% detk+l( A)§k+l n
| |det(r) z(w (25)

Jns mosmydeHust BEpXHEW rpaHuIbl ||l“|| BOC-

MOJIB3YEMCH IMMOCICA0BATCIIBHOCTBIO OYC-
BUJHBIX HCPABCHCTB:

”F” S||Rk+1||'He_AOAX <
o1 A1 2
[Ao]"e
<

(k +1)!
A

1ol Al
(k +1)

(26)

é/k+1,

Axk+l

Uccnenyemast B nanHoi paboTe cxema
npemnoxena @.P.I'antmaxepom [3]. Ilpu-
MEHUTENIbHO K 3aJadaM TeopuH 000JI04eK
ONUCAHHBIN aJIrOpUTM HCIOJIB30BaH B [2],
IIPUYEM BO BCEX CIIydyasix MaTpUyHas dKCIIO-
HEHTa MPHUOIMKASTCS TUHEHHBIM MHOTOYJIE-
HoM Buza (10). Ananuz Beipaxenuii (20) u
(26) mo3BomsieT cuenarh CICIYIOIIUE BBIBO-
JTBI:

1. TlorpeurHocTs, BHOCUMAsI MPH BBIUKCIIE-
HUU MaTpULIaHTa 3a CYeT JIMHEHHOW ar-
MPOKCUMALIUM MATPUYHOU HKCIIOHEHTHI,
3HAYUTENIbHO IPEBBIIIAET IOTPEIIHOCTb,
obycnoBiennyto dopmynoit (7). B ugacrt-
HoCTH, ipu Ax:=0,25, monaras || A'||= 0,1,
||A|| =2,8 (4TO crnpaBensuBO IS MOAAB-

JISTFOIIIET O 60J'H>H_II/IHCTBa 3aga4 TCOpUU
00071049€K), TONYYUM IS BEpXHEW Tpa-
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HUIIBI ||M || " ||F|| COOTBETCTBEHHO:

0.00625 u 0.06.
st Toro, 4ToObl MOTPEIIHOCTH OBbLTH

OJIHOTO MOpAJIKa, HEOOX0AUMO B dopMylax

(9) u (10) yaepxarb KaKk MUHUMYM 2 4JI€HA

npu yciaoBuu (28).

2. ABTropamu paboThl [2] OTMEUYEeHA KpaiiHe
MeJIEHHas! CXOJIMMOCTh YHCJICHHON cXe-
MBI TIPH JIMHEHHOM MPUOJIMKEHUU B QOp-
Mmyiie (8). C mpakTHYECKOW TOYKH 3PCHUS
npu pacuerax Ha OBM nenecooOpaszueit
MOBBICUTH CTeNeHb noiauHoMa (10), Hexe-
T TpuOeraTh K 3HAYUTEIHHOMY YMEHb-
LIEHUIO Ax.

3. [y cXOAUMOCTH OIKCAHHOTO AJITOPUTMA
Heo0XxouMo, 9To0Bl  AX <<1, [1-7].
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Baxilan dinamiki kontakt masalo doyi-
son qalinligl sonlu sixilan tabagods dok tipli
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durulducu kamerasinin dib konstruksiyasinin
sarbast ayilma ragslarini hesablamaga imkan
verir. Sixilmayan toboaqays sdykonon sixilan
grunt tobaqosinin sartlik amsali konstruksi-
yanin uzunluqu boyunca geyri -xatti ganunla
gobul edilir. Dinamiki kontakt masalonin
halli furye avozlomasindon istifado edilmok-
lo vo dinamiki sorhad funksiyasini qoabul et-
moklo holl edilmisdir. Burada Pikar ardicil
yaxinlasma iisulundan istifado etmoklo dib
konstruksiyasinin sarbast ragslorinin bas for-
masinin diferensial tonliyinin hoalli qurul-
musdur. Qurulmus hoall dib konstruksiyasi-
nin istonilon anda sorbast oyilmo rogslorini
toyin etmoays vo homginin ragslorin tezliyini
tapmaga (hesablamaga) imkan verir.
Hypynnyxy KamMepachbIHbIH YEBUK U0
KOHCTPYKCUHACHIHBIH Y3YHIIYybYy OOWyHKa
CBIXBUIAH TPYHT TSAOSTSICHHUH TaJIbIHJIBIbBI
COJIaH-caba  JIObPY  XSTTH  TaHyHJA
(TpanecBapu) JARUIIND. Jub
KOHCTPYKCHUHACHIHBIHOANIIAHBBIXK KICUHUH-
ISl COHJIy TPYHT TSAOSTSCHUHUH TaJIbIHJIBIBEI
]y, con xacunuuaa uca [ nup. bens
TAOATSIAS CBIXbUIAH TPPYHT OLHIOBPSHUH
CAPTIMK sIMCallbl TPYHTYH Jedopmacuiia
MOAYJIYH/IaH Eo, o KOHCTPYK-
CUMACBIHBIHCCOH  SIMCAJIBIHBI  XapaKTepu3s
elisiH TapaMeTpasH A(Lp), M0 KOHCTPYKCH-
HachIHBIH 11lecaby €HUHISH 0,, B XATTH ra-
HYHJIa JSHAIMSH ~ OMHIOBPS TPYHTYHYH
TaJbIHIBIBBIHAAH-  [[](x) acbulbl oOnapar
alIabbIJaKbl JICTYpIIa THUH IUITHD:

K(X)z A(/Uo)bhEo .A(ﬂo)bhEo , (1)
H(x) "Holl+/x)
Oypana
_H -Ho [
p= H,-L [m ]
1-2u, +058
A 1p) = . : (2)
(L) 1-2p)
1) nudaasICuHIs o (x)= !
1+ X
¢ynkcuitacblHbl  MakjepoH  chlpachlHa

alppUIbI0O OHYH WK 1Y HAAH WIS

KAGDaUATIAHCAK, COHJIY  JAWWIISIH — Ta-

JIBIHJIBIT'JIBI 6I_IHIOBpHHI/IH CAPTIIMK

SIMCAJIBIHBI TSMHH €TMSK IUYIH allabblIaKbl
JUCTYPY alaphbir:

K(x)= Al )04 Eo :(1_@(4_’32)(2) ©)

H 0
dycc-Bunkiep MOJEIUHISIH
uctudazs ensIpsK YEBUK piv(§)
KOHCTPYKCUHACBIHBIH ~ CAPOSCT  SHHIMSA

PATCISPUHS TapIIbl JSHHIISH TaTbIHIIBITIIBI
TPYHT OITHIOBPSIHUH DIOCTAPAUNU PEAKTUB
MIITaBUMSITHH MHTEHCUBIIMHUHU
anrabbIIaKbl Uaas Uil TAUUH e/ OMIISIPUK.

Qe (X 1) ==K ()Y (x.t)=

4
:_—A(ﬂlo_')obhEo (l—ﬁx +ﬁ2x2)( (x,t). “)
(4) wmomenuHAsSH ~ uUcTH(AAT  CTIUKIA

OupkaMmepayibl NypyJIIyKyYHYH YE€BUK U0
KOHCTPYKCUMACBIHBIH ~ XATTH  JAWHLISH
TaJBIHJIBITIIBL  TPYHT OITHIOBPSIISA  CSpOsICT
PATCISIpUHUH  JUdepeHcruan  TAHIUHUHU
alabbl1aKbl KUMU UDaas eIupuK:

EJ % (:( 't)+ A(ﬂo)bhEo )
dx H, (5)
b g e, LD g

(5) TaunmitMHUH OUTHH UISATISPUHU IUO

KOHCTPYKCUIACBIHBIH cabur STMUIIMSA
CAPTIMHMHSA ~ OMOJICAK  Bsl  allabblIaKbl
UHIApSUITHMSUISIpU 10yn eTcsik,  (6)

TAHAUUUHUH ONTHH mauisipunu  Eh-is
OIOJICSIK BSI allabblJaKbl HWIIAPSUITHMSUSIPU
rs10yI1 eTCHIK,

_ Al JoEy [
%= H,EJ '[m ]
a :M:aﬂ [m—s]
' H,EJ of ; ©)
_ Al JnEoS® _ o [
a2 - HOEJ _aOﬁ v[m ],
= Muea _ Map * My + M, , [Sanzm"‘],
Yee. EJ EJ

Mous, My, My-0axbUIaH JUHAMHUKHA KOHTAKT
MSCSUISTHUH nudepeHcran TIHIAAUHA
alIabbIIaKel KUMH UDas enst OWIspuK:
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% (x,t)

EJ
dx*

+(a0—a1x +a2x2)><
%Y (x,t) 0
X
Y ’t _Ue(ﬁ.—,:
X (X )+ dt2

Oupite 1cyayHy TATOUT eTMAKiIs (7)
TAHJIUAUHS JAX W OJIaH Hx,m)-
(byHKCHHACHIHBI MKH ()YHKCHITaHBIH IACHITA
KAMHU TS0yn enupuk, OyHiapaaH Oupu x-
JISTH, JTADSIPH UCS M- JISTH aChUIBI OJIYP:

Y (t)=X ()T (t) (8)

(8) udagsicuHs scacsH H(x,m)-
dbyHkcuitacbiHblH (7)) TAHJIUWWHSA —JAaXuil
OJlaH XIICYCH TIOPSMSUIAPDHHMA Tamnbio Oy
TSHJIMK]IS fa3car, HATYKSIS alaphbir:

XbIB(X)+(aO—a1X+32X2)X(X)_ T"t)_ 2
™ X ) R

COHYHXKY TSHJIMIS SICACSH alllabblIaKbl UKH
TSIHJIMIY aJlaphbir:

T"(t)+w?T (t)=0, (10)
X 7Hx) =y (x )X (x)=0, (11)
Oypana
{W(X):zai) +ayX —a,x? 12)
a,=wym,, —

(10) TAHAMIMHUH IIAUTM allabblAAKbl KUMHU
udans onynyp:

T(t)=A,sinot+B,coswt  (13)
A, B b, - uxtuilapu UHTErpan cabuTispu-
nup. KamepanbiH ueBUK 1ub KOHCTpyKCHUila-
CBIHBIH CSIPOSICT SIMMIIMSL PATCISIPUHUH Oarr
dopmaceiabl udans ensu (11) nudpepencuan
TSHIMAUHUH [UUDTAHA MIOBXYJ TSXMUHH
LCYJIaphl TATOUT eTMSKISA rypmar onap [1].
KamepanblH 4eBUK U0 KOHCTPYKCHHACHI-
HBIH CApOSCT SAHMIMS PATCISIPUHUH Oarl
dopmacbiHbIH  audepeHcHan  TAHIUHUHS
aIIabbIJAKbl CAPIIA MISAPTISIPU JTAXFITHHIIS
0axbIphIT (x=0 onayraa):

(18)-1a [MTukap
HaxbIHJIAIMaJIapbIHbI

apaAbDKbLUT
redpu-MsIIIyq
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X(0)=Y,; X'(0)=6,;
" _%. 4 _ <0
X"(0)= T X 0)= = (14)

By csapuisia wssptisipu naxunusaas (11)
mudepencuan TaHaMMHUH 0- gaH Xx- A

AP ONaH  MHTEpBANAA  JIOPArar
MHTETPAILIACAT, ATIAPbIT:
2
X (x)=Y, +6,x Mo X2,
B 2! (15)
3 X B
Q X (a +a,2—a,2° (z)(X )z
EJ 3! 5 3!

CoHyHXY UHTErpaJl TAHIUKAS,

X, (x) =Xcﬂpw(x =Y, +0,x +
Qo (16)
EJ 21 EJ 3

rs10yI1 eTcsK, aza OUIISpUK:

17)

+ (aw +a,2 —a2z2)>< (2)

O ) <

YeBuk a0 KOHCTPYKCUHACHIHBIH CSpPOSCT
AUUIMS  pATCISApUHMH  Oaml  (OpMachIHbI
ubans  emaH  X(x)- ¢dyHKcuitacbiHA
CBIBIPBIHKBI HaxpIHIAIIMA KAMHU
Xo(x)=Xeapu, (x) GyHKCHHACHIHBI TAOYI €TCAK
MSCSUISHUH — 1UUTMHE  [Iukap  apAapDKbUT
HaxbIHIAIIMA 1ICYTy WIS rypa ounspuk [2]:

Xo(X)=X gpfX) =Y +6, X+H? %05,

X, (x) =X, (¢ )+£(a az-a2 K, (2) ;!Z) “ 18,
x2<x)-xo<x>+§(a,+a1z—azz2)x1(z>(ng>3dz:

X4 (x)=X, (¢ )+:!.(a raz-azt ), ()0 ;?3 :

X (x)=X, (¢ )+;[(a az-a2? K, (X;!Z)a @,
HWISKWJIAA  JaBaM  eTAMPCAK, Oy  Imaijga

HIIOIIACH3 KH,
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Lim[X ,(x)-X .

N—0

1(X) —0 B

saa X, (x)- yHkcuifackl 6axpUiaH AWHA-
MUKH KOHTAKT MSCSUISTHUH HISULTMHHU BEpsK.
Xu(x)- GyHKCHIAAChl MSCSUISHUH — CSIPUIS
HISIPTISPUHA  XapakTepu3s eAsH  OuTIH
OalUIaHbbDK TUHAMUKA TIAPaMETPIISIPH FO3II-
HIs Oupnsmaupup. X, (x)- GyHKCHHAACHIHBIH
AYBUTBIIIBIHAA TIOPA TUHAMUKH OallIaHbbIK
napaMmeTrpsi JIops TpylulaliMma amapear Oa-
XbUJIAH JUHAMUKHA KOHTAKT MSICSUITHUH TaM
NSUDTMHY allabblAaKbl NISSKWIAA Udaas ens
OWIIApUK:

M, Qo .
= fs(’d*g f4(x),
1300+ 22 1)

" Qio ” -
B0+ 2 17 (0)

B 1700+ 2 1),

Xn(x):Yofl(X)+90f2(x)+
9n(x):Yof;(x)+eofz'(x)+%
M, (x)

EJ
2(%)

EJ

(19)

=Y, 11(x)+ 6, 17 (x )

=Y o f(x)+ 6, £ (x)+

(19) mecabnama aucTypiapeiHIa @i(x),
Ga(x), p3(x) BI  ¢ha(x) PyHKcuitamapbl
OYPYILY’)KYHYH U0 KOHCTPYKCHHACBIHBIH
capOscT  AHMAMS  pATCIApUHUH  Oarn
(opMachIHbIH OUP-OMPUHASH XSATTU ACBLIbI
ONMaifaH IIOpJA XICYCH HUDTH ONy0 ara-
BBIJJAKbl KSUIJ] MBIbBIIAH COHCY3 ChIpajiap
UISIKIUHASA TAUUH OJIYHYD:

n5n

1+2a”x“” Za1

(5n). 8
x[1-6-11-..(5n-4 ++Z (20)
[1.2.7-8..(6n- 5)(6n 4)]
a ia{\XSth +i(_1) a; 6n+4t .
| S Bnyap & (Bn+4)p 2"
© n, 4n+l 0 af 5n+1
falx)=x ;(4n+1)!+§(5n 2N
SEEINCARE) 1 3 ) i
~ 6n+1) (21)
x-8-9...-(6n—4)6n-3)]+ ialnxsmsx
~ (5n+5)!

xt3, +z

nX6n+5
+
6n+5) }

55

2 n, 4n+2 n,, 5n+2

X a X a; X

f 2 1
() 2!+;(4n+2)!+n:1(5n+2)!
x[3-8-13-.(5n -2+ S (1) ax
) ~ (6n+2)
[3-4-9-10..(6n—3)(6n—2)+a x

= a, X
* §5n+6 5”+z ) on |

(22)

X3 anX4n+3 an 5n+3
)=+ nsap (5ln+3)l
" n=1 . n=1 "

n, 6n+3

<4914 (501 Y (1) 22

X
~ (6n+3)
x[4-5-10-11.(6n-2)6n-1)]+a, x

(23)

n,, 6n+7
azx

* Zélnxn)!t””nz:l:(_l) (6n+7)!t "

(20)-(23)  udamssIpUHIS
sIMCaJLTaphl AlllabblIaKbLIAP/IBIP:

my(o=1...8)

10 =6;66;....;

3n =98;102;...;

t t,, =32; 4336;...;
t S

t

t

t,, =48; 7920;....;
t;,, =68; 13450;...;
ty, =92; 21520,

24
5o =10; 144;..; (24)

7n =12;192;...; t, =92; 21520;.....
(19) nucrypnapbiHa Jaxun  ONaH  sicac
¢dbyHKCcHlanapblH OMPUHXM WJIIK TAPTUOASH
TropsMsursipuauH udasusipu (20)-(23)-ns x-

g J10ps  apapDKbUT  AudepeHcuaiaMa
arapmariia TalbuUIbIP:
df,(x) d?f,(x)
f ' X )= 1 : f " X )= 1 :
(0= 22 1) =

fl”(x)= %1&() 6 C

(13) Ba (19) udanmsnspu sicacelHOa
AYPYILYKYyHYH IEBHK nu6
KOHCTPYKCUHACBIHBIH UXTUHAPU KACHUUMHIS
UCTSHWISIH 3aMaH  aHbIHAA  PATCISPUH
aMIUIITYAy, TIOHMS OIDKabbl, SHMKH MO-
MEHT BSl KSICWKM TIBBS  allabblJaKbl
JUCTYpJ1ap WSAKJINHIA TSHUH €IUINp:
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1. Kucenes B.A. CtpoutenbHas MeXaHHKa.

(25) CrnenmayibHBINA KypC (IMHAMHUKA U YCTOM -

_3 ' '(x )+ Mo ¢/
ol ,t)—; Yo fil)+ 6 fa(x)+ EJ falx)+ 4UBOCTH COOpYyXkeHuit). M., 1964, 332 c.

2. bponmreita U.H., Cemennses K.A. Crpa-
+Q—°f'(x) (A, sine,t + B, cos o,t);
E] ¢ n " " ns BOYHHK I10 MAaTCMAaTHKE JJI1 MHXXCHCPOB U
M (xt) & M yuanuxcsi BTY 3 oB M., 1962, 608 c.
b )=Zixofl”(x)+90f2”(x)+EJ°x
Q _ ABOLFAZL NAZARI GIGLOU
x fq (x)+E f, (x)}(An sinw,t+ B, cos w,t); (251
oo COMPUTATION OF THE FREE BEND-
Qn(x t)_z X fr!!(X)+9 f!!!(X)+M0 «
S = 0l2 B ING VIBRATION OF THE SETTLING
Q _ CELL FLEXIBLE BOTTOM CON-
A0+ 1 (X)}(An sin @yt + B, cos ot STRUCTION AT THE FINITE
THICKNESS CONFINED LAYER
Psarcnsipun Oam (bopmachIHBIH
mudepeHcran  TIHIMAMHUH — [SUUTAHAS ABSTRACT
UIITHPAK  €OgH  1msp  Oup (%)
(yHKcuiianapsl COHCY3 ChIpAlapblH JKAMH Dynamic contact problem lets us to
KMUMH  TAinH eaumaup. by chipamapbiH compute bending vibiration of the dock kind
CHPATHIIL KUK MapaMETPIIp de, di, dz Bi settling cell bottom construction at the con-
MAXPUKAHIA apTaH (akTopuan AisApiH finde layer with changeable thickness.

ONTMAacChl OHJIAPBIH KSUIZ WBIBBUIMACHIHBI
TAMHUH eaup. Sasau mecabiama amapsiraa
Oy ¢yHKcuilanapblH B OHJIApPbIH YHbYH
TIOPSAMSUIIPUHUH  UDaTuIapuHIs  Kudaisat

Rigidity coefficient of the confined ground
layer leaning against the unconfined layer is
accepted by the non-linear lai along the

TSP AATUTIMKIS ISP OUp ChIPaHBIH MKU- construction length. The solution of the dy-
119 MM M KHQaHATISHMSK onap. namic contact problem is computed by using

(25) nbansasspuHUH OHUPUHKH CSATPHSI the Fourier transform and accepting the dy-
sicacsiH AYPYIIAYKYHYH o namic boundary functions. The differential
KOHCTPYKCHHACHIHBIH afpbI-afipbl equation solution of the free vibration of the
HIOITAISPUHME  HEpASHAUIMA  CUPATH bottom construction head form is formed by

alllabbl1AKb] KHMH TAHHH OTYHap: the Picard limit of sequence method. This

solution lets us to specify the free bending

V,(x,t)= oY, (x ’t)=iwnxn(x)x vibration of the bottom construction at any

ot n-1 (26) desired time and also to find the frequency

x (A, cosw,t — B, sina,t) of the vibrations. So we can specify the free

bending vibration of the settling cell flexible

Belaliklo toklif olunmus tisul durulducu ka- bottom construction at the finite thickness
merasmin ¢evik dib konstruksiyasiin dayi- confined layer.

son sonlu galinliglt sixilan tobogodo sorbost
oyilma rogslerini tayin etmaya imkan verir.

ILISGIROV G.A., KORIM FAYIZPUR
GUNOS ISIGINDAN ISTIFADO ETMOKLO BINA DAXILI
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ENERJI TOLABATININ ODONILM® PERSPEKTIVLIYI

Yasadigimiz diinyanin ekvator xattino da-
ha yaxin olan va giinos 15181 ilo zongin 6lkolo-
rindo-consuz tiikkonmayon isiq - Giinos enerji
monboyindon miiasir dovrde istifado olduqca
gonaotboxs sayila bilmoz. Buna baxmayaraq,
sonayesi daha ¢ox inkisaf etmis bir sira diinya
Olkolorinda tabii Giinas isigindan istifado edi-
lib elmi tadqiqatlar islori aparilir. Lakin biitiin
bunlar hazirda qoaderinco deyildir. ©ksino
enerji aldo etmak iiciin siini enerji hasil edon
qurgu vo mexanizmlordon istifado yiiksok
templo inkisaf etdirilir. Ekologiyaya vurulan
ziyan kritik hodds catmis, bizi ohato edon
miihito zororli maddolorin-gazlar, qati duz
mayelor, kansentratlarin atilmasi vo artimin
dayanmadan sigrayis etmosi yasadigimiz
miihito-tobists, flora vo faunaya monfi tosir
edir. Diinyadaki son hadisolor: Haitido,
Pakistan, Hindistan, Cindo, Rusiya vo s. by
kimi Olkolordo -bas veroan vo ¢oxlu sayda
insan tolafati ilo noaticolonon tobii falakatlor,
insanlara tobistin xobordarligi kimi gobul
edilmolidir. Artiq atraf miihitin ¢girklonmasinin
qarsisinin almaq ti¢iin tobilin vurmaq vaxtidir.

Diinya 6lkasinds demok olar ki, hiindiir
martobali tikililorin sayr durmadan artmaqda
davam edir. Bu binalarin enerji ilo tochizati
ekologiya baximdan artiq 6nom kocb edir.
Beloki, binanin istilik enerji ilo tochiz
edilmosindo yerli istilik sistemloring {istiinliik
verildiyindon oksoriyyot monzillordo “istilik
ocaqlar’ndan ibarat yerli isitmo sistemindon
istifado edilir. Noatica: Hor moanzildo bir
“istilik ocaq1 qurasdirilir. Bu iso qazla isloyon
ictilik morkazi oldugunda onu hatta: birinci
partlayis monboyi kimi, ikincisi yanma
mohsulu kimi binanin otraf havasimi zshorli
qazla, karbon qazlar1 ilo zenginlosdirma
monbaiy kimi baxmagq olar. Bu zaman binanin
daha yuxar1 martabslarinds yasayan sakinlorin
hoyatin1  tohlilke qarsisinda olur. Nofos
aldiglar1 havanin zohorli qazlarla, o climlodon
dom qaz1 ilo dolmasi insanlarin galocakda
xosa galmoz xostoliklorlo tutulmasina gotirib
cixaracaqdir. Bu iso yol verilmozdir.

Insanlara vo miihitimizo zoror veron
biitlin fosadlarin bas vermomomaosi {i¢ilin
zorarli monbalori askarlayib qarsisim1  ala
bilocok todbirlorin goériilmosi vacib sayila
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bilor. Bu ciir todbirlorin goriilmasi ilk ndvbado
Yer kiirosinin  resurlarindan-tobii  enerj
monbolorindon diizglin vo mogsado uygun
istifado edilmasi 6nom kasb edir.

Binalarda is1q vo istilik enerjisino
tolabat cox oldugundan, istor igiq vo istorso
do istlik enerji tolabati 6domok {ligiin Gilinog
enerjisi vo onun isigidan istifado etmoyin
alternativi demoak olar ki, yoxdur. Son vaxtlar
giines  is1gmin  enerjisindon  geco  1isiq
lampalarindan istifado edilmasi bu
istigamotdo atilan 6nomli addimlardan birisi
kimi qiymotlondirmok olar. Lakin biitiin
bunlar “Doryada bir dame1”n1 xatirladr. Bu
istigamotdo goriilon islori genislondir mok
vacibdir.

Glinos  enerjisinin  daha  somorali
istifadesi onun fotoelementlordo elektrik
enerjisino c¢evrilmosi ilo hoyata kegirilir.
Fotoelementlor is18a hossas yarimkegirici ma-
teriallardan — selen, silisium, gallium arsenidi,
kadmium sulfidi vo s. materiallardan hazir-
lanir. Bu materiallarda xiisusi p-n kegidi
torofindon is18in udulmasi elektrik coroyam
yaradir. Fotoelementlordon minlorlo kvadrat
metr saho ohato edon miixtalif giicds elektrik
stansiyalart qurmaq miimkiindiir. Giinos ener-
jisinin  Glinegin  sutkaliq vo movsiimi
dovriyyesindon asili olmamasi ii¢lin alinan
elektrik enerjisini elektrik akkumulyatorlar
ilo vo ya metalhidrid akkumulyatorlarinda
hidrogen soklinds toplamaq miimkiindiir.

Binalarda  konstruktiv ~ hesabatlar
apararkon konctruksiyalarin segimi  yerli
soraito uygunlasdirilmasi vo yerli resurlardan
istifado ohomiyyatlidir. Tikililerin otaqlarinda
is1qlandirma daracesinin artirmact ilo hamdas
oranin istilik enerjisino tolabatina tesirinin

miiqayisali dorocodo doyismasinin  bilorok
ondan istifado etmoyin somorali yolunu
askarlamaq lazimdir.

Bina tikintisindo miiasir

texnologiyalardan vyararlanarag, bina daxili
enerji sorfini vo olavo xorclori azaltma
mosalolori, bu giin  memarlarm  vo
konstryktorlarin xiisusi diqqet ayirdiglari va
garsiya qoyduglart mogsadlordondir. Binalarin
0zal dizaynlarina osason onlarda gilinesin
1s1g1na nozarat ¢ox qiymatli hesab olunur. Hor
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bir dizayner 6z foaliyyotinin tokmillogsmosi,
miinasib vo kafi bir igin togdim etmosi iiglin
is1q enerjisindon istifads vo onun nozaroting
xususi diggoet ayirmalidir.

Yeni binalarin ¢oxu kafi isiqliga malik
bir yerdo tikilmoli vo tikilocok binanin da
hansisa bir hissosi 6ziino lazim olan isiga
malik olmalidir. Eloco do, memarlarin ¢oxu,
godim binalar1 da yenidon borpa etmokdo,
homin binalarin isi§ina nozarot vo giinosin
enerjisindon  diizgiin  yararlana  bilmayi
ozlorino moqsd qoyurlar. Isiga nozarot
sistemlori  enerji ilo  yiksok uzlagma
gabiliyystino malikdirlor vo onlarin bu
Ustlinliilyii enerjini hocmli toplamaqda ¢ox
effektli vo faydalidir.

On yiiksok enerji hocmini istehsal etma
vo isiglandirma sistemlori {i¢lin enerjinin
verilmasi 6zlorine moxsus vo effektli nozaroto
malik projektor aparatlarinin vo lampalarin
vasitosilo hoyata kecir. Indi iso bu isbat
olunmus teorem, tikintinin yeni metodunda vo
diinyanin istiin sonayelorindo faydali totbiq
oluna bilinsin deyo, onlar binalarin tikintisi
gaydalarinda nozors alinmalidir.

Mdiasir  binalar  yeni  metodlarla
izolyasiya olunub vo bu izolyasalar binanin
fozasinda temperaturun doyismosi vo ya
buxarlanmanin faizinin minimuma endird
bilib vo oslindo binada {imumi enerji
mosrafinds 151q paymin rolunu dahada 6nomli
etmisdir. Hal hazirda biitin memearlar vo
tikinti miitoxassislari, binani tikmoazdan avval,
hotta binanin hava sistemindo miixtolif
daracalar olca da bels, is18a nazaratin diizgln
vo talob olunan metodla binada totbiq oluna
biocayini nozaro almalidirlar.

Eloco do con illordo, yeni tikilmis
binalarin ¢oxunda firlanma qabiliyyasti tatbiq
edilmisdir vo belo binalar tizorine diison is1gin
cozb eds bildiklorine gbra binanin gilinas 15181
ilo tomin etmo sistemlorindon maksimal
istifado edo vo faydalana bilirlor.

Enerjinin masrofine nozarat vo onun
binanin is1q sisiteminin vasitosilo toplanmasi,
hor bir enerji istifadogisinin vastosilo hoyata
kecirilo bilir vo mosolodo onlar diizgiin
tolimatlandirilmalidirlar.  Ona  goro ki,
molumatlandirma, enerjini diizgiin mosraf
etmo vo diizgiin toplamasinda cox Onomlidir.
Binanin isiglanma vo isitmo sistemlordo
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enerjinin  tobii  resurslardan  diizgiin
yararlanmaq, otafin  tomizliyino  zororli
qazlarin o ciilodon, karbon oksid qazinin
hodsiz Otiliriilmosinin qarsisin1 almaqda osas
rola malikdir.

Oslindo  hor bir miitoxassis  va
professional dizayner binanin giinos isigina
nozarat strategiyasi iizro miinasib enerjinin
toplanmast vo kapital qoyulusu hocminin
arasinda miivazinat masalolorinds  xiisusi
digget ayirmali vo binada gilinos enerjisinin
maksimal istifadesi {liciin  an  oalverisli
sistemlordon yararlana bilmalidir.

Lakin belo bir masaloni do viiriiglamaq
lazimdir ki, binanin igigina nozarot mosalasi
uzlasa bilon olmalidir. Belo ki, binada enerji
dastyicilarini miixtolif toyinatlara
doyisdirmoys vo istonilon soraitdo istifads
edion olmalidir.

Enerjinin diizgiin toplama vo ondan
diizgiin istifado movzusu. Son illor dofalarlo
todqiq olunmus vo bu mosalo hamiya tanisdsr.
Lakin, tobii enerji resurlarin1 yeni binalarda
istifadosinin va bnalarin igigina nazarotin neco
olmast problemi vardir vo bu maosalo biitiin
dizaynerloro vo memlara, xiisusi olaraq,
tolimat verilmalidir.

Onomli olan isiq enerjisino dair indiyo
kimi onu izah edon vo diinyanin biitiin
Olkalopin tikintido ¢alisan konstruktorlarin vo
analitiklorin beyninin mohsulu olan ¢oxlu
analitik elmi osorlor yazilmigdir. Lakin bu
yazilar. oslindo formal xarakter dasims vo
praktikada neco lazimdir totbiq edilmoyibdir.

Son illords, diinyanin ¢ox o6lkolorindo
miixtolif tikinti vo yasayis komplekslori
proyektlori {ligiin iri biidcolor sorf edilmisdir.
Lakin bitirdikdon sonra, onlarin konstruktorla-
rn kafi vo gozlonilosi naotico olds eds
bilmayiblor.

Diinyanin bir sira aparici 6lkslarnds, o
ciimlodon ABS-da iqtisadi bohran tikinti
sektorunda bas vermis koskin vo forqli
sobatsizliq sabobindon baslanmis vo holo do
indiyodok  davam  etmokdodir. Igtisadi
bohranin bas vermosi, tikinti iizro maliyyo
investorlarinin vo maliyyo miiossisolorinin bu
sektora iri biidcolorinin sorf etmolorindon
imtina etmolorino vo diinyanin ev tikintisi
bazarindan lizaqlagmalarina sobab olmusdur.
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Qotiyyotlo demok olar ki, tikinti
sahosindo miasir texnologiyalarin icad
edilmasi ¢ox onamlidir, lakin diinyanin tikinti
bazarinda nisbi durgunluga goéro belo bir
texnologiyalar 6z rolunu diinya bazarinda tam
ifa edo bilmomis vo bu sektorda 6z yerlirini
daha da yiiksalda bilmayiblaer.

Hor halda tobii enerji resurlarindan
maksimal yararlanmaga dair hansisa bir
comiyyatin bilik soviyyesinin artmasi vo bu
resurlarin slave xarclorin azalmasi ilo alagoli
olmasi, miiasir texnologiyanin tatbiginin
artmasinda effektiv ola bilor vo miisbot natico
vera bilar.

Odobiyyat
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2001.

: Energy efficiency in a Manhattan
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Ilasgarov G.A.,Karim Fayizpur.
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PERSPEKTIVLIYI
Anatasiya

Son illards, diinyanin ¢oXx olkelorinda
muxtalif tikinti vo yasayis komplekslori pro-
yektlori ti¢iin iri biidcalor sorf edilmisdir. La-
kin bitirdikdon sonra, onlarin konstruktorlar
kafi vo gozlonilasi natica alds eda bilmayiblor.
Ona gors do tobii enerji resurlarindan maksi-
mal yararlanmaq vo bu resurlardan somorali
istifado etmok alimlorin qarsisinda duran an
aktual vo 6nomli masalolordon biridir.

Alaskharov G.A, Karim Fayizpur

Durch die Verwendung von onnenlicht
GEBAUDE Zahlung der inlandischen
Energiebedarfs Aussicht

Anatasiya

In den letzten Jahren haben viele Lander auf
der ganzen Welt in verschiedenen Projekten
fiir den Bau von Grofwohnanlagen und Bud-
gets ausgegeben worden. Doch nach dem Stu-
dium, waren sie nicht in der Lage, Ergebnisse
zu erzielen und arm. Daher ist der maximale
Nutzen aus der naturlichen Energie und wirk-
same Nutzung der Nanotechnologie eines der
dringendsten und wichtigsten.
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