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VISUALIZATION OF THE NUMERICAL SOLUTION OF THE NONLINEAR MODELS
IN COMSOL MULTIPHYSICS PACKAGE

T.V. Kiselyova, Candidate of Physical and Mathematical Sciences, Associate Professor
North-Caucasian federal university (Stavropol), Russia

Abstract. Approach ¢ creation of mathematical model of the autowave process, approaching the theoretical
problem definition to field researches is presented in the article. By means of Comsol Multiphysics package the result of
visualization of the numerical solution of thedakel, which coordinated with laboratory data is presented.

Keywords:nonlinear model, autowave process, Comsol Multiphysics package.

18


http://matlab.exponenta.ru/femlab/book2/3/default.php

ISSN 23084804.Scienceandworld.2 0 1 45(9).Vol. I.

urs 534.1

trdtordroreg wrwaRHJ R [OCUL RSO

1.R. [Othlsrfdespe. { OBOL Odetso O
'HsCbtste @@Bﬂ@@bdu;hgd” ZOkSC, ¢ d&Oody 2 dOkyd 2
COdzH d H OlsBGHIgjL Rltsf Yj MS A dzOkC, MmlsOteh d2 dzOk ydzr 2
Rd&zMisdlskzls d&3j nOdzdSd d &ON ddetse j Hj dad W dd5. OCOHjBIJCO v. ¢.

O dzdzs s Oyt j H j dzgs dMMmdz) ez O dzdhj 2 i) HE RO € oz lsed-dz' dzts e
fsdwis: d Bl widzdls! dzOBdz# HOj By 20 6 OCIsdC § df S stsB
w 9 fitedsH §BHEtlsseCd BEHEMNjE L j @gdzj Istew fyj dadew-. d d3ts |
A jd® i3 Lo dmMv d3 ftedBtstetse @BOWISddStsa O Isdf O ¢ ¢ dzj dzé .

sdzé yjor jL mdalgplOcw mMjidedj, WOLO Sdzj BOdZd?2, G4 Steg L t5dz0Odzfy,

lojHjldady . ftesedesL 5d3 L jJ dizdzd stew fnj dzd2 ftsdzd 3O Is B tej H j dzj
d d Wi ¢ & jU3llzj Istew iy j dad v . JtesedetsLt L j dBdzj Istew i dzd?2 o [
j ) dIsdw efjtjH), MmtejHdej Miesyds 2 -H(dedO ocytyjHtd j He) Y Jjotitsy) 4, to Gl
dqdeizlst o jtejH). sOyHT2 10 ase dz®B ® tcg O U dgordp,jlsoligfis? dzdzOxfts
ot hdn d ftejHe jhoOshdn otLddCdtsejdedj L Jjdgdzjlstewmjded?2 [ 6
{ Mdzd HBsdEtsMiesydz 2 fesedesL L j d3edj]lastavwo joordj2m ¢ dtsm dgts ofr dadi dg
dzOB dz¥ H j ded v = , HOJIs BdjJj ddzd Odgd daj Jls sz HiEDeHdR jy Istpstdsd Is jfpte jdar dgj -
5 Ctdfdj Sk ftjHo,jMisddCts MMk jMmise jddets dedyj 0,5 d o to
Setetsdidats ] Stdzdyjmiseots ftejHo jMisdedStse, dzd tSHddz dL dzdm dzj H
tcOLudde § ftoj Ho j MisdzefetOd dasOzts s is0D Of's B sdz! h 52 tOLBtetsf f totsc dzs
Ljdigdzj stewfyjdedw. Clts MowL Odzts COF Mt Mmdzsy detsfyls 8 difydzj Hiso C
tOLodlsdw, kOS d M Mmikhjmlse | dedrOR lsasdeds dzd 8ds . § & lf JsztOmyg( 8 O Linkz ¥Cht
tcOlsdods d3 ftetscdesL sz jhj mkyj: fwOClduimSd shmkzlmMsaskzyls s
4 yYyjdzs CwObCtsmiesydsets d f jtcOdo dsets ftosedsL O L j d
10 sPdgetsT OWYGgmMEE Y MSts2 BsHjdzd Cdzj BOded?2 Mj2MEduj MS s
BjssHses, sOdzddzdStseor d3 . R. d Htkzeddd MtlstlzH did S OBd
L
fn
¢

FQ—&
=g

Gils
Is d dzj

s 3T~
Q-

[ 7] . J
Me d x5 ¢

CO B jwcOlsdodetsets ftetsedatsL O L j ogdzj stewfmjded?2 [ 4, 5] .
vltetedlssted W-9 5 B b O¥L OE
g1 4 [15]. 1 sfMmdz s dlsO¢ M
MBLHOMO Mmjlk!: MkOdyd?2 dL

SOYH'"?2 fodzdesd thMdOh j dz

SOdO wodw jlsiw tHds?2 dL dzOd B tsdz
G s -] AU dsde.w Mgz@zd ks j O B8t d S
fodzd ¢ sdatse  dz@BmdEfHsjsRdjY tajdn { fip p X
ftedettesd ¢¢dzj ge, Miisswh dd dL
cOBBISOs hdAn o tjyddj toj Od dzsets otejBjded. tjEdMmMlstcOmdy HO
Ctojlsdgsmls: 86 5, 10, 15, 30, 50 MmjSkdzm.

[frls 1Sy dkzoOoydd Mjld ftLotsddd MteteOls! ddStOd dzr 2
COLOdz, vylsts ftesedetsL dz' j ftedL dzOSd dBBscbkls foswodwlis! MW -tsls  dzj
dzd j 3. ltetsedesL dz' | ftodL dzOCSd o O@xizB®8 sV j & dap § dalz &z s dz'e eizts dz§ @4
Bstetse Bl Moatsjcdts EMsOdtseadoh jetsmw ktotsodsw, dzdess o ECssB Ik
ydoOdedyw HEZOWISdedC O [ 14] .

1d Mdsslste™w dzO YtejHjdzjdede § EMYirnd o { tsded BOdafdfu o
sBMisOdatse ¢ 52, IdipflssOuiztCotxfdad y jShPCodjjdzdzr | Mistslsdzsh j dzd v -Ldd] IslsH@e O oz
flfsod¥ HMisObtsydsts Mistesets? Isjtstedd. wdzjHbkjls ls®jldls!, ylt
ydfmdzj dedz" = 3j ssHOE] elzg Ol 'sLoftpjdzvg Bte €@ delsT yYdMmdzj dedetsets toj h j dad w
ofmjn fOwLOR) ktese Csdzj BOdzd"w BOWIEdzdS O  Gdzetstt dLEzydl:
M s dz0 e jlsdl! SCtddyjmlse jddow Isjsggqy MSeaGL gHkY e ni 9§

1d3d SOt ftedotsHWwismw sMmdseds § §odsyjddy Isjtstedd ¢
jets ¢ty stsuigOdiahtstso Odzr fMddalsjsdujmSdj Blkaolkr, fMttlse jlsisekzs

1. [Mmdseds § (dsy ndgdyj Y tsdE.d 3OSiaf¢ ©j ¢ d2 Cwizlsdd! d
fojHMlsOadv jls MseBs?2 cOdzsjdz (M BHJdOSSe &3 ctolkzr d YOG dz0
Cs?2 fsHejMO [. [ OwlisdzdS LOCdzs Yy dz © 920CkEZzdgdzzy CoaRjjfs@, &
BOWISddSCO [ LOStjtfdjdO dO ojtndy?2 Strh¢j COdijtr .- 5dzj
MiswOdeMlsoz d otjddjded. | o20CkZEzddezs? SCOBjtejy wlMmMkzlsMmlsalkzyls
NifMsSOw EfttzecOw dzdls! 1 tcOf,ls A j € fls W2 d A O tsds jOgzlds  Izof e Isdfe dz
fsteydtsdzOdzj dz ez L OStkzyde OdzdY BOWIsdedCO. [ dmmdy Oydw 1 dzj
Mitsds fosHhdiddSj, LOStEK]jfdy dgdesds 9 IssySj fsHe jMO dBOYISdsd S C

9
te
1

ho

Ef Otcls rdats,9 O 3O L P detd d@tynov N.I., Ramazanova M.A., 2014
19



ISSN 23084804.Scienceandworld.2 0 1 45(9).Vol. I.

hg! ydmozs Misjfjdj?2 MosesH', §cMitd Ck Hefsdddlsj d d j f
Bjdzvsls Mikh jfMlse® Hj kO, dts LOCEWL A"l L CMmyjddjdlse [9].
ULOCE2 BOWIsddS dzOLoOdz BSH,jdz d o5  jGE& d5j R Oded uj MS dJ
20 fg@decf jHitse. [d dijdls Ikted Mmisjyfjdd MmMetsesH" (yd-d, G)
Ok (MdMmlsj B0 SCttteHddzOls C2dj O o jtedkzk0 frEEds YOMss 2
1dLCByOmsslsdy | BdStesmj2md’ , dHEME]2,dLo 'Y @OSds st h
Hodojdadv CoBIEMO frdes®LO. s6EYLM fLdssBO e g kel f s

fsotsteOydo Ols? fw mvw¢wm@@@sm@sm@mmmpm¢§$ Hody jddj K-t zfy
fOjsMEOEC Y desfls! odej " dedr ddzj eydOdzr dg' 7 Mddz, ©BEMEOs dzd o O
Mi3d yj MSsets BOWIsdzd € O.

1 sfdzj Isets, C0O0¢ itjHjdjd WdLrduijmSdy f(odsyjddy Isjt
Wstedgy C2dzjtc® [9]. 10bjBOREXR sBiztfH® WOEHBORZEFEOOMWR] dd2 Ho dy
Zulsj dets, vyt dz0 BOWIddS o btsySj fsHe jMO Hj2fMkakjls BOd 2
9jCbstol Sldshdlsj d dts?2 kddtsst?2 Mitttsiisd BEOW SAEGER . |s 5 dptssthX
Wistedsy tBlkzMmdztso dzj dzO HOdz! dgj 2" dd3 fted d3j dagj ded j 5 R stetsh 5 tcOL tc OB |
VicOo dzj dzdV | OB dz ss5dzO L Of d MOder HdzW dzObkteOdz des?2 fdHnds j o3 ,
dZ 5 Motj BBz BOMhdsDetzyj dadslis' fdsLods@aylisj dz! dzets EZftesmisdls! kO

lteso jHj 2O BYj &S O fOLOMR stess  BOWIsdzd ¢ O d otLHj2flse dV
Md 2MBd Ui MEd2 BOWIdd s EBsydets Myudlsol! fLosisdud mMéd Mdddiilsts
MissdlsmMw Hdzv MRk stedydzse s BOWIsdzd € O.

RiMMdzi Hise Odz" Mmtsefise jdede" | dzddej 2dz" § MmetsBtsHAZ j, L OlkznO
Il " Hjdzj dz d3Odzr /A, (SOl IMe f o j HiMIsOo dzw jIs MsB 2 ldzsh j@zdj j 6t

Y @dzCtsdzj B Odzd 2. [ dzv BisH j dz dzwwrs 8,007 6. 2 fos ocfuiny i obs GLISS od@amds) e SLAD
d&f £dz MO BB&quBJ&JMB o jelsdC Od dzgs? Mg, fososHdlhY L O

2

% 8
&ql 4 .9
=F,(0,0,,0) = mw%rg——wwmt7Fhuh%)wwﬁﬁlg—W%d

i 8 ;
g ¢ (1.1)
- F ( )_ + - éqlz Sm(zq?,)c a qf52 2
/ - qllqzvqg - q2 arcsmg? ZO t:”& COS2 q3 ?' E@ sin qS :ZO

CobttO®Bdy 56 oo j Migg SetwiarCdatO L yd ¢ dzd uj MS 52, d L dzOudisg
O dZOddL 1 CMYjteddj delsOd dr & HOdzdz & fsLotdvjls §jjej2lsd
HEe h g7 fsslsdsh j dad 2 :

y=ny, q=m, j=n, ¢=my, G,=m,, p, =mmp,, p,=mm, p, =g,
R=mnR, R=mJIR, R=nIR , t= W, = gW, /71w, WO:VEV, W= mW,nW,

na
=—J, 1.2
> (1.2)

S

o

e=nlgn’e,c=pjadrt, J,=md,J,=J,=3.3,, = =5 28
¢

2+’(m:J

(zy)
O EZtOodzj dzdv Ho dy j dafevs dgs sdslayjdazdsts s L OfidsMOls: o o dH:

& niqy;
T

O =
1
= B

¢
_é+2/7p0§+ql- ”fTR +,ﬁfll+lﬁf12’ R2+2m %-I-,T;an n;f22’

=3

R+2m,R =nff, +nmif,, (1.3)

20



ISSN 23084804.Scienceandworld.2 0 1 45(9).Vol. I.

~

_ o e _ _ _ — RO
f,, = (W, cosa, - W, sing,)w,, f,, -1 WoWo 0, + & (2,cosq, + & sing,)+ 2W,W, GEU
i 1y
. é — R (. — a0
GHJ f,,=-aj 8, + ZR(W cosq, - W,sing, )- c_%(V\/l sing, + W, cosqs)gu, (1.4)
1 e il Qy

a1 = - WoG, (W, sin g, + W, cosg, ), fy, =- a{ZWOV_VZR - e,(&,sinq, - & cosq, )}

YitlstsyS ORd aspuste @aOdyjj tdatz | g itflzjfid |t jdeed jJ . i d iday O fiple'ts11g @ Isdfd dzd 2 ©

dzz s Oy d sdzdz’ 7 € t5dzj WOW E)- RdPOeGLda]iCtdlzr j 0 BOMM OB mg-deftd dggdRls o s
ddZJtGqud BOW Is dzd ¢ O [tslsadpEdfisnlsdis widiaf | & figfls Y szlBde®@O Isi'ty § ) 5 dels 30
\/\4V\/2, (,6,6,,6 -ftetsj Cydw BjLBGOL B) tede” = o 5L d3fg D g jAzdXO1ddE) dzj

dz" 2 QislWWdudﬁd%,Pslsstq;LdM@Ldggtedsz sBtsBh jdzder § d &3 zdz M- s

H 2O @B, | HOd dzj2h jd&3 yjtelssySd dzOH B LtOL d3j tede” d&sd f j t6]
dzej HistoOL Ed3j dzd 2 . )

10 fjteotsds + sOfj fMmistesdlsmv § SEBRQRRAOSY ey Oj izd sp" §BIsE
Ctsdzj B OdzdR=0 - ] dijisdets f sdzw cdstsff @dattzte ff L 5§ @rtzlipC j ) S Bdzi BOdedwY 3
fsdzvtcdL 5o Odede” dzd S tsdzj B Odzdw s ff sded 3O sy Ctsdzj B Odzdw dBOW Is
FtcOodzj dzd?2 L ORI dgv jIsfpw 1 CodoOdzj desdets?2 MmdMmlsj s, L Of d fy O dzdzt
Medd@OdedY 1 dMftsdz LsoOdedj 5 s jteOlststetseo kfMmtcj Hdzgj dedW -ftcd
908 Ismw dMEdRr § OdOddlsduimMSdy or O Jjddw Hdzv MmMteMise j dzdz |
10jd3 ) fodsh: s &jssHO s0LdOyddntesg) b Fdatf gz’ ® " fels i ls 5 vzdatiz
M 2MmMdsd yi ME se s d30WlsdchCO 9 9dH] GCoOHLOLET. dtslsod-smilse Izt
Lisfpls! Istsyder = d ftededzdy j deder = OdzOdzdIsdyd MSdr tej M j dzdi2- dzO H
otsdzw jIs dmmdzzy sg @z’ j 0 Cs5dzj BOdedwY Mj2fMdBBdud MEses RFBOWIgGEJE O o

dzd?2 d ke jtyHOls!, vyt jets Hodyjdadj HjbjtdRdddtese Odes d

2. lt]cBtOLBo Odzethj SEtcOo iz dgd X 1cOo dzj dzd v o dzlz ylH j3ddz' Cm oS BB

Hiz, BEHtBdtsdzz HdzvW HOdM dzj 2h dmn dMMdzi Hs9 Odzd?2. 1 tejHOOtedlsj dz
q=ue’? R=Re"', t=2mm, 2.1)

GHUI oBj Hdzj dzdzts] otejdgw. 1" Oy OwW dL {4 jdte otfistsHsh SEO®@pvdz] ded Wy j
PteOodsj dedj (1.3) f kZylstsds (2. 1), sdzydd:

2
(1 nif? R ”;eﬁeu?’-uu -Ku+/ﬁ 20f L) 2.2)
ut 4 uy

JftejuHigdvw ,disf eldas s d\ts ZtcOo dzj dzedw (@9 &) dzdff] f (H MI)O0 ddf 8 dzly
32"'2”90 az"' /ﬁ% = ’7’7%221_2' % f318- (2.3)
C =

Ydzj 203 yYdlseoVv telstse tsedf migwhHjC O teffQEgmsidside Ofjsz. 2z Jj Missi EkteOs
LOYfdh jlsmqw 9o odH:

R= nfe (f,,+ rihy,). (2.4)
| btOodgj &2§254] 202 )dyudds ad;ﬂh@q'lbfa{tdmmf“ﬁ(ﬂgef'QUts Wt o oz
t;h;dch; k0o dzfndafy W BBk s @@ dv M) Zyybsd (2. 1) s
/7; t

13 . ~ .
a, (t) eon COE(WZ )+W2(%20+ 1, Sm(Wzt)gg"' \/ﬁ r? S)Sm[Wz (t - S)]dS, (2.5)

GHJ w, = mf1- f;
_ - rios €W, A s R 9 w, AR, 1 @ 0
G(S) =66, te 37 uw + W\ U+GVV1 qSing; + é?umé +W0ah‘W3 - UW, ;C080,(1(2.6)

ié G gl € C H y
21



ISSN 23084804.Scienceandworld.2 0 1 45(9).Vol. I.

l (2.5) ftjHjd ddsjctcdtcso Odzdw or BtcOder IO
Eils, ylsdsn,(f sdpissm@dsw s L fsefise jdedzgr = L Olskzrs O h
n odz Nded B3 Md dzO3d dL odzj.

VtcOQodzj dzadj] obttosets fsteWHCO (2.2) LOBjdddz + Codo Odzj dals
qqmo@msz 9 MIsOdzH Otels dzgsR 2 § difigs] 3] i s d3lsss@tsd @ dd sifizcsdL o &
dadj (2.2) dhjd o odHj:

€, NMistsBT |
H n Sdsdzj B Odz
dz"

u:\/q,(a+Dcos/),&:-@, 2.7)
. 2 R2 é
sui y=y(t)=wlt- b) D=D(t)=|a g (2.8)
0 ¢

vaim=alt) b=bt) i dzi dL o j Misder j RERMwdif,j s®Y ©j" j dzdj B kO
] SHMOoadvw (2.7) o (2.2), of fddvvw d Wkes dz ydEEjzseasOL 6
ud ds: /
nt . . ntel’? 8o
—e'DPsin2y - ———— & Dsiny +R
4 d Ja+Dcoy ¢ ! 4

t/2 o o o ~
nie %D+acog/)fl+szsiny§

D,/ a +Dcoy ¢

=w,(w.cosg, - wysing,), f,=w,(wsing, +w,cosa,). (2.10)

1 (o]
a=- Rf,

|- OOR

(2.9)
‘(D+acoy )coy -

A
2
f=

GHJ

] tBtL BOYRdQY0) ) clo 6 ualzafifds'jsdz: Hitls Mtstlsdzsh jdzdj (2. 4) L O

=-njJa+Dcoy &7 ¥, (2.1)

ltedo jHY d3 Istejls! j EktOodzj ddj ( Ho3) OW®J figk Odzy @i k3geizts? ts 1 ¢35
as q3+c arct%lisms(sz) 8 c artg%(tgy 8/(— D—\/a - (2.12)

USEHO ktjls' j ktOodzgjdedj (1.3) o dzgso' R §jtej dsjdeder 7 1 oo

. _nf
q! :T(Ps- 2P,)+ nG,(ay Pt b,) (2.13)

cHG,(ay,Pt,b,)-dL o jfisdOw WkdSydw, weody 2 odM, C@lses?
OYOdz dzOW W OL O, Ctlststelzs oMjcHO Bsydts MHj dzOIs! t©Oo dats?2 dzlz

UOCdERe s 5d5, MdMmlsj O kOodzj ded?2 (1.3) L O daj 2O 1 Co ¢
(2.11), (2.13), C(tcbbtO" Bdjj bHSBERO HEY HOM dgj 2" d5 d

3. IrdeynHjdedy j CtsdzjBOdzdv, BadzdLCdj S ded drjBdsts O-§ @Y to df
L Odets, ity dalzr ez C sdzj BOdegdW BOWIsded SO ftsH Hj2fMmbsadj d3 o daj h dad
BdzdL Cdj ¢ PomRH0)=0mdtd =0 ( ddY°0Mm Istsydesélss b weis jf feo dted § d dz0
Bdzjj o' MSS B¢ tsdy YOy @ g (Md. SOCy§ (2.11)). 0-1 f{ist
ydd dzfj BEHJl ftwosasHdls! dbkdjoerj fodsyjddy ttOsdase jfmdw, vy

dZs. UBCEHO o Molsdsh j ddw s U, ap) . i dzipheaE® qOH) o fssida GO 14
dzs? WOLj, Mmdmkjdz weOsodydd2 (2.9) EBEyds fejHhnlsOsdl! o
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1 2
A=- ﬁABe"Dzsin4y - melt0siny, y =wt- b), w =22 =1 iy
16 2 2 (3.1)
1 t/2¢£0 '
Y = - %Aze"[1+20052y +cosdy |- 'ﬁef%,
GHY WEGEH ygw (2.6) fteddils o dH:
‘
G(S):eoez+AWoe 2sin)%(wssin 0 - V\/lcosq3). (3.2)
100 @ gojhjdedjy Hdzw MmMetsBtHAd = LOLEZROs MR dzddzj 2 dets ff tsdzv t
3 2
A=A)+/ﬁ—pb{e'f cosdy - cos4y0}, y =y - /ﬁ—pbe'f{4sin 2y +sin4y},
64 64
i x (3.3)
7=y +mil(A,) J/1=W1t+ﬁ(e" - 1)+y,, (A o)= sy o +sindy o]
0

I Ml dsh joddcy Qdd . d9Y  JoaEarfdsdz HEaY W OL 0. | M sd L i &f

fesdLosd d R dfyeils SyweE G ,( ylsts tdd “wodwy sfw Wekdydw dd ot
fsslsdtsh jdzdw (3.3) 65 otejdsjded ofo YR B Opdvezs o f BdzRYJ g bt

d+ ST Ay 8,0 mh T 8,y o =- nieFwsiny .,
3.4
m éle’ -1 g1 & mA g e > Wyw; co
é(—)+ n(azf alz)l;lAO"'é]-"' a (azz' all)t}vo - y 2 ,
32¢ f a & 16 a Ay
GHJ a,=€'cosdy. - cosdy,, a,=€"'sindy.-sindy,, V. =mwt+y,
a21:4(sin 2v,- €'sin 2y*), a,, :2(0052)/O - e’ cosZy*), W, = b
cosd,
cmag="2 ks o musb s ddv R TR G EHHBBEEE] " O hd k]
FicOo dzj ded2 (3. 4, Jgls dasiinef s ds dzf digisls * -
- e ARwsiny ., Ay, =- e’ AW, coy .. (3.5)

I detse " m  ff ity d3j dzdz’ =
X=ACoy/, Y=Asiny, (3.6)
dtselsdztsh jdzedw (3.5) ftedd3kzls o dH:

x=- e 2w sin(wt), y=- nfe’2f,w, codmt). (3.7)

Rdzlsj ctedelw (3.7) f] By k&d dzOuOdZJ & n kfmdse 2, §dkzyd

X= A, COY ; = AyyCOY/ oo - MW, ﬁa‘/ 2w, sin(w;t )dt,

0 (3.8)

~ /2

= Aysiny o = Ay Siny o - ri3
GHJ Abo:Ab(O)’yoo :yo(o)'

w, cogmjt )dt
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RfMfsd LW (2.1), (3.g3), (3.6), (3.8), GftjHjddd

€ >, . mAaT .,
) =0 )+ ault) 0l)= A * G0y - 2o (e - t)siny. + " Aule (ac0y . - cosy.)-
e

0

- 2COE(}/* - 2)/00)"'20050/* +2J/00)' COS(}/* B 43/00)]]

t
0 (1) = e 2 pp™ow (S)sin[wy t - S)ldS, v. =t +y o, (3.9)
0

vOCdds tsBLOL s, dzlzlsOudtsdng'J Ctsdzj BOdzdY RBsy dets e HMIsO
hdr ¢ dmatPhzden dzy Hj dzdz’ & (RIS OUWIPdzd -f &) fUsdzzud @ djlsj sy

ud Medj Ctdzjs @agdv, IskOjp"iwdgde Q@ MmdMmisj B3 dL odaj odzj M deddzd o
3.1 tdLBdOdnd jl dyddsddgs hojzddszh j dzedwY , Hi2fMlse ke h dj dzO
W H Alzto! j, d ,MdzjHtse O j d dats, syd dzd Is! 9 C dZOH CO)YHEB2 ¢ Ot

qat) o dez s g o delzyHj ey § CdziBOdY, f5EOG OV
W,w, (S) = B,sin(12,S), (3.10)

CHB, -OBY &z Bg++@MistslsO o gy HOsh j2 fMddr . ) syidd@o &8w 9( 3
or fsczdgv v ddzsictedtetseo Odedj, f sdzzyd ds:
/ﬁ—DBl[Wl codnt+/.)- €n codwt /)] (3.11)

qlo(t) =" \/—

D, =4m 12w + (2 - wf + m 2], coy. =

GHJ
21y, 211y

Jo. Vb

RL Mmesldsh jdd2 (3.9), (3.11) Majnkjl, OEndsRt jLLs dat
(W, n) emsOdOs &zdo O s CtdzjBOdRIY, BddLCdj ¢ ¢l nS d

CoY .. = (3.12)

o 4 & mizo
sezHts?2, ftotst sMYJHdaxr dadpls d Lstsudztsd%lza/l@ 5 dicd ( BdDHNO (
¢ ¢ Ha

fMdzj Hizjls, ylsts
ntt,’?
2

(3.13)

o (t) =~ %[Cos(nlt +/.)- €' cos(nlt)], cog . =1-
0

lj. Od®fddskzHO of dzyHj dzeder & ezlOydodedey & Ssdzj B Oflad 2 o 51
dzd f, f Stow mS OGS S HSO jHdddyr . wdjHkzjil slgjlsdl:, ykt i

ukzls:  gwde "
vifjte! wOMMdBslstedd 5o j H]jjddjjdzdz ctdtOn L HOJC Xafirlajed o jOtzd & dzjo Msdtzch

VoW, (S)=C, sin(,,S) WV (S) = C,sin(m,,S), €,6,(S)=D,sin(,,8).  (314)

G HQ;,C3,D1,D, 7T OB dzd Isng, w51, yOMistslsT odzj hdzedrm EZcedzser 7 oL di3lzh § dzd 2
odzdwdedj odgjh dzdih otsL d&3lzh j ded@. dwOy dflss 09j Qv dg(Z3.. 6))s s t@3F. d&D)s ' ( 3.
HES BBOdzr » olststetets fBtGWHCO o Cdzs ydilsj dzt dets,  tsdzz yd o3:

-1/2 t .. ~
0, (t) = \/n% r"f D,e™° sin(17,,S) + Cyy'Sin (nlls)sin%(s)ésin[%(t -Sds, (315
2

GHJ Y. (S) =V 00 WS, Coo = Abo(c35in 0s - C1C0$13)-
ltesdLojHY ddzsjcectedieso Odedy d twH 4 dzj 3] dzls@tside di: dtoig Jists B tc C
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O, (1) = 052 (t) + 0™ (2). (3.16)

QZa mkzze COE(Wt J 2)' W, COS(/722'[ +/ 22)]

(3.17)

. _2m, w, _ 2m,n,, 2
coy , = , COS/ D, =4nff, W2+Q7 Wz +nfff )
2 22 \/32 22~
_nie'’Cn € &codh +/,), codh,-j,)
|
| m m,

8'”7116 %%:os(al - / 3) _ COE(EIZ - /' 4)& (3.18
- c m, m, —y

.yOO

— Q yoo —_ Q 00 —_ — yOO
hl—ae—-n11§+ , hz—ae—+n11§+—, al—W2t+7, a,=-wmwt+——,

2
o ~ "] Ao ~2 gz
e =l 8 - w2 120 and tiud g = Gt e, § - wZ+ nF120 +ant iz,
: N : 0
7 , (3.19)

2 2 2 2
~ g o 0
mgzgé%- W, - nZ- mf2u +4nff02§e'/ﬁ- W28,m§:%+w28 nZ - nffou +4nffzgevl+w8
: 0 + & 2 g ¢c?2 +
m,

IT©0yjdedj (3.18) LOfdMOds ubtsmOL st dabsls B3 dzsd i) oy ezy ozt
Lsdy . [dad BfGjHjdvs sy dL bkhdksedw &Odshisd L dOdkj dzOls,j dj
Efdzse dw, COC dzj lstezrdets odHjls: , Mdzjrlkshdj:

W
n,,° w,=mjfl- foz,/?11°°?1°W2. (3.20)

SOC odHMs daMEBjBBIEHE4 )L sdzOdsmder 7 YoMl - 1 6O
udoe Odzdw o toj L ts Az s L js.dz) S W @YU OB Bl MOMstls] &JS sy 2

M1- f5 : . | 1- 17
a5 (t) = —+ — 2 cod,it - 7,)- codmt +7,)} cos, =
2fo\/:l" 0.75f; y1- 0.75f,;

OB dzdlskzH O o ddetydzjjeidatzd 2 ko j dzdyde OjIsmw dzO f stewaeH,s5C. [ fi
st f SWHCO jHddedyr

(3.21)

1kl o' fsdzda j s tSHdes L olstste’ n /qlgq%dfzﬂrzdzﬁ]dzrtsqui@tsml@dzt
fnd Gssfmis: (3. 18 )Affp sy lsdetefylsi: s n ts

N~

21f2Q e

n@ .
qV§W3t — ucodh, +/ cosa, - / ,), (3.22)
2 (1) 8 \/1 0,752 i+ )+ Ji- 12+ 0,2512) {72
GHA =-ut+ y_

sO¢ odHdes dL (3.22) M bijuyddedj s otej dzj dad w©mdztso dzs2 9 ¢ |
Clstster 2 dsyjls B Is! f f5tf wsHe® @S P dedgd Vp'te,j ~j fAadedz e d = L Ooffmd d3ts il
dz2' 7 fMtlsdsh j dif,?2 OBw2O0pkw@y (3. 2 2X)d3jddg" jdsiindsj dzEOfY §f tod o st
dL g dev s/ ,Wodm ror dzzy H j dzdze’ j Ctsdzi BOdedY oMfMjc,b0 BERBLELCESSEM;
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dzj f stej Hlso j dzdets oW 3" a3 o " yd fmdzj dzd § ds.
1 sMCsd Ck bedsot) bmCttjdd] JMk' {5t df s oo igow s

nOLOCIjtedmisd ¢ &dCtesing 2 Mds, HJ AMylerp gEHddas  dipy dds@isis dzdifSte d diy . tejdztsy
) 51 s Bl 5 datse,dzezds i BfOes dzj Hso Ols j dz dzts, ©Mhdase dgs?2 o6 &ZOH o ¢
Gz s OV d s dzdz | 1€ Lty dz@oilg e ~zOU R figlots Ita mL tscfizOletateats 2 [ fiycd IsStsy % W o Yy d j dzl
fsEveHSED fted §tod e ddy j dzd d WO SIS B, /b 0n) WSS bl izt I dm{2L C 5] dzO
LOStkzyde Odedw. o Isj uj dedfljMiz,-r® segfted dL ¢ t5d 1 & dgRaaimidfds r L LO®RYE' IS, datst] to
hjdedj OMf dzdldzhgjL dz O] dzOdesy jdedw (IsdR d HEkedR Osdjs od
tdOyd?2 EZcdkO LOStktkzyde Odzd" BOWIddS O, HA&vhOwhmw s dzj MSsd S
EBr 9 0dzd@tcd BYF2 oL Ooadmdls tsls MEssMisd ftesasyHjddY yoOmlssls o d
] &M tmis! dddej 2 des fdvtdL 5o Odede’ = € 50 B © teth > to 65§ t6 JoH Jsc
fpls' ¥ Hts [(1) ©0Oo j da
tgqu-%.
W,

1
10 dzjets 2OS ZOH'™ 8 O kMY HEGfPdkd], SftjHj k] ds] bdosd

32 tiLbkd IsOIsT ydmdzj dedz" = ttOMyd stse . o st il o d@Hdedzz O3
hj Wtz dzOd3 B dzd tOmMMudlsOdzr o' dgzyH jdede | CtsdzjBOddWw M2
o0dzdfm+ o odH:

WoW, = By Sin(nlt), WoW, = By sin(nlt),
W,W, = C, sin(r,,t), W,W, = C, sin(r,t), (3.23)
e,6,(t) = D, sin(m,,t).

10 tdMizdS0n 10,8 fdojHjd cwOWdSd o dzyHjdede & dzkzls
BdzdL €Sdr € f dzsmits ’gflSdZWththSSO(ﬁﬂzf o i) dz js en® dedf{ v d3 o fiAg 1 dag | 2 fizls aiafs
dzqi(C1:C3:D2:O). Ir dzzyHOE h O fMddzO L OHO9s OdzOM! H jtear &3 d olst
ClstMmld o9ntSH] o tojL 5dOdmdzs L Sdek d o' AtH dL Sdzflj) .dL Bj

3
1x10 410 vl(s) = |10wl F 0230

wl-(235-045-5) if 30<s<30
wl if 50« s 2100

wl-(0.45-5 — 45 if 100 < s <120
10wl o 120« s £ 400

9
o606 107 333310
33333310 2667107
Hit) %107 ’
9

- 33333310 1333107

— 6 66667107 866710

P S

- 110 1
* 0 66667 133333 200 266,667 333.333 400 0 66.667 133333 200  266.667 333333 400

t i

0)
_ _ _ _p
B =1 B,=0f,=09 3=
{dMzdetsS 1. 17 dgzynjdeder j dzzlsOydtsdede j d Ctklsddz dzF j Cishzj B Oded v

SOC odHdss dL (oM uEOs dHG s Of i dso ' 7 CseHddzO®- 6 L § s
Missls’ o dzj M2 Wdides dzOdemdzs? L sdz Ok dedlskHT Eedso’ & CSEH(
Ci WWdhG, dY . wdzjHEjls Sldjldl!, Ykt ORfdkdszH® IfEkOHE 6O &
Bjdz hj Msslojlmsokzeh j2 Odfddszn’ kedo dzlsoyddB, df ¢t 5Lt
SHUJMS B SBEOL sdj yPRHHdE OBB: O] dshs shls! fisdviedL 5o O da
sldgjlsdls! , st | hdd, (O©6Bsis@s o dzj § Haz0 dfdds L sk S©Of j yj dH o
sB zOMisd f sdzdy § dedzr 7 7 (A0 OIMd, 2 Y O Auafhfjde) C Sdzj B Odzd 2 § ©OS Isd

17 dzZ0 ftetso jHjdeO Mjtedw twOmyjlstse fm yjdzr s or widsj dgdw™w o dzqd
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YjdHOdz desds dL d3j dzj dadd yOfmlstsls o dgj M dzad » [z ¢ dzts aydas dadss 1 3£ Nts jdajzds 0.«
f 5zOcC OzOM! 100 das? M| L SHROBRDwEQ s yOHsBlse j L 6OL Bj tedzr 2 EOMh Is
z‘=£2t. t OfMuilsr Y sCOL Odzd, sty L ey dizse rlsfnw ¢ s tistEHed®RERO J dfz® dzd -
Hr 9 Q8 Isfpw  d3Odzr §j cHtetsy Odzdw e Bl dzzlsOydtsdede 7 IMs,dif, € Gaff % BZ3OW
Bj@=04ddd 10), I.j. dzsOydodd j StdjsOdd" {icdhnsGkdds
fteOSlsdyi mMéd daj dLd3j ddlsmy (fted MtsnteOdzj ddd dzj dL 3j dzdze” i3 s

[Od dzgj 2" dj tOfyjls’ §sCOLOdd, ylsts Mkhjhlse | ddsj- dj d
flse § dedztscBlz L d3j dzj ded® Ytets¥ ddzv B Eznl§f'n. §usdnisdzd Wisdedizl daf f © sy dizk!
fedosHdls € kojddujdd* O&®fddlskzir dzlsoydsdd & ¢ sdjjs0dad?2,

dzd | kcdsets2Q,S selbdd@smdls Mizh jMise j dedzr § Ststete] ¢ Ishifipd dstof fdis o
sl CuiWWdyd)dsO Istejddv (tedmlzdSd 2 Ok dd o @zfle fgay j d ‘daiz s ©W o
dz' Ctsdzj BOdzd?2 fodtsBtejsOjls §ddssBiEOL d 2 & OBGLE js©. ! Clctizd d iz
dz' CodzjBOdd?2 §©OCIduimSd fsfOHOjls, d Stklsdd df j € djs

01 T T 0. .

11 11

0 o.Lf

0
42701 !
— —0lf

-02 -0z

_D_JD —0.30

0)
C,=1C, =5 m=8A40°, f,=005D, =4,q, =‘—;, B, =80,1,(¢) = w,17,,(s) =11,,(s),

110g) =122(8) = |004m f 0= 4
49 - 1902w if 4«56
2w fd<s= 14
(736 -049.8)-3dw if 14<s=16
004w if 16« s =30

{ dMmizdsS 2. 17 dzlzyHj de@etlzgw S GRIsdE) dz j Ctsdzj s

{ Mdzd Ececdzser j yOfmlsslisT MlsOtelskze s L B dOMIsd { tsdf-y j dzdz
fqw , ddzj & Isfqw dzd h ! dzj Btsdzr "dj dzsCOdz dgf | lsdzdydwy o fitesW ddzv
dzd ud ded § @€ dad Is2z®d 1e®L fizh j Mise j dedets dzj MEOL' 9 Oj sfw lszO tsB N
dzts fsmMSsdz C2 dr 9CdZOH o M d) Ctoklsdd dzr j] Ctdzj BOdedWw O

rodzj i Br d&z0 fteso jH ] d&2O Mmjtedw tOmMyjlstse fm yjdzr v or wdzj da
n,n,, sdegjdzd = o tsL dBzh jded2 tojL sdzOdemdey = Ltsdze dzO Ctekzlsddz' dasj € tsdzj

dzO dzfn dzOMm, fLitede@ te' 0 Oj Is oMb /g, L t5dz0 ddflpds>y istslalr | C tsdzj B Oded-w o 5L
dzz¥ 5B ZOMEY He dgPdzj &S tczydo Odedw. [ fdzd Istsdzr $ts5 dzj oz ddozd f
Ctsdzj BOdzdY oL d3Bzh O s dzjokzy ddzd ftcO@alkzs YyOMmilsd ojlsad jStedo 52
dzdv ©Bh OV COtlsddO Swkzldd dr 7 j&ihizj B Qzid 20 o ff th)E s d sjish Clfs cds),
odzj hdzdm oL Bzh jdd?2 dL ©BdzOMisd fsorh jdadz m dozd o tsdzdy j dzdzr m
Clzze ddz0 BEAl' MisOjlshmw ftojyda 2, des tjLCts dLdsjdewjlsmw Ciod
[lsdBi¥sd ysts §JSsssBtOL dtsy dOOMisOdedy (tedmbkzdesS 28)
BOWIsdzdS O (tedfmizdesS 3B) ROOSIjtodyr HA&W tojOd dzF » L OYdMj 2
10 tdfmizdSj 30 ftedojujdr& yYjlbrtejrmizlssydy §j L O ddjt k¢ dzt
Bstc® ¢ ¢ dzj zé dzOp dnGWazy s gy jzddalz j 9 30. 10. 99¢. Yt pP2.11.
stewfjdedv d tWWHBSHE ZSOLOd (O0tOdkjlster ftotsdL sh jHh jets-L j dgdzj
fsdzdetsdz® o ¢. ¢ dzd3OIsT . e @) qOtfitsd sdylscizpug] dzd 'sdB.Mtcl 5 sId OB
s tti 80k O0dad v ftedBetstc® ZedzO L OCtkzydoOdedy o Bldshdls d
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CraHuus "Y3yH-Aray” 30.10.99 - 02.11.99

——Paa3
—— Pan4

03

Bpewms (4ackl)

Q)
tdmMezdesS 30. {1 jOdz dzOv LOfdMm! Ececdztse LOf&RYUgo Oded™w ftodB St

Sl
21077
~1x1073

T)

a0t

~ 71072

-00g 2 4 ) 5 10

-4

po=TE 0 3 =04 Di=4 g3 = g Bl=02 a=16 h=17

d=1" m:=3 f:
V() = |0007w if 053565

[1 — Als- ?;]2]-2-7: f65<ssT
00037 if 7<s%16

t ik dzsS 3dyjBYEHs jdskT 0 ke kO L OC ok ydpddagey KOV IsddS O fils
{dMizdsS 3. {jOd 0w d Mmddasjlsdyuj MSOW BEAEECOYRE O L O oz
[bBjlsdd, ybt tjoddLoydw Mdmlsj k' dOBds Hj Y, dj stH

fede@)P ke d §eddzOHdzj N dls ckffj kuyjd 7 vkd MCscs f§sddlsjn:
1993¢. ojf)! vyYdSd Oesl (s Mjlkd fesesHddn" MslselzHddS Od
ydSdz Ol 5 CtObSoheydsdlz 1§ttt fzshlr 1§ s H Ottt GGEOS ¢y b
hdlsOe. s Mty Odzjdeds, o dzOfmlstswh jj otcjdkw 11s c¢ltetsedeisL & dzj

sjdzt dgf 7 jHddedy EZedzO L OSttkzyde Odedw © cteOHEMOR, M tsd CL

shdzso des 2 fud iClss 2ls jHisdzdz B35 fesOted d oFj A s MsEEMS OOl doj Od dz
WjmCdj LOfdmd, Brd&zO of Hjdzj dgO BERKO (el dZOUj dz0 § zdz€ s dts

dL 5B tOy j dzdzOW 20 ted Mg jto B @ROZhzEy yOMEsE o nsH L dzjj |
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LOadMmdddsMmis! 8 ls otejBidd. l1kEbjd tejeckzdzdiess Odedy f OBOMR] Stk
dzzlsts S Oyj Milse j dzdztsjy M~ ts HiMMlse s tj Odz' dgs?2 d MmMddalsi sdujHpécs?2 Bz
sOdz! desets ftso f OH § ded W OfdMmi2. mlsw fted dLojMisdzes?2 dzOMiIss?2
Mtso f OH § dzd v .

4. [Bhd2 MdzzyO22 or dzkzy H)j @Yde =i B tstelj "B jOMEj? Mo tsBBH n L Ol
CodzjBOdzd?2 BOWISdd SO Hdzw &HFNM jets fMdzEyow CtsdzjBOdzd?2 [ 9

o, 5 Mo,
+ e’ cosyy .
6 8 16 4

:a_+/ﬁu1:%0_
¢

_ m L\,
Y =y +nfv, =y, %(1-ef)+—Ny (4.1)
8f, 4

. a, . & a, .
N, :D05|ny0+703|n2y0-e"§D05|ny*+Z°sm2y*§, Y.=wmt+y,, D,=\a;-R.

I dgso ! osMitsd LEjdhvy &jssisd o 0td 0yd/, ez naf t dsd dz'o s
Bjdd. rdU%jtejdydekzy fjtter j HoO Mmoldsh jddw (4.1) fs o

ZtcOo dzj dzd 2 tsl;azg;’tg],q Istg jo jozted j &Rz € jsks s to ts 2

q n,;el‘/ZO
ao=-/ﬁF11:-? .Dysiny. +R)f 0 Cc=,a,+D,coy .,
¢

t/2 o ~
n;ec D, +a,coy.)f +R f,siny. 8
) 9

(4.2)

o= MF,=-

(o] (o]
cHf, f,sftejHjdjd Mosbdshjddvdd (2.10). uwttldsbjddj
s By dets ftoj sBOL 59 Ols! ¢ odHLE:

4 |a a g¥o
q3 + arct 8 arct —
¢ g a+ D 2 =

RL fgastlg dedw (2. 11) fdzj Hijle,= qg((B)ts%@):t%udzisfr]ISJB hes [ (1)

(4.3)

I QOOz

1 e . - 7
cosg, = —Q X, C0SGy, - Py sing,,sin Z’V Oq}
< 9 U

sing, = gx sing,, + P, cosq303|n rd Oi (4.4)

é o . + ~ o . - ~
C, =4a,*+Dycoy/,, X, =D, cow&ao COM%
é ¢ 2 = ¢ 2 H

vydlreOw (2.10), (4.4), MmdMmkj Bz kwOodsg dzd?2 (4.2) 4ff
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do =- Ciet/zwo{ fl* [CS sinx+D,siny COSX] + fB*RJ COSX}’

0
J; 0=- D:Zo e’/zwo{fl* [Y02 cosx - a,siny ,sin x]+ f, R sin(x +J/0)}’ (4.5)
f2

&
Y. =D, +a,cos/ ,, X_Wot_Wt W =g-
2 ¢

.|.moz

fl* =W, COS0, - WSSin SO f; =W, sin 5o + W5 COSO,,-
eHo JlEE sz e s SMyy s otej dj ded OC, ybte' ygeudsdaor ¥ ol
O ©O0o dzO® dzzdzé, tjh jdzdj MmdMlsj s kwOodzj dzd?2 LOfdh jd& o odH

=a,,- ﬁe’/z(kllfl* sinx+k,,f, cosx)dt, Vo=- Dﬁ ﬁa‘/z(kllfl* cosx +k,,f, sinx)dt, (4.6)

00 0

] wWw,R) 2
GHJ a,=a,0), k,, =w, /a,,+D,,, k,,=—2"2—, D,,=+/a F{f 4.7
00 O( ) 11 0 00 00 12 (a00+ DOO 00 00

R sd LY (2.1), @4.1), (4 2), BftwjH]jddds

t)2
ql(t):qlc(t)+qlo() qlc( \/_ue ,eg ]I:’;?O(l € ) Oo[e anSmZX Glz(l € COS4X)U
0 |

Y (48)
t2 & .
q,(t)= /7?2 j’sin 2X" ”’OS[ S)coswS+k,,f, (S)sin Wls]ds-
Uo i

t ~
() . a

G, ﬁa”"’s [kllfl (S)sinw;S+k,, . (S)coswls]dSu, (4.9)
y

G,, =4sin2x + -2 Q00 gjn 4x, G, =1+ %00 5 % cOS2X, Uy =+/@40 + Dyo COS2X, X = W4t

00 00
Ir oy jagflisf dmr o Ojls o dazy Hj deder | ekl Oyddady § s dzj B O
dzdd (4. 9) desdsy dlss sAzs § jtoj2HY s o Istejls! | fMtssisdesh jddj (3.
4.1 tiLsdzOdedz” v . fpisdediash j oz QzOHf tod Is t5 Yy dzfs o3 toj L S5
(nlzwl, WovvlzBlsin(ang),wOWa:B3sin(n1t+g))a sBhdj dzboOoydsddz j CsBdzjBOd
ydmdww ddasj cteOdzr o ftOoats?2 yOMmlsd (4.9), (tsdzydd:

a2
Oy = m(él%u)[Elsin 2x - E,Gp,(x)]+.... (4.10)
0~0

GHJj d3dzfsic SEssdROUOj s ydzj d2f ot SEE] i HC O GOdkshisd §

a, +Dy,)’B;? + P?B;? a, +Dy,)’ B;? + P/B;?
E1:\/( 0 oo) B 0 Bs cos(g— M1)1 E2=\/( 0 oo) cos(g M )
\/a0+D00 \/ao"'Doo (4.11)
P B, . . . .
ctgM, =tgM, =m1 B, =B, C0s0, - B;sing, B; =B,;sing,,+ B;Ccosqy,.

RL (4.10) MmMdzjuHkjl, ybt {t dﬁ]e'ﬁledg'tsda,cﬁgls df jteS) tehy Bty 'cus . o tetjdz
dzsQl, o' 6OMISOj s dz0 fsteWHESE, O of dzzyHjdzde J CtsdzjBOdz™Y ftetsd

m=w. (Rt CogpsfseYHCO jHdddy" . RL Mttisdtsh jdd2 (4.10
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CtdzjBOdd?2 LOadMmdl $OC ks Od®fddlskzu odsgj" dzdR oL &kh j dd2
dzlsoydd d ftej yjmmdd, O bOSCxJ Jh@flzd MO t
[Yj dzdcfty dzcl o dzj " dzgdn oL dBBzh j dzd 20,0 FOFOY dzd j S BteH d dzO

WoW, = B, sin (nlt + g), WoW;, = B;sin (nlt + g),

(4.12)
W,W, =C,sin(n,t +g,), W,W, =C,sin(n,t+g,), ee,(t)=D,sin(n,,t).

[ftejHjdvy GELESNAHOddzs hmoslsdsh jddjd (2.6) M kEyjkssd

S(8)=ee(8) 5 e LS Sz zlsl e

GHJ

2,(9) = si(p, S+ gDy +25r)B: codmS)+ P8 sin(i)

Z,,(S) =sin (’718 + g)Po [(Doo + aoo)C; Cos(Wls) +PR,C’1sin (”/18)]1 (4.14)
Z,4(S) =sin(1,S+ g)Dy, sin 2W13[(D00 +a,,)C, codw;S)- P,C"ssin (M/lS)]
Cl* =C, €00, - C;Sin Qs C; =C,sin gy, +C; COS, (4.15)

OB ,B,sftejHjdvssfv fsmdjHdddd HekzdY Motldtsh j dzdw dsd (4
Il sHMisOoadvw (4.12) o (4.14)fnqstslsfﬂ;t;stsgizdz.quv(2.45%(3)ﬁsls>1md311
1O0dBjIsddz, vyt ddzsjcteOdz, Mbswhd?2 o ftOots?2 yOfisd (2s-5) s

fgw yjtejL {dzj sj delsOdy j WEdCydd. ) tidfmdsz fjtedfs dafpt et 1y disi
dzr dz digds.tsH

1 8C0) B ubt o B d&OMSd,EB WSS S B L & AR s v ® dib 1 G v
Wdzj dz' . ddsd ¢t [ 6 it 420 § € B+ id 1o jaLlz dad (SY>0-¢ &zOH € OV  ( e Od dts o3 ted
Yd dzdzOW :

1 ¢ 1 1

¢ :
\/aoo + Doo Uy (S) Qoo - Doo

HSC &ZOMdzs b jstej i) 8 MejHdej & o B s

W ﬁa”’"sz11 sinw, (t- S)ds, (4.16)

J, = o f )u ””’OSZ(S)Sln w,(t- S)ds, (4.17)

cutit.l (0t). Irydmdvvw ddisjcweOd o fwOots?2 yOfisd (4. 16)
ud o

me ‘1?2 - *
W= s )[(aoo+DOO)B3S|ng+ P,B; cosg|fL- cosust)+ ..,

ez ¢ R WA .
Wgaoo + Doo)cs Rsing +E(C1 (P ot Doo(aoo + Doo))' Doopocs )Cosglgl' COSWzt) to

1HI M dBsetslssydy i3 sBtsL dZOyj d' mMydzj dz7 obstetsets fstewHCO
4.2. tiLkd sOlT ydhmdj dzd' & ©OMyjlsts. sEY SO jd daf | t ¢
s, ®Bhdj LOCBSH) tdshlsd, Mniso@dids &d of 5jdzj HBdDdzdiR dzts G e | fosd
hgrn Codffokd2ds doijskkny J skedydw. | kkOydsdd j Ssdjsod
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5jte, Yt MovwiL Odets B H £Ihpls of dsjidg o G dgthy b RGAGEzd Y6 58 j 5z o ézd w dzd § OF
Ctdzj BORI?2 Mj2fMddui Mitet GOV dRICO @O dkzls BudtsdEds Q dzks daj g
C fdshmSt fodvidL o Odzdzr &5. [Bh g2 ROLOCk,jte Stdzj B Odzde k¢ dzO
iz yO) §dsmits fodvedL so Odsdz 7 € s dajbec@dzed Xs fdo j HQ alaf iy § f Rts 19 ©F 8
d&zj dzedw YOMmistsls o dzj/M, g8 ®WHL RBEOGipERs sk d o' AtHO dt dzj § .
COLd 2 ROLOClkjt Cwlklsdd d & S djjsdpids? oRedisdeiS O S e pr@FES
f &z dzP,fn

01 T T
1}
Tl

-02

—U.JU

|.|,:=E-1I:I_3 =005 Di=4 30 = — El=30 B3=3 “,-=I“:—2
pl = ol =4
a=10 h:=14 =16 d=22 n=53 m=1

{ dfkdsC 4. L ©O%¥dS kEecdkO LOStlkyde OdedWw

10 tdimkzdSj 50 ftdojHj kO t©jOd dOW LOfdM' kcdkd LOStkEk
31.01.98¢. 5 06.02. 98¢.&khyjipizs ts0 d'edstizs Ols G&fifls @ j ts s el @ s ¢
fdzj Cbtks? fosdLshds Ljddlsevnddi (Ljde sty hn] dfj SBt
fzdeS ] 6B fdojnjdO MddsjlsdujMSOY BERIO kEdO LOCwkEZzyds Odz

4

Cranunst «Axkkoiab» 31.01.98 - 06.02.98

31.01 01.02 02.02 03.02 04.02 05.02 0602

- I 1 E

240 *‘

200 +
s |
s 160 +
x
|
=
=
s 120
@
g 37,070
= - )

& 70,20

l M=6,1
4 R=893km
0 ‘ A
0 (L D T S SR e S )
0 24 48 72 9% 120 144 168 192
Bpens (Yacw(

{ IMESEBS { j Od2 d&zOY LOfdM! bkedkO LOCkkzydeoOdd" ftdestd® ¢ ¢
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Se1077F r -
- 751077 | -
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_oar 1 L . T L L L

0 4375 8375 13125 175 21875 2635 30625 35
T
-3 ™ ™
po=Ta-10 =025 Di=4 30 = 3 Bl=d0 Bi=1 ~:= e Cl=1 C3=3
pl =39 ol =4 a=2 b=8 =3 d=31 n=3 m=3 yl=0002 yi=0005
1 -2 -
b LN el L1
25 38

2381 = |yl2w f 0£s£2

2 .
I:l—hl-(s—llilj 2w oif 28510
2w if 10« s=24

2 .
[1—%2-(5—25) 2w oif 2445531
vl of 31 <8 £33

tdfkbdsS 58. uddbsjlsdyujmSov BkRkO kO LOStkzyds Odd™
{dikdtsS 5. (jOd 0w d mdddsjlsdujmSdj BERlr kchéz 2OCtkyds O

5. 1dbtejlLtsdOdr M2 mMd3d uj MSus clfiste - AetizHsts{dgz! fglgts2efitsols R QI il Sl ¢ tO
BEHEMN jets L jdBdzjIstewjddy M yOfmbtslsts?2, BddL 2 ¢ yOfgbtlsj
Hdls oetLBEYHjddl BOWIsddS sor rls dgdetdgios Ghdzdi2s dzjysOEpiEd 2 1 fdgjidtej cHd@) Iscf
dzj BOded™ © o©odHj L dOydlsjdzt dz8@ 7 ddzd dzj L dzOydlsj dz dz" = ®&Oted OYy(
YHOjIMY edfBljLO®O R.R. sO0dZddditseo0O t Iktsdz, Ykttt dz0 t6j L 5dzOC
Codzjdg?Qdz 1 O 1 Istsdz { sOfj dBOWISdedS ojHYIs MijBw GCOC Htody d3ded € .
Ldzgjteedd ® jets Stokzlsdd df | OdegscBOdz dzr | StdzjBOdzgdw. £0 1 Stsc
kteOd dz 2 OdOddL Obtste" Mj2MBdui MSda o tdzdz

] OteOdzdzj dz'Gdds BolH ZE Y@ 5 L j a3z stewfmj dzgdv fedAtsHY s E@etsor j
dzd?2 ctekzdels©. 1 ted Htodedzdy j dzdd yYyOfMmistslsr Ecedztsea™ 7 oL iBzN j dad 2
d fsmdjrkzsh j& ZHOd] ddd Bl djj GBOUD§ AU BDEL@Y e dzOyd B
dzj L d2Oydlsj dz' dz" | cHtotsy Odedv e dzzlsOydisdedz » Stsdzj BOdzd?2 .2 -0 tetso j ¢
Mdsd ud MStsets Mde dz0dzO, OO stcOBRd ctebkzdzls O, nOtOCIsjtedMmisd¢

[ Mdzd EZedzso "W dejsLekRA Gl HBs BOWISddSO ddzd dzOR tsHfty-siyw o
~nBHdl etLBEYHjdd] dzlsOydsdzdz = GCtsdzj BOdzd2, Ists 9 0d®Yydd kg
yomtssdy 7 fdStseoe, yOMmbtsls' Ctbtser n feustgimdsa ds] .s5dy Bdd L Ot
oL iBkzh j dzd2, kst 90dOyYdd kcdO LOCtkzydoOddy BEOWIEd]SO oW

] ftdiesHj, 5 oMmji2 odHddshlsd, fesdmMitsHdl t©OL dd ydzts
g 2Md3d uj NS¢ dfL M @O ZHEN jets L j ddzj stew fj ddv, yOfgls: dL
BOVIsdzd S OR. | tjLbkd sOkj BBLOLEjlMY Ctsdedddtss OddOw ¢ O

1 0dzdydj Hdzddzgdetsy j tod SH dz" = BzrlststsBtcOL dz' = o BrWEDBYyJ2 k&

YHOJ I Mkh iMoo Odzdj SCtoklsdd dz » SCtsdzjBOdzd? ctelkdzsO,j-907 L oC
Stew i dad v .

l tw©OBlsOr [9,12] f(td ¢ smibdOd OddO] o st iz vzt hts s & ® j fi
dzOtedz » ¢ tsdzj B @rdzdz®. K@ dgse j dzdzOY Mo w L ! MlsOydosdzOteds = ¢ dz
COoshgdkd o BUYUOCE) BEHENMjE L jddjlstewmjddw. )tsejHj dd S d&Of
Mi2MBduj MS et Ctblsdd dscts EOWIddSO. | tls@yuadsz0 byl § & ez
msqwsastosbmw Mt o Ok OB dzdlskn kedsor 7 CoteHddOls.

1 0f Qo dzj dedv d fjtemfjSlsdear HOM dzgj2hdr dMmimdzj Hs®-Odad 2
CdatsL O L j Bdzj stewfmjdzd?2 Mmj2mdsdui MSdadd Ctklsdd d& &3 d5sOw Isdzg € O
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GEORESONANCES OF THE SEISMIC PENDULUM

N.I. Martynov ', M.A. Ramazanovd
! Doctor of Physical and Mathematical Sciences, Chief Researcher,
2 Candidate of Physical and Mathematical SciencespB&gsearch Associate
The Institute for Mechanics and Machine Science named after Academician U.A. Dzholdasbekov (Almaty), Kazakhstan

Abstract. The research of georesonances of the seismic tortional pendulum, allowed to understand andbexplain o
served inpractice pikeshaped and baghaped behavior of its corner of twisting during preparation of future earthquake is
conducted. The synthetic bays corresponding to the real

Keywords:earthquake, phasef fluctuations, georesonance, amplitude, twisting corner, bay.
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NONLINEAR BOUNDARY VALUE PROBLEMS FOR DYNAMICAL SYSTEMS
WITH CONTINUOUS AND DISCRETE TIME

I.H. Normatov, Candidate of Physical and Mathematical Sciendesd of Laboratory of the Center for Development
of Software Products and Hardwaseftware Complexes
Tashkent University of Information Technologies, Uzbekistan

Abstract. The nonlinear boundary value problems for certain classes of dynamical systénmomtinuous

and discrete time are describes in article.
Keywords:simplex, graphsystem, tensor, measure, operator, process.

Consider (Al)-dimensional simpleS"~ L

PR . . a
S" =X = (X0, Xg X ) 1% 2 0,1 =1,2,...0, 8 X =1
| i=1 y
In [3] studied the following dynamical system
#=1(X), X=(X,X,,...x, ) | S (1)
o d ~ .
ge: ag where the componenfs , K| {1,2,...[1}, of the vector f:
C -

f(x)= 4 aixx
ij=1

k
are defined by thtensor{a i } of order n havingn3 real constants which satisfy

k

1) aij :a; forall i, j, ki {l2,...,n};

»a & =0 aiji {12,...n};
k=1
3)ai;< 2 Otorani, kij, ki {12,...00}.

Here we are consider the analogy of a dynamical system (1) as

n Ve
Vixj = & P XX, Xi = (X Xpyeor X, VT S where
i,j=1

n
«andd Pjx =1
k=1

P«=a; +¢g ©PR,=R

E Normatov |.H. { s tc d3Crisvis 8014
35



ISSN 23084804.Scienceandworld.2 0 1 45(9).Vol. I.

el if i=j] K
.JK=M, ifi ,j di=k i=k ¢
) ’|‘2

10, in other cases

Here we vill allocate and describiine main class of nonlinear boundary value problems for dynamic systems:
1) Class of the dynamic systems constructed on the binomial distributions

let (L,L) be a finite graph“_| =N and Wi a finite set, Where|W = 2". Define the measure on W,
believing

P _
I (¢)=p andl (Q=q, p>0, 0, where p+gq=1 anda = a.

We are consider on thé/ binomial distributionnZ , given by the formula

my (s) = p"aSlgnnale) @)

The dynamic system constructed on a finite graph on the binomial distributids ¢2)ed a bernoulli.
2) Class of the dynamic systems constructedaotoredmeasures of binomial distributians
let now the set of edge& (L) 1 is empty, i.e.L is not provided with the graph structure. In this case, we-ide

tify two points S, ands,, if nA(Sl)—nA( %), and we form the following factored space

W :{50, N-i, ey ~,§ »where S is the set of points for whicﬁlA(S) =1.0on W distribution is defined

m(S;)=C.p'd"" 5,1 Wi=04,...n ©)

The dynamic system constructedaireast (2) will be called a factored bernoulli.
3) Class of dynamical systems constructed on the Gibbs distribution:
next class of the dynamical systems are further associated with lattisdsnod statistical mechanics.

Let (L,L) 7 an arbitrary finite graph without loops and multiple edges.
On the set, we are consider the Hamiltonian

H(S) =- "ia ds(x)s(y) - ha dAs(x) “4)
X,y

YY) xi L

where the first sum is taken over all pairs of nearest neighborsﬂarlml R . This hamiltonian defines the
Potts model with an external field.

We define onW the Gibbs distribution as lows: for any S [ W set
n(s) =2z *exp(- H(s)) . )
whereZ = § exp(- H(S ))
sl w

If the graph I[(,L), L=A | then for h=0 for any sdH(S) =0,s1 w.

4) Class of dynamical systems constructed by markov measures:

Now we define the class of markov evolutionary processes. In this case, of course, will be dirgitguhss, is
a sub graph of Z.

Let (L, A) T connected graph of the following form:

160602003006.00.00. 80on,
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We are consider the stochastic matrix

aPn Pl 0 EPu + Py =1
8. where] :
¢t PR

I:)AA ’PAa’PaA ’Paa 2 O
aa ~ i PaA + Paa =
Let (P(A),P&)) 7 a measure fok ={¢, &, which satisfieghe following condition:

PAa

(P(A). PG o B=(P(A). Pla)

aa

Such a measure always exists, £ 0, P> 0, P.>0, P,,>0.

In this casep(A) = _ 9 andPg)= l-ip
1+q-p 1+qg-p

Then we define a markov measureW], believing

nts)=ms(1),s(2)....5(n)) = P(s W)Ps (s (2)Ps(2)s (3) Ps (n- s (n)

for anysi W.
Now we consider the nonlinear boundary value problem for dynamic systems [1, 2] in the continuogs and di

crete approximation:

2,(1)

Hl;[(; - P(t,X) D 4ti (o,T), ©)
— t)
;73

t
Suppose, an approximation to the solution of this approxima)ﬂin)n, in the neighborhood of the decoaoip

(t

Xk)

= foralli, jk E {£2,..1

t= tF

sition
P(t, %) ° P(t ) %(w&))(x ).

t
therefore seems appropriate to look for the next approximation to the sdﬁf(hteqras a solution to the bodn

ary value problem

(1) ° ~
Xy & 0 .
v 2ot ) K(t, W) (AL A). 3o ™)
pt C K +

O] = I

Xn+1 t=0 a’ ){1 it T '

Now consider grid approximations of boundary value problems (5):

(n) _ oy(n) ")

Xa- 260 L Pt X") 0, k £23..N 1 ®

h2
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n n kh
X(()) =4q, ){‘) =h where h % ) E?Q) i approximations to the valuel(( )

n —
Let X;E ) ) k= 0,1,2,...,N the set of variables forming thetim approximation to the solution of thessy
tem (8). In the vicinity of this approximation, the relation

P(t %) P(t. A7) +R(t XN % ¥).

Therefore, we seek the following approximation of the system of equations

x&if)-ZﬁZ*’ +*‘k”f-(P(tk,x£”>) R AD(A? ) o

k=1,2,3,..N -1,

%

n+1)

=a, %Y &

is a discrete approximation (8).
We note that for the four classes can build a nonlinear boundary value probleepniinuous and discrete

time. But there are dynamical systems on which you can build only problem with discrete time. In our considerations,
these are dynamic systems built on disconnected graphs.
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ELECTRONIC STRUCTURE OF WATER

A.A. Potapov, Doctor of Chemical Sciences, Candidate of Physical and Mathematical Sciences, Professor
Irkutsk, Russia

Abstract. The analysis of electromistructure of water in the chain of causality and effect is given: hydrogen
atoms and oxygen Y water molecule Y ice, water. New arfr
water, based on new understanding of the nature of covalenbditvkeen hydrogen atoms and oxygen is offered. The
model of "oxygeinydrogen" link as a basis of creation of supramolecular structure of water is considered. Justification
of the activation mechanism of intramolecular and intermolecular electron trassfgvan. The main physical prape
ties of water in the light of new ideas about the electronic structure of water are considered.

Keywords:water, hygrogen bond, protons mobility, physical properties.
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STUDYING OF MORPHOLOGICAL CHARACTERISTICS OF THE BALKHASH PERCH
FROM LAKES OF THE ALAKOLSKY BASIN

A.B. Ibrayeva, Master, Assistant
S. Seyfullin Kazakh Agro Technical University (Astana), Republic of Kazakhstan

Abstract.Nowadays the Alaksky basin is one of the last reservations of Balkhash perch which is the endemic
of the republic and the region. During the modern period the structure of the populations close to initial, remained only
in Lakes Alakol and in the lake Zhalanashkol. In ltlaée Alakol the Balkhash perch forms 2 forms: cane (black) and
pelagic ("white" perch). The purpose of this work is studying of features morphological characteristics the perch from
various lakes of the Alakolsky basin and allocation of the complex ohé#racters, allowing to identify each group.

Keywords:endemic, polymorphism, character, Balkhash perch, selection.
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