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©539300090M0s  3gegmmsb,  Lowsi  bodds®ols dgmeg  dbodyg
dhoOmpss hodsp®gdaamo. slgm dgdmbgggsdo, boyGmbols dgmedy
3o6mbl hog{gdo m dobol Lbgymolbosmgols
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%(mk):mk:—cx. (LD

dogowgdm msgolyaseo @bggomo LobEgdol domgds@ogy®
dogels:

X+ @,’X =0, (12)
X(0) =%, X(0) =y, (13)
(NGRS

woz\/% @bggol 3goby®o Lobdomge.
3™dol (1.2)-(13) 5dmiobols sbogroby®mo sdmboblibo dmo39ds
ROOIYE0m

X(t) = X, CoS @, t + Yo sin @, t (14)
Wy
ob gm@Igmom
X(t) = acos(m, t-¢), (1.5)
oo @ Mbggol Lofyolo gobos s

2

a= x§+v—°2, tgp = Vo, (1.6)
@y @y X
@bggol 3gMomwo s Lobdodyg Tglodsdolbsw 0gbgds:
2r 1
T="2, f=2. 1.7
@, T (L7

sbigom Mbgggdl dgglodsdgods 1.2. bobsbo.

', : '
f(t) 0% / ' / ' £ by

-10 -5 0 5 10

bob.12. mogoliygasmo s@ogddxgodgdygemo Gbggomo LobiGgdol
©0b5dogo

@303 gbgosgm, 235Jgb 3g@Mompamo @bggzgdo dywdogo a
533@o@gEom, MO@MIgmoi3 SIMGoEgdamos @bggomo  LolEgdol
Lofgolb  Bpamdsmgmdsbg, bsdds@ol  LobolBgls ©s> Igdbggo

bbgaaol m 3dsbsbg.
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0gmegds. mogobyggoo  @bggomo  LolFgdol  LEyeno
dgdobogndo 9bgdaools Lowowyg oG o@3gergds WMol dJobgogom.

©533 30(39%°. dodmens(s, aobgobogmm ©obsdogols

AobBM@gds,  aogoddogermmn  mMogg  bofogno X LohJomgbg o
35063 ga®00Omm, dogomgdm
d

mx+cx:0<:>mxx+cxx:i mx +Ex2 :—(Ekin+Epot):o<:>
dt{ 2 2 dt

< By, + E = CONst

.00.2.
msgolggsamo dbggomo LobGgdol gbgdgos
.2
2 L2
E= m—X+ki = —(x + a)OZXZJ = 1ma)oza2
2 2 2 2

56  LoL@gdol gbgdgos 30MES30M3GM3MA@G0YEos @bggols
5330 ol 3go@s@obe.

12. 50509335800 909em0, msgolygsmo gegl@dgeo Gbgygomo
30m39Lgdol Imeymodgds

K

0)

bob.13. ®bggomo 3mb@y®o

0y 9@yddOgmo  Fogeo  dgogsg  C 0 Hggowmasols
30bgblo@m@ls s L oboydaoyg@mdol dJmbg gmdsol, ds5dob oI
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Vogedo dgodangds sod@sl gengdd®ygao Gbgggdo.  obgm (ogol
dbggom 3mbBnOL YFmEgdgb (b5b.13). godgom, 3mbpgblodm@ols
bgs  FodOPods  sdgbHymos  @oEgdomsw,  bmerem  Jggos  —
9o@gmgoms©  (bob.13, a). @bggomo gmb@ydol dmgmo gbg@0s
nogdemyg@oaos  3mbegbls@m®do. hoghmmen K hsd@mggeno, 35Tob
3bgblo@m®o s0{ggol 2obdyb@gol o L gmdksdo ogbo gogo.
30bgblo@mdols  gegdd@ymo  gbgdaos  o0fygel  gmdsl
doaboBy®  9bgdgoom  oMs0ddbsl. gl 3GmEglo  Wsdmogdmgds,
AmEo> dnbogds 3mbegbls@dm@ol dm@osbo aobdygbRgs s [®godo
23916905 doJlodogrado ©gbols dogns (bob.13, 6). &3 dmdgbBowsb
gbols  dogns  s0{ygol  dgdomgdsl olg, Gm3 o6 Tgoigeols
Jodo®Mm e gdol.  dopa®od  dgdEodgds  mobomsb dobegds,
30650056 dols ‘4993009051 9V 0boo@dogagds 30&ob
03000beyd3o0l g gd@®mdsdmd@sggdbgemo dogns. gboli bodx by
©50{ggos 3mbegblsdmmol sdyb@gs, [o®dmodbgds gangd®yero
39e00, Mmdgero 995d30090L  ©gbols dognsl. dmerml s dmermls
30bogblo@mdo  Joowgdl  dsJlodogmy®d  IgbElL,  beoerem  ©gbo
200030905, odols dgdgy, 3mbgbls@dmmo wso(ygol aobdygb@gsls
©> 960  o0dgMgds  Lodo@oldo®m  dodos@mymgdom s o, G
306@1®™do 0y  Fobswmds o@ o0dbgds, d5dob dogomgdm  3g@o-

Mg Obgggdl.

99350030600 gbsdsdobo Jsmgds@Gogn®o dmpgmo. godgom, Q
soll  3mbogbls@dm@ol  dgbBol  Lowowpg, U, 3mbogbo@m@dby
dogdygao dodgs, 35dob

u, =2, (18)

obggg, o9y I s@olb ©gbol dogns o U, 3mdobg dmwgdyeo

dodgo
dl

30Obmgol 3obmbol mobobdop, 239]6gds 2ob@mangds:
dl
UL+UC:LE+%:O. (1.10)
©gbols dogns 5@ol dygbBol 3eomgdol Lobjodyg b9
dQ
| = —< . 1.11
it (L11)
(L10),(L11) @meomdgdosb a39]69ds:
d’Q Q
L +==0. (L.12)

dt> C
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09 d99m30090m >mbodgbsls:
1

2
2

=— 1.13
<, (113)

dodob  @bggomo  3mb@y@ol  aob@mangds (112) gowsofg@mgds
nogolyggemo Mbgggdol 3obmbogy®o aobGmagdol Loboom:

Q+@,’Q=0. (114)

doowgds a)o=% Lobdodols  3o@dmboygeo  gangdd®yero

Mbgzgoo, beoeem  @bggol  3gGomwo  0]bgds: Tzi—”:Zﬂ\/E. >d
0
QoEIgesl 99O ©0653035>To G™d3Lbmbols ROl
Vb gb.
®bggomo  LobEgdol ©obsdogs olgmoggs, Gmaemey 12
bobsbbgs godmlsbyano.

P.S. ®mgmi3 gbgrosgm, dogowgm o0p0gg ULsbol dsmgds@ogy®do
dmpgmo, Gmym@o3 nsgobyggsmo dgdsboga®o Gbgggdbol ©@EML.
@53 boTbogl, @m3 39bgds> gAMOSbos ©s> Mmdgolygsgo @bggomo

Lol gdgdo gwgl@@ygmo  LobEgdgdolbomgol gdm@bogrgds 0039
356mbb™0g@gdsl, @slsg  dgdobogn®@o Lol gdgdolsmgols.

13. 5650933500900, nsgobygsmo LoEosaydo Gbggomo
30m39Lgdol Imeymodgds

aobgoboamm  gma@g@sl  3bmdoao  dmpgero  IGSEgdge0-
dbbgg®3gmo. o3 dJmwgedo, @0 Lobgmdol bmggmos. sJgosb,
gomo Lobgmdoli bmggaro 03390965 dgm@g Lobgmdol bmggeoom.
boam  dgmeg  Lobgmdol bmggero 0339090  dogosboom. oldols
Jombgs, dolbsgrmebyemros 0y oGS, @M  3odggeds  Lobgmded
doneosbo@ aosbos@aydml dgmdg Lobgmdols 3bmggao ?

od Lobgmdoms Go5mEgbmdols ‘dglolfogemsw SGORM”
gbsd530Lo J>mgdsGogn®o dmEgeo. gmdgom, Ni(t) >@ol do®ggero
Lobgmdols  (3@o3goegool)  Gomgbmds  @®mol  dmzgdye
dmdgb@do, bmerm N,({t) - dbbgg@3gool dgbodsdolbo @om@gbmds.
0y Ibbgg@3@o 3bmgOmdl dod®Fm dgbodsdobo 3ggdol s@goa by,
do'dob dolo @omEgbmds 0b@Egds ©

N, =¢&,N,, (1.15)
Lo &, bOwol LobJo®ol 3mgx0(3096@0s.
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obggg, 9 IBHo3gOEgdo  JoOFM >@dmhbgdosh, ds5dob  dosmo
@5mEgbmds doddognols 2odm  aobowaydgds. dglodsdol  35bmbls

>Jgl Lobg:

N, =—¢N,, (1.16)
booi & o@0l  3Bo3gdegdol  Loggwomosbmdol  Lobfodol
309803096@o0.

gbaos  asbgobogrmo, o3 m@o  Lobgmdol  gOm@@MmY@o
0nobozbmg®mgds  dgbodsdol oMgoeby.  doTob  IBogdengdols
20d@ogmgdols  Lolf®ogg wodmgoegdygmo o0dbgds dlbgg@3gmsb
domo  dgbggo®dgdol  @omgbmdsby, ®mdgeroi  N;-N, Lowogwols
30030030905, I5Dobowsdy, Lodmenmme dogowgdn g @ g@dsh
dorgeols

N, = —gN, +,N;N,, (1.17)

N, = &N, =7NiN,, (1.13)
boo(s 7 dbbgg@3gmoll  Loggoogosbmdol  3mgx03096@ 00
JBo390@gdmsb  dgbggodol aodm; ¥, - IGHo3gdegdol od@Mogang-
ol 3mgn0309630.

gbaos, asbgobogrme 53 dmgerol [mbslfm®dmdol §g@@Eoegdo
oby ol 3dbodgbgamdgdo,  @mIgmms OmLss  Lob@gds
LbE>E0Mbs® Yo

N, =-gN,+7,N,N, =0 , (1.19)
N, = &,N, —5N,N, =0. (120)
o>d LobEgdol sOSE®0g0s YA SdMbsblibos
NG =52 NS, =&, (121)
N V2

Lobgmdoms  Gomgbmdgdol {mbolfm®yeo dbodgzbgermdbgdols
daodg dosdmdo oby, @m@Es n(t) o n(t) 3d3omg Lowowggdoo,
235J3L moboggs@omdbgdo:

N (1) = N2 +n(t), N,(t)=NJ+n,(t). (1.22)

0y o3 dbodgbgemdgdl  dggoBobo  gmen@g@sl  (1.19),(1.20)
demegando S dmgobogbm dowgdyero 2obBME gdgd0ls
@0bgo@0boiosl, dogomgdm LolEgdsl:

n =2%2q,, (123)
"
n,=-1%n. (1.24)
72
09 (1.23) obBME 9ol OOMOM aogofo®dmgdm >
aog0mgomolifobgdm (1.24)  aobGmangdsl, dogomgdm:
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ﬁl+ &e,n =0. (1.25)
oo, M9 d9dmgowgdbon >0bodgbsls

wy = &8, (1.26)
dogowgdm 0530b9Roe0 LobiBgdgdols @bggols 356mbo 3@
2ob@ma gdsl:

N+ a,n, =0. (127)
P.S. @mama3 gbgodsgm, 5353 dogomgn nsgolyggsmo @bggomo
boldgdgdol @bggol dsmgdsBogy@o Imegmo. bsmmosw  hsbl,
@@0 Lsbgmdol msbsi3bmg@gdol dgogao ©o3mgopgdagmos dsmo

25d@5gegdols s Loggpomosbmdols Lohjs@gms 3mgx03096@gdols
36033690 mMdgdby.

14. 5650933500 9d70, 0s30Lygs@o g30bm3ogndo Gbggzomo
30m(3gbgdol IMEgEoMgds (305630Tg0@-mdasdol Imwgeno)

aobgobogomm  g3mbmdogy@o  Fmbolfm@mdol  aobGmengds
3906Lols Lol gdsdo

X(t) =C(t)+ 1 (), (128)
oo C(t) dmbdo®gdss, I(t) - obggb@oiogdo,

X(t)- 9®mgbyao dgdmbsgsgmo.

Lodygeolmb-boJlbols osJLgag@siEool 3M0b03bg oy Wbmdom,
‘dgoden gdo hog{ g@mm 0639b@G030gd0b 2obbmas©gdyemo
aob@ M gds

I(t) = pB@)- X(1), (1.29)
Lowo A) oLy gdsiool 3mgxnoEogbdos.

Ct) dmbdodgds gOmgbyeo  dgdmbogamol  @ubjiEoss @

©05dM30©gogmos dmbdo®gdols dnger [obs olBm@0sby

C(t) :jF[X (¢),z]dz. (1.30)

0
oy (129) s (130) aodmbobyagdgdls  dggo@obor  (1.28)
Febolbfmdmbols aob@mengdsdo, dogomgdm:
X(t)= Bt)- X (t)+ [ F[X(c) 7l (1.31)
2aob@mMegdols 039 dbo®ols t-mo 0039096300 9500,

80305{)3600:'
X(t)=B(t)- X(t)+ pt)- X(t)+ F[X(t)t]. (1.32)
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ob9 30300960 ©0bsdogol B@sbyodgog-mdasdol oxg@gbzo-
S0 asbBmegdsl dgdegao Loboom:

B)- X 1)+ (30)-1)X )+ F[x ()] =0. (1.33)
@oaob  Bt)20, Ygodmgds (133)  aob@mamgds  goggmm  At)-dby.
d0g0@gdm ©0b5d0gu@ gob@mengdsls:

). A1 gy 1 _

x(t)+W-x(t)+Wt)-F[x(t),t]_o. (1.34)

09 BOSbR0dg0e-mdasdols (1.34) gobbmpswgdyge aob@maengde-
‘do dmgobgbo Holidsl:

)=t > F[X().t]=A0) o X(t), (1.35)
do'dob  obsdogol (1.34) aob@mangdowsb dogowgdbon  msgoligxseo
@bggzomo LobEgdgdol 3obmboiy® aobGmeangdsl:

X (t)+ @,2X (t) = 0. (1.36)

P.S. ®omam®d3 gbgrosgm, jgmsg 8ogopgmn mogobygsmo @bggomo
LbolGgdol dsmgds@ogn®o Impgmo. @53 0351 InFIML, @™I
msgobyggomo  @bggomo  LolGgdol  dsmgds@ogn®do  Bmpgeo
960390 Log @05 s a3gbgrgds LOgmose bbgspslbgs dobss@bols
5dm(3569060L gosFYgzgEoLsb.

5dm (3569060 ©> Ldgs@R0Tmgdo

L. dgopgobgom  mogobygaseo @bggomo  LobEgdol domgds@ogzyg®o
dJogeno s 2odmoggerogom  domgdgmo  LobEgdol  @bggols
3900meo, Lobdomyg, #obs s sd3@moyges, LobEgdol bLofgolo
doamdoMgmdosb aodmdoobsdy.

2. dgob{ogangom gbg@ools dgbosbgols 3obmbo msgolygsgo @bggomo
Lol gdgdolbomgols.

3. aodmoggemogm  mogolbyggsgo  @bggomo  LobFgds  Goby®
LodMAYgbg. 03m3gm AMogJB™MA0gdo RobyYd Lod®EYgby.

4. dgopa0bgm dgdobogydo @bggomo LoliGgdol domgds@ogy®o
dogeno (boddo®obyg aodmddyao Ggo®mo, bob.l.1) od
dgdmbgggsdo, dm@Es m dobols Bgo®mnby dmddgegdl bobybols
dogns3. 0dbgds 0y o@s sbigmo LolGgds msgolygsmo? @bgggdo
06905 ©gd3x0Mgdgmo, My s@?

5. hodmmgogogm dbggomo Lol gdgdols Godgdo.
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0530 2. 039338009390, mogobagsmo (Lsgnmdogo) dbggomo
30m(39bgd0L 350mg3s@0g9®o dmpgmo@gds

0y  Gbggomo  LobGgdol  dJogwosbo  gbg@daos  I30O©HdS
(Vobosomdwgamdols dogmgdols aoomsbgabyg ‘dgbOgen go9emo
d7domdols aodm), 35Tob sbgm LolFgdol ©gd3godgdymo Loldgds
g¥mwgds. ©9d3g00gdge  mogolygew  LobEgdgddo 3530
©9935003d9m0  (3gHompym-dognggso b >@S3gHomEyen-
dogn 935000) Mbgggdo.

2.1. 09335009090, msgobagsmo (Lsggmmdogo) dgdsbogymo
@bggomo 3Om3gLgdol Impgemodgds

aobgobogmm ©gd3xgodgdymo bogym@ogo (msgobygoo) dgdo-
bogyg®o @bggomo LobGgdol dspsemomo (bob. 2.1). Gm@Es boddodols
Lobolidgs ¢, bogm Fgodmols bgosdo®mnsb bobybol gmgaoiogbdo

k Py 80(806 anx. = _k X.

K
00 n

o
X

bob. 2.1. ©g9d3x0Mgdgao Lsjgm@ogo Gbgggdo M dsbols
A3000m0L bgesdo@msb bobybols gomgosemolifobgdom

dggoaobmo M dsbol  Bgodmol  mogolbyxgsero  @bggols
do09doB0g9M0 dnegero bobybol dogools gomgsaolifobgdom
d

a(mszmk:—cx—k)'(. (2.1)

0y (2.1) gob@mergbols ™mm®ogg Ibodgl goggmayzm m dsbols
db0dgbgenmdoby s dgdmgomgdm 50bodgbgdl:
k K

L L (22)
m m

dogowgdbon  ©g9d3x00gdgmo  msgobygseo  (Logygms®o) @bggomo
LobiGgdol dewganls:

X+ 2y X+ @Px =0, (23)
oo @,  LobEgdol mogolyggemo dbgggdol Lobdomyge,
y - dognggol 3mgx0(3096@0.
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0y  (23)  ©oggmgbgos@my®  2sbGmagdsdo  dmgobrgbm
9o 9ol holsdsls x(t)=e", d>dob dogomgdm ‘dgbodadols
doboloomgdge asb@mangdsls:

r’+2x +af =0. (24)

@53 bodbogl, ®md (23) ©oxggagbiosmy@o  AobGmengdols
beopgow 5dmbsblbl 53l Loby:

X(t) =Ce™ +Ce”, r,=—yt ' —af . (2.5)

o 1bws asbgobogmm Lsdo dgdmbggge:

) oy y<a,, 3590b (25) Fo@mdowsb asdmdoobsty, 353
doboloomgdgao  seagd@geo  asbGmangdol m@o  md3egJlydo
YOM0gOMdgyma gdygemo r 5dmbsblbo. o3 ‘dgdmbgggsdo, oe3g@qb-
(305 M0 25bGmEgdol bmgswo sdmboblibo ‘dgdwgyos:

Xt)=A-e7'cos(w-t+9), w=+af-y". (2.6)
@bggol 3g9Gomwo:
2r 2r
T="2= , boane S dndogo ®ozbyndo a5bolsb-
. \/W e A ©> ¢ dypdog (G93J°0 &
0gM90s
x(0)=0 2.7)
x(0) = v, (2.8)
LoFgolbo 300mMdgo0©sb godmdpobs@y.
A):\/X§+(v +}/XO)2/602 (29)
COS@, =X/ Ay, sing, = _(Vo +7’Xo)/(a)pb) (2.10)

gl dgdmbgggs dggbsdsdgods Bognggem @bggom 3@m3gLgdL.

() A

bob. 2.2. dognggoeo @bgggdo

sd3go@ ool dognggomdol  Lob{®ogg @gyumodegds ¥
3505dgBMom, boeem  ©gd3xomgdgmo  (23) LolLEgdol @bgggdols

Lobdodg w<w,. @53 bodbsgl, GBI bsbybol dsgos s3(300H9dL
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Loldgdol Logymstro @bgggdol LobTodgh o569 ©g33x009d9eo
LolEgdol ULognmemo @bgggdol LobBodg bogemgdos Yglsdsdolo
5509938009070 LolGgdol Gbgggdol LobTocgby.

Alt) = Ae" Lopoegl dognggsmo ®@bgggdol  s533go@ sl
9V megdgh. OmamaE 3 go®Igmopsb hsbl, @bggol sd3go@ o,
sbigom  dgdmbgggedo, Jegdaemdl  gdldmbgbioseadsw.  dgdmgo-
oM 50bodgbs: A -0 s®3bodbmm [®xogo mogobygsmo wgddgo-
@900 LbobBgdol, Fmbsl{m®@mdol dpamds®gmdowsb wowgdomo
dodos@myen gbom doJlodsgnyydo dodE 930 mbdbomo aoab®ols
boowggdo.  bopos,  ®md gl boowggdbo  sSzdogmezoemgdls
M939909b@ e mobomdsls

An=eriA 2.11)

2odmMgmgogrmon Modpgbx g® dgdEotgds Mbggol sd3go@ s
gO®o 39M0omol gobdsgermdsdo, dogowgdm:

(A, =A-e7"T A=A, = Aize”:dﬂni:y-T.

256LobPgHgos. d =T Lowowyl mbEogms@mmols Jognggomdols
(hoJHmdol) eegs@ondgm ©g309396@L 3Fmwgdgb.

d -comao@omdygemo ©g309dgbGol N :% ‘dgd®9bgdgero Lowowy
230h39690L 0d  @bggoms  @oibgl, Mmool dgdogy >d3ero@ws
e-xg® Jewgdygencmdl.

T- ®bggol 39M0meols g5b6dsg3@mdsdo s33go@ s e -x 9@
domgdo.

OEOAmOG  gogom,  gbgdaos  ®bggzom  LobEgdsdo  @bggols
>d3g o gools 335005300 3O M3MA (309000, >do@md, >d
dgdmbggasdo, dmgnosbo dgdobogydo gbgdaos dzodgds (bobybols
aode Lomdmdo aoms0]dbgds)

E=E, %",

20y y>w,, 95dob r-olbl ™@o0gg9 3dbodgbgermds  bodgoen

@obgl  (oddmowagbl o 53539 ©OML, ™m®ogg d60dgbgermds
9OOYMB0M0S. ©0BJMJbE0s@PYH0 ob@megbols bmgom 5dmbsblibls
>d d9dmbgggodo 53l Loby:

X(t) = Cle_(y_Jm)'t + Cze_(”‘/m}t

: (2.12)
gl 8d@smbdols 53gHomeEygmo hsJOmdss bob. 2.3.
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137 T T T T

12 j —
|

X(t) 11 ]
‘l
l
)

09 I I I I
0 2 4 6 8 10

bob. 2.3. 83g9®0om@y@o dogrggso dod@omds

3) 9 y=a,, 3590b dobslboomgdger asbGmegdols 5Jgl gOmo
MOXJOso ggbgo r=—y. OEym@aE 3bmdogos, o3 dgdmnbgggsdo,
000909605 YM0 A5bBMEgdols bmpsw sdmboblbl ofgl Loby:

x(t) =(C,+C, t)-e7". (2.13)

9Ly 93g@omeymo Jogggso dmd@smdol oblsinmndgdamo
dgdmbgggss (bob. 24).

80 80 T T T

60 .

X(t) 40 =

201 -
338%10°, | | |

2 4 6 8 10

0 t 10,

bob. 24. 53g@omyero dog ggoo dmd@smbols
2obls 3gm@gdyano dgdmbgggs
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22. 09338009090, Logymeogo gergddOgeo Gbggomo
30m(3gLgdol Imwgeodgds

aobgobogmm ©9d3x0M9dygmo gangd@d@ o @bggomo Loli@gds.

L g —c

bob. 2.5. ©0gd3g00gdygemo, mogolyasmo gmgd@@geo @bggomo
Loli@gds

od LolbiBgdsdo (bob.2.5) sMoEgdidxgodgdygamo @bgzomo 3mb@a®o-
bogob  goblbgoggdom, bosdmyaos R (obospmds, ®o3  ofg93L
9690200l ©56535M90L s mogobygsmo Lol gds ©gddxomgdyeo
bogde.
Qa‘ﬂa;;oggao[imm gLodsdobo omgds@ogzn®o dmwgeo. gndgsm, Q
>O0l  3mbegbls@m®ol dgbFol Lowowg,U, 3mbeglbs@m®by dmog-
b0 dodgs, dodob

u, =9, (2.14)

obggg, o9 I s@ol gbol dogns @o U " gmdoby dmegdyeno
dodgs, 35dob
dl

U, = LE' (2.15)
dodgol godbs R [obommdoby
U, =R-I. (2.16)
3003bmgols 3obmbols mobobdow, 239dbgds aob@mengds:
UL+Ur+UC=L%+R-I+%=O. (2.17)
gbols dsgns  dygbEol gmoggdol Lobjomgs by
dQ
| = —< . 2.1
it (2.18)
(2.17)-(2.18) @me0mdbgdosb
2
199, 4, Q_4 (2.19)
dt dt C
09 d99mg00900m >0bodgbgdl:
2 1 R
— = 2.y=_ 2.2
Wy LC’ /4 L’ (2.20)

dodob aobBmangds (2.19) dJoowgdl Labgls:
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Q+27Q+@fQ =0, (221)
boosi @, LobLEgdol Loggmo®o (msgobygsmo) @bgggdol Lobdo-

@9o, bmgom y-doenggols 3098030968 0.

PS. o@mamea3 gbgrosgm, ©99380@09d gm0  mogolygsemo
90 9JeO 9o @bggomo JmbGy@ol ©obsdogol (2.21) obGmangds
0096@ M0 gLodsdolio 09935009090, msgolygsmo,
3956033900 LobEgdol ©obsdogol (2.3) aob@mengdobls. @s3 08l
603bogl, Mm3 ©g33x0mgdagmo, msgolyggsmo @bggomo LolGgdol
3500935803900 ImEgmo, gOMbso@sw gbgds @mgmd 3 dgJsbogy®,

Sbg3g I 9dBG g Abggom LobBgdgol.

23. 09338003090, Lyggmn@ogo Loaosggdo Gbygomo
30039Lgdol Imgmo®gds

aobgoboamm  gma@g@sl  3bmdoao  dmpgero  IGSEgdge0-
dbbgg®3emo. 53 Jmwgerdo, >@ol m@o Lobol bmggeo. sJgosb,
dgmdg  Loboll  3bmggergdo 0339090006  30Mg9eo  Lobol
gbmggergdom. boaem  3o®ggeo  Lobol  (3bmggamgdo 0339096056
dognsbom.  dggolifogarmo 53 LolbEgdol dglodsdolo  ©obsdogs.
sdobomgol  syEomgdgaos  LolFgdol  dsmgdsGogycdo  dmgeools
90 bo.

5353Mm,  od Lobgmooms  Gomegbmdbols  Iglolfogersw
‘dgLododolbo domgdos@ogyg®o dmwgeno. gmdgsm, Ni(t) o@ol 30Mg9e0
Lbobgmdol (Abbgg@3anol) @omEgbmds @Ml dmzgdyan dmdgb@do,
boene  N,() - 33o3gogdol  dgbodsdolo  @ompgbmds. oy
Ibbgg@3@o  3bmg@mdl oM  dgbodsdolbo  3ggdol  s@goe by,
do'dob dobo Gomgbmds 0b®gds Igwdogo k, LohJos@om, dog@sd
JBo(390 gdmsb dgbggeds 03936  domo  bOwol  Lohds@ols
9009056k,  Lohdo@ol  gmggno3ogb@dom. 3FsEgogdols s
Ibbgg@3aols  dgbggedoll  Lobdodg  ©odmgogdbyemos  domo
@5mEgbmdgdol  bod®ogembg o,  FoTolowsdy, dgagoderos
‘dggo00bmm dglsdsdolo @obsdogols yob@Gmengds:

Na(t) =k, —kN;N, . (222)
Sbog Mmoo, dGo3gdergboll  GomEgbmdbols b  sdm go-
©gdgeos Jbbgg@3gmsb dgbggo®gdol omgbmdsbyg, Goi3 oG-
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30030M3MM3090s om0  AoMmEgbmdgdol  bod@sganolis. o ®sd,
JBo390@gdoz  0@y3gdosh  Lodg@om, sgodymamdomn  ob  YROM
derog®  IHo39dgmsb  b@dmansdo.  domo  Loggoomosbmdols
30980309605  k,. 35Tob  dgbodsdolbo  obsdogol  gob@mangdsls
9J690> Lobg:

N2 = k,N,N, —K,N, . (2.23)

LBoE0mbodyyero Voo @ogools aodmbomgen gen s byeols
2539 BHME M0 (222),223) gobBmangdgdol dodxggbs bofoagdo.
dJowgdagao LobEgdol sdmboblibo 0bgds:

k K

NC = 2 NO = Ko 224

v Nemy (224)

‘dggoliogeomm  (2.22),2.23) LobEgds ULEs@ombo®dygao (2.24)
5dmboblbol  dosedmdo.  sdolbomgols  Lodogdger @omogbmdgdls
dogzgm 330Gy bsbodpgdo () s n(t). oby (222), (2.23)
2aobBmagdgddo  dgg0@eobmm  sbogno  Lowoggdo © 33530 M”M
3350058 mo {g309d0 33009 bsbOwgdol Jodo®m

N, (1) = N +n(t) , (2.25)
N, (t) = N7 +n,(t). (2.26)
dodob dogowgdo:
ni(t) = —k,n, —%nl, (227)
2
(), = %nl. (2.28)

2

0 3535(o@dmgdbon (227) gob@mengdsl s dggo@obm n2(t) -1
db0dgbgenmdsols (2.28) aob@mergdowsb, d5Tdob

o+ %m K kon, = 0. (2.29)

2
09 d9dm300960 >5©@bodgbgdl:
%:2-;/ (N Kok, = @,
2

d5dob gobGmagds (229) gowoofghgds ©933g0®gdgmo, msgo-

bygomo @bggomo LolGgdol 3obmboggdo Lobom:

M+ 2y M+ @, =0, (2.30)
ab Lob@gds go 9439 gbisgeomo a3543b.

PS. omamea3 gbgrosgmn, ©9338009d9mm0  mogolygseo
dbggomo  LobEgds agbgmgds bLo@gosgad  LobEgdgddos. @s3
0dgnggs 030l Logydggeel, G®m3d  hogyum®ddsgogm  Lbgsoslbgs

30mi3glol  STgdsl ©> bsgergdse  SgobsOxmm  Jowgdymo
dmEgegdol 6Q8V3(¢)0 35b@mangdgdol go3mygerggsdy.
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24. 09338009090, Lsgnmeogo gzmbmdogymo @bggomo
30m(39Lgd0L IMEgEoMgds BHSba0Tgoe-mdasdol Imwgemols
d5bobY

aobgobogrme  ggmbmdogy@o  [obolfm®mdols  aob@mangds
3906Lols Lol gdsdo

X(@t)=C(t)+1(t), (2.31)
booi  C(t)  dmbdodgdss,  1(t)-0bgglRoEogdo,  X(t)-90mgbyeo
‘dgdmlsgogmo.

Lodyggalmb-boJlol  sJlgerg®oEool 3M0bG03bg  oyMbmdom
‘dgoden 9ds hog( gormm 0b39LB00gd0ls 2obbmasgdgeo
2obBman gdo:

1(t)= @) X(1), (2.32)
oo At) odbgerg®sEool 3mgnoEogbdos. yo®ws sdobs,

C(t) dobdodgds  goOmgbymo  dgdmbogerol  gybjioss s
©5dM 30 dgeos dnbdo®gdol dmger FobsolEm®osby

C(t) = jF[x (z),z]d7. (2.33)

0

0y (232) o (233) gob@mangdgdls dgz0@obom (2.31) Fmbslfm-
@m0l gob@mengdsdo, dogomgdm:

X(t)=At) X(0)+ [ F[X(z). ]t (2.34)

2aob@Megdols 0039 dbo®ols t-oo 009590 9b0Mgdom,
dogomgdm:

X(t)= A(t)- X (t)+ B(t)- X(t)+ F[X (t)t] (2.35)
oby  gwgoymdm  obsdogol  ©oRg@mgbiosm Y@  aob@mangdsl
‘dgd©ga0 Laboo:

B)- X )+ (30)-1)X )+ F[x ()] =0. (2.36)
@oaob  Bt)=0, (236) aobdmargds Dgodagds  goggmm  B(t)-by.
dogowgdo dgdogao Lobol ©obsdogol gob@mangdsl:

%)+ ﬁ%l. X(t)+ﬁt)-F[X(t),t]=O. (2.37)

04 3A56303g0@-cda5dols (2.37) 356bma s gd e
35b@magdsdo  dmgobpgbo holidsls
t -1 2
pt) =€ -[e » J . FIXO.M]= 0 aX ) (2.38)
dogowgdo  ©gd3x0®gdgmo, msgolygsmo  @bggomo  LolGgdol
356mb03® gob@megdsl:

X+2y X+ @2X =0, (2.39)
Amdgeo3 9339 9930LFogan g Lbgs dobos@lols 3@mEglgdbolbomgol.
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PS. @mpgmea3 gbgosgm, ggmsg  dogogm  ©0gd3gocgdgmo,
msgolbyggomo @bggomo LobEgdol Bomgdodogn®o dmpgero. Go3
dm{dmdl, Hmd ©9d3xgomgdgeo, msgolygsmo @bggomo LoliEgdol

d5mgdsdogn®o  dmpgemo  9bogg@lsggdos s ol agbgrgds
Legmose bbgopsbbgs B0bss@lol s3m3sbgdol gowsfyggdolst.

5dm356960 ©> Logs@xodmgdo

l. @emam@ Lobgdgdl 9fmegdgb ©9d3x009d9als?

2. OO3m6 g5dmomgegds ©0gd3xgo®mgdbymo bsgymdogo Gbgzomo
LobiBgdol dognggomo Mbgggdol 3gMomeo, GBS >0l epemys@omdyenro
093093960 s Gobmgolss Lodo®m?

3. o dgdmbgggodo g35J3Lb mogoligase, wgddxgomgdyer Lol@gdsdo
5M53gM0mE Yo dognggoo Gbggzqgdo?

4. dgoa0bgm gergdB@geo, ©0gd3xgo@gogmmo Gbggomo LobiGgdol

L Jgds o soggom dglodsdolo domgds@ogydo dmwgeno.

5. dm0y3gobgo Lm@Eosgry®o ©gddxgo®gdygao LobEgdol dogsgomo
s ohggbgm 3mgxn030gb@gdol M db0dgbgammdbgdolmgolss dmbe-
emEbgero dognggomo Mbggomo 3MME39Lgd0 s @s dobos@lio
‘dgglodoadgods 53 dgdmbgggsls.
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0530 3. 0dgmgdomo dbggomo 3GM39Lgdol Fomgdsdogn®o
dmEgeoMgds

0d99@gd00 Abggomn LolbEgdgddo LobEgdsoby dmJdggdl gomyg
dogns, @mdgeoi aoblobwgmoglh @bggol  obmbl. s gLodsdols

350 gdo@ogn® Impgedo @bggomn  3OmEgLgdl  oblsbmgHsgl
Esds@gdomo  Fg9309d0, @53  Ygbodsdolo  ogg@Mmgbiosma@o
256@ ™M@ gdgd0l s5MS9M MY g>MMgbgdsl 0fgggl.

3.1. odgangdomo dgJsboga®o @bggomo 3@mEgLgdol dmegmomgds

aobgobogmm  dgdobogyg®o  @bggomo LolBgds 03 3o0®mbdgddo,
Am3S 335J3b ds0dygagdgero dogool dmJdgogds.

]
m | Qeoswt

___.__.......
®
>

l
It rr //////Af////////////////7///z
o T

2

bob. 3.1. odyergdbomo dgdsbogydo dbggomo LolFgds f =Qcoswt
doodyggdgmo 3g@omygeo dogrol dmddgogdols 3o@mdgddo

235Jgb  @bggomo  LobBgds (bob3.1), Gmdgmoi Jgoggds m
dolols  Ubgygaobogob, @m@s  bsdds@ol  LobolEgs ¢, bmerm
A300m0l  bgosdo®@mob bobybols 3mgxnoiogbdo k oby anxlz—kX.
09 dmd@smools godmd{g930 godg 3g@omyemo dognss f =Qcoswt,

>gogmo  dobobggo®os, @md  boy@mbol  ©obsdogol  jobmbowsb
aodmdobo®yg, dgygodmos  dggoaobmm  asbGmengds m dsbols

Lbgygerols x go@sswyoangdols glob§ogasgo:
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mx =—cx —k x+Qcos(w- t). (3.D

2534, 53 2obFmagdol m@ogg dbomg m dsbols Lowogbyg ©o
‘dgdmgommm s@bodgbgdo:
c k Q

—=af, —=2y, <=H. (32)
m m m
do'dob aobBmangds (3.1) gopsofgmgos dgdwgao Loboo:
X+ 2y X+ 02X = H cos(@- 1). (3.3)

>dG0goe,  dogowgm  {Ogogo, ©gddgomgdgmo, o0dygmgdbomo
®bggomno LobEgdol d>5mgds@ogza@o dmpgeo.

gbeos  dggzolfogeme 53 Lobggdol  mogolgdy®gdgdo.
aobgobogmm mdo dgdmbgggs:

1) odgagdomno @bggomo LolLGgds 5@ ©gd3xgoMmgdgeo;
2) 099358009590, 0dgm@gdomo Obggomo LoliGgds.

) o9 @bggomo LoLEgds SO ©gddgomgdgmo, 35dob y =0
©> ©00b5d0g0l gobBmagds doowgdl Lobgl:

X+ afx = Hcos(w-t). (34)
OmamO3 3bmdogos, [MR0g0 sMogOmygommgsbo ©ogg®9bo-
SEY@0  2ob@mergdol  bmgowo  sdmboblibo  Gmenos  dglsdsdobo
JONYgoMOMgobo  gob@Bmengdols  bmaswo 5 M09y 35MM3g5b0
obBm@gdol 39®dm 5dmboblibgdols wodobs

X =X + X

ertg var.zogadi (35)

(34) gob@Bmangdols ‘dgbodsdolo  gOmggo®mgabo  aob@mengdols
bmgoo  5dmboblbo  Gmeros  sMoEgddxgodgdgmo,  msgolyggsgo
@bggomo LobEgdol 5dmboblibols

X =a-cos(w, t- ). (3.6)

ertg var.zogadi

oo a= @Yo tgp = —2
" w Wy X,

SM59OmAgoMMmgabo (34) Lol gdol 3g@dem sdmbsblibo

Xaraerig kerdzo = NCOS(@ - 1) . (3.7)
(3.7) godmbobyemgds hoglgom (34) aob@mangdsdo, dogowgdm
—he’ cos(w-t) + e?hcos(w-t) = H cos(w-t) ,

araertg kerdzo *

Lboo@obs(s
H
h =
o -
o3 bodbogl, @Omd (34) os@og@magommgsbo  gob@mengdols
390dm 5dmbsblbl 53l Loby:

5.
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X LZ -cos(w-t). (3.8)

araertg ker dzo = 2
@, — W

dogo@gm  5MogOmagoMmgsbo  (34)  aobGmegdol  bmyswo
>dmboblibo (3.5), Gmdganoi gowsofgmgds dgdwgao Laboom:

X(t) = acos(w, -t — ) + -cos(w-t). (39)

2 2
 —

RoOIges  (39) dognsdos, 9y @, Fw. Sbgn  dgdobgggedo,
235Jgb @0  Lbgoslbbgs Lobdo@ol @bggoms xodo.  Lob@gdol

©0bsdogs aodmbsbyaos 3.2 bobsbby.

2 T

[ l M\
X(t) 0 “""IIIL

bob. 32. m®o Lbgowslbgs Lobdo®ol do@dmboyero @bgggdols
xodo

09 Loldgdol ULsggmeogo @bggol Lobdoty o, gdmbgggs,

35009 gdgmo 3gBomEgmo dsmol @bggol o LobDomgl ogdbgds
®gbmbsblo.

osbgm  dgdmbggszsdo (34) gobBmangdol bmgowo Sdmboblibols
aodmbomgm gens (3.9) 5dmboblibo gosn(gdgds Loboo:

X(t) = acos(w, -t — @) + % -(cos(w-t) —cos(a, - t)) . (3.10)

0
09 (3.10) gm@EdYmsTo gosgsmm bPgsOby, GMEsS 0w,
am30@omol Falol godmygbgdom, d0gowgdm bmyse 5dmbsblibl:
X(t) = acos(am, -t — @) + Zi't -sin(a, -t) . (3.11)

)
Amym@ 3 (3.11) 53mboblbosb hobl, Mgbmbsblols ‘dgdmbgggsdo,
@bggol sd3gmo@Byes {@xogo 3obmbom ob®ogds (bob3.3).
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50 T T T T T

o LI

I I I I I
0 5 10 15 20 25

~50
t
6ob3.3. Ogbmboblymo @bgggdol wobsdogs

0y doodymgdgeo  dogmols  @bggol  Lobdodg  obeombos
LolBgdol  Logygm@ogo  @bgggdol  Lobdodgbmsb, segomo 53l
®bgggdol 39356 mGo dsbgomdgano Lobdodom.

2) sbaws aobgobogwmo FOxogo, ©9d3x0® oMo 04793000
®bggomo LobEgdol Tgdmbgggs. 235J3b omgdsBogyn®o Jmgero

X+ 2y X+ 02X = H cos(w- 1). (3.12)

3030300 od 2obGmengdols 39@dm 5dmbsblibo

X = £cos(w-t) +nsin(w-t) . (3.13)

(3.13) gm@Igms dgzo@obmm (3.12) asobGmeangdsTo, d5Tob &
©> 77 309803096@ g0l 2odmbomgm gensw Jogowgdom 4ob@Gmengdsls:

—f-a)-zcos(a)-t)—n-a)z-Sin(a)-t)—27/-§-a)-3in(a)-t)+2;/-77-a)-cos(a)-'[)+(3 14)

+a@ - E-cos(w-t)+ @ -1-sin(w-t) = H -cos(w-t)

0y (314)  2obGmangdol,  30m980309bRYOL  AogYRME gom
dgbododols H®oymbmdgB@oya Rub090msb, dogomgdmn LoliGgdsl:

~E " +2y-n-0+&-of =H,

(3.15)
—ne’ -2y-&-w+a -1 =0.
>d LobEgdol 5dmboblibgdos:
H (w2 — 2
E=1 E“’O “’2) 3 (3.16)
|_(a)0 -0 )Z+4;/ X0, J
2y H (3.17)

! [(a)g—a)z)2+4;/2-a)2r

aodmbobyangdsdo  (3.13)  dgdmgomme  @sds@gbomo  3ymby,
do'dob  (3.16)-(3.17) mobogo®omdbgdols gomgsaolifobgbom, dogowgdm
(3.12) 509 mygo0™M3560 2obGmagdol 39®dm 5dmbsoblibl:

H - *
Xaraertgvar Krdzo — V 52 + 772 = : Sln(a) T+ ) . (318)

ez —erf 42 o]
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Fggolfogamgmn  gbsdsdolo  gompgs®dmgsbo  gsb@mengdols
begoo  53mbosblbo, mogolbygsmo, ©gddgodgdgmo  @bggomo
LolEgdgdol YguFsgeol EOML. ggdmbos Lsdo Ygdmbgggs:

ertg var A\) 'eiy.t COS(a)-t+go), O =+ a)oz _72 5

=(C,+C,-t)-e7".

do'doboadg, 5MogMmygommgobo asb@magdols bmgswo sdmbob-
Lbo 0gbgde:

X(t) = x

araertgv ker dzo

>) M y<a@,, 35306 X

d) my y>aw,, 35d0b x

ertg var

3) 09 y=a,, 35806 X

ertg var

(3.20)

+ X

ertg var *

gboos, @M oo 839d690> Lsdo Lbgowslbgs dgdmbgggs.

P.S. oogogmgds LEogb®gdl: Mathcad -ol d5bobg dgol§sgergom 3
Lb>do Ygdmbgggol dgbsdsdolo @bggomo LolGgdgdol ©obs3ogs.

32. 0dgegd0mo g gd@@umo dbgzomo 30m3gLgdol Bmpgao®gds

" b%of)gobog@mm 0dygegdomo g gBeyo  Gbggomo  3GMgLo
ob 3.

R

E() & % L

—I—C

bob34. Obggomo 3mb@dy®o gargdd®@geo ©gbol Fyos®dmmo,
A®dgol ge0 9GO ®dsdmdMsggd o dognss E(t)

30Obmgol 3obmbo o3 {Ogeolsmgols
dl
Lh+UﬁUC=La+RJ+%=E®, (321
Lboosi Q o®ol 3mbegbls@dm@ol dyb@ol Lowowyg, U.— 3mbogb-

Lo@mabg Jmwgdbyemo dodgs. Uc ==. I-@gboli dogns, U —3mdksbg

Q
C
u O

JoEgdygo  dodgs,  sdolmsb LE' dodgol  goMebs R
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Vobowmdobg U, =R-1; E() gegddOgo ©gbols dedmd@sggodgero
dognss. dodobo@adyg, dogowgdbom domgds@olzy® dmwgenls

ad R+ QC
Ldt+R I+C E(t). (322)

09 (322) gem@dgasdo gogomngsgobobgdm, @md ©gbol dogns
dgb@gdols dm{gl®oggdbyeo bsgowos

1=Q, (3.23)

d5dob dogowgdm ©gbols Fyo@mml dgdggero gargdd®gmo Gbggomo
363 9®0l @obsdogol aob@mergdsls

d’Q dQ_ Q
LS < R Xk 24
T 524
09 d9dm300960 >@bodgbgdl:
> 1 R E(t)
1, R oy E® 2
Wy LC ’ v L ! (t) L ’ (3 5)

d5dob  (3.24) aob@mangds doowgdl 0dymgdomo, ©gd3xgocgdagmo,
fog030 ®@bggomo LobEgdol dsmgds@ogndo dmpgaol  Lsbgl,
Omdgebga  goboyddgm Fobs msgdo:

Q+2y-Q+a?-Q = F(t). (3.26)

P.C. ®dmama3 gbgoogm, odgmgdono, ©gddgomgdymo, FOgogo
I@gJddgmo  @bggomo  LolLEgdob  Fo;mgdsGogacdo  Impgmo
gdmbgggs  gbodsdolbo  3gdsbogydo  LolGgdol  Is;mgds@ogzxn®

dmEgeols.

33. 0dygmgdomo Lm@Eosmg@o dbggomo 3@m3glgdols dnEYE 06 oS

aobgobogmm bemEoydol wobsdogs wAO®MTo. gmdgom, N(t) >@ols
bemEogdol  dm@Egembols  ggmoggdol  3obmbo  ©@®To. m o
beoygdols Loo®ligdm SM GO0, beogne f,(t) bezogdols
doggemdol  3geroegdol godmd{gggo dogns. sdo@md, Lemgoydols
Joggemdol  ggmomgdol  gobmbol  Lodmgbgarsw  asbgobogrmm
‘dgbodsdolo @obsdogol gob@mengds

mN = f,(t). (327)
3bowos, OIOT! Lbezogdols doigemdols (33er0engb0ls

2odmd{ggg0 dogns Lodo bofoerologeb dgoggde:s) wowgdomo {g3@o,

Gmdgeroi 3odm{ggygmos aodg dog@dszoom dmgdyge  bemEoyddo
f(t);
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O)-kN  go@gmzomo (93000, @53 dggbodedgds  Lmzoydols
‘d9d300900L godmd(g93 dogosl dybgd®ogo Loggoogosbmdols godem.
k ‘dgbodsdobo Loggwoemosbmdol 3mgxoEogb@os; ) ~ 2N do@noos,
@mdgeroi 0f393L  LbmEoydol  dgdiodgdst  Lbbgs  LbmEoydgdmsb
d@dmensdo dodibol godm. gl bodbogl, GmA

f.(t) = f,(t)—2AN—kN. (3.28)

0y (328) godmbobyangdols  dggo@dobe  (3.27)-do, dogowgom
©0b5d0g0l 2obGmangdsls

mN+24AN+kN = f,(t). (3.29)

od  gob@mangdboll m  s@goemol  Lowowgbg  aoymgom  ©o
‘dglododolo s@bodgbgdom dogomgdm:

Aoy Ko BO g, (330)
m m m
aobBmagds (3.28) gopsn(gmgos dgdwgao Loboo:

N+2y N+ N = f(t). (331)

gl 2obBmagds  gdmbgggs FOgogo, odymgdomo  @bggomo
LobEgdol domygds@ogan® JmEgml. @o3  0dol  bodbsgl, @™
@bggomo LobGgdol domgds@ozycdo dJmpgero 9bogg@logry@os ©s
>0 9ol begmose Lbgowslbgs dobss®@lols 3@m3gLgdl.

34. odgergdomo g3mbmdogy@o @bgygomo 3GOm3gLgdols
dmEge 0@ 9ds

aobgobogomm  g3mbmdogyg@o  [mbolfm@mdol  aobGmengds
3906Lol Lol gdsdo

X(t)=C®+I(), (3.32)
oo Ct) dmbdodgdss, I(t) - obggbBoEogdo, X()- gomgbyeo
‘dgdmbogogo.

Lodyggen bemb-bo Lol o JLgemg@siool 3@0b303bg oy bmdom,
‘dgoden 9do hog( germm 0b39LB00gdols 2obbmasgdgeo
2obRma gds

1(t) = A1) X (1), (333)

boosi At) oJLgeg@siool gmggnoEogbdos.
aoMs odobs, C(t)  dmbdo®gds s@ol gOmgbyao dgdmbasgerols
396J300 o oM owgdbyeros dmbdomgdol dmnger FobsolGm@osby
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C(t) = jF[X(r),r]dr . (3.34)

09 (333) s (3.34) mobogoMmmdgdls dggz0dobm (3.32) (mbsol{m-
Amdol Aob@Gmengdsdo, dogowgdm:
X ()= B)- X (t)+ [ F[X (). oot (3.35)
2obBma gdols 0039 dbo@ols t-mo 00390 9b30M9b0m,
dogowgdom:
X(t)= A)- X(t)+ B(t)- X )+ F[X ()] (3.36)
5b9 ©obsdogol oxg@gbiosmy®m Aob@Gmegdsls dgdpgao Loby
>gls:

B0) X (0)+(B0)-1)x 1)+ F[x ()] =0. (3.37)
@oaob  Bt)=0, (337) gobdmegds  Dgodemgds  goggmm  B(t)-by.
dogowgdm ©0bsdozol gob@mangdsls:

0, BO-1 o

X(t)+ X (t)+—~-F|X(t)t]=0. 3.38

0+ 20 k) s FIxo (338
09 BOSba0dgoa-cmdysdols 35bbmyoEgdgm  95bGmegdsdo
(3.38) dmgobgbm holidsl, dogowgdm:
t _zy.t_l 2
B(t) =% -(e > J FIX().t]= ) - [2X (t) - T 1)) (3.39)
9-0. {0g0g0, odymgdomo, msgolygsmo @bggomo Loldgdol
©0b5dogol 350gds>Gog®o dmwgeo hsofgHhgds Tgdegao  Loboo:

X+27 X+ a@2X = f(1). (340)

P.S. ®mam@3 gbgosgm, jgmsg dogomgmn §Ox0g0, ©0gd33x009d9ao,
0dgegdomo, @bggomo LolLGgdol domygds@ogy@o dmegamo. @OSG3
035  dm§3mdlL, ©Om3 ©yd3xgodgdymo, odgmgdomo  @bggomo
Lol gdols 3509353033640 dmEgeo 960g9@ Logng®os >
a3bgregds LOgmoswe  Lbgseslbgs  Bobss@lol  s3m3s6gdols

3oe5Fgg900bsb.
5dm(3569%0 ©> Logs@xodmgdo

1. 509900 0dgagdomo, (®R0g0, ©gddxzomgdygeo Gbggomo LobiGgdols
d509doBog9gMo dngero, GM@ES ds0dygegdgero dogns bgdolidog®do
39M0MEYE0, SA> Y30 o s JoMImboymo gybioss.

2. 55390 0dygengdomo, {®R030, ©9d3x80M9d9ao @bggomo Lol gdols
do0gdoBogymo dmgero, MG ds0dyegdgero dogns bgdolidog@o,

LobmgomE - s®s3gMomygao guboss.
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3. dgoaobgm odygangdomo, {OR030, ©9d3x0MgdYmo Gbgzomo
LobiBgdol domgds@olzyn®o Jmwgmol asdmbsggeggo 3OMa@SIS
Mathcad -0l d5bo%by.

4. O 053019010 90950 sboliosmgdl s@swgddxgo®gdyen, odyegdom
@bggzom LoliRgdgdl?

5. ®om oblbgogogds  odgagdomo, [@gogo, Ggbmbsblyao
09335800 94dY0 s >MoEgddxnomgdymo Gbggomo Loli@gdgdo?
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6.009'd0odg0e00.domgdoBogydo Jmegmomgdol 3g@Lo (g3mbmdod-
Lo Mathcad-obs s Matlab-ols d5bsbg), B.2. mdognolo: Ly, 2007.
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msgo 4. 43gemo dbggomo Lobgdgdol Bomygdsdogy®do
dmEgE0dgds

g0 Gbggomo Lol gdgdol dgdmbgggsdo Logdg agodglb ™@o
56 3980  GsmEgbmdol  ®@bggom  LolGgdsbmob, A®Imgdogs
§00m3sbgndg  obrgbgbh gogangbsl. oy ghmo  LolHgds obpgbls
o8 gbol  dgmdgbyg, beoerm  dgmeg 390 obogbl  aogegbsls
300390bg, gl o6  0dbgds  ddyeo  @bgzomo  LobGgds. oSligm
dgdmbgggodo dodomswo (3odggero) LolBgds 0bgds mogolygsemo,
boam  dgmeg  LobBgds o0dbgds  odygergdbomo  @bggomo  LoliGgdo,
@mdgeroi 300390 bobiGgdoo 0ds@mgods.

4.1. 4dx9ao0 3gJobozn®o @bggomo 3GM3EgLgdol 5@ gdsdosn®o
doEgE0@ 9o

aobgobogomm {®xgog0, ddgao, dgdsbogyg®@o dbggomo LobEgdol
dogogmomgdo (bob. 4.1, 4.2).

. =1
——

% | % i
" AN |
| | t

] - H e
SIS LS AT TS S S S S A S S S S

a

Ly T AT A
/54-—/”7 —-f-(z r)-t-—- My

5 AT ~2§}| |
¢

7 &

% v ¥ E b — T, Xy

-, X
77
B

|
|
N

bob4.l. ddygeno dgdobogycdo @bggomo LolFgdol dopsewomo

o) gb LolEgds dgoagds m@o m s m, dobol Lbgyemgdologshb,
OMdggdo3  3gegensb s gOmdsbgmmob  s353doMgdygaos,
dgbododolbow, ¢ s ¢, LobolEol djmbg Dboddbodgdom ©s 3dy30b
3o6mbl gdm@bogngds.
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300390 bbgygaols Lo{yolbo dpamdo®gmdowsb gopasoayoagds
>mgbodbmo  x,  bmgrm  dgmeg  Lbgyemol  gopospyoagds,
‘dgLododobog, X, . dsdob, boyy@mbol dgmey 356mbosb
20dmdobo®g, dogowgdom domgdsBozyn® dmgenls:

nh‘x;:_Q'X1+C2'(X2_X1)’ (4-1)
mz‘*z =—C2‘(X2—X1). (4-2)
x(0)=x% %,(0)=x, (4.3)
%(0) =X X,(0) = . (4.4)

535 9ds>  LEYgb@gdl: Mathcad-ol  doboby, dgolfogengm o3
do0gdoBogy®o dmpgaol dglodsdolbo ddgao @bggomo LobiGgdol
©0bsdogo.

d) obgns gobgobogrmm ddygano Igdsbogydo dbggomo LobEgds,
Gmdgeog3 ‘dga g0 9JOMI5bgmnmsb @0 boddoG0m
5353 d0Mgdgmo  domgds@oggdo  Jobo@ologeb  (bob42). oy
o3V 900  boyg@mbol  ©obsdogy®  gob@mangdsl  mommgyeo
Jobgodobomgol, boddo®osbo  gogdo@ol  aomgomolfobgdom s
dmgobegbon  LESbs@RY@  ao®sJdbgdl,  dogowgdm  dIyeoo
dgdobogy@do (bob42) dbggomo LolGgdol domgds@ozyn® dmwgenls.

bob4.2. ddygeno dgdobogydo Lol gds boddosdom
0535330095990 @0 JobJo®om

dgbododol domgds@oyyg® dmgenls gl Laby:
O+ a0, =02 (0,-0,), (4.5)
O+ @)y @, =—02(0,-0,), (4.6)
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booi @y, = 9 5 w02=\/|§ Jobdo@gdols  Loggmodo  @bggols
2

Lobdo®ggdos, boem o  ©S o0, 30980309b@gdo  slobogl
Jobdo@gdols  9Om0gOmJdgogdsl, @mIgmoi  aobdo@mdgdygemos  k
Lobol@Eol dJmbg boddoGom

kN R

o, = , o, .
m, 'Iz

4.7)

ml'll

g gds  LHYpgb@gdl: Mathcad-ol  ds5boby, dgolfogemgom oI
domgdo@ogy®o dmegeols dgbsdsdolo ddygero @bggomo LobiGgdols
©0bsdogo.

a) aobgobogmem ddgmo dgdobogydo LolFgds, dgopgbogro N
@bggzomo LobEgdolbogsb (bob4.3).

1) Mg Cigp i Fiint it
AN . pe—m—

/

Z\A "

’/;///4///;7/‘//////////////////////////7/7/.
/77
5) T

Cg-;iff"rxz-f) ’ Ci i1 (Xius=%;)
, p
Rh—*—— X
™ P(Y)

bob43. N ®bggomo LolEgdologsb dgoagbogro bdyeno
dg9dobogy@o dbggomo Lolidgds

30 Jgom, dmEgdgeo 23]zl ddygao,  dgdobogydo  @bggomo
LobRgds, @mdgeroi  dgoggds N @bggomo  LobEgdobogsb.
nonmggero  Gbggomo  LolEgds dgopgds dgbodsdolo mp dsbols

bbggemologsb s gl Lbgygegdo 9@0dsbgmmsb ©s3ogdodgogemos
boddodgdomn  olg, Gmd m s m,; dbol  Lbgyagdo
05353 d0@gd oS Lobob®ol dJmby ¢ .1 ©Oggoo  bodds@om.
>gogo  dobobggo@os, Gmd oy hog(gom boy@dmbol ©obsdogols
aob@MEgdsl m; dobol ULbgyerobsmgol o3 Lol@gdsdo, dogowgdm

‘dgLododol domgdo@ogy® dmwgals:
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(X —x)+FR®, i=1LN. (4.8)
oo R() s@ol i—9@ bbyyebg dmddgoo ao@g dogne.

m; - X. = _Ci—l,i(xi - Xi—1)+ G

i,i+l

PS. &mas ¢bosmn  dgolfsgermb  @®ggoo  dyodo  Lbgyaols
@bgggoo, dob  gobobognsggh, @mam@E N gOmbso®o  dsbols
bbgygyenl, 353300909l g@mbso®o ¢ LobolEol boddo®gdoom.
do'dob dgoMo, wMgzoo Lbgymol @bgggdo goboboagds, @mymas
‘dgLododolbo dIygeno, [ORogo, ©olgdgdyeo, dgdsbogy®o @bggomo
LolBgdol @bgggdo o Tglodsdol omgds@ogy® dmwaal gdbgds
Lobg:

m').(.i:C'(_Z'Xi+xi—l+xi+l)9 i=1LN (4.9)

535 9ds>  LEYgb@gdl: Mathcad-ol  doboby, dgolfogengm o3
do0gdoBogymo dmwgaols dglodsdolbo ddgao @bggomo LobiGgdol
©obsdogs, Gm@Es N =3.

42. 33gmo g g@Oageo @bggomo 3OmEgLgdol  dsmgdsGozamo
doEgE 0@ 9o

aobgobogomm,  ddygamo  @bgzomo  gangdB®yeo Lol gde,
Gmdgools  dgoagboenmdsdo  3mbegbls@m@om 9JOMI5bgmnmsb

©5353'doMgdgmo mGo Gbggomo 3mbFyg@os.

I; I
M.
L ¢G =431,

C

1]
L 1"

bob. 44. 33yeo gagdBGyo @bggomo LoliGgds

hogVg@mm  jo@dbmagols  3obmbgbo 44 bob-bg  godmlbsbyao
@bggomo 3mb@y®gdolomgols

i:|1_|2 = q:ql_qzjqzch_%' (4'10)
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di, 1 1
A2 g +2.q=0, 411
L dt+Cl G+ (4.11)
dl 1 1
I S S R} 4.12
) dt+C2 %-cd (4.12)

boo(s Ilqu S |2=q2.
(4.11) o (4.12) dgpg0demos gosg(gOmm dgdwogao Lobom:

1 1
- Y @ -q), 413
T CLi(qz ) (4.13)
P S 4.14
0, + L q, U (g, -a,) (4.14)

P.S. 43gemo @bggomo gemg@Oyeo  LolLEgdgdo godmoygbgds
90 9]BO™E 9604530, Logboggdol gologom@®am.

4.3. 3390 Lmgosgy®do @bggomo 30m3gLlgdol Jmpgema®gds

aobgobogmm, M@0  YOHMogOmInJdgoo  bmEosgygdo  xa1a0,
Amdgeoms JoEgermdgdl s@gbodbsgm, dgbodsdoboe, N, s N,. od
@0 Lmgoygdol dmddgogdols s®goggdo s@gbodbmm m s m,.
09 aogomgsenolifobgom, QIOT! bomEos@yg@o X3 YBJO0
9OM0gOmJdgegdl  Fom@o  ©s  bofobsswdpgame  dods@myemo
dogn gboom, Gmdggdogs 3000530030 M3M(307E0S domo
I0Egm®dgools  Lbgomdols  oby k- (N,=N,);  53obmsb, o9
hogmgemom, ®md xa9x900L dmJdgogdol m s m, o@goagdo
Jgboygeygmos s, d5Tolowsdyg, o3 YROM oobOgds LmEoydol
N, ©o N, 3dogygemdgdo, doo  9gem  bsgangdo  obgds  od
bmgoygdol  bOwol  Lohodyg, dogowgdm  d3geo  LbmEosgry®do
@bggzomo LobEgdol domgdoBogy® dmwgals:

m N, ==k - Ny +k, - (N, = N,), (4.15)
m,-N, =k, - N, —k, - (N, =N, ). (4.16)
P.S. @dmame3 gbgosgm, o3 Tgdmbgggsdoi  dogopgem  d3ymo
@bggomo  LolBgdol  Fsmgds@ogn®o  JmEgmo,  OMIgEo

Sbogmaon@os  Ygbodsdolbo geogdB@geo  ddyeo  @bggomo
Lol gdol domgds@ogn®o dmegeols.
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44. 33xn@o0 g3mbmdogy®o @bggomo 3O™m3gLgdol Imwgemodgds

aobgobogmm  m@o, YOM0 gAMby y@gb@ybodosbo  3BMYy -
300L, 35bo@bg Ogogobgdyer dmEygermdoms X, s X, ©0bsdogs.
gboos, @53 YROM oos MYoeobgdyeo 3GmwyJiaool demy-
aemds, dJom PROM bsgergdos Mgomobgdygmo 3OmeyJiool bl
LohJo@ols  (3gmogogds,  bobMol  goxg®gdol  asdm.  sbggy,
@go@obgdymo  3OmEyYJiool JoEygmmdbols 3geomgdols LohJody
300053003OM3MM(309e0s doEgmmdsmns Lbgomdbobs. 5dsgg @®m,
dmJdgo  dogngdo  Loowomn  Goeos s d0ds@M Y gbom
LboFoboo@dogam. 0y m  ©> m, dglodadolo  3GmEYJiool
Rolgdos, dogowgdm  dIgao  g3mbmdogy@o  @bggomo  LobiGgdol

do0gdoBog9® dmwgals:
m - X, = —k, - X, +k, (X, = X,), (4.17)
m, - X, =K, - X, —k, - (X, = X,). (4.18)
P.S. @mgme3 gbyosgm, o3 Tg8mbgggsdoi  dogopgm  d3gemo
®by3000 Lol gdol 3509353043960 dmEgo, O™Igeno(3
Sbognmaoa®os  dgbsdsdolbo gangd@ymmo  ddgmo  @bggomo

LobEgdol  omgds@ogy®o  Bmpgeols. o3  Jmpgeols  >39ds
gbodan gdgemos GOS0 Tgogr-mdgsdol dmegamol ds5bobys.

5dm3569%0 ©> Logs@xodmgdo

1. 56Lobwgagm [Ogxogo, ddgamo @bggomo LolbEgds o soggm
‘dglodadolbo dgdobogzg®o @bggzomo LolEgdol dsmgds@ozyco
dem@geoo.

2. 25dmo3ge0g90m dIgmo Gbggomo LolBgds Mathcad 3Gmy@sdols
Lo'dygogmgdoom.

3. 5090 ddygemo Obggomo LmEosaydo Lol gdol domgds@osydo
dmgeo s 2s5dmoggerogom Mathcad 3Gmg®sdols Lo dgoggdoom.

4. >op9m ddygao @bggzomo g3mbmdogyg@o LobGgdol domgds@oliy®o
doegeo gOsbyodgoa-mdasdols (2.37) dmwgamols doboby s
25dm03geogo Mathcad 36 ma®sdols Lsdygoem gdom.

5. 0039m 6dygamo dbggomo gloJmarmaoyg®do Lol gdol

do0gdoBogymo dmwgeno.
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5.1 3080@6(!)6015 9bogg@Lsgg@o go®oszogeo 3®ob3oso,
bMao0 MmgmAgds s 3M5J@ogzamo @gomobszool sanam@ondo,
0sgobygsmo Gbggomo LolEgdol Jsmgds@ogy®do

dopgmols 53905

aobgobogomm  ©obsdogyg®@o  LobBgds,  @mdemobmgol  Q(t)

doamdo®gmdol gobdlobwgdgamo gmm®obs@os.  dgbsdsdobsw, Q
Vo®dmowagbls 25b3Lobrg®gero 3565d9B®ols (33000 gd0ls
LobJomgl. gobglobwgdmm  wobsdogy®@o  LolFgdol @og@sbygols
296J300, @Gmam@ai  Lbgosmds dob 3obgBogn® ©o 3m@Fgbioyd
96902096L ‘dm@ols

L(Q,C(Ij—?) “E,E,. (5.1)
boosi  E, @ E;, dgbodsdoboe, LobEgdol  3obgdogydo o
303 9630900 gbgda0gdos.

aobgobogomm Lowowyg, GmIgenbsi dmddgegdol 9fmwogdgh ©o
ho( 9096 ge@dgeoom:

Q- | L(Q,Oc'j_?jdt. (52)

>d Lboowgbgs ©05dM 30 dyeo Lol gdols 9409543930
35dogr@mbol 9bogg@logydo 3®0b030 53dmMdL,  »myg Lobdgds
@95@9@0s,  35T0b Q(t) >0l S(Q) 396J500bs@ol;

bEoEombos®mo g96digos 569
2 5(Q+ap).., =0. (53

p)
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aobgobogomm  LolbEgdol  mogobygsao  dbgggdo, O3S
dogdgeo  335J3l boddodes m dsbol  Ggodmom. boddo@ols
LobolEol  3mgxoEogbBos c.  3d5dob Lol gdol  epsa@sbgols

Babdigos

dx
m(dtj X2
L=—"7 —¢c.——, 4
5 c-= (54)
8m;]83gg360bom3015 33976900 aodmbobyangds:
F dX c
x) = [Lox, & 2 Ex . .
S(X) tj ( )dt ﬂz(m} , }dt (5.5)

goamgomgog@mm dmJdgogds & -9t) goMosiool dgdmbgggsdo

S(X +ap)= IE[MJ —%(x +5rp)2}dt . (5.6)

! dt
aogofo®dmmm gl 1ubjios & 3gmoom, d5Tob

dx ) dX dg [dgojz
Blmil == | +26— L+ &% —Z | L_eiX?2+2eXp + £%0° t|dt =
Olis(X+<srp)=i1 { {(dtj dt dt Lt X 20K+ 5]
E

de 2t1
_ dX dp (de 2
I{ {dt it (dt]} C{X(0+a(p }}dt. (5.7)
09 0537933900, M £=0, d>dob
d _ [, 9X do _
" S(X +ap),_, = j [ o cXgo}dt_O. (5.8)

od  gob@mangdols  dodxggbs  bofoamol  3o@ggao  [g3M0b
bofoermdomo  0b@ga®gdomn s odol  gomgoaolifobgbom, @mI
o) = ¢(t,) =0, dogomgdm

d 21 d%x
ES(X +&0)g:0 =_{!'(0|:m 2

}dt=0. (5.9)
@oEasb o)  bgdoldogBo Logegero  aubioss,  dogowgdm
nogolyggsmo Gbggomo LobiGgdol domgds@ozy® dmwgenls

d2
m +cX =0. (5.10)

09 ‘d9dm300960 >@bodgbsl:
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o =—, (5.11)

dogomgdm nogoliggeeo Abggomo Lol gdols Jeoobo 3@
domgdo@o39® dmegeols:
X+ X =0. (5.12)
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dbggomo  LolLEgdolomgol  Jogysgs®m 0039  8509dsB039®
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x2 X x2
E, =c7+£FOdX =c -+ RX, (5.13)
boarem  30bgBogg®o  gbgdaools  asdmbsbymgds 350 geno
@hgdo

(dsz
E, - md%. (5.14)
Ygbododols @osa@obgol i39biools gdbgds Loby:
(dsz
Lemid) X0 ey (5.15)
2 2

0 yobgobm®zogmgdn  [obs  3o@oa@ogol  sSbo@mpoyg®
2oM©sJdbgdl, dodob dogowgdm 0dygmgdomo, SMoI3BoM o yeo,
@bggomo LobEgdol domgdsBogy® dmwgals:

2
X X +F,. (5.16)

mtz_

535 gds  bGuegbdgol: osopgm  odygangdomo @bggomo  LobEgdols
3000935303900 MO0 goM0S(309E0  FJNMOO).
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bsfogo II. s@s§dg0g0 Gbggomo 30m3glgdol dsmgds@ogg®o
dmEgE0dgds

0530 6. bmgswo Igmmegdo

6.1. 5@50gd3goMgdgmo, nsgolygsmo, s@s{@gogo Gbggomo
36m3gLgdol IsmgdoGogn®do ImEgmo@gds

sMo(Mxg030  @bggomo  LolLEgdol dgbsdsdolbo  domgds@ogy®o
doEgmgdo  seo{gagds oMo ®Rg0g0  gob@mengdgdom.  @goey®o
LoliBgdgoo o>@s{@xgogos s dbmermo 5@ 33990 dosbermgdom
‘dgodengds  dgoigomml  {@xgogo  LobEgdgbom. F@xogo @bggomo
LoliBgdgool  domgdoBogy®do  dmgero@gdols  Lszombgdo 9339
aobgoboggm s gbans dggolfogermm  s@s{@xgog0o Lol gdgdo.

aobgobogrmm  mogolyggomo, s@s{®gogo dbggzomo Lol gde.
od ‘dgdmbgggedo NONYOT RN >mda 9bgano dogools
©5dM 30 dgmgds obdbobwgdgan  35@0dgBMbg 5by agodgl  f(X)
©5dM 30 d g gds. dglodsdol domgdo@ogy® dmwgenls o3l Loby:

m-x+f(x) =0. (6.1)

o3 2ob@mengdol  sdmblbs  3300@0FYYMgddo,  Lobmyoswme,
‘dg9den gbgemos. ‘dgbodergdgamos >d aobBMEgdols bmaowo
»golgogdols dgbfogams 9bgtag@oggmo dgmemeols dgdggmoom.

(6.1) 3obGMaEgds gog5d@sgerMm X Lboogbg o 2535067 9-
a0mm, d5dob

2

%mx +J'f(x) -xdt = const = E, . (6.2)
>dolmsb,
[ 100 xdt = [ f(x)dx = E,, (6.3)

9:0. (62) 25bdmagds  [o@dmowygbls  gbg@pools  ‘dgbsbgols
3obmbls:

Ein +Epot = E5 - (64)
gbowos,  (62)  Fmgmdbopsb  aodmdpobsdyg,  dgpgodmos
hog( g mm
.2
%.m.x =E0—Ep0t, (65)

5Jgob 30dmdwobomy, Jgagodemos godmgmm @Gbggzol LobJs@g

2
X=V= ‘/E(EO—EPM). (6.6)
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Boby@  Lod@Rygbg  x, [gOFomowsb  x  [9O@Gosdeg
20055020 gd0l O™ yodmomgm gds Fo®dYeom:
t:t0+j%=to+j > o . (6.7)
%o o \/m(EO - Epot)
‘dglododobo, @bggol 3g9@omeol  godmbomgemgans®  doomgds
ROOIYeDS:
T=2 fx o . (6.8)

Ximi 2
" \/m(EO - Epot)
@I (6.8) Jodmgoygmos Fbomme YgzOgmo  gsbY@O

B®59J™Aogdolomgols.

6.2. mogobygseo dbggomo bolEgds semog-sarsy [Og0g0
>©dagbo dognom

aobgobogomm  @bggomo  LolBgds  sgnog-sasy  {®xgog0
>0dagbo dogom
h,if x>0

f(x)=h-sgnx= .
(x)=h-sgnx {-h,ifx<0

sbigmo Lo@goioss Mg gy@ do®mgols Lol gdgddo.

>d dgdmbgggsdo sdmboblbo ¢bos ggdgdmo  og-3og3g 0d
‘dgdmbggzgoolomgol, dm@Es X>0 s Gm@Es X<O.

@mEs X>0, 35Tob

(6.9)

m-x=—f(x) = -h, (6.10)
x=-Dtey,, 6.11)
m
h
x=—%ot2+v0.t+xo. (6.12)

09  bogmgeom, ®md @bgzomo  LobEgds ULofyol demdgb@do
034mgds  begdhygen dgdboMgmodsdo, dogowgdmn Lofyol 300mdgdls
X (0)=A, (6.13)
Vv,(0) =0. (6.14)
0y (6.11) 2ob@mamgdosb gobglobwgsgm t 35@odgROl ©o
hoglgsdom (6.13) Goemdsdo, dogomgdm BsbYGo GHS9]@MG0gdols

(x;k) 35bBME gdsls
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' 2h
X=V= E(A_X)' (6.15)

6.3. ©9935009d 90, msgolygsmo Gbggomo 3GMEgLgdols
35093530390 IMEgEo@gds

©93353009b0Loll  @bggomo  LolEgds  bodxogh  gbgdosls
Fobos@wmdols dogools oden g35by. ‘dgbodadols domgdo@039®
doegedo  [oboswmdol dogns  @sdmzogdgeos  25bdbobrg®gero

3565990 @0l X Fomdmgdamby.

bmgopo  ©9d3x800gdg@o, msgobygsmo @bgzomo  LobEgdol
domgdo@ogy® dmegels gl Lobg:

x+g(x)+ f(x) = 0. (6.16)
bmgxg®,  ©933x800 9500 >  omdagbo  dogngdo  olyg

dLo@MmEsS ©05353doM gdeao 9JOMI5bg0nmsb, Gmd domo
2obzom 393900 5@ bgdbegds. sbigm ‘dgdmbgggsdo

x+ f(x,x) =0. (6.17)
dggoa0bmo o3 LolEgdol dgbodsdolo gob@maergds Boby®

Lod@RYygbg.  sdobomgol  dgdmgowmm  Smbodgbs x=v, 35906
©_dv_dv dx dv

RV s 5Jgob  aodmdwobody, (6.17)  gobBmengds

2o050{gM9ds dgdgao Loboo:

v __fxx) (6.18)

dx v

g 356@mEgds  LdTPdoagdsl agodamggl  dggoeyobeom
©93380Mgdgmo, msgolygsmo G@bggomo LolBgdolb Tgbsdsdolo
byg@smo gsb6 LoddEygdby.

sbhans asbgobogmm o3 LobEgdol dglsdsdolo 9bg@ag@ 03900
2obBmagds. o 2obGmagdol dobowgdow, gogoddsgmmmm  (6.16)
2obBmagds  x  Loogbg ©> 29350b@90mMm. d5Tdob dogowgdm,
“md

%mv +Ig(x) xdt+If(x)dx_ (6.19)

0y '3380030533600 ombodgbol  E, ©gd3godgdols  dogngdols
aoomobgabg obo®xygmo gbg@yoolomgol, dogowgdbom 9bgdgools

2obRma gdsls
Eep + Epo = Eo — Ep - (6.20)
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53 256G gdoesb  bsmgmse b, O™  ©gd3godgdym
msgolyggeg  @bggom  LobLEYdsBo  spaomo  o5Jgl  gbg@aools
obodszosk.

64. 09338009090, msgolyxgseo Gbggomo LolGgds 3dGsmo
bobgbom

dgo®  Lbgyergdl do@ol 3dGoen  bobybl swaoemo ofgl 0d
‘dgdmbgggodo, Om@Es gOmdsbgmlb gbgds m@o Lbgyeo, Gmdegdog
2S5O A0EEIoS JAMAsbgmols dodo®m olyg, @M dom dmAol o®
>@0l mbggoeo dobs. o3 dgdmbgggsdo, bobybols dogngdo momJdols
S5O oMol @odmgogdygmo  asoseaomgdols  Lobhds®gby o
dJodo@ M0 ROOEM000 LobJo®ols LoFobso@dogaym
dodo®n e gdom.

9d9®glb  dgdmbgggsdo, IdGogro bobybols dogns dosbamgdom

99930 ROOIY0om gosdmomga gds:

Kr:{_r_lf v >0, 621)
+r if v<O.

sbg, Gmd

K, =-r-sgn X (6.22)

@53 0dol bodbogl, GmI 3OmEglol dgbodsdols domgds@osy®
doegeols oJglb dgdwgao Loby:
m- X+ r-sgn X+ f(x)=0. (6.23)

gL 20bBmagds Gog-oagg goboboagds 0d dgdmbgggzgdolos-
ngol, @mEs v>0 ©s v<O0.

0y v>0, 35dob (6.23) gob@mergbo@sb dogomgdm, G®J

m-x+ f(x) = . (6.24)
dobo dglododolo gbg@dagBogge gob@megdsoli o3l Loby:
Eyn+Epu=Ep—T-x=E,. (6.25)

53 @bggomo  LolHgdobsmgol  @sbydo  GGOSgJG™@0gdols
35b@mangds Vgdega0s:

v:+\/%-(Eo—r-x—Epm), 0y v>0, (6.26)
v:—\/%-(E0+r-x—Epot), 0y v<O0. (6.27)
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@bggomo  Lob@gdobomgol s  @goemdgb  LolEgds  olyg
5530 JA™mb, @mI soEogmb 3oMedgBMygmo Gbgggodo.

09335, bmgo  Fo@o 35@Ygdgemosm ©s 0. Jobgad@edds ©o
b.  3030agi3lds  ©o3MmydBdgl  (gerowo  w@gbol  29bg@s@mo,
@mdgool  37domdol  3M0b3Eodo  sdysMgdygmos  3Mbegbls@Gmaols
Bggoemdol 330 gdoby.  Gggoemdol  (3gemoegds  bogds  0dol
bodx by, @M 3mbegbls@dm@dol go®go@gools bofoero dgoygbls
oM Ybog godogsbs dm@doals.

0% $=PO+AP'Sign cosQ-t, 7=Q-t, ;t:g—o y:g_lj’ dodob (8.5)

29
2o050{gM9ds dgdgao Loboo:
Q+(A+y-sign(cosz))-Q =0. (8.6)

3005393 @ g0 Obgzomo  LolBgdol dmwegero (8.6) 8goLbgdols
2obR M@ gdsl Fomdmaagbls.
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8.3. 35@53gf B gm0 @bggzgdo BMSbyoTgom-mdysdols
93Mb6®8039®0 LoLEgdol BoBaegddo (Is@ogl 3obGmengds)

aobgoboermom {mboslfm@ygamo g3mbmdoje.
Fobosl{mambols 300mdbdgdols dobgwgomn gowagbo Femboslfm@m-
ol 2ob@mangdsls
(H)=C(t)+1(t), (8.7)
ooz C(f) dmbdomgdss, I(t) —obggl@oiogdo.
Lodyggeoemb-boJlol sJlgerg@oEools 3M0bE03dg oydWbmdom,
‘dgodangds hog{ gdemm 0bgglBoiogdols 356bmysgdagmo

35bB M gds

1(t)= A(0)- X (0), (8.8)
oo Al)  oflgemg@scool  3mg0309bdos.  Clt)  dmbds@gods
Foddmowagbl Fomdmgdols dmEyermdols g9bJcosl s  sdmjowy-
da@os  dmbdo@gool doger  [Fobs obm@osby oby  gOMgbyeo
‘dgdmbogeols dmEemdsby

c(t)= [ FIx(t)lt. (8.9)
(8.8)-0Ld  @o (89)-0L (8.7)-Do dgBobom dogomgdm:
X(t)=A()- X (0)+ [ F[x @)t (8.10)
(8.10) 2ob@magdol m@ogg dbo®ol t-co ogxg®9bizo®gdom
X (t)=B(t) X(t)+ At)- X )+ F[X(t)]. (8.11)
5b9 gwgbdbygmmdm ©obsdogol @0y MgbioomY®d AobGmagdsls
B0)- X 1)+ (50)-1)X )+ F[X t)] =0. (8.12)

@oaob  Bt)=0, dgodamgds (8.12) aob@megds  goggmm  B(t)-by.
d0300gdm ©0bsdogol AobFmengdsls

BT o L
x(t)+W~x(t)+m)-F[x(t)]_o. (8.13)
o2 (8.13)-9o Yggo0hggm Alt) o Flx(t)]
pl)=t , (8.14)

F[X ()] =t(e? + £cos2t)- X (t)
dogowgdm g3mbm3ozn®o ©0bs8ozol d5@ogl 2o6@megdsls
X (t)+ (e + £cos2t)- X(t)=0. (8.15)
@03 gbgpsgm, dogowgm 35G0gl a56@megds, GMm3gol-
030Lbo ©535boLosMgdgaros 35M5dgHH Yo Gbggzgdol >ALgdmas.
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>dm (356900 ©> Logs@x0Tmgdo

L. oo 2oblbgogogds 30M8393 @ a0 Mbgggdo msgobygsemo
bgggdoboysb?

2. 2590435690 GBobogy®o LoJobol 3o@MsdgB@ a0 @bgggdols
2ob@ M0 gdo.

3. 25dm0yYgobgm d5@ogl domgdo@ogy®o Imgero 3oModgB®yero
@bgggdolomgols.

4. 25dm0yYgobgm g gdB® o @bggomo LoliGgdol domgds@olydo

dem@gano.
5. 30dmoygebgm dglbg@ol domgdo@oiyg®o dmwgmo 35@MsdgR Moo

@bgggoolomgol.

@0 gASG M

1.00.0d5dg..35mgds@Gog9@o  dmgaro®gdols  39@Lo (9{yg9H0 dmeg-
@9b0), @.1. mdoaobo: L@y, 2006.

2.00.0025d7,60.0695d9,6.94 goen0dgoao,0.0530msdgogno,
b6.009'dodgoe00.domgdoBogg®o dmwgmomgdol 3a®lLo (§30bmdoJlo

Mathcad-olis @s Matlab-ols d5%oby), @.2.0d0emolo: Ly, 2007.

3.0.0635d9.d00 93503900  Jmgmo®mgbol  39@Lo  (dogobEB®ob@g-
dobomgol), @.3. mbdognolio: Ly, 2008.

4 KysnenoB A.Il.,.Ky3neno C.I1., Peickun H.M.Henuneitnbie konebaHus
MockBa,2002.

5.Marnyc K. Kone6anus. [Tep. ¢ anrn. Mocksa: Mup, 1982.
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0530 9. 5@5F@x0g30 0d7gegdomo @bggomo Lol gdgdo

0dgegdom  @bggom  LolEgdgdby ImJdggdl gomg  dogns,
@390 3oblobogmsgl @bggols 3obmbl. o @bggom 3@@3gLgdL
256Lob@gdsgh dglsdsdolo FomgdsBogn®o ImEgeol ©s3s5@gdomo
F930gd0, @53 Qgbodsdolbo ©oxg@gbosmado  2sbGmagdgdols
5590 g5MHmgbgdsls 0fggglL.

V®x030, odgangdbomo @bggomo LobEgdgdoligob aoblibgsggdom,
>@5{@9g03,  odymgbon  @bggom  LobEgdgddo  saoeo o3l
>@>{®x0g30 ®9bmbsblols degengbsl. >d degaogbols
Lbobger{megdoon gOmosbgds ol dmgargbgdo, GMIgEmsi S0e0
5Jgb  s@of{ @03 LolLEgdgddo, godyg 3gBomeyeo  bgdmJdgwogdols
OOMb  ©> GOedmgdox  dgmegbegds @bggzgool  mgolgdbdogo s
5 9bmdMogo dobobosmgdangdols (330 0@ gd0m, o0y
b9dmJdgogdols sd3gmo@ygoobs @s Lobdo®ols dobgogoom.

9.1. 53m35bol bmgswo ©sbds

0bg@3zool  3MmgR0309bddy  Aoymxrol  dgdogy  o®of®x0g0
odygergdomo  @bgzomo LolEgdol domgdos@ogyg®o dmgero, bmgsw
‘dgdmbgggsdo, hoofgmgds stgmo Loboo:

o+ £(9.0) +9(@) = w(t) - (9.1)

oo w(t) oMy ds0dygergdgero dognss; g(q) -o@doagbo dogns;
f(q,d)-ggoboSo(goobo >  odohdo@mgodgemo  doangdol  3m3bobs300;

3003900 dJodoG Y0 q LobhJo@ol  Lofobsomdwgam  dodo@my-
e gbom, dgm@g — LobhJo@ol dods@mgegdom.

bmgop  dgdmbggzsdo, (9.1) aobBmergdols sdmblbs  dgydeng-
dg@os, 09d3s, ggMdm d9dmbggggddo, gl dgbsdengdgeros. bmgsw

dgdmbggagsdo,  aobGmengds  Tgodangds  godmggmgyer  0dbgl
303309 9@l @sbds@gdom.
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92. 3M56308g0e0-05a5dols sHS>FBGogo, 0dgeEgdomo,
930bmdogy@o Hbggomo Lol gdol JomgdsGogy®o Imwgeno
(009958060l 256@@mengds)

aobgoboermem  {mbslfm@gmo  g3mbmdmgs  sby  g3mbemdogs,
@m@Eo dJombmgbs Jofmwgdols Gmaos. bbgsbso®o M3 godgom,
0fo®dmgds  bybEoe o0dogbo X(t), Godogboi LioMogds dobosdls
Y(t).
X(@)=Y(t). (9.2)
X(1) ool dofmegds (Fom3mgdols dmEmemds), Y(t) - dombmgbe.
(92)  (ebsbfmembols  3o®mdom  dgodengds  ggowy0bem
2obBman gdo:
X(t) = C(t) + I(t), (9.3)
oo C(t) dmonbmgbols ggygbioss, I(t) — obggb@oiool ybjios.
Lodygelmb-bojbol  osJlgeg@oEool 3M0bE03by woydWbmbom,
‘dgoden gds og{gmmm gob@mangds:
I(t)=BX(t), (9.4)
oo A obgerg@siool 3mggnoEogbdos.
AoM©s 5dols, Jmbdo@gds s@ol [o®@dmgdol dmiEyemdols g9bios,
GMdgeoi ©sdmgoEgdbymos [omdmgdols dmger [obs olEm@osby
aogeoen t @mdo. Lbgobso@sw,

C(O)=[F[X (), Jd= (9.5)

Feobolbfm@mbols (93) gobBmangdsdo (94) s (9.5 hobdom
dogowgdom:

X(t)= X (0)+ [ FIX (O]t (9.6)
(9.6) 2ob@mangdol m@ogg dboGol oxgMgbizoMgdom, dogowgdm:
X(t)= 8- X(t)+ F[X (1) 9.7)

5by dogowgdm R@sbyodgog-mdysdol wobsdogol oxg®gbo-
SEOY@ asbBmengdsls

Sé(t)_%k(t)+%p[x(t)]=o . (9.8)

=—=; (9.9)
do'dob  [mbol{m@gemo  g3mbmdogol  ©@obsdogol  gob@mengdsls
‘9390 Lobg 946900:

X (t)+e-X()+F[X1)]=0, (9.10)
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Loog: e=const, bogne F[X(t)] dmbds@gdols bodgg@oggs.
09 gobgobogasgm dgdmbgggol, GmoglLsc

F[X®)]=[X@)F - X(t)- A-cos(ew-1), (9.11)
d5>d0b (9.1D-sb dogowgdom ©oyggobyol gob@mmgdsl
X (t)+e-X()-X@)+[XQF = Acos(w-1), (9.12)

@mdgmoi s0{gal s@s5{Og0g, 0dgmgdbon @bgggdl g@S60Igoe-
@da5d0l g3mbmBogag@ Loli@gdsTo.

93. bognbol dsbol gdmogdo Jiggol ©obsdogols
350395804900 dmEge0®gos, 3gBomEYmo 5@y
PR - 35300%05630@0ls dmJdgrogdol dgdmbgggsdo

aobgobogomm  bogobols  dobols  gdm@oygdo  dmJdgogdols
do0gdoBogy®o dmgeno. bognbols dsbobomgol sdsbsbosmgdgenos
aoalgens  gOmo  dpamdo®gmbosb  dgm@gdo, godg  gdmEoy®o
bgdmJdgogdols o3 9boom, Gedenols Aol ‘dgodengde
SOy gdegl Loggerglbom 3o@o, 3m@o@ogmbo, 5g5bF0y®olGo ob
A9 gg9ObogrolRo. 53 bgdmJdgogdoms gHmmbdemomdsl PR-gsdmo-
boobgdemols  bgdmdgogdsl  yfmgdgb.  gobgobogmm  bogobols
doboby gdmioygdo bgdmJdgogdol bjgds@ydo dmwgero (65b.9.1):

993090
bgdmJdggdols
396@®0
.| oabbgdymo boanbols
81‘33059{(; ll:b;mbob " s>, d@d™
obo <

bob. 9.1, bognboli doboby gdmzoyg®o bgdmJdgogdols Ljgdsdy@o
demgero

bogobols dobol gdmEoy@o ©obsdogol domgds@ogyg®o dmwgeno

02905 d620‘g]©m6015 dgmag 3obmbol doboby
P2
=1,

. de?

P+P,=1. (9.13)

boo N 6@dmL dgdoagbgero bogbols Momogbmdss;
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Pr—0dol  sandommds,  @md  bogobol  dobs sy bbgdye
dpamdodgmdsdos; f—bognbols dolbobg  gdmEoydo  bgdmJdgwogdols
dogrols  Lowogs;  e-bosgnboli  gdm@oyg@o  spbbgdol  Lowowols
dobobosmgdgmo  35@5dgB®0; Pi—0dols  sendsmmds, Gmd  bogobols
dols ddgoe damdodgmdsdos.

bognbols  oloby  gdmEoydo  bgdmddgogdol  dsgnols  Lowogwy
300053003M3MM(309e0s domo  MmAIsqo dmEg@mdols s 0dol
Sedommdols,  @md  dols Jdgo  Jpamdo®gmdsdos. GM3S
o2 bbgoomdol  sgmdosmmds 0bOEgds, gdmEoyg®o  bgdmJdgwgdols
dogns J3009ds. sbig, G™I
f=-=2ny-P-P,. 9.14)
©05399dgom, MMI y=1.
(9.13) s (9.14) odanggs dmegeols:
P,=-2-1-P,) P, (9.15)
aobgobogmmm  dgdmbggge,  Om@Es  LolLEgdsby  dmJdgogols
3gomeyeo  PR-25d00bosbgdgaro.  35Tdob  (9.13) o  (9.14)

2 sHmbob;g}Q{]?)ob bozgeo® 39J6g0e:

n- = 2=f+n-A-sinw-¢, f=-2-ny-B- p y=1, P+P,=1. (9.16)

dogomgdm 800038060(3"3(4) degenls

2
n- C;gz =-2nRP+n-A-sin(w-¢), (9.17)
Looi P =1-P, (9.18)
9:0. 335J3L dgbodsdobo domgds@ogy®o dmgenro
P+2-(1-P,)-P, = A-sin(w-£). (9.19)

>dMopo,  dogowgmn  bsgobol  Bsbol  gdm@soyndo  J3930L
©0653030 350 g35G039®0 ImEgeo, 3gHomEgmo gty
PR-25300%05690em0ls 3:J3g9d0L Fgdmnbgggsdo. gl go s@sf®xg0g0
odgegdomo Gbggomo LoliGgdol sdzods dogogomos.
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>dm (356900 ©> Logs@x0Tmgdo

L. 5@5{®x030, odygergbomo @bggomo LobiGgdol domgds@ogzygdo
doegeol bmyswo boby.

2. 25dm0Y4gobgm s@s{®x030, odyegbomo, g3mbmdozy®o, dbggomo
LobiBgdol domgds@ogyg®o Jmegero BOSbyodgoa-mdasdols
doegeol dobobg (woygx0byol gob@mangds).

3. Mathcad-ols 60bobg 5dmblgbom ©ogx0baol asbdmagds ©s
dgolfogangom sdmboblibgdol ymazsdizggs BobY® Lod®dGYgby.

4. 25dmoygobgm bognbols dobols gdmzoy®o J3g30L wobsdogols
domgdoBogyg®o dmegemo ©s asdmoggeogmn Mathcad-ols d5boby.
5. 29dmoygobgm bognbols dobols gdm@Eoygdo J3g30L wobsdogols
do0gdoBogy®o dnpgeo asMyg, 3gMomeyeo PR -asdmobosbgogols
dmJdgogdols dgdmbgggsdo.

@03 gASGHPMS

1.0.mdgodg..domgdo@ozg®@o  dmpgmmomgdol 396bLo (¥§939d0 dmeg-
@gb0), @.1. mdogrolo:lE 4, 2006.

2.00.0025dg,60.0695d9,6.94 goen0dgoao,0.0530msdgogo,
b6.009'dodgoer0.domgdoBoggdo dmwgmomgdol 3g6Lo (§30bmdoJlo
Mathcad-ols @s Matlab-ols d5bsbg), G2.mdoemobo: @y, 2007.

3.0.m65d9.d00gdoBog M0  dngeo®@gdols  3g@bo  (JogolG®ob@g-
dobomgols), @.3. mdognolio: LEe, 2008.

4. Jlampay JLJ.Jlubmmn E.M.Teopernueckass ¢wusuka.T.1l.MexaHuxka.
Mocksa: Hayka, 1972.

5. Prangishvili A., Obgadze T.,Sakvarelidze N.,lashvili L.
Mathematical modelling of excessive demand for essential commodities dynamics at

periodic, panic PR-exciter, transactions automated control systems Ne 2(7),
Thilisi , 2009.

6.0bgadze T.,Sakvarelidze N.,Modebadze T. Mathematical modelling people
masses emocional behaviour dynamics at periodic PR-exciter, Transactions
automated control systems Ne 1(6), Thilisi, 2009.
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0ogo 10. ggogergdgdo o Logbsawgdols 3500995303740
dmEgE0dgds

IgLogogno

@bggomo  3Gm3gbgdol  glfogeolisl, bdodow, Lodko®ms
Lbogbogngdols ob @bggol  3obmboli Jmegeomgds. o3 sdemEsbols
aoslod@gmo, doMomowsw, 094gbgdwbgb Kadogl  go@EsJdbsl
©> Jo@Imboygmo  dogsblol  (369393L,  Jog®sd  dmygosbgoom,
999 doggdge  odbs  ggogewg®  Sbsgmobol  Igmmo,  @sdsog
205d5MF 03> ©S oobyli@o @bggz000 30m39Lgdobs 0
Logboggdols  ©sd9doggdol  dgmmpgdo.  ggogergdgdo (wavelets) -
0obodgdmgg  aodmygbgdomo  dosmgds@ogol  g@Om-gOmo, yggesby

Toddo@dgdgeo dow{gges. domo Lodygoggdom dgbsdergdgemo gobos
Ao g9bjiogdols s  Logbsangdol 9g®m  ©g@sg®o  ©s
bybGo Fomdmagbs, go®g domgds@ogzol jersbogy®do dgmmwgdom,
Amam@M035s Ggoerm@ol 373003900, Fydogl 3§ 3003900, Fy@ogl
2oM©sJdbgdo o .9.

sbogno  dgmmeo  gdgo®gds  3M0biodymo  sbhogo  Fodols
dobolols o  gubjiosms  geoslbol  gobbogangsl, @mdengdocs
bo'dygoggdols 0dan 93 OIVIATES 396J3090L 3983939M MM
©93033mbo0s s Logbsangdols Gg30bLEGYJ30s. dgdydoggdbyeros
gbododolo 3Oma@sdygmo s 0blE®YIgbB o s3sGs@o Mathcad-
obo o  Matlab-ols 35bo%by.

39032093 gd0 - oMol a0M3399e0  bmgopo  slobgargds
2oblogym@dgdbyamo Godol K9biogdols, @mIgamsi ofgom dmgerg,

BO@mS 353980b Lobg, bygomgobo 0b@ga@o®o
dbodgbgammdom s  2oMdygguo,  bmaxg®  Goygmmo  ge®doom,

Amdgeolog obolosmgdl @msma@o dgas ©s IsLIGsd0Mgds.

39038090900 0agds  L3gEosgyg@o  dsbolygdo  gybiogdols
dg'dggmdom, OMdEgdo3  3oM3399  300mdgol  s3dsgmazoa gdl.

3903290 9d0b 9ONMd@omdsls ‘dggdgnos 396Jiools >
Lboabogmgdols  doobgmgds  bybEos  ob  godygggeo  LobybEoom.
390309900 bodygogdols odgnggs aodmbobyagdgdo ©ogsdydomm,
2393939000  ©93033mbo0s, MglGogasEos @S  00gbR0g035(30;
>bgg9 S4B BO MM bdog@oliogob, ‘493393 derm 0500 5d0,
Gmd@ gdoz 49035396 Moibgom dmbs3gdgdls o aodmbaobyegdgdls.

39088093900l 3690 Fgdmemgdya  ofbs  g@eLIsbols o
dod@gl dog® 80-00bo Fargddo [1]. odgedoe, ggogerg@gdo Bo@mnm
2odm0yggbgds Lobgms 5dmiEbmdol sdmzobgddo; Lbgoswslbgs @odols
Loabogngdols ©5dydoggdols S Lobmgbol >dm35b96do;

A0 gbBg®o ggergdol mgolgdgdol dglfsgerolbsmgol ©s ».9.
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3903098 -350©5J36>  JamIogmdl  0d5Tdo, @™  Logbogols
5@ 05b beoao@mbolgd®o 39630900 Lop50 ‘dgdepomo,
dobdBodyg@o o  [oboiggdyemo  bdobobol  dododm.  dsbolols
000Mgge0  39bdicos sbolosmgdls Gmam@ai god33gge  bogdEom
(@Omom)  Lobdodgl, obggg dob  @mygseobsiosl  gobogy®
bog®9do (@™ do).

Lopabogrgbdols  sbogobol  F@opogoygmo  gu@ogl  aodwsJdbo-
Laob 2oblbgoggbom, g903eg@-aotwsddbs a35daggl  9@masbbmado-
@agbosbo  Logbosgnoll  m@asbbmdogdosh  Lobdodg-gmm@©obs@ o
Foddmwagbsl. sdol  dgogas, bsdygomgds aggdemggs  dggol§sg-
emo  Logbosgo, gooOmgms,  gobogy® s 13Oy
Lbog®39do.

3bmbdogos  dmgemg, Jowoglobdo@osbo  ob e o@0bgdye
domoeolobdo®osbo  Logbosgngdols ©sdydoggdol Lodmyanyg. sbgmo
dmbo3gdgool  ogg3o0®0  godogdgolbomgol  Lodkodms  olgmo
d5bolio, Gmdemols gangdgb@gdo Foddmowagbl  domosenr Lobdomggdl
>  obggg oMo  @miseobgdygmos  Logdhigdo  (w®emTo).
3908098900  LoTgoagdsl  gagodergal  @ogsdydomem  slgmo
Logbogrgdo  dmd@sgo  Lobdo@g-Omols  gobx@om.  sdol  godm,
boaxg® 39030 9Hgol  Jomgds@ogy®  dogdmbgm3lsi  YFmwgdgb.
Lboabogngdols  Fomdmwagbolsl  d60dgbganmgsobos  godmgmo olgmo
Vo@dmpagbs, @mdgmoi 033990 sbOom M3 0dognyy@o
0J6gds. Lalyg@gganos  Logbsanols olgmo Fo®dmwygbs, ®mdganocs
‘dgobo@hybgdl  Lopbogoli yggems mgolgdol. sbgmo [o®dmwaqbs
dgodangds X Logbogmoli  g4mddmbogoom, gargdgb@ocdgmo X
bogbsgmgdom:

X=X, (10.1)

boog X gaegdgbBhodgmo  gyubdgogdos.  gg6em - Igdoe,
Lobyg®ggenos, M3 53 g9bj30gol 3Jmbogomn yo® 33990 Bobogyco
0693 9B>30s.  Logbogols  ©g3md3mboios  9bos gl yaogls
LY®osxg0 sgoam@omdom, [obosswdpgy ‘dgdmbgggsdo, ol dbmerme
M JOO0Y0 oMo gds  9dbgdmws.  ©g3m3d3mboioolsl  ybos
5dmoblibols  53@mJLodsiool  sdmiobs obey ©0930d3mboools
dgoga0, @53 dgodergds osbeml ¥bws ogml Lofgol Lopgbosamsb.
gl 9bps aobbm®mzogmegl, @53 dgodergds bogargdo @osmegbmdols
90 gdgbBodygero danmzgdols godmygbgdom. Lbgowslbbgs “m3@ozy9co
©5dgg00m”,  obogmobols  gmbiggnEos  Lodygoggdsls  dmpggdl
dggobOygerme gl dmobmgbgdo  dbgd@oger,  Loyolo  ¢bgdo
530 JLodsiools 0 obsmsbmdomo obybBgdom, ©gBomgdols
dodggemdomo ©535®go0m. sbgmo sdmzobols 3e0obo 3@

3oo{939B0b  3godmagh gamogl godsddbs  dmamas 9fysado,
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obggg  Vyggdowo ©@mom. Tgdydoggdygmos  gydogh  Lidsgo
20M©sJdbols d@sgogmo  sepam@omdo. doygbgosgs 0dols, @md gl
bbgoaslbgo SEoa@0omdom sdmoblibgde, nommggeolbomgols
sdoboliosmgdgaos gm0 s 03039 Fo0gdoBog Yo  S35MsGHob
aodmygbgdo.

0 Jmzgdgmos  gdmbobdo@osbo  Loabsano e,  35dob
39009L oMo Jdboby  odysmgdymo  Igmmegdo  Lodgoggdsls
dm23399L @ Lobdodgbg  godmgmm Logbsgnol 3030.  m9 Loabogno
3903086 m@  Lobyglbmosl  do0bi3, goblobwg@yal  Lbgowslbgs
OOMom  0bFgAOgoebg, 35Tdob  [o@dmodmds  3GOMdagds.  doowgds
MA0 3030 ©AMoL  @emgomobsiool  goMgdy.  ofgsb  godmd-
©0bo®gmdl Lopbogooll  Lobdodg-eOm (33ers©gddo [oddmwygbols
5930 gdermds,  @mdgmoi  bodygoagdsls  dmyggds  doaggwm
@ o@Y@0  0bxgm@dsios Logbogols dglobgd  Gmam@ i Lobdo-
@om, 5bggg OAOmol  sMgdo. @bowos, @®d  Lokodms 9u®em
@ omobgdygmo  dobolydo  gybjiogdo, gowdyg  Lobylbmowss.
5>do@Gmd goboboanoggb 9.§. gobx®gdls

w(t)sint, (10.2)
oo o)  gobxdol  a9bioss, ®mdgeoi  odaggs  ©@mol
@mgomobogosl.  slgm  godsdbsl  gsbxdgm  ggdogl
2505 Jdbsl  9YFmwgdgh.  dowmgdymo  gargdgbBs® o denmggdo
40396 Lobdo@g-o®dmm  Lod@RYgl 2oM33g9e  bofoergdop. sSbigm
Lo®goGosdo, 3gobgbdgdaols 30063030056  odmdobodyg,  dgeyd-
@@ agbge0s dogofomm gOmbsoGow oGy, ©OMom ©s LobdoGom
@ go@obsioslt. Lobdo®obs ©o @m0l ©sdggdgdbo  dgdmogem-
2935 390b9609@0L Y@ ®dom:

At-Af <2 (103)
4r

390850 9d-5bsgr0obo Igoomgdom sbogmo  (3bgdos, sdo@md dobo
aodmgdobsll  godmoygbgds  gg@og-obogobols  3o@ogrganydo

aobbogngs.
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10.1. 3g0ge0 gB-350©5J36900L do@omswo (369890 s
3509353037960 535050

30dgom, L, (027) ool (0;27)-dgomgdo  goblsbwgdyano,

335005300 0bGga®Mo®gdoe  gubdiosms Lod®egeg (39biEombe-
@0 bogdig) ob9y

2f| f(x)|"dx <eco. (10.4)

gb  omoy-smsy  gfysado  Babd3ogool Lod@sgarols
2oblobmg@mgdss. ol dgodengds 3g@omyer B9bJi305dwg dggoglmm

bodgog @oibgms R Lod®sgergdo
f(x)=f(x-2r), wx (10.5)
6900LdogMo 27 - 3900560 335EOSGH0m 067 MM oo
f(x) e L,(0;27) 99bJios dgodemgds Fo®dmgowaobmon 5gy@ogl
d§ g@o0g0m

f(x)= SCe™. (10.6)

oo C,  dgedogo Goibggdos @
1 T inx
- [ f(9e™dx (10.7)

0

C

odo39 @®Oml  (10.6) 330030 Mobod@o@ 3Mgdoos  oby
2

27|

lim J-f(x)—icnei”X dx=0. (10.8)
M, Now n=M

9bes s@obodbml, GmI

W (x)=e™, n=..,-1,0,1,... (10.9)
396J0900 > 9bls MOOMbO® 0@ goyem 65bolils

L,(0;27) bog®(39do.  dobobiyy®o  g9bJi09d0  doowgds  gONSLIOMNO
W(x) =e” g963300l 35L3@SogM0 (3gmomgdgdom olyg, GmI
W, (x) =W (nx). (10.10)
53 dmJdggdsl 0bGga@smd 35850mnMgdsl yfmwgdgb.

P.S. sbg, ®®3 L,(0;27)-b 63d0L3og@o 33so@sEGom 06636606366599
396J3os  Bgagodmos  Fomdmgspaobmm  dsbolydo  W(x)=e”
396J00b W, (x) =W (nx) 0b@gaBoma@o 35BSONMgdols
b93g@3mbogoom.

@oash (10.9) d5bolo mAM®mbm®IoGgdgmos, seaomo 53l
3o0Lggomols Bmenmdsl:
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1 2z 0
o [Ifeoffdx=Y[c,[ - (10.11)
0 N=—o0

gbms aobgobogmmm  f(x) g9bj3ool Fo@dmwygbs ggogmgda-
dolb  dgdggmdom. gobgobogmm  3go@s@om  0bGga®o@dgodso

396J30900L L, (R) g39bJcombosgnydo  Logdg, Lows
T| f(x)|" dxLoo . (10.12)

L, (R) > L, (0;2r) 3996J30mbsgr@o bog® (39900
dbodgbgenrmgbog aoblbgogwgds 9JOMI5bgmolioysb. 39Mdm,
L,(R) bog®ol  bgdoldogdo  a9bjiool  Lodygomm  @mgogny@o
dbodgbganrmds  dool{®oxngols  byewolzgh. odo@md, LobylLmowydo
Bo@s 5@ 939ngbol L,(R)-U s, dodoboadg, W, (x) > dgodengds
04l o3 gybdaombogmydo Log®dEol dsbolo. godmgmm do@EFogo
396J30900  L,(R)  dobobol  3mblLE®@go@gdbolbomgol.  dsbolols
(o®dmdJdbgero g3ybizos 9bws doolf@sgmogl byamolizgh m®ogy
Jodo®Mn e gdbom. §gogeg@o—b60dbogl 3o@oms Fogrmsl.

aeoameO3  L(027)  Logdhiol dgdmbgggsdo, L,(R)-doi  d939-
(GoEM”M  5350m  dsbolo ghmo w(x) [o@dmddbgemo  gubiools
dgdzgmdom (ol dgodengds oyml Godwgbodg Lobdo®osbo ob gOmlo-
bdo®@osbo  ggogerg@o). o9 ggogewgdo  Li@oxgs  dool{@oggols
byenoliggh, o8 g9bj0gdom @MamE ©sgRsOMm® dJmgmo @oibgomo
©9®do? gg9amsbg JodBogo gl dgodangds gogszgmnmo K Lbogowomn
Fobo3gmgdol m3g@s@ool bodgomgdom  oby 396900 w(x—k). o3
m39M5305L  0b@gaMomam  dg@sk  gfmwegdgh.  aobgobogmm
Lobygbmoy®o  Lobdo®ols  sbogomyo Lods@@Eogobomgol, ol
Vo®dmgowaobmon m@ol badolboo.

w2 x—K), (10.13)
oo J:K  dmgemo Goibggdos.
GO0
| ()] = Hf(x)zdx, (10.14)
>do@md
_ _
Hl//(Z’ ~x—k)H=2 2y ()] (10.15)

dod0b mA0Mmbm®@3o@gdyer ggogeg@-6oboll 94bgds Loby:
i .
v =22 w2 -x-k). (10.16)

Lobmaopme,  g90gamgdl  gfmpgds  eGomymbsmagto, gy
‘dgbododobo ggogang@-6obolo v, o3dogmxzomgdl 306mdgdl:

<'//jk;'//|m> :6j|5km' (1017)
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dodob Vf(x) e L,(R) swaoeo 53l ggogeng®-Fo@dmwagbols:
(0= 3Cw 0. (10.18)

j=—00 k=—00
od  xg@owo  I(3M0g0L  mobsdo®o  3@gdopmds  hoo(g@mgds
‘d9d©9a0 bwgo@oon:

N2 N1

f _chjk‘//ik =0

M2 M1

lim (10.19)

M1,NLM2,N2—>xo

4ggemobg  doMB0g0  M@MMambo@y®o  ggogmgdo  bss@ols
300352980> v (X):
1 if OSXS%
w0 =4-1 if%gxsl : (10.20)

0, ifx<0Ovx>1

10.2. 0b@ga®oma®o gg0ge9@-3>0©>Jdbs

sbhgns aobgobogmm ggogergBgdo bmgoe dgdmbgggsdo, Gz
dol'dBodyg@o (3gmogmgds 5@ sMol syEomgdams m@ol ba@olbo.
5bggg, dobgobogrmo  bgdolbdogdo  [oboigargds. gomo  [o®dmd-

JIbgemo w(x)-39032090 BYbJ300L 0bFgAOsE G0 a AoBIONMIbom

> b [obsigergdom dgbsdangdgeros 3mbLEGPoMYdS 3539390 MM
bgd0ldog® 39bjiosl L,(R) 939bdEombogrydo LogdGowasb.

1 —b
W, (X) =[a 2 -V/(XT), abeRyel,(R). (10.21)

od  gm@d ol bogyydggebg dgggodmos  sgogmo  0b@Gga@o-
@G0 §gogE - aoﬁw%v

B/\/Wf](a,b):|a| j f(x)- W(X bjdx_ [ 10w (9dx, (10.22)
boa ¥ gabdGosb gaogmadol waesgablGesh (Famdndfibm)
AV mwgogb.

(1022) gm@dygesdo v, (X) B9bjEos 03039 Om@l sLGYgdl,
@obsi €' g9bos B9®ogl oM s Jdbsdo.

0y 25353Mdgergom Sbognmaools dgdbsls 39@0gl
25M5Jdbslmsb,  35dob  (1023)  ge@Igesdo  f(X)  gybjiools
300382909000 Voddowygbol  Ch 3mggo30gbHgdo

f=> Yc, 22 (2] x—K). (1023)

j=—00 k=—00
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‘dga30dgos aobgLsb@gdM”m
o :<f;z//jk>. (10.24)
AMeEmdgdowsb aodmdobomy, 06@ g Mo @0 39030 90)-
2oM©5Jdbgdol Loggydggar by dgagoderos  ©o3fgOmo:

c, =, f](z_ljzijj (10.25)

103. ggogengBols @s ggogargd-ao®esddbol mgoligdgdo

390380 9B-2>0©>Jdbs Lodygoengdols 3359 930 Logbogno
aobgobogrmm  Lmeno@mboligddogo  g39bjiogdobogsb  dgdoasdo
dobolols dods®m.

2ob3Lobeg@mm ol JoGomswo mgolgdgdo, GmIangdoi  Ybws
3Jmbpgon  Lemeo@mbolgdd (Fos®3mdfdbge) w(x) ©gsxnyblicogdls
(3003929090L), Goms obbogygar 0dbgl, @mMaMO3 3gogegdgdo.

@ 3o 0bd300

39030 9BH-350©5Jdbs  y@ogl  aodwsddboligeb  goblbgsggdom
049690L obgom d5boliygd (Fo®dmdJdbgem) waoexgybiiosl, Gmdganocs
e gomobgdgmos  LogdEol  (emol)  dgdmbsbwgdyer 5@ gdo.
300352900 9bws> 0gol @mgogobgdymo GOym@E Gobogg®, >bygy
139dBOYe  Logdigdo, Gmamai [gbo, Ax-Ak=27.

bammgsbo Lodgsmem db0dgbgarmds
@53 bodbogl, Gm3

j w(x)dx =0. (10.26)

2;080)336360000 >dmobgools aobbogngolisls, bmaxg®,
dm0mbmggos 9uOM d3o3Mm0 306MMmds(s:

[x"w(0dx =0. (1027)
osbgm  ggogergdl m  @ogol  ggogeogdl  yfmegdgbh.  slgmo

300mds>  dodob  aoboboangds,  @m@s  Ladko®ms  ggogeng@ols
Vo@dmgdyargdol gobboangs, m @opol homgenom.

399mbsb@gAya@mds  Imogds 30GMdom
[y (0] oo (10.28)

35030  @mgzsmobszos s d9dmbsbegdygammds  bmyxg®
dmogds 306Omdgdbom
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1
1+]x"

()< (1029)

ob dgbodsdolo gy@og-ao@sddbolomgols

(o) <———, (10.30)
1+ |k — ooy
booi @, 3903e09Bol ©mdobsb@y®o Lobdodgs.
Sbans  gdbgobogmn ggogm gf-ao®wesddbols mgoligdgdo:
‘dgdmgo@mo s@bodgbgdo:
W, f ka,b) =w(f)=w(ab). (10.31)

39032 9B-35005J360L @3gBHs@dm@dol FHBogmdol mgzoligds
wlaf, (X) + B, ()] = aw(f,) + Aw( f,) = om; (a,b) + A, (a,b) . (10.32)

06g50056@ g mds F5b53gegdol ™m3g@s300L dodsdm
W[ f (x—b,)]=w(a,b—b,). (10.33)

06350056 gmds 513Gl (330 gdol JodsOm

WHAH _ iw{i,ﬁj . (10.34)
aO a‘O aO aO

9696200l Fgbsbgol mgoligds

390380 9B-35@©sJdbolmgols SOQ0E00 >l 3o lggoemols
AMeEmdol sbogrmals:
w, (a,b)w, (a, b)dadb

[f,09-F,(0dx=C'[[ =
booobs 2odmdpobsdgmdl, GmJ
) . ¢ fW?(a,b)dadb
f2)dx=C!||————. 10.
j (x)dx=C, ” " (10.35)

82



104. ggogeng®-896Ji0gdols 39®dm Ygdmbggggdo

aobgobognmm ggogen 9&-89bJ3ogdol 3mbi@gdgmo Labggdo:

d9dbogado Jamo (3556ob ggogmgdo)

obg  9fmwgdgh  gybjioslt, @mdgamoi doowgds  goybols
396300l mAxgH aofs@dmgdom
w(t)=1-t%)-e 2. (10.36)
d9dbogg®o Jywol adsgogzo dmigdygeros 101 bob-by.
1 ! L ' _]
/)
w Q[ m—————————————, I!fj \!. ........
1 | | |
-10 -5 0 5 10
t
65b.10.1.  dso@ol ggoger 9B o-dgdbogg®o Jywo
BgLod530L ggogergd-d5boll 9J69ds> Lobg:
i .
v =22 -w(2'-x=k). (10.37)

5doldBodgdols o [obosigmgdol g®oxozygmo o ylE@sios

102 bsb-tby.

dos®ol ggogerg@obomgols dmgdygeos
0> 2 12 2 (-
v (t) =— - exp(—-t j —t -exp(—-t )
dt 2
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v (1)
w(1,-10,1)
¥(2,0,t) 0

¥(3,10,1)

-1
-10 -5

10

t
65b.10.2. odolidGodgdols o [oboigargdol a®oxgozgmo

0@9bBH®s300

beoaxg® 0g4gbgogh aoesdMgbgdge Igdloga® Jawl, Gmdgmoc

dmo39ds BmOIYom:

wl(t) = L+t?)-e 2.

2005009bgd o dgdlogy@o Jywo ImEgdygeos

(10.38)
10.3 Bb-%ba.

......

__________

-10

10

t
65b.10.3. doo®ols ggoger 9B o-gosddbgdgmo dgdlogydo Juwoo

B9L535dols ggogmgB-d5boll 9d6g0s> Lobyg:

J .
wl, =27 w12’ -x-K).

0SZOE oS

bgogeo
>9300 gdger mgoligodsl.

bss@ol ggogemgdo

d520bEMgdoLsmgol:

Fobs
oYM bMbom  s5d@0Egm, Gmd IgJlogy®do  Jyoo ©o goEsd®Yy-

3oM53M5x300

(10.39)

doboaoby

dgdboga®o  Jawo  s3dsgmgomgdl  ggogegBgool  ggges

Logboggdols ©g3m33mboiools s Mg30bLEGYJE00bsmgols,

bdo®o, 04969096 bos®ol ggogergBgol, dmIgams §o@dmdJdbgen
(0905 B96J30oL 5J5L Lobg (6ob.10.4):



1 if (0£x<%)

v () = -1 if (%§x<1) , (10.40)
0 if (x<0) v (x >1))

12 1 F | | | ]

yH(X) 0

—12 71 | | | T
-1 -05 0 05 1 15 2
1

X
6ob.104. bos@ol ggogag@o

FgLods30l ggogergd-o65boll ggbgds Loby:

i _
w k=22 (2 -x-k). (1041)
>g0em0  dglodm§dgdgemos, @md  bgdoldogdo G0  wi Ay,

396J300 390380 gB-65bobosb, @mdegdoz doowgds bos®ols goe-
396730000056, %,%-0663@60;@‘3@0 2oROMMgbdols s ZLJZL”‘-
(oboigamgdol dgdwgy ®O0mbo®@dsgyg@os gOmdsbgmol dods®m
oby oo ofgl Gmermdsls

Wiy m) =66, (10.42)

(55933039

P.S. boo®ol d5bolol godymgzomo dbsdgs  ol, @md gl ggogmgdo

sMolodgB®oyamos  ©s  geygo, 0YdEe  bmaogOo  sdm3ebsdo
bogboangdols sdydoggdolols gl ¢9dbodgbganms.  sdgbo, boss@ols

3903209090l bdodsw 094gbgdgb 3@sB0godo.

9uOm  bdo®op  0ygbgdgh  bos®ols ggogeogBol  bgogl,
bodgH@oge  {omdmddbger  ggogmgdl  (Rgesggbiaosl), @mdje-
Lo gBobyge Jarb gfmwgogh.
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BAsby g Jaro
o3 ggogegdL ho{g@mgb dgdgao Loboo:

1if <t
3
wF=1-1 if %<|x|31; (10.43)
0 if [x>1
1 E T I T ]
ywF(X) 0
L | N
-2 -1 0 1 2

65b.10.5. gg03egB0-gasbyyemo Jyoo

B9Lod330L ggogergd-d5boll 9Jbgds Lobg:
i
wFi =22y (21 - x—kK). (1044)

YROO A0 Yo, MOYSbbmIoggbosbo Logbosagdobomgol godos
Fobogergdolbs o odsldBodgdols Lokodms aogomgsgolifobmm
dd®9bgdses.

390880 9H-25005Jdbgdo  Godmme  asdmoygbgds  Loabsgngdols
RBoeA@s300bs s dgz9ddgobomgols [1-5].

dopogro Mool ggogerg@gdolbsmgols, \’5/’0(4)8(’)8{]863@0-;93;96
3903 9B ol sboggoow, Gmam@ai (gbo, aodmoygbgds dgbodsdobo
Qo BA@o3000 3098030963 gd0lbs aodmmgeols 0395309900,
396JGoY00  gobBmagdgdo,  @mIgammsmgolsE Y30 gdger0s
899J369a00-353>  ggogargBgdol oygos.  olg 03905, Fsgomomsw,
©™39dol dgmmby ®@oaol ggogeg®o O®IabsE o oO og5ygom
@oaob  [obsdpgdodg  Lobganddmgobgenm  dobbow olobogls
JoMomseo  00ggool  253bmbsl, bmerm ®9db0gu®0  ©gBogdols
aobobmdbo  Loko@ms dgbadsdolo L3giosgry®o go@g@s@y®ols

[1-6] gL oges.
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10.5. ggogeng@-sbsgrobo Mathcad-ols d5bobg

30 dgom, dm@Egdygmos  Logbsgro  s(t), @mdamols  gbgdaos
‘dgdmbobgdygmos  sby

[s*@ydt <. (10.45)

R

od  Logbogroll 30053000 3903 gB-30o005Jdbs,  gu@ogls
2oMsddbols  sbogrmgoydsw,  dmoigds  dgbsdsdolo  ggogergd-
309803096 go0ls Igdggmdom:

Cab) = (s)w(ab,t) = [sO)- w(%)dt . (10.46)

R

obg, @m3d ggogegH-3mgn030963gd0 dmoigds Logbsgrols ©o
dmgdgeo bobol gg03egd-596J300lL Lgss®ygao bsd@sgaom.

aobgobognmm ggogen g@-ao®sJdbols dopsmomgdo:

1) dm@Egdyge  Logboeols 53l Lodgd@oygao  doGmgygmbs
03399 ligdol Lobg - dgobp@s. dmogds sbogoby@o gm@dyamoon:
s(t) = sign(sin(0.04-t)) . (1047)

3058039 s©, dgob®sl Bodol bogbseno dm39dygeos
10.6 bob-by.

s(t) 0 —

I I I I I
0 50 100 150 200 250

-2
t
65b.10.6. 3gob®sl a@ox039mo boby

5g53mm, o3 Logbo@ol  30M©s3000 3903 @ -3o0wsddbs s
13gJAOma@sds,  doodol  Fo@dmdJdbgano  ggogeng@-gybiool
dgdggmdom Matcad 2001-0l d5boby:

—t2

2
d 2 12\ 2 -1
t) :=—--¢ — exp| —-t —t -exp| —-t
Ve dt? p(z ) p(Z )

1 t—b
¥(a,b,t) = —y| ——
(a,b,t) \/EW( j

a
N :=25¢

C(a,b) ;:J ¥ (a,b,t)-s(t) dt

— 00

j:=0..3¢
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. 4
- (j+12

310"

65b.10.7.  3gob®sl Godol Logbogol L3gd@®ma@sds

2) Jmgdge Logboal oJgl Lobylol 3ydol Lobg oby
s(t) =sin(0.1- 7t)°. (10.48)
00503 o©, o3 60301) bogEoQO 8(*)(33839\1000 10.8 bob-by.

2 T

st 0 ‘U‘ r(\ f(\/\ / ' ’ﬂ\ j\\ fL
- \ VVV VYV

I
0 50 100 150 200 250

-2
t
65b.10.8. Lobyglgygdol g@sxg0s9mo bobg
ogoamm o3 Loabosgnrols  3o®sdo®Mo  ggoger g@-ao@sddbs o

139 JBOMa@sds, doo®ols FomdmdJdbgano ggoger9®-19bdiools d9dg9-
mdéom Matcad 2001-0l doboby:
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-t

2 T _ —
y(t) = d—z—e 2 - exp(—l-tzj - t2-exp(—l-t2)
dt 2 2

1 (t-b . 3
= — —_— = 0.1n-
¥(a,b,t) \/aw( a) s(t) :=sin(0.27-t)
N := 25¢
C(a,b) :=J ¥ (a,b,t)-s(t) dt
j:=0..3
N

b:=0,1..—
10

. 4
a_::ﬂ

310"

N. = a.,2-b—ﬂ
i.b | 10

65b.10.9. Lobylzydols L3gJ@®ma®sds

0d  d9dmbgggedo, Om@Ee  a35d3l  3g@omeygeo  Loabsgro,
9dxmdglos  208m304gbmm  Fy@og-ao®sddbgdo.  myYdEs,  GM3S
Logbosgno  bobosmwgds Log®Eomo o6 @Omomo  @misgrobsioom,
dodob 3903 gH-ao0wsJdbs  yggemoby G  bylLEos. gl
93005¢glbmdgdo 3339m@s© hobl dag@omo s aodmlbsbyyangdoms
Logbogngdols dgdmnbggggddo.
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10.6. ggoge9®-3505J36930 ©s> Loabsggdol goxgom@3Ms
Mathcad-ols 35%5bg

Logbogmgdo dgodangds [oddmgoaobmm, @Gmam@ i dobo 9gbgdo
dosbenmgdolss > ©5dobylRgdgmo  (9uO™ ©YBOEY®0)
Vo®dmwagboms x,530. >d 30m9bols 9o 0bs00lomgols
MOMAMbse @0 35030 9B gd0 godmoygbgds, @mdgmms sboggdow,
b'dod o, 2odmM0ygbgos 90 B0dsldGodyg®0 (multiresolution)
Sbognobo. gl sbognobo gdys@mgods dgdwgy doMomsw Bod@gdl:

e Logboangdols V' Log®ig dgodangds  ©@soyml  olbigom
0900 Joyge Vi J39b0gd3g90o0, OMIagdos gO®MIsbgonl
oM 3390L o GMIgemms 259Mm00bgdsi bmgs®ddo Ly(R)
Lbog® 9L odgnggo;

* bgdolidog®o s(t) eV, ¢ybdiaoobomgol, dolo dgz9ddyemo
306L0> 9590560l Vi J3abog@Gabs

e 5OLgomdl obgmo o(x)eV, gubjios, G@Imobongolss

dolo Foboigangds @0 (X) = p(x—k) o961
0OOMbm®doMgoge dsboll Vo Logdzg9do.
o056 ¢ (1) B9bJ30gd0 oagbl M@MMbm®@dodgdye dsbolls
Vo Log®d39do
@) =277 (27 -t k) (10.49)
29630900 >0agbgb MONMbm®IoGgoye  boboll Ly(R) Logdzgdo.

>3 99bjogol  g8Jdbgen-353s  ggogergBgdl  yFmwgdgb.  olobo
dodol'd@odo®gdgero  B9bJ309005, Go©ysb J3b0sb  mogolbso®

396J3090L  Lbgowslbgs dsld@oddo. g.0. S(t) Logbosgro Tgodengds
Tomdmeagbogr  0dbgl, @mgm@a  dobo V) byddggbogmggodo
05b5d0d 930 9ao dJosbgomgbols bpgsdo

() = lims, (0. (10.50)

amgmai  Fgbo,  Logbserol  ©g3md3mboigools  Fgbowsb
25dmdobsdyg, -l oo  3db0dgbgemdolomgols  doomgds  99bgTo
dosbawmgdgdo, bmam dzocdg d60dgbgamdobomgol-gg@m  byl@o
dosbenmgdgdo.

Loabognols 530mJLodsiosls ‘dggbododgds 03 9M>(3099e00
ROOIeDS:

0= Y.C(1K-0,, 0. (10.51)

Po0()=2- hp(2-t-k). (10.52)
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bmgo  dgdmbgggedo,  Logbsgnols  @g3mblBGYJcos i,
533900 @Mbgbg bm@d 0@ @gds

s(t) = iajn,k '¢jn,k(t)+iidj,k w (), (1053)

ey
Loo3 &,  o30mJbodsgool  3m9803096¢gd05;  d;, ~sdsbygldg-
690 3098030600 @, (1) - BgdJabgaro-dads ggogegdo;
v, (1) - o03dmdJdbgero-pgos ggogeg@o. Logbogol dmanosbo s@eo-
296> dglsdengdganos, 09
Vkez,a{hk>{¢(éj:\/§-2hkgp(t—k). (10.54)
k

od 3obBM@gdols odobyliGgdgero (refinement) 9fmwgds.

i
\/_ .
n-12it

s(t) =Cy, '(”(t)"'zzdj,k Wic®, (10.55)

i=0 k=0

3535m@omo. bos®ol ggogewg@obosmgol h =h, =

oo Cop oM0bL Logbogrol @odsabobdo®osbo bofogol  3mggo-
(3096@0; d;, -bogboaols dowsemliob'do@osbo bofomols 3mgn03096@)9-
b0l 5B®03; @(t)-3535-3g0ge09H0; v, (1) -©9oo-390380 93 05
30 Jgom, 235J3L Logbogno y = {,0,-3;2,1,0;1,2}, Omdgeno(3
2oblobeg@amos L,[01] LogdgTo.

09 35dm3049bgdm  bos@ol  ggogamgHl s  ©gzmd3mboizools
(10.55) gem@dgaosl, d5dob dogowgdm dos@@oisls:

N[t 1 V2 0 20 00/,
ol 111 V2 0 -2 0 00]|d,
3/ |1 1-v2 0 02 00]|dg,
2 (1 1-42 0 0-2 oo0l]|d
= q (10.56)

10111 0 +/2 00 20/|dy
Ol 1112 0 ¥2 0 0 -20]|9x
12 1-1 0-v2 00 0 2|]%:

1-1 0 -v2 0 0 0-2) 9
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>3 Gm@mdol doMxggbs bofomol o dsg®oisTo
> 30Mggero Lggdo oMol dobIGododgdols ot) 19bios;
> 3gmeg bggdo - boss@ol ggogeg@o;
> dgbodg o dgmmbg Lggdgdo Lopabsgrols 30Mg9em0 @mbols
Vo®dmwagbols Goibgomo 3b0dgbganmdgdo;
> dgbmg-3g@gg  Lggdgdo dggbodsdgds  Logbogols dgméy
mbol {o@mdmagbsls.
obg, ®md Fo@mdbols dodxggbs bofomols ¢gi3bmdo ds@@oiols

aodmbomgangeo  Loko@ms  (10.56)  ds@Goiyeo  aobGmeangdols
>dmblibo. QIOTEN ‘dgdmdogogmo Loabognols @oibgomo

dbodgbgammdgbols  GomEgbmdbds  Logdome  owos,  3gogergd-
30980309600 godmomgegds Foa@®sizools dgmmegdoom.
aobgobogome  ‘dgdmdsgoemo Lo bogools ©09303d3mbozo0ls
(gog@@dsiool) sepam@omdo:
(Ha), =>_h(n-2k)-a, , (10.57)

(Ga), =>_g(n-2k)-a,, (10.58)

ooz Ha—-logboaols @sdsabobdo®osbo  gogn@@siool m3g@os-
AmOo0s;  Ga-Logbogrol  domogrlobdo®osbo  goa@@siools  ™3g-
@5™M@0;  h-ggogegd-gom@®oll  sdsenliobdo®osbo  gmggoio-
96 gd0L  39dd™mM0;  g-3goger gB-go@@ol  dowsgralobdo®osbo
30080G09bH YO0 3gJHm®o.

(3bmbo@os, GMI bos®ol ggoger gd-gog@@ol dgdonbgggsdo

1 1
h=h,=—%; glz_gzzﬁ- (1059)

\/E b
od  goJBgdol  gomgogolifobgdom, dmgsboobmo ‘dgdmdsgseno
y bogbosgnols 0g3mad3mbozos

y=c® 10-321012
40 1.3 1 1
J2o 2 V2 V2
1.1 1 3
J2o 2 V2 V2
d® 1 -1
c® 0 2
d® -V2
c® V2

92



©93®3d3mbog0ol 30Mgge mbgby, Logbsgnols
EsdsgbobBoMosbo  Ipggbgeobsmgol  (10.57)  aodmbsbyargdols
aomgoeolfobgdom dogomgdm:

8 1 1 1 1 1 1 1 3
Ha), = Y'h(n-2)a =| —( (=342 |+] = Sl ) P P P
Sbogmaoyg@dsw, (10.58) aodmbobyamgdol Logydggerbyg ‘dgagodemos
3030300 boabsgrol ‘dglodsdobo dsmsanliobdo®osbo dwagbganogs.

99092,  ©93mI3mboizool  Igmdg  Embydy,  Logbsgnols
b lobBoMosbo Iy gbgmolismgols dogowgdm:

4 1,1 1 1 .1 3

Ha), =3 h(n—2)a, =| = (= + (o)) |+ 2 (2 + 2 |={or2)-

(Ha), =3 h(n-2)a, (ﬁ(ﬁﬂ \/E))J+(\/§(\/§+\/§)j {0:2}

‘dglododolow, ©g3md3mboiools Igbsdy mbgby dogowgdm, G®I

(Ha), :nZ::h(n—Z)an :(%(0+2)]:\/§-

5300300, Jgdmdsgomo Logbosgro y={L0,-32,L0;L2} 25@©50Jdbgds
shogn (%;—%;%;—%;1;—1;—\/5;\5} 39J®™Os©, Gmdemols 30d3mbyb-
Bgool @omEgbmds gdmbgggs dgdmdsgogmo Logbsgol gangdgb@gdol
@omEgbmdsl, m9dzs, gbgdyool dJodomswo bofoeno dmJiggmos
3033mbgb@Ggooll  dgedgdomn  dEodg @omegbmdol  gergdgb@gd do.
0y dgdmbggzomo  dgdgmmgdgdol brgdye  dbodgbgmmdsw
>30090m 0.9, dogomgdm Mgby@Go@ol sbogn g9GmaL:
(O;—%;O;O;l;—l;—ﬁ;ﬁ}. @53 bo'dbogl, ®@md  3mgn030963go0l

bofoemo  o@oMgdl  ¢dbodgbgaom  0bgm®@dsizosl s domo
dbodgbganmdgdo dgygod@os  bygrmgbosw  hogmgogomo.

sdols ‘dgdwgp, dgbodsdolo dgdmdsgogro Lopabogrol swls@ygbow
9bs g0lo@goemmn M3gAsGMAgdom:

(Ha"), =>_h(n-2K)a, , (10.60)
k

(Ga’), => g(n-2k)a, . (10.61)
k

PS. gl sSamam@ondo 5ds0E0390L  bogbsgmol  gom@®si3oob
Se0®003dk.

aobgobogomm 53 Lopbogrol  gg03eg@-ao0©sddbs @
939350©Jdbs Mathcad-ols d5bsbg (656.10.10).
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W :=wave(y) h :=iwave(W)

bob. 10.10.  Logbogols ggoger g@-R30e@@o305, sbogob-
Lbobmgbo

G3mAE3 gbgrsgm, 9Ju3g@medgbdgmo ©s 3gogegd-gomGH®0m
Lobmngbodgdynmo Logbsgngdo gOMASbgml gdmbgggs.

5dm3569%0 ©> Logs@xodmgdo

L o0pagm  300©s3000 3903 gB-3o005Jdbs s 13gddmma@sds
dos®ol ggogergdgdolomgols.

2. 50290  Lobylgygdol  3o@sdo@o  3gogeng@-ao®sddbs s
139 JBO Mo,

3. 00390 300©53000 390320 9B-3o0wsJdbs s  13g]B®ma®sds
ROy g0 Jyoobsmgols.

4. 552900 300053000 3903 gB-3o0sddbs s 13g]B®ma®sds
dgobp@sbmgols.

5. dgopa0bgm y = {1,2,6,4;7;8,0;23;4;6;0.6;0.02;0.06;0.56 } Logbogools
Qo @s300l  saam@omdo  bos@®ol  ggogmgBol  dsboby.
doobeobgom Logbogools sbogrobo s Lobmgbo.
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