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9gdmbggge, o3 bodbogl  olod@zogogel.  oby,  gdgogoe gbBmdbols
dodzbgbs o  dodxggbs  Ibodgl  dppsdo  Fm@Igmgdo — 505

9d308>@96@9Go0.

3obbs bwg@gds:  obgn  gom@Igasl,  @mImol  4gddoGo@ymo
d60dgbgermdoi go®ol 1, dsbdo dgdogogo s@mdgdol (3odmbom Jgodgdols)
6gdoldog@o @gomoboiool dgdmbgggsdo — Fog@mmmaos 9fmwgdo.

dsgomomse 1) G=pv(—p) = Bogdmemyoss,  yodmdoibywo
dglodol 3obmbol mobobdsw.

2) aobgobognmo go@I s : H=((P=0Q)AP)=Q . dolo Xg3ds@0@ a0
d60Tgbgeomdol oloEygbse, Lskodms, 56 Tggsoeanbma Fgs@o@mdols
GbOogo, Sb  g5gsds®MBogmm ol SbAMmgbgdol  bgdme  Bemygsbogoo
356mbgdols 80153;93000. hggb, o3 dspoemomTo, go@hggm dyerol gybiiools
2odo®mB 03900l 2bsls :

H=((P=Q)AP)=Q)=(((—PVQ)AP) =Q)=(((—PAP)V(QAP))=Q)= 3)
=(0v(QAP)) =Q)=((QAP) =Q)=(=(QAP))vQ=(=Q)V(=P)V Q=
EIV(—|P) =1.

@53 035l b0dbogl, MM M (39370 oIS GogE M0,

856bs beg@gds: 53d5mdgb, GMmI Ge@Igms [obsomdwgamd®ogos (s@os
LY m®0), m9, ol Iges®os (bbgsbso@sw, dolbo &9dds@o@yero
dbodgbgemds ool 0-1), doli'do dgdogogmo sEMIgdoli(dodFogo
2odmbomgodgdols) bgdolidog®o @gomobsiool dgdmbgggsdo.

455 0moE : G= pA(—P) go@dgems Fobossmdpgymddogos,
FTobosomdwgamdols 3obmbols msbsbdsg.

Logo@x0de: ohggbgm, G®I Ge@Iyens
H=(P=Q)A(PA(=Q)) - Voboomdwgamd@ogos. 4)

8bbs bpg@gds: >H™IL 56 >B™MIol Podymgsl modg@ds gfmwgds.
d53dmomsE : Q; =P - mo@g@goos. P=0Q - s@oo @o@gdo.

356b5 bwg@gds: 53d3mdgh, H™mI Gr@IP@s

F=F, AFoA o 00 AR, ®))

Fo@dmoygbogos 3mb096J@on®d bo@mdsgy®d gm®ddsTo, nyg
M0nmggeo Fi {o08mopa9bl 00bob@oyn® ao@gds.

ob, 30boyb]@Boy@o bm@dsay®o gm®dol go@Iyas, dgoizegl
0@ g0 gdol woboybjiosms 3mboybiost.
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dsgdmomnse : F=(Pv (-Q)) A(-PVQ). (6)

Sbo@@07@5, 35bobognsggh oboybJGondo bo®dscydo gm®dol
36g0sL.

305[;‘)‘6@(7(‘6(760: 5ddmbg9b, M3 OIS

F=FivFv ... vF, (7)

(o®dmoygbogos ©@0bobJ@Bon® bo@dsma@d gm®@adsdo, oy
Momnmggeo Fi {od8mopagbl 3mbob]@ond @o@gds.

56, @oboybJBoy®o bm®Isey@o Bm@dol Gm@Iges dgozogl
0@ g0 gdol 3mboybdiosms woboybiost.

dsgomomsp : F=(PA (-Q)) v (=PAQ). (8)
0gmAgas : gozom Imizgdgmos ge@dgmgoo Fi; Fop o0 Ry oo
ROOIgms G ge@dyms G aodmdpobodgmols  Fi; Fpy o0 Ry

ROOIY0 9bosb , 35Tdob s dbmerme 35Tdob, OMEs FomOIgas (F1A FoA;
. AF) =G Bogdmemmyoss.

0g0@gds : gmdgom dmigdgmos gom@dygmgdo Fi; Fpoo 0 Fy @0
}B0AIges G, goadgms G aodmdobodgmdls  Fi; Fy o L Ry
RMOIY0 gbosb , 35dob s dbmerme 35Td0b, AMES BmOIgms (F1A FoA;

. AF)A(=G) Fobss@dogamd®ogo gm@mdygemss.

P.S. 1) (omdmeagbogno mgm@os, s@s do®@@m [omdmomagbl Logsds@sjm
960l gm@dogr @  dmgal, >5Osdge  Jdbol  Logydggel, Goms
>dmoblibsls @36y ©93500b S (3565 2960390 Logn @0
dSena@omdol 3mgbol Yglobgd, 03 sdmobgdolsmgol, GmIagdo
9339096 BMOIogobsiosll s@obEME gl crmaozol Qo an 9ddo,
bgdmo dmygsbogro dgmmegdols dgdggmdom[4];

2) >@obGm@gmgl @mgogol o, s5@LgdMdL 15dbodbs EMY035a.
>J bgdolidogdo aodmbomgsdo ob k9ddo@o@os, ob I3o®mo b dols
49ddoM0BMdobg s@sBO0L mJds 5@ gyg0deros[3].

3) oOLgdmol  domgdo@oggdo  aobbmysmgds N-6086s  @emy0gsSa.
Amdgol 0gm®osi3  bogdome  gobgoms@gdygaos, dog@sd  xgo-
X JOMo0m bogagdo@ 25dmoygbgds 3Ms]@ 0 odo[S].

4) 5@Lgomdl s@533d>gom @myg53lel o mommgygmo asdmbom Jgsdo
49ddoM0B 0> §oM33990  dSEndsmnmboom. gl mgmEos  FoOmM
20dmygbgdsl 3mymmdl g3mbmdogsdo, jo@olEO™MAgdol 3Omybm-
bo@gbdols Lsddgdo o Logdome, yggers 0d sdmEebgddo, Lowss
300 gdm  30Omdgdo  0dpgbo  Li®sgs  ©s  dmyermobgem s
03320905, @md sdm3sbol B gMdobo@gdyeo, Goglobs @olids

‘dg9der 9o gemos.
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5) domgdoBogmlgdo Lfsgemdgh slggg, 0bGyEombolg @ @maogsl,
@Gmdgool 99dgdegdbergboz  SM0sb dM599M0,  ggogro o
39080620[7]. 06@7oE0mbolE YO0 @mpogzs domgds@odn® 3g®ombls
Foddmopagbl, o  9godymagh  Foboowdwgaymdols  35bmbl  ©o
(R0EMb9b sbengdy@s® sogmb dmgmo dgbog®gds.

1.2. Lod@ogagms dxaols sSenagdMs

aodmbomgodms dy@ols sang gd@ols sbogmpoyg® LEOYJR9ast,
Voddmowagbl Lod@sgergms daaols sanggd®s. dmgobeobmm dobo
30bLEAO Yoo s39ds, 35dmbosmJgsdms dyemols sgoago@ols
Sbogn Mg 09@o.

Lod@ogerggol >@bodboggh oo arsmoby®do sbmgdom, bmeom dom
g0 g396@ 9oL dglodsdolbo 3s@ods slimgdoom.

353 SE 00 S:

A - 3d1dgbgerms Goibgo syLoBm@osdo;

N — bs@ydoyd Gogbgms Lod@sgeng;

Z—-3mger @oibgms Loddsgeng;

Q — ®530mbser @ @oibgms Lod®sganyg;

R - bsdwgoan Goibgms Lod®ogeny;

M - Jogngdols Goibgo Jodomyger angdligddo . . .

Lbod@ogemgms  mgm@ools @9dgdegdbens  omgergds g 9@dsbgeno

domgdsBogmbo  ggmey  3obFm@o[8].  Loddsgmol 36935k bylo
2oblobmg®gds  o@s  oJ3l,  wmydzs ol dmoigds  0bFyoEoydow
2-356@¢M@0l dog® dgdwgpo gm@dom:

Jobodbgds: Loddogang oMol dggdo, ®mdganlsi hggh  gOmosbow
25305b@gom.

356l bwg@gds: @ Loddogegl  gfmegdsm oo, o9 obobo

V90290056 gOMoEs0dogg 90 gdgbRgdolopsb. 53 goJdl  hofgdgb
‘dgdgaboodow: A=B.

‘dgdmgo@mn oboybioobs, 3mboybiool s godmbomdgsdols
950gmxzgol dgbsdsdolo m3g@moiogdo Lod@Msga ggdby.

356l bwg@gds: mdo A s B Lodmogmggool aog@mosbgds(“u” -
2090m0obgds)  glmwgds  olgm AUB Lod@sgamgl, @mdeol  ymggaoo

99396303 93990360l o6 A, 56 B Lod®sga gli(g@m-goml 3506¢3).
Lodomermgdols  Lodygogrgdom gl goblobmg®mgds  hoofg@gdes
‘9w g bs0Mo:
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AUB=fgecAvecB|. (9)
hobo{gto ee A - (oogombgds slig e g3nmgboli(Gmamd gergdgb@o) A
Lod@ogeogls”.
PS. 0mamod3 Loddoma@do HBsbsFadopsbsi  hobl, gog@005690l;
®M3905(305 356obobPg@gds oboygbJi3ool M3g@s3ool Lsdysemgdom.

356l bwg@gds: m@Ho A s B Loddsgemggdol  mobogggoms(“n” -
0ob5339m0)

glmwgos  obgm  AnB  Loddosgargl, @mdeool  gmggao  gangdgb@og
9390360 A-Loi ©o B - boi (9g@nodmygaso).

Loddmemgbols  Lodygoengdomn gl aoblobrg®gds  hoo(gdgds
‘9 g bs0Mog:

AnB={ecAnecB|. (10)
P.S. ®mam63 boddmag@do hsbsFgmosbsis hsbl, 0056533900l @3gdsos
2560L5d@gMgds 3mbozbJool ™m3g@siool LsTgsegdom.

gbens  asbgobogrmo Aas®o s 49ddo@oBo  godmbomgedgools
Sbogrma gbo Lod®ogm gms dyganol gy 9d@sTo.

356l bwg@gds:  olgm  Loddogangl,  @mdgmoz o®  Dgo3ogl
9929996090 3oGogmo Loddogma(d) ofmwoss.
P.S. 35@0gm0 Loddogmg Lod@sgmgms dgmol s 9dM5Tdo MSd>TMoL
03039 Om@b, G5LSE dgEs@o sdmbsmJgsdo - go3mbsmgsdms dymols
Se096@Jo.

856bs dbg@gds: obgmn Loddogmgl, @Gmdgamoi dgozogh gggems ULbgo
Lod@ogargl 9bogg@Logg@o(E) Loddsgmyg 9fmwgds.

P.S. 9bogg@lsgmado  Loddsgang, Loddosgmgms dgmol  semggd@sTo
0535TmdL 03039 @b, @sbdy  EgPds@o@o  godmbsmggsdo -
35dmbosmnJgodms d@ol sSeagd®dsTo. (ofgg 9bws s@0bodbml, M3 oI
(36905Lmob o 3o3doMgdgaos  Mogo  SbBobmdogbols, @s53  bdodog,
9353d0Ogds  (3bgdoms s@Oggel — dogero, 5@ dgodgngds @md oyml
nogol  bofogro, mydEs, dgodgngds  doom  gergdgbBgdl  dm@ol  oymb
YOM0gAamEolobs Mmobs@mds).

ol goJdo @md A Loddogang s@ol bbgs B Lod@sganols bsfoao, sby
hosmygmos dsbTo @A Jagboddsgmyg, hoo(gmgos dgdwgabso@asw:
AcB. 53 hobo{gmdo ombodbyenos, Gmd A Loddogemg o®ol Lbgs B
bod@osgerols bofogro ©s dgodangds dmanosbow gdmbggmegl joega dsb.
0d dgdmbgggsdo, @m@s o3 Lod®ogmggdol Fmemds asdm@oibyeros,
5d0mdg6 ™3, A Loddogeng s®ol  Lbgs B Lod@sgamol  Lsggm@ogo
bsfomo o ho(gmgb AcB.
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gbeos  asbgobogrmo  gog@mosbgdols o mobsgzggmols m3gdeogdols
030bgdgdo, OMIgboz  dneosbo  Sbognmaoy®os,  AsdmbomJgedgdby
2oblobmgdyemo  woboybjiools s gmboybdiool  m3g@sE0smS
ngolgdgools(zbdogoo 7).

agb®ogno 7
LbodBogmgms 35gMm056gd0Ls s | mgolgdols s ©0b096JE00ls ©s
05bd>339mobs mgoligdgdo 356mbgdols 3060967J300L 0goligdgdo

sbobgangds

AuUB=BUA 3939353090 MdS pvag=qvp
AnB=BnA PAQq=gAap
(AuB)uC=Au(BUC) Sbm3070®ds (pvg)vr=pv(qvr)
(AnB)NnC=ANn(BNC) (pAQ)Ar=pA(gQar)
(AUB)NnC=(AnC)u(BNC) obE®0d7(309™d> | (pva)Ar=(pPAr)V(gAar)
(AnB)uC=(AuC)Nn(BUC) (pArq)vr=(pvr)a(gvr)
AUA=A 000993 @gbG™dS pvp=p
AnA=A pAp=p
AUE=E, AU =A; Ynobngdols 35bmbgdo | pvi=1l; pvO0=p; pal=p;
ANE=A AND =0 pA~0=0

gbens, dgdmgoemon  godmbomdgsdol  godymaxzgol dglodsdolo ™3g@sezos
bodAogerggdby. 53 M3gAsiEosl Lod@sgamols sds@gdsl gdobosb.

305[;0‘6@(7(‘6(760: do9dyeoo A Loddsgemols ©0535F 9d> E
96b0390bydodog  glmwgos  olbgm A° Lbod®ogangl, @mdaols  ymggero

909396303 9390360l E-b s 5@ g3ygmgbols A-L.

gL aobbobmg@gds, Rm@dogy®o >0bodgbgdom sbig hoogdgdes:
A’={e| ecEneg Al (11)

©g Jo@yobols 3obmbgdl, Lod®sgmgms dyyanols sepagd@sdo ofgm Lobg:

(AUB)® =A°NB; (12)
(AnB) = A°UB®. (13)
M®dog0  PoOymgol  3obmbl, Lod@mogmmggdobsmgols  ho{gmgb  dgdoga-
boo@og:

(A°)°=A. (14)

P.S. @mamei  gbgoogom, godmbomigsdms  dygemols  sgoagdds oo
Lbod®ogagms  dygerol  sepagd®s, doygbgosgese  doboss@lmd@ogo  Lbgom-
dolo, 0390530960 d0ds@0 0EgbGy®bo 5@056.

356bs bwg@gds: m@ senagddygm  LolHgdsl 3Jg000 dMImIm@geo,
09, d5mTo  goblobwg@ymos m39Mo5300ms  gOMbS0MO GomEgbmds

doo g0 gdgbBgdl  dm@ol  5s@Lgdmol  obgmo  dgbodedolmds, @™
M39M530900L dglododolbmds 0bobogl gergdgb@ms dglodsdolmdsl.
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Slg, ®md  Gbowos 25dmbsmJgodms  dgamols  senagd@s 383 @-
gaeod Lod@sgmgms dgmols serggd@ols.

13. dgeesoygdo LoldGgdgdo

30300, dmi3gdgmo  235J36 A Lod@ogerg. 35Tob o3  Lod®ogeols
0530l 003bg ©9350F Y b5dMogels s@b0dboggb AxA= A? Loddmermmo.

356bs bwg@gds: m@o A o B Loddsgmol ©gzom@ymo  bsddsgeno
gVmegds  obgmo  (@;h)  @omspagdygemo  Fygoengdol  Lod@sgangls,
OMdgemosb 3Jodggero 939mgbol A-L, boem dgmayg B-L.

Loddmermagdols Lodygoggdom gl gobdod@gods obig hoofg@mgde:

A><B={(a;b)|aeA/\beB}. (15)

gl 3o63oMBgds  Lodgoemgdol agodengsgl dgdmgommm  808s@mgdobs
> g9bgiool (369ds.

356bs bwg@gds: m®o A ©s B Loddsgmol ©g3o0H @ bod@sgemols
6950Ldog® R J39L0d@sgegls, dods@mgds gfmwgde.
9:0. 9 R dodo®mngdos, d5dob Rc AxB. (16)

dogdomomo @ g, A —  bodpgogr  @oigbgms  Lod®sgags(fOxol
VaoBoggdols Loddogenyg), d5dob A? — 0935000 boddogeo gg5deggls
Lod@Rgol  [gdGomms  Lod®ogamgl ©o  bgdobdog®o  dmbsgggmo  od
Lod@RYygbg, o6 bgoolidog@o (gOGoms Jgglod@sgang, 0dbgds dods@mgds
2obLobog®dyero A Loddsgmgby.

305[;‘)‘6@3(‘6(760: 0bgo Jodomgdsl, @mdgol OMLs3 a-b ymgge
d609gbgermdols  Igglodedgds  b-1s gOmsg®Omno  dbo'dgbgermds ‘B"Z]BdGOb

aVorrgoo.

9:0.  g9bjzos  obgmo gowslbobgss f:A-B, @mdmobogobsi A
Lod®ogaols  bgbolidog®  360dgbgamdsl, dgglodsdgds B Lodd@sgerol
JOMSgOmno  gangdgb@o. Lbgobso®o  @md  godgem, f gybiiosh
dogmbmggds oglobmds.

P.S. 5@lgomdl Lodo Fodol  gowsbobgs: Lydgdaos, obgdaos o
30g9di0s.  bygdgool  @amlb  goslobgsdo  dmbosfoggmdgh A s B
Lod®ogerggdols  gggems  gargdgbBo;  0bgdaool  w@mlL A Loddsgeng
YOM0gOmEolbobs  mobsmbdsdos B Lod@sgmols @oswsi  bofoemsb;
bogm d0gdaool @M, 235J3L g@mogtmEsmbobs mobswmds A s B
Lod@ogmggol  dm@ol.  sbyg, @®d  dogdsos  S@OL,  gONEAM Y SO,

063di053 5 Ly®dgdisoss.
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305[;‘)‘6@(7(‘6(760: 09, 335J3L obgmo gopsbobgs f:A—->B, @md A s B
@50dg SOLEA@sIH Yo Loddsga g9d08(B9bi0gd0, swsdosbgbo s@hgyao
2503399200 bodbom, Jogsdgdo, bgo®dmbgdo . . ), 35Tob f gopsbobgsls

039058l 3Fmwogdgb.

356b> bmgigds: 3996309005256 ‘dgoagbogn Lod@sgen gls
396J0mbsgny@o Loghzg gfmwgds.

d5ao@mom0:  C*(G)-  mogol  bgdoldog®o  @ogol  Fo@mdmgdymmsb
goms© 9793960, B9bJEogdologeb dgdways®o Lod@sgangs.

L, - 335005000  0b@ga®gdoo  gybjiogoobogeb  dgoagbogno
o dg@Rol gybjiombogrygdo Logdgs.

@53 dggbgds  ™3g@s@m@ol  (36gdol, hggb gogom, [o@dmgdaaols
M39M5FBHMEA0 %:L2—>L2; Lboosi L,  dogdgd@ol  g9bdiombogyg@o
bog®ig>;  obggy.  3oEom  0b@JYMYdol  M3gPSFAMA0; MO EObsEmS
LobiBgdol Jmd@yYbgdol M3gASEHM@0 .5.4.

305[50‘6@(7(‘6(750: 09, 335J3L obgmo aowsbobgs f:A—>B, @Gmd A
®50d9 g9bJombogry®o Logdzgs, boam B @s0dg @oibgomo Lod®sgey,
d>dob  f goeslobgsls 89bd0mbsals 4 mwgdgb.

9L 39bEombogro 3@s]E03od0 godmoygbgds dgdwgao Bm@Iom:
1

K(f) =] f(x)dx. (17)
0

1
d55@000: jdx:L2—>R 396J3ombogno bgdolidog® 53ybiosls
0

L, -3996J0ombogra@o  Logdoesb gosbobogl  bsdwgoam  @oigbgms R
Lbod@ogergdo.  oby, bgdoldog®d  gybjizosl  dgybodsdgdl, dmzgdyeo
2oblobwg@yeo 0bGga®ogols 360dgbgenmdols o3 39bJz000sb.

85b6b> dmgigds: oy, dmEgdgmo  agodab A Lod@ogamg o doliby
2oblbobwgdymos R dododmgds, 35Tob  (AR)  (ygoml Ggmsioy@o

LbobEgds gfmegde.

d525@000: Mm%, A 253mbomzodms  dygeols  oeoygd@ss, bmam R
dobdo  aoblobmgdymo  @s0dg  JodoGmgds,  doFob  (AR)  0]bgos

@geo3099®@0 LobEgds. sbggg, 0, B Lod®sogmgms dgaols sgopgd@os oo
S 35Lby aoblsbwgMgdymo Go0dg Jods®mgds, 35Tob (B;S) @geoioydo
Loli@gdso.
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3obbs dmg@mgds:  méo  (AR) o  (B;S)  @gmogoyg®  Lobdgdsh
gV megosn 0b@mImOFgmo, 09, >5OLIdmdL obgmo  PHMogOmn G obs
aoalobgs  f:A—-B, @md bgdoldogdho (V) XYeA swpoemo  ofgl
AOEmdSb:

xRy = f (x)Sf (y). (18)
0bmdmOF Yo  Ogesizog®o  LobEgdgdobomgol, oy @s0dg  mgolgodsl
5J3b  swaomo  (AR)-do, 35T0b, oJgl ogogo (B;S)-do. oTobowsdy,
0bmdnOggmo LbolEgdgdo Sewagd@ymsE 0©g6EYM0N(JHNbS0M0s).

P.S. 303m3dmax0bdo, 0bmdm@xzgobdobogob aoblbgsggdom, o6 o0mbmgls
Jgbodsdolmbols  POMogOmnEo@labmdsl. bmgrm, oy 3mdmImdgobdols
dombmgbsls 05399357 g0 ‘dglodsdolbmdols YO0 Ao lobmdsls
d0g009dm  0bmIMOR0BAL. @gasioyg®@o  LolFgdgdo GoBmmE  Asdmoyg-
690> 068m®I>00L ggmdgB®ogemo gmwodgdol mgm@osdo [9-17]
(RO-g96J300L 3gmmeo).

14. 0gm@gdsms 53@masGyeo 83303900l mgmdools
3239964 g00(bgermgbgmo 0bBgegdHo)

Mg gdons 53HMds@ Mo ©sdH3o3gool mgm@os s@ols bgaomgby®o
0639 9d@olL Jgdydoggdol gHm-gOmo dgmmwo, Gmdgamoi Lodgomgdsls
0dgrggs  303d309Bg@ol  Lodgoamgdom  ogoaobmm, @md  dmzgdygeo
dAsgoe®o3bmgobo  06m®Is30005b  dglodangdgeros, Y oMo, §o3539-
MM 25 339900 ol ggbe. dsdob, OIOTES hggb0 >dm30bs
RMOIog0bgdbygemos dgaol go@dyegdols dgdggmdom, hggb dgggoderos
2035390m0  ©slggbs  [o@dmoagbl, oy oMo Imgdyeo  Feo@IYgms,
bbgo o909 BmEIgmsms bod@sganols aompoz9® dgogyl.

dogomomolomgol, aobgobogmm sdmiebs: gmdgom, ojiogdol gy@Lo
93995, 099 domo bofgobo Lod@mEgb@dm gobsiggmo ob@Egds. wogydgom,
5bggg, M®3 bogobol ¢d@ogagbmods dgEy@s a®dbmdl mogl, Gm@s
5J30gd0L  gy@Lo  93gds.  godgom, @bmdbogno gobws, @md  Lofyolo
Lo3OMEIbBH™M  2obog39mgd0  0bOEgds.  d5dob, dgygodemos  gogo3gmmm
s 3gbs, MMI bogrbol d@sgan glmds ¢dgoydo..

0dobomgol, Omd  aogoggmmm  sbgmo  ©oliggbs  o3@MIsE Mo,
dmgobobmm dmzgdygeo sdmEobol geo®mdsaobszos.

P—5J30gdol Lofgobo Lod@mEgb@m aobsgggmo ob@wgds;

S—o57§30gd0lL gobo 93995;

U - boanboli 9d@ogergbmds gdgoeg®os.

dodob, 53 sdmEobols go®dsgobsiosl gl Lobg:

P=S; (19)
S=U:; (20)
P; (21)
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u. (22)
gohggbmm, @md (22) kgddoGoGos, Omame G o k9dde®odo  0dbgde
daaols geo@dyganes:

(P=S)A(S=U)AP). xg®, gl gmedgms go®sgddbom 3mboybdoy®
beo@do@y® Bm@Isdy:
(P=S)AS=U)AP)=(=P)vS)A((=S)VU)AP)=(PA((—P)VvS)A((-S)VvU) =
=(PAEP)VPAS)A((=S)vU)) =((OV(PAS) A((=S)vU)) =
=(PAS)A((-S)vU)=(PASA(=S))V(PASAU)=PASAU. (23)
sbg, @3 0y, (P=S)A(S=U)AP) @goadygms 49ddo@o@os, 9s5dob
PASAU ROOIgnsi3  kgddo@oos. Goash  g®dgms PASAU
49ddoMo@ 0o, 35dob s dbmgome d5Tdob, GmEs d9dds@o@os P,S s U
20dmbomJgodgdo  gOm@@OMYsE, bowos, @md dsdob  d9dds@o@os U
20dmbomJ3odoi. Mo, 0dol 60dbogl O™, gm@Iyas U, s@ols (19), (20)

> (21) gem@dgagdol ‘dgogpo.

P.S.obsgrmaoyg@ow bogods bbgolbgs Godols sdmobgdols
ROOIooboszos s domo 3@ ™MISHYM0  sdmblbs  3md3oyg@g@ols
dgdggmdoom, @obmgoboc ‘d999do3909e000 a0 dm@ols, ©ggobols,
@mbo0blmbols, hgbol, gmgomljzol s 9O MSbol sgnam@omdgdol4].

L5. 36900350 900. Ggshmg-mdasdol ggmdgd@ogmo jmeo@gdols
RO - 3gonmwo

hggbls dog® NJoh! aobbognegan 2odmbom Jgodgols Joboom
BoJbodgdgmo Lobg: “Lmgds@g 505d05b0s7, “LmiMgdg dmjgosgos” .o.9.
305]B035d0, bdodow, gbgogdom Ggmowgdol dgdigger godmbsm-

2 13

J353-896J(3090L: “X @oEombogry@o @obgos”, €Y 3gmogo swodosbos”. . .

356bs bwg@gds: (gmool 9d3g9ee  20dmbomgedgol 3G gp0go@ 9ol
AV 0©go9b.

bo® gmggends 0bgobg®ds Ggohmgds ‘dgJdbe 2903dgB® 0900
3O©0Mgooll  gOm-ghmo dgmmeo, Gmdgambsz R — 96300l dgonmels
gVmwgdgb.  dgdoamddo, gl gybjsogdo  godmygbgdbyemo  ogbs
3500935303900 Bobogol sdm3obgdol sdmboblbgersw[9]. dmpgosbgdom,
R — g9b6jgool dgommpo modod  mdgsadol  dogd  gooygsbognr  0gbs
0obddgdmgg  saago@ols  9bobg[10-11, Goi  Lodygsggdsl  odanggs
domgdo@ogg®o  LobylbRomn  hodmygsamodwgl R - gybjiool  spgd0l
S mA00do @S 25bbMmpsEEgl dBsgmsddygamo dgdmbggggdolomgols.

gbans  asogogm, mgom RO — gubiools ogg9d0l  sepam@ondby,
@mdgeolsi [omdmgomagbo ©osp®sdols dgdggmdom dygaols sanagd@gdols
3°093MmM05do:

L, —>L, oL , (24)

19



oo L - oMol Lod@oganggdbg sagdgeo dyganols seng 9d@os,
L, - 5@0lb 309©035390bg 539090 dgaol saragddes,
L,- @0l @gohmgol 19630900l dgemol sgopgdde.
oG gdom s@bodbymos d9bgd®ogo 3mImImABobIgdo.
gl sgmam@omdo  aobgobogrmo  3mbi@gd e dopasmomby. godgom,
2a3Lbg@L  osgoamo @mgmo Fodol gob@magds, do5dob Gm@Es gogom my,
dobo bofoengdo dmIgaro 19bJ30900lL a@sx039d05(bob.1.1.)

O

bob.l.l. m@0 (@gfo®0 R s r @seoylgbom

hggbo  sdmEsbss  dggoepgobmm  obgmo  ggyubjiooll  Sbsgrobydo
aodmbobyangds, OmIgeroi bygols Beer dbodgbgermdbdols omgdl o3 m@o
FO900@00lL Lobwgadbyg s Lbgs (9O@0agddo s@os byyano.

(24) oopg®sdoeb  aodmdwobodyg, x9® L, Loddsgemgms  dyaols
S 9d@odo  goggom  bogdegh  Lod@dsgmggdl, oby 03 Lod@ogenggdl,
Omdgems  bo'dygoggdomsi  dgbodgngdgeros  Lod@sgergms  dyemols
S 96M5do o@g(gdOmm Ladgdbo Lod@sgany.

Q, = {(x, y)|(x-a)* +(y-b)> —R? >0}, (25)
Q, = {(x YR~ (x-a)? - (y-b)* >0}, (26)
Q, ={(x, y)|(x—c)? +(y-d)? -r? >0}, (27)
Q, = {x yr’ = (x-c)* - (y-d)?>0}. (28)

gL ol Lod@sganggdos, GmIgeoms Lodygsggdbomsi dgodangds sgogm
Lodgobo g9bJiEool Loddsgay@o aob@mangds:
Q=(Q,NnQ,)u(Q,NQ,). (29)
Log@ogbo  Lod®ogeggdol sagoolsl, hggb goygbgdbom dglodsdolmdsls
“dgBoo  ob Fmeo  byaby”, @oi3 o3 dgdmbgggedo  Lodkodms  @sme
3923990 ml sgoese asesligams 3mdmdm®obdgdols Lsdygsa gdom
L,-do. do@m@si3, 69bgd@ogo  3mdmdm@zgobdol  Lsdygsagdomn  L,-do
dogowgdm [odol 3@geogo@ g aob@magdsl :
P=(PAR)V(PRAPR,), (30)
oo P —odol aodmbosmdgsdo x, 20,
P, —o®0l godmbomdgsdo x, >0,
P, —o®0l godmbomdgsdo x, >0,
P, —o®0l godmbomdgedo x, 20,
X, =(x-a)* +(y-b)* - R*;
X, =R* = (x=2a)* - (y-b)*;
X; =(x=C)" +(y—d)* —r*; (1)

20



X, =r>—(x-c)*—(y—-d)>.
gbans, 250530090 L, —do @gshmgol 3mdmdm@myobdols dgdggmbdon :
P VP, <X +X;+4X +X
P AP, < X +X; —4/X] +X] (32)

—|F)I Ry _Xi

dogomgdm R—g9biost :

R:(x1+x2—qle+x§)v(x3+x4—w/x32+xj)le+x2+x3+x4—\/xf+x22 —\/x32+x§ +
+\/(X1+X2 — X XY+ (X + X, — X2+ X])?

oo aomgomolifobgdygeo 9bos ogml (31) msbsmdgdo.

olbgon d9dmbggggddo, @3 bgboe (3bmdognos 6dols (4).58;935083
99dgbBol 3Jmbg Fomol Tgdseagbgmo gmgdgb@gdol sb@magdgdo,
9960m  JobsbdgTmboamos  ™dgsdol  3m3MIm@KoDIo[10] LA YJBH YO 9ol
do@ols :

(33)

K, >K,>K,, (34)
PivPJ. S X X

o (35)
Pi/\Pj <X X

Lo ool dglodsdolmds: “dgddo@o@o” < “go@ols byels”;
“Iaromo”’ e “s@ yo®ols byl
aobbognyyeno  dogomomols  dgdmbgggsdo,  Logdegbo  Lod®sge ggdo
04690056 :

Q, ={(x,y) (x-a)* +(y-b)* =R* =0}, (36)
Q, = {(x, )| (x-=c)? +(y—d)* -r? =0. (37)
dodob,
Q=0,0Q, ; (38)
90. P=P VP, ; (39)
Loz
P, —o®0l aodmbomdgsdo (x-a)®+(y-b)>’-R*=0, (40)
P, —oMol godmbomdgsdo (x—c)® +(y-d)?-r?>=0 ; 41)
8.0.

RO =[(x-a)* +(y—b)* =R*]-[(x—c)® + (y—d)* -r?].

Aoy gbgoosgm, ®dysdol[10] 3mdmdm@xzgobdgdo  Lop@dbmdansw
5doMB03909b Lodogdgamo [odol gob@mengdsl, @mdgmoi msgol db®og
dAsganoddygmo 2gmdgd@oygao bod@sgarggdols jmeo®gdols Lodyog gdsls
oderg3s 9Vd5060 B9bIGogdol bodgomgdoo.

obggg, ®oy dgdmbggzgddo dbodgbgermgbow aodo®Eogos
R = g39bJ300L obosgnoby®o Loby[12-17]. sdo@md, dowgdyen seoam@omdls
bdoMoe, @gohmg-mdgasdol RO — dgonmel gdobosb.

21



530356980 s Logds@AR0TMgdo
35005630 1

L. 20bLobmg@mgm Fobss@dwgamdols 3obmbo s ©osd@ ozgm
49'ddoMoBmdol 3b®ogrgdol godmygbgdoom.
2. 35bLob@gmgm dobs@ygmo m3g@s30960 Lod@Mogan g9dby.
3. 30535030390 aodmbobyangds:
(AUAYNB ="
4. gomaoldol 3obmbgdol godmygbgdom as5do®Boggm aodmbsbyagds:
(pv(=a)rq="?
5. ®33pgbo byomn dm@mgpgds g4zgms bos@ydomy@o Moibgol
bod®ogero 1-@sb 8l-ol homgerom?
6. @000 2oblbgoggdosh gOmdsbgmologeb bydgdios s dogdios?
3obgbo @oslivdymgo.

3500560 2

L. ho( g0 gm godm@doibyemo dglodol gobmbo s ©o53F 0390
49ddo@0Fmdol 3bGogrgdols dgdggmdom.

2. hodm§gogm dmsbmJdols 3obmbgdo Lod®sgmggdolsmgols.

3. 30535030390 aodmbobyangds:

(ANB)U(ANA®)=?

4. @mpozol 3obmbgdol godmygbgdom aosds@B0ggm aodmbobya gds:
(PADV(PA(=P)=?

5. 35J30m 3 @o@®osbo s 5 @o@d®osbo Jogrgbo. @mam® Hogslbosm
domo d9d3gmdomn ©mJdo 4 @od@o wgobem ?

6. @5 goblibgoggoss Jodo®mgdsls s gybjiosl dm@ol ? 3sbybo
oslodygmgm.

3500560 3

l. ©0o0d@ 30390 ©g Jmdasbol dgm@g 3obmbo aodmbomgodms dyaols
S 96@ 5 do.

2. 050933039 ©g Jm@asbol 3oMggero 3obmbo Lod®ogegms dyyaols
S0 9605 do.

3. 20085030390 aodmbobyagds:

(AUAYN(BNB)YN(AUBUC) =7

4. gomyo30l 3obmbgdol godmygbgbom aosdo®@Boggm aodmlisboya gds:
(pv (=) A@a(=a)A(pvavr)=?

5. @mdgemowsi mggdo 3 33005 g sgdmbgs g @oibgl. @
Eg 0y >3 mgol 20 Gobgdo?

6. > 2oblbgoggdos M3g@o@mals o Bybjaombosgn dm@ol? 3sliybo
oolodygmgom.
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35005630 4

l. ©0o0d@303gm ©g Jmdasbol 3o0Mggeno 3obmbo godmbomJgsdms
d9em0ls seng 9d@ 5 do.
2. 050933039 ©g Im@asbol dgm@g 3obmbo Loddsgegms dyaols
S 96@ 5 do.
3. 20085030390 aodmbobyagds:
(AUBUC)NA° N (ANA")=?
4. gomyo30l 3obmbgdol godmygbgbom aosdo®@Boggm aodmlisbyan gds:
(PvavnA(@v(=a)A(ra(=r)="?
5. B 9@bo®do dmbsofoemgmdes 7 Jmkodsgg. bym @sdwogbo 3s@@0s
20535 dgoms?
6. @ 2oblbgoggdos gubjiosls wo Gybizomboml dm@oli? 3sbiygbo
oolodygmgom.

35005630 5

L. 25bLobpg®gon woboybdioobs s gmboybiool m3g®sEogdo.

2. 35bLobgmgm ™m3g@si309d0 LodMsgerggdby.

3. 30535030390 aodmbobyangds:

(AUD)N(ANA)N(AUA®)=?

4. @mpozol 3obmbgdol godmygbgdom aoods@B0ggm aodmbobya gds:
(pvO)A(pAP)A((PV(=P)) =7

5. 1983 (geols ogm 53 Dodomo @g. 3godol o ©mg ogm 1 osbgs®o
od (geols?

6. @5 goblbgoggdss @gaoioyg®do Lol@gdgool d3mdmdm@gobdls ©s
0bm3mAB0bIL do@ols? 3obgbo wosbadygmgm.

35005630 6

1. hoF g0 gom godm@doibygemo dglodol gobmbo s ©o53F 0390
49'ddo@oBmdol 3b®ogrol dgdggmdom.

2. 25bLobmgmge Ingdygeo Lod@sgamols @ods@gdom Lod®sgaols
(369%0.

3. 20085030390 aodembobyagds:

(AUB)U(AUAYU(BNB®) ="

4. gomyoz0l 3obmbgdol godmygbgbom aosdo®@Boggm aodmlisbya gds:
() A(@v(@vOo)A((pv(=p)=?

5. w30 Jomsdopsb mommgygero dgg@mgdygaos badsgdem bobgdom.
byger @odgbo Lodsgdhm bobos?

6. @ 3ogdodos Lydgdiosl, 0bgdiosls ws dogdiost dm@ols?
3obygbo @oslisdymgo.
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35005630 7

1. aobLobmg®dgm 0d3enogsiools s g3035e09b300L dodo®m gdgdo.
2. hodmayog0dgom dodo®mgdol, 539biool, m3g@s@m@obs ©s
3996J30mbosgnols (3696900 s Shggbgm Kybjiools @
396J0mbognols 4o63ds5Lbgoggdgeno 60dbgdo.

3. 20085030390 aodembobyagds:

(ANE)u(BN)U(A°NB)="?

4. gomyo30l 3obmbgdol godmygbgbom assdo®Boggm aodmlisbya gds:
(pvp)Aa(@v(=a)Ar(pvD)A(pv0)="?

5. 1970 {gero @sofym bymdsdomom. 3300l @mdgero ©omom
s0{ygdmes 1876 o 1977 Fangdo dgbodsdolow? @o
356mbbmdogmgds ‘dgobodbgds?

6. @5 goblbgoggodos 3mboybd@oy® s oboybJBoy®d wo@g@gdls
‘do@ol? 3sbygbo @osbodymgm.

35005630 8

l. @gensioyg®do LobBgdgdol 0bm3m@BoDbdol 36gds. 0bmIm@RyYos
09y 300dmd@GYo a5dmbomgodms duymols seoygd@s ©
Lod@ogengms dgaols sag gd@s?

2. 25bLobpg®mgom ybJombogrols (3bgde.

3. 2008503 039m aodembobyagds:

(AUB°)NB)="?

4. gomy030l 3obmbgdol godmygbgbom aosdo®Boggm aodmlisbaan gds:
(PArpA(@v(=a))v{@n(=a)="

5. dmo@obgl 5 hgdmeasbo s 5 golowgdo. 5@ gogom, GMIgeo
aolowgdo omgdl ods 0y 0d HgdmEsbl. yggmsoby ¥o®gls
‘dgdmbgggedo, Mmo3@gbo s> Lokodm MM, yggas hgdmwsbls
dmgo@amon msgobo asbswgdo?

6. > 2oblbgoggdos dyyaol m@Iy ol woboybdBoy® w©o

306096 JB0® bo@dogry® Bm®dgdl Jm@oli? 3sbybo @osbadygmagm.
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0530 1. @oibgomo Loddsgawggdo, OmamA3 35@9dmd(3ggeo LsdgsOml
@50 JbmdG0g0 Mg gdo

IgLogseo

>sdosbo, 416955Lmsb YAM0gANMd0ls 30m39Ldo, CNICEN
Lod@ogergms  @smegbmd®ogo  dgoos®gdol  syEoggdgmdols  Fobsdy.
5333505, [omdmodgs bos@ydsmadmo do3bgol (36900.

356bs bwg@gds: mgeol 30miEgldo (o@mdmImdog @Goibggdl, bos@e-
@S0 Moibggdo gimwgdom.

bo@ydogy@o Moibggdol Lod®sgeyg s@obodbgds N sbmmo.

N={1;2;3;...}. (1

bo@yg@ommy® @oigbgms Lod@sgang glolOygems. odobomgol, @™I
dgoo®mb  glolOyem  Loddogeggdol  gengdgbBms  @omgbmdbs,
dgdmogdgm Lod@sgemol Loddewsgdol (36gds.

356l bwg@gds: o5, @0 glolGygmm  Lod@sgmols  gagdgb@godl
dodol  sOLgdmdl  YOmoghmEomlobs  mobomds(d0gdios),  dodob
5360696, A™mI 53 LodAoge ggol gHmbso®o Loddgsgdyg Sjgm.

356bs bwg@gds: bs@tomad  @Gogbgms  Lod@sganols  Loddansgdgls
gm0 Ylobdgmmos gfmegds.

P.S,gbowos, ®md  gggems  Loddogerg, @mdgol  gargdgb@gdols
2o05bmdMgs3 dgodangds bo@y@samydo Mobggdom, SM9mgg Mg S©o
0J69do.

bo@dyg@omado  @oibggdo  oOLgdmdl @0 Lobol:  ds@@ogo s
Fgagboemo Goibggdo.

856bs beg@gds:  ghmologob  goblbgoggdgm  @oisbgl  ds@E0go
gVmwgos, o9 ol ogmggs dbmemmeo gomnbg ©s msgol mogbyg. b,
gOmbg dg@ bodydomyg® @oibgl, GmIgamoE sMss do®E0go dgoygbogno
gV oregoo.
dsaomomo:  doMBogo Moibggoos P={2;3;5;7;11;13;17;19;23;29;.. .}.

g gboeno Goibggoos N\P{1}={4; 6; 8; 9; 10; 12; 14; 15;. . .}.

bo@ydomy® @ogbgms Loddsgmgdo, ©wgdng, g3@0 Sdmygblibgaro
53035655  ©SY@MGoEO ;. MMIgmms  hodmygomodgds g gdgb@emgmos,
dog®@sd  5dmblbs ¥ g@-xgOmdomn  ggd bgdbogds. gl 3GMdangdgdo,
oM 00 SES© 9bgdo do®@og Ao bgms aobofoergdols 3obmbls
bo@y@omyy@o  Moibggdol 30dg3®mosdo. hodmgoyseodmon  bmpogdmo
51900 5IM3b(3OMEe gds):
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1. gogoo @afo @oibggdol bmaseo gmOIgms: n=2k; sSbggg,
30300 39630 ®@o3bggdol bmydso FM@IPms: n=2k+1. gb GeOIYmgdo
33599396 gLodsdolbow, gggms @af ©5 3gbd ®oiEbggdl, GmEsS kK
(oo 250096l bos@y@doeud  @oibgms  Loddsgmgl.  Losgo®ms,
g§03mgmn SboEma01d0 BmA@Ims ds®Eogo Goibggdobsmgobs.

2. (3bmdogos goggdol dOSgoEFgg@o:  f(x) = x* +x+41, OmIgmo(3
0dgnggd> d5@Gog Mogbggdl, oy x=0,1;2;..;39. 93Ebmdos, SOLYoMdYb, my
5@>  obgmo  bs@y@dsemado mM>41  @oibggdo, @m3 () =x*+x+m
5z 9300 odmgmegls ds@Gog @oi3bggdl, GMES x=0;1;2;..;m-2,

3. 9360805, ALSLOYEMS, My @S n*+1 Lsbol dsdFogo @oibggool
Loddogeog.

4. 9i3b@dos, gLslOgmmms, o7 @S obgmo Is@Eogo @oibggdols
Loddogmyg, GEIgmmns  Fo@ol  Lbgomds  2-0b  Gmmos(@mmEdsbol
3O Mdmgds).

5. 93bmdos, Fglodargdgenos, oz >SS bgdoldogho @xfo @oibgols
Fo3m©a 965 m@o ds@G0ogo Goibgol bbgsmdol Loboo.

bgdmo  dmygoboano  3OMdangdgdo, doMomoEsE,  ©s35gdomMgdygeo
5M05b  do@F0g0 @oibggbol  bmpswo Rm@Iymol 3mgbols  sdmEobols
Sdmblbobmeb. 53 3@mdergdol sdmblbol 2bobg Lopg®@dbmd (obligansls
odgnggs MdasSdol mgm®gds.

33530l 0gm@gds(1972F): dod@ogo Gobggool Lod@sgamols bempsw
Be@IYaosl, o@ dgodargds @md 3Jmbogl  f(x) =ax® +bx+c jgoE@s@ o

396300l Loby.

533 30(3g0d:  3obgoboenmo  f(x)=ax’ +bx+c jgo@ds@yamo  gyubiools
Lob@ o Lbgomdgdo:

Af(X) = f(x+1) - f(X)=a(x+1)* +b(x+1D)+c—ax’ —bx—-c=2ax+a+b;

A f(X) = A(AF (X)) = Af (x+1) —Af (X) =2a(x+1) +a+b—-2ax—a-b=2a;

A (X) = AN F (X)) = A2 f (X+1) = A* £ (X) = 0.

gbowos, @mI  9xuOm  dsmoseo  @ogols  k=3LsbEgao  Lbgomdgdo
33o00MsG o gubjoosb,  sa®gmgg  0dbgdosh  bymols  Gmenbo.
(ogogms  d9dm(dpgds,  Omd  sbogmpoyg®o  mgoligdgdo  ofgm
Lobmaswme  n bodobbols  ddsgoam§ggds  g9bj3090L(3maobmdgdl),
Amdgemsmgobsi  dgbsdsdobo@  yggers k=n+l  badobbol  Lab®dgao
Lbgomdgdo 0dbgdosb byenol Gmeno).

gbeos, asbgobogomm  dos@Fo0go @oibggdol dodpggdmds ©s domo
dgLodsdolo Lol®ygero bbgomdgdo dgbsdg Mogodwg homgmom. me, dglisdy
00056 ©o(ggdygmo yggzgams Lol@dygmo Lbgomds o@ s@dmhbos byerols
Amero, dodob dos@Bog Gogbgms Lod@sgang o@ dgodangds dJmogdmwyls
33o00M5G @0 39bdioom s hggbo mgm@gds ©sd@3ogdmo 0bgde.

aobgobogrmm,  dodFog  @ogbgms  Loddsgerg o Iglsdsdolo
Lob@ o Lbgomdgdo:
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-1 2 -4 4 -4 4 0

Aoy gbgosogm  dgbedg  @opol  Lobdgmo  Lbgomds(dgmmby
LEA®0Jmbo) s@os dbm@me by gdolopgsh dgdpasdo, @si 0dsl bodbsgl,
@md dodFogo0 @oibgzol bmps Fo@dymsls o6 dgodangds, O™ 3Jmbogls
3350058 o0 g9bjiool Loby @..4.
P.S. ogmegdob ©53@g0(390005b bsmmse  hsbl, ®m®d gl 0gm@gds
Segomse bmyoeegds bgdolidog@o n Lob@ymo bs@dolbol IGSgsmFagg@s
396J300Lsmgol. bgdmmdmygsbogno  sbomhgbo 3™ gdgdol sImblibs
53B™MO0Lomgols s@ss (3bmdoao s sdgbow, JogolB®ob@gdl dgydmosm
2odm oMb dogrgdo dom sdmbLoblibgasc.

bo@yg@omy®@  @oibgms Lod@sgangdo ymggermgol dgodangds @0
@oibgol dgggds. obg, OMmI MO0 bosGydogyg®mo Goibgol xodo olgg
bo@y@omyy@o Moibgo 0dbgds. 53 BBl domgdeGogodo hodmsysamodgdgb
Sbg:  “bo@ydomyd  @ogbgms  Lod@ogamg  bSgg@ogeos dgicgdols
M39@5300L  d0doOm”. dog®od, M@0 bo@ydogyy@o @oibgol Lbgomods,
LobmAoME 5M5s bo@y@momydo @ozbgo.
35dmomo: 5-7¢N. @o3 0dol bodboglh, GmI boGycdomy®d @oibgms
Lod®ogergdo, dgyde gdgamos x+7 =525b@mergdols sdmblbs.

do@d™md,  Lokodm  aobes  bo@y@doemy®  @ogbgms  Lod®sgmols
20B>MNM3ggos Jmgee Goibgms Lod®Msgm gdwg.

305[50‘6@3@750.’ body@omy@o  Goibggool, domo  Im3o@sdomy
@obggool s  bymol  Aog@mosbgdols  dmgee  @oibgms  Lod@Mogang
aVoregoo.

donger Gogbgms Lod@sgayg s>@0bodbgds Z sbmmo. gm@dsgry@aw, gb
2obLobmg®gds dgodengds hoo(gdml dgdwgaboodsw

Z=NuUN_u{d}. (2)
>gogro dolobggo®os, G™I

NcZ. (3)

o>d Lod@ogagdo gob@magds x+7=5, 9339 >dmblbowos ©s

X=5-7T< x=-2; (4)

dog®5d, [Ox030 aobGmangds, Lobmgsmme, s@ss sdmblibswo.
d55@000: 2x =3 < x=§e Z. (5)

sdo@md,  Loko®ms  @oibgol  (3bgd0L  dgdwamdo  2ox00mmggds
@5(30mbd>e® @obgms Lod@sgen gdwy.
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305[50‘6@(7(‘6(760: % Lbobols ®oibggools Lod®ogergl, Lowsi aeZAbeN

@5(30mbd>a® @obgms Loddogamg gfmwgds.
@530mbsay@ @oigbgms Lod@sgang s@0bodbgds Qslimmo.

Q:{%an/\beN}. (6)
>gogo dolobggo®os, G™I
QcZcN. (7)

@530mbsany@ @oigbgms Lod®ogergdo, 9339, dgpgodeos sdmgblbsm
VOx030 20b@megdgdo, mydzs, 5@ gl bod@sgarg smdmbbos s jdo@olso
SE0 A 40O Y00 2obB M gdgbdols Sdmboblbgers. N ‘dgdmgows
domgdoBogodo bsdpgoem @oibgms Loddsgamg s 3mA3egly®d Gogbgms
Loddsgemg. boem dmygzosbgdom, 303g@3ma3agdbado ©s gmogm@eols
@0ibggool (36909d0. o3 @oibgomo  Lod®ogaggdol oyg9ds  dmombmgls
BoJobo domgdoBogy®do (3690900L mwbsl s hggbo sdmiEebgdbolsmgols
0dgbse 360dgbgermgsbos, @M Hggb hogyw®dsgogdom mobposmsbmdom.

2.1. bo@yBSmG0 ©> dogmo Mo3bggdol godmygbgdsbo

bgdgdmmmaool  gangdgbGgdo. boG o yd@o  Moigbgol  (3bgdsls
RoOMME  094gbgdl dg3bogmgdol yggems os@M0. X gO Jowagy obB0IY®
bobodo, @mpgbsi d93bogMgds s @Mgaogos ghmse dgobfoge gdmes,
Amam@3 boghomm Lod®@dbol bofoangdo, 3936090900 Lfsgermdwbgb oo,
09 03 dmgegbols @oibgon doboslbosmgdagdl: bmdogobgb Lsdgy®mbgm
Lbogo®agengdols godml, dobdoagdl, dydkaol dJmEygmmdsl s o.9.
bmgogtm  dgdmbgggedo, go obgmo dgiEbogdgdoi g0, OMam@0E oy
3omoam@s  L{ogarmowbgb  @oigbgms  3sgosl. dom Ly g@msm, ©md
5005dosbols dmgao 3bmg®gds s bolosmo 2ob30®MMmdgdbyeos s@s Jos@EHM
3oOggenogms s 3asbg@gdol gobansy 9d0n(SLFH®MEM0s), sGsdgw 0d
@ogbgomo  doboboomgdbergbom, o3  ©o353d0@gdycos  dm(39dye0o
505305601 ©odsgdol MeMoMMsb(bydgdmeEma0s)[1-2]. bydg@mermaoom
040 350539090 obssz boy@mbogs.

dogogomolomgol, 09, 50s5dosbo sndsws 1976 {arol 19 bmgddg@al,
d5>dob  dolbo  39@OlLmbogy®o  @oibgo  0dbgds  sdsgdol  @oibgols
3080900l xodo  149=10 oby 1H0=1. boerem  ©sdogdol  mos®owols
390 Lbmbognyy@o  @oibgo  Gmd  dogowmm, gbws  dggzdodbmo  dolo
dgLododolo mgol bmddol 308®9d03 bmgddgdo=11 g.o. 1+1=2, aos@s od
@oibggdolbs  ¢bos  dgg3M0dmm  @sdswgdol  favols  0g®gdoi  g.o.
1+9+7+6=23 o3 @oibgol 3ox®@gbdols «xodos 2+3=5, Lodmegrmme, ¢bos
39330000 odswgdol @oibgol, mgol s Farol 30xgdgd0  gOmowE
19.11.1976. 3530b dogowgdm
(1+9)+(1+1)+(1+9+7+6)=10+2+23=35 0%, >d @oibgols (30869053
d933@0003m,  dogowgdom  3+5=8. @53  0dsl  bodbogl, @md o
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300mgbgoolomgols  odobsbosmgdgamos  @oibgo 8ol 930@s@glo
o880 gbs. gl bodbogl 0dol, MMI gobbognyaro 30Mmmgbgds 439 gLl oo,
>0l [o®do@gdygmo  ygges  [odmPygdedo, sdobmeb  gomow, dobby
dmJdgogol  @sdopgdol  @oibgol(19)  @Gogdgool  xodo 1, @og
d0g3560dbgdl dobo 35B®Mbols @og@ e 0ngoligdgdby.

Lobmgome, sesdosbo  aoboaol  @mam®E  msgolo  @ogbggools,

51939, 3bmgmgools saomols s dm3gdyeo mos®owols oga gbslisg.

aobobognsggh  39@bmbogry®o  {aroll 9 dodwggdmdom  Logggby@l,
503000l 08650gd0©s5b:

I (gewo — ‘dgbodangdarmdsms §gamoo;

II Ggemo — Fmbsl{mamdols {aaoo;

II §gemo — dgdmJdgogdomo sd@ogmdols §gamos;

IV {gaoo — 3ddgbgdanmdols {gamoo;

V famo — jmdgbogodganmdols {gaos;

VI {gemo — @ogoggdoms dgbdgagdols {aamoo;

VII §gemo — gobbmdEogmgdgdols §ganos;

VIII §gmo — jo@dol §gamoo;

IX {gaoo — gogmols woldgagdols §gamoo.
P.S. gmggeno 9 Feool Fgdpgy, (303200 0fggol gob63gm@gast.

S1gga, 3obobomsggh ©SO5©gdol mggms ogargbsl:
0563500 — 230G yeno;

09390850 — Fbslfmemds;

d5@B0 — Lobs®ymo;

S3Moao — 3obiybolidygdemds;

dsobo — 3bmgdgdols gbgdaos;

0gbolo — dgdbOya gdenmds, dmdhoa gds s T Ybggamds;
ogeobo — Lobomgby@mds;

5330LFM — oEIOMLY;

Lgd®gddgmo — @ dgbo;

MJ@™3dgHo — Lod®dby;

bmgddgdo - domopmbgdyeno;

093993900 — LAY 9oy mds.

gmggee @o3bgl dggbsodsdgds omdgggaeo bsbosmo:

@oibgo 1 - dgglodedgds gamEgbdOge wowgml;

@oibgo 2 — F@dbmdoody, 30mIybogodgerydo, ygeoml Jgmbggdols
dd@ goem gdo;

®oibgo 3 — Fboosd o, oMol doowml Losdmgbgds gobogy®o
‘dOmdo@sb, 9ygomL bgergdom dydomds;

@oibgo 4 — 073931 @oygas® bolosml, dmdgemoi 3gHomoyesw,
(R0@Mol o300 WosM{oml JmbmEMmby@mdsl;

30



@o3bgo 5 — 0{393L bomga ambgdsl o 3m3ybosdgermdols b
do@gz0egosl. 53 @oibgol bogobl sboboosmgdom dopbg@obdo ©o
303bmbols 9bsdo, dmIgeroi 0bowsgl domzgh boenbls.

®ogbgo 6 — 0deggs Mmsbsa®dbmadol d(gog9 a®dbmdsl. 9ygze@d s
Tab®dogo, Lodos@meosbmdolsggh LMsggs. 9ygedl gmengddoycdo damds.
5O o0093L bbgol >b@L, 0y olbobo gfobssmdwgagdosb dols
boggmo® 0b@gdgligdl.

@oibgo 7 — 0(393L 3563005095 9@ 0bGoEosl. 1yg3oml doOEMMdS.
>@0l  39bJ@oy®do s o379ds@Yo.  bdodow  dmbwols  dgdsdgm-
0 gdge@o SbOgdo s gdgdl 3Omdergdgdl 0dsi, bowsi obobo o@ s@osb.

@ogbgo 8 — odanggzs dmdmdgh, ©obx bolbosol o  omfg3l
Tod3dodgogdl  yggers  Logddgdo.  [omds@gdygero  swsdosbos.  mdggbo
200 dgdmdymebo 3®dbmdbgb 03960 2oblo Jgm®gdygenmdsls ©
@gL3gdBodgermdsl, ommdgh Jmagdigb dmfofgdom.

@oisbgo 9 — 0f3930 @MEbolLsggh s Gommbmgoydo sbOM™aby-
d0Log9b Li®oggol. swgoams@ 3s@omdm Lbggdl 3meggdl. 396 o@sbom
bg3®g >@sdosbgdl.

obggg, 9Ibodgbganmgsbos  glodsdolmds  oslmgdls s  @oibggol
Jo0l(068gmAISE00L  goEodgdol  gOm-gHmo  30@ggeo  oLBmE0yE0
353 5@000):

1 S 3 ® d
2 6 o i v
3 d d 3 3
4 © 6 ] b
3 J ® Q X
6 3 3 g 3
7 b J a
8 V)) o) b
9 0 {} G

od  dgbodsdolmdol  godmygbgdols  dsgsgmomoliomgols  aobgobogrmm
Lbobgengdo:

0gber J@obdg=otgtltertFétotlt@itg=o+5+9+5+4+8+9+9+1+5=64,
$08OMS X5J0=6+4=10; Lsdmarmme 1+0=1; 9osgm @opgdos bsdys@mo;
Sgoddo=otentotdto=1+2+1+619=19, GogOms x530=1+9=10;
569 Lsdmmmme 1H0=1; 7gosgm @owpgdos Lsdgs®mTo.

0900 ge=0tgto+mtgtm=9+5+5+5+6+5=35, (308O”MS X 530=3+5=8;

9935 30=g+ 3ot j+0=5+7+3+1+1+9=26, $0gOMS x530=2+6=8;
Uo@obo=ltot@t+otb+5=9+1+1+1+4+1=17, (308OmS x530=1+7=8;
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@53 Tggbsdsdgds 53Jg99609® [o0358gdgdL Losdmgbgdsms Lgg@m o,
037399607600 LodxgEsdm Gobxgol Lobsigermew.

300365=3t+@O+0+F+b+o=1+8+9+7+4+1=30, obyy 3+0=3, G553 VggLodsdgds
@dgdmols ILobyg@l Im@hoaogdom.

bomgaos=b+otort gtanto=4+1+8+5+2+1=21, $0gO”MS xS30=2+1=3;

0@005=0+@n+0+5=9+2+9+1=21, ($0gO”MS K530=2+1=3;
bomgams=0@05=3=1{Hoxggs ©Ig@mnolsggh dm@hoagdom.

?)0%66(2)06:64‘04‘004‘04‘64‘64‘04‘o:2+9+7+1+4+1+9+1:34, (30‘3(4)0)6
x580=3+4=7,

@®30=8+5+3+9=25, (0gxgOMS K530=2+5=T7;

6660;‘{’(’)6026+Q+6+0+Q’+m+6+0 2+1+2+9+2+5+4+9:34, (30‘3(4)0)6
x580=3+4=7,

0L SgE0=9+9H8+1+5+2+9=27+16=43; (3080ms> K530=3+4=T7;
(30800 7 Fggbsdsdgds @dgtmmsb dgd®dme, ©s9gas® J399bgdL,
Omdmgdo3 SOy M4, Isarg JHgdosh G30056.

g no=@+d+gtOt+mnt+o=5+3+5+8+8+9=38, 3080ms x530=3+8=11; 564
1+1=2;

MUbSbS=5+9+1+4+1=20 @5 035t 60Tbsgl, MM 2 LIgHmols Gobgos.

>g8bsbgmo=stggtbtot+bt+gtoto=1+3+4+1+7+5+8+9=38, (3080ms
®5d0=3+8=11; 5byy IH+1=2. 53 0d5L 60Tbogl, @M sxbsbgmno @Ig@mol
dgoMggemdols Jggase.

90540=5+8+1+6+9=29; (3080ms x530=2+9=11; 56 1+1=2. @5 0ds5b
6036ogl, @I gHSgo ©3gAmol dgstggenmdols Jggdse.

@gLgmo=&+ytlitgto+o=8+2+9+5+8+9=41; s5by) 4+1=5; dgogHo
J3995655, Sbslbosmgdl 3m3ynbogsdgemds s dogbgBobdo, GMBgaros
0boesgl Lbgopslbgs xa@ol bosgmbl msgolsggb.

9005 gem0=g+d+@+5t+gteot+o=5+2+8+1+5+2+9=32; ob6¢y 3+2=5;
90059 gd0Lsmngol Ig@oe bgmlog@dgmo Jgggsbss @glgmo.

P.S. gbowos, @md ©s0b@g®glgdyads d30mbggerds, bgdmm
dmygobogo domsgm®olgygmo Goibgms dopool 9RO® ©9GSE YOS
aobobmdoe, 9bos 30do@mml sds@gdom go@gds@g®sb[l-2].

2.1.1. dogbgms mgm@ool gergdgbdgdo

od  20dmygbgdoms  asdm,  dggmo,  bgmolygemms  go®om
Ibs@ st gHom Lo®agdamdobgb 34dg660(dg36090980Ls S
gogmbemgools Jbsby@bo). LFm@ g, 5dsb Jobis SbGogn® bobsdo dodyo
d936090gd0ls  ©@s dom  Dm@ol, Goibgms  mgm@ool  aobgomo@mgosl.
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dma 50569300, ©o@obangl, asglols @5 gogg@ol RYbsdgb@owy®mds
dOmdgdds, sbogno 0d3ygebo dobis Goibgms mgm@ool aobgomsmgdst.
asgbol  dogd  Dgdydoggdye  odbs  Ygos@gdbsms  mgemos[3-7]
2obglobegMgeo  asbGmergdgdol  Sdmloblbgems N - bo@y@omy®
@oibgms  Lod®ogergdo. dmggosbgdom, o3 MgMM0sd oo  yodmygbgds
30935 JO03BMa05805T0[8-9](06gm@MIS(300l ©S(3GS ©S dTog@gs); slggy,
dmbo3gdms (309860 5393539000 0 g0®0530[10](539®09L

©obgOgA o gdMEsJdbs).  sdodmd,  Aggh  PBOMm g oPdo©
‘dg30L{ogemom goglol Igoo®gdosms mgm@osls.

35bbs brg@gds: o6 a s b Gogbgl YOmog@mds@®Fogo gfmwgdom
04, domo geopglbo Loghmm gsdymezo (a;b)=1.
d535@000: 2 5 3 YO0 gOmIs®Eogo Moibggdos, Gopasb (2;3)=1.
355 7T 959 o 1l wos.d

0gmAgds : my, doEgdgeo agsdglb bgdoldogdo m@o a s b>0 dmgeno
@oibggdo, 35Tob  s@LgdMOL  gOmswg®mo  (ggzoemo dogemo q s I
@oibggdobls, GMIagdoi o3doymgomgdgb 300mdgdl :

a=bg+r, 0<r<b-1. (8

r- ®mogbgl 9fmegdgb a-coibgol b-bg aogmaxzolbsls dowgdyen b5Amb.

doads@momo: a=185; b=12; d5dob 185=12-15+5, sbyy =15 o r=5.

@@0 Goisbgol gpowgbo LsgOhme gdsdgmgol Lodmgbgemswe 0ggbgdgb
93g@oegl  Sewam@omdl, @mdgmoi  gdgodgds  (8) (oMM gbsls.
doOmesi, gmdgom a bgdoldog@o dJmgemo @oibgos ©s b bgbolidogdo
dogero oEgdomo Goibgo, d5dob mgm@mgdol mobobds, swaomo 946gos
BOEmdgol :

a=bg,+r,; O0<r,<b;
b=rg, +r. 0<r<r;
h=nd, +r,; 0<r,<r;

€)

rho,=r.q,+r,; 0<r, <r,;

g = Ml

@obggoo 1, sagbgb  dgoEMo 3@ gdo  S@MOYYSMYMBOM
@obgms  d0dpggamdsl 3 opa®@od  ymggmo  sbgmo  Jodpggemds
Lol ygenos, Loowsbsi 3odmdpobo®gmdl, Gmd bydoldogdo a o b>0

Vygoeobosmgols d0dEggambdbomo ao4mxz0l 30m39bo(gggze0ogl
SEam®0m3d0)  Lobdgmos, go. Laldgmos (9) Fowmdsmns  Goibgo.

30m3gbo Tyogds 0d Loggby®dby, GmIgembgoei aogmas dgb@gemogds
9bsdome.  oby  @Gm@s 1, =0. 8335050, 1, SA0L  gzobslgbgano

byeologob goblbgoggdoyemo bsdmo-goo@glio Logtmm gsdymezo. 3bowos,
IRk
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@b) = (B;r) = (5n) =-..= (i) =1, - (10)
do55@000: godmgmm d=(664 ;480) ; a=664 ; b=480.
do'dob, 933009l sgoam@omdol mobobdow 39]69ds :
664=480-1+184 ;
480=184-2+112 ;
184=112-1+72 ;
112=72-1+40 ;
72=40-1+32 ;
40=32-1+8 ;
32=8-4.
9.0 d=(664 ;480)=8.

500393040l  dodomso  mgmdgds: ghmbg  gBo  ymggero
bo@ytoga®@o  Goibgo  gOmogemo  Lobom(mobsdsd®sgamms  Gogols
LobyLE0m) 0dangds do®@Gog Goibgms bod®ogesw.

569, 09 N 9Oy IgBo bo@y@dsmydo Moibgos, d5dob

n=p, p,...P, (11)

od bod@Mogando bmyog®mo mobsdsd@sgero dgoda gds Modwgbodgx 9@
d9m®EgdmEgl, SdodMmd  m9, godmgoygbgdm  gobdgm@dgdoms  @oibgols
bo®olibgdl, dogomgdm (1) goderol 3obmbogy®d [o@dmagbols

n=pp;*...p;" . (12)

o3 (12) hobo(gMowob bomgnsw hobl, M™I N Goibgol aoblbgsggdeen
25340 B0S AsMmEgbmds 0]bgds:

(n) = (o, +D(a, +1) ... (a, +1). (13)
P.S. m®0 @oigbgol 9dzodgbo Logomm xg®opo godol dsm bod®sgels
aoymgoels domlogg goowgl Loghmm asdymazby.

body@omy®d  @ogbgms  Lod@ogmgbg  gobolsbwgmgds  Gogo
>M0mIgR0gyeo  3ubdiogdols. dom m@ols goblisgym@gdymo  swyoao
9k0@o3L gogmg@ol ¢(n) 1bJost, MmIgaoi o@ols 1-sb N-3pyg yggews
0d b5 YOo @0 Mobggdol @omEgbmdsl, MmImgdoi YO0 gONISE-
®0g0 5®05b N-ols Jods@m.

3535@0m0: ¢(1) =1, p(2) =1; p(3)=2; p(4)=2; p(5)=4; ¢(6)=2.

30Jgom, n=ppyt...prdmEgdgmo  @oigbgol  3obmbogy®o  sdass,
dodob

1 1 1
p(n)=nl-—)1-—)...(1-—). (14)
1 pZ pn
0, p doMGogo Goibgos, 35T0b
p(p”)=p“ - p“. (15)
39Mdm ‘dgdmbgggsdo,
p(p)=p-1. (16)
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9535E000: ¢(60) = 60(1—%)(1—%)(1—%) _16:

0(81) =81— 27 =54;
p(5)=5-1=4.

2.12. 9050 905ms mgm@ool ger9dgb@gdo

aobgobogrmm Jmgero @obggdo dmEgdgme M bsGy@smad Goibzbyg
2o4mxobsl, dowgdygamo  ba'dmgdol  mgoenlsb@obom. o3 mMm  @oibgl
dmEgml  qfmEgogh. gmgga  boGydomad  @ogbgl, M @oibzby
2o4mxobsl dgglodsdgds bodmols po® 33970 3b0dgbgermds
(051:2;3;... M-1)-65dmms  LOygao LobEgdowsb. Lbgobsodsw, ™3 gomdgom
boByg@omyg®  Moibgms  Lod®ogerg ogmggs M-1 gaosbos.  momemgyge
Jeoobdo  dmmoglgdgmo  5®0sb  g@MogHnLsps@o @Goisbggdoo M deowoe-
@om. M7, dobobogrgds YgoMgdoms MmgmA0s YBROM FoGmm Goibgom
Lbod®sgan 9do, 39O dm do gem @obgms Lbod®ogan g'do, dodob
2obobognsggh sobm@y@ @ 9dizodgl bo'dmms LEyga Lol gdsl:
~m-2 m-4,

> ;

2
m‘1;-—”12'3;...;-2;-1;0;1;2;...;mT'l; GOGS M 39660>.

7251, 0;1; 2; ...;%; @eoEs Maqgfos;

356bs bwg@gds: @ Imgar a s b>0 Moibgl gfmegdsn gGM0gHNLs-
©5®0 JmEgmon M, my M — by gogmgolbsl olbobo gAbso® bsTmgols

0dgn 93005b.

‘dgodgdol sdmjzogdygagds sbg hoolgdgde:

a=b(modm). (17)

(17) 0gombgds sbg: a bows®os b =Lo Jmeyaomn m.

gbowos, Mm3 w9 a Los®os b =bo, by M = by aogmgobsl olbobo
906500 65 gdl 0dgngzosh, d5dob domo Lbgomds (a-b) ybsdmme ogmags
m — %y.

Hgg)ogmomo: 25=15(mod10), @oEaob 25 o 15 10-bg aogmgobsls
bodmdo odgnggosb 5-U. oliggg, @bowos GMI 25-15=10 s ogmeys
10-bg(‘dgomgdols dmoeganby).

g5Mgdsms mgoligdgdo :

L gombso®dmeygemosbo dgosmgdgdo dgodangds §g3@-§g30ee dgg3@0-
dmm, 5b9

(3, =b,(modm); a, =b,(modm);. . .a, =h,)= (Zn:ai zzn:bi (modm)) . (18)

i=1
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2. Jgeo®gdsbo  gOmbso®o  dJmpygmom, dgodangds  (930-{g3@o
200535d@5genmm, 5by

(a, =b,(modm); a, =b,(modm);. . .a, =b,) = (lllai Eﬁbi (modm)). (19)

3. dgo®gdol m@ogg dbo®g ©s dmeyao dgoda gds gONOM MY SO
20350030 mm bo@Ydogy® Moibgbyg, ob9

(a, =b,(modm)) = (a,n = b,n(mod mn)) . (20)
4. o9, VOsOGosl  saomo o3l @sdwgbodg Jmeyeom, dodob  od
FgoMgdsl saomo 94bgods sbogno dmyaomss, Gmdgeroi dmzgdyeo
doeymgdol 9dgo®gbo Log@mm xghools Goaos, by

(a=b(modm,) Aa=b(modm,)) = (a=b(mod[m,;m,])). (21)
5. dgomgboll mMogg dbodyg dgodergds dg0339300L, dom obgm Logdmm
20d9ymxa by, @mdgeroi IMEY@msb YO0 gOmds®m@Gogos, b9

(an =bn(modm) A (m;n) =1) = (a = b(modm)). (22)

9o 9ol mgedgds: oy M gOmbg dgBo bgdoldogo bos@Gyowy@o
@oibgos o (a;m)=1, 35dob

a’™ =1(modm). (23)

399dm d9dmbgggodo, Gm@Es m=pds@Bogo @oibgos s (a;p) =1,
p(p)=p-1, doowgds BgAdsL 330079 Ngm@dgds :

a’* =1(mod p). (24)

35630bo@mo g@MY(36md0560 FgEsMgdgdbol SImbLbol dsyseomgdo.

1) x*+x*-3x+1=0(mod5)
9L dgs@gds dglodg bodolbobss. 5-0 dmyeom bsdmms
begao LolbEgdowsb: (0 51 52 ;3 :4) 53 JgEoMgdsl &3dsgmagom gdls
dbo@mo @ogbgo 1. g.o. 3ol ol gOmo gglgo. gl ggbgo slg hoo§g@gds
x=1(mod5).
2) x*+x+1=0(mod4)
dgEoMgds 33oMsG@os. badmms Leygmo LobEgdowsb 4-ols
doygeon: (0 ;1 ;2 33), Aol s@EgO®mo Gogbgo 5@ o3dsygmxzgomgdl. g.o.
dols 5dmbsblbo s®s 5]3L.
3) 12x® +3x? —2x+3 = 0(mod6)
9L dgos@gdoz 33oMSEY0s, MoEasb YROMmbo 3mgxn3096@0
390mob dmeyam by ogmygs gbsdmnme, obgy 12=0(mod6). sbig, G®3d oo
9990 dgoomgdol g3z0goegb@ydos :
3x* —2x+3=0(mod6).
bodomms LYo Lob@Ggdowsb 6-ol dmwyaom: (0 ;1 ;2 ;3 4 ;5) Iob
53904mxzo@gdls dbmame @oigbgo 3, g.o. dobo ghmsgdmo gglgo 0dbgds
X =3(mod6) .
4) x°+x+1=0(mod7)
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bodoms LOyYero LobEgdowsb 7-0l Jmwyaom: (051;2;3:4;5:6) o3
Fgomgosl o3dsgmazoagdl m@o @oigbgo 2 o 45 5303 ™3 339J6g0s ™m@0
>dmbablibo:

X =2(mod7); X = 4(mod7).

356b5 bg@gds: @ 30og5@ (930l gfm©gds YOm0 g@mdols@sco
doygeon M, 0y domo Lomsbsm 3098030963900 OM0gONLSOSA0S
M-ols dm@yaom. 5b9,

f (x) = g(x)(modm). (25)
P.S.
1. dgodgdoms mgm@ooms s 3500 0bgm®ds@ogodo 2sdmygbgdgdom
©50bF g glgdoyer dzombggenl dgdanos dodo@mml Lomsbsom
0@ g@o@y@sb[3-10].
2. dmger  Moibgms  Loddogerg  dggdgdols s asd@ogamgdols
M3905(3090m5b  Jodo@mgdsdo Jdbols s gd@yen  LolGgdsl, G®Igelsc

domgdo@ogodo 3mdg@o309@, Abodsdnm Gameml «fmogdgb[11-12].

22. ®530mbsgrg@o Gobggdo s bsdrpgoa @ogbgms Loddsgmols
5390

@o530mbsgy®o  Goibggool  Lod@sgangdo,  dmger  Goibgms
Lod®ogmoliogsb aoblbgoggdom, oM Lgdbmdls de 3939900 ®oibgols
9o 9bgdgao  @oibgo  goddogergbols  m3gds@ool  dods@m.  sdoFmd,
dom gdoBogmbgdo SE0 A 9oO Y Lol gdsls, Amdgeo s Jdbols
@5(30mbd>@ 9@ ®o3bgms Lod@ogeny, dols'do 256Lobwg@ o
M390530900L  dodo@o  ggeoUL[11-12] 4fmwgdgh. senagd@ol(saygd@ege
M3905(3090m5b  J0do@mgdsdo)  mgzgoebob@olbom  o@ oMol Lbgomds
G530mboseny@  @ogbgms  Lod@sgangls ©s  bodpgoge  @oibgme
Lbod@ogergls  dm@ol.  oblg, Gmd  bodegoa  @oabgms  Lod®ogmys
sSenaab@gao  LobEgdol mgomlbsb@obom  Jdbol ggeol. mydazs, o3 @
Lod®ogengls do@ols SHENON Lbgomobss, G@3mmmyool[11-12]
ngogbsb@oboo.

Am3m@maools 36gos Lodygoagdsl a35daggl dgdmgommo bpgs@ols
> 9Vy3900 R9bjiool  (3bgdgdo, @53 gbmwgb  dbodgbgamgsbos
domgdo@os9mo dmwgmo®gdbolsmgols.

85b6b> bmgigds: Inigdga Q Lod@ogmgl, dobo gmggemo X gangdgb@ols
39933920 ©@os  B(X)  Lod®sge ggomsb(@m3menmaool  dsbs)  gBmow

Gm3mamaoyn@o LogHg gfmwgds.
@530mbosgy@  @oabgms  Lod@sgamols  Gmdm@maools  dobols

Fomdmowagbls dobo yggams mos 0bGgdgomgdols B(X) Lod@sgeng. sdsbmsb
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JOMSE, Mo Mo3ombsy®  @ogbgms Loddsgang mgaswos, dobo
AM3m@ma00ls boboi mgmoo.

aobgoboermo  @oigbgomo  dodpggdmdol  (3bgds  @oE0mbogr Y@
@oibgms Lod@sgan 9do.
356bs bwg@gds:  bodydsmy®  @ogbgms  bod@ogamols  as@slisbgsls

@530mbogn@  @ogbgms  Loddsgagdo, @sEombsgma@d  Gogbgms (g,
d03g30mds g m@gods.

336bs bwg@gds:  Goombognyd  Gogbgms  {d, ), F0dpgg@mdsls

gVmwgos 3@Bol(g4bsdgb@omy@o dodwggemods), my
limfa, g,/ =0- (26)

0ngmAgddy: ), Os3ombosgad  Gogbgms  Jodgzdmds  JM9do0sS
@530mbdag®o  @oibgolsggb,  35Tdob ol 3mTol  Fodpggzdmdsls
Toddmowagbls.

doaMod, 09 {a.)7, 3Mdol dodgg@mdss, dobo bpgs®o, Lobmyswmo,
dgodangds oA s@LYomdgl(my  bpgs@omo  FgdBomo  sdoo
M5300Mbsgnyy®o Mo3bgo).

85bbs dbeg@gds: x,€Q [9odoml gfmegds Gogombosmad Gogbgms
Lod@ogmol  begds@omo  FgdGogro, oy o3 FgdBoaols  dgdi3ggeo
bgbdolidog@o  wos  Lod®ogeg(obdgdgoemo),  dgozogh  GoEombogy®
@o3bgl.

09m@gds: X, €Q  FgoBdomo  Fodmdmopygbli  bpgsdon  §goGowl,
do'dob s dbmerme d5dob, BMEs s®LgdMoL Q @oEomboyd @oibgms
olgmo  Jodpgg@mds  {a,},, GmIgmoi  g0gdoos X,  ®oibgolsggh

limg, =X,.

n—ow

09, 4935029600 @o30mbogry® @oibgms J0dEggAmdsls oligmbso@sw,
®md  goggmo 99930 T9300  (odImowagbogl  2-0l 93909
doobamggosl, 35dob  dogowgdm  @sEombogy@  Gogbgms  3mdols

3000930m35L, GMIgEo JOJOSP0s SMIMSE0Mbsma@mo V2 @oigbgolsygb.
9L 035l 60odbogl, AMI @oEombogy® @oigbgms Lod@sgang > dgozogL
mogobo  bwgs@omo  [gOBoergdol  dogosh  Loddogergl. meydis, ol
dgoo3L  @oEombogy®  Mobggdl s mommgymo  GoEombogry®o
@obgo bpgos@omo {g@@oaos.

356b> bmgigds: Q M5(300bsg0 Y@ @obgms Lod@sgerols
209M005bg0ol  dobo  bwgs@omo  [g@Fomgdoll 9Q  Lod®ogmmgbmsb Q

5(300bognyy@ @oibgms Lod®sgeols (_2 b53903> 9V mwgde.
Q=Qud. 27)
356bs bwg@gds: A530Mbog @ @0ibgms Lod@ogeols Q
hog9Bgol bs3goem @oibgms R Loddsgemg gfmwgds.
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4mgg9e0 039 bgdmmJdygmosb asdmdwobady, dgygodenos gmdgom, @md
boggBoeo Loddogeoli bgdolbdog®o gergdgb@o (o@dmowagbls brgs@om
V90oaml s  3doTolbowsdy,  dgagoderos  sgogmo  doliggh  3@gdswo
dodggamds.

356bs bwg@gds:  Loddsgagl  Lagmo  gfmwgds, oy bgdoldogdo
3030l dodpggamds 3@gdoos 53 Lod®sgen gdo.

d55@000:  M530mbseny®  Mogbgms Q Lod®sgammg o®ss  LOyeo,
boane  bodgoer @ogbgms R Lod®sgamg LOymos(@oasb ols dgoogls
0o30L gggams bwgo®om {g@Foal).

356bs bwg@gds: A Loddsgegls gfmegds d3gMogo B Loddsgangdo, oy
B Lod@ogemol bgdoldogmo by gengdgb@olomgol, dmodgdbgds A Lod@sgaols
90 9dgbBgdols  olgmo dodgg@mds, GmIgmoi O gdopo o0dbgds o3 by
98299960 ggb.

d5a0m0mo: Mo530mboga®  Mogbgms Lod@sgarg dgg@ogos bodwgoa
@oibgms Lod@ogagdo, beoenem bo@y@domy®@ Goibgms Lod@sgang s®os
d33M030 dmger @oibgms Lod@sgergdo(oslsdygmgm @o@™aA?).

356b5 bwg@gds(0bB0G0a9%0):  Loddogagl  gHGoggee  Logd3gl
9V 0wgdgb, my doldo aoblosbwg@ymos Mm@ gangdgb@l dm@ols dsbdognols
369%o.

d55@000: dobdogno ™Mo A530mbsg @ @oibgls do@ols
2ob0olobwg@gds gm@Ig@om:

p(0;;0,) = |q2 - q1| . (28)

RoOdges  (28)-0l  pomgogolobgdom  GoEombosgry@®  Goibgms
Lbod®ogang dgB®ogygero bog@ge.

09, 3o30blgbgdm Mm@ bsdwgoer @oibgl dm@ols dsbdognols (369050,
@mdgeo3 (28) gm@adgmols  sbognmyoyg®os, dogomgdmn @md  bsdwgoen

@oibgms Loddogergi gB®ogyero Log®dge.

3bbs dmgmgds: 39Btogne Loghigl gfmegds bgds@esdgeado, oy
SO LgomdlL 5@599dgB gl gow®g mgmswo, doldo dggdogo Jggbod@sgeny.

d535@000: bodgoa @oibgms Lod@sgamg Lgds®adgey@os, AoEysb
dol'do, o@Lgdbmol dolido  gggaasb d3g@ogo  mgEso, MoE0Mbogy®
@oibgms Jggbod@sgang.

P.S. Ug35@sdgemdol ogolgds bLodgoamgdsl odgnggs 389@@037e00
Log® ol 9 9d96@ 9oL dogysbamgogm MG SEO Lod@sgeools
9099963 gdol  d0dggmdom. gl mgolgds FsOMOE  35IM0Yygbgds
§oM05(309m(30GEs30M) Goibzom Ignmegddo.
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23. 3@33egJby®o @oibggdol Lod@Mogang

Omam@A 3 300m, bsdwgoer  @oigbgms  Lod@sganglbs s [OR0l
V9030 gdl @0l s@Lgdmdl g@Omog@mEs@mbobs  mobsmds-d0gdios;
@53 LoTgoagdol odgnggs, FORglmsb ©sgz03do0®gdygmo gmdgB@oygeo
5dm356950 hoglgdmm bodpgogmo ®oibggdol dgdggmdon ©s 5dmgblibsm
Sea9oGgamo  dgmmegdol  bodgoagdom.  dopa®sd, [Oxggool  po@ws
2903gB@osdo  sOLgomdgb  Lod®EYggooE(mOasbbmdoan gdosbo  Log@zy).
obdol  goobgs:  gogom, @O®M3  gOmysbbmIogrgdosh  Log®igL-{Oggl
dgglodoadgds  bodpgoa  @oibgms  Lod@sgang,  oOLYIMdgb ™y 0@
Lod@@Fgol dgbodsdobo “dOFygero @oibggdo™?

od gombgobg 3sbygbo @0l oEgdomo: ook s@OLYIMdgb, Mob sLigmo
@oibgomo  Lod®ogerggdo  Ibodgbgammgbo  aoblbgogogdosh  gOH®MAsby-
00logob.

OOAmO3 303om, Lod@RYol gmgger P {go@oels dgglodsdgds m@o
@o3bgo(dobo  jme@obs@gdo)  P(Xy). oddopswe,  bggb  dgagodmos
dgdmgo@mm  “0O@Yygmo  Goibggde”.  gmdgom,  a35d3l @oibggdo
A=(a;p); B=(r:9).

0dobomgol, @mI sbA0 Jobwgl sbogno oibggdbol dgdmmgdsl, ¥bos
33Jmbegl dgbodsdobo Sarggd@ygmo ™3gMS30gdo ©> dsmo  mgoligdgdo.
>doll  d9dga, dga39demgds  @ogsbobosmmo  dgbsdsdolo  sepygdb@eano
LoliGgds. sdo@md, dgdmgommm ®m3gMs30gd0 “oOEFYge @oibggdby”.

A+B=(a;B)+(7;0)=(a+ By +5) ; (29)
A-B=(a:p)(r:0)=(a-y-B - Sa-5+py) ; (30)
A:(a;ﬂ):(a-}/ﬁ-ﬂ-é‘ ﬂ'7_a'5J (31)
B (n0) \ 72+0° " y+57 )

09, dgdmgowgdm bygolbs s gOmols dgbodsdol dOEYge @oibggdl
0=(0,0); (32)
1= (L0).

dogomgdm S0 9b@ o Lol gdsls, Gmdenols 39053090003
JoM0MoEE  53d5gmRoegdgb  0go3g ®m3zoLgdgdl, @olsiE  ™m3gMsi0 oo
bodgogr Mozbggdbg(Y®xR0g Goi3bggdbyg), mygdis, s@ol aoblbgsoggdgdoc.
J96dm, oy “dORYge  @oi3bggdl"  bBogl gt  sarygddgeo  gm@dom
A=a+i-f. bowss, i=(01); a=(x;0). 35Td0b 3394690

i2=j.i=—1. (33)

sbigmo Fmamods dgygda gdgaos badogogmo @oibggdol dgdmbgggsdo.
sbg, ®m3d hggb ULogddg agodgl obogro Fodol ogpgddygen  Lolidgdsbomasb
@edgenlsi C - 3md3ggdlgd Gogbgms LoddsgaglL[13] 4fmwgdgb.

NcZcQcRcC.

P.S. 5@lgomdgb 3md3emglydo @oibggdobogob goblbgeggdbyero Lbgs

dMBYgeo @03bggd03. 3MbgM 9B YIS, PSP s MMIspo Mozbggdo,
dog®od  od  Moibggoolomgol  gogmazol ®m3gMsE0s  sMes  ymggemgols

Jgbodangdgao(s]  o@os  @ado®sgo  byanbg  aoymyabyg),  sdo@md
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305J@035>do “d®Gygge0o ®o3bggdoasb", X JO-XgOMdom, QOO
20dmygbgds 53w, doGomspa, 3md3mgly® @oibggdl.

23.1. gmd3ggdby@o Gobggdol GMoambmdgd@ogmo ©s
dohggbgdemosbo hsFg@mol gm@Igdo

85b6b> bmgigds: z=a+ib 3md3mgJbg@o Goibgol dmeegmo  gfmegods
Lodb®AYgbg o3 @oibgol godmdlobggero [gOGoosb  jmm@Eobs@ms
Lomoggdwg dobdoenls |zl =+a’ +b? .

bodggmbgool m@o 43960l Log@dgms xodo dgGos Igbodg aggdwols
Loa®dgbyg 5 bogrm m@o g3900ol Lbgomds bsjergdos dglodg 3390 by -

|zl+22|£|zl|+|22|; Hzl|—|22”£|zl—zz|. (34)

356l bwg@gds:  z=a+ib gmd3mgJbgdo  Goabgol  Ygy@a gdymo

@oibgo glmwgods £=a—ibdm83g»ajb‘g]ﬁ) @obgl.
3bowos, MM seaomo 946gds Germdgdls:

‘E‘:|z|; 2,2,=2,2,5 ,+2,=2,+1,. (35)

356bs bwg@gds: z=a+ib 3md3agly@o Goigbgol bodwgogno bofomo
gVmwgds  Rez=adogbgl, boeem {o@dmbsbgomo bofoemo  gfmwgds
Imz=b @obgl.

3033 gdbydo  @oibgo  0go3g  Lod@Fgol  Tg@@omos.  Lod@@Fgol
Vaodoemgdo g0,  dgggoderos  godmgbobmm, GOmameE ©gzem@ob
3O0MO0bsRgddo(‘dgglodsdgds  3mddagdlby@o  @ogbgol  sewago®ygao
ho( 9ol gm@ds z=x+iy), obggg, 3m@odye Jmm@EobsGms Loli@gdsTo.

53 d9dmbggzsdo Fgddomo bosbosmegds |z Imeygeon (Isbdognom
3OMOobsAmS bomoggdog) s ggmbom sdbioboms @gddol woswgdbom
y
;’
LboFoboowdgam  dodsdmygagdon  2zk  LobybGom ©s O@Igalsc
3033 9Jby@o Goibgol sGa9dgbdo argz gfmwgds.

dodo@myengdbollimsb ¢ =arctg Gmdgeroi  Somgagds  Losmols  oli®ols

arg(z,z,)=argz, +argz, +2 7 k; (36)

argi:argzl—argzz+27rk; (37)
Z2

k=0;£1;£2;... (38)

‘dg g0, 3330 9Jy@o @obgo ‘dgag0dgos hog{g@mm
G®030bmIgE om0 Bo®Iom:

z =a+ib = z|(cos(argz) + i -sin(argz)). (39)
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0%, 3og0blgbgdm gogwgHols @ISl

e'” =cosp+i-sing; (40)

d5dob, 3md3ggdbyd@o @oibgol (39) F®oambmdgB@oygmo gm®dowsb
aoogom dols dohggbgdeosh gm®dsby;

z=|z|-e"9". (41)

455 000: z=1+i-1 3033 9Jlg@0 @oibgo ho(g® g0
A®0ambmdgB®ogeo s dohggbgdemosbo gm@dom.
>dmblibs:  |7=+12+12 =425  argz :arctg%=% >Jgeb  godmdobody,
A®0ambmdgBGoge Fm@dsl 9Jbgos Loby:

z=\/§-(cos%+i-sin%} bogwm  gbododol  Johgg69a0sh  gm@mdsl(40)

dogowgdm Lobow 7=42-¢".

232. @930 gob@memgdgdol 5dmblbs 3mI3ggJlyd Gogbgms
Lod®sgemgdo

3033er 9JLby@o @obgols G®0ambmdg@E®oyeo QA Joosb
25dmdobodyg, bowos ®mI
2,2, =|2,|2,|(cos(arg z, +argz,) +i-sin(arg z, +argz,)). (42)
o>d gm@dg@osb dogowgdm, G™I
2" =|2|" (cos(n-arg z) +i-sin(n-arg z)); (43)

>3 ge@Iygeosb yg5J3L:

N ) argz+2zk . . argz+ 27k

ﬁz\/ﬂ(cos—n +i-sin—=———— j (44)

boos

k=0;1;2;...;n-1.

5Jgsb  bom@ns  hobl, @M 3md3ggJly®o  @oibgosb  N-yg@o
bo@olbol g9Lgl o743l n dbodgbganmds. @3 0dsl bodbogl, @md n
bo®obbols d@og5a0(930L oJglb n ggglgo.

aobgobogrmn MmO 9305 gobFmangdgdo:

1) x?=-1 o3 gobBmergdols bodwgoe @oibgms  Lod®sgengdo
5dmboblibo oMo 5J3l. gbeos gbsbmo dobo 5dmbsblbgdo  3md3egJly®
@oibgms Lod@sgen gdo:

— T+27K . . m+27K
X=\/—1= CoSxm +1-SInt = COoS +1-SIn

k=01 ob9 235J3L @0 s3mbsblibo
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T . . 7T
X, =C0S—+1i-sin—=;
2 2

3z . . 3x
X2 =COS—+1-SIn—.
2 2

2) X' =2 x=32 39bJg9ds aodmbobyemgds 20537 900w
A®oambmdgB®ogemo go®domn ©s dgag gobodygdamm (44) gm@I g om.

x =4/2 =3/2(cos0+isin0) =i/§-(coso+32ﬂk +isin O+327ij.

k=0;1;2. 35Tolo@sdyg, 335J3L Lodo sdmbsblibo:

X, =3/2; X, :3\/§~(cos%+i-sin2?ﬂj;

X, :%-(cos%+ i -sin%}

P.S. 3033mgdly® @oi3bggdl godomm gs8mygbgds sJgl 0bgm@mdszool
BOsJHomydo  Vg399dgol  SIn(356gd0L  FguFogmolsl ws Logbsangdols
BomB @530l LsJdgdo[13-14]. Sbiggg, oeos dsmo sdmygbgool S@gsEo

V9398 BSbms dgdobogol d@EYgmo 53m35bgd0b ‘gb§ogeols L>Jdg3do
[15-16].

24. 335890bombgdo

856bs beg@gds:  mmbyobbmdomagdosbo  A=(a;a,a5a,)  ®ogbggool
JOOMdomdal  335BgMbombgdl  gfmwgdgb, ®9y ™®®o @oibgol xsdo
aobolobwg@gds  A+B=(a, +b;a, +b,;a;, +by;a, +b,)  Bo@Igmom, boeom
SO 3M3YRS(30YMO0 bodMogmo 30 aobolobrmg®mgds dgdwgabso@s:
b3giooy@o  mmbasbbmdogngdosbo  Goibggdo  oagbgb  dsbolils
L = (1,0;0;0); M =(0;1;0;0); N =(0;0;1;0); E =(0;0;0;1); olyg, Gd
L?°=M?=N?*=-E®’=-E; LE=EL=L; ME=EM=M; NE=EN=N; LM=N =-ML;
MN =L=-NM; NL=M =-LN;
> sSaoo ol Foddmwagbsl A=al+a,M+a,N+a,E, bosd@sgmo 3o
A.-B=(ab, +a,b, +a,b, —asb,)L+(a,b, +a,b, +ab, —a,b; )M +
(azb, +a,b, +ab, —a,b )N + (—a,b, —a,b, —a;b, +a,b,)E = BA
>OLYOMOL MMbasbbmdogngdosbo Moibgol dgd®ybgdyano
_—alL-a,M-a;,N +a,E
- a’+a’+al+al
a,;8,;8; - 33509Mbombol 39ddm®yeo bofoenos, boam a,-bgs@s®ygao
bofoeo. 3353 9Mbombols 3md3mbgbBgdo dgodengds 04gbgb 3mI3englydo
@0 bggdo.

A—l

04y, 360dgbgeo s@os byeools Gmero.

09, A 335090bombl dgggmsbowgdbom do@@oi3ol :

a, +ia, -a,+ia
A=(4 _1 3 _zj; (45)
a,+ia, a,—ia
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d>dob dogopgdbm, G@m™3 (A)+(B)=(A+B) ©> (A)(B)=(AB) d5g@o3ms
Semagd@ol  mgo@bsb@oboo. @53  0dsl  60Tbogl, @I IsGGoEMS
Sa0a98@s  335@gMbombgdols (45) senggddol 0bmBm®gmos[17].

2.5. 303963033 gJbado @o3bggdo

33°09Mbombgdols Ibgoglow oggds 2" aobbmdogngdosbo @oibggdols
S0 9@ (3.

2ﬂ
A=YaC; (46)
i=1

Lbosi C; bodobobm gangdgb@gdo o3dsgmazomgdgb 3060m9dL:
1) 5s®Lgdmdl gomsg@mo gohmggamgsbo gangdgbBo E olbgmo, G™I
Vi, EC,=CE=C, ; (47)

2) n @gomo gargdgbBo C, gergdgb@gdosb  sbFozmadyReEoydbo
SM05b

CC,=-CC, %, i#]j ; C’=-E.

3) @ 3oEo gegdgbGobomgol €, =C,C,=-C,,

> o.9. doowgds 2" oo @oibgo. 53 mgoligdgdom ool g@gds
5°033990  >@ygdGY@o  LHGYJHYMs, Gmdgmmss 303963033 gdlg
®03bggdl ¥ mgdgb.

>d dgmmEom doomgds:

3Md3egJbydo @o3bggdo, Gm@Es N=1;

3350 9®bombgdo, Gmi3S N=2;

303353 90bombgdo, G3S N=3;

Jogmapol doibggdo, GmES N=4.

26. gmogmoeol Goibggdo

JogmaEol @oibggdol (omdmeygbs brgds mmnbo  ds@@oiEymo

3033mbgb@om:
00 0-i 0 00-1 00 -i0 100 0
00-i 0 0010 00 0i 010 0
"Tloioo | Tlot1oof Tlio oo “Tloo-1 of
i0 0 0 21000 0-i 00 00 0 -1

5], saomo oJgl bm@do®gdols mobomdgdl yi =+1. gemogmewols
@0 bggdols d9dggmdom 02990 L3gose@o L306m@ Yo
M390530®g0[17-18], GMmIgemnsiE FoOmm  as3mygbgds ofgm  mgm@oye
230bo 3odo.
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530356980 s Logds@AR0TMgdo
35005630 1

L.@sdo dpgmdsdgmdl g33eoegl seram@omndols s@OLo  bos@yg@oay®
@oibgms Lod@ogergdo(@Golo 3mgbol Lodyoagdols odanggs) ?

2.05d009b0 bos@y@omy@o asdgmezo ofgb @oibggdl: 1205 1807

3.00bo 3mgbol Lodygoemgdols odanggs gogrg®ols gm@Igas  @(n) @
Amam@05 dobo sbogroby@o Lobg?

4.5dmblgbom dgoomgds:
x* +3x* + x=0(mod?2);

5.0dmblgbom Mm@ ggds aob@Gmengds:

x° =1;

6.1g3oM5dger 05, MYy 5@ bodwgoer @oibgms Lod@sgerg(@o@mad)?

3500560 2

L.gg3er0@gls sepam@omdols godmygbgdom 03mggm d(150;100) ?
2.00d00gb0 bo@y@omey@o aodymao oJgl @oibggol: 12; 187
3.00bo 3mgbol Lodygoengdols odanggs gogrg®ols gm@Igas  ¢(n) o
Ama@0s dobo sbsgrobydo Lobg?
4.53mbligbomn dgoomgds:
x® +3x? +x=0(mod5) ;
5.58mbligbom Mm@ 30 2ob@mengds:
x> =i;

6.1g3oM0dger 05, MYy 5@ bodwgoer @oibgms Lod@sgerg(@o@mad)?

35005630 3

Las  3ogdodos googl  Loghoem  asdymglbs, ¢dco®gl  bsg@omm
X gOolbs s M@0 Gogbgol bod®ogels dm@ols ?

2.053©gbo bos@ydommudo asdymxzo o5Jgl @oibggol: 150; 18?

3.00bo 3mgbol Lodygoengdols odanggs gogrg®ols gm@Iygas  @(n) @
Ama@0s dobo sbsgrobydo Lobg?

4.53mbligbomn dgoomgds:
X} +5x° +7x+3=0(mod2) ;

5.58mbligbom Mm@ 930 2ob@Gmengds:
x° =64;

6.0mam®  doomgds bodpgog  @oigbgms  Loddsgarg  MoEombogoy®
@oibgms Lod@ogerosb?
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35005630 4

Las  3ogdodos geogl  Log@oem  asdymglbs, ¢3dcodgl  Logdomm
XgOolbs s M@0 Gogbgol bod®ogels dm@ols ?

2.053©9b0 bos@ydoy@mo asdymazo ozl @oibggdl: 125; 8?2

3.00bo 3mgbol Lodygoengdols odanggs gogrg®ols gm@Iygas  @(n) @
Ama@0s dobo sbsgrobydo Lobg?

4.5dmblgbom dgoomgds:
x* +5x* +7x+3=0(mod5);

5.0dmblgbom Mm@ gg0s aob@Gmeangds:
x®=8;

6.0mam®  doomgds bodpgog  @ogbgms  Loddsgarg  MoEombogny®
@oibgms Lod@ogerosb?

3500560 5

LhoGgogm z=3+4i 3md3emgbydo @oibgo FMoambmdgB@doygemo ©s
dohggbgdenosbo gm@dom?

2.05d00gbo bo@y@domy@o asdgmezo oJgl @oibggdl: 25; 567?

3.03m39m W=—2 ZiBI 3033 gdbydo  doibgol  F®ogmbmdg@®oyero
ROOIS?

4.53mbligbomn dgoomgds:
x* +5x* +7x+3=0(mod7);

5.0dmblgbom Mm@ gg0s aob@Gmeangds:
x* =-1;

6.dm0435b690 Lgdo®adgery@o Log@Eol oblsbwgmgods?

3500560 6

Lho( 9o 9m z=3+4i)(2-3i) gmI3egJby®o  Goibgo  GOoambmdg-
A®ogeo s dohggbgdeosbo gm®dom?
2.353©9bo bos@ydomydo asdymxzo oJgl @oibggdl: 250; 5607

-\ 2008
3.03m89m w:(EJ 3033 gJby@o  @oibgol  FMoambmdgB®oyano

ROOIS?
4.53mbligbom dgoomgds:
x® +5x° +7x+3=0(mod3);
5.58mbligbom Mm@ 936 aob@mengds:
x*=-16;
6.9m04356900 335@9MOb0ombgdols 2oblobwg®gds?
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35005630 7

Lho§gtgom  z=(B+4i)" 3md3egdbydo @oibgo  GMoambmdg@®oygeo
s dohggbgoemosbo gm®dom?
2.05d00gbo bos@y@domy®o aodgmezo oJgl @oibggdl: 50; 607

-\ 200
3.03m39m WZGLU 3033 gJby@o  @oigbgol  GGoambmdg@®oygeo

ROAOIS?
4.5dmblgbom dgoomgds:
5x* + 7x+3=0(mod8) ;
5.0dmblgbom Mm@ gg0s aobGmeangds:
x* =—16i;
6.dm043gobgo gemoxgm®ols Moibggdol goblobrg®gds?

3500560 8

LhoGgogm z=@1+i)A-i) gmdsggdbyy®o @oibgo BH@oambmdgd@oyao
> dohggbgogmosbo gm@dom?
2.05d00gb0 bo@yY@omy@o aodgmygo oJgl @oibggdl: 25; 607?

-\ 8
3.03m39m W=(%) 3033w gJby@o  @oibgol  BGoymbmdg@®oyeo

ROOIS?
4.53mbligbom dgoomgds:

x> +7x+3=0(mod2);
5.0dmblgbom Mm@ gg0s aob@Gmeangds:
X =i

6.dm0y4gobgo LOYao IgB®oggeo LogdEol goblsbmg®mgds?

b
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3°3mg9b9dgmo @odHgtHHS

1.Aprocu C. HymepoJiorusi: yucJja u cyadsbl, nep. ¢ anria., Mocksa,1999

2. KimounukoB. CBsillieHHasi Hayka uncesa,Mocksa, 2000

3Jlexxen JupuxJe IL.T. Jlekuuu mo Teopuu yucel, nep. ¢ Hem., Cankr-Ilerepoypr, 1863

4 1hBennopt I'. Bpicmiass apudmeruxa. BBegeHne B Teopuio umucesi, mep. € aHIJL.,
MockBa,1965

S5.Bunorpanos U.M. OcHoBbI Teopuu unces, Mockpa,1972

6. KynpeBaroB I'.A. COopHuK 3a1a4 0 Teopuu yucea, Mocksa, 1970

7.300mbos 3. Goibgoms mgm@os, mdogmobo, 1961

8.Rivest R.L. Kryptographi/Hndbook of Theoretical computer Science Vol. A. Algorithms

and Cmplexity/J. van Leuwn, ed. Amsterdam: Elsevier, Cambridge, Mass.:The MIT
Press.,1990

9.¥cnencknii B.A. Kak Teopusi 4yuceq momoraeT B IH(POBATLHOM [1eJie,COPOCOBCKUIA
oOpa3oBaTe/ibHbIH KypHaI,Ne6, 1996

10.Makkaemnan x.X.,Peiinep U.M. IIpumenenue Teopuu 4uces B Hu(ppoBoii o0padoTke
CUTHAJIOB, Mep. ¢ aHrJa., MockBa, 1983

11.3amanckuii M. BBeenne B COBpeMeHHYI0 aJre0py M aHajus, nep. ¢ ¢ppanu., Mocksa,
1974

12.11Tu30 1., 3amanckuit M. Kypc matematukn ajaredpa m anaams, nep. ¢ ¢gpanu., MockBa,
1971

13I'yun A.K. KomniekcHblii aHaiau3 1 muHgopMaTuka,y4ed. nmoc., Omck, 2002

14.Welstead S. Fractal and Wavelet Image Compression Techniques,Washington, USA,2002

15.Muskhelischvili N. Praktische l6sung der fundamentalen Randwertaufgaben der
Elastizitatstheorie in der Ebene fur einige Berandungsformen. - ZAMM, 13, 1933

16.Cenos JI.A.I1l;10ckue 3a1a4u ruIpOAMHAMUKH U a3poauHamMuku, MockBa, 1966

17.Mapeaynr 3.MatemaTu4yecKuii annapar (pM3uKu,nep. ¢ aHrJi., Mocksa, 1961

18.Kapran J. Teopusi cnuHOpoOB, nep. ¢ ¢ppanu., Mocksa,1947
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nsgo . g96Jizombsgmygdo Loddsgaggdo, Omam@@ LsdgsOmlb @mnygmo
36m3gLgdol S@Fgdol gbs

‘dgLogdsemo

Lbodgo®ml  @Gmgao  30mEglgool  sebs(gdew, ®mamag  (gbo,
04969096 Lbgowslbgs Fodol g9bjiogdl. 3 963090l sbobosmgdm
200339900 bmaswo  mgoligdgdo, ol asdmE, oo  5gAM0s5bgdgb
203399 gaoolbgddo - gybdiombogry®  Lod@ogerggdbdo[l-3]. sy,
V93900 30m3gLgool dmwgero@gbolisl, hggb ggdgdm ©oyg®9biosmy®
(M39@5@BMEO ) 2obBME gdoms OIOPNOICTE! oo bio 3@, sbg39,
2obbmasmgdyga sdmboblibgdl. 5do@Gmd, Kubjiombsgrydo Log®zggools
(Lod@osganggdol)  glfogens  domgdodogy®o Impgeo@dgbols  gO»-g@HMo
db0dgbgeomgobo sdmobos.

3.1. {6g0g0 g96jombsgydo Logdzg

3bbs dbg@gds: G Loddogmgby  goblodbogdgm  gabjgosms L
Lbod@ogergls  glmegds @obgogo({®xog0sb0), o9  u(x) ©>  u,(X)
3963090056 gOmo, ol dgoiegh doom [OQog gmddobsiosbisg
(569 au,(x) +a,u,(x) BybJiosbl).

Asadmomo : L godgom, L odol hogghom G odgby goblabrogdyam
V9300 Babdgosms  Lod@ogarg. 35906 9Fyg960
396J30900L  mgolgdgdowsb  asdmdpobodyg, L odbgds
anobgogno.

2. g0 dgom, L @0l boggdoe G 569bg aoblobmg@ea
V9390 B9bJcooms Lod@sgerg Gmdgamsmngolsi s@yoeo
5J3b 300mdsl |u(x)|<5. d5Tob sbigmo gybjiEogdols
Lod@®ogerg 5@ 0dbgds @obgsao, Goash my u(x)=3 ©s
a=2, dogowgdm au(x)=6>5.

P.S. o9 L s&ol gobgogmo, 35906 N gbogdmeb {u,(x], g@msw®
ol dgoiogh dom [@xgog 3mddobsiosbsg Zn:alui(x). oo a R

i=1

bodwgoero Goibggdos. mydEs, dgodengds gobgogmo sg3oamm

3033 9Jby@ @oibgms Lod@sganols bgdmmss.

85b6b> bmgigds: L qnobgogols m@o u(x) s v(x) g9bj3ogools
Lgo@o®yemo boddogeo (U;v) aobolsbwgdgds Fmenmdom:

(u;v) = _[u(x)v(x)dx. (1
G

sbyg, M3 @obgomol m@o gybiool bisgosdyao bsd@sgero s@ols
®obgo.
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doado@momo @ u(x)=x; Vv(x)=l; G= {x| 0< XS5}; do'dob Lgogno®yemo
boddogemo 0bgdo:
2 x?|” 25
(u;v) = iu(x)v(x)dx = .([x-ldx = 70 =5
(D Lgogmos®ygeno bod®sgaols mgolgdgdo sdmdpobs@gmdgb,
9dgo@mE 0bGga®@omol mgolgdgdowasb:

(u;v) = (v;u); (2)
(au, +a,u,;v) =a,(u;v)+a,(u,;v); 3)
(u;u) = 0; (4)
uu)=0<u(x)=0 VvxeG. (5)

306b5 bgmgds: L arobgogmols u(x) g9bjiool bodds [u(x)| gFmwegos
SM>Y>OYMBom Mo3bgl:

lux)[ = y/(u;u) = /qu(x)dx. (6)

gbans dgdmgo@mm @obgomol Mm@ g9biosl dm@ols dsbdognols

36905, @MIganlsi G9bomboga@ sbogobdo dg@®ogel ¢ mwgdgb:
856bs beg@gds: L anobgoamols @@ u(x) ©s v(x) K9bd3ogdl dmdols
d56dogo(sbyg Ig@®03s) gimwgds s@sygs®ymgomn Gobgl:

pU;V) =[u-v|=Uu-v;u-v) /(u v)2dx . (7)

dogaomomo: u(x)=x; v(x)=1; x| 0<x<5{, 35Y0b

B, x| [125 53
||U(X)||: -!‘X dx = ?O :\/;:T.
pU;V) =[u-v|=u-v;u-v) = /I(u—v)zdx: /T(x—l)zdx: /64;1:\/%75,

do0gdoBogodo 2odmygmazgh 0d doMomse mzgolgdgdl, @mIgenlisc
533594mRoegdls dgB @0 o(dsbdogno):

p(U;v)>0; (8)
p(U;v) =0 < u(x) = v(x); ©)
p(U;v) = p(v;u); (10)
p(U;2) < p(u;v) + p(v; 2) . (11)

gL ol mgoligdgdos, @mIegbdoz goblobmg®saggb dg@®ogsb.

ao0©s (7) dgB®ogobs, Gmdgeroi 0boyio®gdbygeos bom®@dom,
bmaxg® aobobosggb dg@@®ogol Lbgs Lobggdlsi. dogoemoms,
hgdodggol dg@®ogols

p.(U;V) = rrx1€a6x| u(x) =v(x)|. (12)
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P.S. 390®03oL, Gmam@ai3 o0 9bos gobolobwgdml ol, dmgmbmggds
dbo@me (8)-(11) mwgolgdgdol wsjzdoymgoagds. doygbgosgs 0dolbs, @GmI
hgdodggol (12) gB®ogs 9u®m 0bGgocoyg®s© bybEos (7) dg@®o0z5Lmasb
gomgoom  9Fy3980 Rubliogdbolomgol, doli 0dgosmow  094gbgdgb. gL
aodm{gg9os  odom, @md 3G5]B0godo 9gOem bdodoe gagodglb  Logdyg

Vyggdoe 1963090006, @mIamgdobmgolsi  hgdodggol  dg@@ogs o6
aodmagds. sdo@md, hggb dgdpamdo spgdgdolomgol asdmgoygbgdm (7)

dgB®ogol, Gmdgenoi  Lgseo@ygano  bod®ogmon  aobodo®@Ggos. o9,

@0bgogls gog96m MA@ gJlby®d @ogbgms Lod®sgeol bgdmm, dodob

Lgogo@ygao  bod@ogero  gobodo®@gds  gm@OIYPom (u;v):ju(x)\mdx,
G

bowosg  v(x)  o@ol  v(x)  g96Jgool  3md3egdly@oe  Ygumegdaeo
396Ji00.

32. 3ogdghBol g9bjaombsgmado Logh3g
356bs bwg@gds: G shgby aoblsbewgdym u(x) K9b6Jaosl Jgods@om
060930 g0or0 gfmEgds, 0y @gdgaol 0bdgatemgdo
Jueod  [u?(dx; (13)
gﬁ)mgp;m‘gﬁ\nogg o;baamaasmoos 3690500).

33°0M5G0m 0bGga®gdowo B9bJ30gdols Lod®egerg, YBOM GoBOMMS
30049 aVg39H BabIGocms Lod@sgany.

P.S. o9, juz(x)dx=0, 35706 u(x)=0 momJdol Yggeryob(asmws olgmo
G

F90@oggdol Loddsgmols, Am3gol @gdgaol bmdsE @Ol bymb). gl
gbgds dgB@ogoboi. my, m@o gybjios gOmIsbgmoliopsh asblibgsgogds,
5009393 g9L, gow®g  byer  bemdol  Lod@sgerol  (9dO@Goergddo, dodob
5d0mdgb, @mI gl g9bj309d0 gdnbgzggosh §EMIsbgml momJdol yggeogsh.

856b> bmgigds: L anobgogl, dolibg aoblisbwgdgmo (6) bm@don ©s
(7) 9H@0g0m, J0mdgBEoLT06S(960GGHmO) S, Loghsg gfmwgds.

G  o09bg  2oblobogage  9fy39¢)  BabJgosms  Loddsgmgh
>0b0dbsggh C(G) Loddmgmmo. bowm, o9 K96Jgogdol bgdoldogdo

@ogol  [o@dmgdgmgdo  9F9ga®os, 95dob  glodsdol  gybdiosms
3e0obl(Lod@ogergl) s@bo'dboggb C*(G) Loddmegnmmo.
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aobgobogrme dodeggtmbols 3@Mgdsmdols (369ds S, K9bjombognyd
bog®39do.

356bs bwg@gds: 3084300, @3 u, (7, B96Jdooms
(396J30mbogny@0) Jodpgg@mmds 3@gdowos u(x) Bybjioobszgh oy,

rI]irgp(un;u) =0. (14)

oby, oy

Lirg\/j[un(x)—u(x)]zdx:o. (15)

q9bJombogry@  Logdzggddo  d9bgd@ogeo  bmgopgdosh ol
Ae3memaoy®o (3690900, @o3 hggbh  agJmbos  @oibgomo  Lod@sgang-
goolomgols.

3obbs dwg@mgds:  u, (X, B9bJosms F0dgzdmdols gmBol (gaboo-
dgb@ocy®o) dodpgg@mds gfmogds, my r!LrQ o ;u.)=0.

356bs bwg@gds:  goBggz0m, @mI  u(x) (o@3moygbls S, 9bo@omymo
Logdolb  bpgsdom  [gdBoml, oy u(x) ¥ybjiool  6gdoldog@o
dJosdmbsmgol, dmodgdbgds S, Log@iol olgmo gangdgb@gdo, GMIa gdocs
>d dosdml 939903b0sb.

0 gmAgds: u(x) 396dcos s@ol S, 9bododyeo Log@iol bwgs®omo
V9o @oao, 357ob o dbmgome 35Tdob, @Gm@Es o@OLYdmdL &3 Logdols

9 9996@ 960L(5396J30900L)  obgmo  Fodpgg@mds  {u, (X)),  G®Igmog
30 gdo©0s u(x) 39bjooblsygb.

P.S. 0lig3g, ®mam® 3 Gogombsgyg® @oibgms Lod@sgarols ‘dgdmbgggsdo,
S, 9bo@odymo  Logdol  begs@om  FTgoOGomo  Ygodemgds  o@
939036mgl 53 Logd3ab.

356bs bwg@gds: S, 960@sGYmo(3oedg@@ol{obs) LogMmEol asg@mo-
5bgdsl  dolo  begs®omo  [g@Goengdol  Lod@sgmglmsb, o3 Logdol

b53963> gl mwgode.
gL 3obLobwgmgods Loddmera@op osbig hoogdgdes:

S,=5,U0S,. (16)

36b5 bg@gds: 3oa@dg@@0b{obs(nbo@dsmgmo) bogdaol S,
hog9Bgol, JogmdgdBol L,(G)Log@g gimwgds.

35b6bs bwg@gds:  (Ogog,  39d®ogge,  bo®dodgdya  Logdigl,
Amdgeroi LOgeos bo®dom obpyio®gdyeo dgB®ozol dods@m d56sbols

bog®3g gfmwgds.

P.S. dogdgdm@dol L,(G) Logdig ULOgaos, oby dsbdo yggews gmdob
(399bsdgb@Goey@o) dodpgg@mds JOgosos. bbgobso®ow, ol dgoiogl
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nogol  gggers  begs®om  [g@Foeb. olggg, Omagm@dE  GoE0mbogy®
@oibgms  Lod®ogerg o®ol dgg®ogo bsdwpgoer @oibgms  Lod®sgergdo;
4ggeos  @530mbo@y@ 3m 93030963 gd05bo  3menobmdgdol(gybiizogdol)
Lod@oger gz 33300305 L,(G) doandg@@Bol Logd39do. sdo@md, doendg@@ols
Lbog®higa  Lgdo®adgeny@os, olggg, GoameaE  bsdpgom  @oibgms
Lbod®ogang.  Log@Eol  Lg3o®odgmyy@mdbs  Lodyomgdsl  odgnggs, dob
9 gd9b@ 9oL dogyobgmgogm dols'do domoglgdygeo d33M03g0
J39bod@ogeols g0 gdgb@Bgool  gOgdswo  F0dgzdmdom;  @o(3  ©OE
20d0yg4gbgdsl 3mygamdls doobermggdom sbogrobdo. Jogdgd@ol Logdy
gmggemngol  s@ol  dobobol  Logdzgi. dogdg®@ol  gyubjiombsgryg@o
Log@g Foddmoagbl 335005300063 M gd500 94bJ0gd0L(semoy-saay
aV43900) Lod@sgagh.

9bs  5®060dbml, ®mI JogmdgdBol Logdhg L,(G), 5339 oMb

35650l Logdzgs.  bognem  dsbsbol  LogHsg ygmggemgol  S@SS
domdghFol LogdEg(@seash d56sbol Logh3gdo S@ss Lsgsmogdremm
@03 33Jmbpgl Lzsesdgao b53Bsgeo).

356bs bwg@gds: gabjaosms LobBgdsl {u, (), gfmwgds Fogogsw
Qoﬂmdogggb'g]@o, 09 o3 Lobgdol goOmo @ubjios ds0bi, dgodangds
aodmglobmm, @mam® 3 obo®hgbo ¢ubiogdol Fdxgogo 3mddobsios.
09, BYbJaooms LobEgds os@ss [Ogoge ©sdmzowgdyeo, d5Tob dsbs

FOg0350 ©s8mggz009d9em LobiEgdsl «fmwgdgb.

dsgomomo:  gybjiosms  LobRgds  u, =sin’xy; u,=cos’xy; u;=4
TOg0g300 ©sdmgogdygeos, @Goash u, =4u, +4u,.

0dolbomgol, @md aodmgs@ygomm gyubjaosms  LolGgdol [®xgogew
539300 gdemdol bogombo 9bos @ogmgsemmm o3 LolFgdol g@sdols

©96 9306568 0.

ngo@gds: gubjcooms Lobpgds {u, (0}, FOBogse w©sdmyggowgdgmos
dogmdgddol L, (G) Log®higdo, 395906 ©o Ibm@me d5Tob, Gm@Es oI
LoliBgdol g@sdol ©gBg®MdobobBo aoblbgsoggdygmos byaoliopsh, 5by

(Ut) (Ugup) - (Ugsuy)
YRR (TR (R R (PRI )
(Upsug) (Ug;uz). o (Ug;uy)
d5a0m0m0: Bbiooms LoliGgds u, =sinx; u, =cosx; u,=1 {Oxgogo
sdmy3ogdgmos L[0;z] Logd3gdo, Gowasb

(ul;ul):jsinzxdx:%; (ul;uz):jsinxcosxdx=0; (uju)=2; (u,u,)=m.
0 0
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o
N

0 =2 _2z=0.
4

N O pN

o Ny

3obbo beg@gds:  VoOgogem  sdmnggomgdgm .05, gabdaosms
LolBgdol gfmegds LEgmo L,(G) bog®m3gdo, g o3 LobRgdol yggans

Yglodem w(x) = au(x) fOgogo 3mddobszogoom domgdygmo w(x) g9bdio-

iel

smo Lbod®sgang 33300305 L,(G) Log®mgdo.

336b5 bg@gds: >3dmdgb, dmd {u, (0}, FybJaosms FOgogsw
oI 0gdgao bol@gds [o@mdmowygbls dsygeg@ol dsboll L,(G)
bog® (3990, my Logdol bgdoldog@o gyubios dgodmgds
Fod8mgo@aobmn w(x)=>au (x) Laboo.

iel

d5gomomo: L,(G) ¢39bdiomboseny@ Log®gdo, @m@3s
G={xylasx<bac<y<d| Fo>upgHol dBogomFagms dobolos:
Lx;y; x5 xy;ye ...

5Lg39, L,(0.27) bogd39do, s@Lgdmdl G@oambmdg@@ogem Kg9bdiosms
d5bolo:
1; sinx - cosy; Sin2X - COSyY; SiNX - COS2y; Sin2X - COS2y; ...

3bmdogos, @M L,(R) bog@gdo ‘dgodargds sogml ggogemgd
396J(30900L5a56 Fgdas®o doboligdo, G™Iganlsi hggh dglsdsdols
nog3'do gobgobognsgm o .d.

P.S. dm3gdygao  sdmEsbobsmgol, dobolols dg@dbggs  Logdomo  @meyao
3OMden gdos, MoEysb xgM-xgOmdom, dgmbggol bmgsmo 3OME YOS >
5O Lgomdl.  bbgopolbgs  dsbolo  go  a0bsdo®mdgdl  3@gdomdbols
Lbbgoslbgs Lobodgl.
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33. sbsgmao0s N 356%mIomgd0s6 ggJ@m@agm Logd3gbs s dogdgd@ol L,(G) ®ybjsombsgg® Logdm3ggdl
dodolb

dogndg®@ol L,(G) Log®dEol agmdg@d®ool gologgdsw, aobgobogmmm sbogrmaogdo N gsbbmdoengdosb
39JB™O 9@ Log®gbomsb.

Ne R"39]Bdm® 9o bogdh3g 3o dg@Bol L,(G) Logd3g
L1 gemgdgbdgde gaddmdgdos X(X:Xyi.iX,) 9%2939b( gd0 f (x) gubdGogoos
2. 39d®™@gd0l Liogs@geo bsd@sgao 396J0900L Lgogns@ygao bsd@sgeno
&)= xy, (F():90) = ] f(99(x)ex
3. 333@(*)&)015_ Log®dy 39600l beo®ds
o= [y 3y — /” 2 f ()| =/(F(x); F(x) = [| f2(x)dx
‘x‘_ (x;x) = ;Xi ” ” é[
4. dobdogno m@ (g®@Goenls dm@ols d9B®03o
‘;_g‘: [(x=y:x—y) = ;(Xi_yi)z p(f(x);g(x)):||f(x)—g(x)||=\/(f(x)—g(x);f(x)—g(x)):\/.G[(f(x)—g(x)) dx
5. 09, {a}?:l (O50550 ©8309)3005dgem 09, U, (0}, Fogeg@ol dsbobos L,(G) bog®gdo, d5T0b 53
39JOmGms LobEgdss R"™-Fo, dsTob bog@Eol bgdolidogho f(x) gargdgb@o(gblos) dgodwgds
6930800 x gemgdgbBo(g9ddm@o) &I Vo@dmgoppobmo boboo:
bog®osb %’oﬁa?oggg)o[ﬂabo Loboom: (0 =Y au, ()
;:ZXia i=1
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34. bodmanggol W, (G) g9biombsmg@do Loghg

hggb @obgobogrgm  Jogdg®dBol  L,(G) gybjaombogoy®o  Log®d(zg.
305]B03ye0, ™m3gOsGMOY@o  asb@mamgdgdols sdmboblbgesw, bmyx 9@,
04969096 0lgm g9bjEomboga® LogM399dL, @mIangdoi b Ybggeryma9b
9Ja0gnfmegdygammo  aobbmpsmgdygmo s bybEo o3dmbosblbols  (3bgdsms
2odmygbgdsbs.
9L Log®ggdo obgmogg (gboom oggds, Gmgm@ai hggh ogs5a90m L, (G)
doandg@Bol  Log®zg. aoblbgoggoss dbmagme  Lgsems@ygeo  bod®sgerol
2obLobwgdols {gli'do.
09, Lgogos@yen bod@ogeols aobglobwgMogmn gm®dyemon :
(u;v):ju-vdx+ju'v'dx ; (18)
G G

©> 25303gmAgdm L,(G) dognrdg@@ols Log@iol spgool g9dbogsl, ds5dob
dogogdm bmdmeggol g96J3ombsgryd Logd gl W, (G).
Sbo@m0y@s©, my Lgseo®ygen bod@sganls 4sbglsbwg@dsgm
ROOIYD0m :
(u;v):ju-vdx+ju'v'dx+ju"v"dx ; (19)
G G G

35906, dogowgom W7 (G) Lemdmenggol 5496dombsgy@d Logh3gl.
Sbogrma0n@sE S0398s Lmdmemggol W, (G) K96Jombsgado Logm(3g,
gLsdsdobo Lgsesdgmo bsddsgmol dgdmmgdoom.
(u;v) = Zk:_[u(”v“)dx. (20)

i=0 g

3.5. Esdmoegdgmgds g9bJ3ombsgmy® Logd(3gg9dl dm@ols

hggb  gobgobogmgm  Lbgowslbgs  gubjiombosgnydo  Logdiggdo,
OMdgdoi  9gOmdsbgmobogsb  aoblbgogogdosh  @opo  Fmdmemyoy@o
0golgdgbom. 3ggasbyg YR®mMm “3o60” 9bj30goo s@0sb IAsgoa§ g3@gdo
> domo Lod@ogerg Jdbols 3menobmdosgry®o 1ubiogdol Logdiglh P(x),
Loo 0®9396@0 Lobmpswme
m-25b%bmdogn gbdosbo 39JB™c 05 (g-0. P, (x) dO53o00 (3320500560
3m@0bmdgdols  Lod®ogergs). gL gybjiosms  Loddosgang os®ol  ¢Fy39@
396Jzosms  C(RM) gybdombocrydo  Logdiol  Jggbod@sgan g(bs§ogero).
V93960 396 J0oms Lod@sgang >Mols FOg030560L(@obgsanols)
J39L0d@ogemg. Bybosms @obgsao os@ol FOgogo Ig@®ogyero Log® oo
bofoemo. g9bjiosms [®xog0 IgB®ozgmo  Logdig o®ol  9bodos@ygeo
(Boandg@Bol{obs) LogdEol bofoeno. ol 3o mogol dbMog dogwdgdEols
396J3ombogry@o  Logdiol  bosfoemos.  Joandg®@ol  g9bEombosgnydo
Log®ig 3o Powadagemos Lmdmaggol W, (G) Log®igdo, o9y k=1.
530356900 s Logs®dx0dmgdo
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35005630 1

Lgodgom, L o@ob hoggpom G o@gby aoblobwgdam 99398 1396Jc00ms
Loddogmg MmIgemongobsi syo@o oJglb 30@mosls [u(x)|<8. 35T0b

sbgmo gubdizogdols Lod@sgang 0dbgds grobgogo, myy s@s s MoFH™AI?
2. uX)=x;  v(X)=I; G:{x| 0SXS5}; dodob godmmgogrgm bgogms®yeo
bod@sgemo W, (G)-ols sb@om.
3.308mmgoggm [obs sdm3obsdo dmgdymo 9biogdol bm®dgdo
L, (G) bog®iobamgob.
4.a53mmgogm, pu(x);v(x)) Fobs sdmEsbols 30@mdgddo.
50050350 ©sdmyz009dg@0s, M9 @ Bybjiosms Lol gde:
ux)=x;  v(x)=1; G:{x|0§x£5}?
6.05 2oblbgoggdss 9bo@odye, Jodg@R ol s dobsboli Log®m(zggdls
‘do@ols?
35005630 2

Lgmdgom, L ool hoggdoa G ségbg goblobwadae «979398
396JEosms Lod®sgarg GMAgemomgolsE saomo o3l 30GMbsls

|u(x)|s9. d5dob slgmo g9bdogdols Loddmsgemg 0dbgds eobgsgmo, my
SMS > @oFH™J?

2. u()=x% V)=l G=1{{ 0<x<5}; 85306 godmmgomgm gogmsdumo
bod@sgemo W, (G)-ols sb@om.

3.308mmgoggm [obs sdmobsdo dmgdymo 9biogdol bm®dgdo
L, (G) bogdobamgol.

4.a53mmgoegm, pu(x);v(x)) Fobs sdmEsboli 300mdgddo.

50050350 ©sdmyz009dg@o0s, M9 @ Bybjiosms Lol gde:
u(x) =x*;  v(x)=1 G={x|0§x§5}?

6.0 25bLbgoggdos Lmdmenggol, dogdgd@ol s dsbobol LogM 3990l
‘do@ols?

3500560 3

Lgodgom, L s@ob hoggpom G s@gby 2oblobwgdam 99398 a396Jc0oms
Loddogmg MmIgEmongobsi sEyo@o oJgl 30@mosls [u(x)|<6. 35T0b

sbigmo g9bdizogdols Lod@sgang 0dbgds grobgogo, M9y oGS s MoFH™AI?
2. ux)=x%  v(x)=1; G:{x| OSXSS}; do'dob aodmmgsamgom Lgogns@eygeno
bod@sgamo W, (G)-ols sb@om.

3.a0dmmgomgm Fobs 5dm3065F0 Jmzgdgmo 14biogdol bea@dgdo
L, (G) Log®obamgob.
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4.a5dmmgoegm, pu(x);v(x)) Fobs sdm@Esbols 300mdgbdo.

576050350 ©odmyzoogdgaos, oy s®s g9bdiosms Loli@gds:
ux)=x%  v(x)=1; G:{x| 0£x£5}?

6.0 2oblbgoggdss 3ogdgd@ol s dsboboli LogM3990L dm@ols?

35005630 4

Lgodgom, L s@ob hoggdom G s@gby 2oblobwgdam 99398 a396Jc0oms
Lod@ogmg @mIgEmsngobsE sEyoo o5Jgl 30Gmdsl [u(x)|<66. 35Tob

sbgmo g9bdi3ogdols Loddsgang 0dbgds grobgogo, M9y s@s s MoFH™AI?

2. u(x)=x* v(x)=1; G={x| OSXSS}; do'dob aodmmgsamgom Lgogns@eygeno
bod@sgano W, (G)-ols sb@om.

3.a0dmmgomgm Fobs 5dm3065F0 Jmzgdgmo 19biogdol bea@dgdo
L,(G) Log®obamgol.

4.a5dmmgoegm, pu(x);v(x)) Fobs sdm@Esbols 300mdgddo.

576050350 ©odmyzoogdgaos, o s®s g9bdiosms Loli@gds:
u) =x*  v()=l G={ 0<x<5?

6.0 2oblbgoggdss 3ogdgd@ol s dsbobols LogM3990L dm@ols?

3500560 5

Lgodgom, L s@0b hoggpom G s@gby 2oblobogdam 99398 a396Jc00ms
Lod@sgag GmIgemomgobsi saomo o3l 30Mmdsl |u(x)<88. 35T0b

sbgmo 9bJi30900L Lod@sgang 0dbgds grobgogmo, M9y s@s s @oFmd?
2. u(x)=x%  v(x)=1; G:{x| 0SXS5}; do'dob aodmmgsamgom Lgogns@eygeno
bod@sgamo W, (G)-ols sb@om.
3.a0dmmgomgm Fobs 5dm30b530 Jmzgdgmo i9biogdol bea@dgdo
L, (G) bog®obamgol.
4.a5dmmgoemgm, pu(x);v(x)) Fobs sdm@Esbols 300Mmdgbdo.

576050350 ©odmyzoogdgaos, o s®s g9bjiosms Loli@gds:
u(x)=x%  v(x)=1; G:{x|0£x§5}?

6.0 2oblbgoggdos 3ogdgd@ol s bmdmanggol Log@m3990L dm@ols?

3500560 6

Lgodgom, L s@ob hoggpom G o®gby aoblobogdam 99398 1396Jc00ms
Lod@sgarg mIgemongols@ sEyomo oJglh 3o@mdsls [u(x)<1. d>Tob

sbgmo g9bdi3ogdols Lod@sgang 0dbgds grobgogo, M9y s@s s MoFH™AI?
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2. ux)=x%  v() =l G:{x| 0<x<50; 35906 godmmgomgm gomamoeno
bod@sgano W, (G)-ols sb@om.

3.308mmgoggm [obs odmobsdo dmgdygmo g9biogdol bm®dgdo
L, (G) bog®obamgol.

4.a53mmgomagm, pu(x);v(x)) Fobs sdmiEsbols 30@mdgddo.

50050350 ©sdmgz009dg@0s, M9 5@ Bybjiosms Lol gde:
ux)=x%  v(x)=1; G:{x| OSXSS}?

6.M5 goblbgoggdos doedgd@Bol s Lbmbdbmergzol LogM3996L dm@ols?

3500560 7

Lgodgom, L o@ob hoggpom G o@gby aoblobogdam 9¥y398 a396JG00ms
Lod@ogang GmIgemnsmgolsi oEyoeo 53l 3oGmdsl |u(x)|<10. d>Tob

sbgmo g9bdi3ogdol Lod@sgang 0dbgds grobgogo, myy oGS s MoFH™AI?

2. u(x)=x%  v(x)=1; G:{x| 0SXS5}; dodob godmmgoggm bgogs®yeo
bod@sgano W, (G)-ols sb@om.

3.308mmgoggm [obs odmobsdo dmgdymo 9biogdol bm®dgdo
L,(G) bog®obamgob.

4.a53mmgomam, pu(x);v(x)) Fobs sdmiEsbols 30@mdgddo.

50050350 ©odmyz009dg@os, m9 5@ Bybjiosms Lol gde:
u(x)=x*;  v(x)=1l G={x| OSXSS}?

6.5 2oblbgoggdos dobsbolis s Lmdmanggol Log®mzggdl dem@ols?

3500560 8

Lgmdgom, L s@ol hsgg@oe G 509y 2oblobwg@ue 9F9390 Kubdaosms
Lod@ogarg mIgemongolsi sEyoao oJglh 3o@mosls [u(x)|<11. dsTob

sbigmo g9bJi3ogdols Lodd@sgang 0dbgds grobgoo, M9y s@s s MoFH™AI?
2.0 =x% v()=l; G={0<x<5}; 35906 podmmgomgm gomo@umo
bod@sgamo W, (G)-ols sb@om.
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3.a0dmmgomgm Fobs 5dm30b5T0 Jmzgdygmo i9biogdol bea@dgdo
L,(G) bog®obamgol.
4.a5dmmgoegm, pu(x);v(x)) Fobs sdmiEsbols 30@mdgddo.

576050350 ©odmygzoogdgaos, o s®s g9bdiosms Loli@gds:
u(x)=x®;  v(x)=1l G={x|0£xs5}?

6.05 >@0l 2®5dol gBgMIobsbGo s Mo 0bgm®dsizosl odaggs dobo
d60dgbgenmds?

3°30g9b93gmo @odHgtsdHe

1.Pextopuc K. Bapnannonnbsie MeTOIbl B MaTEMaTHYECKON (HU3UKE U TEXHUKE,IIEp. ¢ aHT1., Mup,
Mocksa, 1985

2.3amanckuii M. BBezieHue B cOBpeMeHHYI0 anredpy u aHanus, nep. ¢ ppanu., Mocksa, 1974

3.ITuzo 1., 3amanckuit M. Kypc marematuku anredpa u ananms, nep. ¢ ¢ppanil., Mocksa, 1971

4.1Bapu JI. Ananus,. Ilep. ¢ ¢pani. o pen. C.I'. Kpeiina, 1.1, T.2, Mup, Mocksa, 1972

5.Kapran A. JIuddepennmansuoe ucuucienue. Juddepennuanpasie dhopmsl. [lep. ¢ dpanm. mox
pen. b.A. ®ykca, Mup, Mocksa, 1971

6.Pynun Y. OcHoBbl MaTeMaTuueckoro ananu3a. [lep. ¢ anrin. noxg pen. B.I1. XaBuna, Mup, Mockaa,

1966
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bsFogo I hggnegd@dogo 350mgds@ogndo dmmgegdo
msgo IV. @95J@meamo bJgdgdol @gdbogs
‘dgLogdsemo

35bLobegHgds: domgdo@ogy® dmpgmgdl, Gmdmgdoi s@ofg@Mgdosh
hgggergd®@ogo  ©0xngMgbGosgg®mo  aobFmagdgdom s dglsdsdolo
S 9goMYEo  300Mdgdom  —  hggymgd@ogo IsmgdsGoggdo  ImEgm gdo
gV mwgoom.

hggne gd®ogo  domgds@ogyg®@o  dmwgagdo  Lodygoggdols agodengggb
dosbamggdom dgzolfogermon Gmyeo 30m3zglgdo: JodosTo, domeomyosdo,

9300570, 30@0@035d0, gloJmamaosTdo, gzmbmdogsdo, gobogsdo ws
o>.d.
odolomgol, ®mId  dggopaobmm  Hggyegd®ogo  domgds@ozydo
doEgmo, Loko®ms, xg® dggoaobmon  3mbigd@ s g®o (s g®omo)
doEgeo 9.0. godemgymm
dJoM0omsEo — 256dbobwgdgano 3oModgBMgdo s dggoaobmom  dmgengbols
@9oJBem@gmo Lggdo.
a5bLobpg@gds:  0d  Ujgdol, @mdgaroi  dmEgdygemo  dmgangbols
2obdLobrgMger  3oM5dgBM 9ol dm@ol  5dyodgdl  Jodog®o  @godiogdols
do 300 353d0M90L, Gg5d@mdamo Lgds gfmwgds.
hggb aobgoboanogm @ goddme o 1Jgdgdol Lbgowalbgs Lobggol.
35bLobegHgds: HgoJ@mdyga L Jgdol Gmdgmoi dgoEegl dJbmmme gOm
Fo®3mdJdbgan gengdgb@l, 8mbmdmengsymg@o Lgds gfmwgds.
3obolbgoggdgh dgdcager o Bgadaaser bjydgdb.
5)  gobgobogrmon dgndEggeeo Imbmdme giama@o bgds:
A—4>B; (1)
A - Jgdol (o®dmdJdbgero gengdgb@os;
B - ULJgdol dgwga0;
ki, - A-ob B-U (o®3mJdbols LobJomgs (Bgodiools Lohds@g).
od @953 md o bfgdol  dglosdsdolo  dosmgds@ogy®o  dmwgaols
Sboggdo, dgdmgommm 50bodgbgdo:
a - 5@l A {o®3mdJdbgemo gangdgbBol 3mbigbB®sios, b - s@ols
Vo®dmJdbogno B gangdgb@ols 3mbigb@®sios.
@opaob (1) bJgdowsb asdmdwobody, a - gargdgb@ol 3mbigbd®sios

dodgds  k  Lohds@om  (g.0. %<0), bogrm b - gangdgb@ols

306396H®s305  0bOgds  0g03g  Lobfo®om (g-0. %>O) dogowgdm
hgg9ergd®og domgdo@o sy dmegeols:
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ga =-k,a

dt

% =ka 2)

a(0)= 8y

b(0)= b
boo a8, @ by - dgbsdsdobo  3mbigb@®dsiogdol  Lafgobo
dbodgbgamdgdos.

(2) -  (oddmopagbl  dg9dcggeo  dmbmImengzama@o  bJgdol

‘dgLododol hggyergd@og domgds@oyzy® dmogenls.
53 3obBMEgogd0l 5dmbsblbl 53l Loby: a(t) =a,e™;  b(t) =bh,e".

3) gbos aobgoboemm  Vgdisggoeo  Imbm3megiamudo M gsJBme o
L Jgde:

A B (3)
o
bowosi ky - o@ol bgdol (o@dmdJdbgemo gangdgb@ol smwagbols Lohjomyg
(939 ®godiools Lohdo®yg).
99d935o00  JmbmAmengigeydo  @goddm@gmo  Lgdol  dgbedsdols
hggergd@og domgdo@ogy® dmwgals o3l Loby:

ga_ k b-ka

= _ka-kb )

(2) — dmpgaol dgbodsdobo 3@m@Eglos — @somsd@oydo wsderols
@95J30s, boaem (4) — Jopgel dggbodedgds dogogoms A Lombols
SN Jen gds, gONEOM Yo 3mbegblszoom B - m@oJaowsb.

o3 25bGmegdgdols 5dmbsblbl ofgl Lobg:

a(t) — e—(k1+k,1)t (ao _ kfl (ao + bo) + k71 (ao + bo) e(k1+k,1)t) :
k,+k k,+k

b(t) = et (b, — k (2, +by,) + k, (2, +by,) glltkaty
k, +k , k,+k

4.1. 303meE 939 sOY@0 ©S GOH0IME g3 YESOYE0 350 JdsG03yMo
doggegdo

a5bLobpgMgds:  @godmage  Lgdsl méo  Fo®ImdJdbgemo

980 9d96G0m, dodmmgzgmgao gfmwgds.
3obolibgoggdgh dgudcagoe s JgdGasgoe dodmmgsamyg® bgdgol:
>) yobgobommm g9J3agoeo d0dmmyzgmado G goJBmdgmo bgds:
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A+B—>C (5)
MO0 g gdgb@owsb A s B {omdmoddbgds gdmo C gergdgb@Bo, k,
LohJs@om.
JgLododol JomgdoBogy® dmwgal ojgl Loby:

((jj—? =—k,ab

db

B _ab

a8 ; (6)
% =k,ab

a(0)=a,; b(0)=bh,; c(0)=c,

S>fod dglodangdganos  bylEo  sdmbsblbols 3mgbs, mydEs, gl ymggeo
dogenolbsmngol @meos dgbsdergdgeno, odo@mad aodmoygbgds @oibgomo
dgmmEgdo,  ob  s@lgdygmo  3Gmy@dsdymo  3o39@9d0  Mathcad, Matlab,

Matematica, Mapl . . .
hggh  2odmgoygbgdm  ds@Boggl  3o399L  Mathcad 2001 professional-L.
sdolbomgols, gopogogm (6) sdmEobol dgbodsdol s@bodgbgdby: ai=Xo;
a
0

b:=Xy; €:=Xz. LoFgolbo doobenmggdols do@@oisl gdbgds Lobyg ic=| b,

&

do'dob (6) 3mdol sdmEobol sdmboblbgerse (33eodox 0560 &)7]62).3-(3"3@‘515
dgmmeom, 339J6gds 3OMa@sds:

kl.=0.2
—k1- X0~ X1
D(t, X) = | =KL X5+ X;
kl- XO- X1
Npts := 300C

1
L= RkadaptﬁlJ,O,SO, Npts, D}
1
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3ddmmngengdols Jge gy 900

1 |

a 05~ .
0 I I I I
0 10 20 30 40 50
t
1
b 05 .
0 I I I I
0 10 20 30 40 50
t
2
c 15~ .
1 I I I I I I I I I
0 5 10 15 20 25 30 35 40 45 50

@am@A(3  0dmbsblbols a@ox039d0006 hobl, {o®ImdJdbgemo a o b —

90 9d9b@Ggoo gdL3mbgbEosmydem 30 o056, begnem FomdmJdbogno
C— g0 gdgb@ol Momegbmds sbggg, 9Jl3mbgbiosmy@a 0b@ybe.

d) gbas aobgoboammm Fgdggoeo dodmmgsamydo Ggod@m@gmo igds:
ki

A+B  C (7
<T

gbododols domgdo@Bogy® dmwgels gl Lobg:
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- = kilC - klab . (8)

a(0)=a,; b(0)=b,; c(0)=c,
53 5dm(3560L 5dMLoblbgems, oligg goygbgdm gdodmBoggl 35396 Mathcad
2001 professional-l.  sdolomgol, aowsgowgm  (8)  sdm@Eebols  gbodsdols
>0b0dgbgdbyg: a:=Xo; b:=Xy; ¢:=Xyo. Lofyolbo Bosbanmggdol ds@doiol 9Jbgds
a
0
bbba ic = bo

&

do>dob (8) d(Y;'Hob 5dm3560L sdmboblbgemse (33amo@dox0sbo M9byg-39E@SL
dgmmeom, 339]6gd> 3OMa@sds:

kl:=02 k 1:=025

K 1- X, —KL- X+ X,

D(t, X) = | k.1- XZ_ kl- XO- Xl

KL- X, X, —k1- X,

Npts := 300C

1
L= RkadaptﬂlJ,O,SO, Npts, D}
1

3ddmmgen gdols Jge gy 900

11

1.05 1

0.95
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11

1.05 1

0.95
0

c 095~ .

I I I I I I I I I
5 10 15 20 25 30 35 40 45 50

0.9
0

t

AMAMOG  300%03900056 hobl, a s b gergdgbRgdol @omwgbmds
do@@mol s ool I9wdog ©mbgby, bmgrm € gargdgb@ol Momgbmods
XJO g goygemdl s dgdpgy aowol Igedog wmbyby. @S mdds ¢bws, o]
db0dgbgermds  ofglb o3 gangdgb@gdol  Lofyol  MomEgbmdgdl, mydse,
doEgeo ©obsdogs sdobsi ggohggbgodl.

35bLobpgHgds: @goddmedge  Lgdsl  bosdo  Fo®dmIJdbgemo
9s2gdgbhom GHodomyggmgto gfowgss.
aobgobognmo gdisggo00 G@odmangsnmado Uijgdes:
ki

2A+B C %)

k
-1

booz A gegdgbdl  oJgb  LHgbgmdgHHgmo  3mggoEogbHo
(2A=A+A).
(9) LJgdol dglodsdol domgdsBoly® dmwgenls gl Loby:

ga_ 2k ,c-k,a’b

— = k_lc—klazb (10)

a(0)=a,; b(0)=b,; c(0)=c,
53 odm@Eobols sdmboblbgems, olgg goygbgdm ¢ds®d@oggl 35393 L Mathcad
2001 professional-b. s3dolbomgol, gowsgogm  (10)  sdmEsbol  dglodsdols
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>mb0d9690ba: a:=Xg; b:=Xy; ¢:=X,. Lo(qobo dosbermaqdols ds@@ozols 94690
@bodgbgdby Vd @39 A®oaol gdbyg

4

Lbobg ic=| b,

%

do>dob  (10) .dm‘aob 5dm3obol  sdmboblbgas  (33amsdoxosbo  Gybyg-
396°5L dgmmwom, 439J69ds 3OMy@ASTs:

kl:=0.2
k 1:=0.2t

_ T
2.k 1+ X, — K- Xo) - X,
D(t,X) =| K_1-X,~KL- (x0)2 X,

KL - (xo)z- X, —k 1 X,

Npts := 300C

1
L= RkadaptHlJ,O,SO, Npts, D}
1

3ddmmngengdol Jgo gy 900

30
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15

0 5 10 15 20 25 30 35 40 45 50

3@5JBogyeo  sImobgdo, Omym@i Fgbo, 9u6Om Goygeos gowey
bgdmo  gobbogoyao  Jgdgdo.  gobgobogrme  bmpoghmo  s@Lgdy@o

hgggergdb@ogo  domgds@Bogycdo  dmgeno, Omdgegbo 9339  gerobogols
d093903b9d05b.

42. dobogarol-dgb@gbols dgsd3ool 3smgds@ozy@o Im@gemo

doboganol-d96@ 960l Ggojios  ghm-ghmo  yggesbyg  dod@Fogo
B9G6G Ao Ggoioss;  bogog S - bgdbpdeho  dgadasoesr
2o0©50Jdbgds P - 30mEYdow, gOmo E - 9®dgbBol d9dgg9mdom s
Jdbols Ig9dggoe SE - ¢39®dgb@-LydlR@s@ e 30md3agJll.
dobogaol-dgb@gbol Mgodiool @god@m@dya Ljgdol o3l Loby:
k

&
S+E SE—% 5Py g (11)
|

09, 35dmg30949bgdm  bgdmm dJmygsbogn Igmmel, (11) @go]@m@geo
LJgds dgodengds dogoygsbmm domgde@osy® Jmwgesdwy:
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— =ksse—(k,+k,)c ; (12)

s(0)=s,; e(0)=¢,; c(0)=p(0)=0

(12)  Bomgdo@ogy®  dmpganls  Bobsganol-9g6@gbol  Ismgds@ oy
doegml 9Tmegogb.

od  odmobols  sdmboblbgans, obgg goygbgdm  9ds®@Boggl 35393
Mathcad 2001 professional-ls.  sdolomgol, gowsgogm  (12)  s3mEobols
gbododols  owbodgbgdby: $:=Xo; €:=Xy; C:=Xy P:=Xs. 35Tob, Tgbodsdols
3Oma®sdols 9469 Loby:

kl:=0.2
k 1:=02t
k2 :=0.23
k 1- X2—k1~ XO' X1
—k1- Xo- Xl+ (k 1+ Kk2)- X2
D(t, X) =
kl- XO- Xl—(k_1+ k2) - X2
i k2 - X2 |
Npts := 300C
1
1
L := Rkadapt 0 ,0,50, Npts,D
0
t= L<0>
S = L<1>
e:= L<2>
c:= L<3>
. I_<4>

3odmmngmgdols Igogpgoo0
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15

0 10 20 30 40 50
t
I
041 1
C
— 02 -
0 I I I I I I I
0 5 10 15 20 25 30 35 40 45 50
t
1
p 05 -
0 I I I I
0 10 20 30 40 50

t
>3 3009503900056 bomasw hobl g9@mIgb@mo dgojizools @obsdogs.

P.S. dgolfsogmgom gg@dgbgamo @gsdi3ool w©obsdogs, 3maddogda® by
3505393 Mool 3gmomgdols dobgrgom.

43. @ >-gnmGgaslt 35mgdsgogn®o dmpgmo

Lbbgoolbbgs 3m3ygansiooms YOmoghmddgegdol dgb§sgenols dgdwgy,
go@@g®ed  dgopaobs  gim@mpoyg®o  30m3glgdol  domgds@oggdo
doEgeo, OMIgeoi domgds@ogzol mgombsb@obom, @osgdmbgs @m@ ol
@goJ3zool 390 gds@ozy® dmegeols.

gL dmegeo sefgal m@ X ©s Y U1ydogddl dm@ol d@dmaobs o
30639096300l 3OmEgLL s@lgdmdobsmgols d@dmensdo. bopos, @®d gl
dogeo dgodengds 35dmygbgdae 0dbsl g3mbmdo3sTogs.

Mm@ 3o-geBgaols 3GmiEgbol @god@m@dge L gdsl ol Loby:
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A+ X 52X
X +\k( —f 5 2v ; (13)
Y—>B
A =const, B = const
LobRgds @oss g.0. brgds 9O gamJdgogds ao09dmlonsb (AAB).
gbododols  domgdo@ogyn®  Jmgeol, (13)  ULgdowsh odmdpobomy
93503960 bgdmem dgL§ogmogmo dgmmwoon.
dx
E:klax—kzxy

d
=k —ky (14)

(14) dopguel @o@go-gom@g@st doegao gioegss.

od  dsdmiobols  sdmboblbgansw, olgg gogygbgdo  9ds@@Roggl 35398
Mathcad 2001 professional-ls.  sdobosmgol, aoogogn  (14)  sdm3obols
dgLododol  s@bodgbgdbyg:  Xi=Xg; Y:=Xi. 3d5dob, Dgbodedol  3OMa@Sdsls
9Jb69ds Lobg:
kl.=0.2
k2 :=0.25
k3:=0.23
a:=0.02

k1~a~Xo—k2~XO~X1
D(t, X) =
k2 X, - X, —k3- X,

Npts := 300C

1
L= Rkadapt[[l),O,SO, Npts, D}
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15

t

o3 2M5%0390005b bom@ow Hobl, @md slgmn dgdmbgggsdo, X Lobgmobols
3039300 X 9O  d30Ogds,  bogm  dgdogy,  Sboyudgdl  @s Y
30390 5300L, ool Igwdog bodbyaby.

P.S. 9g0Lfogego @m@3o-gmm@g@st 3m3gas3og@o ©0bs3ogs,
333093 g0dg 35053gFMgdol (33Eoegdols Jobgwgoom.

44. dgeomgbmg-godm@obbizol dsmgds@ogg®@o dmwgmo

g mlmg-g5dm@obligol  @godaos —  s@ol  @bggomo  @go]30s,
Amdgeo3 Rog®se  dgolfsegangl goads, jom@glds s bmoglbds.
hggb o6 hoyw@dsggdom sdmsbols Jodoyg® s@OLL ©s 3o®sdod hogfgOm
@95J00L @god@m@ g 15]gdsls:

A+Y —55> X +P

X +Y —2—2P

A+Xk—k3—>2X +27 (15)

2X——>P+A

Z—1fY

A =const, P =const, f =0,5
gb - Lob@gds @oos  @opgeb  A-l 9ds@gdgb 0dpgbl  @sdwgbocs

05 JE YO, OIOT! ‘dgobo@hybmb A= const, f -LBgbgmIgBO Yo

309803096F 0.

(15)  ®95J3meOyeo  bjgdol  glodsdol  domgds@ogyn®  dmgenls
b9 glmg-g50m@obligol dsmgds@osy® dmwegel 9fmwgdgb:

dx

- k,ay — K, Xy +k,ax —k,x*

dy

Ez—klay—kzxy+k5 fZ . (16)
d—i = 2k,ax — K.z

X(O): Xo> y(0)= Yo Z(O): Z

od  sdm@iobols  sdmboblbgansw, olgg goygbgdo  9ds@Boggl 35398
Mathcad 2001 professional-ls.  sdolomgol, aowogogmn  (16)  sdm3obols
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‘dgLododol s@bodgbgdbyg: Xi=Xo; Y:=Xi; Z:=X;. d5'dob, dgbodedols 3Gma@sdsls
9Jbg9ds Lobg:

kl:=0.2
k2:=0.2
k3:=0.2
k4 =022
k5 :=0.29
f=0%
a:=01

2
Kl-a- X —k2- Xg- X + k3-a-X0—k4-(X0)
D(t, X) = Kl-a- X —k2- Xo- X, +K5- - X,

2~k3-al-X0—k5~X2

Npts := 300C

1
L= RkadaptHlJ,O,SO, Npts, D}
1

(
=L
Sdmmgmgdol dgogagdo

I
L |
X o5l —
0 ] ] ] ]
0 10 20 30 40 50
t
15
L _
y
05 -
0 ] ] ] ]
0 10 20 30 40 50
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| ] ] ]
0 10 20 30 40 50

t
P.S. 3gobfogemgo dganmybmg-xsdm@oblzol Ggsdiool ©obsdogs,
333093 g0dg 35053gFMgdol (33Eoegdols Jobgwgoo.

4.5. 30030g0b-a0 959360l 350 gds@oganmo dmwgeo

3M0050b-a 9393@0l dmgero >@ol, M@0 TyPom goyg®o 3GmEYJRob
dJmbg @godi00l domgdo@Bogycdo dmwgmo, @mdgelsi ofglb 3g®omeygeo
5dmboblbgdo  3oMdgB@gool goblobwg®yeo dbodgbgermdgdolbomgol. gl
dmEgemo 5390 0J6s 0d do09do® 03900 dgonmegdols
©gdmbl@G®sioobsmgol, OmIggdoi dgdydoggdymo olbs
J d@oybgerdo,  bmdgeols  3@gdools @oy@gedol  3Mogmgobols
bga0ddpgsobgammdom, Sdo@md, o3 dmegel bmaxg® L,0009LgmosGm@ L
AV 0R)o9b.

3OMyMg0b-e0 93 9300L o000l OgoBmayga Lgdsl 5Jgl Loby:
A— X
B+X —>Y+D
2X +Y 53X : (17)
X ——E
A = const, B = const, D = const, E = const

g Lob@Egdoz @oos  go. gds@gds ob  ogmwgds A, B, D, E
b03m09®9d9d0 0byg, ™3 domo Gomwgbmds dgobodhybgds gHm ©Mbgby.

3M02050b-@ 939300l domgdoBozn® dJmegels segomsw sgspagom (17)
@35m0 bjgdoosb godmdwobs®y:

%: k,a+k,x*y — (kb +k, )x

%: K,bx—k, Xy . (18)

X(O): Xo» y(O): Yo

od  ddmiobols  sdmboblbgansw, olgg goygbgdo  9ds@Boggl 35398
Mathcad 2001 professional-ls.  sdobosmgol, aowegogmn  (18)  sdmiobols
JgLododol  5@bodgbgdbyg:  X:=Xg; Y:i=X;. 35Tob, dgbodsdol  3OMa@SdSLs
9Jbg9ds Lobg:
kl:=0.25
k2 := 0.42

75



k3:=0.32
k4 .=0.2
a=1
b=1

Kl-a+ k3~(X0)2

D(t, X) =

- X, — (K2 b+ k) - X,

2
K2-b- xo—ke.(xo) - X,
Npts := 300C

1
L= Rkadapt[(l),O,SO, Npts, D}

. I_<o>

X:= L<1>

)
y=L
3>dmmngengdols Jge gy 900

2 |

15~ 1

0.5
0

15 | |

05 -

I I I I
0 10 20 30 40 50

0

t
P.S. dgolfsgmgm 3@ogmgob-argggg@ols Lobdgdol ©0bsdogs, 3md3oyndgady
3505393 Mgdol 3gmomgdols dobgrgom.

4.6. ©35J@@Ogo LJgdgdol Ggdbozol g5dmygbgds medmamdmgols
356 mM 98960l Ygbowagboe ds@gmgol 4Fyzado xoEzgdolsmgol

305]J@035>do b'do®ow 23bggos Lo o300, OIRTEN 9JOHN0
damdo®gmdowsb LobEgds dgdmbggzomn aoswol dgmmg dpgmdsmdgmdsdo.
dogomoma, 53505@ Mol bgdoldogHo gergdgb@o dgodengds godmgoegls
Tymdopseb ©dOmoll bgboldogd dmdgb@do, dolo dgzgmgdsi  ‘dogdengds
Jobegl ©Omol dgdmbggzomn dmdgbddo s o.9.
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sbigmo 30m39Lgdols s bol 9o 2o3dm0Yygbgdgb do®d gmgols
‘dgdmnbgggomo 30m39bols @95JB@ e L Jgdsls, oM g@yeo
doamdo®gmdsms Logdhiom s 9fy3900 ©Omom.

godgom  S.S,.....S, - Lolggdol dpamds@gmdoms oMy geo
303gg@mdos, g.0. S h, 5ol 03 Jpamdsdgmdsms Lod@sgmyg Gemdger o
‘dgodangds oyml Hggbo LobEgds @mol Lbgspbbgs dmdgb@do, Lo@ysiools
dobggoo.

S>ds oy 0d  S§-dpamdodgmosdo  LolLEgdol  yogbol  sgodosmmds
50gb0dbmo  pt)-mo.  p;(t)-oG0l  Lobpgdol S -dpymds@mgmdosh S, -
damdo®gmdsdo gosbgamols sepdommde.

25bLobegMgds: LobEgdol S, -dwymds@gmbdowsb  S;-damds®gmdsdo
ooligarol sendommdol LodzgMmogg 4;-gVmwgds, dgbodsdolo gowsligarols
S dommdol (330 gdols LobJomgls, g.0.

_dpij(t)
T
3bowos, ®mI wAMmol dzodg At Tgom gogdolbsmgols
o0 (0)= A AL (20)
09,  Ajmyoesbgmols  sandommdoms  bodggmogggoo 5@ 5@05b

(19)

©5dM0Egdy@o  t-eAmby, dodob Is@Zmgol 3OMEILL  gOmygesO™gsbo
gVmegds. Fobsswdpgy dgdmbgggsdo S@SgONyg50™g560s.

aobgobogrmo  damds®mgmdsms MmM0gb@Godgoymmo a@sgo (bsb. 4.1).
dodob h3gnegd®ogo domgdoBogy®o dmwgmgdol, Ggoddmeyeo Ljgdowsb
03900l Fgbol  godmygbgds, dmgg3gdl  gmedmam@mgol  gob@mergdoms
LolBgdsl dodzmgol  3GOMEgLbobomgol, GMIgaoi dgglodsdgods (bob. 4.1).

A
A
S

134 \ 153
S, » S

bob. 4.1. dpgmds@gmdsmns mM0gbR0M om0 aMo%x0

bobobbg dmzgdyne g@oxnl  (odxgo 53 a®ogl  guyn®gdm
Omym03 O95]@mage LJgdsls), dggbodsdgds domgds@ogly®o dmwgeno:

77



dp;

dt = _(/112 + /113)[)1
dp,

e /112 P, +/132 Ps

dt

dp
d—::ﬂlg P, +/153 Ps _(2'32 +/134 _iss)ps . (21)
dp,

dt
= /145 P, — 253 Ps + }“35 Ps

= A3y P3 = Aus Py
dp,
dt
09 303om, Amd Lofyol t=0 dmdgbddo LolEgds 0dgmxgdmes
S,-da M3 gmdsTo, 35dob Lofgol 300HmMdgdL 946gdom Loby:
p1(0)=13 p2(0)= p3(0)= p4(0)= p5(0)= 0. (22)
(21, (22) - (o®dmowagbl dodzmgol ¢Fyzg9d0 xodgol bob4.l-by
(39990 damds®gmdsms g@sxol dgbsdsdol domgdo@ozg® dmwgenls.
Sbogmpoy@se, dgodangds  sgogmm  h3gymgd®ogo  domgds@osydo
JoEgmgdo  Goygmo  3GmEglgdbobomgol, @mdangdobmgolbsi  Fobolifo®
503905 dgbodsdolo damds®gmdsms dJods@mngero y@o30.

53356960 o LdgsdR0Tmgdo
350056@0 1

Lhggnegd®ogo domgdo@ogy®o dmogeol aoblobrg®gds;

2.50dm@ 9390960 ©s GModme g g®o @goddm@geo bjgdgdols
‘dglododolbo domgds@ogyg®o dmwgmgdols sggdol §glo;

3. 00390 dm@igdygmo  @goddmdgemo  Lgdol dgbodsdolo  Fsmgds@ogy®o

dewgeno:

Ky

—
A+2B C+D, A =const, D =const.

k
1

4.oog);]mi dodgmgol  dgdmbgggomo  3@mEgbols  dosmgds@ogy®o  dmgero,
damdoMgemdosms MmM0gb@Go®mgdbymo a@sxgol dobgogom:

o, L2 [ p, A2l b

»

A

Aar

5.259M0 3380090 dobogerol-dgb@gbols domgdo@ 0390 dopgeools
Fobslfm@amdols §go@oegdo doadosmdsbyg. Mathcad 2001-0l sbds@gdom,
030390  dmgeols  dgbsdsdolbo  sdmboblibgdol ©obsdogs  3o®adgB®gdols
bbgoolbbgs  dbodgbganmdgdolbomgol s dgolfsgenrge  ©obsdogydo
LobBgds Boby® LodAEFYgbY.
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35®05630 2

Lhggnegd®ogo domgdo@ogy®o dmogemols aoblsbrg®gds.

dbmdmen g9 g6o G goJdma o L Jgdgdo;

2.50dm@ 9390 9M0 ©s GOHodma g3 ®o Ggod@m®geo Ljgdgdols
gy gbs s Sbognobo;
3. 00390 dm@igdgeo  @goddmdgemo  Lgdol dgbodsdolo  Fosmgds@oy@o

dm©geoo:

ks

—) K
2A+3B C——A+2B.

k
-1

405390  do@gzmgol  dgdmbgggomo  3@mEgbols  dsmgds@ogy®o  dmgero,
damdoMgmdsms MmM0gb@Go@gdbyco adsxgol dobgogom:

A

P Iq — P, e B
Aoy X

Ass

5.259M0 3380090 @M A 3o-gME@g@sls domgdo@ 0390 dopgeools
Fobslfm@amdols §gd@oegdo dpadosmdsbyg. Mathcad 2001-0l sbds@gdoom,
030390  dmgeol  dgbsdsdolbo  sdmboblibgdol ©obsdogs  3o®sdgB®mgdols
bbgoolbbgs  dbodgbganmdgdolbomgol s dgolfsganrge  ©obsdogydo
LobBgds Boby® LodAEFYgby.

350056@0 3

Lhggnegd®ogo domgdo@ogy®o dmogemol aoblsbrg®gds.

dmbmdman g39my@o @goJdmaygamo L]gdgdols dosmgdo@ogsy®do dmwgen gdo;

2.50dm@ 939060 ©s GOodmen gsgeg®o @god@dm@geo bgdgdol @
sbognobo;

3. 00390 dmigdgmo  @goddmdgemo  Lgdol dgbodsdolo  Fsmgds@ogyg®o
dm©geoo:
X +Y 153X
A+2X —25Y +B A = const , B = const
Y +B— 5 X +2A
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4. sopgm  do@gmgol  dgdmbggzomo  3@miEglol dsmgdsGogycdo  dmwgano,
damdoMgemdosms MmM0gb@Go®mgdbymo a@sxgol dobgogom:

Py et » P Ao

A v 134

A
‘%ps‘y

5.308m033@090  dgeremyglmg-godm@oblgol  domgds@ogy®@o  dmgenols
Fobol{mdmbols §gd@oargdo dpa@smmdbdsby. Mathcad 2001-0l wobdomgdom,
030390  dmgerol  dgbsdsdolo  sdmboblibgdol ©obsdogs  3oMadgB®gdols
bbgoolbbgs  dbodgbganmdgdolbomgol s dgolfsgarge  ©obsdogydo
LobEgds Boby@ Lod®Eygby.

Pe

35005630 4

Lhsdmmgomgon ©s 0bdod@go domgds@oiyg®o dmpgagdol bobggdo;

2.50dm@ 9390 9®0 ©s GOodme gy g®o @god@dm@geo bjgdgdol spgos;
3. 00390 dm@igdgeo  @god@mdgmo  Lgdol dgbodsdolo  Fsmgds@oy@o

dmEgeoo:
N 2N
A+2B C D+ B
X k| iﬂ_\j k_q

E+A

E =const; D =const.
450390  do@gmgol  dgdmbgggomo  3Om3glol  domgds@ogy®o  dmwgano,
damdoMgrmdosms MmM0gb@Go®mgdbyeo a@sxgol dobgogom:

}“41 o p, |«
2'12 /131
\ 4
P,
v/123
/124 P,
/134
v
> Py
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5.259M0 3380090 3M0200b-a0 9393000 domgdo@o39do dowgaools
Fobol{mdmbols Fgd@oargdo dpa@smmdsbyg. Mathcad 2001-0l wobdomgdom,
030390  dmegeools  dgbsdsdolo  sdmboblibgdols ©obsdogs  3oMedgB®gdols
bbgoobbgs  dbodgbgammdgdolbomgol  ©s  dgobisgango  ©obsdogy@o
LobBgds Boby® LodOEYgbY.

35005630 5

Laobdo®@gm dmegeomgdols Lobggdo;

2.50dm@ 939060 ©s GModmen gigeg®o @god@dm@geo gdgdol sagos;
3. 00390 dm@igdygeo @goddm@gemo  Lgdol  dgbodsdolo  dsmgds@ogy®o

dowgeno:
E = const

Wl ks

%

C+4 B D+E
t ok A
P

E+A4
450390  do@gmgol  dgdmbgggomo  3Om3glol  domgds@ogydo  dmwgano,
damdoMgemdosms MmM0gb@Go®mgdbymo a@sxgol dobgogom:

P
/121 /123

\4

P2 Ps

A

5.953M033@0090m 3002050b-a0 93930 do09doB039M0 do@ageols

Fobslfmamdol (go@oggdo dpa@omdsby. Mathcad 2001-0L sbds®gdom,
030390  dmegeol  dgbsdsdolbo  dmboblbgdol ©obsdogs  3oMadgR®Mgools
Lbbgoolbbgs  dbodgbganmdgbolbomgol  ©o  dgolifsgergem  ©obsdogydo
LbobiBgds Roby® Lod@EFYgbY.
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39309969390 @odHghaHPHe

1.

2.

® NN

Xoaognuk M., Kimu A., Kyonuek M., Mapek M. MeToabl aHa/iu3a HeJUHEHHBIX
AMHAMHYECKHX Mojaeseid, M., Mup, 1991

Oobragze T.A. DileMeHTBI MAaTeMATH4YeCKOr0 MoOJAeJIMpoOBaHus, y4ded. moc., I'TIA,
Tonaucu, 1989.

Xaken I'. Cuneprernka. Mepapxuu HeycTOH4YMBOCTEel B CaAaMOOPraHM3YHOIINXCSH
cucremMax u ycrpomcrsax, M., Mup, 1985.

Huxommc I'., Ilpuro:xxun MU. Camoopranmszanmusi B HEpaBHOBECHHMX CHCTeMaXx.
Hepapxun HeycroiiuuBocteii. —M., Mup, 1979.

Mayaunr JI. Ilpupoaa xumuueckoi cwsizu. —M., -JI.: Focxumusaar, 1947.
Mpuroxun WU., [dedeii P. Xumuueckass Tepmoamnamuka. HoBocubupck, 1966
Ipuroxun U. Moaekyasipuasi Teopusi pactBopoB. —M.: Metaaayprus, 1990.
Ipuroxun HU., Kongenynn /I. CoBpemenHasi TepmoauHaMuka. OT TemioBbIX
ABUTaTeJeil 10 AUCCHIATHBHBIX CTPYKTYp, M., Mup, 200210

Puzanuenxo I'.1O. Jlekmun mo MaTeMaTmyeckuM MojaeJasiMm B omoJsormu, M., 2002.

82



0530 V. 35@gtoseado Fgh@omol 36905 @5 3sLmsb ©s353300gdgeo
35093504700 Imegengdo

IgLogseo

356bs bmg@gds: by, @dgools bmdgdoi goda gos
G gdgerggmm  Inizgdgmo  sdmEsboll  3oMmdgddo,  dsGg@osgY@o
Vaodomo gfmegds[l-12].

455 000: 3enobg@gdols 9OM0gOno0ls dodo®m dod@omdols
‘Ygloli{ogersw, obobo dgodangds hogmgommm ds@g@osgry® [ 9®@oa gdow,
AOmdgemsi  goohbosom dglsdsdolbo 3ensbg@ols @meno doligdo-m;, dog@sd,
09 3350609M9LgdlL  3asbgBol  bOYbgomo  dmd@smdols M gero@gods
Lboggmodo @g@dol aoMdgdem, ol ¢339 3g@ hogmgerom  do@gdosgy®
Voo oo ©s odgamgdagao  godom, ULbgs abgoo ggdomo  dglodsdolo
30m3gLgools domgds@ozydo dmwgagdol ‘dglowagbog.

0obsdg®mgg  Bgdbogol dow{gzgdo dogrosbs  (M30mIB®obsggdo,
35390900, dob]5b6-39d5b0bdgdo, 3dgbgoemmdgdol 3MmgJdoMgds ws o.9.)
99956 9ds  3esloggd-boyRmby®@ dgdsbogob.

geoobogyg®o dgdobogols Loggydgganl dgowygbgb boy@mbol jobmbgdo,
Amdggdo(3 999o09d05b  gJL3g@0dgb@Bgolt o  Low-dgBogoboiy®
>b®mgbgdsb.

aobgobogrmo boyBmbols 3obmbgdo:

>) 6og@®bols 30@g9em0 356mbo:

0y bbggabg o@ dmdgogdgb Lbgs Lbgyegdo, ob domo dmJdgogods
30339bLoM gdyaos, 35dob Lbgyano ob ¢d@ogos ob dd@omdl mobsd®ow
> VOgogow;

569 o9 F (doggdols 080)=0, 35306 & (shjogds)=0.

P.S.9b 3obmbo dognsTos, dbmgome 35Tob Om@Es ©s33003955L gofo®mdmgdm
obgmo smgmol LolEgdgdols Jodos®m, M gdoi Jmd®omdgb shls@gdols
2o09dg.  sbgom osmgaols  LolEgdgdl, obgdEoye  smgeol  LoliGgdgdl

AV megdgb.
3) boy@mbol Igmcg 3o6embo:
shjomgds, OMIEO0MS(3 dMdOSMmdLs Lbgygyero

30ME530M3O M3 (309800 dmdBsmdols 2odmd{ 3930 dogmolss S
93930M30@ 30905 bbgyerol dobobe:

. F

a= g (1)
>3 3obmbosb 25dmdobs®gmdl, @I

F=m-4a. )

P.S. bog@mboli 3gm@g 3obmbo dognsdos dbmenme 0bg@d0geo
oL gdgdolmgols.
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) boyg@mbols Iglody gobmbo:
™0 Lbggmol 9G00g@mJdgegdolsl, F,-dsgns @Gmdmonss

3003geo bbgyao dmddgegdl dgmmgbyg, Loowon Gmeros ©s
d03oBm oS Fy-dogols Lodo@oldo®me, Gemdmonss dgmeg Lbggamo
dmJdgogol 306390 bg. 5by:

|E12 = _IE21' (3)

PS.: gl gobmbo dognsTos, oy  gOmog@omddgogds  bo@Eogmmogds
dgobog®o, dog@sd @goemy@ow, Ubgymms dgxobgdolbols ©gxnm®dsios
200593935 Labdyao Lohds@om.
Jsbogdo  ©0b5dogol  doMomswo  3obmbos  bog@mbols  dgmag
366(')60:
d - -
EP= F . 4)
ool P=M-V-033gambos, F-dogno. gl 3obmbo dogns@os  0bgdoyeo
oL gdgdobomgol.
0  ULbggaols dobs  M=const dygwdogos, dodob (4) dmd@smbols
3obBMEgds doomgdl Lobgl:
a7, 47

— = =F . 5
dt dt? )

©) dbogmom dobopygmmdols 3obmbo:

3enobgBgool YOmogdOmJdgogdol dglsbfsgensm oo 360dgbganmds
5Jgl  3obmbl, @mdamols  mobobdosi:  dybgdsdo  bgdoldogdo M, -dslols
Lbgygero  d00bowsgl  bgdoldogd  Lbgs  M,-dobols  Lbgyeols  dogoom,
OMdgeroE  300053003OM3MM30Yos >3 dobgdol  bsd@sgamolis o
93930030030gmos 58 dobgdol  3960®gdlL  Jm@ols  dsbdogools  (r?)
33053 0bs:

lflzz_Lz.'\/lz'Fn:_Lls.Mz'r' (0)
7] 7]

bowoi 7=6,67-10" 63%/3d%-9bogg@logydo y@sg30@sG0geo dygwdogss,
=900 ggeo Loa®dol g9]@m@os, Omdgeroi dodosGmygaos M, -©sb

M,-Ubog9b. T, :|:7|

5.1 bgeomgby®o 0565335300l dmdBsmds Egesdofol go®Tgdm

30Jgo0  m5bsdybog@ol  dmd@omdols dods@myangds  gdmbggge
©gsdofols d@9bgols dodo@mya gdsl. 0obsdybogdols m@do@ols
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r-asoyglbol, ®s d60dgbgermdobomgols  dmghggbgds wgwsdofoby dymy
0593300390920, 05b53d3bogMo ¥d@sgo?

SImblbs:  F@ogmo  m@boGolbomgol  doboymmdols  dogns  9bws
9o®oegl  39bd®0L gbym  dognsls Lopoom s dodosGmygergbom  ybws
0gmb dobo Lado@oldo®m, g.o.

IR =M ™

Lbosi My -gesdofols dobss, M, -0obsdybogdols dsbs,

@, -m5bodybog@ol 390 by®o LobJomy. >d 25b@ME gd0sb
2odmdEobs®gmdl, GmJ
s _ My 7Md'Tt2 .
Tl (@n? ®
oo T,-mobsdybog@ol d&9bgol 3g®omwos, M, =598-107 b
0dobomgol, ©@md Egesdofsbg dgmayds  ©sd3goMggdgads  gg®
dgb0dbml  mobodybogdols  d@9bgs,  Lokodms  Omd  mobodybog@ols
39obagdo  Lobjodg o, 0gmlb Goao ©gesdofol dO9bgol  ,-330by®o
LobJomols, oby

r

W, = Oy, )
dop ™3
dodob,
o= 087 .23,;.)1'(&??'1027) 159° ~75-107 159" | (11)
o F~4,2.10° 3%, (12)

@oa5b gesdofol Mswoylo Re~6,38-10°1d. (12) dsbdogno
Vo®dmoagbls dongo®gdoyg dobdognols = 1/10-1.

52. 3g05bgBgdol dcmddsmds 3bols g56Tgdem

3enobgBgoo 9O m0gamJdgrgdgb Ibmyaom Jobowyemmdols jobmbom
(6). dgbodsdolo domgds@ogy®o Jmpgerol dglowagbow goLbodygdamm
©0bsdogols 2obGmengdgdom (5), Lowsi dmd@smdbols 3sdmadfgggo

F -dogmgdo {omdmowygbgb dbmgmom dobowymmdols (6) a@ogo@doE0wa
dogn gdls:

!

a7 1 M

MY (13)

i T

M.
' dt?
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boosi dB®obo xodol Loddmenmdo godm@doibogl 0d dgdmbgggol, Gm3s
i=j; F=F -, bosg F-o00b I-§g@@omoesb j-Loggh dods@mnyaro
39J&™@0. (13)-dmwgaols aolsdo@Boggdense dG®obosbo xsdo gogymm M
bofogmoc:

AT Sy (14
LoFygol 300mdgdl sdgom Lobyg:

RO =1, ; (15)

F|(0) = Vi - (16)

>d dmgenols go@oboios bako®ms 3md309@Egdby. gobgobogrmon 39@dm
dgdmbgggs: m@o Lbggemol 3@mdamgds geosbogn® dgdsbogsTo.

5303565,  Vgopa06gm @0 Lbgnmo 3Omdmgdol 350935 039M0
H(Y)Q;]Q)o. 30300, gohmo Lbgyemos — ©gsdofs, dgmmg Lbgyaos dngedy.
‘9o 0690, 53 3ansbgBgdol Jmd@omdol domgds@ogy®o dmwgano.

Sdmblsbs:

y < ( dogoty

gesdofs
bob. 5.1. gsdofols dmJdgogds dmgodgby
aobgobogrmo dmgo®mols dmd@omds waesdofols dods@m g.0.

hogmgogmm, Gm3 gosdofs ¥ddsgos s Jmgodg Jmd®smdl gosdofols
doboyganmdol dognrols gogergboom:

F, .

ﬁz—ﬁ: F, :—‘F‘-ﬁ

ﬁ (17)
F, =l Y

R
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Md 'Mmt

»Y aogomgomolfobgdm, @mI |F|=y —" dogomgdm, G™I
r

Mmt.dc\]/txz_}/Md_‘.E/lmt'X
N x(0) = 0,5
dv,  M,-M, y(0)=0
M - =7 P -y LoFyolo 3o®mbgdo v.(0) =0 (18)
Ty v,(0) =163

P.S. 53 dmpgmol @gsamobsgoolsmngol  gsdmoyggbgor  Mathcad 2001
3OMAMIgmo  3539B0 S  5539m, ©gesdofol  ao®Tgdm  dmngs@ols
IndAsmdols GOSgIGMM0s. 55390 3:mgsdol gmemdE0bs@gdol (3geomgdols
3M58039%0 @™ol dobgrgom.

Bgolfogergo 3mddsmds gsbgd LoddmEYgdy.

5.3. @56g93960L domgds@ogydo 8(*);239\')0. bsfoesgols dmdesmds Lombgdo

@56g9ggbol  smgdsGogndo  Imwgmro. gopaobgm  bofomsgols
Loombgdo dmdOomdols domgds@ogydo dowgao, 09, Loombgdo

dod@omdolsl  bofomogbg  dmddgogdl  Lobdo@ol  3Gm3mG 0o
FToboomdwgamdols dogms. sdols go®s, syomo o3l dgdmbgggom Lomdoy®

d9dg5mmgogdL mX (t).

S3mblbs: cnobygzgbols domgdo@osn® dJmgenls 543l Loby:

s - -
d—'i’ -F, +F,. (19)

Lowsi Fye-bAmJbol Fobss@dogamdols dognss;
Fo-399mbgggomo ganad@ao0gd0lysb aodmfggaemo dogmss;
'Est:_7/m\7 5 lEfI :m’X(t);
sy, MM @5bggggbol 3o0gdsGognd dmpgel oJgl Loby:
mv=—ymv+mx(t) ;
09 dmgobogbm 3933935, dogowgdm:
V=—y-v+ X(t). (20)

oo 7-90mggeo dobolbomgol go@osbyo®odgdygmmo bobybols
30980G0IbG0o,
X(t)-ge09]B1o30og®o dogrol dwagbgmos s dodobowsdyg, dJolo

Lodgogem d60Tgbganmds byeols Goenos, 569 <X(t)>=%JX(t)dt =0.
0
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56793960 (20) gobBmagdol byli@ sdmbsblbl gl Laby:

v(t)—v(0)e "' =" -je” X (x)dx (21)

54. bg5gol @odol b5350g30L(bEb) ©0b53ogol dsmgdsGogsnmo dmwgmgdo

bgogol  Bodol  bogowgdl  gobginmgbgdosh  mmgmols  bgeggdo,
Jgomoggbs, Lgmy@o  bogowgdo(@go®imagdo) s  dgFyg@gdo.  bgsgols
Godols bogowgdolomgols sdobslbosmgdgamos SOSLBSGE0Mbog YO MbY,
LY@og{omdmJdbs o bdodoe, dmygemmebyermds. o3 0f393L6 o
doBgdos@y@ bodoel s bmaxg® dlbggd3elsE. odgwsb aodmdwobady,
bgogol Bodol bogogdols dglfogens, wowo bobos (o@Imgol dbmgeomls
4ggeos  doosbo  @ga0mbgdol  Jg94bgo'do  @mpm@oiss:  Laso®mggenem,
053mb0s, Log®sbygmo, dggoEemos, gbdsbgmo, jobows ©s o.4d.

Lo Jo@mggenem o, bgogols Ao3ols bogowgdols 3500995303740
dmEgmo@gdol ULoJdgdo, Jombydgmo bodydomgdo g3gmgbom: 0godg@msd
g§0060h-L056mggb(330L[12], ™sdsd  ModasSdgl[12] o o@os  IboggL[13].
boam  gdb3g@odgb@yero ©s 0bgob®dymo 3gengggdol Lgg@mdo: ogos
by bgyeodgl[14], 3g@s6 gasamTodglL[15], aogo 39@yhsTgoas[16], mMnsG
bomodgoamU[17], gobGoby mggbsdgL[l7] s gogo FogoAESTgom L[18].
>bobodbogos,  hggbo  05bs39dsdyaols  ©sgom  @mb@sdol  IHmIs3[19]
nmgmols bgoggdol [o@dmJdbols dg]obobdgdols dglobgd.

aobgobogrmm, bgogol Godol bogowgdols domgds@ogn®o dmwgangdols
52900l Bgdbogs  ggmmyEoydee,  oby,  do@Gogowsh  @myaolsgb
FTolgmom, Lbgowslbgs dmgangbgdols mobpsmsbmdomo aomgseol-{obgdom.

54.1. 336 ©o0bsdogol 9ds@EFogglo dmwgmo

aobgobogrmom bEb ©obsdogol 1ds@@Gogglbo dmwgao. >3 dgdmbgggsdo,
30ngerom Gmd bEb-ol dobobs s FgOmdol a@9bEL dm@ol bobybols u
3098030960 3gpdogos, sbiggg, dywodogos dmd@sgo bsgools M dsls o
RBJOmdol osb@ol w  gyobg(bob. 54.1). oy, JomOEobsmms @gAdgdl
5300hg3m 0lig, MmO 3 smbodbyemos bob54.1-bg, d5Tob Lgery®o dsbols

L0ddodol 396@¢®0l ©0bsdogol aobBmegdsl gdbgds Lobg :
M -W, =Mgsin¥ — z-mgcos'¥ ; (22)
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bob. 54.1. Lgeoyg@o bogowol wobsdogs

>Jgsb dogowgdm, GmI
W, = g(sin¥ — z-cos¥). (23)
bosi W,-bgerg@o dslol O-Loddodols (396G®ol shs@gdss,
g-mogobyggogo  godbols  ohfo@gdes,  ¥-890O©@mdol  dn®obmb@olowdo
ob@ol  gyobgs,  u-bobybol  3mgxoEogbBos  Lgmy®d  dobosbs o
RJOMé0ls gd@og bofoenls dm@ol.
ROAOIPYens (23)-sb godmdobs®gmol, @ma:
S) 0y u=tg¥, 353ob W=0 o doTobosdg g3od3l dmd@omds
dyedogo  Lobjo®om, @opasb W =v=0=v=const=v,, 5dobmsb
dod@omds 0dbgds FOgol aolifgdog, dodmansiz Gowashb

dr | .
V=== (24)
dog00gom
r=vt+r, . (25)
) 0y p#tg¥, 357906 dd@omds 5@l mobod@se shls@gdyano
> W-shjo@gds godmomgangds (23) gm@dygaon,
aodmgmgogmon Lohdo®g v(t), go®dymowsb
W =v=g(sin¥ — u-cos¥). (26)
gbowos @md
V(t) =g(SinW — u-cos W) -t+v,. (27)

Lows vy =v(0) boFgolo Lohdo®ge.

DML v=%, Gbowos, ®mI Jddomdol 3obmbl gJbgds Lobg:

2
r(t):%(Sin‘l’—y-cosql)+vot+ro. (28)
bowsg 1,-boddodol 3gbG®0lL Lofgolo dwgdodgmdses.

542. bEb ©0b53030L ©SbYLEJdYm@o Impgero
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30 Jgom, b@Eb-ols LobJomg 03©gbog 00O, ®md
aobomgomolifobgdgmos dogdol sg@mwobsdojy®@o Fobsomdwgamdsc
(9:0. o3y dgom v=803d/bm), dodob dog@ol Fobsomdwgaymdol dsgns 0bgds
LobJomol 3go0@s@ 0l 3OM3mAE0geo s dods@myeo 0bgds dmd@smdols
LboFobsomdgamo, boy@mbol dgm@g 3obmbl gdbgds Loby:
M -W = Mgsin¥ — - Mg cos ¥ — kMgv?. (29)
LobJo@olomgols dogomgdm aobGmengdsls:

%:g(SiH‘P—,u-COS‘P—k-VZ); (30)
v(0) =v,- Lofgolo 3o@mdoo . (31)

535305 bEBygbBgdl: o) >dmgblibsm (30)-(31) jmdol 5Im3obs
Mathcad-2001 PRO-L  35dmyggbgdom, u-bosbygbol jmggo3ogbdols s
k-30m3m@3ogmmdol  3mggo30gbdol  Lbgspsbbgs  3bodgbgmmdg-
dolsmgol, x+0,01-0,05; k+0,01-09.

3) 30dM5Mdol 35bmbol sLoEYgbow 3353t gmBol Sde3obe:

2

t;/:g(sin‘}'—y-cos‘}'—k-vz); (32)
v(0) =v,3 (33)
r(0)=r,. (34)

BogFgtmm (32) sdIm3s6s bm@mdsgg@do Lsbom, (33)-(34) 300mbgdTo ©s
5dmgblibso gmTol Sdm3sbs Mathcad-2001 PRO- gséaengddo.

543. 36 ImdOomds LEMPsLGZMo bobybol 3mgxz03096@0L 3060HMdgddo

fobs  dmpgmgdo  0ygbgh 3gBoldgdow  godo®d@Boggdymgdo,  gbeos
0obEsmsbmbom dggodobmm WobylGgogdo. 53 gBo3bg hogmgsemo @™

pu-bobygbols 3098030960  ©SIMowIdyeos BgOMbOL  I-300mObsE by
LEmJolBogydoe
w=sin® f(r); (35)
Lowsi f(r)-bm@dogyg@oe asbsfomgdyao dgdmbgggomo Lowowgs, I-
ol dobgegom, relol), uel0l], k=10"bw?33% | sbGomo ggAEMdOl

boa@dgo.

dodob, 335J3L IMdAsMbols Aob@Gmengds:
i =g(sin®¥ —sin® f(r)-cosW¥ —k-r?); (36)
r0)=0 ; (37)
r0)=0 . (38)

o037 90mm (36)-(38) 3mTols sdmizsbs beo@ds@y@do gem@dom:
F=v ; (39)
v=g(sin® —sin® f(r)—k-v?); (40)
v(0)=0; (41)
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(0)=0 . 42)
©ogom 93> LHYgbGgol: S3mgblbsm (39)(42) Sdm(356s
Mathcad 2001 PRO-l 393ggmdom. sgogmo r(t) s v(t) 3M5g039%0,
530gmngg V(r)-305%030, GeOEs 1e(ol].

544. BEb ©ob>dogs dslol FomES3Egol 56 ©sgs@z0l
3ongdeolifobgdom

aobgoboermo  bEb-oll  obsdogs dobol [od@oi3gol ob  @o3omagols

mv?

2aomgoobobgdom. 3bowos, G®M3 gy bsgopols 5 3069303900 gbgda0s

dgBos  goMg3g9use  Ekr  g®odogyse  dbodgbgermdsbg,  dsdob  bpgds

2

BJOEMo0sb  dobol  [od@sige; o9y,

bogergdos  Ekr  3®o@ 035
db0dgbgemdoby, brgds DbEb-ol  dobol  dgo®o g@sJ309d0L o gdgs
RBJOEMObY.  m9, gobgBogg®o  gbg@aools  3bodgbgermds  3@o@0 ol
AMEo0s,  357dob  bBb  IMdOsmdl  @mam@i  gOmosbo  Iygedogo  Isbe.
43980039 bgdmm mJdgeo gm@dygmon hso{gmgos sbyg:

dm mv?
=0 (-~ Ek); (43)
boosi 8- ggohomdols  dobol  [od@oige-eomgdgol  godamogdgdols
309803096E 0.
09, 3530bligbgdm ©0bsdogol gobBmagdsl 3geswo dobols 3o@mdgddo
d(mv) . 2
——~ =mgsiny — ucosy —k,mgv—k,mgv*® ; (44)

dt
do'dob dogowgdm, GmI
Z—T-v+m-%:mgsim//—/,zcos://—komgv—klmgvz ; (45)
09, (45) 2ob@megdsdo dgz0@obom (43) Femamdol do®yggbs bsfogols
db0dgbgamdols o  Aog5dodPB0g9dm,  dogowgdbomn  bEb-ol  ©obsdogols
2ob@ME gdsls
dv Ekr v° : )
Ez&-(?—7)+g-(sm:,//—ucos:,y—kov—klv) ; (46)
ooy bobabols 30980309630 Q9O Mol 3MO©0bs@Eols
LAMJobGogydo  gubdioss, Lowsi  f(r)-bm@dsgny@ds  aobsfoa gdygao
‘dgdmbgggzomo Lowowygo,
wu=sin? f(r). (47)
Jowgdygm IJnegml ™dysdol Impgel afmegdgh. yobgoboamm, o3
dmegemols oibgomo Ggomobsiogdo Mathcad 2001-0l doboby:
o) aobgobogmmm ol dgdmbgggs, @m@s  bEL  0ygdl  IJmd@omdols
Lo gobo (9®O@Goerowasb:
m:=2
Ekr=2.-1m
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V=g

p =rnd(1)

Xy

D(t, X) = X.)?
5~[E_kr B e ] +9 [(Sin(\v)) - 00s(y) —ky - Xy —k, - (Xlﬂ

m 2
S = Rkadapt(ic, 0,500, 900, D)
i=0. Iast(S<O>)
t= S<O>
X(t) = S<1>
V(t) = S<2>
200 [~ —
X(t)
0 | | | |
0 20 40 60 80 100
t
2 — p—
V(t)
0 | | | |
0 2 4 6 8 10
X(t)
I
2 _
V(1)
0 | | | |
0 2 4 6 8 10

t
O3 bobobgdowsb hobl, bEb L{®sxs 0d5@gdL Lohdo@gl o
99009, ool LobJo@ol Iywdog 360dgbgamdoby.
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d) gbans asbgobogrmm ol dgdmbgggs, Om@Es BB Y339 IMdOomdL
oo Lobds@om ©s dgdwgy, d0Mwgds wob@oamdbols 35mby

m:=72

0.2 . 0 n
Ekre=2.m k= 6=12 g:=98 ic = Y= =
0.02 10 4

p = rmd(1)

D(t, X) = X )?
5. [E_kr - Q] +g- [(sin(\v)) — - cosy) =k, X, —k, - (Xlﬂ

m 2
S := Rkadapt(ic, 0,500, 900, D)
0. last(s0)
(o S<0>
X(t) = S<1>

V(t) = S<2>

200 [~ =
X(t)

0 20 40 60 80 100
t
10 -
Vi) | _
0 | | | |
0 2 4 6 8 10
X(1)
10 ! -
V) L -
0 | | | |
0 2 4 6 8 10

t
Amam@ @3 od bobobgdosb hobl, bEE 03agdl Lobhds®gl ©s dmenmls
ool Lohds®ols I9wdog dbodgbgamdsby.
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53356960 o LdgsdR0Tmgdo
350056@0 1

Lhsdmogosgmodgm  boy@dmbol  3odggero  jobmbo o gobdo@F g dolo
dmJdggdols 3J0@mdgdo s Lobrg®gdo.
2.995020690  @539B0L  3g@R0gog®ee  bgdmm
dod@omdol  domgdo@ogy®o  dmpgeno, O3S
Lbggenbg  dmJdgegdl  Loddodol Mg —dogoo,
; @godBogeo  Fggol  F dogos o  Lobjodols
33500580l 3Om3m®moygmo  [obsmmdol  dogns.
domgdegao do0gdoBog39do dmEgeoo
3odM033e0090  Sbogmobydo s Goibgomo
W) sdmblbols  dgmmpgdom.  Jgogygdo  dgoEo®gm
gJO»Isbgol. gobobogrgm  dgdmbggggdo: o) Iobs
dgdogos; &) Mo3900L dobs dzodegds Lo gegols
Vool ‘dgegpow.
3.'dgop0bgm Lodo Lbbgyeools dmd@omools
do09do®039M0 dnegeo(dbyg, dmgomyg, gwsdo(s),
Gm@s  dom  do@ol  dmJdgegol  Jbmgenom
dobo@yemdols 3obmbo. 3Md309E9Mols
2odmygbgdomn  oseaobgm o3 Lbgyangdols
9OM0g@mol dJodo®o dmd®omdol G®ogddmGogdo
s bobodgms (33eroa gdgdo.
4.303309@ M0l obdo®gdom >demblgbom

@5bg93960L  2obFmangds s Jgoodmgm  byld

>dmboblibls.

599500690 bEb-0l ©0bsdogol domgds@ogyg®o dmwgmo s dgolfsgergm
dobo  dmdOomds, @mEs  Jomsdm@ol  obMogmmdol  3ymbg  oigegds
goadm@ol aob{gMog dmigdygmo 3obmbom w =g¢(r).

PS. gb 3505630 dmomnbeogl F99:mJdgrgdomn Jopamdst ©>  ggges
95g0LE®IS  9bps  mgommb  SoGfoml  Gmam@E  Imegeo,  SLggy,
dobslosmgdgmo  35@5IgB@gdol  bobggdois.  bodgdom  LOyPmogds
©59M9300gdems© s begds Jobo LosxsH™ (33 S9R0GMG0STo.
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Jlanpay JI.J.,Jlupmmn E.M. Teopernueckas ¢pusuka, 1.l, mexanuka, Mocksa 1973
Kurreas Y., Haiit V., Pynepman M. bBepkimmeBcku kypc ¢pusnkm, 1.1, Mexanuka, mep. ¢
anrJj. Mocksa 1975

AsixonoB B. Mathcad 2001. YueOHblii Kypc, YHCJIeHHbIEe 1 CHMBOJIbHbIC BHIYUCJICHUS,
Cankr-Ilerep0Oypr, 2001

Cunu Ik Kinaccnyeckasi MexaHHKa. nep. ¢ anri1. Mocksa 1963

ApHoaba B.U. MaTemaTu4yecKkue MeTOAbl KJIaccuiyeckoit Mexanuku, Mocksa 1974
Adaoncknii A.A., Huxkugoposa B.M. Kypc Teopernueckoii Mexanuku,T.1,1.2,y4. noc.,
MockBa, 1984

Ouaxoscknii 1.U. Kypc Teopernueckas mexanuku s ¢pusukos, uzg MI'Y, 1974
Ouaxosckuii U.U. IaBaenko 1O0.I'., Kysmenkos JI.C. 3agauu no reopernyeckoi
MexaHuke 1 ¢pusnkos. uzg MI'Y, 1977

Ko3zea C.M., Pamb6a J3.U. CanaBatunckuii C.A. COopHHMK 327124 0 (PU3NKe, 32124l
M®TH, Mocksa 1978

Korkun I'.JI. Cep6o B.I'. COopHuKk 3a1a4 1o KjIaccuueckoii Mexanuke, Mocksa, 1977
Kponun I'.JI. I'pundepr [, Teaernn B. CoopHuk 3a1a4 no ¢pusnke ¢ pelieHusIMH, mep. ¢
auri., Mocksa 1975

Boiinnu-Csanoxenuxuii T.I'., Ooragze T.A.I'mapoannamMuyeckasi TeOpUs CeJIeBbIX
MOTOKOB, JIABUH U 00BAJIOB-0I0JI3HEH U pacuéT ux xapakrepuctuk//Tpyabl Tonaucckoro
I'ocynapcTBeHHOro ynuBepcurera, 252, MaremaTnka,Mmexannka,AcTponomus,1984
My3aeB U.B.,Co3anoB B.I'. MaremaTnueckoe MoieJIMPOBAHUE IBUKEHUS OTOJI3HSI-
NOTOKA, CIPOBOLMPOBAHHOTIO 3eMJeTpsiceHueM. MexxayHapJaHast KoH(epeHIust
“MaremMaTH4ecKue MO/IeJIM U YUCJICHHbIE MeTOAbl MEXaHUKHM CIIOMIHBIX cpen”: Te3ucnl
nokaanos. HoBocudupck, 1996

Xepxeyauaze U.A. Imnupuyeckue 3aBUCUMOCTH JIJIsl PAcY€Ta 3J1eMEeHTOB NPOPbIBa
3aBajbHbIX II0THH. Tpyasl 3axkHUI'MUA,1972

I'arommuaze M.C. CesieBble siBj1eHUus U 00pb0a ¢ Humu. Touaucu, 1970

Bepyyamsuiau I''M. HekoTopble Bonpochl AHHAMHUKH ces1eBOro noroka. Marepuaisi 1V
Bcecoro3Hoii koH(pepeHIIUN N0 ceJieBbIM MOTOKaM. AiimMa-ATta, 1959

HarumBuau O.I'.,Tes3aaze B.U. 'mapaBiandeckne 3aKOHOMEPHOCTH CBSI3AHHBIX

cejaeii, Touaucu, 1996

I'apapaamsuiau I'.B. HccienoBanne ypaBHUTEJIBHOI0 YKJI0HA 3aHECEHUS B BePXHEM
Obede MpoTHBOCEIEBbIX NEPErOPAKNBAIOIINX COOPY/KEHU HA TOPHBIX peKax.
Cooomennss AH I'CCP,1.123,Nel, Tonaucu, 1986

I'onranse /I.H. HekoTopbie BONPOCHI JUHAMUKH CHEKHBIX JIaBUH//Bonpochl u3yuyeHust
CHera M MCI0JIb30BAHHA ero B HapoAHOM xo3siicTBe. MockBa, 1955
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m5go VI hggnemgddogo s LolOgalbgsmdosbo dsmgds@ogsgto
dmgegdo g3mbmdogs3do

‘dgLogdsemo

LobOygeolbgomdosbo  aobBmangdgdo o  @mel  0sdsdmdgb
930b6m3039@  mgm@osTdo. 693600  g3mbmdogydo  3obmbo  IGZoEgds
LY m@go sbgmo gob@mangdgdols dgdzgmdoom.

30Jgo0 t ©AO®M m535TMdL sdmy3ogdgmo (3gersEols @menl, beognem
b5dgdbo(@odmowgdygern) (3geo©o gobolobwg@gds A@Mol bbgowsbbgs t,
t-1, t-2 . . . 9dmdgb@goolomgol. o@gbo'dbmm  Lodogdgeo  (33@sols
db0dgbgermds @®mols t dmdgbFolomgol Gmam@ G Vi 35dob @@dmols {obs
dmdgb@do dolo 860Tgbgermds >@0b0dbgds AMaMAG Ve, @OMOL  jowyg
9OM0 gOmgyomn sy, dolo 360dgbgamds 0dbgds Yir wo 5.9,

356b5 bwg@gds: 3obBmagdsls

Y ta Y ta Yt T8, Y, = f(t), (1)

[INYE! a,3,,8,,...,a, - J9dogo @03bggdos, 995030
d990d0g3m 98030964 gd0560 @590 MY35O™MgSbo Lobagebbgsmdosbo
356G gds gfmEgds. bomgom (1) aob@magdol 39@dm dgdmbgggol, Gm@Es
f(t)=0 - 390030330 980(30963 gd0560 Fogog0 900335003560
LobEgmlbgombdosbo ob@mmgds gfmegds.

Lob@galbgomdosbo  gob@mangdols  sdmblbs  60dbogl  olgmo Y
396J00L 3mgbsl, @mdgeroi (1) 2obGmengdsl ogoggmdsw o7j3g3L.

356bs bwg@gds:  oligm >dmbablibls, Omdgeog NG ‘dg03o8L
25b9Lobwg@gen-bgdoldog®  ¢Ebmdl  ggddm Sdmbsblbo gfmwgds; bmanm
obgm odmboblbl, M®dganoi dgoi3ogL gobylobwg®ge-bgdolidogd 9iEbmdl
— begoEo sdmbsblbo Jgos.

Sa0e0 oJ3l dgdogy mgm@gdgol:

ngoagds I oy, (1)  aobdmengdol  gbsdsdol  gOHmygommgeb
25bBO@gdsl(@mizs  f(t)=0) ofgb  Yi(t) o VYat) —mc@o ULbgopslbgs
>dmboblibo, 35d0b domo [®Rog0 30ddobsizos

y(1)=C1 y1()+C, ya(t), (2)

Lbowsi C1 wo C; - bgdoldog®o Iyedoggdos, sa@gmgg odbgds o3
2obR Mm@ gdol sdmbsoblibo.

DJOIGIFS  2: 5OgOMyzoMMgebo  I9dogimgRoGogb@gdosbo  {@gogo
Lob@ e lbgomdosbo aobRma gdols bmgoo sdmbsblibo 9®ol,
dgbodsdolo  gOmagommgsbo  aobGmengdol  bmgowo  sdmbsblbols s
SMSJAMA3oMMZobo gobBmagdol 39®dm 5dmboblbols odl.

PS. ®mgm®3 gbgosgm, gl ogmmgdgdo  dbpsglbos, dgbodsdolo
0 gm®gdgdobs ©0gngMgbEosgg®mo aobGmeangdgdbolomgols.

aobgobogrmo Lol g lbgsmdbosbo {@xgogo d9pdogzmgnoo-gb@gdosbo
3003900 ©> dgmag Mool 3obGmengdgdol sdmblbols dogsmomgdo.
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6.1. 300gge0 Gogol F@x030, I7©B0330980(3096@gd0560
Lol e lbgomdosbo asbGmangdols SdmbLbS

2obgobogrmo s@sg@mygoMmgsbo, {@x0g0, I90dogsmgno3ogb-¢gdosbo,
oL@y lbgomdosbo aob@mangds

Ye—aYu = f(t). (3)
dgLododol gOmagoMmmgeb aobBmagdsl odgl Lobg

Y —ayy =0. 4)
d93°8mFdmm, s3dogmxzomgdls my, @ (4) aobBmangdsl gubjios

Yo = a'. (5)
3bowos, ™I

Yoa=a". (6)

09, hogligodm (5) @o (6) mobomdgdl (4) aob@mergdsdo, dogowgdm
@md  (5)  gybjaos ogdoymgzomgdls  (4)  gobBmegdsl.  Gowyob  (4)
2obR M@ gds gOmgo@mgsbos dolo bmyswo sdmbsoblibo 0gbgds

y, =Ca'. (7)

09, ¥, - 5@0b (3) 5G09hmag50M3560 2obAmEgdols HmIgerody jgBde

5dmboblibo, 35T0b 0mgm@gds 2 — ol mobobdow
y =Ca'ty,, (8)
06905 (3) 5@09OMA35MMZobo AobBMEgdols bmyswo sdmbsblibo.

3535@000.  LolOyerlbgomdosbo  aob@mergdols  d9dggmdomn  03mggm
Lodobim sbodos@ols go@dyans, @mEs 335d3b Faoydo bobdwo p% .

Sdmblibs 1 w9 @os@si mobbs Yo aobmoglgdygenos dsbzdo  (enoydo
bob@om p%, d5Tob t eOmolbsmgols dolo dmEyemds 0bgds

Ye =Yt Y % = (1+ %) Yia- (9)

odMogo, 335J3L 30Mg9e0 Mool LolGygerlbgomdosbo asbGmengds,
AOmdenols sdmbsblibos (a:1+%), (7)-005b 03m3wobodg 0Jbgds

P\t
=C(l+—)". 10
Yo =Cl+15) (10)

09 508b0dbogm Lofgol obododl Yo=A, 35d0b (10)-sb dogowgdbon @™
C=A. ®53 0dol bo'dbogl, @™

A P\t
- 1 . 11
yt ( +100) ( )

5dGopo,  dogowgmn  sbodMol  dm@ymmdol  g5dmLasbys®odgdgeno
BOEIPYES, GM3S 3odsbads®0dgds brgds Gmgmo 3@M(396@0m.
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6.2. 3gmdg @oaol FORogo, 390303309803096Ggd0560
Lol e lbgomdosbo asbGmangdols SdmbLbS

aobgobogrmo  dgm@g  @ogoll  [®x0g0,  I93033098030906F gd0sbo
Lob@ e lbgomdosbo aob@mangds

Yot Y+ Ay, = f (1) (12)
s ‘dgbodsdolo gOmygo®mgsbo aobGmengds
Yo+ PYea QY2 = 0. (13)
09, k=0 >@ol
k?+pk+q=0, (14)
(14) dsbobosmgdgemo gob@mangdols ggligo, dodob
Yo = k'

stol (13) gOmago®mmgobo aob@magdol 5dmboblibo(‘dgedm{dgm!). mey
dobobosmgdgamo  2obGmergdol  ©olig®odobsbBo  @owgdomos,  d5dob
doboliosmgdgan asbBmmgdol ofgl m@o gglgo: Ki; Ko G 03l 60dbogls
0g@gds 1-ol mobobdo, @M (13) 9Omyg5MMgobo AsbGmengdols bmysw
5dmboblibls 53l Loby
y, =Ck' +C,k,". (15)
dglododolbo  sOSgOmYgoMMgobo  gobFmagdol  bmaswo  sdmboblibols
dJobowgdow  (15) 5dmboblibls 9bps @ogynds@mm (12) s@og®myge®™Mgsbo
2aob@BMEgdol 39®de >dmboblibo.

d55@000: 03mggm {®R030, dgmdg Goaol Iy9dogim9x03096-3goosbo
Lob@ e lbgomdosbo aob@mergbols 5dmbsblibo

Yo =9Y 1 +8Y ., =7

boo3 ¥, =5y, =9.

dmblibs:  dglodsdolo  gOmygoMmMgabo  aob@mengdols  dobsbosmgdgan
2obRm@gdsl ofgl Lobyg :

k? -5k +6=0.

dolo 29Lggo0s k, =2,  k, =3.95ds5bosdy, 9JONY35OMgobo
2obRmM@gdol bmgo 5dmboblibl ofgl Lobg

y, =C,2' +C,3'.

303m30m  gb@s  5@5g@mygoMmgobo(lofgolo)  gob@mangdol  3g@dm
>dmboblbo. ©ogydgom y, =C ; 35306 LoFygolo gob@magdowsb 33946900

c-5c+6c=7

>Jgsb  dogowgdm, @md €=3.5 . sby O®3 Losdmegrmme  dogowgdm
SOSJAMAZOMMZgobo gobBmangdols bmyse 5dmbsblibls

y, =C,2' +C,3'+35

C,,C, - 3d9pdoggooll  Lodmgbgemsw  golodygdbermo  y, =5 y, =9
Lofgobo  30@mdbdgdom. do5dob  Lodmgomme  dogomgdm  sOSgOMYgoMOMgabo
2obRAmM@gdol bmgsm 5dmbsblibl

y,=—-2"'+25-3'+35.
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6.3. 533565 gMgoGodgdols Igbsbtgd

SIM(306s: g dgom,  3Mgodol  sdmgdo  gbpol  jOgoodmal  p%
50 gd o Yo dnEygemdosh ymgger §geol. @od@gbo gbps aowsobomls
dob gmgge 9O @by smgdye Lglbowsb, M9y 3OM396Gg00 0bOLYd0Sh
aVd390>?

SImbLbS: Moasb 3MmMm3963go0 0b@Pgdosh 9fyzgd e, gogols bewol
Lohdo®g y () 30m3m@iEogeos gogol y(t) 360dgbgenmdbols @m0l 0p03g
dmdgb@do. Igbodsdolbow, obodogol aobGmengdsl ozl Loby

' p
= . . 1
Y (®) =105 Y0 (16)
@53 0dsl bodbogl, @I
y(t) = y, exp(pt/100). (17)

64. ©gs530fol 33bmgMgdms HsmEgbmdol OIS S Mgly®dligdols
Sdmfaogs

Sdm(306o: 9HN0 >sd0sbols Lo g3g00m 9bOYbg9e0 Logmags
5930 gdgeros 0.1 3o Logodyyeo. ©gosdofobyg byer s@ol 4000 denb. 3o
Lbogo®ygeo. 5doGmad dmbobagmdols dmbogmebgero @omEgbmds, My o6
0690 sbognro {yodmgdo, dgdmge@aeygeos dmbsbergmdols Gomegbmdom
40 000 dgob. >sdosbo.

ool doom{gges dmbobergmdols goxg@gdols gl dohggbgdgano, oy
dolobangmds 0b@gds ymgger Fgaofowl 1.8% Lobjos®om?

SImblbs:  dmlobagmdol bOws dgygoderos asdmglobmm Gm@dyeom:

y(t) = y, exp(pt/100). (18)
@Gm@s t=0, dogowmm 1999(., dmEs wgwesdofol Igbmgmgdbms @oibgo
0y4m 6-10° sodosbo. d5Tob
y(t) =6-10"e**. (19)
39990m oligo t-1, @I
y(t) = 40-10°. (20)
do>'dob
40-10° =6-10°e***. (21

>Jgsb dogowgdm, @mI

t~105 {gero.

obg, @md  osbamggdom 2104 (geol  @gesdofoll  dmbobeogmds
dooe( g3l 2oxg@gdol Jpamdo®gmdsol, 0y dgbo®dbygbogds bOol Fgddo.
gl >@ol ds@nyglol MgMEA0s. GMdgols Msbobdowsi My, Jnbobgmds >@
ob{ogaols  dmdo@mdols  do@mgol, doTdob ol germegds  §dygdgg@dmds,
‘doddogro  @>  dmbobagmdol  go®mm  ggbgdol  goms@ogzgos.  meyd3e
dogrmalol mgm@os 3GoB0godo, ©OMOlL oo Jmbsjzgzgmgbolbomgol o
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LR YAEgds,  @oash  hggb  Lobsdwgomgdo  Loddg  agodgl wos
LobEgdobmsb, GMIganlisi Mm30mm@Asbobgds sboliosmgdl.

6.5. 0bgms30s ©5 70-0L Lowowol {glo

930bm30 396 0 gmG0sdo, 0bg@ o300l Ggd3ols ‘gL ogeolisls
aobobogrgds  70-0l  Lowowol  Fglbo. @mdgeroi  Lodygoagdsl  odanggs
dod@ogo  asdmgomgosermm  0od  t Fangdol  @omegbmds,  Gmdgmms
2oge0lol  dmbegds  goligdol gom@dspygds, 0y o0bgasiools Favoydo
dohggbgdgero dygdogos s yYo®ols pY%. do'dob, Gmame;3 3bmdogros

t=7—s. (22)

dogogoms, myg [woyg®o 0bgasiool ©mbg s@ol 5%, do'dob gsbgdo
2oM@dopgds 14(70/5) §ge0To.

d5gdmomo:  godmoygobgom 70-0l Lowowols {glo o @osbodbymgm?

S3mblbs: 0y 0bgmsiool jmgxnoiogbdo s@ols p%, do'dob dogmyglbols
dmEgeosb asdmdpobs®g

y(t) =y, exp(pt/100).

obol gom®doggdol dgdmbgggsdo ggodgls

2y, =Y, exp(pt/100).

09, 3obgbobg®ogm dgbodsdols t @AM, dogowgom

100-1In2
o

@oasb IN2~0.7, 9394690> @I
70
=
©.00.2,.

t

6.6. bAOPS LemEosm-g306mdogn@o LolEgdsTo goxg@gdols
3omgdseolifobgdom

aobgobogrmo  dmbobergmdols @omegbmdol bOol  sdem3obs
20X 9900l aomgogolfobgdom. gg@OboyelEol dobgogom, dmbsbggmdbols

y(1) ®omgbmds s3dogmezomgdl 005gMgb0om @ aobEma gdsl:

y©-a@-2) . (23)
09 35b353omgdm 330 ogol s goob@ga®gdm, dJogowgdm @™
bCe®
t)= . 24
YO = o (24)
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>3 g9bJaool a®ox03l (24) empobBogy® 3Oyl 9fmegdgb. dolo
30598040 25dmbsbygaos bob. 6.1

5 | |

0 | | | |
0 2 4 6 8 10
t 10,
bob.6.1. gomayolBogy®o IOy©o
od  bobobopsb  bomgns  hobl,  @mI t  @mol  dEody

dbodgbgammdgdolomgol bpgds omgbmdols d9bgd@mogo  bO@s, Y3
@@moll oo  db0dgbgarmdgbolomgol  bOwol  Fgd3o  dEoGEgds s
doloba gmdol GomEgbmds goeols sL0d3GmEg® bo'dbyan by.

PS. @maobdoggdo  IOgmo  3o@ase  SLobsgl 5@3dsOGM
dmbobagmdol HomEgbmdol bAESL, SASg0 gsdmTggdyemo 3BmEyJools
@5mEgbmdol bASLSE gMbgy®gbiool 30H™393To, BMES Swyoeo o3l
5b@ol goxg@gdsl.

6.7. sboano G030l LsJmbgom sSeEn@gomdols 35mgdsdogndo
degeno

303mgm0m  sbogo  Godol  Logmbmom  swdkm@gogmdols @@Mmols
dobgogom  3geoagdols  3obmbo.  syEomgdga  LoJmbgerbg  dmmbmgbs
o®mol  dobgogom 0bOEIoS:  mogosh  bgans, dgdgy  LYGogs o
dmgoml 3gemsg bgarwagds, dmmbmgbol aoxg@gdol godm. gl 0dsl bodbsgl,
@md  dmmbmgboll  bOol  Lol{®oxyg 30OES30M3OMIMAOGOYmos  od
Lo Jmbgrom ska@gommobols  © dombmgbols aoXgMgdobs. 0y,
dJombmgbols  goxg®gdol  @omEgbmdsl  smgbodbsgm b slmmo, 3d5dob
LoJmberom y(t) spdkyg@gogmdbolbomgol 839]bgds domgds@ogyn®o dmwgeno:

y (t) =ky(t)(b-y(1)). (25)

>gogs©  dggbodbogm, ®md gl Jmegero gg@boyg@bEol dmgeols
boo@bobgmdss.  sdodmd  Losgmbanom  sodkyg@gogmdbols  @omogbmds

03320905 maolRogg®o jobmbom.

101



6.8 9306m3ogx@0 0653030l FOS6x0Tgoeo-mdysdol JsmgdsGogy@o
degeno

aobgobogrmo  [ebobmdygmo  g3mbmdogs  (Jmmbmgbs  go@ols
Foboowgdsls). d5dob, Fmboslfm@mdbols aobGmengdsls 53l Loby:
X(t) = C(t)+ I (t), (26)
(NGRS
C(t) = dmbdsdgdol gubdioss, I(t) —obggbdoiools gybjios.
bodyggeolmb — 3oJLol, sflgerg@oiools 3®obiodol bogyydgge by,
0639bG0E00l gybjioolomgol dgodergds hogfgomo gobGmengds:

1(t) = (1) X (1), (27)
bos(s

B(t) — oJbgemgdoiools 3mggnoEogbdos.
dobdodgds  s@ol  [o@dmgdol  Imaygemdol  gublios,  @mdgano
©5dM30gdgeos [o@mdmgdols dmanosh [odlygambg aobgeoen  t—@™-Jo,
9-0.

C(t) =jF[X(z'),r]dr, (28)

dodob, (26) mobosmdols pomgogolifobgdbom gowgdbom g3mbmdoy@o
©0b53d0g0l 0b@FgAOML0R N6 Y@ 2obGmegdsls dgdpgao Loboom:

X (t) :j.F[X(r),r]errﬂ(t))O((t). (29)

0dolomgol, Gmd (29)-ol dodxggbs bofoeTdo dmgozogmm  0b@ga-
@50, ©0x9Mgb3zoMmgosl  gyz9mgdbn t — Mol  3o®sdgB®om, dsdob,
300900  930bmdogy@o  ©obsdozol hggyegd@og domgds@ozy®  dmogenls
‘dgdega0 Loboo:

BE) X () + [AH) ~1] X (t) + F[X (t),t] = 0. (30)
og B(t) =0, 35Tob 1(t) =0, 53 ggodenggl:
X(t) = C(t), 31)

gL 3o, dggbodedgds do®@Bogo 3geooglo®mdmgdols dgdmbggszol oG o®os
boob@g@mglim.

>do@md, g9dggom Gmd B(t) = 0 ws (30) — @ob gowgdm g3mbmdogydo
©obsdogols hggyegd®og domgds@osy® dmwegel dgdwgyo Loboom:

x(t)+ PO Ly g FLXO o
B B
(B32) = g 25b@megdsl g99dhmgdmn  Lofyol mbsozgdgdl wo gowgdm
93060303900  ©obsdogol  aobbmgsmgdga, hHgguegd®og  domgds@oy®
dogeols (3ol sdmzobsb);

X(0)=X,, X(0)=P,, (33)

(32)

102



L50639bB0GE0M 3mEo@o3ol aoblsbogdsgl B(t) — oJlgergdsiools
396Ji0s, AmIgenoi Jo@mgols 3o®dgBdl Fomdmawagbl. do@mgols
dobobos, [omdmgdoli LEsdo @0 45bgoms®gds, ©sdsby®gggeo
09bmboblyga Obggoms LolFgdol go®gdy.

‘dgdmmsgsbgdygeno domgds@ogydo dowgeols ‘dglol§ogersw,
aobgobogome  dobo  @sdmEgbodg  3g@dm  dgdmbgggs,  Lbgopolibge
dobdo®gdol  gybjaool s  Lodygaolmb - 3oJlol  sJlgamg@dsiools
39630900 dgdmbggzqgd do:

>) 0d dgdmbgggsdo, GmEgbas:

pH)=t,t>0, (34)

F[X(t)t]=t[w?® + &-cos(2-t)]X (t) - 0.9t (35)
(32) — g 3obFmMEgdowsb gowgom Bs@ogl gob@memgdsl:

X (t) +[0? + £ cos(20] X (t) = 0.9, (36)
35353960 Lo{yol 3o®Omdgdls:

X(0)=1, X (0)=1. (37)

@mEgbsg © = 0.5 ©s € = 0.2 , MATHCAD 2001 Professional — by
©54Hbmbdom, gowgdm X(t) (o®dmgdol dmEgemdolsmgol sdmboblibls s

B9bododol L@l (X(E) , X (1) Bobyd LoddFygbg, Lowsi SU=X(t) u S?=
X (1), (65b.6.2)

40

& 2 -

0 20 40 60 80 100 120

— 123125, L l l I I l

65b.6.2. 5@ 09l 2ob@Gmergdols 5dmblibe.

d) aobgobogrmm dgdmbgggs, Omogbag:

ﬂmz%ﬁ(w: pe‘;‘l, p = const, (38)
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FIX (t),t]= B[ X *(t) = X (t) — Acos(at)] (39)

booaz
® = const, A = const, (40)
300900 ©07g0bgol 3obGmagdsl:
X (t) + pX (t) +[X ©)F - X (t)- A-cos(e-t) =0, (41)

Omdgeoi P — ddoOmogo  3oModgB®ol  Lbgowolbgs  360dgbgeomdy-
dobomgols odarggs Lbgoolbgs ©0bsdoy@ dpamds@gmdgdli(beb.6.3, bob.64,
65b.6.5).

LoFygolo 30Mmdgdols yomgosemolifobgdom:

X0)=1, x(0)=1 (42)
2 | |
T _
- | | | | |
0 20 40 60 80 100 120
S<0>
1
2 ok _

65b.6.3. 9O ™Mgbyeo dgdmlogerol ©obsdoys, GmEsA=0.250=10;p=0.2.
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-2
0 20 40 60 80 100 120

bob.6.4. gdmgbyero dgdmlsgaols ©obsdogs, GmEs A=0.25 0 =1,0; p=0.01.

15 | | | | |

0 20 40 60 80 100 120

65b.6.5. gM3byg@o dgdmbsgerol obsdogs, GmEs A=0.25w=10;p=1.

2) 09 aobgoboansgm dgdmbgggol, GmEglsg

B(t) = const, (43)
L X(t—h)—X(t—2h) _
X (t) ~ . . h=1, (44)
FIX(t), t] = o X (t-h) aX(-h) =A, (45)
booaz
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A = (Loo@lgdm 3060d9do) X (Ambobengmdols Gomwgbmds) , (46)
d5dob (32) — aobBmengdowsb gomgdbm  Lodygelmb — 3olbol  Lobidgen-
bbgomdosb dmegenls:

X(t) = (a0 + B)X(t-1) - BX(t-2) +A, (47)
Amdgero(3 >Jbgerg@doiools  Lbgowslbgs  db0dgbgarmdgboliols, odanggs
9306m30 3760 ©0bs3030L bbgowslbgs Mg9g0d9dL.  (656.6.6)

B(1)=0.8
3.10°
2.10° -
Xn
1-10° -
0 | |
0 50 100 150
n
B(t)=1.2
14
1-10 I I I I I
Xn

-1.10%

-2.10%

4.10°

2.10°

Xn

-2. 109 L | l l |
0 20 40 60 80 100 120

n
65b.6.6. gOMgbyao dgdmlogeols wobsdogs Bt) =L Lbgowslibgs
db0dgbgermdgdboliomgols.

9-0. hggb dogowgm §3mbmdozy®@o ©obsdogol B®sbyodgzoamo-mdysdols
25bbmasgdbyamo hggya gd®ogo domgds@odyg®o dmegero(32), Gmdga s
390dm d9dmnbggggddo dgygdanos dmagigl Lodygelmb — dojlols dmgero,
doBogl gob@magds, @oyxnobaols aobGmamgds s 5.9. s Mo Yzgaoby
dmogo®os, dmbdo@gools dglodsdolo g3ybjiool s sJlgarg@siools
396300l 3mgbs, odanggs Lodgoggodsl, aodmgodydogmm m3Bodsgry@do
LboobgglBoEom 3meo@ o e.
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53356960 o LdgsdR0Tmgdo
350056@0 1

1. 83mblgbom Lsdyggenlicmb-3oglbols g@mygo®mgsbo Lol g lbgsmdosbo
aobEBME gds

y(t)—-2.2y(t-1)+1.25y(t—-2)=0

2. 53mblgbom Lodyggenbemb-3oglbols Lol®ygelbgsmdbosbo aob@maengds
y(t)-5y(t-1)+6y(t-2)=0.1

3. 0853330399 70-0L Lowowols §gbo obgansizoolomgol.

4. Janoy®o obgansizools @mbg s@ols 7%. @sdwogb [ gao(swdo
dobegds Boligbols om@doggds?

5. dgoea0bgm 3mbgydgbiools s dsb@ol dgbsdanem goxg@gdols
30069630 35339090 3OMEYJ300l bEwols dosmgds@oyg®o
do@geo.

35®05630 2

. sdmblgbom Lodygeobmb-3oz3Lol gOmygo@mgsbo Lobdyanlibgomdbdosbo
obEME gdo

y(t)—-2y(t-1)+5y(t-2)=0

2. 5dmblgbom Lodygeobmb-3ozLol Lol®yelbgomdosbo asobGmangds
y(t)-6y(t-1)+5y(t-2)=0.1

3. ©5533 3039 70-0L Loowols {gbo obgasioolomgob.

4. faoydo obgansizooll @mbg s@ols 10%. @sdwpgb §genofswdo
dobegds goligbols pom@doggds?

5. dgoey0bgm 3mbgydgbiools o dsb@ol dgbsdanem goxg@gdols
300069630 godmd3goyero 3OmEYJiool ol dosmgds@oiy®o
de@geoo.
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0530 VIL ggogerg@godo o5 350335803960 dm@gero®gds
JgLogseo

390380 9B goo(wavelets) - msbodgo®mmgg  aodmygbgdomo  dsmgds@ozols
9JON-900m0, yggmobg  [o®ds@gdycro  dow(gges.  domo  Ladygoggdom
‘dglodangdgano  gobps  @ogmo  gybjiogdobs ©s  Logbsgngdol O™
gBomY@0 s bylLEo [o@dmwagbs, go®g domgdsGogol  gasbogy@o
d90mEgdom, Omym@a03ss  Fgogmemol 3§ 3Moggd0, gu@mogl  dF 3G0g9d0,
39009l goOEsJdbgdo s .9.

shogno dgmmeo 9dys®gds 3M0bodosmyg@dse sbogo Godol dsbolobs
> g9bjooms gesbol gobboangsl, @mdergdoz Lodyoagdsl oderggzosb
Ooge 3963090l 9o39390mm  ©g3md3mboigos s Loabsgrgbols
@93mbLEHOYJ3os.  Fgdydoggdyeos  Igbodsdolo  3Oma@sdymo s
0bLA®YIgbGomydo s3sMsGoi Mathcad-ols s  Matlab-ols doboby.

39030990 - gl o@ol  2oM33ggeo  bmgowo  @olobgagds
3oblLo3gm@gdyemo  Bodol  ¥ubjiogdols,  @mdgmmsi oz dmgang,
Go@oms 3539BH0L  Lobyg, byanmgobo 0b@ga®ogyy@o dbodgbgermdom s
35033990,  bmaxg®  Oogeo gm®@doon, AMIgelbsi  sbobosmgdls
@M Jo@YM0 dged> ©s doLTGod0Mgds.

39032093 900 0390050 L3900 9@0 d5boly®do 39630900l
dgdggmdomn - @O@Iggdoi  53d54mRoegdgb  aoM3399 300 ol
3903209Ggool  gOmmdemomdsls  dgydanos  gybdiools s Loabsangdols

doobanmggds  bybEo  ob  ao®g3399eo  LobybEGom. 3903 g@gdo
Lbodygoamgdol  odgnggoob  aodmlobyamgdgdo  ©ogsdydomm, 3539390 M”

©0930330bo00, ORIHERRIDNETIN O 00963 0%035(305; Lo'dygogmgdols
235de0 9396 253%R00AOMM bdoyg@obogoeb,  dg33999dmm 3500 960
M@ gdoz 49035396 Moibgom dmbso39d9oLs s godmbiabyyangbdgdls.

3908090 gd0L  3bgds  gdmmgdyao odbs 3@mLIsbols s Jmdegls
dog® 80-00bo (ergddo[l]. odgodo, ggogergBgdo Ro@mmE  asdmoygbgods
Lobgoms  5dmEbmdol  5dm3ebgddo;  Lbgowslbbgs  Godol  Lopbosgnrgdols
©5d9doggdols s Lobmgbols  5dm35b96To; B Y@@ gbGy®o  ggergdols
0ngolgdgdol dgLfogemolomgols s o.9.

39032090 — 350©5J36s amIogmdl 0dsdo, MM Logbswl sdaosb
bo@o@mbmbgdy®do  g9bJ3ogoologsb  dgdwas®o,  dobIGody®o s
Foboigangdygeo  dobobol  dododm.  dobolol  mommgyaro  gybjios
Sboliosmgdls OmamAE god3399c LogdEon(edmom) Lobdomgl, sbiggg dolbs
@ goe0bsiosl Bobogyg® Logdgdo(@mdo).

Logbogngdols  sbogrobols  F@oozoymo  gydogl  godsdbologsb
aoblbgoggoom, ggogmgd — godwsddbs ggodegal  gMmysbbmdogrgdosbo
bogbogols m@s6bmdogbosh Lobdodyg - 3om@obsEs [o®dmeagbsl. 5dols
90900, bodgomads ygadmags dggolfogmmm bogbogro gohmeOmymoe
30bogy® s L3gdR@omy® Logdigdo.
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3bmdogros de ey, dopasglobdo®osbo ob oM 3oer0bgdyeo
dowoelobdo®osbo  Lopabogrgdol  ©odydoggdbol  Lodoygerg.  sbgmo
dmbo393gool  sg335@ M0 25dog®dgolomgol  Lodko®ms olgmo  dsbobo,
@mdgool  gergdgb@gdo [o®dmowagbgb dowsgn  Lobdomggdl s slggg,
3050  @miseobgdygamo  s@oob  Log®dgdo(@mdo).  gg03e 9@ gdo
Lbodgoagdol  ggodenggzgb  ogsdydomm  shgmo  Logbosgngdoz  dmd@sgo
Lobdo@g-@mols Robx@om. S>dols Aodm, bmgxg® 39032093 90b
300093530390  dog@mbim3lsig  9fmegdgb. Lopabogrgdols {omdmwggbolsl,
dbodgbgammgsbos  godmgmo olgmo [o@Imagbs, @mdgeoE oM 339900
SbMom  0gbgds  m3Godogmy@o.  Lobymdggeros  Logbsgool  olgmo
(o@dmeagbs, ®mdgemoi  dgobo@hybgdl  Logbsgnol  yggems  mgoligdsl.
sbgmo  [o@mdmwagbs  dgodangds X boabsgmols  ©ggmd3mbooom,
9609996300 X; Logbsagdoon :

=%, (1

oo Xi — gargdgbGodyero 19biogdos. 9a@m 39¢0@G, boby®ggenos
Amd o3 g¥bJ3090L  Jmbogm ao®g3399co  gobogydo  0bFgH3dgFS30o.
Logbosgnols  ©ggmd3mboios  9bps gl gmegl Li®sxgo saam@omdom,
Joboos@dwgy  dgdmbgggsdo, ol Ibmenme  mgm@oygero oM dyge gds
99690m@s. ©93033mbooobols ¢bos sdmoblbsl 53@MJLodszools sdmsby,
ob49, ©g3mad3mboiool dgogao Go@3 dgodergds sbaoml gbos ogml Ls(yols
Lbogboamasb, gl 9gbps  gobbmdEogmogl o3 dgodangds  bogangdo
GomEgbmdols  gangdgbGodygmo  deomggbols  asodmygbgdom.  Lbgowslibgs
“033039M0  ©sdggdom”, sbogobol 3mbigREos  Lo'dygsmgdsls dmyg39dLs
dggobdgemmmn gl dmobmgbgdo  dybgddoge,  Lafyolo  wbgdo
530mJLodsiools 0 obsmnsbmbdomo obybBgoom, ©gBoe gbdols
d0dggamdomo  ©sds@goom. osbigmo  sdmEebol  gasbogy®  aowsofygg@ ol
03odm a3l FyOogl  aodEoddbs,  @mymaa  aVygado, Sbggy  Tygsadowo
OMom.  dgdndeggdgmos  gyudogh  LF®sgo godesedbol  d@sgogo
seoam@omndo. dogbgosgs 0dolbs, @md gl Lbgoswslbgs sgoam@omdgdom
oblibgds,  yggews  domgobolbomgol  odsboslbosmgdgamos  gOmows0039
domgdo@039Mo s3oMo@0l aodmygbgods.

049, dmEgdgmos  ghobobdodosbo  Logbogno e, 85dob  gydogl
200©5Jdboby odyodgdymo dgmmegdo Lsdygoamgdsl dmyg3999b godmgmm
o Lobdo®gbg  Logboaols  30g0. dopg@sd, o9 Logbosgno  dgoizogh  ®@
Lobyglbmoasls 35063, goblobwg@yals Lbgoslbgs w@mom 0bEg@gom by,
do'dob  (o®dmodmds  3GOmdemgds. doowgds ®m@o  3ogo  @@mols
@ 3oe0bo00ls 4oMgdg. 5Jgeb 2odmdobo®gmdl Logbsgrols
Lobdodg — @AM 3gmogddo [o®dmeygbol sy3omgdammds, GmIgenocs
Lbodgoagdol dmagi9des doaggeem  @mgs@g@o 0bgm®@dsizos  bogbsaols
dgbobgd, @Omam®E  Lobdo®om, osbygg, ©OMomn  sOgdo. Gbowos, ™I
Lodko®ms  9x36m @ogseobgdygmo  doboby®o  gybiogdo,  gow@g
Lobyglmogass. 5doGmd asboboasggb ga@gmfmegdyam Bsbx@gdls

o(t)sint, (2)
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Lbooi o)  gobx@ol  gubjaoss,  Gmdgamoi  odanggs @AMl
@m3omoboizosl.  slgm  gomEsddbsl  gobx@gm  guMoglh  goMEsJdbs
AVRgogh. dowgdgmo gargdgbHomygmo darmzgdo ymeggb
Lbobdodg - @M Lod@RYgb o339 bofomgdo. sbigo Lo@ygsiosdo,
39059639020l 30063030056  odmdobomyg,  Ygydw gdgmos  dogo@Fomm
JOMbs0MoE  3oMy, WOMomn ©> LobdoMomn @mjzs@mobsiost. Lobdo®obs
©s OMOL ©sTggdgdo Fgdmogsdam gos 3gobgbdgdaol YGmmmdom:

1

At-Af <= (3)
T

3903098 — Sbsgobo  Jgoo®gdomn  sbogro  bognos,  sdo@md  dolio
aodmigdobsls 2odm0Yygbgds qYa0g - Sbogrobols 3@ o gan @0
aobbogngs.

7.1. 3903298 - 356©5J363d0L doGomsEo (3698960 s 35mgdsGogn@o
5350530

30dgom, L,(0;:27) - oGol 33o@@s@omn 0b@ga®gdsw, (0;27)-dygse g do
2oblobwg@dye gybjiosms gybdEombsgydo Log@zg, b9
2z
I 00" dx <eo. (4)
0

gl ool semoy-dansy  9F9g980  BY6JG0oL  oblobwgdgds. ol

‘dgodengds  3g@omEye  B9biosdrg  dggegbmm  bodpgogr  @oibgms R
Lod®sgen 9do,

f)=f(x-27), Wwx 5)
bgdolidog®o 2z 3g@omEosbo 33oMs@Gom 0b@gadgdswo f(x) e L,(0;27)
B96Jd30s dgodangds Fo®dmgoyobmon gy@ogl 3§ 30050,
f(x)= Y.Ce™. (6)

Lows C,- dydogo @oibggdos ©o
1 T inx
Cn=g-'([f(x)e dx, (7)
5do39 MM, (6) 3730030 mobod@s@ jOgodsos, sblig GmI
27| N
F()- > Ce™
n=M

Jim {
9bs >@0bo'dbml, H™I
W (x)=e™, n=..,-1,0,1,... 9)
39630900 5©39696  MAMMbm@dodgdye  dsboll L, (0;27) Log@39do.
dobobygdo  @ybd3ogdo  doowgdosh  gBmSEgdmo  W(x)=e” g9bjgools
3oL 3Godydo (330 gdgdom olig, ™I
W, (x) =W (nx). (10)

=0, (8)
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53 dmJdg09d5L 06 gaOSE@O 4585OMMggdsl ¥ mwgdab.

P.S. by, ®m™3 L,(0;27)-b b6gdoLBog@o 3godsdomn 0b@ga®gdso 346]3os,
399309005 F5®3mgsa0bmm d5boby@o W (x) = e” 396J00L
W, (x) =W (nx) 06 ga@5@09@0 358560mmggdgdol Lg3g@dmboioom.

@oyob (9) dobolo MAMNMbeGIGd YOS, sEyomo 53l 35@Lggseols
GO@mbS:

0

oo S

N=—o0

gbad  aobgobomma  f(x)  ggbJ3ool [Fos@Imwagbs  ggogmgdgdols
d933gmd0m. 2obgobogrmm  jgo@s@Gom 0b@gadgdoo Bybjizogdol  L,(R)

396J3ombogry@o Log@dzg, Lowses:
T| f ()| dxLoo. (12)

L(R) o L,(027) gybjaombosgmydo  Logd3ggdo 860d3bgenmgbow
2oblbgogegdosb  g@Omdsbgmologeb.  39@dme, L,(R) Logdiol  bgdoldogdo
396J00L Ladygsaem anemgogoy®o 360dgbgermds doolf@sgol byanolsgb.
5>do@B™md, Lobylbmoosmy®do @Gogms o® g39mngbols L,(R)-b o dodobowsdy,
5O  dgodagngds MM W, (x) ogmol o3 a9bjiombscryg@o Logdiol bdsbolo.
3030300 do®@ogo B9bdi30gd0 L, (R)-b dobolols 3mbl@®ygomgdolsmgols.
dobolol  (o®@dmdJdbgero  gybjzos  ¢bos  dool{Ooxmogl  byanolisjgb
M©039 30doOnYegdom. §gogeg@do — b0dbogl 3o@oms Fog@sl.

Ao L(027)  Logdiolb dgdmbgggsdo, L,(R)-Doi 9939300000
53530  dsbolbo gohmo w(x) [o®dmdJdbgero g3yubjiool Lsdysgrgdom(ols
‘dgoden gds 0yml Msdmegbodg LobdoMosbo, ob gOmlLobdo@osbo ggoge g@o).
09 3903509Bo LY®sxgem dool{@sgol bygamolisggh, mame w©oggs@mon od
396J30gd0m  dmgao  Gogbgomo  @g@do 7 g43gasby  do@Boge, gl
dgodamgds  gogoggomm K Lopopom  [obsggmgdol  ™3g@dSE00L
Lodyomgdom, 569 839d69ds w(x—k). o3 ™m3gdo3osls 0b6@Ggadsmyd dg@sl
gVmwgdgb.  aobgobogmm  Lobygbmowsamydo  Lobdodol  sbogomyo,
Lodo®@ogobomgols, ols Fo@dmgo@aobmm m@ols ba@olboom.

(2 -x—k), (13)
Lows ] k= 3mgemo @oibggdos.
o056
|00 = /Tf(x)zdx. (14)
>do@md
_
v (2" x=k)| =2 2y )] (15)

dodob mO0Mmbm®do®gdyer 3gogergd - doboll gJ6gds Loby:
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J .
v =2%-y(2"-x-k). (16)
Lobmaoeme, ggogemgdl gimegos mémemymbsgy®o, oy dglsdsdolbo
39083 9B-d0obobo w, 53dogmRomgdls 300Mdgdls:

Wii¥Wim) =610 - (17)
do'dob Vi(x) e L,(R) opgomo 53l ggogergd-§o@dmwagbsls:
f(x)= z chk'//jk (X). (18)
Jj=—0 k=—00
od xg@owo 3730030l mobsdo®o 3@gdomds hoofgmgds bpgs@om
N2 N1
lim f=2 2 Cuwy|=0 (19)
MLNLM2,N2>x0 M2 M1

4ggemobg doMB0g mOMmambs@y®  ggogengBl [o@mdmowagbls bss@ols
30032960 v (X):
1, ifOéxs1
2
| 1
w(x)=1-1, |fESX£1 ; (20)

0, ifx<0Ovx>1

72. 0b@gaMom@y@o ggogmgd — 3oMEsJdbs

gbeos  asbgobogrmm  ggogang@gdo  bmase  dgdmbgggedo,  @m3o
doldBodyg@o geogrgds 5@ SO0l sy gdens m®ols bo®olbo. sbggy,
aobgobogrmo bgdolidog@mo (obsigergds. 35dob, ghmo {omdmaddbgero w(x)
- 39032090  BYbJEoobogob 0bGga@omy@o  a  Aogxs®mnmggdom  ©s b
Fobogergdom  dglodangdgemos  3mblE®Yo®gds  gogyzgomm  bgdbolidogd

396J30oob L,(R) 99bJiEombogny@do Log@osb.
1 -b
ves ()=l 2w 2), abeRy e L,R). 21

od  ge®dymol  Logyydggebg  dgagodemos  sgogmm  0b@ga@smydo
3303%6-&0@@&860 :

W, t)a,b) =[af 2 j (%) w( b]olx - j 0w, » (00X, (22)
bowo v ‘8”8621(30015 3:]03@3601) ©905896J30oU(§o®dmdJdbganls)
aVowgdgb.

od (22) gm@dyesdo, w,, () FYbJaos 0g03g Om@l  0sdsTmdl,
@oboi €' g9bJ3os B9Mogl gomEsJdbolsl.

09 35353@dgegdm  Sbogmaogdol dgdboli Bu@oglh Ao@©sJdbslmab,
d5>dob  (23) gm®OIymsTdo, f(X) gybjiool ggogegdgdom  Fomdmwagbols
309B0G0IbOIS0 Cj.
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f)=3 icjk-zi.w(zi.x—k), (23)

j=—00 k=—o0

‘dgag0dgos gobglobwgdemm
Cyo=(Fiwy) (24)
AMEmdgdosb 25dmdEobsdy, 0bFga@omy®do g§goger g@-aomwsddbgdols
boxyydggenbyg, ‘dgdwagabsodago:

C, =, f](zijzljj (25)

73. 3g0geg@obs s 3303@36-366@638601& 0golgdgdo

390398 — 3505 Jdboll  sbOo  035To  Jamds@gmdl, @md ol
235de g3l Lodgoagdsl Logbogno (o®dmgowaobmm  beoamo@mbolidsygs@do
396309005256 dgdaomo dobolols dods@m.

aobgobogmem ol doGomswo mgoligdgdo, Gmdggboz 9bos  Jmbogm

beogo@ebolidogge®  (Fo@mdmdgdbye) w(x)  wgrsgabd;0gdl(ggogmadaol),
030Losmgols M3 obobo asbbograyao 0dbsb Amym® (3 390380 9@ gdo.

@@ 3o 0bd30d

390820 9H-25005Jdbs ByMogl oMo dboliogsb goblibgoggdom o0ygbgdls
oligom d5boliy® (Vo®3dm3dJabgen) 955 9bdiosl, Omdgeo3
@ 3oe0bgogeos  Log@Eob(E@mol) dgdmlsbmg@ga  >®g9do. ggogerg@o
9bos 0gmlb armygomobgdbymo @Gmam® 3 gobogy®, sbgsg, L3gdd®omy®
Lbog®gdo, @mamai3 (gbo Ax-Ak =27.

byyammgobo LsTygsam 360dgbgenmds
@53 035 bodbogl, GmI

[w(dx =0, (26)

aodmygbgdomo  sdmzobgdols  aobboangolisl, bmaxg®  dmombmggds
9RO o300 300Mmds3

Txmt//(x)dx =0. (27)
oijam 390809BL m  @ogol 39030 gAL  YFmwgdgh. sbgmo  Jo@mds

Lbodo®m  bpgds 35Tdob, GOm@Es  Lagkodms  ggogenrgdol  {omddmgdyemgdols
aobbogngs m @ogols homgeroom.

390 LsdPgOREMdS
Omdgeoi dmoigds 30Omdom

[lw OO dxzoo. (28)
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35030  @m3s@obo30s  @s  d9dmbsbwg@gammds  bmaxg®  dmogds
306039500

1
oo <—2 (29)
1+|x|
ob dglododolo gy@dog — godwsJdbolomgols,
v(@) < -, (30)
1+|k—a)o|
bosi @, 39030 9Bol wmdobsb@yy®@o Lobdodgs.
gbad 3sbgobogmmm ggogmgd-3o@wsddbol mgoligdgdo :
‘dgdmgommm s@bodgbgdo :
W, fa,b)=w(f)=w(ab). (31)
39032090 - 350©5Jdbol Mm3gHsGm@ol Fagogmdol mgoligds
wlaf, () + B, (x)] = aw(f,) + AW(F,) = aw (a,b) + Aw, (2.b) (32)
06g5®056@ g mds F565:330g00L ™m3g@S300L dods@m
w[f (x—b,)]=w(a,b-b,). (33)

06350056 7@ mds IsL3Gsdol (33eoegdols dods@m
e
a‘O a'0 a‘O aO

9696200l Fgbsbgol mgoligds
3908098 — 35Ms]dbolomgol, swaoo gl 3o@Lggoeol Gmermdols

Sbogrmals
w, (a,b)w, (a b)dadb
[1.00-F,(9dx=C, [ [ =

boo@sbs 20dmdpobs@mgmdls, GmJ
?(a,b)dadb
jfz(x)dXZCWﬂ%. (35)

74. 3303230 B96J30900L 3g®dm Ygdmbggggdo
aobgobogmm gg03egd — K9bJ30gdol 3mbidgBgmo bobggdo.
d9dboggo Jamo(dssmol ggogegdo)
obg  gdoboob  a9biool, @Omdgaoi  doowgds  aoyglol  Kybijiools

0Ox g0 aofo®dmgdom

w(t)=(1-t?)-e 2. (36)
dgdbogy®o Jywol a@sxgoz0 dmEgdygaos bob.7.1
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(1) 0

10

bob. 7.1. 3o5@0ls ggogemgdo - 3gdLogy®o Jywo

Fgbodsdol ggogeog® — d5boll gJbgds Loby:
i .
v =2 y(2"-x-k). (37)

dol'd@odo®gdols s [oboigargbol a®moxgoigmo omaglG®msios dss@mols
3903 gBobomgol dmigdyemos bob.7.2.

—t2

2
d 2 -12) 2 12
)=—re ° Sep| —t°|-tTexn| —t
vo dt> Xp(Z ) Xp[Z )

W(ab,t) = — ﬂ)
\/E a
|

v (t)

"'.'.-
w(1,-10,1) 7
----- ‘. -
w(2,0,)  0f % SR e S
¥(3,10,1)

-1 l I
—-10 -5

10
t
bob.7.2. JoldBododgdols s [Foboigagdol a®ei039e0 o@ybE®S30s

boyxg®  099bgogh  3osd@Nbgdgm  3gdlognd  Jael, GmIgmog
8(*)0(3380 qgm(f)B‘;jpr\nom:

wl(t) = L+t?)-e 2. (38)
2o050M9bgdyeo dgdbogy®o Jywo Jmigdyeos bob.7.3
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-1 | | | ]
-10 -5 0 5 10

t
bob. 7.3. doo®ol 3g03e09@0 - 2osddybgdyamo dgdlogycdo Jywoo

BgLodsdol ggogemg® — d5boll gJbgds Loby:

J )
wl; =22 -y1(2' -x-Kk). (39)

535 gdd d5a0L@®gdolsmgols: Fobs 3050500 dobognsby
5YAEbmdom, ©s5dFJ03gm, Om3 dgdlogydo Jywo s goEsdbdybgdyeo
dadbogado  Jago  o335gmBomgdgh  5gogeghadol  ggams,  SYEomgoI
ngoligdsb.

bss@ol ggogerg@o
Logboagdol ©g3m33mboiools s M930mbLE®YJEoobomgols, bdodsw

04969096 boos®ol ggogergdgol, Gmdgmms omdmd dbgenr(wgos) 539biosls
>Jgl Lobg (b5b.84):

1 if(0§x<%)

v () = -1 if (%£x<l) , (40)
0 if (x<0) v (x>1))

1.2 1 —

yH(X) 0

“1C | | | 1
-1 -0.5 0 0.5 1 1.5 2
-1

X
bob. 74. boos®ol ggogerg@o

gbodsdol ggogmg® — d5boll gJbgds Loby:

J
wHhixk=22.y" (2 - x-k). (41)
>goao  dglodm{dgdgmos, Gmd bgdoldogmo m®o wi Awn B9bJi3os
390350 9B-05bobosb, Gden gb0(3 o®dmoJdbgdosb bos®ols
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0905396300056, ZLJZL“‘ - 063 gaOo@YA0 AoPR>AMMggdols s ;—lem -
Foboigegdol d9dgy, M05b mOMmbm@Isgry®bo gOmndsbgmol dododm,
5b9y sa0ao0 53l Brwmdsli(ssd@gogn’):

<I//ij;l//Hmn>:5jm§kn. (42)

P.S. boo®ol d5bolol godgmagzgomo dbs@ggdos ol, Gmd gLl ggogegdo @
>tol  Lodg®oyero o  aanygo,  oydEs  bmyog@mo  sdmzsbols
aobbogngolomgols, Loabogrgdols 5d9doggbdolist, 9L NG >Mols
dbodgbgamgsbo.  odpgboe, bos®ol  ggogamg@dgolo  bdodow  094gbgdgb
3M5J@03o>do.

9RO bdodo  04gbgdgh  bos@ols  ggogergBol  Ibgogl, doa@sd

LodgHeoyge  Fo@dmdddbgem 5905 9@ l(geogubdiosl),  Gmdganbsg
BOS6y g Jgob 9fmwgdgh:

BAba g Jaco
od ggogegdl ho{g®mgb dgdgabsodo

1if <t
3
v©=i-1 it S<qss (43)
0 if [x>1
L E T I T ]
vF(x) o0
s | _
-2 -1 (0] 1 2

X
bob. 7.5. gg03egBo - gOSbyyeo Jywo

BgLodsdol ggogemg® — d5boll gJbgds Loby:

i _
y =22y (2" x=K) (44)

YROO  OoYg@o,  0Oyobbmdogrgdosbo  Lopbogrgdolomgol  godws
Fobogergdols o  dolLdBododgdobs,  Lokodms  aogomgoerol{obomm
dmd®9bgdses.

39083098 —  250©s]dbgdo  godmm  asdmoygbgds  Logboagdols
RBogrF@s300lbs s dg39ddgobsmgol[1-5].

do@omo Mool ggogarg@goolomgol, Fo®3mdJdbgmo-gos ggogm g@ols
sboggdo,  @mgem®i  [gbo,  godmoygbgods  dglsdsdobo  goan@®siools

118



309803096@ b0k aodmmgeols 03 9M 530900, 396J30mbsgny@a
2ob@men gdgdo, Amdgemsngobsi Y30 JE I 0S 899J369e00-353>
3903 9®gool oy gdo. Sbigmboo@o soygds, dopsmomsw, Emdgdol dgmmnby
@000 390820gBo. Omdaol  op9doloi  hggh 5@ ogo(ygdm, G@owpob
F0bodogdomg  Lobgarddmgobgerm  olbobogl  dobbo  do@omswo  0©ggdols
25(3bmdsl o B gdbogndo @gHomgdols gobsbmdsw, Lodo®ms dglsdsdolio

b3googyy@o @o@g@s@g®ol[1-6] dgb{ogae.

75. ggogeg® — Sbsgmobo Mathcad — ol 35b5by

30 Jgom, dm39999@000 Loabogro s(t), Gmdgols 96920503
‘dgdmbobg@gaos, 5by
[s*®dt <. (45)

R
od Lopabogrol 300053000 3903e09H-2o0©sJdbs, Bu@ogl aodesJdbols
Sbo@ M 09w, dmozgde ‘dgbadadolio 390380 96)-3M980(3096F gd0b
d9'd39mdo0 B 0m:
t-b
C(a,b) =(s(t),w(ab,)) = j s(t) - W(Tjdt . (46)
R
obg,  @md  §gogegB-3mgn030gbdgoo  dmoizgds  Logbsaools o
dmgdgeo Lobol gg03e0g@-2396dcool Lgosmas@geo bod@sgaoom.
aobgobogrmo 3g03a 9H-ao0©sJdbols dopsmomgdo:

1) dmEgdyge Logbo@l o3l LodgR@oygero do@mgymbs 0d3yeligdols
Lobg-395b@@s. olobo 3mo3g3056 Sbsgroby®o Go@I Yo
s(t) = sign(sin(0.04 - 1)) . 47)
3058039 s©, dgobe@sl Godol Lopabsgro dmizgdyemos bob.7.6.

2 | | | | |

s(t) (i ]

I I I I I
0 50 100 150 200 250

-2
t
bob.7.6. dgobe@dsl gMo0s9eo boby

5353mm, o3 Logbsgnols  3o®sdo®o  ggogegd-aomsddbs o
13gJBOma@sds, doo®ol FomdmdJdbgano ggogen 9@-9bJizool Lodygsen gdom
Matcad 2001 —ols d5boby:

_t2

2
d 2 -1 2\ 2 12
)=—s-—e ° Sep| —t° | -tTexp| —-t
vo dt> Xp(Z j Xp(Z )
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Y(a,b,t) = %w(ﬂ)

a a
N := 25€

C(a,b) ::J ¥ (a,b,t)-s(t) dt

— 0

j=0.32
b= 0,1..E
10
. 4
12
p o Ut12

i
310"

N. =Ca.,2b- N
isb J 10

bob.7.7. 3gobe@sl Godols Lopabsgnols b3gd@®my@Msds

2) Jmgdgen Logbogls 53l LobylLol j9dols Lobyg, oby
s(t) =sin(0.1- 2t)°. (48)
3058039 s©, 53 Bodol Logbsgno dm3gdygaos bob.8.8.

2 | | | | T

I I I I l
0 50 100 150 200 250

-2

t
bob.7.8. Lobyligydol a®Mox03gao Loby
5goamm, 53 Logbogroll  Jo®wsdo®o  ggogang@-go@wsddbs o
13gJBOma@sds, doo@ol FomdmdJdbgano ggogen 9@-39bJizool Lodygsen gdom
Matcad 2001 —ol doboby:
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_t2

2
d 2 -1 2 2 -1 2
1) =—s-e —>exp| —t |-t -exp| —-t
v dt? Xp( 2 j Xp( 2 )
Y(a,b,t) = %\y(ﬂ) s(t) = Sin(O.l-Tt-t)3
a a
N = 25€

C(a,b) :=J ¥ (a,b,t)-s(t) dt

— 0
j=0.32

b=0,1. N
10

4
a = 4+12)
3.10"

N. =Ca.,2b- N
j,b J 10

bob.7.9. Lobylgndols L3gd@Omydsds

0d dgdmbggggddo, Gm@Es a35d3l 3g@omymo  Logbsgro 9dxmdglios
20dmM304gbmm  GY@og-ao0©sddbgdo. mydis, @m@Es Logbogro bslbosmwgds
Log@Eygeo  ob  @Amomo  @mgs@obsoom, 35Tob  ggogmgd-gotwsJdbs
439205bg 9O bogmgog@os. gl 93005FgLbmdgdo  asbls 39mn@goyms©
hobls  dpg@omo  Logbogngdols  ©o  godmbobyegdboms  Lopbognrgdols
‘dgdomnbggsgddo.
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76. 390ge09® — 3d5M©5Jd6gd0 5 Logabsegdols gsgomGEgS
Mathcad — ols 65b5%bg

Loabogngdo  dgodemgds  Fo@dmgoaobmm  @mam@i  dobo  9bgdo

doosbamggools o ©sdsb LB dgEo(9BO™M  ©gEsey®o) [o®dmwagbsms
x030. 53 30@m3gLol @gomobsioobsmgols 35dm0ygbgdosh m@mmymbsey@o

39038096940, O®IgEoms sboggdos(s, bdodsw, 2odm0ygbgds
I Bodsld@odyg@o(multiresolution)  sbogrobo. gl sbogrobo  gdgodgds
99092 JoMomo© Bo@Bgdl:
e Logboangdol V Logdg dgodgngds oogmlb oligo 0g@s@Joyen
Vj J39bogdggdoe, Gmdamgdob gOmdsbgmmsb o@ 0339095056
©5 OMIG0S 4590 m05bgds53 bwgomdo odanggs La(R) Logdigl;
e bgoolidog@o st) eV, K9bbjiEoobosmgols, Jobo dgz9ddymmo gg@los
3390360b Vi1 J3abogdiabs
e oOLgdmdlL  obgmo  e(x)eV, Gybjizos, @mdgobmgolbsi  dobo
Fobogergdgdo ¢, () =e(x-k) o029b96 mOMM®bM@docgdoa
d5bolils Vo Logdzgdo.
@oaob @y, (1) B9bJ30go0 oEagbgb MmBNMbm®IoMgdya dsbolil Vo
Log®@ 3970, 39bJi0gd0
¢j,k(t) =270 'CD(Z_j t—k) (49)
5029696 X OMbm®IoMgdye dobolill Ly(R) Logmgdo. 3 53960901

39396 ge0-353s 3903093 9oL 9V m©gdgb. olobo Vo®dmowaqbgb
d5doBod0@gdgan  ybdz0gdl,  @sash  obobo  Jdbosh  mogolbso®

396J3090L  Lbgopslbgs dobdBsddo. olg, @md s(t) Logbogno dgodangds
Fo®dmwa gbogr 0J6s0, AMy@3 doLo Vi  Ub9gddzgbogmaggddo
0ob30dg3®yero dJosbamggdbgdol bwgs®o
s(t) = lims, (0. (50)
Amam®a3 Fgbo, Logbsgols ©g3m33mboiools {gbowsb godmdwpobsdy, |-
I oo 3d60dgbgermdgdolomgols dJoowgds «9bgdo dosbenmggdgdo, bmenm
d30Mg d60dgbgermdgdolomgol- @M bylEo dosbenmggdgdo.
Logbogrol 53@mJlodsiosls dgglodsdgds 0@ g@oEoygmo go@dyga.s:
Sj(t):;C(j!k)'wj,k(t)’ (51

Doo (t)y=2- zhk¢(2't_ k). (52)
k
bmgop  dgdmbgggsdo,  Lopbogools  @g3mblEGYJcos  w@sdggdol
0mbgbg bmdGogmegds dgdpgao Fomdmoagbols dgdggmdom
s(t) = Zajn,k'¢jn,k(t)+zzdj,k wi (1), (53)
k=—o0

j:jn k=—o0

Looi a; - 930mJLodszools 3mgroi30gbdgodos,
bogem d;, - ©35bYbEgdgeo 309gR03096G bo.
@, (1)~ d99Jdbger0-dods ggogag@oo.
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v, (t)- Fo®dmadJdbgmo-ges ggogeg@o.
Loabogools dmanosbo sy gbs ‘dgbadergdgaos 0,

VkeZ,El{hk)((o(%]:\/i-zmgo(t—k). (54)
k
o9 2obBm@gdol sdsbyli@gdgero(refinement) gf mwgds.
3535@000: bos@ols ggogerg@dolomgol h =h, :%.
n-12i*
s(t) =Cq - o(t) + sz ik Vi (1), (55)
j=0 k=0
bogos
Coo M0l Logboaols @odbsgolobdo@osbo bofoemols  3mgaoczo-
9630;
d; - Loabosaols dopsgliobdo®osbo bsfoamols j3mgxo30gbdgools
doB®o3od

p(t) -dodo-3g0g3e0 93 05
V ik (1) -0 900-39032 90>
30350, 235J3L Loabsgro
y = {£0;-3;2L,0:1,2}, GmIgemoi 3oblobmg@amos L,[0.1] bogégdo.
09,  35dm3049b960m  bos@ol  ggogamgll s  ggmd3mboiool  (55)
ROOIYeosls, dodob dJogowgdm doG@osls:

N [t V2 0 20 00)(c,
ol 111 ¥2 0 -20 00||dg,
3/ |1 1-v2 0 02 00]]|dg,
2 11 1-42 0 0-2 o0o0}||d
_ \/_ | Fa (56)

1l |1-1 0 +2 00 200y
Ol 111 0 42 0 0-20]|9x
12 1-1 0-42 00 0 2]||Y%:

1-1 0 -v2 0 0 0-2) 9

53 Gommdols JsOxggbs bsFomol woe IsGHo3STo :
> 3oMggeo LggHo Fomdmopagbl doldBodo@mgdol o) ybjiost ;
> d9mdg bggdo- bos@ol ggogergdos ;
> dgbodg o dgmmbg  Lggdgdo-Lopbosgnols  3oMggeno  mbols
Vo®dmwagbols Gobgomo dbodgbgermdgdos ;
> dgbymg-dgd3g LggHgoo dggbodsdgdosh Logbosgol dgm®g ©mbols
o®dmeaqbsb.
obg, @md  Goemdol  dodxggbs  bofomol  ¢ibmdo  Fs@@oiols
Lbodmgbgao, Loko@ms (56) do@@oaygero gob@mengdol sdmblbs. @m3o
‘dgdmdsgoao Logbsgools Gobgomo dbodgbgermdgdol Gomwgbmds bszdsme
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©0EOd,  §J03eIB-30IB0GIbHIL0L  Lodmgbymor  0ggbydgh  gom@Gogoob
dgomEgdl.

aobgobogrme  dgdmdsgogro  Logbsgnols ©g3m3mboiooli(goe@@siools)
S @0mJ0:

(Ha), = Zh(n—ZK)'an > (57)
(Ga), =Y g(n-2k)-a,, (58)
booez
Ha—Loabogool odsgnlob@do®osbo - goam@®siools m3g@s@m-
@00;
Ga - bogbosgnols do@ogrlobdo@osbo — GoE@siools Mm3g@asEm-
00;
h - g903e09®-Ro @0l  sdsenlobdo®osbo  3mgx03096@ 9d0L
360G
g- 390320 98-8o@Gol  dosmseenllobdo@osbo  3mgx0309b@gd0ls
39JB™O0s.
(3bmbdognos, @M bos@ol ggoge g@-gom@@ols dgdmnbgggsdo
1 1
hl:h2=$ > g1=—g2=ﬁ. (59)

>d 353 gd0ls aomgoerolobgdom demgobobemm ‘dgdmdsgoao
y boabogools ©g3m33mbozos.
y=c® 10-321012

d )

c®

SERNe
SEE

1
1
N ﬁl‘w %l‘l—\

d ())
C (@)

1
1
o Ql‘
w
“le s

d (0)
c©

e

©93033mbo300l  30@gge  ©Mbgbg, Logbsgol sdsSElobBoMoskbo
3 gbgmolomgols (57) mobo@mdol yomgoolfobgbom dogowgdm:

8 1 1 1 1 1 1 1 3
(Ha)l—nzz;‘h(n 2)an—£\/§(1+0))+£\/§( 3+2)j+(\/§(1+0)j+(\/§(1+2)j—{\/E, \/5\/5\/5}
Sbogmamo®mo, (58)  mobosmdol  Logyydggerbg  dgagoderos godmgmom
Logbosgnols dgbodsdolo domoenlobdo®osbo dwygbganoags.

99092, ©94™33mbogools dgmeg ©mbgby, Logbsgools
sdselobTo@osbo 3ygbgeolsmngols dogowgdom:

(Ha), =2 h(n-2)2, Z(%(%+(—%))]+(%(%+%)j={0;2}.
‘dglododolow, ©g3md3mboiools Igbsdy wmbgbg dogowgdmn @I
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(Ha), :gh(n—Z)an :(%(OJJ)J:\E-

sdMogo, dgdmdsgsmo Logbogoo y = {1,0;-3;2:1,01;2}, 3oM©50Jdbgds sSbogo
1 3.1 1
e L1242 @S, Gmdeools d30mb9b®A 901
(ﬁ NN AN ffj 30J00OGeR,  Godmol  gmd3mbyhigdo
5P 9bmdo3 9donbggge ‘dgdmdsgogno Logbognols 90 9d96@ 9d0ls
@5mEgbmdsl,  mydas,  9bgdgaool  doGomswo  bsfoeo  dmJignmos
3033mbgb@G ool dgos®gdom, 33009 Gomgbmdols gergdgb@gddo. sbyg, G™I
09, dopomomse dgdmbgggomo dgdgmmgdgdol bwgdyga dbodgbgmmdsw
>30090m 0.9, dogowgdm O bymAedol sbogn 39J@mAOL:
[0;—%;0;0;1;—1;—\/5;\/5} @53 035l bodbogl, @mI  gmggno30gb@gdols
bofoemo 5G9l 9dbodgbgerm 0bgm®dszosl s dsmo dbodgbgemdbgdo
‘dg30de00s hogmgogrmo byganmgsbs.
o>dol 9939y, dglodsdolbo dgdmdsgogo Lopbogrol smlswygbow ¢bos
30boM 9o Mmm M3gOSBAMA Jdom:
(Ha*)n = zh(n_Zk)an s (60)
k

(Ga’), = g(n-2K)a, . (61)

P.S.9b sangm@omdo 53500390l Logbosaols gog@@siools seam@omdl.

aobgobogomm >d Logboaols 390380 98- 5 Jdbs S
9398500sJdbs Mathcad-ols dobsbg bob.7.10
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0
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2 .
y = . W = wave(y) h = iwave(W)
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2
i=0.7
5
®._._ )]
Yi ) K T@-. ®
000 (- ® ® 7]
h; L
______ ._‘,
-5 | | | |

-2 0 2 4 6 8
i
bob. 7.10. Loabogools ggogem g@-g3oe@B@oos. sbogrob-Lobmgbo.

OOp0OEG gbyego, gdbsg@edybdamo ws ggogeyHh-goHGom
Lobmgbodgdagao Lopbogrgdo gOmIsbgmnl gdmbgggoshb.
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53356960 o LdsgsdR0Tngdo
350056@0 1
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45599 3000530600 390380 9B~ Jdbs S L3gdBOma@sds
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