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Summary

High rate global technological changes and informatization in the world have generated a
new type of confrontation between countries - the information warfare. The leadingcoun-
tries in response to a powerful opposition have established national information warfare doc-
trine.

In this dissertation there are solved a number of problems of the new direction of mathe-

matical modeling of information warfare — from “Mathematical modeling of the informa-
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tion streams”, proposed by Professor Temur Chilachava; there is discussed the general linear
continuous, its special cases; the continuous nonlinear; linear discrete, its special cases; there are
problems of minimization and optimal control of mathematical models of information warfare.
There is found and studied the exact analytical solution to mathematical models, there are sol-
ved a number of mathematical models by means of applied software package Matlab, computing
experiment is made and visualization of results is given. Between the constants and initial con-
ditions of the mathematical model there are found ratios at which the antagonistic sides rein-
force information attacks, either one or both sides complete the information warfare. The offe-
red mathematical models besides purely theoretical interest have also practical value. The mo-
dels allow to predict the development of the information warfare by the analysis of the initial
stage of information attacks; to develop necessary recommendations for the peacekeeping side

to complete information warfare.
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%:alNl(t)+a2N2(t)—a3N3(t)
dN,(t) _ _
o = AN+ 2N, 0 - BN ) (1.1.1)
dN
dat(t) =7, N () + 7, N, (t) + 73N, (1)
Lofgolo 30MHMd9d0m
N1(0)= N10> N2(0)=N20>N3(0)= N30’ (1'1.2)

BSIG > sy Bos Bs=0, 7,20 i=13a,, f - 3908030 bLOEOEYIB0s.50 Bdog bowo-
©990b 3o dmegwwol 3mggosegbddo-

Bmyo HOHxz03 (1.1.1) dmgedo 30639w00 s Igmmg bs6rggdol doge 2530 (39wgdI0
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5) 99 N;y>0, N,;>0, 35306 06g3m® 353090 mdob 060305EMMO MmGM03g bsMYs.

d) 0y Ni>0, Ny= 0, 35806 0683063530900 m3ol 060305EHMM0 306390 TboMys.

a) 09 Njy= 0, N,y >0, 85306 065303530000 Mol 06030sEHMOO IgmMg TboMys.

dgLsdg AboMg 153000 56 5303909l 0bFMMT5300L ( Ny = 0) 56 5390090l 30939630-
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33560M3560 B399 93M030 ORBIOIEE0sW OO 256EHMEdgd0L LobEgdobsm3z0U.

a, a, —a,
A= B B, -5 (1.1.3)
172 Vs

(1.1.1) LELEBHYIOL 3M9BOE0IEEOL ToE®MOES. (1.1.1)-(1.1.2) 3ol 533560 5dMbBbLBYdO
51900055 IMZ0YINO A BoGHMOELMB. ob30bogmm Modwgbodg d9dmbggzs:
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d) GEs AdsBHMogol @, fi 3983030963900 MoMYMBOMOs, 564 F5G0E0L 9 §E9dgbEo-
@56 5 56M5915OYMBOMOS - 039 3b(H53260LAH0 Fbs®g “IPa3l Aaherdgl s635H0db.

3) OmEs AdsGHGogob a,>0, f,<0, 969 Bs603oL 9 9en9d96E0wsb 6 sGsgsMHYMBOoMOs, 3
5YNIBONO - 300390 569s32bobdIH0 dbstg w93 93l 56356H0db, G906 - 00035~
c»olbfob9dl.

©) OMES AdsGHGoEoL a,<0, f,>0, 5699 BoG03oL 9 9argdgbEHo@sb 6 5G59sMHYMz0mos, 3
IMYMBONO - 3003900 56938 2b0bHI00 FbsGg w1p93L Jaddal s635G0dl, Ggeag - 56
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FoBM0o3obL 01939 MHm©9d9b drg®sl) 35306 N, (t), N, (t), N;(t) > 0, Gmas t — o, Moasbsg
N,(t)=Cvie™ +C,v7e™ +C,vle™
N,(t)=C,vie™ +C,v2e™ +C,vie™ (1.1.4)
N,(t)=C,vie™ + C,vie™ +C,vie™
O3S 4,4, 4 3oblbgeggdmwos (1.1.2)-8o N (t), N, (t), N;(t) -b boowggdol 3603369-
@®dob obaLsBOIM30 LOWOEYJd0s e, BoEEbs3 C;,v, i, j =1,2,33708030 LooEY-
9805, b, ooy ™" =e* (cosbt +isinbt) — 0 Gopsh a<0 ©s e* — 0, HmEs t — .
0v9 30 OG0 4 5MOL XJMo0 (8936086m0m, MM, 35806 yzgms 4, 4,, 4 560l 650¢-
300 HoEbgo), 53 Jgdmbggzsdo e*' -ob §ob, 395303096¢)9, 903wgds 0yml 3063900 56
99069 oo (558605 XIMMBSL) 3re0bmTo, o8 30¢0bMm0s M0 BOHOMdS 53
39000b393580 396 25005fMbol gdudmGH9bE0sEME 30935 MBLL: 5dYbs, vy 3o (1.1) Lob-
A99ob 300995303096¢0L (1.1.3) ABsGHEm0Ed 3M3030Lss, Bodogg st MMM Q9BTo3WMds-
4o sLOMEgdL 0bBMMT30eE MAL, oD Jom F0gH 25360 EI GO0 0bFMEOTs300l -
9bMds bgds Moa0bw 930609, 5699 MMM 6853w MdsTo 0L0BO 3615dEH03NIMO® SV
5303909096 Tgbodsdol 0bZMMT3090L. SBYMOs BMYSO TgxsLgds. obdol JoMbH3s 9)-©)
3900mb39399d0, 5OLYdMOL 30 A TSEHMOEOL 3M3030MmdS? 3slwbo motymaomos.
@gds 1. (1.1.1) LobEgdoL 3mgBoEEgbEOL (1.1.3) ABs@®OoEs 50 3v9M30;30L.
©59()30(3905. A J5@GH®030L L3030 860369 MdYdO FoMBMEbgb Bolio dsbsliosoy-
090 5bEGHMgdol
det(A-Al)=0 (1.1.5)
139L390L, LESE 1 9OHMYMEM3560 To@MO3Ss. (1.1.5)-6 30O MdM
A —tr(A) X +ki—det(A) =0 (1.1.6)
Lo tr(A) ABs@®oEol 33oeostr(A) =a, + £, + 75, k 900l A, A, A35@®03g00L ©9BI6-
906563900L % 580,bmem A oM@ 3000gds bofgolo Ads@EMoaol i-296mo LEGMmodmbol o
13930L 58MPYO0m. AsGHMO30L FMM303056MdS 993035 96EMM0s (1.1.6) 9bGHMEgdOL
oM 3bgbs absIOL - 3 0bMBol FEYMHEMOOLS, 5699 3taE0bMBol BILZYBL FosBRBOS L1o6-
4mxz0m0 659300 Boffoo. bagrm 0dobsmgol, MHmA (1.1.6)-sb 3meobmdo oyml deyMs-
@0, 165 LOEEIOMEIL FIMH3030L 300G IMO0FgdO:
-tr(A),k, -det(A) >0 s -tr(A) k> -det(A) (1.1.7)
B39bo Ad5EHMoE0Lm30L 49MH3030L gl 3M0EHIM0T0 56 LMD, 39Odm tr(A) >0
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4m390m30L, beagnm —tr(A) <0, Mog 9fobssw0dgagds (1.1.7) -b. 6.¢0.3. 59605 Ads@HMoas
503 9601 99900b393500 56 5MHOL BEYMO s (1.1.2)-sb godmdobatg N, (t), N, (t), N,(t)

9OHOOOMNO® 5O JooL{MR06 bmwolzgh, HmEs t — . 5699 5800 396 35133600
005360905 0779 56M5 06BMOT>30w)0 M0, M3YILsE MMIGEoWs3 4 -Logmeog 6od3zbg-
@dSL 993L Yd0m0 658300 B5Fowwo @s Bolo Fglsdsdolo et 536 BoolffBsgol
6moli39b, HmEs t — w0, 59gbs (1.1.2) 58mblibgdol sd0LEOLMS MIMAOL Q9339 O~
902300090790 0gbgds C;,vi, i, j =1,2,331m98030963190bg, 8500 503698%g o 303wgdurGo
B5399m®030 3608369 mdOL GgLodsdolo e -l 608s633wsMdbY. RsghgBmm sbaliosmy-
090 5bEGHMgds (1.1.6) oyzsbowro Lsbom

Yy +py+q=0 (1.1.8)

p=k-tr’(A) , q=—2—27tr3(A)+%tr(A)—det(A) (1.1.9)

(1.1.6) -80 dmbgs (3350l dgE3es

y:/l—%tr(A) /1:y+%tr(A) (1.1.10)

p ©5 g -b Bsdmsegdom 459M3M35¢M® OLIMH00b6E D = [gja +(%)2. D @obz®o-
906560l 60ds6bgs M 3000900 L3MMM030 36089369 MdJIOL MOMEY6MdS S Bre-
3MO0 50056 0lobo: 3MI3egdlEo MYy Bsdgowo MoEbgzgdo. 3mdzsm D <0, 35806 (1.1.6)
399096 396EHMgdsL 359BB0s Lado 2sblbgz3909o Bsdz0eo by3mmEm030 3609369 Md..
(1.1.2) bLobBYFosb Fgladergdgeros C;,i =1,2,3 3mgbs LsfgoLo 3603369 MdIOOL Yomgs-
wolfjobgdom, JsOrones3

N,(t,)= N,, =C,vie™® +C,vfe™" +C v ie™"
N, (t,)=N,, = C,vie" +C,vie™" + C et (1.1.11)
N,(t,)= N,, = C,vie™ + C,vie™" +C,vie™h
LoLEBH906 godmzom C,;,i =1,2,3 3mg5030956390L, HMaMOE M3bMBYOL. DMASIm 33043L
C, =0, (Ny, Nyg, Ny, v, 4, t) (1.1.12)
boeom (1.1.4) doowgdl bobgls
N,(t)= pvie™ +p,vie™ + pvie™
N, (t)= pvie™ +p,vie™ + puie™ (1.1.13)

2 /12t+¢)3vgezgt

Ns(t) = (olvée’m +@,v;€

Bogozomm, MM 4, 560b “ogLOo bd3MM0Z30 360336900Mds. B0, BMI 0d0 -
©990m05, F0bsswdgy 99dmbgg35d0 ABsBHMoEs 3yMoos - 4rM3030Lss, 9B 30 gfiobssm-
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90093995 ©qds 1-b. sdoEma
A=Ay, A 2 A (1.1.14)
390053790 (1.1.13) 8909bs06o
N, (t)=e" (g} + @,vies ™" + gyl )
N, (t)=e” (g} +p,vie ™ 1 prleta )t 1.1.15)
N, (1) = % (g + v e 4 g ueter)

01 30 gobgobosgm (1.1.15) LobiEgdob 30Mm39w 3Mbd0L, 08 8gdmbggzsdo mvy 30
53MBbog0do IMH3Lgd0o A5dMBsbmEgdol 306H39wo (93600 SHOL MoMYyMBOMO
?.(Nyo, Ny, Noo, v, 4.t i <0, 85806 t — a0 -bongols 53MBbog0do IM:mH3L9dIO QoTMUs-
bagds3 2obgds ©oMymz0mo s gledsdols Nl(t) 39b9ds MoHyMRomO. Nl(t) -
9393™d0@b s N;; = 0-05b g53m0bs67 sOLYdMdL olgmo t; MMEILsE LOYIECIdS
AMmds N l(tl' )= 0, 5699 3063900 b6 SMEGOL 0bFMOTs30E MAU.

565009960 AbxJEMdO0 35133600, GM M) @, (Nay, Ny, Ny, v, 4, Vi <0, 85806
99069 Fbse Bl 06xMGHISE0E ™. bowm GmEs @5 (N, Nig, Ny, v, 4,t va <0
95906 9gLsdg - 8830MdOLIYMBGE0 FBIMY SLEOYE9dL Bodd30EMdM dM{rrEYdgdOL go3-
39905l 06x3M®MA530v mddo. s99bs B396 35933039

09m©90s. (1.1)-(1.2) 0bgm®dsgomwo mdol 03 3060Hmd7dd0, Gmas D <0,

@.(Ngy, Nyg, Ny, v, At W <0 =1,2,3 (1.1.16)

95306 N, (1), N, (t), N,(t) 3mbJ30900 2500056 bmembg - 0bgm@IsEovmo mdo dmsgmgds.

A 353 M030L bbgoolibgs 9dmbggzolomzol Moibzomo dgmmgdols godmygbgdoom, Mat-
lab-ob 99693mdo 36sbmom HMaME0s 0bxzmMIsz0mer mddo Fbsmgms Yymxsgaaze s ob-
MEXY05 MY 565 06853040 mdo.

2 1 -3
3ogoomo 1. gmggom A =|.01 .2 —1]|bmwam Lsfiyobo 360d3bgcrmdgdos N, =35
15 16 1.2

N,, =110, N4, =5.99630bocwmm 0bgm®dsgomwo mdob 3Gmaglo t e [0;3] ©@MH™OL 0b6¢6-
35bY. berengzg®o odel5s-b LodmoEgdom, obowrg bsMMO Ne1-do erobGobyo 1.1.1 s bo-
bs@o 1.1.1, 3obgbo dglsdsdolo (1.1.1)-(1.1.2) 30080L 58m3560L 5dmboblbgdols 30BysEo-
Bo300L O F930905 35133650, XD 56FHYMbOLEHMEMO TboMggdo sbodbmwo 3oMMdY-
00LMZ0L o056 BBy, 5699 SLOYEgd96 0bRMOTs30eE MAL. 5939 893603bmm, T,
993000Md0LdYma39ge0 MO 99mygbgdmwo 3693963305 N4y 9omgdom dzocgs 306-
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3900 (N;5) 5 3gm®g (N, ) Fbs6g900l dglsdsdols bafyol 36033bgemdgdmsb dgsMgdom.
099 30 B396 3609396305l bo®OLBMOM 035 O3HBOEO - sMX I, F580b Q5BMOEO 3619396~

305 0§393L 56@9mbolB M Abs699dBg 989GV Bgdmddggdsl, olobo MBGmM LHGITRS©
LOHMEgd9gb 0bBM®Io30E MAL. 893603bmm, MMa A AsEHM0oEoL Logm®mogo 360dgzbgenm-

09005: OO IO 559300 S MO0 FgMPEgdEo 3MI3gdumeo Goibgo lambl
=0.7162+ 2.4220i; lamb2 =0.7162 - 2.4220i; lamb3= 0.1675;

12 1 -3
9529womo 2. 3mggom A, =|1.01 .2 —1]| bmgm bsfgobo 86033690 mdgdos N, = 35;
15 16 1.2

N,o =110, N5, =50. 25630b0mo 068m®mds309wo mdol 3hmagbo t e [0;3] ©@OHMOL 0bGHO-
35bY. Learengg®o odel5s-b LodMogdom, 0bowrg IbsMMO Ne1-Fo bobs@o1.1.3 , 3sbgbom
d9L53530bo (1.1.1)-(1.1.2) 3mTob 533560l $3MbILLBYdOL 0D BoE0L s Tga30de0s
535533650, OMT 56EsMboLEHMO FBIMYgd0 50b0TEMWO 306HMdJIOLMZOL Q506
BBy, 5699 sLEOIMWdI6 0bFMOT>30E @AL MAOHM LHOSRS®, 300G 30M39e0 oQdWOm-
9o. 9936036mm, G A, oBHM030L Lozwm™ogz0 3603369 MdYB0s: GO0 MoMYmzBomO
650003000 s MO0 JgMOWgdMEo 3nd3wgdumGo Gogbgo - lambl = 1.4172 + 2.5641i;
lamb2=1.4172 - 2.5641i; lamb3= -0.2343

12 0 -3
052900 3. 3mggom A, =| 0 2.3 -1 | bmem bsfyobo 360d369emdqdos N, = 35;
0 0 47

N,, =110; Nj, =0.- 56 96 93593L 369396309. 29630boemo 0bxmzmMIsz0mwo mdols 36Om-
gobo te [0;10] ©@OMoL 063H9M35¢BYg. Lerzgmo odel5s-U bLydoEgdOM, ObOWg sbsODO
Ne2-8o bobo@o 1.1.4, 35bgbo dglodsdolo (1.1.1)-(1.1.2) 30080l 53m3sbol sdmbsblibgdol go-
B95e0D305L QO F9303¢05 35133650, OMT 5BFRMbOLE MO TbIGYgdo S©0bodbmwo
306000930LMZ0L 56 50D BBy, 96w 56 SLBIME9dIE 0bBMOTs30 M. F9360dbmm,
Omd A, 35GHM03EoL LogMmMogzo 3b0dzbqwmdgdos: Bodo sYdomMo Bsdzowo Mosbgo -
lamb1 = 1.2000; lamb2=2.3000; lamb3= 4.7000 o) 30 dgL539 Ibs6g 06FMOTS>30E Mmddo 96-
03905 30939630000 N,y =5, 35306 563ogmboli®mo dbscmgqdo s0bodbreo 3oMHMddOL-
30 250006 6By, 5699 SO 9d96 0bZMOTs30 mAL, Fd30MdOLAYMGBIEo Tbotg
30 53039 q0L IM{irgd9dL, obowrg sbsMmo Ne1-do bobs@o 1.1.5.
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12 03 -3
353500mo 4. godzom A, ={1.2 0.3 -3 | bmwem bsHyolbo 3609369¢mdgd0s N, =35
11 23 47

N,, =110; N,, = 5. 33543L 36)9396(300. 535Lm9b 306390 s IgmEg LEGHOOJMbgdo 9HPDs-
B9l gdmbgaggs. 39630bowmm 0bgm®mBsz0vwo mdolb 3Gmagbo t e [0;10] @OHMOL 0b¢96-
35 bY. Leaengg®o odel5s-b Lodmogdom, 0bowrg IbsGMMO Nel-do bobs@o 1.1.6 , 30bgbm
d9L53530bo (1.1.1)-(1.1.2) 3mBob 53360l S3MbILUBYdOL F0DMsE0DBoEOSL s TJA30dE0s
53533650, OMT 3060390 s IgMEg FBYJd0 GONBI0MS® 04393056 0bBMMTS30mE0
330, 35000 4655303900 35MI5WIIOO 5M056 5 BIBIBHBY FolTEHodOL godm olig »dbodzbg-
M 456Lb3530090056, MM begds F50 3M993039008 BYOId. 9BEHPMboLEMOO Tbomg-
900 250056 BBy, 0bxzm®Is30mwo mdo LErMEYds. 893603bmm, HMI A, ds@®oEol
1531000030 3608369 MdYd0S: 6o s MO MO 3033egdlvGo MHoblo
lamb1 = -0.0000; lamb2=3.1000 + 2.7641i; lamb3= 3.1000 - 2.7641i

39630bowMmm 0bgm®ds30eo mdol (1.1.1)-(1.1.2) Bmyso §Ox030 dosmgds@olmdo

90, OMEILSE 3M9B303095GHIOL FmMHOL EsTYSMGOIM0S FoM339E0 GHO30L 566~
©M0900. 300J350m Bom 59§30 J90gy0 Loby

¥ZQN1(t)+%Nza)—ﬂlN3(t)

dN, (1) _
S CAHORTL HORYA G (1.1.17)

dN, (t)

gt - MNO N0+ 7N,O

N,(0) = Ny, N,(0)=N,,N;(0)= Ny, (1.1.18)

a,a, BB 7, 7 99900039005, 0963 o, B, By, 7, 71 2 0. god@omeo (1.1.1)— 8o bmyo-

©5© 9 3995303096306 FbMEME 3 56 sGHOL A5BLLZ3900, 6 3M9T03095EHO 30 9©gdWY-
05 356Lb393900. 899m30EbMmm 50bodgbs

Z(t)=N,(t)+ N,(t) (1.1.19)
35906 (1.1.17) LobiEgdol dgLsdg 9bGHM 06 33593
Z(t)=1(dN3(t)—;/lN3(t)j (1.1.20)
y{ dt
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2
dz(t) _1(d N:(t)_ylst(t) (1.121)
dt y{ dt dt
39336000mo» (1.1.17) LoLEBYIOL 30M39e0 MO J5BBHMEGdS, (1.1.19)-0l dseom §35J3L
dz(t)
dt
(1.1.22)-80 BsgLgoom (1.1.20) oo (1.1.21).

E(l\.l.a_h ’\Izj = (a+a1)£[l\j3_71 Ns]_(ﬂl +ﬂZ)N3
v v

=(a+a)Z(t)- (B, + B, )N, (t) (1.1.22)

803009900 N, (t)-ls 303000 g Gogol FHR03 3w1d03 395303096EHId0E gHM3s-

M350 B39 936"03 ©0BIOIBE05 G 256E MOl

N, (t)—(@+a, + 7, )Ng(th (o + e )y + 7(B, + B, N5 (t) =0 (1.1.23)
b5Fgolo 30GHMBYBOO:
N;(0) = Ny (1.1.24)
ngt(o) =Ny, + Ny + 7Ny, (1.1.25)
(1.1.23)-0L 95b5b050GIJE0 296EHMEGOSS
P —(a+a,+y)A+(a+a)y, +7(B,+B,)=0 (1.1.26)

(1.1.26) 35b5L0509d90 A56GHME9dOL 739139005

A= ata 7+ -a-a) -4/ (p+p)

5 (1.1.27)
A :a+a1+71—\/(71—0;—a1)2—47(ﬂ1+ﬂ2) (1.1.28)
503603bmm

D=(y,—a—a,) -47(B,+ ,) (1.1.29)
-2, =D (1.1.30)
1. v (1.1.29) ©5090000s, 561 D >0 s A, < A4, 35806 (1.1.23)-0l Demas00 5dmbsbliboo
N,(t)=C,e™+ C,e*, (1.1.31)

Loog C; s C, 3560Lsbegmgds (1.1.24), (1.1.25) Lsfyobo 30OHMdYd0b s F03009dm

c, = Mot Na)t Nyl =4) - o 7(Nip+ Nao)+ N(s =)
VD VD

5 (1.1.31) oomgdL Lobgls:
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7(N10 + Nzo)"‘ N30(71 _lz)eﬂit _ 7(N10 + Nzo)"‘ N30(71 _;Ll)

N,(t) = NG NG} e’ (1.1.32)
503603bmm
L= 7(N10 + NZO\)/%NSO(}/l _/12) M = 7(N10 + NZO\)/%NSO(}/l _ﬁ’l) (1.1.33)

85806 (1.1.32) 250050596905 99909550650 N, (t) = Le™ — Me™" s (1.1.20) dseroom

Z(t)= %(Lﬂle*1t —MAe™ —yLe* + y,Me™ )

Z(t)= AN g _ T g (1.1.34)
v 4
3936036mm, ™I
Z(0)=N,, + N, (1.1.35)
3900m3039bmm 50bodgbs
Z,(t)=N,(t)—N,(t) (1.1.36)

(1.1.17) LobiB9dol 30639 ABEGHMEGOSL 250M353W M IgMMg s 80300900 (1.1.36) -0l
9085600 3060390 00l iM5303 5M10gMHMA35MM356 B39 gdMH03 0xgMHg6E0SM
39b6GMgdsL:

dz,(t)

o = (@-a)z, )-8~ 8 N.() (1.1.37)

Bsfyobo 30OHMdOm
Z,(0)=N, — Ny, (1.1.38)
s)oy L za—a,, L, Fa—a

(1.1.37)-(1.1.38) -0l Dm0 5dmbsblboy:

_ el _ (5 _ L w__ M P
Z,(t)=Ce (B, ﬁz{ﬂi—(a—al)e ﬁz_(a_al)ej (1.1.39)

(1.1.39)-80 C 2560L5B036M90s (1.1.38) Lafigolbo 306HMd06 s J0z3009dMm
C =Ny — Ny +(181 _ﬂz)(L,_ M ’)

Lo
r_ L r_ M
: _A“l_(a_al) v _/12_(0‘_0‘1) (1140
L' = 7/(N10 + Nzo)"' N30(71 _/12) M’ = 7(N10 + Nzo)"' N30(71 _ﬂ’l)
VD(4, —(@-a,)) VD(4, -(a-a,))

5960950 (1.1.37)-(1.1.38) -0ob sdmbsblibos:
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Zl(t): (N10 =Ny )e(a_al)t + (ﬂl _ﬂz)(l—' -M ')e(“_“l)t —
_( ] _ﬂz )(L'eﬂqt M !eﬂzt)
d936036mm, ™I

(1.1.41)

Nl(t)=%(z(t)+zl(t)) (1.1.42)

Boglgoom (1.1.42)-do (1.1.34) s (1.1.41), dog009d0m

€)= TN N ”1;71 L AT et

+ (ﬂl _ﬂz)(l-, -M ’)e(a_al)t - — P )(I— e’ — M lzt)]
Nl(t) = %[(Nlo =Ny )e(a_al)t + (ﬂl - P )(L' -M ')e(“_“l)t

) ) (1.1.43)
+(%L—(ﬁl—ﬁz)uje“—(%hﬂ—(/3 M j]

393603bmo 5939, ™I
N, (t)="(z(t)-Z,(t)) (1.1.44)
BogLgoom (1.1.44)-do (1.1.34) o (1.1.41), 3030090
Nz(t)Zl( 20 lo)eaal ul_e]ﬁt_ulvleﬂ'zt_
2 ¥ ¥
(B BNL MR (5, L M
1 a-Q ’ Nn (a—a
Nz(t)zz( 20~ 2o)e 1) —( ﬂz)(L -M )e( ot

+[%L+(ﬂ AL ]“ [/12;71M+(ﬂ1—ﬂ2)'\/|']e‘2‘]

(1.1.45)

) o A =a—a, ©5 A, #a—a; 53mgblbsm (1.1.37)-(1.1.38) (1.1.32)-Loo30L, 53mbsblibls
39999 9980930 Lsbom Z,(t)= C('[)e(‘”""l)t Lo C( ) 900906935 99900930 BHMMdOEb
C'(t)= (8, ~ N t)e ;' (1) = (5, — 5, NLe™ — e Jprla”

C'(t)=~(8, - B, L - Me " J;C(t) = ~(8, - ,)[ (L - Me~ bt + Const

C(t)=—(8, - ﬁz)(LH%e ]+Constz() (Const—(ﬂl_ﬂz{LH%e—mDe(a_%)t

Zl(0)= COI”IS'[—(,Bl _ﬂz)% =Njs —Ny;Const=N,;; — Ny, (:B - B, )ﬁ
Zl(t){Nm—Nm (jBﬂZ) (8. - ﬂz)Ltj ey %e‘z‘ (1.1.46)
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0= 51 M =Ny MBS B e

2 /4
M(B.=B,) =71 g i 4149
_( R Mje]
S L I R ATl &
G p) 1 4 (1.1.48)
1~ P2) M ot
+( 5 » Mje ]

3) 0y A Fa—a; © A, =a—a; 59mgblbso (1.1.37)-(1.1.38) (1.1.32)-bog0U, 5dmbsblbL

3999900 3990930 Lsbom Z,(t)= C(’[)e(“—”“)t bosg C(t) 8m0dgdbgds 8990930 HPEMdOEE

Ct)= —(5, — B, N, (1), Clt)= ﬂz)( L oo _ }cm
Zl(t)Z[COI‘ISt ﬂz{ - rt JJe(a_al)t; Zl(O)=Const—(ﬂl—ﬂ2)%= Ny =Ny

L
Const=N,, —N,, + (4, _ﬂZ)T

D
1 10 20 \/B 1 2 \/B
():_[( (18\1/5:82) (ﬂl—ﬂz)Mt—/lz;yl M)ezzt_
(1.1.50)
_(L(ﬂ\l/%ﬂZ)_/ll_}/l Ljeﬂlt]
v
Nz(t)zi[(_ NlO + Nzo - L(ﬁl _ﬂZ) _(ﬁl _ﬁz)Mt_ /12 1 M]eht +
2 A4 _(a_al) 4 1151
(B-5) 2= oo e
(el st
2. 09 (1.1.29) 629¢00l GHmeros, 56wy D =0, 35806 (1.1.23)-0b Bmyoo sdmbsblbos
N,(t)=(C+C,tle” (1.1.52)
a+o, +y,

bossg A = , (1.1.46) -8o C,C, 3953030963900 2960L5B030M905 LsHiyolo 3o m-
Q53 1 32IBOGOIPAJIOO Q3MJ J

dN, (0
0900056 (1.1.24), (1.1.25): C = Ng,; % =C, +AC =N, + N, + 7Ny

C, = (N}, + Ny )+ (7, = A)N4, 05 85806 (1.1.46) B00madl 898097 Lsbgl:

N3(t)= (Nso +(7/(N10 + N20)+(7’1 _ﬂ“)Nao)t)eM (1.1.53)
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ng(t) = (V(Nlo + Nzo)+(71 _ﬂ*)Nao)e/1t +/ﬂt(Nso +(7/(N10 + N20)+(71 _i)N3°ﬁ)elt

de—at(t) - (7(N10 + N20)+(7’1 _E)Nso)e/u +ZN3(t)

(1.1.20)-0s6

z@:%«ﬂNm+wa«n—zm%kﬂ+zN40—nNﬁ»

Z(t)=(Nlo+Nzo+}“;“(y(Nm+Nzo) +(7,— AN 3o)t] (1.1.54)

580gblbso (1.1.37)-(1.1.38) (1.1.53)-borgol, 53cmbsblibls 399590 98ga0 Lsbom
Z,(t)=C(t)e' " Losg Clt) 8m0dgdbgds 89900980 BHMEMIOWE
C'(t)=—(B, = BN, (t)e "
C(t)=—~(8, = B,)[ (Na + (1(Nyy + Nog )+ (7, — )Ny )~ it + Const

9) 3mdzom A= a—a

€)=~ 2222 [N 0+ No )+ 7, 2N " Cons

clt)=-—Pi™ ﬁz)kwm+o4wm+wm> + (7, = ANy et e ]

I—(a—-a,

+M(7(N10+N20) ( ) 30)e o) " +Const

O (a-en )}
2,0 2P| Mt Nl (00 M)+ - AN R

+ Constel* )
(1.1.35)-0U Lo gdom 33moyenmdod Const -l

B =P 7(N10+N20)+(71_/1)N30 N
ﬂ—(a—al) ﬂ—(a—al) %

Const=N,, —N,, —

509bs

_ _ _ Bi—bs 7(N10+N20)+(71_/1)N30_ (a-ay )t
Zl(t)_(Nlo N, /1—(05—0(1){ ﬂ—(a—al) Ny | [ +

ﬂ_ﬁl(;_ﬁ; )|:7/(N10 +/1N_20(ZZ+_(70/{11)—1)N30_(N30+(;/(N10+N20) ( ) 30)[)}

+
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1 A-
Nl(t): E[(Nm + Ny + 771 (7(N10 + N20)+(71 _l)Nso)tj"'

| T T - b« M M 1139

+l N, =N, — B = b, 7(N10+N20)+(71_/1)N30_N30 gla-ak
2 /1_(0[_0‘1) /1—(06—051)

+

303300 dgmeg dBIOOL 5dEH0MOMdS 0bBMMT>30ww mIdo
1 1 A—
Nz(t): E(Z(t)_ Zl(t)): E(Nm + Ny + 7/7/1 (7(N10 + N20)+(71 _/AL)Nso)t]elt -
_1[ Ny, — N, — B — B 7/(N10+N20)+(71_/1)N30 — Ny, pla-a)t |
2 L—(a-a) A—(a-a,)

v Bl Nt N (100, M)+ - AN )

Nz(t):%[[N10+Nzo+/1;}/l(7(N10+N20)+(7 ) 3o)tj ( IBZ .

o - al)
° }/(Nlo +N20)+(7/1_ﬂ)N30 —(N30 +(}/(N10 + N20)+(71_2*)N30)t) ]elt + (1156)
A-(a-a,)

+1 N,, — Ny, + b= P 7(N10+N20)+(7/1—,1)N30_N30 pla-a
2 A-(a-a) A—(a-a,)

0) 300d3om A=a—-a,
C(t): _(ﬁl -5 )I(Nso +(7(N10 + N20)+(71 _/I)N3o)t)jt+con3t

1
C(t): _( 1 _ﬂziNSOt +§(7/(N10 + N20)+(71 _A)Nso)tzj+con5t
1 o—a
Zl(t):(COI‘ISt—(ﬂl—ﬂz{N30t+§(y(Nm+N20) ( ) 30)t2]j &
Z,(0)=Const=N,, — N,,; Const=N,, — N,

zl(t)=(N10 —N,, = (5, —ﬁz)(N%tJr%(;/(Nlo + Ny )+ (7, — ANy 2 D @alk (1.1.57)

N0 320+ 200 3 M N+ 27 0N+ N - N R
o M= N == Nt N M)+ =N
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1 A-
Nl(t)ZE[Nw + Ny + 771 (7(N10 + Nzo)"‘(?/l _A)Nso)t"‘

+ Ny — Ny _(ﬂl _ﬂZ{N3Ot+%(7/(N10 + N20)+(71 _ﬂ“)Nso)tz)]e/lt

/1_
Nl(t): [Ny + 27/7/1 (7(N10 + N20)+(71 _ﬂ)Nso)t -

. 1 (1.1.58)
_E(ﬂ1 _ﬂZ{NSOt—'_E(]/(NlO + N20)+(7/1 _;t)Nao)[Z)]e/u
1 1 A=1n a
Nz(t): E(Z(t)_zl(t)): E[ Ny + Ny + y (7(N10 + N20)+(71 _A)Nso)t e -
1
_£N10 — Ny _(ﬂl _ﬂ2{N30t+§(7(N10 + Nzo)"‘(?/l _ﬂV)Nao)tzjjelt
A=
Nz(t)z[Nzo+ 5 (7(N10+N20)+(71_/1)N30)t+
, 4 . (1.1.59)
+E(ﬂl _ﬂziNsot +§(7/(N10 + Nzo)"‘ (71 _/1)N30)t2j]e/1t
3. 099 (1.1.29) 6By Bogangdos, 56y D <0, 35806 5036086mm
4 _ Y 2
V1:a+a1+71 sz\/ Y(Bo+B,)-(r—a-a) (1.1.60)
2 2
Q5 50 306HMdgddo (1.1.23)-0b Bmys sdmbobLBL 5J3l Loby
N,(t) = (Ccosv,t +C, sin v,t)e"
de—St(t) =v,(Ccosv,t + C,sinv,t)e" +v,(C, cosv,t —Csinv,t)e""
B3L3500 Mo 53 MM 35651369 BHMEMdsTo, t =0 -I, 3odmgzom C,C; 309530309690
N3(0): C =Ny
dN,(0 Ny + Ny )=, =7 N
dst( ): ViNg +v,Cy = Ny + Ny +71Ngp5 C; = 7/( - 203/ b }/1) 2
2
Ns(t)z (Nao cosv,t + 7(N10 + NZO)_(VI _71)N30 sinvzt]e“‘
Va
399m30@9bmm 50bodgbs
2
A=\/N§O+£y(NlO+N20)_(Vl_7/1)N30] (1161)
Va
tgp = Ve (1.1.62)

7/(N10 + NZO)_(VI _7/1)N30
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+N,,)—(v, =7, IN,, .
A(—COSVZ'[-F 10 zo) (Vl 71) 30 S'antjevlt

V,A
,(t)= A(sin pcosv,t +cos gsin v,t)e""

N,(t) = Asin (v,t + ple"* (1.1.63)
Lo@O3 A 5 @ 259MOM3eYds Fgbodsdobo, (1.1.61) s (1.1.62) BmEIMwgdom, b
00 999075393590 G ¥(Nyy + Noo )= (v, — 7, )N, =0, 85806 Bsgorgoawmm, Gmd ¢ = % .

1(dN,(t A . . ,
20)-2( L, 0= A, cotat ) visinlt ) st + o)

Z2(t)=2(v, cosl,t + )+ (v, — 7, )sin(v,t + @)™ 5036086000
Ve

B=(y,—7,) +v,’ (1.1.64)

tgew = —2 (1.1.65)
Vi—n

bomgom 08 990mbgggzsdo Gmss v, —y; =0, 35806 Bogmzswmm, Gmd o = % .

Z(t):ﬁsin(v2t+¢>+a))evlt (1.1.66)
Y

53gblBso (1.1.37)-(1.1.38) (1.1.56)-boogol, 53mBsblBl 39959m 9d@aa0 Lsbom
Z,(t)=C(te' " Losg Clt) 8m0dgdbgds 89900930 HNEMdO©sH
C'(t)=~(B, — BN, (te "
C'(t)= —(B, - B, )Asin(v,t + p)el et (1.1.67)
5) ™99 v, = & — a, 85806 33593b C'(t)=—(8, — 3, )Asin(v,t + @)

C(t)= @ Acos(v,t + @)+ Const
2

Z,(t)= (@ Acos(v,t +¢)+ ConstJe(”’”‘i)t ,2,(0)= @ Acosg+Const= N,; — N,
2 2

Const=N,, — N, _hh y —/ Acosg; Z,(t)= (Nm N, +’Blv_’82 A(COS(Vzt—i-(o)—COS(p)]evlt
2 2

N, (t)= %(Nw — N,y +§sin(v2t ++ w)+@A(cos(v2t +(p)—003¢)]e”lt (1.1.68)
2

1

Nz(t)z—(N20 —Nm+Esin(v2t+go+a))——’61_’B2 A
v

vV,

> cos(v,t +¢)— COS(p)]evlt (1.1.69)
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®) o) v, # a—a, 05906 33593 Cl(t)=—(B, - 5,)A j sin(v,t + (p)e(vl’(“’“l))tdt + Const

| = jSin(Vzt n (D)e(vl_(a_a1))tdt _ (v, - (a as! ))Sin(vzt + §0)2_ Va COS(VZt + (P)e(vl—(a—a1))t
(Vl _(0‘ _al)) +v;

C(t) _ _(ﬂl _ B, )A (v, — (0‘ — ))Sin(vzt + ¢)_ Vs COS(VZt + (0) ali-(a-a

)t 4 Const
(o= 473 ’
i Va Vi _(a _al) v,
sing, = CosSQ, = tgp, = —2——
1 \/(Vl_(a_al))2+v22 l \/(Vl—(a—al))2+1/22 ' Vl_(a_al)
C(t)=—(8,-5,) A sin(v,t + @ — g, et 4 Const
\/(Vl - (a - ))2 + V22
Z,(t)=|- (8- 5,) A . sin(v,t + @ — g, et @ 4 Const fele)
\/(Vl - (a - al)) + V22
A .
Zl(O):COI‘ISt—( 1_152) > Sm(@_(”l):Nlo_Nzo
\/(Vl _(0‘ _al)) +V22
A .
Const:( 1_132) > Sm(‘ﬂ_(ol)"‘ Ny =Ny
\/(Vl - (a - )) + V22
A

_ (ﬂl - 132) - - Sin(VZt +@— ¢1)e(vr(a—al))t "
Zl(t) _ \/(V1 - (a _Aa1 )) TV, gl
+(ﬁ1_ﬂ2) Sin(go—q)l)+ Ny, — Ny,

\/(Vl - (a ! ))2 +v;

Nl(t)=%[{NwNzo+(ﬂlﬁ2)\/( ( A T Sin((p¢l)}e<aal)t+
—(a- +
noETAl T (1.1.70)
AB i A :
_nzt —\b— Db, nzt _1evlt
+{ » sin(v,t +p+o)—( ﬂ)\/(vl—(a—al))2+v§ sin(v,t + ¢ (p)} ]
NZ(t)%[{NZO_Nlo_( 1_ﬂ2)\/( ( A ))2 2 Sin(q)_gol)Je(aal)t_'_
—(a- +
noeTm T (1.1.71)
A

+{Esin(v2t+go+a))+(ﬂlﬂ2) sin(v2t+(o<01)]e”1t]
Y

\/(Vl —(a-a,)f +v]
§1.2 9mfjobss08gaol 0gbm®oMmgdols 5053609396300 0bgm®mdszommo
30l 8500995¢039M0 dmEIEo

Q5399935m, 56@93MboLE Mo dbsMYgd0, MO0 9OPNBI0MO 0bEHIBLOZMdOM S{ot-

30



99096 06353009 ™AL, MFMsEMmE 5O 0mM35oL{iobgdbg6 dmfobssmdgyg dbsMOL
9096 39360390939 06RMM 53090, 5F5LMb MO39 JOMNBI0MI© Yo 0MgdL Igbsdy -
1593300MOM THSMOL IM[MYdYOL. slgo 30M0dYdT0 (1.1.1) Bmysw (HBx03 dmoyerdo bm-
20900 309830309530 Bl »EHME©gds. 39OHdmE o, s £ bgds bvyeo. dogohbomm
603 7,=0, 56 gL59g FboMg, 9OHMBbI0MI MYs0MgOl TbMEIME 5BGHsRMBOLEHGO dbsEIY-
900l 309 Fo3MHM3Mm(30609390 068MmOT5309d0L 4930390 qdsDY [11; 29;41]. 5305, 530-
oo, =, =a, a, =L =LV, =V, =). & =, =y, =0.08580b (1.1.1) LobEgds oowdl
3990092 Labgl:

%Nl(t):aNl(t)—ﬂNs(t)

d
o Na(0)=aN; () AN t) (1.2.1)

N ()=, ()40, )

90655003939 TGOl 0abmmoMmgdoL (1.2.1) dmgerdo a dgodegds dogoBbomm s6@s-
3mboliGwemo Fbsggdol sgMglorermdol dsbz9bgdws (0bgdlew), A - 30 dsmo Lsddzo-
M3 B5MdOL 3583969005, YM5© 00Mb LHGMMSTMMHOLM MMHY60DsE09dOL LsddgzoM-
0 dmjngds60. ¥ - 1300 LHGOMSTMOHOLM MOR6O0DSE0YOOL LsTIZ0MIM 59EH0OMIOL
069 gLos. GMAMO3 J390Mm ©s30b65b53m, 0ToL FoM35¢oL0BIdOM, M) OGS IFoMHdIMBL dm-
©9do - 53M9L0IMdOL 0bgJlo, 19 L5830 MdM FBsMdOLS S B TIZ0EMIM 59E0-
OO0 060gJbgd0, 36033690 Mm3b5 033wds 0bRMOTs30Io MToL gobgzomsMds.
(1.2.1) bLobBYIoL s3MbsBLHYAL (1.1.2) Lsfgobo 30HMBYdOLM30L 39dgd [0, OO) 509y, (1.2.1)
LobGds FomBmoygbl (1.1.17) LobEGHgdolb 3gMdm dgdmbgzg3sl, MM

a=a,0, =08 =6,=0,7,=0 (1.2.2)

50 990mbgz93580 (1.2.1) -0l 53mblbgdolb Lodmgbgws s300mam (1.1.17)-0l 58mblibgdo s

39300035¢0Lfobm (1.2.2). 535bm9b (1.1.23)-0b dsbolinsmgdgeo 2obEmegds 0d69dss
A?-a A+2p y=0 (1.2.3)
(1.1.27), (1.1.28), (1.1.29) 800090dL dgLod530bog Lobgls

ilza+\/a2 -8y ’ﬂzza—\/az -8By (1.2.4)

D=a?-8py (1.2.5)
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5) 09 (1.2.5) ©509d0m0s, 56v) D=a® =8By >0, 85306 (1.1.2)-(1.1.5) - gomz5¢olfo-
69dom (1.1.32) dgbsdg - 39300Md0LAYMGBGero dBIMOL 5JE03Mds 0bBMMIs(30vE Mmddo
399M0bsbgds 9dgabso®aco:

7Ny + Ny )= 24,Nyg it 7(Ny + Nyg )= 41Ny Aot

e’ (1.2.7)
JD VD
306390 S dgmeg Fbs6adoLm30L om0 59EH0OMIOL ILIAIBI® 49dmz0Yygbrmm

N, (t)=

d9L53530bo (1.1.44) s (1.1.45). 099 49300035¢0LH0bYdM, ™A
h_28 S % 28 (1.2.8)

Q©
vy A 7y A
05906 (1.2.2) o5 (1.2.8)-00056 (1.1.44) oo (1.1.45) 8gbsdsdobog Boofgdmgds:

N _N 7/(N10+N20)_X’2N30 7/(N10+N20) /11N30
N, (t)=—10 "2 gty et - et (1.2.9)
' 2 b 2,A/D p 2,VD
N _N 7/(N10+N20)_Z’ZN30 y(N10+N20) /11N30
N, (t)=—22 710 gty et - e (1.2.10)
2 (D=2 B 2D B 7D

3936036mm, Gmd N, () N;(1)-bash gobbbgs30gds 0dom, HmI Fbmem Ny s N,y v;s-
300056 9OH»FbgNL 50Ol 5699 53MbILLBYdO T F0ToE0d LOTYE OO0

1. oy D=a’-8B8y=0, 85306 (1.1.53)-56 (1.2.2)-0l g50735¢0Lff0bgd00 309dmMdN
(1.2.1)-0L 58mbsblbl N, (t)-ol dodsGro

2
N3(t) |:N30+(7{\|10+71\|20 SO)T} 2 (1211)
@95 365myo®ms 303mz00 N, (1), N, (1) s9mbsblbgdl, Boglgsdo s (1.1.55) o (1.1.56) -

B0 99L50580L5 (1.2.2)-b s 35300035¢0LFobIdM, H®d D = a’ —8yB =0, 85306

N.,—N N,, + N 2
Nl(t):—lo 2 X e’ + {—10 2 2 IB(?’Nlo 7N20 3o)t}e2 (1-2-12)

N., — N N,, +N 2 %
Nz(t)=—20 5 2 e+ [—10 5 = ﬂ(?’Nlo"‘ﬂ’Nzo 30)@ e’ (1.2.13)

2. o) D=a’-8By<0,085806 (1.2.3)-0l 53mbsblBL N, (t) - 5J3 Bg89a0 Lsbg, B
o3 3000905 (1.1.63) -o (1.2.2) -0b 25m35¢0Liobgdom s ¢ -0b Foa03Mo© sg300M» & :

N, ()= \/NS 2N+ Ny )-ly, ) 62 sm{" 8y —a 9} (1.2.14)

8Py — a’

Nso‘VSﬂV_az

27(N10 + Nzo)_aNso

Logoss tgl = . (1.1.70) s (1.1.71) -ob bodmogdoo (1.2.2) qom3s-

32



ol{jobgdom 3030300 IB6MRID Lodgob 536J3090L, 503608bm™, HMI @ -ob boggzwrs®
5QYONOS ¢

N, —N
10 20 gt

N, (1)-

2y
e2 sin

4 ﬁ \/N302+(27(N10+N20 )_aNso )2 )

2y 86y —a’

[—Vgﬁg_“t +0+ (p] (1.2.15

2 ti0+ (oJ (1.2.16)

39630boMmm 99dmbggzs, Om3s (1.1.2) -do N;=0, 5649 LsgOM TGOl MEMYBOBsE0gdO
56 "g3bobErMmdgb” o M10MGOL 539009896 TboMggdol Joge 339 ohsMdMEr 0bBMEOTs-
GO mdbBY - 5699 93543L 965369396300 Fgdmbgzg3s. 53 Tgdmbggzsdo (1.2.7), (1.2.9)-
(1.2.16) 3m6H3gd0@sb do3009d0m:

5) D>0 N, (t)= N\INT;NZO) (e* —e*) (1.2.17)
Nl(t)zw ey 7(N;\7_Nzo) eit 7('\';:—;5'\'20) e (1.2.18)
Nz(t)zw ey 7(N/110j_r\|20) eit ﬂ%e“ (1.2.19)

®) D=0 Ny () = 7(Nyg + N, )te? (1.2.20)
N, (t) = N1°;N2° e + N1°2+ Noo (o 1+ apt) 02 (1.2.21)
N, (1) = Vo =Moo g, N1°2+aN2° (a+ 4551 e (1.2.22)

a) D<0 N, (t)= % e2 sm{ 8fy-a’, (1.2.23)

Nl(t)=w e 4 ,/Zﬂym“’% e? sm[" 8fy —a ] (1.2.24)
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Nz(t)=w e + w/2/77% e sm(" ﬂyz_ t+¢)J (1.2.25)

8 2
Looss tge = M. 39630borom 99dmbgg3zs MHM3s LogOmsMEOOLM MMY60B(309005
a

369396300 Bmdgdo 56 B00Mgl S PodM30330Mo 0bBMMTs30wo mdols Jodobs-
®9mds bbgosolibgs D -l 890mbgngsdo: D=a’ —88y >0 . 53M9Lovemdols 06gdlbols 335c0-
530 89305 15dd30MdM FBsMOdOLHS BTIZ0EMIM 59EH0MMBOL 0bYJlgdol o335~
00 B33 By, M3 5935605 B0MOMIOL 56ESRMbOLEHMO FBIMYgdOL O MO
39609gmdsBg 0bxzmOHIs30mee mddo.

N,o= Ny, 08 89000b393580, ®¥30 LEgHDSTMOOLM MMHY60BOE0YdTS 36G1939630E0 BM-
9900 56 3000, begm 56@saMmbolGMTs AB6M)9d35068MmMT530E0 Mo 50{ygl Msbs-
056 LOLEIOEHM 30OHMdYOTO (N;g= N, ), 3580b LogHPSTMOOLM MMA6ODB309d0L Bgdmddg-

905 306039 s Igmeg dbsMYbYg dgg™s - 0bobo 5dE0gMgd96 0bRMOTs30eo Bgd9-
3900. (1.2.18), (1.2.19) - ©s6 N;;=N,, -0ob gomgzseobfjobgdom

pit gt

N, (t)= 2,8;4\110\/_(——2 ) —> 40, (1.2.26)
M At

N, (t)= Zﬁ’leo\/l_ £ eﬁ )—> 400, (1.2.27)

OemEo t — +00. 308396mm (1.2.26) 8(3$303900L LsFoOHMNE0s6Mds N, (1) -Logol, bmerm
(1.2.27)-b 09656350, N, (1) -03031M0© &Heeos N, (1)-b. Bs®mosg, [0 ,+00) s9%g N, (1)
QOOIJO0005, BOHIOs S BIBMEE Fg0mMLsbL3®gE0s. N, (1) - b ©s©gdom™ds 35dma-

©0b65MHgMBL 9900930 M5bsx8sMEMdYO0©b: N, (0)=N;;>0; 28N, % >0, 509653

B,y >0, bogm

pht gt

A A

>0 (1.2.28)

1 1
25008@06509dL 0406, Bmd 1,>4,>0, Fike Z >0, e">e® . Ni(1) -U BOH©s™dOL

2

95639690905 dobo Ho6dmgdmEol IEIIODMDS -

N'l(t) 267{_\]10 ﬂf:ﬂ [22 gl K1 )>O ’

5090 59 2odMLEHNMEGOOL Yz9es M96535M53w0 ©IdOMos. N, (1) BgdmEsb d9dm-
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At
MLsBPOIMIE05, Boyobsg N, (t)= 28N, % 6/1— , O3S T =00 53 dggbgds LogMmsdm-
2

MHobM MOYIB0DOEOYL
2N
N, (t)=="=2 [e™ —e™ )20
3(1) D ( )

t €[0,4%0) -LogoL, N, (1) —> 400 MmEs t —+00, N, (0)=0 s d90gp 0BMEYds t-b ob-
LMD 9O, MY Lo FoMrdMmgdIwo IPIIOMOS.

N/e,(t)=2\/7{%° ﬂ?e%t[i e(ﬂi—ﬁz i -1 )>0

N, (1) 890mLsBe3Mge0s BgamEb Moysbsg -

2
N, (t)= % e, t — 40

580965, 068MOI530o Mol 5M36939630w dmEgwdo, D=a’ -8y >0 -bmgol,
3b63omboliByvymo dbsMggdol gOHMBI0MO LbiGsMEM 306MHMdIdOL (N = N,,) d90mbgggzsdo,
0bobo BOOB M530560 5gBHOWOMdL, N, (1), N, (1), Ny (1) gmbdzogdo dmbm@EHmbay®a

0D6905-56v) 06x3MEOHT>309wo Mo 56 3BGYds s LYIE MAOM 030MgOL doergdls. obowng
56560 Ne1-do erobBobyo 1.2.1. s bsbs@o 1.2.1.

N> Nyy 0099 30 9b63oambolidv® dbstrggdl o8B0 BHZ3oolb3s LobBIOEGHM 306Md9d0
Q5 306390 FHIOOL LOLEIOGM 30MMdS BB 0d BgMOOLIBY, F5T0b

N, — N 7Ny + N, ) 1 1,
N, (t)=—10 " 20 gty g L1700 7 T20J) = ght_ = ok 1.2.29
(1) 5 +p NG e ) ( )

R
t e [0,40) -bL30L IPYBOMO0S, BOOIO O BJIMPID FgdMMLOBOIMGEOS.

(1.2.29)-0b dgm69 $9360 M339 3833 gIE0s BYIM s 0P0 WIWPIIOMD0S, BOHEIWOS
Q5 B990b G90mMLsBOZ3MY0s. Aol §dsEHgds 9Ju3mbIb309MMmO BM6J30s WILIdOMO
30953030963 9000 w >0, a >0, ®mIgeog 51939 Y0NS, BOEHOS s Bydm-
@56 399mMlsbOgmgos. GgLodsdols K000, s6¢9 N, (1)-3 IO, BOIWOS s BY-
956 J9ammLsbL3mgw0s.

653 899bgds N, (1)-b, ogo t=0 F9oEHowdo N, (0 )=N,;>0, 53 GgoOEGHodo dobo Foerdm-
R0 (1.2.1) Lolgdobs s (1.2) bsfyolo 30OHMBIB0EB ©sIB0mos - N, (0)=a N,,>0,
530@ma 0 -0l goM339wye doMx396s dosdmdo N, (1) s©Id0MO s BOEHOS.

No,—N,, . Npo+Ny)( 1 .. 1
Nz(t)z%e + 3 7/(%[_)0)[2 e‘l—ZeﬂQ ) (1.2.30)
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353053 1339 t -b 3oBOHEILML ghms N, (1) 5093l doguodoeme 3609369c0MdL s d9a-
99 b9ds 3mbmEHMb©ms© 3090500 s oozl — o0 15396. sBMES3

N, (t)=e ( Nzo;Nw y 7(':210\75'\'20)e@-ﬂ %e“ ) (1231

259mBob9d0oL 60dsbl gobloBw3s3L BOMRbOEgddo 3MMH3LgdME0 1MsbsdsdmMmogerol
60dsbo.

N,, — N V(Nlo + Nzo) o2t y(Np+Ny) i

10 4 3 /'LZ\/_ -B ,11—\/5(9 (1.2.32)

(1.2.32) -ob dgmMg s dgLsdg 930900l 50LMeEwyEm@o 3603369wMmds 2obgds Moyobo

93069 15305 OO t -LomM30L, 58EYbs MHMEs t —> 400 (1.2.32) -0l 60dsblL goblsb-
03653l 30639000 dglis3zMgdol w 6030560, 569 046905 MoMgmBoMO, MoEYBI3

Ww , 59936 380806569 N, (1) BoolFGsa0b — 00396 Bmbm@mbamso. N, (t)

2093930 896930900l %58L HomBMogbL O 935053 MNY39G0d, 98Ybs©, M6 Ol
t=0 -Lo30L Ol YO0, berEM OO t -BOLBMZOL YOMYMBOMO, OYO SYFOLJISD
39005339 50LEOLSL, 5649 Aol gosBbos byaro. gls Imbgds t* HoMEHowdo, HmIgwos Ho6-
95096l 99800930 GHGMbLEIBLIBEHMEMO gobEMmemgdols 53MboblbL

Nzo_N10+ 7/(N10+N20)e—42t_ 7(N10+N20)e At_q 1.2.33
R SN (1239
9.0. N, (t")=0. 0 <t<t” boogob N, (1) ©Jd0M0s s 5093l oduodmaAL t™* Foe-
300, HG@Igeo Fo60msagbl 99990 39563Mmmgdols 53mBsblBl - N'2(t)=0,

Nzo 10 7(N +N )—izt 7(N10+N20) At
(=2 /’me‘ﬂ—me)

7(N10+N20) gt ]/(N10+N20) Aot
—_—e " - g =" =0 1.2.34
b SN (1239

653 995995 LogMHMSTMOHOLM MEOYIBOB309L 9B Aglisdg FboGgls, ol 5dE0gMGOL Mogz0l
3930)OHMASL,

a +

7(N10 + Nzo)
VD

GmEs t—>+00. Ny(t) t=0 -8o Byemols Bmeos, 399©gy 0BGH©Yds, dstmmsg N's(t)>0

N, (t)= (e —e™' ) = oo, (1.2.35)

No(t)= 20 N (30— 5 e )0 (1.2.36)

o=
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N,+N
N, (1) 999mLsD3M9w05 Bgadmsb. Joermness - N, (1) = 7/(10#;20) e, t =+

obog sbsemo Ne1-do bobs@ol.2.2.
N;o< N,y 09 30 96@93mboldme abseggdl gosBbosod Lbgoalibgs LolidsMEm 3060H™Md9gdo
5 3960 LELEHIOEGM 30MMdS FgBH0s 306039WoLOBY, 56 Nix< N,y, 3580b 306390 s -

™69 3569900 33050 MHMEgdL s 335436 LOTYEHMOo TgEIAI00 - 339 FgmEg dbsGY
5dw0g©MH90L 0bxMEMs30wo 3939390l

_ N N N N
N, (t)= N202N10 ety B 7( 10t ZO)eﬂit_ﬁ 7( 10T 20)

2,ND 47D
Ga3s t — 400, bmwe 30MH39wo dbsdg, XgO 559d@0MM9gOL 0bxm®Is30mwo 9939390, yo-

e — +o0, (1.2.37)

ob 35gdb0dma%byg, IgMg 59306093, s dMEmL 9439BHL 0bBMOT>30wr0 ML (t*-Jo ool
b

N..—N 7(N10+N20) y(NlO—I—NZO)
N, (t)=—20 20 gty p 2 2D Dt _prl 0 =/ 5 o0, 1.2.38
(TR et FEE et p EEE (1238

MmEo t =400, t7 30 HoM8moygbl GHMoblggb@MMO 2963 MEgdol 5Tmblibsls

Nio — Ny 1B 7/(N10 * NZO)e_izt - —7/(N10 hl NZO)E_M:O (1.2.39)
A,~D 4D
dgbodg Abotg 30 5d0gMHGOL M530L 5dEH0MOMBIL s FoLIMZ0L LodsOME 060
N, ()= Lo ENao (g gty oy (1.2.40)

JD
GEs t — 400, 0bowrg sbs®mo Ne2-do bobs@ol.2.3.
50009bs 50LBOTBSZ00, MMT Tglisdg TbsMGL 5530939630990 doymdolsls (N, =0),

3999905 bsfformd®mogzo B9dmddggdols dmbgbs 0bgm®mdsomeo mdby, 3960dm gHom-
960 Ibsm9BYg, 009 30 5B6BGHIFMbOLEHMO Tbocqdds 0bRMMTs3010 MT0 I0fYgl SBrOMS-
65356 LOLEHIOEM 300Md9dTo (N 5 # N ,1). 535LMb Tgbsdg FBSGMOL BgdMmJdggds bds

00 56@53mboliG e dbsINBY, GOl LHgolo 3oMHMds Bogergdos s gl FbsMg 4961339~

0 Mol 9990092 §939G)L 0653mMHT530me ML, I3 30 1530906 00 SJGHOMOS©
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olfjobgdom 80300930 dgm©mg Mool LBZsMBOE Qo6 MEgdsL.
2,., —(a+2)z,., +(a+2p8y+1)z, =0 (2.1.3)
Lo Lafiyolbo 3603369 mdgd0S
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Zy; Z1:Zo+7(xo+yo) (2.1.4)

(2.1.3) 356¢3™@9d0Lm30L d9350a0bmm dgm®g ool Asbslinsmgdgwro dmerobmdo -

2 —(a+2)A+(a+28y+1)=0 (2.1.5)
(2.1.5) Bobslosmgdgeo 456EHMEgdOL Bqlggdos:
a+2++\a’ -8By a+2—+Ja?*-88y
A = 5 ;o Ay, = 5 (2.1.6)

(2.1.5) 35b5L05MYOY0 F9BEHMEBOL (2.1.6) B9LZdDYS SBMI0EYdYo (2.1.3) Lbgs-
30560 9b@Mgdol 58Mmbsblibgdo.
1) D=a’ -8y >0, 59 99000bg93530 Lbgsmd0560 336EMEgdolL 53mbsblbdL 5J3L 99a-

90 Labg
7 = Zo(l_/lz )+7(Xo + yo)ﬂln N Zo(ﬂl _1)_7()(0 + YO)lzn (2.1.7)
JD VD
BogLg3ed0m Mo (2.1.7)-b (2.1.1) LoLEYIoL 30639 2obEHMEGd5T0, 33593V
X = (a+1)Xn _ﬂ Zo(l_/’tz )\"/%/(Xo + yO)A’ln _,B Zo(ﬂi _1)\757/()(0 + yO)ﬂzn .8)

B53090Mmm Lb35Md0560 F9BEHMEgdoL dmbsblbo (2.1.8) 9990 Loboo:

_ Ny _ 20(1_22)+7(X0+y0) (a"'l)n_ﬂln_ Zo(ﬂl_l)_V(Xo‘*'YO) (a"'l)n_/lzn
%=l 1) % = f JD Taricy P JD a4,

(2.1.9)
3b65¢rMa0mEo© dm30439o (2.2.1) bLobiEgdol Igmeg 49bEGHMgdolmzgol, 99w9as©
9030090 5dmblbsl Yy, -0l odsGo

_ N Zo(l_iz)+7(xo+yo) (05"'1)”_2-1”_ Zo(/li_l)_7(xo+3/o) (a"‘l)n_lzn
Yo =(a+1)"y, -3 75 . B

a+1-1, JD Ca+l-2,
(2.1.10)
503603bmm
AEZO(]-_;LZ)"'?/(XO"'VO); BEZO(ﬁ’l _1)_7(Xo+yo); (2.1.11)
VD VD
PA . /B
=3 B=———
A (a+1-4,) Yo (a+1-2,)
35906 (2.1.7), (2.1.9) s (2.1.10) B50f9g6gds Tglsdsdolo
z,=AL" +BA," (2.1.12)
X, =(xo—A —B, Na+1)" + AA" +BA," (2.1.13)
Yo =(Yo—A -B Na+1)"+AA" +BA," (2.1.14)
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2) D=a’-8py =0. 53 Bgorbg93530 BsbslosmM9dG™ 356EHMEBLS GHMO MOXIOSWO

a+2

.05906 (2.1.3) bb35MB056 obEBHMEgdSL (2.1.4) Lofyobo 3oMmdg-

n n-1
z, =ZO[O‘T+ZJ +(y(x0+yo)—%zojn(0{;2j (2.1.15)

BogLgzoo (2.2.15) (2.1.1) LobEGgdol 30639 obEMegdsdo s Jogdvyeo bgzsmdosbo

B30 5J3b A4 =4, =

000 593L 99990 Lobyg

23963Megds Boghgmmo d9dwgao Lobom

o=t (S22 |l v0)- S o 22| 2116

(2.2.16) Lb35md0s60 2563 MgdolL 39MdM 5dMbsblbo 39d90mm 496l BO3OgO
3095303096¢0L Igom@Oom. 3mdzsm, dsb sd3L 99390 Lobg

n

n-1
x‘m:(“gzj [c,n+C,] (2.1.17)

Loog C; o C, 496995030900 30299830309639d0 8:0d90369ds dsL 890qg Gog (2.1.17)
Boolidgds (2.1.16)-3o.

X, :(aT-'-Zjn ‘: %(Xo + YO)_ﬁZo)n"'%(OH'ZXXo + YO)} (2.1.18)

(2.1.16)-0b 8gLsdsTobO GMMNY35MM3560 Lb3oMd0BO FobEMEgdol Bms sdmblbsl 5J3l
39000990 Labg
x, @ =C(a+1) (2.1.19)

(2.1.16) bb3zoMBd0BO FobEHMEgdOL 5AMbUBS GO XS0 (2.1.18) 396dm s (2.1.19), (2.1.16)-
ol dglsdsdolio 9MHMA35MmM3560 Lb3sMmd0560 obEMmgdol BDmyswo s8mblibobs. 58 x580b
N =0 -bog0L gobgLabrzMsgom C -l I60TZzbgemdsly s B3y s3mbsblibl:

n-1 n
. %o ; Yo (14 q) J{@(XO N YO)—ﬁZo]”(“gj +M(1+ﬁj (2.1.20)
a 2 2 2

(2.1.1) LELEBHYIOL AgMOY 2obEMEGOOLMZ0LOG S65WMYOMSP 307393000 s TJMEg ©936m-
ool Y, 360836935l 303Mm30mB0YEHMOIEOL X, S Y, -9d0L dodsGo (2.1.20) -do

n-1 n
y =30 %o q,q) +(2ﬂ(xo+y0)—,b‘zO n(1+gj Yot Yo 1+gj (2.1.21)
2 o 2 2 2
3) D=a* -8By <0, 53 39mbgg3580 (2.1.5) Bobsl0sm9d 356EHMEGd 5938 3MB3egd-
0 3913900 o (2.1.3) Lb3smd0sB0 gobEmegdol sdmbsblibl, (2.1.4) bsfigolo doMHmdom

39035¢0L{obgdom, 5943L Loby:
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z

n=

(a+28y +1)2\/202 2o +yo)-az,) sin(nd+¢) (2.1.22)

88y —a?
bS53
8By —a? 2,88y —a’
go=YSPr - tgp = LoV8Ar —«a (2.1.23)
a+2 2%, + Y, ) -0z,

Boglgoom (2.1.22) (2.1.1) LolGgdol 30639 49bEGHMMWgdsdo s JoEgdyEo bbgzsmdosbo
396@Mgds BogfigMmo 99990 Loboom

% = (1x — pla+ 2y +1) J 22+ Bt Yo)- ) g, (2.1.24)
8fy—«a

(2.1.24) Lbgomd05b0 gobEHmegdol 396:dm sdmbsblibo 39dgdmo sbmlsbrg®gwo 3mgzo-
3095®900L 89mMmEO0m. 3004350 Tob 5d3L G9dgao Lobg

x,") = (C,sin(n@+p)+C, cos(nd+p)Na + 2y +1)2 (2.1.25)

Losg €, 0o C, 296mLsBO3Mwo 3983030963900 8m0dgdbgds s 8909y Mog (2.1.25)
BooLdgds (2.1.24)-Fo.

\/Z 2 (27()(0 + yo)—azo)2
0 2
(p) 8By —«a

x, P = ? (asin(n9+(p)+1/8ﬂ7/—a2cos(n6?+gp)ka+2ﬂ7+1)g (2.1.26)
4

(2.1.24)-0b 8gLsd530LO GMMY356MM3560 Lb3oMB0sBO FobEMmemgdol Dmasw sdmblibsls 5J3l
39000990 Labg
X, =C(a+1)' (2.1.27)
(2.1.24) bbg5000560 456EMgd0L 53mblbs 5ol X500 (2.1.26) 39dm o (2.1.27), (2.1.24)-
ol 9glsdsdolio 9MHMA35MmM3560 Lb35Md0560 49bEHMMgdOL Bmyow 58mblBOLY.5x Al
B53L3900(2.1.24)-0 s 303m300m C -U 36033690 mdL s Bogfigto 5dmbBablbL:

\/202 + (27()(0 + yo)_azo )2
2 n
x =X ; Yo L+a) + jﬂy—a (asin(n(9+(0)+1/8ﬂ7/—a2 cos(n0+go)ka+2ﬂ}/ +1)2
v

(2.1.28)
(2.1.1) LELEBHYIOL FgMOY 23b6EMEGOOLMZ0LOE SB6IWMAOMMS® 307393000 WS IJMOY V)3~
6mdob y, 860936900mdsL 303Mm30m, O™l LOIYEGHMOM0S X, S Y, -0b dodsto (2.1.28)
-do

724 (27()(0 + yo)_azo)2

\/ 0 52 n
y, =%(1+ a)” + jﬁ}/ @ (asin(n¢9+(p)+ \8By —a? COS(n¢9+(p)Xa+2ﬂ7/ +1)E
4
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(2.1.29)
2900530960 (2.2.28) s (2.2.29) 53mbsblibgdo 89dwgabso®ao:

2 n
x, =X Yo q) +\/Z\/202 + (27(% + yO)_2aZ°) sin(n@+o+o)la+2p8y+1)2 (2.1.30)
2 2y 80y -«

2 n
Y, =M(1+ a) + /ﬁ.\/zo2 + (27 + yO)_ZaZO) sin(N@+¢p+o)a+2py+1) (2.1.31)
2 2y 80y -«

Lo
2

g = VA7 =@ (2.1.32)
a

D=a’-88y >0, bogol Hmgs 56 560l 369396305 Z, =0,35059d69d0L 8989y (2.1.11)-0b
3om35¢0obfjobgdom, (2.1.12)-(2.1.14) doowgdgb Labgl:

z J(XOT;%)W ~4" (2.1.33)
_ X Yo n 2ﬂ7(xo +yo) ﬂln ﬂzn
X”_T(1+a) + 5 (0!—\/5_61+\/BJ (2.1.34)
_ Yo% n 2ﬁ7(xo "‘yo) Aﬂ.n _ /12n
=g [a—\/ﬁ (MBJ 21

Xo = Yo » 98 99000b393580, HME5 ©3060L30MYdMds Fbscggdds s0fygl 0bRMmOIs-
3090 030 M0bsdIG LOELEIOEGHM 30OHMdYdTO0, (2.1.33)- (2.1.35) Joowgdgb d9dgy Labgl:

Z, =%(ﬂl” -4,") (2.1.36)
=4IB7/)(0 //lln _ 2'2“ 213
* m[a_m aws] —
AP A 2.1.38
4 \/B(a—dﬁ (MBJ (2139

39360360mm, MM ©©Id0m GHoEbgzms d0dgzmmds z,(n=123...) (2.1.36)-sb dool-

0655330L 3l MUslBEMBOLZYD, BMEs N —> 0. FoOHMESE PoI3PIOMm (2.1.36) GO
909¢936M™doL BAMO3OL Laboo

2% oly (% ]
z, = 1-1=1| [>0n=12,.... (2.1.39)
o (zl
090Ul gom35¢0olfjobgdom, Hmd
1<4, <A <l+a (2.1.40)

306390 808¢930™ds JooLfMHsx30L 3erl MBsliMYMdOL 3D, bnerm dgmeg 30 bol-
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Mo HGoEbz0L3gb, 499mB0bsMgMdlL, MmA z, —> 0, HMEd N —> 00.9bws 453H9OMD
X, >0, n=012,..... 930000930™d5 (2.1.37) 060 303¢g30™d0L bodMms3eol Lsbom

CA4pmy A" [ a-ID(4,)
% =15 a\/B[l a+\/5[/11” (2.1.41)

(2.1.37)-09b6 m®3s30 MGHmeErgdol: 0<a —JD<a+/D-ob 39003500006 gd00» 450ma-
©0656M9MdL, MM 30603900 J0dY3MIMds FooLHMIROL 3erorl MslitmE™Mdol39b, bewm
99m69 30 LabOo GHoEblzol39b, 9d9sb 30 3sL3360m, HMA X, =00, MMES N —> . sbsEIM-
309960 xR gEMmd0om (2.1.38) -0l J0dsmm, 030090 OMI, Y, —> 0, Bea3s N —> 0.

58965, 068MOY>30M@0 MBol (33093963019 dm@gwdo, Gmas D=a’ -8By >0
Q@5 560U 95B9MbolEGVIO FbsIYMS 35658500 LELEBIOEGHM 30MMDdYdO (X, =Y, ) b I30MOU-
30690100 dbs69900 530909396 5JEH03MdL. 00Y3OIMdJO0 X, , Y, Z, ImbmEHMbMEs©
06905 3L MLsLlGMEMdOL396 9.0. 068MMT530E0 MT0 5O [Yyw9ds, 3oHodom, by
MRO® 0HBOMHYdY, 3(3530gds. 0bowg bsMmO Ne2-Go eoliBobyo 2.1.1,6sbs¢o 2.1.1.

Xs > Yo - 099 56@03mboli@M dbstrggdl Lbgoalbgs Lolidos®@m 306HMdYd0 59300 s 9J9-
@56 30M39wo0 FBIGOL LELEBIOEGHM 30M>MdJd0 FgEH0s FgMEOLIBY, 35806 J0dEY3MIMdS (2.1.34)
QIO0M05, BOIO0S S HBYIMEIL FgIMMLSBMIMS30. (2.1.34) A5dMBsbmeEgdol docrx39-
6o Abs®ol Igmeg foz0o (2.1.33) -ob dbgogbo B39 339 299M3033w09g0 HBgIMo™ s 00 -

900005, BOHIOS S BgIMED T MLsBOZMS305, Fob §BsGHJdS F0TEI3MMDYdS
Lzyo(l+ a) - E3©g80m0, BOEIPO 5 BgnEsB JgdmMlsbO3™30. 9.0. X, 808©I3OM-

05 YO0, BOEOPOS S BYIMPID FJIMMLsDBOZMS305. M3 Tggbgds F0TIZOHMSL
Yn»> 0b N =0-bozolL 5oL Y, - sId0M0s, 308 3MMdOL 90090 F9360 Y, = Y, (1+a)

$0obsBg 9909, 9.0. 30893MMds 0fggdls BOHIL, FoEed MHMEs N—> 0, Y, —> —0. JSODESE
390053090 (2.1.35) 9909abs06Ms:

_ n| Yo — X 2,37(Xo+y(>)_ A " _ﬁna—\/ﬁ
y”(1+a)( 2 +\/B(a—\/5) (1+a) [1 (%) a+\/B]J (2142)

Y, 80800936™dob {9360l 60dsbls 25bLsDL3M3L (2.1.42) 453mLobwmegdol dgmeg msbs-

95965300l 609560, M50 g 19653535300 306039eolYsb goblibzsggdom, HmIgwos
9059 Y005 S FooLMSROL 3l MLSLOIPMDOLIYD, 0330l 60Tl oydO-

0050 M5OHYMR0MDBY. gb BogE0 399MI0bsMYMBL 0Josb, Mmd 0 < % <1, @ 5oL

+a
299 IgmEg 09653590530l IgmEg FqLs3Mgd0 bgds Moa0be dzoMg oo N -Lmzol.
50009650, 3YI0S IMIGBEH0, OM3Es bsGMoo MHoibgzobomgol N,, Y, XM 3093
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Q9J00M0, boewm N, +1 -bLegolb 30 339 “YOYMTBOM0S. MBS 9SS FodmMosbmero, H™I
9gob 3565393 9d0L oM339ew0 3609369 MdgdoLm30L Y, F90degds o309l
6By H™Igeowsg N, BsGMowmemo Hoabzolmgol. sbgmo N, s s 990amddog,
B50m3eqds Fbo6nms BBy 2oL3Ws© WS 0o MBS 3999dM®, MMM BEYEOL GO~
960 58mbsblbo. N, -0l 3609369wMds gobolisDPzMYds MHmEs oL J0gz560Fgdm X, -0l dogen
Bofomls, HmIgeoa 5oL 89090 2956@ ™Mool sdmbsblibo

yO_X0+2ﬂ7(XO+yO).( A j 1— Ay a-D ~0 (2.1.43)
2 \/B(a—\/ﬁ) 1+a A ) a++D
3936086mm, M™A 7, 809930Mds F0oLMSROL 3ol MLSLOEMdOL39D, BMmEs N — 0.
5009653
2y (X +Yo) (4 n n
7, =020 (" -4 (2.1.44)
NG (4 =4")

3990330935 05939 ®MAMO3 gb 393900 Bgdmm. s6v) 306390 FBOY BMEOL 0bRMO-
95309 8939390, Igmeg 0530096 51939 0figgdL 0bFMOT>30w0 89393900l FOBOLL,
959650, 305093L 5 go6339ve JogduodMaL, 0figgdl o0 gdE0MGOSL, bererm OMMS 46~
053003580 30 3500 LOWWHE SBOWYGOL. beaerm B33 Fggbgds LEgOMMSTMOOLM MMHY6ODS-
3090L - 3glsdg Fbomqls, ob b YROM BOHOL LoddZ30MdM IM{EYIJOOL MroMmEYBMBSL,
959650 5bgbl BgdmJdnggdsls Ibmerm dgmeg FbscmgBy, 30039 DYg 30 39Ms. obogg -
Bo®oo Ne2-8o bobo@o 2.1.2.

Xy < Yo . 099 56@53mboli@M dbstrggol Lbgoalbgs LoliGos®@m 306HMdYd0 59300 s 9J9-
@56 30M39wo0 FBIGOL LELEBIOEHM 30MM3JdO Bs3gd0s FJMEMOL LELEIOGHM 30MMDdSDY, 6
Xy < Yo 35806 bo69900 (3300056 H™Me0gdl s 30300900 [obs 36J@E0ob bLodgE Mo 6g-
BDMGSGHIOL, - 5 M339 89O Fbocg 5dE0gMgdl 0bRMO o300 T93H9390L. Mo dggbgds
30639 oMb, 53006 0l 515939 0fygdl 0bBMOTs30E F9&g39d0L QOBOL, JogMsd,
3050f193L Mo 25633999 FogLodmaAL, 0fygdls oo Jga30609dsl, MM EOMMS 2obdogerm-
0500 30 BLOIES SBOYIEGIL om. bergm MO F99bgds LogMMSTMMOLM MORI6ODIEFOJOL -
dgladg dbotgls, ob by MO BHOL LoddZz0EMdM IMHMY-B9gd0L MOMEIbMBIL, g™
bbbl B9dmddggdsl FbMEm© 30639 dbsMgDY, gmMgbYg 30 3965, 7, Joolfmszol
3l MLobEOYMBd0LII6 HMEs N —> 0. obowrg sbsGmo Ne2-do bsbs@o 2.1.3.

509bsc dgLsdg AbsGgls 56536939630 F9dbggzsdo (Z, =0) , Jgmdeos Fbmerm
Bsfowmd®m0og dmobobml ©gdmddgwmgds 0bgmmdszomwo mdol dbgwgurmdsdy. 39O dmo
090 H99mJd990L IbMEME gOHM-9gHo FbsMGDY, M 30 96ERMBOLEMMTS FBSGYJdTS -
0fygl 0bxgm®MT53009e00 MT0 5M9mbsdM LEHYoLlo 30MHMBYGIOM (X, # Y,) . 595L09b Tgliady
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b6 B90mJdggdl 00 56EsaMmboliEM FbscmgHg, HMIOol LELEBHIOEM 30MHMBGOO YYROM

"bALGH05”, 96 33069. s gl BBsGY 2963390 EMMOL 999y F1Y39GL 0bBMEODs30me
@A, 009935 093030M39e5@ 9GO0 GMHM39dds 0bBMMT>30 mAT0o, ool dodlo-

9999, 9999 30 59306090L 0bRMOT>30 89393900, drremlb 30 LOHYIE0s© FY39GL Fom.
00 990b393580 30, OMES 36ERMBOLEME FBIMGIOL 56BSMO LOLEIOGHM 30OMdYdO

(Xo = Yo) 9930, 35806 6039 306MHOL30MYINY0 Fbstg 53E0gMHGOL 5JE03MAL, 9.0. 0b-

3653070 mdo 56 fygds, 3060jom, L MBOM 0BOEYds, 8)393090s, F0bgI35©
0d0by, ®Mmd dgLsdg FbsMY3 BOHOL M30L 5gE03MdL.

D=a’-8y=0. 53 850mbg93580 53690vemdol 06@gJLo (&) X9 303 COWOS WO
500 593U 565ema09gdL D = a’ —8By > 0 890mbgq3530. 3sbsbmm, H™A qbs sbsgs.

Xy = Yo - 90 99000b393590, G235 LOGOSAMOHOLM MEYIBOD309dTS 56 Boogl 3699396~
30990 Dmdgdo (Z, =0), beagom 56@s3mbobG M FbsMYgdds s0fYygl 0bZMOTs30mwo
3o 05650500 LILEHIOEHM 30MHMBGO0M (X, =Y, ) , 35F0b LEGOPSTMOHOLM MOAI6ODOEF0JOOL
B99mgd99ds 306039 s Ggmeg Fbs6gdBg MBgEga™s - g 139651369900 5dE0gMYd6
0b6x3m®s309 89393900, d0bgs3500 0doLY, M dgladg Abstgs BOEOL Mogz0l Lsddzo-
©MdM 5JBH0OMBL, MroYsbsi (2.1.20), (2.1.21), (2.1.15) - ©sb dogowgdm X, , Y, ,Z, —>®

MOMES N —> 0. oOOWS, 30 gOmm (2.1.15), (2.1.20), (2.1.21) 999930 Loboo:

n-1
7 zzﬂon(“zzj (2.1.45)
n-1 n
x = 4 n[1+ﬁj v x0[1+ﬂj (2.1.46)
a 2 2
n-1 n
y = 4B n(1+gj + xo[uﬁj (2.1.47)
a 2 2

9bs ¢339 (2.1.45),(2.1.46),(2.1.47)-05b 50030050 sLobsbos, BMAd J00©g3e:Md900 X, ,
Y Z, DOHOI00 5 Dgdmob 999mmlsD36s30 560056, 9.0. X, Y,, Z, =% GMES N — 0 ©s
500096500 0630003530910 Mo 56 {fygds, 30MHO0Jom WROM V3030 ds. 0bOEg IBIOMO
N2-8o eob@obgo 2.1.2, bsbs@o 2.1.4 .

Xy > Yo . 009 56@93mboli@Mo dbs69900@sb 300390 dbsol LolBOEHM 30MMmdgd0 09-
G095 39gmOm0oLBY, 85806 306390 TbsGOLM30L J0dEI3MM™Mds (2.1.20) IIOMO, DO~
Q05 5 H99mMsb gaMMLsBPOZM300: X, —> 0 OHMES N —> 0, MOEYbSE X, - GUsd XoT0
6596530 MLsliBMEEME 0O J0dEYZOMBGOOLS. 53539 BMbOBMGOJI0? LgOHMSTMMOLM
62560530900 BOEO0D 39300MdOLIYMAgo (2.1.15) dmfmqdgdols Hom@gbmdsl,
Bomgeros, O™ 383000M30LAYMGBI0 MOYIBODB(30900L IMHmgdgdo 396 sHgbgb Bgdmd-
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99009050 306M39¢ 563GogMbolGWE dbsMY DY, 0L saMdgEgdl 06xMEOTs30o F9¢g30L Aob-
MsL. 5 3060Jom, 3gmMg FbsGg OMMS ob3s3wMdsdo Y393l 0bZMMTs30meE MmAL.
oMW 3937 9OMmm (2.1.21) d9089abs0Ms

yn=(1+a)“(%+(x0+yo)(“”]n[ P n+5]] (2.1.48)
(04

20+2) \ala+2) 2

n =0 -bogol dobo Fglsdsdobo 9360 Y, IIIOMO0s, J0dEI3™M™dOL F9dgao Hgzto
Y, = Yo (@ +1) §obsby 8900, 5.0. 0ffygdls DO, Bsa®s0 GmEs N—>w, Y, —> —0. d5OMESS,
Y, 900009360™d0L 9360900l 60dsbL goblaBmzMogls (2.1.48) godmlabwyargdol dgmMg 0sbs-

0596530l 603560, o653 0g0 3003900 96535 530OLYLD 2obLblsg900m, MHMIgEo3
60356l 56 033eoL s LI YOO, 0330l 60TBL YOO OIB oYM TBoNBY.

a+2

U 3980m30bsIgMdL 0J0B, ®MP 0 < 5
o+

<1, ©d 599bs FgmMg 0565856530l dg-

™69 99L536M9d0 AobYds MR0b@ 3069 FglodsToLIE OO N -9d0LM30L. 58 9bs©, .-
03995 83960, OM3S BB MMOmmo Gogbgobmzol N,, Y, X9M 300I3 IIO0M0Y, ber-
e N,+1 -bogzob 30 9339 MOIOYMBOMO0S. MI3S S5 JSTMOOEHYIO, GMT ImEgEol 3o-
539G ®900L 4563390 8603369wMmd9d0Lm30L Y, 990dgds 493009l by HMIgen-
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LSS5 339G 0 BMRBOWYdO $0b0Tbs3L BGRBOWGdT0 FmmozLgdIo Loowols
g 3609369 ™dOl, s N -LEZoL X, Y, XIO 300093 PIIOOM0, berwm n** +1-mgzol
30 9339 “I9OYMBOM0, 5649 56@93MmboLEHMTs dBsMGdTs ISLMIEgl 0bZMMTS30Er0 Mdo.
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NI JD A
5036036mm
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©5©9D000. 03039 50855330sMds 5936 F'(t) 53496J305L 08539 5615%9. 580H™d 93303005
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Q5 9gmMg Ibo6gqdL. 599bs X g Mmds 8my3560e0 Bgdmo Z,-0b 0o, LssMDEO-

5605 59 99000b3935303 S 5953, 0079 LOVIEYdS (2.2.39) -0l Agoglio oMM, 39MHIM, M

z, > 2—7/(x0 +Y,) (2.2.43)
o
nzN':[ (o +2) }+1 (2.2.44)
az, — 27()(0 + YO)

d9L53530bO 7, -3 29bYdS YPOYMBOMO S LOTIOMMNE0560S 7, —> —00, OMES N —> 0, sbv) Tg-

L53g DM SO OL 0BFMOTo30E MAL. gobgzobowmo gbers dglisdg Fbstol dmddggds,
390053090mm (2.2.21) 8909bs065

1+¢ 1+¢

n| Yo —Xo 28y 2 n Xo + Yo 2
=1+ + X, + — [z + 2.2.44
Y ( a) 2 ( o (0 yO) Oj 1+« 1+« 2 1+« ( )

(2.2.44)-0L 99m6g 05658596530 JoolOsxz0L Motymzgomo Gogbgzolizgb

Yo =% Ggs
> G

N— 0 G5yobs3 dobo dgmMg s dgbsdy 9301900 MBSO ME d30MY 56056. 5J9wb yo-

9md@0bsty Y, — —0, H™MEs N —> 0 sbvg Igmeg b6 SO gdL 0bBMOT>30ME MAL. GO
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099bgds 30639 FbsOL, BMES , N —> 0 35806 X, — +00, FoOMESEG (2.2.20) googHgemom

390009ab50650:

a
1+
Xo = Yo Xo + Yo 2By 2n 2 n
X = + + X, + Y, )— +1
" 2 { 2 ( o Kot Yo) ﬂz(’jmz wa1| [t (2.2.45)

1+2

090l gomgzswolfjobgdom, ®md  0< 1.2 <1 (2.2.46)
a l+a

(2.2.45)-30 H™MEs N — 40 , 356Mg 0O BORbOdTO INMO3LYdVIO JoTMBsbYY-

905 JoobiMROL SIdOMO LoEooliznb XO;ZyO , b gogymmmwo geBbowml as6gm

93539010 godMbobgds FooLGOxkoL  + 00 -15396 s 5J9ob godmEol Mmd X, — +oo .
3936086mm, M™A Gogo oM ROMRbOWdo, 25dmbobyrengds M xg03500 doolimsgol b

a+2 )j -30 858396900560 ba®olbom dooliMsgzol boyerolizgb, »d

2a+1

™60 1356513690 g58MLEBIYdadOL BodEMszw0E BoolMx0l Breoliznh. s8M0s©, Oo-

+00 96 —o0 , bogom [

0 N-LBM30L X, IPIO0MJO0S S FOOLMSROD + 0, BoaMsd obdol JoMbgs, o6 33949O
306Md900LM30L s J9gEMGO0m J306Mg N -LM30L, bed 56 Gg0dEgds X, FIBIL MoGYym-

B0, M3 046905 BoxRYd39w0 I35L3365m, HMB 30639eTs FBHGIYT OSLBOICNS 0. o6~
053 9L Sb9s. sdolmzol 4obz0bowMmm X, -0 “fiyz9@0 sbswmao x(t), GmIwol 3603369-

@B9¥0 EOLIGIEHM t = 0.1,2,..... FaMEH0owgddo gdombgggzs {X, }809g3mM™dOl Fglsdsdols
093093 n=0,12,.....-bog0b - X(n) = X, . 530035 ™M

x(t)="2"% ; Yo (14 a) + (%(Xo + yO)—ﬂZojt(H%J 7 +%[l+%j (2.2.47)

390053090Mm, (2.2.47) 9900093050650

x(t) = 1(1+ ﬁjt F(t) (2.2.48)

F(t)= %, + Yo + (X, — Yo a+l +(2ﬁ7(x0+y0)—ﬁzojt( 2 j
(04

56 (2.2.46)-0b aomzseobfjobgdom

F(t)= X, + Y, + (%, — ¥, )" —(ﬁzo —%(x0 ¥ yO)}{

j (2.2.49)

a+2
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3936086mm, O™ ;v F(t) 53BJ (309 39005339 5dBEOLLL, 50 X (t) -3 Boo339mL AU,
009539 §90E0wqgddo, g.0. O F(’[) 5369 309L 2558605 BmEgd0,35d06 (2.2.48)-0L msbsbdoco,
00539 §90G0gd0 0d69ds X (t) BmbJzool bmegdo. slig GMA, 99330305 53 J0TSOHMYOOM

499m3033omm F(t) 5 390092900 358m309gbmm X (t) -bogol. X (0)= %F(O)z X, >0. 30~
3mgmo F (t)ggngjgoob 306390 5 dgmmg Ho6MdmgdIemgdo
F/(t)=(x, — ¥, )a"In a—(zo —2—7/(x0 + Yo )J( 2p j (2.2.50)
a a

F’ (t): (Xo —Yo )at In” a (2.2.51)

(2.2.51)-¢056 Bobl, O3 F(t)gg[ﬂjgoob 39069 Fo6HM9dO ©IEIO00s, 56 F(t) 1w96-
J3oob 306390 Fom3mgdeo BOEOOs. s vy t=0-do F ('[)cggﬁjgoob 306390 (o6~
9090900 P05 F (0)> 0, 53500 qb F(t) 5369309 ©9©Jd0MO 36033690 MdOI6
t=0 PodGHowdo F(O): 2Xy >0 -5b6 0fjgygdl DOl s JoobfiMoxol + o , 56 oGmzqgwo
b6 5MLOOML 56 250 BBy, 5699 56 SLMHIGOL 0bGZMEOsE30E MAL. o®sd Z,-0l
99MBg30L 39dmbgg35d0 (Fobo goBMHEom) t =0-do F (t)cg;'gﬁjgoob 306390 {oMmBmgdmwo
56ygma0mos F'(0)< 0, 56wy F(t) 2MBJ 305 3530005639 0ffygdlL 3009dsL, bergnm 989y
F'(t) 033wgd5 735690530000 3608390md0©sb6 059800y, 5549 45000l Byl s 50 §qo-
Bowdo  F(t)-b sdbmemv@m®o 8060829000 8508369@mmds 5J3b. 36sbmam z,-0l G5 8600-
3690md980L030L55 gl glsdegdgmo: F ' (t) < 0. 59 «Ememdosb (2.2.50) -0l as035¢0ols-
(obgdom, 3009dMMdm.

t ZIB(aZO ~ 27/()(0 + Yo ))
4= ala+2)x, -y, )Ina (2.2:52)

218(0520 - 27()(0 +Yo ))

2.2.52) -Us 3598605 53bsblbo, vy 30 1< » 9 M3965L36gwo 30 LEWEm-
( )by 93 e+ 2)x, - yg)ina * O 030203090 g0 O
905 8990980 Z,-olmgols
z, > (% = Yo Ner + 2)ina +Q(xO +Y,) (2.2.53)
205 a
50539 Z,-0Lm30L LsFsMNWOSBOS
F(0)= (x, — v, )in a—(zo Sy yo)j( 25 j< 0 (2.254)
o a+2

5699 (2.2.53) 306:0030bm30L 3060390 Fbstg 153005639 0fiygdl 0bBmMIszowo dg@g-
3990l 93306 905L. 3030300, t* -0l ols I60Iz6gEmds, GMIolsmgolsg F' (t'): 0,
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al = ZIB(aZO - 27(X0 + Yo ))

, b 6
ala+2)x, - y,)Ina PORI6

2ﬁ(O‘Zo - 27()(0 Yo ))
ala+2)x, -y, )Ina (2.2:53)

t* =log

a

@905 4. 5GLYdML oligmo t*, HMIoLmZ0LSS F(t' ) <0.
©059()30(3905. FoMIOW3, Boglgso (2.2.55) 3609369wmds (2.2.49)-80 s 456sddbgdol
390009 d0300900:

2,3(0‘20 - 27(Xo + Yo )) IB(O‘ZO - 27(Xo + Yo ))
a(a + 2) log, a(a + 2)e Ina (2.2:36)

F(t’): Xo + Yo —

(2.2.56)-056 B3BL, G0 ©0©O Z,-0bmgol F(t*)< 0, Gowysh Bolo 8gbsdy §agHo Boobf-
513300 + 0 -15396, MMYMOE 659G 53O0 7;-0l 30O HHRO030 O WMYPSOHOMNIMORMb-

J30900L B33, 39d9dmm 2,d99930 Lobom Z, =0 YT Yo (2.2.57)
a

BogLgoom (2.2.57)(2.2.56)-00 8030090m

2pa=27),,, _BA=27) y_,

F(t.)= (XO + yo)(l_ O!(Cl N 2) Ioga a(a 4 2)e|n a (2258)

9L 9gL5dEgdYE0S Brea35 LEOHVIEEYDS JPIM-JMHO 58 Y YIRO30MMDJOI06

_2p(a-2y) pla-2y) _,28a-2y) Bla-2y)
L oes2) " g 2eina " alas2) % ala+2eha

9595b500d9, B35 q 0bY g0MBY35, O™ Jobm30L O YOS 30MHMDS

pla-2y) _ ala+2)
a(a+2kelna 23 (2.2.59)

(a-2y)log,

©> (2.2.43), (2.2.53) 306mdgd0, 35306 bsdsGowosbos F(t')<0 6.0..

935 4 -0l doewom X(t) -3 t*H9gdGowdo begds MsMYmB0MO, HMIJOWSE OO 369-
396300bm30L. 0y 30 t°-b g3l dogero 860d36gemds, 350b X(t*) b Ggglodsdgds wstrygm-
BOMO X. {Xn} 909936M™d0s6, s 5dgbs B33 MMI 306390 FbIMY SLErmeEgdl
0bxm®s30e maAl. gobgzobowmom 99dmbgggs, Mm3s [t' ] <t' < [t' ]+1, by tTe [[t' } [t' ]+1]
9mb5339mL, s Job LEBOZMYIL 56 g8Mb3zg3s. F580b Fg0degds 0y 493BsOM™M Z; MHMI, 56
X([t]) = X,., <0, 96 x([t']): Xopq <0, 0 85806 30300 , O3 Fgbadadoba o6 n = [t'], ob
n= [t' ]+1 do 306390 dbsMg sLEIMEgdl 0bgMmMIs30me M. (2.2.50) -0l gomgzswolfjoby-
d0m, 990dgds 9935Mbomm Z,0lg HmJ [[t' } [t' ]+1] 9dmb533900bg OIS
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2B(az, =2y (X, +Y,))
a(a+2)

m?x|F/(t)|=m?x|(X0—y0)a‘ Ina— <

<max{| F) | _Fl) |}:L

t—[t']" [t]+1-t"

(2.2.60)

95906, M0Y393)0 5300 HoMdmMgdmwmb gMms© F(t) xmbdios [[t' ]; [t' ]+ 1] 9b533900BY
@0g3do0L 306MHMdIL 530594mM50egdl s 56 F([t'])< 0, 3gLsds30bo x([t*]) = X,., <0, 9653

F([t'] +l)< 0 @5 99gbdsd0oBO© x([t']): Xop1 < 0, - 893603600, 608 00 (2.2.60)- 8o 530090™

min{| tF(Et'.)] Ll [t_]': (tl.) e |} = L85306 gem6mmeso bormogds: F([t*])< 0, 8bsdsdobso
— + J—

X([t"]) = X, 0,0 F([t'] +l)< 0, 99Lsdsdobo x([t']): X .. <0, 50960050, Lomobsm

[t}
996mBgmeo 36M9396300Lm30L - Z,,306039w0 Fbomg, oligzg OHMYMM gmMg s dglisdy dbo-
69900, S5O gOL 0bRMEOHIs30 MAL. 0bowyg sbsMMOo Ne2-3o bsbs@o 2.2.10.

Xy < Y. 00 89000b393580, 039930 LogOHMTMOHOLM MORBOBSE0gds odsMmgl 361939630-
e DmdgdL zZ, > 0, b 56¢)ogmboliGw®mds Ibs6mqdds 0bxm®mds30)o mdo sofygls
1bgoolb35 BoliEGIOGHM 3060HMDJOT0, 5FLML X, < Y, , 35906 30090 MdM fobs gdmbggzols
- Xo > Yo » B089GH®0M F9990L: OO 3693963008 O™ 53X JMOE 339 Igmeg FbsGol
792094356057 G9L5d@qdge0 6By, 85653 030 OO N -Lm3z0lL ooEYIL MHR0bo o 3603-
369MdL, 569 gmeg dbsGIY SLEMEgOL 06BRMMTs30 MAL; Mo d99bgds 3039w s dg-
L539 ABMYGOL oLobo LYIew sF30MGOID 175305600 5JFHOIOMBIL, 5056 bYEDY 5649 SbErIHy-
9096 06x3mMHI>30mw m3L. obowrg bsMmo Ne2-do bobs@o 2.2.11

D=a’-88y<0. 59 898mbg93590 5309099 md0l 06@gJloLs () 33oEMaE0 Bs3egdos

1533300MOM IBoYymxzbol (B) s LedIZ0MOM 5dEH03MmdOL (y) 2903505390990 BsdMmsgze0-
Bo. 590G ™A AMbOEMEbg0s, HMA LOTIZ0MIM 59EH03MS “dMMM3S3L” 96ESRMbOLEM
dbs699d0ol 53MmqLOSL.

Xo = Yo - 39ODE53, 0099 BogOHmodmOHoLm mGboB3090d5 doomgl 3093963090 B~
3900 (Z, > 0), beagoem 56EoambolGw®mds dbsMqdds s0fYygbobgm®mTo30Er0 m3o MsbsdMO
LOBEGHIOGM 30OMIJO0M (X, = Y, ) » 35806 LGOI STMOHOLM MORI60DSE0gdOL BgImJdgEIdS
30639 5 dgmMg Fbotggdbg d9909600. Jo3(gOmm (2.1.22), (2.1.30) s (2.1.31)
3999bsoMmoco:

n _ 2
2 =(a+2py +1)2\/202 +Msin(n9+(p) (2.2.61)
80y —a

2 n
X, = /ﬁ,\/zo2 +—(47/X0 _az‘;) sin(n@+ o + w)a + 28y +1)2 (2.2.62)
2y 8y —a

82



2 n
y, = '5'.\/202 +Msin(n9+¢)+a))(a+2ﬂy +1)2 (2.2.63)
2y 8Py —«a

LoIG3 @, 0, ® 2560LIBWIMGdS Tglodsdolo (2.2.23) s (2.2.31)-sb. Lodogg (2.2.61),
(2.2.62), (2.2.63) 359bob1egd0l Y39 05658596530 GHM0ymbmdg@ Moo gw9bdsool -
LOBMLOL MO IJO00Y, 5SG0GMI X, Y, Z, 990degds 4obIL B0 56 MsGymazomo,
L5 3030h69300 06ZMOT>30w0 Mo ILEOVIGdS©, LobMLOL J9d;339wo FoTMBsb-
©909%0L gLsd530LOE 6B 56 Msymzom MHOEb3ML oG megdom. 3oMm39wo s dg-
69 IOy 9OPDI0MS®, BodEHOMMI®E 04032965 8rmJdg9dgb 0bRMmOTs30e mddo -

Xy = Yn» 990@™0, 35003033e0Mm0 dbMmEm, 53793350 300390 Fbsrols dmgddgogds 0b-
53m6OIs309 mddo. Igmeg FbsGHoLb30L 306390l 999900 046905 LyTsMIIW0sbO. 3bs-
bmom, ®mEob bgds sin(nf + ¢ + @) Bmeol Gmeo 56 Msdymuomo 3oMH39wogzg d9dmbag-

T—0—@

30Lm300L. sin(N@ + @ + @) =0 -sb §3543L n, = .30 N, = [n] s N, 21, Loss

33900050 BORBO0WYd0 50b0dbogl GoEbgzol ;g dsfioenls, 35d0b Rsgmzwom, Gma
0b6x3mM>30wo mdo EsLGMEeEs N =N, -bo3zob. MYy 30 N, # [n,], 36w [n,]< n, < [n,]+l,
35006 sin([n. JH+ @p+m) >0 s sin(([n. J+1)¢9 +@+w)<0.569 n=[n,] -bogolb x,,y, x9O
30093 YO0, baagwm N+1=[n,]+1-bogol obobo 339 YoOYNBOMIGBO 561056, 569
0b6x3mM3>30wo mdo 306039wds s IgMmEg FbsMIGI ISLOMEL. G153 99bgds LogHmsdm-

MoLM MOHYBOBE0gOL, 0LObO 49056 beby: n,, = ﬂf;(p, n=[n,] -3o, z, x9® 30w93
T—9
0
399M03bE0, ®M8 IngEol 3505d9GM9d0L 4903390 3608369 mdgdolm3ol Z,, 8-

Q©©Y00mM0s, boaewm n+1=[n, J+1=[ 1+1-bog0lL ob 339 YISMYMBODOS. MMI(3S 3G8S

00905 25309L b)ebg HMIgomss N, Bo@MMom®o MoEbzolmgol. sdwgbs dglsdy
b6 sbEOEqdL 3930 MOOLIYMBYO 49b(3b5YdGOOL Yozt (39egdsL, 9999, SbESYM-
BoLE¥®ds AbsG9dds LG9l 0653GHB530vgeo mdo: [N, ]1<[n,,]. 8585L5¢531, BdOL-
90960 Mbob 369396300l Jobgs350 L0z MY SLEIMEGOL OBBMO T30 MAL.
obog sbs60 Ne2-8o obBobao 2.2.5 @ bsbs@o 2.2.12.

Xo > Yo 009 95@53mboli@M dbstrggol Lbgoalbgs LoliGo®@m 306HMdYd0 59300 s 9J9-
@56 306390 FBGOL LELEBIOGHM 30MMdYdO FgE0s FgMEOLIBY, 85906 (2.2.30)-5b, 2534~
AMEGI® B bl X, -, 303m3z00m N, -U, COLIMYEHME PO, HMIOoLsM30LsE 30M3900
b6 sbEOMEdL 0bFMOTS30e MAL.

2 n
%o Yo (11 4) 4 /ﬁ.\/zo2 + (2%, + yO)_zaZO) sin(n@+ o+ w)a+28y+1)2 =0 (2.2.64)
2 2y 8By —«a
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(2.2.64)-056 d030090m

sin(n0+¢+a))=—u\/§ 8y —a (@+1° * (2.2.65)
2 B 202(8ﬂ;/—052)+(27/(x0+y0)—ogzo)2 a+2py +1

(2.2.65)-0l 59mblbs 5OLgdMAL 0d d9d0mbgzg3z5d0, M3

0<% = Yo Q\/ : 8By —a’ ( (o +1) ]2 <1 (2.2.66)
2 B\ 2,288y —a? )+ @r(x, + Yo )—azy)? \ @ + 2y +1
2
a”+2a+1
39630bowmm Lsdo Jgdmnbgzgzs: ) Bdg 9OPOL GHMEos - Pp=—T——=1, G535 J00©[9g3o
a+20y+1

00 3900b393580, ) a, B, 7 530594mB0wgd9b 306H™MdYOL:

O<a<+8py
- _1+m (2.2.67)
- 2

Q5 35906 (2.2.66) LErmgds 43ges N -bezolb, M) 30 LEMIBsM LOWOYIY 393HBMOM
2,005 (2.2.65)-0L 53mbsblbolbmz0l 503608bmm, dmgero bsflowo t, -bo, Psgmzswmo

n,, =[t.]= 1 arcsin _xO—YO\/z_T/ 8y —a” L2297 (2.2.68)
’ 0 2\ B\ 2z, @By —a?)+(2x(x, + V) -z, ) 0

LSS5 339G 0 BOMRBOWYOO 5g O Y39 yob 50b0Tbs3L BOHRBOWGdT0 Mgl dY)-
@0 bLoEOEOL MY bofjoels. 3530b n =n,  -bmZzol X, XJO 30WI3 SIS, bereo™

n=n,; +1 -bezolL 30 339 IMYNGoMO. gb 30 6063l 0T, MM 30MZ39ds Ibsyad dgf-
430@&d 0683mEM>30wo mdo. Mg 899bgds dgmeg dboGgls

2 n
y =Y %o o), /ﬁ_\/ZOZ + (2r(x, + yO)_zaZO) sin(n@+p+o)a+2p8y+1): (2.2.69)
2 2y 8fy—«a

099 (2.2.69) 24950995 6100 96 Moeymz0mo, gb 60dbsgL 0dsl, nd Fgmeg dbBGYT OB~
S 06x3MmMHB5309900 MT0. 05300 Y, IO, BogMsd 8939y 020 I30MYds

B0l FHmero 96 6By 6530900 bogds. JsMmnwss, Bogfigdmm (2.2.69) 9999abso®o

y, = (1+a)2[%+\/22\/202 N (2r(x, + Yo ) — az,)? sin(n9+¢+w)(w]2}(2.2.70)
Y

8Py —a’ a’+2a+1

(2.2.70)-80 30639000 39653596530 YmMm39em30L ©IJO0MN0S S BOOI©O, Igme9g 30
603956330009, 99 30 LoMsbs™ LOWOYIEY I3BOPM™M Z; S MMYIMOF 30 GO Mo~
653596530 gob9ds 690 56 MsBYymRomo, 35806 Y, -3 obYds 6o 56 MsBymaomo,
365bmm 09 M5 POML IMbEYds gu. s5doLMZ0L 2539EMEMmm bl (2.2.70)-0l Bgmeg 0sbs-

059653000 s Jobo 5dMbIBLBOL LsdwysEgdom dgz3sGFomm N -0l ol I60dzbgerMds MHM3s
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(2.2.70) 56 605 956 1oMmymn000, 535mb 3939000 3063900039 sLgo N -b. 300d350

2
n,,=[t]= ~Larcsin| Yo=%o 27 86y —a 9T (2.2.71)
*,2 * 0 9

2 VB2 @r—a®)+(2r(x +vs)-azo)f
Loos3 L, 98mbsblbos Mfy39@0 ©sdM30JdIE0 (33C5@OL d0doC. 0y L, = [t*], d5d0b
65303605 ©@olgMgE o MmOl ol 3603369 mds, Hms Y, bwgds brywo s ogo n,, =t,
ol G0, MY 505 s N, , -L;ZoL Y, XIO 303 PIIOOMOs, beegwem n, , +1-bm30L 30
1339 “390g4MmBO0M0. 53506 BLEGMPITMMOLM MOYIBODOE0YdO SLEB¥gd9gb I830MdOLIYM-
390 5dGH0OMISL. S g FMbYds , HM3s

n _ 2
2, =(a+2py +1)2\/202 L @ +y) 2“20) sin(n@+¢)=0 (2.2.72)
88y —«a
n,=t]= {”—“p} (2.2.73)
’ 0
3936006mm, O™A N,, <N, (0bogrg sbsOmo Ne2-3o bobs@o 2.2.12)
2
0) A9 gOHNBY bogargdos p = o’ roa+l <1- 653 8000935 35806, Mm3s a, B,y 5305~
a+2py+1
4mx30e9096 306HMdYOL:
O0<a<+8py
< _1+m (2.2.74)

2
(2.2.74)-056 9580806569 0 < a < “Lryir8hy “;JFB’B}/ . 50 9900bg935d0 30 (2.2.65) -0l 59mblbs -

n,; (2.2.66)-0b gom35¢olfobgdom, ¢bEs 530594530 gdEIL 30MHMdL

2
n, >2log,| 2 |2 \/ 22 + B+ ¥0)~2) (2.2.75)
Xo = Yo \ 2y 8Py —«a

boerm n,; - 5M0ob t,-b d;geo bsfoeron, ; = It ]

1 (x-y, [2r 8y —a’ 3. mmeme| 9276
. [9{ T L } -

t, 53059mxz30gdL (2.2.76) -b ocrx 3965 65§00 sb Jogdmw 2ob@MmEgdsl gobbowyanls
3390050 BORBOWYdOL o6gdy. oo t, = [t*], 95306 653m3b0s olizMy@EHwo OHMols

ol 8608369 mds, MmEs X, bgds brywo @s 0go n,, =t, ol GmEos, 1Y) 565 S 30(Y300m,
®®3 n=n,, -bogzob X, XIO 30©I3 PIPIJO0N0Y, boagwem n=n,, +1 obmM3z0L 3o 339 LI>OYm-

53000. U 30 039 d900bz9g35d0 BoTbs3L 0oL, MHMAB 30M39eds Fbstd F9HY303)> 0bRMG-
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953090 mdo. Mg d99bgds dgmmg FbsGgls, oo M™OL HMIgEoEs3 8mdgbEdo begds
2950Ymnz0m0, 5699 8gm®g dbsmgs 939G 06xmMBo30e ™AL, 53s5Lmsb n, ,-m30L

2
n, > 2log,| —2 /ﬁJ 2,2+ (2%, + yo): Z) (2.2.77)
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$0b55089ga0L) 06x3MmMT530E0 Mm3ob MHY39B0 SMMR030 F500935EH032IM0 IMPIWO
[11], ®m39wbsg 993L 99990 Loby:
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= N, (t)+ N, (N, (t) - AN, (t) (3.2.1)

o
P
w
—+
~
Il
<
—~
=
i
G
~
+
=
N
—
~—
Nty

Los3 @, 0, B,y 3509853039600 3ol 35659930900, beaerm Nl(t), Nz(t), N3(t) dbomg-
900L d0g6 M™OoL M3 t dmd9gbE30 go3M 3900 Gglodsdolbo 0bRM®Ts3zo0l Mo-
m©96Mdss, B3 899bgds

N;(0)= Ny, N,(0)=N,, N(0)=N,, (3.2.2)
obobo 0bxzm®Is30wo Mmdob Lsfyolo 30HMBYOOS.

(3.2.1) LOLEBHYIOB 2o35hsMTMMm gLy A9BEHMEGds s §9YRS F0WGONIE ASTMUS-

bmgdsd0 bs3b350 58 LoliEgdol 306390 S FgMMg F9BEGHMWYdd0, S J03009dM N3(t)—b
908560 gmeg HogolL B39MEgd©MH03 ORBIMOYBE05ME 256G MEgdAL.

% N, (0)= e 5 N )20, ) (323)

dt
(3.2.3)-0L FobolosmgdgE0 2obGHMEMgdss A 2-a A +2 y=0
3. ov) D=a’-8fy >0, 85306

a++a® -8By a—+a’ -8By
PR : =t (3.2.4)
©5 (3.2.3)-0b Bmys© 53mblBL 5J3L bsbg N, (t)=C.e” + C,e™, (3.2.5)

Losg C; o C, 4960L5Bgdmgds Lafgolbo 306HMdIO0©L
N,(0)= C, +C,= N, (3.2.6)

% N, (0)= 4, C+4,C,=  (Nyy+ Ny ), ®m8eol gomgzs¢olffobgdom (3.2.5) 800mgdl Labgl

(N10+N20)_12N30 oAt 7(N10+Nzo)_/11N30 ot

/4
N,(t)= - 3.2.7
5(1) o) b (3.2.7)
(3.2.1) LoLEGHYIOL AGLoAY BEHMMYPI0IE 303Mm3z30m
1d
N, (t)+ N, (t)==—N,(t), (3.2.8)
y dt
1 2p
QS 00¢) 35300035¢0LfiobYdM, HMI = = P 90300900,
v 2
N, + Ny )= A,N 7(Nyy + Ny )= 4N
N.(t)+ N.(t)= 7( 10 20 21530 oAt _ 10 20 0 ot (3.2.9)
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(Nlo + Nzo)_lsto
2,/D

ezﬁt_ﬁ 7/(N10 +/£‘\2/(%_11N30 et 95306

Nz(t):(o(t)_ Nl(t) (3.2.10)
(3.2.10) BsgLzom (3.2.1)-0l 30639¢ 296¢Mgd580 s F0300900 H025¢H0L FIBE MO
N, (t)- 808560

5036086m» ¢(t)= g 4

4
dt
D505 (3.2.11) 3350065GHMGOT0 56 5dMobLBYds, 5d0oGHMA godmz09ygbmod dob Jodscron

N, (t) = (@ = Sp(t)N, (t) + oN,* (t) - AN (t) (3.2.11)

03b3000 99MEYB0. Boa58 F5659Y 30 W35HObMo Fglisdg dbsGOL BsGIIMMdOL by~
L0500 0bBMOT>30E mITo. MY 30, Bglsdg Fbscg godmoyggbgdls 3M:939b305L go®339wo
@MBom, 35306 N;(t) 3964300 ool by 5649 dgliadg Fbotg S gdL 0bFMEOTs30-

w0 mAb. oM (3.2.7) 2500037900 99dgabsota

Ns(t):%( (7(N10 + Nzo)_/12|\|30)(':‘(/117/12)t _(7(N10 + Nzo)_/11N30) ) (3.2.12)

o053 4, — 4, > 0,3550005, ™3 0O t-bmz0L N, (t)-ob 6odsbl 4oblisbEamsgl 3m-
9830309630, gl 5 06 dymg30, 390dm@ N, (t) 9oOHYmu0m0s, (V(Nlo + Nzo)— /XQNSO)< 0,

N 3o>—y(Nl°}: Nz) (3.2.13)

N 5, -0b 59 (3.2.13) 36033690 md9gdoLomz0L N, (t) 0o33eol 60dsbl [0 ,+0) s6gbg owY-
0000056 N, (0)=Nz >0, Mobymaomby, 59gbs N;(t) MHy39@ BMBIE0sL gosBbos Bmwro,
Gdgmomsg t7 HgOGHowdo. 0go Fo6dmoygbl N;(1)=0 45b6@megdols 53mblibsls

(7(Nyy + Nyg ) = N, ) e = (N, + Ny )= 4N, (3.2.14)

(3.2.14)-0056 93543l

= 1 |n(_7(N10+N20)+21N30j (3.2.15)
JD _7(N10+N20)+/12N30

3936036Mm0m, O™ MsM0003J3905 259MUBobmEgds 9hmbg dg@E0s, OmEs Ny, 93d59mg0-

@R (3.2.13) 3060 — 7(Nyg + Nz ) + 4Ny, >1, 0¥ 30 56 LEMW YIS 30OHMds (3.2.13) o
_7/(N10 + Nzo)+ A, Ny

335J3L

N,, < w (3.2.16)
2

85806 N, (t)s® 0330l 50356l [0 ,+0) 505%9, 0ls 1530005639 ©5©Id0m0s N, (0)=N,, >0
36 250053390 5dB30LMs VYOI S H6 593L 58MbIBLYDO (3.2.14) Fglisdsdol JobEHMEgdsL,
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569 Agbsdg ABSEOIY 56 SLEBMEgdl 30 MBOLAYMBIO IM[HMYIGOOL 493039 GOSL - 56
3L gdl 06gzMmMAs30we MAL.
) 30 39539 b6y 56 303l Ny, = 0 3619396305, 35306 N4 (t) 56 ozgaemols 606,

b Y0005 S A0oLHEITGOL + o0 -13396. 553 TgLsdg TbsGg sEILEMEgOL Fd30MBOL-
dgma39cn0 dmfmq0900L 25360 39gdsls - 56 SLMYIEgdL 0bBMOTs30meE MAL. M3 89qbgds
3b6&9mbolGwe dbsMY9dL, 099 LOEds (3.2.16), 506 OMOL oo 360d36gEMdOL-
30L domo xodo N 1(t)+ Nz(t) b9 M5306 0O, s 5doE™A LYYWI306Y, 9O Mdg-
0dg dbseg 85063 56305690l 06535309 MAL. beerm vy 30 LOHYYEE9dS (3.2.13)
30605 85906 5®ol 0dol FglodgdEMds, HMI G039 Fbs6d ILGMEML 0bRMOTs:30-
w00 080, Gk Jomo %580 N, (t)+ N, (t) = —o0, Geags t — —w.

©532996bqo (3.2.11) 3563 ™9d0L MoEbz00 58mblbsL (3.2.7)-0bmgol. sdobmgzol
399m30996m0n Matlab-ob Lodwgoegds, 390, 399 gdMH030 ORBIMHIBE05WIMHO QobEHM-
©9d0L (LoLEYdol) s8mabLBYwo (Lemergzg®o) oded5, HMIgeoa H«9639-3293b 09 4-9 s 99-
5-9 0oL LOBYLEOL gOHMBOK 0SB0 3B FJPMPIODBYS 531967 ME0 S HMIWYdO3
dmEO0B0EOMYOMWO 0Y™ x. EMHIsbobs s 3. 3Gobrol 9096. [3;4;9;15;27;33-35]. obong
56560 Ne3-3o obBobpo3.2.1. Igmeg FbseOl 59dGH0OMDS 4560LsBE3MNds (3.2.10) G-
dmom, A5l 39909y M3 653m3bos 306390 Fbs®mOl 5gE0IMHMdS HOEB30MO 3x0MEYdOm.
BoB90M900 0465 250MmmM3w0m0 9Ju39MH0TgbEH0: 309395300, (IEES) 356509EHGMOL bbgs-
©sb3s 3608369e0MdOLMZ0L. (IEES) 356539xEGMOL T9d30MHgdOLLL, 3960IM®, MEs 0yo do-
ob{Msx30L BmeEols3gh, 30gdmwmdm HHR030 MHy39@0 ImHoboswdgaol oabm®momgdols
0b6g3m®3s3099o Mol Jo9ds303M0 dmEgerol 999a90L [12;29;36;40;41] D>0-LogoU.
93069 369396300l d90mb3z935d0 LsdIZ30MdM 5dEH0MOMDS 115305MOLO 56 SHOL OBZMOT-
30990 Mol EILAEY350. bMem OO 369396300l Fgdmnbgz935d0 Tglisdergdgeos 1od-
d3000M0M 5J@0MOMdIBY Bgdmddggds, oo dgdmdMmbgds, 96+ 0bxm®mds30Ieo mdol
QLOMGds. 0boErg B0 Ne3-Fo bobs@o 3.2.1 s Bobo@o 3.2.2. 50lsbodbsgos, Gend
M35 3609396300 930695, g FBSGIOL 52MHgLOMEIMBS OO, Tl OOMBOMSE ~sMLM-
60” ©35MJ35m, bererm o390 dbstg 83009 369396300l d90mbzg3580i3 30 B30
5dBH0EM05, 3503503 Aol 30MOHMBOMSE ~ALb3xM30”. By AbgzgM3eo d;3069 369396300L
OB, 96 JoLO SMHIOLYdIMBOL F98b3935003 30 96 59EH0OMIL 0bRMEOIs30v mddo,
3900 67eBg 56 Job JogM 4930390900 06RMEA5300L MOoMEIbMBdS b Msb sSHEm-
159, 0boErg IBIOMO Ne3-Go Bobo@o 3.2.4. 00 99dmbgg35d0 30, O3S 309396305 0DBMHYdS
5 B5305MmOE OO bgds, "dlbggm3wo” s30s@ gamGmBOEINds dglisdy dbséols 3d30-
©Md0LAYMGBg IM[gd9dL s SLEIMEGOL 0bBMMTS30eE MAL bo3sMm LHMSBS®. M3
d99b905 ”53MaLMOL”, 0o JIMOROEIGdS DMY, Iglsdg FBSGOL IT30MBdOLIYMG e
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9mfimg0g0L, 359050 J9(300HB0M MROM MHMMESW, 93000 0L BOOL 5JGHO0IOMOL,
3900099 3>0b 6By, brnwm go6339w0 EOMOL dgeg Bs0b3 5gMdgwgdL d30609 MOM©Y-
B30l 06xm®ds30me J939390b.

4. o) D=a’ -8y =0, 85306 (3.2.3) -0l BbsbosmMYdG 336EHMEGAL 593L 9HO MOKRY-
500 33930 s N, (1) -0b BMYSE STMBsLLBL g3l Labg

N, () = (C, +C,t)e? (3.2.17)
Losg C; o C, 2560L5%B03M90s 306:md9d0©sb: N, (0) = Ny, < C, = Ny,

d o o
a N3(0)= Cz + NsoE = 7/(N10 + N20)<:> Cz = 7(N10 + Nzo)_E Nao@b 38@36‘5@ Ns(t) -ob

53mbobLBL 593b 99990 Loby
N, (t) = [N30+(7N10+7N20 30)'5}2
(3.2.18)
Nl(t)+ N, (t) -0l bLy3mgbgErs 49dm3z0ygbma (3.2.8) o (3.2.18)

N, (t)+ N, (t) = l(?’Nm My — Nso Y > (Nso +[7N10 + Ny _% Nao)theZt (3.2.19)
v
503603bmm
§0(t) = 1(7’N10 My —— Ny +— ( 30 +(7’N10 + Ny, _2 Ngojtj}ézt (3.2.20)
4 2 2

RYelelo} Nz(t) 990dgds 259mgLobmo (3.2.10)-00 s hoglgsm ob (3.2.1)-0b 30639 gsb-
A™M90580 5 30300930 H025HOL Q9BEHMEgdL Nl(t)—b dodsmo (3.2.11).

053500306Mm0m Igbsdg FBIGOL PO MdOL bollosmo 0bxm®Is30ve mddo. mvy 30, 39-
bodg by 4580094gbgdL 3619396305L o6 339910 MBom, 35806 N, (t) BgMbdi0s FoOb
B9y 96 dglsdg Fbomg sliryargdls 0bgm®mdsgoree madl. N, (t)-Lmgol (3.2.18)-qsb go-
9306569 BBy goligers 80093, 35906, MmEs t -b Hob 3mgn03096EH0 046905 Wotrym-
ROOO.

Ny, >M (3.2.21)
(24

bmwo 3o doomfigzs t FgdEGowdo
N30

%Nao _7(N10 + Nzo)

" = (3.2.22)

099 30 56 LOMEXPEIOS 30OMAS (3.2.21) s 33543V

98



N, < 2y(Nyo +Ny) (3.2.23)
[24

85806 N, (t)s® 030l 6osBl [0 ,+0) 569Bg, o brgen ©s©gd0mos N, (0)=N,, >0 , 56 o-
53390 50LEoLmS WgMAL, 5649 glsdg AbsEMIY 56 SLEEgdl FT30MdOLAYMTBYO dmfe-

©90980l 253639@9dL - 56 LGBl 06RMGI>30yE ML, VI3, DY) 30 Fgbady dbsdg 56
8005600535 Ny, =0 3619396305, 35906 N, (t) 56 0330l 50dsbl, brym ©s©gd0mos s do-
obHOsx0L + 00 -1396. 553 Fglsdg AbsGY 56 S gdL TZ30EMBOLIYMRGEO dmfmEqdgdol
3930399l - 56 SLEIMEgdlL 0bZMMAs30w M.

M3 99b905 5b6¢)5mbolEGwE FHsMYIAL, Mg LEMEEYds (3.2.23), Fsd0b OMOL OO
960083690 ™d0Lsm30L om0 Y580 Nl(t)+ Nz(t) b905 5306 OO, s 5doEHMd bLyyew
93069, 9600 MHMIqe0dg b6 B063 563056M9dL 0bRMEODs30I MAL. beerm My 30
bOHMEds (3.2.21) 306HMds 35d0b sG0l 0Tl Flodergdermds, G MmM039 Fbsc9d osLEW-
b 068mM3530w0 M0, M5YD om0 K530 FooliMsgzol dobmls MLsliewmdol3gb,
O35 OOM MBLOYYEME 0BMHEYdS. (3.2.11) 45bGHMEgdoL HoEbzomo sdMbLBOLEMZOL,
(3.2.18) o (3.2.20)-0bm3z0Ul, godmz09gbmod Matlab-ob Lsdwogdgdo, 390dm, 3909 gd-
6030 0RIMBE05 MO 25bEHMgdol (LobEgdols) sdmdblbgargdo: odel5s, HMIgwros
bolio 9mgEgdoLm30Lss JOM3W0E0, sxRYdbIdIE0s MoEbzomo OxYMYEE0MgdOL
(9396) MMM gdbBY, HoMdmoygbl IM535¢d0KX 056 (33150 LOBMLEOL (1-sb 5-09)
d900m©b s ode45, HMIgeroa Hbyg-329Eob 09 4-9 s 39-5-9 Gogol LobMLEOL gOMdO-

X 0560 36500 8900MODYs BB IdYOo [33-35]. 0b.BsGMO N23-do woli@obyo 3.2.2.
d9m69 FBSOOL 5JBH0OMBS 2obolyBzmgds (3.2.10) gmGmImeom, dsb 9999y o3 bodmgzbos
306390 OO 5dBHOMOMdS HoEb30MO FgOMPYd0m. BoEMdME 0465 4o8mmzomo
9939603963 0: 369396300, (JEES) 356599BHEMOL bbzoolibgs 3603369 mdobmgol.

(9 @d) 356539G®0L J9030609d0LSL, 39MIM®, MM 0go BoolHMIT0L bmeolszgh, 30g-
0mdm §O53030 Y3930 dmfobssmdgaol 0gabm®omgdol 0bgm®mdsE3orIero mdols dsmy-
9530360 8ol 999900 [12;29;36;40;41] D=0-Lom30lL. 3069 3609396300l d90mb3g-
3590 153IZ30EMOM 5JEGHOIOMBS B53TIMOLO 56 GOV 0bRMOAs30vICO MTol LA Y35m.
bmEem oo 36093963008 J9dmbgg35d0 Tglodwgdger0s BOTIZ0EMIM 5dEH0IMOMBO” BY-
9990999, 06xMmMAs>:300 993H93900L 990Mmd6OMBgds, 56 068Mm®Ts30eo Mol sb-
M90S, 0bog sbsmmo Ne3-do bobo@o 3.2.5, 3.2.6.

7dlbggM30”d3069 3609396300L OMLE, 56 JoLO HBVOLYdMBdOL Fgdmbgzglsdos 30, o6
59GH0OMIL 06530OHs3009) mdd0o, 2500 BBy 96 Aol Boge o3t 39wgdIo 0bgME-
35300L M5MmYbMdS 6B sbermbss, obowrg sbsMmo Ne3-Go bobs@o 3.2.8. 0d 99dmbgg-
3500 30, ®M35 309396305 0HMHYOS O BH3T>MPE OO bEgds, "Alb3xIM3WO” SPZOWS©
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99m6mBogds dgbsdg dbsGOL Fd30MBdOLAYMBgE IM[Hgd9dL s SLEOWWOL 0bBMOTS30-
e AL Bo3dom LBHGORS. M5 Tggbgds “osgMglmMl”, olog gamMBOWGds B, Bgls-
dg dbs6ol 383000Md0LTYMGBYE dMfmgdgdlL, JoaMmod goEoErgd0 MBOM MHOIYLSP, 01930~
56 01 BOOL 5JEH0MOMOIL, 39009y 39Ol 6By, bmwrm o339 MOl dgeg do-
063 93M3d9ggdl I30609 Gomgbmdol 0bRm®Ts30mw 993 9390L.

5. o) D=a’ -8y <0, 85306 (3.2.3) -0b Bobsbosmgd 356EHMEYBL 593l GO Jgw-
9090 3033 9dbwymHo 3930 s N, (t) -0l By 5dMbBsbLBL ogd3L Lobg

N8By —a? . /88y —a? ks
#chsm #t e? (3.2.24)

N,(t) = (Cl cos

Loosg Cio C, 2560L5%Bw3M9ds 306mdgd0©sb: N, (0) = N,y < C, =N,

— 2 _
iN (0)28’87—0!(;2 +N,, =7/(N10 + N20)<:>C2 _ 27/(N10 + Nzo) Ny,
2 Jopr-a®

dt ’
Q95 5909bs0 N, (1) -0l 53mboblbl, Aol Ageg G55 Bo39GHIMGOM EHE0YMbMIgEHMOVIE 456~

N[ R

5936, 593l 99090 Labg

27N,y + N,y )—aNy, ) %
N, (t)= \/N302+( ( 10 8,37/20—252 » ) e2 sin

[—Wt + 9} (3.2.25)

2

Lo

Ny 8y —a (3.2.26)

tgf = .
27(N10 + Nzo)_aNso

N, (£)+ N, (t) -0l bsdmgbgers 398m30996mm (3.2.8) ©> (3.2.25)

2 a _ 2 a

Nl(t)+ Nz(t): %\/NBOZ_'_(Z]/(NN"—NZO )_ZaNso ) eEt Sin[—\'&&/at+9+gp}ezt (3.2.27)

I 8fy—«a 2

CRYCRTES
2
tgp= VPV 2" (3.2.28)
a
503603bmm

2 «a 2

plt) = %\/N302+(27/(N10+N20 )_ZaNso ) o2 sin(VSﬂy o t+6+§0j (3.2.28)
I 8By —«a 2

35306 Nz(t) 390dgds 259mgLsbmo (3.2.10)-0m s Bogligom ob (3.2.1)-0b 30639 gob@m-
90530 @S 80300900 H05HOL FobEHMGISL Nl(t)—b dodsmo (3.2.11).
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053500306mm dglodg FBIOOL BsGH)EMBOL bolinsmo 0bRm®As30vE Mmddo. 0g0 ool
6By, OH™3S (3.2.25)-0b BHHMogmbmdgd®ormo gs9mbobwegds bo9emol Gmeo bgds, 56w
t°-30, N,(t) Bl govy@megds ©s 3gbsdy Ao sbG¥gdl 0bgmGIsE0rw mdl
2(7—-6)

w/8,87/—a2

(3.2.11) 256¢)m900lL MoEbg0m 5dmbsblbolimgol, (3.2.18) s (3.2.20) 3o06H™MddoLm30L

t* = (3.2.29)

3°9m30996mo Matlab-ob Lsdw95¢090900, 396:dMm©, B39MIdMH030 OBIHIOE0SW MO gob-
A™Mgdob (LolEgdol) s58mdblbgwo oded5, MMIgwos @«9639-3<9HL 39 4-9 S 89-5-9 Mo-
30L LOHBMLEOL GOMBIOX 0D 3O FgNMPIODYS oBwYdbgdOo [3;4;9;15;33;34]. ob.OL-
&0bgo 3.2.3. IgmEq FbsMOL 59GH0WOMDS F560LsBO3MYdS (3.2.10 )gmOHIwom, dsb 9999
53 6533605 306390 FbIHOL 5JEHOMOMDdS HOEb30MO FgOMPYBdOm. BsEoMgdrIe 0dbs
3980mm3womo 9du3dgm0dgb@o: LsddZ30MdM 5JE03MdOL, (IEES) 356539EHMOL bbgssls-
b3s 36083690Mm30LmM30L. (IEEd) 356539EMOL 99306MHgd0LSL, 396IM®, MMEs 00 doob-
065330L 6enol39b, 3090 MdM {53030 MHY3930 BMfobssmdgyol 0abm®momgdol 0b-
RM6OI530090o mdol J50098530399M0 dmEgerol 99093900 [12;29;36;40;41] D<0-Loogol. dio-
69 15330 MIM 5JGH03MdOL s 30609 369396300 (56 Fobo 56 sGLYdMdOL gdmbzg3zsdos
30) 0683mM35309e00 Mol gds. 0bowrg sbs®mo Ne3-8o bobs@gdo 3.2.9 —3.3.12. bm-
M OO 15dIZ0EMdM 5JE03MdOL 9dmb3935d0 06RMOTs304)C0 MTO J5E0EIOI0M SOMY
LY. ObOEg IBIMMO Ne3-Go Bobo@o 3.2.13 o bobs@o 3.2.14.

dlbggM3o” 33069 bLsdd30MdM 5JE03MdOL s J30MY 309396300l MM, 56 dobo
56 5M1YdMOOL J9dmbz935d03, 30 9O 5JGH0IOMOL 0bFMOTS30ww MITo, ool br)enby.
obog sbsemo Ne3-do bobos@o 3.2.11, bsbs@o 3.2.12. 08 999mbgq35d03 30 H™Es Boddzo-
©MdM 54303005 0HBMEYdS S 13FMPOE OO bEYdY, "AHZIM30” 530S JoME-
Boergds dgbsdg dbsGOL 3d30MdOLIYMGge IMfirrgdgdL S SO gdL 0bZMOTs30ww
AL 15395 LHOORS@. Bro3 99bgds "sMILMOL”, 0L JIMOROWIGDS BMYSI, Tgbsdy
dbseolb 39300 Md0LAYMGB e IM[gdgdL, AoaEed A5(30¢JI0M WRMM OIS, 19300
ol BOOL 9dE0MOMBL, 9999 oL benby.

101



0530 IV. 9duEMgdser®o 59m3sbgdo 0bgm®mBsigomeo mdols
3509953030900 dmgergddo
§4.1. 306060Bs300l 53m 3365 0bxmMTsz0memo mdols 950093s¢ 036

dcmqgdo

0b6x3mM 35301900 Mol 90m:935H90Io Jom9gdo@03wxM0 ImEIErgdol sbseoBds yo-
8033905 153330MdM 5d3H03MBOL 3565d9GHMOL (7) ©s 369396300L - Lsfyolbo 860336 m-

3oL (N ) 9BL53MGHYBXO GO B5079953039M0 dmEYEgdols s3mblBId0. 53 MEO 3o-
659930l Lsmsbosm 360d3b9wmdgdol gMbgz0Lsl, dgE gl d9dmbggzsdo, doom(igzs 0b-
53m6OIo30990 mdols J0d0bsMgMdOL MoE0IowEMmo JgdmdMmbgds, M3000 0bRMm®Ts;30-
00 Mo EILOYIGdS3 30. 59Ybs© BMBYdMmOZ5 OLAOL JoMbgs: MoYbs Tglodegdg-
@05, 535 M) 00 M3 LsBOHOLom Lom390mgle ¥ , Ny, -b 996Bg300 ogzs0fomo slisbumwm
90Dsbl? 390dm, 7 , N4y -b 65 36093690 md9d0Lsm30L IO EYds 0bBMMTS30E0
mdo MI306M9L6 OH™A0, 56 ¥ , N4 -b 65 3609369 Mdgd0LsmM30L LMW Ids 0bBMOTs-

30990 3o 15TIZ0MOM 5JEH0IOMdSBY J0b0TsCMHO botrxgdol dsmzscroliiobgdom?
339930MMo B396 Logdg 23993L 9GO 583569396 0bRMOTs30E0 Mol Foog-
953036 8©ggddo. Bs3M35950dmm gl 9duEMgdoe Mo sdmEsbgd0 0bxm®mBs3zomwo
3ol 350799530300 ImEgegdol ghm-9emo dgdmbgggzologol [29;31;32;42].
39630bowMmm 0bgMm®ds30E Mmddo dmfjobsswdgag dbsMOL 0gbmMoMmgdol Mfyz9@o
3509853032960 dmgeo (1.2.1). bafgobo 3oemdgdom N, (0 )= N;;, N,(0)=N,;,N,(0)
=N, -(1.2.2), o9 D=a®* -8By >0, @5 (N;;, = N, ). 5699 08 898mbg935d0, HmEs LogOHMSIm-
MHobM MOYB0DBOE0dds 360939630990 BMTgdo JooMgl N4, > 0, beaewem s6@ogmboli@®as
dbs6199035 06xMOBs30v0 mdo I0HYql MobsdIE LELEBIOEGHM 30MMDYdT0, B5F0b Logos-
JmOH0LM MOHR60Ds309d0L Bgdmddngds 9BEaMboliEE FbscmnadbY godmolobgds gembo-
oMo N, (t) =N, (t). bEmegds (1.3.1),(1.3.2), (1.3.3). ©5 ) 30 LEASODEO560s (1.3.4)

2Ny,
4

50009bs, ) 30 LEYOSTMOOLM MEYBODOE0YdO 3601939BE3OOL DMTSL (oM gbMdsL) Ny,

N, >

, 3639gMbolEGWEmO Tbs9gd0 4500056 by (1.3.8)-d0, beagom dqLsdg (1.3.9)-0o.

3956MB9396 0Ly, ™I LEWEgds (1.3.4) 306MHMBY, Fodob Lsdogg N, (1), N, (1), N,y () gmbdgos

3900 679By - 5649 0653OHT5309o Mdo LOYWYdS. IZLZ90Y USRI B0 5T 3560.
5 3060M0930LM30L FMobgMbgdl glsdg dbsMY 0bBMMT30Er0 ML ILEYEGdSL D-
30M9L EMMA0? 5699 43593 9.9-LFMRJI)IOOL sTm35bs:
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t"=f(y, N30)=i In =21 + 4N —|n(ﬁﬂ — inf (4.1.1)

39039000 5O 896¢39dBY

<Nz =M (4.1.2)

0<y <K (4.1.3)

Loo3 M, K ©5090000 6580030000 ®0o3bg900s. 599bs dogowmgo (4.1.1)-(4.1.3) gdu-
G905 593565 - MO0 (330l B3B3l J060F0BI300L STMEI6S TgamlsbEgOWW
569D9. d9ledEqdge0s, MH™A (4.1.2) 9B0M35L 9953JdMEIL 30MHMDS

0<%< Z< N, <M (4.1.4)

2

53L350 300093 900 9JLuEHOGISMOO 5TM3365. HMAMG Mbs FgoMboml dglsdg Fbocgd
7 -bs Ny - ol 360336000930 5649 Gglisdsdolo MMAMMO Mbos 0gmb N, (1) 3mbdsos,
™3 0683mM 3530000 Mo ILOYYWEIL Jobm30L J0b0TIEI MO IBIHIGIXRJOOM? 5T T90-
b3935d0 335938 F0b0dsc)MHo 1L5dIZ0EMOM EBILIMROL 53M(35bs.

3OS, 300943500 t O™OL ImI9g6EHTdo 9MMO 9HGo 0bxmEmIs3zo0l dgddbols o
39360390900l bobx0s p(t), 35906 N, (1)-b 3930(3000905%9 @obsbodxo 0dbgds p(t)* N, (1).
b 30 dgbsdg ABIGMOL EsbsboGX0 330MBOLIYMAGE0 VMbolidogdgdbg 0469ds

tj PN, (t)dt (4.1.5)

906005¢060 158830 MOdM EsBIBIGINOL 5TME65T0 LsFoMmMs 303Mm3mm (4.1.5) Bwbdso-
mbseol dobodwmdo.

tf p(t)N (t)dt — inf (4.1.6)

0

Losi Ny (t) 993b Lobg (1.3.3), beagom b5dgdbo 3561599G9d0s ¥ S Ny, (4.1.2)-(4.1.4) 99~

©39000. 35630b0EMm MROM EYEIWIMS© LHMIx3dd9g00L s3m35bs (4.1.1)-(4.1.3).
2593033000 LfH5539890930L 5803560l g3BlsBE3MOL 561, Mopsbsg D=a’ -8y >0,
35906 5990056 33593L JoMOMsO F9BOM3s ¥ -BY. 39MIM,
cl2
y < @ . (4.1.7)
50009650 (4.1.3) 991035 3359¢93L sbo 0bBMMT305L - sbogw 569l ¥ -Logol, 0¥y
2

30 K< g—ﬁ. 530™d (4.1.3) o (4.1.7) 890003900 359600005600 90056 @ 33543V
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o2
O<y < K<@ (4.1.8)

9bas gob30bomm (4.1.2) G9B030L domsbgbs dbstg s 96s3Jdbso 0yo.

N, &
}/>2NL2( Z _NSOJNBO (419)
10

N, 07 Lo3mmOHobs@m LodMEHY)HY (4.1.9) MEHMEMds 3435993l SOL, HMdEol gHoo

Bsforo 4399m@sb 999mlsDBR3O0s 356M53MEols

_ B (Nloa
2Nlo2 B

9560x3965 BHMEGHom, HMBgwoE 43930005 808G )0, 0g0 0N, 5830LmS WgMAL 3390l

4 _Nsosto ] (4.1.10)

N,

N
39909y HadGHowdo: , bogom 21—0; Do GHowdo 00gdl dsgdlodseyE 9609369 mdsl

2 2

g_ﬂ (Bobo@o 1), bmewm Bgdmsb, 4obLoBOZMOL 569 G9dmbsBO3OMEos ¥ = g_ﬂ , fOx0L

2

960 bsfoom, Gmzs K = g_ﬂ (0b. ©BsMIMO Ne4-Go Bobo@o 4.1.1), s Hobsswdwygy d90-

2
bgz935d0 d9dmbsbe3zmmwos ¥ =K < g_ﬂ DOx0L gB0o Bofforom (ob. sbstmo Ne4-do
Bobo@o 4.1.2) (35650mol Jo®mrx39bs GHmEHol Bgdmm). 59gbs LiMexddggdol sdm3sbols

N,,o
23

296L5BEOZMOL 5G9 8305, 1653 Ny > , 9699 MbBs 9630b0EM™ goblisBEZMOL 56y

2

N
N, =-1% 3903035 MM0 Ozl dodx3b03. v K < g_,B , 35806 gb 5695 bSO Ne4-ols

30 T ﬂ
Bobo®b 1-0o 9599900 005 BLoIMOZEgs, 5FoLMb FoBTo 56 FgE0sb ¥ =K {OHxzoL s (4.1.
N

g

10) 35650000l do61x 3965 GHMEG0L 390053390000, 13000 53 35650MEOLS ( ,0) P96 Go-

2

900. MY 30 5SRO0 5J3L K = g_ﬂ -bs, 35906 goblOBEZMOL 5695 IBsMIO Ned-ol Bobo@o

2
NlOO{ (04

28 "8p

2-80 5060360 353 dgdero LodMmsgery. ( ) 96 990l 53 560900, 53BNk 53

2

56900 56 9900056 (4.1.10) 356(15dMob s ¥ = g_ﬂ POx0L oo GHowgdo.

B90mm 50b0dbmEol godm, LHMIx3d09gdol 58m396s FoMdmoaqbl d0bodsBsiEools
59m3965L, HMIGELsE obloBEZMOL 569 993l oS dTMEro LMLz g. 435d3L 9990 9d-

LEHMYFSCMOO 5396 T9HBWME30m
104



f(y,Ny ) — inf (4.1.11)

bogS3
(7.Ng)eQ (4.1.12)

2 2
249b630bomm ow-Eow 39 MmMo 89dmbgggs: K = g_ﬂ s K< g—ﬂ.

2

A. K= g_ﬂ , 50 89dbgg35d0o Q LOIMmH3g IBIMMO Ne4-ol bobs® 4.1.3-B9g 50bodbEos

399919900 s6Hom. Q LodMs3g 9390MmEIB T9IMBsBOZOWW0s (4.1.10) 356M5dMOL Fo6)-
X3965 AMGom, 535056 BsLdo 56 9oL 58 35653l FoGrx39bs BHMGHOL oM GHowgdo,
Ny a’

28 "8p

950 MO0l 356500l Lymsgzg ( ) Q5 35615300l 25005339000 9P EHOWO 5d30-

N,
p
Bobg39m3Mbs3390m00 Q LOMSZ3wY S1939 F9IMLOBEOIMME0s J390Mm©B, Q-Jo 58 Bobgza® -

N
LOLESH ( 1% ,0), 59 dme™ 96030 0sb M H9ME0esd s030Lms WgmHdB - ( M]
B @ HIOEGHOLOE IOGOSIEY 503 QJ J

2

965339000 §9MGH0 900 9900056. Bgdm©sb Q LodMs3g TgamMLsBOIOWMW0s ¥ = g_ﬂ

N
P6OR0L 8mbs3390000 godsgzoel (21_o; ,M)-%g, 5956 59 3bs339000L F9ME0wgdo 56 Tg-

ol Q LodEMs3zwgdo. Jo6x 3606 Q LOIM3wg gamLsbZOMWos Ny = M (O30l dmbo-

2

339000m, 535696 (M,0) HadGHowo dgol Q LodMsgwgdo, bmwm (M, g_ﬂ) - 56o.

2

B. 300d35m, sbews K < g—ﬁ. 50 890mbgg35do (4.1.11)-(4.1.12) 9duE©9dsc)®o sdm3obol

39D0M30L 969 04690 909gabs0®mo. Q LMoz §399Msb T9amboBOZzOEos (4.1.10)
3565800l BoMmx 3965 BHMEGH00 0bowg bsmmo Ne4-do bobo@o 4.1.1, 535bmsb doldo o6 Jg-
0U 53 35650M0ols B 3965 BHMEHOL faMGH0w 900 obloB3MmEo (0,X2) 0os dmbs3zg-
00l d9L58530L5, Lo X2 [o®mBMoy9bl (4.1.10) 35616dMmoLY s ¥ =K {OR0L 3503~

900 §9OE0Oob 5d30L5L

X,

Ny (@ ++a® —8K)
= , (4.1.13)
2p
Q LMz 51939 9IMLIBPIOME0s J399MPB, 35653MEOL A5339000L faMEHowo-

N, N,

Q56 9dL30LSLMSH (

,0)-0056 M §960E0s39 9330Lms WgMdby - ( ,M]; bsbggom-
9dmb5339m00 Q-80 59 bobg356TIMbs339000L 9P E0gd0 890b. Bgamb Q LodMmszery
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3900boBO3OMEos ¥ =K O30l dmbs 3300000 goblisbrgtrmwls (X2,M)-bg, 5358056 59 dm-
6533900l Bo63bgbs HaMGHowo 96 9ol Q LodMms3gdo. dsmrx 3606 Q LodGMmszwg Ggdm-
LoBOZOME0s Ny =M OHBOL Imbszzgmom, (M,0)-sb (M, K) - 8gg. dobo (g Eowgdo
390056 Q LodMs3egdo.

9989850 53356900l S3MbLBOL MHoEbzomo Jgmmgdols godmygbgdoliogols bdo-
5@ BOLOIGMYGIWMS QoBLHBPIMOL 561 oOIS0gABSL B3, B30T MZ5ELEBOOLOM, YYROM
dmbobgebgdgw 56MH9©. 90Mm30GIBM™ gds, MMTgEoE 58 LszomMbTo oy39bsMgds.

3004350 33593L 94LEGHMYIsMI0 STm356

{f(x) —inf

(4.1.14)
xeQcR"

Loog f:R" = R". 530000 (5039 N < R" L0363 5 35LBY 29bLsBOZMMEO
MOH0JO0 (35bbS MFY39GH0 sLob3s g: N — Q; asbzobomm s3m3bs

{(f o g)t)—inf

4.1.15
teN ( )

@gds 5. oy (4.1.15)gdbGOg0scm0o 59mES6oL grmIswm@o 3obodmdol fomEomos t*, sb
33593 {t, }806080%0Mgdsw0 808g3MMBs; 35806 “BHMOgHm (35wlisbs MFy39H0

sLsbgoliomgol g: N — Q, g(t* ): X" 360U (4.1.14) gduB©gdagvyMo s9mEsboligrmserm®o
80608990l F9tEHowo, 56 8glisdsdola {g(t, )= X, |sGol 806080B0GYd©0 B08g3MMd;
0¥ t*-8o doomfjg3s 8obodwmdo, 35306
(fog)t')=(fog) =f(x)=1f (4.1.16)
©593)303905. v t* 5GOL  f o g gMbJiz00l Joboddol FgdEowo, gl 60dbsgls, Hma
MLYIMBOL t* -0l & 0EsdM, HMAOLMZOLE LdsMMN0s60s, HMA ymgzgwo t e d -Lmgol
LYY OGS
(fog)t)=(f o g)t*) (4.1.17)
3560bmm, MMI X* = g(t*) 560L f -ob 3obodmdol HoMEowo. sdE30(3gdS ZoPoMInmo
B5§0B550IaML 983980 6: 300d350m 33593L {5, } =0, X -0l BosdmgdOl B0dEIZMMdS,
Q5 YM39o o, 3sbLEBO3MOZL X* -0l 08 B0ELIML, G ol bgdolidogemo FaMEHowolmgol
LoFoMmN05H0S p(x,x*)< 0,.bds3 L IgBHM03zss R"-80. mvg X* o6 560L f -0l Jobodwydols
$9OGHOwO, 35806 sGLYdMBL X, FaMEHowo, X, € J,, Gmdwobmgolsg f(x,)< f(x*). 3b5009,
Gmd {X,} = X, bowm 09 5300980 {tn =g7'(x, )} 900936 MdsL, 35d0b g BwbJjzool M&-
309O®ESLbS “FY39GHMI0EB g50mB0BsG], 33593L, GMd {t, } -t ©s 3 809zO®dOL
939w 9360, 800539390 t* -0l § J0sdmT0, 530594MB0EGOL 30MHMALs:
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f(glt, )< f(alt"))

53 9H0bos0dgaqds (4.1.17)-b. 300900 Fobsswdgymds 533303908 wgdol Lodst-
0W056MBL. 53Mbd 30000 MFY393™MDd0D 259MmIE0bsEY LsTsBINE0sb0s (4.1.16). 00 T90-
0b3935d0, O3S 3060dMoL 9O Eowo 56 doomj939, 9.0. 33593 JobodoBoMgdswo dod-
©9360mds {t, }, 3306,

lim(f o g)t,)=(f o g)" =inf(f - g)t)
n— oo
3936086mm, O™3 g 3bJ300L NONO0IONEITLIBS MfY39E™MO0L godmdobst
inf(fog)t)=inf f(gt))=inf f(x)=(fog)
teN
83J3b

im(f o g)t,)=lim £ (g(t, )=lim f (x,)=(f = o)

2

935 993303909905, 23b30boemo (4.1.11)-(4.1.12) 53m356s, gy K = g—ﬁ ,

(f o g)(x,y)—>inf
(x,y)eQ (4.1.18)

39630bowom m®o 8gdmbgage:

N, N,
5) O3S 25 <M < Q05 3359436 A 5dm3965, 85306 Q LodMS3gl F93LodsAM©
N, & a?
Q=( 25 M) X (0, @) LOIMOZgY, LOSE YM39E (X, y) € Q -1 d93v9L5dSTME
a’ ﬁ[Nma _ XJX
8 2
X,LZ(M—XJXW 2Ny, > p €eQ (4.1.19)
2Ny, \ B a’
8/

B 59m3560L 89d0bgq35d0, Q LodcMoegwrgl d93mlsdsdm Q = (X,, M) X (0, K) bod®msgerg,
LoSE X, 3obolsB3MNds (4.1.13)-056. Fglodsdolicmds gobgzloBMzmmo 9999abso®ms ym-

30 (X, y) € Q2 -b 993LsdsIM

cQ (4.1.20)
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3H505, O™ MbEs LOHMWOYdMEIL X, = <M, §obssmdogy

Ny (@ ++/a” —8/K)
2p

d900bg935d0 96 33946905 060d0BoEOOL STM(3960.

N,

) Greazo <M, 85806 Q LodMsgwg 890degds Fomdmz0a0bmm mMo Q, ©s Q,

LOIM53¢9gd0L A59MM056gd0m. Ob. bobo@o 4.1.5 s 4.1.6.5009bs¢, (4.1.20,(4.1.12) 53m3bs
50 89000b3935d0 509356905 MG J3959m (356500, Lo 9P F90mb3z93580 Mbs Q9M3-
J3bso Q, 969, bogrm dgmdg d900bggzsdo Q, -0l 4omoddbs LoFoMmm s6s0.

1.2. 43950m356s

£(,N,, ) — inf
(7,Ngp)eQ, (4.1.30)

1.2 §ggodm39bs

£ (7, Ny, ) — inf
(7.Ng)eQ, (4.1.31)

2
A 530356580 Q; 5Ggb g0degds G93mLsdsdmm Q, = (Nzl—loﬂa : %) X (0, g_ﬂ) 569 9900099

B50650: ymggen (X, ¥) € Q, -1 dg39bsds8me

: cQ, (4.1.32)

2Ny a’
8p
B_(Nwa _ __48% [Nya
[X'ZNNZ[ 5 x]x+y(l Nmzaz( 5 x]x €Q, (4.1.33)

Q, 569 GBYBS 35Mdd60L goM9dg, M5ABE 00 LYW BSOMIMMHYWOY, BogMeT ©o-

2
35DMLGHM© dobo LodBP3MYdO: 39HdMmE slido 56 g0l y = g_ﬂ POx0L fodGHowgdo, §g6-
Aowo (% ,0) . 30608053008 BMBJE0sLIBIEN 56990Dg 996905 Lobyg

t"=f(7,Ng)= L In2'8N3°_(a_Va2_8ﬂ7)Nlo
0 b ZﬁNgo—(a+ /052—8ﬂ7)N10

] =F(x,y) — inf (4.1.34)
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oy . B M_ _ 4:32 Ny _
Ny =X 5 7= (ZNNZ ( 5 xjx+ y{l N 7o [ 5 XJXD (4.1.35)

bowe A, 4, 399momzegds (1.3.)-0m. Bsglgsdm o f(y, Ny, ) -8o (4.1.35) 30300900
F (X, y) -0060800690500 539963050.

X
ot e

2% — a—\/az—Sﬂ P [Nlﬂoa—x}x+y 1- 45" (Nloa—xjx Ny,

F(xy)=

2Ny’ Ny e’ B
X In
2
26— a+ |a* -8B ﬂz(Nloa—xjx+y 1- 4/,5 Z(Nw“—xe Ny,
2Ny, p N,,“& p

(4.1.36)
39b30bowmm A 53m3565 3mb3M9gEHwo 3608369 mdgdolm30L. 390dm© o =0,8;
£ =0,05; N, =5; M =200; a_?. =16; Nyar 40; 85806 Q,-b 593l Lboby
85 2pp
Q, = [802 ZOO]X (0;1,6) ©5 3sUby (7, Ny ) 396J305 009dl 3603369 M™dIdL 0bowg B6-
00 Ne4-go Bobo@o 4.1.7, 4.1.8, 4.1.9 5 g3mbd300L dglfogerol Logmdzgarbg g0dergds o-

3913365, ®™8 030 BMbMEHMbMMS© 3gdsOs, 033EYdS F0MOMHIP FPMMI®, FIOS

N
(—Zwﬂa ;Oj GO GH0wOb LosbeMmzoLs, Lasg ol 033gds 3339006, (7, N4, ) 0wgdl dobo-

2

9oy® 3609369 MOl goblsDL3mOL s60L Fotrx39bs Bgs HoMEHow-msb (M ;g—ﬂj , 59009~

2

65 806080B0M9gd500 303©Y3M:MdS doolHMsxz0L (7n 1(N,, ), ) - [M ;g—ﬂj -396, o

f (7, N4y ) 3296d3000L 0663084980l osbermgdoo 3603369 MdI© 530093 (7/n 1(Ny, ), )—b -
39039 oo N -LM30L, HMIgEroi dma3399L LolmM3ge LoBMBEIL. obowrg IBIOMO
Ne4-3o obi@obgo 4.1.2.

90608m30b 9O BHowo 0,0126 LoOBYLEO®, BM6J300L 30DMW0DsE0IHB odmIEobs-
69, d0306b0mm (1,591;200) oo BMbIE0° 0¥ MdL I60F3bgePMdL 0,6251. Boasd v)g3-
MM 1G3MIZ0560 WIL3Z6OLIMZOL 2odm3094gbmm dobodobsiool MHobgzomo Igmmgdo.
Matlab-do 565(6 53030 3060dobszools 3Gmacmsds fmincon -b gsdmyqgbgdom, (0bowg sbser-
00 Ne4-3o oliobyo 4.1.2) 309d9wmdom: mnish = 200.0000 1.5990 mizn = 0.6250 flag
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=1; G55 60dbogl, HmA Gogbgzomo dgommom badmzbo 3bd00L dobodmdol 360dzbgemdss
0,6250 ®m3geroi 3000g3s HodGHowdo (1,5990;200) -do. 99bs¢, 3060doBsEool sdm35bs
250509393005 Q, LoIMI3wgDBY. 4bgoboMmm 306030BEOOL 5dM36s X9 Q; LoIGS3-
b9, bmgwm 8999y P LodMs3wgHg. I0b0dobsgool gl 58m356900 49s3fy30@ ™™ sB939
Matlab-8o s6s{i6)3030 3060305300l 3OMyMsds fmincon - odmygbgdoom. sgoi 30Bw-
35 (0bog b0 No4-3o croliBobao 4.1.3, bobso@o 4.1.10) ombol fomgdol Lodwx-
5E900m 890090 535133650, ®MA 060350 8608369 mds Joorfigzs Q, obLsbws-
6oL 5OHob Bgs ocrxz9bs 3Mmbgdo s JobodMdob HgdEows dogohbomm(1,591;79,901)
Lo@OE BMBE0S 03 MBL 2,5109 -U BHeaew Bobodsgrme 3608369eMmdsls. Matlab-Go s65f)-
633030 d060d0Bs300L 3OHMYMsds fmincon -U godmygbgdom, (0bowrg sbsermo Ne4-do ¢rols-
&0bg0 4.1.4) 30939mdm mnish1 =(79.9990 ; 1.5990), miznl = 2.5006; flag =1, H53 6odb-
53L, O™ ®oEbzomo dgomom basdmzbo gMbdiool dobodmdol 360dzbgwmdss 2,5006; G-
9o 8000930 §9OEGH0wdo (1,5990;79,999) -8o. 5909bs 30b0doBsigool s8m356s 2osf-
43930wos Q; LoIMogw9BY. F9350IMJOM, M5 Q; s Q, LOMI3wYgdBY BobodoBsEOOL
590356980 53mbobLEYBL, 35L3360m, HMA Jobodsewmo 360369 ™ds, 107 Lo-BmbiGom,
B39bL 30636093 LHE953dd99d0L 59M(356580, GHMeros 0,6250-bs s JoowHgzs HodOGHowdo
(1,5990;200). 91 30 608653, 0Bl MM, Iglisdg Fbscgad HMLYOIMO Q5TMYMBOO MGLIOLY-
00U (b5d330MdM 5dBH0MOMBOL - B = 1,599 s 309396300l N4 =200 ) LEHLYEO FMdOEODs-
3000 99990l 06x3mEOT30490 Mol BosbMMdL t*=0,625 OHMOL gMmgyols Gosmgbm-
05d0. bbgs MH5Mm@gbmdol MHglIOLYdOL 45dmygbgdol 99dmbgg3530, MHMBYEMS Lsdw)segdo-
053 91935 F9L53g0g0s 06853040 Mol BodMMds, 58 9990LmM30L BsFOMHM O™
t 046905 5656530900 Lsddz0MdM LHEHx3dTgJdOL t° EOHMDBY: t >t .

§4.2. m33H0085¢r©0 3sMm330L 53m3565 068MMT>30Eo mdols

350935036 dmgedo

0b6x3mM5309wo Mol 569 53909 Fo019d5¢03M6 dmEYgddo dglsdg, 8830MdOL-
34 x9wo ool BsO®MMEMds g3mOB0WNds 256033909 396MmbDMT0gMgdsls, HmIgEog,
0l939 OMAMO3 56FGHsaMbolEMMO bs69gdol dmddggds, 500(gMgds O0RIMHIbE0SEMMO
099 1b3om00560 MsbsggsMEMdgd0m (1.1.1), (2.1), 569 8g0dwgds 0mg3sl, A dglisdg dbsy
9mgdd9gdL 9.§. "bodBHIGHM 30MMdYdT0”. 035 53 "BOTGHIGH™ 30MMIJOOL” Moo T9b-
©MOYMI0LY, 13gB9gL 990mbgz935d0 LsTIZ30MdM FBIEY SHgMbgdL 0bBMMTS30Ero Mol
Bogrmdsls LHTIZ0MOM 5JEGHOMIOMBOL ¥ 356539EMOLS s 369396300 - Lofigolo 3b0dzbg-
@mdol N, 99Hbgz0m. gobgzoboemo 89dmbgggzs, MHmEs dgbady, Lsddz0MdM FbsMOL RoM-

0™ 56 99RO gds ORIMHIBE0SMHO 079 Lb3sMd05b0 MbsBIMMDGdIOL 356Mb-
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BMd0gMHgdsl, dsls 3060 FJdeo 543l dmddggdol OO M30LBEGds s ol 00
5LINP0S GOHMOIOHO 53565 - FMIBIOBML 06FMEOTs30I0o MTol ELLEWMEGdS dobs
309 5MLYdMEO 4zgs MHGLIOLOL Aodmygbgdom. 5699, 0bFMM 5300 Mol goblsgmo-
9099 doL 990mbg935d0, Igbodg dBsGGL 9gIg3s obls3MMMHYdIMWO MBgdSTIMBOEIdS
06533530990 Mol BobogOMDdIm. IM35bEObMm 53 Fgdmnbz930L 50 Fomgds@o3meo
9 gd0om s 9999 dolo dglfogws.

300935m, 06x83M6MT530 m3To 30H39wo s Fgmeg Fbs6ggdo EEmMOL t dmdgbEdo dgls-
3530L5 93039996 o3HM3mE0MIVIE X, (1) s X, (1) G3m@gbmdOL 06RMOIs30sL. Bgls-
39 3bs6g 30 EOMOUL t dmB96ET0 LsdI30EMdM FffrEIdOL baliosmol 8dmby U, (t) 0bgm®-
35300b G35MY6Md0m F0BsGM3L 30M39e FbsMgl s Fgledsdols@ U, (t) 0bgm®szool
509bMdOm - GgmMg FbsGgl. EOHMOL ymzgeo t 3mdgb@do dglsdg dbseol Imimwgdgdo
08 OLOLOM 6056 F9BOMWYdO, OMIYEOE FooBbos glisdg dbstls, sbvy
(U, (), u,(t)) eV , Losg U < R? Lod®ogeg Gotdmapqbl 99%0mwgsl 89lsdy dbstrolmgol,
Q5 3074350 0b 58MmBbgJoEo FM635¢3MMbgEOs. 31T35m, 3060390 FbsGol doge 0b-
3m6OI5300L 253039 00L LOLHGMSRY 3OM3MEMEF0ME0s s OR35S WITMI0WYdIWO
dolo, Igme9g s Ggladg Ibstgdol B0ge o3 (39egd 0bBMMTS300L MomMmEabmdsby.
51939, 99mGg FbsGOL Boge 0bxMEOTs300L 3936 39X9d0L LOLHGSGRY 3OM3MOEFOW0S S
0653035055 ©9M300090v)0 dolo, 300390 s 8gLsdy FBsGIOL Joge o3MEILGdME 0b-
3m6OI5300L M5MEYbMdSBY. 5dgbs 8030090 0bRMOBs30v)e0 MToL M530LYBIEO
dgLodg b BMYs FMR03 J509d53H039M0 JmEIEL:

d):;t(t) = 2, (t) + %, (t) - by, (t) (4.2.1)
dxd;t(t) = a,,%, (t)+ ay,X, (t)—b,u, (t)

505096
(0=t (0) = x. (4.2.2)

Los3 @ = 0 (o) mM039 5aMgbemc0s), by >0, i, j =1,2; 099 30 5306086530 X, = (X0, X50)
bmeem O = (0,0) - 3mMOEO065EMS Lomaggs 0% X, LodGMEHYGDY, 35806 Fga30de05 Bsdmgoys-
0dM® 0b6xMOI>30wo Mol Moz30LvRswo Igbsdg ABIGOL BRSO [M53030 Fo0gdo@0-
39960 8mEgEol 8030l 50msbs: Bg3sOBoma Aglsdy Foscmols U(t)= (u, (t),u,(t) )" €U
“1056-99056 MF9y39EH0 BMbJ309, 0LbgMO, HMIGE0E 0bBMOTs30E MAL, Hmdgwois t =0
©6®F0 bsliosm©Yds 306390 ©s Jgmmg FbsGggdol J0ge 393639 X, = (X0, X, )
06335300l MH3MIbMdOm S 3MM(3gL0 033Wgds (4.2.1) 30MMYBT0, o0Y356L MOl
GHMIgoes t° 9mdgbGHdo O = (0,0) 3 M3oMgMd5d0. 56v t° MMOL ImdgbEHdo 306390
Q5 d9meq Fbs699d0 sbEYgdgb 0bZm®Ts30wme mAl: X, (t'): 0 s X, (t'): 0. godzom,
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Az(a“’alz] Bz(_bl’_o] ()= (6, (0), , () (423)

Ay1, 8y - O’_bz

95906 (4.2.1), (4.2.2) B50§969d5 39dGH™OHcmo Loboo

S )+ Bty (42.4)
5SS X(ty) = X, (4.2.5)

303Y30m, OMI 0¥ u(t) eU , ol ©ssd3900 Fo6r101355. 0349 30 SOLYIMBIL B39O Fo6)-
039, O©MIgerois 0683mMHTszoe mdl (4.2.5) 3ymdsmgmd0sb GmIgwomss t* dmdgb@do
290004356L O = (0,0) 0 M3oMgmd530 (4.2.4) -0b 35035¢00L{0bgd0m, 35906 53dMBYE, d
O= (0,0) 8 Ms5mds Bomfig3000s X(t, )= X, aMIsBgmdOEsE, bmwm X, MOl DsBMZs-
0 3M35M9gMds. ) bgdoldog®mo X, dymdscgmds t, ImdgbEHdo sGol JseM3500, dsdob
Lol gdsl t, dmdgbEobmaol 9Himgds Fser35000, bmwm mv) 30 gb 30MMds LEOWYW YOS
gmgzgo t; dmdgbEobmgol, 35dob Lolidgdsl 9Hmegds LMY FoOMZIO. 0¢) 30 CbRMO-
95300 mdol I (3990 53EGHMBbMT0MO MFy39EH0 obsdor®o LobiEgdobmgol - (4.2.4),
(4.2.5) 56BYdMOL 9M0 5063 ILYTZ9d0 FoOM3Zs, 50D U S©b0TBs3L LobEYdol Joserngs-
©MOSL. (4.2.4),(4.2.5) LOLEHYIoL F>MHMZSPMBOBMZOL 5Y(30¢0IE0 S 153TSMOLO 30MMDSS
6, C JoBHMoiol Mobao 0gmb mmol Gmero [17;18;19;20;] rankC=2, bosg

C =[B, AB] (4.2.6)

(4.2.6)-80 C oBHM035 503905 9990092050650, J5M3bb0sb 5% 3603 B do@®03L

9953905 A @5 B 35303900l b5d6s3o0. B39bL 99dmbggzsdo

o (‘ 00720, -2, J (42.7)
- O'_bz ’_a21b1 ’_azzbz
0d0Lom30L, ®MJ rankC=2, 5649, (gy39¢& 0bsToME LolEGHgdoL (4.2.4).(4.2.5)-bogol sOUY-
0mdL 9P 35063 ILHTZ9d0 FoOMIS, 599300 GOJE0 S 1S3OS, BT C -do 0ymb MO

35063 §65303500 ©93M3000909w0 B39gE0. 9U 00935 85306, HMEs LOHYIIGdS OO To-
063 93990 Bs3MmM30wo 30MH:MmdGd0LAD

alla22

56b, #0qob, #0,56 1 ,96 a,b, #0,56 a,,bb, #0,56a,bb, #0,56a,b, #0 (4.2.8)

d,a;

30094350 YmM39¢0 ILFZ3900 FsMM30LMZ0L u(t) , 33593 dglsdsdolo T Mmols 360d3bg-
MBS, H®MIWoLIMZ0LS3 X(T)=0, 369 91 5®oL 0bRMO 5300 MTol LLEOWEGdOL MM
59 3063609@ Mo oOM30LmMZ0L. 199 30 3LZSTM LHZ0MbL, M) HMIgEOS ol u(t) 0o6)-
039, ®MIobsm30Ls3 OMIGEr0dg doBbOL BbJ30s brgds dobodowrm®mo, Jogowoms
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| fo(x, i,ujdt > inf (4.2.9)

to
95906 Logd9 2439943L 0bBMOT>309o Mol Bs9TsE03MM0 dMEYol M3EH0TSEMOO
JoOHM30L 53m3565Lm0b (4.2.9),(4.2.4),(4.2.5). 00 30 Bsgmzwom (4.2.9)-80, Gmd f, =1 95306
30090 MOM M3E0d5m0 LM13J89gd0L 58MEsbsL. vy 30 f; A9TMLEbIZL obsboMx ol
Homgbmdsl U(t) Ls88Z0MBM 5dEHOMGMBOL GMBGMZoLL EH@OL t 8mByBEJ0, 85806

33996905 153d30MdM 15d056MBOLEMZOL IBILIMRJOOL M3EH0BsIMHO FoMIMNZ0L STMFS-
Bs. gobgobomom m3EH0dse®mo LMs3ddggdols sdmEsbs

(T —t,)— inf (4.2.10)
(4.2.4) ©obsdomMo LobiEgdob, (4.2.5) o
x(T)=0 (4.2.11)
LobsBOzm™ 306:Mdgd0Lm30U. (4.2.10), (4.2.4), (4.2.5) s (4.2.11) m3GH0do¢rmE0 JoGr0030L

59m 3965 499M33WINW0s 935Q. ®. 339yHgerodol 8030 ©9EHIMT0bomdMEo obsdo-
260 LoLEBYIGOOL M3EH0T>WYMHO FsMMZ0L HdM (356900l MY Lodrswgdoo [17;24]. 53
0960590 36093693560 500 35300 5350. ¢7. 3bHBOsgoboL BsdlodMdols 3G:06-
303L. 30g3sm

H(p, x,u) =, (8%, +a,X, —bu, )+, (a,%, +a,%, —b,u,) (4.2.12)
boos3 ¥ = (l//l, v, ) (4.2.12) 3580¢@GH™b0osbol Lodwsmgdoom d93ddbsod sdbTscy - gmmeny-
0o Lol gds 9dgao Labood:

dy,(t oH

‘/;_11:() = _a_Xl = _(alll//l + azﬂ/’z)

du, (1) . (4.2.13)
Vo) - = _(a12‘//1 + azz‘/’z)
dt 0oX,

(4.2.13) Bo3Hg6r ™m0 3o@HM0EMEo Lobom, 0dol gomgzswoliiobgdom, ®md A" fo6dmoaqbl
A 3536M0E0L GHEMobl3MboMgdme o@®mo@Eol:

dy ,
—— =-A 4.2.14
at 4 ( )
304350
P(l//(t)) = TE%X(_ by, - bz‘/’zuz) (4.2.15)

850330l 36:063030L MsbsbIsc u* (t) = (ul' (t)u, (t)) 5oL M3E0T5EMHO JoOHMZS, vy
30 LEOWWEYOS BHMEMOS :
P (t)) = (- buyyu,” (€) - byyru,” (1)) (4.2.16)
50009650 (4.2.14) -0b 5G5GHM0305W M0 53MBbLEOLMZOL M65GsMHMBS (4.2.15) (30¢0-
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Lsbsc goBlsbEgcsgl U (t)= (U, (1) u,” (1) M3@0BsEwH Bstrogal, s Bsls Loliggds, Gmdy-
o3 500{9M90s (4.2.4)-(4.2.5) 005655835M©MOJI0M 45005394o3L X, IMToM)Mmd0H t, dm-
d96®do X(T)=O 9MIo6gmdsdo T dmdgb@do, msbsi T —t, O™ 6oL mdioMglo.(4.2.1)
2900930 9OMmm d9dga0 Lobom

d):;—t(t) - allxl(t)"‘ a; X, (t)+V1
dxd;t(t) - 3-21X1(t)+ a5 X, (t)+V2

(4.2.17)

155G F98mFBOEOs sbswo Jsdmgs V, = -hu,(t); v, = —b,u,(t)

(4.2.17) LobiEgdoLsmzol LobmMgBOL sMEbOL 49HY39EOLIL AO0bYds [17;21;24], 014y
65 9900bg935d0 d90degds 535 vy 00 LHyobo dEYMIsMIMB0IL 3MMOPObIEHMS Lomsgg-
do 9mbg9Ms. 56 LsrdM0s LOLEGIol FoOMZOEMOIBY. sOBYOOMOS 5T MZ5eLOBOOLOM
A 353030 L3030 3609369 MdYdO. X6 Fobgzobomo ol 99dmb3z93900, OM3s
339936 bmeoligsb s 9MmBs69moLb AsBLb3s390o LszMmEogo 8bod3zbgwmdgdo.

0wy A 35¢®03oL bd3Mm®o30 36083690 MdYdO 3MI3WgduMo Moabggdos atbi, 9sdob
a <0 s a=0-bogol m3&0doerrymHo Lobmgbo Tglsdwgdgwos mgero LodGMEYoLbm30L
(0bog sbsm0o Ne4-8o bobo@o 4.2.1, 4.2.2.); 053650 9339 L3HG030 3609369 MdJdOL
659003000 Bsfioerol sEgdom™MdOL d9dmbggzsdo a >0, Lod®mEY)Hg sOLYdMIL HoMEHo-
900 (Lsfgolo 36033690 Md9xd0), MMIOLMZ0LSE LOLEGIS 56 SMOL FsGM3500, Obowg
56560 N°4-3o bobs@o 4.2.3. bmewm obs 960w g00, HmIobomgolsg Lol gds sGol do6-
035000, 93036056 LOdGEYOL 5FMBbgJo F9gIMLsbBPZOHE J39L0TMSZL.

300935m, sbens A B53HM030L bo3MMM030 3603369 Mdgd0 Bsdz0wo MHoblzgdos -

A Ay, 9 4 <0,4, <0 85806 m3E005¢0M0 LobmgBoL sdm3965 Tgliodergdge0s Qosf-
4gb ;9o LodMEHYoLM3Z0L (0bOWY bsOMO Ne4-Fo Babs@o 4.2.4). vy 4, >0,4, >0,
95906 ™m330dseMH0 LobmgBOL sdMEsbs Fgliodwgdgwos 4oIHYEgL LEOdMEHYOL SFMBbBY-
J0wo s 390mbyBO3OIo J3qlodMO3woLm30L (0bowg sbsmmo Ne4-do bsbo@o 4.2.5,
4.2.6). o 4 <0,4, >0, bs3M00603 3608369mdgdL LbgssLbZs 60Tsbo 530, Js80b Mm3-
&005¢0MH0 LObmMgBO TglodergdgE0s Q9FYIL LOdMEYOL SFMBbgJo J3qgliodMoz3ewg-
Bmbg. 0bowg sbsmmo Ne4-Fo Bobo@o 4.2.7. 3odzem LogmmMogo 360d3zbqwmdgdo dg-
009905 093696 6ol 56 901035690l GHmero. ©s3d35m, bmeEols BHmEos gMmo by3wo-
6030 3609369 Mds.

39630bowmm sMBgbowro d9dmbggzs, Mmss Lo3mm®moz0 3603369 ™dgd0 9HMTsBgmOls
AMos 4 =4, =4, 85906 (4.2.17) bobEBgdob A B5GHOOEs 33E9JO0L [FM53030 4oMEoJdboL
3990099 990dgds ©93560¢ 0469l 9HD-9MHm, 89dga0 Lobol Jo@EHMo359g
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SE)

0,4) * (04

A, 35@M03oLm30L dqLsds3oLO M3E0ToOHO FoMmMN30L sdm(3560L (4.2.17) -Logol,

3308500 LobmgHBoL sTM 3365 Q9FYYds FNgEo LOdMEHYOLsMZ0L 5649 LolEgds
LOMESE FoMHMNZ5005, 3506 BMEs A -LLmZ0L gl sbg 5055, FoMNWSE A -LEZ0L 6. odyMy-
0dol M9MOHO0L Mobsbo 96 LEIMEEYOS M3E0ToIHO F>MIMZOL SOLYIMBOLS QS 5430~
90 MdOLIMZ0L GOM-9MHDNO MOS0 30MMBS - YMTIMIMDOL DBMASOMOOL 0MMYY,
3969dm 1533900 BsOMZ0L (5dMBbyJowo IM35¢3Mmbgol) bgdoldogemo a39M oL
350590 @ 39JGHMOOLMZ0L, Bo 399EHmM0 56 Mbos ogmlb A m396s@EHmMol dods®om
063560560 93903630l gegdgbdo. A sME0E0L 890mbggzedo 3o 6gdobdogmo Mg,
HM3903 3NMOHOO0bIEGMS LEMI39DY ool 06356M0bEHWWO J39b036 39S, bmm

10
B —_
(0’1]
353053 M33H035MH0 F5MMZ0L 53M3sbs A FoBHM0E0m J000gds 0bZMOHT>30Eo Mol

90655003930l 036MmOH0MYdOL Fom9gdo@03)M0 IMgerool d98mbggzsdo, 3gOdmo (4.1.1)
-(4.1.2) 58m3565L 3G M069del m3GH0doeremo Js00030L sdmEsbol Loboo g39969ds:

d):;_t(t) = Ole(t)—ﬁ'»h(t)

dxd;t(t) = 0X, (t)—ﬁuz(t)

Boo3 & - Ib36Mg9d0L 5MGBOIMBOL 3561539EHEM0s, beaewm S - 1Lodd30MdM IBsEYMa-

o) 50

95659 dogdbodmdol 3G0bE030 59 Tgdmbz93580 56 259M0Yxbgds, 35806 MHMEs 4.1. 3565y~

Bob. 53 990mbggzsdo

590 25509Y39GH0w05 565¢0MyomMo LHMIx3dd9g00L 58m(3569, LosE obsdorMo 3Omag-
Lo -0bx3M®T>309wo Mo 500[gMgds MOOYOBIWMEMmO BsmgdsE03 MO dMEYgdom —
(1.2.1). 99¢9bs, 90dgds 0md3sL, MM §§ 1.2, 4.1 s 4.2 J90mm935H90v)e0 doymdqdo
9603569mb 53L9096. 9BMN-9M00 JoDBYbo 0oL, MM M3EH0TseIHO >M30L Loboo Bsdm-
45¢00890vds 0683MmMI5300 Mol Jom9gdo@03)M3s Im@gerds Bmy d9dmbggzsdo d9o9-
30 96 3m3(39, 3590b MM §1.2 9900m635H70vE0 8ol sb5¢r0Bds LoobEgMglim dg-
093990 359M0MM S M3 dob 93394 OHMdIBY F0mOMYOL, 5GOL Ol MHMI M3GH0TSEMEOO
3oOmM30L 53m3560L Jgdmbz935d0 LHdMEMM FEYMIMYMDS BsBMMO LogMEOL Lomsgqdo -
(0,0)-80, 3000935 t° OOl 8mdgbEdo, Mog 60dbsgl 0dsl, MM 306390 s dgmeg dbo-
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69900 sLOMWIdI6 0bFMOT30E ML GONEOMMWS: X, (t')z 0 o X, (t' )z 0. 35306 Hm-
3% 39069 89000b393580, 15900 335360 FMMBMZDs 56 SGOL S 9BEHYMBOLEE Tbstrgls
0b6x3mM3>30wo mdols 39HYy39@° 89099050 MMl Lbgsslbgs dmdgb@do: Nl(tl' ) =0,

N, (t,")=0.
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@d13369

Dom0mpqbon 65GMIdo domfigmwos @ibsbrmo doBbgdo - gowshyzgBowos oo
59m3965 360HMmg. 986 Bogshszsls doge 999M935H909w0 0b6xm®ds30eo Mol dmg-

06M9g00L 5bsEo B0FsMHMMEgd0EIL — 0bRMMT530E0 B53509d0L Fom9o@03IM0 dMY-
9%0. 06x83Mm®s30wo Mmdol §398 0awolbdgds mmo Lobgerdfogml 56 Lobgwdfogmms
MO0 2596000056930, 5653 MO0 8dEs3M0 93MmbM03MMO LEHMWYIEHMOOL (30bLMME0Tgd0L)
9096 3sLMdM030 LHOBFMOTs30M LTMOWYdGOOL (39F3OMO S JEgBOMbMo 3MgLob,
06@&9Mb9gBHobL) 2odmygbgdom 9Mmdsbgmols Hobsswdgy 30Bsbd0ToMmEo ©gbobgm®mds-
3ooLs v 30358560l Ho0dmgds. 53 3MmEgldo glsdg bsGmg 3393w0bgds LygB ST -
HoLM MOYI60BIE0900, F50 Fo9M056939d0 (2996OM, JMoM, 930MM 3538060, M s Lbbgs),
MHMIgms doeolbdgzs Loddzomdm Imirmgdgdol 4930 3ggdol Lobom, JodsOmMEos
36&53mbolGwE dbs6ggms Mol IsdMEMdOL BgoEMI0BIE00LS s 0bZMEOTs30Wwo
mdob 99fy39@0bo39b.

65300 539005 MM 5b6GOgMbolEYE Fbsgms ImEMOL 0bxgMmMTs30wo mdol Bm-
39000, 605030 MPY39@0 9500995303900 IMmEIE0, 0dob Jom35obfiobgdom, MH®A sOLY-
0mdL dqLsdg, 39300MBdOLAYMGBIO FHIMY. DMs©O, HOHB030 (Yy39EH0 F509d5GH03MO dm-
©IOb™30L, EMdgewog oOdmaEagbl §jOxoz F39wdO03 oBINIBESW O FobHmwy-
0509 LobE9asl, sAIBOE0s 1L5FIZ0EMDM LBSdOEODSEOOL 30MHMdYd0. Moibgzomo dg-
0MEY000 RI60W0s 068MMT530wo Mol EILGWMEIdS 3mb3OgB IO bsfyobo 3o-
39000308 S MOl 363MYBHIWO 356589EMJOOLMZ0L. BMYswO, OHB030, Mfy3g-
A0 9093530300 dmEgerol 0d dgdmbgzgzolmzol, GmEs ImEgdmeos 3bM0L gd3Lo
39bLb30390w0 3930309630, 333605 53 Fomgds 03O dm@gEol, 3ol sdm3sbol,
BMLE0 5B 030 S9mblbgdo.

R Ty | TG YO MY loR o Py TOTOMIRYGI01 o] HogteTel VI VA4 Fig YU g eToTep ] oToTuie Py T IO RINEG LoM Gy T ) RIIRY, T Toby [OTU Yo N
0683060353090 mdol dmfobsswdgyol 0abmMoMgdol 35009ds@03MM0 dmEIEol, 56103~
939530990 s 3609396300 G98mbgg3900LsM30L.

06g5mm530@o @Il 56536939660 dm@gewdo, D=a’ -8y >0 -bmgol, sbEsym-
BolBmEmo absMOL gOHMbs0MO LELEBHIOEHM 306MHMdYd0L ( N,;=N,,) d90mbgzg3zsdo, B5B3969309,
Mmd dgbedg dBSOGL 56 F9w9d0s 0bRMMAs30Er0 MTol BogbMMds, 0bgmMIsi30mEro mdo
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b0 MO 036090L doegdl. oYYboos, M Igbsdg Fbstgl 565369396300 doym-
dobsb (N4 =0), 9999deos bsfowmd®mogo Bgdmddggdol dmbgbs 0bgm®mdsowme mdby,
396dm© 9Ho-g6mo dbBs6M9BY, 09 30 9BEH9YMbOLEOTs FBYOTS0bRMEOTo30MEr0 MB0 -
0fggl 9053565356 LOELEBHIOEM 30MMBYOT0 ( Ny # N,y ). 535bmsb Bglisdg AbsGOL Bgdmddgg-
05 bgds 08 56GsgmboliGme dbstmgbg, MO0l Lofiyolo 30MHMdsE b53wgd0s s gl Aoy
3903390 Mmool 999009y §1Y39AL 06x83MOTs30meE Mmdl, ™mMIEs 30 093000 00 SJ@0-
MO JOHMZ9ds 06x3MEOTs30 Mmddo, ool dodboddby, Tog™sd d90gy S9;306090L 0b-
3mOIS>309 39393900 s LogMmm Fyz39@HL Asb.

3903390y,  GMmI  0bgm®Iszomwo mdol 96936939630 dmgerdo,
D=a’-8By=0-bmgol, 00 390mbg93530, ) 30 LsgOMSINOOLM MMYBODE0gdTs 3619-

396300 Bmdgdo s dooqgl (N ,,=0), bmwwam s6EsxmbolEM®™Ts Tbscggdds 0bgm™mTo-
300 M30s0figgl Msbsds® LoliGsMEHm 306MHmdqddo (N;; = N, ), 85906 LogHmsdmemolm
O960b530900L Bgdmddggds 306039 s gMmeg AbsMYbYg MdgEga™ms - oobo sdwoghyg-
096 06xMmMIs>30 89¢39390L. vy 30 56BHIRMBOLEGHWEMTs ABYJdTs 0bRMOT530Eo Mmdo
5009ggl 5050560 LabiBsMEGHM 3060Hm0dgddo (N ;o # N ), 35906 dglsdg dbsGOL Bgdmd-
990905 bgds 00 sb6@&sMboLEMEM FbobBg, MMIwol Lsfigolo 306MHMdsE bo3Wgdos @S Ui

dbsMg 2963390 MOHMOL 9999y §Y39@L 06835300 mAL, MMIEs 30 19306 0o
59BH0EMe© 9MHmM3905 0bxmMTs30e mddo, ool dosduodmdby, ds6sd 9909y Sd30MIOL
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%zogadi wrfivi iw amoxsna
[T,Y]=odel5s(@systemaZOG,[0 3],[35;110;5]);
plot(T,Y,'LineWidth',1.8)

title('inf warfare')

xlabel('time")

ylabel('amount of information")
legend('N1','N2','N3")

grid on

%wrfivi zogadi iw sistemis marjvena mxare
function Dx=systemaZOG(t,x)
B=[.2.1-3;.01.2-1;1.51.61.2];

Dx=B*x;
end
inf warfare
800
N1
N2 //
600 N3 H

/X

=
200 \\ \\ / /
AN

0.5 1 1.5 2 2.5 3
time

amount of information

-400
0]

Boboo 1.1.1. 06g3mEmds309wo mdol O33030 Bmyso 3501985303900 dMmEgEols
1539 gd00 IAIBOE0 FBsMIYIBOOL 5dEHOWOMBOL 30D BIEOs.

128



inf warfare
1000 \ /
N1
N2
N3
§ 500 / \/
T
S /
S /
k=
ks
g 7<’_\
: /
-500
0 0.5 1 1.5 2 2.5
time

sbs®moo Nel

Boboo 1.1.2. 06g3mGds309o mdol §O53030 Bmyso 3509853039900 dmgerols

15941590000 PGB0 FHSMIYGOOL 5dBHOMOMBOL 30BWYHEOD(305, JOBOOWO

369396300 0§1393L 96GHoambolEw® TboMggdbg 9539dGHw Bgdmddggdsl, olbobo wrmm

600

400

200

-200

-400

amount of information

-600

-800

-1000

UH6553500 SO gd9b 0bx3MEs30Ier MAl.

inf warfare

Vi—

/ 5 N3

T\ //
~ N\ _/{//
N NS

\VK\ /

N /

N/

Boboo 1.1.3. 06g3m®mds30w9eo mdol §O53030 Bmyso 3509853039900 dmEgerols

1539959800 5PIBO0 TbsMYIOOL 5dGHOMMMBOL 30BN 0DE0s, A, Fs@MoEoLmZOL.

129



sbs®moo Nel

inf warfare
6000
/ N1
5000 N2 H
/ N3
4000 /
5 /
S
= 3000
£
5 /
= 2000
o
g / -~
o
0
-1000
-2000
0 0.5 1.5 2 2.5

Boboo 1.1.4. 063mGds3009o mdol O53030 BMYdso 3509853039900 dmEgErols

time

159971590000 PGB0 FBHIYJIOL 5JEHOIMMDOL 30DBYOEOD305, A, FoEMOEOLM30L,

5653619396300L 8990b3930L5L -0bBMEOTs30E0 Mo 56 LEOYIEYDS.

3000

2000

1000

-1000

amount of information

-2000

-3000

-4000

Boboo 1.1.5. 06g3m®mds3099o mdob [H3030 Bmyso 3s;mgds@o3omo dmegerols

inf warfare

/

/

N1
N2
N3

\

7

AN

time

2.5

159971590000 EOYIBOEO FHIGIYGOOL 5JBHOIOMDOL 30DBWYOEOD305, A, FoEMOEOLMZOU,

369396300l 993mbgg30LslL, Ny, =5. 068mMIs30wmwo mdo LOMEEIdS SBEIRMbOLE GO

dbs699d0Lm30L, 3930MO0LIYMBgo dbsMg 30 S3MIGEgdL IMmgdgdL.

130



sbsmoo Nel

% 10 inf warfare
3 T
/ N1
2.5 N2 [
N3
2 / —
1.5
o
=
< 1
£ /
[=]
_“é 0.5 / / \
kS
= 0 — /
= \\/ \
€ 05 \
_1 ‘
1.5 \
’ \
7.5 8 8.5 9 9.5 10
time

Bobo@o 1.1.6. 0653mGds3099c0o mdol §M93030 BMyso 35009353H039960 dmgerols bodsy-
59000 RI60E0 Fbs69gd0L 5dEH0MMOOL 30D ODI30s, Ay BGHMOEFOLMZ0L, 3619-
39533000L 9990b3930LsL, N,y =5. 3063900 @S Fgmeg Fbs69900 JOHMbI0MI© 09393056 0b-

36530 mddo, 35000 3655303900 35MWIMMO 56056 @Y BobsHBg JoldEHIdOL oM
olg 999603369 296LH3530090056, H®MB Fomo FM3x303900L BYEIds bEgds. sbESYM-
BolGmEmo Fbs6mqdo 45056 BBy, 0bBMMTS30MEo Mo LOYIEPEYdS.

wob@obyo 1.2.1

Qouwyveti ignorireba nonprevencia d meti%

alfa=0.8; beta=0.05; gamma=0.16; N=20;

x0=2.5; y0=2.5; z0=0; d=sqrt(alfa”"2-8" beta* gamma);
11=(alfa+d)/2; 12=(alfa-d)/2;

A=(gamma*(x0+y0)-12"z0)/d; B=(gamma*(x0+y0)-11*z0)/d;
Al=beta*A/12; Bl=beta*B/11;

qveda=gamma*(x0+y0)/12;

t=0:0.01:N; z=A"exp(11*t)-B*exp(12*t);z1=A1*exp(11*t)-B1*exp(12*t);
x=((x0-y0)/2)*exp(alfa*t)+z1;y=((y0-x0)/2)*exp(alfa*t)+z1;
plot(t,x,t,y,t,z,'lineWidth',1.7)title('inf warfare')xlabel('time")
ylabel('amount of information')legend('N1','N2','N3')grid on
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wobGobyo 1.2.2.

alfa=0.8; beta=0.05; gamma=2; N=15;

x0=2.5; y0=1.5; d=sqrt(8*beta*gamma-alfa’2);
fi=atan(d/alfa);

n=0:0.01:N;

x=sin(d*n/2+fi);

y=(y0- x0)*exp(alfa*n/2)/((x0+y0)*sqrt(8*beta*gamma));
plot(n,x,n,y,'r','LineWidth',1.5)
title('intersection graphs')

xlabel('time")

ylabel('value of the function')
legend('left','right")

grid on
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intersection graphs
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% uwyveti ignori d naklebia %
alfa=0.8; beta=0.05; gamma=2; N=12;
x0=2.5; y0=1.5; d=sqrt(8*beta*gamma-alfa’2);
fi=atan(d/alfa);
n=0:0.01:N; z1=2*gamma*(x0+y0)/d; z2=z1"exp(alfa*n/2);
z=22.*sin(d*n/2); z3=sqrt(2*beta*gamma)*((x0+y0)/d)*exp(alfa*n/2);
x=(x0-y0)*exp(alfan)/2+z3.*sin(d*n/2+fi);
y=(y0- x0)*exp(alfa*n)/2+z3.*sin(d*n/2+fi);
plot(n,x,n,y,n,z,'LineWidth',1.5)
title('inf warfare')
xlabel('time")
ylabel('amount of information')
legend('N1','N2','N3')
grid on
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Qouwyveti ignorireba prevencia d meti%

alfa=0.8; beta=0.05; gamma=0.16; N=20;

x0=2.5; y0=2.5; z0=39; d=sqrt(alfa"2-8" beta* gamma);
11=(alfa+d)/2; 12=(alfa-d)/2;

A=(gamma*(x0+y0)-12*z0)/d; B=(gamma*(x0+y0)-11*z0)/d;
Al=beta*A/12; Bl=beta*B/11;

qveda=gamma*(x0+y0)/12;

t=0:0.01:N; z=A"exp(11*t)-B*exp(12*t);z1=A1*exp(11*t)-B1*exp(12*t);
x=((x0-y0)/2)*exp(alfa*t)+z1;

y=((y0-x0)/2)*exp(alfa*t)+z1;
plot(t,x,t,y,t,z,'lineWidth',1.7)

title('inf warfare')

xlabel('time")

ylabel('amount of information')

legend('N1','N2','N3")

grid on
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alfa=0.8; beta=0.05; gamma=0.16; N=9;

x0=2.5; y0=2.5; d=sqrt(alfa”"2-8" beta* gamma);

11=(alfa+2+d)/2; 12=(alfa+2-d)/2;

n=0:N; z1=gamma*(x0+y0); z=z1*(11.”n-12.”n)/d; k=11."n/(alfa-d)-12. n/(alfa+d);
x=((x0-y0)*(1+alfa).”n)/2+2*beta*gamma*(x0+y0)*k/d;
y=((y0-x0)*(1+alfa).”n)/2+2*beta*gamma*(x0+y0)*k/d;

plot(n,x, '+',n,y, 'o',n,z,™")
title('inf warfare')
xlabel('Diskret time')
ylabel('amount of information')
legend('x','y','z")

grid on
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obGobyo 2.1.2

alfa=0.8; beta=0.05; gamma=1.6; N=10;

x0=2.5; y0=2.5; d=1+alfa/2;

n=0:N; zZ1=gamma*(x0+y0); z2=d."n/d; z3=n."z2; z=21"23;

x=((x0-y0)*(1+alfa).”n)/2+((2*beta*gamma/alfa)*(x0+y0))*z3+(z1/(2*gamma))*z2*d;
y=((y0-x0)*(1+alfa)."n)/2+((2*beta*gamma/alfa)*(x0+y0))*z3+(z1/(2*gamma))*z2*d;
plot(n,x, '+',n,y, '0o',n,z,"",'LineWidth',1.2)

title('inf warfare')
xlabel('Diskret time')
ylabel('amount of information')
legend('x','y','z")

grid on
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sbs®moo No2

obGobgo 2.1.3

alfa=0.8; beta=0.05; gamma=2; N=20;

x0=2.5; y0=2.5; d=sqrt(8*beta*gamma-alfa’"2);

omega=atan(d/alfa); teta=atan(d/(alfa+2));

n=0:N; k=sqrt((alfa+2*beta*gamma-+1)."n); z1=2*gamma*(x0+y0)/d; z2=z1*sqrt(beta/(2*
gamma));

z=z1*sin(teta*n).*k;

x=((x0-y0)*(1+alfa)."n)/2+z2*sin(teta*n+omega).*k;

y=((y0- x0)*(1+alfa)."n)/2+z2"sin(teta*n+omega)."k;

plot(n,x, '+',n,y, 'o',n,z,"”",'LineWidth',1.5)

title('inf warfare')

xlabel('Diskret time')

ylabel('amount of information')

legend('x','y','z")

grid on
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Bobo@o 2.1.16. Fbsrgms 59GHomMM™MdOL gM59303900: D<0 , 3gmeob Loli@Go®EHm 3060HMdS
39@09 30039eHg O BwYdg gOHNDY bo3argdos p<1, serg3s Joe3bgbs BMZsMIMBsS sbEomls
(0)D=a’-88y<0a=0,05 p=0,05 r=22x,<y, x0=1.5 y0=2.5

wobEobyo 2.2.1

% diskret ignor d >0 Tanabari sastarto %

alfa=0.8; beta=0.05; gamma=0.16; N=9;

x0=2.5; y0=2.5; z0=5; d=sqrt(alfa”"2-8" beta* gamma);
11=(alfa+2+d)/2; 12=(alfa+2-d)/2;
A=(z0*(1-12)+gamma*(x0+y0))/d; B=(z0*(11-1)-gamma*(x0+y0))/d;
Al=beta*A/(alfa+1-11); Bl=beta*B/(alfa+1-12);
qveda=2*gamma*x0/(12-1); zeda=(alfa+1)*x0/beta;
n=0:N; z=A*11."n+B*12.”n;z1=A1*11."n+B1*12.*n;
x=(x0-A1-B1)*(1+alfa).*n+z1;
y=(y0-A1-Bl)*(1+alfa).”n+z1;

plot(n,x, '+',n,y, 'o',n,z,"",'lineWidth',1.3)

title('inf warfare')

xlabel('Diskret time')

ylabel('amount of information')

legend('x','y",'z")

grid on
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Bobo@o 2.2.3 Ibostmgoms 59GHommMmdol 36M5303900: D>0 , o Loli@s®EHm 3060Hmdgdo,
de0gMo 369396300m, scrygmBoNBY goligers EOHMOL ghHmDbY bogargd gemgmmby
D=a?-8By>0a=0,8 £=0,05 »=0,16 X, =Y, x0=2.5=y0=2.52z0=100

wobGobyo 2.2.2.

% diskret ignor d >0 araTanabari sastarto %

alfa=0.8; beta=0.05; gamma=0.16; N=160;

x0=2.5; y0=1.5; z0=75; d=sqrt(alfa”2-8" beta* gamma);
11=(alfa+2+d)/2; 12=(alfa+2-d)/2;
A=(z0*(1-12)+gamma*(x0+y0))/d; B=(z0*(11-1)-gamma*(x0+y0))/d;
Al=beta*A/(alfa+1-11); Bl=beta*B/(alfa+1-12);
qveda=gamma*(x0+y0)/(12-1); zeda=(alfa+1)*(x0+y0)/(2*beta);
n=0:N; z=A*11."n+B*12.”n;z1=A1*11."n+B1*12.*n;
x=((x0-y0)/2)*(1+alfa). n+z1;

y=((y0-x0)/2)*(1+alfa)."n+z1;

plot(n,x, '+',n,y, '0o',n,z,"",'lineWidth',1.5)

title('inf warfare')

xlabel('Diskret time')

ylabel('amount of information')

legend('x','y','z'

grid on
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D=a’-8py>0a=0,8; 5=0,05; 7=0,16; x, =2,5>y, =152, =5
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Bobodo 2.2.6. dbsOGMS 9dEH0MOMBOL M55303900: D>0 , 30639000l LoliEoOGH™ 306MHMdS
d9G0s I9mm9bY, 0O 309396300 (Z, = 75) F0MbgEO35m, 3060390 dbSMY OO Nn-

Lo30L ool 3L MLSLOYIEN MBS DY
D=a’-8fy>0a=0,8;=0,05; ¥=0,16; x, =2,5>y,=152,=75

wobobyo 2.2.3

% diskret ignor d >0 araTanabari sastarto %

alfa=0.8; beta=0.05; gamma=0.16; N=160;

x0=1.5; y0=2.5; z0=5; d=sqrt(alfa”2-8" beta* gamma);
11=(alfa+2+d)/2; 12=(alfa+2-d)/2;
A=(z0*(1-12)+gamma*(x0+y0))/d; B=(z0*(11-1)-gamma*(x0+y0))/d;
Al=beta*A/(alfa+1-11); Bl=beta*B/(alfa+1-12);
qveda=gamma*(x0+y0)/(12-1); zeda=(alfa+1)*(x0+y0)/(2*beta);
n=0:N; z=A*11."n+B*12."n;z1=A1*11."n+B1*12.*n;
x=((x0-y0)/2)*(1+alfa). n+z1;

y=((y0-x0)/2)*(1+alfa). n+z1;

plot(n,x, '+',n,y, '0o',n,z,"",'lineWidth',1.5)

title('inf warfare')

xlabel('Diskret time')

ylabel('amount of information')

legend('x','y','z")

grid on
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Bobodo 2.2.9. dbsOgms 9dGH0MO™MBOL M55303900: D>0 , 30639000l LoliEoMGH™ 306MHMdS
65309005 dgmMgbg, 0O 369396G00L (Z, = 75) Jobgszsm, Igmmg dbsMg OO n-
Logol ool 3wl MLslbememmdsbg. D=a’-88y>0a =0,8; B=0,05; y =0,16;

Xo =15<Yy,=252,=75

wobGobyo 2.2.4.

% discrete prevention D=0 tanabari sawyisi%

alfa=0.8; beta=0.05; gamma=1.6; N=15;

x0=2.5; y0=2.5; z0=5;d=1+alfa/2;d 1=1+alfa;
zgvari=4*gamma*x0/alfa;N1=fix(z0*(alfa+2)/(alfa*z0-4*gamma*x0))+1;
N2=fix(x0*(alfa+2)*alfa/(2*beta*(alfa*z0-4*gamma*x0)))+1;

n=0:N; z1=gamma*(x0+y0)-z0*alfa/2; x1=beta*(2*gamma*(x0+y0)/alfa-z0);
z2=d."n/d; z3=n.*22;z4=70*d."n; z=z0+z1*z3;

x2=((x0-y0)*d1.”n)/2; x3=((x0+y0)/2)*z2*d;

x=x2+x1%23+x3;

y=-x2+x1%23 +x3;

plot(n,x, '+',n,y, 'o',n,z,"”",'LineWidth',1.5)

title('inf warfare')

xlabel('Diskret time')

ylabel('amount of information')legend('x','y','z") grid on
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306HMd900 d9B0s gmMm9BY, Lo3doMOLO 3019396300L (Z, = 25) 350m 0bBMMIS(30Er0 Mmdo

bGweEgds D =a’ -8By =0a =0,8; £=0,05 7=1,6 X, =Y, x0=25=y0=2520=25
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obGobgo 2.2.5

% discrete prevention D<0 tanabari sawyisi%
alfa=0.8; beta=0.05; gamma=2; N=22;

x0=2.5; y0=2.5;z0=5;

d0=8"beta*gamma-alfa”2;d=sqrt(d0);u=2*"gamma*(x0+y0)-alfa*z0;
omega=atan(d/alfa); teta=atan(d/(alfa+2));fi=atan(z0*d/u);
kl=alfa+2*beta*gamma+1;k2=sqrt(z0"2+u”2/d0);k3=sqrt(beta/(2*gamma));

n=0:N; k=sqrt(k1."n); z1=k2"k;

z=z1."sin(teta n+fi);

x=((x0-y0)*(1+alfa)."n)/2+k3"k2"sin(teta*n+fi+omega).*k;
y=((y0- x0)*(1+alfa)."n)/2+k3*k2*sin(teta*n+fi+omega).*k;

plot(n,x, '+',n,y, 'o',n,z,"”",'LineWidth',1.5)

title('inf warfare')
xlabel('Diskret time')
ylabel('amount of information')
legend('x','y','z")

grid on
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Diskret time

Boboo 2.2.14 dbstrgms 59GHom™dOL 3M59303900: oL3MYEHMEo, D<0, 306H39w0
b0l LELEBIOGHM 30MMBS FgBHos FgMMOLIDY, Bw9dg 9N DY bozwgdos p<1

D=a’-8By<0a=0,1;5=0,05; y=2%, >y, x0=3.5>y0=2.5z0=5
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inf warfare
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Diskret time

Bobodo 2.2.15 bostmnoms 5gGHomcmmdol 3609303900: oMo, D<0, 306H39wo
b0l LELEBIOGHM 30MMBS 653 gd0s FgmEOLsby, Bmdg gy dg@Hos p>1

D =q? -8y <0a=0,23; p=0,05 y=2x,<Yy, x0=2.5<y0=3.52z0=5
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565030 N3 - 0bgm®H3s30meo mdols sMs{OHR030 Fsmgds@olm®o

dmgergdo.
obGobgo 3.1.1

alpa=2; beta=.5; gamma=.7;

n10=5; n20=8; n30=1.5;
k=sqrt((beta*n30-alpa)"2+2*beta*gamma*(n10+n20));
c1=(n30*beta-alpa); c=(c1+k)/(c1-k);

t=0:.1:50;

nl=n10%(c-1)"2*exp(k*t)./(c*exp(k*t)-1).72;
n2=n20%(c-1)"2*exp(k*t)./(c*exp(k*t)-1).72;
zeda=(alpa+k)/beta;n3=zeda+(2*k)./(beta*(c*exp(k*t)-1));
plot(t,nl,t,n2,t,n3,'linewidth',4)

title('inf warfare')

xlabel("Time'")

ylabel('amount of information')

legend('nl',n2','n3") alpabetagamman10n20n30zeda

53039960909 fomgero bsHBom s0bodbreos Iglsdg dbsGOL 5dEH0MOMDS, MR
306390l s d)3:6900 - IgmGob.

inf warfare

[
o
I

amount of information
N w N [4)] (o)) ~ [o0] ©
I

L
-0.5 0 0.5 1 1.5 2 2.5 3 3.5
Time

Bobo@o 3.1.1alpa =2, beta =0.5000, gamma =0.7000n10 = 5, n20 =8, n30 =1.5000

zeda = 10.5307. 6583969005 89000b393930, MM 35 5A00 543L (3.1.38) 306HMBSL. Byenol
Loobarmggl M9x303L 593L 630L9dEMO BsGryyso.
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inf warfare
T T

amount of information

Bobo@o 3.1.2alpa =2, beta =0.5000, gamma = 0.7000,n10 =5, n20 = 8, n30 =3

zeda =10.1156. 65B3969005 900mb393900, HMEs 5000 543L (3.1.38) 306HMBsL. 5]
39650 BobL, O™ , H™MEs 53MgLoIEPMdOL F9BIMYdS LoTIZ0MdM FBIYMBBILMSD
99G05 3693963000 858396909 bg, Bmyerols Losberm3zggl gMox03l 5d3L msz30LgdMEmo
056949310.

inf warfare
. .

10 -

amount of information

Boboo 3.1.3

alpa =2; beta = 0.5000; gamma =0.7000; n10 = 5; n20 = 8; n30 = 6; zeda = 10.3561
500 543 (3.1.39) 306H™MdL.
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inf warfare
T
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200 -
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100 -
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|
-0.2 0 0.2 0.4 0.6 0.8 1
Time

Bobo@o 3.2.4alpa =20, beta =0.5000, gamma =0.7000; n10 = 5; n20 = 8; n30 = 3.5000;

zeda = 76.9953

5369L0EMBdOL F935MYds B30 MdM THOEYMBOILMSD L3ToM® (25300 GdOM)
990s 30939600L 35B3969090BY, bmeols Losbermggl AMex03L 593l Mog0lYdMO 3030

inf warfare
50— I nl {
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I n3
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o
K=}
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£ 30
[=]
E
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= 20 -
>
o
1<
<
10+ B
\
O, s
L L L L L L L L L
(0] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Time
Bobos@o 3.1.5

alpa = 20, beta =0.5000, gamma =0.7000; n10 =5; n20 =8; n30 =45; zeda =47.8358
500300 543U (3.1.39) 306HMdL. 3530005639 0§g4qdL 3gdsl s sLOI3GHMEHMEGS©
995 ™300 byl
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inf warfare
12 F T T

amount of information
[0)]
T

2 [
0 [
1 1 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3
Time
Bobo@o 3.1.6.

alpa =2; beta =0.5000; gamma =0.7000; n10 =5; n20 =8; n30 =0; zeda =11.2388
dqLsdg AbEIY 56 B0ToIMO3L 0530096 36193963058 N4 = 0. Byerol Losbermggl gMoxoll
593l 930L9dM0 Jo6ryvys0.
@obGobao 3.2.1 "536MqlcmM0-0bggM3wol” s65(M 53030 0683mMIs>30wo mdols
953935¢ 0399600 Imgeol sdmblbs Mogbgomo dgommqdom D>0- bogol
Qoarawrfili agresiuli d nul%g metia
global n10 n20 n30 u2
global alfa beta gamma dltad 1112 A B A1 Bl
n10=3.5;n20=2.5;n30=250;
alfa=0.8;beta=0.01;gamma=0.16;
dlta=0.5;d=sqrt(alfa”2-8" beta” gamma);
11=(alfa+d)/2; 12=(alfa-d)/2;A=(gamma*(n10+n20)-12"n30)/d; B=(gamma*(n10+n20)-11*n30)/d;
Al=beta*A/12; Bl=beta*B/11;qveda=gamma*(n10+n20)/12;
[t,y]=0de45(@marj,[0 15],3.5);r10=2*(A1*exp(11*t)-B1*exp(12*t));
r1=2*(Al%exp(11*t)-B1*exp(12*t))-y;r2=A*exp(11*t)-
B*exp(12*t);plot(t,y,t,r1,t,r2,' linewidth',2);title('inf nonline aggressive warfare')
xlabel("Time'")
ylabel('amount of information')
legend('nl','n2','n3')
grid on
[a,w]=0de45(@marj2,[0 15],2.5);figure(2);plot(a,w,'g',' linewidth',2);

%fungqcia - ode-s marjvena mxare d metia nulze pirveli mxarisTvis
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function vav=marj(t,y)
global alfa beta dlta u2
global 1112 A B A1 Bl
ul=(alfa-dlta*(2*(Al*exp(11*t)-Bl*exp(12*t))))."y;
u2=(Aexp(11*t)-B*exp(12*t));
vav=ul+dlta*y.*2-beta*u2;end
%funqcia - ode-s marjvena mxare d metia nulze meore mxarisTvis
function vav=marj2(t,y)
global alfa beta dlta u2
global 1112 A B A1 Bl
ul=(alfa+dlta*(2*(Al*exp(l1*t)-B1l*exp(12*t))))."y;
u2=(A*exp(11*t)-B*exp(12*t));vav=ul-dlta*y.”2-beta*u2; end

x 10° inf nonline aggressive warfare
8
nl
7 n2
n3

amount of information

Time

Bobo@o 3.2.1 3069 3693963006mM30L 56 bEgds 0bRMO 53040 MToL ILEOWEGD:
M0 dbs6g 5063 "By 56 gool”. D=a”-8fy>0a=08;8=0,05; y=0,16;
Ny, =35>N, =25N, =50;
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x 10 inf nonline aggressive warfare

nl
n2 |-
n3

1.5

0.5

0.5 N AN

\

amount of information

-2.5 \

2 4 6 8 10 12 14 16
Time

Boboo 3.2.2 369396300l goBMHom dqladegdgmos 0bxm®ds3oro madols
QILOMEgds: FbsM99d0 "6 Bg 390567, 35806 Mgl I30Mg 3609396(300LMZ0L U 56
boogds D= a’-8By>0a=08; B=0,05 »=0,16; N, =35>N,, =25N,, =250;

inf nonline aggressive warfare

IVER
\

amount of information
w N
\
/

’ \\/’(

[0} 5 10 15
Time

Bobo@o 3.2.3 358m339000¢005 dgmeg Fbs®ol 5gd@0IOMdS 0bx3mEs30wo mddo.
369396300L 25O FgLsdEgdgE0s 0bBMMT>30wro MAL EILOYIENGdS: Fbstgqdo
"B Bg 29000067, 35906 BHrgbog oM 309396300LMZ0L Gb 56 bgds
D=a’-88y>0a=0,8; $=0,05 y=0,16; N,; =35> N,, =2,5N,, =250;
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inf nonline aggressive warfare

1400 { J ‘
nl
n2

1200 / / n3

1000

=]
8  goo
€
£ / /
E /[
‘s 600
g /)
>
o
% 400 / /
200 / 4
0] ] —/__.--—/
0 2 4 6 8 10 12 14

Time
Bobo@o 3.2.4 3609396300 o6 s®lgdMdoL gdmbgzgzsdo 3oM3gwo dbsdy - "albggm3ero”

35063 "25000L BmeBg” - sLEIMEgdl 0bBMOTS30Me MAL.
D=a’-88y>0a=0,8 B=0,05; y=0,16; N,;, =2,5<N,, =35N,, =0;

wobGobyo 3.2.2.

Qoarawrfili agresiuli d nulis tolia

global n10 n20 n30

global alfa beta gamma dlta d Al
n10=3.5;n20=2.5;n30=4;
alfa=0.8;beta=0.05;gamma=1.6;

dlta=0.5;

d=sqrt(alfa"2-8" beta* gamma);
Al=gamma*(n10+n20)-alfa*n30/2;
qveda=2*gamma*(n10+n20)/alfa;
[t,y]=odel5s(@marjdnul,[0 15],3.5);
r2=(n30+A1%t).*exp(alfa*t/2);
r10=(A1l*exp(alfa*t/2)+alfa*r2/2)/gamma;
r1=r10-y;
plot(t,y,t,r1,t,r2,'linewidth’,2);title('inf nonline aggressive warfare')
xlabel("Time'")

ylabel('amount of information')
legend('nl1',n2','n3")

grid on

[a,w]=0de45(@marjdnul2,[0 15],2.5);
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figure(2);plot(a,w,'g',' linewidth',2);title('inf nonline aggressive warfare')
xlabel('Time")
ylabel('amount of information")
legend('n2")
grid on
%fungqcia - ode-s marjvena mxare d nulis tolia pirveli mxarisTvis
function vav=marjdnul(t,y)
global alfa beta dlta u2
global n30 A1 gamma
u2=(n30+A1"t).*exp(alfa*t/2);
ul=(alfa-dlta*(Al.*exp(alfa*t/2)+alfa*u2/2)/gamma).*y;
vav=ul+dlta*y.”2-beta*u2;
end
%fungqcia - ode-s marjvena mxare d nulis toliameore mxarisTvis
function vav=marjdnul2(t,y)
global alfa beta dlta u2
global A1 gamma n30
u2=(n30+A1"t)*exp(alfa*t/2);ul=(alfa+dlta*(Al*exp(alfa*t/2)+alfa*u2/2)/gamma)*y;
vav=ul-dlta*y"2-beta*u2;

end
% 10° inf nonline aggressive warfare
6
nl
5 n2
n3

amount of information
N

—éy

Time

Bobo@o 3.2.5 93069 369395300Lm30L 56 bds 06RMMT>30I0 Mol ELGWYEGd.:

G0 o369 5063 "Bryamby 6 gd0l”. D = a’ -8y =0a=0,8;8=0,05; y=1.6;
Ny, =35> N, =25N, =4;
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amount of information

Bobo@o 3.2.6 3693963000 oBOOm Fgbsdegd90s 0b6EZMEOs30Iwo Mmdols LY~
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sbsmoo N°3

x 10 inf nonline aggressive warfare
nl|
n2
n3
?\
\\ \\
\\
\
2 6 8 10 12 14 16
Time

@gds: Ibs69900 BBy 4900567, 506 HMgLoE 306 309395300LMZ0L gUs 96 beogds
D=a’-8By=0a=0,8;5=0,05 y=1,6; N, =35> N,, =25 N,, = 44;

amount of information

inf nonline aggressive warfare

/\

[\

Time

10

Bobo@o 3.2.7 g59m33900005 8gmMg FbsGol 5gE0)MH™Mds 06530530 mddo.

369396300L 2500 FgLsdEgdgE0s 0bBMMTS30E0 ML ILOWIEGdS: ABIMYJOO

"By 29000567, 35806 BrraqLs 8306 36M9396G300LMZ0L gl 56 bYds
D=a’-8By=0a=0,8;4=0,05 y=1,6; N;; =35> N,; =2,5 N,, =44;

15

167



sbsmoo N°3

inf nonline aggressive warfare

30 nl ||
n2
n3

25

s 20
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S L —

€ 10

>

o

1
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5

0

-5

0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25
Time

Bobo@o 3.2.8 309396300 o6 s®lgdMmdol gdmbgzggzsdo 3o639wo dbsty - “albggmdeo”
95063 "2900L BBy’ - sLBMEgdl 0bBMMTS30e MAL.

D=a2—8/37/=0a:0,8; ,B=0,05§ }/=1;6§ N10:315> Nzo:2a5 NgoZO;

wobEobyo 3.2.3

Qoarawrfili agresiuli d nulze naklebi

global n10 n20 n30

global alfa beta gamma dlta d Al b tet fi
n10=2.5;n20=3.5;n30=5;

alfa=0.8;beta=0.05;gamma=2;
dlta=0.5;B=2*gamma*(n10+n20)-alfa*n30;

d=8" beta* gamma-alfa”2;D=sqrt(d);
Al=sqrt(n3072+(B"2)/d);b=D/2;
tet=atan(n30*D/B);fi=atan(D/alfa);
[t,y]=0del5s(@marjdnak,[0 16],2.5);
r2=Al"exp(alfa*t/2).*sin(b*t+tet);
r10=Al"sqrt(2*beta/gamma)*exp(alfa*t/2)."sin(b*t+tet+fi);
r1=r10-y;

plot(t,y,t,r1,",t,r2,"." 'linewidth',3);title('inf nonline aggressive warfare')
xlabel("Time'")

ylabel('amount of information')

legend('nl1',n2','n3")

grid on

[a,w]=0de45(@marjdnak2,[0 16],3.5);

figure(2);plot(a,w,'g','linewidth',2);title('inf nonline aggressive warfare')
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xlabel("Time'")
ylabel('amount of information')
legend('n2")
grid on
%fungqcia - ode-s marjvena mxare d naklebia 0 pirveli mxarisTvis
function vav=marjdnak(t,y)
global alfa beta dlta u2
global A1 gamma b tet fi
u2=Al"exp(alfa*t/2).*sin(b*t+tet);
ul=(alfa-dlta*A1*sqrt(2*beta/gamma)*exp(alfat/2)."sin(b*t+tet+fi))."y;
vav=ul+dlta*y."2-beta*u2;
end
%funqcia - ode-s marjvena mxare d naklebia 0 meore mxarisTvis
function vav=marjdnak(t,y)
global alfa beta dlta u2
global A1 gamma b tet fi
u2=Al%exp(alfa*t/2).*sin(b*t+tet);
ul=(alfa+dlta*A1*sqrt(2*beta/gamma)*exp(alfa*t/2)."sin(b*t+tet+fi))."y;
vav=ul-dlta*y.”2-beta*u2;end

inf nonline aggressive warfare
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D=a’-8By<0a=0,8 B=0,05; y=2; N, =25<N, =35N,, =5;
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inf nonline aggressive warfare
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369396300L5 s J306g 1IIZ0EMdM 5gdEH03MdOL B0bYI35 FgrmMg BbsEIY o0l

by
D=a’-8By<0a=0,8; =0,05 y=2; N,=25<N, =35N,, =5;

inf nonline aggressive warfare
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sbsmoo N°3
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39@0bL breby

D=a’-8By<0a=0,8; =0,05 y=2;N,=25<N, =35N,, =0;

inf nonline aggressive warfare

600 *®%e —— 0]
°
[ ] EEEEEE n2
[
400 R R e n3f
o. ®
[J
200 el : y
c / r .
o -
% O-. P AR — g%
£ _/
2 ° °
€  -200 5
© ® °q j I'
c L
S -400 o
o
I °
© °
-600 °
[
®
[
-800 >
[
° [J
-1000 ° :.
o
1 2 3 4 5 6
Time

Bobodo 3.2.13 goBMHowo 369396300Ls s 83069 LIIZ0EMdM 5dEH03MdOL O
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D=a’-8By<0a=0,8; p=0,05 y=44; N, =25<N, =35N,, =5;
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4
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Bobo@o 4.1.5
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0 A X N M \
Bobo@o 4.1.6

wob@obyo 4.1.1

%PIRIQIT x da y-is cvlileba miznis f -Si

a=0.8;b=0.05;n10=5;

g=0.001:.01:1.599;n=80:10:200;
d=sqrt(a"2-8"b*g);11=(a+sqrt(a”2-8*b*g))/2;12=(a-sqrt(a"2-8*b*g))/2;
[X Y]=meshgrid(n,g);
Z=(1./sqrt(a"2-8"0."Y))."log((2*b*X-n10*(a-sqrt(a”2-8"b*Y)))...
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obs®mono No4
J(2*b*X-n10*(a+sqrt(a”2-8*b*Y))));
surfl (X,Y,Z);grid on; view([-220,20]);xlabel('Prevention')
ylabel('gamma’)
zlabel('time")
figure
plot3(X,Y,Z);grid on;view([-220,20]);
xlabel('Prevention')
ylabel('gamma’)
zlabel('time")
figure;hsl=mesh(X,Y,Z);grid on;view([-220,20]);
xlabel('Prevention')
ylabel('gamma’)
zlabel('time")
figure;
[Cmatr,h]=contour(X,Y,Z);
clabel(Cmatr,h)grid on;

time

Prevention

gamma

Bobo@o 4.1.7
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obs®mono No4

time

Prevention
gamma
Bobo@o 4.1.8
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Boboo 4.1.9 mbob fomgdo Q, ség%g
wobEobyo 4.1.2

Pminimumis povna
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obs®mono No4
x0=[70 1];gv=[80 .001];zd=[200 1.599];
mnish=fmincon('mizn', (70 11, []1,[],[],[],[40 .001],[200 1.599])

$miznis fungcia

function zed=mizn (x)

a=.8;b=0.05;n10=5;

zed=(1/sqrt (a”2-8*b*x(2))) *log ((2*b*x (1) -nl0* (a-sqgrt (a”2-8*b*x(2)))) ...
/(2*b*x (1) -nl0* (atsqrt (a”2-8*b*x(2)))));

wobGobyo 4.1.3

SFUNQCIIS VIZUALIZACIA

a=.8;b=.05;n10=5; u=nlO0*a/b;ul=4/u”2;u3=b/(2*nl10"2);

%x=40.001:.1:80;

y=.001:.01:1.599;

[X Y]=meshgrid(x,Vy):;

Z1l=(1./sqrt (a”2-8*b* (u3* (u-X) . *X+ (1-ul* (u-X) . *X) . *Y) ) ) ;

Z2=10g ((2*b*X-nl0* (a-sqgrt (a”2-8*b* (u3* (u-X) . *X+ (1-ul* (u-X) .*X) .*Y)))) ...
./ (2*b*X-nl10* (atsqgrt (a”2-8*b* (u3* (u-X) . *X+ (1-ul* (u-X) . *X) .*Y)))));

72=721.%722;

surfl (X,Y,Z2);grid on; view([-220,20]);xlabel ('Prevention')

ylabel ('gamma')

zlabel ('time')

figure

plot3(X,Y,Z);grid on;view([-220,20]);

xlabel ('Prevention')

ylabel ('gamma')

zlabel ('time')

figure;hsl=mesh(X,Y,Z);grid on;view([-220,20]);

xlabel ('Prevention')

ylabel ('gamma')

zlabel ('"time"')

figure;

[Cmatr,h]=contour(X,Y,Z);

clabel (Cmatr, h)

grid on;
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[mnishl,miznl, flag]=fmincon ('miznl"', [70 17, [

1.5991])

gmiznis fungcia

obs®mono No4

0000ST

00000T
0000S

N

40 40.01 40.02 40.03 40.04 40.05 40.06 40.07 40.08 40.09

BoboG0 4.1.10 mbol Fomgdo Q, s6gby

function zedl=miznl (x)
a=.8;b=0.05;n10=5;u=nl0*a/b;ul=4/u”2;u3=b/ (2*nl10"2);

Z1=(1./sqgrt (a”2=-8*b* (u3* (u-x (1)) . *x (1) + (1-ul* (u-x (1)) .*x (1)) .*x(2))));

1,01,01,01,039.999 .001],([79.999

Z2=log ((2*b*x (1) -nl0* (a-sgrt (a”2-8*b* (u3* (u-x (1)) . *x (1) + (1-ul* (u-
x(1)).*x(1)).*=x(2))))) ...
./ (2%b*x (1) -nl0* (atsgrt (a”2-8*b* (u3* (u-x (1)) .*x (1) +(1-ul* (u-
x(1)).*x (1)) .*x(2))))));

zedl=21.*722;
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