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Summary

The main goal of the monograph is to demonstrate the importance of using mathematical and
computer modeling in sociology, more specifically, to develop mathematical and computer models
to describe the social processes, such as administrative management and political elections, which
will be applied in practice.

Synergetics (joint action), i.e. self-organization theory, is one of the most popular and
promising approach towards researching links between different disciplines. Synergetics has been
through long and difficult journey. Almost forty years ago it was considered as a method of
entertainment for physicists-theoretics, who found similarities between nonlinear phenomenons.
And twenty years ago the concepts and methods of synergetics enabled discovery of many
interesting phenomenon in physics, chemistry, biology, hydrodynamics, etc. Today this
interdisciplinary approach is more widely used in strategic planning, the analysis of historical
alternatives, finding solutions to the outstanding global problems of humanity, etc. The fast
moving global technological advancement and increased informatisation of the humanity enabled
creation of new direction, such as mathematical and computer modeling.

Synergetics initiated the application of mathematical models in social sciences: sociology,
history, demographic studies, political science, conflict studies, etc.

The current developments in the modern world made it relevant to study social processes,
such as public administration and administrative management. For the first time the
administration model was proposed by prof. T.I. Chilachava.

In terms of governance of particular interest is the description by mathematics (the creation
of a mathematical model) of a social process, how is the process of political elections. Many
scientists worked on this subject, but in most cases, they were interested in analyzing statistical
data of results of carried out elections.

Extremely important is the creation of a mathematical model, which would give an
opportunity to define the dynamics of change in the number of supporters of different political
subjects during the election period and a possible forecast of the election results.

The nonlinear mathematical models of two and three party elections were first proposed in
the works by prof. T.I. Chilachava 2012 y.

The object of research of the monograph is the study of the above mentioned models in the
case of different initial conditions and model parameters.

Achieving this goal is achieved through the study of scientific problems associated with the
analysis of the models in question, using the mathematical theory of systems of differential
equations, numerical methods, computer modeling.

The submitted models of management and elections are quite relevant from the theoretical as
well as practical point of view. The interested parties are encouraged to use widely the given
results, calculate parameters and choose the future strategy for achieving the desired goal.
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5@508056980L Gomgbmdss, te[0,T] T <oo.

y(t)- ©®mol t 0dmdgb@do  3mbrm®IoLBadol  (AsMmM3500  50530569d0b)

65Mm©YbMds,
D - 5©306oLEHMsGoMEwo BgFmEols dowss,
o - 05306MBWGIOL  3MIR0E0Y6E 0.

X(t) o Y(t)- 516930990 Gom©abmdGoz0 (33womgdgdo MmOl t 9mdghEdo
500(96M90s (1.1.1) sGsfMmxR030 496GHM@gdsms LobGHYIom. MoYBsE FOBGHMWGdsMs
LobB9ds (1.1.1) 6oL 3060390 GoYOL, “Ibs I0LZSL sTdBHIOOMO JOMO 30MHMDS
(3030L 306OHMds)

x©)=%,  y(0) =y, (1.1.2)

3990 5M(iOx503 500985303960 dmEgwdo 5doboLEBMEoME Bgfmesls
593L 399003030 bobos™O s O 5O HMOL sTMI0YOMO OMDY. MLl obbo-
30l 39600d0 5©3d05bmMs MO39 XJMBoL MoMmEIbmdoL dmbgdMo30 (33eoEdgdo
56 500 45035¢0oL0bgdME0 (53 F0SbEMgdSdo Bsm3oo0s, MM do3MMIMOIols
99000b3935d0 dMdEMdOLS s 1OIZPO0sBMIOL  30958303096EJOO0 BHME0s, bmem
9036mdmEgeol d98mbggzodo sfgligdgdsdo 56588GMIgdol d90m©obgdols
S 29006900l 3m953030963Hg00 9PMTbJMOL  BHM0s). F509d5EH03M0 TMEILO
5oL M0Y39GH0 o 15d0YdIX BMbI3090L FosBbosm LolBHgdsdo Fgdsgowo 30639w0

600L MHY393)0 FoMHdmgdmegdo.
803009m 330L 53msbs (1.1.1)-(1.1.2). 5850 d96gdG030, ®™d « > 0,b > 0.
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303m3m0 3bso Lsbom X(t) @s Y(t) 996J50900. (1.1.1)-©s6 BsmEH0350 F00m)ds
306390 0b@gaMowo:

XO+yO)=x+y,=a, (1.1.3)
Bsosbog  Y(t)

y(t) =a—x(t) (1.1.4)

BogLgom (1.1.4) LobEgds (1.1.1)-0b 30639 496EMEgdsdo. dsdob doz3009d00 30639-

Wwo Mool 2363w gdsE3wsY00560  ORIMIDE09MEMO  AIBEBHMEYdOLIMZOL
3™3ol 58m 3565l

dx(t) _

g - @0@-yb)-b

(1.15)
X(0) = X,

L

X(t) 33bBgd3008 BoMmYbMdM030 (33c0gds 2odMmoLoby 33500 by)g3E00

%:ozax—ozx2 —b=—ax’*+aax-b

39930000 5¢0bodgbo:

D=—_-2_
" (1.1.6)

39630bomm Lodo AobLlbzs390Eo Ggdmbggge:
1) gobgobomm d98mbggzs, Gmzs D =0.
35906 (1.1.5) dooegdl Labgls

dx , , b , a’® a* b
—=—aX" —oaX—-b=—a(X’ —ax+—) =—a(X' —ax+ ———+—)
dt o 4 4 «

dx a’
. {( By 4)}
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5056

30909 MOm JoMOGH03 ORBIOIBE0sWME A5BGHMEgdl

dx
—a(x ——)
dt
H0Iwol  9MHms©IMHmo  53mbsblbo,  Lofilgolo  306MHMdOL  gom3zseolifjobgdoom,
Boofgem9gds
w a
a 0
X(t)==+ : (1.1.7)
a
at(X,— =) +1
2
boeom (1.1.3) s (1.1.4) aomzseobfjobgdom, dogomgdom
X — a
0
yt)y=2- 2 (1.1.8)

a
at(X, — 5) +1

LodMEMmm@E a -l 3608369wMdOL om3z5wolfobgdom, d030090m 3MTob sdm3bol

(1.1.1) - (1.1.2) 9605009600 D1l 5655¢00B6 58MbsbLbU:
(t)_x+y0+ X =Y
2+ OKt(XO - yo)
(t)_x+y0+ Yo = X%
2+ at(X, —Y,)

(1.1.9)

(1.1.9) Bs6>0gd@0s 85306, Bmzs Xy = Yo , b, Gmgs X < VY

X)L Go®dmgdmmo wmetymgomos ©s X(t) >0 ©s3s5 BBy, gLsdsdobo
y(t) »>a.

50 9gdmbggzsdo (1.1.9)-0L sbserobo 930639690L, HMA LmEowmddo dvMIoz0

5Q00boLEHMSE30MEo  Bgfmeols @ mMbsg  2oblbgeggdmo Ll sMGH™
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300md7d0L  0vIbgo35 (X, Z Y,) 39033990 OO ©MOMoL 8999y, ©sFYsM-
©905 F5OMMZIPO S HMSFIOMZOO 5053056930l M9BBIMO BOMgbMdY - 9.§. 6o~
15305000 Bgfimerol dgdmgzgzs (oborgm bob.1.1.1, 1.1.2).

51
E { m— 0530 b eE dnsb@mghggoo

m— b ge@do b goo

50.8 - b

50.6 -

50.4~ '

50.2 b

50

05653d@MIagd0ls Gomwgbmds

49.6 '

4941 g

49.2 1~ -
D=0
x0=y0

©OM

bob. 1.1.1

80 .

00530 b7 JmobGMEhggd0
m— b BO@T0 L g0

=Y
=)
T
1

%3
S

00653d@0I 9301 AomEgbmds

&
T
1

D=0
Xx0>y0

©O

Bob. 1.1.2
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2) g96g0bowmo 3gdmbgggs, Gemgs D >0.

399m300Mm0 5¢bodgbo:
b a* ,
2% —p?>0
1 p

95806 (1.1.5)- o6 dogzowgdom

2

dx , b , a> a’> b a,, ,b a
—=—g(X’ —ax+—)=—a(X —axX+———+—)=—a| (Xx—=)* +(— ——

a o PR 0{( 2 4)}
dx a,

—=—0a|(X—=)" + 1.1.10
e (=) | (.110
900900 (1.1.10) gob@megdol Dmaswo sdmbobliboas:

a
X ——

arctan—2 = —gpt +C (1.1.11)
Y

8m3990 Lsfiyobo 30MMBOL Qom35wobfobgdom, 30gdMEwMdm:

a

X _
X —
C= arctan—2 = arctan—yo.

p 2p
Bogligom C -l 8603369¢mds Dmyo@ 58mbsbblbdo (1.1.11), Bogowdm

Xo T Yo
X 2X— X, — Y X, —V
arctan— 2 —arctan"> 0 Yo _ —apt + arctan%
P

P
5060950, 59 99dmbggzsdo (1.1.1) bLobiEgdol s8mbablibl 94b9ds Laby:



Yo =Yo _ tan(apt)
X(t):XO+yO +p 2p
2 1+ X°2_ Yo tan(apt)
(1.1.12)
Yo = Yo _ tan(apt)
vy =2 p 2P

1+ 20 Y0 tan(apt)
2p

(1.1.12)-b 565¢r0Bo 0dengzs bod 2oblbgeggdwyar 9dmbggzal:

- 0030BWOE  BMOBOM3b)  5@F0sbgdoL  BomEgbmds,  GMIgos
0530530039 FoMHMZ500 MoMmOIbMBOL 505305690Bg (3MbRMMToLBHIdDY) dg@o
ogm (X, >VY,), 0oobfimoggol  §mbolfimmmdol  dymdstgmdolizgh, Mmdgwogs
50050056900l LogMmm  Momgbmdol  BobgzemBg  Bogargdos  (dgrog®o,  Topsd
391000 Bgfimes 0930LREsE IMsHBOMZbY 50s305693BY) (0borgm bob.1.1.3).

80
g g ' g g 0530 ggs@dnsb@Hmgh 9960

— 306 gmOIo LE o0

70 '

a [o2}
o o
I I
1 1

056590 gdol GHomEgbmds

N
o
I

1

30~ '

D>0
x0>y0

20 r r r r r r r
0 10 20 30 40 50 60 70 80

Bob.1.1.3
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- 0930B9REO® FMOBOMZbY 5053055 g00L MoMmYbMds, MMIgEOE 193I30MZ9IWS©
35603500 5580569308 MMEIEMBdOL GHrmo sb Bsgzargdo ogm (X, <Y, ), JoobfMsg-
30L Bmeolizgb (dwogho Bghmes, LMo JmbEHMmol dgdmbggzs) (obowrgm
bsb.1.1.4, b6sb.1.1.5);

- 0930L9REOE FMOBOMZbY 5053055g00L MoMmEYbMds, MMIJEWOE 193I30MZ9IWS©
35603500 553056900 Mom©Ybmdol dgBo ogm (X, >Y,), doolfMsggol boyeolzgh
(md0ghgbo  Bgfmes 3930MBWOE FMoBOMZbY 509305698bg, LEWWO EISTME-
Bogd0lL dmgero) (obogrgom bsb.1.1.6).

100 530 bR odmMsb@EHmgh ggd0

— b Rm@do B gd0

90—~ -

70 s

60— -

50—~ -

40 :

0060ddHMI@ go0l HomEgbmds

20— -

10 = -
D>0
x0<yO

©O®

bob.1.1.4
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0565903 gd0ls Aomwgbmds

056533Omd@ gd0ls Aomgbmds

70

65

60

al
al

a1
o

45

40

35

30
0

90

m— ) 530 bR 5©IMsbHMgh 9930
— 306 Bm®3o 5@ goo

20 25
©O®

bob.1.1.5

30

35 40 45 50

m— 00530 bggE o dmsb@Mghggdo
— 3006300l gdo

D>0
x0>y0
10 r r r r r
0 0.5 1 15 2 2.5 3
O
6sb.1.1.6
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3) gobgobowmm Fgdmbgags, Mmgs D <0.

9.0. 33543L
2

b a
———=-p*<0.
a 4

35306 (1.1.5) dooEgdL Labgl:

dx a,, b a’ |_ ay,
EZ—O{(X—E) +(;_Z)}__O{(X_E) —p}

300900 EORIMIH305 MO bEMEgdOL Bmyso sdmboblibos:

a
X——p
In Z =-20pt+C
X——+0p
LoHgolo 3oMMdOL gomzswoliiobgdom
i
C=In g —Ine Yo 2p|
X_2+p‘ Xo_y0+2p‘

X, + Yo ‘
— — p .
In x-i =-2apt +In->2 Yo 2p|
«_ %o yo+p‘ X, = Yo + 2P|
2
Lo0IB3
X%t Yo
2 :XO_yO_Zpe—Zapt
X—X“;%-Fp X, =Y, +2p

5036036mm
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d5dob 30090m

k_p:XO_yO_zpe—szpt
k+p Xo_yo+2p

(k_ p)(xo _yo+2p):(k+ p)(xo _yo_zp)eizapt
k(XO_y0+2p)_k(xo_y0_2p)e—2apt = p(xo _yo +2p)+ p(xo _yo_zp)e—Zapt

K(Xy = Yo +2P = (% = Yo =2P)e™™ )= P(X, = Yo + 2P +(%, — ¥, —2p)e ™).

AM@MBOL m©H039 bsfoo H®A goggmm (X, — Y, + 2P ) -Bg, ogowgdm

k(1— X, = Yo _Zpe—zarpt): p(1+ X = Yo _Zpe—Zapt)’

Xo_y0+2p Xo_yo+2p
Lo0IbOE3
p(1+ X0 - yO _2pe—2apt)
k = Xo_yo+2p
1— Xo = Yo _zpe—Zapt
Xo = Yo +2p
Q5 300900 GHMEoMdsls
p(1+ Xo_yo _2pe—2apt)
_X0+y0: Xo_y0+2p
2 1— Xo _yo _zpe—Zapt

Xo_yo+2p

5060950, LEOMWMME  3VJIMWMID Mol STmEsbol (1.1.1)- (1.1.2)-0b Bl
565¢00H6 53mbobLBL

27



p(l+ 5
X(t)_XO+yO XO_yO+ P
1 XO_yO_Zp —2apt
Xo = Yo +2P
(1.1.13)
F)(]-4_ )(O )/O E;F) e-—Zapt)
y(t)_X0+y0 XO_yO+ p
2 Xo = Yo _2p —2opt

(1.1.13)-b sbsgmoBbo 930B39693L, MHmd Bombaszs LobGsGEGH™M 30MMmdgd0Ls

0530BSE FMsBOHM369 5053056900L MOoMmEYbMds JooLfMSRZ0L 490339 Hmbol-

PO™d0L MomEgbmdolizgh, HmIgwoa 9@s80s6900L LygMNM MoMmEYbMdOL BobgzsmBg

39305 (LMLEGHO Bgfimes) (obogrgod bsb.1.1.7, bsb.1.1.8, bsb.1.1.9).

05653dHMIE gd0ls HomEgbmds

60

58

56

54

0530 g dmsb@mgb ggbdo

— 3006 B0 LBHgd0

52 i
50 -
48 -
46 i
44 D<0 7
x0>y0

42 i
20 ' c : c c c

0 10 20 30 40 50 60 70 80

©O®
bob. 1.1.7
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05650303930l Gomwgbmds

05659T@mIagdols Gompgbmds

60

58

56

al
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[¢)]
N

a
o

48

46

a4

42

40

60
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56

54

52

50

48

46

a4

42

40

— 206 B30 LEH b0

0530 bgRo dmsb®mgh ggdo

D<0
x0=y0 |
30 35 40 45 50
Bob. 1.1.8
00530 g gog dmsbmgh ggdo
— 3006 @m0 LB gdo
D<0
x0<yO
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©OM
Bob. 1.1.9
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81.2 565()x030 dMm©Ywo (33050 JsMm30L d9dmbggzsdo

Pobs  3560aM5330L96  goblbgsgzgdom, a9b30bome  sdoboliGMmogomero
3oOmmM30L  5M5HOR030 F509doBH03MNM0  dMmEYro, MHMIgElsg 99mdeos sfigMml

M99 bemEomddo ddsON3geo LEGHOYIGHOIOOL FbBOHOEIE sbers 9339 (33w O,
396dm JBsM0, 50dobolEGHMsEzowo Bghmams [119, 121]:

) _ ox(t)y(t)- axt)
dt (1.2.1)
% =—ax(t)y(t)+ px(t)

boQS3

Xt) - ©@Omol t  9mIgbEHdo  mI30LbMBWI®  BMaBOMZL)  (50505OMZI®O)
5058056980l GomEgbmdss, te[0,T]T <oo

yt)- ©@Omolb  t  8m09bGdo  3mbxnm®BolBHgdol  (BsBmgo@o  5©80569d0b)

5090Mdso,
a>0 - 0530b53WdOL 3mgB0E0g6E0S.
£ >0 - §653030 503060LE®s30wmmo Bgffmeol 8shg969d9e0s.
X(0) = X, y(0) =y, . (1.2.2)

(1.2.1)-056 856303500 8000gds 300390 0bEgacowo:

X)) +yt)=x,+y, =2 (1.2.3)

803009 3030L 5336y (1.2.1), (1.2.2). 303m3mm 3bso bsboo X(t) ws Y(t)
39694509d0. BogLgsm (1.2.3) -(1.2.1)-80, Bogo@adom X(t) gmbdgoolsmgols 3mdols
59m3965L:

dx(t)
dt

=ax(t)(a—x(1))—px(t) (1.2.4)

30



X(0) = X,

(1.2.4)-056 803000900 BMYo 53MBIHLUBL

) _ o o

dt
d);(tt) =X(ca—- B)—ax’
_(aa— g
x(t)= 1+ ' ¢

063936900l 3993035 259003 9ds (1.2.4)-s6

_ X,(1+ a)

C= o\ %)
aa—-pf

@5 Lodmermme (1.2.5), (1.2.6)-sb 30300900

X, (14 o )e'® "
1+ oe'*”

X(t)=

boeom (1.2.3), (1.2.7) - ©05b 343946900

a+(y,a—x, et ”
y(t)= ; t(a?zfﬁ)
1+ e

39630bowmm  mGo 9gdmbgaggs.

1. oa— =0
35906 (1.2.4)-56 8030090,
d_
dt
- %=t+C, ——=-at+C

(1.2.5)

(1.2.6)

(1.2.7)

(1.2.8)

(1.2.9)
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XO
5 (1.2.9) doomgdl Labgl
1 t+1
1 1 o
X X, X,
LSOMEPMME
X
X(t)=—> 1.2.10
(®) 1+ axt ( :
d5dob
+ aaX,t
y(t)=u (1.2.11)
1+ axt

o3 330639690L 00ol, GMI 53 F9dmbgz935d0 9dBHOMMO 506 gdIOL  MroMm©IbMds
©@OMOL 456853 mdsdo 3039MHdMEOO BbJszo0m (1.2.10) dooliMrsxgzol bmewolisggb,
bomm  3mbgzm®mIolGHgdool  MHomEgbmds 30 @OMOL  4963s3wmdsdo  JooLmoxgzol
50053056900 Lofigol LogHmm Mom©gbmdoLs396 (sdm®mBoEgdol dmgwro) (obowrgom
Bob.1.2.1, 65b.1.2.2, 65b.1.2.3).
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056530 gdoli Gompgbmds

100 T T T T T T T T T

90 -

80 — 01530 B sdmsbOmghggdo

— 36 BmOTo 5B gdo

60

50~

40

05653FO0d gd0l GomEgbmds

30
a*alfa-beta=0
x0<yO0

20~

o
IN
)
©

10 12 14 16 18
©O®

bob.1.2.1

100 — ) 530 LB 5 I bOHMZh ggd0

— b gm0 l@ go0

90—

a*alfa-beta=0
x0=y0

o




100 T T T T T T T T T

0530 byg@ osdmobemgb ggdo
m— b Bm®dobEgdo

0565330MI@ 950l HomEgbmds

20— a*alfa-beta=0 -
x0>y0

10 1

6ob.12.3

2. ca—f+#0

95806 2560bogds Mo J39d90mbggzs:

s) oa—pf<0
> (1.2.7), (1.2.8) gom35¢0lfjobgdoom dog30090m
limx(t) =0
tow
limy(t)=a
tow

o3 230P39690L 0oL, MMA 8 99dnbgz935d0 9dBH0MOO 55F05bgdOL  MOMEIbMdS
©OMOL 356353eMdd0 BoolMx30L beolsznh, bmwm 3mbxgm®doliBgdols Gomey-
Bmds 30 OHMOL 4563530 MdsF0 JooLfEOx830L 5sd05H9gd0L Lofigol LogMHmMm MomEqbm-
505396 (LOOo EsTMOBOEGdOL IMPYE0) (Obogm bob.1.2.4, bsb.1.2.5, Bob.1.2.6).
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d) oca-p£>0
9 (1.2.7), (1.2.8) 35035¢0bfjobgdoo dogowmgdom

limx) = o8+

t—>w© 0

(1.2.12)

limy(t) =22~ %o <y
(04

t—o0
959658 M0l 5OLOWIH 453MAObIMY, WMA03IM0S I3TZom, HMA X

@5 Yo 96Hm0 Hoobss, boawm o gogowgdom 653wgdo Hogobos. s80l gomazseol-
§obgdom 58mEsBs obowmgds t€[0,t,] Lgadgbyoy, Lswss

1 a
In (1.2.13)

t =
aa—f X, —ay,

*

X(t.) =2, y(t.)=0.

(1.2.13) 230h39690L 03sL, MM 5dEH0MMO 505306700l M>MPIHMOS PEOMOL 256-
0533530  doolEOx0L  5sd0sbgdol  Lofyol LogHmm  Momgbmdolzgh, bmem
3Mbx3Mm®3oLE 0L Mom©gbmds 30 MHMOL 96353 mdsdo doolimoxgzol bmeoliznb
(0930Lx3gdol IMEgEro) (oboergom bsb.1.2.7, bsb.1.2.8, Bob.1.2.9).
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Bob.1.2.7
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06590 go0ls Aomwgbeds
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1
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§1.3 265fiOx030 dmEIo 33O 3MIBoE0IEAHIBOL Fgdmbzgzsdo

39630bomm 5EToboLEBHM30IO BsOMZ0L BMYIO sMORO0Z0 F5019T53)03v)-
6o 9o, MGMmIgwog SOl d8sOmM39wwo  LEMWJGHVMJOOL TBOOIE TbsG
503060LGHMIE0ME  BYfMESl, Sbs 339 - Yz9ws 3MIR0E0I6EHOL  (33EsMBdOL
d90mbgagals.

©ORBIMIB305MMO  9BGHMWgdsms Lol gds, MMAgwog sofigMl 938 3OHMmEILL,
39900946905 9990065 :

) _ ot x(t)y(t) - Aex(t)
dt (1.3.1)
¥:_a(t)x(t)y(t)+ﬂ<t)x(t)

boQS3
X(1) - @OmoL t 8m396GHTo Mo30LvBE dM>BOMZLY (56085OMZ®0) @06

oL ®5mqgbMds.,

yt)- ©@6molb  t  8m39bGHdo  3mbxm®dolBgdol  (BsHmgzo@o  5©30s6gdol)

50©9bMdsY,
a(t)>0 - m530LMBEIBOL 33O BYBJ3055 EMMOL ¢ dmdgbEIo,

B)>0 - §Ox030 5©0I0boLEHGME0M™o Bgfmeol MFy39E0 ©oYd0MO 5I6E0s,
HMIoms3 bollosmgds 50d0bolEGHME0wo MHglvyOLYdOL A5TMYgbgdol ToldEsdo.
29BEHM@Rsms  LobBgds (1.3.1) gsbobomgds Fmsmgedo te(0,T], T <o

B9L5d530L0 Lffgolo (3mBols) 306:MBdYB0M MO LsFyol dmdgbGdo t =0
X(0) = X, y(0) =y, . (1.3.2)

(1.3.1)-56 8s6@H03500 8000905 3060390 0b3JAMSWO:
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X@)+yt)=x,+y, =a (1.3.3)

3030090 3ol 58m356s (1.3.1), (1.3.2).
(1.3.1) o (1.3.3)-096 30090Mmd0 H035¢0L J9bEHMEgdsls
X(t)+ B(1)X(1)+a(1)x3 (1) = aa(t) (1.3.4)
X(0) = X,

3ob30bowmm 396Mdm 998mbz93s 5649 398350, Brnd

P(t)=ba(t),b>0,b=const.
85806 (1.3.4) 35050596905
X(t )+ a(t)[x2(t)+bx(t)—a] =0
@5 39630 53cmBsblbo 0d6gds

x2(t)+bx(t)—a=0

—b++/b*+4a
X(t)=const= 5 >0
9.0. (1.3.4)-030L 303009m 396dM 58mbsblbo, HMIgeos 593L Loby
—-b++/b*+4a
X(t)=const = =X . (1.3.5)
2

9590b Qo6 ogddboom
X(t)=x+2z(t)

(1.3.4)-056 80300090 5dM3565L:
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z(f)+(b+2x1 Ya(t)z(t)=—a(t)z*(t) (1.3.6)
Z(O) =Xy =X,

(1.3.6)-b 3063900 2563 Mqds 5G0L dYMHBYOL 2obEMEgds.
39353900 d9gLodsdolo gocmsddbgdo

z(t) (b+2x1 Ja(t)
z (t) 2(t)
1

E—W(t)

= a(t)

W(t)— (b + 2%, ) ()W(t) = e (t)

w(0) = L = 1 =W,
Z(O) Xy =X

(1.3.7)

(1.3.7) oblibgods 33500M5@gddo, Mol 999 30HOMIXOMID

(b+2% )ja(r)dr t —(b+2x )ja(y)du
w(t)=e ° (w, +Ie ° a(7)dr) (1.3.8)

0
Lodmermme doz30090 (1.3.1)-b BYlEo 53mbsblbo

X(t)=x, +L

w(t)

t -
y(t)y=a—(x + (t))

(1.3.9)

LoQS3 39035¢oLobgdmEos (1.3.5) s (1.3.8).

81.4 5030boLEMOE0Oo FoOM30L HBMYsO 8507985E039M0 FMmEYEols
30033099@ 90 IMEI0MGOS
503060LEGHME30E0 BsOMZ0L BRSO FomMGIoE03IM0 IMPIWO 25TM0gMOS

399009bs06sc:
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dx“’ A OXO) () - BOX)

(1.4.1)
% — _a(t)x()y(t) + BH)X()

X0 =x  YO)=Y,.

bos3
X(t) - @©@Omob t 8mdgbEHIo  mogoLlBwe©  BMsBMM3by (565 FGMMZI©O)
5@58056980 Homgbmdss, te[0,T],T <o
yt)- ©6molb  t  8m39bGHBo  3mbgm®BolBHgdol  (BsHmgzoo  5©30s6gdol)
5090Mdso,
a(t)>0 - m530LmBEgdoL 3953030960 ¢ 8mdgbEJo,
P(t)>0 - §6x030 503060LEG 0o Bgfmmol wFyz9@o ©sEIB0MO FwBE0s,
HMIoms3 bollosmgds 90d0bolEGHME0wo MHglyOLYdOL A5TMYgbgdol JsldEsdo.

3ob30bowmm m®mo 99dmbgzg3s:

5) 0930LMBGIOL  3MIROG0IEEHO s 5ET0bOLEHMSEFOE0 Bgfimerol imbJsos
56056 MOMobL 9Jb3mbybEosw MM BOOWO BWbJ30gd0:

st
a(t)=ae ",

B(t)=F5e",
bogo3
a,>0,6,>0,0>0,y>0.

95d0b LobiEgds (1.4.1) FooEgdL Lobgls:

M) _ e x(t)y(1) - A X(1)
ddt t t (1.4.2)
%:‘O‘oeﬁTX(t)y(t)+ﬂoe“><(t)

X =x,  y0)=y,.
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0) 0530BBgdol  3m98030g0G0 s v@IobolEG®msgoImo  Bgfirerol
936930900 batrolbmgzsboo:

a(t)= a( 0)0{>OneN

p(t)= ﬁo( 0) B, >0keN.

d9L505d0bo LobiBgds (1.4.1) Foowgdl Labgl:

a0 _
dt

t+t0 t+t0

oo (—=2)" X Y () = Bo () x(1)

(1.4.3)
dy(t) _ (t .,

= I XOYO + 5y =2 X

X(0)=x,,y(0)=y,,nkeN .

50m396900 (1.4.2)—(1.4.3) 565¢00BMOS© 56 5dMObLbGds. HoEbzomo  SdIMbLbO-
Lom30L godmygbgdw0s 3MMYMmFMwo 4s09gdm MATLAB (oboggo bob. 1.4.1-1.4.12).

50 095300 900900 8993900 MmM0gzg dbstgl (AsMMN39wo LEGHMWIEHMOIOL,
0530bBWSE JMsBOMZDY 50053056gdL) 5deg3l Lodwoegdsls 5MRYMEo LEMOE IR0
99L505d0LOE FgoMPBOMb FoMmMZ0L 356589GJO0 (50B0bOLEMSEOMWO Bgficmeols dogns,
0530URgdoL 3M9R03E0I5EH0) s Y39Mb dosrfiomb Fscmmzol LolvmMzge TgIL.
069360305, MHMI dmddg FdsOHM3ger LBEHMMIGHMOSDY 96 SMHOL HTIMIO0WYIYWO
dbs69930L  LoLAHIOGHM 30OMIYOO0. L5FsQ09MHME, FFsOMZIo BEAHOWIGHMOS B MO
doOmM30L  0QIMEMYoME,  FobsblO s  Fgdbmermaome (09330 o
994 GHOMbM  3MgLsL, 0bEGHIMBYEL) Tglodegdemdgdl, sdslmsbsgg sl Jgwderos
39990053906 LyMSBIM 93:bMB0 3OO BM3I9EOL 25dmYyqbgds.
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t t
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05659OmdE gd0l AomEgbmds
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100

056533GH@ gd0l HomEgbeds

056593 gdols Asmpgbmds
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— ) 530 bR >dmsb@mgb ggdo
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©OH®
t, t+t,
6:b.1.4.7 a(t)= Ofo( ) A1) =B =)'
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®5653dOMAa gdols Gomwgbmds

00530 9@ 0©dMsbAHMgh 9900
m— b0 do o0

10 20 30 40 5r0 éO 70 80 90 100
O
t, t+t,
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530 2. m6OLd09]G05b0 56Bg36900L sGSHOR030 IMMEgLgdOL
35079953 0329M0 ©d 30330GHGMHI0 BMEOYIL0MHGdS

82.1 mMLYV0g]B0sb0 5MB9369d0l TMm©9ro (33O
3080300 OIBON

59 05390 oMM 960005 5G5{M3030 Fs09gdoEH032)M0 IMEIo oligmo bmEos-
@O0 30MmE9LoLs , OHMYMOOE MOl MM3sOGH0MEo  5MB)369d0. dmEgEo SOfgMl
LobgEolBEWwgdm s M3MDBOE0OHO 35MEH0JOOL (96 om0 FogMm0569dgdOL - dem3-
B0, 3MOE030900L) 53MIMBY39w ™S bIgdol MoMm©gbmdol 0bsdozsl s60hg369006
dm60g 5609369058009 [8, 45, 46, 99,125].

9m9gndo 2560boggds Lsdo mdogd@o:

L. Lobgwdfoxzm s  5©IobobBHMozomwo  LAHO®MIGHMOGd0,  OMIWIdoE
LobgerobBwgdm MHglyOLYOdOL 49dmYygbgdom Bgas3egbsl sbabyb m3mbogom®mo
35OGHool  AbsMsdF)H  58mIMBY3gdbg,  BBoMM3gEo  3oMGHool  dboMgbg
39003My3560L doBbom.

2. m3mDoE30M0 35ME00L IbsMF M0 5dmIMBRI3gdO.

3. 3056030390 35O EH00L AbsMTF M0 S0MIMBG3gdO.

09900535990 55O R03 Fo905¢)03MM Imgels 593l I9dga0 Loby:

dl\élt(t) = (o, () — o, ()N, (DN, () — T (£, N, (1))
2.1.1)

dezt(t) = (0, (1) — o (DIN, (ON, (1) + T (t, N, (1))
N;(0) =Ny, N,(0) =Ny, Ny <Ny, Ny(t),N,(t) <CoT], (2.1.2)

Lsog  N,(t),N,(t) - Bgbsdsdolo m3mBoEo®o ©s LsbgwolyEmgdm 3s6EH0gdob

b56©9FIO 59MBIZgMS H5mEY6MdS OMOL T dmdgb®do, te[0,T].

356BHM@gdoms LobHgds (2.1.1) 8magdrmos L€ (0. T]  81ogEdo, bogm bsfgobo
306MHmd9d0 (2.1.2) t =0 8mdgb&do.
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t =0-- fobs 56Bg36900L IMIGBEH0s, MMOLIE JOD-9OMS 350053 s™RY369d0 dmogm
©5 3obd IoMrMZ39w0o 3omGH0s ( Ny <N, );

t=T - 8m093bm 56Bg36900L 8mBgbEH0s (bBot Fgdmbgggzsdo T = 4 Fgwl 56 1460
QQL);

o (t),a,(t) - Bgbodsdolo M3MBOEOIMO ©s Lobgmolra@wgdm 356FH0gdol bdgdols
dmDo30L (330 309803090EJd0s ¢ ImI)BEGHT0, HMIJOO(3 ITMIO0YII0S 53
390@0900L  Lsdmddgm  3MHMYM39dbg, sLg3g BobBLWE s  bFMOIszoME
3953 gdMBNODY.

3bo0s, 5M5GHM0305¢MHO IMEYo (HMEILs3 9MBY369d0L F9gagd0 56 sGOL
3b50) dooegds Ibmerm 08 dgdmbggzsdo, MHmEO

o, (t) > a,(t)>0,te[0,T] .

5699, 3b5BOOMDM SMOEBHMO0305 6 dMEY DY 08 9dmbgz935d0, MY M3MHBoEoOL
396300560900l 0653035 IEIOOM0s, beaerm FsHMZIO 35MHFHO0LS 30MH0Jom Vo6~
4mxz0mos. 990mbgggzs, MH™MELsE d3sOH™M3ger 35MGH00L 593505 5938 M30MsEJLMdY,
Mob@GHIMILMS, M0P03 3ME0EH039M0 dOHIMEOL §90J0 SPZOWSE 3OMYbMBOM]-
0505, MY, HMIGE03 SFIOL 53 99dmbz935L, 37)MEIdM GHMOZ05IOL;

f(t,N,(t)) - os30b0 5MHRMIgBEHIO0L MFY39¢0 ©IIPOMO BMbJ305s, MMIWoms
bob0smMYdS 5T0boLEMIEG0ICO MHglyOLGOdOL 25dmyqbgdol Jsld@sdom s J0doc-
005 M3MHBOE0OO 35MEH00L 58MmIMBY3wgdDg o0 bIgdol JmbsBowsw bgwo-
b gdol d9bsBmbgdols Jobboo.

939000 993 m635H9dos  s©fgMomo 3MmmaEqgLol bdgdsdeo smigcs, 96w
36MHm3qLoL bgbso (LyMsmo 1).
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36magbol 3B30ms6g00b liggbstio s6Ry3BIBd0EsE s6RI3EId8wY.

Lyosmo 1.
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dm9edo bogmeolibdgzos, ™A s0PR9369000 60936905809 5dMIMBY39 ™S

(omOYbMds 9(33¢gE05 (FoMOIE3L0WOo 53MmIMBRI39E™d MM bmds »EMOL 306-
39005@ Bo5MBY3bMm MAegdol IJmby s8mAMBY3gEms MoMmEYbMdIL, 9.§. 58MmIMBg39w-
09 b1wm3z3s60 ©gdmyMm95300m0 GodBmE0). Jomgdsd03cow gl Bodbagl AsbEmeg-
0om5 LoLEG9AoL (2.1.1) s Lofyobo 306HMdgdOL (2.1.2) Fgdgao Lsbol 3oM39wo 0b-
393050l SOLBYOMBSL
N,(t)+ N,(t)=N, + N, =a=const.

bmEosOHo  3MMELOLMZOL  sBY3g OTsbollosMYdIos  YIMYMOBOLIO
33X090990 56B)3690006 s®F7369050¢09.

939000 J0tm535H930s  MmO35MGH0ME0  5MHBY36900L  sM(iMz030 Fo09gTs-
03060 mEIwo Lim®E ©idmg®egorwo  Bsghmmob, sbg3y dnEwol yzgers
3098030963900l (335¢905@MBOL FomM35¢olobgdoo.

d'\(;lt(t) = (a(t) =, ()N, (ON,, (t) —  (t, N, (1)) + BN, ()
) (2.1.3)
d_zt = (&, (t) =, ()N, (N, (1) + T (t, N, (1)) + BN, (1)

Nl(O) = NlO’ Nz(o) = Nzoi NlO < Nzo ) N1(t)’N2(t) ECl[O’T] ’ (2.1.4)

Lsog B, — B9bodsdobo@ 3bscggdol LssGBI3bm gIMEMIBOMWO 33P0 GBGOOL
39035¢0L{0bgdol 3m9530(3096(3)9d0s.

MROE  @MY037)H05 Bsgmgswmm, Gmd < f, , Gowysbsg dmddgwo bgwo-
LB gdol AmdbMHggdL, L3OO M, 5930 ©939MILO LSOO F0OHMJOO.

dmgedo  gobgobommo  (33ws©o  3m9R03096Ed0L  890mbgg3s,  39MIm,
303505M)©Mm, Mmd 960936900056 9MBR9369050©g 58MIMBY3gdol  dMmBo3OL
3098030963900 56056 OHMOoL 9Jl3dmbgbEosw Mo BOHPIO BbJ309d0.

t

5~
a,(t)=oe T (2.1.5)

L
a,(t)=a,e’ (2.1.6)

53



Lo
o, >0,a, >0,0, >0,0,>0 .

bom 5©3060LEHE0Yo GbrIMLIdOL Fedmygbgdol gmbjgoobsmazol  f(t,N,(t))
39630bosgm L5d 4obLbZs390MeE F9dmbgg3sl:

1.f(t,N,(t))=b=const>0
2.1 (t,N,(t)) =b,N,(t),b, >0
3.1 (t, N, (1) = Foe‘s%

5060950, 30300900 3mdol 909y S9Mm3Esb69dUL:

T (6" e N(ON,(1)-b+ AN,(D)

det t | 2.1.7)
éft):(azoebZT_aloeélT )Nl(t)Nz(t)+b+ﬂ2N2(t)

L) (™™ — ™ IN(ON, () =BN (1) + AN, (1)

det | | (2.1.8)

B (6" ™ IN(ON (D) +BN(D)+ 4N, (1)

M) _ (06" —arye™ IN,(ON,(D)-Fe” + AN,(1)
it (2.1.9)

dN, () s sl r B
o) (T e NN+ Fe™ + AN (1)

N;(@) =Ny, N(0)=Ny, Ny <Ny,  Ni(t)N,(t)e Cl[O’T]-

50m3s6900 (2.1.7) - (2.1.9) 565¢00BMG5© 56 5dMmoblibgds. MHosbgzomo  sdmblibo-
Lom30L 499mYygbgdmeos 3MMYMIFM0 ocgdm MATLAB.

50f9M0wo  3OmEgLol  UgdsGMeo  sEfges, b 3GmEglol  Lgbseo,
3990000535H9005 bLYIMHSMO 2-DBy.
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SOexbol 256300600k bgbsio sHB3BdowsE sMRgaEadsdwYy I

LyMHsmo 2.
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§2.2 mMLYd09]@0560 5MR7369d0L IMm©IEro Boliogo0Mgdol
390m35wolfobgdoom

MM35M0GH0ME0 50936900 5M5(M33030 F50935E0329M0 FMEIEol BMmYso Lobg
3990094905 999006 s:

d“(glt(t) = (e, (t) — o, ()N, ()N, (1) — f (t, N (1)) + BN, (t)

o (2.2.1)
5 = (@O-aONON O+ f LN©)+ AN, O
N,(0)=Ny,, N,(0)=N,, Ny <N, , Nt),N,({t)eC0,T] (2.2.2)

50 905)6Ox030  ©0RIMHIBE0S MO obEMmEgdsms  LolEgdol  sBmblibs
L3O gdsls 93593l HomdmgsBobmo  s8MAMBG3egdol  BIgdoL (330 gdols
0653035 5MB736980056 956B9369059®g S gobzLoBOzMM™ LssMBg36M WL 53d vy
03  BosMbhg36m 1d09dBHgool dmbowrmbgro bdgdol Momabmds sdmdMBg3egdols
100%-60 gsdmbogdol d98mbggzsdo (N, (T ),N,(T)).

90658 53mIMBg3gdol 100%-b0 godmEbogds 50PBg3690Bg 965 MgomEOs.
5303Mmd ™) 2930035¢0lHobgdm  58MmIMBY39EmMs  49dMm3bogdolL  dmbsErm©bgwn
95396909wb, 3505, 303009000 MABOHM BLE T9HA9OL.

LoAHMbIOMO DBMA0gOMO, 6530905 ©IIMIOSBH0MO, J39Yb9doLm30L ©ods-
bolosmYdw0s 5MBY3BIdOL 2963390 BoloGOE0MIOOL S J9Y4odJIOL 3139~
19d0. 990 ™535H90)0 dMEYo BTGBl 0dWg3s Po30mM35¢olHobmo gl 36Hrm-
39U900 S IM3z5HEObMm Jglisdsdolio 3Mm9JE0MYds JowgdE G9wga)0HY.

39630bowsgm mE Jgdmbgzgzol: MMEs BowlornozoMgdsl s6MBg36900L ML Mo

593L 9200 s 91939, MG 3®BI309d0 BIMIds 35033900 FBoOGROEOMIIOm.

56



d99m300m0m 50b0d36900:

K,~- 3356@md0m0 36033690mdss m3mBozon® 35000l s8mdmBggegdol bagdmm

509bMd0I6, HMIgdds3 50BI36900L gl Bds AoL3gL M3MBOEFOYE 35MEH0L;

K,-- 53560000 8608369@mdss Labgmolygmgdm  3sGGHool  s8mdmBggewgdol

LogMNM MMmEYbMB0WIL, HMIWgds3 5Mg36900L ML bds FolEgl Moz30L 35O 0sL;

K,-- 93500b0530306980L  535O©Mdomo 36093690 ™dss  5MBI369d0L L, 96

3
BoOEMdomo  860336gwmds  m3mbBogomco 35OG00L 2553993930
(B3 bogo3060900) 00993 9bgdols 50 35M@H00oL  IbomdFgOH s
009396900 LogMM MoM©YbMdOW.

L5000 3-B9g 9953593 0s SOFIMH0WO 3OM3gLOL bJgdo@IOo S0HgMs.

B90mm 50b0dbME0 BsJBHMOGOOL gom35¢oljobgdom Fowgdmwos Moabzomo
59mblibgdo.  godmm3wgdolsm30L 3°00g9bgdme  0dbs  3OMAGMmTM0  Qo69dMm
MATLAB.
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- 50bBg36980L g |

|
|

BirbogogoBgdob segd b e
Ni(T) Nz(T)
> ’
Ni(T)ki N2(T)k2
i=1,2
Ni(T)
Ni(T)k1
Ni(T)ki(1-k3 )

LoyBsmo 3.
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§2.3 ™mMLYB09JBH05b0 50Bg369d0L DMy Fomgdo@03Mm0 FmEgEgdols

3003093900 INEIL0MGOS

d00gdmwo Moisbzomo 89093930  BoELOROEOMIOOM S B LOGOEFOMYOOL
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M9LMOLYOOL  A9dMYgbgdom BYRo3wgbsls sbgbab ™m3Mmbogow®mo 3smE0gdol
dbs6s3Fg6 59mIMBY3gdBg  8F9MM39e0 3oMEH00L TFbomgBg AoIMY3560L
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2. 39560390 350300l FbsmsdF o sdmdMBI3wqdo.

3. 3060390 Mm3mBo30MH0 35OE00L IbsMdFIMH0 5IMIMBY39d0.

4. 99m6g m3MmBoE0MO 35OHEH00L bsMIF M0 SdMIMBI3gdO.
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(3.1.1)

d'\(';t“) = (e (1) — a )N, (ON, (1) + (e 1) — s )N, (DN () — AON, (B + 7, ON, ()

deZt“) = (e ()~ a OIN, ON, (1) + (@, (1) — s N, (N () — 5, N, (B) + 7, ON, (V)
dN, (t) B
dt

(a3 (1) = o (OINL (ON; (1) + (25 (1) — 2, (OIN, (ON; (1) + B (ON, (1) + 5, (DN, (8) + 75 (N5 (1)
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©0xIMI6:30609050 $3b30505 Jslido
N, (t),N, (t), N,[t] e C'[0, T]. (3.1.3)
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GO0 356OGH0gd0lL  (30M39wo s  dgmEg  Fgbodsdobo)  99mIMBY3gdoL
39003Mbd0MGOs©  Bb3oolbgs, Tglsdwm M5 ©IIMIMIGHOMEO, TJNMEIIOM;
7,(1),7,(),7,(t) - Bgbsdsdobs  bs®ggdol  Lss@Bgzbm  ©gdma®sg0vwo
33X0g0900L  Aomzsoliobgdol 3mgn03096E9d0s.

93990 g0 m635Hgdwos  sfgmowo 3MmMmEguol bdgdsGmMo smgcs, 9B
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39630bowmm 39MHdm J98b3z935 -- ©GIMYMSB00L BogEMMOL Fom3zsobfiobgdol
3969389, 5699 0ligmo F9dmbgz93s, MHMILSE 5MFYI369d0L sMBY36905g SdMAMBY3ge-
05 5MmY6Mds (33090 - FIMSB3LOO 53MIMBYZIIMS M5MEYBMdS MEOL
3063950 LOsMRYZbM MFBgdOL IJmbg 5TMIMBYZI S BoMEYBMBSL. Sbgon Fgdmbgzyg-

3500 23543V dmEgo 58MmIMBY39w ™S Bmem3560 ©YIMAMSROMWO BoJEMMOm 6

7,(t)=0,ie13,te[0,T] . (3.1.4)

3ob30bowmm 8©do30 3M9x303096GHJo0L d9gdmbgzagzs

a,(t) =, =const>0,i =13,
B;(t)=pB; =const>0, j=1.2.
35806 LobiBgds (3.1.1) Joomgdl 9dqy Labgl:

dN, (t) _
dt
dN,(t)
dt
dN,(t) _
dt

(a; = )N (N, (1) + (o, — )N (DN, () — BN, (1)
(o, = )N, (N, (1) + (o, — )N, (DN, () — B,N, (1) (3.1.5)

(a3 —a )N (N (t) + (a5 —a, )N, (N5 (1) + BN, (t) + B,N, (1)

N, = N;(0),N,, =N, (0), Ny, =N, (0), N,(t),N,(t),N,(t) eC'[0,T].

3bsos Ngy > Nyg + Ny, Gogsbsg Lsfyol £ =0 8mdgb@do (fobs s6Bg369d0L
8md963H0s) Iglsdg bLydogd@ds ImoM 5MHBY36930 S Fobs BBsOMZYEO 35ME00.
0v) (3.1.5) LobEgdsdo g4zgws obEGHMgdsL J9330M9dm, FoMEGH0350 J030090m
30639 30639 0639l
Ny (t) + N, (1) +N4(t) = Njp + Ny + Ny =a (3.1.6)

(3.1.5)-056 23593l

dN,(t) N (O)[(5 —a))N,(t) + (a5 —a, )N, (t) + (o —a;)a— ]
dN, (t) B N, (t)[(@5 — )N, (1) + (o, — @, )N, (1) + (@, —3)a - f,]

(3.1.7)

39069 306039 0639l J030090m, 03¢) 493539009OM 5d39dL:
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(o, ~a,)a=p - p,. (3.1.8)

ds>dob

alay —az)—p=ala, —a;) = f,. (3.1.9)
0¢) Lofiyols Imd9gbEdo LOHIE YOS

(g —a; )Ny + (a3 —a, )N, + (a0, —az)a— 5, =0
35806 803009000 6030596 5dmbliBsls

N, (t) = Ny, N,(t) = N,, N;(t) = Ny, te[0,T].
Q5 O

(a3 — )N, () + (; —a, )N, (1) + (o, —ay)a—p, %0,
35806 (3.1.7) oo (3.1.9)-0sb 33593l

AN, (1) N, (t)
dN, (1) N, (@)’

9.0.

1
Nl(t)=6N2(t), 5607 p=N2° (3.1.10)

s (3.1.5), (3.1.10) gomgzsolobgdom y3543L

DAL~ -, N (0 (@, = N (DT NP+ DT - AN ()
det(t) [p(e, —a,) = (e, —a )(p+1)IN, (1) + [(er, — e Ja— BIN,(1).

LOdMMME 309 Md® (3.1.5)-08 DMUE STMBbLBL
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( —ajz)a—pB N ella-as)aA
10
a, —a;+ pla, —a,)
(a, —as)a—p,
a, —a;+ pla, —a;)
N, (t) = pN,(t)

N, (t) =
' + N]_O (e[(al_%)a—ﬂl]t _1)

N, (t) =a—(p+DN,(t)

3M5GHM0305W OO Yo 046905, 0749

N, (t) >0, N, (t) >0,N,(t) <0.
503603bmm

d=(y—az)a-p
(0, —az)a—p
a, —as+ pla, —a,)

95806 (3.1.11)-056 doz3009dm

N, (t) = N[ (= Ny + Nge®) =N, e**]  q5(q—Ny)N,.e”
1

(3.1.15) - sb 3bsos
signN, (t) = sign(qs(q — Ny)).

(3.1.13) o (3.1.14) a5m35¢00obfiobgdom

(-a)a-pf &
a—az+(a,—a;)p o —az+(a,—a;)p

qo =

39630bowmom ©599bodg Lbgsolibgs 99dmbgags:

(q - N10 + Nloe&)2 - (q - N10 + Nloe&)2 '

(3.1.11)

(3.1.12)

(3.1.13)

(3.1.14)

(3.1.15)

(3.1.16)

(3.1.17)
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1. a,2a,>a;>0 (3.1.18)

5699 335936 G0 I0gMHo M3MBOEOS.
©5 (3.1.18) g5035w0lobgdoo [0 >0. 35806 (3.1.16)-056 3090 MdM

Sigan(t )=sign(q—N,).

90, G 9Bl 306mds (3.1.12), LaFomms 4> Ny, 56wy

(a4 —az)a—p

> Ny,
a, —a;+ pla, —ay)

(a, —az)a— B > (a, —a;)Ny + Ny (a, —as)

(3.1.6) o (3.1.10) gomzserolifjobgdom

B <(ay —a; )Ny +(a; —a3)Ny.
50530OMws© (3.1.8) ©sdz39000s6
P> —ay)a
9b9 030 58 890mMb393580 3030090  SMBEHM0Z05¢M FMEIEL, 0119 LOEXEIOS
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Ay > O,y =0y, 95699 30039000 Mm3mDBOEoMM0  35GE00L  5JGHOMOHMdS  89B0s,
300009 5JGH0OMdS IJMEY M3MBOEOME @S FTSOMZIW 35O EH0JOOLS;
NL(T)>N,(T)+N,(T) -- 885603900 356H00L 58mdHBYIZ9ms Hom@9brds

566936900L dMAgbEBHOLM30L  FgBHos M3MBoEOWMO 35MEH09d0L  S8MIMBI3gEMS
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X907 MHoMmEIbMdsDY. Fo3G5d, M3MBOE0MHO 35OEH00L 5IMIMBY3w9doL dg@o

593H0OHMd0L godm (k1 > k2 = k3 ) 239969%s:
KsNo(T) <kN,(T ) +k,N,(T),

053 6036536 M3MDBoEoMMO 356GH0900L M30MSEHGLMBIL 50B)3690DY. MEMEMdOL

530blBom g3mmmmdoy obge f, =min f, f,” =min f,, 6mdwmgdologols

kst(T )> kl(l_ fl* )Nl(T )+ kz(l_ fz* )Nz(T )

9.0. 3363L5BM3M9300 M Mo F0bodsemo  BswlLoGOE0MYdOL TJBIMPIOOMO

96003690355 BoFoMM, Moms 38>MM39wds 35MEGH05 85063 dMmodmb 56MHBg36900

(3bmdoo K, K, @5 K,-l 898mbgg3580) (obowgo 65b.3.3.6).

« 105 k1=0.6 k2=0.45 k3=0.45 f1=0.15 f2=0.05

10 T T T T T T T

L L
N (>N, (D+N,(M)
kgNy(M<k Ny (T)+k"N,(T)

- t=T
Kg*Ng(T)>N, (T)+N,(T); /

L alfa1>alfa2=alfa3
betal> beta2
N O<gama1=gama2<g.51ma3

©

[oe]

~

bdgdols @smEgbmds

/ NZ(T)f

0 [ [ [ [ r r [ r [

0 200 400 600 800 1000 1200 1400 1600 1800
960l GomEgbmds

60b.3.3.6
d9Lodsdolo ggMol  FadGowgdo dggbodsdgds
966936900l gl JoEgdyeo Hdgdol MgowrmE
50096m0sL, beagoem Ni(T)e s No(T): §gdEowgdom
506036905 890920 BoLogoE0MIdOL 990©IY.

2000
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7)

kK, >k >k,, 369 gsO@mdomo 8609369mds  58mdGRygemgdol  dmgwo
509bMd0I6, HMIWgddsz 50Bg36900L Mgl B> Folzgl BFSOMMZGE 35Ol
d9@0d, 30069  FoMEmdomo  360d369mdgd0  STMIMRG3gdol  dongwro
509bMd0IB, GMIgdds3 9Mhg3bgdol gl  Bds Jolggh  M3MBoEOE
356 &09ob.

Ay > O,y > Oy, 96 0300B0309900  3503H0gd0L  5dGHovIMmds 9B o0s, 300609
005003900 356EGH00U;

NL(T)<N,(T)+N,(T) -- 88560390 3s6GH00L 53mIMRIZIms Gom@gbmds
566936900L ImIGBEGHOLMZ0L 65319305 M3MBOEOYIM0 35MEH09d0L 5dMIMBYZ9WMS
X997 ©5m©gbMdsHY. 0bg35 FFsOMZIWO  35MFGH00L  5FMIMBY39dOL
89)0 5JBHoMO™MdOL 3sdm (K, > K, > K, ) 3399690s:

KsN3(T) <k Ny (T) +k,N, (T),

o3 60dbsgl  90B93690Bg FoMMZ3go  3oMGHO0L  dglodwm  EsdoM3bgdSL.
MA@ MOOL 5dmbLboL gHom 33MmMEMmdm fl* =min f,, fz* =min f,, ®mdwgdog
530545309396 306H™MdSL

k,NL(T)>k(1—f )N(T)+k,(1—f,IN,(T).

9.0. 3563L5BM3M3m ) M5 J0b0TsE MO  BoloGO30MHJOOL TGBIMOIIODO
860936900 Md55 LoFoMOM, Broms 35MMZgeds 35MEGH058 »YBOHMB3gEYml 5®BY3690DY
350560% 3905 (3bmdowo K., Kk, ws K,-b 898mbgg3580) (obowgo 65b.3.3.7).
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b 10° k,=0.46 k,=0.38 k,=0.64 f,=0.24 £,=0.19

10 L L L L L L L L L

N5(M<N, (T+N,(T) alfa, >alfa,>alfa,

k"N (T)<k "N, (T)+k*N,(T) | beta,>beta, - .

Kg*No(M>N, (T)+N,(T); 0<gama,=gama,<gama, /
8 -

o

b3gool Momwgbmds

N,() I o

2r N, () g

! N(T)
Nz(t)/ iy / o

r r r r r r r r r
0 200 400 600 800 1000 1200 1400 1600 1800 2000
©ggdol BHomEgbmds

6ob.3.3.7

d9Lodsdolo ggMol  FadGowgdo dggbodsdgds
0bB936900L LIl J0wgdXEo HIgdOL Mgocw®
0m©9bMdsL, bomenm Ni(T) s N2(T)r 9O GHowgdom
506036905 890920 BoLoRoE0MIdOL 90IY.

8) k >k, >k, , 569 gs®@mdomo 8608369@wmds 58mdMBIzemgdol dmgmo Memg-

BMd0@sb, OMIWgddsg 96MB936900L gL  bds Fobggl 306039 M3MboEoME
39MGH0sL  393H0s, 3000609 BoOOMI0mMo 360d369wMds 5dMmIMBY3egdol dogero
65m©YbMd0IH, MMIWgddsi 5MBY36900L ®gl bds Boliggl gmeg Mm3mbogor®
39OG05L o Jgbodsdolo  FgBHos, 30009 R9OEMO0MO 3603369 mds
59m3MBg3gdol dogwo MHomEgbmdosb, MMIgddsg 90MB936900L ML  bds
dobgl dsmM3gar 3oMEH0SL;

A, >0y >« 3699 m3mBoEoMmo 35MHGH0900L  9dGHOMOMds FgBH0s, 300069

30
005003900 356GH00U;
NL(T)>N,(T)+ N,(T) -- 38s6:m039¢0 356&H00b 500m3GBIZgmms H50@9bmds

56B936930L dmdgbGHolm3zoL  dgBos Mm3MBoEOMEMO 35MEH0900L SdMIMBIZgW D
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X907 50MmEIbMdsBY. 353650, M3MDBoEoMMO 35OGH00L SdMIMRI3gdol IgBo
5JBHon®mdOL godm (K, >k, > K, ) aggdbgdo:

KsNg(T) <kiN; (T) +k,No(T),

o3 60dbogl Mm3mDo30MH0  35OGH09I0L  M30MOGJLMOLL  50Bg3690DY.
MBHME@®doL  5dmblbom  33mmemde  obgo f =minf,,f, =minf,,
O I9doLm30Ls3

K,N,(T)>k(1—f, IN(T)+k,(1-f, )N,(T).
9.0. 3363L5BM3MO300 M) G5 F0boTo MO BOLOGOEFOMYOOL TJBIMOIIONO
96003690md55  BoFoMm, Goms  8sOMZ3gWds  35MGH053  dmoamb  5MHBg36900
(3bmdowo K, K, @s K,-U 898mbggzsdo) (obogrgom 6sb.33.8).

k, >k, >k,, 61 gsO@mdomo 8603369cmds  s8mdMmBgegdol  dmgeo
509bMd06, MMIWYdTog 90936900l ©Egl  bds Tobggl oGz
M30D0EgoNOH 35O 99B0s, 30009  RBsMEMO0omo 3603369 mds
50m3MBg3gdol d;gwo MHomEgbmdosb, MMIgddsg 56Mhg36900L ML  bds
dobgl 3BsmM3g  35MG0SL s FgLsdsdoLOE gBH0d, 300M)  BIMOMIODO
960093690d5 59mIMHBY3e9gd0L Bmgeo Gom©gbmd0@IB, HMIEgddss s0BRg369d0L
gl bds Job3gL FgMMg M3MDBOEONE 35MEH05l;

Oy >0y >0y 5 96 m3B0309900  3503H09d0L  5dGHoIMMds 8gG0s, 30069
8056103900 35MG00U;

NL(T)<N,(T)+ N,(T) - 88560390 356000l 58mdGBg3gmms H5m@gbmds
566936900L IMIGBEGHOLMZ0L 65309305 M3MBOE0YIM0 35MEH0900L 5dMIMBYZ9WMS
X907 M5m9bMdsBY. 83sMIM39w0  35OEGH00L  5IMIMBYZGOOL 5GBS 3ITIMOLO
5JBHOMOE@dOL godm (K, >k, >k,)

KoNLo(T) <k N, (T) +k,N,(T),
o3 Bodbogl 9MB36g00L OML M3MDBOEOMMHO 35OHGH0JO0L 130MOEGJLMDL. 50
09000b3935d0 M3MBOEGONE 35OFH09dds MBS 05MHMb  JoodBHomGgdol gboo -
239B56O©OMb  3m9803096@ 900 a,o,  Gms, Jgboderm  Bseboxzogo®gdol
B90mbggzedo ( f, >0, f, >0), Bosoffomb Lsdmamm 3585039056 56Bg3693%
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kst(T) < kl(l_ fl)Nl(T)+ kz(l_ fz)Nz(r)

(oboergom 65b.3.3.9).
« 106 k1:O.6 k2=0.45 k3=0.4 f1:O.l5 f2:O.05
3.5 T T T t t t t t
N3(I')>Nl(r)+N2(r) alfal>alfa2>alfa3
k3*N3(r)<kl*Nl(r)+k2*N2(r) beta1>beta2
3 | kg*Ng(M>N, ()+N,(T); gama, =gama,<gama,<0 /I=T h
a / |
rg N3(t)
g 2F y
™)
«
é
-
< 15+ g
<
=
N, ()

0.5 .

0 r r r r r r r r r
0 200 400 600 800 1000 1200 1400 1600 1800 2000
©Egg00l Homgbmds

65b.3.3.8

d9L50590b0 BgMOL  FaMEGHowgdo Tggbsdsdgds
6B 936900l Mgl Jowgdwyero bdgdols MgowrmE
50m©bMdL, berewm Ni(T)r s No(T)t fad@owgdom
50b0dbMwos 8900980 BoboxzoEo®mgdol 9909,
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< 106 k1=0.52 k2= 0.45 k3= 0.5 f1=0.15 f2=0.1
10 T T T T T T T T T
N3(I’)<N1(F)+N2(T) ah‘.';11>ah‘az>alfa3
| kg*Ng(M<k *N, (T)+k,*N,(T) beta, >beta, |
kg™N3(M)<k "N, (T)+k,*N,o(T); | gama,=gama,>gama,>0 =T
o / ]
71 .
Z 6. N, (M 4
£ N, ()
g e
g s .
=
< »
< 4r ]
© N3(t)\
3 / \ -
2 N,,(t) N, (T); 7
\ [ 8
1 .
0 r r r r r r e T r r
0 200 400 600 800 1000 1200 1400 1600 1800 2000

EEggd0ls Gomegbmds

65b.3.3.9

d9Lodsdolo ggMol  FadGowgdo dggbodsdgds
0bB936900L LIl JowgdEo HIgdOL Mgocw®
50096m0sL, beagoem Ni(T)e s No(T): §gdGowgdom
506036905 890920 B logoE0MIdOL 9999Y.

10) k, >k, >k,, 69 gosdomdomo 8609369mds  8mMRg3gdol  dmgwo
509bMd06, MMIWIdTog 90936900l ©Egl  bds Tobggl  3oG3z9e
Mm3mHBoEGoNO 35Ol 9905, 3069  FoMEMdomo  360d3bgwmds
50m3MBg3gdol d;go MHomEgbmdosb, HMIgddsg 90Mhg36900L EIL  bds
dobggl  8gmeg  M3MBoEoO  3oMEGH0L s dgLodsdolo  AgBH0s,  30MY
RoOEMO0mo  360d3bgemds  $8mAMBG3egdol dgwo  Mom©gbmdosb,
I gdds3 96MB936900L Mgl bds Jobgl FSOMZ9E 35O EO0U;

Oy = 0oy > Ay, 96 m30Bo30M0 35MGH09d0L 5dGHowcmMds 9B os, 300609

005003900 356MGH00L 59BH0OHMD;
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N,(T)>N,(T)+ N,(T) -- 83:s60039¢0 350300l 50m3MBRIZgms Bom@bmds
56936900L dMmAgbEBHOLM30L  FgBHos M3MBOEOMEOO 35MEH0900L 5dMIMBIZGEMS
X996 H5mgbMdsBY. Bogsd, M3MDBOEOMMO 35MEH09d0L 58MmIMBY3EgdoL Igdo
5JBHon®mdoL godm (K, >k, > K, ) aggdbgdo:

ksN3(T) <k N (T)+Kk,N,(T),
o3 603653l M3MBo30MM0 3560FH09d0L M30MOEJLMIL sOBY3690DY. Jm39gdmwo

f,,f,  3m9803096GIdOL Bgdmbggzsdo 33meEmdom ol k. =mink, cos

kz* =min kz, HMI9003 93059MFB0gdab 30MHMIL

k3N3(|') < kl*(l_ fl)Nl(T) + kz*(l_ fz)Nz (l-) .
by Hobolifot 3bmdoer  Fglsderm  GgoIMHmsb  FosbErmgder  Goem-
LoxzoE30MYd0L  Fgdmbgzgzodo  gob3zLEBMZMOZ00  M3MBOGFONMO  356MEH09O0IH
50mIMBg3gms  dmligerol  BoMEmdom  MdzoMglb  360Id3z69wmMdL, MM
3mH03059 d050FoMmb BodmeEmm 45350X 3905l 5093690y (obowrgm 65b.3.3.10).

59 35300 gobbowamo 0dbs Lsdo Lys®BRY3bm Ldogd@olL (83sMM39w0 s MEO
M30D0E0O0 35OHGHO00, dEXPMIOL, 35W0E00L) 5MBY367d0L sMM3030 F5009doE03v)-
G0 ©5 333099GHYOHME0 Y0, O3 LETMsEgISL A35degOL gobglsbrzMmm
30303600 541809dGH9g00L dMmTbOHYMs MomYbmdol obsdols 3gMomdo sMBg3b9-
0056  5MB9369059g MYl Yz9ws 3m9x3030963JO0L (335009d5MIOL Qom3s-
wwobfobgdoom.

dm9gedo  49m35¢olfobgdmeos  ©IIMAMIBOMWO  BodBHMmEO, SMhg3690Dg
59m3MBg3gd0ol 459mEbogdol  Lbbgoolbgs 85839690900 S M3MBOEOWMEMO 356 -
G0ob bdgdob 49633910 25Ysendgds 56B936900L L.

500900 35079953030 S 30330GHIOME Bl 593l MMM 0gMEO0-
o, 51939 3MJdG03wo 3609369wMds. 30030396 Mm3MmbgbR ol ( bgwrolraegdsls
@5 M3MBo300L) 9I0sm BoMOMP 9dM0Ygbmb Jowgdmwo dgwgygdo: soM®Bomb
BEAOSEIR0, F9M35¢Mb M30L0 TGLodEYGIWMBJd0, 569 356589EHMYd0, Loliyemzgwo
d0Bbol dobowgzsc.
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% 10° k,;=0.51 k,=0.51 k,=0.36 f=0.1 1,=0.1

L L A A A

L L L L
No(T)>N, (T)+N,(T) alfa, =alfa,>alfa,
Kg*Ng(T)<k "N, (T)+k,*N,(T) | beta, =beta,
ﬁk3*N3(T)<kl*Nl(ﬂf+k2*N2(T)f gamalzgamazzgama3>0

~

0 r r r r r r r r r
0 200 400 600 800 1000 1200 1400 1600 1800
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