MPUJTOKEHHUE
KoMnib10TepHbIE NPOrpaMMbl MOI€JTHPOBAHUSA

IIporpamma MChl

$8Bamavya o NBAHOM MaTpoce. MHAMBMUAYyAaJIbHas peaM3alns CJIyYdalrlHEBIX
OIIYXKITAHMIM .
x=L1;X=L15
M=5; $umwcro maros B 6Gape
N=20; $umcrno maros marpoca
X(1)=1; sero mauambuoe momoxenue
X=zeros (m+1 ’ N) ;X(l ’ l) =X(1) > $3aroToBKa MaTpHIE «IIoJOXeHne— SHOMEP
mara». CocrTosHMe (M+1) 3Ba OBEPLI
$Cama wmurpa
for 1=1:N
1T xX(1)==1;x(1+1)=2; $nepreut mar or crosixu
else z=rand;if z<.5;x(i+1)=x(i)+1;
else X( i +1) :X( i ) -1;end;endscrayuvariuent BEIGOP MPOMEXYTOYHOTO maTa
1T xX(1+1)==m+1,K=1+1;X(X(1+1),K)=1;break;end %srmesn
X(X(0+1),1+1)=1; ¢sanonnenne maTpuir «IIOJTOXEHUE-HOMED MATa»
end
1T 1+1<N;k=1;else;k=0;end;K %ouxcanmus srxona
% I'papmuueckmuyt BEIBOZ. ECJmM HYyXeH TOJIBKO I'Pa@MK MaTpPMIE, [IOCTaBBTE % Y
16,17
figure(l);for j=l1l:i;bar(x().,.1,"g");
axis([-5 m+1+.5 0 1.5]);pause(1l);hold off;end;
bar(x(1+1),1.5,"m");axis([-5 m+1+.5 0 1.5]);
figure(2);colormap(white);
bar3(X(:,1:N));
axis([ -5 N+.5 .5 m+t1+.5 0 1.0]);
ylabel ("cell number®);xlabel("step number*®)
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IIporpamma MCh2

% 3amava o HBSIHOM MATPOCE. BEUMCIIEHNE BEPOSTHOCTEN [0 WMHIMBMUIYAJIEHEM
peanm3anmuaM

x=[1;k=0;
M=5; $umcro maros B 6Gape
Nmax=100; sgns rpadmxa
N=20; $umcro maros MarTpoca
X(1)=1; % ero mavameHOe mosOXEHME
Ntest=50; uncrno mcneranmii: yem Gospme, TeM TouHEe
for g=1:Ntest;
% mHOMBMOyaJBHEE pPeaan3alnn

for 1=1:N

1T x(1)==1;x(1+1)=2;

else z=rand; i1t z<.5;x(1+1)=x(1)+1;
else x(1+1)=x(1)-1;end;end
1T x(1+l)==m+1;K=i1+1;break;end
end
1IT 1+1<N;k(q)=1;else;k(q)=0;end;%uuguxanms srixona
end
probab=sum(k)/Ntest <¢seposruocTs BRIXOHA
%Ipapuueckmuit BEBOL
figure(l);plot(N,probab, "*k");
axis(JO Nmax O 1]);xlabel("number of steps given®);
ylabel ("probability to leave®);hold on
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IIporpamma MCh3

¢¥Bagava o HOesHOM MaTpoce. MaTpuyHas MOIEJIb
M=5;%urcro maros B 6ape

d=.5;

%B.BIT:U/IC’JIGHI/IG MaTpPUIIBEl [TePEeXOIHEIX BepOHTHOCTeﬁ[
P=zeros(m+1,m+1);

for 1=1:m;P(1,1+1)=d;P(1+1,1)=d;end;P(2,1)=1;P(m,m+1)=0;
for 1=1:m+1;P(1,1)=1-sum(P(:,1));end
%HaqaﬂbeU}’I BEKTOpP COCTOAHMA
SO=zeros(mn+1,1);S0(1)=1;

S(:,1)=S0;

N=100; ¢umcro maros marTpoca

$Cama wmurpa

for 1=1:N

S(:,1+1)=P*S(:,1);
end
Sd=d1 ff(S (m+1 ’ I)) > eBrluMciIeHNMe Ou@pPepeHMaIbLEHOI'O BRIXOLA
IM=[1:N]*Sd" ¢cpennee umcno maros mo Brixoma
Tfigure(l);colormap(white);bar3(S);
axis(fl 1 N .5 m+1+.5 0 1]);
set(gca, "DataAspectRatio",[7 1 .2]);
ylabel("cell number*®);
xlabel (" transition Tumber®);
zlabel ("probability”®)
figure(2);stairs(S(m+l,:),"k");axis([ -5 N+.5 0 1]);
grid on;xlabel("transition number*®);
ylabel ("probability to leave™);
figure(3);stairs(sd, "k");hold on;
Line(im im],[0 max(Sd)], "linewidth",2);grid on;
xlabel ("transition number®);
ylabel("probability to leave at the i1-th step”)
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Iporpamma MCh4

% Bamava o mesgHOM MaTpoce. HecumMeTpuuHele maru. JHubdysrms.
x=[1;k=0;S=L1;P=L1:

M=5; Sumcno maros B Gape

d=.0; scummerprunas yacTs nepexomos

V=_1; ¢mecummerpruunas yacrs mepexomoB. HampaBjeHa BIPaBO
Vf:-7;%BepOHTHOCTb MTOKMHYTE IIOCJIEIHIKKD pabouyn SYEHKY

%Ma Tpria

P=zeros(m+1,m+1);

for 1=1:m;
P(r,1+1)=d;P(i+1,1)=d+v;end;P(m,m+1)=0;P(m+1,m)=vT;

for 1=1:m+1;
P(i,1)=1-sum(P(:,1));end;P(m+1,m)=1;P(m,m)=0;P(m-1,m)=0;
1T min(min(P))<0;warning="Matrix IS incorrect”,h break;end
Y%rpoBepka MaTPMIEI HA HEOTPHUIATEIBLHOCTE SJIEMEHTOB

Y%WHayabHERT BEKTOP COCTOSHMUS

SO=zeros(m+1,1);S0(1)=1;

S(:,1)=S0;
N=150;%umcro maros (mepexomos)
for 1=1:N

S(:,1+1)=P*S(:,1);

end
Sd:diff(S(m+l,I));%ﬂ@@quﬂmymHyﬁI%MOﬂ (morox B abcopbep)
IM=[1:N]*Sd" ;%cpennee umcro maros mo Brixoma — cpenHee BpeMs
npebrBaHMUA

WIpadmuueckmii BEBOO PEe3yJIETATOB
Tfigure(l);colormap(white);bar3(S);

pbaspect([2 1 1]);

axis([-5 N+1+.5 .5 m+1+.5 O 1]);ylabel("cell number™);
xlabel (" transition number®);zlabel ("probability®)
figure(2);stairs(Ssd, "k*);hold on;

line(1m im],[0 max(Sd)], "linewidth",2);grid on;

axis([ -5 N+.5 0 1.1*max(Sd)]);

xlabel (" transition number®);ylabel("outflow®)
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IIporpamma MCh5

% OmHoMepHas auddy3ms
x=[1;k=0;S=[1;P=[1;St=L1;

m=57; Suncmo paboumux sAYeek
d=.3;v=_1;vFf=_1; Smapamerpr nporecca

sllocTpoeHMe MaTPUIE

P=zeros(m+1,m+1);

for
1I=1:m;P(r,1+1)=d;P(i+1l,1)=d+v;end;P(m,m+1)=0;P(m+1,m)=vT;
for 1=1:m+1;P(1,1)=1-sum(P(:,1));end;

1T min(min(P))<0;warning="Matrix IS incorrect”,break;end

¢HayaJbHEY BEKTOP COCTOSHUSI
SO=zeros(m+1,1);S0(1)=1;
S(:,1)=S0;

N=299 5 WUicuio nepexonos

St=zeros(m+1,N);

for 1=1:N

$BexTop nomaumu (BEOepuTe OnOMH, OCTaJIbHEIE 3akKpoure 3 )

wif 1==1;SF(1,1)=1;else ST(1,1)=0;end;o0=1; ¢onmHopazosert BrpsCK
Sf(l ’ i)=l ;0=3; SHeNnpepEBHAas MNOCTOSHHAas Homada
%TF=60;ST(1,1)=1+.2*sin(2*p1*1/TT) ;0=5; scunycomnansras nmonaua
c mepmomomMm Tf

YWoBosOLME COCTOSHMSA

S(:,1+1)=P*S(:,1)+ST(:,1);
end
Sd=di ff(S (m+1 ’ I)) > snppepeHnanbHbN BEIXOL
im= [1:N]*Sd' , sCpenHee BpeMs HOpeOBBaHMS — MMEET CMBICJI TOJBKO IJISI
OOHOPAa30BOI'O BIIPEICKA

figure(l);colormap(white);bar3(S(1:m,:));

pbaspect([2 1 1]);

axis([ -5 N+.5 .5 m+1+.5 0 1.1*max(max(S(1:m,D))D;
figure(2);subplot(3,2,0);plot(ST(1,:));

hold off;subplot(3,2,0+1);plot(diff(S(m+1,:)));hold on
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IIporpamma MCh6

$Bamauya o0 NBSHOM MaTpoOce. JIBYXMEPHEIM CJIydan
s=[1;v=01:S=[1:9=L1;
n=3;m=4;% Pasmeprr 6apa B marax: (M-1) Bposs, N nonepex. I[Iporpamma
$sanmcana TOJIBKO njs »Tux BHAYEHMUHN.
s=zeros(n,m);
Nt=1;%Yrcno wmcneranmsi
g=zeros(1,Nt);
for h=1:Nt;

s=zeros(n,m);
N=20; $Yrcrno maros marpoca
s(2,1)=1;S=zeros(m*n,1);S(:,1)=reshape(s,m*n,1l);
for k=1:N
iIf s(2,1)==1;z=rand;if z<1/3;s(2,2)=1;end;
it z>1/3 & z <2/3;s(1,1)=1;end;
it z>2/3 & z<3/3;s(3,1)=1;end;
s(2,1)=0;S(:,k+1)=reshape(s,m*n,1);s=zeros(n,m);end
1T s(1,1)==1;z=rand; i1t z<.5;s(1,2)=1;else s(2,1)=1;end;
s(1,1)=0;S(: ,k+1)=reshape(s,m*n,1l);s=zeros(n,m);end;
iIf s(3,1)==1;z=rand;if z<.5;s(3,2)=1;else
s(2,1)=1;end;s(3,1)=0;
S(:,k+1)=reshape(s,m*n,1);s=zeros(n,m);end;
1T s(1,2)==1;z=rand;1f z<1/3;s(1,1)=1;end;
1T 1/3<z & z<2/3;s(1,3)=1;end;
1T 2/3<z & z<3/3;s(2,2)=1;end;s(1,2)=0;
S(:,k+1)=reshape(s,m*n,1);s=zeros(n,m);end
iIf s(3,2)==1;z=rand;if z<1/3;s(3,1)=1;end;
1T 1/3<z & z<2/3;s(3,3)=1;end;
1T 2/3<z & z<3/3;s(2,2)=1;end;s(3,2)=0;
S(:,k+1)=reshape(s,m*n,1);s=zeros(n,m);end
1T s(3,3)==1;z=rand; i1t z<.5;s(3,2)=1;
else s(2,3)=1;end;s(3,3)=0;
S(:,k+1)=reshape(s,m*n,1);s=zeros(n,m);end;
iIfT s(1,3)==1;z=rand;if z<.5;s(1,2)=1;
else s(2,3)=1;end;s(1,3)=0;
S(:,k+l)=reshape(s,m*n,1);s=zeros(n,m);end;
1T s(2,2)==1;z=rand; 1t z<1/4;s(2,3)=1;end;
it 1/4<z & z<2/4;s(2,1)=1;end;
if 2/4<z & z<3/4;s(3,2)=1;end;
1T 3/4<z & z<4/4;s(1,2)=1;end;s(2,2)=0;
S(:,k+1)=reshape(s,m*n,1);s=zeros(n,m);end
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1T s(2,3)==1;z=rand; i1t z<1/4;s(2,2)=1;end;

it 1/4<z & z<2/4;s(1,3)=1;end;

it 2/4<z & z<3/4;s(3,3)=1;end;

it 3/4<z & z<4/4;s(2,4)=1;end;s(2,3)=0;
S(:,k+1)=reshape(s,m*n,1);s=zeros(n,m);end
s=reshape(S(:,k+1),3,4);

1T S(11,k+1)==1;9g=g+1;break;end%xorer urps - srmes
end;end

prob=g/Ntest; $seposruocre BriXOZA

% Ecmm Ntest>1, 7o syume szaxpwrs figure (1) sHaxoM $
figure(l);

for w=1:k+1;bar3(reshape(S(:,w),3,4));pause(-1);
hold off;end

figure(2);plot(N,prob, "*k*);hold on;axis([1 160 0 1])
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IIporpamma MCh7

$lIByxMepHas nuddysmus C Neperoponkoir Mmexny J=m/2 wu j=m/2+1
S=[]1:Sm=[1;P=[1;0=[1;

n=5;m=10; $Pasmeprl objlacTM B UMCJIaxX sS4eek
d=0.2;v=.2; S$llapaMeTpEl HOponecca
SmO=zeros(n,m);SmO(5,1)=1;
S(:,1)=reshape(SmO,n*m,1);

OcHOBHasS MaTpuIa

P=zeros(n*m);

for 1=1:n*m-n;P(x,1+n)=d;P(1+n, 1)=d+v;end

for 1=1:n*m-1;P(1,1+1)=d;P(1+1,1)=d;end

for 1=1:m-1;P(i*n,1*n+1)=0;P(1*n+l,1*n)=0;end;
% «YcraHOBKAa» MNEpPEeropOnKM

for 1=1:n;P(n*m/2+1,n*m/2-n+1)=0;end;
P(n*m/2+1,n*m/2-n+1)=d+v;

for 1=1:n;P(n*m/2-n+1,n*m/2+1)=0;end;
P(n*m/2-n+1,n*m/2+1)=d;

%ﬂMal"OHaﬂbHHe SJIEMEeHTE]

for 1=1:n*m;P(1,1)=1-sum(P(:,1));end;

N=260 ;%Urcro nmepexomos
for k=1:N
S(:,k+1)=P*S(:,k);
end
figure(l);colormap(autumn)
%$BapmaHTE T'padmuyecKOro BHBOIA. [lompobymTe BCe

%For 1=1:N;Sm=reshape(S(:,1),n,m);bar3(Sm");
Yaxis([-5 n+.5 .5 m+.5 0.25*max(max(Sm0))]);pause(.-1);
%hold off;end

%For 1=1:N;Sm=reshape(S(:,1),n,m);surf(Sm);
Yaxis([-5 m+.5 .5 n+.5 0.25*max(max(Sm0))]);pause(.-1);
%hold off;end

%Ffor 1=1:N;Sm=reshape(S(:,1),n,m);contourf(Sm,20);
Yaxis([-5 m+.5 .5 n+.5]);pause(-1);hold off;end

%Sm=reshape(S(:,N),n,m);bar3(Sm);
Yaxis([-5 m+.5 .5 n+.5 0 max(max(SmO))]);hold off
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IIporpamma MCh8

Wlisa ycTporicTBa

P=01:v=0L1;w=0[1;:W=[1;A=L1;

N1=1/20; smnoraocrs moroka oTkKas30B ycrTporicrBa 1
N2=2/20; $ mnorHOCTE HOTOKA OTKAB0B YCTPOMCTBA 2
Mm1=2/20; snnorHoCcTs HmOTOKA OKOHYAHMIT PEMOHTA yCTPOMCTBa 1
m2=6/20; ¢ mroTHOCTE HmOTOKA OKOHYAHMIT PEMOHTA yCTPOMCTBa 2

D1=5;D2=10;%zgoxonze

%Ma Tpmiia
P=[1-n1-n2 ml m2 0
nl 1-ml-n2 0 m2
n2 0 1-m2-nl ml
0 n2 nl 1-m1l-m2];

[v,w]=ei1g(P);W=diag(w)";

for 1=1:4;1f abs(W(1)-1)<10™(-5);f=1;end;end;
Sa=v(:,F)./sum(v(:,T)); sacumnrornueckme cocrosums
D=(D1+D2)*Sa(1)+D2*Sa(2)+D1*Sa(3) smonuent umcrest moxon
figure(l);bar(Sa);

xlabel ("state number®);ylabel("probability")

IIporpamma MCh9

%MHOTOKAHANBHAS CHCTEMa OOCIIYXMBAHMSI C OTKAa3aMu
P=L1;v=L1:w=L1:W=L1:A=L1:

M=47; Sumcro cocrosgumit =umcmao xaHamoB + 1

0=1; smonoxenme rpapuxa Ha ceTke 2X2

n=1. 5/10; 3MJIOTHOCTE IIOTOKA 3asBOK

m=. 5/10; SMJIOTHOCTE IIOTOKA OKOHYAHMIM OOCJIYXMBAHMUSI

%Ma Tpmiia

P=zeros(M);

for 1=1:M-1;P(i+1,1)=n;P(1,1+1)=1*m;end;for 1=1:M;P(1,1)=1-
sum(P(:,1));end

[v,w]=ei1g(P);W=diag(w)";

for 1=1:M;1f abs(W(1)-1)<10™(-5);f=1;end;end; T
Sa=v(: ’ f) -/sum(v(: ’ f))%a CHUMITOTUYECKOE pacHpernejeHue
figure(l);

subplot(2,2,0);bar(Sa);axis([-4 7.6 0 .5])
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Iporpamma MCh10

30mHOKaHaJIBHAas CuUCTeMa OBCIIyXMBAHUS C Ol_'paHMT:ZeHHOI;I ouepenvn
-v=L1w=01:W=[1:A=L1;

YMCJIO COCTOSHUM=IJIMHE ouepenmu+2

3
3

MOJIOXEeHMEe I'paduka Ha cerke 1X2

noTN
PR O -
\ﬂlﬂlu

N

> SIIJIOTHOCTE ITOTOKA 3asBOK

m=.5/2 > SMJIOTHOCTE IIOTOKA OKOHYAHMSA OOCJIYXMBAHMUSI
ra=n/m , dUX OTHOINEHME

%Ma Tpmiia

P=zeros(M);

for 1=1:M-1;P(i+1,1)=n;P(1,1+1)=m;end;

for 1=1:M;P(1,1)=1-sum(P(:,1));end
[v.,w]=eig(P);W=diag(w)";

for 1=1:M;1f abs(W(1)-1)<10™(-5);f=1;end;end; T
Sa=v(:,TF)./sum(v(:,T)) sacuunroruuecrkme cocrosums
line=[1:1:M-2]*Sa(3:M) ¢cpenuss mauna ouepemm
time=line/nNscpennece Bpems crosHms B ouepenu
figure(l);

subplot(2,2,0);bar(Sa);grid on;axis([-4 8.6 0 .6])
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OI'TABJIEHHUE

BBEJIEHUE

B.1. Yto Takoe nenn

B.2. UcTopust BO3HUKHOBEHUS TeOpUH Lieneil MapkoBa

B.3. O yém 310 ocobue

OCHOBHBIE ITOHSATHUS 1 ONEPATOPHI TEOPUHU LIENTEN

MAPKOBA

1.1. Bugasl cnydailHbIX IPOLIECCOB

1.2. I'padbr neneit MapkoBa. Marpuna nepexoJHbIX BEPOSITHOCTEM.
Bexkrop cocrosHusa. HauanbHblil BEKTOP

1.3. HekoTopble 1OMOIHUTENbHbIE 3aMEUYaHUS

CJIYUYAMHBIE BJIYXKJIAHUS YU TIPOLECC JU®DY3UU

YACTHUL

2.1. Tlpocreiimas cxema Oy XIaHUs 110 TIPSIMOU. 3a7ada 0 «IbIHOM
MaTpoce»

2.2. OnnomepHas quddy3usa. Bunel v BIusiHuEe KpaeBbIX yCIOBUH.

2.3. Iuddy3us ¢ ICTOUHUKAMHU WK TPOIIECC C MOPOXKIEHUEM YaCTULL

2.4. Cnyyvaiiable OnyxJ1anus U 1M Py3us Ha MIOCKOCTH

BBEJIEHHUE B TEOPUIO CUCTEM MACCOBOI'O

OBCJ1Y’KUBAHUA

3.1. Knaccuduxarms cucteM MacCoBOTro 00CITy>KUBaHUS

3.2. OCHOBHbIE MOHATHA U TPOCTEUIINE MOJIENIH

3.3. MuorokanansHas CMO ¢ oTkazamu

3.4. OnnokanansHast CMO ¢ ouepensio

BUBJIUOIPA®UYECKUI CIIMCOK

IHPUJIOKEHHUE. KoMnbroTepHbI€ TPOrpaMMbl MOJIECIUPOBAHUS
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