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restart;
with(plots):
with(StringTools):
with(LinearAlgebra):
with(DEtools):

##############################################################################################

Region:=`RT`; url:="https://gogov.ru/covid-19/rt#data";

#valp := [9.23983678911537, 4106.99249310287, 0.0561202293832208, 0.0955371316373221, 
0.116894940185765, 0.183326912973102, #0.140739820704094, 0.119445148372378, 0.123973323916049, 
0.117998388741040, 0.0146398378182489, 0.0882227828533377, #0.0000945735454255790];

valp:=readdata(cat(Region,`3c.txt`));

##############################################################################################

fdisplay:=proc(f,p) 
 print(cat(f,`.jpg`)); #print(cat(f,`.eps`));
 plotsetup(jpeg,plotoutput=cat(f,`.jpg`),plotoptions=`noborder`); print(display(p)); 
 plotsetup(ps,plotoutput=cat(f,`.eps`),plotoptions=`noborder`); print(display(p));
 plotsetup(default,plotoptions=`noborder`): print(display(p));
end:

pr:=proc(x) print(x); x; end:

grad:=(F,V)->map(q->diff(F,q),V):

linsplit:=(F,V)->subs(map(q->q=0,V),[op(grad(F,V)),F]):

corr:=proc(x,y) local i; seq(x[i]=y[i],i=1..nops(x)): end:

ssum:=(F,V)->convert([seq(F,V)],`+`):

pprod:=(F,V)->convert([seq(F,V)],`*`):

Lag:=proc(t,tx,kx) local i,j; 
 ssum(kx[i]*pprod(piecewise(j=i,1,(t-tx[j])/(tx[i]-tx[j])),j=1..nops(tx)),i=1..nops(tx)):
end:
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Lag(t,[ta,tb],[a,b]); Lag(t,[ta,tb,tc],[a,b,c]);

pi:=evalf(Pi);

gM:=evalf(solve((1-x)^2=x,x)[2]):
goldMin:=proc(f,T,epsilon) local a,b,c,d,fa,fb,fc,fd,k;
 a:=op(1,T); b:=op(2,T); fa:=f(a); fb:=f(b); k:=0;
 c:=a+(b-a)*gM; fc:=f(c); d:=b-(b-a)*gM; fd:=f(d);
 while abs(a-b)>epsilon do: k:=k+1;
  if fc>fd then a:=c; fa:=fc; c:=d; fc:=fd; d:=b-(b-a)*gM; fd:=f(d);
  else b:=d; fb:=fd; d:=c; fd:=fc;+ c:=a+(b-a)*gM; fc:=f(c);
  fi;
 od: #print(k);
 (a+b)/2;
end:

findMin1:=proc(F,V) local f,df,f0,f1,f2,V0,V1,V2,ff,t,dt,i,j; 
 ff:=V->F(op(evalf(map(exp,V)))); V1:=evalf(map(ln,V)); f1:=F(op(V));
 f:=[seq(F(seq(evalf(exp(V1[j]+piecewise(j=i,0.0001,0))),j=1..nops(V))),i=1..nops(V))];
 df:=[seq((f[j]-f1)/0.1,j=1..nops(V))];
 V0:=V1-0.001*df; f0:=ff(V0);  V2:=V1+0.001*df; f2:=ff(V2); 
 dt:=0.0001; while f0<f1 do: V2:=V1; f2:=f1; V1:=V0; f1:=f0; V0:=V0-dt*df; f0:=ff(V0); dt:=dt*
1.5; od;
 dt:=0.0001; while f2<f1 do: V0:=V1; f0:=f1; V1:=V2; f1:=f2; V2:=V2+dt*df; f2:=ff(V2); dt:=dt*
1.5; od;
 t:=goldMin(t->ff(t*V0+(1-t)*V2),0..1,0.001);
 map(exp,t*V0+(1-t)*V2);
end:

findMin:=proc(F,V) local V1,Z1,Z2;
 Z2:=pr(F(op(V))); V1:=findMin1(F,V); Z1:=pr(chi2(op(V1)));
 while abs(1-Z1/Z2)>0.0001 do; Z2:=Z1; V1:=findMin1(F,V1); Z1:=pr(chi2(op(V1))); end;
 V1;
end:
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dig:={"0","1","2","3","4","5","6","7","8","9","0"}: val:=proc() global data,i; local j,f; f:=0;
 while not(data[i] in dig) or f=1 and data[i] in {"+"} union dig do:
 if f=1 and not(data[i] in dig) then f:=0; else if data[i]="+" then f:=1; fi fi; i:=i+1: od:
 j:=i; while (data[i] in dig or data[i] in {"-","+"}) do i:=i+1: od: parse(data[j..i-1]);
end:
` `; Region; status,data,headers:=HTTP:-Get(url): HTTP:-Code(status); i:=Search("<th>",data): 

iter:=proc() global i; local r;
 r:=val(); if data[i]<>"." then NULL else [r,val(),val(),val(),val(),val()],iter() fi;
end:

[iter()]: tA:=[seq(%[nops(%)+1-i],i=1..nops(%))];  
dd:=tA[1][1]+piecewise(tA[1][2]=2,-29,tA[1][2]=4,31,0)-1;
T:=map(q->q[4],tA): #writedata(Region || `-i.txt`,%): #  
T3:=map(q->q[5],tA): #writedata(Region || `-m.txt`,%): #  
T1:=map(q->q[6],tA): #writedata(Region || `-r.txt`,%): #  
T2:=[seq(T[i]-(T1[i]+T3[i]),i=1..nops(T))]: #writedata(Region || `-h.txt`,%): #  
i:='i': 
Region; 'T'=T; 'T1'=T1; 'T2'=T2; 'T3'=T3;

nops(T); [i+dd $ i=1..%];

` `
RT

"OK"
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RT
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99

`====================================`;
`VERHULST FItAING`;
`====================================`;

====================================
VERHULST FItAING

====================================
h:=x->x;

[seq(h(T[i])-h(T[i-1]),i=2..nops(T))]; [seq(%[i]-%[i-1],i=2..nops(%))]; [seq(%[i]-%[i-1],i=2..
nops(%))]; 
[seq([i+dd+1,%%%[i]],i=1..nops(%%%))]: [seq([i+dd+2,%%%[i]],i=1..nops(%%%))]: [seq([i+dd+3,%%%[i]
],i=1..nops(%%%))]:
display(
 plot([%%%,%%,%],style=point),
 p l o t ( [ % % % , % % , % ] , l e g e n d = [ ` ` , ` ` , ` ` ] ) ,
 title=`  N[i]`,titlefont=[roman,15] ,gridlines=true
);

[seq((h(T[i])-h(T[i-5]))/5.,i=6..nops(T))]: [seq((%[i]-%[i-3])/3.,i=4..nops(%))]: [seq((%[i]-%
[i-3])/3.,i=4..nops(%))]: 
[seq([i+dd+2,%%%[i]],i=1..nops(%%%))]: [seq([i+dd+4,%%%[i]],i=1..nops(%%%))]: [seq([i+dd+6,%%%[i]
],i=1..nops(%%%))]:
display(
 plot([%%%,%%,%],style=point),
 p l o t ( [ % % % , % % , % ] , l e g e n d = [ ` ` , ` ` , ` ` ] ) ,
 t i t l e = `    N [ i ] `,titlefont=[roman,15],gridlines=true
);
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h:=x->evalf(ln(x));

[seq(h(T[i])-h(T[i-1]),i=2..nops(T))]; [seq(%[i]-%[i-1],i=2..nops(%))]; [seq(%[i]-%[i-1],i=2..
nops(%))]; 
[seq([i+dd+1,%%%[i]],i=1..nops(%%%))]: [seq([i+dd+2,%%%[i]],i=1..nops(%%%))]: [seq([i+dd+3,%%%[i]
],i=1..nops(%%%))]:
display(
 plot([%%%,%%,%],style=point),
 p l o t ( [ % % % , % % , % ] , l e g e n d = [ ` ` , ` ` , ` ` ] ) ,
 title=`  ln(N[i])`,titlefont=[roman,15] ,gridlines=true
);

[seq((h(T[i])-h(T[i-5]))/5.,i=6..nops(T))]: [seq((%[i]-%[i-3])/3.,i=4..nops(%))]: [seq((%[i]-%
[i-3])/3.,i=4..nops(%))]: 
[seq([i+dd+2,%%%[i]],i=1..nops(%%%))]: [seq([i+dd+4,%%%[i]],i=1..nops(%%%))]: [seq([i+dd+6,%%%[i]
],i=1..nops(%%%))]:
display(
 plot([%%%,%%,%],style=point),
 p l o t ( [ % % % , % % , % ] , l e g e n d = [ ` ` , ` ` , ` ` ] ) ,
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 t i t l e = `    ln(N[i])`,titlefont=[roman,15],gridlines=true
);
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(4)(4)

(2)(2)

> > f_:=d->sum(a[j]*d^j,j=0..n); fe_:=d->sum(a[j]*d^j,j=0..ne);

M:='M': 
ff:=x->M*(1-1/(exp(x)+1)); ff_:=unapply(solve(y=ff(x),x),y); diff(ff_(x),x); dff_:=unapply
(simplify(%,x),x);
ffe:=x->exp(x); ffe_:=unapply(solve(y=ffe(x),x),y); diff(ffe_(x),x); dffe_:=unapply(simplify(%,
x),x);

sigma:=x->simplify(sqrt(x));

chi2:=(T,f_)->simplify(sum(evalf(ff_(T[k])-f_(k))^2/dff_(T[k])^2/sigma(T[k])^2,k=1..nops(T)));
chi2e:=(T,f_)->simplify(sum(evalf(ffe_(T[k])-f_(k))^2/dffe_(T[k])^2/sigma(T[k])^2,k=1..nops(T)));

F:=proc(T,chi2,f_) chi2(T,f_);
 indets(%); grad(%%,%); subs(solve(%,%%),f_(i)); unapply(%,i);
end:
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x

1
x

n:=1: ne:=n: 'f(t)'=Sum(a[j]*t^j,j=0..n);
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fM:=proc(x) global M,chi2,F,T,f_; M:=x; chi2(T,F(T,chi2,f_)); end:

` `; `Approximation of the infection schedule by the solution of the Verhulst equation`; ` `; 
M:=goldMin(fM,max(T)+2..max(T)*2,1); 
nu:=F(T,chi2,f_): f:=unapply(ff(%(t)),t): N(t)=%(t); Chi2:=chi2(T,%%%);
cat(`Next day forecast:   `,round(f(nops(T)+1))); 
cat(`The level of  0.5 M  is reached at   `,round(1+fsolve(f(d)=0.5*M,d=30)+dd-31),`  apr`);
cat(`The level of  0.85 M  is reached at   `,round(1+fsolve(f(d)=0.85*M,d=30)+dd-31),`  apr`);
` `; `Approximation of the infection schedule by solving the Malthus equation`; ` `; 
nue:=F(T,chi2e,f_): fe:=unapply(ffe(%(t)),t): N(t)=%(t);

simplify([diff(nu(d-dd),d),diff(nue(d-dd),d)]): [coeff(%[1],d,i) $ i=0..n-1];
plot(%%,d=1+dd..nops(T)+dd,view=[0..nops(T)+dd,0..0.5],legend=[``,``],
l i n e s t y l e = [ s o l i d , d a s h ] , t i t l e = `  ` ,titlefont=[roman,20],labels=[t,alpha(t)],
gridlines=true);

d1:=fsolve(f(d)=0.5*M,d=30)+dd; K_:=M; alpha_:=coeff(nu(t),t,1);

n:=4: ne:=n: 'f(t)'=Sum(a[j]*t^j,j=0..n);

fM:=proc(x) global M,chi2,F,T,f_; M:=x; chi2(T,F(T,chi2,f_)); end:

` `; `Approximation of the infection schedule by the solution of the Verhulst equation`; ` `; 
M:=goldMin(fM,max(T)+2..max(T)*2,1); 
nu:=F(T,chi2,f_): f:=unapply(ff(%(t)),t): N(t)=%(t); Chi2:=chi2(T,%%%);
cat(`Next day forecast:   `,round(f(nops(T)+1))); 
cat(`The level of  0.5 M  is reached at   `,round(1+fsolve(f(d)=0.5*M,d=30)+dd-31),`  apr`);
cat(`The level of  0.85 M  is reached at   `,round(1+fsolve(f(d)=0.85*M,d=30)+dd-31),`  apr`);
` `; `Approximation of the infection schedule by solving the Malthus equation`; ` `; 
nue:=F(T,chi2e,f_): fe:=unapply(ffe(%(t)),t): N(t)=%(t);

[seq([i,(
 (T[i-dd]-T[i-dd-1]) /(T2[i-dd]+T2[i-dd-1]) /((1-T[i-dd]/M)+(1-T[i-dd-1]/M))
)*4],i=1+dd+1..nops(T)+dd)]: [seq([%[i][1],(%[i-1][2]+%[i][2]+%[i+1][2])/3],i=2..nops(%)-1)]:
Palpha:=display(plot([%],color=blue),plot([%],style=point,symbolsize=8,symbol=solidcircle,color=
blue)): 

simplify([diff(nu(d-dd),d),diff(nue(d-dd),d)]): [coeff(%[1],d,i) $ i=0..n-1]; 
plot(%%,d=1+dd..nops(T)+dd,view=[0..nops(T)+dd,0..0.5],legend=[``,``],
l i n e s t y l e = [ s o l i d , d a s h ] , t i t l e = `  ` ,titlefont=[roman,20],labels=[t,alpha(t)],
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gridlines=true):

display(Palpha,%);

` `
Approximation of the infection schedule by the solution of the Verhulst equation

` `

Next day forecast:   4170
The level of  0.5 M  is reached at   48  apr
The level of  0.85 M  is reached at   66  apr

` `
Approximation of the infection schedule by solving the Malthus equation

` `
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` `
Approximation of the infection schedule by the solution of the Verhulst equation

` `

Next day forecast:   4218
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The level of  0.5 M  is reached at   46  apr
The level of  0.85 M  is reached at   70  apr

` `
Approximation of the infection schedule by solving the Malthus equation

` `

df:=unapply(diff(f(i),i),i): ddf:=unapply(diff(f(i),i,i),i):

display(
 plot([[i+dd,T[i]] $ i=1..nops(T)],style=point,symbolsize=10,symbol=solidcircle),
 plot(fe(i-dd),i=1+dd..max(90,dd+nops(T)),color=magenta),
 plot(f(i-dd),i=1+dd..max(90,dd+nops(T))),
 seq(plot([[i+dd,T[i]+3*sqrt(T[i])],[i+dd,T[i]-3*sqrt(T[i])]],color=blue),i=1..nops(T)),
 axis[2]=[mode=log],
 view=[1..80,1..M*1.1],labels=[t,N(t)],gridlines=true
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);

display(
 plot([[i+dd,T[i]] $ i=1..nops(T)],style=point,symbolsize=8,symbol=solidcircle),
 plot(fe(i-dd),i=1+dd..max(120,dd+nops(T)),color=magenta),
 plot(f(i-dd),i=1+dd..max(120,dd+nops(T))),
# seq(plot([[i+dd,T[i]+3*sqrt(T[i])],[i+dd,T[i]-3*sqrt(T[i])]],color=blue),i=1..nops(T)),
 axis[2]=[mode=log],
 view=[1..nops(T)+dd+1,1..T[nops(T)]*1.1],labels=[t,N(t)],gridlines=true
);

display(
 plot([[i+dd,T[i]] $ i=1..nops(T)],style=point,symbolsize=10,symbol=solidcircle),
 plot(fe(i-dd),i=1+dd..max(120,dd+nops(T)),color=magenta),
 plot(f(i-dd),i=1+dd..max(dd+nops(T),90)),
 plot(10*df(i-dd),i=1+dd..max(dd+nops(T),120),color=black),
 plot(100*ddf(i-dd),i=1+dd..max(dd+nops(T),120),color=gray),
 seq(plot([[i+dd,T[i]+3*sqrt(T[i])],[i+dd,T[i]-3*sqrt(T[i])]],color=blue),i=1..nops(T)),
 view=[1..80,-M*0.3..M*1.1],labels=[t,N(t)],gridlines=true
);

display(
 plot([[i+dd,T[i]] $ i=1..nops(T)],style=point,symbolsize=8,symbol=solidcircle),
 plot(fe(i-dd),i=1+dd..max(120,dd+nops(T)),color=magenta),
 plot(f(i-dd),i=1+dd..max(dd+nops(T),120)),
# seq(plot([[i+dd,T[i]+3*sqrt(T[i])],[i+dd,T[i]-3*sqrt(T[i])]],color=blue),i=1..nops(T)),
 view=[1..nops(T)+dd+1,1..T[nops(T)]*1.1],labels=[t,N(t)],gridlines=true
);
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dT:=[[i,(T[i-dd]-f(i-dd))/sigma(f(i-dd))] $ i=1+dd..dd+nops(T)]:
display( plot(%), plot(%,style=point,symbolsize=8,symbol=solidcircle),t i t l e = ` ` ,titlefont=
[roman,20] );
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`====================================`;
`FORECAST`;
`====================================`;

====================================
FORECAST

====================================
proc3:=proc(E)
 E[1]*convert(map(X->X^coeff(E[2],X,1),M),`*`);
end:

proc2:=proc(X,E)
 proc3(E)*(coeff(E[3],X,1)-coeff(E[2],X,1));
end:

proc1:=proc(X)
 convert(map(E->proc2(X,E),L),`+`);
end:
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A:='A': B:='B': C:='C': Q:='Q': M:=[A,B,C,Q];

L:=[
 [(A+C)*P[`01`],0,A],
 [(B/K)*P[`12`],A,B],
 [P[`23`],B,C],
 [P[`10`],A,0], [P[`20`],B,Q], [P[`30`],C,0]
]: Matrix(%);

eqs:=map(X->Diff(X,t)=proc1(X),M); Vector(%);
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v:=M; alpha:='alpha': K:=k0; tA:=[-7,15,35,50,58,62,78,nops(T)+dd]; kA:=['k1x||i' $ i=1..nops(tA)
];

par:=[d0,k0,op(kA),k2a,k2b,k2c,k3]; kappa:=0; 0.011/365;

param:=[
  P[`01`]=kappa,  P[`12`]=alpha(t,op(kA)), P[`23`]=beta(t,k2a,k2b,k2c), 
  P[`10`]=kappa, P[`20`]=k3,  P[`30`]=kappa
];

init:=[   A(-d0)=K,   B(-d0)=1,   C(-d0)=0,   Q(-d0)=0  ];

0.00003013698630
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> > Eqs:=subs(map(q->q=q(t),v),Diff=diff,param,eqs); #dsolve(%);

N:='N': A:='A': B:='B': C:='C': Q:='Q': val:=valp:

#alpha:=unapply(simplify(evalf(piecewise(t<tA[1],kA[1],t<tA[2],Lag(t,tA[1..3],kA[1..3]),
# seq(op([t<tA[i+1],(Lag(t,tA[i-1..i+1],kA[i-1..i+1])+Lag(t,tA[i..i+2],kA[i..i+2]))/2]),i=2..nops
(kA)-2),
#t<tA[nops(tA)],Lag(t,tA[nops(tA)-2..nops(tA)],kA[nops(kA)-2..nops(kA)]),
#kA[nops(kA)]))),t,op(kA)):

alpha:=unapply(simplify(evalf(piecewise(t<tA[1],kA[1],t<tA[3],Lag(t,tA[1..4],kA[1..4]),
 seq(op([t<tA[i+1],Lag(t,tA[i-1..i+2],kA[i-1..i+2])]),i=3..nops(kA)-2),
t<tA[nops(tA)],Lag(t,tA[nops(tA)-2..nops(tA)],kA[nops(kA)-2..nops(kA)]),
kA[nops(kA)]))),t,op(kA)):

beta:=(t,k2a,k2b,k2c)->piecewise(t<60,k2a,t<97,Lag(t,[60,80,97],[k2a,k2b,k2c]),k2c):
beta:=unapply(simplify(evalf(beta(t,k2a,k2b,k2c))),t,k2a,k2b,k2c);

EQS:=[op(Eqs),op(init)]:

res:=dsolve(EQS,numeric,map(q->q(t),v),output=listprocedure,parameters=par); assign('v[i]=subs
(res,v[i](t))' $ i=1..nops(v)):

chi2a:='chi2a': chi2:=unapply(chi2a(x0,xx,kA,x2a,x2b,x2c,x3),x0,xx,op(kA),x2a,x2b,x2c,x3):

chi2a:=proc(x0,xx,x1,x2a,x2b,x2c,x3) local i; global K_; K_:=xx;
  res(parameters=[corr(par,[x0,xx,op(x1),x2a,x2b,x2c,x3])]):
  sum((T[i]-(K_-A(i+dd)))^2/(K_-A(i+dd)),i=1..nops(T))+
  sum((T2[i]-B(i+dd))^2/B(i+dd),i=1..nops(T2))+
  sum((T3[i]-Q(i+dd))^2/Q(i+dd),i=1..nops(T2))+
  sum((T1[i]-C(i+dd))^2/C(i+dd),i=1..nops(T1));
end:
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chi2(op(pr(val))); val:=findMin(chi2,val); chi2(op(%));

#plot(map(q->q(t),v), t = 0 . . 3 . 0 e 4 , l e g e n d = [ ` ` , ` ` , ` ` ] ,
#linestyle=[solid,dash,dashdot],gridlines=true);

writedata(cat(Region,`3c.txt`),val);

display(
 plot(map(q->q(t),v[1..3]), t = 0 . . 3 0 0 , l e g e n d = [ ` ` , ` ` , ` ` ] ,
  linestyle=[solid,dash,dashdot],gridlines=true),
 plot([[seq([i+dd,K_-T[i]],i=1..nops(T))]],style=point,symbolsize=7,symbol=asterisk),
 plot([[seq([i+dd,T1[i]],i=1..nops(T1))]],style=point,symbolsize=7,symbol=circle),
 plot([[seq([i+dd,T2[i]],i=1..nops(T2))]],style=point,symbolsize=7,symbol=diamond,color=black),
 size=[1000,400],legendstyle=[font=[roman,15]]
): fdisplay(cat(Region,`3c`),%);

10872.1606133571
10872.1606133571
7551.74437593237
5834.01777657904
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> > 
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(1)(1)

(4)(4)
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(8)(8)

> > 

> > 

(2)(2)

> > 

4894.49347302921
4328.72078261343
3972.40929033921
3742.19902976995
3578.38305200649
3461.36389836751
3373.66756069492
3308.17216421439
3252.46749149908
3209.23462001351
3169.57656973269
3138.51428321800
3109.78174622437
3086.68871850301
3066.01106213860
3049.09345040577
3032.52101463438
3018.24086181784
3004.26841455072
2992.81933277276
2976.80133296253
2963.92810331168
2949.86868578238
2938.48329500879
2924.78395782129
2913.01451362374
2889.36621973267
2871.31594494162
2797.93549245188
2779.56038500471
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> > 

> > 
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> > 

2772.26228017085
2769.68188892357
2736.64907345667
2734.52349400282
2732.73721075222
2730.75325641776
2729.14693674958
2727.35120864736
2725.93126104101
2723.51190802225
2721.69998430062
2720.38995867076
2719.30465172186
2718.06045296415
2717.04142312877
2715.24127330503
2713.69447654457
2705.06004708067
2700.40316525403
2695.14502414509
2694.00104861491
2693.04355808238
2692.58282247785
2692.03413372638
2691.63797319429
2691.21791748518
2690.88467037930
2690.52197912210
2690.21865884191
2689.85639227305
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(4)(4)

> > 

(8)(8)

> > 

> > 

(2)(2)

> > 

2689.57497038410
2688.26451624129
2687.16117130984
2680.30239825666
2674.58406930313
2671.39854758006
2670.59238433451
2670.11098668886
2669.56867147283
2669.25985638589
2668.76843908993
2668.42113131228
2668.02412818297
2667.68694231610
2667.14444013638
2666.72152403930
2666.31937784936
2665.98695199460
2660.11898878064
2654.77907719529
2646.88531524702
2643.13281172765
2640.37225672826
2639.73600258535
2632.13441438392
2629.69561861517
2628.45309918324
2627.44013737369
2626.90619091041
2626.38347835418
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> > 

(2)(2)
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2626.07933515379
2625.70609872549
2625.47158283574

2625.47158283574
RT3c.jpg

chi2(op(pr(val)));
display(
 plot(map(q->q(t),v), t = 0 . . 3 0 0 , l e g e n d = [ ` ` , ` ` , ` ` , ` ` ],
  linestyle=[solid,dash,dashdot,dot],gridlines=true),
 plot([[seq([i+dd,K_-T[i]],i=1..nops(T))]],style=point,symbolsize=7,symbol=asterisk),
 plot([[seq([i+dd,T1[i]],i=1..nops(T1))]],style=point,symbolsize=7,symbol=circle),
 plot([[seq([i+dd,T3[i]],i=1..nops(T1))]],style=point,symbolsize=7,symbol=circle),
 plot([[seq([i+dd,T2[i]],i=1..nops(T2))]],style=point,symbolsize=7,symbol=diamond,color=black),
 size=[1000,400],legendstyle=[font=[roman,15]],view=[0..300,0..100]
);
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> > 
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> > 

(8)(8)

> > 

> > 

> > 

(2)(2)

> > 

2625.47158283574

logplot(map(q->q(t),v[1..3]), t = 0 . . 5 0 0 , l e g e n d = [ ` ` , ` ` , ` ` ] ,
linestyle=[solid,dash,dashdot],gridlines=true,size=[1000,400],legendstyle=[font=[roman,15]]);

display(
 plot([



> > 
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> > 

(6)(6)

> > 

(1)(1)

> > 

(4)(4)

> > 

(8)(8)

> > 

> > 

(2)(2)

> > 

  [[i,(T[i-dd]-(K_-A(i)))/sigma(K_-A(i))] $ i=1+dd..dd+nops(T)],
  [[i,(T2[i-dd]-(B(i)))/sigma(B(i))] $ i=1+dd..dd+nops(T)],
  [[i,(T1[i-dd]-(C(i)))/sigma(C(i))] $ i=1+dd..dd+nops(T)]
 ],linestyle=[solid,dash,dashdot],l e g e n d = [ ` ` , ` ` , ` ` ] ),
 plot([
  [[i,(T[i-dd]-(K_-A(i)))/sigma(K_-A(i))] $ i=1+dd..dd+nops(T)],
  [[i,(T2[i-dd]-(B(i)))/sigma(B(i))] $ i=1+dd..dd+nops(T)],
  [[i,(T1[i-dd]-(C(i)))/sigma(C(i))] $ i=1+dd..dd+nops(T)]
 ],style=point,symbolsize=8,symbol=solidcircle),
 size=[1000,300],legendstyle=[font=[roman,15]]
): fdisplay(cat(Region,`3c-dev`),%);

RT3c-dev.jpg

[seq([i,(
 (T[i-dd]-T[i-dd-1]) /(T2[i-dd]+T2[i-dd-1]) /((1-T[i-dd]/K_)+(1-T[i-dd-1]/K_))
)*4],i=1+dd+1..nops(T)+dd)]: [seq([%[i][1],(%[i-1][2]+%[i][2]+%[i+1][2])/3],i=2..nops(%)-1)]:
Palpha:=display(plot([%],color=blue),plot([%],style=point,symbolsize=8,symbol=solidcircle,color=
blue)): 
#display(%,gridlines=true,labels=['t','alpha(t)'],labelfont=[roman,15],view=[0..nops(T)+dd,0.
.0.9]);

subs(corr(par,val),alpha(t, op(kA))); 
plot(%,t=-20..100,gridlines=true,labels=['t',''alpha(t)''],labelfont=[roman,15],view=[-20..100,0.
.0.24]): 
fdisplay(cat(Region,`3c-zar`),%); display([Palpha,%],t i t l e = `  ` ,titlefont=
[roman,20]);
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RT3c-zar.jpg
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(6)(6)

> > 

(1)(1)

> > 

(4)(4)

> > 

(8)(8)

> > 

> > 

(2)(2)

> > 

[seq([i,(
 (T1[i-dd]-T1[i-dd-1]) /(T2[i-dd]+T2[i-dd-1]) 
)*2],i=1+dd+1..nops(T1)+dd)]: [seq([%[i][1],(%[i-1][2]+%[i][2]+%[i+1][2])/3],i=2..nops(%)-1)]:
Pbeta:=display(plot([%],color=blue),plot([%],style=point,symbolsize=8,symbol=solidcircle,color=
blue)): 

subs(corr(par,val),beta(t,k2a,k2b,k2c)); 
plot(%,t=-20..100,gridlines=true,labels=['t',''beta(t)''],labelfont=[roman,15]): 
display([Pbeta,%],t i t l e = `  ` ,titlefont=[roman,20],view=[-20..100,0..1]);
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> > 

(6)(6)

> > 

(1)(1)

> > 

(4)(4)

> > 

(8)(8)

> > 

> > 

(2)(2)

> > 

plot([v[1](t),v[2](t),t=0..3.0e4],axis[1]=[mode=log],axis[2]=[mode=log],labels=[v[1],v[2]],
labelfont=[roman,15],gridlines=true,view=[10^3..10^4,10^0..10^4]);
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> > 

(8)(8)

> > 

> > 

(2)(2)

> > 

(9)(9)

res:=solve(map(rhs,eqs[1..2]),v[1..2]); res:=res[2]; evalf(subs(param,t=100,res)); 

J:=Matrix(subs(res,map(q->grad(rhs(q),v[1..2]),eqs[1..2]))); J:=evalf(subs(param,corr(par,val),t=
100,J));
evalm(%-lambda): collect(Determinant(%),lambda); 

#evalf(subs(param,corr(par,val),t=100,%)); 
solve(%,{lambda});
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2

N:='N': A:='A': B:='B': C:='C': Q:='Q':

param:=[
  P[`01`]=kappa,  P[`12`]=k1, P[`23`]=k2, 
  P[`10`]=kappa, P[`20`]=k3, P[`30`]=k4
];
corr(par,val);
subs(param,eqs); R:=solve(%,[k1,k2,k3,k4])[1];

X:='X': X1:='X1': subs(R,Diff(A,t)=-X1[1][i][2],Diff(B,t)=X1[2][i][2],Diff(C,t)=X1[3][i][2],Diff
(Q,t)=X1[4][i][2],A=k0-X[1][i][2],B=X[2][i][2],C=X[3][i][2],Q=X[4][i][2],[k1,k2,k3,k4]): XX:=
unapply(subs(k0=K_,%),i):
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> > 

> > 

(2)(2)

> > 

(9)(9)

k:=7;
X:=map(q->[seq([i+dd,(ssum(q[i+j],j=-k..k))/(2*k)],i=1+k..nops(q)-k)],[T,T2,T1,T3]):
plot(%,legend=[` ` , ` ` , ` ` , ` ` ] ,legendstyle=[font=[roman,15]]
);
X1:=map(q->[seq([i+dd,(q[i+k]-q[i-k])/(2*k)],i=1+k..nops(q)-k)],[T,T2,T1,T3]):
plot(%,legend=[` ` , ` ` , ` ` , ` ` ] ,legendstyle=[font=[roman,15]]
);
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(2)(2)

> > 

(9)(9)

k:=0;

[seq([i+dd+k,XX(i)[1]],i=1..nops(X[1]))]: [seq([%[i][1],(ssum(%[i+j][2],j=-k..k))/(2*k+1)],i=1+k.
.nops(%)-k)]:
plot([%],title=P[`12`],titlefont=[roman,20]);

[seq([i+dd+k,XX(i)[2]],i=1..nops(X[1]))]: [seq([%[i][1],(ssum(%[i+j][2],j=-k..k))/(2*k+1)],i=1+k.
.nops(%)-k)]:
plot([%],title=P[`23`],titlefont=[roman,20]);

[seq([i+dd+k,XX(i)[3]],i=1..nops(X[1]))]: [seq([%[i][1],(ssum(%[i+j][2],j=-k..k))/(2*k+1)],i=1+k.
.nops(%)-k)]:
plot([%],title=P[`20`],titlefont=[roman,20]);
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