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, j

: 

,     (1.1.2)

y(j) – ; 

x(j) – , ; 

χχχχ(j) – , ; 

fx,χχχχ - , , -

. 

(1.1.2) -

, -

–

, - -

.  

-

, (1.1.2)

, . . . -

, -

: 

     (1.1.3)

, , -

χ(j), : 

,     (1.1.4)

  -

χχχχ(j);

- -

χχχχ(j).

),x(fy )j()j(
,x

)j( χχχχ==== χχχχ

)x(fy )j(
x

)j( ====

)j(
max

)j()j(
min χχχχ≤≤≤≤χχχχ≤≤≤≤χχχχ

)j(
minχχχχ

)j(
maxχχχχ
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(1.1.4) fx,χχχχ

, , 

(1.1.3) . 

(1.1.3) (1.1.5): 

,     (1.1.5)

g – , -

. 

fx , 

. , -

g. 

g(x(j),χχχχ(j)) , -

, (1.1.3)

. , 

χχχχ(j)

(1.1.3). 

fx,χχχχ : 

,     (1.1.6)  

e(j) – , ; 

A(χχχχ(j)) – , 

y(j) : 

x(j); 

χχχχ(j); 

b(j) – , 

χχχχ(j). 

fx,χχχχ (1.1.6) -

, : 

),x(g)x(fy )j()j()j(
x

)j( χχχχ++++====

)j()j()j()j()j()j( e)(bx)(Ay ++++χχχχ++++χχχχ====
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• -

; 

• . 

x(j). -

χχχχ(j)

. , -

( ) A(χχχχ(j)) ( )

b(j)(χχχχ(j)) : 

Aχχχχ, Aχχχχ={A(χχχχ(j))|χχχχ(j)},      (1.1.7)

Bχχχχ, Bχχχχ={b(χχχχ(j))|χχχχ(j)}.      (1.1.8)

-

: 

Amin≤≤≤≤A(χχχχ(j))≤≤≤≤Amax;      (1.1.9)

bmin≤≤≤≤b(χχχχ(j))≤≤≤≤max;      (1.1.10)

Amin – A(χχχχ(j));

Amax – A(χχχχ(j));

bmin – b(χχχχ(j));

bmax – b(χχχχ(j)).

, -

, , -

. 

, 

(1.1.6) -

: 

.     (1.1.11)

, 

(1.1.11) -

)j()j()j()j( ebAxy ++++++++====
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a b χχχχ(j). 
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1.3. , 

  

ΔΔΔΔlx – x; 

ΔΔΔΔly – y. 

x

y, 

: 

fx,y(x,y)dxdy=fx(x)dx*fy(y)dy,      (1.3.1)

fx,y(x,y) – (x,y);
fx(x) – x x; 

fy(y) – x x; 

dx – x; 

dy – y. 

x y , 

(1.3.1) .  

: H0 H1. H1 , 

y x
, , , -

, . -

. 1-5. H0 , 

y x -

, , , -
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k , (1.3.5)
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1)x(f ====
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y l

1)x(f ====
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kΣΣΣΣ - ; 

ki, I=1,…,I, - . 

-

. 

: 

, 

  

; 

ααααi≥≥≥≥0;

kΣΣΣΣ - ; 

ki, I=1,…,I, - . 

. 

( )

( )

, -

: 

, 

 ; 

αααα====
====

ΣΣΣΣ

I

1i
iikk

1
I

1i
i ====αααα

====

}}I,...,1{I,|kmin{k mmin,
mIi

i
mIi

ii ⊂⊂⊂⊂αααα≥≥≥≥αααααααα==== ΣΣΣΣ
∈∈∈∈∈∈∈∈

ΣΣΣΣ

1
I

1i
i ====αααα
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ααααi≥≥≥≥0;

ααααΣΣΣΣ,min – ; 

Im – {1,2,…,I}. 

. 

( )

( ) -
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, 

 ; 

ααααi≥≥≥≥0;

ααααΣΣΣΣ,min – ; 
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-
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-

. ( -

) -

( ) . -

. 

}}I,...,1{I,|kmax{k mmin,
mIi

i
mIi

ii ⊂⊂⊂⊂αααα≥≥≥≥αααααααα==== ΣΣΣΣ
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1
I
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ky(t): 

.     (1.4.1)

ky(t) -

y(t).  

–

. -

ky(t) -

, , : -

. 

ky,l(t) : 

ky,l(t)≥≥≥≥αααα+,l>0;     (1.4.2)

ky,l(t)≤≤≤≤αααα-,l<0,      (1.4.3)

l – , . 

αααα+,l αααα-,l , -

. 

, (1.4.2) (1.4.3)

‘≥’ ‘≤’ .  

)t(y)1t(y)t(ky −−−−++++====
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. 6.   
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. – -

, . 
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ky,l. 
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, , 

.  

k, ΔΔΔΔt

( ), ΔΔΔΔt – , 

y(t). 
ky,e(t): 

.     (1.4.4)

y

ky,e(t). 

y, ky,e(t)
: 

ky,e(t)≥≥≥≥αααα+,e>1,      (1.4.5)

ky,e(t)≤≤≤≤αααα-,e<1,      (1.4.6)

-

ky,e. 

y

ky. 

)t(y
)1t(y)t(k e,y

++++====
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k, ΔΔΔΔt

( ), ΔΔΔΔt – , : 

. 

y:  

ymax=max{y(t)|t},     (1.4.7)
ymin=min{y(t)|t}.     (1.4.8)

y
. ky,max ky,min

: 

;     (1.4.9)

.     (1.4.10)

αααα+,min αααα-,max . 

ky,max ky,min -

: 

ky,min ≥≥≥≥αααα-,max>1,      (1.4.11)

ky,max ≤≤≤≤αααα-,min<1,      (1.4.12)

. 

k, ΔΔΔΔt

( ), ΔΔΔΔt – , : 

t
average )1tt(k)...1t(k)t(k)t,t(k ΔΔΔΔ ++++ΔΔΔΔ−−−−−−−−====ΔΔΔΔ

max
max,y y

)t(y)t(k ====

min
min,y y

)t(y)t(k ====
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. 

k, ΔΔΔΔt

( ), ΔΔΔΔt – , : 

. 

. 

 [1]: 

,     (1.4.13)

  

y – ; 

ββββ0 – ; 

ββββi, i=1,…,n, -

xi; 

xi, i=1,…,n, - , , -

, y; 

e – .  

, -

y xi, i=1,…,n, , -

. J

y. -

: 

t
)1tt(k...)1t(k)t(k)t,t(kaverage ΔΔΔΔ

++++ΔΔΔΔ−−−−++++++++−−−−++++====ΔΔΔΔ

t
average )1tt(k)...1t(k)t(k)t,t(k ΔΔΔΔ ++++ΔΔΔΔ−−−−−−−−====ΔΔΔΔ

exy i

n

1i
i0 ++++ββββ++++ββββ====

====
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.     (1.4.14)

ββββ0 – ; ββββi, i=1,…,n,

:  

. (1.4.15)

R -

F . 

R

R -

.  

F , -

. 

y , 

x1,…,xn. 

y -

f(x1,…,xn), 

.     (1.4.16)

J y, J -

yj, j=1,2,..,J,

( ) E(y) ΔΔΔΔyj, 

ΔΔΔΔyj=yj-E(y);      (1.4.17)

.     (1.4.18)

},...,,|)xy(min{ n10

2J

1j

n

1i
j,ii0j ββββββββββββββββ−−−−ββββ−−−−

==== ====

},...,,|)xy(min{arg),...,,( n10

2J

1j

n

1i
j,ii0jn10 ββββββββββββββββ−−−−ββββ−−−−====ββββββββββββ

==== ====

ββββ++++ββββ====
====

n

1i
ii0n1 x)x,...,x(f

J

y
)y(E

J

1j
j

==== ====
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(yj-E(y))2

TSS: 

.     (1.4.19)

ESS -

RSS. 

,     (1.4.20)

,     (1.4.21)

TSS=ESS+RSS.      (1.4.22)
R (R2) , « », -

: 

     (1.4.23)

F

F -

, . F

: 

.     (1.4.24)

χχχχ , , 

, 1%. 

χχχχ 0,01. 

χχχχ F -

, n J. 

Fχχχχ(n,J-n-1). 

2J

1j

J

1k
k

j )
J

y
y(TSS −−−−====

====

====

ββββ−−−−ββββ−−−−====
==== ====

J

1j

2n

1i
j,ii0 )x)y(E(ESS

ββββ−−−−ββββ−−−−====
==== ====

J

1j

2n

1i
j,ii0j )xy(RSS

RSSESS
ESSR2

++++
====

)1nJ/(RSS
n/ESSF

−−−−−−−−
====
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F> Fχχχχ(n,J-n-1),      (1.4.25)

. 

  

F≤≤≤≤Fχχχχ(n,J-n-1),      (1.4.26)

. 

ββββI 

ΔΔΔΔββββi ββββi -

. 

 , . >1, -

i . 

( ) -

ββββi,r :  

• (ββββi,r-ΔΔΔΔββββi,ββββi,r+ΔΔΔΔββββi) 68,26%; 

• (ββββi,r-2ΔΔΔΔββββi,ββββi,r+2ΔΔΔΔββββi) 95,44%; 

• (ββββi,r-3ΔΔΔΔββββi,ββββi,r+3ΔΔΔΔββββi) 99,74%. 

ββββ0. 

: 

ββββ0=0.      (1.4.27)

: 

ττττy=ττττf(x1,…,xn)=f(ττττx1,…,ττττxn).      (1.4.28)

i

i

ββββ
ββββΔΔΔΔ

i

i

ββββ
ββββΔΔΔΔ
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: « -

: ?». 

, : 

R2 F.  

, -

( ) -

R2 F. 

:  

• ( -

)

• ( , 

). 

. 

 [1] -

, , 

f x1,…,xn. 

f -

y: 

E(y||||x1,…,xn)=f(x1,…,xn),      (1.4.29)

,     (1.4.30)

  

E – ;  

e – ,  

E(e)=0.      (1.4.31)

e)x,...,x(fy n1nx,...,1x ++++====
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, 

, , x1,…,xn

, -

y.  

-

. , 

, . 

, , z1,…,zw -

. -

, , -

, . 

-

. -

,  [4]. -

, -

: 

, …, ,     (1.4.32)

. , -

f(x1,…,xn)
g(x1,…,xn), 

y, x1,…,xn, , -

( ) .  

, , -

, -

-

. 

1

_

1
1_

zzz ≤≤≤≤≤≤≤≤ w

_

w
w_

zzz ≤≤≤≤≤≤≤≤
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i :  

,     (1.4.33)

Vi – i; 
Vi,left,por – i, -

; 

Vi,f,left,por% - , 

. 

. 10. , 
, -

. , 

, 

%100
V

V%V
por,left,i

i
por,left,f,i ====

0

5

10

15

20

25
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, %

, %
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, 

, : 

•

; 

•

, . 

. 2 . , 

y , 

x. -

y, 

( , 100% ).  

, y , 

x. 

, y, 

.  

, 

-

0% , 

– 100% . 
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-

. 

, 

,    (1.4.34)

  

ρρρρvit,err – ; 

(1,a) – . 

: 

ly,vit=max{yj|j=1,…,J}-min{yj|j=1,…,J},    (1.4.35)
  

ly,vit - y. 

: 

ΔΔΔΔly,vit=max{yj-axj|j=1,…,J}-min{yj-axj|j=1,…,J},   (1.4.36)

ΔΔΔΔly,vit - , (1,a)

. 

, 

y
y, , .  

.     (1.4.37)

, -

: 

J

j

j

jj

jj

err,vit

}J,...,1j|ymin{
}J,..,1j|ymax{

}J,...,1j|axymin{
}J,..,1j|axymax{

))a,1((

====−−−−

−−−−====
====−−−−−−−−

−−−−====−−−−

====ρρρρ

J

vit,y

vit,y
err,vit l

l
))a,1((

ΔΔΔΔ
====ρρρρ
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, (1.4.38)

 ,   (1.4.39)

,     (1.4.40)

- a≥≥≥≥0; 

- a≤≤≤≤0; 

a(*) – . 

, 

a>0 a<0 .  

: 

;     (1.4.41)

γγγγ(*)=γγγγ(a(*));

γγγγ(a) – a; 

γγγγ(*) – . 

}J,...,1j|ymin{
}J,..,1j|ymax{

}J,...,1j|axymin{
}J,..,1j|axymax{

min{arga

j

j

jj

jj

(*)

====−−−−

−−−−====
====−−−−−−−−

−−−−====−−−−

====++++ }0a| ≥≥≥≥

}J,...,1j|ymin{
}J,..,1j|ymax{

}J,...,1j|axymin{
}J,..,1j|axymax{

min{arga

j

j

jj

jj

(*)

====−−−−

−−−−====
====−−−−−−−−

−−−−====−−−−

====++++ }0a| ≥≥≥≥

}a,amin{a (*)(*)(*)
−−−−++++====

(*)a++++

(*)a−−−−

====
ΔΔΔΔ

====
vit,y

vit,y

l
)a(l

)a(

}J,...,1j|ymin{
}J,..,1j|ymax{

}J,...,1j|axymin{
}J,..,1j|axymax{

j

j

jj

jj

====−−−−

−−−−====
====−−−−−−−−

−−−−====−−−−

====
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2
, -

-

-

, -
-

(ax<0)

-

(ax<0)

a -

-

y=axx, ax>0;
-

-

-

-

, 

%

-

, ax>0

-

-

, 

ax>0

a -

-

y=axx+b, ax>0;
-

-

-

, %

-

, ax>0

-

, ax>0

a -

-

y=axx+b, ax<0;
-

-

-

, -
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-

(1,ax)

-
-

, ax>0

-

, ax>0

a -

-

y=axx+b, ax>0;
-

-

bmin<b<bmax

-

-

-

, ax<0

-

, ax<0

a -

-

y=axx+b, ax<0;
-

-

bmin<b<bmax

-

-

, ax<0

-

, ax<0

a -

-

y=axx+b, ax<0; 

-

-

bmin<b<bmax

- -

-
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-

100% 0%

-

, ax<0

-

, ax<0

a -

-

y=axx+b, ax<0;
-

-

bmin<b<bmax

-

100%

-

-

0%

-

, ax>0

-

, ax>0

a -

-

y=axx+b, ax>0;
-

-

bmin<b<bmax

x . , 

x y. 
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. 11. 

x y

, , -

: 

  (1.4.42)

; (1.4.43)

;   (1.4.44)

y = 0,2309x + 4E+06
R2 = 0,7232

-
2
4
6
8

10
12
14
16
18
20
22
24
26
28

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84
, . .

,  
. 

.

  

}J,...,1j|)yaxmin{(
}J,...,1j|)yaxmax{(

}J,...,1j|)yxamin{(
}J,...,1j|)yxamax{(

min{

jyj

jyj

jjy

jjy

(*)
y

====++++−−−−

−−−−====++++
====++++−−−−−−−−

−−−−====++++−−−−

====γγγγ };1a1| y ++++≤≤≤≤≤≤≤≤−−−−

}J,...,1j|)yaxmin{(
}J,...,1j|)yaxmax{(

}J,...,1j|)yxamin{(
}J,...,1j|)yxamax{(

min{arga

jyj

jyj

jjy

jjy

(*)
y

====++++−−−−

−−−−====++++
====++++−−−−−−−−

−−−−====++++−−−−

==== };1a1| y ++++≤≤≤≤≤≤≤≤−−−−

}J,...,1j|)yxamin{(
}J,...,1j|)yxamax{(
}J,...,1j|)yaxmin{(

}J,...,1j|)yaxmax{(

min{

jjx

jjx

jxj

jxj

(*)
x

====++++−−−−

−−−−====++++
====−−−−−−−−

−−−−====−−−−

====γγγγ };1a1| x ++++≤≤≤≤≤≤≤≤−−−−
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(1.4.45)

,     (1.4.46)

ay – , (1,ay): 
x; 

ax – , (ax,1): 
y; 

- , 

x; 

- , 

, x; 

- , 

y; 

- , 

, y; 

γγγγ(*) – . 

γγγγ(*) , -

. 

, 

γγγγ(*)≤≤≤≤γγγγpor,      (1.4.47)

γγγγpor – . 

}J,...,1j|)yxamin{(
}J,...,1j|)yxamax{(

}J,...,1j|)yaxmin{(
}J,...,1j|)yaxmax{(

min{arga

jjx

jjx

jxj

jxj

(*)
x

====++++−−−−−−−−

====++++
====−−−−−−−−

−−−−====−−−−

==== };1a1| x ++++≤≤≤≤≤≤≤≤−−−−

},min{ (*)
x

(*)
y

(*) γγγγγγγγ====γγγγ

(*)
yγγγγ

(*)
ya

(*)
xγγγγ

(*)
xa
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(1,ay)
(ax,1). -

(1,a), 

a= ,      (1.4.48)

γγγγ(*)  ; 

,      (1.4.49)

γγγγ(*)  .  

, -

, 

x y. 

x y

, 

. , 

y ( – -

), x – ( – -

), 

. -

. -

. , 

, 

x y . 

, 

(*)
ya

(*)
yγγγγ

(*)
xa
1a ====

(*)
xγγγγ
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, , -

. 

, 

x y. 

(xj,yj) . 

, , : 

  (1.4.50)

  (1.4.51)

  (1.4.52)

}J,...,1j|)
l
y

a
l
x

min{(

}J,...,1j|)
l
y

a
l
x

max{(

}J,...,1j|)
l
y

l
x

amin{(

}J,...,1j|)
l
y

l
x

amax{(

min{

y

j
y

x

j

y

j
y

x

j

y

j

x

j
y

y

j

x

j
y

(*)
y

====++++−−−−

−−−−====++++

====++++−−−−−−−−

−−−−====++++−−−−

====γγγγ };1a1| y ++++≤≤≤≤≤≤≤≤−−−−

}J,...,1j|)
l
y

a
l
x

min{(

}J,...,1j|)
l
y

a
l
x

max{(

}J,...,1j|)
l
y

l
x

amin{(

}J,...,1j|)
l
y

l
x

amax{(

min{arga

y

j
y

x

j

y

j
y

x

j

y

j

x

j
y

y

j

x

j
y

(*)
y

====++++−−−−

−−−−====++++

====++++−−−−−−−−

−−−−====++++−−−−

==== };1a1| y ++++≤≤≤≤≤≤≤≤−−−−

}J,...,1j|)
l
y

l
x

amin{(

}J,...,1j|)
l
y

l
x

amax{(

}J,...,1j|)
l
y

a
l
x

min{(

}J,...,1j|)
l
y

a
l
x

max{(

min{

y

j

x

j
y

y

j

x

j
x

y

j
x

x

j

y

j
x

x

j

(*)
x

====++++−−−−

−−−−====++++

====−−−−−−−−

−−−−====−−−−

====γγγγ };1a1| x ++++≤≤≤≤≤≤≤≤−−−−
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;   (1.4.53)

lx=max{xj|j=1,…,J}-min{xj|j=1,…,J},     (1.4.54)
ly=max{yj|j=1,…,J}-min{yj|j=1,…,J},     (1.4.55)

,     (1.4.56)

lx – x; 

ly – y. 

γγγγ(*) , -

. , 

γγγγ(*)≤≤≤≤γγγγpor.      (1.4.57)

(1,ay)
(ax,1). -

(1,a), 

,      (1.4.58);

γγγγ(*)  ; 

,      (1.4.59);

γγγγ(*)  .  

}J,...,1j|)
l
y

l
x

amin{(

}J,...,1j|)
l
y

l
x

amax{(

}J,...,1j|)
l
y

a
l
x

min{(

}J,...,1j|)
l
y

a
l
x

max{(

min{arga

y

j

x

j
x

y

j

x

j
x

y

j
x

x

j

y

j
x

x

j

(*)
x

====++++−−−−

−−−−====++++

====−−−−−−−−

−−−−====−−−−

==== };1a1| x ++++≤≤≤≤≤≤≤≤−−−−

},min{ (*)
x

(*)
y

(*) γγγγγγγγ====γγγγ

y

x(*)
y l

laa ====

(*)
yγγγγ

y

x
(*)
x l

l
a
1a ====

(*)
xγγγγ
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, 

x y

, , 100%. 

, , : 

;   (1.4.60)

; (1.4.61)

; ;  (1.4.62)

; ; (1.4.63)

xmax=max{xj|j=1,…,J};     (1.4.64)
ymax=max{yj|j=1,…,J};     (1.4.65)  

}J,...,1j|)
y
y

a
x
x

min{(

}J,...,1j|)
y
y

a
x
x

max{(

}J,...,1j|)
y
y

x
x

amin{(

}J,...,1j|)
y
y

x
x

amax{(

min{

max

j
y

max

j

max

j
y

max

j

max

j

max

j
y

max

j

max

j
y

(*)
y

====++++−−−−

−−−−====++++

====++++−−−−−−−−

−−−−====++++−−−−

====γγγγ };1a1| y ++++≤≤≤≤≤≤≤≤−−−−

}J,...,1j|)
y
y

a
x
x

min{(

}J,...,1j|)
y
y

a
x
x

max{(

}J,...,1j|)
y
y

x
x

amin{(

}J,...,1j|)
y
y

x
x

amax{(

min{arga

max

j
y

max

j

max

j
y

max

j

max

j

max

j
y

max

j

max

j
y

(*)
y

====++++−−−−

−−−−====++++

====++++−−−−−−−−

−−−−====++++−−−−

==== };1a1| y ++++≤≤≤≤≤≤≤≤−−−−

}J,...,1j|)
y
y

x
x

amin{(

}J,...,1j|)
y
y

x
x

amax{(

}J,...,1j|)
y
y

a
x
x

min{(

}J,...,1j|)
y
y

a
x
x

max{(

min{

max

j

max

j
x

max

j

max

j
x

max

j
x

max

j

max

j
x

max

j

(*)
x

====++++−−−−

−−−−====++++

====−−−−−−−−

−−−−====−−−−

====γγγγ }1a1| x ++++≤≤≤≤≤≤≤≤−−−−

}J,...,1j|)
y
y

x
x

amin{(

}J,...,1j|)
y
y

x
x

amax{(

}J,...,1j|)
y
y

a
x
x

min{(

}J,...,1j|)
y
y

a
x
x

max{(

min{arga

max

j

max

j
x

max

j

max

j
x

max

j
x

max

j

max

j
x

max

j

(*)
x

====++++−−−−

−−−−====++++

====−−−−−−−−

−−−−====−−−−

==== }1a1| x ++++≤≤≤≤≤≤≤≤−−−−
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.     (1.4.66)

γγγγ(*) , -

. , 

: 

γγγγ(*)≤≤≤≤γγγγpor.      (1.4.67)

(1,ay)
(ax,1). -

(1,a), 

,      (1.4.68)

γγγγ(*)  ; 

,      (1.4.69)

γγγγ(*)  .  

a>0;
b=0. 

(xj,yj), j=1,…,J, aj: 

.     (1.4.70)

aj: 

amax=max{aj|j=1,…,J; aj≥≥≥≥0};     (1.4.71)

amin=min{aj|j=1,…,J; aj≥≥≥≥0}    ; (1.4.72)

la=amax-amin. 
[amin,amax]. 

Km (xj,yj), j∈∈∈∈Jm, , : 

},min{ (*)
x

(*)
y

(*) γγγγγγγγ====γγγγ

max

max(*)
y y

xaa ====

(*)
yγγγγ

max

max
(*)
x y

x
a
1a ====

(*)
xγγγγ

j

j
j x

y
a ====
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l(Km)= max{|av-aw| | v∈∈∈∈Jm, w=argmin{|av-as| | s∈∈∈∈Jm, v≠≠≠≠s}};

∀∀∀∀ ( ) i, i∈∈∈∈{1,…,J}\Jm ∀∀∀∀j∈∈∈∈Jm |ai-aj|>>l(Km);

∀∀∀∀ ab∈∈∈∈Km, ∀∀∀∀ae∈∈∈∈Km ∃∃∃∃ ( ) ai∈∈∈∈Km, i=1,…,I: a1=ab, aI=ae, 

|ai-ai+1|≤≤≤≤l(Km);

,      (1.4.73)

   - , , 

, (1.4.103); 

lx(Km) – x; 

lx – x; 

ly(Km) – y; 

ly – x. 

-

a, x (1.4.73). y
, (1.4.73) . 

– , -

-

-

. 

, , -

. -

. 

-

a, . 

b≠≠≠≠0

l
l

l
)K(l

&
l
l

l
)K(l

y

my

x

mx ΔΔΔΔ≤≤≤≤
ΔΔΔΔ≤≤≤≤

l
lΔΔΔΔ
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γγγγ(*), -

, . -

(1,ay) (ax,1). 
(1,a). 

(xj,yj) (a,bj): 
bj=yj-axj.      (1.4.74)

bj .  

bj: 

bmax=max{bj|j=1,…,J; aj≥≥≥≥0};     (1.4.75)

bmin=min{bj|j=1,…,J; aj≥≥≥≥0};     (1.4.76)

lb=bmax-bmin.      (1.4.77)
[bmin,bmax]. 

Km (xj,yj), j∈∈∈∈Jm, , : 

l(Km)= max{|bv-bw| | v∈∈∈∈Jm, w=argmin{|bv-bs| | s∈∈∈∈Jm, v≠≠≠≠s}};

∀∀∀∀ ( ) i, i∈∈∈∈{1,…,J}\Jm ∀∀∀∀j∈∈∈∈Jm |bi-bj|>>l(Km);

∀∀∀∀ bb∈∈∈∈Km, ∀∀∀∀be∈∈∈∈Km ∃∃∃∃ ( ) bi∈∈∈∈Km, i=1,…,I: b1=bb, bI=be, 

|bi-bi+1|≤≤≤≤l(Km). 

,      (1.4.78)

  -

, 

(1.4.103); 

lx(Km) – x; 

lx – x;
ly(Km) – y; 

ly – y. 

l
l

l
)K(l

&
l
l

l
)K(l

y

my

x

mx ΔΔΔΔ≤≤≤≤ΔΔΔΔ≤≤≤≤

l
lΔΔΔΔ
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-

b, x
(1.4.73). y (1.4.73) -

. 

a<0;

b≠≠≠≠0. 

γγγγ(*), -

, . -

(1,ay) (ax,1). 
(1,a). 

(xj,yj) (a,bj): 
bj=yj-axj.      (1.4.79)

bj . 

bj: 

bmax=max{bj|j=1,…,J; aj≤≤≤≤0};     (1.4.80)

bmin=min{bj|j=1,…,J; aj≤≤≤≤0};     (1.4.81)

lb=bmax-bmin.      (1.4.82)
[bmin,bmax]. 

Km (bj), j∈∈∈∈Jm, , : 

l(Km)= max{|bv-bw| | v∈∈∈∈Jm, w=argmin{|bv-bs| | s∈∈∈∈Jm, v≠≠≠≠s}};

( ) i, i∈∈∈∈{1,…,J}\Jm ∀∀∀∀j∈∈∈∈Jm |bi-bj|>>l(Km);

bb∈∈∈∈Km, ∀∀∀∀be∈∈∈∈Km ∃∃∃∃ bi∈∈∈∈Km, i=1,…,I: b1=bb, bI=be, |bi-bi+1|≤≤≤≤l(Km). 

,      (1.4.83)

  - , , 

, (1.4.103); 

lx(Km) – x; 

l
l

l
)K(l

&
l
l

l
)K(l

y

my

x

mx ΔΔΔΔ≤≤≤≤
ΔΔΔΔ≤≤≤≤

l
lΔΔΔΔ
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lx – x
ly(Km) – y; 

ly – y. 

-

b, x
(1.4.73). y (1.4.73) -

. 

(xj,yj), (xi,yi), j≠≠≠≠i, (aj,i,bj,j) -

. . 

,     (1.4.84)

.  (1.4.85)

[(a1,b1),(a2,b2)]
: 

,     (1.4.86)

,      (1.4.87)

xf - x; 

yf – y. 

-

Kf,m. x -

. , x , -

(xf,i,yf,i), 

ij

ij
i,j xx

yy
a

−−−−
−−−−

====

====−−−−==== ji,jji,j xayb
ij

jiij
j

ij

ij
j xx

xyxy
x

xx
yy

y
−−−−
++++

====
−−−−
−−−−

−−−−====

12

12
f aa

bbx
−−−−
−−−−====

12

1221
f aa

babay
−−−−
−−−−====
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0%≤≤≤≤xf,i≤≤≤≤100%.      (1.4.88)

Kf,m (xf,z,yf,z), z∈∈∈∈Zm, , : 

l(Kf,m)= max{||(xf,v,yf,v)-(xf,w,yf,w)|| | v∈∈∈∈Zm, w=argmin{||(xf,v,yf,v)-

(xf,s,yf,s)|| | s∈∈∈∈Zm, v≠≠≠≠s}};

∀∀∀∀ ( ) i, i∈∈∈∈{1,…,J(J-1)/2}\Zm ∀∀∀∀j∈∈∈∈Zm ||(xf,i,yf,i)-

(xf,j,yf,j)||>>l(Kf,m);

∀∀∀∀ (xf,b,yf,b)∈∈∈∈Kf,m, ∀∀∀∀ (xf,e,yf,e)∈∈∈∈Kf,m ∃∃∃∃ (xf,i,yf,i)∈∈∈∈Kf,m, i=1,…,I:

(xf,1,yf,1)=(xf,b,yf,b), (xf,I,yf,I)=(xf,e,yf,e), ||(xf,i,yf,i)- (xf,i+1,yf,i+1)||≤≤≤≤l(Kf,m). 

,      (1.4.89)

  - , , 

, (1.4.103); 

lx(Km) – x; 

lx – x;
ly(Km) – y; 

ly – y. 

Kf,m , 

(5%-10%) , 

[(a1,b1),(a2,b2)], 
Kf,m. 

, – . 

, , -

x : 

• ; 

• . 

, 

–

l
l

l
)K(l

&
l
l

l
)K(l

y

my

x

mx ΔΔΔΔ≤≤≤≤
ΔΔΔΔ≤≤≤≤

l
lΔΔΔΔ
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. 

(x,y). 
, -

. , x , 

0%≤≤≤≤xf≤≤≤≤100%. 

(xf,yf)
(a1,b1), (a2,b2), a1<a2

∀∀∀∀ j:

b1+a1xf≤≤≤≤yf ≤≤≤≤ b2+a2xf.      (1.4.90)

: 

b2+a2xf≤≤≤≤yf ≤≤≤≤ b1+a1xf.      (1.4.91)  

, 

xf. – , -

xf

, : 

• -

x; 

• -

. 

.  

x. : y

(xj,yj) -

(aj,bj) (1.4.84), (1.4.85). 
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bj y. 

x

,     (1.4.92)

(bx,j,0) – x.  

(aj,bx,j), a>0. 

aj. bx,j ( -

, x
). . , 

, (ai,bx,i), i=1,…,J(J-
1)/2, bx,i (1.4.92).  

Icand,lev, :  

Icand,prav = {i|ai≥≥≥≥0, ∀∀∀∀ j: xj ≥≥≥≥bx,i}.      (1.4.93)

(bx,i,max,0): 

bx,i,max=max{bx,i|i∈∈∈∈Icand,prav}.      (1.4.94)

: y

(xj,yj)
(aj,bj) (1.4.84), (1.4.85). 

bj y. 

x

,     (1.4.95)

(bx,j,0) – x.  

(aj,bx,j), a<0. 

aj. bx,j. ( -

j

j
j,x a

b
b −−−−====

j

j
j,x a

b
b −−−−====
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, x
). 

. , 

, (ai,bx,i), i=1,…,J(J-1)/2, bx,i -

(1.4.92).  

Icand,lev, :  

Icand,lev = {i|ai≤≤≤≤0, ∀∀∀∀ j: xj ≤≤≤≤bx,i}      (1.4.96)

(bx,i,min,0):  

bx,i,min=min{bx,i|i∈∈∈∈Icand,lev}     (1.4.97)

, lx/(J+1)
S=lxly,      (1.4.98)

s=ΔΔΔΔlxΔΔΔΔly, 

, (1.4.99)

,   (1.4.100)

,   (1.4.101)

,     (1.4.102)

,     (1.4.103)

,  (1.4.104)

S – ; 

*
)!1m()!1mJ(

)!1J()s,K( m −−−−++++−−−−
−−−−====ρρρρ

*)1mJ(1m

S
s1

S
s*

++++−−−−−−−− ΔΔΔΔ−−−−
ΔΔΔΔ

1m

,m S
s

)!1m()!1mJ(
)!1J()s,K(

−−−−

≥≥≥≥
ΔΔΔΔ

−−−−++++−−−−
−−−−====ρρρρ

====ρρρρ ≥≥≥≥ )s,K( ,m δδδδ≤≤≤≤
ΔΔΔΔ

−−−−++++−−−−
−−−−====

−−−−1m

S
s

)!1m()!1mJ(
)!1J(

)1mJ(*...*)1J(
)!1m(

S
s 1m

++++−−−−−−−−
−−−−δδδδ≤≤≤≤

ΔΔΔΔ −−−−

)1mJ(*...*)1J(
)!1m(

l
l 1m

++++−−−−−−−−
−−−−δδδδ≤≤≤≤

ΔΔΔΔ −−−−

====ρρρρ ≥≥≥≥ )s,K( ,m δδδδ≤≤≤≤
ΔΔΔΔ

−−−−++++−−−−
−−−−====

−−−− )1m(2

l
l

)!1m()!1mJ(
)!1J(
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lx – x; 

ly – y; 

s – ; 

ΔΔΔΔlx – x; 

ΔΔΔΔly – y; 

Km – m ; 

ρρρρ(Km,s) – , , m

s, ; 

ρρρρ(Km,≥≥≥≥,s) – , m , 

s; 

δδδδ - , , 5% 10%; 

m – . 

. 3 - 5 , -

(ΔΔΔΔl/l). 

3
17

δδδδ , m

2 3 4 5 6

10,00% 7,91% 5,13% 2,88% 1,76% 1,20%

5,00% 5,59% 4,32% 2,56% 1,61% 1,12%

1,00% 2,50% 2,89% 1,96% 1,32% 0,95%

0,50% 1,77% 2,43% 1,75% 1,21% 0,89%

0,01% 0,25% 0,91% 0,91% 0,74% 0,60%

.  ‘>>’ 

‘>>’
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‘>>’=2;
‘>>’=1,5;
‘>>’=4;

γγγγPOR

4
16

δδδδ , m

2 3 4 5 6

10,00% 8,16% 5,49% 3,19% 2,03% 1,45%

5,00% 5,77% 4,61% 2,85% 1,86% 1,35%

1,00% 2,58% 3,09% 2,18% 1,52% 1,15%

0,50% 1,83% 2,60% 1,94% 1,40% 1,07%

0,01% 0,26% 0,98% 1,01% 0,86% 0,73%

5
15

δδδδ , m

2 3 4 5 6

10,00% 8,45% 5,89% 3,57% 2,37% 1,78%

5,00% 5,98% 4,96% 3,18% 2,17% 1,66%

1,00% 2,67% 3,31% 2,43% 1,78% 1,41%

0,50% 1,89% 2,79% 2,17% 1,63% 1,32%

0,01% 0,27% 1,05% 1,13% 1,00% 0,89%

γγγγpor

γγγγpor =1/2;
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γγγγpor =1/1,5;

γγγγpor’=1/5;

, . 

, -

-

. -

. , -

. 

– . 

. 

. 

, , 

. -

. 
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-

. , -

, , , . , 

-

. 

, 

, -

. 

, -

. 

  



77

2. 

2.1. 

-

  

:  

Qgr(t) – ( - ); 

;     (2.1.1)

  

Yreal(t) – , . . ; 

Qgr,Y(t) – . 

: 

Qpas(t) – ( -

- ); 

,     (2.1.2)

Qpas,Y(t) – . 

)t(Y
)t(Q

)t(Q
real

gr
Y,gr ====

)t(Y
)t(Q

)t(Q
real

pas
Y,pas ====
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,     (2.1.3)

Qpas,gr(t) – . 

2.2. 

: 

• ; 

•

. 

. 

: 

htr(t) – ; 

hcp(t) – ; 

hk(t) – ; 

hpr(t) – . 

– : 

;     (2.2.1)

)t(Q
)t(Q

gr

pas

)t(h
)t(h)t(h

cp

tr
cp,tr ====
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;     (2.2.2)

,     (2.2.3)

htr,cp(t) –

; 

htr,k(t) –

; 

htr,pr(t) –

. 

, 

1:  

;     (2.2.4)

;     (2.2.5)

.     (2.2.6)

1, 

: 

• ; 

• ; 

• . 

;     (2.2.7)

;     (2.2.8)

.     (2.2.9)

)t(h
)t(h)t(h

k

tr
k,tr ====

)t(h
)t(h)t(h

pr

tr
pr,tr ====

1
)t(h
)t(h)t(h

cp

tr
cp,tr >>>>====

1
)t(h
)t(h)t(h

k

tr
k,tr >>>>====

1
)t(h
)t(h)t(h

pr

tr
pr,tr >>>>====

1
)t(h
)t(h)t(h

cp

tr
cp,tr ≈≈≈≈====

1
)t(h
)t(h)t(h

k

tr
k,tr ≈≈≈≈====

1
)t(h
)t(h)t(h

pr

tr
pr,tr ≈≈≈≈====
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, 1: 

;     (2.2.10)

;     (2.2.11)

.     (2.2.12)

: 

pd,gr – - ; 

pf,gr – - -

, , ; 

pd,pas – - ; 

pf,pas – - -

, , . 

– : 

;      (2.2.13)

;     (2.2.14)

pd,f,pas – -

-

, , ; 

pd,f,gr – - , 

, . 

1
)t(h
)t(h)t(h

cp

tr
cp,tr <<<<====

1
)t(h
)t(h)t(h

k

tr
k,tr <<<<====

1
)t(h
)t(h)t(h

pr

tr
pr,tr <<<<====

)t(p
)t(p

)t(p
gr,f

gr,d
gr,f,d ====

)t(p
)t(p

)t(p
pas,f

pas,d
pas,f,d ====
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, 

. 

. 

, , 1. 

( ) 1, 

, -

, , , -

-

: 

• ; 

• . 

: 

;     (2.2.15)

,     (2.2.16)

Rf(t) – ; 

TCrash(t) – ; 

V(t) – ; 

rππππ,rash(t) – ; 

kp,rash(t) – . 

. –

)t(V
)t(TC)t(Rr rashf

rash,
−−−−====ππππ

)t(V
)t(R)t(k f

rash,p ====
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. -

( ), , . . .  

. 12. 

, -

,   

,     (2.2.17)

V0 – ; 

V – ; 

kv,perv,ost – -

. 

)t(V
)t(V)t(k

0
ost,perv,v ====
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0,43: 

.     (2.2.18)

, : 

• -

; 

• ( -

), 

, :  

• -

; 

• ( -

), . 

2.3. , 
, 

, 

: 

• ; 

• : 

❏ ( ); 

43,0
)2000(V
)2000(V)2000(k

0
ost,perv,v ========
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❏ ( -

  , 

, ). 

. 

- -

, , -

. 

;     (2.3.1)

;     (2.3.2)

;     (2.3.3)

kp=min{kp,rash,kp,izd};     (2.3.4)
TCizd=VCizd, expl + FCizd,fiz iznos+FCizd,mor star;    (2.3.5)
TCrash = VCrash, expl  +FCrash,      (2.3.6)

  

kp,rash – ; 

kp,izd – ; 

kp – ; 

Rf – ; 

TCizd – , : 

VCizd, expl  - ; 

FCizd,fiz iznos – ; 

FCizd,mor star – ; 

TCrash – , : 

  VCrash, expl  - ; 

  FCrash - , ; 

%100
TC

Rk
rash

f
rash,p ====

%100
TC

Rk
izd

f
izd,p ====

%100
TC
TCk

izd

rash
rash,izd,p ====
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FCrash,fiz iznos – ; 

FCrash,mor star – ; 

: 

• ; 

• ; 

• ; 

• ; 

• . 

, 

, -

. -

( -

)   

VCrash, expl = VCizd, expl . 
. 

. , (

)

. 

, , . 

, –

( ), . 

, , , -

-

, , , -

. 

-

: 
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• ; 

• ; 

• . 

, : 

.     (2.3.7)

, 

-

, , 

( -

). 

: 

• ; 

• ; 

• . 

. 14.  

100%, -

. 

100%, 

, -

, -

.  

rash,p

izd,p
rash,izd,p k

k
k ====
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100%, 

. 

100%, 

. 

: 

• ; 

• ; 

• . 

100%, -

. : 

• ; 

• . 

, , , 

, . 

: 

• ; 

• .  

-

: 

• ; 

• . 

-

: 

100% - ; 

( ) - -

; 

%100
TC

VC

rash

expl tekrash, %100
TC

VC

rash

expl tekrash,≤≤≤≤
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  - -

. 

. 13. -

-

: 

100% - ; 

-

; 

- ; 

  - -

. 

%100
TC

VC

rash

expl tekrash,

%100
CT

CFVC

izd

iznosfiz,izdexpl tekizd, ++++

%100
CT

VC

izd

expl tekizd,

%100
CT

VC

izd

expl tekizd,
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. 14. 



90

. 15. 
kp  

TCizd. -

TCrash.  

-

: 
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• – -

( ) ; 

• – -

, . 

-

, : 

• : -

; 

• : -

; 

• : . 

kp. 

, 100%. , 

100%. 

2.4. , 
, 

( ) -

: 

. ./ . ,    (2.4.1)

rππππ,rash - ( ) ; 

V
TCRr rashf

rash,
−−−−====ππππ
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Rf – ; 

TCrash – ; 

V – . 

( ) -

: 

. ./ . ,    (2.4.2)

rππππ,izd - ( ) ; 

TCizd – . 

-

: 

rππππ,int=min{rππππ,rash,rππππ,izd},     (2.4.3)

  

rππππ,int - -

. 

-

, -

, . 

. 

, , -

, . 

(2.4.1) – 2.4.3) : 

;     (2.4.4)

V
TCRr izdf

izd,
−−−−====ππππ

%100
V
TCRr rashf

rash,
−−−−====ππππ
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,     (2.4.5)

. 

( . . 16). 

rππππ,rash

kp,rash: 

(2.4.6)

  

, (2.4.7)

.     (2.4.8)

rππππ,rash

kp,rash, 

( ) ( )

( ) .  

%100
V
TCRr izdf

izd,
−−−−====ππππ

====
−−−−====

−−−−====ππππ

V
TC

R
TCR

TC/R
V/TCR

k
r rash

r

rashf

rashr

rashf

rash,p

rash,

VR
TC)TCR(

r

rashrashf −−−−====

====
−−−−====

−−−−
====ππππ rash,p

rash

f

rashf

rash

f

rashf

rash, k
V

TC
R
TCR

TC
R

V
TCR

r
VR

TC)TCR(
f

rashrashf −−−−====

V
TC

R
TCR

r
k

rash

f

rashf

rash,
rash,p −−−−

==== ππππ

f

rashf

R
TCR −−−−

V
TCrash
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. 16. 

. -

rππππ,izd kp,izd: 

.  (2.4.9)

  

; (2.4.10)

.     (2.4.11)

====
−−−−====

−−−−====ππππ

V
TC

R
TCR

TC/R
V/TCR

k
r izd

r

izdf

izdr

izdf

izd,p

izd,

VR
TC)TCR(

r

izdizdf −−−−====

====
−−−−====

−−−−
====ππππ izd,p

izd

f

izdf

izd

f

izdf

izd, k
V

TC
R
TCR

TC
R

V
TCR

r
VR

TC)TCR(
f

izdizdf −−−−====

V
TC

R
TCR
r

k
izd

f

izdf

izd,
izd,p −−−−

==== ππππ
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6
-

2001

-

0%

4,3%

18%

20,2%

, 

-
20% -

25%

, -

-

- 25-40%

-

- 40-50%

-

-
50%

-

rππππ,izd kp,izd, -

( -
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) ( ) ( ) -

.  

«
»

-

( . 

. 18, . 7). 

-

, , 

, -

. 

(

), , 

, 

. 

rππππ

π

V: 

. . ./ .      (2.4.12)

f

izdf

R
TCR −−−−

V
TCizd

V
r ππππ====ππππ
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7
-

US$

-
-

-

3-4%  

4-6%

. 

, -

. 

- 6-8%

, 

-

-

-
8-12%

-

25% , 

«
»
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(Rππππ<H)

. 

, 

, , -

, . 

-

, -

-

, 

.  

: 

• -

( ); 

• -

. 

, 

, -

. 

(Rππππ<R$/RUBL)

, 

. 

. , 

, 
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-

: . 

: 

• ; 

• . 

(Rππππ<RVKL)

-

. -

, 

. : 

:  

• ; 

• . 

, , 

: 

• ; 

•

(Rππππ<RVKL,$)

-

. 
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, -

. : -

. 

-

, 

• ; 

• . 

, , 

: 

• ; 

•

. 17. , -
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(Rππππ<RCR)

, . 

. 

. 18. 

(Rππππ<RCR,$)

, . 

( ) -

. 



102

(Rππππ≤≤≤≤ RCR,PR,-)

. -

. 

: 

• ; 

• . 

. , -

, ( )

. 

(RCR,PR,-<Rππππ≤≤≤≤ RCR,PR,+-)

, -

. , , 

, 

. 
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(RCR,PR,+-<Rππππ≤≤≤≤ RCR,PR,+)

, , -

-

, . 

(RCR,PR,+<Rππππ)

-

. -

, -

, -

. , 

. 

-

-

. 

, -

( . . 19). 
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-

: 

,    (2.4.13)

,    (2.4.14)

ΔΔΔΔp%=max{ΔΔΔΔprash%,ΔΔΔΔpizd%},     (2.4.15)

ΔΔΔΔp%  -  ( %) ;  

ΔΔΔΔprash%  -  ( %) -

;  

ΔΔΔΔpizd%  -  ( %) -

;  

rππππ,rash,z – ;  

rππππ,izd,z – .  

-

, . . 

. -

, , 

. 

: 

• ; 

• ; 

• ; 

• ; 

%100%100
R

TCVr
%p

f

rashz,rash,
rash −−−−

++++
====ΔΔΔΔ ππππ

%100%100
R

TCVr
%p

f

izdz,izd,
izd −−−−

++++
====ΔΔΔΔ ππππ
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• ; 

• ; 

• -

; 

•

; 

• -

. 

( )

( )

, ( ) -

, . 

rzh

Rzh, -

: 

Rzh,rash=TCrash+V••••rππππ,rash,z,      (2.4.16)

Rzh,izd=TCizd+V••••rππππ,izd,z,      (2.4.17)

Rz=max{ Rzh,rash, Rzh,izd },     (2.4.18)
Rz – ; 

Rz,rash – , , 

; 

Rz,izd – , , 

. 

( ) Rzh

Rf -

, : 

,    (2.4.19)%100*)1
R
R(%100*)1

p
p(%p

f

z

f

z −−−−====−−−−====ΔΔΔΔ
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pz –   ; 

pf – . 

. 19. 

-

: 

,     (2.4.20)

pstdost% - , -

, , -

-

;

ΔΔΔΔp% – , -

. 

%100*
%p%100

%100%pstdost ΔΔΔΔ++++
====
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, -

, -

: 

,     (2.4.21)

rππππ,zhel – , -

, , 

; 

rππππ,zhel% – . 

, pstdost%
100%. , 100%, , 

100%. 

2.5. 

-

, , -

t t+1. – -

100%. 

: 

vR – ; 

vizd – ; 

vrash – ; 

vππππ,rash – ; 

vππππ,izd – ; 

vππππ,int – ; 

%100*
r

r%r
zhel,

zhel,
ππππ

ππππ
ππππ ====
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hV – ; 

vrππππ,rash – -

; 

vrππππ,izd – -

; 

vrππππ,int – -

. 

-

: 

,     (2.5.1)

V0(t) – , 

t; 
V0(t+1) – , -

t+1; 

v0(t) – t, -

; 

v0(t+1)  t+1, -

. 

: 

V0(t)=v0(t)p0(t),      (2.5.2)
  

p0(t) – t. 
, . . 

, , 

%100

)t(v
)1t(v

)t(V
)1t(V

h

0

0

0

0

V −−−−++++

++++

====
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-

, 

. 

, . . -

. -

– . -

, -

, , , -

1999 2000 . 

, . . -

: 

• ; 

• ( , ).  

, , 

, 

. . . 

  

. 

-

: 

,     (2.5.3)

V0(t) – , 

t; 

)t(v
)1t(v

0

0 ++++

%100
)t(V

)1t(Vh
0

0
V −−−−

++++====
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V0(t+1) – , -

 t+1. 

-

: 

• ; 

• . 

vππππ,int=min{vππππ,izd,vππππ,rash}.     (2.5.4)

, 

vππππ,int>h.      (2.5.5)

, , . 

, 

vππππ,int≈≈≈≈h.      (2.5.6)

, , . 

, 

vππππ,int<h.      (2.5.7)

, , . 

, 

vππππ,int<0%.      (2.5.8)

, , . 

, . 

vrππππ,int>0%.      (2.5.9)

, . 

vrππππ,int≈≈≈≈0%.      (2.5.10)

, . 

vrππππ,int<0%.      (2.5.11)

, , 

. 
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vrππππ,int-(h-hV)<0%.      (2.5.12)

-

- . 

, 

-

. 

, ,  

vrππππ,int,corr= vππππ,int-(h-hV),      (2.5.13)

vrππππ,int,corr –

, . 

, 

. -

, 

-

, -

. 

, 

. 

vrππππ,int,corr >0%.      (2.5.14)

, 

. 

vrππππ,int,corr ≈≈≈≈0%.      (2.5.15)

, 

. 

vrππππ,int,corr <0%.      (2.5.16)
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-

: . 

-

. 

, 

, , -

. , 

. -

-

.   

1998 . 

-

. -

, -

. -

. 

, 

, 

( 1998 ), . 

π, 

, : 

 ,     (2.5.17)

  

)h%100%100
)t(V

)1t(V(%100
r

r

0

0

t,

1t, −−−−−−−−
++++++++

ππππ

++++ππππ
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V0(t) – -

t;  
V0(t+1) –

t+1. 

(

). 

h, 

 . -

:   

.    (2.5.18)

, -

100%:  

krost,ππππ,rππππ,int=min{vππππ,int,vrππππ,int}+100%.     (2.5.19)

, -

100%: 

kππππ,rππππ,int>100%.     (2.5.20)

, , 

. 

, 

100%: 

kππππ,rππππ,int≈≈≈≈100%.     (2.5.21)

, -

, . 

)t(V
)1t(V

0

0 ++++

%100
)t(V

)1t(Vh%100
%100

)t(V
)1t(V

h%100
0

0

0

0

++++−−−−++++≈≈≈≈++++
++++
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, 

100%: 

kππππ,rππππ,int<100%.     (2.5.22)

, 

, . 

-

-

: 

krostfinans=min{krost,ππππ,rππππ,int,krost,pokr},     (2.5.23)

,     (2.5.24)

kp(t) – t; 
kp(t+1) – t+1. 

, , -

: 

• ; 

• . 

•

; 

•

. 

)t(k
)1t(k

k
p

p
pokrrost,

++++
====
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2.6. , 

  

. 20. -

: 

,     (2.6.1)

,     (2.6.2)

)t(Q
)t(q

)t(q
pas

lexp,l,p
pas,Q,lexp,l,p ====

)t(Q
)t()t(q

)t(q
pas

l,plexp,l,p
pas,Q,,lexp,l,p

ρρρρ
====ρρρρ
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qp,l,expl,Q,pas(t) –

; 

qp,l,expl,ρρρρ,Q,pas(t) –

-

. 

: 

;     (2.6.3)

,     (2.6.4)

qg ,l,expl,Q,gr(t) –

; 

qgr,l,expl,ρρρρ,Q,gr(t) –

; 

: 

ρρρρgr,l(t) – ; 

ρρρρpas,l(t) – -

; 

)t(Q
)t(q

)t(q
gr

lexp,l,gr
gr,Q,lexp,l,gr ====

)t(Qgr
)t()t(q

)t(q l,grlexp,l,gr
gr,Q,,lexp,l,gr

ρρρρ
====ρρρρ
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– -

; 

–

. 

: 

Vvvod,trainline,new(t) -

( ) –

; 

Vvvod,trainline,second(t) -

( ) –

; 

Vvvod,trainline,electr(t) -

( ) – -

; 

-

. 

: 

;     (2.6.5)

)t(v
)t(

uch,gr

l,grρρρρ

)t(v
)t(

uch,pas

l,pasρρρρ

)t(Q
)t(q

)t(q
lexp,v,pas

zak,v,pas
pas,Q,zak,v,pas ====
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,    (2.6.6)

qpas,v,zak,Q.pas –

; 

qpas,v,expl,ρρρρ,Q.pas – -

. 

:  

• ; 

• ; 

• . 

-

, . . -

: 

• ; 

• .  

, -

: 

• ; 

• . 

-
1: 

• ; 

                                                          
1

)t(Q
)t()t(q

)t(q
pas

v,grlexp,v,pas
pas,Q,,lexp,v,pas

ρρρρ
====ρρρρ
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• . 

, -

: 

. 

-

-

.  

: 

,     (2.6.7)

Qprognoz – , 

Qtekush – , 

ΔΔΔΔQpotr% - . 

: 

•

; 

• ; 

• . 

-

-

. 

%100*)1
Q
Q

(%Q
tekush

prognoz
potr −−−−====ΔΔΔΔ
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: 

,     (2.6.8)

Qprognoz,gr – ; 

Qtekush,gr – ; 

ΔΔΔΔQpotr,gr%.-

. 

: 

,     (2.6.9)

Qprognoz,p – ; 

Qtekush,p – ; 

ΔΔΔΔQpotr,p%. .-

. 

-

-

: 

,     (2.6.10)

,     (2.6.11)

,     (2.6.12)

%100*)1
Q
Q

(%Q
gr,tekush

gr,prognoz
gr,potr −−−−====ΔΔΔΔ

%100*)1
Q
Q

(%Q
p,tekush

p,prognoz
p,potr −−−−====ΔΔΔΔ

%100*)1
)t(

)1t(
(%

l,g

l,g
1t,t,l,g −−−−

ρρρρ
++++ρρρρ

====ρρρρΔΔΔΔ ++++

%100*)1
)t(

)1t(
(%

pv,p

pv,p
1t,t,pv,p −−−−

ρρρρ
++++ρρρρ

====ρρρρΔΔΔΔ ++++

%100*)1
)t(

)1t(
(%

l,p

l,p
1t,t,l,p −−−−

ρρρρ
++++ρρρρ

====ρρρρΔΔΔΔ ++++
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ρρρρg,l(t) – t; 

ρρρρg,l(t+1) –

t+1; 

ρρρρp,pv(t) –   -

t; 

ρρρρp,l(t) –

t; 

ρρρρp,pv(t+1) –   -

t+1; 

ρρρρp,l(t+1) –

t+1; 

ΔΔΔΔρρρρg,gv,t,t+1% -

t t+1; 

ΔΔΔΔρρρρg,l,t,t+1% - -

t t+1;

ΔΔΔΔρρρρp,pv,t,t+1% -

t t+1; 

ΔΔΔΔρρρρp,l,t,t+1% - -

t t+1. 

-

-

: 

• ; 

• . 

ΔΔΔΔρρρρg,t,t+1% = ΔΔΔΔρρρρg,l,t,t+1%.    (2.6.13)
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-

-

: 

• -

; 

• . 

ΔΔΔΔρρρρp,t,t+1% =min{ΔΔΔΔρρρρp,pv,t,t+1%,ΔΔΔΔρρρρp,l,t,t+1%}.    (2.6.14)

, 

. 

. 20. -
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: 

,     (2.6.15)

qg,park%= qg,l,park%      (2.6.16)

,     (2.6.17)

,     (2.6.18)

qp,park%=min{qp,pv,park%,qp,l,park%}     (2.6.19)

qg,park% –

; 

qg,l,park% –

-

; 

qp,park% –

-

; 

qp,pvpark% –

-

; 

qp,l,park% –

-

. 

-

: 

%100
q
q

%q
lexp,l,g

ispr,l,g
park,l,g ====

%100
q
q

%q
lexp,pv,p

ispr,pv,p
park,pv,p ====

%100%100
q
q

%q
lexp,l,p

ispr,l,p
park,l,p −−−−====
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,     (2.6.20)

qg,park,vibite%=min{qg,gv,park,vibitie%,qg,l,park,vibitie%}   (2.6.21)

,     (2.6.22)

,     (2.6.23)

qp,park,vibitie%=min{qp,pv,park,vibitie%,qp,l,park.vibitie% }  (2.6.24)

qg,park,vibitie% – -

-

; 

qg,l,park,vibitie% -

-

; 

qp,park,vibitie% – -

; 

qp,pvpark,vibitie% – -

; 

qp,l,park,vibitie% – -

-

; 

qg,gvpark,vibitie –

; 

qg,l,park,vibitie% -

; 

%100
q
q

%q
lexp,l,g

vibitie,l,g
vibitie,park,l,g −−−−====

%100
q
q

%q
lexp,pv,p

vibitie,pv,p
vibitie,park,pv,p −−−−====

%100
q
q

%q
lexp,l,p

vibitie,l,p
vibitie,park,l,p −−−−====
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qp,pvpark,vibitie% –

; 

qp,l,park,vibitie% –

. 

: 

,     (2.6.25)

qg,park,zak%= qg,l,park,zak%     (2.6.26)

,     (2.6.27)

,     (2.6.28)

qp,park,zak%=min{qp,pv,park,zak%,qp,l,park,zak%}    (2.6.29)

qg,park,zak% –

-

; 

qg,gvpark,zak% – -

-

; 

qg,l,park,zak% – -

; 

qp,park,zak% –

-

; 

%100
q
q

%q
lexp,l,g

zak,l,g
zak,park,l,g ====

%100
q
q

%q
lexp,pv,p

zak,pv,p
zak,park,pv,p ====

%100
q
q

%q
lexp,l,p

zak,l,p
zak,park,l,p ====
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qp,pvpark,zak% – -

; 

qp,l,park,zak% – -

-

. 

, -

: 

• ; 

• ; 

• -

. 

: 

,     (2.6.30)

kg,ΔΔΔΔQ=minkg,l,ΔΔΔΔQ,      (2.6.31)

,   (2.6.32)

++++
ΔΔΔΔ

++++++++

++++++++ρρρρΔΔΔΔ

====

++++

ΔΔΔΔ %100
%Q

%q%q
%q%

k
gr,potr

zak,park,l,gvibitie,park,l,g

park,l,g1t,t,l,g

Q,l,g

%100
%Q

%)q%q
%q(%

gr,potr

zak,park,l,gvibitie,park,l,g

park,l,g1t,t,l,g

ΔΔΔΔ
++++++++

++++××××ρρρρΔΔΔΔ

++++

++++

++++
ΔΔΔΔ

++++++++

++++++++ρρρρΔΔΔΔ

====

++++

ΔΔΔΔ %100
%Q

%q%q
%q%

k
gr,potr

zak,park,pv,pvibitie,park,pv,p

park,pv,p1t,t,pv,p

Q,pv,p

%100
%Q

%)q%q
%q(%

gr,potr

zak,park,pv,pvibitie,park,pv,p

park,pv,p1t,t,pv,p

ΔΔΔΔ
++++++++

++++××××ρρρρΔΔΔΔ

++++

++++
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    (2.6.33)

kp,ΔΔΔΔQ=min{kp,pv,ΔΔΔΔQ,kp,l,ΔΔΔΔQ},     (2.6.34)

kΔΔΔΔQ=min{kp,ΔΔΔΔQ,kp,ΔΔΔΔQ},     (2.6.35)

kg,gv,ΔΔΔΔQ – -

; 

kg,l,ΔΔΔΔQ – -

; 

kg,ΔΔΔΔQ – -

; 

kp,pv,ΔΔΔΔQ – -

-

; 

kp,l,ΔΔΔΔQ – -

; 

kp,ΔΔΔΔQ – -

; 

kΔΔΔΔQ –

. 

-

: 

• ; 

++++
ΔΔΔΔ

++++++++

++++++++ρρρρΔΔΔΔ

====

++++

ΔΔΔΔ %100
%Q

%q%q
%q%

k
gr,potr

zak,park,l,pvibitie,park,l,p

park,l,p1t,t,l,p

Q,l,p

%100
%Q

%)q%q
%q(*%

gr,potr

zak,park,l,pvibitie,park,l,p

park,l,p1t,t,l,p

ΔΔΔΔ
++++++++

++++ρρρρΔΔΔΔ

++++

++++
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• ; 

• . 

-

-

: 

,     (2.6.36)

kg,ΔΔΔΔQ,ρρρρ=minkg,l,ΔΔΔΔQ,ρρρρ,     (2.6.37)

,     (2.6.38)

,     (2.6.39)

kp,ΔΔΔΔQ,ρρρρ=min{kp,pv,ΔΔΔΔQ,ρρρρ,kp,l,ΔΔΔΔQ,ρρρρ},     (2.6.40)

kΔΔΔΔQ,ρρρρ=min{kp,ΔΔΔΔQ,ρρρρ,kp,ΔΔΔΔQ,ρρρρ},     (2.6.41)

kg,l,ΔΔΔΔQ,ρρρρ – -

-

; 

kg,ΔΔΔΔQ,ρρρρ – -

-

; 

kp,pv,ΔΔΔΔQ,ρρρρ – -

; 

kp,l,ΔΔΔΔQ,ρρρρ – -

; 

%100
%Q
%

k
gr,potr

1t,t,l,g
,Q,l,g ΔΔΔΔ

ρρρρΔΔΔΔ
==== ++++

ρρρρΔΔΔΔ

%100
%Q
%

k
gr,potr

1t,t,pv,p
,Q,pv,p ΔΔΔΔ

ρρρρΔΔΔΔ
==== ++++

ρρρρΔΔΔΔ

%100
%Q
%

k
gr,potr

1t,t,l,p
,Q,l,p ΔΔΔΔ

ρρρρΔΔΔΔ
==== ++++

ρρρρΔΔΔΔ
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kp,ΔΔΔΔQ,ρρρρ – -

-

; 

kΔΔΔΔQ,ρρρρ – -

. 

: 

,    (2.6.42)

kg,Q=minkg,l,Q,     (2.6.43)

,    (2.6.44)

,    (2.6.45)

kp,Q=min{kp,pv,Q,kp,l,Q},     (2.6.46)
kQ=min{kp,Q,kp,Q},     (2.6.47)

kg,l,ΔΔΔΔQ – -

; 

kg,Q – -

; 

%100
%Q%100

%)q%q
%q%100(*

*%)%100(

k
gr,potr

zak,park,l,gvibitie,park,l,g

park,l,g

1t,t,l,g

Q,l,g ΔΔΔΔ++++
++++++++

++++++++

ρρρρΔΔΔΔ++++

====

++++

%100
%Q%100

%)q
%q

%q%100(*
*%)%100(

k
gr,potr

zak,park,pv,p

vibitie,park,pv,p

park,pv,p

1t,t,pv,p

Q,pv,p ΔΔΔΔ++++
++++

++++++++

++++++++

ρρρρΔΔΔΔ++++

====

++++

%100
%Q%100

%)q%q
%q%100(*

*%)%100(

k
gr,potr

zak,park,l,pvibitie,park,l,p

park,l,p

1t,t,l,p

Q,l,p ΔΔΔΔ++++
++++++++

++++++++

ρρρρΔΔΔΔ++++

====

++++



130

kp,pv,Q – -

; 

kp,l,Q – -

; 

kp,Q – -

; 

kQ – -

. 

: 

• -

; 

•

. 

, 100%. 

. 

, 100%. 

, . 

, 100%. 

. 

, 

, ( ) -

V0 -

A: 

,     (2.6.48)A
Vt 0

life,plan ====
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V0 – ; 

– ; 

tplan,life – .  

-

, -

, . . -

: 

V<<V0,      (2.6.49)
<< . 

tost

( ) Vt

At:  

,     (2.6.50)

tost,t – t; 
Vt – t; 
At – t. 

-

  1: 

tost,t-1-tost,t≈≈≈≈1.      (2.6.51)

, V 50%

V0: 

,     (2.6.52)

t

t
t,ost A

Vt ====

1t

1t

t

t

A
V

A
V

−−−−

−−−−−−−−

%50%100
V
V

0

≈≈≈≈
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V0 – . 

50% ( . . 22).  

. 22. -
, 

  

100% . , 

, , -

0% . -

, 

. -

,
%

,
t

100%

0%

50%
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, 

50% .  

, , 

, , . -

, 50% . 

, -

. -

– . 

, 

, 

50%, 45%-55%: 

,     (2.6.53)

, -

. – , . 

, 

, 45%

,      (2.6.54)

-

.  

, 

, 55%

,      (2.6.55)

%55%100
V
V%45

0

t ≤≤≤≤≤≤≤≤

%45%100
V
V

0

t <<<<

%100
V
V%55

0

t<<<<
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.  

20% -

, 

,      (2.6.56)

tost,t≤≤≤≤ 5,      (2.6.57)

, 

, . 

, 

, 0%

,     (2.6.58)

tost,t≤≤≤≤3     (2.6.59)

.  

-

. -

A FCrash,fiz iznos . 

A -

, FCrash,fiz iznos, -

, - -

. -

. 

-

V0:  

%20%100
V
V

0

t <<<<

%10%100
V
V

0

t <<<<
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. -

: 

,     (2.6.60)

  

ΔΔΔΔVfiz iznos – , 

, ; 

A – ; 

V0 – ; 

FCrash,fiz iznos – ; 

, , -

  Vt, -

V0: 

,      (2.6.61)

, .  

  

,       (2.6.62)

. 

  

,     (2.6.63)

0

iznosfiz,rash

V
FCA −−−−

%100
V

FC-A
%V

0

iznosfiz,rash,
iznosfiz ====ΔΔΔΔ

0

iznosfiz,rash

V
FCA −−−−

0

t

V
V

0

t

0

iznosfiz,rash

V
V

3
%100%100

V
FCA

≥≥≥≥
−−−−

0

t

0

iznosfiz,rash

V
V%50%100

V
FCA

≥≥≥≥
−−−−

%0%100
V

FCA
%10

0

iznosfiz,rash ≈≈≈≈
−−−−

>>>>
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, -

, 

-

. 

  

,     (2.6.64)

-

: -

, . -

, 

. 

: 

,     (2.6.65)

tplan,life – ; 

V0 – ; 

A – .  

: 

,     (2.6.66)

tost,t – t; 
Vt – .  

, : 

tost,t<20%••••tplan,life,      (2.6.67)

, 

0
V

FCA
0

iznosfiz,rash <<<<
−−−−

A
Vt 0

life,plan ====

A
Vt t

t,ost ====
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tost,t<10%••••tplan,life.      (2.6.68)

, 

, 

50% : 

,     (2.6.69)

tmor% - -

.  

tmor%>100%,     (2.6.70)
. 

tmor%≈≈≈≈100%,     (2.6.71)

: , 

. 

tmor%<100%,     (2.6.72)
. 

tmor%<40%,     (2.6.73)
. 

  

     (2.6.74)

%100
2

1
V

V
%t 0

mor ====

0

t

0

iznosfiz,rash

V
V

3
1

V
FCA

≈≈≈≈
−−−−
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( , 

,   Vt, 

V0), 

-

, .  

  

,     (2.6.75)

, -

, 

-

. 

  

,     (2.6.76)

-

: -

, . -

, 

. 

kmor -

: 

,     (2.6.77)

0

t

V
V

%0%100
V

FCA
%10

0

iznosfiz,rash ≈≈≈≈
−−−−

>>>>

0
V

FCA
0

iznosfiz,rash <<<<
−−−−

%100
A

FC
k vlozhkap

mor ====
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kmor – ; 

FCkap vlozh – ; 

A – . 

kmor>100%,     (2.6.78)
. 

. 

. 

kmor≈≈≈≈100%,     (2.6.79)

: -

-

. , , -

.  

kmor<100%,     (2.6.80)
. 

. 

100%, 

, -

- . 

100%, , , 
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: -

100%. 

. 23. -

100%, -

: 

• ; 

• ; 

• . 

, -

100%. 
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2.7. 

: 

, 

V0 – ; 

V – ; 

kv,perv,ost – -

. 

. 

,     (2.7.1)

;     (2.7.2)

,     (2.7.3)

  

qp,l,zak,Q,pas(t) –

-

; 

ql,zak,expl(t) – -

; 

)t(V
)t(V)t(k

0
ost,perv,v ====

)t(Q
)t(q

)t(q
pas

zak,l,p
pas,zak,l,p ====

)t(Q
)t(q

)t(q
gr

zak,l,gr
gr,zak,l,gr ====

)t(q)t(q
)t(q)t(q

)t(q
lexp,l,grlexp,l,p

zal,l,grzak,l,p
lexp,zak,l ++++

++++
====
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qp,l,zak(t) – -

; 

qgr,l,zak(t) – -

; 

qp,l,expl(t) –

; 

qgr,l,expl (t) – -

. 

: 

;     (2.7.4)

;     (2.7.5)

qgr,v,zak,expl(t) –

; 

qpas,v,zak,expl(t) – -

. 

(2.7.4), (2.7.5) -

, -

, -

. 

-

. 

)t(q
)t(q

)t(q
lexp,v,gr

zak,v,gr
lexp,zak,v,gr ====

)t(q
)t(q

)t(q
lexp,v,pas

zak,v,pas
lexp,zak,v,pas ====
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, 

, -

« ». -

, . 

-

: 

• ; 

• ; 

• -

; 

• ; 

• . 

, « -

». , 

. 

: 

• ; 

• ; 

• ; 

• . 

. , -

-

.  
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, 

, . -

-

, -

-

. 

-

: 

,     (2.7.6)

,     (2.7.7)

dg,os – ; 

dp,os – -

; 

Rg,p – ; 

Rp,p – ; 

V – . 

, -

: 

,     (2.7.8)

,     (2.7.9)

%100
V

R
d p,g

os,g ====

%100
V

R
d p,p

os,p ====

%100
V

V%V
os,por,left,d,g

os,left,d,g ====

%100
V

V%V
os,por,right,d,g

os,right,d,g ====
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Vg,d,os%=min{Vg,d,left,os%,Vg,d,right,os%},     (2.7.10)

,     (2.7.11)

,     (2.7.12)

Vp,d,os%=min{Vp,d,left,os%,Vp,d,right,os%},     (2.7.13)
Vd,os%=min{Vg,d,os%,Vp,d,os%}, 

Vg,d,left,por,os – , -

-

; 

Vg,d,right,por,os – , 

; 

Vp,d,left,por,os – , -

; 

Vp,d,right,por,os – , 

-

; 

Vg,d,left,os% – , -

; 

Vg,d,right,os% – , -

; 

%100
V

V%V
os,por,left,d,p

os,left,d,p ====

%100
V

V%V
os,por,right,p

os,right,d,p ====
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Vp,d,left,os% – , -

; 

Vp,d,right,os% – , -

; 

Vg,d,os% – , 

-

; 

Vp,d,os% – , 

-

; 

Vd,os% – , 

-

. 

Vd,os% 100%, -

-

- , , -

. 

Vd,os% 100%, 

, , 

  -

. 

Vd,os% 100%, -

, , 

. 
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: 

,     (2.7.14)

,     (2.7.15)

dg,izm – -

; 

dp,izm –

; 

Rg,p – ; 

Rp,p – ; 

Vizm – . 

, -

: 

,    (2.7.16)

,    (2.7.17)

Vg,d,izm%=min{Vg,d,left,izm%,Vg,d,right,izm%},   (2.7.18)

,    (2.7.19)

,    (2.7.20)

Vp,d,izm%=min{Vp,d,left,izm%,Vp,d,right,izm%},   (2.7.21)
Vd,izm%=min{Vg,d,izm%,Vp,d,izm%},    (2.7.22)

%100
V
R

d
izm

p,g
izm,g ====

%100
V
R

d
izm

p,p
izm,p ====

%100
V

V%V
izm,por,left,d,g

izm
izm,left,d,g ====

%100
V

V%V
izm,por,right,d,g

izm
izm,right,d,g ====

%100
V

V%V
izm,por,left,d,p

izm
izm,left,d,p ====

%100
V

V%V
izm,por,right,p

izm
izm,right,d,p ====
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Vg,d,left,por,izm – , -

-

; 

Vg,d,right,por,izm – , -

-

; 

Vp,d,left,por,izm – , -

-

; 

Vp,d,right,por,izm – , -

-

; 

Vg,d,left,izm% – , -

-

; 

Vg,d,right,izm% – , -

-

; 

Vp,d,left,izm% – , -

-

-

; 

Vp,d,right,izm% – , -

-

-

; 
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Vg,d,izm% – , -

; 

Vp,d,izm% – , -

; 

Vd,izm% – , -

. 

Vd,os% 100%, -

-

- , , -

. 

Vd,os% 100%, 

, , 

  -

. 

Vd,os% 100%, -

, , 

. 

: 

,     (2.7.23)

,     (2.7.24)

%100
V
R

d
vt

p,g
vt,g ====

%100
V
R

d
vt

p,p
vt,p ====
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dg,vt – -

; 

dp,vt –

; 

Rg,p – ; 

Rp,p – ; 

Vvt – . 

, -

: 

,     (2.7.25)

,     (2.7.26)

Vg,d,vt%=min{Vg,d,left,vt%,Vg,d,right,vt%},     (2.7.27)

,     (2.7.28)

,     (2.7.29)

Vp,d,vt%=min{Vp,d,left,vt%,Vp,d,right,vt%},     (2.7.30)
Vd,vt%=min{Vg,d,vt%,Vp,d,vt%},     (2.7.31)

Vg,d,left,por,vt – , -

-

; 

Vg,d,right,por,vt – , -

-

; 

%100
V

V%V
vt,por,left,d,g

vt
vt,left,d,g ====

%100
V

V%V
vt,por,right,d,g

vt
vt,right,d,g ====

%100
V

V%V
vt,por,left,d,p

vt
vt,left,d,p ====

%100
V

V%V
vt,por,right,p

vt
vt,right,d,p ====
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Vp,d,left,por,vt – , -

-

; 

Vp,d,right,por,vt – , -

-

; 

Vg,d,left,vt% – , -

-

; 

Vg,d,right,vt% – , -

-

; 

Vp,d,left,vt% – , -

-

-

; 

Vp,d,right,vt% – , -

-

-

; 

Vg,d,vt% – , -

; 

Vp,d,vt% – , -

; 
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Vd,vt% – , 

-

. 

Vd,os% 100%, -

-

- , , -

. 

Vd,os% 100%, 

, , 

  -

. 

Vd,os% 100%, -

, , 

. 

, , 

.  

-

-

: 

,    (2.7.32)

  

%100
qqq

q
%q

neispr,gvispr,gvlexp,gv

neispr,gv
neispr,gv ++++++++

====
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qgv,neispr – ; 

qgv,ispr – ; 

qgv,expl – . 

3 -

, -

. 

1. 

, 

. -

. 

2. -

, -

. -

. 

3. 

, 

. 

-

-

. 

-

, 

, -

. 
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-

, 

, 

, -

. 

, 

: 

,     (2.7.33)

Vgv% – , -

; 

Vg,gv,por,neispr gv% – -

, 

; 

Vg,gv,neispr gv% – , 

-

. 

,   

Vg,gv,neispr gv%<100%,     (2.7.34)
-

. 

, 

( -

). 

%100
%V

%V
%V

gvneisprpor,gv,g,

gv
gvneispr,gv,g ====
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-

.  

100%, 

- , , -

. 

100%, -

, , -

  -

. 

100%, -

, -

, . 

2.8. 

-

, , , 

-

. 

: 

-

. , -
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, -

( , -

…), -

, -

. 

• ; 

• ; 

• ; 

• , ; 

• ; 

• ; 

• ; 

• ; 

• ; 

• ; 

• ; 

• ; 

• ; 

• ; 

• ; 

• ; 

• ; 

• ( ); 

• ( ); 

• ( ); 

• ( ); 

• ( ); 
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• ; 

• ( ); 

• ; 

• ; 

• -

; 

• ( . ); 

• ( ); 

• ( . .); 

• ( ); 

• ; 

• ; 

• ( ); 

• ); 

•   ; 

•   ; 

• ; 

• 1 ( ); 

• 1 ( ); 

• 1 ( - ); 

• 1 ( / ); 

• 1 ( ); 

• 1 ( ); 

• 1 ( ); 

• 15 ; 

• ; 

• ; 
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. 24. 

: 

• ; 

• ; 

• ; 

• ; 

• . 

-

. -

, . 
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. 

-

, 

, -

, -

. 

: 

-

, . -

, .  

: 

• -

, -

; 

• -

, 

; 

•

: 

❏ -

, -

; 

❏ , 

; 

❏ , 

. 

•

: 
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❏ -

, -

; 

❏ , 

; 

❏ , 

. 

( ) : 

• ; 

• ; 

• -

; 

• ; 

• ; 

• ; 

• ; 

• ( -

); 

• ( -

); 

• ; 

• ; 

• ; 

• . 
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-

. 

: 

Vvvod,avtoblock(t) -

( ) - -

. 

, 

Vvvod,avtoblock,vvod,lines(t) -

-

( ) – . 

-

. 

-

- : 

,     (2.8.1)

fΣΣΣΣ,gr % - -

; 

fp,pv,ots% - . 

)t(V
)t(V
)t(V

)t(V

ondsec,trainline,vvod

new,trainline,vvod

avtoblock,vvod
lines,vvod,avtoblock,vvod

++++
++++

====

%100
Q
N

%f
gr,tekush

vara,
gr,

ΣΣΣΣ
ΣΣΣΣ ====
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( ) -

, 

. -

( ). 

-

: 

,     (2.8.2)

,     (2.8.3)

VΣΣΣΣ,avar%=min{VΣΣΣΣ,avar,zem%,VΣΣΣΣ,avar,verhn%},    (2.8.4)

Vzem% – , -

; 

Vverhn% – , 

; 

VΣΣΣΣ,avar,por,zem% –

, 

- ; 

VΣΣΣΣ,avar,por,verhn% –

, 

- -

; 

VΣΣΣΣ,avar, zem% – , -

-

- ; 

%100
%V

%V%V
zempor,avar,,

zem
zemvar,a,

ΣΣΣΣ
ΣΣΣΣ ====

%100
%V

%V%V
verhnpor,avar,,

verhn
verhnvar,a,

ΣΣΣΣ
ΣΣΣΣ ====
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VΣΣΣΣ,avar, verhn% – -

, 

- ; 

VΣΣΣΣ,avar % – , 

-

. 

, 

VΣΣΣΣ,avar % <100%,     (2.8.5)

- . 

, 

( -

). 

: 

vgr,uch(t);
vgr,tech(t);

,     (2.8.6)

vgr,uch(t) – ; 

vgr,techn(t) – ; 

)t(v
)t(v

)t(v
tech,gr

uch,gr
tech,uch,gr ====
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vgr,uch,techn(t) – -

-

. 

, 

. 

: 

vpas,uch(t);
vpas,tech(t);

,     (2.8.7)

vpas,uch(t) – ; 

vpas,techn(t) – ; 

vpas,uch,techn(t) – -

-

. 

, 

. 

, 

-

. 

)t(v
)t(v

)t(v
tech,pas

uch,pas
tech,uch,pas ====
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-

: 

,    (2.8.8)

,     (2.8.9)

,     (2.8.10)

,    (2.8.11)

Vuch%=min{Vuch,zem,zem%,Vuch,verhn,verhn%},    (2.8.12)
Vtehn%=min{Vtehn,zem,zem%,Vtehn,verhn,verhn%},   (2.8.13)
Vskor%=min{Vuch %,Vtehn %},     (2.8.14)

Vzem% – , -

; 

Vverhn% – , 

; 

Vuch,zem,por,zem% – -

, 

; 

Vuch,verhn,por,verhn% – -

, 

; 

Vtehn,zem,por,zem% – -

, 

; 

%100
%V

%V%V
zempor,zem,uch,

zem
zem,zem,uch ====

%100
%V

%V%V
verhnpor,verhn,uch,

verhn
verhn,verhn,uch ====

%100
%V

%V%V
zempor,zem,tehn,

zem
zem,zem,tehn ====

%100
%V

%V%V
verhnpor,verhn,tehn,

verhn
verhn,verhn,tehn ====
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Vtehn,verhn,por,verhn% – -

, 

; 

Vuch,zem, zem% – , 

; 

Vuch,verhn, verhn% –

, -

; 

Vtehn,zem, zem% – , 

; 

Vtehn,verhn, verhn% –

, -

; 

Vuch % – , 

; 

Vtehn % – , 

; 

Vskor % – , 

. 

, 

Vskor % <100%,     (2.8.15)

. 

, 

( -

). 
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-

.  

100%, 

- , , -

. 

100%, -

, , -

  -

. 

100%, -

, -

, . 

2.9. 

-

. , 

. 

-

: 

• ; 

• ; 
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• ( , -

) ; 

• ; 

• . 

, -

: 

• ; 

• . 

: 

• ; 

• , -

.  

: 

• ; 

• ; 

• .  

-

. -

, 

. , 

, -

, -

, , -

, , -

. 
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 [3], 

, . 

, -

, , -

, 

, 

. 

. 25. -
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, 

, , -

: 

• ( ); 

• . 

-

( -

), . -

, 

. 

( -

) . -

, . 

, . 

, -

, , 

. 

: 

,     (2.9.1)

x – , 

, 

%100%100
x

%100y −−−−====
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y – , -

, 

. 

( . . 26), , 

, -

, -

, : 

• ; 

• ; 

• ; 

• ; 

• .   

-

, , -

. -

50%. ( -

.)

, , , 

, 

, . 

-

.  
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. 26.   
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, -

, -

. 

, -

, 

. 

0, 

, , -

.  

, 

. 

, 

, 

, (

), -

, ( , -

). 

, 
, 

, -

, 

, -
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, , -

.  

, 

, 

, , 

: 

• , 

• . 

: 

•

, -

, ; 

• -

, 

, ; 

• -

: 

❏ ; 

❏ . 

-

.  
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, -

. -

. 
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3. 

. 27. 

-

. , 

, -

. 
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. 28. 

. -

. 

. 

, -

. 

. 
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: 

.  

. 29. 

, 

. 

, , : 

• ; 

• -

; 
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• – -

. 

. 30. 

. 31. -



181

. 32. 

. 33. 



182

. 34. 

3.1. , 

,   
. 

262 243 968 . . -

194 407 954 . . -

: 

 ,      (3.1.1)

.  

. 

%89,134
954407194
968243262 ====



183

, -

-

. 

, 

. -

, 

( )

.  

8
XXXX (
)

-
-

-
-

-

-
-
-

262 243 968     

: 

194 407 954  134,89%   

:      

-
131 269 688 200%

  53 673 599  489% 126%

-

-
9 464 667    
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9  
XXXX (

)
-

-
-

-

-
-

262 243 968     

: 

220 914 030  118,71%   

:      

-
131 269 688 200%  

35 970 743   244%

  53 673 599 489% 177%

194 407 954 . . 

, , -

+

+ , 220 969 518 . . -

, ( )

: 

.     (3.1.1)87,98%%100*
518969220
954407194

====
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. 35. ( ) -

-

87,98%, -

. -

. 

-

, : 
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• -

; 

• -

; 

• , 

.  

, 

, – , , 

42,5% (

-

42,5%). 

. -

, -

, 

. 

-

. 
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10
XXXX-

( )

-
-
- -

-

-

4,30% 223 193 176 -14,89%

10% -
14,30% 290 135 553 10,64%

18% 314 904 233 20,08%

20% 328 292 708 25,19%

25% 361 763 897 37,95%

8% 29% 388 540 847 48,16%

12% 33% 415 317 798 58,37%

40% 462 177 462 76,24%

-
50% 529 119 839 101,77%
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3.2. , 
, 

. 

11
2000-

( )

-
-

-

4,30% 249 699 252 -4,78%

10%
14,30% 316 641 629 20,74%

18% 341 410 309 30,19%

20% 354 798 784 35,29%

25% 388 269 973 48,06%

8% 29% 415 046 923 58,27%

12% 33% 441 823 874 68,48%

40% 488 683 538 86,35%

-
50% 555 625 915 111,87%
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262 243 968 - 194 407 954=67 834 014 . .   (3.2.1)  
669 423 770

. .  

: 

.     (3.2.2)

  

262 243 968 - 220 969 518=41 274 450 .  .  (3.2.3)  

. 36. -

%13,10%100*
770423669
01483467 ====
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669 423 770

. .  

: 

.     (3.2.4)

–

. -

. 

-

76%. – 86%. -

, -

86%. -

:  

40%-6%=34%. 

( )

: 

.     (3.2.5)

: 

.     (3.2.6)

%17,6%100*
770423669
45027414

====

%76,53
%186
%100 ====

%4,15%100*
%40
%17,6 ====
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-

. 

, , -

-

.  

, -

-

. 

3.3. , 
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. 37. 

-

. , , 

, , 

-

, -

: 

• -

; 
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• « . ». 

. 38. -



194

. 39. 

-

. -

.  

, -

, , 

, . -

, . 

. 
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. 40. 

. 41. 



196

. 42. , 
, 

-

. -

-

. 

-

-

. 

, -

, , 

, . -

, . 

. 
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. 43. -

. 44. 



198

. 45. 

. 46. 
-

-

. -
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-

( ). -

-

-

.  

12

, %
-

, %

-
, 

%

, %

21,7822 1,8469657 19,5736931 4 5,0499704

-

- 15,3792093 1,6913319 13,4602204 2 7,4147147

-

. 

( -

) , 

. 

. 
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. 47. -
–

. 48. -
–



201

. 49. -
– -

-

( -

). -

. 2000-

.  

20% (15%-20%) , : 

,    (3.3.1)%20%100*)1
Q
Q

(%Q
gr,tekush

gr,prognoz
gr,potr ====−−−−====ΔΔΔΔ
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,     (3.3.2)

=14,3%,    (3.3.3)

=15,5%,   (3.3.4)

=10,5%,    (3.3.5)

= =78%,   (3.3.6)

qg,park%= qg,l,park% =78%,     (3.3.7)

=

= ,     (3.3.8)

kg,ΔΔΔΔQ= kg,l,ΔΔΔΔQ=462%, 

=

= ,     (3.3.9)

kp,ΔΔΔΔQ=min{kp,pv,ΔΔΔΔQ,kp,l,ΔΔΔΔQ}=442%,     (3.3.10)

kΔΔΔΔQ=min{kp,ΔΔΔΔQ,kp,ΔΔΔΔQ}=371%,     (3.3.11)

== , (3.3.12)

kg,ΔΔΔΔQ,ρρρρ= kg,l,ΔΔΔΔQ,ρρρρ=71%,     (3.3.13)

== , (3.3.14)

%20%100*)1
Q
Q

(%Q
p,tekush

p,prognoz
p,potr ====−−−−====ΔΔΔΔ

%100*)1
)t(

)1t(
(%

l,g

l,g
1t,t,l,g −−−−

ρρρρ
++++ρρρρ

====ρρρρΔΔΔΔ ++++

%100*)1
)t(

)1t(
(%

pv,p

pv,p
1t,t,pv,p −−−−

ρρρρ
++++ρρρρ

====ρρρρΔΔΔΔ ++++

%100*)1
)t(

)1t(
(%

l,p

l,p
1t,t,l,p −−−−

ρρρρ
++++ρρρρ

====ρρρρΔΔΔΔ ++++

====%q park,l,g %100%100*
q

qq
lexp,l,g

ispr,l,glexp,l,g −−−−
++++

%100
%Q

%q%q
%q%

k
gr,potr

zak,park,l,gvibitie,park,l,g

park,l,g1t,t,l,g

Q,l,g ΔΔΔΔ
++++++++

++++++++ρρρρΔΔΔΔ

====

++++

ΔΔΔΔ

%462%100
%20
%3,92

====

%100
%Q

%q%q
%q%

k
gr,potr

zak,park,l,pvibitie,park,l,p

park,l,p1t,t,l,p

Q,l,p ΔΔΔΔ
++++++++

++++++++ρρρρΔΔΔΔ

====

++++

ΔΔΔΔ

%442%100
%20
%5,88

====

%100
%Q
%

k
gr,potr

1t,t,l,g
,Q,l,g ΔΔΔΔ

ρρρρΔΔΔΔ
==== ++++

ρρρρΔΔΔΔ %5,71%100
%20
%3,14

====

%100
%Q
%

k
gr,potr

1t,t,pv,p
,Q,pv,p ΔΔΔΔ

ρρρρΔΔΔΔ
==== ++++

ρρρρΔΔΔΔ %5,77%100
%20
%5,15

====
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== ,  (3.3.15)

kp,ΔΔΔΔQ,ρρρρ=min{kp,pv,ΔΔΔΔQ,ρρρρ,kp,l,ΔΔΔΔQ,ρρρρ}=52,5%,     (3.3.16)

kΔΔΔΔQ,ρρρρ=min{kp,ΔΔΔΔQ,ρρρρ,kp,ΔΔΔΔQ,ρρρρ}=52,5%,     (3.3.17)

=

= ,     (3.3.18)

kg,Q= kg,l,Q=145%,     (3.3.19)

=

= ,     (3.3.20)
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