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G(V, X) — , , ,

, V = {v, u, …}, |V | =  > 0, 

X = { , , …},  = (v, u), | | = q > 0.

G (V , X )  ( ) G, G G,  > 0, q  0, 

V X V X.

G G . , -

G V , , X

, G V .

G H , -

, -

.

F G H, G

H , F.

-

. , -

, . -

, , .

, ,

, , ; ,

, . . -

.

, -

.

G H

G H, G H .

G H.

Gi(Vi, Xi) Gj(Vj, Xj)

, -

. Gi Gj Gij(Vij, Xij),

|Vi | = pi > 0, |Xi | = qi > 0, |Vj | = pj > 0, |Xj | = qj > 0, |Vij | = pij  0, |Xij | = qij  0.

,

, ,

 — .

,  — .

,

. -

pij, qij.

, .

: ,

,
V
ijr = pi + pj – 2 ij,     

X
ijr = qi + qj – 2qij ,     ( ) / 2VX V X

ij ij ijr r r ,

 ( )

/( )V V
ij ij i jR r p p    /( )X X

ij ij i jR r q q ,

 /( )V V
ij ij i j ijR r p p p ,   /( )X X

ij ij i j ijR r q q q , ( ) / 2VX V X
ij ij ijR R R .

-

, .

 {A, B, C, …} 

f (A, B)  0, :
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1. f (A, B) = 0 ,  = ;

2. f (A, B) = f (B, A);

3. f (A, C) + f (C, B) f (A, B) — .

, , -

.

, , . .

1. f (A, B) = 0 , -

;

2. f (A, B) f (B, A),  ( ) -

;

3. f (A, C) + f (C, B) < f (A, B),  ( )

.

, ,

.

. -

G0 = {Gi} Gi(Vi, Xi) G1 = {Gij}

Gij(Vij, Xij), i, j  {1, 2, …, M}.

G0 V 0 = {Vi}
0 = {Xi},

G1  — V1 = {Vij} X 1 = {Xij}.

, V 0

0. Gi, Gj, Gk

Gijk(Vijk, Xijk), |Vijk| = pijk  0, |Xijk| = qijk  0,  i, j, k  {1, 2, …, M}, M  3.

-

pi, pij qi, qij, W,

V X , -

: W  {V, X}, rij ,V X
ij ijr r , ,V X

ij ij ijR R R , ,V X
ij ij ijR R R , 0 ijR , Rij  1.

 |Wi | = Ni, |Wij | = Nij , |Wijk | = Nijk , . . Wi = Vi: Ni = i , Nij = ij , Nijk = ijk ,

Wi = Xi: Ni = qi , Nij = qij , Nijk = qijk .

 ( . 1).

Ni, Nj, Nk > 0,

Ni = ni + nij + nik + Nijk,     Nj = nj + nij + njk + Nijk,     Nk = nk + nik + njk + Nijk,

0 ni Ni,     0 nj Nj,     0 nk Nk,

0 nij  min(Ni, Nj),     0 nik  min(Ni, Nk),     0 njk  min(Nj, Nk),

0 Nijk  min(Ni, Nj, Nk),

0 Nij = nij + Nijk  min(Ni, Nj),     0 Nik= nik + Nijk  min(Ni, Nk),

0 Njk = njk + Nijk  min(Nj, Nk).

: n = Nijk, h = nij + nik + njk + n  0,  sij =

= Ni + Nj – Nij = ni + nj + h, sik = Ni + Nk – Nik = ni + nk + h, sjk = Nj + Nk – Njk = nj + nk + h, 0 < sij

Ni + Nj,  0 < sik Ni + Nk,  0 < sjk Nj + Nk.

rij = Ni + Nj – 2Nij.

1. rii = 0.

2. rij = rji.

3. rik + rkj = Ni + Nk – 2Nik + Nk + Nj – 2Njk + 2Nij – 2Nij = Ni + Nj – 2Nij + 2(Nk + Nij – Njk – Nik) =

= rij + 2(nk + nij) rij.
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. 1. W . 2. , r 12
V

 = 0

V
ijr  2  3 ,  1 -

. , i = pij = pj
V
ijr = 0, Gi, Gj .

. 2 G1 G2 ,

G12. l, l = 1, 2, 3, -

,  C l  H. 1 = p2 =

= p12 = 15,  5  C,  10 —  H. , 12
Vr = 0.

V
ijr = 0 Gi Gj, Gk

Gik Gjk pik = pjk
V V
ik jkr r ,  3 

.

-

, X
ijr = 0, i j,

, qi = qij = qj, . . Gi Gj .

, X
ijr .

, . 2 q1 = q2 = 15, q12 = 13.

 1:
X

ijr Gi Gj ,

V
ijr  1 .

 2: ijR Gi

Gj  3 .

. Gi, Gj, Gk Ni = Nj = N > 1,

Nik = Njk = N  > 0, Nk = 2N  + 1, Ni > N  + Nij, Nj > N  + Nij, Nij = 1, n = 0. 

ik jk ijR R R N(N + 3)/(N – 1) < Nk, -

, , N = 8 Nk = 13. , ijR -

, . . .

 3:  ( ) X
ijR

Gi Gj , V
ijR  1 -

.

, Rij = rij /sij = 1 – Nij /sij

1. Rii = 0.
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i j V
ijR = 0 ( . . 2), a X

ijR = 0 , .

2. Rij = Rji.

3.  (Rik + Rkj) Rij

z = (Nik /sik + Nkj /skj – Nij /sij)  1   1
jk ijik

i k j k i j

n n n nn n
z

n n h n n h n n h
.

,

1) 1 0|
k

jk ijik
n

i j i j

n n n nn n
z z z

n h n h n n h
,

2) 1 2 1 0|
ij

jkik
n

i j i j

n nn n n
z z z

n t n t n n t
, t = h |nij = 0 = nik + njk + n,

ij

i j i j

n nn

n n t n n h
.

, z2  1 z  1.

z2  1 

(nik + n)(nj + t) + (njk + n)(ni + t)  (ni + t)(nj + t) + C,   
( )( )i j

i j

n n t n t
C

n n t
;

niknj + nikt + nnj + nt + njkni + njkt + nni + nt ninj + nit + tnj + t2 + C,

t(t + n) + ni(t – nik) + nj(t – njk) nit + njt + ninj + t2 + C,

tn ninj + ninik + njnjk + C,

tn(ni + nj + t) D + n(ni + t)(nj + t),   D = (ninj + ninik + njnjk)(ni + nj + t);  0 D + nninj.

. ,

, X
ijR .

 1  3 

 4:
VX
ijr VX

ijR .

, -

GL(V, X), , -

. -

 ( )

-

 ( ),

 [ 2, 6 ] 

[ 3, 5 ].

-

, VX
ijR . v u -

 = (v, u) fx = f (v, u) = max(lx / lv, lx / lu), lx = l(v, u) — 

x, lv ( lu) — , v ( u). -

GL Gf , -

.

, GL

, Gf -

. , GL  (v, u, w),
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l(v, u) = 5, l(v, w) = l(u, w) = 3 , ,

l(v, v1) = 1, l(u, u1) = l(w, w1) = 3. f (v, u) = 5, f (v, w) =

= 3, f (u, w) = 1 f (v, w) + f (w, u) < f (v, u).

-  [ 8 ].

GL, -

.

, , -

, . -

, -

 1.  ( )

, -

, , .  1 

, , -

,

.
V
ijr -

. , Gi Gj,  (pij = 0),
V
ijr V

ikr Gi Gk, -

 (pik > 0), , pj < pk – 2pik. -
V
ijR = 1 > V

ikR = 1 – pik /sij. -

V
ijR .

,

. , -

, , .

, .

 ( , )

.
X

ijr , X
ijR -

. , ,

, . . . , -

 C2H5OH  CO2 ,

 C  O.

-

-
VX
ijR

VX
ijr .

,

 05-01-00816.
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