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A variety of discrete models of surfaces and curved lines, a large number of options for design requirements
determine different formulations of discrete modeling problems.

One of the possible formulations of the problem can be the following: the original broken line is smoldering,
modeling a certain curve. It is necessary to transform this polyline into a new one so that the values of the angles
between its adjacent links are equal to some specified values.

The transformation of the original polyline can be interpreted in different ways. One of the possible options is
that the resulting polyline can be provided as a result of moving the nodes of the original polyline. Like any directional
movement, the movement of a polyline node can be represented by a vector, the beginning of which coincides with
the initial position of the node, and the end of which coincides with the resulting one.

Analysis of existing design requirements, taking into account the relationship of the parameters of the position
of the nodes of the initial and resulting polygonal lines, allows us to divide the possible ways of movement into two
groups:

1. The directions of the vectors of the displacements of the nodes do not depend on the shape of the original
broken line and are determined at the stage of setting the problem.

2. The directions of the displacement vectors are quantities that depend on the parameters of the shape and
position of the polyline and cannot be predetermined.

In the first case, the directions of the displacement vectors are specified. For example, nodes can only move
vertically. Therefore, the position of the nodes depends on only one parameter.

In the second case, the task becomes more complicated: the direction of the node displacement vector is not
known. A pair of adjacent nodes defines a one-parameter set of node positions with a given value of the angle ai at
the vertex. In order to find a single position, it is necessary to impose an additional condition linking this parameter.
Such conditions can be:

1. Ensuring equality of bond lengths.

2. Preservation of the regularity of the position of the nodes of the polyline.

3. Preservation of the ratio of the lengths of adjacent bonds, etc.

In accordance with this, the process of changing the angles of the adjacency of the broken line links (HSS) can
take place subject to the following geometric conditions:

1. The step of the nodes of the polyline changes (for example, along the 0x axis) and the lengths of its links
(Fig. 1, a).

2. The lengths of the links of the broken line change with the same step of the nodes (Fig. 1, b).

3. The step of the nodes changes with the same lengths of the links (Fig. 1, c).

4. The pitch of the nodes and the length of the links remain unchanged (Fig. 1, d)

The dependence of the adjacency angle of the links converging at the i-th node of the polyline on the step of
the nodes and the length of the links in the general case has the form:
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where /- link length;

h - link pitch.
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Athl_, =hi*'=h equati01n (1) has the form:
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Fig. 1. Geometric conditions for changing the angles of adjacency of breaking links
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At Il_, = II** = | equation (1) has the form:
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1
tana; = 2h(12 — h?)2(12 — 2h%)71 (4)
Based on these dependencies, a geometric algorithm for controlling the HSS polyline is proposed.
Let there be some broken line ABCDE. In this case, the nodes A and E are considered fixed (i.e., their position
remains unchanged), and the nodes B. C. D - free (or not fixed).

It is necessary to transform it into a new polyline having the values of the adjacency angles that correspond to
the specified change schedule.

As an additional geometric condition that ensures the uniqueness of the solution, one can choose the condition
of equality of the connections converging at a node with each other. In this case, adjacent nodes are considered to be
fixed. In particular, for node B (Fig. 2, a) its new position b0 will be determined on the straight line BOM- AC with
AM = MC.

The coordinates of the new position of the node B can be found from the formula:

X, + X, 1
Xy = 5 (xy — xg)(2tan ag lpy) " {lye = [(1 + tan® ag)(lac)*]%)2
Yat Ve _ 1
Yo = — (v — yp)(tanag lgy) " {lye £ [(1 + tan? ap)(lu)?1%)2, (4)

Where a; — angle value g, taken according to the UZC change schedule for node B,
1
gy = l(xg — xu)* + s — yu)?12/,

1
lic = N(xa = xc)* + a — ¥e)?12/.
The coordinates of the point H are determined by the formulas:
xy = [(x¢ — x2)*xp + e — ¥a)?xa + (x¢ — x) Ve — Y)W — Ya) 1lac) ™2
yu = [(c = x2)%ya + e — ya)?yvs + (¢ = x2) e — Ya) (xp — x2) 1(Uac). ™2 (6)
Substituting the values (6) into (5) and replacing the alphabetic indices of the cut-off system, we obtain the formula
for determining the coordinates of an arbitrary node:
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where 7- node number.

If (y‘“";iyl‘l) >y, in formulas (7) the sign "+" is accepted, otherwise - the sign

Using the obtained relations, an iterative process of solving the problem of transforming the original polyline
into the required one is organized:

The order of traversing nodes is set.

For the first of the loose nodes at a given value

a_i a new position is determined from relations (7).

For the node following it, @ new position is also determined by formulas (7). In this case, the coordinates of the
previous node found at step 2 are substituted into relation (7).

The coordinates of all non-anchored nodes are determined in the same way.

The quality of the result obtained is assessed.

As a rule, the parameters reflecting the degree of achievement of the required result are used as evaluation
criteria and signs of stopping the iterative process.

In this case, for each of the loose nodes, calculate the values

0i = ftgai—tgaqg |
S=Al (8)
where ai, aq - respectively, the current and specified angle value for this node;
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Ali - the difference in the lengths of the bonds converging at the i -th node.
These values are compared with predetermined values for &g and Sq. If for each of the nodes the condition is
met
0i < 69,
S5< Sg ’ (9)
then the solution is considered to have been received. If not, the process continues from point 2.
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