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Abstract. Previously, the author considered closed convex polyhedra in E? with symmetrical rhombic
vertices and regular faces, the so-called RR-polyhedra, in two cases: 1) regular faces of such polyhedra are
of the same type, 2) regular faces are of different types, but the polyhedra are composite. From the author’s
previously published works, it follows that in both cases the list of RR-polyhedra is complete. In the first
case, there were twenty-four of them, and in the second, fifty-four. A vertex V of a polyhedron is called
rhombic if the vertex star Star(V') consists of n equal and identically located rhombi (not squares) having
a common vertex V. If the vertex V lies on the rotation axis of order n of the star Star(V), then V is
called symmetric. A symmetric rhombic vertex V is called obtuse-angled if the rhombi of the star Star(V')
at the vertex V meet at their obtuse angles. The star Star(V') is then called symmetric rhombic. The faces
of an RR-polyhedron can be divided into two non-empty disjoint sets: the set of equal symmetric rhombic
stars that do not have common edges, and the set of regular faces. An example of an RR-polyhedron
is an elongated rhombododecahedron. If an RR-polyhedron has regular faces of one type, then such an
RR-polyhedron is classified as the first type. Some regular-faced polyhedra with conditional edges, such
as the extended rhombododecahedron and the doubly complemented cuboctahedron, are special cases of
RR-polyhedrons. In this case, the rhombic faces of regular-faced polyhedra with conditional edges, unlike
the rhombi of RR-polyhedra, are composed only of regular triangles. In this paper, constructive proofs are
given for the existence of four non-composite RR-polyhedra. For two of them the author previously found
the angles of the rhombi that form symmetrical faceted stars of the vertices. In the case of the 25-sided
polyhedron, the rhombic vertex has an acute-angled faceted star, i. e. the rhombi in it meet at their acute
angles. And in the case of a 31-sided polyhedron the faceted star is obtuse. The existence of two other
non-composite RR-polyhedra is proven on the basis of the regular dodecahedron and the cube.
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1. Introduction

If we disregard the class of regular (platonic) polyhedra and the class of semiregular

(archimedean) polyhedra, see [1, 2], it is known that in addition to the infinite series of right
prisms and antiprisms, in E® there are only ninety-two convex regular-faced polyhedra. They
were found empirically by Johnson [3]. The completeness of the list was proven in [4] by
V. A. Zalgaller.
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Later, this topic developed along the path of listing all regular-faced polyhedra with
conditional edges. In this case, an edge is considered conditional if the dihedral angle with
this edge is equal to w. Rhombic faces in regular-faced polyhedra with conditional edges are
composed of two regular triangles. The final list of all polyhedra with regular faces, which
allow conditional edges, can be found, for example, in [5].

In [6] a class of closed convex polyhedra in E® (the so-called RR-polyhedra) was considered,
some of whose faces are not regular, but rhombic, forming rhombic stars of some vertices;
however, the rhombuses are not composed of two regular triangles. In the same place in [6]
the existence and uniqueness of two RR-polyhedra were proved, and in [7-9] — a list of this
class was found, consisting of twenty-three polyhedra, under the condition of uniformity of
regular faces. In [10] the author proved the existence of a twenty-fourth polyhedron, previously
omitted in [7-9], with four obtuse-angled rhombic vertices and uniform regular faces, that is, a
polyhedron of the first type. Thus, the complete list of RR-polyhedra of the first type consists
of twenty-four polyhedra.

In [11] all fifty-four composite RR-polyhedra with regular faces of various types were found.
In the present paper, proofs are given of the existence of four non-composite RR-polyhedra
with regular faces of various types, having no conditional edges. Earlier in [12], the author
found the “characteristic equations” of two of these four polyhedra and, using the characteristic
equations, found the angles of the rhombi of the rhombic vertices. Thus, if we add the four
RR-polyhedra without conditional edges found in the present paper to the non-composite
polytopes with rhombic vertices and conditional edges from [5], we obtain a list of twenty-five
non-composite RR-polyhedra of the second type.

2. Basic Concepts

By bending of some polyhedral surface M with boundary throughout this paper we mean
such an isometric transformation of it that only the dihedral angles of the surface M can
change, while the faces as flat polygons remain unchanged. It is also assumed that the
symmetry group of the surface M remains unchanged under bending. For brevity, such
bendings will sometimes be called S-bendings.

A closed convex polyhedron in E3 is called a RR-polyhedron (from the words “rhomb” and
“regular”) if the set of faces of the polyhedron is the union of two disjoint non-empty sets: the
set of faces (rhombs, not squares) that form stars of symmetric rhombic vertices and the set
of regular faces. If the said regular faces are of different kinds, then the polyhedron is called
a RR-polyhedron of the second type; if the regular faces are of the same kind, then it is called
a RR-polyhedron of the first type.

By the star Star(V') of the vertex V' of a polyhedron we mean the set of all faces that have
one common vertex V. If Star(V') consists of n equal and equally spaced, i.e. converging at
the vertex V either with their acute or obtuse angles, rhombuses, then the vertex V is called
n-rhombic. If V' is located on the rotation axis of order n of the set Star(V'), then V' is called
a symmetric n-rhombic vertex.

A rhombic vertex is called obtuse-angled if the rhombuses converge at the vertex V with
their obtuse angles.

The free angles of a rhombic star are the angles with vertices that coincide with the
common vertex of two obtuse angles of adjacent rhombuses. If we place regular triangular
faces in the free corners of an n-rhombic star, we obtain a polyhedral surface — rhombic cap.
We will call a rhombic pyramid a convex polyhedron obtained by gluing a regular n-gon to
the boundary of the cap.
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Composite is an RR-polyhedron of the second type that can be divided by planes into parts
that are rhombic pyramids and convex polyhedrons with regular faces. Obviously, an RR-
polyhedron with an obtuse-angled rhombic vertex V is non-composite, since a rhombic star
in this case can consist only of three rhombi that have a common vertex V.

3. On the Existence of an RR-Polyhedron Associated
with a Triangular Hebesphenorotunda

Theorem 1. There is a non-composite RR-polyhedron of the second type with a sym-
metric obtuse-angled rhombic vertex and twenty-eight regular faces.
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Fig. 1. RR-polyhedron associated with a triangular hebesphenorotunda.

Consider a polyhedral surface (let us denote it by ®) with an edge that is part
of a triangular hebesphenorotunda — the regular-faced Johnson polyhedron J92. The sur-
face @, consisting of thirteen faces, is shown in Fig. 1(a). We will consider the bending of
this surface, in which the faces of the surface remain rigid when the dihedral angles change.
In addition, we will assume that the symmetry of the surface as a whole is preserved, that
is, the rotation-axis L of the third order, passing through the center of the 6-gonal face and
perpendicular to it, and the six planes of symmetry passing through L are preserved. Let the
dihedral angles of the square faces with the 6-gonal face increase during this S-bending. Then,
by virtue of the well-known Cauchy lemma applied to 4-sided angles with vertices F' and E
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and equivalent to them, the dihedral angles between each two triangular faces increase. Let
us consider one of the vertices, for example, C.

As is known, if during deformation of a convex polyhedral angle, preserving its convexity
and the invariance of its faces except for one face (let us denote it f), the dihedral angles
between the invariant faces do not decrease and at least one of them increases, then the plane
angle of face f increases. Therefore, the plane angle GC' D, which we denote by -, increases. If
the symmetry of the polyhedral surface is preserved, of course, the same is true for the vertices
equivalent to C'. In what follows, we will not specifically stipulate that some statements (due
to the preservation of symmetry under bending) remain valid for vertices and angles equivalent
with respect to the rotation-axis.

Thus, a pair of regular triangles GBC and BC'D with a common edge BC can be glued
to the plane angle GCD, Fig. 1b), c¢). In this gluing, the dihedral angle with the edge BC
is chosen to be less than 180°. As a result, we obtain the surface of a 5-gonal pyramid with
vertex C. Let § denote the equal angles GFE and DEF'. Let 6 = v = 108°. Then the 5-gonal
pyramid CGBDFEF with vertex C' will be regular.

As a result of these constructions, we obtain a polyhedral surface ® with three pairs of
regular triangles glued to it. Let us denote this surface ®'.

Let us draw a plane p perpendicular to one of the square faces of the surface ® so
that p passes through the vertices C' and N of the regular 5-sided pyramids. Let us reflect
symmetrically half of the 6-sided face relative to the plane p. We obtain a flat equilateral
trapezoid K LG B. Having carried out a similar construction for all three squares, we obtain a
surface ®”, the edge of which is a regular triangle. In Fig. 1d) the surface ®” is schematically
depicted from the side of its boundary.

Let us denote the plane angles at the vertices A and B of the surface ®”, respectively,
« and B. Obviously, a = 180°, § = 60°. Our goal will now be to show that there exists
a symmetry-preserving bending of the surface ®” such that with an increase in 3 the angle «
decreases so that the equality o =  is achieved. The last equality is necessary and sufficient for
a symmetric obtuse-angled trihedral rhombic cap with vertex V' to be glued to the boundary
of the surface obtained by bending ®”, Fig. 1¢).

Let us return to the surface ®'. When changing the dihedral angles of square faces with
a hexagonal one, according to the Cauchy lemma, at the vertices, for example, F' and C,
there must be four changes of sign. In this case, as usual, increasing and decreasing dihedral
angles at the vertices are marked, respectively, with different signs “plus” and “minus”. When
increasing the dihedral angles of square faces with a hexagonal one, the dihedral angle with
the edge F'C increases, the dihedral angle with the edge CG decreases, and the dihedral angle
with the edge C'B, like the plane angle v, increases. Since both dihedral angles with the edges
GL and GC decrease, the plane angle LGB decreases. Recall that, due to the symmetry of
the bending, the plane angle K LG and the other two pairs of angles, equivalent to the pair of
angles LGB and K LG, also decrease. Therefore, instead of the equilateral trapezoid K LGB,
we can glue a symmetrical figure K LGB of three regular triangles, in which the dihedral
angles at the edges LA and GA are equal to each other and less than the straight ones. Note
that with this increase in the angle -, the dihedral angles at the edges GB and DB increase,
which follows from the Cauchy lemma applied to the vertices G and D. Thus, all the dihedral
angles at the vertex B increase and, therefore, with an increase in v, the angle 8 increases.
And since the dihedral angles at the vertex A decrease, the plane angle o decreases.

Thus, as the angles ~ increase, the angles § increase, and the angles « decrease. From the
above it is obvious that max a = 180°, min § = 60°, miny = 108°. To find the possible limits
of variation of these angles, we need to find min o, max 3, max~y.
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Earlier in [12] the main equation (equation (27) in [12]) for the polyhedron under
consideration was obtained:

1+4cos A —4cos? \
2

4cosy—1 1 —cos
= cos® o + sin” o cos (arccos <%> — 2 arccos <ﬂ>> . (1)
3 V3sino

In this equation A is the obtuse angle GBL of the isosceles trapezoid K BGL, o denotes
the plane angle ABC' and the angle C BH, which is equal to it by virtue of symmetry. In this
case, A and o are functions of ~.

In [12], using computer calculations, the only root of the equation v &~ 2.01 was found, or,
in degrees, = 115.31°. The obtuse angles of the rhombuses with the found v at the vertex V:
a=F~112.17°.

By virtue of the previous reasoning, the angle o increases with increasing ~. Let us find
the value of v at which the angle o becomes equal to 120°, and the corresponding o dihedral
angle becomes straight. To do this, obviously, the right-hand side of equation (1) should be
equated to —%. A computer solution of the resulting equation yields the value v &~ 116.54°.
This means that v has a limit value of 116.54° ..., at which conditional edges appear on the
polyhedral surface ®”. Thus, max~y ~ 116, 54°.

Since the left and right sides of equation (1) are cosa and cos 3, respectively, then
substituting max~y = 116, 54° into the left and right sides of equation (1), we calculate the
values mina ~ 104,48°, max 3 =~ 116,54°. We note: max f = max -y, which is also evident
from geometric considerations: four triangles with maximum v form two rhombuses with
a common edge BC'; therefore, we have equality of angles: 8 = ABH = GCD =~. >

4. On the Existence of an RR-Polyhedron Associated
with a Snub Square Antiprism

In the work [12] the author found the angles of the rhombuses of the rhombic snub square
antiprism, Fig. 2d), which is connected with the regular facet J85 Johnson — snub square
antiprism, Fig. 2a).

Let us give a geometric justification for the existence of a rhombic snub square antiprism.

Theorem 2. There is a non-composite RR-polyhedron of the second type with a sym-
metric 4-rhombic vertex and twenty-one regular faces.

< As in [12], we remove four triangular faces, each of which is adjacent along the edge of
the upper square face, and the square face of the polyhedron J85 itself. We obtain a polyhedral
surface F' with an boundary, a part of which is designated BCDFEF'... in the figure.

Recall that here and in what follows, when speaking about changing the angles
of a polyhedral surface, we will mean the same changes in angles equivalent to those considered
relative to the L axis. So the bendings of polyhedral surfaces with an boundary under
consideration do not violate the symmetry of this surface relative to L, that is, they are
S-bendings.

Let us prove that it is possible to attach a rhombic symmetric star with vertex V' to the
boundary BCDEFF of surface F.

Let Fy be the part of surface F' that is square face AMGH together with four triangles
that have a common edge with this face, Fig. 2¢). Let F} be separated from surface S. Let us
simultaneously increase the dihedral angles of triangular faces £} with the square face by the
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same amount. In this case, angle K M L and three other angles equivalent to it relative to the
rotation-axis L of the 3rd order passing through the center of the square face will increase.
When increasing the dihedral angles under consideration, a pair of triangles can be glued to
angle KM L and its equivalents: KDM, DLM, etc., Fig. 2b). Such gluing is possible as long
as the dihedral angle DM remains less than m. As a result of such gluing of eight triangles,
we obtain a symmetrical surface F5.

c) d)

Fig. 2. a) — snub square antiprism; b)—c) — to the proof of the theorem 2;
d) — rhombic snub square antiprism

Let us consider the vertex M of the surface F>. By the Cauchy lemma applied to the
5-sided angle M AKDLG, we see that as the dihedral angles at the edges M A, MD, MG
increase, the dihedral angles at the edges M K and M L must decrease. Due to symmetry, the
angles at the edges KA and LG will also decrease. Then the plane angles BKD and DLF
and their equivalents will decrease. We will glue pairs of triangles BCK and C'K D into these
angles, etc. We will obtain the surface F3, symmetrically equivalent to F'. At the last gluing,
from the Cauchy lemma applied to the vertices K, L, etc., the dihedral angles at the edges
BK and KD must increase, and the dihedral angle at the edge C'K must decrease.

Thus, as a result of increasing the dihedral angle at edge M D, all three dihedral angles
at vertex D increase, and then the plane angle C DFE must also increase.

So, denoting « as the plane angle BC'D and its equivalents, 8 as the angle CDFE and its
equivalents, 1 as the dihedral angle at edge M D and its equivalents, we obtain that with
increasing angles v, angles 3 increase, and angles « decrease. It is also necessary to find the
limits of change of angles «, 5 and 1.

Earlier in [12] an equation (equation (43) in [12]) was obtained for calculating the acute
angles « of a rhombic vertex V', which in the general case is not necessarily a rhombic vertex
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looks like this:

cos 8 = cos? § 4 sin® 6 cos <2 arccos <

1 (1+2sin9)V3 )
3\/3+4Sin%—4sin2%

tan ¢ —1+4sin2 —4sin? <
— 2arccos 2+ arccos —2 — 2 > (2)
V3 3+4sing —4sin” §
here
9 1+3 sin%—1+ tan §
cosf = — + — cos | arccos —=—— + arccos .
4 4 V3 cos 3 V3

In this equation, for the case where V is rhombic, cos f = cos? §. Equation (2) connects the
angles a and .

The values of the angle v are calculated using the relationship of this angle with the
angle a. To find this relationship, note that ¥ = ¢ 4+ A, where ¢ is the dihedral angle at the
edge M D of the trihedral angle M ADC and A is the acute angle of the plane of the triangle
MK D with the plane of the trapezoid ABDM. For ¢ and A, expressions (31) and (33) are
obtained in [12], therefore for the angle 1) we have:

-1 +4Sin% —4Sin2%

3—|—4sin% —4Sin2%

1+ 2sin §
\/g\/3+4sin% —4sin2%

Note that we have also corrected a typo in [12]: in equation (31) in [12] « should be used
instead of (5.

The system of equations (2)—(3) connects all three angles a, 5 and .

For convenience, we present a table of approximate values of the three angles «, 8 and ¥
for the bending considered above:

1) = arccos + arccos

(3)

Table 1
Values of angles in S-bending

o B (G
118.16 | 60.00 | 164.26
114.75 | 73.10 | 166.50
92.90 | 111.87 | 180.00

For each value of o in degrees in the first column in the same row on the right, the
corresponding values of 3 and ) are presented. These values are obtained as follows.

For the Johnson polyhedron J85, obviously 5 = 60°. Using equation (2), we find the
corresponding value of « ~ 118.16°, and according to formula (3) — the value of 1) ~ 164.26°.
The second row corresponds to the previously found values of a and § for the rhombic
vertex, and according to formula (3) we find for the case of the rhombic vertex ¢ ~ 166.50°.
To obtain the values in the third row of the table, we take the limit value for the case of
a convex polyhedron ¢ = 180° and, using formula (3), we find the value o ~ 92.90°, and
using formula (2) — the corresponding value g = 111.87°.

Thus, with the above-considered bending, min a &~ 92.90° is achieved at max 3 ~ 111.87°,
and max « = 118.16° is achieved at min 3 = 60°.

So, using the S-bending of the surface F' obtained from the polyhedron J85 by removing
one square and four triangular faces adjacent along the edges to the square, with an increase
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in the angles iy we can obtain the values of the angles o and [ for the case of a rhombic
vertex, respectively equal to: ~ 114.75° and ~ 73.10°. >

5. On the Existence of RR-Polyhedra Related
to the Dodecahedron and the Cube

In the work [10] the author proved the existence of an RR-polyhedron of the first type
with twenty-eight faces, which can be conditionally called a “rhombic augmented tetrahedron”,
which has four 3-rhombic obtuse-angled vertices, Fig. 3a).

Fig. 3. a) — Rhombic augmented tetrahedron, b)—c) — to the proof of Theorems 3 and 4.

Here we prove the existence of a type II RR-polytope, which has 132 faces and 20 rhombic
vertices.

Theorem 3. There is a non-composite RR-polyhedron of the second type with twenty
obtuse-angled rhombic vertices, having icosahedral symmetry.

<1 Let us consider a regular dodecahedron with an edge of length 2. On each face of the
dodecahedron we construct a regular pentagonal pyramid with edges of length 2. We cut off
regular pyramids with unit edges from each pyramid. Thus, pentagonal regular truncated
pyramids with unit edges of the upper and lateral faces will be built on the faces of the
dodecahedron. Two of the truncated pyramids with a common edge WV are shown in Fig. 3b).
Thus, WV is one of the edges of the non-convex polyhedron M obtained by the above
construction.
Consider a non-convex dihedral angle with edge W A. For a trihedral angle WCAE we
have the relation: - . - . R
COS A = COs 3085 + sin 5 Sin 5 cos o, (4)
where A is the plane angle CWE (and the equal angle OV'F), (}5 is the dihedral angle with
edge WV. The angle ¢ is the complement to 27 of the sum of two dihedral angles at the
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base of a regular pentagonal pyramid « and the dihedral angle of a dodecahedron B. Since
o~ 37.377°, and 8 ~ 116.565°, then (Z ~ 168.680°. From here, using (4), we get: A &~ 119.04°.

Let point A’ be the midpoint of edge WV. Rotate equilateral triangle C'A’O around side
CO so that its vertex A’ is located in the midpoint of segment ST, where S and T are the
points where the vertices of the pentagonal pyramids were located before they were cut off.
We denote the new position of point A’ by A. Thus, A’ is the projection of point A onto edge
WV. We similarly rotate triangle EA’F. Due to symmetry, point A will be common to both
triangles.

Since CO and FF were the midlines of the pentagonal pyramids with vertices S and T,
the quadrangles WCAFE and VOAF are flat and equilateral, that is, rhombuses with obtuse
angles A &~ 119.04°.

Carrying out similar constructions for each two adjacent truncated pyramids of the
polyhedron M, we obtain a convex RR-polyhedron M’ of the second type, the faces of
which are sixty rhombi, twelve regular pentagons and sixty regular triangles. At each of
the twenty vertices of the polyhedron M’, which were the vertices of a dodecahedron before
the construction, three rhombi meet with their obtuse angles. >

Similar to the previous theorem, the existence of an RR-polyhedron of the second type,
which has 54 faces and 8 rhombic vertices, is proved.

Theorem 4. There is a non-composite RR-polyhedron of the second type with eight
obtuse-angled rhombic vertices, having octahedral symmetry.

<1 Let us dwell only on the differences from the proof of the previous theorem. Instead of
a dodecahedron, here we consider a cube with an edge of 2 and construct regular equilateral
quadrangular pyramids on its faces. By cutting off these pyramids with unit edges, we obtain
a non-convex polyhedron M. Completing M by adding rhombic faces, as in the previous
theorem, we obtain a convex RR-polyhedron with fifty-four faces. Further, we indicate here
only the obtuse angles of the rhombi, which we find in the same way as in the case of the
dodecahedron.

5 — dihedral angle with edge WV, Fig. 3¢). The last angle is found as the complement
to 2w of the sum of two dihedral angles at the base of a regular quadrangular pyramid,
equal in = 54.74°, and the dihedral angle of the cube. Thus, (E ~ 160.528°. From here, using
formula (4), we obtain: A ~ 117.20° — obtuse angles of the rhombus. >

REMARK. In the case of the octahedron and icosahedron, constructions similar to those
of the dodecahedron and cube will not lead to new polyhedra. Indeed, in the case of the
octahedron, the angles of the rhombi will be right angles and, therefore, four rhombi will not
form a rhombic star; in the case of the icosahedron, the rhombic stars will be concave and the
polyhedron will not be convex.

7. Conclusion

After a complete enumeration of composite RR-polyhedra of the second type, the question
of the existence of non-composite such polyhedra naturally arose. This paper proves the
existence of four non-composite RR-polyhedra with regular faces of different types and
without conditional edges; three of these polyhedra have obtuse rhombic vertices: a 31-si-
ded polyhedron, a 54-sided polyhedron, and a 132-sided polyhedron. Thus, if we do not
restrict ourselves to rhombic faces composed of two regular triangles, then the list of polyhedra
with rhombic vertices and conditional edges can be extended by adding the four found non-
composite polyhedra without conditional edges.
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O IOKABATEJ/IBCTBAX CYIIECTBOBAHNA HECOCTABHBIX
MHOT'OI'PAHHMKOB C POMBMYECKVMU BEPIINHAMUA

Cy660run B. 1.1

! FO»xno0-Poccuitckuit rocyaapcrsenubiii momurexnmdeckuii yausepcurer (HITW) um. M. 1. [lnarosa,
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E-mail: geometry@mail.ru

Amnnoranusi. Panee aBTOpoM paccMaTpUBAINCh 3aMKHYTHIE BBIMYKJIbIE MHOTOIDAHHUKHU B E? ¢ cum-
METPUIHBIME POMOMYECKUMY BEPIIMHAMYI U IPABHJILHBIMA IPAHsAMHU (Tak Ha3blBaeMble RR-MHOrOrpaHHUKI)
B JIBYX CJIy4asax: 1) NpaBUjIbHbBIE TPAHU Y TAKAX MHOTOTPAHHUKOB OJHOTO TUMA, 2) MPABUJIbHBIE TPAHU PA3JIY-
HOT'O THIIa, HO MHOTOI'DAHHUKY SBJISIOTCS COCTABHBIMU. V3 panee omnybGIMKOBaHHBIX PAOOT aBTOPA CJIE/IYET, 9TO



128 Subbotin, V. I.

B 000MX CJIydasix CucOK IR R-MHOTOTDAaHHUKOB SIBJISIETCS TOJHBIM. B IepBOM Cilydae MX OKa3ajioCh JIBaIATh
JeThbipe, & BO BTOPOM — IMSIThJECAT 4YeThbipe. Bepmmua V' MHOroOrpaHHWKa Ha3bIBAETCS POMOMYECKON, eCciiu
3Be3ga Star(V) u3 rpaneil BepmuHb! V' MHOrOrpaHHUKA COCTOUT U3 7 PABHBIX U OJMHAKOBO PACIIOJIOXKEHHBIX
pomboB (HE KBaAPATOB), MMeIomuX 00meit Bepmmuoil V. Eciu Bepmmua V' j1e2KuT HA OCH BPAIIEHUS MTOPSIKA
n 3Be3apl Star(V), ro V' nasbiBaercs cummerpuunoil. CuMMeTprudHas poMOudecKasl BepluinHa V' Ha3bIBaeTCs
TYIIOYTOJIBHOI, ecsn poMbbl 3Be3.bl Star(V) B BeprmHe V' cxosTCst CBOMMU TynbIMK yryiamu. 3sessa Star(V)
Ha3bIBAETCs IIPU STOM CUMMETPUIHON pombOudeckoii. 'pann R R-MHOTOrpaHHUKA MOXKHO pa30UTh Ha J[Ba HEITY-
CTBIX HEMEPECEKAIONUXCST MHOXKECTBA: MHOYXKECTBO PABHBIX CUMMETPUYHBIX POMONYECKUX 3BE3]], HE MMEFOIIINX
obrmux pebep, 1 MHOYXKECTBO IPAaBUJIbHBIX rpaHeiil. [I[pumepom RR-MHOroOrpaHHUKA sIBJISIETCS Y/ TUHEHHBINA POM-
6omomexkasap. Ecim B R R-MHOrOrpaHHUKE TPABUJIbHBIE TPAHU OJHOT'O TUIA, TO TaKOi R R-MHOrOrpaHHUK OTHEe-
CEeH K TIepPBOMY THILY. JacTHBIMU CIydasiMu R R-MHOMOTPAHHUKOB sIBJISIFOTCSI HEKOTOPBIE U3 ITPABUJILHOIDAHHU-
KOB C yCJIOBHBIMHU pebpamu, HAIpUMED YJTUHEHHBIA POMOOIOIEKA3IP U JABAXK bl JIOMOJTHEHHBIN KyOOOKTA3IP.
IIpu sTom pombudeckme rpaHu TPABHJILHOIPDAHHBIX MHOTOIDAHHUKOB C YCJIOBHBIMH PeOpaMy B OTJIMYHE OT
poM60B R R-MHOTOIpAHHUKOB, COCTaBJIEHBI TOJIBKO U3 IIPABUJIBHBIX TPEYTOJBHUKOB. B HacTosimeit pabore ja-
HBI KOHCTPYKTHBHBIE JIOKA3ATEIbCTBA CYIIECTBOBAHMS YETHIPEX HECOCTaBHBIX RIR-MHOrOrpanHukKoB. s nByx
u3 Hux (25-rpanHuka u 31-rpaHHuKa) paHee aBTOPOM ObLIN HAMIEHBI yIiIbl pOMOOB, 00Pa3yIOMUX CAMMETPHY-
HBble I'PaHHBIE 3BE3/bI BEPIIUH. B ciiyyae 25-rpaHHuKa poMOMYeCcKasl BEPIIINHA UMEET OCTPOYTOJIbHYIO I'DAHHY IO
3Be31y, T. €. POMOBI B Hell CXOISATCSI CBOMMH OCTPBIMU yIJIAMU, & B CIydae 31-rpaHHUKa rpaHHAas 3Be3/1a TYIIO-
yrospuasg. CymecTBOBaHUE NBYX JAPYIHX HECOCTABHBIX RR-muororpannukos (132-rpannuka un 54-rpanauka)
JIOKa3aHO Ha OCHOBE IIPABUJIBHOIO JOJEKa3/pa U Kyba.

KuroueBsbie cjioBa: HecocTaBHOI RR-MHOrOrpaHHUK, IPaHHAasl 3B€3/1a BEPIIUHBI, CHMMETPUYHAs POMOM-
Jeckasl BEPIIUHA.
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