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Criterion for the cosemanticness of the Abelian
groups in the enriched signature

In the present paper we give a criterion of the cosemanticness relative to the Jonsson spectrum of the
model in the class of Abelian groups with a distinguished predicate. This paper is devoted tothe study of
model-theoretic questions of Abelian groups in the frame of the study of Jonsson theories. Indeed; the paper
shows that Abelian groups with the additional condition of the distinguished predicate satisfy conditions of
Jonssonness and also the perfectness in the sense of Jonsson theory. It is well known that classical examples
from algebra such as fields of fixed characteristic, groups, abelian groups, different classes of rings, Boolean
algebras, polygons are examples of algebras whose theories satisfy conditions of Jonssenness: The study of
the model-theoretic properties of Jonsson theories in the class of abelian groups is a very urgent problem
both in the Model Theory itself and in an universal algebra. The Jonsson theories form a rather wide
subclass of the class of all inductive theories. But considered Jonsson theories in general-are not complete.
The classical Model Theory mainly deals with complete theories and in case of the study of Jonsson theories,
there is a deficit of a technical apparatus, which at the present time is developed for studying the model-
theoretic properties of complete theories. Therefore, the finding of analogues of such technique for the
study of Jonsson theories has practical significance in thegiven research topic. In this paper the signature
for one-place predicate was extended. The elements realizing this predicate form an existentially closed
submodel of the considering Jonsson theory’s some model. In the final analysis, we obtain the main result
of this article as a refinement of the well-known W. Szmielew’s theorem on the elementary classification of
Abelian groups in the frame of the study of Jonsson theories, thereby the generalization of the well-known
question of elementary pairs for complete theories was obtained. Also we obtained the Jonsson analogue for
the joint embeddability of two models, or in another way the Schroder-Bernstein properties in the frame of
the study of the Johnson pairs of Abelian groups’ theory.

Keywords: Jonsson theory, model companion, existentially closed model, perfectness, cosemanticness, Jons-
son spectrum, Jonsson pair.

This paper is concerned with the study of certain model-theoretic properties of Jonsson theories in the class
of Abelian groups. The class of Jonsson theories is wide enough and it is a natural subclass of the class of all
inductive theories. The definition of the Jonsson theory is quite natural. Many theories of a well-known and
classical algebras are essentially examples of Jonsson theories. Examples include the following algebras: groups,
Abelian groups, fields of fixed characteristic, Boolean algebras, many classes of rings, polygons. As a rule, the
considered Jonsson theories aremot complete and since the classical Model Theory deals mainly with complete
theories, in the case of the Jonsson theories there is a deficit of the technical apparatus, which is accordingly
developed at the present time for studying the model-theoretic properties of complete theories. Therefore, the
finding of analogues of this technique and accordingly, concepts for the study of Jonsson theories, is a very
urgent problem.

In the paper 1] was considered the problem related to the concept of cosemantic and Schréder-Bernstein
properties for Jonsson theory of Abelian groups. The concept of cosemanticness is a generalization of the
concept of elementary equivalence, which is used as an important tool in the study of complete theories. The
Schrdder-Bernstein property is also related to models of some fixed complete theory. That is, like the property
of ecosemanticness, this property is a semantic concept, in contrast to the properties of the theory, which we
attribute syntactic properties to. By virtue of the theorem about completeness, the duality of syntax and
semantics allows us to seek new connections between the model-theoretic properties of theories and their classes
of models. In the Jonsson case, because of the incompleteness, it is impossible to directly use this duality, and
in this case we resort to the so-called semantic method, the essence of which is the «transfer» of elementary
properties of the first order of the elements of Jonsson theory’s center to the theory itself. It turned out that the
theory of Abelian groups is an example of the perfect Jonsson theory. In this connection, it was possible to find
a criterion for the cosemanticness of Abelian groups [1] and Jonsson analog of the Schroder-Bernstein property.
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We note how the study of Jonsson theories differs fundamentally from the study of complete theories. The
classification of a fixed complete theory and its class of models with respect to certain syntactic and semantic
conditions is one of the most important tasks of the classical Model Theory. In Model Theory itself, as noted
in the review article by H.J. Keisler, «Foundations of Model Theory» in the reference book, ed. J. Barwise [2],
historically there were two directions. In [2] they are called «western» and «eastern» Model Theory, these names
are conditional, they are related to the geographical location of the founders of the Model Theory. A. Robinson
lived on the east coast of the USA and A. Tarski lived on the western coast.

«Western» Model Theory develops in the traditions of Skolem and Tarski. It was more motivated by problems
in number theory, analysis and set theory, and it uses all formulas of first-order logic. In particular, various
types of elementary morphisms are considered as morphisms in the «western» theory of models:.. «Eastern»
Model Theory develops in the traditions of Maltsev and Robinson. It was motivated by problems in abstract
algebra, where the formulas of theories usually have at most two blocks of quantifiers. It emphasizes the set
of quantifier-free formulas and existential formulas. In the «eastern» Model Theory, as a rule, homomorphisms
and isomorphisms are considered as morphisms.

Thus, we can see that when dealing with the model-theoretic attributes of the «easterns> Model Theory,
we tend to deal with incomplete theories and morphisms between their models, which maximally preserve the
properties of Boolean combinations of atomic formulas. As a model at the study of this type of theories, as a
rule, we consider a subclass of class of all models of the considering theory, namely, the class of its existentially
closed models.

In this paper we extend the signature by a one-place predicate, the essence-of which is that the elements
realizing this predicate form an existentially closed submodel of some model of considering Jonsson theory. Thus,
we can say that we turn to the situation when the considering problem generalizes the problem of elementary
pairs.

The Jonsson theories satisfy natural conditions, such as inductive, the joint embedding property and
amalgam [2 (def. 6.1, p. 80)]. T. G. Mustafin in the work [3]| generalized Jonsson theories and found a connection
between the complete theories, Jonsson theories and the generalized Jonsson theories. In the work [4]
Yeshkeyev A.R. was continued the study of Jonsson theories concerning the various model-theoretic properties of
their companions, including J-stability. In particular, in the frame of the study of Jonsson theories was redefined
an important notion such as forcing, which was earlier defined by S. Shelah [5] and is one of the main tools
of modern technique of Model Theory in the classification” of complete theories. Further A.R.Yeshkeyev were
defined new classes of positive Jonsson theories and in the paper [6] were obtained positive Jonsson analogues of
F. Weispfenning’s work [7] for the positive lattice of the existential formulas of considered theory. The concept of
positive Jonsson theories was first considered.in the paper [8] and this concept, in a certain sense, was introduced
after the appearance of series of I. Ben-Yaakov’s works [9-10], as both concepts of theory’s positivity from [8] and
[9] coincide for the minimal fragment of considered theory. This implies, in particular, non-triviality (not just
a generalization of the Jonssonness for generalization) of the concept of positivity in the sense of [§], because,
for example, such an important class of mathematical structures as metric spaces is not Jonsson class, but is
positive Jonsson in the sense of the works [9-10] and, in particular, in the sense of [8] for the minimal fragment.
It should be noted that there arévarious regular ways of transition from an arbitrary theory to Jonsson theory,
which preserves the original class of existentially closed models. One of these methods is the Morleisation of
theory [2 (Theorems 2.18;2:19, p.63-64, Theorem 6.8, p.83)]. Thus, the study of model-theoretic properties
of Jonsson theories is an actual problem, both in Model Theory and in universal algebra, and the questions
concerning the study of Jonsson theories are exactly the essence of the problem of «easterns» Model Theory.

The study of the model-theoretic properties of complete theories of Abelian groups is a large subsection of
model-theoretic algebra. Many classical results have been obtained in this field of research, in particular, the
complete classification of Abelian groups up to elementary equivalence was carried out in the work of Polish
mathematician W. Szmielew [11].

The following references to the relevant sources will allow the reader to obtain exhaustive information on
this classification [11-15].

The concept of an elementary pair was first determined by B. Poizat in [16]. The following stages in the
development of study of this concept were noted in works of E. Bouscaren and B. Poizat [17-19]. Further, the
history of studying this concept is related to the work [20]. T.G. Mustafin in this paper considered new concepts
of stability and showed that one of them in the particular case is the case of an elementary pair. Also to this
period are the works of T. Nurmagambetov and B. Poizat [21]. In the future there are papers by E.A. Palyutin
[22, 23]. In these papers E.A. Palyutin clarifies the concept of T*-stability introduced by T.G. Mustafin in [20]
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with the help of concept of E*-stability, and in a fairly wide class of primitive-normal theories consider the
model-theoretic properties of elementary pairs. Recall that all these works were done in the frame of study of
complete theories. It is clear that the transition to generally speaking incomplete theories on the example of
Jonsson theories and, in particular, the theory of Abelian groups, is uniquely an actual continuation of above
studies.

All the indefinite concepts and results associated with them in this article on Jonsson theories can be found
in [24].

In brief we give the main generally accepted notation associated with Abelian groups.

If A is an arbitrary Abelian group, n is an integer, then nA = {na : a € A}. It is not difficult to see that
both nA and A[p] = {a € A : pa = 0} for a simple p form subgroups of the group A. We say that % 0 divides
the element a from A if a = nb for some b € B. If there exists m > 0 such that ma = 0, then the smallest such
m is called the order of the element a. Thus, nA is the set of elements of A that are divisible by n and Alp] is
the set of all elements of A of order p. The subgroup (nA)[p] is usually denoted by nA[p]. The set T'(A) of all
elements of A of finite order is called the periodic part of A. It is clear that T'(A) is a subgroup of A and the
factor group A /T( A) is torsion-free, that is group that does not have nonzero elements of finite order. If every

element of A has order equal to p™ for some n > 1, then the periodic group A is called a p-group. A group A is
called a group of bounded order if nA = [0] for some natural n.

A group A is said to be divisible if for any a € A and any n € Z\ {0} there exists b € A such that a = nb.
If B is a divisible group and at the same time a subgroup of A, then it is called a divisible subgroup of A.
A group that does not contain non-zero divisible subgroups is said to be reduced. Arsubgroup B of a group A
is said to be servant if nA N B = nB for all n € Z. We say that a_subgroup B of a group A is distinguished in
it by a direct summand if there exists a subgroup C' of the group/A for which A= B® C.

A group A is said to be algebraically compact if it is distinguished by a direct summand in every group that
contains A as a pure subgroup. These groups have a number of interesting properties. For example, the group
A is algebraically compact < in it any compatible countable set. of equations from any number of unknowns
with constants in A is solvable. It is easy to see that w]“saturated groups are always algebraically compact.
The structure of algebraically compact groups is well-studied: The following examples of Abelian groups are
canonical in the study of their elementary theories.

1. @Q — the additive group of rational numbers, called the complete rational group.

2.2, = {% :m,n € Z,(n,p) = 1}.

3. Zpn — cyclic group of order p".

4. Zpeo — the multiplicative group of all the roots of equations 2" =1,n =1, 2, ..., from the field of complex
numbers, called a quasicyclic group of type p=°, where p is prime number.

Remark. The group Z,- can be defined as the additive group generated by elements ¢y, ca, ..., ¢p, ..., Where
pcy =0, pca =1, ..., PCpt1 = Cp.

Let A be a model of signature of Abelian groups, where oag = (+, —, 0).

A formula of the form Fz{...Jx, ¢, where ¢ is the conjunction of atomic formulas, is called positively
primitive (p.p.formula): P.p:formulas express the solvability of finite systems of linear equations of the form
mixy + Mmoo + ... + mrxr = 0. It is not difficult to show that p.p. formulas are closed with respect to the
conjunction and suspension of the existence quantifier. One can directly verify that the truth of p.p. formulas
is preserved under extensions, cartesian products and homomorphisms of Abelian groups.

The following facts are well known.

Theorem 1. Let A be an arbitrary Abelian group. Each formula of signature oag is equivalent regarding
Th(A) of the Boolean combination of p.p. formulas.

Sentence 1. () and Z,~ are divisible groups.

Theorem 2. Every divisible periodic Abelian group G is a direct sum of quasicyclic groups (possibly on
different prime numbers).

It is known that any group A can be decomposed as follows:

A=A1® Ay,
where Ay is the single maximal divisible subgroup of A, A, is a reduced subgroup, i.e. group without non-zero

divisible subgroups. Algebraically compact groups are constructed in a certain way from the indecomposable
groups Zpe, Zyn, Z and @), where p is a prime number.
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The divisible group Ay has the following decomposition:
A= 0,75 QW

where 7, (p is a prime number) and ¢ are arbitrary cardinal numbers, @, means a direct summation over all
simple p, Z;,Zf) is the direct sum of ~, -copies of quasicyclic groups Zp~, and Q" is the direct sum of J-copies
of the additive group of rational numbers.

Recall that two models 2 and B of the same language £ of the first order are called elementarily equivalent
if the same the first-order sentence of language £ are realized in the above models.

We define the Szmielew’s invariants. In future we assume that co < k for any cardinal kK > w.

For any abelian group A and any simple p:

e U(p,n; A) = min {w, dim,, (p”A[p]/anﬂA[p}) } ;
e T¢(p; A) = min {w, i%f dim,, (p”A/pn+1A)} ;
e D(p; A) = min {w, irﬁf dim,, (p"A[p])} :

0, if the group A is of bounded order;
o Eap(A) = :
o0, otherwise,
where dim,, is the dimension of the corresponding vector space over the field Z /p Z-
This is the elementary Szmielew’s invariants.
We denote by W(A) the ordered sequence of elementary Szmielew’s invariants of group A:

W(A) = {(((Up,n;A) :ncw), Tr(p; A), D(p;A) :p=2,3,...), Exp(A)).

Theorem 3. Let A, B be two arbitrary groups. Then the following conditions are equivalent:
1. A= B.

2. W(A)=W(B).

We define the standard group of Szmielew A° for' any group A:

() (vp)

0
A° = @, 25 e, 257 © 0,250 @ Q"

where o) = min (U(p,n — 1; A),w), By =min (Ty(p;A),w), 7p = min (D(p; A),w), 0° = min (Exp(A4),1).

Theorem 4. A= A°.

Theorem 5. Any Abelian group can be embedded as a subgroup of a divisible group.

We give some well-known definitions of concepts and results related to the Jonsson theories, which are
necessary for studying Abelian groups in the frameof the Jonssonness.

Definition 1. The theory/T" is called Jonsson if:

1) T has an infinite model;

2) T is inductive, ite. T is equivalent to the set V3-propositions;

3) T has the joint embedding property (JEP), that is, any two models 2l = T and 8 = T are isomorphically
embedded in a certain model € = T

4) T has the property of amalgamation (AP), that is, if for any 2A,%,¢ = T such that f; : 2 — B,
f2 : A — € are isomorphic embeddings, exist © = T and isomorphic embeddings g1 : B — D, g5 : € — D such
that g1 f1/= gafo.

Let’s define the semantic model. This model plays an important role as a semantic invariant. Such model
always exists for any Jonsson theory. In future we will use the so-called semantic method [24] in the study of
Jonsson Abelian groups. The essence of this method consists in translating the elementary properties of a fixed
complete theory (the center of Jonsson theory) to Jonsson theory itself.

Initially, the concept of semantic model assumed another concept of homogeneity, but to prove the existence
of a semantic model it was necessary to add to the axiom of the theory of sets ZF the axiom of the existence of a
strongly inaccessible cardinal. To eliminate this axiom, it was necessary to change the definition of homogeneity
of the semantic model to an acceptable variant. This was done in the work [25] Y.T. Mustafin. The concept of
a universal model does not change. Recall it.

Definition 2. Let k > w. The model M of theory T is said to be x-universal for T' if every model T of
cardinality is strictly less than x is isomorphically embedded in 9.
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The following definition of xK-homogeneity for the model was introduced in [25].

Definition 3 [25]. Let k > w. The model M of theory T is said to be xk-homogeneous for T if for any two
models 2 and 2y of T', which are submodels of 9, the cardinality is strictly less than x, and the isomorphism
f A — 2y, for each extension B of the model 2, which is a submodel of 9t and a model T of cardinality
strictly less than k, there exists an extension 287 of the model 2(;, which is a submodel of 91, and an isomorphism
g : B — B, that extends f.

A homogeneous-universal model for 7" is a x-homogeneous-universal model for T of cardinality x, where
K> w.

Theorem 6 [25]. Each Jonsson theory T has a x*-homogeneous-universal model of power 2. Conversely, if
T is inductive, has an infinite model, and has a w*-homogeneous-universal model, then 7" is Jonsson theory.

Theorem 7 [25]. Let T be Jonsson theory. Two models 9t and 9ty x-homogeneous-universal for T are
elementary eivalent.

Definition 4 |25]. The semantic model Cr of Jonsson theory T is the w™-homogeneous-universal model of
theory T'.

Sentence 2 [25]. Any two semantic models of Jonsson theory T are elementarily equivalent to each other.

Definition 5 [24]. The semantic completion (center) of Jonsson theory T is the elementary theory T™* of the
semantic model Cr of theory T, that is, T* = Th(Cr).

Let T be some Jonsson theory of fixed signature ¢ and Mod T the class of all models of theory T'. Consider
an arbitrary model A from Mod 7. We define the following notion by means of which we are going to distinguish
the models of Jonsson theory. Let JSp(A) = {T'|T be Jonsson theory in the language o and A € Mod T’} and
call JSp(A) Jonsson spectrum of model A.

The following definitions 6, 7 belong to T. G. Mustafin.

Definition 6 [24]. We say that Jonsson theory T is cosemantic to' Jonsson theory Ts (11 &< T3) if Cp, = Cry,
where C7, is the semantic model of T;, ¢ = 1, 2.

The relation of the cosemanticness on the set of theories i§ an equivalence relation. Then JSp(A)/s is the
factor-set of Jonsson spectrum of model A with respect to.<.

Definition 7 [24]. Jonsson theory of T is called perfect if every semantic model of T is a saturated model
of T*.

Definition 8 [2]. The theory T is called model-complete if for any models 2 and B of T, any subsystem
2 C ‘B is an elementary subsystem B. Equivalently; every-isomorphic embedding is an elementary embedding.

Theorem 8 [2]. The theory T is model-complete if and only if theory T'U D(90) is complete for any model
M of theory T

Definition 9 [2]. Let T, T* be some/L-theories. The theory T* is called a model completion of theory T if:

(a) T and T* are mutually modeljoint, i.e;any model of theory T is embedded in the model of T* and vice
versa,

(b) T* is model complete theory;

(c) it M = T, then T* UDiagram(M) is complete theory.

The theory T* is called a model companion of T if conditions (a) and (b) are satisfied.

Theorem 9 [2]. The theory Trhas no more than one model companion.

Theorem 10 [2, p. 68, table1)]. The theory of algebraically closed Abelian groups is a model complement to
the theory of Abelian groups.

Theorem 11 |24]. Let T be an arbitrary Jonsson theory, then the following conditions are equivalent:

1) the theory T is perfect;

2) T*(is aimodel companion of the theory T.

Let. Ebe the class of all existentially closed models of theory T'.

Theorem 12 |24]. If Jonsson theory T is perfect, then Er = Mod T*, where T* = Th(Cr).

Let T be Jonsson theory, S7(X) be the set of all existential complete n-types over X that are compatible
with 7" for any finite n, where X C C.

Definition 10 [24]. We say that Jonsson theory T' J-A-stable if for any T-existentially closed model 2 for
any subset X of A, |[X| <A = [S/(X)| <\

Theorem 13. Let T be a perfect Jonsson theory complete for 3-propositions, A > w. Then the following
conditions are equivalent:

1) T is J-A-stable;

2) T* is A-stable, where T™* is center of Jonsson theory T'.

Proof. Follow from Theorem 2.1 from [26].
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We consider the language Lp obtained by adding the one-place predicate P(z) to the language L. Denote by
Tp the theory obtained by adding to T" axioms, which state that the interpretation of P is also a model of theory
T. We can say that P is interpreted as an existentially closed substructure, i.e. for each quantifier formula ¢ in
L the following is true: (VZ) [P(Z) A (35)¢(Z,7) — (32)P(2) A ¢(Z, Z)], where P(Z) means P(z1) A ... A P(xy,).

The model of theory Tp is called Jonsson pair (J-pair) of models of T. We denote this pair (N, M), where
M is the interpretation of the predicate P(z). In this pair we call N a large model, and M a small model.

We denote by T, the theory of Jonsson pairs of Abelian groups’ theory. Let M be the class of models of
Tp.-

The following lemmas are necessary to prove the sentence 3.

Lemma 1. A, B € M; €€ M and € C 2, € C B; |€] = |2A| N [B|, then there exists a systemD. € M such
that A C D, B CD.

Proof. Let A and B be Abelian groups and AN B=C,C C A, C C B. Let A é B be the free product of

groups A and B with the amalgamated subgroup C. Then A C A x Band BC A x B.
c c

Lemma 2. If M is an abstract and satisfies the lemma 1, then M satisfies the amalgamation property (AP).

Proof. The proof can be extracted from Theorems A, B of the paper [27], but we need only take into account
the new definition of homogeneity.

Sentence 3. The theory Tp,, is the perfect Jonsson theory.

Proof. We first show that T’p,. is Jonsson theory. Tp, . has an infinite model. It is inductive, because the
union of an increasing chain of Abelian groups is Abelian group. That is the conditions (1) and (2) from the
definition 1 are satisfied.

If A and B are two J-pairs of theory Tp,, then their direct product A x B is Abelian group. The set of
elements < a,e? >, where a € A, e? is the unit element of B, is‘a’subgroup of A x B isomorphic to A. Similarly,
the set of elements < e?,b >, where b € B, e is the unit element of A, is a subgroup of A x B isomorphic to
B. Thus condition (3) is satisfied.

Let us verify the satisfaction of condition (4). As the class of Abelian groups is abstract that is is closed
with respect to isomorphisms, then according to the lemma 1 and the lemma 2, the class of Abelian groups has
amalgamation property (AP). Thus Tp, is Jonsson theory.

Perfection follows from Sentence 3 of [1], since due to the perfection of theory of Abelian groups, the semantic
model of this theory is saturated in its power. Consider the semantic model (N, M) of theory Tp,.. Let the
realization of predicate P by the small model M be an existentially closed submodel of the large model N. All
types over this model are realized in the large model N by virtue of Sentence 3 from [1]. There are no other
new types, thus, the J-pair (IV, M) is saturated in its power.

The next notion was considered by.J. Goodrick in [28] and there he denoted it as a Schréder-Bernstein (SB)
property.

Definition 11. The theory T admits the property SB if for any two mutually elementary embeddable models
of the theory T it follows that they are isomorphic.

But J. Goodrick notes that this property was first considered for w-stable theories by T.A. Nurmagambetov.
In the works [29, 30]. In'particular; T.A. Nurmagambetov was obtained the following result with respect to the
property SB.

Theorem 1.2 from [29] If T is w-stable theory, then T has an SB property if and only if T of bounded
dimension.

J. Goodrick in the paper [28] received a description of the SB property for a classifiable (superstable, with
NDOP and NOTOP) theory with a limited dimension. In particular, in work [31] J.Goodrick and M.Laskovsky
described the property SB for weakly minimal theories.

Later J.Goodrick [32] found necessary and sufficient conditions for the theory of abelian groups to admit
the SB property. Namely, he proved the following theorem:

Theorem 3.8 from [32] If G is Abelian group, then the following conditions are equivalent:

15 Th(G,+) has the Schroder-Bernstein property.

2. Th(G,+) is w-stable.

3. G is the direct sum of a divisible group and a group with torsion of a bounded exponent.

4. Th(G,+) is superstable, and if (G, +) = (G, +) is saturated, then every map in Aut(é/@o) is unipotent.

We redefined this concept for Jonsson theories and is denoted as JSB, namely: Jonsson theory T has JSB
property if for any two existentially closed models 2 and B of theory T from the fact that they are mutually
isomorphically embedded into each other it follows that they are isomorphic.
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The following result is Jonsson analog of Theorem 3.8 from the paper [32] in the enriched language, namely:

Theorem 14. Let Tp, ., be the theory of Jonsson pairs of Abelian groups’ theory, then the following conditions
are equivalent:

1) Tp, is J-w-stable;

2) Tp, ., is w-stable;

3) Tp,. has the JSB property.

Proof. By the sentence 3, the equivalence of items (1) and (2) follows from theorem 13, since in theorem 13
we use 3-completeness and then, by the theorem 1, we can apply the theorem 13.

We will show from (3) in (2). By virtue of the sentence 3, the theory of Jonsson pairs of Abelian groups’
theory is a perfect Jonsson theory. Then by virtue of the criterion of perfectness 11 and theorem:12 we have
that Er, = ModT}, . Consequently, any model of the center of theory T'p,. is existentially/closed. By the
theorem 11 T%, . is the center of theory T'p,, is a model companion of theory Tp,,. Hence Ip, . is the model
complete theory and any embedding is elementary. It remains to apply Theorem 3.8 from [32].

We will show from (2) in (3). Let the center Tp, . be w -stable. Since Tp,, C 1% it follows that
ModT%, . € ModTp,,. In view of Theorem 3.8 from [32] T, . admits SB. But by virtue of Theorem 11 and
the perfectness of theory Tp,, Mod Tp, . = Erp,. - And this completes the proof, because the Josnson property
of JSB is defined only for models from Er, .

The following result concerning Jonsson Abelian groups is an analog ©of W.Szmielew’s theorem on the
elementary classification of Abelian groups. We know that for any Abelian group G there exists a standard
group GO such that G = G°, and in this case

) )

DLO 0 0
G = @p,nZ;z(;"M ® @pZzgﬁp ® @pZz(ng) ® QU

Denote by JSp(A) the Jonsson spectrum of Abelian group A, where
JSp(A)={Tp,s | Tp, is Jonsson theory in the language op,. and A € Mod Tp, . }.

The following result gives a description of semantic-model of Abelian groups’ Jonsson theory.
Theorem 15. Let Tp,., be Jonsson theory of Abelian groups in the language op,., then its center
CTPAG € Erp, ., while CTPAG is a divisible group . and its standard Szmielew group is representable as

@,,Zz(ﬁf) ® QWY where a,, 3 € wt, 2¢ = |CTPAG ‘

Proof. 1t follows from the theorems 5 and 2 and the fact that any Jonsson theory has a semantic model that
is a wT-homogeneous-universal model.

Sentence 4. There exists a continuum of imperfect subclasses of the class of all Abelian groups.

Proof. In [33] this sentence was proved using the old definition of semantic model. For a new definition 4 of
semantic model, we can repeat the proof from [33] considering only the power estimates of semantic model. To
prove this fact, it suffices to show that not elementary equivalent semantic models of imperfect Jonsson theories
of Abelian groups will be a continuum. From Theorem 15 the semantic model of any Abelian group will be the
direct sum of the corresponding number of groups’ copies of two kinds: Z,~ and @. In the imperfect case, only
() can be absent since/@) can not be a universal model. The number of copies of Zy,~ can be any subset of w.

We call the pair. (cp, 5)2‘1[ ] Jonsson invariant of Abelian group A if the standard group of Szmielew’s

TPac
group A is representable in the form EBPZZ(;Q‘C”) © QW) where C[TPAG} is semantic model of [Tp,.] € JSP(A) /-

We give the following definitions of concepts, which are specified in the frame of the study of Jonsson
theories, the definition of elementary equivalence for complete theories.

Let A and.B be models of the same signature.

Definition 12. We will say that the model A is Jonsson elementary equivalent to the model B (A

JSp(A) = JSp(B).
Lemma 8. VA, B € Modop,, JSp(A) N JSp(B) # 0.
Proof. This is true because at least Tp,, € JSp(A) N JSp(B).
Definition 13. We say that the model A is JSp-cosemantic to model B (A ]l>54 B), if
JSp
JSp(A)/sa = JSp(B) /s

Lemma 4. AJD;] B & JSp(A)NJSp(B) = JSp(A) U JSp(B).
P
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Proof. Tt follows from the definition.

It is easy to understand that the concepts introduced in the definitions 12 and 13 generalize the notion of
elementary equivalence. In the following lemma, by virtue of the sentence 3, we can note that the following is
true:

Lemma 5. Let A and B be arbitrary abelian groups, then

A=B=A=B= A~ B.
J JSp

Proof. 1t follows from the definition.
The following result is the Jonsson analog of a well-known W. Szmielew’s theorem on the. elementary
classification of Abelian groups and is a corollary of Theorem 15 and Lemma 5.

We define the following set {(ap, BA : [Tpyg] € JSP(A)/a, for all simple p } as Jonsson invariant of
Tp,

the factor-set JSp(A)/q and denote it by JIGnv(JSp(A)/,X]).

Theorem 16. Let A,B € Modop,,, A = (M;,N1), B = (M3, N3), then the following conditions are
equivalent:

1) A i B;

JSp

2) JInv(JSp(A)/s) = JInv(JSp(B)/sa)-

Proof. From (2) to (1). If (2) is satisfied, this means that the standard Szmielew’s groups for A and B
coincide, then by lemma 5 it follows that A ID;IPB, i.e. (1) is satisfied.

Suppose that (1) holds, then JSp(A)/sw = JSp(B)/w. Assume the contrary, i.e.
TTno(TSp(A) fua) # TTn0(TSp(B) fsa)

Then there exists

(ap, B)E € JInv(JSp(A)/w) and (ap, B)4 ¢ JInv(JSp(B)/w)-
[TPAG [TPAG]
Therefore, for each class [Tp, .] € JSp(B)/sq we have (a,,,,@)é[ | # (ap,ﬁ)g[ , 1. e. there is not a single
Pac Thac

Jonsson theory of the group B, the semanti¢ model of which is C[TPAG]' But it is known that any Jonsson

theory is uniquely determined by its semantic. model ([3], Theorem 2.2 at o = 0). It follows that there is

Jonsson theory Tp,, which is determined by Jonsson invariant («,, 8)& and Tp,, ¢ JSp(B). And this
T

Pac
contradicts condition (1), so our assumption isiincorrect.

The main result of this paper.ds the content of theorem 16. In this theorem we obtained Jonsson analogue in
the extended signature by the one-place predicate of a well-known theorem of Polish mathematician W. Szmielew
on the elementary classification of abelian groups. Interpretation of the predicate symbol in Jonsson pair (M, N)
is an existentially closed submodel of M in the large model N. Such a statement of the problem is a generalized
Jonsson generalization/of a well-known problem on elementary pairs for the complete theories [17]. On the other
hand, in the frame of the study of stability in the sense of [20] and [22] in connection with theorem 14 presented
in this paper, there is.an obwvious relationship. Thus, the enrichment of signature with a single predicate can be
considered in the frame of the classification of Jonsson theories and their classes of existentially closed models.
As the obtained results (Theorems 14 and 16) show, the model-theoretic properties of Jonsson pair are closely
related to the‘model-theoretic properties of the center of the considering Jonsson theory. Since the center is a
complete theory /and originally Jonsson theory (the theory of abelian groups) is an example of perfect Jonsson
theory, we can conclude that in the case of enriching of this theory’s language by the one-place predicate, the
basic properties obtained in the work [1] are also preserved, as before enrichment.
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A.P. Emkees, M.T. Kacbimerosa, O.11. Yanopuxt

BaiibiThsIFan curHaTypajia abeiibaiK rpyrnajgapablH
KOCEMaHTUKAJBIK KPUTEPHi

Maxkanaza GerisieHren npeaukaThl 6ap abesb K Ipynmagap KJIaChIHIa MOJENb/IiH HOHCOHIBIK, CIIEKTPiHe
KATBICTH KOCEMAHTUKAJIBIK KPATEPUiii YCHIHBLIAbL. VIOHCOHIBIK TEOPHIAPLBIE MOIEIbIEPIH 3epTTey as-
CBIHJA abesIb/IiK TPyIaaapablH MOJEbIi-TeOPETUKAJIBIK, CYPaKTapbl 3epTTeiai. 2KyMbIcTa HOHCOHIBIIBIK,
mapThl abeIbIiK TPYIIaJIapIblH, OEITITIEHNeH MPEINKATTHIH KOCHIMIIA MMAPTHIH KAHAFATTAHIBIPAILI, CO-
HBIMEH KaTap WOHCOHJBIK TEOPUsl MarbIHACHIHIA KEeMEeJIIIr KepceTiired. Anrebpasal KIaCCUKAJIBIK, Mbl-
caJiIapbl OOJIBII KeJleTiH OeKiTiIreH cunaTrTaMaMeH epicrep, IpyHmaaap, abesbIiK rpynmnaaap, CAKUHAHBIH
OpPTYPJIi KaacTapsl, Oy/IbIiK aarebpa, MOJUTOHIAD AJITreOpPaHbIH JKOHE HOHCOH/IBIK, MMAPTThl KAHAFATTAHIbI-
PATBIH TEOPHUAHBIH MBICAJIAPLI GOJIBII TAGHIIALbL. VIOHCOHIBIK TEOPUAIAp GAPJIBIK WHIYKTUBTI TEOPHs-
JIapJbIH KJIACTAPBIHBIH KETKIJIKTI KeH iImKi KjIachlH Kypaiasl. Bipak, KapacThIPBIII OTBIPFaH HOHCOH/BIK
TeopusiIap KaJIIbl AUTKAHIA, TOJIBIK, éMeC OOJIBIT TAOBLIAIbI. KIIaCCUKAJIBIK MOJIE/IBIED TEOPUSICHI HETi3iHEeH
TOJIBIK, TEOPHUIMEH >KYMBIC >KacaiIbl, aJl Ka3ipri yakKbITTa TOJIBIK T€OPUSIAP/IbIH, MOIEIbIi-TeOPETUKAIIBIK,
KACHeTTepiH 3epTTey YIIH JaMblFaH, 6ipak AOHCOHIbIK TeOpUsiIap/abl 3epTTey OGAPBICHIHIA TEXHUKAJIBIK,
anmapaTThIH KeTiCreysTiri opbiH aaaabl. COHIBIKTAH HOHCOHIBIK, TEOPUSIAPILI 36PTTEY TEXHUKACHICHIHBIH
aHAJIOTBIH Taby OYJI 3epTTEY TaKbIPHIOBIHIA IPAKTUKAJIBIK MaHbI3ALLILIFEL Oap. Ochkl Makaaaga CATHATYPA
GIPOPBIHJIBI TpeUKATKA KeHENTLI 1. OChl MpeMKaTTH KYPaNThIH 9JIEMEHTTED KAPACTBIPHINT OThIPFaH HOH-
COH/IBIK, TEOPUSTHBIH, KEHOIp MOJIE/IbIEPIHIH 9K3UCTEHIIMOHAJALI-TYHBIK, 11IIK1 MoIe/ il Kypaiiabl. ConbiMen 6i3
OCBhI MaKaJIaHbIH 6acThl HoTHKeciH B I1IMeneBaHbIH, HOHCOHIBIK, TEOPUSJIAPBIH 3epTTey IIeHOepiHIe abesb-
JK TPYIIaJap/IblH, 3JIEMEHTAPIIBIK, KJIACCU(PUKAIUSICHI OOMBIHINEA TaHBIMAJ TEOPEMACHI PETIHAE HAKTHLIAIL,
OCBLTANIIIA TOJIBIK, TEOPHUSLAAP. YIMIH 3/IEMEHTAPJIBIK, KOCAPJIAPHI YKANJIBI O€JITLT CYPAKTHIH, KAIBLIAY bIH aJIa-
MbI3. COHBIMEH KaTap €Kl MOAEb/IIH yilaeciMai eHyiHiH, HOHCOHIBIK aHAJIOT1, 6acKala aliTKaHa, abesbIik
rpymmnajgap TeOpHUsIapbIHBIH HOHCOHIBIK KocapJaphbl 3eprrey ascbiHga [lIpénep-Bepumreitn kacuerTepi
AJIBIHIBI.

Kiam cesdep: MIOHCOHIBIK, TEOPUsI, MOJIEJbIII KOMIIAHBOH, SK3UCTEHIIMOHAJIBI-TYHBIK, MOJIEJIb, KEMEJIILIIK,
KOCEMaHTTBLIBIK, MOHCOHIBIK CIIEKTP, HOHCOH/IBIK, KOCap.

A.P. Emkees, M.T. Kacbimerosa, O.1. Yasopuxt

Kpurepuii koceMaHTUIHOCTU abeJIeBbIX TPy
B 00Orall€HHOI CUrHaType

B craTnhe paccmoTpen Kpurepnit KOCEMaHTHIHOCTH OTHOCUTEIHLHO HOHCOHOBCKOTO CIIEKTPA MOJIEJIM B KJIAC-
ce abeJIeBBIX TPYIIN C BBIJECJEHHBIM MPEAUKATOM. VI3ydeHBI HEKOTOPBIE TEOPETHKO-MOJIEIbHBIE CBOMCTBA
abeJieBBIX T'PYNI B paMKaX MX HCCJIEIOBAHMsA, KaK Mojiejieil TIOHCOHOBCKUX Teopuit. Hamu mosygeno, uro
abeJIeBbI TPYIIIBI C JOMOJTHUTENBHBIM YCIOBUEM BBIJEJIEHHOTO IPEINKATA YIOBIETBOPSIIOT YCAOBUIM HOHCO-
HOBOCTH, a TaKKe COBEPIIIEHHOCTU B CMbICJIE HOHCOHOBCKOM Teopuu. VI3BeCTHO, 9TO KIACCUIECKUE TIPUME-
PBI U3 aJIrebphl, Takue Kak oI (GPUKCUPOBAHHOM XapaKTEPUCTHKH, IPYIIIbI, a0e/IeBbl IPYIIIbI, PAa3INIHbIE
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KJIACCHI KOJIEIl, OyJIEBBI areOphl, TTOJUTOHBI, SIBJISTFOTCS IPUMepaMU ajrebp, TEOPUU KOTOPBIX YIOBJIETBO-
PSAIOT YCJIOBUSAM HOHCOHOBOCTH. VI3ydeHne TeopeTUKO-MOJIEIbHBIX CBOMCTB HOHCOHOBCKUX TEOPHUI B KJjacce
abeJIeBBIX IPYIIII SABJISETCS BECbMa aKTyaJbHOU 3ajadeil KaK B CAMOil T€OpUU MOJeell, TaK U B YHUBEPCAJIb-
Hoit anmreGpe. MoHCOHOBCKIE TeopHn 06pa3yIOT JOCTATOYHO MIHPOKHI MOJKIACC KIACCA BCEX WHIYKTHBHBIX
teopuit. Ho paccmarpuBaemble HOHCOHOBCKUE TEOPHUH, BOOOIIE TOBOPs, HE SABJSIOTCS HOJHBIME. Kiaccudae-
CKasl Teopusl Mo/Jiejlell B OCHOBHOM MMeEET JIeJIO C ITOJIHBIMUM TE€OPUAMH, & B C/Iydyae N3y4eHUsl HOHCOHOBCKUX
Teopuii CyIIEeCTBYeT JAePUIUT TEXHUIECKOrO alapara, KOTOPBLI B JaHHOE BPEMsI PAa3BUT I U3y IEHUsI
TEOPETHKO-MO/IEJILHBIX CBOMCTB MOTHBIX Teopuit. [loaTomMy HaxoK/1eHne aHAIOrOB TAKOM TEXHUKU JIJIS M3Y-
YeHUsI HOHCOHOBCKUX TEOPHIl MMeeT IPAKTUIECKYI0 3HAYMMOCTh B JIAHHON TeMe HccienoBanus. ABropaMn
Obl7Ia pacIIMpeHa CUTHATYPA Ha OJWH OJHOMECTHBIN MPEANKAT. DJIEMEHTHI, PEATU3YIONINe TOT TPEIUKAT,
00pa3yoT K3UCTEHIMATHLHO-3aMKHYTYIO TOJ/IMO/IE/Ib HEKOTOPOI MOJIE/TH PacCMAaTPUBAEMOIl MOHCOHOBEKOM
Teopun. B KOHEYHOM UTOTE TOJIydYeH OCHOBHOHN Pe3ysIbTaT JJAHHONW CTAThU KAK YTOYHEHUE XOPOIIO M3BECTHON
Teopembl B. [1ImeséBoit 06 a1eMeHTapHON KiTacCUKAIIE abeJIEBBIX TPYIIT B pAMKaX U3y IeHIs HOHCOHOBC-
Kux Teopuii. Tem caMbIM Haii/leHbI 000OIIEHIE H3BECTHOI'O BOIIPOCa 00 3I€EMEHTAPHBIX Hapax s IOJHBIX
Teopuil, a TaK»Ke HOHCOHOBCKUII aHAJIOT JJII COBMECTHON BJIOKMMOCTH JBYX MOJIejeil, WJIH, IIO-JAPYyTroMy,
ceoticrBa [lIpénepa-Beprmreitna, B paMkax n3ydeHus HOHCOHOBCKUX Map Teopun abeeBhIX I'PYIII.

Kmouesvie crosa: TOHCOHOBCKAsI TEOPUsI, MOJIEJIBbHBII KOMIIAHBOH, dK3UCTEHIINATBHO-3aMKHYTas MOJIEb,
COBEPUIEHHOCThb, KOCEMaHTUYHOCTh, HOHCOHOBCKUI CIIEKTD, HOHCOHOBCKas Hapa.
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